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ABST
PAL  A method of making a field effect transistor in which a gate electrode is
      provided on a semiconductor layer and then the surface subjected to
      electron or ion bombardment to form the source and drain electrodes on
      opposite sides of the gate, acting as a mask, and spaced apart by the
      width of the gate.
BSUM
PAR  The invention relates to a method of manufacturing a semiconductor device
      comprising at least one field-effect transistor which is arranged in a
      semiconductor layer provided on a substrate which layer preferably
      consists of a sulphide or a selenide of cadmium or zinc or of a mixed
      crystal of sulphides or selenides of cadmium or zinc, which transistor is
      provided with at least one source electrode and one drain electrode and
      with at least one gate electrode which is connected to a part of the
      semiconductor layer located between the source and the drain electrode.
PAR  The invention furthermore relates to a semiconductor device which is
      manufactured by using the method according to the invention.
PAR  Semiconductor devices comprising at least one field effect transistor of
      the type described above are known in various constructions in which the
      source and drain electrode and the gate electrodes may be arranged both on
      the same side and on opposite sides of the semiconductor layer. In these
      devices the source and drain electrode in the form of conductive strips
      are provided at a very short distance beside one another and the gate
      electrode, preferably separated from the semiconductor by a thin
      insulating layer, is provided on the intermediate part of the
      semiconductor layer. A gate electrode is to be understood to include the
      said insulating layer if that layer is present. It has been found in
      practice that providing .[.cource.]. .Iadd.source .Iaddend.and drain
      electrodes at very short distances beside one another, for example, by a
      selective vapour-deposition through a mask, often presents difficulties.
      This holds in particular as far as the location of source and drain
      electrodes relative to the gate electrode is concerned in which, for
      example, the gate electrode may not overlap the source and drain
      electrodes while the source and drain electrodes must nevertheless adjoin
      the gate electrode as closely as possible.
PAR  It is the object of this invention to provide a method in which in a simple
      manner source and drain electrodes can be provided at a very small mutual
      distance on a field-effect transistor of the type mentioned to the
      preamble.
PAR  The invention is based inter alia on the recognition of the fact that by
      using the gate electrode or a part thereof as a mask in .[.anion.].
      .Iadd.an ion .Iaddend.or electron bombardment, readily conducting mutually
      separated surface layers which serve as source and drain electrodes can be
      formed in a semiconductor body in which in a very simple manner the
      desired location of the gate electrode and the source and drain electrodes
      relative to one another is obtained while avoiding overlapping and in
      which said layers, after providing a contact, show very favourable
      electric properties, for example, to form ohmic connections.
PAR  Therefore, according to the .[.inventon.]. .Iadd.invention.Iaddend., a
      method of the type mentioned in the preamble is characterized in that on
      the surface of the semiconductor remote from the substrate, first, the
      gate electrodes are provided at least partly, after which an ion or
      electron bombardment is carried out on the semoconductor surface as a
      result of which the uncovered regions of the semiconductor surface located
      beyond the gate electrodes become more strongly conductive, contacts being
      then provided on these more strongly conductive regions which serve as
      source and drain electrodes. The regions of the semiconductor surface
      located below the gate electrode(s) which is (are) wholly or partly
      provided are not exposed to the ion or electron bombardment so that
      readily conducting contact layers can be realized at the surface at very
      small mutual distances, which layers can then be provided with contacts,
      if desired, at places which are located further away from one another. As
      a result of this the desired location of the gate electrode and the source
      and drain electrodes relative to one another is obtained in a simple
      manner while overlapping is avoided. The additional advantage is obtained
      that an ohmic contact can be formed on these contact layers with metals,
      for example, gold and platinum, which are particularly suitable as
      electrode materials as a result of their low resistivity and corrosion
      resistance, but which do not form ohmic contact with the said
      semiconductor materials as such.
PAR  The gate electrodes may be provided in various manners. A gate electrode as
      a whole may be provided prior to the ion or electron bombardment.
      Alternatively, for example, when a gate electrode is connected to the
      semiconductor surface through an insulating layer, said insulating layer
      may first be provided separately, if desired, while the gate contact is
      provided on the insulating layer after the ion or electron bombardment.
PAR  According to an important preferred embodiment the gate electrodes are
      provided by using a photoresist method. In this manner the proportions of
      the gate electrode in the direction of the source and drain electrode and
      consequently also the mutual distance between the source and drain
      electrode may be made very small which is desirable for obtaining
      favourable transistor properties.
PAR  As a contact material for the source and drain electrodes many metals or
      alloys may be used. Advantageously, however, contacts which consist of
      gold, platinum or a nickel-chromium alloy are provided on the more
      strongly conductive regions, inter alia with a view to the resistance
      against chemical influences and in connection with the favourable
      conductivity properties.
PAR  According to an important preferred embodiment of the method according to
      the invention a semiconductor layer is used which consists of cadmium
      sulphide.
PAR  The ion bombardment is preferably carried out in the form of a gas
      discharge between the semiconductor layer and a further electrode, which
      gas discharge may take place, for example, in the same vacuum equipment in
      which subsequently contacts are provided by vapour-deposition on the
      formed more strongly conductive regions.
PAR  The invention further relates to a semiconductor device manufactured by
      using the method according to the invention.
DRWD
PAR  In order that the invention may readily be carried into effect one
      embodiment thereof will now be described in greater detail, by way of
      example, with reference to the accompanying drawing, in which
PAR  FIG. 1 is a plan view of a field-effect transistor manufactured by using
      the method according to the invention,
PAR  FIGS. 2 to 5 are diagrammatic cross-sectional views taken on the line
      II--II of the field-effect transistor shown in FIG. 1 in successive stages
      of manufacture.
DETD
PAR  For clearness' sake the figures are not drawn to scale. In the following
      example the manufacture will be described of a field-effect transistor of
      the so-called TFT (thin film) type.
PAR  Starting material is a glass substrate 1 (see FIGS. 1 and 2) on which a
      layer 2 (see FIG. 2) of high ohmic n-type cadmium .[.sulphite.].
      .Iadd.sulphide .Iaddend.is vapour-deposited in a thickness of 0.1 micron.
      In the manner commonly used in semiconductor technology a mask 3 of a
      hardened photoresist is provided on said cadmium sulphide layer 2, said
      mask comprising a gap 4. A photoresist is to be understood to include the
      photochemical substances normally used in photoresist methods. There is to
      be distinguished between a negative photoresist--which by a photochemical
      process is selectively hardened and becomes insoluble in the associated
      developer at the exposed places and remains soluble at the unexposed
      places--and a positive photoresist--which by a photochemical process
      becomes selectively soluble in the associated developer at the exposed
      places and remains insoluble at the unexposed places. In this example a
      positive photoresist is used, for example, "Kalle Kopierlack PIRE
      2327/50," obtainable from Kalle A.G., Weisbaden, Germany.
PAR  An insulating layer 5 (see FIG. 3) consisting of silicon oxide, 500 A,
      thick, is then vapour-deposited on the cadmium sulphide layer 2 and the
      mask 3, after which finally an aluminum layer 6, 600 A. thick, is
      vapour-deposited on said layer. By spraying with acetone the photoresist
      mask 3 with the parts of the layers 5 and 6 provided thereon are then
      removed, a gap-like gate electrode 7, 8 (see FIG. 4) being formed which is
      connected to the semiconductor layer 2 by an insulating layer 8.
PAR  Subsequently an ion bombardment is applied to the surface of the cadmium
      sulphide in the direction of the arrows in the form of a gas discharge in
      a vacuum chamber. The layer is placed on a metallic support which is
      situated at a distance of about 10 cm. from a metallic electrode with a
      surface of about 100 cm..sup.2. The chamber is then evacuated and the
      electrode is biased positively at about 1 kv. with respect to the support.
      Then a gas as for instance argon, oxygen or nitrogen is admitted by means
      of a needle valve, so that a gas discharge is established in which the
      positive gas ions hit the cadmium sulphide layer. The pressure is
      regulated so that a discharge current of about 50 mA. is maintained; this
      pressure may be of the order of 0.2 mm. The ion bombardment is carried out
      for about 4 minutes. This ion bombardment may be substituted by an
      electron bombardment for instance by inversion of the polarities of the
      said support and the said electrode. Because of the difference in mass
      between ions and electrons, in order to obtain the same effect an electron
      bombardment should be carried out for a time or at a current which are 5
      to 10 times superior to those required for an ion bombardment. The nature
      of the employed gases and the above mentioned parameters are not critical.
      The gate electrode (7, 8) serves as a mask. As a result of this
      bombardment strongly conductive surfaces 10 and 11 are formed in the
      uncovered regions of the cadmium sulphide. These readily conducting layers
      10 and 11 may then be provided at suitable places (see FIG. 5) with the
      contacts 12 and 13 by vapour depositing, if required through a mask, a
      gold layer (12, 13), 500 A. thick, which forms an ohmic contact with the
      strongly conducting contact layers 10 and 11.
PAR  In this manner a field-effect transistor is obtained having surface layers
      10 and 11 serving as source and drain electrodes.
PAR  It will be clear that the method is not restricted to the example described
      but that many variations are possible to those skilled in the art without
      departing from the scope of this invention. For example, the gate
      electrode may be provided, besides by a photoresist method, in a different
      manner also, for example, by vapour-depositing selectively through a
      mask.Iadd.. .Iaddend.Alternatively, the gate electrode need not be
      provided entirely before the ion or electron bombardment is carried out.
      For example, in the above example it is sufficient for masking against the
      gas discharge to provide an oxide layer 8 after which the contact 7 is
      provided at a later instant. In addition, metals other than gold, for
      example, platinum or a nickel-chromium alloy, may also be used as source
      and drain contacts while the semiconductor layer also may consist of other
      materials than the cadmium sulphide used in this example.
PAR  Finally it is to be noted that although the invention is of particular
      importance for providing ohmic source and drain contacts, the invention
      may also be applied to semiconductors in which ion bombardment produces
      inversion of the conductivity type also in addition to an increase of the
      conductivity. This may be of importance, for example, for the manufacture
      of .[.most-type.]. .Iadd.MOST-type .Iaddend.transistors in which (see, for
      example, FIG. 4) the surface layers 10 and 11 are source and drain
      electrodes of a conductivity type opposite to that of the remaining part
      of the layer 2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing a semiconductor device comprising at least one
      field-effect transistor having source, drain and gate electrodes coupled
      to a semiconductor layer, .[.comprising providing on a surface of a
      semiconductor layer,.]. comprising providing on a surface of a
      semiconductor layer at least part of a gate electrode in a thickness
      capable of blocking impinging ions or electrons leaving exposed
      semiconductor surface portions on opposite sides of the gate, subjecting
      the said gate and the said exposed surfaces of the semiconductor layer on
      opposite sides of the provided gate electrode to ion or electron
      bombardment to modify the conductivity of the exposed semiconductor
      surface portions while the said gate blocks the underlying surface
      portions from receiving said bombardment, and providing on the said
      surfaces of modified conductivity and spaced from the gate electrode ohmic
      contacts to form source and drain contacts, the surfaces of modified
      conductivity forming source and drain electrodes spaced apart by the width
      of the gate electrode in the completed device.
NUM  2.
PAR  2. A method as claimed in claim 1, characterized in that the gate electrode
      is provided by using a photoresist method.
NUM  3.
PAR  3. A method of manufacturing a semiconductor device comprising at least one
      field-effect transistor having source, drain and gate electrodes coupled
      to a semiconductor layer, comprising providing on a substrate a layer of
      semiconductive material, providing on a surface of the semiconductor layer
      remote from the substrate an insulating layer and on the insulating layer
      at least part of a gate electrode in a thickness capable of blocking
      impinging ions or electrons leaving exposed semiconductor surface portions
      on opposite sides of the gate, subjecting the said gate and the said
      exposed surfaces of the semiconductor layer on opposite sides of the
      provided gate electrode to ion or electron bombardment, until the said
      exposed surfaces exhibit increased conductivity while the said gate blocks
      the underlying surface portions from receiving said bombardment, and
      providing on the said surfaces of increased conductivity and spaced from
      the gate electrode ohmic contacts of a material selected from the group
      consisting of gold, platinum and nickel-chromium alloy to form source and
      drain contacts, the surfaces of increased conductivity forming source and
      drain electrodes spaced apart by the width of the gate electrode in the
      completed device.
NUM  4.
PAR  4. A method as claimed in claim 3, characterized in that the semiconductor
      layer is cadmium sulphide.
NUM  5.
PAR  5. A method as claimed in claim 3, characterized in that an ion bombardment
      is used in the form of a gas discharge between the semiconductor layer and
      a further electrode. .Iadd. 6. A method of manufacturing an insulated gate
      field effect transistor comprising forming on a semiconductor body surface
      an insulating layer and on the latter a gate electrode layer, and using
      the insulated gate electrode structure as a bombardment mask ion
      bombarding the semiconductor body surface to form therein adjacent the
      semiconductor surface source and drain electrode region portions spaced
      apart by the bombardment-masked surface region below the insulated gate
      electrode structure. .Iaddend..Iadd. 7. A method as claimed in claim 6
      wherein at the surface the semiconductor body is of one conductivity type
      and ion bombardment is effected to form source and drain electrode region
      portions of the opposite conductivity type. .Iaddend..Iadd. 8. A method as
      claimed in claim 7, wherein the transistor formed is a MOST-type
      transistor. .Iaddend..Iadd. 9. A method of fabricating an insulated gate
      field effect device comprising the steps of forming an insulated gate
      electrode member on a portion of the surface of a semiconductor body, and
      causing ions productive of conductivity type inversion to impinge on said
      surface, whereby more strongly conductive regions of like conductivity
      types are established in the semiconductor body adjacent and spaced apart
      by a less-strongly conductive body region of the opposite conductivity
      type under the insulated gate electrode member. .Iaddend..Iadd. 10. A
      method of making a field-effect transistor comprising providing an
      insulated gate electrode on a body comprising a semiconductor leaving
      exposed surface regions of the body on opposite sides of the gate
      electrode, subjecting the body to electron or ion bombardment incapable of
      penetrating the gate electrode which thereby masks the underlying
      semiconductor surface but capable of reaching and impinging on to modify
      the conductivity of the semiconductor surface regions on opposite sides of
      the gate electrode to form thereat in the semiconductor source and drain
      electrodes spaced precisely apart by the width of the gate electrode and
      not overlapped by the bombardment masking gate. .Iaddend..Iadd. 11. A
      method as set forth in claim 10 wherein the gate electrode is formed using
      a photoresist method. .Iaddend..Iadd. 12. In the method of making an
      insulated-gate field-effect transistor having a body comprising a
      semiconductor having adjacent a surface spaced source and drain electrodes
      separated by a region with an insulated gate electrode on the
      semiconductor surface over the said region and source and drain contacts
      to the source and drain electrodes respectively, the source and drain
      contacts being spaced from the said region, the improvement comprising
      forming an insulated-gate electrode on the semiconductor surface portion
      overlying the said region and substantially coextensive with the said
      region, and thereafter causing ions to impinge on the surface of the
      semiconductor containing the insulated gate electrode to modify the
      conductivity of the semiconductor surface regions on opposite sides of the
      insulated gate to establish source and drainn electrodes directly adjacent
      the said region under the insulated gate electrode, said insulated gate
      electrode having a thickness capable of blocking the impinging ions
      thereby masking the said underlying region against the effect of the
      impinging ions. .Iaddend.
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ABST
PAL  A method for making an IGFET is described. The method utilizes impurity ion
      implantation into the surface channel to determine the conductivity
      thereof. The advantages include special impurity profiles providing
      improved performance, better control over important parameters such as
      threshold voltage, the manufacture of improved tetrodes, and the
      manufacture of improved ICs using for example N- and P-channel devices,
      and depletion and enhancement devices combined in a single chip.
BSUM
PAR  This invention relates to a semiconductor device with a semiconductor body
      or body part of one conductivity type, comprising at least one insulated
      gate field effect transistor having first and second spaced low
      resistivity regions of the opposite conductivity type extending in the
      body or body part from one surface thereof, a surface region in the body
      or body part situated adjacent the one surface and between the two low
      resistivity regions in which charge carriers characteristic of the
      opposite conductivity type can be caused to flow between said two low
      resistivity regions within a channel of the opposite conductivity type
      present or formed in said surface region, a gate electrode at the one
      surface between the two low resistivity regions and separated from the one
      surface by insulating material, and electrodes in ohmic contact with the
      said low resistivity regions and to a method of manufacturing such
      semiconductor devices.
PAR  The low resistivity regions are referred to as the source and drain
      regions. The insulated gate field effect transistor may form part of a
      semiconductor integrated circuit and may comprise a plurality of source,
      drain and gate electrodes.
PAR  One commonly known form of such a transistor is the
      Metal-Oxide-Semiconductor-Transistor, generally referred to as the MOST.
      In this device generally the semiconductor body or body part is of silicon
      and the gate electrode is spaced from the silicon surface by an insulating
      layer of silicon oxide. In operation the applied voltage between the
      source and drain regions is such that the PN junction between the source
      and the adjacent `substrate` part of the semiconductor body is usually,
      but not always, unbiased and the PN junction between the drain and the
      adjacent `substrate` part of the semiconductor body is reverse biased.
      Current flow between the source and drain regions is controlled in
      accordance with the voltage applied between the source region and the gate
      electrode. In the so-called enhancement mode, on application of a voltage
      of a suitable polarity to the gate electrode a current flow is initiated
      between the source and drain. In one configuration of the transistor
      suitable for use in the enhancement mode the voltage applied to the gate
      causes a surface inversion layer of the opposite conductivity type to be
      formed in the region of the semiconductor body or body part of the one
      conductivity type situated adjacent the one surface and between the source
      and drain. The charge carriers flow in a channel formed by the surface
      inversion layer. MOST's may also be prepared which operate in the
      so-called depletion mode. In these devices current can flow between the
      source and drain with no applied voltage on the gate electrode. The
      concentration of charge carriers in the channel is decreased by the
      application of a voltage of suitable polarity to the gate electrode. Such
      a device may also be operated in the enhancement mode by increasing the
      concentration of charge carriers in the channel region by the application
      of a voltage of suitable polarity to the gate electrode. Devices suitable
      for operation in the depletion mode may be manufactured by forming a
      diffused surface region of the opposite conductivity type in the region of
      the semiconductor body or body part adjacent the one surface and between
      the source and drain. The current carrying channel is thus present in the
      diffused surface region of the opposite conductivity type.
PAR  For devices suitable for operation in the enhancement mode it is necessary
      to be able to control the threshold voltage, that is the voltage between
      the gate electrode and the substrate at which current flow between the
      source and drain is initiated. It is found that the threshold voltage is
      highly dependent upon the resistivity of the surface region of the
      semiconductor body or body part between the source and drain, upon the
      properties of the insulating layer below the gate electrode, upon the
      properties of the interface between the insulating layer and the
      semiconductor body or body part, and upon the crystallographic orientation
      of the semiconductor body or body part.
PAR  In devices suitable for operation in the depletion mode in which the
      current carrying channel is present in a surface inversion layer of the
      opposite conductivity type, for example silicon MOST's in which an N-type
      inversion layer is formed at the surface of a high resistivity P-type
      substrate by oxidation of the surface, the charge carrier mobility is
      limited due to the current carrying channel being located in the vicinity
      of the silicon/silicon oxide interface. Depletion type devices having
      diffused surface channel regions are extremely difficult to fabricate due
      to the precise doping control required and the precise control of the
      depth of the diffused region required.
PAR  In some semiconductor integrated circuits an insulated gate field effect
      transistor is formed in a semiconductor body or body part together with
      other circuit elements, for example a bipolar transistor or another
      insulated gate field effect transistor having different properties. One
      such known circuit comprises MOST insulated gate field transistor of both
      polarities, that is, both P-channel and N-channel devices. These
      transistors, sometimes referred to as complementary pair MOST's, may be
      enhancement mode or depletion mode devices depending upon the exact form
      of the circuit, for example in logic circuits enhancement mode devices are
      commonly used. Difficulties arise in the manufacture of complementary pair
      MOST's in a common semiconductor body or body part initially of one
      conductivity type because it is necessary to obtain precise control of the
      resistivities of the surface regions of the two MOST's, these surface
      regions being of different conductivity types. For example, starting with
      an N-type body in which a P-channel enhancement mode MOST is to be formed,
      a complementary N-channel enhancement mode MOST has to be formed in a
      P-type island situated within the N-type body. Diffusion techniques are
      not always readily suitable for producing the P-type island since the
      resistivity of the surface region of the diffused P-type island may be too
      low. One method of overcoming this problem comprises a cavity etch and
      epitaxial refill method, sometimes referred to as contour deposition. This
      method, while providing an island of the desired controlled resistivity,
      is costly and complex since it requires special techniques for locating
      and re-exposing the initial surface of the body subsequent to the contour
      epitaxial deposition in the etched cavity and on the surrounding surface.
PAR  According to one aspect of the invention, in an insulated gate field effect
      transistor as herein defined, the surface region within which charge
      carriers can be caused to flow between the two low resistivity regions in
      a channel contains a concentration of implanted ions of an impurity
      element characteristic of the conductivity type of said surface.
PAR  Such an insulated gate field effect transistor in which the current
      carrying channel is located in an ion implanted surface region can have
      improved properties as will be apparent from the following description of
      various alternative forms of the transistor.
PAR  In one form of the transistor suitable for operation in the depletion mode,
      said surface region is of the opposite conductivity type and contains a
      concentration of implanted ions of an impurity element characteristic of
      the opposite conductivity type. In this transistor, by the provision of
      the ion implanted surface region of the opposite conductivity type, said
      region being referred to as a skin, the current flow is within the bulk of
      the ion implanted skin and is not confined to an area immediately adjacent
      the semiconductor/insulating layer interface as occurs in the case of a
      depletion mode device in which the current flow occurs within a pre-formed
      inversion layer. The location of the current flow in said bulk yields an
      increase in the effective carrier mobility in the channel. The carrier
      mobility in the implanted skin should approach its bulk value and hence
      the gain factor of the device of a specific geometry is increased. For a
      specific geometry the magnitude of the increase in gain will be equal to
      the ratio of bulk to surface mobility values and this may be a factor of
      from 2 to 3. This configuration is suitable for very high frequency
      insulated gate field effect devices. In the depletion mode this device
      operates by the movement of a space charge region through the implanted
      skin until this skin is completely depleted and the channel is cut off.
      There is also a space charge region associated with the junction between
      the skin and the immediately underlying portion of the semiconductor body
      or body part. By biasing said portion and the gate, the implanted skin can
      be depleted from both sides. The maximum space charge layer thickness that
      can be produced by the gate potential is determined by the resistivity of
      the implanted skin. Hence, accurate control of the thickness of the
      implanted skin and its resistivity is required. The provision of said skin
      by the method of ion implantation has been found to yield said control.
      Furthermore significant improvements can be obtained using the method of
      ion implantation to form the skin as compared with the method of producing
      the skin by diffusion techniques. It will be appreciated that it is
      difficult to control precisely the resistivity of a skin when using such
      diffusion techniques, particularly to obtain a skin of relatively high
      resistivity. Also the method of ion implantation can yield an impurity
      concentration profile, in the direction extending from the surface through
      the skin, which is more readily suitable for the formation of a current
      carrying channel.
PAR  In the said transistor suitable for operation in the depletion mode, the
      first and second low resistivity regions of the opposite conductivity type
      at least in the vicinity of their closest separation may each comprise a
      portion containing a concentration of implanted ions of an impurity
      element characteristic of the opposite conductivity type, the dimension of
      the gate electrode in the lateral direction between said first and second
      low resistivity regions corresponding substantially to the lateral
      separation of said first and second low resistivity regions. This
      configuration of the transistor may be obtained by a method as described
      in a copending application Ser. No. 753,449, filed Aug. 19, 1968 in which
      initially portions of the source and drain regions are formed by diffusion
      techniques, the source, drain and gate electrodes are then provided, and
      thereafter an ion implantation process is carried out, preferably through
      an insulating layer present on the one surface, to extend the source and
      drain regions towards each other. In this method a metal layer
      constituting the gate electrode acts as a mask and the channel formed in
      the resultant surface region between the source and drain regions has a
      length corresponding substantially to the lateral dimensions of the gate
      electrode. With such a method insulated gate field effect transistors can
      be fabricated having precisely controlled channel lengths of small
      dimensions and having a very small gate/drain capacitance since the
      gate/drain overlap is only governed by the sideways scattering and
      channelling of implanted ions. This method will be referred to hereinafter
      as Auto-Registration.
PAR  In the depletion mode transistor according to the invention in which the
      first and second low resistivity regions of the opposite conductivity type
      (source and drain) each comprise an ion implanted portion, said ion
      implanted portions and the ion implanted surface region of the opposite
      conductivity type may be present in and partly surrounded by an ion
      implanted region of the one conductivity type, said ion implanted region
      of the one conductivity type having a lower resistivity than the adjacent
      underlying semiconductor body part of the one conductivity type. This
      configuration provides a depletion device having a high carrier mobility
      in the channel and a high gain factor. The presence of the lower
      resistivity ion implanted region of the one conductivity type serves to
      reduce the spreading of the depletion layer associated with the junction
      between the drain and the adjacent part of the one conductivity type and
      thus inhibits punch-through to the source. Consequently a small source to
      drain separation is possible. The provision of the ion implanted portions
      of the source and drain regions using the method of Auto-Registration
      yields a device having a low gate to drain feedback capacitance and
      renders possible the small separation between the source and drain. In
      this device the first and second low resistivity regions of the opposite
      conductivity type (source and drain), the ion implanted surface region of
      the opposite conductivity type, in which the channel is present, the ion
      implanted region of the one conductivity type, and the underlying
      semiconductor body part of the one conductivity type all may be present in
      a high resistivity layer mainly of the one conductivity type situated on a
      low resistivity substrate of the one conductivity type. This configuration
      provides a depletion device having a low drain to substrate capacitance
      since at fairly high applied voltages between the drain and substrate the
      depletion layer associated with the PN junction between the drain and the
      underlying high resistivity layer part of the one conductivity type
      approaches the low resistivity substrate.
PAR  In another form of an insulated gate field effect transistor according to
      the invention, which is suitable for operation in the enhancement mode,
      said surface region is of the one conductivity type and contains a
      concentration of implanted ions of an impurity element characteristics of
      the one conductivity type, the resistivity of the ion implanted surface
      region being lower than the resistivity of an immediately underlying
      portion of the semiconductor body or body part of the one conductivity
      type. The provision of the ion implanted lower resistivity surface region,
      which may be referred to as a lower resistivity skin, enables insulated
      gate field effect transistors suitable for operation in the enhancement
      mode to be obtained, said transistors having accurately controlled
      threshold voltages. The process of ion implantation for forming the skin
      has certain advantages compared with diffusion techniques in that it can
      yield impurity concentration profiles in the skin which are better suited
      to the requirement of forming a channel therein by inversion.
PAR  In the said transistor according to the invention suitable for operation in
      the enhancement mode, the first and second low resistivity regions of the
      opposite conductivity type at least in the vicinity of their closest
      separation may each comprise a portion containing a concentration of
      implanted ions of an impurity element characteristic of the opposite
      conductivity type, the dimension of the gate electrode in the lateral
      direction between said first and second low resistivity regions
      corresponding substantially to the lateral separation of the first and
      second low resistivity regions. In this device, in which the technique of
      Auto-Registration is used, similar advantages arise in respect of the low
      gate/drain capacitance and small dimension of the channel as have been
      previously described with reference to the depletion mode insulated gate
      field effect transistor. Each of the first and second low resistivity
      regions of the opposite conductivity type (source and drain) may comprise
      a portion containing a concentration of a diffused impurity element
      characteristic of the opposite conductivity type and an adjoining portion
      containing a concentration of implanted ions of an element characteristic
      of the opposite conductivity type, the said ion implanted portions lying
      within and partly surrounded by the ion implanted surface region of the
      one conductivity type. This configuration provides an enhancement device
      having a precisely controlled threshold voltage and a high gain factor.
      The ion implanted surface region of the one conductivity type partly
      surrounding the ion implanted portions of the source and drain and the
      channel also serves to reduce the spreading of the depletion layer
      associated with the junction between the drain and the adjacent part of
      the one conductivity type and thus inhibits punch-through to the source.
      This permits the use of a small separation between the source and drain,
      said small separation being achieved, for example using the technique of
      Auto-Registration.
PAR  In the said transistor suitable for operation in the enhancement mode the
      first and second low resistivity regions of the opposite conductivity type
      (source and drain) and the ion implanted surface region of the one
      conductivity type may be present in a layer consisting mainly of the one
      conductivity type situated on a lower resistivity substrate of the one
      conductivity type. This structure is particularly suitable for enhancement
      mode devices suitable for high frequency operation because at fairly high
      voltages, for example 20 volts between the drain and the substrate, the
      depletion layer associated with the junction between the drain and the
      underlying region in the layer of the one conductivity type approaches the
      lower resistivity substrate and thus the capacitance between the drain and
      the substrate is small.
PAR  In another form of an insulated gate field effect transistor according to
      the invention, a third low resistivity region of the opposite conductivity
      type extends in the body or body part from the one surface and is situated
      between the two spaced low resistivity regions of the opposite
      conductivity type, first and second surface regions being present within
      which first and second current carrying channels respectively are formed,
      at least the first surface region being of the opposite conductivity type
      and containing a concentration of implanted ions of an impurity element
      characteristic of the opposite conductivity type, first and second gate
      electrodes being present, the first gate electrode being associated with
      the first surface region and the first current carrying channel formed
      therein between the first and third low resistivity regions of the
      opposite conductivity type, and the second gate electrode being associated
      with the second surface region and the second current carrying channel
      formed therein between the third and second low resistivity regions of the
      opposite conductivity type. Such a transistor may be referred to as a
      tetrode insulated gate field effect transistor.
PAR  Tetrode MOST's are described in British Pat. Specification No. 1,037,850
      and are designed to be capable of giving useful power gain at high
      frequencies, for example at least 10dB at 900 Mc/s. The tetrode MOST
      constitutes an improvement on a single gate, triode MOSE in respect of the
      serious limitation that is imposed on the power gain at high frequencies
      by the gate to drain feedback capacitance which occurs in a triode MOST.
      The tetrode MOST may be considered as the cascade arrangement of two
      MOST's, the third low resistivity region of the opposite conductivity type
      forming the drain of the first MOST and the source of the second MOST.
      Said third region is hereinafter referred to as the virtual source and
      drain as it has no electrode. In actual circuit operation the second gate
      electrode is usually kept short circuited to the source of the first
      transistor and to the substrate, thus providing the shielding between the
      drain of the second transistor and the gate of the first transistor. The
      effective feedback capacitance between the drain and the first gate is
      equal to the feedback capacitance between the first gate and the
      intermediate virtual source and drain divided by the voltage amplification
      of the second transistor. The maximum stable power gain in the cascade
      arrangement is therefore increased by a factor equal to the voltage
      amplification of the second transistor, particularly at low and moderate
      frequencies. The overall high frequency limitations are dependent, inter
      alia, upon the magnitudes of the capacitances between the virtual source
      and drain and the substrate, and between the drain of the second
      transistor and the substrate, and between the gate of the first transistor
      and the drain of the second transistor.
PAR  In a tetrode insulated gate field effect transistor according to the
      invention, the provision of the first surface region of the opposite
      conductivity type containing a concentration of implanted ions of an
      impurity element characteristic of the opposite conductivity type, said
      first surface region being referred to hereinafter as an ion implanted
      skin, yields a first transistor part suitable for operation in the
      depletion mode and having an ion implanted skin. Furthermore the process
      of ion implantation to form said skin allows a substrate of a desired
      resistivity to be used. In this device the second transistor part may
      either operate in the enhancement mode or in the depletion mode. When it
      operates in the depletion mode the second surface region may be of the
      opposite conductivity type also containing a concentration of implanted
      ions of an impurity element characteristic of the opposite conductivity
      type. Such an ion implanted skin may be formed simultaneously with the ion
      implanted skin which constitutes the first surface region. Alternatively
      if the second transistor part is to operate in the enhancement mode no
      such ion implanted skin need be provided. It will be appreciated that for
      the first transistor part it is desirable to keep the channel length as
      small as possible and for this purpose the technique of Auto-Registration
      may be employed.
PAR  The first and third low resistivity regions of the opposite conductivity
      type at least in the vicinity of their closest separation may each
      comprise a concentration of implanted ions of an impurity element
      characteristic of the opposite conductivity type, the lateral dimension of
      the first gate electrode which is associated with the first surface region
      corresponding substantially to the lateral separation of the first and
      third low resistivity regions. Similarly, if desired, the technique of
      Auto-Registration may be employed in determining the channel length in the
      second surface region. In one form the second and third low resistivity
      regions of the opposite conductivity type at least in the vicinity of
      their closest separation each comprise a concentration of implanted ions
      of an impurity element characteristic of the opposite conductivity type,
      the lateral dimensions of the second gate electrode which is associated
      with the second surface region corresponding substantially to the lateral
      dimension of the second current carrying channel formed in said second
      surface region. In this form of the device the technique of
      Auto-Registration is used to determine the lateral dimension of the second
      surface region on both sides of said region, that is both at the second
      and third low resistivity regions. In another form the technique of
      Auto-Registration is used to determine the lateral dimension of the second
      surface region as far as said dimension is determined by the position of
      the third low resistivity region of the opposite conductivity type. Thus
      the third low resistivity region of the opposite conductivity type at
      least in the vicinity of its closest separation from the second low
      resistivity region may comprise a concentration of implanted ions of an
      impurity element characteristic of the opposite conductivity type, the
      lateral boundary of the second gate electrode in the vicinity of the third
      low resistivity region corresponding to the lateral boundary of said third
      low resistivity region.
PAR  In the tetrode insulated gate field effect transistor each of the first and
      second low resistivity regions may comprise a portion containing a
      concentration of a diffused impurity element characteristic of the
      opposite conductivity type and, if the technique of Auto-Registration is
      used to define the first and second surface regions, the first and second
      low resistivity regions may each comprise a portion containing a
      concentration of implanted ions of an impurity element characteristic of
      the opposite conductivity type. The third low resistivity region of the
      opposite conductivity type may consist of a diffused region and when the
      technique of Auto-Registration is used it may additionally comprise a
      portion containing a concentration of implanted ions of an impurity
      element characteristic of the opposite conductivity type. Alternatively
      the third low resistivity region may be determined entirely by a
      concentration of implanted ions of an element characteristic of the
      opposite conductivity type and not contain a diffused concentration of
      said element.
PAR  In a tetrode insulated gate field effect transistor according to the
      invention, in the semiconductor body or body part of the one conductivity
      type adjacent the third low resistivity region of the opposite
      conductivity type and on the side of said third region which faces the
      second low resistivity region of the opposite conductivity type there may
      be present a local low resistivity region of the one conductivity type
      containing a concentration of implanted ions of an impurity element
      characteristic of the one conductivity type. The presence of the low
      resistivity ion implanted region of the one conductivity type serves to
      reduce the spreading of the depletion layer associated with the junction
      between the second region and the substrate and thus inhibit punch-through
      to the third low resistivity region (virtual source and drain). Thus it is
      impossible to have a small separation between the drain and the virtual
      source and drain without punch-through occurring at normal applied
      voltages. Said local low resistivity ion implanted regions of the one
      conductivity type may comprise ions introduced in the body or body part
      through open channels in the crystal lattice. Such a method of ion
      implantation is referred to as channelling.
PAR  In a further form of an insulated gate field effect transistor according to
      the invention, the concentration of implanted ions of the impurity element
      characteristic of the conductivity type of said surface region is
      different in different parts of said surface region between the first and
      second low resistivity regions of the opposite conductivity type. Various
      different configurations of such a transistor are possible, for example
      the concentration variation of implanted ions may provide a device having
      a variable .mu. characteristic. Such a device is described in British Pat.
      No. 1,075,085. In another form the concentration variation may be such
      that in the lateral direction of the surface region between the first and
      second low resistivity regions of the opposite conductivity type (source
      and drain) the concentration of implanted ions increase from the one of
      said regions which forms the drain region towards the other of said
      regions which forms the source region. A similar device in which the
      impurity concentration variation is obtained by diffusion is described in
      a copending application, Ser. No. 688,227, filed Dec. 5, 1967.
PAR  In an insulated gate field effect transistor according to the invention the
      semiconductor body or body part may be of silicon, and the insulating
      material may be of silicon oxide or silicon nitride. These devices are
      referred as MOST's and MNST's respectively. In one form of the transistor
      in which the semiconductor or body part is of silicon the insulating
      material may comprise a first layer portion of silicon oxide on the
      surface of the semiconductor body or body part above the said ion
      implanted surface region and a second layer portion of silicon nitride on
      the silicon oxide layer, the gate electrode being situated on the silicon
      nitride layer portion. Such a device may be referred to as a MNOST.
PAR  The insulating material may contain a concentration of implanted ions of an
      element which stabilizes said layer. An insulated gate field effect
      transistor of silicon comprising a silicon oxide insulating layer or layer
      portion may contain a concentration of implanted phosphorus ions which
      stabilize said layer or layer portion. It is well known that phosphorus
      will reduce considerably surface charge and movement of charge in silicon
      dioxide. This stabilization is most effective when the phosphorus is
      introduced just below the surface of the silicon oxide layer since if the
      layer is contaminated with sodium ions their concentration is maximum at
      this position. By controlling the energy, ion implantation of phosphorus
      ions into the silicon oxide layer yields an effective method for obtaining
      the desired phosphorus profile in a silicon oxide layer or layer portion.
PAR  According to another aspect of the invention, in a method of manufacturing
      an insulated gate field effect transistor ions, of an impurity element are
      implanted in a region of a semiconductor body or body part of one
      conductivity type adjoining one surface thereof to determine the
      conductivity and conductivity type of the surface region within which a
      current carrying channel is formed between two low resistivity regions of
      the opposite conductivity type extending into the body or body part from
      said one surface.
PAR  In one form of the method the implanted ions are characteristic of the
      opposite conductivity type and form a surface region of the opposite
      conductivity type. This form of the method may be employed for the
      manufacture of an insulated gate field effect transistor suitable for
      operation in the depletion mode.
PAR  In another form of the method the implanted ions are characteristic of the
      one conductivity type and form a surface region of the one conductivity
      type having a lower resistivity than the immediately underlying portion of
      the semiconductor body or body part of the one conductivity type. This
      form of the method may be suitably employed for the manufacture of an
      insulated gate field effect transistor suitable for use in the enhancement
      mode.
PAR  In a method according to the invention at least parts of the two low
      resistivity regions of the opposite conductivity type may be formed by
      diffusion of an impurity element characteristic of the opposite
      conductivity type into portions of the one surface, the implantation of
      ions into the surface region within which the current carrying channel is
      formed being carried out subsequent to said diffusion. The implantation is
      carried out subsequent to the diffusion to avoid excessive diffusion of
      the implanted layer or layers.
PAR  According to a further aspect of the invention a semiconductor device
      comprises a semiconductor body or body part of one conductivity type, an
      ion implanted region of the opposite conductivity type extending in the
      body or body part from one surface thereof and containing a concentration
      of implanted ions of an impurity element characteristic of the opposite
      conductivity type, an insulated gate field effect transistor formed in the
      ion implanted region of the opposite conductivity type and at least one
      other circuit element formed in the material of the body or body part of
      the one conductivity type. Such a semiconductor device may consist of a
      semiconductor integrated circuit comprising the said insulated gate field
      effect transistor formed in the ion implanted region of the opposite
      conductivity type and at least one other circuit element, for example a
      bipolar transistor or an insulated gate field effect transistor formed in
      the material of the body or body part of the one conductivity type. The
      ion implanted region of the opposite conductivity type may be considered
      as an island in the body or body part of the one conductivity type.
      Certain advantages arise in forming said island by the technique of ion
      implantation compared with the known techniques of diffusion and contour
      epitaxial deposition. It is found that the method of ion implantation can
      yield an island of desired resistivity to form an insulated gate field
      effect transistor therein, the characteristic of said transistor being
      compatible with the characteristics of another insulated gate field effect
      transistor formed in the material of the body or body part of the one
      conductivity type.
PAR  Thus in one preferred form of the semiconductor device, said other circuit
      element is an insulated gate field effect transistor having different
      properties to the insulated gate field effect transistor formed in the ion
      implanted region of the opposite conductivity type. Said two insulated
      gate field effect transistors may be complementary in the sense that their
      surface regions within which the current channels are formed are of
      different conductivity types. Thus for example the device may comprise a
      P-channel MOST and a complementary N-channel MOST located in a common
      semiconductor body.
PAR  The two insulated gate field effect transistors may both be suitable for
      operation in the enhancement mode or may both be suitable for operation in
      the depletion mode. Alternatively one insulated gate field effect
      transistor may be suitable for operation in the enhancement mode and the
      other insulated gate field effect transistor suitable for operation in the
      depletion mode.
PAR  In at least one of the two insulated gate field effect transistors the
      surface region may be of different conductivity or conductivity type to
      the immediately underlying portion of the semiconductor body part and
      contains a concentration of implanted ions which determines said different
      conductivity or conductivity type. Thus said one transistor may comprise
      an ion implanted skin as previously described and this transistor may be
      constructed in a similar manner to the previously described transistors
      comprising such skins.
PAR  In a semiconductor device according to the invention in one or more
      insulated gate field effect transistors present in the semiconductor body
      or body part, the first and second low resistivity regions at least in the
      vicinity of their closest separation may each comprise a concentration of
      implanted ions of an impurity element characteristic of the conductivity
      type of said regions, the lateral dimension of the gate electrode
      associated with the surface region between said regions corresponding
      substantially to the lateral separation of the first and second low
      resistivity regions. This device employs the manufacturing technique of
      Auto-Registration as previously described and corresponding advantages
      arise in its utilization as have been described with reference to the
      insulated gate field effect transistors having surface skins.
PAR  In a semiconductor device according to the invention the ion implanted
      region of the opposite conductivity type within which an insulated gate
      field effect transistor is formed may comprise ions introduced in the body
      part through open channels in the crystal lattice. Channelling is a
      suitable method for forming an island of the opposite conductivity type
      extending deeply into the body part from the one surface and having the
      desired resistivity for forming the insulated gated field effect
      transistor therein.
PAR  According to another aspect of the invention a method of manufacturing a
      semiconductor device comprises the steps of implanting in a region of a
      semiconductor body or body part of one conductivity type a concentration
      of ions of an impurity element characteristic of the opposite conductivity
      type, said implanted ion concentration determining a region of the
      opposite conductivity type which extends to one surface of the body or
      body part and is surrounded within the body or body part by a region of
      the one conductivity type, forming an insulated gate field effect
      transistor in the implanted region of the opposite conductivity type and
      at least one other circuit element in the region of the one conductivity
      type.
PAR  According to a further aspect of the invention a method of manufacturing a
      semiconductor device comprising at least two insulated gate field effect
      transistors having different properties, comprises the steps of implanting
      in a region of a semiconductor body or body part of one conductivity type
      a concentration of ions of an impurity element characteristic of the
      opposite conductivity type, said implanted ions concentration determining
      a region of the opposite conductivity type which extends to one surface of
      the body or body part and is surrounded within the body or body part by a
      region of the one conductivity type, forming in the region of the one
      conductivity type spaced, low resistivity regions of the opposite
      conductivity type constituting source and drain regions of a first
      insulated gate field effect transistor, forming in the ion implanted
      region of the opposite conductivity type spaced, low resistivity regions
      of the one conductivity type constituting source and drain regions of a
      second insulated gate field effect transistor, providing an insulating
      layer on the one surface, forming a gate electrode over the insulating
      layer above the surface region between the source and drain of the first
      transistor, a gate electrode over the insulating layer above the surface
      region between the source and drain of the second transistor, and
      electrodes on the source and drain regions of both transistors.
DRWD
PAR  Embodiments of the invention will now be described by way of example with
      reference to FIGS. 1 to 7 of the diagrammatic drawings accompanying this
      specification, in which:
PAR  FIG. 1 shows in cross-section part of the semiconductor body of an
      insulated gate field effect transistor suitable for operation in the
      depletion mode;
PAR  FIGS. 2 and 3 each show in cross-section part of the semi-conductor body of
      an insulated gate field effect transistor suitable for operation in the
      enhancement mode, the FIG. 2 transistor being a P-channel device and the
      FIG. 3 transistor being an N-channel device;
PAR  FIG. 4 shows in cross-section part of the semiconductor body of an
      insulated gate field effect transistor suitable for high frequency
      operation in the enhancement mode;
PAR  FIG. 5 shows in cross-section part of the semiconductor body of an
      insulated gate field effect transistor suitable for high frequency
      operation in the depletion mode;
PAR  FIG. 6 shows in cross-section part of the semiconductor body of a tetrode
      insulated gate field effect transistor suitable for high frequency
      operation with high power gain; and
PAR  FIG. 7 shows in cross-section part of the semiconductor body of a
      semiconductor integrated circuit comprising a complementary pair of
      insulated gate field effect transistors, both being suitable for operation
      in the enhancement mode.
DETD
PAR  The insulated gate field effect transistor shown in FIG. 1 is an N-channel
      depletion mode MOST. The semiconductor body comprises a P-type substrate 1
      having a resistivity of 15 ohm-cm and of 200 microns thickness. The
      substrate 1 has a plane surface 2 at which there is a layer 3 of silicon
      oxide of 0.2 micron thickness. Two low resistivity N.sup.+-type regions 4
      and 5 extend from the surface 2 into the P-type substrate 1. The regions 4
      and 5 have been formed by diffusion of phosphorus into two surface
      portions of the substrate and extend into the substrate at a distance of
      approximately 2 microns from the surface 3. The surface concentration of
      phosphorus in the regions 4 and 5 is approximately 10.sup.21 atoms/cc. The
      width of each of the regions 4 and 5 in the section shown in FIG. 1 is
      approximately 15 microns and they are separated by a distance of
      approximately 4 microns.
PAR  Between the N.sup.+-type regions 4 and 5 there is an N-type surface region
      6 of 1 ohm-cm resistivity and containing a concentration of implanted
      phosphorus ions. This ion implanted region 6 is referred to as an N-type
      skin and extends into the substrate at a distance of 0.8 micron from the
      surface 2. An N-type surface region 7 extends across other parts of the
      substrate surface beyond the regions 4 and 5 and also contains a
      concentration of implanted phosphorus ions. Aluminum layer parts 8 and 9
      of approximately 1 micron thickness and 5 microns width are situated on
      the surface portions of the regions 4 and 5 respectively and form
      electrodes thereon. A gate electrode consisting of an aluminum layer part
      10 of 1 micron thickness is situated on the silicon oxide layer 2 above
      and slightly overlapping the N-type skin 6.
PAR  In this device, which is suitable for operation in the depletion mode, the
      current carrying channel is present in the N-type ion implanted skin 6.
      Due to the provision of said skin the effective electron mobility in the
      channel is significantly higher than in a prior art depletion mode device
      in which the channel is formed in a pre-formed N-type inversion layer. Due
      to the increase in effective electron mobility in the channel the gain
      factor (.beta.) of the transistor shown in FIG. 1 is between two and three
      times that of a prior art device having the same channel length.
PAR  The manufacture of the MOST shown in FIG. 1 will now be described. The
      starting material is a large slice of P-type silicon of 15 ohm-cm
      resistivity and 200 microns thickness in which, during subsequent
      processing steps, a plurality of MOST structures are formed at a
      corresponding plurality of sites on the slice, However, the manufacture
      will be described with reference to the formation of one such MOST
      structure, it being understood that where operations such as diffusion,
      ion implantation, photomasking and etching are referred to, each of these
      operations is carried out at a plurality of locations on the slice.
PAR  The slice is prepared with the crystallographic orientation of its major
      surfaces parallel to the &lt;111&gt; planes. One major surface 2 is prepared to
      be optically flat. An insulating layer 3 of silicon oxide of 0.5 micron
      thickness is grown on the surface by exposure in wet oxygen at an elevated
      temperature. Two openings are formed in the silicon oxide layer by the
      normal photomasking and etching technique, said openings exposing two
      surface portions of the substrate. A phosphorus diffusion step is carried
      out to form the N.sup.+-type regions 4 and 5 by diffusion in the parts of
      the substrate exposed by said two openings. Subsequently the silicon oxide
      layer 3 together with any glass layer formed on the surface in the
      openings during the phosphorus diffusion step is now removed completely
      from the surface 2.
PAR  The silicon body is placed in the target chamber of an ion implantation
      apparatus. The implantation of phosphorus ions is effected into the
      surface 2. The implantation energy is 40 KeV, the dose is of the order of
      10.sup.11 atoms/sq.cm and the orientation of the body is such that the
      direction of the ion beam is within .+-.2.degree. of the &lt;111&gt; direction.
PAR  After removal from the ion implantation apparatus a fresh layer 3 of
      silicon oxide of 0.2 micron thickness is grown rapidly on the surface 2 by
      oxidation of the silicon in wet oxygen at an elevated temperature. This
      oxidation treatment also serves as a post implantation annealing process
      in which a certain redistribution of the implanted phosphorus ions occurs.
      Openings are formed in the insulating layer above the N.sup.+-type regions
      4 and 5, said openings each having a dimension of approximately 5 microns
      in the section shown in FIG. 1. An aluminum layer of approximately 1
      micron thickness is deposited over the entire surface of the silicon oxide
      layer 3 and in the openings therein. Thereafter by a photomasking and
      etching step the electrodes 8, 9 and 10 are defined by selective removal
      of parts of the aluminum layer. The gate electrode 10 has a dimension of
      approximately 5 microns in the section shown in FIG. 1.
PAR  Connection of wires to the electrodes 8, 9 and 10 is carried out and
      connection to the substrate 1 made in a conventional manner as commonly
      carried out in semiconductor manufacture. Finally the device is suitably
      encapsulated.
PAR  The insulated gate field effect transistor shown in FIG. 2 is a P-channel
      enhancement mode MOST. The semiconductor body comprises a high resistivity
      N-type substrate 11 having a resistivity of 15 ohm-cm and of 200 microns
      thickness. The substrate 11 has a plane surface 12 at which there is a
      layer 13 of silicon oxide of 0.2 micron thickness. Two low resistivity
      P.sup.+-type regions 14 and 15 extend from the surface 12 into the N-type
      substrate 11. The regions 14 and 15 have been formed by diffusion of boron
      into two surface portions of the substrate and extend into the substrate
      at a distance of 2 microns from the surface 13. The surface concentration
      of boron in the regions 14 and 15 is approximately 5 .times. 10.sup.20
      atoms/cc. The width of each of the regions 14 and 15 in the section shown
      in FIG. 2 is approximately 15 microns and they are separated by a distance
      of approximately 4 microns.
PAR  Between the P.sup.+-type regions 14 and 15 there is an N.sup.--type surface
      region 16 of 1 ohm-cm resistivity and containing a concentration of
      implanted phosphorus ions. The ion implanted region 16 is referred to as
      an N.sup.--type skin and extends into the substrate at a distance of 0.8
      micron from the surface 12. An N.sup.--type surface region 17 extends
      across the remainder of the substrate surface beyond the regions 14 and 15
      and also contains a concentration of implanted phosphorus ions. Aluminum
      layer parts 18 and 19 of approximately 1 micron thickness are situated on
      the surface portions of the regions 14 and 15 respectively and form
      electrodes thereon. A gate electrode 20 consisting of an aluminum layer
      part of 1 micron thickness is situated on the silicon oxide layer 12 above
      and slightly overlapping the N.sup.--type skin 16.
PAR  In this device which is suitable for operation in the enhancement mode, the
      current carrying channel is formed by inversion of at least part of the
      N.sup.--type ion implanted skin 16. Due to the provision of said skin the
      threshold voltage of the device is determined reproduceably within fairly
      fine limits.
PAR  The manufacture of the MOST shown in FIG. 2 coresponds substantially to the
      manufacture of the MOST shown in FIG. 1, the main difference being that in
      the manufacture of the P-channel device of FIG. 2 the initial diffusion is
      of boron.
PAR  The insulated gate field effect transistor shown in FIG. 3 is an N-channel
      enhancement mode MOST. In this device the dimensions of the semiconductor
      body and the various regions and electrodes correspond substantially to
      those of the P-channel MOST shown in FIG. 2. The difference resides in
      that the substrate of the FIG. 3 device is of P.sup.-.sup.--type, the ion
      implanted surface skin is of P.sup.--type and the source and drain regions
      are N.sup.+-type. This configuration is particularly favorable for an
      N-channel enhancement mode MOST since the provision of the P.sup.--type
      ion implanted skin enables good control of the threshold voltage to be
      obtained. Furthermore the resistivity of the P.sup.-.sub.=-type substate
      may be chosen to be fairly high, for example 15 ohm-cm. It will be
      appreciated that the direct formation of an N-channel enhancement mode
      MOST in such material would not be readily possible since oxidation of the
      surface of such high resistivity material forms an N-type inversion layer.
      Further advantages of providing an ion implanted P.sup.--type skin in a
      P.sup.-.sup.--type part for an N-channel enhancement mode MOST, including
      the possibility of having short channel lengths due to the P.sup.--type
      region inhibiting punch-through to the source of the drain to substrate
      depletion layer, will be described with reference to the following
      embodiment shown in FIG. 4. The manufacturing steps in forming the device
      shown in FIG. 3 are similar to those described with reference to FIG. 1,
      the main difference residing in that the ion implantation of the skin is
      carried out using boron ions. Suitable conditions for the boron
      implantation are at an energy of 20 KeV with a dose of approximately 5
      .times. 10.sup.11 atoms/sq.cm.
PAR  The insulated gate field effect transistor shown in FIG. 4 is an N-channel
      enhancement mode MOST suitable for high frequency operation. The
      semiconductor body comprises a low resistivity P.sup.+-type substrate 21
      having a resistivity of 0.05 Ohm-cm and of 200 microns thickness, and a
      high resistivity epitaxial P.sup.-.sup.--type layer 22 of 15 ohm-cm
      resistivity and 6 microns thickness situated on the substrate 21. The
      layer 22 has a plane surface 23 at which there is a layer of silicon oxide
      24 of 0.12 micron thickness. Two low resistivity N.sup.+-type regions
      extend from the surface 23 into the P.sup.-.sup.--type layer 22. The
      N.sup.+-type regions comprise diffused portions 26 and 27 respectively
      formed by diffusion of phosphorus into two surface portions of the layer
      22 and ion implanted portions 28 and 29 respectively adjoining the
      portions 26 and 27, the portions 28 and 29 having been formed by
      implantation of phosphorus ions into the surface through the silicon oxide
      layer 23 in accordance with the method described in said copending
      application, Ser. No. 753,449 and now U.S. Pat. No. 3,596,347.  The
      diffused portions 26 and 27 extend into the layer 22 at a distance of
      approximately 1 micron from the surface 23 and the ion implanted portions
      28 and 29 extend into the layer at a distance of 0.3 micron from the
      surface 23. The sheet resistance of the diffused portions 26 and 27 is
      approximately 20 ohms per square and in the ion implanted portions 28 and
      29 is 300 ohms per square. The width of each of the diffused portions 26
      and 27 in the section shown in FIG. 4 is approximately 15 microns and the
      width of each of the ion implanted portions 28 and 29 is approximately 3
      microns. The ion implanted portion 28 and 29 are separated by a distance
      of approximately 3 microns. The portions 28 and 29 lie within a P-type
      surface region 30 of 0.75 ohm-cm resistivity and containing a
      concentration of implanted boron ions. The ion implanted region 30 is
      referred to as a P.sup.--type skin and extends into the higher resistivity
      P.sup.-.sup.--type layer 22 at a distance of 0.7  micron from the surface
      23. A P-type surface region 31 extends across the remainder of the layer
      surface beyond the regions 26, 28 and 27, 29 and also contains a
      concentration of implanted boron ions. Electrodes consisting of aluminum
      layer parts 33 and 34 of approximately 1 micron thickness and 5 microns
      width in the section shown are situated on the surface portions of the
      regions 26, 28 and 27, 29 respectively, said surface portions being
      located in openings in the silicon oxide layer 24. A gate electrode
      consisting of an aluminum layer part 35 of 1 micron thickness and 3
      microns width is situated on the silicon oxide layer 24 directly above the
      P.sup.--type ion implanted surface region 30 between the N.sup.+-type ion
      implanted portions 28 and 29.
PAR  In this device, which is suitable for high frequency operation in the
      enhancement mode, the current carrying channel is formed by inversion of
      at least the part of the P.sup.--type ion implanted skin 30 located
      adjacent the surface 23 between the N.sup.+-type ion implanted regions 28
      and 29. Due to the provision of the ion implanted skin 30 the threshold
      voltage of the device is determined reproduceably within fairly fine
      limits. The device has a relatively high power gain since the effective
      channel length is small, that is 3 microns, due to the described
      configuration being obtained by the method of Auto-Registration. This
      method also gives a low value of the gate to drain capacitance and gate to
      source capacitance since the overlap of the gate electrode 35 above the
      N.sup.+-type ion implanted regions 28 and 29 is determined only by the
      sideways scattering and channelling of the phosphorus ions, this overlap
      being only 0.25 micron or less on each side. The capacitance between drain
      and substrate is also small, a measured value at V.sub.Drain-Substrate of
      20 volts being 2 .times. 10.sup.3 pF/cm.sup.2 . This is because at such a
      voltage between the drain and substrate the depletion layer associated
      with the junction between the N.sup.+-type drain 27, 29 and the
      P.sup.-.sup.--type region 22 approaches the P.sup.+-type substrate 21. The
      presence of the P.sup.--type skin 30 also limits the spreading of this
      depletion layer in the region of the device adjacent the channel and thus
      punch-through of this depletion layer to the source at such a voltage is
      prevented. This facilitates the provision of the small source to drain
      separation, viz. 3 microns.
PAR  The manufacture of the high frequency triode MOST shown in FIG. 4 will now
      be outlined in terms of the main steps in their relative order of
      succession. A P.sup.+-type silicon slice of 200 microns thickness and 0.05
      ohm-cm resistivity is prepared with one of its major surfaces having an
      optically flat finish. The orientation is with the major surface parallel
      to the &lt;111&gt; planes. An epitaxial layer of P.sup.-.sup.--type silicon of
      15 ohm-cm resistivity is grown on the prepared major surface. The surface
      of the layer is suitably prepared to be optically flat. A silicon oxide
      layer of 0.2 .mu. thickness is grown on the surface of the epitaxial layer
      by exposure in wet oxygen at 1,100.degree. C. for 15 minutes. Openings are
      formed in the silicon oxide layer by the normal photomasking and etching
      techniques. Phosphorus is then diffused into the exposed surface portions
      to form the N.sup.+-type regions 26 and 27. Subsequently the silicon oxide
      layer is removed from the surface and a fresh insulating layer 24 of
      silicon oxide of 0.12  microns thickness is grown on the surface 23 by
      exposure in wet oxygen at 1,100.degree. C. for approximately 6 minutes.
      The heating in wet oxygen may be followed by an etching step to determine
      accurately the thickness of the oxide layer 24. Implantation of boron ions
      is then effected into the whole surface through the silicon oxide layer
      24. The orientation of the body is with the surface normal to the ion
      beam. The energy is 140 KeV and the dose 2.5 .times. 10.sup.12
      atoms/sq.cm. This is followed by an annealing step at 700.degree. C. for
      30 minutes. The implantation and annealing steps yield the P.sup.--type
      skin 30, 31. Contact windows for the source and drain are then formed in
      the layer 24, said windows exposing the N.sup.+-type regions 26 and 27. An
      aluminum layer of 1.0 micron thickness is then deposited over the whole
      surface of the insulating layer and in the openings formed therein. A
      photomasking and etching step is carried out to define the gate electrode
      35 and parts of the source and drain electrodes 33, 34. A phosphorus ion
      implantation Auto-Registration step is then carried out to form the ion
      implanted portions 28 and 29. The energy is 100 KeV and the dose 6 .times.
      10.sup.15 atoms/sq.cm. with the surface normal to the ion beam axis. A
      post-implantation annealing step is then carried out at 500.degree. C. for
      30 minutes. Finally the external portions of the source and drain
      electrodes are defined by a photomasking and etching step, the body is
      mounted, connecting wires are provides and the unit is encapsulated.
PAR  The insulated gate field effect transistor shown in FIG. 5 is an N-channel
      depletion mode MOST suitable for high frequency operation. In construction
      it is basically similar to the N-channel enhancement mode MOST shown in
      FIG. 4, the main difference being that it additionally comprises an ion
      implanted N-type skin 37 of approximately 0.1 micron thickness and 0.1
      ohm-cm resistivity. The current carrying channel is present within the
      skin 37. The N-type skin 37 lies within a P.sup.--type skin of
      approximately 0.7 micron thickness and of 0.75 ohm-cm resistivity. This
      device has a high carrier mobility and gain factor due to the presence of
      the ion implanted N-type skin 37 and also has similar advantages to those
      described for the FIG. 4 enhancement mode device in respect of the channel
      length, drain to substrate capacitance, gate to drain capacitance and
      prevention of punch-through to the source of the depletion layer
      associated with the drain junction. The steps in the manufacture of this
      device are similar to those involved in the manufacture of the FIG. 4
      device, the main difference residing in the additional phosphorus ion
      implantation step required to produce the N-type skin 37.
PAR  The insulated gate field effect transistor shown in FIG. 6 is a tetrode
      MOST comprising a first transistor portion suitable for operation in the
      depletion mode, the N-type current carrying channel therein being present
      in an ion implanted `skin`, and a second transistor portion suitable for
      operation either in the enhancement or depletion mode according to the
      applied voltage on the gate electrode associated therewith, the N-type
      current carrying channel in the second transistor portion being present
      partly in a N-type ion implanted skin and partly within an N-type
      inversion layer in an ion implanted P.sup.--type region.
PAR  The semiconductor body comprises a high resistivity P.sup.-.sup.--type
      substrate 41 of approximately 10 ohm-cm resistivity of 200 microns
      thickness. The substrate 41 has a plane surface 42 on which a silicon
      oxide layer 43 of 0.1 micron thickness is present. A low resistivity
      N.sup.+-type diffused region 46 extends into the substrate at a maximum
      distance therefrom of 1.5 microns and forms the major part of a source
      region. A low resistivity N.sup.+-type diffused region 47 extends into the
      substrate 41 from the surface 42 at a maximum distance therefrom of 1.5
      microns and forms the major part of a drain region.
PAR  An N.sup.--type ion implanted skin 48 is present extending into the body at
      a distance therefrom of 0.75 micron and containing a concentration of
      implanted phosphorus ions yielding a resistivity of approximately 1.0
      ohm-cm.
PAR  The source and drain regions respectively also comprises ion implanted
      N-type portions 49 and 50 which extend in the body at a distance from the
      surface 42 of 0.5 micron and contain a concentration of implanted
      phosphorus ions yielding a resistivity of approximately 10.sup.-.sup.3
      ohm-cm.
PAR  Between the source region 46, 49 and the drain region 47, 50 there is an
      N-type ion implanted region 52 which also extends in the body from the
      surface 42 at a maximum distance therefrom of 0.5 micron and contains a
      concentration of implanted phosphorus ions yielding a resistivity of
      approximately 10.sup.-.sup.3 ohm-cm.
PAR  The device may be considered as a first insulated gate field effect
      transistor part between the source 46, 49 and the region 52, and a second
      insulated gate field effect transistor part between the region 52 and the
      drain 47, 50. The region 52 is referred to as the virtual source and
      drain.
PAR  Between the virtual source and drain 52 and the drain 47, 50 there is an
      ion implanted P.sup.--type region 54 which extends in the body at a
      maximum distance from the surface 42 of 1.5 microns. The P.sup.--type
      region 54 extends around the edges of the virtual source and drain 52
      which face the drain 47, 50 and contains a concentration of implanted
      boron ions. The resistivity of the P.sup.--type region 54 is approximately
      1 ohm-cm, allowance having been made during its formation for the
      phosphorus concentration of the N.sup.--type skin 48 which is present
      within the part of the region 54 adjacent the surface 42.
PAR  On the surface 42 in openings in the insulating layer 43 there are source
      and drain electrodes 56 and 57 respectively, each consisting of an
      aluminum layer of 1.0 micron thickness. On the part of the insulating
      layer 43 above the surface portion of the body between the source region
      portion 49 and the virtual source and drain region 52 there is a first
      gate electrode 58 consisting of an aluminum layer of 1.0 micron thickness.
      On the part of the insulating layer 43 above the surface portion of the
      body between the virtual source and drain 52 and the drain region portion
      50 there is a second gate electrode 59 consisting of an aluminum layer of
      1.0 micron thickness.
PAR  A first insulated gate field effect transistor part is formed by the source
      46, 49, the virtual drain 52, and the gate 58. The current carrying
      channel is present in the N.sup.--type skin situated below the gate
      electrode 58 and between the N.sup.--type regions 49 and 52. The channel
      length corresponds substantially to the lateral dimension of the gate
      electrode 58 because the regions 49 and 52 have been formed by the
      techniques of Auto-Registration in accordance with the method described in
      the said copending application, Ser. No. 753,449. The channel length is
      approximately 2.5 microns.
PAR  A second insulated gate field effect transistor part is formed by the
      virtual source 52, the drain 47, 50, and the gate 59. The current carrying
      channel in this transistor part lies below the gate electrode 59 partly
      within an N-type surface inversion layer formed at the surface of the
      P.sup.--type region 54 and partly within the N.sup.--type skin 48. The
      channel length of the second transistor part is approximately 3.5 microns
      and corresponds substantially to the lateral dimension of the gate
      electrode 59 since the regions 52 and 50 also have been formed by the
      technique of Auto-Registration.
PAR  The first transistor part constitutes a high frequency, high gain depletion
      mode device having a small channel length and very low gate to drain
      capacitance. In the second transistor part which may be operated in the
      enhancement or depletion mode, the presence of the P.sup.--type region 54
      serves to inhibit punch-through, in the depletion layer around the drain
      47/substrate 41 junction, between the virtual source 52 and the drain 47,
      50 at high applied voltages between the drain 47, 50 and the substrate 41.
      The region 54 thus also permits a small lateral separation of the virtual
      source 52 from the drain 47, 50, said small separataion having been
      achieved with the aid of the Auto-Registration technique.
PAR  In operation the source electrode 56 is connected to the substrate 41. The
      first gate electrode 58 is at a negative D.C. bias with respect to the
      source and substrate and the input signal voltage is applied to the first
      gate 58 over and above the D.C. bias. The second gate electrode 59 is at a
      D.C. bias with respect to the source and substrate which may be positive
      or negative as required. The gate 59 is A.C. short circuited to the source
      and substrate. The drain electrode 57 is at a positive bias with respect
      to the source and substrate, for example, 10 volts.
PAR  The steps in the manufacture of the high frequency tetrode MOST shown in
      FIG. 6 will now be described briefly.
PA1  1. A p.sup.-.sup.--type silicon slice of 10 ohm-cm resistivity in which the
      major surfaces are parallel to the &lt;111&gt; planes, is prepared with one of
      the major surfaces optically flat.
PA1  2. A silicon oxide layer of 0.5 micron thickness is grown on the prepared
      surface by thermal oxidation at an elevated temperature in wet oxygen.
PA1  3. Openings are formed in the insulating layer by a normal photomasking and
      etching step.
PA1  4. Phosphorus is diffused into the surface portions exposed by the openings
      in the insulating layer to form the source region part 46 and the drain
      region part 47.
PA1  5. The silicon oxide layer is removed together with any phosphorus glass
      formed during step (4).
PA1  6. A layer of aluminum of 1.0 micron thickness is deposited over the entire
      surface.
PA1  7. An opening is formed in the aluminum layer by a photomasking and etching
      step.
PA1  8. The p.sup.--type region is formed by implantation of boron ions at 140
      KeV into the surface portion exposed by the opening provided in step (7).
      The remaining part of the aluminum layer acts as a mask during the
      implantation. Subsequently an annealing step is performed.
PA1  9. A larger opening is formed in the aluminum masking layer, said opening
      extending approximately to the outer perimeters of the regions 46 and 47.
      Phosphorus ions are implanted in the exposed surface portion at 40 KeV to
      form the N.sup.--type skin region 48. This is followed by an annealing
      treatment.
PA1  10. The remaining part of the aluminum masking layer is removed.
PA1  11. A silicon oxide layer of 0.1 micron thickness is grown on the surface
      by thermal oxidation in wet oxygen at an elevated temperature.
PA1  12. Openings are formed in the last formed silicon oxide layer to expose
      the source region part 46 and the drain region part 47.
PA1  13. A layer of aluminum of 1.0 micron thickness is deposited on the entire
      surface of the oxide layer and in the openings therein.
PA1  14. A photomasking and etching step is carried out to define the gate
      electrodes 58 and 59 and to partially define the source and drain
      electrodes 56 and 57 respectively.
PA1  15. Phosphorus ions are implanted at 140 KeV into the surface through the
      oxide parts not covered by the aluminum by the method of Auto-Registration
      using the electrodes 56, 57, 58 and 59 as a mask. This yields the N-type
      portions 49 and 50 of the source and drain respectively and the virtual
      source and drain region 52. This is followed by an annealing step at a
      relatively low temperature.
PA1  16. The external parts of the source electrode 56 and the drain electrode
      57 are defined in the aluminum layer by a further photomasking and etching
      step.
PA1  17. The slide is divided to yield a plurality of individual chips each
      comprising a tetrode MOST unit.
PA1  18. The `unit` is mounted on a header, wires bonded to the electrodes and
      terminals, followed by encapsulation.
PAR  The semiconductor body part shown in FIG. 7 is part of a semiconductor
      integrated circuit comprising a complementary pair of enhancement most
      MOST's. The semiconductor body comprises a high resistivity P-type silicon
      substrate 91 of 1.4 ohm-cm resistivity. The substrate has a plane surface
      92 on which a silicon oxide layer 93 is present. Extending from the
      surface 92 into the substrate there is a high resistivity N-type ion
      implanted island 94 having a resistivity of approximately 1 ohm-cm. The
      island 94 extends into the substrate 91 at a distance of approximately 2
      microns from the surface 92.
PAR  The island 94 has been formed by implantation of phosphorus ions through
      open channels in the crystal lattice (channelling) at an implantation
      energy of 100 KeV and dose of 5 .times. 10.sup.12 atoms/sq.cm. This is
      followed by a drive-in and annealing step at 1,050.degree. C. in argon for
      approximately 10 minutes. This method yields a fairly uniform phosphorus
      distribution in the island 94. In the N-type island 94 there is a
      P-channel enhancement mode MOST comprising P.sup.+-type source and drain
      regions 95 and 96, source and drain electrodes 97 and 98 and a gate
      electrode 99. The current carrying channel present is a P-type inversion
      layer formed in the surface region 100 below the insulated gate electrode
      99. In the part of the P-type substrate beyond the island 94 there is a
      complementary, N-channel enhancement mode MOST comprising N.sup.+-type
      source and drain regions 103 and 104, source and drain electrodes 105 and
      106 and a gate electrode 107. The current carrying channel is present in
      an N-type inversion layer formed in the surface region 108 below the
      insulated gate electrode 107. It will be appreciated that in the
      integrated circuit the various electrodes of the P-channel and N-channel
      transistors will be connected according to a predetermined configuration.
      However this interconnection is not shown in FIG. 7 as this figure mainly
      serves to illustrate the underlying concept of a device according to the
      invention in which an insulated gate field effect transistor is formed in
      an ion implanted island of a specific conductivity type present in a
      substrate of opposite conductivity type within which a further circuit
      element is present. In the embodiment described the further circuit
      element is a complementary insulated gate field effect transistor but
      alternatively the element may be, for example, a bipolar transistor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing at least one insulated gate field effect
      transistor, comprising forming in a semiconductor body portion of one
      conductivity type adjacent a surface thereof by introducing opposite-type
      forming impurities therein spaced first and second low resistivity regions
      of the opposite conductivity type to constitute at least part of source
      and drain electrodes of the transistor, implanting ions of an impurity
      element in a third surface.Iadd.-adjacent .Iaddend.region of the body
      portion extending between the first and second regions .[.to determine the
      conductivity thereof.]. to form at least a portion of a
      .[.current-carrying.]. channel .Iadd.region located in the third region
      and whose conductivity is determined by the implanted ions and which
      functions to carry current .Iaddend.between the source and drain
      electrodes .Iadd.when appropriate potentials are applied to the
      transistor, .Iaddend.providing a gate electrode on an insulating layer on
      said surface and extending over at least said portion of the channel
      .Iadd.region, .Iaddend.and making electrical connections to the low
      resistivity source and drain electrodes, and to the gate electrode.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein the implanted ions are of the
      one-type conductivity and form a channel .[.portion.]. .Iadd.region
      .Iaddend.of the one-type conductivity having a resistivity which is lower
      than that of the immediately underlying part of the said semiconductor
      body portion whereby said transistor is capable of operation in the
      enhancement mode.
NUM  3.
PAR  3. A method as set forth in claim 2 wherein the first and second low
      resistivity regions are formed by diffusion prior to the ion-implantation
      step.
NUM  4.
PAR  4. A method as set forth in claim 2 wherein the said semiconductor body
      portion of one conductivity type is provided as a layer on a substrate of
      the one conductivity type and of lower resistivity.
NUM  5.
PAR  5. A method as set forth in claim 1 wherein the insulating layer comprises
      silicon oxide, and phosphorous ions are implanted in the silicon oxide
      insulating layer to stabilize same.
NUM  6.
PAR  6. A method of manufacturing at least one insulated gate field effect
      tetrode transistor, comprising forming in a semiconductor body portion of
      one conductivity type adjacent a surface thereof by introducing
      opposite-type forming impurities therein spaced first, second and third
      low resistivity regions of the opposite conductivity type to constitute at
      least part of the source and drain electrodes of the transistor and
      defining between the first and second regions a first
      .[.current-carrying.]. channel .Iadd.region .Iaddend.and between the
      second and third regions a second .[.current-carrying.]. channel
      .Iadd.region, .Iaddend.implanting ions of an impurity element of the
      opposite conductivity type in the surface region of the body portion
      constituting at least the first channel region to determine the
      conductivity thereof, .Iadd.said channel regions carrying current between
      the source and drain regions when appropriate potentials are applied to
      the transistor, .Iaddend.providing a first gate electrode on an insulating
      layer on said surface and extending over at least part of the first
      channel .Iadd.region .Iaddend.and providing a second gate electrode on an
      insulating layer on said surface and extending over at least part of the
      second channel .Iadd.region, .Iaddend.and making electrical connections to
      the first and third low resistivity regions, and to the gate electrodes.
NUM  7.
PAR  7. A method as set forth in claim 6 wherein ions of the opposite
      conductivity type are implanted also in the second channel region.
NUM  8.
PAR  8. A method as set forth in claim 7 wherein ions of the one conductivity
      type are implanted over only a portion of at least one of the channel
      regions and adjacent its source electrode.
NUM  9.
PAR  9. A method of manufacturing a .[.semiconductOr.]. .Iadd.semiconductor
      .Iaddend.device comprising at least a first insulated gate field effect
      transistor and at least a second .[.other.]. circuit element, comprising
      forming in a first part of a semiconductor body portion adjacent a surface
      thereof said .[.other.]. .Iadd.second .Iaddend.circuit element, forming in
      a second part .[.of the semiconductor body portion.]. of one conductivity
      type .Iadd.of the semiconductor body portion .Iaddend.adjacent a surface
      thereof by introducing opposite-type forming impurities therein spaced
      first and second low resistivity regions of the opposite conductivity type
      to constitute at least part of source and drain electrodes of the field
      effect transistor, implanting ions of an impurity element in a third
      surface.Iadd.-adjacent .Iaddend.region of the body portion extending
      between the first and second regions .[.to determine the conductivity
      thereof.]. to form at least a portion of a .[.current carrying.]. channel
      .Iadd.region located in the third region and whose conductivity is
      determined by the implanted ions and which functions to carry current
      .Iaddend.between the source and drain electrodes .Iadd.when appropriate
      potentials are applied to the transistor.Iaddend., providing a gate
      electrode on an insulating layer on said surface and extending over at
      least said portion of the channel .Iadd.region.Iaddend., and making
      electrical connections to the low resistivity source and drain electrodes,
      to the gate electrode, and to the .[.other.]. .Iadd.second
      .Iaddend.circuit element.
NUM  10.
PAR  10. A method as set forth in claim 9 wherein the .[.other.]. .Iadd.second
      .Iaddend.circuit element .[.is also an.]. .Iadd.constitutes a second
      .Iaddend.insulated gate field effect transistor having different
      properties than the first transistor determined by the ion implantation
      step. .[.11. A method as set forth in claim 10 wherein the ion
      implantation step employs ions of said one conductivity type and
      establishes an island of said one conductivity type in a substrate of said
      opposite conductivity type and constituting said second part of the
PAR   semiconductor body portion..]. 12. A method as set forth in claim 10
      wherein the first and second insulated gate field effect transistors
      comprise channels of opposite conductivity types .Iadd.which are located
      at least partly in regions whose conductivity is .Iaddend.determined by
PAR   ion implantation. 13. A method as set forth in claim 10 wherein the first
      and second insulated gate field effect transistors comprise channels of
      the same conductivity type but said transistors are adapted to operate in
      different ones of the depletion and enhancement modes. .[.14. A method as
      claimed in claim 9 wherein the ion-implantation step comprises implanting
      in a region of the second semiconductor body portion of one conductivity
      type a concentration of ions of an impurity element characteristic of the
      opposite conductivity type, said implanted ion concentration determining a
      region of the opposite conductivity type which extends to one surface of
      the body portion and is surrounded within the body portion by a region of
      the one conductivity type, and forming the first insulated gate field
      effect transistor in the implanted region of the opposite conductivity
      type, and at least the other circuit element in another region of the one
      conductivity type..]. .Iadd. 15. A method as set forth in claim 1 wherein
      ions of the opposite type conductivity are implanted into the channel
      region to adjust the threshold voltage of the transistor. .Iaddend..Iadd.
      16. In a method of manufacturing a semiconductor device comprising at
      least one insulated gate field effect device, comprising forming in a
      semiconductor body portion of one-type conductivity adjacent a surface
      thereof by introducing opposite-type forming impurities therein spaced
      first and second low resistivity regions of the opposite-type conductivity
      to constitute at least part of source and drain regions of the device,
      said source and drain regions defining between them a device channel
      region adjacent said surface, providing a gate electrode on an insulating
      layer on said surface and extending over said channel region, and making
      electrical connections to the low resistivity source and drain regions and
      to the gate electrode whereby when operating potentials are applied the
      device exhibits a threshold voltage which when applied to the gate causes
      current conduction in the channel region between the source and drain
      regions, the improvement comprising implanting ions of an impurity element
      in at least a portion of the channel region under such conditions that
      substantially all of said implanted ions are confined to the channel
      region and in such number that the threshold voltage is accurately and
      reproducibly controlled by the implanted ions. .Iaddend. .Iadd. 17. The
      method of claim 16 wherein the implantation step follows provision of the
      source and drain regions and provision of the insulating layer.
      .Iaddend..Iadd. 18. The method of claim 16 wherein plural insulated gate
      field effect transistors are made in a common semiconductor body, ions
      being implanted into at least several of the transistor channel regions to
      control their threshold voltage. .Iaddend..Iadd. 19. The method of claim
      18 wherein at least one of the transistors is of the enhancement type, and
      at least one is of the depletion type. .Iaddend..Iadd. 20. The method of
      claim 16 wherein prior to the ion implantation step to control the
      threshold voltage, ions are implanted into the surface of the body to form
      a surface region of one type conductivity that is of lower resistivity
      than that of underlying one type body portions. .Iaddend..Iadd. 21. The
      method of claim 16 wherein the body is of P-type material, the channel is
      N-type, and acceptor ions are implanted in the channel region to
      accurately determine the threshold voltage. .Iaddend..Iadd. 22. In a
      method of manufacturing a semiconductor device comprising at least one
      insulated gate field effect transistor, comprising forming in a
      semiconductor body portion of one-type conductivity adjacent a surface
      thereof by introducing opposite-type forming impurities therein spaced
      first and second low resistivity regions of the opposite-type conductivity
      to constitute at least part of source and drain regions of the transistor,
      said source and drain regions defining between them a transistor channel
      region adjacent said surface, providing a gate electrode on an insulating
      layer on said surface and extending over said channel region, and making
      electrical connections to the low resistivity source and drain regions and
      to the gate electrode whereby when operating potentials are applied to the
      transistor current conduction occurs in the channel region between the
      source and drain regions, the improvement comprising implanting ions of an
      impurity element in at least a portion of the channel region in such
      number as to determine the doping concentration of said channel portion.
      .Iaddend..Iadd. 23. The method of claim 22 wherein one-type forming
      impurity ions are implanted into the whole surface of the body portion
      including parts extending outside the source and drain regions, and
      opposite-type forming impurity ions are implanted into the channel region.
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ABST
PAL  A stator, for use in an alternating current motor, includes a core having a
      plurality of angularly spaced slots. A distributed main winding is
      concentrically arranged in a plurality of the slots, with these slots
      encompassing a first arcuate region of the core, less than its
      circumference. End turns for the main winding are positioned adjacent an
      end face of the first arcuate region of the core. This provides a second
      arcuate region of at least one end face of the core free of the main
      winding. In a first embodiment, an auxiliary winding, displaced in phase
      from the main winding, is received in a plurality of the slots, including
      at least some slots in the second arcuate region. In the first embodiment,
      end turns of the auxiliary winding in the second arcuate region are
      disposed inwardly of the radially outermost edges of the slots in the
      second arcuate region along at least one end face of the core. In a second
      embodiment, the second arcuate region of one end face of the core is free
      of both the auxiliary winding and the main winding. .Iadd.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of my co-pending application Ser. No.
      805,625 filed Mar. 10, 1969 and now abandoned. .Iaddend.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to stators for use in alternating current
      motors and more particularly to an improved slot and winding arrangement
      for such stators.
PAR  It is desirable from both cost and weight standpoints to provide stators
      with cores having yoke sections as small as practicable for the desired
      electric and magnetic characteristics. The stator coils generally are
      distributed more or less completely and uniformly around the core and the
      associated end turns are pressed back and more or less completely cover
      the adjacent end face of the core.
PAR  In most cases this provides .[.a.]. .Iadd.no .Iaddend.problem regarding
      mounting the motor as the mounting structure may engage the side of the
      core or the peripheral edge of the core end faces. However, in a number of
      applications such as, for instance motors to be used in compressor units
      for refrigeration systems, it can cause substantial problems. Many such
      units require the use of relatively large mounting pads which engage the
      end faces of the core and thus the end faces must have appropriate areas
      free of windings, including end turns to accept these pads.
PAR  One method of providing such areas would be to increase the cross-sectional
      size of the yoke at that position to provide extra end face area. Such an
      approach is undesirable as it unduly increases the size, weight and cost
      of the motor.
PAR  Prior attempts to solve this problem by distributing the coils in such a
      manner as to leave suitable areas free of coils have not been completely
      satisfactory as they generally caused substantial deterioration of the
      operating characteristics of the motor.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide an improved
      stator for electric motors.
PAR  It is another object to provide an improved stator having a large end face
      area available for use with mounting structures.
PAR  It is yet another object of this invention to provide such an improved
      stator, including a concentrically arranged first winding, having a region
      of the yoke substantially free of at least such first winding.
PAR  It is still another object of this invention to provide such an improved
      stator without increasing the cross-sectional area of the yoke.
PAR  It is a further object to provide such an improved stator having very good
      operation characteristics.
PAR  In carrying out the objects .[.of.]. .Iadd.in .Iaddend.one form, I provide
      a stator, for use in an alternating current motor, including a core of
      magnetic material having a plurality of substantially angularly
      spaced-apart, coil-accommodating slots.
PAR  In one embodiment, a distributed main winding is arranged in a plurality of
      the slots, and includes at least two coil groups defining at least two
      predetermined magnetic poles. Each of the predetermined magnetic poles has
      a radial polar axis, and the radial polar axes are substantially angularly
      spaced apart around the stator. The main winding coil groups are arranged
      generally concentrically about one of the radial polar axes to leave a
      preselected polar region of the core in the vicinity of the other radial
      polar axis free of the main winding coil groups.
PAR  In another embodiment, a preselected polar region of a core is free of both
      main and auxiliary winding coil groups.
PAR  The above-mentioned and other features and objects of this invention and
      the manner of attaining .Iadd.them .Iaddend.will become more apparent, and
      the invention itself will be better understood by reference to the
      following description of illustrated embodiments of the invention, taken
      in conjunction with the accompanying drawings; wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an end view, partially in section, of a stator embodying one form
      of the present invention, with main and auxiliary windings, end turns and
      circuit connections schematically illustrated to show the winding
      arrangement used therewith;
PAR  FIG. 2 is a partial end view of the stator of FIG. 1 illustrating in more
      detail the positioning of a portion of the end turns of the windings;
PAR  FIG. 3 is an end view, partially in section similar to FIG. 2, of another
      stator embodying another form of the present invention; and
PAR  FIG. 4 is a partial end view of the stator of FIG. 3, illustrating in more
      detail the positioning of a portion of the end turns of the windings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing in more detail and in particular to FIG. 1,
      for purposes of explanation and disclosure, one form of the invention has
      been illustrated in connection with a stator 10 for use .[.on.]. .Iadd.in
      .Iaddend.a single phase induction motor. In the exemplification the stator
      is more particularly designed for such a motor which is designed for two
      pole operation. The motor also includes a conventional rotor (not shown).
      More specifically, as seen in the embodiment revealed by FIG. 1, the
      stator includes a laminated core 11 of magnetic material formed from a
      predetermined number of identical stacked laminations 12, punched or
      stamped from a sheet of suitable magnetic material. For convenience and
      simplicity of disclosure, the same designations will be used hereinafter
      to identify the components of the individual laminations and the
      corresponding core structure they form when the laminations are in stacked
      relation. The core 11 comprises a main or yoke section 12 and a plurality
      of teeth 13 which extend radially inwardly from the yoke to form a
      circular or cylindrical rotor receiving bore 14. The bore has a central
      axis 15 which extends longitudinally of the core.
PAR  In addition, teeth 13 form between them a plurality of substantially
      angularly spaced coil-accommodating slots of three types, generally
      indicated by the numerals 16, 17 and 18. More particularly, in the
      exemplification all the slots 16, 17 and 18 extend generally radially
      outwardly with respect to the axis 15. With the cross-sectional area of
      each of the slots 17 being about 50-55 percent of the cross-sectional area
      of each of the slots 16 and the cross-sectional area of each of the slots
      18 being about 70-75 percent of the cross-sectional area of each of the
      slots 16. The two slots 18 are positioned side-by-side.
PAR  The slots 16 are disposed concentrically about the slots 18 with there
      being nine slots 16 positioned around the periphery of the bore on each
      side of the slots 18. Each group of slots 16 terminates short of the
      region diametrically opposite the slots 18, and this region generally
      opposite slots 18 is provided with four slots 17. Each of the teeth 13 is
      provided with a generally equal arcuate width so that the various slots
      are evenly distributed about the periphery of the bore.
PAR  Each slot is provided with a conventional slot liner 19 and these liners 19
      extend longitudinally through the core along the lateral surfaces of the
      slots and extend longitudinally outwardly from each end of the core so as
      to prevent the winding forming electrical wires received in the slots from
      being injured by contact with the laminations forming the core.
PAR  A main winding, generally indicated at 20, of the distributed type is
      received in the large slots 16 and defines two magnetic poles with each of
      these poles having a radial polar axis, indicated by the dashed lines 21
      and 22. More particularly, the distributed winding 20 consists of two coil
      groups arranged concentrically about the polar axis 21. The first of these
      groups consists of five coils 23, 24, 25, 26 and 27 which are respectively
      received in the five large slots 16 closest to the polar axis 21 with the
      two coil sides of each coil being received in the corresponding slot 16 on
      each side of the axis 21. The other coil group consists of four coils 28,
      29, 30 and 31 which are concentrically arranged in the remaining four
      slots 16 on .Iadd.each .Iaddend.side of the radial polar axis 21. The coil
      sides of each of these coils are also received in corresponding slots 16
      on each side of the axis 21 so that the two coil groups are arranged
      concentrically about the radial polar axis 21. Thus the distributed
      winding 20 occupies and, in turn defines, a first arcuate region of the
      core encompassing the large slots 16 and the intermediate slots 18. That
      is, the first arcuate region extends from the large slot accommodating one
      coil side of coil 31 through the radial polar axis 21 to the large slot
      accommodating the other side of coil 31.
PAR  As indicated in FIG. 1, the end turns 32 for the distributed winding are
      positioned adjacent an end face of this first arcuate region with the end
      turns at each end of the stator being disposed as indicated .[.as
      indicated.]. for the end shown in FIG. 1. Thus a second preselected
      arcuately extending polar region of the core adjacent the radial polar
      axis 22 is provided free of the distributed winding, including the end
      turns associated with the distributed winding. This second or preselected
      arcuate polar region generally encompasses the small slots 17 .[.and has
      an arcuate polar region generally encompasses the small slots 17.]. and
      has an arcuate length of at least about 30 electrical degrees.
PAR  Some of .Iadd.the .Iaddend.slots, including the small slots 17 are provided
      with an auxiliary winding, in the exemplification the auxiliary winding
      being a start winding. The auxiliary winding comprises two coil groups
      generally indicated at 33 and 34. The coil group 33 includes individual
      coils 35, 36, 37 and 38; one side of the coils 35-38 are received in three
      adjacent ones of the small slots 17 and the large slots 16 which also has
      one side of coil 31. The other side of the coils 35-38 are received in the
      large slots having one side of the coils 23-26. One side of the coils
      39-42 respectively are received in the remaining small slot 17 and the
      large slots having one side of coils 29-31 respectively. The other side of
      the coils 39-42 are received in the large slots having one side of coils
      23 and 24 and the two intermediate slots 18.
PAR  Thus it will be seen that the auxiliary winding is concentrically received
      within the core in a distributed manner and is shifted in phase from the
      distributed winding 20. The auxiliary winding forms an additional pair of
      magnetic poles having radial polar axes indicated by the dashed lines 43
      and 44. In the more usual winding for this type of motor the radial polar
      axes 43 and 44 would be positioned at 90 electrical degrees with respect
      to the polar axes 21 and 22. However, it will be seen from FIG. 1 that the
      polar axes 43 and 44 are displaced somewhat from this perpendicular
      relationship with respect to the polar axes 21 and 22. This arrangement is
      particularly useful when the stator 10 is used in permanent split
      capacitor motor applications.
PAR  The following example is given in order to illustrate more clearly the
      relationship between the main or distributed winding 20, the auxiliary
      winding and the slots as it has been carried forth in actual practice. In
      the example, the auxiliary winding .Iadd.was .Iaddend.formed of 0.0201
      inch diameter copper wire and the main winding was formed of 0.0339 inch
      diameter copper wire.
TBL  ______________________________________                                    
     Main Winding                                                              
     Coil No.           No. of Turns                                           
     ______________________________________                                    
     23                 23                                                     
     24                 25                                                     
     25                 27                                                     
     26                 40                                                     
     27                 51                                                     
     28                 55                                                     
     29                 43                                                     
     30                 29                                                     
     31                 26                                                     
     Auxiliary Winding                                                         
     Coil No.           No. of Turns                                           
     ______________________________________                                    
     35                 77                                                     
     36                 64                                                     
     37                 57                                                     
     38                 19                                                     
     39                 77                                                     
     40                 64                                                     
     41                 57                                                     
     42                 19                                                     
     ______________________________________                                    
PAR  Considering now FIG. 1, beginning at radial polar axis 22 and proceeding
      around the stator in a clockwise manner there is a slot-to-turns
      relationship as follows:
TBL  Type of Slot No. of      No. of                                           
     By Reference No.                                                          
                  Main Turns  Auxiliary Turns                                  
     ______________________________________                                    
     17           0           77                                               
     17           0           77                                               
     16           26          64                                               
     16           29          57                                               
     16           43          19                                               
     16           55          0                                                
     16           51          0                                                
     16           40          0                                                
     16           27          0                                                
     16           25          19                                               
     16           23          57                                               
     18           0           64                                               
     18           0           77                                               
     16           23          77                                               
     16           25          64                                               
     16           27          57                                               
     16           40          19                                               
     16           51          0                                                
     16           55          0                                                
     16           43          0                                                
     16           29          0                                                
     16           26          19                                               
     17           0           57                                               
     17           0           64                                               
     ______________________________________                                    
PAR  Thus it is clear that the coils of the main winding, which are of the
      largest diameter wire are confined to the large slots 16 while the
      intermediate slots 18 and small slots 17 receive only the auxiliary
      winding, formed from much smaller wire. Also, those large slots 16 which
      have the larger number of turns of the main winding are not required to
      accommodate turns of the auxiliary winding while those large slots which
      do have turns of both main and auxiliary windings are accommodating only a
      relatively small number of the main winding turns.
PAR  Thus it will be appreciated from the foregoing example that very economical
      use has been made of the slots of the various sizes. Also, as an important
      aspect of this invention the size, particularly the depth, of the slots
      has been reduced to enlarge the effective end face area about .[.the.].
      radial polar axis 22 available for use with mounting pads. To this end,
      while slots 16 have a radial depth which is about one-half the width of
      the core from the edge of the bore 14 to the outer circumference of the
      stator, the slots 17 have a depth which is no more than about 37 percent
      of the width of the core. It will be understood that, if desired for
      manufacturing purposes etc., the slots 18 could be made the same size and
      depth as the slots 16.
PAR  Viewing now FIG. 1 together with FIG. 2 it will be seen that those slots
      having turns of both windings are also provided with interwinding
      insulators 45 which extend the entire length of the slots and at least
      partially along the end turns in order to insulate the turns of one
      winding from the adjacent turns of the other winding. Also, insulation
      wedges 46 are provided in the standard way in each slot opening 47,
      adjacent the bore 14, to close the entrance of the slots and hold the
      windings therein.
PAR  As indicated most clearly in FIG. 2, the end turns 32 associated with the
      distributed winding 20, being of a relatively course .Iadd.wire
      .Iaddend.will, when bunched as they extend around the stator next to the
      end face, extend radially outwardly and cover a very large portion of the
      end face 48 so that, in the first arcuate region encompassed by the main
      winding, there is little uncovered surface of the stator for use with an
      associated mounting structure. On the other hand the end turns 49 of the
      auxiliary winding are a much finer wire and, at least in the second
      arcuate region of the core generally encompassing the small slots 17, the
      end turns 49 are positioned and confined so as to be substantially
      disposed inwardly of the radially outermost edges of the small slots 17.
PAR  Once the windings are placed in the slots and the end turns are properly
      positioned, they may be laced with a suitable twine, such as that shown at
      50, to secure them together into a structurally unified mass and insure
      that none of the individual turns come into contact with the rotor or into
      contact with an associated mounted structure.
PAR  It will be readily appreciated from the foregoing description and
      illustration that an arcuate region of at least about 30 electrical
      degrees, generally encompassing the small slots 17, is provided free of
      the main winding, including main winding end turns, and that the auxiliary
      winding, including its end turns in this arcuate region is substantially
      contained inwardly of the radially outermost edges of the small slots 17.
      This exposes a relatively large arcuate section of the stator with a
      substantial radial width which may conveniently be used for mounting the
      motor. It will also be seen that this has been accomplished without
      increasing the magnetic material content of the stator over that found in
      a similar stator having a conventional winding arrangement. Somewhat
      surprisingly, it has been found that this winding arrangement, with its
      improved end face exposure characteristic may be provided while still
      maintaining very good operational characteristics as compared to a
      similarly sized motor wound in a more conventional manner.
PAR  Turning now to FIGS. 3 and 4 there is disclosed still another stator 60
      embodying the invention. The FIG. 3 exemplification may be used to good
      advantage in resistance split phase motor applications and particularly so
      in those applications where it is desired that an arcuate region of at
      least one end face of the stator core be provided substantially free of
      the end turns of both a main (or primary) winding and an auxiliary (or
      secondary) winding. Motors in which the stator 60 is used also each
      include, as in the case of the FIG. 1 exemplification, a conventional not
      shown rotor.
PAR  As best shown in FIG. 3, the stator 60 includes a laminated core 61 of
      magnetic material formed from a predetermined number of identical stacked
      laminations 62, formed in any convenient manner from suitable magnetic
      material. As in the case of the description of the FIG. 1 exemplification,
      the same designations will be used hereinafter to identify the components
      of the individual laminations and the corresponding core structure they
      form when the laminations are assembled in stacked relation to form a
      stator core. The core 61 includes a main or yoke section 63 and a
      plurality of teeth 64 which extend radially inwardly from the yoke to form
      a circular or cylindrical rotor receiving bore 65. The bore has a central
      axis 66 which extends longitudinally of the core 61.
PAR  Furthermore, teeth 64 form between them a plurality of angularly spaced
      coil-accommodating slots. In this exemplification, two types of slots,
      generally indicated by the numerals 67, 68 are illustrated although it
      will be understood that the slots 67 could be made substantially identical
      to the slots 68. However, as shown, the slots 67 are smaller than slots 68
      and are just sufficiently large to permit the placement therein of a
      desired number of auxiliary winding coil turns as will be more
      specifically described hereinafter.
PAR  The slots 68 are disposed concentrically about the slots 67 with there
      being a total of 20 slots provided in the core 61. As will be appreciated
      from an inspection of FIG. 3.Iadd., .Iaddend.slots extend from both sides
      of a region 107 of the end face of the core 61 which is available for use
      with mounting structure. Each of the teeth 63 is provided with a generally
      equal arcuate width so that the various slots are evenly distributed about
      the periphery of the bore 65. As in the FIG. 1 exemplification, slot
      liners extending longitudinally through the core along the lateral
      surfaces of the slots may be used in order to protect the winding forming
      wires received in the slots from being injured by contact with .Iadd.the
      .Iaddend.laminations forming the core.
PAR  A main or primary winding, generally indicated at 75, of the distributed
      type is received in the slots 68 and defines two magnetic poles with each
      of these poles having a radial polar axis, indicated by the dashed lines
      69 and 70. More particularly, the main winding 75 includes two coil groups
      arranged concentrically about the polar axis 69. The first of these groups
      includes four coils 71, 72, 73, and 74 which are respectively received in
      the slots as illustrated in FIG. 3. The other coil group includes four
      coils 76, 77, 78, and 79 which are concentrically arranged in other ones
      of the slots on each side of the radial polar axis 69. Thus, the
      distributed winding 75 occupies and, in turn defines, a first arcuate
      region of the core encompassing the slots 68 and the slots 67. That is,
      the first arcuate region in this FIG. 3 exemplification extends from the
      slot accommodating one coil side of coil 79 through the radial polar axis
      69 to another slot accommodating the other side of coil 79.
PAR  As indicated in FIG. 3, the end turns 81 for the distributed winding 75 are
      positioned adjacent an end face of this first arcuate region. Although the
      end turns at each end of the stator are disposed as indicated for the core
      end face shown in FIG. 3, it will be understood that for some mounting
      applications, it may be desirable to provide a region free of the
      distributed winding at only one end face of the core. Preferably, the
      preselected arcuate region should have an arcuate length of at least about
      30 electrical degrees and in the exemplification, the region 107 has an
      arcuate length of about 60 electrical degrees.
PAR  Some of the slots, including the slots 67 are provided with a secondary or
      auxiliary winding, in the exemplification, the auxiliary winding being a
      start winding. The auxiliary winding comprises two coil groups generally
      indicated at 82 and 83. The coil group 83 includes individual coils 80,
      84, 85, and 86; the sides of the coils being received in the slots 66 and
      67 as shown in the drawing. Also, included in the coil group 83 is coil
      80a which is a "backlash" winding, i.e., having turns wound in a direction
      opposite to that of the turns of coil 80. Similarly, the coil group 82
      includes individual coils 91, 92, 93, and 95 wound in a first direction
      and "backlash" coil 91a. The end turns of the coils 80, 84, 85, 86, 91,
      92, 93, and 95 are denoted by the reference numeral 102 whereas the end
      turns of the backlash coils 80a, 91a are denoted by the reference numeral
      102a.
PAR  Thus, it will be appreciated that the auxiliary winding is concentrically
      wound on the core in a distributed manner and is shifted in phase
      approximately 90 electrical degrees from the distributed main winding 75.
      The auxiliary or secondary winding forms an additional pair of magnetic
      poles having radial polar axes indicated by the dashed lines 94, 96.
      Although the radial polar axes 94, 96 have been shown positioned at
      approximately 90 electrical degrees with respect to the polar axes 69, 70
      for purposes of illustration, it will be understood that with the
      illustrated winding arrangement and coil turn distribution that follows,
      the polar axes 94 and 96 are actually disposed at other than 180.degree.
      with respect to each other. In the following example of the coil turn
      distribution for a motor constructed according to the FIG. 3
      exemplification, 0.0339 inch diameter copper wire was used to form the
      main winding 68 and 0.0159 inch diameter copper wire was used to form the
      auxiliary winding. Furthermore, the stator core 61 had an outer diameter
      of about 4.8 inches and a bore diameter of about 2.4 inches. The
      resistance of the main winding was about 4.19 ohms and the resistance of
      the auxiliary winding was about 15.2 ohms. The winding distribution of the
      specific exemplification was as follows:
TBL  Main Winding    Auxiliary Winding                                         
     Coil No.                                                                  
             No. of Turns                                                      
                         Coil No.  No. of Turns                                
     ______________________________________                                    
     71      26          80        94                                          
     72      50          84        32                                          
     73      52          85        23                                          
     74      53          86        19                                          
     76      53          91        94                                          
     77      52          92        32                                          
     78      50          93        23                                          
     79      26          95        19                                          
                          80a      (34)  backlash                              
                          91a      (34)  backlash                              
     ______________________________________                                    
PAR  In the exemplification, the turns of the winding were arranged to form two
      auxiliary magnetic poles having instantaneously opposite polarity and two
      main magnetic poles having instantaneously opposite polarity. The
      "backlash" windings 80a and 91a were provided to increase the total
      resistance of the auxiliary winding. A more thorough discussion of
      backlash winding applications where it is desirable to employ backlash
      windings is contained in Smith et al. patent application Ser. No. .[.(G.E.
      docket 03-HM- 4135).]. .Iadd.56,935 on July 21, 1970 .Iaddend.filed
      .[.concurrently herewith.]. and assigned to the assignee of this
      application .Iadd.and which issued Jan. 4, 1972 as U.S. Patent 3,633,057.
      .Iaddend.
PAR  It will be appreciated that the end turns associated with the coil groups
      82, 83 are disposed generally inwardly of the radially outer edge of the
      slots 67 and thus allow space adjacent to the end face of the core 61 for
      the end turns of the winding 68. In other words, the depth of the slots 67
      has been selected to enlarge the effective end face area about radial
      polar axis 69 that is available for accommodating the end turns of the
      winding 68.
PAR  The arcuate region 107 of the core 61, by being free of coil turns
      (including end turns in the exemplification), provides an area suitable
      for use in mounting the core to a supporting structure. Also provided in
      the region 107 are a pair of longitudinally extending passageways 104, 106
      which may be used in conjunction with mounting bolts that may be used to
      secure the stator core 61 to the mounting structure.
PAR  Now viewing FIG. 1 together with FIG. 4, it will be seen that interwinding
      insulators 97 are provided for the same purpose as insulators 45 in the
      FIG. 1 exemplification. Furthermore, insulation wedges 98 are provided in
      a conventional manner for each slot opening adjacent the bore 65, to close
      the entrance of the slots and hold the windings therein.
PAR  As shown most clearly in FIG. 4, twine, illustrated at 103, may be used to
      lace together the end turns of the main and auxiliary windings and secure
      them together into a structurally unified mass as was done in the case of
      the exemplification of FIG. 1. .Iadd.As clearly revealed in FIG. 2 and
      FIG. 4, in both exemplifications, at least parts of the end turns of the
      auxiliary windings are conterminous with at least parts of the primary
      windings. .Iaddend.
PAR  Although the arcuate region 107 in FIG. 3 and the generally corresponding
      region of core 11 in FIG. 1 have been illustrated as having an arcuate
      extent of approximately 60 electrical degrees, and the cores 11 and 61
      have been illustrated as having a substantially circular outer periphery,
      it will be understood that the invention may be embodied in cores of
      different shapes and having slot configurations other than those
      illustrated herein. In addition, the arcuate regions for such cores,
      generally corresponding to the region 107 may have an arcuate extent that
      is more or less than the arcuate extent of region 107.
PAR  While I have shown and described what at present .[.is.]. .Iadd.are
      .Iaddend.considered to be the preferred embodiments of my invention in
      accordance with the Patent Statutes, changes may be made in the
      illustrated embodiments without actually departing from the true spirit
      and scope of the invention. Although the invention has been illustrated
      and described in connection with specific exemplifications that are
      particularly useful in permanent split capacitor and single-phase,
      two-pole, resistance split-phase motor applications, it will be understood
      by those skilled in the art that my invention and the benefits derived
      therefrom may be incorporated in other types of stators having winding
      coil groups forming at least two poles. It also will be understood that
      for ease of description of the invention, "coil groups" has been used to
      refer to winding sections in place on a core without implication as to
      whether the windings are wound directly on the core or are first wound as
      one, two, or more coil groupings and then positioned on the core by any
      suitable method. I therefore intend to cover in the following claims all
      such equivalent variations as fall within the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. For use in an alternating current motor; a stator including:
PA1  .[.a..]. a core of magnetic material having a plurality of substantially
      angularly spaced apart, coil-accommodating slots;
PA1  .[.b..]. a distributed .Iadd.primary .Iaddend.winding arranged in a
      plurality of said slots and including at least .[.two.]. .Iadd.one first
      .Iaddend.coil .[.groups.]. .Iadd.for .Iaddend.defining .[.at least two.].
      .Iadd.a .Iaddend.predetermined magnetic .[.poles.]. .Iadd.pole of a first
      instantaneous polarity, and at least one second coil for defining a
      predetermined magnetic pole of a second instantaneous polarity.Iaddend.;
PA1  .[.c..]. each of .[.said at least two.]. .Iadd.the .Iaddend.predetermined
      magnetic poles having a radial polar axis, with .[.said.].  .Iadd.the
      .Iaddend.radial polar axes being substantially angularly spaced apart
      around said core; and
PA1  .[.d. said at least two coil groups.]. .Iadd.the at least one first and
      second coils .Iaddend.being arranged generally concentrically about one of
      .[.said.]. .Iadd.the .Iaddend.radial polar axes .[.about an.]. .Iadd.and
      having portions thereof spanning an arcuate extent in excess of 180
      electrical degrees and arranged .Iaddend.to leave a preselected polar
      region of said core in the vicinity of the other of .[.said.]. .Iadd.the
      .Iaddend.radial polar axes free of .[.said at least two coil groups.].
      .Iadd.that at least one first and second coils.Iaddend..
NUM  2.
PAR  2. The invention as set forth in claim 1 wherein said preselected polar
      region has an arcuate length of at least 30 electrical degrees.
NUM  3.
PAR  3. The invention as set forth in claim 1 wherein said stator also includes
      an auxiliary winding arranged in a plurality of said slots displaced in
      phase from said distributed winding; at least some of the coils of said
      auxiliary winding being received in slots formed in said preselected polar
      region of said core; the end turns associated with said last named coils
      being substantially disposed inwardly of the radially outermost edges of
      said slots in said preselected polar region.
NUM  4.
PAR  4. For use in an alternating current motor; a stator including:
PA1  .[.a..]. a core of magnetic material having a plurality of substantially
      angularly spaced apart slots;
PA1  .[.b..]. a distributed .Iadd.primary .Iaddend.winding concentrically
      arranged in a plurality of said slots;
PA1  .[.c..]. said plurality of slots encompassing a first arcuate region of
      said core .[.,.]. .Iadd.in excess of 180 electrical degrees and
      .Iaddend.less than its circumference; and
PA1  .[.d..]. the end turns associated with said .Iadd.primary
      .Iaddend.distributed winding being positioned adjacent an end face of said
      first arcuate region of said core whereby a second arcuate region of said
      core is provided free of said winding.
NUM  5.
PAR  5. The invention as set forth in claim 4 wherein said second arcuate region
      has an arcuate length of at least about 30 electrical degrees.
NUM  6.
PAR  6. The invention as set forth in claim 4 wherein said stator also includes
      an auxiliary winding arranged in a plurality of said slots, including at
      least some slots in said second arcuate region of said core; end turns of
      said auxiliary winding in said second arcuate region of said core being
      substantially disposed inwardly of the radially outermost edges of the
      slots in said second arcuate region of said core .Iadd.and at least part
      of at least some of the end turns of the auxiliary winding being
      conterminous with portions of some of the end turns associated with said
      distributed primary winding.Iaddend..
NUM  7.
PAR  7. For use in an alternating current motor; a stator including:
PA1  .[.a..]. a core of magnetic material comprising a yoke and a rotor
      receiving bore;
PA1  .[.b..]. said bore having an axis extending longitudinally of said yoke;
PA1  .[.c..]. said yoke defining a plurality of angularly spaced-apart slots;
PA1  .[.d..]. a plurality of adjacent ones of said slots extending a shorter
      radial distance from said axis than other of said slots, said plurality of
      adjacent ones of said slots being disposed in one arcuate region of said
      core;
PA1  .[.e..]. .Iadd.a .Iaddend.distributed .Iadd.primary .Iaddend.winding
      concentrically arranged in other of said slots; the end turns associated
      with said distributed winding being positioned adjacent an end face of
      said core in another arcuate region of said core defined by said other
      slots .Iadd.and having an arcuate extent in excess of 180 electrical
      degrees.Iaddend.; and
PA1  .[.f..]. an auxiliary winding arranged in at least some of said slots,
      including said adjacent ones of said slots; and end turns associated with
      said auxiliary winding, in said one arcuate region, being substantially
      disposed inwardly of the radially outermost edges of said adjacent ones of
      said slots.
NUM  8.
PAR  8. The invention as set forth in claim 7 in which both some coils of said
      distributed winding and some coils of .[.said distributed winding and some
      coils of.]. said auxiliary winding are received in the same ones of said
      other of said slots; said coils of said auxiliary winding being placed
      therein radially inwardly of said coils of said distributed winding.
NUM  9.
PAR  9. The invention as set forth in claim 7 wherein said one arcuate region of
      said core has an arcuate length of at least about 30 electrical degrees.
NUM  10.
PAR  10. The invention as set forth in claim 7 wherein each of said adjacent
      ones of said slots have radial depth of no more than about 37
      .Iadd.percent .Iaddend.of the radial depth of said one arcuate region of
      said core.
NUM  11.
PAR  11. For use in an alternating current motor; a core of magnetic material
      having a plurality of substantially angularly spaced-apart,
      coil-accommodating slots; a first distributed .Iadd.primary
      .Iaddend.winding arranged in a plurality of said slots and including at
      least two coil groups defining at least two predetermined magnetic
      .Iadd.primary .Iaddend.poles; each of said at least two predetermined
      .Iadd.primary .Iaddend.magnetic poles having a radial polar axis, with the
      radial polar axes being substantially angularly spaced apart around said
      core; and said at least two coil groups being arranged generally
      concentrically about one of said radial polar axes .Iadd.along an arcuate
      region of the core having an arcuate extent in excess of 180 electrical
      degrees and also arranged .Iaddend.to leave a preselected polar region of
      said core in the vicinity of the other of said radial polar axes generally
      free of said at least two coil groups.
NUM  12.
PAR  12. The invention as set forth in claim 11 wherein said preselected polar
      region has an arcuate length of at least 30 electrical degrees.
NUM  13.
PAR  13. The invention as set forth in claim 11 in which the magnetic core has
      an axis of revolution for a rotor and at least one of said
      coil-accommodating slots extends a shorter radial distance from the
      revolution axis than other of said coil-accommodating slots, said at least
      one slot being disposed generally in another preselected polar region of
      said core; said first distributed winding having end turns positioned
      adjacent at least one end face of said core and being extended across and
      angularly beyond said preselected polar region.
NUM  14.
PAR  14. The invention as set forth in claim 13 in which a second distributed
      winding is arranged in some of said slots, including said at least one
      slot; and end turns associated with said second distributed winding
      .[.being.]. .Iadd.are .Iaddend.disposed generally inwardly of the radially
      outer edge of said at least one slot to allow space adjacent the at least
      one end face of the core for end turns of the first distributed winding.
      .Iadd. 15. A stator for use in an electric motor, the stator comprising a
      magnetic core having a plurality of angularly spaced apart coil
      accommodating slots; a main winding comprising at least two coil groups
      defining at least two spaced apart magnetic poles each having a radial
      polar axis, with each of the coil groups having end turn portions
      positioned adjacent at least one end face of the core; said end turn
      portions being arranged in a configuration adjacent the at least one end
      face of the core so as to extend generally adjacent to one another, so as
      to extend across a first one of the radial polar axes of said at least two
      coil groups, and so that none of said end turns of the at least two coil
      groups extend across a second one of the radial polar axes of said at
      least two coil groups whereby a first arcuate region of the at least one
      end face of the core is free of the end turn portions of the at least two
      coil groups; at least some of the end turns of some of said windings
      encompassing a first arcuate region of said core having an extent at least
      of 180 electrical degrees. .Iaddend. .Iadd. 16. A stator for use in an
      electric motor, the stator comprising a magnetic core having a plurality
      of angularly spaced apart coil accommodating slots and a main winding
      comprising at least one coil group defining at least one magnetic pole
      having at least one radial polar axis; said main winding having end turn
      portions positioned adjacent at least one end face of the core and
      arranged in a configuration adjacent the at least one end face of the core
      so as to extend across the at least one radial polar axis and so as to
      have an arcuate extent in excess of 180 electrical degrees while another
      arcuate region of the at least one end face of the core is free of main
      winding end turn portions. .Iaddend..Iadd. 17. The stator of claim 16
      further comprising an auxiliary winding having at least one coil group,
      and wherein at least portions of the auxiliary winding and portions of the
      main winding are disposed within a common core slot. .Iaddend..Iadd. 18.
      The stator of claim 16 wherein some of coil accommodating slots are of a
      first cross-sectional area, and at least one other coil accommodating slot
      is of a cross-sectional area that is from about 70 to about 75 percent of
      the first cross-sectional area; said stator further including an auxiliary
      winding having at least some portion thereof disposed in the at least one
      other coil accommodating slot. .Iaddend. .Iadd. 19. For use in an
      alternating current motor; a stator including: a magnetic core having a
      plurality of angularly spaced apart coil accommodating slots, wherein the
      slots are of at least two different cross-sectional areas with the
      smallest of such slots being of a cross-sectional area that is at least 50
      percent of the cross-sectional area of the largest of such slots; a
      distributed winding arranged in a plurality of the slots and including at
      least one coil group defining at least one predetermined magnetic pole;
      the at least one predetermined magnetic pole having at least one radial
      polar axis; said at least one coil group being arranged generally
      concentrically about the at least one radial polar axis to leave a
      preselected region of said core diametrically opposite said at least one
      radial polar axis free of the distributed winding; said stator also
      including an auxiliary winding having at least one coil arranged in a
      plurality of said slots displaced in phase from said distributed winding;
      at least a portion of the at least one coil of said auxiliary winding
      being received in the smallest of such slots in the core; said preselected
      region of said core diametrically opposite said at least one radial polar
      axis further being free of at least the largest of such slots.
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ABST
PAL  A ramp type analogue to digital converter including an integrating circuit
      the output of which is first set to a level dependent upon the magnitude
      of an analogue input voltage to be converted. A reference signal is then
      applied to ramp down the integrator output level to a datum level and the
      conversion is effected by counting clock pulses while the integrator
      output is ramping down to datum level. The magnitude of the reference
      signal and the numerical weighting of the clock pulses being counted are
      scaled down by a common factor when the ramp reaches a value close to the
      datum level so that the slope of the ram is reduced and the resolution of
      conversion is increased as it approaches datum. Thus, compared with a ramp
      type digital voltmeter having a constant slope discharge ramp and a given
      resolution, the discharge time is reduced for the same resolution of
      conversions.
PARN
PAR  This is a division of application Ser. No. 764,490 filed Oct. 2, 1968.
BSUM
PAR  This invention related to analogue to digital (a-to-d) converters of the
      type in which the conversion involves measuring the duration of a ramp
      function voltage derived from an integrating means, an integrating
      amplifier for example. The digital conversion is effected by counting
      clock pulses during the ramp. Such a-to-d converters are used often as
      digital voltmeters. Typically the integrating means is charged to a value
      dependent upon the input voltage to be converted and then discharged at a
      constant rate to a datum level. Examples of such a-to-d converters are to
      be found in Huskey & Korn "Computer Handbook" McGraw Hill 1962 pages 18-35
      and FIG. 18.55 and the specifications of our British Pat. No. 1,058,501
      (U.S. Pat. application Ser. No. 449,809 filed Apr. 21, 1965) and
      .[.U.S..]. .Iadd.British .Iaddend.Pat. application Ser. No. 9743/67(U.S.
      Pat. application Ser. No. 708,652 filed Feb. 27, 1968), which patents and
      applications are assigned to the same assignee as the instant application.
PAR  The counting of the clock pulses is arranged to start simultaneously with
      the initiation of the discharging ramp and must be terminated when the
      ramp reaches datum level. Consequently for high resolution of conversion
      it is extremely important to detect the exact moment when the ramp reaches
      datum level.
PAR  According to the invention there is provided a ramp type analog to digital
      converter comprising an integrating means, means for charging the
      integrating means to a level dependent upon the magnitude of an input
      signal to be converted, means for applying a reference signal to the
      integrating means to discharge the integrating means to a datum level and
      thereby generate a ramp function voltage, means for causing clock pulses
      to be counted by a counter during an interval commencing with the
      application of the reference signal means arranged to scale down the
      reference signal and the numerical weight with which the clock pulses are
      counted by a common factor when the ramp reaches a value close to the
      datum level and means for subsequently detecting when the ramp reaches
      datum level to stop the counting of the pulses. Thus the slope of the ramp
      is reduced during a latter part of the said interval commencing when the
      ramp reaches the value close to datum level and terminating when the ramp
      reaches datum level. The reference signal may be provided by a voltage,
      current or charge source. The value close to the datum level may be above
      or below the datum level; in the latter case the polarity of the reference
      signal must be reversed and pulses must be subtracted from the counter
      during the latter part of the ramp.
PAR  If the pulses are counted by a decade counter or a binary counter it is
      convenient to scale down the reference signal by a factor of
      10.sup.(n.sup.-1) for the decade counter or 2.sup.(n.sup.-1) for the
      binary counter, where n is a positive integer, and to scale down the
      weighting of the clock pulses by feeding constant rate pulses to the
      n.sup.th stage of the counter during the first part of the ramp and to the
      first stage during the latter part of the ramp.
PAR  Compared with a known ramp type a-to-d converter having a constant-slope
      discharge ramp, a converter according to the present invention can, in one
      aspect, be so designed that the slope of the latter part of the ramp is
      the same as that of the known converter. Such a converter would have the
      same resolution as the known converter but a higher conversion rate. For
      example, consider a known converter having a decade counter capable of
      counting up to a maximum of 19,999, a clock-pulse frequency f, and a
      reference source of magnitude V.sub.R. To convert a full scale input
      voltage would require a time interval equal to 19,999/f. If a converter
      having the same counter capability and clock pulse frequency had reference
      signals of magnitude 10V.sub.R and V.sub.R applied to discharge the
      integrating means during the first and latter parts respectively of the
      ramp while clock pulses were fed into the second and first decades of the
      counter during the first and latter parts respectively of the discharge
      ramp, the discharge time would be reduced to (1,999 + 9)/f, that is
      2,008/f, with no reduction in the resolution of the conversion. This
      discharge time is almost 20 times less than that of the known converter.
PAR  Similarly, if the reference signal were increased to 100V.sub.R and the
      clock pulses fed into the third decade during the first part of the
      discharge ramp, it can be shown that the discharge time would be almost 70
      times less than that of the known converter.
PAR  If a reduction in the resolution of conversion can be tolerated then the
      discharge time can be reduced still further. The relatively high
      conversion rates which can be obtained with a-to-d converters according to
      the present invention make them particularly suitable for incorporation in
      high-speed data-logging systems which often require conversions in excess
      of 10,000 per second.
PAR  In another aspect of the invention the slope of the latter part of the ramp
      can be reduced to increase the resolution of the converter. This aspect
      would find applications in high accuracy, high resolution digital
      voltmeters in which the speed of conversion is of lesser importance.
DRWD
PAR  The invention will be described in more detail, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of one embodiment,
PAR  FIG. 2 shows a waveform illustrating the operation thereof, and
PAR  FIG. 3 shows a modification of the embodiment of FIG. 1,
PAR  FIG. 4 shows a waveform illustrating the operation of the embodiment of
      FIG. 3.
PAR  FIG. 5 shows a further modification of the embodiment of FIG. 1 and,
PAR  FIG. 6 shows a waveform illustrating the operation of the embodiment of
      FIG. 5.
PAR  FIG. 7 shows a modification to convert the embodiments of FIGS. 1, 2 or 3
      to an indicating digital voltmeter.
DETD
PAR  In FIG. 1 three bistable circuits 10, 11 and 12 have been shown as
      controlling the various stages of operation in order to facilitate a clear
      description, the bistable circuits controlling various switches. In
      practice the logic employed may be rather different and naturally
      semi-conductor switches such as transistor or field-effect transistors
      F.E.T.'s or other electronic gating devices will be used rather than the
      mechanical switches shown.
PAR  The first stage of operation involves applying an input voltage V.sub.U to
      be converted to the input of an operational amplifier 13 having a feedback
      capacitor 14 to form an integrating circuit for a predetermined length of
      time to charge the capacitor 14. To this end the bistable circuit 10 is
      set by a START signal which also clears a decade counter 15.
PAR  The START signal may be derived from the 60 Hz power line frequency by
      shaping the sinusoidal waveform and dividing it by two to provide a 30 Hz
      square wave which is used to set the bistable 30 times per second.
PAR  The bistable circuit 10 closes a switch 16 to apply the voltage V.sub.U to
      the amplifier through a resistor 17 and also closes a switch 18 through
      which pulses pass from a clock source 19 to the second decade of the
      counter 15. With the switch 16 closed the output level V.sub.o of the
      amplifier 13 ramps up from a datum level at a rate dependent upon the
      magnitude of the voltage V.sub.U. The clock source may be an astable
      multivibrator.
PAR  When the counter overflows the bistable circuit 10 is reset, the switches
      16 and 18 open and the bistable circuit 11 is set to initiate the next
      stage of operation.
PAR  At the end of the first stage, of fixed duration T (FIG. 2) the output
      V.sub.o of the amplifier 13 has risen from a datum level, to a value
      V.sub.o max. proportional to V.sub.U. The datum level may conveniently be
      zero volts. The clock-pulse frequency and the capacity of the counter are
      usually so arranged that the duration T of the first stage of operation
      when the integrator is being charged is made equal to one or more periods
      of the lower line frequency.
PAR  The bistable circuit 11 closes switches 20, 21 and 22. The switch 20
      applies a reference voltage V.sub.R of opposite polarity to that of the
      input voltage, V.sub.U to the amplifier 13 through a resistor 23 in order
      to discharge the amplifier at a relatively rapid rate. The switch 21 feeds
      clock pulses to the second decade of the counter 15, which starts to count
      up from zero. The switch 22 connects the output V.sub.o of the amplifier
      to a first level detector 24 which operates when V.sub.o has returned to a
      slightly positive level V.sub.I (FIG. 2) to reset the bistable circuit 11.
      The bistable circuit 11, then opens the switches 20, 21 and 22 and sets
      the bistable circuit 12 to initiate the final stage of operation.
PAR  In the final stage the ramp voltage V.sub.o completes its return to zero at
      a rate 1/10.sup.th that of its former rate. To this end the bistable
      circuit 12 closes swithces 25, 26 and 27. The switch 25 applies a scaled
      down reference voltage V.sub.R /10 to the resistor 23, the switch 26
      supplies clock pulses to the first decade of the counter 15 and switch 27
      connects the amplifier output to a second level detector 28 which operates
      at datum level (FIG. 2) to reset the bistable circuit 12 and terminate the
      conversion. The number now in the counter 15 is proportional to the input
      voltage V.sub.U.
PAR  The level detectors 24 and 28 can be differential amplifiers and may
      conveniently be integrated-circuit differential comparator amplifiers such
      as those supplied by Fairchild under type No. .mu.A710. The detector 24
      would have one input connected to a voltage of magnitude V.sub.I and the
      other input to the switch 22. Similarly the detector 28 would have one
      input connected to zero volts and the other to the switch 27.
PAR  The use of two level detectors 24 and 28 is not essential. If a single
      level detector is connected to the amplifier output a switch can be used
      to add an increment of voltage V.sub.I to the voltage V.sub.o as an offset
      during the second stage only. At the end of this stage V.sub.I is removed
      and V.sub.o continues at the slower rate to zero. The effect of an offset
      can also be obtained by feeding a small unit of charge or current into the
      integrating amplifier at some time during the first and second stages.
      Then when V.sub.o has reached zero at the end of stage two the unit of
      charge is removed again causing V.sub.o to rise to V.sub.I from whence it
      then returns in the third stage to zero at the slower rate.
PAR  This latter embodiment is shown in FIG. 3 and its mode of operation is
      illustrated in FIG. 4. In FIG. 3 the input of the level detector 28 is
      connected permanently to the output of the amplifier 13 and the output is
      connected to the reset input of both bistable circuits 11 and 12.
      Change-over switches 32 and 37 are substituted for the switches 22 and 27
      of FIG. 1. The switch 32 has a normally-closed contact 33 connected to a
      source of voltage -V.sub.I, a normally-open contact 34 connected to the
      resistor 23 and a changeover contact 35 connected through a capacitor 38
      and resistor 39 to earth. The resistor is provided merely to limit the
      capacitor charging current when the contact 35 is moved to the position
      shown. The switch 32 is operated with the switches 20 and 21 by the
      bistable circuit 11 and causes the capacitor 38 to discharge into the
      amplifier through the resistor 23 thus reducing the amplitude of V.sub.o
      by a small amount as shown at 29 in FIG. 4.
PAR  The switch 37 has a normally-closed contact 40 connected to a source of
      voltage +V.sub.I, normally-open contact 41 connected to the resistor 23
      and a changeover contact 42 connected through a capacitor 43 and a
      current-limiting resistor 44 to earth. The switch 37 is operated with the
      switches 25 and 26 by the bistable circuit 12. The values of the
      capacitors 38 and 43 and the resistors 39 and 44 are made equal. When
      V.sub.o has reached zero volts at the end of stage two the level detector
      28 provides an output to reset the bistable circuit 11 which then sets the
      bistable circuit 12. The switch 37 changes over and the capacitor 43
      discharges into the integrating amplifier and V.sub.o rises from zero to
      V.sub.I as shown at 30 in FIG. 4. The ramp then continues to discharge
      towards zero at the slower rate defined by V.sub.R /10. The output of the
      level detector 28 is a.c. coupled to the bistable circuits 11 and 12
      through a capacitor 45 to ensure that the bistable circuit 12 is reset by
      the level detector 28 only at the end of the third stage.
PAR  A second modification of FIG. 1 is shown in FIG. 5 in which the switches 22
      and 27 are dispensed with. When V.sub.o first reaches zero, it is allowed
      to overshoot and in the third stage switch 25 connects +V.sub.R /10 to the
      resistor 23 and the switch 26 connects the clock source to a subtractive
      input on the first decade of a bidirectional counter 55. The appropriate
      waveform is shown in FIG. 6. When the overshoot occurs, the ramp is
      stopped by the occurrence of the next clock pulse from the clock pulse
      generator 19. To achieve this the outputs from the clock pulse source 19
      and the detector 28 are connected to the inputs of an AND gate 56, the
      output of which is connected to the reset input of the bistable circuit
      11. The output from the level detector 28 is connected to the reset input
      of the bistable circuit 12 through an inverter 57 to ensure that the
      bistable circuit is reset by the level detector only at the end of the
      third stage. As an alternative to a bi-directional counter, a
      uni-directional counter can be used with the output of the first decade
      wire to give the complement of the true count. This assumes that not more
      than ten pulses have to be counted in the third stage.
PAR  In any of the above systems a pulse generator capable of generating pulses
      of defined magnitude and duration could be used in place of the reference
      voltage source V.sub.R. The pulse generator could be for example an
      astable multivibrator or a monostable multivibrator triggered by the clock
      pulses. It would also be necessary to provide a divider circuit (.div. 10
      in the embodiments described) to scale down the pulses during the latter
      part of the discharge ramp.
PAR  Whilst the invention has been described which is an improvement to the dual
      ramp type of a-to-d converter in which the voltage to be converted is
      applied to the input of an integrating amplifier for a fixed period of
      time defined by counting a pre-determined number of clock pulses other
      means for charging the integrating means are possible. For example, the
      integrating means can be charged by a charge-transfer technique such as
      described in our British Pat. Specification Nos. 1,058,501 and 1,067,734
      (U.S. application Ser. Nos. 499,809 and 459,540, the latter application
      having been filed in the U.S. on May 28, 1965). This charge-transfer
      technique is particularly useful when a high rate of conversion is
      required.
PAR  Any of the embodiments of FIGS. 1, 2 and 3 can be converted to an
      indicating digital voltmeter by the addition of a decode circuit 71 and a
      display device 72 as shown in FIG. 7.
CLMS
STM  I claim:
NUM  1.
PAR  1. An analog-to-digital converter comprising an integrating means having an
      input and an output, means for applying an analog input signal to be
      converted to the input of the integrating means to drive the integrating
      means output from a datum level to a level dependent upon the magnitude of
      the input signal, a source of a reference signal, means for applying the
      reference signal to the input of the integrating means to drive the
      integrating means output to the datum level and thereby generate a ramp
      function, a counter, means for generating clock pulses, means for causing
      clock pulses to be counted by the counter during an interval commencing
      with the application of the reference signal, means for applying a first
      increment to the ramp function before the ramp reaches the datum level a
      first time, means for detecting when the ramp reaches the datum level,
      means for applying to the ramp function a second increment equal in
      magnitude but opposite in polarity to said first increment, and means for
      scaling down the reference signal and the numerical weighting with which
      the clock pulses are counted by a common factor, the means for applying
      the second increment and the means for scaling down the reference signal
      and the numerical weighting of the clock pulses being responsive to
      operation of said detecting means when the ramp reaches the datum level
      said first time, and said detecting means being operative to determine the
      count in the counter when the ramp reaches the datum level a second time,
      whereby the count in the counter when the ramp reaches the datum level
      said second time provides a digital representation of the analog signal
      magnitude.
NUM  2.
PAR  2. A converter according to claim 1, wherein said first increment drives
      the integrating means output towards the datum .[.leve.].
      .Iadd.level.Iaddend., and wherein said scaled-down reference signal is of
      the same polarity as the first mentioned reference signal and the clock
      pulses of reduced numerical weighting are counted additively.
NUM  3.
PAR  3. A counter according to claim 1, wherein said first increment is applied
      to said ramp at substantially the commencement of the application of the
      reference signal.
NUM  4.
PAR  4. A converter according to claim 1, wherein there is further provided
      means coupled to said counter for decoding and displaying the digital
      representation of the analog signal magnitude, and wherein said
      integrating means is a substantially linear integrator and a predetermined
      number of clock pulses are counted by said counter as the integrator
      output is driven from said datum level to said level dependent on said
      input signal.
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ABST
PAL  A surgical gown having a central and side portions (hereinafter referred to
      as panels) and outer belt means. The belt means comprises two tie strings
      or the like, one of said ties being attached to the central panel of the
      gown near one of the two side panels. The other tie is attached to the
      second of the side panels near the outer edge thereof. The free end of
      each tie is releasably grasped by a transfer device which holds the ties
      in a position overlying the outer surface of the central panel. During the
      gowning procedure, the transfer device becomes the means whereby a sterile
      assistant may effect final closure of the gown without becoming
      contaminated or whereby a non-sterile assistant may effect final closure
      of the gown without endangering or destroying the sterile character of the
      gown. Preferably the gown also comprises inner closure means for further
      securing the gown in the waist area.
BSUM
PAR  This invention relates to belted surgical gowns and, more particularly, to
      belted surgical gowns having means for holding the belt in a desired
      position prior to use and for facilitating the aseptic closing of the
      gown.
PAR  Sterile surgical gowns are worn by surgeons and other operating room
      personnel to prevent contamination of the patient, surgical instruments,
      operating room equipment, and other personnel by contact with the
      underclothes and/or body surfaces of the wearer. Additionally, surgical
      gowns serve to protect the wearer from undesired contact with blood, wound
      exudates, and similar fluids encountered during surgical procedures.
PAR  Surgical gowns, whether made from woven or nonwoven materials, comprise a
      main sheet having sleeves affixed thereto. The main sheet comprises a
      central panel and two side panels, the latter frequently being of
      sufficient width to provide for a greater or lesser degree of overlapping
      when the gown is worn. The gowns are provided with closure means for
      securing the side panels in their appropriate abutting or overlapping
      relationship when the gown is being worn. Most, if not all, surgical
      gowns, carry such closure means in the neck region and quite frequently
      closure means are provided in the waist regions, also. Gowns of the prior
      art also have belt means, distinct from the aforementioned closure means,
      whose purpose is to ensure that the gown fits the wearer snugly in the
      waist area. Such belt means may comprise a single strip of narrow width
      material of sufficient length to pass around the body. Alternatively, such
      belt means may comprise two tie strings, one end of each tie string being
      affixed to the main sheet. The free ends of the tie strings are tied
      together by the wearer around his waist after he has preliminarily
      adjusted their tension to suit his own liking. The sleeves are full length
      and may have cuffs. The gowns are usually "full length," that is, they
      extend from the neck region to the wearer's knees.
PAR  Surgical gowns having the general structure just described may be donned by
      the wearer in two ways. The gown may be donned with the central panel of
      the main sheet overlying the front of the wearer's body, in which case the
      side panels of the main sheet cover his back. When worn in this fashion,
      the gown is closed in the back and is referred to as a "back-closing"
      gown. Alternatively, the gown may be donned so that the central panel
      covers the back, and the side panels cover the front, of the wearer's
      body. In this case, the gown would be closed in the front and would be
      designated a "front-closing" gown. For reasons of ease of preservation of
      asepsis, and general convenience and practicability, the back closing
      surgical gown is greatly preferred in the modern operating room and hence
      most commercially available surgical gowns are of this type.
PAR  In preparing for surgery, the surgeon first thoroughly scrubs his hands and
      arms for an extended period of time. He must next put on his sterile
      surgical gown. The surgeon must put on his gown aseptically, that is, he
      must use a gowning procedure which will both insure that the sterile
      character of the gown, or at least the sterile character of the surfaces
      thereof which will face the patient and operating table, will be preserved
      and that the surgeon himself will not contact surfaces that are in fact
      contaminated or which are deemed to be contaminated.
PAR  The surgeon is unable, for all practical purposes, to completely and
      aseptically don a back closing surgical gown without the assistance of
      another person. One reason for this is that, under presently accepted
      concepts of sterile technique, it is not permissible for the surgeon to
      place his hands and/or arms behind his body to close the gown. To do so
      presents a very real danger of contamination of the surgeon's hands or
      arms by accidental contact with, for example, his scrub suit or a piece of
      operating room equipment. Thus, regardless of whether the surgeon actually
      contacts such clothing or equipment, he is deemed to have contaminated his
      hands and arms if they should for any reason extend past the respective
      sides of his body toward the back thereof.
PAR  In view of the above considerations, it is clear that a surgeon must have
      the assistance of a second person in order to aseptically don his surgical
      gown. There are two classes of personnel available in the operating room
      to provide such assistance. Members of the first of these classes are
      generally referred to as "non-sterile" persons. A non-sterile person is
      one who has not been through a standard scrubbing procedure prior to
      entering the operating theater. Thus any item contacted, or at least the
      portion thereof contacted, by a non-sterile person is thereafter
      contaminated (or is deemed to be contaminated). Typically, the circulating
      nurse in the operating room is non-sterile. Other personnel, typified by
      the scrub nurse (and, of course, the surgeons and their operating
      assistants), are "sterile" persons. A sterile person is one who has
      undergone a standard scrubbing procedure in preparation for the operation
      and who is suitably outfitted, e.g., with a gown, gloves, head and face
      coverings and the like to insure against subsequent contamination.
PAR  The side panels of a back closing surgical gown protect the sides and back
      of the wearer. In some gown designs, the edges of the side panels just
      meet on the back; in other designs the panels are sufficiently wide enough
      to provide for a degree of overlap. In either case, the side panels have
      some sort of cooperating closure means, such as snaps, Velcro fasteners,
      strings or the like which must be engaged in order to close the gown and
      insure that it will stay in place on the wearer during surgery. As
      indicated earlier, such closure means are frequently placed on the gown in
      the neck and waist region. For the reasons given earlier, it is not
      permissible for the surgeon to partially don his gown and then attempt to
      reach behind his back in order to affect closure.
PAR  Thus it is seen that the use of a back closing surgical gown by the surgeon
      requires that a second person be available to effect closure of the gown.
      Under presently accepted principles of sterile technique, it is not
      permissible for a sterile person to effect the required closure. Again,
      this is because there is a grave risk present that the sterile person will
      be contaminated by accidentally touching the hair or neck or scrub suit of
      the surgeon when trying to engage the closure means in the neck region.
      Similarly, there is danger of contacting the scrub suit, with the same
      undesirable results, if there are closures in the waist region. Inasmuch
      as closure of the gown cannot be safely effected by either the surgeon
      himself or by a sterile assistant the practice in modern hospitals is to
      have a non-sterile person, e.g., the circulating nurse, effect closing of
      the surgical gown in the back. Since this closing of the gown is done by a
      non-sterile person, the back of the gown is thereafter deemed to be
      contaminated, and this is true even where the non-sterile person, e.g.,
      resorts to a method such as the use of sterile forceps in an effort to
      aseptically close the gown.
PAR  As indicated earlier, surgical gowns are frequently provided with belt
      means for securing the gown snugly at the waist. Such belt means usually
      overlie the outer front surface of the gown, that is, the surface of the
      gown which will face, and possibly come into contact with, the patient,
      operating table, instruments and the like. It is absolutely essential, of
      course, that all structural elements comprising the outer front portion of
      the gown be preserved in their sterilized condition. Any help required by
      the surgeon in adjusting and/or closing the aforementioned belting means
      must be provided by a sterile person or by a non-sterile person using a
      method that will not endanger the sterility of the outer front of the
      gown. If help is to be provided by a sterile person, any danger of
      contaminating that person must be eliminated. In order to preserve his own
      sterile condition and that of the outer front surface of the gown while
      assisting in the final closure step, the sterile assistant, therefore, may
      contact only those portions of the gown which are in a sterile condition.
      If the surgeon is to be helped by a non-sterile assistant, the structure
      of the gown must be such that the help can be provided without the danger
      of destroying the integrity of the sterile portions of the gown.
PAR  One of the surgical gowns provided by the prior art is a back-closing gown
      comprising a main portion having a central and two side panels. This gown
      has inner closure means comprising two tie strings. One of the ties is
      attached to the inner surface of the gown at waist level near the line at
      which the right side panel joins the main panels. The other tie string is
      attached to the outer edge of the left side panel. The gown also has a
      belt means which, when the gown is completely donned, encircles the body
      of the wearer at waist level. This belt means comprises a relatively short
      tie string secured to the outer front surface of the gown at waist level
      and along the line at which the right hand panel joins the main panel, and
      a longer tie string attached near the outer edge of the right hand panel.
      This latter tie has a "pull-off" tape at its free end and is folded into a
      compact condition so that the pull-off tape may be readily grasped by an
      assistant.
PAR  After the surgeon has put his hands through the sleeves of the gown, the
      circulating nurse steps behind the surgeon, grasps the tie strings
      comprising the inner closure, pulls them together, and knots them. The
      circulating nurse then grasps the tie string carrying the "pull-off" tape,
      walks around the back of the surgeon to the front. This action brings the
      right side panel into a position overlapping the outer surface off the
      left side panel and puts the end of the tie string in a waist level
      position in front of the surgeon. The surgeon grasps the tie with his left
      hand and the circulating nurse tugs on the pull-off tape to release it
      from the end of the tie string. The surgeon then grasps the second tie
      string comprising the belt means in his right hand and ties the strings
      into a knot. Such a gown has two major disadvantages. The first
      disadvantage is that the tie string with the pull-off tape can be handled
      only by a circulating, i.e., non-sterile, nurse. This is because the
      pull-off tape associated with this particular tie string is positioned in
      such a way that there is a great danger that a person reaching for it
      would be quite likely to contact the surgeon's scrub suit, a contaminated
      area. Thus it is not permissible, under presently accepted principles of
      sterile technique, for a sterile person, e.g., the scrub nurse, to handle
      the tie string under these circumstances. The second major disadvantage
      resides in the fact that, after the tie strings comprising the belt means
      have been knotted by the surgeon, the resulting knot inconveniently
      overlies the central portion of the outer surface of the main panel of the
      gown. This position of the knot may be uncomfortable to the wearer, and
      may also interfere with the surgical procedure.
PAR  Another back closing gown provided by the prior art also comprises a main
      body portion also having central and side panels. This gown has inner
      closure means similar in construction, positioning, and operation to the
      first mentioned prior art drape. The belt means provided with this gown
      comprises a single length of narrow width material sufficiently long to
      encircle the wearer's body at waist level. The belt is folded for
      compactness and is held on the outer surface of one side of the gown by
      holding means comprising a widened loop of material. A portion of a first
      end of the belt projects from the holding means toward the front of the
      wearer. A portion of the second end of the belt is covered with a small
      disposable rectangular bag and projects toward the rear of the gown. In
      use, the circulating nurse grasps the bag covering the second end of the
      belt and walks around behind the surgeon. The surgeon grasps the sterile
      portion of the belt with his left hand, being careful not to touch the
      disposable bag, and the nurse pulls the disposable bag away. The surgeon
      grasps the first end of the belt in his right hand, pulls it free from the
      holding means and ties the free ends in a knot. The disadvantages of this
      prior art gown are substantially the same as those associated with the
      first described prior art gown, that is, the surgeon can be assisted in
      the final stages of positioning and securing the belting means by a
      non-sterile person only and the final knot disadvantageously overlies the
      central part of the outer surface of the front of the gown.
PAR  Thus it is seen that with the aforementioned prior art gowns, only a
      non-sterile person such as the circulating nurse may assist the surgeon in
      donning and closing his surgical gown. This is inconvenient and wasteful
      of time in that the circulating nurse may be occupied with other duties
      when the surgeon requires her assistance.
PAR  In accordance with the present invention the above mentioned and related
      problems associated with the prior art gowns are avoided by providing a
      surgical gown which comprises inner closure means for initially securing
      the gown in place on the wearer and belt means for securing the gown
      snugly at the waist. Our new gown has a belt means comprising two tie
      strings the first ends of which are secured to the gown and the second
      ends of which are releasably secured to, or grasped by, a belt engaging
      means (hereinafter called a "transfer device"). The transfer device holds
      the tie strings comprising the belt means in a position overlying the
      outer surface of the main panel of the gown prior to use and during the
      initial steps of the gowning procedure. Thereafter, the transfer device is
      used to aseptically transfer the belt means back and forth between the
      wearer and his assistant whereby the aseptic donning and closing of the
      gown is greatly facilitated. In accordance with the present invention, it
      is possible for either a sterile or a non-sterile person to assist the
      wearer in placing and securing the belt means and this assistance may be
      easily rendered without destroying or endangering asepsis. The belt means
      is constructed and arranged so that there is no knot overlying the central
      panel of the drape; this arrangement eliminates the inconvenience of
      having a centrally located knot which, among other things, may interfere
      with the surgical procedure.
PAR  As will be seen, the use of the transfer device on the gown of the present
      invention also prevents the belt means from accidentally falling below
      waist level (in which case the belt is deemed to have been contaminated).
PAR  In a modification of the present invention, the transfer device may be
      color coded so that the surgeon and his assistant may quickly recognize
      which structural elements to grasp during the several steps of the gowning
      procedure.
PAR  Surgical gowns in accordance with the present invention are easily folded
      into a compact unit which may be suitably packaged and subjected to any of
      the sterilization procedures well known in the art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The aforementioned and other advantages of the present invention will
      become apparent upon reading the following detailed description and upon
      reference to the appended drawings in which:
PAR  FIG. 1 is a front elevational view of a surgical gown in accordance with
      the present invention showing tie strings C and D comprising the outer
      belt means being held in place by the transfer device;
PAR  FIG. 2 is a rear elevational view showing the inner surface of the gown of
      FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is a perspective view of the transfer device used with the gown of
      FIG. 1;
PAR  FIG. 4a is an enlarged fragmentary view of a portion of the transfer device
      of FIG. 4 showing the prong-like, grasping elements of the transfer
      device;
PAR  FIG. 5 is a perspective view showing the gown of FIG. 1 in a folded
      configuration and illustrating the positioning of the hands of the outset
      of the gowning procedure;
PAR  FIG. 6 shows the gown just as the surgeon is beginning to put his arms
      through the sleeves;
PAR  FIG. 7 is a rear perspective of the gown on the surgeon and showing the
      inner closure means fastened at the right side of the wearer's waist, and
      with the right side panel partially turned back;
PAR  FIG. 8 is a front perspective showing the surgeon grasping the transfer
      device with his right hand and the end of tie string C in his left hand;
PAR  FIG. 9 is a perspective view showing the surgeon as he presents the
      transfer device to his assistant;
PAR  FIG. 10 is a perspective showing the assistant carrying the transfer device
      around behind the surgeon;
PAR  FIG. 11 is a perspective showing the surgeon grasping tie string D with his
      left hand and the assistant pulling on the transfer device to detach the
      end of the tie string therefrom;
PAR  FIG. 12 shows the surgeon knotting tie strings C and D near the left side
      of his body;
PAR  FIG. 13 is a diagrammatic rear perspective showing the overlapping of the
      side panels of the gown and illustrating how the left side panel is held
      in position with the inner closure means;
PAR  FIG. 14 is a diagrammatic rear perspective similar to FIG. 13 and showing
      the outer belt means fastened at the left side of the wearer's body;
PAR  FIGS. 15-17 shows various alternative embodiments of the transfer device of
      this invention;
PAR  FIG. 18 is a rear elevational view showing the surgical gown in a partially
      folded configuration and with certain parts turned back for purposes of
      illustration;
PAR  FIG. 19 is a front elevational view of the gown of FIG. 18 and showing the
      sleeves in their folded position and also showing the fold lines for the
      longitudinal folding of the gown; and
PAR  FIG. 20 is a perspective view, with parts broken away, showing the gown
      just prior to making the last fold.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  While the invention will be described in connection with its preferred
      embodiments, it will be understood that it is not intended to limit the
      invention to those embodiments. On the contrary, it is intended to cover
      all alternatives, modifications and equivalents as may be included within
      the spirit and scope of the invention as defined by the appended claims.
PAR  Referring particularly to FIG. 1-3 there is shown a back closing surgical
      gown in accordance with the present invention. Gown 20 comprises a main
      sheet 22 which has a central panel 24, a first side panel 30, and a second
      side panel 36. Central panel 24 has an outer surface 25 and an inner
      surface 26. Side panels 30 and 36 have outer surfaces 31 and 37, inner
      surfaces 32 and 38, and outer longitudinal edges 33 and 39, respectively.
PAR  In the preferred embodiment, the main sheet is made from a single piece of
      flexible drapable material such as a woven or nonwoven fabric. For
      purposes of convenience in describing the gown, FIGS. 1 and 2 show side
      panel 30 joining central panel 24 along dot and dash line 27 and side
      panel 36 joining the central panel along dot and dash line 28. It will be
      understood that central panel 24 is generally wide enough to cover the
      front of the wearer's body from one side thereof to the other. The side
      panels are of sufficient width to extend from the sides of the body and to
      overlap in the back. Thus when the gown is worn, line 28 would be adjacent
      the left side of the wearer's body and line 27 would be adjacent the right
      side of the body. It will be recognized that the central and side panels
      could be individual pieces of material joined, e.g., by stitching, along
      lines 27 and 28. The gown is long enough to extend from the neck to
      approximately the knees of the wearer.
PAR  The gown has cuffed sleeves 40, 40' which are attached to appropriate
      openings in the main sheet and cooperating snap fasteners 50, 50' which
      are attached near the upper edges of the outer surfaces of the side
      panels. The purpose of the snap fasteners is to close the gown in the neck
      region. Other fastening means, e.g., Velcro fasteners or tie tapes, may be
      used, if desired, in place of the cooperating snaps.
PAR  The gown has an inner closure means whose purpose is to draw the gown
      snugly around the wearer's waist to avoid "gapping" in the upper back
      area. Preferably, the inner closure means comprises two cooperating tie
      strings A, B. Tie string A is secured, at approximately waist level, to
      second side panel 36 near its outer edge 39. Tie A may be attached to
      either the inner or outer surface of panel 36, the inner surface being
      preferred for this purpose. Tie B is attached to the inner surface of the
      drape, also at approximately waist level, at or near that part of the gown
      at which first side panel 30 joins main panel 24, i.e., hear line 27.
      Other inner closure means, e.g., Velcro fasteners or co-operating snaps,
      could be used, if desired.
PAR  The outer belt means also comprise two cooperating tie strings, C, D. Tie C
      is attached, at approximately waist level, to the outer surface of the
      gown at or near that part of the gown where the second side panel 36 joins
      the main panel (i.e., at or near line 28). Tie D is attached, at about
      waist level, to first side panel 30 at or near side edge 33 thereof. This
      attachment of tie D may be made on either the inner or outer surface of
      side panel 30, the outer surface, however, being preferred. All tie
      strings are conveniently secured to the gown by way of stitching, although
      any other suitable securing means well known to those in the art may be
      used.
PAR  Central panel 24 and side panels 30 and 36 may be constructed of any
      flexible, drapable material, such as plastic or a woven or nonwoven
      fabric. In order to provide for comfort, economy, and disposability after
      a single use, the gown is preferably made from a nonwoven fabric. Most
      preferably the main panel and side panels comprise a liquid repellent
      nonwoven. The tie strings may be made from any suitable material, such as
      cotton tapes or a nonwoven fabric. Ties made from nonwoven fabric in
      strips about 1 - 2 inches wide have been found quite satisfactory for this
      purpose.
PAR  In order to keep the tie strings comprising the outer closure means in a
      fixed position until the gown is ready for use and to provide means which
      make it possible to aseptically handle and don the gown, there is provided
      in accordance with the teachings of the present invention a belt engaging
      means (hereinafter called a "transfer device").
PAR  As will be recognized upon a further reading of this specification, the
      transfer device may assume various sizes and shapes and may be made from a
      variety of raw materials, such as, for example, paperboard or plastic, so
      long as those materials are non-toxic, are capable of being sterilized,
      and are otherwise acceptable for use in the operating room. The transfer
      device serves several purposes. Prior to actual use, the transfer device
      holds the free ends of the tie strings comprising the outer belt means in
      a position, preferably at waist level, overlying the outer surface of the
      central panel of the gown. Thus, when the gown is unfolded prior to being
      put on by the surgeon, there will be no danger of the tie strings falling
      to the floor and the tie strings will be in a position where they are
      easily and readily accessible to the surgeon and/or his assistant. The
      transfer device must be adapted to releasably grasp the ends of the tie
      strings and release them in a selected sequence. When these requirements
      are met, the transfer device becomes the implement by which the tie
      strings are sequentially and aseptically handled during the final stages
      of the gowning procedure. Finally, the transfer device should be removable
      from the gown so it may be discarded.
PAR  The transfer device shown in the FIGS. 1-4 meets the above mentioned
      requirements. Transfer device 60 comprises a generally rectangular element
      made from cardboard which is sufficiently sturdy to resist bending and
      folding in the circumstances under which it is used. Referring especially
      to FIG. 4, transfer device 60 comprises a piece of paperboard, 24 mils
      thick and about 5-1/2 inches long by 3 inches wide. The paperboard has a
      basis weight of about 225 pounds per ream.
PAR  As illustrated in FIGS. 4 and 4a, transfer device 60 has two cross-shaped
      slits 61, 62 spaced about 2-1/2 inches apart on a center to center basis.
      These slits, which are cut completely through the thickness of the
      transfer device, define prong-like elements 65 and 66, respectively. These
      prong-like elements, which have a certain degree of flexibility or "give"
      associated with them, have been found to be capable of releasably grasping
      ties C, D. Thus, during manufacture, end portion D' of tie D is threaded
      through slit 61 whereupon it is releasably grasped by prongs 65. Similarly
      end portion C' of tie C is threaded through slit 62 where it is releasably
      grasped by prongs 66. Until the gown is actually ready to be used, the
      respective ends of ties C and D are thus secured in a position overlying
      the outer surface of main panel 24, this arrangement preventing the ties
      from accidentally falling toward the floor when the gown is being put on.
PAR  FIGS. 15, 16 and 17 illustrate other transfer devices that have been found
      suitable for use in practicing the present invention. In FIG. 15, transfer
      device 72 has hook-shaped slits 73 cut therethrough. Ties C and D can be
      easily threaded through the slits during assembly of the gown and are
      readily releasable from the transfer device at the appropriate stage of
      the gowning procedure. Transfer device 74, illustrated in FIG. 16, has
      four slits. Slits 75 and 76 are positioned near the ends of the transfer
      device and run inwardly from the top edge thereof. Slits 75' and 76' are
      more centrally positioned and run inwardly from the bottom edge of the
      transfer device. Tie string C is threaded through slit 75 from the back of
      the transfer device toward the front and then through slit 75' from the
      front to the back. Tie string D is threaded in the same way through slits
      76, 76'. This arrangement of the tie strings on the transfer device is
      advantageous because it allows for positive control of the tie string
      release by the wearer when initially releasing and also when final release
      is effected by the wearer and assistant. FIG. 17 shows another transfer
      device 80 which is generally H-shaped and comprises rectangular end
      portions 81 joined by a cross-bar portion 82. Slits 84, 85, 86, and 87 are
      cut into portions 81 at the points where the latter are joined to
      cross-bar portion 82. Tie C is threaded behind device 80, through slit 84
      from back to front, and then through slit 85 from front to back. Tie D is
      similarly threaded through slits 86 and 87.
PAR  It will be recognized that the free ends of the tie strings can be
      releasably held to the transfer device in other manners. For example, a
      transfer device comprising paperboard coated with a pressure sensitive
      adhesive will serve this purpose quite well.
PAR  Those skilled in the art will be able to design innumerable kinds of
      transfer devices that will releasably hold the tie strings. The
      embodiments described herein are for illustrative purposes and applicants
      are not limited in any way thereby.
PAC  ASSEMBLY AND FOLDING OF THE GOWN
PAR  The gown of the present invention is easily assembled by providing a main
      sheet of desired size and cutting armholes therein. The sleeves and neck
      closure means are attached, e.g., by sewing, to their appropriate places
      on the main sheet.
PAR  After the tie strings have been attached, the gown is prepared for folding,
      preferably as follows. Referring to FIG. 1, a portion of the free end of
      tie C is looped back upon itself and inserted, from front to back through
      one of the slits in transfer device 60. A looped portion of the free end
      of tie string D is then inserted, from back to front, through the other
      slit in the transfer device.
PAR  There are many ways in which the gown, prepared in the manner just
      described, can be folded into a compact unit. The folding should be such
      that, when the gown is picked up by the wearer, it will unfold to assume
      the general configuration shown in FIG. 1, after which it may be
      aseptically donned by the procedures described earlier herein.
PAR  The folding method disclosed in U.S. Pat. No. 3,359,569 has been found
      suitable for folding the gown of the present invention into a compactly
      folded unit. In FIGS. 18-20, inner surfaces are indicated by stippling and
      outer surfaces are left plain. FIG. 18 shows gown 20 placed on a flat
      surface in the configuration illustrated in FIG. 2, that is, with inner
      surface 26 of the central panel facing upwardly. Left hand panel 36 is
      folded along line 28 so that it overlies central panel 24. Half of panel
      36 is then turned back upon itself, so that side edge 39 thereof is
      aligned vertically with line 28. Tie string A is disposed in a generally
      horizontal direction to overlie inner surface 38 of panel 36 and part of
      inner surface 26 of the central panel. Tie string B is placed in a
      generally vertical position adjacent line 27 and overlying inner surface
      26 of the central panel. Right hand panel 30 is then folded along line 27,
      then back upon itself so that outer edge 33 is aligned vertically with
      line 27. The configuration of the gown at this stage is illustrated in
      FIG. 18. It will be understood that FIG. 18 illustrates panels 30 and 36
      in a partly folded back position; this has been done to illustrate the
      location of tie string D at this stage of the folding.
PAR  The gown is carefully turned over and each sleeve is folded across the
      upper part of the gown. FIG. 19 shows the gown after it has been turned
      over and the sleeves have been folded, i.e., FIG. 19 shows outer surface
      25 of central panel 24 with transfer device 60 and tie means C and D in
      place. FIG. 19 also shows transverse fold line F.sub.1, F.sub.2 and
      F.sub.3. These fold lines are preferably placed so as to divide the gown
      vertically into 4 sections having substantially equal dimensions. The
      bottom part of the gown is then folded upwardly around fold line F.sub.1
      and upwardly again around fold line F.sub.2. At this point the gown has
      assumed the folded configuration shown in FIG. 20. The folding sequence is
      completed by folding the uppermost portion of the gown around fold line
      F.sub.3 so that the portion of the gown lying between the top edge thereof
      and fold line F.sub.3 overlies the remaining portions of the gown. After
      the topmost portion of the gown has been folded the gown will have assumed
      the configuration illustrated in FIG. 5, that is, the gown will have
      pockets on its upper surfaces into which the wearer may place his hands at
      the outset of the gowning procedure.
PAR  After the gown has been folded as set forth above, it can be folded again,
      in the transverse direction, to provide a final compactly folded unit. The
      drape is then packaged, the package is sealed, and the packaged drape is
      subjected to any desired sterilization cycle.
PAC  DONNING OF THE GOWN
PAR  As illustrated in FIG. 5, the surgeon inserts his hands into the pockets on
      the top surface of the folded unit, these pockets having resulted from
      folding the gown in accordance with the above directions. The surgeon
      lifts the gown from its resting place and, at the same time he begins
      raising his arms to the position shown in FIG. 6, starts to insert his
      arms into the sleeves. FIG. 6 shows the surgeon with his arms partially
      inserted and with the gown beginning to fall into a completely unfolded
      position. The circulating nurse moves behind the surgeon, grasps folded
      side panels 30 and 36, and pulls them around behind the surgeon. The
      circulating nurse then grasps tie strings A and B, adjusts them to the
      surgeon's liking, and knots them together near the point where tie B is
      attached to panel 30.
PAR  The circulating nurse then grasps the upper part of panel 30, brings the
      edge thereof toward the surgeon's left, and fastens the neck closure. At
      this stage of the gowning procedure, the position of the gown on the
      surgeon is as illustrated in FIG. 7 and the relationship of the gown
      around the waist region of the wearer is as illustrated diagrammatically
      in FIG. 13.
PAR  This aforementioned stage of the gowning procedure having been completed,
      the surgeon may be assisted in the remaining steps by either the
      circulating nurse (non-sterile person) or the scrub nurse (sterile
      person). If the circulating nurse assists, this may be done without her
      contaminating the sterile surfaces of the gown. If it is desired that the
      scrub nurse assist at this stage, when this can be done without
      endangering her status as a sterile assistant. This is so because, even
      though the sterile nurse must pass behind the surgeon to provide the
      needed assistance, she can do so at a distance which will preclude any
      possibility of her contacting the back of the gown, which at this point is
      non-sterile or deemed to be so.
PAR  Returning now to the description of the gowning sequence, and referring
      particularly to FIGS. 8 and 9, the chosen assistant, either sterile or
      non-sterile, stands in front of the surgeon. The surgeon grasps the right
      hand side of transfer device 60 in his right hand and grasps the end of
      tie C in his left hand (FIG. 8). The surgeon then pulls tie C from
      transfer device 60 and offers the transfer device to his assistant (See
      FIG. 9). The assistant grasps the transfer device at the end thereof which
      is opposite to the end at which tie D is releasably held, being careful
      (if the assistant be the circulating nurse) not to touch tie D. The
      surgeon while continuing to hold tie C in his left hand, releases his
      grasp on the transfer device and moves his right arm out of the way.
PAR  The assistant, holding the transfer device, walks around to the back of the
      surgeon (in the direction shown by arrow in FIG. 9), passing his right
      side on the way, to the position shown in FIG. 10. If the assistant be a
      sterile person, he or she will be careful to take a "wide sweep" behind
      the surgeon (as shown in FIG. 10) thus precluding contact with the back of
      the surgeon. In the meantime, the surgeon transfers tie C from his left to
      his right hand. The assistant continues to walk around the surgeon,
      approaching a point at the left side of the surgeon's body. There the
      assistant stops and holds the transfer device in such a position that tie
      D is more or less extended and the surgeon then grasps tie D, the nurse
      still holding the far end of the transfer device (See FIG. 11). The
      assistant then pulls on the transfer device (phantom portion of FIG. 11)
      thus separating tie D, now held by the surgeon. The assistant discards the
      transfer device and the surgeon knots tie strings C and D near the point
      where tie C is attached to panel 24. Thus the knot is positioned quite
      near the side of the surgeon's body where it will not later interfere with
      the surgical procedure.
PAR  In a preferred aspect of the present invention, transfer device 60 is
      color-coded. This means that the transfer device has two colors which
      enable the wearer and/or his assistant to readily identify certain
      portions of the device. Referring to FIG. 4, shaded portion S of the
      device has a red color, and non-shaded portion N has a white color. The
      purpose of the red color is to identify that portion of the transfer
      device which, after tie string C has been removed therefrom by the surgeon
      as shown in FIG. 9, may be touched by a non-sterile assistant.
PAR  The area of the transfer device touched by a non-sterile assistant is
      thereafter contaminated. After the assistant has, by holding the red
      portion of the transfer device, brought tie string D around behind the
      surgeon and to his left side, the red coloring on portion S of the
      transfer device will serve to remind the surgeon that this portion of the
      device is contaminated and that he must not touch the same. Similarly, the
      non-sterile assistant will be careful to see that the red portion does not
      inadvertently touch the surgeon, the sterile surfaces of his operating
      apparel, or the like. It will be recognized that any two colors may be
      selected if it is desired to color code the transfer device. The colors
      selected should preferably be ones that contrast sharply with each other
      for additional ease of recognition. Red would seem to be preferred for
      portion S of the transfer device (portion S being that part of the device
      which releasably grasps tie string C and which the assistant will later
      touch) inasmuch as red is traditionally regarded as a warning of danger.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A surgical gown comprising a main sheet having sleeves attached thereto,
      said main sheet comprising a central panel and two side panels, said gown
      having outer belt means comprising two tie strings and a disposable belt
      engaging means, one end of one of said two tie strings being attached to
      the outer surface of said gown near the point where a first of said two
      side panels meets the central panel and one end of the other of said two
      tie strings being attached to the outer edge of the second of said two
      side panels, said belt engaging means being adapted to releasably grasp,
      and sequentially release, the free ends of said tie strings.
NUM  2.
PAR  2. A surgical gown according to claim 1 which further includes inner
      closure means, said inner closure means comprising two tie strings, one
      end of one of said tie strings being attached near the outer edge of said
      first of said two side panels and one end of the other of said tie strings
      being attached to the inner surface of the gown near the point where said
      second of said two side panels joins said central panel.
NUM  3.
PAR  3. A surgical gown according to claim 1 wherein said main sheet comprises a
      nonwoven fabric.
NUM  4.
PAR  4. A surgical gown according to claim 3 wherein said nonwoven fabric is
      liquid-repellent.
NUM  5.
PAR  5. A surgical gown according to claim 1 wherein said belt engaging means
      comprises a plastic.
NUM  6.
PAR  6. A surgical gown according to claim 1 wherein said belt engaging means
      comprises paperboard.
NUM  7.
PAR  7. A surgical gown according to claim 6 wherein the free ends of the ties
      comprising the outer belt means are releasably secured to said belt
      engaging means with a pressure sensitive adhesive.
NUM  8.
PAR  8. A surgical gown according to claim 6 wherein the free ends of the tie
      strings comprising the outer belt means are releasably secured to said
      belt engaging means by gripping portions defined by slits cut through said
      belt engaging means.
NUM  9.
PAR  9. A surgical gown according to claim 1 wherein said belt engaging means
      has contrasting colors.
NUM  10.
PAR  10. A surgical gown according to claim 1 treated to render it sterile and
      packaged in said sterile condition.
NUM  11.
PAR  11. A surgical gown according to claim 1 wherein said belt engaging means
      comprises a pair of spaced apart, cross-shaped slits disposed therein.
NUM  12.
PAR  12. A surgical gown according to claim 1 wherein said belt engaging means
      comprises a pair of spaced apart, hook-shaped slits disposed therein.
NUM  13.
PAR  13. A surgical gown according to claim 1 wherein said belt engaging means
      comprises four slits, the first two of said four slits running inwardly
      from a first edge of said belt engaging means and the remaining two of
      said four slits running inwardly from a second edge of said belt engaging
      means.
NUM  14.
PAR  14. A surgical gown according to claim 13 wherein said first edge is
      parallel to said second edge and the distance between said remaining two
      slits is smaller than the distance between said first two slits, each of
      said first two slits being closer to the nearest edge of said belt
      engaging means to which it is positioned than is either of said second two
      slits.
NUM  15.
PAR  15. A surgical gown according to claim 1 wherein said belt engaging means
      is generally H-shaped and comprises rectangular end portions joined by a
      cross-bar portion, said belt engaging means having slits in said
      rectangular end portions at the points where said end portions meet said
      cross-bar portion.
NUM  16.
PAR  16. A surgical gown according to claim 1 wherein said belt engaging means
      comprises a pressure sensitive adhesive.
NUM  17.
PAR  17. A surgical gown comprising a main sheet having sleeves attached
      thereto, said main sheet comprising a central panel and two side panels,
      said gown having outer belt means comprising two tie strings and a
      disposable belt engaging means, one end of one of said two tie strings
      being attached to the outer surface of said gown near the point where a
      first of said two side panels meets the central panel and one end of the
      other of said two tie strings being attached to the outer edge of the
      second of said two side panels, said belt engaging means comprising
      paperboard having contrasting colors and two spaced apart, cross-shaped
      slits, the free end of one of said two tie strings being threaded through
      one of said two slits and the free end of the other of said two tie
      strings being threaded through the other of said two slits, whereby the
      free ends of said tie strings are releasably secured to, and sequentially
      releasable from, said belt engaging means.
NUM  18.
PAR  18. A surgical gown according to claim 17 wherein said main sheet comprises
      a nonwoven fabric and which further includes inner closure means, said
      inner closure means comprising two tie strings, one end of one of said tie
      strings being attached near the outer edge of said first of said two side
      panels and one end of the other of said tie strings being attached to the
      inner surface of the gown near the point where said second of said two
      side panels joins said central panel.
NUM  19.
PAR  19. A surgical gown according to claim 16 treated to render it sterile and
      packaged in said sterile condition.
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ABST
PAL  An article of wearing apparel adapted for use as a tie, scarf, neck-piece,
      hood, belt, or the like, is formed of an elongated fabric member having an
      intermediate portion and opposite end portions joined together by a
      respective pair of first and second fabric portions or layers connected at
      spaced points to define passages therebetween. The first and second fabric
      portions of each pair are each of a width substantially less than a width
      of the intermediate portion and the opposite end portions whereby when one
      of the end portions has been moved through the passage adjacent the other
      end portion, fabric portions resist attempts to pull the one end portion
      through said passage.
BSUM
PAR  The present invention relates to an article of wearing apparel adapted for
      use as a tie, scarf, neck-piece, hood, belt, or the like, and more
      particularly to such an article of wearing apparel having transversely
      extending passages between respective end portions and an intermediate
      portion of an elongated fabric member.
PAR  The principal objects of the present invention are: to provide an article
      of wearing apparel having a fastening means eliminating requirement for
      ties, snaps, buttons, pins, interengaging fastening tapes, and the like;
      to provide such an article of wearing apparel adapted for use as a tie,
      scarf, neck-piece, hood, arm-band, accent piece, belt, or the like; to
      provide such an article of wearing apparel having an intermediate portion
      and opposite end portions joined by facing fabric portions defining
      transversely extending passages whereby one passage permits the end
      portion and fabric portions at the other end to be moved therethrough for
      use; to provide such an article wherein the passage is defined by plies or
      flat layers of the fabric that are substantially parallel whereby the
      passage is transversely of the width of said fabric layers; to provide
      such an article of wearing apparel wherein the intermediate portion and
      opposite end portions each have a greater width than the width of the
      fabric portions defining the passages whereby one of the end portions of
      the fabric member resists separation by being moved through the passage
      adjacent the other end portion; to provide such an article of wearing
      apparel wherein the length and width of the passage defining layer or
      layers are substantially equal; to provide such an article of wearing
      apparel wherein the intermediate portion has a length such that the
      article is free moving and comfortable to wear when around the neck of a
      person and without a feeling of strangulation; to provide such an article
      of wearing apparel including a back panel attached to one side edge of the
      intermediate portion to define a hood; and to provide such an article of
      wearing apparel which is attractive in appearance, versatile in use,
      durable in construction, and particularly well adapted for the proposed
      use.
DRWD
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth, by way of illustration and example,
      certain embodiments of this invention.
PAR  The drawings constitute a part of the specification and include an
      exemplary embodiment of the present invention and illustrate various
      objects and features of the article of wearing apparel.
PAR  FIG. 1 is a top plan view of an article of wearing apparel embodying
      features of the present invention.
PAR  FIG. 2 is a side elevational view of the article of wearing apparel.
PAR  FIG. 3 is a transverse sectional view taken on line 3--3 of FIG. 1 and
      showing a transversely extending passage.
PAR  FIG. 4 is a perspective view of the article of wearing apparel shown in use
      as a scarf.
PAR  FIG. 5 is a front elevational view of a modified article of wearing apparel
      for use as a hood.
PAR  FIG. 6 is a side elevational view of the modified article of wearing
      apparel.
PAR  FIG. 7 is a perspective view of the modified article of wearing apparel
      shown in use.
DETD
PAR  As required, detailed embodiments of the present invention are disclosed
      herein. However, it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting but merely as a basis for the claims and
      as a representative basis for teaching one skilled in the art to variously
      employ the present invention in virtually any appropriately detailed
      structure.
PAR  Referring more in detail to the drawings:
PAR  In the disclosed embodiment of the present invention, the reference numeral
      1 generally designates an article of wearing apparel adapted for use as a
      tie, scarf, neck-piece, hood, belt, or the like. The article of wearing
      apparel 1 is formed of an elongated fabric member having an intermediate
      portion 2 and opposite end portions 3 and 4 joined together by a
      respective pair of first and second fabric layers or portions 5 and 6
      connected at spaced points to define first and second passages 7 and 8.
      The first and second fabric portions 5 and 6 of each pair are each of a
      width substantially less than a width of the intermediate portion 2 and
      the opposite end portions 3 and 4 whereby when one of the end portions,
      for example end portion 3, and the adjacent fabric portions 5 and 6 have
      been moved through the passage 6 adjacent the other end portion 4, the
      width of the end portion 3 provides resistance to being removed from the
      passage 6.
PAR  The fabric member forming the article 1 of wearing apparel is a generally
      rectangular member formed of either woven or non-woven fabric material
      including natural or synthetic fibers, plastic, leather, and the like. The
      end portions 3 and 4 each have opposite side edges 9 and 10 and the
      intermediate portion 2 has opposite side edges 11 and 12. When the article
      1 is used as a scarf or neck-piece, the intermediate portion 2 has a
      length in the range of 16 to 22 inches, such that the article is
      free-moving and comfortable to wear around the neck of a person all
      without a feeling of strangulation.
PAR  The article 1 may be formed with a single transverse passage, however, in
      the illustrated embodiment, each pair of fabric portions 5 and 6 join a
      respective one of the end portions 3 and 4 to the intermediate portion 2.
      The fabric portions 5 and 6 each have opposite side edges 14 and 15. Each
      of the fabric portions have a spacing between the side edges thereof
      defining a width substantially less than a spacing between the opposite
      side edges 9 and 10 of the intermediate portion 2 and the opposite side
      edges 11 and 12 of the opposite end portions 3 and 4 whereby when one of
      the end portions of the fabric member has been moved through the passage
      adjacent the other end portion for use, the fabric portions provide
      resistance to pulling of the one end portion through said passage.
PAR  The length and width of the fabric portions 5 and 6 are substantially equal
      such that one pair of fabric portions are received between the other pair
      of fabric portions when the article 1 is in use. The length of the fabric
      portions 5 and 6 is approximately one-half the width of the end portions 3
      and 4.
PAR  In the illustrated structure, each of the fabric portions 5 and 6 have a
      plurality of folds or gathers 16 retained in folded position by suitable
      stitching 17 or are knitted to provide the reduced width of the passages
      with a resistance to movement of the other end portion therethrough. The
      thickness of the article 1 at the fabric portions 5 and 6 is substantially
      greater than at the intermediate portion 2 and the end portions 3 and 4.
      The width of each of the fabric portions 5 and 6 is approximately one-half
      the width of the intermediate portion 2 and the end portions 3 and 4.
PAR  The fabric member preferably is knitted and of a single thickness, however,
      the fabric member may be formed of two layers of fabric in facing relation
      and joined at the ends and sides to define the intermediate portion 2 and
      the end portions 3 and 4. With the knitted structure the process is such
      that at the passages, the knitting forms two layers that define the
      passage therebetween with the passages extending transversely of the width
      of the fabric members.
PAR  In using an article of wearing apparel constructed as illustrated and
      described, the intermediate portion 2 is placed around the neck of a
      person. One of the end portions, for example end portion 3, is moved
      through the passage 8 adjacent the other end portion 4 until the fabric
      portions 5 and 6 adjacent the one end portion 3 is within the passage 8.
      The article resembles a knot at the point where the fabric portions 5 and
      6 adjacent the one end portion 3 are in the passage 8 adjacent the other
      end portion 4. The ends and side edges 14 and 15 of the fabric portions 5
      and 6 define abutments or shoulders to force the one end portion 3 to fold
      before being moved through the passage 8. Such resistance is sufficient to
      retain the article of wearing apparel around the neck of a person during
      normal body movements.
PAR  FIGS. 5 to 7 inclusive illustrate a modified article 20 of wearing apparel
      having a fabric panel 21 engageable with a back portion of a head of a
      wearer. The fabric panel 21 has an end edge 22 and a side edge 23 joined
      to one side edge 24 of an intermediate portion 25 of a fabric member
      thereby defining a hood. The fabric member of the modified article 20
      includes opposite end portions 26 and 27 joined to the intermediate
      portion 25 by a respective pair of facing fabric portions 28 and 29
      thereby defining first and second passages 30 and 31.
PAR  The modified article 20 is preferably formed of knitted material with the
      fabric panel 21, intermediate portion 25, and end portions 26 and 27
      formed of single knitted material and the fabric portions 28 and 29 of
      each pair of fabric portions are formed of double knitted material.
PAR  The intermediate portion 25 is preferably of a length in the range of 14 to
      22 inches long. The intermediate portion 25 and the end portions 26 and 27
      each have a width of approximately twice the width of each of the fabric
      portions of each pair of fabric portions 28 and 29. The length and width
      of the fabric portions of each pair of fabric portions are substantially
      equal such that one pair of fabric portions are received between the other
      pair of fabric portions when the article is in use.
PAR  The modified article 20 may have decorative items mounted thereon, such as
      a ball 32 mounted on the exterior fabric portion of one of the passages,
      so that the same is exposed when the article 20 is in use.
PAR  Use of the modified article is substantially similar to use of the article
      illustrated in FIGS. 1 to 4 inclusive, except that the intermediate
      portion 25 and the fabric panel 21 are placed in engagement with the head
      of a wearer and then the one end portion and adjacent fabric portions are
      moved through the passage defined by the fabric portions adjacent the
      other end portions.
PAR  It is to be understood that while we have illustrated and described certain
      forms of our invention, it is not to be limited to these specific forms or
      arrangement of parts herein described and shown.
CLMS
STM  We claim:
NUM  1.
PAR  1. An article of wearing apparel comprising:
PA1  a. an elongated fabric member having an intermediate portion and opposite
      end portions, said fabric member having opposed side edges;
PA1  b. first and second facing fabric layers, a pair of fabric layers extending
      between a respective one of the opposite end portions and the intermediate
      portion of said fabric and connected at spaced points to define a passage,
      said pair of fabric layers each having opposed side edges having a spacing
      therebetween less than a spacing between the opposite side edges of said
      fabric member whereby when the other of the end portions of said fabric
      member have been moved through the passage adjacent the said end portion
      for use, said fabric portions provide resistance to pulling of said other
      end portion through said passage; and
PA1  c. a fabric panel having an end edge and a side edge, said fabric panel
      side edge being joined to said fabric member at one of said side edges
      thereof in a manner such that said fabric panel and the intermediate
      portion of said fabric member define a hood.
NUM  2.
PAR  2. An article of wearing apparel comprising:
PA1  a. an elongated fabric member having an intermediate portion and opposite
      end portions, said fabric member having opposed side edges;
PA1  b. first and second facing fabric layers, a pair of fabric layers extending
      between a respective one of the opposite end portions and the intermediate
      portion of said fabric and connected at spaced points to define a passage,
      said pair of fabric layers each having opposed side edges having a spacing
      therebetween less than a spacing between the opposite side edges of said
      fabric member whereby when the other of the end portions of said fabric
      member has been moved through the passage adjacent the said end portion
      for use, said fabric portions provide resistance to pulling of said other
      end portion through said passage age; and
PA1  c. a pair of fabric layers extending between the other end end portion and
      the intermediate portion and connected at spaced points to define a second
      passage;
PA1  d. said fabric member being formed of knitted material;
PA1  e. said fabric layers between the intermediate portion and the opposite end
      portions being formed of double knitted material to define said first and
      second passages; and
PA1  f. a fabric panel formed of knitted material and having an end edge and a
      side edge, said fabric panel side edge being joined to said fabric member
      at one of the side edges thereof in a manner such that said fabric panel
      and the intermediate portion of said fabric member define a hood.
NUM  3.
PAR  3. An article of wearing apparel as set forth in claim 2 wherein the
      intermediate portion of said fabric member has a length in the range of 14
      to 22 inches.
NUM  4.
PAR  4. An article of wearing apparel as set forth in claim 2 wherein the
      spacing between the opposite side edges of said fabric member is
      approximately twice the spacing between the opposite side edges of said
      fabric layers.
NUM  5.
PAR  5. An article of wearing apparel comprising:
PA1  a. an elongated fabric member having an intermediate portion and opposite
      end portions, said fabric member having opposite side edges;
PA1  b. first and second pair of facing fabric portions, each pair of facing
      fabric portions extending between a respective one of the opposite end
      portions and the intermediate portion of said fabric member to define
      first and second passages, said fabric portions of said first and second
      fabric portions each having opposite side edges having a spacing
      therebetween less than the spacing between the opposite side edges of said
      fabric member, said fabric portions of said first and second fabric
      portions each having a length substantially less than the spacing between
      the opposed side edges of said fabric member end portions whereby when one
      of the end portions of said fabric member has been moved through the
      passage adjacent the other end portion for use, said fabric portions
      provide resistance to pulling of said one end portion through said
      passage;
PA1  c. the intermediate portion of said fabric member having a length in the
      range of 14 to 22 inches;
PA1  d. the spacing between the opposite side edges of said fabric member being
      approximately twice the spacing between the opposite side edges of said
      fabric portions; and
PA1  e. a fabric panel having an end edge and a side edge, said fabric panel
      side edge being joined to said fabric member at one of the side edges
      thereof in a manner such that said fabric panel and intermediate portion
      of said fabric member define a hood.
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ABST
PAL  A toilet tank flapper valve providing user selection of either a full or
      partial dispensing of the liquid contents of the tank. A novel ball-check
      valve particularly located in the flapper valve either obstructs water
      from entering or permits it to enter the buoyancy chamber of the flapper
      valve. When water is permitted to enter, a partial dispensing action
      results.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to flapper type valve closures for toilet tanks
      generally; and, in particular, to a flapper valve containing a novel
      internal ball check valve that allows the user to select whether the
      entire tank volume shall be emptied or, a preselected smaller volume.
PAR  The prior art discloses numerous types and variations of flapper flush
      valves. The majority of these prior art valves are constructed of a
      flexible elastomer to provide a hinge action and have a flat sealing ring
      area surrounding a hollow buoyancy chamber. The valves are opened by a
      chain and, once opened, remain open until the liquid level in the tank
      drops to a level approximately that of the buoyant chamber. From that
      point on, the valve with its flat sealing ring drops with the falling
      water level until the sealing ring contacts and closes the tank water
      outlet tube. These valves have proven extremely useful in that they are
      inherently trouble-free over long periods of use. However, these flapper
      valves have had at most a minimal control over the volume of water
      dispensed from the tank, such control as exists being entirely a function
      of the overall buoyancy of the chamber.
PAR  Since water is becoming or has become a resource to be conserved, it is
      desirable that it not be wasted and, one of the largest wasters of water
      is the toilet. A toilet flush tank contains different amounts of water
      depending on its design and the water level therein. However, most such
      tanks have a full capacity of between 5 and 8 gallons and essentially all
      of this volume is dispensed each time the toilet is flushed. This is
      wasteful since experimentally it has been determined that much lower
      volumes of dispensed water can be used in toilets to dispose of liquid
      wastes as compared to that needed to effectively dispose of solid wastes.
      Thus, if were possible to preselect a water action that dispenses, say a
      half-tank full, it would be possible to reduce the water consumption of
      the average residential toilet by between 10 and 20 thousand gallons of
      water per year. Concomitantly, of course, there is an equal reduction in
      the volume of sewage to be processed with further savings from this as
      well. However, in toilet tanks having a relatively constant full water
      level and normal discharge valves such as the prior art flapper valves, it
      has not been possible to simply select and control the water dispensing
      action so that either a full tank or a preselected smaller volume are
      dispensed.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the invention is to provide a new and improved
      flapper type toilet tank valve that permits a user to select between the
      discharge of either the full toilet tank or a preselected smaller volume.
      This object is achieved by a novel ball check valve incorporated in the
      buoyance chamber of the flapper valve.
PAR  Still another object of the invention is to provide a new and improved
      flapper type toilet tank valve having an integral ball check valve therein
      which allows for user selection of water conservation flushes where only
      about one-half of the tank volume is discharged. This object is achieved
      by a novel construction of the ball check valve which permits the user to
      select between the check valves use or non-use.
PAR  The foregoing and other objects of the invention are achieved by
      incorporating an air vent hole at the portion of the buoyancy chamber that
      is highest when the valve is actuated and, by incorporating a user
      controlled check valve to control water entering the chamber and,
      indirectly, to control the air venting action. When the check valve is
      closed the entire toilet tank volume is dispensed before the flapper valve
      recloses the tank outlet. When the check valve is opened, water enters the
      buoyancy chamber during the water dispensing action with the result that
      buoyancy is decreased and the valve closed before the entire tank volume
      has been dispensed. The nature of the invention and its several features
      and objects will however appear more fully from the following description
      made in connection with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of the flapper valve of the invention;
PAR  FIG. 2 is a side view of the flapper valve;
PAR  FIG. 3 is a vertical section of the valve taken at 3--3 in FIG. 1;
PAR  FIGS. 4-6 are partial enlarged sections taken at 4--4 in FIG. 3 to
      illustrate check valve action;
PAR  FIG. 7 is an enlarged portion of a flapper valve which achieves a
      completely adjustable metering action.
PAR  FIG. 8 is a detail of FIG. 7;
PAR  FIG. 9 is another section view similar to FIG. 3, but showing an alternate
      construction of the inventive flapper valve;
PAR  FIGS. 10-12 are partial enlarged sections taken at 10--10 in FIG. 9 and
      illustrates the check valve action of that embodiment; and
PAR  FIG. 13 is a partial cross-section taken at 13--13 in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 are respectively top and side views of the preferred
      embodiment of the flapper valve of the invention which is generally
      designated as 20 and which is formed or molded as a single unitary
      construction of an elastomer such as rubber but which in any event is
      flexible and resilient. The valve 20 comprises a closure portion 22, and
      attachment portion 24 and intermediate these two portions, a flexible
      hinge portion 26. As shown, the attachment portion 24 comprises a simple
      sleeve 28 for assembly over the overflow tube of a toilet tank. While this
      fastening means has been shown for illustration purposes as a sleeve, any
      suitable fastening means of the art may be used in the practice of the
      invention, the fastening means not being a part of the invention. As best
      shown in FIG. 1, the intermediate hinge portion 26 is provided with two
      spaced-apart flexible side hinge arms 30 which connect the closure portion
      22 to the attachment portion 24. In other embodiments a single hinge arm
      has been used.
PAR  The closure portion 22 has a disc-like raised portion 32 on its top surface
      and depending beneath it a buoyancy chamber comprising a hollow float bulb
      34 which contains the check valve of the invention. The preferred
      constructions and mode of operation of the check valve are shown in FIGS.
      3-10. The float bulb 34 serves in a conventional manner as a flotation or
      buoyancy chamber but, as set forth below, important variations are
      incorporated which permit achieving the objects of the invention. The
      underside of the closure portion 22 of the body surrounding the float bulb
      is smooth and unobstructed and said surrounding surface forms a sealing
      area 36 so that when the float bulb is received in the usual flush valve
      fitting of a conventional toilet flush tank the sealing area 36 will
      engage the valve fitting to seal it off to close the outlet of water from
      the flush tank. Projecting upwardly from the closure portion 22 and formed
      integrally therwith is a tab 38 having an opening 40 to which is attached
      a flexible chain 42 for lifting the closure from the closed position by
      means of the usual handle operation.
PAR  Thus far there has been described a quite conventional toilet tank flapper
      valve with the exception of the ball check valve incorporated in the float
      bulb. It is this check valve with respect to both its form, location and
      function and, a modification of the float bulb, to which the invention is
      directed and which permits the user to select between a full and partial
      dispensing of the tank water supply. The preferred form of the float bulb
      modification and of the ball check valve therein are shown in FIG. 3 and
      the operation of this check valve is shown in and described in connection
      with FIGS. 4-6 and 13.
PAR  The ball check valve comprises an especially formed body 44 positioned
      beneath and having its chamber open to the interior of the float bulb 34.
      Positioned interior of the float bulb 34 is a ball 46 which may be
      received in valve body 44 but which is not retained in that body. An air
      vent hole 48 is located in the float bulb at the location that is highest
      when the flapper valve is raised to effect water dispensing for the toilet
      flushing action. The check valve is shown in FIGS. 4 and 13 in the
      position it assumes when the flapper valve is sealing the tank outlet. As
      there shown the interior walls 50 and 52 of the float bulb on either side
      of the valve body are inclined downwardly toward the valve body to insure
      that ball 46 drops to the bottom surface 54 of valve body 44. As shown in
      FIG. 13, valve body 44 is wide enough to receive ball 46, a nominal
      minimum clearance of 0.015 to 0.032 inches haven proven satisfactory.
      Bottom surface 54 is itself inclined at a slight angle .THETA. with
      respect to horizontal to cause ball 46 to assume an at-rest position
      against wall 56 of the valve body. This inclination is nominally
      10.degree. although smaller and larger angles can be used. Ten degrees was
      chosen as the smallest angle in a resilient material that would reliably
      insure the ball resting against wall 56.
PAR  Increased angles can be used but as the discussion below brings out, too
      large an angle reduces the reliability of the partial flushing action.
PAR  A semi-spherical valve seat 58 adapted to receive ball 46 is formed in
      valve body 44 at the end opposite wall 56. An orifice 60 is incorporated
      in the seat. As shown, the orifice 60 is approximately centered on the
      center line of ball 46. However, in locations where algae or sediment can
      be deposited in the valve body, a preferred construction relocates orifice
      60 to the point indicated by arrow 62. In either event, the orifice 60
      should release all or substantially all of any water which may enter float
      bulb 34.
PAR  Operation of the check valve during a partial water dispensing action is
      shown in FIG. 5 and for a complete dispensing of the contents in FIG. 6.
      In FIG. 5 ball 46 is shown at rest on interior wall 50 of float bulb 34
      and the flapper valve is in its raised or water dispensing position. Angle
      .alpha. which is the angle of inclination when the valve is open is
      ordinarily on the order of 60.degree. from the horizontal position of FIG.
      4. With ball 46 as shown in FIG. 5, orifice 60 is unobstructed and water
      is free to enter float bulb 34. The water entering the bulb causes air to
      be vented from hole 48, reducing buoyancy. This causes the flapper valve
      to close sooner resulting in only a partial dispensing of tank contents.
      With ball 46 positioned in seat 58 and closing orifice 60, with the
      flapper valve in its raised or water dispensing position, operation of the
      flapper valve is substantially identical to that of a prior art valve.
      Buoyancy does not change and a full tank of water is dispensed.
PAR  User selection of a partial or complete dispensing action is simplicity
      itself. If the tank actuating handle which is connected to the flapper
      valve is depressed gently, the check valve operates as shown in FIG. 6 and
      a full tank of water is dispensed. If user handle action is vigorous, ball
      46 is projected to the position shown in FIG. 5 and a partial dispensing
      action results.
PAR  In order to achieve the desired results, it has been determined that ball
      46 should be a 5/16 inch diameter stainless steel ball. If the ball is
      much smaller, water pressure tends to force it out of the position shown
      in FIG. 6. If the ball is larger, its weight begins to affect the buoyancy
      of float bulb 34. The size of orifice 60 and vent hole 48 must be
      maintained at the proper sizes to establish and control the partial
      flushing action. Ordinarily air vent hole 48 is maintained at 0.125 inch
      diameter and the diameter of orifice 60 is varied to control the amount of
      water dispensed in the partial flushing actions. For most applications,
      the size of orifice 60 is varied between 0.09375 inches and 0.1875 inches,
      the larger the size the smaller the amount of water being dispensed. As a
      practical matter, the orifice 60 is formed with a 0.1875 inch opening and
      smaller orifices achieved through the use of snap-in inserts 64 which have
      the selected smaller size orifice.
PAR  An alternate manner of adjusting the partial dispensing action is shown in
      FIGS. 7 and 8. FIG. 7 is an enlarged detail of the valve body portion of
      the float bulb and shows detail generally similar to that shown in FIGS.
      3-6. However, the position of the water inlet orifice 86 has been revised
      to permit it being incrementally closed. The inlet area of the valve body
      has been adapted to receive metering member 88 and orifice 80 made a
      simple hole nominally 0.1875 inch diameter. Metering member 88 is shown in
      FIG. 8 and is comprised of a slotted tubular member 90, a knurled head 92
      and a retaining ridge 94. The slot 96 extends the length of tubular member
      90 and when aligned with orifice 86 leaves that opening unobstructed.
      Turning of metering member 88 selectively obstructs orifice 86 to achieve
      variable dispensing action.
PAR  An alternate construction of the inventive flapper valve is shown in FIG. 9
      with its operation and construction shown in enlarged detail in FIGS.
      10-12. The basic flapper valve construction is identical to that shown and
      described in conjunction with FIGS. 1 and 2; the alternate construction
      being in the area of the float bulb 66 and check valve 68. In FIGS. 9-12
      check valve 68 comprises an especially formed check valve body 70 which is
      positioned entirely within float bulb 66. Positioned interior of the valve
      body 70 is a ball 72 free to move within the confines of the valve body.
      An air vent hole 4 is located in the float bulb outer wall at the location
      that is highest when the flapper valve is raised to effect water
      dispensing for the toilet flushing action. The air vent hole 74
      communicates with the interior of valve body 70.
PAR  In FIG. 10, the check valve is shown in the position it assumes when the
      flapper valve is sealing the tank outlet. As there shown the wall 76 of
      valve body 70 is inclined downwardly to insure that ball 72 assumes the
      position shown. A semi-spherical valve seat 78 adapted to receive ball 72
      is formed in valve body 70. An orifice 80 is incorporated in float bulb
      66. Operation of the check valve during a partial water dispensing action
      is shown in FIG. 9 and for a complete dispensing action is shown in FIG.
      10.
PAR  In FIG. 11, ball 72 is shown at rest in the interior of valve body 70 in a
      position that does not obstruct orifice 80. In FIG. 11 the flapper valve
      is shown in its raised or water dispensing position. In this position, the
      closure portion of the valve body is inclined upward from horizontal at an
      angle of approximately 60.degree. and wall 76 is inclined at an angle
      .beta. that is analogous to angle .alpha. of FIG. 4 and which is of the
      same order of magnitude and for the same purpose. With ball 72 in the
      position shown in FIG. 11 and orifice 80 unobstructed, water is free to
      enter the float bulb 66 through inlet 82 and air is vented out through
      vent 74. This reduces float bulb buoyancy causing the flapper valve to
      close sooner than if orifice 80 were sealed and, results in the partial
      dispensing of tank contents. With ball 72 positioned in seal 78 and
      closing orifice 80 and with the flapper valve in its raised water
      dispensing position, as shown in FIG. 10, operation of the flapper valve
      is akin to that of the prior art. Buoyancy of the float bulb 66 does not
      change during the dispensing action and a full tank of water is dispensed.
PAR  As with the embodiment of FIGS. 3-6, selection of a partial or complete
      dispensing action depends on the vigorousness of the user in actuating the
      control handle. However, the action is opposite to that of the other
      embodiment. Here a gentle action results in a partial dispensing action
      and a vigorous action seats ball 72 in seat 78 resulting in a complete
      dispensing action.
PAR  In order to achieve the desired results, ball 72 is preferably a 1/4 inch
      stainless steel ball, orifice 80 is 0.093125 inch in diameter, vent hole
      74 is 0.1875 inch diameter and water inlet 82 is 0.125 inch diameter.
      Variation in the amount of water dispensed is achieved by inserting a
      selected snap-in piece 84 in inlet opening 82. Each of the snap-ins 84 has
      a smaller opening than that of basic inlet 82.
PAR  The embodiment of FIGS. 4-8 is preferred because it is simpler to construct
      than that of the embodiment of FIGS. 9-12. However, either embodiment
      functions to permit user selection of full or partial tank dispensing
      action. Also, while each of the embodiments described employs a ball in a
      ball check valve body, it is possible to dispense with the ball
      completely. In such an instance, the inventive flapper valve at all times
      reduced the water dispensed in accord with the setting or diameter of the
      water inlet metering orifice. Further, while specific constructions have
      been shown and described, it is understood that other modifications may be
      made in the design and arrangement of the parts without departing from the
      spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flapper valve for use in a tank having a valve operating mechanism and
      a flapper valve sealable outlet fitting for the liquid in the tank, said
      flapper valve comprising
PA1  an attachment portion means for connecting the flapper valve to the tank
      structure in a position that the valve will function,
PA1  a buoyant closure portion means for selectively closing said tank outlet,
      said closure portion means comprising
PA2  a capped sealing area for engaging said tank outlet fitting,
PA2  a vented buoyant hollow float bulb having a liquid inlet opening, said
      float bulb means depending downwardly from said closure portion and
      interior of said sealing area, and
PA2  a valve actuating tab for connecting said valve to said valve operating
      mechanism,
PA1  an intermediate hinge portion means comprising flexible hinge arm means
      connected between said attachment portion means and said closure portion
      means, and
PA1  ball check valve means connected to said float bulb means having an
      operator selectable ball position from outside said tank through use of
      said valve operating mechanism connected to said valve actuating tab
      whereby the venting of air from said float bulb is selectively controlled.
NUM  2.
PAR  2. A flapper valve in accord with claim 1 wherein said vent in said hollow
      float bulb means pierces the wall of said float bulb means at the point
      that is highest when said flapper valve is raised to its tank outlet
      non-sealing position by said valve operating mechanism.
NUM  3.
PAR  3. A flapper valve in accordance with claim 2 wherein said float bulb means
      further comprises water inlet means located near the bottom of said hollow
      float bulb when the flapper valve is sealing said tank outlet fitting
      whereby any water in said float bulb is free to drain therefrom.
NUM  4.
PAR  4. A flapper valve in accord with claim 3 wherein said water inlet means
      further comprises means for selectively reducing its diameter.
NUM  5.
PAR  5. A flapper valve in accordance with claim 3 wherein said check valve
      means comprises
PA1  valve body means forming a chamber surrounding said vent and interior of
      said float bulb means, said valve body means having an orifice means
      forming a passageway between the interior of said valve body means and the
      interior of said float bulb means and valve seat means formed in said
      valve body surrounding said orifice means, and
PA1  freely movable ball means positioned interior of said float bulb means and
      said valve body means and adapted to be received in said valve seat means
      to close said orifice means.
NUM  6.
PAR  6. A flapper valve in accord with claim 5 wherein said orifice means is
      positioned at the end of said valve body means nearest said attachment
      portion.
NUM  7.
PAR  7. A flapper valve in accord with claim 6 wherein the lowest side of said
      valve body means when said flapper valve is raised to its water dispensing
      position, is inclined downwardly away from said valve seat means whereby
      said movable ball can be retained in an orifice non-obstructing position
      with the flapper valve in said raised position.
NUM  8.
PAR  8. A flapper valve for use in a tank having a flapper valve sealable outlet
      fitting for the liquid in the tank, said flapper valve comprising
PA1  an attachment portion means for connecting the flapper valve to the tank
      structure in a position that the valve will function,
PA1  a buoyant closure portion means for selectively closing said tank outlet,
      said closure portion means comprising,
PA2  a capped sealing area for engaging said tank outlet fitting,
PA2  a vented buoyant hollow float bulb having a liquid inlet opening, said
      float bulb means depending downwardly from said closure portion and
      interior of said sealing area, and
PA2  a valve actuating tab for connecting said valve to a valve operating
      mechanism,
PA1  an intermediate hinge portion means comprising flexible hinge arm means
      connected between said attachment portion means and said closure portion
      means, and
PA1  ball check valve means connected to said float bulb means to selectively
      control by ball position the venting of air from said float bulb, said
      ball check valve means being positioned beneath said float bulb means and
      comprising
PA2  valve body means having its chamber open to the interior of said float bulb
      and having an orifice means formed in one wall thereof with valve seat
      means surrounding said orifice means, and
PA2  freely movable ball means positioned interior of said float bulb means and
      said valve body means and adapted to be received in said valve seat means
      to close said orifice means.
NUM  9.
PAR  9. A flapper valve in accordance with claim 8 wherein said valve body means
      is aligned so that said orifice means is positioned at the end of said
      valve body means nearest said attachment portion and the bottom surface of
      said valve body is positioned at an angle .THETA. with respect to said
      capped sealing area.
NUM  10.
PAR  10. A flapper valve in accord with claim 8 wherein the lowest side of said
      valve body means when said flapper valve is sealing said tank outlet
      fitting, is inclined downwardly away from said valve seat means and the
      interior walls of said float bulb means are inclined downwardly toward
      said valve body means whereby said ball means assumes an orifice means
      non-obstructing position when said tank outlet is sealed.
NUM  11.
PAR  11. A flapper valve in accord with claim 8 further comprising snap-in
      insert means for said orifice means whereby the size of said orifice means
      may selectively be reduced.
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ABST
PAL  A hollow fiberglass bulkhead is constructed for submersion in a swimming
      pool. Two boxes open-top and open-ended are joined, a shelf is added, end
      supporting hardware is added, a bottom is placed on the box and the ends
      are closed and the box is then inverted to be installed in the swimming
      pool. Balsa wood plates provide rigidity and partial flotation while two
      end rollers prevent the bulkhead from becoming twisted as it is moved
      along the pool.
PARN
PAR  This is a Divisional Application of Ser. No. 366,627, filed June 4, 1973,
      now U.S. Pat. No. 3,842,484.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to methods of constructing movable swimming pool
      bulkheads and to a fiberglass bulkhead.
PAR  2. Description of the Prior Art
PAR  Movable bulkheads for swimming pools have heretofore been constructed
      either of aluminum or fiberglass and resin. Aluminum bulkheads are
      difficult and expensive to manufacture and costly to repair. Fiberglass
      bulkheads are less expensive and easier to maintain, however, they are
      quite heavy and are therefor difficult to handle both in and out of the
      swimming pool. In addition fiberglass bulkheads are difficult to construct
      due to their size and enormous weight.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a method for constructing
      movable bulkheads for swimming pools which is relatively inexpensive and
      easy to perform.
PAR  It is an object of this invention to provide a fiberglass movable bulkhead
      for a swimming pool which is not extremely heavy when submerged in the
      pool and yet has high strength and rigidity.
PAR  It is another object of this invention to provide a movable bulkhead for a
      swimming pool which cannot be twisted out of alignment when being moved
      along the sidewalls of the pool.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-6 illustrate steps of the method in constructing a bulkhead in
      accordance with the teachings of this method.
PAR  FIG. 1 illustrates the initial step in the method, FIG. 6 indicates a
      completion step in which the bulkhead is installed in the swimming pool
      with the remaining figures showing intermediate steps.
PAR  FIG. 7 illustrates a preferred form of bulkhead construction.
PAR  FIG. 8 is a fragmentary front elevation showing a modified installation
      technique.
PAR  FIG. 9 is an end elevation of the bulkhead shown in FIG. 6.
PAR  FIG. 10 is a fragmentary view showing means for locking the bulkhead in the
      swimming pool.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The method of constructing the bulkhead is best illustrated in FIGS. 1-6.
      In the first step a pair of open-ended open-top boxes 10 and 12 having
      sidewalls 14 and 16 are formed of fiberglass and resin in a mold using
      generally conventional techniques with the exception that the sidewalls
      have a 1/2 inch thick core of abutting 2 .times. 4 ft. balsa wood sheets
      15. A horizontal bottom wall 18 joins the sidewall and as will be
      explained in more detail below, will eventually become the top wall of the
      bulkhead. Next, as shown in FIG. 2, the two boxes or bodies 10 and 12 are
      joined to form a single unitary box 20. FIG. 3 illustrates the next step.
      While still inverted end plates 22 and 24 are added to each end of the box
      20 for supporting hardware which will eventually support the bulkhead in
      the swimming pool and a shelf 26 is added a short distance up from the
      bottom 18. Next, a top wall 30 (becomes bottom wall) is added to the box
      20 and the box is inverted as in FIG. 4. FIG. 5 illustrates the step of
      adding the end walls 32. The end walls are each provided with a water
      access opening 33 which allows water to freely flow into the box as it is
      being submerged. Wave dampening slots 34 are provided in the side walls 16
      and 14 above the shelf 26 to reduce wave impact on the box and to reduce
      the amount of wave action in the pool. Finally, as best shown in FIG. 5,
      the supporting hardware is placed on the gutter of the pool or as in the
      modified embodiment shown in FIG. 8 on the deck of the pool.
PAR  The box itself when fully constructed is best shown in FIGS. 7 and 9. The
      hardware supporting plates 22 and 24 are molded integrally with and bolted
      to the sidewalls of the box. Joined to the plates is a horizontal plate 40
      which rigidly supports two pipes 42. Pipes 42 provide sockets for the
      insertion of a removable handle 43 to move the bulkhead along the side of
      the pool. Rigidly secured on the bottom of plate 40 is a pair of shafts 46
      which rotatably mount side rollers 48. As is readily apparent these are
      two guide rollers laterally spaced from one another such that adequate
      support is applied on both sides of the center plane of the box so that
      when the box is moved along the side walls of the swimming pool it will
      not twist and bind. Also rotatably mounted on the plate 40 is a pair of
      laterally spaced rollers 50 which rotate about horizontal axes and support
      the box either in the gutter G of the swimming pool or on the deck D as
      shown in the modification FIG. 8.
PAR  An anchor pin 60 is joined to a rack 62 that is reciprocated by a gear 64.
      The gear is powered manually by a key or handle 66 that fits in a square
      opening 68 in the gear. Suitable sockets are provided in the sidewall of
      the swimming pool so that by rotation of the handle 66 the pin 60 can be
      moved into a socket and lock the bulkhead against movement in the pool.
PAR  In the modification shown in FIG. 8 the rollers 50 are rotatably mounted
      from the top of the box and are covered by a cowling 70. This type of
      arrangement is preferred where the size of the gutter is not standard and
      too small for use of the rollers 50.
PAR  Part of the weight of the box is carried by the buoyancy of the water in
      the pool. This buoyancy is supplemented by the addition of the continuous
      balsa wood plates 15 dispersed throughout the fiberglass box. The balsa
      wood also provides rigidity, thus strengthening the box while reducing the
      overall weight of the box.
PAR  While the preferred forms of the method and apparatus have been described
      and illustrated, variations will be readily apparent to one skilled in the
      art without departing from the principles of the invention. Accordingly
      the invention is not to be limited to the embodiments described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A movable, submersible bulkhead for a swimming pool, comprising:
PA1  an elongated hollow body having top, bottom, end and side walls formed of
      fiberglass and resin, and a platform between the top and bottom walls and
      joining the side walls, openings in said end walls for providing ingress
      of water into the body, slots in the side walls at the water level for
      dampening wave action of the water, said side walls of said body including
      cores of balsa wood for rigidifying the body and providing partial
      flotation, and means for supporting and aligning the body within the pool
      including a pair of transversely spaced rollers on each end of the body
      for engaging the pool for carrying the weight of the body and preventing
      rotation of said body when the same is moved laterally along the pool.
NUM  2.
PAR  2. The bulkhead of claim 1, wherein said balsa wood cores comprise plates
      abutting one another and extending substantially the entire length of said
      side walls.
NUM  3.
PAR  3. The bulkhead of claim 1, wherein said body supporting and aligning means
      includes transversely spaced rollers each having a horizontal axis, said
      body supporting and aligning means also including a second set of
      transversely spaced rollers on each end of said body and being rotatable
      about vertical axes and engagable with the pool side walls.
NUM  4.
PAR  4. The bulkhead of claim 3, wherein said balsa wood cores comprise a
      plurality of abutting plates extending substantially the entire length of
      each body side wall.
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ABST
PAL  An adjustable bottom for swimming pools wherein the raising and lowering
      mechanism is self-locking including positive and gradual movement in the
      raising and lowering of the adjustable bottom including means outside the
      pool for operating the mechanism.
BSUM
PAR  The present invention relates to an adjustable bottom for swimming pools
      which may be adjustable in order that the water in the pool be of a
      desired depth which is desirable for a number of reasons. For example, the
      pool should be shallow for small children or those who do not swim, while
      for those who do wish to swim and possibly dive into the water, the depth
      of the water in the pool may be made deeper.
PAR  One object of the invention is to provide an adjustable bottom for swimming
      pools which is held rigid in any of a number of selected positions.
PAR  Another object of the invention is to provide a positive and gradual
      adjusting mechanism.
PAR  A further object of the invention is to provide means for securing the
      movable bottom in a number of selected positions.
DRWD
PAR  While several objects of the invention have been pointed out, other
      objects, uses and advantages will become apparent as the nature of the
      invention is more fully disclosed with reference to the accompanying
      drawings in the following description wherein:
PAR  FIG. 1 is a sectional vertical view of a pool illustrating the adjustable
      bottom adjacent its upward position for allowing a minimum depth of water
      in the pool.
PAR  FIG. 2 is a sectional vertical view of the pool similar to that shown in
      FIG. 1 wherein the adjustable bottom is positioned at the bottom of the
      pool wherein the water is shown at its maximum depth.
PAR  FIG. 3 is a top plan view of the pool and adjustable bottom, the adjustable
      bottom being partly broken away to show the supporting tracks carried on
      the under side of the adjustable bottom.
PAR  FIG. 4 is a sectional view taken on line 4--4 of FIG. 3.
DETD
PAR  In referring to the drawings like and similar reference numerals refer to
      like and similar parts throughout the several views.
PAR  The pool is designated in general by the letter A having sides 5, 6, 7 and
      8 and a permanent bottom 9. For convenience the pool is shown as square
      but may be rectangular in shape or in any other particular shape in which
      a movable bottom may be operated.
PAR  The depth of the pool is determined by the adjustable bottom member 10.
      Floor 10 is adjustable as shown particularly in FIGS. 1 and 2. The
      mechanism for adjusting the bottom comprises a pair of hinged members B
      and B' positioned at each side of the pool. Each of the members B and B'
      comprise at least two elements 12, 14 and 16, 18 hinged at their centers
      by rod 20 or if preferred by a single supporting pin (not shown).
PAR  Extending beneath and fixed to the bottom 10 are tracks 22 and 24 for
      accomodating rollers 30, 30', 32 and 32' fixedly secured to the upper ends
      of the members 12, 14, 16, 18.
PAR  Along the bottom 9 of the pool A there is provided tracks 26 and 28 for
      accomodating rollers 34, 34', 36, 36'.
PAR  These members B and B' are extended and retracted by means of a double
      screw member C having a reversed thread 40 and 42, one at each end of the
      member C. Secured to the lower end of the cross members as shown in FIGS.
      1 and 2 are threaded nuts 44 and 46. These nuts are pivotally mounted on
      the cross members by pins 48 and 50. Adjacent the center of the screw
      member C is a supporting bearing 52 including a universal joint 54. The
      screw member C is operated in either direction by a motor M through a gear
      box 54. The wiring for a reversible motor is not shown as this is well
      known in the field of electric motors and has no bearing on the present
      invention.
PAR  The pool is provided preferably in its corners with vertical pivot member
      60 having member 62 extending laterally therefrom for supporting the floor
      10 when in adjusted position. The members 60 are rotatable by a handle
      member 62".
PAR  In operation, after determining the depth of the water to be used in the
      pool, the members B may be adjusted to any position for positioning the
      movable floor. For example, if the members B and B' are completely
      collapsed as shown in FIG. 2, the floor 10 is at its lowest point and the
      depth of the water in the pool is at its maximum. In order to reduce the
      depth of the water between the removable bottom 10 and the upper surface
      of the water the motor M is energized and operated in the direction to
      cause the members 44 and 46 to move along the screw C in the direction of
      the center bearing 52. The operation of the movable bottom is not begun
      until the corner supports are rotated by the handle member 62' to move the
      support 62 out of the path of the adjustable floor. While operating the
      screw C the members 12 and 14, see FIG. 1, are drawn toward each other
      which causes the opposite ends of the members 12 and 14 supporting the
      floor 10 to move upwardly to any desired point within the limits of the
      operation. When the desired point is reached by the adjustable floor the
      motor M is de-energized and the floor supporting members 62 are again
      moved inwardly under the floor 10 at the corners of the pool for positive
      support of the floor against accidental displacement which may increase
      the depth of the water and become dangerous for young children and those
      who do not swim.
PAR  The water in the pool is always of substantially the same amount. The
      movable bottom moves through the water at a very slow speed which allows
      water in the pool to pass through the openings 70 in either direction the
      floor is moved.
PAR  The advantage of having an adjustable bottom is that it is possible to use
      the same pool for young children and those who do not swim by having the
      water shallow and also enable adults to use the pool who desire the water
      in the pool deeper, for swimming and diving.
PAR  The invention has been illustrated and described in simple form
      illustrating the principle involved. However, it is not intended as a
      limitation as the elements may be modified in any number of ways without
      moving out of the area of equivalence to which the invention is entitled.
      What is new and desired to be covered by Letters Patent is set forth in
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A swimming pool having a liquid tight permanent bottom and side walls
      and a horizontal auxiliary vertically adjustable bottom positioned above
      the permanent bottom, having means for raising and lowering the said
      auxiliary bottom relative to the permanent bottom, comprising;
PA1  a. the auxiliary bottom being of a size slightly less in dimension than the
      permanent bottom to enable the auxiliary bottom to be moved vertically
      within and adjacent the inner surface of the side walls of the pool;
PA1  b. the means for raising and lowering the auxiliary bottom comprising a
      pair of elongated vertically arranged hinge supports positioned at two
      opposite sides of the pool, one pair of supports positioned one at each
      side of the pool and between the auxiliary bottom and the permanent
      bottom;
PA1  c. each pair of supports being hinged at a point adjacent their centers;
PA1  d. roller means fixed to the lower and upper ends of each of the hinged
      supports;
PA1  e. a pair of tracks positioned over and along the under surface of the
      auxiliary bottom and over the upper surface of the permanent bottom
      extending in a plane with the hinged supports for receiving the said
      rollers, the length of the tracks being substantially the length of the
      under surface of the auxiliary bottom;
PA1  f. means for moving the rollers along the tracks comprising a pair of
      threaded blocks connected to the lower ends of each of the hinged
      supports, including a shaft extending substantially the full length of the
      pool in a plane parallel with the hinged supports, having right and left
      hand threads on its opposite ends for threadedly engaging one of the said
      blocks at each end of the shaft.
PA1  g. means positioned outside the pool for rotating the shaft in either
      direction;
PA1  h. perpendicular stationary locking means spaced over the edge of the pool
      for fixing the selected positions of the auxiliary bottom, said stationary
      locking means having projections extending horizontally therefrom for
      engaging the underside of the auxiliary bottom, side stationary locking
      means being rotatable in a horizontal plane to an angle of at least
      45.degree. for moving the horizontal projections in and out of engaging
      position with the auxiliary bottom for locking the same in position when
      in one position and out of locking position when in another position.
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ABST
PAL  A sanitary lift for a toilet seat ring pivoted to a toilet bowl with the
      under surface of the toilet seat ring being spaced above the top of the
      bowl includes a base member secured to the under surface of the toilet
      seat ring with an outer edge adjacent to the outer edge of the ring. A
      shield member which depends from the outer edge of the base member spans
      the gap between the under surface of the ring and the top of the bowl. A
      lift member extends outwardly from the shield member with a manually
      engageable under surface for lifting the toilet seat ring without the
      user's fingers or the lift member touching the toilet bowl or being soiled
      by its contents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a sanitary toilet seat ring lift which permits
      the user to lift the toilet seat ring without touching the bowl or its
      spattered contents.
PAR  In addition to statutes requiring sanitary toilet seat ring lifts in public
      restrooms, the desirability of a lift which permits a person to raise a
      toilet seat ring without soiling his hand has long been recognized.
      Representative prior art includes U.S. Pat. No. 1,999,555 to Adams.
PAR  Typically, lifts have a gripping portion which extends laterally from a
      member attached to the underside of a toilet seat. Most of these lifts
      have one fault in common, the susceptibility of their gripping portions to
      be soiled by the spattered contents of the toilet bowl. This common fault
      defeats their intended purpose as a sanitary precaution.
PAR  Adams U.S. Pat. No. 1,999,555 attempted to overcome this fault by adding a
      depending flange in forming part of the gripping portion. However, the
      flange only protects a certain segment of the gripping portion as its
      bottom edge curves upwardly toward the underside of the gripping portion
      near the ear portion which is attached to the underside of the toilet
      seat. This curvature permits the spatter to pass through the space between
      the seat and the bowl onto the upwardly curved bottom edge of the flange.
      The bottom edge can spray the spatter onto the gripping portion.
PAR  Moreover, the handle extends laterally and is offset upwardly from the ear
      portion to leave a gap between the handle and the peripheral edge of the
      seat. The combination of the longitudinally extending handle and gap
      presents a hazard to the user and his clothing. Inadvertently, the user
      could easily impale his leg on the protruding handle lip when standing up
      or moving to the side of the toilet. A further inadvertency by the user
      could result in snagging his clothing on the handle.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a toilet seat ring lift which avoids
      unsanitary conditions or possible injury to the user.
PAR  It is a primary object of the present invention to provide a sanitary
      toilet seat lift which protects the gripping portion from being spattered
      by the contents of the toilet bowl.
PAR  It is another object of the present invention to provide a sanitary toilet
      seat lift that prevents the fingers of the user from touching the toilet
      bowl when gripping it.
PAR  A further object of the present invention is to provide a sanitary toilet
      seat lift which can be attached to the toilet ring with or without
      mechanical fasteners.
PAR  A still further object of the present invention is to provide a sanitary
      toilet seat lift without obstructing fingers, sharp edges, ridges and
      corners which result in snagged clothing and difficult surfaces to clean.
PAR  Another object of the present invention is to provide a sanitary toilet
      seat lift that, when attached to the flat underside of the toilet seat,
      has members which are all below the toilet seat and close to the toilet
      bowl for avoiding injury to the user where derriere and lower extremities
      might otherwise come into contact or even break off a member of the toilet
      seat lift.
PAR  Yet another object of the present invention is to provide a toilet seat
      lift of the above mentioned type which can be incorporated into the
      molding of a toilet seat ring.
PAR  In accordance with the present invention, a sanitary toilet seat ring lift
      which eliminates a soiled gripping portion and an obstruction to cleaning,
      clothing and the user includes a generally rectangular base member of flat
      sheet material with a curved side. The curved side approximately matches
      the outer curvature of the flat underside of a toilet seat ring. A plastic
      adhesive tape or screws are used separately or together for securing the
      member to the underside of the toilet seat ring. A trapezoidal shield
      member of flat sheet material bows outwardly from the toilet bowl and it
      depends from the curved side a sufficient distance and at substantially a
      right angle to the base so that it spans the gap between the toilet seat
      ring and bowl. A lift member of flat sheet material projects laterally
      from a point intermediate the parallel sides and surface of the shield
      member which faces away from the toilet bowl. The three members form an
      integral toilet seat lift with at least a digit between the lift member
      and bottom edge of the shield member to shield the lift member from being
      spattered by the contents of the toilet bowl and to prevent the user's
      fingers from contacting the toilet bowl.
PAR  According to another embodiment of the invention, the aforementioned
      sanitary toilet seat lift is incorporated into the toilet seat ring where
      the shield and lift members are substantially the same size and shape as
      the previously described toilet ring lift and the toilet seat ring itself
      serves as the base member.
PAR  Preferably, a sanitary toilet seat ring lift made according to the
      invention is molded out of a suitable plastic material which may vary in
      flexibility or is molded out of the toilet seat ring material if molded
      integral therewith.
PAR  Other objects and advantages of the invention will become apparent in the
      following specification taken in connection with the accompanying drawing.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of a toilet seat ring lift embodying the invention,
      illustrating the attachment location on a toilet seat ring;
PAR  FIG. 2 is an end view thereof, taken along line 1--1 of FIG. 1,
      illustrating spatter from the toilet bowl;
PAR  FIG. 3 is an end view of another embodiment thereof;
PAR  FIG. 4 is a bottom view of the lift of FIG. 1;
PAR  FIG. 5 is a perspective view thereof; and
PAR  FIG. 6 is an elevation thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  One embodiment of the toilet seat ring lift with an improved sanitary
      shield made according to the invention is illustrated in FIGS. 1-2 and
      4-6, and includes a one-piece molded part 10 of several elements. The
      elements of the lift 10 include a generally rectangular base member 12 of
      3 inches in length, 1-1/16 inches in width and a curved side 14 on one of
      the 3 inch sides with a 10 inch radius of curvature. The base member 12
      consists of a plastic flat sheet material approximately 7/64 inch thick.
      The base member 12 has a 1 .times. 3 inch strip 16 of plastic adhesive
      tape with a protective covering 18 bonded to the surface as seen in FIG.
      5. The base member 12 also has a pair of screw holes 20 and 22 which are
      spaced 2 inches apart and 1/2 inch from the corners. The holes 20 and 22
      are provided with beveled lips 24 and 26, respectively, for receiving a
      flat screw head with a taper as shown in FIG. 4.
PAR  A bowed trapezoidal shield member 28 of a flat sheet material similar to
      the base member 12 depends closely adjacent to a toilet bowl from a
      rounded edge connection with the curved side 14 of the base member 12. The
      curved parallel upper side 30 of the trapezoidal shield member 28
      corresponds in length and curvature with the curved side 14 of the base
      member 12. The nonparallel sides 32 and 34 of the trapezoidal shield
      member 28 extend downwardly 11/2  inches in length and inwardly at a
      5.degree. taper to the other parallel side 36 of 2-11/16 inches in length.
      The bottom edge 36 of the trapezoidal shield member 28 has round corners
      38 and 40 to avoid any obstruction to cleaning or clothing. An apex 42 on
      the bowed portion of the trapezoidal shield member 28 faces outwardly from
      a toilet bowl 44 when the base member 12 is attached to the flat underside
      of a toilet seat ring 46 pivoted on the bowl 44 and has a curvature 48
      with a radius of 10-3/16 inches relative to the curved side 14 of the base
      member 12.
PAR  A finger-gripping lift member 50 of identical material as the shield member
      28 projects laterally from the apex 42 approximately 11/4  inches to a
      curved edge 52 which has a radius of 11-7/16 inches relative to the curved
      side 14 of the base member 12 and a longitudinal extension of 2-11/16
      inches. The lift member 50 has sides 54 and 56 which taper inwardly toward
      the curved edge 52. The lift member 50 has a thickness which tapers from
      the apex 42 to the curved edge 52. The corners 58 and 60 of the lift
      member 50 are likewise round for protection against injury to a user 62
      and damage to his clothing. A space of 5/8 inch extends from the underside
      64 of the lift member 50 to the bottom edge 36 of the shield member 28.
PAR  Preferably, the members 12, 28 and 50 form a one-piece molded toilet seat
      ring lift 10 which is made out of a plastic material. The toilet seat ring
      lift 10 can be made of a material which varies in flexibility and in color
      according to its application.
PAR  FIg. 3 is another embodiment of the invention. Here, the toilet seat ring
      46 is substituted for the base member 12 but the shield and lift members
      28 and 50, respectively, remain unchanged in size and shape from the first
      embodiment. This permits the toilet seat ring lift 10 of the present
      invention to be incorporated in the manufacturing process of the toilet
      seat ring 46.
PAR  Turning now to FIGS. 1, 2 and 5, the protective covering 18 is removed from
      the tape 16 on the base member 12 exposing the adhesive surface. The
      adhesive surface of the tape 16 is attached to the flat underside 66 of
      the toilet seat ring 46 so that the radius of the curved base member 14
      corresponds to the radius of the curved outer edge 68 on the toilet seat
      ring 46. In addition to the adhesive tape 16, a further mechanical
      fastening is often desirable for use in a public restroom to make
      difficult the removal of the toilet seat ring lift 10. A screw connection,
      as depicted in FIG. 2, is used. Preferably, a flat head screw 70 with a
      taper corresponding to the beveled lips 24 and 26 of the screw holes 20
      and 22, respectively, is used as the fastener to maintain a flush surface
      on the flat underside of the rectangular base member 12.
PAR  In summary, the toilet seat ring lift 10 provides a sanitary and safe means
      for lifting a toilet seat ring. The design of the lift 10 eliminates any
      contact with the derriere or lower extremities of the user 62 as well as
      any possible injury thereto because the lift 10 is attached to the
      underside of the toilet seat ring 46 with its curved side 14 flush with
      the outer peripheral edge 68 of the toilet seat ring so that the depending
      shield member 28 is closely adjacent the outside of the toilet bowl 44.
      The only protruding member of the toilet seat ring lift 10 is its lift
      member 50 which projects laterally a short distance from the depending
      trapezoidal shield member 28 at a safe distance below the top surface of
      the toilet seat ring 46. The shield member 28 of the lift 10 also spans
      the gap between the toilet ring 46 and bowl 44 to provide a shield for the
      lift member 50 so that it is impossible for any spatter 72 from the water
      74 in the bowl 44 to soil the lift member 50 which is located above the
      bottom edge of the shield member 28. The shield member 28 also prevents
      the fingers 76 of the user from accidentally contacting the bowl 54 when
      operating the lift 10 since the gripping portion of the lift member 50
      projects laterally at a point intermediate the parallel sides of the
      trapezoidal shield member 28 which leaves a space of at least a digit
      between the underside 64 of the lift member 50 and the bottom edge 36 of
      the shield member 28.
PAR  Moreover, the round corners and the smooth surfaces of the lift 10 as well
      as the round edge connections between each element provide an
      obstruction-free toilet seat ring for clothing, cleanliness and safety.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lift for a toilet seat ring pivoted to a toilet bowl and having an
      under surface spaced above the top of the bowl, comprising:
PA1  a base to be secured to the under surface of the toilet ring with an outer
      edge adjacent the outer edge of the ring;
PA1  a shield depending from the outer edge of the base to span the gap between
      the under surface of the ring and the top of the bowl; and
PA1  a handle extending outwardly from the shield with a manually engageable
      under surface for lifting the toilet seat.
NUM  2.
PAR  2. The toilet seat ring lift of claim 1 in which the under surface of the
      handle is above the lower edge of the shield.
NUM  3.
PAR  3. The toilet seat ring lift of claim 1 in which the handle has an upper
      surface spaced below the upper surface of the toilet seat ring.
NUM  4.
PAR  4. A toilet seat ring lift comprising:
PA1  a generally rectangular base member of flat sheet material with two round
      corners and a curved side;
PA1  means for securing said rectangular member to the underside of a toilet
      ring on a toilet bowl with said curved side approximately flush with the
      outer edge of said ring;
PA1  a bowed shield member of flat sheet material attached to and depending from
      the curved side at substantially a right angle to said rectangular member
      to span the gap between the toilet ring and bowl and terminating in a
      bottom edge with round corners; and
PA1  a lift member of flat sheet material attached to and projecting laterally
      from an intermediate point on the surface of said bowed member facing away
      from said toilet bowl, said members forming an integral toilet seat ring
      lift with at least a digit between the lift member and the bottom edge of
      the bowed member to prevent contact with the toilet bowl and its contents
      when lifting the toilet seat ring.
NUM  5.
PAR  5. The toilet seat ring lift of claim 4 in which said securing means is a
      pressure sensitive adhesive material on the surface of said base member
      engaging the underside of said toilet ring.
NUM  6.
PAR  6. The toilet seat ring lift of claim 4 in which said securing means
      includes screws or the like extending through a pair of holes in said base
      member.
NUM  7.
PAR  7. The toilet seat ring lift of claim 4 in which said bowed member extends
      downwardly and has a trapezoidal shape with the larger parallel side
      having a curvature and length equal to the curved side of said base member
      and attached thereto forming an integral round edge.
NUM  8.
PAR  8. The toilet seat ring lift of claim 4 in which said integral lift is a
      one-piece molded part.
NUM  9.
PAR  9. The toilet seat ring lift of claim 8 in which said molded lift is made
      out of a flexible material as plastic or the like in sundry colors.
NUM  10.
PAR  10. The toilet seat ring lift of claim 8 in which said molded lift is made
      out of a rigid plastic material or the like in sundry colors.
NUM  11.
PAR  11. A toilet seat ring lift for maintaining sanitary condition in the use
      of a toilet having a toilet bowl, a toilet seat ring pivoted to the toilet
      bowl with a flat underside resting on top of said bowl, comprising in
      combination:
PA1  a generally rectangular base member of flat sheet material with two round
      corners opposite a curved longitudinal side of said member having a
      uniform thickness with a smooth top and bottom surface, said member having
      spaced apart holes to receive fasteners for securing said member flush
      with the flat underside of said toilet seat ring by means of the fasteners
      extending through said holes;
PA1  a bowed trapezoidal shield member of flat sheet material with the larger
      parallel side attached to and matching the length and curve of said curved
      longitudinal side, said shield member extending downwardly at
      substantially a right angle to said fastened base member and of at least a
      length sufficient to span the gap between the toilet seat ring and the
      bowl and terminating in the smaller parallel side with round corners; and
PA1  a finger-gripping member of flat sheet material projecting laterally from
      the curved flat surface of the shield member facing away from the toilet
      bowl at a point intermediate the parallel sides and terminating in an edge
      with round corners, whereby said round corners prevent an obstruction to
      cleaning or clothing and said gripping member is positioned on said shield
      member so that the distance between the smaller parallel side and the
      gripping member is at least a digit to prevent the fingers of a user from
      contacting the bowl or its splashed contents when operating the toilet
      ring lift.
NUM  12.
PAR  12. The toilet seat ring lift of claim 11 wherein said base, shield and
      gripping members form a one-piece molded part.
NUM  13.
PAR  13. The toilet seat ring lift of claim 11 wherein the holes have a beveled
      lip and said fasteners are screws with a flat head and taper which become
      flush with the bottom surface of said base member when tightly screwed
      into the toilet ring.
NUM  14.
PAR  14. The toilet seat ring lift of claim 11 wherein an adhesive tape is
      bonded to the top surface of the base member for fastening same to the
      flat underside of said toilet ring.
NUM  15.
PAR  15. The toilet seat ring lift of claim 11 wherein said one-piece molded
      part is 3 inches long, 21/2  inches wide and 11/2  inches high with the
      finger-gripping member 5/8  inch above the smaller parallel side of said
      trapezoidal member, said rectangular member is 1-1/16 inches wide, 3
      inches long and 7/64 inch thick with said curved longitudinal side having
      a radius of 10 inches, said trapezoidal member is 3 inches long on said
      larger parallel side, 2-11/16 inches long on said smaller parallel side
      and approximately 11/2  inches in length on the nonparallel sides with a
      taper of 5.degree. inwardly toward the smaller parallel side, and said
      gripping member projects laterally 11/4  inches from the outwardlymost
      bowed part of said trapezoidal member before terminating in an outer edge
      of 2-11/16 inches in length with a curvature of an 11-7/16 inch radius
      with respect to said curved side.
NUM  16.
PAR  16. A lift for the seat ring of a toilet bowl, said ring having a flat
      underside facing the top of said bowl, comprising:
PA1  a depending member of flat sheet material integral with said flat
      underside, and bowed outwardly from said bowl and spanning the gap between
      the ring and the bowl, having an upper edge approximately flush with the
      outer edge of the seat ring and a bottom edge with round corners; and
PA1  a gripping member of flat sheet material projecting laterally from the side
      of said depending member facing away from said bowl intermediate said
      upper and bottom edges so that the space between the gripping member and
      the bottom edge of said depending member is at least a digit to avoid
      finger contact with the bowl or its contents when using the toilet ring
      lift.
NUM  17.
PAR  17. The toilet seat ring lift of claim 16 in which said ring, downwardly
      extending and gripping members are molded in an integral piece.
NUM  18.
PAR  18. The toilet seat ring lift of claim 16 in which said gripping member
      tapers slightly as it projects laterally from said downwardly extending
      member.
NUM  19.
PAR  19. A sanitary toilet seat ring lift, comprising:
PA1  an attachment member with a curved side;
PA1  means for securing said attachment member to the underside of a toilet ring
      on a bowl in which the radius of said curved side matches the underside
      radius of the curvature in the toilet ring;
PA1  a shield member extending downwardly from a connection with said curved
      side to span the gap between the toilet ring and bowl before terminating
      in a bottom edge; and
PA1  a lift member projecting laterally from a point intermediate said curved
      side and bottom edge so that a space equal to at least a digit exists
      between the lift member and the bottom edge of the shield member to
      prevent finger contact with the bowl or soiling of the lift member.
NUM  20.
PAR  20. The toilet seat ring lift of claim 14 in which said attachment, shield
      and lift members form a one-piece molded part with round corners and edges
      for safety and cleanliness.
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ABST
PAL  A trap for use in connection with sinks, laundry tubs, and the like, with
      the bottom wall of the dip portion of the trap having an elongated
      opening, a bottom or closure member detachably secured to the trap for
      closing the opening, and blocking means secured by said bottom or closure
      and having means extending into the trap and into the bottom or closure
      member for blocking the passage of foreign objects and the like without
      interfering with the flow of the water. The bottom or closure member is
      readily removable for access to the interior of the trap for cleaning same
      and the like.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  One of the objects of this invention is to provide a trap for use in
      connection with sinks, laundry tubs, and the like, in which the trap is
      provided with removable means which will serve to prevent the passage
      therethrough of any foreign object yet will not obstruct the flow of
      water. Conventional traps are provided with the usual drain plug which
      closes the bottom opening in the trap and is removed by means of a wrench
      to gain access into the interior of the trap. In such traps, either the J
      or P-type trap, there is no means for trapping the passage of foreign
      substances or objects such as hair and the like which may pass through the
      trap and clog the pipe line by either becoming deposited in the deepest
      part of the trap or in the pipe line past the trap. If the foreign
      substance or object becomes lodged in the deep part or dip of the trap a
      wrench or the like must be used, preferably by a plumber, for the purpose
      of removing the plug and gaining access into the interior of the trap. If
      the foreign substance or object passes the trap and remains in the pipe
      line it becomes a laborious job to clean out or unclug the line and
      usually requires the services of a plumber for that purpose.
PAR  One of the objects of this invention therefore is to provide a new form of
      trap having an enlarged oval-shaped opening at the bottom of the dip
      portion of the trap which is closed by a removable closure having a
      concave shape and which supports a plurality of blocking fingers extending
      into the dip of the trap as well as into the removable closure, which
      blocking fingers serve to prevent the passage therethrough of a foreign
      object without interfering with the passage or flow of the water, and
      where the closure may be readily removed by a housewife for the purpose of
      cleaning the trap and removing the foreign object, thereby eliminating the
      need for the services of a plumber or trained personnel heretofore
      required.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of a conventional sink or tub showing the trap
      of this invention connectted at one end to the inlet and the opposite end
      of the trap connected to the outlet pipe.
PAR  FIG. 2 is a side elevational view of the improved trap forming this
      invention.
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 2.
PAR  FIG. 4 is a perspective view of the means having the blocking fingers which
      serve to block the flow of any foreign object.
PAR  FIG. 5 is a sectional view taken on line 5--5 of FIG. 2.
PAR  FIG. 6 is a perspective view of the bottom shell.
PAR  FIG. 7 is an exploded view of the lower portion of the trap with the
      blocking means and the bottom closure or shell or cup-shaped member.
PAR  FIG. 8 is a side elevational view of a modified form of this invention.
PAR  FIG. 9 is a view taken on line 9--9 of FIG. 8.
PAR  FIG. 10 is an exploded view of another modification; and
PAR  FIG. 11 is a view of parts of FIG. 10 in assembled relation with a strap
      for holding same in assembled relation.
DETD
PAC  FIGS. 1 - 7
PAR  The embodiment shown in FIGS. 1 through 7 will be first described. The
      conventional sink, wash basin or laundry tub, indicated at 12, has a short
      inlet pipe 14 connected thereto. The improved trap unit generally
      indicated at 16 is connected at one end to the pipe 14 and at its other
      end to the outlet pipes 17. Conventional coupling means are used to
      connect the trap 16 to said pipes.
PAR  The invention herein resides in the trap unit. The trap unit 16 has the
      conventional dip portion 18 and the bottom portion 20 of the trap at said
      dip is open to provide a generally oval-shaped bottom opening 22 in the
      said trap. The oval-shaped opening 22 is shaped similar to the oval shape
      of the rim of the blocking member 24 shown in FIG. 4.
PAR  The blocking member generally indicated at 24 is integrally molded of
      rubber or plastic material and comprises a rim 26 which is oval-shaped and
      has a plurality of transversely extending cross-members 28 spaced from
      each other. Extending upwardly and downwardly from said cross-members are
      spaced blocking fingers 30 which are generally tapered or cone-shaped with
      the free ends 32 being of reduced diameter in relation to the base portion
      of said fingers. The fingers may be provided with spaced openings 31 to
      further facilitate the flow of water without interfering with the blocking
      function of the fingers.
PAR  Extending from the opposite sides of the rim 26 are side members generally
      indicated at 34 which extend upwardly and are of inverted U-shape as
      indicated at 36 and terminate in outwardly extending horizontal flanges
      37. The opposite ends 38 of the rim 26 are generally flat or planar. The
      entire blocking member 24 is integrally formed.
PAR  The bottom closure member generally indicated at 40 comprises a
      concave-shaped body or cup-shaped shell 42 having a continuous outwardly
      extending flange 44, which flange is below the top edge 46 of the bottom
      closure 40 to provide an upper rim 48 adjacent the top of the bottom
      closure 40. The opposite sides and one end of the rim 48 extends
      vertically and said end of the rim has spaced pointed projections 50,
      while the opposite end of the rim is inclined as indicated at 48'. In top
      plan view, the bottom closure 40 is oval-shaped complementary to the oval
      shape of the blocking member 24 as well as the oval-shaped bottom opening
      22 in the bottom of the trap.
PAR  The blocking member 24 and the bottom or closure member 40 may be readily
      assembled and secured to the trap 16 in the following manner. The blocking
      member 24 is positioned over the open top of the bottom closure member 40
      with the side members 34 of the rim 26 of the blocking member 24
      positioned over the vertical sides 48 of the rim of the bottom closure
      member 40. The inclined rim edge 48' is first inserted into the opening 22
      and the bottom closure 40 is pushed upwardly into the bottom opening of
      the trap, with the projections 50 engaging and interlocking with the wall
      of the trap adjacent the bottom opening, as best seen in FIG. 3, to hold
      the bottom closure 40 secured to the trap and the blocking member 24 in
      secured position therebetween. In this assembled position the blocking
      fingers 30 extend upwardly into the interior of the trap and downwardly in
      the direction of the bottom of the closure member 40, as best seen in FIG.
      3. The plurality of blocking fingers 30 may be staggered and thus will not
      interfere with the flow of water from the sink. Should any foreign matter
      pass from the sink into the trap, the blocking fingers 30 will serve to
      block the passage of the foreign substance or object through the trap 16
      but will permit the flow of the water to continue to flow through the
      trap.
PAR  When there is an accumulation of such foreign matter in the lower portion
      of the trap and the flow of water is impeded and water is caused to back
      up into the sink, the housewife is put on notice that there is a blockage
      in the trap and she can readily correct this by detaching the bottom
      closure 40 from the trap by merely applying a downward pressure against
      the flange 44 of the bottom closure and the projections 50 will disengage
      from the wall of the trap and permit disengagement of the bottom closure
      from the trap. In this manner she can remove the bottom closure 40 and the
      blocking member 24 and then remove the foreign substance which has been
      held by said blocking member.
PAC  FIGS. 8 and 9
PAR  FIGS. 8 and 9 show a modification in which the trap 54 is likewise provided
      with an oval-shaped bottom opening 56 which extends across the full length
      and width of the bottom of the trap. An inverted L-shaped continuous
      flange 58 extends outwardly of the trap adjacent the bottom opening 56.
PAR  The blocking member generally indicated at 60 is similar to that previously
      described except that it has a continuous oval-shaped flat rim 62, similar
      to the flat ends 38 of the rim 24. Also, the bottom closure member 64 has
      a continuous outwardly extending flange 66 which engages the underside of
      the flat rim 62, as shown in FIG. 9. A C-shaped clamping member 70,
      preferably of spring steel, having a recessed portion 72 at the rear
      extends around the dip of the trap and the bottom closure member 64 to
      hold the bottom closure member 64 and blocking member 60 in secured
      position. The free ends 74 of the clamping member may be manually engaged
      for removing the clamping member and disengaging the parts for cleaning
      and the like.
PAC  FIGS. 10 and 11
PAR  The structure shown in FIGS. 10 and 11 is generally similar to that
      described in FIGS. 8 and 9 and will be given the same numbers primed.
      Instead of the continuous inverted L-shaped flange 58, there is provided
      an additional inwardly extending lip or flange 78 for the major portion of
      the bottom to provide a track 80 to slidingly receive the blocking member
      60' and the bottom closure member 64'. The track 80 is open at one end as
      at 82 to permit the sliding insertion of the blocking member 60' and the
      bottom closure member 64' from the free open end. A clamping member 84,
      similar to clamping member 70, is provided to hold the parts in assembled
      relationship.
PAR  In connection with each of the embodiments, it will be understood that
      after the bottom closure is detached from the trap and the blocking member
      is removed and the trap cleaned of the foreign objects, the parts are
      reassembled and the trap unit is then again functional.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a trap unit for use in connection with sinks, laundry tubs and the
      like, said trap unit comprising a conduit having a dip portion with an
      opening faced adjacent thereto, and a bottom closure member for closing
      said opening, a blocking member comprising a horizontal rim and
      transversely extending horizontal cross-members and a plurality of
      vertically spaced fingers on said horizontal cross-members, said blocking
      member positioned so that the rim thereof rests horizontally on said
      closure member and is positioned between the closure member and the dip
      portion of the conduit with said vertically spaced fingers extending into
      the dip portion of the conduit, and means for detachably securing said
      bottom closure member to said dip portion of said conduit.
NUM  2.
PAR  2. The structure as set forth in claim 1 in which the opening is of
      generally oval-shaped configuration and in which the bottom or closure is
      of a concave or cup shape, and in which the blocking member also extends
      into said bottom or closure.
NUM  3.
PAR  3. The structure as set forth in claim 2 in which the blocking member
      comprises a plurality of spaced fingers which extend upwardly and
      downwardly of said opening.
NUM  4.
PAR  4. The structure as set forth in claim 1 in which the blocking unit has
      fingers which have openings therethrough.
NUM  5.
PAR  5. The structure as set forth in claim 1 in which the blocking member is
      formed of a plastic or rubber material.
NUM  6.
PAR  6. The structure as set forth in claim 1 in which the fingers are tapered.
NUM  7.
PAR  7. The structure as set forth in claim 1 in which clamping means are used
      to secure said bottom or closure member to said conduit.
PATN
WKU  039356035
SRC  5
APN  5638518
APT  1
ART  351
APD  19750331
TTL  Adjustable hanger handle for a crib frame
ISD  19760203
NCL  1
ECL  1
EXA  Calvert; Andrew M.
EXP  Nunberg; Casmir A.
NDR  2
NFG  6
INVT
NAM  Bryant; Robert G.
CTY  Gardner
STA  MA
ASSG
NAM  GEM Industries, Inc.
CTY  Gardner
STA  MA
COD  02
CLAS
OCL    5 11
XCL    5200R
EDF  2
ICL  A47C 3100
FSC  297
FSS  441;452;456
FSC    5
FSS  11;100;200 R
FSC  211
FSS  105.3
FSC   52
FSS  753 C;753 D;758 D
FSC  248
FSS  308;340;226 E;254
FSC   16
FSS  114;110 A
UREF
PNO  1336397
ISD  19200400
NAM  Travis et al.
OCL    5200R
UREF
PNO  2481802
ISD  19490900
NAM  Wadkins
OCL  248254
UREF
PNO  2532236
ISD  19501100
NAM  Klazkin
OCL    5 11
UREF
PNO  2842329
ISD  19580700
NAM  Friedman et al.
OCL  248308
UREF
PNO  2936148
ISD  19600500
NAM  Gralewicz
OCL  248308
UREF
PNO  3000018
ISD  19610900
NAM  Collins
OCL    5 82
UREF
PNO  3469710
ISD  19690900
NAM  Vosbikian
XCL  248308
UREF
PNO  3628780
ISD  19711200
NAM  Haijima-cho
OCL  297456
UREF
PNO  3883905
ISD  19750500
NAM  Bryant
OCL    5 11
LREP
FR2  Fay; Charles R.
ABST
PAL  In a mattress support including a tubular frame which comprises elongated
      longitudinal side members and shorter transverse end members, the
      combination with a hanger handle which includes a straight elongated shank
      with a hook at one end thereof. The short transverse end member of the
      frame is indented in a semicircular conformation adjacent the junction
      with a longitudinal side member for the sliding reception of said
      elongated shank, there being in spaced relation to said indentation a
      second indentation which also receives the hanger shank thereby providing
      a pair of spaced supports for said shank.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In beds and particularly in cribs it is important to provide for
      adjustments of the mattress in a vertical direction and this is ordinarily
      done by providing the mattress spring frame with four hangers including
      hooks or pins, one adjacent each corner thereof, in combination with
      hanger brackets receiving the hooks or pins, said hanger brackets being on
      the bed, e.g., on the corner posts of the crib.
PAR  Many means for attaching these hangers with respect to the bed or crib ends
      have been proposed and a very simple swinging hook arrangement is
      ordinarily preferred for ease of attachment. However the problem is to
      provide a simple, inexpensively manufactured device. It is an important
      consideration to provide parts easily assembled by the mother or nurse and
      also that they shall be safe in supporting the spring frame of the
      mattress without danger of falling once they have been placed in position
      on the brackets.
PAC  SUMMARY OF THE INVENTION
PAR  In the present case there is provided a continuous rectangular tubular
      frame for supporting the mattress and this tubular frame comprises
      longitudinal side members and transverse end members often made in a
      single piece.
PAR  Adjacent a corner between an end member and a longitudinal side member
      there is provided in the end member an indentation by cutting the material
      of the end member partially through the same and then indenting the
      material between the cut and the corner forming a substantially
      semicircular conformation which is opposite to the curvature of the
      tubular member; and there is a second such indentation in spaced relation
      thereto. A hanger having an elongated shank is inserted therein and finds
      two slide or guide supports in spaced relation interiorly of the tubing.
PAR  No particular means of mechanically connecting the hanger to the tubular
      member is necessary although the hanger is freely slidable in and out for
      adjustment but once mounted on the hanger bracket it cannot thereafter be
      moved.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in end elevation illustrating the invention and showing a
      corner post of a crib with a hanger bracket in dotted lines;
PAR  FIG. 2 is a plan view looking in the direction of arrow 2 in FIG. 1;
PAR  FIGS. 3 and 4 are sections on respective lines in FIG. 2; and
PAR  FIGS. 5 and 6 are perspective views showing modifications.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  The reference numeral 10 indicates a transverse end member of a tubular
      frame which has an elongated side member 12. Such tubular frames are
      usually indented as at 14 in order to form the bend or corner.
PAR  In the present case the material of the tubing is cut at 16 and indented in
      a kind of semicylindrical form, this being indicated at 18. At a spaced
      location from the cut at 16 there are two spaced parallel cuts in the
      tubing at 20 and 22, and the material between these cuts is bent inwardly
      forming a semicylindrical supporting area 24, see FIG. 3.
PAR  The hanger comprises an elongated shank 26 terminating at 28 and having a
      bend at 30, the bend trending into a hook 32 to be supported on a hanger
      bracket 34 as shown in dotted lines in FIG. 1.
PAR  The elongated shank 26 of the hanger is slidably located inside the tubing
      and is slidably supported by the outside wall of the tubing as shown in
      FIGS. 1 and 2, and also by the indented areas at 18 and 24 opposite
      thereto. The portion 26 of the hanger is freely slidable therein and need
      have no mechanical interconnection with the tubing. An adjustment is
      necessary since all hanger brackets 34, 34 will not be spaced apart to
      exactly the same degree, but once the hook 32 is mounted on the hanger
      bracket 34, it prevents the hanger from moving as for instance to the
      right in FIG. 1 so that it cannot become accidentally detached although it
      can be easily adjusted as required.
PAR  The bracket 40 in FIG. 5 is itself tubular with a longitudinal gap at 42 to
      allow it to be snapped over the tubing 10. The bracket has a pressed out
      longitudinal semi-tube 44 receiving the shank 26 of the hanger, as before.
      The bracket 40 may be riveted or welded in place.
PAR  In FIG. 6 a generally cylindrical (annular) strap 48 is placed about tubing
      10, and has spaced radial ears 50, 52 to clamp a flat tail 54 of a tubular
      hanger 56. A pivot or the like 58 may connect the parts together, and
      allow the hanger to pivot.
CLMS
STM  I claim:
NUM  1.
PAR  1. Supporting means for a spring frame of tubing in rectangular shape, said
      means comprising
PA1  a hanger having an elongated shank at one end and a hook at the opposite
      end,
PA1  and indented means in a portion of said tubing receiving said elongated
      shank slidably adjustable therein whereby the hanger is slidably
      adjustable laterally with respect to the spring frame,
PA1  said indented means comprises a portion of the tubing which is indented
      oppositely to the general circumference of the tubing and forms a
      semicylindrical supporting member opposite to an unindented portion of the
      tubing adjacent thereto,
PA1  a second indented means spaced from the first indented means along the
      length of the tubing, said two indented means together forming a two-point
      sliding support for the elongated shank of the hanger.
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ABST
PAL  A support device having a flexible, non-elastic base sheet which can be
      positioned upon the flat surface of a bed and a plurality of separate
      inflatable cushions each secured along one edge to the base sheet so that
      said cushions provide support for the buttock and hip area of the patient
      as well as the legs of the patient, the cushions being individually
      inflatable in order to normally provide an air cushion for the patient and
      to raise the patient into position for use of a bedpan or into other
      desirable orientations. Two of the support devices can be attached
      together to provide support for the patient's back and shoulders in
      addition to the patient's buttock, hip and leg area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The difficulties associated with the use of a bedpan by a bedridden patient
      have been earlier recognized. It is difficult for the attendants to raise
      the hips of such a patient and maintain the necessary elevated position
      while a bedpan is placed below the patient. Also, it is difficult to
      rotate the patient first to one side and then the other to elevate the
      patient onto the bedpan. After the bedpan is placed in position, the
      patient's weight is supported by the rim of the bedpan which is
      uncomfortable for the patient, particularly if the patient has damage to
      the spine, pelvis, hips or upper legs. At best, the use of the bedpan by
      the bedridden patient is very unsatisfactory and the patient is always
      conscious of the possibiltiy of spillage from the bedpan which would
      require a complete change of bedclothes and linen.
PAR  2. Description of Prior Art
PAR  It has been proposed in U.S. Pat. No. 3,728,744 to provide a single
      crescent or U-shaped inflatable cushion which supports the patient's hips
      and legs when inflated to permit the bedpan to be inserted underneath the
      patient. The cushion is deflated and flat when inserted under the patient
      and then is inflated to raise the patient to permit the bedpan to be
      placed between the legs of the cushion. When the use of the bedpan is
      completed, the bedpan is removed and the cushion must be deflated and
      removed fom underneath the patient.
PAR  With such a device, it is still necessary to move the patient in order to
      locate the cushion underneath the patient and it is necessary to move the
      patient to remove the cushion after the patient is finished with the
      bedpan. Because the cushion is a continuous, single envelope, the
      inflation of the cushion changes the orientation of the cushion sections
      with respect to the patient. In other words, with a U-shaped cushion, the
      crosspiece will try to lengthen tending to cause the legs to cross. On the
      other hand, a crescent shaped cushion will try to straighten out during
      inflation and the ends will tend to move apart. The tendency of the
      cushion to change shape during inflation makes it difficult to properly
      locate the cushion in flat condition under the patient so as to be in the
      proper position when inflated.
PAC  SUMMARY OF THE INVENTION
PAR  The device of the present invention consists of a plurality of individual,
      flexible, elongated cushions attached to a flat, non-elastic flexible base
      sheet, and the cushions can be inflated to support the hips and legs of
      the patient relative to a bedpan. Each cushion can be attached at only one
      edge to the base sheet and is separately inflated so that when the
      cushions change shape when inflated, the orientation of the cushion is not
      affected. The amount of separation of two longitudinally extending
      cushions at the hip and buttock area of the patient can be controlled by a
      cross band extending transversely of the cushions.
PAR  The device of the present invention also has the advantage that it can be
      continuously located under the patent whether or not the bedpan is to be
      used and a cover in the form of a divided draw sheet continuously covers
      the complete device. This cover permits free flow of air between the skin
      area of the patient and the waterproof cushions of the device in order to
      prevent irritation of the patient's skin while placed upon the device.
      Also, the cushions are normally inflated somewhat to continually provide
      an air cushion for the patient so that the patient will not develop bed
      sores.
PAR  A pair of devices can be used together by attaching a second device to the
      top of a first device used to support the first area of the patient,
      namely the buttock, hips and legs of the patient. This second device
      supports a second area of the patient, namely the back, shoulders and head
      of the patient, to maintain the second area at approximately the same
      elevation as the first area, both during normal resting and during bedpan
      usage.
PAR  The amount of inflation of the individual cushions can be controlled by the
      attendant. This permits the cushions to be inflated different amounts to
      vary the orientation of the patient on the bed even though the bedpan is
      not to be used. Such change in orientation can be accomplished to rest the
      patient or make the patient more accessible to the doctor. The support
      device of the present invention therefore provides for easier and less
      manipulation of the bedridden patient by the attendant when it is
      necessary for the patient to use the bedpan or when it is advisable to
      reorientate or raise the patient in bed for other reasons.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a side elevational view of the support device of the present
      invention in deflated condition and attached to a bed;
PAR  FIG. 2 is a top plan view along line 2--2 of FIG. 1 of the support device
      in deflated condition and covered by upper and lower draw sheets;
PAR  FIG. 3 is a top plan view of the support device in the normal partially
      inflated condition to provide an air cushion for the patient;
PAR  FIG. 4 is a transverse vertical section along line 4--4 of FIG. 3 showing
      the separation between the adjacent edges of the cushions;
PAR  FIG. 5 is a top plan view of the support device in full inflated condition
      with the bedpan in place;
PAR  FIG. 6 is a transverse vertical section along line 6--6 of FIG. 5 showing
      the separation between the adjacent edges of the cushions to receive the
      bedpan;
PAR  FIG. 7 is a section along line 7--7 of FIG. 5 showing the cross band;
PAR  FIG. 8 is a perspective view of the bedpan and of the disposable plastic
      liner for the bedpan;
PAR  FIG. 9 is a top plan view of two support devices connected together to
      support the back and shoulder area in addition to the hip and leg area;
PAR  FIG. 10 is a transverse vertical section similar to FIG. 9 with inflation
      in the two cushions;
PAR  FIG. 11 is a schematic illustration of the valves and valve housings
      utilized to control the inflation of the cushions;
PAR  FIG. 12 is a cross sectional view similar to FIG. 6 in which the length of
      the cross band has been increased;
PAR  FIG. 13 is a plan view of modification using two longitudinal cushions, and
      one transverse cushion; and
PAR  FIG. 14 is a plan view of another modification using three separate
      longitudinal cushions;
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1-3, support device 10 of the subject invention
      comprises a flat, flexible non-elastic base sheet 11 which has a
      substantially rectangular center section 11a and trapezoidal shaped side
      sections 11b and 11c extending from opposite sides of the center section.
      Flexible cushions 12 and 14 are each fabricated of a single layer of
      flexible non-elastic material which is folded at inner edges 15 to produce
      upper and lower layers 16 and 17, respectively, see FIG. 4. The layers are
      connected together by suitable switching around outside longitudinal edges
      18 and transverse top and foot edges 19 and 20 to form chambers 21a and
      21b within the cushions 12 and 14, respectively which receive air tight
      flexible liners 22a and 22b, respectively.
PAR  The cushions 12 and 14 are stitched or otherwise secured to the base sheet
      11 only along outside, longitudinal edges 18 by seams 23 located
      approximately at the sides of the center section 11a so that the cushions
      extend longitudinally along the base sheet 11. A flexible, rectangularly
      shaped cross band 25 extends transversely across the head ends of the
      cushions 12 and 14 and its ends are also secured to the base sheet at
      seams 23. As illustrated in FIG. 1, the cushions 12 and 14 initially lie
      flat upon the base sheet when completely deflated and the cross band 25 is
      substantially the same length as the distance between the two seams 23. As
      illustrated in FIGS. 3 and 4, the cushions 12 and 14 have been deflated to
      thin air cushion condition which raises the patient slightly above the
      mattress 24 and provides a comfortable 24 hour support for the patient
      when the bedpan is not in use. Straps 28 and 29 are connected at one end
      to side sections 11b and 11c, respectively, and have fasteners 29a on the
      opposite ends. As illustrated in FIG. 1, each fastener connects with a
      metal hook 30 which overlaps the frame 31 of the bed to securely hold the
      base sheet 11 on the mattress 24. The support device 10 can be located at
      any desired longitudinal position along the bed and secured in position by
      adjusting the length of the straps in order to hold the device to the
      frame 31 in taut condition.
PAR  An air conduit 34 extends through an air tight opening in edge 20 of
      cushion 12 and communicates with the interior of liner 22a. In a similar
      manner, air conduit 36 communicates with the interior of liner 22b in
      cushion 14. Conduits 34 and 36 extend transversely to one side of the bed
      and connect to valve housing 40 which contains a separate valve 42 for
      each conduit (see FIG. 11). As shown in FIG. 3, the housing 40 can be
      located on the bed or at any other convenient location and has two
      exterior knobs 41 to separately control the valve for each conduit.
PAR  Each valve 42 is connected by a conduit 44 to a source of compressed air or
      gas, such as a small, electrically driven compressor. Also, each valve is
      connected to an air exhaust passage 48. As illustrated in FIG. 11, each
      valve has a rotor 42a which is moved by a knob 41 and each rotor contains
      a right angle passage 42b communicating between two openings spaced
      90.degree. apart in said rotor surface. The inlet passage 44 and exhaust
      passage 48 are aligned while the conduit leading to a cushion is a right
      angle to these passages.
PAR  With the passage 42b of the valve rotor in the full line position of FIG.
      11, compressed air is being introduced to conduit 34 to inflate liner 22a
      and cushion 12. When the rotor is moved 45.degree. counterclockwise to the
      first dotted line position, all passages 34, 44 and 48 are blocked and the
      compressed air in the cushion 12 is trapped. When the rotor is moved
      another 45.degree. counterclockwise to the second dotted line position,
      the air is released from the cushion through conduit 34 and exhaust
      passage 48. A pressure overload valve 50 can be placed in each conduit 34,
      36 to prevent the development of excess pressure in either cushion. Each
      overload valve can comprise a bellows located in a chamber in housing 40
      and receiving the pressure in one of the conduits through passage 52. When
      the pressure in the conduit exceeds a predetermine value, the bellows will
      move needle valve 53 to closed position to disconnect the conduit from the
      supply conduit 44. Also, a standard blow-off valve of well known
      construction can be connected to each cushion to assure that excessive
      pressure will be released from the cushion. From the above description, it
      can be seen that the valve for each cushion can be manipulated to inflate
      the cushion by any desired amount to maintain the desired inflation and to
      exhaust the cushion when desired. It is apparent that the described valve
      system is only illustrative of a number of valve constructions that could
      be utilized to control and maintain the inflated condition in each cushion
      in the desired manner.
PAR  When both cushions 12 and 14 are fully inflated, the band 25 becomes taut
      against the cushions and the cushions become slightly depressed into the
      mattress 24 as illustrated in FIGS. 6 and 7. The cross band provides a
      raised support area for the sacro-iliac, buttock and hip areas of the
      patient and each cushion provides support for one of the patient's legs.
PAR  As illustrated in FIGs. 3 and 5, the support device 10 need not be covered
      when it is placed on the surface of the bed and the patient can lie
      directly upon the support device in both inflated and deflated condition.
      However, it is preferable to provide a cover 54 which is placed over the
      support device and is fabricated from a sheet material. Referring to FIGS.
      2 and 3, the side sections 11b and 11c each have a lower set of two snap
      portions 55a and an upper set of two snap portions 56a. The cover 54
      comprises two separate draw sheets 58 and 59. The top draw sheet 58 has
      snap portions 56b which connect with snap portions 56a on the side
      sections in order to place the bottom edge of the top sheet at the lower
      edge of cross band 25. The lower draw sheet 59 has snap portions 55b which
      connect with a snap portion 55a on the side sections so that the top edge
      of the lower sheet 59 meets the bottom edge of the top sheet 58. The two
      draw sheets overlap the opposite ends of the bed and both sides of the bed
      in order to completely cover the support device 10 and separate the skin
      of the patient from the device. Thus, free flow of air is permitted
      between the skin of the patient and the support device in order to prevent
      or cure body sores. The bottom draw sheet 59 tucks under the inner edge of
      each longitudinal cushion and folds at line 60 so that it will hug tightly
      against the cushions during inflation and and deflation of the support
      device. Snaps 55c on the top surface of the base sheet and inner surface
      of the cushions are provided to secure the tucks.
PAR  When it is desired that the patient use bedpan 66, both cushions 12 and 14
      are fully inflated as shown in FIGS. 5 and 6. Upon full inflation, each
      cushion tries to assume a circular cross section (see FIG. 6) and since
      the outside edge 18 of each cushion is secured to the base sheet and the
      base sheet side sections 11b and 11c are tightly secured to the bed, the
      inner edges 15 of the cushions move apart to provide space for the bedpan.
      Also, the cushions 12 and 14 depress somewhat into the surface of mattress
      24 and the area at seams 23 raise somewhat above the mattress surface as
      shown in FIG. 6 due to the inflation of the cushions. The bedpan 66 is
      easily inserted between the cushions 12 and 14 and extends slightly
      underneath the cross band 25 as illustrated in FIG. 5. Since the buttock
      and hip area of the patient are originally located in proper position when
      the device is deflated, the patient will be in proper position for use of
      the bedpan after the cushions are inflated and it is not necessary to
      further move the patient by any appreciable amount after full inflation.
      Since the patient's buttock and hip area are resting on cross band 25 and
      the patient's legs are supported by cushions 12 and 14, the patient will
      not be resting on the bedpan while it is being used. As indicated in FIG.
      6, it is desirable to locate the crouch of the patient just below the
      lower edge of cross band 25 so that the discharge from the patient will be
      at a location to be completely received by the bedpan 66 without soiling
      the cover 54. While the cover 54 is not shown in FIGS. 3-6, it is
      understood that the cover can overlie device 10 and that the bedpan 66
      would be placed upon cover 54.
PAR  Both cushions 12 and 14 are normally inflated the same amount so that the
      patient is positioned substantially level while using the bedpan 66.
      However, since the cushions 12 and 14 are entirely separate from one
      another, the inflation of one does not affect the inflated condition of
      the other and there is no tendency for the cushions to move angularly
      relative to one another during inflation. After use of the bedpan is
      completed, it can be removed and thereafter the cushion deflated so that
      the patient can continue to recline upon the slightly inflated cushions of
      FIGS. 3 and 4. It is unnecessary to remove the support device 10 from the
      surface of the bed after each use of the bedpan. After deflation of the
      cushions, it is not necessary to lift the patient or otherwise move the
      patient.
PAR  As illustrated in FIG. 9, a second separate support device 10' can be
      turned over and inverted and then attached to a device 10 as illustrated
      in FIG. 3. In this condition, the cushions 12' and 14' and cross band 25'
      of device 10' are below the base sheet section 11a'. A first zipper
      element 68a of zipper 68 is attached to the upper surface of base sheet
      section 11a' on the opposite side from cross band 25' and at a location in
      line with the outside edge of band 25'. A second zipper element 68b is
      attached under the outside edge of cross band 25 of device 10. When the
      zipper elements are positioned together, the end of device 10' projects
      slightly underneath cross band 25 and over the ends of cushions 12 and 14.
      Thus, the base sheet 11a' of device 10' is continuous with the cross band
      25 of device 10 and extends to the top of the mattress 24. The device 10'
      has side sections 11b' and 11c' to which are attached straps 28' and 29',
      respectively, and these straps are secured to the rail of the bed and the
      same manner as the straps 28 and 29 of device 10, so that the base sheet
      11' will be held tight. The cushions 12' and 14' of device 10' are
      constructed in the same manner as cushions 11 and 12. The inner adjacent
      edges 15' are folded and the outside edges 18' are stitched to the base
      sheet 11' along seam 23'. The band 25' is also stitched to the base sheet
      along seam 23' and extends across cushions 12' and 14' in the same manner
      as band 25 of device 10. As illustrated in FIG. 10, the back, shoulders
      and head of the patient rest on base sheet section 11a' while device 10
      supports the legs, hips and buttock area in the same manner as previously
      described. Also, the cover sheets 58 and 59 can be attached to snap
      portions 55a and 56a, respectively, in order to completely cover both
      devices 10 and 10'.
PAR  The cushion 12' can contain a liner (not shown) which connects with air
      passage 70, and passage 70 also connects with a second valve housing 71
      (see FIGS. 9 and 10), which is identical in structure with valve housing
      40 and can be connected thereto. Also, a conduit 72 connects with a liner
      (not shown) in cushion 14' and with the valve housing 71. The housing 71
      contains two valve rotors 42' identical to rotor 42 which are positioned
      by control knobs 73. The rotors control the flow from high pressure air
      passages 44' to passages 70 and 72 and control the exhaust from passages
      70 and 72 through passages 48. The passages 70 and 72 can contain overload
      devices 50' to prevent the development of excessive pressure in cushions
      12' and 14'. In the full line position of valve passages 42b', the
      passages 70 and 72 are connected to air pressure in passages 44'. The
      valve rotors can be rotated in the same manner as rotors 42 to either
      block passage 70 and 72 or to connect them to exhaust passage 48'. It will
      be apparent that with the devices 10 and 10' connected together at zipper
      68, the back, shoulders and head of the patient will be uniformly
      supported by continuous base sheet section 11a'.
PAR  The inflation of all four chambers 12, 14, 12' and 14' can be controlled by
      knobs 41 and 73 to be approximately equal and thereby produce an air
      cushion upon which substantially the entire body of the patient will
      normally rest. When it is required for the patient to use the bedpan, the
      knobs 41 and 73 can be controlled to increase the inflation of all four
      cushions until they reach the inflation corresponding to FIG. 6. As
      previously described, in such a condition, the sacro area of the patient
      is in a position for comfortable use of the bedpan 66. At the same time
      the patient's body, shoulders and head are raised so that this portion of
      the body is not tilted downwardly from the hip area in an uncomfortable
      manner. When the draw sheets 58 and 59 are connected to device 10 as
      illustrated in FIG. 2, the skin surface will be fully separated from the
      devices to permit circulation of air over the skin. It is to be understood
      that the construction of device 10' is identical to the device 10 and that
      the device 10' is simply inverted and turned upside down relative to
      device 10.
PAR  It is apparent that the patient can be turned to one side of the other by
      simply inflating one or both of the cushions on one side of the bed. As
      shown in FIG. 10, the left shoulder, back and head can be rotated by the
      inflation of cushion 12' while leaving cushion 14' only slightly inflated.
      In the same manner, a hip and leg of the patient can be turned and raised
      while the other hip and leg remains in the normal position. It is further
      apparent that the entire body of the patient can be rolled to one side by
      inflation of both cushions 12 or 12' and to the other side by inflation of
      cushions 14 and 14'. Also, the body of the patient could be cyclically
      rotated at the pelvic are for stimulation of circulation by alternately
      inflating the cushion on one side of device 10 and the cushions on the
      opposite side of device 10'. Since bedridden patients cannot change
      position in bed, any change in the patient's position tends to rejuvinate
      the patient. It is apparent that when a cover 54 is placed over the
      support devices, the control knobs and associated control valve housings
      40 and 71 must be located to one side of the bed in order to be available
      to the attendant.
PAR  In order to facilitate the ease of utilizing the bedpan 66, the bedpan can
      have a substantially rectangular cross section with a projection 80 at the
      end which is inserted under the cross band 25. This projection provides a
      hollow end space 81 which receives and confines the patient's discharge as
      the bedpan is moved away from the patient. The other end 82 of the bedpan
      is slanted inwardly toward the bottom 83 to facilitate the pouring of
      waste out of the bedpan. A thin flexible plastic liner 85 can be loosely
      inserted into the interior of the bedpan with the upper line band 86
      overlapping the upper edge of the bedpan and secured by tie straps 87.
      Thus, the waste contents of the bedpan can be easily disposed of by the
      nurse or attendant by throwing away the liner and without the necessity of
      continually cleaning or sterilizing the bedpan itself.
PAR  From the above it is apparent that the cushions can be maintained at the
      air cushion level of FIG. 3 for the complete day except for those times in
      which the bedpan is used. It is important that the side straps connecting
      the devices 10 and 10' to the bed be non-elastic in order to cause the
      cushions 12 and 14 to automatically separate at the center of the base
      sheet and to keep the devices positioned in the center of the bed at all
      times, whether deflated or inflated. The side straps also produce the
      tension on the cross band 25 to raise the sacral area during the elevation
      for bedpan use. The support device will lift the patient for the bedpan
      function with little effort on the part of the nurse or attendant. After
      the toilet function is completed, the bedpan is easily slipped out from
      under the patient because the patient does not rest on the bedpan. Also,
      since the bedpan is still supported, it is easy for the nurse to clean the
      patient or for the patient himself to do the necessary cleaning.
PAR  A patient can remain on the device continually during his stay in the
      hospital since the skin is continually protected by the draw sheets
      against bed sores. Also, the various movements which can be imparted to
      the patient during his resting time can aid in the comfort and recovery of
      the patient since the general circulation will be greatly improved and
      discomfort relieved. In the absence of an attendant, the patient can be
      allowed to adjust the control knobs to vary the elevations of various
      parts of his body. In many case, the patient can, by adjusting the air
      pressure, carry out the entire function of the bedpan use without help
      from the nurse. In the case of incontinence and involuntary patients, the
      device can be placed under the patient and left continually inflated so
      that the bedpan can be left in place 24 hours a day. The nurse can
      occasionally check on the status of the patient to determine if cleaning
      has to be done. In the present device, there is no squeezing of the air
      from one cushion to the other since the inflation of the air cushions is
      separately controlled. The combined tandem unit as shown in FIG. 9 is
      advisable in all cases where bending of the back in any way is not
      advisable since the double unit allows for a level lift of the entire
      body, except for the feet.
PAR  As illustrated in FIG. 12, a larger cross band 80 can replace the cross
      band 25. Cross band 80 is larger than the distance between side seams 23
      in the base sheet so that when the cushions 12 and 14 are inflated
      slightly to air cushion condition, a portion of cross band 80 is left
      loose and flaccid. However, in the fully inflated condition of FIG. 12
      (which is similar to FIG. 6) the cross band 80 becomes stretched and at
      the same time permits cushion 12 to roll counterclockwise and cushion 14
      to roll clockwise. This movement results in increased distance between the
      adjacent edges 15 of the cushions at the center of the base sheet where
      the bedpan is received. Also, this opposite movement of the cushions 12
      and 14 tend to spread the buttocks apart to facilitate the waste
      discharged by the patient. Because of the increase in the center space,
      the bedpan can be easily placed under the patient.
PAR  A modification 85 of the device illustrated in FIG. 13 operates generally
      the same as support device 10. The device 85 comprises a base sheet 86
      having a side sections 87 and 88 to which bed straps 89 and 90,
      respectively, are secured for attachment to the frame of the bed. Two
      longitudinal cushions 92 and 93 are attached by stitching to the base
      sheet along the edges 94 and 95, respectively, opposite the folded edges
      96 and 97. The cushions 92 and 93 can be air tight or can contain a liner
      as illustrated for cushions 12 and 14, so that the cushions can be
      inflated and deflated. An additional cushion 99 is located transversely
      across the head end of the base sheet 86 and is folded at edge 101 and
      stitched to the base sheet at edge 100. The end edges of cushions 92, 93
      and 99 are all closed to maintain the shape of the cushions. The
      longitudinal cushions 92 and 93 are connected to conduits 104 and 105,
      respectively, and the cushion 99 is connected to conduit 106. Each of the
      conduits can be connected to a separate valve identical to valves 42 in a
      suitable valve housing (not shown) so that the inflation of the cushions
      can be separately controlled by the individual control knobs connected to
      valves.
PAR  Modified device 85 eliminates the use of a cross band 25 since the cushion
      99 will be located to raise the buttock, hips of the patient to a heighth
      greater than the bedpan, and the cushions 92 and 93 serve to raise the
      legs of the patient. The adjacent edges 96 and 97 are free to move away
      from each other during inflation of the cushions to provide a space for
      the bedpan 66, in the same manner as cushions 12 and 14 move during
      inflation for bedpan usage. It is apparent that one or more of the
      cushions 94, 95 and 99 can be inflated individually or together by various
      amounts to change the position of the patient and to rest the patient.
      Cushions 92 and 93 will be shorter than cushions 12 and 14 in the
      longitudinal direction because of the presence of cushion 99 on the base
      sheet.
PAR  Another modification 109 of the device illustrated in FIG. 14 has a base
      sheet 110 with side sections 111 and 112 connected by straps 113 and 114,
      respectively, to the bed frame. Longitudinal cushions 116 and 117 are
      folded at edges 118 and 119 and are stitched to the base sheet along edges
      120 and 121, respectively. A cross band 122 extends over the top of
      cushions 116 and 117 and is connected to the base sheet at edges 123 and
      124. A third cushion 125 is located between the folded inside edges 118
      and 119 of cushions 116 and 117, respectively, and can be stitched along
      the center of its bottom section to sheet 110. The cushions 118, 119 and
      125 are all of the same length and each is connected by a conduit 128 to a
      valve housing (not shown) which contains three rotary valves identical to
      valves 42. The high pressure air supply is connected to the cushions
      through each valve so that the inflation and deflation of the cushions can
      be separately controlled.
PAR  Normally, all three cushions 116, 117 and 124 are inflated to the air
      cushion level and cover substantially the entire base sheet 110 so that
      the full body of the patient over the cushions is substantially uniformly
      supported. However, when it is desired for the patient to utilize the
      bedpan, the cushions 116 and 117 are fully inflated and the cushion 125 is
      completely deflated so that the bedpan can be placed on top of the cushion
      125 with one end projecting underneath the cross band 122. After the
      patient has finished and the bedpan removed, cushions 116 and 117 are
      again deflated to air cushion level, while cushion 125 is again inflated
      to air cushion level. The use of three cushions makes for a more level air
      cushion support than obtained from the support device 10. Also, the width
      of cushion 124 is such that there is room for the bedpan between cushions
      116 and 117. Other modifications of the invention are apparent, such as
      replacing the single cushion with a plurality of smaller cushions
      connected together and arranged horizontally or vertically of each other
      or both. The inflation of each such plurality of cushions could be
      accomplished from a single high pressure line under control of a single
      valve. Generally, the plurality of cushions would have the same
      longitudinal length as the single cushions which they replace. Also, in
      addition to compressed air, any other suitable gas or liquid (hot or cold)
      could be used to inflate the cushions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A support device located on the bed of a patient for elevating patient
      for use of a bedpan comprising:
PA1  a flat flexible non-elastic base sheet resting on the bed;
PA1  tie means extending from opposite sides of said base sheet and connected
      with said bed for securing said base sheet;
PA1  at least a pair of cushions extending longitudinally of said base sheet,
      lengthwise of said bed;
PA1  means for securing each cushion to said base sheet at a longitudinal edge
      of each cushion;
PA1  the spacing between adjacent inside longitudinal edges of said two cushions
      when inflated being great enough to receive a bedpan therebetween; and
PA1  means for individually inflating and deflating said pair of cushions.
NUM  2.
PAR  2. A support device as defined in claim 1 wherein each of said cushions are
      secured to said base sheet along an outside longitudinal edge of each
      cushion, the distance between said adjacent inside edges of said cushions
      increasing as said cushions are inflated.
NUM  3.
PAR  3. A support device as defined in claim 2:
PA1  a cover over said cushions and said base sheet, said cover comprising upper
      and lower draw sheets having adjacent edges located over said cushions,
      and means for fastening each draw sheet to said base sheet in the vicinity
      of said adjacent edges.
NUM  4.
PAR  4. A support device as defined in claim 1:
PA1  a cross band extending transversely across said two cushions adjacent the
      head end thereof and having its two ends secured to said base sheet
      adjacent the outside edges of said two cushions; and
PA1  said cross band being located to support the buttock and hip area of said
      patient and each of said two cushions being located to support a leg of
      said patient.
NUM  5.
PAR  5. A support device as defined in claim 4 wherein said cross band is raised
      by said cushions to be higher than said bedpan when said two cushions are
      fully inflated in order to position the discharge area of the patient
      slightly beyond the lower edge of said cross band and over the bedpan.
NUM  6.
PAR  6. A support device as defined in claim 4:
PA1  said cushions being secured to said base sheet along an outside
      longitudinal edge of each cushion, the distance between said inside edges
      of said cushions increasing as said cushions are inflated; and
PA1  said cross band having slack therein when the cushions are fully deflated
      to permit movement of said cushions away from one another during inflation
      until said band becomes taut.
NUM  7.
PAR  7. A support device as defined in claim 1 wherein:
PA1  said inflating and deflating means comprises separate valve means for said
      two cushions for inflating and deflating said cushions separately.
NUM  8.
PAR  8. A support device as defined in claim 1 having:
PA1  a third inflatable cushion located transversely across said base sheet
      closely adjacent the head end of said two cushions and secured to said
      base sheet, said third cushion when inflated supporting the buttock and
      hip area of the patient at a height required for the patient to use the
      bedpan.
NUM  9.
PAR  9. In the combination of claim 1, a second support device of the same
      construction as the first support device;
PA1  said second support device being turned over and inverted with respect to
      said first support device so that the base sheet of said second device is
      on top and the cushions of the second device rest on the bed;
PA1  said first and second devices being located on the bed so that the outside
      edges of the cross bands of the two devices are adjacent at approximately
      the center of the bed;
PA1  a first connection element on the upper surface of the base sheet of the
      second device and a second connection element on the outside edge of the
      cross band of the first device;
PA1  said elements being connected together to locate said second device in
      position to provide support for the back, shoulders and head of said
      patient; and
PA1  means for individually inflating and deflating the pair of cushions of the
      second device.
NUM  10.
PAR  10. The combination of claim 9, a cover over both said devices;
PA1  said cover comprising upper and lower draw sheets having adjacent edges
      secured to said first support device at approximately the center of said
      bed.
NUM  11.
PAR  11. A support device as defined in claim 1 having:
PA1  a third cushion extending longitudinally of said base sheet over the base
      sheet surface between said pair of cushions;
PA1  means for securing said third cushion to said base sheet; and
PA1  means for individually inflating and deflating said third cushion in order
      to deflate said third cushion for placing said bedpan thereon when said
      pair of cushions are fully inflated.
NUM  12.
PAR  12. A support device as defined in claim 1 wherein:
PA1  said securing means being spaced apart on said base sheet a distance to
      separate said cushions and to place one cushion of each pair under each
      leg of said patient when the patient's legs are separated sufficiently for
      use of the bedpan.
NUM  13.
PAR  13. A support device as defined in claim 12:
PA1  a draw sheet located over said cushion, means for fastening said draw sheet
      to said base sheet adjacent to the outside of said cushions, said draw
      sheet being of sufficient width between said fastening means to permit
      said draw sheet to be tucked under the inside edge of each of said
      cushions so as to tightly hug the cushions during inflation and deflation
      of the cushions.
NUM  14.
PAR  14. A support device as defined in claim 13:
PA1  having fastener means under each of said cushions for securing the upper
      tucked edge of said draw sheet under each cushion.
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ABST
PAL  A foundation in the nature of a bedspring for use beneath a mattress to
      support the same upon a bedframe or the like, having a peripheral base
      frame for supporting the foundation and having structure rising from the
      peripheral frame inwardly thereof to provide a stable, elevated platform
      which is substantially unyielding in its central area under the normal
      loads imposed upon a bedspring, and which, at least in its side edge
      areas, is resiliently yieldable in response to vertical load.
BSUM
PAR  This invention relates to a foundation in the nature of a bedspring for
      supporting a mattress on a bedframe or bedstead.
PAR  More particularly, it relates to a mattress foundation which is designed to
      enhance the orthopedic serviceability of mattresses of otherwise
      conventional construction by providing them with undersupport which is
      adequately firm to give the mattress a feeling of overall firmness to a
      body reposed thereon, but which will also yield resiliently at least at
      its side edges to prevent a hard-edge sensation to the seated body and, at
      the same time, will enhance the resistance of the mattress to destruction
      of its edges under crushing loads by distributing the weight of the seated
      body over a larger area of the yieldable edge of the foundation to reduce
      the unit loading.
PAR  It is well-known, of course, that the configuration of the human torso and
      the distribution of body weight are such that the unit pressure of the
      reposed human form upon its supporting surface may vary widely with the
      character and position of the human form and the nature of the supporting
      surface. Irregularity of sleep, and body ache not directly attributable to
      body activity, are often attributed to sleeping on a sagging or otherwise
      inadequate sleeping surface, and, for a number of years, the refreshment
      of the body by nocturnal sleep has been thought by some to be rendered
      more complete for the greater number of people by educating them to sleep
      on a firmer surface.
PAR  Although a cause-and-effect relationship may not be readily or uniformly
      establishable in all cases, there is an unmistakable market trend of
      consumer preference to firm rather than soft bedding, to which there has
      been a variety of responses ranging from expedient to elaborate but all
      tending toward providing firmer sleep surfaces. Perhaps the oldest and
      most common expedient has been the firming of the sleeping surface by the
      neutralization of local resilience in the bedsprings supporting the
      mattress by simply placing a load-distributing board between the mattress
      and the box spring to bridge the otherwise locally depressable areas of
      the supporting spring beneath the mattress. This results in a
      resiliently-mounted platform which is firmer because its local
      penetrability is reduced, although the platform in its entirety is
      resiliently supported. However, the lack of sufficient longitudinal
      rigidity of the typical inserted bedboard, under the unevenly distributed
      weight of the outstretched body, prevents full attainment of planar
      support of a mattress, while at the same time providing enough lateral
      rigidity to tilt the sleeping surface of a double bed when occupied by two
      people of unequal weight.
PAR  The present invention proceeds upon the basis that the accommodation of the
      sleeping surface to the body or bodies reposed thereon is essentially the
      function of the mattress, and that the function of the underlying
      foundation is to provide non-sagging, non-tilting, essentially
      non-deflecting, planar support for the mattress to enable it to do its job
      properly.
PAR  In addition, the invention contemplates that the foundation will adequately
      accommodate the incidental uses to which a bed is put by yielding to
      highly concentrated peripheral loads such as are occasioned, for example,
      by a person seated at the edge of the bed for robing or disrobing, or
      simply using the edge of the bed as supplemental seating, as is quite
      commonly the case in hotel rooms, dormitories, or the like.
PAR  In the latter service in particular, where it is customary to find the
      telephone on a bedside table, the immediately adjacent bed or beds are
      exposed to constant seating use which is annoyingly evident to the
      occupant of the bed when reposed thereon for sleep. From the repeated
      seating use of the edge of the bed adjacent to the telephone, the bed
      acquires a downward tilt toward the telephone side which, although slight,
      can be very disturbing to the occupant and further aggravate the
      difficulty experienced by many of finding restful sleep away from their
      accustomed surroundings. Moreover, as mattresses (and their typically
      resilient spring foundations) have become firmer and less penetrable by
      the reposed body, the tilt effect above described has become more
      pronounced and annoying.
PAR  The foundation of this invention provides firm relatively unyielding
      support for the greater area of the mattress in a manner which permits the
      mattress to serve its function of non-sagging longitudinal conformation to
      the reposed body or bodies, as the case may be, without substantial
      deflection of the foundation longitudinally or laterally. At the same
      time, the foundation of the invention adapts the bed of which it is a part
      to absorb high impact load without discomfort to the body imposing the
      load, and to withstand the highly concentrated and crushing loads to which
      the mattress border is subjected by a person seated at the edge of the
      bed. Further, it prevents the acquisition of the annoying tilt which hotel
      and motel beds are prone to develop.
DRWD
PAR  Other objectives and advantages of the invention will become apparent and
      the invention better understood by reference to the following detailed
      description read in conjunction with the accompanying drawings in which;
PAR  FIG. 1 is an end elevational view of a mattress supported by a foundation
      constructed in accordance with the invention, the foundation being shown
      in section to illustrate its inner construction;
PAR  FIG. 2 is a fragmentary plan view of the foundation illustrated in FIG. 1,
      partially broken away to illustrate the interior;
PAR  FIG. 3 is a fragmentary perspective view of one corner of the construction
      of the foundation of FIGS. 1 and 2, before the upholstery and cover are
      applied;
PAR  FIGS. 4 to 7 inclusive are fragmentary assembly and perspective views
      illustrating the use and form of two fasteners employed in the assembly of
      the box spring;
PAR  FIGS. 8 and 9 correspond to FIGS. 2 and 3, and illustrate a slightly
      modified form of the construction of FIGS. 1 to 3;
PAR  FIG. 10 is a fragmentary sectional view of the assembled foundation of
      FIGS. 1 to 3, and 8 and 9;
PAR  FIG. 11 is a similar comparative view of a further modification thereof;
PAR  FIG. 12 is an underside perspective view of a modified form of the
      invention in which a number of the elements of the form of FIGS. 1 to 3
      inclusive, and 8 and 9, are modified and integrated into a single
      understructure and surface, with an alternate form of edge resilience;
      while
PAR  FIGS. 13 and 14 are respectively a sectional elevational view of the same
      taken on line 13--13 of FIG. 12, and a further fragmentary longitudinal
      sectional view taken on line 14--14 of FIG. 13.
DETD
PAC  GENERAL
PAR  Within the foregoing criteria and objectives, the specific structure of the
      foundation of the invention may take a variety of forms, those chosen to
      illustrate the invention in the accompanying drawings being what I
      conceive to be the execution of the concept with a minimum of structure.
      Each of these modifications may represent an incidental advantage over the
      others from the standpoint of criteria not germane to the inventive
      concept, for example, appearance, cost of materials, and differences
      between the respective contributions of labor and tooling to the
      manufacturing cost. All forms, notwithstanding their specific differences,
      exhibit the common concept of a substantially unyielding supporting
      platform over substantially all of the area of the foundation except the
      peripheral area, in which resilient deflection is readily permitted at
      least along the side edges of the foundation.
PAC  SPECIFIC
PAR  The embodiment of FIGS. 1 to 3 inclusive contemplates the use of a
      peripheral wooden base frame 15 comprised of two thicknesses of lumber
      with overlapping butt joints at their corners 17 which are sawed to a
      convenient radius. Spanning the frame from side to side, I have provided a
      number of cross beams 19 which are conveniently formed as tubular metal
      arches, rectangular tubing being selected for ease of convenient stable
      attachment to the side members of the peripheral base frame 15. The arch
      members 19 are straight at their tops, which are aligned in a common plane
      for the mutual support of an upper deck member 21 which may take the form
      of a relatively stiff sheet of plywood, chip- or fiberboard, or an open
      mesh or lattice of metal, plastic, or other suitably stiff sheet material.
PAR  The number and character of the cross members 19 employed will depend to
      some extent upon the width of the bed and upon the nature of the material
      selected for the top deck sheet 21. Although it is not so illustrated in
      FIGS. 1 to 3, the arch members themselves may be integrated into a
      grid-like platform, in the nature of an inverted basket, by the addition
      of a plurality of longitudinal members preferably having their upper
      surfaces in the same common plane with the upper surfaces of the tubular
      arches 19 and all united into an integral grid assembly either as a
      weldment or a mechanically interconnected assembly.
PAR  As illustrated in FIGS. 1 to 3, the arched beam members 19 rise from the
      peripheral base frame 15 to the level of the supporting deck on an incline
      which recesses the rigid support of the deck 21 sufficiently inwardly from
      the side edge of the foundation to permit downward deflection of the side
      edges of its supporting surface. Within the side-edge recesses thus
      provided, a side row of springs 23, here illustrated as coil springs
      although not necessarily such, is stapled to the side members of the base
      frame 15 for the resilient support of the edge surface of the foundation.
      Similarly, at at least the foot end of the foundation, the end-most arched
      beam 19 is likewise set back from the end sufficiently to accommodate an
      end row of springs 24, and inasmuch as normal service requires that the
      ends of the foundation be interchangable, similar provision is made at the
      opposite end as well so that in the completed assembly, a peripheral row
      of spring elements provide resiliently deflectable support about the
      periphery of the foundation.
PAR  In the form of FIGS. 1 to 3, I have employed a relatively thin and hard
      wood-fiber board as the supporting deck 21, which I prefer to insulate
      from the upper surfaces of the arched beam members 19 at least minimally
      by suitable sound-deadening insulation 20 glued to the upper surfaces of
      the arch members 19. This may be a narrow strip of thin, fibrous batt or
      suitable substitute which will serve to muffle the contact between the
      upper surface of the arch and the under-surface of the deck material.
PAR  The deck sheet 21 extends to the full dimension of the foundation, i.e., to
      cover not only the arches but the peripheral spring elements as well, and
      in that manner eliminates the need for a border wire at the upper edge of
      the construction. In such case, I secure the deck sheet 21 to the cross
      beams 19 with a minimum of wire anchors 25, illustrated enlarged in FIGS.
      6 and 7. The anchor is formed to provide an upper crosshead 26 and a
      compressable V-shaped shank 27 which is insertable through aligned holes
      in the deck sheet 21, insulator 20, and tubular arch 19, in the interior
      of which it re-expands to secure the assembly as shown in FIG. 6.
PAR  With the sheet extending to substantially the full dimension of the
      foundation, the peripheral spring elements are maintained in upright
      attitude by being secured to the deck sheet, a single sinuous edge clip 29
      (FIGS. 4 and 5) embracing the upper convolution of the spring and the edge
      of the deck sheet, being sufficient for the purpose. The clip 29, formed
      of hardened steel band, has opposed edge tabs 30 struck downwardly from
      the side edges of its upper shank, the points of the tabs 30 resisting the
      removal of the clip 29 from the deck sheet 21, while the converging shanks
      of the lower loop confine the spring wire.
PAR  The objectives of the invention are adequately served, I have also found,
      in a minor modification of the structure illustrated in FIGS. 8 and 9 in
      which the deck sheet 21' is coextensive essentially only with the upper
      surfaces of the tubular arch beam members 19, and the peripheral spring
      elements 23 and 24 are connected to each other through the medium of a
      conventional border wire 31 to which each of the spring elements is
      clipped in customary fashion. In such case, I secured the deck sheet 21'
      to the tubular arch beams 19 by a wire clip 33 of roughly hairpin shape
      passed upwardly through the pair of flanking holes 27 in the deck so that
      the connecting cross-portion of the "hairpin" clip encircles the underside
      of the tubular arch. The upwardly protruding legs of the hairpin wire clip
      are then bent down toward the adjacent peripheral springs 23 and each
      crimped about the upper convolution of one of the two springs flanking the
      arch member, being secured thereto by a single wrap of the spring-clip
      wire.
PAR  Over the top of the deck sheet 21 or lattice, as the case may be, I provide
      a thin overall layer 35 of padding which may be of fiber, or of foamed or
      otherwise-porous resilient plastic material. This upper pad should be of
      sufficient surface smoothness to provide pleasing and attractive support
      of the upholstery cover, which may be such as is now conventionally
      employed, viz., a top panel 37 sewn to a continuous peripheral side panel
      39 which is drawn taut and stapled off to the underside of the peripheral
      base frame 15. A dust cover 41 of muslin or plastic, also tacked or
      stapled to the base frame 15, closes the bottom of the construction.
PAR  In a construction such as is illustrated in FIGS. 1 to 9, the construction
      materials, notwithstanding their effective rigidity relative to normally
      encountered loads, are nevertheless subject to elastic deflection under
      severe or unusual load conditions. Such heavy or impact loads result in,
      or are absorbed by, bending of the arched beams 19 or by spreading of the
      attaching ends of the tubular arches, depending on the point of
      application of the load. The end members of the wooden base frame 15 and a
      similar cross-tie 43 between the side rails of the base frame at their
      mid-points limit the extent of the spreading of the arched beams 19.
PAR  The padding layer 35 which tops the deck 21 of the foundation immediately
      beneath the outer upholstery cover 37, while serving the aforementioned
      cosmetic purpose, also cushions and distributes concentrated impact load.
      In normal usage of the bed of which the foundation is a part, i.e., with
      the usual weight distribution of the bed's occupants upon the mattress
      under static conditions and even under minor dynamic loading such as may
      be expected from unconscious movement of the body during sleep, the pad
      atop the supporting deck is essentially non-functional. However, when the
      bed is subjected to unusual and concentrated impact load, the relatively
      thin, somewhat stiff, resilient padding material absorbs and distributes
      the highly concentrated impact loads.
PAR  As already indicated, the plural, arched cross beams 19 of the forms of
      FIGS. 1 to 9 inclusive, render the central area of the foundation
      essentially unyielding to usual bedding loads, but are capable of limited
      resilient deflection under inordinate loads, which are usually of an
      impact nature.
PAR  If, however, the cross beams 19 are other than individual arches, or
      otherwise incapable of deflection under unusual load, some compensating
      accommodation may be desirable. For example, if, as earlier suggested, the
      individual arches were bridged longitudinally by their formation with
      other members into a grid, the stiffening resulting from their mutual
      support might require compensation, as might also the use of individual
      beams 19 of greater rigidity. This compensation is provided in the form of
      resiliently deformable cushioning between the deck 21 or 21' and the upper
      surfaces of the cross beams 19.
PAR  FIGS. 10 and 11 provide comparative illustration. FIG. 10 shows the minimal
      cushioning of the arched beams 19 to prevent direct contact with the deck
      sheet 21 or 21', and to dampen the tambour effect of the deck. FIG. 11
      illustrates the deeper cushioning preferred over more rigid underframing,
      symbolized for FIG. 11 by deepening the tubular section of the cross beam
      19.
PAR  In the form illustrated in FIGS. 12 to 14 inclusive, the peripheral base
      framing and the arches which support the deck, and indeed the deck itself,
      are integrally formed as a single structural sheet 45 which is either
      drawn or molded into inverted pan form, and may be provided with integral
      cross-ribbing 47 and preferably a reinforced edge 49 which is shown as an
      integral curl or bead around the peripheral base flange of the inverted
      pan 45. In this form, the peripheral volume of the foundation outwardly of
      the sloping riser portions of the sheet is filled with a collar 51 of
      resilient stiff material such as foamed polyurethane and the whole covered
      with a topper pad 53 of the same general character as described in
      connection with the pad 35 of the form illustrated in FIGS. 1 to 3.
PAR  The inverted pan 45 which forms the principal structural element in this
      case may be drawn from metal sheet or molded from plastic sheet material
      with or without reinforcing fibrous filler, and with or without embossed
      cross-ribbing 47, which may be replaced by cross beams of other sorts,
      e.g., wooden cross slats supported on edge by the insertion of their ends
      in "window" slots in the riser portions of the sheet. The ultimate
      utilization of the form of FIGS. 12 to 14 inclusive would be the molding
      or other formation of the resilient, foam-plastic material as an integral
      unit, including the topper pad 53 and the peripheral collar 51, either
      separately or in place upon the underlying structural pan, and with a
      sufficiently dense surface or "skin" to permit the elimination of the now
      conventional textile cover.
PAR  Each of the foregoing structures satisfies the common broad criterion of a
      firm, essentially rigid and essentially unyielding platform support for a
      mattress, surrounded, or as a minimum flanked laterally, by an edge zone
      which permits resilient deflection. A top layer of padding material
      capable of at least minimal distribution of concentrated impact that may,
      in extreme cases, fully compress the overlying mattress in a limited local
      area, is highly desirable not only for its emergency function, but also
      for its contribution to the appearance of the foundation when conventional
      outer upholstery covers are employed.
PAR  In each of the illustrated forms, with or without the cushioning top pad,
      the mattress, when serving its primary function of supporting the body in
      repose, is supported upon a flat, essentially rigid, unyielding platform,
      which therefore complements the function of the mattress in accommodating
      itself to the variety of body contours and load distributions in the many
      attitudes of the human form in repose. However, under abusive loading,
      particularly of an impact character, the platform is capable of sufficient
      load distributing ability to reduce or prevent damage to the foundation
      and/or substantial discomfort to the occupant. Moreover, when the bed
      inevitably serves as a sitting bench along its side edges, resilient edge
      deflection eliminates an abrupt, hard-edge feeling and, at the same time,
      permits sufficient load distribution in the transfer of the body weight
      from the mattress to the edge of the foundation to prevent the mattress
      border from being crushed.
PAR  The features of the invention believed new and patentable are set forth in
      the appended claims.
CLMS
STM  What is claimed is: features of t
NUM  1.
PAR  1. A foundation in the nature of a bed spring for use beneath a mattress to
      support the same, comprising
PA1  a base providing at least a rigid lower periphery for supporting the
      foundation and
PA1  structure rising from said base to provide an elevated supporting platform
      substantially coextensive with the mattress to be supported,
PA1  said platform having a stable central area which is substantially rigid and
      unyielding under normal loads imposed upon a bed spring,
PA1  the area of said platform between said central area and at least the side
      edges of the foundation being resiliently deflectable under concentrated
      vertical load, and having an extent laterally of the foundation sufficient
      to cushion the concentrated load of a person seated on the side edge of a
      mattress supported by the foundation.
NUM  2.
PAR  2. The foundation of claim 1 wherein the resiliently deflectable edge area
      extends about the periphery of the foundation.
NUM  3.
PAR  3. The foundation of claim 1 in which the stable central area is covered by
      a thin top pad to cushion such impact loads as may fully compress an
      overlying mattress.
NUM  4.
PAR  4. The foundation of claim 1 in which the base comprises a wooden perimeter
      frame, the stable central area of the platform comprises a plurality of
      arched beams spanning the perimeter frame and supporting a deck sheet
      which spans the beams, and in which the resiliently deflectable areas
      comprise wire springs secured at their bases to the perimeter frame and
      connected at their tops so as to be mutually assisting for at least a
      limited distance linearly of the perimeter from the zone of said
      concentrated load, a top pad at least coextensive with the upper surface
      of the foundation, and an upholstery cover enclosing the top and sides of
      the foundation and secured to the base frame.
NUM  5.
PAR  5. The foundation of claim 4 in which the deck sheet overlies the wire
      springs as well as the arches and in which the tops of the springs are
      connected by attachement to the deck sheet.
NUM  6.
PAR  6. The foundation of claim 4 in which the wire springs extend about the
      periphery of the foundation, and in which the deck sheet terminates short
      of the tops of the wire springs and is secured to the arches coextensively
      therewith, and having a peripheral border wire to which the wire springs
      are secured to unify the same.
NUM  7.
PAR  7. The foundation of claim 1 in which the stable central area of the
      platform is an integral unitary structure in the form of an inverted pan
      having a border flange which extends to said rigid lower periphery and
      which underlies said resiliently deflectable area of the foundation.
NUM  8.
PAR  8. The foundation of claim 7 in which the pan-like structure is reinforced
      in said stable central area by beams spanning said central area at least
      between opposing flanges at the sides of the foundation.
NUM  9.
PAR  9. The foundation of claim 7 in which said inverted pan is a single
      continuous solid sheet.
NUM  10.
PAR  10. The foundation of claim 7 in which the inverted pan is a single
      continuous solid sheet and in which the stable central area is reinforced
      by cross ribs depressed from the surface of the sheet in said central
      area.
NUM  11.
PAR  11. The foundation of claim 7 in which said inverted pan is a single
      continuous sheet which forms both the stable central area and the
      perimeter base, in which the perimeter base is reinforced by a curl at the
      edge of the flange and the central area is reinforced by creases spanning
      the sheet laterally in said central area.
NUM  12.
PAR  12. The foundation of claim 7 in which the resiliently deflectable area of
      the platform comprises a collar of cushion foam overlying the flange area
      of the pan and having a flat upper surface extending the supporting
      surface of the stable central area to the edges of the foundation.
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ABST
PAL  A retractable suspension system adaptable for land, water, or amphibious
      vehicles substantially comprises: a bottom suspension arm having a
      wheel-axle assembly associated with its first end; a top suspension arm;
      spring means for interconnecting the arms; a horizontal suspension beam
      axle fixedly attached to the vehicle frame; and means attached to the
      vehicle frame and to the first end portion of the top suspension arm for
      adjusting the rotational orientation of the two arms about the suspension
      beam axle whose center is coincident with the second ends of the two arms.
      The suspension system can be partially retracted to accommodate for uneven
      load distributions on the vehicle and for levelling the vehicle on
      nonuniform terrain while it can be fully retracted for water use. Straight
      carry-through members which are extensions of the vehicle frame can be
      utilized to form the suspension beam axle. In such case, a low pivot point
      is provided for rotation of the top and bottom suspension arms thereby
      eliminating the need for complicated secondary framing which would
      otherwise be required.
PARN
PAR  This is a continuation-in-part of copending application Ser. No. 379,234
      entitled "Amphibious Camper" and filed July 16, 1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to vehicle suspension systems and in particular to
      such a system including retractable suspension arms.
PAC  BACKGROUND OF THE INVENTION
PAR  Several prior art land, water, and amphibious vehicles have had suspension
      systems or undercarriages associated therewith. For example, Johnson U.S.
      Pat. No. 2,339,782 discloses a sectional boat utilizing wheels which are
      removable but not retractable. Henningsen U.S. Pat. NO. 2,460,935
      describes a boat-trailer combination utilizing a lever mechanism which
      lifts the wheels when the boat structure is folded open. This system
      relies on telescoping members for absorbing shocks and can only be used in
      the fully retracted or fully down positions. Bushfield U.S. Pat. No.
      2,588,084 includes a retractable suspension system for a combined
      trailer-folding boat. This system is of the folding type and apparently
      does not include any shock absorbing means. Howe U.S. Pat. No. 3,042,942
      discloses an amphibious pontoon boat including a retractable suspension
      system. The shock absorbing system associated therewith utilizes a tension
      spring. Sideways folding of the wheels does not permit use of the system
      for supporting the boat at varying levels. Byberg U.S. Pat. No. 3,079,616
      discloses a foldable floating platform utilizing a vertical-lift type rack
      and pinion mechanism for retracting the wheels. No shock absorbing system
      is included. Stockmann U.S. Pat. No.  3,114,157 discloses a raft including
      a rather complex supporting mechanism, which mechanism includes numerous
      parts subject to undue lateral forces. Mycroft U.S. Pat. No. 3,280,785
      accomplishes lifting of the wheels by compressing Volkswagen suspension
      springs thereby pulling the wheels with a cable-tensioning mechanism.
      Finally, Lusk U.S. Pat. No. 3,738,684  discloses a transportable vehicle
      including a removable or foldable telescoping undercarriage, which
      undercarriage can support the vehicle at only one fixed position.
PAR  From the above, it is apparent that the prior art suspension systems or
      undercarriages generally provide at most one or two of the many features
      which are desirable in a land, water, or amphibious vehicle suspension
      system. Most of these prior art systems include numerous parts and sliding
      surfaces subject to wear thereby requiring extensive corrosion protection.
      Therefore, it is desirable and advantageous to have a unitary suspension
      system providing all the desired features for land, water, or amphibious
      applications.
PAR  Objects of the present invention are therefore to provide:
PAR  a unitary suspension system;
PAR  a compact suspension system;
PAR  a retractable suspension system;
PAR  a retractable suspension system which is readily adaptable for land travel,
      and stationary and water applications;
PAR  a retractable suspension system which is utilizable in camping and boating
      type vehicles;
PAR  an adjustably retractable suspension system;
PAR  an adjustably retractable suspension system comprising a minimum number of
      parts and which is of simple design and economical to manufacture;
PAR  a unitary suspension system or undercarriage which is readily adaptable for
      land, water, or amphibious vehicles;
PAR  a suspension system of the above type whose associated wheel need not be
      removed for water use;
PAR  a suspension system of the above type whose associated wheel is fully
      retractable;
PAR  a suspension system of the above type whose associated wheel is adjustably
      retractable;
PAR  a suspension system of the above type including shock absorbing means;
PAR  a suspension system of the above type including shock absorbing means of
      the compressed spring type;
PAR  a suspension system of the above type including a jack screw assembly for
      effecting partial or full retraction of the associated wheel;
PAR  a suspension system of the above type including stiff jack screw means for
      effecting retraction of the associated wheel;
PAR  a suspension system of the above type including a minimum number of parts
      and sliding surfaces; and
PAR  a suspension system of the above type which is readily adaptable for
      raising or lowering the associated vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a retractable suspension system
      adaptable for land, water, or amphibious vehicles substantially comprises:
      a bottom suspension arm having a wheel-axle assembly associated with its
      first end; a top suspension arm; spring means for interconnecting the
      arms; a horizontal suspension beam axle fixedly attached to the vehicle
      frame; and means attached to the vehicle frame and substantially to the
      first end of the top suspension arm for adjusting the rotational
      orientation of the two arms about the suspension beam axle whose center is
      coincident with the second ends of the two arms.
PAR  According to a first illustrative embodiment, a retractable suspension
      system or undercarriage substantially comprises a wheel and an associated
      axle; bottom and top suspension arms; a spring; first and second
      suspension beam axles; and a jack screw assembly including a jack screw, a
      jack screw nut, a jack screw pivot-bearing, and a crank. The wheel is
      rotatably mounted onto its associated wheel axle, which axle is horizontal
      and perpendicular to the venicle's longitudinal direction. The suspension
      beam axles are horizontal and perpendicular to the vehicle's longitudinal
      direction. These beam axles are fixed relative to the vehicle frame. The
      wheel axle is located substantially intermediate the two beam axles. The
      wheel axle is fixedly attached to the first end of the bottom suspension
      arm while the first suspension beam axle is rotatably attached to the
      second end. The bottom suspension arm, which extends along the vehicle's
      longitudinal direction and which is substantially horizontal during the
      travel configuration, is therefore rotatable relative to the first
      suspension beam axle. The first end of the top suspension arm is also
      rotatably attached to the first suspension beam axle. In other words, the
      top suspension arm, which also extends along the vehicle's longitudinal
      direction and which is substantially horizontal during the travel
      configuration, is also rotatable relative to the first suspension beam
      axle. Now, the jack screw nut connects the second end of the top
      suspension arm to an intermediate portion of the jack screw while the jack
      screw pivot-bearing connects the first or lower end of the jack screw to
      the second suspension beam axle, as will be hereinafter explained. The
      crank is fixedly attached to the second or upper end of the jack screw.
      The second end of the top suspension arm is substantially adjacent the
      first end of the jack screw during the travel configuration. The two beam
      axles are part of an internal frame which supports the vehicle. The ends
      of the beam axles extend to the sides of the vehicle. The first or lower
      end of the spring is fixedly attached to the first end of the bottom
      suspension arm while the second or upper end of the spring is fixedly
      attached to an intermediate portion of the top suspension arm. The spring
      is substantially vertical during the travel configuration.
PAR  The jack screw nut allows for rotation of the jack screw about its own axis
      and for rotation of the top suspension arm relative to the jack screw
      whereby the second end of the top suspension arm rides axially along the
      jack screw. The jack screw pivot-bearing allows for rotation of the jack
      screw about its own axis and for rotation of the jack screw's first end
      about the second suspension beam axle.
PAR  Now, rotation of the jack screw about its own axis in a first direction
      causes the second end of the top suspension arm to ride up axially along
      the jack screw, thereby rotating the top suspension arm about the first
      suspension beam axle. This, in turn, causes the spring to pull up the
      first end of the bottom suspension arm, thereby rotating the bottom
      suspension arm relative to the first suspension beam axle. This, of
      course, results in the retraction of the wheel axle and its associated
      wheel. In the retracted configuration, the bottom and top suspension arms
      are susbstantially vertical while the spring is substantially horizontal.
      Rotation of the jackscrew in the second direction results in the lowering
      of the wheel.
PAR  The second illustrative embodiment is idential to the first, except that
      the geometry of the top and bottom suspension arms is modified and the
      spring is replaced by one or more elastomer compression type springs such
      as the Lord "Lastosphere" or other similar spring.
PAR  According to a third illustrative embodiment, a retractable suspension
      system or undercarriage substantially comprises a wheel and an associated
      axle; bottom and top suspension arms; a pivot assembly; first and second
      suspension beam axles; and a jack screw assembly including a jack screw, a
      jack screw nut, a jack screw pivot-bearing, and a crank. The wheel, the
      wheel axle, the first end of the bottom suspension arm, the first and
      second ends of the top suspension arm, the jack screw nut, the jack screw
      pivot-bearing, the jack screw, and the crank are substantially related to
      each other and to the vehicle frame as before. In this embodiment, the
      pivot assembly includes a U-shaped member and a cylindrical torsional
      elastomer spring assembly. The U-shaped member has first and second
      vertically extending portions and an interconnecting hollow lower portion.
      The elastomer spring assembly further includes a laterally directed
      central shaft, a hollow cylindrical elastomer member fixedly attached to
      the central shaft, and a thin cylindrical outer sleeve fixedly attached to
      the elastomer member. The ends of the inner central shaft are fixedly
      attached to the extending portions. The first suspension beam axle fits
      into the lower hollow portion of the U-shaped member and is rotatable with
      respect thereto. The second end of the bottom suspension arm is rigidly
      attached to the outer sleeve while the first end of the top suspension arm
      is rigidly attached to one of the vertically extending portions. Again,
      rotation of the jack screw about its axis in a first direction results in
      the retraction of the wheel and its associated axle into the wheel well
      while rotation of the jack screw in the second direction reults in the
      lowering of the wheel.
PAR  Features of the present invention are therefore that:
PAR  the top suspension arm remains stationary while the bottom suspension arm
      rotates relative to the first suspension beam axle in response to shock
      loads received by the associated wheel;
PAR  retraction is effected by rotating the top suspension arm relative to the
      first suspension beam axle;
PAR  retraction is effected by applying a moment to the top suspension arm
      thereby causing rotation of such arm relative to the first suspension beam
      axle;
PAR  steel or elastomer springs located between the top and bottom suspension
      arms absorb the shock loads received by the wheel;
PAR  the main shock absorbing element is not subjected to load when the
      suspension system is in the fully retracted position;
PAR  the first suspension beam axle about which the suspension arms rotate
      provides a low pivot point;
PAR  the jack screw portion located between the second suspension beam axle and
      the second end of the top suspension arm is always in tension;
PAR  the associated shock absorbing system is not subjected to load when the
      suspension system is in the fully retracted position; and
PAR  utilizing straight carry through members to form the suspension beam axles
      provides low pivot points for the top and bottom suspension arms thereby
      always maintaining the jack screw in tension.
PAR  Advantages of the present invention are therefore that:
PAR  the retractable suspension system is includable in a compact structure;
PAR  the suspension system is readily adaptable and advantageously utilized in
      either land, water, or amphibious vehicles;
PAR  the retractable suspension suspension system is economical to manufacture
      and to maintain in that it comprises a minimum number of parts and sliding
      surfaces which are subject to wear and corrosion;
PAR  the suspension system is of the adjustably retractable type thereby being
      adaptable for accommodating uneven load distributions on the vehicle and
      for levelling the vehicle on nonuniform terrain;
PAR  the suspension system is adjustably retractable even while under load;
PAR  the suspension system is readily adaptable for land transportation,
      stationary use, vehicle launching and water use;
PAR  the suspension system can be retracted during water use in order to
      minimize water drag;
PAR  the suspension system can support wheel loads at any partially retracted
      position;
PAR  the wheels associated with the suspension system are fully retractable and
      therefore need not be removed for water use;
PAR  the shock absorbing system can utilize either metal or elastomer springs;
PAR  the retractable suspension system can easily be mounted to prealigned pivot
      points located on the vehicle frame;
PAR  the low pivot points provided by the suspension beam axles allow for
      positive wheel alignment and ease of system assembly;
PAR  forming the suspension beam axles from straight carrythrough members
      located below the vehicle floor eliminates complicated secondary framing
      which would otherwise be necessary; and
PAR  the wheels associated with the suspension system can easily be removed and
      replaced by skis for travel on snow.
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PAC  DESCRIPTION OF THE DRAWING
PAR  Other objects, features, and advantages of the present invention will be
      better appreciated by a consideration of the following detailed
      description and the drawing in which:
PAR  FIG. 1 is a side view of an amphibious vehicle in its travel configuration
      utilizing a retractable suspension system according to the present
      invention;
PAR  FIG. 2 is a side view of the same vehicle in its boating configuration;
PAR  FIG. 3 is a top partially cross-sectional view of the same vehicle
      illustrative of the relationship between the retractable suspension system
      and the vehicle frame;
PAR  FIG. 4 is a side view of a first illustrative embodiment of a retractable
      suspension system according to the present invention;
PAR  FIG. 5 is the side view of a second illustrative embodiment of a
      retractable suspension system according to the present invention;
PAR  FIGS. 6 and 7 are end partially cross-sectional views through the first and
      second suspension beam axles of the retractable suspension systems shown
      in FIGS. 4 and 5; and
PAR  FIG. 8 is a side view of a third illustrative embodiment of a retractable
      suspension system according to the present invention, while FIG. 9 is an
      end partially cross-sectional view through the system's first suspension
      beam axle.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 is a side view of an amphibious vehicle in its travel configuration
      utilizing a retractable suspension system according to the present
      invention. Amphibious vehicle 10 includes vehicle body 20 which houses
      retractable suspension system 40 of the present invention. In this
      conconfiguration, the wheels associated with system 40 are at their
      lowermost position.
PAR  FIG. 2 is a side view of vehicle 10 in its boating configuration. In this
      configuration, the wheels associated with system 40 are in their fully
      retracted position.
PAR  FIG. 3 is a top partially cross-sectional view of vehicle 10 illustrative
      of the relationship between system 40 and the vehicle frame. In vehicle
      body 20, the frame within the floor comprises longitudinal members 225a
      and lateral straight carry-through members 47c and 47d, to which
      suspension beam axles 47a and 47b of system 40 are rigidly fastened, as
      will be hereinafter described in detail. Wheel 41 of system 40 is housed
      within well 28 of vehicle body 20, as will also be hereinafter described
      in detail.
PAR  Vehicle 10 of FIGS. 1, 2, and 3 is disclosed in copending application Ser.
      No. 379234 entitled "Amphibious Camper", and filed July 16, 1973. While
      retractable suspension system 40 of the present invention is described in
      relation to vehicle 10, it will be apparent to those skilled in the art
      that system 40 could advantageously be utilized with any other suitable
      land, water, or amphibious vehicle.
PAR  FIG. 4 is a side view of a first illustrative embodiment of a retractable
      suspension system according to the present invention. FIGS. 6 and 7 are,
      in turn, end partially cross-sectional views through the system's first
      and second suspension beam axles. Retractable suspension system 40
      substantially comprises wheel 41 and associated axle 29; bottom and top
      suspension arms 42 and 43, respectively; spring 44 and associated shock
      absorber 44a; first and second suspension beam axles 47a and 47b,
      respectively; and jack screw assembly 46 including jack screw 46d, jack
      screw nut 46a, jack screw pivot-bearing 46b, and crank 46c. Wheel 41 is
      rotatably mounted onto associated axle 29, which wheel axle is horizontal
      and perpendicular to the vehicle's longitudinal direction. Suspension beam
      axles 47a and 47b are also horizontal and perpendicular to such
      longitudinal direction. These suspension beam axles are fixed relative to
      vehicle body 20. Wheel axle 29 is normally located substantially
      intermediate the two suspension beam axles. Wheel axle 29 is fixedly
      attached to the first end of bottom suspension arm 42 while first
      suspension beam axle 47a is rotatably attached to the second end. Bottom
      suspension arm 42, which extends along the vehicle's longitudinal
      direction and which is substantially horizontal during the travel
      configuration, is therefore rotatable relative to the first suspension
      beam axle 47a. The first end of top suspension arm 43 is also rotatably
      attached to first suspension beam axle 47a. In other words, top suspension
      arm 43, which also extends along the vehicle's longitudinal direction and
      which is substantially horizontal during the travel configuration, is also
      rotatable relative to first suspension beam axle 47a. Now, jack screw nut
      46a connects the second end of top suspension arm 43 to an intermediate
      portion of jack screw 46d while jack screw pivot-bearing 46b connects the
      first or lower end of the jack screw to second suspension beam axle 47b,
      as will be hereinafter explained. Crank 46c is attached to the second or
      upper end of jack screw 46d. The second end of the top suspension arm 43
      is substantially adjacent the first end of jack screw 46d during the
      travel configuration. The first or lower end of spring 44 is fixedly
      attached via retainer 45 to the first end of bottom suspension arm 42
      while the second or upper end of the spring is fixedly attached via
      retainer 48 to an intermediate portion of top suspension arm 43. Spring 44
      is substantially vertical during the travel configuration. Bumper 49,
      which is attached to top suspension arm 43, prevents contact between the
      two suspension arms while shock absorber 44a damps the arms' relative
      motion. Suspension beam axles 47a and 47b are part of the aforementioned
      internal frame which supports vehicle body 20. The ends of suspension beam
      axles 47a and 47b extend into wheel wells 28 located along the sides of
      vehicle body 20.
PAR  Jack screw nut 46a allows for rotation of jack screw 46d about its own axis
      and for rotation of top suspension arm 43 about suspension beam axle 47a
      whereby the second end of the top suspension arm rides axially along the
      jack screw. Jack screw pivot-bearing 46b allows for rotation of jack screw
      46d about its own axis and for rotation of the jack screw's first end
      about second suspension beam axle 47b.
PAR  Now, rotation of jack screw 46d about its own axis in a first direction
      causes the seceond end of top suspension arm 43 to ride up axially along
      the jack screw, thereby rotating the top suspension arm about first
      suspension beam axle 47a.  This, in turn, causes spring 44 to pull up the
      first end of bottom suspension arm 42, thereby rotating the bottom
      suspension arm relative to first suspension beam axle 47a. This, of
      course, results in the retraction of wheel axle 29 and associated wheel 41
      up into wheel well 28 of vehicle body 20. This is illustrated by position
      41' of the wheel. In the retracted configuration, bottom and top
      suspension arms 42 and 43 are substantially vertical while spring 44 is
      substantially horizontal. Rotation of jack screw 46d in the second
      direction results in the lowering of wheel 41. The threads of jack screw
      46d are advantageously self-locking with respect to jack screw 46a. This
      means that wheel 41 can support vehicle body 20 at any intermediate
      position between the wheel's lowermost and retracted positions because nut
      46a would not slide or rotate jack screw 46d when a load is applied to
      jack screw 46d via nut 46a. For additional safety, an external locking
      device, not shown, can also be utilized to further prevent rotation of
      jack screw 46d under excessive vibration.
PAR  In the alternative, shock absorber 44a can be placed externally of spring
      44. Thus, an adjustable compressed air suspension unit, not shown, can be
      placed inside spring 44 thereby allowing adjustment of suspension system
      40 to compensate for varying load or terrain conditions. Furthermore,
      crank 46c can be placed at a remote location and connected to jack screw
      46d by any means of flexible or universal joint shafting, not shown. If
      desired, crank 46c can be replaced by a motor, not shown. Also, the second
      end of bottom suspension arm 42 can be rotatably attached to the first end
      of top suspension arm 43 by means of a separate pivot, not shown, instead
      of attaching suspension beam axle 47a directly to the second end of bottom
      suspension arm 42. In either case, vibration mounts, not shown, could also
      be associated with the separate pivot attachment.
PAR  FIG. 5 is a side view of a second illustrative embodiment of a retractable
      suspension system according to the present invention. FIGS. 6 and 7 are,
      in turn, end partially cross-sectional views through the system's first
      and second suspension beam axles. Retractable suspension system 40B is
      similar to system 40, except that spring 44 and associated retainers 45
      and 48 are replaced by at least one elastomer compression spring 44b, such
      as the Lord "Lastophere" or other similar spring. Bumper 49 is eliminated
      and the geometry of bottom and top suspension arms 42 and 43 is modified
      to suit elastomer compression spring 44b. A shock absorber, not shown, can
      also be added to the system in between the top and bottom suspension arms.
      The operation of system 40B is substantially the same as that of system
      40.
PAR  FIG. 8 is a side view of a third illustrative embodiment of a retractable
      suspension system according to the present invention, while FIG. 9 is an
      end partially cross-sectional view through the system's first suspension
      beam axle. Retractable suspension system 140 substantially comprises wheel
      41 and associated axle 29; bottom and top suspension arms 142 and 143,
      respectively, and associated pivot assembly 148; first and second
      suspension beam axles 47a and 47b, respectively; and jack screw assembly
      46 including jack screw 46d, jack screw bearing-pivot 46b, and crank 46c.
      The wheel, wheel axle, the first end of the bottom suspension arm, the
      first and second ends of the top suspension arm, the jack screw nut, the
      jack screw pivot-bearing, the jack screw, and the crank are substantially
      related to each other and to vehicle body 20 as before. Bumper 49 of the
      top suspension arm also serves a similar function.
PAR  In this embodiment, pivot assembly 148 includes a U-shaped member
      associated with arm 143 and a cylindrical, torsional elastomer spring
      assembly associated with arm 142. The U-shaped member has first and second
      vertically extending portions 148a and 148b interconnecting hollow lower
      portion 148c. The torsional elastomer spring assembly further includes
      laterally directed inner central shaft 148d, hollow cylindrical elastomer
      member 145 fixedly attached to the central shaft, and thin cylindrical
      outer sleeve 144 attached to the elastomer member. The ends of inner
      central shaft 148d are fixedly attached to extending portions 148a and
      148b. Lower hollow portion 148c of the U-shaped member has first
      suspension beam axle 47a inserted therethrough and is rotatable with
      respect to such axle. The second end of bottom suspension arm 142 is
      rigidly attached to outer sleeve 144 while the first end of top suspension
      arm 143 is rigidly attached to extending portion 148b. In this particular
      embodiment, it is apparent that outer sleeve 144 is built integrally with
      bottom suspension arm 142 while extending portions 148a and 148b and
      hollow lower portion 148c are built integrally with top suspension arm
      143.
PAR  Again, rotation of jack screw 46d about its axis in a first direction
      results in the retraction of wheel 41 to position 41' while rotation of
      the jack screw in the second direction results in lowering of the wheel.
      Again, suspension beam axles 47a and 47b and respectively associated frame
      members 47c and 47d are part of a rigid frame which supports vehicle body
      20 while the vehicle is being supported by wheel 41.
PAR  A feature of the present invention is that suspension beam axles 47a and
      47b provide low pivot points. This allows for use of stiff straight-
      through members 47c and 47d as part of the vehicle body support frame and
      for maintaining jack screw 46d in tension.
PAR  While the retractable suspension system of the present invention has been
      described in terms of specific illustrative embodiments, it will be
      apparent those skilled in the art that many modifications are possible
      within the spirit and scope of the disclosed principle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A retractable suspension system comprising:
PA1  a first nonrotatable horizontal suspension beam axle member,
PA1  a movable horizontal axle member which is parallel to said first suspension
      beam axle member,
PA1  a first suspension arm member, the first end thereof being fixedly attached
      to one end of said horizontal axle member and the second end thereof being
      rotatably attached to said first suspension beam axle member, said
      horizontal axle member being attached only at said one end and being
      perpendicular to said first suspension arm member,
PA1  a second suspension arm member, the first end thereof also being rotatably
      attached to said first suspension beam axle member, said first and second
      suspension arm members defining and being located within a vertical plane,
PA1  spring means interconnecting said first and second suspension arm members,
      said spring means being located directly above said first suspension arm
      member and directly below said second suspension arm member, and
PA1  means attached to said second suspension arm member for adjusting the
      rotational orientation thereof relative to said first suspension beam axle
      member,
PA1  whereby actuation of said adjusting means causes said horizontal axle
      member to be selectively raised or lowered relative to said first
      suspension beam axle member.
NUM  2.
PAR  2. The rectractable suspension system of claim 1 also comprising:
PA1  a second nonrotatable horizontal suspension beam axle member, said second
      suspension beam axle member being parallel to said first suspension beam
      axle member and being fixed relative thereto,
PA1  said adjusting means also being attached to said second suspension beam
      axle member.
NUM  3.
PAR  3. The retractable suspension system of claim 1 wherein said spring means
      is of the linear-displacement type, the first end of said spring means
      being fixedly attached to the first end of said first suspension arm
      member and the second end being attached to an intermediate portion of
      said second suspension arm member.
NUM  4.
PAR  4. The retractable suspension system of claim 1 wherein said spring means
      is of the torsional-displacement type, said spring means rotationally
      interconnecting the second end of said first suspension arm member and the
      first end of said second suspension arm member substantially adjacent said
      first suspension beam axle member.
NUM  5.
PAR  5. The retractable suspension system of claim 1 also comprising:
PA1  a second nonrotatable horizontal suspension beam axle member, said second
      suspension beam axle member being parallel to said first suspension beam
      axle member and being fixed relative thereto; and
PA1  wherein said adjusting means further comprises:
PA1  a jack screw member,
PA1   first pivot means connecting the second end of said second suspension arm
      member to an intermediate point of said jack screw member, said first
      pivot means allowing rotation of said jack screw member about its own
      longitudinal axis and allowing rotation of said second suspension arm
      member about said first suspension beam axle member; and
PA1  second pivot means connecting one end of said jack screw member of said
      second suspension beam axle member, said second pivot means allowing
      rotation of said jack screw member about its own longiudinal axis and
      allowing rotational displacement of said jack screw member about said
      second suspension beam axle member,
PA1  whereby rotation of said jack screw member about its own longitudinal axis
      rotates said second suspension arm member about said first suspension beam
      axle member and, in turn, rotates said first suspension arm member about
      said first suspension beam axle member thereby controllably raising or
      lowering said horizontal axle member.
NUM  6.
PAR  6. The retractable suspension system of claim 1 wherein said spring means
      comprises at least one elastomer member interconnecting said first
      suspension arm member and said second suspension arm member.
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ABST
PAL  An inflatable boat comprising inner inflatable tubes in an outer tube, the
      inner tubes and the outer tube being fabricated from flat sheet stock by a
      method involving stitching a bottom seam of the outer tube with the outer
      tube in place on the inflated inner tubes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to inflatable boats, and more particularly to a type
      of inflatable boat sometimes referred to as an inflatable dinghy having an
      endless tubular hull.
PAR  Examples of such boats are found in U.S. Pat. Nos. 2,456,086, 3,212,111 and
      3,125,770. Reference may also be made to U.S. Pat. No. 3,628,206.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of the invention may be noted the provision of an
      inflatable boat of improved economical construction; the provision of such
      a boat of such construction as to allow the use of a fabric in the hull of
      the boat and seams for the fabric that do not have to be air-tight; and
      the provision of such a boat wherein various parts are cut from flat stock
      thereby simplifying production.
PAR  In general, an inflatable boat of this invention comprises at least one
      inner inflatable tube and an outer tube surrounding the inner tube, said
      inner tube per se being a straight tube of air-impervious flexible sheet
      material having its ends closed, and said outer tube comprising a length
      of flexible sheet material surrounding the inner tube with the
      longitudinal margins of said length of outer tube material seamed together
      to constitute it as a tube. In making the boat, an inflatable tube which
      is to constitute an inner tube of the boat and is assembled with fabric
      which is to constitute an outer tube of the boat, the inflatable tube
      being inflated, margins of the fabric extending in the direction of the
      length of the inner tube being brought together into
      inside-face-to-inside-face engagement and extending outwardly from the
      tube, and stitching said margins together with a stitch permitting said
      margins, on further inflation of the inner tube, to lie against the inner
      tube with their edges opposed to one another.
PAR  Other objects and features will be in part apparent and in part pointed out
      hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective of an inflatable boat of this invention;
PAR  FIG. 2 is a horizontal section on line 2--2 of FIG. 1;
PAR  FIG. 3 is a perspective of an inner inflatable tube of the boat;
PAR  FIG. 4 is a vertical section on line 4--4 of FIG. 2;
PAR  FIG. 5 is a horizontal section on line 5--5 of FIG. 3;
PAR  FIG. 6 is an enlarged fragment of FIG. 2;
PAR  FIG. 7 is a view showing an opening in the outer tube of the boat for an
      air valve;
PAR  FIG. 8 is a view showing how sections of fabric for the outer tube are cut
      from a web; and
PAR  FIG. 9 is a vertical section illustrating a step in the manufacture of the
      boat.
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, there is indicated at 1 in FIGS. 1 and 2 an
      inflatable boat of this invention, comprising two inner inflatable tubes 3
      and an outer tube 5 surrounding the inner tubes. The outer tube (which may
      also be referred to as the outer shell) is of endless form, having a stern
      section 7, left and right side sections each designated 9, and left and
      right bow sections each designated 11 angled toward one another in forward
      direction and meeting generally in the fore-to-aft central plane of the
      boat. Each inner inflatable tube 3 per se is a straight tube (see FIG. 3)
      of air-impervious material, e.g., air-impervious vinyl plastic sheet
      adapted to be heat-sealed. Each tube 3 comprises a straight length of such
      material formed into a tube with its longitudinal margins 13 and 15 (see
      FIGS. 3 and 4) brought together and sealed to form a longitudinal seam 17
      and having its ends heat-sealed together to form end seams as indicated at
      19. As illustrated, the longitudinal seam 17 and the end seams are
      face-to-face seams. Each of the inflatable tubes has a conventional air
      valve 21 (for inflating the tube) shown as located adjacent one end of the
      tube.
PAR  Each section of the outer tube 3 is initially cut as a flat unfolded blank
      from a web of fabric such as vinyl coated nylon (e.g., 14 oz. vinyl coated
      nylon) which need not be completely air-impervious, but which is
      preferably water-impervious, the web having a width corresponding
      generally to the desired full inflated diameter of the sections. FIG. 8
      illustrates how these sections may be cut from a web W with the cuts
      developed to form the necessary miter seams at the junctions of the
      sections with allowance of material for making these seams. Each of these
      miter seams is indicated at 23 in FIGS. 1 and 2, five such seams being
      provided, two between the ends of the stern section 7 and the aft ends of
      the side sections 9, two between the forward ends of the side sections 9
      and the aft ends of the bow sections 11, and one between the forward ends
      of the bow sections 11.
PAR  The five fabric blanks are joined together end-to-end in the five-sided
      form of the boat by means of stitched face-to-face seams at 23, being
      formed into a tubular five-sided body 5 in the course of this operation
      with the side margins of each blank (which were the side margins of the
      web) unjoined at the bottom of the body. Thus, the five tubular sections
      have inwardly directed end margins stitched together in face-to-face
      relation at 23. The five-sided fabric body 5 is assembled with the two
      inner tubes 3 arranged end-to-end therein, and the inner tubes 3 are
      inflated to an extent somewhat less than full inflation to expand the
      fabric body to generally cylindrical form with the margins 25 of the
      fabric extending outwardly from what becomes the bottom of the boat in
      face-to-face relation (see FIG. 9). These margins are then whip-stitched
      together as indicated at 27 in FIG. 9 all around the five-sided body 5,
      the whip stitching being such as to permit the margins 25, on further
      inflation of the inner tubes 3, to lie generally flat against the inner
      tube with their edges 29 opposed to one another and contiguous. The
      stitching may be carried out on a Merrow sewing machine and provides a
      flat sewn seam effect.
PAR  Each of the left and right side sections 9 of the outer tube 5 has an
      opening 31 on the inside thereof for the air valve 21 of a respective
      inner tube 3. The valve has a threaded nipple 33 extending from the inner
      tube 3 through this opening 31. A closure flap 35 attached to the inner
      tube 3 at the base of the nipple 33 of the valve 21 overlies the outer
      tube 5, snap fasteners being provided as indicated at 37 for fastening it
      to the outer tube. This flap may be made, for example, of the same
      material as the outer tube 1. Each opening 31 is circular with slits 39
      and 41 extending up and down therefrom, and each of the inner tubes 3 is
      removable (and replaceable) through the respective opening and slits.
PAR  The boat 1 has a floor 43, which may be of vinyl coated nylon, for example,
      secured by suitable adhesive all around its margin at 45 to the outer tube
      5. Suitable oarlocks 47 are provided on top of the side sections 9 of the
      tuber tube 5, and rings 49 for a hand line (not shown) may be provided on
      the outside of each side section. Seats as indicated at 51 may be attached
      in suitable manner to the side sections 9.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An inflatable boat comprising an outer tube having a stern section, side
      sections extending forward from opposite ends of the stern section at
      opposite sides of the boat, and bow sections angled toward one another
      from the forward ends of the side sections and meeting generally in the
      fore-to-aft central plane of the boat, and a plurality of inner inflatable
      tubes arranged end-to-end in said outer tube, each inner tube comprising a
      straight length of air-impervious flexible sheet material formed into a
      tube with its longitudinal margins brought together and sealed to form a
      longitudinal seam, and its ends sealed together to form end seams, each
      inner tube extending through a plurality of said sections, each inner tube
      having an inflation valve and said outer tube having openings for said
      inflation valves, and each inner tube being removable, when deflated, from
      the outer tube through the respective opening, the stern section, each
      side section and each half of the bow section of the outer tube each
      comprising a separate tubular section of said outer tube material, said
      separate tubular sections being stitched together at respective abutting
      ends thereof.
NUM  2.
PAR  2. An inflatable boat as set forth in claim 1 wherein said tubular sections
      of said outer tube material have inwardly directed end margins stitched
      together in face-to-face relation.
NUM  3.
PAR  3. An inflatable boat as set forth in claim 1 wherein each outer tube
      section comprises a length of flexible sheet material with the
      longitudinal margins thereof stitched together in such manner that, on
      inflation of the inner tubes and expansion of said sections, the margins
      of the length of the material in each said section lie against an inner
      tube with their edges opposed to one another and contiguous.
NUM  4.
PAR  4. An inflatable boat as set forth in claim 3 wherein the longitudinal
      edges of each of said lengths of outer tube material are stitched together
      by a whip stitch passing over and under the edges of said material and
      extending through the margins of said material.
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ABST
PAL  An article of clothing having a pocket portion containing an inflatable
      envelope, and a compressed fluid container for inflating the envelope
      whereby, upon inflation, the envelope is forced out of the pocket portion,
      the article of clothing being particularly suitable during times of
      emergency in the water when a wearer of the clothing enters the water and
      requires an immediate additional buoyancy aid.
BSUM
PAR  The present invention relates to articles of clothing having an envelope
      which is inflatable by means of fluid held in a compressed fluid cannister
      container and in particular relates to sailing and boating garments,
      swimwear, belts and other like leisure wear having an inflatable envelope
      carried in a pocket portion of the garment.
PAR  The article of clothing of the present invention has particular application
      during times of emergency in the water when a wearer of the clothing
      enters the water and finds difficulty in swimming or staying on the
      surface. Furthermore, the appearance of the article of clothing is not
      hindered since the inflatable envelope is disguised within a pocket in the
      belt line of the clothing.
PAR  According to the present invention there is provided an article of clothing
      having a pocket portion containing an inflatable envelope, and a
      compressed fluid container for inflating the envelope whereby, upon
      inflation, the envelope is forced out of the pocket portion.
PAR  Preferably the compressed fluid container is locatable within the
      inflatable envelope.
PAR  The inflatable envelope may have a removable seal member formed therein,
      the compressed fluid container being insertable through the seal member
      for location within the inflatable envelope.
PAR  Preferably the seal member leads to a perforated pocket within the
      inflatable envelope, the compressed fluid container being locatable within
      the perforated pocket.
PAR  Alternatively the compressed fluid container forms at least a part of a
      buckle of the clothing and the envelope is permanently attached to the
      buckle by gas conduits and/or cords.
PAR  The compressed fluid container may be activated by contact with water.
PAR  Furthermore and preferably the inflatable envelope is annular or U-shaped
      although any shape may be used.
DRWD
PAR  Particular embodiments of the present invention will now be described by
      way of example with reference to the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a pair of swimming trunks;
PAR  FIG. 2 is a perspective view of an inflatable envelope for use in the
      trunks of FIG. 1; and
PAR  FIG. 3 illustrates a belt having an inflatable envelope.
DETD
PAR  With reference to FIG. 1, a belt line 1 in the swimming trunks is formed
      with a pocket 2 which contains a folded inflatable annular envelope 3 of
      rubber, polythene or like material. A cannister or cylinder containing
      compressed carbondioxide is held within the envelope 3, carbondioxide gas
      passing into the envelope for inflation thereof when the cannister is
      activated.
PAR  The pocket 2 of the trunks may be closed by material marketed and sold
      under the Registered Trade Mark "Velcro" 4. However, any suitable
      fastening means such as press studs, which may be unfastened when the
      envelope contained within the pocket expands during inflation, may be
      used.
PAR  With reference now to FIG. 2, the flexible inflatable envelope 3 has an
      annular insert 5 of plastics material which is internally threaded to
      receive a screw 6 also preferably of plastics material. The screw 6, when
      screwed into the insert 5, forms an effective air and water-tight seal.
PAR  A perforated, flexible pocket 7, extends from the inset 5 within the
      envelope 3 and is used to hold the compressed carbondioxide cannister 8.
PAR  In use, a simple emergency lever or like means is operated by the wearer
      grasping the lever and cannister through the envelope material to activate
      the cannister 8 so that the envelope 3 is inflated thereby forcing itself
      out of the pocket 2. An inflated annular ring is thus created around the
      bather and assists the buoyancy of the bather.
PAR  After use, the enelope 3 can be deflated by simply unscrewing the screw 5
      from its insert 4. The cannister 8 can then be removed from the perforted
      pocket 7 and replaced by an unused cannister in readiness for further use.
      The inflatable envelope 3 is then folded and positioned on the belt line 1
      of the swimming trunks before the pocket is closed by the "Velcro " strip
      with the envelope 3 enclosed therein.
PAR  FIG. 3 illustrates a belt having a flap portion 9 which faces away from a
      wearer of the belt. This flap portion 9, when closed by means of press
      studs 10 or other suitable means, forms the pocket 2 of the belt.
PAR  A buckle 11 or other catch arrangement is held on one or both ends of the
      belt. The inflatable envelope 3, held inside the pocket 2 of the belt, has
      end tapes 12 by means of which the inflated envelope is held around the
      wearer. These end tapes 12 are tied conveniently behind the buckle 11. A
      stretch nylon portion 13 enables the belt to be worn by wearers of
      different measurements.
PAR  The cannister 8 is held within the envelope 3 in a similar manner as
      hereinbefore described, the screw 6 and inset 5 permitting simple
      replacement of a redundant cannister 8.
PAR  The belt is particularly useful since it can be worn with all types of
      belted or even non-belted clothes.
PAR  An alternative embodiment of the present invention is a belt having a
      pocket formed therein with a cannister 8 shaped as part of a buckle of the
      belt. The inflatable envelope is held in the pocket of the belt and linked
      to the cannister by gas conduits. Such a belt may be conveniently used
      with many other articles of clothing, such as sailing wear, when the
      wearer is likely to inadvertently enter the water.
PAR  The inflatable envelope need not be annular or U-shaped but may be
      half-round, rectangular, spherical or other shape when folded or inflated.
PAR  Furthermore, any form of compressed gas container may be used, such as a
      cannister which is activated simply by contact with water. Such cannisters
      normally have a springloaded plunger which is released by a dissolved
      pellet to pierce the cannister.
CLMS
STM  We claim:
NUM  1.
PAR  1. An article for wear as an inflatable safety device comprising, means for
      defining a pocket member wearable as an article of wear, an inflatable
      envelope contained uninflated within the pocket member, a compressed fluid
      container wholly within the inflatable envelope, means on said container
      for actuation to release the fluid therefrom thereby inflating the
      envelope and causing the inflated envelope to be forced out of the pocket
      member and to separate completely therefrom, releasable means on said
      pocket member for allowing the inflated envelope to separate from said
      pocket member upon inflation thereof, and wherein in use said envelope
      encircles the body of a wearer, whereby on release it travels up under the
      arms of the wearer.
NUM  2.
PAR  2. An article for wear as an inflatable safety device according to claim 1,
      in which said envelope is annular.
NUM  3.
PAR  3. An article for wear as an inflatable safety device according to claim 1,
      including means to fasten the ends of said envelope to make it annular.
NUM  4.
PAR  4. An article for wear as an inflatable safety device according to claim 1,
      including means defining a sealable opening in said envelope for replacing
      said fluid container therein.
NUM  5.
PAR  5. An article for wear as an inflatable safety device according to claim 1,
      in which said article of wear defining said pocket member comprises a
      belt.
NUM  6.
PAR  6. An article for wear as an inflatable safety device according to claim 1,
      in which said article of wear comprises a swimsuit.
NUM  7.
PAR  7. An article for wear as an inflatable safety device according to claim 1,
      in which said means on said container for actuation comprises a lever.
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ABST
PAL  A shoe last having an insole securing member comprising at least one blade
      projecting from the last bottom and being undercut to form a hook-like
      projection which resists dislodging of the insole.
BSUM
PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  In the U.S. Pat. Nos. 3,744,074 and 3,833,958 there are disclosed methods
      of temporarily attaching insoles to the bottom of lasts as a preliminary
      step in a sequence of shoemaking operations. Such methods and the lasts
      used avoid the use of tacks, adhesive tape and the like, or the need for
      providing apertures in the insoles to receive pins on the last bottom. As
      disclosed in said patents, the lasts used are provided with at least one
      locating member having a cutting edge upstanding from the last bottom. In
      the case of U.S. Pat. No. 3,744,074 the member penetrates the insole to
      cut a tab in the insole. In U.S Pat. No. 3,833,958 the member has spaced
      blades which form slits in the insole and by compressing the insole
      material between the blades resist dislodgement. While such members
      perform well in holding insoles of many materials it has been found that a
      variety of insoles of soft materials are not held adequately by such
      members resulting in occasional dislodgement or misalignment of the
      temporarily attached insole from the last bottom during the shoe making
      steps.
PAR  Accordingly, it is a general object of the invention to provide shoe lasts
      having improved holding members for temporarily attaching insoles of any
      material to last bottoms. To this end the members are provided with at
      least one blade having one end recessed or undercut to form a hook-like
      projection which resists accidental dislodgement when the blade is
      forceably embedded in the insole.
PAR  There will now be given with reference to the accompanying drawings a
      detailed description of a variety of illustrative lasts embodying the
      invention. It is to be understood, however, that the lasts described are
      selected for illustration of the invention and not for limitation thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a last fitted with an insole holding member
      embodying the invention;
PAR  FIG. 2 is an enlarged perspective view of the insole holding member shown
      in FIG. 1;
PAR  FIG. 3 is a section on line III--III of FIG. 1;
PAR  FIG. 4 is a perspective view showing an alternate form of insole holding
      member; and
PAR  FIG. 5 is a perspective view showing a third alternate form of insole
      holding member.
DETD
PAR  A typical last embodying the invention may be formed in two parts with a
      forepart portion 2 hinged to a heel part 3 so that the last may be moved
      between an extended condition shown in FIG. 1 and a broken condition (not
      shown) to facilitate removal of the last from a completed shoe. Each last
      may be provided with bottom plates 4 and 5 secured to the forepart and
      heel part respectively. The last, however, can be formed in one piece
      without departing from the scope of the invention. The last shown in FIGS.
      1 and 3 is provided with forepart locating means indicated generally by
      the reference numeral 6, upon which a forepart portion of an insole to be
      secured to the bottom of a last may be impaled. To assist in retaining the
      insole in the desired position on the last bottom, the last may be
      provided with a similar member 6 at the heel seat or as seen in FIG. 1 may
      be provided with a heel seat locating member 7 of another form. The member
      7 may be pointed or be a chisel pointed pin 8 which extends upwardly
      beyond the plate portion 5 of the last bottom in a more or less central
      position with respect to the heel seat portion. Additional members may be
      arranged at other portions of the last bottom such, for example, as in the
      shank area. The pin 8 preferably is so orientated that the chisel edge
      extends generally lengthwise of the heel seat portion of the last and may
      be secured by a stem portion (not shown) which is driven into the last
      through a hole in the plate portion 5.
PAR  The forepart locating means 6 preferably is arranged near the toe end of
      the last and approximately on the centerline of the forepart. The locating
      means may comprise two blade-like portions 10 (FIG. 2) upstanding from a
      single base portion 11 which has a depending stem portion 12 by which it
      is secured in the last with the base portion 11 against or recessed in the
      bottom plate 4 with the two blades or portions 10 upstanding from the
      bottom of the last. As is seen from FIGS. 1 and 2 the blades 10 are
      arcuate and may be concentric with the stem portion 12. Conveniently, the
      diameter of the circle may be of the order of 5/16 inch. The blades 10, of
      course, could be straight and the edges may be blunt rather than sharp
      without departing from the scope of the invention.
PAR  As shown in FIGS. 1 and 3 the forepart locating means 6 is so orientated
      that the blades 10 extend generally lengthwise of the last. A gap 13, of
      some 1/8 to 3/16 inch is formed between the adjacent toeward ends of the
      blades 10 which extend sufficiently far heelwardly for the heelward ends
      to lie at least substantially upon a common diameter of the circle above
      referred to. As is shown in the drawings, the heelward ends 14 of the
      blades are inclined at an angle of some 35.degree. to the last bottom for
      a purpose hereinafter referred to. The opposite ends of the blades are
      recessed as at 15 so that a hook-like projection 16 is formed on the ends
      of the blades. The projections 15 are particularly useful in that after an
      insole is impaled on the blades the projections are effective in resisting
      dislodgement of the insole. It has been found that the projections are
      effective with all types of insole material and that a recess 15
      approximately 1/16 inch deep and about 1/32 inch up from the base of the
      fitting has been particularly effective. The recess may be formed by a
      straight surface as shown or may be curved to suit various insole
      materials without departing from the scope of the invention.
PAR  Referring to FIG. 4, there is shown an alternate form of locating means 20
      having two opposed blades 22 which are straight rather than arcuate as the
      blades 10 of member 6. The blades 22 at one end have undercuts 24 which
      are shown as straight surfaces but which may be shaped otherwise and which
      form projections 25 having the same purpose as the projections 16 of
      members 6. The other end of the blades 22 are inclined as at 26 to
      facilitate removal of a completed shoe from the last. Another form of
      holding member 28 is shown in FIG. 5 and may be formed from flat material.
      The member 28 comprises a blade 29 having a shank 30 which may be driven
      into a last so only the blade projects from the last bottom. The blade is
      undercut at one end at 31 to form a projection 32 and is inclined at the
      other end at 33 for the same purposes discussed above.
PAR  As shown in the drawings the cutting edges of the blades may be relatively
      blunt and are not therefore likely to be readily damaged during the
      handling of the lasts. Conveniently, the thickness of the blades may be
      some 0.025 to 0.030 inch. However, the application of percussive force, as
      by a hand held hammer or a power operated machine such as described in
      U.S. Pat. No. 3,772,721 to a forepart portion of the insole may readily
      cause penetration of the insole by the blades. Preferably, the height of
      the upstanding blades is less than the thickness of the insoles to be
      secured so that the blades will not be exposed at the outer surface of the
      impaled insole. While such a condition is preferable it is not necessary
      to the effectiveness of the invention. Thus, there are conditions
      contemplated where the blades would cut through the entire thickness of
      the insole and be exposed at the outer surface without adverse effects.
PAR  In following the general method of temporarily securing an insole as
      described in said patents, a last is provided with locating means such as
      6, 20 or 28 fixed in the last bottom and having the blade portions
      projecting from the last bottom. The last may be provided with such
      members in the forepart, shank and/or heel seat. An insole, which may be
      pre-molded to a shape corresponding to (or exaggerated as compared with)
      that of the bottom of the last, is positioned against the last bottom
      accurately with respect to the outline of the last, i.e. in correct
      alignment with the edge portions thereof. Force is then applied at least
      to portions of the insole opposite the locating means to impale the insole
      thereon, the blades of the members being embedded in the thickness of the
      insole. The force preferably is applied as a percussive force either by
      the use of a hand held hammer or by the use of a machine like that
      disclosed in said U.S. Pat. No. 3,772,721. As the blades penetrate the
      insole, the hook-like projections are embedded in the insole in a manner
      such that inadvertent displacement of the insole from the locating means
      during the following shoemaking operations is unlikely to take place.
PAR  After the insole has been assembled on the last bottom an upper is placed
      over the last and the usual shoe making operations are performed, such as
      lasting and bottoming with a sole member. When it is desired to slip the
      completed shoe from the last, the last may be broken and the heel end
      portions of the upper and insole raised from the last bottom. While the
      hook-like projections resist dislodgement, they do not prevent removal or
      undue tearing of the insole material. The forepart portion of the shoe is
      then drawn toewardly off the last, and as the forepart portion of the last
      is thereby withdrawn from the shoe the inclined heelward end portions 14,
      26 or 33 of the forepart locating means lift the forepart of the insole
      off the blades so that no undue scoring of the insole is likely to take
      place as the shoe is removed from the last.
CLMS
STM  Having thus described my invention and what I claim as new and desire to
      secure as Letters Patent of the United States is:
NUM  1.
PAR  1. A shoe last having an insole securing member comprising at least one
      elongated blade projecting substantially normally from the bottom of the
      last and adapted to cut into and be embedded in an insole forceably
      applied to the last bottom, said blade having at least one end undercut to
      form a projection which resists dislodging of the insole.
NUM  2.
PAR  2. A shoe last according to claim 1 in which the projection is hook-like.
NUM  3.
PAR  3. A shoe last according to claim 1 in which the blade is elongate and
      extends generally lengthwise of the last.
NUM  4.
PAR  4. A shoe last according to claim 1 in which the securing member comprises
      a pair of said blades extending generally lengthwise of the last and
      spaced apart widthwise.
NUM  5.
PAR  5. A shoe last according to claim 1 in which the opposite end of the blade
      is inclined to facilitate removal of the last from a completed shoe.
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ABST
PAL  A cleaning apparatus for overhead conveyor rails particularly for meat
      packing plants having a traveler riding the rail and a cart moving below
      the traveler. The cart has tanks containing cleaning and oiling fluids; a
      hydraulic fluid reservoir; and a hydraulic pump driven by an electric
      motor. The traveler has a first brush driven by a hydraulic motor for
      scrubbing one side of a rail; a second brush driven by a hydraulic motor
      for scrubbing the other side of the rail; heads for spraying the rails
      with cleaning, rinsing, and oiling agents; grooved support-drive trolley
      wheels riding the rails and a hydraulic motor driving one trolley wheel.
      Lines between the cart and the traveler supply the traveler with agents
      and hydraulic power. A skin encloses the traveler containing spray and
      channeling used agents to a drain hose. A step-over mechanism supports one
      brush on the hanger-side of the rail and enables the brush to scrub
      closely to the hanger, move around the hanger, and re-engage the rail
      closely on the other side of the hanger. The cart has a hydraulic jack and
      the traveler has a socket receiving the jack shaft for lifting and
      lowering the traveler on rails. The traveler has mechanisms operated by
      the jack shaft which automatically disengages the brushes from the rail to
      facilitate mounting and removing the traveler on a rail.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Meat packing plants use overhead conveyor rails to move and store
      carcasses. The rails receive deposits of meat products such as blood,
      juice, grease, and oil from the carcasses and packing processes. Since the
      carcasses hang below the rails, the deposits on the rails are a
      contamination hazard as anything falling from the rail falls in the plane
      of the carcasses. Carcasses so contaminated are rejected by the meat
      inspectors. It is thus necessary to maintain the rails in a clean
      condition.
PAR  However, to manually clean the rails it is necessary that ladders or
      cleaning means on long poles be used by workmen. The brushes, mops, etc.,
      employed in the manual process spray and slop cleaning agents and removed
      dirt over an area creating added contamination hazard. This situation
      becomes aggravated when a workman is cleaning a rail between other rails
      upon which carcasses are hanging. It thus becomes necessary to clear a
      large area around the rail being cleaned and this necessitates repeated
      changes and movements. In storage areas and rooms, the rails are so
      closely spaced that the carcasses abut one another in a mass of meat
      making it very difficult to clean a rail without clearing the whole area
      or room.
PAR  A dominant factor is that cleaning the rails in a meat packing plant is a
      very dirty and laborious job so that a workman's productivity quickly
      diminishes to an objectionable low level both as to the length of rails
      cleaned and the quality of the cleaning job.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  With the foregoing in view, an object of the invention is to provide
      cleaning apparatus for overhead conveyor rails particularly suitable for
      meat packing plants which is simple in design and construction,
      inexpensive to manufacture, and easy and efficient to use.
PAR  An object of the invention is to provide a traveler for riding the rail
      being cleaned which encases the scrubbing brushes and their drive motors,
      the trolley wheels and their drive motor, and cleaning, rinsing, and other
      agent spray heads, so that the traveler is able to move quickly along a
      rail at a controlled speed coordinated with the rotational speed of the
      brushes and the volume of the agents sprayed so that a large quantity of
      rail is cleaned with high quality thoroughness and efficiency.
PAR  An object of the invention is to provide a floor cart for movement with the
      traveler having supplies of cleaning, rinsing, and oiling agents, power
      supply for the motors in the traveler, and hoses and lines leading to the
      traveler from the cart.
PAR  An object of the invention is to provide power supply for the cart such as
      an electric cord leading to an electric motor on the cart or an internal
      combustion engine on the cart so that the cart may supply suitable power
      to the traveler as the traveler moves along a rail.
PAR  An object of the invention is to provide power means for mounting and
      dismounting the traveler on a rail comprising an elevator on the cart such
      as a hydraulic jack which raises and lowers the traveler relative to a
      rail and mechanisms in the traveler actuated by the jack shaft of the
      elevator when supporting the traveler which automatically retract the
      brushes from the rail so that they do not interfere with the mounting and
      dismounting of the traveler.
PAR  An object of the invention is to provide a step-over mechanism in the
      traveler for retracting the brush cleaning the side of the rail obstructed
      by hangers which support the rail at spaced intervals comprising a contact
      disc which upon contacting a hanger swings frames supporting the brush on
      the hanger side away from the rail at the hanger and swings that brush
      back into contact with the hanger side of the rail after bypassing the
      hanger.
PAR  An object of the invention is to provide power-operated rail cleaning
      apparatus to eliminate the human fatigue and diminishing efficiency factor
      so that the quantity and quality of rail cleaning is maintained at an
      efficient rate over long periods of time.
PAR  An object of the invention is to provide a cleaning apparatus for rails
      which encloses the cleaning operation so that dirt, agents, or other
      comtaminates do not escape enabling the cleaning to proceed without
      clearing large areas and other adjacent rails of carcasses.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The structure, operation, and objects of the invention will become apparent
      by reference to the detailed description of a cleaning apparatus for
      overhead conveyor rails hereinafter set forth taken in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the traveler mounted on a rail with the
      rail and hangers broken away, a cart below the traveler, and service lines
      leading between the cart and traveler.
PAR  FIG. 2 is an enlarged side elevational view of the cart, showing its
      internal tanks, reservoirs, motor, and cable reel and indicating its outer
      body as seen in FIG. 1 in broken lines.
PAR  FIG. 3 is a reduced top plan view of the cart as seen in FIG. 2.
PAR  FIG. 4 is an enlarged vertical cross-sectional view of the traveler seen in
      FIG. 1, taken in the plane of the line 4--4 of FIG. 1, showing the
      mechanism from the back on the rail hanger obstructed side of the rail and
      the mechanism on the clear side of the rail from the front and beyond the
      rail.
PAR  FIG. 5 is a horizontal cross-section of the traveler as seen in FIG. 4,
      taken on the line 5--5 thereof, showing the mechanism of the traveler from
      the top.
PAR  FIG. 6 is an enlarged partial cross-sectional view of the traveler as seen
      in FIG. 4, taken on the line 6--6 thereof, showing the idler trolley wheel
      and rail engagement, with parts broken away.
PAR  FIG. 7 is an enlarged partial cross-sectional view of the traveler drive
      trolley wheel and motor rail engagement taken on the line 7--7 of FIG. 4,
      with parts broken away; and
PAR  FIG. 8 is a transverse vertical cross-sectional view of the traveler as
      seen in FIGS. 4 and 5, such as taken on the line 8--8 thereof, and
      additionally showing the jack shaft pivoted on the elevator mechanism of
      the cart in lifting position at the socket of the traveler and showing in
      broken lines the retracted position of the cleaning brushes and actuating
      mechanism from the rails effected when the traveler is lifted on the
      elevator mechanism.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now the drawings wherein like numerals refer to like and
      corresponding parts throughout the several views, the exemplary cleaning
      apparatus for overhead rails shown therein to illustrate a preferred
      embodiment of the invention comprises, a traveler 10 containing the
      scrubbing and cleaning equipment. A rail 11 supports the traveler 10.
      Hangers 12 support the rail 11 by attachment to one side thereof. A
      wheeled cart 15 moves on the floor below the traveler 10 and contains
      cleaning fluid, rust preventative oil, and hydraulic power and supplies
      same to the traveler 10 via lines 16.
PAR  The cart 15, FIG. 1, has a chassis 20, FIG. 3, front wheels 21 and 22 and a
      rear caster wheel 23 supporting the chassis 20. A water tank 24, a
      detergent tank 25, and a rust preventative oil tank 26 are mounted on the
      chassis 20 and connected by hose lines to the traveler 10. A water pump
      and motor combination 27 is mounted on the chassis 20 and connected to the
      water tank 24 and the traveler 10. A venture connection from the detergent
      or cleaning fluid tank 25 leads to the line to the traveler 10 from the
      water pump 27 and meters detergent into the line leading to the traveler
      10. A hydraulic fluid reservoir 28 is mounted on the chassis 20. A
      hydraulic pump and motor assembly 29 surmounts the reservoir 28. A rust
      preventative oil pump and motor combination 43 is connected to the oil
      tank and has a line leading to the traveler 10.
PAR  An elevator mechanism 30 is based on the chassis 20 and comprises a
      hydraulic cylinder and jack shaft 31. The hydraulic pump assembly 29
      supplies presssure to the cylinder to raise the jack shaft 31. A
      crank-like arm 32 is pivotally connected to the jack shaft 31 and a pivot
      rod 33 extends upwardly from the arm 32 for insertion in a socket in the
      traveler 10, later described. An electric cord reel 34 is mounted on the
      chassis 20, and an electric cord 35 is carried thereon. A body 36 having
      suitable access doors 37 and 38 and a panel 39 is mounted on the chassis
      20. A handle bar 40 is mounted on the body 36 over the caster wheel 23 for
      manual control of cart 15 movement. A switch panel 41 is mounted on the
      handle bar 40. Wires leading from the power cord 35 are connected to the
      panel 41 and wires are connected from the switch panel 41 to the hydraulic
      pump assembly 29, water pump assembly 27, and oil pump assembly 43.
      Switches 42 on the panel 41 provide the user with control of the various
      pump motors and the elevator assembly 30.
PAR  The traveler 10 comprises a frame 50, FIGS. 4-8. A post 51 on the frame 50
      supports an idler grooved trolley wheel 52. The trolley wheel 52 rides on
      the rail 11 and supports the traveler 10 at one end. A plate 53 on the
      frame 50 at the end of the traveler 10 supports a grooved trolley drive
      wheel 54 which is bi-directionally driven by the hydraulic motor 55. Two
      lines 56 and 57 are connected to the motor 55, and lead to the hydraulic
      pump 29 on the cart 15. One switch 42 on the panel 41, FIG. 1, leads to a
      valve, not shown, between the pump 29 and motor 55 to control forward and
      reverse drive to move the traveler 10 along the rail 11 as desired.
PAR  An annular brush assembly 60 in the traveler 10 lies on the hanger 12-free
      side of the rail 11 and a cone brush assembly 61 in the traveler 10 lies
      on the hanger 12-impeded side of the rail 11. The annular brush assembly
      60 includes a leg 62 on the frame 50 supporting a sleeve bearing 63. A
      shaft 64 lies free in the bearing 63. A yoke 65 is fixed on the shaft 64.
      A hydraulic motor 66 is mounted on the yoke 65. A drive shaft 67 from the
      motor 66 extends upwardly. A top bearing 68 supports the outer end of the
      shaft 67. A cage 69 connected to the top of the motor 66 supports the top
      bearing 68. An annular brush 70 on the drive shaft 67 abuts the rail 11. A
      spring 71 anchored on the frame 50 and connected to the motor 66 urges the
      assembly 60 toward the rail 11 to engage the brush 70 with the hanger-free
      side of the rail 11.
PAR  The cone brush assembly 61 includes an arm 75 extending from the frame 50
      supporting a sleeve bearing 76. A shaft 77 is pivotally supported in the
      bearing 76. An outer case 78 is fixed on the shaft 77 at one end of the
      case 78 and extends upwardly therefrom. Aligned ears 79 and 80 on the
      outer case 78 have aligned apertures providing aligned pivot points. A
      pivot pin 81 lies in the apertures of the ears 79 and 80. A sleeve bearing
      82 surrounds the pivot pin 81 between the ears 79 and 80. An inner plate
      83 is fixed on the sleeve bearing 82 for pivotal movement therewith. A
      hydraulic motor 84 is fixed on the plate 83. A drive shaft 85, FIG. 8,
      extends from the motor 84 through the plate 83. A conical brush 86 is
      fixed on the drive shaft 85. A bumper block 87 abuts the inner plate 83
      adjacent to and below the pivot pin 81. A spring 88 is anchored on the
      frame 50 and connected to the lower end of the inner plate 83. The spring
      88 resiliently urges the inner plate 83 against the bumper block 87 which
      lever and fulcrum wise urges the upper end of the inner plate 83 toward
      the rail 11 and carries with it the outer case 78 via the pivot pin 81 and
      ears 79 and 80. This resiliently urges the conical brush 86 against the
      rail 11.
PAR  A bell-crank arm 90 connects at one end to the pivot shaft 64 supporting
      the annular brush assembly 60 and a bell-crank arm 91 connects at one end
      of the pivot shaft 77 supporting the conical brush assembly 61. The
      bell-crank arms 90 and 91 extend toward one another and their outer ends
      are equipped with bosses 92 and 93, respectively. A tubular socket 94 is
      fixed on the frame 50 below the bosses 92 and 93. A head 95 overlies the
      upper end of the socket 94 below the bosses and is normally spaced from
      the bosses 92 and 93. A lift pin 96 lies in the socket 94 and is connected
      to the head 95. The lift pin 96 lower end is spaced above the lower end of
      the socket 94. The socket 94 is adapted to receive the pivot rod 33 of the
      elevator mechanism 30 and the pivot rod 33 is adapted to engage the lower
      end of the lift pin 96 and move it upwardly in the socket 94 to urge the
      head 95 against the bell-crank bosses 92 and 93. A stop-ring 97 in the
      socket 94 engages the lift rod 33 and supports the traveler 10 on the lift
      rod 33 after the lift pin 96 has been moved the desired distance upwardly
      against the bosses 92 and 93 as indicated in broken lines.
PAR  The spring 88 is connected to the bottom end of the inner plate 83 and
      pulls the bottom end of the plate 83 toward the spring 88. The bumper
      block 87 engages the inner plate 83 between the spring 88 and the pivot
      pin 81. The block 87 thus provides a fulcrum point for the inner plate 83
      and the inner plate 83 acts as a lever on the block 87 so that while the
      pull of the spring 88 on the lower end of the inner plate 83 urges the
      inner plate 83 outwardly relative to the rail 11, the lever action of the
      inner plate 83 on the block 87 urges the upper end of the inner plate 83
      toward the rail 11. Since the pivot pin 81 interconnection to the outer
      case 78 is above the block 87 the outer case 78 is also urged toward the
      rail 11 as pivoted on the pivot pin 81. Thus both the inner plate 83 and
      the outer case 78 are resiliently urged toward the rail 11 by the spring
      88.
PAR  A walk-over wheel 100 lies above the outer case 78 in the plane of the
      hangers 12. A stub shaft 101 on the outer case 78 freely rotatably mounts
      the wheel 100 on the outer case 78. When the wheel 100 encounters a hanger
      12 as the traveler moves along the rail 11, it exerts sidewise outwardly
      tilting force on the outer case 78 and swings it out on the pivot pin 81
      on along the radius as indicated by the broken line showing of the wheel
      100, FIG. 8. This angular movement by the outer case 78 is transmitted to
      the inner plate 83 by the pivot pin 81 and ears 79 and 80. The bumper
      block 87 by abutting the inner plate 83 in this angular motion of the
      outer case 78 causes the inner plate 83 to pivot on the ears 79 and 80 and
      pivot pin 81 on a shorter radius between the pivot pin 81 and the bumper
      block 87 and this causes the inner plate 83 to swing a much larger angle
      outwardly as indicated by the broken line showing of FIG. 8. Since the
      motor 84 and conical brush 86 are mounted on the upper end of the plate
      83, they also move angularly outwardly a greater angle than the outer case
      78 and this greater angle of movement moves the conical brush 86 away from
      the rail 11 a sufficient distance to clear the plane of the hanger 12 and
      enables the conical brush to pass by the hanger 12 without interference
      from the hanger 12.
PAR  When the walk-over wheel 100 rides off the hanger 12 on the down stream
      side, the spring 88 levers the inner plate 83 on the bumper block 87 to
      swing the plate 83 on the bumper block 87 to swing the plate 83 on the
      pivot pin 81 and ears 79 and 80 toward the rail 11 and this also swings
      the outer case 78 on the pivot shaft 77 toward the rail 11 and this
      combined angular movement advances the conical brush 86 into contact with
      the rail 11 on the down stream side of the hanger 12.
PAR  The traveler 10 has a body sheel 103 on the frame 50 which has ends 104 and
      105, sides 106 and 107, top flanges 108 and 109 which are spaced apart to
      allow clearance for the hangers 12 when in use cleaning rails 11 and for
      mounting and dismounting the traveler and rail 11, and inclined bottom
      panels 110 and 111 joining one another in a trough 112 which transmits
      gathered internal liquid to a drain hose 113.
PAR  Cleaning fluid spray nozzles 120 and 121, FIG. 8, are mounted on the
      annular brush assembly 60 and conical brush assembly 61, respectively, and
      are connected to the pump assembly 27 by the lines 16, FIGS. 1 and 3,
      leading between the cart 15 and traveler 10. The nozzles 120 and 121 spray
      cleaning fluid on either side of the rail 11 at the annular brush 70 and
      conical brush 86, respectively. The resulting grease, etc., and cleaning
      fluid mixture is contained within the traveler body 103 and exits through
      the drain hose 113 and preferably runs on the floor of the packing plant
      which is constructed with a plurality of floor drains for the purpose of
      washing the floors.
PAR  Flexible lips 122, 123, FIG. 1, made of resilient material are carried by
      the top flanges 108 and 109 of the traveler body 103 seen in FIG. 1, to
      close the space bounded by the edges of the opening 124 as indicated by
      the edge lines 140, 141, and 142 as seen in FIG. 8. The lips 122 and 123
      are deleted in FIG. 8 to insure the clarity of the illustration of the
      apparatus shown therein. The lips 122 and 123 close the space 124 between
      the top flanges 108, 109 of the traveler 10 and at the ends 104 and 105 of
      the traveler 10. This space or opening 124 is indicated in FIG. 8 by the
      lines 140, 141, and 142.
PAR  Anti-rust spray nozzles 125 and 126 are mounted on the leg 51 and frame 50,
      FIG. 7, adjacent the idler trolley wheel 52 and are connected by tubes,
      not shown, to the lines 16 leading from the cart 15 to the traveler 10.
      The oil nozzles 125 and 126 are connected by these lines and tubes to the
      oil pump assembly 43 on the cart 15 which pumps the oil from oil tank 26
      to the oil nozzles 125 and 126.
PAR  In operation, assuming that the traveler 10 is mounted on the rail 11, as
      shown in solid lines in the drawings, that the tanks 24, 25, and 26 are
      filled with their respective fluids, and that the cord 35 is connected to
      electrical power, the user throws the switches 42 on the panel 41 on the
      handle bar 40 and the pump assembly 27 pumps cleaning fluid to the nozzles
      120 and 121, the pump assembly 43 pumps anti-rust oil to the nozzles 125,
      126, and the hydraulic pump assembly 29 pumps hydraulic fluid to the
      hydraulic motor 54 to move the traveler 10 along the rail 11, to the
      hydraulic motor 66 to rotate the annular brush 70, and to the hydraulic
      motor 84 to rotate the conical brush 86 so that the traveler 10 is
      self-propelled along the rail 11 and sprays and scrubs the rail 11 clean
      as it goes and gives the rail 11 a protective anti-rust oil spray. The
      workman follows the traveler 10 by pushing the cart 15 along behind the
      traveler 10 to the extent of the cord 35 on the reel 34. The workman then
      plugs the cord 35 into a closer electrical outlet, and continues cleaning
      the rail 11.
PAR  To remove the traveler 10 from the rail 11, the workman locates the cart 15
      below the traveler and actuates the elevator assembly 30 either manually
      by a hydraulic jack or by power from the hydraulic pump assembly 29 and
      the elevator mechanism raises the jack shaft 31, crank arm 32, and pivot
      rod 33 toward the traveler 10. By swinging the crank arm 32, FIG. 1, and
      jockeying the cart 15 and/or traveler 10, the pivot rod 33 is brought
      below the socket 94 on the traveler 10. The workman again raises the
      elevator mechanism 30 and the pivot rod 33 enters the socket 94 and comes
      into contact with the lift pin 96 at its bottom end below the stop-ring
      97. Two sequential operations are now effected.
PAR  First, the pivot rod raises the lift pin 96 until its lower end is at the
      level of the stop-ring 97, and second, the pivot rod 33 engages the
      stop-ring 97.
PAR  In the first operation, when the lift pin 96 is raised at its bottom end to
      the level of the stop-ring 97, the top end of the lift pin raises the head
      95 from its position shown in solid lines, FIG. 8, to its position shown
      in broken lines. In so moving, the head encounters and raises the bosses
      92 and 93 on the bellcrank arms 90 and 91 swinging the arms 90 and 91 and
      pivoting the pivot shafts 64 and 77, respectively, to which they are
      secured. As the annular brush assembly 60 is fixed on the pivot shaft 64
      and as the conical brush assembly 61 is fixed on the pivot shaft 77, this
      causes the brush assembly 60 and 61 to swing angularly from the solid line
      position shown away from the rail 11 to their positions indicated in
      broken lines, FIG. 8. In the case of the annular brush assembly 60, the
      annular swing is on the pivot shaft 64. In the case of the conical brush
      assembly 61, the first angular swing is made by the outer frame 78 on the
      pivot shaft 77 and the second angular swing is made by the inner plate 83
      on the pivot pin 81 as fulcrummed against the bumper block 87. This first
      operation retracts both brush assemblies 60 and 61 from the rail 11
      enabling the traveler 10 to be moved sidewardly of the rail 11.
PAR  In the second operation, further raising of the jack shaft 31 by the
      elevator mechanism 30 urges the pivot rod 33 against the stop-ring 97 and
      lifts the traveler 10 upwardly so that the trolley wheels 52 and 54 are
      lifted above the rail 11. With the trolley wheels 52 and 54 above the rail
      11, the workman pushes the crank arm 32 of the elevator mechanism 30 to
      pivot the jack shaft 31 relative to the traveler 10 to move the trolley
      wheels 52 and 54 from their position over the rail 11 to a position
      sidewardly on the clear side of the rail 11 opposite to the hanger 12 side
      of the rail 11. The workman then lowers the elevator mechanism 30 and the
      traveler 10 is lowered past the rail 11 to a position below the rail 11
      supported on the elevator mechanism 30 above the cart 15 with the brush
      assemblies 60 and 61 in retracted position.
PAR  To mount the traveler 10 on another rail 11, the workman wheels the cart 15
      with the traveler 10 supported thereon to the selected rail 11. He then
      actuates the elevator mechanism to raise the traveler 10 to the height of
      the new rail 11. Since the brush assemblies 60 and 61 are in their
      retracted condition, the traveler 10 is internally clear to put the
      trolley wheels 52 and 54 on the rail 11. As the traveler is raised, the
      workman swings the traveler 10 via its socket 94 on the pivot rod 33 and
      also swings the crank arm 32 to align the traveler 10 parallel with the
      rail 11 and the space 124 and flexible lips 122, 123, in position to
      receive the rail 11. The workman raises the traveler until the trolley
      wheels 52 and 54 are slightly higher than the rail 11 and then pushes the
      traveler 10 sidewise as facilitated by the means pivotally and swingably
      supporting it until the trolley wheels 52 and 54 are above the rail 11.
      The two operations previously described now occur in reverse sequence and
      the trolley wheels 52 and 54 are first lowered onto the rail by the
      elevator mechanism 30. The pivot rod 33 is then lowered from the stop-ring
      97 leaving the trolley wheels 52 and 54 to support the traveler 10 on the
      rail 11 and second, removing the pivot rod 33 from the lower end of the
      lift pin 96 allowing it and the head 95 to drop from the indicated broken
      line position to the solid line positions shown. This moves the head 95
      out of contact with the bosses 92 and 93 allowing them to move from their
      broken line position to their position shown by solid lines and this
      allows the spring 71 and 88 to swing their respective brush assemblies 60
      and 61 to move the brushes 70 and 86 into contact with the rail 11. The
      apparatus is now ready for use as previously described.
PAR  The elevator mechanism 30 has been described in mounting and dismounting
      the traveler 10 on the rail 11 as having a crank-like arm 32 supported on
      and swinging with the pivotally mounted jack shaft 31 and in turn
      supporting the pivot rod 33 on which the socket 94 of the traveler 10
      pivots. While this is a preferred embodiment, the elevator mechanism may
      be simplified so that the jack shaft 31 itself enters the socket 94 of the
      traveler 10, actuates the brush retraction mechanism, and lifts and
      supports the traveler 10 by engagement with the lift pin 96 and the
      stop-ring 97. Other modifications may be made within the scope of the
      invention as defined by the appended claims. The claims define the
      protective scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Rail scrubbing apparatus for cleaning a rail having a hanger side and a
      clear side, comprising,
PA1  a traveler,
PA1  a frame in said traveler having spaced bearings,
PA1  an axle in each said bearing having an end projecting therefrom,
PA1  a trolley wheel on each said projecting end of each said axle cantilevered
      relative to said bearings allowing said trolley wheels to be mounted on
      and taken off a rail from the one clear side of the rail and to travel
      along a rail without obstruction from hangers on the opposite side of a
      rail;
PA1  a travel motor mounted on said frame connected to one said axle and trolley
      wheel to rotate said trolley wheel to move said frame along a rail,
PA1  a first brush,
PA1  first means rotationally mounting said first brush on said frame for
      scrubbing the clear side of a rail including a first brush motor connected
      to said first brush to rotate said first brush relative to the clear side
      of a rail,
PA1  a swing case pivoted on said frame on the hanger side of a rail,
PA1  a second brush,
PA1  second means rotatably mounting said second brush on said swing case
      including a second brush motor connected to said second brush for rotating
      said second brush relative to the hanger side of a rail, and
PA1  hanger contact-walk-over means on said swing case to intercept hangers on
      the hanger side of a rail and to swing said case and second brush sidewise
      outwardly from a rail at hangers to permit said second brush to by-pass
      hangers;
PA1  pivot mounting means swingably mounting said first brush, said first brush
      mounting means, and said first brush motor to move them sidewise outwardly
      from the clear side of a rail,
PA1  a first bell-crank arm on said pivot means,
PA1  a second bell-crank arm on said swing case, and
PA1  actuator means on said frame for moving said bell-cranks to pivot said
      pivot mounting means and said swing case to move their respective brushes
      sidewise outwardly of a rail to eliminate interference by said brushes in
      mounting and dismounting said traveler on a rail.
NUM  2.
PAR  2. In an apparatus as set forth in claim 1, said actuator means comprising,
PA1  a socket on said frame for receiving the shaft of an elevator mechanism,
PA1  a lift pin in said socket for contacting said bell-cranks, and
PA1  a stop in said socket for supporting said traveler on a shaft,
PA1  said lift pin having a bottom end depending below said stop;
PA1  said lift pin thereby being movable by a shaft to move said bell-cranks to
      move said brushes away from a rail prior to a shaft contacting said stop
      to lift said traveler.
NUM  3.
PAR  3. In an apparatus as set forth in claim 2,
PA1  a cart for movement on a floor below said traveler and an elevator
      mechanism on said cart having a shaft for entering said socket and lifting
      said traveler in mounting and dismounting said traveler on a rail.
NUM  4.
PAR  4. In an apparatus as set forth in claim 3,
PA1  said shaft being pivotally mounted and having an off-set crank bend; said
      shaft having an end pivotally received in said socket; said end of said
      shaft being swingable with said crank bend and pivotable on said socket to
      locate said traveler with its trolley wheels aligned with a rail in
      mounting and dismounting.
NUM  5.
PAR  5. Rail scrubbing apparatus for cleaning a rail having a hanger side and a
      clear side, comprising,
PA1  a traveler,
PA1  a frame in said traveler having spaced bearings,
PA1  an axle in each said bearing having an end projecting therefrom,
PA1  a trolley wheel on each said projecting end of each said axle cantilevered
      relative to said bearings allowing said trolley wheels to be mounted on
      and taken off a rail from the one clear side of the rail and to travel
      along a rail without obstruction from hangers on the opposite side of a
      rail;
PA1  a travel motor mounted on said frame connected to one said axle and trolley
      wheel to rotate said trolley wheel to move said frame along a rail,
PA1  a first brush,
PA1  first means rotationally mounting said first brush on said frame for
      scrubbing the clear side of a rail including a first brush motor connected
      to said first brush to rotate said first brush relative to the clear side
      of a rail,
PA1  a swing case pivoted on said frame on the hanger side of a rail,
PA1  a second brush,
PA1  second means rotatably mounting said second brush on said swing case
      including a second brush motor connected to said second brush for rotating
      said second brush relative to the hanger side of a rail, and
PA1  hanger contact-walk-over means on said swing case to intercept hangers on
      the hanger side of a rail and to swing said case and second brush sidewise
      outwardly from a rail at hangers to permit said second brush to by-pass
      hangers;
PA1  at least one nozzle on said traveler for spraying liquid on the rail, and
PA1  a body skin on said frame inclosing said brushes and said nozzle for
      containing and collecting spray from said brushes and said nozzle.
NUM  6.
PAR  6. In an apparatus as set forth in claim 5,
PA1  a cart for movement on the floor below said traveler,
PA1  a water tank on said cart, and
PA1  an oil tank on said cart;
PA1  said traveler having water and oil nozzles;
PA1  a hose leading from each said tank respectively to each said nozzle, and
PA1  means on said cart for forcing water and oil from said tanks on said cart
      to said nozzles on said traveler.
NUM  7.
PAR  7. In an apparatus as set forth in claim 5,
PA1  a cart for movement on the floor below said traveler,
PA1  a hydraulic reservoir and pump on said cart,
PA1  means on said cart for driving said hydraulic pump;
PA1  said brush motors and travel motors being hydraulically driven; and lines
      leading from said hydraulic pump on said cart to said hydraulic motor on
      said traveler.
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ABST
PAL  A brush for the care and cleaning of things and the body and particularly
      for body massage, comprising a brush body shaped linearly and/or curved in
      order to fit an object to be treated, characterized by the fact that
      multiple-surface brush body is provided on at least two surfaces with a
      tipping, for instance of bristles, fibers, or the like whose properties
      with respect in particular to density, structure, hardness, material, and
      cut are different, on the two surfaces.
BSUM
PAR  The present invention relates to a brush for the care of things and the
      body or for cleaning.
PAR  The present invention relates to brushes for care of things and the body or
      for cleaning, particularly for the massaging of the body, the brush bodies
      of which are shaped linearly and/or curved in order to fit the object to
      be treated.
PAR  The utility of such brushes depends primarily on the extent to which the
      brush can be adapted in its shape and function to the specific task of
      care or cleaning involved; the manner of handling same, its resistance to
      wear and the cost of manufacture and purchase are other important factors
      which are to be taken into account.
PAR  From these factors there results an object of the present invention which
      is to provide brushes for the care and cleaning of the body or of things
      which are so shaped with respect to the shape of the brush body as well as
      the shape, structure, and character of its bristles that they make
      possible a better, more diversified, and more effective use than
      previously and that as a result of this diversified use the cost of
      manufacture or purchase is also substantially less. In this way,
      particularly with reference to care of the body, the modern efforts to
      activate the circulation of the blood and care of the skin are taken into
      account more than previously.
PAR  The inventive concept resides in the fact that the brush body has a
      plurality of surfaces and is provided on at least two of its surfaces with
      a tipping, for instance, of bristles, fibers, or the like whose properties
      e.g. density, structure, hardness, material, and may be different on the
      two surfaces.
PAR  In this way a potentiation of the previous possibilities of combination is
      obtained which has the effect that a single brush which is substantially
      individually adapted to the individual conditions can be provided for
      practically all care and cleaning tasks. The advance to the art herein
      resides in particular in the fact that the increase in the types, does not
      necessarily result in an equal increase in the expense, since as a result
      of the means provided by the present invention and therefore, in
      particular, multiple working surfaces on a brush body and different type
      of tippings on a single body, there is obtained a reduction of the types
      of bristle carriers which has a favorable effect, in various respects, in
      view of the large demand for brushes for care and cleaning.
PAR  In this sense, it is also another object of the present invention to
      develop the brush body as an elongated S-shaped body which comprises one
      piece or is composed of several curved pieces, a part of the brush body or
      of the curved pieces being provided with bristles which extend opposite
      each other.
PAR  Furthermore, in accordance with the present invention the one curved part
      of the S-shaped brush body is provided on its convex side with several
      sections of coverings and bristles, some of which are concave and the
      others concave, linear, and/or convex, while on the concave side of the
      curved part there is provided a concave tipping and the other part of the
      curve can be employed as a handle.
PAR  Another possible variation in accordance with the present invention
      provided that the two curved parts of the S-shaped brush body are
      detachably assembled at the place of transition and can also be assembled
      in such a manner so as to produce an arc which extends continuously in one
      direction.
PAR  In accordance with the present invention, one or more uncovered areas of
      the brush body are provided in order to hold the brush, whereby handling
      can be improved.
PAR  It is advisable for manufacture and equipping if, in accordance with the
      present invention, the tipping carrier or brush body is made of preferably
      a flexible plastic material.
PAR  In accordance with the present invention, in order to arrange as many tufts
      or bundles of bristles in the brush body with only a small thickness of
      the body, the receiving holes for the fastening of the bristles in the
      brush body are arranged staggered relative to each other in longitudinal
      transverse directions in two bristle areas which are opposite each other.
PAR  In this way, despite the bilateral provision of the bristles there can be
      used brush bodies whose thickness need be only of the size for a
      single-sided provision of bristles, as a result of which a substantial
      savings in material is obtained, in addition to a reduction in weight,
      which is favorable for handling. Another advantage is that on each of the
      two surfaces of the brush body, very dense bristling per unit of surface
      can be arranged.
PAR  Furthermore, in accordance with the present invention, the cross section of
      the brush body is so designed that it can be flexibly deformed both
      concavely and convexly, and can be provided at both its ends with a
      flexible pull strap.
PAR  The possibility of adapting or adjusting the brush body to the prevailing
      existing conditions can be obtained in the manner that the brush body can
      be connected replaceably or exchangeably in form-lock manner with a
      holding body developed for handling, the parts to be connected being
      provided with fastening or detent means.
PAR  The nature of the covering and its effectiveness can be changed in the
      manner that the brush body is provided on one or both sides with a
      covering of rubber pins which are integral with the brush body. The brush
      body may in this connection suitably be provided with a holding device
      developed for the handling on which can be placed one or more additional
      brush bodies as an extension or protruding in trasverse direction.
PAR  The known tipping with rolled strips of crepe rubber, the intensive rubbing
      action of which affords advantageous possibilities of use can also be
      provided here. In this case the brush body must then be provided with
      continuous grooves for the pulling-in of the rolls of crepe rubber.
DRWD
PAR  The above and other objects will become more readily apparent in the
      following detailed description of the present invention, in connection
      with the accompanying drawing, in which:
PAR  FIG. 1 is an elevation view showing the basic shape of the brush body;
PAR  FIG. 2 is an elevation view showing a variant of the bristle tipping;
PAR  FIG. 2a is an overall view of FIG. 2 on a smaller scale;
PAR  FIG. 3 is a partial elevation view on a smaller scale of an embodiment in
      accordance with FIG. 1 with parallel tipping with bristles;
PAR  FIG. 4 is an elevation view showing another development of the brush body
      on a smaller scale;
PAR  FIG. 5 is an elevation view showing a brush body of single curvature;
PAR  FIG. 6 is an elevation view showing a brush body with attachable brush
      body;
PAR  FIG. 7 is a partial elevational view of a brush body adapted to be pushed
      into place;
PAR  FIG. 8 is a section along the line VIII--VIII of FIG. 7; and
PAR  FIG. 9 is a cross-sectional view of a brush with mixed tipping.
DETD
PAR  The size of the brush shapes shown is independent of the dimensional ratios
      shown in the drawings. Since there are concerned here primarily brushes
      for proper care of the body and therefore in particular therapeutic
      treatment or massage, the dimension of the brush body will be determined
      essentially by the average size of the body of the user. In this
      connection it would be conceivable, while maintaining the basic shapes and
      embodiments, to provide a series of types for children and a series of
      types for adults. However, the size of the brush can be specifically
      selected also in the case of brushes for the cleaning of objects.
PAR  The universal brushes shown in FIGS. 1 and 2 comprise an S-shaped brush
      body 1 which is preferably made of flexible plastic and can be provided
      with a handle 2 at its one end.
PAR  In the case of the brush shown in FIG. 1, four different tippings A, B, C,
      D are provided, tipping A extending along an elongated concave curve, B in
      accordance with a strongly curved concave arc, C in accordance with a
      shallow concave arc, and D in accordance with a convex arc, of small
      radius. With these four forms it is possible to carry out a treatment
      program which covers the most important parts of the body since their
      basic shapes, stomach, chest, back, arms legs, etc. have to the greater
      part a convex curvature. Recesses in the body or special places of the
      surface of the body can be intensively treated with the tipping zone D.
PAR  A modification of the tippings is shown in the brush of FIG. 2. Here the
      tipping E extends in accordance with a flat concave arc, the tipping F in
      accordance with a flat convex arc, G concave, and H in accordance with a
      convex arc of stronger curvature. Since when treating concave or convex
      places of the body with convex and concave forms of tipping respectively
      the specific pressure between the body of the surface and the surface of
      the brush is greater than in the case of surfaces which correspond to each
      other, the brush in accordance with FIG. 2 is suitable, for intensive
      treatment and for cleaning so that this brush can be used both as bath
      brush and as massage brush.
PAR  FIG. 2a shows, in a smaller scale, the entire course of the S-shaped brush
      body, the two half-arcs 1a and 1b being approximately the same length. In
      FIGS. 2 and 2a there is furthermore shown the possibility of making the
      free half-arc part 1b removable by the use of a connecting socket 3 with
      detachable holding means (not shown) so that by swinging the part 1b there
      is obtained the shape of the brush body indicated in dashed line as a
      result of which the handling is facilitated in certain applications (for
      instance, massage of the back).
PAR  The particular suitability of the S-shape in accordance with the invention
      of the brush body is due to the fact that it corresponds to the
      anatomically determined lever movements of the arm and the hand and that
      there is present an elongated surface on which comparatively more tipping
      units can be arranged than in the case of a linear brush body.
PAR  In order to provide a small cross section of the brush body the bristle
      tufts 4 are arranged staggered with respect to each other, as can be noted
      from FIGS. 1 and 2.
PAR  FIG. 3 shows the relationships of the tipped brush body arc 1 with respect
      to the free arc part 2a. It can be noted herefrom that these parts should
      advisedly be made of about equal length. In FIG. 4 these conditions are
      shown in the case of a development in accordance with FIG. 2. In this
      case, furthermore, the half-arcs 1c and 1d are provided with the tipping J
      and K respectively on their concave side. Furthermore, these pieces can
      also be connected, for instance by the socket 3, so that the long arcuate
      shape shown in dashed lines can also be obtained. Since the half-arcs can
      also be tipped on both sides, such a half arc in itself produces a curved
      convenient massage brush of smaller size.
PAR  Other variants of curved brush bodies are shown in FIGS. 5, 6, 7, and 8. In
      FIG. 5 the brush body 5 is developed as an elongated arcuate bow which is
      provided on its narrow sides with the tippings 6 and 7 respectively. In
      this case the tipping 6 in the present example extends only over a part of
      the brush body and the tipping 7 over the greater part thereof.
      Furthermore, the tippings 6, 7 may be of the same type or else of
      different density or hardness. Because of its special shape this brush is
      particularly suited for the care of objects of large area and places which
      are poorly accessible and at a distance due to the length and narrowness
      of the brush.
PAR  The brush body can be used as handle, detent recesses 8 being provided on
      the ends and serving to hold a flexible slipover socket 9 firm by means of
      its projections 10.
PAR  Another improvement in the type of brush of FIG. 5 is shown in the example
      of FIG. 6. Here the brush body 5 is so arranged that further brush bodies,
      for instance a shorter body 11, can be removably attached to it. For this
      purpose the brush bodies 5 and 11 can each be provided with a recess 12 by
      means of which they can be pushed into each other and held fast. The
      transversely extending brush body 11 is provided on its bottom and top
      with tippings (bristles) 13 and 14 respectively. The diversified
      possibilities of use of this combination is readily clear.
PAR  In FIG. 7 and the section along the line VIII--VIII thereof shown in FIG.
      8, there is shown an embodiment which is derived in particular from the
      embodiment of FIG. 5. In this case the actual brush body is developed as a
      flat flexible body 15 which bears the tipping 16. This brush body has
      flexible side strips 17 whose profile 18 permits the pushing thereof onto
      the rigid supporting body 19 and a form-locked connection with same. In
      order to fix it in longitudinal direction the brush body 15 can be
      fastened to the rigid carrying body by snap fasteners 20. The carrying
      body is provided with a tipping (bristles) 21. In this embodiment,
      therefore, the brush body 15 can be removed from the rigid supporting body
      19 and used as flexible brush strip, for instance, for the massage of the
      body, holding tabs 22 having openings for a pull strap or other gripping
      devices being possibly provided for handling on the ends thereof.
PAR  In FIG. 9 still another possible development of the brush of FIGS. 7 and 8
      is shown. In this case the brush body 24 made of rubber is inserted in
      removable manner in a rigid support body 25 and is provided on both sides
      with tippings 26, 27 which consist of integral rubber pins, in which case
      the tipping 27 can be harder than the tipping 26. The rigid supporting
      body 25 can also be tipped.
PAR  The proposals of the present invention which have been shown and described
      result in an extremely large possibility of variation with respect to the
      shaping of the tipping surface and the type of tipping, so that the
      program for the use of the desired universal brush far exceeds that of the
      brushes heretofore known.
PAR  As has already been mentioned, in this connection the size of brush can,
      during manufacture, be adapted to the purpose of use while maintaining the
      desired shape.
PAR  In this connection mention should be made of the equally important passive
      and particularly therapeutic use, namely, treatment for instance by a
      nurse. This type of treatment may also be permitted by the shapes of
      brushes in accordance with the invention due to their diversity, it being
      possible to provide the brush body at suitable places, for instance
      between the half-arcs, with a bow-shaped handle or some other holding
      device.
PAR  While I have disclosed several embodiments of the present invention, it is
      to be understood that these embodiments are given by example only, and not
      in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A body-cleaning and massage brush comprising:
PA1  an elongated arcuate flexible body of flattened cross-section having a pair
      of parallel oppositely turned faces;
PA1  first and second brush means of different textures on said faces covering
      same and projecting outwardly therefrom, at least one of said brush means
      having at least one concave contour and at least one convex contour;
PA1  a curved handle for manipulating said body; and
PA1  detent means for releasably mounting said handle on one end of said body in
      a selected one of two positions whereby in one of said positions said
      brush has a generally S-shaped configuration and in the other position
      said brush has a continuous arcuate curvature corresponding to the
      curvature of said body.
NUM  2.
PAR  2. A body-cleaning and massage brush comprising:
PA1  an elongated arcuate body of flattened cross-section having a pair of
      parallel oppositely turned faces;
PA1  first and second brush means of different textures on said faces covering
      same and projecting outwardly therefrom, at least one of said brush means
      having at least one concave contour and at least one convex contour;
PA1  a curved handle for manipulating said body; and
PA1  means for mounting said handle on one end of said body in a position in
      which said brush has a generally S-shaped configuration.
NUM  3.
PAR  3. The body-cleaning and massage brush defined in claim 2 wherein said body
      is flexible.
NUM  4.
PAR  4. The body-cleaning and massage brush defined in claim 2 wherein said
      means for mounting said handle on said one end of said body includes a
      detent means defining two relative positions of said handle and said body,
      said brush having said generally S-shaped configuration in one of said
      positions and said brush having a continuous arcuate curvature
      corresponding to the curvature of the body in a second of said positions.
NUM  5.
PAR  5. The body-cleaning and massage brush defined in claim 2 wherein at least
      one of said brush means consists of bristles.
NUM  6.
PAR  6. The body-cleaning and massage brush defined in claim 2 wherein said body
      consists of a single piece.
NUM  7.
PAR  7. The body-cleaning and massage brush defined in claim 2 wherein said body
      consists of a pair of arcuate pieces attached in end-to-end relationship.
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PAL  A wiper blade is provided with a silent connection between two of the
      articulated parts thereof. The one part may be made of metal and has an
      inverted U-shape in cross section with flared lower edge portions at the
      outer connecting ends of said part. Aligned openings are formed in the
      side walls of the connecting ends of the metal part with said openings
      being in vertical alignment with said flared edge portions. A plastic part
      is pivotally attached to said metal part by means of a pair of aligned
      outwardly projecting lugs engaging in said openings in said first part.
      The top edges of the lugs are tapered outwardly. A vertical opening or
      slot is formed in said plastic part between said lugs to permit the lugs
      to deflect inwardly as the metal part is urged past the lugs and into
      articulating relationship when the lugs snap into said openings. An
      improved method of molding the secondary yokes using a two-piece mold and
      core pins is included that results in a less expensive but more efficient
      plastic part such as a secondary yoke.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved windshield wiper blade assembly and,
      more particularly, to an improved connection between the primary yoke and
      the secondary yokes. The invention is also directed to an improved method
      for molding the secondary yokes using a two-part mold arrangement.
PAR  2. Description of the Prior Art
PAR  Since the introduction of articulated windshield wiper blades for wiping
      curved and flat windshields, first disclosed in the J. W. Anderson U.S.
      Pat. No. 2,596,063, many improvements have been made on various elements
      of the articulated structure with the view to improving upon the operation
      of the whole wiper blade assembly. The connections between the primary
      yokes and the secondary yokes, although functioning very adequately, have,
      on occasion, given some problems both in assembly and in making noise
      during use.
PAR  The most common form of connection between the primary and secondary yokes
      is a pin or rivet passing between the downturned legs of the inverted
      channel shaped primary yoke and between the side walls of the downturned
      U-shaped channel of the secondary yoke. This form of connection, after
      some considerable use of the blade, will begin to make noises, such as
      small clicking noises, whenever the direction of movement of the blade is
      reversed, i.e. from moving left to moving right or vice versa. Special
      bushing arrangements have been provided which reduce the extent of the
      problem but still over a period of time looseness and noise develops.
PAR  In another design of the articulated superstructure for a wiper blade,
      different forms of release mechanisms for the connection between the
      primary and secondary yoke have been provided. These mechanisms include
      springs, ears, actuator members and the like to make it possible to
      separate the primary yoke from the secondary yoke by depressing the
      actuator thereby releasing the spring and making it possible to move the
      primary yoke relative to the secondary yoke for disconnecting the primary
      yoke from the secondary yoke.
PAR  Still another popular form of connection between the primary yoke and
      secondary yoke has been to extend a pair of ears from the primary yoke
      downwardly beyond the lower edges of the inverted U-shaped channel of the
      secondary yoke with said ears being bent inwardly to nest in slots formed
      in the bottom edges of said secondary yokes. Once again, this construction
      is subject to wear and does create noise when the direction of movement of
      the blade is reversed as the blade traverses the surface of a windshield.
PAR  Also, heretofore, whenever a yoke has been molded, it generally required
      several die parts and die pins in order to mold the claws on the lower
      ends thereof. The dies being complicated, are subject to wear and must be
      constantly upgraded which increases the cost of the molding of the
      individual parts.
PAC  SUMMARY OF THE INVENTION
PAR  By providing the superstructure of a wiper blade with a metal primary yoke
      pivotally connected to plastic secondary yokes, a quieter and cheaper
      manufacturing design results. Since the metal yoke articulates on the
      plastic yoke, there is no likelihood of noise between the two as the
      direction of movement of the blade is reversed. The secondary yokes are
      made of plastic and are slidably connected to the metal or plastic backing
      strip of the wiper blade thereby creating a plastic-to-metal or a
      plastic-to-plastic connection which is not likely to make noise, no matter
      how much play there is between the parts.
PAR  The secondary yokes have molded, outwardly projecting lugs with downwardly
      and outwardly tapered upper surfaces against which is urged the downwardly
      directed arms of the inverted U-shaped channel member of the primary yoke.
      The lower edge portions of the primary yoke are flared outwardly so as to
      ride on the tapered upper surfaces of the lugs on the secondary yoke
      whereby forcing the primary yoke down onto the secondary yoke will cam the
      side walls of the primary yoke outwardly as the lugs and spaced walls of
      the secondary yoke are cammed inwardly until the lugs on the secondary
      yoke enter the aligned openings in the walls of the primary yoke whereby
      an improved, relatively inexpensive and quiet articulated connection is
      created.
PAR  The secondary yokes are molded with a relatively simple two-piece mold with
      pins passing down through the mold to form the guiding surface on the
      inside of the inwardly facing claws at each end of the secondary yoke.
      This is a much cheaper method of making the secondary yokes and is highly
      efficient and produces a highly functional structure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The details of construction and operation of the invention are more fully
      described with reference to the accompanying drawings which form a part
      hereof and in which like reference numerals refer to like parts
      throughout.
PAR  In the drawings:
PAR  FIG. 1 is a top view of a windshield wiper blade incorporating the features
      of my invention;
PAR  FIG. 2 is an elevational view of the windshield wiper blade of FIG. 1
      showing my improved connection between the primary and secondary yoke and
      showing the secondary yokes made with the simple two-piece mold;
PAR  FIG. 3 is an enlarged cross-sectional view taken along the lines 3--3 of
      FIG. 2;
PAR  FIG. 4 is an enlarged cross-sectional view taken along the lines 4--4 of
      FIG. 2;
PAR  FIG. 5 is an enlarged elevational view of the connection between the
      primary and secondary yokes with parts in section and parts broken away;
      and
PAR  FIG. 6 is an end view taken along the lines 6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, the windshield wiper assembly 10 is comprised of
      a wiper blade 12 and a pressure-distributing superstructure 14. The wiper
      blade 12 is comprised of a resilient rubber-like wiping element 16
      connected with an elongate flexible backing strip or flexor 18. The flexor
      18 is flexible in a plane perpendicular to a windshield and is
      substantially inflexible in a plane parallel to the windshield. The
      pressure-distributing superstructure 14 may be constructed in any one of a
      variety of ways but, as illustrated herein, preferably includes a primary
      yoke 20 having its ends pivotally connected with the intermediate portions
      of the secondary yokes 22 and 24 and has a connector 26 located
      intermediate the ends thereof. The blade assembly 10 is connected by
      connector 26 to a windshield wiper arm, not shown. The wiper arm, and with
      it the wiper blade, is moved back and forth across the surface of a
      windshield to be wiped. As illustrated, the secondary yokes 22 and 24 are
      slidably connected with the backing strip 18 of the wiper blade 12 with
      the outboard claws 28 of the secondary yokes spaced inward from the ends
      of the wiper blade. This is but one of many different constructions
      wherein the secondary yokes have claws 28,30 on the opposite ends thereof
      which claws are adapted to slidably engage with the flexor or backing
      strip 18 of the wiper blade with the outboard claws 28 engaging the flexor
      18 either at or near the outer ends of the wiper blade or at points
      inboard therefrom.
PAR  The primary yoke 20 is shown made of metal or of a similar, substantially
      rigid material, and is channel shaped in cross section so as to resemble
      an inverted "U" having side walls 32,34 and a base wall 36. The outer end
      portions 38,40 of the walls 32,34 have depending portions that are bent,
      flared or tapered outwardly to provide guide members 42 having guide
      surfaces 44. Aligned with the guide members 42 and spaced centrally of the
      side walls 32,34 of each secondary yoke is a pair of aligned openings 46.
PAR  The secondary yokes 22 and 24 are molded plastic members and the method of
      molding said members will be discussed more in detail hereinafter. The
      secondary yokes 22 an 24 are molded or formed and have side walls 50,52
      which are joined together by a V-shaped or crowned top wall 54. Each yoke
      has a pair of legs 56,58 joined at the center with leg 56 having a pair of
      claws 28 at its outer end portion and with leg 58 having a pair of claws
      30 at its outer end portion. The midportion of each secondary yoke 22 and
      24 has a vertical slot or open space 60 extending from the midportion of
      each leg of said yoke. The walls 62 and 64 of the slot 60 are spaced apart
      an amount sufficient to permit the two walls of the secondary yoke to be
      deflected inwardly to a limited extent. Spaced a short distance down from
      the top surface 54 of each secondary yoke and projecting outwardly from
      the side walls 50,52 of the midportion thereof is a pair of lugs 66,68
      which are illustrated as circular in cross section with the top or upper
      edge formed or tapered at an angle downwardly with respect to the top
      cylindrical wall of said lug to form a guide or cam surface 70,72. The
      angle of the guide or cam surface 70,72 is substantially equal to the
      angle of the flared guide members 42 of the side walls 32,34 of the
      primary yoke 20.
PAR  To assemble the primary yoke 20 with one of the secondary yokes 22 or 24,
      end portions 38,40 of the primary yoke are substantially aligned with the
      lugs 66,68 on the midportion of the secondary yoke with the openings 46
      somewhat aligned with said lugs 66,68. The guide surfaces 44 of the
      tapered guide members 42 are placed in contact with the tapered cam
      surfaces 70,72 on the lugs 66 and 68 so that downward pressure of the
      primary yoke relative to the secondary yoke will cam the side walls 32,34
      of the end portions 38,40 of the primary yoke outward as the mid-portion
      of the secondary yoke is deflected inward to substantially close the
      opening 60 therebetween in the vicinity of the lugs 66 and 68. The side
      walls 32,34 of the primary yoke will ride over the lugs 66 and 68 until
      the lugs 66 and 68 align with and drop into the openings 46 in the side
      walls 32,34 of the end portions 38,40 of the primary yoke. The resilience
      of the plastic forces the lugs 66,68 outward so that a snug but easily
      maneuverable and pivotal connection between the primary yoke and the
      secondary yoke is accomplished. The pivotal connection between the end of
      the metal primary yoke 20 and each plastic secondary yoke 22,24 needs no
      lubrication and permits relatively free articulation between the two while
      at the same time adjusts automatically to any minor amounts of wear that
      may develop between the two. Since the bearing surfaces are relatively
      wide, the amount of wear is spread out over a large surface and is
      therefore minimal.
PAR  It is contemplated that, in the event it is desired to separate the primary
      yoke 20 from the secondary yokes 22,24, the slot 60 may be of such a
      dimension that the walls 50,52 at the midportion of the secondary yoke may
      be deflected to close the slot 60 so that the lugs 66 and 68 can be drawn
      out of the openings 46 thereby disconnecting the primary yoke from the
      secondary yokes.
PAR  An improved method of molding the secondary yokes has also been devised.
      That is, by the use of a simple two-piece mold, it is possible to mold the
      claws, the lugs and the slot cheaply and efficiently. The mold is parted
      along a generally horizontal plane of the yoke. The mating halves of the
      mold are brought together by a vertical movement whereupon core pins are
      dropped in from the top to form the slot 60 and to form the slots 80 (see
      FIG. 3). The pins to form the slots 80 are positioned in the mold to form
      the top surface 82 of each claw 28,30. Using a two-part mold with core
      pins as described, it is possible to mold each secondary yoke very
      inexpensively. Specifically, pins are brought down through the two halves
      of the die a controlled amount so as to provide the overhang for the
      inturned claws 28,30. An elongate center pin or plate is inserted to
      provide the slot 60 through the vertical center of the secondary yoke.
      After the plastic has been injected into the mold, the pins are retracted
      from the claw ends of the die and the center pin or plate is withdrawn
      from the central portion of the die whereupon the two halves of the die
      are separated and the secondary yoke is removed. The resulting secondary
      yoke has openings 80 aligned with the overhanging portion of the claws at
      the ends of the secondary yoke but there is sufficient material forming
      the support for the claws to provide an efficient and sturdy construction.
      Since the claws are of plastic and are adapted to slide on the outer edge
      portions of the flexor 18, there will be no noise between the claws and
      the flexor. The plastic-on-metal connection is quieter and more friction
      free than the metal-on-metal-type connection.
PAR  From the above, it is clear that an improved wiper assembly is provided
      that has a metal, or other substantially rigid, primary yoke and plastic,
      or the like, secondary yokes with a solid connection between the
      mid-portions of the secondary yoke and the end portions of the primary
      yoke which connection is substantially friction free and still affords a
      positive pivotal connection between the primary and secondary yokes. The
      primary yoke can be easily assembled with the secondary yoke by means of
      the tapered edges on the lugs and the tapered flared portions of the
      primary yoke to effect an efficient connection therebetween. The molding
      of the secondary yokes using a simple two-piece mold provides a cheaper
      and more efficient way of molding the plastic secondary yoke.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a wiper assembly having a wiper blade, a pressure-distributing
      superstructure operatively connected with said wiper blade, said
      superstructure having a primary yoke and at least one secondary yoke, said
      secondary yoke being pivotally connected to said primary yoke, a pair of
      spaced apart walls on the end portions of said primary yoke, a pair of
      outwardly flared lower edge portions on said end portions, a pair of
      aligned openings spaced vertically from said flared edge portions in said
      outer end portions, a midportion of said secondary yoke being split
      vertically and having outwardly projecting lugs formed on the outwardly
      facing walls of said midportion, the top edges of said lugs being tapered
      outwardly from a top edge of said midportion, said flared edge portions of
      said walls engage with the tapered top edges of said lugs such that
      relative pressure therebetween deflects the lugs and midportion of the
      secondary yoke into the opening created by said split therebetween and
      said side walls of said primary yoke are deflected outward until the lugs
      align with and pivotally seat in said openings in the side walls of said
      primary yoke.
NUM  2.
PAR  2. In a wiper assembly having a wiper blade and a pressure-distributing
      superstructure operatively connected therewith, said superstructure having
      a metal primary yoke and at least one plastic secondary yoke, means for
      pivotally connecting said primary yoke to said secondary yoke, said means
      comprising a pair of spaced apart walls depending from at least one end
      portion of said primary yoke, a pair of aligned openings in said walls, a
      midportion of said secondary yoke having a vertical open space extending
      completely from top to bottom between a pair of spaced apart walls,
      outwardly projecting lugs formed on said spaced apart walls of said
      secondary yoke in alignment with said open space therebetween to permit
      said walls and said lugs to be moved toward each other, said lugs
      pivotally nesting in said openings in said primary yoke.
NUM  3.
PAR  3. In a wiper assembly having a wiper blade and a pressure-distributing
      superstructure operatively connected therewith, said superstructure having
      a metal primary yoke and at least one plastic secondary yoke, means for
      pivotally connecting said primary yoke to said secondary yoke, said means
      comprising a pair of spaced apart walls on at least one end portion of
      said primary yoke, a pair of aligned openings in said end portion of said
      walls, a midportion of said secondary yoke having a vertical opening
      between a pair of spaced apart walls, outwardly projecting lugs formed on
      said spaced apart walls of said secondary yoke, said lugs pivotally
      nesting in said openings in said primary yoke, said lower edge portions of
      said walls of said primary yoke are flared outwardly, and said top edges
      of said lugs are tapered outwardly such that relative pressure between
      said primary yoke and secondary yoke will deflect the lugs and midportion
      of the secondary yoke into the vertical opening between the spaced walls
      of said secondary yoke and said side walls of said primary yoke are
      deflected outward until the lugs align with and pivotally seat in said
      openings in the side walls of said primary yoke.
NUM  4.
PAR  4. A wiper assembly having a wiper blade, a pressure-distributing
      superstructure operatively connected with said wiper blade, said
      superstructure having at least two parts pivotally connected together, the
      first of said parts having end portions with spaced apart side walls, a
      pair of aligned openings in the side walls of said end portions, the
      second part having a midportion with a vertical open space extending from
      top to bottom between a pair of side walls thereof, a pair of outwardly
      projecting lugs formed on the said side walls of said midportion, said
      lugs pivotally seating in said openings in the first part.
NUM  5.
PAR  5. A wiper assembly having a wiper blade, a pressure-distributing
      superstructure operatively connected with said wiper blade, said
      superstructure having at least two parts pivotally connected together, the
      first of said parts having end portions with spaced apart side walls, a
      pair of aligned openings in the side walls of said end portions, the
      second part having a midportion with a vertical open space between a pair
      of side walls thereof, a pair of lugs formed on the said side walls of
      said midportion, said lugs pivotally seating in said openings in the first
      part, said end portions of the first part have outwardly flared lower edge
      portions which flared portions are adopted during assembly to engage with
      said lugs on the second part such that relative pressure therebetween
      deflects the lugs and midportion of the second part into the vertical open
      space therebetween, and said side walls of said first part are deflected
      outward until the lugs align with and pivotally seat in said openings in
      the side walls of said first part.
NUM  6.
PAR  6. A wiper assembly as claimed in claim 5 wherein the top edges of said
      lugs are outwardly tapered so that said flared edge portions of said first
      part will be cammed on said tapered surface as the first and second parts
      are assembled.
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ABST
PAL  A detachable luggage caster roller unit comprising a caster roller which is
      swivelly supported by a base plate and a separate seat adapted to be
      secured to a bottom or lateral end of the luggage to receive and anchor
      the base plate of the caster roller. The seat for anchoring the caster
      roller comprises a substantially rectangular plate of a predetermined
      thickness having a cavity with two symmetrical grooves adapted to embrace
      the opposite sides of the base plate. The cavity at its bottom is provided
      with two symmetrical slits to form a resilient tongue with a weir
      positioned in an outer end thereof and adapted to prevent the base plate
      of the caster roller unit from slipping out the seat.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to an attachable and detachable caster roller unit
      for suitcases, luggages and the like which are brought from place to place
      by manual effort.
PAR  Hitherto, many kinds of caster roller units have been developed and placed
      in use for attachement to one end of a suitcase or other item of luggage.
      However, the conventional caster roller units are generally inconvenient
      in attachment to or detachment from the object.
PAR  To improve the disadvantages of the conventional caster roller unit, the
      inventor has provided a new detachable luggage caster roller unit which
      comprises a caster roller swivelly supported by a base plate and a
      separate seat adapted to be secured to a bottom or lateral end of the
      luggage to receive the base plate of the caster roller. The inventor's
      first caster roller unit of this type, however, has such the defect that
      the caster roller is sometimes slipped out the seat on movement of the
      luggage from place to place. To prevent this defect, a resilient stopper
      has been provided in the seat, nevertheless it is cumbersome for
      manufacture and disadvantageous in cost.
PAR  It is, therefore, a general object of the invention to provide a caster
      roller unit which is conveniently attachable to and detachable from the
      luggage but never separated therefrom on movement of the luggage and is
      manufactured at low cost.
PAR  In accordance with my invention, the detachable luggage caster roller unit
      includes a caster roller which is swivelly supported by a base plate and a
      separate seat adapted to be secured to a bottom end of the luggage to
      receive and anchor the base plate of the caster roller. The seat for
      anchoring the caster roller is typically comprised of a substantially
      rectangular plate of a predetermined thickness having a cavity with two
      symmetrical grooves adapted to embrace the opposite sides of the base
      plate. The cavity at its flat bottom is provided with two symmetrical
      slits to form a resilient tongue with a weir positioned at an outer end
      thereof and adapted to prevent the base plate of the caster roller from
      slipping out the seat.
PAR  A principal object of the invention is, therefore, to provide a detachable
      caster roller unit including a caster roller which is swivelly supported
      by a base plate and a separate seat adapted to be secured to a bottom end
      of the luggage to receive and anchor the base plate of the caster roller
      and comprising a substantially rectangular plate of a predetermined
      thickness which is formed with a cavity with two symmetrical grooves
      adapted to embrace the opposite sides of the base plate, said cavity at
      its flat bottom is provided with two symmetrical slits to form a resilient
      tongue with a weir positioned at an outer end thereof and adapted to
      prevent the base plate of the caster roller from slipping out the seat.
PAR  The caster roller per se used in the present invention is a known type.
      Accordingly, it will be appreciated that the present invention is
      particularly directed to the seat which is secured to the bottom or
      lateral end of the luggage for attachment and detachment of the caster
      roller.
PAR  Another object of the invention is, therefore, to provide a seat for
      anchoring the caster roller which comprises a substantially rectangular
      plate of a predetermined thickness having a cavity with two symmetrical
      grooves adapted to embrace the opposite sides of the base plate of the
      caster roller, said cavity at its bottom is provided with two symmetrical
      slits to form a resilient tongue with a weir adapted to prevent the base
      plate of the caster roller from slipping out the seat.
PAR  The seat may be integrally formed of plastic material for example by the
      convenient injection molding process. The resilient tongue at its rear
      side is provided with a rib acting as a lever to increase a resiliency of
      the tongue on the manual depression thereof for attachment or detachment
      of the caster roller from the seat.
DRWD
PAR  With the above and other objects in view, the invention comprises certain
      new and useful construction, combinations and arrangements of parts,
      clearly described in the following specification and fully illustrated in
      the accompanying drawing, in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the seat for anchoring the caster roller
      according to one embodiment of the invention;
PAR  FIG. 2 is a bottom view of the caster roller;
PAR  FIG. 3 is a perspective view of the seat for anchoring the caster roller in
      accordance with a second embodiment of the present invention;
PAR  FIG. 4 is a sectional view of the seat of FIG. 3 taken along line 4--4
      thereof and inverted to show same in an attached position to the end of
      the luggage; and
PAR  FIG. 5 is a perspective view of the suitcase, showing the four pairs of
      caster roller units in place thereon.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, the seat 10 for anchoring the caster roller in accordance with
      the secondary invention comprises a substantially hexagonal plate of a
      predetermined thickness of 10 mm for example and is formed with a cavity
      of virtually rectangular form 12 with two symmetrical grooves 14 adapted
      to embrace the opposite sides of the base plate of the caster roller as
      hereinafter fully described.
PAR  The front end portion of the flat cavity is partially recessed to
      accommodate a resilient stopper 16 which is provided with a point
      projection 18 and a curved end 20. The seat 10 is further provided with
      two symmetrical openings 22, 22 for receiving studs or screws on securing
      the seat 10 to the bottom or lateral end of the luggage.
PAR  In FIG. 2, the caster roller 24 is formed with a base plate 26 on which a
      roller support bracket 28 is rotatably mounted about a conventional ball
      bearing (not shown) and on this bracket a roller 30 is mounted to freely
      turn on a shaft 32 which is secured to the forked ends of the bracket 28,
      by heading the ends of the shaft 32. The roller 30 thus is enabled to
      freely swivel on the base plate 26. In the respective corner portions of
      the base plate 26, there are provided four openings 34.
PAR  When the caster roller 24 is attached to the seat 10, the resilient stopper
      16 is despressed until the base plate 26 of the caster roller 24 is
      entirely received in the cavity 12 of the seat 10 and the point projection
      18 of the resilient stopper 16 comes to fall into one of the corner
      openings 34 for preventing the base plate 26 from slipping out the seat
      10.
PAR  In FIG. 3, the seat 36 for anchoring the caster roller 24 in accordance
      with the present invention is comprised of a rounded rectangular plate of
      a predetermined thickness of 10 mm for example and formed with a cavity 38
      of virtually rectangular form with two symmetrical grooves 40, 40 adapted
      to embrace the opposite sides of the base plate 26 of the caster roller 24
      and with two symmetrical guides 42, 42.
PAR  The cavity 38 at its flat bottom is provided with two symmetrical slits 44
      of substantially "Z" form to provide a resilient bottom tongue 46 of T
      shape with a weir 48 formed along the edge of the tongue 46. Near the weir
      48 are symmetrically provided with two point projections 50, 50.
PAR  As best shown in FIG. 4, the bottom tongue 46 at its rear side is provided
      with a rib 52 which acts as a lever to increase a resiliency of the bottom
      tongue. The reference numerals 54, 54 are openings for receiving studs or
      screws on securing the seat 36 to the luggage.
PAR  When the caster roller 24 is attached to the seat 36, the bottom tongue 46
      at is outer end is depressed until the base plate 26 of the caster roller
      24 is entirely received in the cavity 12 of the seat 36 and the point
      projections 50, 50 come to fall in two corner openings 34 of the base
      plate 26. The caster roller 24 is conveniently detached from the seat 36
      by simply depressing the outer end of the tongue 46.
PAR  In FIG. 5, four pairs of the caster roller units in accordance with the
      present invention are attached to the bottom and lateral portions of the
      suitcase 56.
PAR  In accordance with the seat member of the present invention, the base plate
      of the caster roller is fully encompassed by four inner walls of the
      cavity including an inner wall of the weir so that the caster roller with
      its base plate does never make a loose movement in relation to the seat.
PAR  It is seen that by the present invention any person may readily equip a
      suitcase, trunk or similar piece of luggage, as a sample case, with caster
      rollers, which may be readily detached and again attached in place. The
      only permanent connection placed on the luggage or suitcase would be the
      seat member which may be readily secured to the bottom or lateral end of
      the luggage through the studs or screws.
PAR  While certain preferred embodiments of the invention have been illustrated
      by way of example in the drawings and particularly described, it will be
      understood that various modifications may be made in the constructions and
      that the invention is no way limited to the embodiments shown. For
      example, the resilient bottom tongue of the seat in substantially T shape
      may be preferably formed into a segment form.
CLMS
STM  I claim:
NUM  1.
PAR  1. A detachable luggage caster roller unit comprising in combination: a
      seat member adapted to be secured to an end surface of a piece of luggage,
      said seat member including a bottom wall, upstanding side walls and a rear
      wall connected between said side walls, said side walls and said bottom
      wall being formed to define a pair of opposed forwardly extending lateral
      grooves closed at a location adjacent said rear wall and open at their
      forward ends, a pair of symmetrical slits being formed in said bottom wall
      extending from the region of said rear wall forwardly thereof to thereby
      define a resilient tongue, the free forward edge of said tongue being
      provided with a raised portion extending parallel to said rear wall, said
      bottom wall, rear wall, side walls and raised portion of said tongue
      defining a flat-bottomed substantially rectangular cavity therewithin,
      said tongue being pivotable about the fixed end portion thereof so as to
      facilitate reception of the base plate of a caster roller assembly within
      said cavity upon depression of the free edge of said tongue and lock said
      base plate within said cavity upon the release of said free edge of the
      tongue; and a caster roller assembly including a susstantially rectangular
      base plate dimensioned to be positioned within said cavity with a pair of
      opposed side edges thereof retained within said lateral grooves, a roller
      support bracket carried rotatably by said base plate, and a roller mounted
      rotatably in said roller support bracket whereby said roller is enabled to
      freely swivel about said bracket.
NUM  2.
PAR  2. A detachable luggage caster roller unit as claimed in claim 1, wherein
      said tongue is provided on the surface thereof remote from said cavity
      with a transversely extending raised rib which is cooperable with said end
      face of the luggage to thereby serve as a fulcrum to increase the
      resiliency of the bottom tongue.
NUM  3.
PAR  3. A detachable luggage caster roller unit as claimed in claim 1, wherein
      said base plate is provided with at least two openings located in adjacent
      corners thereof, said tongue being provided with a pair of spaced
      upstanding projections, said projections and openings being similarly
      spaced and dimensioned such that when said base plate is positioned within
      said cavity said projections will be received within respective ones of
      said base plate openings whereby said base plate is fixed within said
      cavity against movement therewithin.
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ABST
PAL  An electromechanical door holder-closer includes a conventional door closer
      which has a shaft rotatable in response to movement of a door between its
      open and closed positions and resilient means for yieldably resisting
      rotation of the shaft in one direction. A latching mechanism cooperates in
      a latching position with a uni-directional clutch mounted on the shaft to
      permit free movement of the door from its closed position toward its open
      position and to releasably retain the door in a selected hold-open
      position therebetween when the latching mechanism is held in cooperative
      engagement with the clutch. The latching mechanism is releasably retained
      in its latching position by a normally energized electrically operated
      holding mechanism. Means may be provided for adjusting the device from one
      hold-open position to another hold-open position of lesser opening by
      manually moving the door toward its closed position and to its new
      hold-open position while the latching mechanism is held in latched
      position by the holding mechanism. Means is also provided for overriding
      the latching and holding mechanism to release the door from its hold-open
      position in response to manual force applied thereto in the closing
      direction.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of application Ser. No. 293,079, now
      abandoned, filed Sept. 28, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to door operating devices and deals more
      particularly with improved door closing devices of the type which include
      hold-open mechanisms for automatic remote release in the event of
      emergency. Devices of the aforedescribed general type are extensively
      employed in schools, hospitals, public buildings and industrial
      establishments, wherein it is desirable that certain doors be maintained
      in at least partially open position during normal hours of operation, but
      close automatically upon occurrence of an emergency, as for example, a
      smoke or fire condition.
PAR  It is the general aim of the present invention to provide improved
      electromechanical devices of the aforedescribed general type which may be
      readily adjusted to desired hold-open position, and which may, if desired,
      include additional adjustment features to permit adjustment from one
      hold-open position to a lesser hold-open position by door movement. The
      devices of the present invention fail safe to assure door closure in the
      event of power interruption, for any reason, and permit an associated door
      to be manually closed from a hold-open position.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an apparatus for operating a door
      mounted for pivotal movement between open and closed positions includes a
      shaft which rotates when the door moves between its positions. The device
      further includes a clutch and means for coupling the clutch to the shaft
      for rotation therewith. A latching mechanism cooperable with the clutch in
      a latching position releasably retains the clutch to permit rotation of
      the shaft in only one direction in response to movement of the door toward
      one of its positions and to prevent rotation of the shaft in its opposite
      direction in response to a predetermined torque applied to the shaft. An
      electrically operated means is provided for releasably holding the
      latching means in its latching position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a device embodying the present invention, shown
      connected between a door and door frame, and shown in solid lines with the
      door closed and in broken lines with the door held in a partially open
      position by the device.
PAR  FIG. 2 is a plan view of the device of FIG. 1, shown with a portion of its
      cover broken away to reveal the structure therein.
PAR  FIG. 3 is a side elevational view of the device of FIG. 1 also shown with a
      portion of the cover broken away.
PAR  FIG. 4 is a somewhat enlarged plan view of the clutch mechanism of the
      apparatus of FIG. 1, parts thereof shown broken away.
PAR  FIG. 5 is a somewhat further enlarged fragmentary sectional view taken
      along the line 5--5 of FIG. 2.
PAR  FIG. 6 is a somewhat reduced fragmentary sectional view taken along the
      line 6--6 of FIG. 5.
PAR  FIG. 7 is generally similar to FIG. 6 but shows another embodiment of the
      invention.
PAR  FIG. 8 is a fragmentary plan view similar to FIG. 4 and shows another
      embodiment of the invention.
PAR  FIG. 9 is a fragmentary sectional view taken along the line 9--9 of FIG. 8.
PAR  FIG. 10 is a fragmentary sectional view taken along the line 10--10 of FIG.
      9.
PAR  FIG. 11 is a fragmentary plan view similar to FIG. 4 and illustrates still
      another embodiment of the invention.
PAR  FIG. 12 is a sectional view taken along the line 12--12 of FIG. 11.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the drawings, and referring first particularly to FIGS. 1-3,
      a device embodying the present invention and indicated generally by the
      reference numeral 10 is shown in FIG. 1 connected between a door 12 and
      its associated frame 14. As illustrated, the device is mounted on the top
      jamb of the door frame 14 and connected to the door 12 by a pair of arms
      16 and 18 which comprise part of the illustrated device. However, other
      mounting and connecting arrangements may be employed, as will be evident
      from the following further description of the device.
PAR  The device 10 generally comprises a conventional door closer indicated
      generally at 20, which performs well known door closing and checking
      functions, and an attachment indicated generally at 22 cooperable with the
      door closer 20 to provide door hold-open and release functions hereinafter
      described. The attachment 22 includes a unidirectional or one-way engaging
      clutch 24 for mounting on the closer 20 and a mounting bracket or frame 69
      which supports the closer 20, a latching mechanism comprising a liner
      system indicated generally by the numeral 26 cooperable with the clutch in
      a latching position, and an electrically operated holding and releasing
      mechanism designated generally at 28 for releasably retaining the lever
      system in its latched position.
PAR  Conventional door closers of various types may be used in practicing the
      invention, and, if desired, a closer may be manufactured as an integral
      part of the device, but preferably, and as shown, a Series 100 Door
      Closer, manufactured by P & F Corbin Division, Emhart Corporation, is
      employed. The door closer 20 has a casing 30 and a shaft or spindle 32
      which is journalled therein and extends therethrough. The spindle has
      upper and lower end portions 34, 34 which respectively project above and
      below the casing. Each end portion has a substantially square
      cross-section as best shown in FIG. 6 for selective non-rotatable
      connection with the arm 16. The closer 20 is not handed, that is, it may
      be mounted to operate a door of either hand without modification and it is
      for this reason that two spindle end portions 34, 34 are provided for
      selective use. In the illustrated case, the arm 16 is non-rotatably
      connected to the spindle lower end portion 34 and causes the spindle to
      rotate when the door moves between its open and closed positions. A closer
      spring (not shown) contained in the left end of the casing 30, as it
      appears in FIG. 3, acts upon a horizontally disposed rack which drivingly
      engages a pinion (not shown) mounted on the spindle 32. The closer spring
      yieldably resists rotation of the spindle 32 in one direction or in a
      clockwise direction as viewed from above and as shown in FIG. 2. Hence,
      rotation of the arm 16 in a clockwise direction, as by opening the door
      12, compresses or loads the closer compression spring to store energy
      therein for closing the door. A piston (not shown) associated with the
      aforementioned rack acts upon a quantity of hydraulic fluid or the like
      entrapped within the casing 30 to check or dampen movement of the door.
      The aforesaid closer may also be provided with means for adjusting the
      power of the closer spring and other means for adjusting the closing and
      latching speed of an associated door, all of which is well known to those
      skilled in the art.
PAR  Referring now to FIGS. 4-6, the clutch 24 is a one-way engaging or
      uni-directional ball clutch and comprises an inner part of clutch dial 36
      which has a plurality of circumaxially spaced and radially outwardly
      opening ball receiving recesses 38, 38, each of which contains a ball 40.
      A generally cylindrical central aperture 42 in the dial receives an
      associated spindle end portion 34 therethrough, as best shown in FIG. 6,
      to permit angular movement of the spindle relative to the clutch. The dial
      is circumaxially surrounded by an outer part or locking ring 44 which has
      a plurality of radially inwardly opening ball receiving recesses or
      notches 46, 46 therein, the number of notches in the locking ring being
      substantially greater than the number of recesses in the dial. The dial
      36, the balls 40, 40 and the locking ring 44 are retained in assembled
      relation between a pair of retaining rings 48, 48 riveted in assembly with
      the locking ring. The recesses 38, 38 and the notches 46, 46 are
      constructed and arranged to cooperate with the balls 40, 40 to permit free
      rotation of the clutch dial 36 is only one direction relative to the
      locking ring 44. Hence, the clutch is uni-directional or uni-rotational.
PAR  In accordance with the presently preferred embodiment of the invention, the
      locking ring 44 has 24 equally spaced ball receiving notches, whereas the
      dial 36 has three pairs of diametrically opposed ball receiving recesses.
      The relative spacing of the recesses is such that each time the dial is
      rotated in a clockwise direction from a locking position through an angle
      of five degrees relative to the locking ring 44, a pair of diametrically
      opposed balls 40, 40 are brought into alignment with an associated pair of
      diametrically opposed ball receiving notches 46, 46. As oriented in the
      drawings, the dial 36 is free to rotate in a clockwise direction relative
      to the locking ring 44, but locks in coupled engagement with the locking
      ring when rotated in a counterclockwise direction relative to the locking
      ring and through an angle not greater than five degrees from any previous
      dial position. A radially outwardly opening latch recess 50 is provided in
      the peripheral edge of the clutch 24 for a purpose hereinafter evident. It
      should be noted that the side walls of the recess diverge outwardly or
      toward the open end thereof to define cam surfaces 52, 52.
PAR  A pair of annular clutch linings or friction pads 54, 54 are respectively
      disposed above and below the clutch dial 36 in face-to-face relation
      therewith. The pads are made from asbestos cloth or like friction material
      and are retained in frictional engagement with the clutch dial 36 by a
      pair of bearing plates 56, 56. Each bearing plate has a square central
      aperture 58 and is received on the spindle upper end portion 34 in
      non-rotatable engagement therewith. The lower bearing plate 56 abuts an
      upwardly facing spindle shoulder 59 as best shown in FIG. 5. A cap 60
      received on the upper end of the spindle 34 is retained by a fastener 62
      which threadably engages the end portion 34. The cap is recessed for
      clearance with the upper end of the spindle and has a downwardly facing
      annular bearing surface 64 which engages the upper bearing plate.
      Frictional engagement between the friction pads 54, 54 and the clutch dial
      36 may be adjusted by turning the threaded fastener 62 in one or an
      opposite direction relative to the spindle 32. It should also be noted
      that each friction pad 54 has an annular marginal portion 66 which is
      exposed outwardly beyond an associated bearing plate 56 and engages a
      chamfered surface 68 on an associated retaining ring 48. Thus, the pad
      marginal portions 66, 66 cooperate with the retaining ring surfaces 68, 68
      to provide frictional connection between the dial 36 and locking ring 44
      to yieldably resist relative rotation of the latter clutch parts.
PAR  The mounting bracket or frame 69 is preferably formed from sheet metal and
      has a generally vertically disposed rear mounting portion 70 provided with
      a plurality of mounting holes (not shown) for securing the device to a
      door or a door frame. A plurality of mounting tabs 72, 72 project
      forwardly from the mounting portion and receive fasteners which secure the
      closer 20 to the bracket 69. A generally horizontally disposed upper
      portion extends forwardly from the mounting portion 70 above the closer 20
      and defines a horizontally disposed mounting surface 73 to support the
      latching mechanism 26 and the holding and releasing mechanism 28.
PAR  Considering now the latching mechanism 26, with particular reference to
      FIG. 2, this mechanism includes an elongated latching lever 74 and a
      generally L-shaped holding lever 76. The holding lever is pivotally
      secured near one end of the mounting surface 73 and near the left end of
      the bracket by a pivot stud 78 staked to the bracket 69. A tab 80 bent
      upwardly on the other end of the holding lever 76 carries an armature
      plate 82 hereinafter further described. The latching lever 74 is pivotally
      mounted on the frame rearwardly and to the right of the clutch 24 by a
      pivot stud 84 which passes through the end of the lever and is staked to
      the frame. The latching lever 74 extends generally tangentially of the
      clutch 24 and is connected to the holding lever by another pivot stud 86
      which passes through a slot in the left end of the lever and is staked to
      the holding lever 76 intermediate its ends. The left end of the latching
      lever is slightly offset and spaced above the holding lever, the spacing
      therebetween being maintained by a spacing washer received on the pivot
      stud 86. A relatively light torsion spring 88 surrounds the washer and has
      one free end thereof in engagement with the tab 80 and its other free end
      in engagement with a spring retaining stump 90 staked to the frame. A
      resilient stop cushion 92 surrounds the base of the stump to provide a
      buffer for the holding lever. The latching lever 74 carries a latch pin 94
      which is alignable with the latching recess 50 and movable with the lever
      74 into and out of latching engagement with the clutch 24. In FIG. 2, the
      latching position of the latching lever 74 is shown in full lines and the
      releasing position of the lever is shown by broken lines.
PAR  The holding mechanism 28 generally comprises an electromagnet 96 which in
      an electrically energized condition cooperates in holding engagement with
      the armature plate 82. The electromagnet is preferably adapted for direct
      current operation and for this reason a rectifier 98 is also mounted on
      the frame. The rectifier and electromagnet are supported on a mounting tab
      bent upwardly from the bracket 69. The armature plate 82 preferably
      comprises a circular disc of magnetic material which has a threaded shank
      projecting centrally therefrom and through an aperture in the mounting tab
      80 to receive a retaining nut. A compression spring 100 surrounds the
      shank between the tab and the plate to facilitate adjustment of the
      armature plate 82 relative to the electromagnet 96. The spring mounted
      arrangement of the armature plate also facilitates self-alignment between
      the armature plate and the electromagnet to assure efficient operation of
      the device.
PAR  When the device 10 is installed, the various parts thereof are preferably
      initially positioned as shown in full lines in FIG. 2, the door being in
      its closed position. The electromagnet 96 is normally energized and may be
      electrically connected to a suitable sensing device responsive to a
      predetermined ambient temperature or smoke condition. Initial adjustment
      of the device 10 is made by simply opening the door to a desired hold-open
      position while the electromagnet 96 is energized to retain the latching
      lever 74 in its latched position. As previously noted, the clutch 24 is
      arranged to permit free rotation of the dial 36 in a clockwise direction
      relative to the locking ring 44. The dial 36 is frictionally coupled to
      the spindle 32 as previously described whereas the locking ring 44 is
      restrained against rotation by engagement of the latch pin 94 and the
      latch recess 50. Thus, as the door is moved toward an open position, as
      shown in FIG. 1, the clutch dial 36 rotates in a clockwise direction with
      the spindle 32 and relative to the locking ring 44. The marginal portions
      66, 66 which engage the chamfered surfaces 68, 68 on the retaining rings
      offer negligible frictional resistance to clockwise rotation of the
      spindle and clutch dial.
PAR  When the door 12 is released in a fully or partially open position, the
      action of the closer 20 tends to produce some slight retrograde movement
      of the door toward its closed position. However, as will be evident from
      the previous description of the clutch 24, the clutch dial 36 will lock in
      position relative to the locking ring 44 as the dial moves in a
      counterclockwise direction through an angle of not more than five degrees
      relative to the locking ring. In accordance with the presently preferred
      arrangement for installation, two degrees of clutch dial movement is
      approximately equal to one degree of door movement. Hence, the retrograde
      movement of the door after release and toward its closed position will not
      normally be greater than approximately two and one-half degrees. The
      frictional coupling between the spindle 32 and the dial 36 is adjusted so
      that torque required to move the spindle relative to the dial when the
      clutch is in its locked position is greater than the torque applied to the
      spindle by the door closer 20. Accordingly, the door will be held in its
      adjusted open position as long as the electromagnet 96 remains in an
      energized state.
PAR  When the electromagnet is de-energized, as by operation of an ambient
      temperature or smoke sensing device in circuit therewith, the armature
      plate 82 and holding lever 76 cease to hold the latching lever 74 in its
      latching position. Thereafter, the latch pin 94 is retained in the latch
      recess 50 only by the biasing force exerted on the lever 74 by the
      relatively light torsion spring 88. The torque exerted upon the spindle 32
      by the door closer 20 is sufficient to cause the latch pin 94 to be cammed
      out of the recess 50 by engagement with an associated inclined cam surface
      52. When the clutch 24 has rotated to a position wherein the latch recess
      50 is out of alignment with the latch pin 94, the latter pin is retained
      in engagement with the peripheral surface of the clutch by the biasing
      force of the spring 88. The latching lever 74 is then in its released or
      broken line position as it appears in FIG. 2. It will be noted that when
      the latter lever is in its released position, the armature plate 82 is
      displaced a substantial distance from the electromagnet 96 and is beyond
      the influence thereof.
PAR  Referring now to FIG. 2 and assuming that the arm 16 moves through an angle
      of approximately 45.degree. to its broken line position indicated at 16a
      when the door is moved to its initial position of adjustment, it will be
      noted that the arm 16 has been displaced approximately 45.degree. relative
      to the latch recess 50. Thereafter, when the holding mechanism releases
      and the door closes, the arm 16 rotates in a counterclockwise direction to
      return to its normal or full line position in FIG. 2 and the latch recess
      50 is displaced in a counterclockwise direction to the position indicated
      by broken lines at 50a. The next time the door is opened, the entire
      clutch 24 rotates in a clockwise direction with the spindle 32.
PAR  The latch pin 94 which is biased into engagement with the peripheral
      surface of the clutch 24 exerts a drag on the latter surface which tends
      to prevent the locking ring 44 from rotating in a clockwise direction with
      the spindle 32 and clutch dial 36. However, the frictional force exerted
      on the chamfered surfaces 68, 68 by the friction pad marginal portions 66,
      66 is sufficient to resist the aforementioned drag. It will now be evident
      that the marginal portions 66, 66 function to retain the clutch in a
      predetermined position of adjustment. When the latch recess 50 is aligned
      with the latch pin 94, the pin is biased into the recess by the spring 88.
      If the electromagnet 96 is energized, the armature plate 82 will move into
      holding engagement therewith to maintain the door in hold-open position.
      Thus, once a particular hold-open position has been established, the door
      may be returned to that position of adjustment each time it is opened. A
      new position of adjustment may be established by further opening the door
      to a new position of adjustment beyond the previously established
      position.
PAR  The door may be adjusted from a fully open hold-back position or from any
      partially open hold-back position to a position of lesser opening by
      applying force to the door in the closing direction sufficient to overcome
      the frictional force which couples the clutch dial 36 to the spindle 32.
      Thus, the door 12 may be adjusted to an infinite number of hold-open
      positions by first moving it to a fully open position and then applying
      sufficient force in a closing direction to move it to any desired
      hold-open position.
PAR  It is sometimes required that a door be maintained in either a fully open
      or fully closed position, as for example, a corridor door or the like. In
      such instance, it is undesirable that the door be adjustable from one
      hold-open position to another hold-open position of lesser opening. A
      further embodiment of the invention is provided to meet the requirements
      of this situation. This further embodiment differs from the one previously
      described only in the manner in which the clutch is retained on the door
      closer spindle. Such a further embodiment is illustrated in FIG. 7 wherein
      a fragmentary portion of a clutch is shown and designated generally at
      24a. The clutch 24a is provided with a non-circular aperture in its clutch
      disc 36a for receiving an associated spindle end portion 34a in
      non-rotatable engagement therein, substantially as shown. The clutch 24a
      is mounted on a spindle end portion such as indicated at 34a in the manner
      previously described; however, in this instance, the friction pads
      function only to overcome the drag exerted upon the locking and retaining
      ring assembly by the latch pin 94 in the manner aforedescribed and to
      prevent loss of clutch adjustment due to shock or vibration resulting from
      door movement. When the device of the present invention is provided with a
      clutch such as 24a the hold-open position of the door may be adjusted by
      simply opening the door while the latching mechanism is held in its
      latched position. Thereafter, the device may be further adjusted to other
      wider hold-open positions by further opening the door. However, when the
      door attains its fully open position, no further adjustment may be
      attained by door movement. Thereafter, each time the door is moved to its
      fully open position with the holding mechanism in its energized condition
      the door will be held in its fully open position. If a lesser hold-open
      position is desired after the device has been adjusted to its full
      hold-open position, the clutch must be removed from and repositioned on
      the spindle end portion 34a to permit further adjustment. It should be
      noted that it is always possible to close the door even when the device is
      in a hold-open position and held in the latter position by the holding
      mechanism. Since the clutch is connected in non-rotatable engagement with
      the spindle 32a and the locking ring 44a is in locked engagement with the
      clutch dial 36a when the door is moved toward its closed position, it will
      be evident that if a sufficient closing force is applied to the door, the
      latching pin carried by the latch lever will be cammed out of the latch
      recess in the clutch by an associated cam surface of the recess. Thus, one
      of the cam surfaces of the latch recess cooperates with the latch pin to
      override the latching and holding mechanisms. Thereafter, the door will
      move to its closed position under the normal action of the closer 20.
PAR  Referring now to FIGS. 8-10, another electromagnetic door holder-closer is
      illustrated which embodies the invention and includes an overrunning
      roller clutch designated 24b. The illustrated embodiment differs from the
      previous embodiment 10 only in the construction and arrangement of the
      clutch mechanism 24b, therefore, only the spindle of the closer is shown,
      the latter spindle being designated generally by the reference numeral
      32b. The clutch 24b transmits torque load in one direction but overruns
      freely in the opposite direction and comprises a circular bearing plate
      102, preferably centrally apertured for non-rotatable connection to the
      spindle end portion 34b. An annular thrust bearing 104 received on the
      spindle end portion 34b in rolling engagement with the bearing plate 102
      supports an annular holding ring 106 which has a circular central aperture
      107 to permit rotation of the holding ring relative to the spindle end
      portion 34b. As in the previously described embodiment, the holding ring
      or clutch part 106 has a latch recess 50b partially defined by cam
      surfaces 52b, 52b for cooperation with the latching mechanism (not shown)
      in a manner previously described. An annular friction pad 108 made from
      suitable clutch lining material is positioned in face-to-face engagement
      with the upper face of the holding ring 106 and coaxially surrounds the
      spindle 34b.
PAR  The clutch 24b further includes a generally cylindrical spindle shaft
      extension 110 which has an outwardly facing cylindrical bearing surface
      112 and a non-circular central aperture 114 for non-rotatable connection
      with the spindle end portion 34b. A cylindrical clutch housing 116
      retained on the spindle end portion by the shaft extension 110 has a
      cylindrical aperture 118 which receives the lower end portion of the shaft
      extension 110 therethrough. A unitary roller clutch unit 120 received in
      press fit engagement within a cylindrical recess in the clutch housing
      116, as best shown in FIG. 8, comprises an overrunning roller clutch which
      includes a plurality of drive units or rollers 122, 122 arranged to wedge
      between the bearing surface 112 and inclined surfaces associated with its
      outer shell to transmit torque load in only one direction, as is well
      known in the clutch art. The clutch 120 has a plurality of springs 124,
      124 which aid in positioning the rollers for instant clutch engagement or
      lockup. Preferably, and as shown, the clutch 120 comprises a drawn cup
      overrunning roller clutch of a type manufactured by The Torrington
      Company, Torrington, Conn. The clutch housing 116 is further supported for
      rotation with the holding ring 106 and relative to the spindle 32b and the
      spindle extension 110 by another thrust bearing 126 which surrounds the
      lower end portion of the spindle extension, as best shown in FIG. 9. The
      clutch 24b is retained in assembly with the spindle end portion 34b by a
      threaded fastener 62b and a washer 128. The fastener 62b is adjusted to
      vary frictional engagement between the friction pad 108 and the holding
      ring 106 and clutch housing 116.
PAR  When the device is installed on a door, such as the door 12 in FIG. 1, the
      electrically operated holding mechanism is energized, and the door is
      opened, the entire clutch assembly 24b turns as a unit in a clockwise
      direction with the spindle 32b until the latch pin associated with the
      latch mechanism enters the latch recess 50b. Thereafter, due to the
      overrunning feature of the roller clutch, further movement of the door in
      the opening direction causes the spindle extension 110 to rotate with the
      spindle 32b and in a clockwise direction relative to the clutch unit 120,
      the clutch housing 122, the friction pad 108 and the holding ring 106. The
      fastener 62b is adjusted to provide sufficient frictional coupling between
      the clutch housing 116 and the holding ring 106, through the friction pad
      108 to overcome reactive torque of the door closer exerted in a
      counterclockwise direction by the closer spindle 32b acting upon the
      clutch housing 116 through the spindle extension 110 and the clutch unit
      120. Thus, the door will be held open in any position to which it is
      opened while the electromagnetic associated with the latching mechanism
      remains in an energized condition to retain the latching mechanism in its
      latching position. As in the previously described embodiment shown in
      FIGS. 1-6, the door may be adjusted from any hold-open position to a
      lesser hold-open position by applying force to the door in the closing
      direction sufficient to overcome the frictional force which couples the
      clutch housing 116 to the holding ring 106 while the holding ring is
      retained in a fixed position by the latching mechanism. Thus, the door may
      be held in a fully open position or may be adjusted to any partially open
      condition desired by simply manipulating the door.
PAR  In FIGS. 11 and 12 there is shown still another embodiment of the invention
      particularly adapted for adjustment to hold a door in a single preselected
      hold-open position. Since the illustrated device differs from the device
      shown in FIGS. 1-6 only in the construction and arrangement of its clutch
      assembly 24c, only the closer spindle is shown and designated 32c. The
      clutch assembly 24c comprises a spindle stud 130 which has a non-circular
      central aperture 131 for non-rotatable connection with the spindle end
      portion 34c. It is retained in assembly with the spindle end portion by a
      fastener 62c and a washer 128c, as best shown in FIG. 12. The lower end
      portion of the spindle stud 130 is generally cylindrical and has a male
      thread thereon. The upper end portion of the stud 130 is threaded to
      receive an adjustment nut 132 and a lock nut 134 and has flats machined on
      its opposite sides to present a substantially non-circular cross section,
      as best shown in FIG. 11. A holding ring 106c is threaded onto the lower
      end portion of the spindle stud 130 and has a latch recess 50c formed
      therein and partially defined by cam surfaces 52c, 52c. The clutch 24c
      further includes a locking ring 136 which has a non-circular central
      aperture 138 for non-rotatable connection with the upper end portion of
      the spindle stud 130, as shown in FIG. 11, and is disposed on the spindle
      stud between the adjustment nut 132 and the holding ring 106c, as best
      shown in FIG. 12. An annular friction pad 140 made from suitable clutch
      lining material surrounds the spindle 32c and is positioned between
      opposing bearing surfaces on the holding ring 106c and the locking ring
      136, as shown in FIG. 12. The clutch assembly 24c is handed, the hand of
      the clutch being determined by the hand of the threads on the holding ring
      and spindle stud, however, it may be made for doors of either hand.
PAR  In operation, the holding ring 106c is normally maintained in a fixed
      position relative to the closer casing by the latch mechanism (not shown)
      and its associated electrically operated holding mechanism (not shown).
      When an associated door, such as the door 12 (FIG. 1) is opened, rotation
      of the spindle 32c and its associated spindle stud 130 relative to the
      holding ring 106c, which is threaded onto the stud, causes the holding
      ring to move upward toward the locking ring 136 as the latter ring rotates
      with the spindle 32c and relative to the holding ring 106c. The upward
      movement of the holding ring 106c causes the locking ring 136 to move into
      abutting relation with the adjustment nut 132 thereabove. Thereafter,
      further rotation of the spindle stud 130 and the locking ring 136 causes a
      jamming relationship between the locking ring 136, the holding ring 106c,
      and the friction pad 106 positioned therebetween. If sufficient force is
      applied in opening the door to its hold-open position, the resulting
      frictional or jamming relationship between the rings will be sufficient to
      overcome the reactive force exerted in a closing direction by the door
      closer so that the door will be maintained in an open position. The door
      will remain in its predetermined hold-open position until either
      sufficient force is applied to the door in a closing direction to release
      the frictional coupling between the locking and holding rings or the latch
      mechanism is released, as by de-energizing the electromagnetic holding
      mechanism. After the door has been released from its predetermined
      hold-open position, it will close under the reactive force exerted by the
      closer mechanism. The predetermined hold-open position may be varied by
      loosening the lock nut 134 and moving the adjustment nut 132 toward or
      away from the locking ring 136, as required, to attain a desired hold-open
      position.
PAR  As in all of the previously described embodiments, one of the cam surfaces
      52c, 52c is adapted to cooperate with the latch pin received in the recess
      50c to cam it out of the recess in response to manual closing force
      applied to the door. Thus, means are provided to override the latching and
      holding mechanisms so that an associated door may be manually closed at
      all times.
PAR  As previously noted, the aforedescribed devices are usually connected in
      circuit with some type of sensing device for detecting an emergency
      situation, however, it should be understood that the devices of the
      present invention may be arranged to operate in response to any current
      interruption device as, for example, a simple electrical switch, to
      facilitate remote or local operation.
CLMS
STM  We claim:
NUM  1.
PAR  1. A holder-closer for a door member mounted for pivotal movement between
      open and closed positions relative to a frame member and comprising a
      casing for mounting in fixed position relative to one of the members, a
      spindle journalled in said casing for axial rotation in one and an
      opposite direction relative thereto and projecting therefrom, resilient
      means yieldably resisting rotation of said spindle in said one direction,
      dampening means contained in said casing for yieldably resisting rotation
      of said spindle in said opposite direction in response to reactive torque
      applied to said spindle by said resilient means to control the closing
      speed of the door, arm means connected to said spindle externally of said
      casing for connection to the other of the members to rotate said spindle
      in said one direction when the door is opened, a clutch, means for
      coupling one part of said clutch to said spindle externally of said casing
      for rotation with said spindle in said one and said opposite direction,
      latching means supported for movement relative to said casing between
      latching and releasing position and engaging another part of said clutch
      in said latching position to retain said other part against rotation
      relative to said casing, said one part being rotatable in said one
      direction with said spindle and arm means and relative to said other part
      when said latching means is in its latching position and the door is
      opened to a hold-open position, said other part cooperating with said one
      part to restrain said one part against rotation in said opposite direction
      in response to said reactive torque while said door is in its hold-open
      position and said latching means is in its latching position, and
      electrically operated holding means for releasably retaining said latching
      means in its latching position.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein said coupling means
      comprises means for frictionally connecting said one part to said spindle.
NUM  3.
PAR  3. The combination as set forth in claim 1 wherein said coupling means
      comprises means connecting said one part in non-rotatable engagement with
      said spindle.
NUM  4.
PAR  4. The combination as set forth in claim 3 including means for moving said
      latching means from said latching position to said releasing position in
      response to manual force applied to the door to move the door toward its
      closed position when said latching means is held in its latching position
      by said holding means.
NUM  5.
PAR  5. The combination as set forth in claim 4 wherein said means for moving
      said latching means comprises a cam surface on said clutch.
NUM  6.
PAR  6. The combination as set forth in claim 1 wherein said coupling means
      comprises means for coupling said spindle to said one part to permit said
      spindle to rotate in said opposite direction relative to said clutch in
      response to manual force applied to said door to move the door toward
      another position when the latching means is in said latching position.
NUM  7.
PAR  7. The combination as set forth in claim 1 wherein said latching means
      comprises a lever system and said holding means comprises an electromagnet
      and an armature carried by said lever system and cooperating with said
      electromagnet to releasably retain said lever system in said latching
      position.
NUM  8.
PAR  8. A holder-closer for a door as set forth in claim 1 wherein said clutch
      includes coaxially arranged inner and outer parts and said one part
      comprises said inner part and said other part comprises said outer part.
NUM  9.
PAR  9. The combination as set forth in claim 8 including means for biasing said
      latching means into said latching position.
NUM  10.
PAR  10. The combination as set forth in claim 8 including means for connecting
      said outer part to said inner part to yieldably resist rotation relative
      thereto in said one direction when said latching means is in said
      releasing position.
NUM  11.
PAR  11. The combination as set forth in claim 10 wherein said coupling means
      comprises said means for connecting said outer part to said inner part.
NUM  12.
PAR  12. The combination as set forth in claim 11 wherein said coupling means
      comprises means for frictionally connecting said inner part to said
      spindle and means for frictionally connecting said inner part to said
      outer part.
NUM  13.
PAR  13. The combination as set forth in claim 1 wherein said clutch comprises a
      uni-directional clutch which includes a plurality of drive elements for
      permitting said one part to rotate in said one direction with said spindle
      and relative to said other part and providing torque transmission
      connection between said one part and said other part in response to said
      reactive torque applied to said spindle by said resilient means.
NUM  14.
PAR  14. The combination as set forth in claim 13 wherein said uni-directional
      clutch comprises an overrunning roller clutch and said drive elements
      comprise rollers.
NUM  15.
PAR  15. The combination as set forth in claim 13 wherein said clutch includes
      means for frictionally coupling said one part to said other part.
NUM  16.
PAR  16. The combination as set forth in claim 1 wherein said one part comprises
      a generally cylindrical spindle extension, said clutch includes a
      generally cylindrical clutch housing supported on said spindle for coaxial
      rotation relative to said spindle and said spindle extension and a unitary
      roller clutch disposed between said spindle extension and said spindle
      housing for permitting said spindle extension to rotate in said one
      direction with said spindle and relative to said spindle housing and for
      providing torque transmission connection between said spindle extension
      and said housing in response to said reactive torque, said other part is
      supported on said spindle for coaxial rotation relative thereto, and said
      clutch further includes means for coupling said other part to said clutch
      housing.
NUM  17.
PAR  17. The combination as set forth in claim 16 wherein said means for
      coupling said other part is further characterized as means for
      frictionally coupling said other part to said clutch housing.
NUM  18.
PAR  18. The combination as set forth in claim 1 wherein said clutch includes
      means for moving one of said clutch parts comprising said one and said
      other part of said clutch toward the other of said clutch parts and into
      jamming relation therewith in response to rotation of said spindle in said
      one direction when the door is opened to a predetermined hold-open
      position and said other part is retained against rotation relative to said
      casing by said latching means.
NUM  19.
PAR  19. The combination as set forth in claim 18 wherein said means for moving
      said one of said clutch parts comprises means for moving said one of said
      clutch parts axially of said spindle and toward the other of said clutch
      parts and for simultaneously rotating said one of said clutch parts
      relative to said other of said clutch parts in response to rotation of
      said spindle in said one direction.
NUM  20.
PAR  20. The combination as set forth in claim 19 wherein said means for moving
      said one part of said clutch parts comprises coengaging threads on said
      one of said clutch parts and on an associated other part of said clutch.
NUM  21.
PAR  21. The combination as set forth in claim 1 wherein said coupling means
      comprises a spindle stud mounted on said spindle for rotation in said one
      and said opposite direction therewith, said one part comprises a locking
      ring coaxially received on said spindle for rotation therewith, said other
      part comprises a holding ring coaxially received on said spindle, and said
      clutch includes means for moving one of the rings axially of said spindle
      toward the other of said rings and into jamming relation therewith when
      said latching means is in its latching position and the door is opened to
      a predetermined hold-open position.
NUM  22.
PAR  22. The combination as set forth in claim 21 wherein said means for moving
      said one ring comprises coengaging threads on said holding ring and said
      spindle stud.
NUM  23.
PAR  23. The combination as set forth in claim 21 wherein said clutch includes
      adjusting means for varying said predetermined hold-open position.
NUM  24.
PAR  24. The combination as set forth in claim 23 wherein said adjusting means
      comprises an adjustment nut threadably received on said spindle stud for
      axial adjustment toward and away from said locking ring.
NUM  25.
PAR  25. The combination comprising a door closer for mounting between a door
      member and a frame member, and a hold-open attachment, said door closer
      having a casing for mounting on one of the members, a spindle rotatably
      supported in said casing and projecting therefrom, means for connecting
      said spindle to the other of said members to rotate in one direction in
      response to movement of said door toward its open position and to rotate
      in an opposite direction in response to movement of said door toward its
      closed position, and resilient means in said casing yieldably resisting
      rotation of said spindle in said one direction, said hold-open attachment
      having a frame for mounting on said one member in fixed relation to said
      casing, a uni-directional clutch having one part free to rotate in only
      one direction relative to another part thereof, means for coupling said
      one part to said spindle, latching means supported on said frame for
      movement relative thereto between latching and releasing positions, said
      latching means cooperating with said clutch in said latching position for
      releasably retaining said other part against movement relative to said
      frame to permit said spindle to rotate in said one direction with said one
      part and to resist rotation in said other direction in response to torque
      applied thereto by said resilient means, and electrically operated holding
      means for releasably retaining said latching means in said latching
      position.
NUM  26.
PAR  26. The combination as set forth in claim 25 wherein said spindle has
      opposite end portions projecting from opposite sides of said casing, said
      arm being connected to one of said end portions, said clutch being coupled
      to the other of said end portions.
NUM  27.
PAR  27. The combination as set forth in claim 25 wherein said coupling means
      comprises means for coupling said one part to said spindle to permit said
      shaft to rotate in said other direction relative to said one part in
      response to manual force applied to said door to move it towards its
      closed position when said latching means is held in its latching position
      by said holding means.
NUM  28.
PAR  28. The combination as set forth in claim 27 wherein said coupling means
      comprises means for frictionally connecting said one part to said shaft.
NUM  29.
PAR  29. The combination as set forth in claim 25 including means for connecting
      said other part to said one part to yieldably resist rotation relative
      thereto.
NUM  30.
PAR  30. The combination as set forth in claim 29 wherein said coupling means
      comprises said means connecting said other part to said one part.
NUM  31.
PAR  31. The combination as set forth in claim 30 wherein said coupling means
      comprises means frictionally connecting said one part to said spindle and
      means frictionally connecting said one part to said other part.
NUM  32.
PAR  32. The combination as set forth in claim 25 wherein said coupling means
      comprises means for non-rotatably connecting said one part to said
      spindle.
NUM  33.
PAR  33. The combination as set forth in claim 32 including means for moving
      said latching means from said latching to said releasing position in
      response to manual force applied to the door to move it toward its closed
      position when said latching means is held in its latching position by said
      holding means.
NUM  34.
PAR  34. The combination as set forth in claim 33 wherein said means for moving
      said latching means from said latching position comprises a cam surface on
      said other part.
NUM  35.
PAR  35. The combination as set forth in claim 25 wherein said latching means
      comprises a lever and said holding means comprises an electromagnet.
NUM  36.
PAR  36. A hold-open attachment for a door closure for connection between a door
      and an associated door frame and having a casing, a spindle rotatably
      supported in said casing and projecting therefrom and rotatable in one
      direction in response to movement of the door toward an open position and
      in an opposite direction in response to movement of the door toward a
      closed position, and resilient means in said casing for yieldably
      resisting rotation of the spindle in said one direction, said attachment
      comprising an attachment frame for mounting in fixed position relative to
      said casing, a clutch, means for coupling said clutch to said spindle
      externally of said casing for rotation therewith, latching means mounted
      on said attachment frame and movable relative thereto between latching and
      releasing positions, said latching means cooperating with said clutch in
      said latching position to retain a part of said clutch in fixed position
      relative to said frame to permit said spindle to rotate in said one
      direction in response to movement of the door to a hold-open position and
      to resist rotation of said spindle in said other direction in response to
      torque applied to said spindle by said resilient means to retain the door
      in hold-open position, and electrically operated holding means for
      releasably retaining said latching means in said latching position.
NUM  37.
PAR  37. A hold-open attachment as set forth in claim 36 wherein said clutch
      comprises a uni-directional ball clutch having coaxial inner and outer
      parts and a plurality of balls disposed therebetween and cooperable
      therewith to permit substantial relative rotation between said parts in
      only said one direction.
NUM  38.
PAR  38. A hold-open attachment as set forth in claim 37 wherein said spindle is
      connected to said inner part by said coupling means and said latching
      means is cooperable with said outer part.
NUM  39.
PAR  39. A hold-open attachment as set forth in claim 36 wherein said latching
      means comprises a latching lever pivotally mounted on said attachment
      frame and a latch pin carried by said latching lever and said clutch part
      has a latch recess for receiving said latch pin in said latching position.
NUM  40.
PAR  40. A hold-open attachment as set forth in claim 39 wherein said latching
      means includes a holding lever pivotally connected to said attachment
      frame and to said latching lever, said holding means cooperating with said
      holding lever.
NUM  41.
PAR  41. A hold-open attachment as set forth in claim 36 wherein said
      electrically operated holding means includes an armature associated with
      said latching means and an electromagnet active in an energized condition
      to hold said armature when said latching means is in said latching
      position.
NUM  42.
PAR  42. A hold-open attachment as set forth in claim 36 including means for
      biasing said latching means towards said clutch.
NUM  43.
PAR  43. A hold-open attachment as set forth in claim 36 wherein said coupling
      means comprises means frictionally connecting said clutch to said spindle.
NUM  44.
PAR  44. A hold-open attachment as set forth in claim 36 wherein said coupling
      means comprises means connecting said clutch in non-rotatable engagement
      with said shaft.
NUM  45.
PAR  45. A hold-open attachment as set forth in claim 36 including means for
      overriding said latching means and said holding means and for moving said
      latching means to said releasing position against the action of said
      holding means in response to manual force applied to the door to move it
      towards its closed position.
NUM  46.
PAR  46. A hold open attachment as set forth in claim 36 wherein said clutch has
      an inner part and an outer part, said coupling means connects said inner
      part to said spindle, said latching means cooperates with and retains said
      outer part in said latching position, and said attachment includes means
      for connecting said outer part to said inner part to yieldably resist
      rotation relative thereto.
NUM  47.
PAR  47. A hold-open attachment as set forth in claim 37 wherein said coupling
      means comprises said means for connecting said outer part to said inner
      part to yieldably resist rotation.
NUM  48.
PAR  48. A hold-open attachment as set forth in claim 47 wherein said coupling
      means comprises means for frictionally connecting said spindle to said
      inner part and said means for frictionally connecting said inner part to
      said outer part.
NUM  49.
PAR  49. A hold-open attachment as set forth in claim 37 wherein said inner part
      has a plurality of radially outwardly opening ball receiving recesses and
      said outer part has a plurality of radially inwardly opening ball
      receiving recesses, the number of ball receiving recesses in one of said
      parts being equal in number to the number of balls, the number of ball
      receiving recesses in the other of said parts being substantially greater
      than the number of balls.
NUM  50.
PAR  50. A hold-open attachment as set forth in claim 49 wherein said one part
      comprises said inner part and said other part comprises said outer part.
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ABST
PAL  A collapsible cylindrical shipping container and joint-forming tape
      structure therefor is disclosed, wherein the cylindrical side of the
      container is formed of at least two relatively stiff but flexible sheet
      wall members having mating edges joined by a tape structure of X-like
      configuration permitting the wall members to be flexed from a normal
      collapsed, face-to-face position into an expanded volume-defining
      position. This latter relationship is maintained by the insertion of end
      closure means in at least one end of the container thus formed. A
      joint-forming tape structure used in the container is also disclosed.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is copending with my prior application Ser. No. 159,796,
      filed July 6, 1971, now U.S. Pat. No. 3,751760, which is directed to tape
      structures of a type similar to those used in carrying out this invention.
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to collapsible cylindrical shipping containers, and
      more especially to cyclically reusable containers, and a joint-forming
      tape structure employed therein for connecting semi-rigid but flexible
      sidewall forming members to permit these to be flexed between a collapsed,
      substantially flat, empty-return condition, and an expanded,
      volume-defining condition for retention of a product in transit.
PAC  PRIOR ART BACKGROUND
PAR  Substantial use has been made of shipping containers which are repeatedly
      used to contain a product in transit and then returned empty for further
      re-use. For reasons of shipping volume economy alone it is obvious that
      containers which are collapsible for return and reuse have many advantages
      over containers of fixed, non-collapsible design. This collapsibility is
      not so difficult to achieve in a rectangular shipping container; however
      the problem becomes much more complex in its application to cylindrical
      containers such as drums or barrels. But the latter frequently have
      structural advantages as shipping containers over rectangular designs,
      more particularly in terms of unit stress conditions in the loaded
      container, which makes their use desirable in many instances. Prior
      cylindrical containers, unless made of highly flexible film or the like
      and therefore subject to easy rupture or puncture, have not been capable
      of being collapsed for empty-return. The approach to the problem, rather,
      has been in terms of nesting designs which offer only a partial solution.
PAR  The present invention provides a container of drum or cylinder
      configuration which possesses all of the desirable characteristics of a
      fixed drum or barrel type previously available, including the use of
      puncture resistant semi-rigid fiberboard side wall construction, but which
      unlike such prior drum or barrel types is collapsible into a flat
      condition for empty-return and repeated reuse cycling.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is characterized by the provision of at least two generally
      rectangular sheet members which preferably are of heavy, stiff but
      bendable fiberboard stock. These are joined along mating edges by an
      X-like joint-forming structure to form a peripherally continuous side wall
      in which the sheet members can be moved from a substantially flat,
      facially-contacting, collapsed condition to a flexed, volume-defining or
      cylindrical condition. Closure means, preferably circular discs of stiff
      sheet material, are removably inserted in the open ends of the wall
      members when flexed to volume-defining position. One such disc serves to
      retain the side members in the last-mentioned position in order to fill
      the container with a product for shipment, and a second disc serves as the
      final closure means after the container is filled. Removal of the closure
      discs on delivery of the product enables the containers to be returned for
      further use in collapsed condition, thus effecting great saving in space
      requirements for the empty containers during return shipment and storage.
      An essential feature of the invention lies in the design of a structure
      for articulately joining the side-forming panels of the container so that
      the aforesaid collapsibility is obtained without deteriorating the
      integrity of the wall in its volume-defining, product-retaining condition.
DRWD
PAR  The invention is illustrated by the embodiment in a container shown in the
      accompanying drawings, wherein
PAR  FIG. 1 is a perspective view of a partially assembled drum;
PAR  FIG. 2 is an exploded perspective view of the components of the drum in
      collapsed, disassembled condition;
PAR  FIGS. 3, 4 and 5 are fragmentary sectional views of alternative closure
      forming arrangements for the container.
PAR  FIGS. 6 and 7 are fragmentary perspective views of alternative joint
      structures for hingedly joining side forming panels of the drum;
PAR  FIG.8 is a fragmentary perspective view of another joint structure; and
PAR  FIG. 9 is a perspective view of a side panel arrangement for a container
      employing join structures of the type shown in FIG. 8.
DETD
PAR  A container embodying the invention is shown in FIG. 1 in set-up condition
      ready to receive a product to be shipped, while FIG. 2 shows the component
      parts of the container in knocked-down condition for economy of storage or
      return shipment of the empty container.
PAR  Container 10 takes the form of a drum composed of a pair of relatively
      stiff, puncture-resistant, fiberboard sheet panels 12 which are connected
      along a pair of opposite edges by a joint structure 14, more fully
      discussed hereinafter. The joined panels are movable from a collapsed,
      substantially flat, face-to-face contacting position, as seen in FIG. 2,
      to an expanded or volume-defining position, as seen in FIG. 1. This is
      done by flexing the panels intermediate joints 14 to cause them to assume
      the generally cylindrical side wall configuration seen in FIG. 1. In this
      position panels 12 are under a bending stress which urges them to reassume
      their original flat condition; however this is prevented in the erected
      container by inserting a circular closure disc 16 into an open end of the
      structure to provide a bottom wall. The resulting open-top receptacle can
      then be charged with a variety of products, after which a second closure
      disc 16 is inserted into the open upper end of the container to complete
      the enclosure.
PAR  As illustrated in FIG. 1, a lining 18 is provided, which typically may
      consist of a thin-walled bag of polyethylene film or the like. This can be
      hermetically sealed to further protect the product from atmosphere.
PAR  Various arrangements can be employed for securing end closures 16 to panels
      12 in forming the container, and several variant forms are shown in FIGS.
      3 through 5. In FIG. 3, an external chime 20 is permanently pressed into
      the margins of panel members 12 at their opposite free edges, and closure
      disc 16 comprises a sheet metal stamping having a peripheral, flanged lip
      22 configured to frictionally grip chime 20. The arrangement seen in FIG.
      4 is generally similar, with the exception that chime 20a is internally
      formed in panels 12, and lip 22a of closure disc 16a is formed to provide
      an internal rib for mating engagement with the chime. For added security
      of retention of the closure on the container, a tension band 26 may be
      placed in the peripheral depression of flange 22a and tightened to
      increase the gripping of the lip with the chime. Still another arrangement
      is shown in FIG. 5 in which an internally formed chime 20b is gripped
      internally of panels 12 by an end closure disc 16b which is here
      illustrated as being formed of molded plastic material. Disc 16b is
      likewise formed with an annular lip or flange 22b adapted to frictionally
      engage the chime of panels 12. Again a tension band 26 can be employed to
      further secure the frictional engagement between the side and end closure
      members.
PAR  An important aspect of the invention lies in the form of joint structure
      used in connecting panels 12 to permit them to be moved from collapsed to
      volume-defining position. One such joint forming structure is illustrated
      more particularly in FIG. 6. A special tape 30 is used which is composed
      of a series of connector members 32 which, at least initially, are
      connected to and supported by a longitudinal carrier 34. Connector members
      32 are disposed in spaced relation along carrier 34 in alternating,
      intersecting relation to form an X-like configuration looked at in cross
      section. Both of cross members 32 and carrier 34 are preferrably formed of
      flexible sheet material having good tensile strength, such as sheet
      plastic or woven fabric material. Strong paper, such as kraft is also
      suitable in some instances, depending upon load-carrying requirements or
      other structural considerations.
PAR  Tape 30 is applied along the opposite edges of panels 12 with the margins
      of the panels clamped between adjacent legs of the X-like tape, the
      margins being disposed in diametrically opposite quadrants of the X. For
      most applications, cross members 32 may be secured to the panels by means
      of suitable adhesive which can be applied initially to the margins of the
      panels, or to the cross members, or to both. In some instances, tape 30
      may carry a pressure sensitive adhesive on the connector members to
      facilitate application of the tape to panel members 12 in the initial
      fabrication of the container components. The use of such pressure
      sensitive adhesive is of particular advantage where it may be desirable to
      remove carrier 34 after cross members 32 have been secured to the panel
      margins. That is, carrier 34 may be employed simply as a means for
      maintaining the cross members in properly oriented position prior to their
      application to the margins of panels 12, and once this has been achieved
      it is no longer needed and may be stripped away.
PAR  A modification in the means for forming a flexible joint between adjacent
      panel members is shown in FIG. 7, wherein structure 40 comprises a series
      of alternately intersecting cross members 42 of flexible strand material
      which are supported in properly oriented relation to each other by four
      thin, relatively stiff metal carrier strips 44, one such strip running
      along each leg of the X-like configuration. Again adhesive is employed for
      securing the carrier strips 44 to the cross members, and in this instance
      the metal carrier strips are punched or struck to form piercing tabs or
      teeth 48. These can be driven into the margins of the panel members to be
      joined in order to help secure the joint structure. Glue or other adhesive
      may also be used for this purpose, and again the carrier strip can be made
      removable and dispensed with after serving to assist to apply the cross
      members. In such case, the piercing tabs would of course not be used.
PAR  A modified form of joint structure is illustrated in FIGS. 8 and 9. In this
      instance a junction strip 50 is provided which again consists of a series
      of connector members 52 running crosswise of the joint to be formed, each
      of such connector members 52 intersecting and crossing other similar
      members in alternating series along the joint to form the X-like
      configuration. In this instance, however, cross members 52 are formed of
      substantially stiff material, such as metal wire, rod or bar. Again these
      members are held in properly oriented relation by a longitudinal carrier
      member 54 of sheet or webbing material which carries an adhesive to secure
      the cross members to it. In this instance supplemental longitudinal
      carrier strips 56 are also shown, one such carrier strip 56 being disposed
      along each leg of the X-configuration not in contact with carrier 54.
      Supplemental carriers 56 may be metal and relatively non-flexible, or
      flexible as desired, in either case pressure sensitive adhesive being
      provided along their exposed faces so that, when brought into contact with
      the margin of the panel member to be joined, such adhesive helps to secure
      the structure to the panels to form the joint. The embodiment as
      illustrated in FIG. 8 also incorporates clamping teeth 58 formed in the
      ends of cross members 52 which may be driven or crimped into the panel
      material when strip 50 is applied.
PAR  In the foregoing discussion the means for joining the cross members and
      carrier means has again been referred to as an adhesive, which is
      generally preferable where at least one of the elements is of fabric or
      plastic sheeting. It will be apparent however that the structure of FIG. 8
      may consist of all metal elements; that is, the cross members may be
      rectangular or round metal rod and the longitudinal carrier members strip
      metal. In such a case spot welding of the elements affords a good means
      for joining them together, especially since as discussed below normal use
      of the joint structure here illustrated will impose loading stresses on
      the joint which are in shear, and spot welding exhibits its greatest
      strength in shear.
PAR  It will be apparent that junction strip 50 can not be employed to form a
      freely articulating joint between adjacent panel members due to the
      stiffness of cross members 52. Such a junction strip has utility, however,
      where it may be desirable to connect a series of narrower panels to form a
      composite panel of greater width, as seen in FIG. 9. Although junction
      strip 50 does not permit free articulation between the narrower panel
      strips 12a required at the side margins forming joint 14 in FIG. 1,
      breaking up of the width of panels 12 into a series of narrower panels 12a
      by means of junction strips 50 will provide some greater ease of bending
      of the panels into the circular configuration assumed in the erected
      container. Thus even though it is relatively stiff, junction strip 50 can
      be made to permit some bending and unbending to take place to facilitate
      setting up and disassembling a container.
PAR  Just as the joint structure may be all-metal, so also may a container of
      the invention be made using metal panels instead of fiber or plastic
      sheet. The foregoing illustrations will suggest further modifications
      possible within the concept of the invention. For example, more than two
      panel members may be interconnected by fully articulatable joint
      structures. Such an arrangement will be useful in providing containers of
      other than circular cross section, in which event of course end closure
      members of conforming shape must be provided. It will also be useful where
      the panel members employed are metal sheet, as mentioned above. The
      following claims are accordingly intended to be interpreted in the light
      of the concept disclosed without limitation to specific non-essential
      elements of the specific illustrations given above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An elongated joint-forming structure for interconnecting contiguous
      panel members having mating edges, said structure comprising a series of
      connector members each running crosswise of the joint to be formed and
      disposed in spaced relation therealong, at least some of said cross
      members intersecting and crossing other of said members in alternation
      along the joint to form an X-like configuration, and carrier means
      comprising at least one longitudinal member from which each of said cross
      members is supported in said X-like configuration with the ends of said
      cross members extending marginally outwardly of said carrier means, and
      means on either said cross members or carrier means securing them together
      to form said structure.
NUM  2.
PAR  2. A joint-forming structure as defined in claim 1, wherein said carrier
      means comprises a single flexible longitudinal member secured to said
      cross members adjacent their points of intersection.
NUM  3.
PAR  3. A joint-forming structure as defined in claim 1, wherein said cross
      members are substantially stiff and inflexible.
NUM  4.
PAR  4. A joint-forming structure as defined in claim 3, wherein said cross
      members are metal.
NUM  5.
PAR  5. A joint-forming structure as defined in claim 1, wherein said
      longitudinal member is relatively stiff and inflexible.
NUM  6.
PAR  6. A joint-forming structure for interconnecting contiguous panel members
      having mating edges, said structure comprising a series of connector
      members each running crosswise of the joint to be formed and disposed in
      spaced relation therealong, at least some of said cross members
      intersecting and crossing other of said members in alternation along the
      joint to form an X-like configuration, and carrier means comprising a
      single flexible strip secured to said connector means substantially along
      the axis of the structure formed thereby, and means on either said cross
      members or carrier means securing them together to form said structure.
NUM  7.
PAR  7. A joint-forming structure as defined in claim 6, wherein said carrier
      member is removably secured to said connector members to permit removal
      thereof after formation of a joint by said structure between panel means.
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ABST
PAL  Overlapping ends of metal strap or the like are connected without the aid
      of an overlying supplemental seal or fastener by means of longitudinally
      spaced joints which form a one way interlocking relationship. An integral
      abutment means comprises juxtaposed protuberances, integral with the
      overlapping strap segments, which irreversibly override each other as the
      interlocking relationship is formed and present spaced stops which abut
      each other before a formed interlock can disengage when the overlapping
      strap segments are shifted relative to each other in an interlock
      disengaging direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to sealless joints or splices in strap made of
      relatively stiff sheet material, i.e., metal strap and the like.
PAR  It is known to provide sealless connections between strap ends in the form
      of an array of longitudinally spaced joints. A very common form of such a
      joint utilizes a central tongue provided with lateral wing extensions
      partly along the opposite edges of the tongue. However, the load handling
      strength of such a connection is reduced because the width of the wing
      extensions reduces the effective cross section of the strap.
PAR  Variations of the aforementioned double wing tongue joint have been
      suggested over the years. Representative prior art patents in this
      particular field of art are U.S. Pat. No. 180,910 to Olmsted, U.S. Pat.
      No. 1,606,331 to Anderson, U.S. Pat. Nos. 2,268,339 and 2,276,988 to
      Leslie, U.S. Pat. No. 3,137,047 to Mosey, U.S. Pat. No. 3,177,538 to
      Timmerbeil, and U.S. Pat. No. 3,188,706 to Partridge. Yet in all of the
      foregoing variations, the effective cross-sectional area of the strap is
      considerably reduced at the connection, thereby reducing the tensile
      strength of the connected strap. A sealless connection wherein a
      relatively higher strength at the connection is realized and lateral pull
      out action is avoided or minimized is taught in U.S. Pat. No. 3,303,541 to
      Beach.
PAR  In all but one of the aforesaid instances the connection is maintained only
      while the joined overlapping ends are kept under tension. When tension is
      temporarily released on the connection, or when the overlapping strap ends
      are longitudinally shifted relative to each other as someone bumps against
      the strap connections formed around a temporarily compressed bundle of
      material which is in the process of being strapped, i.e., a bale of cotton
      or the like, the connections will release and the joined strap ends will
      again separate.
PAR  In the aforementioned U.S. Pat. No. 3,188,706 to Partridge there is
      disclosed a means to lock a produced one way tension connection by
      embossing internested dimples in the overlapped connected strap segments.
      However, a special tool is required for this purpose, thus the proposed
      locking means is cumbersome to use. Where a large number of workers
      performs strapping operations at about the same time, a sizeable
      investment in special tools must be made. Moreover, unless the embossing
      is done with care, camming surfaces are formed around the periphery of the
      embossments which camming surfaces tend to spread the internested dimples
      apart when the strap segments are subjected to a lengthwise force, i.e.,
      by dropping or subsequent compression of a tied bundle. This action by the
      camming surfaces will tend to defeat the desired locking action when the
      lengthwise force is a compressive force, and may promote tearing of the
      interlocking joints in instances where the connected strap is
      overtensioned. The fastenerless splice of U.S. Pat. No. 3,188,706 also is
      cumbersome to form because a two-step operation is needed, i.e., the
      joints must first be made to interlock and then the internested dimples
      have to be formed.
PAR  The present invention, on the other hand, contemplates a sealless strap
      connection having an integral locking means which obviates the
      aforementioned drawbacks and which does not require any tools for
      affixation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates an array of longitudinally spaced
      joints, formed by overlapping strap segments and connecting a pair of
      strap ends against pull out, in combination with an integral abutment
      means which retains the longitudinally spaced joints in an interlocked
      position once the joints are formed.
PAR  The integral abutment means is positioned between a pair of longitudinally
      spaced joints. Each joint comprises lengthwise opposed shoulders which are
      displaced from the respective planes of the overlapped strap lengths or
      segments. The lengthwise opposed shoulders are defined by a pair of
      juxtaposed, staggered slits in the overlapping strap segments and are
      shaped so as to interlock with each other. The abutment means comprises
      juxtaposed protuberances shaped so as to irreversibly override each other
      while the opposed shoulders are moved to an interlocking position and to
      present opposing stops when joint-forming opposed shoulders are
      interlocked with each other.
PAR  In a preferred embodiment, for each joint each transverse section of each
      of the overlapping strap segments forming the sealless connection is
      provided with a single staggered slit defined and flanked by complementary
      integral strap web portions that are offset in opposite directions normal
      to the plane of the strap segments. The strap web portions form opposed
      shoulders so that juxtaposed strap web portions on one strap segment
      provide lengthwise aligned shoulders matched to corresponding shoulders on
      the other strap segment. In overlapping strap segments, the inner opposed
      shoulders of each strap web portion interlock along the staggered slits
      when the overlapping strap segments are shifted longitudinally. The
      integral abutment means is substantially centered on each of the
      overlapping strap segments and is positioned between a pair of the spaced
      joints. The abutment means can be a protuberance defined by a
      substantially transverse slit in each of the overlapping strap segments
      and positioned so that opposing protuberances of the overlapping strap
      segments abut each other when the overlapping strap segments are shifted
      longitudinally in a direction tending to disengage the interlocked
      shoulders.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings which illustrate embodiments of the present
      invention,
PAR  FIG. 1 is a fragmentary plan view of overlapping lengths of strap nested in
      full registry in preparation for offset movement into an interlocking
      relationship;
PAR  FIG. 2 is an enlarged fragmentary plan view of the strap ends of FIG. 1
      before nesting of the same;
PAR  FIG. 3 is a side elevational view of the strap ends pictured in FIG. 2;
PAR  FIG. 4 is a fragmentary perspective view of portions of the strap lengths
      pictured in FIG. 1 and showing the same interlocked;
PAR  FIG. 5 is a fragmentary plan view of one strap end in accordance with an
      alternative embodiment of the invention;
PAR  FIGS. 6A through 6D are sequential sectional elevations on an enlarged
      scale and illustrating the action of the locking abutment means of the
      present invention; and
PAR  FIG. 7 illustrates yet another embodiment of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, upper and lower overlapped lengths of metal
      strap 20 and 30, respectively, are shown for tension transmitting
      inter-engagement by means of a sealless strap connection defined
      therebetween. Such sealless strap connections usually include a tandem
      array of longitudinally spaced shear lock joints, six of which are shown
      in FIG. 1 in combination with one integral abutment means. The particular
      sections of strap which overlap and interlock to make up each joint are
      configured to nest substantially fully to enable the overlapping lengths
      20 and 30 to engage in substantially full surfaced contact. In a six joint
      connection array, each strap length has six such nestable sections. The
      integral abutment means can be positioned between any two joints formed by
      slits 22 and 32, or the abutment means can be positioned symmetrically,
      having an equal number of joints on each side, as desired.
PAR  Each of the nestable strap sections of the upper strap 20, as best seen in
      FIGS. 2 and 3, characterized by a lengthwise directed staggered slit 22
      defining and flanked by complementary strap web portions 23U and 24D that
      integrally merge endwise with full body regions of the strap and that are
      offset in opposite normal directions from the plane of the strap. The web
      portions 23U are offset upwardly and each presents a shoulder 23S and the
      web portions 24D are offset downwardly and each presents a shoulder 24S.
      Thus, the shoulders 23S and 24S are lengthwise aligned but offset in a
      direction normal to the plane of the strap. Each staggered slit 22 has
      lengthwise directed end regions 25, 26 bridged by an intermediate or
      lateral jog region 27.
PAR  Correspondingly, each of the nestable strap sections of the lower strap 30
      is characterized by a substantially identical lengthwise directed slit 32
      defining and flanked by complementary strap web portions 33U and 34D
      presenting shoulders 33S and 34S, respectively, that are normal to the
      plane of the strap. Each staggered slit 32 has lengthwise directed end
      regions 35, 36 bridged by an intermediate lateral jog region 37.
PAR  Strap length 20 is also provided with downwardly extending protuberance 40
      defined by the transverse central region of Z-shaped slit 38. Strap length
      30 is similarly provided with upwardly extending protuberance 43 defined
      by the transverse central region of Z-shaped slit 39. When strap lengths
      or segments 20 and 30 are superimposed in full registry as shown in FIG.
      1, staggered slits 22 and 32 are in juxtaposition and shoulders 23S nest
      with shoulders 33S. Likewise, protuberance 40 is in juxtaposition with
      protuberance 43. In this position and considering the completed joint
      shown at the extreme left in FIG. 4, each nestable strap section of such
      joint presents a locking shoulder 24S and 33S that nests in the jog region
      of the slit in the other section. Thus, shoulder 24S nests in the jog
      region 37 in preparation for endwise entry into slit end region 36 and
      shoulder 33S nests in the jog region 27 in preparation for entry into the
      slit end region 25. Thereafter the strap lengths 20 and 30 are shifted
      longitudinally to effect one way mutual interlocking relationship between
      the shoulders 33S and 24S and slit end regions 25 and 36, respectively.
PAR  Upon shifting of the overlapped strap segments 20 and 30 longitudinally
      away from each other, shoulders 33S interlock with underlying shoulders
      24S and protuberances 40 and 43 override each other and click in place so
      that stop 41 faces stop 44. Before tension is applied to the strap, the
      connection has a small amount of play. The resulting connection of strap
      ends assumes the configuration shown in FIG. 4. In this configuration stop
      41 is spaced from stop 44 so that the individual making the connection can
      utilize the existing play to check whether the strap segments have been
      secured by simply longitudinally pushing the connected strap towards each
      other, i.e., by shifting the strap segments relative to each other so that
      interlocking shoulders 24S and 33S are moved toward their respective
      nesting positions with shoulders 34S and 23S. If the connection is secure,
      stops 41 and 44 of opposing protuberances 40 and 43 will abut each other
      audibly before the nesting positions are reached, thereby preventing
      further longitudinal shifting of strap segments 20 and 30 and the
      attendant disengagement of interlocked shoulders 33S and 24S.
PAR  The slit configuration defining the abutment means is not overly critical.
      A straight, substantially transversely extending slit can be used, or a
      Z-shaped or staggered slit, as well as a square notch as will be discussed
      in greater detail hereinbelow. For ease of manufacture and extended
      cutting die life, it is preferable to cut a Z-shaped or staggered slit the
      central region of which defines the protuberances as well as the abutting
      surfaces thereof.
PAR  In the embodiment disclosed in FIGS. 1 to 4, the lateral jog regions of the
      staggered slits 22 and 32 are essentially transverse and correspondingly
      the interlocking shoulders are right angled. These interlocking shoulders
      create an essentially lengthwise directed reaction effect free of lateral
      wedging effects.
PAR  The staggered slits can be centered and aligned, or can be arrayed in a
      balanced offset pattern, as desired. Certain of the slits jog in one
      lateral direction and the others jog in an opposite lateral direction. A
      staggered slit is here said to be centered when the midpoint of the
      lateral jog region is approximately on the strap centerline. For this
      condition the flanking strap web portions are equal in effective cross
      section and the forces transmitted by the strap balance out about the
      fulcrum point established by the interlocking shoulder, thus avoiding
      strap twisting effect.
PAR  When the strap joints are stressed to failure, the failure may be of the
      break type or the lateral pull out type. In the disclosed configuration,
      the connections produced when the stamping die is new and wear free are
      arranged to provide a break type failure. Upon wear of the tool, the slit
      configuration varies slightly particularly at the jog region and the
      connections then produced give the lateral pull out type of failure and
      actually achieve greater failure strength. Continued wear of the tool,
      thereafter, leads to weaker joints.
PAR  It should be noted that each of the slits 22, 32 may be provided with a
      straight companion slit to provide a laterally facing abutment for
      preventing lateral pull out movement; however, with the centered,
      right-angled slit configuration these companion slits are not required.
      Such companion slits can be used where the staggered slits are off the
      strap centerline.
PAR  An alternative slit configuration for use in a sealless strap connection is
      illustrated in FIG. 5 wherein one strap end is shown having staggered
      right angle slits 22 at opposite ends and having intermediate staggered
      slits 42 having angled jog regions 47. The integral abutment means for
      this strap end is provided by staggered slit 48 in the same manner as
      discussed above for staggered slits 38 and 39.
PAR  In a particular embodiment, the sealless joints are provided in heat
      treated strap that is 3/4 inch by 0.025 inch. A total of six joints and
      one integral locking abutment means are provided, and the offset dimension
      for each staggered slit is about 10 percent of the strap width. Each joint
      region is therefore about 90 percent as strong as the strap. Where each
      slit is of the same offset dimension, ultimate failure occurs at the end
      slit. The produced joints cannot be disengaged because of the action of
      the locking abutment means. The effective combined strength of the joint
      can be increased somewhat by utilizing end slits of slightly less offset
      dimension than that of the intermediate slits.
PAR  Operation of the integral abutment means is illustrated in FIGS. 6A through
      6D. Metal strap segments 50 and 60 are provided with respective shoulders
      51 and 61 which are displaced from the respective planes of strap segments
      50 and 60 and with integral protuberances 52 and 62 having abutment
      surfaces or stops 53 and 63, respectively. When strap segments 50 and 60
      are first overlapped as shown in FIG. 6A, shoulders 51 and 61 oppose with
      each other and protuberances 52 and 62 are juxtaposed. Next, as indicated
      by the solid vertical arrows in FIG. 6B, strap segments 50 and 60 are
      pressed together on both sides of juxtaposed protuberances 52 and 62. Due
      to the springiness or elasticity of metal strap segments 50 and 60, these
      segments are bowed slightly outwardly in the region of the protuberances.
PAR  Thereafter, strap segments 50 and 60 are shifted longitudinally in the
      direction indicated by solid horizontal arrows in FIG. 6C so that
      lengthwise opposed shoulders 51 and 61 begin to engage each other, and
      juxtaposed protuberances 52 and 62 follow an irreversible path overriding
      each other and clicking in place due to the inherent spring action of the
      bowed strap sections integral with the protuberances as shown in FIG. 6D.
      In this manner a sealless connection having a plurality interlocking
      shoulders 51 and 61 is formed with protuberances 52 and 62 presenting
      opposed abutment surfaces or stops 53 and 63. As tension is applied to the
      formed connection, the connection is maintained by interlocking shoulder
      51 and 61 which continue to be wedged against each other while stops 53
      and 63 are spaced from each other. On the other hand, in the event tension
      is temporarily released and/or overlapping strap lengths or segments are
      longitudinally shifted relative to each other in a direction tending to
      disengage shoulders 51 from shoulders 61, stops 53 and 63 abut each other,
      thereby preventing further movement before disengagement of the
      interlocking shoulders can occur.
PAR  The integral abutting protuberances can be individually formed in the
      overlapping strap segments as discussed hereinabove or the protuberances
      can be formed in the distal end regions of staggered slits defining
      nesting shoulders as illustrated in FIG. 7. Strap segments 70 and 80,
      adapted for overlapping engagement and having respective staggered slits
      72 and 82 defining interlocking shoulders as described hereinabove, are
      additionally provided at the distal end regions of staggered slits 72A and
      82A with square notches 73 and 83, respectively, which notches define
      integral protuberances having abutting surfaces or stops 74 and 84. Web
      portion 75 having stop 74 is slightly raised above the plane of strap
      segment 70 and tang 85 integral with strap segment 80 is slightly
      depressed out of the plane of strap segment 80 so that stops 74 and 84
      oppose each other when interlocking joints are formed. As before, stops 74
      and 84 are spaced from each other when the produced connection is under
      tension but abut each other when tension is temporarily released or when
      the strap segments are manually shifted in a lengthwise direction to test
      the connection. If desired, transverse indentations 76 and 86 can be
      provided in strap segments 70 and 80, respectively, to assist in properly
      locating these segments when the sealless connection is about to be
      formed. As shown in FIG. 7, indentation 76 is convex and indentation 86 is
      concave; however, any other arrangement of these indentations may be
      utilized as a locating aid.
PAR  The foregoing description and the drawings are intended as illustrative and
      are not to be taken as limiting. Still other variations and/or
      rearrangements of parts within the spirit and scope of the present
      invention are possible and will readily present themselves to the skilled
      artisan.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sealless strap connection between overlapped lengths of strap which
      comprises an array of longitudinally spaced joints and an integral
      abutment means positioned between a pair of said joints, each joint
      comprising lengthwise opposed shoulders displaced from the respective
      planes of said overlapped lengths of strap and shaped to interlock with
      each other, and said abutment means comprising juxtaposed protuberances
      shaped to irreversibly override each other while said opposed shoulders
      are moved into an interlocking position and presenting opposed stops when
      said shoulders interlock with each other.
NUM  2.
PAR  2. The sealless strap connection in accordance with claim 1 wherein said
      lengthwise opposed shoulders are defined by a pair of juxtaposed,
      staggered slits in said overlapping lengths of strap and said stops abut
      each other before disengagement of interlocked shoulders takes place when
      said overlapped lengths of strap are shifted lengthwise in an interlock
      disengaging direction.
NUM  3.
PAR  3. The sealless strap connection in accordance with claim 1 wherein said
      protuberances are defined by substantially transverse slits in the
      respective lengths of strap.
NUM  4.
PAR  4. The sealless strap connection in accordance with claim 3 wherein each
      protuberance is defined by a substantially Z-shaped slit having a
      substantially transverse central region.
NUM  5.
PAR  5. In a sealless strap connection between overlapped lengths of metal
      strap, an array of longitudinally spaced shear lock joints, each joint
      being defined between nestable strap sections provided by matched integral
      portions of each length of metal strap, said nestable strap sections that
      defined each joint being partly offset longitudinally to engage in one way
      mutually interlocking relationship, each said nestable strap section
      having a single longitudinally oriented staggered slit comprised of
      lengthwise slit end regions and a lateral job region joining the slit end
      regions, each staggered slit defining and being flanked by complementary
      integral strap web portions offset in opposite normal directions to
      present lengthwise opposed shoulders bordering the intermediate jog region
      of the slit, each joint having each of its nestable strap sections
      presenting a locking shoulder nestable within the jog region of the other
      strap section and enterable endwise into the opposing slit end region of
      said other section to establish one way interlocking engagement
      therebetween, and an integral abutment means situated between a pair of
      said shear lock joints and comprising an opposing protuberance in each
      overlapping length of metal strap and arranged so that upon shifting of
      the joined overlapping lengths of metal strap in a direction to disengage
      said interlocking engagement said protuberances abut each other before
      disengagement occurs.
NUM  6.
PAR  6. The sealless strap connection in accordance with claim 5 wherein at
      least two of said joints have locking shoulders of substantially
      right-angled configuration and wherein said protuberances have abutting
      surfaces substantially parallel to the transverse edges of said locking
      shoulders.
NUM  7.
PAR  7. The sealless strap connection in accordance with claim 5 wherein said
      protuberances are defined by a substantially square notch at the distal
      end regions of an opposed pair of longitudinally oriented staggered slits.
NUM  8.
PAR  8. A strap segment applied for forming a sealless strap connection between
      overlapped lengths of strap which segment, at each terminal portion of
      said strap segment, comprises an array of longitudinally spaced joint
      elements and an integral abutment element means positioned between a pair
      of said joint elements, each joint element comprising a lengthwise
      shoulder displaced from the plane of the strap segment and shaped to
      interlock with a superposed joint element, and said abutment element means
      comprising a protuberance shaped to irreversibly override a superposed
      protuberance while one of said shoulders is moved into an interlocking
      position with another shoulder of a superposed joint element and together
      with said superposed protuberance presenting opposed stops when said
      shoulders interlock with each other.
PATN
WKU  039356175
SRC  5
APN  4969863
APT  1
ART  351
APD  19740813
TTL  Fastening devices
ISD  19760203
NCL  3
ECL  1
EXA  Gelak; B.
EXP  Gilliam; Paul R.
NDR  1
NFG  4
INVT
NAM  Hudson; Leslie Gordon
STR  Little Copped Hall
CTY  Epping, Essex
CNT  EN
PRIR
CNT  UK
APD  19730815
APN  38584/73
CLAS
OCL   24 81B
XCL   52502
EDF  2
ICL  A44B 2100
ICL  E04B  552
FSC   24
FSS  81 B;259 SG;259 R;73 B;73 PC
FSC   52
FSS  499;500;501;502;498
UREF
PNO  2219239
ISD  19401000
NAM  Schaffert et al.
OCL   52498
UREF
PNO  2341121
ISD  19440200
NAM  Schaaff
OCL   24259PF
UREF
PNO  2637422
ISD  19530500
NAM  Bell
OCL   52502
UREF
PNO  2765397
ISD  19561000
NAM  Harris
OCL   24 73B
UREF
PNO  3697125
ISD  19721000
NAM  Van Sickle
OCL   24 81B
LREP
FRM  Woodhams, Blanchard and Flynn
ABST
PAL  The invention relates to a clip which can be used to releasably fasten a
      member such as a display panel in a frame. The clip has a configuration
      such that it can be mounted on the frame, and a stop for supporting the
      panel which is held by a resilient or flexible arm which moves towards or
      away from a body of the device in order to allow the panel to be mounted
      on or de-mounted from the frame.
BSUM
PAR  The invention relates to improvements in and relating to releasable
      fastening devices. Such fastening devices may, for example, comprise clips
      or other members which can be used for fastening hardboard, plywood,
      cardboard, metal, plastics or other material in a frame or to make for
      example a display device framework.
PAR  According to a first aspect, the invention provides a releasable fastening
      device for supporting a member such as a display panel, comprising a body
      adapted to receive and support a member and a resilient or flexible
      abutment member adapted to be movable towards and away from the body, so
      that in use the member can be received by, and released from, the body.
PAR  According to a second aspect, the invention provides a releasable fastening
      device for supporting a member such as a display panel, comprising a body
      which has a first abutment member and a second abutment member disposed in
      spaced apart relation, the second abutment member being flexible, the
      arrangement being such that the second abutment member can move to and
      away from the body and can engage a member such as a display panel which
      is supported by the first abutment member and is between the first and
      second abutment members.
PAR  Preferably, the body may include a stop member.
PAR  Suitably, the reciprocable member may comprise tang means which can engage
      a surface of the panel or other member. Preferably, the reciprocable
      member is a spring member.
DRWD
PAR  Two releasable fastening devices embodying the invention are
      diagrammatically illustrated, by way of example, in the accompanying
      drawings, in which:
PAR  FIG. 1 shows a perspective view of a first device;
PAR  FIG. 2 shows a perspective view of a second device;
PAR  FIG. 3 shows an end elevational view of the first fastening device in use;
      and
PAR  FIG. 4 shows a perspective view, partly cut away, of a panel held in a
      framework using a plurality of the devices of FIG. 1.
DETD
PAR  Referring to the drawings, in which like parts are referred to by like
      reference numerals the fastening device or clip 10 shown in FIG. 1 has a
      body or body portion 2 of channel section including an integral stop or
      abutment member in the form of one arm 3 upstanding therefrom, which can
      support a panel in use, and an integral reciprocable spring or second
      abutment member in the form of further arm 4. The arm 3 has a point or
      tang 5, while the spring arm 4 has a pair of tangs 6. The configuration of
      the free end of the arm 3 is complementary to that of the free end of the
      arm 4.
PAR  The second fastening device or clip 20, shown in FIG. 2, is similar to that
      of FIG. 1 except the body portion 2 is arcuate in cross section so that it
      can engage a round tube. Also, arms 3 and 4 do not carry tangs. In both
      embodiments, the arms have a gap therebetween into which a panel member
      can be pushed. The arm 3 can be pivoted about its junction line on the
      body portion in the direction of the arrow "X" in FIG. 3 to allow entry of
      a larger or smaller thickness of panel member.
PAR  In use, four devices 10 are suitably placed at desired locations on side
      members 7 of a frame 8 made for example of tubular members in a
      rectangular configuration. The panel 9, for example of hardboard, is then
      pushed into the gaps between the arms 3 and 4 of each device 10, from left
      to right as viewed in FIG. 3, over the further arm 4.
PAR  The arms 4 are flexible and spring downwardly in the direction of the arrow
      "Y" (FIG. 3) as the panel is pushed in. When the panel is in position, the
      arms 4 can engage the surface of the hardboard with the tangs 6 and so
      hold the panel firmly against the arm 3, which acts as a stop member,
      which rests against the outside or front of the panel 9.
PAR  To release the panel 9, the arm 4 is pushed downwardly towards the body
      portion 2, so allowing the panel to be removed (leftwardly as viewed in
      FIG. 3).
PAR  It will be understood that the body portion 2 engages the tubular member 7
      with a positive or push fit through legs 2a, and are easily mounted on and
      released from the member 7. The legs 2a are joined by the parallel
      bridging portions 2b, which portions are spaced apart and have the arms 3
      and 4 positioned therebetween.
PAR  The fastening devices may be made from any suitable material other than
      metal, and may have a body portion of any configuration. The arms are
      suitably integral with the body portion.
PAR  It will thus be understood that a framework can be assembled, and a panel
      such as a display panel, can easily be mounted therein or removed.
      Moreover, in place of the devices 10, 20 the arms 3, 4 could form an
      integral part of support members 7.
CLMS
STM  I claim:
NUM  1.
PAR  1. A releasable fastening device for supporting a member, such as a display
      panel, comprising body means which has seating means defined by first and
      second arm means each of which protrudes from the body means, said arm
      means being directed away from said body means towards one another and
      terminating spaced from one another thereby defining therebetween a gap in
      which said display panel can be received, said first arm means defining a
      lateral stop for said display panel and said second arm means being
      resiliently mounted on said body means whereby said second arm means can
      move towards and away from said body means so that when a display panel
      enters said gap said second arm means can engage said display panel and
      whereby said display panel can be released by resiliently urging said
      second arm means towards said body means so that the said second arm means
      is disengaged from said panel, said body means being of a generally
      channel-shaped cross section and including a pair of end portions and a
      center portion which extends between and integrally connects said end
      portions, said center portion being defined by a pair of substantially
      parallel striplike bridging portions which extend between the end portions
      and are disposed adjacent the opposite edges of said body means, said
      center portion having a space located between said bridging portions said
      first arm means being integrally connected to one of said end portions and
      projecting outwardly from said bridging portions said second arm means
      being integrally connected to the other of said end portions and
      projecting outwardly from said bridging portions, said first and second
      arm means projecting generally toward one another and being substantially
      aligned with the space between said bridging portions.
NUM  2.
PAR  2. A device according to claim 1, wherein said first arm means is a
      relatively short first cantilevered arm which projects outwardly from said
      bridging portions adjacent one end of said space, and wherein said second
      arm means is a second cantilevered arm which is substantially longer than
      said first arm and projects outwardly at a small angle relative to said
      bridging portions, said second arm means being connected to said body
      means adjacent the other end of said space and having a length extending
      over a major portion of the length of said bridging portions.
NUM  3.
PAR  3. A device according to claim 1, wherein each of said first and second arm
      means are resiliently flexible.
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ABST
PAL  A closure, or latch, especially for passenger seat belts in which a housing
      on the end of one belt portion has a slot for receiving a tongue on a
      member on the other belt portion. Within the housing are roller bodies
      engaging each other and spring biased toward the tongue. The tongue is
      provided with notch means for engagement by a roller body to effect
      latching while a disengaging member moveably carried by the housing is
      operable for moving the roller bodies into disengaging position.
BSUM
PAR  The present invention relates to a closure for safety belts, especially for
      safeguarding vehicle passengers and airplane passengers, and comprises an
      insert plate which is connected to the belt and insertable into said
      housing, and which further comprises a spring loaded locking means between
      the tongue of the insert plate and the housing and which also includes a
      release mechanism selectively to make said locking means ineffective.
PAR  Closure means of the above mentioned general type as they have heretofore
      become known comprise as locking elements drop-in pins, latching slides or
      levers which are arranged on the housing and which when the insert plate
      has been inserted establish the connection of the closure. When it is
      desired to open said closure for instance in an emergency, a considerable
      opening force has to be employed because the locking elements are
      slideably guided in the insert tongue and in the housing, and the bearings
      or supporting surfaces are produced merely by punching so that the
      coefficient of friction which determines the magnitude of the opening
      force is correspondingly high.
PAR  It is, therefore, an object of the present invention to provide a closure
      of the above mentioned general type which will have a minimum of parts
      that can be produced easily and for low cost and which will have a safe
      locking mechanism the function of which will not be affected even by high
      changing tolerances.
PAR  It is also an object of this invention to provide a closure as set forth in
      the preceding paragraph which in case of emergency can extremely easily be
      opened whle utilizing only a minimum of force.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 illustrates a first embodiment of a safety belt closure in
      longitudinal section.
PAR  FIG. 1a shows a cross section through the safety belt closure of FIG. 1,
      said section being taken along the line Ia--Ia of FIG. 1.
PAR  FIG. 2 shows an exploded view of the arrangement of FIG. 1 without the
      housing sections.
PAR  FIG. 3 is a longitudinal section through another embodiment according to
      the invention.
PAR  FIG. 3a represents a cross section through FIG. 3, said section being taken
      along the line IIIa--IIIa of FIG. 3.
PAR  FIG. 4 is an exploded view of the arrangement of FIG. 3 without the housing
      sections.
PAR  FIG. 5 illustrates an isometric view of a third embodiment according to the
      invention.
PAR  FIG. 6 is a partial longitudinal section of the embodiment of FIG. 5.
PAR  FIG. 7 is a cross section through FIG. 6, said section being taken along
      the line VII--VII of FIG. 6,
PAR  FIG. 8 is an exploded view showing the individual parts of the arrangement
      shown in FIGS. 5, 6 and 7.
PAR  FIG. 9 illustrates a longitudinal section of a fourth embodiment of the
      invention, said section extending to the separating plane of the housing
      cups.
PAR  FIG. 10 is a section taken along the line X--X of FIG. 9.
PAR  FIG. 11 is an exploded view of the arrangement of FIGS. 9 and 10 but
      without the cover cups for the housing.
PAR  FIG. 12 is a longitudinal section of a fifth embodiment with pivoting
      pressure key, said section extending to the separating plane of the
      housing cups.
PAR  FIG. 13 is a section taken along the line XIII--XIII of FIG. 12.
PAR  FIG. 14 shows an exploded view of the parts arrangement of FIGS. 12 and 13.
PAR  FIG. 15 represents a sixth embodiment in a longitudinal section relative to
      the separating plane of the housing cups.
PAR  FIG. 16 shows a longitudinal section taken along the line XVI--XVI of FIG.
      15.
PAR  FIG. 17 is a partial section through the locking elements of FIGS. 15-18.
PAR  FIG. 18 illustrates an exploded view of the arrangement of FIGS. 15 and 16
      but without housing cups.
PAR  FIG. 19 represents a longitudinal section to the separating plane of the
      housing cups of a seventh embodiment of the invention.
PAR  FIG. 20 illustrates a longitudinal section to the separating plane of the
      housing cups of an eighth embodiment of the invention.
PAR  FIG. 21 is an exploded view of FIGS. 19 and 20 without housing cups.
PAR  FIG. 22 is a partial section of a double locking means with antifriction
      bodies arranged parallel to each other.
PAR  FIG. 23 shows a partial section of a double locking means with antifriction
      bodies arranged in a V-shaped manner relative to each other.
PAR  FIG. 24 is a cross section through still another locking means arrangement.
DETD
PAR  The problem underlying the present invention has been solved according to
      the present invention by employing with a closure of the above mentioned
      type at least two antifriction bodies which serve as locking elements and
      which when in engaging position rest against each other and during a
      disengagement roll on each other while at least one rolling body is
      movable transverse to the insert direction of the tongue and transverse to
      its longitudinal axis. This arrangement makes possible that during the
      disengaging operation, due to the considerably smaller frictional
      coefficient of the rolling friction, the disengaging force is considerably
      less than is the case with heretofore known closure means of the type
      involved.
PAR  With a closure according to the invention, at least one housing recess is
      provided which extends approximately transverse to the feed-in direction
      of the tongue. The anti-friction body is with play guided in said housing
      recess which rolling body cooperates on one hand is operative connected to
      the movable disengaging means and cooperates with at least one supporting
      roller which is rotatably mounted in the housing and when viewed in
      engaging position is located in front of the tongue recess in the housing.
      The said supporting roller simultaneously tangentially engages the plug-in
      tongue over the wide side thereof. The insert tongue is counterguided on
      the inner longitudinal edge of the U-shaped bent housing. The tongue
      recess is preferably open at its rim and is provided at least so deep that
      in engaging position, the supporting surface extends perpendicular to the
      axle-connecting line, or "supporting roll-antifriction body." Preferably,
      however, for purposes of an easier disengagement, the tongue recess
      converges outwardly at an angle which is less than the angle at which
      self-locking occurs. In this way it will be assured that under load, only
      normal forces acting upon the locking means so that an absolutely safe
      locking will be assured. The bearing bolt for the supporting roller
      simultaneously serves as bearing pin for the pivotable disengaging means
      which is pressed into engaging position by spring means and in which the
      movable anti-friction body or rolling body is held with play.
PAR  A particularly simple and effective arrangement of the latching elements is
      obtained when the two roller bodies are formed by small cylinder rolls.
      For this embodiment, the housing is preferably made in one piece of a
      sheet metal cut, and is bent into a box shape so that the plug-in tongue
      of the plug-in link or plug-in member is guided on all sides with a slight
      play. Within the front region, the housing has a recess which extends
      substantially transverse to the insert direction of the tongue and is open
      at the rim. The roller bodies are guided in said recess and are mounted
      with play in the movable spring-urged disengagement mechanism. The tongue
      is provided with at least one recess open at its rim ad corresponding to
      the recess of said housing. The supporting surfaces may be provided at a
      desired angle rectilinearly, progressively or degressively transverse to
      the insert direction of the tongue which means also at an incline at any
      desired angles, preferably, however, perpendicularly thereto because this
      design is most favorable for manufacturing reasons as well as for reasons
      of load. When under load, in such instances, no material transverse forces
      acting on the housing will occur.
PAR  The disengaging mechanism for this arrangement of the roller bodies may be
      designed in the form of a depressible lever or as a slide.
PAR  The greater the deviation from the vertical, the more friction causing
      transverse forces will have to be absorbed by the housing within the
      region of the tongue of the insert member or link.
PAR  With a considerable deviation from the vertical, it is, according to a
      further development of the invention, suggested symmetrically on the
      oppositely located side to provide additional latching elements in the
      manner described above. In this way, all occurring transverse forces are
      fully compensated for and an easy opening of the closure will be assured.
      As disengaging means or mechanism there is provided preferably a slide
      which extends over the locking housing, is springurged and is operable in
      inserting direction, and which is provided with corresponding control
      wedge-shaped surfaces.
PAR  If necessary, for indirect actuation, a key mounted on the lock housing may
      be arranged transverse to the insert direction, said key being operatively
      connected to said slide.
PAR  According to a further development of the invention, it is provided to
      arrange a recess in the bottom of a rectangular housing and in the tongue
      of the plug-in or insertion plate which recess extends longitudinally in
      the insert direction and is intended for receiving at least two roller
      bodies. The two roller bodies are loosely mounted in a key extending over
      the housing and being spring-urged, in such a way that they are guided
      between the housing bottom and the insert tongue. The engaging position of
      the roller bodies is advantageously limited on that inside of the lock
      which is located opposite the recess in the housing. The roller bodies are
      designed as rollers and approximately in the center of the longitudinal
      extension respectively comprise a groove for a cage-like connection in the
      disengaging mechanism. Slightly different from the just mentioned design
      is a modification according to which the roller bodies are supported by
      designing the ends as bearing pins so that they can be received for
      instance in bores between the jaws of the key made of synthetic material.
      Also a barrel-shaped design of at least one roller body which in engaging
      position rests against another roller body with corresponding counter
      profile may in cases where the tongue of the insert member laterally has a
      greater play, aid in obtaining a proper linear engagement of the locking
      elements in the case of load. It is a matter of course that the engaging
      surface on the housing as well as on the insert tongue are correspondingly
      designed convex and concave. With the embodiment according to which the
      lock housing is provided with bottom recesses, the center of curvature of
      the roller bodies should be located in engaging position within the region
      of the thickness of the tongues, especially between the lock bottom and
      half the thickness of the tongue, in order in case of load to exert a
      slight component upon the roller bodies which will aid in the locking
      force.
PAR  With all above described embodiments, it is provided that the insert tongue
      has its front edge provided with a bevel or slant by means of which the
      roller bodies can be pressed away when the insert tongue is plugged in.
PAR  It is also advantageous in the box-shaped housings to provide at least one
      ejector spring which continuously urges the insert tongue out of the lock
      and furthermore in engaging position sees to it that always a play-free
      locking is established.
PAR  Referring now to the drawings in detail, FIGS. 1 to 24 illustrate various
      embodiments of closures for connecting safety belts. These closures must
      in response to an impact accident due to a retardation be able to absorb
      mass or inertia forces created by the person to be safeguarded and on the
      other hand after the process of retardation has finished must be able at
      any desired time easily to be engaged. Furthermore, the various
      disengaging mechanisms must according to the law be arranged in a
      countersunk manner and in the manner of a pressure key. FIGS. 1 and 2
      illustrate a U-shaped housing 1 which is made as a single piece from a
      sheet metal cut. On the insert side, between the open U-legs 2 and 3, the
      supporting roller 4 is by means of a bearing pin 5 rotatably mounted on
      the housing 1. Substantially transverse to the insert direction 6 of the
      insert or plug-in member 7 there is provided a recess 8 on the housing 1
      in both legs 2 and 3. Guided in this recess 8 is the roller body which is
      designed in the form of a roller 9. The roller body is guided with play in
      said recess 8 by means of a control pin 10 pressed into said roller body.
      The tongue 11 tangentially engages the insert member 7, when viewed in
      engaging position of FIG. 1, on the wide side 12 with slight play on the
      supporting roller 4 as well as on the pins 13 which are connected to the
      housing 1. The counter guiding of the tongue 11 is effected at the narrow
      inner side 14 of the housing 1. On that tongue side 12 which faces the
      supporting roller 4, there is provided a recess 15 which supports the
      roller 9 and is open at the rim, said recess 15 being at least so deep
      that when viewed in engaging position, the extending connecting straight
      line 16 between the points of rotation of the supporting roller 4 and the
      roller 9 will still lie within said recess. Outside the intersecting
      points 17 of the straight line 16 and recess 15, the recess surface
      extends perpendicularly with regard to the straight line 16 but
      advantageously converges outwardly for easy disengageability at an angle
      which is less than that of the self-locking angle.
PAR  The remaining portion of the recess 15 is so to be designed that the roller
      9 will engage without clamping effect. The disengaging mechanism 18
      extends in a U-shaped manner over the housing 1 and at the free legs is
      provided with bearing bores 19 and 20 for pivotally journalling on the
      bearing pin 5 which is connected to the housing. The U-shaped legs of the
      disengaging mechanism 18 are parallel to the bearing bores 19 and 20
      provided with two additional recesses 21 and 22 in which there is mounted
      with play the control pin 10 of the roller 9. A flat-formed spring 24 is
      connected by means of a rivet 23 to the disengaging means 18 and is
      supported on the housing 1 while holding the roller 9 in engaging
      position. The flat plug-in member 7 is for connection of the belt designed
      in an eye-shaped manner 25 against the tongue side. At the front edge 26
      of the insert tongue 11 there is provided an inclined surface 27 by means
      of which the roller 9 can be pressed away when inserting the insert
      tongue. The U-shaped legs of housing 1 are opposite the insert side plated
      together at 28 and are provided with a connecting bore 29 for connection,
      for instance, with the chassis.
PAR  Two cover cups 30 and 31, which are not illustrated in detail, cover the
      housing 1 and its individual parts.
PAR  During the disengaging operation, the disengaging mechanism 18 is actuated
      in the direction of the arrow 32 so that the roller 9 will, while
      correspondingly turning or performing a rolling movement, roll transverse
      to the outside on the support roller 4 and will properly free the intake
      or insert tongue 11.
PAR  FIGS. 3-8 illustrate a particularly simple arrangement of a closure
      according to the invention. The housing 33 is made as a single piece out
      of a rectangular-shaped sheet metal cut and is bent into a box shape so
      that the insert tongue 34 of the insert member 35 will be guided at all
      sides with slight play. For the sake of clearness, similar parts will be
      designated with the same reference numerals.
PAR  The front range of housing 33 is provided with a recess 36 which extends
      approximately transverse to the insert direction 6 of the inset tongue 4
      and is open at the rim. The roller bodies 37 and 38 are guided in the
      recess 36, which roller bodies 37 and 38 are with play mounted in the
      movable disengaging mechanism 41, 42 which is under the load of the
      flat-formed spring 39, 40 respectively. On the locking side, the insert
      tongue 34 is provided at least with a recess 43 which is open at the rim
      and corresponds approximately to the housing recess 36. The supporting
      surfaces 44 on the insert tongue 34, 45 on the housing 33 and 46 may at
      any desired angle along a straight line, progressively or degressively
      transverse to the insert direction 6 of the insert member or tongue 34.
      However, as indicated in FIGS. 3-8, the vertical extension is advantageous
      for manufacturing reasons as well as for reasons of load.
PAR  Opposite the insert side, the housing 33 is by means of the bearing pin 47
      connected to a cable connection 48 firmly connected to the chassis. The
      bearing pin 47 protrudes beyond the housing 33 and simultaneously serves
      for a pivotal mounting of a disengaging mechanism 41 which extends in a
      U-shaped manner over the housing 33. On the inner sides of the legs 49 and
      50, there are viewed in engaging position provided longitudinal pockets 51
      and 52 in which the roller bodies 37 and 38 are mounted in a cage-like
      manner with play. The flat form spring 39, which rests against the housing
      33, is by means of a rivet 53 connected to the disengaging mechanism 41.
PAR  FIG. 5 shows in the form of an isometric view a complete closure with lock
      insert member 34 into which a belt member 54 is connected through the
      intervention of the eye 25. The housing 46 of the lock is within the
      region of the tongue guiding means designed in conformity with FIGS. 3 and
      4. Merely the bottom member is extended toward the rear 55 and in this
      part comprises a connecting bore 56. The only modification of this closure
      is the slide-like design of the disengaging mechanism 42. This mechanism
      42 extends in a U-shaped manner over the housing 46, while the inner sides
      of the legs 57 and 58 have longitudinal pockets 59 and 60 for cage-like
      receiving of the roller bodies 37 and 38. Perpendicularly to the cage-like
      pockets 59 and 60, the outsides of the disengaging mechanism 42 provided
      with guiding rails 61 and 62 which fit with play into corresponding
      counter grooves 63 and 64 in the housing cover 66 which is foldable by
      means of a film hinge 65. The disengaging mechanism 42 designed as a press
      slide is held in engaging position by means of a flat-formed spring 40
      which rests against the housing 46. The foldable housing cover 66, which
      is made of a spring elastic synthetic material, is connected to the
      housing 46 by means of screws 67.
PAR  With both designs of the disengaging mechanisms, a proper locking function
      is assured.
PAR  When the locking support surfaces greatly deviate from a vertical plane, a
      design according to FIGS. 9-14 is suggested according to which on the
      opposite side there are symmetrically arranged additional locking elements
      which will now be described.
PAR  The housing 68 is bent rectangularly from a symmetric sheet metal cut. For
      receiving a connecting bore 69, the bottom is correspondingly extended
      unilaterally. In the flat insert member 70, within the region of the
      tongue 71, there are embossed small dogs 72 and 73 which during the
      insertion of the tongue on the longitudinal edges 74 and 75 of housing 68
      of the insert member 70 yield a transverse guiding. Two housing
      perforations 77 and 78 are arranged symmetrically with regard to each
      other at an angle 76. These perforations 77 and 78 respectively guide with
      play two roller bodies 79 and 80 which are preferably of the same size.
      These roller bodies 79 and 80 are held in engaging position by pairs of
      grooves 81 and 82 extending in a wedge-shaped manner relative to each
      other and are held in engaging position in the spring loaded slide-shaped
      disengaging mechanism 83 which completely surrounds the housing 68. As a
      result thereof, the wedge angle 84 which is formed by two oppositely
      located housing perforations 77 and 78, as well as the wedge angles at the
      insert tongue 71 and disengaging mechanism 83, are of the same size and,
      more specifically, are twice as great as the angle 76. One leg of the
      angle 76 is formed by the member 76' which is perpendicular to the insert
      direction 6, and the other leg 76" is formed by the member which is
      perpendicular to the connecting line 16' of the central lines of the
      roller bodies.
PAR  The pressure spring 85 which holds the disengaging mechanism 83 in engaging
      position, rests between the cover cup section 86 and the angled-off
      pressure rail 87 of the disengaging mechanism 83. A second cover cup 88
      embraces the housing 68 in a non-illustrated manner. The disengaging
      direction of the slide-shaped disengaging mechanism 83 is substantially
      identical to the insert direction 6 of the insert member 70.
PAR  FIGS. 12, 13 and 14 illustrate a further development of the embodiment
      according to FIGS. 9, 10 and 11 with the requirement that the actuation of
      the disengaging mechanism is effected approximately in axial direction of
      the roller bodies. Insert member 70, housing 68, and the pairs 79 and 80
      of the roller bodies therefore were taken over without changes in these
      figures. Merely at the housing 68 and, more specifically, at the top side
      thereof, there are additionally provided two recesses 88 and 89 in which
      the pressure key 90 is supported. The disengaging mechanism 91 corresponds
      as far as its inner design is concerned to the embodiment of FIGS. 9-11.
      The only material difference consists in that it is designed without the
      angled-off pressure rail 87. For this arrangement the narrow side of the
      disengaging mechanism is provided with grooves 92 and 93 which cooperate
      with control cams 94 and 95 of the pressure key 90 in such a way that in
      response to a depression of the pressure key 90, the slide moves in
      disengaging direction 6. Between the pressure key 90 and the slide-shaped
      disengaging mechanism 91 there is provided a pressure spring 96 which
      retains the pairs 79 and 80 of the roller bodies in engaging position.
PAR  This arrangement makes it possible with simple means to equip closures of
      the same fundamental structure only during the assembly with the
      respective disengaging mechanism while for the various different equipment
      elements merely very small inexpensive parts of synthetic materials such
      as key, disengaging mechanism and housing cover cups are necessary.
PAR  FIGS. 15-21 illustrate a closure with different structural modifications
      which is adapted to be placed into locking and unlocking position
      preferably perpendicularly with regard to the wide side of the housing.
      The housing 97 is bent of a symmetrically designed sheet metal cut into a
      box so that the tongue 98 of the insert member 99 on all sides with slight
      play guided in the housing 97.
PAR  Within the front region, in the bottom of the housing 97 as well as in the
      tongue 98, there is provided a recess 100, 101 preferably of rectangular
      shape which recess extends longitudinally in insert direction 6. This
      recess is intended for receiving two roller bodies 103, 104 which rest
      against each other and advantageously have the same dimensions. A
      disengaging mechanism which embraces the housing 97 on all sides and is
      designed in the form of a key 105 has its bottom side provided with a
      perforation 106 in which the roller bodies 103/104 are guided laterally
      with play. From the bottom 107 of the key 105 there projects a handle-like
      web 108 which keeps the roller bodies 103 and 104 in their central grooves
      109 and 110 in upward direction and in longitudinal direction. The web 108
      is set back relative to the outer surfaces of the roller bodies. The key
      105 is closed from below by means of a form plate 111 so that the roller
      bodies 103 and 104 are on all sides in the manner of a cage guided in the
      key 105 with slight play. The pressure spring 112 presses the roller
      bodies 103 and 104 by means of the key 105 into engaging position which
      means upwardly to such an extent that the roller bodies engage the inner
      surface 113 located opposite the perforation 100 in the bottom. By
      pressing in the direction 114 upon the key 105, the roller bodies are
      through the intervention of the web 108 pulled downwardly, and the insert
      tongue 98 is disengaged or unlatched. An advantageous design of the
      locking mechanism is obtained according to FIG. 19 by providing bearing
      pins 115 and 116 on two preferably identical roller bodies 117 and 118 due
      to the fact that on the key 119 toward the inside there are arranged two
      jaws 120 and 121 provided with bearing bores. The roller bodies 117 and
      118 are adapted to snap into said jaws 120 and 121 and by means of the
      bearing pins 115 and 116 are loosely guided in the key web.
PAR  A barrel-shaped design of at least one roller body 123, which rests in
      engaging position against a further roller body with corresponding counter
      profile 124 may be desirable in order to bridge a greater lateral play of
      the insert tongue. The engaging surfaces on housing 97 and on tongue 98
      will in such an instance have to be convex 125 and concave 126,
      respectively.
PAR  With the designs provided with recesses in the bottom, the center of
      curvature 127 of the roller bodies 103, 104, 117, 118, 123 and 124 should
      in engaging position be located within the region preferably between the
      lock bottom and half the thickness of the tongue 128 in order in case of
      load to realize a closing force aiding effect.
PAR  FIG. 22 is a fragmentary section of a double locking mechanism with roller
      bodies 129, 130, 131 and 132 preferably of the same dimension which are
      arranged parallel to each other. Two slides 135 and 136 which are designed
      with wedge-shaped surfaces 133 and 134 in overlapping engagement operate
      against each other and bring about the disengagement. The slides 135 and
      136 may be actuated directly or indirectly.
PAR  FIG. 23 is intended to show that also different diameters of the roller
      bodies 137 and 138 operatively connected to each other cannot affect the
      system. It is merely to be noted that the supporting surfaces 139 and 140
      in engaging position are located perpendicularly with regard to the
      extended connecting straight lines between the axes of these roller
      bodies.
PAR  FIG. 24 shows a roller body locking mechanism which is at an acute angle
      141 to the housing 142. The roller bodies 143 are of a pin-like design and
      are mounted in the spring-loaded key 144 and held in engaging position.
PAR  All of the closures referred to above may be equipped with an ejector
      spring 145 which rests against the housing and is operable to act upon the
      end face edge 26 of the insert tongue.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawing but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A releasable latch, especially for passenger seat belts, comprising in
      combination; a housing having a slot, a member having a tongue insertable
      into the slot in the housing, notch means in the tongue substantially
      perpendicular thereto, roller bodies in the housing engageable with said
      notch means when the tongue is inserted into said slot to latch the said
      housing and the said member together, said roller bodies extending
      laterally to the length of the tongue and disposed for rolling engagement
      of the roller bodies with the tongue upon insertion of the tongue into the
      slot, said roller bodies rollingly engaging and lying in the path of said
      notch means, resilient means biasing said roller bodies in notch means
      engaging direction, and means for moving at least one of the said roller
      bodies for release thereof under rolling friction movement during initial
      opening against the bias of said resilient means in the direction of
      disengagement from said notch means and in direction transversely thereof.
NUM  2.
PAR  2. A releasable latch especially for passenger seat belts, comprising; a
      housing having a slot, a member having a tongue insertable into the slot
      in the housing, notch means in the tongue substantially perpendicular
      thereto, roller bodies in the housing engageable with said notch means
      when the tongue is inserted into said slot to latch the said housing and
      the said member together, said roller bodies extending laterally to the
      length of the tongue and disposed for rolling engagement of the roller
      bodies with the tongue upon insertion of the tongue into the slot, said
      roller bodies rollingly engaging and lying in the path of said notch
      means, resilient means biasing said roller bodies in notch means engaging
      direction, and means for moving at least one of the said roller bodies
      against the bias of said resilient means in the direction of disengagement
      from said notch means and in direction transversely thereof, said notch
      means in said tongue being in the form of a notch formed in a lateral edge
      thereof, both of said roller bodies being receivable into said notch, said
      housing having a recess in which said roller bodies are disposed when in
      said notch, the end walls of said notch and recess which cooperate in
      holding said member and housing latched together being substantially
      perpendicular to a line joining the axes of said roller bodies.
NUM  3.
PAR  3. A releasable latch according to claim 1 in which said housing comprises
      an outer U-shaped part and an inner tubular part connected thereto and
      within which said tongue is received.
NUM  4.
PAR  4. A releasable latch according to claim 1 in which said tongue at the free
      end thereof comprises an incline for causing said roller bodies into
      retracted position during insertion of the tongue into the housing.
NUM  5.
PAR  5. A releasable latch according to claim 1 which includes spring means in
      the housing and biasing the tongue outwardly from the housing.
NUM  6.
PAR  6. A releasable latch, especially for passenger seat belts, comprising; a
      housing having a slot, a member having a tongue insertable into the slot
      in the housing notch means in the tongue substantially perpendicular
      thereto, roller bodies in the housing engageable with said notch means
      when the tongue is inserted into said slot to latch the said housing and
      the said member together, said roller bodies extending laterally to the
      length of the tongue and disposed for rolling engagement of the roller
      bodies with the tongue upon insertion of the tongue into the slot, said
      roller bodies rollingly engaging and lying in the path of said notch
      means, resilient means biasing said roller bodies in notch means engaging
      direction, and means for moving at least one of said roller bodies against
      the bias of said resilient means in the direction of disengagement from
      said notch means and in direction transversely thereof, said housing
      comprising an outer U-shaped part and an inner tubular part connected
      thereto and within which said tongue is received, said inner part having a
      lateral recess in one edge, said notch means in said tongue comprising a
      lateral notch in one edge which is in alignment with the notch in said
      inner part in inserted position of said tongue.
NUM  7.
PAR  7. A releasable latch according to claim 6 in which said housing has a
      surface engageable with said roller bodies on one side while said notch
      means in the tongue has a surface engaging the roller bodies on the other
      side, said surfaces being generally perpendicular to the direction of
      insertion of said tongue into said housing.
NUM  8.
PAR  8. A releasable latch according to claim 6 which includes a release member
      moveably supported by said housing and in turn operatively supporting said
      roller bodies and manually moveable for movement of the roller bodies into
      tongue disengaging position, said resilient means acting on said release
      member.
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ABST
PAL  A grumment for sail cloth in which two rings are positioned around the edge
      of a hole therein which edge has been ravelled and has a thermosetting
      adhesive smeared thereon and tightly clamped against the edge by a
      torus-shaped collar enclosing the rings.
PARN
PAR  This is a division of application Ser. No. 351,481, filed on Apr. 16, 1973,
      and now U.S. Pat. No. 3,890,695, issued June 24, 1975.
BSUM
PAR  The invention relates to a method of inserting a grummet or thimble in sail
      cloth or the like consisting of positioning two rings each at one side of
      the sail cloth around the edge of the hole and interconnecting both rings
      with the edge of the hole therebetween by pression. Grummets or thimbles
      serve for instance as points of attachment for the sheets and the like in
      the corners of a sail of sailing boats or as points of attachment for lace
      or reef lines.
PAR  The prior art grummets consist of rings which are sewn in the sail cloth,
      the prior art thimbles consist of two specially formed rings which are
      pressed to one ring around the hole in the sail cloth.
PAR  The invention aims at providing a method of forming a grumeet or thimble
      which is connected to the sail cloth in such a manner that each risk of
      tearing is excluded, it can be inserted in considerably less time than the
      prior art grummet and is considerably stronger than the prior art thimble.
      This aim is achieved according to the invention in that after making the
      hole in the sail cloth or the like the edge of the hole is ravelled out,
      the edge of the hole is smeared with a setting glue, preferably an epoxy
      glue, so that a glue smeared hole edge is formed, a short tube is disposed
      in the die of a punch which tube preferably consists of stainless steel
      and has a diameter which fits into the hole, of which tube the lower end
      is somewhat flanged outwardly, one of the two rings which is preferably of
      aluminium is disposed around this tube so that it rests on the outwardly
      flanged lower end of the tube, the sail cloth or the like is placed around
      the tube on the said one ring, the second identical ring is placed around
      the tube, the tube is so deformed with the stamp of the punch that it
      obtains a torus-shaped configuration whereby the two rings clamp between
      them and compress both the sail cloth and the edge, whereupon the sail
      cloth together with the grummet or thimble is removed from the punch.
      After setting the grummet or thimble is at full strength.
PAR  Due to the fact that after the punching operation the edge forms a hard
      thickened rim which is entirely enclosed between the two rings and the
      tube which has been bent in the form of a torus an extremely strong
      connection between the grummet or thimble and the sail cloth is obtained.
PAR  In a preferred embodiment of the method according to the invention the
      stamp of the punch, with a view of the removal of the sail cloth together
      with the grummet or thimble from the punch, is built up of two
      disengageable parts, the upper part of the stamp, after pressing the
      grummet or thimble, being removed from the lower part, the lower part
      being laid on an anvil in such a manner that the bottom side of the die is
      not supported and the grummet or thimble being pressed on or struck in
      order to move the die relative to the lower part of the stamp to
      discontinue the wedging action between the grummet or thimble and the
      stamp.
PAR  The invention also relates to a punch for carrying out the method according
      to the invention as well as to a sail for a vessel, tarpaulin or the like
      which is provided with at least one grummet or thimble inserted with the
      method and/or the punch according to the invention.
DRWD
PAR  The invention will now be further explained with reference to the drawing
      in which:
PAR  FIG. 1 is plan view of a grummet or thimble according to the invention
      inserted in an opening in a sail or the like;
PAR  FIG. 2 is a cross-section along the line II--II in FIG. 1;
PAR  FIG. 3 is a cross-section through a ring;
PAR  FIG. 4 shows a longitudinal section through a punch for inserting the
      grummet or thimble according to FIGS. 1 and 2 in a sail or the like.
DETD
PAR  Like every grummet or thimble, the grummet or thimble according to the
      invention in plan view has the configuration of a ring which is disposed
      around the edge of a round opening in the sail cloth which is indicated at
      1.
PAR  In one way or another a round hole is made in the sail cloth. The edge of
      this round hole is ravelled out for instance by means of a rotary steel
      wire brush. Thereupon this ravelled edge is smeared with an epoxy glue or
      the like. After the punching operation this glue sets to a thickned rim
      indicated at 2. On the rim, above or below the sail cloth 1, a ring 3 of
      aluminium or the like is laid. This ring 3 is flat on one side and has a
      circular cross-section at the other side. At the inner side of the ring 3
      an edge has been removed. This edge has a boundary surface 4 parallel to
      the plane of the ring and a boundary surface 5 which tapers outwardly from
      the boundary surface 4 as shown in FIG. 3.
PAR  The edges formed by these boundary surfaces serve to receive the glue rim 2
      of the sail cloth 1. Around the two identical rings 3 and the rim 2,
      starting from a cylindrical, preferably stainless steel tube, a collar 6
      is clamped, as illustrated in FIG. 1.
PAR  The insertion of the grummet or thimble according to FIGS. 1 and 2 occurs
      in a punch which is illustrated in FIG. 4.
PAR  The punch comprises a die 7 having a central opening 8 and an upwardly
      facing channel-shaped recess 9. A stamp consisting of an upper part 10 and
      a lower part 11, the so-called nipple, cooperates with the die 7. The
      nipple 11 has a threaded portion 12 which has been screwed into a threaded
      opening 13 in the upper stamp part 10.
PAR  The nipple 11 slightly tapers downwardly.
PAR  The upper part 10 of the stamp, as also the die 7, is provided with a
      downwardly facing channel-shaped recess 14.
PAR  The operation of punching the grummet in the punch according to FIG. 4
      takes place as follows:
PAR  The stamp is removed from the die.
PAR  The cylindrical stainless steel tube with its slightly outwardly flanged
      lower end is deposited in the channel-shaped recess 9 of the die 7. Hereon
      the lower ring 3 of the grummet or thimble is placed. Thereupon the glue
      rim 2 of the opening in the sail cloth is placed in the removed edge of
      the ring and on top of this the upper ring is placed.
PAR  Subsequently the stamp is inserted in the die and moved downwardly relative
      to the die.
PAR  The cylindrical tube is deformed to the collar 6 which tightly clamps the
      rings 3 against the rim 2. Hereby the grummet has been formed.
PAR  Now the sail cloth together with the grummet or thimble must still be
      removed from the punch. To this end first the upper part 10 of the stamp
      is unscrewed from the nippel 11 which is wedged in the grummet.
      Subsequently the nipple is placed on an anvil with the lower edge of the
      die 7 being no longer supported. By now striking or pressing on the
      grummet and thence on the die the grummet together with the die moves
      downwardly relative to the nipple until the wedging action due to the
      conicity of the nipple has been discontinued. The sail cloth with the
      grummet is then free from the punch.
PAR  In this manner all the grummets in a sail of for instance a sailing vessel
      can be inserted.
PAR  It is clear that the method according to the invention can be applied in
      all sorts of domains, for instance in tarpaulins.
CLMS
STM  I claim:
NUM  1.
PAR  1. A grummet assembly for use in a material, such as sail cloth or the
      like, comprising
PA1  there being an opening in said material, the edge of said opening being
      ravelled and having a thermosetting adhesive smeared thereon;
PA1  a first ring having an inner diameter substantially the same as said
      opening in contact with one side of said material at the edge of said
      opening;
PA1  a second ring having an inner diameter substantially the same as said
      opening in contact with the other side of said material at the edge of
      said opening;
PA1  a torus-shaped collar enclosing said rings and the edge of said opening so
      as to tightly clamp said edge between said rings.
NUM  2.
PAR  2. A grummet assembly in accordance with claim 1 wherein each of said rings
      has a flat surface on one side and a rounded surface having a
      substantially circular cross-section on the opposite side, said one side
      further having a recess on the inner perimeter thereof, the edge of said
      material being received by said recess.
NUM  3.
PAR  3. A grummet assembly in accordance with claim 2 wherein said recess has a
      first boundary surface parallel to the plane of the flat surface of said
      ring and a second boundary surface which tapers outwardly from said first
      boundary surface.
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ABST
PAL  There is disclosed apparatus for preventing explosive separation of a heavy
      spring loaded first portion of a parking brake chamber from a second
      portion thereof. A clamping band, typically secured by a fastener
      assembly, is provided at the interface between the two portions of the
      chamber to maintain them in operative engagement. The apparatus disclosed
      insures continued engagement upon accidental or inadvertent release of the
      clamping band under spring loading.
BSUM
PAR  The present invention relates to apparatus for enhancing safe operation and
      maintenance of heavy spring loaded parking brake chambers and more
      specifically, to clamp band retention devices adapted to prevent explosive
      separation of portions of such chambers while under spring loading.
      Housing primary and secondary or auxiliary brake actuation apparatus
      within a single chamber is well known. Complementary or alternative
      operation of the primary and auxiliary apparatus has been provided in
      various braking systems. In a characteristic system there has been
      provided auxiliary spring powered actuation for brakes of the fluid
      operated type, the fluid operation or actuation defining a primary mode of
      operation for the braking system.
PAR  Characteristically, there has been provided an auxiliary spring powered
      actuator unit associated directly with a respective pneumatic actuator for
      an individual wheel brake. A typical system depends for its source of
      primary actuation on air pressure introduced by means of a service line.
      Known systems have typically relied on the complementary association
      referred to hereinabove in a manner somewhat analogous to and readily
      appreciated by a binary association as applied to pneumatic systems
      generally. Thus, given an air pressure source, it is desired that failure
      of pneumatic primary brake actuation, which might be viewed conveniently
      as a change from a logical 1 condition to a logical 0 condition, occasions
      initiation of actuation of the auxiliary system, which might be viewed
      conveniently as a change from a logical 0 condition to a logical 1
      condition. From this analysis, it is seen that the auxiliary system must
      be inhibited by application of air pressure and enabled by failure of
      such. This has been achieved by applying air pressure within an auxiliary
      chamber to maintain a spring actuated piston in its fully seated or
      retracted position. Spring actuated brake application can be initiated in
      the event of failure of the primary source of air pressure.
PAR  Units having the general structural and functional characteristics
      described have been devised in the form of spring set safety brake
      chambers providing customary service air brake operation and, in addition,
      spring set parking-emergency brake operation. Such units have the
      desirable attributes of high reliability and enhanced performance
      characteristics. The unit typically contains a spring set air released
      chamber segment which is superimposed upon a conventional air brake
      chamber in place of the more traditional pressure plate. An additional air
      line may be provided to supply compressed air to the air released chamber
      from a separate parking brake actuating system.
PAR  In such units the service air brake chamber converts the pressure of
      compressed air into mechanical force and motion. Air pressure, entering,
      forces the chamber diaphragm to flex and carry the push rod outward. When
      the pressure is released, the rod and diaphragm resume their static
      position due to the action of the unit return spring and other springs in
      the actuated system.
PAR  The spring set air released chamber is held released during normal service
      brake operations, its heavy parking spring cocked into an energy storing
      compression by parking brake air pressure exerted upon the chamber
      diaphragm. When this disabling air pressure is voided for any reason, the
      thrust of the cocked spring against push rods applies the brake.
PAR  Units of the type described may require periodic maintenance or adjustment.
      During the course of such operations and especially at the initiation of
      same, extreme care must be exercised to insure that the various portions
      of the device are separated in an operative status wherein there is no
      spring loading.
PAR  Various methods exist for insuring positive retention of the various
      portions of the unit described hereinabove, until such time as it may be
      found desirable to separate them as, for example, to accomplish
      maintenance or adjustment. Among such methods, clamp band retention has
      been found convenient and desirable, providing certain advantages, not the
      least of which may be characterized as economic. Clamp band retention has
      been found to provide an inexpensive alternative to more elaborate
      structural design of the various housing portions of the cooperating
      elements of the brake chamber.
PAR  Given the advantages of clamp band retention which are manifold, it becomes
      a matter of insuring that the bands themselves are retained for so long as
      it should be necessary to insure the safety of operating and service
      personnel.
PAR  Various methods of either clamp band retention, rear housing retention, and
      limited spring extension have been investigated in view of the possible
      inadvertent opening of the rear section of the parking chamber.
PAR  The retention of the clamp band can be accomplished by either prevention of
      the separation of the two clamps unless the load separating the two
      housings is removed or by hardware oriented techniques.
PAR  The retention can be accomplished in several ways that depend on spring
      load to provide excessive friction loadings and detent catches.
PAR  The hardware oriented techniques can be several. First, the threaded
      fastener (bolt) can use double nuts to make unusually difficult to undo
      the clamps. Second, the clamping bolt could be deformed in various manners
      behind the nut preventing removal of the nut beyond a certain point that
      would allow the separation of the housings. The deformed section of the
      bolt could be cut off at the time of rebuilding. Third, the nut and bolt
      may be physically welded which will require cutting the bolt to dismantle
      the chamber.
PAR  As to housing retention, the design complexities of this technique
      generally causes this to be prohibitively expensive due to the
      interconnection means which may not be compatible with a diaphragm type
      construction. In a diaphragm construction the retention means cannot be in
      constant contact with its mating part due to the variations in the clamp
      height of the characteristic bead clamping the diaphragm. This results in
      a retention means which may not come into contact with its mating means
      until after the clamp band is completely free of the housings and the
      housings are accelerating away from each other under the power spring
      force. When the retention means comes into contact, high impact loading
      occurs which exceeds by far the output force of the power spring. Often
      there is failure of retention means due to the impact loadings imparted
      when the clamp bands were removed.
PAR  The limitation of spring extension is only a partial answer to this
      situation as it only limits, not eliminates, the extent of energy expended
      upon the removal of the clamp bands. Two types of restraints are
      available. These are a flexible restraint such as cable restraints and
      mechanical restraints such as pinned rods, sleeves and bolts. Packaging of
      flexible restraints in such a manner as to not interfere with the power
      spring and keep clear of caging devices is often difficult. The mechanical
      devices either must have collapsible qualities to reduce the overall
      height of the chamber assembly such as collapsible threaded tubes or
      sacrifice the overall length dimension of the unit, in excess of its
      stroke. The former is costly economically, and the later is costly in
      close quarter installations.
PAR  Accordingly, it is an object of the present invention to provide retention
      apparatus which simultaneously insures continued interconnection of
      cooperatively associated housing portions of a braking chamber, one of
      which is heavy spring loaded, when an associated clamp band is
      inadvertently released under spring load, minimizes design complexity and
      attendant expense while maximizing reliability and thus greatly enhancing
      safe employment and maintenance of such braking chambers.
PAR  With this object in view, there is provided apparatus for preventing
      accidental explosive separation of a heavy spring loaded first section of
      a parking brake chamber comprising a clamp band circumferentially
      extending about the interface between the first portion of the chamber and
      another of the portions, the clamp band being adapted to receive a
      fastener assembly therewith associated, the clamp band being thereby
      adapted to maintain in operative association the two portions of the
      chamber, means structurally and operatively associated with the clamp band
      for restraining the clamp band in its functionally effective operative
      position upon inadvertent release of the fastener assembly under spring
      loading, the means comprising first and second cooperating portions, the
      first portion of the means being outermost in radial extent as measured
      from a longitudinal axis common to the chamber portions and the second
      portion being innermost as measured with respect thereto, the first
      portion of the means being adapted to arrest outward circumferential
      expansion of the clamp band through cooperative association with the
      second portion of the means being defined as the structure which lends
      itself to alternative engagement of the first portion of the means with
      the clamp band or with a portion of either of the chamber portions to
      maintain engagement of the chamber portions at the interface until removal
      of the spring loading and manual manipulation to achieve displacement of
      one of the portions of the means with respect to the other portion of the
      means.
PAR  In accordance with one aspect of the present invention, there is provided
      restraining or retaining means the first portion of which is in the form
      of at least one lug formed integrally with the spring loaded chamber
      portion and the second portion of which is in the form of at least one
      notch in the clamp band.
PAR  Desirably, the cooperative association of the first and second portions of
      the restraining or restraining means is defined as positioning on the
      spring loaded portion of the parking brake chamber of each restraining lug
      and positioning on the clamp band of each notch such that an assembled
      brake chamber, having the clamp band secured in place has each lug
      extending over a portion of the clamp band, angularly displaced from each
      notch.
PAR  In accordance with another aspect of the present invention, there is
      provided restraining or retaining means the first portion of which is an
      arresting member formed on the clamp band and having, in cross section, a
      generally downward extending projection and the second portion is formed
      on a flange associated with a housing containing the elements of one
      portion of the brake chamber, the second portion having, in cross section,
      a generally upward extending projection.
PAR  Desirably, in accordance with the latter aspect of the present invention,
      both portions of the restraining or retaining means are circumferentially
      extending for substantially the circumferential extent of their respective
      associated components.
DRWD
PAR  These and other aspects of the present invention may be more readily
      understood with reference to the accompanying drawings, presented by way
      of example only, and in which:
PAR  FIG. 1 shows in elevation a parking brake chamber having clamping bands
      securing the portions thereof the assembly being shown in perspective in
      association with a braking mechanism;
PAR  FIG. 2 shows in cross section the various components of the chamber of FIG.
      1, a brake actuating push rod inserted therein and extending therethrough,
      and the restraining or retention apparatus of the present invention; and,
PAR  FIG. 3 shows an alternative embodiment of the restraining or retention
      apparatus of the present invention.
DETD
PAR  Referring now to FIG. 1, there is shown a spring set safety brake the
      chamber of which is designated generally by the reference numeral 100. The
      chamber 100 is constituted by three housing portions, the first of which
      is a non-pressure plate 104 including mounting means 106 to which brackets
      may be affixed for securing the chamber to an axle (not shown). A second
      housing portion, or middle housing 112, is provided with ports 114 and 116
      through which air is introduced into the chamber to provide actuation and
      control of the various cooperatively associated elements of the chamber in
      a manner to be described hereinafter in connection with a discussion of
      FIG. 2. Within the context of such discussion will appear a concomitant
      explanation of the functioning of the various elements housed within a
      third housing portion 118 forming the outer or rear portion of the chamber
      100. In assembly, the non-pressure plate 104 is clamped to middle housing
      112 by a clamp band 120. A second clamp band 122 including outermost
      radial face 122a secures middle housing 112 to rear housing 118.
PAR  Referring now to FIG. 2, and with continued reference to FIG. 1 and
      commencing the discussion of the structural juxtaposition, interconnection
      and expressed or implied functional interrelationship of elements within
      the chamber 100 through utilization of sequential designation of reference
      numerals, a push rod 101 provides that means by which mechanical force is
      delivered to provide actuation of the brakes, or, equivalently, extention
      of brake shoes 102. Structurally interconnecting slack adjuster 103, shaft
      105 and cam 107 provides such intermediate functional association as may
      be required to convert the implied linear displacement into the stated
      radial displacement in a manner which will be readily understood in
      connection with the drawings.
PAR  Interior of the chamber 100, and more specifically, the first portion 104,
      is a first chamber 124 within which is housed a relatively light load
      spring 126 and a plate 128. A second chamber 130 within housing portion
      112 is provided with a similar light load spring 132. A plate 134 is
      housed therein and integrally formed therewith. The function of the plates
      128 and 134 will be described hereinafter. The chamber 100 is further
      partitioned into chambers 136 and 140 for reasons that will be dicussed
      hereinafter.
PAR  Received within chamber 124 is the externally operable push rod 101 fixedly
      attached to plate 128, entering through plate 104 via an opening
      permitting of communication with the atmosphere. Thus, fluid communication
      of the chamber 124 with the atmosphere is established.
PAR  An extension 101a of push rod 101 is received within the chamber 130.
      Extension 101 a is such in the sense that it is coaxial with push rod 101
      and separable therefrom. Viewing push rod 101 and its extension 101a is
      substantially continuous it is noted that such entity passes from chamber
      124 through an opening in plate 134.
PAR  Diaphragm 138 is located intermediate the plate 128 and the chamber 136.
      Chamber 136 is thereby sealingly separated from chamber 124.
PAR  A fourth chamber 140 is formed within rear housing portion 118 of safety
      brake chamber 100. Contained within the chamber is a plate 142, relatively
      high load spring 144, and may contain a disabling fitting 146 for the
      assembly as a whole and more specifically for disabling relatively high
      load spring 144 if desired. The chamber 140 is sealingly separated from
      the chamber 130 by a second diaphragm 148.
PAR  Prior to operation of the apparatus hereinabove described spring 126
      normally urges rod 101 and plate 128 to the left as indicated in FIG. 2
      while spring 132 normally urges rod 101a to the left. Spring 144 is
      compressed within chamber 140 between plate 142 and rear housing 118.
PAR  In applying the service brake hereinabove described, fluid pressure enters
      chamber 136 via port 114 to urge diaphragm 138, plate 128 and rod 101 to
      the right as will be appreciated from the arrangement shown in FIG. 2 and
      the preceding discussion. Thus, brake actuation for normal service is
      accomplished.
PAR  Upon release of the service brakes, rod 101 returns to the left. Constant
      fluid pressure is communicated to chamber 130 via port 116 to maintain rod
      101a, diaphragm 148 and plate 142 to the left. Upon actuation of the
      emergency brake constant pressure is relieved via port 116 permitting rod
      101a to move to the right thus also moving rod 101 to the right for
      actuating the brakes for emergency or parking use.
PAR  It will be appreciated that while spring 144 is under compression within
      chamber 140, removal of clamp, as by loosening bolts 150 (shown in FIG. 1)
      to permit circumferential expansion of band 122, would precipitate
      immediate explosive separation of rear housing 118 from middle housing
      112. Thus, it is required that the spring be caged as by operation of a
      disabling fitting Such as 146. Upon accomplishment of this manual
      operation, clamp band may be safely removed. However, when service
      personnel attempt to remove the clamp band 122 without caging the spring
      144, serious injury could result as will be readily appreciated.
PAR  With particular reference to a suitable restraining device provided in
      accordance with an aspect of the present invention, shown in FIGS. 1 and 2
      is a lug 200 may be formed integrally with rear housing 118 such as by
      casting, it will be observed that outward radial expansion would normally
      be restrained to thereby insure safe maintenance and repair. It will be
      noted that an elongated or horizontally extending portion or leg 202 of
      the lug 200 extends over clamp band 122.
PAR  Notches 204 are formed in radial face 122a and are additionally provided in
      accordance with this aspect or embodiment of the instant invention. Thus,
      upon caging of the spring 144, clamp band 122 may be rotated until a
      respective notch 204 is in alignment with its associated lug 200 at the
      leg portin 202 thereof. Thus, the restraining or retaining means may be
      made inoperative to allow release of the clamp band 122.
PAR  Consonant with that which has been illustrated in the drawing figures in
      connection with a presentation of a preferred embodiment of the instant
      aspect of the invention there has been discussed the cooperative
      association of a plurality of lugs 200 and associated notches 204. It will
      be apparent to one of ordinary skill in the art that the number of
      associated pairs of lugs 200 and notches 204 may be as small as one.
PAR  Shown in FIG. 3, in accordance with another aspect of the present invention
      is an alternative embodiment of the restraining or retaining means. In
      accordance with this aspect, there are provided means for effectively and
      reliably limiting radial expansion. Shown in FIG. 3 is a first portion of
      the restraining means 210 which may be conveniently denominated a
      circumferentially extending lip. Lip portion 210 is formed on clamp band
      122 for engagement with a second portion of the restraining means which
      may be conveniently denominated a circumferentially extending step 212
      formed on a flange portion of either of the housing portions 112 or 118.
      Upon inadvertent loosening of the clamp band 122 under spring loading, the
      cooperative engagement of lip portion 210 and step portion 212 arrests
      further radial expansion of the clamp band 122 and thus explosive
      separation of the rear housing portion 118 from intermediate or central
      housing portion 112 of the brake chamber 100.
PAR  It will be understood that the claims are intended to cover all changes and
      modifications of the preferred embodiments of the invention, herein chosen
      for the purpose of illustration, which do not constitute departures from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for preventing accidental explosive separation of a first
      heavy spring loaded section of a spring set safety brake chamber from a
      second adjacent section of the chamber comprising:
PA1  a. a clamp band circumferentially extending about an interface between the
      adjacent sections, the band radially outwardly extendable from the
      interface; and
PA1  b. means fixedly attached to the brake chamber adjacent the interface for
      restrictively engaging the clamp band to limit radial outward extension of
      the band.
NUM  2.
PAR  2. The apparatus of claim 1, wherein:
PA1  the clamp band is rotatably mounted on the chamber and includes a radially
      outermost face and at least one notch formed therein; and
PA1  the means attached to the brake chamber comprises an elongated lug means
      positioned for alignment with the notch upon rotation of the band.
NUM  3.
PAR  3. The apparatus of claim 1, wherein:
PA1  the clamp band includes a circumferentially extending radially inwardly
      protruding lip portion; and
PA1  the means attached to the brake chamber comprises a circumferentially
      extending radially outwardly protruding step portion corresponding to the
      lip portion for engagement therewith.
NUM  4.
PAR  4. Apparatus for preventing accidental explosive separation of a first
      heavy spring loaded section of a spring set safety brake chamber from a
      second adjacent section of the chamber comprising:
PA1  a. a clamp band circumferentially extending about an interface between the
      adjacent sections, the band radially outwardly extendable from the
      interface; and
PA1  b. means fixedly attached to at least one of the sections adjacent the
      interface for limiting radial outward extension of the band.
NUM  5.
PAR  5. The apparatus of claim 4, wherein:
PA1  the clamp band is rotatably mounted on the chamber and includes a radially
      outermost face and at least one notch formed therein; and
PA1  the means attached to the brake chamber comprises an elongated lug means
      positioned for alignment with the notch upon rotation of the band.
NUM  6.
PAR  6. The apparatus of claim 4, wherein:
PA1  the clamp band includes a circumferentially extending radially inwardly
      protruding lip portion; and
PA1  the means attached to the brake chamber comprises a circumferentially
      extending radially outwardly protruding step portion corresponding to the
      lip portion for engagement therewith.
NUM  7.
PAR  7. Apparatus for preventing accidental explosive separation of a first
      heavy spring loaded section of a spring set safety brake chamber from a
      second adjacent section of the chamber comprising:
PA1  a. a clamp band circumferentially extending about an interface between the
      adjacent sections and in abutting relationship with the interface, the
      band radially outwardly extendable from the interface;
PA1  b. means fixedly attached to the brake chamber adjacent the interface for
      restrictively engaging the clamp band to limit radial outward extension of
      the band; and
PA1  c. means on the clamp band spaced radially inwardly of the means attached
      to the brake chamber for restrictive engagement therewith upon radial
      outward extension of the band.
NUM  8.
PAR  8. The apparatus of claim 7, wherein:
PA1  the clamp band is rotatably mounted on the chamber;
PA1  the means on the clamp band includes a radially outermost face formed on
      the clamp band and at least one notch is formed therein; and
PA1  the means attached to the brake chamber comprises an elongated lug means
      positioned for restrictively engaging the radially outermost face of the
      band upon radial outward extension thereof and for alignment with the
      notch upon rotation of the band.
NUM  9.
PAR  9. The apparatus of claim 7, wherein:
PA1  the means on the clamp includes a circumferentially extending radially
      inwardly protruding lip portion; and
PA1  the means attached to the brake chamber comprises a circumferentially
      extending radially outwardly protruding step portion corresponding to the
      lip portion for engagement therewith.
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ABST
PAL  A stuffer crimping apparatus in which an outer hollow wheel and an inner
      roller wheel are mounted on eccentrically positioned rotatable shafts with
      the outer rolling surface of the inner wheel being pressed toward the
      inner rolling surface of the outer hollow wheel to form an extended nip
      zone engaging the yarn. The two wheels also form between their rolling
      surfaces a yarn feed chamber at the entry to the nip zone and a crimping
      or stuffing chamber adjacent the exit of the nip zone. The apparatus is
      particularly useful for crimping synthetic thermoplastic yarns.
BSUM
PAR  In general, this invention is concerned with a stuffer crimping apparatus,
      commonly referred to as a "stuffer crimper" for the purpose of crimping or
      texturizing a synthetic thermoplastic filamentary tow or yarn and
      especially polyamide (nylon) or polyester (polyethylene terephthalate)
      yarns. Stuffer crimping is one of the more useful known methods of
      providing a texturized yarn by literally stuffing the yarn into an
      enclosed chamber, usually by means of feed rollers which nip the yarn
      between their outer circumferential rolling surfaces in order to rapidly
      feed the yarn into the chamber, compress the yarn in a random folded
      pattern within the chamber and gradually move the mass of yarn through the
      chamber by the force of the feed yarn entering the chamber at a high rate
      of speed. See, for example, the description on pages 80-83 of "Woven
      Stretch and Textured Fabrics" by B. L. Hathorne, Interscience Publishers,
      Division of John Wiley & Sons, N.Y. (1964). The apparatus used is
      sometimes called a stuffer box machine due to the fact that the feed
      rollers impel the yarn into a stationary crimping box or chamber, for
      example in the form of an elongated tubular member having a gate or
      similar partial closure member at its discharge end to maintain a certain
      pressure on the yarn passing through the crimping chamber. More or less
      elaborate mechanical means may be used to control this pressure, as
      disclosed for example in U.S. Pat. No. 2,734,229 or in U.S. Pat. No.
      2,960,730.
PAR  In practice, only two different techniques have been used to feed the yarn
      into the stuffing chamber of the stuffer crimping apparatus. One
      possibility is to accomplish the yarn feed by means of an injector nozzle
      through which the yarn is impelled by an air jet or other gas jet, the
      force of the injection being sufficient to crimp, compress and move the
      yarn through the crimping chamber. It is preferable however to employ the
      mechanical feed means described above, i.e. a pair of feed rolls or godets
      operated at high speed.
PAR  While a mechanical feed for the yarn into the crimping chamber of a stuffer
      crimper is thus preferred, it is known that the yarn being crimped
      exhibits an irregular or erratic volume deposition which arises at least
      in part from the vibrations of the machine leading to variations in the
      nip pressure between the two feed rolls or godets and thereby causing an
      irregular yarn slippage. Prior stuffer box machines do not offer a
      satisfactory solution to this problem, and these machines also have the
      disadvantage of providing only limited crimping capabilities within a
      relatively narrow range of variable conditions. Regulation of these
      conditions is difficult and the random crimp characteristics of the final
      products are not easily controlled even though limited in scope.
PAR  It is the object of the present invention to provide a stuffer crimping
      apparatus which avoids these disadvantages and other problems of the prior
      stuffing box machines, a more particular or special object being to
      substantially eliminate or greatly reduce uncontrolled yarn slippage so as
      to provide a more uniform yarn feed during the crimping process. Other
      objects and advantages of the invention will become more apparent from the
      following description of the invention.
PAR  It has now been found, in accordance with the invention; that stuffer
      crimping of synthetic thermoplastic yarn can be carried out in a much more
      advantageous manner by means of apparatus comprising an outer rotatable
      hollow wheel having an inner circular rolling surface, an inner rotatable
      wheel having an outer rolling surface of smaller diameter than the inner
      diameter of the circular rolling surface of the outer wheel, the axis of
      rotation of the inner wheel being eccentric to the axis of rotation of the
      outer wheel and the rolling surfaces of the two wheels being pressed
      toward each other to form a nip zone for rolling engagement with the yarn
      fed therebetween, and means to rotate each wheel in the same direction and
      at the same peripheral speed of the rolling surfaces. The outer wheel is
      preferably a disc-type wheel, i.e. where the outer hollow wheel or rim has
      a flange plate on one side to close off two wedge-shaped gaps or a
      crescent-shaped area between the two rolling surfaces on either side of
      the nip zone where these rolling surfaces coincide or engage with the yarn
      being fed and extending around the remaining circumference of the inner
      wheel. This crescent-shaped area is functionally divided into a yarn feed
      chamber between the two rolling surfaces at the entry to the nip zone and
      a yarn crimping chamber between the two rolling surfaces at the exit from
      the nip zone. Thus, a yarn feed guide such as a tubular guide element is
      preferably arranged in the yarn feed chamber while a yarn deflector or
      discharge guide means is preferably arranged between the two rolling
      surfaces at the exit from the nip zone, preferably in a position about
      diametric to the nip zone. Finally, it is of value to include a gate means
      or flap-type closure means to extend across the crimping chamber in
      opposition to the movement of the yarn therethrough.
PAR  The yarn feed guide, the yarn deflector and the gate means are all
      preferably mounted on or fastened to a releasable cover plate which is
      mounted over the side of the hollow wheel opposite its flange plate, this
      cover plate essentially acting with the flange plate to enclose the feed
      and crimping chambers therebetween. This cover plate is preferably hinged
      or pivoted to swing away from the rotatable wheels in order to load the
      yarn or otherwise service the device. When closed, the cover plate remains
      in a fixed position in close abutment with the edges of the wheels on
      their open side opposite the outer wheel flange plate, preferably so as to
      enclose the nip zone as well as the yarn feed and crimping chambers.
PAR  Particularly good results have been achieved by using a ratio of the inner
      diameter of the outer wheel, i.e. its inner rolling surface, to the outer
      diameter of the inner wheel of approximately 1:0.85 to 1:0.98. It is also
      advantageous to employ conventional means to press the two wheels together
      in rolling engagement with the yarn fed therebetween, for example by using
      an adjustable bearing means for the rotatable drive shaft or driven shaft
      of one of the wheels, preferably the inner wheel. For convenience in
      mounting both wheels, it has been found advantageous to have the outer
      wheel mounted on a relatively large hollow shaft while the inner wheel is
      mounted on a smaller rotatable shaft which extends through the hollow
      shaft.
PAR  The rolling surfaces of the two wheels may be relatively smooth in servng
      only as a feed means into the crimping chamber. Also, these rolling
      surfaces are preferably cylindrical in shape with a continuous circular
      cross-section perpendicular to the axis of rotation. On the other hand,
      these rolling surfaces may also be profiled in the running direction of
      the yarn and/or transversely thereto. For example, a tooth-like or
      corrugated serration of the rolling surfaces, which may then interengage
      each other as with gears, is quite advantageous in forming or impressing a
      fine crimp on the yarn passing therebetween. Profiling of the surfaces is
      also possible to help retain the yarn within the crimping chamber or to
      vary the direction of the yarn feed.
DRWD
PAR  The stuffer crimping apparatus of the invention may also be provided with
      other elements or variations beyond those described briefly above,
      including its combination with other conventional textile machinery,
      without departing from the spirit or scope of the invention. This is
      likewise true of the following detailed description and illustration of
      especially preferred embodiments of the invention, taken in conjunction
      with the accompanying partly schematic drawings in which:
PAR  FIG. 1 is a front view of the arrangement of the outer hollow wheel and the
      inner roller wheel;
PAR  FIG. 2 is a longitudinal section of the two wheel arrangement of FIG. 1;
PAR  FIG. 3 is a front view of the same two wheels as in FIG. 1 but with a cover
      plate added and with the shafts of the wheels extending from the back, one
      shaft being hollow;
PAR  FIG. 4 is a longitudinal section of the two wheel embodiment of FIG. 3;
PAR  FIG. 5 illustrates in perspective a suitable yarn guide, especially for the
      yarn feed into the device;
PAR  FIG. 6 is an enlarged partial view of the two wheels to indicate the
      approximate extent of the nip zone in terms of relative size;
PAR  FIG. 7 is a schematic illustration of the yarn path in a draw-winding
      machine incorporating the stuffer crimping apparatus of the invention;
PAR  FIG. 8 is a schematic illustration of a further modification of the stuffer
      crimping apparatus to provide internal heating as compared to the
      preheating of the yarn as shown in FIG. 7;
PAR  FIG. 9 is a more detailed front view of the stuffer crimping apparatus of
      the invention with its various elements in assembled position;
PAR  FIG. 10 is a partial view taken on line 10--10 of FIG. 9 to illustrate
      another embodiment of a yarn feed guide;
PAR  FIG. 11 is a partial view taken on line 11--11 of FIG. 9 to illustrate a
      specific embodiment of a yarn deflector;
PAR  FIG. 12 is a partial view taken on line 12--12 of FIG. 9 to illustrate an
      adjustable gate means at the end of the crimping
PAR  FIG. 13 is a highly enlarged view as a cross-section taken perpendicularly
      to the axis of rotation of the two wheels through their profiled rolling
      surfaces in the nip zone to illustrate interengaging teeth-like
      projections of the profiled surfaces;
PAR  FIG. 14 is a cross-sectional and partly schematic illustration of another
      embodiment of the two wheel crimper with stationary front and back plates
      and a heated inner wheel;
PAR  FIG. 15 is a front view of the stationary back plate used in the embodiment
      of FIG. 14 and carrying arcuate inserts which form a stationary crimping
      chamber; and
PAR  FIG. 16 is an enlarged cross-sectional and partly schematic view at the
      yarn withdrawal point of the crimper to show the use of an injector nozzle
      for removing the yarn.
DETD
PAR  The same or similar reference numerals are used throughout these drawings
      to identify the same or similar parts. Some variations in structure are
      merely described without being illustrated.
PAR  Referring first to FIGS. 1 and 2, there are shown the two essential and
      basic elements of the crimping apparatus of the invention, i.e. the outer
      hollow wheel 1 and the inner roller wheel 2 with inner rolling surface 3
      and outer rolling surface 4, respectively. As will also be seen in FIG. 6,
      the outer wheel and inner wheel 2 form a nip zone 5 having the breadth b,
      i.e. where the yarn is effectively gripped or held without slippage during
      the crimping operation. This nip zone is formed by the eccentric position
      of the axis of rotation of the roller wheel 2 with respect to the axis of
      rotation of the hollow wheel 1. A crescent-shaped space or area 8 is
      defined by the two opposed rolling surfaces 3 and 4 outside of the nip
      zone 5. Just before the nip zone, i.e. on its entry side, there is a
      wedge-shaped gap 6 which provides a small yarn feed chamber into which the
      yarn can be easily directed by means of any suitable yarn guide such as
      element 6a shown in FIGS. 3, 5 and 6. On the discharge side of the nip
      zone 5, there is a similar wedge-shaped gap 7 which is preferably utilized
      as the yarn crimping chamber or stuffing chamber up to a widened out and
      more central portion of the crescent-shaped area 8.
PAR  The particular embodiment of FIGS. 1 and 2 indicates how the two wheels 1
      and 2 can be supported for rotation on the shafts 9 and 10, respectively,
      extending from the rear and front of the device and mounted in a suitable
      framework or external housing. The outer wheel 1 is preferably driven by
      shaft 9 by means of a motor M with conventional means to adjust the speed
      of rotation. The inner wheel 2 can also be positively driven over shaft 10
      by a motor M' so as to be synchronized to rotate both rolling surfaces 3
      and 4 at the same peripheral speed. However, it is preferable to
      positively drive only the outer wheel 1 with the inner wheel 2 being
      freely rotatably mounted on shaft 10 and being pressed upwardly so that
      its outer rolling surface 4 is pressed onto the inner rolling surface 3 of
      wheel 1 at the nip zone 5 with a force sufficiently great to transmit
      rotation from wheel 1 to wheel 2 but not so great as to cause damage to
      the yarn. This force for pressing together the two rolling surfaces in the
      nip zone is most advantageously accomplished by applying an adjustable
      pressure to the supporting or driven shaft 10 of the inner wheel 2 as
      indicated by the adjusting screw 11.
PAR  Other equivalent pressure adjusting means can also be used in order to
      provide the most appropriate pressure on the inner wheel 2 in a radial
      direction toward the center of the nip zone 5. Spring means can also be
      incorporated to provide a predetermined resilient pressure between the
      rolling surfaces, and such pressure can be applied over one or both wheels
      with only minor modifications in the embodiments illustrated herein.
PAR  The same kind of adjustable nip pressure can be applied in the embodiment
      of FIGS. 3 and 4 which illustrate a preferred embodiment wherein the
      driven shaft 10' of the inner wheel 2 extends backwardly through the
      larger hollow drive shaft 9' of the outer wheel 1. Again, pressure is
      exerted in the direction of the vertical arrow.
PAR  As shown in FIGS. 3 and 4, a cover plate 12 is placed over the front of the
      two wheels where the front edge of the wheel rim 1a and the front face of
      wheel 2 can be arranged in a single plane capable of fitting with a very
      close tolerance in close proximity to the back face of the cover plate 12.
      It is also preferable to mount this cover plate 12 on a pivot, for example
      by means of a hinge 13 at its lower right corner as shown in FIG. 4. This
      permits the cover plate to be swung down from the wheels to permit easy
      access while it can be otherwise placed in a fixed and easily locked
      position, e.g. with a locking bolt 14 or the like into a backstand or
      other framework.
PAR  The cover plate may completely cover the front side of the device as
      schematically indicated by FIG. 4, but it is sufficient to provide the
      C-shaped plate 12 as indicated in FIG. 3, preferably with at least the
      left-hand side squared off for mounting on the hinge 13 and locking with
      bolt 14. It is desirable in all cases to cover the feed chamber 6, the nip
      zone 5 and the crimping chamber 7 so that these spaces or zones are fully
      enclosed by the cover plate 12 cooperating with the flange 1b of the outer
      hollow wheel 1 and the two rolling surfaces 3 and 4.
PAR  In place of flange 1b of FIG. 4, it is also feasible as illustrated in
      FIGS. 14 and 15 to provide a stationary flange to cover the back face of
      the inner wheel 2, this stationary flange 51 being mounted on a fixed
      hollow shaft 49 similar to the shaft 9' of FIG. 4 through which the inner
      wheel shaft 50 can still be conducted. In this case, the outer wheel 1'
      can be supported rotatably on the fixed hollow shaft 49 behind the
      stationary inner flange 51 and can have a somewhat further extended rim
      such as 1'a which passes over both the inner flange 51 and the outer
      rolling surface 4 of the inner wheel 2. This rim 1'a may be connected to
      the hub 52 of wheel 1'  by an unbroken disk or web flange or it may also
      be formed by radial spokes 53 in a plane just behind the stationary flange
      51. The outer wheel 1' may be driven by gear 54 on drive shaft 55 engaging
      the peripheral gear 56 of the outer wheel. This embodiment provides an
      indication of how one can provide a stationary front wall 57 and back wall
      51 for the open crescent shaped area (shown as 8 in FIG. 1) between the
      rolling surfaces 3 and 4. Moreover, such stationary front and/or back
      plates may also carry arcuate inserts or opposing chamber walls 58 and 59
      extending in the axial direction and conformed closely to the rolling
      surfaces 3 and 4, particularly in the crimping chamber and extending
      backwardly from the gate 16 or preferably from deflector 15 (as shown in
      phantom in FIG. 15) to a point where the crimping chamber 7' is first
      filled with compressed yarn. In general, this filling point can be
      regulated by the rate of yarn draw off past the gate 16. It will be
      readily apparent that all fixed elements in the crescent-shaped area 8
      between the rotating wheels may be separately mounted from a fixed frame
      or housing as well as being mounted on a cover plate or fixed inner
      flange.
PAR  Within the crescent-shaped space 8, there can be easily arranged the yarn
      feed guide 6a shown in an enlarged perspective view in FIG. 5, and also a
      thread discharge deflector or stripper 15 as well as a gate means 16, all
      shown as preferred embodiments in FIGS. 9-12 below. It will be noted that
      one arcuate segment of the cover plate 12 is omitted in order to provide a
      clear opening for the introduction and withdrawal of the yarn in its
      running path to and from the stuffer crimping machine. As shown in FIG. 5,
      the yarn Y is easily inserted through a longitudinal slot in the thread
      guide 6a, then carefully drawn through the nip zone 5 and brought around
      the open area 7 and 8 to the thread deflector 15. The cover 10 is then
      closed and preferably carries gate 16 into the area 8.
PAR  The stuffer crimper of the invention is preferably constructed of metal,
      especially where one or more parts are to be heated, e.g. by means of
      electrical resistance heaters. At least those surfaces in contact with the
      yarn being crimped should be relatively abrasion resistant, if necessary
      being coated with a hard, corrosion resistant surface layer. On the other
      hand, elements such as thread guides may be made of ceramic or a similar
      durable and abrasion resistant material. It is further feasible to provide
      a transparent plastic cover plate 12 in order to view the internal
      operation of the crimper. Similar windows can also be placed in a metal
      cover plate.
PAR  As shown schematically in FIGS. 7 and 8, the texturizing effect of the
      stuffer crimper of the invention is advantageously combined with a
      draw-winding machine in order to both draw and crimp a previously undrawn
      yarn or thread. In FIG. 7, the yarn Y is stretched or drawn between the
      feed rolls 17 and draw rolls 18 in the form of conventional drawing
      godets, the yarn Y also being suitably conducted over a hot draw pin 19 or
      the like where required to achieve optimal drawing conditions. The yarn Y
      can then be conducted over guide roller 20 and the heating plate 21
      directly into the stuffer crimper 22. After discharge from this crimper
      22, the yarn is drawn off through the yarn brake 23 onto a winding or
      collection bobbin 24. The particular form and size of the heating device
      21 depends upon the filamentary yarn material being treated, the yarn size
      and the winding or draw-off speed.
PAR  FIG. 8 illustrates a modified form of the draw-winding and texturizing
      apparatus of FIG. 7 wherein the heating device 21 has been replaced by an
      internal electrical resistance heating H of the stuffer crimper 25,
      preferably in the cover plate directly over the crimping chamber.
PAR  In this combination draw-winder and crimper (FIG. 7), the initially undrawn
      yarn may be taken from a supply bobbin 26 over the guide roller 27 into
      the drawing section 17, 18 and 19 or the yarn may be conducted directly
      from melt-spinning apparatus in which the synthetic filaments are first
      formed.
PAR  An especially preferred embodiment of the stuffer crimper according to the
      invention is that of FIGS. 9-13 wherein the cover plate 12' is locked over
      the interfitting wheels 1 and 2 by means of bolts 28 and 29 to form the
      crescent-shaped enclosure 8 up to the nip point 5. The yarn feed guide 30,
      the yarn deflector 31 and the spring flap gate 32 for the crimping chamber
      are arranged at appropriate positions of the enclosed space 8. The cover
      may be hinged as described above or simply pivoted on a lock bolt 28 after
      being pulled forward from the wheels 1 and 2. This cover plate 12' is
      constructed with two opposite arcuate corners and two opposite squared
      corners so as to completely overlap the outer wheel 1 except at the
      right-hand side where a small wedge section 33 is cut away along
      approximate radial lines of the inner wheel 2. A center circular portion
      34 of the cover 12' is also cut away but with its edges overlapping the
      inner wheel 1 except at the open wedge section 33. Finally, an arcuate
      slot 35 is cut away from the cover plate 12' directly above that portion
      of the enclosure 8 which is adapted to receive the yarn deflector 31.
PAR  The yarn feed guide 30, which corresponds substantially with guide 6a of
      FIGS. 3, 5 and 6, is disclosed in greater detail in FIG. 10 taken with
      FIG. 9 where it is fastened directly to the cover plate 12' at the leading
      edge of the open wedge section 33, for example by means of the pair of
      fastening screws or bolts 36 through mounting head 37. The stem member 38
      passes through the plate 12' in a corresponding slot thereof in order to
      firmly hold the guide block 39 which is curved to fit the enclosure or
      passage 8 between the rolling surfaces of wheels 1 and 2. The guide
      channel 40 also curves downwardly through this guide block 39 as shown in
      FIG. 10 so that the yarn can enter at an angle to the cover plate 12' and
      wheels 1 and 2 and then be directed from the forward tip of the guide
      block 39 into the yarn feed chamber 6 so as to be smoothly received by the
      wheels at the nip point 5.
PAR  In FIG. 11 taken with FIG. 9, the yarn deflector 31 is mounted separately
      from the cover plate on arm 41 extending over to a mounting bar 42 which
      can be fastened to a backplate or frame of the apparatus by bolts 43 and
      44. The curved surface 45 directs the yarn upwardly and outwardly from the
      stuffer crimper through the arcuate slot 35 of cover plate 12'. This
      surface 45 is preferably doubly curved in order to more carefully channel
      or direct the crimped yarn from the stuffer crimper to a take-up or
      winding means. It is also feasible to mount this yarn deflector or
      stripper on the cover plate 12' as shown in FIGS. 9 and 10 or to
      substitute an injector nozzle J in its place to suction off the crimped
      yarn.
PAR  This injector J as shown in FIG. 16 may also be convenientaly mounted on
      cover 12 at the lower discharge portion of the yarn crimping chamber, e.g.
      between the position of the omitted deflector 15 and the preceding gate 16
      as shown in FIGS. 3 and 15.
PAR  In FIG. 12 taken with FIG. 9, there is illustrated an especially useful
      gate or closure means 32 fastened to the cover plate 12' by means of the
      mounting pin and nut assembly 46 carrying the spring leaf member 47 to
      angle downwardly from its attached pin into the space 8 partly closed off
      in this manner at a point which is just about diametrically opposite the
      nip point 5. An adjusting screw or bolt 48 acts against the free end of
      the spring leaf 47 to regulate the amount of pressure being built up in
      the crimping chamber 8 preceding this gate or closure means 32. Other
      equivalent gates may also be provided and the position of this gate may
      also be varied depending upon the needed size or volume of yarn to be
      compressed in the crimping chamber.
PAR  In order to provide a fine crimping of the yarn together with an
      overlapping or relatively larger crimping superimposed by the stuffer
      crimping technique, the two rollers 1 and 2 may contain interengaaged
      profiled rolling surfaces 3' and 4' as indicated in the enlarged view of
      FIG. 13 where these surfaces are in the form of pointed teeth which
      intermesh at the nip point 5. By passing a heated yarn through such a nip
      point, the teeth impart a fine crimp, i.e. a relatively large number of
      crimps per unit length as compared to the crimping effect in the crimping
      of stuffing chamber. A preheating of the yarn is preferred as illustrated
      by the heating plate 21 in FIG. 7, although the profiled rolling surfaces
      themselves may be heated as indicated by heater H of FIG. 8 and/or by
      heater H' of FIG. 14. It is also an advantage of the crimping device of
      the invention that it may be used to impart this saw-tooth or gear-type
      crimping alone without any substantial stuffer crimping. Moreover, this
      can be done without any substantial modification of the apparatus. Where
      both types of crimping are combined, it is preferable to insert a smooth
      surfaced liner in the crimping or stuffing chamber along the profiled
      rolling surfaces.
PAR  Referring to FIG. 1, one specific construction of the two wheel stuffer
      crimper of the invention can be given together with a set of operating
      conditions in using the combined draw-winding machine of FIG. 7. The
      effective nip zone has been designated as b throughout this specification,
      and D.sub.1 may be used for the inner diameter of hollow wheel 1 while
      D.sub.2 is the outer diameter of the inner roller wheel 2. The depth t of
      the crimping chamber 8 (see FIG. 12) is constant while its width varies in
      accordance with the difference between D.sub.1 and D.sub.2. With the
      unheated stuffer crimping device and with the two wheels pressed together
      at the nip point 5 (nip gap = 0 mm., using a resilient spring pressure on
      the inner wheel shaft to avoid damage to the yarn), the following
      conditions were also used:
TBL  Inside diameter of hollow wheel D.sub.1                                   
                              = 80 mm.                                         
     Outside diameter of roller wheel D.sub.2                                  
                              = 70 mm.                                         
     Depth of stuffing chamber t                                               
                              = 7 mm.                                          
     Rotational speed of inner roller wheel                                    
                              = 4600 r.p.m.                                    
     Running speed of yarn    .apprxeq. 1000 m/min.                            
     Temperature of heating plate 21                                           
                              = 200.degree.C.                                  
PAL  A polyethylene yarn of 48 individual filaments and a total yarn size of 150
      dtex was crimped under these conditions to yield a very uniform texturized
      product of excellent quality.
PAR  The following discussion will provide a better understanding of the
      significance of the nip zone b with respect to the crimping device of the
      present invention.
PAR  From the book by Raymond J. Roark, "Formulas for Stress and Strain,"
      McGraw-Hill Book Co., 4th Edition, Chapter 13, Table XIV (types 5 and 6),
      it is known that the following formulae can be used to calculate the
      extent or effective breadth b of the nip zone between two circular
      cylinders with the diameters D.sub.1 and D.sub.2, respectively, pressing
      against each other with the force P, for that case on which both bodies
      have the same Poisson ratio and the same modulus of elasticity E:
PA1  I. solid cylinder against solid cylinder:
      ##EQU1##
      II. Solid cylinder within hollow cylinder (or trough):
      ##EQU2##
      It is apparent from formula (I), which represents the usual arrangement of
      side by side feed rollers or godets, that the breadth b of the nip zone
      can only be enlarged as a practical matter by increasing the roller
      diameters D.sub.1 and D.sub.2. The pressure P cannot be arbitrarily
      increased because of mechanical damage to the filamentary material being
      transported. From formula (II) on the other hand, it will be seen that the
      breadth b of the nip zone, in comparison to the first cited formula,
      increases by a disproportionately greater extent with an increase in
      D.sub.2 as compared to D.sub.1. In other words, by maintaining a ratio of
      D.sub.1 :D.sub.2 as low as possible, the breadth of the nip zone b can be
      extended much further with the use of a hollow wheel and inner roller as
      compared to side by side rollers where both D.sub.1 and D.sub.2 must be
      increased to an impractical amount to achieve the same extension of the
      nip zone b.
PAR  These considerations are important in the present invention because it has
      been found that yarn slippage can only be effectively prevented by
      extending the breadth b of the nip zone through the use of an outer hollow
      wheel and an inner roller wheel. Moreover, this construction generally
      permits a lower pressure P so as to moderate not only the force at which
      the two wheels are pressed together but also the amount of force applied
      to the yarn at the nip point itself where damage to the yarn is most
      likely to occur. The volume of yarn deposited in the crimping chamber per
      unit of time is much more uniform and more accurately controlled. Thus,
      even with smooth rolling surfaces of the two wheels, there is a uniform
      yarn feed and a more uniform deposition of yarn with a more equalized
      pressure in the crimping chamber.
PAR  The stuffer crimping apparatus of the invention is also very advantageous
      in that it requires only a small amount of space, particularly due to the
      fact that the crimping chamber formed by the wheels themselves dispenses
      with the need for an elongated stationary tube as this crimping or
      stuffing chamber. This space reduction also means that the stuffer crimper
      of the invention can be readily combined with existing textile machines
      and can be fully integrated with other processes.
PAR  By way of example, the foregoing specification provides a description of
      the combination of a drawing or stretching process with a stuffer crimping
      operation using the two wheel crimping apparatus of the invention. Linear
      yarn speeds of up to 2,000 m/min. or more can be mastered without
      difficulties by use of the crimping apparatus of the invention.
PAR  Other advantages are also achieved with the stuffer crimper of the
      invention. Thus, in addition to a slip free feed of the yarn through the
      relatively broad nip zone, the moderate or more gentle nip pressure on the
      yarn results in a higher yarn strength. The better regulated crimping
      imparted by this device also leads to a more uniform volume deposition and
      throughput of yarn.
PAR  Finally, it should be noted that the apparatus of the invention lends
      itself to a much wider set of operating conditions. For example, stuffer
      crimping and/or gear crimping can be carried out with this apparatus, and
      the rotational speed of the two wheels may also be varied over a wide
      range to permit treatment of more easily damaged yarns at lower speeds.
      Compression in the crimping chamber is not entirely dependent upon the
      speed of ejection of the yarn from the nip zone but is also influenced by
      the rolling surfaces entering into and/or passing through the crimping
      chamber. The wheels or rollers of the stuffer crimper of the invention do
      not merely save space by their simultaneous formation of a crimping
      chamber but they also tend to forward the yarn through the chamber against
      the pressure of a gate or closure means at the discharge point of the
      chamber. This hollow wheel and inner roller crimping device is therefore
      extremely versatile with only minor changes in its individual parts and
      structure.
PAR  The stuffer crimper of the invention may be used with a wide variety of
      filamentary materials but is primarily intended for use with all types of
      synthetic thermoplastic filaments in the form of yarns, tows, threads and
      the like. Particularly good results have been achieved with polyester and
      polyamide yarns with a yarn size of about 80 to 2500 dtex. One can thereby
      achieve a wide variety of texturized yarns, including those that are
      durably crimped through being heat-set. High quality yarns are more easily
      obtained with a wide range of texturizing or bulking effects while
      maintaining tensile strength and other desirable textile properties.
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STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. A stuffer crimping apparatus for crimping a synthetic thermoplastic
      yarn, said apparatus comprising:
PA1  an outer rotatable hollow wheel having an inner circular rolling surface:
PA1  an inner rotatable wheel having an outer rolling surface of smaller
      diameter than the inner diameter of the circular rolling surface of said
      outer wheel, the axis of rotation of said inner wheel being eccentric to
      the axis of rotation of said outer wheel, means to press the rolling
      surfaces of the two wheels toward each other to form a nip zone for
      rolling engagement with said yarn fed therebetween;
PA1  means to rotate each wheel in the same direction and at the same peripheral
      speed of said rolling surfaces;
PA1  flange means on one side of said outer hollow wheel forming a yarn feed
      chamber between the two rolling surfaces at the entry to said nip zone and
      also forming a yarn crimping chamber between the two rolling surfaces at
      the exit from said nip zone;
PA1  means to introduce the yarn into said feed chamber;
PA1  means to withdraw the yarn from said crimping chamber;
PA1  gate means to oppose the movement of yarn through said crimping chamber;
PA1  means enclosng said nip zone and crimping chamber; and
PA1  means to heat the yarn for stuffer crimping.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said means to introduce the yarn
      comprises a yarn guide arranged in said yarn feed chamber and a yarn
      deflector arranged at the end of the yarn crimping chamber.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 wherein said means enclosing said nip
      zone and crimping chamber comprises a releasable cover plate mounted over
      the other side of said outer hollow wheel opposite said flange means; said
      cover plate at least partially enclosing said feed chamber.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 wherein at least one of said wheels and
      said cover plate is provided with said heating means.
NUM  5.
PAR  5. Apparatus as claimed in claim 3 including means adjustably fastening
      said gate means to said cover plate to extend across said crimping chamber
      in opposition to the movement of yarn therethrough.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 wherein the ratio of the inner diameter
      of the outer hollow wheel to the outer diameter of the inner wheel is
      about 1:0.85 to 1:0.98.
NUM  7.
PAR  7. Apparatus as claimed in claim 1 wherein said means to press the rolling
      surfaces of the two wheels toward each other comprises pressure adjustment
      means to provide a predetermined pressure between the rolling surfaces of
      the two wheels as they are urged toward each other in rolling engagement
      with said yarn fed therebetween.
NUM  8.
PAR  8. Apparatus as claimed in claim 7 wherein the outer hollow wheel is
      mounted on a rotatable shaft having a fixed axis of rotation while said
      inner wheel is mounted on a rotatable shaft having an axis of rotation
      movable in a direction toward and away from said nip zone, said pressure
      adjustment means acting on said movable shaft of said inner wheel for
      pressing the two wheels together.
NUM  9.
PAR  9. Apparatus as claimed in claim 1 wherein the outer hollow wheel is
      mounted on a hollow rotatable shaft and the inner wheel is mounted on a
      second rotatable shaft which extends through said hollow shaft.
NUM  10.
PAR  10. Apparatus as claimed in claim 1 wherein each of said rolling surfaces
      contains interengaging profiles adapted to impress a fine crimp in said
      yarn fed therebetween.
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PAL  A rotating receiving plate is provided having a vertical axis, onto which
      the coiled yarn package is formed. Said receiving plate is urged upwardly
      against a rotating depositing disc, the axis of rotation of which is
      eccentric with respect to the axis of rotation of the receiving plate. The
      depositing disc is carried by a rotating hollow shaft presenting an upper
      open end and a radial bore in correspondence of its bottom end integral
      with the depositing disc. Integral in rotation with the depositing disc
      there is provided a thread guide. To the supporting frame there is secured
      a fixed member presenting an outer annular friction surface. The yarn is
      withdrawn from a suitable supply, passes through the hollow shaft, out of
      the radial bore, it is further laid onto at least a portion of the annular
      track and it is hence positively fed, through a bore provided in the
      depositing disc, onto the receiving plate, in loops progressing along an
      annular path, to form a coiled yarn package.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the coiling of a substantially continuous
      length of textile material, in the form of thread, hereinafter generically
      referred to as yarn or thread. More particularly, this invention relates
      to an apparatus for producing a coiled yarn package by feeding loops of
      yarn on a receiving plate in such a manner that the loops progress along a
      substantially annular path.
PAR  An apparatus for producing a coiled yarn package, of the type above
      mentioned, is described in my U.S. Pat. No. 3,816,889, issued June 18,
      1974.
PAR  2. Description of the Prior Art
PAR  In the prior art there are known apparatuses for producing a coiled yarn
      package of the mentioned type, which basically comprise a receiving plate
      upon which a depositing disc deposits the yarn in loops, there being
      provided a relative movement between the depositing disc and the receiving
      plate, so that the loops progress along an annular path to form successive
      layers of yarn.
PAR  The receiving plate and the depositing disc are elastically urged the one
      towards the other, so that the yarn is actually drawn, from suitable
      supply means to a through bore provided in the depositing disc, by the
      combined action of the rotating depositing disc and of the receiving
      plate, from which it is clamped while being deposited in loops. This is
      due to the fact that the underside of the depositing disc, which is
      constructed with such a diameter as to cover the whole upper surface of
      the package being formed, has the lowest possible frictional coefficient,
      while the receiving plate and the upper surface of the package being
      formed present a higher degree of adhesion or sticking capacity with
      respect to the frictional resistance generated by the side of the
      depositing disc which is in contact with the yarn package being formed.
PAR  Basically, the formation of a yarn package of the type above described can
      be accomplished in two ways. According to a first mode of operation, a
      rotating thread-depositing member or depositing disc is provided having a
      fixed axis of rotation, from which the thread is deposited in circular
      rings. Since however also the surface onto which the thread is deposited
      is rotating about an axis which is eccentric with respect to the axis of
      rotation of the depositing member, the thread will be deposited onto the
      receiving surface or plate in loops which progress along an annular path.
PAR  According to a second mode of operation, the receiving surface does not
      rotate, while the thread depositing member or depositing disc, besides
      rotating about its own axis, revolves also about a fixed axis which is
      eccentrically arranged with respect to its above mentioned axis of
      rotation, i.e. the axis of rotation of the thread depositing member
      rotates about a fixed spaced-apart axis, which coincides with the center
      of the package being formed.
PAR  In any case, as appears evident from the above, it is necessary to provide
      for a relative circular movement between the receiving plate and the axis
      of rotation of the depositing disc.
PAR  In the prior art apparatus according to U.S. Pat. No. 3,226,794 (ERB) the
      thread is drawn from the supply bobbin following to the above mentioned
      relative movement between the receiving plate and the axis of the
      depositing disc, due to the mentioned friction or sticking capacity which
      exists between the thread being deposited and the surface of the receiving
      plate or of the latest layer of yarn loops which has been deposited. Thus,
      the draw-off force which is necessary for drawing the yarn from the supply
      bobbin, is directly exerted on the said latest layer of yarn loops which
      has been deposited. It may happen therefore, particularly, in the case of
      smooth yarns for example of synthetic fibers, that this draw-off force,
      directly exerted on the yarn layers already deposited, greatly disturbs
      the formation of regular loops, and, consequently, the formation of a yarn
      package having the desired characteristics.
PAR  In order to overcome the mentioned inconveniences, and to increase the
      clamping force with which the thread is clamped between the depositing
      disc and the receiving plate (or latest deposited layer of loops) it has
      been proposed, in the mentioned U.S. Pat. No. 3,226,794, to provide a
      contact element for pressing the thread being deposited onto the receiving
      plate, said contact element being arranged on the rotating depositing disc
      and acting through said disc through any conveniently provided bore or
      slot. The mentioned contact element may have the form of a curved leaf
      spring, or of a roller journalled onto said depositing disc. In both
      cases, the pressure action of the contact member which projects into the
      package beyond the surface of the depositing disc, disturbs the formation
      of the package, and, whenever it is necessary to provide on the depositing
      disc a slot larger than a simple through bore, such as for example it is
      required in the case of the roller, also the presence of this slot or
      aperture disturbs the regular formation of the package.
PAR  In the prior art apparatus according to U.S. Pat. No. 3,478,399 (WYATT)
      there are provided, between the supply bobbin and the through bore in the
      depositing member, a pair of feed rollers, which thus draw off the thread
      from the supply bobbin and feed it at the desired speed to the depositing
      member.
PAR  In the prior art apparatus according to Italian Pat. No. 941,625 (CROTTI)
      the positive feeding of the yarn at the exact speed which is required by
      the drawing action of the depositing disc and of the associated receiving
      plate is obtained by providing a feeding roller which is integral in
      rotation with the depositing disc, and travels along a fixed annular
      track. The yarn to be fed to the through bore in the depositing disc is
      clamped between the feeding roller and the annular track, so as to be
      positively fed to the through bore in the depositing disc, upon rotation
      of the said depositing disc.
PAR  However, in the apparatuses of the two latest mentioned devices (U.S. Pat.
      No. 3,478,399 and Italian Pat. No. 941,625), though same operate in a
      satisfactory manner, there is the problem that the feed rollers are
      devices which operate at high speed, and therefore are subject to all the
      disadvantages associated with this type of devices, disadvantages which
      originate from the connected problems of the bearing, lubrication and, if
      requested, driving into rotation of the said rollers.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, an apparatus for producing a coiled thread
      package of the mentioned type is provided which comprises a draw-off
      thread guide arranged on the depositing disc at a certain distance from
      its axis of rotation, and a fixed thread take-up member which presents an
      annular outer friction surface which is co-axial to the said vertical axis
      of the depositing disc. The thread, coming from suitable supply means,
      such as a bobbin, is passed through the draw-off thread guide on the
      depositing disc, from this draw-off thread guide onto the annular friction
      surface of the fixed take-up member, in a direction which is contrary to
      the direction of rotation of the depositing disc, so as to be laid on the
      said friction surface for at least an arc of circumference, and hence
      (i.e. from the annular friction surface) is guided into the through bore
      in the depositing disc, to be deposited onto the opposed receiving plate.
PAR  Upon rotation of the depositing disc the thread is drawn off from the
      supply bobbin by the movement of the draw-off thread guide arranged on the
      said depositing disc, due to the fact that the said draw-off thread guide
      deposits same onto the fixed annular friction surface. From the friction
      surface the thread is guided, as above said, into the through bore in the
      depositing disc, so that the said rotation of the depositing disc will
      also promote the detachment of the thread from the annular friction
      surface and its deposition, through the bore in in the depositing disc,
      onto the receiving plate.
PAR  It appears evident, from the above, that exactly the same amount of thread
      is drawn-off from the supply bobbin and fed to the through bore in the
      depositing disc, so that it is ensured that the correct amount required of
      yarn is deposited, while the drawing force which is necessary for drawing
      the said thread from the bobbin is achieved by the combined action of the
      rotating draw-off thread guide on the depositing disc and the cooperating
      annular friction surface of the fixed take-up member. The said annular
      friction surface presents, with respect to the thread which is deposited,
      a friction coefficient which is such as to avoid the possibility of the
      said thread to slip onto said surface. Therefore, it is avoided the
      possibility that the draw-off force be applied at the point of deposition,
      i.e. in correspondence of the through bore in the depositing disc, while
      at the same time it is also avoided the use of high speed revolving
      rollers, such as the feed rollers mentioned in the above prior art
      apparatuses.
PAR  These and other features of the invention will be clearly understood from
      the following description of some preferred embodiments thereof with
      reference to the accompanying drawings, and the novel features will be
      particularly pointed out in the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic plan view from the top of an apparatus according
      to the invention.
PAR  FIG. 2 is a side elevation view of the apparatus according to FIG. 1.
PAR  FIG. 3 shows diagrammatically a pattern of deposition of the yarn as
      effected by the apparatus according to the invention.
PAR  FIG. 4 is a plan view of FIG. 2, showing a modification of the invention.
PAR  FIG. 5 is a schematic view of a further modification of the invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus shown in FIGS. 1 and 2 serves for the production, from a
      supply bobbin F of suitable textile material, of a coiled yarn package E
      (see particularly FIGS. 2 and 3). The coiled thread package E shown in
      FIG. 3 is constructed of a continuous length of thread disposed in
      substantially annular layers forming a coil, each layer being composed of
      a series of loops which progress along the annular layer of the coil, and
      in the example shown the diameter of each loop is greater than the radius
      of the package. Of course, the said diameter of a loop can be smaller than
      the said radius of the package, as it is known from the prior art.
PAR  The apparatus comprises a substantially horizontal depositing disc 1 under
      which there is arranged a receiving disc or plate 2. The receiving plate 2
      is elastically urged upwardly, in a known manner, as shown in my said U.S.
      Pat. No. 3,816,889, and as shown schematically in FIG. 2 by spring S
      acting on the lower end of shaft 14a of receiving disc 2 against the
      opposed surface of the depositing disc 1, and is positively rotated around
      its axis B by rotation of its shaft 2a by a motor means shown
      schematically at M.sub.2 . The depositing disc 1 is fastened at the lower
      end of a co-axial hollow shaft 3 the axis of which coincides with the axis
      of rotation A of the depositing disc, which axis of rotation A is
      eccentric with respect to the axis of rotation B of the receiving plate 2.
      The hollow shaft 3 (and associated depositing disc 1) is rotatably
      supported by an overhanging structure 4 secured to the machine frame, a
      portion of which frame is shown in FIG. 2 at 104 with conventional slant
      lines therebelow representing the fixed character of this part. The frame
      is shown in greater detail in my said U.S. Pat. No. 3,816,889. The
      diameter of the depositing disc 1 is such that the disc 1 always covers
      the package E in formation onto the receiving plate 2.
PAR  The receiving surface of the plate 2, i.e. the surface onto which the
      thread D is deposited, presents a high friction coefficient with respect
      to the thread itself, and for example the said receiving plate 2 is
      covered on its upper side with a layer of soft resilient material, such as
      foam rubber, or any suitable textile fabric. The underside of the
      depositing disc 1 presents, on the contrary, a minimum friction
      coefficient, and can be constructed, for example, of highly polished
      metal.
PAR  The hollow shaft 3 is driven into rotation through a belt and pulley
      transmission 5, 6, 7, in which the driving pulley 7 is actuated by a
      driving shaft 8 which is driven from a motor means shown schematically at
      M.sub.1 , in such a manner that the disc 1 associated with the hollow
      shaft 1, is rotated in the direction shown by the arrow C in FIG. 1.
PAR  At a short distance above the depositing disc 1 there is provided a fixed
      annular member 9, which is secured to the overhanging structure 4 by means
      of suitable radial supporting elements 10. This annular member 9, or
      take-up member, presents an outer annular surface 9a which is a surface of
      revolution, preferably cylindrical and co-axial to axis A of rotation of
      the depositing disc 1, and has a high friction coefficient with respect to
      the thread D to be deposited. This high friction coefficient can be
      obtained by constructing this outer annular surface 9a as a friction
      surface, which can be done either by mechanical machining of the surface,
      so as to render same rugose knurled or grooved or by coating or covering
      the said surface with a suitable friction material as shown schematically
      at 9b in FIG. 4, such as for example treated rubber.
PAR  In the depositing disc 1 there is provided eccentrically at a certain
      distance from the axis of rotation A, a through bore 14 for the passage of
      the thread D to be deposited onto the underlying receiving plate 2. This
      through bore 14 is preferably obtained as near as possible to the annular
      outer friction surface 9a. At a short distance from the mentioned through
      bore 14, and at preferably the same distance from the axis A, there is
      arranged, on the depositing disc, a draw-off thread guide 11, which is
      integral in rotation with the said depositing disc 1.
PAR  On the said depositing disc 1 there is further provided a supplementary
      thread guide 12, with an associated blade element 13 inclined towards the
      outer surface of member 9, in order to favour the detachment of the thread
      from the friction surface, as it will be seen after.
PAR  The hollow shaft 3 is provided in correspondence of its lower end at short
      distance from the depositing disc 1 and below the annular take-up member
      9, with a radial bore 15. In correspondence of its upper end the shaft 3
      presents a trumpet-like opening.
PAC  OPERATION OF THE PREFERRED EMBODIMENT
PAR  The operation of the just described apparatus is simple and evident:
PAR  The yarn or thread D, coming from the supply bobbin F, is guided into the
      trumpet like upper opening of hollow shaft 3, and out of the radial bore
      15 of said shaft 3, which therefore practically acts as an inlet thread
      guide means which is co-axial (it actually coincides) with axis A of the
      depositing disc 1.
PAR  The thread D coming out of the bore 15 is passed through the draw-off
      thread guide 11 and from this latter onto an arc of circumference of the
      annular outer friction surface 9a, in a direction which is contrary to the
      direction of rotation C of the depositing disc.
PAR  At a certain point of the mentioned circumference (in the present case the
      arc of circumference measures about 270.degree.) the thread abandons the
      friction surface and is passed through the suitably arranged thread guide
      12, and from this latter into the through bore 14, to the opposite side of
      the depositing disc and onto the facing side of the receiving plate 2.
PAR  Upon rotation of the depositing disc 1 in the direction of arrow C it
      appears evident that the thread D is drawn from the supply bobbin F by the
      action of the draw-off thread guide 11 which rotates with respect to the
      fixed friction surface 9a. The thread D, more precisely, is laid by the
      said thread guide 11 onto the annular friction surface, and is wound onto
      same for the mentioned arc of circumference, until it is deviated and
      detached due to the action of the thread guide 12 and of the associated
      detaching blade 13 which is very close with its free inward directed
      extremity to the said friction surface, so as to almost shave or skim it
      and thus helps to detach the thread laid thereonto.
PAR  It is evident that, because of the friction surface 92a of the annular
      take-up member 9, the thread D will not be allowed to slip onto this
      surface, and therefore there will be avoided the possibility that the
      drawing force for drawing the thread from the bobbin D is applied directly
      at the point of actual feeding of the thread to the package in formation,
      i.e. in correspondence of the through bore 14. In order to increase the
      friction between the thread and the annular friction surface, the thread
      could be wound onto said surface also for more than 360.degree., i.e. more
      than one turn. Also, in order to ensure the proper "sticking" of the
      thread onto the said annular friction surface, suitable pressing means may
      be provided, such as for example the brush 16, integral in rotation with
      the depositing disc 1 and arranged immediately after (in the direction of
      rotation C) the draw-off thread guide 11, in correspondence of the point
      of tangency of the thread with the friction surface. These pressure means
      may also be realized as small air blows, suitably directed. Similarly,
      blowing means may be arranged in correspondence of the detachment thread
      guide 12 (and 13) to help to detach the thread. The small amount of air
      pressure required for these blows may be furnished by the same rotational
      movement of the depositing disc.
PAR  FIG. 5 shows the alternative mode of operation referred to above for
      effecting relative motion between the axis A of the depositing disc and
      the axis B of the receiving disc. In FIG. 5, the numerals correspond to
      the numerals of FIGS. 1 and 2 but have been raised by 100. Receiving plate
      102 is non-rotatable, as represented by fixed vertical guides 50 in FIG.
      5, and the depositing disc 101 with elements 103 and 109 attached thereto
      (identical to parts 3 and 9 in FIGS. 1 and 2) still rotates about axis A;
      but, in addition, the frame 104 revolves about fixed axis B of the
      receiving disc 102. Such revolving motion of frame 104 may be accomplished
      by a crank mechanism as shown in said U.S. Pat. No. 3,816,889, and as
      shown schematically at 51 in FIG. 5. This mode of operation is shown in
      greater detail in said U.S. Pat. No. 3,816,889.
PAR  It appears also evident, from the above, that an apparatus for producing a
      coiled thread package has been provided, in which a very efficient and
      dependable feeding of the thread to the depositing disc has been ensured,
      taking advantage of a feeder device (the fixed take-up member) which can
      be defined as static with respect to the prior art apparatuses, with all
      the advantages deriving from this construction.
PAR  It is believed that the invention will have been clearly understood from
      the foregoing detailed description of a preferred embodiment. Changes in
      the detail of construction may be resorted to without departing from the
      spirit of the invention, and it is accordingly intended that no limitation
      be implied and that the hereto annexed claims be given the broadest
      interpretation to which the employed language fairly admits.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for producing a coiled thread package constructed of a
      substantially continuous length of thread disposed in substantially
      annular layers forming a coil, each layer being constructed of a series of
      loops which progress along the annular layer of the coil, said apparatus
      comprising:
PA1  a. a receiving plate having a substantially vertical axis;
PA1  b. a frame structure, a thread depositing disc rotatably mounted on said
      frame structure, said disc being arranged so as to face said receiving
      plate and having a substantially vertical axis, said axis of said
      depositing disc being arranged eccentrically with respect to the axis of
      the receiving plate, said receiving plate and said depositing disc being
      capable of relative movement toward and away from each other in vertical
      direction;
PA1  c. means for yieldingly urging the said receiving plate and the said
      depositing disc into relative movement towards each other;
PA1  d. means for rotating the said depositing disc around its axis;
PA1  e. further means for causing a relative movement between the axis of the
      depositing disc and the receiving plate;
PA1  f. a through bore on the said depositing disc providing a passage for the
      thread to be deposited on the receiving plate;
PA1  g. a feeding device for the thread to be deposited on the receiving plate,
      said feeding device comprising:
PAR  1. inlet thread guiding means arranged co-axially with respect to the
      vertical axis of the said depositing disc;
PA2  2. draw-off thread guiding means integral in rotation with the depositing
      disc;
PAR  3. a thread take-up member fixedly secured to the frame structure which
      supports the depositing disc and arranged on the side of the said
      depositing disc which is opposite to the side which faces the receiving
      plate, said take-up member being stationary with respect to the rotational
      movement of the depositing disc and presenting an annular outer friction
      surface which is coaxial to the vertical axis of the depositing plate,
PAL  whereby the thread coming from a suitable supply is guided by the said
      inlet thread guiding means to the said draw-off thread guiding means so as
      to be laid, on at least an arc of a circumference, onto said annular
      friction surface in a direction which is contrary to the direction of
      rotation of the depositing disc, passing from the said friction surface,
      to the said bore in the depositing disc, so as to be deposited on the said
      receiving plate upon rotation of the depositing disc, and relative
      movement between the axis of the depositing disc and the receiving plate.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein:
PA1  a. said further means comprises means for rotating the receiving plate
      about its vertical axis:
PA1  b. said axis of the depositing disc being a fixed vertical axis.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein:
PA1  a. the receiving plate is fixed against rotation about its axis, which is a
      fixed vertical axis;
PA1  b. the frame structure which carries the depositing disc being mounted for
      rotation around said fixed axis of the receiving plate.
NUM  4.
PAR  4. An apparatus according to claim 1, wherein the draw-off thread guide and
      the through bore on the depositing disc are arranged as near as possible
      to the friction surface of the thread take-up member.
NUM  5.
PAR  5. An apparatus according to claim 1, including a further thread guide on
      the depositing disc, in proximity of the through bore, for favoring the
      detachment of the thread from the friction surface of the take-up member.
NUM  6.
PAR  6. An apparatus according to claim 5, including a blade-like member and
      wherein the said further thread guide for favoring the detachment of the
      thread from the friction surface is mounted in association with said
      blade-like member which has one end secured to the said thread guide, and
      the other free end inclined towards the said friction surface.
NUM  7.
PAR  7. An apparatus according to claim 1, in which suitable pressure means are
      provided, at a location corresponding to the zone of tangency of the
      thread coming from the draw-off thread guide onto the friction surface, in
      order to promote the adhesion of the thread onto said friction surface.
NUM  8.
PAR  8. An apparatus according to claim 1, said inlet thread guide means
      comprising a rotating hollow shaft, and wherein the depositing disc is
      carried by said rotating hollow shaft which has one extremity which is
      open and the other extremity which is integral with the side of said
      depositing disc which is opposed to the side facing the receiving plate,
      said hollow shaft being rotatably supported by the said frame structure
      and being provided with a radial bore in proximity of the said depositing
      disc.
NUM  9.
PAR  9. An apparatus according to claim 1, in which the friction surface
      comprises a covering on the take-up member of a material having suitable
      friction characteristics.
NUM  10.
PAR  10. An apparatus according to claim 1, in which the friction surface
      comprises a roughened surface on the material of the take-up member.
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ABST
PAL  A yarn singeing burner, comprises a housing which has a vertical yarn
      passage defined threthrough, and a front wall having an entrance opening
      to the yarn passage. An insert member is located within the passage, and
      has a wall portion spaced inwardly from the housing, so as to define a
      burner fuel and air chamber therebetween. The insert member is provided
      with a plurality of apertures for the passage of a singeing flame jet
      which is generated by the burning of fuel and air which is directed into
      the fuel and air chamber, defined between the insert and the housing. A
      yarn guiding channel extends through the yarn passage between the flame
      jets and the yarn, and it has an open side which is opened to the entrance
      for the passage of the yarn therethrough. The channel member may be of
      triangular configuration and may be provided with a plurality of apertures
      for the passing of the heating gases therethrough, or with unperforated
      walls which, for example, may be of a wave-shape configuration, or the
      channel may include a wall with spaced interruptions on each side thereof
      extending along its height for the purpose of exposing the yarn passing
      therethrough to alternate areas of flame and shielding.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  The present invention relates particularly to a yarn singeing burner which
      are in themselves well-known. The known burners include a gas distributing
      channel adjacent the outside of the housing wall and the flames of a
      burning air and gas mixture pass into the gas distributing chamber and act
      on the yarn to be singed. A disadvantage in the known devices is that they
      are constructed so that there is a possibility that the yarn may be
      unevenly exposed to the heating gas action and the singeing may also be
      uneven.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a yarn singeing burner which makes it
      possible to obtain an absolutely uniform influence of the heat on the yarn
      to be singed and to concentrate the flames to the yarn surface without
      causing their penetration to the core of the yarn. The invention provides
      a burner which includes a guide channel forming a shield between the
      individual flame jets and through which the yarn is passed and guided
      within narrow limits and such as to avoid vibration and irregularities in
      the singeing effect. For this purpose, the burner is provided with a yarn
      guiding channel which extends centrally through the heating chamber, and
      which has an opening which is aligned with the entrance opening to the
      heating chamber.
PAR  Accordingly, it is an object of the invention to provide a yarn singeing
      burner having a burning chamber with an entrance opening and with a guide
      channel extending through the chamber which opens into the entrance and
      which provides a guideway for the passage of the yarn therethrough.
PAR  A further object of the invention is to provide a yarn singeing burner
      which is simple in design, rugged in construction and economical to
      manufacture.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its uses, reference
      should be had to the accompanying drawing and descriptive matter in which
      there are illustrated preferred embodiments of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the Drawing:
PAR  FIG. 1 is a top plan view of the yarn singeing burner constructed in
      accordance with the invention;
PAR  FIG. 2 is a section taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1 of another embodiment of the invention;
PAR  FIG. 4 is a section taken along the line 4--4 of FIG. 3; and
PAR  FIGS. 5 and 6 are partial sectional views taken in the same vicinity as
      FIG. 4 of still other embodiments of yarn guide channel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in particular, the invention embodied therein,
      comprises, as shown in FIGS. 1 and 2, a housing, generally designated 3,
      having a vertically extending yarn passage bore 30 therethrough. Housing 3
      includes a front wall 32 having an entrance opening 10 into the passage
      30. Housing 3 is secured in position on a frame (not shown) by means of
      securing bolts 4. A burner insert member or shell 5 is positioned in the
      bore 30 and extends the full height thereof and is also provided with a
      yarn receiving opening 12 which faces outwardly to the entrance opening 10
      in front wall 32.
PAR  In accordance with the invention, insert 5 has an interior wall 5a which is
      spaced inwardly from the interior wall of housing 3 and defines a fuel and
      air chamber 2 which is supplied with fuel and air for combustion purposes
      through inlet means which includes an inlet conduit 1. Insert member 5 is
      advantageously provided with a plurality of perforations 6 so that
      combustion gases or flame generated in chamber 2 penetrates through the
      perforations 6 in the form of flame jets 8 which are directed around an
      arcuate inner wall 5b of the insert in a direction toward the center of
      bore 30.
PAR  In accordance with the invention, a yarn guiding channel 9 extends
      throughout the height of the heating space defined within the interior
      wall 5b and it includes side walls 9a and 9b which diverge outwardly from
      the central portion of the heating space to each side of the entrance
      opening 10. The guide channel 9 includes a lateral opening 12 which is
      aligned with the entrance opening 10 so that the yarn 11 may be easily
      positioned within the channel. In the embodiment of FIGS. 1 and 2, the
      side walls 9a and 9b are perforated, so that the heating gases may
      penetrate uniformly along the height thereof and treat the yarn by
      singeing it in a desirable manner. Yarn 11 is moved from a supply bobbin
      (not shown) and moves at an adjusted speed to the winding bobbin (also not
      shown) after passage through the middle of the yarn guiding channel 9.
PAR  Upon ignition of the gas mixture which is introduced into chamber 2, flames
      8 are formed which are diagrammatically indicated in FIG. 1, and they
      produce their effect on the yarn guiding channel 9. Flames 8 impinge on
      the surface of yarn guiding channel 9 and the dynamic and thermal action
      of the flame tips, which are directed toward the center of the yarn
      passing through channel 9, is distributed. Thus, the flames cannot act
      directly on the material to be singed and cannot penetrate the material to
      its innermost core. The heat produced by the flames concentrates in the
      zone immediately adjacent the surface of the yarn which passes through
      guide channel 9 and it is distributed uniformly over the entire length of
      the gas burner, thereby permitting a uniform singeing of the fiber ends
      projecting from the yarn.
PAR  Aside from the fact that it produces an excellent singeing effect, the
      burner of the invention has the further advantage of requiring much less
      cleaning than conventional burners. The yarn passes very close to the wall
      9a and 9b of the yarn guiding channel 9, and these walls are heated so
      intensely that any residues are completely carbonized and entrained by the
      running yarn, due to slight friction. The yarn is well-guided in the yarn
      guiding channel 9 and cannot suffer strong vibrations in the burner. The
      yarn passes always at the same place and snarls have no effect on the
      flame since the yarn is guided past the two walls 9a and 9b which form the
      channel 9 independently of the yarn thickness.
PAR  The burner of FIGS. 1 and 2 is particularly suitable for singeing synthetic
      fibers, where only a surface treatment is permitted, and which must not be
      heated to their innermost core. Thus, the singeing process cannot affect
      the quality of the yarn, that is, it cannot reduce the strength of the
      yarn. It has also been found that, because of the increased heat
      concentration, the invention burner makes it possible to increase the
      singeing speed.
PAR  In the embodiment of burner shown in FIGS. 3 and 4, similar parts are
      similarly designated, but with primes. In this construction, the guide
      channel 9' includes a central annular wall portion 9c', which connect the
      radial wall portions 9a' and 9b', respectively. In the preferred
      arrangement, the annular sector portion 9c' is made of wave-shape
      configuration along its longitudinal axis. This undulatory wall formation
      of the sector 9c' of guiding channel 9' favors the thermal action on the
      yarn 11'. A direct escape of the hot air is hindered by this construction,
      and an intense air turbulence is produced which causes an agitation of the
      spun-in fibers, so that the longest fiber ends are singed. The
      construction shown in FIGS. 3 and 4 may also be employed with an annular
      sector portion 9c' which has a straight wall formation. In addition, this
      portion may be made either solid or with perforations and, depending on
      the size or number of perforations, the flames can act on the yarn with
      varying intensity. This makes it possible to adapt the burner inserts to
      the different kinds of yarns without incurring notable costs.
PAR  It is also possible to include guide channels 9' which have divergent walls
      9a' and 9b' arranged on each side, so that the yarn may be induced from
      either side.
PAR  Further embodiments of yarn guide channels are shown in FIGS. 5 and 6 and
      are designated 9" and 9'" , respectively. In the embodiment shown in FIG.
      5, guide channel 9" includes side walls or tongues 13 and 13' which are
      provided with openings 14 and 14' which are offset in a vertical direction
      so that the yarn 11', which passes through the center thereof, is
      alternately exposed to the action of the flames on respective alternate
      sides. Depending on the configuration of the yarn guide 9", the size and
      the number of openings may be varied, in order to vary the flame action
      acting on the yarn either intermittently or directly. This makes it
      possible to adapt the elements of the burner in a relatively inexpensive
      manner to a great variety of presently marketed yarns, and also to new
      fibers which may be manufactured in the future.
PAR  In the embodiment of FIG. 6, the guide channel 9'" includes side walls 13"
      which are provided with aligned openings 14", which are uniformly spaced
      along the height thereof. The two embodiments of FIGS. 5 and 6 make it
      possible to run the yarn over the solid portion of the guide channel
      immediately after its direct exposure to the flames and thereby to back
      off the singeing action. This sort of treatment is repeated in accordance
      with the number of openings in the guide channel.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A yarn singeing burner, comprising a housing having a yarn passage
      therethrough and a wall having an entrance opening into said yarn passage,
      an insert member disposed in said yarn passage and having a portion spaced
      inwardly from said housing and defining a burner fuel and air chamber
      between said insert member and said housing, said insert member having a
      plurality of apertures for the passage of singeing flame jets
      therethrough, means for supplying fuel and air to said burner fuel and air
      chamber for ignition therein to generate singeing flame jets, and a yarn
      guiding channel extending through said yarn passage between the flame jets
      and the yarn and having an open side opening to the entrance for the
      passage of the yarn therethrough.
NUM  2.
PAR  2. A yarn singeing burner, according to claim 1, wherein said yarn guiding
      channel includes spaced side walls which diverge outwardly to the
      entrance.
NUM  3.
PAR  3. A yarn singeing burner, according to claim 1, wherein said yarn guiding
      channel includes first and second side walls which diverge outwardly to
      said entrance and which are perforated.
NUM  4.
PAR  4. A yarn singeing burner, according to claim 1, wherein said yarn guiding
      channel comprises a central cylindrical portion with a side wall extending
      radially outwardly from each side of said cylindrical portion and opening
      to said entrance.
NUM  5.
PAR  5. A yarn singeing burner, according to claim 4, wherein said central
      cylindrical portion is of wave-shape configuration.
NUM  6.
PAR  6. A yarn singeing burner, according to claim 1, wherein said yarn guiding
      channel includes perforated walls.
NUM  7.
PAR  7. A yarn singeing burner, according to claim 1, wherein said yarn guiding
      channel includes side wall portions having a plurality of openings therein
      spaced along the longitudinal axis.
NUM  8.
PAR  8. A yarn singeing burner, according to claim 7, wherein the openings in
      respective side walls are offset.
NUM  9.
PAR  9. A yarn singeing burner, according to claim 7, wherein the openings in
      the respective side walls are aligned.
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ABST
PAL  This disclosure relates to a boring head having two support ledges and a
      cutter that may be rotated when the cutting edges become worn so as to
      provide new cutting edges. The cutter is developed as an irregular hexagon
      the sides of which form a section of the sides of two equilateral
      triangles which are superposed on each other around an acute angle. The
      boring head includes a recess for the cutter having contact surfaces
      against which at least one of rake surfaces behind the cutting edges will
      bear so as to fix the cutter in a predetermined operating position in
      which one of the cutting edges cooperates with the two support ledges to
      provide centering of the boring head in a bored hole.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 463,805, filed Apr.
      24, 1974, now U.S. Pat. No. 3,861,010.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary object of this invention to provide a boring
      head of the type described which will facilitate cutting edge replacement
      while, at the same time, provide means for maintaining a boring of
      constant diameter.
PAR  More particularly, it is an object of this invention to provide a boring
      head having a cutter with a plurality of cutting edges, and wherein the
      cutter can be rotated to replace the edge when the previous edge becomes
      worn, the boring head also having recess means engageable with at least
      one of the non-worn rake surfaces behind the edges to fix the cutter in a
      predetermined operating position.
PAR  Accordingly, the foregoing and other objects are accomplished by providing
      a boring head having the following characteristics:
PAR  A. Two support ledges are provided on the cylindrical body of the boring
      head which run parallel to the axis of the boring head and protrude from
      the peripheral surface of the body of the boring head in such a way that
      they form two supporting surfaces for the centering of the boring head in
      the bored out drilling.
PAR  B. A turnplate is provided as the cutter which is developed as an irregular
      hexagon the sides of which form a section of the sides of two equilateral
      triangles which are superposed on each other around an acute angle so that
      the sections of the sides of one triangle are developed as principal
      edges, and the sections of the sides of the other triangle are developed
      as secondary edges.
PAR  C. The rake surfaces behind the secondary edges are developed as circular
      grinding chamfers.
PAR  D. A recess is provided for the turnplate which forms contact surfaces for
      the rake surfaces behind two of the principal edges. There contact
      surfaces are arranged in such a way that the secondary edge, which in
      relation to the axis of the boring head is radially the most exterior
      blade, runs parallel to the axis of the boring head at such a radial
      distance from the axis of the boring head that, as a third support, it
      interacts with the supporting ledges and that the rake surfaces behind the
      two other secondary edges are exposed.
PAR  As a result of the characteristics a), c) and d), the supporting ledges
      together with the rake surface of the secondary edge which is radially
      exterior and parallel to the axis of the boring head, form three support
      surfaces through which the boring head can be correctly centered and
      directed even in the case of deep drillings. Because of the fact that, in
      addition, according to characteristic b), a turnplate with the indicated
      features is provided as the cutter, and according to d), the contact
      surfaces of the recess for the turnplate are only intended for the rake
      surfaces behind the principal blades, while the rake surfaces behind the
      secondary edges are exposed, it is achieved that each position of the
      turnplate is exactly defined. This result is achieved because the rake
      surfaces behind the principal edges which are not being subjected to wear
      insure that the rake surface behind the secondary blade which is parallel
      to the axis of the boring head, together with the support ledges,
      precisely direct the boring head, even after the exchange of the blades,
      thereby maintaining constant the diameter of the boring.
PAR  The cutter may be mounted directly in a recess of the boring head; it may,
      for example, be fastened by means of a screw. However, in an advantageous
      construction, the recess for the cutter is located in a cutter holder
      which is detachably mounted in a recess of the boring head. This makes it
      possible to connect the cutter holder in various positions with the boring
      head so that drillings of different diameters can be bored out with the
      same cutter.
PAR  With the above and other objects in view that may hereinafter become
      evident, the nature of the invention will be more clearly understood by
      reference to the accompanying drawing, the following detailed description
      thereof, and the appended claimed subject matter.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is an elevation view of a boring head constructed in accordance with
      this invention; and illustrates a cutter holder inclined at an angle to
      the axis of the boring head, the cutter holder carrying a turnplate as the
      cutter which is developed as an irregular hexagon;
PAR  FIG. 2 is an enlarged elevation view of the cutter holder and turnplate
      cutter illustrated in FIG. 1; and
PAR  FIG. 3 is a sectional view taken along line III--III of FIG. 2, and
      illustrates one plane rake surface and one rounded rake surface behind the
      principal and secondary edges of the cutter, respectively.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The boring head 11 shown in the drawing, has two support ledges 12, which
      protrude from a cylindrical peripheral surface and run parallel to the
      axis 13 of the boring head. At the front end of the boring head 11, a bore
      which forms an angle with the axis 13 is provided for a cylindrical cutter
      holder 14. A taphole 15 for a worm screw is connected to this bore which
      can support the interior end of the cutter holder 14. For the clamping of
      the cutter holder 14 in the position determined by the worm screw, which
      is not shown, countersunk screws 16 in the tapholes of the boring head 11
      are provided which engage into a longitudinal groove 17 in the cutter
      holder 14 in order to prevent rotation of the same around its longitudinal
      axis.
PAR  At the distal end of the cutter holder 14, a cutter 18 is mounted which is
      developed as a turnplate. This cutter 18 forms an irregular hexagon, the
      sides of which form a section of the sides of two equilateral triangles 19
      and 21 which, relatively disposed about an acute angle 22, are superposed
      on each other. The sections of the sides of triangle 19 form secondary
      cutting edges 23 of the cutter 18, and the sections of the sides of
      triangle 21 form principal cutting edges 24. To receive the cutter 18, a
      recess 20 is provided in the cutter holder 14. The walls of this recess 20
      supply a contact surface 25 for the broadside of the cutter 18, as well as
      two contact surfaces 26 and 27 for the rake surfaces 28 behind the
      principal edges 24. These contact surfaces 26 and 27 are arranged in such
      a way that when the cutter holder 14 is inserted into the boring head and
      a cutter 18 is mounted on it, a secondary edge 23 runs parallel to the
      axis 13 at a distance from it which corresponds to the distance of the
      most exterior outer surfaces of the supporting ledges 12 from the axis 13.
      The cutter 18 is mounted on the cutter holder 14 by means of a screw 29
      which extends through a central bore of the cutter 18 and which is
      accessible through a recess 30 in the boring head 11 as seen in FIG. 1.
PAR  As shown in FIG. 3, the rake surfaces behind the secondary blades 23 are
      developed as rounded grinding chamfers 31, while the rake surfaces 28
      behind the principal edges 24 are planar. The surface 32, which is located
      between the contact surfaces 26 and 27, is somewhat recessed opposite the
      cutter 18 so that the blades with the circular grinding chamfers 31 do not
      contact the surface 32.
PAR  As shown in FIG. 1, the cutter 18 can at all times be removed from the
      recess 20, without having to remove the cutter holder 14, by simply
      loosening the screws 29, and can then be rotated about its center bore in
      such a way that new secondary and principal blades 23 and 24 reach their
      operating position. In this position the planar surfaces 28 of the
      principal blades 24 lie against the contact surfaces 26 and 27 whereby the
      position of the cutter 18, regardless of whether one or two of the
      principal blades 24 are worn down, is always fixed in exactly the same
      way. This is because the remaining surface(s) 28, which is (are) not worn
      down, will lie against one of the contact surfaces 26, 27, thereby
      securing its position.
PAR  Although only a preferred embodiment of the invention has been specifically
      illustrated and described herein, it is to be understood that minor
      modifications could be made therein without departing from the spirit of
      the invention.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A cutter tool for use in a boring head, said cutter tool being developed
      as a plate having two faces and six end surfaces, one face of said plate
      having the form of an irregular hexagon the six sides of which form
      sections of the three sides of a first equilateral triangle and sections
      of the three sides of a second equilateral triangle, said triangles being
      superposed on each other and angularly offset with respect to each other
      around an acute angle, said sections of said first triangle being
      developed as primary edges and said sections of said second triangle being
      developed as secondary edges, said end surfaces bordered by said primary
      edges being rake and planar, and said end surfaces bordered by said
      secondary edges being rounded chamfers.
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ABST
PAL  A method for manufacturing fan blades which are adjustable in operation.
      The adjusting means comprises a compressed air box for actuating each fan
      blade by means of a dog member, said box and said member being
      non-rotatable on the fan wheel axle. The fan is easy to construct to
      different demands for capacity due to the fact that fan blade shafts are
      made in a number of exchangeable preselected standardized sizes and always
      has the same above mentioned arrangements for the rest of the fan.
PARN
PAR  This application is a continuation application of Ser. No. 238,559 filed
      Mar. 27, 1972.
BSUM
PAR  This invention relates to an axial fan equipped with a plurality of blades
      adjustable in operation to act upon the adjusting by means of a dog member
      rotating with the axial fan impeller and simultaneously axially
      displaceable in relation to said impeller, which dog member is supported
      on a bearing means separated from the drive shaft of the axial fan
      impeller, and comprising means for causing each of the fan blades to
      assume a corresponding setting position responsive to the axial
      displacement of the dog member, and provided with a preferably
      semi-spherical impeller casing covering the hub of the axial fan and said
      dog member and the bearing thereof. The invention further relates to a
      novel method of manufacturing such an axial fan.
PAR  Arrangements for adjusting the fan blades of axial fan impellers in
      operation are known previously. Their adjusting means usually were
      designed as a disk inserted into the hub of the fan impeller and having a
      thickness sufficient to receive in a groove a ball-shaped pin mounted on a
      radially projecting arm of each fan blade. A combination of worm gears and
      racks has been utilized for actuating the adjusting means. Adjusting means
      of the aforesaid kind, however, are heavy, relatively expensive and
      require much space. Their construction further involves a large gyrating
      mass, so that for each definite size of rotation of the fan blades large
      motions of the adjusting means are required and the rotary parts have to
      meet high requirements with respect to balancing. A further disadvantage
      of said conventional construction of the adjusting means are the high
      strains on the bearing means. The present invention has as its object to
      eliminate the shortcomings of the conventional adjusting means. The novel
      construction has the advantage of having a light weight, small structural
      dimensions in the axial direction and a low moment of gyration. The axial
      fan impeller according to the invention, therefore, can be mounted
      directly on the axle journal of the drive motor with little adverse
      effects.
PAR  The arrangement according to the invention is characterized in that each
      fan blade at its end facing the hub portion and said impeller casing is
      formed to a bearing housing and provided with a blade cover mounted
      rotatably by said axial bearings on a blade axle secured in the hub of the
      axial fan impeller, and that each blade cover by means of an arm provided
      in a point of the circumference of the blade cover and in a point on the
      outer circumference of the dog member is connected with the dog member for
      turning the blade cover and thereby the blade through an angle determined
      by the axial displacement of the dog member, and that the dog member
      comprises a compressed air box connected to a compressed air line for the
      supply of compressed air to the interior of said compressed air box for
      axial displacement of the dog member, preferably against the action of a
      spring returning the dog member at reduced air pressure.
PAR  An expedient embodiment of the arrangement is characterized in that one
      wall of the compressed air box is a diaphragm of a flexible tight
      material.
PAR  A particularly advantageous embodiment of the arrangement is characterized
      in that each blade is mounted in a single axial ball bearing disposed in
      the outer end of the blade axle fixed in the hub of the axial fan
      impeller, and that the axial pressure required for positioning the fan
      blade at the standstill of the axial fan impeller, which pressure in
      operation is produced by the centrifugal force acting on the blade, is
      produced by a spring, in the form of a spring washer. This embodiment
      renders possible a compact and particularly space saving construction with
      very moderate strains on bearing means and balancing arrangements.
PAR  The invention comprises a novel and improved method for manufacturing axial
      fan impellers of different sizes of the aforesaid kind. The method is
      characterized in that the fan blades are of one and the same size while
      the blade axles and impeller casings are selected from series of a limited
      number of standard sizes. This method is highly adapted to render the
      manufacture of the fan details cheaper and their storage simpler.
DRWD
PAR  The invention is described in greater detail in the following, with
      reference to the accompanying drawings illustrating an embodiment of the
      arrangement according to the invention and showing a schematic example of
      the application of the method for manufacturing axial fan impellers of
      different sizes of the kind here referred to.
PAR  FIG. 1 shows in its upper part a section through the arrangement;
PAR  FIG. 1a shows on an enlarged scale the special mounting of the fan blade;
PAR  FIG. 2 shows the fan blade in a setting position turned through 90.degree.;
      and
PAR  FIGS. 3a, 3b and 3c illustrate a method according to the invention for the
      manufacture of axial fans of standard elements.
DETD
PAR  In the FIGS., 1 designates collectively an axial fan intended, for example,
      to transport fumes from an industrial plant. 2, 2' designate a fan blade
      in two different positions with an angular difference of 90.degree. after
      having been turned about a blade axle 2a. 2b designates a holding means
      for each fan blade, the axle of which in the embodiment here referred to
      is presupposed to be secured on the hub 3a and be movable about the outer
      end of said blade axle 2a. The fan blade, therefore, is formed to a
      bearing housing 13 closed by a blade cover 13a, which is provided with a
      hole for said blade axle 2a. The axle 2a has an enlarged head 21 in the
      housing and a stub shaft 22 fixed in the hub.
PAR  In said bearing housing 13 is provided an axial bearing 15 with a chamfered
      limiting surface, which bearing according to the invention is associated
      with a support ring 15a, which also is provided with a chamfered limiting
      surface. By the novel and improved arrangement according to the invention,
      owing to its lightweight construction, small structural dimensions in
      axial direction and low GD.sup.2 -value, it has proved possible to solve
      said control and bearing problem by a single axial bearing of the above
      design. The axial pressure required for positioning the fan blade 2 at the
      standstill of the axial fan impeller 1, which pressure in operation of the
      axial fan is produced by the centrifugal force acting on the fan blade,
      here is produced by a spring washer 16, the appearance and position of
      which most clearly is shown in FIG. 1a.
PAR  4 designates a bearing means for the dog member 5 according to the
      invention, said member being a compressed air box with walls 5a, 5b and
      with a mounting shown at 5c. One wall 5b of the compressed air box is a
      diaphragm 5b of a flexible tight material, for example plastic or leather.
      The dog member 5, i.e. the compressed air box, is connected to a
      compressed air line 6, and 7 designates a connecting fitting for said
      line. The axial displacement, in the direction of the double arrow 10, is
      effected against the action of a spring 8, and the motion during the
      displacement is controlled by a pin 9. Said spring 8 is located between
      the outer wall 5a of the dog member and a housing 11 for the axial fan
      impeller. 17 designates a conventional cylindric casing around the fan
      impeller. The arrangement according to the invention for adjusting the fan
      blades 2 is illustrated in two different setting positions in FIG. 1 and,
      respectively, FIG. 2. In the first position shown the fan blade is
      designated by 2, and in the latter position turned through 90.degree. the
      corresponding fan blade is designated by 2'. FIG. 1a shows on an enlarged
      scale the relative arrangement of the root of the fan blade 2, part of the
      blade axle 2a, the balancing element 14 and the axial bearing 15 with
      associated supporting ring.
PAR  As shown in FIGS. 3a, 3b and 3c the capacity of the fan may be changed by
      simply exchanging the blade axle 2a for an axle having a shaft 22 of a
      different length, for example as shown at 22', 22" and 22'". The
      cylindrical casing may also be changed as shown at 17', 17" and 17'".
      Thus, by providing axles in sets of standardized lengths, the fan may be
      assembled to any selected capacity from a number of standardized sizes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for manufacturing an axial-flow fan having a size selected from
      a series of a limited number of standard sizes, said fan having a given
      number of blades which are adjustable as to pitch, the method comprising
      the steps of supplying a single hub structure having a dog member mounted
      thereon for axial displacement relative thereto, and means for mounting
      blades at a given number of connection points around the periphery of the
      hub; supplying a like number of identical blades adapted to be mounted at
      said connection points for rotation about a radial axis; supplying means
      for connecting each of said blades to said dog member to effect rotation
      of said blades on their axes upon axial displacement of said dog member on
      the hub axis, providing a limited number of different standard size axles,
      grouping said axles in one set of axles for each one of said limited
      number of standard sizes, each set including a number of equal length
      axles corresponding to said given number of blades, and manufacturing said
      fan in said selected size by selecting the set of axles corresponding to
      the desired size and using said set of axles to mount the blades on said
      hub, by mounting the inner end of each of said axles at one of said
      connection points and rotatably mounting a blade on the outer end of each
      of said axles with a single axial-thrust rolling bearing, and positioning
      said bearing to receive the outward thrust caused by the rotation of the
      hub structure and centering the bearing by means of a chamfered support
      ring.
NUM  2.
PAR  2. A method according to claim 1 including the step of providing a series
      of casings corresponding to said limited number of standard sizes and
      including the step in manufacturing said fan of selecting a casing from
      said series and mounting it concentric with said hub to circumscribe said
      blades closely adjacent the outer ends thereof.
NUM  3.
PAR  3. A method according to claim 1 wherein the outer ends of said axles are
      provided with an enlarged head and including the step of mounting said
      blades on said axles by positioning an axial rolling bearing around said
      axle so that one race ring bears against the head of the axle and the
      other race ring supports the blade, said other race ring having a
      chamfered surface to mate with said chamfered support ring, and mounting
      resilient means between said blade and said head to urge said blade
      outwardly and urge said axial bearing outwardly against said head when
      said fan impeller is at rest.
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ABST
PAL  A plural range pressure regulator construction having a housing provided
      with an inlet and an outlet separated by a valve seat that is controlled
      by a valve member that is interconnected to a flexible wall carried by the
      housing. Biasing means are carried by the housing for acting on one side
      of the wall to tend to move the wall in one direction relative to the
      housing, the biasing means comprising a plurality of separate spring means
      each acting on the wall to provide one pressure range for the pressure
      regulator construction. The housing has a storage space for storing one of
      the spring means so that the same will not act on the wall whereby the
      remaining spring means acting on the wall will provide another pressure
      range for the pressure regulator construction.
PARN
PAR  This application is a divisional patent application of its co-pending
      parent application Ser. No. 320,520, filed Jan. 2, 1973, now U.S. Pat. No.
      3,825,029.
BSUM
PAR  This invention relates to a plural range pressure regulator construction or
      the like as well as to a method for making such a pressure regulator
      construction or the like.
PAR  It is well known that pressure regulators have been provided for fuel
      burning apparatus to maintain the fuel being supplied from a fuel source
      to the fuel burning apparatus at a proper pressure level for proper
      operation of the fuel burning apparatus. It is also well known that
      various sources of fuel can be provided for the same fuel burning
      apparatus, such as a natural gas source and an LPG source whereby the
      outlet pressure of the pressure regulator must be different for the
      different fuel sources in order for the fuel burning apparatus to function
      properly.
PAR  Accordingly, it is a feature of this invention to provide an improved
      plural range pressure regulator construction that is adapted to be easily
      converted from one outlet pressure thereof to another outlet pressure
      thereof.
PAR  In particular, one embodiment of this invention provides a plural range
      pressure regulator construction having a housing means provided with an
      inlet and an outlet separated by a valve seat opened and closed by a
      movable valve member that is carried by a flexible wall or diaphragm
      which, in turn, is carried by the housing means. Biasing means are carried
      by the housing means for acting on one side of the wall to tend to move
      the flexible wall or diaphragm in one direction relative to the housing
      means. The biasing means comprises a plurality of separate spring means
      each acting on the wall to provide one pressure range for the pressure
      regulator construction, such as for an LPG fuel source. The housing means
      has a storage space for storing one of the spring means so that the same
      will not act on the wall whereby the remaining spring means acting on the
      wall will provide another pressure range for the regulator construction,
      such as for a natural gas fuel source.
PAR  In this manner, the plural range pressure regulator construction can
      readily be converted between different outlet pressures thereof for use
      with different fuel sources by merely changing the location of one of the
      spring means thereof as will be apparent hereinafter.
PAR  Therefore, it is an object of this invention to provide an improved plural
      range pressure regulator construction or the like, the construction having
      one or more of the novel features set forth above or hereinafter shown or
      described.
PAR  Another object of this invention is to provide a method for making such a
      plural range pressure regulator construction or the like.
PAR  Another object of this invention is to provide an improved plural range
      biasing construction, the construction having one or more of the novel
      features set forth above or hereinafter shown or described.
PAR  Another object of this invention is to provide a method for making such a
      plural range biasing construction or the like.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description with proceeds with reference to the
      accompanying drawings forming a part thereof and wherein:
PAR  FIG. 1 is a cross-sectional view of the plural range pressure regulator
      construction of this invention set for one pressure range thereof.
PAR  FIG. 2 is a view similar to FIG. 1 and illustrates the plural range
      pressure regulator construction set for another pressure range thereof.
PAR  FIG. 3 is an exploded perspective view of the various parts utilized to
      convert the pressure regulator construction from one pressure range
      thereof to another pressure range thereof.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted for providing a plural range
      pressure regulator construction for a fuel burning apparatus, it is to be
      understood that the various features of this invention can be utilized
      singly or any combination thereof to provide a plural range biasing means
      for other devices as desired.
PAR  Therefore, this invention is not to be limited to only the embodiments
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety of uses of this invention.
PAR  Referring now to the drawings, the improved plural range pressure regulator
      construction of this invention is generally indicated by the reference
      numeral 10 and comprises a housing means 11 having an inlet 12 and an
      outlet 13 interconnected together by a resilient valve seat means 14 that
      is adapted to be controlled by a valve member 15 disposed on the inlet
      side of the valve seat 14 and being interconnected by a stem 16 thereof
      that projects through the valve seat 14 to a flexible diaphragm or wall 17
      carried by the housing means 11 and cooperating therewith to define a
      chamber 18 on the outlet side of the diaphragm 17 and another chamber 19
      on the other side 20 of the diaphragm 17 for a purpose hereinafter
      described.
PAR  The upper side 20 of the diaphragm 17 has a metallic backup plate 21
      secured thereto by the stem 16 of the valve member 15 in the manner
      illustrated with the backup plate 21 having a plurality of upwardly bent
      tabs 22 to provide a spring retaining function as will be apparent
      hereinafter.
PAR  The housing 11 has an internally threaded bore portion 23 leading to the
      chamber 19 and defining a storage space 24 for a purpose hereinafter
      described, the storage space 24 having its upper end closed by a removable
      cover member or end cap 25 threaded to the threaded portion 23 and having
      an annular flange 26 thereof adapted to abut against the top surface 27 of
      the housing 11 to limit the amount of insertion of the cover member 25
      into the housing means 11.
PAR  A first spring retainer 28 is of annular configuration and has its outer
      periphery 29 formed in such a manner that the same can be threaded to the
      threaded portion 23 of the housing 11 and thus be positioned in a
      preselected axial position therein in the manner illustrated in FIGS. 1
      and 2.
PAR  Another annular spring retainer 30 of this invention is adapted to be
      loosely disposed in the threaded portion 23 of the housing 11 and have its
      upper surface 31 abut against the lower surface 32 of the threaded portion
      33 of the end cap 25 in the manner illustrated in FIG. 1 or have the
      surface 31 thereof disposed on upwardly directed tabs 34 of the other
      spring retainer 28 in the manner illustrated in FIG. 2, the spring
      retainer 30 having an opening 35 passing therethrough and defining a
      cylindrical flange 36 extending therefrom. Similarly, the other annular
      spring retainer 28 has an opening 37 passing therethrough and defining a
      cylindrical flange 38 extending therefrom.
PAR  If desired, the annular spring retainer 28 can have suitable notches 39
      formed therein to facilitate the inward and outward threading thereof in
      the threaded portion 23 of the housing 11 by an appropriate tool inserted
      in such notches 39.
PAR  A biasing means of this invention is generally indicated by the reference
      numeral 40 comprises a pair of coiled compression springs 41 and 42
      adapted to be concentrically disposed in the housing means 11 in the
      manner illustrated in FIG. 1 with the lower ends 43 and 44 of the springs
      41 and 42 respectively bearing against the backup plate 21 of the flexible
      wall 17 to act in a direction to tend to open the valve member 15 away
      from the valve seat 14 for a purpose that will be apparent hereinafter,
      the lower end 44 of the outer spring 42 nesting within the tabs 22 of the
      backup plate 21 whereby the tabs 22 provide a spring retaining function
      for the spring 42.
PAR  The upper end 45 of the outer spring 42 encircles the cyclindrical flange
      38 of the threaded spring retainer 28 and bears against the under surface
      46 thereof in the manner illustrated in FIGS. 1 and 2.
PAR  The upper end 47 of the inner spring 41 is adapted to encircle the
      cylindrical flange 36 of the upper spring retainer 30 and bear against the
      under surface 48 thereof.
PAR  In this manner, it can be seen that when both springs 41 and 42 are
      assembled in the housing means 11 in the manner illustrated in FIG. 1, the
      spring retainers 28 and 30 support the upper ends 45 and 47 of the springs
      42 and 41 while the lower ends 43 and 44 thereof respectively act against
      the flexible wall 17 of the pressure regulator construction 10 to tend to
      move the valve member 15 away from the valve seat 14 with a certain force
      that is the sum of the forces of the two springs 41 and 42 acting
      downwardly in FIG. 1.
PAR  Thus, when a fuel source is interconnected to the inlet 12, such as an LPG
      fuel source the fuel passes through the open valve seat 14 to the outlet
      13. However, the pressure of the fuel passing through the open valve seat
      14 builds up in the chamber 18 and acts against the under side 49 of the
      flexible wall 17 in opposition to the force of the springs 41 and 42 tend
      to move the valve member 15 upwardly in FIG. 1 and, thus, close the valve
      seat 14. In this manner, the pressure in the chamber 18 and, thus, to the
      outlet 13 is maintained at a certain pressure value regardless of the
      pressure value of the fuel being directed to the inlet 12 of the housing
      means 11 as the position of the valve member 15 relative to the seat 14
      will assure that the fuel pressure in the chamber 18 and being directed to
      the outlet 13 will remain at a certain pressure level as determined by the
      combined force of the springs 41 and 42 in a manner well known in the art.
PAR  When it is desired to change the pressure range of the pressure regulator
      construction 10 to another pressure range thereof, such as for being
      interconnected to a natural gas fuel source, the cap 25 is unthreaded from
      the threaded portion 23 of the housing 11 and removed therefrom as well as
      the spring retainer 30 and inner spring 41. The spring retainer 30 is then
      turned over in the manner illustrated in FIG. 2 and inserted back through
      the threaded portion 23 of the housing 11 to have the surface 31 thereof
      rest against the upwardly directed tabs 34 of the lower spring retainer 28
      as illustrated in FIG. 2. If the end coil 47 of the inner spring 41 has
      been tightly fitted around the cylindrical flange 36 of the spring
      retainer 30, the same will have remained attached thereto so that when
      inverting the spring retainer 30 to insert the same downwardly through the
      threaded portion 23 of the housing 11 in the manner illustrated in FIG. 2,
      the inner spring 41 now projects upwardly therefrom out through the
      threaded portion 23 and is adapted to have its end 44 received in a
      chamber 50 formed in the end cap 25 when the end cap 25 is again threaded
      to the threaded portion 23 of the housing 11 in the manner illustrated in
      FIG. 2. Thus, the inner spring 41 is compressed between the end cap 25 and
      the spring retainer 30 in the storage space 24 of the housing means 11 so
      that the same has no affect on the movable wall 17 of the pressure
      regulator construction 10. Of course, if the spring 41 becomes separated
      from the spring retainer 30 during the changeover from the condition of
      FIG. 1 to the condition of FIG. 2, the spring 41 is inserted on top of the
      inverted retainer 30 in the manner illustrated in FIG. 2 to be stored in
      the storage space 24 as previously stated.
PAR  When the pressure regulator construction 10 is disposed in the condition
      illustrated in FIG. 2, it can be seen that only the compression spring 42
      is now acting in a downward direction on the flexible wall 17 so that the
      valve member 15 is moved away from the valve seat 14 by only the force of
      the compression spring 42 whereby the pressure regulator construction 10
      will tend to maintain a lesser pressure value of the fuel in the chamber
      18 and at the outlet 13 thereof than when both springs 41 and 42 were
      utilized in the manner illustrated in FIG. 1.
PAR  Therefore, it can be seen that this invention provides a pressure regulator
      construction that can readily be converted from one pressure range thereof
      to another pressure range thereof by merely changing the position of one
      spring thereof from a stored condition thereof to an active force applying
      condition thereof in a simple and effective manner.
PAR  Thus, when it is desired to convert the regulator construction 10 from the
      condition illustrated in FIG. 2 to the condition illustrated in FIG. 1,
      the end cap 25 is removed and the spring 41 and its retainer 30 are
      inverted from the position illustrated in FIG. 2 to the position
      illustrated in FIG. 1 whereby when the end cap 25 is replaced, both
      springs 41 and 42 will now act on the movable wall 17 for the reasons
      previously set forth.
PAR  Of course, the chamber 19 of the pressure regulator construction 10 is
      adapted to be interconnected to the atmosphere in any desired manner. For
      example, in the embodiment illustrated in the drawings, the housing means
      11 is provided with a passage means 51 leading from the chamber 19 to the
      exterior of the housing means 11 and having a suitable restrictor 52
      therein to slow down the movement of the diaphragm 17 from its various
      operating positions in much the same manner as a dashpot or the like.
PAR  Thus, it can be seen that this invention not only provides an improved
      plural range pressure regulator construction and method of making the
      same, but also this invention provides an improved plural range biasing
      construction and method of making the same.
PAR  While the form and the method of this invention now preferred has been
      described and illustrated as required by the Patent Statutes, it is to be
      understood that other forms and methods can be utilized and still come
      within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for making a plural range biasing construction comprising the
      steps of providing a housing means having a movable part, disposing
      biasing means in said housing means for acting on one side of said part to
      tend to move said part in one direction relative to said housing means,
      said biasing means comprising a plurality of separate spring means,
      causing each spring means to act on said part to provide one biasing range
      for said construction, storing one of said spring means completely in a
      storage space of said housing means so that the same will not act on said
      part whereby the remaining spring means acting on said part will provide
      another biasing range for said construction, forming said one spring means
      and said remaining spring means from coiled compression springs, causing
      said springs to be concentrically disposed and each having one end thereof
      operatively engaging said part when acting on said part to provide said
      one biasing range for said construction, and forming said storage space
      for said one spring means to be located in aligned relation with said
      remaining spring means and adjacent the other end thereof so as to be
      completely spaced from said part a distance at least equal to the length
      of said remaining spring means whereby said one spring means is out of
      operative engagement with said part and completely spaced therefrom a
      distance at least equal to the length of said remaining spring means when
      said other biasing range is being provided.
NUM  2.
PAR  2. A method for making a plural range biasing construction comprising the
      steps of providing a housing means having a movable part, disposing
      biasing means in said housing means for acting on one side of said part to
      tend to move said part in one direction relative to said housing means,
      said biasing means comprising a plurality of separate spring means,
      causing each spring means to act on said part to provide one biasing range
      for said construction, storing one of said spring means in a storage space
      of said housing means so that the same will not act on said part whereby
      the remaining spring means acting on said part will provide another
      biasing range for said construction, forming said one spring means and
      said remaining spring means from coiled compression springs, causing said
      springs to be concentrically disposed when acting on said part to provide
      said one biasing range for said construction, forming said storage space
      for said one spring means to be located in aligned relation with said
      remaining spring means and adjacent one end thereof, closing one end of
      said storage space that is remote from said one end of said remaining
      spring means with a removable cover means of said housing means, and
      causing said one spring means to be stored in compressed relation between
      said cover means and said one end of said remaining spring means when
      being stored in said storage space.
NUM  3.
PAR  3. A method for making a plural range biasing construction as set forth in
      claim 2 and including the steps of forming said cover means with a spring
      retainer, causing said one spring means to have one end thereof bearing
      against said spring retainer when the other end of said one spring means
      is acting on said part to provide said one biasing range of said
      construction, and causing said one spring means to be disposed between
      said cover means and said spring retainer when said one spring is stored
      in said storage space.
NUM  4.
PAR  4. A method for making a plural range biasing construction as set forth in
      claim 3 and including the steps of forming said housing means with an
      internally threaded portion, threading an annular spring retainer to said
      threaded portion, causing said one end of said remaining spring means to
      bear against the same, and causing said one spring means to project
      through said annular spring retainer when said one spring means is acting
      on said part to provide said one biasing range of said construction.
NUM  5.
PAR  5. A method for making a plural range biasing construction as set forth in
      claim 4 and including the step of threading said cover member to said
      threaded portion of said housing when closing said one end of said storage
      space.
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PAL  A method for forming the grooves in single and multigroove sheet metal
      pulleys, including shaping and/or crimping of the groove walls, wherein
      the grooves are formed by a sequential, single step, continuous process
      from a punched or drawn blank without intermediate handling and/or
      displacement of the blank using both axial and radial pressures, wherein
      the applied radial pressures or forces are substantially less than the
      applied axial pressures or forces. The pulley may have grooves of the same
      or different pitch and of the same or different diameter.
PARN
PAR  This is a division of application Ser. No. 224,778, filed Feb. 9, 1972, now
      U.S. Pat. No. 3,837,200 granted Sept. 24, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to new and improved single and multigroove sheet
      metal pulleys such as are used in automobiles and similar and related
      applications. This invention also relates to a new and improved method and
      apparatus for forming the grooves in such new and improved single and
      multigroove sheet metal pulleys from a cup-shaped blank in a single,
      continuous step without handling, displacement or relocation of the blank
      during formation of the pulley grooves.
PAR  More particularly, this invention relates to a new method or process for
      forming the grooves in new and improved single and multigroove pulleys, in
      which the groove(s) are formed and at least one wall of a groove is
      shaped, folded double or crimped, in a single step from a drawn blank, by
      the use of external, mechanical force and internal fluid of selectively
      adjustable volume and pressure, sequentially controlled so that external
      pressure and motion is exerted on the blank during groove formation and
      the changing volume and pressure and support, within the blank, together
      with the location, sizing and closing of the spacing surrounding the blank
      determine the position and size of the grooves, respectively, and the flow
      and working of the metal of the blank by and from which the grooves are
      formed, and wherein the external mechanical force (pressure) applied
      axially is markedly greater than the applied internal force or pressure
      which need only be sufficient to prevent internal displacement of the wall
      or metal during bulging.
PAR  2. Description of the Prior Art
PAR  Numerous apparatus and processes have been proposed for forming sheet metal
      pulleys from a single, hollow blank by a plurality of steps depending
      primarily on the application of an axial force and/or an internal radial
      force to the blank to force the wall to bulge or flow outwardly, in which
      the internal force of pressure was of the same or greater order than the
      axial force and was applied by means of either a deformable, compressible
      mass or a liquid of adjustable volume disposed within the blank and
      adapted to fill the interior thereof in accordance with the objectives of
      the particular apparatus or process.
PAR  One of the apparatus and methods which has enjoyed some commercial success
      and has been used to provide original equipment pulleys for automobiles,
      and the like, is based upon the disclosures found, for example, in U.S.
      Pat. Nos. 2,493,053; 2,929,345 and 3,124,090. Briefly, this process
      comprises stamping and drawing a piece of sheet metal to form a cup-shaped
      blank having an external flange at the open end and distorting the blank,
      by means of axial and radial or lateral pressure exerted by compacting a
      deformable rubber mass, to displace or bulge the adjacent portion of the
      blank outwardly and then, as a separate step, after the rubber mass has
      regained its original shape and been removed, upsetting or exerting an
      axial pressure on said blank, to bend or collapse said bulge into a
      compact flange. Additional flanges and grooves were formed in the same way
      with the blank being moved or relocated to a different press for the
      formation of each separate groove (flange). Sizing and finishing were
      accomplished on still other apparatus including appropriate sizing rolls
      after the grooves were formed by the multistep process just described.
PAR  While, as noted, this process enjoyed some commercial success, it has
      nevertheless proven expensive, inefficient and difficult in actual use and
      has, therefore, been abandoned in whole or in part, as not commercially
      feasible and practical. This was because of (a) the large number of
      separate steps actually used in the process; (b) the great amount of
      handling, moving and relocating of the blank which was necessary during
      groove (flange) formation; (c) the difficulty in obtaining exact
      repeatability as to the groove and flange structure in successive pulleys
      through use of the process; (d) the relatively high cost of the rubber,
      both initially and as a replacement cost, because of the excessive wear to
      which the same was subjected; (e) the inability to form symmetrical,
      properly balanced pulleys in a sufficiently high percentage of instances,
      with consequent economic loss by rejection or additional manufacturing
      cost to reform, correct and balance the pulleys.
PAR  Other pulleys for the same purpose have been formed by a spinning or
      rolling process in which expandable roller mandrels disposed within the
      blank worked and distended the metal, in cooperation with rollers disposed
      externally of the blank, to form bulges in the blank which were then
      collapsed by axial pressure to form the groove walls.
PAR  Each groove in this latter process was formed separately and the mandrels
      were retracted away from the pulley after each groove was formed in order
      to be positioned for formation of the next groove. In this process working
      and thinning of the metal could be minimized, but not eliminated, by
      collapsing the blank axially as the interior rollers or segments expanded
      to form the bulge. The interior rollers or segments were retracted before
      the bulge was collapsed to form the wall of the pulley groove. Usually
      both the rollers and the blank were rotated.
PAR  Still another prior art process is to split a round, flat blank having a
      thick edge by forcing a circular rotating tool into the edge intermediate
      the thickness of the blank to form a single groove pulley. Multigroove
      pulleys were built up by welding alternate spacers and similarly formed
      single groove structures together.
PAR  Both of these last two processes have also proved quite inefficient and
      expensive, including tooling costs, in actual use and require a great many
      steps, as well as expensive mandrels and equipment in addition to the
      presses. Both, also fail to obtain the object of a satisfactory sheet
      metal pulley which is both uniform in concentricity, runout and balance
      relative to other pulleys made in the same way and economically and
      technically feasible for mass production.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a general object of this invention to provide a new and
      improved, single or multigroove sheet metal pulley for automotive and
      industrial uses, and to provide a new and improved and more effective
      method and a new and improved and more effective apparatus for forming the
      grooves in single and multigroove sheet metal pulleys for automotive and
      industrial uses.
PAR  Another object of this invention is to provide new and improved, single and
      multigroove sheet metal pulleys which are uniform in structure and
      quality; which are efficiently and economically manufactured and used;
      which include at least one groove having at least one folded or crimped
      wall; and which are formed by means of a single-step, continuous method
      and in an apparatus which provides repeatability whereby successive
      pulleys, which are to be of the same size and characteristics, have a
      groove or grooves which are essentially duplicates of each other and the
      same in structure.
PAR  Further objects of this invention include the provision of a new and
      improved method and a new and improved apparatus for making new and
      improved single and multigrooved sheet metal pulleys, each of which
      provides pulleys which have improved concentricity and balance over other
      sheet metal pulleys commonly available at costs which are economically
      practical for mass production and use; which are more economically
      produced than is common in the art with which this invention is most
      closely related and associated; which have repeatability; which conform
      exactly to the desired, predetermined external shape and size; and in
      which the metal does not have drawn or thin spots and is not of graduated
      or other irregular thickness because of the method or apparatus used in
      formation of the grooves.
PAR  Still other objects of this invention include the provision of a new and
      improved process and new and improved apparatus for providing a new and
      improved single or multigroove sheet metal pulley which includes new and
      improved means for confining a forming fluid within a blank for making
      single and multigroove pulleys; which utilizes a forming fluid disposed
      within the blank, but requiring no other container; and which includes new
      and improved means for effecting a seal between a blank and a forming die
      to retain fluid and fluid pressure within the blank.
PAR  Still further objects of this invention include the provision of a new and
      improved process for forming the grooves in single and multigroove sheet
      metal pulleys for automotive and other industrial uses and applications
      which comprises a single step; which forms the pulley groove or grooves
      from a one-piece blank without requiring intermediate handling thereof;
      which utilizes a hollow blank and maintains and protects the blank against
      undesirable collapse and the metal thereof against undesired internal
      flow, buckling, drawing, thinning, or the like, by fluid and fluid
      pressure disposed and exerted within the blank; which has new and improved
      method and means for sealing the edges of the blank to prevent fluid and
      fluid pressure from escaping therefrom; which flows and distorts the metal
      of the blank along predetermined paths and to and into predetermined,
      single or multigroove configuration in a single step; which is useful for
      forming grooves in an individual pulley which are of the same or different
      diameter and/or the same or different pitch; and which utilizes a
      relatively low internal pressure or force which need be only sufficient to
      prevent internal collapsing or bulging during the initial formation of a
      flange (bulging) and a large external, axial force to effect metal flow
      and groove formation.
PAR  A still further object of this invention is to provide new and improved
      apparatus for forming the groove or grooves in single and multigroove
      pulleys embodying this invention and to provide such apparatus having new
      and improved means for containing a forming fluid within the blank and new
      and improved means effecting a seal with the blank from which the pulley
      is formed.
PAR  A still further object of this invention is to provide a new and improved
      single or multigroove sheet metal pulley, a new and improved process for
      making the same and new and improved apparatus for making single and
      multigroove sheet metal pulleys, each of which obtains one or moree of the
      objects and advantages set forth above.
DRWD
PAR  These and other objects and advantages of this invention will appear from
      the following description of preferred and modified embodiments thereof,
      reference being had to the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical sectional view of a new and improved pulley embodying
      this invention and having grooves made in accordance with the method of
      this invention on apparatus embodying this invention.
PAR  FIG. 2 is a vertical sectional view of a blank from which the pulley of
      FIG. 1 is formed.
PAR  FIG. 3 is a vertical sectional view of another pulley embodying this
      invention and also made in accordance with the method of this invention on
      apparatus embodying this invention.
PAR  FIG. 4 is a vertical sectional view of a blank from which the pulley of
      FIG. 3 is formed.
PAR  FIG. 5 is a schematic, vertical sectional view illustrating the blank of
      FIG. 2 positioned in apparatus embodying this invention for processing in
      accordance with the method of this invention, prior to groove formation.
PAR  FIG. 6 is a schematic vertical section similar to FIG. 5 illustrating a
      stage in pulley groove formation, according to the method of this
      invention, wherein the bulge defining the upper wall of the first groove
      is being formed.
PAR  FIG. 7 is a view similar to FIG. 6 illustrating a subsequent stage of said
      method, wherein the wall of the first groove is being folded or crimped.
PAR  FIG. 8 is a view similar to FIG. 7 illustrating a subsequent stage of said
      method wherein the bulge defining the second groove is being formed.
PAR  FIG. 9 is a view similar to FIG. 8 illustrating a subsequent stage of said
      method wherein the wall of the second groove is being crimped.
PAR  FIGS. 10-13, inclusive, are views similar to FIGS. 5-9, inclusive,
      illustrating the method and apparatus of this invention forming the
      grooves for the pulley of FIG. 3 from the blank of FIG. 4.
PAR  FIG. 14 is a vertical sectional view of another pulley embodying this
      invention which is made in accordance with the method of this invention on
      apparatus embodying this invention from a blank as in FIG. 4.
PAR  FIGS. 15-18, inclusive, are schematic sectional views showing apparatus
      embodying this invention and different stages in the process of this
      invention during the formation of a pulley as shown in FIG. 14.
PAR  FIG. 19 is a diagrammatic view illustrating the hydraulic system of
      apparatus embodying the invention for controlling the movement of the
      apparatus.
PAR  FIG. 20 is a diagrammatic view illustrating the system for controlling the
      pulley-forming fluid.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A pulley embodying this invention is indicated generally at 1, FIG. 1, and
      is depicted as a two-groove pulley in which the grooves are of different
      diameter (ball diameter) but have the same pitch or width. It is to be
      understood, however, that pulleys embodying this invention may have a
      greater or lesser number of grooves than pulley 1, may have grooves, if
      multigrooved, of the same or different diameters and/or of the same or
      different pitch or width.
PAR  Pulley 1 is particularly adapted for use in automotive application in
      connection with automobile engines, fans, crankshafts, and the like,
      although such pulleys may be used in other industrial applications or
      wherever a low cost, but balanced, concentric, uniform and efficient
      pulley is useful or desirable.
PAR  Pulley 1 is formed of sheet metal and is distinguished not only by the fact
      that it is formed by the one-step, continuous process of this invention
      from a blank without need for relocation or resetting of the partially
      formed pulley during formation, but, also, by the fact that it is of
      sufficiently low cost and uniform standard to be practical for mass
      production as original equipment for automobiles and similar mass-produced
      items.
PAR  Pulley 1 is made in apparatus, indicated generally and schematically at 2
      in FIGS. 5-9, inclusive, and by the method illustrated in FIGS. 5-9,
      inclusive. Said apparatus 2 and method produce pulleys having the
      structure, characteristics and function of the pulley 1 as described
      herein.
PAR  Apparatus 2 comprises a plurality of dies and holders therefor, indicated
      generally at 3, generally referred to herein as die(s) and to be
      hereinafter more fully described.
PAR  Dies 3 are mounted in a conventional press, indicated generally at 4, FIGS.
      5-9, inclusive. Dies 3 are adapted to be moved (slid and reciprocated)
      linearly in the matter and sequence described below, by hydraulic
      cylinders or motors, not shown, in accordance with methods of actuation
      and displacement or movement which are well-known in the art, do not form
      part of the present invention and need not be and are not further
      described herein.
PAR  Pulley 1 is formed from a blank 5, see FIG. 2, which is drawn and prepared
      in a conventional way in apparatus not shown.
PAR  Pulley 1 includes a transverse, horizontal as viewed, hub portion 6, FIG.
      1, a first (hereinafter sometimes called inner) groove 7 having sides or
      walls (inner and outer, respectively, relative to the hub 6) 8 and 10,
      respectively. Pulley 1 also includes a second (hereinafter sometimes
      called outer) groove 11 having sides or walls (inner and outer,
      respectively, relative to the hub 6) 13 and 14, respectively.
PAR  Here and throughout this patent, for convenience of nomenclature, direction
      is indicated relative to the hub of the finished pulley and blank, with
      portions nearer the hub being designated inner or first and those further
      therefrom, outer or second, and so on.
PAR  Pulley 1 also, conveniently and preferably includes an axially extending
      flange portion 16, remote from the hub, which stiffens the completed
      pulley.
PAR  The inner sides or walls 8 and 13 of the grooves 7 and 11, respectively,
      are folded or crimped, as shown, during the process of forming pulley 1
      and, as such, add strength and rigidity to the pulley.
PAR  Also, in pulley 1, the groove 7 is spaced from the hub by an axially
      extending wall portion 17, and the grooves 7 and 11 are spaced apart by an
      axially extending wall portion 18. Further, as shown, the grooves 7 and 11
      are of different diameters (ball diameters) and the same width. It is to
      be understood, however, that pulley 1 could embody a greater or lesser
      number of grooves, that the grooves may be of the same or different
      diameters; that the grooves may be of the same or different widths and
      that the grooves may be juxtaposed to each other and/or the hub,
      respectively, or spaced apart a greater or lesser distance than shown, all
      within the scope and objects of this invention.
PAR  As noted above, pulley 1 is formed from blank 5, FIG. 2. Blank 5 is of a
      stepped cup-shape and includes a horizontal hub portion 22 which becomes
      the hub portion 6 of the pulley 1, a first axially extending wall portion
      23, which forms the wall 17 of pulley 1, a first angular, transverse
      portion 25, which locates the axial position of the inner side or wall 8
      of the inner groove 7, a second axially extending wall portion 26 which
      forms the inner side or wall 8 of the inner or first groove 7, a second
      angular, transverse portion 27 (low pitch, conical surface), which locates
      and forms the outer wall 10 of the inner groove 7, a third axially
      extending wall portion 28 which forms the wall portion 18 and the inner
      side or wall 13 of the outer groove 11, a third angularly disposed surface
      30, which forms the outer side or wall 14 of the outer groove 11, and a
      fourth axially extending wall portion 31 which forms the flange 16 of the
      pulley 1.
PAR  The process of this invention comprises a continuous, single step,
      sequential stage process wherein pulley 1 is formed from blank 5 by a
      continuous displacement of the metal of the blank into the desired shape,
      i.e., by bulging, crimping and groove formation, the continual or
      substantially continual mechanical displacement of the dies 3 of the
      apparatus in predetermined order and sequence while continuously
      coordinating and adjusting the volume of liquid within the blank, and
      holding, or changing, but always controlling, the presssure thereof, so as
      to control, internally, the shaping and displacement of the metal in the
      blank.
PAR  As noted above, the dies 3 are mounted on a conventional press and are
      actuated to reciprocate by hydraulic cylinder(s)) or motor (s) (not shown)
      in the usual way. It is a feature of this invention, in its preferred
      form, that all of the forming dies move or are displaced in an axial
      direction during formation of the pulley, although those die segments
      which shape the interiors of the respective grooves are also mounted on
      the press for radial reciprocal motion, as well, so that they may be
      withdrawn from the completed pulley.
PAR  Referring now to FIG. 5, the movable exterior dies necessary to form the
      pulley 1 are indicated specifically at 33, 34 and 36, respectively, and
      the movable interior die is indicated at 37 and they are conveniently
      mounted on and move with holders 33h, 34h and 36h, respectively, and die
      and holder are generally referred to hereinafter by the term "die" which
      contemplates both the die and the holder whether formed as integral or
      multipiece units.
PAR  Die or ram 33 reciprocates axially relative to the blank and pulley and is
      displaced selectively upwardly and downwardly by the aforementioned
      hydraulic cylinder or motor to and for the purpose and in the sequence to
      be hereinafter more fully described.
PAR  Dies 34 and 36 are segmented, conveniently in three parts. The segments of
      die 34 are carried on the respective segments of lower die 36 and are
      displaced or reciprocated radially or horizontally with the lower die 36.
PAR  In addition, the segments of die 34 are biased upwardly, as viewed, by
      springs 38 into the relative position shown in FIG. 5. Die 34 is forced or
      slid downwardly, as viewed, on the posts of pins 39, which are supported
      on die 36, by the laterally extending flange or lip 40 on the upper die
      33. Flange 40 engages the intermediate die 34 as the upper die or ram 33
      is displaced downwardly. Lower die segments 36 are reciprocable radially,
      as noted above, and when so reciprocated carry the die segments 34,
      respectively, in the same motion.
PAR  Press 4 includes a table 42 and a base 43. A cylindrical block or fixed die
      45 is mounted on table 42 by suitable means, such as screws 46. Die 45
      supports the blank 5 when the same is positioned in the press. To this
      end, die 45 includes a shaped upper end, as viewed, indicated generally at
      48, having an angularly disposed top portion or surface 50 which
      complements in size and shape the third angular transverse wall portion 30
      of blank 5 to the end that surface 50 supports the lower or exterior part
      of the outer side or wall 14 of outer groove 11. The upper end 48 of die
      45 also includes a vertical or axial wall portion 51 which fits inside the
      fourth axially extending wall portion of flange 31 of the blank 5. The
      angle between surfaces 48 and 51 of die 45 in the same or substantially
      the same as that desired in the finished pulley 1 and formed preferably in
      the blank 5 so that die 45 both supports and centers the blank 5 in the
      apparatus 2. Die 45 may be further stepped, as at 53, to provide for
      increased thickness and strength as necessary and desired. The interior
      surface 54 of die 45 is cylindrical and finished smooth for coaction with
      and support of the interior die 37, as will more fully appear.
PAR  In addition, the surface 50 includes a continuous sealing means 56 for
      engaging and sealing in fluidtight relationship against the adjacent side
      or surface of blank 5. The sealing means 56 is essentially fluidtight
      within the pressures experienced or used in forming the pulley 1 from
      blank 5 to the end that none or substantially none of the forming fluid or
      liquid can escape from the interior of the blank 5 between die 45 and
      blank 5.
PAR  When a metal-to-metal seal is insufficient, sealing means 56 preferably
      comprises an O-ring or gasket 57 disposed in a suitably shaped groove 59
      formed in the surface 50 of die 45. The depth of groove 59 is somewhat
      less than the axial thickness of gasket 57 to ensure effective sealing
      engagement between the gasket 57 and surface 60, FIG. 2, of blank 5 while
      not preventing proper load bearing engagement between surfaces 60 and 50.
PAR  Die 37 is cylindrical and has a close sliding fit with the interior surface
      54 of die 45.
PAR  Die 37 is adapted to reciprocate longitudinally, vertically, as viewed,
      relative to the axis of the blank and pulley when the same are within the
      apparatus 2.
PAR  The upper end 62 of die 37 is shaped complementary to the hub end, hub and
      wall portion 6 and 17, respectively, of the completed pulley and hub and
      wall portion 22 and 23, respectively, of blank 5 so that the hub end of
      the pulley is, in fact, formed or held to shape about the die 37. To this
      end, die 37 has an upper, as viewed, horizontal surface 63 and an axially
      extending surface 65. In order to support and form the lower side 66, FIG.
      1, of the outer side or wall 10 of the groove 7, die 37 also includes an
      angularly extending surface 67 between the axial vertical wall portions or
      surfaces 65 and 68, respectively. Surface 67 is of a dimension equal to
      the distance between the interior surfaces of walls 23 and 28 with the
      angle between surfaces 67 and 68 of die 37 being the same as the interior
      angle between wall portions 27 and 28 of blank 5.
PAR  Die 37 is preferably and conveniently provided with one or more sealing
      rings 70 located in its lateral periphery so as to coact in the usual
      manner with surface 54 of die 45.
PAR  Die 37 is reciprocated by suitable means. To this end, the lower end 80, as
      viewed, of die 37 is preferably and conveniently formed at a bias with a
      slot, track or groove 81 therein. A complementary wedge 83 with a tongue
      84 for coaction with groove 81 is also provided and die 37 is supported
      thereupon. Hydraulic cylinder or motor means, shown schematically at 86,
      reciprocates wedge 83 transversely, as viewed. As wedge 83 is moved
      rightwardly, as viewed, by cylinder 86, it lifts die 37 and as it is moved
      leftwardly it lowers the die
PAR  The pitch of wedge 83 is, of course, sufficient to move the ram the
      distances and in the sequence required by the process of this invention to
      be hereinafter more fully described.
PAR  Means is also provided to supply oil or other suitable fluid, hereinafter
      called "oil," and to control the volume and pressure thereof within the
      blank 5 and exteriorly of die 37 above, as viewed, the sealing rings 70
      during pulley formation. To this end inner die 37 also includes a
      plurality of tubes or conduits 90 and 91, respectively, which provide
      communication laterally of the die 37 through the surface 68 and a tube 93
      which provides communication with the space S above die 37 and within
      blank 5.
PAR  The flow of oil through the tubes 90, 91 and 93 and into and out of the
      space, adjacent the die, as well as the pressure of the oil in the
      space(s) surrounding die 37, is controlled by appropriate valves and
      pump(s) as will appear more fully below.
PAR  Further, tube 93 also preferably includes means whereby air may be
      evacuated from the top of space S adjacent the interior of the hub 22 of
      blank 5 as the oil or liquid flows into the said space.
PAR  To this end, tube 93 is counterbored at its top as at 94 and a
      spring-biased extension tube, indicated generally at 96, is disposed
      therein.
PAR  Extension tube 96 includes a central tube portion 97 and a base 99 having a
      close sliding fit with the wall of the counterbore 94. Extension tube 96
      is biased outwardly, upwardly as viewed, by spring 100 and is retained
      within counterbore 94 by a snap ring, pin or other suitable means, not
      shown.
PAR  Tube portion 97 extends outwardly from the open and of tube 94 a sufficient
      distance to provide an air release or escape for the space S above die 37
      so that the space can be filled with liquid. Extension tube 96 telescopes
      within tube 93 so that the die 37 may be seated fully within blank 5 and
      against the inside of hub 22.
PAR  Notches 102 at the end portion 97 permit flow of air into the tube portion
      even when the tube rests against the inside wall of hub 22 of the blank 5.
PAR  Further, if desired, a vacuum pump may be interconnected with tube 93 to
      speed the evacuation of air from the space S.
PAR  FIG. 5 depicts the apparatus 2 shortly before pulley formation by the
      process of this invention is begun.
PAR  The blank 5 is positioned on die 45 and is gripped by die 36. Die 34 is in
      its upper or extended position, as shown, die or ram 33 has been lowered
      into contact with the hub 22 of blank 6 and die 37 is moving upwardly so
      as to engage surface 67 against the interior surface of wall portion 27.
PAR  FIG. 6 shows a later stage in the process of this invention wherein a
      quantity of oil (liquid) has been introduced into the space S above the
      die 37 and within the blank 5 through tube 94 which was thereupon
      connected with an exhaust port, not shown, so that the air above the oil
      could be exhausted via tube portion 97 as die 37 continued to move
      upwardly until, as shown, surface 67 had seated against the wall portion
      27 of blank 5, at which time the space S was completely full of oil. Ram
      33 had then continued its descent until the position shown in FIG. 6 was
      reached. The descent of ram 33 had exerted a mechanical force on the wall
      of the blank, as well as creating a pressure within the oil, as the same
      was (is) incompressible, with the result that the high mechanical force on
      the blank wall plus the pressure of the oil on the interior thereof caused
      the wall portion 26 of blank 5 to buckle or bulge outwardly since it is
      and was unsupported, as shown, in that direction. Wall portion 23 of blank
      5 remained rigid as it was and is fully supported within the die 33. Wall
      portion 28 remained straight, as shown, or buckled or bulged outwardly
      only slightly as engagement between surface 67 and the interior of wall
      portion 27, the bends in the blank and the engagement of the surface 54 of
      die 37 with the wall portion 28 of blank 5 all function together to
      prevent any deleterious transmission of force and/or bulging of the wall
      portion 28.
PAR  As the process proceeds beyond the stage shown in FIG. 6, the die descends
      (as viewed) continuously and the bulge enlarges until it is sufficient for
      groove formation. A valve controlling tube 93 is then actuated in response
      to the distance traveled by ram 33, time elapsed, or pressure within the
      space S resulting from the movement of ram 33 and the oil flows from space
      S via tube 93.
PAR  Ram 33 continues its descent and crimps the wall portion 26, as shown in
      FIG. 7, to form the inner wall 8 of inner groove 7. Wall portion 26 is
      crimped by being squeezed between ram 33 and the surface 101 of die 34.
      While the oil continues to flow from the space S until the space is fully
      or substantially fully evacuated and the crimp to form wall 8 is
      completed, as shown in FIG. 7. And, of course, as shown in FIG. 7, the
      extension tube 96 has been telescoped by ram 33 into the tube 93.
PAR  As ram 33 continues its downward movement, as viewed, valves or controls
      are actuated to permit fluid to be pumped through conduits 90 and 91
      against the wall portion 28 of blank 5 which bulges, as shown in FIG. 8,
      under the effect of the collapsing (downward, as viewed) force of ram 33
      and die 34 (die 34 now being displaced downwardly by the engagement of
      flange 40 of ram 33 therewith) and the outward pressure of the oil
      laterally of die 37, which is preferably retracted (lowered) at the same
      rate as ram 33 descends so that the relationship between ram 33 and die 37
      remains constant as the new bulge is being formed.
PAR  Again, once the second bulge is of sufficient size, the valves and controls
      are actuated to permit flow of oil from the space surrounding die 37 and
      within the bulge in wall portion 28. The continued movement of the ram 33
      and dies 34 and 37 then crimps and forms the inner wall 13 of the lower
      groove 11 between the surface 102 of die 34 and the die 36, as shown in
      FIG. 9.
PAR  Pulley 1 is shown in its completed form in FIG. 9 with the process of this
      invention completed.
PAR  Once formation of pulley 1 is completed, as in FIG. 9, the movable dies are
      withdrawn, the pulley removed, a new blank positioned, and the cycle is
      repeated.
PAR  FIGS. 10-13, inclusive, depict stages of the process of this invention
      forming the pulley 1' shown in FIG. 3 in which the grooves are of the same
      diameter and width.
PAR  In FIGS. 10-13, like numbers refer to like parts and portions as in FIGS.
      5-9, inclusive, and the FIGS. 10-13 show stages in the groove formation in
      a manner similar to FIGS. 5-9, inclusive, and prime numbers refer to
      similar parts and portions modified because of the different shape of
      pulley 1' viz-a-viz pulley 1.
PAR  Pulley 1' has inner and outer grooves 7' and 11', respectively, which are
      of the same diameter and size. Pulley 1' is formed from blank 5', FIG. 4,
      with both the inner and outer grooves 7' and 11' being formed from wall
      portion 28'. More particularly, the outer wall 10' of inner groove 7' and
      the inner wall 13' of outer groove 11' are all formed from axial wall
      portion 28' of blank 5', whereas the inner side of inner wall 8' is formed
      by angular wall portion 25' of blank 5' and the outer wall 14' of outer
      groove 11' is formed by angular wall portion 30' of blank 5'.
PAR  The dies 33', 34' and 36', respectively, in FIGS. 10-13, inclusive, are, of
      course, changed, viz-a-viz dies 33, 34 and 36, respectively, in FIGS. 5-9,
      inclusive, to be appropriate for the grooves of pulley 1' instead of
      pulley 1. The die carriers remain the same.
PAR  Otherwise the process is substantially the same, although the flow of metal
      within the blank is different. In the process as disclosed in FIGS. 10-13,
      inclusive, movement of the dies and, in particular, of die 33 and inner
      die 37 and control of the forming fluid is such as to sequentially, but in
      a single step, (a) form the bulges 104 and 105 for the grooves 7' and 11',
      respectively, see FIGS. 11 and 3, (b) complete the upper bulge 104 for the
      inner groove 7', (c) crimp the inner wall 8' of the inner groove 7', (d)
      complete formation of the lower bulge 105, and (e) form the outer wall 10'
      of the upper groove 7' and the inner wall 13' of the lower groove 11'
      about die 34'.
PAR  More particularly, FIG. 10 shows the apparatus prior to groove formation,
      as the inner die 37 is being displaced upwardly to position the end 62
      thereof against the hub 22. The die 36' has gripped the wall of blank 5'
      with seal 56' preventing escape of fluid from between the surface 50 of
      die 45 and the lower surface 107 of angular portion 30' of blank 5'.
PAR  The air is evacuated from the space between the top 62 of die 37 and the
      hub 22 of blank 5' until the die seats against the hub. Further, although
      the ram 33 is shown positioned against the blank before the die 37, it is
      to be understood that the die 37 could be positioned first or even that
      the die could be so located, prior to recycling, that the blank would be
      seated properly relative thereto at the same time the blank is seated on
      die 45, especially if extension tube 96 is omitted from the apparatus.
PAR  In any event, once dies 33 and 37 are seated against the hub, a forming
      fluid such as oil is forced through the conduits 90 and 91 at the same
      time downward movement of the ram 33 is initiated or continued, if the
      apparatus has been timed so that the descent (motion) of ram 33 need not
      be halted while the air is evacuated from within the blank and die 37 is
      positioned against the hub.
PAR  This movement exerts an axial force on the wall portion 28' of blank 5'
      which buckles or bulges outwardly, as shown at 104 and 105, because the
      internal liquid pressure prevents inward buckling. Further, because of the
      relative location of the dies and conduits, the downward movement of die
      34 induced by flange 40 of ram 33, the initial bulging occurs or occurs to
      a greater extent at the level of the upper groove as shown in FIG. 11,
      i.e., at upper bulge 104.
PAR  Once this bulge has reached the desired size, the oil is released and
      continued downward movement of the ram 33 displaces the oil from the upper
      bulge and crimps the inner wall 8' of the inner groove 7', as shown in
      FIG. 12.
PAR  Then, as the ram 33 continues its descent, the fluid volume about the inner
      die 37 and within the blank 5' is adjusted and the pressure increased so
      that the further collapse of the wall under the force of ram 33 is
      prevented as the ram 33, and, therefore, die 34, continues its travel,
      first completing bulge 105 and then, as travel of die 34 is completed,
      completing formation of walls 13' and 14', respectively, of pulley 1' and
      of the outer groove 11' thereof, as shown in FIG. 13.
PAR  The movable dies are then retracted, the completed pulley 1' is removed and
      the cycle repeated, as desired.
PAR  Pulley 1", FIG. 14, is similar to pulley 1' in FIG. 3 except that in this
      instance, while the grooves are of the same diameter, the upper groove,
      139 as viewed, is wider and has a flat bottom portion 141. Pulley 1" is
      formed from a blank having the same shape as that in FIG. 4, but having a
      greater axial length at wall portion 28'.
PAR  Like reference characters in FIGS. 14-18, inclusive, refer to the same
      parts and portions as in FIGS. 3, 4 and 10-13, inclusive.
PAR  The single-step process depicted in FIGS. 15-18, inclusive, is similar to
      that depicted in FIGS. 10-13, inclusive, utilizes the same one-step
      continuous motion, i.e., continuous displacement of the ram process as
      depicted in FIGS. 5-9 and 10-13, both inclusive, respectively.
PAR  In this instance, however, the inner die 37 remains stationary and could,
      therefore, be formed as a part of die 45, if desired. The bulging and
      groove formation, as depicted in FIGS. 15-18, inclusive, is accomplished
      in the same order and manner as is depicted in FIGS. 10-13, inclusive,
      except that the bulging, crimping and wall and groove formation is
      controlled by the movement of the external dies and ram 33 plus control of
      the internal volume and pressure of liquid within the blank 5" and above
      and about the upper (as viewed) end of the die 37. Once again the pressure
      and volume of the liquid within the space S' together with the proper
      initial spacing between the adjacent dies 33' and 34' and 36', FIGS.
      15-18, inclusive, respectively, cause the bulges 104' and 105' to form and
      as the pressure increases within the space S' the volume of the forming
      fluid is reduced so that the inner wall of the inner groove may be crimped
      and the walls 10' and 13' of grooves 139 and 11', respectively, may be
      formed.
PAR  Here, again, once the pulley is completed the dies are withdrawn, the
      pulley removed and the cycle repeated, if desired.
PAR  Thus, the process of this invention is a continuous, single-step process. A
      relatively large axial pressure or force is continuously exerted on a
      blank and the volume and pressure of a forming fluid, such as oil, within
      the blank and the movement of the forming dies is controlled to cause the
      metal to bulge outwardly and then to be crimped between or pressed against
      the dies to form the groove. The size of the bulge is controlled by
      controlling the release of the fluid within the blank so that the dies
      which cause the bulging also shape and form the grooves and the walls
      thereof as set forth. The pressure of the fluid is also controlled so that
      metal flow is always in the desired direction and the fluid volume is
      controlled, in part, as noted, in response to changes of pressure thereof,
      as by releasing fluid to reduce the volume thereof, once the bulge is
      formed and crimping is to begin to reduce the interior volume of the blank
      to be consistent with the volume thereof to exist after a wall is crimped
      or otherwise formed.
PAR  FIG. 19 depicts diagrammatically suitably hydraulic system for use in and
      for operating apparatus embodying this invention and particularly adapted
      for carrying out the process as depicted in FIGS. 5-9, inclusive. The
      hydraulic circuit is, of course, interrelated with a suitable electrical
      circuit activated by suitable switches, including limit switches, and the
      like. Mechanical parts, indicated diagrammatically in FIG. 19, are the
      same as the correspondingly referenced parts, respectively, in FIGS. 5-9
      inclusive.
PAR  More particularly, in FIG. 19, reference character 200 indicates the
      double-acting operating cylinder for the ram 33, reference character 201
      indicates the double-acting operating cylinder(s) for the carrier(s) which
      control the movement of reciprocation of the die(s) 36 and the lateral
      movement of die(s) 34, and reference character 203 indicates the
      doubleacting operating cylinder which controls the reciprocation of the
      inner die 37, either by lateral movement of the wedge, as preferred, or by
      a direct connection with the die, i.e., by having the cylinder in axial
      alignment with the die and the die connected to or formed as a part of the
      piston.
PAR  Note, where the singular is used here and throughout this description, it
      will be understood to comprehend the plural where a plurality of similar
      or similarly functioning parts have been or are indicated, as, for
      instance, when the dies are described as segmented.
PAR  Oil is supplied to the respective hydraulic cylinders by a suitable motor
      driven pump(s) through appropriate conduits having valves controlled by
      suitable timers, or limit or pressure switches.
PAR  Conveniently, a conventional electric motor 204 is utilized to drive two
      pumps; one, 206, a high-volume, low-pressure pump for rapid advancement
      and retraction of the cylinders before and after actual pulley formation,
      and one, 207, a low-volume, high-pressure pump for advancing the dies
      (rams) during pulley formation.
PAR  The discharge lines 209 and 210 from the pumps are interconnected and a
      suitable check valve 212 protects the lowpressure pump. Each pump has an
      intake line 213 and 215, respectively, connected to a sump or reservoir
      216. Each pump also preferably has a solenoid-operated unloading relief
      valve associated therewith, indicated generally at 217 and 218,
      respectively, which is of standard commercial structure.
PAR  Discharge or pressure lines 209 and 210 are connected by means of conduits
      220, 221 and 222 and solenoid directional control valves 224, 225 and 226,
      respectively, with the cylinders 200, 201 and 203, respectively.
PAR  The cylinders 200, 201 and 203 are also connected through the said valves
      224, 225 and 226, respectively, with the sump 216. The solenoids position
      the respective valves to advance or retract the cylinders, and, therefore,
      the respective dies, in accordance with the process described above. Speed
      control valves 228 and 229, respectively, are preferably disposed in the
      lines 221 and 222, respectively, upstream of the respective directional
      control valve. A check valve 231 is preferably located in the pressure
      line to cylinder 201 so that the pressure of the ram 33 cannot cause or
      tend to cause the cylinder(s) 201 to react to withdraw the die 34 and 36
      laterally during operation of the ram 33 (cylinder 200).
PAR  The unloading relief valve 217 permits the low-pressure pump to discharge
      during actual pulley formation, i.e., while the ram 33 (cylinder 200) is
      fully loaded and the unloading relief valve 218 permits the high-pressure
      pump to discharge when the cylinders are at rest and no oil is flowing.
PAR  Becausee of the physical location and disposition of the ram 33 (cylinder
      200) in the preferred embodiment of the invention, the oil lines to and
      from cylinder 200 and intermediate the cylinder and the control valve 224
      preferably also include a conventional regenerative circuit, indicated
      generally at 232, and functioning on the down stroke to increase cylinder
      speed by recycling the hydraulic fluid, in part, without returning it
      through the sump.
PAR  Limit switches 235, 236, 237 and 238 are disposed to be operated by ram 33
      in predetermined sequence and time. Limit switches 241 and 242 are
      disposed to be operated by wedge 83 on its advancing (raising of die 37)
      and retracting (lowering of die 37) motions, respectively. Limit switch
      243 is disposed to be operated by cylinder 201 as die 34 is retracted to
      free the completed pulley at the end of the cycle.
PAR  Switch means is provided to respond when cylinder 201 and, therefore, dies
      34 and 36, is in its fully advanced position to signal that a new cycle is
      commencing. Preferably such switch means comprises a pressure responsive
      switch 245 disposed in communication with fluid circuit 246 intermediate
      directional valve 225 and chamber 248 of cylinder 201. Switch 245 responds
      to a pressure chamber 248 of sufficient magnitude to ensure that the die
      segments of dies 34 and 36 are fully seated laterally and will remain so
      during operation of the ram 33 (cylinder 200) during subsequent pulley
      formation as described above. Of course, during the time of response,
      valve 225 is in the opposite setting from that shown so as to advance,
      instead of retract, the piston of cylinder 201.
PAR  The limit switches and valves, motors, and the like, are interconnected by
      suitable electrical circuits including timer, not shown, to operate in the
      manner described above in connection with FIGS. 5-9, inclusive, and can be
      modified, of course, to operate in the manner described with respect to
      the disclosure of FIGS. 10-13, inclusive, and 15-18, inclusive,
      respectively.
PAR  Further, as shown, valve 224 has an intermediate, neutral position which
      provides a dwell in the travel of ram 33 after contact is made with hub of
      blank 5 and before pulley formation is commenced during which air is
      evacuated from the interior of the blank in the manner and for the purpose
      described above.
PAR  While valves 224, 225 and 226 have been described as solenoid-operated and
      electrically controlled, it is to be understood that other types of valves
      and control systems, such as, for example, fluid or air, may be used to
      control the hydraulic circits, including the forming fluid or oil
      circuits, described below.
PAR  Preferably, as indicated above, the forming fluid used in this invention is
      an oil or similar liquid and, also, preferably the volume and pressure
      thereof is controlled by a separate hydraulic system from that which
      actuates and controls the rams and dies.
PAR  A suitable system for providing and controlling the forming fluid is
      depicted diagrammatically in FIG. 20 wherein like reference characters
      refer to like parts as in FIGS. 5-9, inclusive. Conveniently and
      preferably the forming fluid is forced into the spaced within the blank
      and above and about the inner die 37 by means of a pump 250, operated by
      an electric motor 251. Pump 250 pumps the fluid from a sump 253 through an
      intake line 254 and thence out through discharge line 256. The fluid in
      the discharge line is either recycled through the pressure relief valve
      257 into the sump or forced into the space S via the lines 258 and 259 and
      conduits in ram 37, depending on the position of the solenoid-operated
      directional valve 261 which is controlled by suitable timer and limit
      switches in accordance with the teachings of this invention as set forth
      above. One or more check valves 262 may be disposed in lines 258 and 259
      to prevent flow of fluid back into the valve 261 and pump 250.
PAR  The forming fluid system also includes means for "draining" the forming
      fluid from the space S, above inner die 37 and within the blank, and for
      controlling the pressure of the forming fluid within the said space.
PAR  Conveniently, the same lines within the die 37 serve both as intake and
      discharge lines to and from the space S with suitable valves, not shown,
      interconnecting either the pump for charging the forming fluid or the
      valves (and pump, if one is used as suggested above, to evacuate the air)
      for controlling the discharge therefrom and the pressure of the forming
      fluid therein.
PAR  The discharge system includes a discharge line 265, a check valve 266, a
      solenoid-operated valve 268 through which large volumes of fluid are
      discharged to the sump 253 and a second solenoid-operated valve 269 which
      selectively connects the space S with either a low-pressure relief valve
      271 or a high-pressure relief valve 272, both of which also discharge into
      the sump 253. Valve 268 is operated when the volume of the fluid or oil
      within the blank is to be reduced quickly and the pressure reduced to
      zero. Valve 269 is operated to interconnect the low-pressure relief valve
      271 in the path between space S and the sump 253 when crimping is being
      performed and to interconnect the high-pressure relief valve 272 when a
      bulge is being found or the metal is being forced against the dies to
      complete formation of a groove(s).
PAR  As indicated above, ram 33 is driven downwardly during actual pulley
      formation so as to exert a large axial force, 75 tons, for example,
      whereas the forming oil within the blank is at a relative low pressure,
      sufficient, about 1,500 to 3,000 psi, to prevent internal collapse of the
      blank (except when crimping when the pressure is at about 200 psi) but
      also sufficient to force the metal against the dies 34 and 36 as required
      by the teachings of this invention.
PAR  The degree and location of the bulge(s), as well as the force and pressure
      necessary to initiate formation of the same, is determined by the spacing
      between the dies, i.e., between 33 and 34, for example.
PAR  In each embodiment of this invention described above, means other than the
      sealing means acting between the fixed die 45 and the flange of the blank
      may be used to confine the forming fluid within the blank and above the
      seals 70 on the inner die 37 or its equivalent, provided such means
      permits the fluid to change in volume and pressure in accordance with the
      teachings of this invention and further provided that such means does not
      get caught within a crimped side of a groove or otherwise interfere with
      the teachings and percepts of this invention or the operation of the
      apparatus or method as taught herein.
PAR  Modifications, changes and improvements to the preferred forms and
      embodiments of the invention herein depicted and described may occur to
      those skilled in the art who come to understand the precepts and
      principles thereof. Accordingly, the patent to be issued hereon should not
      be limited in its scope to the specific embodiments of the invention
      herein depicted and described, but by the advance by which the invention
      has promoted the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for making a sheet metal pulley having plural grooves therein
      in a continuous single work cycle from a hollow generally cup-shaped sheet
      metal blank having an inner hub portion, an outer axially extending flange
      portion and at least one axially extending wall portion and at least one
      angular, transversely extending wall portion therebetween comprising the
      steps of:
PA1  a. supporting said blank in a metal deforming apparatus;
PA1  b. introducing a forming fluid into the interior of said blank to exert
      pressure against said wall portions;
PA1  c. exerting an axial force on said blank at said hub portion by actuating a
      ram member disposed thereat to outwardly deform said wall portions by the
      coaction of said axial force and said forming fluid;
PA1  d. confining and shaping said outwardly deformed wall portions between
      plural movable forming die members disposed exteriorly of said blank and
      cooperatively actuating said ram member and said plural forming die
      members to partially form grooves;
PA1  e. adjusting the pressure and volume of said forming fluid while
      simultaneously crimping at least one lateral wall of said grooves to
      complete the formation thereof; and
PA1  f. withdrawing said plural movable forming die member.
NUM  2.
PAR  2. The process as defined by claim 1, wherein said blank is supported in
      said metal deforming apparatus by causing said flange portion to be held
      between the upper shaped end of a stationary die member and one edge of a
      shaped first movable forming die member.
NUM  3.
PAR  3. The process as defined in claim 1, wherein said forming fluid is
      introduced into the interior of said blank through conduits disposed
      within a movable forming die member in sealing engagement with the
      interior of said blank about which said blank is deformed.
NUM  4.
PAR  4. The process as defined by claim 1, wherein said pulley has two grooves
      of different pitch diameters.
NUM  5.
PAR  5. The process as defined by claim 1, wherein said pulley has two grooves
      of different widths.
NUM  6.
PAR  6. The process as defined by claim 1, wherein said pulley has two grooves
      of the same diameter and configuration.
NUM  7.
PAR  7. The process as defined by claim 1, wherein said blank is comprised of
      plural axially extending wall portions and angular, transversely extending
      wall portions and wherein each of said grooves is located and determined
      as to size by bulging said axially extending wall portions in the blank.
NUM  8.
PAR  8. The process as defined in claim 1, wherein the pressure of said forming
      fluid is greater during the deformation of said at least one axially
      extending wall portion and the formation of an uncrimped groove wall
      therein than during the formation of a crimped grooved wall therein.
NUM  9.
PAR  9. The process as defined by claim 1, wherein said grooves are formed
      sequentially in a continuous single work cycle with the first of said
      grooves being formed at the end nearest said hub portion of said blank.
NUM  10.
PAR  10. The process as defined by claim 1, wherein said grooves are formed
      substantially simultaneously in a continuous single work cycle.
NUM  11.
PAR  11. The process as defined by claim 1, wherein the pressure and volume of
      said forming fluid is decreased.
NUM  12.
PAR  12. The process as defined by claim 1, wherein said pulley is a
      multi-groove pulley and said grooves are formed sequentially and during
      the formation of said grooves the pressure and volume of the forming fluid
      within said blank at the point of deformation is reduced following outward
      deformation during the crimping of said at least one lateral wall while
      the pressure exerted by said forming fluid along the remainder of the wall
      portions of said blank is maintained sufficiently high to promote outward
      deformation of said wall portions as said axial force is exerted upon said
      blank.
NUM  13.
PAR  13. The process as defined by claim 1, wherein said forming fluid is a
      liquid.
NUM  14.
PAR  14. The process as defined by claim 1, wherein residual air within said
      blank is evacuated prior to the exertion of said axial force.
NUM  15.
PAR  15. The process as defined by claim 1, wherien said pulley is multi-groove
      and at least one lateral wall of said grooves is crimped thereby providing
      a pulley having a surface area less than that of said blank.
NUM  16.
PAR  16. The process as defined by claim 1, wherein an adjacent pair of said
      plural movable forming die members are biased away from each other.
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ABST
PAL  Apparatus for inserting wires into terminals in an electrical connector
      having the terminals arranged in two parallel rows comprises a support
      plate having spaced apart side-by-side wire jig means thereon and having a
      connector jig means pivotally mounted between the wire jig means. Each
      wire jig means locates a plurality of wires in side-by-side parallel
      relationship with the wires spaced apart by distances which correspond to
      the spacing of the terminals in the connector. Each wire jig means has
      associated therewith inserting means so that wires in the jig means are
      inserted into terminals in one of the rows when the connector jig is swung
      against the wire jig.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for inserting wires into electrical
      contact terminals which are contained in a connector, the connector being
      of the general type shown in U.S. Pat. No. 3,760,335. Other inserting
      apparatus for inserting wires into terminals in connectors are shown in
      U.S. Pat. Nos. 3,758,935, 3,800,390, and 3,816,897.
PAR  Electrical connectors of the type disclosed and claimed in U.S. Pat. No.
      3,760,335 have received widespread acceptance, particularly in the
      telephone industry, and they are now being used in large numbers. Several
      types of insertion tools are available, the tool shown in U.S. Pat. No.
      3,758,935 being widely used. Because of the widespread use of pre-loaded
      connectors of the type referred to above, a variety of types of tools are
      needed for different circumstances and the instant invention is directed
      to the achievement of a tool of relatively simplified construction which
      has many of the desirably features of previously known tools and which is
      ideally suited for certain circumstances.
PAR  It is accordingly an object of the invention to provide an improved
      apparatus for inserting wires into terminals in a multi-contact electrical
      connector. A further object is to provide a tool which can be produced at
      low cost and which requires a minimum of operator training when it is put
      to use. A further object is to provide a compact and rugged tool which
      will withstand ordinary, or even abusive, treatment when used by a
      technician at the site of a wiring operation.
DRWD
PAR  These and other objects of the invention are achieved in a preferred
      embodiment thereof which is briefly described in the foregoing abstract,
      which is described in detail below and which is shown in the accompanying
      drawing in which:
PAR  FIG. 1 is a perspective view, with parts cut away, of a preferred
      embodiment of a tool in accordance with the invention.
PAR  FIG. 2 is a frontal view of the tool with the connector jig in its vertical
      position.
PAR  FIG. 3 is a view taken along the lines 3--3 of FIG. 2.
PAR  FIG. 4 is a fragmentary view similar to FIG. 3 but showing the connector
      jig disposed adjacent to the wire jig means, this view showing the
      positions of the parts immediately prior to insertion of the wires into
      the terminals in the connector.
PAR  FIG. 5 is a view similar to FIG. 4 but showing the positions of the parts
      after insertion of the wires.
PAR  FIG. 6 is a top plan view of the lefthand side of the tool.
PAR  FIG. 7 is a fragmentary perspective view of one form of electrical
      connector of the type shown in U.S. Pat. No. 3,760,335.
DETD
PAR  The embodiment of the invention disclosed herein is specifically intended
      for inserting wires into a connector of the general type shown in FIG. 7
      and disclosed more fully in the above-identified U.S. Pat. No. 3,760,335.
      An understanding of some of the structural features of this connector will
      facilitate an understanding of the instant invention and the connector
      shown in FIG. 7 is, therefore, briefly described below.
PAR  In accordance with the teachings of U.S. Pat. No. 3,760,335 wires 2 are
      connected to the wire receiving portions 4 of electrical contact terminals
      6 which are contained in the housing 10 of the connector 8. The housing
      has a mating face 12 and a rearward face 14. A central rib 16 extends from
      the rearward side or face and a plurality of side-by-side contact
      receiving cavities 18 extend through the housing on the upper and lower
      sides of the rib. Each cavity contains an individual terminal 6 and each
      terminal has a forward contact portion 20, an intermediate shank 22, and
      the previously identified wire receiving portion 4 which comprises two
      plate-like members 24, 26 which are connected at their upper ends by strap
      sections 28. The wire 2 is moved laterally of its axis into the gap
      between the strap members 28 and into slots 30 in the plate sections, the
      width of these slots being such that the insulation of the wire is
      penetrated and electrical contact is established with the conducting core.
      When the terminals are mounted in the cavities, the contact portions
      extend forwardly and into a trough-like recess 32 in the mating face 12
      which is adapted to receive a complementary male connector.
PAR  Adjacent terminals in the two rows are separated from each other by
      barriers 36 and the end barriers 38 extend somewhat beyond the other
      barriers 36 as shown. The housing 10 is provided with a radially extending
      flange 34 by means of which it may be mounted in a panel or the like.
PAR  Referring now to FIGS. 1, 2 and 6, the disclosed embodiment comprises an
      apparatus 40 having a base block 42 on the upper surface of which a
      support plate or platen 44 is mounted. Platen 40 has two spaced-apart wire
      jig means, one on the right and one on the left as viewed in FIGS. 1 and
      2, and a connector jig means which is pivotally mounted betweeen the wire
      jig means. Since the wire jig means are substantially identical, a
      description of one will suffice for both. Accordingly, only the wire jig
      means on the left as viewed in FIG. 1 will be described in detail in the
      same reference numerals, differentiated by prime marks, will be used for
      both of the jig means.
PAR  Recesses 46, 48 are provided on the plate 44 and extend inwardly from the
      front and rear sides of the plate, these recesses being separated by a rib
      50 in which a wire inserter is mounted as will be explained below. The
      wires are located in side-by-side parallel relationship by wire locating
      means 52, 54, FIG. 3, which are commonly referred to as combs. The comb 52
      comprises a block of plastic material which is cut away on its lower side
      at 56 so that it fits snugly against and on the left-hand side portion of
      the rib 50 as viewed in FIG. 3. Spaced-apart barriers 58 extend upwardly
      from the upper surface of the comb, the spacing between the barriers being
      the same as the spacing between adjacent terminals in the connector. The
      comb 54 similarly comprises a block of insulating material which is cut
      away or recessed at 60 so that it fits snugly against the right-hand side
      of the rib 50. This comb has spaced-apart barriers 62 which extend
      upwardly and rightwardly, cantilever fashion, from the rib 50 to maintain
      the wires separated from each other. It will be noted that the wire
      supporting surfaces 64 of the comb 52 are somewhat elevated with respect
      to the corresponding surfaces 66 of comb 54 and that the surfaces 66 slope
      downwardly and to the right as viewed in FIG. 3 for reasons which will
      become apparent as this description proceeds. The combs are preferably of
      molded plastic material and are secured to the rib by suitable fasteners
      as shown.
PAR  The individual wires are trimmed and inserted into the terminals by a wire
      trimming and inserting means comprising a plate 68 disposed in a
      rectangular slot 70 which extends downwardly through the upper surface of
      the rib 50. The upper end of plate 68 has spaced-apart parallel flanges
      72, 74 and spaced-apart insertion punches 76 are mounted in the plate
      between these flanges. Each punch inserts one of the wires into a terminal
      as will be described below and the wires are trimmed by the cooperative
      action of one edge 73 of flange 74 and a cutting edge 114 or a shear plate
      110.
PAR  Plate 68 has laterally extending portions 80 on its lower end and springs
      82, which are disposed in recesses 78 on each side of the slot 70, bear
      against the portions 80 and the upper walls 81 of the recesses thereby to
      bias the plate downwardly but to permit its upward movement during
      insertion.
PAR  The plate is moved upwardly by a handle 88 which extends into a recess or
      slot 84 extending into the side 86 of the base 42. Handle 88 is pivoted at
      89 to the base 42 and has an end portion 90 which extends between slide
      members 92 which are slidably contained in a vertical bore 94 in the base
      42. The end of the handle is pivoted at 95 to the slide members so that
      when the handle is moved downwardly from the position shown in FIG. 1, the
      slides 92 will move upwardly. The upper surface of these slides bears
      against the lower edge of the plate 68 and a downwardly projecting ear 96
      on the plate 68 is received between the slide members.
PAR  The previously identifying connector jig 98 is generally L-shaped having a
      base portion 100, a longer arm 102, and a relatively shorter arm 104. The
      base portion is pivotally mounted on a bracket 106 on the upper surface of
      the platen 44 so that it can be swung through an angle of 180.degree. to
      position it adjacent to either of the wire jigs. Wire shear plates 108,
      110 are secured by suitable fasteners against the opposite sides of the
      arm 102 and these shear plates have flanges 112 which extend towards each
      other. The flanges are notched at spaced-apart intervals to provide
      shearing edges 114 for cooperation with previously identified shearing
      edge 73. As shown in FIG. 5, the dimensions of the arm 102 are such that
      the connector will fit snugly between the plates 108, 110 and the flanges
      112 will bear against the rearwardly facing surfaces of the connector
      housing. It will also be apparent that one side of rib 16 of the connector
      is located against the surface 111 of the arm 104 so that the notches in
      the shear plates will be in alignment with the terminals in the connector
      and with the wires.
PAR  It is desirable to provide a means for accurately positioning the free end
      of the connector jig adjacent to each of the wire jigs, such positioning
      means being provided in the form of a locating bracket 116 which is
      secured to the upper surface of the platen 44 which has spaced-apart ears
      118, 120. The plates 108, 110 are notched at 122 to receive the ear 118 as
      shown in FIG. 1. It is also desirable to provide aligned openings in the
      connector jig and in the ears 118, 120 so that a locking pin 124 can be
      inserted through these openings to hold the connector jig in either of its
      selective positions.
PAR  It is desirable to provide indicia 49 on one or both of the surfaces of the
      recesses 46, 48, this indicia being in the form of color coding arranged
      to correspond to the color coding conventions used on standard types of
      cables which are employed in the telephone industry. If these indicia are
      provided, the operator can, without difficulty, connect predetermined
      wires in the cable to predetermined terminals in the connector which is
      being installed on the cable.
PAR  In use, the operator first positions the connector jig in a vertical
      attitude as shown in FIG. 2 and then locates the wires in the cable in the
      wire combs on each side of the connector jig. Then he swings the connector
      jig arcuately against one of the connector jig means and locks it in
      position by means of the locking pin 124. Finally, he swings the
      appropriate handle downwardly to drive the inserter relatively upwardly
      thereby to trim the wires and insert the trimmed ends into the terminals
      as illustrated in FIGS. 4 and 5. Thereafter, he swings the connector jig
      means against the other conductor jig means and repeats the insertion
      steps.
PAR  When the apparatus is used to attach wires in a cable to the connector, it
      is desirable to provide a suitable clamp for clamping the cable between
      the wire jig means and in alignment with the bracket 106. This clamp may
      be arranged as shown in FIG. 4 of U.S. Pat. No. 3,800,390.
PAR  Changes in construction will occur to those skilled in the art and various
      apparently different modifications and embodiments may be made without
      departing from the scope of the invention. The matter set forth in the
      foregoing description and accompanying drawings is offered by way of
      illustration only.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for inserting wires into the wire-receiving portions of
      electrical contact terminals which are contained in an electrical
      connector, said connector being of the type comprising an insulating
      housing, said wire-receiving portions of said terminals being arranged in
      first and second rows, said rows extending in parallel spaced-apart
      relationship to each other, said apparatus comprising:
PA1  supporting means having first and second spaced-apart wire jig means
      thereon, said first wire jig means having means for holding a first
      predetermined plurality of wires in side-by-side spaced-apart parallel
      relationship with the distance between adjacent wires being the same as
      the distance between said adjacent terminals in said first rows, said
      second wire jig means having means for holding a second plurality of wires
      in side-by-side spaced-apart relationship with the distance between
      adjacent wires being the same as the distance between said adjacent
      terminals in said second row,
PA1  first and second wire inserting means on said supporting means adjacent to
      said first and second wire jig means respectively, each of said wire
      inserting means comprising a plurality of spaced-apart wire insertion
      punches extending normally with respect to said supporting means, each of
      said punches being in alignment with a wire disposed in said wire jig
      means,
PA1  a connector jig member for holding said connector, said connector jig
      member being pivotally mounted on an axis which extends mid-way between
      said first and second wire jig means and parallel to wires disposed in
      said wire jig means, said connector jig member having means for holding
      and locating said connector in a position in which said wire-receiving
      portions of said terminals are brought into alignment with wires in said
      first and second wire jig means when said connector jig member is moved
      along arcuate paths against said first and second wire jig means, and
      actuating means for moving each of said first and second wire inserting
      means relatively towards said connector jig member along a rectilinear
      path when said connector jig member is against said first and second wire
      inserting means respectively whereby,
PAL  upon locating wires in each of said first and second wire jig means,
      locating a connector in said connector jig member, moving said connector
      jig member against said first wire jig means, and then moving said first
      wire inserting means relatively along said rectilinear path, the wires in
      said first wire jig means are inserted into said terminals in said first
      row, and upon moving said connector jig member against said second wire
      jig means and similarly moving said second wire inserting means relatively
      along said rectilinear path, the wires in said second wire jig means are
      inserted into said terminals in said second row.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 wherein said actuating means for each
      of said first and second wire-inserting means comprises force multiplying
      means.
NUM  3.
PAR  3. Apparatus as set forth in claim 2 wherein each of said force multiplying
      means comprises a pivotally mounted lever engageable with its respective
      wire-inserting means.
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ABST
PAL  A machine for inserting pins or pegs in the holes of needle selecting
      cylinders for circular knitting machines. According to the disclosure, the
      machine comprises a cylinder spindle and a side support movable
      longitudinally of the spindle, having placed thereon a device for
      inserting the pins in the holes of said cylinder; said device being
      controlled to sequentially operate by signals provided by a device for
      directly reading the pattern; a pin feeding means having a gravity storage
      means provides for feeding the pins in aligned relationship in front of a
      pusher member of said inserting device.
BSUM
PAR  This invention relates to a machine particularly designed for automatic
      insertion of pins or pegs in jacquard or needle selecting cylinders of
      circular knitting machines, according to a suitable sequence and
      corresponding to the pattern to be reproduced.
PAR  There are commercially available machines for pin insertion in the needle
      selecting cylinders of circular knitting machines, such machines being
      provided with a semi-automatic operation, or involving the use of manual
      controls by an operator; particularly, in such known machines, the pattern
      to be reproduced is line by line scanned and the data being obtained are
      carried over on cards which are successively supplied to the machine
      operator. On reading such cards, the operator will tap the keys on a
      keyboard for controlling the insertion or not of the pins in a cylinder.
      Thus, such machines involve highly long times, as well as considerable
      errors due both to a misinterpretation of the pattern, wrong reading of
      the cards and wrong operation of the machine, which errors, by
      superimposing to one another, will involve in turn further shortcomings at
      the weaving step, because of the long and difficult investigations for the
      error existing in one or more of the needle selecting cylinders such
      circular knitting machines are fitted with.
PAR  It is the object of the present invention to provide a machine which, as
      controlled by an electronic device for "reading" the pattern to be
      reproduced, the device being the subject of applicant's Pat. application
      Ser. No. 432,584, now U.S. Pat. No. 3,868,650 filed Jan. 11, 1974, will
      automatically carry out the operations concerning pin loading and
      insertion or introduction into a needle selecting cylinder, in accordance
      with the control sequences provided by said electronic pattern reading
      device.
PAR  Therefore, by a machine according to the invention the times required for
      setting up the needle selecting cylinders are reduced to a very high
      extent, and any human error is completely avoided as well.
PAR  Generally, according to the invention, a machine for pin insertion in
      needle selecting cylinders of circular knitting machines, said machine
      being automatically sequentially controlled by an electronic device for
      reading the pattern to be reproduced, the outer surface of said cylinder
      having holes therein for inserting the pins aligned according to
      longitudinal rows and evenly angularly spaced apart from one another,
      comprising a cylinder spindle, a side bearing movable longitudinally of
      and relatively to said spindle, said bearing having attached thereto a
      device for pin insertion in the cylinder holes, sequentially controlled by
      the signals supplied by said electronic pattern reading device, and a pin
      feeding device connected to a pin storage means for said insertion device
      providing for parallelling the supplied pins.
PAR  Particularly, the cylinder spindle is horizontally located at work position
      and is vertically or upwardly overturnable both for enabling the
      introduction and removal of a cylinder without any casual exiting of the
      pins from the associated holes.
PAR  In accordance with further features of the machine according to the
      invention, in order to ensure accurate feedings of the pin inserting
      device, such feedings being the same as the pitch or spacing between two
      adjoining holes in a same row, mechanical Geneva wheel control devices are
      used, which devices are of simple construction and reliable in operation.
      However, other mechanical or electrical type of devices suitably intended
      for the purpose can be used in place of such control devices.
DRWD
PAR  A particular structural example of the machine according to the invention
      will now be described with reference to the accompanying drawings, in
      which:
PAR  FIG. 1 is an overall perspective view of the machine according to the
      invention and the electronic pattern reading device associated therewith;
PAR  FIG. 2 is a longitudinal sectional view of the machine at the cylinder
      spindle, or taken along line 2--2 of FIG. 5;
PAR  FIG. 3 is a cross-section taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a detail view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a top plan, partly sectional view of the machine shown in FIG. 1,
      the cylinder wherein the pins are to be inserted being omitted;
PAR  FIG. 6 is a cross-section substantially taken along line 6--6 of FIG. 5;
PAR  FIG. 7 is a longitudinal sectional view on a vertical plane taken along
      line 7--7 of FIG. 5; and
PAR  FIG. 8 is a cross-section taken along line 8--8 of FIG. 7.
DETD
PAR  Referring to the drawings, and particularly to FIG. 1, the machine 10 is
      controlled to automatically accomplish a predetermined operation sequence,
      through the reading of a pattern 11 to be reproduced by an electronic
      pattern reading device 12, forming the subject of an earlier patent
      application in U.S.A. Ser. No. 432,584 filed on Jan. 11, 1974 of the same
      applicant, and connected to a logic circuit 13 controlling the machine 10.
      Briefly, through a push rod 14 on the device 12, those contacts 15 at the
      marks set on the pattern 11 and visible through a slit 16 in the device 12
      are contacted.
PAR  The signals thus generated are processed by said logic circuit 13 and then
      supplied to the machine 10 for sequentially controlling the supply and
      insertion operations of the pins in a jacquard or needle selecting
      cylinder of a circular knitting machine and suitably set on said machine
      10. A magnetic tape memory 17 can be connected to said logic 13 for a
      pattern data storage.
PAR  More particularly describing the machine according to the present
      invention, it will be seen that the machine 10 includes a structure
      carrying a rotating spindle 18 (FIGS. 2-5), at its horizontal work
      position shown in FIG. 2 carrying and rotatably driving a cylinder 19
      provided along longitudinal rows equiangularly spaced apart with holes 20
      for inserting the needle selecting pins according to cycles provided by
      the above mentioned electronic pattern reading device 12.
PAR  The pins 21, as loosely inserted in the holes 20 of said cylinder 19, are
      stopped and correctly positioned by an inner bush 22, at one end the
      cylinder 19 also having a positioning pin 23 projecting from the side face
      thereof.
PAR  The spindle 18 carries expansion pliers for locking and rotatably driving
      the cylinder 19, such pliers being manually operable by the handle 24
      shown in FIG. 2.
PAR  The spindle 18 is rotably carried about its axis by suitable bearings and
      is connected to a helical gear 25 meshing on the worm screw 26 (FIGS. 2
      and 8) arranged transversally of the machine.
PAR  A Geneva wheel 27 is keyed to one end of the shaft of said worm screw 26
      and capable of engaging with a pin 28, carried sidewise projecting by a
      lever 29 made fast with a control shaft 30. This shaft 30 is mechanically
      connected to a control geared motor 31, so that at every complete
      revolution of the control shaft 30, said pin 28 of lever 29 causes
      rotation through one-fourth of revolution for said Geneva wheel 27 and
      said worm screw 26 as well. The ratio of the helical gears 25 to the worm
      screw 26 is suitably selected and such that at every rotation through
      one-fourth  of revolution for the Geneva wheel 27, there will correspond a
      fraction of angular rotation for cylinder 19 equal to the spacing between
      two adjoining rows of holes.
PAR  Additionally, the machine has laterally of the spindle 18 a movable support
      or carriage 32, capable of longitudinally sliding on horizontal guide
      means 33 attached to the structure of the machine 10 (FIGS. 5, 6 and 7).
PAR  This support or carriage 32 can be moved longitudinally and relatively to
      said spindle 18 through a worm screw 34, such as a four-start worm screw,
      engaging with a nut made fast with said support 32.
PAR  The worm screw 34 is rotatably carried at intermediate position and beneath
      said guide means 33 and is keyed to a Geneva wheel 36 which, similarly to
      the first mentioned Geneva wheel, is driven to rotate through a fourth of
      revolution by a pin 37 carried sidewise projecting by a lever 38 made fast
      with a control shaft 39, the latter being connected to a second geared
      motor 40. Also in this case, the ratio of the mechanical members,
      particularly of the worm screw 34 to the associated nut should be such as
      to enable said support or carriage 32 to forwardly move by a predetermined
      distance corresponding to the constant pitch between two adjoining holes
      in each row of holes in said cylinder 19.
PAR  The carriage 32 carries both the device for pins insertion in cylinder 19
      and the device for supplying said pins.
PAR  Particularly, the carriage 32 (FIG. 6) carries a pin feeding means
      comprising, in the case being considered, a trough 41 for receiving a
      substantial bulk amount of pins or pegs 21. This trough 41 is carried to
      rotate about a vertical axis and is maintained in rotation by a geared
      motor 42 at such a speed that, due to the centrifugal force, said pins are
      cast against the peripheral wall of the trough in aligned relationship and
      supplied by an elevation track 43 to a flexible duct 44 provided by a
      spirally wound spring which, in turn, leads to a storage means 45, wherein
      the pins are aligned and arranged parallel to one another, being supplied
      by gravity along a sinuous path in front of the outlet aperture 49 of the
      device for inserting the individual pins in the cylinder holes, according
      to a sequence governed by the pattern reader 12, as above referred to.
PAR  The device for pin insertion in the jacquard cylinder 19 substantially
      comprises a reciprocating pusher member, which is substantially formed of
      a small cylinder 46 horizontally sliding in a corresponding guide cavity
      47 transversely of said support or carriage 32. At one end thereof said
      small cylinder 46 has a pin 48 which, by passing through a suitable hole
      provided at the end of said cavity 47, is effective on the last pin, that
      is the lowermost pin in the row of prearranged pins in the storage means
      45 for causing it to emerge through an opening 49, thus inserting it in a
      hole facing the jacquard cylinder 19.
PAR  At its other end, said small cylinder 46 is connected to a guide rod 50
      having an adjustable helical spring 51 threaded thereon. The reciprocation
      for said pusher 46, 48 is provided by a cam drive. More particularly, a
      lever 52 is pivoted at 52' and by one arm thereof, moving along a slit in
      the movable support or carriage 32, engages within a corresponding notch
      46' of the small cylinder 46, while carrying at its other end a roller 52"
      capable of sliding or reading the profile of a cam 53 rotably driven and
      sliding along a splined shaft 54. As shown in FIG. 7, this shaft 54 is
      connected to the above mentioned shaft 39 controlled by motor 40. The cam
      53 is supported by rolling bearings 56 and connected to a part or element
      57 fast with said movable support or carriage 32.
PAR  From the foregoing, it will be appreciated that as the shaft 54 rotates,
      when the cam follower roller 51' of lever 52 is on the high portion of cam
      53, the small cylinder 46 of the pusher member is fully retracted with the
      spring 51 at compression state, and when the cam follower roller 52" is on
      the low portion of cam 53, the small cylinder 46 of the pusher member is
      forward urged with the needle 47 to insert or not a pin or peg 21,
      depending on the command as received by the above mentioned pattern
      reading device.
PAR  The full forward movement of the small cylinder 46 to insert a pin, or the
      stop of the latter for preventing a pin from being inserted in the
      jacquard cylinder 19, depending on the commands given by the pattern
      reading device, is enabled and inhibited, respectively, by a ratchet gear
      or stop lever 58, which is pivoted at 59 and capable of penetrating
      through a cranked end thereof through an aperture in the guide for the
      small cylinder 46 to come in front of the latter, stopping the forward
      movement thereof. The control for the stop lever 58 is provided by an
      electromagnet 60 suitably operated by the sequence of said pattern reading
      device 12.
PAR  As above mentioned, the spindle 18 when operative is at the horizontal
      position shown in FIG. 2. Therefore, to allow for an easier insertion and
      removal of the jacquard cylinders 19, said spindle 18 is overturnably
      supported at vertical position. Particularly, the spindle support 61 (FIG.
      2) is overturnable about a horizontal axis at right angles to the spindle
      and coincident with the axis of rotation for the worm screw 26 controlling
      the rotation of the spindle. This vertical position of the spindle 18 is
      particularly useful for unthreading the jacquard cylinders 19, as
      substantially preventing the pins 21 from falling or coming out, such pins
      being generally loosely or not forcibly inserted in the holes 20 of said
      cylinder.
PAR  Similarly, in order to avoid any falling or exiting for the pins 21 at the
      bottom half of cylinder 19, when the latter is at horizontal position, the
      spindle support 61 is extended at the bottom with a semicylindrical or
      bent tile shaped portion 62. The free end of said bent tile portion 62
      engages with a holding hook 63 (FIGS. 2 and 3) manually operable to block
      or release the spindle 18 at its horizontal position.
PAR  Further, as shown in FIGS. 2 and 4 of the appended drawings, in order to
      maintain said spindle 18 and hence said cylinder 19 correctly positioned
      with a hole row aligned with the pin outlet 49 from said inserting device,
      provision has been made for using a positioning device substantially
      comprising a gear 65 rotating with the spindle 18, with the end or tip of
      a rod or slider 66 vertically supported sliding in guides on the machine
      structure inserting between the teeth of said gear 65. This rod or slider
      66 engages with a rocking lever 67 pivoted at 68 and acted upon by a
      control cam 69 which is keyed to the shaft 30 driven by the motor 31.
PAR  The cam 69 is operative to lower the lever 67 and thus release the
      positioning rod 66 from the teeth of said gear 65, while a spring 70 is
      effective in opposite direction to upward urge said positioner 66.
PAR  The operation of the machine for inserting pins in jacquard cylinders is
      substantially as follows. On pressing the holding hook 63, the spindle
      support 61 is released and can be accordingly rotated or overturned about
      the axis of the worm screw 26, vertically arranging said spindle to aid in
      introducing an empty jacquard cylinder.
PAR  Upon introduction of a jacquard cylinder 19, by bringing the reference pin
      23 to coincide with a corresponding positioning notch in the spindle
      support, and after blocking the cylinder 19 on the spindle, through the
      rotation of handle 24 the assembly is restored to horizontal position with
      assurance of a correct hooking of hook 63. At this position, the
      positioning rod 66 will insert between two adjoining teeth of said
      positioning gear 65, assuring the correct position for the first row of
      holes in cylinder 19 relative to the outlet 49 for the pins 21 to be
      inserted. This correct positioning is further controlled by a cycle
      starting control device 71 (FIG. 4) comprising, for example, a microswitch
      or proximity contact, also providing to signal and stop the device after
      the last row of holes in cylinder 19 has been filled up.
PAR  After positioning the spindle 18 with a jacquard cylinder 19, and assume
      that the feeder 41 is running and the storage means 45 filled up with pins
      21, the motor 40 will be operated, rotably driving the splined shaft 54
      and thus the above described control cam 53.
PAR  The rotation of cam 53 will first cause the retraction of cylinder 46 and
      pin or peg insertion pin 47 and then a successive feeding for enabling or
      not the insertion of a pin in a corresponding hole in the cylinder
      depending on the controls as programmed by said pattern reader 12.
PAR  More particularly, a spoke insertion is controlled by said lever 52, which
      when reading the high profile of cam 53, will retract the small cylinder
      46 and the pin 48 as well, enabling a lowermost pin 21 to fall from the
      sinuous storage means 45 and align with the outlet opening 49.
      Concurrently with the retraction of small cylinder 46, the spring 51 will
      be loaded, the force of this spring being adjustable by turning a ring nut
      72, so that on arriving at the lowermost level of its travel, the cam 53
      will allow the spring 51 to forwardly urge the small cylinder 46 and pin
      48 for inserting a pin or peg in the jacquard cylinder 19. When required
      by the pattern, a peg or pin will be inhibited from insertion by the above
      mentioned lever 58, which is normally maintained at raised position by the
      electromagnet 60, but lowering to prevent the inserting device from
      forwardly moving, when required.
PAR  A proximity control 73 operated by the lever 51 will be effective to stop
      the machine should a pin become jammed in the storage means 45 and
      jacquard cylinder 19, or should it be missing, while enabling a next pin
      to be inserted when said control 63 suitably allows it and following
      correct insertion for the preceding pin.
PAR  When a pin has been inserted and on continued rotation of the drive shaft
      39, the lever 38 and pin 37 will become effective causing the Geneva wheel
      36 and hence the four-start screw 34 to rotate through one fourth of
      revolution at each revolution of shaft 39. Since the pitch of screw 37
      corresponds to the pitch or spacing between two adjoining holes along each
      row of holes in the jacquard cylinder, the support or carriage 32 will
      move to position the hole inserting device in front of the successive next
      hole in the row.
PAR  The insertion or not of the pins in the holes of the preselected row, as
      well as the stepwise movement of the pin inserting device, will occur in
      accordance with the signals supplied by the pattern reader, as above
      mentioned.
PAR  Upon reaching the location of the last hole in a row, a contact 74 (FIG. 6)
      will correspond by a limit switch or microswitch 75 with other equivalent
      means, causing the motor 40 to be stopped and enabling the operations to
      be started for inserting pins in the adjoining row of holes, but in
      opposite direction to that of the preceding row. If desired, the whole pin
      inserting device could be brought back to the beginning at the other end
      of the jacquard cylinder, it being however apparent that the filling up in
      reverse direction of a subsequent row of holes will provide a considerable
      saving in time.
PAR  Therefore, a pulse from the microswitch 75 will start the geared motor 31
      and rotate the lever 29, the latter causing by the pin 28 a rotation
      through one fourth of revolution for the Geneva wheel 27 and hence the
      worm screw 26 which, through the helical gear 25 will rotate the spindle
      18 and hence the jacquard cylinder 19 to bring a second row of holes in
      alignment with the outlet opening 49 for the pins from the inserting
      device.
PAR  Similarly, at each rotation of the spindle drive shaft 30, a contact 76
      will energize a limit switch or microswitch 77 (FIG. 7), enabling the
      shutdown of motor 31 and start of motor 40 and thereby allowing the
      operations to be started for inserting pins in the new row of holes in the
      jacquard cylinder. Of course, prior to any rotation of shaft 30 for the
      operation of said Geneva wheel 27, the positioning rod 66 should be
      disengaged from the gear 65, and then re-engaged after positioning.
PAR  The operation of the machine will continue until pin insertion in all of
      the hole rows in the jacquard cylinder is completed.
PAR  Upon completion of pin insertion in the jacquard cylinder, the machine will
      be stopped and the jacquard cylinder removed by upwardly vertically
      overturning it and releasing it by turning said handle 24, as above
      specified. Due to the vertical position of jacquard cylinder 19, any
      casual exiting of previously inserted pins will be avoided.
PAR  The jacquard cylinder will then be introduced into a proper container and
      stored or otherwise mounted on a circular knitting machine.
PAR  It should be noted that the matter above disclosed and shown in the
      appended drawings was given by mere way of exmple and that further changes
      could be adopted, for example as to the relative movement between the pin
      inserting device and the jacquard cylinder, and the work arrangement of
      the cylinder spindle and pin inserting device without departing for this
      from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for inserting pins in the holes of a needle selecting cylinder
      for a circular knitting machine which includes an electronic device having
      means for reading a pattern to be reproduced, said apparatus comprising a
      cylinder spindle having a spindle axis which is supported in a
      substantially horizontal position for horizontally supporting a needle
      selecting cylinder, means for rotating said cylinder spindle about said
      spindle axis, means for turning said spindle about a horizontal axis which
      is disposed perpendicular to said spindle axis, a support mechanism, means
      for moving said support mechanism in a direction substantially parallel to
      said spindle axis when said spindle axis is supported in said
      substantially horizontal position, a pin insertion mechanism carried by
      said support mechanism comprising a reciprocating pusher member and spring
      means for biasing said pusher member in a first direction, a control
      lever, a first portion of said control lever being connected to said
      pusher member, a second portion of said control lever including a cam
      follower, a control cam having a cam surface for engaging said cam
      follower, said control cam having a splined connection to a rotatably
      driven shaft and being connected to said support mechanism for movement
      therewith, said cam surface being operative on said cam follower and said
      control lever for allowing said pusher member to be driven in said first
      direction under the influence of said spring means and for thereafter
      driving said pusher member in a second direction against the bias of said
      spring means, means for feeding a pin into the path of said pusher as it
      is being driven in said first direction comprising means for supporting a
      plurality of pins in substantially parallel relationship and for
      permitting a pin to fall from said supporting means under the influence of
      gravity and into the path of said pusher, means for blocking movement of
      said pusher member in said second direction for disabling said pin
      insertion means, electromagnetic means for actuating said blocking means,
      a pin support extending beneath said needle selecting cylinder when said
      needle selecting cylinder is in a horizontal position for preventing
      inserted pins from falling from said needle selecting cylinder, said means
      for rotating said spindle, said means for moving said support mechanism
      and the means for controlling the movement of said pusher and said
      blocking means being controlled by signals from said electronic pattern
      reading device.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 wherein said means for rotating said
      spindle about its axis comprises a helical gear connected to said spindle,
      a worm gear engaging said helical gear, said worm gear being rotatable
      about an axis which is perpendicular to the axis of said helical gear,
      said turning axis being coincident with the axis of said worm gear.
NUM  3.
PAR  3. Apparatus as set forth in claim 2 wherein the helical gear is connected
      to a Geneva wheel which is rotatably driven by an electrical motor.
NUM  4.
PAR  4. Apparatus as set forth in claim 3 wherein said needle selecting cylinder
      includes a plurality of axially extending rows of holes, means for
      positioning said pin inserting means in alignment with a selected row of
      holes, said last mentioned means comprising a gear integral with said
      spindle, and a rod controlled by a cam and operative to engage with and
      disengage from said gear upon each operation of said Geneva wheel.
NUM  5.
PAR  5. Apparatus as set forth in claim 1 wherein said means for moving said
      support mechanism comprises a worm gear, a nut integral with said support
      mechanism and engaging said worm gear, a second electrical motor connected
      to said worm gear for rotating said worm gear aroundd its axis, said
      electrical motor being connected to said worm gear by a second Geneva
      wheel.
NUM  6.
PAR  6. Apparatus as set forth in claim 1 wherein the spring force of said
      spring is adjustable.
NUM  7.
PAR  7. Apparatus as set forth in claim 1 wherein said pin feeding means is of
      the centrifugal type.
NUM  8.
PAR  8. Apparatus as set forth in claim 1 further including means for disabling
      the operation of said pin insertion means if the pin is not correctly
      positioned or inserted in said needle selecting cylinder.
NUM  9.
PAR  9. Apparatus as set forth in claim 1 wherein said needle selecting cylinder
      includes a plurality of axially extending rows of holes, said pin
      inserting means being operative to insert pins in a first one of said
      axially extending rows of holes during movement of said support mechanism
      in a first direction, and for inserting pins in an adjacent row of holes
      as said support mechanism is moving in a second direction which is
      opposite to said first direction.
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ABST
PAL  A tool permitting the changing or replacing of a shock absorber helical
      spring, the tool including a base on which a shock absorber is mounted in
      a position parallel to the base with one end of the shock absorber being
      restrained, a shock absorber length adjustment shaft is positioned on the
      base adjacent the other end of the shock absorber, a hand lever is
      positioned on the adjustment shaft with strategically located pins on the
      hand lever being inserted between coils of the spring, and the hand lever
      is then moveable to cause compression of the spring sufficiently far to
      enable removal of a spring retainer and thus removal of the spring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to apparatus to be used for removing and replacing a
      preloaded helical coil spring which is part of a shock absorber, and more
      particularly to apparatus for readily compressing the spring.
PAR  2. Description of the Prior Art
PAR  Shock absorbers of the type characteristically used on motorcycles employ a
      hydraulic cylinder surrounded at least for a portion of its length by a
      coil spring maintained in a compressed state between a pair of keepers.
      One of the keepers is integral with the outer casing of the hydraulic
      cylinder and the other keeper is removably located on or affixed to the
      piston rod extending from the hydraulic cylinder. The removability of the
      keeper permits facile changing of the coil spring to thus alter the
      characteristics of the shock absorber depending on the spring rate.
PAR  In motorcycle racing, it is desired to frequently and rapidly change a
      shock absorber spring in repairing or rebuilding a shock absorber or to
      change load ratings on a shock absorber to adjust to or accommodate race
      course surface variations. Usually these changes must be made quickly,
      between racing heats and not always under ideal working conditions. The
      combined efforts of several persons is needed to compress the coil spring
      and remove the keeper, and then, after a replacement spring has been
      installed, to compress the spring and reassemble the keeper. There exists
      a need for a simple, easily handled apparatus to enable one person under
      stressful, somewhat improvised conditions to quickly and handily change a
      shock absorber spring.
PAR  In the prior art, Smyser U.S. Pat. No. 3,278,157 discloses a type of shock
      absorber spring compressor which requires the installation and then the
      removal of a lock bolt and nut through the spring. Castoe U.S. Pat. No.
      3,814,382 discloses a type of spring compressor which requires a yoke
      pusher plate and cooperating bracket as well as a power source. Neither
      patent teaches a shock absorber remover which has the versatility and
      relative simplicity of operation or affords the speedy removal of a spring
      as provided by this invention.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an improved shock absorber
      spring changing tool.
PAR  Another object of the invention is to provide a tool for changing a shock
      absorber spring which has versatility of use and can be readily used even
      under relatively primative working conditions.
PAR  Still another object of the invention is to provide a tool for changing a
      shock absorber coil spring which is relatively simple in construction and
      operation and does not require an auxiliary force or pressure beyond a low
      level of human strength for operation, and which can be used by a single
      person.
DRWD
PAR  The foregoing and other objects, features and advantages of the invention
      become more apparent in the light of the following detailed description of
      a preferred embodiment thereof, as illustrated in the accompanying
      drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side perspective view of the tool of this invention with the
      various elements in place.
PAR  FIG. 2 is a top elevation, partially in section, of the tool showing a
      shock absorber in position on the tool and the spring compressed
      sufficiently far to permit removal of a washer-type spring retainer.
PAR  FIG. 3 is an end view, looking toward the right of FIG. 2, being partially
      in section through the base of the tool.
PAR  FIG. 4 is a partial section of a tool and shock absorber as in FIG. 2, the
      shock absorber having a spring wound reversely to that of FIG. 2.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, base 10 is shown which may be made from sheet stock.
      The base has a flat face 12 and sides 14 and 16 (FIG. 3) which are bent
      down at right angles to the face, and ends 18 and 20 which are bent into
      L-shape as shown to complete a box-like structure. End 18 has hole 22
      (FIG. 2) therein and end 20 has hole 24 therein which can be used for
      permanently mounting the base to a wall or workbench. Alternately, the
      base can merely be placed loosely on any flat surface or it may be held in
      a vise.
PAR  Adjacent one end of the base, the left end in FIG. 1, support block 26 is
      welded to the base and locating pin 28 is welded to the support block.
      U-shaped safety pin 30 is adapted to be inserted through hole 32 near the
      outer end of the locating pin. A plurality of pairs of holes 34 are
      pierced through sides 14 and 16 adjacent the other end of the base. These
      holes are for receiving shaft 36 which is adjustably positionable
      dependent upon the length of the shock absorber being serviced and which
      serves as a pivot for a hand lever as will be explained. As best seen in
      FIGS. 2 and 3, shaft 36 has hole 37 therethrough near one end for
      receiving U-shaped safety pin 38 and the other end has hole 40
      therethrough for receiving U-shaped safety pin 42. The end of the shaft
      adjacent safety pin 42 is sufficiently long to provide for easy grasping
      of the shaft.
PAR  Spring depressor hand lever 44 includes handle 46 connected to U-shaped
      claw 48. The claw is sufficiently wide to straddle base 10 and opposing
      projections 50 and 52 on the claw have slots in their lower end, only slot
      54 in the end of projection 50 being clearly visible in FIG. 1, which are
      shaped to fit over and receive shaft 36, and to be pivotable thereabout.
      Part of slot 56 on projection 52 can be seen in FIG. 3.
PAR  A pair of spring depressor pins 58 and 60 are located within projections 50
      and 52, respectively, on claw 48. The diameter of the pins may be stepped
      as shown. The centerline of the pins, as can be seen in FIG. 3, is a
      finite distance above shaft 36 and essentially on the centerline of a
      typical shock absorber when placed in position on base 10; their ends are
      sufficiently spaced apart a distance greater than a shock absorber piston
      rod; and they are staggered a finite distance along the length of a shock
      absorber spring so as to readily go between the coils of either a right or
      left hand coil spring. Characteristically these springs are spiral wound
      as either right or left hand helixes and vary in wire guage and the number
      of coils per unit length.
PAR  Shock absorber 62 is shown in position on base 10 in FIG. 2. The shock
      absorber includes coil spring 64 surrounding cylinder 66 and piston rod
      68. The spring is restrained at one end by fixed keeper 70 which is
      integral with cylinder 66 and removable keeper 72, a slotted washer, which
      is retained in place by the force of the spring against shoulder 74
      integral with piston rod 68. The diameter of the shoulder is less than the
      inner diameter of the coil spring so that a spring can be removed or
      installed in place. Shock absorber eye 76 is integral with cylinder 66 and
      is at one end of the shock abosrber, the left end here, and eye 78 is
      integral with piston rod 68 at the other end of the shock absorber.
PAR  In the showing of FIG. 4, coil spring 80 on a shock absorber similar to
      that of FIG. 2 is wound in a direction opposite to that of FIG. 2. The
      figure shows pins 58 and 60 on hand lever 44 between the coils.
PAR  To change a coil spring, eye 76 of shock sbsorber 62 is placed over
      locating pin 28 on the tool and secured in place by safety pin 30 to
      prevent the shock absorber from slipping off the pin. Shaft 36 is then
      placed in one of the pair of holes 34 close to removable keeper 72 and
      secured by safety pins 38 and 42. Hand lever 44 then is placed in position
      by slipping projections 50 and 52 over shaft 36 as spring depressor pins
      58 and 60 are inserted between the coils of the spring. The handle lever
      is then rotated toward eye 76 sufficiently far to move the spring away
      from removable keeper 72, compressing the spring toward fixed keeper 70.
      As shown in FIG. 2, removable keeper 72, which is slotted, then can be
      taken off piston rod 68 by finger or other action. Reverse motion on the
      hand lever and removal of it from shaft 36 and the spring then permits the
      spring to be removed from the shock absorber. In some shock absorber
      constructions, the removable keeper is integral with the eye and they are
      screwed to the piston rod. Use of the hand lever in such constructions
      relieves spring loading so that the keeper and eye portion can be
      unscrewed and the spring then removed.
PAR  To reassemble a shock absorber, the shock absorber is placed in position on
      the base and the hand lever is used to compress the spring so that the
      removable keeper can either be slid or screwed into position.
PAR  Although the invention has been shown and described with respect to a
      preferred embodiment thereof, it should be understood by those skilled in
      the art that the foregoing and other changes and omissions in the form and
      detail thereof may be made therein without departing from the spirit and
      scope of the invention, which is to be limited and defined only as set
      forth in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tool for changing the helical coil spring of a shock absorber, said
      shock absorber having a removable keeper at one end and a nonremovable
      keeper at the other end retaining the coil spring, the tool comprising a
      base of generally rectangular plan form, means adjacent one end of the
      base for anchoring the nonremovable keeper end of the shock absorber when
      placed on said base, means adjacent the other end of and in the base for
      positioning shaft means proximate to said removable keeper, lever means
      adapted to be positioned over said shaft means and to be pivotable
      thereabout, and means integral with said lever means for compressing said
      coil spring as said lever means is rotated about said shaft so as to
      permit removal of said removable keeper and removal of said spring from
      said shock absorber.
NUM  2.
PAR  2. A tool in accordance with claim 1 in which the means for compressing the
      coil spring is a pair of pins which are inserted between coils of the coil
      spring when the lever means is positioned over the shaft.
NUM  3.
PAR  3. A tool in accordance with claim 2 in which the coil spring compressor
      pins are located on a line above the shaft approximately coincident with
      the shock absorber center line.
NUM  4.
PAR  4. A tool in accordance with claim 2 in which the coil spring compressor
      pins are located so as to be staggered along the length of the coil spring
      so as to fit conveniently between coils of the spring.
NUM  5.
PAR  5. A tool in accordance with claim 2 in which the pins are located on a
      common line approximately on the center line of the shock absorber when in
      position on the base and displaced with respect to each other along the
      length of the shock absorber.
NUM  6.
PAR  6. A tool in accordance with claim 2 in which the base has ends with holes
      therein for securing the base to a fixed surface.
NUM  7.
PAR  7. A tool in accordance with claim 1 having safety pin means useable with
      said anchoring means to retain said shock absorber in place on said base
      and with said shaft means to retain it in place in said base.
NUM  8.
PAR  8. A tool in accordance with claim 1 in which there are a plurality of
      means in the base for positioning the shaft means so as to accommodate
      shock absorbers of different lengths.
NUM  9.
PAR  9. A tool in accordance with claim 1 in which the lever means includes a
      handle and a U-shaped claw having slotted projections fitting over the
      shaft means.
NUM  10.
PAR  10. A tool in accordance with claim 9 in which a pin projects from each
      projection toward the other pin.
NUM  11.
PAR  11. A tool assembly to be used to change the helical coil spring of a shock
      absorber, the tool including a base having side elements and end elements
      forming a box-like structure, supporting means on said base adjacent one
      end, said supporting means including means for anchoring one end of a
      shock absorber and means for retaining said shock absorber in place, a
      plurality of sets of holes in said side elements at different distances
      from said supporting means, shaft means adaptable to be positioned in one
      set of said sets of side element holes and having portions extending
      outward from said side elements, means for retaining said shaft in a set
      of holes, and lever means positionable on the outward extending portions
      of said shaft means, said lever means having means thereon for compressing
      the helical coil spring of a shock absorber.
NUM  12.
PAR  12. A tool assembly in accordance with claim 11 in which there are holes in
      the end elements of said base for the attachment of the base to a fixed
      surface.
NUM  13.
PAR  13. A tool assembly in accordance with claim 11 in which the lever means
      has a claw-like portion which surrounds a shock absorber lying on said
      base with one end connected to said supporting means.
NUM  14.
PAR  14. A tool assembly in accordance with claim 13 in which the claw-like
      portion has spring depressing means for fitting between coils of said
      spring.
NUM  15.
PAR  15. A tool assembly in accordance with claim 14 in which the spring
      depressing means are pins extending toward each other from the interior of
      the claw-like portion and staggered along the coil spring.
NUM  16.
PAR  16. A tool assembly in accordance with claim 11 in which the retaining
      means on said supporting means and said shaft means are U-shaped safety
      pins.
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ABST
PAL  This invention discloses a novel and improved method of seating a bearing,
      especially for use in chair controls for tiltable chairs. A multi-pointed
      star-shaped hole is cut in the support and a bearing, preferably made of
      nylon, which has a series of circular rings on its periphery, each ring
      diminishing in diameter, is placed in the hole as far as it will go. The
      bearing is then fused into the hole and the hole cuts the bearing so that
      shavings are forced into the undercut part of the next largest ring. This
      provides a secure and tight fitting bearing and removes any necessity for
      bearings to be made of exact tolerances. The process may also be subject
      to a fully automated process at a greatly reduced cost.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a bearing and a method of seating a
      bearing and more particularly, to a method of seating nylon bearings for
      use in chair controls for tilter chairs.
PAR  In the past, bearings have been produced of different materials and are
      used to support, guide and restrain moving elements an generally denote
      that part of a substance which transmits the loads to the supports. A
      large variety of metals may be used as bearing metals including babbitt (a
      tin-base alloy containing antimony and copper), white metal bearing
      alloys, high tin bronze, leader copper, cadmium base alloys, cast iron,
      silver and various jewels.
PAR  An example of the use of a conventional bearing may be seen in the chair
      control for tilter chairs of the prior art. A typical control of the prior
      art comprises, inter alia, a movable frame portion attached to the seat of
      the chair and a fixed frame portion attached to a chair post and a biasing
      means yieldably interconnecting the two frames. One example of the biasing
      means comprises a bolt inserted through the fixed frame portion, a spring
      mechanism affixed to the free end of the bolt with a pressure plate
      engaging the spring and the fixed frame portion. Two bearings are fastened
      on opposite sides of the pressure plate and engage corresponding slots in
      the fixed frame portion or the bearings may be fastened on the sides of
      the frame portion and correspond to slits in the pressure plate.
PAR  The method of seating of bearings of the prior art may vary according to
      the use for which the bearing is designed and also the particular material
      from which it is manufactured. However, all the known methods involve
      manual insertion, manual welding or similar methods.
PAR  The thrust bearings used in chair controls of the prior art as hereinbefore
      described have been seated by inserting a pin through the support and
      placing a bearing on the pin. This involves the manufacture of a pin, a
      bearing and the steps of inserting the pin through the support and then
      inserting the bearing on the pin. The assembly of these pieces had to be
      exact and the tolerances perfect in order that once seated, neither the
      pin nor the bearing would rotate. This has proved to be a rather expensive
      and time consuming process.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to at least partially
      overcome these disadvantages by providing a novel method of seating a
      bearing.
PAR  To this end, in one of its aspects, the invention provides a process for
      seating a bearing comprising cutting a multi-pointed star-shaped hole in
      the support, providing a nylon bearing which has on its periphery, a
      series of circular rings, the diameter of the bearing across the first
      ring being greater than the diameter of the hole in which the bearing is
      to be seated and the depth of the portion of the bearing carrying the
      first ring being at least equal to the depth of the hole, and a portion of
      the bearing carrying at least a second ring of smaller diameter than the
      first, and inserting the bearing into the star-shaped hole.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and advantages of the invention will appear from the
      following description taken together with the accompanying drawings in
      which:
PAR  FIG. 1 is a view of a bearing and a support with a star-shaped hole cut
      therein;
PAR  FIG. 2 is a plan view showing the bearing seated in the wall;
PAR  FIG. 3 is a cross-sectional view showing the bearing seated in the wall;
      and
PAR  FIG. 4 is a side view of the bearing seated in the support.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Reference is made to FIG. 1 which shows a bearing generally indicated as 10
      and a support 12 with a star-shaped hole 14 cut therein.
PAR  The bearing 10 carries a series of rings of diminishing diameters. The
      bearing as shown in FIG. 1 carries a first ring 16, second ring 18 and
      third ring 20, the largest ring having an undercut 26 at the juncture
      point with the bearing and the adjacent smaller ring.
PAR  The star-shaped hole 14 cut in the support may contain a varied number of
      points 22 and a preferred example as shown in FIG. 1 has eight points.
PAR  The bearing 10 is inserted through the hole 14 in the support from the side
      opposite to which the bearing will eventually extend. The portion of the
      bearing carrying the smallest ring 20 is inserted through the hole and
      then when the diameter of the bearing becomes greater than the diameter of
      the star-shaped hole, the portion of the bearing carrying the adjacent
      larger ring is then forced through the hole 14. This causes the points 22
      to shave or cut the ring of the bearing in a shape corresponding to the
      star-shaped hole. As shown in FIG. 2, the ring 24 emerges cut in a shape
      corresponding to the hole through which it was forced.
PAR  The shavings or cuttings from the cut ring automatically fill the undercut
      part 26 of the largest ring 16 as shown in FIG. 3. Thus, as seen in FIG.
      4, when the bearing is seated in the support, a secure and tight fitting
      bearing is produced.
PAR  There are numerous advantages when the method of the present invention is
      utilized. In the past, when bearings were seated in supports directly, the
      bearing had to be exactly tooled to prevent slippage in the support. The
      procedure was a manual one which increased the production costs and time
      consumed. The present invention reduces the cost and time attributed to
      seating a bearing and may be made the subject of an automated procedure.
      The bearings utilized in the present invention may be manufactured of a
      material which can be shaved or cut by the star-shaped hole. The bearing
      of the preferred embodiment is made of nylon.
PAR  The bearing of the present invention need not be manufactured to exact
      tolerances since its fitting is accomplished by a cutting or shaving of
      some of the material, preferably nylon, to produce a perfect fit. Thus,
      the cost of production of the bearings may be reduced.
PAR  The process may also be automated. A bearing is placed adjacent the hole
      and a means is provided for inserting the bearing in the hole by
      percussion. The undercut traps the shaved material and guarantees a tight
      and exact fit.
PAR  Although the disclosure describes and illustrates a preferred embodiment of
      the invention, it is to be understood that the invention is not restricted
      to this particular embodiment.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of seating a bearing in a support, said support containing
      therein a star-shaped hole, said bearing carrying on its periphery at
      least three rings of diminishing diameter, the diameter of the largest
      ring being greater than the diameter of said hole, the diameter of the
      second ring being marginally larger than the diameter of said hole, the
      diameter of the subsequent rings being smaller than the diameter of the
      hole, the largest ring being undercut marginally at the point of juncture
      with the bearing and the adjacent ring, comprising:
PA1  inserting the bearing into the hole commencing with its smallest ring until
      the diameter of the bearing containing the next ring to be inserted is the
      portion of the bearing carrying the ring having a marginally larger
      diameter than the diameter of the hole,
PA1  forcing said portion of the bearing having a marginally larger diameter
      than said hole through said hole whereby said ring having a marginally
      larger diameter than the diameter of the hole is cut by said star-shaped
      hole in a corresponding star-shaped pattern and the shavings are collected
      in said undercut portion of said largest ring,
PA1  whereby said bearing is seated securely in said hole.
NUM  2.
PAR  2. A method of seating a bearing as claimed in claim 1 wherein said
      star-shaped hole is an eight-pointed star-shaped hole.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein said bearing is nylon.
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ABST
PAL  Method of preparing an insulated negative buoyancy conduit wherein a jacket
      is placed around the conduit and an insulating material comprising a
      porous filler and a resin-forming composition is positioned in the annulus
      between the jacket and the conduit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1.  Field of the Invention
PAR  The present invention relates to an insulated conduit for transporting
      fluids which conduit has a negative buoyancy when positioned in a liquid.
      More particularly, the invention relates to a method of making such a
      conduit which will sink to the bottom of a body of water.
PAR  2.  Description of the Prior Art
PAR  In many instances, it is desirable to insulate conduits so that the
      temperature drop of fluids flowing through the conduit is held to a
      minimum. Conduits carrying fluids from gas condensate wells are an
      example. Gas condensate as it is produced from a well is at a relatively
      high temperature. If the temperature drops considerably in the conduit
      used to transport the gas condensate from the well to a point of further
      use, additional liquid can condense and cause blockage of the flow line.
      In other instances, oil is produced from a well at a relatively high
      temperature at which it has a low viscosity and is easy to transport
      through conduits. However, if the temperature drop of the oil passing
      through the conduit is great, the oil can become viscous and difficult to
      move. The oil may also contain paraffinic constituents which can come out
      of solution if the temperature drops, adhere to the conduit walls, and
      cause plugging of the conduit. In other instances, it is desired to
      transport a fluid from one point to another point and deliver the fluid as
      near as possible at its temperature at the point of origin. Therefore,
      there are many instances in which it is desirable to insulate conduits
      used in transporting fluids.
PAR  Oftentimes conduits are submerged in a liquid. For example, oil and gas
      gathering conduits from offshore wells are located beneath the surface of
      water. Insulation material is characteristically of the surface of water.
      Insulation material is characteristically of low density. If an adequate
      amount of insulation material is positioned around the conduit, the
      insulated conduit may become buoyant and tend to float in the liquid which
      surrounds it. This buoyancy can be onerous if it is desirable that the
      conduit be positioned beneath the surface of the liquid through which it
      passes, such as along the bottom of a body of water.
PAR  It is an object of this invention to provide a process for constructing an
      insulated negative buoyancy conduit. It is a further object to provide
      such a process which may be easily carried out using known materials of
      construction. It is a still further object to provide a process for
      constructing such a conduit having a water resistant insulation. It is
      another object to provide a process for constructing such a conduit which
      has a first structure to prevent heat loss and an additional structure
      which protects the first structure from the surrounding liquid media.
      Other objects, advantages, and features will become apparent from a
      consideration of the following discussion and appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  A method of preparing an insulated negative buoyancy conduit comprising
      concentrically positioning a jacket around the conduit and placing an
      insulating material comprising a porous filler and a resin-forming
      composition in the annular space between the jacket and the conduit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of the conduit of the present
      invention.
PAR  FIG. 2 is a cross-sectional view of the conduit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, the composite structure of this invention is
      made up of conduit 4 surrounded by insulation 18 surrounded by jacket 2.
      The composite is designed for use while submerged in a liquid. Conduit 4
      can be of any suitable material. Most fluid handling conduits are metal,
      ceramic, cement, or plastic. Conduits for gathering fluids from offshore
      wells are generally steel. Jacket, sheath, or sleeve 2 which is
      concentrically positioned around the conduit can be made of materials
      similar to those used in conduit 4. Jacket 2 should be of sufficient
      thickness and density so as to add sufficient weight to the composite to
      make the density of the composite equal to or greater than the density of
      the liquid in which the composite is to be submerged. Particularly useful
      are jackets made of cement. The composite structure may be submerged in
      any desired liquid either aqueous or oleaginous. Of particular interest is
      water or brine, such as bodies of water in which wells are often drilled.
PAR  Insulation material 18 is a lightweight material consisting of low density
      porous filler 12 integrally cast and embedded in resin 16. Such insulation
      material 18 has light weight, high strength, is resistant to water
      absorption, and has excellent insulating properties. Porous filler 12 can
      be a hollow microsphere or a rigid predominately closed-cell foam.
      Examples of hollow microspheres are glass spheres having a diameter of 20
      to 80 microns and fly ash microspheres. Rigid foams can be made from
      thermosetting resins such as urethane, epoxies, phenolics,
      urea-formaldehyde, or silicones. Foams can also be made from thermoplastic
      resins such as polystyrene, vinyls, polyolefins, and cellulosics.
PAR  It is preferred to make jacket 2 a few inches shorter than a length of
      conduit 4. When two lengths of conduit 4 are joined together, as by a
      coupling or by welding, preformed, short sections of insulation 18 and
      jacket 2 can be placed over the coupling area to make a composite of
      uniform diameter which is completely insulated.
PAR  In assembling a joint of composite structure, a section of jacket is
      concentrically positioned around a section of conduit 4. A solid
      doughnut-shaped first spacer element 6 is positioned at one end of the
      annulus between jacket 2 and conduit 4. A similar second spacer element 8
      fills the other end of the annulus. Insulation 18 is formed in situ in the
      annulus. Insulation 18 can be formed following placement of first spacer
      element 6 and before placement of second spacer element 8 by pouring
      porous filler 12 and resin-forming composition 16 into the annulus. The
      annulus may first be filled with porous filler 12 and then resin-forming
      composition 16 added to fill the void spaces around porous filler 12.
      Alternatively a mixture of the two components may be placed in the
      annulus. Generally from about 50 to 75 percent of the annular volume is
      filled with porous filler 12 and from 50 to 25 percent of the annular
      volume is filled with resin-forming composition 16.
PAR  In a preferred embodiment, second spacer element 8 is provided with at
      least one lateral aperture therethrough. Second spacer element 8 is
      positioned in the annulus following placement of first spacer element 6.
      Hollow probe 10 is inserted through the aperture in second spacer element
      8 and guided to the opposite end of the annulus. Insulation material 18 is
      injected through probe 10 as probe 10 is withdrawn through the annulus. In
      a still further preferred embodiment, second spacer element 8 is provided
      with two lateral apertures therethrough. Hollow probes 10 and 14 are
      inserted through these apertues to the opposite end of the annulus. Porous
      filler 12 is injected into the annulus via probe 10 as probe 10 is
      withdrawn from the annulus. Resin-forming composition 16 is then injected
      into the annulus around porous filler 12 via probe 14 as probe 14 is
      withdrawn from the annulus.
PAR  One example of a suitable insulating material is a syntactic foam, i.e., a
      two-phase composite material consisting of hollow microspheres integrally
      cast in a resin matrix. The density of such composites ranges from about
      30 to about 55 pounds per cubic foot. Such foams have a remarkably high
      strength-to-weight ratio. In similar foams, the hollow microspheres can be
      replaced by rigid foamed plastic.
PAC  EXAMPLE
PAR  An insulated negative buoyancy flow line for use in gathering fluids from
      offshore petroleum producing wells is assembled as follows: A 29-foot
      length of a Portland cement jacket having an inside diameter of 11 inches
      and a wall thickness of 2 inches is centrifugally cast in a steel mold
      from a Portland cement slurry. The cement jacket is steam cured in the
      mold. A 30-foot length of flow line having an outside diameter of 7 inches
      is preheated to a temperature of 300.degree.F. The heated steel flow line
      is centered in the cement jacket, and a doughnut-shaped first steel
      element having an inside diameter of 7 inches, an outside diameter 11
      inches, and a thickness of 2 inches is positioned in one end of the
      annulus. A similar second spacer element having two 1-inch lateral holes
      therethrough is positioned in the other end of the annulus. A hollow steel
      probe is inserted through each hole in the second spacer element, through
      the annular space, and down to the first spacer element at the opposite
      end of the annulus. A quantity of 1/16-inch diameter polystyrene expanded
      bead foam is blown into the annulus through one probe as that probe is
      withdrawn from the annulus. When the annulus is filled with polystyrene
      expanded bead foam, a catalyzed settable epoxy resin composition is
      injected into the annulus via the other probe as the other probe is
      withdrawn from the annulus. The epoxy resin is then allowed to set. The
      heat from the setting epoxy resin and the preheated steel flow line causes
      the polystyrene expanded bead foam to expand still further and helps
      completely fill the annulus with insulation. The resulting composite of
      steel flow line, cement jacket, and insulation of polystyrene expanded
      bead foam and epoxy resin has a density greater than that of water. Thus,
      the composite tends to settle to the bottom of any body of water in which
      it is installed.
PAR  While the foregoing description has dealt with certain specific embodiments
      to illustrate the process of this invention, it is to be understood that
      the invention may be embodied otherwise without departing from the spirit
      of the invention. Various modifications and substitutions of materials
      will suggest themselves to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing an insulated negative buoyancy flow line
      comprising:
PA1  a. positioning a section of jacket concentrically about a section of flow
      line to provide an annulus therebetween, the section of flow line
      extending beyond each end of the section of jacket;
PA1  b. positioning a first solid spacer element in the annulus at one end
      thereof to close one end of the annulus;
PA1  c. positioning a second solid spacer element in the other end of the
      annulus to close the other end of the annulus, said second solid spacer
      element being adapted for insertion of a pair of hollow probes
      therethrough into said annulus;
PA1  d. inserting a pair of hollow probes through said second solid spacer
      element with the outlets thereof positioned near the closed one end of the
      annulus;
PA1  e. filling the annulus with porous filler particles by injecting the
      particles through one of said hollow probes into said annulus and
      withdrawing said probe as the annulus is filled;
PA1  f. injecting a settable resin-forming composition through the other of said
      hollow probes into the annulus around the porous filler particles and
      withdrawing said other probe as the resin-forming composition is injected;
      and
PA1  g. allowing the resin forming composition to set.
NUM  2.
PAR  2. The method of claim 1 wherein said porous filler particles are hollow
      microspheres.
NUM  3.
PAR  3. The method of claim 1 wherein said porous filler particles are rigid
      predominantly closed-cell foam particles.
NUM  4.
PAR  4. The method of claim 1 wherein said porous filler particles are
      polystrene expanded bead foam particles having a diameter of 1/16 inch,
      the settable resin-forming composition is a catalyzed settable epoxy resin
      composition, and the jacket is a cement jacket.
NUM  5.
PAR  5. The process of claim 4 wherein the section of flow line, after the
      resin-forming composition has set, is joined to another section of
      insulated flow line and the portion of said flow line sections extending
      beyond the jacket sections thereof is covered by short sections of
      insulating material.
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PAL  Containers such as tanks, bins, cylinders, and the like, are constructed
      from a plurality of arcuate sections. The sections are formed on the
      ground, or other support surface, and lifted therefrom in a suitable
      manner to cooperate with other like sections during erection of the
      containers. Each section is formed by a plurality of strips laid on a
      concave jig so as to conform thereto. Beams reinforce the strips, which
      are tied together as by welds, and the like, to form a sheet. Shapers are
      advantageously removably attached to the sections for holding same to a
      required shape until the sections are connected together, and for holding
      adjacent sections in position relative to one another until suitable
      connection between the sections is made.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to container construction, and
      particularly to the erection of, for example, steel grain bins, tanks, and
      cylinders.
PAR  2. Description of the Prior Art
PAR  A conventional method of erecting storage containers for grain, liquids,
      and other bulk materials employs factory fabrication of formed. punched,
      steel sections. These sections are expensive to fabricate, and leave
      something to be desired as regards rigidity and strength.
PAR  Another present method of erecting bulk storage containers involves welding
      steel plates in place on the container being erected. These plates are
      shaped above ground, a difficult and inefficient procedure.
PAR  A disadvantage to any known bulk storage container erection technique is
      the amount of handling required of the steel plates used to construct the
      container. These plates are heavy, and any transport and manipulation of
      the plates reduces the efficiency of the process.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved technique
      for manufacturing and erecting bulk storage containers.
PAR  It is another object of the present invention to provide an improved
      technique for forming and shaping container sections on the ground and
      adjacent a construction site.
PAR  It is still another object of the present invention to provide a shaper for
      holding a container section to a predetermined shape until the section is
      affixed to other container structure.
PAR  These and other objects are achieved according to the present invention by
      providing a container comprising a plurality of sections, each section
      having a reinforced arcuate sheet formed by placing one or more strips of
      plate material on a concave jig and permitting the weight of the material
      to conform the plate to the concavity of the jig.
PAR  The sections are preferably, but not necessarily, formed from a plurality
      of strips arranged in overlapping relationship along a longitudinal extent
      of the jig. Beams, and the like, may be arranged on the attached strips
      for properly reinforcing same.
PAR  A shaper is advantageously removably mounted on the preformed sections for
      holding same to a required shape until the sections are connected
      together. A preferred embodiment of this shaper includes an arcuate frame
      provided with a fastening arrangement for removably securing the frame to
      an associated section and with an arrangement for releasably locking the
      frame to a frame of the shaper associated with an adjacent container
      section.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic, perspective view showing a jig suitable for forming
      container sections according to the present invention.
PAR  FIG. 2 is a schematic, perspective view similar to FIG. 1, but showing
      several strips arranged in overlapping relationship on the jig.
PAR  FIG. 3 is a schematic, perspective view similar to FIGS. 1 and 2, but
      showing a completed container section arranged on the jig.
PAR  FIG. 4 is a fragmentary, sectional view taken generally along the line 4--4
      of FIG. 1, but drawn to a larger scale.
PAR  FIG. 5 is a schematic, end elevational view showing the manner in which the
      strips arranged on the jig conform to the concavity of the latter.
PAR  FIG. 6 is a schematic, perspective view showing a stage in the erection of
      a container being constructed with sections according to the present
      invention.
PAR  FIG. 7 is a schematic, perspective view showing a completed container
      constructed in accordance with the present invention.
PAR  FIG. 8 is a rear elevational view showing the addition of stringers and tie
      bars facilitating attachment of a container section according to the
      present invention to other like sections.
PAR  FIG. 9 is a fragmentary, sectional view taken generally along the line 9--9
      of FIG. 8, but drawn to a larger scale.
PAR  FIG. 10 is a fragmentary, sectional view taken generally along the line
      10--10 of FIG. 8, but drawn to a larger scale.
PAR  FIG. 11 is a sectional view taken generally along the line 11--11 of FIG.
      8, but drawn to a larger scale.
PAR  FIG. 12 is a plan view of a shaper according to the present invention.
PAR  FIG. 13 is a front elevational view showing the shaper of FIG. 12.
PAR  FIG. 14 is a fragmentary, plan view, partly in section, showing the
      attachment of a shaper according to FIGS. 12 and 13 to a container section
      according to the present invention.
PAR  FIG. 15 is a fragmentary, sectional view taken generally along the lines
      15--15 of FIG. 14, but with some parts removed.
PAR  FIG. 16 is a fragmentary, sectional view taken generally along the line
      16--16 of FIG. 14.
PAR  FIG. 17 is a fragmentary, plan view showing a detail of FIG. 14.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now more particular to FIG. 1 of the drawings, a jig 10 is formed
      by a plurality of substantially parallel, although spaced, concave girders
      12 tied together by stringers 14 and 16. The latter stringers are provided
      with recesses 18 for receiving shapers to be described below. The details
      of the construction of recesses 18 are shown in FIG. 4 of the drawings.
PAR  Shapers 20 are removably mounted in recesses 18 as can best be seen in FIG.
      2 of the drawings for holding the container sections to be constructed to
      a required shape until the sections are connected together. The shapers 20
      are removably secured to associated ones of strips 22 arranged on jig 10
      to form the container section, and are provided with an arrangement for
      releasably locking a respective shaper to an adjacent shaper until the
      container sections are connected together. Strips 22 are arranged in
      overlapping fashion on jig 10 to form an arcuate sheet which will become a
      portion of the skin of a resulting container. Placement of strips 22,
      which are desirably of a heavy material such as steel, on jig 10 permits
      the weight of strips 22 to conform to the concavity provided by the
      girders 12. Once strips 22 are properly arranged on jig 10 and have bent
      under their own weight so as to conform to the concavity of the jig, they
      are attached to one another in a suitable, known manner, such as by
      welding. FIG. 5 best illustrates the bending of strips 22 to conform to
      the concave surfaces of girders 12.
PAR  Referring now to FIG. 3 of the drawings, beams 24 and 26 are advantageously
      attached to the sheet resulting from the combination of strips 22 for
      reinforcing the sheet. As can readily be seen from FIG. 3, beams 24 extend
      substantially the entire longitudinal length of the sheet, while beams 26
      extend only a part of the longitudinal sheet length. The position of the
      shorter set of beams 26 permits additional reinforcing as desired. Beams
      24 and 26 are arranged alternating with one another on the sheet as shown.
      Reference numeral 28 designates a fastener arrangement which permits
      attachment of shapers 20 to the section 30 resulting from the typing
      together of strips 22 and provision of beams 24 and 26. The finished
      section 30 is now ready to be lifted onto a container being erected.
PAR  FIG. 4 shows a preferred construction of a recess 18. An angle member 32
      forms the sill of the recess, with a pair of side walls 34 being connected
      to member 32 and arranged extending vertically therefrom for providing the
      recess with width. The upper ends of walls 34 are connected to respective
      portions of a stringer 16. Only one of the side walls 34 is shown in FIG.
      4 for reasons of clarity.
PAR  Referring now to FIGS. 6 and 7 of the drawings, sections 30 are lifted in a
      suitable manner, such as by a conventional crane (not shown) onto a, for
      example, concrete base 36 constructed in a conventional manner on a
      suitable supporting surface S, such as the ground. After a sufficient
      number of sections 30 are mounted on base 36, and on one another in a
      manner not shown to increase the height of the resulting container, a roof
      38 caps off the structure to form a, for example, tank 40.
PAR  FIGS. 8 through 11 of the drawings show the inner face of a section 30 when
      it has been provided with advantageous features according to the present
      invention. Essentially, a plurality of stringers 42 are arranged
      transversely of beams 24 and 26 together with a plurality of angle members
      forming braces 44 for holding the sheet to the specified concave curvature
      and to further rigidify section 30. Stringers 42 and braces 44 may be
      attached to beams 24 and 26 in any suitable, known manner, such as by
      welding. Advantageously, base 36 includes a, for example, steel anchor
      ring embedded therein for facilitating attachment of sections 30 to the
      base. This anchor ring is designated by the reference numeral 49 in FIG. 6
      of the drawings. If additional sections 30 are to be arranged endwise with
      respect to a given tier of sections 30, for example, beams 24 and 26 may
      be connected to one another end-to-end to give strength to such a
      connection. Although this arrangement is not specifically illustrated in
      the drawings, it will be readily understood and appreciated. When a roof
      38 is to be attached to a section 30, that section is advantageously
      provided with cantilever extensions 46 arranged extending from beams 24 at
      a predetermined angle with respect thereto for forming an anchor to which
      suitable rafters (nor shown) may be attached. Properly shaped plates may
      then be attached to the rafters for forming a covering for a roof 38.
      Angled corner sheets 48 may be arranged between strip 22 and the roof
      covering to finish off the roofside wall connection.
PAR  Referring now to FIGS. 12 through 17 of the drawings, each shaper 20 forms
      a shaper section having an arcuate frame 50. Passages 52 are provided in
      frame 50 as by arranging a sleeve between opposed ones of one of the two
      pairs of walls forming frame 50, and threaded bolts 54 are arranged in
      passages 52 so as to pass through holes 56 provided in strips 22 (see
      FIGS. 2 and 3 of the drawings) and retain the strips 22 to frame 50 as by
      a suitable retaining device. Nuts 58 are illustrated as performing the
      retaining function. Bolt 54 and nut 58 form a part of fastener arrangement
      28 together with a plate washer 60 and a bar 62. See FIG. 14 of the
      drawings. Specifically, the dimension of bar 62 that is critical is the
      one which will correspond to the thickness of a flange of one of the
      I-beams 24. In this manner, washer 60 can extend between a flange of beam
      24 to bar 62 and provide a stable bearing surface for nut 58. It is
      contemplated that, for example, 6 and 8 inch Junion I-beams will be
      satisfactory, depending on the size of the tank being constructed. Plate
      washers 60 of, for example, 3 .times. 3 .times. 1/2 inch plate with a 3/16
      inch bar 62 1 .times. 3 inch welded to washer 60 on one edge thereof to
      compensate for the thickness of the I-beam flange so that washer 60 will
      be in a level position to accommodate nut 58 has been found satisfactory.
      It is to be understood, of course, that the leveling of washer 60 could be
      done in some other manner, but the illustrated arrangement is that
      preferred.
PAR  Projection 64 and cooperating socket 66 combine to form an arrangement for
      releasably locking one frame 50 to an adjacent frame 50 and hold the
      associated sections 30 in position until they can be affixed to one
      another. As can be readily seen from FIGS. 12 and 13 of the drawings,
      projection 64 and socket 66 are arranged in respective ends 68 and 70 of
      frame 50. Although a pair of projections and sockets are illustrated, it
      is to be understood that any number of such projections and mating sockets
      may be provided as desired and considered necessary. FIG. 14 of the
      drawings shows a pair of shapers 20 attached to one another by means of
      the projections 64 of the right-hand frame 50 being matingly engaged in
      the sockets 66 of the left-hand frame 50. The projections are retained in
      the sockets as by a releasable retaining arrangement including slots 72,
      74, and 76 arranged in projections 64, sockets 66, and opposed walls of
      frame 50, respectively, for receiving a, for example, wedge 78.
      Arrangement of wedge 78 in the aforementioned slots prevents movement of
      the locked frames 50 toward and away from one another. Further, wedge 78
      may be readily placed into the slots by simply inserting same therein once
      the slots are aligned, and the wedge may be easily removed by knocking
      same out of the slots.
PAR  A pair of lugs 80 are advantageously provided on the frame 50 of each
      shaper 20 to facilitate handling thereof. These lugs permit attachment of
      a hoisting frame as shown in FIG. 6 of the drawings. Further, to
      additionally decrease manual labor requirements, the strips 22 are
      advantageously placed onto jig 10 by the same crane (not shown) used to
      elevate the sections 30 to their positions in the container as by a
      suitable sling as shown in FIG. 2.
PAR  As will be readily appreciated from the above description and from the
      drawings, for example, stock sheet steel is placed on jig 10 as shown in
      FIG. 2. The dimensions and the degree of concavity of girders 12 of jig 10
      are dictated by the circumference of the tank or cylinder to be
      constructed. The weight of the steel causes it to take on the curvature of
      the jig. The stock is then clamped to the jig with, for example,
      conventional C-clamps. On smaller tanks it is sometimes necessary to apply
      pressure with wrenches as the weight of the steel is not sufficient to
      form the curvature. While the stock steel is clamped to the jig, I-beams
      are welded, as shown in FIG. 3, and bars and angle iron welded across the
      I-beams at right angles thereto, as shown in FIGS. 9 through 11. The
      I-beams, bars, and angle iron hold the stock steel to the specified
      concave curvature, and also form a rigid inner wall which allows the tank,
      even when empty, to withstand winds of gale force. The C-clamps may now be
      removed, and the section is erected with a crane as seen in FIG. 6. The
      section, when in place, is then welded to the steel anchor ring embedded
      in concrete base 36. Then the adjacent section is erected, and the process
      continues until the tank is completed. When the cylindrical side wall
      portion of the tank is completed, it is capped and the top or roof is
      welded in place.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for constructing a container comprising a skin formed of plates
      connected to each other in overlapping relation and having reinforcing
      beams, comprising the steps of:
PA1  a. placing a plurality of sheet strips in overlapping fashion on a jig
      having a semi-cylindrical concavity;
PA1  b. permitting the weight of the sheet strips to curve and conform the
      strips to the concavity and form an arcuate sheet;
PA1  c. attaching beams to the arcuate sheet for reinforcing the arcuate sheet;
      and
PA1  d. connecting together of a plurality of reinforced arcuate sheets to form
      a generally cylindrical container.
NUM  2.
PAR  2. A method as set out in claim 1, wherein the attaching step (c) includes
      the step of arranging the beams extending transverse of the curve of the
      strips.
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ABST
PAL  A transducer assembly comprises a thin diaphragm of silicon having at least
      one piezoresistive element located in a central active area of the
      diaphragm. The diaphragm has a metal ring containing terminal
      accommodating apertures about the periphery thereof. The metal ring bounds
      the outermmost portion of the diaphragm designated as a non-active area.
      An annular housing fabricated from a high dielectric material has a series
      of wire accommodating grooves in a side wall thereof each one aligned with
      a predetermined one of said terminal accommodating apertures. The metal
      ring is secured to the annular housing with the active area of the
      diaphragm surrounded by a central aperture of the annular housing. The
      metal ring is secured to the housing by an electrostatic glass bond.
PARN
PAR  This is a divisional of application Ser. No. 393,804, filed on Sept. 4,
      1973, now U.S. Pat. No. 3,873,956.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to electromechanical transducers and more
      particularly to such transducer assemblies employing piezoresistive
      semiconductor strain gages on thin diaphragms which are secured to a
      housing by electrostatic glass bonds.
PAR  The invention further relates to techniques for fabricating an improved
      transducer assembly employing glass bonds.
PAR  There is a class of pressure transducers which utilize the piezoresistive
      effect to enable high outputs. These units are semiconductors and have
      resulted in the construction of electromechanical force transducers with
      superior output characteristics and operating frequencies as compared to
      those of the prior art.
PAR  The piezoresistive transducer technology is compatible in many respects
      with integrated circuit techniques.
PAR  Generally, a transducer comprises a relatively thin diaphragm which may be
      constructed of silicon. A strain gage bridge assembly is then diffused or
      grown onto the silicon diaphragm as are suitable contact arrangements. The
      diaphragm plus the gages and contacts are then mounted to a suitable
      housing in order to properly protect and utilize the transducer assembly.
PAR  It is desirable to secure the diaphragm to the housing so that a hermetic
      seal is obtained. This assures protection of the gages and enables
      accurate and reliable measurements while providing better high temperature
      operation.
PAR  The prior art shows various schemes for formulating a bond between the
      diaphragm and the housing. Thus, epoxy bonds are used. These bonds
      suffered as the epoxy exhibited plastic behavior at raised temperatures
      causing spurious forces to be applied to the gage via the diaphragm.
PAR  Glass bonds were also used and are known. One could secure the diaphragm to
      a housing be means of solder glass. These glasses devitrify at a
      temperature compatible with methods of lead attachment to silicon. Upon
      devitrification of these glasses, a partially crystalline structure
      develops which results in a seal much stronger and harder than available
      with a vitreous glass. The difficulty with these techniques is that the
      bond was not uniform and the sealing process is not compatible with
      certain fabrication processes employed in the fabrication of
      piezoresistive sensors. Another problem was that the gages were subjected
      to a compressive force during the cooling process.
PAR  The prior art recognized that strong hermetic seals could be acheived
      between glass and various metals at relatively low temperatures by
      applying an electrostatic bias across the glass to the metal interface
      during the seal process. Such seals were achieved at temperatures between
      200.degree.F to 400.degree.F below the melting point of the glass. In any
      event, this technique still presented problems when attempting to
      fabricate high quality transducers.
PAR  For example, U.S. Pat. No. 3,654,579 entitled "ELECTROMECHANICAL
      TRANSDUCERS AND HOUSING", issued on Apr. 4, 1972 to A. D. Kurtz, et. al.,
      and assigned to the same assignee herein, shows an improved transducer.
      The transducer employs a semiconductor wafer secured to a housing by means
      of a bond. In any event, the housing has wire accommodating apertures or
      slots. These slots enable one to direct wires or leads therethrough, which
      leads interface with the contacts or terminals areas on the silicon
      diaphragm. As is explained in the patent, by routing the leads through the
      apertures, one obtains improved operation and better characteristics in
      regard to the transducing assembly. Hence, it is extremely desirable to
      maintain a "slotted" housing in the production of a high performance
      transducer.
PAR  It is also important that the edges of the diaphragm be well bonded or
      sealed to the housing since a simply supported diaphragm has a
      significantly lower sensitivity than a clamped diaphragm. In addition, as
      above indicated, the seal or bond must exhibit good mechanical properties
      as well as being leak-free over the full temperature range of the
      transducer.
PAR  Due to the fabrication process, a "step" is formed in the clamping region
      of the diaphragm which would otherwise prevent the formation of a proper
      seal. Therefore, due to these considerations as well as terminal placement
      on the diaphragm, one experiences difficulties with the electrostatic
      bonding technique, even though the technique can afford a good seal.
PAR  It is therefore an object of the present invention to provide an improved
      transducer assembly employing a slotted housing with a silicon transducer
      secured to the housing by means of a glass bond formed by an electrostatic
      process.
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  A tranducer assembly comprises a thin diaphragm fabricated from a
      semiconductor material and having located on a surface thereof at least
      one force responsive element, said element positioned within a central
      portion of said diaphragm, a metal ring having a central aperture defining
      said active area and a plurality of terminal accommodating apertures about
      the periphery of said ring, means securing said ring to said diaphragm
      with the active area within said central aperture of said ring and an high
      dielectric annular housing having a series of wire accommodating grooves
      in a sidewall thereof secured to said ring with the apertures in said ring
      aligned with the grooves in said housing.
PAR  Techniques for bonding the ring to the housing to provide a hermetic seal
      are also described.
DRWD
PAC  BRIEF DESCRIPTION OF FIGURES
PAR  FIG. 1 is a view in perspective illustrating a typical transducer assembly
      employing a relatively thin diapharagm, a bridge assembly and contacts.
PAR  FIGS. 2A to 2H are a series of views showing the structures obtained by a
      series of steps of a process which is used to fabricate a transducer
      assembly according to this invention.
PAR  FIGS. 3A and 3B are respectively a top and a front view of a longitudinal
      tubular housing or an annular housing assembly according to this
      invention.
PAR  FIG. 4 is a side view of a transducer assembly depicting a transducer
      bonded to a housing by means of a glass electrostatic bond.
DETD
PAC  DETAILED DESCRIPTION OF FIGURES
PAR  Referring to FIG. 1 there is shown a silicon diaphragm 20 containing a
      four-arm wheatstone bridge assembly. The diaphragm 20 comprises a thin
      disk of silicon onto which piezoresistive bridge elements 10, 11, 12 and
      13 have been atomically bonded or otherwise deposited using conventional
      semiconductor techniques as solid state diffusion or epitaxial growth
      techniques.
PAR  The strain gage configuration is determined by an oxide masking or
      photo-lithographic technique. Each of the stress sensors or gages 10, 11,
      12 and 13 may be isolated from the silicon diaphragm 20 by the formation
      of a P-N junction and are arranged on the surface so that two of the
      elements are in tension and two are in compression for the application of
      a force.
PAR  Shown within a dashed line enclosing the piezoresistive elements 10 through
      13 is an area 14. This area is designated as the active area and is that
      area which is primarily effected by the application of a force to the
      diaphragm 20.
PAR  The piezoresistive elements 10 through 13 are arranged on the surface of
      the silicon diaphragm and within the active area 14 to take primary
      advantage of the forces applied thereto in relation to the semiconductor
      crystallographic axis. Briefly, it is known that in the design of such
      transducers, cognizance must be taken of both the longitudinal and
      transverse piezoresistive coefficeients if optimum characteristics are to
      result.
PAR  The peripheral area shown on the diaphragm is that area which is defined as
      the non-active area and is that area used to bond the diaphragm 20 to a
      housing.
PAR  In this manner, the terminal contacts 17, 18, 19, 22 and 23, which are
      metal, are directed and located on the non-active area. It is to these
      contacts that leads will be soldered or attached to and directed to a
      suitable terminal assembly or connector associated with a housing. If
      reference is made to the above noted patent, examples of such housings
      with wire or conductor accommodating channels will be shown.
PAR  Referring to FIG. 2A, there is shown a silicon wafer 30 fabricated from a
      monocrystalline N-type silicon. A layer of silicon dioxide 32 is grown on
      a surface of the silicon wafer 30 and to a depth of about 2,000 Angstroms.
      The layer of silicon dioxide 32 can be grown under elevated temperature in
      the presence of water vapor by a thermal oxidation process.
PAR  The contact pattern and runners are then impressed on the wafer utilizing
      silicon dioxide masking and photolithographic techniques and depositing
      impurities to form ohmic contacts.
PAR  The contact areas as 17 and 19 and runners are formed (FIG. 2B) by the
      masking process and diffused into the etched-out area. FIG. 2B shows a
      cross section through a contact terminal. As is seen, there is a step 33
      provided which is equal to the height of the original oxide layer 32 or
      about 2,000 Angstrom units. FIG. 2C shows a top view of the diaphragm with
      an etched-out and diffused contact and runner area 34.
PAR  As indicated, the terminal area is located in the nonactive area of the
      wafer which is the area to which the diapharagm 30 is to be secured. The
      step 33 will prevent a good hermetic seal from ocurring because of the
      discontinuity. The openings as 34, 35, 36 and so on correspond to each
      terminal and runner or each contact as 17, 18, 19, 22 and 23 on the wafer
      shown in FIG. 1.
PAR  Referring to FIG. 2D, a thick layer of silicon dioxide 37 is grown on top
      of the step and the layer 32. The time dependence of the growth of the
      layer of silicon dioxide is typified by a parabolic rate. This parabolic
      rate is typical of the reaction which is limited by the avilability of
      "molecular water" at the interface of the silicon. In any event, the
      silicon dioxide grows "faster" over the diffused contact areas than over
      the silicon dioxide layer 32. Therefore, a layer of approximately 16,000
      Angstroms will almost completely eliminate the step and only a slight
      depression 38 remains. This depression does not prevent the formation of a
      good hermetric seal.
PAR  After the thick oxide layer 37 is grown (FIG. 2D), the silicon dioxide
      layer 37 is masked and etched and the piezoresistive bridge elements are
      diffused at the center of the diaphragm within the active area 14. This
      diffusion is shown in cross section view in FIG. 2E and a top view in FIG.
      2F. It is generally advantageous to perform the diffusion at this stage
      after the growth of the thick step-leveling and insulating oxide over the
      contact runners. This is so since oxidation subsequent to the resistor
      diffusion results in a loss of control and the reduction of the net
      average impurity concentration in the piezoresistive elements. It is often
      desirable to have maximum impurity concentration and diffusion and
      performing the sequence of operations in the sequence or steps indicated
      allows this. The resistor pattern is caused to overlay the contact pattern
      to assume the structure of FIG. 1.
PAR  A piezoresistor 39 is shown in cross section in FIG. 2E as an example only.
      After the resistors have been diffused into the diaphragm 30, the
      terminals are formed by a metalization process. The formation of metal
      terminals is known. Therefore metal is deposited on the contact areas as
      desired.
PAR  As indicated previously, the runners are diffused and form ohmic contact,
      the terminal areas are metalized so that a solder connection can be made
      to route leads and so on to a final connector assembly.
PAR  Referring to FIG. 2G, there is shown a top view of the metalized structure.
      The metal ring 40 is deposited aluminum and has a series of U-shaped
      apertures as 41 which surround or enclose a terminal area on the wafer.
      Each contact area is also metalized at the terminal portion of the contact
      near the periphery and within the non-active area. The ring 40 as shown as
      well as the metalized terminal areas as 47, 48 and 49 correspond with 17,
      18 and 19 of FIG. 1. The metal may be aluminum and because of the
      metalization techniques, the areas formed are relatively flat and smooth.
PAR  Referring to FIG. 2G, the structure depicted is as follows. The diaphragm
      50 has diffused therein a bridge arrangement 51. The resistors of the
      bridge are accessed by diffused runners (dashed) as 52. The runners are
      directed to the periphery where they are coupled to a metal rod 49 which
      appears as a "dot." This is a terminal area 49 enabling one to solder and
      so on. A metal ring 40 is also deposited and is insulated by the thick
      layer of silicon dioxide which is on the surface 50. The metal ring 40 as
      formed is smooth and flat and is used to mount the transducer to a housing
      as will be explained in conjunction with FIGS. 3 and 4.
PAR  Referring to FIG. 2H, there is shown an enlarged view of the ring aperture
      41 of FIG. 2G. As is seen, the metal ring 40 has the aperture 41. The
      metal ring 40 is, of course, deposited on the thick layer of silicon
      dioxide 37 and hence it is insulated from both the diaphragm 30 and the
      ohmic runner or contact 50. The terminal area 48 is metalized during the
      same process as employed in formation of the metal ring 40 and appears as
      a dot or circle of metal 48. This enables one to solder or bond a wire or
      conductor to the terminal area 48 and hence gain access to all the
      important nodes of the bridge assembly as shown in FIG. 1.
PAR  Referring to FIG. 3A there is shown a top view of glass annular housing 60.
      The housing 60 may be fabricated from glass, quartz or other high
      dielectric material suitable for electrostatic bonding. An ideal glass for
      this purpose is Corning Glass No. 7740. The housing may have a central
      aperture 61 which is approximately congruent with the active area of the
      wafer. This is, of course, necessary to permit the wafer to readily
      deflect when secured to the housing. The housing also contains a series of
      wire accommodating grooves or apertures 62. The apertures are aligned to
      coact with the apertures in the metal ring 40 of FIG. 2G. Thus, when the
      ring 40 is placed on the top surface of the housing 60 and correctly
      oriented, each terminal as 47, 48 and 49 coacts with a groove 62.
PAR  Hence, a wire can be secured to the terminal and directed within the
      groove. FIG. 3B shows a side view of the housing and clearly depicts the
      grooves or slots 62.
PAR  Referring to FIG. 4 a processed transducer 70 (FIG. 2G) is placed on the
      top surface of a housing 60. The active area of the diaphragm is enclosed
      within the opening of the housing 60 to permit easy deflection of the
      diaphragm upon application of a force to the diaphragm. The wafer is
      aligned with the housing such that the terminal areas 72, 73, and 74 are
      located above the appropriate slots 75, 76, and 77 in the housing. The
      transducer 70 is placed with its metal ring 78 in contact with a glass
      housing 60. The non-active area as defined by the ring is to be bonded to
      the top of the housing 60 by using electrostatic bonding techniques.
PAR  In any event, the electrostatic bonding techniques can provide a seal
      between the metal ring 70 and the glass housing 60. An electrostatic bias
      is applied between the wafer 70 and the housing 60. The bias is obtained
      from a high voltage source 80 capable of providing a voltage in excess of
      200 or more volts. The units brought in contact under a temperature of
      between 200.degree.F to 400.degree.F below the melting point of glass and
      the bias is provided. A strong mechanical bond is provided between the
      metal ring 78 and the housing 60. The electrostatic bond 79 is extremely
      thin and the bond formed is extremely strong.
PAR  The bond can be conveniently employed because one is bonding a metal ring
      78 to the glass housing 60. The ring is smooth and flat and has no "step"
      transition, plus the conductivity is much lower than SiO.sub.2 and hence a
      better bond is more easily afforded. The bond is referred to in the prior
      art as an electrostatic bond or an anodic bond. Measurements show that
      such bonds may be on the order of 20 to 200 Angstroms thick. The heat is
      used to decrease the conductivity of the wafer and silicon dioxide layers
      to cause current to flow through the same and the glass thus creating the
      bond.
PAR  This composite of the silicon disc with integral piezoresistive elements
      and the glass housing comprise essentially a complete transducer
      structure. In some cases, however, it may be advantageous to affix this
      structure to a metal housing. Such a metal housing may or may not have
      lead wire accommodating apertures, and the bond between the structure
      described and this housing may be an electrostatic bond, solder glass
      bond, epoxy bond, etc., depending on the nature of the design
      requirements. It is, of course, not necessary that a glass housing 60 be
      fabricated as an individual piece. It may, in fact, be a layer formed upon
      a metal housing be conventional techniques. The important point is that a
      desirable bond is formed between silicon and glass members via
      electrostatic bond. This technique affords improvement in performance as
      previously noted.
PAR  The use of a glass housing and metal ring to facilitate the bond is the
      preferred embodiment of the invention. However, the technique of two-step
      oxidation can be employed to bond a silicon diaphragm directly to a metal
      housing via an intermediate SiO.sub.2 layer while eliminating the
      undesirable step typically formed with one-step oxidation.
PAR  While the foregoing description and specification sets forth the principles
      of the invention in connection with specific apparatus, it is to be
      understood that the description is made only by way of example and not as
      a limitation of the scope of the invention as set forth in the
      accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of fabricating a transducer comprising the steps of:
PA1  a. growing a relatively thin layer of silicon dioxide on a wafer of
      silicon,
PA1  b. masking said silicon dioxide to provide a contact pattern,
PA1  c. depositing impurities according to said pattern to form ohmic contacts.
PA1  d. growing a thick layer of silicon dioxide over said pattern,
PA1  e. forming at least one piezoresistor on said wafer to cooperate with said
      contact pattern,
PA1  f. forming metal terminals coupled to said contact pattern,
PA1  g. metalizing a peripheral portion of said thick layer of silicon dioxide
      to form a surface to which any electrostatic glass bond can be made.
NUM  2.
PAR  2. The method according to claim 1 wherein said relatively thin layer of
      silicon dioxide is about 2,000 Angstroms and said thick layer is at least
      five times greater than said thin layer.
NUM  3.
PAR  3. The method of fabricating a transducer comprising the steps of:
PA1  a. growing a thin layer of silicon dioxide on a diaphragm of silicon,
PA1  b. etching said layer according to a contact pattern,
PA1  c. diffusing a contact pattern on said diaphragm, said process causing an
      undesired transition to appear at said etched portion,
PA1  d. growing a thick layer of silicon dioxide on said pattern to
      substantially eliminate said transition,
PA1  e. etching an aperture in said thick layer of silicon dioxide to
      communicate with said diaphragm,
PA1  f. forming a piezoresistor element in said wafer within said aperture in
      cooperation with said contact pattern, and
PA1  g. metalizing a peripheral area of said thick layer to provide a relatively
      smooth bonding surface for said diaphragm.
NUM  4.
PAR  4. A method of fabricating a transducer, comprising the steps of:
PA1  a. growing a first layer of silicon dioxide on a first surface of a silicon
      wafer,
PA1  b. forming a contact pattern on said surface using a silicon dioxide
      masking technique,
PA1  c. depositing impurities within said contact pattern to form ohmic
      contacts,
PA1  d. growing a thicker layer of silicon dioxide over said first layer and
      said contact pattern,
PA1  e. etching said first and thick layer of silicon dioxide to form an opening
      therein,
PA1  f. depositing at least one piezoresistor element within said opening on
      said silicon wafer,
PA1  g. forming terminals about said contact pattern by a metalization
      technique, said terminals coupled to said element,
PA1  h. depositing a metal ring about the periphery of said thick layer of
      silicon dioxide with said terminals encircled by U-shaped apertures in
      said ring,
PA1  i. glass bonding said diaphragm to an annular housing with said bond formed
      between said metal ring a surface of said housing.
NUM  5.
PAR  5. The method according to claim 4 wherein:
PA1  a. said first layer of silicon dioxide is about 2,000 Angstroms thick.
NUM  6.
PAR  6. The method according to claim 5 wherein:
PA1  a. said second layer of silicon dioxide is about 16,000 Angstroms thick.
NUM  7.
PAR  7. The method according to claim 4 wherein:
PA1  a. said deposited metal ring is aluminum.
NUM  8.
PAR  8. The method according to claim 4 wherein:
PA1  a. said bond between said metal ring and said annular housing is a thin
      glass bond.
NUM  9.
PAR  9. The method according to claim 4 wherein said annular housing has a
      series of grooves in said sidewall which are aligned with said U-shaped
      apertures in said ring, and
PA1  a. directing leads from said terminals encircled by said U-shaped apertures
      and within said grooves in said sidewall of said housing.
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ABST
PAL  A method of producing a semiconductor arrangement comprises
      electrolytically depositing a thickening onto a metal layer, at the
      contact points for the semiconductor arrangement, which metal layer is
      intended to eventually form conducting paths for the semiconductor
      arrangement and effectively covers the relevant semiconductor body
      surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a method for producing a semiconductor arrangement
      from a semiconductor body covered with an insulating layer on which
      conducting paths run and contact the regions in the semiconductor body,
      wherein the conducting paths are so reinforced at certain positions by
      electro-deposited metal that the resulting thickened contact parts in this
      case are suitable for wire-less contacting of the semiconductor
      arrangement.
PAR  Semiconductor components are connected many times with the help of the
      so-called "Flip-Chip-Technique" to housing connection parts in a wire-less
      manner. For this, for example, frame-form contacting strips are used which
      have a plurality of contacting tongues projecting into the frame interior
      extending from the contacting frame. The electrodes of the semiconductor
      component are then connected directly to the ends of these tongues. To
      facilitate the contacting method, the contacts of the semiconductor
      components are reinforced at the contact points. These increased contacts
      can comprise, for example, secured beads or electrolytically deposited
      projections.
PAR  If the increased contact regions, which in many places are also called
      contact beads, are electrolytically deposited onto the conducting paths
      leading to the semiconductor components, all the conducting paths must be
      connected to a pole of a voltage source during the deposition. All the
      conducting paths must thus be connected to each other during the
      electrolytic depositing. This is achieved in the case of a known method,
      in that a metal layer is applied to the semiconductor surface which metal
      layer short-circuits all the conducting paths. Since this metal layer has
      to be removed again later, in the case of the known methods the conducting
      paths are first covered with an oxide layer which is provided with windows
      in the regions provided for the electrolytic deposition. After the
      application of the second metal layer which is connected in the apertures
      of the oxide layer to the conducting paths lying thereunder, gold for
      example is then electrolytically deposited onto this second metal layer.
      So that the deposition is effected only at the places provided therefor,
      all the other regions of the metal intermediate layer are masked with
      photo lacquer (photo resist).
PAR  The known method is very expensive and involves a considerable number of
      sources of error. The intermediate layer as a rule comprises titanium and
      gold, which however adheres only very badly to the conducting paths, which
      in many cases, comprises aluminum. As a result of the lack of adhesion of
      the metal layer to the conducting paths alone, failures resulted which
      were of the order of magnitude of 50%.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a method for producing
      electrolytically deposited reinforced contact parts in which the metal
      intermediate layer can be dispensed with.
PAR  According to a first aspect of the invention, there is provided a method
      for producing a semiconductor arrangement comprising the steps of applying
      to a semiconductor body provided with one or more regions an insulating
      layer defining windows for contact with said regions, applying to said
      semiconductor body a metal layer for forming conducting paths therein and
      to cover said insulating layer and said windows defined thereby, applying
      to said semiconductor body a masking to cover said metal layer and define
      windows at contact points for said semiconductor arrangement and
      electrolytically depositing thickening metal onto said metal layer through
      said windows in said masking layer.
PAR  According to a second aspect of the invention there is provided a method
      for producing a semiconductor arrangement from a semiconductor body
      covered with an insulating layer and conducting paths running on the
      insulating layer and contacting the regions in the semiconductor body, the
      conducting paths at certain points being so reinforced by electrolytically
      deposited metal that the thickened contact parts resulting in this case
      are suitable for the wire-less contacting of the semiconductor
      arrangement, characterized in that firstly a metal layer which is is
      applied over the insulating layer provided with windows at the connection
      points to the regions, to cover said insulating layer and said windows; in
      that this metal layer is covered, at said positions provided for the
      conducting paths, with a first masking layer, which moreover leaves
      uncovered parts of said metal layer provided for said thickened contact
      parts; in that thereafter the entire semiconductor surface, with the
      exception of the portions provided for said reinforced contact parts, is
      covered with a second masking layer; in that said thickened contact parts
      are deposited electrolytically on said metal layer at said portions left
      uncovered by the two masking layers; in that said second masking layer is
      again removed; and in that subsequently said metal layer is removed at the
      positions not covered by said first masking layer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in greater detail, by way of example,
      with reference to the drawings in which:
PAR  FIG. 1 shows a section through a semiconductor body showing a first stage
      of one form of the method according to the invention;
PAR  FIG. 2 is a view similar to FIG. 1 but showing a second stage of the
      method;
PAR  FIG. 3 is a view similar to FIG. 1 but showing a third stage of the method;
PAR  FIG. 4 is a view similar to FIG. 1 but showing a fourth stage of the
      method;
PAR  FIG. 5 is a view similar to FIG. 1 but showing a fifth stage of the method;
PAR  FIG. 6 is a view similar to FIG. 1 but showing a sixth stage of the method;
PAR  FIG. 7 is a view similar to FIG. 1 but showing a seventh stage of the
      method;
PAR  FIG. 8 is a view similar to FIG. 1 but showing an eighth stage of the
      method, and
PAR  FIG. 9 is a view similar to FIG. 1 but showing a final stage of the method.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Basically, in a preferred form, the invention proposes that firstly there
      is applied to the insulating layer, which is provided with apertures at
      the connection points to the semiconductor regions a metal layer which
      covers the insulating layer and the apertures; that, then, the metal layer
      is covered at the positions provided for conducting paths with a first
      masking layer which moreover leaves uncovered the positions provided for
      the thickened contact parts of the metal layer; that thereafter the whole
      semiconductor surface with the exception of the positions provided for the
      thickened contact parts is covered with a second masking layer, that the
      thickened contact parts are electrolytically deposited on the metal layer
      at the portions not covered by both masking layers; that the second
      masking layer is removed; and that subsequently the metal layer, at the
      portions not covered by the first masking layer, is removed.
PAR  The failures can be considerably reduced by this method in accordance with
      the invention and the production of semiconductor components and
      integrated semiconductor circuits can be made cheaper by economizing on
      the intermediate metal layer.
PAR  In an advantageous further development of the method in accordance with the
      invention, the first masking layer is also removed after the production of
      the conducting paths. The conducting paths, are, for example, produced by
      etching. After the removal of the masking layer, preferably the entire
      surface is covered with an insulating layer, for example with a
      pyrolytically deposited oxide. Connection windows are made in this
      insulating layer only at the thickened contact parts.
PAR  In order to prevent a simultaneous removing of both masking layers, these
      must comprise a material which can be removed only with different media.
      If the masking layers comprise photo lacquer, preferably a negative
      lacquer is used for one layer and a positive photo lacquer is used for the
      other layer. The positive lacquer can be removed for example by acetone
      whereas the negative lacquer can be removed by cold disintegration with
      the help of ion technology or stripping agents available commercially.
PAR  Referring now to the drawings, in each case, only one part of a
      semiconductor arrangement is shown in section, since in this way all the
      important method steps can be shown. Attention is drawn to the fact that
      the method in accordance with the invention can be used for the production
      of semicondcutor arrangments of all kinds, particularly integrated
      semiconductor circuits and individual components. It can always be used if
      the semiconductor arrangement to be produced has to be connected to the
      contacting element in a wire-less manner.
PAR  FIG. 1 shows a semiconductor body 1, for example of silicon, which has a
      region 2. The semiconductor body and the region 2 can differ in the type
      of conductivity and in impurity concentration. The semiconductor surface
      is covered with an insulating layer 3 which is provided with a contacting
      window in the vicinity of the region 2. The insulating layer preferably
      comprises, for example, silicon dioxide. After this the semiconductor
      surface is covered with a metal layer 4 which extends over the insulating
      layer and the windows in this insulating layer. This metal layer is later
      to be so structured that conducting paths from the semiconductor regions
      extend over the insulating layer to other semiconductor regions or to
      contact positions or points. The metal layer 4, in accordance with FIG. 4,
      can comprise a plurality of individual layers arranged one on the other,
      which are evaporated or sputtered on in vacuo without intermediate
      aeration, onto the surface of the semiconductor arrangement. The lowermost
      layer 4a preferably comprises titanium, onto which is applied a layer 4b
      of molybdenum, tungsten, palladium or platinum. The uppermost layer 4c
      comprises, for example, gold, since the metal to be electrodeposited
      usually comprises gold. The thickness of the metal layer 4 amounts to, for
      example, from 0.6 to 1 .mu.m.
PAR  According to FIG. 3 a masking layer 5, which for example, comprises KTFR
      lacquer, is applied to the metal layer 4. This photo lacquer is a negative
      lacquer, in which after exposure and development the exposed parts remain
      on the surface. This photo lacquer is so exposed and developed that only
      the part of the metal layer 4 provided for the conduction paths remain
      covered. However, additionally, those parts of the metal layer 4 onto
      which the increased contact parts are to be electrolytically deposited,
      are to be excepted from the covering. This exception is given the
      reference numeral 6 in FIG. 3.
PAR  After this the entire surface of the semiconductor arrangement according to
      FIG. 4 is covered with a second masking layer 7. This masking layer has
      apertures only in the region 6 provided for the increased contact parts,
      whereas all the other parts of the surface remain covered. The masking
      layer 7 comprises for example AZ photo lacquer. This photo lacquer is a
      so-called positive photo lacquer.
PAR  The unstructured metal layer 4 is now connected to the corresponding
      electrode in an electrolytic bath. A relatively thick contact 8 in
      accordance with FIG. 5 is deposited in the region 6 on the metal layer 4
      in this electrolytic bath. This thickened contact part has, for example, a
      height of 25 .mu.m and a lateral length of approximately 100 .mu.m. For
      example, an integrated circuit has a plurality of such contact parts,
      which are all electrolytically deposited at the same time.
PAR  Now the masking layer 7 is removed in accordance with FIG. 6. This is
      effected in the case of a positive lacquer for example with acetone or
      with any other commercially available lacquer solvent. Thus the masking
      layer 5 is again present at the surface, which covers the parts of the
      metal layer 4 provided for the conducting paths. Now the uncovered parts
      of the metal layer 4 are removed with the help of an etching medium. For
      this a suitable etching medium or the ion etching method is used. In this
      case of this etching process of course also a little of the increased
      contact part 8 is attacked. But this removed portion is negligibly small
      in the case of the thickness of the contact parts. FIG. 7 shows, how,
      after the etching process, still only the conducting paths 9 remains,
      which, for example, connect a semiconductor region 2 to a connection
      contact 8 in an electrically conductive manner.
PAR  Now the masking layer 5 can also be removed again. If it is a question of a
      KTFR negative lacquer the latter is better removed by cold disintegration
      or a commercially available stripping agent. Then a semiconductor
      arrangement in accordance with FIG. 8 remains.
PAR  It has been shown to be advantageous to further cover the semiconductor
      arrangement with an oxide layer which keeps external influences and
      impurities from the semiconductor surface.
PAR  Thus, for example, in accordance with FIG. 9, a silicon dioxide layer 10 is
      pyrolytically deposited on the entire surface; then, still with the help
      of a suitable masking, exposure and etching process apertures 11 must be
      made over the increased contact parts in this oxide layer 10. Since the
      increased or higher level contact parts are, as a rule, connected with the
      tinned surfaces of further contacting parts, the thin oxide layer at the
      edge of the contact part does not prevent a good contacting, since the
      height difference between the surface of the contact and the oxide edge is
      rapidly filled by the tin or any other suitable soldering metal.
PAR  It will be understood that the above description of the present invention
      is suceptible to various modifications changes and adaptations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing a semiconductor arrangement from a semiconductor
      body covered with an insulating layer provided with windows at desired
      points of connection to regions in the semiconductor body, said
      arrangement having conducting paths running on the insulating layer and
      contacting the regions in the semiconductor body and the conducting paths
      at certain points being so reinforced by electrolytically deposited metal
      that the thickened contact parts resulting in this case are suitable for
      the wire-less contacting of the semiconductor arrangement, comprising:
      firstly applying a metal layer over said insulating layer provided with
      windows to cover said insulating layer and said windows; covering the
      portions of said metal layer corresponding to the desired positions of
      said conducting paths with a first masking layer, which moveover leaves
      uncovered the portions of said metal layer to be provided with said
      thickened contact parts; thereafter covering the entire semiconductor
      surface, with the exception of the portions to be provided with said
      reinforced contact parts, with a second masking layer; electrolytically
      depositing said thickened contact parts on said metal layer at said
      portions left uncovered by the two masking layers; thereafter removing
      said second masking layer; subsequently removing said metal layer  at the
      positions not covered by said first masking layer to produce said
      conducting paths.
NUM  2.
PAR  2. A method as defined in claim 1, wherein after the production of said
      conducting paths by partial removal of said metal layer, said first
      masking layer is removed and the entire surface is covered with a further
      insulating layer, and wherein connection windows are formed in said
      further insulating layer at said thickened contact parts.
NUM  3.
PAR  3. A method as defined in claim 1, wherein said two masking layers comprise
      photo lacquer layers which are soluble in or removable by different media.
NUM  4.
PAR  4. A method as defined in claim 3, wherein one of said masking layers
      comprises negative photo lacquer and the other of said masking layers
      comprises positive photo lacquer.
NUM  5.
PAR  5. A method as defined in claim 1, wherein said metal layer comprises a
      plurality of individual layers arranged one on the other, wherein gold is
      used as the uppermost individual layer and wherein said thickened contact
      parts of gold are electrolytically deposited onto said gold layer.
NUM  6.
PAR  6. A method as defined in claim 5, wherein the lowermost metal individual
      layer running directly on said insulating layer or on said semiconductor
      material comprises titanium.
NUM  7.
PAR  7. A method as defined in claim 6, wherein an intermediate layer of
      molybdenum, tungsten, palladium or platinum is arranged between said gold
      layer and said titanium layer.
NUM  8.
PAR  8. A method of producing contacts and conductive paths for a semiconductor
      body provided with one or more regions to be contacted comprising:
      applying an insulating layer defining contact windows for said regions to
      a surface of said semiconductor body; covering said insulating layer and
      said windows with a metal layer; forming a first masking layer on said
      metal layer for covering the portions of said metal layer which are to
      form conducting paths and leaving exposed undesired portions of said metal
      layer and portions thereof on which thickened metal contacts for the
      conductive paths are to be provided; covering said first masking layer and
      the exposed portions of said metal layer with the exception of said
      portions on which the thickened metal contacts are to be provided with a
      second masking layer; electrolytically depositing said thickened metal
      contacts on the portions of said metal layer left exposed by both said
      first and second masking layers; thereafter removing said second masking
      layer; and removing the exposed portions of said metal layer to form said
      conductive paths.
NUM  9.
PAR  9. A method as defined in claim 8, further comprising thereafter removing
      said first masking layer.
NUM  10.
PAR  10. A method as defined in claim 9, and comprising finally applying an
      insulating layer to said semiconductor body for defining windows as said
      thickened metal contact points.
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ABST
PAL  A low cost pressure transducer can be manufactured and assembled with
      automatic or semiautomatic production line techniques. The transducer
      includes a pressure fitting, a diaphragm, a strain gage comprising a
      bridge circuit and tabs with leads for the bridge circuit, and a
      termination board, all contained within a case. One end of the case is
      swaged over a flange on the fitting in order to sealingly clamp the
      diaphragm between a shoulder in the case and the fitting flange. The
      bridge portion of the strain gage is adhesively secured to the diaphragm.
      A pressure distribution member is placed over the bridge so pressure may
      be applied to the assembly during heat-curing of the adhesive which
      secures the gage to the diaphragm. The termination board has four
      terminals and a corresponding number of conductive strips. It is
      positioned in the case so that each of the conductive strips is pressed
      into electrical contact with a corresponding lead on the tabs of the gage.
      The other end of the case is swaged over the termination board to lock the
      latter in place.
PARN
PAR  This application is a division of my copending U.S. Application Ser. No.
      456,122, filed Mar. 29, 1974 for Pressure Transducer now U.S. Pat. No.
      3,899,766.
BSUM
PAR  This invention relates to pressure transducers and more particularly to
      novel diaphragm transducers of the resistive strain gage type and the
      manufacture thereof.
PAR  Pressure transducers of the type used to sense and measure fluid pressure,
      generally utilized a mechanical sensing element. These elements are
      relatively thin-walled elastic members, such as diaphragms, plates, shells
      or tubes which offer the pressure (force) a surface (area) to act upon.
      When the pressure to be measured is not balanced by an equal pressure
      acting on the opposite surface, the elastic member is caused to deflect,
      producing stress and resulting strain in the element. This resulting
      strain can be measured by a resistive strain transducer, more commonly
      known as the strain gage. It generally consists of a sensing element in
      the form of a conductor or semiconductor of small cross-sectional area
      which is mounted to one surface of the elastic member (which is more
      commonly in the form of a diaphragm) so that it expands or contracts with
      the elastic member. This deformation of the sensing element causes it to
      undergo a change in resistance and thus exhibits what has been termed a
      piezoresistive effect. Hence, a strain gage senses strain by its own
      deformation and transduces the deformation into a resistance change.
PAR  The resistance change of a strain gage is usually converted into voltage by
      connecting one, two or four similar sensing elements as arms of a
      Wheatstone bridge, also called a strain gage bridge. By applying a voltage
      to the bridge the bridge output voltage will be a measure of the strain
      sensed by each sensing element. Each arm of such a bridge containing a
      strain-sensing element is referred to as an active arm. Strain transuction
      can, therefore, be said to be performed by the active arms of a
      strain-gage bridge.
PAR  Various types of strain gage transducers have been commercially developed
      including bare-wire bondable strain gages, bondable wire strain gages on a
      paper or plastic carrier base, metal-foil bondable strain gages,
      semiconductor strain gages and deposited-metal (thin film) strain gages.
PAR  In pressure transducers of the type employing strain gages mounted on
      diaphragms, typically the diaphragm material will have a thickness in the
      order of 0.005 inch with an effective diameter of 0.5 inch for a 0-15 psi
      transducer. Heretofore, a great deal of skill as well as careful procedure
      has been required to mount the diaphragm in a casing and to complete the
      assembly of the transducer so that the diaphragm and strain gage will
      exhibit uniform characteristics. As a result, most accurate commercially
      available pressure transducers of the resistive strain gage type have been
      difficult to assemble and, thus, relatively expensive to manufacture. One
      solution which has been suggested to simplify the assembly procedure is to
      make the diaphragm and casing as a single part. Such an approach, however,
      has not proven feasible since it makes it difficult to produce a diaphragm
      having the desired physical characteristics.
PAR  Another problem encountered with the commercially available pressure
      transducers of the type utilizing metal-foil strain gages is that external
      leads must be soldered or welded to the terminals of the strain gage.
PAR  Accordingly, an object of the present invention is generally to overcome
      the above disadvantages of the prior art.
PAR  Another and more specific object of the present invention is to provide an
      improved pressure transducer which is easily and quickly assembled and
      thus is relatively inexpensive to manufacture.
PAR  Yet another object of the present invention is to provide an improved
      inexpensive pressure transducer whose parts can be made by automated
      equipment, and more importantly, whose assembly can be automated or at
      least semi-automated.
PAR  Still another object of the present invention is to provide an inexpensive
      method for making pressure transducers of the resistive strain gage type.
PAR  A further object is to provide pressure transducers utilizing strain gages
      of the resistive type wherein terminal conductors are in pressure contact
      with the terminal tabs of the strain gage, thereby eliminating the need
      for welding or soldering together the terminal conductors and gage tabs.
PAR  Described briefly, a transducer which is constructed in accordance with the
      present invention comprises a diaphragm which is assembled between a
      pressure fitting and a portion of a housing or case. The end of the case
      is swaged over the end of the fitting in order to clamp and seal the
      diaphragm in place. A metal foil gage comprising an encapsulated strain
      gage bridge as a center portion and tab portions which include
      unencapsulated electrically conductive lead strips or terminal tabs is
      then added to the foregoing subassembly, with the center portion of the
      gage being installed on an adhesive-coated side of the diaphragm. In the
      preferred method of assembling the transducer device, the center portion
      of the gage is adhesively staked to the diaphragm and a pressure
      distribution member is placed over the center portion of the gage. Then a
      vented termination board having a plurality of terminals and a
      corresponding number of conductive strips is secured to the case in spaced
      relation to the diaphragm so that each of the conductive strips on the
      board is clamped into electrical contact with a corresponding one of the
      terminal tabs. The diaphragm is then subjected to a balanced pressure and
      the assembly heated for a predetermined period of time in order to cure
      the adhesive so as to secure the gage to the diaphragm and case. In an
      alternative method of making the transducer, the step of curing the
      adhesive to bond the gage to the transducer precedes installation of the
      termination board.
DRWD
PAR  Other features and advantages of the invention are described or rendered
      obvious in the following detailed description which is to be considered
      together with the accompanying drawings wherein:
PAR  FIG. 1 is a longitudinal section of one embodiment made in accordance with
      the invention;
PAR  FIG. 2 is a longitudinal section of a modification of the embodiment of
      FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 of FIG. 1; and
PAR  FIG. 5 is a plan view of the strain gage employed in the embodiments
      described.
DETD
PAR  In the drawings, like numerals refer to like parts.
PAR  The illustrated pressure transducer is of the type which measures gage
      pressures, i.e., pressures which are measured with ambient pressure as a
      reference. The transducer includes a cylindrically shaped pressure fitting
      12 which is threaded at one end as shown at 14 and is provided with a
      center bore 16 for introducing the fluid whose pressure is to be measured.
      The opposite end of the fitting is counterbored at 18 and is provided with
      a circular peripheral flange 20 for connection to a cylindrical housing or
      case 22.
PAR  The transducer also includes a diaphragm 32 which is of a flat circular
      configuration. The diameter of diaphragm 13 is essentially the same as the
      diameter of flange 20 of fitting 12. The diaphragm can be made from a
      variety of materials, such as metal, quartz, reinforced plastics, graphite
      and sapphire. Types 17-7PH stainless steels are preferred since they have
      very high tensile strength and are highly resistant to corrosion.
      Typically, the stainless steel diaphragms will have an effective diameter
      of 0.5 inches and a thickness in the order of 0.005 inch for a 0-15 psi
      transducer.
PAR  The case 22 has an internal radially directed flange 24 and its wall has a
      constant internal diameter above and below flange 24. The upper and lower
      ends of case 22 in its as-formed state, i.e., before assembly of the
      transducer, are illustrated in dotted lines at 28 and 30 respectively. The
      internal diameter of the case below flange 24 is sized so that it will
      snugly accommodate diaphragm 32 and flange 20 of fitting 12. The internal
      diameter of the wall of case 22 above flange 24 is sized so that it will
      snugly accommodate a termination board 26 (the latter is described in
      greater detail hereinafter). Flange 24 of the case acts as a shoulder or
      stop for both fitting 12 and termination board 26. Preferably, but not
      necessarily, case 22 is formed so that its lower end 30 has an outside
      bevel as shown at 31. In the completed transducer, the upper and lower
      ends 28 and 30 of the wall of case 22 are swaged over termination board 26
      and flange 20 of fitting 12 as shown at 32 and 34 in order to secure the
      board, diaphragm and fitting to the case.
PAR  Mounted to diaphragm 32 on the side facing termination board 26 is a strain
      gage identified generally by numeral 36. The gage comprises flexible end
      or tab portions 42 which are not attached to the diaphragm but instead
      extend up and are sandwiched between flange 24 and terminal board 26. Gage
      36 is an electrical bridge and tab portions 42 cooperate with conductors
      carried by termination board 26 to couple the bridge circuit to terminal
      pins 52 which form part of the terminal board.
PAR  As described in greater detail below, a flexible block 58 made preferably
      of a silicone rubber is disposed over the gage. Block 58 serves no
      particular function in the finished transducer but is used as a pressure
      distribution element during assembly of the transducer. Block 58 covers a
      substantial portion of the strain gage and is provided with two concave
      sides 59 so as to leave spaces for the tabs 42 to extend up between flange
      24 and termination board 26.
PAR  Strain gage 36 may comprise one or more strain-sensitive resistance
      elements which can be formed in a variety of different configurations
      depending upon how the transducer is to be used. Thus for example, the
      strain gage may comprise a single resistance element or a pair of
      resistance elements which are to be connected into an exterior measuring
      circuit, e.g., they may be connected as legs of an exterior bridge circuit
      or to an ohmmeter. Preferably, however, gage 36 comprises a resistance
      bridge consisting of a plurality of interconnected resistance elements.
      Preferably gage 36 is preformed as a closed bridge circuit having terminal
      leads for connection to terminal pins 52 of terminal board 26. As an
      alternative, gage 36 may comprise an open bridge circuit, but a closed
      circuit is preferred since use of an open circuit entails an additional
      soldering or welding step to connect the gage resistance elements to its
      terminal leads. Furthermore an electrical pressure connection to a closed
      bridge circuit is not critical in terms of contact resistance variation an
      an open circuit would be.
PAR  Referring now to FIG. 5, gage 36 comprises a flexible base or carrier 38
      having a generally circular center portion 40 and oppositely extending tab
      portions 42. A resistance bridge circuit 44 overlies and is attached to
      the center portion 40 of base 38, and connected to the bridge circuit as
      hereinafter described so as to render it a closed bridge are four leads in
      the form of conductive strips 46(a-d). The latter are arranged in pairs
      and overlie and are attached to the tab portions 42. The resistance bridge
      circuit and adjacent portions of conductive strips 46 are encapsulated by
      an overlying electrically insulating layer 48 (portions of the latter have
      been broken away in FIG. 5 for convenience of description and
      illustration). Most of the area of strips 46 are exposed for electrical
      contact with terminal board 26. Conductive strips 46 and the elements of
      bridge circuit 44 consist of a thin layer of a selected electrically
      conductive material, e.g. about 0.0002 inch thick, and may be formed in
      accordance with well known printed circuit techniques. Thus for example, a
      thin layer of metal may be deposited on the carrier and then selected
      portions of the layer of metal may be etched away so as to leave a metal
      pattern substantially as shown in FIG. 5. Other manufacturing techniques
      known to persons skilled in the art also may be used to form circuit 42
      and bands 44 (see H. N. Norton, Handbook of Transducers for Electronic
      Measuring Systems, pp. 557-564, Prentice-Hall, 1969).
PAR  Bridge circuit 44 consists of four resistors 50, 52, 54 and 56. Resistors
      50 and 52 each have an end connected to lead 46a, and their opposite ends
      are connected to leads 46c and 46b respectively. Resistors 54 and 56 each
      have an end connected to lead 46d and their opposite ends are connected to
      leads 46c and 46b respectively.
PAR  The base 38 of strain gage 36 may be made of a variety of materials well
      known to persons skilled in the art. Polyimides are preferred as base
      materials because of the flexibility of the leads, although nitrocellulose
      paper is satisfactory where the gage is used at temperatures between
      -100.degree.F and +150.degree.F. Other plastic materials also may be used.
      The bridge and its leads can be made of various types of electrically
      conductive materials and preferably is made of a copper nickel alloy, such
      as the alloy sold under the tradename Constantan. Nickel-chromium and
      platinum-irridium alloys, however, have also been found acceptable for
      high-temperature applications while iron-chromium-aluminum and
      iron-nickel-chromium alloys are good when higher gage factors are required
      and operating temperatures are moderate.
PAR  A number of different materials may be used to form the insulating layer 48
      used to encapsulate the bridge circuit. Thus, layer 48 may also comprise a
      polyimide.
PAR  The termination board 26 comprises a circular flat electrically insulating
      disc 60 to which four electrically conductive terminal pins or posts
      52(a-d) are anchored. Affixed to the surface of board 26 which faces the
      diaphragm 32 are four electrically conductive strips 54(a-d). Posts 52
      extend through disc 60 and each is electrically connected to a
      corresponding one of the posts 54. Strips 54a and 54b are parallel to each
      other and are spaced so that they will contact the terminal leads 46a and
      46b respectively, when the terminal board is mounted in the case 22.
      Similarly, strips 54c and 54d are parallel to one another and are spaced
      so that they will contact the terminal leads 46c and 46d respectively when
      board 26 is mounted on case 22.
PAR  Disc 60 is provided with one or more vent holes 62 in order that the
      pressure in the chamber 64 formed by board 26, case 22 and diaphragm 32 is
      always equal to the ambient pressure. As an alternative measure as shown
      in FIG. 2, board 26 can be modified by eliminating vent holes 62 and
      making one or more of the terminal posts 52 hollow (see terminal post 54c
      in FIG. 2 which has a through bore 66 leading to chamber 64).
PAR  The pressure fitting 12 and case 22 of the transducer 10 can be
      individually manufactured in accordance with methods well known in the
      art. For example, they can be produced on a screw machine, they may be
      cold formed, forged or cast, or they can be drawn as "one hit" parts in
      which all features of the parts are formed in one stroke of a press
      machine. The case 22 should be made of a malleable material having good
      severe forming characteristics so that it can be swaged as described
      below, while the pressure fitting 12 can be made of stiffer materials. By
      way of example, case 22 may be made of Type 303 stainless steel while
      fitting 22 can be made of metals and alloys, e.g. a stainless steel, or
      plastics such as a glass reinforced epoxy.
PAR  The diaphragm 32 can be made from a number of materials such as stainless
      steel, beryllium, copper, glass fiber reinforced plastic, quartz,
      sapphire, carbon and the like, depending upon the application of the
      device. Preferably it is punched from a sheet of non-brittle material such
      as a selected stainless steel. However, if the diaphragm is made of a
      brittle material such as quartz or sapphire, the transducer design is
      modified as shown in FIG. 2 in order to accommodate a thermoplastic ring
      68 which is seated against the lower surface of the peripheral flange 20
      and is clamped against the latter by the swaged over end portion 34 of
      case 22. Ring 68 acts as a secondary seal (in addition to the sealant
      hereinafter described which is provided along the mating surfaces of the
      flange 20, diaphragm 32 and the flange 24). The primary function of ring
      68 is to distribute or equalize the clamping pressure on the diaphragm so
      as to apply an even load along the periphery of the diaphragm when the
      case is swaged in position. Ring 68 permits an immense load to be put on
      the edge of the diaphragm, typically in the order of several thousand psi,
      without uneven stress. Thus, ring 68 provides a good seal and prevents
      fracturing of the diaphragm during manufacture. It is to be noted also
      that placing an uneven stress on the diaphragm can cause it to fail
      prematurely due to fatigue as well as affecting the accuracy of the
      measurements made with the transducer. It is to be noted also that
      diaphragm deformation can be avoided or minimized by controlling the
      swaging pressure. During the swaging operation, distortion of the case
      (which affects the effective diaphragm size) can be controlled and
      prevented by a close-fitting pin and sleeve swaging assembly (not shown)
      that completely surrounds and supports the case.
PAR  In accordance with the method of this invention, the above described
      transducers can be assembled at less cost and in less time than
      transducers heretofore available. The method requires less skill than is
      required with conventional methods of making strain gage pressure
      transducers and can be carried out by automatic or semi-automatic assembly
      equipment. Furthermore, because the transducer comprises a plurality of
      interfitting parts, it is possible to employ diaphragms having
      predetermined characteristics such as tensile strength and flexibility.
PAR  The preferred method of assembling the transducer of FIG. 1 will now be
      described. First of all, a liquid sealant, preferably of the anaerobic
      variety, is coated on the mating surfaces of diaphragm 32, flange 24 of
      case 22, and flange 20 of fitting 12. By way of example, the sealant may
      be Loctite Plastic Gasket. Then the diaphragm and fitting are inserted in
      the case so that the edge of the diaphragm is sandwiched between flanges
      24 and 20 and the end 30 of case 22 is swaged over flange 20 as shown at
      34 in order to clamp the diaphragm in place and trap the sealant.
      Preferably the clamping pressure exerted on the diaphragm is in the order
      of 2000-4000 psi, which is high enough for the case, diaphragm and fitting
      to constitute a rigid subassembly. The latter is cleaned to remove any
      excess sealant.
PAR  Then the subassembly is oriented with the fitting extending down from the
      case and is axially rotated at high speed with the plane of the diaphragm
      kept horizontal. A metered drop of a solvent thinned epoxy-phenolic
      adhesive is then dropped on the center of the top surface of the
      diaphragm. Centrifigul force causes the adhesive to spread almost
      instantaneously into a thin, uniform and tack-free film. At the same time,
      the upper surface of flange 24 is coated with the same adhesive. Then the
      strain gage 36 is inserted into the case 22 via its top end and brought
      down against the diaphragm. Since the diameter of the encapsulated center
      portion 40 of gage 36 is only slightly smaller than the diameter of flange
      24, the former will selflocate when placed into contact with the diaphragm
      over the epoxy-phenolic adhesive. Then some more of the same adhesive is
      applied to the edge of the center portion of the gage base 38, block 58 is
      placed over the center portion of the gage as shown, and block 58 and the
      gage are staked to the diaphragm by subjecting them to spot heating at
      about 300.degree.F and under about 40 psi pressure. The heat staking is
      accomplished by engaging block 58 with a heated rod. A balancing pressure
      of about 40 psi pressure is applied to the underside of the diaphragm
      during this staking operation to prevent diaphragm distortion. This
      staking operation is performed to hold the gage in place and thus only a
      portion of the gage is required to be bonded to the diaphragm by the
      staking operation.
PAR  In the preferred method of manufacture, the tab portions 42 of the gage are
      next spot heat staked to the adhesive coated upper surface of flange 24 by
      heating at about 300.degree.F under light pressure.
PAR  As an optional measure, a coating or ring of electrically insulating
      material (not shown) can be located between the tab portions 42 and flange
      24, and/or between the ends of tab portions 42 and termination board 26 to
      further assure against the leads being shorted out by the case. However,
      it is to be noted that adhesive coating on flange 24 and the plastic
      substrate of the gage are non-conducting.
PAR  The termination board 26 is then inserted in case 22 so that its contact
      strips 54a-d are aligned with and contact the gage leads 46a-d
      respectively. Preferably the board is sufficiently translucent (or
      transparent) to permit visual alignment of the strips 54 and leads 46. The
      board 26 may also be kept in place by a friction fit with case 22 or by
      adhesively staking it to the case under heat and pressure. With board 26
      properly aligned with the tab portions of the gage, the end 28 of the case
      is swaged over the edge of the board so as to form a lip as shown at 32
      which holds the board and the tab portions of the gage tightly against
      flange 24 and thereby maintains the strips 54 in permanent electrical
      contact with the corresponding gage leads 46.
PAR  The resulting assembly may now be electrically tested for shorts. The
      entire assembly is then placed in an oven at about 300.degree.F for
      approximately two hours in order to cure the adhesive which bonds the gage
      to the diaphragm and case. During this curing step, both sides of the
      diaphragm are maintained at equal pressures, preferably at about 40 psi,
      and block 58 acts as a pressure distribution member to hold the gage flat
      against the diaphragm while the adhesive is being cured. Although block 58
      is left in place, it serves no function in the finished device.
PAR  Although the above method is preferred, it can be modified without
      departing from the invention. For example, curing of the adhesive between
      the gage and the diaphragm can be performed as a separate step prior to
      installation of the termination board, in which event block 58 may be
      removed from the case before board 26 is secured in place.
PAR  In this connection it is to be noted that it is difficult to permanently
      bond silicone rubber to other materials and that in the preferred form of
      the method described above, the epoxy-phenolic adhesive provides a bond of
      low peel strength between block 58 and the gage. However, that is adequate
      since the only purpose of staking the block to the gage is to render it
      effective under applied air pressure to press the gage flat against the
      diaphragm while the intervening adhesive is being cured. Thus, the block
      may become separated from the gage and be loose within the finished device
      without affecting its operation or accuracy, provided however, that the
      block must not block off the vent holes. The latter problem is avoided in
      the embodiment of FIG. 1 by virtue of the fact that the terminal posts 52
      project into the case far enough to prevent block 52 from closing off vent
      hole 62. If hollow terminal posts are used as in FIG. 2, the problem of
      vent hole blockage is avoided by providing stand-offs or projections (not
      shown) on the upper side of block 58 that can maintain it spaced from the
      termination board far enough to keep passageways 66 unblocked.
PAR  It is contemplated also that block 58 may be made of other flexible
      materials such as neoprene or Buna-N rubber, other adhesives may be used
      in the assembly procedure, and the gage need not be encapsulated
      (encapsulation is preferred since it renders the gage insensitive to
      moisture). If an unencapsulated gage is used, it is preferred to make
      block 58 of neoprene and to permanently bond it to the gage by an
      intervening cement, whereby the block and cement effectively protect the
      gage against moisture. As a further option, block 58 need not be
      adhesively bonded to the gage, but be held in place by a friction fit with
      portions of flange 24.
PAR  After assembly as above described, the complete transducer is tested to
      check on the pressure seal of the diaphragm, to insure that all electrical
      connections are satisfactory and to determine overall performance of the
      gage.
PAR  In operation, the pressure fitting 12 is attached to a conduit or vessel
      containing the fluid whose pressure is to be measured. one pair of
      terminal posts 54 which are connected to opposite ends of the bridge
      circuit, e.g. posts 54a and 54d, are coupled to a voltage source (not
      shown) for exciting the gage bridge. The remaining pair of terminal posts
      are connected to a measuring device, e.g., a meter (not shown), which
      measures the output voltage of the bridge. When the pressure of the fluid
      being measured is equal to the ambient pressure in chamber 64, the
      diaphragm will be undeflected, with the result that the gage bridge will
      be balanced and the voltage output to the meter will be zero plus some
      offset. If, however, the pressure applied via fitting 12 is not equal to
      the ambient pressure, the diaphragm will deflect, producing stress and
      resulting strain in the diaphragm. Since the resistance arms of the gage
      bridge exhibit a piezoresistive effect, the resistance of the gage bridge
      arms will change in proportion to the amount of strain, causing the bridge
      to become unbalanced and hence produce a voltage output to the measuring
      device plus the offset which is in proportion to the amount of strain on
      the diaphragm 12 and thus proportional to the pressure differential.
PAR  Since certain obvious changes may be made in the method and apparatus
      herein described without departing from the scope of the invention, it is
      intended that all matter contained herein shall be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of making a pressure transducer comprising the steps of:
PA1  providing a hollow case which is open at its ends and has an internal
      flange disposed intermediate said ends,
PA1  inserting a diaphragm into one end of said case so that said diaphragm
      engages said flange,
PA1  mechanically deforming the wall of said case at said one end so that a
      portion of said wall is bent over the edge of said diaphragm and clamps
      said edge to said flange,
PA1  providing a strain gage comprising a main portion which includes a
      resistance bridge and oppositely disposed tab portions which include leads
      for said bridge disposed in a predetermined geometric pattern,
PA1  inserting said strain gage into the other end of said case so that said
      main portion engages said diaphragm, and providing an adhesive between
      said main portion and said diaphragm,
PA1  adhesively securing at least a part of said main portion to said diaphragm,
PA1  providing a termination board having a plurality of conductive segments
      disposed in a geometric pattern similar to that of said gage leads,
PA1  positioning said termination board in the other end of said case so that
      said gage tab portions are sandwiched between said board and said flange
      and so that each of said segments is aligned and in electrical contact
      with the corresponding one of the leads of said strain gage, and
PA1  mechanically deforming the wall of said case at said other end so that a
      portion of said wall is bent over the edge of said board and clamps said
      board to said flange.
NUM  2.
PAR  2. The method of claim 1 including the step of subjecting both sides of
      said diaphragm to equal pressures while said main portion of the gage is
      being adhesively secured to said diaphragm.
NUM  3.
PAR  3. The method of claim 1 including the step of heating the assembled parts
      to cure the adhesive bonding the main portion of the gage to the diaphragm
      after said termination board has been clamped to said flange.
NUM  4.
PAR  4. The method of claim 1 wherein adhesive is provided between said gage and
      diaphragm by dropping a limited amount of a fluid adhesive on said
      diaphragm at substantially the center thereof after said diaphragm has
      been clamped to said flange, and rapidly rotating said case so that
      centrifugal force will cause said adhesive to spread out and form a thin
      film covering said diaphragm.
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ABST
PAL  A technique is disclosed for using a commonly available, inexpensive and
      rugged tool for assembling together a cover and a base portion of a wiring
      device of the type providing a switch, junction box or outlet receptacles,
      and of the type wherein wires are connected electrically in the wiring
      device during assembly of the cover and base portion together.
BSUM
PAC  BACKGROUND OF THE PRIOR ART
PAR  There has been a long existing need in the prior art to provide a technique
      for assembling a two-piece wiring device of the type providing either a
      switch, junction box or dual outlet receptacle, and of the type wherein
      multiple conductors are electrically connected to insulation penetrating
      electrical contacts contained in the wiring device during assembly of the
      two-piece wiring device. Particularly when the two-piece wiring device is
      assembled and simultaneously connected electrically to an elongated
      conductor by forcibly urging a cover portion and a base portion together a
      sturdy force-applying tool is required. Desirably the tool should be
      inexpensive, rugged, easy to use and of a common or standard design for
      availability. The wiring device itself should be adapted with assembly
      features that readily accommodate standard assembly tools.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  A two-piece wiring device includes a base portion having insulation
      penetrating electrical contacts and a cover portion which is forcibly
      urged toward the base portion to force individual conductors into
      electrical connection within the contacts and to cooperatively lock
      together the base portion and cover to thereby contain the electrical
      connections internally of the wiring device. The base is adapted with a
      jack screw adjacent a central contact which is electrically grounded in a
      circuit provided by the conductors. Access to the jack screw is provided
      by an aperture in the cover. A threaded fastener is received in the cover
      aperture and threadably driven along the jack screw to assemble the cover
      to the base and to simultaneously force the cover against the conductors
      electrically connecting the conductors within the corresponding terminals.
      The fastener is adapted to be threadably driven by a standard tool. The
      fastener can be removed once the cover is locked to the base, or the
      fastener can remain as an installed part of the cover. Alternatively the
      fastener can be incorporated as part of an assembly tool enabling removal
      of the fastener together with the tool subsequent to assembly. The
      fastener is electrically grounded to the jack screw and is forcibly urged
      against the ground conductor forcing it into electrical connection with a
      corresponding contact adjacent the jack screw. Thus the fastener and the
      assembly tool is safely grounded electrically such that removal of the
      fastener subsequent to assembly is not predicated upon the presence of an
      electrical hazard when the conductors are connected to an activated
      electrical circuit.
PAC  OBJECTS
PAR  It is accordingly an object of the present invention to provide a technique
      for utilizing a commonly available, rugged and inexpensive tool for
      assembling together a cover and a base portion of a wiring device of the
      type providing either a switch, junction box or dual outlet receptacles,
      and of the type wherein wires are connected electrically in the wiring
      device simultaneous with assembly of the cover and base together.
PAR  It is another object of the present invention to provide a wiring device
      having portions which are assembled in locked relationship while
      simultaneously forcing a plurality of conductors into electrical
      connection within insulation penetrating type contacts contained in the
      wiring device, utilizing a fastener which is urged to press on the
      electrically grounded conductor forcibly inserting it into electrical
      connection within the corresponding electrically ground contact, whereby
      the fastener becomes electrically grounded to the ground contact within
      the wiring device and is optionally removable subsequent to assembly of
      the base portion and cover portion.
PAR  Another object of the present invention is to provide a wiring device of
      the type wherein a cover is used to press the individual conductors of an
      electrical cable into electrical engagement within insulation penetrating
      contacts within the wiring device, and wherein the electrically ground
      conductor is engaged by a fastener device which may be a conductive
      portion of the cover and which becomes grounded electrically to the ground
      conductor and which either may be removed subsequent to assembly of the
      wiring device electrically to the cable or remain in place as an installed
      part of the cover of the wiring device.
PAR  It is a further object of the present invention to provide a technique for
      assembling together a two-piece wiring device while simultaneously
      connecting the wiring device to the individual conductors of an electrical
      cable using a tool which is easy to use, rugged, inexpensive and readily
      available while at the same time using a tool to engage and connect a
      ground conductor to an insulation penetrating type electrical contact of
      the wiring device thus enabling the tool to be removed or remain in place
      as an installed part of the wiring device while being grounded
      electrically to the ground conductor.
DRWD
PAR  Other objects and many attendant advantages of the present invention will
      become apparent upon perusal of the following detailed description taken
      in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective of the component parts of a wiring device
      according to the present invention illustrating modifications of the
      structure utilized for connecting together the component parts.
PAR  FIG. 2 is an enlarged fragmentary section taken along the lines 2--2 of
      FIG. 1 illustrating the details of assembly of the component parts.
PAR  FIG. 3 is an enlarged fragmentary section similar to FIG. 2 illustrating
      the component parts fully assembled.
PAR  FIG. 4 is an enlarged fragmentary perspective of an electrically ground
      terminal of the wiring device according to the present invention.
PAR  FIG. 5 is an enlarged fragmentary perspective of an assembled wiring device
      incorporating a selected interchangeable part as illustrated in FIG. 1.
DETD
PAR  With more particular reference to the drawings there is shown generally at
      1 in FIG. 1 a fragmentary portion of an elongated electrical cable having
      an external sheath 2 and a plurality of individual conductors 4, 6, and 8
      which include portions that are laterally spread apart from one another
      and exposed by slitting a portion of the sheath 2. Normally the conductors
      4 and 6 contain individual insulation thereover while the central
      conductor 8 is generally uninsulated.
PAR  There is illustrated generally at 10 a wiring device of the type providing
      dual receptacle outlets and having a dielectric base portion 12 and a
      cooperating dielectric cover 14. The wiring device 10 includes, as shown
      in FIGS. 1, 2, and 3, a plurality of electrical termianls 16, 18, and 20,
      contained within the base portion 12 and in laterally spaced relationship.
      The terminals 16 and 18 are of the insulation slicing or penetrating type
      and are more particularly disclosed in U.S. Pat. No. 3,854,114. The
      terminal 20 is more particularly illustrated in FIG. 4 as having a base
      portion 22 with an upstanding flange portion or back plate 24 and a
      generally channel-shaped portion 26. The channel-shaped portion 26
      includes a pair of diagonally projecting flange portions 28 which have
      sharpened slicing edges 30 immediately adjacent to the portion 24. The
      terminal 20 is mounted within the housing at a central location as shown
      in FIGS. 2 and 3. A jack screw or stud 32 is received within the
      channel-shaped portion 26 and is partially encircled thereby. The jack
      screw 32 is electrically conductive and is provided thereon with external
      threads 34. The jack screw further includes an enlarged head portion 36
      which abuts against a conductive metal shell 38 which partially encircles
      the base portion 12 and which is electrically grounded to the jack screw
      32 by virtue of its contact therewith. As shown in FIGS. 1 and 5 the shell
      38 includes a pair of projecting flap portions 40 extending on opposite
      sides of the base portion 12 and are provided with generally rectangular
      apertures 42 for a purpose to be described. The cover 14, as shown more
      particularly in FIGS. 1, 2, 3, and 5 include a pair of integral projecting
      inclined ramp projections 44 each having a shoulder 46. With reference to
      FIG. 1 it is to be understood that the wiring device 10 is adapted for
      connection electrically to the cable 1 by placing the spread apart
      portions of the individual conductors over the corresponding terminals or
      contacts 16, 18 and 20 in the base portion 12, and then forcibly advancing
      the cover 14 toward the base portion 12 forcing the individual conductors
      4, 6, and 8 into electrical engagement within the insulation penetrating
      type contacts 16 and 18 and the contact 20. The inclined projections 44
      will enter the corresponding apertures 42 of the jacket or shell 38 and
      the shoulder portions 46 will lockingly register within the confines of
      the apertures 42 to lock together cooperatively the cover 14 and the base
      portion 12 together and thereby contain the electrically connected
      portions 4, 6, and 8 of the cable 1. Accordingly the wiring device
      according to the present invention is of the type wherein a two-piece
      housing is assembled simultaneously when the contained insulation
      penetrating type terminals are connected electrically to the individual
      spread apart portions of conductors of an elongated electrical cable. A
      force applying tool is required for assembly of the two-piece wiring
      device. The tool must apply sufficient force not only to urge the cover
      into latching cooperative engagement with the base portion but also to
      insert forcibly the conductors 4, 6, and 8 together with their individual
      insulation coverings as well as portions of the outer sheath 2 internally
      of the insulation penetrating contacts 16, 18 and 20. Provided that the
      force applied is sufficient the contacts will penetrate through the
      portions of the sheath 2 and as well as the individual insulation on the
      wires where present, to grippingly engage the individual conductors 4, 6,
      and 8 to establish good electrical connections therewith. It is a
      requirement that such a wiring device be adapted with structure to
      accommodate assembly of the two-piece device with commonly available tools
      which are rugged, easy to use and inexpensive. In the case of the present
      invention the wiring device is adapted with the jack screw 32 which
      projects toward an open side 48 of the base portion 12. The cover 14
      includes a central aperture 50 therethrough which is in alignment with the
      end of the jack screw 32 providing access thereto. As shown more
      particularly in FIGS. 1, 2, 3, and 5, one preferred embodiment of the
      present invention includes a threaded fastener illustrated generally at 52
      having a shank portion 54 which is internally threaded and integral with
      an enlarged head portion 56 containing a central recess 58 which is
      hexagonal in cross-section. To facilitate assembly of the two-piece wiring
      device as shown in FIGS. 2 and 3, the individual conductors 16, 18 and 20
      are located over the base portion 12 and over the corresponding electrical
      contacts 16, 18 and 20. The shank 54 of the fastener is freely received
      for rotation through the aperture 50 of the cover and the fastener 52 is
      threadably driven along the jack screw 32 by rotation of the fastener by
      means of a common Allen wrench 60 which is matingly received within the
      hexagonal aperture 58 for rotation of the fastener 52. As the fastener 52
      is threadably driven along the stud 32 the enlarged head 56 will engage
      the cover forcing it within the opening 48 of the base 12 until the
      shoulders 46 latchingly or lockingly engage within the corresponding
      apertures 42 of the jacket or shell 38. The cover includes projecting wall
      portions 62 which engage and push against corresponding conductors 4 and 6
      driving them into electrical connection within the contacts 16 and 18. The
      contacts are of the type having opposed slicing edges which receive
      therebetween the conductors 4 and 6 as well as the insulation covering the
      conductors and portions of the sheath 2 which accompany the conductors
      when the sheath is slitted and the individual conductors are laterally
      spread apart from each other. The slicing edges of the contacts penetrate
      through the sheath 2 and the insulation over the conductors 4 and 6 to
      electrically grip and partially penetrate the conductors 4 and 6 to
      establish good electrical connections therewith. In such a manner the
      wiring device is electrically connected to the conductors 4 and 6. As
      shown in FIG. 3 the threaded portion 54 of the fastener enters the
      confines of the terminal 20 and the end of the threaded portion engages
      and forces the uninsulated conductor 8 into electrical connection within
      the terminal or contact 20. More particularly, portions of the sheath 2
      which are slitted and which accompany the conductor 8 are also forced into
      the confines of the terminal 20. The slicing edges 30 of the terminal are
      designed to slice through the sheath 20 when present and partially
      penetrate the conductor 8 to establish a good electrical connection
      therewith. The conductor 8 will therefore be gripped between the slicing
      edges 30 and the portion 24 of the terminal 20. The conductor 8 is an
      electrically grounded conductor in accordance with established practice in
      the electrical wiring art. The stud 32 is in contact with the terminal 20
      for electrical connection therewith. Thus the stud 32 is electrically
      grounded to the conductor 8. In addition, the fastener 54 can be made of
      conductive material such that it too is electrically grounded to the stud
      32 which in turn is grounded to the conductor 8. The fastener 52 can
      therefore remain as an installed part of the cover as shown in FIG. 5
      without producing an electrical hazard because it is grounded to the
      conductor 8. Thus upon assembly of the cover portion 14 and the base
      portion 12 the wiring device is simultaneously connected electrically to
      the cable 1. The cover and the base portion cooperate to contain the
      electrical connection of the conductors 4, 6 and 8 to the corresponding
      contacts. The protruding portions of the cable 1 which are adjacent to the
      sliced portions thereof are received to cooperate in notched portions 64
      of the base portion and at 66 of the cover portion. The notch portions 64
      and 66 cooperate when the cover is locked to the base to grip the
      periphery of the cable 1 to provide a strain relief. The fastener 52 can
      also be removed subsequent to locking the cover and base together if
      desired.
PAR  According to a modification of the fastener 52 the enlarged head portion 56
      thereof may be provided with a hexogonal shape as illustrated in FIG. 1 at
      68. This would allow the use of a standard force applying tool such as a
      wrench or socket wrench to engage the periphery of the enlarged head 56
      and threadably drive the fastener shown at 68 along the stud 32.
PAR  According to another modification there is illustrated at 70 a simple and
      rugged tool which may be utilized to assemble the cover and base portion.
      The tool 70 includes a threaded portion 72 which corresponds to the
      threaded portion 54 of the fastener 52. The tool further includes an
      enlarged head 74 adjacent to the threaded portion 72 which corresponds to
      the enlarged head 56. An enlarged shaft 76 is integral with the head
      portion 74 and is provided with a simple transverse bar handle 78. The
      tool 70 is operated in the same manner as the fastener 58, with the
      exception being that the tool itself is incorporated into the fastener
      portion 72 and 74. In such a manner therefore the fastener 52 can be
      incorporated directly into a force applying tool of the type shown at 70.
      In this embodiment of the tool 70, the tool as well as the fastener
      portions 72 and 74 must be removed from the assembled cover and base
      subsequent to locking together of the cover and base in assembled
      relationship.
PAR  Although preferred embodiments and modifications of the present invention
      are illustrated and described in detail other modifications and
      embodiments within the spirit and scope of the appended claims are desired
      to be covered.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of assembling a wiring device on a multiconductor cable,
PA1  slitting portions of the cable to separate medial portions of the
      conductors therein,
PA1  spreading laterally apart from one another the medial portions of the
      conductors,
PA1  aligning the medial portions of the conductors with corresponding
      electrical terminals contained in a base portion of a wiring device
      overlying said medial portions with a cover portion of said wiring device,
PA1  displacing said cover and said base toward each other with a tool whereby
      said conductors are forced into electrical engagement with said terminals
      and whereby said cover and said base are locked together, and engaging
      said tool directly against at least one of said wires and forcing said
      wire into engagement with a corresponding terminal while displacing said
      cover and said base toward each other.
NUM  2.
PAR  2. A method for assembling cable wires into a wiring device, comprising the
      steps of:
PA1  spreading apart portions of said cable wires,
PA1  overlying electrical terminals within a base portion of a wiring device
      with said spread apart wires,
PA1  locating a post adjacent one of said terminals,
PA1  overlying said wires with a cover portion of said wiring device,
PA1  exposing said post through said cover portion,
PA1  advancing a fastener along said post displacing said cover against said
      wires and driving said wires into electrical connection within
      corresponding terminals,
PA1  said fastener being conductive, and
PA1  electrically grounding said fastener to said ground wire of said cable and
      driving said ground wire with said fastener into a corresponding terminal
      upon advancing said fastener along said post.
NUM  3.
PAR  3. The method as recited in claim 2, wherein, said post comprises a
      jackscrew, and further including the step of threadably advancing said
      fastener along said jackscrew to displace said cover against said wires
      and to drive said ground wire into a corresponding terminal.
NUM  4.
PAR  4. the method as recited in claim 2, and further including the steps of:
PA1  providing latching portions on said base portion of said wiring device, and
PA1  advancing said fastener along said post to displace said cover into locked
      retention on said latching portions of said base portion.
NUM  5.
PAR  5. The method as recited in claim 4, wherein said fastener is integral with
      a tool provided with a handle, and including the step of:
PA1  removing said tool and said fastener subsequent to locked retention of said
      cover to said base portion.
NUM  6.
PAR  6. A method for assembling a wiring device, comprising the steps of:
PA1  slitting a longitudinal portion of a multi-conductor electrical cable to
      expose the individual conductors,
PA1  spreading laterally apart portions of the conductors exposed at the slitted
      portion of said cable,
PA1  placing the spread apart portions of the conductors over notched plate type
      electrical contacts contained within a base portion of a wiring device,
PA1  locating a jackscrew adjacent a central one of said contacts,
PA1  locating a cover portion over said base portion with said spread apart
      portions of said conductors therebetween,
PA1  driving a conductive and threaded portion of said cover along said
      jackscrew to force said individual conductors into electrical and gripped
      connection within corresponding contacts,
PA1  one of said conductors comprising a ground wire, and
PA1  driving said conductive portion of said cover against said ground wire
      forcing said ground wire within a corresponding contact and electrically
      grounding said conductive portion of said cover to said contact.
NUM  7.
PAR  7. A method for assembling a wiring device, comprising the steps of:
PA1  slitting a longitudinal portion of a multi-conductor electrical cable to
      expose the individual conductors,
PA1  spreading laterally apart portions of the conductors exposed at the slitted
      portion of said cable,
PA1  placing the spread apart portions of the conductors over notched plate type
      electrical contacts contained within a base portion of a wiring device,
PA1  locating a mounting means adjacent a central one of said contacts,
PA1  locating a cover portion over said base portion with said spread apart
      portions of said conductors therebetween,
PA1  advancing said cover portion along said mounting means to force said
      individual conductors into electrical and gripped connection within
      corresponding contacts,
PA1  one of said conductors comprising a ground wire,
PA1  driving a conductive portion of said cover against said ground wire forcing
      said ground wire within a corresponding contact and electrically grounding
      said conductive portion of said cover to said contact,
PA1  latching said cover to said base to contain therewithin said wiring device
      and said terminals and the spread apart portions of said conductors
      connected within said terminals, and
PA1  removing the conductive portion of said cover subsequent to latching said
      cover to said base.
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ABST
PAL  The disclosed invention is an accessory for an electric shaver of the type
      having a removable cutting head equipped with one or more motor driven
      cutting blades. The accessory has a rigid body provided with a cutting
      blade receiving pocket or recess. The top face of the pocket is closed and
      has exposed to the cutting blade an abrasive material suitable for
      sharpening the blade. The body is of a size and shape that it may be
      interchanged with all or a portion of the cutting head on the razor and
      permits engagement between the razor's drive mechanism and a cutter blade
      while the same is engaged with the abrasive material so that operation of
      the razor's blade drive will drive the cutter blade while it engages the
      abrasive surface.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part application of Ser. No.
      436,174 filed by Applicant on Jan. 24, 1974 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Electric shavers have a stationary screen or guard behind which a driven
      blade is rotated or reciprocated to shave the user by shearing the
      individual hairs which project through the openings in the screen. In the
      type of shaver to which this invention applies, the blade is perforated
      and is reciprocated while pressed firmly against the inner face of the
      screen. The sides of each of the perforations form a plurality of sharp
      cutting edges. After repeated use, these edges become dull. When this
      happens, it is conventional practice to replace the dull blade with a new
      one. This is both an expensive and a wasteful practice.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a simple, compact, lightweight inexpensive means for
      sharpening the blades. In the type of electric shaver to which this
      invention applies, at least a portion of the head assembly of the razor is
      removable. The portion removed may include the guard, blades and the
      housing in which they are mounted, or it may only include the screen. In
      the case of shavers in which the head assembly is removed, the driving
      finger or fingers which drive the blades are exposed. In this case, the
      invention provides a replacement head having a pocket to receive a blade
      and hold the blade in engagement with one of the drive fingers. The head
      includes an abrasive surface designed to engage the cutting edges of the
      blade. It utilizes the spring normally employed to keep the blade pressed
      against the screen. By operating the motor of the razor, the blade is
      sharpened by the abrasive surface. The sharpening device is lightweight,
      compact and inexpensive, since it utilizes the shaver's existing power
      pack.
PAR  The invention will be more clearly understood upon reading the following
      description and the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an oblique view of a razor with which this invention can be used;
PAR  FIG. 2 is a plan view of the razor with the shaving head removed;
PAR  FIG. 3 is a fragmentary oblique view of the blade sharpener mounted on the
      razor body in place of the shaving head;
PAR  FIG. 4 is a plan view of the sharpener of this invention;
PAR  FIG. 5 is a side view of the sharpener;
PAR  FIG. 6 is an end view of the sharpener with a blade seated in it;
PAR  FIG. 7 is a bottom view of the sharpener;
PAR  FIG. 8 is a sectional view taken along the plane VIII--VIII of FIG. 6;
PAR  FIG. 9 is a view taken in the same plane as FIG. 8 but showing the blade
      supporting spring in released position;
PAR  FIG. 10 is a plan view of a blade of the type which can be sharpened by
      this invention;
PAR  FIG. 11 is a fragmentary perspective view of the head end of a shaver of a
      somewhat different construction with the head in tact;
PAR  FIG. 12 is a view similar to FIG. 11 with the sharpener of this invention
      in place;
PAR  FIG. 13 is a sectional elevation view taken along the plane XIII--XIII of
      FIG. 12;
PAR  FIG. 14 is an exploded sectional view of the sharpener illustrated in FIGS.
      12 and 13;
PAR  FIG. 15 is an exploded sectional view taken along the plane XV--XV of FIG.
      14;
PAR  FIG. 16 is a fragmentary perspective view of the head end of a shaver of a
      still different construction with the sharpener of this invention in
      place;
PAR  FIG. 17 is an exploded sectional view taken along the plane XVII--XVII of
      FIG. 16;
PAR  FIG. 18 is a fragmentary perspective view of the head end of another type
      of construction with the head in tact;
PAR  FIG. 19 is a fragmentary sectional view taken along the plane XIX--XIX of
      FIG. 18;
PAR  FIG. 20 is a view similar to FIG. 18 illustrating the shaver with the
      sharpener of the invention in place;
PAR  FIG. 21 is an exploded sectional view taken along the plane XXI--XXI of
      FIG. 20;
PAR  FIG. 22 is a sectional elevation view illustrating a modified construction
      for the means holding the abrasive;
PAR  FIG. 23 is a fragmentary perspective view of the head of a shaver utilizing
      a rotary blade with a sharpener of this invention engaged with one of the
      blades; and
PAR  FIG. 24 is an exploded section elevation view of the sharpener shown in
      FIG. 23 taken along the plane XXIV--XXIV.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a typical electric shaver 10 having a housing 11
      encasing a motor. One end of the housing is open to provide a recessed
      seat 12 (FIG. 2), and a removable shaving head 13. Electric shavers of
      this type may have only one cutting blade 14 (FIG. 10) but more commonly
      have two or more of them. The illustrated shaver has three of them. Each
      blade is individually reciprocated by one of the fingers 15, 15a or 15b,
      driven by the motor. Removal of the shaving head 13 exposes these fingers.
PAR  The sharpener 20 has a rigid body 21 of a size and shape to be received in
      the shaving head recess 12. The body may be made of any suitable material.
      For lightness and appearance, a suitable material would be a cast
      polyamide such as Nylon. The body 21 has a central channel 22 (FIGS. 3 and
      6) closed at the bottom except for a central elongated aperture 23 (FIG.
      7). The top of the channel is closed by a strip 24 of abrasive material of
      fine grain suitable for sharpening a piece of steel. The strip 24 is
      rigidly secured to the body 20 by any suitable means such as by keying
      plus an adhesive.
PAR  Each side of the channel 22 has a ledge 25 which forms a seat for a blade
      14 when it is first inserted in the channel (FIG. 6). The channel 22 is
      centrally located and is designed to cooperate with only the central drive
      finger 15a. Pocket-like openings 26 and 26a (FIG. 7) are provided in the
      bottom of the body to prevent interference with the other fingers 15 and
      15b.
PAR  The blade 14 consists of a cutter body 30, a bottom plate 31 and a spring
      32 (FIGS. 8 and 9). The cutter body is rigidly secured to the bottom
      plate. The spring 32 is elongated and of the leaf-type. Its ends are
      secured to the bottom plate 31. Between its ends, the spring extends
      generally arched downwardly but at its center has an upwardly extending
      pocket 33 for receiving the finger 15a. The engagement of the finger 15a
      in the pocket 33 provides the means for driving the blades.
PAR  The upper surface of the cutter body has numerous narrow, transverse slits
      which divide this surface into a plurality of closely spaced knives 34.
      The edges of the knives do the actual cutting or shaving and the purpose
      of this invention is to sharpen these edges.
PAR  To sharpen a blade, it is inserted in the channel 22 from one end. In so
      doing, the spring 32 is compressed against the bottom plate 31, the spring
      being seated against the closed portions of the bottom of the channel
      (FIG. 8). The bias of the spring supports the top or knife surface of the
      blade against the abrasive strip 24. When the motor of the shaver body is
      activated, the blade is reciprocated in the channel in the same manner as
      it would be if it were mounted in the shaving head. This action sharpens
      the blade. The length of the sharpening cycle will vary somewhat,
      depending upon the condition of the blade. However, normally operating the
      motor for about 30 seconds is sufficient to fully restore the blade's
      sharpness. While the unit sharpens only one blade at a time, even a three
      blade shaver can be sharpened in about two minutes.
PAR  FIGS. 11-15 illustrate a shaver 50 of a type having a single blade 51 (FIG.
      13) which is biased by the spring 52 to seat against the inside surface of
      a screen 53. The screen can be removed by detaching the bracket 54 which
      leaves the blade in place and operatively connected to the shaver's motor.
      This is conventional construction in certain makes of shavers.
PAR  With the screen 53 removed, the sharpener unit 55 can be mounted over the
      blade. The sharpener unit has a generally rectangular case 56, the lower
      side portions of which are offset inwardly to create an exterior
      downwardly facing stop 57 and an inner, upwardly facing stop 58 (FIG. 14).
      The case 56 is open at both the top and the bottom. A cap 59 is seated in
      the open top. The lower face of the cap has a concave channel 60. At the
      very lower end of the channel 60, a narrow ledge 61 is formed on each
      side. The ledges 61 form a stop seating the ends of a thin sheet of
      abrasive material 62. By selecting a suitable abrasive material 62 such as
      Crocus Cloth, it can be placed under compression forcing it to assume the
      concave shape of the channel and seat firmly against the channel walls.
PAR  With the sharpener unit properly seated over the blade, as illustrated in
      FIG. 12, the blade 51 is received through the open bottom end of the case
      and seats in the concave channel 60 (FIG. 13). The operator then presses
      on the cap 59 to positively seat the abrasive against the blade and starts
      the shaver's motor. Sharpening then occurs in the same manner as that
      described in the case of the embodiment illustrated in FIGS. 1-10. The
      fact that the blade is springmounted prevents excessive pressure between
      the blade and the abrasive material. The inward movement of the cap is
      positively limited by the stops 58.
PAR  FIGS. 16 and 17 illustrate the invention applied to a shaver 64 of a
      slightly different construction. In the following description, identical
      features of the sharpener 55a have the same number as in FIGS. 11-15. The
      construction of the case 56a is different in that it has a pair of end
      legs 65 which seat down over the ends of the head and lock to the shaver
      body in the same manner as the screen and screen mounting frame which has
      been previously removed to expose the blade. The locking mechanism is not
      illustrated since it is conventional, being part of the construction of
      the shaver already on the market.
PAR  The shaver 55a has a cap 59 having an internal concave channel flanked at
      its lower ends by the narrow flanges 61 and seating the sheet of abrasive
      material 62. The case has an internal shoulder 58 forming a positive stop
      for the cap 59. The operation of the sharpener 55a is identical to that of
      the sharpener 55.
PAR  FIGS. 18-21 illustrate the application of this invention to a shaver having
      a pair of blades of the general type illustrated in FIGS. 11-17. In this
      shaver 70, the head has a removable screen 71 having a pair of convex
      surfaces to accommodate the two cutter blades 72. The screen is detachably
      secured to the shaver body 73 by a cover 74. To mount the sharpener of
      this invention on this shaver, the cover 74 and and screen 71 are removed
      exposing the blades 72.
PAR  The cover and screen are replaced by the sharpener 75 which has a case 76
      designed to seat down over the head of the shaver and attach to the body
      70 of the shaver in the same manner as the cover. Again, the exact means
      by which the case 76 attaches to the shaver body is neither illustrated
      nor described because it is not part of this invention and will vary from
      one make of shaver to another.
PAR  The case 76 is a hollow rectangular frame open at both the top and the
      bottom. Internally, it has a pair of stops 77 which facilitate its
      alignment on the shaver body. A bar 78 extends lengthwise at the top of
      the case dividing the top opening into two equal portions. The bar 78 is
      rectangular in cross section with its greatest dimension extending
      vertically. Seated in the case 76 through the top opening is a cap 80
      having a pair of concave, parallel channels 81 in its lower face. These
      channels are so located and of a depth and shape to receive and seat the
      cutter blades 72. The lower ends of each of the channels has a narrow
      ledge 82. These ledges are identical to those illustrated and described in
      connection with FIG. 17. Each of the channels seats a piece of abrasive
      material 83 such as Crocus Cloth. The ledges hold the abrasive material 83
      in an arched configuration to seat firmly against the walls of the
      channels as was described in connection with FIG. 17.
PAR  Between the channels 81, the cap has a longitudinal slot 84 of a width to
      fit closely about the bar 78. The depth of the slot 84 is such that when
      the cap is seated in the case, the cap may be pressed downwardly to
      positively engage the blades 72 with the abrasive material 83 in the
      channels. The close fit between the bar 78 and the walls of the slot 84
      prevents the cap from tipping to one side or the other, thus, assuring
      equal contact pressure between each of the blades and the abrasive
      material.
PAR  Operation of the sharpener illustrated in FIGS. 18-21 is the same as that
      described for the sharpeness illustrated in FIGS. 11-17. The operator
      having substituted the sharpener for the screen and cover 74 presses the
      cap 80 downwardly until the blind end of the slot bottoms on the top of
      the bar 78. The motor of the shaver is then operated for a short period
      causing the blades 72 to be reciprocated against the abrasive material 83.
      This sharpens them and the sharpener can then be removed and the screen
      and cover restored. As in the case of the other shavers, the blades have a
      limited degree of float and when the cap is pressed into the case 76, the
      blade supporting spring 85 is compressed assuring positive bearing between
      the abrasive material and the blades.
PAR  FIG. 22 illustrates a modified cap 59a in which the ledges 61a have
      upturned lips 100 creating a shallowing downwardly extending slot to seat
      the edges of the abrasive material. It will be recognized that this
      modification could be applied to any of the caps having the concave
      channel in their lower face.
PAR  FIGS. 23 and 24 illustrate the invention applied to an electric shaver 90
      of the rotary blade type. In this case, the blade 91 is somewhat
      cup-shaped and has its cutting edges 92 on the ends of the upstanding
      fingers. During normal use of the shaver, the blade rotates against and is
      spring pressed against a circular screen 93. By opening the cover 94 of
      the shaver head 95, the screen and cutter blade 91 can be removed. The
      mounting of the screen and the means of attachment of the cover are
      neither illustrated nor described since they are commerically available
      products and form no part of this invention.
PAR  The cutter blade 91 is removed from the screen and placed in the recessed
      cup 96 which has a central hole 97 to receive the shaft of the cutter
      blade. The lower portion of the cup is recessed to fit in the opening in
      the cover 94 normally occupied by the screen 93.
PAR  Cooperating with the cup is a cap 98 having an annular recess 99 in its
      bottom face. The recess receives the upstanding circular wall of the cup
      96 thereby guiding and stabilizing the cap. The lower face of the cap with
      the recess 99 is provided with a suitable abrasive sharpening surface. In
      the particular embodiment illustrated, this is accomplished by bonding a
      disc 100 of Crocus Cloth to the bottom of the cap. To sharpen the blade
      91, the operator presses on the cap 98 while the motor of the shaver is
      operating. The resilient mounting of the blade (a part of the conventional
      shaver) assures positive bearing between the blade and abrasive material.
      When one blade has been sharpened, the sharpening unit can be used for the
      next blade. The cap and cup can be made of any suitable material such as
      molded plastic.
PAR  It will be seen that the invention provides a very inexpensive sharpening
      means since it consists only of the body and the abrasive strip. It is
      lightweight because it is small and has no motor. It is very compact,
      being approximately the size of the shaving head and, therefore, can be
      readily packed with the shaver when traveling.
PAR  While a preferred embodiment of the invention has been described, it will
      be recognized that various modifications of the invention can be made
      without departing from the principles of the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Means for sharpening a cutter blade of an electric shaver having means
      resiliently mounting the cutter blade, said sharpening means comprising: a
      hollow case open at the bottom and shaped to seat over at least that
      portion of the shaver body having the cutter blade, cap means closing the
      top of said case; the inner face of said cap means being shaped to seat
      closely against the surface of a cutter blade; a thin sheet having an
      abrasive forming the inner surface of said cap; said cap having means for
      engaging the edges of said sheet for holding said sheet in compression and
      forcing it against the inner face of said cap; said cap when seated over
      said portion of said shaver body pressing said abrasive material firmly
      against the resiliently mounted cutter blade.
NUM  2.
PAR  2. Means for sharpening a cutter blade as described in claim 1 wherein said
      sheet holding means are a pair of ledges projecting toward each other at
      the bottom edges of said shaped face of said cap.
NUM  3.
PAR  3. Means for sharpening a cutter blade as described in claim 2 wherein said
      sheet is Crocus Cloth.
NUM  4.
PAR  4. Means for sharpening a cutter blade of an electric shaver, having means
      resiliently mounting the cutter blade, said sharpening means comprising: a
      hollow case open at the bottom to seat over at least that portion of the
      shaver body having the cutter blade, cap means closing the top of said
      case; said cap having a pair of downwardly opening elongated channels,
      said channels being spaced apart, parallel and arcuate in cross section
      and said abrasive material covering the entire walls of said channel; a
      downwardly opening slot in said cap parallel to and between said channels;
      said case having a bar extending across and dividing the open top of said
      case, said bar fitting closely in said slot for guiding said cap as it is
      moved toward and away from the cutter blade.
NUM  5.
PAR  5. Means for sharpening a cutter blade of an electric shaver having means
      resiliently mounting the cutter blade, said sharpening means comprising: a
      hollow case open at the bottom to seat over at least that portion of the
      shaver body having the cutter blade, cap means closing the top of said
      case; said cap being slidably mounted on said case for movement toward and
      away from the cutter blade; the inner face of said cap means being shaped
      to seat closely against the surface of the cutter blade; an abrasive
      material forming the inner surface of said cap, said cap when seated on
      said case pressing said abrasive material firmly against the cutter blade;
      said case being circular; said cap being circular and having guide means
      interfitting with said case to center said cap with respect to said case
      and to hold said inner face of said cap parallel with the top face of the
      cutter blade; said interfitting guide means being an upstanding annular
      wall on said case and a cooperating downwardly opening circular channel on
      said cap.
NUM  6.
PAR  6. In combination, an electric shaver and blade sharpening means therefor,
      said electric shaver having at least one driven cutting blade, a removable
      screen; spring means resiliently urging said blade against said screen;
      said blade sharpening means having a hollow rigid body defining an
      internal cavity open at the bottom to seat over and be substituted for
      said screen with said blade received in said cavity; the top of said
      cavity being closed by a rigid blade engaging wall; said wall being a
      stationary part of said rigid body and having an inner rigid,
      non-compressible face for seating against said blade and displacing it
      against said spring means; the said inner face having an abrasive surface
      rigidly affixed thereto of a type adapted for sharpening said blade when
      said blade is moved over said surface.
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ABST
PAL  A safety razor comprises an elongated handle that has a pair of arcuate,
      laterally spaced guide rails; a support member that has a pair of
      elongated guide means for sliding cooperation with the respective guide
      rails; a spring that acts between the handle and the support member to
      bias the support member towards a medial position of pivotal adjustment
      relative to the handle; and a shaving unit for detachable interengagement
      with the support member to position its cutting edge parallel to the
      pivotal axis.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention is concerned with safety razors.
PAR  Safety razors conventionally comprise a guard member and a cap member
      between which, in use, a razor blade is sandwiched, and a handle; the
      guard member, the cap member and the handle being fixed relative to one
      another in use. The latter feature is present in the conventional
      so-called three-piece razors designed to take disposable single or
      double-edged blades (such razors being called "three-piece" because the
      three parts mentioned above, that is the guard member, the cap member and
      the handle, can be separated); in the conventional so-called one-piece
      razors designed to take disposable single or double-edged blades (such
      razors being called "one-piece" because the three parts mentioned above
      are not separable); and in safety razors which have recently appeared on
      the market which comprise, instead of a disposable razor blade, a
      disposable shaving unit or head which comprises a guard member, one or
      more blades, and a cap member held rigidly together, the shaving unit
      being rigidly attachable to a handle and being replaced as a whole when
      the cutting edge or edges become blunt.
PAR  In the following description we will, for convenience, refer to the
      combination of the guard member, the blade or blades, and the cap member
      as the shaving unit, and it is to be understood that this expression is
      intended to cover combinations of these elements in which the elements are
      permanently secured together, the whole shaving unit being replaced when
      the cutting edge or edges become blunt, and also combinations in which
      these elements are not permanently secured together and in which the cap
      member and the guard member are separable to permit replacement of the
      blade or blades only.
PAR  Razors in which there is a fixed relationship between the shaving unit and
      the handle, call for considerable dexterity on the part of the user and
      substantial changes in the disposition of the handle in order to maintain
      the shaving unit at the optimum attitude on the shaver's face,
      particularly when negotiating areas, such as the jaw line, where there are
      gross changes in facial contour. It has been proposed to improve the
      shaving characteristics of razors by providing a handle with a yoke
      structure and a blade carrier with pins projecting outwardly from opposite
      ends of the carrier, the pins of the blade carrier being received in the
      yoke structure so that the blade carrier may rock relative to the handle.
      Such proposed arrangement has certain drawbacks and disadvantages
      including cumbersome lengthening of the razor beyond the ends of the
      blades and portions that project above the shaving plane and interfere
      with shaving, and it is an object of this invention to provide a novel and
      improved razor in which the shaving unit is movable as a unit relative to
      the handle.
PAR  Another object of the invention is to provide a novel and improved razor
      that employs a replaceable shaving unit and that is sturdy and reliable in
      use.
PAR  In accordance with the invention there is provided a razor that includes a
      handle and a transversely extending blade support portion at one end of
      the handle. This support structure has an outwardly facing surface and may
      have one or more blade elements and cooperating skin engaging structures
      such as cap and guard structures permanently secured to it, but preferably
      is arranged to receive a replaceable shaving unit which has a body of
      plastic material to which a blade element is permanently secured.
      Structure connecting the handle and support portion and permitting
      movement of the support portion relative to the handle during the course
      of a shaving stroke is located on the side of the support portion remote
      from the outwardly facing surface and includes a smoothly curved bearing
      surface of finite length, the ends of the smoothly curved bearing surface
      being located rearwardly of the outwardly facing surface, and a
      cooperating surface in engagement with smoothly curved bearing surface.
PAR  In a preferred embodiment the connecting structure includes juxtaposed,
      spaced, inner and outer, arcuate bearing segments, each said bearing
      segment being less than 180.degree. in angular extent, and a cooperating
      hollow shaft segment also of less than 180.degree. in angular extent. The
      inner and outer surfaces of the hollow shaft segment are received in
      bearing engagement with the inner and outer bearing segments, and the
      interengaged bearing segments and shaft segment define an axis of rotation
      of the support portion located immediately adjacent the active elements of
      the shaving system and extending parallel to the cutting edge of the
      shaving system.
PAR  In a particular embodiment the bearing assembly includes two sets of
      axially spaced bearing segments and cooperating hollow shaft segments,
      each set in the form of interengaged flange and groove elements, the ends
      of the flange elements cooperating with the base of the groove element in
      thrust bearing relation. The flange elements may be inwardly directed or
      outwardly directed and may be formed on the same component of the bearing
      assembly or one component of the bearing assembly may include both a
      flange portion and a groove portion.
PAR  The razor also includes restoring structure arranged to generate a force
      when the support portion is offset from a medial position relative to the
      handle that tends to move the support portion towards the medial position,
      which in a particular embodiment is a leaf spring portion extending
      between handle and the supporting portion. The leaf spring may function as
      a stop structure or separate stop structure for limiting the relative
      movement of the support portion relative to the handle may be employed.
      Stop structure limits the range of pivotal movement of the shaving unit
      preferably in the range of 20.degree.-90.degree. .
PAR  When using a razor according to the invention, it has been found that the
      shaving unit accommodates itself readily to changes in facial contours.
PAR  It is not normally necessary for the shell bearing assembly and/or the
      spring means to permit the shaving unit to pivot through more than
      90.degree. and it is generally preferred that the possible rotation should
      be through at least 20.degree.. The medial position to which the spring
      means urges the shaving unit is preferably the center point of the
      possible rotation.
DRWD
PAR  Further advantages and preferred features of the invention will appear from
      the following description of a particular embodiment of the invention,
      given with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of an embodiment of a razor in accordance with
      the invention;
PAR  FIG. 2 is a sectional view of the razor shown in FIG. 1; and
PAR  FIG. 3 is a side view of the razor shown in FIG. 1 showing the shaving unit
      in a position of maximum rotation.
DETD
PAC  DESCRIPTION OF PARTICULAR EMBODIMENT
PAR  The razor shown in FIG. 1 includes a handle component 10 and a shaving unit
      component 12. The handle component includes an elongated grip portion 14
      that is of generally square crosssectional configuration with a slight
      taper along its axial length. At the upper end of the grip portion is a
      transversely extending supporting structure 16 that includes outwardly
      directed rail or flange elements 18. Structure 16 is secured to grip 14 by
      connector structure 20 disposed between grip portion 14 and support
      portion 16 that includes cooperating interengaged shell bearing members
      22, 24 that permit movement of support structure 16 relative to grip
      portion 14 about axis 26 that is spaced beyond support structure 16 and
      extends parallel to the rail elements 18.
PAR  Shaving unit 12 is detachably mounted on the support structure 16 by means
      of inwardly directed rails 30 on the base of the shaving unit, which clip
      or slide over the longitudinal edges of the flanges 18 to secure that
      shaving unit to the support structure in manner similar to the razor
      handle coupling arrangement shown in Perry U.S. Pat. No. 3,768,162. The
      shaving unit 12 comprises a guard portion 32, spaced blade elements 34 and
      36 and a cap portion 38, all secured permanently together, the complete
      unit being discarded when the cutting edges are blunt and replaced by a
      fresh unit. A variety of types of blade units may be secured to the handle
      component, including for example the several types of blade units shown in
      the above-mentioned Perry patent.
PAR  Rigidly secured to the upper end of grip 14 is a transversely extending
      outer part-cylindrical shell bearing member 22 of suitable material such
      as brass to which is attached an inner part-cylindrical shell bearing
      member 24 which may be of molded plastics. Outer shell bearing member 22
      has an axially outwardly extending part-cylindrical flange 40 at each end,
      and inner shell bearing member 24 has an axially inwardly directed
      part-cylindrical, undercut groove 42 at each end. Formed on the outward
      face of the inner shell bearing member 24, opposite its curved surface, is
      support structure 16.
PAR  Each flange 40 is in the form of a segment of a hollow cylindrical shaft
      that has an inner surface 44, an outer surface 46 and an end surface 48.
      Each groove 42 defines juxtaposed, inner and outer, arcuate bearing
      segments 50, 52, respectively, each of about 120.degree. angular extent
      and a base surface 54. The shell bearing members 22, 24 are slidably
      attached together by reception of flanges 40 within grooves 42 so that the
      surfaces 44, 46 of shaft segments 40 are received in radial bearing
      engagement with the surfaces of bearing segments 50, 52 and end surfaces
      48 are in thrust bearing engagement with base surfaces 54.
PAR  After the bearing members 20, 22 are so attached, stop member 56 is
      inserted through slot 58 in the outer shell bearing member 22 and secured
      to the inner shell bearing member 24 as indicated in FIG. 2, stop member
      56 and slot 58 being so dimensioned that movement of the inner shell
      bearing member 24 with respect to the outer shell bearing member 22 may
      only take place within the limits defined by the ends of slot 58 and stop
      member 56.
PAR  Handle 10, as indicated in FIG. 2, includes a recess 60 in which a leaf
      spring 62 is disposed. The rear end of spring 62 is secured to insert 65
      which in turn is secured to handle grip portion 14 and the spring extends
      forward through slot 58 in the outer shell bearing member 22. The forward
      free end of spring 62 is located within recess 66 in projecting stop
      member 56 carried by the inner shell bearing member 24. The radius of
      curvature of surfaces 44, 46, 50 and 52 of the shell bearing members 22,
      24 is such that the effective axis 26 of rotation of the shaving unit 12
      is adjacent to and parallel with the cutting edges of blades 34 and 36 and
      approximately midway between the skin engaging surfaces of cap 38 and
      guard 32 of the shaving unit 12. More specifically, the axis 26 is
      subtended between complimentary arcuate guide surfaces presented between
      grooves 42 and flanges 40. In an alternative arrangement projecting stop
      56 may be omitted and the free end of spring 62 located within a recesss
      in the inner shell bearing member 24, the slot 58 and the recess being so
      dimensioned that the movement of inner shell bearing member 24 with
      respect to the outer shell bearing member 22 may only take place within
      limits defined by the leaf spring 62 abutting the end of the slot and the
      recess.
PAR  During a shaving stroke, the active elements of the shaving unit, e.g. the
      blades 34, 36 and cooperating leading and following surfaces 32 and 38,
      are permitted to move as a unit independently of the position of handle 10
      to follow the configuration of the skin surface being shaved during each
      shaving stroke, the shaving unit rotating about axis 26. In this
      embodiment the plane of the active elements of the shaving system is
      allowed to swing in either direction from the medial position shown in
      FIG. 2, the engagement of projection 56 with the upper end of slot 58
      limiting movement in one direction, as shown in FIG. 3, and the engagement
      of projection 56 with the lower end of slot 58 providing a limit on motion
      in the other direction. Leaf spring 50 serves to bias the shaving unit 12
      towards a medial position of its permitted pivotal movement and acts to
      continuously impose a light restoring force that tends to return the
      shaving unit to its medial position when the unit is offset therefrom.
PAR  The above described arrangement is employed to particular advantage when
      the shaving unit comprises two blade elements whose respective cutting
      edges are parallel with and close to each other, the edges operating in
      tandem during use of the razor. The pivotal mounting of the shaving unit
      helps to ensure, in such cases, that proper use is made of the second
      edge, i.e. that both edges, and not just the first or leading edge, play
      their part in the shaving operation.
PAR  While a particular embodiment of the invention has been shown and
      described, various modifications thereof will be apparent to those skilled
      in the art and therefore it is not intended that the invention to the
      disclosed embodiment or to details thereof and departures may be made
      therefrom within the spirit and scope of the invention as defined in the
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety razor comprising a handle, a transversely extending support
      portion at one end of said handle, said support portion having an
      outwardly facing surface on which a shaving element is adapted to be
      carried in shaving position,
PA1  structure connecting said handle and support portion for angular rotation
      of said support portion relative to said handle in either direction from a
      medial position about an axis extending transversely of said supporting
      portion parallel to and immediately adjacent to a blade edge position as
      defined by said support portion, said connecting structure being located
      on the side of said support portion remote from said outwardly facing
      surface and including interengaged flange and groove elements, the ends of
      said flange elements cooperating with the bases of said groove elements in
      thrust bearing relation, said connecting structure permitting pivotal
      movement of said support portion relative to said handle during the course
      of a shaving stroke, and restoring structure arranged to generate a force
      when said support portion is offset from said medial position relative to
      said handle tending to move said support portion towards said medial
      position.
NUM  2.
PAR  2. A safety razor as claimed in claim 1 wherein said flange and groove
      elements include juxtaposed, spaced, inner and outer arcuate bearing
      segments, each said bearing segment being less than 180.degree. in angular
      extent, and a cooperating hollow shaft segment also of less than
      180.degree. in angular extent, the inner and outer surfaces of said hollow
      shaft segment being received in bearing engagement with said inner and
      outer bearing segments.
NUM  3.
PAR  3. A safety razor as claimed in claim 1 wherein said restoring structure
      tends to maintain said support portion in said medial position.
NUM  4.
PAR  4. A safety razor as claimed in claim 3 wherein said restoring structure
      includes a leaf spring portion extending between said handle and said
      support portion, and further including stop structure for limiting the
      relative rotational movement of said support portion relative to said
      handle.
NUM  5.
PAR  5. A safety razor as claimed in claim 1 wherein said support portion
      includes coupling structure for detachably mounting a shaving unit on said
      outwardly facing surface.
NUM  6.
PAR  6. A safety razor as claimed in claim 1 wherein said connection structure
      includes two sets of axially spaced bearing segments and cooperating
      hollow shaft segments.
NUM  7.
PAR  7. A safety razor as claimed in claim 1 wherein the range of pivotal
      movement of said shaving unit is in the range of 20.degree.-90.degree. .
NUM  8.
PAR  8. A safety razor as claimed in claim 7 wherein said connecting structure
      includes juxtaposed, spaced, inner and outer arcuate bearing segments,
      each said bearing segment being less than 180.degree. in angular extent,
      and a cooperating hollow shaft segment also of less than 180.degree. in
      angular extent, the inner and outer surfaces of said hollow shaft segment
      being received in bearing engagement with said inner and outer bearing
      segments, said interengaged bearing segments and shaft segment defining an
      axis of rotation of said support located immediately adjacent the active
      elements of the shaving system and extending parallel to the cutting edge
      of the shaving system.
NUM  9.
PAR  9. A safety razor as claimed in claim 1 and further including a shaving
      unit comprising two blade elements whose respective cutting edges are
      parallel with and close to each other, the edges operating in tandem
      during use of the razor and being disposed immediately adjacent said axis.
NUM  10.
PAR  10. A safety razor comprising a handle, a transversely extending support
      portion at one end of said handle, said support portion having an
      outwardly facing surface on which a shaving element is adapted to be
      carried in shaving position,
PA1  structure connecting said handle and support portion, said connecting
      structure being located on the side of said support portion remote from
      said outwardly facing surface and including juxtaposed, spaced, inner and
      outer arcuate bearing segments, each said bearing segment being less than
      180.degree. in angular extent, and a cooperating hollow shaft segment also
      of less than 180.degree. in angular extent, the inner and outer surfaces
      of said hollow shaft segment being received in bearing engagement with
      said inner and outer bearing segments, said interengaged bearing segments
      and shaft segment defining an axis of rotation of said support portion
      located immediately adjacent the active elements of the razor and
      extending parallel to the cutting edge of the razor, said connecting
      structure permitting pivotal movement in the range of
      20.degree.-90.degree. of said support portion relative to said handle
      during the course of a shaving stroke, and restoring structure arranged to
      generate a force when said support portion is offset from a medial
      position relative to said handle tending to move said support portion
      towards said medial position.
NUM  11.
PAR  11. A safety razor as claimed in claim 10 wherein said restoring structure
      includes a leaf spring portion extending between handle and said support
      portion, and further including stop structure for limiting the relative
      movement of said support portion relative to said handle.
NUM  12.
PAR  12. A safety razor comprising:
PA1  an elongated handle presenting a pair of guide rails spaced apart laterally
      of the handle and each of arcuate form;
PA1  a support member having a pair of arcuate guide means for sliding
      co-operation with said respective guide rails, said guide rails and said
      guide means defining a connection between said handle and said supporting
      member whereby said support member is mounted on said handle for pivotal
      movement relative to said handle about a pivotal axis that extends
      transversely of said handle, said pivotal axis being spaced further from
      said handle than from said support member;
PA1  spring means acting between said handle and said support member and
      operative to bias said support member towards a medial position of pivotal
      adjustment relative to said handle;
PA1  and a shaving unit comprising a guard member, a cap member and blade means
      presenting at least one cutting edge, said blade means and support member
      having means for detachable interengagement in such a manner as to
      position said cutting edge parallel with and adjacent said pivotal axis.
NUM  13.
PAR  13. A safety razor as claimed in claim 12 wherein said range of pivotal
      movement is from 20.degree. to 90.degree. and said medial position is
      disposed centrally of said range of pivotal movement.
NUM  14.
PAR  14. A safety razor as claimed in claim 13 wherein said shaving unit
      comprises two blade elements whose respective cutting edges are parallel
      with and close to each other, the edges operating in tandem during use of
      the razor.
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PAL  A dental instrument comprising a metal shaft having a resilient extension
      at one end and a further functionally closely related instrument such as a
      periodontal probe or mirror at the other end. The resilient extension has
      two deformable surfaces which can be pressed against a tooth to test its
      mobility. The periodontal probe is color-coded, so that the depth to which
      the projection has been inserted into the gingival sulcus and any existing
      periodontal pocket is readily apparent to the dentist. The dental
      instrument can include a percussive hammer adjacent the resilient section.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to dental instruments, and in particular to dental
      instruments for testing the various properties of a tooth and the
      investing periodontium.
PAR  When a dentist leaves dental school and enters actual practice, he often
      finds that various simple and mundane tests can be performed to determine
      the vitality of a tooth and health of the periodontium, and that such
      tests are often more practical and expeditious than the corresponding
      methods that he was taught in dental school. Unfortunately, commercially
      available dental instruments are usually designed according to the
      dictates of the dental school, rather than the practical needs of the
      dentist. Hence, he often lacks specific instruments designed to perform
      the practical tests which he himself has devised.
PAR  ONE OF THE TESTS OFTEN USED BY DENTISTS IN PRACTICE IS SIMPLY PUSHING ON
      THE TOOTH TO SEE WHETHER IT MOVES OR NOT, THUS TESTING THE QUALITY OF THE
      ROOTS AND INVESTING OSSEOUS STRUCTURES. Most dentists perform this
      mobility task with their fingers, or with the butt of an instrument
      normally having an entirely unrelated function. Another test used by
      dentists in their practice is to tap the tooth lightly with a metallic
      instrument, looking for a hyperresponse from the patient, to determine
      whether the interior of the tooth is inflamed and requires excavation or
      whether the external periapical area is inflamed or abscessed making it
      necessary to perform endodontic treatment. For this test, the dentist
      simply uses the side of one of his dental instruments.
PAR  Another problem which the dentist often encounters in practice is that
      dental instruments are designed for precision rather than convenience.
      This is particularly true of periodontal probes, which have accurate
      indicia which the dentist must read to determine the depth to which the
      probe has been inserted. However, the dentist only requires knowledge of
      the approximate depth of the probe rather than the exact depth to the
      fraction of a millimeter. Hence, reading such indicia is inconvenient and
      to a large extent unnecessary.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to dental instruments for performing the
      simple, yet practical, tests that a dentist wishes to perform in his
      day-to-day practice. Rather than rely on misuse of instruments designed
      for other purposes, or using his hands, the present invention provides
      instruments specifically related to performance of the desired tests.
PAR  The present invention provides a dental instrument comprising a metal shaft
      having a resilient deformable surface which can be used as a mobility
      probe. A percussive hammer, comprising a transverse projection on the
      metal shaft, can be located adjacent the resilient section. Also, a
      periodontal probe having a color-coded depth gauge, or a mirror or
      explorer, can be provided at the other end of the metal shaft.
PAR  The present invention provides dental instruments which meet the everyday
      needs of the dentist, and which do not involve misuse of existing
      instruments to perform desired tests. The instruments of this invention
      can be used by the dentist without difficulty, but still provide the
      dentist with the information he desires.
PAR  The novel features which are believed to be characteristic of the
      invention, both as to organization and method of operation, together with
      further objects and advantages thereof will be better understood from the
      following description considered in connection with the accompanying
      drawings in which preferred embodiments of the invention are illustrated
      by way of example. It is to be expressly understood, however, that the
      drawings are for the purpose of illustration and description only and are
      not intended as a definition of the limits of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a dental instrument having a mobility probe
      and percussive hammer at one end and a periodontal probe at the other end.
PAR  FIG. 2 is a fragmentary view of the periodontal probe of FIG. 1.
PAR  FIG. 3 is a fragmentary view of an embodiment of the invention wherein the
      mobility probe has a protrusion insertable in a slot in the metal shaft of
      the dental instrument.
PAR  FIG. 4 illustrates the embodiment of FIG. 3 in the locked position.
PAR  FIG. 5 is a fragmentary view of an embodiment of the present invention
      wherein the mobility probe has a sleeve section which fits over the ends
      of the metal shaft of the dental instrument.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A dental instrument incorporating the mobility probe, the percussive hammer
      and the color-coded periodontal probe of the present invention is
      illustrated by way of reference to FIG. 1. However, it is apparent that
      these elements need not be combined into a single tool, but that these
      features could be individually used on different dental instruments
      including mirrors and explorers.
PAR  Referring to FIG. 1, a metal shaft 10 having a central serrated portion 12
      providing a convenient handle is illustrated. The metal shaft 10 has a
      pointed projection 14 at one end providing a periodontal probe. A
      resilient extension 16, formed of hard rubber or other suitable material,
      is secured at the other end of the metal shaft 10. Extension 16 has two
      deformable surfaces 18 and 20, one surface 18 substantially perpendicular
      to the longitudinal axis of the metal shaft 10 and the other surface 20
      inclined approximately 45.degree. thereto. The surfaces 18 and 20 are
      preferably serrated to give additional purchase on a tooth. Percussive
      hammer 21 comprising stem portion 22 and flanged striking portion 24 is
      located adjacent mobility probe 16. It will be appreciated by one skilled
      in this art that portion 12 could be provided with means for receiving
      various dental tools interchangeably at one or both ends thereof, such as
      disclosed in U.S. Pat. No. 797,270.
PAR  Periodontal probe 14 is illustrated in detail in the fragmentary view of
      FIG. 2. In the embodiment illustrated, periodontal probe 14 has transverse
      color-coded sections emanating from tip 30. Green section 32, yellow
      section 34 and red section 36 generally represent three millimeter
      increments from the tip 30. One skilled in this art will appreciate that
      the number of colored sections can be more or less. When periodontal probe
      14 is inserted into periodontal tissue, the depth to which the probe has
      been inserted will be readily apparent to the dentist from the color-coded
      gauge and will not require the dentist to read detailed indicia on the
      periodontal probe. The series of colors green, yellow, and red are
      preferred since they represent a traditional warning scheme, but it is
      apparent that other color series, representing different increments from
      the tip, could be used as well.
PAR  Referring next to FIG. 3, an embodiment of the mobility probe is
      illustrated. Resilient extension 40 has protrusion 42 adapted to be
      inserted in corresponding slot 44 of metal shaft 10. Protrusion 42 has an
      enlarged end section which fits inside an enlarged portion of the slot 44
      to lock resilient extension 40 to metal shaft 10 as illustrated in FIG. 4.
PAR  A second embodiment of the mobility probe is illustrated by way of FIG. 5.
      In this embodiment, resilient extension 50 has sleeve portion 52 extending
      from surfaces 54 and 56. This sleeve 52 fits over the end of metal shaft
      10 to attach resilient extension 50 to metal shaft 10.
PAR  The dental instrument described above can be used to perform a variety of
      dental tests. For example, periodontal probe 14 can be used to determine
      the nature of the gingival crevice, e.g. Does it bleed? Is pus formation
      found? Are the tissues firm? Boggy? etc. In addition, periodontal probe 14
      can be used to measure the depth of the gingival sulcus, the depth of the
      periodontal pocket, the amount of gingival recession on a tooth surface,
      and the width of the zone of attached gingiva. Surfaces 18 and 20 of
      mobility probe 16 can be pressed against a tooth to determine the mobility
      thereof. Two mutually inclined surfaces are provided so that the mobility
      of teeth in different locations can easily be tested. Striking surface 24
      of percussive hammer 21 can impact upon a tooth to determine the vitality
      of the interior of the tooth and the investing periodontium. Hence, the
      dental instrument illustrated herein can be readily used to perform a
      variety of tests by which the dentist can determine the required
      treatment.
PAR  While preferred embodiments of the present invention have been illustrated
      in detail above, it is apparent that modifications and adaptations of the
      embodiments disclosed will occur to those skilled in the art. For example,
      it is not essential that the mobility probe, percussive hammer and
      periodontal probe form parts of a single device, rather, they could form
      parts of different devices. However, it is to be expressly understood that
      such modifications and adaptations are within the spirit and scope of the
      present invention, as set forth in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dental instrument comprising a metal shaft having an extension at one
      end thereof including a resilient, deformable surface thereon adapted to
      be pressed against a tooth to test the mobility of said tooth, and a
      periodontal probe at the other end of the metal shaft which includes a
      color-coded depth gauge.
NUM  2.
PAR  2. A dental instrument comprising a metal shaft having an extension at one
      end thereof including a resilient, deformable surface thereon adapted to
      be pressed against a tooth to test the mobility of said tooth and wherein
      the resilient, deformable surface is serrated.
NUM  3.
PAR  3. A dental instrument as recited in claim 1 wherein the extension includes
      a protrusion opposite the resilient, deformable surface, and wherein the
      metal shaft has a slot corresponding to the protrusion and adapted to
      receive said protrusion therein to fasten said extension to said shaft.
NUM  4.
PAR  4. A dental instrument as recited in claim 1 wherein the extension includes
      a cylindrical sleeve portion adapted to extend from the surface of said
      extension in frictional engagement with the metal shaft.
NUM  5.
PAR  5. A dental instrument as recited in claim 1 wherein the color-coded
      sections are progressively coded from the tip in shades of green, yellow
      and red to provide a traditional progressive warning indicator.
NUM  6.
PAR  6. A dental instrument comprising a metal shaft having an extension at one
      end thereof including a resilient, deformable surface thereon adapted to
      be pressed against a tooth to test the mobility of said tooth and wherein
      the resilient, deformable surface has a pair of sections, the second
      section thereof inclined approximately 45.degree. from the first section
      whereby mobility of teeth in different locations can be readily tested.
NUM  7.
PAR  7. A dental instrument comprising a metal stem having a sharply pointed
      projection at one end forming a periodontal probe, said projection divided
      into transverse color-coded sections, whereby the depth to which the
      projection has been inserted in periodontal tissue is readily apparent,
      and wherein the color-coded sections are progessively coded from the tip
      in shades of green, yellow and red to provide a traditional progressive
      warning indicator.
NUM  8.
PAR  8. A dental instrument as recited in claim 7 and additionally comprising an
      extension at the other end of the metal stem having a resilient,
      deformable surface to provide a mobility probe.
NUM  9.
PAR  9. A dental instrument comprising a metal shaft having an extension at one
      end thereof including a resilient, deformable surface thereon adapted to
      be pressed against a tooth to test the mobility of said tooth, a
      transverse projection on the metal shaft adjacent to said extension and
      adapted to be used as a percussive hammer, and a periodontal probe at the
      other end of the metal shaft having a color-coded depth gauge so that the
      depth to which the projection has been inserted in periodontal tissue is
      readily apparent.
NUM  10.
PAR  10. A dental instrument as recited in claim 9 wherein the resilient,
      deformable surface has a pair of sections, the second section thereof
      inclined approximately 45.degree. from the first section so that mobility
      of teeth in different locations can be readily tested.
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ABST
PAL  Adjustable drawing sweep apparatus is disclosed which includes a flexible
      sweep pivotally secured to one end of a base member and extending to an
      adjustable lever secured to the opposite end of the base member. The lever
      includes a plurality of notches into which the flexible sweep may be
      disposed and it also includes adjustment means for pivoting the lever with
      respect to the base and to the flexible sweep member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to drawing apparatus, and more particularly, to an
      adjustable drawing sweep used to draw a curve through a plurality of
      points.
PAR  2. Description of the Prior Art
PAR  In drawing, there are basically two kinds of lines, straight lines and
      curved lines. In the drawing of the curved lines, there are several ways
      of connecting points which define or describe a curve, using the so-called
      French curve. The French curve is not adjustable, and accordingly the
      curve defined by a plurality of points is approximately connected by
      fitting an appropriate French curve to the point or as close to the points
      as possible. Since there are so many different types of French curves
      available, the process of drawing a curve by connecting appropriate points
      can be accomplished with a substantial degree of accuracy. However, for
      curves of 2 or 3 feet in length, it becomes an extremely formidable task
      to construct a curve through a plurality of points. To enhance the drawing
      of such curves, larger apparatus, generally termed sweeps, are employed.
PAR  The Toth U.S. Pat. No. 3,299,519, issued Jan. 24, 1967, is typical of the
      prior art. The Toth patent includes a bow, or flexible sweep member,
      extending generally from one side of the base of the apparatus to a notch,
      or rather, selectively, to a plurality of notches, in the opposite side of
      the base. To vary the extent of the curve of the flexible sweep member,
      the tip of the flexible member is inserted into one of the plurality of
      notches in the opposite end of the base member. Since there is no degree
      of flexibility other than as provided by the plurality of notches, the
      resulting curve defined by a plurality of points may or may not be
      accurate.
PAR  Other design apparatus of the prior art includes a flexible member movable
      on a fixed member, such as a ruler, as shown in the Marshall U.S. Pat. No.
      199,917, issued Feb. 5, 1878.
PAR  The Toquet patent is in principle similar to the Marshall patent, except
      that a flexible string is used to vary the curvature of the sweep or bow.
      The Toquet U.S. Pat. No. 412,904, was issued on Oct. 15, 1889.
PAR  The above described three patents are typical of the prior art and each
      have their limitations, such as ease of adjustability, degree or extent of
      adjustability, and ease of use. While the small fixed French curves are
      extensively used for small designs and curves, for drawing curved lines of
      large items, such as ships, aircraft, and automobiles, a large adjustable
      drawing template or sweep is required.
PAC  SUMMARY OF THE INVENTION
PAR  The adjustable sweep apparatus described and claimed herein includes a base
      member with an adjustable sweep member pivotally secured to one end
      thereof and freely movable at its opposite end into any one of a plurality
      of notches in a lever pivotally secured to the base member at the opposite
      end from which the adjustable member is pivotally secured. The lever is
      adjustable to vary the curve of the adjustable sweep member in addition to
      the curve imparted in the adjustable member by the various notches on the
      lever.
PAR  Among the objects of the present invention are the following:
PAR  To provide new and useful adjustable sweep apparatus;
PAR  To provide new and useful apparatus for drawing a curved line;
PAR  To provide new and useful drawing apparatus including a member adjustable
      to describe a curve defined by a plurality of points; and
PAR  To provide new and useful adjustable sweep apparatus having a flexible
      member pivotally secured at one end and adjustably secured at its opposite
      end.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of apparatus embodying the present invention.
PAR  FIG. 2 is a view in partial section of a portion of the apparatus of FIG. 1
      taken generally along line 2--2 of FIG. 1.
PAR  FIG. 3 is a view of a portion of the apparatus of FIG. 1, in partial
      section, taken generally along line 3--3 of FIG. 1.
PAR  FIG. 4 is a fragmentary side view of a portion of the apparatus of FIG. 1.
PAR  FIG. 5 is a view in partial section of the apparatus of FIG. 1 taken
      generally along line 5--5 of FIG. 1.
PAR  FIG. 6 is a view in partial section of the apparatus of FIG. 1 taken
      generally along line 6--6 of FIG. 1.
PAR  FIG. 7 is a top view of the apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a perspective view of adjustable sweep apparatus 10 embodying the
      present invention. The apparatus 10 includes a base member 12 and a
      flexible bow or sweep member 40 secured thereto. The base member 12
      includes a pair of side members 14 and 16 and a center spacer 18 secured
      to and disposed between the sides. In addition to the center spacer 18,
      there is an end spacer 26 which is substantially the same width as the
      center spacer 18, but spaced apart slightly from the center spacer
      adjacent one end 28 of the apparatus 10. Between the spacer 18 and the end
      spacer 26 and between the sides 14 and 16 is disposed a lever 30. The
      lever 30 is pivotally secured to the body 12 as by a pin 50 which extends
      through the sides 14 and 16 and of course through the lever 30. The lever
      30 includes an upwardly extending portion 32 which extends upwardly
      generally above the body or base 12, and it also includes a depending
      portion 34 which extends below the base or body 12. The extending portion
      32 of the lever 30 includes a plurality of notches 36.
PAR  The sweep 40 is pinned at an end 29 of the base 12 to an extending portion
      24 of the spacer 18. The end 29 of the base is remote from end 28. The
      other end, the free end, of the sweep 40 may be selectively placed in any
      of the notches 36 on the lever 30. The lever 30 is movable in response to
      the bias of the sweep 40 and also in response to the limitation of motion
      placed thereon by a threaded rod and nut which extends between the
      depending portion 20 of spacer 18 and the depending portion 34 of the
      lever. The threaded rod and nut is pinned by a pin 56 to the depending
      portion 34 and extends from there into an aperture in the depending
      portion 20 of spacer 18. This feature will be discussed in detail below.
PAR  FIG. 2 is a view in partial section of a portion of the apparatus of FIG. 1
      taken generally along line 2--2 of FIG. 1. The view in FIG. 2 is that of
      the end of the adjustable sweep apparatus 10 of FIG. 1 opposite that end
      at which the sweep 40 is secured to the base 12. The view in FIG. 2
      accordingly includes spacer 18, one side 16, and end spacer 26. The lever
      30 extends between the spacers 18 and 26 and is pinned by a pin 50 to the
      side 16 and also to sides 14, as illustrated in FIG. 1 and as shown in
      more detail in FIG. 5.
PAR  The lever 30 includes two portions offset from each other, extending
      portion 32 which extends upwardly from the base 12 and which includes the
      plurality of notches 36, and depending portion 34, which extends below the
      base 12. The pin 50 extends through the upper part of the depending
      portion 34, adjacent the location at which the upper or extending portion
      32 connects with the lower or depending portion 34. The lever 32 pivots
      freely on pin 50 between the spacers 18 and 26 in response to the bias of
      sweep 40 as limited by a threaded rod and nut adjustment means.
PAR  At the lower or bottom end of depending portion 34 of lever 30 is a groove
      52. A threaded rod 54 is pivotally secured to the depending portion 34 in
      the groove 52 and is secured therein by a pin 56. The free end of the
      threaded rod 54 extends into a bore or aperture 22 in the depending
      portion 20 of spacer 18. The rod 54 extends through a bushing 23 disposed
      in the aperture or bore 22. A nut 58 is threadedly secured to the rod 54
      between the lever 30 and the depending portion 20 of spacer 18. By
      adjusting the nut 54, the lever 30 may be moved with or against the bias
      of the sweep 40. As the lever 30 is moved, the sweep 40, which is
      flexible, of its inherent resiliency moves to either increase or decrease
      its radius of curvature. The radius of curvature is also changed by
      placing the sweep in various notches 36.
PAR  The free end of the sweep 40 includes a groove or notch 46, and a pin 48
      extends between the sides of the sweep 40 through the groove or notch 46.
      The width of sweep 40 is substantially the same width as the base 12,
      including the spacer 18 and the pair of sides 14 and 16. Since the lever
      32 extends between the sides 14 and 16 and moves freely therebetween, its
      width is less than the total width of the base, and is slightly less than
      the width of spacer 18 in order to allow the lever to move freely on its
      pin between the sides. Accordingly, the width of notch or groove 46 is
      slightly larger than the width of the lever 30 in order to allow the pin
      48 to be freely disposed in any of the notches 36.
PAR  FIG. 3 is a view in partial section of a portion of the apparatus of FIG. 1
      taken generally along line 3--3 of FIG. 1, and illustrating the pivotal
      connection of the sweep 40 and the base 12. Spacer 18 includes an upwardly
      extending portion 24 at the end 29 of the spacer and the base 12. The end
      29 is opposite or remote from the end 28, adjacent which the lever 30 is
      disposed. Sweep 40 includes a notch 42, similar to notch 46, and a pin 44
      extending across the notch 42 and through the upwardly extending portion
      24 of the spacer 18. Again, the width of the sweep 40 is substantially the
      same width as the total width of the base 12, including spacer 18 and the
      sides. Notch 42 is of sufficient width to accommodate the upwardly
      extending portion 24 of the spacer 18 therein. The pin 44 accordingly
      extends through the spacer 18, and through the sweep 40 across the groove
      or notch 42 to pivotally connect the sweep to the base 12.
PAR  FIG. 4 is a fragmentary view of a portion of the lever 30. The upper or
      extending portion 32 of the lever 30 is shown with a plurality of notches
      36 extending adjacent each other in the top part of the upwardly extending
      portion 32. With each of the notches 36 staggered or offset from the next
      adjacent notch, each notch provides a different radius of curvature for
      the sweep 40. Moreover, since the lever 30 is also movable, a wide variety
      of radii of curvature are possible. Obviously, the length of the
      apparatus, and the length of the sweep 40, are of substantial importance
      in determining an actual radius of curvature. The overall length of the
      apparatus may vary, depending upon the various design parameters for which
      the adjustable sweep apparatus will be used.
PAR  FIG. 5 is a view in partial section of a portion of the apparatus of FIG. 1
      taken generally along line 5--5 of FIG. 1. The view is looking along the
      sweep apparatus through lever 30 and base 12. The base 12 is shown in
      section through sides 14 and 16. Spacer 18 is shown disposed between the
      sides 14 and 16.
PAR  The lever 30 is also shown in section, with the extending portion 32 and
      the depending portion 34 disposed respectively upwardly and downwardly
      with respect to the base 12. The lever 30 is shown with pin 50 secured
      therethrough and through the walls 14 and 16.
PAR  At the lower or bottom end of the depending portion 34 of the lever 30 is a
      notch or groove 52. Threaded rod 54 is disposed within the groove 52 and
      is secured in place within the groove by a pin 56. The pin is in turn
      secured to the lever 30. The threaded rod 54 is narrower than the width of
      the groove 52 and is accordingly movable or pivotable on the pin 56. The
      notches 36 are shown in phantom at the upper or top end of the upwardly
      extending portion 32 of the lever 30.
PAR  FIG. 6 is a view in partial section of the apparatus of FIG. 1 taken
      generally along line 6--6 of FIG. 1 and illustrating the pivoting
      connection between the sweep 40 and the base 12. The sides 14 and 16 are
      shown secured to, and disposed on either side of, spacer 18. The spacer 18
      includes an upwardly extending portion 24 which extends above the sides 14
      and 16.
PAR  The sweep 40 includes a notch or groove 42 which receives the upwardly
      extending portion 24 of the spacer 18. The width of the groove 42 is
      greater than the width of the spacer 18. A pin 44 extends through the
      spacer 18 and is secured across the groove 42 of the sweep 40 to provide a
      movable or pivotable connection between the sweep 40 and the base 12. The
      sweep 40 is accordingly secured at its one end to the base 12, as shown in
      FIG. 6, and is adjustable at its opposite end to an appropriate position
      in any one of the notches 36 of the lever 30. (See FIGS. 1, 2, and 4.)
PAR  FIG. 7 is a vertical view, broken for convenience of illustrating the
      entire apparatus within the limitation of the space provided on the
      drawing. The top view of the adjustable sweep apparatus 10 shows the base
      12 which includes a side 14, a side 16, and a spacer 18 disposed
      therebetween. At opposite ends of the apparatus is the upwardly extending
      portion 24 of the spacer 18 and the end spacer 26. Between the end spacer
      26 and the spacer 18 is the lever 30. The lever 30 is secured between the
      sides 14 and 16 by a pin 50 which extends through the lever 30 and into,
      or through, the sides 14 and 16.
PAR  The lever 30 pivots about the pin 50 in response to movement of a nut
      secured to a threaded rod extending between the lever and a downwardly
      depending portion of the spacer 18. (See FIGS. 1, 2, and 5.) The lever 30
      includes the plurality of notches 36, each of which is set back or offset
      from the next adjacent notch with respect to the upwardly extending
      portion 24 of the base 12. The notches provide a different radius of
      curvature for the sweep from its pivot point on the upwardly extending
      portion 24 of the spacer 18.
PAR  The sweep is connected to the upwardly extending portion 24 of the spacer
      18 by a pin 44 which is secured through the spacer 18 and extends
      outwardly therefrom and through the sweep. (See FIGS. 3 and 6.)
PAR  The bow or sweep is made of a flexible material, preferably a transparent
      polymeric substance, such as methyl methacrylate. The base of the
      apparatus may be made of non-warping material, such as different kinds of
      wood for the spacer and for the sides. By laminating the spacer and the
      sides, the base may be fabricated that will be non-warping regardless of
      the length of the base, within reason and within the limits of
      practicality. The pins, fastening means, threaded rod, etc., are all well
      known in the art, and may be of a number of appropriate types and may be
      fabricated from any appropriate material.
PAR  While the principles of the invention have been made clear in illustrative
      embodiments, there will be immediately obvious to those skilled in the art
      many modifications of structure, arrangement, proportions, the elements,
      materials, and components used in the practice of the invention, and
      otherwise, which are particularly adapted for specific environments and
      operative requirements without departing from those principles. The
      appended claims are intended to cover and embrace any and all such
      modifications, within the limits only of the true spirit and scope of the
      invention. This specification and the appended claims have been prepared
      in accordance with the applicable patent laws and the rules promulgated
      under the authority thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Adjustable drawing sweep apparatus, comprising, in combination:
PA1  a base member;
PA1  a flexible sweep member including a free end and a pinned end pivotally
      secured to one end of the base member;
PA1  a lever pivotally secured to the base member adjacent another end of the
      base member;
PA1  a plurality of notches on the lever for receiving the free end of the sweep
      member, each notch of which is offset from an adjacent notch to provide a
      plurality of radii of curvature for the sweep member; and
PA1  means for adjusting the lever with respect to the base member to vary the
      radius of curvature of the sweep member.
NUM  2.
PAR  2. The apparatus of claim 1 in which the means for adjusting the lever
      includes a threaded rod extending between and connected to one of the
      lever or the base member and movable relative to the other of the lever or
      the base member and further includes a nut threadedly secured to the
      threaded rod for moving the lever with respect to the base in response to
      adjustment of the nut on the threaded rod.
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ABST
PAL  For the directional drilling of boreholes, the orientation or roll angle of
      the drill head or mud-motor in the borehole has to be ascertained for
      steering purposes. The roll angle is determined, during drilling, by
      sensing at the location of the drilling tool in the borehole the values of
      the earth's magnetic field strength in two axes transverse to the main
      tool axis, signalling these values to the drilling station and translating
      them according to the direction and inclination of the borehole axis,
      which are known and normally updated at intervals between drilling runs.
      The down-hole assembly, located in a fixed attitude to the mud-motor,
      requires only static magnetic sensors. A resolver in a surface indicating
      unit provides for the indication of the roll angle as the angle determined
      by the sensors, translated according to the borehole information by the
      addition of an angle precalculated and selected from tables, calculated in
      a computation center, or calculated by computation in the indicating unit.
PARN
PAR  This is a continuation of application Ser. No. 197,416, filed Nov. 10,
      1971.
BSUM
PAC  Field of the Invention
PAR  This invention relates to the directional drilling of boreholes and
      provides improved methods of and means for determining the orientation of
      a drill head in a borehole to facilitate steering of the drilling tool.
PAR  The invention is particularly but not solely applicable to deep drilling
      with a turbine-driven drilling tool known as a mud-motor which can be
      steered, to follow a desired path, provided that the existing path of the
      borehole is known and the orientation of the mud-motor can be ascertained.
      To provide information on the existing path of the borehole various
      methods of measuring the azimuth and pitch angles of the borehole are in
      use. In one such method, known as the single shot method, measurements of
      azimuth and pitch at the lower end of the borehole are taken during
      intervals between drilling runs.
PAC  STATEMENT OF THE PRIOR ART
PAR  Measurement of the orientation of the drill head in the borehole has in the
      past necessitated the inclusion, in the borehole probe of the instrument,
      of gravitational field sensors for the determination of the roll angle.
      For high angle holes, that is boreholes departing largely from the
      vertical so that the pitch angle is large, it is a practice to base the
      steering on a roll angle, measured with respect to a gravitational
      reference, the roll angle measurements being referred to a "high-side"
      readings. For low angle or near-vertical holes, on the other hand,
      steering is commonly based on readings of magnetic bearings in a
      gravitational coordinate system and directly or indirectly involving the
      high-side angle. It is an aim of the present invention to provide for
      continuous reading of the orientation during the actual drilling of a
      borehole whether it be of high angle or low angle, and without the need
      for gravitational field measurement during the drilling.
PAC  SUMMARY OF THE INVENTION
PAR  The invention in one aspect resides in a method of determining at a
      drilling station the orientation of a drill head in a borehole comprising
      the steps of sensing at the location of the tool in the borehole the
      earth's magnetic field strength components in two of three principal tool
      axes, the third fixed tool axis being the borehole axis, signalling the
      sensed field strengths to the drilling station and relating said sensed
      field strength components to the inclination and bearing of the lower end
      of the borehole.
PAR  In carrying out the invention the sensed components are translated
      according to the direction and inclination of the borehole axis. The
      translation is preferably effected by relating the sensed components to
      the earth's magnetic field components in principal axes rotated from
      magnetic north by the azimuth angle of the borehole axis and from the
      vertical by the pitch angle of the borehole axis.
PAR  The method involves the transfer of angles or vectors between two sets of
      axes, namely the fixed tool axes and fixed earth axes. Data for
      transferring the earth's magnetic field components at the drilling station
      to angularly rotated coordinates may be calculated and stored in graphs or
      tables, or otherwise, and selectively applied in the computation of the
      tool orientation from particular sets of sensed field strengths signalled
      to the drilling station. In this way, a particular computation becomes a
      simple matter and can be done by means of an electromechanical resolver or
      comparable device with an appropriately calculated or selected angle
      addition to its indicated angle reading.
PAR  The invention also resides in a method of steering a drilling tool in a
      borehole by remote control from a drilling station, wherein the drill head
      orientation is determined as described above and periodically or
      continuously indicated during a drilling run.
PAR  The invention also comprises means for determining the orientation of the
      drill head by the method set out above.
PAR  In one particular form the invention provides a measuring device comprising
      a borehole unit having two static sensors for measuring the magnetic field
      strength in two directions at right angles to each other and fixed in
      relation to the body of the unit, and means for transmitting the
      measurements to a surface indicator unit, the latter having signal
      processing circuits for deriving and displaying directional information
      and means for injecting into the processing circuits angle information
      based on the local values of the earth's magnetic field.
PAR  The invention provides steering parameters during the actual process of
      drilling, which parameters are derived only from magnetic sensors and
      available single shot measurements relating to the borehole. The need for
      gravity sensors in the orientation determining equipment is obviated.
PAR  A compass comprising static sensors fixed to the drill head to indicate
      remotely the bearing orientation of the tool when the tool is vertical,
      that is in a vertical borehole, will indicate, when the tool is inclined,
      a drill orientation in a different reference system. When the tool is
      vertical the reference system is defined by the three principal axes V, N
      and E. The magnetic datum direction is magnetic North at the geographical
      site and constitutes in effect the zero setting for an indicator or a
      protractor on a topographical chart. The primary tool axis is vertical and
      the tool orientation is the roll angle .phi. of each of the other two
      fixed tool axes in the horizontal plane and with respect to N and E
      respectively. When the tool is inclined the reference system has principal
      axes inclined respectively to V, N and E, one of these principal axes
      being still the primary tool axis and the measurements being made in the
      other two fixed tool axes but in terms of earth magnetic field components
      in the direction of those two axes, which components are not simply
      geometrically related to North and East magnetic field components.
      Complications thus arise that, because of the nonuniform patterns of the
      earth's magnetic field, inclination in the gravitational field, that is
      with respect to the vertical, involves change in magnetic field
      parameters, such change depending not only on the geographical site but
      also on the extent of the inclination. It will be shown that the measured
      orientation angle in the different reference system can nevertheless be
      translated into either a bearing orientation with respect to magnetic
      North (useful when the inclination is small), or an orientation about the
      tool and borehole axis measured as an angular deflection in a vertical
      plane, (i.e., the roll angle .phi., useful for high angle holes), that is,
      into a useful orientation angle in the V, N, E reference system by the
      simple introduction of a computed datum angle and hence by providing for a
      computed or precalibrated zero setting of the compass indicator.
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PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The determination of the orientation of a drilling tool, specifically a
      mud-motor, in accordance with the invention will now be described in more
      detail, and specific forms of equipment embodying the invention will also
      be described with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagram showing the earth fixed axes and the tool fixed axes,
PAR  FIGS. 2, 3 and 4 illustrate three successive rotations relating the earth
      axes to the tool axes,
PAR  FIG. 5 is a diagram representing the bottom of the borehole,
PAR  FIG. 6 shows diagrammatically a readout resolver servo to which signals
      from crossed magnetic sensors are applied,
PAR  FIG. 7 is a block diagram of the preferred system,
PAR  FIG. 8. shows equipment suited to the system of FIG. 7,
PAR  FIGS. 9 and 10 show successive resolver arrangements in the system of FIG.
      7,
PAR  FIGS. 11, 12 and 13 are block diagrams illustrative of alternative methods
      of computing pre-set angles,
PAR  FIG. 14 is a circuit diagram for analogue computation of required modifying
      angles, and
PAR  FIG. 15 illustrates equipment alternative to that of FIG. 8.
DETD
PAR  The method assumes the availability of single shot readings relating to the
      borehole immediately prior to a tool run and provides during the tool run
      high-side and/or magnetic readings of the tool face orientation from the
      outputs of just two magnetic sensors. The equipment described is effective
      for hole directions differing by more than about 5.degree. from the
      direction of the resultant magnetic field of the earth at the hole
      location. For smaller angles a complementary high-side tool may be used,
      but since the number of occasions for such use is small it suffices to
      hold a small number of such high-side tools for issue and use in the field
      as required.
PAR  Geometric considerations call for rotations from the earth fixed axes into
      the tool fixed axes involving the azimuth angle .psi., the pitch angle
      .theta. and the roll angle .phi..
PAR  Referring to FIG. 1, in which 10 represents the borehole, the earth fixed
      axes are defined as three mutually perpendicular axes as follows:
PA1  On horizontal North,
PA1  Oe horzontal East,
PA1  Ov vertically Down.
PAL  These axes can be rotated into a hole-fixed or tool-fixed set of axes as
      follows:
PA1  Ox perpendicular to the Hole axis and defining the T-Head direction,
      (T-Head refers to a guide on a mud motor for orienting the steering
      equipment relative to the drill bit)
PA1  Oy perpendicular to the Hole axis and perpendicular to T-Head direction,
PA1  Oz hole axis.
PAL  The earth-fixed set of axes rotate into the tool-fixed set of axes via the
      following clockwise rotations:
PAR  a. Rotation about OV through the azimuth angle .psi. as shown in FIG. 2. A
      vector V with components V.sub.N along ON, V.sub.E along OE and V.sub.V
      along OV will have components V.sub.N1 along ON.sub.1, V.sub.E1 along
      OE.sub.1 and V.sub.V along OV, where
EQU  V.sub.N1 = V.sub.N cos .psi. + V.sub.E sin .psi.,
EQU  V.sub.E1 = -V.sub.N sin .psi. + V.sub.E cos .psi..
PAR  b. Rotation about OE.sub.1 through the drift angle .theta. as shown in FIG.
      3. The vector V with components V.sub.N1 along ON.sub.1, V.sub.E1 along
      OE.sub.1 and V.sub.V along OV will have components V.sub.N2 along
      ON.sub.2, V.sub.E1 along OE.sub.1 and V.sub.Z along OZ, where
EQU  V.sub.N2 = V.sub.N1 cos .theta.-V.sub.V sin .theta. = V.sub.N cos .theta.
      .sup.. cos .psi.+V.sub.E cos.theta..sup.. sin .psi.-V.sub.V sin.theta..
EQU  V.sub.Z = V.sub.N1 sin .theta.+V.sub.V cos.theta. = V.sub.N
      sin.theta..sup.. cos .psi.+V.sub.E sin.theta..sup.. sin .psi.+V.sub.V
      cos.theta..
PAR  c. Rotation about OZ through the high-side angle .phi. as shown in FIG. 4.
      The vector V with components V.sub.N2 along ON.sub.2, V.sub.E1 along
      OE.sub.1 and V.sub.Z along OZ will have components V.sub.X along OX, and
      V.sub.Y along OY, and V.sub.Z along OZ, where
EQU  V.sub.X = V.sub.N2 cos.phi.+ V.sub.E1 sin.phi. = V.sub.N
      (cos.phi.cos.theta.cos.psi. - sin.phi.sin.psi.) + V.sub.E
      (cos.phi.cos.theta.sin.psi. + sin.phi.cos.psi.) - V.sub.V
      cos.phi.sin.theta.,
EQU  V.sub.Y = -V.sub.N2 sin.phi. + V.sub.E1 cos.phi. =V.sub.N
      (-sin.phi.cos.theta.cos .psi. - cos.phi.sin.psi.) + V.sub.E
      (-sin.phi.cos.theta.sin.psi.+ cos.phi.cos.psi.) + V.sub.V
      sin.phi.sin.theta.,
EQU  V.sub.Z = V.sub.N sin.theta.cos.psi. + V.sub.E sin.theta.sin.psi.  +
      V.sub.V cos.theta..
PAR  If .theta. and .psi. are known from a prior single shot measurement and do
      not change significantly during the course of a tool run, then
      measurements of B.sub.x and B.sub.y can yield either the high-side
      parameter .phi. required for high angle holes or the magnetic parameter
      .psi. + .phi.  required for low angle holes, since B.sub.v /B.sub.h will
      be known for any particular location. The manner of extracting these
      parameters will be described with reference to FIG. 5 which represents a
      cross-section of the hole bottom where the hole direction, prior to
      renewed drilling, is surveyed to yield pitch angle .theta. and azimuth
      angle .psi.. .epsilon., the angle between the highside direction and the
      direction of the component of the earth's magnetic field B in this plane,
      is a function of .theta., .psi. and the magnetic dip angle .delta. at the
      site. This function can be calculated prior to the tool run. Magnetic
      sensors along the tool-fixed axes yield values K.sup.. B.sub.x and K.sup..
      B.sub.y where B.sub.x and B.sub.y are the components of B in the
      tool-fixed axes directions and K is a constant. If K.sup.. B.sub.x and
      K.sup.. B.sub.y are fed into the readout unit resolver servo shown in FIG.
      6, the readout pointer and scale yield angle r, where
      ##EQU1##
      Thus, r - - .gamma..
PAR  The required high-side angle .phi. = .epsilon. - .gamma. = .epsilon. + r
      can be obtained in any one of three ways as follows:
PAR  a. Read angle r on readout scale and add .epsilon. to this reading to
      obtain .phi..
PAR  b. Rotate the readout outer scale counterclockwise with respect to the
      pointer through angle .epsilon. prior to drilling. The readout
      pointer/scale reading will then yield .phi. directly.
PAR  c. Rotate the readout pointer clockwise with respect to the outer scale
      through angle .epsilon. prior to drilling. The readout pointer/scale
      reading will then read .phi. directly. in the preferred system described
      hereafter, method (c) is carried out by rotating the vector components
      K.sup.. B.sub.x and K.sup.. B.sub.y through angle .epsilon. prior to
      feeding them into the readout resolver servo.
PAR  The magnetic steering parameter can be obtained in a similar manner by
      adding a correction .epsilon.', where .epsilon.' is the angle between the
      direction of this parameter, and the direction of the component of the
      earth's magnetic field B in the transverse plane of the hole, this angle
      being again a function of .theta., .psi. and .delta..
PAR  The arrangement in FIG. 6 is a conventional electro-mechanical resolver
      servo unit comprising a motor 61 fed by a resolver 62 through an amplifier
      63 and coupled to the resolver through a reduction gear 64 and a coupling
      65 to rotate the resolver 62 through an angle indicated on the scale 66 by
      a pointer 67 when electrical signals representing the sine and cosine of
      that angle are applied to appropriate resolver input connections 68 and
      69.
PAR  A block diagram of the preferred system is shown in FIG. 7, and a pictorial
      view showing a convenient arrangement of the parts of the system is shown
      in FIG. 8. OX and OY sensors 71 and 72 at the location of the drilling
      tool in the borehole deliver signals V.sub.BX and V.sub.BY to transmission
      means 73, whereby the said signals are fed to a resolver unit 74 at the
      surface drilling station from which modified signals V.sub.BX.sub.' ane
      V.sub.BY.sub.' are applied to a readout unit 75 to indicate the required
      angle r.
PAR  In the preferred form of tool steering equipment, that is, orientation
      determining equipment to assist in steering, shown in FIG. 8, the downhole
      assembly 81 is located by guides 82 in a fixed attitude with respect to
      the T-slotted head 83 of the mud motor and contains two magnetic flux
      gates 84 and 85 mounted (usually aligned with the T-slot) in such a way
      that their sensitivity axes are the OX and OY axes of the previous
      discussion. This assembly 81 also houses associated signal processing
      circuitry 86 to allow transmission by a conventional pulse modulation
      technique through a single conductor 87 in a protective sheath 88
      providing a ground return path. The surface equipment comprises a unit 89
      containing a power supply sub-assembly 90, pulse reception and signal
      recovery circuitry in a sub-assembly 91 and computation circuitry in a
      sub-assembly 92. The angles .psi. and .theta. are set up on dials 93 and
      94 respectively for the feeding of the angle information to the
      computation circuitry. The unit 89 further comprises a read-out unit 96 in
      the form of a resolver servo 97 and an indicating dial 98. A meter 99
      which indicates the strength of the earth's magnetic field in the
      measuring plane BOXY is located in the unit 89. The meter 99 indicates the
      calculated field value supplied by the computation circuit sub-assembly 92
      and also, simultaneously or alternatively for comparison, the measured
      field value supplied by the resolver servo 97 over a connection 100.
PAC  PRINCIPLE OF OPERATION
PAR  The components of the earth's magnetic field in the directions of the
      previously defined earth-fixed axes are as follows;
PA1  B.sub.h in direction ON (North),
PA1  Zero in direction OE (East),
PA1  B.sub.v in direction OV (Vertically down).
PAL  Thus, the components of the earth's magnetic field in the directions OX and
      OY of the previously defined tool-fixed axes will be as follows:-
EQU  B.sub.X = B.sub.H (cos.phi.cos.theta.cos.psi.-sin.phi.sin.psi.) -B.sub.V
      cos.phi.sin.theta.                                        (1)
PAL  in direction OX,
EQU  B.sub.Y =-B.sub.H (sin.phi.cos.theta.cos.psi. + cos.phi.sin.psi.) + B.sub.V
      sin.phi.sin.theta.                                        (2)
PAL  in direction OY.
PAR  As represented in FIG. 9, voltage analogues V.sub.BX = K.sup.. B.sub.X and
      V.sub.BY = K.sup.. B.sub.Y which are derived from the downhole probe
      sensors are passed into the resolver which is preset at angle .epsilon.,
      where
EQU  sin .epsilon. = -P.sin .psi.                               (3)
EQU  cos .epsilon. =P(cos.theta.cos.psi. - tan .delta. sin.theta.)(4)
PAL  P and K are positive constants and tan .delta. =B.sub.V /B.sub.H . The
      value of .epsilon. is independent of B.sub.X and B.sub.Y and is derived
      from a knowledge of the single shot measurements of .psi. and .theta. read
      immediately prior to the tool run, together with the value of the dip
      angle .delta. for the drilling site location. Clearly,
      ##EQU2##
      The outputs from this resolver are V.sub.BX.sub.' and V.sub.BY.sub.'
      where, as the result of anticlockwise rotation of V.sub.BX and V.sub.BY
      through angle .epsilon.,
EQU  V.sub.BY.sub.' = V.sub.BY cos .epsilon. - V.sub.BX sin .epsilon.(6)
EQU  V.sub.BX.sub.' = V.sub.BY sin .epsilon. + V.sub.BX cos .epsilon.(7)
PAL  V.sub.bx.sub.' and -V.sub.BY.sub.' are the inputs to a resolver servo shown
      in FIG. 10 and comprising resolver 101, amplifier 102, motor 103 and
      reduction gear 104 which drives the readout pointer 105 through a
      clockwise angle r, where
      ##EQU3##
      The resolver outputs of this unit are zero and V.sub.BOXY, where
EQU  V.sub.BOXY = -V.sub.BY.sub.'.sup.. sin r + V.sub.BX.sub.'.sup.. cos r =
      (V.sub.BX.sup.2 + V.sub.BY.sup.2).sup.1/2                 (9)
PAL  From equations (6), (7) and (8)
      ##EQU4##
      Thus, making use of equations (1) and (2),
      ##EQU5##
      Substitution of equations (3) and (4) leads directly to
      ##EQU6##
      Thus, clearly the readout angle r is the high-side angle .phi..
PAR  If the preset resolver angle is set at angle .epsilon.', where
EQU  sin .epsilon.' = -P.sup.. sin.theta. sin .psi. tan .delta. (11)
EQU  cos .epsilon.' = P.sup.. (1 - sin.theta. cos.psi.tan .delta.) (12)
PAL  and P is a positive constant, then for small angles .theta. this system
      will yield a readout angle r equal to the magnetic steering parameter m,
      where m = .phi. + .psi.. Clearly,
      ##EQU7##
      Equations (1) and (2) for the small angle .theta. case become
EQU  B.sub.X = B.sub.H cos m - B.sub.V sin.theta.cos.psi.cos m - B.sub.V
      sin.theta.sin m sin.psi.                                  (14)
EQU  B.sub.Y =-B.sub.H sin m + B.sub.V sin.theta.sin m cos.psi.+ B.sub.V
      sin.theta.cos m sin.psi.                                  (15)
PAL  Thus,
      ##EQU8##
      and clearly the readout angle r is equal to the magnetic steering
      parameter m.
PAC  COMPUTATION OF PRESET ANGLES .epsilon. AND .epsilon.'
PAR  The values of .epsilon. and .epsilon.' are independant of the sensing probe
      outputs V.sub.BX and V.sub.BY and are functions of only the known geometry
      of the hole pertaining prior to the tool-run and the earth's magnetic
      field at the site location. There are basically three ways by which the
      .epsilon. and .epsilon.' values can be derived and used for the preset of
      the resolver operation. All of these ways will involve either directly or
      indirectly the calculation of .epsilon. from
      ##EQU9##
      and the calculation of .epsilon.' from
      ##EQU10##
      These calculations could be performed on a single occasion for each set of
      .psi., .theta. and .delta. and the results could be tabulated and filed
      for use on all future occasions (Method a below). Alternatively, .epsilon.
      and .epsilon.' may be calculated for the appropriate set of .psi., .theta.
      and .delta. values as the occasion demands. The calculations may be done
      separately prior to each tool run, for example by reference to a computing
      centre (method b below), or they may be done in the computation assembly
      incorporated in the orientation determining equipment itself (method c
      below).
PAR  A block diagram illustrating method a is shown in FIG. 11. The operator
      receives the (.psi., .theta.) set from the single shot measurement taken
      immediately prior to the tool-run and looks up the corresponding .epsilon.
      and .epsilon.' values in previously computed tables which list all the
      .epsilon. and .epsilon.' values appropriate to the site location for any
      given (.psi., .theta.) set. The operator then sets the resolver to either
      .epsilon. or .epsilon.', depending on whether the high-side or the
      magnetic parameter is required for steering.
PAR  A block diagram illustrating method b is shown in FIG. 12. The
      (.psi.,.theta.) set from the single shot measurement prior to the tool run
      is fed either directly or via the operator to a computation centre where
      the calculation of the corresponding .epsilon. and .epsilon.' values is
      performed (or these values are determined from the results of previous
      calculations). The computation centre then informs the operator of the
      .epsilon. (or .epsilon.') value to be preset on the resolver.
PAR  A block diagram of method c is shown in FIG. 13. In this method the
      .epsilon., .epsilon.' computation unit forms part of the steering tool
      equipment. The operator has to perform only the relatively simple task of
      setting the single shot (.psi., .theta.) information directly into the
      onsite equipment. The calculations of .epsilon. and .epsilon.' and the
      resolver preset operation are performed within the tool steering
      equipment. While method (c) does require that the tool steering equipment
      will be rather more sophisticated, and hence rather more expensive, it
      does have the very important advantage of making the task of the operator
      very much less complicated than in the case of method (a) or method (b).
PAC  .epsilon. OR .epsilon.' COMPUTERS
PAR  Clearly .epsilon. and .epsilon.' could be computed from equations (16) and
      (17) using a suitably programmed digital computer. However, .epsilon. and
      .epsilon.' are essentially related to vector rotations and can be
      conveniently computed by an analogue technique. The essential features of
      the .epsilon., .epsilon.' analogue computer are illustrated in FIG. 14.
      Angles .psi. and .theta. are set up on resolvers 144 and 142 respectively,
      from which products such as -B.sub.V sin.theta. sin.psi. can be derived
      and applied to a resolver servo 143, the resolver 144 of which sets itself
      to the required angle .epsilon. or .epsilon.' and also yields B.sub.OXY as
      an output.
PAR  Major advantages of this system are:
PAR  a. Either high-side or magnetic steering parameters can be chosen through
      the operation of a five pole two-way switch.
PAR  b. The computer outputs .epsilon. and .epsilon.' are in the form of a
      driven shaft rotation which can be used to set the preset resolver
      directly.
PAR  c. The system also yields the expected value of B.sub.OXY which can be
      compared to the measured value of B.sub.OXY (see equation 9) as a system
      check. The value of B.sub.OXY can also be used to warn the operator should
      he try to operate the tool within the forbidden zone. (Satisfactory
      operation will not be achieved for hole geometries in which the direction
      of the hole lies very close to the direction of the earth's magnetic field
      since V.sub.BX and V.sub.BY will be very small in this case. These
      occasions are likely to be very rare).
PAR  In the arrangement of equipment shown in FIG. 15, method a or b is used to
      arrive at the preset angle .epsilon. or .epsilon.', and zero setting
      against an appropriate scale on the indicator is used to introduce the
      preset angle into the reading.
PAR  The downhole assembly 151 is as described with reference to FIG. 8. The
      surface equipment comprises a unit 152 containing reception and signal
      recovery circuitry, a read-out unit 153 and a meter 154 which indicates
      the strength of the earth's magnetic field in the measuring plane OXY. The
      resolver servo 155 is located in the read-out unit. The read-out unit
      pointer 156 moves over a scale 157 which can itself be rotated about the
      pointer rotation axis through any given angle.
PAR  The operating procedure is as follows:
PAR  a. The operator acquires the drift and azimuth angles from the most recent
      single shot run and is instructed by the directional driller as to the
      requirement for either the high-side or the magnetic steering parameter.
PAR  b. Using this information, together with the tabulated .epsilon. (or
      .epsilon.') values for the geographical location of the drilling site, the
      operator determines the appropriate value of .epsilon. (or .epsilon.') and
      the expected value of the magnetic field strength parameter B.sub.OXY.
PAR  c. The operator sets the read-out rotatable scale 157 to the determined
      value of .epsilon. (or .epsilon.').
PAR  d. The tool is then run in the hole and seated repeatedly until three
      consecutive identical tool face orientations are obtained. The operator
      also checks the magnetic field strength meter reading with the expected
      B.sub.OXY value.
PAR  e. If (d) is completed satisfactorily, drilling may proceed, and during
      drilling the necessary steering parameter, either the roll angle .phi. or
      the magnetic angle m = .psi. + .phi., is continuously presented to the
      operator.
PAR  f. As drilling proceeds, the .epsilon. (or .epsilon.') value is updated as
      each set of single shot readings is obtained.
PAR  In a typical example of operation, high-side information is required for a
      tool run on a drilling site at which the earth's magnetic field parameters
      are B.sub.h = 0.187 and B.sub.v = 0.434 (c.g.s.). Single shot measurements
      immediately prior to the run yield azimuth and drift angles .psi. =
      545.degree.W and .theta. = 15.degree. respectively. Thus, the `fixed`
      parameters at the time of the run are .psi. = 225.degree., .theta. =
      15.degree. and .rarw. = tan.sup.-.sup.1 B.sub.v /B.sub.h = 66.degree.42'.
      For this set of `fixed` parameters, the corresponding value of .epsilon.
      listed in the tables derived from equation 5 is found to be .epsilon. =
      151.degree.. This value of .epsilon. is set on the read-out unit .epsilon.
      scale. From equations (1) and (2), the magnetic field component B.sub.OXY
      = .sqroot.Bx.sup.2 + By.sup.2 = .sqroot.B.sub.h.sup.2 (cos.sup.2
      .theta.cos.sup.2 .psi.+sin .sup.2 .psi. ) + B.sub.v.sup.2 sin.sup.2
      .theta.-2B.sub.v B.sub.h  sin.theta. cos.theta.cos.psi. and from tables of
      B.sub.OXY based on this equation the value of B.sub.OXY corresponding to
      the set of `fixed` parameters is found to be B.sub.OXY = 0.274. Operations
      (a), (b) and (c) have now been completed and operations (d), (e) and (f)
      may be proceeded with.
PAR  In order to further amplify the principles of the invention set forth
      herein the following is by way of summary and further clarification.
PAR  The following is a description of conventional geometry which is used in
      borehole surveying. The direction in space of a borehole at any particular
      station along its length is conveniently described in terms of two
      right-handed rotations from an earth-fixed set of axis into a hole-fixed
      set of axes. Defining the earth-fixed set of axes as three mutually
      perpendicular axes ON, horizontal north, OE, horizontal east, and OV
      vertical down (see FIGS. 1, 2, 3 and 4), these axes can be rotated into a
      hole-fixed set of axes as follows: (1) rotation about OV through the
      azimuth angle .psi. into the set of axes ON.sub.1, OE.sub.1 and OV; and
      (2) rotation about OE.sub.1 through the inclination angle .theta. into the
      hole-fixed set of axes ON.sub.2, OE.sub.1 and OZ where OZ lies along the
      longitudinal axis of the hole at the station being considered and ON.sub.2
      lies in a vertical plane which includes a diameter of the hole section
      passing through the highest point of the hole in the section at the
      station considered.
PAR  The above-identified rotated angles are commonly known as Euler angles as
      typically applied in aerodynamics wherein the position of a body-fixed set
      of axes is defined relative to an earth-fixed set of axes by three
      rotations about the body-fixed axes (azimuth, pitch and roll) from an
      initial position where the body-fixed axes and earth-fixed axes coincide.
      For a description of this concept see "The Gyroscope" by James B.
      Scarborough, Interscience Publishers Ltd., 1958, p. 33.
PAR  In accordance with this invention, in a directional drilling operation, a
      steering instrument or tool is located in the drill stem and is oriented
      therein by means of a "muleshoe" located in the lower end of the drill
      stem.  The muleshoe captures the instrument and orients the instrument in
      a particular direction with respect to a predetermined point on the drill
      stem. The drill stem normally used in such a directional drilling
      operation has what is termed a "bent sub" at its lower end which angles
      the lower end of the stem and thereby permits angular deviation of the
      drill head or bit. The muleshoe is oriented with respect to the bent sub.
      This in turn orients the steering instrument with respect to the bent sub.
      A single shot survey tool is used to determine the directional attitude of
      the hole prior to using the steering tool. The frequency of taking single
      shot readings is normally determined by the critical nature of the
      steering operation. However, during normal directional drilling
      operations, such single shot survey readings may typically be made every
      90 feet of drilling depth. Such a single shot survey defines the
      longitudinal axis of the hole in terms of inclination from vertical
      .theta. and azimuth .psi.. This in turn defines a section of the hole,
      i.e., a section lying in a plane which is perpendicular to the
      longitudinal axis of the hole or drill stem.
PAR  For directional drilling purposes, the roll angle of a drill head is
      defined in terms of a rotation of the hole-fixed set of axes about axes OZ
      (longitudinal axis of the tool) through the high side angle .phi. into a
      body-fixed or tool-fixed set of axes OX, OY, or OZ, where OX lies along
      the direction of the bent sub or along the direction of the drill head. As
      described above, the bent sub when used in a drill string lies at an angle
      with respect to the longitudinal axis of the drill pipe. The axis OX, as
      used herein is arranged within the tool string so that it physically is
      constrained to lie in the plane of the bent sub. These tool-fixed sets of
      axes are now fixedly related to the tool housing and the bent sub by means
      of the muleshoe and lug or cam on the tool housing, such devices as the
      muleshoe and lug being conventional arrangements for orienting devices
      with respect to the tool string. Such an arrangement is set forth in
      greater detail in the U.S. Pat. No. 3,718,194. The fixed relation
      described above between OX and the tool permits geometrical rotation of
      these axes back into the earth-fixed sets of axes to define the attitude
      of the tool with respect to the earth's surface.
PAR  In the use of the apparatus described herein for measuring the roll angle
      of the drill head, information is conveniently presented to the driller as
      follows: (1) the high side angle .phi. itself is presented, i.e., how far
      the plane OX is rotated away from the top of the hole (2) the high side
      angle .phi. plus the hole azimuth angle .psi. is presented when used in
      near vertical holes (up to 10.degree.) wherein you add the roll angle to
      the azimuth angle to get the azimuth of the tool with respect to North. In
      a near vertical hole this is the information desired since there is no
      high side to be ascertained for all practical purposes (3) in the case of
      a vertical hole which is a special case of (2) above, the angle through
      which the earth-fixed set of axes must be rotated about OV is presented
      such that the new set of axes is the tool-fixed set of axes OX, OY and OZ.
      This can only be achieved in the special case of a vertical hole when the
      high side angle .phi. and the hole azimuth angle .psi. become
      indeterminate.
PAR  In order to obtain roll angle reference directions, and excluding for the
      time being the special case of the vertical hole, the reference direction
      for the high side angle .phi. is clearly the hole-fixed axes ON.sub.2
      which defines the highest point of the hole at the section being
      considered and is in the vertical plane of the hole. As used hereinafter
      the term section will refer to that plane as shown in FIG. 1, containing
      the lines ON.sub.2 and OE.sub.1, where ON.sub.2 lies in a vertical plane
      of the hole and passes through the high side of the hole. Since the
      hole-fixed axes are uniquely defined in earth-fixed space by the two
      rotation angles .psi. and .theta., then both the hole fixed axis ON.sub.2
      and the section as described above or sectional plane at the station
      considered are both uniquely defined in earth-fixed space by the two
      parameters .psi. and .theta.. Since the direction of the earth's magnetic
      field is uniquely defined with respect to the earth-fixed set of axes
      through the magnetic dip angle .delta. it follows that the direction of a
      component of the earth's magnetic field which lies in the sectional plane
      through the hole at the station considered must be uniquely defined in
      terms of the three angles .psi., .theta., and .delta.. Thus, since axes
      ON.sub.2 is defined in terms of .psi. and .theta., and the direction of
      the component of the earth's magnetic field B (FIG. 5) lying in the
      sectional plane containing ON.sub.2 and OE.sub.1 is defined in terms of
      .psi., .theta., and .delta., then the angle between ON.sub.2 and B must
      also be defined by a function of .theta., .psi. and .delta..
PAR  Therefore, if the angle of the drill head with respect to the direction of
      B can be measured and the particular set of (.psi., .theta., and .delta.)
      is known for the station (ON.sub.2) then a correction in terms of a
      calculated unique function .epsilon. of .psi., .theta., and .delta. can be
      applied to the measured angle in order to derive the high side angle
      .phi..
PAR  In the system described herein, the flux gates in the instrument are used
      to measure two components of the earth's field component B in the
      sectional plane. With these two components we electronically and
      mathematically build the angle .delta. of B with respect to OX, (see FIG.
      5). Thus, the prime function of the tool is to measure parameters in order
      to calculate .delta. which we subtract from .epsilon. to obtain .phi. or
      the high side angle.
PAR  Referring to FIGS. 2, 3 and 5 an explanation is again given of the
      correction factor .epsilon.. The correction factor .epsilon. has nothing
      to do with the measurements which are made by the tool. The correction
      factor merely explains the mathematical relation between ON.sub.2 and B so
      that later when we measure components of B in the sectional plane, we can
      relate these component measurements to ON.sub.2 or high side. The
      .epsilon. exercise is precomputed and put into tabular form for field use.
PAR  The correction function .epsilon. is simply the angle between the
      directions ON.sub.2 and B. The measured components of the earth's magnetic
      field B are B.sub.H along ON, zero along OE, and B.sub.V along OV, where
      tan .delta. = B.sub.V /B.sub.H. Thus the components of B along the set of
      axes OV, ON.sub.1 and OE, will be B.sub.V along OV, B.sub.H cos .psi.
      along ON.sub.1 and -B.sub.H sin .psi. along OE.sub.1. The components of B
      along the set of axes ON.sub.2, OE.sub.1 and OZ can then be written,
PA1  B.sub.h cos .psi.. cos .theta. -B.sub.V.sup.. sin .theta. along ON.sub.2,
PA1  -b.sub.h sin .psi. along OE.sub.1 and
PA1  B.sub.h cos .psi..sup.. sin .theta. +B.sub.V.sup.. cos .theta. along OZ
PAL  The angle between ON.sub.2 and the direction of B is given by
      ##EQU11##
PAR  Again it is reemphasized that .epsilon. is only a function of the location
      of the borehole in space on the earth and is geographical. .epsilon. is
      not measured and has nothing to do with the measurements of the tool and
      is calculated.
PAR  The following is a description of the measurement of the drill head
      direction with respect to the direction of the component of the earth's
      magnetic field B. (see FIG. 5).
PAR  The sensing unit containing the two magnetic flux gates is mounted in a
      fixed aspect with respect to the tool fixed axes in such a way that
      voltages V.sub.BX and V.sub.BY, which are proportional to the components
      B.sub.X B.sub.Y of the earth's magnetic field B along the OX and OY
      directions respectively in the sectional plane, are measured. One flux
      gate is aligned with OX and one with OY to measure components of B in
      these directions in the sectional plane. Then,
EQU  V.sub.BX = K.sup.. B.sub.s.cos .gamma.
PAL  and
EQU  V.sub.BY = K.sup.. B.sub.s.sup.. sin .gamma.
PAL  where K is a constant related to voltage scaling. The voltages V.sub.BX and
      V.sub.BY are then relayed to the top of the hole where they are processed.
PAR  Reference is next made to FIGS. 6-10 for a further description of signal
      processing if voltages V.sub.BX and V.sub.BY are fed into a readout unit
      resolver servo (FIG. 10). The use of a resolver servo for this purpose is
      an established technique whereupon an angle may be determined from two
      input signals proportional to the vector components defining the angle.
      The readout pointer scale 156 (FIG. 15) will indicate an angle r where tan
      r =-V.sub.BY / V.sub.BX =-sin .gamma./cos .gamma. and the direction of the
      drill head with respect to direction of B (-.gamma.) is displayed. Thus,
      you drive the servo unit until r =-.gamma.. In order to correct this
      reading to yield the direction of the drill head with respect to the
      direction ON.sub.2 (top of the hole), it is necessary to add the value of
      .epsilon. corresponding to the particular set of .psi., .theta., and
      .delta., at the drilling situation. Values of .epsilon. corresponding to
      all possible sets (.psi., .theta., and .delta.) can be predetermined
      through the expression for tan .epsilon. heretofore described. These
      predetermined .epsilon. values are tabulated and used for on the spot
      correction at the drilling site.
PAR  The correction from r to .phi. can be made in any one of three ways: (1)
      read angle or on readout scale and add the value of .epsilon.
      corresponding to the drilling situation pertaining at the time of the run
      (2) rotate the outer scale of the readout counterclockwise with respect to
      the pointer through the angle .epsilon. ; whereupon the readout scale will
      then indicate .phi. directly (3) rotate the readout pointer with respect
      to the outer scale through angle .epsilon. clockwise so that the readout
      will indicate .phi. directly. The tool may be constructed to make the
      .epsilon. correction by effectively performing the method in (3) by
      rotating each of the vector components represented by V.sub.BX and
      V.sub.BY through an angle .epsilon. prior to feeding them into the readout
      unit (FIG. 9). This may be performed in a standard resolver device.
PAR  For inclination in excess of 10.degree. the normal roll angle for
      directional drilling is the angle .phi. itself. However, it is usual to
      use a roll angle equal to .phi. + .psi. when the inclination is below
      10.degree.. To present the required low-angle roll angle directly, the
      correction to r is .epsilon. + = .epsilon.'. These correction parameters
      can also be tabulated for all possible sets (.psi., .theta., and .delta.).
      Thus to construct a table for .epsilon.' you add all values of .psi. and
      have a new set of tables.
PAR  The direction of the drill head in a vertical hole situation is specified
      for directional drilling purposes by r itself and requires no correction.
      This is because the direction of B is north.
PAR  If V.sub.BX and V.sub.BY are fed into the resolver of the readout servo
      unit, in addition to the angle indicated on the readout scale; a voltage
      which is proportional to B (V.sub.BOXY) is also derived (FIG. 10). In the
      steering tool operation, the magnitude of B is used to determine whether
      or not the size of the earth's components measured by the flux gates is
      sufficiently large to allow satisfactory operation of the tool.
PAR  The actual signal processing which is used in the steering tool is as
      follows: Since .phi. = .epsilon. - .delta. then
      ##EQU12##
EQU  where tan .gamma. = V.sub.BY /V.sub.BX Thus
      ##EQU13##
      Signals representing V.sub.BY and V.sub.BX are fed into a resolver synchro
      preset at angle .epsilon. by the operator. Thus, the output signals from
      this resolver synchro are
EQU  V.sub.BY.sub.' =  V.sub.BY.sup.. cos .epsilon. - V.sub.BX.sup.. sin
      .epsilon.
PAL  and
EQU  V.sub.BX.sub.' = V.sub.BY.sup.. sin .epsilon. = V.sub.BX.sup.. cos
      .epsilon.
PAL  The signals -V.sub.BY.sub.' and V.sub.BX.sub.' are then fed into the
      resolver servo of the readout unit which will indicate a scale reading r
      where tan r = -V.sub.BY.sub.' /V.sub.BX.sub.'  thus,
      ##EQU14##
      Thus, the indicated readout angle r is equal to the high side roll angle
      .phi..
PAR  While particular embodiments of the present invention have been shown and
      described, it is apparent that changes and modifications may be made
      without departing from this invention in its broader aspects, and
      therefore, the aim in the appended claims is to cover all such changes and
      modifications as fall within the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for determining the roll angle of a drill head in a borehole
      where the azimuth and inclination of the borehole and the magnetic dip at
      the borehole location are known, including the steps of: sensing with a
      tool the vector components of the earth's magnetic field along a set of
      tool fixed axes; providing signals indicative of such sensed vector
      components from the tool location to a remote location; modifying such
      signals indicative of sensed vector components by vectorially rotating
      such vector indicative signals through an angle that is a function of the
      known azimuth, inclination, and magnetic dip for providing the roll angle
      of the drill head.
NUM  2.
PAR  2. The method of claim 1 and further including sensing the vector
      components in two of three tool fixed axes, the principal axis being
      transverse to the primary tool axis, such primary tool axis being aligned
      with the borehole axis at the tool location.
NUM  3.
PAR  3. The method according to claim 2 and further including modifying such
      signals indicative of sensed vector components through vectorial rotation
      to relate such components to the earth's magnetic field components in
      principal axes rotated from magnetic north by the known azimuth angle of
      the borehole and from the vertical by the known inclination of the
      borehole.
NUM  4.
PAR  4. The method according to claim 1 and further including, detecting signals
      at the earth's surface from the location of the drill head, which signals
      are representative of an angle in terms of the sensed components of
      magnetic field strength.
NUM  5.
PAR  5. The method of claim 4 and further including modifying such signals
      representative of an angle through vectorial rotation to relate by
      predetermined data representing a high side roll angle parameter.
NUM  6.
PAR  6. The method of claim 4 and further including modifying such signals
      representative of an angle through vectorial rotation by predetermined
      data representing a magnetic roll angle parameter.
NUM  7.
PAR  7. The method of claim 1 and further including continuously indicating the
      roll angle of the drill head during a drilling run for the purpose of
      steering the drill head in the borehole.
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PAL  Apparatus is provided for measuring both the angle between the vertical and
      a particular axis of a body and the azimuth angle of the displacement of
      such axis from the vertical. The body houses a trasnducer having a bar
      magnet mounted on the free end of a pendulum beam and confronting four
      solenoids forming two differential fluxgate pairs disposed symmetrically
      with respect to the neutral position of the pendulum beam. The two
      differential fluxgate pairs are preferably so interconnected that the
      magnetic flux in each fluxgate pair is equal to zero.
BSUM
PAR  This invention relates to methods of and means for measuring angles for
      remote indication and is of particular application to the drilling and/or
      surveying of deep boreholes.
PAR  According to the invention, there is provided apparatus for measuring both
      the angle between the gravity vector and a particular axis of a body and
      the angle between the direction of projection of the gravity vector on to
      a plane at right angles to said particular axis and an axis fixed with
      respect to said body and lying in said plane, comprising a transducer
      having a bar magnet mounted on the free end of a pendulum beam and four
      solenoids forming two differential fluxgate pairs confronting said magnet
      and disposed symmetrically with respect to the neutral position of the
      pendulum beam.
PAR  Preferably, said differential fluxgate pairs are so interconnected that, in
      use, the magnetic flux in each respective fluxgate pair is equal to zero.
PAR  Said fluxgate pairs are conveniently afforded by matched solenoids each of
      which contains a mu-metal rod, the solenoids being so arranged that the
      axes of the rods are mutually parallel and are disposed in equispaced
      relationship. The solenoids are conveniently used in conjunction with a
      transducer comprising a bar magnet mounted in a pendulum bob and beam
      assembly which is itself mounted, together with the solenoids, inside a
      tubular housing in such way that the axes of the magnet, beam, solenoids
      and housing are parallel when the axis of the housing is parallel to the
      gravity vector.
DRWD
PAR  The invention as applied to the drilling and/or surveying of deep boreholes
      will now be described by way of example with reference to an embodiment
      thereof which is shown in the accompanying drawings, in which:
PAR  FIG. 1 is a partially broken away perspective view of a transducer assembly
      in accordance with the invention,
PAR  FIG. 2 is a schematic diagram illustrating the relative positions and the
      directions of the windings of the solenoids of the assembly shown in FIG.
      1,
PAR  FIG. 3 is a diagram of the electrical circuit for use with the transducer
      assembly of FIG. 1,
PAR  FIG. 4 is a waveform diagram illustrating the phase relationship between
      the drive waveforms for the circuit shown in FIG. 3,
PAR  FIG. 5 is a D.C. equivalent circuit diagram of the transducer assembly, and
PAR  FIGS. 6 and 7 are schematic diagrams illustrating the relationship of the
      transducer assembly to various reference directions.
DETD
PAR  Referring to FIG. 1, a tubular body 10 contains a stiff pendulum beam 12
      having a pendulum bob 14 mounted on its free end. A bar magnet 16 is
      mounted in the pendulum bob 14 with its axis parallel to the pendulum beam
      12 when the matter is in its relaxed position with its axis parallel to
      the gravity vector. Thus, under the action of gravity, the bar magnet 16
      undergoes small lateral deflections in a manner which is controlled with
      respect to the transducer housing 10.
PAR  The housing 10 also contains four identical matched solenoids 18.sub.A,
      18.sub.B, 18.sub.C and 18.sub.D, each containing a mu-metal rod lying
      along its axis and terminating at the ends of the solenoid, are positioned
      in spaced relationship with the mu-metal rods parallel and with the two
      sets of rod ends defining two parallel planes. The ends of the mu-metal
      rods lie at the corners of a square in the plane they define. The spatial
      arrangement of the solenoids and the direction of the windings on each
      solenoid are shown in FIG. 2.
PAR  The sensing head solenoid arrangement is incorporated into the circuitry
      which is in accordance with the block diagram shown in FIG. 3. The
      solenoid 18.sub.A is connected between circuit points 21 and 22, the
      solenoid 18.sub.B between circuit points 22 and 23, the solenoid 18.sub.C
      between circuit points 23 and 24 and the solenoid 18.sub.D between the
      circuit points 24 and 25. The circuit points 21 and 25 are connected to
      the output of a square wave generator 26 which is balanced with respect to
      earth.
PAR  The circuit point 22 is connected via a resistor 28 and pre-amplifier 30 to
      a second harmonic demodulator 32, the D.C. output of which is fed back via
      a high gain amplifier 34 and resistor 36 to the circuit point 22. Thus,
      the solenoids 18.sub.A and 18.sub.B form a differential fluxgate pair.
      Similarly, the circuit point 24 is connected via a resistor 38 and
      pre-amplifier 40 to a second harmonic demodulator 42, the D.C. output of
      which is connected by a high gain amplifier 44 and resistor 46 back to the
      circuit point 24 so that the solenoids 18.sub.C and 18.sub.D form a
      differential fluxgate pair. The circuit point 23 is connected via a
      resistor 48 and a pre-amplifier 50 to a second harmonic demodulator 52,
      the D.C. output of which is connected via a high gain amplifier 54 and a
      resistor 56 to the circuit point 23 so that the two differential fluxgate
      pairs formed by solenoids 18.sub.A, 18.sub.B and 18.sub.C, 18.sub.D
      respectively together form a standard fluxgate pair. This has the effect
      of forcing the condition that the resultant magnetic flux in all solenoids
      is zero.
PAR  The second harmonic demodulators 32, 42 and 52, are, of course, tuned to
      demodulate the second harmonic of the output of the output of the square
      wave generator 26. FIG. 4 shows the relationship between the output of the
      square wave generator 26 (waveform I) and each of the second harmonic
      demodulator drives (waveform II). The equivalent D.C. circuit of the
      fluxgate pairs is shown in FIG. 5.
PAR  Since the output of the square wave generator 26 is balanced with respect
      to earth, the signal at the fundamental frequency at the circuit point 23
      is zero but a signal at the fundamental frequency is present at circuit
      points 22 and 24. In order to reduce the magnitude of this signal, and
      thereby, the magnitude of the total signal to be passed by the
      pre-amplifiers 30 and 40, inverse signals at the fundamental frequency are
      fed from the output of the square wave generator 36 to the inputs of the
      pre-amplifiers 30 and 40 via respective resistors 58 and 60.
PAR  The resultant magnetic flux in any solenoid can be written in the form B =
      f(.mu.) { H + constant.sup.. i } where f(.mu.) is a function of the
      permeability of the mu-metal rod contained in the solenoid, H is the
      magnetising force at the centre of the solenoid due to external influences
      and i is the direct current flowing through the solenoid. Thus, for the
      solenoids A,B,C and D, the magnetic flux within these solenoids can be
      represented as follows:
EQU  B.sub.A =  f(.mu..sub.A) { H.sub.A - k.sup.. i.sub.A }
EQU  B.sub.B =  f(.mu..sub.B) { H.sub.B -  k.sup.. i.sub.B }
EQU  B.sub.C = f(.mu..sub.C) { H.sub.C + k.sup.. i.sub.C }
EQU  B.sub.D =  f(.mu..sub.D) { H.sub.D +  k.sup.. i.sub.D }
PAR  The D.C. feedback into point 22 forces the condition B.sub.A =  B.sub.B and
      the D.C. feedback into point 24 forces the condition B.sub.C =  B.sub.D.
      Thus, if the permeabilities of the mu-metal rods are equal, H.sub.A -
      H.sub.B is proportional to i.sub.A - i.sub.B and H.sub.C -H.sub.D is
      proportional to i.sub.C - i.sub.D. However, in practice, the
      permeabilities of the rods are not exactly equal and do not necessarily
      change in a similar manner with temperature. Since it is desirable to
      eliminate changes due to variations in permeability, D.C. is fed back into
      point 23 to force the further condition B.sub.A =B.sub.B = B.sub.C
      =B.sub.D = 0. Thus, H.sub.A -H.sub.B = K.sup.. (i.sub.A -i.sub.B) and
      H.sub.D - H.sub.C = K.sup.. (i.sub.C - i.sub.D).
PAR  Since, from FIG. 5, i.sub.A -i.sub.B = - i.sub.2 and i.sub.C - i.sub.D =
      i.sub.4, then H.sub.B -H.sub.A = K.sup.. i.sub.2 and H.sub.C -H.sub.D =
      K.sup.. i.sub.4.
PAR  The outputs V.sub.Y and V.sub.X are proportional to i.sub.2 and i.sub.4
      respectively and, thus, are proportional to H.sub.B -H.sub.A and H.sub.C
      -H.sub.D respectively.
PAR  The two angles determined from the measured voltages are:
PAR  i. .theta., the angle between the vertical direction and a particular axis
      of the sensing head and
PAR  ii. .phi., the angle between the direction of the projection of the gravity
      vector on to a plane fixed at right angles to the particular axis and an
      axis fixed with respect to the sensing head and lying in this plane.
PAR  Reference will now be made to FIG. 6 which shows a plane parallel to the
      plane containing one set of mu-metal rod-ends (A,B,C,D,). If the axes of
      the solenoids are produced to cut this plane at positions A',B' ,C' and
      D', the D'C' defines the OX direction and A'B' defines the OY direction.
PAR  It can be shown that the magnetising force due to a magnetic pole located
      at co-ordinates (x,y) in the OXY plane is such that H.sub.C -H.sub.D =
      K.sub.1.sup.. x and H.sub.B -H.sub.A = K.sub.2.sup.. y, where K.sub.1 and
      K.sub.2 are constants, provided that the co-ordinates x and y are small
      compared with the distances between the solenoids.
PAR  A close approximation to this theoretical configuration is achieved by
      mounting a bar magnet with its axis parallel to the mu-metal rods and with
      one end terminating in the OXY plane at O. Thus, for small lateral
      displacements of the magnet, the magnetising force due to the magnet is
      such that H.sub.C -H.sub.D = K.sub.1.sup.. x and H.sub.B -H.sub.A =
      K.sub.2.sup.. y, where x and y represent the lateral displacements
      measured with respect to the OXY co-ordinate system. Since H.sub.C -
      H.sub.D is proportional to V.sub.X and H.sub.B -H.sub.A is proportional to
      V.sub.Y, then V.sub.X is proportional to x and V.sub.Y is proportional to
      y.
PAR  Since the pendulum bob and beam assembly is mounted, together with a
      sensing head, inside an outer transducer body tube in such a way that the
      axes of the magnet, beam, solenoids and the body are parallel, the
      position of one end of the bar magnet is x = 0 and y = 0 when the body
      axis is vertical. Referring to FIG. 7, if the transducer is then tilted
      from the vertical such that the angle between the vertical and the body
      axis is .theta. and the stiffness of the beam is such that the end of the
      bar magnet deflects to a position (x,y) where x and y are small
      deflections, then (x.sup.2 + y.sup.2).sup.1/2 is proportional to sin
      .theta. and tan .phi. = (-y)/x defines the angle .phi. between the OX
      direction and the high-side of the transducer body. (See FIG. 7).
PAR  Thus, .theta. and .phi. are uniquely determined from sin .theta. = K.sub.1
      (V.sub.X.sup.2 +  V.sub.Y.sup.2) and
      ##EQU1##
      where K.sub.1 and K.sub.2 are constants.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for measuring both the angle between the gravity vector and a
      particular axis of a body and the angle between the direction of
      projection of the gravity vector on to a plane at right angles to said
      particular axis and an axis fixed with respect to said body and lying in
      said plane, comprising a transducer having a pendulum beam bar magnet
      mounted on the free end of said pendulum beam, four solenoids forming two
      differential fluxgate pairs confronting said magnet and disposed
      symmetrically with respect to the neutral position of the pendulum beam
      and means interconnecting said differential fluxgate pairs whereby, in
      use, the magnetic flux in each respective fluxgate pair is equal to zero.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, in which the means interconnecting the
      two differential fluxgate pairs are so arranged that the two differential
      flux gate pairs form a standard fluxgate pair so that the resultant
      magnetic flux in all solenoids is equal to zero.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, including a fixed frequency alternating
      current supply connected to said solenoids, each fluxgate pair including a
      high gain amplifier responsive to the second harmonic of the signal at the
      junction of the solenoids forming said fluxgate pair and arranged to
      supply a D.C. signal to such junction.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, including a respective second harmonic
      demodulator in each of said feedback loops and means for feeding a signal
      of the same frequency but opposite polarity to the alternating current
      supply to the input of the second harmonic demodulators of each of the
      differential fluxgate pairs.
NUM  5.
PAR  5. Apparatus as claimed in claim 1, in which each differential fluxgate
      pair comprises a pair of matched solenoids each of which contains a
      mu-metal rod.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, in which said solenoids are so arranged
      that the axes of the rods are mutually parallel and are disposed in
      equi-spaced relationship.
NUM  7.
PAR  7. Apparatus as claimed in claim 1, in which the pendulum comprises a
      pendulum bob and beam assembly and the bar magnet is mounted in the
      pendulum bob.
NUM  8.
PAR  8. Apparatus as claimed in claim 1, in which the solenoids and pendulum
      assembly are mounted in a tubular housing in such a way that the axes of
      the magnet, beam, solenoids and housing are parallel when the axis of the
      housing is parallel to the gravity vector.
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ABST
PAL  A gyrocompass having a gyro rotor, and a device for applying to the gyro
      rotor about its vertical axis a torque in proportion to an inclination
      angle of the spin axis of the gyro rotor from a horizontal plane so as to
      attenuate the north-seeking action of the gyro rotor, in which the torque
      is controlled to be proportional to the inclination angle for its
      component which varies with a period same or close to that of the
      north-seeking action while to be approximately zero for a component of the
      inclination angle which does not vary.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a gyrocompass, and more particularly to
      a gyrocompass which is provided with means for damping the north-seeking
      action of a gyro spin axis.
PAR  2. Description of the Prior Art
PAR  For damping the north-seeking action of a gyro spin axis, known Anshuetz
      and Plath gyrocompasses are provided with a damping device, commonly
      referred to as a damping bottle, in a gyro case enclosing a gyro therein.
      No description will be given of the principle of this conventional damping
      device but it was already known about in 1910 and a similar method was
      employed in a prior Brown gyrocompass. The feature of this method is that
      torque produced by the damping bottle for damping the north-seeking action
      of the gyro spin axis is applied about a horizontal axis of the gyro
      (hence, this system will hereinafter be referred to as a horizontal axis
      damping system) and that the torque is advanced in phase as compared with
      the tilt of the gyro spin axis relative to a horizontal plane. The compass
      employing the damping bottle has an advantage that no latitude error is
      caused when settling relative to the earth pointing to the north but has a
      disadvantage that the inclination of the gyro spin axis to the horizontal
      plane is large and flowing of a liquid contained in the damping bottle
      requires much time, and hence the settling time is relatively long (about
      5 hours).
PAR  Further, warships usually adopt a method of cutting out the damping device
      to avoid an acceleration error in the case of turning but, in this case,
      it is necessary to stop flowing of the liquid in the damping bottle. To
      this end, the conventional damping bottle method employs an
      electromagnetic value in the gyro case, and hence is inevitably expensive
      and complicated in construction.
PAR  While, Sperry gyrocompasses employ a known easterly eccentric axis or
      damping weight as the damping device for the north-seeking action of the
      gyro spin axis. Each of these systems is of the type that the torque for
      damping is applied about a vertical axis of the gyro (and hence it will
      hereinafter be referred to as a vertical axis damping system). With this
      prior system, the torque is proportional to the inclination angle of the
      gyro spin axis from the horizontal plane and the inclination of the gyro
      at the settling time is far smaller than that in the damping bottle system
      and no liquid is contained in the damping device, so that the settling
      time is relatively short (3 to 3.5 hours). However, this system has
      defects such as a latitude error, a fixed error resulting from a
      north-south mass unbalance torque of the gyro about its horizontal axis,
      an error in temperature dependency due to a change in the north-south mass
      unbalance caused by a temperature change and so on. Further, this system
      has a drawback such that the gyro spin axis causes a drift in the case of
      cutting out the damping device.
PAR  With the use of a known integrator in combination with a damping weight,
      the spin axis is held horizontal at the time of settling, and the latitude
      error and the fixed error resulting from the north-south mass unbalance of
      the gyro can be avoided. However, since there are the possibility that
      motion of large time constant still remains according to initial
      conditions of the integrator, the settling time is surely shorter than
      that of the damping bottle system but longer than that of the usual
      vertical axis damping system.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of this invention is to provide a gyrocompass
      employing a damping system which is free from the aforementioned defects
      experienced in the prior art damping systems.
PAR  Another object of this invention is to provide a gyrocompass employing a
      damping system which has the advantage of the vertical axis damping system
      that the settling time is relatively short but which avoids the latitude
      error, the fixed error resulting from the north-south mass unbalance of
      the gyro and the fixed error dependent upon temperature which are
      unavoidable in the conventional vertical axis damping system.
PAR  Another object of this invention is to provide a gyrocompass employing a
      vertical axis damping system which is capable of attaining the
      second-mentioned objects.
PAR  Still another object of this invention is to provide a gyrocompass
      employing a damping system with which it is possible to cut out the
      damping at the turning of a ship only by make and break of one electrical
      contact and which neither causes any drift nor requires any other special
      means such as an electromagnetic valve or the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram showing the north-seeking action of a
      conventional gyrocompass;
PAR  FIG. 2 is a schematic diagram illustrating one example of a gyrocompass to
      which this invention is applied;
PAR  FIG. 3 is a schematic diagram for explaining its operation;
PAR  FIG. 4 is a block diagram for explaining a damping system used in the
      gyrocompass of FIG. 2;
PAR  FIG. 5 is a block diagram showing this invention for the gyrocompasses
      depicted in FIGS. 2 and 7;
PAR  FIG. 6 is a schematic diagram showing the north-seeking action of the
      gyrocompass embodying this invention;
PAR  FIGS. 7 and 8 are respectively schematic diagrams illustrating other
      examples of the gyrocompass to which this invention is applicable;
PAR  FIG. 9 is a block diagram for explaining the operation of the gyrocompass
      of FIG. 8 when this invention is applied thereto;
PAR  FIGS. 10A to 10C, inclusive, are connection diagrams of operational
      amplifiers for use in this invention;
PAR  FIGS. 11A and 11B are schematic diagrams showing other examples of this
      invention;
PAR  FIGS. 12 and 13 are schematic diagrams, for explaining the operation of the
      example of FIG. 11; and
PAR  FIG. 14 is a schematic diagram illustrating another example of this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  To facilitate a better understanding of this invention, a description will
      be given first of the conventional vertical axis damping system. In the
      gyrocompass, it is necessary that torque K.theta. proportional to the
      inclination angle .theta. of its gyro spin axis to the horizontal plane, K
      being a proportional constant, is applied about a horizontal axis
      perpendicular to the gyro spin axis, thereby to cause the north-seeking
      action of the gyro. A device for producing the torque K.theta. will
      hereinafter be referred to as a north-seeking device. Only with the use of
      the north-seeking device, the gyro spin axis oscillates sinusoidally to
      the east and west about the north and does not rest toward the north. At
      the same time, the tilt of the gyro spin axis also sinusoidally oscillates
      in synchronism therewith and the center of the oscillation is not
      horizontal but, in the northern hemisphere, it is at a position where the
      northern end of the spin axis is a little raised. The center of the
      oscillatory movement of the tilt of the gyro spin axis is at the following
      angle to the horizontal plane:
      ##EQU1##
      where H is the angular momentum of the gyro, .OMEGA. the angular velocity
      of the rotation of earth and .phi. the latitude of the place where the
      gyrocompass is located.
PAR  While, assuming that the gyro is not completely balanced about the
      aforementioned horizontal axis but is heavier on the southern side, that
      the gyro rotates clockwise when viewed from the south and that the torque
      produced about the horizontal axis due to this unbalance and gravity is
      My, the center of the oscillation of the tilt of the gyro spin axis has a
      value larger than the above one by My/K.
PAR  The vertical axis damping system is a system that the oscillatory movement
      of the spin axis is damped by applying some torque about a vertical axis
      perpendicular to the spin axis and the horizontal axis, and, in the prior
      art, torque proportional to the inclination angle .theta. is used for the
      purpose. If a proportional constant is taken as .mu., the torque applied
      about the vertical axis is .mu..theta., by which the motion of the gyro
      spin axis is damped and the spin axis sets still pointing substantially to
      the north as is well-known in the art. By way of example, FIG. 1 shows the
      case where the azimuth of the gyro spin axis is .phi..sub.0 at a time t =
      0 and the inclination angle .theta. of the spin axis is zero and the spin
      axis is a little lowered on the northern side. With the lapse of time t,
      the azimuth .phi. of the spin axis performs dapmed oscillation and settles
      at a constant angle .delta.. The inclination angle .theta..sub.a of the
      spin axis when settling has a value of the center of the oscillation when
      .mu.=0 (where the vertical axis damping system is not employed), that is,
      the inclination angle is determined by the following equation:
      ##EQU2##
      where My is the north-south mass unbalance of the gyro.
PAR  It must be noted here that since the inclination angle .theta. the spin
      axis is not zero even when the gyro sets still, the torque T.sub.a about
      the vertical axis for damping is determined by the following equation
      corresponding to the inclination angle .theta.:
      ##EQU3##
      where it is noted that the value is not zero.
PAR  Generally, in the gyrocompass, upward torque M.sub.z about the vertical
      axis and an azimuth error .DELTA..phi.  while settling of the gyro bear
      the following relation:
      ##EQU4##
      The settling value .delta. of the azimuth can be obtained from the
      equation (1) as follows:
      ##EQU5##
PAR  In the above case, the settling value .delta. of the azimuth is produced
      toward east. The first term of the equation (2) is proportional to the
      tangent of the latitude, and hence called latitude error. Further, the
      second term of the equation (2) is proportional to the north-south mass
      unbalance My of the gyro, that is, it is a fixed error caused in response
      to the north-south mass unbalance of the gyro. It will be understood from
      the foregoing that the cause for the fixed errors is that the torque for
      damping still remains as fixed torque about the vertical axis when the
      gyro sets still.
PAR  A damping system of this invention is applicable to various types of
      gyrocompasses. The following will describe first a gyrocompass proposed by
      the present applicant and then one example of this invention as being
      applied to the gyrocompass. FIG. 2 shows the construction of the
      gyrocompass. In the figure, reference numeral 1 indicates a gyro case
      which includes therein a gyro rotor rotating at high speed and which is
      made liquid tight. Reference numeral 2 designates a container such as a
      tank, which surrounds the gyro case 1, and 3 a suspension wire for
      supporting the gyro case 1, which is fixed at its upper and lower ends to
      the tank 2 and the gyro case 1 respectively. References 4N, 4S and 5N, 5S
      identify primary and secondary side elements of a contactless displacement
      detector 6 respectively. The primary side elements 4N and 4S are mounted,
      for example, on the surface of the gyro case 1 at the intersecting points
      with the extension of the gyro spin axis, that is, on the north and south
      sides of the gyro rotor, respectively. While, the secondary side elements
      5N and 5S are located on the tank 2 at positions corresponding to the
      primary side elements 4N and 4S. Reference numeral 7 represents a liquid
      such as a damping oil of high viscosity, which is contained in the tank 2.
      A pair of horizontal shafts 8 and 8' are secured at their one ends to the
      equator of the tank 2 at positions perpendicular to the spin axis (on the
      east and west sides of the gyro) and the other ends of the horizontal
      shafts 8 and 8' are rotatably fitted in bearings 13 and 13' provided on a
      horizontal ring 12 at places corresponding to the shafts 8 and 8'
      respectively. Reference numeral 10 designates a servo motor for horizontal
      follow-up purpose, which is coupled with the horizontal ring 12. A
      horizontal gear 9 is mounted on the one horizontal shaft 8 and meshed with
      a horizontal pinion 11 affixed to the rotary shaft of the servo motor 10.
      Gimbal shafts 14 and 14' are respectively attached to the horizontal ring
      12 at positions perpendicular to the horizontal shaft bearings 13 and 13'
      and they are rotatably fitted in gimbal shaft bearings 15 and 15' provided
      on a follower ring 16 at those positions corresponding to them
      respectively. The follower ring 16 has attached thereto upwardly and
      downwardly thereof follower shafts 17 and 17', the free ends of which are
      rotatably fitted in follower shaft bearings 25 and 25' mounted on a
      binnacle 24 at positions corresponding to the follower shafts 17 and 17'.
      An azimuth gear 21 is attached to the one follower shaft 17. Reference
      numeral 19 indicates an azimuth follower servo motor mounted in the
      binnacle 24 and 20 an azimuth pinion affixed to the rotary shaft of the
      servo motor 19, which pinion is meshed with the azimuth gear 21. Reference
      numeral 22 represents a compass card, which is mounted on the other
      follower shaft 17'. Reference numeral 23 identifies a reference line plate
      mounted on the top of the binnacle 24 in opposing relation to the compass
      card 22. The course of a vehicle on which the gyrocompass is mounted is
      read out from a reference line 26 drawn on the reference line plate 23
      centrally thereof and the compass card 22.
PAR  The contactless deviation displacement detector 6 will be now briefly
      described. AC fluxes originated from the primary side elements 4N and 4S
      are detected by the secondary side elements 5N and 5S, thereby
      simultaneously detecting relative deviation angles of the gyro case 1 to
      the tank 2 about the vertical axis (concretely, about the suspension wire
      3) and about the horizontal shafts 8 and 8'. An electrical signal
      proportional to the relative deviation angle of the gyro case 1 to the
      tank 2 about the vertical axis (which signal will be hereinafter referred
      to as a vertical follow-up signal) is amplified by a vertical follow-up
      servo amplifier 102 (refer to FIG. 4) to control the servo motor 19. The
      rotation of the servo motor 19 is transmitted to the tank 2 through the
      pinion 20, the azimuth gear 21, the follow-up ring 16, the shafts 14 and
      14', the horizontal ring 12 and the shafts 8 and 8', by which the tank 2
      is turned about the vertical axis of the gyro case 1 to reduce the
      relative deviation of the tank 2 to the gyro case 1 to zero at all times.
      In a similar manner, an electrical signal (which signal will hereinafter
      be referred to as a horizontal follow-up signal) corresponding to the
      relative deviation angle of the gyro case 1 to the tank 2 about the
      horizontal shafts 8 and 8' is fed from the contactless displacement
      detector 6 to a horizontal follow-up servo amplifier described later and
      is thereby amplified, thereafter being applied to the servo motor 10 to
      control it. The rotation of the servo motor 10 is transmitted to the tank
      2 through the pinion 11, the gear 9 and the shaft 8, by which the tank 2
      is caused to follow the gyro case 1 about the shafts 8 and 8'.
PAR  FIG. 3 is a schematic diagram, for explaining the motion of the gyro case 1
      in the direction of the spin axis relative to the tank 2 while the
      follow-up servo systems are in operation as described above. The figure
      shows the case where the direction AB of the gyro spin axis in the gyro
      case 1 is tilted at angle .theta. from a horizontal plane HH'. The
      secondary side elements 5N and 5S of the contactless displacement detector
      6 lie at positions A' and B' on the tank 2 and the horizontal follow-up
      servo system is in operation, so that the positions A' and B' are on the
      extension of the straight line AB. While, since gravitational acceleration
      acts on the gyro case 1, the suspension wire 3 connected between a point P
      on the top of the tank 2 and gyro case 1 becomes substantially parallel
      with the line of gravity, and accordingly the distance between B and B' is
      shorter than that between A and A'. Namely, the difference in distance
      between A-A' and B-B' is in proportion to the angle .theta..
PAR  The contactless displacement detector 6 also produces an AC electrical
      signal corresponding to the difference in distance between A-A' and B-B'
      by the subtraction of signals derived from the secondary side elements 5N
      and 5S. This electrical signal is in proportion to the angle .theta., and
      hence will hereinafter be referred to as a .theta. signal. If the angle
      .theta. is negative and the point A' lies below the line HH', the distance
      between the points A and A' is shorter than that between the points B and
      B' and the .theta. signal is also reversed in phase. Needless to say, if
      the angle .theta. is zero, the distances between the points A and A' and
      between those B and B' are equal to each other and the .theta. signal is
      zero.
PAR  The damping system for use with the gyrocompass of FIG. 2 described above
      is a system that the .theta. signal is added to the vertical follow-up
      signal in the vertical follow-up servo amplifier. With this system, the
      tank 2 is displaced by the vertical follow-up servo system about the
      vertical axis until the contactless displacement detector 6 produces a
      vertical follow-up signal which is exactly equal in magnitude to the
      .theta. signal added and opposite in polarity thereto, because the servo
      motor 19 does not stop until the sum of the vertical follow-up signal and
      the .theta. signal becomes zero. Therefore, the value of the vertical
      follow-up signal is always proportional to the .theta. signal and hence to
      the inclination angle .theta.. Thus, the suspension wire 3 is always
      twisted by the vertical servo system in proportion to the inclination
      angle .theta.. If the proportional constant between torque produced by the
      twisting of the suspension wire 3 and the inclination angle .theta. is
      taken as .mu., the gyro case 1 is supplied with torque .mu..theta. about
      the vertical axis, so that the north-seeking action of the gyro spin axis
      can be damped as described previously with regard to the aforesaid
      vertical axis damping system. If the spin axis of the gyrocompass is
      deviated from the north at an angle of .phi..sub.0 thereto toward the east
      with the northern end a little lowered, the spin axis performs exactly the
      same motion as that described previously in connection with FIG. 1 and it
      finally sets still holding the fixed error .delta..
PAR  In FIG. 4 there is illustrated in block form the relationship between the
      vertical follow-up servo system and the .theta. signal in the gyrocompass
      shown in FIG. 2.
PAR  In FIG. 4, .phi. indicates the azimuth of the gyro spin axis (the direction
      of the straight line AB in FIG. 3) and .phi..sub.0 indicates the azimuth
      of the line A'B' of the tank 2. The difference (.phi..about..phi..sub.0)
      between them is converted by the contactless displacement detector 6
      (having a gain G.sub.2) into a corresponding vertical follow-up signal,
      which is added with the .theta. signal which is also an output from the
      contactless displacement detector 6 of a gain G.sub.1. The resulting
      signal is applied to the servo motor 19 through the servo amplifier 102
      and the output angle derived therefrom is applied through a gear train 101
      (corresponding to the gear ratio 1/N of the gear 17 to the pinion 20) to
      the tank 2 to provide its azimuth .phi..sub.0.
PAR  FIG. 5 illustrates an example of this invention as being applied to the
      gyrocompass of FIG. 2. In FIG. 5, the same elements as those in FIG. 4 are
      identified by the same reference numerals and no description thereof will
      be repeated. The difference between the azimuths .phi. and .phi..sub.0 is
      converted by the contactless displacement detector 6 into an AC electrical
      signal as in the case of FIG. 4 but, in the example of FIG. 5, the AC
      signal is converted by an AC-DC converter 104 into a DC signal and then
      converted again by an electric circuit 103 into an AC signal. The circuit
      103 is formed with a circuit including an adder, a circuit accessory
      thereto and a DC-AC converter. While, the .theta. signal is converted by
      the detector 6 into an AC signal and then converted into a DC signal by an
      AC-DC converter 105 similar to the aforementioned one 104, thereafter
      being applied to an operational amplifier 106. The output from the
      operational amplifier 106 is added to the vertical follow-up signal in the
      circuit 103. The characteristic of the operational amplifier 106 plays the
      most important role in the present invention. Assume that the transfer
      function of the operational amplifier 106 contains at least the following
      characteristic as depicted in FIG. 5:
      ##EQU6##
      where S is the Laplace operator. As is well-known in the automatic control
      engineering, if the inclination angle .theta. varies sinusoidally, the
      output signal derived from the operational amplifier 106 at that time can
      be expressed in such a form that S is replaced with j.sub..omega.. Here,
      j.sup.2 =-1. Namely, the output signal mentioned above can be expressed as
      follows:
      ##EQU7##
      Even where .omega. is selected to be an angular frequency corresponding to
      a usual period of the gyrocompass, that is, about 70 to 100 minutes, if
      T.sub.1 is selected to well hold .omega.T.sub.1 &gt;1, the aforementioned
      output signal approaches the signal given by the following equation (3):
      ##EQU8##
PAR  It has been described previously that the angle .theta. varies sinusoidally
      while the gyro moves to point to the north. Accordingly, the .theta.
      signal varies on the cycle of the north-seeking action during such a
      north-seeking action of the gyro, so that the output signal from the
      operational amplifier 106 is almost composed of the .theta. signal because
      the transfer function of the operational amplifier 106 is substantially
      close to 1. The vertical servo system, which is supplied with the output
      from the operational amplifier 106 , shown in FIG. 5 is substantially same
      as that shown in FIG. 4 at this motion. Consequently, also with the use of
      the vertical follow-up servo system of FIG. 5, the torque generated by the
      twist of the suspension wire 3 is substantially .mu..theta. as in the case
      of FIG. 4, with which it is possible to cause the gyrocompass of FIG. 2 to
      perform satisfactory damped oscillation in the north-seeking action.
      Further, this property is the same as that obtainable with the
      conventional vertical axis damping system, and hence provides an advantage
      that the settling time is far shorter than that in the horizontal axis
      damping system.
PAR  While, when the gyro gradually settles, the .theta. signal approaches a
      constant value H.OMEGA.sin .phi./K as described previously. However, since
      the characteristic of the operational amplifier 106 is apparently "a
      differential characteristic of first order lag", the differentiation of a
      constant value is zero and hence this basic characteristic remains
      unchanged even if provided with the first order lag. Therefore, as the
      .theta. signal approaches the constant value, the output from the
      operational amplifier 106 gradually approaches zero. When the gyro has
      thus settled, the output from the operational amplifier 106 reaches
      completely zero. As a result, in the vertical follow-up servo system the
      suspension wire 3 is not twisted any when the gyro rests, so that no
      torque is applied about the vertical axis of the gyro and hence M.sub.z =
      0. Accordingly, the settling value .delta. of the azimuth is also zero, no
      latitude error is present and the fixed error due to the north-south mass
      unbalance My of the gyro is not caused. Thus, the object of this invention
      is attained to provide a vertical axis damping system with the settling
      time of the gyro being relatively short and which is free from the fixed
      errors. The north-seeking characteristic of the gyrocompass employing the
      system of FIG. 5 is such as depicted in FIG. 6 and it is different from
      the characteristic of FIG. 1 in that the settling value .delta. of the
      azimuth is not provided.
PAR  In FIG. 5, the output from the operational amplifier 106 is added in the
      form of the DC signal to the vertical follow-up signal at the beginning
      stage of the circuit 103 but it is also possible to convert the output
      from the operational amplifier 106 into an AC signal immediately, hold the
      vertical follow-up signal in the form of the AC signal without applying it
      to the AC-DC converter 104, add the both AC signals together and
      immediately apply the resulting signal to the vertical servo amplifier
      102. In short, it is sufficient for the purpose that the .theta. signal
      can be supplied with the characteristic T.sub.2 S/(T.sub.1 S+1). Various
      methods can be effected with circuit design techniques and it will be seen
      that they fall within the scope of this invention.
PAR  The present invention is similarly applicable to other types of
      gyrocompasses and examples of the invention will hereinbelow be described
      as being applied to two kinds of gyrocompasses.
PAR  FIG. 7 is a diagram, for explaining the application of this invention to a
      gyrocompass provided by the same applicant of the present application. In
      the figure, reference numerals employed correspond to those in FIG. 2.
PAR  The gyrocompass of FIG. 7 is identical in construction with that of FIG. 2
      in connection with the horizontal ring 12, the shafts 14 and 14', the
      bearings 15 and 15', the follower ring 16, the shafts 17 and 17', the
      bearings 25 and 25', the servo motor 19, the pinion 20 and the azimuth
      gear 21. The gyrocompass of FIG. 7 is different from that of FIG. 2 in
      that no horizontal follow-up servo system is employed and that the shafts
      8 and 8' are rotatably supported by thee bearings 13 and 13'. The shafts 8
      and 8' are coupled to a vertical ring 200 which has a base 204 and
      bearings 205 and 205'. The gyro case 1 having housed therein the gyro has
      vertical shafts 206 and 206' upwardly and downwardly thereof and the
      vertical shafts 206 and 206' are rotatably supported by the aforementioned
      bearings 205 and 205' respectively and the upper end of the shaft 206' is
      suspended by the suspension wire 3 from the base 204 of the vertical ring
      200 centrally thereof. The gyrocompass employs as a north-seeking device a
      liquid ballistic which is fixed to the vertical ring 200 and which
      comprises two pots 203A and 203B, a communication pipe 203C
      intercommunicating the pots 203A and 203B and a liquid half-filling the
      pots 203A and 203B and flowing therebetween through the pipe 203C. In the
      example of FIG. 7, an accelerometer or an electrolytic level 207 is
      mounted on the vertical ring 200 or detecting the inclination angle
      .theta. of the spin axis to a horizontal plane. Shown in block form, the
      example of this invention in FIG. 7 is similar to that of FIG. 5 except
      that the .theta. signal is an AC signal derived from the aforesaid
      electrolytic level 207 and that the detection of the difference in azimuth
      (.phi.- .phi..sub.0) is achieved by a contactless azimuth deviation angle
      detector 201 (having its elements 201A and 201B mounted on the gyro case 1
      and the vertical ring 200 respectively). Namely, the application of the
      system of FIG. 5 to the compass of FIG. 7 enables realization of the
      vertical axis damping that the settling value .delta. of the azimuth is
      reduced to zero as described previously with regard to FIG. 6.
PAR  FIG. 8 illustrates another example of the gyrocompass embodying the present
      invention. In the present example, the shafts 14 and 14' and the parts on
      the outside of them are identical with those in FIGS. 2 and 7. In the
      illustrated example, the horizontal ring 12 employed in the foregoing
      examples is not used but instead a vessel 300 such as, for example, a
      spherical shell is provided which is partially cut away in FIG. 8 and the
      bearings 13 and 13' are provided inside of the vessel 300 and they
      rotatably support the horizontal shafts 8 and 8'. Further, the vertical
      ring 200 carries the bearings 205 and 205' and is substantially identical
      with that employed in FIG. 7 and has the shafts 8 and 8' but does not
      carry the base 204. The gyro case 1 having incorporated therein the gyro
      has the vertical shafts 206 and 206' which are supported by the bearings
      205 and 205'. The contactless azimuth deviation angle detector 201 is also
      identical in construction with that used in FIG. 7 and the accelerometer
      207 is fixedly mounted on the vertical ring 200 and used for detecting the
      inclination angle .theta. as is the case with the example of FIG. 7. The
      example of FIG. 8 is different from that of FIG. 7 firstly in that since
      the gyro case 1 is not suspended by the suspension wire 3 employed in the
      example of FIG. 7 but substantially spherical and floated by a liquid (not
      shown) contained in the vessel 300, the specific gravity of the gyro case
      1 being selected substantially equal to that of the liquid in the vessel
      300, secondary in that the north-seeking device is a torquer 302 for
      converting an electrical signal into corresponding torque; and thirdly in
      that a damping torquer 301 is provided. The torquer 302 has its one
      element 302A fixed to the vessel 300 and the other element 302B fixed to
      the shaft 8' and it is adapted to generate torque about the shaft 8' in
      proportion to an electrical signal fed to the element 302A. By supplying
      the torquer 302 with an electrical signal proportional to the inclination
      angle .theta. detected by the accelerometer 207 after amplifying it,
      torque K.theta.for the north-seeking action is provided. Likewise, the
      torquer 301 has elements 301A and 301B fixed to the vertical ring 200 and
      the shaft 206 respectively and is adapted to apply torque to the gyro
      about the shafts 206 and 206' by applying an electrical signal to the
      element 301A. Supplying the torquer 301 with an electrical signal
      proportional to the inclination angle .theta. detected by the
      accelerometer 207 after amplifying it, the conventional vertical axis
      damping system is provided. However, if the present invention is applied
      to the gyrocompass depicted in FIG. 8, its vertical axis damping system
      can be illustrated as a block diagram in FIG. 9. Namely, if the signal
      derived from the accelerometer 207 is an AC signal, it is converted by the
      AC-DC converter 105 into a DC signal, applied to the operational amplifier
      106 having at least the characteristic T.sub.2 S/(T.sub.1 S+1) as in FIG.
      5 and then applied through the DC-AC converter 103 to the servo amplifier
      102 to be thereby amplified and the amplified signal is fed to the torquer
      301. In this case, damping torque is directly applied by the torquer 301
      to the gyro about the vertical axis and this is still the vertical axis
      damping system and damping for reducing the settling value .delta. of the
      azimuth to zero can be obtained to attain the purpose.
PAR  In FIG. 9, if the output from the accelerometer 207 is a DC one and the
      torquer 301 is a DC torquer, the AC-DC and DC-AC converters 105 and 103
      can be left out.
PAR  Now, the difference between the conventional vertical axis damping system
      and this invention system will be explained more clearly in a different
      way. If the torque about the vertical axis for damping is taken as
      Q.sub.D, the torque Q.sub.D in the prior art system is expressed in the
      following form:
EQU  Q.sub.D = .mu..theta.                                      (4)
PAL  While, the relationship between the torque Q.sub.D and the inclination
      angle .theta. in the damping system of this invention is given by the
      following equation (5):
      ##EQU9##
      If T.sub.1 is very large and a change in .theta. is great, the first term
      is sufficiently larger than the second term in the left side of the
      equation (5) and hence the equation (5) can be regarded as the following
      equation (6):
      ##EQU10##
      Accordingly, Q.sub.D = .mu..theta. and the damping action is provided and
      when the angle .theta. no more changes, d/dt .theta. = 0,
PAL  resulting in Q.sub.D = 0 as will clearly be seen from the equation (6). By
      the Laplace transformation of the equation (6) of the relationship between
      Q.sub.D and .theta. with the Laplace operator being taken S, the Laplace
      transformation of, Q.sub.D and .theta. being taken as Q.sub.D (S) and
      .theta.(S) respectively and the initial conditions being all zero, the
      following equation is obtained:
      ##EQU11##
      Accordingly, the following equation (7) is immediately obtained therefrom:
      ##EQU12##
      where T.sub.1 /T.sub.2 is taken as .alpha..
PAR  In general, it is not required that the transfer function of the
      operational amplifier 106 has the same time constant T.sub.1 in its
      denominator and numerator but it can be expressed as T.sub.2 S/(T.sub.1 S
      + 1) as shown in block 106 in FIGS. 5 and 9. In this case, however, it is
      required to multiply the gain of, for example, AC-DC converter 105 by
      .alpha. in accordance with T.sub.2. In other words, the value of .mu. can
      be selected by adjusting the gain G.sub.3 of the AC-DC converter 105, so
      that if the AC-DC converter 105 includes an amplifying section, T.sub.2
      can be selected at will.
PAR  The value of the time constant T.sub.1 is important in the present
      invention. Based on the fact that the period of the gyrocompass is usually
      70 to 120 minutes, if T.sub.1 is several hundred seconds, the
      north-seeking action is damped but the damping is insufficient in this
      case. Where T.sub.1 is larger than 1,000 seconds, it is practicable and if
      it is about 2,000 seconds, satisfactory and ideal damping action can be
      obtained. The larger T.sub.1 is, the better but the effect does not
      practically change with T.sub.1 larger than about 2,000 seconds. According
      to our experiments on the example of this invention applied to the
      gyrocompass of FIG. 2, T.sub.1 = 2,000 seconds, the north-seeking cycle
      was 80 minutes (in lat. 35.degree. N.), the damping ratio of the amplitude
      to every half cycle was nearly equal to 0.30 and the latitude error, the
      fixed error due to the meridional unbalance and the fixed error due to
      temperature change were not ever resulted.
PAR  Next, a description will be made in connection with the manner in which the
      characteristic of the transfer function T.sub.1 S/(T.sub.1 S+1) is
      concretely realized in the operational amplifier 106. Since this
      characteristic is a problem of the operational amplifier circuit, many
      methods can be adopted. Two of them are illustrated in FIGS. 10A and 10B.
      With the system of FIG. 10A, an output voltage E'.sub.O from an amplifier
      400 and an input voltage E.sub.i bear the relation given by the following
      equation (8):
      ##EQU13##
      Therefore, the relation expressed by the following equation (9) holds
      between an output voltage E.sub.0 from an amplifier 401 and the input
      voltage E.sub.i :
      ##EQU14##
      Accordingly, if the resistance values R.sub.1, R.sub.2, R.sub.3, R.sub.4
      and R.sub.5 of respective resistors R'.sub.1, R'.sub.2, R'.sub.3, R'.sub.4
      and R'.sub.5 are selected so as to satisfy R.sub.1 R.sub.3 /R.sub.2 =
      R.sub.4 = R.sub.5, the following equation (10) is obtained:
      ##EQU15##
      Thus, the desired operation is achieved. At this time, T.sub.1 = T.sub.2 =
      R.sub.2 C, where C is the capacitance of a capacitor C'.
PAR  In FIG. 10B, the relationship between the output E.sub.0 and the input
      E.sub.i of an amplifier 402 is as given by the following equation (11):
      ##EQU16##
      Accordingly, the purpose can also be attained with the circuit of FIG. 10B
      where T.sub.1 = R.sub.2 C.sub.2 and T.sub.2 = R.sub.2 C.sub.1 and C.sub.1
      and C.sub.2 are the capacitances of capacitors C'.sub.1 and C'.sub.2.
PAR  FIG. 10C shows an example in which one first order lag is added. The
      relationship between the output E.sub.0 and the input E.sub.i in this
      example is expressed by the following equation (12):
      ##EQU17##
      Therefore, it is possible to perform an operation similar to that in the
      example of FIG. 10B with C.sub.1 = C.sub.2 and T.sub.1 = R.sub.2 C.sub.2.
      If the condition R.sub.1 &lt;&lt; R.sub.2 is satisfied and a time constant
      R.sub.1 C.sub.1 is selected to be smaller than several minutes, the time
      constant is too small as compared with the period (70 to 100 minutes) of
      the north-seeking action of the gyro, so that high frequency noises in the
      .theta. signal resulting from the oscillation or the like of a ship can be
      removed without exerting any influence on the north-seeking action and on
      the damping action based on T.sub.1 &gt; 1000. Thus, the system of FIG. 10C
      is more advantageous in practice.
PAR  As described previously, the characteristic of the term T.sub.2 S/(T.sub.1
      S + 1) can be obtained with many other circuits and the method of adding
      the high cut (low-pass) filter is also many and they can also be employed
      in the practice of this invention.
PAR  Further, the damping cutout at the time of turning of a warship can be
      effected only by opening a switch which may be inserted in series in the
      loop of the .theta. signal, for example, at a stage preceding the
      operational amplifier 106 in FIGS. 5 and 9. Since no fixed error is
      present, the gyro settling point is always the same independently of the
      presence of the damping action, and accordingly no drift is produced at
      the time of damping cutout.
PAR  The foregoing description has been given in connection with the method in
      which the inclination angle of the gyro spin axis to a horizontal plane is
      once converted into an electrical signal; the signal is applied to an
      appropriate circuit to obtain a signal corresponding to time
      differentiation of first order lag; and the signal is applied as torque to
      the gyro about its vertical axis by means of the torquer or by twisting
      the suspension wire. However, this invention is not limited specifically
      to the above electrical method and can also be practised by a purely
      mechanical method. This will hereinbelow be described in detail.
PAR  FIGS. 11A and 11B illustrate a modified form of this invention in which the
      mechanical method is applied to the gyrocompass of FIG. 7 which is of the
      type employing the liquid ballistic as a north-seeking device. FIGS. 11A
      and 11B are a diagram of the gyrocompass viewed from the south side, with
      the parts inside of the vertical ring 200 shown on an enlarged scale, and
      a side view, respectively. The parts corresponding to those in the
      foregoing are marked with the same reference numerals and no description
      thereof will be repeated. FIG. 11A is a side view from the south side of
      the gyro and the gyro rotor rotates anticlockwise as depicted in the
      figure. A damping weight 500, which is similar to that employed in the
      ordinary vertical axis damping system, is mounted on the west side of the
      gyro case 1 and a mount 501 having fixed thereto the upper end of a
      suspension band 502 is disposed on the east side of the gyro case 1. The
      lower end of the suspension band 502 has fixed thereto a weight 503, which
      is immersed in a damping liquid 505 of high viscosity contained in a
      vessel 504 fixedly mounted on the vertical ring 200.
PAR  FIG. 12 is a diagram, for explaining the principle of the apparatus shown
      in FIGS. 11A and 11B. As the gyro is in its northseeking action, its
      north-seeking end is raised at an angle .theta. to a horizontal plane. A
      point P indicates the coupling point of the suspension band 502 and the
      gyro case 1, a point Q the coupling point of the weight 503 and the
      suspension band 502 and .xi. the distance between the center of the vessel
      504 and the center of gravity of the weight 503. For the sake of brevity,
      let it be assumed that the suspension band 502 is completely flexible and
      the angle between a vertical axis PO and the suspension band 502 is taken
      as .sigma.. The weight 503 receives downward (vertical) gravity m'g and
      moves leftwards in the figure by a component f of the gravity in the
      direction of spin axis so that .sigma. may agree with .theta., but the
      motion of the weight 503 is extremely damped by the viscosity resistance
      of the highly viscous damping liquid 505 and .sigma. is delayed in time
      relative to .theta.. By the way, since the inclination angle .theta.
      remains very small throughout the northseeking action of the gyro, the
      effective weight m'g of the weight 503 excepting the buoyancy of the
      damping liquid 505 acts as a tensile force on the suspension band 502 and
      this acts on the coupling point P of the suspension band 502 with the gyro
      case 1 and its component F in the direction of the spin axis serves as
      torque about the vertical axis. If the length of the suspension band 502
      is taken as a and the distance between the coupling point P and the
      vertical axis is taken as r, the component F is approximately
      ##EQU18##
      and hence the torque about the vertical axis by the weight 503 is
      dependent on .sigma. or .xi..
PAR  The motion .xi. of the weight 503 relative to the vessel 504 in the
      direction of the spin axis is given by a component f = m'g.theta. of the
      gravity m'g in the direction of the spin axis, the viscous resistance (a
      viscous resistance constant being taken as c) of the damping liquid 505
      and a component m'g.sigma.=m'g.xi./a
PAL  of the tensile force m'g of the suspension band 502 in the direction of the
      spin axis. The motion is expressed in the following form:
      ##EQU19##
      in which the term of inertia is omitted because the term of the viscosity
      c.xi. is extremely large. Changing the above equation, it follows that
      ##EQU20##
      Using the Laplace operator S, it follows that
      ##EQU21##
      where T = ac/m'g: a time constant. Namely, .xi. or .sigma. is a function
      of first order lag of the gyro inclination angle .theta. and the torque
      about the vertical axis by the weight 503 becomes proportional to the
      first order lag of the gyro inclination angle .theta., that is,
      ##EQU22##
PAR  While, both the torque by the weight 503 and that by the damping weight 500
      act on the gyro about the vertical axis simultaneously as depicted in FIG.
      13. As will be apparent from the figure, if the distance from the vertical
      axis is taken as r, the latter torque is mg.nu..times.r and its sign is
      opposite to that by the weight 503. After all, the torque Q.sub.D applied
      to the gyro about the vertical axis is as follows:
      ##EQU23##
      and if mgr = m'gr'= .mu., it follows that
      ##EQU24##
      which agrees with the aforesaid equation (7).
PAR  In other words, even if the gyro inclination angle .theta. exists during
      the north-seeking action of the gyro, the weight 503 is damped by the high
      viscosity of the damping liquid 505 and cannot move in the direction of
      the spin axis and .xi. is almost zero. Consequently, no torque is produced
      by the weight 503 about the vertical shaft but the damping weight 500
      disposed on the west side of the gyro case 1 generates torque proportional
      to the gyro inclination angle .theta., so that the condition during the
      north-seeking action is substantially the same as that which would be
      obtained where only the damping weight 500 is provided and thus the
      north-seeking action is damped.
PAR  At the end of the north-seeking action, that is, when the gyro comes close
      to its resting condition, the weight 503 moves close to the vertical line,
      by which is generated torque equal in magnitude to that by the damping
      weight 500 but opposite in direction thereto to cancel each other. When
      the gyro has completely rested still, the torque produced by the damping
      weight 500 and that by the weight 503 completely coincide with each other
      in magnitude and no torque acts on the gyro about the vertical shaft.
PAR  FIG. 14 illustrates another example of this invention employing the
      mechanical method. This is a diagram showing the gyrocompass of FIG. 7
      embodying this invention, as is the case with the example depicted in
      FIGS. 11A and 11B. In this figure, parts corresponding to those in FIGS.
      11A and 11B are identified by the same reference numerals and no
      description thereof will be repeated for the sake of simplicity. The
      example of FIG. 14 is different from that of FIGS. 11A and 11B in that the
      damping weight 500 is not used, in that a mount 501' is secured to the
      vertical ring 200 and in that a vessel 504' containing a damping liquid
      505' therein is mounted on the gyro case 1. Also in this case, the motion
      of the weight 503' relative to the vessel 504' in the direction of the
      spin axis based on the gyro inclination angle .theta. is exactly
      equivalent to that in the example of FIGS. 11A and 11B and if expressed by
      .xi., it is given as follows:
      ##EQU25##
PAR  By the way, since the upper end of the suspension band 502' is fixed to the
      vertical ring, its tensile force does not act as torque about the vertical
      axis of the gyro. However, the vessel 504' is mounted on the gyro case 1,
      so that when the weight 503' moves in the direction of the spin axis (this
      is, perpendicular to the plane of the sheet) relative to the vessel 504',
      a viscous force substantially proportional to the velocity of the movement
      of the weight 503' acts through the damping liquid 504' on a position at a
      distance r' apart from the vertical axis, by which torque about the
      vertical axis is applied to the gyro. The velocity of the weight 503'
      relative to the vessel 504' is differentiation of .xi. with respect to
      time and the torque Q.sub.D applied as a viscosity constant cq about the
      vertical axis is given in the following form.
      ##EQU26##
      where the time contant T = ac/m'g. If m'gr'= .mu. as in the foregoing
      example, it follows that
      ##EQU27##
      Thus, this method also provides the characteristic given by the foregoing
      equation (7) and enables realization of the principle of this invention.
PAR  Briefly stated, the present invention is directed to the so-called vertical
      axis damping system that the north-seeking action of the gyro spin axis is
      damped by applying about the vertical axis of the gyro compass the torque
      Q.sub.D which is a function of the inclination angle .theta. of the gyro
      spin axis to a horizontal plane, and the invention is to provide means for
      holding the relation of the equation (5) or (7) between the damping torque
      Q.sub.D and the inclination angle .theta. of the gyro spin axis and it may
      be practised by various electrical and mechanical means.
PAR  Further, means for providing the same relation between Q.sub.D and .theta.
      as those given by the equations (5) and (7) based on the period of the
      north-seeking action of the gyrocompass in the means such as shown in FIG.
      10C, in which the relation between Q.sub.D and .theta. is made a little
      different from those of the equations (5) and (7) as by the addition of a
      first order lag, all belong to this invention.
PAR  Namely, the transfer function between the inclination angle .theta. of the
      gyro spin axis and the damping torque Q.sub.D need not be limited
      specifically to the form T.sub.2 S/T.sub.1 S + 1) but, when it is written
      in the form of f(S)/g(S), f(S) can be in the form of S.sup.. f'(S), g(S)
      has become a constant at the limit condition of S being zero (S.fwdarw.0)
      and f(S)/g(S) has a property similar to that of a constant with respect to
      the angle .theta. which varies on the cycle of the north-seeking action or
      a cycle close thereto. The forms of f(S)/g(S) satisfying the above
      conditions can all be used as the transfer function of the damping device
      for the practice of this invention and they are all fall inside of the
      scope of the present invention.
PAR  It will be apparent that many modifications and variations may be effected
      without departing from the scope of the novel concepts of this invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In a gyrocompass having a gyro rotor with a substantially horizontal
      spin axis, a gyro case for said gyro rotor, a support means for suspending
      the gyro case along a substantially vertical axis for north-seeking
      action, the improvement comprising means for applying a torque to said
      gyro rotor about said substantially vertical axis in proportion to the
      inclination angle of said spin axis from a horizontal plane to attenuate
      oscillatory action of said gyro rotor, means for detecting said
      inclination angle, circuit means intermediate of said detection means and
      the torque applying means for causing said torque to be applied to said
      gyro rotor at a repetition rate substantially equal to the north-seeking
      oscillatory rate of the gyro rotor, and means for causing said torque to
      approach zero as said north-seeking oscillatory action approaches a damped
      steady inclination angle.
NUM  2.
PAR  2. A gyrocompass in accordance with claim 1 wherein said means for applying
      said torque comprises an electro mechanical transducer responsive to a
      time varying electrical signal for applying a torque to said gyro rotor,
      electronic circuit means for developing said time varying signal in
      response to the instantaneous position of said gyro rotor, said electronic
      circuit means including an amplifier having transfer function expressed as
      f(S)/g(S) where f(S) is expressed as S.sup.. f'(S) and g(S) becomes a
      constant when S approaches 0, said transfer function f(S)/g(S) being a
      constant for an oscillation period of the north-seeking action of said
      gyrocompass.
NUM  3.
PAR  3. A gyrocompass as claimed in claim 2 in which said transfer function is
      T.sub.2 S/(T.sub.1 S + 1) where T.sub.1 and T.sub.2 are constant and S is
      the Laplace operator.
NUM  4.
PAR  4. In a gyrocompass having a gyro rotor, a gyro case for said gyro rotor, a
      support means for suspending the gyro case in the direction of gravity for
      north-seeking action, a servo means for causing said supporting means to
      track said gyro case about the direction of gravity, detection means for
      detecting a deviation angle of the gyro spin axis from a generally
      horizontal plane, circuit means coupled to an output of said detection
      means for developing a control signal to be applied to said servo means to
      produce an angular offset thereof, said circuit means having a transfer
      function for developing a signal to produce an offset substantially in
      proportion to the output of said detection means a component of said
      output which varies at a rate similar to the period of the north-seeking
      action of the gyro case and for producing a substantially zero offset for
      a constant level component of said output.
NUM  5.
PAR  5. A gyrocompass as claimed in claim 4 in which said transfer function is
      expressed in the form of f(S)/g(S) in which the numerator f(S) must be
      expressed as S.sup.. f'(S) while the denominator g(S) becomes a constant
      at the limit condition of S being nearly zero (S.fwdarw.0), said transfer
      function f(S)/g(S) acting as a constant for an oscillation period of the
      north-seeking action of said gyro case.
NUM  6.
PAR  6. A gyrocompass as claimed in claim 5 in which said transfer function is
      T.sub.2 S/(T.sub.1 S + 1) where T.sub.1 and T.sub.2 are constant and S is
      the Laplace operator.
NUM  7.
PAR  7. In a gyrocompass having a gyro rotor, a gyro case for said gyro rotor, a
      support means for suspending the gyro case for north-seeking action, means
      for detecting a deviation angle of the gyro spin axis from a horizontal
      plane, means for applying a torque to said gyro case about its vertical
      axis in accordance with the output of said detecting means, electronic
      transfer means for applying the output of said detecting means to said
      torque means, said transfer means causing said torque to be substantially
      in proportion to said detecting means output for a component thereof which
      varies with an oscillation period similar to that of the north-seeking
      action of the gyro case and also causing said torque to approach zero as
      said gyro rotor settles to a constant inclination angle.
NUM  8.
PAR  8. A gyrocompass as claimed in claim 7 in which said transfer function is
      expressed in the form of f(S)/g(S) in which the numerator f(S) must be
      expressed as S.sup.. f'(S) while the denominator g(S) becomes a constant
      at the limit condition of S being nearly zero (S.fwdarw.0), said transfer
      function f(S)/g(S) acting as a constant for an oscillation period of
      north-seeking action of said gyrocompass.
NUM  9.
PAR  9. A gyrocompass as claimed in claim 8 in which said transfer function is
      T.sub.2 S/(T.sub.1 S + 1) where T.sub.1 and T.sub.2 are constant and S is
      the Laplace operator.
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ABST
PAL  An arrangement for indicating a relative azimuth between two objects remote
      from each other, such as a control station and a mobile unit remotely
      controlled by the station, on which are respectively mounted first and
      second synchronous transmitters for generating and transmitting their
      respective signals corresponding respectively to true azimuths of the
      station and the unit. The control station is further provided with a
      relative azimuth indicating device including outer stational and inner
      rotatable dials, a rotatable indicator, first and second synchronous
      receivers, each having means for effecting rotation by receiving one of
      the signals corresponding thereto, and means for transmitting the
      respective rotations of the receivers to the inner dial and the indicator,
      respectively. Thus, not only the relative azimuth between the control
      station and the mobile unit but also their respective true azimuths are
      simultaneously read on the device at a glance by a controller in the
      correlation of the outer and inner dials and the indicator.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a Continuation-In-Part application of our prior U.S.
      patent application Ser. No. 171,133 now abandoned filed Aug. 12, 1971
      entitled APPARATUS FOR INDICATING A RELATIVE AZIMUTH ANGLE.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an arrangement for indicating a relative azimuth
      between two objects remote from each other, such as a control station, for
      example, a ship on the sea and a mobile unit, for example, an under-water
      bulldozer, more particularly to an arrangement for indicating not only the
      relative azimuth between the control station and the mobile unit but also
      their respective true azimuths or bearings.
PAR  2. Description of the Prior Art
PAR  It becomes sometimes necessary to find respective true azimuths or bearings
      of two objects remote from each other and, at the same time, to obtain the
      relative azimuth therebetween when the two objects are remotely disposed
      in such a manner that they can change their respective azimuths or
      bearings freely. In particular, when one object is a control unit or
      station while the other object is a mobile unit remotely controlled by the
      control unit or station, it is absolutely necessary to find the relative
      azimuth between them in operation. In the conventional arrangement, the
      true azimuths or bearings of the two objects are separately indicated and
      hence it is difficult to read simultaneously them and to find out the
      relative azimuth therebetween immediately and at a glance.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a novel arrangement for
      indicating a relative azimuth between two objects remote from each other,
      such as a control station, for example, a ship on the sea and a mobile
      unit remotely controlled by the station, for example, an under-water
      bulldozer.
PAR  It is another object of the present invention to provide a device, adapted
      in the arrangement, for indicating simultaneously not only the relative
      azimuth between the control station and the mobile unit and their
      respective true azimuths or bearing thereon so that the relative azimuth
      between them and their respective true azimuths are read at a glance by a
      controller for the purpose of facilitating to control the mobile unit from
      the control station.
PAR  According to one embodiment of the present invention, there is provided an
      arrangement for indicating a relative azimuth between two objects remote
      from each other, such as a control station and a mobile unit remotely
      controlled by the control station, which includes first and second
      detectors mounted respectively on the control station and the mobile unit
      for detecting their respective true azimuths; first and second synchronous
      transmitters mounted respectively on the control station and the mobile
      unit for generating and transmitting their respective signals
      corresponding respectively to the true azimuths of the control station and
      the mobile unit detected by the true azimuth detectors; and a relative
      azimuth indicating device mounted on the control station for indicating
      thereon the relative azimuth between the control station and the mobile
      unit and, at the same time, their respective true azimuths. The device has
      a frame installed in the control station for protecting and supporting
      other elements constituting the device; a transparent window fitted in
      front of the frame; an outer stational dial equally graduated and fixedly
      secured to the frame inside the window and having a mark thereon to which
      the direction of head of the control station is aligned; an inner
      rotatable dial equally graduated and disposed concentrically with the
      outer stationary dial and having a hollow rotary shaft; a rotatable
      indicator extending to and over the outer stationary dial which has at the
      intermediate part thereof an arrow shaped member for indicating the
      graduation of the inner rotatable dial and which has a rotary shaft
      fixedly secured thereto and inserted concentrically with and within the
      hollow rotary shaft of the inner rotatable dial; a first synchronous
      receiver having therein a rotary shaft and means for providing the rotary
      shaft thereof with rotation by receiving the signal corresponding to the
      true azimuth of the control station and transmitted from the first
      synchronous transmitter; a second synchronous receiver having therein a
      rotary shaft and means for providing the rotary shaft thereof with
      rotation by receiving the signal corresponding to the true azimuth of the
      mobile unit transmitted from the second synchronous transmitter; and means
      for transmitting said rotations of the first and second synchronous
      receivers to the inner rotatable dial and the rotatable indicator, whereby
      the true azimuth of the control station is represented on the graduation
      of the inner rotatable dial indicated by the mark provided on the outer
      stationary dial, and that of the mobile unit is represented on the
      graduation of the inner rotatable dial indicated by the arrow shaped
      member provided in the intermediate part of the rotatable indicator, and
      further the relative azimuth between the control station and the mobile
      unit is represented on the graduation of the outer stationary dial
      indicated by the leading end of the rotatable indicator.
PAR  Thus, according to the arrangement of the present invention a controller
      can simultaneously read at a glance not only the respective true azimuths
      of the control station and the mobile unit but also the relative azimuth
      therebetween on the relative azimuth indicating device.
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PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  These and other objects, features and advantages of the present invention
      will become apparent from the following description taken in conjunction
      with the accompanying drawings in which:
PAR  FIG. 1 is a front view of one embodiment of a relative azimuth indicating
      device for use in an arrangement for indicating a relative azimuth between
      two object remote from each other according to the present invention,
PAR  FIG. 2 is a side elevational sectional view showing the interior mechanism,
      as one embodiment, of the device shown in FIG. 1 for explaining the
      operation thereof, and
PAR  FIG. 3 is a block diagram for explaining an azimuthal information
      transmitting system of the arrangement according to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Reference is now made to the drawings, and particularly to FIG. 1 showing a
      front view of a relative azimuth indicating device according to one
      embodiment of the present invention, which can be used for a system in
      which a control station (not shown), such as, for example, an engine room
      in a ship on the sea, monitors the operation of a mobile unit (not shown),
      such as, for example, an under-water bulldozer, remotely controlled by the
      control station. Reference numeral 1 represents a frame for protecting and
      supporting other elements consisting the device. Numeral 2 denotes a
      transparent window, 3 an outer stationary dial equally graduated and
      having a mark 3' provided on the outer dial to which the head direction of
      the control station is aligned. Reference numeral 4 represents an inner
      rotatable dial equally graduated and disposed concentrically with and
      within the outer stationary dial 3. The inner dial 4 is adapted to turn
      upon receiving an electric signal corresponding to the true azimuth or
      bearings of the control station detected by a true azimuth detector (not
      shown), for example, a magnetic compass mounted on the station from a
      synchronous transmitter (not shown) mounted on the station and adapted to
      generate and transmit the electric signal depending upon the operation of
      the true azimuth detector so as to clearly indicate the true azimuth or
      bearings of the control station. Stating more clearly, the true azimuth or
      bearings of the control station can be obtained by reading the graduation
      of the inner rotatable dial 4 which is indicated by the mark 3' provided
      on the outer stationary dial 3. Reference numeral 6 denotes a rotatable
      indicator extending to and over the outer stationary dial 3 and disposed
      coaxially with the inner rotatable dial 4 for indicating the true azimuth
      or bearings of the mobile unit. Namely, the rotatable indicator 6 is
      adapted to turn upon receiving an electric signal corresponding to the
      true azimuth of the mobile unit detected by a true azimuth detector (not
      shown), for example, a magnetic compass mounted on the mobile unit from a
      synchronous transmitter (not shown) mounted on the unit and adapted to
      generate and transmit the electric signal depending upon the operation of
      the detector so as to clearly indicate always the true azimuth or bearings
      of the mobile unit and the relative azimuth between the control station
      and the mobile unit. Stating in more detail, the true azimuth or bearings
      of the mobile unit can be obtained by reading the graduation of the inner
      dial 4 which is indicated by an arrow-shaped member 6a provided in the
      intermediate part of the indicator 6. On the other, the relative azimuth
      between the control station and the mobile unit can be seen by reading the
      graduation of the outer stationary dial 3 which is indicated by the
      leading end of the indicator 6. Further, in the above described embodiment
      according to the present invention, if the indicator 6 is used in
      combination with an indicating plate A on which is illustrated a picture
      of the mobile unit, such as, for example, an under-water bulldozer, as
      shown in FIG. 1, it is convenient for the operator to find immediately the
      direction of the mobile unit in relation to that of the control station
      which can be found by the mark 3' provided on the outer stationary dial 3.
PAR  Referring now to FIG. 2, which is a side elevational sectional view of the
      internal mechanism of the device shown in FIG. 1 for explaining the
      operation thereof, a hollow shaft 5 carries therewith the inner dial 4 and
      is freely rotatable relative to a bearing part 8 of the frame 1. The
      indicator 6 is fixedly secured to a shaft 7 and is adapted to be rotated
      freely and coaxially with the inner dial 4, said shaft having a gear 10
      fixed thereto at the end thereof opposite to the indicator 6. A gear 11 is
      engaged with a gear 9 which is fixedly secured to one end of the hollow
      shaft 5. A shaft 40 having the gear 11 at one end thereof has a first
      bevel gear 20 fixedly secured thereto at the other end thereof. In the
      similar manner, a shaft 50 having a gear 12 at one end thereof has a
      second bevel gear 21 fixedly secured thereto at the other end thereof.
      Both the first and second bevel gears 20 and 21 are engaged with an
      intermediate bevel gear 19 so as to constitute a differential gear unit 31
      together with a differential gear frame 23. Thus, a shaft 60 to which is
      fixedly secured the intermediate bevel gear 19 is carried by the
      differential gear frame 23 so that the gear frame 23 can be freely rotated
      around the bevel gears 20 and 21 with respect to the axes of the shafts 40
      and 50 by the interposition of the bevel gear 19 and the shaft 60. A
      differential response gear 24 is fixedly secured to one end of the
      differential gear frame 23, and the gear 24 is always engaged with the
      gear 10. Reference numeral 13 represents a synchronous receiver having a
      rotary shaft 13a and means for providing the shaft 13a with rotation by
      receiving the signal corresponding to the true azimuth of the control
      station and transmitted from the first synchronous transmitter mounted on
      the control station. The rotary shaft 13a is fixedly secured to a first
      pinion gear 15 which engages with a gear 17B through an idle gear 17A.
      Reference numeral 14 is another synchronous receiver having also a rotary
      shaft 14a and means for providing the shaft 14a with rotation by receiving
      the signal corresponding to the true azimuth of the mobile unit and
      transmitted from the second synchronous transmitter mounted on the mobile
      unit. The rotary shaft 14a fixedly secured a second pinion gear 16 which
      engages with the gear 12 through an idle gear 18. Reference numeral 25
      denotes a correction gear which engages with the first pinion gear 15 and
      is connected through a shaft 27 rotatably supported by the frame 1 of the
      device to a correction knob 29 which is disposed in the front face of the
      device so as to be manually operated. When a discrepancy is caused on the
      inner dial 4 by an external factor, i.e., vibration, etc., that is, in
      case that the true azimuth of the control station represented with the
      graduation of the inner dial 4 indicated by the mark 3' provided on the
      outer dial 3 does not correspond to the correct one, it is rectified by
      turning the correction knob 29. Reference 26 is another correction gear
      which engages with the second pinion gear 16 and is connected through a
      shaft 28 rotatably supported by the frame 1 of the device to a correction
      knob 30 which is disposed in the front face of the device so as to be
      manually operated. When a discrepancy is caused on the rotatable indicator
      6 by such external factor, that is, in case that the true azimuth of the
      mobile unit represented with the graduation of the inner dial 4 indicated
      by the arrow shaped member 6' provided in the intermediate part of the
      indicator 6 does not correspond to the correct one, it is rectified by
      turning the correction knob 30.
PAR  Whereupon, as to the gear ratio, that is, the speed ratio of each of the
      gears, it is so arranged as described below.
PAR  In one embodiment, the speed ratio of the first pinion gear 15 to the gear
      17B is arranged at 4 : 1 through the idle gear 17A, and also that of the
      second pinion gear 16 to the gear 12 is set at 4 : 1 through the idle gear
      18. While, the speed ratio of the gear 11 to the gear 9 is set at 9 : 1,
      and the speed of the differential response gear 24 to the gear 10 is set
      at 4.5 : 1. And, the operation of the differential gear unit 31 is
      explained as follows. In case of that one of the bevel gears 20 and 21 is
      rotated and the other is not rotated, the bevel gear 19 itself is rotated
      at the same speed as the bevel gear 20 or 21 and the same is rotated
      around the bevel gears 20 and 21 along the circumferences of them together
      with the differential gear frame 23 including the differential response
      gear 24 at the same speed as the bevel gears 20 and 21. And, when the
      bevel gears 20 and 21 are rotated at the same speed and in the opposite
      direction, the bevel gear 19 itself is not rotated and the same is not
      rotated around the bevel gears 20 and 21, therefore, the differential
      response gear 24 is not rotated also.
PAR  FIG. 3 shows a block diagram for explaning one embodiment of the system for
      transmitting informations on the respective true azimuths of the control
      station (not shown) and the mobile unit (not shown) remotely controlled by
      the control station from their respective synchronous transmitters to the
      relative azimuth indicating device in the foregoing arrangement according
      to the present invention. The figures in blocks represent the speed ratios
      of gears as they are described hereinbefore. Reference numerals 32 and 33
      denote the first and second synchronous transmitters mounted on the
      control station and the mobile unit, respectively. As is clear from FIG.
      3, the speed ratio of the inner rotatable dial 4 to the pinion gear 15
      rotated by the first synchronous receiver 13 is set at 1 : 36, and that of
      the rotatable indicator 6 to the pinion gear 16 rotated by the second
      synchronous receiver 14 is set at 1 : 36 or 1 : 18. This reduced rate of
      1/36 is given for the purpose of reducing possible errors on the speed
      ratio caused in the synchronous transmission system, whilst it is a matter
      of course that the first and second synchronous transmitters 32 and 33
      generate and transmit their respective signals, each effecting the
      rotation having a speed increased at 36 times of each of the true azimuths
      of the control station and the mobile unit.
PAR  Now, the practical operation of the foregoing arrangement according to the
      present invention is explained as follows.
PAR  When only the control station is displaced on its true azimuth or bearings,
      the rotation effecting means within the first synchronous receiver 13 is
      rotated at a rotation angle, which is 36 times of that of the control
      station depending upon the displacement thereof, by receiving a signal
      corresponding to the new true azimuth of the control station and
      transmitted from the first synchronous transmitter 32. The rotation is
      transmitted at a reducing rate of 1/36 to the hollow shaft 5 to turn the
      inner dial 4 at a rotation angle corresponding to that of the control
      station through the gears 15, 17A, 17B, 11 and 9. Therefore, the new true
      azimuth of the control station can be easy found reading the graduation of
      the inner dial 4 indicated by the mark 3' provided on the outer stationary
      dial 3. In this case, the bevel gear 20 is rotated, but the bevel gear 21
      remains stationary. As a result, the bevel gear 19 is rotated by the bevel
      gear 20 and, at the same time, drives the differential gear frame 23
      including the differential response gear 24 at a speed ratio of one-second
      so as to turn the indicator 6 through the gear 10 at the same rotation
      angle and in the same direction as that of the inner dial 4. Accordingly,
      the true azimuth of the mobile unit has been held in the same as it was
      before on the inner dial 4 indicated by the indicator 6.
PAR  When only the mobile unit is displaced on its true azimuth or bearings
      under the control of the control station, the rotation effecting means
      within the second synchronous receiver 14 is rotated in a similar manner
      as in the first synchronous receiver. In this case, the bevel gear 21 is
      rotated, while the bevel gear 20 remains stationary. As a result, the
      bevel gear 19 is rotated by the bevel gear 21 and, at the same time,
      drives the differential gear frame 23 at a speed ratio of one-second upon
      rotating around the bevel gears 20 and 21 along their circumferences so as
      to turn the indicator 6 through the gear 10 at a rotation angle
      corresponding to that of the mobile unit depending upon its displacement,
      while the inner dial 4 remains stationary.
PAR  In the above cases, either the control station or the mobile unit is
      displaced on its true azimuth or bearings are described, but cases where
      both the two are displaced on their respective true azimuths or bearings
      at the same time will now be described below.
PAR  When the two are displaced on their respective true azimuth or bearings
      simultaneously with each other at the same angle and in the same
      direction, the bevel gears 20 and 21 are rotated in the directions
      opposite to each other, so that the bevel gear 19 is rotated by the bevel
      gears 20 and 21 without having any frictional resistance, therefore its
      rotation is not transmitted to the differential gear frame 23. For this
      reason, the indicator 6 remains stationary, while only the inner dial 4
      connected to the bevel gear 20 is rotated. This indicates that the
      relative azimuth between the control station and the mobile unit have been
      held in the same as it was before and hence their respective true azimuths
      or bearings are changed at the same angle with each other.
PAR  Then, if the control station and the mobile unit are displaced
      simultaneously with each other at the same angle in the directions
      opposite to each other, the bevel gears 20 and 21 are rotated at the same
      angle and in the same direction with each other so that the bevel gear 19
      is not allowed to rotate, thereby rotating the differential gear frame 23
      integrally with the bevel gears 20 and 21 at a speed ratio of 1 : 1.
      While, the speed ratio of the differential response gear 24 to that of the
      gear 10 is set at 4.5 : 1, and that of the gear 11 to the gear 9 is set at
      9 : 1. Therefore, the indicator 6 is rotated at a rotation angle twice of
      that of the inner dial 4 in the same direction as that of the inner dial
      4. This means that if the control station should turn clockwise from the
      original true azimuth thereof at an angle of 20.degree., the mobile unit
      would turn counterclockwise by an angle of 20.degree. from its original
      true azimuth.
PAR  As is clear from the foregoing, the present invention is advantageous
      particularly in that the arrangement according to the present invention is
      extremely useful for indicating the respective directions of two objects
      remote from each other, such as a control ship on the sea and an
      under-water bulldozer controlled by the control ship, and is adapted to
      indicate the respective true azimuths of the control ship and the
      under-water bulldozer and also to indicate the relative azimuth
      therebetween on one and the same indicating device, thereby facilitating
      extremely the control of the under-water bulldozer.
PAR  In the above-mentioned embodiment of the present invention, a differential
      gear unit operated mechanically is employed, but a differential
      synchronous mechanism actuated electrically can also be used for achieving
      the same purpose.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An arrangement for indicating a relative azimuth between two objects
      remote from each other, such as a control station having therein a first
      detector for detecting a true azimuth thereof and a mobile unit remotely
      controlled by the control station which has therein a second detector for
      detecting a true azimuth thereof, comprising:
PA1  a first synchronous transmitter mounted on the control station for
      generating and transmitting a signal corresponding to the true azimuth of
      the control station detected by said first azimuth detector; a second
      synchronous transmitter mounted on the mobile unit for generating and
      transmitting a signal corresponding to the true azimuth of the mobile unit
      detected by said second true azimuth detector;
PA1  a frame installed in the control station for protecting and supporting
      other elements constituting said device;
PA1  a transparent window fitted in front of said frame;
PA1  an outer stationary dial equally graduated and fixedly secured to the frame
      inside the window and having a mark thereon aligned with the direction of
      heading of the control station;
PA1  an inner rotatable dial equally graduated and disposed concentrically with
      said outer stationary dial and including a hollow rotary shaft;
PA1  a rotatable indicator extending to and over said outer stationary dial and
      having at the intermediate part thereof an arrow shaped member for
      indicating the graduations of the inner inner dial and having a rotary
      shaft fixedly secured thereto and inserted concentrically within said
      hollow rotary shaft of said inner rotatable dial;
PA1  a first synchronous receiver having therein a rotary shaft and means for
      providing the rotary shaft with rotation by receving the signal
      transmitted from said first synchronous transmitter mounted on the control
      station;
PA1  a second synchronous receiver having therein a rotary shaft and means for
      providing the rotary shaft with rotation by receiving the signal
      transmitted from said second synchronous transmitter mounted on the mobile
      unit; and
PA1  means for transmitting said rotations of said first and second synchronous
      receivers to said inner rotatable dial and the rotatable indicator such
      that the true azimuth of the control station is represented on the
      graduation of said inner rotatable dial indicated by said mark provided on
      said outer stationary dial, and that of the mobile unit is represented on
      the graduation of said inner rotatable dial indicated by said arrow shaped
      member provided in the intermediate part of said rotatable indicator, and
      moreover the relative azimuth between the control station and the mobile
      unit is represented on the graduation of said outer stationary dial
      indicated by the leading and of said rotatable indicator.
NUM  2.
PAR  2. The arrangement as set forth in claim 1, wherein said rotation
      transmitting means in said relative azimuth indicating device comprises a
      gear transmitting mechanism consisting of:
PA1  a first pinion gear fixedly secured to one end of said rotary shaft of said
      first synchronous receiver;
PA1  a first idle gear meshed with said first pinion gear;
PA1  a first year meshed with said first idle gear and having a first shaft
      fixedly secured thereto and rotatably supported by said frame of said
      device;
PA1  a second gear fixedly secured to said shaft;
PA1  a third gear fixedly secured to one end of said hollow rotary shaft of said
      inner rotatable dial;
PA1  a second pinion gear fixedly secured to one end of said rotary shaft of
      said second synchronous receiver;
PA1  a second idle gear meshed with said second pinion gear;
PA1  a fourth gear meshed with said second idle gear and having a second shaft
      fixedly secured thereto and rotatably supported by said frame of said
      device;
PA1  a differential gear unit which is composed of a differential gear frame
      including a differential response gear, a first bevel gear fixedly secured
      to one end of said first shaft, a second bevel gear fixedly secured to one
      end of said second shaft, and an intermediate bevel gear meshed with said
      first and second bevel gears, said third bevel gear having a third shaft
      fixedly secured thereto and rotatably supported by said differential gear
      frame; and
PA1  a fifth gear meshed with said differential response gear and fixedly
      secured to one end of said rotary shaft of said rotatable indicator:
PAL  whereby said first synchronous receiver is connected to said inner
      rotatable dial through said first pinion gear, first idle gear, first
      gear, second gear and third gear, and whereby said second synchronous
      receiver is connected to said rotatable indicator through said second
      pinion gear, second idle gear, fourth gear, said differential gear unit
      and fifth gear.
NUM  3.
PAR  3. The arrangement as set forth in claim 1, wherein said relative azimuth
      detecting device further comprises:
PA1  a first correction means for correcting a discrepancy of said inner
      rotatable dial, that is, a discrepancy between the true azimuth of the
      control station represented with the graduation of said inner rotatable
      dial indicated by said mark provided on said outer stationary dial and the
      correct true azimuth of the control station, said first correcting means
      being composed of a correction gear meshed with said first pinion gear, a
      shaft fixedly secured to said correction gear at the one end thereof and
      rotatably supported by said frame of the device and a correction knob
      fixedly secured to the other end of said shaft and disposed in the front
      face of the device so as to be manually operated, and
PA1  a second correction means for correcting a discrepancy of said rotatable
      indicator, that is, a discrepancy between the true azimuth of the mobile
      unit represented with the graduation of said inner rotatable dial
      indicated by said arrow shaped member provided in the intermediate part of
      said indicator and the correct true azimuth of the mobile unit, said
      second correcting means being composed of a correction gear meshed with
      said second pinion gear, a shaft fixedly secured to said correction gear
      at the one end thereof and rotatably supported by said frame of the device
      and a correction knob fixedly secured to the other end of said shaft and
      disposed in the front face of the device so as to be manually operated.
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ABST
PAL  Apparatus for rapidly and conveniently drying an agarose gel slide
      following electrophoresis is provided which utilizes both vacuum and
      heated air to remove moisture from the slide.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates in general to electrophoresis and more particularly
      to an apparatus for drying electrophoresis slides after a separation has
      occurred and the proteins so separated have been fixed.
PAC  BACKGROUND OF THE INVENTION
PAR  Electrophoresis is a method for the analysis of proteins in body fluids and
      has proven to be very valuable in laboratory and clinical work. There have
      been a number of commercial instruments produced for relatively low
      resolution applications, in which the electrophoretic medium is a
      microporous plastic membrane or filter paper which permits resolution of
      perhaps five components in the material being analyzed. Much higher
      resolution and accordingly analysis of as many as fifteen components may
      be obtained utilizing a relatively large area of agarose gel slide which
      is subjected to electrophoresis under specific contolled conditions. Such
      a slide is formed of an aragose gel with a barbital buffer added. While
      measurements performed with these slides have shown excellent results in
      laboratory environments, in order to attain widespread clinical use, an
      apparatus for providing easy, economical and particularly accurate and
      reproducible results is required.
PAR  In electrophoresis, the initial step is to apply the sample material to the
      electrophorteic medium and allow the separation to take place by migration
      under the influence of an applied electric field. Thereafter the slide is
      fixed chemically, dried and subsequently read either directly or with
      appropriate densitometer devices. To obtain a practical migration
      apparatus, the device must be capable of obtaining accurate and highly
      reproducible results even when operated by relatively unskilled
      technicians. As above indicated, once the electrophoretic migration has
      taken place, the slide must be fixed, dried and stained to provide for
      interpretation and to provide a permanent record. The fixing is done with
      appropriate chemical baths in accordacne with standard techniques. Once
      the fixing has been completed, the slide must be dried prior to staining
      to enhance the contrast between the protein molecules and the background.
      One technique for drying the slide is to press the slide under absorbing
      pads with a weight of perhaps 1 kilogram to force excess liquid from the
      slide into the absorbing pad and thereafter to complete the drying process
      with an air dryer. This drying process takes about two hours. It will be
      appreciated that this process is awkward and difficult to use in service
      laboratories where routine electrophoresis testing is to be carried out
      both accurately and economically for a large number of samples.
PAR  It is therefore the primary object of the present invention to provide a
      drying station for electrophoresis slides, which will permit accurate,
      routine and economical drying of slides prior to staining and densitometer
      readout.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention an apparatus is provided in which an
      electrophoretic slide may be readily and conventionally mounted first for
      applying a vacuum to the slide to remove moisture rapidly and reduce the
      slide to a substantially less moist condition and thereafter, in the same
      apparatus, to provide for drying with heated air by flowing the heated air
      directly onto the active surface of the slide. The apparatus is
      constructed to minimize handling and to perform both operations at the
      same location. Such an arrangement provides, not only for routine and
      accurate handling of the slide with ease, but the time required for
      complete drying is of the order of a few minutes. The drying process
      includes two steps, vacuum drying followed by hot air drying. Apparatus
      made in accordance with the invention includes a housing having both
      vacuum connections and a source of heated air. The housing is formed to
      receive a vacuum tray subassembly in which the electrophoresis slide is
      mounted during the initial step and a slide retainer in which the same
      slide can be exposed to the heated air during the second step of the
      drying process.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an illustration in plan view of an electrophoresis slide drying
      apparatus constructed in accordance with the principles of this invention;
PAR  FIG. 2 is a cross sectional view of the apparatus of FIG. 1 taken along the
      line 2--2 of FIG. 1;
PAR  FIG. 3 illustrates a portion of the cross sectional view of FIG. 2 with a
      vacuum subassembly in position;
PAR  FIG. 4 illustrates a portion of the view of FIG. 2 with a slide retainer
      subassembly in position; and
PAR  FIG. 5 is a cross sectional view along the line 5--5 of FIG. 1 but having
      the slide retainer subassembly in position.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The drying station, as is depicted in FIGS. 1 and 2, includes a generally
      rectangular housing 3 with a cast aluminum member 4 serving as the housing
      cover. The housing cover 4 has a generally circular opening 6 over which
      is supported an open sided fan cover plate 7. An air fan 10 is positioned
      below opening 6 to draw air into the housing 3 over a heating coil 16
      supported on insulating standoffs 18. The housing cover member 4 includes
      a rectangular depression generally indicated at 11 which receives both the
      vacuum drying subassembly and a slide retainer subassembly for retaining
      the electrophoresis slide when it is to be exposed to a flow of heated
      air. Operationally, before drying the electrophoresis slide is fixed and
      rinsed, and the gel therefore contains liquid. This must be removed prior
      to staining and densitometer measurements.
PAR  In the present invention the fluid removal is a two step process. In the
      first step a vacuum is applied to the agarose gel surface of the slide and
      in three or five minutes a very high proportion, for example 80 to 90%, of
      the fluid content of the gel is removed. Upon completion of this step, the
      slide is exposed to a flow of heated air to remove the remainder of the
      moisture content. Both the vacuum subassembly and the slide retaining
      element for use in exposing the slide to the flow of heated air, are
      arranged to fit within the rectangular depression 11 in which the circular
      openings 13 provide for the flow of heated air against the surface of the
      slide with the slide retaining element in position and, in which the
      vacuum connection provides for applying the vacuum to the slide when it is
      included within the vacuum subassembly.
PAR  In FIG. 3, the vacuum subassembly generally indicated at 17 is shown
      positioned on the housing 3. This subassembly includes a generally
      rectangular vacuum tray 24 formed typically of molded plastic with a
      ribbed support member 26 positioned within the tray 24 and supporting on
      its upper surface a sintered polyethylene sheet 28, which provides for a
      planar support surface for the electrophoresis slide 48. The polyethylene
      sheet 28 is fastened to the tray 24 by means of a slide locating frame 29
      which is sealed to the tray body and provides a rectangular frame for
      locating the slide on the porous surface of sheet 28. The vacuum tray 24
      includes a standpipe 23 which is fastened over a vacuum connection 20
      which is typically press fit into the bottom of the tray 24 and which
      provides a connection for evacuating the tray to remove the water from the
      gel surface of the electrophoresis slide. A seal is formed between an
      annular lip 19 on the bottom of tray 24 and a gasket 22 on base member 4.
      The gasket may be formed of 1/16" silicone rubber for example. The vacuum
      tube 21 within the housing 3 may be connected to a suitable external
      vacuum pump (not shown).
PAR  The sintered polyethylene sheet 28 is typically 3/16 inch thick and has a
      porosity of approximately 70%. A cover member 30 for providing a vacuum
      seal to the vacuum subassembly 17 is formed of a plastic material and
      includes a sponge elastomer pad 32 formed of a material such as closed
      cell rubber, which is fastened to the cover 30 at its periphery by means
      of a backing plate 31 so that, when the cover is positioned over an
      elastophoresis slide, the application of a vacuum to the subassembly will
      draw the resilient sponge rubber pad 32 against the surface of the
      substrate electrophoresis slide 48 and, since the slide is supported by
      the sintered polyethylene sheet 28, a substantially uniform pressure is
      provided over the entire surface of the slide to remove the fluid from it.
      It is important to note that the rubber pad must be free to move
      downwardly against the slide. It should not be secured, except at its
      edges, to the cover 30. The ribbed support member 26 provides for
      relatively uniform support for the polyethylene sheet 28 and allows the
      removed moisture to drain into the vacuum tray 24 itself. The entire
      vacuum drying operation may be carried out in one or two minutes.
PAR  In FIGS. 4 and 5 the slide retaining element 40 is shown in place on the
      housing 3. The slide retaining element 40 is formed of a generally
      rectangular inverted tray having a pair of ribbed members 42 curved to
      receive the electrophoresis slide 48. The slide 48 is mounted within the
      retaining element 40 with the agarose gel surface 48a facing the open
      portion of the tray 40 and snapped into a curved position within
      projecting lip 44. The overall retainer 40 is then positioned, as shown,
      in depression 11 in the housing 4. The fan 10 blowing air over the heating
      coil 16 creates a flow of heated air which passes through the circular
      openings 13 in the base member 4 and impinges directly onto the agarose
      gel surface 48a of the slide 48. As a second step following the vacuum
      step, an additional minute or two of exposure of slide to the heated air
      is sufficient to dry the surface.
PAR  With the apparatus as shown, a single apparatus may be used for the drying
      of agarose gel slides and yet, with the application of a two step process
      of vacuum drying plus heated air drying, the required drying time for the
      slide may be reduced from approximately one to two hours to 2 to 4
      minutes.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for drying a gel electrophoresis slide comprising,
PA1  a housing having a generally rectangular recess therein,
PA1  connection means within said recess providing a conduit connecting to a
      vacuum producing means,
PA1  means for generating a flow of heated air within said housing, said housing
      including a plurality of openings within said rectangular recess
      permitting said heated air to flow therethrough,
PA1  first and second subassemblies for holding an electrophoresis slide during
      a two-step drying process, each of said subassemblies being formed to fit,
      one at a time, within said housing recess,
PA1  said first subassembly including a tray having one open side,
PA1  a planar porous surface slide support means,
PA1  a ribbed support member in said tray supporting a planar porous surface in
      spaced apart parallel relation to the side of said tray opposite said open
      side and coextensive with said open side, for mounting the electrophoresis
      slide to be dried, and
PA1  a cover member for said tray, said cover member including a resilient
      surface pad forming a substantially vacuum tight seal with said tray, said
      tray having a connection therein for coupling to said vacuum connection
      within said housing.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein in said first subassembly
      the planar slide support surface is formed of sintered polyethylene.
NUM  3.
PAR  3. Apparatus for drying a gel electrophoresis slide comprising,
PA1  a housing having a generally rectangular recessed portion,
PA1  said housing having a vacuum connection in said housing recess,
PA1  a subassembly, said subassembly including a generally rectangular tray
      having one open side therein,
PA1  a ribbed support member in said tray supporting a planar porous surface in
      spaced apart parallel relation to the side of said tray opposite said open
      side and coextensive with said open side, for mounting the electrophoresis
      slide to be dried, and
PA1  a cover member for said tray, said cover member including a resilient
      surface pad forming a substantially vacuum tight seal with said tray, said
      tray having a connection therein for coupling to said vacuum connection
      within said housing.
NUM  4.
PAR  4. An apparatus in accordannce with claim 3 in which said planar support
      surface is formed of a sintered polyethylene sheet.
NUM  5.
PAR  5. An apparatus in accordance with claim 3 wherein said cover has retained
      within it a flexible elastomer sponge sheet to form said resilient
      surface.
NUM  6.
PAR  6. Apparatus in accordance with claim 5 said sponge sheet is secured to
      said cover only at its periphery to allow freedom of said sheet to
      compress uniformly against a slide supported on said surface member.
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ABST
PAL  This disclosure is directed to an ultraviolet curing oven particularly
      adapted for drying one piece bodies of two piece cans, the oven including
      a housing through which passes a conveyor carrying a plurality of brushes
      for supporting the can bodies thereon and means for rotating the brushes
      to thereby rotate the can bodies past ultraviolet lamps to dry or cure the
      can bodies which had earlier been base coated.
PAL  The brushes are rotated through the use of a stationary chain meshing with
      a sprocket carried by each brush.
PAL  The ultraviolet lamps are disposed in pairs generally but not perfectly
      parallel to the direction of can body travel through the oven, and means
      are provided for rotating the ultraviolet lamps both toward and away from
      the can bodies so that particularly in the latter case the can bodies
      and/or brushes will not be burned or scorched should stoppage of the
      conveyor occur for any reason.
BSUM
PAR  In keeping with the present invention one piece can bodies are
      conventionally fed onto brushes of a conveyor chain which passes through a
      conventional can coater. Thereafter the chain conveyor conveys the base
      coated can bodies into the novel ultraviolet curing oven of this invention
      during which the can bodies are subjected to the heat and ultraviolet rays
      of two pair of ultraviolet lamps resulting in the rapid curing or drying
      of the base coated can bodies and the subsequent unloading thereof for
      subsequent processing.
PAR  In keeping with a primary object of this invention the can bodies are
      rotated as they pass the ultraviolet lamps and this is achieved by
      providing each brush with a shaft having secured to it a sprocket which in
      turn meshes with a chain positioned generally parallel and adjacent the
      path of travel of the conveyor chain as it moves between the pairs of
      ultraviolet lamps whereby rotation is imparted to the sprocket and in turn
      to the brushes and the can bodies carried thereby.
PAR  In keeping with still another object of this invention the rotation
      imparting chain is held stationary at one end but at its opposite end a
      spring mounts the chain to the oven frame such that the rotation imparting
      chain may shift slightly in the direction of conveyor travel to compensate
      for any initial infeed misalignment between the rotation imparting chain
      and the sprockets carried by the brushes.
PAR  Another object of this invention is to provide a novel apparatus of the
      type described wherein the pairs of ultraviolet lamps have longitudinal
      axes disposed along but askew to the path of travel imparted to the can
      bodies by the conveying means, and means are provided for rotating the
      pair of ultraviolet lamps through 180 degrees thereby redirecting the
      normal direction of heat application away from the path of travel to
      prevent heat damage to the can bodies should there be a stoppage in the
      conveying means for any reason whatever.
PAR  Still another object of this invention is to provide a novel ultraviolet
      curing oven or dryer of the type described and a single source which, is
      preferably though not necessarily a fluid or pneumatic cylinder, imparts
      the rotation to the two pairs of ultraviolet lamps through novel cable and
      shaft linkage means.
PAR  Wtih the above and other objects in view that will hereinafter appear, the
      nature of the invention will be more clearly understood by reference to
      the following detailed description, the appended claimed subject matter,
      and the several views illustrated in the accompanying drawing.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a highly schematic side view, and illustrates a continuous chain
      conveyor carrying brushes upon which are carried can bodies for passage
      from a can coater through two pairs of ultraviolet lamps of an ultraviolet
      curing oven.
PAR  FIG. 2 is a highly schematic view looking from right-to-left in FIG. 1 of
      the curing oven, and illustrates the askewed relationship of both pairs of
      ultraviolet lamps relative to the path of conveyor travel, and means for
      imparting rotation to the lamps through 180.degree..
PAR  FIG. 3 is an enlarged sectional view taken generally along line 3--3 of
      FIG. 2, and illustrates details of a cable system for imparting rotation
      to the ultraviolet lamps.
PAR  FIG. 4 is a fragmentary perspective view of the structure shown in FIG. 3,
      and illustrates further details thereof.
PAR  FIG. 5 is a fragmentary sectional view taken along line 5--5 of FIG. 3, and
      illustrates the askewed mounting of one of the pair of ultraviolet lamps
      relative to the unillustrated path of conveyor travel, as well as details
      of the cable mechanism for rotating the lamps.
PAR  FIG. 6 is a cross-sectional view taken generally along line 6--6 of FIG. 5,
      and illustrates one of the two pair of ultraviolet lamps directed toward a
      can body carried by a brush on the conveyor chain.
PAR  FIG. 7 is an exploded perspective view, and illustrates details of the can
      body holder including a sprocket carried thereby and a flat surface cam
      for aligning the sprocket teeth with a stationary chain during initial
      infeed to the curing oven.
PAR  FIG. 8 is a fragmentary side elevational view of the curing oven similar to
      FIG. 1, and illustrates details of a cam for contacting the cam member
      carried by each can body holder on the main conveyor chain for aligning
      the teeth of each sprocket with a stationary chain disposed generally
      parallel to the main conveyor chain.
PAR  FIG. 9 is an enlarged fragmentary view of the encircled portion of FIG. 8,
      and illustrates with more clarity the manner in which the teeth of the
      illustrated sprocket are about to register with the pins of the stationary
      track or chain.
PAR  FIG. 10 is an enlarged fragmentary sectional view taken generally along
      line 10--10 of FIG. 9, and illustrates further details of construction of
      the structure of FIG. 9.
PAR  FIG. 11 is an enlarged fragmentary sectional view taken generally along
      line 11--11 of FIG. 8, and illustrates further details of the construction
      thereof including guide means for each can body holder as it passes
      through the ultraviolet curing oven.
PAR  FIG. 12 is an enlarged fragmentary sectional view taken generally along
      line 12--12 of FIG. 8, and illustrates the manner in which rotation is
      imparted to each can body holder through its sprocket and the stationary
      chain or track.
PAR  FIG. 13 is an enlarged sectional view taken generally along line 13--13 of
      FIG. 8, and illustrates further details of the can body infeed section of
      the oven.
DETD
PAR  A novel ultraviolet curing oven particularly adapted for curing or drying
      base coated one piece can bodies in generally designated by the reference
      numeral 10 (FIG. 1) and includes a housing 11 through which passes
      conveying means in the form of a conveying chain 12. The conveying chain
      12 is driven by suitable means as, for example, a variable speed motor
      connected to a drive sprocket 13 of a can body coater 14 of a conventional
      construction. The can bodies are fed to the conveyor 12 prior to the same
      moving into the coater 14 and outwardly therefrom after they have been
      base coated in a conventional manner. Thereafter the conveyor chain 12 is
      guided by suitable sprockets to a lower main sprocket 15 and an upper main
      sprocket 16 between which are two pair of ultraviolet lamps 17, 18 which
      cure the base coating during the passage of the can bodies therebetween by
      the conveyor 12 after which the can bodies are removed by a suitable
      unloading mechanism 20 (FIG. 2) such as a 6920U-1 oven unloader.
PAR  Reference is now made to FIG. 7 which shows details of the conveyor chain
      12 and specifically the manner in which the same is provided with a
      plurality of can body supports in the form of a wire brush 21 having a
      diameter slightly greater than the internal diameter of each can body C
      such that as each can body C is fed upon the brush 21 the individual wires
      or brissles thereof deform slightly to insure retention of the can C
      thereupon. A stem 22 of the holder or brush 21 has a threaded end portion
      23 which is slightly reduced and receives thereon a cam member 24 having
      opposite parallel flat cam surfaces 25. The cam element 24 is fixed to a
      sprocket 26 by a suitable pin 27 or the like. The stem 23 of each holder
      21 is thereafter passed through suitable bores 28 of individual links
      (unnumbered) of the chain 12 and fastened therein by lockwashers, nuts, or
      the like, generally designated by the reference numeral 30. In this
      fashion the conveyor 12 is provided with a plurality of can body holders
      in the manner most evident from FIGS. 1, 2 and 8 of the drawings for
      moving the can bodies C pass the two pair of ultraviolet lamps 17, 18.
PAR  During the movement of the can bodies C pass the pair of ultraviolet lights
      17, 18, the holders are rotated to make certain that the can body
      exteriors are uniformally subjected to the ultraviolet radiation. The
      manner of imparting rotation to each of the holders 21 is by bringing each
      sprocket 26 into mesh with a stationary chain or track 35 in a manner most
      readily apparent from FIGS. 8 through 13 of the drawings. The chain 35 is
      fastened at an upper end (FIG. 8) by a suitable bracket 36 to one of a
      pair of angle iron members 37,38, forming a portion of the overall machine
      frame (unnumbered). Bracket 36 is preferably bolted to the angle member 37
      in such a way to permit vertical motion for adjustment purposes in a
      conventional manner as, for example, passing the bolt through an elongated
      slot of the bracket 36 (not shown). The lower end of the track 35 is
      similarly rigidly connected to the machine frame by a bolt or the like 40
      (FIG. 9) or alternately the lower end of the chain 35 may be connected to
      a relatively stiff spring which in turn is suitably connected to the
      frame. The purpose of such spring is to permit slight give to the chain 35
      should the sprocket teeth not align perfectly as they are introduced to
      the links of the chain 35 by upward motion of the conveyor 12, as viewed
      best in FIGS. 8 and 9 of the drawings.
PAR  In order to assure alignment or alternatively compensate for misalignment
      which might otherwise occur the entrace end (unnumbered) of the machine
      adjacent the sprocket 15 (FIG. 8) is provided with alignment means
      generally designated by the reference numeral 41. The alignment means 41
      includes an alignment bar 42 connected by a pair of links 43 (FIG. 9), 44
      (FIG. 8) to a pair of blocks (unnumbered) which are in turn secured to the
      angle bar 37. A pair of springs 45 (FIGS. 8 and 9) and 46 (FIG. 8) biased
      the bar 42 to the right as viewed in FIGS. 8 and 9. The bar includes a
      tapered cam surface 47 (FIG. 8) and a relatively longer surface 48 which
      parallels the path of travel of the chain 12 as it passes upwardly between
      the sprockets 15,16 as is best viewed in FIG. 8. As may be best visualized
      from FIGS. 8 and 13 of the drawings, either flat surface 25 of each cam
      member 24 will contact the cam surface 47 of the bar 42 as upward motion
      occurs during the travel of the chain 12 between the sprockets 15,16. The
      surfaces 25,27 interact resulting in the rotation of the cam member 24
      and, of course, each sprocket 27 secured thereto. The surface 25
      subsequently merges in parallel relationship with the surface 28 of the
      bar 42 with the result that as each can body holder 21 departs the surface
      48 of the bar 42, much in the manner illustrated in FIG. 9, the teeth of
      the sprocket will be positioned for meshing engagement with the chain 35.
      However, rather than directly being meshed after departing the bar 42 a
      tooth (unnumbered) of each sprocket contacts a resilient finger 50 formed
      of relatively hard rubber (60 durometer) joined to the frame by a suitable
      bolt 51. The finger 50 thus imparts initial counter-clockwise rotation, as
      viewed in FIG. 9, to each sprocket resulting in the tooth leading the
      tooth contacting the finger 50 to drop into a gap between the last link
      and the finger 50 and the next following tooth to mesh correctly with the
      first link of the chain 35. Thereafter as the conveyor chain 12 moves in a
      direction toward the sprocket 16 the sprockets carried by the chain 12
      since now meshing with the chain 35 which is stationary will be
      continuously rotated until passing beyond the upper end of the chain 35
      generally in the area of the bracket 36 (FIG. 8). In this manner each can
      C carried by a holder 21 will be rotated several times during its passage
      between the pair of ultraviolet lamps 17,18 to assure uniform application
      of ultraviolet rays upon the base coating on the containers exterior
      cylindrical surface.
PAR  During the movement of the chain 12 between the sprockets 15,16 each
      sprocket 26 must be maintained in meshing relationship with the chain 35,
      and to this end a guide 52 suitably secured to the angle bar 38 (FIGS. 8
      and 9) extends generally the length of the chain 35 with a surface 53
      thereof being parallel to the chain 35 as well as that portion of the
      chain 12 between the sprockets 15,16. The surface 53 is closely adjacent
      each stem 22 (FIG. 10) and therefore any tendencey of the sprocket 26
      carried by each stem 22 to move to the right, as viewed in FIG. 10, is
      opposed by the surface 53 thereby maintaining meshed engagement and
      assuring rotation of the holders 21 in the manner most readily apparent in
      FIGS. 11 and 12.
PAR  The pairs 17,18 of ultraviolet sources or lamps are identical, as are means
      to be described hereinafter for operating the same. Hence the following
      description of the pair 18 is equally applicable to the pair 17. The pair
      18 of ultraviolet lamps includes two conventionally produced ultraviolet
      lamps 60, 61 (FIGS. 5 and 6) having florescent or like tubes of
      ultraviolet radiation which are generally designated by the reference
      numerals 62,63, respectively. The tube 62,63 are in conventional housings
      which include reflector surfaces 64, 65 which normally oppose each other
      (FIG. 6) and direct ultraviolet energy toward the can bodies C carried by
      the chain or conveyor 12 between the sprockets 15 and 16. The longitudinal
      axis of the ultraviolet lamps 60,61 are slightly askewed or tilted
      relative to each other and to the direction of travel of the can bodies C
      therebetween in the manner readily apparent from FIGS. 2,5 and 6 of the
      drawings.
PAR  The lamps 60,61 are suitably mounted for rotation in lower bushings 67,68,
      respectively, carried by a bracket 70 secured to the machine frame. Lower
      tubular ends 71 of each lamp 60,61 are tubular and are received in the
      bearings or bushings 67,68. The lower ends are tubular in order that
      flexible conduits 72 may be suitably attached to the bracket 70 and draw
      hot air from the interior of the lamps 60,61 to preclude undesired heat
      build-up, can body scorching, brush burning, etc.
PAR  Upper ends of the lamps 60,61 carry shafts 73,74, respectively, which are
      suitably journaled in a bracket 75 secured to the machine frame
      (unnumbered). The shaft 74 has keyed thereto a grooved wheel or pulley 76
      while the shaft 73 has keyed thereto a pair of grooved wheels or pulleys
      77,78. A first cable 80 (FIGS. 3 and 4) is entrained about the pulley 77
      and a pulley 81 keyed to a vertical shaft 82 journaled for rotation in a
      bracket 83 mounted to the machine frame. The cable 80 passes beneath a
      pair of guide rollers 84,85 suitably connected by a post 86 to the bracket
      83. Another cable 87 is entrained about the pulleys 76,78 and another
      groove wheel or pulley 90 keyed to a shaft 91 which is in turn suitably
      fixed to the frame 75. The cable 87 is guided by a stepped guide pulley 92
      carried by a shaft 93 secured to another portion of the frame 75.
PAR  A pneumatic cylinder 94 is connected beneath the bracket 83 and its piston
      rod 95 is connected by a bifurcated yoke 96 to the shaft 82. As the piston
      rod 95 is extended from the cylinder 94 by conventional means the yoke 96
      rotates the shaft 82 which in turn rotates the pulley 81 through
      90.degree. of rotation which can be established by suitable stops or like
      conventional limiting means. However, since the ratio of the pulley 81 to
      the pulley 77 is two-to-one for 90.degree. of rotation of the pulley 81
      the shafts 73,74 rotate 180.degree. which will rotate the lamps 60,61 a
      like 180.degree. in the manner deplicted by the double headed unnumbered
      arrows in FIG. 6 which in effect directs the radiation emitted from the
      florscent tubes 62,63 directly 180.degree. opposite that illustrated in
      FIG. 6 and thus away from the can C therebetween. Preferably the fluid
      cylinder 94 is operated through a heat sensing switch and a solenoid (not
      shown) such that should the conveyor 12 cease to operate for one reason or
      another, particularly the flight thereof between the sprockets 15,16, the
      lamps 60,61 will be directed away from the cans C so that the latter as
      well as any brushes 21 not carrying a can body C thereon will neither be
      scorched, burned, or otherwise damaged. At the same time conventional
      control means are provided for reducing or completely terminating
      electrical power to the lamps 62,63 to reduce the heat emitted in the oven
      when the container bodies C are not moving therethrough.
PAR  Reference is made to FIG. 2 of the drawings which illustrates the shaft 82
      projecting above the pulley 81 and having connected to its upper end a
      pulley 95 which in turn has entrained thereabout a cable 96 identical to
      the cable 80 which is in turn entrained about a pulley 97 above a pulley
      98 corresponding to the pulleys 77,78 of the mechanism shown in FIGS. 3
      and 4. Another pulley 100 identical to the pulley 76 is keyed to the other
      lamp shaft and has entrained thereabout a cable 101 which is also
      entrained about the cable 98 and a pulley identical to the pulley 90 (not
      shown). Thus in effect the illustrated components 95 through 98, 100 and
      101, and those not illustrated, are identical to the components
      illustrated in FIG. 4. Thus, the same 90 degree rotation imparted to the
      shaft 82 is transmitted to the lamps of the pair 17 to likewise achieve
      the simultaneous 180.degree. rotation of these as are imparted to the
      pairs 18. Mounted behind each ultraviolet lamp of each pair 17,18 is an
      air-cooled heat sink 110,111 respectively, as is best illustrated in FIGS.
      3 and 4 of the drawings. These head sinks are simply hollow chambers
      constructed from aluminium or like high heat conducting material which are
      air-cooled by means of a fan or blower 112 (FIG. 2) which is connected by
      a manifold 113 and a plurality of flexible conductors 114 to the interior
      of the heat sinks 110,111. The same blower 112 and manifold 113 are also
      connected to the conduit 72 to thereby maintain air circulation from the
      oven interior to the exterior thereof in order to maintain temperatures
      within the oven as desired.
PAR  While preferred forms and arrangements of parts have been shown in
      illustrating the invention, it is to be clearly understood that various
      changes in detail and arrangement of parts may be made without departing
      from the spirit and scope of this disclosure.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for drying articles comprising a housing, conveying means for
      conveying articles along a path of travel in said housing, means for
      drying articles during the movement thereof in said housing by said
      conveying means, said drying means being at least a pair of heat sources
      disposed to normally direct heat toward the path of travel of said
      conveying means, said pair of heat sources being disposed in opposing
      relationship to each other on opposite sides of said path of travel, said
      pair of heat sources having longitudinal axes disposed along but askewed
      to the path of travel of said conveying means, the skewing of said pair of
      heat sources being in directions opposite each other, means for
      redirecting the normal direction of heat application away from said path
      of travel to prevent heat damage to the articles carried by said conveying
      means, and said redirecting means including means for rotating said heat
      sources away from the path of travel of said conveying means about axes
      generally parallel to said longitudinal axes.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said rotating means
      simultaneously rotates said pair of heat sources in opposite directions.
NUM  3.
PAR  3. The apparatus as defined in claim 2 wherein said rotating means include
      common endless drive means entrained about said pair of heat sources for
      imparting said rotation thereto.
NUM  4.
PAR  4. The apparatus as defined in claim 2 wherein said conveying means carry a
      plurality of mandrels each adapted to carry thereon an article to be
      dryed, each mandrel having a shaft journaled for rotation relative to said
      conveying means, means for rotating each shaft during the motion of said
      conveying means, said rotating means including a sprocket carried by each
      shaft adapted for meshing engagement with a generally stationary rack,
      means for aligning each sprocket for meshing engagement with said
      stationary rack, said aligning means including cam means preceeding said
      stationary rack, and cam follower means carried by each shaft for engaging
      said cam means and being rotated thereby thus imparting rotation to said
      sprockets for aligning teeth thereof for meshing engagement with said
      stationary rack.
NUM  5.
PAR  5. The apparatus as defined in claim 4 wherein said cam follower means
      includes a uniplanar surface adapted for sliding movement along said cam
      means.
NUM  6.
PAR  6. The apparatus as claimed in claim 4 including means for biasing said cam
      means toward said cam follower means.
NUM  7.
PAR  7. The apparatus as defined in claim 4 including at least a pair of links
      for pivotally mounting said cam means for movement toward and away from
      said cam follower means.
NUM  8.
PAR  8. The apparatus as defined in claim 4 including means mounting said
      generally stationary cam means for movement sufficient to compensate for
      initial infeed misalignment between said sprockets and said cam means, and
      said mounting means include spring biasing means for permitting
      compensatory movement of said cam means generally parallel to said
      conveying means.
NUM  9.
PAR  9. Apparatus for drying articles comprising means defining a heating
      chamber for drying articles conveyed therethrough, means for conveying
      articles through said heating chamber, said conveying means carrying a
      plurality of mandrels each adapted to carry thereon an article to be
      dryed, each mandrel having a shaft journaled for rotation relative to said
      conveying means, means for rotating each shaft during the motion of said
      conveying means, said rotating means including a sprocket carried by each
      shaft adapted for meshing engagement with a generally stationary rack,
      means for aligning each sprocket for meshing engagement with said
      stationary rack, said aligning means including cam means preceeding said
      stationary rack, and cam follower means carried by each shaft for engaging
      said cam means and being rotated thereby thus imparting rotation to said
      sprockets for aligning teeth thereof for meshing engagement with said
      stationary rack.
NUM  10.
PAR  10. The apparatus as defined in claim 9 wherein said cam follower means
      includes a uniplanar surface adapted for sliding movement along said cam
      means.
NUM  11.
PAR  11. The apparatus as defined in claim 9 including means for biasing said
      cam means toward said cam follower means.
NUM  12.
PAR  12. The apparatus as defined in claim 9 including at least a pair of links
      for pivotally mounting said cam means for movement toward and away from
      said cam follower means.
NUM  13.
PAR  13. The apparatus as defined in claim 9 including means mounting said
      generally stationary cam means for movement sufficient to compensate for
      initial infeed misalignment between said sprockets and said cam means, and
      said mounting means include spring biasing means for permitting
      compensatory movement of said cam means generally parallel to said
      conveying means.
NUM  14.
PAR  14. The apparatus as defined in claim 10 including means for biasing said
      cam means toward said cam follower means.
NUM  15.
PAR  15. The apparatus as defined in claim 10 including at least a pair of links
      for pivotally mounting said cam means for movement toward and away from
      said cam follower means.
NUM  16.
PAR  16. The apparatus as defined in claim 10 including means mounting said
      generally stationary cam means for movement sufficient to compensate for
      initial infeed misalignment between said sprockets and said cam means, and
      said mounting means include spring biasing means for permitting
      compensatory movement of said cam means generally parallel to said
      conveying means.
NUM  17.
PAR  17. The apparatus as defined in claim 11 including at least a pair of links
      for pivotally mounting said cam means for movement toward and away from
      said cam follower means.
NUM  18.
PAR  18. The apparatus as defined in claim 11 including means mounting said
      generally stationary cam means for movement sufficient to compensate for
      initial infeed misalignment between said sprockets and said cam means, and
      said mounting means include spring biasing means for permitting
      compensatory movement of said cam means generally parallel to said
      conveying means.
NUM  19.
PAR  19. The apparatus as defined in claim 16 including at least a pair of links
      for pivotally mounting said cam means for movement toward and away from
      said cam follower means.
NUM  20.
PAR  20. The apparatus as defined in claim 17 including means mounting said
      generally stationary cam means for movement sufficient to compensate for
      initial infeed misalignment between said sprockets and said cam means, and
      said mounting means include spring biasing means for permitting
      compensatory movement of said cam means generally parallel to said
      conveying means.
PATN
WKU  039356485
SRC  5
APN  5217784
APT  1
ART  335
APD  19741107
TTL  Tobacco curing apparatus and method
ISD  19760203
NCL  13
ECL  1
EXA  Millin; Vincent
EXP  Michell; Robert W.
NDR  3
NFG  6
INVT
NAM  Cox; Jack R.
STR  P.O. Box 1104
CTY  Myrtle Beach
STA  SC
ZIP  29577
CLAS
OCL   34131
XCL  131133R
XCL   34219
XCL  432500
EDF  2
ICL  D06F 5800
ICL  F26B 1102
FSC  131
FSS  133 R X;135;136;140
FSC  432
FSS  500
FSC   34
FSS  78;131;132;133;134;139;93;13;219;233
UREF
PNO  1669012
ISD  19280500
NAM  Nordstrom
XCL  131134
UREF
PNO  2505313
ISD  19500400
NAM  Wagoner
XCL  131134
UREF
PNO  3272207
ISD  19660900
NAM  Doyle
OCL  131133R
UREF
PNO  3329416
ISD  19670700
NAM  Jackson
XCL  432500
UREF
PNO  3359989
ISD  19671200
NAM  Stocklocker
XCL  131134
UREF
PNO  3367643
ISD  19680200
NAM  Copeland
OCL  432 46
UREF
PNO  3399680
ISD  19680900
NAM  Egri
OCL  131134
UREF
PNO  3594918
ISD  19710700
NAM  Quester
XCL  131135
UREF
PNO  3866334
ISD  19750200
NAM  Huang
XCL  131134
FREF
PNO  487,602
ISD  19700300
CNT  CH
OCL  131141
LREP
FR2  Fishburne, Jr.; B. P.
ABST
PAL  A plurality of foraminous wedge-shaped tobacco leaf containers with leaf
      impaling means are arranged in a circular array on a plenum foundation
      having connections with an external burner and blower assembly. A center
      passage for hot curing air is surrounded by the array of containers and
      the air flows radially outwardly through the containers and tobacco leaves
      with the leaves oriented edgewise to the air flow. A return annular air
      passage surrounding the containers leads back to the plenum and exterior
      burner and fan assembly. The exterior wall of the apparatus is insulated
      to confine heat. The air circulation may be reversed in the apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The conventional methods and means for curing tobacco leaves are archaic,
      makeshift, inefficient and inconvenient, to say the least. They are also
      unduly expensive. In most instances, the leaves are attached by hand to
      curing sticks, which are subsequently hung up or supported in barns having
      some means to provide hot air circulation into or through the leaves. With
      conventional practices, a great deal of time-consuming labor is involved
      in stocking the curing barn and in the subsequent removal of the cured
      tobacco. The air circulation system is crude generally, and results in
      uneven and incomplete leaf curing in many cases and under-curing in
      others.
PAR  The average cost of a tobacco curing barn today will be $6000-$7000 with
      the above-described imperfect results inherent in the arrangement.
PAR  The objective of this invention is to provide a much more efficient and
      reliable tobacco curing apparatus and method at about one-half the cost of
      the conventional prior art. Additionally, the invention eliminates a great
      deal of the hand labor customarily required for attaching tobacco leaves
      to hanger sticks and the invention allows for the mass handling of leaves
      in special curing containers where the leaves are properly oriented in
      relation to the flow of curing air for the most efficient and rapid
      curing. The apparatus is also constructed so that the curing air stream
      may be reversed to flow radially inwardly through the leaves in the
      foraminous containers as well as radially outwardly.
PAR  The invention also totally eliminates the traditional tobacco barn and
      instead thereof a much more economical curing structure is provided which
      can be quickly set up or dismantled with very little labor. A unique
      feature of the structure is that the several curing baskets or containers
      themselves form the body of the structure and need only be surrounded by a
      lightweight insulating wall which may be flexible. The base for the
      structure may be of concrete or a prefabricated metal base, if preferred.
      Means are also included to aid in the manipulation of the baskets which
      are quite heavy when loaded with tobacco leaves. Conventional burner and
      fan equipment arranged exteriorly of the curing apparatus may be employed.
PAR  Other significant features and advantages of the invention will become
      apparent during the course of the following detailed description.
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PAC  BRIEF DESCRIPTION OF DRAWING FIGURES
PAR  FIG. 1 is a schematic perpsective view of the invention, partly broken
      away.
PAR  FIG. 2 is a horizontal section taken on line 2--2 of FIG. 1.
PAR  FIG. 3 is a vertical section taken on line 3--3 of FIG. 1.
PAR  FIG. 4 is a side elevational view of the apparatus illustrating the use of
      basket manipulating means.
PAR  FIG. 5 is a perspective view of a leaf container or basket with the
      impaling means open.
PAR  FIG. 6 is a cross sectional view taken through a basket with the impaling
      means in the closed or active position relative to the leaves.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings in detail, the numeral 10 designates a circular
      concrete base or slab which may be formed at any desired location for the
      apparatus. In some cases, a prefabricated metal tank-like base may be
      utilized in lieu of the concrete base. In either case, the operation of
      the apparatus is the same.
PAR  A very important element of the invention comprises a tobacco leaf curing
      container or basket 11 shown in considerable detail in FIGS. 3, 5 and 6. A
      plurality, such as twelve, of the baskets 11 is utilized in the complete
      apparatus, as will be further explained. Each identical basket 11 is
      elongated in the vertical use position and is wedge-shaped in cross
      section so as to have a pair of radiating side walls, as viewed in FIG. 2,
      an outer circularly curved wall 12 and an interior narrow wall 13 which
      may be essentially flat. While the dimensions of the basket 10 may be
      varied, each basket is of considerable size and is preferably adapted to
      contain up to one-half ton of leaves to be cured. When twelve of the
      baskets are employed in the apparatus, as much as six tons of tobacco
      leaves may be efficiently cured in a minimum of time.
PAR  Each basket 11 comprises a rigid exterior frame 14 formed of sturdy metal
      bars or tubing including wedge-shaped frame ends and large rectangular
      open frame sides, as depicted in FIG. 5. The frame ends, as well as the
      inner and outer sides 12 and 13 of the basket, are covered with relatively
      heavy wire mesh or screening 15 of a construction which will confine
      tobacco leaves while at the same time allowing the free circulation of
      curing air through the container in a radial direction during use, FIGS. 2
      and 3. Each basket 11 further comprises a middle foraminous divider wall
      16 also formed of heavy screening and the margins of the divider wall 16
      are suitably attached to intermediate frame bars 17 of the basket frame.
      The wall 16 divides the wedge-shaped basket into two equally sized curing
      compartments 18, each adapted to contain and confine a large mass of
      harvested tobacco leaves 19. In this connection, one of the main features
      of the invention is the ability of the basket or container 11 to hold the
      leaves in the compartments 18 oriented in a common plane extending
      edgewise to the radial flow of air outwardly or inwardly through the
      apparatus.
PAR  Toward this end, each open side of each basket 11 has a plurality of leaf
      penetrating sharp pins 20 or impaling elements preferably arranged in
      spaced rows transversely of the basket on mounting bars 21 which may form
      parts of rectangular frames 22 which are hinged to the adjacent open sides
      of the basket, as shown. The arrangement is such that, after filling the
      compartments 18 with leaves 19 disposed randomly in a common plane, the
      frames 22 are swung to closed positions shown in FIG. 6 with the pins 20
      penetrating through the leaves 19 randomly thus securing the mass of
      leaves in each chamber 18 against appreciable movement during the handling
      of the basket 11 or during the actual air curing procedure. If needed, in
      some cases, a conventional latching means, not shown, may be employed to
      secure the pin carrying frames 22 in their closed active positions. The
      pins 20, FIG. 6, are long enough to penetrate through the foraminous wall
      16 so that the latter can give support to the distal ends of the pins.
PAR  As shown in FIG. 2 which illustrates a preferred embodiment of the
      invention, twelve of the baskets 11 filled with leaves 19 in both
      compartments 18 are placed on end on top of base 10 to form a circular
      array of foraminous baskets. A greater or lesser number of baskets may be
      employed in some instances but twelve is thought to be a practical number
      in terms of a desirable size for the individual baskets. To assure proper
      arrangement and stabilization of baskets 11, a sturdy center post 23 has
      its lower end anchored to the base 10 and extends vertically through the
      center passage or "stack" 24 defined by the inner vertical edges or walls
      13 of the baskets. The center post 23 has a pair of basket locator rings
      25 fixedly attached to it adjacent the tops and bottoms of baskets 11 and
      these rings aid in positioning the baskets in the proper circular array on
      the base 10. A top extension 26 on post 23 serves to support a sheave 27
      above the top of the apparatus by means of which a cable 28, FIG. 4, is
      utilized to manipulate the filled baskets 11 as when they are removed from
      or placed on a transporting truck 29. It will be realized that the weight
      of the filled baskets is considerable and such a mechanical aid in
      maneuvering them is desirable. If desired, other forms of maneuvering
      devices may be used.
PAR  After placement of the baskets 11 on the base 10, an insulated cylindrical
      side wall covering 30 or enclosure is placed around the assembly and
      preferably extends from the tops of the upstanding baskets to a point near
      the bottom of the base 10. This covering or enclosure 30 may be flexible
      and may consist of inner and outer canvas layers with an intervening thick
      blanket of heat insulation material. The enclosure 30 may be divided at
      one or more points around the apparatus so that it may be parted and
      connected by lacing or banding means, not shown. Alternatively, the
      enclosure 30 may comprise plural curved segments of rigid insulating
      material, such as plastic foam which can be set up around the apparatus
      and detachably connected by any suitable means to form a continuous
      insulating wall. As shown, an annular return passage 31 for curing air is
      provided between the enclosure 30 and the periphery of the assemblage of
      baskets 11. This passage 31 is a few inches in radial width and extends
      continuously around the apparatus for its full height. Where the enclosure
      30 is flexible in nature, the pressurizing effect of the curing air
      passing radially outwardly through the baskets 11 will maintain the
      passage 31 properly defined and will assist the enclosure 30 in being
      self-standing. In some cases, a relatively light framework, not shown, for
      the insulated enclosure 30 may be provided.
PAR  The top of the central passage 24 is preferably covered by a plate 32, and
      a flexible circular tarp 33 is placed over the top of the apparatus and
      may be held in place by attached building blocks 34 or similar weights.
      The tarp prevents the escape of curing air from the top of the apparatus
      and the enclosure 30 confines the air around the circumference. The base
      10 prevents escape of air at the bottoms of the baskets 11, whereby the
      apparatus is sufficiently air-tight to enable the curing process with a
      high degree of efficiency.
PAR  A conventional burner and fan unit 35 of the type used to cure tobacco
      leaves is arranged outside of the apparatus, FIG. 1, with a delivery duct
      36 for hot curing air entering through a radial opening in the base 10,
      FIG. 3, at one side thereof and extending to the bottom of a vertical
      passage 37 which communicates directly with the bottom of the longer
      passage 24. A return duct 38 for curing air communicates at one point with
      the bottom of the return passage 31, which leads at its bottom into an
      annular space 39 formed around the base 10 and connecting directly with
      the duct 38, as best shown in FIG. 3.
PAR  With this arrangement, the curing air at the desired temperature is pumped
      from the unit 35 through delivery duct 36 and upwardly into central
      passage 24 and then radially outwardly in all directions through the
      foraminous baskets 11, and then into the return annular passage 31 leading
      to return duct 38 for unit 35 outside of the apparatus. The burner and fan
      unit 35 is reversible as to direction of flow so that periodically the
      flow of curing air can be forced to flow first into passage 31 and then
      radially inwardly through the baskets 11 and downwardly in passage 24 and
      into duct 36. In either case, the curing air will flow radially through
      the tobacco leaves 19 which are held in vertical planes in the baskets
      edgewise to the direction of gas flow, whereby the leaves themselves will
      not impede the flow and will receive the curing air or gas on all surfaces
      for uniform and complete curing.
PAR  After the required time of curing in the apparatus, the burner unit is
      turned off and the cover 33 is removed along with enclosure 30 and the
      cured tobacco leaves in the baskets 11 may be transported to a desired
      location and removed for further use.
PAR  The apparatus as described will accommodate all of the operational
      requirements for properly curing tobacco according to known standards of
      temperature and times of curing to effect the desired leaf coloring and
      drying, as well as the "killing" of the leaf and leaf stem. Additionally,
      the invention process is a great improvement over conventional practice in
      terms of efficient air flow through the leaves and the ability of the
      apparatus to process a much greater poundage of tobacco leaves in a
      smaller space and lesser time, with more economical equipment. The
      reversibility of the air flow renders the invention even more versatile in
      its ability to cure leaves completely and uniformly.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred example of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention or scope
      of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for curing tobacco leaves comprising means defining an
      annular curing air confining enclosure, a plurality of foraminous baskets
      for leaves adapted to be arranged in a circular array within the enclosure
      wherein said baskets form a central verical passage in the center of said
      circular array and an exterior annular return passage defined by the inner
      wall of the enclosure and the outer wall of said baskets, and means on the
      baskets adapted to engage masses of tobacco leaves therein and to hold
      said leaves relatively fixed against appreciable movement during curing
      with the leaves held approximately edgewise to the direction of curing air
      flowing therethrough radially between said passages.
NUM  2.
PAR  2. The apparatus of claim 1, and said baskets being vertically elongated
      when in their use positions and being wedgelike in cross section with
      their narrower sides disposed innermost around said central vertical
      passage.
NUM  3.
PAR  3. The apparatus of claim 2, and said baskets each comprising a
      substantially rigid frame and foraminous panel material attached to said
      frame to define the walls of the basket.
NUM  4.
PAR  4. The apparatus of claim 3, and a center foraminous divider panel on each
      basket dividing it into two equally sized compartments for tobacco leaves
      on opposite sides of said center divider panel.
NUM  5.
PAR  5. The apparatus of claim 1, and said last-named means including a
      plurality of impaling pins adapted to penetrate through tobacco leaves to
      prevent substantial relative movements thereof in said baskets.
NUM  6.
PAR  6. The apparatus of claim 5, and supporting frame means for said impaling
      pins facilitating the movement of the pins to and from penetrating
      engagement with said leaves.
NUM  7.
PAR  7. The apparatus of claim 6, and said supporting frame means for said pins
      hingedly secured to said baskets adjacent opposite open sides thereof.
NUM  8.
PAR  8. The apparatus of claim 1, and a base for the support of said circular
      array of baskets and having inlet and outlet passage means in
      communication respectively with said central vertical passage and said
      annular return passage.
NUM  9.
PAR  9. The apparatus of claim 8, and a burner-fan unit arranged exteriorly of
      the apparatus and having air delivery and return ducts coupled with said
      passages of said base.
NUM  10.
PAR  10. The apparatus of claim 1, and said means defining said enclosure
      comprising an insulated wall structure extending around the periphery of
      said baskets and spaced from said periphery to form therewith said
      exterior annular return passage.
NUM  11.
PAR  11. The apparatus of claim 10, and a tarp element covering the top of said
      apparatus to prevent the escape of curing air upwardly therefrom.
NUM  12.
PAR  12. The apparatus of claim 1, and a center post disposed in the central
      vertical passage, and basket locator rings secured to said post near the
      tops and bottoms of the basket.
NUM  13.
PAR  13. The apparatus of claim 12, and a top extension on said center post
      projecting above the apparatus and supporting basket manipulating
      mechanical means for use in placing baskets in curing positions or for
      removing them after curing.
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PAL  A multi-purpose mathematical aid designed to allow students, especially
      children, to see mathematical relationships by manipulation of materials.
      In its preferred form the mathematical aid comprises two moulded plates
      forming two halves of a storage case. Each plate has recessed square areas
      on one face for use with counting bars and catchment areas on the other
      face for use with disc or fractions of discs. The counting bars may, for
      example, be square or rectangular and may be adapted to rest in the
      recessed square areas.
BSUM
PAR  This invention relates to a multi-purpose mathematical aid.
PAR  The mathematical aid embodying the invention particularly is designed to
      allow students, especially children, to see mathematical relationships by
      manipulation of materials.
PAR  For example in its different forms, the aid may be used to familiarize the
      student with the fundamentals of fractions, addition, subtraction,
      multiplication, and division of whole numbers and fractions; the
      multiplication tables; and the decimal equivalents of fractions and whole
      numbers.
PAR  In accordance with the invention, a mathematical aid comprises a moulded
      plate divided up into a plurality of recessed areas, or areas divided by a
      grid of ridges, the areas being adapted to receive single or multiple
      segmented counting bars.
PAR  The areas are preferably in the form of an arrangement of n .times. n areas
      with an orderly series of numbers from 1 to n.sup.2 printed or mounted on
      the plate to facilitate exercise of addition, subtraction, multiplication
      and division skills.
PAR  The areas may be in an orderly arrangement of n .times. n and may contain
      numbers representing the products of the multiplication tables up to n
      .times. n in an orderly manner.
PAR  Preferably the plate has said recessed areas on one face and has catchment
      areas for discs and/or fractions of discs on the other face so that both
      sides of the plate may be used.
PAR  Two such plates may be so shaped and constructed that they can be joined
      together by a simple hinge to form a storage case for use in storing
      counting bars or other material.
PAR  The multipurpose mathematical aid is designed to be made of molded plastic
      or of similar moldable material.
PAR  The multipurpose mathematical aid may be designed so that the moulded plate
      is a single plate, or there are two individual plates, or with two such
      plates forming two halves of a storage case. In the event the storage case
      is the preferred design, the other components to be manipulated such as
      the single or multiple counting bars can be stored in the interior of the
      case when it is not in use. The storage case arrangement provides for
      compactness, and easy storage of materials to be manipulated.
PAR  The counting bars are of two major types. One major type of smaller
      components are square or rectangular counting bars. These square or
      rectangular counting bars may be constructed so that they nest in recessed
      square areas in a grid pattern. A symmetrical grid of ridges surrounds the
      recessed square areas. The square or rectangular counting bars are so
      constructed that they nest in the recessed areas in the larger plates (or
      storage case halves) and also so that they nest one on top of another.
      These square or rectangular counting bars may be numbered on only one
      surface, on both surfaces, or on neither surface. When the counting bars
      are numbered, the numbers are arranged in an orderly manner so as to
      illustrate the number of units in that counting bar. These segmented
      counting bars may be, for example, from one to ten units in length, and
      from one to ten units in width. When counting bars are more than two units
      in width they may be numbered so as to illustrate the total number of
      units in the bar; or they may be numbered so as to indicate how many units
      are in each row; or how many units are in that bar (e.g. a bar of six
      units each unit would be marked with a 6 on one surface). That is, a
      counting bar of two units in width and five units in length may contain
      numbers up to 10, or it may contain numbers up to five -- two times, or on
      one surface it may have the number 10 on the surface of each unit.
PAR  The segmented counting bars may be so constructed that they are
      self-alligning when stacked or nested.
PAR  Three types of square or rectangular counting bars, and accompanying larger
      plates or storage case halves are illustrated. One type of counting bar,
      and accompanying plate or storage case half, -- the first illustrated, --
      has a narrow segment of material between the units, and a ridge extends
      above this narrow segment of material. In the second type of counting bar,
      and accompanying plate or storage case half, one unit is in immediate
      apposition or juxtaposition with the other. In this second type of
      counting bar, when units are multiple, there is no separation area or
      segment of material between the units that are molded as a part of a
      single piece. In the third type of square unit counting bar, it has ends
      that have a receiving socket, and also ends that have a cylindrical
      enlargement that fits in the circular socket of another counting bar.
      These types of ends allow them to be linked.
PAR  A fourth type of counting bar consists of linked spheres that have the same
      center to center distance as does the receiving grid of circular catchment
      areas.
PAR  The different types of counting bars are reflected in the different types
      of catchment areas and grids on the plates or storage case halves
      constructed to receive them.
PAR  In using the plates or storage case halves with an elevated grid of ridges
      and accompanying counting bars, the student or child is to place the
      segmented counting bars of lengths up to and including ten on the
      appropriate surface of the plates for addition and substraction; or on the
      surface of the other plate for multiplication and division. The segmented
      counting bars are to be placed in an orderly manner, starting with the
      numeral one in the upper left hand corner. The manipulation of the
      counting bars varies with addition, subtraction, multiplication, and
      division.
PAR  The other type of component in this invention are discs of uniform diameter
      that represent one or more units. The height of the disc determines its
      value. That is, a disc with a value of three, would be three times as high
      as a disc with a value of one. Fractions of one may also be represented as
      that fraction of a disc. Common fractions from one half to one eight are
      represented. These disc units are so constructed that they will nest or
      stack and are self-centering when stacked one on another. Numbers
      indicating the decimal equivalents of the fractional parts of the discs
      can be molded on one surface of the fraction of the disc.
PAR  These discs, and/or fractions of these discs can be used in conjunction
      with disc catchment or disc retaining areas. These disc retaining areas
      are located on the opposite side of the large grid plates or storage case
      halves that are used in conjunction with the manipulation of the counting
      bars. Or the student can manipulate these discs and fractions of discs
      without using retaining areas in hiis experimentation with math
      relationships.
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PAR  In the drawings:
PAR  FIG. 1 illustrates the outer surface of one of the major components that
      makes up one half of the storage case and has numerals 1 to 100 in an
      orderly sequence on its upper surface in a 10 .times. 10 grid of numbers.
      FIG. 1 also illustrates a cutaway section of the outer surface of the
      other major component that makes up the other half of the storage case.
      FIG. 1 also illustrates the use of a hinge pin whereby the two halves of
      the storage case are joined.
PAR  FIG. 2 represents the inner surface of the half of the storage case that is
      fully illustrated in FIG. 1. On this inner working surface are catchment
      or retaining areas for discs being manipulated in the processes of
      addition, subtraction, and recognizing fractional relationships. Also
      illustrated in FIG. 2 is the relationship of the hinge pin to the hinge
      half, when the two halves of the storage case are separated.
PAR  FIG. 3 is the outer surface of the other major component that is
      illustrated as a cutaway section in FIG. 1. This major component makes up
      the other half of the storage case. On the outer surface of this component
      are a grid of ridges, and a 10 .times. 10 grid of numbers in recessed
      areas that illustrate the products and numerical relationships of the
      multiplication tables in an orderly manner.
PAR  FIG. 4 illustrates the inner surface of FIG. 3. FIG. 4 has on its working
      surface catchment areas or retaining areas for discs being manipulated
      during the processes of multiplication and division. Also on this inner
      surface are catchment or retaining areas for common fractional parts of
      the whole disc. Near the catchment areas for fractions, are numerical
      indicators of the fraction and/or decimal equivalent of that fraction.
PAR  FIG. 5 is a cutaway view along lines 5--5 of FIGS. 1 and 2. FIG. 5
      illustrates the relationships of the two major parts when they are
      constructed as storage case halves that are hinged along one edge.
PAR  FIG. 6 is the upper surface view of one type of numbered segmented counting
      bar. This bar is five units in length. In this design, the square units
      have a narrow connecting segment of material between each two adjacent
      square units that are a part of the same counting bar. Above this narrow
      connecting segment is a ridge of material. These segmented counting bars
      can be nested in the numbered recessed areas on the flat outer surfaces of
      the two major components of the multipurpose math aid illustrated in FIGS.
      1 and 3. These recessed areas contain an orderly pattern of numbers as are
      illustrated in FIGS. 1 and 3. The manner of nesting these segmented
      counting bars in the grid of ridges on the plates or outer parts of the
      storage case halves is illustrated in FIGS. 15, 17 and 18.
PAR  FIG. 7 is the underside view of FIG. 6.
PAR  FIG. 8 is a cross-sectional view through lines 8--8 of FIGS. 6 and 7.
PAR  FIG. 9 is the upper surface of a numbered segmented counting bar of three
      units in length. This counting bar is similar in function and appearance
      to the counting bar illustrated in FIGS. 6, 7, and 8, except it is
      composed of only three units and two connecting segments, and is numbered
      on only one surface.
PAR  FIG. 10 is the bottom surface of FIG. 9.
PAR  FIG. 11 is a cutaway-cross sectional view along line 11--11 of FIG. 10.
PAR  FIG. 12 is the upper surface of an unnumbered counting bar of one unit. It
      is similar to the five unit and three unit counting bars illustrated in
      FIGS. 6 through 11, except it does not have a connecting segment.
PAR  FIG. 13 is a bottom view of FIG. 12.
PAR  FIG. 14 is a cross sectional view along lines 14--14 of FIG. 12.
PAR  FIG. 15 is a cross sectional view taken along line 15--15 of FIG. 17. FIG.
      15 shows how the segmented counting bars illustrated in FIGS. 6 through 14
      nest in the numbered recessed areas of the main plates -- or in the
      recessed areas on the outer surfaces of the two storage case halves. FIG.
      15 also illustrates the narrow space that exists between units when these
      units are from different counting bars. (This space does not exist between
      the units of different counting bars in another version of this invention.
      See FIGS. 39 through 52).
PAR  FIG. 16 illustrates how the numbered segmented counting bars described in
      FIGS. 6 through 14 can nest one on top of the other.
PAR  FIG. 17 illustrates numbered segmented counting bars nesting in the
      numbered recessed areas of FIG. 1 in an orderly sequential manner, so that
      the units in these bars sum to total 19. FIG. 17 also illustrates the
      narrow space between the units when adjacent units are not a part of the
      same counting bar.
PAR  FIG. 18 illustrates seven numbered segmented counting bars, each containing
      six units, and with each counting bar nested in the grid on the storage
      case half so as to illustrate the use of counting bars with a  10 .times.
      10 grid with the numbering pattern illustrated in FIG. 3. FIG. 3
      demonstrates an orderly numbering pattern where the numbers represent the
      products of the multiplication tables.
PAR  FIG. 19 is a cross sectional view from along lines 19--19 of FIGS. 3 and 4.
      FIG. 19 also illustrates the open position of the two grid containing
      plates when constructed as halves of a storage case.
PAR  FIG. 20 is the top view of a disc shaped unit with a value of one. The disc
      is of a diameter to conveniently fit in disc catchment areas 15 thru 20
      and 25 thru 30.
PAR  FIG. 21 is a cross section cutaway view along line 21--21 of FIG. 20, and
      shows contours for stacking in a disc of one unit in height.
PAR  FIG. 22 is the top view of a disc (or cylindrical) shaped unit with a value
      of five.
PAR  FIG. 23 is a cross section view along line 23--23 of FIG. 22.
PAR  FIG. 24 illustrates the upper surface of one half of a disc shaped unit.
PAR  FIG. 25 illustrates the upper surface of one third of a disc shaped unit.
PAR  FIG. 26 illustrates the upper surface of one fourth of a disc shaped unit.
PAR  FIG. 27 illustrates the upper surface of one fifth of a disc shaped unit.
PAR  FIG. 28 illustrates the upper surface of one sixth of a disc shaped unit.
PAR  FIG. 29 illustrates the upper surface of one eighth of a disc shaped unit.
PAR  FIG. 30 illustrates a cross section -- cutaway view along line 30--30 of
      FIG. 26.
PAR  FIG. 31 illustrates a cutaway cross section view along line 31--31 of FIG.
      2 with discs in the disc retaining areas intersected by line 31--31.
PAR  FIG. 32 illustrates the top view of a numbered segmented counting bar of
      three units in width and three units in length.
PAR  FIG. 33 illustrates a side view or end view of FIG. 32.
PAR  FIG. 34 illustrates the bottom view of FIGS. 32 and 33.
PAR  FIG. 35 illustrates the placements of numbered segmented counting bars of
      one unit in width and one to three units in length on top of the numbered
      segmented counting bar illustrated in FIGS. 32, 33 and 34.
PAR  FIG. 36 is a cutaway cross section view along line 36--36 of FIG. 35. FIG.
      36 illustrates the space between counting bars of two units in length and
      the counting bars of one unit in length when they are nested.
PAR  FIG. 37 illustrates the placement of the counting bar in FIG. 11 on top of
      the counting bar in FIG. 8;
PAR  FIG. 38 represents the placement of the counting bar in FIG. 8 on top of
      the counting bar in FIG. 11.
PAR  FIGS. 39 through 53 are similar in design and function to FIGS. 1, 3, 5
      through 19, and 32 through 38, except that in FIGS. 39 through 53, the
      narrow segment, or space between adjacent units of the same bar, or of
      different bars has been eliminated. Also the large plates, or surfaces of
      the storage case halves have been redesigned to eliminate this narrow
      segment or space.
PAR  FIG. 39 is similar in function to FIG. 1.
PAR  FIG. 40 is similar in function to FIG. 3.
PAR  FIG. 41 represents a cutaway cross section view along line 41--41 of FIG.
      39. This plate has symbols printed, embossed, or molded on one or both
      surfaces. Either surface can face upward during use.
PAR  FIG. 42 is a cutaway cross section along line 42--42 of FIG. 40. This plate
      has the symbols in FIG. 39 molded on one surface, and the symbols in FIG.
      40 molded in the other surface. Either surface can face upward during use.
PAR  FIG. 43 is a cutaway view of FIG. 40 with four counting bars of five units
      in length positioned on its upper surface so as to demonstrate that 4
      .times. 5 = 20. The 20 can be revealed by looking under the unit that is
      in the lower right hand corner.
PAR  FIG. 44 is a cutaway cross section view along line 44--44 of FIG. 43. FIG.
      44 illustrates the use of the design features illustrated in FIGS. 39
      through 53 on the outer surface of a storage case. FIG. 44 also
      illustrates one manner of nesting a counting bar with this design.
PAR  FIG. 45 illustrates another way of nesting the counting bars illustrated in
      FIGS. 46 through 52. FIG. 45 shows how the under side of FIG. 41 can be
      turned face up and used with counting bars that are also inverted from the
      positions illustrated in other FIGS. FIG. 45 illustrates counting bars of
      one, two, and four units in length in quite close apposition.
PAR  FIG. 46 represents both upper and lower view of a counting bar of one unit,
      to be used in conjunction with plates or storage halves illustrated in
      FIGS. 39 through 45.
PAR  FIG. 47 is a cutaway cross section view along line 47--47 of FIG. 46.
PAR  FIG. 48 is a counting bar of two units in length, and one unit in width.
PAR  This type of counting bar does not have a narrow segment between units as
      do counting bars illustrated in FIGS. 6 through 14; 15 through 18; and 32
      through 38.
PAR  FIG. 49 is a cutaway cross section view along line 49--49 of FIG. 48.
PAR  FIG. 50 is a counting bar of two units in width and five units in length.
PAR  There are no segments between adjoining or apposing units in this type of
      counting bar.
PAR  FIG. 51 is a cutaway cross section along line 51--51 of FIG. 50.
PAR  FIG. 52 is the upper view of a stack of three connecting bars, each bar
      being three units in width and three units in length. The bar is numbered
      to show the three unit by three unit relationship.
PAR  FIG. 53 is a cutaway cross section view along line 53--53 of FIG. 52. FIG.
      53 and FIG. 52 illustrate how a student can learn cube -- or three
      dimensional relationships, e.g. 3 .times. 3 .times. 3 = 27.
PAR  FIG. 54 shows the inner surface of one half of a storage case which has
      catchment areas for discs or spheres -- which can be joined like "pop
      beads".
PAR  FIG. 55 shows the inner surface of the other half of the storage case which
      has round shaped catchment areas -- and lines and numerals that denote the
      products of multiplier and multiplicand -- immediately to the right and
      below product number.
PAR  FIG. 56 is a cutaway cross section view along line 56--56 FIG. 54.
PAR  FIG. 57 is an end view of FIG. 54.
PAR  FIG. 58 is a cutaway cross section view along line 58--58 of FIG. 55.
PAR  FIG. 59 shows the two storage case halves of FIGS. 54 and 55 joined to form
      a storage case.
PAR  FIG. 60 shows linked spheres -- that have a joining means so they can be
      linked to form a chain of different links -- The centers of the spheres
      are the same distance apart as the centers of the circular catchment areas
      of FIGS. 54 and 55.
PAR  FIG. 61 is a cross section across the pop bead spheres.
PAR  FIG. 62 shows an alternate form of a square grid on the inside of the
      carrying case, and FIG. 65 illustrates a hinge pin.
PAR  FIG. 63 shows the upper surface of square units that can be utilized in the
      case shown in FIG. 62.
PAR  FIG. 64 shows a cross section of the square units in FIG. 63 along line 64
      -- 64 shown in FIG. 63. These units show joining and locking members at
      the end which allow them to be linked together in a chain.
DETD
PAR  In FIGS. 1, 2, 5, 15, 17, and 19, numeral 1 represents a moulded plastic
      plate, box like in shape that comprises one half of a storage case.
PAR  In FIGS. 3, 5, 18, and 19, the numeral 8 represents a plastic plate, box
      like in shape that comprises the other half of the storage case.
PAR  In FIGS. 1, 2, 15, and 17, numeral 2 illustrates one half of the hinge that
      connects plastic body 1 to plastic body 8 through hinge half 9, a part of
      plastic body 8.
PAR  FIGS. 5 and 19, reveal cutaway cross sections of plastic body 1 and plastic
      body 8 that illustrate the relationships of the two storage case halves to
      each other in their 180.degree. open positions, AND in their closed
      position.
PAR  In FIGS. 1, 2, 5, 15, 17 and 19, numeral 3 illustrates an elevated series
      of parallel ridges 3 that form a grid of ridges that surround recessed
      areas 4.
PAR  In FIGS. 1 and 17, the numerals 5 are an orderly, progressive sequence of
      numbers 5 located in the bottom of recessed areas 4. Orderly sequence of
      numberals 5 in FIGS. 1 and 17 proceed from number 1 in the upper left hand
      corner of plastic body 1 to the number 100 in the lower right hand corner.
PAR  FIGS. 1, 2, 5, 15 and 17 illustrate that plastic body 1 has a side wall 7
      on all four sides, and an outer elevated rim 6 on three sides. Half hinge
      2 is on the fourth side. Elevated outer rim 6 provides a recessed area for
      the nesting of plastic body 8 in plastic body 1 as is illustrated in FIG.
      5.
PAR  In FIGS. 3, 4, 5, 18 and 19, numeral 8 represents the plastic body 8, box
      in shape, and numeral 9 represents one half of the hinge.
PAR  In FIGS. 3, 5, 18 and 19, number 10 represents a series of parallel ridges
      that intersect to form a grid of ridges 10. Grid of ridges 10 surrounds
      recessed areas 11.
PAR  FIGS. 3 and 18 illustrate recessed areas 11 containing numbers 12,
      representing multipliers, multiplicands, and the products of the
      multiplication tables. Multipliers from one to ten are in the left hand
      column, and multiplicands from one to ten are in the top row of numbers.
      The products are contained in recessed areas in an orderly manner.
PAR  FIGS. 3, 4, 5, 18 and 19 illustrate plastic body 8 having a side wall 13 on
      all four sides. Half hinge 9 is attached to side wall 13 along one side.
      Side walls 13 just fit within elevated rim 6 of plastic body 1, (see FIG.
      5).
PAR  FIGS. 1, 2, 5, and 19 illustrated how hinge pin 14 joins plastic body 1 to
      plastic body 8 to form a storage case that has four surfaces that can be
      used in conjunction with materials stored within the case.
PAR  FIG. 19 illustrates the case in the opened position which allows a child to
      use its inner surfaces for manipulation of materials. FIG. 19 can be
      inverted so that both halves are in the position of the half illustrated
      in FIG. 15.
PAR  FIG. 5 illustrates the case in the closed position which allows the storage
      of materials inside of the case when it is stored, or not in use.
PAR  FIG. 2 represents the inner bottom surface of plastic body 1. FIG. 2 shows
      circular catchment areas, numbers 15, 16, 17, 18, 19 and 20, and also
      catchment areas for fractions of circles, numbers 21, 22, 23, and 24.
      Catchment areas 15 through 24 provide catchment areas for whole discs, or
      fractions of discs.
PAR  FIG. 20 represents the top view of a single whole disc, constructed to make
      stacking an easy process. FIG. 20 also illustrates the value of that disc
      being revealed in both decimal and fractional form on its upper surface.
PAR  FIG. 21 represents a cross section along line 21--21 of FIG. 20.
PAR  FIGS. 22 and 23 correspond to FIGS. 20 and 21 but this disc is five units
      in height and its decimal and fractional value are printed on its upper
      surface.
PAR  FIGS. 24 through 29 represent top views of common simple fractions with
      their fractional and decimal value printed on their upper surface.
PAR  FIG. 30 represents a cutaway cross section view of FIG. 26 along line
      30--30.
PAR  In FIG. 2, numerals 15 and 16 represent catchment areas for discs whose
      total is to be summed. This total or sum is to be represented in catchment
      area 17. In actual practice this summing may be accomplished by moving
      numbered discs and/or fractions of discs as are illustrated in FIGS. 20
      through 29 from catchment areas 15 and 16 into catchment area 17; or this
      summing may be accomplished by the child moving an equivalent number of
      discs and/or fractions from another source into catchment area 17, until
      the sum in 17 matches the combines sum from catchment areas 15 and 16.
PAR  FIG. 31, a cutaway view along line 31-31 of FIGS. 1 and 2 illustrates the
      summing of a stack of three discs plus a stack of three discs to equal a
      stack that is six discs in height.
PAR  In FIG. 2, number 18 represents the catchment area for the minuend, number
      19 the catchment area for the subtrahend, and number 20 the catchment area
      for the remainder. The disc materials may be manipulated in the two ways
      described above.
PAR  In FIG. 2, numbers 21, 22, 23 and 24 represent catchment areas for common
      fractions and with the fraction and its decimal equivalent imprinted above
      or below the catchment area. Catchment areas 21 through 24 are constructed
      to receive fractional discs illustrated in FIGS. 24 through 29. The
      student can then learn the relationship between the size of various
      fractions by manipulating fractional discs illustrated in FIGS. 24 through
      29 in fractional catchment areas 21, 22, 23, and 24 in FIG. 2, and
      catchment areas 31, 32, 33, 34, 35, and 36 of FIG. 4.
PAR  FIGS. 5, 15 and 19 illustrate the construction of disc catchment areas: 15,
      16, 17, 18, 19, and 20 of FIG. 2; and catchment areas 25, 26, 27, 28, 29,
      and 30 of FIG. 4. This construction includes both a continuous circular
      low rim, and an interrupted circular higher rim. This interrupted higher
      rim allows the discs to be easily positioned and removed from the
      catchment area.
PAR  In FIG. 4, number 25 is the catchment area for the multiplier, number 26 is
      the catchment area for the multiplicand, and number 27 is the catchment
      area for the product.
PAR  In FIG. 4, number 28 is the catchment area for the dividend, number 29 is
      the catchment area for the divisor, and number 30 is the catchment area
      for the quotient.
PAR  In FIG. 4, numbers 31 through 36 are catchment areas for common simple
      fractions of discs. These fractional discs are represented in FIGS. 24
      through 29. The purpose of these fraction catchment areas is to allow the
      child to become familiar with common simple fractions and their decimal
      equivalents by fitting fractions of discs into these catchment areas and
      comparing the fit and also noting the fraction and decimal associated with
      that catchment area.
PAR  FIG. 6 represents the top view of a numbered, rectangular, segmented
      counting bar 37 that is one unit in width and over five units in length.
      On the upper surface of segmented counting bar 37 are ridges 38 that
      divide segmented bar 37 at single unit intervals. Also on the upper
      surface of segmented counting bar 37 are an orderly sequence of numerals
      39. The square units comprising rectangular bar 37 are of the same length
      and width. This measurement is indicated by the numeral 40a. The narrow
      segments connecting these square units are of a standard width 38a.
PAR  FIG. 7 represents the bottom view of numbered, rectangular, segmented
      counting bar 37. On the bottom surface are square ridged rim extensions 40
      below the surface of the bar that allow for nesting. These square ridged
      rim extensions are one unit (40a) in width and one unit (40a) in length.
      FIG. 7 illustrates five such unit size square ridged rim extensions
      extending from a segmented counting bar of over five units (40a) in length
      and one unit (40a) in width. Number 41 represents the numbering of units
      on the bottom flat surface of counting bar 37.
PAR  FIG. 8 is a cutaway cross section view along lines 8--8 in FIGS. 6 and 7.
      FIG. 8 illustrates ridges 38 of width 38a, and underlying connecting
      segments of material also of width 38a. FIG. 8 also illustrates square
      ridged rim extensions 40 of one unit -- 40a -- in width and one unit 40a
      in length, and of these units being connected by segments of material of
      width 38a.
PAR  FIGS. 9, 10 and 11 illustrate a numbered rectangular segmented counting bar
      42, similar in construction to segmented bar 37 illustrated in FIGS. 6, 7
      and 8 but of shorter length and containing fewer units. Counting bar 42 is
      numbered on only one surface.
PAR  FIGS. 12, 13 and 14 represent an unnumbered counting bar of one unit, 40a,
      in length; and one unit 40a, in width.
PAR  In general, the counting bars represented in FIGS. 6 through 14 will have a
      length and/or width made up of the number of units plus the number of
      connecting segments in that given length and/or width.
PAR  FIG. 17 is a cutaway view of the numbered grid revealed in FIG. 1 on which
      segmented counting bars have been placed in an orderly manner. The
      counting bars shown are of one unit in width and are of one to slightly
      over five units in length. The counting bars are placed in orderly
      sequence from left to right, and from top to bottom, starting with the
      recessed numeral 1 in the upper left hand corner. The counting bars then
      continue until the last unit of the last bar covers the imprinted number
      19 (or any other numbers). This placement of counting bars containing 5,
      2, 3, 4, 1, 1, and 3 units illustrates that their sum is 19. The number 19
      is covered by the last unit on the right in the bottom row of imprinted
      numbers.
PAR  Subtraction may be achieved by placing counting bars of various lengths on
      the upper surface of plastic body 1 until the number equals the minuend.
      These units are then placed in an orderly manner, as in addition. The
      number of units to be substracted, the subtrahend, is then removed from
      the upper surface of plastic body 1. The sum of the units remaining
      represent the remainder. To indicate the remainder, the remaining bars are
      readjusted to conform to the pattern of orderly sequential numbers, as in
      addition. The number underlying the last unit on the right in the bottom
      row of counting bars represents the remainder.
PAR  In any manipulations with counting bars, a bar with a large number of units
      can be exchanged for two or more smaller bars whose sum of units is the
      same as the larger unit. This facilitates addition, substraction,
      multiplication, and division by allowing for proper fit in the grids of
      recessed areas.
PAR  FIG. 15 is a cutaway view along line 15--15 of FIG. 17, and is designed to
      illustrate how the segmented counting bars illustrated in FIGS. 6 through
      14 nest on the parallel ridges 3, and in recessed areas 4 in a numerical
      grid of numbers 5 that represent an orderly sequence of numbers as
      illustrated in FIG. 1.
PAR  FIG. 18 is a cutaway view of FIG. 3 which seven segmented bars containing
      six units each have been placed so as to reveal how plastic body 8 is to
      be used in conjunction with numbered segmented bars to reveal
      relationships of multiplier, multiplicand, and product. The counting bars
      containing six units each are positioned so as to reveal the use of grid
      of ridges 10, recessed areas 11, and numerals 12. Numerals 12 represent
      the products of multipliers and multiplicands up to ten times ten. The
      manner in which the lower aspects of these counting bars nest in recessed
      areas 11 is illustrated in FIG. 15. The seven counting bars of six units
      each are so placed that they reveal the product of six times seven. The
      product 42 is revealed when the student looks at the numerical figure
      hidden by the unit in the lower right hand corner.
PAR  FIGS. 32, 33, 34, 35, and 36 illustrate that segmented counting bars of
      more than one unit in width can be used in conjunction with segmented
      counting bars of one unit in width. FIGS. 35 and 36 illustrate how
      counting bars of one unit in width illustrated in FIGS. 6 through 14 can
      be placed on top of segmented units of two or more units in width. FIG. 35
      also illustrates how smaller segmented bars can be placed on top of a
      larger segmented bar, so that the sum of the smaller units can equal the
      number of units of the larger segmented bar of one or more units in width.
PAR  FIG. 36 is a cutaway cross section through line 36--36 of FIG. 35.
PAR  FIG. 16 is to illustrate how four numbered segmented units as illustrated
      in FIGS. 6, 7, and 8 can be stacked so that four such segmented bars sum
      to 20 or represent the product of four times five or 20. Similar
      manipulations can be performed with other counting bars of different
      length and width.
PAR  FIG. 37 illustrates the combination of counting bars possessing a smaller
      number of units being placed over a counting bar with a larger number of
      units to illustrate the relationship of the numbers in common fractions
      such as 3/5. This is illustrated by assuming the bottom unit is equal to
      one piece with five parts. Other fractions such as 1/3, 3/4 can be
      illustrated in a similar manner.
PAR  FIG. 38 illustrates the placement of counting bars with a larger number of
      units being placed over a counting bar with a smaller number of units to
      help the student understand fractional relationships when the fraction is
      greater than one. That is, as is illustrated in FIG. 38, when the bottom
      counting bar of three units is equal to one, the fraction represented by
      the combination would be equal to 5/3 or 1 2/3.
PAR  FIGS. 39 through 53 are similar in design and function to FIGS. 1, 3, 5
      through 19, and 32 through 38, except that the narrow space 38a between
      counting units is not present in this design and the ridges of the
      elevated grid are angular rather than curved.
PAR  FIGS. 41 and 42 show plates making up the 10 .times. 10 grid of recessed
      areas, instead of using halves of a storage case as illustrated in FIGS. 5
      and 44.
PAR  FIG. 45 shows how with this design, when a plate is constructed as in FIG.
      41, either surface of the plate can be used, and the counting bars will
      align themselves on either side.
PAR  FIGS. 46 through 53 correspond to FIGS. 6 through 14 except this design of
      counting bar has angular ridges and no narrow segment of connecting
      material is present between individial units of the counting bar.
PAR  FIGS. 39 through 45 are so designed to accommodate the units in FIGS. 46
      through 53, and these plates, or storage halves also have no separating
      ridge that allows the units to be separated at their edges.
PAR  FIGS. 54 to 64 show another version of this invention. In this version only
      the inner large flat surfaces are used as a grid of numbered catchment
      areas. This version also shows the use of circular recessed areas in the
      grid, and also illustrates the use of linked units e.g. counting bars,
      that join at the ends to form a linked chain.
PAR  The storage case shown in FIGS. 54 to 58 consists of two moulded plastic
      halves 130, 131 adapted to be joined by a hinge comprising hinge portions
      118 and 126 which receive a hinge pin (not shown). As seen in FIG. 54, one
      half casing 130 of the storage case has a rim 115 along its edge 114
      around an inner surface 113. The rim 115 has catches 117 adapted to engage
      in shaped recesses 125 (FIG. 55) in the other half casing 131. The inner
      surface 113 has one hundred numbered circular catchment areas or recesses
      116 (FIG. 56) adapted to receive spheres 134 (FIGS. 60 and 61).
PAR  The other half case 131 has a similar rim 122 along its edge 121 which
      surrounds the inner surface 120. It has complimentary hinge portions 126
      which have internal bores 127 adapted together with bores 119 in hinge
      portions 118 to receive a common hinge pin. Surface 120 also has round
      catchment areas 123, numbered from 1 to 100, adapted to receive spheres
      134 (FIG. 60). The row of FIGS. 1 to 10 denoted by numeral 128 represents
      the multiplier and the row of FIGS. 1 to 10 denoted by numeral 129
      represents the multiplicand.
PAR  The products of multiplier and multiplicand are represented by rows of
      numerals marked 124.
PAR  FIG. 59 shows the storage case closed for transit by a hinge pin 132 and
      fastening means 133 formed by engagement of catches 117 in shaped recesses
      125.
PAR  The spheres 134 join together like pop beads as shown in FIGS. 60 and 61 to
      make up a string of spheres representing any desired number. Each sphere
      134 has a recess 138 closed except for a small gap 137 and, adapted to
      receive a bulbous end 136 of an extension 135. FIG. 60 shows a group of
      five spheres joined and a group of three, whereas FIG. 61 shows a group of
      three and a single sphere.
PAR  Use of these spheres is similar to use of the counting bars described
      previously. For example to find the product of 6 and 7, six rows of seven
      spheres each are placed in recesses in the half casing 131. The product
      can be read of as 42 which the figure occuring in the rows of figures 124
      immediately below the right-hand side of the last recess to be filled by a
      sphere.
PAR  In the modification shown in FIG. 62 the half casing has an inner surface
      139 surrounded by a moulded edge 140 with a rim 141. There is a grid 142
      of square recesses formed in surface 139 adapted for use with square units
      143 (FIGS. 63 and 64). These units can be joined like the spheres
      described above. They have recesses 146 to receive bulbous ends 145 of
      extensions 144.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mathematical aid comprising:
PA1  a counting member having an upper face provided with a pattern of ridges
      having sloping sides and dividing the face into an arrangement of n
      .times. n recessed areas representing an orderly series of numbers; and
PA1  a plurality of solid, relatively thin, multiple segment counting bars which
      may be positioned on said member to portray mathematical relationships,
      each bar comprising a plurality of joined segments defining units that
      collectively represent a number,
PA1  each of said bars presenting opposed, upper and lower major surfaces, said
      lower surface having channel-like recesses therein provided with sloping
      sides for complementally receiving said ridges on the member to nest each
      unit of the bar in any one of the areas of said member, whereby to retain
      the units in place and provide selfcentering and self-alignment of the
      units of each bar with respect to the corresponding selected areas of said
      member,
PA1  said upper surface of each bar having ridges thereon provided with sloping
      sides complementally receivable in the channel-like recesses in the other
      of said bars upon stacking thereof to center and align the units of the
      stacked bars.
NUM  2.
PAR  2. The mathematical aid as claimed in claim 1, wherein numerical indicia is
      provided on areas and said units to illustrate counting sequences and
      mathematical operations.
NUM  3.
PAR  3. The mathematical aid as claimed in claim 1, wherein said areas and said
      units are symmetrical and of like geometric configuration.
NUM  4.
PAR  4. The mathematical aid as claimed in claim 1, wherein adjacent units of
      each of said bars are contiguous along common, opposed recesses and ridges
      thereof.
NUM  5.
PAR  5. The mathematical aid as claimed in claim 1, wherein adjacent units of
      each of said bars are joined by relatively narrow, integral connecting
      segments presenting said recesses and ridges thereof.
NUM  6.
PAR  6. The mathematical aid as claimed in claim 1, wherein is provided a pair
      of said members in the form of a pair of plates presenting two halves of a
      storage case adapted to contain said bars.
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ABST
PAL  Scholastic test grading apparatus uses a circular answer sheet having a
      circular series of angularly-spaced, numbered rows of radially-spaced
      answer spaces on which the student marks his answers to correspondingly
      numbered questions by blacking-in selected ones of the answer spaces as
      with soft pencil lead. The sheet also carries punch locating indicia
      opposite each number. The answer sheet is graded by pressing it, in a
      selected orientation, against a printed circuit board which has formed
      thereon a pattern of electrical gaps corresponding to the correct-answer
      positions on the answer sheet. The blacked-in pencil lead blacking
      material in such positions bridges the electrical gaps to close electrical
      circuits to a circle of lamps, which light up to show both how many and
      which answers are correct. A question label disk placed in the circle of
      lamps identifies the questions or groups of questions indicated by the
      several lamps.
PAL  The circular shape and arrangement of the answer sheet permits it to be
      oriented in numerous angular positions against the printed circuit board,
      so as to give different correct answer locations for different tests
      without changing the pattern of gaps on the circuit board. A designated
      orientation for each test is obtained by punching holes at selected pairs
      of the punch locating indicia and engaging the holes over fixed locating
      pins.
PAL  The grading apparatus supports the printed circuit board over a pressure
      pad which may be manually retracted and latched downward to define a slot
      for insertion of the answer sheet and which, when released, is
      spring-pressed upward to press the sheet against the circuit board. The
      circuit board is a plug-in unit which is readily replaceable to change
      correct-answer patterns.
PAL  The electrical answer-indicating circuits each contain a lamp and a
      resistance, and operates at relatively high voltage, e.g. 100 v., so as to
      ensure reliable circuit closure by the blacking material in the answer
      spaces, and such circuits are isolated from line voltage by an isolating
      transformer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to scholastic test grading apparatus, and especially
      to apparatus for quickly and easily evaluating answers to different
      scholastic examination units without adjustment of the machine answer
      code.
PAR  Automatic test grading machines have recently become popular for grading
      many types of student examinations. These are especially useful in scoring
      examinations wherein multiple-choice or true/false answers are indicated
      upon standardized answer sheets. Prior grading machines comprise fairly
      complicated and expensive electrical and mechanical apparatus which
      compare student responses with an answer code and provide a performance
      readout such as a number indicating how many questions were correctly
      answered.
PAR  In modern education, students are frequently encouraged to proceed through
      sequential courses of study at an individually-set pace, and to test
      themselves on each subject unit as soon as they feel they have mastered
      the material of that unit. In such practice, it is desirable to provide
      test and grading apparatus which will accommodate many students completing
      different examinations simultaneously, and to provide inexpensive and easy
      to operate grading apparatus which will score different examinations with
      little or no machine adjustment from one examination to another.
PAR  In the prior art, U.S. Pat. No. 3,407,516 proposes a test grading system
      which utilizes answer cards on which the student indicates his responses
      to test questions by punching holes at selected locations. The punched
      answer card is then graded by superimposing it on a test code card which
      has perforations therein arranged according to the correct responses to
      the test questions, and both cards are inserted into a machine for
      scoring. In the machine, a series of contact fingers sense matching holes
      and register one count whenever the perforations in the two cards
      coincide. Such machines do not indicate to the student which questions
      were answered correctly and which were not, and this is especially
      disadvantageous for grading self-administered, progress tests used in
      sequential study courses. Moreover, the machine requires a separate answer
      code card for each different examination, and one of these cards must be
      inserted into the machine each time an answer card is inserted, which
      makes a machine of this type both complicated and time consuming to use.
PAR  Other grading machines have been proposed which provide a plurality of
      self-contained answer codes. These machines may use a standardized answer
      card on which the student indicates his responses to test questions by
      blacking-in selected ones of a series of blocks with pencil lead. In U.S.
      Pat. No. 3,631,611, for example, such an answer card is graded by bringing
      it into contact with a series of spaced contact fingers which are
      electrically connected according to a preset answer code. Each correctly
      located answer marking on the card completes a circuit through a pair of
      the fingers to energize a counter for registering the total number of
      correct answers, and to energize a marking device which marks the correct
      answers. While machines of this type do not require answer codes to be
      maintained apart from the machine itself, they do require the machine to
      be provided with marking means and means to change the answer code, and
      require changing the answer code whenever a card from a different
      examination is to be graded. Such provisions make the machine complicated
      and expensive, and its use is particularly time consuming and undesirable
      when students are following modern, individualized programs of study and
      are thus completing many different examinations at the same time.
PAR  The present invention provides an inexpensive grading apparatus which is
      easy to use, which tells the student not only how many but which answers
      are correct and incorrect, and which permits different tests to be scored
      in different ways without machine adjustment.
PAC  SUMMARY OF THE INVENTION
PAR  Test and grading apparatus in accordance with the invention comprises a
      circular answer sheet which carries a series of angularly-spaced rows of
      radially-spaced answer spaces, on which a student may indicate his answers
      to a corresponding series of multiple-choice or true/false questions by
      blacking-in a selected answer space in each row with a soft lead pencil.
      Desirably, the rows of answer spaces are numbered to correspond to the
      questions, and the answer spaces of each row may be identified by letters.
      The answer sheet also carries a circumferential series of orientation code
      indicia, which are desirably a series of punch locations respectively
      adjacent the several row numbers.
PAR  Apparatus for grading or scoring the answer sheets comprises a sensing
      panel which carries electrical contact elements that form a series of
      angularly-spaced electrical gaps in a predetermined pattern at
      radially-spaced positions corresponding to the correct-answer positions in
      the rows of answer spaces on the answer sheet. The relationship is such
      that when a completed answer sheet is pressed against the sensing panel in
      a proper orientation, the correctly blacked-in answer spaces will overlie
      the electrical gaps and the blacking material therein will bridge the gaps
      and close electrical circuits to a circle of lamps which indicate how many
      and which correct answers have been given. A question label disk placed in
      the circle of lamps identifies the questions or groups of questions
      indicated by the several lamps.
PAR  Because of the circular shape of the answer sheet and the circular
      arrangement of the answer-space rows and the pattern of electrical gaps,
      the answer sheet may be pressed against the sensing panel in any of
      numerous angular orientations. Such different orientations have the effect
      of producing different positions of correct answers on the answer sheet,
      and permit different correct-answer positions to be used on a number of
      different tests without changing the pattern or code of the electrical
      gaps on the sensing panel. Selected different orientations of the answer
      sheet relative to the sensing panel, for different tests, are obtained by
      aligning selected orientation indicia on the answer sheet with
      predetermined locating points relative to the sensing panel. Preferably,
      this is done by providing a pair of locating pins in fixed positions
      relative to the sensing panel, and orienting the answer sheet thereon by
      means of a pair of holes which are punched in the answer sheet at punch
      locations selected to match the test being answered. Such holes are
      desirably punched after the student has completed the answer sheet so that
      he previously has no way of knowing which orientation will be used in
      grading his answer sheet on the particular test being taken.
PAR  In accordance with the invention, the preferred apparatus for grading the
      answer sheets comprises a housing which defines a narrow, preferably
      horizontal, slot to receive an answer sheet, and is provided with a pair
      of locating pins for locating and orienting the sheet in the slot. The
      sensing panel is mounted above the slot and desirably is in the form of a
      printed circuit board on which the electrical gaps have been formed in a
      predetermined pattern. A pressure plate is mounted below the sensing
      panel, is spring pressed upward to press the answer sheet against the
      sensing panel, and is connected to a manually operated lever which
      retracts it to permit insertion of the answer sheet in the slot. The
      printed circuit board is desirably a plug-in unit which is readily
      replaceable to change correct-answer patterns.
PAR  The electrical answer-indicating circuits of the apparatus desirably
      operate at relatively high voltage, for example, at 110 volts, so as to
      ensure reliable circuit closings by the blacking material in the answer
      spaces. The circuits each desirably contain a high resistance in series
      with the indictor lamp, to permit use of glow lamps of high reliability
      and long life. The operating circuits are desirably isolated from line
      voltage by an isolating transformer.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate the invention, and show a preferred
      and exemplifying embodiment. In such drawings:
PAR  FIG. 1 is an isometric view of a test grading machine of this invention,
      with portions thereof broken away;
PAR  FIG. 2 is a plan view of an answer sheet for use with the grading machine
      shown in FIG. 1, with certain answer spaces shaded to represent answer
      markings;
PAR  FIG. 3 shows a portion of a test code sheet for use with the grading
      machine shown in FIG. 1;
PAR  FIG. 4 is a plan view of an electrically conductive laminate pattern on the
      underside of the circuit board, as seen from above the circuit board for
      superimposition on the answer sheet shown in FIG. 2;
PAR  FIG. 5 is a longitudinal vertical section of the test grading machine shown
      in FIG. 1;
PAR  FIG. 6 is a fragmented horizontal section of the machine taken on the line
      6--6 of FIG. 5, with portions thereof broken away;
PAR  FIG. 7 is a transverse vertical section of the machine taken on the line
      7--7 of FIG. 5;
PAR  FIG. 8 is a horizontal section on the line 8--8 of FIG. 5 with portions
      broken away to show the electrically conductive laminate pattern on the
      upper side of the circuit board; and
PAR  FIG. 9 is a schematic representation of the machine electrical circuit.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Test grading apparatus embodying the invention is shown in FIG. 1 and
      generally comprises a grading machine 10 having a lower housing 12 with an
      upper sensing panel 14 mounted thereon in a manner to provide a forwardly
      open slot 16 for reception of a circular test answer sheet 18. The top
      face of the slot 16 is defined by a sensing panel, here shown as a circuit
      board 22 which has sensing means on its bottom side for sensing
      correctly-marked answers on the answer sheet 18 and for forming circuits
      to energize lamps 24 mounted in a circle in the top of the panel 14 to
      indicate the correct answers. The lower housing 12 contains a pressure
      plate for pressing the answer sheet against the circuit board 22, and such
      plate is controlled by a manually operated control arm 20.
PAR  A test answer sheet 18 for use with the grading machine 10 is shown in FIG.
      2, and comprises a circular paper sheet of a convenient thickness provided
      with a central area for student and test identification data. The circular
      portion of the sheet surrounding such central area is printed to provide a
      series of angularly-spaced rows 28 of radially-spaced answer spaces 30.
      The rows 28 are numbered with printed numbers 32 to correspond to numbered
      test questions, and the answer spaces 30 are identified by the letters A,
      B, C, and D, to correspond to similarly identified possible responses to
      the test questions. The test questions will normally be either
      multiple-choice or true/false questions to which answers can be indicated
      by marking one or more of the answer spaces 30. The particular number of
      answer rows as well as the number of answer spaces within each row may
      vary, but in practice, it has been found that an answer sheet having a
      diameter of about eight inches readily accommodates 25 answer rows having
      four answer spaces each.
PAR  In using the answer sheet 18, a student indicates his response to each test
      question by blacking-in with a soft lead pencil a selected one of the
      answer space A, B, C, or D of the row corresponding to the question. Such
      blacked-in spaces are shown by shading on the answer sheet in FIG. 2.
PAR  The answer sheet 18 also carries a circular series of orientation indicia,
      here shown as a ring of round punch markings 34 printed about the
      periphery thereof and respectively adjacent the numbers 32 of the rows 28.
      Such markings 34 are used to fix the orientation of the answer sheet 18 in
      the grading machine. To this end, after completion of the test by a
      student, a pair of apertures are punched in the sheet at two selected and
      generally opposite markings 34a and 34b, in accordance with a
      predetermined code for the test being graded. The test unit is identified
      by a number recorded in the identification area at the center of the
      sheet, as at 36 in FIG. 2. The punching code is desirably recorded on a
      master code sheet 38, such as that shown in FIG. 3, and this indicates
      which pair of the markings 34 are to be punched for each different test
      unit. For example, FIG. 3 shows that for test unit number 16, the
      orientation apertures are to be punched through the orientation code
      markings 34 adjacent the answer rows numbered 1 and 13, and such punchings
      are shown in FIG. 2.
PAR  The answer sheet 18 is scored by inserting it into the forwardly open slot
      16 of the grading machine 10 with its printed and pencil-marked face
      upward, as shown in FIG. 1. The sheet is located and angularly oriented
      within the slot by positioning the apertures punched therein over a pair
      of locating pins 39 mounted on the machine 10 at opposite sides of the
      sensing panel 14. After the answer sheet 18 is properly located and
      oriented in the slot, the sheet is pressed into contact with the sensing
      means on the underside of the circuit board 22 for scoring, as will be
      described below. In the apparatus shown, there are 25 possible angular
      orientations of the answer sheet 18 within the slot, equal to the number
      of answer rows 28 printed thereon. A corresponding number of different
      sets of answer positions on the answer sheets will be available for use
      with different tests or test units, and the different angular orientations
      to be used for the different test units will be shown by the master code
      sheet 38.
PAR  The sensing means on the underside of the circuit board 22 comprises a
      copper laminate gap pattern which can be photographically etched on the
      board in a conventional manner. One such gap pattern 40 is shown by way of
      example in FIG. 4, and for convenience, said pattern 40 is shown as viewed
      from above the circuit board for superimposition over the answer sheet 18
      shown in FIG. 2. Such gap pattern has a central common contact area 42
      connected to a lead 44. At angularly spaced positions about its periphery,
      such central contact area has edge portions or arms 46 which extend
      outward to one or another of four circles A, B, C, and D, shown in dotted
      lines, and there lie in spaced relation with individual contact areas 50
      so as to form narrow gaps 48 on and along such circles. The circles have
      radii equal to the distance from the center of the answer sheet to the
      answer spaces A, B, C, and D thereon. The gaps 48 are thus radially-spaced
      in the same positions as the answer spaces, and they are also angularly
      spaced to register with the rows 28 of answer spaces. The position of the
      gap 48 along each row 28 of answer spaces determines which space will
      represent the correct answer to the question corresponding to that row.
      The relationship of the gaps to the circles, i.e., as to which circles the
      gaps overlie, is a random relationship, so that there will be no regular
      pattern of correct-answer positions which students can discern.
PAR  Each individual contact area 50 is connected to an electrical lead which is
      connected in circuit with one of the indicator lamps 24, as will be more
      fully discussed below. When the gap 48 in a circuit is bridged by a
      blacked-in pencil marking on the answer sheet, this completes an
      electrical path between the contact areas 46 and 50 and completes the
      circuit and lights the lamp. The lamps of the several circuits are
      arranged in a circle in the same circumferential order as the gaps 48 on
      the board and hence in the same order as the corresponding answer-space
      rows 28 on the answer sheet, and the series of lights thus has a
      predetermined relation to the series of answers on the answer sheet, which
      relation depends, however, on the orientation of the answer sheet relative
      to the circuit board.
PAR  When the answer sheet 18 is pressed into contact with the printed circuit
      40 on the circuit board, the rows 28 of answer spaces respectively lie
      radially across the several gaps 48 of the printed circuit. If a question
      for each row has been correctly answered, the blacked-in answer space
      representing the correct answer will be radially positioned on the gap so
      as to bridge the gap in that angular position and complete the electrical
      path between the center contact area 46 and the individual contact area at
      that position. This will light the lamp in circuit with that gap and give
      a visual indication of the correct response. For example, referring to
      FIGS. 2 and 4, the student response for question No. 21 is indicated on
      the sheet shown in FIG. 2 by the pencil-blackened area A at the outermost
      answer space 30a of the 21st row of spaces. For test unit number 16, the
      gap representing the correct answer to question No. 21 is the
      correspondingly located gap 48a which lies on the outermost circle A in
      FIG. 4. Accordingly, when the sheet is brought into contact with the
      laminate pattern, the row 21, space A response bridges the gap 48a and
      completes the electrical path between the contact areas 46a and 50a to
      light the lamp 24 corresponding to question No. 21. Similarly, the student
      response to question No. 23 is shown by the blacked-in C answer space in
      row 23 on the answer sheet. However, the gap 48b corresponding to a
      correct answer to question NO. 23 is at the innermost or D position, and
      the C response is not properly located to bridge the gap 48b, and
      accordingly, the lamp 24 corresponding to question No. 23 will not light
      but will remain dark to indicate an incorrect answer.
PAR  The random radial arrangement of the gaps 48 on the laminate pattern 40
      thus defines an answer code sequence, while the angular orientation of the
      answer sheet within the slot and with respect to the laminate pattern 40
      determines the specific answer code for a particular examination unit. The
      number of possible specific answer codes is determined by the number of
      orientation positions which the answer sheet can have, and this is
      determined by the number of answer rows 28 on the sheet 18 and the
      corresponding number of angularly spaced gaps in the pattern. The specific
      answer code is changed simply by orienting the answer sheet in a different
      orientation with respect to the series of gaps 48. No internal machine
      adjustment is required, and different orientations for different tests are
      obtained by punching different parts of locating holes in the answer
      sheet, in accordance with a code guide as shown in FIG. 3, as the sheet is
      prepared for insertion in the grading machine.
PAR  The grading machine 10 shown in FIGS. 1 and 5-7 has a lower housing 12 and
      an upper sensing panel 14 mounted as a cantilever on the lower housing 12.
      The lower housing is a generally rectangular box having a horizontal
      bottom wall 52 and vertical end and side walls 54 and 56. It desirably has
      rubber mounting feet 58 at its corners. The top of the housing is provided
      with flat horizontal border portions to define the lower face of the slot
      16 and to support the edges of the answer sheet 18 inserted therein. To
      provide such border portions, an angle member is bolted to the front end
      wall 54 by bolts 57 and provides a forward-extending lip 55. At the sides,
      the border portions are provided by the top flange of a pair of angle iron
      side-rails 60 which are bolted against the inner faces of the side walls
      56 and run longitudinally the full length of the housing 12. Such side
      rails 60 also serve as a support for the cantilever upper panel, as will
      be described. The answer sheet locating pins 39 are mounted on the
      horizontal legs of the side rails 60 and extend upward therefrom in
      locations at opposite sides of the machine and outward from the sides of
      the sensing panel 14.
PAR  The pressure plate for pressing the answer sheet 18 upward into contact
      with the underside of the circuit board 22 is mounted within the lower
      housing 12. Such pressure plate comprises a rectangular platform 86
      carrying a resilient pressure pad 88 of rubber or the like on its upper
      surface, and lies between the side rails 60.
PAR  The pressure pad 88 is desirably annular in shape and of a size to bear
      against that portion of an answer sheet which lies against the area of the
      circuit board which carries the electrical gaps 48, so as to concentrate
      the pressure of the pressure plate on the portions of the answer sheet
      which carry the answer markings and which engage the electrical gaps on
      the circuit board. The mounting mechanism for the pressure plate comprises
      a supporting beam of angle stock 68 extending longitudinally along the
      center of the housing bottom wall 52 for substantially the entire length
      of the machine. Such angle stock has a horizontal leg mounted against the
      bottom wall 52 by a pair of spaced bolts 72, held by nuts 74 and extending
      upward therefrom. The upper ends of the bolts 72 serve as locating posts
      for a pair of vertically extended springs 78. The upper ends of the
      springs 78 are received over bolts 80 mounted in nuts 82 welded to the
      underside of the platform 86 of the pressure plate. The springs normally
      tend to press the pressure plate upward against the circuit board 22.
PAR  To control the position of the platform 86, a pair of laterally spaced,
      downward extending posts 90 are connected as by welds 92 to the underside
      of the platform. The supports 90 are pivoted at their lower ends to a
      transverse crank bar 94 which is rigidly connected by a pair of crank arms
      96 to a transverse control shaft 98. As shown, the bar 94 is disposed to
      the rear of the shaft 98 and parallel therewith. The control shaft 98 is
      mounted in bearings 100 formed from nylon or the like and fastened by
      bolts 102 to the side walls 56 of the housing. The shaft ends extend
      laterally outward from the bearings through the housing side walls, and
      are fixed by pins 104 to the ends of the U-shaped control arm 20. Collars
      103 are welded to the control arm 20 and bear against the side walls 56 to
      prevent axial displacement of the shaft 98. From the ends of the shaft 98,
      the side legs of the control arm 20 extend rearward along the housing side
      walls, and the transverse leg of such arm forms a handle behind the rear
      wall of the housing.
PAR  The platform is releasably retained in a lowered position away from the
      circuit board 22 by a latch 105. Said latch is pivotally mounted by a pin
      106 to the vertical leg of the angle stock 68 at the bottom of the
      housing, and extends upward beneath the center of the platform behind and
      adjacent to the crank bar 94. The latch has a forward projecting finger
      108 at the top thereof which is received over the crank bar when the
      platform is in a lowered position, as shown in FIG. 5, to releasably lock
      the platform away from the circuit board.
PAR  The latch 105 is controlled by an actuating rod 110 which has one end
      pivotally connected to the latch 105 at a point between the latch pin 106
      and the latch finger 108. The rod 110 extends rearward through a bushing
      111 mounted in the rear end wall 54 of the housing, and carries a handle
      113 at its rearward end. A spring 112 surrounding the rear portion of the
      rod 110 bears against a fixed plate 115 adjacent the rear wall and engages
      a flange 114 fixed to the rod to urge the rod forward toward latched
      position.
PAR  The pressure plate 86-88 is normally held in lowered position by the
      engagement of the latch 105 with the crank bar 94, against the action of
      the springs urging the plate upward toward the circuit board 22. When the
      grading machine is to be used to grade an answer sheet, such sheet 18 is
      inserted in the slot between the pressure plate and the circuit board, the
      handle of the control arm 20 is slightly depressed to release the pressure
      of the crank bar on the latch 105, the handle 113 is then pulled out to
      move the latch to release position, and the control arm 20 is then allowed
      to swing upward, preferably at a manually limited rate. This allows the
      pressure plate to move upward under the influence of the springs 78, and
      when the control arm is fully released, the pressure plate presses the
      answer sheet against the circuit board with full pressure determined by
      the force of the springs. When the grading is completed, the handle of the
      control arm 20 is pressed downward to lower the pressure plate, and the
      latch 105 then automatically engages the crank bar 94 to hold the pressure
      plate in lowered position as shown in FIG. 5. The forward lower surface of
      the finger 108 may be rounded, as at 118, to facilitate such engagement.
PAR  The upper sensing panel 14 mounted on the lower housing 12 comprises a
      horizontal top wall 120, a rear end wall 122, and two side walls 124. The
      width of the panel 14 is less than the width of the housing so that the
      locating pins 39 are disposed laterally outward from the panel side walls
      124. The panel 14 extends as a cantilever in unsupported relation over the
      front portion of the housing 12, to define the top of the slot 16, and is
      rigidly connected to the housing structure over its rear portion. To this
      end, such top panel 14 is rigidly preassembled to the angle iron side
      rails 60 which bolt to the side walls 56 of the housing, by means of
      elongated angle-iron brackets 128 extending from the rear of the housing
      forward to the rear edge of the slot 16. Such brackets 128 have horizontal
      legs 127 (FIG. 7) which underlie the top flanges of the angle iron side
      rails 60 and are welded thereto as at 130, and have vertical legs 129
      which lie against the inside faces of the side walls 124 of the top panel
      and are welded thereto as at 132. When the sub-assembly of the top panel
      with the angle iron side rails 60 is assembled to the housing, the side
      rails 60 are bolted to the side walls of the housing and the rear wall 122
      of the panel is bolted to the rear wall of the housing as by bolts 126.
PAR  As shown in FIGS. 1 and 7, the panel side walls 124 have their lower edges
      turned horizontally inward forward of the brackets 128 to provide lips 134
      to support the circuit board 22, and to define the top of the horizontally
      extending slot 16 between the panel 14 and the housing 12. In practice,
      the vertical width of said slot is about 1/16 to 1/4 inch. The circuit
      board 22 has a width slightly less than the width of the panel 14, and is
      slidably received into the forward end of said panel in a track formed by
      the lips 134 and a horizontally extending backing plate 136. The backing
      plate 136 is formed from an electrically non-conductive material, and has
      its lateral edges interconnected to the panel side walls 124 by opposed
      pairs of brackets 137, as shown in FIGS. 7 and 8. The brackets are
      connected to the side walls by bolts 139 and to the backing plate by bolts
      141. Desirably, said bolts 141 have their heads inset into the plate 136
      so that they do not interfere with sliding of the circuit board within the
      track.
PAR  The rear edge of the circuit board narrows in width, as shown in FIGS. 1
      and 8, for plug-in reception into a conventional printed circuit board
      connector 148 having a plurality of lower and upper wiper contacts 149 and
      151. The connector is mounted by screws 150 on a transverse metal plate
      152 welded by welds 153 to the inside faces of the vertical legs of the
      brackets 128.
PAR  The forward edge of the circuit board is connected by screws 135 to a
      support bracket 137. The bracket 137 is in turn connected to a vertically
      extending face plate 138 having a pair of handles 140 mounted thereon.
      Said plate 138 serves to close the forward face of the upper panel 14 when
      the circuit board is received therein. This circuit board mounting permits
      insertion and removal of the board for replacement by a different circuit
      board having a different gap pattern thereon to be installed in the
      machine. Conveniently, a key-operated lock cylinder 142 is mounted in the
      top wall 120 of the panel 14, and has a locking arm 144 which engages a
      finger 146 mounted on the support bracket 137 to releasably lock the
      circuit board in the upper sensing panel and to prevent unauthorized
      access to the answer code defined by the gap pattern. Alternatively, the
      circuit board can be bolted in position within the upper panel to prevent
      easy removal of the circuit board therefrom.
PAR  With the circuit board 22 locked in position within the upper sensing panel
      14, each set of the contact arms 46 and 50 defining a gap 48 on the
      laminate pattern 40 is electrically connected through the circuit board
      connector 148 to one of the lamps 24. As shown in FIGS. 1, 5, and 7, said
      lamps are mounted in a circular series of sockets 25 in holes formed in
      the top wall 120 of the sensing panel. Desirably, the lamps are angularly
      spaced in the same positions and in the same order as the gaps 48 on the
      laminate pattern 40 of the circuit board to provide correlation between
      the lighted lamps and the test questions.
PAR  The interconnections between the contact arms 50 of the circuit board and
      the lamps 24 are shown in FIGS. 2, 4, 8, and 9. The contact arms 50 which
      are nearest the circuit board connector 148 have printed lead connections
      51 which run along the underside of the circuit board to the rear edge
      thereof for connection with the lower wiper contacts 149 in the connector
      148. Also, the power lead 44 connected to the central contact disk 42 runs
      along the underside of the board to the rear edge thereof for connection
      with one of the lower wiper contacts 149. The contact arms 50 farthest
      from the connector 148 have lead connections which run away from the
      central disk 42 to individual terminal points 154. At such terminal
      points, the leads are connected upward through the board to a series of
      straight leads 156 on the top thereof which run to the rear edge for
      connection to the upper wiper contacts 151 in the connector 148.
      Conveniently, the straight leads 156 are copper laminate leads formed on
      the upper side of the circuit board in a conventional manner, such as by
      photographical etching. The terminal points 154 are desirably positioned
      ahead of the backing plate 136, as shown in FIG. 8, to prevent them from
      being damaged as the circuit board is inserted into or removed from the
      sensing panel. A series of wire leads 158 are connected to the contacts
      149 and 150 of the circuit board which engage the printed lead connections
      51 and 156, and a wire lead 172 is connected to the contact 149 which
      engages the power lead 44 to the central contact disk 42 on the circuit
      board.
PAR  The wire leads 158 and 172 are connected in circuits as shown in FIG. 9.
      Power supply is from a supply cord 164 having a plug for connection to a
      standard 110 v. AC receptacle. The cord is connected through a control
      switch 166 mounted on the rear end wall 54 of the housing, and through a
      fuse 168 to the primary of a one-to-one isolation transformer 170. The
      secondary of such transformer is connected at one side to the wire lead
      172 which connects through the contact connector 148 to the center disk 42
      of the laminate pattern and at the other side to a common return lead 159
      from the lamp sockets 25. The several wire leads 158 from the connector
      contacts 149 and 150 are each connected through a resistor 160 to the
      opposite side of a lamp socket 25. The connections to the resistors are
      desirably at connection points on terminal strips 162 suspended from the
      panel top wall 120. The lamp circuits are all alike and parallel, and the
      two shown in FIG. 9 are representative of the others.
PAR  Desirably, the lamps 24 used are high intensity neon lamps, such as that
      sold under the designation C2A which give long life and high reliability.
      They require a high resistance in series with them, and it has been found
      satisfactory to use resistances having a value of 33K ohms.
PAR  The circuit provides full voltage across the gaps 48 of the laminate
      pattern, which helps to ensure that the gaps will be bridged and the
      circuits closed by pencil lead markings 19 on the answer sheet 18 when the
      same are pressed against the sensing panel board 22 by the pressure pad
      88. I find this more reliable than to use a circuit which reduces the
      voltage to say 20 volts and uses low voltage lamps, because at such low
      voltage the pencil markings do not reliably close the circuits across the
      gaps 48. The isolation transformer isolates the operating circuits from
      line potential and contributes to safety.
PAR  As previously indicated, the lamps 24 are desirably arranged in the same
      angular spacing and the same order as the electrical gaps 48 to which they
      are connected. This correlates the lamps with the rows of answer spaces on
      the answer sheet being graded, and hence with the questions which have
      been answered. In order to show such correlation, a test question label
      disk 161 (FIG. 1) is desirably provided for each test, and this is placed
      within the ring of lamps 24 on the sensing panel in a predetermined
      orientation correlated with the orientation of the answer sheet being
      graded. To secure the desired orientation of the label disk 161, it is
      provided with a non-symmetrical pair of holes which fit over locating
      posts 163. The label disk 161 may carry a series of numbers to indicate
      the test questions, but I have found it desirable to divide the disk into
      subject categories correlated with the questions, so that the number of
      lamps which are lighted opposite each category indicates to the student
      his level of performance in that category.
PAR  Operation of the test grading machine described above is as follows: The
      student records his name, the test identification number and other data in
      the blank spaces at the center of an answer sheet 18, shown in FIG. 2. The
      test to be answered is assumed to be a numbered series of multiple-choice
      test questions, each having four lettered answers between which the
      student is to choose. The student indicates his selected responses to the
      numbered questions of the test by blacking-in with a soft pencil one of
      the lettered answer spaces of each correspondingly numbered row of such
      spaces on the answer sheet 18.
PAR  The same answer sheet is also usable for true/false tests. In such use, the
      student blacks in the two answer spaces marked A and B to register a
      "true" answer and blacks in the other two answer spaces marked C and D to
      register a "false" answer.
PAR  When the student has completed the test, he takes the answer sheet 18 to
      the test supervisor who consults the test master code sheet 38 illustrated
      in FIG. 3 to determine the locations of the code punchings which are to be
      made to control the orientation of that test answer sheet in the grading
      machine. The supervisor then punches the appropriate pair of opposed
      apertures through the peripheral markings 34 on the sheet according to the
      markings identified by the code sheet. He also selects an answer label
      disk 16 corresponding to the test being graded.
PAR  Either the supervisor or the student then places the answer sheet within
      the slot 16 of the grading machine between the upper sensing panel 14 and
      the lower housing 12, and places the label disk 16 on the locating pins
      163 within the circle of lamps 24. The sheet 18 is horizontally supported
      on the pressure pad 88 and on the border surfaces provided by the front
      lip 55 and the horizontal legs of the side rails 60. The sheet is
      angularly oriented and located within the slot by engaging its two punched
      holes (at rows 1 and 13 in FIGS. 1 and 2) over the locating pins 39 at the
      sides of the housing.
PAR  The answer sheet is pressed into contact with the copper laminate gap
      pattern 40 on the underside of the circuit board 22 by slightly depressing
      the control lever 20, then pulling the handle 113 of the rod 110 to
      release the latch 105 holding the crank bar 94, and thus allowing the
      control lever 20 to rise, which allows the springs 78 to carry the
      platform 86 upward. Desirably, the upward rate of travel of the platform
      is controlled by manually restraining the upward movement of the control
      arm 20. The pressure pad 88 then presses the answer sheet firmly against
      the laminate pattern 40 on the circuit board so that blacked-in  answer
      spaces 30 corresponding to correct responses are firmly pressed into
      bridging contact with the gaps 48 in that pattern. Such bridging contacts
      by correctly located responses marked on the sheet close circuits to the
      corresponding lamps 24, to light such lamps. In any answer row 32 where an
      incorrect answer (or no answer) is given, the gap 48 engaged by the
      unmarked correct answer space will not be bridged, and the lamp circuit
      containing that gap 48 will not be closed and the lamp will remain dark.
PAR  The student can then observe and count the lighted lamps to determine the
      number of questions on the test which he has correctly answered. Moreover,
      the student can observe the positions of the lighted and dark lamps in
      relation to the label disk 161 on the sensing panel to determine how well
      he performed in particular subject categories of the test. From such
      observation, the student can then determine whether he should proceed to
      the next block of instruction or should go back and study material in
      which he has done poorly.
PAR  The answer sheet 18 is released from the machine by pushing the control arm
      20 downward until the latch 105 re-engages over the crank bar 94 to again
      lock the platform 86 is lowered position. The sheet can then be removed
      from the slot 16 by lifting it off the pins 39 and pulling it out of the
      slot.
PAR  A test and grading apparatus of this invention is particularly useful for
      students who are following individualized courses of study and are
      administering "self-tests" at periodic intervals. With this test scoring
      system, the student can proceed at his own rate and take any particular
      examination for a block of instruction whenever he feels he is ready. The
      student can then obtain a quick, easy, and individual read-out of his
      performance on the particular instruction block by having his answer sheet
      graded in the grading machine. For this, it is only necessary to punch
      peripheral apertures in the answer sheet according to the test unit
      number, insert the answer sheet in the machine in the orientation
      determined by that punching, and release the control linkage to raise the
      pressure pad.
PAR  The test and scoring apparatus of this invention is particularly
      advantageous in that the machine can be used to grade answer sheets for
      several different test units in immediate succession and without
      adjustment or changing of the built-in answer code determined by the
      cooper laminate gap pattern. The only change needed is provided by the
      different orientation punchings on different answer sheets. That is, the
      gap pattern defines a fixed code or sequence of answers, but the specific
      starting point within that sequence and thus the specific answer code for
      a particular examination unit depends upon the angular orientation of its
      answer sheet within the machine and with respect to the laminate pattern.
      In the machine shown, there are twenty-five orientations which an answer
      sheet can have relative to the laminate pattern of gaps 48. The students
      will not know which orientation will be used on a particular test and
      hence will not normally be able to determine which spaces represent
      correct answers. Several examination units can be graded with the same
      circuit board gap pattern without danger that students will decipher the
      answer codes for such units. This permits many different examinations to
      be graded without any adjustment of the machine itself, and therefore
      greatly simplifies the grading operation, and adapts the machine for
      grading a random succession of answer sheets for different examination
      units.
CLMS
STM  I claim:
NUM  1.
PAR  1. Test and grading apparatus, comprising:
PA1  an answer sheet having answer indicia thereon defining a circular series of
      angularly-spaced row of radially-spaced answer spaces representing
      different answers to questions of a series corresponding to the series of
      rows, said sheet being adapted to have answers indicated thereon by
      markings or the like at said answer spaces,
PA1  said sheet also having orientation indicia thereon to define a plurality of
      orientations in which the sheet may be applied to sensing means for
      scoring correct answer markings thereon,
PA1  sensing means having a circular series of sensing elements angularly spaced
      for alignment with said rows of answer spaces and radially spaced for
      alignment with selected ones of the answer spaces of the rows, to sense
      correct answers in such spaces,
PA1  orientation means for selectively orienting answer sheets with respect to
      the sensing means in accordance with designated orientation indicia on the
      answer sheets,
PA1  means for bringing such answer sheets into sensing relation with the
      sensing means in the designated orientations for sensing correct answers
      thereon,
PA1  and indicating means to indicate for observation the results of such
      sensing.
NUM  2.
PAR  2. Test and grading apparatus as in claim 1 in which said indicating means
      comprises a circle of lamps respectively connected to the series of
      sensing means and arranged in the same circular order, and
PA1  circuit means responsive to the sensing means for lighting the respective
      lamps in response to sensing of correct answers by the sensing means.
NUM  3.
PAR  3. Test and grading apparatus as in claim 2 in which said answer spaces are
      adapted to be marked with electrically-conductive marking material, and
      said sensing elements comprise electrically-conductive materials defining
      gaps adapted to be bridged by the conductive material in correct answer
      spaces, said circuit means comprising parallel circuits respectively
      connecting the several gaps when bridged to energize the lamps.
NUM  4.
PAR  4. Test and grading apparatus as in claim 2 with the addition of a label
      card corresponding to a particular set of test questions which are
      answered on an answer sheet, means to mount such card in a predetermined
      orientation relative to said circular series of lamps when that sheet is
      being sensed, said card having indicia thereon to correlate the lamps with
      the questions.
NUM  5.
PAR  5. Test and grading apparatus as in claim 1 in which said answer spaces are
      adapted to be marked with electrically-conductive marking material, and
      said sensing elements comprise electrical-conductive material defining
      gaps adapted to be bridged by the conductive marking material in correct
      answer spaces, and circuit means responsive to the bridging of said gaps
      and operative to actuate said indicating means.
NUM  6.
PAR  6. Test and grading apparatus as in claim 1 in which the answer spaces are
      adapted to be marked with electrically-conductive marking material, and
      said sensing means comprises a circuit board having a pattern of
      conductive laminate material thereon against which the answer sheets are
      brought into surface contact for sensing, said pattern defining electrical
      gaps in positions to be bridged by conductive markings in correct answer
      spaces on the answer sheet.
NUM  7.
PAR  7. Test and grading apparatus as in claim 6 in which said indicating means
      comprises a series of electrically-operable individual indicating elements
      corresponding to the series of row of answer spaces, and electrical
      circuit means connecting said indicating elements respectively for
      operation in response to bridging of said laminate gaps.
NUM  8.
PAR  8. Test and grading apparatus as in claim 6 which includes a pressure plate
      for pressing answer sheets into surface contact with said circuit board,
      springs or the like for applying resilient pressure thereto, and manually
      controlled means for moving the pressure plate toward and away from the
      circuit board.
NUM  9.
PAR  9. Test and grading apparatus as in claim 6 which includes a pressure plate
      for pressing answer sheets into contact with the circuit board, springs or
      the like constantly urging said plate toward the board, and manually
      operated control means for retracting the plate from the board.
NUM  10.
PAR  10. Test and grading apparatus as in claim 9 with the addition of latch
      means for latching the plate in retracted position.
NUM  11.
PAR  11. Test and grading apparatus as in claim 1 in which said orientation
      indicia comprises a circular series of markings defining selective punch
      locations at which the sheet is to be punched to determine the orientation
      in which it will be sensed, and said orientation means comprises one or
      more locating pins or the like positioned in a fixed relation with said
      sensing means and for engagement in the punchings of answer sheets
      presented for sensing by said sensing means so as to orient the same for
      such sensing.
NUM  12.
PAR  12. Test grading apparatus for grading the answer markings on an answer
      sheet having a circular series of equi-angularly spaced rows of
      radially-spaced answer spaces thereon, comprising
PA1  a sensing panel having a circular series of sensing elements arranged in
      angularly-spaced positions for registry with the angularly-spaced rows of
      answer spaces and in radially-spaced positions to sense correct answers in
      selected ones of the answer spaces of the rows,
PA1  said sensing panel thereby defining a circular reference code of correct
      answer positions and being adapted to sense the set of answers on an
      answer sheet in any of a plurality of orientations of the answer sheet
      with respect thereto,
PA1  orientation means for selectively orienting a particular answer sheet and
      the sensing panel in a particular orientation with respect to each other,
PA1  and means for bringing the answer sheet into sensing relation with the
      sensing panel in such orientation.
NUM  13.
PAR  13. Test grading apparatus as in claim 12 in which said sensing elements
      comprise pairs of electrical contact surfaces defining gaps adapted to be
      bridged by electrically-conductive markings in the answer spaces on the
      answer sheet,
PA1  a series of individual, electrically operated indicators corresponding to
      the series of sensing elements,
PA1  and electrical circuit means connecting each gap in circuit with a
      different one of said indicators to energize the same when the gap is
      bridged by a marking on an answer sheet.
NUM  14.
PAR  14. Test grading apparatus as in claim 13 in which the indicators are
      lamps.
NUM  15.
PAR  15. Test grading apparatus as in claim 14 in which the lamps are arranged
      in a circular series in the same order as the sensing elements.
NUM  16.
PAR  16. Test grading apparatus as in claim 15 with the addition of means to
      support a selected label card adjacent said lamps to correlate them with
      the questions answered on the answer sheet.
NUM  17.
PAR  17. Test grading apparatus as in claim 12 in which the sensing panel is a
      circuit board having a pattern of conductive laminate thereon, said
      sensing elements being electrical gaps formed in said laminate pattern
      adapted to be bridged by conductive markings on the answer sheet, and said
      means for bringing the sheet into sensing relation comprises a pressure
      pad mounted for movement toward the circuit board to press the answer
      sheet thereagainst.
NUM  18.
PAR  18. Test grading apparatus as in claim 17 wherein the answer sheet to be
      graded is provided with a pair of non-symmetrical spaced punchings in
      orientation locations selected to match the test being answered, and said
      orientation means comprises a pair of locating pins or the like positioned
      in fixed relation to said circuit board and for engagement by said
      punchings.
NUM  19.
PAR  19. A test grading machine for grading answer sheets having a circular
      pattern of indicia thereon defining a circular series of equi-angularly
      spaced rows of radially spaced answer spaces, comprising
PA1  a housing having a sensing panel mounted thereon, said housing and panel
      defining a slot therebetween for receiving an answer sheet in any of a
      plurality of angular orientations therein,
PA1  a sensing board mounted in said panel and facing said slot, said board
      having a circular pattern of sensing elements thereon corresponding to a
      pattern of correct answer markings on an answer sheet, said pattern of
      sensing elements being engageable by answer sheet in any of a plurality of
      angular orientations so as to provide different angular positions of the
      correct answer pattern on differently oriented answer sheets,
PA1  a platform movably mounted in the housing, facing said circuit board and on
      the opposite side of the slot from such board,
PA1  positioning means for locating and orienting an answer sheet in said slot
      in a selected one of a plurality of angular orientations with respect to
      the sensing board and platform,
PA1  means for moving the platform toward the sensing board to carry an oriented
      answer sheet into sensing contact with the sensing elements thereon,
PA1  and indicating means responsive to said sensing elements for indicating
      correct answers on an answer sheet.
NUM  20.
PAR  20. A test grading machine as in claim 19 in which said positioning means
      comprises a pair of locating pins mounted in positions for engagement in
      punched openings in an answer sheet inserted in said slot, so as to hold
      such answer sheet in a particular location and orientation therein with
      respect to the platform and sensing board.
NUM  21.
PAR  21. A test grading machine as in claim 19 in which said sensing board
      comprises a pattern of electrically-conductive laminate on said circuit
      board and said sensing elements are electrical gaps formed in said
      laminate pattern and adapted to be bridged by electrical marking material
      in answer spaces on the answer sheet to complete electrical circuits
      thereacross.
NUM  22.
PAR  22. A test grading machine as in claim 21 wherein said indicating means
      comprises a series of lamps mounted on said sensing panel, corresponding
      in number to the number of sensing gaps in said laminate pattern, and
      circuit means connecting each of said lamps with one of said gaps and
      operative to light the lamp when the gap is bridged.
NUM  23.
PAR  23. A test grading machine as in claim 22 which said series of lamps are
      mounted in a circle on said sensing panel in substantial registry with the
      pattern of gaps on the sensing board, the lamps being generally in the
      same order and position as the gaps.
NUM  24.
PAR  24. A test grading machine as in claim 19 in which said panel comprises a
      guideway and the sensing board is removably mounted in said guideway for
      ready replacement by another board having a different pattern of sensing
      means thereon.
NUM  25.
PAR  25. A test grading machine as in claim 19 in which said platform moving
      means comprises one or more springs or the like mounted between the
      platform and housing and constantly urging the platform toward the sensing
      board, a manually-operable control arm interconnected to said platform for
      retracting the platform from the sensing board and a latch to retain the
      platform in retracted position.
NUM  26.
PAR  26. A test grading machine for grading answer sheets having a circular
      pattern of indicia thereon defining a circular series of equi-angularly
      spaced rows of radially-spaced answer spaces, and on which answers are to
      be indicated by marking selected ones of the spaces with
      electrically-conductive material, comprising
PA1  a base housing and a sensing panel mounted as a cantilever over the housing
      to define a horizontal slot for receiving an answer sheet to be graded,
PA1  a sensing board mounted in said panel and facing the slot, said board
      having electrical contacts thereon defining a circular pattern of
      electrical gaps thereon corresponding to a pattern of correct answer
      markings on an answer sheet, said gap pattern being engageable by answer
      sheets in any of a plurality of angular orientations so as to provide
      different angular positions of the correct answer pattern on the
      differently oriented sheets,
PA1  a platform movably mounted in the housing below the slot and movable upward
      to carry an answer sheet thereon into contact with the gap pattern on the
      sensing board,
PA1  locating pins mounted laterally beside the sensing panel and projecting
      upward from the housing, in position for engagement in punched openings or
      the like in an answer sheet so as to hold the same in a particular
      orientation relative to the sensing board,
PA1  means for lifting the platform toward the sensing board and resiliently
      pressing an oriented answer sheet into sensing contact with the gap on the
      board,
PA1  manually operable arm connected for controlling the position of the
      platform,
PA1  and a circle of lamps mounted on the sensing panel above the sensing board,
      and circuit means connecting said lamps in parallel with the respective
      gaps on the sensing board and operative to light each lamp when its
      connected gap is bridged by a correct answer marking on an answer sheet.
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ABST
PAL  A deck of vocabulary building playing cards similar to a standard deck of
      playing cards having suit designations thereon, but including a vocabulary
      word on each card together with a plurality of definition words, only one
      of which is the correct definition of the vocabulary word. Each definition
      word includes a value denomination. The value denomination of each card
      corresponds to that of the correct definition of the vocabulary word on
      that card. The deck is adaptable to any standard card game after the value
      denominations of the cards have been identified by selection of the
      correct definitions of the vocabulary words.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to card games and more particularly to a
      novel deck of vocabulary building playing cards requiring the
      determination of the definition of certain vocabulary words for use of the
      deck in standard card games.
PAR  The teaching of vocabulary by conventional methods has always been somewhat
      of a problem. Generally those students who need the instruction the most
      are those who find it uninteresting and unappealing. To increase the
      interest and attention span of such students various card decks and games
      have been devised. The known prior art vocabulary building card decks have
      application only to games specifically devised for these decks. Examples
      of these known card decks and games are disclosed in Collins U.S. Pat. No.
      2,783,998 and Alam U.S. Pat. No. 3,678,602. Such decks, however, cannot be
      used to play conventional card games such as rummy, poker, casino, bridge,
      solitaire and the like. Since these well-known games have maintained the
      interest of people of all ages for generations, it would be desirable to
      devise a card deck comprising vocabulary building playing cards adaptable
      for use in such well-known games.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of the present invention to provide a
      deck of vocabulary building playing cards that can be used for playing
      conventional card games.
PAR  It is another object of this invention to provide a deck having vocabulary
      building playing cards including a vocabulary word and an objective test
      of the definition on the cards, the correct definition of the vocabulary
      word identifying the specific card of a conventional deck of playing
      cards.
PAR  It is a further object of the invention to provide vocabulary building
      playing cards having conventional suit designations and value
      denominations, and wherein each card has a vocabulary word and a plurality
      of definition words including different associated value denominations,
      one of which is the correct definition of the vocabulary word and value
      denomination of the card.
PAR  The above objects as well as others, which will subsequently become clear,
      are achieved by providing a deck of cards similar to a coventional pack of
      playing cards and adaptable to any game calling for such, but in order to
      determine the value denomination of a card an objective vocabulary test
      must first be solved. Selection of the correct definition of the
      vocabulary word identifies the value denomination of the card. The
      conventional suit designation is preferably imprinted on each together
      with a vocabulary word and a plurality of definition words, one of which
      is correct. Adjacent each definition word is indicia defining a different
      value denomination. The true value denomination of the card corresponds to
      the correct definition of the vocabulary word thereon. When all the
      correct definitions are selected, play of any conventional game can
      proceed. Means such as clips may be applied to the cards to mark the
      correct definition during play.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the invention will best be understood upon
      reading the following detailed description of the invention together with
      the accompanying drawings, in which:
PAR  FIG. 1 illustrates a perspective view of a deck of cards constructed in
      accordance with the present invention, with the design side of the cards
      on top; and
PAR  FIGS. 2-5 illustrate the obverse side of one card from each of the four
      conventional suits of the deck illustrating typical vocabulary words and
      definition words of a given level of difficulty.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawing FIG. 1 illustrates a deck of cards 10 having
      any convenient logo 12 on the design or reverse side thereof. The deck is
      preferably conventionally comprised of 52 cards having an equal number of
      the four conventional suits of spades, hearts, diamonds and clubs. It
      should, however, be understood that the principles of the invention can be
      applied to other conventional playing card decks such as the 48 card
      pinochle deck without departing from the spirit of the invention. However,
      for sake of illustration the invention is described in conjunction with a
      conventional 52 card deck comprising four suits having 13 cards each.
PAR  Preferably the deck comprises forty-eight vocabulary cards and four free
      cards, but all or any number of the cards may be vocabulary cards with the
      remaining cards, if any, constituting free cards. Each vocabulary card
      includes a vocabulary word displayed thereon followed by preferably three
      objective test or multiple choice words, only one of which is the correct
      definition. Of course any number of incorrectly defined multiple choice
      words may accompany the correct definition, with three being preferred.
      Indicia representing one of the twelve possible value denominations of the
      vocabulary cards is listed adjacent each of the definition words. The
      value denomination of the card is that corresponding to the value
      denomination adjacent the correct definition of the vocabulary word. For
      example, FIGS. 2-5 each illustrate one vocabulary card from the suits of
      spades, hearts, diamonds and clubs, respectively. In FIG. 2 the card 112
      is of the spade 114 suit having the vocabulary word "ANTITHESIS" 116 in
      the upper left-hand corner. Below this vocabulary word are three
      definitions: "the opposite," "unevenly," and "deep dislike," represented
      generally as 118. Adjacent each definition is a respective value
      denomination "7,"  "8," and "9," represented generally as 120. As the
      correct definition of ANTITHESIS is the opposite, the card 112 illustrated
      in FIG. 1 is the 7 of spades, because the value denomination 7 is adjacent
      the definition the opposite. Similarly, the card 212 is a heart 214 having
      the vocabulary word "EGRESS" 216 thereon. The definition words 218 are
      "exit," "entrance," and "return," having value denomination 4, 5, and 6
      respectively adjacent thereto, which value denominations are represented
      generally as 220. This card is thus the 4 of hearts since the correct
      definition of the vocabulary word EGRESS is exit. In a similar manner the
      card 312 illustrated in FIG. 4 is the 2 of diamonds, since the vocabulary
      word "GHOUL" 316 means "grave robber," and the value denomination of this
      definition word is 2. Again, the card 412 in FIG. 5 is the jack (J) of
      clubs since the vocabulary word "AUGURY" 416 means "prophecy."
PAR  Thus, it should be understood that each vocabulary card requires the
      correct definition of the vocabulary word thereon to be selected prior to
      identification of the value denomination of the card. When all the
      vocabulary words are correctly defined the cards may be used as any other
      conventional deck of playing cards with each player dealt a hand depending
      upon the particular game of cards. The free cards have no vocabulary word
      thereon, and thus no objective test is required to determine their value
      denomination. In the preferred deck there are four free cards each
      constituting a king (K) in one of the four suits. However, it should be
      understood that the number of free cards, if any, is a matter of choice.
PAR  The decks may be packaged in a game set comprising a plurality of such
      decks having varying levels of difficulty. Included with each deck may be
      a reference card compiling a list of the vocabulary words in the deck
      followed by their correct definitions so as to check the selected answers.
      The decks also include transparent celluloid clips illustrated at 130 in
      FIG. 2 for selectively marking the correct definition or value
      denomination of each vocabulary card after it has been determined. The
      clips may be mounted on the edge of each card thereby marking the value
      denomination of the cards when they are used to play conventional card
      games.
PAR  Numerous alternatives of the structure herein disclosed will suggest
      themselves to those skilled in the art. For example, the value
      denomination could be imprinted on the card instead of the suit in which
      event correct definition of the vocabulary word identifies the suit.
      However, it is to be understood that the present disclosure relates to a
      preferred embodiment of the invention which is for purposes of
      illustration only and not to be construed as a limitation of the inventon.
      All such modifications which do not depart from the spirit of the
      invention are intended to be included within the scope of the appended
      claims.
CLMS
STM  Having thus set forth the nature of the invention, what is claimed is:
NUM  1.
PAR  1. Vocabulary building playing cards comprising a deck having a
      multiplicity of cards, each card displaying symbolic indicia defining a
      suit designation, there being 4 suits in said deck, each suit having a
      prescribed number of different value denominaions, the value denominations
      of each suit being the same as each other suit, at least some of said
      cards being vocabulary cards having a vocabulary word thereon, each of
      said vocabulary cards displaying indicia comprising a correct definition
      and a plurality of incorrect definitions of the respective vocabulary
      word, indicia defining a different value denomination on each vocabulary
      card adjacent each correct and each incorrect definition, the value
      denomination of each vocabulary card being that corresponding to the
      correct definition of the vocabulary word.
NUM  2.
PAR  2. Vocabulary bulding playing cards as recited in claim 1 wherein each suit
      comprises thirteen different value denomination cards.
NUM  3.
PAR  3. Vocabulary building playing cards as recited in claim 1 wherein each
      vocabulary card has a different vocabulary word thereon.
NUM  4.
PAR  4. Vocabulary building playing cards as recited in claim 1 wherein at least
      forty-eight cards are vocabulary cards.
NUM  5.
PAR  5. Vocabulary building playing cards as recited in claim 1 including means
      for selectively marking the correct value denomination of each vocabulary
      card.
NUM  6.
PAR  6. Vocabulary building playing cards as recited in claim 5 wherein said
      means comprise a transparent clip detachably mounted to an edge of said
      cards.
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ABST
PAL  A circular magazine for a slide projector which is adapted to be molded in
      one piece. The magazine has a circular bottom wall (5) with an internal
      hub extending vertically therefrom defining an inside boundary wall (4). A
      plurality of slide compartment walls (2a) extend vertically from the
      bottom wall. At the upper right hand corner of each compartment wall a
      portion of the wall is elevated or expanded (6). Slides are held in
      position by the resilient pressure of the expanded portions (6) of
      corresponding compartment walls against the upper right hand corners of
      the slides and the lower left hand corners of the slides are seated
      against the L-shaped cross section of the bottom wall (5) and boundary
      wall (4). The legs of the bottom wall (5) and boundary wall (4) are
      foreshortened to lengths less than the linear dimensions of a slide so
      that a gripping device can extract the slides vertically to a projector or
      horizontally to the right into a projector.
BSUM
PAR  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  Applicant claims priority under 35 U.S.C. 119 for application P 23 34 578.0
      filed July 7, 1973 in the Patent Office of the Federal Republic of
      Germany.
PAR  The disclosure of assignee's copending application of Henkelmann, Ser. No.
      418,257, filed Nov. 23, 1973 in the U.S. Patent Office is incorporated
      herein. The application of Henkelmann discloses, particularly in FIG. 8,
      the state of the art of drum magazines for slide projectors and the
      manipulation thereof.
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention is magazines for slide projectors. The present
      invention is particularly related to a circular slide magazine having
      means for securely positioning slides in radial compartments. The slides
      are secured by bulges at the upper edges of the elastically designed
      individual slide compartment walls. Each pair of neighboring walls
      provides a compartment wherein the narrow sides of the compartment walls
      and the securing means thereon are the sides, and the cylindrical hub and
      bottom of the magazine are the left and bottom sides.
PAR  The state of the art of drum magazines for slide projectors may be
      ascertained by reference to U.S. Pat. application Ser. No. 418,257 and
      West German Pat. No. 1,098,236.
PAR  In prior art magazines, the slide compartment walls are provided with
      blocking cams at the edges in order to prevent undesired sideways exiting
      of the slides. However, these blocking cams do not simultaneously effect
      security with respect to the open, upper side of the L-shaped cross
      section magazine. Furthermore, the prior art magazine is of such design
      that the slides cannot be moved by a push rod or the like passing through
      the bottom of the magazine.
PAR  While the blocking cams may be made of one piece with the slide compartment
      walls, there is no suggestion that all of the body, consisting of bottom
      wall, side limiting wall and slide compartment walls are made of one
      piece. Technical difficulties would be expected in the manufacture of such
      a box-like, lengthwise slide magazine. Even more problems would be
      anticipated in preparation of a circular slide magazine, because in this
      instance, the feasibility of orientation relating to separation from a
      mold is appreciably reduced.
PAC  SUMMARY OF THE INVENTION
PAR  Having in mind the limitations of the prior art, it is an object of the
      present invention to provide a circular slide magazine of simple design
      and easy manufacture which allows for loading and removing the slides in
      two directions and permits access to individual slides during projection.
PAR  The object of the present invention is achieved for a circular slide
      magazine of the kind initially mentioned by having the effective parts of
      the securing means at the front and back sides inside the individual slide
      compartment not longer as a whole than the length of the side of the slide
      compartment and the securing means are mounted shifted with respect to
      each other so as not to intercept or overlap one another. The individual
      slide compartment walls and their upward extensions are made of one piece
      with the securing means or other limiting walls such as there might be,
      and the individual slide compartment walls are provided with mold
      separation steps or ledges for the purpose of molding in one piece. The
      securing means on one of the front or back sides may be formed from bulges
      at the upper right hand corner of the individual slide compartment walls.
      The mold separation steps representing connecting edges between the
      securing means at both front sides also function as accessories for the
      motion of slides over beveled ribs or fins that pass parallel or nearly so
      to the mold separation steps.
PAR  The bulges elevated at the upper right are formed so that a longitudinal
      slit is defined by two adjacent slide compartment walls. This slit is
      narrower than the thickness of the slide being used. The compartment walls
      may be provided with several elevated bulges acting independently of one
      another. However, it is advantageous that each slide compartment wall be
      designed with only one elevated bulge extending over part of the upper and
      outer edge. Such an elevated bulge then is L-shaped and beveled.
PAR  Furthermore, according to the present invention, the inside cylindrical
      boundary wall of the circular slide magazine and the bottom wall are of
      L-shape cross-section, there being shorter legs opposite the sideways
      length of the compartments. The bulges may be fastened either on the edge
      of the compartment walls opposite the inside cylindrical boundary wall, or
      on the front side opposite the bottom side. In order to prevent damage
      during slide motion, the bulges are mounted outside those regions swept
      through by the slide window during the latter's motion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further details are disclosed by reference to the attached drawing showing
      one embodiment wherein:
PAR  FIG. 1 is a circular slide magazine in side view, partially in section;
PAR  FIG. 2 is the corresponding top view;
PAR  FIG. 3 is a cross sectional view along line A--A of FIG. 1; and
PAR  FIG. 4 is a cross sectional view along line B--B of FIG. 1, enlarged.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With particular reference to FIGS. 1 and 2, it is seen that slides 1 are
      housed in compartments 2 formed by the radially extending compartment
      walls 2a. The narrow sides of the compartments are defined by the boundary
      wall 4 located on the inside cylindrical surface or hub of the magazine,
      by the securing means on one of the front and back sides 3a, 3b (serving
      as bottom wall 5) and by securing means 6 of L-cross-section. The securing
      means 6 consist of compartment wall bulges extending over both: the edge
      opposite one of the boundary walls 4 and the top front side opposite the
      bottom wall. The components of securing means 6 are denoted by 6a and 6b.
      Bulging and beveled elevations 6c secure slide 1 against falling out of
      compartments 2. Every two adjacent bulges form a longitudinal slit 7
      narrower than the thickness of the slides being shown.
PAR  Boundary wall 4 and bottom wall 5 are of L-shape cross-section where the
      legs are shorter than the horizontal and vertical lengths of the
      compartments and of the slides. Apertures 8, 9 for passage of the slide
      moving elements, as shown in dashed lines in FIG. 1, of a gripping device
      10 are defined in this manner by the foreshortened legs.
PAR  A gear rim 11 is located in bottom wall 5, which allows rotating the
      magazine about its axis 12 by means of a pinion or the like (not shown).
PAR  The position and the length of securing means 5 and 6a are so selected as
      to be shifted with respect to each other and without intersecting one
      another. Together they do not exceed in length that of the side of the
      compartment. This design layout allows manufacturing all the boundary
      walls and securing means and also the compartment walls and bulges in one
      piece. This is possible because between the clear end edges of the
      securing means, i.e., the bottom wall 5 and part 6a of bulge 6, mold
      separation steps 13, as shown in FIG. 4, are provided on each compartment
      wall. It is possible that these steps might render slide motion more
      difficult. Therefore, the compartment walls 2a are equipped with
      additional fins or ribs 14 allowing smooth transition of the slides. Ribs
      14 run parallel or nearly so to mold separation steps 13, and, depending
      on the steps being present on one or both sides of the compartment, are
      mounted in similar manner.
CLMS
STM  I claim:
NUM  1.
PAR  1. A circular magazine for rectangular slides comprising an annular bottom
      wall (5) with a hub (4) defining a boundary wall rising from the inside
      diameter of said bottom wall, a plurality of compartment walls distributed
      uniformly and radially around said hub extending from said bottom wall and
      said hub, said compartment walls (2a) having lengths parallel and vertical
      to said bottom wall and corresponding substantially to the lengths of a
      rectangular slide, the compartment walls having securing means (6)
      diagonally opposite the intersection of said bottom wall and said hub,
      said securing means comprising bulges for precluding accidental ejection
      of the slides and defining slits (7) between each neighbored compartment
      wall, said slits being narrower than the thickness of a slide being used,
      said hub being of low height compared to the vertical length of the
      compartment walls, said hub, said bottom wall and said securing means
      matingly receiving rectangular slides lying with one edge on said bottom
      wall and between said compartment walls, said securing means and said
      bottom wall having a combined length less than said parallel length of the
      compartment walls and being disposed to each other without overlapping.
NUM  2.
PAR  2. The circular magazine of claim 1, wherein said securing means are
      located L-shaped with one leg parallel to the bottom wall and one leg
      parallel to the hub.
NUM  3.
PAR  3. The circular magazine of claim 2, wherein the bulges are provided with
      bevels.
NUM  4.
PAR  4. The circular magazine of claim 3, wherein said bulges are located in a
      region of said compartment walls where they do not cover film openings of
      slides being transported into and out of the magazine.
NUM  5.
PAR  5. A circular magazine for rectangular slides comprising an annular bottom
      wall (5) with a hub (4) defining a boundary wall rising from the inside
      diameter of said bottom wall, a plurality of compartment walls distributed
      uniformly and radially around said hub extending from said bottom wall and
      said hub, said compartment walls (2a) having lengths parallel and vertical
      to said bottom wall and corresponding substantially to the lengths of a
      rectangular slide, the compartment walls having securing means (6)
      diagonally opposite the intersection of said bottom wall and said hub,
      said securing means comprising bulges for precluding accidental ejection
      of the slides and defining slits (7) between each neighbored compartment
      wall, said slits being narrower than the thickness of a slide being used,
      said hub being of low height compared to the vertical length of the
      compartment walls, said hub, said bottom wall and said securing means
      matingly receiving rectangular slides lying with one edge on said bottom
      wall and between said compartment walls, said securing means and said
      bottom wall having a combined length less than said parallel length of the
      compartment walls and being disposed to each other without overlapping,
      and each of said compartment walls being further provided on both sides
      with mold separation steps extending from the outer diameter of said
      bottom wall to the inner diameter of said securing means whereby all parts
      of the magazine, including the annular bottom wall, the hub and the
      compartment walls with their securing means adapted to be molded in one
      piece.
NUM  6.
PAR  6. The circular magazine of claim 5, wherein all parts are formed of
      resilient material permitting lateral expanding of the compartment walls.
NUM  7.
PAR  7. The circular magazine of claim 5, wherein ribs (14) with starting bevels
      are provided for the mold separation steps (13), said ribs running
      substantially parallel to said steps, for assisting the motion of slides
      (1) over said steps.
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ABST
PAL  A push-in pull-out peg or stake device having a drive stem and a framelike
      drive head has been devised primarily for holding-down blankets or covers
      such as at highly windy beach areas and for, at the same time, serving as
      an advertising medium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a new and improved hold-down or stake means for
      out-of-door-position retention of ground or beach-covering blanket, tent
      or tarpaulin means and particularly, to a peg-like or stake device that
      will effectively meet the need for an inexpensive tie-down means at windy
      bathing or swimming areas of beaches.
PAR  2. Description of the Prior Art
PAR  Although there have been stake or peg devices for the general purpose of
      holding-down items such as blankets, etc., none of them have been too
      satisfactory, particularly from the standpoint of cost of construction and
      in utilization. To the best of my knowledge, none have been of a type that
      may be employed as an effective advertising medium and thus, of a type
      that can be distributed or loaned free to the user. The need is to
      subsidize their cost by the use of an advertising or posterlike display
      engendered by their use. Also, so far as known, none have enabled a cover,
      such as a blanket or the like to be held in an upright relation along its
      side edge portions to thus restrict the blowing-in of sand, etc. upon the
      surface of the cover.
PAC  SUMMARY OF THE INVENTION
PAR  It has thus been an object of the present invention to devise a stake or
      peg device that will have a practical utilization for holding-down
      blankets and other protective coverings, such as at beaches and recreation
      areas so as to prevent them from being blown out of position or lost due
      to normal high winds that exist at such areas and, at the same time, will
      enable advertising of products or services.
PAR  Another object of the invention has been to develop a simple and relatively
      inexpensive but practical form of staking device for blankets and the like
      which will have a flexibility in its utilization, not only from the
      standpoint of the manner in which the blanket or other covering is held in
      position, but also from the standpoint of the employment of an advertising
      or graphic plaque.
PAR  A further object of the invention has been to provide a position-retaining
      staking device for blankets and the like that has a drive head in the form
      of an open frame construction defining a picture window for receiving and
      positioning a graphic plaque or card.
PAR  A still further object has been to devise a staking device that can be
      utilized to grip a blanket and hold its sides turned-up to define a low
      walled protective enclosure.
PAR  These and other objects of the invention will appear to those skilled in
      the art from the illustrated embodiment and the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings,
PAR  FIG. 1 is a partically broken-away view in elevation of a complete stake
      device constructed in accordance with the invention, looking at it from
      what may be termed an inner side thereof.
PAR  FIG. 2 is an exploded fragmental view on the scale of FIG. 1, showing
      details of the construction of upper and lower frame portions as well as
      of a graphic plaque that is to be adjustably received and held in position
      therebetween. This view is taken from the same side of the device as FIG.
      1.
PAR  FIG. 3 is a narrow edge view in elevation of the device on the scale of
      FIG. 2 and of the parts shown in such figures.
PAR  FIG. 4 is a fragmental enlarged horizontal section taken along the line
      IV--IV of FIG. 2.
PAR  FIG. 5 is a fragmental enlarged horizontal section taken along the line
      V--V of FIG. 2.
PAR  FIG. 6 is an enlarged narrow view in elevation showing details of the
      construction of a clamp, such as employed in the construction shown in
      FIGS. 1 to 3, inclusive.
PAR  FIG. 7 is a greatly reduced side view in elevation illustrating how stake
      devices of the invention may be positioned and stored for dispensing to
      potential users, for example, at a bath house.
PAR  FIG. 8 is a greatly reduced broken-away top plan view illustrating the use
      of staking devices of the invention adjacent four corners of a cover, such
      as a blanket.
PAR  FIG. 9 is a side view in elevation on the scale of and of a cover as
      pegged-down as shown in FIG. 8.
PAR  And, FIG. 10 is an end view in elevation on the scale of and showing the
      cover of FIG. 8 and how it may be held in position on the ground.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1, 2 and 3 are illustrative of a push-in, pullout peg or staking
      device 10 constructed in accordance with the invention. A group of devices
      10, for example four, may be used, if opposite sides of a blanket or other
      cover B are to be staked in the manner shown in FIG. 8, or four devices 10
      may be used at corners of the cover B or eight adjacent the corners, if
      the cover is to be held with both its opposite ends as well as its
      opposite sides in an upright, walling-in or enclosing relationship. The
      device 10 has a vertically elongated, relatively slender drive stem part
      11 which terminates in a tapered or pointed lower end portion 11a. As
      particularly shown in FIGS. 1 and 2, the part 11 may be made of relatively
      planar, strap or strip-like metal or other suitable material. The upper
      end of the drive stem part 11 carries an enlarged, upright, framelike,
      windowdefining, head part which has an upper portion or half 15 and a
      lower portion or half 12. The portion 12 is directly secured, as by weld
      metal w, to the upper end of the drive stem part 11. The pair of frame
      portions are each of U-shaped construction, and the upper portion 15 is of
      hollow tubular construction to slidably, adjustably telescope or fit on
      the lower portion 12. The lower portion 12 may be either of rodlike or
      tubular construction, having an outer diameter that enables its pair of
      legs 12c to slidably fit within an opposite pair of legs 15c of the upper
      portion 15.
PAR  As particularly illustrated in FIG. 2, the lower frame portion 12 is of
      bifurcated or U-shaped construction and its pair of legs 12c are
      horizontally spaced-apart to extend upwardly. A horizontal,
      cross-connecting, bottom leg 12 carries a cross-extending, superimposed,
      upwardly open, channel-shaped member 12b that is secured therealong, as by
      weld metal w, to provide a bottom member for receiving and retaining a
      picture or graphic plaque 16 therein. The upper frame part 15 is also
      shown of U-shaped or bifurcated construction, as defined by a horizontal,
      cross-connecting top leg 15a and the pair of vertically downwardly
      projecting legs 15c. Each leg 15c carries a superimposed, inwardly open,
      channel-shaped member 15b that is secured therealong, as by weld metal, to
      provide side members for receiving and retaining the picture or graphic
      plaque 16 therein and therebetween.
PAR  As shown in FIG. 1, the two frame portions 12 and 15 define a
      plaque-enclosing and receiving window frame which may be adjusted to
      accommodate different lengths of suitable graphic plaques, pictures or
      advertising cards 16. Each plaque 16 will be of generally planar
      construction and may have any suitable advertising, posterlike or
      pictorial material thereon. It is held in a guided relation between the
      frame portions by the lower, cross-extending, channel-shaped member 12b
      and the pair of opposite, side-positioned, vertical, side channel-shaped
      members 15b. The plaque 16 may have pictorial material on one or both of
      its planar sides. It will be apparent that the plaque 16 may be replaced
      from time to time to change its advertising set-up as desired.
PAR  For gripping edges of a blanket such as B, the upper frame portion 15 may
      have a clamp, spring clipping or cover gripping means 20 secured thereto
      by weld metal (if of metal construction) to project centrally downwardly
      in a substantially parallel relation from an outer side of the upper cross
      leg 15a. If desired, a spring clip 20' (shown in dotted lines in FIGS. 2
      and 3) may be secured in a like manner to extend from the outer side of
      the lower cross leg member 12b of the frame portion 12. As shown in FIG.
      6, the clip 20 (and 20') has a pair of opposed, gripping or clamping
      fingers 22, 23 that have a common retention pin and pivot member 21 and a
      tension spring 24 for positioning them with respect to each other and
      urging them towards the closed position shown. One finger, such as 22, is
      secured (as by rivets, weld metal or cement) to an associated frame member
      in such a manner that the clamping fingers 22 and 23 lay in substantially
      a vertical plane along and corresponding or parallel to the vertical plane
      of the framelike drive head part. As shown in FIG. 3, clipping means 20
      and 20' are adapted to be opened vertically downwardly.
PAR  If the blanket or other covering B is to be gripped close to the ground,
      then gripping means 20' may be used. Where, however, it is desired to give
      the sides or ends of the blanket B a protective, vertical, wall-like
      extension, then the upper clip means 20 may be utilized, as particularly
      illustrated in FIGS. 9 and 10. For facilitating dispensing and collecting
      sets of the stake devices 10, a dispensing stand A, such as shown in FIG.
      7, may be provided. Suitable openings 9a, 9b, 9c, etc. in a sloped top
      wall of the stand A, will bypass the blade-like drive stem part 11 of each
      stake 10, but will serve as a support means for the widthwise enlarged
      drive head part thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an advertising staking device of the character shown and described
      for ground mounting to securely position side edge portions of a beach
      blanket and the like in an upright wall-like enclosing position along and
      with respect to a central body portion thereof that is resting on the
      ground, an elongated drive stem having a tapered lower drive end, a
      vertically upright drive head and advertising plaque-receiving frame, said
      frame being centrally secured on an upper end portion of said stem and
      having a pair of U-shaped parts adapted to adjustably telescope with
      respect to each other to define a window portion of variable size, said
      parts in their telescopic relation having upper and lower spaced-apart
      cross members and vertical members connected to said cross members, means
      carried by said frame for receiving and retaining an advertising plaque
      within said window portion, blanket clipping means having a pair of
      pivotally connected jaws and spring means for urging said jaws towards a
      closed relation with respect to each other, one of said jaws being
      substantially centrally secured to the upper cross member of said upper
      frame part to mount said jaws to extend in a plane substantially parallel
      to said frame and in a vertical downwardly opening blanket edge-receiving
      position, and said clipping means being adapted to receive and retain an
      adjacent side edge portion of the blanket in an upright wall-like
      enclosing position along the device.
NUM  2.
PAR  2. In a device as defined in claim 1 wherein, each of said U-shaped parts
      has a pair of vertical leg members connected by one of said cross members,
      the pair of leg members of one of said parts is mounted in a slidable
      telescopic positioning on the pair of leg members of the other of said
      parts, and said means for receiving and retaining the advertising plaque
      is a pair of channel-shaped pieces secured along the inner reaches of the
      pair of leg members of one of said parts.
NUM  3.
PAR  3. In a device as defined in claim 1 wherein, a second blanket clipping
      means of the same construction as said first-mentioned clipping means is
      provided, and said second means is mounted substantially centrally on said
      lower cross member in a vertically downwardly opening blanket-receiving
      position to provide a lower position-hold for a side edge portion of the
      blanket.
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ABST
PAL  An illuminated sign panel adapted for mounting on the sides of vehicles
      such as trucks and having removable and replaceable sign display areas in
      the form of sheets of transparent or translucent materials. A sign display
      area may be composed of one sheet or several. The illumination is indirect
      and is designed to be supplied from behind the sign display area. The
      display panel is rigidly and fixedly mounted on the vehicle which can be
      an automobile, panel truck or truck trailer, for example.
PARN
PAC  RELATED APPLICATIONS
PAR  The present application is a continuation of a co-pending application of
      the same inventor, Ser. No. 290,434, filed Sept. 20, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an illuninated display panel suitable for
      attachment on a truck or automobile. More particularly, the invention
      relates to lighted display panels having replaceable display areas.
PAR  The use of lighted signs is widespread. Lighted signs of every size and
      concept of imagination are located on buildings and stores and line
      highways and roads. The ordinary billboard, so long a fixture along the
      highways, may soon be extinct because of federal, state and local laws and
      regulations which will require the removal of those now in use and
      prohibit any substantial number of new signs. Notwithstanding these new
      laws, advertising has been and will continue to be an important aspect of
      a free competitive system.
PAR  The objection to billboards and signs along the highways is not directed
      toward the content but is an aesthetic matter, since it is considered by
      many that the billboards spoil the view of the countryside otherwise
      available from the highways. There are on these same highways numerous
      trucks and trailers whose sides are for the most part barren. These truck
      panels offer the space for advertising that will no longer be available
      along the side of the road. This usage will provide national and regional
      advertisers some of the product exposure they need to compete.
PAR  However, merely attaching signs onto the sides of trucks is not a
      satisfactory approach, nor a satisfactory substitute for roadside
      billboards, since the signs must be readily and quickly removed, for
      unlike the roadside billboards, the signs on the truck will of necessity
      have to be changed so as not to interfere with the principal commercial
      usage of the trucks.
PAR  Another aspect of the proposed vehicular billboard usage is the area over
      which a particular advertisement is to be carried. It may be desirable to
      retain a particular sign on a designated stretch of highway or in a
      particular region. Thus, the sign should not only be rapidly and readily
      removable, but it should also be in reusable condition when removed so
      that it may be transferred to other display panels.
PAR  The display panels on the vehicles should also be visible. During the
      daylight hours there is no problem. However, at night on the open
      highways, there would be little benefit from the signs displayed unless
      there was a light source. This problem is handled on fixed location signs
      in present use by flood lights, spotlights or lighted signs such as those
      commonly called "neon signs."
PAR  It can be appreciated then that vehicle signs or display panels should be
      quickly and easily changed, should be lighted, and the sign or
      advertisement should be of relatively permanent or reusable character.
PAR  Another phenomenon which is rapidly occurring is the expanded use of leased
      or rented trucks, trailers, and other business vehicles. If the lease is
      of a substantially long duration, it may be expedient to have a sign
      permanently attached to the side of the vehicle giving the user's trade
      name, address, telephone numbers and the like. However, on short term
      rentals this would not be economically feasible. Similarly, in a
      multidivisional organization it may be desirable to change the lettering
      or message on a vehicle relative to the division employing it.
PAR  Notwithstanding whether a vehicle is leased or owned, any advertising,
      lettering or a message on the display area is often there for commercial
      purposes. Thus, it would be of benefit to have the sign or panel visible
      at night as well as during the day.
PAR  The present invention seeks to provide the means for providing each of the
      desirable elements for illuminated vehicle display panels set out above,
      e.g., rapid and easy changeability of the displayed material, which is
      reusable.
PAR  The prior art has at times attempted to employ display arrangements for use
      on vehicles which would achieve that which the present invention achieves.
PAR  An illuminated sign suitable for use on the radiators of vehicles was
      disclosed in U.S. Pat. No. 1,390,561 issued to Kelly. The location of the
      sign on the radiator would partially block the flow of air to the heat
      exchange tubes of the radiator, causing over-heating. Similarly, the
      location of the sign on the radiator may cause unnecessary over-heating of
      the sign and a corresponding accelerated degeneration of the components of
      the sign. Moreover, the sign placed in the designated location on the
      radiator is also subject to being grime-covered and being struck by debris
      and rocks from the road. Furthermore, the Kelly sign was designed to be
      suspended over the radiator by straps circling about portions of the
      radiator. The placement of the means to illuminate the sign was such that
      the harsh direct light from the incandescent bulbs was directly on the
      glass panel of the sign. This arrangement did not provide an attractive,
      easily read sign. Access to the interior of the sign is acquired by
      sliding the glass panel to the side. The glass panel can also be removed
      in this manner.
PAR  Another U.S. Pat. No. 1,894,857 to Dwyer et al., shows an illuminated sign
      for attachment to the side panels of a radiator hood. The front plate of
      the sign is situated in a hinged frame to facilitate access to the
      interior of the sign for service. The light bulbs are exposed directly to
      the interior of the front plate, which gives a glaring effect. Strangely,
      Dwyer et al. have provided two short plates on the top and bottom of the
      bulb which will tend to prevent diffusion of the light over the height of
      their sign while the glare is directed primarily to the area of the sign
      immediately adjacent to the bulb. Another feature found in the Dwyer et
      al. sign is a partition which is supposed to cause some reflection and
      dispersion of the light. However, should one of the two bulbs at either
      end of the sign burn out or otherwise not operate, this partition will
      effectively prevent any of the light from the lone remaining bulb from
      reaching the portion of the sign adjacent to the non-functioning bulb.
PAR  A particular deficiency of numerous prior art signs was the dependence
      placed on one or often only two light sources. This can be seen in both
      the Kelly and Dwyer patents as well as, for example, in U.S. Pat. No.
      1,396,245 to Boettcher and 1,827,963 to Wompey. Neither of these latter
      signs relates to vehicular mounted signs. However, they disclose the
      feature of internal illumination.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of the present invention is to provide an illuminated display
      panel in which the display area is a transparent or, more preferably, a
      translucent sheet material. The display panel is rigidly attached to a
      vehicle such as a panel truck, automobile, tractor trailer or the like.
      The display panel can be attached on the door or in the case of trucks on
      the side portion of the container area.
PAR  The attachment can be characterized as permanent; for example, by welding
      or by means of bolts, rivets or the like, so long as the display panel is
      rigidly attached to the vehicle. The display area which is sheet material
      is made easily removable and replaceable by sliding the sheet material
      through a slot in one side of the display panel and along grooves or
      channels in the top and bottom of the front portion of the display panel.
      The display area can be composed of a single piece of sheet material or
      may be composed of two or more sections dividing the display area
      vertically. This is a particularly useful aspect in the case of large
      billboard type signs.
PAR  Small display areas such as those on panel delivery trucks will normally be
      composed of a single piece of sheet material. It should be noted that even
      in the small sized signs, the display area can be divided into two or more
      sections. This aspect of the invention allows the insertion of individual
      letters, groups of letters, or combination of letters and other indicia
      into the display area.
PAR  The illumination of the sign is achieved by indirect light on the back side
      of the display area. This can be achieved by arranging a grouping of
      incandescent light bulbs along at least two of the edges of the sheet
      material. The bulbs are provided with reflectors and are directed along
      the axis of the display panel or toward one of the sides of the display
      panel other than the display area.
PAR  In another embodiment of the present invention, the illumination is
      provided from a light source located within the two grooves or channels
      into which the display area sheet material is placed. This light source
      can be either incandescent, such as a number of individual bulbs, or a
      single or several elongated type bulbs. Gas discharge type bulbs, such as
      fluorescent lamps, can also be employed.
PAR  In addition to providing light from two edges of the display area, light
      can also be supplied from the other sides. In regard to the larger
      billboard type signs, it may be desirable to provide for such additional
      light sources.
PAR  The sheet material used as the display area can be either transparent or
      translucent. The material displayed can be either achieved by applying an
      opaque material to block out that which is being displayed as a
      silhouette, or the light may be allowed to pass through the displayed
      material by blocking out the remainder of the display area. The material
      employed in the sheet material can be glass, plastic, such as fiber glass,
      polymethylmethacylates, or the like.
PAR  The sheet material can have such conventional refinements as prismatic
      inner surfaces in order to further reflect and diffuse the light, such as
      by ridges or pyramidal forms. The indicia being displayed can be applied
      to the inner or outer surface of the sheet material or may be cut or
      impressed into the surface so as to provide an additional degree of
      refraction.
PAR  The present vehicle sign is distinguished from those in use today in that
      it is lighted. The lighting as heretofore described is internal and
      indirect. The source of power for the lights is principally intended to be
      the regular electrical power generating system of the particular vehicle
      associated with the sign, i.e., battery, generator or alternator, or
      combinations thereof. It should be appreciated, however, that in the case
      of large billboard type signs, the ordinary factory equipment on the
      vehicle may be inadequate. Thus, the present invention envisions heavy
      duty batteries, generators and alternators and electrical power supply
      systems which are completely independent of any power supply system
      otherwise employed on the vehicle.
PAR  In the case of semi-trailers, which do not necessarily have any type of
      power system, the use of an independent power source may be the most
      efficient manner to operate. The trailer is then capable of operating with
      any tractor regardless of whether the tractor is adapted to handle the
      sign's electrical requirements.
PAR  In the case of small signs used to carry the name of a product or company
      on, for example, a panel truck, it is anticipated that the electrical
      system on the truck will be adequate to provide power to the sign without
      undue strain on the system.
PAR  The lights of the present sign can be connected directly to the same switch
      employed for the road lamps of the vehicle so that the sign is illuminated
      when the road lamps are used. A greater degree of flexibility is
      obtainable by employing a discrete switch for the sign or signs, however.
PAR  The term "vehicle" as used herein includes, as indicated above, not only
      self-propelled vehicles, but also those which are pulled or pushed by a
      locomotion vehicle, i.e., trailers, trailer signs, etc.
PAR  Among the advantages of the present invention is the side mounting aspect
      of the sign such that it will remain visible from a roadside position for
      a period of time during the approach and departure of the vehicle to that
      point. This aspect of the invention will normally afford an adequate
      observation period in order to convey the message of the sign to the
      intended audience. Another feature of the present invention is the rigid
      mounting of the sign to the side of the vehicle. Yet another advantage of
      the present vehicular display panel is the use of indirect lighting to
      illuminate the sign, providing a more attractive and easily observed sign.
      Another feature of the invention is the absence of a bright distracting
      light that would distract other drivers or pedestrians, yet provide enough
      light to attract attention and convey a message. Another feature of the
      present invention is the use of multiple light sources which provide a
      greater degree of reliability for the sign. Yet another feature of the
      present invention is the ease of changeability of the sign portion of the
      display panel. A further advantage of the present invention is the use of
      sectioned signs, which can, in the case of larger display areas, prove far
      easier to handle than a single sign section. These and other advantages
      not specifically recited will become apparent from the figures and the
      following discussion.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a mounted display panel of one embodiment;
PAR  FIG. 2 is a schematic representation of the electrical system for the
      display panel of FIG. 1;
PAR  FIG. 3 is a perspective cross-section of an alternate embodiment of the
      present invention;
PAR  FIG. 4 is a perspective of a truck trailer having a display panel mounted
      thereon; and
PAR  FIG. 5 is a front elevation of a display panel having a sectioned display
      sign.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Following hereafter is a description of the invention in reference to the
      drawings and preferred embodiments. Where possible, the same indicia has
      been employed to designate the same element in the various embodiments.
PAR  FIG. 1 shows an illuminated display panel such as would be attached to the
      side 1 of a panel delivery truck. The display panel is shown to be a
      rectangular box-like structure composed of a top 2 and a bottom 3 and two
      sides 4 and 4a, each having an opening therein. A plate 5 is adapted to be
      positioned over the opening so as to allow the incandescent lamps 8 to
      project into the interior of the rectangular box. The plate 5 is attached
      to side 4 by means of screws or bolts passing through apertures 7.
PAR  The incandescent lamps 8 are each situated in a reflector 19. In this
      embodiment, the lamps are positioned along with the reflectors 19 to point
      down the long axis of the rectangular box. The reflectors 19 prevent
      direct glare of the incandescent lamps 8 onto the surface of a sign area
      10. The sign area 10, which is a sheet material, is placed into grooves 12
      by means of slot 11 shown in side 4. The slot 11 is cooperatively
      positioned so that the sheet material 10 sliding through the slot engages
      into grooves 12 located at the front of bottom 3 and the front of top 2.
      The sheet material 10 slides in through slot 11 and along grooves 12 until
      it is seated in slot 13 on side 4a.
PAR  Sides 4 and 4a are substantial duplicates except that side 4 contains the
      slot 11 running totally through side 4, whereas the slot 13 need not pass
      through side 4a, although it may. The attachment of plate 5 to sides 4 and
      4a will allow the outer edge of plate 5 to cover slot 11 (and slot 13 if
      it passes through side 4a) to prevent inadvertent movement of sheet
      material 10. As shown in FIG. 1, a message or other material can be placed
      onto sheet material 10.
PAR  The rectangular box which comprises the illuminated display panel has at
      its back side two ribs which are used to attach the display panel to the
      side of the vehicle by means of bolts or screws through apertures 7.
PAR  Although not shown, there is a duplicate plate 5 containing reflectors 19
      with incandescent bulbs therein which is adapted to fit over side 4, in
      the same manner as described previously for side 4a. The incandescent
      lamps 8 are connected by electrical wire 9. Referring now to FIG. 2 which
      is a schematic of the electrical system, it is seen that the lamps 8 are
      connected to a power source 18 through line 9 which has disposed therein a
      switch 16 and a regulator 17. The purpose of the regulator is to allow the
      operator of the vehicle-mounted sign to adjust the intensity of the lamps.
PAR  In FIG. 3 a second or alternate embodiment of the present invention is
      depicted. The illuminated vehicle display panel in FIG. 3 is composed of a
      frame 20 which is attached to a vehicular wall by bolts or screws through
      holes 7 on frame 20. The sheet material 10 on which a sign or message is
      expressed is held in a groove 22 in the same manner as the sheet material
      in FIG. 1. Entrance into the groove is achieved in the same manner as also
      in the embodiment shown in FIG. 1 by means of a slot (not shown) on one
      side of the frame. Located within the groove 22 is a light source, which
      in this case is a fluorescent lamp 21 situated in groove 22. The starters
      and heaters for the fluorescent lamps are not shown but are of
      conventional nature and are not a portion of the present invention. The
      sign or sheet material 10 is held up off of the fluorescent lamp by means
      of a shoulder 23 located at each end of the sign. The sheet material 10 is
      seated in the side of the frame 20 in slot 24. In addition to employing
      fluorescent lamps, a series of incandescent or neon-type light sources may
      be readily employed in the groove of the embodiment shown in FIG. 3. It
      should be noted that there is a similar configuration of light source
      located at the upper side of sheet material 10 in the upper groove 25. The
      electrical system employed for the embodiment of FIG. 3 could be
      substantially the same as that shown in FIG. 2.
PAR  FIG. 5 shows an illuminated vehicle display panel which employs sheet
      material divided into sections for convenience in the case of an extremely
      large sign or for the purpose of universal use insofar as being able to
      depict various indicia, for example, letters in each of the removable
      sections 30 mounted in frame 20. The light from light source 21 will
      diffuse upward through the sheet material which, in this case, is a
      translucent material onto which opaque letters have been impressed or
      printed. This arrangement will provide a glow which will cause the letters
      to stand out so that they are easily readable. However, there is
      substantially no glare or distracting light emanating from the sign
      itself.
PAR  FIG. 4 shows a truck trailer 28 with a large sized sign 29 according to the
      present invention mounted thereon with sectioned material 30 therein
      containing an overall billboard type message.
PAR  Modifications and adaptations of the present invention which are within the
      purview of the invention as described hereinbefore and in the claims are
      intended to be part of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An illuminated display sign peculiarly adapted for mounting on a side
      panel of a road vehicle, comprising
PA1  a frame assembly of generally rectangular parallelepiped configuration
      having an elongated dimension to be disposed parallel to the longitudinal
      axis of a road vehicle, said frame assembly being composed of
PA1  a pair of vertical side members disposed at opposed ends of the assembly,
      each side member having a slot-like groove therein adapted to receive the
      thickness of a sheet of glass or other display panel, said grooves being
      disposed to face one another and one of them extending all of the way
      through the side member to serve as an aperture for mounting and
      dismounting said display panel,
PA1  a pair of generally horizontal top and bottom members interconnecting said
      side members, each top and bottom member having a slot-like groove therein
      adapted to receive the thickness of said display panel, said grooves also
      being disposed to face one another and to cooperatively register with said
      grooves in the side members to retain said panel, and
PA1  rib means which may be integral with said top and bottom members extending
      horizontally between and interconnecting said pair of side members, said
      rib means having a multiplicity of horizontally spaced openings
      therethrough which serve to receive connecting members to secure the sign
      to the side of a vehicle, said rib means being of relative short vertical
      dimension to leave the back face of the assembly relatively open, whereby
      the side of the vehicle is utilized to close the back of the assembly and
      serves as a light reflecting surface,
PA1  a translucent rectangular display panel having a message-bearing surface
      thereon and slidably insertable through said aperture groove into said
      pairs of grooves in the side members and top and bottom members to close
      the front face of said frame assembly, and
PA1  a plurality of light sources mounted within said frame assembly to provide
      indirect lighting for said display panel.
NUM  2.
PAR  2. The illuminated display sign of claim 1 in which said light sources are
      mounted on said side members, and which includes a reflector surrounding
      each said light source, each said reflector being disposed to generally
      direct the light emitted by its source along the elongated length of the
      frame assembly.
NUM  3.
PAR  3. The illuminated display sign of claim 2 in which a number of said rib
      means are discrete ribs disposed between the top and bottom members.
NUM  4.
PAR  4. The illuminated display sign of claim 1 in which said side members of
      the frame assembly have openings therein, said openings are closed by
      panels secured to the side members, said light sources are secured to said
      panels, and each light source is surrounded by a reflector which is also
      mounted on one of said panels, each said reflector being disposed to
      generally direct the light emitted by its source along the elongated
      length of the frame assembly.
NUM  5.
PAR  5. The illuminated display sign of claim 1 in which one or both of the top
      and bottom members has a second and wider groove immediately underlying
      and connecting the panel-receiving groove, and in which one of said light
      sources is an elongated electric lamp received in each said second groove.
NUM  6.
PAR  6. The illuminated display sign of claim 5 which includes a pair of
      shoulder support means disposed in said groove in the bottom member, said
      shoulder support means being disposed to support said display panel and
      hold it in spaced relationship to the elongated electric lamp.
NUM  7.
PAR  7. An illuminated portable display sign for a vehicle and the like,
      comprising
PA1  a rectangular frame assembly having a hollow box-like configuration and
      composed of a first vertical side member having a slot-like aperture, a
      second vertical side member spaced therefrom and having a slot-like groove
      corresponding to and facing said aperture in said first side member, a
      horizontal top member interconnecting said side members and having a
      groove interconnecting one end of the groove in said second side member
      with one end of the aperture in said first side member, and a bottom
      member also interconnecting said side members and having a groove
      interconnecting the other end of said groove in said second side member
      with the other end of said aperture in said first side member, said
      members including flat back surfaces and edge-securing strips adapting
      said rectangular frame assembly to be secured to a flat vehicle surface to
      define therewith a closed volume for receiving and disseminating light,
PA1  a translucent rectangular panel member having a message-bearing surface and
      slidably insertable through said aperture in said first side member and
      along said grooves in said top and bottom member for seating in said
      groove in said second side member and for thereby closing up said box-like
      frame assembly,
PA1  a first support means disposed at the end of said groove in said bottom
      member adjacent said other end of said groove in said second side member
      for supporting the adjacent corner of said panel member,
PA1  a second support member disposed at the end of said groove in said bottom
      member adjacent said other end of said aperture in said first side member
      for supporting the adjacent corner of said panel member,
PA1  a first elongate light source mounted in said groove in said top member and
      adjacent the perimeter of said panel member for unobstructedly projecting
      light across the interior of said box-like frame assembly for indirectly
      illuminating said message-bearing surface of said panel member and into
      the adjacent edge thereof for causing said panel member to radiate light
      from said surface thereof, and
PA1  a second elongate light source mounted in said groove in said bottom member
      and adjacent the perimeter of said panel member for unobstructedly
      projecting light upward between said support means and across the interior
      of said box-light frame assembly for indirectly illuminating said
      message-bearing surface of said panel member and into the adjacent edge
      thereof for causing said panel member to radiate light from said surface
      thereof.
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PAL  A street name sign comprising one or more sign heads of a hollow,
      aluminum-frame construction mounted on a post cap via a center staff and a
      nut threaded thereon against the post cap is provided with a vandal-proof
      arm secured to the center staff, which is anchored deep in the cylindrical
      post or pipe supporting the sign to render the sign vandal-proof against
      unauthorized removal from the post and against being bent or broken by a
      yanking on the ends of the sign ends by one's full strength and weight.
      The vandal-proof arm may comprise a threaded extension of the center staff
      secured thereto through a staff nut used also to clamp the post cap to the
      sign heads, or preferably it may be an integral extension of the center
      staff having a one-way spring-lock washer thereon acting through a
      compression spring against the post cap to clamp the same to the sign
      heads.
PAL  Vandalism of street name signs has become a growing menace by vandals
      bending or breaking the signs loose from the posts and even removing the
      entire signs and carrying them away. Another difficulty heretofore
      sometimes encountered, not however of a vandal-related nature, is a
      "freezing" of the nut on the aluminum center staff due to corrosion
      arising from many years exposure to the weather, especially salt-air
      conditions, which prevents a disassembling of the sign structure for
      repair.
BSUM
PAR  An object of the invention is to provide an improved street name sign of
      the hollow-head construction having a solidrod aluminum center staff
      running through the head and post cap wherein the staff is provided with a
      solid-rod extension anchored in the post to render the sign vandal-proof
      against unauthorized removal and against being bent or broken by heavy
      tilting or twisting force exerted on the sign head.
PAR  Another object is to provide such improved street name sign which is
      safeguarded against unauthorized removal and from falling accidentally
      with possible injury to a passerby should the post be rocked or bent
      sidewise.
PAR  Another object is to provide such improved sign construction wherein the
      vandal-proof arm is threaded into the nut which also is threaded to the
      center staff to clamp the post cap to the sign head.
PAR  Another object is to provide the vandal-proof arm with a disk staked
      thereto which engages the inside wall of the post with a clearance fit to
      remove stress from the post cap should the sign head be tilted heavily
      sidewise, and further it is an object to provide a pin or bolt in the post
      above the disk to prevent unauthorized removal of the sign.
PAR  Another object is to provide an improved street name sign of the character
      described wherein the vandal-proof arm is an integral extension of a
      solid-rod center staff and wherein the post cap is clamped to the head by
      a one-way spring lock on the staff.
PAR  Another object is to provide such spring lock which can be readily released
      by an authorized repairman, and which is of a stainless steel construction
      not subject to rust or corrosion from long exposure to weather, even
      salt-air conditions.
PAR  These and other objects and features of the invention will be apparent from
      the following description and the appended claims.
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PAR  In the description of my invention reference is had to the accompanying
      drawings, of which:
PAR  FIG. 1 is a perspective view of a street name sign with a portion of the
      post cap and post broken away, showing a vandal-proof arm secured to the
      center staff by threaded engagement with a nut on the staff according to
      one embodiment of the invention;
PAR  FIG. 2 is a section on the line 2--2 of FIG. 1;
PAR  FIG. 3 is an exploded view showing only the center staff, nut and
      vandal-proof arm of the embodiment of FIG. 1;
PAR  FIG. 4 is a view of an alternate form of center staff having an integral
      extension forming the vandal-proof arm and having a one-way spring lock
      thereon adapted to be pressed through a compression spring against the
      post cap to clamp the sign structure into an integral unit;
PAR  FIG. 5 is a fractional side view partly in section and to larger scale
      showing the alternate construction of center staff and spring lock holding
      the sign assembled; and
PAR  FIG. 6 is a view showing a forked release tool in engaged relation with the
      spring-lock washer to disengage the lock from the center staff.
DETD
PAR  The present street name sign comprises a sign head structure which may
      include a sign head 10 to designate a single street, or two such sign
      heads 10 and 11 (FIG. 1) to designate the two streets at a crossing. All
      components are typically made of aluminum except the screws which are of
      stainless steel. Each sign head comprises an upper extrusion 12
      semicylindrical in cross section having grooved edges 12a (FIG. 2), and a
      bottom extrusion 13, also semicylindrical in cross section but of reduced
      diameter, having grooved edges 13a. These extrusions receive end caps 14
      held thereto by screws 15. Engaging the grooved edges of the top and
      bottom extrusions of each sign head is a pair of name panels 16 which are
      telescoped in place after one of the end caps is assembled and which
      become locked in position after the second end cap is assembled to form
      thus a hollow frame construction. The name panels are typically faced with
      a reflective sheet material and are printed with legends 17 and 18
      typically by a silk-screen process.
PAR  The top and bottom extrusions are apertured midway the length thereof to
      receive an aluminum center staff 19 of a solid-rod construction for
      maximum strength. At the top of the sign a top cap 20, having an
      internally-threaded dome 20a, is threaded onto the upper end of the center
      staff. This top cap has side wings 20b arcuate in cross section to engage
      evenly the top extrusion. Between the sign heads there is a crisscross set
      of winged members 21 and 22 also arcuate in cross section to engage
      respectively the lower extrusion of the upper sign head and the top
      extrusion of the bottom sign head. These parts have central tubular
      extensions 21a and 22a which receive the center staff and which
      interengage at 45.degree. intervals so that the sign heads can be set
      either at 45.degree. or at 90.degree. to each other. At the bottom of the
      lower sign head there is a post cap 23 having a center hole receiving the
      center staff and a top arcuate wall portion 23a engaging the bottom
      extrusion. A nut 25 threaded on the lower end of the center staff against
      the post cap serves to clamp the whole sign structure into an integral
      unit. This cap is open at the bottom and of a diameter to fit with
      suitable clearance the upper end of a cylindrical post or pipe 26 mounted
      in the ground ground support the sign at a suitable elevation. Several
      pointed set screws 27 -- typically 3 -- are threaded through the wall of
      the cap and tightened into engagement with the post to hold the sign in
      place.
PAR  It is the customary practice in the sign field to secure the sign on the
      post only by the engagement of the post cap with the post and by a
      tightening of the pointed set screws. This, however, leaves the sign
      subject to easy vandalism because a tilting force on the sign will
      displace it sidewise and, if a strong force is exerted and the post cap is
      held fast by the set screws being in a highly tightened condition, the
      high-leverage strain on the cap will break it. In the present type of sign
      the center staff itself reenforces the sign heads against being bent or
      broken. The extending of this center staff and the anchoring of it in the
      post in accordance with the invention serves to take the strain off the
      post cap if a vandal endeavors to tilt the sign sidewise by his weight,
      and since the center staff is a solid rod typically three-fourths inch in
      diameter the sign has sufficient strength to withstand the full weight of
      a grown person so that the sign is not bent or broken.
PAR  In the embodiment of the invention shown in FIGS. 1 and 2, the nut 25 is
      relatively long -- typically about 11/4 inch -- and the length of the
      center staff is such that the nut clamps the post cap tightly against the
      sign head when it is threaded about half its length onto the center staff.
      A vandal-proof arm 28 comprising about a 5 inch length of the center staff
      rod material is threaded into the lower half of the nut 25 tightly against
      the bottom end of the center staff and has a disk 29 staked to the lower
      end which engages the inside wall of the post with a clearance fit. In
      this construction the vandal-proof arm is substantially an integral
      extension of the center staff itself to provide sufficient strength to
      prevent the sign structure from being bent or broken.
PAR  However, difficulties which increase production cost in the above
      construction arise from the use of a long special nut, the need for an
      extra cutting of the rod stock forming the vandal-proof arm separate from
      the center staff, and the need to thread both of the mating ends of the
      staff and arm. Still further, the use of a nut threaded on the staff
      tightly against the post cap is subject to corrosion, especially in
      salt-air conditions, which tends to "freeze" the nut to the staff after
      many years' exposure to the weather.
PAR  In the alternative embodiment shown in FIGS. 4-6, the aforestated cost and
      corrosion difficulties are overcome by the use of a center staff 30 of an
      extended length adapted to serve also as the vandal-proof arm, and by the
      use of a special one-way spring-lock collar 31 on the center staff, in
      place of a threaded nut as in the foregoing construction, which is not
      subject to corrosion or to impairment from long exposure to the weather.
      In this alternative embodiment the spring-lock collar is pressed along the
      center staff into a locked position to exert the desired clamping pressure
      against the post cap through a spring 32. The spring-lock collar comprises
      a washer 33 slidable freely on the center staff, having two diametrically
      opposite cantilever springs 34 each secured to the border portion of the
      washer by two rivets 35. These are flat springs typically 0.015 inch in
      thickness and one-half inch wide which extend radially inwardly slightly
      past the center hole. The springs 34 and rivets 35 are of stainless steel
      so as to be corrosion resistant, and the springs are further of No. 302
      material so as to have the desired spring temper. When the spring-lock
      collar is slid onto the center staff the springs become bowed outwardly at
      about 25.degree. to the washer such that when pressure is exerted to push
      the washer in the opposite direction the ends of the springs bite
      immediately into the center staff to lock the washer against movement.
      This spring-lock collar is mounted with the springs on the side of the
      washer away from the post cap and with the compression spring 32 between
      the washer and the cap. After the post cap 23 and sign heads 10 and 11
      with the intermediate crisscross set 21-22 are mounted on the center
      staff, the top cap 20 is threaded on the center staff and then the
      spring-lock collar is pressed to exert the desired clamping pressure
      through the spring 32 against the cap to secure the sign structure into a
      unitary assembly. In this alternative construction the bottom disk 29 of
      the previous embodiment may be replaced also by the use of a spring-lock
      collar 31 as shown.
PAR  In order further to deter any unauthorized removal of the whole sign from a
      post, a pin 36 may be driven into the post between the cap and the disk 29
      or collar 31 (FIG. 1). Preferably, this pin should extend only about
      one-fourth inch past the inside wall. Upon anyone attempting to lift the
      sign off the post the disk 29 or collar 31 will engage the pin and prevent
      its removal. However, an authorized person equipped with a ladder enabling
      him to stand just above the level of the sign will be able to exert
      sufficient lifting force to bend the disk 29 or collar 31 and thus remove
      the sign. After the sign is repaired, a new spring-lock collar 31 may be
      pressed easily onto the lower end of the vandal-proof arm to restore the
      sign to its original vandal-proof condition before the sign is mounted on
      the post.
PAR  The above embodiments of my invention herein particularly shown and
      described are intended to be illustrative and not necessarily limitative
      of my invention since the same are subject to changes and modifications
      without departure from the scope of my invention, which I endeavor to
      express according to the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. In a street name sign: the combination of a sign head structure
      comprising one or more hollow sign heads each having name panels at the
      opposite sides thereof, a center staff passing vertically through said
      head structure, a top cap in interlocking engagement with the upper end of
      said sign head structure and secured to the upper end of said center
      staff, a post cap receiving the lower end of said center staff and adapted
      to fit over the upper end portion of a cylindrical post for supporting
      said sign at a suitable elevation above the ground, pointed set screws
      threaded through the side wall of said post cap for locking engagement
      with the wall of said post, securing means on said center staff tightened
      against said post cap to clamp said sign head structure between said top
      cap and said post cap via said center staff, an arm of solid rod stock
      secured to the lower end of said center staff in substantial extension
      beyond said post cap and a collar secured to the lower end of said arm for
      engaging the inside wall of a post supporting said sign with a clearance
      fit at a substantial distance below said post cap to retain said post cap
      in upright position on said post and to relieve the post cap from strain
      tending to break it upon an excessive tilting force being exerted on said
      sign head structure.
NUM  2.
PAR  2. The street name sign set forth in claim 1 wherein said securing means
      comprises a nut threaded externally on said center staff through a
      fractional length thereof in tightened relation against said post cap, and
      wherein said arm is threaded into the remaining portion of said nut tight
      against the end of said center staff to lock the nut in place and with the
      nut causing said arm to be effectively an integral extension of the center
      staff.
NUM  3.
PAR  3. In a street name sign: the combination of a sign head structure
      comprising one or more hollow sign heads each having name panels at the
      opposite sides thereof, a center staff passing vertically through said
      head structure, a top cap in interlocking engagement with the upper end of
      said sign head structure and secured to the upper end of said center
      staff, a post cap receiving the lower end of said center staff and adapted
      to fit over the upper end portion of a cylindrical post for supporting
      said sign at a suitable elevation above the ground, pointed set screws
      threaded through the side wall of said post cap for locking engagement
      with the wall of said post, securing means on said center staff tightened
      against said post cap to clamp said sign head structure between said top
      cap and said post cap via said center staff, an arm of solid rod stock
      secured to the lower end of said center staff in substantial extension
      beyond said post cap and a collar secured to the lower end of said arm for
      engaging the inside wall of a post supporting said sign with a clearance
      fit at a substantial distance below said post cap to retain said post cap
      in upright position on said post and to relieve the post cap from strain
      tending to break it upon an excessive tilting force being exerted on said
      sign head structure, wherein said center staff and arm are of an integral
      construction, including a locking collar pressed slidably on said staff
      against said post cap, said collar having locking elements thereon
      engaging said staff at a critical angle to lock the collar against
      displacement in directions away from said post cap.
NUM  4.
PAR  4. The street name sign set forth in claim 3 including a compression spring
      on said center staff between said post cap and locking collar to permit
      easy adjustment of said locking collar through a pressure range against
      said post cap.
NUM  5.
PAR  5. The street name sign set forth in claim 3 including a second locking
      collar pressed onto the lower end portion of said center staff adapted to
      have a clearance fit with the inside wall of said post.
NUM  6.
PAR  6. The street name sign set forth in claim 3 wherein said locking collar
      comprises a washer freely slidable on said center staff and said locking
      elements comprise flat cantilever springs riveted at their outer ends to
      said collar in positions diametrically opposite to said center staff, said
      springs being riveted flat against said collar and extending when in a
      free state into the center hole of said washer, causing the springs to be
      bowed away from the washer to allow the locking collar to be slid freely
      in one direction along the center staff, said bowing being only to a
      critical angle causing the springs to cut immediately into the wall of the
      center staff to lock the collar when pressed in the opposite direction.
NUM  7.
PAR  7. The street name sign set forth in claim 6 wherein said springs are made
      of spring-temper stainless steel free of rust and corrosion after long
      exposure of the sign to the weather.
NUM  8.
PAR  8. The street name sign set forth in claim 6 including, in combination, a
      forked tool engageable with said locking collar between said cantilever
      springs and washer to pry the springs out of locking engagement with said
      center staff.
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ABST
PAL  A frame system for mounting a sheet-like article such as a photograph or
      the like for display, including a front transparent sheet and a backing
      layer in superposed relation and between which the sheet-like article is
      held. Holding the composite structure firmly together are a number of
      clips which are attached to a rod structure positioned on the underside of
      the backing sheet and which extend around and hold the edges of both the
      transparent sheet and the backing layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One of the most conventional methods of mounting a sheet-like article such
      as a photograph for display involves the use of a conventional picture
      frame. Such a mounting system includes a transparent sheet of material,
      usually glass, within a wood or metal frame which extends around the
      periphery of the transparent sheet material. There is usually a support
      sheet also within the frame behind the transparent sheet. The sheet-like
      article is placed between the transparent sheet and the support sheet in
      such a way that the sheet-like article can be viewed through the
      transparent sheet and the transparent sheet, sheet-like article, and
      support sheet are normally held within the frame by tape which is applied
      to the back of the frame and support sheet.
PAR  An alternative manner of mounting such a sheet-like article which is less
      expensive and which produces a different aesthetic effect from the
      conventional picture frame involves mounting the sheet-like article
      between a transparent sheet and a backing sheet and holding the composite
      structure together with individual clips or other suitable holding pieces
      which fit around the edges of the composite structure. One of the problems
      normally encountered with clips presently used is that the clips fail to
      hold the composite structure firmly together and the sheet-like material
      slips out of its position with respect to the transparent sheet. Another
      problem attendant on the use of individual clips is that they are easily
      dislodged from the edges of the composite structure, as a result of which
      the composite structure may come apart. Still another problem attendant on
      the use of such clips is that the clips have to be individually centered
      along the edges of the composite structure.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly described, the present invention is directed to a frame system for
      mounting a sheet-like article such as a photograph or the like for display
      comprising an outer transparent sheet and a backing layer. The sheet-like
      article is positioned between the outer transparent sheet and the backing
      layer in such a way that the representation on the sheet-like article to
      be displayed can be viewed through the outer transparent sheet. A number
      of clips extend around and hold each of the edges of the composite
      structure formed by the outer transparent sheet, sheet-like article, and
      backing layer. The clips are secured to a rod structure positioned on the
      underside of the backing layer and the rod structure comprises several
      rods which are resilient and exert a pulling force on the clips to insure
      a firm holding action by the clips on the composite structure.
PAR  Thus, it is an object of the present invention to provide a frame system
      for mounting a sheet-like article in which the sheet-like article is held
      firmly in position.
PAR  It is another object of the present invention to provide a frame system for
      mounting a sheet-like article which is easily disassembled and assembled
      to provide easy removal of the sheet-like article and substitution of a
      different one.
PAR  It is still another object of the present invention to provide a frame
      system for mounting a sheet-like article which is easily hung for display
      by any of its edges.
PAR  These and other objects, features, and advantages of the present invention
      will become apparent from reading the following specification, when taken
      in conjunction with the accompanying drawing, depicting an illustrative
      embodiment of the invention.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a frame system for mounting a sheet-like article according to the
      disclosed illustrative embodiment of the present invention.
PAR  FIG. 2 is a side view of the frame system of FIG. 1, with the lower end of
      the left vertical frame rod and the right vertical frame rod broken away.
PAR  FIG. 3 is a rear view of the frame system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in more detail to the drawings, in which like numerals
      indicate like parts throughout the several views, FIG. 1 shows frame
      system 10. Frame system 10 includes front transparent sheet 11, sheet-like
      article 12, and backing layer 13 held together as a composite structure in
      superposed relation by clips 20.
PAR  Transparent sheet 11 is preferably constructed from either glass or some
      conventional synthetic plastic, such as methyl methacrylate polymers and
      the like, but any conventional transparent construction material in sheet
      form with sufficient rigidity and strength can be used as transparent
      sheet 11. Sheet-like article 12 is a photograph, picture, certificate,
      menu, or other similar item suitable for mounting for display purposes.
      Although sheet-like article 12 is depicted in the figures as having the
      same length and width as transparent sheet 11 and backing layer 13, it is
      desirable to have sheet-like article 12 with smaller dimensions.
      Sheet-like article 12 can then be centered with respect to the edges of
      transparent sheet 11 to provide a border around the edges of sheet-like
      article 12. Backing layer 13 is preferably constructed from a sheet of
      stiff paper, but other materials, such as glass, plastic, wood, and metal,
      can be utilized in preparing backing layer 13. Backing layer 13 can either
      be transparent or opaque but preferably backing layer 13 is opaque in
      order to prevent the rod structure 14 from being seen during display of
      sheet-like article 12. If sheet-like article 12 is centered within the
      frame system 10 with a border extending around the edges of sheet-like
      article 12, a colored backing layer 13 can be selected in accordance with
      the colors present in sheet-like article 12.
PAR  Each of the clips 20 which hold the transparent sheet 11, sheet-like
      article 12, and backing layer 13 firmly together is bent at various
      locations as depicted in the lower portion of FIG. 2 to provide numerous
      flat surfaces at various angles to the longitudinal axis of each clip 20.
      Clip 20 includes a first flange 27 and a first leg 26 at an angle slightly
      greater than 90.degree. with respect to each other with first flange 27
      being in contact with the front of transparent sheet 11 at the edge. First
      leg 26 is in direct contact with and supports the edges of transparent
      sheet 11, sheet-like article 12, and backing layer 13. Extending at an
      angle from first leg 26 away from the edges of backing layer 13 and
      towards the center of backing layer 13 is angular leg portion 24 which has
      an opening 21 therethrough. Extending from angular leg portion 24 at an
      angle and parallel to first flange 27 is central leg portion 23. Clip 20
      terminates in a second flange 22 which extends from central leg portion 23
      at an angle of approximately 90.degree. and towards the back of backing
      layer 13.
PAR  Viewing the back of frame system 10 as in FIG. 3, clips 20 are attached to
      top horizontal frame rod 15, bottom horizontal frame rod 16, left vertical
      frame rod 17 and right vertical frame rod 18 which, together with diagonal
      brace rod 19, comprise rod structure 14. Each of rods 15, 16, 17 and 18
      extends through the angular space defined by the central leg portion 23
      and the second flange 22 of clip 20 with the circumference of each rod
      being in contact with the central leg portion 23 and the second flange 22.
      Although there is only one clip 20 centrally positioned along the length
      of each of top horizontal frame rod 15, bottom horizontal frame rod 16,
      left vertical frame rod 17, and right vertical frame rod 18 in accordance
      with the preferred embodiment of the invention as depicted in FIG. 3, it
      is within the scope of the invention to have two or more clips 20 securely
      attached to each rod.
PAR  Each of top horizontal frame rod 15, bottom horizontal frame rod 16, left
      vertical frame rod 17, and right vertical frame rod 18 is spaced a
      predetermined distance from and essentially parallel to the top, bottom,
      left, and right edges, respectively, of transparent sheet 11 and backing
      layer 13. Both top horizontal frame rod 15 and bottom horizontal frame rod
      16, as well as diagonal brace rod 19, are essentially straight and lie in
      a plane immediately adjacent backing layer 13. Left vertical frame rod 17
      has an essentially straight section 41 which also lies in the plane
      immediately adjacent backing layer 13. Near the top end of left vertical
      frame rod 17 the rod bends outward from backing layer 13 at a 90.degree.
      angle at 42 and immediately thereafter upward at a 90.degree. angle to
      provide upper end section 44 which is parallel to straight section 41. The
      left ends of top horizontal frame rod 15 and diagonal brace rod 19 extend
      between backing layer 13 and upper end section 44 and are secured to upper
      end section 44. Near the bottom end of left vertical frame rod 17 is a
      similar double 90.degree. bend at 43 to provide lower end section 45 which
      is parallel to straight section 41. Similarly, the left end of bottom
      horizontal frame rod 16 extends between backing layer 13 and lower end
      section 45 and is secured to lower end section 45. Right vertical frame
      rod 18 is identical in shape to left vertical frame rod 17 with a straight
      section 46, two double 90.degree. bends 47 and 48, an upper end section
      49, and a lower end section 50. Between upper end section 49 and backing
      layer 13 and secured to upper end section 49 is the right end of top
      horizontal frame rod 15, and between lower end section 50 and backing
      layer 13 and secured to lower end section 50 are the right ends of bottom
      horizontal frame rod 16 and diagonal brace rod 19.
PAR  Preferably, the clips 20 and the rods within rod structure 14 are resilient
      steel, although construction materials such as plastic and metals other
      than steel could be used in forming these elements. By having all these
      elements constructed of the same material, it is much easier to secure
      them with one another at points of contact. For instance, if the clips 20
      and the rods are steel, they can be permanently secured to one another by
      spotwelding. If all these elements are plastic, the elements can either be
      initially molded as a unit or suitable cements can be used to permanently
      secure the elements to each other. Although it is possible to permanently
      secure the clips 20 and the rods within rod structure 14 to one another,
      it is equally desirable to provide means such as screws or the like for
      securing these elements in some non-permanent manner. In this way, the
      frame system 10 can be disassembled for transporting, the clips 20 can be
      repositioned on the rods within the rod structure 14, and additional clips
      14 can be easily added to rod structure 14.
PAR  In assembling the frame system 10 in accordance with the present invention
      a sheet-like article 12 such as a photograph is placed on backing layer 13
      with the representation to be displayed facing away from the backing layer
      13. Next, transparent sheet 11 is placed over sheet-like article 12 to
      form a composite structure. One of the clips 20 secured to rod structure
      14 is then extended around the composite structure. The other clips 20 are
      successively extended around the composite structure by flexing the rods
      within the rod structure 14 outwardly towards the edges of the composite
      structure to allow the clips 20 to be extended around the edges. The
      resilient steel rods tend to return to their pre-flexed position and, by
      doing this, tend to pull all the clips away from the edges and towards the
      center of the composite structure. Preferably, the composite structure has
      dimensions which result in the rods not completely returning to this
      pre-flexed position but instead remain slightly bowed. This slightly bowed
      position of the rods will insure a constant pulling force on the clips 20,
      resulting in the composite being held firmly together.
PAR  After assembly the frame system 10 can be hung on a wall 30 for display by
      inserting a nail 31 or other similar securing instrument through the
      opening 21 in one of clips 20.
PAR  While this invention has been described in detail, with particular
      reference to a preferred embodiment thereof, it will be understood that
      variations and modifications can be effected within the spirit and scope
      of the invention as described hereinbefore and as defined in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A frame system for mounting a sheet-like article such as a photograph or
      the like comprising a front transparent sheet through which the sheet-like
      article is viewed; a backing layer superposed on and substantially
      coextensive with said transparent sheet, said photograph being between
      said transparent sheet and said backing layer; a first pair of resilient
      rods, each rod of said first pair of rods lying against said backing sheet
      adjacent to an edge of said backing sheet, the two rods of said first pair
      of rods being adjacent to opposed edges of said backing sheet; a first
      pair of clips, each clip of said first pair of clips being fixed to one of
      said first pair of rods, said each clip being so constructed and arranged
      that said transparent sheet and said backing layer are received within
      said clip while said resilient rod is lying against said backing sheet,
      each of said resilient rods tending to bow away from said backing layer
      generally at the mid portion of said resilient rods; a second pair of
      resilient rods, each rod of said second pair of rods lying adjacent to an
      edge of said backing layer substantially perpendicular to said first pair
      of rods, each rod of said second pair of rods including an end section to
      overlie one rod of said first pair of rods; a second pair of clips, one
      clip of said second pair of clips being fixed to each rod of said second
      pair of rods and adapted to receive said transparent sheet and said
      backing layer therein; and a brace rod, said brace rod extending
      diagonally across said backing layer, each end of said brace rod being
      received within one of said end sections of said second pair of rods.
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ABST
PAL  Apparatus is disclosed for receiving and resting a rifle for target
      shooting and the like in which the position or orientation of the rest may
      be adjusted for elevation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to rifle rests, and more particularly, to an
      adjustable rifle rest for use in target shooting and the like.
PAR  2. Description of the Prior Art
PAR  With respect to the prior art, the best known rifle rest is simply a bag of
      sand. The sand bag is placed on a table or on the ground, and a rifle is
      placed thereon. A rifle placed on a sand bag will normally contact the
      sand bag over a very limited portion of the rifle, but may contact the
      rifle over a variable area, depending on the orientation of the rifle on
      the sand bag. However, the rifle will be only disposed on the sand bag,
      and will not be in any way cradled by the sand bag. The result of this is
      that the rifle must be shouldered by the user of the rifle. That is, the
      rifle only rests on the sand bag and the individual user of the rifle must
      hold the rifle tightly against his shoulder. This can be accomplished only
      by pulling the rifle to his shoulder since there will be no resistance on
      the sand bag to the movement of the rifle thereon away from the user as
      the user leans against the rifle.
PAR  There are other numerous designs of rifle rests in the prior art, all of
      which are limited in the same way that the sand bag is, in that they
      present no resistance to the movement of the rifle. Most of the rifle
      rests of the prior art support the rifle only over a very limited portion
      of the rifle. In this manner, the rifle rests of the prior art generally
      provide dual functions: they provide support for the rifle and they act as
      a fulcrum or pivot for movement of the rifle. Again, they all have
      substantially severe limitations in that they require the user to pull the
      rifle, supported on the rests, to the user's shoulder.
PAR  Since prior art rifle rests generally provide only vertical support for a
      rifle over a small area of the rifle, they are not of much help in the
      actual aiming of the rifle. That is, the user of the rifle and the rest
      must move the rifle up and down, as well as sideways, in order to fire the
      rifle. The rifle pivots on the rifle rest or support and it will not
      maintain a fixed orientation thereon because the rifle is not supported
      over a substantial length.
PAR  Because the prior art rifle rests do not support the rifles over a
      substantial portion or length of the rifle, the rifles must be physically
      pulled toward the shoulder of the user of the rifle and the rest. This is
      necessary in order for the rifle to maintain its position or orientation
      on the support. A preferable situation is where the user of the rifle and
      support can "lean into" the rifle, with the rest providing substantial
      support for the rifle and also providing resistance to the forward
      movement of the rifle. In such a situation, there is sufficient friction
      between the rifle, the rest, and the table or platform on which the rest
      is disposed, to allow the user of the rifle and the rest to orient himself
      with respect to the rifle in a manner most comfortable and most convenient
      to the firing of the rifle. This is in contrast to the situation in which
      the typical prior art rifle rest provides only vertical support for the
      rifle over a limited length of the rifle so as to allow the rifle to pivot
      on the rest and to accordingly provide no stability for the rifle other
      than vertical support over a very limited area or portion of the rifle,
      and the user must provide the stability for the orientation of the rifle
      by pulling the rifle to him. Obviously, where the rifle rest is providing
      adequate support for the rifle, and the user may be oriented or situated
      in the most comfortable manner, the accuracy of the firings of the rifle
      will be greatly enhanced.
PAC  SUMMARY OF THE INVENTION
PAR  The invention described and claimed herein comprises a rifle rest block,
      having a pair of support grooves for a rifle, each of which is at a
      different level with respect to a platform or table upon which the rest
      may be disposed, to allow the user a choice of comfortable heights for the
      disposition of the rifle. The rifle rest also includes means for adjusting
      the elevation of the rifle rest and accordingly of the rifle disposed
      thereon.
PAR  Among the objects of the present invention are the following:
PAR  To provide new and useful rifle rest apparatus;
PAR  To provide new and useful apparatus for supporting a rifle;
PAR  To provide new and useful apparatus for supporting a rifle over a
      substantial length of the rifle;
PAR  To provide new and useful adjustable apparatus for supporting a rifle;
PAR  To provide new and useful apparatus for frictionally engaging a rifle
      disposed thereon; and
PAR  To provide new and useful apparatus for supporting a rifle having a
      plurality of means for orienting and supporting a rifle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an isometric view of rifle rest apparatus embodying the present
      invention.
PAR  FIG. 2 is a view in partial section of the apparatus of FIG. 1 taken
      generally along line 2--2 of FIG. 1.
PAR  FIG. 3 is a view in partial section and partially broken away of the
      apparatus of FIG. 1 taken generally along line 3--3 of FIG. 1.
PAR  FIG. 4 is an exploded view of a portion of the apparatus of FIG. 1 enlarged
      from the circle 4 of FIG. 1.
PAR  FIG. 5 is a view of the apparatus of the present invention illustrating in
      alternate embodiment of adjustment means for the apparatus.
PAR  FIG. 6 is a view of the apparatus of FIG. 5 illustrating the use thereof.
PAR  FIG. 7 is a view of the apparatus of FIGS. 5 and 6 with the adjustment
      means enlarged and exploded illustrating the cooperation among the various
      elements thereof.
PAR  FIG. 8 is a fragmentary view in partial section of a portion of the
      apparatus of FIG. 7 taken generally along line 8--8 of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is an isometric view of rifle rest apparatus 10 comprising the
      present invention disposed on a platform or table 2, shown in phantom, and
      with a rifle 4, also shown in phantom, disposed on the apparatus 10.
PAR  The rifle rest apparatus 10 comprises an elongated block 12, which is a
      rectangular block, with opposite sides parallel, and with a pair of Vee
      notches or grooves 14 and 16 cut into a pair of adjacent sides 13 and 15
      of the block 12, respectively, and extending along the block the length of
      the block, which comprises the longest or greatest dimension of the block.
      The notches 14 and 16 extend downwardly from the surfaces of the sides of
      the block and are cut at a 60.degree. angle. That is, the sides of the
      notches are at 60.degree. to each other.
PAR  The block 12 comprises a solid block, preferably made out of wood, with a
      pair of ends, front end 20 and rear end 21 (See FIG. 3) and four sides,
      13, 15, 17, and 19 (See also FIG. 2). Side 13 comprises the top, and side
      17 comprises the bottom of the block. The four sides, including the two
      vee notches extending downwardly from the top surface of the sides 13 and
      15, are completely covered with an appropriate covering 18, such as short
      shag carpeting. The carpeting covering 18 serves to protect and cushion a
      rifle disposed on the rifle rest and in each notch, and protect the rifle
      disposed therein from scratches. The length of the block 12, and
      accordingly of the vee notches 14 and 16, is sufficient to support a rifle
      disposed in the notches over a substantial length of the rifle, in order
      to allow the rifle to be free standing in the notch, and thus on the rifle
      rest apparatus, without the necessity of the user supporting the rifle.
      Typically, the length of the block 12 is about 12 inches.
PAR  The block 12, being rectangular in shape, is dimensioned with respect to
      width and height appropriately to allow a user to select the appropriate
      orientation of the block, with respect to width and height so as to allow
      the rifle to be disposed in the vee notch, which is most comfortable for
      him. Accordingly, the width of the block is typically about 6 inches, and
      the height of the block about 8 inches. This gives a difference of about
      two inches between the width and the height, which is sufficient for the
      comfort and convenience of different users. For example, if a relatively
      tall individual were to use the rifle rest, the rifle rest apparatus 10
      would be oriented so that notch 14 would be disposed as shown in FIG. 1,
      which is the notch cut into the narrowest portion or width of the block,
      but on top of the longest dimension. If a shorter user were to use the
      rifle rest apparatus, the notch 16 would be disposed upwardly, with the
      short width of the block extending vertically. Thus notch 16 is cut into
      the long dimension of the block on side 15, which minimizes the distance
      between the vee and the table or platform upon which the rifle rest is
      disposed. Again, the two inch difference between the dimensions of the
      block is sufficient to compensate for the size differential of most
      shooters.
PAR  Upon the front end of the block 12, identified by reference numeral 20, is
      a pair of adjustment means 22 and 24. The adjustment means may be used to
      adjust the height of the block to aid in aiming the rifle disposed on the
      rifle rest apparatus. As illustrated in FIG. 1, with a rifle 4 supported
      over a substantial length of its stock in vee notch 14, adjustment means
      22 may be used to adjust the height of the end 20 of the block.
      Accordingly, the barrel of the rifle 4 will be raised or lowered as
      desired. If a user were to select vee notch 16 on side 15 in which to
      dispose the stock of a rifle, the corresponding adjustment means 24 would
      be used to adjust the block and accordingly the rifle as desired by the
      user.
PAR  While the shag carpeting, preferably a long-lasting and durable material
      such as nylon, has substantial friction inherent in itself, it may be
      advantageous to increase the friction of the block by friction means 26
      disposed on adjacent sides of the block opposite from the vee notches 14
      and 16. The friction means 26, such as a strip of rubber or individual
      rubber feet, are disposed adjacent the opposite end of the block 12 from
      the end 20, on which the adjustment means 22 and 24 are disposed.
PAR  FIG. 2 is a view in partial section of the apparatus of FIG. 1, taken
      generally along line 2--2 of FIG. 1 and illustrating the orientation of
      the vee notches 14 and 16 in the apparatus 10 with respect to the
      adjustment means 22 and 24. The block 12 is shown with the covering 18
      extending substantially completely around the exterior periphery of the
      block, or the external periphery of the sides of the block, as opposed to
      the ends of the block. The ends of the blocks, including end 20, need not
      be covered with the shag carpet covering 18, but may be covered with some
      other material, such as naugahide or the like, for esthetic purposes. The
      covering 18 has a functional purpose, as described above, but the same
      functional purpose would not apply to the ends.
PAR  In FIG. 2, the orientation of notches 14 and 16 is clearly indicated, with
      notch 14 cut into the narrower dimension of the block 12, defined as the
      width of the block. The vee notch or groove 14 thus extends into the block
      along the lower dimension of the block, defined as the height of the
      block. The vee notch or groove 16 is cut into the block from the longer
      dimension, or the height of the block, and thus extends into the block
      through the narrower dimension or the width of the block.
PAR  As shown in FIG. 2, a rifle stock may be laid in the notch or groove 14, to
      accommodate the needs or requirements of a particular shooter. If the
      shooter or user would prefer to have the rifle lower to a table or support
      upon which the rifle rest apparatus 10 is disposed, he would rotate the
      block 90.degree. so that the vee notch or groove 16 would be disposed
      upwardly and a rifle stock could then be placed within the notch 14.
PAR  Friction means 26, such as a rubber strip, is disposed about two sides of
      the block 12 opposite the vee notches 14 and 16 and remote from, or at the
      opposite end of the block 12, from the adjustment means 22 and 24. The
      friction means are secured to sides 17 and 19.
PAR  If it is desired to elevate the end 20 of the block 12, and accordingly to
      elevate a rifle disposed in vee notch 14 of the rifle rest apparatus 10,
      adjustment means 22 are actuated to accomplish the desired raising. If the
      rifle rest apparatus 10 is disposed with vee notch 16 extending upwardly,
      then adjustment means 24 will be used to adjust the height of the end 20
      of the block 12. For purposes of illustration herein, the end 20 will be
      designated hereafter as the front end of the block.
PAR  FIG. 3 is a view of the apparatus of FIG. 1 taken generally along line 3--3
      of FIG. 1, and showing a side view of the rifle rest apparatus 10,
      partially broken away. The block 12 is shown with the notch 16 extending
      into the block. A dotted line is shown extending across the block 12 and
      the dotted line denotes the bottom of the vee notch 14. The covering 18, a
      shag carpeting, is shown disposed about the exterior periphery of the
      sides of the block 12. A strip of friction means 26 is disposed on what is
      shown as the bottom side 17 of the block 12 adjacent end 21, which is the
      end of the block opposite front end 20. The end 21 is considered the rear
      end of the block, as opposed to the front end 12.
PAR  Secured to the front end 20 of the block 12 are the adjustment means 22 and
      24. With the rifle rest apparatus 10 disposed as shown, the front end 20
      of the block 12 would be elevated from the back end or rear end 21. The
      adjustment means 22 may be varied to elevate the front end 20 of the block
      as desired by a user. If a rifle were to be disposed in notch 16 of the
      rifle rest apparatus 10 with the apparatus as shown in FIG. 3, a
      substantial portion of the stock of the rifle would be supported within
      the vee notch 16. With the trigger guard of the rifle adjacent the back or
      rear end 21 of the apparatus 10, the rifle is supported within the notch
      of the apparatus and is frictionally engaged therewith. That is, the
      friction of the shag carpet covering 18 against the stock of a rifle
      disposed in the groove 14 is sufficient to hold the rifle in the rifle
      rest apparatus. With the trigger guard against the rear end 21 of the
      block 12, there is sufficient friction between the rifle and the rifle
      rest, and between the rifle rest and any surface on which it is disposed,
      by virtue of the friction means 26 and the adjustment means 22, to prevent
      relative motion between the table or support for the rifle rest apparatus
      and between the rifle and the rifle rest apparatus. It is thus not
      necessary for a user of the apparatus to pull the rifle towards him to
      prevent the movement of the rifle and the rifle rest during use. A
      carrying strap 28 is shown secured to the rear end 21 of the block. Any
      appropriate carrying means may be used to conveniently carry the rifle
      rest.
PAR  FIG. 4 is an exploded view of a portion of the apparatus of FIGS. 1, 2, and
      3, taken from the circle 4 of FIG. 1. It comprises an exploded and
      enlarged view of adjustment means 22.
PAR  The adjustment means 22, which is substantially identical to the adjustment
      means 24, includes a plate 30 which is secured to the end 20 of the block
      12 by appropriate fastening means, such as screws extending through a
      plurality of apertures or holes 32. The apertures or holes 32 extend
      through the plate 30 and, as illustrated, there are four of them. A
      bracket 34 extends outwardly from the plate 30. The bracket 34 includes a
      tapped hole 36 extending therethrough. If the plate 30 were tipped or
      oriented such that the bracket 34 extended downwardly, the configuration
      of the plate and bracket would be that of a "tee", with the bracket 34
      extending at substantially a right angle to the plate and from about the
      center thereof. For convenience, the plate and bracket may be made of any
      appropriate material, such as steel or aluminum. For ease of
      manufacturing, the plate and bracket may preferably be cast or machined
      from a single piece so that they are integral with each other.
      Alternatively, of course, the bracket may be welded to the plate.
PAR  A screw 38 is shown with connection lines extending between the screw and
      the tapped hole 36 to indicate that the screw is received by the tapped
      hole 36. The screw includes a threaded shank 40, the threads of which
      match the threads of the hole 36. On the top of the screw 38 is a narrow
      knob 42, integral with the threaded shank. At the bottom or lower end of
      the screw 38 is a ball 44, also integral with the threaded shank 40. In
      use, the screw 38 is threaded into the tapped hole 36 and adjusted
      therein.
PAR  A foot 46 is disposed beneath the plate 30 and it is secured to the screw
      38 after the screw is threaded through the hole 36. The foot 46 includes a
      boss 48 extending upwardly and centrally of the foot. The boss includes a
      recess 50 extending downwardly from the top of the boss. The recess 50
      receives the ball 44 of the screw 38 and is preferably peened over against
      the ball to secure the foot to the screw. With the foot secured to the
      screw, the engagement between the recess 50 of the boss 48 and the ball 44
      is a sliding engagement so that the screw may be turned without a
      corresponding movement of the foot. In other words, the foot moves
      vertically with the screw, but the foot need not rotate as the screw is
      turned.
PAR  Frictional material, such as rubber, may be secured to the bottom of the
      foot to increase the friction between the rifle rest apparatus and the
      platform or table on which the apparatus is disposed.
PAR  FIG. 5 is an end view of rifle rest apparatus 100, which is substantially
      the same as rifle rest apparatus 10 of FIGS. 1-4, with an alternate
      adjustment means illustrated. The rifle rest apparatus 100 includes a
      block 112, substantially the same size as block 12 of FIGS. 1-4, and a
      pair of notches 114 and 116 extending into the block 112. The notches 114
      and 116 correspond to the notches 14 and 16 of FIGS. 1-4. The block 112
      may be appropriately covered, substantially the same as block 12. The
      covering is not shown, for purposes of clarity, in FIGS. 5, 6, and 7.
      However, friction means 126 is shown in FIGS. 5 and 6, and it corresponds
      to the friction means 26 of FIGS. 1-4. The friction means or material 126
      is disposed on the side of the block 112 opposite from the notches 114 and
      116. On an end 120 of the block 112 is disposed adjustment means 80. The
      adjustment means 80 includes a plate 82 appropriately secured to the end
      120 of the block 112 by fasteners, such as screws 83. The plate 82
      includes a slot 84 extending through the plate. One end of the plate is
      disposed adjacent side 113 of the block 112, and the opposite end of the
      plate 82 is disposed adjacent side 115 of the block. Side 113 is opposite
      notch 116, and side 115 is opposite notch 114.
PAR  A bracket 86 is pivotally movable along slot 84 so that it may be oriented
      either adjacent side 115 of the block 112, or along side 113 of the block
      112. In FIG. 5, the bracket 86 is oriented adjacent side 115. The bracket
      is held in place by a screw 88 which extends through the bracket 86 and
      into a tapped hole in the plate 82. For receiving the screw 88, the plate
      includes a pair of tapped holes 90 and 91 (See also FIG. 6), each of which
      is disposed adjacent one end of the slot 84 and adjacent the respective
      sides 113 and 115 of the block 112.
PAR  The bracket 86 also includes a tapped hole which receives a threaded screw
      92 and which is adjustably screwed in the bracket to raise or lower the
      end 120 of the block 112. The screw 92 includes a narrow knob 94 on the
      top of the screw, and a foot 96 on the bottom or lower portion of the
      screw. The screw 92, with its narrow knob 94 and foot 96, is substantially
      identical to the screw 38 illustrated in detail in FIG. 4.
PAR  FIG. 6 is a view of the rifle rest apparatus 110 of FIG. 5 showing the
      block 112 oriented 90.degree. from that shown in FIG. 5, with side 113
      down, and thus with notch 116 extending upwardly on the block. The notch
      114, opposite the side 115, is shown in a sideward orientation.
PAR  The adjustment means 80 is illustrated with the bracket 86 moved from
      adjacent side 115, as shown in FIG. 5, to the position adjacent side 113.
      The bracket is now held in place adjacent the side 113 by the screw 88
      received in the tapped hole 90 (See also FIG. 5) in plate 82. The bracket
      86 has been moved along slot 84 from the orientation shown in FIG. 5 to
      that shown in FIG. 6.
PAR  FIG. 7 is an enlarged view of the apparatus of FIGS. 5 and 6, showing the
      adjustment means 80 broken away and exploded from the block 112. The block
      112 is shown with its respective notches 114 and 116 oriented with the
      notch 114 upwardly. Accordingly, the block is shown in the orientation
      similar to FIG. 5, with the block disposed on side 115. Side 113, opposite
      notch 116, is shown. Also shown in phantom in FIG. 7 is the outline of
      plate 82 on the block. A groove 128 is shown extending downwardly from the
      front 120 of the block 112 beneath where the plate 82 is secured.
PAR  The adjustment means 80 is separated from the block 112 and the component
      parts are shown exploded therefrom. The plate 82 has been moved outwardly
      from the end 120 of the block 112, and is shown in the orientation
      directly away from that outlined in phantom on the end 120 of the block.
      The slot 84 is shown and in the assembled position, with the plate 82
      secured by the screws 83 to the block 112, the slot 84 overlays
      substantially parallel to the groove 128 in the block. The tappped holes
      90 and 91 are also shown extending through the plate 82. The tapped holes
      90 and 91 receive the screw 88 to lock the bracket 86 against the plate
      82, depending on the orientation of the bracket. (See FIGS. 5 and 6). The
      screw 88 extends through the bracket 86. Appropriate beveled holes 85 are
      shown extending through the plate 82 to receive the screws 83 to hold the
      plate 82 against the block 112.
PAR  The threaded shank 93 of the screw 92 extends through a tapped hole or
      aperture 87 which extends through the bracket 86. The screw 92 includes a
      narrow knob at the top thereof, and a foot 96 at the bottom thereof. The
      foot is secured to the screw 92 about a ball 95 which is on the opposite
      end of the threaded shank 93 of the screw 92 from the narrow knob 94. The
      foot is appropriately secured to the ball 95 substantially the same as in
      the comparable apparatus of FIGS. 1-4, illustrated in detail in FIG. 4.
PAR  FIG. 8 is an enlarged view of a portion of the apparatus of FIGS. 5 and 6,
      showing in enlarged detail the cooperation between the bracket 86 and the
      slot 84 in the plate 82. The plate 82 is shown secured to the block 112 as
      by screws 83. The bracket 86 is shown with a guide pin 98 secured to the
      bracket 86 and extending from the bracket into the groove 128 beneath the
      plate 82. The pin 98 is preferably threaded into the bracket 86, with a
      portion thereof, head 99, extending beneath the plate 82 into the groove
      128 of the block 112. The diameter of the head 99 is greater than the
      width of the slot 84 and accordingly as the bracket is moved, the bracket
      will be guided and held within the slot 84. Thus the pin 98, with its head
      99, comprises a guide for the bracket 86 and the bracket is actually
      secured in place by the screw 88 in the respective tapped hole, either
      hole 90 or hole 91.
PAR  While the principles of the invention have been made clear in illustrative
      embodiments, there will be immediately obvious to those skillled in the
      art many modifications of structure, arrangement, proportions, the
      elements, materials, and components used in the practice of the invention,
      and otherwise, which are particularly adapted for specific environments
      and operating requirements, without departing from those principles.
      Obviously, also, the rifle rest apparatus, since it supports the entire
      weight of a rifle, may be used as a rifle rack for holding and displaying
      a rifle. The appended claims are intended to cover and embrace any and all
      such modifications, within the limits only of the true spirit and scope of
      the invention. This specification and the appended claims have been
      prepared in accordance with the applicable patent laws and the rules
      promulgated under the authority thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Rifle rest apparatus, comprising, in combination:
PA1  block means;
PA1  groove means extending into the block means along the length of the block
      means for receiving a portion of a rifle and for supporting the rifle; and
PA1  means for adjusting the elevation of a portion of the block means,
      including a bracket secured to an end of the block means and adjustable
      screw means extending through said bracket.
NUM  2.
PAR  2. The apparatus of claim 1 in which the groove means includes a pair of
      vee-shaped grooves extending into the block means, on each along adjacent
      sides of the block means.
NUM  3.
PAR  3. The apparatus of claim 2 in which the means for adjusting the elevation
      of a portion of the block means includes a pair of brackets, each secured
      adjacent a side of an end of the block means, and an adjustable screw
      extending through each bracket.
NUM  4.
PAR  4. Rifle rest apparatus, comprising, in combination:
PA1  block means having a generally rectangular configuration;
PA1  groove means extending into the block means for receiving a portion of a
      rifle; and
PA1  means for adjusting the elevation of a portion of the block means,
      including
PA2  a plate secured to an end of the block means extending between a pair of
      adjacent sides of the block means,
PA2  a slot in said plate,
PA2  a bracket movable in the slot in the plate and secureable thereto, and
PA2  an adjustable screw extending through the bracket.
NUM  5.
PAR  5. The apparatus of claim 4 in which the block means includes a groove in
      an end of the block means and the plate is secured to the end of the block
      means with the slot in the plate disposed substantially parallel and
      overlying the groove.
NUM  6.
PAR  6. The apparatus of claim 5 in which the groove means includes a pair of
      grooves extending into the block means on adjacent sides of the block
      means.
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ABST
PAL  A bladder buoy, suitable for the supporting of fishing nets, trap lines and
      other fishing gear, the surface of which is illuminated by an internal
      battery operated light. The body of the buoy is fabricated of a
      translucent semi-opaque material which becomes illuminated by the passage
      of light from the inside of the buoy, making it possible for passing
      boatsmen, at night to recognize the shape of the illuminated buoy, as well
      as to observe any opaque markings on the body of the buoy.
PARN
PAR  This application is a continuation of application No. 302,028, filed Oct.
      30, 1972, for Illuminated Bladder Buoy by the same applicant which
      application, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION:
PAR  This invention relates to a bladder buoy which serves to support fishing
      gear such as nets and trap lines, and particularly a buoy which is formed
      of an inflated translucent or semi-opaque membrane which becomes
      illuminated from an internal battery powered flashlight source.
PAR  An advantage of this device is that the entire surface of the buoy is
      illuminated at night, making it possible for boatsmen to observe the shape
      of the buoy, as well as any opaque buoy markings.
PAR  The inflated buoy is formed with an attached tab, in which a hole is
      located, for fastening to fishing gear which the buoy is to support. The
      electric light unit is mounted inside of the buoy, being fastened through
      a hole in the outer circumference of the buoy so that the batteries of the
      light unit may be replaced without deflating the buoy. The switch member
      is enclosed in a flexible waterproof cap that protrudes beyond the buoy.
PAR  In an alternate embodiment, the light unit is controlled by clockwork or
      light sensitive means so that the buoy is illuminated only during the
      night, as a means of conserving the batteries of the unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawing which is an
      elevation with a partial crosssection of the bladder buoy of the invention
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT:
PAR  Turning now descriptively to the drawing, the buoy 10 is formed of a thin
      translucent or semi-opaque membrane 11 maintained in a spherical shape by
      internal inflation of air 12. A tab 13, extends from the buoy 10, with an
      anchoring hole 14 located in the tab 13 for attachment to an anchoring
      line or to the fishing gear which the buoy 10 is designed to support.
PAR  The light unit 20 is installed through a hole in the membrane 11, with a
      cylindrical shell 16 fastened to the membrane 11 in a waterproof fitting
      by threaded washers 17. The external cylindrical shell 16 is formed with a
      male screw thread 18, and threaded washers 17 tighten about the membrane
      11 in engagement with the screw thread 18 to provide a watertight fit.
      Shell 16 is preferably formed of a transparent plastic material to permit
      the passage of light from bulb 24 to the interior of the buoy 10.
PAR  Cover plate 19 of the shell 16 is also fitted with a female thread to
      engage the male screw thread 18 of the shell 16, and tightens about O ring
      26 to provide a watertight seal of the contents of light unit 20.
PAR  The light unit 20 houses flashlight bulb 24 connected by wires 25 to
      battery 23. Battery 23 is in series with switch 27 which is fastened by
      means of male screw thread 29 on switch collar 15 to the cover plate 19. O
      Ring 28 between the switch 12 and the cover plate 19 maintains a
      waterproof seal of the shell contents, and the switch operator button 22
      is enclosed by a flexible plastic cap 21 which also threads about the
      switch collar 15 to maintain a waterproof seal between the switch 27 and
      switch button 22.
PAR  In operation, flashlight bulb 24 is turned ON when the buoy 10 is used at
      night, with the internal light source causing the translucent membrane 11
      to become illuminated. Opaque markings may be located on the internal or
      external surface of membrane 11.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      secure by letters patent of the United States is:
NUM  1.
PAR  1. A bladder buoy suitable for the supporting of fish nets, trap lines and
      other fishing gear, the outer membrane of which is illuminated by means of
      a battery-powered flashlight located inside the buoy, cosisting of
PA1  an inflated translucent or semi-opaque membrane in the shape of a sphere
      with positive flotation characteristics, inside of which, in a transparent
      housing, is mounted a battery and flashlight bulb,
PA1  said housing enclosing the flashlight and battery being sealed from the
      interior inflated recess of the buoy,
PA1  with the housing supporting the flashlight bulb and battery mounted inside
      the buoy and extending externally of the buoy surface, with means mounted
      in the external part of said housing for removing and replacing the bulb
      and the battery, said means providing a waterproof seal of the flashlight
      housing unit when the housing is closed, with the housing unit serving to
      seal the interior of the balloon when the housing is closed, or open for
      replacement of a bulb or battery.
NUM  2.
PAR  2. The combination as recited in claim 1 together with a tab mounted
      externally to the membrane of the buoy at a distance from the housing,
      which tab is pierced with a through hole for fastening to a line.
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ABST
PAL  A fishing lure having a phosphorescent material applied thereto, which
      after irradiation will itself radiate light. A first embodiment of the
      invention illustrates a fishing spoon which is adapted to rotate in the
      water, and which has a phosphorescent coating applied to one section of
      the lure such that as the lure is trolled through the water it appears to
      flash on and off. A second embodiment of the invention illustrates an
      artificial plastic worm which has embedded in its translucent body a strip
      of phosphorescent material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to fishing lures, and more
      particularly pertains to a new class of fishing lures adapted to radiate
      light as they are trolled through the water.
PAR  In the age old contest between man and fish, known affectionately to a few
      as fishing, the fish has often emerged the victor swimming sway
      nonchalantly while the dejected fisherman left empty handed. This
      protracted battle has been fought on many grounds with man occasionally
      winning a skirmish here or there with the introduction of new and more
      effective fishing equipment which reflected the latest technological
      advances of society. The present invention relates to one of those inroads
      against the so-far victorious fish, and might result in a major victory
      for mankind. More particularly, the present invention relates to a new and
      improved fishing lure which should enable diligent fishermen to spar more
      effectively with the enemy.
PAR  It is generally believed, and occasionally proved to be true, that fish are
      either more ravenously hungry or more careless at dawn, dusk, and
      throughout the nocturnal hours, Further, even during diurnal hours many
      fish prefer the darkness of the deep six. This darkness may take the form
      of a deep spot in the water or may be a section of the water from which
      light is blocked as by lily pads or seaweed. The present invention was
      conceived to take advantage of the aforementioned nature of fish, and more
      particularly was designed particularly for use during dawn, dusk, and
      nocturnal hours. Although it should be borne in mind that a lure embodying
      the teachings of this invention might also be very effective during the
      daytime and particularly in darkened waters.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a preferred embodiment a fishing lure is disclosed which
      is especially adapted to glow and thereby attract fish. The fishing lure
      has a lure body adapted to attract fish for feeding purposes and has at
      least one hook coupled thereto. Further, the lure body has a
      phosphorescent material which after being irradiated will itself radiate
      light to make the lure more conspicuous, and especially in darkened
      waters. Further, one disclosed embodiment has the phosphorescent material
      applied to an exterior surface of the lure body, and a second disclosed
      embodiment has the phosphorescent material applied to an internal section
      of the lure body. Further, in one embodiment the phosphorescent material
      is a phosphorescent tape, and in a second embodiment the phosphorescent
      material is a phosphorescent paint.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a first embodiment of Applicant's invention wherein a
      phosphorescent coating is applied to an external surface of a fishing
      spoon.
PAR  FIG. 2 shows a second embodiment of Applicant's invention wherein a strip
      of phosphorescent material is placed on the interior and along the length
      of a translucent artificial worm.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is illustrated a first embodiment of Applicant's
      invention. A fishing lure 10 has a body 12 having tail section 14 provided
      with portions bent at an angle in opposite directions at 16 such that as
      the fishing lure is trolled through the water the bent tail sections 14
      will cause the lure body to rotate. The fishing lure includes a typical
      treble hook 18 attached to its end. One half 20 of the lure body has a
      shiny metal surface adapted to reflect light. A second half 22 of the
      fishing lure body has a phosphorescent tape 24 applied thereto.
      Phosphorescent tapes are commercially available from several sources. In
      an alternative embodiment, the lure may have a phosphorescent paint, such
      as is available from Fischer Scientific Company, applied to section 22.
PAR  A distinction should be made between phosphorescent materials, which after
      irradiation (particularly by ultraviolet light) do themselves radiate
      light, and fluorescent materials which merely appear to be particularly
      bright and loud. There are currently several fishing lures on the market
      having fluorescent materials applied to the lure body, but it is not
      believed that there are any fishing lures available having phosphorescent
      materials thereon. This distinction is very important as in darkened
      waters the emission of radiation by the phosphorescent material will cause
      the lure to be very conspicuous to fish, while in those same darkened
      waters a fluorescent lure will not be nearly as effective as it merely
      reflects what little light is around.
PAR  Referring to FIG. 2 there is illustrated a second embodiment of Applicant's
      invention in the form of a fishing lure 30 which is an artificial worm.
      The lure 30 includes a plurality of hooks 32 attached to the underside of
      the lure. The hooks are normally attached to a tieing eye 34 by a leader
      which runs down the center of the lure. In accordance with the teachings
      of Applicant's invention, the leader itself is formed of a phosphorescent
      material 36, and the hooks are attached to the phosphorescent leader. In
      alternative embodiments a strip of phosphorescent material may be placed
      in the lure in addition to the leader during manufacture. Alternatively,
      phosphorescent paint or phosphorescent powder may be embedded in the lure
      body during manufacture.
PAR  Fishing lures embodying the teachings of this invention might be utilized
      very effectively at night with an appropriate light. If the phosphorescent
      material is a type which reacts to ultraviolet radiation, then a black
      light might be required. In those situations this might be combined very
      effectively with an electronic insect killer which radiates black light.
      Under those circumstances, the lure would be exposed to radiation from the
      light source at periodical intervals during the evening.
PAR  In the preferred embodiment of Applicant's invention, only a small portion,
      such as one-quarter or one-third of the lure body, is covered with a
      phosphorescent material. The covering of a small portion with
      phosphorescent material more accurately simulates bait fish and bait which
      the lure is attempting to copy. In fact, many types of bait are
      phosphorescent, as may be noted during a walk along the seashore at night.
      As the waves break, many types of phosphorescent lights may be seen in and
      around the surf. Thus, the phosphorescent nature of Applicant's invention
      somewhat duplicates nature. In lure types, as the type illustrated in FIG.
      1, wherein the lure undergoes some type of periodic motion, the coating of
      one small surface of the lure should be particularly effective as that
      small surface will appear to a fish to intermittently flash on and off.
      Indeed, this might simulate the erratic nature of a wounded or dieing bait
      fish.
PAR  While several embodiments have been described, the teachings of this
      invention will suggest many other embodiments to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved fishing lure especially adapted to glow and thereby attract
      fish and comprising:
PA1  a. a translucent fishing lure body being adapted to attract fish for
      feeding purposes;
PA1  b. a leader running along the inside of said fishing lure body to couple
      hooks to the fishing lure body;
PA1  c. at least one hook coupled to said leader to hook a fish attempting to
      eat the lure body; and
PA1  d. said leader being formed of a phosphorescent material which, after being
      subjected to irradiation will itself radiate light, whereby the fishing
      lure will be more conspicuous, especially in darkened waters, and will
      attract more fish.
PATN
WKU  039356604
SRC  5
APN  5592216
APT  1
ART  333
APD  19750317
TTL  Noisemaking device for use with fishing lure or bait and method of
      making same
ISD  19760203
NCL  14
ECL  1
EXA  Leach; Daniel J.
EXP  Mancene; Louis G.
NDR  1
NFG  7
INVT
NAM  Plew; Franklin T.
STR  P.O. Box 1418
CTY  Bloomington
STA  IN
ZIP  47401
CLAS
OCL   43 4231
XCL   43 4224
XCL   43 4237
XCL   43 4253
EDF  2
ICL  A01K 8500
FSC   43
FSS  42.31;42.24;42.37;42.38;42.53;44.4
UREF
PNO  2741864
ISD  19560400
NAM  Shotton
XCL   43 42.31
UREF
PNO  2778143
ISD  19570100
NAM  Bratz, Sr.
XCL   43 42.31
UREF
PNO  2787858
ISD  19570400
NAM  Best
XCL   43 42.38
UREF
PNO  3760528
ISD  19730900
NAM  Moore
OCL   43 42.24
UREF
PNO  3802115
ISD  19740400
NAM  Auten et al.
OCL   43 42.31
LREP
FRM  Jenkins, Hanley & Coffey
ABST
PAL  A noisemaking device for use with a fishing lure or bait to enhance its
      attractiveness to fish comprises a container formed of two flanged deep
      cups held together by a length of heat-shrinkable tubing and loosely
      containing one or more metal balls. The device may be molded into an
      artificial lure or may be attached directly to a fish hook or wire harness
      for use with an artificial lure or live bait.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Several types of noisemaking artificial fishing lures are known. Such lures
      generally include one or more metal balls loosely held in a cavity in the
      lure so that they will rattle in use. In some cases, the balls are
      inserted during the manufacture of the lure. Examples of this type of
      noisemaking fishing lure include Bratz U.S. Pat. No. 2,778,143, Wenger
      U.S. Pat. No. 2,659,176, Dorsett U.S. Pat. No. 3,044,207, and Moore U.S.
      Pat. No. 3,760,528.
PAR  In other cases, the balls are held in a container which is manufactured
      separately from the lure and is later added to the lure. An example of
      this is Auten et al, U.S. Pat. No. 3,802,115.
PAR  The present invention provides an improved and inexpensive noisemaking
      device which is a self-contained and sealed unit and is especially adapted
      to be molded in place in a plastic molded body, such as a soft-molded
      lure, or otherwise inserted during the manufacture of a lure, and which
      has a shape to facilitate such molding and to hold the unit in place in
      the body. The unit is also adapted to be used in other ways with fishing
      rigs or with fish hooks or lines baited with live bait. The device has
      improved noisemaking characteristics because of its materials and
      construction.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a noisemaking unit is made from a pair of
      deep cup-shaped metal stampings with flanges at their open ends, which are
      assembled with their open, flanged ends together and with preferably one
      but permissably two or more metal balls loosely received within the cups.
      The cups are secured and sealed together by a short length of
      heat-shrinkable tubing shrunk in place about the meeting flanged ends. The
      metal stampings used may resemble closed-end eyelet stampings and may be
      inexpensively made on the same machines. The cups are desirably of brass
      and the balls of steel, to produce the best noise.
PAR  The assembled units are especially advantageous to be molded in place in
      plastic molded lure bodies of various types and shapes and of either soft
      or hard plastic. In such use, their flanged shape aids in locating them in
      fixed position. They may also be combined with fish hooks or jigs, or with
      a yoke having eyes at its ends for attachment to a line. Such combinations
      may be made by heat shrinking a plastic tube about an assembly of the
      noise-making unit with the hook or yoke, or by molding a body of plastic
      about such an assembly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate the invention and show examples of
      preferred embodiments. In such drawings:
PAR  FIG. 1 is an exploded view of the components used in making a noisemaking
      device in accordance with the invention;
PAR  FIG. 2 is a side elevation of the assembled device;
PAR  FIG. 3 is a view showing a device in accordance with the invention molded
      into a worm-like soft plastic body which also contains a metal fish hook;
PAR  FIG. 4 is a side view of a device assembled directly to a metal fish hook
      by means of an outer heat-shrink tube;
PAR  FIG. 5 is a side view showing a device in accordance with the invention
      molded together with a hook in a soft plastic frog-shaped lure body;
PAR  FIG. 6 is a side view of the device assembled with a molded jig of lead or
      plastic; and
PAR  FIG. 7 is a side view of any device assembled with a wire harness or yoke
      and enclosed by a molded envelope.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A noisemaking device embodying the present invention is desirably made from
      the parts shown in FIG. 1. These comprise two identical deep-drawn cups 8
      and 9. The cup 8 has a closed end 15 and an open end which carries an
      outwardly radiating flange 13. The second cup 9 includes a closed end 16
      and an open, flanged end 14. A metal ball 10 of a diameter smaller than
      the inside diameter of the cups is loosely received in the container
      formed by the cups, and the cups are held together by a section of heat
      shrinkable tubing 11 having a normal size sufficient to slide easily but
      snugly over the flanges 13 and 14 of tubes 8 and 9. Tubing 11 may be of
      any suitable substance which is impervious to water and shrinks upon
      heating. Common examples of such materials are polytetrafluoroethylene,
      polyvinyl chloride, and polyolefin. The tubing 11 is shown as transparent
      but may be translucent or opaque and may be of any desired color.
PAR  The components of FIG. 1 are assembled to form the noisemaking device 17
      shown in FIG. 2. In such assembly, the metal ball 10 is inserted in either
      of the cups 8 or 9, such cups are brought together with their flanged ends
      13 and 14 in abutting relationship, and the heat shrinkable tubing 11
      placed about the abutting flanged ends 13 and 14. Sufficient heat is then
      applied to shrink the tubing 11 snugly about the assembled cups. Tubing 11
      may be selected so that it fits snugly over the flanged ends 13 and 14 of
      the metal cups 8 and 9 for retaining them in assembled configuration for
      later batch processing of the assembled containers. The subsequent heating
      forms a sealed container in which the metal ball 10 is loosely contained
      and is free to roll back and forth between the cups 8 and 9 and against
      their ends so as to create a noticeable clicking noise as it strikes the
      walls and ends of the cups. A plurality of metal balls 10 may be used
      instead of the single ball shown, but I consider a single ball to give
      best results. The clicking noise is believed to enhance the attractiveness
      of the bait or lure to a fish.
PAR  The noisemaking device can be used in various ways. As shown in FIG. 3, a
      noisemaking device 17 assembled as in FIG. 2 is molded into a soft plastic
      bodied artificial lure 40 in the form of an earthworm having a head
      portion 41 and a tail portion 42. A hook 30 is also molded into the worm
      40 with its eyelet 28 exposed for attaching a fishing line and with its
      point 31 exposed at the base of the head 41. In this embodiment, the
      noisemaking device 17 of FIG. 2 is not integrally connected to the hook
      30, but the noisemaking device and hook are separately positioned in the
      mold cavity used in making the lure 40 before the mold cavity is filled
      with plastic. Alternatively, the noisemaking device 17 may be attached to
      the hook 30 as by an outer heat-shrunk tubing before the two are inserted
      in the mold.
PAR  Such an assembly of a noisemaking device 17 and a fish hook 30 is shown in
      FIG. 4. The device 17 is made as previously described. The shank of the
      fish hook 30 is desirably offset to form a notch 33 to accommodate the
      joined flanges 13 and 14 of the device 17. The device 17 and the hook are
      brought together and an outer sleeve 32 of heat-shrinkable tubing is
      placed about them and heated to shrink it in place. This forms a
      self-contained assembly which can be used as such by attaching it to a
      fishing line and baiting the hook with a bait such as a minnow, earthworm
      or pork rind. Alternatively, the assembly may be molded into a soft-bodied
      plastic lure.
PAR  The lure shown in FIG. 5 contains such a combined fish hook and noisemaker
      17 of FIG. 4, molded into a soft plastic body resembling that of a frog.
      The eyelet 28 of the fish hook 30 protrudes from the front of the lure.
      The noisemaking device 17 carried by the shank of the fish hook lies
      within the frog-shaped body, and the point of the hook protrudes below
      that body.
PAR  In the arrangement shown in FIG. 6, a combined noisemaking device 17 and
      fish hook 30 as shown in FIG. 4 is molded into a lead jig having a head
      portion 55 and a body portion 54. The eye 28 of the hook 30 protrudes from
      the head 55 of the jig. The shank of hook 30 runs through the head 55 and
      the body 54 at the lead jig and protrudes from the rear of the body 54 at
      location 40. In the use of the jig, ornamental feathers or animal hair are
      typically attached to the jig at location 40. Lead jigs of this type are
      commonly made with hooks having notches on their shanks which serve to fix
      the position of hook 30 with respect to the lead jig. In the present
      device, the flanged portion of the noisemaker and the offset notch 33 of
      the hook serve to fix the position of the hook and noisemaker in the lure.
      As the lead or plastic forming the body of the lure is being poured into a
      mold in which the combined hook and noisemaker apparatus of FIG. 4 is
      located, the lead or plastic forms around the flanges 13 and 14 and about
      the notch 33 and holds the noisemaker and hook in fixed position with
      respect to the lure body.
PAR  In the device of FIG. 7, a noisemaking device 17 of FIG. 2 is combined with
      a wire harness 35 to form a unit which can be connected at any point in a
      fishing line. The wire harness 35 has a pair of eyelets 36 and 37 at its
      ends, and its intermediate portion is bent to conform to the side of the
      noisemaker 17. It thus has a central offset 23 to clear the abutted
      flanges 13 and 14 of the cups 8 and 9, and is bent at points 25 and 26 to
      follow the contours of the ends 15 and 16 of the cups 8 and 9. The wire
      harness can be attached to the noisemaker 17 in any convenient way. As
      shown in FIG. 7, a noisemaking device 17, assembled as in FIG. 2, is
      attached to the harness by an outer sleeve 32 of heat-shrinkable tubing.
      In assembly, the harness 35 and noisemaking device 17 are brought
      together, and the sleeve is placed about them. The sleeve desirably has a
      snug fit sufficient to retain the parts together for further processing.
      The assembly is then heated to cause the sleeve to shrink into place and
      secure the parts permanently together. Alternatively, or in addition, the
      harness 35 and noisemaking device 17 may be encased in a molded envelope
      extending over the entire length of the assembly between the eyes 36 and
      37.
PAR  In use, the unit shown in FIG. 7 may be attached at any desired point along
      the length of a fishing line. As shown, a line 19 is passed through the
      eyelet 36 of the wire harness 35 and tied with a knot 20. The line is then
      passed through the eyelet 37 at the opposite end of the wire harness 35
      and then attached to a fish hook 18 by a knot 22. However, the line 19
      need not be continuous, and separate lengths of line can be tied to the
      two eyelets 36 and 37 of the assembly.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A noisemaking device for use with a fishing lure or bait comprising:
PA1  first and second metal cups each having a closed end and an open, flanged
      end, assembled with their flanged ends in abutting relation to form a
      closed container;
PA1  one or more metal balls loosely received in said container;
PA1  and a shrinkable sleeve surrounding the abutting flanged ends of said cups
      and shrunk about the same to secure the cups in assembled relation.
NUM  2.
PAR  2. A noisemaking device according to claim 1 wherein the shrinkable sleeve
      is a length of heat-shrinkable tubing.
NUM  3.
PAR  3. A noisemaking device according to claim 2 wherein the sleeve is of a
      length to overlap the flanged ends of both cups and is shrunk at its ends
      into tight engagement with the tubular side walls of the cups.
NUM  4.
PAR  4. A noisemaking device as in claim 1 assembled to a metal shaft extending
      lengthwise alongside said device and having an offset portion bridging
      said abutting flanged ends.
NUM  5.
PAR  5. A noisemaking device according to claim 4 wherein said metal shaft is
      the shank of a fish hook.
NUM  6.
PAR  6. A noisemaking device according to claim 4 wherin said metal shaft is a
      wire harness having attaching means at its ends.
NUM  7.
PAR  7. A noisemaking device as in claim 1 molded in place in a molded fishing
      lure, the assembled flanged ends of the device and their overlying sleeve
      forming an annular rib about the device which is closely surrounded by the
      molded material of the lure to secure the device in place in the lure.
NUM  8.
PAR  8. The method of making a noisemaking device for use with a fishing lure or
      bait comprising the steps of:
PA1  inserting one or more metal balls into the cavity formed in a first metal
      tube with one closed end and one open, flanged end;
PA1  placing the flanged end of a second metal tube having an open, flanged end
      and a closed end in abutting relationship with the flanged end of said
      first tube;
PA1  placing a sleeve of shrinkable tubing about the abutting flanged ends of
      said first and second metal tubes; and
PA1  shrinking said sleeve about said abutting flanges of said first and second
      metal tubes to form a closed container within which said one or more metal
      balls are free to move and thereby cause noise to be produced.
NUM  9.
PAR  9. The method of claim 8 in which the shrinkable tubing is heat-shrinkable
      and is shrunk in place by heating.
NUM  10.
PAR  10. The method according to claim 8 with the addition of placing a metal
      shaft alongside the assembled device, and forming a securing band about
      such shaft to secure the shaft in supporting relation with the device.
NUM  11.
PAR  11. The method according to claim 10 wherein said metal shaft is the shank
      of a fish hook.
NUM  12.
PAR  12. The method according to claim 10 wherein said metal shaft is a wire
      harness.
NUM  13.
PAR  13. The method of claim 8 with the addition of molding a lure body about
      the device and in closely embracing relation with the rib formed by the
      flanged ends and their surrounding sleeve to secure the device in place in
      the lure.
NUM  14.
PAR  14. The method of claim 9 in which said tubing has a pre-shrunk diameter of
      a size to snugly engage the abutting flanges to retain the same in
      assembled relation for subsequent processing.
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ABST
PAL  A portable rodent exterminator for transporting and/or exterminating
      rodents collected in container-type traps designed to couple to the
      exterminator during transfer, the exterminator is comprised of a container
      having a removable top, a retractable divider plate, a storage chamber
      below the divider plate, and a viewing window in the side of the container
      for viewing the transfer and extermination process.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Certain rodent traps capture rather than kill rodents such as mice, rats,
      and the like. From these traps, the rodents must be transferred for
      extermination and disposal. In conventional transfer methods, the rodents
      are generally dumped into a collection container for transport and
      subsequent extermination, thus permitting the trap to be immediately
      reset. During such transfers, rodents sometimes escape requiring the
      recapture of a somewhat wiser animal.
PAR  To eliminate the possibility of escape, a portable exterminator has been
      devised which is designed to couple to certain types of animal traps, such
      as those described in our patent application entitled "RODENT TRAP," filed
      on Nov. 20, 1974.
PAR  The portable exterminator is designed to collect for transport and, if
      desired, exterminate collected rodents from numerous traps. The collected
      rodents can be subsequently disposed of according to accepted health
      regulations.
PAR  The exterminator comprises a box-like container having a removable top. The
      box-like container includes a horizontal divider plate that, when in
      position, defines upper and lower chambers. The divider plate is
      retractable, allowing rodents dropped through the open top of the
      container to fall to the lower chamber when the divider plate is
      retracted.
PAR  The box-like container has, at the top, a flat inset rim with a peripheral
      seal which hermetically seals the container when the removable top is
      latched to the container. The underside of the top is constructed with a
      porous material which may be impregnated with a vapor-producing liquid for
      asphyxiating or anesthetizing rodents collected in the hermetically sealed
      container.
PAR  The flat inset rim is further designed as a peripheral seat for the rim of
      a container-type trap, allowing the trap to be temporarily coupled to the
      exterminator during transfer of rodents from the trap to the exterminator.
PAR  A viewing window in one side of the exterminator allows the inside chambers
      to be viewed during the transfer and extermination process. These and
      other features will be apparent from the following description of the
      preferred embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view, partially fragmented, of the
      exterminator.
PAR  FIG. 2 is an end elevational view taken on the lines 2--2 in FIG. 1.
PAR  FIG. 3 is a cross-sectional view taken on the lines 3--3 in FIG. 1.
PAR  FIG. 4 is a cross-sectional view of the exterminator and an animal trap
      container schematically arranged above the exterminator.
PAR  FIG. 5 is a cross-sectional view of the exterminator and an animal trap
      container coupled to the exterminator.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the exterminator, designated generally by the
      reference numeral 10, is shown with a top cover 12 coupled and partially
      latched to a box-like container 14. The top cover 12 includes a handle 16
      for conveniently transporting the exterminator. The handle 16 is formed
      with a bracket 18 attached to the top surface of the cover. The bracket
      has two projecting elements 20 at each end of the cover 12, which are
      engageable by snap latches 22 mounted to the top sides of the container
      14. One of the latches 22 is shown disengaged to illustrate the general
      operational nature of the conventional latch. The arrangement of the
      handle 16 and latch is also illustrated in FIG. 2.
PAR  On one side of the box-like container 14 is mounted a crank 24 which, as
      shown in FIG. 2, includes a knob 26 at the end of a crank arm 28 that is
      rigidly connected to a shaft 30 running through the container 14. The
      connected shaft 30 is, in turn, connected to the end of a first leaf 32 of
      a hinged divider plate 34, as shown in FIG. 3. Referring to FIG. 3, a
      second leaf 36 is connected to the first leaf 32 by an elongated hinge 38.
      At the distal edge of the second leaf 36 is fixedly attached a guide rod
      40 which has ends 42 which project beyond the side edges of the second
      leaf and are slidably engaged in a pair of guide tracks 44 mounted to the
      inside walls of the container, as shown by the exemplar in the fragmented
      portion in FIG. 1. When the crank 24 is turned, the divider plate is
      folded by action of the pivoted first leaf 32 and the guide rod, which
      tracks in the guide tracks 44, as schematically illustrated in phantom in
      FIG. 3.
PAR  To retain the crank 24 in a position with the divider plate 34 retracted, a
      leaf spring stop 46 is fastened by rivets 48 at one end to the container.
      The crank arm 28 rides over a deformable projection 50 in the spring stop
      46 and is retained by the projection 50 from unassisted return. Similarly,
      a second leaf spring stop 52, fastened by rivets 54, has a deformable
      projection 56, shown also in FIG. 1, for retaining the crank 24 in a
      position in which the divider plate 34 divides the container 14 into an
      upper chamber 58 and a lower chamber 60. When so positioned, the lower
      chamber is enclosed, though not hermetically sealed, from the remainder of
      the container, thus preventing escape of rodents in the lower chamber
      while the cover is removed.
PAR  The container 14, as shown in FIGS. 1 and 3, includes an upper window 62
      and a lower window 64 for viewing the upper chamber 58 and lower chamber
      60, respectively, particularly during transfer of rodents from a trap to
      the exterminator. The windows 62 and 64 are constructed from a safety
      glass or plastic and are encased in metal frames 66 and 68, as shown in
      FIG. 3.
PAR  Around the top of the container 14 is a L-shaped, peripheral flange 70
      having a deformable peripheral sealing gasket 72. A depending rim 74 on
      the top cover 12 locates within the vertical leg of the L-shaped flange
      and seats on the sealing gasket 72, thereby providing the hermetic seal
      between the cover 12 and the container 14.
PAR  The underside of the top cover 12 includes an absorbent material layer 76
      retained in place against an impervious top cover plate 78 by a screen 80
      and a peripheral frame 82, as shown in the cross-sectional view of FIG. 3.
      The absorbent material can be partially soaked with a liquid, such as
      acetone or chloroform, to asphyxiate or anesthetize collected rodents
      before disposal; for example, by cremating.
PAR  Referring now to FIGS. 4 and 5, the manner of transferring rodents from a
      container-type trap to the exterminator is shown. In FIG. 4, a container,
      designated generally by the reference numeral 84, of a container-type
      trap, such as described by the above-referenced application, is inverted
      with the open end downward and oriented above the exterminator. A
      horizontal divider plate 86 maintains captured rodents in an enclosed
      compartment 88 in the trap container. A finger latch 90 engages the edge
      of the divider plate 86 and prevents accidental, premature opening. The
      trap container is then coupled to the exterminator by seating the
      peripheral open edge 92 of the container against the deformable sealing
      gasket 72 on the flange 70 of the exterminator, as shown in phantom in
      FIG. 4. The divider plate 86 in the trap container 84 is then withdrawn,
      as again shown in phantom in FIG. 4. As indicated by the illustrative
      arrow, captured rodents in the trap container drop to the upper chamber 58
      above the hinged divider plate 34 in the exterminator.
PAR  Referring to FIG. 5, the hinged divider plate 34 is then rapidly folded to
      drop the captured rodents to the lower collection chamber 60 in the
      exterminator. Before the trap container 84 is removed from the
      exterminator, the hinged divider plate 34 is returned to its expanded
      horizontal position, encaging the collected rodents in the lower chamber
      60. Once the hinged divider plate 34 is in place, the trap container 84 is
      removed and the top cover replaced, as shown in FIG. 3.
PAR  Captured rodents can be destroyed after collection by means other than the
      use of vapors. For example, poisoned bait in the lower chamber or simple
      suffocation in the sealed exterminator will exterminate the rodents before
      removal for disposal. Alternately, the exterminator may be used as a
      simple collector with final extermination done elsewhere at a central
      collection center using a reverse transfer process from the exterminator
      container to another container.
PAR  While in the foregoing specification an embodiment of the invention has
      been set forth in considerable detail for purposes of making a complete
      disclosure thereof, it will be apparent to those skilled in the art that
      numerous changes may be made in such details without departing from the
      spirit and principles of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable rodent exterminator comprising: a container having an
      enclosable inside chamber and an open top, a top cover, coupling means on
      said open top of said container for mounting said top cover on said
      container, said coupling means being further adapted to couple an open end
      of a rodent trap container to said container, said coupling means having
      further sealing means on said open top of said container for hermetically
      sealing said top cover and said container, said sealing means being
      adapted to provide a substantially sealed coupling seating when said
      container is coupled to the open end of a rodent trap container,
      cooperating means on said top cover and said container for releasably
      attaching said top cover to said container, a divider plate positionable
      within said container, and, means for reversibly displacing said divider
      plate across said inside chamber selectively forming an enclosed inside
      chamber and an open inside chamber.
NUM  2.
PAR  2. The portable rodent exterminator of claim 1 wherein said mounting means
      on said open top of said container comprises a flange having a raised
      peripheral rim and said sealing means comprises a deformable peripheral
      sealing gasket.
NUM  3.
PAR  3. The portable rodent exterminator of claim 1 wherein said means for
      releasably attaching said top cover to said container comprises a
      plurality of latches on said container and a plurality of cooperating
      latch-engageable elements on said top cover.
NUM  4.
PAR  4. A portable rodent exterminator comprising: a container having an
      enclosable inside chamber and an open top, a top cover, means on said open
      top of said container for mounting said top cover on said container, said
      means being further adapted to couple an open end of a rodent trap
      container to said container, cooperating means on said top cover and said
      container for releasably attaching said top cover to said container, a
      divider plate positionable within said container, and, means for
      reversibly displacing said divider plate across said inside chamber
      selectively forming an enclosed inside chamber and an open inside chamber
      wherein said means for reversibly displacing said divider plate across
      said inside chamber comprises a shaft pivotally mounted within said
      chamber, said shaft having an extension projecting through said chamber,
      an external crank connected to the end of said shaft, a rod slidably
      mounted within said chamber, guide means fixed within said chamber, said
      rod having ends slidably engageable with said guide means, wherein said
      divider plate has a first leaf, a second leaf and a hinge connecting said
      first and second leaves along a first edge of each leaf, said first leaf
      having a second edge connected to said shaft, and said second leaf having
      a second edge connected to said rod, wherein said divider plate is
      retracted and folded when said crank is rotated in one direction and
      displaced across said chamber when said crank is rotated in an opposite
      direction.
NUM  5.
PAR  5. The portable rodent exterminator of claim 1 wherein said top cover
      includes an underside having a liquid absorbent material adapted to absorb
      a vapor-producing liquid for asphyxiating collected rodents.
NUM  6.
PAR  6. The portable rodent exterminator of claim 1 wherein said container
      includes at least one viewing window.
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ABST
PAL  An attractant such as an ultra-violet light is reflected from the trap and
      insects are thereby attracted and fly through a surrounding mesh to inside
      the trap. They are then stimulated by a high frequency electro-static
      field generated by an electronic unit within the trap, to fly towards an
      electrocuting grid. When an insect enters the grid, a high voltage short
      duration arc is struck which rapidly heats and dehydrates the insect thus
      killing same. This can be accomplished either with or without actual
      contact of the insect across the grid. The arc dissipates a fixed charge
      generated by the unit so that continuous arcing does not occur. Because of
      the dehydration effect, the insects drop from the grid and do not stick
      thereto. The electronic circuit is designed so that if a relatively large
      insect enters the grid, and the dehydration is not completed by the arc,
      dielectric heating will occur as a result of the moisture remaining thus
      completing the dehydration process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful improvements in electronic insect
      traps designed primarily for use in the grounds surrounding residences,
      although of course it can be used in other locations such as food
      processing plants if desired.
PAR  Some insect traps in use, use chemicals and although these may be effective
      inside rooms and buildings, nevertheless the efficiency thereof decreases
      outdoors particularly if there is a breeze or wind blowing.
PAR  Electronic devices have been designed but these usually utilize
      electrocution which requires the insect to physically bridge the
      electrocuting elements. Several disadvantages are inherent in such
      devices, the first being that the insect tends to be "fried" onto the
      wires and continues to draw power as long as moisture is present. A
      gradual build up of insects upon the electrocuting grid therefore occurs.
      Another disadvantage is the relatively continuous power drawn by such
      devices which, of course, adds to the cost of operation.
PAR  The disadvantages of utilizing chemicals, particularly in outdoor
      locations, includes the danger of the chemically killed insects being
      eaten by birds, animals and the like thus transferring the chemicals to
      the food chain.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes all of these disadvantages by providing a
      portable unit which can be plugged into conventional 110 AC power, or
      alternatively, can be battery operated.
PAR  The principal object and essence of the invention is to provide a device of
      the character herewithin described which utilizes an attractant such as
      ultra-violet light to attract the insects of the trap and which then uses
      a high frequency short duration arc to kill the insect and dehydrate it
      immediately so that it drops from the grid.
PAR  Another object of the invention is to provide a device of the character
      herewithin described which is designed to operate with an air gap between
      opposing members of the grid, an arc being struck across this air gap when
      same is reduced by a predetermined amount. In other words the insect does
      not actually have to bridge the gap between opposing elements but merely
      reduce the air gap so that the arc is struck.
PAR  Yet another object of the invention is to provide a device of the character
      herewithin described which, if a relatively large insect engages the grid,
      continues to dehydrate the insect after the arc has been struck, by
      dielectric heating means thus completing the dehydration process and
      allowing the insect to drop from the grid.
PAR  A still further object of the invention is to provide a device of the
      character herewithin described in which the main power is only drawn when
      the arc is struck but which provides a high frequency electro-static field
      to stimulate the insects to approach the electrocuting grid.
PAR  A still further object of the invention is to provide a device of the
      character herewithin described which is simple in construction, economical
      in manufacture and otherwise well suited to the purpose for which it is
      designed.
PAR  With the foregoing objects in view, and other such objects and advantages
      as will become apparent to those skilled in the art to which this
      invention relates as this specification proceeds, my invention consists
      essentially in the arrangement and construction of parts all as
      hereinafter more particularly described, reference being had to the
      accompanying drawings in which:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation partially fragmented of the device with parts
      shown schematically.
PAR  FIG. 2 is a wiring diagram of the electronic circuitry.
PAR  FIG. 3 shows the output wave form before, during and after the
      electrocution process.
PAR  FIG. 4 is an enlarged fragmentary side elevation showing one method of
      mounting the electrocuting grid.
PAR  In the drawings like characters of reference indicate corresponding parts
      in the different figures.
DETD
PAC  DETAILED DESCRIPTION
PAR  Proceeding therefore to describe the invention in detail, reference to the
      accompanying drawings will show supporting framework collectively
      designated 10 which, in this embodiment, includes a frusto-conical casing
      11 supported above the ground or supporting surface, by a plurality of
      legs 12 which continue downwardly and outwardly from the lower edge 13 of
      the casing 11. These legs may be anchored to the ground as illustrated by
      reference character 14, to prevent the device being blown over by high
      winds or the like.
PAR  The electronic unit collectively designated 15 is included within an upper
      casing 16 secured to the upper side of the casing 11 but of course other
      shapes and arrangements of this casing may be used if desired.
PAR  An insect attractant is provided which in this embodiment, takes the form
      of a fluorescent tube 17 capable of producing ultra-violet light and
      extending between the tube supports 18 which depend from a flat disc
      reflector 19, details of which will hereinafter be described.
PAR  The fluorescent tube is operatively connected to the source of electrical
      energy by means that are conventional so that further details are not
      believed necessary in this description.
PAR  The flat disc reflector 19, constitutes an upper reflector which spans the
      casing 11 spaced from the lower side 13 thereof and is adapted to lie
      horizontally when the device is supported upon a horizontal surface.
PAR  A lower reflector 20 spans the lower side 13 of the casing 11 and is in the
      form of a conical disc reflector with the apex 21 extending upwardly
      towards the center of the upper disc 19. The attachment of the upper and
      lower discs to the casing is conventional and may take any form desired
      depending upon design parameters.
PAR  It is desirable that the opposing surfaces the upper and lower reflectors
      19 and 21 be of a matt reflective finish so that ultra-violet light
      generated by the fluorescent tube 17, is reflected downwardly from the
      upper disc onto the conical surface of the lower reflector and then
      radially outwardly all around the device.
PAR  A protective screen 22 forms the lower part of the casing 11 and extends
      between the upper and lower reflectors 19 and 20 and this screen is
      apertured as shown with the apertures being of sufficient size to permit
      the entry of insects therethrough but to prevent undesirable physical
      contact by personnel with the interior of the device.
PAR  A protective screen is preferably made from a reflective material so that
      the combination of this screen and the upper and lower reflectors 19 and
      20, produces a glow of ultra-violet light when the fluorescent tube is
      energized.
PAR  Situated within the area bounded by the protective screen and surrounding
      the source of ultra-violet light, is a killing grid collectively
      designated 23.
PAR  In the present embodiment it comprises opposing members 24 and 25 connected
      to the electronic circuit 15 as will hereinafter be described. FIG. 4
      gives one method of mounting and forming the electrocuting or killing grid
      in which members 24 comprise wires secured to and extending downwardly
      from the upper disc reflector 19 and surrounding the tube 17 in the form
      of a ring. A support 26 is supported just below the disc 19 by means of
      insulators 27 and the members 25 extend downwardly from this support 26 in
      alternate arrangement with the members 24 but spaced slightly inwardly
      therefrom thus producing a plurality of air gaps 28 between the members 24
      and 25 and these members 24 and 25 are in spaced and parallel relationship
      one with the other as clearly illustrated. They extend towards the
      lowermost screen 20 and terminate spaced thereabove as shown schematically
      in FIG. 1.
PAR  FIG. 2 shows the electronic circuit 15 which is connected to the killing
      grid 23 as will hereinafter be described.
PAR  In this particular embodiment, the input 29 is from 120 volt AC and this
      input is half wave rectified by a diode D1 as shown and filtered by the
      electrolytic capacitor C1 across lines 30 and 31.
PAR  Resistor R1 limits the surge current during the switching on of power and
      the resultant DC voltage is fed to a Class C oscillator consisting of
      transistor Q1, transformer T1 and a tank capacitor C3. Resistors R2 and R3
      provide the necessary biasing voltage for the base of the transistor Q1
      and capacitor C2 ensures a low source impedance for the feedback.
PAR  The transformer T1 is a ferrite core device having a total of four
      windings. The tapped winding 32, to which line 30 is connected, serves as
      the primary winding for the transformer and this tapped arrangement
      provides high circuit Q without excessive tank circulating currents.
PAR  A one turn winding serves as a source of positive feedback required by the
      oscillator and connected as illustrated.
PAR  The secondary winding 34 provides the high voltage for the volter doubler
      circuit collectively designated 35. This voltage doubler circuit includes
      diodes D2 and D3 with capacitors C4 and C5 inserted as clearly illustrated
      in FIG. 2 with one side being connected to the ground line 36 and the
      other side to the output line 37.
PAR  The values of capacitors C4 and C5 are chosen so that the correct charge is
      dissipated by the insects for the dehydration process when they approach
      or span the air gap 28 between the elements 24 and 25.
PAR  A fourth winding 38 is provided on transformer T1 along with a resonating
      capacitor C6 and this winding is connected in series with the output of
      the voltage doubler through line 37, to the main output line 39. This
      output line 39 is connected to elements 25 of the electrocuting grid and
      the ground or other line 36 is connected to the element 24 of this grid.
PAR  This arrangement therefore superimposes the AC voltage from winding 38 onto
      the DC voltage produced by winding 34.
PAR  The oscillator produces a high frequency voltage in the neighborhood of 25
      KHz and the high frequency step up transformer serves as a tank circuit
      for the oscillator and steps up the voltage to around 2,000 volts peak in
      this particular embodiment. The voltage doubler circuit 35 converts this
      to 4,000 volts DC for energizing the electrocution grid.
PAR  The fourth winding 38 superimposes the 25 KHz AC voltage onto the DC
      voltage and results in an output voltage varying from 3,500 volts to 4,500
      volts at a 25 KHz rate in this particular embodiment. It will of course be
      appreciated that other values can be chosen and that these are purely for
      explanatory purposes.
PAR  In operation, the device is connected to the source of electrical energy
      and a high frequency electro-static field is generated at the
      aforementioned frequency of approximately 25 KHz. However it has been
      found that fields having frequencies from between 10 KHz to 50 KHz appear
      to be equally effective.
PAR  At the same time the source of ultra-violet light is energized and the glow
      eminating from the device attracts insects thereto.
PAR  The matt finish on the discs diffuses the light and provides more even
      light distribution around the device and this light is diffused outwardly
      through the metal screen 22.
PAR  The resultant glow has been found very effective in attracting night flying
      insects and it should also be observed that the elevation of the screen
      above the ground is preferably chosen to match the height at which most
      insects such as mosquitoes fly. This has been found to be between 2 and 3
      feet above ground level but of course depends on design parameters for the
      supporting structure 10.
PAR  Once the insects pass through the mesh screen 22, they are stimulated by
      the high frequency electro-static field generated by the electronic unit
      15.
PAR  The destruction of insects entering the trap is accomplished by the rapid
      heating of the insects by a high voltage arc between the two elements 24
      and 25 of the killing grid.
PAR  The voltage applied and the spacing between the elements has been chosen
      such that actual physical contact with the elements is not necessary for
      the insect to be destroyed.
PAR  Since insects are electrical conductors, their presence adjacent to or
      between the wires has the effect of reducing the air gap 28 between the
      wires or elements resulting in ionization of the insect thus causing
      internal heating. This heating effect dehydrates the insect rapidly thus
      causing immediate death.
PAR  The electronic circuit 15 is designed so that a fixed charge is dissipated
      by the arc between the elements so that continuous arcing does not result.
PAR  Since flies and mosquitoes have very little mass, the charge required for
      dehydration is accordingly small. Therefore the size of capacitors C4 and
      C5 is chosen to provide an arc of short duration after which the voltage
      between the grid elements 24 and 25 drops thereby extinguishing the arc
      and reducing the electric field. The dead insect falls from the grid and
      the voltage is allowed to increase to its original level.
PAR  However, if a large insect should come into contact with the grid, and the
      dehydration is not completed by the arc, sticking will occur as a result
      of the moisture remaining in the insect. However, since the 25 KHz on the
      fourth winding 38 is superimposed on the killing voltage from the doubling
      circuits 35, dielectric heating will occur which will complete the
      dehydration process thus allowing the insect to fall from the grid and
      allowing the voltage to return to its normal level.
PAR  FIG. 3 shows the output wave form before, during and after the
      electrocution process and is believed to be self-explanatory.
PAR  Although the source of electrical energy is shown to be 120 VAC,
      nevertheless it will be appreciated that the electronics can be adapted
      for use with other voltages either supplied from line power or from
      batteries.
PAR  Since various modifications can be made in my invention as hereinabove
      described, and many apparently widely different embodiments of same made
      within the spirit and scope of the claims without departing from such
      spirit and scope, it is intended that all matter contained in the
      accompanying specification shall be interpreted as illustrative only and
      not in a limiting sense.
CLMS
STM  What we claim as our invention is:
NUM  1.
PAR  1. An insect trap connectable to a source of electrical power and
      comprising in combination a supporting framework, insect attractant means
      supported by said framework, electronic means supported within said
      framework and a killing grid operatively connected to said electronic
      means and also supported within said framework in the vicinity of said
      insect attractant means, said grid including opposing members having an
      air gap therebetween, said electronic means supplying electrical power to
      said grid whereby an arc is struck across said opposing members when an
      insect reduces the air gap therebetween by a predetermined amount, said
      insect attractant means including a source of ultra-violet light in said
      framework, an upper reflector in said framework above said source of
      ultra-violet light and a lower reflector below said source of ultra-violet
      light, said killing grid being situated between said reflectors and
      between said source of ultra-violet light and the exterior of said
      framework, said upper reflector including a substantially planar disc
      spanning said framework, said lower reflector including a substantially
      conical disc also spanning said framework in spaced relationship to said
      upper disc and with the apex of said conical disc extending towards said
      upper disc adjacent the center thereof whereby the ultra-violet light from
      said source thereof is reflected down from said upper reflector onto said
      lower reflector and radiated outwardly from said lower reflector.
NUM  2.
PAR  2. The device according to claim 1 in which said electronic means includes
      means to produce a fixed charge dissipated by said arc.
NUM  3.
PAR  3. The device according to claim 2 in which said electronic means includes
      a half wave voltage doubler circuit and means to produce a high frequency
      AC voltage, and means to superimpose said high frequency AC voltage upon
      the fixed charge dissipated by said arc.
NUM  4.
PAR  4. The device according to claim 3 which includes a foraminated screen
      surrounding said upper and lower reflectors and said source of
      ultra-violet light and said killing grid, the openings in said screen
      being of sufficient size to permit entry therethrough of insects being
      attracted, said screen being formed of reflective material.
NUM  5.
PAR  5. The device according to claim 2 which includes a foraminated screen
      surrounding said upper and lower reflectors and said source of
      ultra-violet light and said killing grid, the openings in said screen
      being of sufficient size to permit entry therethrough of insects being
      attracted, said screen being formed of reflective material.
NUM  6.
PAR  6. The device according to claim 1 which includes a foraminated screen
      surrounding said upper and lower reflectors and said source of
      ultra-violet light and said killing grid, the openings in said screen
      being of sufficient size to permit entry therethrough of insects being
      attracted, said screen being formed of reflective material.
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ABST
PAL  The specification discloses a flying toy for being thrown through the air
      with a spinning motion. The toy includes a circular disc having a convex
      outer surface and a concave inner surface. The disc is configured to
      produce lifting effects when thrown with a spinning motion. The toy
      includes a circular reel attached to the center of the convex outer
      surface, the reel comprising an outer hub and a stem of reduced diameter.
      A flexible line is wound around the stem of the reel and is grasped at one
      end in order to impart additional spin to the disc when the toy is thrown
      through the air. Vent openings are formed symmetrically about the disc in
      order to create additional lift to the disc when thrown.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to toys, and more particularly relates to a flying
      toy thrown through the air with a spinning motion.
PAC  THE PRIOR ART
PAR  Various designs of concave-convex flying discs have herefor been developed,
      such discs normally being thrown through the air with a spinning motion.
      While such spinning discs have become quite popular, the distance which
      such prior discs may be thrown and the time in which the such discs remain
      aloft is dependent upon the skill of the user and the amount of spin
      imparted upon the device by the user. The need has thus arisen for a
      flying toy in which a substantial amount of spin may be provided to the
      toy by a relatively unskilled user, such that the toy may travel over
      extended distances and fly at substantial heights for extended periods of
      time.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a flying device includes a
      circular body having a convex exterior and a concave interior. A reel is
      centered on the convex exterior of the body. A flexible line is provided
      for being received by the reel in order to impart spin to the body when
      the body is thrown and the end of the flexible line is grasped by the
      user.
PAR  In accordance with a more specific aspect of the invention, a flying toy is
      disclosed which may be thrown through the air with a spinning motion. The
      toy includes a circular disc having a convex outer surface and configured
      to produce lifting effects when thrown with a spinning motion. A circular
      reel is attached in the center of the convex outer surface and includes an
      outer hub and a stem of reduced diameter. A flexible line is adapted to be
      wound around the stem of the reel and for being grasped at the end thereof
      in order to impart additional spin to the disc when the disc is thrown.
      Vent openings are formed about the disc in order to create additional lift
      to the disc when the disc gets thrown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For more complete understanding of the present invention and for further
      objects and advantages thereof, reference is now made to the following
      description taken in conjunction with the following drawings, in which:
PAR  FIG. 1 is a top view of the preferred embodiment of the present toy prior
      to being thrown with a spinning motion;
PAR  FIG. 2 is a side view of the flying toy shown in FIG. 1;
PAR  FIG. 3 is a perspective view of a second embodiment of the present flying
      toy;
PAR  FIG. 4 is a side view of a third embodiment of the present flying toy; and
PAR  FIG. 5 is a side view of a fourth embodiment of the present flying toy.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, the present flying toy is identified generally
      by the numeral 10 and comprises a circular disc 12 having a bowl-like
      configuration with a convex exterior and a concave interior. The rim 13 of
      the body 12 is provided with a streamlined air-foil configuration to
      create the desired lift and the gyroscopic effects upon the toy 10 when
      thrown. A reel 14 is rigidly connected to the center of the exterior of
      the body 12 and includes an outer hub 16 and a neck or stem 18 of reduced
      diameter.
PAR  A plurality of vent openings 20 are symmetrically formed through the body
      12. As shown in FIG. 2, the vent openings 20 are defined by plurality of
      vane members 22 provided with curved surfaces. A flexible line 24 may
      comprise a string or the like and is adapted to be wound about the stem 18
      of the reel 14. The end of the line 24 is connected to a ring 26.
PAR  In operation of the toy, the line 24 is wound about the reel 14 in the
      manner illustrated in FIGS. 1 and 2. The thumb or finger of the user is
      then inserted through the ring 26 and the toy 10 is firmly grasped by the
      hand of the user in the manner illustrated in FIG. 1. The toy 10 is then
      thrown through the air by snapping the wrist of the user to impart a
      spinning motion to the toy. At the same time, the line 24 becomes unreeled
      from the reel 14, thereby imparting additional spinning motion to the toy.
      The vent openings 20 and the vanes 22 operate to collect air beneath the
      toy during its motion, thereby imparting greater lift to the toy.
PAR  The combined effects of the additional spin imparted by the line 24, and
      the increased lift provided by the vent openings 20 and vanes 22, thus
      cause the toy 10 to travel at substantial heights and distances. The user
      is able to quite quickly determine the proper angle of attack when
      throwing the toy 10 in order to derive the desired gyroscopic lift effects
      upon the disc to provide substantial height and distances when throwing
      the device.
PAR  FIG. 3 illustrates a second embodiment of the toy which is illustrated
      generally by a numeral 30. In this embodiment, the toy 30 includes a
      bowl-shaped convex-concave body 32 having a reel 33 shaped in the manner
      previously described. In this embodiment, instead of having vent opening
      disposed between the periphery of the body and the reel, the vent openings
      34 are formed about the periphery of the body 32. The vent openings 34 are
      provided with general rectangular configurations and are created by a
      plurality of rectangular vanes or flaps 36 that extend radially outwardly
      from the body 32. A flexible line 38 is adapted to be wound around the
      reel 33 in the manner previously described and includes a ring 39.
PAR  Operation of the toy shown in FIG. 3 is the same as that previously
      described, in that the ring 39 is grasped by the user when the toy 30 is
      thrown with a spinning motion. The flexible line 38 causes additional spin
      to be imparted to the toy 30 due to the unwinding of the line from the
      reel 14, while the vent openings 34 and vanes 36 operate to provide
      substantial lift to the toy.
PAR  FIG. 4 illustrates a third embodiment of the invention and is generally
      identified by the numeral 40. This embodiment includes a bowl-shaped body
      42 configured similar to the device shown in FIG. 3. In this embodiment,
      the vent openings 44 are formed from a plurality of curved sawteeth vanes
      46 which extend downwardly from the rim 48 of the body 42. FIG. 4
      illustrates by the dotted lines 50 the concave inner surface of the body
      42 and illustrates the streamlined airfoil shape of the rim 48. A flexible
      line 52 is adapted to be wound about the reel 54 of the body 42 and
      includes a ring 56 for being grasped by the user such that the device may
      be thrown in the manner previously described.
PAR  Referring to FIG. 5, a fourth embodiment of the toy generally identified by
      the numeral 60 is illustrated. The device shown in FIG. 5 includes a
      bowl-shaped body 62 having a reel 64 for receiving a flexible line 66 in
      the manner previously described. In this embodiment, the periphery of the
      body 62 is provided with a substantial depth and includes outwardly
      extending curved vanes 68 which are spaced apart by vent openings 70. When
      toy 60 is thrown in the manner previously described, the toy 60 will
      travel for substantial distances and at substantial heights due to the
      operation of the flexible line 66, the vane 68 and the openings 70.
PAR  It will be understood that in some instances that it may be desirable to
      throw the present flying toy without the use of the string. In this
      instance, the toy is thrown in the same manner as that previously
      described with respect to FIG. 1, except that the string 24 is not
      utilized. The toy operates in this mode of operation in a similar manner
      as when thrown with the string, except that somewhat less spin is applied
      to the toy. However, due to the vent openings and vanes about the
      periphery of the toy, a substantial amount of lift will be provided to the
      toy when thrown in this manner.
PAR  Whereas the present invention has been described with respect to specific
      embodiments thereof, it will be understood that various changes and
      modifications will be suggested to one skilled in the art, and it is
      intended to encompass such changes and modifications as fall within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A free flight flying toy for being tossed through the air with a
      spinning motion comprising:
PA1  a circular disc having a convex outer surface comprising the upper surface
      when in operation and configured to produce lifting effects when tossed
      with a spinning motion,
PA1  a circular reel attached to the center of said convex outer surface and
      extending above said disc when in operation, said reel including an outer
      hub portion and a stem of less diameter than said hub portion,
PA1  a flexible line having a free end for being wound around said stem of said
      reel and for being grasped at the other end in order to impart additional
      spin to said disc by unwinding after said disc is tossed, said free end of
      said line disengaging from said reel when said line is fully unwound to
      provide free flight to said disc, and
PA1  vent openings being formed at equally spaced points about said disc in
      order to create additional lift to said disc.
NUM  2.
PAR  2. The flying device of claim 1 wherein said flexible line includes a ring
      on the end thereof for receiving a portion of the thrower's hand during
      throwing of said body.
NUM  3.
PAR  3. The flying toy of claim 1 wherein said vent openings are disposed about
      the periphery of said disc.
NUM  4.
PAR  4. The flying toy of claim 1 wherein said vent openings are curved.
NUM  5.
PAR  5. The flying toy of claim 1 wherein said vent openings are generally
      rectangular.
NUM  6.
PAR  6. The flying toy of claim 1 wherein said vent openings include vane
      members extending outwardly from the body of said disc.
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ABST
PAL  A connector arrangement for the detachable fastening of airplane wings to
      the fuselages of model airplanes. The arrangement utilizes generally
      tongue and groove-like T-shaped connector elements, which are connected to
      each other within the fuselage, or to a constructional element located
      therein, by a rubber band under pretensioning. These tongue and
      groove-like connector elements are adapted to be swivelled or rotated in
      their extended positions, and may then come into contact with an
      intermediate member or the outer surface of the fuselage, and are
      maintained in their rotated positions. In this position, the tongue and
      groove-like connector element, upon attachment of the airplane wing, may
      be positioned in a cutout formed in the end surface of the wing.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a connector arrangement for the detachable
      fastening of airplane wings to the fuselages of model airplanes.
PAR  In model airplanes of intermediate and large dimensions, both halves of the
      airplane wings are normally constructed so as to be removable from the
      fuselage. This measure is absolutely necessary for reasons of
      transportation, as well as for packing or shipping.
PAC  DISCUSSION OF THE PRIOR ART
PAR  Inasmuch as the model airplanes are preferably flown with the use of remote
      radio control, and also in breezy weather, or are employed in simulated
      flight, a relatively high stress load is produced at the connecting
      locations between the wings and the fuselage. A construction is known, in
      which the airplane wings are connected with the fuselage by means of steel
      pins. Two steel pins are placed in tubes or sleeves which are located at
      suitable distances within the wings, as well as in the fuselage. It is
      thus also necessary to tension the wings inwardly towards the fuselage.
      For this purpose, a method is known in which a rubber band is pulled
      through the fuselage through the use of a wire or cord. On both sides of
      the fuselage, this rubber band is then hooked into open eye rings which
      are located on the end surface of each airplane wing.
PAR  This known method frequently requires a lot of patience, since only limited
      accessibility is available, and the rubber band must somehow be hooked and
      threaded in under tension.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a
      construction for the connection of airplane wings to the fuselage of a
      model airplane which avoids the disadvantages encountered in the prior
      art.
PAR  For this purpose, the present invention utilizes generally tongue and
      groove-like T-shaped connector elements, which are connected to each other
      within the fuselage, or to a constructional element located therein, by
      means of a rubber band under pretensioning. These tongue and groove-like
      connector elements are adapted to be swivelled or rotated in their
      extended positions, and may then come into contact with an intermediate
      member or the outer surface of the fuselage, and are maintained in their
      rotated positions. In this position, the tongue and groove-like connector
      element, upon attachment of the airplane wing, may be positioned in a
      cutout formed in the end surface of the wing. Subsequently, in a simple
      manner, either manually or by means of a tool, there is again effected a
      rotational or swivelling movement through an angle of about 90.degree..
      The tongue and groove-like connector element now locks against the inner
      side of the airplane wing end surface, and is pulled inwardly against the
      fuselage by means of the rubber band, so that the wing surface is pressed
      against the side wall of the fuselage.  It has been necessary that the
      back-facing portion of the tongue and groove-like connector element
      interiorly of the fuselage be shaped rectangularly or otherwise, however,
      in no instance circular, so that this portion of the tongue and
      groove-like connector element finds room in the fuselage, but after
      rotation swivelling through about 90.degree., is supported against the
      side surface of the fuselage and retained in this rotated position. The
      connection of the fuselage and airplane wings, by means of this method, is
      effected completely without any problems, and may also be carried out
      under difficult circumstances, for example, at an absence of adequate
      lighting.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference may now be had to the following detailed description of an
      embodiment of the invention, taken in conjunction with the accompanying
      drawings; in which:
PAR  FIG. 1 schematically illustrates, partly in section, a plan view of a model
      airplane;
PAR  FIG. 2 is a perspective view, partly in section, of a model airplane in
      which the right-hand airplane wing has not yet been fastened to the
      fuselage;
PAR  FIG. 3 illustrates, in a perspective schematic and exploded view, the end
      of an airplane wing and the component which supports the connector element
      within a fuselage;
PAR  FIGS. 4 through 6 each, respectively, illustrate in enlarged perspective
      views details of the areas A shown in FIGS. 2 and 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  In accordance with FIG. 1 of the drawings, the fuselage of the aircraft is
      designated by reference numeral 2, and the airplane wings by reference
      numeral 1. As may be ascertained from FIG. 2, and shown schematically in
      FIG. 1, as if transparent, the airplane wings 1 are connected with the
      fuselage 2 by means of metallic connector pins 3, and oriented in their
      positions. The pins 3 are guided in sleeves 4 in the fuselage 2 and in
      corresponding sleeves (not shown) in the airplane wings 1. The pins may be
      fastened in one of the sleeves 4 in the fuselage 2 or in the airplane
      wings 1, or may be loose, but positioned in closely-fitted relationship in
      the sleeves. The airplane wings 1 are maintained with their end surfaces
      31 (FIG. 3) against the fuselage 2 in a pressed position by means of the
      connector elements 9, as is schematically shown in FIG. 1, are connected
      with each other through a pretensioned rubber band 13, and are tensioned
      in the direction towards the interior of the fuselage.
PAR  From FIGS. 2 through 6 there is more closely ascertainable the tongue and
      groove-like connector element 9. This element consists of tongue block 10
      which may be essentially a truncated pyramid, the connector neck 11 and,
      located on the inner end thereof, a hook member 12. Hooked into the hook
      member 12 is the rubber band 13, the latter of which finds room in the
      constructional component 19 which is located within the fuselage 2 as
      shown in FIG. 3. This component 19 encompasses tubular element 20 for
      receiving the sleeves 4, respectively, the pins 3, partitions 21 which are
      used for stiffening the fuselage, and connector members 22 which provide
      connection with a hollow body 23 extending transversely within the
      fuselage. The hollow body 23 has a rectangular configuration in
      cross-section, and evidences at both its open ends the connector elements
      9, the latter of which are connected by means of the rubber band 13
      extending through the hollow body 23. The hook members 12 are so
      constructed so as to be able to enter into the hollow body 23 in a first
      position of the former (FIG. 4), however being unable to do so in a second
      position which is rotated through 90.degree. (FIG. 6).
PAR  In order to produce the connection between the airplane wings 1 and the
      fuselage 2, the tongue and groove-like connector element 9 is withdrawn
      from the hollow body 23 and rotated by about 90.degree. (FIGS. 2 and 3,
      left-hand). In this second position, the tongue and groove-like connector
      element 9 supports itself against the hollow member 23 by means of the
      hook member 12 under the pulling effect of the rubber band 13. After the
      introduction of the airplane wings, the tongue block 10 enters into the
      cutout 30 which is located in the end surface 31 of the airplane wing 1,
      and is then rotated or swivelled back through an angle of about
      90.degree., either manually by means of a small tool (not shown). The hook
      member 12 of the tongue and groove-like connector element 9 hereby, by
      means of the rubber band 13, snaps into the hollow body 23 in the first
      position thereof, and thereby carries along the airplane wing 1 through
      the tongue block 10. In the illustrated embodiment (FIGS. 4 through 6),
      the tongue block 10 and the hook member 12 are generally
      rectangularly-shaped. Naturally, it is however also possible that other
      contours may be utilized therefore, with the exception of a circular
      cross-section. In each instance it must be noted that, upon swivelling or
      rotation, both elements provide for a cutting across over the outer
      element. In the above-described second position this leads to the support
      of the connector element 9 within the fuselage, and in the above-described
      first position leads to a locking of the tongue block 10 against the end
      surface of the airplane wing.
PAR  In the exemplary embodiment, a rubber band 13 is utilized for effecting the
      connection of the two tongue and groove-like connector elements. However,
      in a modification of the invention it is possible to utilize other
      elements in lieu thereof, such as for example, a spiral spring.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a connector arrangement for the detachable fastening of airplane
      wings to the fuselages of model airplanes, including sleeves in said
      fuselages, and pins in said airplane wings adapted to be located in said
      sleeves for attaching said wings to said fuselages, the improvement
      comprising tongue and groove connector elements for pressing said wings
      against said fuselage; a rubber band imparting a tensile force to said
      connector elements, each said connector element being adapted to be pulled
      out and rotated into a second position in which said connector element is
      insertable into a complementary-shaped cut-out formed in the end surface
      of the airplane wing proximate thereto, and rotatable into a first
      position in which said airplane wing is maintained in engagement with said
      fuselage.
NUM  2.
PAR  2. A connector arrangement as claimed in claim 1, said connector element
      being located interiorly of said fuselage in the first position thereof,
      and being supported against said fuselage in a withdrawn condition from
      said fuselage in the second position thereof at rotation through an angle
      of 90.degree., said connector element, in the first position thereof,
      being locked against rotation interiorly of said fuselage.
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ABST
PAL  A submersible toy or model comprising a body having a motor arranged to
      propel it in a forward direction, a watertight buoyancy compartment, and
      at least one elevator flap which is preset, or capable of being preset, at
      a downward inclination to the forward direction of movement of the toy,
      the surface area of the elevator or elevators, the size of the buoyancy
      compartment, and the power of the motor all being so related that when the
      model is placed in water with its elevator(s) in the downward position
      with the motor on, it continually dives and resurfaces.
BSUM
PAR  This invention relates to floating and submersible toys or models.
PAR  A submersible toy according to the invention comprises a body having a
      motor arranged to propel the toy in a forward direction, a watertight
      buoyancy compartment and at least one elevator flap which is preset or
      capable of being preset, at a downward inclination to the forward
      direction. The surface area of the elevator or elevators, and the size of
      the buoyancy tank, relative to one another and the power of motor are such
      that when the toy or model is placed in water with its elevator set in a
      downwardly inclined position and the motor is switched on, the model is
      first driven down below the surface of the water and then rises to the
      surface under the influence of the buoyancy tank. This action continues
      repeatedly.
PAR  The toy may be made in the shape of a fish such as a dolphin, in which case
      the elevators comprise a pair of fins, one on either side of the body near
      the front end. The buoyancy tank is preferably positioned in the upper
      part of the body nearer the tail. The motor of the toy is preferably
      electric and powers a propeller mounted beneath the rear end of the body.
DRWD
PAR  One embodiment of the invention will now be described by way of example
      with reference to the accompanying drawing which is a side elevation of a
      toy dolphin in accordance with the invention.
DETD
PAR  The toy comprises a body 2 having a motor housing 4 which includes an
      internal compartment(not shown) with a cover 6 for batteries. The cover
      incorporates a simple rotary switch comprising a contact which is moved,
      on rotation of the cover, into engagement with one end of a battery to
      complete the current to the motor. This motor drives a propellor 8 so as
      to propel the toy in a forward direction.
PAR  A rudder 10 can be set so as to determine the path of the toy in the water.
PAR  The body has holes in its underside (not shown) to allow water to enter it
      and also holes in its upper surface to allow air to leave, so that it can
      submerge, and a watertight compartment 12 which is of sufficient size to
      float the toy when the remainder of the body is full of water. The
      compartment 12 is located at the top of the body, somewhat towards the
      tail.
PAR  A pair of elevator fins 14 are located on either side of the body on
      opposite ends of a rod 16 which passes through the body and is pivotable,
      so that the fins can be set or selectively fixed at a desired angle to the
      horizontal. In order to secure the fins in the desired orientation, the
      rod 16 is provided with a longitudinally-extending ridge (not shown) which
      engages with a correspondingly corrugated surface (not shown) on an
      upstanding member 16 mounted inside the body. The member 18 is fixed at
      its lower end into a socket 20 in the body, and is made of a suitably
      resilient material so that the angle of the fins 14 can be altered
      manually against the frictional engagement of the co-operating ridges on
      the rod 16 and member 18. The retaining action, is, however, sufficient to
      hold the fins in position against the force of the water.
PAR  In use the fins are first moved to the downwardly inclined position
      illustrated in the drawing. The cover 6 of the battery compartment is
      rotated to switch on the motor, and the toy held in the water so that the
      body fills up. The watertight buoyancy compartment holds it on the surface
      of the water until it gets under way and then, as it moves forward, it is
      forced beneath the surface by the downward pressure of the water on the
      elevator fins. After a short distance the buoyancy of the watertight
      compartment overcomes the downward force and the model again rises to the
      surface, then dives again. This action continues repeatedly since the toy
      never reaches a stable state in which the downward thrust on the elevators
      is exactly balanced by the upthrust caused by the buoyancy tank.
CLMS
STM  I claim:
NUM  1.
PAR  1. A submersible toy or model, comprising:
PA1  a body member;
PA1  a motor and propellor attached to said body member to propel it in a
      forward direction;
PA1  at least one elevator flap attached to said body member at a selectively
      fixed downward inclination to the forward direction of movement of the
      body, whereby downward pressure acting on said elevator flap causes said
      body to submerge as it is propelled in said forward direction by said
      motor and propellor; and
PA1  a watertight buoyancy compartment attached to said body member, said
      compartment being sized so that the bouyancy thereof eventually overcomes
      said downward water pressure and causes said body member to resurface,
PA1  whereby the toy or model continually submerges and resurfaces when placed
      in the water with said elevator flap in said selectively fixed downward
      inclination and said motor on.
NUM  2.
PAR  2. A toy as claimed in claim 1 in which the motor is electric.
NUM  3.
PAR  3. A toy as claimed in claim 1 in which the body is in the shape of a fish.
NUM  4.
PAR  4. A toy as claimed in claim 1 in which the elevators are in the shape of a
      pair of fins, one on each side of the body.
NUM  5.
PAR  5. A toy as claimed in claim 4 in which the fins are mounted one on each
      end of a rod pivotally mounted in the body and frictionally retained in a
      preset position.
NUM  6.
PAR  6. A toy as claimed in claim 5 in which the rod is frictionally retained in
      position by means of a resilient member which bears against it, the rod
      and the resilient member having co-operating corrugations on their
      engaging surfaces.
NUM  7.
PAR  7. A toy as claimed in claim 2 in which the body is in the shape of a fish.
NUM  8.
PAR  8. A toy as claimed in claim 3 in which the elevators are in the shape of a
      pair of fins, one on each side of the body.
NUM  9.
PAR  9. A toy as claimed in claim 2 in which the elevators are in the shape of a
      pair of fins, one on each side of the body.
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ABST
PAL  A fulcrum toy assembly whereby a primary body element is provided with
      pointed contact points so as to prevent excursion thereof upon its support
      base, a second body element which has its center of gravity disposed below
      the pointed contact points of the primary body elements is attached to a
      resilient wire member, said resilient wire member in turn being connected
      with a second resilient wire member attached to said primary body element
      so that upon the application of a slight force to the primary body
      element, said primary body element will rock in a vertical plane while
      simultaneously oscillating said second body element in a horizontal as
      well as a vertical plane.
BSUM
PAR  Previous oscillating or fulcrumed toys were prone to excursion; that is,
      the fulcrum moved about the supporting base causing the oscillating member
      to become inhibited by the base upon which the fulcrum was seated thereby
      restricting or preventing further oscillation thereof.
PAR  The fulcrum toy assembly of the instant invention is comprised of a
      simulated figure of a fisherman having feet formed into pointed balancing
      tips and an extended wire pole formed in a predetermined arc from which
      extends an arcuated resilient wire simulating a fishing line. The fishing
      line has a fish attached thereto counterbalancing the fisherman figure
      whereby the fish is initially situated so that its center of gravity is
      disposed below the fulcrum so that upon the application of a slight force
      to the fisherman, said fish is simultaneously oscillated and arcuated to
      simulate a fisherman landing a hooked fish.
PAR  In the instant invention the fisherman figure is formed not only to provide
      a predetermined balance to the counterbalancing fish, but is also provided
      with feet which are pointed to form balancing tips and thereby, fulcrum
      points, which are not subject to excursion upon the supporting base.
PAR  The principal object of the invention is to provide an entertaining fulcrum
      toy assembly which is not subject to excursion upon its supporting base.
PAR  Another object is to provide a fulcrum toy assembly which due to its unique
      fulcrum will oscillate for prolonged periods of time without excursion
      upon the supporting base.
PAR  Still another object is to provide a dynamically stable fulcrum toy
      assembly which simulates a fisherman attempting to land a hooked fish.
PAR  Yet another object is to provide a fulcrum toy assembly which is devoid of
      moving parts and is economical to manufacture.
DRWD
PAR  Other objects and advantages will become apparent from the following
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a side elevational view of the fulcrum toy assembly showing the
      vertical oscillation of the simulated fishing line and fish toy in dotted
      lines;
PAR  FIG. 2 is a front elevational view of the fulcrum toy assembly of FIG. 1
      showing the horizontal oscillation of the simulated fish in dotted lines;
      and
PAR  FIG. 3 is a perspective view of the fulcrum toy assembly of FIG. 1
DETD
PAR  Referring to FIGS. 1 through 3, reference numeral 5 represents generally
      the primary body element of a simulated fisherman having a body portion 6
      from which extend arm elements 7 and a pair of leg elements 8. Each leg
      element 8 is tapered to form a point 9 at its extremity so that the
      primary body element is in point contact only at two separate locations on
      the top surface 10a of support base 10. These contact points provide
      balancing tips as well as fulcrum points and prevent excursion of the
      primary body during oscillation of the fulcrum toy assembly.
PAR  Interconnecting arm elements 7 is a reel element 11 which simulates a
      fishing reel and from which extends a resilient wire element 12 in a
      predetermined arcuate form so as to simulate a fishing pole.
PAR  Secured to wire element 12 is a second resilient wire element 13 simulating
      a fishing line which is of different composition than wire element 12 so
      that wire element 13 is more flexible than wire element 12. This
      difference in wire element composition results in a difference in
      harmonics being created between the wire elements during the oscillation
      process thereby providing a horizontal as well as vertical oscillation of
      wire element 13 and concomitantly the second body element 14. Wire element
      12 oscillates in a vertical plane only, and then only slightly with
      respect to wire element 13. The double oscillation of wire element 13 and
      second body element 14 while wire element 12 merely oscillates slightly in
      the vertical plane adds a higher degree of realism and entertainment to
      the fulcrum toy assembly of the instant invention.
PAR  Second body element 14 is secured to wire element 13 as aforesaid and
      simulates a fish which has its center of gravity disposed below the
      fulcrum provided by leg points 9 engaging the top surface 10a of support
      base 10. This second body element 14 provides a counterbalance to the
      primary element 5 as will hereinafter be more fully described.
PAR  Thus, upon the application of a slight horizontal force to primary body
      element 5, said primary body element will rock in a reciprocating pattern
      in a vertical plane as generally indicated by the Arrows A. Primary body
      element 5 rocks back and forth, wire elements 12 and 13 concomitantly
      oscillate in an arcuate pattern in a vertical plane (generally indicated
      by Arrows B), thereby simultaneously activating second body element 14 in
      a generally horizontal direction as indicated by Arrows C. Because of the
      shift of the center of gravity of the primary body element 5 due to its
      rocking motion, second body element 14 constantly counteracts to balance
      the assembly thereby continuing and abetting the rocking motion of the
      primary body element 5 through its interconnection therewith by wire
      elements 12 and 13.
PAR  Since wire element 13 is relatively more resilient than wire element 12,
      the resulting oscillation harmonics cause the second body element to
      simultaneously oscillate in a vertical plane (as designated generally by
      Arrows D) as well as in a horizontal plane as designated generally by
      Arrows E (see FIG. 2). These simultaneous actions of course cause wire
      element 13 to oscillate in a substantially horizontal plane as designated
      generally by Arrows F.
PAR  While one embodiment of the invention has been described, it is understood
      that the particular embodiment of the invention herein disclosed is for
      illustrative purposes only and that various changes may be made therein
      without departing from the principles of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fulcrum toy assembly comprising:
PA1  a primary body element provided with plurality of point contact means for
      engaging a support base thereby providing a fulcrum means which permits
      said primary body element to reciprocate in a vertical plane, said point
      contact means being a pair of spatially situated pointed elements
      positioned so as to be in a plane normal to the direction of reciprocation
      of the primary body element;
PA1  a plurality of resilient wire means extending forwardly and downwardly of
      said primary body element, said wire means being of different resiliences;
      and
PA1  a second body element secured to said wire means, said second body element
      having its center of gravity below the fulcrum means formed by the point
      contact means of said primary body means in conjunction with said support
      base.
NUM  2.
PAR  2. The fulcrum toy assembly described in claim 1 wherein the plurality of
      resilient wire means are a first and second flexible wire elements, the
      first wire element being secured to the primary body element and extending
      arcuately in a predetermined pattern forwardly and downwardly from the
      primary body element, and the second wire element is connected to the
      first wire element and continues the arcuate pattern of said first wire
      element, said second wire element being more resilient than the first wire
      element.
NUM  3.
PAR  3. The fulcrum toy assembly as described in claim 2 wherein the forward end
      of the first wire element extends to at least the plane of the top surface
      of the support base.
NUM  4.
PAR  4. The fulcrum toy assembly as described in claim 2 wherein when the
      primary body element is in a non-reciprocating position, the second body
      element is disposed in a vertical plane passing through the fulcrum means
      formed by the interrelationship of the point contact means provided by the
      primary body element and the support base.
NUM  5.
PAR  5. The fulcrum toy assembly as described in claim 2 wherein when the
      primary body element is in a non-reciprocating position, the second body
      element is disposed rearwardly of a vertical plane passing through the
      fulcrum means formed by the interrelationship of the point contact means
      provided by the primary body element and the support base.
NUM  6.
PAR  6. The fulcrum toy assembly as described in claim 2 wherein the primary
      body element is a simulated figure of a man and the second body element is
      a simulated figure of a fish.
NUM  7.
PAR  7. The fulcrum toy assembly as described in claim 6 wherein the primary
      body element is provided with a pair of arms interconnected by a simulated
      fishing reel means.
NUM  8.
PAR  8. The fulcrum toy assembly as described in claim 7 wherein the first wire
      element is secured to the simulated fishing reel means.
NUM  9.
PAR  9. The fulcrum toy assembly as described in claim 6 wherein the point
      contact means are formed by the lower extremities of the legs of the
      simulated figure of the man.
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ABST
PAL  An amusement device having a housing which supports a rotatable member,
      such as a shaft. A power unit is supported by the housing for rotating the
      shaft. Track means is provided which includes one or more elongated,
      flexible track elements for selective frictional engagement with the
      shaft. Each track element comprises a cord which is wrapped about the
      shaft such that its opposite ends project in opposite directions
      therefrom. When tension is applied to the opposite ends of the cord, the
      cord will frictionally engage the shaft in clutching relation which tends
      to cause the housing to move in a direction which depends upon the
      direction of wrap of the cord on the shaft. When two cords are used, they
      are wrapped in reverse direction on the shaft so as to enable movement of
      the housing back and forth along the cords. The direction of movement
      along the cords will depend upon the direction of wrap of the cord having
      the greatest tension applied thereto. The device may be maintained in a
      stationary position when tension in both cords is equal, even though the
      shaft may continue to rotate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to amusement devices, and more particularly,
      to a powered amusement device which is controlled for lateral movement
      along a flexible track element, or elements, such as a cord, or the like,
      to produce a "Yo-Yo" type movement.
PAR  Numerous amusement devices have been devised where an object is controlled
      by the manual manipulation of one or more cords connected thereto. One
      good example would be the well known Yo-Yo. Other devices are known where
      cords are connected to an object to create a whirling or spinning movement
      to the object. Generally, these latter devices have relied on the manual
      twisting of a pair of cords which causes the object to rotate as a result
      of the natural tendency of the cords to untwist. In these devices, the
      object is not supported for lateral movement along the lengthwise
      direction of the control cords in a manner such that the movement of the
      object in opposite directions along the cord or cords can be commenced and
      terminated at will so as to perform many various functions.
PAC  REFERENCE TO PRIOR ART PATENTS
TBL  Anzalone U.S. Pat. No. 1,854,876                                          
                                 April 19, 1932                                
     Then     U.S. Pat. No. 1,973,549                                          
                                 Sept. 11, 1934                                
     Bandy    U.S. Pat. No. 3,501,860                                          
                                 March 24, 1970                                
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a new and novel amusement device having
      a housing which supports a rotatable member, such as a shaft, thereon. A
      power unit is supported on the housing for rotating the shaft. A track
      means is provided which includes one or more elongated, flexible track
      elements for selective frictional engagement with the shaft. Each track
      element comprises a cord which is wrapped about the shaft such that its
      opposite ends project in opposite directions therefrom. When one cord is
      used, the application of tension to its opposite ends will cause it to
      frictionally engage the shaft, tending to cause the housing to move in a
      direction which depends upon the direction of wrap of the cord on the
      shaft. When two cords are used, they are wrapped in reverse directions
      around the shaft and the housing will move in the direction determined by
      the direction of wrap of the cord having the greatest tension applied
      thereto. Thus, the direction of movement of the housing along the cords is
      determined by which cord has the greatest tension therein, or if the
      tension in both cords is equal, the body can be maintained in a stationary
      position on the cords even though the shaft may continue to rotate.
PAR  As can be seen, the device 1 readily lends itself to competitive racing
      events. For example, competitive races can be held which time the movement
      of the device over a predetermined distance against a clock, or when two
      devices are set up side-by-side, drag races or hill climbing races are
      possible. Even multiple-lap races can be held by racing the devices back
      and forth between pylon markers set up near the supported ends of the
      cord, or obstacle course races are possible, which will require a
      substantial length of cord and considerable manual dexterity and skill on
      the part of the operator, resulting in considerable fun and excitement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the amusement device of the present invention;
PAR  FIG. 2 is a side elevation view of the amusement device of the present
      invention as seen from the right hand side of FIG. 1;
PAR  FIG. 3 is a front elevation view of the amusement device of the present
      invention taken along the lines 3--3 of FIG. 1;
PAR  FIG. 4 is a transverse sectional view taken along the line 4--4 of FIG. 2;
      and
PAR  FIG. 5 is a transverse sectional view taken along the line 5--5 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, the amusement device of the present
      invention is illustrated, generally at 1, and is shown in the mounted
      operational position. The device 1 includes a power unit 4 having a
      rotatable drive shaft 6. A track assembly 5 is provided which includes a
      pair of flexible track elements, such as cords 8 and 9, which are wrapped
      about the shaft 6 and extend outwardly in opposite directions therefrom.
      The cords 8 and 9 are supported at their opposite ends, being adapted to
      have tension applied thereto, such as by pulling or the like, to cause a
      compressive frictional engagement of the cords 8 and 9 with the shaft 6.
      As shown, the cords 8 and 9 are wrapped in reverse direction on the shaft
      so that when tension is applied thereto, and the tension in one cord, such
      as 8, is greater than the tension in the other cord, such as 9, the device
      will move in one lateral lengthwise direction along the cords, and vice
      versa. By maintaining sufficient but equal tension in the cords, the
      device can be stopped by allowing the shaft to slip relative to the cords,
      and then be maintained in a stationary position on the cords 8 and 9 until
      the tension again becomes unequal thereon. Further, by controlling the
      tension in the cords 8 and 9, the speed of movement of the device 1 along
      the cords 8 and 9 can be varied.
PAR  In the form shown in FIGS. 1 and 2, the power unit 4 is supported by a
      housing 2 and is shown as being self-contained, such as a small gasoline
      engine 3 of the type generally used to power model airplanes or cars. The
      housing 2 includes a fuel tank 11 for supplying fuel to the engine 3. The
      shaft 6 projects outwardly from one side of the housing 2 for engagement
      with the cords 8 and 9. The shaft 6 may include a tubular sleeve 10 of a
      material having a greater coefficient of friction than steel to provide
      better frictional contact with the cords 8 and 9, and thus, provide more
      precise control for the device 1. Of course, it is obvious that other
      forms of power units could be utilized for rotating the shaft 6. For
      example, a battery-powered motor or gyroscope could be employed without
      departing from the scope and intent of the invention.
PAR  A stabilizing assembly 12 is provided for counterbalancing the weight of
      the housing 2 to maintain the rotational axis of the shaft 6 in a proper
      attitude or orientation, such as in a generally horizontal position, to
      enable riding movement of the device 1 along the cords 8 and 9 while being
      supported solely by the cords 8 and 9. In the form shown, the stabilizing
      assembly 12 includes an elongated arm 13 which is connected at one end to
      the housing 2 and is free at its opposite end. The arm 13 extends
      downwardly and away from the housing 2 in a direction toward the cords 8
      and 9, being weighted at its free end, such as by a weight 14. Of course,
      it is understood that the position and size of the weight 14 will be
      dependent on the size and weight of the power unit 4. It should be further
      understood that other stabilizing arrangements may be utilized in lieu of
      the counterbalancing arrangement. For example, the power unit 4 could be
      supported, such as on wheels or rollers, for rolling movement along a
      support surface, such as the track, table or floor, without departing from
      the scope and intent of the invention.
PAR  As stated, the track assembly 5, in the form shown, includes a pair of
      cords 8 and 9 which are wrapped about the shaft 6 each has its opposite
      ends projecting in opposite directions from the shaft 6 being supported in
      any suitable manner for applying tension thereto. The device 1 may be
      operated by any number of persons, but when the device is operated by one
      person, one end of each cord 8 and 9 may be connected to a support member
      16, such as a wall, or the like, being tied to the eyelets of screws 17
      and 18, respectively, fastened to the wall 16. The opposite ends of the
      cords 8 and 9 may remain free for grasping by the operator or may also be
      fastened to another support assembly (not shown) having some provision for
      adjusting the tension on the cords 8 and 9.
PAR  The reverse wrapping of the loops 8a and 9a is best seen in FIGS. 3, 4 and
      5. More particularly, the loops 8a and 9a are wrapped a full turn, or
      360.degree., around the shaft so that the opposite ends of the cords 8 and
      9 leave tangentially from opposite sides of the shaft 6, or 180.degree.
      apart from one another. The outwardly extending portions of the cords 8
      and 9 should be maintained in substantially parallel relation to achieve
      best results in the performance of the device 1. As shown in FIG. 4, the
      cord 9 is brought under and wrapped once around the shaft 6, and then
      leaves at the bottom side thereof. Thus, when the shaft 6 rotated in one
      direction, such as in the clockwise direction, as indicated by the arrow
      20, the shaft 6 will tend to unwrap from cord 9. The loop 9a will shift
      along the cord 9 and remain around the shaft 6 causing the housing 2 to
      move to the right, such as indicated by the arrow 21. On the other hand,
      the cord 8 is wrapped once around the shaft 6 and leaves the top side
      thereof so that rotation of the shaft 6 in the clockwise direction, as
      indicated by the arrow 23, will cause the housing 2 to move to the left,
      as indicated by the arrow 31. Of course, the present invention can be
      carried out by the use of only one cord, but such would result in a
      movement of the device 1 in only one direction, unless the direction of
      rotation of the shaft 6 is reversed.
PAR  Retaining means 24 is provided to retain the cords 8 and 9 on the shaft 6,
      and thus, guide the device 1 along the cords 8 and 9. In the form shown,
      the retaining means 24 includes a flywheel 24 and a pair of discs 25 and
      26 mounted in laterally spaced relation on the shaft 6. The flywheel 24 is
      fixedly connected to the shaft 6, such as by keying or the like, and the
      discs 25 and 26 are mounted laterally outwardly from the flywheel, being
      disposed in loose fitted relation on the sleeve 7. This arrangement allows
      the sleeve 7 to rotate freely with respect to the discs 25 and 26, and
      allows the discs 25 and 26 to shift laterally back and forth in the
      lengthwise direction of the shaft 6. The sleeve 7 is foreshortened with
      respect to the outer end of the shaft 6, and a washer 28 is fitted over
      the outer end of the shaft 6 for abutting engagement with the outer end of
      the sleeve, such as at 29, to limit the outward movement of the disc 25
      along the shaft 6. The outer end of the shaft 6 may be threaded, and a nut
      30 is threaded onto the shaft 6 which, when tightened, holds the washer 28
      tightly against the outer end of the sleeve 7. The discs 25 and 26 are
      disposed on opposite sides of the cord 9, while the disc 26 and flywheel
      24 are disposed on opposite sides of the cord 8. This arrangement allows
      the discs 25 and 26 to shift freely along the length of the shaft 6 to
      prevent binding with the cords 8 and 9. In addition, the discs 25 and 26
      may be made of a flexible material, such as plastic or the like, to
      further reduce the possibility of binding.
PAR  In starting the engine 3, a stand (shown by phantom lines at 29 in FIG. 2),
      may be provided for supporting the device 1. With the cords 8 and 9
      relaxed, the engine 3 may be started in a conventional manner by rotating
      the flywheel 24. This can be accomplished by applying a separate rotating
      wheel 24 for cranking the engine 4. Once the engine 4 is started, the
      operator can then grasp the free ends of the cords 8 and 9, and by
      applying tension thereto, cause the device 1 to be lifted from the stand
      32, positioning the device so that it may ride freely on the cords 8 and
      9. The procedure for stopping the device 1 would be essentially the
      reverse of the above. That is, the device 1 is moved along the cords 8 and
      9 until it is in a position above the stand 32. It may then be lowered by
      relaxing the cords 8 and 9 until it rests on the stand 32. At this time,
      the separate rotating wheel, or suitable object, may be applied so as to
      contact the flywheel to oppose its direction of rotation, and thus, cause
      the engine to stall upon application of sufficient force thereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. An amusement device comprising,
PA1  a housing,
PA1  a rotatable member mounted for rotation on said housing,
PA1  track means including at least one elongated, flexible track element,
PA1  said track element being wrapped around said rotatable member for
      frictional engagement therewith for moving said housing along said track
      element,
PA1  power means connected to said rotatable member for rotating said rotatable
      member in one direction,
PA1  said track element having its opposite ends extending tangentially and in
      generally opposite directions from generally one side of said rotatable
      member whereby upon the application of tension to said track element a
      frictional force will result between said track element and said rotatable
      member to cause said housing to move along said track element at a speed
      related to the frictional force between said track element and said
      rotatable member,
PA1  said track means includes a pair of track elements wrapped about said
      rotatable member,
PA1  one of said track elements is wrapped around said rotatable member having
      its opposite ends extending generally tangentially from generally one side
      of said rotatable member, and
PA1  the other of said track elements is wrapped around said rotatable member
      having its opposite ends projecting tangentially from a generally
      diametrically opposite side of said rotatable member from said one side
      whereby said housing can move in one direction when the frictional force
      between said one track element and said rotatable member exceeds the
      frictional force between said other track element and said rotatable
      member and can move in the opposite direction when the frictional force
      between said other track element and said rotatable member exceeds the
      frictional force between said one track element and said rotatable member.
NUM  2.
PAR  2. An amusement device comprising,
PA1  a housing,
PA1  a rotatable member mounted for rotation on said housing,
PA1  track means including a pair of elongated, flexible track elements wrapped
      around said rotatable member for frictional engagement with said rotatable
      member for moving said housing along said track elements,
PA1  said track elements having their opposite ends projecting in generally
      opposite directions from said rotatable member for applying a tension
      thereto to cause frictional engagement with said rotatable member,
PA1  power means connected to said rotatable member for rotating said rotatable
      member in one direction,
PA1  one of said track elements having its opposite ends extending tangentially
      to one side of said rotatable member, and
PA1  the other of said track elements having its opposite ends extending
      generally tangentially to a generally diametrically opposite side of said
      rotatable member from said one side thereof whereby said device will move
      in one direction along the track elements when the frictional force
      between said one track element and said rotatable member is of a magnitude
      to allow slippage therebetween and is less than the frictional force
      between the other track element and the rotatable member, and will move in
      the opposite direction under reverse conditions and will remain at a
      standstill position when the frictional force between the one track
      element and the rotatable member is substantially equal to the frictional
      force between the other track element and the rotatable member while the
      rotatable member is rotating in said one direction.
NUM  3.
PAR  3. A device in accordance with claim 2, wherein
PA1  each of said track elements comprises an elongated cord adapted to be
      supported at its opposite ends for applying tension thereto.
NUM  4.
PAR  4. A device in accordance with claim 2, including
PA1  retaining means on said rotatable member disposed on between said track
      elements for maintaining said rotatable member in engagement with said
      track elements.
NUM  5.
PAR  5. A device in accordance with claim 2, wherein
PA1  said housing is supported in riding relation solely on said track elements,
      and
PA1  stabilizing means is mounted on said housing for maintaining said housing
      in proper orientation for riding movement on said track elements.
NUM  6.
PAR  6. A device in accordance with claim 4, wherein
PA1  said retaining means comprises at least one pair of discs mounted in
      laterally spaced relation on said rotatable member, and
PA1  said discs are mounted on opposite sides of at least one of said track
      elements.
NUM  7.
PAR  7. A device in accordance with claim 5, wherein
PA1  said rotatable member comprises a shaft, and
PA1  said stabilizing means comprises a counterbalancing weight assembly for
      counterbalancing the weight of said housing to maintain said shaft in a
      generally horizontal position on said track elements.
NUM  8.
PAR  8. A device in accordance with claim 2, including
PA1  a flywheel mounted on said rotatable member being adapted for engagement
      with a separate rotating member for starting said device and stopping said
      device.
NUM  9.
PAR  9. An apparatus in accordance with claim 6, wherein
PA1  said discs are made of a resilient material to prevent binding contact with
      said track element.
NUM  10.
PAR  10. A device in accordance with claim 2, wherein
PA1  said power means comprises a gasoline engine.
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ABST
PAL  Hoop for propelling along a surface with a trundle, characterized by being
      formed of interchangeable sections to vary its circular diameter and at
      least one section for rendering it non-circular to effect erratic rolling.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the sport or amusement of rolling hoops along the ground, particularly
      by children, many trundles have been devised to aid in the control of
      same, exemplary of which are those disclosed in my U.S. Pat. No.
      3,827,180, prior art cited therein, and many others. While the various
      trundles have reached a high degree of perfection in the control of
      movement of a hoop, which is desirable for beginners in the sport, this
      desirability can be disadvantageous to those who have mastered their use
      in that what was originally a challenge to one's skill becomes monotonous
      and thus causes loss of interest and premature abandonment of the sport.
      Part of this is probably due to the design of the prior art hoops which
      have been constructed in substantially true circular form which rotate
      about the geometric center of a circle and which thus have a predictable
      stability, rotational velocity and direction of movement. As an example of
      the foregoing, the trundle operator may walk or run behind the hoop at
      constant velocity and the hoop rolls along the ground at constant forward
      velocity while rotating about its center at constant angular velocity, the
      only controls necessary being to change its direction of movement when
      desired or necessary or to accelerate or arrest its motion, which latter
      involves only a change of speed of the operator. Thus, while the operator
      may move at desired constant speed, may accelerate or decelerate to a new
      speed, these changes result only due to his desire rather than being
      compelled to do so by reason of the hoop design. As will be apparent, if
      the hoop design compelled the operator to make periodic changes in his
      velocity, a new skill, not heretofore required with a circular hoop, would
      be required.
PAR  Another disadvantage of the prior art resides in the nonadjustability of
      the diameter of circular hoops. The skill required to propel a hoop varies
      with its diameter, hence, an operator must procure a number of hoops of
      various fixed diameters if he desires to test his skill with hoops of
      different sizes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, in one aspect, provides a hoop formed of a plurality
      of segments which may be assembled, by choice of the number of segments,
      to form circular hoops of various diameters. Thus, the beginner may
      assemble, say two sections, to form a relatively small hoop and, as he
      develops skill, add further sections to progressively increase the
      diameter to other larger diameters. After he has mastered the use of
      circular hoops of various diameters he may assemble the hoop to include a
      non-circular segment which produces erratic rotation, thus requiring the
      further development of skill. As with the circular hoops, the non-circular
      hoops may be formed in various sizes to progressively require the
      development of further skill.
PAR  In accordance with the foregoing, one of the objects of the invention is to
      provide a hoop formed in segments of flexible material which, by choice of
      the number of segments employed, may be assembled into circular hoops of
      various diameters.
PAR  Another object is to provide a non-circular segment which may be assembled
      with other segments to provide non-circular hoops of various sizes.
PAR  Another object is to provide hoops in accordance with the preceeding
      objects which may be used for rolling along a surface with a propelling
      trundle.
PAR  Another object is to provide hoop segments which may be detached from each
      other to reduce overall dimensions for facilitating shipping, handling and
      transportation of the hoop.
PAR  Another object is to provide a detachable joint between segments which is
      simple in construction and economical of manufacture to thereby provide a
      hoop which may be marketed at nominal cost and within the monetary means
      of most users.
PAR  A further object is to provide segments of different colors which add
      interest to the user and also produce varying colored effects to an
      observer when the hoop is in motion.
PAR  Still further objects, advantages and salient features will become more
      apparent from the detailed description to follow, the appended claims, and
      the accompanying drawing to now be briefly described.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevation of a segmental non-circular hoop;
PAR  FIG. 2 is an enlarged section taken on line 2--2, FIGS. 1 and 5;
PAR  FIG. 3 is an enlarged section taken on lines 3--3, FIG. 1, illustrating a
      rod within the uppermost segment;
PAR  FIG. 4 is a side elevation of a segment employed in other FIGS;
PAR  FIG. 5 is a side elevation of a circular hoop formed from four segments of
      FIG. 4;
PAR  FIG. 6 is a like elevation formed of three segments of FIG. 4;
PAR  FIG. 7 is a like elevation formed of two segments of FIG. 4; and
PAR  FIG. 8A, 8B, 8C illustrate successive positions of a non-circular rolling
      body.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawing, and first to FIG. 4; segment 10 is formed of
      flexible plastic tubing which may be straight or curved to circular shape.
      As best shown in FIG. 2, a dowel 12 is secured in one end of same by a pin
      14, cement, or a heat seal, its projecting end telescoping within the
      adjacent segment 10a, preferably with a tight friction fit. To maintain
      the segments in planar relation a pin 16 may be provided on dowel 12 which
      registers in slot 17 in the end of segment 10a. As will be apparent, the
      unshown end of segment 10a, FIG. 2, will also be provided with a like
      dowel 12. Thus, all segments are interchangeably detachably connected
      together by like dowels and register to maintain all segments in a single
      plane.
PAR  FIGS. 5, 6 and 7 illustrate respectively, hoops formed of 4, 3 and 2 of
      segments 10 which provide circular hoops of various diameters. As will be
      apparent, the segments bend uniformly along their lengths whereby the
      original segments of FIG. 4 conform to circular shapes of smaller radii
      when the sections are assembled. Usually the beginner will first develop
      his skill rolling one of the hoops, then advance to others which are more
      difficult to roll. While only four segments are illustrated in FIG. 5, it
      will be apparent that more segments may be employed to form larger hoops
      of any desired diameters.
PAR  Assuming, now, that the operator has mastered the rolling of circular
      hoops, he may advance to the non-circular hoop in FIG. 1. As illustrated,
      this is formed by three of the segments of FIG. 4 and an uppermost segment
      18 which is non-circular. Preferably, considerable transitions of
      curvature are provided to form bumps or knuckles 20,22 which render the
      rolling somewhat erratic. Bump or knuckle 20, for example, could be
      defined as the juncture between portions at each side thereof which are
      angularly related. Assuming that such portions are flat then their centers
      of curvature would be on lines normal thereto at infinity. Assuming that
      the portions have large radii of curvature this would place their centers
      of curvature short of infinity but still spaced considerably apart. This
      thus distinguishes from adjacent portions of a circle wherein the radii of
      curvature of such portions are coincident, that is at the center of the
      circle. As will be apparent the same definition applies to bump or knuckle
      22. Also, as illustrated, the lowermost segment bends to a generally
      uniform radius R, but left and right segments thereabove do not. These
      segments increase in radius of curvature so that at their upper ends
      radius R.sub.2 is greater than radius R.sub.1. The lower segment and the
      right and left segments thereabove are thus somewhat egg-shaped. This
      egg-shape continues into upper segment 18 to the knuckle points 20,22
      where the egg shape changes to a substantial flat portion at the top of
      segment 18.
PAR  As distinguished from a circular hoop wherein the center of rotation is a
      constant distance from the surface on which it rolls, the instantaneous
      center of rotation of the non-circular hoop is constantly changing and is
      disposed at varying distances from the surface on which it is rolled. The
      instantaneous center of rotation thus moves in a curved path as
      distinguished from a straight line in the circular hoop. Since the center
      of mass is thus also changing relative to a surface on which it rolls, the
      hoop tends to speed up and slow down during portions of its revolution
      which compels the operator to develop skill in maintaining its rolling
      motion stable. Due to the erratic motion of the hoop it is preferred that
      a closed loop trundle, such as disclosed in my patent referred to, be
      employed so that the hoop is captured within the trundle loop.
PAR  Typical dimensions for the segment of FIG. 4 is about 32" arcuate length
      which provides hoops of about 40", 30", and 20" diameters, respectively,
      in FIGS. 5, 6 and 7. Tubing may be about 5/8" I.D. and 3/4" O.D.
PAR  FIG. 3 illustrates a slight modification of the FIG. 1 construction. As
      illustrated, dowel 12 is elongated as a polyethylene rod 12a which extends
      the major length of segment 18, FIG. 1. This adds weight to segment 18
      and, being an eccentric weight, further unbalances the hoop so that the
      hoop further tends to slow down as segment 18 rises from the surface and
      tends to speed up as it descends toward the surface, thus effecting
      further erratic angular velocity about its instantaneous centers of
      rotation. Also, the rod renders segment 18 more rigid against bending than
      without same.
PAR  The angle A between the outer ends of segment 18 may be chosen to vary the
      egg-shape of the hoop. As this angle is increased the hoop becomes less
      egg shaped and as it is decreased the major axis increases and renders it
      more egg shaped.
PAR  It will be apparent that with four segments 10 of FIG. 4, three different
      diameter circular hoops may be formed as illustrated in FIGS. 5, 6 and 7.
      With the addition of one non-circular segment 18, one to four of segments
      10 may be employed to form four different non-circular hoops, or a total
      of seven different hoops. As will also be apparent, the number of sections
      of each type may be varied as desired. For example, by the addition of
      another non-circular segment 18 of the shape illustrated or varying
      therefrom, the noncircular hoop may be provided with further knuckles
      spaced about the periphery and, by choice of spacing of the noncircular
      segments and choice of number of segments 10 employed, the number of
      combinations may be further increased. FIG. 1 is thus only exemplary of
      many forms of non-circular hoops contemplated within the purview of the
      invention. The modulus of the tubing employed should be low so that it may
      readily be bent during assembly but its yield point should be high so that
      it may be bent to many different diameters and yet return to its relaxed
      state when the segments are disconnected. As will further be apparent,
      when the sections are disconnected they occupy only a small space which
      facilitates shipping or transportation thereof. While less desirable from
      a transportation point of view, the non-circular hoop of FIG. 1 may be
      formed of a single length of tubing of any desired length with joined ends
      and formed to desired shape, such as by application of heat thereto.
PAR  FIGS. 8A, 8B, 8C illustrate a comparison between a circular disc or hoop of
      uniform cross section rolling along a horizontal surface S and a
      non-circular disc or hoop rolling along same, the latter being illustrated
      by the shaded portion added to the circle. It will be assumed that there
      is no rolling friction, no air drag and the body has a velocity V in FIG.
      8A. Taking, first, the circular body, it is apparent that its centroid C
      is at its geometric center and will move along a straight dotted line L,
      parallel with surface S. Under the assumptions, above, its linear velocity
      will remain constant. Taking, now, the non-circular body, it is apparent
      that its centroid C' is somewhat above C in FIG. 8A due to the added
      shaded mass. As the body rolls from FIG. 8A to FIG. 8B centroid C' falls
      along curved path T. Since this represents work which must go into the
      system it is apparent that the original velocity V must increase to
      satisfy the law of conservation of energy, the velocity now being maximum.
      As the body rolls from FIG. 8B to FIG. 8C it rolls onto the top of the
      shaded lobe and, since centroid C' is a fixed distance D from the peak of
      the lobe, it must rise to the position shown in FIG. 8C. This rise of the
      centroid, however, must subtract work from the system hence its velocity
      must decrease. As the body rolls to the other point of tangency with the
      lobe (complimentary to FIG. 8B), the centroid C' drops and the velocity
      increases to the same value as in the position of FIG. 8B. The centroid C'
      must next rise to its position of FIG. 8A during which the body loses
      velocity until it is the same velocity V when it reaches the original
      position of FIG. 8A. Thus, in the first half revolution, the body
      accellerates until the lobe engages the surface, then decelerates, then
      accelerates temporarily during the second half of the revolution and next
      decellerates to its original velocity V. As will be understood, in actual
      practice the body would continually lose some of its original velocity and
      momentum due to rolling friction and air drag. Regardless of this,
      however, the body still has periods of acceleration and deceleration.
PAR  The periods of change of velocity can produce two different effects on the
      operator. Assume, first, that the operator is propelling the hoop with a
      u-shaped trundle which does not capture the hoop and he is moving at
      constant velocity. Since there are periods of acceleration and
      deceleration it will be apparent that at times the trundle will slow down
      the hoop forward velocity and other times when the hoop will tend to roll
      ahead of its engagement with the trundle. This thus means that if the
      input propelling energy is to balance the friction losses, the operator
      must accelerate and decelerate periodically. While this mode of propelling
      is feasible with a highly skilled operator, it will normally be found too
      difficult for children. It is preferred, accordingly that a closed loop
      trundle, such as disclosed in my patent referred to, be employed so that
      the hoop remains captured to the trundle. With such type of trundle and
      with the operator moving at constant velocity, the hoop still tends to
      accelerate and decelerate but is constrained to move at the constant
      velocity of the operator. There are thus periods when the rear bight of
      the trundle is applying a propelling force to the hoop and other times
      when the forward bight is braking the tendency for the hoop to accelerate.
      When the operator has developed sufficient skill to maintain the
      non-circular hoop rolling along a desired course with a hoop-captured
      propelling and braking trundle he may, of course, further develop his
      skill with an open or u-shaped type trundle with which only a propelling
      force may be applied. This, of course, will test his ultimate skill.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a hoop of the type adapted to be rolled along a surface with a
      propelling trundle comprising;
PA1  a. a plurality of first segments and at least one second segment adapted to
      be interchangeably assembled in various combinations to form hoops of
      various sizes and various shapes,
PA1  b. the first segments being formed of flexible material of uniform cross
      section, such as plastic tubing,
PA1  c. the second segment being formed of like material of like cross section
      and having a knuckle thereon formed at the juncture of angularly related
      portions having centers of curvature which are considerably spaced apart,
      said knuckle adapted to disturb the rolling action of the hoop as it rolls
      across same from one of the adjacent portions to the other adjacent
      portion,
PA1  d. means for detachably connecting an end of any segment with an end of any
      other segment,
PA1  e. the first segments being sufficiently flexible to bend to various radii
      of curvature,
PA1  f. the construction and arrangement being such that:
PA1  g. when at least two of the first segments are secured together they form a
      substantially circular hoop, and
PA1  h. when at least one of the first segments and at least one of the second
      segments are secured together they form a hoop having said knuckle
      thereon.
NUM  2.
PAR  2. A hoop in accordance with claim 1 wherein the second segment is provided
      with ends so angularly related to distort an adjacent first segment or
      segments from relaxed radii of curvature to radii of curvature which
      increases in directions toward the juncture thereof with the second
      segment whereby the hoop is generally egg-shaped with the knuckle disposed
      at the small end of the egg-shape.
NUM  3.
PAR  3. A hoop in accordance with claim 2 including a second knuckle on the
      second segment adapted to effect a second disturbance in the rolling
      action of the hoop as it rolls across same.
NUM  4.
PAR  4. A hoop in accordance with claim 3 wherein the two knuckles effect
      differing disturbances in the rolling action of the hoop as it rolls
      across same.
NUM  5.
PAR  5. A hoop in accordance with claim 1 wherein the detachable connecting
      means comprises a flexible pin fixedly secured within an end of each
      segment and extending therebeyond, the extending portion adapted to
      frictionally fit within an end of an adjacent segment.
NUM  6.
PAR  6. A hoop in accordance with claim 5 including means for maintaining
      adjacent segments in registry so that they lie in a common plane.
NUM  7.
PAR  7. A hoop in accordance with claim 1 wherein the second segment is a
      circular plastic tube and contains a circular plastic rod extending
      substantially throughout the length thereof, the rod adding rigidity to
      the segment against bending and also providing added weight to further
      unbalance the hoop, one end of the rod extending beyond one end of the
      segment to provide a dowel for connecting same to an adjacent segment.
NUM  8.
PAR  8. In a hoop of the type to be rolled along its periphery on a flat surface
      and propelled by a trundle carried in the hand of an operator moving
      therebehind, comprising;
PA1  a. the hoop being formed of material of uniform cross section formed into a
      closed planar loop of non-circular shape, with its centroid disposed at
      variable radial distances from at least portions of its periphery,
PA1  b. said centroid being moveable in a curved path when the hoop is rolling
      along said surface to effect a rise and fall of the centroid relative to
      said surface, the falling of the centroid tending to accelerate the
      forward motion of the rolling hoop and the rising of the centroid tending
      to decelerate the forward motion of the rolling hoop,
PA1  c. the non-circular shape and acceleration and deceleration being
      sufficiently substantial to render it too difficult to propel by children
      with a trundle of the type which does not capture the hoop, and
PA1  d. a trundle of the type having a propelling end of the type constructed to
      encircle and capture the hoop, to enable an operator to move behind the
      hoop at constant velocity and periodically propel and brake the hoop to
      constrain it to roll at the same velocity as the operator.
NUM  9.
PAR  9. A hoop in accordance with claim 8 wherein the hoop is formed as a
      plurality of interchangeable segments adapted to be assembled to provide
      hoops of various sizes and various planar shapes.
NUM  10.
PAR  10. A hoop in accordance with claim 9 wherein the hoop material is
      thermoplastic tubing.
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ABST
PAL  An object (baton, ball, etc,) which generates a signal (visual audio, etc.)
      only when in rotation and when in rotation generates a continuous signal.
      A power source, a first switch which assumes its ON position in response
      to centrifugal force, a second switch which assumes its ON position in
      response to centrifugal force, and means for generating a signal,
      connected in series are carried in the object. The first and second
      switches are mounted so that both are ON when the object is in rotation
      about a first axis, but not when it is at rest. Third and fourth switches
      may be placed to be ON when the object is in rotation about second and
      third axes at right angles to said first axis and to each other. The
      switches may be closed by movement of a fluid or of sliding or rolling
      elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates to a centrifugally actuated signal generating
      object. More particularly, the present invention relates to an object such
      as a toy which generates a signal only when in rotation and when in
      rotation generates a continuous signal. Such an object could be a tossing
      disc, a spinning top, a football, a spherical ball, a baton, a hula hoop,
      a bicycle wheel, etc.
PAR  2. Description of the Prior Art:
PAR  The prior art includes a yo-yo which includes a small battery which powers
      a small bulb to illuminate the yo-yo. The circuit containing the small
      bulb and the small battery includes a contact and a resilient metal strip.
      The centrifugal force resulting from the rotation of the yo-yo causes the
      resilient metal strip to abut the contact causing closing of the circuit.
PAR  However, applicants have found that such circuitry is generally unreliable
      because of the difficulty in adjusting the resilient metal strip so that
      the circuit is closed during rotation and remains open during periods of
      nonrotation. In addition, this circuitry does not appear to be adaptable
      for use with other toys, such as a tossing disc, a spinning top, a
      football, a spherical ball, a baton, a hula hoop, a bicycle wheel, etc.
      where it is desired that the object be illuminated in a continuous manner
      during rotation and it is further desired that there be no illumination
      and no drain on the battery during periods of nonrotation.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an object
      which generates a signal only when in rotation and when in rotation
      generates a continuous signal.
PAR  It is a further object of the present invention to illuminate a tossing
      disc, a spinning top, a football, a spherical ball, a baton, a hula hoop,
      a bicycle wheel, etc. while in rotation but to prevent drain on the power
      source during periods of nonrotation.
PAR  It is yet a further object of the present invention to provide circuitry
      for achieving this end wherein the centrifugal actuated switches are
      mercury switches, rolling ball switches, sliding object switches, etc.
PAR  A further object of the present invention is to provide the object with a
      centrifugally actuated visual signal.
PAR  It is a further object of the present invention to provide the object with
      a centrifugally actuated audio signal.
PAR  It is a further object of the present invention to provide an explosive
      firework wherein a detonation signal is generated after a predetermined
      rotational speed is attained.
PAR  It is a further object of the present invention to dispose the object so
      that it may be rotated by wind.
PAR  It is a further object of the present invention to dispose the object so
      that it may be rotated by movement in water.
PAR  It is a further object of the present invention to dispose the object so
      that it may be manually rotated.
PAR  It is a further object of the present invention to provide the object with
      first and second signal generating means so that, for example,
      illumination and sound may be simultaneously provided.
PAR  It is a further object of the present invention to provide centrifugally
      actuated signal generating means for an object having two pairs of
      switches whereby the first pair may be actuated upon rotation about the
      X-axis, the second pair may be actuated upon rotation about the Y-axis,
      and both pairs may be actuated upon rotation about the Z-axis.
PAR  It is a further object of the present invention to provide an object which
      generates a signal only when in rotation irrespective of the rest position
      of the object.
PAR  Other objectives will appear hereinafter.
PAR  These and other objectives are achieved by an object which generates a
      signal only when in rotation and when in rotation generates a continuous
      signal comprising a support structure, circuitry mounted to said support
      structure comprising a power source, a first switch which assumes its on
      position in response to centrifugal force, a second switch which assumes
      its on position in response to centrifugal force, means for generating a
      signal, means connecting said power source, said first switch, said second
      switch and said means for generating a signal in series, said first switch
      being mounted to said support structure so that it is in its on position
      when said support structure is in rotation, said second switch being
      mounted to said support structure so that it is in its on position when
      said support structure is in rotation and so that it is in its off
      position when said support structure is not in rotation and when said
      first switch is in its on position due to gravity rather than to rotation,
      whereby said means for generating a signal is actuated only when said
      support structure is in rotation and whereby when said support structure
      is in rotation said means for generating a signal is actuated continuously
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objectives, features and attendant advantages of this
      invention will be more fully appreciated as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a view of the one circuit embodiment of the present invention in
      its rest position.
PAR  FIG. 2 is a view of the one circuit embodiment of the present invention in
      rotation.
PAR  FIG. 3 is a circuit diagram of the one circuit embodiment of the present
      invention showing the use of one light bulb.
PAR  FIG. 4 is a circuit diagram of the one circuit embodiment of the present
      invention showing the use of a plurality of light bulbs.
PAR  FIG. 5 is a view of the two circuit embodiment of the present invention in
      its rest position.
PAR  FIG. 6 is a view of the two circuit embodiment of the present invention in
      rotation about the X-axis.
PAR  FIG. 7 is a view of the two circuit embodiment of the present invention in
      rotation about the Y-axis.
PAR  FIG. 8 is a view of the two circuit embodiment of the present invention in
      rotation about the Z-axis.
PAR  FIG. 9 is a circuit diagram of the two circuit embodiment of the present
      invention.
PAR  FIG. 10 is a view of a rolling ball switch in its rest position.
PAR  FIG. 11 is a view of a rolling ball switch in its dynamic position.
PAR  FIG. 12 is a view of a sliding member switch in its rest position.
PAR  FIG. 13 is a view of a sliding member switch in its dynamic position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following is an explanation of the present invention with respect to
      the preferred embodiments illustrated in the drawings wherein like
      numerals designate like elements.
PAR  As indicated above, one of the objects of the present invention is to
      provide an object such as a toy with circuitry which will provide
      continuous illumination during rotation but which will provide no
      illumination and therefore no drain on the power source during periods of
      nonrotation. As also mentioned above, it is desirable that no illumination
      be provided and therefore no drain on the power source regardless of the
      resting position of the object to be illuminated.
PAR  FIG. 1 shows a baton provided with circuitry of the instant invention so
      that it will be illuminated when rotated but will not be illuminated and
      will not drain the power source when not in rotation regardless of its
      rest position. As shown in FIG. 1, baton 12 is equipped with mercury
      switches 14 and 16. Mercury switch 14 is comprised of container a,
      electrically conductive mercury b and contacts c and d. As shown in FIG.
      1, the mercury in switch 14 is drawn to the bottom of container a by
      gravity with the result that contacts c and d are not bridged by the
      mercury causing an electrical open circuit. Mercury switch 16, on the
      other hand, has the mercury drawn to the bottom of the container by force
      of gravity with the result that the contacts are bridged by the
      electrically conductive mercury. However, as will be seen with reference
      to FIGS. 3 and 4, both switches 14 and 16 have to be actuated before
      illumination is provided.
PAR  FIG. 2 shows baton 12 in rotation about the X-axis causing the mercury and
      mercury switches 14 and 16 to bridge the contacts in each switch. This is
      because the centrifugal force generated by the rotation causes the mercury
      in switch 14 to bridge the contacts of the mercury switch. As mentioned
      above, when both mercury switches 14 and 16 are in their on position,
      illumination is provided to baton 12.
PAR  FIG. 3 is a circuit diagram of circuitry utilized with baton 12 as shown in
      FIG. 2. As shown in FIG. 3, the circuit consists of power source 18 which
      may be a small d.c. battery connected in series with switches 14 and 16
      and illumination means such as light bulb 20. Because of the series
      arrangement, light bulb 20 will not be illuminated when only one of the
      switches 14 and 16 is in its on position such as its rest position shown
      in FIG. 1. Only when both switches are in their on positions such as shown
      in FIG. 2 will light bulb 20 be illuminated.
PAR  FIG. 4 shows a modification of the circuitry of FIG. 3 wherein a light bulb
      22 is disposed in parallel with light bulb 20 to permit the use of a
      plurality of illumination means.
PAR  It should be noted at this point that the present invention includes not
      only the use of illumination means actuated by centrifugal force but also
      other means such as audio generating means, means to impart subsequential
      motion, etc.
PAR  The one circuit embodiment shown in FIGS. 1 and 2 is quite suitable where
      rotation is expected about only two of the possible three axes. For
      example, in FIGS. 1 and 2, switches 14 and 16 will assume their on
      positions if there is rotation about the X-axis or the Z-axis. Rotation
      about the Y-axis will not cause switch 14 to be disposed in its on
      position with the result that baton 12 will not be illuminated. However,
      use of baton 12 is not expected to result in rotation about the Y-axis
      with the result that this contingency need not be provided for.
PAR  Other objects which have expected rotation about no more than two of the
      three axes for which the one circuit embodiment of the present invention
      is suitable are a tossing disc, a spinning top, a hula hoop and a bicycle
      wheel. Clearly, the scope of the present invention includes other such
      objects wherein expected rotation is about one or two but not three axes.
PAR  The two circuit embodiment of the present invention is suitable for objects
      wherein rotation may be about any one of the three axes. Such an object
      may be a spherical ball, another such object may be a football which can
      be "spiralled" about its longitudinal axis or which may be rotated end
      over end about either of the other two axes.
PAR  FIG. 5 shows a spherical ball 24 equipped with the circuitry of the present
      invention. Mercury switches 26, 28, 30 and 32 are provided. Illumination
      will be provided for ball 24 whenever switches 26 and 30 are in their on
      positions or whenever switches 28 and 32 are in their on positions. FIG. 5
      shows ball 24 in its rest position wherein only switch 32 is in its on
      position due to the force of gravity. Since the force of gravity causes
      switch 28 to be in its off position, as well as switches 26 and 30 to be
      in their off positions, no illumination and therefore no drain on the
      power source occurs when ball 24 is in its rest position.
PAR  FIG. 6 shows ball 24 when in rotation about the X-axis. Centrifugal force
      caused by rotation about the X-axis causes switches 28 and 32 to assume
      their on positions causing illumination of ball 24.
PAR  FIG. 7 shows ball 24 when in rotation about Y-axis. Rotation about the
      Y-axis causes switches 26 and 30 to assume their on positions causing
      illumination of the ball 24.
PAR  FIG. 8 shows ball 24 when in rotation about the Z-axis. Centrifugal force
      caused by rotation about the Z-axis causes switches 26 and 30 as well as
      switches 28 and 32 to assume their on positions resulting in illumination
      of ball 24.
PAR  FIG. 9 illustrates the circuitry of the two circuit embodiment of the
      present invention. As shown in FIG. 9, the circuit includes power source
      34 which may be a small d.c. battery which is connected to light bulb 36
      through two parallel paths consisting of switches 26 and 30 and switches
      28 and 32. As is evident from the circuitry, switches 26 and 30 or
      switches 28 and 32 must be in their on positions in order to provide
      illumination of light bulb 36.
PAR  As noted above, the scope of the present invention is not restricted to
      illumination means but covers the generation of any signal. Another signal
      which could be utilized would be an audio signal or a motion signal. It is
      also within the scope of the present invention to provide for the
      generation of more than one signal. For example, both sound and light
      could be generated at the same time.
PAR  Although the one circuit and two circuit embodiments of the present
      invention described above have been illustrated in conjunction with
      mercury switches, it is clear that other switches responsive to
      centrifugal force may be utilized.
PAR  FIG. 10 shows a rolling ball switch which may be used in either the one
      circuit embodiment or two circuit embodiment of the present invention. As
      shown in FIG. 10, rolling ball switch 38 consists of electrically
      conductive contacts 40 and 44 which are respectively connected to
      electrical lead wires 48 and 50. Contact 40 is insulated from electrically
      conductive material 44 by nonconductive material 42. FIG. 10 shows switch
      38 in its rest position wherein conductive ball 46 does not bridge the gap
      between contacts 40 and 44 causing an open electrical circuit.
PAR  FIG. 11 shows rolling ball switch 38 in its dynamic position when under the
      influence of centrifugal force shown in the direction of the arrow. This
      causes conductive ball 46 to abut contact 40 and thereby bridge the gap
      between contacts 40 and 44 permitting electrical current to flow between
      electrical lead wires 48 and 50.
PAR  FIG. 12 shows sliding member switch 52 which may also be utilized in either
      the one circuit or two circuit embodiments of the present invention. As
      shown in FIG. 12, sliding member switch 52 consists of electrical contact
      54 and electrically conductive material 58 to which electrical lead wires
      62 and 64 are respectively attached. Contact 54 is insulated from
      electrically conductive material 58 by nonconductive material 60. FIG. 12
      shows sliding member switch 52 at its rest position wherein sliding member
      56 does not bridge the gap between contact 54 and electrically conductive
      material 58 causing an open electrical circuit between electrical lead
      wires 62 and 64.
PAR  FIG. 13 shows sliding member switch 52 in its dynamic position caused by
      centrifugal force in the direction indicated by the arrow. The centrifugal
      force causes conductive member 56 to abut contact 54 and to contact
      conductive material 58 to bridge the gap between contact 54 and
      electrically conductive material 58 causing a closed circuit between
      electrical lead wires 62 and 64.
PAR  Although the present invention has been described with reference to the
      illumination of toys during rotation, other applications are also
      contemplated and are believed to be within the scope of the present
      invention. For example, the problems encountered with the detonation of
      fireworks and other hurled explosives may be overcome by utilizing the
      circuitry of the present invention which could cause detonation of a
      firework only after it had attained a certain rotational velocity and
      duration thereafter which would mean that it would be a certain safe
      distance from the person throwing the firework or explosive.
PAR  The circuitry of the present invention also could be utilized to provide a
      warning if certain conditions were exceeded. Thus, circuitry of the
      present invention could be utilized in conjunction with a weather vane to
      indicate when wind velocity exceeded a certain predetermined limit. The
      switches used in the present invention could be of such a design that they
      would be actuated only upon attainment of a certain rotational velocity
      which would correspond to this predetermined wind speed limit.
PAR  The circuitry of the present invention can also be utilized to illuminate a
      boat when in motion by using a water wheel type arrangement which causes
      rotation only when the boat is moved through the water.
PAR  Although applicant has not specifically set forth the manner of mounting
      the switches of the circuitry of the present invention to the object to be
      rotated. it is clear that various mountings may be utilized. For example,
      with reference to the baton shown in FIG. 1, the switches could be
      connected by a bar which would maintain the fixed relationship between
      switches 14 and 16 or, alternatively, switches 14 and 16 could be
      separately mounted at ends of the baton. Similarly, with respect to the
      ball shown in FIG. 4, a bar can connect switches 28 and 32 and another bar
      can connect switches 26 and 30 and the two bars may be joined at their
      center in order to maintain their switches in their respective positions.
      Alternatively, switches 26, 28, 30 and 32 may be othewise attached to
      sphere 24 by adhesives, rivets, et.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit and scope of the appended claims
     .
CLMS
STM  What is claimed as new and desired to be secured by Letter Patent of the
      United States is:
NUM  1.
PAR  1. An object which generates a signal only when in rotation and when in
      rotation generates a continuous signal comprising:
PA1  a support structure,
PA1  circuitry mounted to said support structure comprising a power source,
PA1  switch means including a first switch which can assume its ON position in
      response to centrifugal force,
PA1  said switch means further including a second switch which assumes its ON
      position in response to centrifugal force,
PA1  means for generating a signal,
PA1  means connecting electrically in series said power source, said first
      switch, said second switch and said means for generating a signal,
PA1  said first switch being mounted to said support structure in a position
      such that it is in its ON position as a result of centrifugal force
      generated when said support structure is in rotation about a given axis,
PA1  said second switch being mounted to said support structure in a position
      such that it is in its ON position as a result of centrifugal force
      generated when said support structure is in rotation about said axis and
      so that it is in its OFF position when said support structure is not in
      rotation and when said first switch is in its ON position due to gravity
      rather than to rotation,
PA1  whereby said means for generating a signal is actuated only when said
      support structure is in rotation and whereby when said support structure
      is in rotation said means for generating a signal is actuated
      continuously,
PA1  said switch means further including a third switch and a fourth switch
      which can assume their ON positions in response to centrifugal rotation,
      means connecting said third and fourth switches in series with a power
      source and a signal generating means, said switches being mounted in
      positions in said support structure whereby rotation of said object about
      its X-axis causes said first and second switches to assume their ON
      positions, rotation of said object about its Y-axis causes said third and
      fourth switches to assume their ON positions and rotation of said object
      about its Z-axis causes said first, second, third and fourth switches to
      assume their ON positions.
NUM  2.
PAR  2. An object in accordance with claim 1 wherein said first and second
      switches are mercury switches.
NUM  3.
PAR  3. An object in accordance with claim 1 wherein said first and second
      switches are rolling ball switches.
NUM  4.
PAR  4. An object in accordance with claim 1 wherein said first and second
      switches are sliding member switches.
NUM  5.
PAR  5. An object in accordance with claim 1 wherein said means for generating a
      signal generates a visual signal.
NUM  6.
PAR  6. An object in accordance with claim 1 wherein said means for generating a
      signal generates an audio signal.
NUM  7.
PAR  7. An object in accordance with claim 1 wherein said object is a football.
NUM  8.
PAR  8. An object in accordance with claim 1 wherein said object is a spherical
      ball.
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ABST
PAL  Apparatus for destroying selected plants by the application of electricity
      thereto. A source of high-voltage electrical current is mounted on a
      moveable platform, and a grounding wheel or the like is provided for
      insuring safety of the apparatus by grounding various electrical source
      components. A conductive tip portion of a non-conductive staff member may
      be connected to the source of current by a cord, and an operator
      controlled switch in a secondary control circuit is mounted on the staff
      member. The switch is normally open so that the conductive tip portion
      will not be energized should the operator release his grip on the staff
      member. By actuating the switch and bringing the tip portion into mere
      touching engagement with a plant stem, plant destruction may be effected.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The invention relates in general to apparatus for killing weeds and
      thinning crops, and in particular to apparatus for facilitating selective
      application of an electrical current to individual plants to be killed.
      Some prior art proposals have suggested the selective application of
      electricity to plants to be killed by utilizing a hand-held device,
      however for various reasons such proposals have not been commercially
      successfull. U.S. Pat. No. 1,661,030 for example suggests the use of a
      conductive knife blade on an elongated pole, attached to an AC electrical
      source with grounding poles, for facilitating plant destruction by cutting
      and supplying a current thereto. Such a device is impractical to operate
      and unsafe, however, since it does not allow an operator complete freedom
      of movement and requires an operator to handle a member that is
      continuously charged, and requires the operator to perform a cutting
      motion.
PAR  According to the present invention, apparatus is provided for allowing
      selective destruction of plants without the safety hazards present in
      prior art devices, and with complete freedom of movement. A source of
      high-voltage, high-amperage electrical current (AC or DC) is mounted on a
      vehicle adapted to traverse a field where weeds are to be killed and/or
      crops to be thinned. Electrically connected with the current source are
      one or more members adapted to be held by an operator and for selectively
      applying current from said source to a plant to be destroyed. The member
      includes a "stick" portion of non-conductive material, and a tip portion
      of conductive material. An operator controlled switch is mounted on the
      stick portion for selectively making and breaking the electrical path
      between the current source and the conductive tip portion. The switch is
      in a low-voltage secondary control circuit for controlling the
      high-voltage circuit. Ground contact for the vehicle on which the current
      source is mounted is provided by a sharpened wheel or chain or the like
      which provides ground contact as the vehicle is moving and does not
      require the operator to remove and reinsert grounding poles from and into
      the ground when it is necessary to change the range of the device. Plant
      destruction is effected by merely bringing the conductive tip portion into
      contact with a plant. Safety interlock means for the electrical equipment
      may also be provided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of exemplary apparatus according to the
      invention in use;
PAR  FIG. 2 is a diagrammatic view of exemplary circuitry that may be employed;
PAR  FIGS. 3a and 3b are modifications of grounding means that may be used with
      the apparatus of FIGS. 1 and 2; and
PAR  FIG. 4 is a view partly in section and partly in elevation of an electrode
      for facilitating the killing of perennials that may be utilized with the
      apparatus of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Apparatus for supplying electrical current for killing plants is shown
      generally at 12 in FIG. 1. This apparatus may include a wheeled platform
      14 or the like mounting a generator 16, a transformer 18, a capacitor 20,
      or other suitable equipment for generating a high-voltage, high-amperage
      electrical current, and a control box 21 for making-and-breaking a
      high-voltage line 33 of the assembly. The current to be generated may be
      either AC or DC, depending upon the equipment that is most readily
      available. At the end of the control box 21 is an electrical connection 22
      or the like for facilitating a readily detachable connection of a power
      transmitting cable 32 to the assembly 12.
PAR  Ground for the electrical equipment mounted on the platform 14 may be
      provided by a sharpened wheel 25 of conductive material, electrically
      connected to the generator and transformer as shown in FIG. 2. The
      vertical position of the safety ground wheel 25 can be adjusted by any
      suitable manual or automatic raising and lowering means, such as hydraulic
      cylinder 27. Other suitable grounding devices could also be provided as
      long as they provide continuous grounding of the electrical equipment
      during movement of the platform without requiring the device to be stopped
      to remove and re-insert grounds. Examples of other suitable grounding
      means are shown in FIGS. 3a and 3b, wherein 25' comprises a simple heavy
      conductive chain and 25" comprises a mesh of chains. Care must be taken,
      of course, to insure that while good ground contact is provided, the
      grounding means will not be so large and cumbersome that it will be
      impossible to avoid the killing of desired plants therewith while the
      platform 14 is powered along its path of movement.
PAR  The platform 14 may be powered by any suitable means such as a
      self-contained motor assembly, or a separate towing vehicle such as
      tractor 29. Likewise the generator 16 may be powered by a power takeoff
      from the engine of tractor 29, or by a separate motor assembly.
PAR  Apparatus according to the invention for selectively applying electrical
      current from the electrical assembly 12 to plants to be killed is shown
      generally at 30 in the drawings. This apparatus 30 includes a high-voltage
      wire 33 passing through an insulated cable 32 connected from connection 22
      to a conductive plant engaging member 34. The plant engaging member may be
      of any suitable construction which will allow contact with a plant B. As
      shown in the drawings, the member 34 is in the shape of a half-circle,
      which allows precise positioning of the current supplying portion while
      providing a sufficiently large area of contact. No cutting edge on the
      member 34 is required since mere contact with a plant stem therewith will
      result in plant destruction.
PAR  The conductive member 34 is formed as a tip portion on a tubular staff 36
      or the like formed of non-conductive material and adapted to be grasped
      and manipulated by an operator as shown in FIG. 1. A switch assembly,
      shown generally at 38, is interposed in a secondary low-voltage control
      circuit 31 to selectively make-and-break the connection between the
      assembly 12 and the member 34 in control box 21. Any suitable control
      means can be provided to interrupt high-voltage line 33 in control box 21,
      such as a normally open bridging contact 28 operated by solenoid 35 in
      low-voltage circuit 31, and powered by any emf source 37 (such as a 24
      volt battery). The leads of circuit 31 are also passed through cable 32 to
      the assembly 30. The control box 21 may be located in any suitable spot
      within high-voltage circuit 33, such as between the generator 16 and
      transformer 18 as shown in FIG. 2. It will be seen that the provision of a
      low-voltage control circuit 31 means that the operator will always be
      removed from the high-voltage circuit, and that a suitable small switch
      assembly 38 may be incorporated in the hand-held device 36.
PAR  Any suitable manually operated electrical switch 38 may be utilized,
      however, as shown in the drawings it is preferred to use a switch that is
      normally open so that should the operator ever accidently drop the staff
      36, the member 34 cannot be energized, and subsequent potential damage to
      desirable plants or to the operator will be avoided.
PAR  As shown in FIG. 2 the switch 38 may comprise a movable contact 40 adapted
      to be moved into engagement with a stationary contact 42, or a bridging
      contact may be provided. A non-conductive pushbutton operator 44 or the
      like is operatively connected to the movable contact 40 for selectively
      bringing it into engagement with the contact 42 against the bias of the
      spring 46 to complete the current path in circuit 31 from emf source 31 to
      coil 35. Of course other operating means could be provided, such as a
      toggle or slide operator (although a pushbutton is preferred because of
      durability and the ease of providing a normally open bias therewith), and
      releaseable latching means could also be provided to allow for
      maintainence of the swtich contacts 40, 42 in their engaged position.
PAR  A device that may be used where the plants to be killed are perennials with
      extensive root systems, such as Johnson grass, is the electrode 50 shown
      in FIG. 4. This electrode simply comprises a non-conductive portion 52
      adapted to extend out of the ground, and a conductive tapered tip portion
      54 approximately 6-10 inches in length adapted to be inserted into the
      ground in contact with the root system of a plant B to be killed. When
      used in conjunction with the member 30, the electrode 50 assists drawing
      of the current down through the extensive root system of the plant B to
      facilitate destruction thereof. For most plants, however, such a device is
      not needed as the member 30 will supply sufficient current to kill the
      target plant by mere touching of the plant stem with the portion 34.
PAR  To provide for further safety in operating the apparatus according to the
      invention, a plurality of electrical interlocks may be provided for the
      assembly 12. These interlocks may include means responsive to the position
      of a cover for the transformer 18 or generator 16, means responsive to a
      good ground contact provided by the wheel 25 (or chains 25' and 25"), or a
      vehicle speed responsive means. Such means are shown schematically in the
      electrical circuitry at 60 in the drawings, and may be of any suitable
      form for interrupting the supply of electricity to the assembly 30 under
      particular conditions.
PAR  Although the apparatus has been described with reference to only one
      electrical outlet 22 and one assembly 30, a plurality of such means may be
      provided so that more than one operator may be killing plants at the same
      time with the same generating equipment.
PAR  The invention now having been set forth, a typical operation thereof will
      now be described: A cable 32 of a member 30 containing leads for
      low-voltage circuit 31 and high-voltage circuit 33 is attached to
      electrical connection 22 of control box 21 of electrical assembly 12, and
      platform 14 is moved out into a field where weeds are to be killed or
      crops are to be thinned. As the platform moves along in the field,
      continuous electrical ground connection is provided for the assembly 12 by
      grounding wheel 25 or the like. An operator holding staff 36 of member 30
      is free to roam around the field to the extent of the cord 32 length away
      from the platform 14 and selectively bring the conductive tip portion 34
      of member 30 into engagement with plants that it is desired to kill. No
      cutting action is required. The pushbutton 44 of switch 38 is depressed
      when contact is made with a plant B whereby contactor 28 is closed and
      electrical current is transferred from the assembly 12 through
      high-voltage line 33 through the plant B to the root system, in order to
      insure destruction of the root system as well as the stem and leaves of
      the plant, an electrode 50 or the like is inserted into the ground in
      proximate engagement with the root system of the plant B. The electrode 50
      may be removed as soon as the current is passed through the plant.
PAR  While the invention has been herein shown and described for use in
      weed-killing and crop-thinning, it will also be appreciated that it may be
      used for defoliation of crops. It has been demonstrated that with certain
      plants (i.e. the legume, Sesbania exahata L.) by using a lesser current
      than is necessary for the killing of the plant, defoliation will be
      induced within 14 days after treatment.
PAR  It will thus be seen that apparatus, including a plant engaging member, has
      been herein disclosed and described that provides for ready destruction of
      selected plants with complete freedom of movement by an operator while
      complete safety of the operator is insured, and that does not require a
      cutting movement of the plant engaging member by the operator. While the
      invention has been herein shown and described in what is presently
      conceived to be the most practical and preferred embodiment, it will be
      obvious to one of ordinary skill in the art that many modifications may be
      made thereof within the scope of the invention, which scope is not to be
      limited except by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for selectively destroying plants by the application of
      electrical current thereto, comprising
PA1  a. a source of high-voltage electrical current,
PA1  b. movable means for mounting said source of electrical current for
      movement,
PA1  c. safety grounding means for providing continuous grounding of said source
      of electrical current during movement thereof, said grounding means
      comprising a sharpened electrically conductive wheel attached to said
      movable means, and means being provided for selectively moving said wheel
      into and out of ground engagement,
PA1  d. means for transferring electrical current from said source to selective
      plants to be destroyed, said means including (i) a non-conductive staff
      member adapted to be grasped by an operator, (ii) a single semi-circularly
      shaped dull-edged conductive member operatively attached to said staff
      member and adapted to be brought into engagement with plants to be
      destroyed, (iii) a high-voltage circuit adapted to connect said conductive
      member to said source of electrical current, (iv) a normally spring-biased
      open first electrical switch interposed in said high-voltage circuit, (v)
      means for selectively closing said first electrical switch against said
      spring bias, said means including a low-voltage control circuit and a
      spring-biased open sound electrical switch disposed in said low voltage
      control circuit, said second electric switch having an actuator mounted on
      said non-conductive staff member.
NUM  2.
PAR  2. Apparatus as recited in claim 1 further comprising an electrode having a
      non-conductive portion and a conductive portion adapted to be inserted
      into the ground proximate to a plant root system to facilitate passage of
      electrical current from said electrical current transferring means
      conductive member through the plant root system.
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ABST
PAL  A modular planter panel system comprising a plurality of substantially
      identical modules forms decorative room dividers, partitions, or the like,
      by utilizing climbing plants such as ivy or vines. Each module
      substantially comprises: a frame; a planter box fixedly attached to the
      bottom portion of the frame and including the climbing plant; and
      relatively flexible means connecting associated portions of the frame for
      supporting the growing portions of the plant. Further means are included
      for supporting the module from the ceiling, from a horizontal overhead
      track, from a wall, or on the floor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to space defining or dividing means and in
      particular to a modular panel system utilizing climbing plants.
PAC  BACKGROUND OF THE INVENTION
PAR  The use of ivy, vines or other similar climbing plants to enclose porches
      and balconies and to form decorative walls is common. This use, however,
      has so far been limited to fixed locations since climbing plants need the
      support of an associated permanent structure. As a result thereof, it
      would be impractical, for example, for an apartment dweller to use
      climbing plants for such decorative purposes, because such person would
      have to leave the plants behind when he moves. Further, while decorative
      climbing plant partitions would be ideally suitable for enclosing a
      sidewalk cafe or restaurant on a city street, such has not been the case
      because of the absence of movable portable climbing plant partitions.
      Similar reasoning applies in the case of offices, lobbies, and other
      locations where permanent arrangements are not always acceptable. In
      summary, the use of climbing plants to form partitions, etc., heretofore
      has been in conjunction with neither portable nor movable associated
      support structures.
PAR  Objects of the present invention are therefore to provide:
PA1  A modular panel system for use in conjunction with climbing plants;
PA1  A panel module which is readily movable, portable and transportable
      together with its associated climbing plants;
PA1  A planter panel module which can be used individually with its associated
      climbing plants; and
PA1  A planter panel system comprising a plurality of substantially identical
      associated modules to form extended curtains, partitions, walls, room
      dividers, or the like.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a modular planter panel system
      comprising a plurality of substantially identical modules forms decorative
      room dividers, partitions, or the like, by utilizing climbing plants such
      as ivy or vines. Each module substantially comprises: a frame; a planter
      box fixedly attached to the bottom portion of the frame and including the
      climbing plant; and relatively flexible means connecting associated
      portions of the frame for supporting the growing portions of the plant
      within the interior of the frame. Each frame includes: top and bottom
      members; and at least one vertical member for rigidly connecting the top
      and bottom members, the planter box being fixedly attached to the bottom
      member.
PAR  According to the present invention, each module can be supported: from the
      ceiling by means such as eyebolts which are fixedly attached to the top
      member; from an associated horizontal overhead track by means such as
      roller carriers which are also fixedly attached to the top member; from a
      wall by means such as brackets which are fixedly attached to the vertical
      members; or on the floor by means such as bases which are fixedly attached
      to the bottom member.
PAR  Features of the present invention are therefore that:
PA1  modules can be used individually or in combination to form a planter panel
      system;
PA1  modules can be supported from the ceiling, associated horizontal overhead
      tracks, a wall, or on the floor; and
PA1  modules can be interlocked and be supported on the floor without the need
      for separate support means.
PAR  Advantages of the present invention are therefore that:
PA1  an individual module or a planter panel system including the associated
      climbing plants can be easily moved and transported;
PA1  changeable configurations can be had without having to separate the
      climbing plants from their associated modules;
PA1  module supporting means such as eyebolts, roller carriers, brackets, or
      bases can be utilized;
PA1  the modular structure allows for the construction of varying sized units;
PA1  climbing plants can be used in normally dark areas and can be periodically
      moved into light areas when necessary;
PA1  the modular construction allows for the interchangeability of module
      supporting means such as eyebolts, roller carriers, brackets, and bases
      between modules;
PA1  the modular construction allows for easy assembly and disassembly of the
      planter panel system; and
PAR  individual modules or complete planter panel systems can be shipped
      disassembled and thereafter can be easily assembled by the purchaser.
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PAC  DESCRIPTION OF THE DRAWING
PAR  Other objects, features and advantages of the present invention can be
      better appreciated by consideration of the following detailed description
      and the drawing in which:
PAR  FIGS. 1A and 1B are front and end cross-sectional views, respectively, of a
      first illustrative embodiment of a planter panel module according to the
      present invention;
PAR  FIGS. 2A and 2B are front and end cross-sectional views, respectively, of a
      second illustrative embodiment of a planter panel module;
PAR  FIGS. 3A and 3B are front and end cross-sectional views, respectively, of a
      third illustrative embodiment of a planter panel module, while FIG. 3C is
      illustrative of the connection between the horizontal and vertical members
      thereof;
PAR  FIGS. 4A and 4B are front and end cross-sectional views, respectively, of a
      fourth illustrative embodiment of a planter panel module, while FIGS. 4C
      and 4D are illustrative of the connection between the horizontal and
      vertical members thereof;
PAR  FIGS. 5A and 5B are top and end cross-sectional views, respectively, of a
      wall bracket used to support a planter panel module according to the
      present invention;
PAR  FIGS. 6A and 6B are partial plan and partial end cross-sectional views of a
      base used to support the second and third module types, while FIG. 6C is a
      partial end cross-sectional view of a base used to support the first
      module type;
PAR  FIG. 7 is illustrative of a modular planter panel system supported by
      roller carriers;
PAR  FIG. 8 is illustrative of a modular planter panel system supported by
      bases; and
PAR  FIG. 9 is illustrative of a modular planter panel system supported by
      eyebolts.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIGS. 1A and 1B are front and end cross-sectional views, respectively, of a
      first illustrative embodiment of a planter panel module according to the
      present invention. Module 100 substantially comrises frame 110, planter
      box 120, and relatively flexible plant supporting means 117a and 117b.
      Frame 110 includes bent top member 113, straight vertical side members
      114, and a bottom member further including bent member 111 and straight
      horizontal member 112. Each member is advantageously made of round tubular
      steel, aluminum or plastic. Bent member 111 is fixedly attached to
      straight horizontal member 112. Member interconnection sleeves 115a are
      fixedly attached to member 111 while sleeves 115b are fixedly attached to
      member 113. Vertical members 114 are connected to bent members 111 and 113
      by sliding them over pre-exposed portions 116a and 116b of sleeves 115a
      and 115b and by thereafter appropriately inserting pins or screws through
      the sleeves to form a rigid frame. Various lengths of the members can be
      used in conjunction with all other standard components to effect
      construction of modules having different configurations.
PAR  Relatively flexible plant supporting means 117a and 117b such as wires,
      strings, cables, small rods, or a grill network are appropriately fastened
      to members 112, 113, and 114 of frame 110 in either the vertical and/or
      horizontal directions as desired for supporting the associated climbing
      plants, not shown.
PAR  Planter box 120 is fastened at its ends to bent member 111 by utilizing
      appropriate mechanical fastening means such as screws at locations 124.
      Box 120 is advantageously made of either plastic or metal. In this
      embodiment, outside shell 121 and inside shell 122 of box 120 are fastened
      together along their common top edges so as to provide a space for water
      between the two shells. Inside shell 122 includes holes near its top edge
      for allowing necessary evaporation of the water. Inside shell 122 includes
      therein soil 123 for growing the climbing plants, not shown.
      Alternatively, a single outside shell can be used, proper drainage being
      accomplished by placing porous material, not shown, underneath soil 123.
PAR  Module 100 can be supported from the ceiling, an associated horizontal
      track, a wall or on the floor. For example, eyebolts 10 can be attached to
      bent member 113 for supporting module 100 from the ceiling. Further,
      roller carriers 20 can also be attached to bent member 113 for supporting
      module 100 from an associated horizontal track while allowing for
      horizontal motion of the module. Finally, brackets 30 can be attached to
      vertical members 114 while bases 70 can be attached to bent member 111 for
      respectively supporting module 100 from a wall or on the floor. Any such
      supporting method can of course be adaptable to module 100 as desired.
      These module supporting means and their respective uses are more
      specifically described with reference to FIGS. 5 through 9.
PAR  FIGS. 2A and 2B are front and end cross-sectional views, respectively, of a
      second illustrative embodiment of a planter panel module. In this case,
      module 200 substantially comprises frame 210, planter box 220, and
      relatively flexible plant supporting means 219a and 219b. Frame 210
      includes: straight horizontal top member 213; straight vertical side
      members 215; and a bottom member further including straight horizontal
      members 211 and 212 and straight vertical members 214. Again, each member
      is advantageously made of steel, aluminum or plastic. Horizontal members
      211 and 212 are fixedly attached to vertical members 214. Member
      inter-connection sleeves 217 are fixedly attached to the top ends of
      vertical members 214 while right angle inter-connection sleeves 216 are
      fixedly attached to the ends of horizontal member 213. Vertical members
      215 are connected to members 213 and 214 by sliding them over pre-exposed
      portions 218a and 218b of sleeves 217 and 216 and by thereafter
      appropriately inserting pins or screws through the sleeves to form a rigid
      frame. Again, various lengths of the members can be used in conjunction
      with all other standard components to effect construction of modules
      having different configurations.
PAR  Relatively flexible plant supporting means 219a and 219b such as wires,
      strings, cables, small rods, or a grill network are appropriately fastened
      to members 212, 213, and 215 of frame 210 in either the vertical and/or
      horizontal directions as desired for supporting the associated climbing
      plants, not shown.
PAR  Planter box 220, including outside shell 221 and inside shell 222, is
      fastened to frame 210 at locations 224 and is identical to planter box
      120, except that outside shell 221 is rectangular. Soil 223 is located
      within inside shell 222.
PAR  Again, module 200 may have associated supporting means such as eyebolts 10,
      roller carriers 20, brackets 30, or bases 40.
PAR  FIGS. 3A and 3B are front and end cross-sectional views, respectively, of a
      third illustrative embodiment of a planter panel module, while FIG. 3C is
      illustrative of the connection between the horizontal and vertical members
      thereof. In this case, module 300 substantially comprises frame 310,
      planter box 320, and relatively flexible plant supporting means 315. Frame
      310 includes straight horizontal top members 311a and 321a, straight
      vertical interior members 313; and straight horizontal bottom members 311b
      and 312b. Each member is, of of course, advantageously made of steel,
      aluminum, or plastic. Round tubular inter-connection sleeves 314 are
      inserted through holes on the sides of members 313 and rigidly fastened to
      the ends thereof. Members 312a and 312b are fixedly attached to associated
      sleeves 314 while members 311a 311b are connected to members 313 by
      sliding them over the pre-exposed portions of sleeves 314 and thereafter
      appropriately inserting pins or screws through the sleeves such as at
      locations 316 to form a rigid frame. See FIG. 3C.
PAR  Again, relatively flexible plant supporting means 315 such as vertical
      wires, strings, cables or small rods are appropriately fastened to members
      311a, 311b, 312a, and 312b of frame 310 for supporting the associated
      climbing plants, again not shown. The relatively flexible plant supporting
      means can also be run in the horizontal direction, if desired.
PAR  In this embodiment, inside shell 322 of planter box 320 has holes at its
      bottom for drainage of water and small holes near its top edge for
      evaporation. Both inside shell 322 and outside shell 321 have sleeves
      which fit around vertical members 313. Planter box 320 is connected to
      vertical members 313 by bolting the sleeves of inside shell 322 to members
      313 with bolts such as at location 324. Inside shell is filled with soil
      323 for growing the climbing plants. Alternatively, a single outside shell
      with sleeves can be used and appropriate drainage can be accomplished by
      placing porous material, not shown, underneath soil 323.
PAR  Again, module 300 may have associated supporting means such as eyebolts 10,
      roller carriers 20, brackets 30, or bases 40 as mentioned hereinbefore.
      Also, various lengths of the members can be used in conjuction with all
      other standard components to effect construction of modules having
      different configurations.
PAR  FIGS. 4A and 4B are front and end cross-sectional views, respectively, of a
      fourth illustrative embodiment of a planter panel module, while FIGS. 4C
      and 4D are illustrative of the connection between the horizontal and
      vertical members thereof. In this case, module 400 substantially comprises
      frame 410, planter box 420, and relatively flexible plant supporting means
      416a,b. Frame 410 includes: a top member further including associated
      straight horizontal members 412 and 413; two side members each including
      straight vertical outer member 414 and straight vertical inner member 415;
      and straight horizontal bottom member 411. All members of frame 410 are of
      wood construction. Members 414 and 415 are either glued to each other or
      milled out of one piece of wood. Members 411, 412, 413, 414, and 415 are
      of rectangular cross-section.
PAR  Module 400 is constructed and assembled as follows: the rounded ends of
      horizontal members 411 and 413 are plated into holes in vertical members
      414. Bolts 418 are placed into pre-drilled holes in members 411 and 415
      and are tightened against nuts 419, which nuts are placed into slotted
      holes in members 415. See FIGS. 4C and 4D. Thereafter, planter box 420 is
      screwed to the bottom ends of members 414 with screws such as at locations
      425. Now, relatively flexible plant supporting means 416a such as vertical
      wires, strings, cables or small rods, for supporting the climbing plant,
      is pulled through the holes in members 411 and 413 and tightened. Once
      this is done, member 412 is placed on top of member 413 and bolts 418 are
      placed into pre-drilled holes in members 412, 413, and 415 and tightened
      against nuts 419 which are placed into slotted holes in member 415, as
      stated before. See FIG. 4C. Top member 412 is further fastened to members
      414 and 413 by wood screws 418a. Thus, a rigid planter panel frame is
      formed. Again, various lengths of the members can be used in conjunction
      with all other standard components to effect construction of modules
      having different configurations. Also, the relatively flexible plant
      supporting means can also be run in the horizontal direction. See plant
      supporting means 416b.
PAR  Planter box 420 can advantageously include outside wood box 421 and
      associated plastic or metal tray 423 at its bottom. Inside shell 422 is
      fastened at its top edge to outside box 421 so as to provide a space
      between tray 423, box 421, and inside shell 422. Inside shell 422 includes
      holes at its bottom for drainage and small holes near its top edge for
      evaporation. Inside shell 422 is filled with soil 424 for the climbing
      plants, not shown. Alternatively, tray 423 and the drainage holes on
      inside shell 422 may be eliminated. In such case, appropriate drainage can
      be effected by placing porous material, not shown, along the bottom of
      inside shell 422, underneath soil 424.
PAR  Module 400 may have associated supporting means such as eyebolts 10, roller
      carriers 20, angle brackets 50, or bases 60. For example, module 400 can
      be mounted on a wall by utilizing angle brackets 50, which are made of
      bent sheet metal, by bolting one leg of the angle brackets to the wall
      such as at location 51 and by bolting the other leg to member 414 such as
      at location 52. Further, module 400 can be supported on the floor by wood
      bases 60 which include cavities for swivel rollers 62. Bases 62 are bolted
      to the bottom sides of outside box 421 with wood screws such as at
      locations 61.
PAR  FIGS. 5A and 5B are top end cross-sectional views, respectively, of a wall
      bracket used to support a planter panel module. Bracket 30 is
      advantageously made of die cast or extruded metal and includes round pin
      32 at one end, which pin fits into holes located in the frame's vertical
      member. Bracket 30 is fastened to the wall with bolts 34. The planter
      frame can be temporarily supported by pins 32 until bolt 33 is screwed
      into tapped holes also located in the frame's vertical member.
PAR  FIGS. 6A and 6B are partial plan and partial end cross-sectional views of a
      base used to support planter panel modules 200 and 300 on the floor. Base
      40 is advantageously made of cast or stamped metal or plastic and is
      supported by swiveable rollers 43. Bolts 41 together with lock washers 42
      are used for fastening base 40 to frames 210 and 310.
PAR  FIG. 6C is a partial end cross-sectional view of a base used to support
      planter panel module 100 on the floor. Base 70 is also advantageously made
      of cast or stamped metal or plastic and is also supported by swivelable
      rollers 73. In this case, bolts 71 together with lock washers 72 are used
      for fastening base 70 to frame 110.
PAR  FIG. 7 is illustrative of a modular planter panel system supported by
      roller carriers and an associated horizontal overhead track. In this case,
      for example, modules 100 are supported by roller carriers 20 in conjuction
      with horizontal overhead track 21. The arrows indicate the horizontal
      motion of modules 100. One or more modules and one or more associated
      overhead tracks can be used to form a movable planter panel system. Such a
      movable system can serve the functions of a shade or a curtain near a
      window or that of a partition or room divider.
PAR  FIG. 8 is illustrative of a modular planter panel system supported by bases
      on the floor. In this case, for example, modules 100 are supported on the
      floor by associated bases 40. This type system can form movable decorative
      walls, partitions or other space dividers without the need for overhead
      tracks or wall brackets.
PAR  FIG. 9 is illustrative of a modular planter panel system supported by
      eyebolts from the ceiling. In this case, for example, modules 100 are
      supported from the ceiling by associated eyebolts 10 and cables 11. This
      type system can also be used for forming decorative walls, partitions or
      other space dividers. Cables 11 can be either dead hung or connected to
      winches to allow individual modules or groups of modules to be vertically
      movable.
PAR  All of the above systems can be used in combination with each other. In
      addition, adjacent modules in a system can be rotatbly attached to each
      other at their respective vertical members thereby allowing such adjacent
      modules to be positioned at varying angles relative to each other. In such
      a case, upright stable partitions can be formed. Further, the module frame
      could be triangular, circular, or of any other desired shape. Also, the
      plant supporting means could be directed diagonally or in any other
      desired direction.
PAR  While the modular planter panel system of the present invention has been
      described in terms of specific illustrative embodiments, it will be
      apparent to those skilled in the art that many modifications are possible
      within the spirit and scope of the disclosed principle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A movable module for use as a decorative room divider, partition, or the
      like, for use with a climbing plant, said movable module comprising:
PA1  a stiff self-supporting planar frame, said frame including at least one top
      horizontal member, at least one bottom horizontal member, and at least two
      vertical members removably connected to said top and bottom members, said
      top, bottom, and vertical members defining the plane of said frame, said
      top, bottom, and vertical members each including means from which said
      module can be selectively supported from any one or more than one of said
      frame members whereby said module can be supported by several different
      modes of external support;
PA1  a horizontal planter box for a plant comprising an inner container with
      drainage holes and an outer container;
PA1  planter box attaching means located within said frame plane centrally
      attaching said planter box within said frame members; and
PA1  relatively flexible plant supporting means connected to and supported by
      said frame members, within said frame members and above said planter box
      for supporting growing portions of a plant.
NUM  2.
PAR  2. The module of claim 1 further comprising means attached to said top
      member for suspending said module from a location above said frame and
      within said frame plane.
NUM  3.
PAR  3. The module of claim 1 in combination with fixed horizontal track means
      located above said frame, said module further comprising roller means
      attached to said top member, said roller means including rollers which
      ride along said horizontal track means.
NUM  4.
PAR  4. The module of claim 1 further comprising bracket support means attached
      to one of said vertical members for supporting said module from a location
      above said bottom member and below said top member.
NUM  5.
PAR  5. The module of claim 1 further comprising support means attached to said
      bottom member for supporting said module from a location below said frame.
NUM  6.
PAR  6. The module of claim 1 wherein said plant supporting means are vertical
      and connected to said top member and a bottom member.
NUM  7.
PAR  7. The module of claim 1 wherein said plant supporting means are horizontal
      and connected to said vertical members.
NUM  8.
PAR  8. The module of claim 1 wherein said plant supporting means comprises
      grill network means, said grill network means including vertical elements
      connected to said top member a bottom member and including horizontal
      elements connected to said vertical members.
NUM  9.
PAR  9. The module of claim 1 wherein said planter box attaching means attaches
      said planter box to said vertical members within said frame plane.
NUM  10.
PAR  10. A modular planter panel system comprising a plurality of substantially
      identical movable modules for use as a decorative room divider, partition,
      or the like, for use with associated climbing plants, each such movable
      module further comprising:
PA1  a stiff self-supporting planar frame, said frame including at least one top
      horizontal member, at least one bottom horizontal member, and at least two
      vertical members removably connected to said top and bottom members, said
      top, bottom, and vertical members defining the plane of said frame, said
      top, bottom, and vertical members each including means from which said
      module can be selectively supported from any one or more than one of said
      frame members whereby said module can be supported by several different
      modes of external support;
PA1  a horizontal planter box for a plant comprising an inner container with
      drainage holes and an outer container;
PA1  planter box attaching means located within said frame plane centrally
      attaching said planter box within said frame members; and
PA1  relatively flexible plant supporting means connected to and supported by
      said frame members, within said frame members and above said planter box
      for supporting growing portions of a plant.
NUM  11.
PAR  11. A movable module for use as a decorative room divider, partition, or
      the like, for use with a climbing plant, said movable module comprising:
PA1  a stiff self-supporting planar frame, said frame including at least one top
      horizontal member, at least one bottom horizontal member, and at least two
      vertical members removably connected to said top and bottom members, said
      top, bottom, and vertical members defining the plane of said frame, said
      top and vertical members each including means from which said module can
      be selectively supported from any one or more than one of said top and
      vertical frame members whereby said module can be supported by several
      different modes of external support;
PA1  a horizontal planter box for a plant comprising an inner container with
      drainage holes and an outer container, said planter box including an upper
      open portion and a lower closed portion, said planter box lower closed
      portion including means for supporting of the module;
PA1  planter box attaching means located within said frame plane centrally
      attaching said planter box upper portion immediately adjacent said bottom
      horizontal frame member; and
PA1  relatively flexible plant supporting means connected to and supported by
      said frame members, within said frame members and above said planter box
      for supporting growing portions of a plant.
NUM  12.
PAR  12. The module of claim 11 further comprising means attached to said top
      member for suspending said module from a location above said frame and
      within said frame plane.
NUM  13.
PAR  13. The module of claim 11 in combination with fixed horizontal track means
      located above said frame, said module futher comprising roller means
      attached to said top member, said roller means including rollers which
      ride along said horizontal track means.
NUM  14.
PAR  14. The module of claim 11 further comprising bracket support means
      attached to one of said vertical members for supporting said module from a
      location above said bottom member and below said top member.
NUM  15.
PAR  15. The module of claim 11 further comprising support means attached to
      said bottom member for supporting said module from a location below said
      frame.
NUM  16.
PAR  16. The module of claim 11 wherein said plant supporting means are vertical
      and connected to said top and bottom members.
NUM  17.
PAR  17. The module of claim 11 wherein said plant supporting means are
      horizontal and connected to said vertical members.
NUM  18.
PAR  18. The module of claim 11 wherein said plant supporting means comprises
      grill network means, said grill network means including vertical elements
      connected to said top and bottom members and including horizontal elements
      connected to said vertical members.
NUM  19.
PAR  19. The module of claim 11 wherein said planter box attaching means
      attaches said planter box to said vertical members within said frame
      plane.
NUM  20.
PAR  20. A modular planter panel system comprising a plurality of substantially
      identical movable modules for use as a decorative room divider, partition,
      or the like, for use with associated climbing plants, each such movable
      module comprising:
PA1  a stiff self-supporting planar frame, said frame including at least one top
      horizontal member, at least one bottom horizontal member, and at least two
      vertical members removably connected to said top and bottom members, said
      top, bottom, and vertical members defining the plane of said frame, said
      top and vertical members each including means from which said module can
      be selectively supported from any one or more than one of said top and
      vertical frame members whereby said module can be supported by several
      different modes of external support;
PA1  a horizontal planter box for a plant comprising an inner container with
      drainage holes and an outer container, said planter box including an upper
      open portion and a lower closed portion, said planter box lower closed
      portion including means for supporting of the module;
PA1  planter box attaching means located within said frame plane centrally
      attaching said planter box upper portion immediately adjacent said bottom
      horizontal frame member; and
PA1  relatively flexible plant supporting means connected to and supported by
      said frame members, within said frame members and above said planter box
      for supporting growing portions of a plant.
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PAL  The invention relates to a device within a container intended to receive
      earth and plants, which is constituted by a hollow body opened at each
      end, one of these ends comprising fixing means for the device onto the
      bottom of the container. In service position the hollow body surrounds the
      opening of the bottom of the container. The other end of the hollow body,
      distant from the bottom of the container, is provided with at least one
      opening.
BSUM
PAR  The present invention has for its object the provision of a retaining
      device for the water in flower containers.
PAR  Flower containers available on the market are ceramic and have a slightly
      conical shape.
PAR  They comprise at their bottom a hole intended for the evacuation of water.
PAR  As a matter of fact a completely tight container which retains thus too
      much water is a cause of the rotting of the plants.
PAR  On the other hand a container having a hole enables the water to be
      completely and rapidly evacuated. This water crosses the earth-layer
      without giving sufficient time for the roots to be fed.
PAR  Therefore these containers are generally placed in flower tubs or on dishes
      in which the water is recuperated. The plants live then on water from this
      supply.
PAR  In this case, the water evaporates and the plant soon lacks moisture.
PAR  The present invention tends to remedy to these drawbacks by the fact that
      the flower container comprises a retention device for the water,
      characterized by the fact that this device is constituted by a hollow body
      open at each end, one of these ends comprising fastening means for the
      device onto the bottom of the container, and by the fact that in service
      position, this hollow body surrounds the bottom opening of the container,
      and by the fact that the other end of the hollow body, distant from the
      bottom of the container, is provided with at least one opening.
DRWD
PAR  The attached drawing shows schematically and by way of example three
      embodiments of the device according to the invention.
PAR  FIG. 1 shows in cross section a first embodiment of a flower container in
      which a device is glued.
PAR  FIG. 2 is a perspective view of the first embodiment of the device.
PAR  FIG. 3 is a cross sectioned view of a flower-container in which a device is
      glued according to the second embodiment.
PAR  FIG. 4 is a cross-sectioned view of a flower container in which is glued a
      device acording to the third embodiment.
DETD
PAR  The flower-container 1 comprises a hole 2 for the evacuation of water. Over
      this hole 2 the water retention device 3 is located (FIG. 1). The
      retention device 3 is a cylinder 4 closed at its end 5. It comprises an
      adhesive portion 6 permitting one to fasten it on the container. It may
      also be glued on it. This device 3 comprises further two holes 7 drilled
      in its upper part. These holes are alined on the same horizontal axis. In
      service position the cylinder is glued onto the bottom of the container in
      such a way that it covers the hole 2 of this container.
PAR  In the second embodiment (FIG. 3) the retention device 8 is a bent
      cylinder. The two ends 9 and 10 of this cylinder are open. On the side of
      the end 9 the device comprises an adhesive portion 11 permitting one to
      fasten it onto the bottom of the container 1 in order to cover the hole 2
      of this container.
PAR  In the third embodiment (FIG. 4) the retention device 12 is formed by half
      a hollow sphere comprising a hole 13. This half sphere comprises at its
      base an adhesive portion 14 to fasten it onto the bottom of the container
      1, in order to cover the hole 2 of this container. These three retention
      devices may be made out of plastic material or of the same material as the
      container.
PAR  When the plant is watered, the water crosses the earth layer and collects
      in a layer in the bottom of the container, around the device. If the
      quantity of water poured in is great, the level of the water-layer rises
      to the point where it reaches the level of the two holes or of the
      apperture of the bent device or that of the summit of the half sphere,
      according to the case. The surplus of water may thus be evacuated, only a
      well defined quantity of water will remain in the container constituting
      the supply the plant will need according its requirements, and without
      having its roots completely submerged.
PAR  This method hinders also the evaporation phenomena as well as the
      putrefying phenomena.
PAR  This device may also be used for urns, glasses, tanks and so on and may be
      realized in metal, plastic material, ceramic and so on.
PAR  In a variant the devise could be made integral with the flower container.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a container for receiving earth and plants, a
      water-retention device comprising a hollow cylindrical body having
      opposite ends and a continuous side wall, one said end surrounding an
      opening in the bottom of the container in watertight sealed relationship
      with the marginal edges of said opening, the other end being closed, and
      having at least one opening through said side wall of said hollow body
      adjacent said closed end and substantially closer to said other end than
      to said one end, said device being imperforate between said at least one
      opening and the bottom of the container whereby water can be stored in the
      container up to the level of said at least one opening.
NUM  2.
PAR  2. Structure as claimed in claim 1, and adhesive at the lower end of the
      device to secure the device to the bottom of the container.
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ABST
PAL  A technique for forcing the growth of Belgium endive in which roots grown
      in the field are placed in sterile growing media in pallet boxes stacked
      one above the other within a controlled-environment chamber whose
      available volume is fully utilized. In a production cycle, the growth of
      shoots from the roots is initiated by a start-up temperature in the range
      of 70.degree. to 80.degree.F, the temperature thereafter being reduced to
      the range of 52.degree. to 56.degree.F for the remainder of the forcing
      cycle. The relative humidity is maintained in the range of 70 percent to
      85 percent. The roots are planted in a clean, sterile growing media so
      that in harvesting, when the shoot is cut from the root, it is clean and
      requires no washing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new technique for producing Belgium endive.
PAR  The term "endive" is indefinite, for it is loosely applied to two distinct
      types of chicory plants which are widely used in salads. The exclusive
      concern of the present invention is with Cichorium intybus or "wild
      chicory," commercially known as witloof or Belgium endive. This plant has
      a carrot-like root and deeply lobed and lacinated leaves. The other form
      of endive, often called escarole, has highly curled leaves.
PAR  Since this invention deals only with the first form, we shall hereinafter
      refer to it as "Belgium endive," particularly since the principal
      producing area for this plant is Belgium, although substantial amounts are
      grown in Holland, France and Canada. Currently there is little production
      of Belgium endive in the United States. One significant aspect of the
      present invention is that it now makes feasible low-cost production of
      Belgium endive in the United States and elsewhere, on a year-round basis.
PAR  The roots of Belgium endive are sometimes used as a coffee substitute or
      additive, but the interest of the present invention lies in the young
      growing shoot that develops in matured roots when subjected to forcing
      conditions. The culture of Belgium endive is divided into two distinct
      phases. In the first phase, mature roots are grown in the field using
      conventional agricultural practices similar to those entailed in carrot or
      parsnip production. Roots of Belgium endive grown out-of-doors are dug up,
      after which the tops are removed prior to storage. In some instances, the
      tops are cut off before the roots are dug up.
PAR  The second or forcing phase is started in early fall and is continued
      throughout the winter and spring months. This phase, as heretofore
      practiced, cannot be carried out in the summer, for the prevailing
      temperatures are then too high for forcing Belgium endive. Most forcing
      takes place in large sheds having a dirt floor, although in mild weather
      one can effect forcing out-of-doors in soil mounds.
PAR  The usual procedure in the forcing phase involves digging a trench across
      the shed approximately four feet wide and twelve to sixteen inches deep.
      The roots are then planted one against the other, basal end down, and
      covered with soil. This process is repeated until the entire floor area of
      the shed has been planted. In the forcing phase as heretofore practiced, a
      temperature of about 50.degree. to 60.degree. F is maintained in the shed,
      and the heads are ready for harvest in about 4 to 5 weeks.
PAR  In order to maintain a temperature in the range of about 50.degree. to
      60.degree.F in the winter, it is normally necessary to heat the shed. But
      in the late spring and summer, when the atmospheric temperature rises
      above this range, production is halted, for it is not commercially
      feasible to air-condition a shed, particularly since it not only essential
      to maintain a prescribed temperature level, but it is also important to
      hold the relative humidity in the range of about 70  to 85 percent.
PAR  An excessively high temperature (i.e., above about 60.degree.F) coupled
      with low humidity in the forcing phase gives rise to soft, open heads of
      Belgium endive. These are not commercially acceptable. But should the
      relative humidity fall below 70 per cent, then the shoots become
      dessicated and brown spots appear which impair the salability of the
      product. When, on the other hand, a relative humidity in excess of 85
      percent prevails, the plant becomes susceptible to disease organisms.
PAR  When the growth of Belgium endive is forced in sheds using existing
      techniques, the following drawbacks are encountered:-
PAC  I. LIMITED PRODUCTION CAPACITY -
PAR  Because all roots are planted in the ground, the productive capacity of the
      shed is determined by the two-dimensional area of the ground plane and not
      by the total volume of the shed. Hence the productive capacity can only be
      increased by expanding the area occupied by the shed. Inevitably such
      expansion is expensive, for it involves greater land and building costs.
PAC  II. POOR ENVIRONMENTAL CONTROL -
PAR  As a practical matter, it is only feasible to control the temperature of a
      large shed unidirectionally by raising the interior temperature above
      ambient level. This precludes production during periods of the year when
      the prevailing temperature lies above the range necessary for the forcing
      phase. And since one cannot effectively control humidity in a large shed,
      the resultant quality of the product is subject to varying conditions of
      humidity. Thus, in the course of forcing, the relative humidity in the
      shed may not lie within the optimum range. The expense of air-conditioning
      a shed is prohibitive, for though the shed may be large, it is only the
      ground plane which is exploited, and the cost of airconditioning per pound
      of product becomes very high.
PAC  III. POST-PRODUCTION CLEANING -
PAR  Because roots of Belgium endive are buried below the level of the soil in
      the shed, it becomes necessary after harvesting the roots, to wash them to
      remove the soil. Improper washing degrades the quality of the product. In
      any event, the need to wash the shoots adds to the over-all cost of
      producing Belgium endive.
PAC  IV. SEASONAL PRODUCTION -
PAR  As indicated previously, one cannot with existing forcing techniques
      produce Belgium endive during warm and hot periods of the year, so that
      production is presently restricted to those countries having prolonged
      cool periods and even then, one cannot produce during the late spring and
      summer months.
PAC  V. HANDLING PROBLEMS -
PAR  With the existing techniques in which trenches must be dug in the shed and
      the roots buried in the soil, the various procedures dictate manual
      operations. Mechanization of these procedures to reduce operating costs is
      not practical.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is the main object of this invention to
      provide a technique for forcing Belgium endive in a controlled environment
      wherein temperature and relative humidity are maintained within narrow
      ranges conducive to the growth of a high-quality product within a
      relatively short period.
PAR  More particularly, it is an object of this invention to provide a
      multi-tier technique for forcing Belgium endive in a relatively small
      controlled environment chamber whose volume is fully utilized, whereby a
      high productive output is realized within a compact area.
PAR  Also an object of this invention is to provide a forcing technique in which
      the roots are planted within a clean, sterile growing media, whereby the
      resultant shoots which are snapped off the roots, are clean, thereby
      obviating a post-production washing procedure and its attendant
      disadvantages.
PAR  Yet another object of the invention is to provide a forcing technique in
      which the roots are placed in a clean, sterile growing media in pallet
      boxes rather than soil, production being carried out by means of conveyor
      belts, fork-lift trucks and modern dumping equipment, thereby eliminating
      much of the hand labor inherent in present production practices.
PAR  Briefly stated, these objects are attained in a production technique for
      forcing Belgium endive, in which roots are planted in a clean, sterile
      growing media contained in pallet boxes. The pallet boxes are stacked one
      above the other from floor to ceiling in a small, air-conditioned dark
      chamber, with sufficient headroom between boxes to afford space for the
      developing shoots.
PAR  The atmosphere within the chamber is regulated in the course of a forcing
      cycle to maintain a relative humidity in the range of about 70  to 85
      percent. The temperature at the start of the cycle is maintained for a few
      days in the range of about 70.degree. to 80.degree. F to stimulate the
      initial growth of the shoots, after which the temperature is reduced and
      maintained within a range of 52.degree. to 56.degree. F for the remainder
      of the cycle. Because the initial growth of the shoots is stimulated, the
      total forcing time is substantially reduced as compared to the 4 to 5
      weeks heretofore required before the shoots were ready for harvesting.
DRWD
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      description to be read in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a sketch showing a typical Belgium endive plant;
PAR  FIG. 2 is a schematic illustration of a production facility for carrying
      out a forcing technique for Belgium endive, in accordance with the
      invention; and
PAR  FIG. 3 shows in section the position of the roots in a pallet box.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1 of the drawing, there is shown a typical Belgium
      endive plant constituted by a root R and a shoot S. In the culture of
      Belgium endive, the roots are grown out-of-doors in the usual manner, and
      when the roots have matured, they are dug up, the tops thereof are
      removed, and the roots are stored preparatory to the second or forcing
      phase. Alternatively, the tops may be removed before the roots are dug up.
      Thus the first phase is unchanged.
PAR  In carrying out the forcing phase in accordance with the invention, the
      roots are planted in pallet boxes 10, as shown in FIG. 2, which are
      stacked one above the other within a controlled environment chamber 11.
      Stacking is effected by means of a spacer legs 12 which are interposed
      between the top corners of the box thereabove to provide for the
      circulation of the air-conditioned atmosphere. As many rows of stacked
      boxes are provided as will fill the available volume of the chamber,
      thereby fully utilizing the available space. Alternatively the pallets may
      be stacked on multiple tier racks.
PAR  In practice, the dimensions of the boxes may be approximately 4 feet by 4
      feet in length and width, and 18 to 24 inches in height. The legs which
      lock the stacked boxes together are long enough to give about 3 inches of
      headroom above the growing-media in the box to allow for circulation of
      the conditioned air.
PAR  Associated with chamber 11 is an air-conditioning unit 13 adapted to
      maintain optimum conditions of relative humidity and temperature within
      certain ranges, to be later disclosed.
PAR  Each box is about partially filled with growing media 14. The media is
      composed of a reusable material such as shredded polyurethane foam,
      Perlite, or volcanic ash, while nutrients for supporting the growth of the
      shoots are derived primarily from the roots, hydroponic solutions may be
      introduced into the growing media to supplement the nutritional supply. A
      complete hydroponic solution contains potassium, nitrate nitrogen,
      ammoniacal nitrogen, phosphorous, calcium, magnesium, iron, manganese,
      copper, zinc, boron, molybdenum, mixed together in an appropriate
      concentration.
PAR  The media is not discarded after harvesting, but is reused. Before the
      media is reused, it is preferably subjected to steam or chemical
      sterilization, for such sterilization kills disease organisms. The media
      may also consist of various formulations of peat moss, vermiculite, and
      hydrophilic and hydrophobic styrofoam.
PAR  The roots of Belgium endive are planted in the clean, sterile growing media
      so that there is no need to clean the shoots after they have been cut from
      the roots.
PAR  Chamber 11 is preferably thermally insulated so that its environment may be
      controlled with respect to relative humidity and temperature by a standard
      air-conditioning unit, within plus or minus three per cent. Throughout the
      entire forcing cycle, the relative humidity is held in the range of
      seventy percent to 85 percent, 80 percent being the optimum value. The
      growth of shoots is initially stimulated by starting the forcing cycle in
      the range of 70.degree. F to 80.degree. F for a period of a few days, just
      sufficient to bring about incipient growth. Then the temperature in the
      chamber is dropped to the range of 52.degree. to 56.degree. F, and the
      chamber is held within this range for the remainder of the forcing cycle.
      Should it be desireable to delay maturity for marketing reasons, the
      temperature can be reduced to about 35.degree. F, thereby prolonging the
      forcing cycle.
PAR  Because the roots are planted in pallet boxes which are stacked one above
      the other, an entire stack may be handled with a fork-lift truck. In
      processing the pallet boxes, conveyor belts may be used to convey boxes,
      after planting, to a stacking station, and dumping equipment may be
      employed to dispose of roots after harvesting. Because no natural soil is
      employed, but reusable growing media, the entire process lends itself to
      automation techniques to minimize the need for manual operations.
PAR  Another approach to stacking of the pallets is to provide racks which are
      inclined to create a gravity chute arrangement to facilitate the ready
      removal of pallets without the need for fork lift trucks. In this
      arrangement, newly planted pallets are placed at the input or high end of
      the chutes, whereas pallets in condition for harvesting are discharged at
      the other or low end of the chutes.
PAR  It will be appreciated that because the forcing phase is independent of
      ambient conditions and may be carried out in any season of the year so
      that in winter the controlled-environment chamber is heated to attain the
      desired temperature range, and in summer it is cooled for the same
      purpose, the forcing phase may be carried out at any suitable site in any
      country. It no longer is seasonal or geographically limited to those
      countries whose environmental conditions are appropriate. Also, because
      all aspects of the forcing phase are controlled, the quality of the
      Belgium endive produced thereby is uniformly high and is not subject to
      the vagaries of varying natural conditions of temperature and humidity,
      nor is it responsive to the vicissitudes of natural soil conditions.
PAR  Some varieties of Cichorium intybus respond differently from others in
      respect to the "tightness" of the witloof itself. For some varieties it is
      necessary to give compression to the sterile media by placing in the
      pallet and on top of the media a piece of plywood, a metal sheet or some
      other plate imposing a uniform weight on the media. This weight then
      translates itself into a mild force on the media which in turn restrains
      the growing witloof. As a consequence, the witloof itself grows a
      "tighter" head and achieves a quality premium in the marketplace.
PAR  Other and newer varieties have an inherent ability to grow a `tight`
      witloof without the need for an applied pressure. Still other varieties
      can grow a "tight" witloof whereby only the root need be placed in the
      sterile media to the depth of the root itself and the head grows with
      acceptable "tightness" without benefit of surrounding media or added
      weight on the surface of the media. But regardless of the botanical
      variations inherent to soil grown roots, the basic principles underlying
      the present invention are applicable to all available varieties.
PAR  While there has been shown and described preferred embodiments of a
      technique for producing Belgium endive in accordance with the invention,
      it will be appreciated that many changes and modifications may be made
      therein without, however, departing from the essential spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. The technique for forcing Belgium endive, comprising the steps of:
PA1  A. planting endive roots in a growing medium contained in pallet boxes,
      said medium being constituted by sterilizable, reusable materials, said
      roots being planted in said growing medium so that they are flush with the
      surface thereof, said roots having been grown in the field, being dug up,
      and their tops removed prior to planting in said boxes;
PA1  B. stacking said boxes one above the other in a dark chamber with
      sufficient headroom between boxes to afford space for air circulation and
      headroom for the growth of shoots; and
PA1  C. regulating the environment of said chamber to maintain the relative
      humidity thereof in the range of about 70 percent to 85 percent throughout
      the course of the forcing cycle and to hold the temperature at the start
      of the forcing cycle in the range of about 70.degree. to 80.degree. F to
      stimulate the initial growth of shoots, the temperature for the balance of
      the cycle being reduced and then held in the range of about 50.degree. to
      56.degree. F.
NUM  2.
PAR  2. The technique as set forth in claim 1, further including the step of
      placing a plate over the roots in the growing media to impose a
      substantially uniform pressure thereon.
NUM  3.
PAR  3. The technique as set forth in claim 1, wherein said stacked boxes are
      separated by removable legs to afford said space for air circulation.
NUM  4.
PAR  4. The technique as set forth in claim 1, wherein said relative humidity is
      maintained at about 80 percent.
NUM  5.
PAR  5. The technique as set forth in claim 1, wherein said chamber is thermally
      insulated, and said regulation is effected by an air-conditioner unit
      which functions to maintain the specified conditions of humidity and
      temperature in said chamber throughout the year, regardless of external
      conditions.
NUM  6.
PAR  6. The technique as set forth in claim 1, wherein said boxes are stacked in
      multi-tier racks.
NUM  7.
PAR  7. A technique as set forth in claim 1, wherein said materials include
      shredded polyurethane foam.
NUM  8.
PAR  8. The technique as set forth in claim 7, further including the step of
      supplying a hydroponic solution to the media to supplement nutrients
      provided by the roots.
NUM  9.
PAR  9. The technique for growing Belgium endive comprising the steps of:
PA1  A. growing the roots of the endive in an open field;
PA1  B. digging up the roots and planting them in a sterilizable, reusable
      growing medium in pallet boxes in a dark chamber, to effect forcing of the
      endive, said roots being planted in said growing medium so that they are
      flush with the surface thereof; and
PA1  C. regulating the environment in said chamber to maintain the relative
      humidity thereof in the range of about 70 to 80 percent in the course of a
      forcing cycle while maintaining the temperature level thereof at the start
      of the forcing cycle in the range of about 70.degree. to 80.degree. F to
      stimulate the initial growth of shoots, the temperature thereafter being
      reduced to a level in the range of about 50.degree. to 56.degree. F and
      being held at the reduced level for the balance of the forcing cycle.
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ABST
PAL  A sliding vehicle door has a guard beam therein having flanges at its upper
      and lower edges. An extruded carriage member is associated with each of
      the flanges and slidably engages the flange to permit longitudinal
      movement of the guard beam and the door on the carriage member. A hinge
      arm is associated with each of the extruded carriage members and has one
      end pivoted to the carriage member and the other end pivoted to a body
      pillar defining the door opening. An articulating link acts between the
      body pillar and one of the carriage members to maintain the door in
      substantial parallel relationship with the vehicle longitudinal axis
      during pivotal movement of the hinge arms to move the door laterally of
      the body between a closed position in the plane of the door opening and an
      open position laterally outboard of the door opening. A first interlock
      arrangement acts between one of the hinge arms and the guard beam to
      assure completed lateral movement of the door prior to longitudinal
      sliding movement of the door. A second interlocking acts between the hinge
      arm and its associated carriage member to prevent lateral inboard movement
      prior to completed sliding movement of the door to its normal closed
      position on the carriage member.
BSUM
PAR  The invention relates to a vehicle door and more particularly to a hinge
      device for a sliding vehicle door.
PAR  It is known to provide a vehicle door mounted by a hinge arrangement which
      upon opening movement first moves the door laterally outboard the plane of
      the door opening and then permits longitudinal sliding movement of the
      door to an open position permitting passenger ingress and egress.
PAR  It is also known to provide an interlock which prevents fore and aft
      sliding movement of the door relative the vehicle body until the door is
      moved fully laterally outboard of the door opening.
PAR  The present invention provides an improved mounting arrangement for such a
      sliding vehicle door and in particular provides an improved interlocking
      latch arrangement for coordinating the lateral and longitudinal modes of
      door movement. Furthermore, a door according to the invention has a
      strengthening guard beam having flanged upper and lower edges which
      provide integral guide tracks for the fore and aft sliding mode of door
      movement.
PAR  The invention is utilized in a conventional vehicle body having a door
      opening defined by longitudinally spaced body pillars. The door has a
      guard beam therein which, when the door is closed, is effective to
      reinforce the vehicle door. The guard beam has integrally formed
      vertically spaced flanges at its upper and lower edges which provide
      integral guide tracks extending longitudinally of the door. An extruded
      carriage member is associated with each of the guide tracks and slidably
      engages the associated guide track to permit longitudinal movement of the
      door on the carriage members. A hinge arm is associated with each carriage
      member and has its ends respectively pivoted to the carriage member and
      the rearward body pillar. An articulating link acts between the body
      pillar and at least one of the carriage members to maintain the door in
      substantial parallel relationship with the vehicle longitudinal axis
      during pivoting movement of the hinge arms to move the door laterally of
      the body between the closed position in the plane of the vehicle body door
      opening and the open position laterally outboard of the body. An interlock
      tab on one of the hinge arms remains engaged within an aperture in the
      guard beam until the door is moved laterally to its fully open laterally
      outboard position, thereby preventing rearward sliding movement of the
      door on the carriage member until the door is moved fully outboard of the
      plane of the door opening. A second interlock latch includes a spring
      biased latch lever which is engageable in aligned apertures of one of the
      carriage members and its associated hinge arm to thereby prevent pivoting
      movement of the carriage member on the hinge arm. An abutment on the door
      moves the spring biased latch lever to its unlocked position whenever the
      door is in its fully forward position with respect to the carriage member
      and accordingly poised for lateral movement between open and closed
      positions.
PAR  One feature of the invention is the provision of a guard beam in a vehicle
      door having flanges which provide integral tracks for permitting fore and
      aft sliding movement of the vehicle door.
PAR  Another feature of the invention is an interlock device for an articulated
      sliding door which assures completed lateral movement of the door prior to
      longitudinal sliding movement and prevents lateral inboard movement prior
      to completed sliding movement of the door to its normal longitudinal
      position.
DRWD
PAR  These and other features and advantages of the invention will become
      apparent upon consideration of the specification and appended drawings in
      which:
PAR  FIG. 1 is a side elevation view of a vehicle body having a sliding door
      according to the invention;
PAR  FIG. 2 is a sectional view taken in the direction of arrows 2--2 of FIG. 1
      and showing the door in closed position;
PAR  FIG. 3 is a view similar to FIG. 2 but showing the door in partially open
      position;
PAR  FIG. 4 is a perspective view showing the vehicle door; and
PAR  FIG. 5 is an enlarged fragmentary view of FIG. 4;
DETD
PAR  Referring to FIG. 1 a conventional vehicle body is indicated generally at
      10. The vehicle body 10 has a door opening 12 which is defined at its
      forward edge by a forward pillar 14 and at its rearward edge by a rearward
      pillar 16 as seen in FIGS. 2 and 3. A door 18 is provided for closure of
      the door opening 12 and includes an outer panel 20 and an inner panel 22.
      The inner panel 22 is covered with a conventional trim panel 24.
PAR  Referring to FIGS. 2 and 4 it will be seen that hinge pillar brackets 26
      and 28 are attached to and extend from the rearward pillar 16 of the
      vehicle body 10. The hinge pillar brackets 26 and 28 are vertically spaced
      on the pillar 16 as shown in FIG. 4.
PAR  Referring to FIG. 4, the door 18 has a guard beam 32 which is
      conventionally mounted therein as by welding and which extends the length
      of the door. The guard beam 32 has a rib 34 at its center, a flange 36 at
      its upper edge portion and a flange 38 at its lower edge portion. The rib
      34 and flanges 36 and 38 serve to strengthen the guard beam 32.
PAR  As best seen in FIG. 4 and 5, the invention provides a mechanism for
      mounting the door 18 on the vehicle body 10. The flange 36 at the upper
      edge of the guard beam 32 includes an inwardly directed leg 42 and a
      vertical leg 44 extending upwardly from the inwardly directed leg 42. An
      elongated extruded carriage member 46 captures and slidably engages the
      flange 36. The carriage member 46 has an inboard leg 48 and an outboard
      leg 50 each of which has downwardly depending and outwardly directed
      portions which closely surround and slidably engage the vertical leg 44
      and inwardly directed leg 42 of the flange 36. Thus it is seen that the
      stiffening flange 36 of the guard beam 32 provides an integral track which
      is slidably interengaged with the elongated extruded carriage member 46 to
      permit fore and aft sliding movement of the door relative the carriage
      member 46. A similar elongated extruded carriage member 54 similarly
      slidably engages the flange 38 at the lower edge portion of the guard beam
      32.
PAR  A channel hinge arm 56 extends between the hinge pillar bracket 26 and the
      carriage member 46. One end of the hinge arm 56 is pivoted to the hinge
      pillar bracket 26 by a pivot pin 58 while the other end of the hinge arm
      56 is pivoted to the carriage member 46 by a pivot 60. A similar channel
      hinge arm 64 has its one end pivoted to hinge pillar bracket 28 by pivot
      pin 66 and its other end pivoted to the carriage member 54 by a pivot 68.
      As best seen in FIG. 5, the hinge arms 56 and 64 are stampings having
      vertically spaced flanges 72 and 74 which impart load bearing capability
      to the hinge arms sufficient to support the weight of the door 18 in
      cantilevered fashion.
PAR  As seen in FIG. 4, an articulating link 76 extends in parallel relation to
      an axis through the pivots 66 and 68 of the hinge arm 64. The articulating
      link has its ends respectively pivoted to the hinge pillar bracket 28 and
      the carriage member 54 by pivots 78 and 80. The articulating link 76 is
      effective to coordinate pivoting movement of the hinge arms relative the
      hinge pillar brackets and carriage members to maintain the door 18 in
      parallel relation to the longitudinal axis of the vehicle body.
PAR  Referring to FIG. 2, the door is shown in the normal closed position in
      which door 18 is located within the plane of the door opening 12. The door
      is opened moved to open position by two sequential modes of opening
      movement, the first being movement laterally outboard of the door opening
      12 the solid line position of FIG. 3 followed by rearward movement of the
      door 18 to the phantom line position of FIG. 3. The first sequence of
      opening movement is provided by pivotal movement of the hinge arms 56 and
      64 relative their respective hinge pillar brackets 26 and 28 and carriage
      members 46 and 54. The articulating link 76 maintains the door 18 parallel
      to the longitudinal axis of the vehicle body during such pivoting
      movement. The door 18 is thus moved from the position of FIG. 2 with an
      accompanying component of rearward motion, to the position of FIG. 3 in
      which the door 18 is positioned entirely outboard the door opening 12. The
      second mode of door opening movement is the rearward sliding of the door
      18 to the phantom line position of FIG. 3. This rearward sliding movement
      is provided by sliding movement of the flanges 36 and 38 of the guard beam
      32 within the carriage members 46 and 54.
PAR  As best seen in FIGS. 3 and 5, the hinge arm 56 has an interlock hook 84
      extending therefrom. When the door is in the closed position of FIG. 2 the
      interlock hook 84 extends through an aperture 86 of the leg 48 of the
      carriage member 46 and into an aligned slot 88 of the guard beam flange
      36. In this manner the interlock tab 84 prevents sliding movement of the
      door 18 relative the carriage member 46. As the door approaches its fully
      outboard position of FIG. 3 the interlock hook 84 is withdrawn from the
      apertures 86 and 88 so as to permit initiation of sliding movement of the
      door 18 on the carriage member 46. In this manner the interaction between
      the interlock hook 84 of the hinge arm 56 and the aperture 88 of the guard
      beam 32 cooperate to assure completed lateral movement of the door 18
      prior to initiation of the longitudinal sliding movement of the door. A
      stop pin 92 mounted on the hinge arm 56 is engaged within a recess 94 of
      carriage member 46 to terminate pivotal movement of the hinge arm 56 and
      thereby stop the door 18 at its fullest lateral outboard position.
PAR  A second interlock mechanism is provided to assure completed sliding
      movement of the door to its normal longitudinal position on the carriage
      members prior to initiation of lateral inboard movement to close the door.
      The interlock includes a latch lever 98 which is pivoted by pivot 99 to an
      upstanding tab 100 of the carriage member 46. One end of the latch lever
      98 has a depending plunger 102 which extends through aligned apertures of
      the carriage member 46 and hinge arm 56. The other end of the latch lever
      98 has a ramped cam surface 108. The latch lever 98 is biased by a coil
      compression spring 110 to its position of FIG. 5 in which plunger 102
      extends through the aligned apertures of carriage member 46 and hinge arm
      56 to lock the carriage member 46 and hinge arm 56 in their relative
      pivotal positions in which the door 18 is located in its fully outboard
      position. When the door 18 is slid forwardly on the carriage members to
      its solid line position of FIG. 3, an actuating member 114 mounted on the
      door engages the ramped cam surface 108 of lever 98 to bias the lever 98
      against spring 110 and lift the plunger 102 from the apertures of the
      hinge arm 56. Withdrawal of the plunger 102 from the aperture in the hinge
      arm 56 permits initiation of lateral inboard movement of the door by
      permitting pivotal movement of the hinge arm 56 relative the vehicle body
      and the door 18. During the initial increment of such pivotal movement the
      interlock hook 84 enters slots 86 and 88 to prevent the door from sliding
      relative the carriage member 46.
PAR  Thus it is seen that the invention provides an improved sliding door for a
      vehicle body.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vehicle body having a door opening defined by longitudinally spaced
      body pillars and a door for selectively opening and closing the door
      opening, means for mounting the door comprising: a guard beam mounted in
      the door and effective to reinforce the door and transmit force applied
      against the door to the body pillars, the guard beam having a pair of
      integral longitudinally extending vertically spaced flanges at the upper
      and lower edges thereof, a pair of extruded carriage members, each
      extruded carriage member having flanges for slidably capturing the flanges
      of the guard beam to support the door and permit longitudinal fore and aft
      sliding movement of the door on the extruded carriage members between a
      normal position on the carriage member cooresponding to door closed
      position and an open position, a pair of hinge arms each being associated
      with one of the extruded carriage members and each having one end pivoted
      to one of the body pillars and the other end pivoted to the associated
      extruded carriage member to permit movement of the extruded carriage
      member and the door between a closed position closing the door opening and
      an open position in which the extruded carriage members are moved
      laterally outboard of the door opening, a first latch means acting between
      one of the hinge arms and the guard beam and including hook means carried
      on the hinge arm and slot means in the guard beam, the hook means normally
      extending into the slot means to lock the door from sliding movement and
      being withdrawn from the slot means to permit sliding movement when the
      hinge arm and carriage member reach their relative pivotal positions in
      which the carriage member and door are moved fully laterally outboard of
      the door opening, and second latch means acting to prevent lateral inboard
      movement of the door until the door has been moved on the carriage member
      to its normal position thereon, said latch means including a spring biased
      latch lever which is normally engageable in aligned apertures of one of
      the carriage members and its associated hinge arm to thereby prevent
      pivoting movement of the carriage member on the hinge arm, and an abutment
      mounted on the door and engageable with the spring biased latch lever to
      move the spring biased latch lever to its unlatched position whenever the
      sliding movement position of the door corresponds to the door closed
      position on the carriage members.
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ABST
PAL  The crankpins of a crankshaft mounted in a workpiece carriage are
      successively ground to a desired size by a sequence of movements of a
      grinding wheel moved under the control of a control circuit. The
      crankshaft is mounted in clamping mechanisms latched closed and rotatably
      driven by associated headstocks. During the grinding operation, each
      crankpin to be ground is axially positioned by an axial locator mechanism
      mounted on a positioner mechanism which is moved between rest and
      operating positions, and the final grinding of each crankpin is effected
      while a retractable work rest mounted on the positioner is pressed against
      the crankpin. After each pin is ground, the workpiece carriage is
      traversed and the crankshaft is rotated to position the next crankpin for
      grinding, and when the final crankpin has been ground the machine returns
      to an initial position where the clamps are unlatched and opened to enable
      the ground crankshaft to be replaced by another workpiece. The movements
      of the various mechanisms of the machine are detected by the operation of
      limit switches and other switches interfacing with a sequence controller
      which produces signals continuing the operation of the machine. To
      facilitate the detection and correction of a fault condition disabling the
      automatic operation of the machine, a fault detector arrangement is
      provided which senses an incorrect initial condition by the absence of the
      operation of one of the limit switches and provides a visible indication
      of the fault by energizing a light associated with the particular fault.
PARN
PAR  This is a continuation of copending U.S. application Ser. No. 382,693,
      filed July 26, 1973, now U.S. Pat. No. 3,839,829, issued Oct. 8, 1974.
BSUM
PAR  This invention relates to a machine tool having a plurality of mechanisms
      undergoing a predetermined sequence of operations under the control of an
      electrical circuit in a series of events, and more particularly to an
      auxiliary circuit for indicating a lack of any required starting condition
      to operate the machine in an automatic mode or the lack of any required
      sequential operation of a mechanism during an event and for interrupting
      the further operation of the machine tool until the fault causing the
      failure of the required condition is corrected.
PAR  In a machine tool, for example a grinding machine for grinding the
      crankpins of a crankshaft, an unground crankshaft is mounted in a
      workpiece holder and rotatably driven with a particular crankpin
      positioned coaxially with the axis of rotation and centered with the
      periphery of a rotating grinding wheel which is advanced against the
      rotating crankpin until it is ground to a desired size. Next, the grinding
      wheel is retracted and the crankshaft is moved both axially and
      rotationally to position another crankpin at the axis of rotation for
      another grinding operation, and this sequence of events is repeated for
      each grinding operation until all of the crankpins are ground, whereupon
      the finished crankshaft may be removed from the workpiece holder.
PAR  The positioning of a crankpin in the workpiece holder relative to the
      grinding wheel and the movements of both the workpiece holder and the
      grinding machine typically involve a plurality of mechanisms which may be
      operated in a manual mode or in a predetermined sequence of events in an
      automatic mode by a control circuit which includes a considerable  pg,3
      number of limit switches, fluid pressure switches, push buttons and other
      electrical switch components. However, occasionally the electric switch
      components fail to operate properly and disable the grinding machine, and
      in a high production machine tool, such a disablement is costly and to be
      minimized. However, when a large number of electric switch components are
      involved, there is often considerable difficulty in diagnosing and
      correcting the particular fault involved.
PAR  Accordingly, an object of the invention is to provide an electric
      controlled machine tool with an auxiliary circuitry for indicating a
      faulty switch component.
PAR  Another object of the invention is to provide auxiliary circuitry for
      indicating a fault in an initial starting condition of a machine tool.
PAR  An additional object of the invention is to provide a machine tool control
      system with auxiliary circuitry for indicating a fault in the sequential
      events of a grinding operation.
PAR  A further object of the invention is to provide a machine tool control
      system with auxiliary fault indicating circuitry which will prevent the
      starting or continuation of an automatic mode of operation until all
      faults are corrected.
DRWD
PAR  Still other objects, features and advantages of the present invention will
      become apparent to those skilled in the art from a reading of the
      following detailed description wherein:
PAR  FIG. 1 is a diagrammatic view of a grinding machine having a plurality of
      mechanisms operated sequentially by a control system with an auxiliary
      fault indicating circuitry constructed in accordance with the present
      invention;
PAR  FIG. 2 is a partial perspective view of a workpiece holder and associated
      electric switch elements;
PAR  FIG. 3 is a partial perspective view of a positioning mechanism for a
      workpiece and associated switch elements for axially locating a crankpin
      and carrying workrest and gage mechanisms;
PAR  FIG. 4 is a sectional view taken along lines 4--4 in FIG. 3 and showing the
      operation of the axial locator mechanism;
PAR  FIG. 5 is a diagrammatic view of a grinding wheel base and associated
      moving mechanism and a control circuitry for effecting a sequence of
      grinding operations;
PAR  FIG. 6 is a diagrammatic illustration of a rotary indexing mechanism for a
      rotatable positioning differential crankpin at the axis of rotation of the
      workpiece holder;
PAR  FIG. 7 is a portion of a control circuit for operating the mechanisms of
      the grinding machine and providing input logic signals to a sequence
      controller;
PAR  FIG. 8 is another portion of the control circuit for operating the
      mechanisms of the grinding machine in response to output logic signals
      from a sequence controller; and
PAR  FIG. 9 is another portion of the control circuit and illustrating the logic
      of the sequence controller for producing output logic signals in response
      to input logic signals.
DETD
PAR  Referring now in detail to the figures in the drawing, and more
      particularly to FIG. 1, there is shown diagrammatically a grinding
      machine, generally indicated 11, for grinding the pins of a crankshaft
      which may be mounted in a workpiece carriage, generally indicated 13. The
      grinding machine 11 includes a grinding wheel 15 rotatably carried by a
      wheel base 17 which is slidably supported on a bed 19 for movement to and
      from the workpiece carriage 13, and the workpiece carriage 13 is slidably
      supported on another bed 21 for movement transverse to the slidable
      movement of the grinding wheel base 17 to position different crankpins for
      grinding. The workpiece carriage 13 includes generally similar left and
      right headstocks 23L, 23R respectively, for receiving the workpiece, and
      the headstocks 23L, 23R are rotatably driven to enable the crankpins to be
      ground to a cylindrical configuration. The movements of the grinding wheel
      15 and workpiece carriage 13 are effected by electrical and hydraulic
      arrangements as more particularly described in U.S. Pat. Nos. 3,118,258
      and 3,716,949, to which reference may be made for further details.
PAR  As more particularly shown in FIG. 2, an unground crankshaft is mounted in
      the workpiece carriage 13 by placing the opposite ends of the crankshaft
      in similar clamping mechanisms, generally indicated 25L, 25R respectively,
      which are carried by rotatable drive plates 27L, 27R respectively
      associated with the left and right headstocks 23L, 23R. The clamping
      mechanisms 25L, 25R are carried on the rotatable drive plates 27L, 27R so
      that the opposite ends of the crankshaft are spaced from the axis of
      rotation of the rotatable drive plates 27L, 27R, and the crankshaft must
      be rotated in the clamping mechanisms 25L, 25R until the first crankpin to
      be grounded is coaxial with the axis of rotation of the headstocks 23L,
      23R. To facilitate the proper alignment of the first crankpin, the left
      drive plate 27L carries an indexing spindle 29 having a projecting stud 31
      which is received in a corresponding indexing bore in the end of the
      crankshaft when the axis of the first crankpin is coaxial with the axis of
      rotation of the drive plates 27L, 27R.
PAR  When the operation of the grinding machine 11 is started, the left end of
      the crankshaft is pressed against the indexing spindle 29 by the operation
      of an engager mechanism, generally indicated 33, which pushes an engager
      rod 35 against the right end of the crankshaft. As shown, the engager rod
      35 is mechanically connected to a piston 37 which is slidably disposed in
      a cylinder 39, and the piston 37 is driven by the pressure of hydraulic
      fluid supplied through suitable inlet and outlet conduits under the
      control of a suitable solenoid operated valve 41. A hydraulic pressure
      switch 43 is connected to the inlet conduit of the cylinder 39, and when
      the crankshaft is pressed against the indexing spindle 29 the pressure
      switch 43 is operated to enable the operation of a positioning mechanism
      45.
PAR  As shown in FIGS. 1 and 3, the positioning mechanism 45 is pivotally
      supported on the bed 21 of the workpiece carriage 13 and is moved from a
      lowered rest position to a raised operating position by applying hydraulic
      fluid to a cylinder 47. The cylinder 47 has a piston 49 slidably disposed
      therein which is mechanically connected to the positioning mechanism 45,
      and the piston 49 is driven to raise the positioning mechanism 45 by
      hydraulic fluid which is supplied to the cylinder 47 through inlet and
      outlet conduits under the control of a suitable valve 51 which is actuated
      by a solenoid. Upon reaching the raised operating position, the
      positioning mechanism 45 engages an adjustable stop abutment 53 and
      operates a limit switch 55 which energizes another solenoid 51' associated
      with the engager valve 51 to reduce the pressure on the engager rod 35 and
      which enables the operation of an axial locating mechanism, generally
      indicated 57, which is carried by the positioning mechanism 45.
PAR  As more particularly shown in FIGS. 3 and 4, the upper portion of the
      positioning mechanism 45 is received between the arms of a crankshaft
      adjacent the crankpin to be ground, and the axial locating mechanism 57
      includes a pair of locating fingers 59 for engaging the adjacent
      crankarms. The locating fingers 59 are supported about a common pivot
      point on the positioning mechanism 45 and are spread apart by a rod 61 to
      axially align the crankpin with the grinding wheel 15. As shown, the rod
      61 is mechanically connected to a piston 63 which is slidably disposed in
      a hydraulic cylinder 65 in the positioning mechanism 45, and the piston 63
      is advanced rearwardly to spread the locating fingers 59 by hydraulic
      fluid which is supplied to the cylinder 65 through conventional inlet and
      outlet conduits under the control of a suitable solenoid operated valve
      67.
PAR  Upon aligning the first crankpin with the grinding wheel 15, the
      advancement of the rod 61 operates a limit switch 69 to enable the
      clamping mechanisms 25L, 25R to grip the ends of the crankshaft. As more
      particularly shown in FIG. 2, the clamping mechanisms 25L, 25R each
      include a pivotally supported clamp arm 70 which is pressed against the
      crankshaft by a piston 71 which is slidably disposed in a hydraulic
      cylinder 73. The piston 71 is mechanically connected to the clamp arm 70
      and driven by hydraulic fluid which is supplied to the cylinder 73 through
      suitable inlet and outlet conduits under the control of a solenoid
      operated valve 75. As the clamping mechanisms 25L, 25R close against the
      crankshaft, the clamp arms 70 operate limit switches 77 which enable
      latching mechanisms associated with each headstock 23L, 23R and generally
      indicated 79 to lock the clamp arms 70 closed to prevent an accidental
      opening of the clamping mechanism 25L, 25R. As shown in FIG. 2, the
      latching mechanisms 79 each include a pin 81 which is moved adjacent the
      pivotally supported clamp arms 70 to limit the pivotal movement thereof.
      Each latching pin 81 is connected to a piston 83 which is slidable in a
      hydraulic cylinder 85, and the pistons 83 are driven to the latching
      position by hydraulic fluid supplied to the cylinder 85 through
      conventional inlet and outlet conduits under the control of a solenoid
      operated valve 87.
PAR  As the latching pins 81 move to the locking position, associated limit
      switches 89 are operated which enable the axial locator mechanism 57 to be
      retracted and the positioner mechanism 45 to be lowered to the rest
      position where a limit switch 91 is operated to cause the headstocks 23L,
      23R to be rotatably driven for a grinding operation. As more particularly
      shown in FIG. 2, each of the drive plates 27L, 27R have associated gears
      93L, 93R which are driven by corresponding gears 95L, 95R carried on a
      shaft 97 extending parallel to the axis of rotation of the drive plates
      27L, 27R and driven by a suitable motor, not shown.
PAR  When the rotatably driven headstocks 23L, 23R reach a predetermined speed,
      as sensed by a suitable plugging switch 99, the grinding operation may be
      initiated by advancing the rotating grinding wheel 15 toward the
      workpiece. As more particularly shown in FIG. 1, the grinding wheel 15 is
      carried by the wheel base 17 which is advanced from a retracted position
      to a forward position by a rapid hydraulic feed arrangement, generally
      indicated 101, which is in the form of a piston 103 slidably disposed in a
      cylinder 105 formed in the bed 19 of the grinding machine 11. The piston
      103 is secured to a feed screw 107 threadably engaging a half nut 109
      associated with the wheel base 17, and the wheel base 17 is advanced to
      the forward position by supplying hydraulic fluid to the rearward end of
      the cylinder 105 through conventional inlet and outlet conduits under the
      control of a suitable solenoid-operated rapid feed valve 111 so as to
      drive the piston 103 forward until the end of the feed screw 107 abuts
      against a forward stop 113.
PAR  When the grinding wheel base 17 reaches the forward position, a limit
      switch 115 is operated by a rearward projection 117 of the feed screw 107
      to initiate the operation of an electrical feed control circuit, generally
      indicated at 119 in FIG. 5, for effecting further advancement of the
      grinding wheel 15. As shown in FIG. 1, the feed screw 107 is driven
      through a gear drive, generally indicated 121, by an electric motor 123
      operated by the electrical feed control circuit 119 which may be located
      in a control panel 125 adjacent the grinding machine 11. The electrical
      motor 123 may be a suitable stepping motor operated in accordance with
      pulses supplied from the electrical feed control circuit 119 with each
      pulse being representative of a predetermined feed distance or degree of
      rotation of the feed screw 107 for effecting relative movement between the
      wheel base 17 and the bed 19.
PAR  In grinding a crankpin workpiece to a desired size, the grinding wheel 15
      is typically advanced from the forward position to a final position in a
      sequence of grinding movements involving preselected feed rates over
      preselected feed ranges followed by preselected dwell periods. To enable
      an operator to establish a program of grinding movements, the grinding
      control circuit 119 includes operator programming controls, generally
      indicated at 127 and located on the control panel 125, which consist of
      feed rate switches 129, feed range switches 131, and dwell timers 133
      which may be individually set by an operator. The feed range switches 131
      determine the total number of pulses to be supplied to the stepping motor
      123 and hence the distance advanced during the grinding sequences, while
      the feed rate switches 129 determine the rate at which the selected number
      of pulses are supplied to the motor 123 and the dwell timers 133 determine
      the period of time the grinding wheel 15 remains at the end point of a
      corresponding feed range before undergoing further movement. The details
      of the feed rate switches 129, the feed range switches 131 and the dwell
      timers 133 are not described, and the details of the movement of the
      grinding wheel 15 are only partially described since they are adequately
      explained in the above-mentioned U.S. Pat. No. 3,716,949, to which
      reference may be made for further details of the involved electrical feed
      control circuit 119.
PAR  When the limit switch 115 is operated by the movement of the grinding wheel
      15 to the forward position, a sequence controller 135 is actuated to
      supply an ON signal to a gate 137 to enable pulses to pass from a suitable
      pulse source 139 to a suitable motor drive circuit 141 for operating the
      motor 123 to advance the grinding wheel 15 into engagement with the
      workpiece. As more particularly described in U.S. Pat. No. 3,716,949, the
      pulse source 139 may be in the form of a frequency convertor receiving
      pulses from a crystal oscillator and producing output pulses at a rate
      determined by the feed rate switches 129. At the same time, pulses are
      also supplied to a suitable comparator circuit 143 and when the number of
      pulses equals a first feed range, as determined by a signal from the feed
      range switches 131, the comparator circuit 143 actuates the sequence
      controller 135 which supplies an OFF signal to the gate 137 for a period
      of time determined by the dwell timers 133. Upon completion of a selected
      dwell period, the sequence controller 135 again supplies an ON signal to
      the gate 137 to effect the next grinding sequence in the same manner.
PAR  After preliminary grinding of the crankpin to achieve a uniform cylindrical
      configuration, the sequence controller 135 operates the positioning
      control valve 51 to raise the positioning mechanism 45 to the operating
      position in the manner previously described. Upon movement of the
      positioning mechanism 45 to the operating position, a suitable gage,
      generally indicated 145, is placed on the workpiece and the limit switch
      55 is operated to advance a workrest mechanism, generally indicated 147,
      into engagement with the crankpin. As more particularly shown in FIG. 3,
      the gage 145 includes calipers 149 which are resiliently supported on the
      positioning mechanism 45 for engagement with the crankpin and are
      mechanically connected to a suitable sensor 151 providing a signal to the
      comparator circuit 143 indicative of the actual size of the crankpin. The
      workrest 147 is mechanically connected to a piston 153 slidably disposed
      in a hydraulic cylinder 155 of the positioning mechanism 45, and the
      workrest 147 is advanced against the crankpin by hydraulic fluid supplied
      to the cylinder 155 under the control of a suitable solenoid operated
      control valve 157.
PAR  Upon engagement of the gage 145 with the crankpin, the gage 145 supplies a
      signal to the comparator circuit 143 which actuates the controller 135 to
      continue the grinding operation with further sequences of movements of the
      grinding wheel 15 until the gage 145 senses the desired size of the
      workpiece. As shown in FIG. 5, the gage 145 is connected to the comparator
      circuit 143 which is also connected to the feed range switches 131, and
      when the size of the workpiece, as sensed by the gage 145, equals the
      desired size, as indicated by the feed range switches 131, the comparator
      circuit 143 supplies a signal to the sequence controller 135 indicating
      the completion of the grinding operation.
PAR  When the crankpin is ground to the desired size, the sequence controller
      operates the workrest control valve 157 to retract the workrest 147 from
      the crankpin and operates the positioner control valve 51 to lower the
      positioner mechanism 45 to the rest position in the manner previously
      described whereupon the limit switch 91 is operated. At the same time, the
      rapid feed valve 111 is operated to drive the piston 103 rearwardly to
      return the grinding wheel to the retracted position whereupon another
      limit switch 159 is operated by another projection 161 carried by the feed
      screw 107. In addition, the electrical feed control circuit 119 is
      operated in a reverse mode, and the sequence controller 135 supplies an ON
      signal to gate 137 to enable pulses from the pulse source 139 to be
      supplied to the stepping motor drive circuit 141 to reversely drive the
      motor 123 to a reset position.
PAR  When the positioner mechanism 45 and the grinding wheel 15 are returned to
      the rest positions, as indicated by the operation of the limit switches 91
      and 159, the workpiece is moved to position another crankpin for grinding.
      As more particularly shown in FIG. 1, the workpiece carriage 13 is
      slidably supported on the bed 21 for movement transverse to the grinding
      wheel 15, and the location of the workpiece carriage 13 relative to the
      grinding wheel 15 is determined by the engagement of a plunger 169 in one
      of a series of notches 171 of a spacing bar 173 associated with the
      workpiece carriage 13 and which corresponds to the crankpins of the
      crankshaft mounted in the workpiece carriage 13. To position the next
      crankpin for grinding, the plunger 169 is removed from the notch by
      operating a solenoid 175 which is mechanically connected to the plunger
      169 to enable movement of the workpiece carriage 13. The workpiece
      carriage 13 is mechanically associated with a piston 177 slidably disposed
      in a hydraulic cylinder 179 formed in the bed 21, and movement of the
      piston 177 is effected by supplying hydraulic fluid to the cylinder 179
      through conventional inlet and outlet conduits under the control of a
      suitable solenoid operated valve 181.
PAR  As the workpiece carriage 13 is slidably driven along the bed 21, the
      plunger 169 is resiliently urged against the spacing bar 173 by suitable
      biasing means, not shown, and when the next notch 171 is brought into
      alignment with the plunger 169, the plunger 169 moves into engagement with
      the notch 171 to stop the movement of the workpiece carriage 13.
      Reengagement of the plunger 169 in a notch 171 operates a limit switch 183
      which deenergizes the valve 181.
PAR  At the same time the workpiece carriage 13 is being moved to axially
      displace the crankshaft, the crankshaft is rotated to coaxially align the
      next crankpin with the axis of rotation of the headstocks 23L, 23R. To
      enable the crankshaft to be rotated relative to the headstocks 23L, 23R,
      the clamping mechanisms 25L, 25R are loosened by deenergizing the clamp
      valve 75 to reduce the pressure acting on the pistons 71 associated with
      the clamp arms 70. Next, the crankshaft is acted upon by a rotary indexing
      mechanism, generally indicated 185 in FIG. 6, to rotate the index spindle
      29 associated with the left drive plate 27L. As shown, the index spindle
      29 is rotatably carried by the drive plate 27L and is connected by
      suitable gears, generally indicated 187, to an electromagnetic brake 189
      which is rotatable about the axis of the drive plate 27L. Normally, the
      indexing spindle 29 is locked against rotation by a solenoid operated
      plunger 191 which is also carried by the drive plate 27L and received in a
      notch of the indexing spindle 29 associated with one of the crankpins to
      be ground. When the next crankpin is to be rotatably indexed for grinding,
      the plunger 191 is removed from the indexing spindle 29 and the
      electromagnetic brake 189 is energized to effect a relative rotational
      movement of brake 189 with the rotating drive plate 27L to rotate the
      indexing spindle 29. The rotational movement of the crankshaft continues
      for a period of time determined by a suitable timing mechanism, not shown,
      until the next crank pin is coaxially aligned with the axis of rotation of
      the headstocks 23L, 23R, whereupon the brake 189 is deenergized and the
      plunger 191 engages a notch in the indexing spindle 29 which corresponds
      to the next crankpin.
PAR  The reengagement of the rotary indexing plunger 191 may be indicated by
      suitable means, not shown, and when the workpiece carriage plunger 169 is
      also reengaged with the next notch 171, an index match is signaled which
      initiates the grinding operation as previously described.
PAR  When the last crankpin has been ground, as indicated by the operation of a
      limit switch 193 in conjunction with the movement of the workpiece
      carriage 13 to a location for engagement by the index plunger 169 in the
      last notch 171, the workpiece carriage 13 is moved to the initial position
      under the control of the carriage valve 181 until a limit switch 195 is
      operated in conjunction with the reengagement of the carriage plunger 169
      in the first notch 171. Upon movement to the initial position, the
      headstocks are brought to rest and the latch valves 87 are operated to
      remove the latch pins 81 from adjacent the clamp arm 70 so that the
      clamping mechanisms 25L, 25R may be fully opened to enable the ground
      crankshaft to be replaced with another workpiece.
PAR  As described above, the mechanisms of the grinding machine 11 operate in a
      sequence of movements under the control of limit switches and solenoid
      operated valves. Typically, the sequence of movements are effected
      automatically in a mass production machine; however, manual controls in
      the form of push buttons and selector switches are also provided to enable
      an operator to selectively move individual mechanisms for such purposes as
      adjustment and repair of the mechanisms. To enable the mechanisms to be
      operated in a sequence of movements, in either an automatic mode or a
      manual mode, the limit switches, valves, push buttons and selector
      switches form a portion of a control circuit, generally indicated 201 in
      FIGS. 7 and 8, which includes the sequence controller 135 in FIG. 5. Each
      of the push buttons, selector switches, and limit switches are arranged to
      provide input signals interfacing with the sequence controller 135 while
      the solenoids and other relays are arranged to operate in response to
      signals from the sequence controller 135.
PAR  As more particularly shown in FIG. 7, each of the push button switches,
      selector switches and limit switches are connected in series with an
      associated input signal converter between 110V power conductors for
      converting 110V signals into input logic signals for interfacing with the
      sequence controller 135. Similarly, as shown in FIG. 8, the solenoids and
      relays are each connected in series with an associated output signal
      converter between 110V power conductors for interfacing with the sequence
      controller 135 to convert output logic signals into 110V signals operating
      the solenoids and relays. The sequence controller 135 may be any suitable
      programmable controller, such as Modicon Model 0-84 manufactured by the
      Modicon Corporation of Andover, Massachusetts, and the sequence controller
      may be programmed with a suitable electronic logic as shown, by way of
      example only, in FIG. 9. Although the logic circuitry of the controller
      could be illustrated in different forms, it is shown in FIG. 9 in the form
      of relay circuits arranged between parallel power supply lines with the
      input logic signals being indicated to the left of the power supply lines
      and the output logic signals being indicated to the right of the power
      supply lines.
PAR  As previously mentioned, the grinding machine 11 may be operated in either
      a manual mode or an automatic mode according to the choice of the
      operator, and the push button switches and selector switches for both
      modes of operation are located on the control panel 125 along with a
      normally open MACHINE START push button switch 203 and a normally closed
      MACHINE STOP push button switch 205, as shown in FIG. 7. The START and
      STOP push button switches 203 and 205 respectively are connected in series
      with a power relay CR1 across a pair of power input terminals, and the
      control circuit 201 may be energized by momentarily depressing the MACHINE
      START push button to energize the power relay CR1 and close normally
      opened contacts CR1 leading to the previously mentioned power conductors
      of the control circuit 201 as well as holding contacts CR1 connected in
      parallel with the MACHINE START push button 203. To prevent the push
      button and selector switches associated with the manual mode of operation
      from interfering with the operation of the grinding machine 11 during an
      automatic mode of operation, the operator switches associated with the
      manual mode of operation are connected between a pair of power conductors
      L.sub.1 --L.sub.1 which are separately energizable only through normally
      open contacts CR2. The other push button switches and limit switches along
      with the sequence controller 135 are connected between another pair of
      power conductors L.sub.2 --L.sub.2 which are energized by the closing of
      the contacts CR1 as previously described.
PAR  To operate the grinding machine 11 in the manual mode, it is first
      necessary to depress a RESET push button 207 to disable the controls
      associated with the automatic mode of operation, as will be explained
      below, and then depress a MANUAL SELECT push button 209 to energize the
      power conductors L.sub.1 --L.sub.1. As shown in FIG. 7, the depression of
      the MANUAL SELECT push button energizes an associated logic signal
      converter A to supply an input logic signal A to the sequence controller
      135 to operate the logic circuitry. As shown in FIG. 9, the input logic
      signal A closes corresponding normally open contacts A which are connected
      in series with normally closed contacts 8 and B, and a logic relay 1 which
      is energized to close associated holding contacts 1 connected in parallel
      with the contacts A and 8 and to provide an output logic signal 1. As
      shown in FIG. 8, the logic signal 1 operates a corresponding output signal
      logic converter 1 to energize a control relay CR2 which closes the
      previously mentioned contacts CR2 to energize the power conductors L.sub.1
      --L.sub.1 and the manual mode switches connected therebetween.
PAR  With the manual mode switches energized, the engager mechanism 33 may be
      operated by depressing the ENGAGER push button switch 311 to supply an
      input logic signal AA to the sequence controller 135. The input logic
      signal AA closes corresponding contacts AA to engergize a logic relay 2
      which operates a corresponding output logic converter 2 to energize the
      solenoid operated engager valve 41. As previously described, the hydraulic
      fluid supplied to the cylinder 39 operates a hydraulic pressure switch 43
      which is connected in series with a logic signal converter F between the
      power conductors L.sub.1 -- L.sub.1, so as to cause an input logic signal
      F to be produced which closes corresponding contacts F which are connected
      in series with normally open contacts BB and normally closed contacts FF
      to condition a logic relay 3 for energization. Similarly, the engager
      mechanism 33 may be retracted by opening the ENGAGER push button selector
      switch to remove the input logic signal AA and open the corresponding
      contacts AA to deenergize the logic relay 2 and remove the logic outfput
      signal 2 to deenergize the solenoid operated engager valve 41.
PAR  Next, the positioner mechanism 45 may be raised to the operating position
      by depressing the POSITIONER UP push button 313 to produce an input logic
      signal BB which closes the corresponding contacts BB mentioned above to
      energize the logic relay 3 which closes associated holding contacts 3
      connected in parallel with the contacts F and BB and at the same time
      closes contacts 3 connected in series with a logic relay 4. The logic
      relay 4 closes associated holding contacts 4 which are serially connected
      with normally closed contacts K in parallel with the contacts 3. In
      addition, the logic relay 4 produces an output logic signal 4 which
      energizes the solenoid operated positioner valve 41 to raise the
      positioner mechanism 45 to the operated position whereupon the limit
      switch 55 is operated. The limit switch 55 causes an logic input signal G
      to be produced which closes corresponding contacts G to energize a logic
      relay 5 which closes associated holding contacts 5 and produces a logic
      output signal 5 which energizes a solenoid 51' to reduce the pressure on
      the engager rod 35.
PAR  With the positioner mechanism 45 at the raised operating position, the
      axial locating mechanism 57 may be advanced by depressing a LOCATOR
      SELECTOR switch 315 to produce an input logic signal CC which closes
      corresponding contacts CC connected in series with normally open contacts
      G and 5, now closed and normally closed contacts 56 to energize a logic
      relay 6 which produces a logic output signal 6 which energizes the
      solenoid operated valve 67 to effect the axial positioning of a crankpin
      as previously described.
PAR  When the crankpin is axially aligned, the clamping mechanisms 25L, 25R may
      be closed by depressing a CLAMPS CLOSE push button switch 317 to produce
      an input logic signal DD which closes corresponding contacts DD to
      energize a logic relay 7 which closes holding contacts 7, which are
      serially connected with normally closed contacts NN in parallel with the
      contacts 7, and at the same time closes associated contacts 7 to energize
      a serially connected logic relay 8. The logic relay 8 produces an logic
      output signal 8 which energizes the solenoid operated clamp valve 75 to
      close the clamping mechanisms 25L, 25R as described hereinabove.
      Similarly, the clamping mechanisms 25L, 25R may be opened by depressing a
      CLAMPS OPEN push button 335 to produce an input logic signal NN which
      opens the above mentioned corresponding normally closed contacts NN, to
      deenergize the logic relay 7, thereby opening the associated contacts 7 to
      deenergize the logic relay 8 to remove the logic output signal 8 and
      deenergize the solenoid operated clamp valve 75.
PAR  With the closing of the clamping mechanisms 25L, 25R, the limit switches 77
      are operated to produce an input logic signal J which closes corresponding
      contacts J connected in series with normally open contacts EE to condition
      a logic relay 9 for operation. Next, the latch mechanisms 79 may be
      operated by depressing a LATCH selector switch 319 to produce a logic
      input signal EE which closes the above mentioned contacts EE to energize
      the logic relay 9 which closes associated holding contacts connected in
      parallel with the contacts J, and at the same time closes associated
      contacts 9 to energize a serially connected logic relay 10. The logic
      relay 10 produces a logic output signal 10 which energizes the solenoid
      operated latch valve 87 to lock the clamping mechanisms 25L, 25R closed as
      previously described. In addition, the movement of the latch mechanisms 79
      operate the limit switch 89 which produces an logic input signal K which
      opens the previously mentioned normally closed contacts K which are
      connected in series with the logic relay 4, thereby deenergizing the
      solenoid operated positioner valve 51 to lower the positioner mechanism 45
      to the rest position as previously described. In addition, the lowering of
      the positioner mechanism 45 opens the limit switch 55 to remove the logic
      input signal G, thereby opening the corresponding contacts G to deenergize
      the logic relay 6 to remove the logic output signal 6 to deenergize the
      solenoid operated locator valve 67 and retract the locating fingers 59 as
      described above.
PAR  When the clamping mechanism 25L, 25R are latched closed by the latch
      mechanisms 79, the above mentioned logic input signal K closes
      corresponding contacts K connected in series with normally open contacts
      GG to condition a logic relay 11 to be operated, and at the same time
      closes corresponding contacts K connected in series with normally open
      contacts HH to condition a logic relay 13 for operation. The headstocks
      25L, 25R may now be jogged by depressing a HEADS JOG push button switch
      323 to produce an logic input signal GG which closes the corresponding
      normally open contacts GG to energize the logic relay 11 which closes
      associated contacts 11 to energize a serially connected logic relay 12 to
      produce a logic output signal 12 which energizes a motor relay MR to
      effect the operation of a motor driving the shaft 97 to rotate the
      headstocks 25L, 25R. Alternatively, the headstocks 25L, 25R maybe driven
      by depressing a HEADS RUN push button switch 325 to produce a logic input
      signal HH which closes the corresponding normally open contacts HH to
      energize the logic relay 13 which closes associated holding contacts 13
      serially connected with normally closed contacts JJ in parallel with the
      contacts HH and K, and at the same time closes associated contacts 13
      connected in parallel with the logic relay 13 to produce the logic output
      signal 12 which effects the rotational drive of the headstocks 25L, 25R as
      described hereinabove. When the headstocks 25L, 25R reach a predetermined
      speed, a suitable plugging switch 99 is operated to produce a logic input
      signal L which closes corresponding contacts L in the sequence controller
      as will be explained below. To stop the rotational drive, a HEADS STOP
      push button switch 327 may be depressed to produce a logic input signal JJ
      which opens the above mentioned normally closed contacts JJ to deenergize
      the logic relay 13 and open the associated contacts 13 to deenergize the
      logic relay 12, thereby removing the logic output signal 12.
PAR  To advance the grinding wheel 15 to the forward position, a WHEELBASE IN
      push button switch 329 may be depressed to produce a logic input signal KK
      which closes corresponding contacts K to energize a logic relay 14 which
      closes associated contacts 14 connected in series with normally closed
      contacts LL in parallel with the contacts KK. In addition, the logic relay
      14 closes other associated contacts to energize a serially connected relay
      15 to produce a logic output signal 15 which energizes the solenoid
      operated rapid feed valve 111 to advance the grinding wheel 15 as
      previously described until the feed screw abuts against the forward stop
      113. Similarly, the wheel base 17 may be moved to the retracted position
      by depressing a WHEEL BASE OUT push button switch 331 to produce a logic
      input signal LL which opens the corresponding normally closed contacts LL
      to deenergize the logic relay 14 and open the associated contacts 14 to
      deenergize the logic relay 15, thereby removing the logic output signal 15
      and deenergizing the solenoid operated rapid feed valve 111.
PAR  When the crankpin is properly aligned with the axis of rotation of the
      headstocks 25L, 25R, an "index match signal" is provided by a suitable
      index match logic relay, not shown, to close associated contacts
      throughout the sequence controller 135 as a safety measure. With the index
      match contacts closed, an indexing operation may be commenced to position
      the crankpin for grinding. To begin an indexing operation, the positioner
      mechanism 45 must be in the lowered rest position as indicated by the
      operation of a limit switch 91, the wheel base must be in the retracted
      position as indicated by the operation of a limit switch 137, and the
      headstocks 25L, 25R must be rotatable driven at the predetermined speed as
      indicated by the operation of the plugging switch 99. The limit switch 91
      produces a logic input signal M which closes corresponding contacts in the
      sequence controller and the plugging switch 99 produces a logic input
      signal L which closes corresponding contacts L in the sequence controller.
PAR  To initiate an indexing operation by traversing the workpiece carriage 13,
      an INDEXING push button switch 33 may be depressed to produce an logic
      input signal MM which closes corresponding contacts MM connected in series
      with the now closed contacts M, O, L and normally closed contacts 56 to
      energize a logic relay 18. The logic relay 18 closes associated holding
      contacts connected in parallel with the contacts MM, M, O and L and at the
      same time produces a logic output signal 18 which energizes the solenoid
      operated carriage index plunger 175 and the solenoid operated carriage
      valve 181. With the energization of the solenoid operated valve 175, 181,
      the movement of the workpiece carriage 13 is initiated along with the
      rotation of the crankshaft by the energization of the electromagnet brake
      189 by suitable means, not shown, as previously described. In addition,
      the logic relay 18 closes associated contacts 18 connected in series with
      normally closed contacts 56 and P to energize a logic relay 19 connected
      in parallel with the contacts 18 which closes associated holding contacts
      19 connected in parallel with the contacts 18 and produces a logic output
      signal 19 which energizes a solenoid operated valve 181' to drive the
      workpiece carriage to the right.
PAR  As the crankshaft is moved axially and rotated, the index match contacts
      are opened to deenergize the logic relay 18, thereby opening the
      associated contacts 18 and removing the logic output signal 18 to
      deenergize the solenoid operated valve 175 for the plunger 169 and the
      solenoid operated valve 181. The movement of the carriage continues due to
      the operation of the valve 181', and the carriage index plunger 169 is
      normally urged against the spacing bar 173 as previously desribed. When
      another indexing notch 171 is brought into alignment with the plunger 169,
      the plunger is moved into engagement with the notch 171 to stop the
      movement of the workpiece carriage 13 and at the same time operates a
      limit switch 183. The closing of the limit switch 183 produces a logic
      input signal P which opens the above-mentioned corresponding normally
      closed contacts P to deenergize the logic relay 19 which opens associated
      holding contacts 19 and removes the logic output signal 19 to deenergize
      the solenoid operated valve 181'. Although not described, the rotary
      indexing of the crankpin continues until the plunger 191 engages a
      corresponding notch in the index spindle 29 which deenergizes the
      electromagnetic brake 189 in the manner described above and again closes
      the index match contacts throughout the sequence controller 135.
PAR  The indexing movement of the workpiece carriage may continue in the manner
      described above until all the crankpins have been aligned with the axis of
      rotation of the headstocks 23L, 23R for undergoing a grinding operation.
      With the workpiece carriage 13 positioned to enable the last crankpin to
      be ground, a limit switch 193 is closed which produces logic input signals
      Q to close corresponding contacts Q throughout the sequence controller
      135. At the conclusion of the grinding of the last crankpin, with the
      positioner mechanism 45 in the rest position, the wheel base 17 in the
      retracted position, and the headstocks 23L, 23R running at the
      predetermined speed, the input logic signals L, M and O are produced to
      close corresponding contacts in the sequence controller 135 and the index
      match contacts are closed. As shown in FIG. 9, contacts Q, L, M and O and
      index match are connected in series with normally opened contacts MM to
      condition the logic relay 20 for energization. Accordingly, the INDEX
      pushbutton switch 333 may be depressed to produce a logic signal MM to
      energize the logic relay 18, previously described, to produce a logic
      output signal 18 which energizes the solenoid operated carriage index
      plunger 175 and the solenoid operated carriage valve 181, previously
      described. At the same time, the logic input signal MM closes the
      abovementioned corresponding contacts connected in series with the relay
      20 which closes associated contacts 20 connected in series with normally
      closed contacts R, 19 and 56 to energize a logic relay 21 which closes
      holding contacts 21 connected in parallel with the contacts 20 and also
      produces the logic output signal 21 which energizes the solenoid operated
      valve 181", not shown, to effect the return of the carriage to an initial
      position. When the workpiece carriage 13 reaches the initial position, a
      limit switch 195 is closed to produce logic input signals R which open the
      corresponding normally closed contacts R to deenergize the logic relay 21
      to remove the logic output signal 21 and deenergize the solenoid operated
      valve 181". At the same time, the return of the workpiece carriage 13 to
      the initial position enables the plunger 169 to reengage a notch 171
      associated with the initial position.
PAR  When it is desired to operate the grinding machine 11 in the automatic mode
      to succesively grind the crankpins of a crankshaft, it is first necessary
      to disengage the operator controls associated with the manual mode of
      operation. The disengagement of the operator controls may be effected by
      depressing a RESET push button switch 207 to produce a logic input signal
      B which opens the normally closed contact B connected in series with the
      logic relay 1 so as to deenergize the logic relay 1 and remove the logic
      output signal 1, thereby deenergizing the control relay 2 and opening the
      associated contacts CR2 leading to the power conductors L.sub.2 --L.sub.2.
      Next, an AUTOMATIC SELECT push button 211 may be depressed to produce a
      logic input signal C to close corresponding contacts C connected in series
      with normally closed contacts 1 associated with the logic relay 1 and
      normally open contacts 23 to energize a logic relay 24. However, for the
      contacts 23 to be closed, the grinding machine 11 must be in an initial
      position for starting a grinding operation. As shown in FIG. 9, normally
      open contacts R, P and index match are connected in series with normally
      closed contacts L and K to energize a logic relay 22 having associated
      contacts 22 connected in series with normally open contacts M and O and
      normally closed contacts H and J to energize the logic relay 23 having the
      above mentioned associated contacts 23 serially connected with the logic
      relay 24. In the initial condition, the limit switch 195 is closed to
      provide the logic input switch R, the carriage index plunger is in the
      first notch 171 to close the limit switch 183 to provide the logic input
      switch P, and the index match contacts must be closed. The headstocks 23L,
      23R must not be running to produce the logic input signal L and the
      latches must not be operated to produce the logic input signal K. The
      clamps must be opened so as to not produce logic input signal J, the wheel
      base must be in the retracted position to produce the logic input signal
      O, the locator must be retracted to not produce the logic input signal H,
      and the positioner must be in the rest position to produce the logic input
      signal M.
PAR  When all of the initial conditions are satisfied, the logic relay 24 is
      energized to close associated contacts 24 connected in series with
      normally closed contacts B and 56 to energize logic relay 25 which closes
      associated holding contacts 25 connected in parallel with the contacts 24.
      At the same time, the logic relay 25 closes associated contacts 25 which
      are connected in series with normally open contacts D and normally closed
      contacts E and 35 to condition logic relay 26 for operation. After loading
      a crankshaft in clamping mechanisms 25L, 25R as previously described, the
      automatic operation may be initiated by depressing a CYCLE START push
      button 213 to produce a logic input signal D which closes the contacts D
      to energize logic relay 26 which closes associated holding contacts 26
      connected in parallel with the contacts D and 25.
PAR  When the automatic mode of operation is initiated with the energization of
      the logic relay 26, associated relay contacts 26 are closed throughout the
      sequence controller 135. As shown in FIG. 9, the closing of the relay
      contacts 26 energizes the logic relay 2 to provide a logic output signal 2
      which energizes the solenoid operated engager valve 41, as previously
      described to press the crankshaft against the index spindle 29. An
      increasing hydraulic pressure in the engager cylinder 39 operates the
      pressure switch 43 to produce the logic input signal F which closes
      corresponding contacts F connected in series with contacts 26 and normally
      closed contacts 56 to energize logic relay 27. The energization of logic
      relay 27 closes associated contacts 27 connected serially with normally
      closed contacts K to energize logic relay 4 which closes holding contacts
      4 connected in parallel with the contacts 27 and produces logic output
      signal 4.
PAR  As previously described, the logic output signal 4 energizes the solenoid
      operated positioner valve 51 to raise the positioner mechanism 45 to the
      raised operating position whereupon the limit switch 55 is operated to
      produce the logic input signal G which closes corresponding contacts G as
      previously described to energize the logic relay 5 and produce the logic
      output signal 5 which energizes the solenoid 51 to reduce the pressure on
      the engager rod 35. At the same time, the logic input signal G closes
      corresponding contacts G serially connected through now closed contacts 26
      and normally closed contacts K to energize logic relay 6 to produce a
      logic output signal 6.
PAR  The logic output signal 6 energizes the solenoid operated valve 67
      associated with the locator mechanism 57 to spread the locator fingers 59
      and axially position a crankpin for grinding. As the locating fingers 59
      spread under the advancement of the rod 61, as previously described, the
      rod actuates the limit switch 69 to produce the logic input signal H.
PAR  The logic input signal H closes corresponding contacts H connected in
      series with now closed contacts 26 and normally closed contacts 56 to
      energize logic relay 28 which closes associated contacts 28 connected in
      series with now closed contacts P to energize a logic relay 29 which
      closes holding contacts 29 connected in parallel with the contacts 28, and
      at the same time closes contacts 29 connected in parallel with the
      previously mentioned contacts 7 to energize logic relay 8. The
      energization of logic relay 8 produces a logic output signal 8 which
      energizes the solenoid operated valve associated with the clamping
      mechanism 25L, 25R. With the closing of the clamping mechanism, the limit
      switches 77 are operated to produce a logic input signal J. The logic
      input signal J closes corresponding contacts J connected in series with
      normally closed contacts 56 and the now closed contacts 26 to energize
      logic relay 30 which closes holding contacts 30 connected in parallel with
      the contacts 56 and J, and at the same time closes associated contacts 30
      connected in parallel with the contacts 9 to energize the logic relay 10.
      The energization of the logic relay 10 produces logic output signal 10
      which energizes the solenoid operated latch valve 87 to advance the latch
      pins 81 and lock the clamp arms 69 closed.
PAR  With the closing of the latches, the limit switch 89 is operated to produce
      the logic input signal K which opens the normally closed contact K
      connected in series with the logic relay 4 so as to remove the logic
      output signal 4 to deenergize the solenoid operated positioner valve 51 to
      lower the positioner mechanism 45 to the lowered rest position. In
      addition, the logic input signal K opens corresponding normally closed
      contacts K connected in series with the logic relay 6 to remove the logic
      output signal 6 and deenergize the solenoid operated valve 67 to enable
      the locator mechanism 57 to be retracted.
PAR  As the positioner mechanism 45 moves from the raised operating position
      toward the lowered rest position, the limit switch 55 is opened to remove
      the logic input signal G which enables corresponding normally closed
      contacts G to again close, and the logic input signal K closes
      corresponding contacts connected in series with the now closed contacts 26
      and normally closed contacts G to energize logic relay 31 which closes
      associated contacts 31 connected in series with normally closed contacts
      56 to energize logic relay 32 which closes associated holding contacts 32
      connected in parallel with the contacts 31 and at the same time closes
      associated contacts 32 to energize logic relay 12. The energization of the
      logic relay 12 produces a logic output signal 12 which energizes the relay
      MR which initiates the rotatable drive of the headstocks 23L, 23R.
PAR  As the headstrocks reach a predetermined speed, the plugging switch 99
      closes to produce logic input signal L which closes corresponding contacts
      L connected in series with now closed contacts 26, normally closed
      contacts 403 and 56 to energize logic relay 33. Upon energization, the
      logic relay 33 closes associated contacts 33 connected in series with now
      closed contacts 10 and 12 and index match to energize logic relay 34 which
      closes associated contacts 34 connected in parallel with contacts 14 to
      energize logic relay 15. The energization of the logic relay 15 produces a
      logic output signal 15 which energizes the solenoid operated rapid feed
      valve 111 to advance the grinding wheel to the forward position. Upon
      reaching the forward position, the grinding wheel base 17 closes limit
      switch 115 to produce logic input signal N which initiates the operation
      of the electric feed control circuit 119 as previously described. During
      the operation of the electric feed control circuit, as previously
      described, the grinding wheel is advanced through a preliminary grinding
      operation. Upon completion of the preliminary grinding operation, as
      indicated by a signal supplied from the comparator circuit 143 to the
      sequence controller 135, contacts 401 are closed by suitable means, not
      shown, to produce a logic input signal 401. The logic input signal 401
      closes corresponding contacts 401 connected in series with the now closed
      contacts N and normally closed contacts 56 and 403 to energize logic relay
      16 which closes holding contact 16 connected in series with the contacts
      N, 401 and 56. At the same time, the logic relay 16 closes associated
      contacts 16 to energize serially connected logic relay 4 which closes
      holding contacts 4 as previously described and produces a logic output
      signal 4.
PAR  As the positioner mechanism 45 reaches the raised operation position the
      gage 145 is placed on the workpiece and the limit switch 55 is operated to
      produce a logic input signal G. As shown in FIG. 9, the logic input signal
      G closes corresponding contacts G connected in series with now closed
      contacts 401 and normally closed contacts 56 and 403 to energize logic
      relay 17 which closes holding contacts 17 connected in parallel with the
      contacts G, 401 and 56. The energization of the logic relay 17 produces a
      logic output signal 17 which energizes the solenoid operated valve 157 to
      effect the advancement of the work rest mechanism 147 into engagement with
      the crankpin as previously described.
PAR  As previously described, the grinding operation continues under the control
      of the electric feed control circuit 119 unitl the size of the crankpin,
      as sensed by the gage 145, equals the desired size as indicated by the
      feed range switches 131, whereupon the comparator circuit 143 supplies a
      signal to the sequence controller 135 indicating the completion of the
      grinding operation. Upon completion of the grinding operation, the
      sequence controller causes contacts 403, as shown in FIG. 7, to produce a
      logic input signal 403 which opens corresponding normally closed contacts
      403 connected in series with the logic relay 17 to remove the logic output
      signal 17 to deenergize the solenoid operated valve 157 of the work rest
      147, thereby retracting the work rest 147. At the same time, the logic
      input signal 403 to deenergize the serially connected logic relay 16 and
      open the associated contacts 16 to deenergize the serially connected logic
      relay 4, thereby removing the logic output signal 4 to deenergize the
      solenoid operated valve 51 and to lower the positioner mechanism 45 to the
      rest position. In addition, the logic input signal 403 opens corresponding
      normally closed contacts 403 to deenergize the serially connected logic
      relay 33 which opens associated contacts 33 to deenergize logic relay 34
      and open associated contacts 34 to deenergize serially connected logic
      relay 15. The deenergization of logic relay 15 removes logic output switch
      15 to deenergize the valve 111 of the rapid feed valve arrangement 101 to
      move the wheel base 17 to the retracted position.
PAR  When the wheel base 17 reaches the retracted position, and the positioner
      mechanism 45 reaches the lowered rest position, a indexing operation is
      initiated to position the next crankpin for grinding. As shown in FIG. 9,
      with the limit switch 159 closed to produce the logic input signal O and
      the limit switch 91 closed to produce the logic input signal M and the
      plugging switch 99 operated to produce the logic output signal L,
      corresponding serially connected contacts O, M and L are closed in series
      with now closed contact 26 to energize the logic relay 18 to effect a
      carriage indexing operation as previously described. As the indexing
      operation is initiated, the carriage index plunger is removed from the
      notch 171 which opens the limit switch 183 to remove the logic input
      signal P which opens corresponding contacts P to deenergize the serially
      connected logic relay 29. The deenergization of the logic relay 29 opens
      associated contacts 29 in series with the logic relay 8, thereby removing
      the logic output signal 8 to deenergize the solenoid operated valve 75 of
      the clamping mechanism 25L 25R to relieve the pressure exerted against the
      ends of the crankshaft by the clamp arms 69. However, the latch pins 81
      prevent the opening of the clamping mechanism 25L, 25R during the indexing
      operation. Accordingly, the crankshaft may be rotary indexed to align the
      next crankpin with the axis of rotation of the headstocks 23L, 23R, and
      upon completion of the indexing operation, the next crankpin may be ground
      as previously described.
PAR  Succeeding crankpins may be ground in the same manner until the last
      crankpin has been ground with the carriage index plunger 169 in the notch
      171 corresponding to the last crankpin and with the limit switch 193
      closed to produce the logic input signal Q. As previously described, upon
      completion of the grinding of the last crankpin, the carriage is returned
      to the enable position by the energization of the logic relay 21 which
      closes associated contacts 21 connected in series with normally open
      contacts R to condition a logic relay 35 for operation. When the workpiece
      carriage 13 reaches the initial position and closes the limit switch 195
      to produce the logic input signal R, the corresponding contacts R are
      closed to energize the logic relay 35 which opens associated normally
      closed contacts 35 to deenergize the serially connected logic relay 26,
      thereby opening the associated contacts 26 throughout the sequence
      controller 135 as described above to end the cycle of automatic operation.
      Upon ending the automatic operation, the headstocks are stopped and the
      latches are retracted and the clamps are opened to enable the ground
      crankpins to be replaced and the engager is retracted to enable the ground
      crankshaft to be replaced with another workpiece.
PAR  From the foregoing, it is apparent that a defective operation of any one of
      the previously described electrical switches, for example the limit
      switches and pressure switches, or the failure of any of the solenoid
      actuated valves necessary to effect the movement of an associated
      mechanism may constitute a fault disabling the further operation of the
      grinding machine in the automatic mode. Due to the number of electrical
      switches and solenoids involved, it is difficult and time consuming to
      diagnose and correct the particular fault disabling the operation of the
      grinding machine.
PAR  As will be described below, the present invention provides a fault
      detection system which indicates the particular fault disabling the
      operation of the grinding machine.
PAR  As previously described, to operate the grinding machine in the automatic
      mode of operation, it is first necessary to have all mechanisms of the
      machine in an initial starting position so as to energize the logic relays
      22, 23 to enable the logic input signal C and D resulting from the
      depression of the AUTOMATIC SELECT push button switch 211 and the CYCLE
      START push button 213 to initiate the operation of the machine. As
      previously described, the limit switch 195 for the first crankpin must be
      closed, the limit switch 200, for the carriage index plunger must be
      closed, and the index match signal must be present. In addition, the
      plugging switch 99 for the rotatably driven headstocks 23L, 23R must be
      open, the limit switch 89 for the latching mechanism 79 must be open, and
      the limit switch 77 for the clamping mechanisms 25L, 25R must be open.
      Furthermore, the limit switch 159 must be closed with the wheel base
      retracted. The limit switch 91 must be closed with the positioner
      mechanism 45 in the rest position and the limit switch 69 must be open
      with the locator mechanism 33 retracted. If any of these conditions are
      not satisfied, then the grinding machine 11 may not be operated in the
      automatic mode.
PAR  To provide an indication of which initial conditions are not satisfied, the
      fault detector arrangement of the present invention includes a plurality
      of indicator lights on the control panel 125 which are selectively
      energized according to the particular initial condition at fault thereby
      providing a visual indication to the operator as to which initial
      condition must be corrected. As previously described, the operation of
      each of the above mentioned limit switches produces an associated logic
      input signal for operating corresponding contacts in the sequence
      controller 135. To indicate a fault condition with any of the above
      mentioned switches, each of the logic input signals has corresponding
      contacts of an electrical condition opposite to those associated with the
      logic relays 22, 23 and which are connected in series with another logic
      relay producing a logic output signal to energize an associated indicator
      light.
PAR  As more particulary shown in FIG. 9, the depression of either the AUTOMATIC
      SELECT push buttons switch 211 or the depression of the CYCLE START push
      button switch 213 provides logic input signals C and D as previously
      described. The logic input signals C and D close corresponding contacts
      connected in parallel with each other to energize a logic relay 36 which
      in turn closes associated contacts connected in series with each of the
      initial fault contacts to provide the logic output signals indicating the
      initial faults.
PAR  More particularly, logic contacts 36 are connected in series with normally
      closed contacts R to energize a relay 39 which produces a corresponding
      logic output signal 39 indicating that the first pin is not in position
      for grinding. Another set of contacts 36 are connected in series with
      normally closed contacts P to energize logic relay 40 to produce a logic
      output signal 40 which energizes a serially connected light 40 to indicate
      that the plunger 169 is not in a notch 171. Contacts 36 are connected in
      series with normally closed index match contacts and logic relay 41 to
      produce a logic output signal 41 which energizes an associated light 41 if
      the index match signal is not present. Another set of contacts 36 are
      connected in series with normally open contacts L to energize logic relay
      41' to produce a corresponding logic output signal 41' which energizes a
      serially connected light 41' if the headstocks 23L, 23R are running to
      operate the plugging switch 99. Another set of contacts 36 are serially
      connected with normally open contacts K to energize a logic relay 42 which
      produces a logic output signal 42 to energize an associated light 42 if
      the latch pins 81 are advanced. Another set of normally open contacts 36
      are connected in series with normally open contacts J to energize logic
      relay 43 which produces a logic output signal 43 to energize an associated
      light 43 if the clamping mechanisms 25L, 25R are closed. Still another set
      of contacts 36 are connected in series with normally closed contacts O to
      energize a logic relay 44 which produces a logic output signal 44 to
      energize an associated light 44 if the wheel base 17 is not in the
      retracted position. In addition, another set of contacts 36 are connected
      in series with normally open contacts H to energize the logic relay 45
      which produces a logic output signal 45 to energize an associated light 45
      if the locator mechanism 33 is not in the retracted position. Still,
      another set of contacts 36 are connected in series with normally closed
      contacts M to energize a logic relay 46 which produces a logic output
      signal 46 to energize an associated light 46 if the positioner mechanism
      45 is not in the lowered rest position.
PAR  Each of the logic relays 39 through 46 have associated contacts connected
      in parallel with each other and in series with a logic relay 58 and if any
      of the logic relays 39-46 are energized, the associated contacts will be
      closed to energize the relay 58 which in turn closes associated contacts
      58 connected in series with a logic relay 38 which in turn closes
      associated contacts 38 connected in series with normally closed contacts E
      to energize a logic relay 56. Logic relay 56 closes holding contacts 56
      connected in parallel with the contacts 38 and produces a logic output
      signal 56 which energizes an associated light 56 mounted on top of the
      control panel 125 indicating a general fault signal. As will be described
      below, the general fault light 56 is energized each time any fault occurs.
      At the same time, the energization of the logic relay 56 closes associated
      contacts 56 connected in series with normally closed contacts 25 to
      energize a logic relay 38 which closes associated holding contacts 38
      connected in parallel with the close contacts 56 and produces a logic
      output signal 38 which energizes an associated light 38 indicating a fault
      in the automatic select operation. In addition, the energization of the
      logic relay 56 closes a plurality of associated contacts connected in
      parallel with the above mentioned contacts 36 which are closed to energize
      any of the logic relays 39-46 to indicate an initial fault.
PAR  Depending upon which initial fault indicator lights are energized, the
      initial fault disabling the operation of the machine may be quickly
      ascertained by an operator who may go to the machine and either visually
      determine the cause of the fault or may operate the particular switch to
      see of the switch itself is defective or in some way not operating
      properly. For example, it may be apparent that the wheel base 17 is not in
      the retracted position and therefore the limit switch 159 is not operated.
      However, if the wheel base 17 is in the retracted position and the limit
      switch 159 is operated, the resulting logic input signal may not be
      produced due to a defect in the switch itself or a short in the leads from
      the limit switch 159 or some other cause. When the fault has been
      corrected so that the limit switch 159 is closed to produce the logic
      input signal O, then the logic relay 44 will be deenergized to remove the
      logic output signal 44 and deenergize the associated light 44 indicating
      the fault. However, the general fault light 56 remains energized, and to
      restart the machine it is necessary for the CYCLE START push button switch
      215 to be closed providing a logic input signal connected logic relay 56,
      thereby removing the logic output signal 56 to deenergize the general
      fault light 56. With the logic relay 56 deenergized, the associated
      contacts 56 serially connected with the above mentioned logic relays
      associated with the initial fault conditions are likewise opened.
      Moreover, when the logic relay 58 is deenergized, it opens the associated
      contacts 58 connected in series with the logic relay 38' as previously
      described.
PAR  As previously described, to begin the operation of the grinding machine 11
      in the automatic mode, it is also necessary to first disengage the push
      buttons and selector switches provided on the control panel 125 for
      manipulation by the operator in the manual mode so as to prevent the
      operator from interferring with the operation of the machine while it is
      in the automatic mode. Accordingly, if the AUTOMATIC SELECT push button
      switch 211 is depressed while the logic relay 1 remains energized from a
      previous manual mode of operation, then the resulting logic input signal C
      associated with the AUTOMATIC SELECT push button will close corresponding
      contacts C to energize the logic relay 36 which closes associated contacts
      36 connected in series with the now closed contacts 1 to energize a logic
      relay 37. The logic relay 37 produces an output signal 37 to energize an
      associated fault light 37 indicating that the macine must be reset from
      the manual mode of operation. At the same time, the logic relay 37 closes
      associated contacts 37 to energize a serially connected logic relay 38'
      which closes associated contacts 38' serially connected to the logic relay
      56. As previously described, the logic relay 56 closes associated holding
      contacts 56 connected in parallel with the contacts 38' and produces a
      logic output signal 56 to energize the general fault light 56.
PAR  With the manual reset fault 37 indicated on the control panel 125 the
      operator must clear the fault by depressing the RESET push button 207 to
      produce the logic input signal B which opens the normally closed contacts
      B connected in series with the logic relay 1, thereby opening the contacts
      1 connected in series with the logic relay 37, as previously described, to
      remove the logic output signal 37 and deenergize the manual reset fault
      indicator light 37. At the same time, the deenergization of the logic
      relay 37 opens the above-mentioned associated contacts 37 connected in
      series with the logic relay 38'. However, as discussed above, the logic
      relay 56 controlling the energization of the general fault light 56
      remains energized due to the closed holding contacts 56. To clear the
      general fault signal, the CYCLE STOP push button 215 must be depressed to
      produce input signal E which opens the normally closed contacts E to
      deenergize the logic relay 56 and effect the deenergization of the general
      fault signal 56 as previously described.
PAR  With the general fault signal 56 cleared, the operation of the grinding
      machine 11 in the automatic mode may be initiated by depressing the
      AUTOMATIC SELECT push button switch 211, thereby producing logic iput
      signal C which closes corresponding contacts C to energize the serially
      connected logic relay 24 which closes associated contacts 24 connected in
      series with normally closed contacts B and 56 to energize a logic relay 25
      which closes holding contacts 25 connected in parallel with contacts 24
      and associated contacts 25 connected in series with normally closed
      contacts E and 35 to condition logic relay 26 for energization. Next, the
      CYCLE START push button switch 213 may be depressed to produce logic input
      signal D which closes corresponding contacts D to energize logic relay 26
      which closes associated holding contacts 9, thereby initiating the
      operation of the grinding machine in the automatic mode.
PAR  As discussed above, in the operation of the grinding machine in the
      automatic mode, the signals produced by the operation of the various
      mechanisms must occur in a proper sequential relationship to continue the
      automatic operation. To facilitate the detection and correction of a fault
      occurring during the automatic mode of operation, the fault detector of
      the present invention provides indicating the failure of selected switches
      during a particular sequence of operations. In accordance with the present
      invention, the automatic operation of the grinding machine is divided into
      four events with the first event starting with the movement of the wheel
      base 17 from the retracted position and ending with the wheel base 17 at
      the forward position and the positioner mechanism 45 at the lowered rest
      position. The second event begins when the first event ends and continues
      through the grinding of a crankpin and ends when the wheel base 17 is
      again moved to the retracted position and the positioner mechanism 45 is
      again lowered to the rest position. The third event commences with the
      ending of the second event and includes the traversing of the workpiece
      carriage 13 and the rotary indexing of the next crankpin and comes to a
      conclusion when the next crankpin is positioned for grinding. The first,
      second and third events are repeated until the last crankpin has been
      ground whereupon the fourth event is initiated to move the workpiece
      carriage to the initial position and ends with the indexing of the first
      crankpin and the opening of the clamps to enable an operator to replace
      the ground crankpin with another workpiece.
PAR  To determine a failure in the sequential events described above, the
      beginning of each event intiates the operation of a timer which will
      complete its operation in the event of a failure and cause the general
      fault light to be energized. In addition, additional fault indicator
      lights will be energized to indicate the failure of a particular switch to
      provide the required signal in the proper sequential relationship.
PAR  As previously described, the automatic operation of the grinding machine 11
      begins with the depression of the CYCLE START push buttons 213 to provide
      the logic input signal D which effects the energization of the logic relay
      26. The logic relay 26 closes associated contacts throughout the logic
      circuitry of the sequence controller 135 as discussed above. With the
      energization of the logic relay 26, associated contacts 26 are closed to
      initiate the operation of a timer 47 timing the operation of the machine
      through the first event described above. As shown in FIG. 9, the timer for
      the first event is enabled by the closing of an associated contact 9
      serially connected with the timer, and the operation of the timer is a
      reset initiated by the closing of another associated contact 26 serially
      connected to the timer through closed reset contacts N in parallel with
      the other contacts 26. Briefly, as the operation of the grinding machine
      moves through the first event described above, the engager mechanism 33 is
      operated, the positioner mechanism 45 is moved to the raised operating
      position, the axial locator mechanism 57 is operated to position the first
      crankpin for grinding. The grinding operation continues with the closing
      of the clamp mechanisms 25L, 25R and the locking of the clamp arms 69 by
      the advancement of the latching pins 81. The headstocks 23L, 23R are
      rotatably driven until they reach a predetermined speed whereupon the
      wheel base 17 is advanced to the forward position while at the same time
      the positioner mechanism is lowered to the rest position.
PAR  As mentioned above, the first event ends when the wheel base 17 reaches the
      advanced position and operates thelimit switch 115. If the limit limit
      switch 115 is operated to produce the logic input signal N, the
      above-mentioned normally closed contacts N connected in series with the
      timer 47 are opened to reset the timer indicating the successful
      completion of the first event. However, if the logic input signal N is not
      produced indicating that the wheel base did not reach the forward
      position, or the failure of the switch itself, then the timer completes
      its predetermined period of operation and energizes a serially connected
      logic relay 47 which closes associated contacts 470 serially connected
      with the previously mentioned relay 58 which closes associated contacts 58
      serially connected with the logic relay 38' and the logic relay 38' closes
      associated contacts 38' connected in series with the normally closed
      contacts E to energize the logic relay 56, thereby effecting the
      energization of the general fault light 56 described above.
PAR  To indicate the particular sequence within the first event giving rise to
      the general fault signal, the logic relay 47 closes a plurality of
      associated contacts each connected in series with other contacts to
      energize a particular logic relay which produces an output signal
      energizing an associated light to provide a visual indication of the
      sequential fault. More particularly, associated contacts 47 are connected
      in series with normally closed contacts F, G and J to energize logic relay
      48 which produces a logic output signal 48 energizing an associated light
      48 if the engager pressure switch did not close to provide the logic input
      signal F. Another set of contacts 57 are connected in series to the
      normally closed contacts G, normally opened contacts 4 and normally closed
      contacts J and a logic relay 49. The contact 4 is closed by the logic
      relay 4, as previously discussed, to energize the solenoid operated valve
      51 to move the positioner to the raised operating position, and
      accordingly, a fault signal will be indicated if the limit switch 55 is
      not closed by the movement of the positioner mechanism 45 to the raised
      operating position so as to produce the logic input signal G. Therefore,
      the logic relay 49 will be energized to produce the logic output signal 49
      energizing the associated light 49 to indicate a fault caused by the
      failure of the operation of the limit switch 55.
PAR  Similarly, associated contacts 47 are connected in series with normally
      closed contacts H, normally opened contacts 6, normally closed contacts J
      and logic relay 50. The contacts 6 are closed by the energization of the
      logic relay 6 to energize the solenoid operated valve 67 of the locator
      mechanism 57, and accordingly, the logic relay 50 will be energized by the
      failure of the operation of the locator advance limit switch 69 to produce
      the limit switch H. Therefore, the logic relay 50 will produce the logic
      output signal 50 to energize an associated fault light 50. In addition,
      associated contacts 47 are connected in series with normally closed
      contacts J and normally open contacts H and 8 and logic relay 51. The
      contacts H are closed by the advancement of the locator mechanism 57 while
      the contacts 8 are closed by the energization of the solenoid operated
      valve 75. Accordingly, the logic relay 51 will be energized by the failure
      of the operation of the clamps close limit switch 77 to produce the logic
      input signal J and therefore the logic relay 51 will produce the logic
      output signal 51 to energize the associated fault light 51. Another set of
      associated contacts 47 are connected in series with normally closed
      contacts K and normally open contacts J aand 10 and logic relay 52. The
      contacts J are closed by the operation of the clamps close limit switch 77
      and the contacts 10 are closed by the operation of the logic relay 10 to
      energize the solenoid operated valve 87. Accordingly, the failure of the
      operation of the limit switch 89 by the closing of the clamps will cause
      the energization of the logic relay 52 to thereby produce the logic output
      signal 52 which energizes the corresponding failure light 52. Still
      another set of contacts 47 are connected in series with normally closed
      contacts 4, M, H, and normally open contacts K and logic relay 53. The
      normally open contacts K are closed by the operation of the limit switch
      89 indicating that the latches are in, as discussed above. Accordingly,
      the failure of the operation of the limit switch 91 will enable the logic
      relay 53 to energized producing a logic output signal 53 to energize the
      associated fault light 53 to signal that the positioner mechanism 45
      failed to retract. Still another set of contacts 47 are serially connected
      with normally open contacts 27, normally closed contacts N and logic relay
      54. The contacts 27 are closed by the energization of logic relay 27 as a
      result of the closing of the engager pressure switch 43 producing logic
      input signal F. Accordingly, the logic relay 54 will be energized to
      produce a logic output signal 54 which effects the energization of the
      associated fault detector light 54 unless the limit switch 115 is closed
      to produce the logic input signal N upon the movement of the wheel base 17
      to the retracted position. Similarly, another set of contacts 47 are
      serially connected with normally open contacts J, K, 12, normally closed
      contacts L, and logic relay 55. The contacts J are closed by the operation
      of the limit switch 77 producing logic input signal J and the normally
      open contacts K are closed by the operation of the limit switch 89
      producing the logic input signal K and normally open contacts 12 are
      closed by the energization of logic relay 12 which energizes motor relay
      MR to drive the headstocks 23L, 23R. Accordingly, unless the plugging
      switch 99 is operated to produce logic input signal L to open the normally
      closed contacts L the logic relay 55 energizes an associated light 55
      indicating the fault of the operation of the switch 99. Finally, another
      set of contacts 47 are connected in series with normally open contacts 15
      and normally closed contacts N and a logic relay 57. The normally open
      contacts are closed by the energization of the logic relay 15 which
      energizes the rapid feed valve 111 and the logic relay 57 will be
      energized by the failure of the operation of the llmit switch 115 so as to
      produce the logic input signal N. Accordingly, the logic relay 57 will
      produce logic output signal 57 to effect the energization of an associated
      light 57.
PAR  The energization of any of the logic relays 48-57 closes associated
      contacts 48-57 to energize serially connected relays 58 which in turn
      closes associated contacts 58 to energize logic relay 38' which in turn
      effects the energization of the logic relay 56 as previously described to
      produce a logic output signal 56 energizing the general fault light 56.
      With the energization of the logic relay 56, the normally closed contacts
      56 throughout the logic circuitry of the sequence controller 135 are
      opened to prevent further operation of the grinding machine in the
      automatic mode. Accordingly, with the energization of the particular fault
      light, as discussed above, an operator may manually operate the switch to
      determine whether the switch itself is defective or whether the movement
      of one of the machine mechanisms failed to operate the switch as a result
      of misalignment or some other problem, such as another switch in the
      sequence connected to enable the operation of the particular switch
      indicated by the fault detector. By manually operating the switches
      associated with the fault detector light, the operator can determine the
      defective switch or the cause of the fault by observing the deenergization
      of the particular fault light. Nevertheless, the grinding machine 11 will
      not continue with its grinding operation due to the energization of the
      logic relay 56 which disables normally closed contacts throughout the
      logic circuitry of the sequence controller 135.
PAR  Having corrected the sequential fault disabling the grinding machine, the
      operator may again start the machine by depressing the CYCLE STOP push
      button switch 215 to produce the logic input signal E, thereby opening the
      normally closed contacts E connected in series with the logic relay 56,
      thereby removing the logic output signal 56 and deenergizing the general
      fault light 56. Next, the machine must be moved to the initial position by
      the operation of the switches on the control panel 125 which are operated
      during a manual mode of operation. To change from automatic operation to
      manual operation, the RESET pushbutton switch 207 must be depressed to
      produce logic input signal B, thereby opening the normally closed contacts
      B to deenergize the logic relay 25 to disable the automatic operation as
      previously described. Next, the manual select switch 209 may be depressed
      to effect the energization of the controls for the manual mode operation,
      as previously described, and the various pushbutton and selector switches
      in the manual mode of operation may be depressed to move the mechanisms of
      the machine to the initial position as discussed above. Subsequently, the
      automatic operation of the machine may be initiated in the manner
      described above by first depressing the RESET pushbutton switch 207, the
      AUTOMATIC SELECT pushbutton switch 211, and then depressing the CYCLE
      START pushbutton switch 215.
PAR  If the grinding machine successfully completes the first event, as
      described above, the operation of the limit switch 116 upon movement of
      the wheel base 17 to the forward position produces a logic input signal N
      which resets the first event timer 47. At the same time, the logic input
      signal N closes corresponding contacts N connected in series with the now
      closed contacts 26 and P which are closed by the operation of the limit
      switch 183 to energize a serially connected logic relay 59 which closes
      associated holding contacts connected in parallel with the contacts 26 and
      N and at the same time closes associated contacts 59 connected in series
      with normally closed contacts O to initiate the operation of the timer 60
      for timing the period of the second event. The second event proceeds as
      discussed above with the grinding of the crankpin disabling a desired size
      as indicated by the gage. During the grinding operation, the positioner
      mechanism 45 and work rest mechanism 147 are moved as previously
      discussed. If the grinding machine completes the second event
      successfully, as indicated by the operation of the limit switch 159 with
      the wheel base at the retracted position to produce logic input signal O,
      the normally closed contacts O are opened to reset the timer 60.
      Alternatively, if the second event is not successfully completed, as
      indicated by the failure of the operation of the limit switch 159 to
      produce the logic input signal O, then the timer 60 completes its
      predetermined period of operation and energizes logic relay 60 which
      closes associated contacts 60 serially connected with other logic relay to
      provide a visual indication of the sequential fault disabling the grinding
      machine during the second event as well as effecting the energization of
      the logic relay 56 which disables the machine from further operation and
      effects the energization of the general fault light 56 in the manner
      previously described.
PAR  The energization of the logic relay 60 closes associated contacts 60
      connected in series with normally closed contacts G and now closed
      contacts 4 and J and logic relay 61. If the limit switch 55 fails to
      operate so as to produce logic input signals G, then the logic relay 61 is
      energized to produce logic output signals 61 to energize an associated
      sequential fault indicator light 61. Another set of contacts 60 are
      connected in series with normally opened contacts 401 and G and normally
      closed contacts T and logic relay 62. The contacts 401 are closed by a
      signal from the comparator circuit 143 and the contacts G are closed by
      the operation of the limit switch 55 to produce the logic input signals G.
      Accordingly, the failure of the movement of the work rest to operate limit
      switch 199 to produce logic input signals T to open the normally closed
      contacts T will effect the energization of the relay 62 to produce logic
      output signals 62 which energize an associated sequence fault indicator
      light 62. Another set of contacts 60 are connected in series with normally
      closed contacts 4 and 61 and M and logic relay 63. Accordingly, the
      failure of the positioner to operate the limit switch 91 at the lowered
      rest position to produce the logic input signals M and open the normally
      closed contacts M will effect the energization of the logic relay 63 which
      produces logic output signals 63 to energize an associated sequential
      fault indicator light 63. Another set of contacts 60 are connected in
      series with normally closed contacts T, 403, 62 and logic relay 64.
      Accordingly, the failure of the operation of the limit switch 199 to
      produce logic input signals T to open the normally closed contacts T will
      effect the energization of logic relay 64 which produces logic output
      signals 64 to energize the associated sequential fault indicator light 64.
      Finally, a set of contacts 60 are connected in series with normally closed
      contacts 15 and O and logic relay 65, and the failure of the operation of
      limit switch 159 to produce logic input signals O will effect the
      energization of logic relay 65 to produce logic output signals 65 so as to
      energize the sequential fault indicator light 65. The energization of any
      of the logic relays 61-65 will close associated parallel connected
      contacts 61-65 to energize a serially connected logic relay 66 which in
      turn will close associated contacts 66 to energize serially connected
      logic relay 38' which causes the energization of the logic relay 56 and
      the general fault indicator light 56 in the manner discussed above. As
      previously discussed, the particular fault disabling the operation of the
      machine may be detected by manually operating the switches involved until
      the particular sequential fault indicator light is deenergized. The
      further operation of the machine is disabled by the operation of the
      general fault signal caused by the energization of the logic relay 56.
      Accordingly, in the manner described above, in connection with the first
      event, the grinding machine must be returned to the initial position
      through the operation of the controls associated with the manual mode
      requiring the depression of the CYCLE STOP pushbutton 215 to remove the
      general fault indicator light 56, and then the depression of the RESET
      pushbutton switch 207, the MANUAL SELECT switch 209 followed by the
      operation of the necessary manual mode controls. Finally, the operation of
      the machine must be started again by depressing the RESET pushbutton
      switch 207, the AUTOMATIC SELECT pushbutton switch 211 and CYCLE START
      pushbutton switch 213.
PAR  After the second event, as discussed above, the next crankpin of the
      crankshaft is indexed for a grinding operation by traversing the workpiece
      carriage 13 to bring the next pin into general alignment with the grinding
      wheel 15 and by rotary indexing the crankshaft to align the next
      succeeding crankpin with the axis of rotation of the rotatably driven
      headstocks 23L, 23R. When the second event is successfully completed, as
      indicated by the closing of the limit switch 159 with the wheel base 117
      in the retracted position so as to produce logic input signal O,
      corresponding contacts O are closed in series with now closed normally
      open contacts 26, L, M, and normally closed contacts Q to energize logic
      relay 67 which closes associated contacts 67 to energize logic relay 68
      which closes holding contacts 68 in series with normally closed contacts P
      and at the same time closes contacts 68 serially connected with the timer
      69 so as to commence the timing of the third event. If the third event is
      not successively completed, then the timer 69 will complete its period of
      operation, thereby energizing logic relay 69 to close associated contacts
      69 and effect the energization of sequential fault indicator lights as
      explained below. As shown, contacts 69 are connected in series with
      normally open contacts 18 and normally closed contacts P. The contacts 18
      are closed by the operation of logic relay 18 as previously discussed in
      connection with the traversing of the workpiece carriage 13 and the logic
      relay 70 will be energized by the failure of the plunger 169 to enter a
      notch 171 to operate the limit switch 183 to produce the logic input
      signal P to open the normally closed contacts P. Accordingly, thee
      energization of the logic relay 70 will effect the logic output signals 70
      to energize an associated sequence fault indicator light 70. Another set
      of contacts 69 are connected in series with normally open contacts 18 an
      normally closed contacts "index match" and logic relay 71. Contacts 18 are
      closed as mentioned above and the failure of an "index match" signal
      resulting from the failure of a rotary indexing limit switch, not
      described, will energize logic relay 71 to produce logic output signal 71
      to energize the sequential fault indicator light 71. Another set of
      contacts 69 are connected in series with normally open contacts 19 and
      normally closed contacts "index match" and logic relay 72. Contacts 19 are
      closed by the operation of logic relay 19 in a manner previously
      described, and the failure of the workpiece carriage to traverse, as
      indicated by the lack of an "index match" signal will effect the
      energization of logic relay 72 to produce logic output signal 72
      energizing the associated sequential fault indicator light 72.
PAR  As previously described in connection with the first and second events, the
      energization of a logic relay effecting the energization of a sequence
      fault indicator light 70-72 will close associated parallel connected
      contacts 70, 71 and 72 to energize serially connected logic relay 73 whch
      closes associated contacts 73 to energize serially connected logic relay
      38' which effects the energization of logic relay 56 in a manner described
      above to energize the general fault indicator light 56 and disable the
      machine from further operation. Accordingly, in a manner similar to that
      described above, the switch causing the sequential failure may be detected
      and corrected to deenergize the sequential fault indicator light and the
      grinding machine 11 must be returned to the initial position before
      commencing the automatic operation again. As previously described, the
      general fault signal may be deenergized by depressing the CYCLE STOP push
      button switch 215 and the machine returned to initial inital position by
      depressing the RESET push button switch 207 to disable the automatic
      controls and depressing the MANUAL SELECT push button switch 209 to return
      the machine to the control of the operator. The machine may then be
      returned to the initial position and the automatic operation by depressing
      the RESET push button switch 207, the AUTOMATIC SELECT push button switch
      211 and the CYCLE START push button switch 203.
PAR  When the grinding machine has ground the last crankpin, with the workpiece
      carriage in a position closing the limit switch 193 to produce logic input
      signals Q, the grinding machine may be returned to the initial condition
      during the sequence of movements of the fourth event. As in the case of
      the third event, the fourth event is initiated by the return of the wheel
      base 17 to the retracted position with the limit switch 159 closed to
      produce logic input signals O. Accordingly, as shown in FIG. 9, the logic
      relay 74 is energized through the serially connected and now closed
      contacts 26, O, L, M, and Q so as to close associated contacts 74
      energizing serially connected logic relays 75 which closes associated
      holding contacts 75 connected in series with normally closed contacts P
      and R. At the same time, the energization of logic relay 75 closes
      associated contacts 75 to initiate the operation of timer 76 for timing
      the movements of the fourth event. If the grinding machine fails to
      successfully complete the fourth event due to a sequential failure, then
      the timer 76 will complete its period of operation and energize logic
      relay 76, thereby closing associated contacts to energize other logic
      relays and provide both a general fault signal and a sequential fault
      signal indicative of the disablement of the machine.
PAR  Accordingly, the energization of logic relay 76 closes associated contacts
      76 connected in series with normally open contacts 18 and P and logic
      relay 77. If the carriage index plunger 169 is not received in a notch 171
      so as to close limit switch 183 to produce logic input signals P, then
      logic relay 77 will be energized to produce logic output signals 77 to
      energize an associated sequential fault indicator light 77.
PAR  Another set of contacts 76 are connected in series with contacts 18 which
      are closed as mentioned above and normally closed contacts "index match"
      and logic relay 79. If an "index" signal is not present as the result of a
      failure of the rotary indexing mechanism so as to open the normally closed
      "index match" contacts then logic relay 78 is energized to produce logic
      output signals 78 to energize a corresponding sequential fault indicator
      light 78. Still another set of contacts 76 are connected in series with
      normally open contacts 20 and parallel connected normally closed contacts
      "index match" and R, and serially connected logic relay 79. The contacts
      20 are closed by the operation of logic relay 20 as previously discussed
      in connection with the carriage return movement, so that the logic relay
      79 will be energized unless an "index match" signal is present to open the
      normally closed contacts "index match" and unless the normally closed
      contacts R are opened by the closing of limit switch 195 at the initial
      position so as to produce logic input signals R. If the logic relay 79 is
      energized, then logic output signals 79 will be produced to energize to
      associated sequential fault indicator light 79. If any of the logic relays
      77-79 are energized, then associated parallel connected contacts 77-79
      will be closed to energize serially connected logic relay 38' which closes
      associated contacts 80 to energize logic relay 38' which effects the
      energization of logic relay 56 in the manner described above. The
      energization of logic relay 56 energizes the general fault indicator light
      56 and disables the further operation of the automatic circuit by opening
      normally closed contacts 56 throughout the logic circuitry of the sequence
      controller 135.
PAR  As discussed above, the sequential fault disabling the operation of the
      machine may be determined by operating the sequential limit switches until
      the sequential fault indicator light is deenergized. After the particular
      fault has been corrected, the automatic operation of the machine may be
      restored by again returning the grinding machine to the initial position
      in the manner described in connection with the preceding events.
PAR  If the automatic operation of the grinding machine is interrupted by a
      fault after one or more crankpins have been successfully ground, then,
      after correcting the fault and returning the machine to the initial
      position to restore the automatic mode of operation described above, the
      previously ground crankpins may be bypassed during the subsequent
      automatic operation by depressing a suitable INDEX pushbutton switch 200
      on the control panel 125 as the wheelbase 17 moves from the retracted
      position to the forward position. As shown in FIG. 7, the depression of
      the INDEX pushbutton switch 200 produces a logic input signal V which
      opens suitable corresponding normally closed contacts V in the logic
      circuitry of the sequence controller 135 as shown in FIG. 9. The logic
      input signals V serve the same function as the logic input signal 403
      which is produced in response to a signal from the comparator circuit 143
      when a crankpin is ground to a desired size as sensed by the gage.
      Accordingly, the wheelbase 17 will be returned to the retracted position
      and the next succeeding crankpin will be indexed for a grinding operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cylindrical grinder comprising
PA1  a plurality of selectively displaceable machine mechanisms,
PA1  means for sequentially operating said plurality of selectively displaceable
      machine mechanisms including
PA2  a corresponding plurality of means for individually displacing each of said
      plurality of machine mechanisms from a predetermined first position as
      said plurality of machine mechanisms are sequentially operated, and
PA2  means including signal generating means for selectively individually
      energizing said plurality of displacing means,
PA1  a corresponding plurality of means for individually signaling the
      completion of the selective displacement of said plurality of machine
      mechanisms, and
PA1  fault indicating means for identifying each and every one of said plurality
      of machine mechanisms which are not located at said predetermined first
      positions prior to the operation of said sequentially operating means
      comprising
PA1  a corresponding plurality of fault signal generating means,
PA1  means for sensing the presence of signals generated by each of said
      plurality of completion signaling means and for energizing the
      corresponding fault signal generating means when a signal is selectively
      either present or absent at each of said plurality of completion signaling
      means,
PA1  and means for enabling said sequentially operating means if none of said
      plurality of fault signal generating means are energized by said sensing
      and energizing means.
NUM  2.
PAR  2. A machine tool comprising
PA1  a plurality of selectively displaceable machine mechanisms,
PA1  means for sequentially operating said plurality of selectively displaceable
      machine mechanisms including
PA2  a corresponding plurality of means for individually displacing each of said
      plurality of machine mechanisms from a predetermined first position as
      said plurality of machine mechanisms are sequentially operated, and
PA2  means including signal generating means for selectively individually
      energizing said plurality of displacing means,
PA1  a corresponding plurality of means for individually signaling the
      completion of the selective displacement of said plurality of machine
      mechanisms, and
PA1  fault indicating means for identifying each and every one of said plurality
      of machine mechanisms which are not located at said predetermined first
      positions prior to the operation of said sequentially operating means
      comprising
PA2  a corresponding plurality of fault signal generating means,
PA2  means for sensing the presence of signals generated by each of said
      plurality of completion signaling means and for energizing the
      corresponding fault signal generating means when a signal is selectively
      either present or absent at each of said plurality of completion signaling
      means,
PA2  and means for enabling said sequentially operating means if none of said
      plurality of fault signal generating means are energized by said sensing
      and energizing means.
NUM  3.
PAR  3. A cylindrical grinder comprising
PA1  a plurality of selectively displaceable machine mechanisms,
PA1  means for sequentially operating said plurality of selectively displaceable
      machine mechanisms in a plurality of sequentially performed operating
      sequences each including the displacement of at least one of said machine
      mechanisms including
PA2  a corresponding plurality of means for individually displacing said
      plurality of machine mechanisms, and
PA1  means including signal generating means for selectively individually
      energizing aid plurality of displacing means,
PA1  a corresponding plurality of signaling means individually associated with
      said plurality of machine mechanisms for signaling the completion of the
      selective displacement thereof,
PA1  a corresponding plurality of fault indicators individually associated with
      said plurality of displacing means,
PA1  a corresponding plurality of timer means set at predetermined times
      sufficient to permit the completion of said plurality of operating
      sequences,
PA1  means for selectively energizing each of said plurality of timer means at
      the beginning of the associated operating sequence,
PA1  means for resetting each of said plurality of timer means, if the
      associated operating sequence is completed prior to the timing out of said
      timer means,
PA1  means for energizing the specific fault indicator associated with a
      selected machine mechanism, which failed to be selectively displaced to
      energize the signaling means associated therewith during one of said
      operating sequences when said associated timer means times out.
NUM  4.
PAR  4. A cylindrical grinder according to claim 3, wherein said fault
      indicators comprise fault lights.
NUM  5.
PAR  5. A cylindrical grinder according to claim 3, wherein said sequentially
      operating means comprises a programmable controller.
NUM  6.
PAR  6. A cylindrical grinder according to claim 3, wherein each of said
      plurality of signalling means comprises a switch.
NUM  7.
PAR  7. A machine tool comprising
PA1  a plurality of selectively displaceable machine mechanisms,
PA1  means for sequentially operating said plurality of selectively displaceable
      machine mechanisms in a plurality of sequentially performed operating
      sequences each including the displacement of at least one of said machine
      mechanisms including
PA2  a corresponding plurality of means for individually displacing said
      plurality of machine mechanisms, and
PA2  means including signal generating means for selectively individually
      energizing said plurality of displacing means,
PA1  a corresponding plurality of signaling means individually associated with
      said plurality of machine mechanisms for signaling the completion of the
      selective displacement thereof,
PA1  a corresponding plurality of fault indicators individually associated with
      said plurality of displacing means,
PA1  a corresponding plurality of timer means set at predetermined times
      sufficient to permit the completion of said plurality of operating
      sequences,
PA1  means for selectively energizing each of said plurality of timer means at
      the beginning of the associated operating sequence,
PA1  means for resetting each of said plurality of timer means if the associated
      operating sequence is completed prior to the timing out of said timer
      means,
PA1  means for energizing the specific fault indicator associated with a
      selected machine mechanism which failed to be selectively displaced to
      energize the signaling means associated therewith during one of said
      operating sequences when said associated timer means times out.
NUM  8.
PAR  8. A machine tool according to claim 7, wherein said fault indicators
      comprise fault lights.
NUM  9.
PAR  9. A machine tool according to claim 7, wherein said sequentially operating
      means comprises a programmable controller.
NUM  10.
PAR  10. A machine tool according to claim 7, wherein each of said plurality of
      signaling means comprises a switch.
NUM  11.
PAR  11. A cylindrical grinder according to claim 3, wherein at least one of
      said sequentially performed operating sequences includes the displacement
      of a plurality of said machine mechanisms and wherein the fault indicator
      energizing means associated with each of said at least one operating
      sequence includes
PA1  a fault detection circuit associated with each of the plurality of machine
      mechanisms displaced in the operating sequence and operatively associated
      with a corresponding one of said plurality of fault indicators, each of
      said fault detection circuits having,
PA1  means responsive to the presence or absence of at least one of the signals
      generated either by said signal generating means or said plurality of
      signaling means for indicating when a signal from a selected one of said
      plurality of signaling means should be present,
PA1  means for sensing whether the signal from said one signaling means is
      present, and
PA1  means for actuating said associated fault indicator when said responsive
      means indicates that the signal from said one signaling means should be
      present and no signal is sensed by said sensing means.
NUM  12.
PAR  12. A cylindrical grinder according to claim 11, wherein a plurality of
      said sequentially performed operating sequences include the displacement
      of a plurality of said machine mechanisms.
NUM  13.
PAR  13. A machine tool according to claim 7, wherein at least one of said
      sequentially performed operating sequences includes the displacement of a
      plurality of said machine mechanisms and wherein the fault indicator
      energizing means associated with each of said at least one operating
      sequence includes,
PA1  a fault detection circuit associated with each of the plurality of machine
      mechanisms displaced in the operating sequence and operatively associated
      with a corresponding one of said plurality of fault indicators, each of
      said fault detection circuits having,
PA1  means responsive to the presence or absence of at least one of the signals
      generated either by said signal generating means or said plurality of
      signaling means for indicating when a signal from a selected one of said
      plurality of signaling means should be present,
PA1  means for sensing whether the signal from said one signaling means is
      present, and
PA1  means for actuating said associated fault indicator when said responsive
      means indicates that the signal from said one signaling means should be
      present and no signal is sensed by said sensing means.
NUM  14.
PAR  14. A machine tool according to claim 13, wherein a plurality of said
      sequentially performed operating sequences include the displacement of a
      plurality of said machine mechanisms.
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ABST
PAL  In apparatus for grinding arc portions of parts of the width of a tire
      tread, apparatus for controlling tilt of the grinding wheels relative to
      the tire rotation plane makes use of three paddles having arc contours for
      lengthened contact with the circumference of the tire tread and means for
      adjusting the location of the contour relative to the tire and grinding
      wheel centers to accommodate differences in diameter of one tire from
      another.
PAL  The foregoing abstract is not to be taken as limiting the invention of this
      application, and in order to understand the full nature and extent of the
      technical disclosure of this application, reference must be made to the
      accompanying drawing and the following detailed description.
BSUM
PAR  This invention is related to grinding tires for vehicles, and particularly
      for grinding tires to remove small quantities of rubber from portions of
      the tread surface of such tires for corrective purposes.
PAR  It has become a common practice to mount and inflate tires for rotation and
      to grind certain portions of the tread surface thereof to diminish certain
      variations in the force response between the tire and a measuring wheel.
      To accomplish this, a grinding wheel is mounted usually on a mechanism
      capable of maneuvering the grinding wheel itself into an appropriate
      position with respect to the portions of the tread from which material is
      to be removed by grinding.
PAR  Because one tire differs from a succeeding tire in diameter and in tread
      profile arc by small amounts which are totally insignificant in the
      appearance or use of such tires, it is desirable to provide a mechanism
      responsive to the actual diameter and profile arc of the tire by which the
      operating position of the grinding wheel can be controlled. In other
      words, it is desirable to tell the grinding wheel where the surface of the
      tire is so that grinding can be effected accurately without either
      excessive over-travel or under-travel.
PAR  It is a primary object of the invention to provide an apparatus capable of
      locating a grinding wheel relative to the tread surface which is
      independent of surface irregularities in the tread of the tire.
DRWD
PAR  To acquaint persons skilled in the art with the principles and practice of
      the invention, a best mode and presently preferred embodiment of the
      invention will be described by and in connection with the accompanying
      drawings in which:
PAR  FIG. 1 is an axial end view of the grinding wheel together with a portion
      of a tire illustrating the mechanism of the invention in schematic form;
PAR  FIG. 2 is an axial end view of the grinding wheel together with an improved
      apparatus according to the invention;
PAR  FIG. 3 is a view of the mechanism according to the invention taken on the
      lines 3--3 in FIG. 2; and
PAR  FIG. 4 is an elevation view in cross-section illustrating the apparatus of
      FIGS. 2 and 3 in operating position relative to a tire to be ground.
DETD
PAR  In FIG. 1 there is illustrated a simplified embodiment of the invention in
      an apparatus 10 for grinding arcuate portions of a part P of the width of
      the tread T of an inflated tire. Portions of the tread of the tire are
      ground by a grinding wheel 12 which is mounted for rotation about a center
      shaft 14 which carries a pulley 16 within the loop of a belt 18 by which
      the wheel is driven. The tire is mounted and inflated upon a rotatable
      chuck (not shown) which rotates about the central rotational axis of the
      tire.
PAR  The grinding wheel assembly, which includes the wheel, its drive, and a
      guard-dust collector 20 surrounding the wheel, is mounted on an arm or an
      equivalent (not shown) by which the wheel can be moved toward and away
      from the tire by a first mechanism 21. A second mechanism 22, independent
      of the first mechanism, is operable to tilt the central shaft 14 of the
      grinding wheel, thereby changing the angle of the grinding wheel axis with
      respect to the tire rotational plane 25. This mechanism 22 operates to
      position the grinding surface of the grinding wheel relative to the slope
      of the part of the width of the tread to be ground in the reference plane
      defined by the two axes.
PAR  The apparatus illustrated in FIG. 2 insofar as has been thus far described
      is identical in all respects to that of FIG. 1. Both of the apparatus to
      the extent so far described are in common use and thus outside the scope
      of the present invention.
PAR  As illustrated in FIGS. 3 and 4, the mechanism 30 in accordance with the
      invention includes three paddles 31, 32, 33 arranged side by side and
      having together a total width about equal to the width of the grinding
      face of the grinding wheel. One (31) of the paddles is wider than the
      other two 32, 33, approximating one-half the face width of the grinding
      wheel 12. As may be observed in FIG. 4, this paddle can readily
      accommodate tires of differing tread width as represented by the phantom
      lines a, b, and c in the figure. In FIGS. 1 and 2, it will be seen that
      the paddles each have an arcuate surface contour 35 closely conforming to
      the circumference of the tread to be ground over a large arc extending
      from a line close to the bite or centerline 36 of grinding contact of the
      wheel and tire along the tire circumference in a direction opposite the
      normally preferred direction of rotation (arrow R). The length of the
      contour 35 of the paddle surface is in all cases great enough that any
      displacement of the paddle by the tire is independent of surface
      irregularity in the pattern of the tread, such as in tread patterns
      employed in mud or snow tires and the like. The arcuate surface contours
      35 of the paddles are smooth and may optionally be treated to enhance
      their ability to glide smoothly on the tread surface during rotation of
      the tire.
PAR  Each paddle is bent, as best described by FIG. 2, at one end of the arcuate
      surface outwardly away from the position occupied by the tire and is
      attached to a pivot arm. For convenience in mounting, the paddles are
      offset in the manner best described by FIG. 3, the pivoted ends 31a, 32a,
      33a being offset axially of the wheel 12 relative to the free ends 31b,
      32b, 33b.
PAR  The three paddle pivot arms 37, 38, 39 are mounted side by side on a pivot
      shaft 40 about which the arms can oscillate such that the paddles can be
      displaced individually by their respective contacts with the tire as the
      grinding wheels move toward the tire even though the tilt angle of the
      shaft 14 does not accord with the slope of the part P as the wheel 12
      approaches the tire. The pivot shaft 40 is mounted in a bracket 42 which
      permits the pivot shaft to be adjusted arcuately about the centerline 36
      of tangency between the grinding wheel and the tire, the shaft 40
      remaining parallel to the center shaft 14 of the grinding wheel, providing
      thereby means for controlling the conformity of the contours 35 with tires
      of differing diameters.
PAR  As seen in FIG. 1, a second, and simplified embodiment of the invention,
      illustrated therein, the mechanism 50 includes a plurality of paddles 31',
      32', 33' alike in arrangement and function to the previously described
      paddles 31, 32, 33. Each of the paddles is pivotally mounted on a common
      pivot shaft 56 which is carried by the pivot shaft arm 58 which is itself
      pivotable about a pivot pin 60 fixed on a portion of the guard-dust
      collector 20. The pin 60 extends parallel to the axis of the shaft 14. To
      accommodate variations in the diameters of tires to be ground, the pivot
      shaft arm 58 can be adjusted to swing the pivot shaft 56 arcuately about
      the pin 60, and about the centerline of grinding contact 36', thus
      adjusting its position relative to both the tire rotation axis and the
      grinding wheel axis. The adjustment is accomplished by manipulating a
      through-bolt 62 disposed in collinear holes respectively extending through
      the pivot shaft arm 58 and through a bracket 64 secured immovably on the
      guard-dust collector. Adjustment of the distance between the bolt head and
      the nut suffice to move the pivot shaft as required, by swinging the arm
      58 toward or away from the bracket 64. A lock screw 66 threaded in the
      fixed bracket 64 serves to lock the position of the pivot shaft arm in its
      adjusted position.
PAR  The position of each paddle as displaced by the tire surface is sensed by a
      feeler 110' mounted intermediate its length on a pivot pin 112' extending
      parallel to the grinding wheel shaft 14. The end 110a of the feeler is
      urged into continuing contact with the respectively associated paddle by
      spring means (not illustrated). The opposite end 110b of the feeler
      associated with the paddle 31 is operably engaged with the armature of a
      differential transformer 120' the output of which is communicated to
      conventional control means (not shown) operable to control the aforesaid
      first mechanism 21, and thereby the radial movement of the grinding wheel
      shaft.
PAR  In FIG. 2, a mounting frame 70 of the mechanism includes a plate 72
      fastened on the guard 20 of the grinding wheel, a pair of mounting plates
      74 extending outwardly normal to the grinding wheel axis which are spaced
      apart by a spreader bar 76 to form an open box-like structure. One of the
      mounting plates is provided with a curved slot or channel 78 having an arc
      approximately concentric with the centerline 36 of the grinding bite. A
      pivot slide bracket 80 in which the pivot shaft 40 is fixed has an arcuate
      tongue 82 which is held slidably in the channel 78 so that it can be moved
      along the channel to reposition the pivot shaft along an arc concentric
      about the centerline 36. Movement of the slide bracket 80 is provided by
      an adjustment screw 84 with a hand knob 86 which is mounted rotatably in
      the spreader bar 76 and is threaded to an adjustment nut 88 having a
      cylindrical exterior slidably fitting a bore 90 in the pivot bracket such
      that by manipulation of the hand knob the pivot bracket and the pivot
      shaft carried therein is moved arcuately. A clamp knob 95 threaded on a
      stud 97 fixed on the pivot bracket 42 and extending through an arcuate
      slot in the side plate 74 is operable to secure the pivot bracket to the
      side plate to fix the adjusted position of the pivot shaft.
PAR  To limit the excursion of the paddles toward the space occupied by the
      tire, a conventional stop screw 101 is fixed in each pivot arm and
      adjustably engages the pivot bracket at the limit of the respective arm
      excursion.
PAR  To urge each paddle toward the space occupied by the tire, a stud 104 is
      fixed in the pivot bracket 42 and extends freely through a hole in the
      respective pivot arm. A spring 106 surrounding the stud and extending
      between the pivot arm and a spring retainer 107 adjustably fixed on the
      stud operates to urge the tip or free end of the associated paddle toward
      the tire.
PAR  In order to sense the displacements of the respective paddles 31, 32, 33 in
      response to their respective contacts with the tire to be ground, and
      thereby measure the tilting movement of the grinding wheel relative to the
      plane 25 and to the slope of the tread surface part P, a feeler 110 is
      associated respectively with each paddle. Each feeler is mounted on a
      pivot pin 112 extending parallel to the grinding wheel shaft 14 and fixed
      in the frame 70. One end 112a of the feeler is maintained in contact with
      the respectively associated paddle by a spring 114 fixed at one of its
      ends in the frame and attached at its opposite end to the opposite end
      112b of the feeler. An extension 112c on each feeler cooperates with a
      stop provided by a surface 116 on the frame 70 to prevent inward excursion
      of the feeler and of the respective paddle toward the grinding wheel
      surface.
PAR  The two limit switches 124 mounted on the frame 70 are respectively
      actuated by the feelers 110 associated with the two paddles 32 and 33. The
      limit switch actuated by movement of the middle paddle 32 is connected to
      stop tilting of the grinding wheel with the grinding surface positioned
      with respect to the slope of the tread. The limit switch 124' associated
      with the paddle 33 is actuated by any excessive displacement of the paddle
      33 to stop further inward movement of the grinding wheel.
PAR  The wider paddle 31, on radially inward movement of the grinding wheel,
      engages the tire first, before the other paddles, initiating the tilting
      movement. The arcuate extent of the paddles must be sufficient to bridge
      or span over at least one traction groove of the type and size
      characteristic of mud and snow tires. The differential transformer 120,
      its movable armature being operatively connected to the feeler 110
      associated with the paddle 31, responds to displacement of the paddle 31
      and its output controls the first mechanism 21 to move the grinding wheel
      radially toward and away from the tire. The length and width of the paddle
      31 enable smooth response of the mechanism 21 to the demands for
      correction from the force variation measuring wheel.
PAR  The operation of the apparatus described will have become apparent from the
      description of the apparatus itself. The adjustment of the position of the
      pivot axis is best described as a trial and error adjustment. It has been
      found effective to adjust the hand knob 86 until the grinding runs most
      smoothly. The procedure will be apparent from the description in that the
      clamp knob 95 will be loosened and then the hand knob 86 adjusted so as to
      move the pivot shaft 40 closer to or farther from the tire to be ground
      while the tire is in motion until any apparent vibration disappears or is
      at least minimized. The clamp knob 95 is then tightened and further
      operation can proceed automatically in the grinding of the tire treads.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for grinding arc portions of a part of the width of the
      tread of an inflated tire wherein the apparatus includes means mounting
      the tire for rotation about a first axis, a grinding wheel operable to
      grind off material from the tread, a first mechanism for moving the
      grinding wheel toward and away from the tread, and a second mechanism for
      tilting the grinding wheel with respect to the plane of rotation of the
      tire to position the grinding surface of the wheel relative to the slope
      of said part in a plane defined by the tire axis and the grinding wheel
      axis,
PA1  the improvement comprising a mechanism combining a plurality of paddles
      each having an arcuate surface engageable with an arcuate portion of the
      tread from and outwardly of a line parallel and close to said plane and
      spanning at least one traction groove for smooth sliding engagement with
      said tread during rotation of the tire,
PA1  a pivot shaft having an axis parallel to the axis of the grinding wheel and
      carrying said plurality of paddles for arcuate displacement about the
      pivot shaft axis,
PA1  a shaft mounting for adjustably fixing the location of the pivot shaft
      relative to the axis of the grinding wheel and to the tread, and
PA1  displacement responsive mechanism responsive to displacement of at least
      one of said paddles about said pivot shaft for communicating to said first
      mechanism a control signal effective to control said moving of the
      grinding wheel toward and away from the tire.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, further comprising a plurality of
      feelers each having a free end disposed respectively to urge each of said
      paddles independently toward said tread, a pivot pin pivotally supporting
      said plurality of feelers and located in fixed relation to said grinding
      wheel, stop means limiting the excursion of each said feeler toward said
      wheel and a spring urging each said feeler toward the respectively
      associated paddle, such that each said free end continuously engages the
      associated paddle.
NUM  3.
PAR  3. An apparatus as claimed in claim 2, wherein said displacement responsive
      mechanism comprises a linear differential transformer having an armature,
      said armature being operably connected to a respective one of said
      feelers.
NUM  4.
PAR  4. An apparatus as claimed in claim 1, wherein said shaft mounting is
      movable along a circular arc having its center in said line, a frame
      member fixed relative to said grinding wheel and having an arcuate groove,
      an arcuate tongue on said shaft mounting, said tongue and said groove
      cooperating to guide said shaft mounting along said circular arc.
NUM  5.
PAR  5. An apparatus as claimed in claim 4, further including an adjustment
      screw and nut cooperable to move said shaft mounting relatively of said
      frame.
NUM  6.
PAR  6. An apparatus as claimed in claim 1, further comprising an arm carried on
      said shaft for pivotal movement thereabout, said arm having seating means
      for securing one of said paddles thereto, and having an extension, a
      spring biasing said extension toward said holding means and said one of
      the paddles toward said tire.
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ABST
PAL  A metallographic polisher includes a control circuit for providing a
      selectable constant speed for the polisher under varying load conditions.
      A tachometer provides electrical signals representative of the speed of
      rotation of a polishing wheel, which signals are compared with signals
      representing a selected speed to provide drive signals to the polisher
      motor and speed indicating means. A limit circuit is provided to limit the
      motor speed such that it will not exceed a predetermined limit above the
      preselected speed thereby protecting the specimen being polished in the
      event of a power or component failure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to control circuits for electrically driven
      metallographic polishing apparatus.
PAR  In polishing apparatus of the type in which a circular disc is employed
      with a relatively fine grit abrasive for polishing metallographic
      specimens for microscopic examination, great care must be taken to prevent
      damage to the specimens being polished since they frequently are of
      considerable value andd irreplaceable. Should, for example, the polishing
      speed increase significantly beyond the selected speed, the specimen being
      polished can be seriously damaged or even destroyed. With many prior art
      polishers, the speed is manually selected and can vary significantly with
      mechanical load and line voltage variations. Although closed loop feedback
      speed control systems are generally known, the use of a simple feedback
      system could, should a component of the control systems fail, cause the
      motor to uncontrollably increase its speed thereby damaging or destroying
      the specimen. Although speed control to provide a constant polishing speed
      under varying loads is desirable, heretofore, conventional control systems
      have not successfully reduced the possibility of sample damage or
      destruction.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, however, employs a system whereby a first circuit
      provides a feedback loop for speed control and a second independent
      circuit provides a safety speed limit control which tracks the preselected
      speed and will automatically inactivate the polisher should the polisher
      speed exceed the selected speed by a predetermined amount. Additionally,
      in one embodiment, separate tachometer pick-ups are employed for each of
      the circuits for further protecting the system from potential failure.
PAR  Other novel aspects of the system include the provision of a delay means in
      the speed limit circuit to prevent unintentional operation for temporary
      speed changes of insignificant duration. Also, in the event the power
      supply fails, the control circuit includes means for automatically
      deactivating the motor.
PAR  According to other novel aspects of this invention, noise immune motor
      control circuitry is employed and indicating means are provided to display
      the speed of operation of the polisher.
PAR  It is an object of the present invention, therefore, to provide an improved
      speed control system for metallographic specimen polisher.
PAR  Another object of the present invention is to provide a control system for
      a metallographic polisher which provides a selectable speed control for
      normal conditions and includes a safety speed limit circuit which tracks
      the selected speed and deactuates the polisher if the selected speed is
      exceeded for any significant length of time.
PAR  A further object of the present invention is to provide a speed control
      circuit including means for displaying the actual operating speed of a
      metallographic polisher.
PAR  Another object of this invention is to provide a motor speed control system
      with noise immune line synchronization.
PAR  These and other objects of the present invention and the novel features
      thereof can be best understood by referring to the following specification
      together with the accompanying drawings in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an electrical circuit diagram in schematic and block diagram form
      of a portion of the control circuit for the polisher and shows the
      polishing element in schematic form;
PAR  FIG. 2 is an electrical circuit diagram partly in block and schematic form
      of the remainder of the control circuit for the metallographic polisher;
      and
PAR  FIG. 3 is an electrical circuit diagram in block form of an alternative
      embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the polishing machine includes a disc-shaped
      rotatable platen 10 mechanically coupled to a three-quarter horsepower
      permanent magnet drive motor 14 by coupling 12 shown schematically as a
      dotted line in the figure. Coupling 12 may conventionally include a gear
      box for speed reduction of disc 10 and the drive shaft of motor 14. These
      conventional elements are shown schematically in FIG. 1, it being
      understood that the platen is suitably mounted by a conventional bearing
      support and has in one embodiment a diameter of 12 inches. Platen 10
      includes an abrasive surface 11 which is used to polish metallographic
      specimens or samples positioned thereon. The abrasive element 11 may be in
      the form of a polishing compound applied to the disc or other conventional
      abrasive means such as discs. Although the preferred embodiment discloses
      a rotary polisher, the control system likewise can be employed with belt
      or other types of abrading apparatus.
PAR  The drive motor 14 receives pulsating direct current for its operation
      through a current path which includes a triggerable switch comprising SCR
      20, which is coupled to the positive output terminal of a full wave bridge
      rectifier circuit 25. Circuit 25 is supplied with power from a first power
      line conductor 16 and a second conductor 18 which extend from a suitable
      power plug 17. Coupled in series with conductor 18 is a speed limit
      cut-off switch comprising relay contacts 19 associated with relay coil 201
      shown in FIG. 2 as indicated by the dashed lines and interconnected
      reference characters C. Also in series with conductor 18 is a saturable
      core reactor 15 for regulating the current through SCR 20 and facilitating
      turn-off of the SCR as is conventionally known. A relatively low value
      (0.2 ohm) motor current sensing center tapped resistor 22 is coupled in
      series between SCR 20 and the motor 14 and a free wheeling diode 24 is
      coupled across the terminals of the motor.
PAR  The firing angle of SCR 20 and, therefore, its percentage on time is
      selectively controlled by signals on conductor 30 coupled to gate terminal
      20g of the SCR, which control signals are developed as described in detail
      below to vary the speed of operation of motor 14 and, therefore, the
      directly related speed of rotation of platen 10. A resistive capacitive
      network 23 is coupled between the gate terminal and the system common and
      provides a normal protection against false triggering of the SCR.
PAR  Also coupled in the operating voltage supply is a circuit breaker 26
      serially coupled with conductor 18 and a fuse 27 coupled from the junction
      of circuit breaker 26 and relay contacts 19 to one terminal 32 of the
      primary of a power transformer 34 through an on-off switch 28. The
      opposite terminal 33 of the primary winding of transformer 34 is coupled
      to conductor 16. Included in the primary supply is a voltage select plug
      29, shown schematically in the figure and which can be positioned for 110
      volt AC operation or 220 volt AC operation. In the embodiment shown, the
      plug is in the 110 volt position. A power on indicator light 31 is coupled
      between conductor 16 and switch 28 to indicate when power is applied to
      transformer 34.
PAR  Transformer 34 includes a pair of secondary windings 35 and 35' which are
      coupled to a conventional regulated power supply 36 providing at an output
      terminal 37 thereof, full wave rectified voltage indicated by waveform
      37', a B+ voltage at output terminal 38 for supplying approximately +24
      volts DC operating voltage for the transistor circuitry shown in FIG. 1, a
      +V supply at output terminal 39 for supplying approximately +15 volts to
      the circuitry shown in FIG. 2, and a -V supply at terminal 40 for
      supplying approximately -15 volts to the circuitry shown in FIG. 2. The
      circuits are interconnected to the commonly identified reference numerals
      to receive power from supply 36. Supply 36 is also coupled to a floating
      system common comprising conductor 42.
PAR  The motor control circuit 50, shown in FIG. 1, includes a SCR trigger
      circuit 52, a controllable constant current source 54, a line
      synchronization circuit 56, and a motor over current protection circuit
      58. The SCR trigger circuit 52 includes a programmable unijunction
      transistor (PUT) 60 having an anode terminal 60a coupled to one terminal
      of charge storage means comprising a capacitor 72, the remaining terminal
      of which is coupled to system common 42. The cathode 60c of the PUT is
      coupled to system common through resistor 62. A steering diode 64 is
      coupled to the junction of resistor 62 to terminal 60c to apply the
      positive 20control signals to conductor 30 coupled to the gate 20g of SCR
      20.
PAR  The PUT is programmed to fire at a predetermined voltage developed across
      the capacitor 72 by means of bias resistors 66 and 68 serially coupled
      from the B+ supply to chassis ground. The junction of resistors 66 and 68
      are coupled to gate terminal 60c of the PUT such that the normally
      nonconductive transistor will be rendered conductive when the voltage
      across the capacitor reaches or exceeds the voltage of the junction at the
      gate 60g of the transistor.
PAR  Current source 54 determines the charging rate on capacitor 72 and,
      therefore, the firing of the PUT includes a transistor 70. Transistor 70
      has a collector terminal 70c coupled to the junction of PUT 60a and
      capacitor 72 and an emitter terminal 70e coupled to the B+ supply through
      current limiting resistor 71. The base terminal 70b of the PNP transistor
      70 is coupled to the collector terminal 80c of a linear amplifier
      transistor 80 by means of resistor 82. Base terminal 70b and collector
      terminal 80c are also coupled to the B+ supply through the series
      combination of diode 84 and resistor 86. The emitter terminal 80e of NPN
      transistor 80 is returned to chassis ground through resistor 88.
PAR  Control signals are applied to the linear amplifier at base terminal 80b of
      transistor 80 by means of conductor 89 which receives signals for the
      speed and safety control circuitry shown in FIG. 2 by interconnecting
      terminal points A. Thus, it is seen that the linear amplifier controls the
      capacitor charging current supplied by the current source. The unbypassed
      emitter resistor 71 tends to maintain the controlled current from
      transistor 70 constant at the amplitude provided by the drive signals from
      the linear amplifier.
PAR  Noise immune synchronization of the SCR is achieved in part by the
      synchronization circuit 56 comprising a two-stage amplifier comprising NPN
      transistors 90 and 92 with their emitter terminals 90e and 92e,
      respectively, coupled to the system common. The base terminal 90b of the
      input transistor is coupled to the full wave output terminal 37 of power
      supply 36 by means of a resistor 91 and current steering diode 93. The
      collector terminal 90c is coupled to the B+ supply through resistor 94.
      The base terminal 92b of transistor 92 is coupled to the collector
      terminal 90c of transistor 90 and collector terminal 92c is coupled to the
      junction of capacitor 72 with transistor 70 by means of current limiting
      resistor 96. This circuit, therefore, regulates the firing of PUT 60 and
      SCR 20 to occur in phase with the pulsating line current applied to motor
      14 through circuit 25 by assuring capacitor 72 is discharged each half
      cycle of the 60 cycle applied line voltage. Since SCR is fired by direct
      voltage pulses developed across resistor 62, instead of AC pulses from the
      power line, circuits 52, 54 and 56 provide immunity to the SCR from noise
      signals on the power line which may otherwise false trigger the SCR.
PAR  The motor over current protection circuit 58 comprises an NPN control
      transistor 100 having a collector terminal 100c coupled to the base
      terminal 80b of transistor 80 and an emitter terminal 100e coupled to
      chassis ground through resistor 102. Base terminal 100b is coupled to the
      wiper arm 22' of current sensing potentiometer 22 by means of a factory
      adjust potentiometer 104 and the series combination of resistor 106 and
      108. A bypass capacitor 109 is coupled from the junction of resistors 106
      and 108 to chassis ground. In the event the current through motor 14
      exceeds a predetermined amount, transistor 100 will conduct to clamp the
      base of transistor 80 near ground potential thereby rendering it
      nonconductive. This in turn cuts off the current source for capacitor 72
      such that the PUT will not fire to turn SCR 20 on to supply drive current
      for the motor.
PAR  Before discussing a cycle of operation of the motor control circuit 50, a
      description of the structure comprising the speed control and speed limit
      control circuits shown in FIG. 2 will be presented. Electrical signals
      representative of the speed of the platen 10 are generated by an optical
      tachometer 110 of FIG. 2 which develops negative going signals illustrated
      by the waveform 112 adjacent output conductor 111 of the tachometer
      circuit. The tachometer includes a light emitting diode 114 coupled to the
      +V supply by means of a resistor 116 to direct light output therefrom to a
      phototransistor 118 through a conventional chopper disc 120. Disc 120 is
      mechanically coupled to the output shaft of the drive coupling 12 as
      schematically indicated by the dashed line connection 121 and
      interconnected terminals B in the figures. The resultant pulsed output
      from the emitter 118e of phototransistor 118 is applied to the negative
      input of an operational amplifier 122 which provides the negative speed
      representative output pulses 112 at conductor 111. Amplifier 122 is
      coupled to the +V and -V supplies in a conventional manner and includes a
      parallel RC feedback network 124 coupled between its output and input
      terminals. Amplifier 122 can be integrated circuit module type 7741 which
      is commercially available.
PAR  The negative output pulses 112 are applied to the base terminal 126b of
      amplifying NPN transistor 126 in a level shifting network 125 by means of
      an input resistor 127. A diode 128 coupled between the base and emitter of
      transistor 126 clamps the base at approximately -1V.sub.be such that the
      normally conductive transistor 126 will be cut off by the negative applied
      pulses 112 to provide positive output pulses corresponding in frequency to
      and directly related to the spped of platen 12. The amplifier and clamp so
      formed provide noise immunity by use of a feedback capacitor 129 coupled
      between the collector 126c of transistor 126 and its base. An output
      capacitor 130 is coupled across the collector to emitter junction and a
      collector resistor 131 supplies current to the transistor and is coupled
      to the positive +V supply. A biasing resistor 132 supplies a positive
      voltage to render transistor 126 conductive unless negative voltage pulses
      are applied.
PAR  Transistor 126 is operated between saturation and cut off such that between
      the pulses, the output terminal (i.e., the collector terminal) is at near
      zero potential and when periodically cut off, provides positive pulses.
      These positive going pulses are applied to a one shot multivibrator
      circuit 135 which comprises a commercially available integrated circuit
      module type HL 342 with the terminal numbers shown being the
      manufacturer's indentification. The RC time constant of the one shot is
      less than the shortest period between pulses 112 and is fixed by resistor
      138 and capacitor 139 coupled as shown. The signals at output terminal 14
      of multivibrator 136 are of constant amplitude and width and have a
      frequency directly related to the motor speed. These signals are positive
      going signals which are applied to an integration circuit 140 to convert
      the pulses to an average direct voltage level which increases as the
      frequency of the output pulses from multivibrator 136 increase.
PAR  Integrator 140 includes an operational amplifier 142 which is a
      commercially available integrated circuit module type 7741 and which has
      an input filter circuit coupling the output terminal 2 of the one shot
      multivibrator to the positive input terminal of the amplifier. The filter
      circuit consists of an RC integrator including resistor 141 and capacitor
      144 as well as an input resistor 141 and capacitor 144 as well as an input
      resistor 143 coupled from the junction of resistor 141 and terminal 2 of
      the one shot multivibrator to ground. A second series resistor 145 couples
      the junction of capacitor 144 and resistor 141 to the positive terminal of
      amplifier 142 which is further coupled to ground by resistor 146. The
      negative terminal of amplifier 142 is coupled to ground by means of
      resistor 147. Feedback resistor 148 couples the output terminal of the
      amplifier to the negative input terminal while the potentiometer 149
      having its wiper arm coupled to the -V supply and its opposite ends
      coupled to the input terminals 1 and 5 corresponding to the manufacturer's
      terminal numbers is adjusted to provide zero output from the amplifier at
      zero motor speed.
PAR  Output terminal 6 of amplifier 142 provides a positive going direct voltage
      level whose amplitude varies and increases with increased speed of the
      polisher motor and platen. The output voltage is employed to drive an rpm
      calibrated 1 ma meter 150 coupled to the output terminal 6 by means of a
      fixed resistor 152 and a calibration rheostat 154. Meter 150 includes
      graduation for indicating directly the rpm of platen 10 during operation.
      As noted below, speed control potentiometer 160 can be adjusted for the
      desired speed by the operator while watching this meter. The positive DC
      output is applied to a summing amplifier circuit 155 for comparing this
      signal representing the actual detector motor speed with a selectable
      reference voltage from the speed control potentiometer 160.
PAR  The analog operation summing amplifier 155 receives the positive signals
      from the integrator circuit 140 and includes a 7741 operational amplifier
      156 having its positive terminal coupled to chassis ground through a
      resistor 157. Input resistor 158 applies the speed representative positive
      direct voltage signals to the negative input terminal of the operational
      amplifier which receives an offsetting negative voltage selected by the
      speed control potentiometer 160. Potentiometer 160 is coupled to the minus
      voltage supply through a rheostat 162 which can be adjusted to provide an
      upper speed limit and forms part of the voltage divider network from the
      -V supply to ground which further includes the series coupled resistor
      164. Wiper arm 161 of potentiometer 160 is coupled to the negative input
      of amplifier 156 through resistors 165 and 166. A feedback resistor 167
      couples the output terminal 168 of amplifier 156 to the negative input
      terminal.
PAR  A relatively large (2 .mu.F) capacitor 170 is coupled from the junction of
      resistors 165 and 166 to ground to provide relatively smooth acceleration
      during initial turn-on as described in greater detail below. This
      capacitor is discharged when the speed control is shut off by resistor 172
      coupled to chassis ground through relay contacts 282. The output terminal
      168 of amplifier 156 is coupled to the motor control circuit 50, shown in
      FIG. 1, through the output resistor 169 and conductor 89 coupled by
      interconnecting terminals A in the figures.
PAR  It is noted here that in place of tachometer 110, clamp 125 and one shot
      135, a direct voltage generator, mechanically coupled to the polisher
      drive 12, can be employed to directly provide a speed representative
      direct voltage which can be applied to the summing amplifier 155
      preferably through the noise suppressing integrator 140.
PAR  The output signals on conductor 89 comprise the motor speed control signals
      and consist of positively increasing signals which, as the desired motor
      speed is reached during initial start-up, level off when the selected
      speed is reached. These signals, applied to the linear amplifier 80,
      control the current source to trigger the PUT 60 to maintain the desired
      speed under varying load conditions. Before the motor is energized, the
      negative voltage from the speed select potentiometer 160 is not offset by
      a positive signal from the integrator circuit 140. Thus, the inverted
      output of amplifier 156 is a relatively high positive signal. This voltage
      actuates the motor control circuit to provide significant drive current to
      the motor during initial start-up. As the motor speed increases and the
      output from amplifier integrator 140 increases gradually as capacitor 170
      charges, the positive voltage decreases in amplitude until the steady
      state desired level is reached. Thus, the system comprises a closed loop
      feedback control with the loop being closed through the optical
      tachometer.
PAR  The speed control circuit includes a negative voltage failure protection
      circuit 180 consisting of an NPN transistor 182 having base, collector and
      emitter terminals 182b, 182c and 182e respectively. The base terminal 182b
      is coupled to a voltage dividing network consisting of resistors 184 and
      186 coupled between the +V and -V supplies and having a value such that
      transistor 182 will normally be nonconductive if both voltage supplies are
      at their normal levels. A clamping diode 185 is coupled from the base
      terminal to chassis ground and a current steering diode 187 couples
      collector terminal 182c to conductor 89. In the event the negative voltage
      supply fails, the positive voltage from the +V supply will not be offset
      and the voltage at base terminal 182b will increase to actuate transistor
      182 into a saturated mode of conduction thereby effectively grounding
      conductor 89 preventing speed command signals from being applied to the
      linear amplifier 80. Thus, the motor will not run away in the event the
      negative supply is lost. It is noted here that in the event the positive
      +V or B+  supplies are lost, the control circuits will be inactivated and
      not develop signals which would cause the motor to increase in speed.
PAR  In addition to the speed control circuit previously described, the system
      includes a speed limit or safety protection circuit which consists of a
      safety tach circuit 210 identical to circuit 110 and including a second
      light chopping disc, also coupled to drive 12 as indicated by mechanical
      interconnection 221 and interconnected terminals B--B in the figures. The
      safety tach circuit provides negative going signals on output conductor
      211 which are applied to a level shift circuit 225 identical to circuit
      125. The output of level shift circuit 225 is coupled to the input of a
      one shot multivibrator 235 identical to circuit 135 and having an output
      coupled to the input of an integration circuit 240 identical to circuit
      140.
PAR  The output of integrator 240 is coupled to the input of a summing amplifier
      255 which is similar to circuit 155 and includes some of the same
      components identified by the same first and second most significant
      reference numerals but preceeded by the numeral 2. The primary difference
      between summing amplifier 155 and amplifier 255 is the addition of a
      feedback capacitor 268 to provide a time delay in the output response of
      the operational amplifier 256 therein such that the motor inactivating
      contacts 19 of relay 200 will not be opened until a failure has occurred
      and the motor speed exceeds the limit for at least one-half second or
      more. The value of capacitor 268 and resistor 267 can be selected for a
      greater or lesser time delay as desired.
PAR  The summing amplifier receives a reference direct voltage from the speed
      limit potentiometer 260 which has its wiper arm 261 coupled to the
      negative input to amplifier 256 by resistors 266 and 272. Potentiometers
      160 and 260 comprise a gauged potentiometer with the wiper arms commonly
      coupled as indicated by dotted lines 265. The padding resistor 264 has a
      valve slightly greater than resistor 164 such that the negative speed
      limit reference signal from resistor 260 represents a speed approximately
      10% greater than the speed selected by potentiometer 160 and tracks with
      changes in the selected speed. In the event the actual speed signals from
      integrator 255 reach a level equal to or exceeding the speed limit
      reference signal, the output of amplifier 256 will drop toward ground. The
      output of summing amplifier 255 is coupled to a relay control circuit 275
      by means of a current steering diode 276 coupled from the amplifier 256 to
      an amplifier comprising NPN transistors 278 and 279 coupled in a
      Darlington configuration as shown in the figure.
PAR  In the collector circuits of transistors 278 and 279 there is provided a
      control relay 280 including a relay coil 281 and relay contact switches
      282 and 284. An antichatter diode 283 is coupled in shunt with relay coil
      281. The terminal of coil 281 remote from the junction of this coil with
      transistors 278 and 279, is coupled to a single pole single throw push
      button momentary start switch 206 having its remaining terminal coupled to
      B+ through a normally closed push button stop switch 205.
PAR  Thus, when start switch 206 is momentarily actuated and NPN transistors 278
      and 279 have a positive signal applied from summing amplifier 255 and are
      conductive, the actuation of switch 206 will actuate coil 281 and close
      switch contacts 284 to latch relay 281 such that when the start push
      button switch 206 is released, contacts 284 remain closed and normally
      closed contacts 282, which serve to discharge capacitor 170, open allowing
      capacitor 170 to charge during acceleration of the motor 14. Upon
      actuation of relay 281, the B+ voltage is also applied to relay 200
      through closed contacts 284 to actuate relay 200 and close safety overload
      switch 19 (FIG. 1). Relay 200 includes a relay coil 201 and an antichatter
      diode 202 with the coil being coupled from contacts 284 to chassis ground
      as shown in FIG. 2. It is noted here that in place of two tachometers 110
      and 210, conductor 211 could be coupled to conductor 111 and employ output
      signals 112 for driving the speed limit circuit. Also, a single DC
      generator could be employed in place of the pair of tachometers. In such
      case, however, the additional production provided by the dual inputs shown
      in FIG. 2 would not be realized.
PAR  An alternative embodiment of the circuitry shown in FIGS. 1 and 2 is shown
      in block form in FIG. 3 where a single D.C. tachometer 290 is employed. In
      this embodiment, tachometer 290 is a commercially available unit Model No.
      CMO-9608001 made by the Singer Company and provides approximately 3 volts
      D.C. output at 1000 rpm's. The tachometer is mechanically coupled to drive
      motor 14 as schematically shown by dashed line 294. The electrical output
      is coupled to the junction of resistors 141 and 145 of the motor control
      circuit, as shown in FIG. 2, by means of conductor 292. The motor control
      circuit 295 comprises the same circuit shown in FIG. 2 but including only
      circuits 50, 140, 155 and 255 with the associated control relays and
      switches.
PAR  In the FIG. 3 embodiment, the motor 14 speed is limited by the upper speed
      limiting resistor 162 and the speed indicator meter 150 is coupled to the
      motor control circuit 295 in a manner similar to that shown in FIG. 2.
      With the system shown in FIG. 3, therefore, the improved line
      synchronization of triggering triac 20 is provided as is the speed
      indicator but the safety speed limit control channel is eliminated with
      the maximum speed level limit being provided by the speed limiting
      potentiometer 162. This embodiment is useful in many applications where
      samples are not of extraordinary value or significant speed excesses will
      not destroy or seriously injure the specimen being polished.
PAR  Having described the interconnected structure comprising the control, speed
      limit and safety circuits for the polisher, a description of the operation
      of the control circuit is now presented.
PAC  OPERATION
PAR  In operation, first the power on-off switch 28 is closed thereby applying
      power to the power supply 36 and the remaining circuit elements actuated
      by the voltages supplied by the power supply. To initiate operation of the
      polisher, the momentarily actuated push button start switch 206 is
      depressed which, as noted above, actuates relay 280 to latch this relay on
      in turn activating relay 200 to close switch 19 shown in FIG. 1. Actuation
      of this switch applies alternating current from source 17 to rectifier 25
      for applying a positive pulsating voltage to the SCR 20 in series with the
      current path for motor 14.
PAR  During start up, there will be no pulses from either tachometers 110 or
      210, therefore, the inputs to the summing amplifiers 155 and 255 will
      comprise the negative DC level selected by the previously selected
      potentiometers 161 and 261. With the relatively large negative voltage
      applied to amplifiers 156 and 256, the output voltages will be at a
      relatively high positive level. For the safety circuit this will maintain
      relay 281 actuated as noted above and for the speed control circuit, the
      positive voltage present on line 89 is applied to the base to the input of
      linear amplifier including transistor 80 to render current source
      transistor conductive for charging capacitor 72 relatively rapidly. Thus,
      the voltage across capacitor 72 will reach the firing potential for the
      PUT 60 and apply a positive signal to the gate of SCR 20 triggering the
      SCR for completing the current path for motor 14. Due to the relatively
      high positive voltage applied on conductor 89, the actuation of the PUT
      will occur early in one of the half cycles of waveform 37' during each
      half cycle of power supply operation. Thus, the on time of the duty cycle
      of SCR 20 will be substantial to cause acceleration of motor 14. As
      described above, capacitor 170 provides relatively smooth acceleration at
      the initial actuation of the polisher.
PAR  As the motor speed increases, the negative output pulses from the
      tachometers increase in frequency such that the offsetting positive direct
      voltage developed at the output of integrators 140 and 240 and summed with
      the predetermined negative speed select and limit voltages tend to
      stabilize the positive DC level on conductor 89 at the desired selected
      speed and maintain amplifier 256 output positive. The line synchronization
      circuit including transistors 90 and 92 periodically discharge capacitor
      72, as noted above, such that the pulsed DC voltage applied to the SCR 20
      from circuit 25 will be in phase with the periodic actuation of PUT 60.
      When equilibrium is reached as the motor reaches the preselected speed,
      the negative voltage on potentiometer arm 261, however, maintains relay
      switch 19 closed to noted above. The specimen or specimens to be polished
      are inserted on the platen 10 and as the initial loading tends to decrease
      the platen speed, the resultant reduced frequency of pulses 112 from
      tachometer 110 results in a lower positive offsetting voltage applied to
      the negative input terminal of summing amplifier 156 and, therefore, an
      increased positive output voltage tending to turn the SCR on during a
      greater portion of each half cycle of power supply frequency until
      equilibrium is again reached and the turntable speed has stabilized at the
      desired preselected speed.
PAR  In the event of failure of the speed control or other circuitry such that
      the speed tends to increase beyond the predetermined limit, the positive
      speed representative direct voltage signals from integrator 240 will
      exceed the negative speed limit signal from resistor 260 thereby causing
      the output of amplifier 257 to approach zero cutting off the Darlington
      amplifier of the relay driver circuit 275 inactivating relay 281 and
      consequently relay 200. When relay 200 is inactivated, switch 19 opens
      thereby cutting off the motor and protecting the specimens being polished.
PAR  In the event that the positive supply voltage fails, the system will
      automatically turn off due to a lack of operating voltage to the various
      circuit elements. If only the negative supply voltage fails, the negative
      protection circuit 180 is actuated to pull conductor 89 to ground
      potential thereby inactivating the speed command signals on conductor 30
      and assuring SCR 20 remains nonconductive.
PAR  Once the specimen has been polished for a desired time period, the stop
      switch 205 is momentarily actuated to unlatch relay 280 and accordingly,
      shut off the system by removing B+ from the relay driver unit and
      inactivating relay 200. If, once the specimen has been examined and
      additional polishing is desired, the sample can be repolished at the same
      speed by pressing the start button upon which the polisher will again
      return to the preprogrammed and selected speed.
PAR  Thus, by virtue of the speed control, the speed limit control and the motor
      control circuits, the polishing apparatus of the present invention
      provides a constant speed control system under varying load conditions and
      one which prevents excessive speeds from damaging the specimen due to
      component failure of the system including power supply failure. It will
      become apparent to those skilled in the art that various modifications to
      the present invention can be made without departing from the spirit or
      scope of the invention as defined by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed and defined as follows:
NUM  1.
PAR  1. In apparatus for abrading metallographic specimens, a drive system for a
      movable abrasive element comprising:
PA1  electrical drive means coupled to said abrasive element for actuating of
      said element;
PA1  means for developing signals representative of the speed of operation of
      the abrasive element;
PA1  a speed control circuit coupled to said developing means for providing
      selectable speed control signals;
PA1  a drive control circuit coupled to said speed control circuit and to said
      drive means and responsive to signals from said speed control circuit to
      actuate and maintain said drive means at a selectable speed; and
PA1  a speed limit control circuit coupled to said developing means and to said
      drive control circuit to deactuate said drive means only in the event the
      speed of said abrasive element exceeds a preselected speed by more than a
      predetermined amount.
NUM  2.
PAR  2. The system as defined in claim 1, wherein said drive control circuit
      includes a triggerable switch for selectively coupling said drive means to
      a source of operating power and noise immune circuit means for developing
      a control signal applied to a control element of said triggerable switch
      for actuation of said switch.
NUM  3.
PAR  3. The system as defined in claim 2 wherein said speed control circuit
      includes means for providing a reference signal representative of a
      desired speed of operation and a summing amplifier coupled to said
      providing means and to said developing means for providing said selectable
      speed control signals applied to said drive control circuit.
NUM  4.
PAR  4. The system as defined in claim 3 wherein said noise immune circuit means
      includes charge storage means, a controllable direct current constant
      current source coupled to said charge storage means, a linear amplifier
      coupled to said current source and to said speed control circuit for
      controlling the charging current of said charge storage means, and
      discharge means coupled to said charge storage means for discharging said
      charge storage means when a predetermined charge is reached and for
      developing said control signal applied to said control element of said
      triggerable switch.
NUM  5.
PAR  5. The system as defined in claim 4, wherein said discharge means comprises
      a PUT coupled in parallel with said charge storage means and including a
      resistor in series therewith for developing said control signal in
      response to current through said PUT.
NUM  6.
PAR  6. A control system for a metallographic polisher including a polishing
      member comprising:
PA1  a drive motor having an output shaft coupled to said polishing member;
PA1  means for supplying operating power to said drive motor and including a
      selectively actuatable current controlling switch and a safety switch;
PA1  a motor control circuit coupled to said current control switch and to said
      safety switch;
PA1  a tachometer circuit coupled to said motor for developing signals
      representative of the speed of said polishing member;
PA1  a speed control circuit coupled to said tachometer circuit and to said
      motor control circuit to develop speed control signals applied to said
      motor control circuit and selectable to maintain said polishing member at
      a selected speed; and
PA1  a speed limit circuit coupled to said tachometer circuit and to said motor
      control circuit to apply signals to said motor control circuit for
      actuating said safety switch for deactuating said drive motor only in the
      event the selected speed is exceeded by a predetermined amount.
NUM  7.
PAR  7. The system as defined in claim 6 wherein said speed limit circuit
      includes delay means for delaying operation of said safety switch for a
      relatively short time where the excess speed variation of said polisher
      member is of relatively short duration.
NUM  8.
PAR  8. For use in an apparatus for abrading a metallographic specimen, a drive
      system for selecting and maintaining a constant speed of operation
      comprising:
PA1  a drive motor coupled to an abrasive element for actuation of said element;
PA1  means for providing a selected control signal representative of the desired
      speed of operation of said drive motor;
PA1  means for developing a signal representative of the actual speed of
      operation of said abrading element;
PA1  indicating means coupled to said developing means for displaying the speed
      of operation of said abrading element;
PA1  motor control circuit means coupled to said providing and developing means
      for correlating the selected speed signal with the actual speed signal and
      to said drive motor for supplying current to said drive motor to maintain
      the selected speed of said drive motor under varying load conditions;
PA1  and speed limit means coupled to said motor control circuit means for
      limiting the speed of said drive motor to a predetermined level only in
      the event of failure of said developing means.
NUM  9.
PAR  9. The system as defined in claim 8 wherein said indicating means comprises
      a meter calibrated in revolutions per minute and responsive to signals
      from said developing means to display the speed of operation of said
      abrading element.
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ABST
PAL  This invention relates to a vacuum attachment for an abrading machine
      wherein the vacuum is applied through a vacuum chamber having vacuum
      directing means close to the workpiece being abraded. The vacuum chamber
      is preferably adapted for movement relative to the abrader.
PARN
PAR  This is a continuation of application Ser. No. 304,412 filed Nov. 7, 1972,
      and now abandoned.
BSUM
PAR  This invention relates to an attachment for an abrading machine adapted to
      remove abraded material from a workpiece during an abrading operation. The
      invention more specifically relates to an attachment comprised of a vacuum
      chamber and a vacuum chamber support means, the vacuum chamber support
      means being adapted to support the vacuum chamber near the surface of the
      workpiece and abrading face of the abrader to direct a partial vacuum onto
      the working surface. In a further embodiment of the invention confining
      means are associated with the attachment to contain the abraded material
      and physically rub the abraded surface.
PAR  In sanding, grinding and other abrading operations it is desirable to
      remove the abraded material as soon as it is abraded so that on the
      subsequent pass of the abrader the abrader will be working on the surface
      to be abraded which is as clear as possible of the abraded material
      loosened on the prior pass.
PAR  It is also desirable to confine the abraded material so that the operator
      will not be struck by abraded material. Further advantages of confining
      the abraded material are that the atmosphere in which the men are working
      is improved and the workmen may view the surface of the workpiece on which
      they are carrying out the abrading operation. The area of the workpiece
      should be as free as possible of the previously abraded material whether
      such material be in the air or on the surface just abraded.
PAR  The attachment of this invention when applied to a sander, grinder or other
      abrading tool removes the abraded material from the workpiece by a vacuum
      applied through a vacuum chamber which is maintained just above the
      surface being abraded. In another aspect the attachment includes means for
      confining the abraded material. By confining the abraded material and
      maintaining the vacuum chamber having vacuum directing means close to the
      workpiece the abraded material can be removed as soon as the abraded
      material is free of the abrader.
PAR  In another embodiment the vacuum chamber is supported for movement relative
      to the abrader. Because of the relative movement between the vacuum
      chamber and the abrader the vacuum directing means associated with the
      abrader will direct a partial vacuum on the surface of the workpiece
      proximate the abrader when abrading workpieces having flat or curved
      surfaces.
PAR  The confining means may be comprised of a series of bristles which are
      applied to the vacuum chamber and actually brush the surface as the
      abrader is being used.
PAR  In describing this invention, reference is had to the accompanying drawings
      in which like characters designate corresponding parts in all the views.
DRWD
PAR  In the Drawings:
PAR  FIG. 1 is a side elevation cross-sectional view through the bottom portion
      of the sander and one embodiment of the attachment.
PAR  FIG. 2 is a plan view of the sander with one embodiment of the attachment
      mounted on the sander.
PAR  FIG. 3 is a side elevation view of a conventional sander with one
      embodiment of the attachment mounted on the sander.
PAR  FIG. 4 is a perspective view of half of a circular conduit of one
      embodiment of the attachment.
PAR  FIG. 5 is a side elevation cross-sectional view of a further embodiment of
      the attachment.
DETD
PAR  Referring to FIG. 1 there is shown a sander 1. The sander 1 is comprised of
      a shell 2 containing a motor 3, power conduit 4 and starter 5. The base of
      shell 2 is closed by a base plate 6 comprised of a flat portion 7
      terminating in downwardly extending flanges 8. The plate 6 is retained on
      shell 2 by four bolts 9.
PAR  In order to apply the attachment to the sander 1 the bolts 9 and plate 6
      are removed. A flat upper retaining plate 10 having bolt holes 11 to
      receive bolts 9 is applied to the bottom of shell 2 with the bolt holes 11
      lined up so that bolts 9 are insertable through upper retaining plate 10
      into the shell 2.
PAR  A circular foam rubber ring 12 having an outer diameter 13 substantially
      equal to the diameter of flat upper retaining plate 10 is applied against
      the flat upper retaining plate 10. The inner diameter of foam rubber ring
      12 is slightly greater than the outer diameter of base plate 6.
PAR  The next element of the attachment which is added to the assembly is vacuum
      chamber 14 which is shown separately in FIG. 4. Vacuum chamber 14 is a
      hollow ring having a flat upper surface 15, a vertical outer wall 16
      extends downwardly from flat upper surface 15. The inner edge of flat
      upper surface 15 of vacuum chamber 14 has an integral short vertical inner
      wall 17 extending downwardly therefrom. The inner diameter of vacuum
      chamber 14 is slightly greater than the outer diameter of base plate 6.
PAR  Extending inwardly from the bottom of vertical outer wall 16 of vacuum
      chamber 14 is a short convex curved portion 18. Connecting the bottom of
      short vertical inner wall 17 and short convex curved portion 18 is a long
      integral concave curved portion 19. A series of apertures 20 are formed in
      convex curved portion 18 of vacuum chamber 14. Accordingly, the openings
      20 face at least partially inwardly, above the lower extent of the wall
      16. It is apparent from FIGS. 1 and 6 that when the chamber 14 rests on a
      work surface, the openings 20 remain unobstructed, because they extend
      above the lower extent of the chamber 14. Flat upper surface 15 contains
      two large apertures 21 on opposite sides of vacuum chamber 14. These
      apertures 21 are connected by flexible tubes 22 and 23 to a vacuum source.
      A circumferential indentation 24 is formed in vertical outer wall 16 of
      vacuum chamber 14.
PAR  As mentioned earlier the vacuum chamber 14 is mounted against foam rubber
      ring 13 in such a manner that the flat upper surface 15 of the vacuum
      chamber 14 rests against the bottom of foam rubber ring 13.
PAR  A vacuum chamber retaining plate 25 having a flat portion 26 and downwardly
      and outwardly extending L-shaped flanges 27 is mounted against flat upper
      retaining plate 10. Vacuum chamber retaining plate 25 includes a series of
      bolt holes 28 adapted to receive bolts 9.
PAR  Base plate 6 is placed under vacuum chamber retaining plate 25 with the
      flanges 7 of base plate 6 resting directly against the upper portion of
      L-shaped flanges 27 of vacuum chamber retaining plate 25. Bolts 9 are then
      inserted through the aligned bolt holes in base plate 6, vacuum chamber
      retaining plate 25, and flat upper retaining plate 10 and the bolts 9 are
      threaded into the retaining means in the shell so that the attachment is
      mounted on the sander.
PAR  As seen in FIG. 1 bristles 29 are mounted about the outer circumference of
      vacuum chamber 14 and retained on the circumference by retaining means 30
      which fits against circumferential indentation 24 in the vertical outer
      wall 16 of vacuum chamber 14.
PAR  Referring to FIG. 2 flexible tubes 22 and 23 are connected to vacuum
      chamber 14. The flexible tubes 22 and 23 proceed around shell 2 and are
      connected through a T 31 to inlet tube 32. As seen in FIG. 3 inlet tube 32
      is supported by a chain 33 from power conduit 4.
PAR  In FIG. 5 a second embodiment of the invention is disclosed. In this
      embodiment a suspending plate 50 having peripheral flanges 51 is placed
      next to the bottom of the shell 2. Suspending plate 50 has bolt holes 52
      adapted to receive bolts 9. Peripheral flanges 51 contain a peripheral
      groove 53. Suspending plate 50 is maintained in position by base plate 6
      which is applied below suspending plate 5, bolt holes in both plates are
      aligned, bolts 9 are inserted through the bolt holes in the respective
      plates and the plates are tightened against the shell 2.
PAR  A skirt 54 including accordian pleats 55 and upper ring 56 is placed over
      peripheral flange 52 so that the ring fastens into peripheral groove 54.
      Vacuum chamber 14 is fastened to the lower portion of skirt 54 by a lower
      ring 57 in skirt 54. The lower ring 57 is engaged in peripheral groove 24
      of conduit 14. The skirt 54 extends below lower ring 57 so as to remain in
      contact with the work surface when in operation.
PAR  The shaft 58, sanding pad 59 and disc 60 are connected to motor 3 of sander
      1.
PAR  In operation the sander 1 and attachment as shown in FIG. 1 will provide
      for relatively free movement of the vacuum chamber 14 relative to the
      sanding pad 59. As the sanding pad 59 is moved over flat, convex or
      concave surfaces the bristles 29 will ride over the work surface. The
      bristles 29 physically rub the work surface removing abraded material
      therefrom. The vacuum chamber 14 is limited in downward vertical movement
      as the inner vertical wall 17 and the upper portion of long integral
      curved portion 19 of the conduit are stopped by the horizontal part of
      L-shaped flanges 27 of conduit retaining plate 25. The vacuum chamber 14
      is limited in upper movement by the circular foam rubber ring 12. The
      inner diameter of conduit 14 is greater than the outer diameter of vacuum
      abrader retaining plate 25 which enables the bottom of vacuum chamber 14
      to assume an inclined position, so that the bristles 29 on the vacuum
      chamber 14 will generally follow concave or convex surfaces. The apertures
      20 are retained in close proximity to the work surface and the edge of the
      sanding pad 59 throughout the sanding operation. By applying the vacuum
      through apertures 20 in the vacuum chamber 14 a suction will still be
      maintained on the surface being sanded even in those situations where an
      edge of a workpiece is being sanded.
PAR  The vacuum chamber 14 has been disclosed as consisting of a series of
      apertures 20 in the convex curved portion 18 of conduit 14. The vacuum
      source is disclosed as connected to flat upper surfaces 15 through two
      large apertures 20, 21 on opposite sides of vacuum chamber 14. It is
      apparent that variations in the number and placement of large apertures
      20, 21 may be made without departing from the scope of this invention.
      Similarly the series of apertures 20 in the convex curved portion 18 of
      vacuum chamber 14 may be circular apertures, slots, small attachments
      extending downwardly from the circular apertures or slots, or a narrow
      slot about the bottom of the vacuum chamber 14.
PAR  While the applicant has disclosed the use of bristles 29 for attachment to
      the vacuum chamber 14 to clean the surface and limit the spraying of
      abraded materials it will be apparent that other materials such as felt,
      or rubber could also be used.
PAR  The embodiments disclosed may be used with orbital or spinning sanders. It
      will be apparent that this invention can be applied to other types of
      abrading devices by changing the shape of vacuum chamber 14 so that a
      vacuum will be applied to the workpiece at and near the edges of the
      abrader.
PAR  Abrading equipment manufactured by different manufacturers have different
      shells 2 and base plates 6. In order to apply the attachment of this
      invention to the abraders different manufacturers' changes in base plates
      and retaining plates will be made without departing from the scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. For a dry abrading machine that includes a work head mounted on a tool
      body which includes motor means for driving the work head in engagement
      with a work piece so as to remove particles from the work piece and to
      propel the removed particles outwardly of the work head, generally
      parallel to the surface of the work piece which is being addressed,
PA1  a vacuum attachment, comprising:
PA1  a ring member incorporating an annular hollow chamber having a vacuum inlet
      conduit extending therefrom;
PA1  means defining a perimetrically extending series of individual apertures
      through the ring member, communicating the hollow chamber with the inner
      side of the exterior of the ring member, above the lowermost extent of the
      ring member;
PA1  an outer peripheral skirt of downwardly projecting scrubbing elements
      secured to the ring member so as to extend at least as low as the
      lowermost extent of the ring member, radially outside the communication of
      the apertures with the inner side of the exterior of the ring member, and
      disposed for scrubbing contact with the workpiece, to free particles which
      have been abraded from the work piece by the work head and to confine such
      particles so as to substantially prevent their escape until they are
      sucked up by said attachment;
PA1  retaining plate means including: a first portion having means thereon for
      securement thereof to the tool body; a second portion for extending
      generally axially from the first portion toward the work head, when the
      first portion is secured to the tool body; and a third, generally
      laterally extending portion;
PA1  said ring member including a generally radially extending portion;
PA1  a ring of resilient material generally coaxially received between the tool
      body and said generally radially extending portion of the ring member, the
      ring member radially extending portion being generally coaxially received
      between the ring of resilient material and said third, generally laterally
      extending portion of the retaining plate means;
PA1  the ring member generally radially extending portion lying radially
      adjacent the second portion of the retaining plate means, with radial
      spacing therebetween,
PA1  whereby, when the attachment is mounted on the tool body, the ring member
      is disposed for limited axial and rocking movement to maintain the
      apertures spatially oriented to suck in said particles which have been
      abraded for the work piece and propelled outwardly of the work head or
      freed by the scrubbing contact of said scrubbing elements with the work
      piece.
NUM  2.
PAR  2. The dry abrading machine vacuum attachment of claim 1 wherein the ring
      member radially extending portion extends radially inwardly and the third
      generally laterally extending portion of the retaining means extends
      radially outwardly; the second portion of the retaining plate means being
      generally tubular, and the ring of resilient material bridging the upper
      end of the radial spacing between said second portion and the ring member
      radially extending portion.
NUM  3.
PAR  3. The dry abrading machine vacuum attachment of claim 1, wherein the
      scrubbing elements are constituted by bristles.
NUM  4.
PAR  4. For a dry abrading machine that includes a disk-shaped work head mounted
      for spinning rotation on a tool body which includes motor means for
      driving the work head in abrading engagement with a surface of a work
      piece and to propel the removed particles radially outwardly of the
      spinning, disk-shaped work head, generally parallel to said surface of the
      work piece,
PA1  a vacuum attachment comprising:
PA1  a ring member incorporating an annular hollow chamber having a vacuum inlet
      conduit extending therefrom;
PA1  means defining a perimetrically extending series of individual apertures
      through the ring member, communicating the hollow chamber with the inner
      side of the exterior of the ring member, above the lowermost extent of the
      ring member;
PA1  an outer peripheral skirt of downwardly projecting scrubbing elements
      secured to the ring member so as to extend at least as low as the
      lowermost extent of the ring member, radially outside the communication of
      the apertures with the inner side of the exterior of the ring member, and
      disposed for scrubbing contact with the work piece, to free particles
      which have been abraded from the work piece by the work head and to
      confine such particles so as to substantially prevent their escape until
      they are sucked up by said attachment;
PA1  retaining plate means including: a first portion having means thereon for
      securement thereof to the tool body; a second portion for extending
      generally axially from the first portion toward the work head, when the
      first portion is secured to the tool body; and a third, generally
      laterally extending portion;
PA1  said ring member including a generally radially extending portion;
PA1  a ring of resilient material generally coaxially received between the tool
      body and said generally raidially extending portion of the ring member,
      the ring member radially extending portion being generally coaxially
      received between the ring of resilient material and said third, generally
      laterally extending portion of the retaining plate means;
PA1  the ring member generally radially extending portion lying radially
      adjacent the second portion of the retaining plate means, with radial
      spacing therebetween,
PA1  whereby, when the attachment is mounted on the tool body, the ring member
      is disposed for limited axial and rocking movement by engagement of the
      scrubbing elements with said surface of the work piece, to effect varying
      resilient compression of the ring of resilient material, to maintain the
      apertures in proper spatial orientation to suck in said particles which
      have been abraded from said surface of the work piece and propelled
      outwardly of the spinning, disk-shaped work head or freed by the scrubbing
      elements with the work piece.
NUM  5.
PAR  5. For a dry abrading machine that includes a work head mounted on a tool
      body which includes motor means for driving the work head in engagement
      with a work piece so as to remove particles from the work piece and to
      propel the removed particles outwardly of the work head, generally
      parallel to the surface of the work piece which is being addressed,
PA1  a vacuum attachment, comprising:
PA1  a ring member incorporating an annular hollow chamber having a vacuum inlet
      conduit extending therefrom,
PA1  means defining a perimetrically extending series of individual apertures
      through the ring member, communicating the hollow chamber with the inner
      side of the exterior of the ring member, above the lowermost extent of the
      ring member;
PA1  the hollow chamber of generally triangular shape, increasing in width as it
      extends upwardly from the series of apertures, and having a lower end edge
      disposed adjacent but below said series of apertures as the lowermost
      extent of the ring member, the ring having an upper flat surface, a
      tubular outer wall and inner wall, means extending between the lower
      extent of the tubular outer wall and the inner extent of the upper flat
      surface, this inner wall means proceeding exteriorly convexly for a
      shorter axial distance from the lower extent of the tubular outer wall,
      then exteriorly concave for a longer axial distance to merge with surface
      means defining a central opening through the ring member where the inner
      wall means adjoins the inner extent of the upper flat surface;
PA1  an outer peripheral skirt of downwardly projecting scrubbing elements
      secured to the ring member so as to extend as least as low as the
      lowermost extent of the ring member, radially outside the communication of
      the apertures with the inner side of the exterior of the ring member, and
      disposed for scrubbing contact with the work piece, to free particles
      which have been abraded from the work piece by the work head and to
      confine such particles so as to substantially prevent their escape until
      they are sucked up by said attachment;
PA1  retainer means securable to the tool body for supporting the ring member
      and for providing for limited axial and rocking movement of the ring
      member axially forwardly of the tool body;
PA1  resilient material interposed for action between the tool body and the ring
      member and tending to resiliently resist movement of the ring member
      toward the tool body,
PA1  whereby, when the attachment is mounted on the tool body, the ring member
      is disposed for limited axial and rocking movement to maintain the
      apertures spatially oriented to suck in said particles which have been
      abraded from the work piece and propelled outwardly of the work head or
      freed by the scrubbing contact of said scrubbing elements with the work
      piece.
NUM  6.
PAR  6. The dry abrading machine vacuum attachment of claim 5, wherein the
      resilient material is constituted by a ring of foamed resilient plastic
      material.
NUM  7.
PAR  7. The dry abrading machine vacuum attachment of claim 5, wherein the
      resilient material and the retaining means are comprised of a tubular
      rubbery skirt having a band of circumferentially extending accordian
      pleats in a region thereof intermediate the ends thereof;
PA1  one end thereof including means for securing that end to the tool body and
      the tubular rubbery skirt, below said band of accordian pleats thereof
      including means for securing that skirt to the ring member, about the
      circumference of each.
NUM  8.
PAR  8. The dry abrading machine vacuum attachment of claim 7, wherein the means
      for securing said one end to the tool body includes a suspending plate;
      means for securing the suspending plate to the tool body; and means for
      circumferentially securing said one end to the suspending plate,
      circumferentially thereof.
NUM  9.
PAR  9. The dry abrading machine vacuum attachment of claim 8 wherein the means
      for circumferentially securing said one end to the suspending plate
      circumferentially thereof, comprises: means defining a circumferentially
      extending enlarged bead on said one end and means defining a corresponding
      groove, for receipt of said bead, on the suspending plate.
NUM  10.
PAR  10. The dry abrading machine vacuum attachment of claim 7 wherein the means
      for circumferentially securing said other end to the ring member including
      means defining circumferentially extending enlarged bead on the tubular
      rubbery skirt below the band of accordian pleats; and means defining a
      corresponding groove, for receipt of said bead, on the ring member.
NUM  11.
PAR  11. For a dry abrading machine that includes a work head mounted on a tool
      body which includes motor means for driving the work head in engagement
      with a work piece so as to remove particles from the work piece and to
      propel the removed particles outwardly of the work head, generally
      parallel to the surface of the work piece which is being addressed,
PA1  a vacuum attachment, comprising:
PA1  a ring member incorporating an annular hollow chamber having a vacuum inlet
      conduit extending therefrom;
PA1  means defining a perimetrically extending series of individual apertures
      through the ring member, communicating the hollow chamber with the inner
      side of the exterior of the ring member, above the lowermost extent of the
      ring member;
PA1  an outer peripheral skirt of downwardly projecting scrubbing elements
      secured to the ring member so as to extend at least as low as the
      lowermost extent of the ring member, radially outside the communication of
      the apertures with the inner side of the exterior of the ring member, and
      disposed for scrubbing contact with the work piece, to free particles
      which have been abraded from the work piece by the work head and to
      confine such particles so as to substantially prevent their escape until
      they are sucked up by said attachment;
PA1  retainer means securable to the tool body for supporting the ring member
      and for providing for limited axial and rocking movement of the ring
      member axially forwardly of the tool body;
PA1  resilient material interposed for action between the tool body and the ring
      member and tending to resiliently resist movement of the ring member
      toward the tool body,
PA1  the resilient material and the retaining means being comprised of a tubular
      rubbery skirt having a band of circumferentially extending accordian
      pleats in a region thereof intermediate the ends thereof;
PA1  one end thereof including means for securing that end to the tool body and
      the tubular rubber skirt, below said band of accordian pleats thereof
      including means for securing that skirt to the ring member, about the
      circumference of each, the means for circumferentially securing said other
      end to the ring member includes means defining a circumferentially
      extending enlarged bead on the tubular rubbery skirt below the band of
      accordian pleats; and means defining a corresponding groove, for receipt
      of said bead, on the ring member, the tubular rubbery skirt extending
      below the lower extent of the ring member to constitute said outer
      peripheral skirt of downwardly projecting scrubbing elements.
NUM  12.
PAR  12. A dry abrading machine, including:
PA1  a work head;
PA1  a tool body;
PA1  means for mounting a work head on the body;
PA1  motor means on the tool body for driving the work head mounting means, to
      drive the work head, when so mounted, in engagement with a work piece so
      as to remove particles from the work piece and to propel the removed
      particles outwardly of the work head, generally parallel to the surface of
      the work piece which is being addressed,
PA1  means for vacuuming-up said particles, comprising:
PA1  a ring member incorporating an annular hollow chamber having a vacuum inlet
      conduit extending therefrom;
PA1  means defining a perimetrically extending series of individual apertures
      through the ring member, communicating the hollow chamber with the inner
      side of the exterior of the ring member, above the lowermost extent of the
      ring member;
PA1  an outer peripheral skirt of downwardly projecting scrubbing elements
      secured to the ring member so as to extend at least as low as the
      lowermost extent of the ring member, radially outside the communication of
      the apertures with the inner side of the exterior of the ring member, and
      disposed for scrubbing contact with the work piece, to free particles
      which have been abraded from the work piece by the work head and to
      confine such particles so as to substantially prevent their escape until
      they are sucked up by said vacuuming-up means;
PA1  retaining plate means including: a first portion having means thereon
      securing the retaining plate means to the tool body; a second portion
      extending generally axially from the first portion toward the work head;
      and a third, generally laterally extending portion,
PA1  said ring member including a generally radially extending portion;
PA1  a ring of resilient material generally coaxially received between the tool
      body and said generally radially extending portion of the ring member, the
      ring member radially extending portion being generally coaxially received
      between the ring of resilient material and said third, generally laterally
      extending portion of the retaining plate means;
PA1  the ring member generally radially extending portion lying radially
      adjacent the second portion of the retaining plate means, with radial
      spacing therebetween,
PA1  whereby, the ring member is disposed for limited axial and rocking movement
      to maintain the apertures spatially oriented to suck in said particles
      which have been abraded from the work piece and propelled outwardly of the
      work head or freed by the scrubbing contact of said scrubbing elements
      with the work piece.
NUM  13.
PAR  13. The dry abrading machine of claim 12, wherein the ring member radially
      extending portion extends radially inwardly and the third generally
      laterally extending portion of the retaining means extends radially
      outwardly; the second portion of the retaining plate means being generally
      tubular; and the ring of resilient material bridging the upper end of the
      radial spacing between said second portion and the ring member radially
      extending portion.
NUM  14.
PAR  14. The dry abrading machine of claim 12, wherein the scrubbing elements
      are constituted by bristles.
NUM  15.
PAR  15. The dry abrading machine of claim 12, wherein the work head is
      disk-shaped with means for retention thereon of an abrasive disk surface
      means for presentation in abrading engagement with a surface of the work
      piece;
PA1  wherein the means for mounting the work head on the body rotatably mounts
      the work head; and
PA1  wherein the motor means rotatably drives the work head.
NUM  16.
PAR  16. The dry abrading machine of claim 15 further including sanding abrasive
      disk surface means mounted by said retention means on said retention means
      on said disk-shaped work head.
NUM  17.
PAR  17. The dry abrading machine of claim 15 further including grinding
      abrasive disk surface means mounted by said retention means on said
      disk-shaped work head.
NUM  18.
PAR  18. A dry abrading machine, including:
PA1  a work head;
PA1  a tool body;
PA1  means for mounting a work head on the body;
PA1  motor means on the tool body for driving the work head mounting means, to
      drive the work head, when so mounted, in engagement with a work piece so
      as to remove particles from the work piece and to propel the removed
      particles outwardly of the work head, generally parallel to the surface of
      the work piece which is being addressed,
PA1  means for vacuuming-up said particles, comprising:
PA1  a ring member incorporating an annular hollow chamber having a vacuum inlet
      conduit extending therefrom, the hollow chamber being of generally
      triangular shape, increasing in width as it extends upwardly from the
      series of apertures, and having a lower end edge disposed adjacent but
      below said series of apertures as the lowermost extent of the ring member,
      the ring having an upper flat surface, a tubular outer wall and inner wall
      means extending between the lower extent of the tubular outer wall and the
      inner extent of the upper flat surface, this inner wall means proceeding
      exteriorly convexly for a shorter axial distance from the lower extent of
      the tubular outer wall, then exteriorly concave for a longer axial
      distance to merge with surface means defining a central opening through
      the ring member where the inner wall means adjoins the inner extent of the
      upper flat surface;
PA1  means defining a perimetrically extending series of individual apertures
      through the ring member, communicating the hollow chamber with the inner
      side of the exterior of the ring member, above the lowermost extent of the
      ring member;
PA1  an outer peripheral skirt of downwardly projecting scrubbing elements
      secured to the ring member so as to extend at least as low as the
      lowermost extent of the ring member, radially outside the communication of
      the apertures with the inner side of the exterior of the ring member, and
      disposed for scrubbing contact with the work piece, to free particles
      which have been abraded from the work piece by the work head and to
      confine such particles so as to substantially prevent their escape until
      they are sucked up by said vacuuming-up means;
PA1  retainer means secured to the tool body, supporting the ring member and
      providing limited axial and rocking movement of the ring member axially
      forwarding of the tool body;
PA1  resilient material interposed for action between the tool body and the ring
      member and tending to resiliently resist movement of the ring member
      toward the tool body,
PA1  whereby, the ring member is disposed for limited axial and rocking movement
      to maintain the apertures spatially oriented to suck in said particles
      which have been abraded from the work piece and propelled outwardly of the
      work head or freed by the scrubbing contact of said scrubbing elements
      with the work piece.
NUM  19.
PAR  19. The dry abrading machine of claim 18, wherein the resilient material is
      constituted by a ring foamed resilient plastic material.
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ABST
PAL  A grinding fixture for grinding cylinder head castings. The fixture
      includes a row of aligning pins that extend upwardly from the fixture and
      the lower ends of each pair of adjacent pins are engaged with the ends of
      a balancing plate which is fulcrumed within the fixture. The outer
      projecting ends of the pins are received within the combustion chambers in
      the cylinder head casting, and the aligning pins and balancing plates tend
      to level the casting in a longitudinal direction. The lower surface of the
      casting is adapted to engage three targeting pins, and the lower ends of
      the targeting pins are engaged with a pivotable balancing plate to thereby
      level the casting in a transverse direction. Spring loaded locking pins
      extend upwardly from the fixture and engage the bottom surface of the
      casting. When the casting is leveled through use of the aligning pins and
      targeting pins, the locking pins are locked to hold the casting rigidly in
      place for the grinding operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Cylinder head castings to be used in internal combustion engines contain 4
      to 8 cavities or combustion chambers, and the lower surface of the head
      casting is adapted to be joined to the cylinder block of the engine. After
      the casting operation, the upper surface of the head casting, as well as
      the sides and ends of the castings, is ground to remove parting lines,
      flash, flow pins, gating, etc., from the casting. In the past, the
      practice has been to manually gring away the projecting flash and parting
      lines, while in the case of flow pins, the pins were manually knocked off
      by hammers and then ground down manually.
PAR  While automatic grinding of the cylinder head castings is desirable, no
      fixture or jig has been developed in the past which would properly level
      the casting.
PAR  An automatic grinding machine includes one or more grinding wheels which
      operate in a fixed plane or position for a given size casting. If the
      casting is not precisely level when it is passed through the grinding
      machine, vaaious portions of the casting may be ground too deeply, while
      other portions may be ground too lightly so that the casting
      irregularities, i.e., flash, parting lines, gating, etc., will not be
      completely removed. As all the outer surfaces contain casting
      irregularities, the outer surfaces cannot be used as reference planes for
      the grinding operation, and the casting cannot be precisely leveled by
      merely resting it on one of its outer surfaces. Because of these problems
      in leveling the casting in both a longitudinal and transverse direction,
      automatic grinding has not been successfully applied to cylinder head
      castings.
PAC  Summary of the Invention
PAR  The invention relates to a grinding fixture for the automatic grinding of
      cylinder head castings for internal combustion engines. The fixture is
      provided with a row of aligning pins which project upwardly from the upper
      surface of the fixture and the lower ends of each pair of adjacent pins
      engage the ends of a balancing plate. Each balancing plate is fulcrumed on
      a larger balancing plate which in turn is fulcrumed or pivoted to the
      interior of the fixture.
PAR  The upper projecting ends of the aligning pins are adapted to be received
      within the combustion chambers in the head casting and engage the bottoms
      of the chambers which serve as a reference plane for leveling. Any out of
      tolerance or misalignment of the bottoms of the chambers will be
      compensated for by slight tilting of the balancing plates.
PAR  In addition to the aligning pins, the lower surface of the casting is
      adapted to engage three targeting pins. The lower ends of two of the
      targeting pins engage the ends of a balancing plate which is fulcrumed on
      a generally triangular, pivotable plate, while the third targeting pin
      engages a corner of the triangular plate. The targeting pins act to level
      the casting in a transverse direction. Thus, through the action of the
      aligning pins and the targeting pins, the upper surface of the casting
      will be substantially horizontal so that it can be properly ground by the
      automatic grinding equipment.
PAR  To secure the casting in the level condition for grinding, a series of
      spring loaded locking pins are utilized. The locking pins extend upwardly
      from the upper surface of the fixture and are adapted to be engaged by the
      lower surface of the casting as the casting is placed on the fixture. The
      locking pins are spring loaded upwardly and the weight of the casting will
      depress the locking pins against the force of the springs. When the
      casting is leveled by virtue of the aligning pins and the targeting pins,
      the locking pins are moved to the locked position through the use of an
      operating handle to thereby secure the casting with respect to the fixture
      for the grinding operation.
PAR  With the casting locked to the fixture, the fixture is then moved by a
      hydraulic cylinder unit through the grinding mechanism which serves to
      grind the upper surface, as well as the side surfaces of the casting. The
      end surfaces of the casting can either be ground manually or the casting
      can be passed through a similar grinding mechanism for grinding of the end
      surfaces.
PAR  The grinding fixture of the invention provides a balancing mechanism for
      automatically leveling the cylinder head casting for the grinding
      operation with the bottom surfaces of the combustion chambers being used
      as the leveling reference. After the balancing mechanism has properly
      leveled the casting, the locking pins are moved to the locked position
      which thereby holds the casting during the grinding operation and prevents
      downward or tilting movement of the casting under the force exerted by the
      grinding mechanism.
PAR  Other objects and advantages will appear in the course of the following
      description.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The drawings illustrate the best mode presently contemplated of carrying
      out the invention.
PAR  In the drawings:
PAR  FIG. 1 is a side elevation of the grinding fixture of the invention with
      parts broken away in section;
PAR  FIG. 2 is a top plan view of the fixture, with parts broken away in
      section;
PAR  FIG. 3 is an enlarged transverse section taken along line 3--3 of FIG. 2
      and showing the casing supported on the fixture;
PAR  FIG. 4 is a section taken along line 4--4 of FIG. 2;
PAR  FIG, 5 is a section taken along line 5--5 of FIG. 2; and
PAR  FIG. 6 is a section taken along line 6--6 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The drawings illustrate a grinding fixture for supporting a cylinder head
      casting during automatic grinding of the casting. The fixture is adapted
      to level the casting and to hold the casting in the leveled condition, so
      that the casting can be passed through an automatic grinding mechanism to
      grind off parting lines, flash, flow pins and gating from the upper
      surface and side surfaces of the casting.
PAR  The fixture is generally rectangular in shape and is composed of a base
      plate 1 and a series of superimposed plates 2-11 which rest on the base
      plate. A resilient gasket 12 is located between the uppermost plate 11 and
      the plate 10 immediately beneath plate 11, and the plates 1-11 are
      connected together by a series of tie bolts 13 which are located at the
      corners of the fixture.
PAR  A row of aligning pins 14-19 are each located in aligned openings in plates
      9-11 and project upwardly from the fixture. The upper ends of the pins
      14-19 are adapted to engage the bottom surface 20 of combustion cavities
      21 in the cylinder head casting 22. The projecting upper ends of the pins
      14-19 have a length such that the lower surface of the head casting 22
      will be spaced above the fixture 1 when the pins are in engagement with
      the surfaces 20.
PAR  The lower ends of the pins 14 and 15 bear against the ends of a balancing
      plate or block 23, and similarly the lower ends of pins 16 and 17 bear
      against the ends of a balancing plate 24, while the lower ends of pins 18
      and 19 engage the ends of balancing plate 25. Balancing plates 23-25 are
      each located within cavities 26 formed in the plate 8. The cavities 26 can
      be cut from the plate 8, or alternately the plate 8 can be formed with a
      continuous longitudinal slot and spacers can be located within the slot to
      define the individual cavities 26.
PAR  The plates 23 and 25 are pivoted or fulcrummed on dowels 27 and 28,
      respectively, which are located within recesses in plate 7. Similarly, the
      central balancing plate 24 is mounted for tilting movement about a bar 29
      which is positioned within a recess in the plate 7. With this construction
      the balancing plates 23-25 can each tilt about its fulcrum in a
      longitudinal direction.
PAR  As shown in FIG. 1, the dowel pin 27 projects through the slot in plate 7
      and bears against the upper surface of the end of a balancing block 30
      which is located within a cavity 31 in the plate 6. Similarly, the dowel
      28 extends through the slot in plate 7 and engages the upper surface of
      the end of a second balancing plate 32 which is located within the cavity
      31. Blocks 30 and 32 are positioned in an end-to-end relation and the
      fulcrum bar 29 bears against the abuting ends of the blocks 30 and 32.
      Each block 30 and 32 is fulcrumed on a dowel pin 33 which is mounted
      within a slot in the plate 5.
PAR  When the casting 22 is positioned on the fixture, the individual pins 14-19
      will be received within the cavities 21 and engage the bottom surfaces 20.
      Theoretically, the surfaces 20 should lie in a common horizontal plane,
      but in practice, the surfaces 20 may vary slightly with an acceptable
      tolerance of + or .+-. 0.032 inch. If the surfaces 20 are not precisely on
      the same reference line, but within the above noted tolerance, some of the
      pins 14-19 will engage the surfaces 20 before other pins with the result
      that the tilting action of the balancing plates 23-25 and 30 and 32 will
      compensate for misalignment and tend to level the head casting 22.
PAR  In addition to the aligning pins 23-25, three targeting pins 34-36 extend
      upwardly in triangular relationship from the uppermost plate 11 of the
      fixture. Two of the targeting pins 34 and 35 project downwardly through
      aligned openings in the plates 4-11 and the lower ends of the pins 34 and
      35 engage the ends of a balancing plate or bar 37 which is mounted within
      a cavity 38 in plate 3. The central portion of plate 37 is fulcrumed on a
      ball 39 which is located in a recess in one corner of a generally
      triangular plate 40. Plate 40, as shown in FIG. 6, is located within a
      cavity 41 in plate 2. Plate 40 is mounted for tilting movement on a pair
      of balls 42 that are mounted within mating recesses in the lower surface
      of plate 40 and the upper surface of plate 1.
PAR  The third targeting pin 36 is mounted for sliding movement within aligned
      openings in plates 3-11 by bushings 43, and the lower end of the pin 36,
      as shown in FIG. 4, is engaged with a second corner of the triangular
      plate 40. The third corner of the triangular plate 40 carries an
      upstanding pin 44 and the lower end of a coil spring 45, which extends
      through aligned openings in the plates 3-9, surrounds the pin 44, as
      illustrated in FIG. 5. The upper end of the spring 45 is disposed around a
      pin 46 that extends downwardly from plate 10. With this construction the
      force of the spring 45 acts downwardly against the corner of the
      triangular plate 40.
PAR  The triangularly arranged targeting pins 34-36, in conjunction with the
      balance plates 37 and 40, act to level the casting 22 in a transverse
      direction.
PAR  A group of four spring loaded locking pins or jacks 47-50 project upwardly
      from the fixture and are adapted to be engaged by the lower surface of the
      head casting 22 as the casting is lowered onto the fixture. When the
      fixture is not supporting the casting 22, the pins 47-50 extend upwardly
      to a position slightly above the upper extremities of the targeting pins
      34-36.
PAR  As best shown in FIG. 3, pins 47-50 are mounted for sliding movement within
      aligned openings in plates 9-11 by bushings 51 and 52 which are associated
      with plate 9.
PAR  The lower end of each pin 47-50 carries an extension 53 and a spring 54
      surrounds the extension 53 and bears against a disc-like seat 55 on the
      bottom end of each pin. Springs 54 are located within aligned openings in
      plates 5-8, and the lower end of each spring is disposed around a pin 56
      that extends upwardly from plate 4. The force of the springs 54 urges the
      pins 47-50 upwardly, and when the casting 22 is placed on the fixture, the
      weight of the casting will overcome the force of the spring 54 to thereby
      move the pins 47-50 downwardly within the fixture.
PAR  The pins 47-50 are adapted to be locked with respect to the fixture after
      the cylinder head casting 22 has been leveled on the fixture. The locking
      mechanism includes a handle 57 which is located on the exterior of the
      fixture and is connected to one end of a shaft 58 that extends
      horizontally through a passage 59 in plate 9. Shaft 58 is formed with
      eccentric sections 60 and 61 and plate 9 has a pair of lateral passages 62
      and 63 which intersect the passage 59 at the location of the eccentric 60.
      Passage 62 communicates with the opening within which pin 48 is located,
      while the passage 63 communicates with the opening which receives the pin
      47. In a similar manner, a pair of passages 64 and 65 intersect the
      passage 59 at the location of the eccentric 61. Passage 64 also
      communicates with the opening which receives the pin 49, while passage 65
      communicates with the opening that receives the pin 50.
PAR  To provide a locking action, a pair of plugs 66 and 67 border each
      eccentric section 60 and 61. The plugs 66 are located at the inner ends of
      the passages 63 and 64, while the plugs 67 are disposed at the inner ends
      of the passages 62 and 65. Each plug 66 is provided with a generally
      curved side 68 which is in engagement with the respective eccentric
      section 60 and 61, and the opposite side of each plug 66 is formed with a
      groove 69. As best shown in FIG. 2, a spacer sleeve 70 surrounds each pin
      47 and 49 and is located between the bushings 51 and 52. The sleeve 70 is
      provided with a ridge 71, which mates with the groove 69 in the plug 66.
      With this construction, rotation of the handle 57 will correspondingly
      rotate the eccentric sections 60 and 61, causing the plugs 66 to move
      outwardly against the sleeves 70 and the outward pressure of the sleeves
      against the pins 47 and 49 will bind the pins and prevent movement of the
      pins with respect to the fixture.
PAR  The plugs 67 are similar in construction to the plugs 66 and each plug 67
      is provided with a generally curved side 72 which engages the respective
      eccentric sections 60 and 61. The opposite side of each plug 67 is formed
      with a groove 73, as shown in FIG. 3. To simultaneously lock or bind the
      pins 48 and 50, a pin 74 is located within each passage 62 and 65 and one
      end of each pin 74 is formed with a rib or ridge 75 which engages the
      groove 73 in the respective plug 67. The opposite end of each pin 74 bears
      against a spring 76, and the spring in turn is in engagement with a spacer
      sleeve 77 which surrounds the respective pins 48 and 50.
PAR  As the handle 57 is rotated, causing a corresponding rotation of the
      eccentric sections 60 and 61, the plugs 67 are moved outwardly within the
      passages 62 and 65 to thereby force the sleeves 77 outwardly against the
      pins 48 and 50 to bind the pins within the openings and thereby lock the
      pins with respect to the fixture.
PAR  Thus, the locking pins 47-50, when moved to the locked position will secure
      the casting 22 with respect to the fixture, so that the casting will not
      move relative to the fixture under the force of the grinding mechanism.
PAR  In operation, the cylinder head casting 22 is lifted by an overhead crane
      or other suitable lifting mechanism and lowered onto the fixture so that
      the aligning pins 14-19 are received within the cavities 21 and engage the
      surfaces 20. As the head casting 22 is lowered, the lower surface of the
      casting will engage the spring loaded locking pins 47-50 and move the
      locking pins downwardly against the force of the springs 54. In addition,
      the lower surface of the casting will engage the targeting pins 34-36. The
      aligning pins 14-19 will move according to the position of the surfaces 20
      by virtue of the balancing plates 23-25, 30 and 32, to thereby level the
      casting in a longitudinal direction. Similarly, the targeting pins 34-36
      will tend to level the casting in a transverse direction by virtue of the
      balancing bar 37 and triangular balancing plate 40.
PAR  With the casting balanced on the aligning pins 14-19 and targeting pins
      34-36, the locking handle 57 is rotated, thereby rotating the eccentric
      sections 60 and 61 of shaft 58, to lock the pins 47-50. With the pins
      47-50 locked against movement, the casting 22 will be firmly supported by
      the fixture so that the fixture can then be passed through the grinding
      machine.
PAR  The fixture is moved through the grinding machine by a hydraulic cylinder
      unit, not shown, and as the casting 22 passes through the grinding machine
      the upper surface, as well as the two longitudinal side surfaces of the
      casting, are ground to grind away parting lines, flash, flow pins, gating,
      etc. Following the grinding of the upper surface and the two longitudinal
      surfaces, the casting and fixture can be passed through a second grinding
      unit to grind the end surfaces of the casting, if desired.
PAR  While the above description has shown the fixture being used in supporting
      a cylinder head casting for an automatic grinding operation, it is
      contemplated that the fixture can be used to support various types of
      castings having internal cavities for different types of working
      operations.
PAR  Furthermore, the use of six aligning pins is not critical to the invention
      and any number of aligning pins can be used depending on the number of
      cavities in the casting. Similarly, in certain applications only one group
      of balancing plates, such as plates 23-25 may be used, while in other
      applications, superimposed groups of balancing plates or members may be
      preferred.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fixture for supporting a workpiece during a working operation, said
      workpiece having a plurality of internal cavities with each cavity
      including a bottom surface and said bottom surfaces lying substantially
      along a common reference line, said fixture comprising a body, first
      leveling means for leveling the workpiece in a first direction, said first
      leveling means including a series of first axially movable pins extending
      upwardly beyond the body and disposed to be received within the respective
      cavities in the workpiece and engage the bottom surfaces, said first
      leveling means also includes a first balancing member fulcrumed with
      respect to the body, a pair of said first pins being engaged with the ends
      of said first balancing member on either side of the fulcrum, whereby
      axial movement of said first pins when the first pins engage said bottom
      surfaces can cause tilting of said first balancing member about said
      fulcrum, second leveling means for leveling the workpiece in a second
      direction generally normal to said first direction, said second leveling
      means including a series of second axially movable pins extending upwardly
      beyond said body and disposed to engage the lower surface of said
      workpiece, and locking means for locking the workpiece against movement
      with respect to the fixture after said first and second leveling means
      have leveled the workpiece in said first and second directions,
      respectively.
NUM  2.
PAR  2. The fixture of claim 1, wherein the first leveling means includes two
      pair of first pins with each first pin being mounted for acial movement
      with respect to said body, and a pair of first balancing members each
      fulcrumed with respect to the body, the first pins of one pair being
      engaged with the ends of one of said first balancing members and the first
      pins of the second pair being engaged with the ends of the other of said
      first balancing members, whereby axial movement of said first pins when
      the first pins engage said bottom surfaces can cause tilting of the
      respective first balancing members about their fulcrums.
NUM  3.
PAR  3. The fixture of claim 1, wherein the second leveling means includes three
      second pins disposed in triangular relationship.
NUM  4.
PAR  4. The fixture of claim 2, and including a second balancing member
      fulcrumed with respect to the body, the first balancing members being
      fulcrumed on the respective ends of the second balancing member.
NUM  5.
PAR  5. The fixture of claim 3, and including a balancing plate mounted for
      tilting movement with respect to said body, the lower ends of two of said
      second pins disposed in engagement with the respective ends of said
      balancing plate, a second balancing plate mounted for tilting movement
      with respect to said body, said first balancing plate being fulcrumed on
      said second balancing plate at a first location, a third of said second
      pins disposed in engagement with said second balancing plate at a second
      location, and biasing means acting downwardly against the second balancing
      plate at a third location, said first, second and third locations being
      disposed in triangular arrangement.
NUM  6.
PAR  6. A fixture for supporting a casting during an automatic grinding
      operation, said casting having a plurality of internal cavities with each
      cavity including a bottom surface and said bottom surfaces lying
      substantially along a common reference line, said fixture comprising a
      body, a row of aligning pins extending upwardly beyond the upper surface
      of the body and disposed to be received within the cavities in the casting
      and engage the bottom surfaces, a plurality of first balancing members
      each fulcrumed with respect to the body, the lower ends of a pair of
      adjacent aligning pins disposed in engagement with the ends of one of said
      first balancing members on either side of its fulcrum, a series of support
      pins extending upwardly beyond the body and disposed to engage the lower
      surface of the casting, biasing means for biasing the support pins
      upwardly towards the casting, and locking means for locking the support
      pins with respect to the body.
NUM  7.
PAR  7. The fixture of claim 6, and including a series of targeting pins
      extending upwardly from the upper surface of the body and disposed to
      engage the lower surface of the casting, and a second balancing member
      fulcrumed with respect to said body, two of the targeting pins acting
      against the second balancing member on opposite sides of its fulcrum.
NUM  8.
PAR  8. The fixture of claim 7, wherein there are three targeting pins arranged
      in a generally triangular pattern.
NUM  9.
PAR  9. The fixture of claim 6, wherein said support pins are mounted for axial
      sliding movement with respect to the body, and said locking means
      comprises a locking member to lock said support means against sliding
      axial movement.
NUM  10.
PAR  10. The fixture of claim 9, wherein said locking member comprises a sleeve
      disposed around each support pin and said locking means includes an
      eccentric operable to bind each sleeve against the respective support pin
      to lock the pin against sliding movement.
NUM  11.
PAR  11. The fixture of claim 10, wherein said locking means also includes an
      operating member located on the outside of said body and operably
      connected to said eccentric for operating said eccentric.
NUM  12.
PAR  12. The fixture of claim 6, wherein each adjacent pair of first balancing
      members are fulcrumed on a second balance member, said second balancing
      member being fulcrumed for tilting movement with respect to said body.
NUM  13.
PAR  13. The fixture of claim 7, wherein the fixture include three targeting
      pins arranged in a generally triangular pattern, two of said targeting
      pins being in engagement with the ends of the second balancing member, a
      balancing plate mounted for rocking movement with respect to the body,
      said second balancing member being fulcrummed at a first location on said
      balancing plate, a third of said targeting pins bearing against a second
      location on said balancing plate, and biasing means acting downwardly
      against a third location on said balancing plate, said first, second and
      third locations being arranged in a triangular pattern.
NUM  14.
PAR  14. A fixture for supporting a workpiece during a working operation, said
      workpiece having a plurality of internal cavities with each cavity
      including a bottom surface and said bottom surfaces lying substantially
      along a common reference line, said fixture comprising a body; first
      leveling means for leveling the workpiece in a first direction, said first
      leveling means including a series of first axially movable pins extending
      upwardly beyond the body and disposed to be received within the respective
      cavities in the workpiece and engage the bottom surfaces; second leveling
      means for leveling the workpiece in a second direction generally normal to
      said first direction, said second leveling means including a series of
      second axially movable pins extending upwardly beyond said body and
      disposed to engage the lower surface of said workpiece; and locking means
      for locking the workpiece against movement with respect to the fixture
      after said first and second leveling means have leveled the workpiece in
      said first and second directions, respectively, said locking means
      comprises a series of locking pins mounted for axial movement with respect
      to the body, the upper ends of said locking pins projecting beyond the
      body and disposed to engage the lower surface of the workpiece, biasing
      means for biasing the pins upwardly, and a locking member to lock each
      locking pin with respect to the body.
NUM  15.
PAR  15. The fixture of claim 14, wherein the locking pins project upwardly
      beyond said second pins.
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ABST
PAL  A method for finishing workpieces which are caused to flow in a helical
      motion together with abrasive media within a circular vibratory finishing
      tub in the form of a hollow annulus closed at both ends, and more
      particularly for vibratory finishing of workpieces together with abrasive
      media in a heavily compressed condition and for separating the mass (a
      mixture of workpieces and abrasive media) into workpieces and abrasive
      media. The apparatus for carrying out the method has a downwardly inclined
      or horizontal circular vibratory finishing tub having an opening at the
      top which is closed in operation, in the form of a hollow annulus, having
      the radially greatest sectional area at the central portion thereof and
      the sectional area being gradually smaller toward both ends thereof, so
      that the mass is caused to flow during vibration with an increased density
      resulting in a substantially compressed condition of the mass so that
      workpieces and abrasive media are caused to move in a closely spaced
      relation which would otherwise be eliminated at every vibration. By this
      arrangement the vibrating pressure and action between workpieces and
      abrasive media are improved and the mass separating efficiency as well as
      the smoothness of the finished surfaces are also improved considerably.
PARN
PAR  This application is a divisional application of my copending application
      Ser. No. 351,966 filed Apr. 17, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a conventional finishing apparatus having a circular vibratory finishing
      tub, the finishing operations are performemd with the tub open at the top
      to facilitate a visual inspection of the flowing mass. However, this
      causes the disadvantage of limiting the volume of workpieces which can be
      finished, causing damage or defects to the workpieces due to the impact
      thereof with each other, the media and the tub under strong vibration and
      reducing the mass separating efficiency due to the backflow of the mass.
PAR  There are conventional finishing apparatuses having a circular vibratory
      finishing tub, a rotary barrel or mill, a centrifugal barrel, or a
      vibratory finishing tub or box type in which the barrel or the like is
      closed in operation. However, all of those apparatuses provide only a
      means of closing the barrel or the like without which it would be
      impossible to operate the apparatus since the contents would otherwise be
      easily vibrated out, or a means of closing the barrel or the like to
      prevent water from the finishing compound from spattering out. In other
      words, this is simply a covering means, but not a means of finishing
      workpieces effectively by vibration under a heavily compressed condition
      as in this invention.
PAC  SUMMARY OF THE INVENTION
PAR  With the method according to the invention, an increased volume of
      workpieces can be finished and the smoothness of the finished surfaces of
      workpieces is improved by placing the workpieces and abrasive media under
      a heavily compressed condition during vibration.
PAR  In order to meet these needs, the method carries out finishing in a
      circular vibratory finishing tub having an opening at the top which is
      closed in operation, and has the radially greatest sectional area at a
      central portion thereof before a dam and the radially smallest sectional
      area at that portion thereof beyond said dam.
PAR  Consequently, contents of the mass are caused to move in a closely spaced
      relation, and are mutually subjected to a heavy force by the vibration
      while passing through the portion of the smallest sectional area.
PAR  According to the invention, the tub is a downwardly inclined or horizontal
      circular vibratory finishing tub in the form of a hollow annulus having an
      opening at the top which in operation is closed, having the radially
      greatest sectional area, other than the mass separating portion, at that
      portion thereof before a dam and a sectional area which is gradually
      smaller toward both ends thereof, one end having the smallest sectional
      area at that portion beyond or downstream of the dam and the other end
      having a medium sectional area at that portion connected to the mass
      separating portion, so that contents of the mass are caused to move in a
      closely spaced relation and are thus subjected to a heavy force by the
      vibration while moving inside the tub.
PAR  Consequently, it is possible to handle double the volume of the mass and
      improve the smoothness of the finished surfaces by reducing substantially
      by half the roughness thereof. This can thus proctect workpieces from
      damage or defects due to the impact thereof with each other, the media or
      the apparatus. Furthermore, this increased volume and improved smoothness
      brings the finishing efficiency to substantially four times that of the
      conventional apparatus. In using the machine for a mill, not only can the
      deviation of the milled particles from the desired sizes be reduced, but
      the efficiency can be increased. This finishing efficiency cannot be
      obtained from the prior art vibratory finishing apparatuses for handling
      metals or ores or the like. In other words, these prior apparatuses are
      usually capable of increased efficiency for polishing, milling and mixing
      purposes, but for that increase must sacrifice the smoothness of the
      finished surfaces.
PAR  According to this invention, it is possible not only to increase the volume
      of the processing mass, but also to improve the finishing efficiency and
      smoothness of the finished surfaces.
PAR  As has been described heretofore, the invention provides an improved
      finishing efficiency by increasing the smoothness of the finished
      surfaces, and also a reduction of substantially half the amount of
      deviation of the milled grain sizes from the desired sizes, in addition to
      an increased volume of workpieces which can be finished. Thus, it provides
      a completely novel performance by bringing the whole efficiency to
      substantially four times that of the prior art.
PAR  When the mass is fed by a charge port into the tub of the present
      apparatus, it is subjected to vibration and is caused to travel in a
      helical motion. During the finishing operation, the mass is caused to move
      upwardly along the dam and when the operation is completed, it is caused
      to move up to a sieve along a movable flap which has been moved
      downwardly, and on the sieve the mass is separated into workpieces and
      abrasive media. The abrasive media is again fed through the sieve into the
      tub by action of gravity.
PAR  This invention is characterized in that the circular vibratory finishing
      tub having an opening at the top to be closed in operation comprises two
      portions with radially different sectional areas, so that the mass is
      caused to move inside the tub under a heavy compression force by the
      vibration.
PAR  As compared with the operation of a conventional apparatus having a
      vibratory finishing tub open or closed at the top by which the mass is
      uniformly subjected to vibration, the method according to the invention
      carries out finishing in a circular vibratory finishing tub having the
      radially greatest sectional area at that portion before the dam and the
      radially smallest sectional area at that portion over said dam, so that
      the mass flowing under vibration toward the smallest sectional area is
      subjected to compression from the barrel wall and substantially heavy
      compression force by vibration. When it is supposed that the greatest
      sectional area at that portion before the dam is E, the smaller sectional
      area at the portion after the mass separating portion F should preferably
      be smaller than E but greater than 0.8 E, the optimum being more or less
      0.9 E. Then, suppose the smallest sectional area is G, G should be within
      the range of 0.9 E&gt;G&gt;0.5 E, the optimum being within the range of 0.8 E to
      0.6 E.
PAR  Consequently, it is possible to obtain a considerably improved finishing
      efficiency by controlling values of these two sectional areas inside the
      tub.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  FIG. 1 is a front view of one apparatus according to this invention;
PAR  FIG. 2 is a plan view of the apparatus of FIG. 1;
PAR  FIG. 3 is a fragmental developed sectional view taken along the line A--A
      of FIG. 2;
PAR  FIG. 4 is a front view of another apparatus according to this invention;
PAR  FIG. 5 is a plan view of the apparatus of FIG. 4;
PAR  FIG. 6 is a sectional view taken along the line B--B of FIG. 1;
PAR  FIG. 7 is a front view of one conventional apparatus; and
PAR  FIG. 8 is a front view of another conventional apparatus.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the invention, a dam is provided to separate a circular
      vibrating finishing tub into two portions, one having the radially
      greatest sectional area and the other having the radially smallest
      sectional area, so that the mass moving inside the tub can be finished or
      milled by vibration under a heavy compression force with a substantially
      improved efficiency.
PAR  In the drawings, in FIGS. 1 and 2 is shown the upper end 1 of a circular
      vibratory finishing tub placed in a downwardly inclined position. The tub
      has a descending part 1a, an ascending part 1b, and a separating part 1c,
      respectively.
PAR  In FIGS. 4 and 5 is shown a circular vibratory finishing tub 21, 21a placed
      in a substantially horizontal position, which has an ascending part 21b
      and a separating part 21c.
PAR  For the convenience of reference, two conventional apparatuses having a
      circular vibratory finishing tub open at the top are shown in FIGS. 7 and
      8. In FIG. 7 the upwardly inclined tub has a lower end 41 open at the top,
      an ascending part 41a, an ascending part 41b over the dam, and a
      separating part 41c.
PAR  In FIG. 8, a horizontal circular vibratory finishing tub 51, 51a is open at
      the top and has an ascending part 51b over the dam and a separating part
      51c.
PAR  By referring to the reference numerals common to all drawings, we will
      illustrate the structure of the apparatus.
PAR  The circular vibratory finishing tub is rigidly secured by a rib 3 to a
      flange 2 and mounted by a plurality of springs 5 on a pedestal 4. An
      electric motor 9 is vertically fixed to a flange 8 within a cylindrical
      housing 7.
PAR  When the motor 9 is started, it causes weights 10, rigidly secured to the
      motor shaft, to rotate and then vibrate the tub and the mass therewith. A
      superposed portion 11 is provided for the descending portion of the tub of
      FIGS. 1 and 2, and for the ascending portion of the tub of FIG. 7,
      respectively.
PAR  A dam 12 is rigidly secured on said superposed portion 11. A dam is also
      provided for the horizontal tub of FIGS. 4 and 8. This dam is preferably
      of an angular shape having an ascending part 12 and a descending part 12a.
      A dam having only one plate may be provided vertically, or only that
      portion of the angular-shape dam facing the flow direction of the mass may
      be provided with an ascending part.
PAR  Apart from the shape of the dam, the most important thing of the invention
      is that the ratio of the sectional area at one point to that at the other
      point inside the tub should be maintained within the range of a given
      value.
PAR  By the structure of the invention, it is possible to cause the mass to
      travel smoothly inside the tub and to reduce the vibrating width or
      amplitude of the mass to a small amount by increasing the density of the
      mass, thus subjecting the mass to a heavy compression force during
      vibration.
PAR  A cover 6 encloses a plurality of helical springs 5. A movable flap 13 is
      placed in such a position that it does not prevent movement of the mass
      13a indicating a position which the flap 13 takes in turning on its shaft
      14 when the mass is being separated. A sieve 15 is provided for seprating
      the mass. A mass charging port 16 is provided with a cover 16a having a
      grip 16b. In operation, the port 16 is closed by the cover 16a. This port
      16 is provided as indicated in FIG. 1 near to that portion of the tub
      where the mass is entering the finishing portion after passing through the
      separating portion.
PAR  When the mass is fed through the port 16 into the tub, it is subjected to
      vibration, flowing in a helical motion in the direction of the arrow 17b
      revolving inside the tub as indicated by the arrows 17 and 17a. Then, the
      mass moves up along the dam as indicated by the arrow 18 and continues to
      flow beyond the dam as indicated by the arrow 19, where the mass receives
      the finishing operations.
PAR  When the finishing operations are completed, the flap 13 rotates on its
      shaft to the position as indicated by dot-dash lines 13a of FIGS. 1 and 3
      to move the mass up to the sieve 15 where the mass is separated into
      workpieces and abrasive media. The media are screened through the sieve to
      be fed again into the tub. The finished workpieces are automatically
      ejected out of the tub as indicated by the arrow 20.
PAR  For the circular vibratory finishing tub open at the top, as shown in FIGS.
      7 and 8, there is no need of such a port for charging a mass. Motors,
      weights, and other component parts that are the same as in FIG. 1 are not
      indicated in FIGS. 7 and 8, but naturally these are also installed on the
      apparatus of FIGS. 7 and 8.
PAR  This invention is particularly characterized in that the circular vibratory
      finishing tub comprises one portion before the dam having the radially
      greatest sectional area and one portion over the dam having the radially
      smallest sectional area, so that the mass is caused to move under a heavy
      compression force during vibration. In the conventional apparatus having a
      circular vibratory finishing tub, open or closed at the top, vibration of
      the mass is caused uniformly. According to the invention, however, a
      circular vibratory finishing tub is provided in the form of a hollow
      tubular container having a gradually smaller sectional area toward both
      ends, having one portion before the dam having the radially greatest
      sectional area, one portion over the dam having the radially smallest
      sectional area, and one portion connecting to the separating portion
      having a radially medium sectional area, so that the vibration given to
      the whole mass exerts on the mass a substantially compressing force. The
      mass is thus caused to move under such heavy compressing force during
      vibration.
PAR  The widths E', F', G' of the tub at the various portions, except the
      separating portion, are the same as indicated in FIG. 2. The portion E of
      the tub before the dam has the greatest depth, and the depth of portion F
      after the separating portion should be smaller than E and greater than 0.8
      E, the optimum being more or less 0.9 E. The depth of portion G over the
      dam should preferably be 0.9 E&gt;G&gt;0.5 E, the optimum being within the range
      of 0.8 E to 0.6 E, namely E&gt;F&gt;G and, accordingly, EE'&gt;FF'&gt;GG'.
PAR  When the tub and the mass therein are subjected to vibration, i.e. a
      vibration equivalent to about 6 mm in amplitude, the vibrating width or
      amplitude is compressed so as to be substantially smaller than 6 mm and
      greater than 3 mm. In the conventional apparatus of this type, the
      amplitude generally ranges from 8 mm to 3 mm, but in this invention it is
      possible to obtain an amplitude of 6 mm to 2 mm by compressing it by 1 mm
      to 3 mm. In this way, workpieces can be polished or finished under heavy
      compression force during vibration. The vibration thus obtained differs
      greatly from that of the prior art in the finishing efficiency, since the
      former offers substantially four times higher performance than the latter.
PAR  As a result, it is possible to improve the finished surfaces of workpieces,
      doubling the efficiency for finishing workpieces and reducing the
      deviation of the sizes of milled grain from the desired size. This equals
      four times higher finishing efficiency, which is evident from the Tables
      1-4 that follow hereinafter.
PAR  As can be seen from the above tables, the finishing efficiency of the
      invention differs greatly from that of the conventional apparatus, which
      is due to the fact that the inner diameter D of the outer periphery of the
      tub and the outer diameter d of the inner periphery thereof have a common
      size, respectively, in all types, the inside arcuate bottom being uniform,
      and that the radially sectional portions E', F' and G' have the same
      width, while these portions have radially different sectional areas
      depending on the depth E, F and G thereof.
PAR  In the embodiments of the apparatus according to this invention, suppose
      the portion E is 1, then the portions F and G should be E&gt;F&gt;0.8 E and 0.9
      E&gt;G&gt;0.5 E, respectively, resulting in E&gt;F&gt;G.
PAR  In this way, when the mass is charged in an amount sufficient to fill the
      greatest sectional space ahead of the dam it will thus be compressed in
      moving from the portion F toward the portion G over the dam having
      radially the smallest sectional area. However, in the apparatus according
      to one embodiment of the prior art (FIG. 7), E, F and G are equal, while
      in the apparatus according to the other embodiment of the prior art (FIG.
      8), Fa, E, F and G are different, and Fa&gt;E&gt;F&gt;G, the portion E not being
      the greatest in sectional area in this apparatus.
PAR  It is clear that the structure of these portions E, F and G of the
      conventional apparatus differs from that of the apparatus of the
      invention.
PAR  According to the apparatus of the prior art, the structure and function are
      not such as to compress the moving mass during either the finishing or
      separating operations. Because of this, higher inner walls must be
      provided for the inner and outer peripheries of the tub so as to prevent
      the overflow of the mass moving onto the stationary and movable dams
      during the separating operations. This causes the mass to flow backward,
      resulting in a considerably decreased separating efficiency and more
      frequent damage or defects due to the impact thereof.
PAR  According to this invention, however, the two portions ahead of and over
      the dam are provided with a different radially sectional area, i.e. E&gt;F&gt;G
      and the ratio among E, F and G is properly determined so that the mass may
      be subjected to heavy compression force during vibration, namely the
      finishing operations can be performed under a high compression force. In
      addition, this invention can protect workpieces from any type of damage or
      defect due to the impact thereof, and can also minimize noises since in
      operation the tub is closed by a cover.
PAR  Tests have been effected under about the same finishing conditions with
      regard to these four apparatuses in which three samples or brass, iron and
      stainless steel have been used. Then, comparison has been made with
      respect to the weight of workpieces to be finished and the smoothness of
      the finished surfaces thereof, on the basis of the capabilities of the
      conventional apparatuses, the results of which have been obtained, as
      follows:
PAR  The weight according to the embodiments of the present invention has
      reached 209 to 153%, respectively, as compared with that of the
      conventional apparatus, the surface roughness reaching 1.5 to 0.7.mu.. The
      apparatus of FIGS. 1-3 in particular has shown the best results, i.e. a
      weight of 209 to 153% and a surface roughness of 1.3 to 0.7.mu..
PAR  Table 4 also shows the remarkably significant difference in the milling
      efficiency between the prior art apparatus of FIG. 7 and that of FIGS. 1-3
      of the present invention.
PAR  In a milling test on bauxite ores (mined in Guinea) using the apparatus of
      FIGS. 1-3 and continuing, the test was continued for 48 hours and in the
      resulting material the amount of deviation from the desired particle size
      ranged from 10.mu. to 2.mu. for 67% and from 60.mu. to 10.mu. for 21% of
      the total amount of material, respectively, whereas in the apparatus of
      FIG. 7, the amount of deviation was only within the range of 60.mu. to
      10.mu. for 47% of the material.
PAR  However, in order to make the best use of these efficiencies for the
      finishing and milling operations, or for any amount of the mass remaining
      inside the tub, it is desirable to provide a plate H inside the tub for
      preventing the backflow of the mass, as indicated in FIG. 6.
PAR  When the mass is moving upwardly along the ascending side 12 of the dam,
      the upper part P of the mass flowing on the inner peripheral side of the
      tub is apt to flow backward. As the volume of the mass becomes smaller
      after further separating operations, the remaining mass is more apt to
      flow backward.
PAR  The ratio in which a given volume of workpieces are mixed with abrasive
      media or the like is usually 1 to 3 or 2. When workpieces and abrasive
      media are mixed in this ratio, the finishing and separating operations are
      more easily performed in the apparatus of the invention. By providing the
      aforesaid plate for preventing the backflow of the mass, it is possible to
      improve the ratio further, i.e. the ratio of 1 for workpieces and 2 or 1
      for abrasive media. This means that the finishing and separating
      operations can be improved by substantially fifty percent and the time
      required for the separating operations can, accordingly, be reduced
      considerably.
PAR  Because of the presence of the plate H for preventing the backflow of the
      mass as shown in FIG. 6, the upper part M' of the mass M forces the mass M
      to remain on the down stream side (side G of FIG. 4) of the plate H,
      keeping the mass filling the space between the portions E and G until the
      upper part M' moves down to a level N' on the upstream side (side F of
      FIG. 3) of the plate H, thus enabling the mass to be separated into
      workpieces and abrasive media effectively. At this stage, workpieces alone
      are ejected out of the tub.
PAR  The volume N of the mass that remains on the upstream and downstream sides
      of the plate H after completion of the separating operation will be
      equivalent to M/2, from which it is evident that the maximum separating
      volume M/3 of the conventional apparatus has been improved by
      substantially 50%.
PAR  The size, shape and position of installation of the plate H should be such
      that it is placed nearer to the portion E along the distance between the
      portions E and G and on the radially inside inner peripheral wall of the
      tub having a width of about K/4 and a height of about K (K is the width of
      the tub), the lower end portion being inclined at an angle .theta. (more
      or less 60.degree.) obtained by intersecting a line passing through the
      center O of a circle K and a perpendicular line U as shown in FIG. 6. The
      plate H should also be such that the major portion of the inside arcuate
      bottom of the tub is not shut off but open, so as to force the mass up to
      the downstream side of the plate H, thus preventing the mass from flowing
      back from the downstream side of the upstream side.
PAR  In the apparatus of the invention comprising a downwardly inclined circular
      vibratory finishing tub having an opening at the top to be closed during
      operation, a separating device is provided at the top of the upper portion
      of the tub indicated by 15 in FIGS. 1 and 3. The distance between the
      sieve and the bottom of the tub is smaller than the width of the tub,
      which is equivalent to substantially half the distance between the
      separating device (indicated by 15 in FIGS. 7 and 8) and the bottom of the
      tub in the conventional apparatus. This makes it possible to avoid
      occurrence of damage to or defects in the workpieces due to the impact
      thereof, also providing a good finishing efficiency for aluminum bronze,
      zinc diecast, and other soft metals.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Finishing Conditions                                                      
                                              SAMPLE                           
     MACHINE TYPE                                                              
             CAPACITY                                                          
                    FREQUENCY cpm                                              
                             AMPLITUDE                                         
                                    ADVANCE ANGLE OF                           
                                    LOWER WEIGHT                               
                                              WORKPIECE                        
                                                     DISK SHAPE                
                                                             QUANTITY          
     __________________________________________________________________________
     (1)     100L   1730     5.5 mm 90.degree.                                 
                                              Brass, iron,                     
                                              stainless                        
                                                     30 mm .times. 8tmm        
                                                             5 each            
                                              steel                            
     (2)     "      "        "      "         "      "       "                 
     (3)     "      "        "      "         "      "       "                 
     (4)     "      "        "      "         "      "       "                 
     __________________________________________________________________________
      1. As the inner diameter (D) of the outer circumference and the outer    
      diameter (d) of the inner circumference are nearly the same for all types
      the width E', F' and G' in the direction of the radium of the arcuate    
      bottom of the tub is almost the same at 240 mm. The vertical section in  
      the direction of the radium of the tub is almost proportional to the dept
      E, F and G of the space inside the tub, except the separating portion.   
      2. Fa denotes an exceptional case for type (2) in which the depth inside 
      the tub is greater than in E and F.                                      
      3. Type (3) of this invention is superior in finishing efficiency, which 
      is clear from the following experimental results, Table 2.               
TBL                CHARGE                                                      
     ______________________________________                                    
     ABRASIVE MEDIA   COMPOUND and WATER                                       
     ______________________________________                                    
     AES - 3140 kg    GCL 50g/5l(water)                                        
     "                "                                                        
     "                "                                                        
     "                "                                                        
     ______________________________________                                    
TBL  __________________________________________________________________________
     TYPE                                                                      
         DIAMETER OF TUB                                                       
                   DEPTH OF TUB                                                
     D        d     E         F         G        Fa                            
     __________________________________________________________________________
                                  Ratio     Ratio                              
     (1) 920 mm                                                                
              460 mm                                                           
                   240 mm                                                      
                        1    240 mm                                            
                                  1    240 mm                                  
                                            1    mm  --                        
                                                       Ratio                   
     (2) "    "    370  1    300  0.81 250  0.68 390   1.05                    
     (3) "    "    230  1    207  0.9  140  0.61 --    --                      
     (4) "    "    250  1    200  0.8  180  0.78 --    --                      
     __________________________________________________________________________
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     EXPERIMENTAL RESULTS                                                      
     Type                 (1)                  (2)                             
     __________________________________________________________________________
                                        Stainless            Stainless         
                          Brass  Iron   Steel  Brass  Iron   Steel             
                          mg  %  mg  %  mg  %  mg  %  mg  %  mg  %             
     __________________________________________________________________________
     Finishing      1st   27.5                                                 
                              -- 13.9                                          
                                     -- 10.0                                   
                                            -- 28.5                            
                                                   -- 14.2                     
                                                          -- 10.5              
                                                                 --            
             STOCK  2nd   26.9                                                 
                              -- 15.7                                          
                                     -- 11.8                                   
                                            -- 27.2                            
                                                   -- 14.9                     
                                                          -- 11.7              
                                                                 --            
             REMOVAL                                                           
                    3rd   28.1                                                 
                              -- 13.5                                          
                                     --  9.2                                   
                                            -- 29.0                            
                                                   -- 14.6                     
                                                          -- 10.2              
                                                                 --            
     Efficiency     Average                                                    
                          27.5                                                 
                              100                                              
                                 14.4                                          
                                     100                                       
                                        10.3                                   
                                            100                                
                                               28.2                            
                                                   103                         
                                                      14.6                     
                                                          101                  
                                                             10.8              
                                                                 103           
                    Surface                                                    
                    Roughness                                                  
                          2.4.mu.                                              
                                 1.9.mu.                                       
                                        1.5.mu.                                
                                               2.5.mu.                         
                                                      20.mu. 1.7.mu.           
     __________________________________________________________________________
     Type                 (3)                  (4)                             
     __________________________________________________________________________
                                        Stainless            Stainless         
                          Brass  Iron   Steel  Brass  Iron   Steel             
                          mg  %  mg  %  mg  %  mg  %  mg  %  mg  %             
     __________________________________________________________________________
     Finishing      1st   57.5                                                 
                              -- 25.7                                          
                                     -- 15.6                                   
                                            -- 54.6                            
                                                   -- 26.1                     
                                                          -- 14.7              
                                                                 --            
             STOCK  2nd   55.7                                                 
                              -- 28.1                                          
                                     -- 16.0                                   
                                            -- 57.2                            
                                                   -- 26.5                     
                                                          -- 15.6              
                                                                 --            
             REMOVAL                                                           
                    3rd   59.2                                                 
                              -- 28.0                                          
                                     -- 15.9                                   
                                            -- 55.8                            
                                                   -- 27.2                     
                                                          -- 15.0              
                                                                 --            
     Efficiency     Average                                                    
                          57.5                                                 
                              209                                              
                                 27.3                                          
                                     189                                       
                                        15.8                                   
                                            153                                
                                               55.8                            
                                                   203                         
                                                      26.6                     
                                                          185                  
                                                             15.1              
                                                                 147           
                    Surface                                                    
                    Roughness                                                  
                          1.3.mu.                                              
                                 0.8.mu.                                       
                                        0.7.mu.                                
                                               1.4.mu.                         
                                                      0.9.mu.                  
                                                             0.7.mu.           
     __________________________________________________________________________
TBL                                    Table 3                                 
     __________________________________________________________________________
     Milling Condition                                                         
     Type                                                                      
        Sample                      Media   Water                              
     Description      Shape    Quantity                                        
     __________________________________________________________________________
     (1)                                                                       
        Calcinated Bauxite Ores                                                
                      Massive  30l  Alumina Ball                               
                                            5l                                 
        (mined in Guinea)                                                      
                      10,000 to 100.mu.                                        
                                    30mm.phi., 60l                             
     (3)                                                                       
        do.           do.      30l  do.     5l                                 
     __________________________________________________________________________
      Note 1                                                                   
      1. Type (1) is a conventional finishing apparatus having an upwardly     
      inclined circular vibratory finishing tube with a step open at the top,  
      Model CCL-100, as shown in FIG. 7.                                       
      2. Type (2) is a conventional finishing apparatus having a horizontal    
      circular vibratory finishing tub open at the top, Model CL-100, as shown 
      in FIG. 8.                                                               
      3. Type (3) is a finishing apparatus according to the invention having a 
      downwardly inclined circular vibratory finishing tub, Model CSS-100, as  
      shown in FIGS. 1, 2 and 3.                                               
      4. Type (4) is a finishing apparatus of the invention having a horizontal
      circular vibratory finishing tub, Model CRS-100, as shown in FIGS. 4 and 
      5.                                                                       
      Note 2                                                                   
      The above four types (1) to (4) are manufactured by Shikishima Tipton    
      Manufacturing Company, Ltd.                                              
      Note 3                                                                   
      The experimental results have been obtained at the laboratory of this    
      company.                                                                 
      Note 4 -- Test Time                                                      
      Thirty minutes for each finishing test and 48 hours for each milling test
TBL                Table 4                                                     
     ______________________________________                                    
     Experimental Results                                                      
     Milling                                                                   
            Type      (1)           (2)                                        
     ______________________________________                                    
     Efficien-                                                                 
            Sample    Bauxite 30l   Bauxite 30l                                
     ______________________________________                                    
     cy     Grain     5.mu. to 60.mu.                                          
                                 47%  2.mu. to 10.mu.                          
                                               67%                             
            Dispersion                                                         
                      Longer than                                              
                                 53%  Longer than                              
                                               12%                             
                      60.mu.          60.mu.                                   
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for vibratory finishing of workpieces under heavy compression
      during vibration, comprising vibrating a mass including workpieces and
      abrasive media for causing the mass to flow in a helical motion along an
      annular path the cross-section of which is closed throughout the annular
      length thereof while gradually expanding the cross-sectional area of the
      path from the start of the path toward the central portion of the annular
      length thereof and gradually decreasing the cross-sectional area toward
      the end of the path so that workpieces and abrasive media are caused to
      move in an increasing closingly spaced relation during their vibration
      toward the end of the path rather than be free during every vibrating
      cycle.
NUM  2.
PAR  2. A method according to claim 1 in which said path is a downwardly
      inclined circular path, and further comprising closing the upper end of
      said path during vibration of said mass.
NUM  3.
PAR  3. A method according to claim 2 further comprising, after completion of
      the finishing separating the workpieces from the mass in the lower end of
      the downwardly inclined path.
NUM  4.
PAR  4. A method according to claim 1 in which said path is a horizontal
      circular path, and further comprising closing both ends of said path
      during vibration of said mass.
NUM  5.
PAR  5. A method according to claim 1 further comprising blocking the backflow
      of the mass just upstream of the smallest cross-sectional area of the
      path.
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ABST
PAL  A structural panel comprising one or a plurality of spaced sheet members
      has a frame around its edge. At least one body of material capable of
      screening the structural panel against fire is provided in the form of a
      chemically activated substance. The substance or substances are retained
      in an inoperative position in the vicinity of the structural panel and are
      released to an operative position in response to a predetermined rise of
      temperature wherein a body of material covers substantially one or more
      faces of the panel.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a division application of the copending application
      filed by the same named applicants on June 19, 1972 having Ser. No.
      263,762, now U.S. Pat. No. 3,837,126, issued Sept. 24, 1974.
BSUM
PAR  The present invention relates to a structural panel having a fire screen,
      more particularly, to such a fire screen which is provided in the
      operative protecting position in response to indication of a fire.
PAR  In the construction of buildings panels are frequently used in exterior or
      interior walls which are not resistant to fire. One such example is a
      glazing panel formed either of glass, vitrocrystalline material, or
      plastics.
PAR  It is frequently necessary that structural components of a building must
      comply with high standards of fire resistance. Fire resistance may be
      determined against a standard test in which the structural component is
      exposed to a specified temperature cycle for a certain duration of time.
      The fire resistance property of the component will be determined by the
      length of time for which the component can retain the strength required in
      order to fulfill its intended function. Under certain circumstances it may
      be necessary to comply with fire resistance standards which require the
      component to have a minimum strength retention time, to be completely
      flame proof, and to comply with other stringent tests of thermal
      insulating power to ensure that the component will deter spreading of a
      fire a radiation of heat from the component but will not become so hot as
      to cause serious risk of burning to a person who may touch the panel while
      it is exposed to the fire.
PAR  The standard of fire resistance of a given component can be quantified as a
      function of the time for which the component satisfies one or more of the
      specified criteria during a test in which the component is exposed to the
      interior of an enclosure in which the temperature is raised according to a
      predetermined schedule. For example, standards of fire resistance
      designated 1, 2 and 3 may be established corresponding to resistance times
      of 15, 30 and 60 minutes respectively in a test in which the temperature
      of the test enclosure is 720.degree., 820.degree. and 925.degree.C during
      that time.
PAR  By reason of the materials of which they are composed, light-transmitting
      panels do not have a very high inherent fire resistance.
PAR  It has been proposed to provide buildings with a fire protection system
      which operates automatically in the event of an outbreak of fire. Thus it
      has been proposed to provide over the door and window openings of a
      building, heat-responsive sprinkler heads from which a fire-extinguishing
      agent is automatically discharged to produce a "veil" or "mist" in front
      of the window or door openings in the event of a fire.
PAR  This known system is designed to assist in extinguishing a fire within or
      in the vicinity of the building. The system cannot prevent intense heat
      propagation through the window or door panels or the complete destruction
      of these panels if the fire persists.
PAR  It is therefore the principal object of the present invention to provide a
      novel and improved fire screen system for a structural panel.
PAR  It is another object of the present invention to provide a system which
      screens a structural panel which is not resistant to fire and which is
      automatically released to an operative position to render the panel fire
      resistant.
PAR  It is further object of the present invention to provide a fire screen
      system for a structural panel which is automatically actuated upon a rise
      in temperature indicative of the presence of fire so as to provide a fire
      screening body of material to protect the panel from damage and at least
      from complete destruction.
PAR  The objects of the present invention are achieved and the disadvantages of
      the prior art as described above are eliminated by the fire screening
      system for a structural panel disclosed as the present invention.
      According to the present invention a structural panel is provided with a
      fire screening means which is retained in an inoperative position within
      or in the vicinity of the panel. A screen releasing or activating
      component is associated with the fire screening means so as to release or
      activate the screening means in reponse to a rise in temperature
      indicative in the presence of fire. Upon activation of the fire screening
      means there is provided at least one fire screening body of material which
      substantially covers the area of the panel.
PAR  In a one embodiment, the fire screening means in its operative position
      covers at least one outer face of the structural panel. In most cases it
      will be sufficient to provide the fire screen over only one side of the
      panel. The system according to present invention can be used for fire
      screening any kind of a panel including panels comprising a single sheet
      number or plurality of spaced sheet numbers.
PAR  In its operative position, the fire screening means can also cover both
      faces of the panel. This may be desirable when the panel is a component of
      a partition between rooms in either of which a fire may occur and it is
      desired to contain any such occurrence of fire.
PAR  The invention may also be applied to a structural panel comprising two or
      more spaced sheet numbers so as to define a hollow interior chamber with
      the fire screening means being operative within the chamber. Such panels
      might occur in a multiple glazing unit comprising two or more spaced light
      transmitting sheet members at least one of which is of glass. In such
      hollow panels, the fire screening means may be operative within the panel
      and also externally of the panel to cover at least one outer face thereof.
PAR  The fire screening means may also comprise a mechanical screening member or
      members which may be a sheet of fire resistant material such as asbestos.
      The fire resistant sheet is held in an inoperative position by a release
      number which yields when its temperature is raised to a certain
      predetermined value. The release member may comprise a material which
      melts when a predetermined temperature is reached.
PAR  The fire screening means may also comprise a flowable material or materials
      which when released or activated flow into position to form a fire
      screening body of material substantially covering the area of the panel.
      In flowing into the operative position, such materials can make very close
      contact with the adjacent surface or surfaces of the panel. A system
      according to the present invention may incorporate screening means
      comprising a flowable material together with a mechanical screening member
      as mentioned above.
PAR  The flowable material may comprise a liquid which thus inherently has good
      flow properties. The flowable material may also comprise a liquid with
      solid particles therein in suspension. The dispersed solid may participate
      in creating a very effective thermal barrier and/or may confer other
      advantageious properties on the fire screen. The flowable material may
      also comprise a material in powder or particulare form.
PAR  This system has the important advantage, that if a fire occurs on one side
      of the panel, the space on the other side of the panel becomes positively
      screened off from the fire by the automatic interposition of a body of
      fire-screening material. By a suitable choice of this material and of the
      quantity thereof which comes into operation, very high standards of fire
      resistance can be achieved. This is not possible with the previously known
      system described above because a veil or mist of water or other fire
      extinguishing agent cannot adequately prevent the transmission of heat
      rays or provide a high degree of thermal insulation. Moreover, is such a
      veil or mist very likely to drift or to become dispersed so that a
      reliable barrier effect could not be achieved.
PAR  In the event of fire, the system according to the present invention
      provides a barrier constituted by a body of fire-resistant material which
      can have sufficiently good thermally insulating properties to preserve the
      panel, or at least that part of the panel protected by the screen, from
      serious damage or destruction so that the panel can itself continue to
      function, if necessary, as a flame and smoke-proof closure or even as a
      strength member.
PAR  The invention may be applied for fire screening panels of various
      materials. The invention is primarily intended for fire-screening
      light-transmitting panels, particularly panels composed wholly or
      predominantly of glass, vitrocrystalline material or plastics.
DRWD
PAR  Other objects and advantages of the present invention will be apparent upon
      reference to the accompanying description when taken in conjunction with
      the following drawings, which are examplany, wherein;
PAR  FIG. 1 is a front elevational view of a structural panel incorporating the
      fire screening means according to the present invention;
PAR  FIG. 2 is a sectional view taken along the line II--II of FIG. 1;
PAR  FIGS. 3-6 are sectional views similar to that of FIG. 2 and show
      modifications of the present invention;
PAR  FIG. 7 is a diagrammatic sectional view taken parallel to the faces of a
      panel and showing a further modification of the invention;
PAR  FIG. 8 is a sectional view similar to that of FIG. 2 and showing still
      another modification; and
PAR  FIG. 9 is sectional view similar to that of FIG. 2 and showing an
      additional modification.
DETD
PAR  Proceeding next to the drawings wherein like reference symbols indicate the
      same parts throughout the various views a specific embodiment and
      modifications of the present invention will be described in detail.
PAR  The panel illustrated in FIGS. 1 and 2 is a glazing panel comprising a
      frame 1 in which two light-transmitting sheets 2, 3 each of a laminated
      form are held in spaced relationship by elastically compressed spacing
      members 4 which are disposed in spaced relation around the margins of the
      sheets and keep the margins or said sheets pressed firmly against inside
      surfaces of the frame 1. Each of the top bottom and side members of frame
      1 is a channel-form member. At least the top and bottom members are formed
      to provide an interior chamber. Thus, the top frame member comprises an
      interior chamber 5 and an adjacent open channel, defined by the walls 6,
      7, 8 and 9. Apertures 10 are formed in the wall 6. The interior chamber 5
      of the top frame member is filled with a hydrated salt, such as sodium
      silicate, which foams when heated.
PAR  Each of the apertures 10 in this frame member is closed by a plug 11 formed
      of substance having a low melting point. In the present embodiment the
      plugs are made of wax. At normal ambient temperature the plugs 11
      hermetically seal the chamber 5, but as soon as the temperature rises to a
      given abnormally high value the plugs melt so that the substance in the
      chamber 5 can flow through the apertures 10 into the interior space
      between the sheets 2 and 3.
PAR  The chamber 5 in the bottom frame member may contain a dessicating material
      as often used in hollow glazing units, such as silica-gel. In that case
      the apertures 10 in the wall of such chamber are left unsealed.
PAR  Each of the glazing sheets 2, 3 is of laminated form comprising two thin
      sheets (2 mm) thick of chemically tempered soda-lime glass and an
      interposed plastic sheet such as polyvinyl chloride. The chemical
      tempering of the sheets of glass was performed by immersing them in a bath
      of molten KNO3 at a temperature of 450.degree.C. for several hours.
PAR  If fire should break out, the sheet of glass facing the fire is able to
      withstand the heat to which it is exposed for an appreciable time, 5
      minutes for a sheet size of 0.65m .times. 0.80m, due to the high
      resistance to thermal shock conferred on the glass sheet by the chemical
      tempering treatment.
PAR  If the sheet should break, the intermediate layer of plastic in the
      laminate will retain the fragments of glass so that they are not
      scattered.
PAR  As soon as the plugs 11 reach a temperature of the order of 70.degree.C,
      they melt and allow the liquid in chamber 5 of the top frame member to
      trickle along the inside faces of the sheets 2 and 3. The interior space
      between these sheets becomes progressively filled with the liquid. If
      necessary, the chambers 5 in the side member of the frame may also be
      filled with hydrated sodium silicate.
PAR  Under the action of the heat, the mixture of sodium silicate and water
      expands to form a liquid foam and the water then evaporates to leave a
      solid cellular body of a ceramic nature which provides a stable thermal
      barrier against the fire.
PAR  In one particular construction of the panel shown in FIGS. 1 and 2, each of
      the glazing sheets 2 and 3 was a thin sheet of chemically reinforced glass
      0.65m .times. 0.80m in size, glued together by means of an intermediate
      layer of polyvinyl chloride. The panel was subjected to a test in which
      the panel was mounted in the wall of a room in which the mean temperature
      was raised to 900.degree.C. over a period of 45 minutes.
PAR  The outside face of the glass sheet located on the outside of the panel
      reached a temperature of 280.degree.C, and remained intact.
PAR  As alternative to the use of wax for the plugs 11, these may be composed of
      polyisobutylene-based glue such as "Vistanex", of a mixture of such a glue
      with wax, or of a metal such as lead, or bismuth, or a lead, antimony or
      bismuth alloy.
PAR  In the panel shown in FIG. 3, the sheet 3 is a sheet of wired glass 7 mm in
      thickness. The sheet 2 is a laminate of the same kind as the laminate 2 in
      the panel shown in FIGS. 1 and 2. In the panel shown in FIG. 3, the
      chamber 5 in the top frame member contains borax. The apertures 10 are
      closed by plugs 11 composed of a material having a low melting point, such
      as lead.
PAR  In the event of the outbreak of fire, the substance held in the chamber 5
      of the top frame member forms a fire-screening body of material within the
      interior of the panel.
PAR  In another embodiment which is not shown, but which is very similar to that
      illustrated in FIG. 3, the sheet 3 was a sheet of transparent
      vitrocrystalline material with outstanding fire-resisting properties. Such
      transparent vitrocrystalline materials can be obtained by heat-treating a
      glass having the following composition, expressed in percentage by weight:
      SiO.sub.2 : 65 -75% Al.sub.2 O.sub.3 : 16-26%; Li.sub.2 O: 4-5%; TiO.sub.2
      : 4-6%. The heat-treatment is performed to bring about a controlled
      crystallisation of the glass. The heat treatment can raise the coefficient
      of thermal expansion to a value of the order of 4.8-5.3 .times.
      10.sup.-.sup.7 cm/.degree. C.
PAR  In the panel shown in FIG. 4, the frame 1 has two grooves 12, 13 in which
      the panels 2, 3 are hermetically sealed by means of an adhesive substance
      such as "Thiokol". The central portion of the frame, which acts as a
      spacing member between the panel sheets, is hollow and therefore provides
      the chamber 5 for holding substances adapted to form a fire-screen. The
      chamber 5 is filled, for instance, with hydrated silica-gel. The apertures
      10 are sealed by plugs composed of a mixture of was and "Vistanex". The
      interior chamber of the bottom frame member is filled with anhydrous
      silica gel acting as a dessicating agent to prevent condensation of
      moisture on the inside faces of the panel sheets 2, 3. Sheet 2 is a
      laminate similar to the laminate 2 of the panel shown in FIGS. 1 and 2,
      while panel 3 is a sheet of thermally tempered glass, having a thickness
      of 6 mm.
PAR  The panel shown in FIG. 5 is a glazing unit. The sheet 2 is a sheet of
      thermally tempered glass bearing a thin infra-red reflecting coating 18 on
      its inner face. Sheet 3 is a vitrocrystalline sheet. Sheets 2 and 3 are
      held in spaced relation by an interposed metal strip 15 which is soldered
      or welded to the margins of the sheets as known per se. Within the
      glazing, and suspended from the top portion of the strip 15, there is a
      container 16 having apertures 10 in its bottom wall. There are two
      parallel series of such apertures, disposed on opposite sides, of a
      mid-plane parallel with sheets 2, 3. The container holds a quantity of
      substance such as hydrated borax. If the plugs 11 composed of low-melting
      material such as wax melt, the contents of the container are released and
      trickle over the inside faces of the sheets 2, 3. If required, a
      deflecting device such as the inverted "V"- section member 17, may be
      attached to the container 16 to direct the substance from the container
      onto the inner sheet faces.
PAR  Modifications of the present invention may be provided wherein several
      substances are normally held apart in an inoperative position but upon
      being released or activated because of the presence of fire become mixed
      and enter into a chemical reaction to produce a material which flows into
      the operative position to form the fire screening body of material
      substantially covering the area of the panel. The formed material may be a
      foam. The fire screen can thus be formed materials which can be very
      conveniently accommodated in relatively small chambers in or adjacent to
      the panel. The substances so contained may include a hydrated material.
PAR  The panel shown in FIG. 6 comprises a sheet 2 of chemically tempered glass
      4-5 mm in thickness and a sheet 3 of vitrocrystalline material. The panels
      2, 3 are held in spaced relation in a frame 1. This frame is similar to
      the frame 1 in the embodiment illustrated in FIG. 4 but has twin chambers
      19, 20 containing different substances. By way of example, the chamber 19
      may contain a mixture of the following composition expressed in
      percentages by weight: sodium, silicate 69%; sodium bicarbonate 7%; water
      17%; and soda 7%, and the chamber 20 may contain a mixture comprising, by
      weight, 59% concentrated phophoric acid, 39% water and a foaming agent,
      for instance 2% liquid soap. A suitable volume ratio of the two mixtures
      held in chambers 19 and 20 is 1.2 liters of the first mixture per 0.3
      liters of the second mixture.
PAR  If the temperature rises sufficiently to melt the plugs 11 the liquids from
      the chambers 19, 20 trickle along the inner faces of the sheets 2, 3 and
      mix together in the bottom of the space between these sheets. On coming
      together, and under the action of the heat to which the panel is exposed,
      the mixture forms a foam which finally occupies 4-5 times the initial
      volume of the mixtures. The water evaporates from the foam, leaving a
      porous cellular solid or substantially solid body of ceramic nature based
      on silicates, carbonates and phosphates, which forms a very effective
      thermal barrier.
PAR  Other examples of suitable hydrated substances are hydrated compounds and
      mixtures of hydrated compounds such as sodium silicate, silica-gel,
      silica-aluminates, ferrous sulfate and carbonates. These hydrated
      substances can be conveniently held in inoperative position and will form
      when released or activated in a very good thermal barrier in close contact
      with the adjacent panel surface. The above listed hydrated materials have
      the advantage that they do not produce poisonous products when exposed to
      high temperatures. The close contact of the composition with the face or
      faces of the panel during the flow of the composition into operative
      position has the effect of delaying a rise in temperature of the sheet
      members constituting the panel.
PAR  It is not necessary for the materials flowing into the interior chamber of
      the panel to completely fill the chamber because in these cases it is also
      possible for the materials to flow along the interior faces of the sheet
      members defining the space so as to form separate coatings each of which
      constitutes a body of fire screening materials according to the invention.
PAR  The fire screening means may also comprise a substance which upon being
      heated undergoes a chemical reaction to generate a pressure which causes
      the fire screening means to become operative. The release may occur by the
      action of an activating component which is a component of the substance
      constituting the fire screening means.
PAR  The panel shown in FIG. 7 comprises a frame assembly for holding two panel
      sheets in spaced relation. The frame assembly comprises top, bottom and
      side hollow frame members 21, 22, 23, and 24.
PAR  Each of the top and bottom hollow frame members 21 and 22 is divided into
      two compartments 25 and 26. Each of the compartments 25 holds an aqueous
      solution containing 2 moles of sodium silicate, 3/4 of a mole of sodium
      bicarbonate and 2 moles of caustic soda (NaOH). Each of the compartments
      26 holds an aqueous solution containing equal parts by weight of
      phosphoric acid and RBS 25 or RBS 48, which is a sulphonate foaming agent
      marketed by Chemical Products of Kerkstraat 16, 1610 Ruisbroech, Belgium.
PAR  Each of the side frame members 23 and 24 is divided into two compartments
      27 and 28. Each of the compartments 27 holds a dilute aqueous solution of
      phosphoric acid and each of the compartments 28 holds calcium carbonate.
      The compartments 27 and 28 of each of the side frame members are separated
      by a wall 29 but there is an opening in this wall leading into a tube 30
      which extends into the compartment 28. In the event of the outbreak of
      fire causing an abnormally high temperature rise in the panel, acid from
      the compartment 27 in each side frame member flows along the tube 30 into
      the compartment 28 containing the calcium carbonate.
PAR  Under normal conditions the flow of acid into the compartment 28 is
      prevented by a wax plug 31 in the end of the tube 30.
PAR  Along the sides of the frame assembly there are tubes 32. In the peripheral
      wall of each of these tubes there is an orifice 33 opening into one of the
      compartments 28. Thus the left hand tube 32 places the top and bottom
      compartments 25 into communication with the compartment 28 in the left
      hand side frame member whereas the right hand tube 32 places the top and
      bottom compartments 26 into communication with the compartment 28 in the
      right hand side frame member.
PAR  The compartments 25 and 26 in the top frame member are furnished with tubes
      34 and 35 closed by rubber plugs 36. The compartments 25 and 26 in the
      bottom frame member are provided with tubes 37 and 38 which are also
      closed by rubber plugs 36.
PAR  In the event that the panel is exposed to fire, the wax plugs 31 melt and
      the acid solution contained in the compartments 27 flows into the
      compartments 28 and reacts with the calcium carbonate in those
      compartments with consequent evolution of gas which via the tubes 32 gives
      rise to an increase in pressure in the compartments 25 and 26 in the top
      and bottom frame members. In consequence, the liquids contained in the
      said compartments 25 and 26 are subjected to pressure.
PAR  When this pressure exceeds a certain value, the rubber plugs 36 are forced
      out of place and the solution contained in the compartments 25 and 26 in
      the top and bottom frame members commence to discharge through the tubes
      34, 35 and 37, 38. The tubes 34 and 35 are inclined towards one another so
      as to ensure that the liquids discharging from the top compartments 25 and
      26 become mixed together. The bottom tubes 37 and 38 are similarly
      mutually inclined to ensure mixing of the liquids discharging from the
      bottom compartments 25 and 26. The mixing of the solutions from
      compartments 25 and 26 gives rise to the formation of a foam which
      progressively fills the whole of the space between the spaced sheets of
      the panel. This foam constitutes a very effective thermal barrier.
PAR  In certain cases it is an advantage for the creation of the fire screen to
      be controlled at a position external to or remote from the structural
      panel. For example it may be necessary for the fire-screening means to be
      rendered operative in the event of the outbreak of fire at a given place
      which is at some distance from the place where the structural panel is
      installed. A structural panel with a remote control system for the
      fire-screening means is illustrated in FIG. 8.
PAR  The panel shown in FIG. 8 comprises two chemically tempered sheets 39 and
      40 of ordinary glass, 2 mm in thickness. The sheets 39 and 40 are held in
      spaced relationship within a metal frame having bottom and top members 41
      and 42. Within the bottom frame member 41 there is a chamber 43 which
      communicates with an interior space 44 of the panel via an aperture 45 in
      the bottom frame member. The chamber 43 is filled with a dessicating
      material 46 which is an alumina type molecular sieve.
PAR  The top frame member 42 is composed of a channel section component 47 and a
      bottom plate 48 which is soldered to that component. The component 47
      includes vertical flanges 49 which extends along the said component. The
      component also includes a central thicker flange 50 which divides the
      space enclosed between the components 47 and the plate 48 into two
      compartments 51 and 52 into which the flanges 49 extend.
PAR  Tubes 53 and 54 extend from the interior of the compartments 51 and 52, at
      places located outwardly of the flanges 49, through the plate 48, and into
      the interior space 44 of the panel. The tubes 53 and 54 are closed by
      rubber plugs 55.
PAR  Further tubes 56 and 57 lead from the compartments 51 and 52, through the
      component 47 and on the outside of the panel are joined to a common
      conduit 58 so that the compartments 51 and 52 in the top frame member of
      the panel are in communication with a control device 59 located at a place
      remote from the panel. This control device comprises two compartments
      formed by facing containers 60 and 61 formed of polyvinyl chloride and
      secured to a partition member 62 made of anodised aluminium.
PAR  The partition member 62 is pierced by a hole which is plugged with a
      material 63 having a low melting point, e.g. wax. The compartment 65 of
      the control device communicates with the compartment 66 via a tube 64
      which extends through the partition member 62 and ensures equalisation of
      the pressures in the compartments.
PAR  In the event that the control device 59 becomes exposed to fire, the
      material 63 which plugs the hole in the partition member 62 melts and an
      aqueous solution of hydrochloric acid contained in the compartment 65
      flows into the compartment 66 which contains calcium carbonate. The
      hydrochloric acid solution reacts with the calcium carbonate with a
      resulting evolution of gas which discharges along the condiut 58 and
      places the compartments 51 and 52 in the top frame member of the panel
      under pressure.
PAR  The compartment 51 contains a solution comprising 2 moles of sodium
      silicate, 3/4 of a mole of sodium bicarbonate and 2 moles of caustic soda
      (NaOH).
PAR  The compartment 52 holds an aqueous solution containing 14 moles of
      phosphoric acid.
PAR  The pressure in the compartments 51 and 52 causes the plugs 55 in the lower
      ends of the tubes 53 and 54 to be ejected from these tubes and forces the
      solutions contained in the said compartments 51 and 52 through these tubes
      and into the interior space 44 between the panel sheets. Due to the mutual
      inclination of the tubes 53 and 54 the solutions mix together immediately
      on discharge from the tubes. On being mixed, the solutions react and give
      rise to the formation of a foam which progressively fills the space 44 and
      creates a very effective thermal barrier.
PAR  In tests performed on panels comprising pressure control systems as
      described with reference to FIGS. 7 and 8 it has been found that the
      pressure employed for creating the foam should preferably be of the order
      of 50 to 100 mm of mercury.
PAR  It is therefore apparent that with this modification the fire screening can
      be rendered operative in response to conditions existing at a location
      which is not in the immediate vicinity of the panel incorporating the fire
      screen.
PAR  In a modification of the system described with reference to FIG. 8, the
      compartment 52 can be charged with a solution comprising: four moles of
      phosphoric acid, 50% by volume of RBS25 and 0.5 moles of aluminium
      chloride (AlCl.sub.3). This solution enables a foam of higher density to
      be formed and gives rise to the formation of a body of fire-resisting
      material of ceramic nature.
PAR  In FIG. 9, there is shown a glazing unit 67 along the top of which there is
      a container 68. When the glazing unit is installed in a building or other
      structure this container is concealed within a part of the wall in which
      the glazing unit is fitted.
PAR  The glazing unit is a double glazing unit comprising two sheets 2, 3, of
      glass which has been chemically tempered by ion exchange. The sheets are
      held in spaced relation by a metal frame including a bottom frame member
      69 in which there is an interior chamber holding a quantity of dessicating
      material 70 e.g. anhydrous calcium chloride, and an upper frame member 71
      which supports the container 68. The interior of the container 68 is
      normally sealed off by means of a plug 72 made of low-melting material
      e.g. wax or a series of such plugs. The container 68 holds a quantity of
      thermally insulating substance 73, which in this particular embodiment is
      sand or silico-aluminous granules which is introduced into the container
      68 through a top aperture which is subsequently closed by a closure member
      74.
PAR  In the event that the glazing unit is exposed to fire or a fire hazard, the
      plug 72 melts and the sand or other material in the container 68 pours
      down into the space 75, between the glass panes and thus creates a fire
      screen.
PAR  As a modification, the unit of FIG. 9 could be constructed with an
      electrical resistant heating element within the plug 72, this heating
      element being connected to a source of electric current located externally
      of the unit. The electric heating circuit could be controlled by switch
      means which is automatically actuated on the advent of fire, such switch
      means being located at a strategic position. Should the electric control
      system fail, the fire-screening means will still become operative when the
      temperature of the glszing unit rises sufficiently for the plug 72 to
      melt.
PAR  According to another modification, the quantity of sand 73 was replaced by
      a solid plate of thermally insulating and/or refractory material which is
      supported against gravity by a fusible support 72 so that the plate falls
      into position between the glass panes when that support melts.
PAR  According to a further modification, a solid fire-screening plate is used
      but is supported externally of the unit so that when released the plate
      falls down in front of the glazing unit instead of between the glazing
      unit panes.
PAR  Instead of filling the container 68 with sand or another discrete solid
      material, this container could be filled with an appropriate liquid. Such
      a liquid can contain any required chemical compounds or be otherwise
      composed in order to provide a good resistance to the transmission of heat
      rays.
PAR  While reference has in particular been made to double glazing units it will
      be understood that the invention is applicable to the fire-screening of
      multiple glazing units, e.g. triple glazing units or quadruple glazing
      units. The invention can also be applied to the fire-screening of panels
      comprising a single sheet, e.g. by providing fire-screening means in the
      form of a solid sheet which on the advent of fire descends into operative
      position in front of the said sheet.
PAR  Any of the embodiments of the invention as described can be modified by
      substituting different materials from those referred to without departing
      from the scope of the invention.
PAR  The invention can be applied to the fire-screening of panels comprising one
      or more sheets of glass which may be thermally or chemically tempered, or
      comprising one or more sheets of vitrocrystalline, vitroceramic, or
      ceramic material.
PAR  The invention can also be applied to the fire-screening of panels in which
      the sheet or sheets is or are of one or more other materials.
PAR  In the case of panels comprising a frame, this may be made of any suitable
      material. However preference is given to frames made of iron, copper,
      aluminium and alloys of such metals.
PAR  When employing a liquid which flows into position to create the fire
      screen, it is of interest to use a liquid which has the property of
      wetting and adhering to the adjacent sheet or sheets of the panel but
      which does not flow freely, even under the effect of high temperature. The
      adherence to the sheet can be promoted by virtue of a partial or total
      solidification of the material, e.g. as a result of chemical
      transformation.
PAR  In all embodiments of the invention it is preferable for the system to
      incorporate fire-screening means located along an upper edge or marginal
      portion of the panel so that on being activated or released the
      fire-screening means moves into its operative position under or with the
      aid of gravity. The advantage of this arrangement is that gravity does not
      have to be overcome in order to give an all-over coverage of the panel
      area. In any case it is preferred for the screening means to be localised
      along at least one edge or margin of panel in order to facilitate the
      construction and installation of the panel.
PAR  The fire-screening system can advantageously be combined with a hollow
      panel comprising sheets which are held in spaced relation in a frame which
      serves to promote mechanical strength both in normal service and in the
      event that the unit is exposed to fire.
PAR  When applyng a system according to the invention to a hollow panel, the
      system preferably comprises fire-screening means which is contained in a
      chamber or chambers in or structurally united with a frame holding the
      panel sheets. In such circumstances the hollow panel and fire-screening
      system can be conveniently transported and installed as a single unit.
PAR  It is apparent that in one embodiment of the invention the fire-screening
      system is combined with a hollow panel comprising sheets which are held in
      spaced relation by a resilient spacing member or members. Such spacing
      member or members can serve to press the sheets into direct or indirect
      contact with a frame holding the sheets. By means of such a resilient
      spacing means, mechanical strength is promoted, as well as the effective
      sealing of the panel sheets in the frame, and the resilient spacing means
      can yield to allow some deformation of the panel sheets under the action
      of heat.
PAR  Advantageously a system according to the invention is combined with a
      hollow glazing panel comprising at least one sheet the external layers of
      which are under compressive stress. Such sheet or sheets may for example
      be a sheet or sheets of thermally tempered glass. Preferably the panel
      includes at least one sheet of chemically tempered glass, i.e., a sheet of
      glass in which compressive surface stresses have been introduced by
      chemical action and notably by an ion exchange between the glass in the
      external layers of the sheet, and a contacting medium. Usually the ion
      exchange involved in chemical tempering comprises an exchange of alkali
      metal ions. In particular such an ion exchange can advantageously comprise
      an exchange of sodium ions in the glass for potassium or lithium ions
      contained in a contacting medium. It is an advantage of using a chemical
      tempering technique that the sheet glass can be thin, e.g., 4 mm or less
      in thickness. The use of thin tempered sheet glass in the construction of
      hollow glazing units is of course an advantage in that the unit can be
      given a high resistance to thermal shock while being of favourably low
      dimensions and weight.
PAR  The invention includes embodiments in which the fire-screening system is
      combined with a light-transmitting panel comprising at least one sheet
      which is a laminate comprising at least two thinner sheets directly or
      indirectly united in face to face relationship. For example, such a
      laminate may comprise two sheets of chemically tempered glass united by
      means of an interposed plastics sheet. In such an embodiment the laminate
      itself provides a number of thermal barriers inhibiting flame propagation
      and the laminate-sheet has a high mechanical strength because if the outer
      sheet which is exposed to the fire should break the fragments of this
      sheet are retained by means of the interposed plastics sheet.
PAR  It will be understood that this invention is susceptible to modification in
      order to adapt it to different usages and conditions, and accordingly, it
      is desired to comprehend such modifications within this invention as may
      fall within the scope of appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fire screen for a light transmitting structural panel comprising means
      for providing at least one body of material capable of screening a
      structural panel against fire, means for retaining said fire screening
      means in an inoperative position in the vicinity of the periphery of the
      structural panel, and means responsive to a rise to a predetermined
      temperature for releasing said fire screeing means from its inoperative
      position into an operative position in which at least one fire screening
      body of material covers substantially the area of the panel, said fire
      screening means comprising a plurality of substances disposed apart from
      each other in the inoperative position.
NUM  2.
PAR  2. A fire screen as claimed in claim 1 wherein said substances mix together
      upon release of the fire screening means and react chemically to form said
      fire screening body of material.
NUM  3.
PAR  3. A fire screen as claimed in claim 1 wherein said substances include a
      foaming agent whereby in the operative position said fire screening body
      of material will comprise a foam.
NUM  4.
PAR  4. A fire screen as claimed in claim 1 wherein one of said substances is a
      flowable material which when released forms said fire screening body of
      material, said releasing means yields in response to an increase in
      temperature to a predetermined value.
NUM  5.
PAR  5. A fire screen as claimed in claim 1 wherein one of said substances which
      when heated will undergo a chemical reaction to generate a pressure to
      release said fire screening means to its operative position.
NUM  6.
PAR  6. A fire screen as claimed in claim 1 wherein one of said substances is
      responsive to a predetermined pressure to release said fire screening
      means to form said fire screening body of material, said temperature
      responsive release means retaining a quantity of gas under pressure and
      yieldable at a rise in temperature to a predetermined value.
NUM  7.
PAR  7. A fire screen as claimed in claim 6 wherein said quantity of gas is
      retained remote from said panel.
NUM  8.
PAR  8. A fire screen as claimed in claim 1 wherein one of said substances is
      responsive to a predetermined pressure to release said fire screening
      means to form said fire screening body of material, and means responsive
      to being heated to a predetermined temperature for generating a gas to
      release said fire screening means.
NUM  9.
PAR  9. A fire screen as claimed in claim 8 wherein said gas generating means is
      disposed remote from said panel.
NUM  10.
PAR  10. A fire screen as claimed in claim 1 wherein said fire screening means
      is disposed on an upper edge of the panel.
NUM  11.
PAR  11. A fire screen as claimed in claim 3 wherein the foam is formed upon
      release of the fire screening means.
NUM  12.
PAR  12. A fire screen as claimed in claim 1 wherein said structural panel is
      hollow, said fire screening means being released to an operative position
      within the panel.
NUM  13.
PAR  13. A fire screen as claimed in claim 4 wherein said flowable material is a
      liquid.
NUM  14.
PAR  14. A fire screen as claimed in claim 1 wherein said fire screening means
      comprises a hydrated material containing absorbed water and becomes
      flowable when heated, said hydrated material is one selected from the
      group of sodium silicate, silicagel, borax, silica aluminate, a ferrous
      sulphate or a ferrous carbonate.
NUM  15.
PAR  15. A fire screen as claimed in claim 1 wherein said fire screening means
      comprises a hydrated material containing absorbed water and becomes
      flowable when heated, the liquid ingredient of the hydrated material will
      evaporate after the fire screening means has been released to its
      operative position to leave a substantially solid fire screeing body of
      material.
NUM  16.
PAR  16. A fire screen as claimed in claim 4 wherein said panel is hollow, said
      fire screening material flowing into and filling the panel upon being
      released.
NUM  17.
PAR  17. A fire screen as claimed in claim 1 and comprising a frame enclosing
      said panel, means within said frame for defining a chamber therein, said
      fire screening means being contained in said chamber.
NUM  18.
PAR  18. A fire screen as claimed in claim 1 wherein said panel comprises a
      plurality of spaced sheet members, and resilient spacer means for
      retaining said sheet members in spaced relation.
NUM  19.
PAR  19. A fire screen as claimed in claim 1 wherein said panel comprises at
      least one sheet of chemicially tempered glass.
NUM  20.
PAR  20. A fire screen as claimed in claim 1 wherein said panel comprises at
      least one laminated sheet, said laminates sheet comprising a plurality of
      sheets of chemically tempered glass and a layer of plastic therebetween
      uniting said glass sheets.
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ABST
PAL  A construction system is disclosed utilizing prefabricated panels which can
      be assembled in a contiguous, aligned relationship to form a construction
      section. In one form of the system, the individual panels may include a
      structural core with a flexible membrane covering, and include an edge
      portion adapted to engage the edge portion of the next adjacent panel to
      provide a substantially continuous seal between panels. The edge portions
      are sealable by fasteners which may be in the form of interlocking male
      and female members. The male and female member of the respective fasteners
      are proportioned so that when joined the male members of one fastener will
      wipe along the inside walls of the fastener to which it is being connected
      to clean dirt from these walls and push the dirt into one or more dirt
      cavities formed when the fasteners are joined.
BSUM
PAR  This invention relates to a construction system utilizing prefabricated
      panels adapted to form a roof, wall, flashing, accessory, tank, container,
      pool, pond liner, or other construction sections, and in one of its
      aspects to interlocking, self-cleaning fasteners for use in providing a
      substantially continuous seal between the panels.
PAR  The construction of roofs, walls and other elements by conventional methods
      is a laborious process usually requiring on-site fabrication and erection
      of a suitable support structure. In an attempt to improve on conventional
      construction methods, it has been suggested to utilize panels which are
      prefabricated at the factory and are secured together at the job site.
      Copending patent applications Ser. No. 336,370, entitled Roof
      Construction, and Ser. No. 336,364, entitled Construction System, both
      filed on Feb. 27, 1973, and assigned to the assignee of this invention,
      illustrate highly satisfactory apparatus and methods for providing such
      improvements.
PAR  In patent application Ser. No. 336,364, a composite panel is disclosed as
      having a structural core which may be conventional laminated foam,
      cellular honeycomb or concrete, as well as other construction materials.
      An exterior sheeting or membrane of weathertight material such as a
      plastic or light gauge metal is secured to the outer surface of the panel.
      The membrane is formed with a flap along one or several edges which is
      adapted to overlie a marginal protion of an adjacent panel. The membrane
      flap is adapted to sealingly engage the marginal portion of the next
      adjacent panel. In the preferred form of the invention disclosed in that
      application, the flap and marginal membrane portions are sealable by
      virtue of male and female interlocking fasteners carried on the respective
      membrane portions. The interlocking fastener structure may take various
      forms and may include an expandable section to accommodate field assembly.
PAR  In patent application Ser. No. 336,370, a prefabricated panel is disclosed
      which is ideally suited for roof construction. The panel utilizes a
      corrugated metal member as a structural core, and an exterior, weather
      resistant sheet material is pre-adhered to the panel exterior. The sheet
      material is formed with a flap along one or several edges which is adapted
      to overlie a marginal portion of an adjacent panel. A seal is effected
      between overlapping membrane members by vulcanization or by virtue of
      interlocking fasteners carried on the flap and the marginal portions of
      the next adjacent panel.
PAR  In any such system as described with respect to the referenced co-pending
      patent applications, the fasteners employed for connection to the panels
      in the field must be easily and quickly operated, and must provide an
      effective continuous seal such as against weather. In co-pending patent
      application entitled "Construction System Employing Prefabricated Panels",
      an improved fastener or zipper is disclosed which provides such and also
      provides a distinctive visual indication when the fastener is not fully
      closed. However, in this fastener and other prior fasteners of different
      configurations, it is not uncommon for dirt to get into and along the
      inside of the coupling member of the fastener, particularly during field
      use. When such occurs, because of the relatively close fit of the coupling
      members of the fasteners dirt is pushed and packed inside the fastener
      during joining of two fasteners until, in some cases, it is difficult to
      fully close the fasteners and a leak may occur between them.
PAR  In the construction system of the present invention, which is of the same
      general type as disclosed in the aforementioned co-pending patent
      applications, this problem is effectively eliminated or substantially
      reduced by providing a plurality of construction panels each of which
      includes a core member, and an exterior sheeting or membrane member formed
      with a novel fastener disposed along each adjacent edge of the membrane
      member of adjacent panels for interlocking engagement therebetween. Each
      such fastener includes means for wiping along the inside walls of another
      fastener to be connected therewith to wipe away dirt accumulated thereon,
      and at least one dirt cavity is provided in the fastener for receiving the
      dirt as it is pushed from the inside walls of the fastener. The respective
      fasteners that are coupled together include male and female interlocking
      members and the dirt cavity is formed by making the female portion deeper
      than the extent of penetration of the male member. As the fasteners are
      joined, the male member of each fastener wipes down across the inside
      surface of the mating female members of the other fastener and dislodges
      dirt or dust on these surfaces to allow a good seal between the fasteners.
      If this dirt were not removed by this wiping process, it would form a
      permeable barrier and act as a channel to allow the water, air, or other
      fluid to penetrate the fasteners by flowing through the channel.
PAR  In the embodiment of this invention illustrated herein, the fastener is an
      elongated zipper of flexible material that includes a body portion having
      male and female coupling means, such as projecting ribs and intermediate
      grooves for interlocking engagement with an identical zipper on an
      adjacent panel. The zippers include a connecting web extending from the
      zipper body which may be bonded to the edge of each membrane member so
      that the zippers along two opposite edges of the membrane member face
      inwardly towards the panel, and the zippers along the other two opposite
      edges of the membrane member extend outwardly from the panel. The zippers
      can be disposed along their respective membrane member edges so that they
      slightly extend beyond these edges an amount so that when adjacent panels
      are abutting each other adjacent zippers are overlapped for proper
      engagement. Also, if desired, the membrane members can be provided with
      opposite flap and marginal portions along their edges as described in
      patent application Ser. No. 336,364, with the fastener of this invention
      disposed along each of these portions, or the expansion/construction
      feature illustrated in that application may be utilized if the fasteners
      are not overlapped as described.
PAR  In designing fasteners of the type utilized in the present invention a
      difficult problem is to provide adequate sealing between the fasteners.
      This is particularly true where inclusion of some dirt which is not wiped
      away occurs, or a manufacturing defect occurs in a section of one of the
      fasteners. In order to ensure proper sealing, particularly in the
      instances noted, it is preferred that several intensive line contacts
      (analogous to a knife edge) be provided between the surface of the
      contacting fasteners instead of extensive contact between flat surfaces.
PAR  In the process of producing the fasteners of the present invention, it is
      more difficult to consistently get two large flat surfaces that mate
      continuously than it is to have one flat surface and one knife-like edge
      surface mate continuously. This is especially true since the fasteners of
      the present invention are generally made of a somewhat flexible material
      than can deform slightly so that any given amount of pressure will be much
      more intense (force/square unit) if distributed across the knife edge
      rather than if distributed across two more massive surfaces. Thus, by
      creating a number of relatively intense contact points, water can be
      effectively prevented from passing these points.
PAR  Each of the intense contact points should be complete, continuous and of
      enough intensity to prevent the pressure of the water from forcing the
      surface of adjoining fasteners apart and from passing between those two
      surfaces. Also, by using multiple points of intense contact, even if dirt
      is not wiped from one area, or a manufacturing defect prevents adequate
      sealing in one area, other areas of contact will provide sealing.
PAR  An important feature of the present invention is that the fasteners
      employed can be readily designed to include these areas of intense
      contact.
PAR  Thus, by use of the novel zipper design disclosed and claimed herein, a
      construction system is provided which can be erected and installed
      efficiently and economically with a good chance that the integrity of the
      seal provided by the system will be greatly increased because dirt
      accumulated on the fastener elements will not normally impede proper
      connection of the fasteners.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, wherein like reference numerals are used throughout to
      designate like parts, and wherein a preferred embodiment of this invention
      is illustrated;
PAR  FIG. 1 is a perspective view showing a number of the panels of the present
      invention assembled to form a typical construction section, such as a
      roof;
PAR  FIG. 2 is an enlarged perspective view of a single panel;
PAR  FIG. 3 is a sectional view of two fasteners of this invention just prior to
      joining;
PAR  FIG. 4A is a sectional view similar to FIG. 3, but with the fasteners
      joined;
PAR  FIG. 4B is an enlarged view of a portion of FIG. 4A;
PAR  FIG. 5 is a perspective view showing adjoining fasteners of this invention
      connected to form a seal between adjacent panels.
DETD
PAR  Referring now to the drawings, FIG. 1 shows a construction assembly
      generally designated by the numeral 10 supported on an underlying series
      of parallel Z-shaped purlins 11a supported on a plurality of parallel
      beams or rafters 11b. Beams 11b are, in turn, supported on columns or
      bearing walls (not shown) as known in the art. For purposes of
      illustration, construction assembly 10 is shown in a horizontal position
      as representative of a typical roof structure. However, it should be noted
      that the assembly could as well be an exterior building wall.
PAR  Construction assembly 10 includes a plurality of individual structural
      panels generally designated by the numeral 12 with the appended letters a,
      b, c and d used to denote separate panels of similar construction. The
      panels may, for example, be three feet wide by 20 to 30 feet long. In
      FIGS. 1 and 2, panel 12 is shown as being rectangular having opposite side
      edges 13 and 14 and opposite end edges 15 and 16. A number of similar
      panels 12 are contiguously aligned in a side-by-side and end-to-end
      arrangement to form assembly 10 with the individual panels abutting at
      common corner junctures 17. Panels 12 are covered with outer membrane
      sheet 18 of a weather resistant flexible material preadhered to the
      exterior surface, and membrane 18 includes edge portions 19, 20, 21 and 22
      adapted to overlap with similar such edge portions of the next adjacent
      panel in a sealing relationship. The corner junction 17 of several panels
      may be sealed by a corner sealing structure 21, such as the corner sealing
      structure illustrated in co-pending patent application Ser. No. 336,364,
      referenced above.
PAR  Referring to FIG. 2, the individual panel 12 is formed having a structural
      core member 23 of a suitable material having good compressive, insulative,
      flexible and shear strength characteristics. For example, core 23 could be
      a urethane foam or a polystyrene. The upper surface of core member 23 is
      covered by sheathing member 24 and the lower or interior side of core
      member 23 is covered by sheathing member 25. Sheathing members 24 and 25
      are typically a plastic or metal material suitably bonded or laminated to
      the opposite sides of core 23 which serve to give additional strength to
      the structure. Upper sheathing 23 also serves to provide a relatively
      hard, smooth underlay or surface beneath flexible membrane 18. Sheathing
      25 may be provided with an appropriate decorative treatment when exposed
      within the building interior.
PAR  As noted, upper sheathing 23 is covered with membrane sheet 18 in the form
      of a weather resistant material to protect and seal the roof system 10.
      Membrane sheet 18 is substantially coextensive with the upper surface of
      the plank along its edges, except that its edge portions 19, 20, 21 and
      22, including fasteners 26 are described in detail here, extend slightly
      beyond the edges 13, 14, 15 and 16 for overlapping relationship with
      similar such apparatus on an adjacent panel. For purposes of showing
      detail, fasteners 26 in FIG. 2 are slightly exaggerated in size in
      comparison with panel 12 since they are generally in the order of about
      1/2 inch wide and 1/4 inch high. Membrane 18 is preferably a natural or
      synthetic rubber, or plastic, bonded or adhesively joined to the surface
      of upper sheathing member 23. Membrane 18, for example, may be of a
      material known under the trade name "Flex Seal" of B. F. Goodrich Tire &
      Rubber Co., which is a filled Hypolon sheet. Other material such as a
      flexible, light gauge aluminum or galvanized sheeting may be used as a
      material for the membrane.
PAR  Fasteners 26, which are shown in detail in FIGS. 3 - 5, are shown along
      either the longitudinal edges 20 and 22, or transverse edges 19 and 21 of
      membrane member 18. In either case, fasteners 26 may be identical except
      that along edges 21 and 22 they face outwardly from panel 12, and along
      edges 19 and 20, they face inwardly towards panel 12. Also, along edges 19
      and 20, fasteners 26 may extend only a small distance beyond edges 14 and
      16 of panel 12, and fasteners 26 along edges 21 and 22 may extend beyond
      edges 13 and 15 of panel 12 a lesser amount as shown in FIGS. 7 and 8, so
      long as the adjacent fasteners overlap each other so that they can be
      properly engaged when the adjacent panels carrying them are in substantial
      abutment.
PAR  Fasteners 26 include male and female coupling means, such as parallel,
      longitudinal ribs with grooves between them, as described below, and the
      ribs and grooves of fasteners 26 are adapted to interlock when force is
      applied, forcing the ribs into the grooves. The coacting sections are thus
      capable of being interlocked in zipper fashion to form a tight mechanical
      seal. Thus, fasteners 26 can easily be engaged by workmen as the panels
      are assembled to form a watertight seal. In some instances, an adhesive or
      vulcanizing agent can be applied between the coacting grooves and ribs at
      the time of securing the overlying membranes together to further ensure
      against penetration of moisture and seal the interior panel structure.
PAR  Various configurations of the male and female coupling means are suitable
      for the fastener arrangement. However a suitable configuration of
      fasteners 26 is shown as described with respect to FIGS. 3 - 5. In FIG. 3,
      two adjacent fasteners 26 are illustrated just prior to joining and in
      FIG. 4 they are shown in cross section as they would look when joined.
PAR  Referring now to FIGS. 3 - 5, a preferred form of fastener 26 is
      illustrated as an integral structure which may be separately manufactured
      and bonded to membrane member 18 during construction of panel 12. Fastener
      26 includes an elongated body portion 27 and an elongated, flat web
      portion 28 extending from body portion 27 and adapted to be bonded to and
      along an edge of membrane member 18, or if desired, directly to the panel
      if made of suitable material. Fastener 26 may be made of the same type of
      flexible material as membrane member 18, in elongated strips, and the
      strips may be cut to the appropriate length for mounting on the membrane
      member to form each of the respective edges of member 18. Body portion 27
      of fastener 26 includes parallel ribs 29 and, in the embodiment
      illustrated, two such ribs are provided, with a kick flap 30, and two
      grooves 31 formed by and between ribs 29 and kick flap 30. As illustrated,
      the outer rib is designated 29a, and the inner rib 29b. Ribs 29a and 29b
      include inwardly projecting tooth portions 29c for aiding in locking two
      such fasteners together when engaged. Body portion 27 therefore provides
      coupling means for interlocking engagement with similar coupling means on
      the adjacent fastener 26 on the adjacent panel 12.
PAR  As shown in FIGS. 3 and 4, ribs 29a and 29b are of such length with respect
      to grooves 31 so that when the adjacent fasteners are engaged as in FIG.
      4, a small dirt cavity 31a is formed in groove 31 between the end of the
      rib projecting into the groove and the inner end wall of the grooves.
      Otherwise, the mating rib and groove elements are designed to have an
      interference or close fit to seal between them, preferably along the areas
      indicated by the arrows 50 in FIG. 4A to establish points of intense
      contact as previously described. FIG. 4B shows this arrangement in more
      detail. With the construction, as illustrated, if dirt (shown generally as
      40) accumulates on the inside walls of a fastener 26, as it is joined to
      another fastener 26, the ribs 29a and 29b, and particularly projections
      29c of each fastener, and the outside surface of rib 29a, will wipe along
      the adjacent inside wall of the other fastener to force the dirt down into
      cavities 31a, and since the cavities are present, permit the fasteners to
      be engaged with little or no interference. The size and depth of the dirt
      cavities formed can vary as long as the structural integrity and sealing
      effectiveness of the fastener is not impaired. For this purpose, the
      thickness of the hook-shaped extension 29c in the direction in which the
      rib member extends is substantially less than the depth of grooves 31 to
      permit cavity 31a to be formed.
PAR  If desired, a color stripe, such as provided by a strip 32 of material
      having a color different from the rest of fastener 26, may be provided
      along the outer edges of each of fasteners 26. In this case, the outer
      edge of strip 32 of one fastener will wipe along the adjacent inside
      surface of the grooves 31 of the other fastener into which it fits.
PAR  Thus, a construction system is provided by the present invention which
      provides for ready connection and sealing of adjacent panels of the system
      even where one or more of the coacting fasteners may have dirt accumulated
      inside of it prior to installation. Of course, even with the present
      invention, the amount of dirt inside the fastener that can be wiped into
      the dirt cavities and permit proper fastening cannot be excessive,
      however, by use of the present invention, many field installations are
      made possible where they would otherwise not be possible.
PAR  From the foregoing it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the
      apparatus.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawings is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A construction system comprising:
PA1  at least first and second panels each having at least first and second
      edges and being of a geometric shape adapted for assembly in a contiguous,
      aligned relationship with a first edge of one panel in abutting
      relationship with the second edge of the adjacent panel;
PA1  each of said panels being provided with a sheet of membrane material
      adhering to one surface of the panel; and
PA1  coacting fasteners carried on each sheet along adjacent edges of said
      panels, said fasteners adapted to engage to provide a substantially
      continuous exterior seal between adjacent panels, each of said coacting
      fastener apparatus including a fastener body having coupling means
      arranged to include a dirt cavity when two such fastener apparatus are
      coupled together, so that when said apparatus are engaged and coupled
      together each coupling means wipes along the other coupling means to push
      dirt thereon into said dirt cavity and each of said fasteners further
      including an indicator means for providing a distinctive visual indication
      adjacent fasteners are not at least substantially fully engaged.
NUM  2.
PAR  2. The construction system of claim 1 wherein said coupling means are male
      and female members.
NUM  3.
PAR  3. The construction system of claim 1 wherein said male members include a
      plurality of ribs defining a plurality of grooves between them which form
      the female members for receipt of the ribs of another fastener to be
      coupled therewith.
NUM  4.
PAR  4. The fastener of claim 3 wherein at least one of said ribs includes a
      hook-shaped extension for interlocking engagement with a similar such
      extension on a fastener to be coupled therewith.
NUM  5.
PAR  5. A construction panel comprising:
PA1  a structural core member having a geometric shape adapted to be
      cooperatively arranged in abutting relationship with other similar members
      to form a construction section;
PA1  a membrane sheet substantially covering said core member and having its
      edge extending along the corresponding edge of the core member;
PA1  a fastener adapted to be disposed along an edge of said membrane sheet and
      adapted to interlock with another fastener disposed along the adjacent
      edge of an adjacent panel in the construction section to provide a seal
      between the adjoining panels, said fastener including a fastener body
      having at least one male coupling and at least one female coupling member
      which forms a receptacle for receipt of the male coupling member of
      another fastener, the depth of such female coupling member being such that
      a cavity for collection of dirt is provided between the wall of said
      fastener body and the male coupling members received in said female
      coupling member, said fastener further including means for providing a
      distinctive visual indication when the fastener is not at least
      substantially fully fastened with another such apparatus; and
PA1  a web portion extending from said body to provide for bonding of said
      fastener to said membrane sheet.
NUM  6.
PAR  6. The structural panel of claim 5 wherein at least one of said male
      coupling members includes a hook-shaped extension for interlocking
      engagement with a similar such extension on another such fastener.
NUM  7.
PAR  7. A fastener adapted to be disposed along an edge of a panel in a
      construction system including a plurality of such panels arranged end to
      end, and adapted to interlock with a fastener disposed along the adjacent
      edge of an adjacent panel in the construction system to provide a seal
      between the adjoining panels, said fastener comprising, in combination:
PA1  a fastener body including a plurality of rib members defining a plurality
      of grooves between them which form receptacles for receipt of rib members
      of another fastener including such rib members, the depth of such grooves
      being such that a cavity for collection of dirt is provided between the
      wall of said fastener body and rib members received in said grooves, said
      fastener body further including means for providing a distinctive
      indication when said fastener is not at least substantially fully fastened
      with a similar such fastener; and
PA1  a web portion extending from said body to provide for bonding of said
      fastener to a structural panel.
NUM  8.
PAR  8. The fastener of claim 7 wherein at least one of said rib members
      includes a hook-shaped extension adapted to interlock with a similar such
      extension on another such fastener.
NUM  9.
PAR  9. The fastener of claim 8 wherein the thickness of said hook-shaped
      extension in the direction in which the rib member including such
      extension extends is substantially less than the depth in the same
      direction of the groove formed by said rib member.
NUM  10.
PAR  10. The fastener of claim 8 wherein three rib members are provided to form
      two grooves, and said hook-shaped extensions are provided on two of said
      rib members, and wherein the thickness of said hook-shaped extensions in
      the direction in which the rib members extend is substantially less than
      the depth of said grooves in the same direction.
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ABST
PAL  An acoustically and thermally insulated window structure comprising two
      outer panes and at least one inner pane with an outer spacer interposed
      between the outer panes and at least one further spacer defining a gap
      between inner panes when a plurality of the latter are provided. One of
      the inner panes is spaced at a predetermined relatively small distance
      from a corresponding outer pane and a body of moisture-absorbent material
      is disposed in fluid communication with a space within the inner panes.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to acoustically and thermally insulated
      windows of the multipane type wherein at least two panes are separated by
      a spacer structure and define a chamber in which at least one additional
      pane is disposed.
PAC  BACKGROUND OF THE INVENTION
PAR  Double-pane window structures have been proposed in a variety of
      constructions for acoustic and thermal installation purposes. Such
      structures have generally comprised two glass panes held in a
      predetermined spaced relationship by frame-like or other spacer structures
      extending around the peripheries of the panes and defining the peripheral
      edges of the window. The double-pane structure has an evacuated or
      gas-containing space between the sheets of glass while the frame is of low
      thermal conductivity so that conduction through the window of heat and
      sound is minimized.
PAR  It has been proposed to provide one or both of the panes in such structures
      of double-sheet construction whereby the window may consist of a pair of
      outer panes or glass sheets and at least one inner pane or glass sheet
      received between the outer panes.
PAR  In a preferred construction, a pair of inner glass sheets or panes is
      provided between the outer panes and complex structures are employed to
      space the several panes apart. For example, in prior-art systems and in
      the present system, it is desirable to provide a pair of inner panes or
      glass sheets having a relatively large spacing of, say 5 to 25 mm and a
      pair of outer glass sheets or panes, flanking the inner panes and spaced
      from the respective inner panes by relatively small distances of, say 0.3
      to 2.0 mm, preferably 0.5 mm.
PAR  To assemble these window structures, it has been proposed to provide an
      outer spacer defining the distance between the outer panes and a pair of
      inner spacers individually inserted to space each inner pane from the
      proximal outer pane. These systems are complex to assemble and frequently
      do not provide satisfactory positioning of the panes relative to one
      another. For example, the spacing between the inner panes may not be
      adequately fixed.
PAC  OBJECTS OF THE INVENTION
PAR  It is, therefore, the principal object of the present invention to provide
      an improved multipane window construction in which the aforementioned
      disadvantages are obviated.
PAR  Another object of the invention is to provide a window construction, having
      a pair of spaced-apart outer panes and at least one, but preferably two
      inner panes, in which the interpane spacing is conveniently and accurately
      established.
PAR  Still another object of the invention is to provide a multipane window
      assembly of low cost and high insulating effectiveness for acoustical and
      thermal purposes.
PAC  SUMMARY OF THE INVENTION
PAR  These objects and other which will become apparent hereinafter are
      attained, in accordance with the present invention, in a multipane window
      construction that comprises at least three and preferably four panes or
      sheets of glass, including two outer panes and at least one but preferably
      two inner panes and a spacer between the outer panes. According to the
      present invention, an inner spacer is provided as well for retaining the
      or both of the inner panes in spaced relation to the outer pane and is
      interposed between the inner pane and the proximal outer pane.
      Advantageously, the wrap can be an adhesive band bonding the inner panes
      to the inner spacer and further bonding the inner panes to the outer
      panes.
PAR  In this concept, the thickness of the wrapping band can correspond to the
      predetermined spacing between the proximal inner and outer panes so that
      the wrapping member fulfills a double function. On the one hand, the tape
      or band is interposed between the inner pane or panes and the outer pane
      to establish the desired spacing between them and, on the other hand, the
      band or tape extends around the periphery of the inner pane or panes and
      the inner spacer to secure them together.
PAR  Preferably, the inner spacer is porous, perforated or otherwise permeable
      to water vapor so that the space between the inner panes or the space
      between each inner pane and the proximal outer pane is not sealed in the
      region of the periphery of the inner pane or in the region of the inner
      spacer but is only effected by the outer spacer.
PAR  The inner spacer can be composed of glass-fiber-containing or fiber glass
      reinforced synthetic resin, e.g. an epoxy, from polyurethane foam or from
      polyvinyl chloride. When the inner spacer consists of polyurethane foam,
      it has been found to be advantageous to provide it with a coating
      preventing deterioration by ultraviolet radiation, e.g. with a film of
      lacquer.
PAR  The outer spacer can be composed of metal, a synthetic resin such as
      polyvinyl chloride, or a metal-coated synthetic resin, preferably
      polyvinyl chloride clad with aluminum foil.
PAR  In accordance with the first aspect of the invention, moreover, the outer
      spacer is constituted as a hollow profile having its side turned toward
      the inner spacer provided with openings or otherwise made moisture
      permeable. Within the interior of the outer spacer, a drying agent may be
      provided for removing moisture from the spaces between the inner panes and
      the spaces between each inner pane and the outer pane. A suitable
      moisture-absorbing material is calcium chloride.
PAR  Advantageously, the predetermined spacing between the outer panes is
      established by the width of the outer spacer. However, it has been found
      to be advantageous in some instances to set back the flanks of the outer
      spacer from the confronting inner faces of the outer panes whereby the
      width of the outer spacer is made smaller than the outer dimension of the
      wrapping strip, tape or channel. The free space between the outer spacer
      and the outer panes, therefore, may be filled with an adhesive or sealing
      material.
PAR  According to another aspect of the invention, the inner spacer and the
      outer spacer form a unitary profile member. In this case, individual
      spacer portions of the unitary spacer bridge each outer pane and the
      proximal inner pane.
PAR  This system has an advantage in that, by comparison with more complex
      window structures, only a single spacer body is required and a saving is
      achieved in that separate production of inner and outer spacers is not
      necessary. Furthermore, the system can be assembled more readily than the
      plural-spacer arrangements.
PAR  In this concept, the spacer profile is preferably composed of a synthetic
      resin such as polyvinyl chloride and, in general, fiber glass containing
      or fiber glass reinforced synthetic resins may be used. However, the
      spacer profile may be constituted of metal-clad synthetic resin,
      preferably aluminum-coated polyvinyl chloride. The profile may be made
      entirely of metal as well.
PAR  The spacer profile is preferably made hollow and is moisture permeable on
      its side turned toward the spacers between the glass pane while it is
      moisture impermeable along the side forming the outer edge of the window
      structure. A drying agent is here also introduced into the hollow spacer
      profile.
PAR  Between the outer pane and the outer spacer and the inner pane proximal
      thereto the spacer profile has the configuration of an "h", the legs of
      which flank the edges of the inner pane and which establish the spacing
      between this inner pane and the proximal outer pane. Between the outer
      pane and the outer spacer an adhesive may be provided and it has been
      found to be advantageous to incline the outer flanks of the spacer away
      from the confronting faces of the outer panes to allow an adhesive to be
      accommodated as previously suggested.
PAR  The spacer profile at its surface turned toward the space between the inner
      panes may be formed with ridges, profiles or webs to further increase the
      acoustic-absorbing properties of the system.
PAR  In both of the configurations described, the outer pane and the inner pane
      proximal thereto may sandwich a transparent sound-absorbing synthetic
      resin layer between them.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which:
PAR  FIG. 1 is a cross-sectional view through a multipane window according to
      one embodiment of the invention;
PAR  FIG. 2 is a cross-sectional view through a modification thereof;
PAR  FIG. 3 is a view similar to FIG. 2 but illustrating a variation of this
      system; and
PAR  FIG. 4 shows still a further modification of the system of FIG. 2.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 we have shown a window construction in which four glass sheets or
      panes 1 are provided. The glass panes or sheets constitute a pair of outer
      panes 1a, 1b and two inner panes 1c, 1c. Between the outer panes 1a and 1b
      there is provided an outer spacer 2 while an inner spacer 3 is disposed
      between the panes 1c and 1c.
PAR  The inner spacer 3 is disposed exclusively between the inner panes 1c and
      1d and is sandwiched therebetween and held in place by a wrapping band 4
      extending around the outer flanks of the assembly formed by the inner
      panes 1c, 1d and the spacer 3. The wrapping band 4 overlies the faces of
      the inner panes 1c, 1d confronting the outer panes 1a and 1b. The
      thickness of this band 4 is represented at d and corresponds to the
      spacing a desired between each inner pane 1c or 1d and the proximal outer
      pane 1a or 1b. This distance is, as previously mentioned, between 0.3 and
      2 mm and is preferably about 0.5 mm.
PAR  The inner spacer 3 is porous as is the band 4 and, on its side turned
      toward the space between the panes 1c and 1d is profiled or ridged to
      increase the acoustic installation peoperties thereof. Spacer 3 is
      composed of fiber glass containing or fiber glass reinforced synthetic
      resin while the outer spacer 2 is composed of metal.
PAR  The outer spacer 2 is constituted as a tubular profile with its side 2a
      turned toward the spacer 3 being perforated so as to be moisture
      permeable. Within the outer spacer 2 we provide a drying agent 5, e.g.
      calcium chloride, which maintains the space between the panes 1c and 1d
      moisture-free.
PAR  The desired spacing A (5 to 25 mm) between the inner panes is determined by
      the outer dimension E of the wrapping 4. The width B of the outer spacer 2
      is smaller than this dimension E and the resulting space between the outer
      flanks of spacer 2 and the inner faces of pane 1a and 1b is filled with an
      adhesive 6 which is moisture impermeable.
PAR  In the embodiment illustrated in FIG. 2, the spacer portion 102 and the
      spacaer portion 103 form a unitary spacer profile 107 in which only the
      portion 103 lies between the inner panes 1c and 1d. The spacer 107 is
      constituted of synthetic resin, preferably polyvinyl chloride containing
      glass fibers of reinforced with fiber glass. The portion 107' turned
      toward the space S between the inner panes 101c and 101d is porous or
      perforated so as to be moisture permeable while other sides are water
      impermeable. A drying agent 108 is here disposed within the hollow profile
      so that the spaces between the glass panes may be kept dry. The profile
      107 may be provided with a metal-foil coating or, as shown in FIG. 3,
      subdivided to form a pocket for the drying agent.
PAR  The gaps between the inner panes 101c, 101d and the confronting outer panes
      101a, 101b may be defined by h-shaped individual profiles 109 mounted to
      straddle the edge of each inner pane. Between the outer panes 101a, 101b
      and the outer spacer portion 102, an adhesive 110 is provided to
      constitute the desired outer bond. While the adhesive has been shown to
      terminate short of the members 109, it should be noted that it may also
      bond to these members. A profile or ridge construction 111 is formed in
      the spacer 107 to improve the acoustic absorption properties thereof.
PAR  In FIG. 3, we have shown another embodiment of the invention in which the
      spacer 207 has an outer spacer portion 202 defining the distance between
      the outer panes 201a and 201b which are bonded to the outer spacer portion
      by adhesive layers 210. In this embodiment, the spacer portion 203
      separating the inner panes 201c and 201d is constituted by h-shaped
      formations 209 formed directly upon the member 207. The latter is extruded
      with an aluminum foil coating 212 and with a pair of foil partitions 213
      and 214 which define a compartment 215 in which a block 208 of the drying
      agent is received. The foil, of course, may extend around the drying agent
      and can be perforated to allow access of moisture from the space between
      the inner panes to the latter. The block may be contoured to provide
      sound-deadening formations or the latter may be molded into the spacer
      207. A layer 216 is provided between each outer pane and the proximal
      inner pane and consists of a sound-deadening synthetic resin which is
      transparent and of a thickness of, say, 0.5 mm.
PAR  FIG. 4 shows a modification of the system of FIG. 2 in which the
      moisture-permeable synthetic-resin block 303 is provided between the inner
      panes 301c and 301d which are juxtaposed with the outer panes 301a and
      301b. Transparent foils 316 are provided between the inner and outer panes
      and the outer spacer 302 is bonded to the outer panes by adhesive 310. The
      entire side of the outer spacer turned toward the space S is open and a
      body 308 of a drying agent is received therein.
CLMS
STM  We claim:
NUM  1.
PAR  1. A multipane window structure comprising a pair of coextensive
      spaced-apart transparent outer panes;
PA1  an inner transparent pane spaced from and parallel to each outer pane and
      closer to the respective outer pane than to the other inner pane;
PA1  a layer of transparent sound-damping material disposed between each inner
      pane and the respective outer pane and filling the gap between each
      respective inner and outer pane;
PA1  spacer means sealingly retaining said panes relative to one another and
      closing the edges of said structure, said spacer means comprising a
      generally U-section body having a pair of shanks and a bight bridging the
      space between said outer panes, said shanks being bounded along their
      outer surfaces to inner faces of said outer panes and being formed, remote
      from said bight, with inwardly lying channels open away from the bight and
      respectively receiving edge portions of the respective inner panes, said
      channels and said shanks together defining an h-profile; and
PA1  a moisture-absorption member received between said shanks.
NUM  2.
PAR  2. The structure defined in claim 1 wherein said body is composed of
      polyvinyl chloride.
NUM  3.
PAR  3. The structure defined in claim 1 wherein said body is composed of a
      material containing glass fibers.
NUM  4.
PAR  4. The structure defined in claim 1 wherein said body is composed of a
      synthetic resin having a layer of aluminum coating said bight and is
      formed with a pair of aluminum sheets extending between said channels and
      said bight.
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ABST
PAL  A loading dock shelter of the pad type, wherein the side pads thereof are
      movably mounted on brackets which are concealed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to loading dock shelters and, more particularly, to
      loading dock shelters of the pad type.
PAR  It is a primary object of the present invention to enable loading dock pads
      to be mounted on warehouse walls in a novel and expeditious manner.
PAR  Another object of the present invention is to afford a novel loading dock
      shelter of the pad type as distinguished from the drape type, such as, for
      example, those shown in our U.S. Pat. Nos. 3,638,667 and 3,699,733.
PAR  Loading dock shelters of the general type, to which the broader aspects of
      the present invention pertains, and which embody side pads which are
      movably and adjustable, are shown in our copending application for U.S.
      Patent, Ser. No. 456,011, filed Mar. 29, 1974.
PAR  Another object of the present invention is to afford a novel mounting for
      movable or adjustable loading dock pads.
PAR  Another object is to afford a novel mounting bracket for supporting the
      side pads of loading dock seals embodying head pads and side pads disposed
      along the top and sides, respectively, of a doorway in a warehouse.
PAR  A further object of the present invention is to afford a novel structure
      for concealing mounting brackets used for supporting movable side pads of
      pad-type loading dock seals.
PAR  Another object is to afford a novel mounting for cover panels on the
      supporting structure for loading dock pads.
PAR  An object ancillary to the foregoing is to enable such cover panels to be
      effectively protected, in a novel and expeditious manner, against
      dislodgment from operative position on such supporting structure.
PAR  Another object is to afford a novel loading dock shelter which is practical
      and efficient in operation, and which may be readily and economically
      produced commercially.
PAR  Other and further objects of the present invention will be apparent from
      the following description and claims and are illustrated in the
      accompanying drawings which, by way of illustration, show a preferred
      embodiment of the present invention and the principles thereof and what we
      now consider to be the best mode in which we have contemplated applying
      these principles. Other embodiments of the invention embodying the same or
      equivalent principles may be used and structural changes may be made as
      desired by those skilled in the art without departing from the present
      invention and the purview of the appended claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a front perspective view of a loading dock shelter embodying the
      principles of the present invention, showing the shelter disposed in
      operative position around a warehouse doorway;
PAR  FIG. 2 is a fragmentary, front elevational view of a portion of the loading
      dock shelter shown in FIG. 1, with the side pad and head pad removed to
      show underlying parts;
PAR  FIG. 3 is a detail sectional view taken substantially along the line 3--3,
      FIG. 1;
PAR  FIG. 4 is a detail sectional view, similar to FIG. 3, but showing the side
      pad in retracted position;
PAR  FIG. 5 4 is a fragmentary, detail sectional view taken substantially along
      the line 5--5 in FIG. 9;
PAR  FIG. 6 is a view similar to FIG. 5, but showing the parts of the loading
      dock shelter disposed in different operative position;
PAR  FIG. 7 is a fragmentary, rear perspective view of a portion of the loading
      dock shelter shown in FIGS. 5-6;
PAR  FIG. 8 is a top plan view of one of the mounting brackets shown in FIG. 5
      and 6;
PAR  FIG. 9 is a detail sectional view taken substantially along the line 9--9
      in FIG. 3;
PAR  FIG. 9A is an enlarged view of the retaining clip shown in FIG. 9; and
PAR  FIG. 10 is a detail sectional view taken substantially along the line
      10--10 in FIG. 1.
DETD
PAC  DESCRIPTION OF THE EMBODIMENT SHOWN HEREIN
PAR  A loading dock shelter 1, embodying the principles of the present
      invention, is shown in the drawings to illustrate the presently preferred
      embodiment of the present invention. It is shown mounted on an outer wall
      2 of a warehouse 3 in surrounding relation to a doorway 4 in the warehouse
      3, FIGS. 1 and 2.
PAR  The loading dock shelter embodies, in general, a head pad 5 and two
      oppositely disposed side pads 6 and 7. In operation, the shelter 1 is
      mounted on the warehouse 3 in such a position that the head pad 5 is
      disposed above and extends along the doorway 4, and the side pads 6 and 7
      are disposed laterally outwardly of, and extend along respective vertical
      sides of the doorway 4. An elongated bumper 8 is mounted on the warehouse
      wall 2 below the doorway 4 and the lower ends of the side pads 6 and 7,
      the bumper 8 projecting outwardly from the warehouse wall 2 and extending
      along the lower edge of the doorway 4, FIGS. 1, 3 and 4.
PAR  As will be discussed in greater detail presently, the side pads 6 and 7,
      like the side pads of the loading dock shelter shown in our aforementioned
      co-pending application, Ser. No. 456,011, are adjustable between one
      position, as shown in FIGS. 1 and 2, wherein they project outwardly beyond
      the bumper 8 into position to be operatively engaged by a rear end of a
      truck, not shown, which is to be loaded or unloaded through the doorway 4;
      and another position wherein they project outwardly from the wall to a
      lesser distance than the bumper 8, as shown in FIG. 3, so that they are
      protected against such engagement with such a truck by the bumper 8.
PAR  The side pads 6 and 7 are identical in construction. Each includes a
      supporting member 9, FIGS. 2, 5 and 6, embodying an elongated backing
      plate or backing member 10, having a plurality of mounting brackets 11, 12
      and 13, projecting outwardly from one face thereof. The backing members 10
      may be made of any suitable material, such as, for example, wood or steel,
      but preferably, are made from a suitable wooden member, such as, for
      example, wooden planking. The mounting brackets 11-13 may be made of any
      suitable material, such as, for example, mild steel, and each is
      substantially U-shaped in horizontally transverse cross-section. Each of
      the mounting brackets 11-13 embodies an elongated base member 14, from the
      opposite outer ends of which project two side members or legs 15 and 16,
      the latter being disposed in substantially parallel relation to each
      other, FIGS. 2, 8 and 9. The mounting brackets 11-13 on each of the bases
      14 are secured to one face of the respective backing members 10 by
      suitable means such as screws or bolts 17, FIGS. 2 and 9. In the assembled
      loading dock shelter 1, the bases 14 are secured to the warehouse wall 2,
      on respective sides of the doorway 4, by suitable means, such as screws or
      bolts 18, which, preferably, extend through the bases 14 of the brackets
      11-13, FIGS. 2 and 9. In the assembled loading dock shelter 1, the
      brackets 11-13 project directly outwardly away from the wall 2.
PAR  The head pad 5, like the side pads 6 and 7, includes a supporting member
      19, embodying an elongated backing plate or backing member 20, having a
      plurality of mounting brackets 21 mounted on one face thereof in spaced
      relation to each other, one such bracket 21 being shown in FIGS. 3 and 4.
      The backing member 20, like the backing member 10, may be made of any
      suitable material, such as, for example, wood or steel, but, preferably,
      is made from a single wooden member, such as, for example, wooden
      planking.
PAR  All of the bracket members 21 are identical in construction, and each is
      substantially U-shaped in vertical, transverse cross-section, FIG. 2. Each
      embodies an elongated, vertically extending base member 22, from the upper
      and lower edge portions of which two side members or legs 23 and 24
      project in substantially parallel relation to each other. The bracket 21
      may be made of any suitable material, such as, for example, mild steel and
      are mounted on the backing member 20, by suitable means, such as screws or
      bolts 25, extending through the bases 22.
PAR  In addition to the supporting members 9, each of the side pads 6 and 7
      embodies a pad unit 26. The pad units 26 are identical in construction,
      and each includes an elongated backing member or backing plate 27. The
      backing members 27 may be made of any suitable material, such as, for
      example, wood or steel, or the like, but, preferably, are made from a
      suitable wooden material, such as, for example, the aforementioned wood
      planking.
PAR  Each of the pad units 26 also includes a core 28 and a cover member 29,
      FIG. 7, which extend the full length of the backing member 27. The core 28
      may be made of any suitable material, such as, for example, any suitable
      natural or synthetic compressible, resilient resin or polymer, the
      preferred material being a foamed polyester. Similarly, the cover or
      casing 29 may be made of any suitable material, but preferably is made of
      a flexible, water-repellent, wear-resistent material, such as, for
      example, canvas duck or rubber impregnated nylon fabric.
PAR  In each of the pad units 26, the core 28 preferably is substantially square
      in transverse cross-section, and has one face 30 thereof, FIG. 9, secured
      by a suitable adhesive, not shown, to one face 31 of the respective
      backing member 27, in substantially flat juxtaposition thereto.
PAR  Each of the covers 29 includes a front wall 32 and two side walls 33 and
      34, with the side walls 33 and 34 extending rearwardly from opposite side
      edges of the front wall 32 in substantially parallel relation to each
      other. The covers 29 are disposed around the respective cores 28 in snug
      fitting relation thereto, and the longitudinal edge portions of the side
      walls 33 and 34 thereof, remote from the respective front walls 32, are
      secured to the longitudinal side edges of the respective backing members
      27 by a suitable means such as nails or screws 35, FIGS. 5 and 6. Each of
      the covers 29, also includes end walls 36 and 37, FIG. 1, closing the top
      and the bottom thereof, respectively.
PAR  The head pad 5, like the side pads 6 and 7, also includes a pad unit 38.
      The pad unit 38 is of the same construction as the pad units 26, embodying
      a core 39 mounted on one face of an elongated backing member 40, and
      enclosed thereon by a cover member 41, FIG. 10, the cover 41 of the pad
      unit 38 embodying end walls 42 and 43 closing the ends of the latter.
PAR  Each of the side members or legs 15 and 16 of the mounting brackets 11-13
      on the supporting members 9 embodies inner or rear, upwardly opening slots
      44 in the upper longitudinal edge portion thereof, FIGS. 5 and 6, for a
      purpose which will be discussed in greater detail presently. The slots 44
      in the side members 15 are disposed in vertical alignment with each other,
      as are the slots 44 in the side members 16, with the slots 44 in the side
      members 15 and 16 of each of the individual brackets 11-13 being disposed
      in horizontal alignment with each other.
PAR  In addition, the side members 15 and 16 of each of the mounting brackets
      11-13 embody outer or front, upwardly opening, horizontally aligned slots
      45, 46 and 47, respectively, in the upper longitudinal edge portions
      thereof, FIGS. 5 and 6, the slots 45-47 being spaced outwardly away from
      the respective backing members 10 a greater distance than the slots 43. In
      the preferred form of the loading dock shelter 1, the slots 45-47 are
      spaced an equal distance from the slots 43 in the respective mounting
      brackets 11-13, with the slots 45 being of the same size and configuration
      as the slots 43; the slots 46 having substantially twice the lateral width
      of slots 45, FIGS. 5 and 6; and, the slots 47 being substantially
      L-shaped, as viewed in FIGS. 5 and 6, and having substantially the same
      lateral width as the slots 46. As may be seen in FIGS. 5 and 6, each of
      the slots 47 embodies a front edge portion 48 which opens outwardly
      through the upper edge portion of the respective side member 15 or 16 of
      the mounting bracket 13, and a lower portion 49, which projects rearwardly
      from the lower end of the front edge portion 48 in downwardly spaced
      relation to the upper edge of the respective side member 15 and 16.
PAR  Each of the pad units 26 of the side pads 6 and 7 embodies three hanger
      members 50 mounted on the face of the backing member 27 remote from the
      core 28, in spaced relation to each other, costly. 5 and 6. The hanger
      members oscillator, are identical in construction, each embodying an
      elongated rod 51 secured to a bracket 52 secured to the respective backing
      member 27 by suitable means such as bolts 53, as shown in FIG. 7. The rods
      51 are disposed substantially perpendicular to the length of the
      respective backing members 27, and project laterally outwardly from both
      sides thereof. The hanger members 50 are so spaced from each other
      longitudinally of each of the backing members 27 as to space the rods 51
      from each other distances corresponding to the spacing of the upper edges
      of the side members 15 and 16 of the mounting brackets 11-13.
PAR  With this construction, it will be seen that the pad units 26 of the side
      pads 6 and 7 may be disposed in one operative position on their respective
      supporting members 9 in which the rods 51 of respective hangers 50 rest in
      the inner or rear slots 44 in the mounting brackets 11-13, respectively,
      to thereby releasably support the pad units 26 in relatively closely
      adjacent relation to the side wall 2 of the warehouse 3, FIG. 6. The slots
      44 are so disposed in the mounting brackets 11-13, that when the rods 51
      are thus positioned in the slots 44, the front of the pad units 26, as
      defined by the front walls 31 of the cover members 29 thereof, are
      disposed in inwardly or rearwardly spaced relation to the front edge
      portion of the bumper 8, as shown in FIG. 4.
PAR  When it is desired to move the pad units 26 of the side pads 6 and 7 into
      position wherein they project forwardly or outwardly of the bumper 8, they
      may be lifted upwardly to thereby disengage the FIGS. 51 from the
      respective slots 44, 50 moved outwardly into position to dispose the upper
      rod 51 over the slot 45, the intermediate or central rod 51 over the slot
      46, and the lower rod 51 over the front edge portion 48 of the slot 47.
      The pad units 26 may then be lowered so as to dispose the upper,
      intermediate and lower rods 51 in the slots 45-47, respectively, and the
      lower end portions of the pad units 26 may then be swung rearwardly or
      inwardly toward the warehouse 3, around the upper rods 51, to thus dispose
      the intermediate rod 51 in the rear edge portions of the slots 46, and
      dispose the lower most rod 51 in the rear end portions 49 of the slots 47.
      In this position of the pad units 26, the rear end portions 49 of the
      slots 47 act as a latch for preventing the pad units 26 from being moved
      upwardly out of the slots 45-47 by straight vertical movement thereof, the
      portions of the side members 15 and 16 of the mounting brackets 13, which
      define the upper portions of the rear end portions 49 of the slots 47,
      overlying the lower most rods 51 so as to prevent such vertical upward
      movement of the pad units 26. Thus, it will be seen that, if, when the pad
      units 26 are disposed in the aforementioned outer or front position, they
      are engaged by a truck, or the like, upward and downward movement of the
      rear end portion of the truck, such as often occurs during loading and
      unloading of a truck, will be ineffective to disengage the pad units 26
      from their supported position on the mounting brackets 11-13.
PAR  In the aforementioned outer or front position of the pad units 26, the
      front faces thereof, as defined by the front walls 32 of the respective
      cover members 29 thereof, project outwardly or forwardly beyond the front
      face of the bumper 8, as illustrated in FIGS. 1 and 3. In such position,
      it will be seen that the side pads 6 and 7 are disposed in operative
      position for sealingly engaging the rear edge portion of a truck backed
      into loading position relative to the doorway 4 of the warehouse 3,
      against the bumper 8.
PAR  The pad unit 38 of the head pad 5, in the preferred form of of the
      invention shown in the drawings, is fixedly mounted on the mounting
      brackets 21 of the supporting member 19, in forwardly or outwardly
      projecting relation thereto, by suitable means such as, bolts 54 extending
      through the upper and lower legs 23 and 24 of the brackets 21 into
      corresponding upper and lower legs 55 and 56, respectively, of brackets 57
      secured to the rear face of the backing member 40 of the pad unit 38. In
      such position, the pad unit 38 projects outwardly from the supporting
      member 19 and the warehouse wall 2 such a distance that the front or outer
      face thereof, as defined by the front wall of the cover 41 thereof, is
      disposed in uniplanar relation to the front faces of the pad units 26 of
      the side pads 6 and 7, when the latter are disposed in their outer or
      front position as shown in FIGS. 1 and 3. In such position of the pad unit
      38, it projects outwardly or forwardly beyond the front face of the bumper
      8, and is disposed in position wherein the front face of the pad unit 38
      may be sealingly engaged by the top of the rear end of a truck disposed in
      normal operative position relative to the doorway 4, for loading and
      unloading the truck therethrough, the pad unit 38 being held outwardly by
      the brackets 21 against the compressive force exerted by the truck engaged
      therewith.
PAR  As will be appreciated by those skilled in the art, the showing of the pad
      unit 38 being mounted in fixed position on the brackets 21 is merely by
      way of illustration of the preferred form of the present invention, and is
      not by way of limitation, and, if desired, the pad unit 38 may be hingedly
      mounted on the brackets 21 in the manner of the pad unit of the head pad
      shown in our aforementioned patent application, Ser. No. 456,011, without
      departing from the purview of the broader aspects of the present
      invention.
PAR  It will be observed that the loading dock shelter 1 is of the type which
      may be termed "pad-type." That is, it embodies fabric or sheet material
      affording the casing of a pad or pillow, or the like, as distinguished
      from fabric or sheet material affording walls and curtains supported in
      more or less tent-like or drape-type manner.
PAR  Warehouse doorways of the type involved herein, are commonly of substantial
      size, such as, for example, being ten or twelve feet high and eight or
      nine feet wide, in the preferred form of the present invention, the
      loading dock shelter 1 is of such size that it will completely surround
      the top and sides of such a doorway. Bumpers used with warehouse doorways,
      such as, for example, the bumpers 8 shown in FIGS. 1 and 3, commonly
      project outwardly away from the warehouse wall in a substantial distance,
      such as, for example, seventeen inches, or the like. In the preferred form
      of the present invention, when the side pads 6 and 7 of the loading dock
      shelter 1 are disposed in extended position, the head pad 5 and the side
      pads 6 and 7 project outwardly from the warehouse wall a sufficient
      distance so as to afford compression of 2 to 3 inches of the core 28 of
      the side pads 6 and 7 and of the core 39 of the head pad 5 by the rear end
      of a truck backing into engagement with the bumper 8 in operative position
      for loading and unloading the truck through the doorway 4, the cores 28
      and 39 having a normal, uncompressed width and thickness in the nature of
      10 to 12 inches; and, when the pads 26 of the side pads 6 and 7 are
      disposed in retracted position, as shown in FIG. 4, the front faces
      thereof afforded by the front walls 32 of the covers 29, are spaced from
      the rear end of such a truck, disposed in the aforementioned loading and
      unloading position, a distance of not less than 2 inches. Such spacing of
      the side pads 6 and 7 from such a truck, when pads are in retracted
      position, affords ventilation between the truck and the warehouse wall 2.
PAR  Each of the side pads 6 and 7 embodies two side curtains or cover members
      58 and 59 mounted on opposite sides of the respective supporting members 9
      in position to be normally disposed in overlying relation to the outer
      faces of the side members 15 and 16, respectively, of the mounting
      brackets 11-13 thereof, FIG. 9. The cover members 58 and 59 are of such
      length that they extend the full length of the side pads 6 and 7. They may
      be made of any suitable material, such as, for example, a sheet of
      self-supporting material, such as, for example, a translucent sheet of
      material comprising a composition of a resin reinforced with glass fibers,
      readily available on the market, or a sheet of suitable flexible material,
      such as, for example, the aforementioned canvas duck or rubber-impregnated
      nylon fabric from which the covers 29 and 41 of the pad units 26 and 38,
      respectively, are made. In the preferred form of the invention shown in
      the drawings, the cover members 58 and 59 are made from flexible material,
      and are secured at one longitudinal edge portion to the adjacent
      longitudinal edges of the respective backing members 10 by suitable means
      such as nails or screws 60, FIG. 9. Elongated molding clips or retainer
      members 61, made of suitable material, such as, for example, steel or
      aluminum, are mounted on the other longitudinal edge portions of the side
      curtains 58 and 59. Each of the molding clips 61 has a channel 62 formed
      in and extending the full length of one longitudinal edge portion thereof,
      and in the assembled side pads 6 and 7, beads 63, which are formed on the
      longitudinal edge portions of the side curtains 58 and 59 remote from the
      backing members 27 are disposed in the channels 62 to retainingly attach
      the clips 61 thereto, each of the beads 63 having a core 64, made of
      suitable material such as rope, disposed therein so as to afford a snug
      fit between the beads 63 and the channels 62. Each of the clips 61 has a
      leg portion 65 which projects away from the channel 62, for a purpose
      which will be discussed in greater detail presently.
PAR  Each of the legs 15 and 16 of the brackets 11-13 has a substantially
      L-shaped bracket member 66 mounted on the longitudinal free edge portion
      thereof, remote from the base 14, FIG. 8. Each bracket member 66 embodies
      two legs 67 and 68 disposed substantially perpendicularly to each other
      and the free ends of the legs 67 are secured to the inner faces of the
      respective legs 15 and 16 of the brackets 11-13 by suitable means, such
      as, for example, welding in such position that the legs 68 project
      outwardly along the inner faces of the respective legs 15 and 16, in
      inwardly spaced, substantially parallel relation thereto, and terminate at
      their free edges in uniplanar relation to the longitudinal free edges of
      the legs 15 and 16, to thereby afford a slot 69 which opens outwardly or
      forwardly away from the base 14 of the respective one of the brackets
      11-13, FIG. 8. Preferably, the bracket members 66 extend the full vertical
      height to the legs 15 and 16 to thereby afford slots or recesses 69 which
      extend the full vertical heights of the brackets 11-13.
PAR  Although the slots 69 are shown in the drawings as being afforded by
      bracket members secured to the legs 15 and 16, it will be appreciated that
      this is merely by way of illustration and not by way of limitation, and
      that the slots 69 can be otherwise afforded, such as, for example, forming
      the members 66 integrally with the respective legs 15 and 16, without
      departing from the purview of the broader aspects of the present
      invention.
PAR  In the assembled loading dock shelter 1, the side curtains 58 and 59 are
      disposed in overlying relation to the side members 15 and 16 of the
      brackets 11-13, and the channel members 61 extend around the free edge
      portions of the legs 15 and 16, remote from the base members 14, with the
      channels 62 disposed in abutting engagement with the free edges of the
      legs 15 and 16 and with the legs 65 disposed in the slots 69, afforded by
      the legs 15 and 16 and the bracket members 66 disposed thereon, FIG. 9.
      Preferably, the slots 69 are of such width, and the legs 65 of clips 61
      are of such thickness that the legs 65 are received in the slots 69 with a
      relatively snug, frictional fit.
PAR  In assembling the side pads 6 and 7, when the cover members 58 and 59 are
      made from the aforementioned flexible material, the clips 61 thereon may
      first be inserted into the slots 69 in the brackets 11-13, after the
      latter have been mounted on the respective backing members 10, and the
      opposite longitudinal edge portions of the cover members 58 and 59 may
      then be secured to the adjacent outer longitudinal edges of the respective
      backing members 10 by the aforementioned nails or screws 60. With this
      construction, when the pad units 26 of the side pads 6 and 7 are moved
      inwardly and outwardly between the aforementioned extended and retracted
      positions shown in FIGS. 3 and 4, respectively, such movement takes place
      between the legs 68 of the brackets 66 disposed on opposite sides of the
      bracket members 11-13 so that the clips 61 are protected against any
      substantial frictional engagement by the pad units 26 during such movement
      of the latter, thereby insuring that the clips 61 will not be dislodged
      from their latching engagement with the legs 15 and 16 of the mounting
      brackets 11-13.
PAR  Also, when the cover members 58 and 59 are formed from the aforementioned
      self-supporting material, the securing of the rear edge portions thereof
      to the adjacent side edges of the backing members 10, by such means as the
      aforementioned nails or screws 60, may be dispensed with, the engagement
      of the clips 61 around the free edges of the side legs 15 and 16 and in
      the slots 69 being sufficient to support the relatively stiff,
      self-supporting cover members 58 and 59 in the desired overlying relation
      to the outer faces of the legs 15 and 16 of the mounting brackets 11-13.
      When such self-supporting material is used for the cover members 58 and
      59, beads, such as the beads 63 may be formed, if desired on the
      longitudinal edges thereof remote from the backing members 10, and the
      clips 61, under such circumstances, may be mounted on the self-supporting
      cover members 58 and 59 in the same manner as heretofore described with
      respect to the cover members, when the latter are made from flexible sheet
      material. However, if desired, the clips 61 may be secured to the cover
      members 58 and 59, made of such self-supporting material, by other
      suitable means, such as, for example, securing the clips thereto by screws
      or rivits.
PAR  In the assembled loading dock shelter 1, cover members in the form of
      elongated sheets or panels 70 and 71, which extend the full length of the
      head pad 5, are mounted on the head pad 5 in covering relation to the
      outer faces of the legs 23 and 24 of the brackets 21, FIG. 10. The cover
      members 70 and 71 may be made of any suitable material such as, for
      example, the aforementioned canvas duck or rubber-impregnated nylon
      fabric, and may be secured to the head pad 5 by suitable means such as
      screws or nails 72 attaching the cover members 70 and 71 to the backing
      members 20 and 40, FIG. 10.
PAR  From the foregoing it will be seen that the present invention affords a
      novel loading dock shelter of the pad type, which embodies a novel side
      pad construction.
PAR  Also, it will be seen that the present invention affords a novel loading
      dock shelter of the pad type wherein cover members for the supports for
      the side pads may be constituted and arranged in a novel and expeditious
      manner.
PAR  Also, it will be seen that the present invention affords a novel loading
      dock shelter of the pad type which is practical and efficient in
      operation, and which may be readily and economically produced
      commercially.
PAR  Thus, while we have illustrated and described the preferred embodiment of
      our invention, it is to be understood that this is capable of variation
      and modification, and we therefore do not wish to be limited to the
      precise details set forth, but desire to avail ourselves of such changes
      and alterations as fall within the purview of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A loading dock shelter comprising
PA1  a. a head pad for extending along the top of a doorway in a warehouse wall,
PA1  b. two side pads for extending along the sides of such a doorway,
PA1  c. means for supporting said side pads on such a wall,
PA1  d. said means comprising bracket means
PA2  1. for projecting outwardly from said wall, and
PA2  2. having outer edge portions on the side thereof remote from said wall,
      when said bracket means is disposed in operative position on said wall,
PA1  e. said outer edge portions having recesses therein opening outwardly away
      from said wall when said bracket means is disposed in said operative
      position, and
PA1  f. cover means for covering said bracket means and having
PA2  1. inner edge portions adapted to be disposed adjacent to said wall, and
PA2  2. other edge portions, remote from said inner edge portions and adapted to
      be mounted in said recesses for securing said cover means to said bracket
      means.
NUM  2.
PAR  2. A loading dock shelter as defined in claim 1, and in which
PA1  a. said other edge portions are adapted to be releasably mounted in said
      recesses.
NUM  3.
PAR  3. A loading dock shelter as defined in claim 1, and in which
PA1  a. said bracket means includes outer faces,
PA1  b. said recesses are disposed adjacent to edge portions of respective ones
      of said outer faces in substantially parallel relation thereto, and
PA1  c. said cover means is disposed in overlying juxtaposition to said outer
      faces when said cover means is disposed in covering relation to said
      bracket means.
NUM  4.
PAR  4. In a loading dock shelter of the type embodying pad means for extending
      across the top and along the side of a doorway in a warehouse wall,
PA1  a. an elongated side pad for extending along one side of such a doorway,
PA1  b. means adapted to be mounted on such a wall for operatively supporting
      said side pad along said one side of said doorway therein,
PA1  c. said means having
PA2  1. an outer face disposed in position to project outwardly from such a wall
      when said means is so mounted on said wall and having
PA3  a. an edge portion adapted to be disposed adjacent to said wall when said
      means is so mounted on the latter, and
PA3  b. another edge portion remote from said first mentioned edge portion, and
PA2  2. a recess
PA3  a. in an edge portion thereof, and
PA3  b. disposed adjacent to said other edge portion, and
PA1  d. means adapted to be mounted on said first mentioned means in covering
      relation to said outer face, and
PA1  e. said second mentioned means having an edge portion adapted to be
      releasably engaged in said recess for releasably securing said second
      mentioned means to said first mentioned means.
NUM  5.
PAR  5. The combination defined in claim 4, and in which
PA1  a. said recess
PA2  1. is disposed in substantially parallel relation to said face, and
PA2  2. opens outwardly in a direction facing away from said wall when said
      first mentioned means is so mounted on said wall, and
PA1  b. said edge portion of said second mentioned means is bent around said
      first mentioned edge portion of said outer face when said edge portion of
      said second mentioned means is so engaged in said recess.
NUM  6.
PAR  6. In a loading dock shelter of the type embodying pad means adapted to be
      disposed adjacent to a doorway in a warehouse wall,
PA1  a. an elongated side pad for extending along one vertical side of such a
      doorway,
PA1  b. supporting means adapted to be mounted on such a wall for supporting
      said side pad in such position along said doorway therein,
PA1  c. said supporting means comprising a plurality of substantially U-shaped
      brackets, each having
PA2  1. a base portion, and
PAR  2. two legs projecting
PA3  a. outwardly from opposite sides of said base portion,
PA3  b. in substantially parallel relation to each other,
PA1  d. said supporting means including means for securing said brackets to such
      a wall
PA2  1. in spaced relation to each other along said side of said doorway
      therein, and
PA2  2. with
PA3  a. said base portions disposed in substantially parallel relation to said
      wall, and
PA3  b. said legs on respective sides of said base portions projecting outwardly
      from said wall in substantially uniplanar relation to each other,
PA1  e. one leg on certain of said brackets having a recess
PA2  1. in the edge portion thereof remote from said base of the respective ones
      of said brackets,
PA2  2. extending the full length of said last mentioned edge portion, and
PA2  3. opening outwardly away from said last mentioned base,
PA1  f. an elongated cover member, and
PA1  g. means on one longitudinal edge of said cover member for engagement in
      said recesses in said certain brackets for supporting said cover member in
      overlying covering relation to the faces of said one legs of all of said
      brackets remote from the other legs thereof.
NUM  7.
PAR  7. The combination defined in claim 6, and in which
PA1  a. said one leg of said certain brackets comprises
PA2  1. a panel member, and
PA2  2. a portion on the face of said panel member, facing toward the other leg
      of each respective certain bracket, projecting toward said other leg of
      said respective certain bracket, and
PA1  b. said panel member and said portion of each of said last mentioned one
      legs define opposite sides of said recess therein.
NUM  8.
PAR  8. The combination defined in claim 6, and in which
PA1  a. said cover member comprises an elongated sheet of self-supporting
      material.
NUM  9.
PAR  9. The combination defined in claim 6, and in which
PA1  a. said supporting means includes a backing plate,
PA1  b. said brackets are mounted on said backing plate,
PA1  c. said cover member comprises an elongated sheet of flexible material, and
PA1  d. the longitudinal edge of said cover member remote from said one
      longitudinal edge thereof is secured to said backing plate.
NUM  10.
PAR  10. The combination defined in claim 6, and in which
PA1  a. said means on one longitudinal edge of said cover member
PA2  1. is substantially U-shaped,
PA2  2. has one leg secured to said one longitudinal edge of said cover member
      in outwardly disposed relation to said faces of said one legs of said
      brackets, and
PA2  3. has the other leg disposed in said recesses.
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ABST
PAL  A method of forming an anchor member for use in a concrete prestressing
      anchorage is disclosed. The method includes the provision of plate means
      formed with a bore therethrough, positioning of a tubular conduit means in
      the bore, and urging of the conduit against the side walls of the bore to
      radially deform the conduit and bore into a tapered bore suitable for
      mounting of tendon gripping wedges therein. The urging step not only forms
      the taper in the bore, but also effects securement of the conduit to the
      plate. The conduit may be positioned to extend from either or both of the
      front or rear sides of the plate to provide or enable securement of
      auxiliary structures to the anchor member, e.g., means for mounting of the
      anchor member to a form board. The method employing the conduit may be
      used to effect securement of a plurality of plate-like elements together
      to form a unitized anchor plate. Anchor members including tubular conduit
      means press-fit into the tapered bore are also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of cables, bars, strands and other types of tendons to effect
      prestressing of concrete members is a common practice in the construction
      industry today. More particularly, post-tensioning of concrete slabs,
      walls and beams by means of such tendons has gained wide acceptance. Such
      post-tensioning commonly employs at least one and usually two tendon
      gripping anchorages formed to secure the reinforcing tendon and hold the
      same under extremely high axial loads.
PAR  Numerous types of concrete prestressing anchorages have been evolved with
      each having certain advantages, depending upon the application to which
      they are put. One type of anchorage which has gained particularly
      widespread use is the cast-in-place anchorage which is normally employed
      to secure a single reinforcing tendon. These cast-in-place tendons are
      commonly used in the construction of floor slabs and tilt-up walls, and
      usually a substantial quantity of tendon anchorages is required in the
      construction a building. Accordingly, a primary consideration in the
      selection of cast-in-place anchorages is the cost of the anchorage and the
      cost of its installation. Many of the cast-in-place single strand
      anchorages employed today are sold at a price of about $1.25 to $1.75, and
      a price difference of $0.10 can be determinative of which anchorage will
      be used.
PAR  As a result of this very competitive pricing, many of the most economical
      concrete prestressing anchorages are formed by casting, which eliminates
      the cost involved in more expensive fabricating processes, such as
      machining, notwithstanding the inherent loss in reliability and
      reproducibility which a casting process produces. Similarly, the cost in
      terms of apparatus for mounting the anchorage, usually in a recessed
      position to the form board, should be minimal. Accordingly, these
      anchorages have employed nails and simple plastic re-usable pipes together
      with rubber or wooden block-out members to effect mounting while keeping
      costs down.
PAR  Some typical examples of single strand concrete prestressing anchorages
      which have been employed for securement of reinforcing tendons are set
      forth in the following U.S. Pats: 3,293,811; 3,399,434; 3,408,783;
      3,605,361; 3,676,031 and 3,685,934. While the anchorage and method of the
      present invention are particularly well suited for construction of a
      cast-in-place type of anchorage as set forth in the above-referenced
      patents, because of the inherent low cost, it will be understood that the
      concrete anchorage of the present invention may have numerous other
      applications, including multiple strand anchorages, non-recessed
      installations, etc.
PAR  Accordingly, it is an object of the present invention to provide a method
      for forming an anchor member for use in a concrete prestressing anchorage
      which may be used to produce a very low cost anchorage having the high
      strength and reliability of machined anchorages.
PAR  It is another object of the present invention to provide a method for
      forming an anchor member for use in concrete prestressing anchorages which
      provides greater flexibility in the construction of the anchor member to
      accommodate a wider variety of installation conditions.
PAR  It is still a further object of the present invention to provide a method
      for forming an anchor member for use in a concrete prestressing anchorage
      which can be employed to provide the necessary structure for a variety of
      different anchorage mounting techniques.
PAR  Another object of the present invention is to provide an anchor member
      which is relatively inexpensive to construct and yet has high strength and
      reliability.
DRWD
PAR  The present invention has other objects and features of advantage which
      will become apparent from and are set forth in more detail in the
      following description of the preferred embodiments and the accompanying
      drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary, top view, in cross-section, of a concrete
      prestressing anchorage before casting in the concrete member and showing
      an anchor member constructed in accordance with the present invention.
PAR  FIG. 2 is a fragmentary, top view, in cross-section, of the anchorage of
      FIG. 1 after casting of the concrete member.
PAR  FIG. 3 is a front elevational view of the anchor member taken substantially
      along the plane of line 3 -- 3 in FIG. 1.
PAR  FIG. 4 is a side elevational view, in cross-section, schematically
      illustrating the method of the present invention.
PAR  FIG. 5 is a top view, in cross-section, of an alternative embodiment of an
      anchor member constructed in accordance with the present invention.
PAR  FIG. 6 is a top view, in cross-section, of still a further alternative
      embodiment of the anchor member of the present invention prior to
      formation of the tapered wedge receiving bore.
PAR  FIG. 7 is a top view, in cross-section, of the anchor member of FIG. 6
      after formation of the tapered bore and with fasteners mounted thereto.
PAR  FIG. 8 is a front elevational view of the anchor member of FIG. 7.
PAR  FIG. 9 is a top view, in cross-section, of a further alternative embodiment
      of an anchor member constructed in accordance with the present invention.
PAR  FIG. 10 is a top view, in cross-section, of still a further alternative
      embodiment of an anchor member constructed in accordance with the present
      invention prior to formation of the tapered wedge receiving bore.
PAR  FIG. 11 is a top view, in cross-section, of the anchor member of FIG. 10
      after formation of the wedge receiving bore.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 through 4, the method of forming an anchor member
      of the present invention and the resulting anchor member can be described
      in detail. Anchor member 21 is composed of plate means 22 formed with a
      convergently tapered bore 23, which extends from a front side 24 of the
      plate means to a rear side 26. As used herein, the expression "front side"
      of the plate or plate means shall mean the side having the large diameter
      end of bore 23 formed proximate thereto, and the expression "rear side"
      shall mean the side of the plate having the small diameter end of bore 23
      proximate thereto. Front side 24 of plate means 22 normally faces in the
      direction of form board 27 while rear side 26 normally faces toward the
      interior of concrete member 28.
PAR  The anchor member further includes convergently tapered tubular conduit
      means 29 mounted in bore 23 in mating relation therewith. The conduit
      means is secured in bore 23 against withdrawal from the large diameter end
      of the bore by interengaging shoulders 31 and 32 formed in the conduit and
      plate. In the form of the anchor member shown in FIGS. 1 and 2, conduit 29
      extends outwardly of plate 22 from rear side 26 of the plate, and shoulder
      32 is provided by the portion of plate 22 defining the opening of bore 23
      at the rear side of the plate. Shoulder 31 is provided on conduit 29 by an
      annular ridge or step of greater diameter than the opening of bore 23 at
      the rear side of the plate. The manner of providing these interfitting
      shoulders, and particularly shoulder 31, will be described in more detail
      hereinafter. Thus, interengaging shoulders 31 and 32 prevent withdrawal of
      the conduit from the large diameter end of plate 22, and the taper of the
      bore and conduit prevents removal of the conduit from the small diameter
      end of the bore.
PAR  As shown in FIG. 1, the concrete prestressing anchorage has been mounted to
      form board 27 by means of fasteners 33 which extend through channels or
      bores 34 in plate 22. The fasteners in this case are conventional nails
      which may be driven into the form board. In order to recess the anchorage
      from the outside surface of concrete member 28, a rubber or wooden
      block-out member 36 is interposed between the form board and anchor plate.
      The form board and block-out member are formed with bores or channels 37
      and 38, respectively, which are aligned with bore 23 in the anchor member
      and conduit 29 for passage of tendons 39 therethrough. The anchorage is
      shown in FIG. 1, therefore, in a condition suitable for pouring of
      concrete with tendon 39 in a relaxed or unstressed condition. The inner
      end of tendon 39 is normally covered by a plastic or paper covering 41 so
      that the tendon is not bound into the concrete and can be axially
      displaced to effect tensioning.
PAR  In order to prevent entry of concrete into the anchorage during casting a
      sealing means 42 in the form of a collar or grommet may be mounted on the
      end 43 of conduit means 29. Thus, the conduit means advantageously
      provides a structure which may be conveniently used to seal concrete from
      entry into the anchorage on the rear side of plate 22. Additionally, it is
      preferable for the conduit means 29 to extend from front side 24, as for
      example is provided by conduit portion 44. Conduit portion 44 cooperates
      with annular recess 46 in block-out member 36 to help seal against entry
      of concrete into the anchorage from the front side thereof. Additionally,
      a second annular recess 47 may be provided to ensure flexing of the
      block-out member in conformity to local surface irregularities in the
      front surface 24 of anchor plate 22.
PAR  With the anchor member installed as shown in FIG. 1, the concrete may be
      poured and the anchorage cast into the concrete member. Once the concrete
      is firm, form board 27 may be stripped from the concrete member and
      block-out member 36 may be removed to leave a frusto-conical cavity 48,
      which may be seen in FIG. 2, allowing access to the tapered bore of the
      anchor member. Tendon gripping wedges 49 may be inserted into conduit 29
      and bear upon tapered inner surface 51 of the conduit, which surface
      cooperates in inducing convergent movement of the wedges to cause gripping
      of tendon 39. Tendon 39 is then axially distended or displaced to achieve
      the desired prestressing force by conventional jacking apparatus. The
      tendon gripping wedges will take up the axial load on the tendon and
      transfer the same to anchor plate 22 in a conventional fashion. After the
      tendon has been tensioned, the end sticking out beyond cavity 48 may be
      cut off, as can the ends of fasteners 33. In the usual installation,
      cavity 48 is then filled with grout (not shown) to provide a smooth
      surface on the edge of the concrete member. If desired, nails 33 can be
      bent inwardly toward cavity 48 before grouting to break away part of the
      thin concrete section and allow them to be cut off at a position
      interiorly of the outside surface of the concrete member.
PAR  The method of forming the anchor member of the present invention can best
      be understood by reference to FIG. 4, which illustrates the assembled
      components of the anchor member just prior to formation of the same. Plate
      means 22 is formed with central bore 23 therethrough, which bore has
      substantially parallel side walls. It is preferred that bore 23 be a
      cylindrical bore, although it may taper slightly in either direction, be
      polygonal in cross-section, or be somewhat irregular without effecting the
      method of the present invention. Most usually, it is preferred to form
      bore 23 by means of a punching operation since this can be accomplished
      rapidly and at a relatively modest cost. It is also possible, however, to
      drill or machine bore 23, depending upon the thickness of plate 22 and the
      material employed.
PAR  Tubular conduit 29 is positioned in bore 23, it being preferable that the
      bore 23 and the outside surface of conduit 29 be relatively dry and free
      of greases, dirt and the like. Bore 23 and conduit 29 are further
      preferably relatively dimensioned for sliding contact of the conduit with
      respect to the bore. The bore, however, can initially be substantially
      larger than the conduit and the fit therebetween relatively loose, as long
      as the bore is not so large that the conduit cannot be secured by or is
      destroyed by the radial deformation step.
PAR  In order to prevent relative axial displacement of the conduit and plate,
      end 43 of conduit 29 may rest on a supporting surface 52, while plate
      means 22 is held at the desired position with respect to conduit 29 by
      support chair 53.
PAR  The conduit 29 may now be urged against the side walls of bore 23 until the
      conduit and side walls are radially deformed into the tapered bore shown
      in FIGS. 1 and 2 and in phantom in FIG. 4. The urging step is preferably
      accomplished by cold forming through the use of a tapered mandrell 54
      having a lubricated outer surface that is thrust downwardly into conduit
      29 as indicated by arrow 56. The shape of mandrell 54 will determine the
      pitch of the tapered bore, which is preferably in the range of about
      7.degree. to 10.degree..
PAR  As mandrell 54 proceeds downwardly into conduit 53, the upper end 44 of the
      conduit is immediately outwardly deformed and transfers the lateral force
      to the plate adjacent the front side 24 thereof. The high radial force of
      the conduit against the plate causes the axial load on the conduit to be
      taken up or supported in large part by the frictional forces between the
      conduit and the plate bore 23 so that buckling of the conduit or pipe 29
      between supporting surface 43 and mandrell 54 does not occur. Thus, chair
      53 may be formed with an axial bore 57 which is larger than the conduit
      and provides a space therebetween. Chair 53 is, therefore, not required to
      support the conduit against buckling.
PAR  In order to accommodate outward displacement of the conduit at the small
      diameter end of the bore, a relieved section 58 in chair 53 is provided.
      The relieved section 58 of the bore of the chair preferably has a diameter
      only slightly greater than the eventual diameter of the conduit at rear
      side 26 of the plate, since the annular portion 59 of the chair defining
      relieved section 58 provides support for the plate against the tendency to
      roll or displace the plate downwardly.
PAR  Radial deformation of the conduit which is unsupported by the side walls of
      bore 23 results in greater lateral displacement than occurs in the areas
      engaged and supported by plate 22. In the form of the anchor member shown
      in FIGS. 1, 2 and 4, conduit 29 extends beyond both the front and rear
      surfaces of the plate means. Thus, the conduit is displaced outwardly to
      provide shoulder 31 at the small diameter end, which shoulder prevents
      withdrawal of the conduit from bore 23. A similar oppositely facing
      shoulder is formed at conduit portion 44, although this shoulder is not
      required to prevent withdrawal of the conduit from the plate. In order to
      assure the formation of a shoulder of adequate height for retention of the
      conduit in the plate bore, it is generally preferable that the conduit be
      formed of a material which has a lower yield strength than that of the
      plate.
PAR  It is possible to practice the method of the present invention and form the
      anchorage of the present invention by employing a bore 23 and conduit 29
      which are initially dimensioned to be smaller than the tendon to be
      received through the bore. The urging step can be employed to increase the
      bore and conduit to a size which will accept the tendon. It is preferred,
      however, that the conduit and bore initially be dimensioned for receipt of
      the tendon since this allows the conduit to extend a substantial distance
      beyond the section of the conduit which is deformed to provide a structure
      to which sealing element 42 can be mounted.
PAR  As best may be seen in FIG. 2, tendon gripping wedges 49 have a length
      greater than the thickness of plate means 22, and conduit 29 includes a
      tapered section extending beyond the rear side of the plate means so as to
      mate with that portion of the wedges which extend beyond side 26 of the
      plate means. It is advantageous to minimize the thickness of plate means
      22 so that the cost of the plate and formation of bore 23 is minimized,
      and wedges 49 can readily be cantilevered from the front and rear sides of
      the plate for a short distance without decreasing reliability. In fact,
      cantilevered support of the front end of the wedges will reduce the
      tendency of the wedges to bite-off or damage the tendon along the small
      diameter end of the wedges.
PAR  It should be noted that it is quite feasible to secure conduit 29 in bore
      23 without having the conduit extend beyond the rear side 26 or the small
      diameter end of the bore. Conduit 29 may, for example, be formed of a
      material which is harder than plate 22. The conduit can further be formed
      with a ridge or protrusion at a position along the length of the conduit
      which will be positioned in the bore of the plate. Upon urging of the
      conduit radially, the protrusion will deform the plate and produce a
      mating recess. Thus, the protrusion and recess in the bore will provide
      interlocking shoulders which will prevent withdrawal of the conduit from
      the large diameter end of the bore. Similarly, a ring formed of a material
      which is harder than both the conduit and plate can be placed in the bore
      prior to cold forming. The conduit can be placed inside the ring, and the
      entire assembly may be radially deformed so that the ring deforms both the
      conduit and the plate to lock the assembly together. In both these
      approaches it would not be necessary, although it would be possible, for
      the conduit to extend beyond the rear side of the plate.
PAR  The method and anchorage of the present invention can further be
      advantageously employed to effect securement of auxiliary structural
      members, such as anchorage mounting means, to the anchor member. Referring
      to FIG. 5, tendon anchor 61 can be seen to be comprised of plate means 62,
      conduit 63, and auxiliary structural member 64, in this case plate 64
      provides anchorage mounting means. Anchor member 21 of FIGS. 1 through 4
      was formed with openings 34 through plate 22. The formation of such
      openings through a relatively thick anchor plate can be undesirably
      expensive. In the anchorage of FIG. 5, the thick anchor plate 62 is formed
      with a central bore 68, but the mounting of the anchor member to a form
      board is accomplished by positioning fastener 67 through openings or
      channels 66 in the thin auxiliary member 64. Openings 66 as well as the
      central opening 69 in plate 64 can readily be formed by punching, a
      process much less expensive than machining. When fastener-receiving
      channels 66 are to be employed in the plate-like member 64, the member
      must extend laterally beyond edge 71 of the plate means so that the
      fastener may extend past the plate means to the form board.
PAR  The formation of anchor member 61 is substantially as above-described in
      connection with anchor member 21. Bore 68 is initially substantially
      cylindrical, as is conduit 63 and opening 69 in plate 64. Conduit 63 is
      assembled in bore 68 and auxiliary structural member 64 is mounted on the
      conduit proximate the rear side 72 of the plate. A chair (not shown) is
      used to support plate 62 and mounting member 64 while end 73 of the
      conduit is supported on a supporting surface. A lubricated tapered
      mandrell is then inserted into conduit 63 and urged downwardly until the
      tapered bore is formed. The urging step includes an outward radial urging
      of the conduit at a portion thereof beyond plate 64 so that a shoulder 74
      is formed which locks the assembly together and prevents withdrawal of the
      conduit from bore 68. As used herein, therefore, the shoulder formed in
      the "plate means" of the anchorage shall include a shoulder as provided by
      mounting plate 64 immediately adjacent the plate means.
PAR  FIGS. 6, 7 and 8 illustrate an anchorage formed by the method of the
      present invention in which auxiliary members are secured to the anchor
      plate assembly on the front side thereof. In FIG. 6 anchor plate 76 having
      cylindrical bore 77 is shown with conduit 78 extending therethrough.
      Mounted on front side 79 of the anchor plate are two washers 81 and 82.
      Washers 81 and 82 have aligned openings 83 and 84, which can be seen to be
      substantially larger than the outside diameter of conduit or pipe 78.
PAR  The assembly of FIG. 6 can be cold formed by pressing a tapered mandrell
      into conduit 78 to produce tapered section 86. The cold pressing step
      forms shoulder 87, which engages the rear side of plate 76 to lock the
      conduit against withdrawal, and further forms annular shoulder 88, which
      locks washer members 81 and 82 against the front side 79 of the plate. The
      advantage of providing washers with openings 83 and 84 of a substantially
      larger diameter than the initial diameter of conduit 78 is that the stress
      on the washers is minimized. The radial expansion at the large diameter
      end of the conduit is substantial, but washers 81 and 82 are not radially
      deformed until the conduit is expanded out to diameters 83 and 84.
PAR  The auxiliary washers 81 and 82 are employed to provide mounting means for
      the anchor member. Thus, fastener-receiving sockets are formed by a
      combination of U-shaped slot or opening 89 in washer 82, and the U-shaped
      slot 91 in washer 81. Slot 89 is dimensioned for sliding receipt of the
      shank of a nail 92, while slot 91 is dimensioned for sliding receipt of
      the head of nail 92. The front surface 79 of the plate provides a backing
      which completes the fastener receiving socket. An anchor member formed
      with this type of mounting means may be mounted to the form board by
      inserting nails 92 into the sockets and driving the nails into the form
      board with the block-out member and tendon in place by hammering on the
      rear side 93 of the anchor plate in the area behind the two sockets.
PAR  The method of the present invention can also be employed to form a unitized
      assembly from a plurality of separate washer elements to yield an anchor
      member having substantially the same strength as solid plate. Thus, as may
      be seen in FIG. 9, conduit 95 has been positioned through the central
      openings 96 of a plurality of separate washer elements 97. Upon radial
      deformation of the conduit to form tapered bore 98, oppositely facing
      annular shoulders 99 and 101 are formed and engage the frontmost and
      rearmost washers 97 to hold the assembly against relative axial
      displacement or separation.
PAR  Thus, positioning the conduit so that it extends through each opening of
      the washer elements 97 allows the formation of the washer elements with
      the method of the present invention into an anchor plate of substantial
      strength. This is most important since it allows the anchor plate to be
      formed of relatively thin washers which can be readily punched, and the
      washers can often be formed from what would otherwise be scrap material.
PAR  Additionally, the washers can be assembled to have various profiles as, for
      example, is provided by the gradiated peripheries to provide steps in the
      anchor member of FIG. 9. Still further, the diameters of the central
      openings of the washers can be selected so that they increase from the
      small diameter end of the tapered bore to the larger diameter end so that
      the stress on each washer is approximately equal. The diameters of the
      central openings 96 of the washers should be less than the outside
      diameter of the conduit after the urging or radial deformation step. It is
      possible, however, that only the frontmost and rearmost washers have a
      diameter less than the outside diameter of the conduit because the
      intermediate washers are locked in place, but it is preferable that the
      intermediate washers support the tapered bore over the length of the
      anchor member.
PAR  The anchor member of the present invention can also be formed with the
      conduit means inserted into the plate means a distance less than the
      length of the bore, as best may be seen in FIGS. 10 and 11. Plate means
      106 is formed with a cylindrical bore 107 having threads 108 formed in
      what will be the same diameter end of bore 107. Mounted to extend into
      bore 107 a distance less than the length of the bore is conduit 109.
      Conduit 109 is formed with threads 111 which are adapted for mating
      threaded engagement with threads 108 in the bore of the anchor plate.
      Mating threads 108 and 111 provide means for securement of the conduit
      against displacement of the bore during the forming step, and it will be
      understood that a mating groove and recess, as for example may be provided
      by a bayonet connection, can also be employed to retain the conduit in
      bore 107. As will be seen in FIG. 10, the interior diameter 112 of conduit
      or pipe 109 presents a step or discontinuity at the end of the pipe that
      is located in bore 107. During the formation of the anchorage, however,
      the inner surface 112 of conduit 109 is radially displaced to provide a
      relatively smooth juncture or interface 113 between the conduit and bore
      107, as best may be seen in FIG. 11. Thus, the discontinuity between the
      bore and the end of the conduit is eliminated and a substantially
      continuous tapered bore surface results.
PAR  In this anchorage, there is no need for a shoulder on the rear side 114 of
      plate 106 since shoulder 116 will prevent ejection of the conduit from the
      large diameter end of the bore. Annular corner 117 at the small diameter
      end of the bore resists pulling of the conduit out from the small diameter
      end, together with the interfitting, although deformed, threads 108 and
      111.
PAR  The materials employed in the method of the present invention and for
      formation of the anchor of the present invention can vary in accordance
      with the loads which the anchorage must secure. Some typical values for
      the securement of 1/2 inch nominal diameter strand or cable would include
      a 3 .times. 31/2 inch C1040 steel plate having a thickness of
      approximately 3/4 inch and a yield strength of about 50,000 to 60,000
      p.s.i. The conduit may be provided by a malleable steel pipe, preferably
      seamless tubing, such as a water pipe. The conduit before the deforming
      step has an outside diameter of about 0.850 inches and an inside diameter
      of about 0.60 inches. The diameter of the bore in the plate before forming
      is about 0.90 inches. The conduit may have an overall length of about 21/2
      inches and extends outwardly of the bore on the front side of the plate
      approximately 1/8 to 3/16 of an inch. During the forming step, the tapered
      bore is preferably formed to between 7.degree. and 10.degree. pitch,
      although greater or lesser tapers can be provided if desired. The wedges
      which are placed in the bore may have a length of about 13/8 to 15/8
      inches so that they are cantilevered approximately 1/4 inch from both the
      front and rear sides of the plate.
PAR  In another suitable form for anchoring a one-half inch strand, a 1-inch
      thick A36 steel anchor plate having a yield strength in the range of
      36,000 to 46,000 p.s.i. is employed. The conduit again can be formed from
      malleable seamless water pipe which has a yield strength of about 20,000
      to 40,000 p.s.i. When the anchor plate is formed from a plurality of
      washers, the washers can be C1040, A36 or any one of a number of
      conventionally available mild steels.
PAR  The forming mandrell for use in the method of the present invention is
      preferably formed of a high strength, relatively hard tool steel that may
      be chrome-plated, if desired, to reduce sticking. The mandrell has a
      Rockwell C hardness of 60 or more. When forming the anchor member from a
      3/4 inch C1040 steel plate, approximately 50,000-60,000 pounds of axial
      force is required to effect deformation of the tapered bore, and
      approximately the same range of forces is required when the thicker but
      softer one-inch thick A36 plate is employed. The mandrell can be
      lubricated for a cold forming by wiping a lightweight grease or lubricant
      over the surface of the same.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming an anchor member for use in a concrete prestressing
      anchorage comprising:
PA1  a. providing plate means formed with a bore therethrough defined by
      substantially parallel side walls;
PA1  b. positioning tubular conduit means into said bore; and
PA1  c. permanently radially deforming said conduit means and said substantially
      parallel side walls of said plate means beyond the elastic limits thereof
      and during said deforming step further deforming the combination of said
      conduit means and said substantially parallel side walls of said plate
      means from parallel walls to frustoconical tapered walls defining a bore
      dimensioned for receipt of a tendon and tendon gripping wedges therein,
      and effecting securement of said conduit means to said plate means during
      said deforming step.
NUM  2.
PAR  2. A method of forming an anchor member as defined in claim 1 wherein,
PA1  during said positioning step, said conduit means is positioned in said bore
      less than the overall depth of said bore, and said deforming step is
      accomplished to a degree causing the discontinuity between said bore and
      the end of said conduit means to be formed into a substantially continuous
      tapered bore surface.
NUM  3.
PAR  3. A method of forming an anchor member as defined in claim 1 wherein,
PA1  said conduit means is positioned in said bore with a portion of said
      conduit means extending outwardly of said plate means on a front side of
      said plate means; and the step of:
PA1  mounting a member having an opening therein dimensioned to receive said
      conduit means onto said portion of said conduit means proximate said plate
      means on said front side of said plate means prior to said deforming step;
      and
PA1  permanently deforming said portion of said conduit means radially outwardly
      until said member is secured to said conduit means proximate said plate
      means.
NUM  4.
PAR  4. A method of forming an anchor member as defined in claim 1 wherein,
PA1  said plate means is provided by a plurality of separate washer elements
      each having a central opening therethrough, and the steps of:
PA1  positioning each opening in said washer elements in substantial axial
      alignment before said first named positioning step;
PA1  positioning said conduit means to extend into all of the openings in said
      washer elements to ensure engagement of each washer element by said
      conduit means during said deforming step; and
PA1  permanently deforming said conduit means radially outwardly beyond the
      elastic limit thereof while supporting said washer elements and conduit
      means against relative axial displacement, and forming said tapered bore
      and securing each of said washer elements to said conduit means and form a
      unitized assembly during said deforming step.
NUM  5.
PAR  5. A method of forming an anchor member as defined in claim 4 and the step
      of,
PA1  selecting at least one of said washer elements adjacent the end of said
      conduit means to undergo the greatest radial deformation to have an
      opening prior to deformation of greater diameter than the openings of the
      remainder of said washer elements and less than the outside diameter of
      said conduit means after said urging step.
NUM  6.
PAR  6. A method of forming an anchor member as defined in claim 1 and,
PA1  the step of positioning said conduit means in said bore prior to said
      deforming step with a portion of said conduit means extending outwardly of
      said plate means on a rear side of said plate means.
NUM  7.
PAR  7. A method of forming an anchor member as defined in claim 6 wherein,
PA1  said plate means is formed of a thickness less than the length of a tendon
      gripping means to be placed in said anchor member, and said deforming step
      is accomplished to form a tapered bore in said conduit means having a
      tapered section extending beyond said rear side of said plate means.
NUM  8.
PAR  8. A method of forming an anchor member as defined in claim 6 and the steps
      of:
PA1  mounting an auxiliary structural member having an opening therein
      dimensioned to receive said conduit means onto said portion of said
      conduit means proximate said plate means prior to said urging step; and
PA1  said deforming step is accomplished to permanently deform said portion of
      said conduit means beyond the elastic limit thereof radially outwardly
      until said member is secured to said conduit means proximate said plate
      means.
NUM  9.
PAR  9. In an anchor member for use in forming a prestressed concrete anchorage
      including plate means formed with a convergently tapered bore extending
      from a front side of said plate means having the large diameter end of
      said bore formed therein to a rear side of said plate means the
      improvement comprising:
PA1  said plate means being provided by a plurality of independent abutting
      plates each having an opening, the openings in said plates being axially
      aligned and gradually decreasing in size from said front side of said
      plate means to said rear side of said plate means to provide said bore,
      and
PA1  a convergently tapered tubular conduit mounted in said bore in mating
      relation therewith, said conduit being mounted in said bore in
      interference fit with said plates to secure said plates in a unitized
      assembly.
NUM  10.
PAR  10. In an anchor member for use in forming a prestressed concrete anchorage
      including plate means formed with a convergently tapered bore extending
      from a front side of said plate means having the large diameter end of
      said bore formed therein to a rear side of said plate means the
      improvement comprising:
PA1  a convergently tapered tubular conduit mounted in said bore in mating
      relation therewith;
PA1  said conduit includes a portion extending outwardly of said bore beyond at
      least one of said front side and said rear side of said plate means; and
PA1  anchorage mounting means secured to said conduit and formed as a plate-like
      member mounted to said portion of said conduit means by a channel passing
      through said member, said member extending laterally of said conduit to a
      position beyond said plate means and said member being formed with
      fastener securement means adapted for securement of at least one fastener
      to said member outwardly of said plate means for mounting of said anchor
      member to said form board.
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ABST
PAL  A drain plug to seal a drain hole opening in a vehicle body panel, the
      drain plug being generally in the shape of a cross with two crossed arms
      and, in its pre-installed free position, being folded along a longitudinal
      fold line extending through one arm to appear tent-shaped in cross section
      with the extent between the ends of the other arm, which are curved, being
      such that so as to permit entry of these portions of the other arm through
      the drain hole in a vehicle body panel. The drain plug is then clinched
      into assembly with the panel, as by striking the plug in the area of the
      fold line to collapse the tent-shaped portion of the plug flat against the
      panel whereby this arm, with the original fold line therein, engages one
      side of the panel while the ends of the other arm are forced to move
      beyond the extremities of the drain hole to dig into the opposite side of
      the panel.
BSUM
PAR  This invention relates to drain plugs for sealing the drain hole in a
      vehicle body panel and, in particular, to a quarter filler drain plug for
      a vehicle.
PAR  Various parts of a vehicle body are formed by spaced apart body outer
      panels and various body inner panels which are seam welded or pinch welded
      together adjacent to their lower edges. Depending on their location within
      the vehicle, various openings are provided into the spaces or cavities
      between these panels as, for example, for the retraction of a window or to
      provide accessibility to mechanisms used between these panels. Since water
      can enter through these openings, one or more drain holes are provided in
      the lower portions of one of the panels to permit the escape of water.
      These drain holes also serve a function during the construction of the
      vehicle body to permit the drainage of paint or other rust preventing
      coating materials used during the assembly of the vehicle. To permit the
      escape of water from the drain trough formed at the pinch weld area of
      these panels through these openings while limiting or preventing dust or
      other ambient material from entering the space between these panels,
      various sealing plug means have been used to partly close these drain hole
      openings.
PAR  Although a number of these seal drain plugs have been used with
      satisfactory results, all of the prior known drain plugs have either been
      expensive to fabricate and/or expensive to install.
PAR  It is therefore a primary object of this invention to provide an improved
      drain plug, for partially enclosing the drain hole opening in a vehicle
      body, which can be manufactured inexpensively of sheet material and which
      can readily be installed into the drain opening without the use of special
      tools.
PAR  Another object of this invention is to provide a one-piece drain plug for a
      drain hole of a vehicle body which can be readily inserted into the drain
      hole and clinched in place and which will allow drainage from the drain
      hole in any installed position.
PAR  A still further object of this invention is to provide an improved drain
      plug which is adaptable for partially enclosing a drain hole opening of
      any desired configuration.
PAR  These and other objects of the invention are obtained by means of a drain
      plug of cross-shaped configuration with two crossed arms, one arm of which
      is provided with a fold line to permit folding of the plug whereby the
      extent between the other arm is reduced to permit entry of this arm into a
      drain hole opening after which the plug can be clinched into position to
      unfold the first arm whereby this arm engages one side of the panel and,
      whereby the other arm is forced to move into engagement with the other
      side of the panel.
DRWD
PAR  For a better understanding of the invention, as well as other objects and
      further features thereof, reference is had to the following detailed
      description of the invention to be read in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a partial sectional view of the quarter panel of a vehicle body
      provided with a drain plug, in accordance with the invention, to partly
      seal a drain hole opening in the inner panel of this assembly;
PAR  FIG. 2 is a view of the drain plug of FIG. 1 shown in its form during
      installation into the drain hole opening;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a view similar to FIG. 2 but showing the plug in its installed
      position partially closing the drain hole opening;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 4; and,
PAR  FIG. 6 is a perspective view of the drain plug, in accordance with the
      invention, showing the plug in its pre-installed free position.
DETD
PAR  Referring now to the drawings, a vehicle body, generally designated 10,
      includes an outer body, such as a rear quarter panel 12, and an inner body
      or filler panel 14, which together define a well or cavity 16, the upper
      edges of the panels 12 and 14 are spaced apart and therefore water can
      enter and accumulate within the cavity 16. One or more drain hole openings
      18 are provided in the inner panel 14, adjacent to the pinch weld joining
      the lower ends of the panels together, to permit draining of any water
      which may accumulate within the cavity 16 between these panels.
PAR  A drain plug 20, in accordance with the invention, is mounted within the
      opening 18 to permit the water to drain through this opening to the
      exterior of the vehicle body, the drain plug also preventing or limiting
      ambient material, such as mud, or dust, from entering into the well 16
      through the drain opening.
PAR  The drain plug 20, in accordance with the invention, is made of relatively
      thin material suitable for the environment in which it is to be used on a
      motor vehicle. Drain plug 20 formed, for example, as a sheet metal stamped
      blank, is in the configuration of a Greek cross with two sets of arms 22
      and 24 crossing at their midpoints and substantially normal to each other,
      with the length of each arm being substantially greater than the diameter
      of the drain hole 18.
PAR  The drain plug, in its pre-installed free position, that is, in its form
      for insertion into the drain hole 18, the form as seen in FIGS. 2, 3 and
      6, has the arm 22 initially bent along a central longitudinal fold line 26
      to form, in effect, two arm portions 22a and 22b integrally hinged
      together about the fold line 26 and partially folded toward each other on
      one side, the body panel facing side, of the drain plug, the two arm
      portions, as thus folded, appearing tent-like in cross section. The
      portions at the opposite ends of arm 24, adjacent to the longitudinal
      sides of arm 22, are also each bent along fold lines 28 on opposite sides
      and adjacent to the arm 24 in the same direction as the arm portions 22a
      and 22b and in a direction toward each other. The free end portions of the
      opposite ends of arm 24 each terminate in a return bent flange 24a, with
      the return bent flange 24a portion of each end portion of an arm 24
      extending in an opposite direction from the other return bent flange 24a,
      that is, these return bent flanges are outwardly directed away from the
      portion of the arm 24 directly adjacent to the arm 22. These opposite end
      portions of arm 24 may be considered, as will become apparent, as clamp
      arms extending laterally from the arm portions 22a and 22b of arm 22
      whereby a body panel can be clinched between the opposite end portions of
      arm 24 and the arm 22.
PAR  In the above described pre-installed configuration of the drain plug 20,
      the extent between the free ends of the return bent flanges 24a of the arm
      24 is substantially equal to or less than the diameter of the drain hole
      18 to permit insertion of the arm 24 of the drain plug into the drain hole
      18 with very little additional folding of the drain plug or biasing
      together of the return bent flange portions 24a of the arm 24. Thus, in
      its pre-installed configuration, the drain plug 20 is bent into a
      tent-like cross section so that two ends of its oppositely positioned arm
      24 will easily pass through the drain hole and two ends of arm 22 will not
      pass through the drain hole.
PAR  In the assembly of the drain plug to the vehicle body panel in a position
      to substantially close the drain hole opening 18, the end portions of the
      arm 24 are inserted through the drain hole opening 18 so that the drain
      plug is positioned relative to the vehicle body panel 14, as shown in FIG.
      3. To clinch the drain plug into position, it is then necessary to
      collapse the tent-like configuration of the arm 22 to the position of this
      arm, as best seen in FIG. 5, as by striking it with a suitable flat tool,
      such as a hammer, in the area of the fold line 26 in a direction toward
      the inner panel 14, the direction shown by arrow A in FIG. 3. When the
      drain plug is thus struck, the two arm portions 22a and 22b will flatten
      out so that both portions lie substantially flat in a common plane and are
      in engagement with the outer side of inner panel 14 and, at the same time,
      the two portions of arm 24 which were passed through the drain hole are
      now forced to move radially out beyond the extremities of the drain hole
      and dig into the underside of the panel, and the free end portions of the
      return bent flanges thereof dig into the inner side of the inner panel 14.
      By providing the transverse free ends of the return bent flanges 24a with
      a curved configuration, for example, the semi-circular configuration in
      the preferred embodiment shown, the midpoints of these transverse ends of
      the return bent flanges 24a will first engage the inner surface of inner
      panel 14 to move readily dig into this panel, since their contact will be
      substantially point contact with this panel. It is apparent that other
      transverse end shapes may be used to provide point contact in lieu of line
      contact between these edges and the panel.
PAR  In the embodiment of the drain plug 20 shown, as fitted into a circular
      drain opening 18, this drain plug will substantially cover the drain hole
      opening 18, only relatively small portions 18a of the hole being left
      uncovered adjacent to the four intersecting corners of the arms 22 and 24,
      as seen in FIG. 4. By proper sizing of the drain plug 20 relative to the
      hole 18, these open portions 18a of the drain hole will be large enough to
      permit water to drain from the cavity 16 while limiting to within
      acceptable limits the entry of ambient material into the cavity 16. In
      addition, the drain plug 20 will allow water drainage through the drain
      hole 18 in any assembled position of this drain plug into the drain hole
      of the inner panel.
PAR  Although the drain plug 20 has been shown as applied to substantially cover
      a drain hole 18 of circular configuration, it should be realized that by
      properly dimensioning the length and width of the arms 22 and 24, this
      drain plug can be used to substantially seal any suitable shaped drain
      hole opening in a vehicle body panel, such as a square, rectangular or
      oval opening.
PAR  As previously described, the drain plug 20 of the invention can be made of
      any suitable material which can be deformed in the manner described above
      and which is suitable for the environment in which this drain plug is to
      be used, as in a motor vehicle. Thus, the drain plug can be made of
      aluminum, copper or steel, it being realized that the material out of
      which the drain plug is made can be zinc plated, painted or otherwise
      treated, if necessary, to permit the particular body material of the drain
      plug to withstand the environment for a particular application of the
      drain plug.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drain plug for partially closing a drain hole opening in a vehicle
      body panel, said drain plug in the form of a cross of relatively thin
      material includes a first arm and a second arm at right angle to each
      other, the drain plug in its pre-installed form being partly folded along
      a central longitudinal fold line extending across said first arm to divide
      said first arm into an integral first arm portion and a second arm portion
      folded toward each other, the opposite ends of said second arm being bent
      adjacent to said first arm toward each other with their free end portions
      in a return bend in a direction opposite to each other, the extent between
      said free ends of said second arm in the pre-installed free form being
      approximately equal to the diameter of the drain hole opening whereby said
      second arm can be inserted through the drain hole opening, said first arm
      portion and said second arm portion of said first arm being movable about
      said fold line toward an unfolded position whereby the extent between said
      free ends of said second arm is increased to a length substantially
      greater than the diameter of the drain hole opening whereby said first arm
      engages one side of the body panel and the free ends of said second arm
      engage the opposite side of the body panel, the end surface of each of
      said free end portions being of a shape to provide substantially point
      contact between these end surfaces and the body panel.
NUM  2.
PAR  2. A drain plug for partially closing a drain hole opening in a vehicle
      body panel, said drain plug of relatively thin deformable material
      includes a pair of integral arm portions of a length greater than the
      diameter of the drain hole folded toward each other about a common
      longitudinal fold line, each of said arm portions having an integral clamp
      arm portion extending from one side thereof in a direction normal to said
      fold line, said clamp arm portions being folded adjacent to said arm
      portions in a direction toward each other and are provided at their free
      ends with return bent portions extending in opposite directions away from
      each other, the extent between said return bent portions being such as to
      permit entry of said clamp arm portions through the drain hole opening,
      said arm portions being movable about said fold line toward a position in
      which they lie substantially in a common plane to increase the extent
      between said return bent portions whereby said arm portions will engage
      one side of the panel and said return bent portions will engage the
      opposite side of the panel.
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ABST
PAL  Metal support apparatus including a plurality of structurally interrelated
      metal members with each metal member being of a predetermined
      configuration. Also disclosed is a metal (e.g. aluminum) platform tennis
      court including a plurality of such above-mentioned metal support
      apparatus on the deck or playing surface of the court, such metal deck or
      playing surface providing, over the entire area thereof, a more uniform
      deflection in response to the weight or force of a running player than a
      wooden playing surface or deck of a wooden platform tennis court. Such
      metal platform tennis court also including means provided on the screen
      vertical support members for tensioning the screen which, unlike the prior
      art, is not bolted through the deck of the platform tennis court thereby
      permitting the screen tension to be adjusted by one operator residing on
      the deck and also permitting the screen to remain in a tensioned condition
      or fully secured condition during disassembly and transport thus
      precluding screen tangling or fouling.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation of application Ser. No. 352,266, filed
      Apr. 18, 1973, and now abandoned, and which abandoned application was a
      division of application Ser. No. 211,028 filed Dec. 21, 1971, and now U.S.
      Pat. No. 3,745,729.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a metal platform tennis court, to metal support
      apparatus a plurality of which are particularly useful for providing the
      deck of a metal platform tennis court, and to apparatus for supporting
      screen material and for maintaining the screen material in tension and
      which support apparatus is particularly useful with such metal platform
      tennis court.
PAR  2. Description of the Prior Art
PAR  Platform tennis courts are known to the prior art, in particular wooden
      platform tennis courts are common and have been in use for many years. As
      is known in the art, wooden platform tennis courts are susceptible to
      weather and the elements and tend to have an undesirably short life. In
      addition, being made of wood, and since platform tennis is typically
      played in the winter time, such wooden platform tennis courts are
      difficult to heat to enable the removal of snow since wood, as is known,
      is a poor conductor of heat. Further, since the typical platform tennis
      court is 30 by 60 feet, it must typically be built on site due to the
      weight of the component material and hence is not readily manufacturable
      in component parts for transportion to and assembly at a platform tennis
      court site. Further, since, as is known, commercially available wood does
      not typically come in dimensionally accurate configurations, a lack of
      uniformity of construction is commonly found in wooden platform tennis
      courts. Still further, wood, as is known, is more susceptible to taking a
      permanent bend than is metal, e.g., an aluminum alloy, and hence platform
      tennis courts made of wood tend to not be dimensionally stable over a long
      period of life. Further, the deck of the typical wood platform tennis
      court is comprised of 2 by 6 deck members supported by spaced joists which
      are in turn supported by pilings. Such a wooden deck, as is known,
      exhibits a non-uniform deflection at various points thereover in response
      to the load provided to the deck by a running player, more particularly,
      when a load is applied to the deck at a point immediately over that
      portion of a joist supported by a piling, there is no deflection in the
      wooden deck since the force or load is transmitted directly to ground and
      not through any member capable of deflection. Other portions of the wooden
      deck, in particular, those portions of a 2 by 6 deck plank suspended over
      two joists, exhibits maximum deflection and hence a player running across
      such a wooden deck will encounter points of great deflection and points of
      no deflection.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention includes a metal platform tennis court wherein the
      integral component parts are made of a suitable metal, e.g., an aluminum
      alloy, and wherein the metal deck of such platform tennis court exhibits a
      substantially uniform deflection in response to the load applied thereto,
      at various points thereover, by a running or moving player. Further, the
      metal platform tennis court of the present invention is lighter per unit
      volume than a wooden platform tennis court, and, being made of metal, has
      greater heat conductivity thereby enhancing the removal of snow from the
      platform tennis court since such a metal platform tennis court may be
      easily and readily heated, for example, by a space heater residing below
      the platform tennis court deck. Further, being metal, the platform tennis
      court of the present invention is impervious to weather and the elements
      and is more dimensionally stable and does not warp as does a wooden court.
      Also, since it is metal it is more dimensionally stable and hence permits
      the application to the surface thereof of various finishes and paints.
      Still further, since it is made of metal, it may be manufactured at a
      distant location and produced in component parts, modular construction,
      and transported to an assembly site and readily assembled in final form.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a diagrammatic representation of a metal tennis court
      according to the present invention;
PAR  FIG. 2 shows a plurality of support apparatus, or deck panels which may
      provide the deck of the platform tennis court of the present invention;
PAR  FIG. 3 is a schematic showing the structural relationships of the component
      parts of a support apparatus or deck panel of the present invention;
PAR  FIG. 4 is a fragmentary schematic showing in detail the structural
      interrelationships of the components of the support apparatus or deck
      panel according to the present invention;
PAR  FIG. 5 is a schematic showing the screen and apparatus for supporting
      screen material and providing tension to such screen material according to
      the present invention, and
PAR  FIGS. 6 and 7 are alternate embodiments showing various structural
      arrangements in supporting the top of the screen.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a metal platform tennis court 10
      according to the present invention including a deck section 20 and a
      screen and screen support and tensioning apparatus 30; such platform
      tennis court may also include apparatus 40 providing a net and the support
      structure therefor.
PAR  The deck 20 may include a plurality of support apparatus or deck panels 22
      as shown in FIG. 2. Each deck panel 22, as shown in FIGS. 3 and 4, may
      include a pair of oppositely disposed metal channel members 24 spaced
      apart a predetermined distance in the horizontal direction. Each channel
      member includes a plurality of integrally formed and horizontally disposed
      flanges 26 spaced apart vertically and which flanges provide the channel
      members with resistance to bending in the horizontal direction. Such
      support apparatus or deck panel further includes a plurality of vertically
      disposed metal joists 27 spaced apart a predetermined distance in the
      horizontal direction and extending between the channel members 24. The
      joists are fixedly secured to the channel members, for example, such as by
      welding. The support apparatus or deck panels 22 further includes a
      plurality of metal deck members 28 spaced apart a predetermined distance
      in the horizontal direction and which deck members extend a predetermined
      distance in the horizintal direction. As may be best seen in FIG. 4, the
      deck members 28 reside on the joist 27. Each deck member 28 includes a
      horizontal member 29 for receiving a load applied to the support apparatus
      or deck panel (a load applied for example by a player running across the
      deck panel), and such deck member 28 further includes a plurality of
      integrally formed and vertically disposed legs 31 for providing the deck
      member with resistance to bending in the vertical direction; the legs 31
      of the deck members 28 being fixedly secured to the joists, such as for
      example by welding, as shown in FIG. 4.
PAR  The pair of channel members 24 of each deck panel 22 provides the deck
      panel 22 with resistance to bending in the vertical direction; and the
      plurality of joists 27 of each deck panel provide the deck panel with
      resistance to bending in the vertical direction.
PAR  As is shown in FIG. 4, adjacent deck panels 22 (adjacent as shown in FIG.
      2) may be secured together, such as for example, by threaded fasteners 33.
PAR  It will be understood by those skilled in the art that a plurality of
      support apparatus or deck panels 22 may be fabricated at a distant factory
      and transported to a distant platform tennis site and assembled in a
      rectangular configuration as shown in FIG. 2. The joists 27 of the deck
      panels may be supported by I-beams 34 which I-beams in turn may be
      supported by pilings 36 as shown in FIG. 2.
PAR  Secured to the outer rectangular periphery of the assembled deck panels 22
      is the screen and screen support and tensioning apparatus 30 of FIG. 1. As
      shown in FIG. 1, such screening support and tensioning apparatus includes
      a plurality of vertically disposed metal support members 40 spaced apart
      horizontally a predetermined distance around the rectangular outer
      periphery of the deck panels 22 and arranged rectangularly into four
      sections 42, 44, 46 and 48. Each of said sections includes a plurality of
      the aforementioned vertical metal support members 40 as may best be seen
      in FIG. 5. As shown in FIG. 5, the lower portion of such vertical support
      member 40 is secured to the outer periphery of a deck panel 22 by being,
      for example, bolted to the channel 24 of the deck panel as shown, In
      addition, each section of screen support and tensioning apparatus 42, 44,
      46 and 48 may further include a first metal transverse support member 52
      secured to the upper portion of the vertical support members 40, such as
      for example, by welding. Further included in a second metal transverse
      member 54 displaced downwardly from the first transverse member 52 a
      predetermined vertical distance and positioned at a second predetermined
      vertical position as shown in FIG. 5. The second transverse member 54 is
      structurally independent of the vertical support members 40 and movable
      vertically with respect thereto.
PAR  A body of screen material 60 is provided, as is known in the platform
      tennis court art, for providing a rebound surface for the ball used in
      playing platform tennis. The top of the screen material 60 is supported by
      the first transverse member 52, and may for example, be fixedly secured
      directly to the member 52 such as for example by metal stitching. The
      bottom of the screen material 60 is supported by the lower transverse
      member 54 and may be secured thereto, such as for example, by metal
      stitching.
PAR  Provided on the vertical support member 40, displaced downwardly from the
      second transverse member 54 are shock absorber means 70 interconnected
      with the second transverse member 54 and for applying downward force to
      the transverse member 54 to maintain the screen material 60 normal in
      tension and for permitting the transverse member to move upwardly, and the
      screen material to distend outwardly toward the vertical support 40, upon
      the application of a load or force to the screen material applied, for
      example, by a lunging player crashing into the screen material.
PAR  More specifically, the shock absorber 70 includes a housing 72 secured,
      such as for example by welding, to the vertical support member 40 and
      which housing has an aperture 73 provided in the top thereof. The
      transverse member 54 is also provided with one or more apertures in axial
      alignment with the aperture 73 and through which apertures is inserted a
      headed bolt 74 which also extends into the housing 72 and through a coil
      spring 78 residing within the housing 72. The shock absorber further
      includes a threaded fastener 80 engaging the end of the bolt residing in
      the housing and which threaded fastener, upon engaging the bolt comprising
      a spring 78 whereby the spring applies downwardly acting force, indicated
      by arrows 82 to normally maintain the screen 60 in tension, and which
      compression spring is further compressible in response to a load (the
      aforementioned lunging player) applied to the screen to permit the upward
      vertical movement of the transverse member 54, and which spring, being in
      compression, will upon the removal of the load from the screen further
      apply the downwardly acting force 82 to return the transverse member to
      its normal downward vertical position, and to again place the screen
      material 60 in tension.
PAR  Referring again to FIGS. 3 and 4, and in particular to FIG. 4, it will be
      noted that only the lower flanges 26 of the channel members 24 are in
      engagement with the I-beam 34 and that neither the joists 27 nor the deck
      members 28 are in engagement with the I-beam 34. Hence, as may be best
      seen in FIG. 4, the lower flange of the joist 27 is displaced from the
      I-beam 34 and hence if a load (a load applied by a player running across
      the deck member 28), were to apply a load directly over the point at which
      the channel member 24 is supported by the I-beam 34, the player would
      experience at least some deflection of the deck panel since between his
      foot and the I-beam 34 would be the deck member 28, capable of deflection
      in the vertical direction. Further, were such a player to apply a load
      over the vertical alignment of a deck member 28, channel 26 and where such
      channel is supported by an I-beam 34, the player would again experience
      more deflection as the joist 27 would deflect in the vertical direction
      due to the space between the bottom of the joist 27 and the I-beam 34
      provided by the flange 26 of the channel member 24. Hence, a player moving
      or running across the support apparatus or deck panel 22 of the present
      invention, and in particular the assembly thereof shown in FIG. 2, will
      experience a more uniform deflection at any point thereover than he would
      in the above-mentioned wooden platform tennis court deck. Such uniform
      deflection, it will be understood, in addition to the explanation set
      forth above, would be provided by the flexibility of the channels 24, the
      deck members 28 and the joist 27, which members respectively are so
      flexibile alone that they would not support a running player's weight, but
      when structured in accordance with Applicant's present invention will not
      only support such a player but will provide uniform deflection in response
      to his weight.
PAR  Referring now to FIGS. 6 and 7, there are shown alternate embodiments of
      the manner in which the top of the screen 60 is supported by the upper
      transverse member 52. As shown in FIG. 6 the present invention may include
      a third transverse member 90 to which the screen 60 may be secured, such
      as fixedly secured by metal stitching or metal staples 96, and which
      member 90 may be removably secured to the transverse member 52 by threaded
      fasteners 91. Referring to FIG. 7, the third transverse member 92 may be
      removably secured to the transverse member 52 by such members having
      complementary portions 94 which are engageable as shown in FIG. 7 to
      removably secure the member 92 to the transverse member 52. It will be
      understood by those skilled in the art that the above recited expressions
      vertically and horizontally, with regard to the description of the deck
      members 28, joists 27 and channels 24 were merely used for convenience of
      description and merely describe the orientation of such members when used
      as the deck of a platform tennis court.
PAR  It will further be understood by those skilled in the art that many
      modifications and variations may be made in this invention without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Support apparatus for residing on apparatus support members, comprising:
PA1  a pair of oppositely disposed metal channel members spaced a predetermined
      distance apart in the horizontal direction and extending a predetermined
      distance in the horizontal direction, each of said channel members being
      of generally E-shaped crosssectional configuration and including a
      plurality of integrally formed and horizontally disposed flanges aligned
      vertically and spaced apart vertically predetermined distances, said
      flanges providing said channel members with resistance to bending in the
      horizontal direction, the flanges formed on each channel member extending
      towards the flanges formed on the other channel member, the lower two
      flanges on each channel member for receiving the ends of metal joists
      therebetween, and the upper and lower flanges on each channel member
      defining the top and bottom of said channel members;
PA1  a plurality of vertically disposed metal joists spaced apart predetermined
      distances in the horizontal direction and extending between said channel
      members and perpendicular thereto, the ends of said joists being received
      between said lower two flanges formed on said oppositely disposed channel
      members, whereby said joists are supported upwardly of the bottoms of said
      channel members and whereby said bottoms of said channel members define
      the bottom of said support apparatus and whereby upon said support
      apparatus residing on said apparatus support members only said bottoms of
      said channel members engage said apparatus support members and said joists
      are elevated above said apparatus support members, and said joists being
      fixedly secured to said channel members;
PA1  a plurality of metal deck members spaced apart a predetermined distance in
      the horizontal direction and said deck members extending a predetermined
      distance in the horizontal direction and parallel with said channel
      members, said deck members residing on said joists, each of said deck
      members being of generally -shaped cross-sectional configuration and
      including a horizontal member for receiving a load applied vertically
      downwardly to said support apparatus and said horizontal member having a
      plurality of integrally formed and vertically disposed and downwardly
      extending legs for providing said deck member with resistance to bending
      in the vertical direction but allowing some deflection downwardly of said
      deck members upon said load being applied thereto directly over said legs,
      and the bottoms of said legs of said deck members being fixedly secured to
      the tops of said joists, the outer portion of the horizontal members of
      said outer deck members extending over said tops of said channel members
      whereby said load can be applied directly only to said deck members and
      upon said load being applied to said deck members directly over the tops
      of said channel members, said outer portions of said deck members
      providing at least some deflection downwardly;
PA1  said pair of channel members for providing said support apparatus with
      resistance to bending in the vertical direction; and
PA1  said joists for providing said support apparatus with resistance to bending
      in the vertical direction and upon said load being applied to said deck
      members directly over the points at which said legs of said deck members
      engage said joists said joists providing at least some downward deflection
      due to said elevation of said joists above said apparatus support members
      by said bottom flanges of said joists.
NUM  2.
PAR  2. Support apparatus according to claim 1 wherein said recited metal is an
      aluminum alloy.
NUM  3.
PAR  3. Support apparatus according to claim 1 wherein said pair of channel
      members and said joists are perpendicular to each other.
NUM  4.
PAR  4. Support apparatus according to claim 1 wherein said deck members are
      parallel to said channel members and perpendicular to said joists.
NUM  5.
PAR  5. Support apparatus according to claim 1 wherein said joists are fixedly
      secured to said channel members by welding.
NUM  6.
PAR  6. Support apparatus according to claim 1 wherein said deck legs are
      secured to said joists by welding.
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ABST
PAL  An impervious wall structure including at least two panels welded along
      adjoining vertical edges. Stress relief structure is on the panels to
      facilitate welding of the panels without undesirable deformation thereof.
      Finally, support structure is provided to assist in reinforcing the panels
      thereby providing a continuous impervious wall structure adaptable for use
      over large areas.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In certain storage areas, it is important that the wall surfaces be as
      clean as possible. This is particularly true in meat storage rooms,
      pharmaceutical storage rooms and other similar areas such as an operating
      room. Minimizing the chances for bacteria contamination is important. In
      this regard, walls which are smooth and impervious are easy to maintain
      from a cleanliness standpoint.
PAR  Wall surfaces that are roughened or contain apertures formed by cracks or
      seams are difficult to maintain in a bacteria-free environment.
      Contamination tends to accumulate in the roughened surfaces and cracks
      where access is difficult.
PAR  This problem is quite apparent in large cold storage rooms such as meat
      lockers. In general, in the past the walls have been constructed of a
      ceramic tile material with grouting between the ceramic blocks. Grime and
      contamination tends to accumulate in the grouted surface which is
      roughened in nature in contrast to the glazed ceramic surface and
      therefore there is no easy or sure way to clean the grouted seams between
      the blocks. This is also true in regards to the corners formed at the
      floor and ceiling in such a room.
PAR  Other types of wall surfaces which have been employed generally utilize
      some sort of paneling in which the panels are joined at the seams. The
      panels may be of a metallic material or similar rigid surface material.
      Once again, the seams generally form an aperture or space for accumulation
      of contaminating substances. Access to the seams is difficult and cleaning
      is difficult.
PAR  Attempts to produce seamless impervious walls have been fruitless to date.
      Attempts at welding metal panels to form a wall surface have encountered
      dfficulties when the panels are welded due to internal stresses in the
      metal which cause the panels to buckle and deform thereby forming an
      unsatisfactory wall surface. The tendency of materials to deform under
      external stimulus such as welding and other effects on temperature and
      pressure have made it extremely difficult if not impossible to produce a
      smooth impervious wall surface.
PAR  It would certainly be an improvement in construction of rooms such as meat
      storage rooms, operating rooms or pharmaceutical storage rooms to provide
      wall surfaces of a smooth impervious nature to facilitate maintenance and
      alleviate the danger of contamination.
PAC  Summary of the Invention
PAR  With the above background in mind, it is among the primary objectives of
      the present invention to provide an impervious wall structure which can be
      utilized to form a wall surface and alleviate the danger of contamination
      collection on roughened surfaces or apertures. The system is designed for
      ease of insulation and for minimal maintenance in the cleaning process.
PAR  In summary, the impervious wall structure of the present invention includes
      at least two panels welded along adjoining vertical edges. Stress relief
      means are on the panels to facilitate welding of the panels without
      undesirable deformation of the panels. Finally, support means is present
      to assist in reinforcing the panels and thereby providing a continuous
      impervious wall structure adaptable for use over large areas.
PAR  The configuration of the panels along their edges is such that female and
      male interengaging surfaces are present to facilitate welding and assembly
      to form the impervious continuous structure. Appropriate insulation means
      can be provided to make the wall structures useful in cold storage or hot
      storage areas. The configuration of the exposed wall surface is designed
      so that internal stresses in the wall surface are relieved during the
      welding process to eliminate buckling and deformation of the structure. It
      should also be kept in mind that the structure of the present invention is
      adaptable for interior use in a room or exterior use for a building or any
      other location where a smooth impervious wall surface is desired. The
      method of construction and assembly is facilitated by the built-in
      structural design criteria of the individual panels so that the panels are
      readily adaptable for installation with respect to existing building
      criteria.
PAR  With the above objectives, among others, in mind, reference is had to the
      attached drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a fragmentary perspective view of an interior wall assembly of
      the impervious wall structure of the present invention;
PAR  FIG. 2 is a fragmentary sectional view thereof; and
PAR  FIG. 3 is a fragmentary sectional view of an alternate embodiment thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Impervious wall structure 20 includes at least a pair of adjacent adjoining
      panels such as panels 21 and 22. The panels depicted are designed for
      specific suitability in an insulation environment such as for cold or hot
      storage. For example, a meat storage room would utilize panels of the type
      depicted.
PAR  Each of the panels includes an outer surface layer 23, an intermediate
      layer 24 and a backing layer 25. As shown, the surface layer is stainless
      steel. Naturally, well known equivalents of stainless steel as a smooth
      impervious surface material would be equally acceptable. However, for
      purposes of the embodiment depicted, stainless steel is utilized for
      surface layer 23. Intermediate layer 24 is generally of an insulation
      material such as styrofoam, urethane or any other well known substitute
      therefor.
PAR  Backing layer 25 is designed to be a rigid reinforcing flat surface and it
      has been found that flat reinforced fiberglas is adequate for this
      purpose. Naturally, other acceptable substitutes such as wood, aluminum,
      steel, and stainless steel can be utilized for backing layer 25.
PAR  Surface layer 23 is affixed to intermediate layer 24 and intermediate layer
      24 is affixed to backing layer 25 in any convenient well known manner such
      as by utilization of a suitable epoxy or adhesive or other bonding agent.
PAR  Adjacent each of the pair of opposing vertical edges of stainless steel
      surface layer 23 is a longitudinal bead 26. Bead 26 is designed to be
      adjacent to the point of welding between a pair of panels 21 and 22 so as
      to assist in relieving stresses contained within the panel when welding
      occurs and preventing buckling of the panels. It has been found that very
      large surface areas having a stainless steel outer surface can be welded
      in this manner without danger of buckling. In fact, no noticeable
      deformation of the panels occurs. It has been found that lengths as large
      as 8 feet of welded seam have been successfully accomplished without
      danger of bowing or other deformation in the panels.
PAR  Each panel has one vertical edge which is designed to function as a female
      receptacle and the opposing vertical edge is designed to function as a
      male member. As shown in FIG. 2, the female vertical edge of panel 21 is
      mated with the male vertical edge of panel 22. To provide the receptacle
      surfaces, a vertical tab 27 of outer layer extends from the flush position
      with respect to intermediate layer 24 and similarly, a tab 28 extends from
      back layer 25 from the flush position with respect to the edge of
      intermediate layer 24. Consequently, vertical tabs 27 and 28 form a
      receptacle for the seating of the edge portion of panel 22.
PAR  On the male side of each panel, stainless steel surface layer 23 is
      designed to extend around the corner of the edge of panel 22 and along the
      edge surface of intermediate layer 24 a predetermined distance to form
      lateral projection 29. At the terminal end of lateral projection 29 is an
      inwardly extending lip 30 which is seated within intermediate layer 24.
      Projection 29 and lip 30 are affixed to intermediate layer 24 in the same
      manner as the remainder of surface layer 23. The provision of projection
      29 and lip 30 provides additionalal reinforcement adjacent the point of
      welding. The actual welding between panels 21 and 22 occurs between the
      interengaging surfaces of the adjacent surface layers 23 along vertical
      welding line 31. The result is a smooth stainless steel impervious wall
      surface for use in a room as depicted in FIG. 1.
PAR  The overlapping portions of back layer 25 caused by the extension 28 from
      the male edge of panel 21 can be interengaged with one another in any
      conventional fashion such as by frictional interengagement. The presence
      of intermediate layer 24 and back layer 25 assist in supporting the
      surface panels 23 and the overall panel structures during and subsequent
      to welding. This additional support aids in preventing deformation and
      buckling of stainless steel surface layer 23 and additionally cooperates
      with beads 26 to maintain the overall smooth undeformed stress relieved
      impervious exterior surface on the ultimate wall structure 20.
PAR  Panels 21 and 22 are shown in assembled position for forming a portion of a
      wall within a room. In assembling the panels to the remainder of the room
      structure, the panels are welded along their base edge to a curb panel 33
      which extends around the base of the room 32. Beads 34 in a horizontal
      direction on each panel correspond to vertical beads 26 in that they
      provide for relief of stress within the stainless steel panel during the
      actual welding process. Curb portions 35 may be of the same material as
      surface layer 33 of the panels.
PAR  At the corners of the room, an arcuate vertical corner plate 35 is provided
      and is designed to seat in the corner of the room and to be welded to the
      two adjacent panels extending on adjacent walls. Appropriate beads are
      provided for the welding operation and corner piece 35 may be of the same
      material as curb 33 and the panels so as to continue the smooth impervious
      continuous wall structure in the room.
PAR  Although it is not shown, if desired, the wall panels can be welded to an
      appropriate ceiling panel when it is felt that such installation is
      appropriate. Similarly, the floor 32 could be provided with a panel for
      welding to the wall structure. All of the welding to the ceiling and floor
      would be conducted in a similar manner to the welding process described
      above.
PAR  An alternate form of panel is shown in FIG. 3 where a vertical chill strip
      36 is mounted on the intermediate layer 24 adjacent to the area of welding
      strip 31 and in communication with an adjacent panel surface layer. Chill
      strip 36 is of a right angle configuration and extends the vertical height
      of the panel in alignment with the welding line. A common rigid supporting
      material such as steel may be employed for the chill strip 36 and its
      primary purpose is to add additional support to the panel adjacent to the
      point of welding to facilitate the welding operation and to maintain the
      panels in their undeformed condition. Strip 36 can be positioned in any
      conventional manner such as by a heat sinking process.
PAR  It should be kept in mind that the dimensions of the various layers of the
      panels can be varied depending upon the particular utilization of the
      panels on location. Naturally, modifications in design are contemplated.
      For example, the curb can alternately be connected to the panels in any
      conventional manner other than by welding. If welding is employed to
      connect curb 33 to the panels, the horizontal bead 34 may or may not be
      included depending upon individual preference. It should also be kept in
      mind that the ceiling panel, the corner joint 35, and the curb would have
      appropriate flaps to adjoin with the wall panels and facilitate welding of
      all of the component parts of the system. It is also readily apparent how
      the wall structure of the present invention is adaptable for exterior
      surfaces and in other environments which employ the use of paneling.
PAR  Thus, the above discussed objectives of the present invention, among
      others, are effectively attained.
CLMS
STM  We claim:
NUM  1.
PAR  1. An impervious wall structure formed of a plurality of panels for use in
      covering an enlarged area such as the interior wall surface of a room and
      to form a vapor and insulation barrier without undue distortion across the
      entire surface, the surface having a smooth face to alleviate the
      accumulation of contamination material thereto and to facilitate cleaning
      of the surface; said plurality of panels each being of thin cross section,
      each panel having a smooth impervious exposed metal surface layer, and
      being positioned in side by side relation with an adjacent panel forming a
      joint between panels;
PA1  each panel further comprising a layer of substantially solid insulating
      material bonded to the said surface layer, and a backing layer, affixed to
      the insulating layer distal from the surface layer;
PA1  the layers of each panel forming a male and female vertical side edge;
PA1  seating means comprising the female vertical side edge by having the
      surface and backing layers extending beyond the layer of insulating
      material thereby forming a panel receptacle for receiving the male
      vertical side edge;
PA1  the male side edge having the backing, insulating and surface layers in
      substantial vertical alignment, the male side edge being inserted into the
      receptacle of the female side edge bringing the surface and backing layers
      of adjacent panels in overlapping relationship, and the overlapping layer
      of metal surfacing material welded to the surface layer of the adjacent
      panel.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein each panel contains a
      vertical bead extending adjacent to each vertical edge of the surface
      layer forming a stress relief during welding thereby alleviating of
      distortion of the panel.
NUM  3.
PAR  3. The invention in accordance with claim 1 wherein a chill strip is
      inserted into the layer of insulation material adjacent to the edge of
      each panel and adjacent to the area of welding of the panel to facilitate
      provision of a proper welding area for interconnection of the panels.
NUM  4.
PAR  4. A method of forming an impervious wall structure of a plurality of
      panels of thin cross section for use in covering an enlarged area and to
      form a vapor and insulation barrier without undue distortion across the
      entire surface and the surface being smooth to alleviate the danger of
      accumulation of contaminating material thereon and to facilitate cleaning
      of the surface comprising:
PA1  providing a smooth metal surface layer;
PA1  bonding a layer of substantially solid insulating material to the rear side
      of the metal surface layer;
PA1  affixing a backing layer to the side of the insulating material distal from
      the metal surface layer;
PA1  forming a female vertical side edge on said panel by providing the backing
      and surface layers extending beyond the insulating layer thereby forming a
      receptacle;
PA1  forming a male vertical side edge on said panel by locating the surface,
      insulating and backing layers on said edge in substantial vertical
      alignment;
PA1  placing said male edge in the receptacle thereby overlapping the backing
      and surface layers of adjacent panels thus positioning said panels in side
      by side relationship;
PA1  and continuously welding the overlapping surface layers of adjacent panels
      together forming a seam weld.
NUM  5.
PAR  5. The invention in accordance with claim 4 wherein prior to bonding of the
      insulating material to the panels, a vertical bead is formed in each panel
      extending adjacent to the vertical edge of the panel to assist in stress
      relief of the panel during welding and thereafter alleviating the danger
      of distortion of the panel.
NUM  6.
PAR  6. The invention in accordance with claim 4 including the step of inserting
      a chill strip into the layer of insulation material adjacent to the edge
      of each panel and adjacent to the area of welding of the panel to
      facilitate provision of a proper welding area for interconnection of the
      panels.
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ABST
PAL  A new transmission line support structure including a pair of poles and a
      superstructure supported from below on the tops of the poles and
      comprising one or several crossarm units each of which includes a crossarm
      and may include a plurality of upwardly extending pole extensions. Each
      crossarm unit is secured to the tops of a pair of poles or pole extensions
      by means which act in directions parallel to the axes of the poles and
      prevent transverse motion therebetween, and which may include elastomeric
      pad means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of transmission line structures, and
      particularly to such structures for very high voltage uses, requiring very
      tall poles and very long crossarms. The general field of transmission
      lines is very thoroughly worked, and travelers observe many lines of
      various forms extending across the country including highly complicated
      structural steel towers at one extreme and single wooden poles at the
      other.
PAR  An important consideration in the design of a transmission line structure
      is that of expense. A quite economical structure has been found to consist
      of a pair of vertical wooden poles spaced laterally of the right of way:
      shield wires extending from pair to pair of these poles are secured to
      their tops, and the conductors of the line itself are suspended on
      insulators from a crossarm secured to the poles below the shield wires.
      Where the poles are of any considerable height it has been found
      indispensable to provide diagonal bracing extending transversely between
      them. Such a structure is shown in Cofer et al. U.S. Pat. No. 2,606,952.
PAR  Some concept of the dimensions of interest here is necessary to a fuller
      understanding of the problems to be solved. For a 400 kilovolt direct
      current transmission line, with the shield wires to be 101 feet above the
      ground, the total length of a pole is about 114 feet, of which over 13
      feet are underground. The crossarm length is more than 50 feet, the top of
      a crossarm is about 79 feet above the ground, and the poles are laterally
      spaced by nearly 20 feet.
PAR  The necessity of diagonal cross bracing in so sizable a wooden structure is
      quite obvious. Moreover, as is pointed out in the Cofer et al. patent, it
      is highly undesirable to bore any holes or cut any gains in the poles, for
      structural reasons and to prevent stray currents and lightning discharges
      from being conducted to the interior of the poles by metal fasteners in
      the holes. Clamping arrangements have therefore been devised to secure
      crossarms, braces, and so forth to the poles. The resulting structure
      initially may have the desired rigidity, but it requires a great deal of
      hardware, much initial assembly expense in the field, and continued
      periodic maintenance after installation. It must not be forgotten also
      that the poles and crossarms must be transported, often for long distances
      and frequently by road: this involves the expense, nuisance, and delay of
      obtaining permits, where the load is of excessive length or weight, and
      the provision of leading and following flag cars in addition to the actual
      transport vehicle upon occasion, all of which adds very substantially to
      the expense of a structure by the time it is installed.
PAR  Finally, even if properly designed and braced, the support described above
      is a statically indeterminate structure, the forces in the poles which
      result from a wind force at the top, for example, being distributed in a
      fashion which is modified to a major extent, even to serious damage to the
      poles, by such apparently minor dimensional changes as often occur due to
      differential pole settling after installation. Omission of the diagonal
      braces would cure this problem, but cannot be resorted to because of the
      structural inadequacy of the unbraced poles.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of this invention to provide a new and improved
      transmission line structure which requires no cross bracing, is relatively
      easy to transport and erect, and when erected results in a strong, stable
      structure which is easier to design for particular conditions because it
      is at all times statically determinate. This is accomplished by making the
      crossarm as a unit which rests on top of poles of shorter length, with
      which pole extensions for shield wires may be integral or to which they
      may be readily attached. This design makes it possible to use prestressed
      reinforced concrete for the poles and the crossarm units, giving a
      strength and load path which eliminate the need of diagonal bracing.
PAR  Various other objects, advantages, and features of novelty which
      characterize our invention are pointed out with particularity in the
      claims annexed hereto and forming a part hereof. However, for a better
      understanding of the invention, its advantages, and objects attained by
      its use, reference should be had to the drawings which form a further part
      hereof, and to the accompanying descriptive matter, in which there is
      illustrated and described a preferred embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, FIG. 1 shows a transmission line structure according to
      our invention, seen in the direction of the right of way;
PAR  FIG. 2 is a fragmentary showing along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a section of a pole taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 shows our invention applied where a plural of crossarms are needed;
      and
PAR  FIG. 5 shows a modification of the structure of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the drawings, a transmission line structure according to our
      invention is shown in FIGS. 1-3 to comprise a pair of poles 11 and 12 and
      a superstructure comprising a crossarm unit 13 made up of a crossarm 14
      and a pair of pole extensions 15 and 16 integral therewith. The poles and
      the crossarm are both made of prestressed concrete: the poles and pole
      extensions may have a section such as that shown in FIG. 3, and the
      crossarm may have a rectangular cross section as shown in FIG. 2. The
      pattern of reinforcing steel shown in FIG. 2 and 3 is illustrative only
      and is not intended to be limiting.
PAR  The crossarm unit is supported on top of the poles, to which it is secured
      by means acting compressively in directions parallel to the axes of the
      poles. This may be accomplished, as shown in FIG. 2, by a pair of studs 19
      passing through holes 20 in unit 13 and threadedly received in sleeves 21
      cast into the top of pole 12. An elastomeric pad 22 is provided at the top
      of each pole for cushioning the contact between the pole and the upper
      unit, which is secured by nuts 23 acting against washers 24.
PAR  The usual insulators 25 are suspended from crossarm 14 for supporting the
      high tension wires, and appropriate hardware 26 is supplied at the tops of
      the stub poles to secure the usual shield wires.
PAR  Observation of FIG. 1 makes it clear that the total length of the pole is
      reduced in this arrangement by the height of the superstructure, a matter
      of some 22 feet in the case referred to previously, from 101 feet to 79
      feet, and of course the weight of the pole is reduced accordingly. The
      advantage accruing from this reduction in mass when the pole is being
      erected is obvious, but there is also a great advantage as far as
      transport is concerned, in the reduction in length.
PAR  When it is desired to erect my transmission line structure, suitable holes
      are prepared in the earth, and the poles are set to the required depth,
      being carefully plumbed and spaced, as well as being positioned so that
      the line joining the tops of the poles is level. This may conveniently be
      done, after the studs are inserted in sleeves 21, by placing the first
      pole and partially backfilling. The second pole is then erected, the pads
      are positioned, and then the crossarm is lowered over the studs of both
      poles, and secured in place, after which the final back-filling is done at
      the base of the poles. Other methods of erection may also be used at the
      choice of the installer, depending on the terrain of the location.
PAR  It will be realized that any lateral forces on the pole extensions, due to
      wind on the shield wires, for example, have only an effective moment arm
      of 79 feet rather than one of 101 feet on the main poles, because force is
      transmitted by the crossarm to the pole tops only in shear. The superior
      characteristics of prestressed concrete as a material for poles, combined
      with the effect of the crossarm installed as described, make it
      unnecessary to provide diagonal cross braces, with their disturbing effect
      on forces in the poles, and also greatly simplify erection of the
      structure.
PAR  Occasion sometimes arises to provide more than one crossarm on a pair of
      poles. FIG. 4 shows a structure in which a second crossarm unit 13' is
      installed on the pole extensions 15 and 16 of a first crossarm unit 13,
      the shield wires being in turn carried on the pole extensions 15' and 16'
      of the second unit.
PAR  FIG. 4 also shows a modification of the invention in which the pole
      extensions are not coaxial with the main poles, but are displaced
      outwardly from that position and are secured to the crossarms by suitable
      means 27 rather than integral with them. This illustrates a design freedom
      made available by our concept, in that the lateral locations and even the
      number of pole extensions are independent of the main support poles.
PAR  Numerous objects and advantages of our invention have been set forth in the
      foregoing description, together with details of the structure and function
      of the invention, and the novel features thereof are pointed out in the
      appended claims. The disclosure, however, is illustrative only, and
      changes may be made in detail especially in matters of shape, size, and
      arrangement of parts, within the principle of the invention, to the full
      extent indicated by the broad general meaning of the terms in which the
      appended claims are expressed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transmission line structure comprising, in combination:
PA1  a plurality of poles of prestressed concrete, each having a bottom end for
      securement to the ground and a flat top end;
PA1  a superstructure including at least one cross arm unit of prestressed
      concrete having a pair of spaced flat under surfaces supported from below
      on the flat top ends of said poles, and comprising a cross arm and at
      least one conductor-supporting pole extension unitary therewith and
      projecting upwardly therefrom;
PA1  and axially extending means rigidly securing said superstructure to the
      tops of said poles, including studs embedded in and extending axially from
      said poles, apertures in said superstructure, at the locations of said
      flat under surfaces, spaced for traversal by said studs, and nuts mating
      with the portions of said studs which extend upward through said
      superstructure, and engaging said superstructure.
NUM  2.
PAR  2. The structure of claim 1 together with means for supporting electrical
      conductors from said cross arms and said pole extension, and elastomeric
      pad means between said flat under surfaces and said tops of said poles.
NUM  3.
PAR  3. Apparatus according to claim 1 in which said superstructure includes a
      plurality of said crossarm units, and the last-named means includes means
      for securing one of said units upon the tops of a spaced pair of said
      poles and means for securing another of said units on the tops of the pole
      extensions of the first unit.
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ABST
PAL  A method of packaging a self-inflating air mattress comprising an open cell
      foam core and an air impervious envelope. A plurality of mattresses are
      stacked intermittently between forming boards and evacuated. Each bag is
      then rolled up and placed in a flexible tubular container and the vacuum
      released on the mattress to provide a sung package. To remove the
      mattress, the container and mattress are compressed, the inflating valve
      closed, and the mattress slipped from the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method of packaging and unpackaging a
      self-inflating air mattress.
PAR  2. Description of the Prior Art
PAR  There are in the prior art self-inflating air mattresses, which are made up
      of a resilient, open cell foam core, enclosed in an air impervious
      envelope. In the normal process of stowing the air mattress, the inflating
      valve of the mattress is opened, and the mattress is rolled up in a manner
      to compress the foam core. After the mattress is rolled up into a
      relatively compact package, the inflating valve is closed so that the
      force of atmospheric air pressing on the evacuated mattress keeps the
      mattress in its compact rolled-up configuration. To inflate the air
      mattress, the valve is opened which permits atmospheric air to enter the
      mattress and equalize the pressure with the surrounding atmosphere. The
      resiliency of the foam that makes up the core of the mattress causes the
      mattress to unroll as air flows into the air mattress, so that the
      mattress self-inflates to its expanded or "inflated" configuration. To the
      best knowledge of the applicants herein, the packaging techniques supplied
      to such air mattresses and air mattresses in general have been the
      conventional methods of simply providing a package envelope adequate to
      enclose the air mattress in its collapsed condition. Under this condition
      the outside surface of the mattress becomes wrinkled and tends to form a
      loose roll.
PAC  SUMMARY OF THE INVENTION
PAR  The method of the present invention relates to packaging and unpackaging a
      self-inflating air mattress, made up of a resilient foam core and an air
      impervious envelope. To package the air mattress, the mattress is rolled
      up in an evacuated condition into a compact rolled-up configuration. The
      rolled-up mattress is then placed in a tubular container, while
      maintaining the mattress in its evacuated condition. Then the interior of
      the mattress is released to atmospheric pressure to cause the foam
      interior of the mattress to expand and cause the mattress to fit snugly
      and smoothly in the container.
PAR  In the preferred form of the present invention, the mattress is first
      pressed flat by means of a forming board and then evacuated by applying a
      vacuum pump to the inflating valve of the mattress. This permits the
      mattress to be evacuated while maintaining the surface portions of the
      mattress is a smooth condition, without wrinkles. In a production
      operation, a plurality of air mattresses is stacked intermittently with a
      plurality of such forming boards. The valve of each mattress is then
      closed to maintain the vacuum, and each mattress is rolled up into a
      compact roll. A preferred manner of inserting each rolled-up mattress into
      a tubular container is to place the mattress inside a locating cylinder
      upon which has been placed a tubular container. Then the container and air
      mattress are simultaneously moved axially away from the cylinder, and the
      valve of the air mattress opened to permit the air mattress to expand to
      engage the inside surface of the container. This greatly facilitates
      handling when a quite flexible plastic material is used for the container.
PAR  To unpackage the air mattress, the valve of the air mattress is opened, the
      air mattress is pressed downwardly, and the valve is again closed. In this
      condition, the air mattress can easily be slipped from the container.
PAR  This method of packaging significantly improves the appearance and sales
      appeal of the deflated mattress.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an isometric drawing illustrating the manner in which a plurality
      of air mattresses is stacked and evacuated;
PAR  FIG. 2 is a sectional view taken along line 2--2 showing the air mattresses
      of FIG. 1 in their expanded or "inflated" condition;
PAR  FIG. 3 is a sectional view taken along the same line as FIG. 2, but showing
      the air mattresses in their evacuated condition;
PAR  FIG. 4 is an isometric view illustrating the next step of rolling up the
      air mattress; and
PAR  FIGS. 5 through 7 are isometric views illustrating the manner in which the
      air mattress and lables or brochures are placed in the container by means
      of aa locating sleeve.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The air mattress for which the packaging and unpackaging method of the
      present invention is particularly adapted is generally designated 10 and
      comprises an air impervious envelope 12, which encloses a compressible
      foam core, a portion of which is indicated at 14 in FIG. 2. In the
      particular configuration shown herein, the envelope 12 comprises upper and
      lower skins 16 and 18, respectively, bonded to one another in a "T" joint
      at 20 about the entire perimeter of the skins 16 and 18. Each air mattress
      10 has at one corner thereof an inflating valve 22.
PAR  A quite desirable feature of such an air mattress is its self-inflating
      feature. To stow the mattress on a back-packing trip, the mattress is
      rolled up, with the valve 22 open, in a manner to compress the foam as the
      rolling operation progresses along the length of the mattress. When the
      rolling operation is completed, the valve 22 is closed, and the mattress
      maintains its rolled-up configuration, so that it can conveniently be
      stowed in a backpack. To inflate the mattress, the valve 22 is opened,
      thus permitting atmospheric air to pass through the valve 22 into the
      interior of the mattress 10. The resiliency of the foam core 14 causes the
      mattress to unroll to its expanded or "inflated" position. Thereafter, the
      valve 22 is closed to entrap the air in the mattress 10, which is then
      ready for use.
PAR  In the method of the present invention, a plurality of mattresses 10 is
      laid flat, one on top of the other, with a plurality of forming boards 24
      placed between each mattress 10, and with one additional board 24 being
      place on top of the stack. This top board 24 should have sufficient weight
      to engage the upper surface of the top mattress with at least moderate
      pressure. A sheet of 5/8 inch plywood has been found to be adequate. These
      other forming boards 24 can be thinner rectangular sheets of plywood. In
      this embodiment, one corner of the interior boards is cut off diagonally
      to provide clearance for the valve housing. Next a vacuum pump is
      connected to each of the valves 22 of the mattresses 10 and the mattresses
      10 are evacuated to the position shown in FIG. 3. By so evacuating the
      mattresses 10 while they are stacked in the forming boards, the upper and
      lower skins 16 and 18 of each mattress are maintained substantially
      smooth, without any wrinkles being formed thereon. It is believed that
      this is due to the frictional engagement of the upper and lower skins 16
      and 18 with the board surfaces which press with moderate pressure against
      the air mattresses 10.
PAR  After the mattresses 10 have been evacuated, each of the valves 22 is
      closed and each mattress 10 is rolled up into a compact roll, as shown in
      FIG. 4. In its evacuated condition, the foam core 14 of the mattress 10
      provides very little resistance to the rolling operation.
PAR  The rolled-up mattress is then placed in its container by use of a locating
      cylinder 26 mounted to suitable structure 28. The container 30 for the
      mattress 10 is simply an openended flexible tubular container, made of a
      material such as polyethylene. The tubular container 30, when maintained
      in a cylindrical configuration, has a diameter moderately larger than the
      outside diameter of the locating cylinder 26. The inside diameter of the
      locating cylinder 26 is moderately greater than the outside diameter of
      the rolled-up, evacuated mattress 10.
PAR  To accomplish the insertion of the mattress 10 into the container 30, first
      the container 30 is slipped onto the locating cylinder 26. Then the
      rolled-up, evacuated mattress 10 is inserted into the interior of the
      cylinder 26, as shown in FIG. 5. An information sheet, such as the label
      shown at 32 and/or a brochure, is accurately located on the exposed
      surface of the mattress 10, so that the outer end of the label 32 extends
      slightly beyond the end of the locating cylinder 26. Then, as shown in
      FIG. 6, the mattress 10 is cocked slightly to hold the label 32 in
      position against the edge of the cylinder 26. The container 30 is then
      slid over the mattress so that the ends of the container 30 line up with
      the ends of the mattress 10, after which the mattress 10 and container 30,
      with the label 32 therebetween, are grasped proximate the outside end of
      the cylinder 26 and moved axially from the locating cylinder 26, with the
      mattress 10 and label 32 and/or brochures thus being positioned inside the
      container 30. The valve 22 is then opened where the container 30 and
      mattress 10 are held in place, to permit atmospheric air to enter the
      interior of the mattress 10. As the mattress core 14 begins expanding the
      mattress 10 inside the package 30, the mattress expands in the container
      30 until it snugly engages the inside surface of the container 30. In this
      configuration, the mattress 10 remains securely packaged inside the
      container 30, with the label 32 and/or brochures being frictionally held
      between the container 30 and mattress 10. With the container 30 being a
      transparent polyethylene material, the label 32 is clearly visible through
      the package and the outer surface of the package looks smooth and
      attractive.
PAR  To unpackage the mattress 10 from its container 30, first, the person makes
      sure that the valve 22 is open, and a compressive force is then applied to
      the exterior of the container 30, as indicated by the arrows in FIG. 7.
      This can be done simply by the person pressing his hand against the top of
      the package 30 while the package 30 is resting on a table. After the
      compressive force is applied to push some of the air out of the interior
      of the mattress 10, the valve 22 is immediately closed. In this condition,
      the mattress 10 is moderately deflated from its packaged condition and it
      can easily be slipped out of the container 30. If desired, the package 30
      can be used for repackaging the mattress 10 at a later time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of packaging a self-inflating air mattress having an open cell
      foam core, an air impervious envelope, and an inflating valve, said method
      comprising:
PA1  a. rolling the air mattress in an evacuated condition into a compact
      rolled-up configuration,
PA1  b. placing said rolled-up mattress in a tubular container, while
      maintaining its evacuated condition, and
PA1  c. releasing the interior of the mattress to atmospheric pressure to cause
      the mattress to expand moderately to fit snugly in the container.
NUM  2.
PAR  2. The method as recited in claim 1, wherein prior to rolling up the air
      mattress, the mattress is pressed with at least moderate pressure in a
      generally planar, flattened configuration, and a vacuum applied to the
      mattress while in such configuration.
NUM  3.
PAR  3. The method as recited in claim 2, wherein said mattress is maintained in
      its planar, flattened configuration by laying said mattress under a
      forming board.
NUM  4.
PAR  4. The method as recited in claim 3, wherein a plurality of mattresses is
      laid in a stack, with forming boards positioned intermittently between
      said mattresses.
NUM  5.
PAR  5. The method as recited in claim 1, wherein said rolled-up mattress is
      placed in said container by placing the mattress in a locating cylinder
      and placing the container around the locating cylinder, and then
      simultaneously removing the rolled-up mattress and the container axially
      relative to the cylinder so that the mattress remains in the container.
NUM  6.
PAR  6. The method as recited in claim 5, wherein an information sheet is placed
      on the exterior of said rolled-up mattress and inserted with the mattress
      into the locating cylinder, and withdrawn from the mattress from the
      locating cylinder so as to be positioned between the mattress and the
      container.
NUM  7.
PAR  7. The method as recited in claim 1, wherein:
PA1  a. prior to rolling up the air mattress, the mattress is pressed with at
      least moderate pressure in a generally planar, flattened configuration,
      and a vacuum applied to the mattress while in such configuration; and
PA1  b. said rolled-up mattress is placed in said container by placing the
      mattress in a locating cylinder and placing the package around the
      locating cylinder, and then simultaneously removing the rolled-up mattress
      and the package axially relative to the cylinder so that the mattress
      remains in the container.
NUM  8.
PAR  8. The method as recited in claim 1, wherein a plurality of said air
      mattresses is positioned in a stack in a planar, flattened configuration,
      with forming boards placed intermittently between said mattresses, a
      vacuum is then applied to said mattresses and the valves of said
      mattresses closed, after which said mattresses are each rolled into a
      compact, rolled-up configuration, said method further comprising
      positioning each of said rolled-up mattresses into a locating cylinder,
      and placing said tubular container around said locating cylinder, after
      which said mattress and said container are simultaneously removed axially
      relative to the cylinder so that the mattress remains in the cylinder.
NUM  9.
PAR  9. The method as recited in claim 1, further comprising additionally the
      removal of said air mattress from said container, said removal being
      accomplished by:
PA1  a. applying a compressive force to the packaged air mattress, with the
      valve of the air mattress being opened, so that air is pushed from the
      interior of the air mattress,
PA1  b. then closing said valve, and
PA1  c. removing the mattress axially from said tubular container.
NUM  10.
PAR  10. A method of removing a self-inflating air mattress, having an open cell
      foam core, from a tubular container, where the air mattress has a snug fit
      in said container so as to be in frictional engagement therewith, said
      method comprising:
PA1  a. applying a compressive force to the packaged air mattress, with the
      valve of the air mattress being opened, so that air is pushed from the
      interior of the air mattress,
PA1  b. then closing the valve, and
PA1  c. removing the mattress axially from said tubular container.
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ABST
PAL  A machine for packaging loaves in bags having a reciprocating bag magazine
      in which the at any time topmost bag is ready for receiving a loaf. Each
      loaf is pushed into a bag with such speed that when hitting the bag bottom
      the loaf will take the bag along away from the magazine. After having left
      the magazine the bagged loaf slides onto a discharge conveyor. Limit
      switches control the moment of bagging the following loaf.
BSUM
PAR  The invention relates to a machine for packaging in bags box-shaped
      articles such as loaves of bread, wherein the articles having a suitable
      strength and weight are fed to a bag magazine, said machine comprising a
      feed means for feeding the articles to the magazine as well as a guide
      finger means for guiding the article and the bag relative to each other
      during the insertion of the article into the bag.
PAR  A machine for bagging loaves of bread is known wherein a movable scoop
      means, which can be extended and retracted transverse to a loaf conveyor;
      is periodically inserted into the at any time topmost bag of a bag
      magazine and during its return movement pulls the bag over a stationary
      loaf of bread, the latter being delivered into the U-shaped scoop by the
      loaf conveyor. Just before the termination of the return movement of the
      scoop when the bag has been pulled over loaf and scoop a blockade means is
      brought to abut on the loaf so as to ensure that the scoop at the
      termination of its return movement releases the bag and permits said bag
      and the loaf therein to fall down onto an auxiliary conveyor. This machine
      is not so reliable as is desirable for packaging heavy articles as wrong
      packing or imperfect articles may cause damage to the machine.
PAR  The object of the invention is to provide a machine of the type mentioned
      above which is simpler and more reliable than the known machine.
PAR  The machine according to the invention is characterized in the bag magazine
      being adapted to be reciprocated between a first end position far from the
      guide finger means, in which position the topmost bag of the magazine is
      inflated, and a second end position close to the guide finger means in
      which the inflated bag is pushed over part of the guide finger means, and
      the feed means being adapted to feed one article at a time into the bag
      through the beak-like means when the magazine is in its close end position
      and at the same time an article already bagged has reached a discharge
      conveyor, the feeding being effected at such a speed that after having hit
      the bottom of the bag the article pulls the bag along away from the
      magazine. As a result the individual article will at any time be centered
      correctly in its bag as the article pulls the bag along when hitting the
      bottom of the bag. When the bag has been filled a new bag can be made
      ready quickly -- i.e., inflated -- by the magazine reciprocating and the
      orifice of the inflated bag being pushed over the guide finger means. The
      feed means will not feed an article through the guide finger means into
      the bag until each of said article and the article bagged shortly before
      has actuated a limit switch. When the bagged article has left the magazine
      it slides down a chute to the discharge conveyor. The machine comprises a
      rather small amount of parts and is easy to operate for unskilled labour.
PAR  According to the invention the reciprocation of the bag magazine may be
      effected by hydraulic or pneumatic means in the form of a cylinder-piston
      arrangement which does not initiate the movement of the magazine towards
      the far end position until the feed means is in its foremost position.
      Consequently, a high degree of reliability is obtained since a bagged
      article will never collide with the bag magazine.
PAR  Furthermore, according to the invention the feed means may be formed as a
      hydraulic or pneumatic cylinder-piston arrangement which can be started
      only when an article has actuated a limit switch in front of the guide
      finger means and an already bagged article has actuated a limit switch at
      the discharge conveyor. This eliminates the possibility of the chute being
      blocked between the guide finger means and the discharge conveyor.
PAR  Further according to the invention the bag magazine may be provided with an
      air nozzle for inflating the at any time topmost bag of the magazine. As a
      result a very reliable opening of the bags is obtained.
PAR  Finally, according to the invention the guide finger means may comprise a
      stationary horizontal cantilever guide finger portion and an inclined
      pivotally mounted guide finger portion widening the space between the
      portions and thereby the orifice of the bag as an article is fed through
      the space between the guide finger means. As a result it is possible to
      fit the bag very tightly over the article.
DRWD
PAR  The invention will be described below with reference to the drawings, in
      which
PAR  FIG. 1 is a perspective diagonal side view of an embodiment of the machine
      according to the invention, the bag magazine being in its end position
      close to the guide finger means, and a bag being partly pushed over said
      guide finger means, and
PAR  FIG. 2 a perspective diagonal side view of same embodiment, the bag
      magazine being in its end position far from the guide finger means.
DETD
PAR  The machine shown in FIG. 1 comprises a feed path 1 for box-shaped articles
      such as loaves of bread. The articles are delivered to the feed path via
      an inclined feed chute 3. At the end of the feed path 1 is a guide finger
      means 4 comprising a stationary substantially horizontal guide finger
      portion 4a and an inclined guide finger portion 4b pivotally mounted on an
      upright 6 (the reference numeral of the pivot being 5). In connection with
      the guide finger means a horizontally movable bag magazine 7 is mounted
      comprising a box as well as a stack of bags 7a supported by a bottom plate
      7b loaded by springs 9. The parts 7a, 7b, and 9 are indicated by dotted
      lines as they are inside the box. At the side of the magazine facing
      towards the guide finger means an air pipe with a nozzle 8 is mounted --
      cf. FIG. 2. Said nozzle 8 ensures that the at any time topmost bag 10 of
      the stack is inflated. The magazine 7 can be reciprocated between a first
      end position far from the guide finger means (corresponding to the
      position shown in FIG. 2) and a second end position close to the beak-like
      means, i.e., substantially below said guide finger means (corresponding to
      the position shown in FIG. 1). In the latter position the magazine abuts
      on a stop 12. In the end position of the bag magazine 7 as shown in FIG. 1
      the topmost bag 10 partly covers the guide finger means 4. To the left of
      the magazine 7 is a curved feed path 14 guiding the bagged articles to the
      discharge conveyor 15. A stop plate 16 with a limit switch 18 is provided
      at the termination of the feed path 14.
PAR  A second limit switch 20 is mounted on a side plate l9 -- cf. FIG. 2 --
      opposite the place where the feed chute 3 is connected to the feed path 1.
      The switch 18 can only be actuated by the bagged articles, whereas the
      limit switch 20 is actuated by unbagged articles only. The limit switches
      form part of an electric circuit which can initiate the feed means 25
      comprising a piston 25a, a piston rod 25b, and a hydraulic or pneumatic
      cylinder 25c. The feed means 25 serves the purpose of successively feeding
      articles into the bags of the bag magazine.
PAR  Below the feed path 1 a feed mechanism is provided in the form of a second
      cylinder-piston arrangement reciprocating the bag magazine between the end
      positions shown in FIGS. 1 and 2 respectively. The cylinder-piston
      arrangement 28 takes the bag magazine 7 to the left and back again each
      time an article has been bagged and bag plus article have left the
      magazine.
PAR  Between the limit switch 18 and the lower end of the curved feed path 14 a
      transfer deck may be provided, where the bagged article 30 may be
      deposited for a short period of time until a separate pneumatic or
      hydraulic press member not shown will press the bagged article 30 onto the
      discharge conveyor 15.
PAR  The machine operates as follows:
PAR  When an article has slid down the curved feed path 3 to the feed path 1 and
      has actuated the limit switch 20, and furthermore an already bagged
      article has actuated the limit switch 18 the feed means 25 is initiated so
      as to press the article through the guide finger means 4, the pivotally
      mounted portion of the latter at the same time being turned upwards. As
      shown in FIG. 1 the topmost bag 10 is pushed over the guide finger means 4
      and is then filled by the article 2. The piston 25a of the feed means
      travels at a high speed, and therefore the article 2 will hit the bottom
      10a of the bag 10 at a high speed, thereby tearing the bag 10 along to the
      left away from the bag magazine 7. As the bag is removed from the magazine
      it is separated from a magazine clip not shown. As is seen the guide
      finger means serves as an additional guarantee that the article 2 will not
      collide with the edges 10b of the bag 10 at the orifice of the bag as it
      is fed into the bag. After the bag 10 and the article 2 therein have left
      the bag magazine the feed mechanism 28 is started taking the magazine 7
      from the position shown in FIG. 1 to the one shown in FIG. 2, in which the
      bag 10 which is now the topmost one is inflated by the nozzle 8.
      Immediately thereafter the magazine is taken back to the position of FIG.
      1, and during that operation the orifice of the new bag is pushed some
      distance over the guide finger means 4 so that a new article can be
      bagged.
PAR  The operation of the machine according to the invention involves a low rate
      of bag waste only, viz. about 1/2%.
PAR  The discharge conveyor 15 delivers the bagged articles to a station for
      providing the bags with bag clips, said station not being shown.
PAR  Many changes and modifications of the invention can be made without
      departing from its spirit.
PAR  The articles to be bagged must be of suitable strength and weight so that
      they will not be damaged by falling from the magazine 7 onto the curved
      feed path 14. As mentioned above the machine has proved to be particularly
      suitable for bagging loaves of bread, especially loaves of rye bread.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for packaging box-shaped articles such as loaves of bread in
      bags, said machine including a bag magazine containing a stack of bags,
      article feed means including pusher means mounted for reciprocation
      between a retracted position and an extended position for feeding the
      articles toward the bag magazine, spaced guide finger means for guiding
      the articles and bags relative to each other during insertion of an
      article into the bag, a discharge conveyor for removing the bagged
      articles, means for reciprocating said bag magazine between a first
      position spaced from the guide finger means and a second position adjacent
      the guide finger means in which the guide finger means partially overlie
      the magazine, means for inflating the topmost bag in said magazine when
      said magazine is in said first position so that movement of said magazine
      to said second position causes the uppermost inflated bag of said magazine
      to receive the ends of said guide finger means on its interior, said feed
      means including power means for operating said pusher for feeding one
      article at a time into the uppermost inflated bag by moving the article
      through the space between said spaced guide finger means into the
      uppermost bag when the bag magazine is in its second position following
      arrival of the next previously bagged article at said discharge conveyor
      and wherein said power means for operating said pusher means operates the
      pusher at a speed to move the article at a sufficient speed to cause
      forceful engagement of the article with the bottom of the bag to move the
      bag from the top of the bag magazine to the discharge conveyor.
NUM  2.
PAR  2. The invention of claim 1 wherein said means for reciprocating said bag
      magazine includes a piston and cylinder means operable for initiating
      movement of the bag magazine toward its first position when the pusher
      means is in its retracted position.
NUM  3.
PAR  3. The invention of claim 2 wherein said article feed means includes a
      cylinder and piston means, limit switch means for detecting an article in
      alignment with the guide finger means in position to be fed into the
      uppermost inflated bag on the magazine by said pusher means, a second
      limit switch adjacent the discharge conveyor for detecting a bagged
      article wherein said cylinder and piston means for operating said feeding
      means is operable only upon actuation of said first and second limit
      switches.
NUM  4.
PAR  4. The invention of claim 3 wherein said means for inflating the uppermost
      bag in said bag magazine comprises air nozzle means.
NUM  5.
PAR  5. The invention of claim 4 wherein said guide finger means comprises
      elongated fixed cantilever guide fingers and a pivotally mounted guide
      finger, said guide finger being supported on one end adjacent said pusher
      means, said guide fingers being canted inwardly toward each other from
      their ends adjacent the pusher means toward the bag means whereby the ends
      of said guide finger means entering the bag means are more closely spaced
      than are the supported ends of said guide finger means.
NUM  6.
PAR  6. The invention of claim 1 wherein said guide finger means comprises
      elongated fixed cantilever guide finger means and a pivotally mounted
      guide finger, said guide fingers being supported on one end adjacent said
      pusher means, said guide fingers being canted inwardly toward each other
      from their supported ends adjacent the pusher means toward the bag means
      whereby the ends of said guide finger means entering the bag means are
      more closely spaced than are the supported ends of said guide finger
      means.
NUM  7.
PAR  7. The invention of claim 6 wherein said means for reciprocating said bag
      magazine includes a piston and cylinder means operable for initiating
      movement of the bag magazine in its first position when the pusher means
      is in its retracted position.
NUM  8.
PAR  8. The invention of claim 7 wherein said article feed means includes a
      cylinder and piston means, limit switch means for detecting an article in
      alignment with the guide finger means in position to be fed into the
      uppermost inflated bag on the magazine by said pusher means, a second
      limit switch adjacent the discharge conveyor for detecting a bagged
      article wherein said cylinder and piston means for operating said feeding
      means is operable only upon actuation of said first and second limit
      switches.
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PAL  A refuse collector and bagging device comprising a frame means configured
      to support at least one hopper means and a corresponding closure means in
      operative relation thereto, the hopper means retains a disposable refuse
      receptacle to receive refuse deposited therein. The closure means includes
      closure actuator means movable between a first and second position and
      closure element movable between an open and closed position attached
      thereto such that as the closure actuator means moves from the first to
      the second position the closure element moves from the normally open
      position to the closed position to isolate the upper portion of the hopper
      means from refuse to control the quantity of refuse deposited in the
      disposable refuse receptacle.
PARN
PAR  This application is a continuation-in-part application of co-pending
      application Ser. No. 444,642 filed Feb. 21, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  A refuse collector and bagging device including at least one hopper means
      configured to retain a corresponding refuse receptacle and a corresponding
      closure means to control the quantity of refuse deposited in the
      disposable refuse receptacle.
PAR  2. Description of the Prior Art
PAR  A number of methods have been developed to collect trash, leaves, grass and
      the like. Specifically, many lawn mowers include means to collect grass in
      a reusable receptacle as the grass is cut. The collected grass is then
      manually transferred to a receptable for disposal. Similar techniques
      include use of relatively large vacuums or blowers to displace the refuse
      such as leaves and grass into a collector for ultimate transfer to a
      receptacle for disposal. Unfortunately, such methods require relatively
      expensive machinery and awkward transfer of the refuse for disposal.
PAR  Trash cans and refuse containers are widely used for such ultimate
      disposal. Unfortunately, such means are not practical where large but
      periodical amounts of refuse such as leaves, grass and other lawn refuse
      are collected. As a result, a number of disposable bags have become
      available. However, these disposable bags are awkward to use and fill.
      Notwithstanding these limitations, these disposable trash bags are
      economical and useful. Given an economic and efficient means of filling
      these bags, their use would be greatly enhanced. Thus, a need exists for
      an effective, relatively inexpensive bagging means to assist in filling
      such disposable refuse or collection receptacles.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a refuse collector and bagging device for
      collecting grass, leaves, trash, grabage and the like. More specifically,
      the refuse collector and bagging device comprises a portable frame means
      configured to operatively support at least one hopper means and a
      corresponding closure means.
PAR  The frame means includes a lower frame element mounted on a plurality of
      rollers interconnected to opposite sides of the frame means to facilitate
      movement of the refuse collector and bagging device over the supporting
      suface. A plurality of vertical frame members extend upwardly from the
      lower frame element to support the hopper means. The frame means also
      includes a shaker means interconnected between the roller means and
      closure means to settle refuse in a disposable refuse receptacle attached
      to the hopper means as more fully described hereinafter.
PAR  The hopper means comprises a hopper including an upper cone-like funnel or
      entrance affixed to the vertical frame elements and a lower hollow
      substantially cylindrical body rotatably mounted thereon. The lower hollow
      body extends downward to a lower reduced exit which retains the disposable
      refuse receptacle.
PAR  The closure means comprises a closure frame means, closure actuator means
      and closure element. Each closure means is arranged relative to the
      corresponding hopper means to control the quantity or amount of refuse
      placed within the disposable refuse receptable as more fully described
      hereinafter.
PAR  The closure frame means comprises a pair of substantially vertical forward
      stationary closure members and a pair of rear stationary closure members
      interconnected to the frame means to operatively support the closure
      actuator means and closure element. The closure actuator means comprises a
      first and second positioning means disposed on opposite sides of the
      corresponding hopper means.
PAR  The first positioning means includes a pair of first actuator elements
      slidably mounted on opposite forward stationary closure frame members.
      Each first actuator element comprises a vertical sleeve and a
      substantially vertical first rack member having a plurality of teeth
      formed thereon attached thereto. The first actuator elements are normally
      biased in the upper or first position by a bias means interconnecting the
      vertical sleeves and the forward stationary closure frame members. A
      platform is attached to the lower portion of each set of vertical sleeves.
      The second actuator element comprises a substantially horizontal second
      rack member having a plurality of teeth formed thereon and a pinion means.
      A pinion means comprising a pair of pinion gears rotatably mounted on the
      hopper. The pinion gears are disposed to operatively engage the first and
      second rack members to move the closure actuator means from the first to
      second or lower position as refuse is placed in the receptacle to move the
      closure members from the open to closed position as described more fully
      hereinafter.
PAR  The second positioning means is similar in construction to the first
      positioning means but mounted on the rear stationary closure frame
      members.
PAR  The closure element comprises a first and second closure member coupled to
      the first and second positioning means respectively. Each closure member
      includes a plurality of elements which cooperatively close the hopper
      means as more fully described hereinafter.
PAR  In an alternate embodiment the closure frame comprises a flexible forward
      and rear closure member. The upper portions of the flexible forward and
      rear closure members are attached to the hopper means while the lower
      portions thereof including resilient bias means are attached to the
      platform beneath the hopper means. The closure actuator means comprises a
      flexible interconnecting element fixed at one end of the frame means and
      coupled to the rear closure member at the opposite end. The mid-portion of
      the flexible interconnecting element operatively engages the closure
      element while the end coupled to the rear closure member operatively
      engages a pulley means to move the closure actuator means from the first
      to second or lower position as refuse is placed in the receptacle to move
      the closure members from the open to closed position as described more
      fully hereinafter.
PAR  In the alternate embodiment the closure element comprises a first closure
      member coupled to the flexible interconnecting element and a second
      closure member fixed to the hopper means.
PAR  The refuse collector and bagging device further includes a receptacle twist
      means attached to the hopper means to rotate the hopper means as the
      closure element moves to the closed position.
PAR  In operation, a disposable refuse receptacle is secured to the hopper means
      by a resilient attachment means. Without any refuse in the receptacle, the
      bias means will bias the closure means in the first position withdrawing
      the first and second clsoure members to the open position. As refuse is
      deposited into the receptacle, the additional weight acting against the
      platform draws each sleeve downward relative to the stationary closure
      frame members. Since the first pinion gear engages the first actuator
      elements, this downward movement rotates the second pinion gears which in
      turn engage the second actuator elements moving the closure members
      inwardly relative to each other to the second or closed position to
      isolate additional refuse from the hopper means. Simultaneously, the
      hopper body is rotated by the receptacle twist means. As the refuse
      collector is moved over the supporting surface, the shaker means moves the
      platform fore and aft settling the contents thereof.
PAR  In the operation of the alternate embodiment, as refuse is deposited into
      the disposable refuse receptacle, the additional weight acting against the
      platform draws the lower portions of the flexible forward and rear frame
      members downward against the resilient bias. Simultaneously, the flexible
      interconnecting element is drawn downward over the pulley forcing the
      first closure member rearward to close the hopper means. The receptacle
      twist means and shaker means of the alternate embodiment operate similarly
      to that previously described with the preferred embodiment.
PAR  The invention accordingly comprises the features of construction,
      combination of elements and arrangement of parts which will be exemplified
      in the construction hereinafter set forth, and the scope of the invention
      will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a side view of the refuse collector and bagging device.
PAR  FIG. 2 is a top view of the refuse collector and bagging device.
PAR  FIG. 3 is a partial detail top view of the closure means.
PAR  FIG. 4 is a partial detail side view of the closure means taken along line
      4--4 of FIG. 3.
PAR  FIG. 5 is a partial detail rear view of the closure means taken along line
      5--5 of FIG. 4.
PAR  FIG. 6 is a partial detail top view of the hopper means.
PAR  FIG. 7 is a side view of an alternate embodiment of the refuse collector
      and bagging device.
PAR  FIG. 8 is a top view of an alternate embodiment of the refuse collector and
      bagging device.
PAR  FIG. 9 is a partial detail view of the closure means of the alternate
      embodiment of the refuse collector and bagging device.
PAR  Similar reference characters refer to similar parts throughout the several
      views of the drawings.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIGS. 1 and 2 the present invention comprises a refuse
      collector and bagging device generally indicated as 10 for collecting
      grass, leaves, trash or the like. Refuse collector 10 comprises a frame
      means 12 configured to operatively support at least one hopper means
      generally indicated as 14 and a corresponding closure means 16. Frame
      means 12 is mounted on a plurality of rollers or wheels 18 for movement
      over a supporting surface by means of handle 20.
PAR  Frame means 12 comprises lower frame element including side frame members
      22 and 24 held in fixed parallel spaced relation relative to each other by
      lower front and rear frame members 26 and 28 respectively as best shown in
      FIG. 2. Extending upwardly from each of the four corners of lower frame
      element are vertical frame members 30, 32, 34 and 36 disposed in
      substantially parallel relation relative to each other. Forward vertical
      frame members 30 and 32 are interconnected by upper front frame member 38
      while rear vertical frame members 34 and 36 are interconnnected by upper
      rear frame member 40. As best shown in FIG. 2, rollers 18 are
      interconnected to opposite sides of frame means 12 by front and rear axles
      42 and 44 respectively extending through front and rear lower frame
      members 26 and 28 respectively. Frame means 12 further includes shaker
      means to settle refuse in disposable refuse receptacles 46 as more fully
      described hereinafter. Shaker means includes shaker element 48 movably
      coupled to rear axle 44 at U-shaped portions 50 and to closure means 16
      more fully described hereinafter.
PAR  Hopper means 14 includes hopper 54 comprising upper cone-like funnel or
      entrance 56 affixed to frame means 12 and hollow substantially cylindrical
      body 58 extending downward to lower reduced exit 60. Substantially annular
      retainer means or lip 62 extends about the periphery of exit 60 to
      cooperate with resilient attachment means 64 to secure receptable 46
      thereto. Mounting means comprising annular groove 66 is formed about the
      upper portion or periphery of body 58 which receives annular rim 68 formed
      on funnel 56 to rotatably mounted body 58 on funnel 56.
PAR  Closure means 16 is disposed relative to hopper means 14 to control the
      volume or amount of refuse placed therein. As best shown in FIG. 3 through
      5, closure means 16 comprises closure frame means, closure actuator means
      and closure element. Closure frame means comprises stationary closure
      frame members 70 extending vertically to cooperatively form a rectangular
      frame. Forward stationary closure frame members 70 are interconnected to
      upper front frame member 38 by substantially horizontal forward
      interconnecting members 72 while rear stationary closure frame members 70
      are interconnected to upper rear frame member 40 by substantially
      horizontal rear interconnecting members 74. Closure actuator means
      comprises substantially indentical first and second positioning means 76
      and 78 respectively disposed on opposite sides of hopper means 14. First
      positioning means 76 include first actuator elements 80 sildably mounted
      on opposite forward stationary closure frame members 70. Each first
      actuator element 80 comprises vertical sleeve 82 and substantially
      vertical first rack member 84 having a plurality of teeth 86 formed
      thereon attached thereto. First actuator elements 80 are normally biased
      in the upper or first position by bias means 88 operatively coupled
      between interconnecting sleeve 82 and stationary closure frame members 70.
      The lower portion of sleeve 82 is pivotally interconnected between the
      upper portion thereof and platform 90. Second actuator element 92
      comprises substantially horizontal second rack member 94 having a
      plurality of teeth 96 formed thereon. Pinion means 98 comprises first and
      second pinion gears 100 and 102 respectively rotatably mounted on hopper
      means 14 by interconnecting means or ord 104. As shown in FIG. 1, pinion
      gears 100 and 102 respectively are disposed to operatively engage first
      and second rack members 84 and 94 respectively to move closure actuator
      means from the first to second position as refuse is placed in receptable
      46 moving closure members 106 and 108 from the open to closed position as
      described more fully hereinafter. Second positioning means 78 is similarly
      configured and are similarly numbered.
PAR  As shown in FIG. 6, the closure element comprises first and second closure
      member 106 and 108 coupled to first and second positioning means 76 and 78
      respectively. Each closure member includes interconnecting element 110
      interconnected between opposite forward second rack member 94 and opposite
      rear second rack members 94. Each closure member includes a plurality of
      element 112 which cooperatively close hopper means 14 as more fully
      described hereinafter.
PAR  Refuse collector 10 further includes receptacle twist means generally
      indicated as 114 in FIG. 6. Receptacle twist means 114 comprises twist
      linkage 116 interconnecting second rack 94 and body 58 to rotate body 58
      as the closure element moves to the closed position.
PAR  FIGS. 7 through 9 show an alternate embodiment of the refuse collector and
      bagging device. In the alternate embodiment as shown in FIG. 7 the closure
      frame comprises a flexible forward and rear closure member 118 and 120
      respectively. The upper portions of the flexible forward and rear closure
      members are attached to the hopper means 14 while the lower portions
      thereof including resilient bias means 122 and 124 respectively are
      attached to the platform 90 beneath the hopper means 14. The closure
      actuator means comprises a flexible interconnecting element 126 fixed at
      one end of the frame means and coupled to the rear closure member 120 at
      the opposite end. As best shown in FIGS. 8 and 9 the mid-portion of the
      flexible interconnecting element 126 operatively engages the closure
      element while the end coupled to the rear closure member operatively
      engages a pulley means 128 to move the closure actuator means from the
      first to second or lower position as refuse is placed in the receptacle to
      move the closure members from the open to closed position as described
      more fully hereinafter.
PAR  In the alternate embodiment the closure element comprises a first closure
      member 130 coupled to the flexible interconnecting element 126 and a
      second closure member 132 fixed to the hopper means 14. The first closure
      element 130 comprises horizontal platform member 134 disposed to pass
      through a slot 136 formed on hopper means 14, control roller 138, guide
      roller 140 and closure element return means 142 extending therebetween to
      normally bias the first closure element 130 to the open position.
PAR  The alternate embodiment of the refuse collector and bagging device also
      includes a receptacle twist means attached to the hopper means 14 to
      rotate the hopper body 58 as the first closure element 130 moves to the
      closed position. As shown in FIG. 9, the receptacle twist means comprises
      spaces guide 144, first and second limit means 146 and 148 respectively
      and twist actuator element 150. Spacer guide 144 and twist actuator
      element 150 which include apertures to receive element 126 are fixed to
      hopper body 58 while first and second limit means 146 and 148 are affixed
      to element 126. The receptacle twist means further include a return means
      generally indicated as 152. The return means 152 comprises first return
      member 154 attached to the fixed portion of the hopper, second return
      member 156 attached to the rotatable hopper body 58 and return bias means
      disposed to operatively engage the first and second return member 154 and
      156 to normally bias the hopper body 58 to the normal or untwisted
      position.
PAR  In operation, disposable refuse receptacles 46 are secured to hopper means
      14 by resilient attachment means 64. Without any refuse in receptacle 46,
      bias means 80 will bias closure means in the first position withdrawing
      first and second closure members 106 and 108 respectively. As refuse is
      deposited into receptacle 46, the additional weight acting against
      platform 90 draws each sleeve 82 downward relative to stationary closure
      frame members 70. Since pinion gears 100 engage first rack element 84,
      this downward movement rotates pinion gears 100 which in turn rotates
      pinion gear 102 engaging second rack elements moving closure members 106
      and 108 inwardly relative to each other to the second or closed position
      to isolate additional refuse from hopper means 14. Simultaneously, hopper
      body 58 is rotated by interconnecting twist linkage 116. As refuse
      collector and bagging device 10 is moved over the supporting surface
      shaker element 48 moves fore and aft swinging platform 90 fore and aft
      settling the contents thereof. As shown in FIG. 2 two or more identical
      devices may be mounted on the same frame. In the operation of the
      alternate embodiment, as refuse is deposited into the disposable refuse
      recpetacle 46, the additional weight acting against the platform 90 draws
      the lower portions of the flexible forward and rear frame members 118 and
      120 downward against the resilient bias 122 and 124. Simultaneously, the
      flexible interconnecting element 124 is drawn downward over the pulley
      means 128 acting against control roller 138 forcing the first closure
      member 130 rearward to close the hopper means. The receptacle twist means
      and shaker means of the alternate embodiment operate similarly to that
      previously described with the basic embodiment. Specifically as the
      flexible interconnecting element 124 is drawn downward, first limit means
      146 engages twist actuator element 150 rotating hopper body 58 thereby
      twisting the disposable refuse receptacle 46. Upon removal of the
      receptacle 46 from the platform 90, the return means 152 will return the
      hopper body 58 to its normal position. This action causes second limit
      means 148 to engage twist actuator element 150 releasing tension on the
      flexible interconnecting element 124 permitting closure element return
      means to return the first closure element 130 the open position.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention, which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  Now that the invention has been described, what is claimed is:
NUM  1.
PAR  1. A refuse collector for collecting refuse, said refuse collector
      comprising frame means, at least one hopper means attached to said frame
      means, said hopper means including an upper portion having an entrance
      formed therein to receive the refuse and a lower portion having an exit
      formed therein to direct the refuse from said hopper means, retainer means
      formed on said lower portion to retain a refuse receptacle thereon to
      receive refuse directed through said hopper means, closure means disposed
      in operative relationship relative to said hopper means, said closure
      means including closure actuator means movable between a first and second
      position and closure element operatively interconnected to said closure
      actuator means to move between an open and closed position, said closure
      actuator means including bias means to bias said closure actuator means in
      said first position, said closure actuator means further including
      platform means to engage the refuse receptacle to move said closure
      actuator means from said first to said second position as a predetermined
      amount of refuse is placed in the refuse receptacle, said closure element
      coupled to said closure actuator means to move from said open to said
      closed position when said closure actuator means is in said second
      position, said closure element disposed relative to said hopper means to
      isolate said hopper means from the refuse to control the amount of refuse
      deposited in the refuse receptacle.
NUM  2.
PAR  2. The refuse collector of claim 1 wherein said closure means further
      includes closure frame means attached to said frame means, said closure
      frame means including a pair of forward stationary closure frame members
      attached to said hopper means said closure actuator means including a
      first positioning means having a first pair of actuator elements slidably
      mounted on said forward closure frame members, said first positioning
      means further including a second pair of actuator elements operatively
      interconnected to said first pair of actuator elements to move said second
      actuator elements to the closed position.
NUM  3.
PAR  3. The refuse collector of claim 2 wherein said closure frame means further
      includes a pair of rear stationary closure frame members, said closure
      actuator means further including a second psoitioning means, said first
      and second positioning means disposed on opposite sides of said hopper
      means, said second positioning means including first pair actuator
      elements slidably mounted on said rear closure frame members, said second
      positioning means further including a second pair of actuator elements
      operatively interconnected to said first pair of actuator elements to move
      siad second actuator elements to the closed position.
NUM  4.
PAR  4. The refuse collector of claim 2 wherein each said first actuator element
      comprises a substantially vertical sleeve movably mounted on corresponding
      stationary closure frame members, and a substantially vertical first rack
      member having a plurality of teeth formed thereon and wherein each said
      second actuator element comprises a substantially horizontal second rack
      member having a plurality of teeth formed thereon and a pinion means, said
      pinion means comprising a first and second gear element operatively
      coupled to each other, said first and second gear elements rotatably
      mounted on said hopper means, said first and second gear elements disposed
      to engage said first and second rack members respectively.
NUM  5.
PAR  5. The refuse collector of claim 4 wherein said closure element comprises a
      first and second closure member coupled to said first and second
      positioning means respectively.
NUM  6.
PAR  6. The refuse collector of claim 5 wherein each said closure member
      includes an interconnecting element interconnected between opposite
      forward second rack members and rear second rack members respectively.
NUM  7.
PAR  7. The refuse collector of claim 6 wherein each said closure member
      comprises a plurality of elements mounted on said interconnecting
      elements. rod receptacle
NUM  8.
PAR  8. The refuse collector of claim 2 wherein said hopper means includes
      mounting means formed thereon, said mounting means comprising a groove
      formed in said upper portion and a rim formed on said lower portion.
NUM  9.
PAR  9. The refuse collector of claim 8 wherein said closure means further
      includes receptacle twist means, said receptacle twist means comprising a
      twist linkage interconnecting at least one of said second rack members and
      said lower portion to rotate said lower portion to rotate said lower
      portion relative to said upper portion as said closure elements move to
      said closed position.
NUM  10.
PAR  10. The refuse collector of claim 1 wherein said closure means further
      includes closure frame means attached to said frame means, said closure
      frame means comprises a forward and rear closure member attached to s id
      hopper means, said forward and rear closure members each comprising an
      upper and lower portion interconnected by bias means said lower portions
      of said closure members being movably between a first and second position,
      said closure actuator means comprising a pulley means rotatably attached
      to said hopper means and flexible interconnecting element operatively
      coupled between said frame means and said rear closure member, said
      flexible interconnecting means disposed to operatively engage said closure
      element and said pulley means to move said closure element to the closed
      position when said lower portions are in said second position.
NUM  11.
PAR  11. The reference collector of claim 10 wherein said closure element
      comprises a substantially horizontal platform member disposed to pass
      through a slot formed in said hopper means, said substantilly horizontal
      platform member including a control roller to engage said flexible
      interconnecting element.
NUM  12.
PAR  12. The refuse collector of claim 11 wherein said upper portion of said
      hopper means is fixedly attached to said frame means and said lower
      portion of said hopper means is rotatably mounted on said upper portion of
      said hopper means, said lower portion of said hopper means rotatably
      between a first and second position.
NUM  13.
PAR  13. The refuse collector of claim 12 wherein said closure means further
      includes receptacle twist means, said receptacle twist means comprisng a
      first limit means fixedly attached to said flexible interconnecting
      element and first actuator means, affixed to said lower portion of said
      hopper means, said first limit means being disposed to engage said twist
      actuator means when said lower portions of said closure members are in
      said second position said lower portion of said hopper means is rotated to
      said second position.
NUM  14.
PAR  14. The refuse collector of claim 13 wherein said receptacle twist means
      further includes a second limit means fixedly attached to said flexible
      interconnecting element and a return means movable between a first and
      second position, said return means coupled between said upper and lower
      portions of said hopper means, said first and second limit means arranged
      in spaced relation relative to each other, said twist actuator means
      disposed between said first and second limit means, said return means
      being in said first position when said lower portion of said hopper is in
      said first position and in said second position when said lower portion of
      said hopper is in said second position, said return means movable from
      said first position to said second position when said lower portion of
      said closure members are in said second position and movable from said
      second position to fixed first position when said lower portion of said
      closure members are in said first position, said second limit means
      disposed to engage said twist actuator means to return said lower portion
      of said hopper means to said first position when said return means is
      moved from said second to said first position.
NUM  15.
PAR  15. The refuse collector of claim 14 wherein said return means comprises a
      first return member attached to said upper portion of said hopper means, a
      second return member attached to said lower portion of said hopper means
      and return bias means disposed between said first and second return
      members.
NUM  16.
PAR  16. The refuse collector of claim 4 wherein the lower portion of said first
      actuator means of said forward and rear actuator means are pivotally
      coupled to the upper portion of said forward and rear said actuator means
      respectively, said lower portion being pivotally interconnected by said
      platform means.
NUM  17.
PAR  17. The refuse collector of claim 16 wherein said frame means further
      includes shaker means interconnected between said frame and said closure
      means to move said platform relative to said frame means as said refuse
      collector is moved over the supporting surface.
NUM  18.
PAR  18. The refuse collector of claim 17 wherein said frame means comprises the
      lower frame element mounted on roller means.
NUM  19.
PAR  19. The refuse collector of claim 1 wherein said lower portion includes
      retainer means formed thereon, said retainer means comprising an annular
      lip to engage the refuse receptacle to operatively support and retain said
      refuse receptacle.
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PAL  A packaging device in which articles enclosed in shrinkable wrapping are
      conveyed through a shrink tunnel. At the exit end of the tunnel roller
      pairs are moveably supported for lateral movement into engagement with the
      sides of the articles. Each roller pair comprises a driver roller nearest
      the tunnel and a nondriver roller remote from the tunnel. The rollers of
      each pair are floatingly supported so both engage the respective side of
      an article. Photoelectric sensing means is provided to be actuated by the
      articles emerging from the tunnel and controlling the movement of the
      roller pairs toward and away from the sides of the articles.
BSUM
PAR  The present invention relates to a device for smooth pressing shrinkable
      foil packages. The device is equipped with two pressing rollers arranged
      at the outlet of the shrink tunnel. These by means of a post-guiding
      device are adapted to have the distance between the pressing rollers
      varied. The press rollers are furthermore adapted to be pressed against
      the two sides of the articles wrapped in shrinkable foil and by means of a
      conveying device of the shrink tunnel being conveyed between said pressing
      rollers.
PAR  A device of the above type is known and disclosed, for instance, in German
      Offenlegungsschrift No. 1,929,690. This device is intended particularly
      for smoothing out unevenness occurring in the shrink foil wrapping and
      originating with the lateral closure of the shrink foil wrapping. Due to
      the pressure of the pressing rollers upon the still warm foil material, a
      particularly firm lateral closure of the shrink foil wrapping is brought
      about when the lateral projecting portions of a shrink foil band under the
      effect of the heat in the shrink tunnel are folded in pairs one above the
      other and are connected to each other. Similarly, shrink foil ends project
      laterally from the shrink foil wrapping. The rim strips remain outside the
      fusion seam and originate with a lateral closure fusing or welding. These
      strips are permanently rolled against the lateral surfaces of the closed
      shrink foil wrapping. The post-guiding device are provided for the
      pressing rollers. By means of the device for smooth pressing shrink foil
      wrappings and thus also by means of the shrink tunnel, there is made
      possible to convey articles enclosed in a shrink foil, though while said
      articles may have different widths.
PAR  With the heretofore known device for smooth pressing shrink foil wrappings,
      it is possible by means of the post-guiding device to press two pairs of
      pressing rollers against the two sides of the articles wrapped in shrink
      foil. The two pressing rollers of each pair of pressing rollers are
      rotatably journaled on the two ends of one pivotable lever. Each thereof
      at its central portion is rotatably journaled on the post-guiding device
      and by means of a spring and an abutment is adapted to be returned to its
      basic or starting position. In this way it is possible, to start the
      operation of the smooth pressing at the preceding end face of a shrink
      foil wrapping while being able even around embossed edges to smooth or
      iron around the front and rear ends of the lateral surfaces of a shrink
      foil wrapping. For purposes of forming the post-guiding device, with the
      above mentioned heretofore known device particularly at the exit of the
      shrink tunnel, for purposes of smooth pressing shrink foil wrappings,
      there are provided two pivotable arms which are rotatably journaled
      approximately at the level of the ceiling of the shrink tunnel.
      Accordingly can be pivoted relative to each other. These pivotable arms
      are tensioned relative to each other by means of a tension spring.
PAR  The pressing force imparted upon the pressing rollers is dependent on the
      respective width of the articles wrapped in shrink foil so that with
      decreasing width of the shrink foil wrappings which are moved by the
      conveying device of the shrink tunnel between the pressing rollers,
      especially with the smoothing out of creases and folds, always poor
      results are obtained. Furthermore, with the heretofore known devices,
      there exists the danger that the shrink foil wrappings will get stuck
      between the pressing rollers and will be damaged by the conveying device
      of the shrink tunnel passing along the bottom side of said wrappings. This
      is true when the pressing force conveyed by the pressing rollers upon the
      foil material will increase in view of a better work result, and above all
      when the articles wrapped in shrink foil have a relatively low weight.
PAR  It is, therefore, an object of the present invention to improve the device
      of the above mentioned general type to permit the pressing rollers to be
      adapted to different widths of the articles wrapped in shrink foil and to
      make possible the adoption of higher pressures of the pressing rollers
      while eliminating for the shrink foil wrappings the danger of getting
      stuck.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification, in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a top view of the device according to the invention for smooth
      pressing shrink foil wrappings, said device being arranged in the exit of
      a shrink tunnel.
PAR  FIG. 2 shows a front view of the device as it appears when looking into the
      exit of the shrink tunnel.
PAR  FIG. 3 is a fragmentary side view of the device according to the invention.
DETD
PAR  The device according to the present invention is characterized primarily in
      that at least one of the two pressing rollers is equipped with a drive
      which imparts upon the roller mantle of the respective pressing roller a
      conveying speed which corresponds to the conveying speed of the shrink
      tunnel.
PAR  According to a particularly advantageous further development of the
      invention, the conveying device of the shrink tunnel is provided with a
      transporting chain while the driven pressing roller is connected through a
      flexible shaft to a chain sprocket which is in mesh with the transporting
      chain and which has a pitch diameter corresponding to the outer diameter
      of the pressing roller connected thereto. In this way, the driven pressing
      roller will, even with a larger load on its drive will maintain a safe
      synchronism with the conveying device of the shrink tunnel so that the
      additional costs for adding the press roller drive will be kept
      particularly low.
PAR  For forming the post-guiding device there are provided two pivotable arms.
      There arms are rotatably journaled at the exit of the shrink tunnel
      approximately at the level of the ceiling of the shrink tunnel. These arms
      are pivotable relative to each other. In between the two pivotable arms
      there is provided an actuating member common to both pivotable arms.
      Further development of the invention is of particular advantage. This
      development consists in that the two pivotable arms by way of a guiding
      rod are pivotally connected to the piston rod of a compressed air cylinder
      piston system which extends in the direction of the shrink tunnel in which
      the articles to be wrapped are passed therethrough. By means of such
      actuating member for both pivotable arms, the pressing force imparted upon
      the pressing rollers is dependent considerably less upon the respective
      width of the articles wrapped in shrink foil than is the case with the
      heretofore known device. With the known device referred to, the two
      pivotable arms are tensioned relative to each other by a tension spring.
      At the same time, the adaptability of the pressing rollers to different
      widths of the articles wrapped in shrink foil is considerably enhanced.
      Moreover, higher pressing roller pressures may be utilized without any
      material increase in the space required by the device and the costs of
      making same.
PAR  Referring now to the drawings in detail, the device illustrated therein for
      smooth pressing shrink foil wrappings comprises two pairs of pressing
      rollers 1, 2 which are adapted by means of a post-guiding device to be
      pressed against the two sides of the articles wrapped in the shrink foil.
      The two pressing rollers 1 and 2 of each pair of rollers are rotatably
      journaled at the two ends respectively of a pivotable lever 5. The lever 5
      is rotatably mounted at its central portion on the post-guiding device. By
      means of a spring 3 and an abutment 4, the lever 5 is adapted to be
      returned to its starting or base position. In this way, care will be taken
      that the two pressing rollers 1 and 2 always occupy the same sequence. In
      addition thereto, the base position according to FIG. 1, as brought about
      by the spring 3 and the abutment 4 is preferably so selected that the two
      pressing rollers 1 which are closer to the exit 6 of the shrink tunnel 7,
      and the two other pressing rollers 2 in their position in which the two
      pivotal arms 8 pertaining to the post-guiding device are pivoted farthest
      from each other, will have the same mutual distance.
PAR  The two pivot arms 8 are rotatably journaled at the exit 6 of the shrink
      tunnel 7 and through one guiding rod 9 each is pivotally connected to the
      piston rod 10 of the compressed air cylinder 12. The latter extends on the
      cover 11 of the shrink tunnel 7 in the center in the direction in which
      the article passes through the shrink tunnel 7. When pivoting inwardly the
      said two pivot arms 8, first the distance between the two pressing rollers
      2 decreases to a greater extent than the distance between the two pressing
      rollers 1. With the advance of the shrink foil wrapping toward the next
      following pressing rollers 2, the shrink foil wrapping was initially
      grasped only by the pressing rollers 1. The pressing rollers 2 are then
      somewhat pressed apart. While overcoming the force of the springs 3 so
      that when the side surfaces which are parallel to each other are rolled
      over, the distance between the pressing rollers will again be the same as
      the distance between the pressing rollers 1. Thus by means of the pressing
      rollers, a fusing or ironing around the roundings or edges at the front
      end of the lateral surfaces of a shrink foil wrapping is effected. At the
      rear end of the lateral surfaces of the shrink foil wrapping, the pressing
      rollers 1 take over this task because here the distance between the
      pressing rollers 1 with regard to the distance between the pressing
      rollers 2 is decreased by the unilateral relief of pressing roller pairs
      1, 2 under the influence of the compressed air cylinder 12.
PAR  Conveying device of the shrink tunnel 7 comprises on each of its two sides
      a transport or conveyor chain 13. Furthermore each of the two pressing
      rollers facing each other by way of a flexible shaft 14 and a sprocket
      wheel 18 is adopted to be driven by the respective adjacent transport or
      conveyor chain 13. Thus it will be appreciated that in the device for
      smooth pressing shrink foil wrappings, non-symmetric forces distribution
      are avoided with particularly few parts and at particularly low expense.
      The flexible shaft 14 is connected from above to the pertaining pressing
      roller 1. Thus the rollers 1 and 2 may end just above the conveying device
      of the shrink tunnel 7. The other end of the flexible shaft 14 was moved
      from the outside of the device to the respective sprocket wheel 15 mounted
      from above to the conveying chain 13. In this way, due to the two flexible
      shafts 14, the least interference is encountered in the entire region of
      movement of the connected pressing rollers 1. Each of the two sprocket
      wheels 15 has a holding member 16 which is connected in the vicinity of
      the pertaining pressing roller 1 to a lateral frame section 17 of the
      shrink tunnel 7. The two transport chains 13 are connected to each other
      by means of a plurality of transporting pairs 18 which are parallel to
      each other. For the sake of clarity, a conveying bar 18 is shown only in
      FIG. 2. At this point, it may be mentioned that the conveying device 13,
      18 of the shrink tunnel 7 extends to a major extent beyond the exit 6 of
      the covered-up tunnel section. The shrinking process which is caused in
      the foil material by the heating up in the covered-up tunnel section
      gradually decreases outside said region.
PAR  For reasons of economy, the compressed air cylinder 12 is a single acting
      compressed air cylinder equipped with a return spring 19. This cylinder 12
      is at the level of the two pivotable arms 8 which are symmetrical thereto.
      The pairs of pressing rollers 1, 2 supported by the pivot arm 8 will thus
      in the nonloaded starting position of the compressed air cylinder 12 have
      their greatest distance from each other. The return spring 19 thus does
      not serve for creating a pressing roller pressure and therefore may be
      relatively weak.
PAR  When the compressed air cylinder 12 receives compressed air, the piston rod
      10 is moved in the direction toward the inlet of the shrink tunnel 7 (not
      shown in the drawing). Each of the two guiding bars 9 is subjected to
      pulling stresses.
PAR  When viewing in the direction in which the article passes through the
      shrink tunnel 7, ahead of the pressing rollers 1 there is provided a light
      barrier 20 for selectively controlling the supply of compressed air to the
      compressed air cylinder 12. This controlling occurs by means of articles
      wrapped in shrink foil. Thus the pressing rollers 1 and 2 when
      interrupting the light barrier 20 will automatically pivot inwards. The
      light barrier 20 when free will result therein that the rollers
      automatically return to their lateral starting position. In this way, the
      play of adaptation of the pressing rollers 1 and 2 to different widths of
      the articles wrapped in shrink foil is further increased. So that with
      relatively short pivot arms 8 it it possible also to grasp particularly
      narrow and particularly wide shrink foil wrappings, three receiving bores
      23 offset with regard to each other are provided for the bearing bolts 21
      of each pivotable arm 8 in the transverse beam 22 of tunnel 7 which
      overlaps the exit 6. This arrangement also includes a guiding bar 9 of
      different length.
PAR  Once a pair of pressing rollers has been mounted on each pivotable arm 8, a
      differentiation has been created. Thus within each pair of pressing
      rollers, viewed in the direction in which the article passes through the
      tunnel 7, the pressing roller 1 equipped with a drive 14, 15 is followed
      by a pressing roller 2 without drive. In this way, the provision of more
      than two drives 14, 15 is avoided. At the same time with the selected
      association of the drives 14, 15 with the two pressing rollers 1 first
      wrapped by the shrink foil wrappings, the danger is eliminated that the
      articles wrapped in shrink foil and conveyed on the transporting bars 18
      through the shrink tunnel 7 at a lower weight of the article still will
      get stuck. The pressing rollers 1 already exert pressure upon the sides of
      the shrink foil wrapping, and the pressing rollers 2 have been pivoted
      closer to each other until just engaging the shrink foil wrapping.
PAR  The device for smooth pressing shrink foil wrappings according to the
      invention is also characterized in the following manner. The pressing
      rollers 1 and 2 and slightly by way of the rods 18 and by means of the
      roller mantle thereof engage only a fraction of the height of the passage
      in the shrink tunnel 7. Due to this step, the force exerted by the
      pressure cylinder 12 is concentrated onto a smaller pressure surface of
      the press rollers 1 and 2. Thus the shrink tunnel 7 is particularly
      suitable for a lateral closure of the shrink foil wrapping as effected in
      the shrink tunnel 7. With such closure, the lateral protruding portions of
      the lower foil are relatively small whereas the lateral protrusions of the
      upper foil extend nearly to the spread-out lower foil. The lateral
      protrusions of the lower foil due to their lower weight and due to the
      heat effect of the shrink tunnel 7 will stand up by themselves and will
      combine with the lateral protrusions of the upper foil. The pressing
      rollers 1 and 2 which are arranged rather far down, impart upon this
      connection a considerably higher strength. In this connection, it may be
      mentioned that the pairs of pressing rollers 1, 2 arranged at the exit 6
      of the shrink tunnel 7 may also be located entirely or partially in the
      covered up portion of the shrink tunnel 7. However, in order to keep in
      mind better work results with the heating up of the pressing rollers 1 and
      2, within appropriate limits, the pressing rollers 1 and 2 are preferably
      outside the covered portion of the shrink tunnel 7.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a device in which articles are enclosed in shrink foil wrapping, the
      device including a tunnel and conveyor chain means moveable along the
      tunnel for conveying articles through the tunnel from the entrance end
      thereof to the exit end, the improvement comprising; pressing roller means
      at the exit end of the tunnel for engaging the sides of wrapped articles
      emerging from the tunnel, said roller means being rotatable on axes
      perpendicular to the plane of movement of the articles, support means
      supporting said roller means for movement parallel to said plane, drive
      means connected to at least one roller of said roller means and imparting
      a peripheral velocity thereto on the side facing said articles
      substantially conforming to the velocity imparted to said articles by said
      conveyor chains, said drive means including a sprocket having a pitch
      diameter equal to the diameter of said driven roller and meshing with said
      chain, and a flexible drive shaft connecting the sprocket to the driven
      roller.
NUM  2.
PAR  2. In a device in which articles are enclosed in shrink foil wrapping, the
      device including a tunnel and conveyor chain means moveable along the
      tunnel for conveying articles through the tunnel from the entrance end
      thereof to the exit end, the improvement comprising; pressing roller means
      at the exit end of the tunnel for engaging the sides of wrapped articles
      emerging from the tunnel, said roller means being rotatable on axes
      perpendicular to the plane of movement of the articles, support means
      supporting said roller means for movement parallel to said plane, drive
      means connected to at least one roller of said roller means and imparting
      a peripheral velocity thereto on the side facing said articles
      substantially conforming to the velocity imparted to said articles by said
      conveyor chains, said chain means comprising a chain along each side of
      the tunnel, said roller means comprising a roller on each side of the path
      of articles through said tunnel, a sprocket having a pitch diameter equal
      to the diameter of a said roller and meshing with each chain, and a
      flexible shaft connecting each sprocket with the roller on the same side
      of the tunnel.
NUM  3.
PAR  3. A device according to claim 1 in which said roller means comprises a
      pair of rollers on each side of the article path through the tunnel, each
      pair of rollers comprising a first roller near the tunnel and a second
      roller remote from the tunnel, a lever for each pair of rollers having the
      rollers journaled therein near the lever ends, an arm pivotally mounted on
      the tunnel and extending therefrom to each lever and pivoted to the
      respective lever in about the middle thereof, spring means biasing each
      lever in one direction on the respective arm and abutment means bolting
      each lever in a predetermined rotated position on the respective arm, each
      said first roller having drive means connected thereto to drive the side
      of each first roller which faces the article path at the same velocity as
      the article.
NUM  4.
PAR  4. In a device in which articles are enclosed in shrink foil wrapping, the
      device including a tunnel and conveyor chain means moveable along the
      tunnel for conveying articles through the tunnel from the entrance end
      thereof to the exit end, the improvement comprising; pressing roller means
      at the exit end of the tunnel for engaging the sides of wrapped articles
      amerging from the tunnel, said roller means being rotatable on axes
      perpendicular to the plane of movement of the articles, support means
      supporting said roller means for movement parallel to said plane, drive
      means connected to at least one roller of said roller means and imparting
      a peripheral velocity thereto on the side facing said articles
      substantially conforming to the velocity imparted to said articles by said
      conveyor chains, said roller means comprising a pair of rollers on each
      side of the article path through the tunnel, each pair of rollers
      comprising a first roller near the tunnel and a second roller remote from
      the tunnel, a lever for each pair of rollers having the rollers journaled
      therein near the lever ends, an arm pivotally mounted on the tunnel and
      extending therefrom to each lever and pivoted to the respective lever in
      about the middle thereof, spring means biasing each lever in one direction
      on the respective arm and abutment means bolting each lever in a
      predetermined rotated position on the respective arm, each said first
      roller having drive means connected thereto to drive the side of each
      first roller which faces the article path at the same velocity as the
      article, an actuating device common to said arms operable for moving said
      arms toward each other in unison to cause said rollers to engage the sides
      of articles moving out of the tunnel, said actuating device comprising a
      fluid cylinder having a piston moveable therein, and rods connecting said
      piston to said arms.
NUM  5.
PAR  5. A device according to claim 4 in which said fluid cylinder and piston
      are single acting and are operable by compressed air to move the arms
      toward each other, and a return spring associated with said cylinder and
      piston for moving the arms away from each other upon the exhausting of
      said cylinder.
NUM  6.
PAR  6. A device according to claim 5 which includes photoelectrically operable
      means sensitive to the movement of articles out the exit end of the tunnel
      for controlling the supply of compressed air to and the exhausting of air
      from the said cylinder.
NUM  7.
PAR  7. A device according to claim 1 in which said support means are above said
      roller means and the lower ends of said roller means are disposed above
      the level of the bottom of articles emerging from the tunnel whereby the
      roller means engage a portion only of the height of the articles.
NUM  8.
PAR  8. A device according to claim 3 which includes means for adjusting the
      points of pivotal connection of the tunnel ends of said arms in the
      lateral direction to accommodate the roller means to articles of different
      width.
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ABST
PAL  A packaging machine in which the shipper package is formed from a carton
      blank which is wrapped around the article to be shipped. The packaging
      machine includes a loading station having a loading mechanism for loading
      an article into each compartment as the compartments move continuously
      through the loading station. The loading mechanism includes a loading
      platform disposed above the path of travel of the article receiving
      compartments and wiper blades mounted for movement along the loading
      platform in the direction of travel of the compartments to remove an
      article deposited on the loading platform and to deposit it in a
      compartment as the compartment moves out from under the loading platform.
      A wrapping station is provided wherein the article receiving compartments
      are moved longitudinally through the wrapping station on a conveyor and
      are moved laterally of the conveyor so as to project over an edge of the
      conveyor when passing through the wrapping station. A carton blank
      locating mechanisms also provide for stripping a carton blank from a stack
      of knocked down blanks, partially folding the blank and locating the blank
      in the partial folded condition in the path of travel of the article
      receiving compartment. Detectors are provided for detecting the presence
      or absence of an article in the article receiving compartments after the
      loading station and for detecting the presence or absence of a wrapper
      after the wrapping station so as to prevent the formation of a carton
      without any contents located therein and to prevent the discharge of the
      contents from the article receiving compartment into the same receiver
      which receives the correctly wrapped packages.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 434,043 filed Jan.
      17, 1974 now U.S. Pat. No. 3,879,920.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to packaging machines. In particular, this invention
      relates to a packaging machine for packaging articles in cartons formed
      from wrap-around carton blanks.
PAC  PRIOR ART
PAR  It is common practice to pre-form carton blanks into the form of a
      partially assembled container which is opened by the packaging machinery
      to receive the article to be packaged therein. In this process, the carton
      is partially assembled by the carton manufacturer and shipped to the user
      in the partially assembled condition. Cartons in the knocked down
      partially assembled form are considerably more bulky than carton blanks in
      a fully knocked down configuration. It follows that the storage space
      required for the partially assembled containers is substantial. In
      addition, a large dispenser mechanism must be provided for the partially
      assembled knocked down cartons in the packaging machine.
PAR  A further difficulty which is experienced with machines for use in loading
      partially assembled cartons is that a complex mechanism is required to
      effect the opening of the carton from its knocked down configuration to
      receive the article which is to be packaged therein. Considerable
      difficulty has been experienced in attempting to provide a mechanism of
      this type which will reliably operate to open cartons from their knocked
      down configuration.
PAR  Difficulty is also experienced in attempting to insert the product into the
      open partially assembled cartons.
PAC  SUMMARY OF INVENTION
PAR  The present invention overcomes the difficulties of the prior art described
      above by providing a packaging machine in which the shipper package is
      formed from a carton blank which the machine of the present invention
      wraps around the article which is to be shipped.
PAR  According to an embodiment of the present invention, the packaging machine
      consists of a carton wrapping station, a first conveyor having a
      longitudinally extending marginal edge spaced laterally from the wrapping
      station, a plurality of article receiving compartments forming means
      mounted on the first conveyor for movement therewith in the longitudinal
      direction of travel of the first conveyor. Means is also provided for
      moving the compartment forming means laterally of the first conveyor means
      into and out of the wrapping station as the compartment forming means
      moves in the longitudinal direction of travel of the conveyor. The machine
      also includes means for locating a carton blank in the wrapping station in
      advance of each compartment forming member and means for wrapping the
      carton forming blanks about each compartment forming member and the
      article located therein as it moves through the wrapping station to form a
      wrapped sleeve. The machine also includes discharge means for discharging
      an article and its wrapper from the compartment forming members at the
      output end of the wrapping station.
PAR  According to a further embodiment of the present invention, the packaging
      machine includes a loading station having a loading mechanism for loading
      an article into each compartment as the compartments move continously
      through the loading station. The mechanism includes a loading platform
      disposed above the path of travel of the article receiving compartments.
      The platform has a length in the direction of travel of the compartments
      which is greater than the length of a compartment in the direction of
      travel of the compartment. Dispenses means is provided for dispensing an
      article one at a time onto said platform. Wiper blade means is disposed
      above and mounted for movement along said loading platform in the
      direction of travel of said compartments. The movement of the wiper blade
      means is synchronized with respect to the movement of the compartment to
      remove an article deposited on the loading platform and to deposit the
      article in the compartment as the compartment moves out from under the
      loading platform.
PAR  According to a still further embodiment of the present invention, the
      wrapping mechanism which is disposed in the wrapping station includes a
      stripper mechanism for removing a knocked down blank from a carton blank
      storage station and delivering a blank in a partially folded configuration
      into the wrapping path of the article receiving compartment forming
      members and folding means for folding the partially folded blank in to a
      sleeve configuration about the carton folding receiving compartment
      forming members as the article receiving compartment forming members move
      through the wrapping station.
DRWD
PAC  PREFERRED EMBODIMENT
PAR  The invention will be more clearly understood with reference to the
      following detailed specification read in conjunction with the drawings
      wherein
PAR  FIG. 1 is a diagrammatic plan view of a packaging machine according to an
      embodiment of the present invention;
PAR  FIG. 2 is a diagrammatic plan view of the output end of wrapping station
      illustrating a different condition to that illustrated in FIG. 1;
PAR  FIG. 3 is a plan view of a switching mechanism which is located at the
      output end of the wrapping station for selectively guiding the discharge
      mechanism;
PAR  FIG. 4 is a plan view similar to FIG. 3 showing the switching mechanism in
      a second position;
PAR  FIG. 5 is a partially sectioned pictorial view illustrating the article
      loading station;
PAR  FIG. 5a is a detailed view of the loading platform of FIG. 5 which is
      partially obscured in the illustration of FIG. 5;
PAR  FIG. 6 is an end view illustrating the first stage in the location of the
      article on the loading platform;
PAR  FIG. 7 is a view similar to FIG. 6 showing a further stage in the location
      of the article in the loading platform;
PAR  FIG. 8 is a view similar to FIG. 7 showing the positioning of the article
      within the article receiving compartment;
PAR  FIG. 9 is a partially sectioned pictorial view of the stripper mechanism
      for stripping carton blanks from a dispenser;
PAR  FIG. 10 is a view similar to FIG. 9 showing the stripper mechanism in a
      second position;
PAR  FIG. 11 is a partial pictorial view illustrating the location of the
      partially folded blank in the wrapping path of the article receiving
      compartments;
PAR  FIG. 12 shows a further stage in the wrapping operation;
PAR  FIG. 13 shows a still further stage in the wrapping operation;
PAR  FIG. 14 is a pictorial view illustrating the manner in which the end flaps
      of a carton are secured for removal from the article receiving
      compartment; and
PAR  FIG. 15 is a pictorial view illustrating the mechanism for closing the end
      flaps at one end of the carton.
DETD
PAR  With reference to FIG. 1 of the drawings, it will be seen that the
      apparatus of the present invention incorporates a loading station A in
      which the articles which are to be wrapped are loaded into compartments, a
      wrapping station B in which a blank is wrapped around the article which is
      to be packaged, and a combination stripper and transfer station C in which
      a blank is stripped from a stack of knocked down blanks and transferred to
      the wrapping station.
PAR  With reference to FIG. 1 of the drawings, the reference numeral 10 refers
      generally to a first conveyor mechanism which as shown in FIG. 5 of the
      drawings includes a pair of spaced parallel endless chain members 12
      supported by spaced parallel rails 14 which are carried by a suitable
      frame structure (not shown). The endless chains 12 extend around sprockets
      (not shown) carried by shafts 16 at opposite ends of the conveyor and a
      suitable drive mechanism (not shown) is provided for driving one or other
      of the drive shafts 16 so as to move the chains 12 longitudinally of the
      rails 14 in the direction of the arrow D. The conveyor assembly includes a
      plurality of sets of transverse shafts 18 which are secured at opposite
      ends to the chains 12. Transverse frame support members 20 support guide
      rails 22, 23, 24, 25, 26, (FIG. 3, 4, 5) which define guide tracks 28, 30
      and 32. A plurality of article receiving compartment forming members 34,
      each of which consists of a substantially U-shaped sheet metal trough, are
      slidably mounted on shafts 18 by means of mounting brackets 36 which are
      arranged one substantially centrally of the length of the trough and the
      other adjacent the rear end of the trough. A transverse bracing plate 38
      is secured substantially centrally of the length of the trough. This
      U-shaped trough construction which is of substantial length has been found
      to provide a member which, while light in weight, is sufficiently strong
      and rigid when one end is extended over the edge of the conveyor to act as
      a wrapping former. The U-shaped trough structure derives a substantial
      portion of its structural strength from the fact that it is of a length
      which is substantially greater than the length actually required in order
      to accommodate the article which is to be packaged, and by reason of the
      mounting of the trough on the two spaced transverse support shafts 18, the
      entire article receiving compartment forming member 34 is capable of
      withstanding repeated encounters with a blank in the wrapping operation
      without damage to the compartment forming members and the mechanism which
      provides the lateral movement thereof.
PAR  A bracket 40 is slidably mounted on each pair of transverse shafts 18 and
      has a leg portion 42 which projects through a longitudinal slot 44 formed
      in the bottom wall of the U-shaped trough member. The bracket 40 is
      slidable with respect to the shafts 18 independently of the brackets 36. A
      shaft 46 has one end adjustably clamped in the upstanding leg 42 and has a
      plate 48 located at the other end thereof. The location of the plate 48
      with respect to the upstanding leg 42 is adjustable so as to vary the size
      of the article receiving compartment 50 formed within each U-shaped trough
      when the end plate 48 is in the retracted position shown in FIG. 5. The
      substantially centrally located support bracket 36 which supports the
      U-shaped trough member 35 is provided with a track follower roller 52
      which extends into and runs along the track 28. A guide track follower
      roller 54 is secured to and disposed below the bracket 40 which supports
      the dispenser mechanism. The roller 54 is movable along the guide track 31
      or selectively along guide tracks 30 and 32 as required. The mechanism for
      guiding the follower rollers 54 selectively along guide tracks 30 or 32 is
      diagramatically illustrated in FIGS. 3 and 4 of the drawings and includes
      a switch plate 56 which is pivotally mounted at one end on the guide rail
      24. The switch plate 56 is connected to the arm of a hydraulic cylinder 58
      by means of an arm 60. The hydraulic cylinder 58 is adapted to move the
      switch plate between the position shown in FIGS. 3 and 4 of the drawings
      as required in use to guide the roller follower 54 along tracks 30 or 32
      as required.
PAR  As shown in FIG. 2 and as will be described in more detail hereinafter, an
      electric eye sensing unit 62 is located towards the discharge end of the
      wrapping station. The sensing device 62, which is preferably in the form
      of an electric eye unit detects whether or not a carton has been properly
      located prior to the discharge of the article from the article receiving
      compartment 50. If the sensing device detects the presence of a wrapper,
      the hydraulic cylinder 58 is operated to position the switch plate such
      that the roller 54 is guided along the track 32. As shown in FIG. 1 of the
      drawings, this has the effect of causing relative movement between the
      ejection mechanism and the U-shaped trough. In following the path of the
      guide track 28, the U-shaped trough member is withdrawn from the wrapping
      station while the end plate 48 remains in the advanced position to retain
      the article in the wrapping station until the U-shaped trough member has
      been completely withdrawn from the package which is formed in the wrapping
      station. If the detection unit 62 detects the absence of a wrapper during
      the passage of the trough member through the detection point, the
      hydraulic cylinder 58 will be activated to move the switch plate 56 to the
      position shown in FIG. 4 of the drawings which will substantially prevent
      relative movement between the ejection mechanism and the U-shaped trough
      with the result that the article which is located within the U-shaped
      trough is withdrawn from the wrapping station with the U-shaped trough so
      that it is not discharged along with the correctly packaged articles. The
      article which is withdrawn for lack of a wrapper may be deposited in a
      suitable receptacle underlying the end of the conveyor 10 simply by
      permitting the article to drop freely out of the article receiving
      compartment when the compartment is inverted at the end of the conveyor.
      This structure eliminates the need to provide for the manual sorting of
      the packaged and unpackaged products discharged from the packaging
      machine. Previously it has been necessary to provide an operator at the
      output end of a high speed machine of this type to ensure that packages
      which are not properly loaded into containers are not loaded into larger
      containers for shipping along with properly packaged articles.
PAR  It is also important to ensure that cartons are not loaded for shipping
      which do not contain the article which is to be packaged. It will be
      understood that in a high speed machine for packaging relatively
      light-weight articles such as snack foods, it may be quite difficult to
      tell whether a sealed package contains the required product or not. This
      difficulty is overcome in the present invention by providing a detection
      unit 64 which may be in the form of an electric eye unit similar to the
      unit employed for detecting the presence of a wrapper. By reason of the
      fact that the U-shaped trough members 35 are open at the end which is
      disposed towards the marginal edge 66 of the conveyor, it is possible to
      locate the detection device so that it operates in a plane which extends
      through a portion of the space which is normally occupied by the article
      which is to be wrapped. The sensing device 64 controls the operation of
      the stripper and transfer mechanism, as will be described hereinafter, so
      that if an empty article receiving compartment is detected, the stripper
      device does not operate so that the empty trough member is permitted to
      pass through the wrapping station without having a blank wrapped
      thereabout.
PAR  In the loading station A, articles such as packages 70 are loaded into the
      article receiving compartments 50 of each trough member. In order to
      permit the apparatus of the present invention to operate at high speed, a
      plurality of loading chutes 72 are provided in the loading station A. Each
      of the loading chutes 72 may be fed from an escalator device which
      elevates the packages 70 so that the packages 70 slide down the chutes 72
      under the influence of gravity. A loading platform 74 (FIG. 5a) is carried
      by a frame member 76 in a position supported above the level of the upper
      edges of the U-shaped trough members. A stop wall 78 is mounted on the
      ends of support shafts 80 which are slidably mounted in the frame member
      76. Locking screws 82 are adapted to secure the stop wall 78 in any
      required position with respect to the platform 74.
PAR  A loading conveyor assembly 84 is located above the loading platform 74 and
      supported by means of frame members 86. A pair of sprockets 88 are mounted
      for rotation in bearings 90 which are carried by frame members 92 which
      are supported by the frame member 86. Endless chains 94 extend around the
      sprockets 88 and a plurality of sets of wiper blades 96 and 98 are mounted
      at spaced intervals along the chains 94. The wiper blades 98 are
      permanently located in a fixed position projecting normal to the chain.
      The wiper blades 96 are pivotably mounted on brackets 100 which extend
      outwardly from the chains 94. A lever arm 102 is secured to each of the
      wiper blades 96 and projects outwardly therefrom. A cam track follower
      roller 104 is mounted at the outer end of the lever arm 102. A cam track
      106 extends through the loading station and upwardly around the end of the
      path of the loading conveyor. In the immediate area in which the wiper
      blades engage the packaged article, the cam track 106 has a raised portion
      108. A secondary cam track portion 110 extends in an underlying spaced
      relationship to the raised portion 108 over a major portion of its length
      (FIGS. 6, 7, 8). In use, the cam track 108 normally serves to retain the
      leading wiper blade 96 in the raised position shown in FIG. 6 of the
      drawings. When the leading wiper blade 96 is in this position, it is free
      to pass over the article 70 which is located on the platform 74 when
      driven in the direction of the arrow E by means of chains 94. After the
      leading wiper blade 96 has cleared the package 70, the roller 104 is
      guided along the guide track 112 formed between guide rails 108 and 110.
      This causes the leading wiper blade 96 to pivot downwardly into the
      position shown in FIG. 7 of the drawings. It will be noted that a short
      lug 114 is formed at the lower edge of the leading wiper blade 96 and that
      this lug serves to support the forward edge of the package as it is moved
      over the forward edge of the support platform 74 so that it does not
      immediately drop off of the forward edge of the platform 74. It will be
      noted that by the time the leading wiper blade 96 has been pivoted
      downwardly to a position shown in FIG. 7, the trailing wiper blade 98 has
      engaged the article 70 and moved it a substantial distance in the
      direction of the arrow E across the platform 74. Further movement of the
      wiper blades in the direction of the arrow causes the leading wiper blade
      96 to be moved away from the article 70, thereby releasing the article 70
      so that it falls into the article receiving compartment 50.
PAR  A plurality of knocked down carton blanks 120 are mounted in a face to face
      upright stacked configuration in a blank magazine support device 122 which
      is located in the storage station C. Each of the blanks 120 includes a top
      wall panel 124 and a bottom wall panel 126 which are connected to one
      another by means of a side wall panel 128. A side wall flap 130 is
      connected to the other edge of the bottom wall panel 126 and a side wall
      panel 132 is connected to the top wall panel 124. End closure flaps 134,
      136, 138, 140 project outwardly from the ends of panels 124, 126
      respectively. End flaps 142, 144 project outwardly from opposite ends of
      the side wall flap 130. The magazine has a retainer blade 146 at the lower
      edge thereof together with additional retainer blades (not shown) which
      serve to prevent the leading carton being discharged without control from
      the carton magazine. An initial bending former 150 is mounted on a support
      block 152 which is in turn mounted on a frame member 154 so that the
      former 150 is held in a position spaced forwardly from and aligned with
      the side wall panel 128 of the leading blank. The initial bending former
      150 has short side walls which project outwardly from the base wall of the
      former. The side walls diverge in the direction of the plane into which
      the top and bottom panels 124, 126 are initially bent. The bending
      mechanism consists of a pair of stationary shafts 156 which are mounted on
      frame member 194 and the support block 152. Rocker arms 160 are pivotably
      and slidably mounted on the shafts 156. Rocker arms 162 are pivotably
      mounted on the shafts 156. The rocker arms 162 are secured against lateral
      movement along the shafts 156. The rocker arms 162 are secured to their
      adjacent rocker arms 160 by means of shafts 164 which are slidably mounted
      with respect to the rocker arms 162 and rigidly mounted with respect to
      rocker arms 160. A small cam roller 166 is located at the outer end of the
      outer rocker arms 160 of each set of rocker arms. The outer ends of the
      rocker arms 162 are secured by means of shafts 168 to opposite ends of a
      support plate 170. The support plate 170 is carried by support block 172
      which has a vertical slot 174 formed therein. A drive wheel 176 is mounted
      on a shaft 178 which is rotatably driven in the direction of the arrow F.
      An eccentrically mounted drive pin 180 projects from the drive wheel 176
      into the slot 174 in the block 172 so that as the drive wheel 176 rotates
      in the direction of the arrow F, the block 172 is reciprocally driven
      (arrow G) with respect to guide shafts 182 which are supported by a
      further frame member 184. Blade members 186 are secured to the ends of the
      rocker arms 160 and project laterally therefrom into a position overlying
      the outer end of the leading carton of the magazine. Suction cups 188 are
      mounted on the ends of the blades 186. The suction cups 188 are connected
      to a suitable vacuum source by means of conduits 190. The reciprocal
      movement of the block 172 in response to rotation of the drive wheel 176
      causes the blades 186 to move to and fro between the forward position
      illustrated in FIG. 9 of the drawings and the folded position illustrated
      in FIG. 10 of the drawings. When the suction cups 188 are located in the
      position shown in FIG. 9 of the drawings, a vacuum is applied to the
      suction cups so that they engage the leading blank and retain their
      engagement with the leading blank during movement from the position shown
      in FIG. 9 of the position shown in FIG. 10 to effect an initial bending of
      the blank about the former 150. The guide tracks 192 guide the rollers 166
      in a path which extends laterally of the direction of rotation of the
      rocker arms 160 such that after the carton blank has been engaged and the
      panels 124 and 126 are initially drawn away from the blank magazine, the
      carton is thereafter moved laterally of the initial folding former 150 by
      means of the lateral movement of the rocker arms 160 in response to the
      movement of the roller 166 along the cam track 192. This lateral movement
      causes the blank 120 to move laterally of the former 150 so that a portion
      of the blank overlies the opening 196 formed in the outer end of the
      former 150.
PAR  A lateral drive mechanism 200 (FIG. 11) is positioned so as to drive the
      partially folded blank laterally from the initial lateral provided by the
      initial folding mechanism into the wrapping station. The lateral drive
      mechanism 200 includes two sets of drive rollers 202 which are mounted on
      drive shafts 204 which are rotatably driven in the direction of the arrow
      H. The rollers 202 are located rearwardly of the passage 196 formed in the
      initial bending former 150. A second set of rollers 206 are mounted in the
      end of a shaft 208 which is reciprocally driven by means of a solenoid
      210. The rollers 206 cooperate with the rollers 202 to drivingly engage a
      blank when the rollers 206 are in the forward position. The rollers 206
      are withdrawn by means of the solenoid 210 to provide for the free
      movement of the blank into the position disposed between the rollers
      during the initial lateral movement of the blank by means of the initial
      bending mechanism.
PAR  A pair of guide rails 212 are supported by the frame (not shown) in a
      position so as to be disposed laterally and outwardly from the walls of
      the blank when the blank is in the initial folded position. The rails 212
      serve to retain the blank in the folded position after the suction cups
      188 are released. An adhesive applicator gun 214 is positioned so as to
      apply adhesive to a narrow band 216 on the side flap 130 as the blank is
      moved laterally to the wrapping station.
PAR  When the partially folded blank is located within the wrapping station B in
      the path of travel of the article receiving compartment forming members
      34, the side wall 128 of the blank is engaged by the leading side wall of
      a member 34 and is carried thereby into the mouth 220 (FIG. 12) formed
      between upper folding plate 222 and lower folding rails 224. The plate 222
      and rails 224 serve to wrap the blank about three sides of the member 34.
      An opening 226 is formed in the upper plate 222 through which the blades
      228 of the upper flap closure device 230 pass in use. The blades 228 are
      mounted on a support block 232 which is rotatably mounted on shaft 234
      which is carried by the frame (not shown) and rotatably driven by a
      suitable drive mechanism such that the rotation of the blades 228 is
      synchronized with respect to the passage of the members 34 past the
      opening 226. As the member 34 passes through the opening 226, one of the
      blades 228 engages the flap 132 and folds it around the trailing side wall
      of the member 34 as shown in FIG. 13 of the drawings. The end flap 130 is
      folded upwardly into an outwardly overlying relationship with respect to
      the flap 132 by means of blade members 240 which are mounted on brackets
      242 carried by endless chains 244. The endless chains 244 are driven by
      sprockets 246 which are in turn driven by a suitable drive means (not
      shown) through a drive shaft 248. The movement of the blade members 240 is
      synchronized with respect to the movement of the members 34 so as to
      achieve the folding of the flap 130 after the folding of the flap 132.
      After the folding has been completed, the plate 240 serves to hold the
      flaps 130 and 132 in intimate engagement with one another for a period of
      time sufficient to permit the adhesive to effectively secure the flaps
      together. The plates 240 also serve the purpose of pushing the cartons
      along the conveyor after the member 34 is withdrawn as will be described
      hereinafter.
PAR  A pair of top guide rails 223 extend rearwardly from the plate 222 and
      serve the same purpose as the plate 222 in that they retain the top panel
      124 of the blank in intimate contact with the member 34. As shown in FIG.
      14 of the drawings, the end flaps 136, 140, 144 and 145 project outwardly
      from the sleeve configuration of the blank formed in the wrapping
      operation. In order to ensure that a wrapper is in fact located about the
      article receiving compartment, the flap 145 is folded inwardly of the
      flaps 136, 140 by means of a guide bar 250 and subsequently the flaps 136,
      140 are folded outwardly by means of guide rails 252, 254. The guide rail
      252 folds the flap 136 outwardly into a position wherein it passes along a
      slot 256 formed between the guide rail 252 and an adjacent guide rail 223.
      The electric eye device 62 is aligned with a passage 260 which opens
      through rails 252 and 223. If the carton flap 136 is not sensed by the
      electric eye device as the member 34 moves through the wrapping station,
      the switch plate 56 will be moved to a position to guide the roller 54
      along the track 30 as shown in FIG. 2 of the drawings so that the
      unwrapped article will not be dispensed from the member 34. If, on the
      other hand, an end flap 136 is detected by the electric eye device 62, the
      switch plate 56 will be located in the position shown in FIG. 3 of the
      drawings so that the roller 54 will follow the guide track 32 and the
      discharge mechanism will operate to discharge the article from the member
      34 as the member 34 is withdrawn as shown in FIG. 1 of the drawings.
PAR  As the partially formed carton moves along the rails 224, the open outer
      end is located in an end closure station 262 (FIG. 15) which is located at
      the gap in the end rail 250. As a result of the resilience of the end
      flaps 144, the flaps will recover their outwardly directed position after
      the carton moves the gap formed in the rail 250 at the end closure
      station. A rotary blade 264 is rotatably driven by a shaft 266. The blade
      264 has opposed arms 268 which, on rotation of the shaft 266, engage the
      flaps 144 and fold them inwardly. As the cartons are advanced along the
      rails 224 by means of the blades 240, the flap 144 is held in the inwardly
      folded position by the blade 264 for a sufficient period of time to permit
      the flap to be located in an underlying relationship with respect to the
      lip portion 270 of the end rail 250. The lip portion 270 of the end rail
      250 serves to fold the end flap 145 inwardly of the carton.
PAR  A pair of adhesive applicator guns 272 are located at the discharge end of
      the guide rails 252, 254 and apply adhesive to the end flaps 136, 140 as a
      package is moved along the rails 224. The end flaps 140 and 136 are then
      folded to a closed position by means of curved guide rails 274, 276. The
      guide rails 274, 276 fold the flaps 136, 140 upon one another and serve to
      hold the flaps in the folded position for a time sufficient to permit the
      adhesive to firmly secure the flaps in the closed position. The flaps 134,
      138, 142 on the other end of the carton are closed in a similar manner by
      a similar rotary blade 265 (FIG. 1) and adhesive applicator guns 273 and
      suitable folding rails (not shown).
PAR  In use, the apparatus of the present invention provides for a high speed
      loading of articles into the article receiving compartments, the high
      speed wrapping of the article receiving compartments which form
      substantially rigid forming mandrels, and an efficient stripper mechanism
      for stripping a knocked down carton blank from a carton storage station
      and delivering the blank into the wrapping station.
PAR  In use, the article 70 is loaded by means of one or more loading chutes 72
      onto one or more loading platforms. The wiper blades 96, 98 move the
      article across the platform and deposit it into the article receiving
      compartment 50 formed in the trough-shaped member 34. The members 34 are
      moved out of the loading station by means of the conveyor on which they
      are supported. The trough device 34 and its associated article discharge
      mechanism and the article 70 are moved laterally of the first conveyor by
      means of the guide tracks 28 and 31. In order to ensure that the articles
      are properly seated in the article receiving compartments, a sensor plate
      280 (FIG. 11) is located in the path of the trough members 34. The sensor
      plate 280 is pivotally mounted on a shaft 282 which is supported by frame
      member 284. A microswitch 286 is mounted on the frame 284 so as to be
      activated when the sensor plate 280 is elevated by an improperly located
      article 70 to stop the movement of the first conveyor before the
      improperly located package reaches the wrapping position. If the
      microswitch 286 is not activated, the continuous movement of the first
      conveyor is not interrupted and the trough moves to the package detection
      station wherein the electric eye device 64 serves to determine whether or
      not a package 70 is located within the article receiving compartment 50 as
      previously described. If the article receiving compartment is found to be
      empty, the stripper mechanism is not activated and the trough member 34
      and its contents are permitted to pass through the wrapping station
      without forming a carton about the trough member 34. If the presence of an
      article 70 is detected by the electric eye device 64, the stripper
      mechanism is activated as previously described to discharge a partially
      folded blank into the path of the trough member 34 as shown in FIGS. 1, 10
      and 11 of the drawings. The blank is then shaped to the form of a sleeve
      with the side flaps 132, 130 folded upon one another (FIG. 12 and 13) and
      adhesively secured to one another by the adhesive applied by the adhesive
      applicator 214 and held securely by a plate 240 mounted on the chains 244.
      As the first conveyor continues to advance through the wrapping station,
      the end flap 136 is folded upwardly and passes the second electric eye
      device 62. When the second electric eye device 62 detects the presence of
      an upwardly turned end flap 136, it transmits a signal to the switching
      mechanism which controls the operation of the switch plate 56 and the
      switch plate 56 is thereby located in a position to guide the roller 54
      along guide path 32 as shown in FIGS. 1 and 3 of the drawings. If the
      electric eye device 62 is not activated indicating the absence of an end
      flap 136, the switch plate 156 is moved to the position shown in FIG. 4 of
      the drawings which causes the roller 54 to follow the guide path 30 as
      shown in FIG. 2 of the drawings. When the roller 54 is guided along guide
      path 32, the trough member 34 is moved laterally relative to the dispenser
      mechanism so that the dispenser mechanism serves to retain the article
      within the container until the trough member 34 is withdrawn from the
      container and the article 70 rests on the bottom wall of the container.
      Thereafter, the dispenser mechanism moves laterally with respect to the
      trough member 34 to return to its position inwardly of the article
      receiving compartment in a position ready to receive a further article
      when returned to the loading station. The carton with the article located
      therein continues to the wrapping station and the end flaps at both ends
      are closed.
PAR  In order to ensure that the article 70 is located inwardly of the wrapper
      before the trough member is withdrawn, the guide path 32 includes an
      initial lateral jog portion 32a which provides a slight relative movement
      between the dispenser mechanism and the trough 34.
PAR  If, as previously described, the sensing mechanism 62 indicates that a
      wrapper has not been applied by reason of the action of the first sensing
      device 64 or a failure in the dispenser mechanism, the dispenser mechanism
      is withdrawn along with the U-shaped trough member (FIG. 2) so that if an
      article is located in the U-shaped trough, the article is not transferred
      onto the discharge conveyor so as to be mixed with the wrapped articles
      which are discharged from the discharge conveyor. The articles which are
      unwrapped are discharged at the end of the first conveyor and may be
      returned to the loading mechanism.
PAR  From the foregoing, it will be apparent that the present invention provides
      an apparatus which is capable of forming shipper packages from knocked
      carton blanks at high speed. The mechanism is such that it is rugged and
      does not employ any operating mechanism which require complex movements in
      order to load and form the shipper carton. These and other advantages of
      the device of the present invention will be apparent to those skilled in
      the art without departing from the scope of the invention.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. In a packaging machine having a wrapping station through which a
      plurality of shipper package forming members pass in a wrapping path, and
      a carton blank storage station for storing a plurality of carton blanks
      each having a back panel, a front panel, a side panel connected to one
      side edge of said front panel and said back panels, a front side flap
      connected at the other side edge of said front panel and a back side flap
      connected at the other edge of said back panel, the improvement of
PA1  a. carton blank storage means in said carton blank storage station spaced
      laterally from said wrapping path and having a discharge end through which
      knock-down carton blanks may be removed disposed in a plane extending
      normal to said wrapping path,
PA1  b. initial bending former means disposed outwardly from and adjacent said
      discharge end of said carton storage means and aligned with and having a
      width substantially equal to the width of said side wall panel of a blank,
PA1  c. suction cup means for engaging said front panel and said back panel of a
      blank,
PA1  d. means for moving said suction cup means towards and away from said
      discharge end of said blank storage means to engage a blank when in a
      first position and thereafter remove the blank from said storage means and
      bend the blank over said initial bending former in moving to a second
      position,
PA1  e. means for moving said suction cup means laterally of said discharge end
      of said storage means into said wrapping path while said suction cups
      remain in said second position holding a blank in said initially folded
      configuration.
NUM  2.
PAR  2. A packaging machine as claimed in claim 1 including adhesive applicator
      means disposed in the path of said side flap during lateral movement of
      the partially folded blank for applying an adhesive thereto as said blank
      moves laterally into said wrapping path.
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ABST
PAL  The following disclosure sets forth a non-marking lawn mower in which a
      cutter cylinder carrying multiple disc blower cutters in a centrifugal
      blower structure is supported in parallel spaced relation to a rearward
      roller structure which carries the mower. The drive motor rotates the
      cylinder at a cutter speed greater than 6,000 feet per minute. At least
      one forward adjusting roller can be positioned to determine the height of
      cut effected by the cutter cylinder.
BSUM
PAR  This invention relates to a lawn mower adapted to cut lawn grass in such
      manner that the track or path of the cut is not revealed on the lawn
      surface.
PAR  In the state of the art of rotary blade lawn mowers the grass is cut over
      one half of the path of cut in a direction opposite to the adjacent half
      of an adjacent path of cut. Thus, though the grass may be cut to the same
      height in each path the contrast in cut direction will give the appearance
      of a line. Furthermore the wheels of such a mower mark the path of cut.
PAR  With a reel type shear cutting lawn mower, when the successive cutting
      paths are in the same direction the separate cutting paths cannot be
      detected except by wheel marks. However, the necessity of specially
      sharpening reel type shear mower blades has led to this class of lawn
      mower being replaced by rotary blade type mowers for general use.
PAR  It is an object of the invention to provide a flying cutter cylinder type
      mower having the advantages of both shear reel and rotary mowers and
      adapted to effect a lawn cut without leaving wheel marks or the like.
PAR  Other objects of the invention will be appreciated by a study of the
      following specification taken in conjunction with the accompanying
      drawings.
DRWD
PAL  In the drawings:
PAR  FIG. 1 is a perspective view of a mower according to the invention;
PAR  FIG. 2 is a plan view of a portion of the mower of FIG. 1 cut away to
      reveal drive mechanism and the nature of the flying cutter cylinder
      structure;
PAR  FIG. 3 is a sectional detail of a flying cutter mounted on the cylinder of
      FIG. 2;
PAR  FIG. 4 is a sectional elevation on the line 4--4 of FIG. 2;
PAR  FIG. 5 is a perspective view of a cylinder support roller mounting block to
      which a cutter cylinder support roller axle may be fastened at any
      selected height to adjust the height of cut;
PAR  FIG. 6 is a perspective view of a modified mower of the invention;
PAR  FIG. 7 is a diagrammatic section of the modified mower of FIG. 6;
PAR  FIG. 8 is an enlarged perspective view of a blower disc cutter for use with
      the mower of FIG. 6;
PAR  FIG. 9 is a plan view of a portion of the cutter cylinder formed by axially
      stacking blower cutter discs of the kind shown in FIG. 8;
PAR  FIG. 10 is an enlarged perspective view of a drive locking spacer or
      mounting cutter located between the blower cutter discs in FIG. 9.
DETD
PAR  In the drawings, the mower 10 of the invention comprises a rigid housing 11
      formed of sheet metal to define a top wall 12 having a front depending
      flange 13 and a reared pending flange 14 extending between rigid side
      walls 15 and rigidified by dividing wall 16 and the curved wall 17 welded
      at 18 to dividing wall 16 and welded at 19 and 20 to top wall 12 and front
      flange 13. Cutter cylinder 21 is mounted by its shaft 22 through side
      walls 15 in high speed bearings 23. At the left side of the mower as shown
      in FIG. 2, shaft 22 extends beyond side wall 15 to mount a pulley wheel 24
      connecting by drive belt 25 to drive pulley wheel 26 driven by output
      shaft 27 of centrifical clutch device 28 driven by shaft 29 of motor 30
      shown in broken lines in FIGS. 1 and 4. Output shaft 27 also drives a
      conventional reversing speed reduction device 31 having reduction output
      shaft 32 driving pulley wheel 33 connecting by drive belt 34 to pulley 35
      driving shaft 36 and the left hand roller 37 carrying on a continuation of
      its shaft 36 the free running roller 38.
PAR  The side walls 15 extend laterally to accommodate the rollers 37, 38 of
      substantially greater total width than the cylinder 21. On the left hand
      portion of the mower a drive belt casing 39 encloses belts 25, 34 and
      carries the adjustable mounting block 40 having a plurality of vertically
      arranged threaded holes 41 adapted to receive the threaded stud 42 of stud
      shaft 43 carrying height adjusting wheel 44. On the right-hand side of the
      mower the mounting block 40 is fastened directly to the side wall 15 and
      on both sides the mounting holes are located vertically in alignment with
      the shaft 22.
PAR  Reel cylinder 21 carries a plurality of flying cutters preferably formed in
      the manner indicated in FIG. 3 and comprising a mounting bolt 45 having a
      head 46 welded as at 47 to cylinder 21 and having the threaded shank 48
      thereof extending outwardly beyond the outer surface 49 of the cylinder. A
      steel washer 50 having a hardened bevelled cutting edge 51 rests against
      the head end 52 on shank 53 of mounting stud 54 being held rigidly in
      assembly therewith by the exterior mounting sleeve 55. The cutters are
      preferably arranged at such spiral angle relative to the diameter of each
      that the near edges 56, 57 (FIG. 2) slightly overlap a theoretical
      circumferential line 58. The rate of spiral or spiral angle is such that
      one row of such cutters will spiral through 180.degree. of arc only. A
      second row of cutters 59 is diametrically opposed from the row of cutters
      60 at the same rate of spiral but the cutters are located half a cutter
      width axially from the cutters of the first row 60. Accordingly no more
      than two cutters will be in longitudinal alignment on the cylinder and
      thus the power requirements are substantially that necessary to operate
      only two cutters at any one moment at reel speeds greater than 1,000 rpm.
PAR  Removable cuttings box 62 is of light sheet metal or screen on frame 63
      having cross bar 64 with mounting studs 65 seating in holes 66 in front
      wall 13 and is held in upward tilted position by wire hook 67 connecting
      to hole 68 in top wall 11.
PAR  The invention in particular requires that the total effective width and
      effective ground contacting path of the rear rollers 37, 38 should be
      greater than the cutting width of the flying cutter cylinder 21 and in any
      case at least as great as the total distance between the outside track
      lines 61 of rollers 44. In this way the roller marks or tracks from the
      adjusting rollers 44 are encountered by the rollers 37, 38. Especially,
      however, the weight of the mower including the engine 30 is located
      substantially over the roller shaft 36 so that very little weight is
      carried by adjusting rollers 44, the latter serving essentially to space
      the flying cutters 50 a predetermined distance from the ground surface as
      determined by the mounting height of stud shafts 43 in holes 41 of
      mounting blocks 40. Handle 69 may be of any suitable conventional
      structure.
PAR  From the foregoing it will be evident that the invention concerns the
      combination in a lawn mower of a cutter cylinder having flying cutters
      thereon, said cylinder being of a predetermined length: a mower supporting
      roller structure and means including shafts and bearings rotatably
      mounting said cutter cylinder and said roller structure in parallel spaced
      apart relationship; a drive motor including a drive connection for
      rotating said cutting cylinder at a cutter speed greater than 6,000 feet
      per minute in a direction moving the cutters of said cutter cylinder
      forwardly in a grass cutting action, forward adjusting rollers on said
      mower adjustable to support said cutter cylinder and the cutters thereof a
      selected predetermined distance above a ground surface, the total length
      of said roller structure being not less than the effective total track
      width of said adjusting rollers and said cutter cylinder.
PAR  The cutters become especially effective at speeds in excess of 6,000 feet
      per minute, the cleanest cutting action occurring at 8,000 feet per
      minute. The rotary speed is of the order of 100 revolutions per second or
      200 cuts per second with two spiral series of cutters at an effective
      cutting radius of the cutters on the cylinder of 3 1/2 inches.
PAR  The invention also concerns a modified form of mower 62 as seen in FIGS. 6
      to 10, said mower comprising a housing 63 having associated components
      which, if similar to the components of the mower of FIGS. 1 to 5 are
      identified by the same number and need no further explanation. In this
      case however, the rotary cutter shaft 22 has a plurality of blower cutter
      discs 64 of a predetermined diameter and embodies diametrically opposed
      cutters 65 on one face and diametrically opposed cutters 66 on the other
      face thereof. Each of said faces carrying radially extending lagging
      blower blades 67, 68 and having associated with the mounting bore 69
      thereof at least one drive lug 70 extending from each side face.
      Accordingly, said disc 64 may be mounted on shaft 22 and separated thereon
      by driving collars 72 having lug accommodating slots 73, 74 therein, said
      slots being separated by an arc of less than 180.degree. and being located
      on opposed edges whereby the cutters of the various discs may be located
      along a spiral angle so that a minimum number of cutters will be active at
      any one moment. Pulley 21 embodies a lug (not shown) to engage in a
      driving slot 73 of the first driving collar 72 with which it engages.
PAR  The plural disc arrangement of FIG. 9 is rotatably mounted by its shaft 22
      supported in suitable bearings in housing 63 as for example in the manner
      illustrated in the form of the invention shown in FIG. 2 and is surrounded
      by a centrifugal blower structure 75 comprising a curved forward wall 76
      extending in close proximity to the edges 77 of the blower disc 74 and
      terminating downwardly at an intake opening edge 78 and terminating
      upwardly and forwardly in the blower discharge tube or pipe 79 having a
      forwardly and upwardly canted opening 80 defined by top wall 81 and side
      walls 82 and leading from the outwardly spirally curved back wall 83 to
      terminate downwardly and forwardly in the intake opening 84 of a
      predetermined lesser size than the outlet or exhaust opening 80 in its
      spacing from the peripheries of discs 77.
PAR  Idler roller 84 is mounted on a pivotal bracket arm 85 radially positioned
      by the pin seatable in the stationary sleeve (not shown) thereby to
      radially position said roller in selected positions from the bold line
      position shown in FIG. 7 to a maximum cutting height position shown in
      chain lines at 84a to provide a range of cutting heights between a minimum
      m.sub.1 and a maximum m.sub.2.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A lawn grass mower comprising: a rigid housing, a cutter cylinder having
      flying cutters thereon, said cylinder being of a predetermined length,
      said cylinder being rotatably supported in said housing; a mower
      supporting roller structure for said housing; means in said housing
      including shafts and bearings rotatably mounting said cylinder and said
      roller structure in parallel spaced apart relationship; a drive motor
      supported by said housing and including a drive connection for rotating
      said cutter cylinder at a cutter speed greater than 6,000 feet per minute
      in a direction moving the cutters of said reel cylinder forwardly in a
      grass cutting action; at least one forward adjusting roller in said mower
      housing adjustable to support said cylinder and the cutters thereof a
      selected predetermined distance above a ground surface; said cutting
      cylinder and flying cutters being in the form of a plurality of cutter
      discs of predetermined diameter; each of said discs having opposed
      laterally extending blades on each of the side surfaces thereof; blower
      members on each of the side surfaces thereof; a driving collar separating
      each of said discs from the next in parallel spaced apart relationship
      along the shaft mounting said cylinder defined by said cutter discs; and a
      centrifugal blower housing structure extending about said cutter cylinder
      to define a blower inlet opening forwardly of said adjusting roller over
      the ground surface and defining thereabove a blower body and discharge
      pipe having an opening for the discharge of grass cuttings.
NUM  2.
PAR  2. The combinations of claim 1 in which the flying cutters defining the
      cutter cylinder comprise a plurality of cutter discs each fastened by a
      driving collar in rigid predetermined spaced relation to adjacent cutter
      discs, said cutters of said discs being arranged in a spiral.
NUM  3.
PAR  3. The combination of claim 1 in which the flying cutters on the cutter
      cylinder comprise a plurality of cutters each fastened by a mounting stud
      in rigid predetermined spaced relation to the outer surface of the cutter
      cylinder, said cutters being arranged in a plurality of spiral series each
      series extending from substantially one end of the cutter cylinder to the
      other over substantially one half the circumferential surface of the
      cylinder, the cutters of one series being located in substantially
      diametrically opposed relationship to the cutters of the other series and
      on a theoretical circumferential line passing between a pair of cutters of
      the opposed series, adjacent cutters in each series being located slightly
      to overlap a theoretical circumferential line extending therebetween.
NUM  4.
PAR  4. The mower of claim 1 in which the roller structure comprises a shaft; a
      driven roller fixed to said shaft; a free running roller rotatable on said
      shaft and a drive transmission having reduction device connecting the
      drive motor to said shaft.
NUM  5.
PAR  5. The mower of claim 1 and a centrifical clutch in the drive connection
      between said drive motor and the cutter cylinder.
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ABST
PAL  An agricultural tool bar particularly well suited for use as a hay rake or
      the like is disclosed which may be quickly and easily moved between
      transport and working positions with a minimum of effort. The tool bar
      comprises a wheeled frame which is secured to the draw bar of the tractor
      and which has wheeled wing frames pivotally secured to the outer ends
      thereof. Each of the frames carries a pivotal tool support or bar thereon
      which are interconnected and which may be pivotally moved to raise and
      lower the tool secured thereto. Each of the wing frames carries a
      selectively pivotal wheel which may be locked in working or transport
      positions. Locking means is provided between the outer ends of the central
      frame and the wing frames to lock the wing frames in their working
      position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an agricultural tool bar and more particularly to
      an agricultural tool bar which may be used as a hay rake or the like.
      Modern agricultural tool bars such as hay rakes are extremely wide which
      makes it necessary to provide some means of transporting the same from one
      location to another location in a position other than the transverse
      working position. Conventional hay rakes or the like are sometimes
      difficult to move between their working and transport positions and vice
      versa.
PAR  Therefore, it is a principal object of the invention to provide an improved
      agricultural tool bar.
PAR  A further object of the invention is to provide an agricultural tool bar
      especially well suited for use as a hay rake.
PAR  A further object of the invention is to provide an agricultural tool bar
      which may be easily moved from a working position to a generally U-shaped
      transport position.
PAR  A further object of the invention is to provide an agricultural tool bar
      including means for pivotally moving the tool support bar mounted thereon.
PAR  A further object of the invention is to provide an agricultural tool bar
      having means thereon which automatically locks the tool bar in its working
      position as it is being moved from its transport position to its working
      position.
PAR  A further object of the invention is to provide an agricultural tool bar
      ideally suited for use as a hay rake and which includes means for raising
      the rake tines on the central frame into a position so that the rake tines
      on the wing members may move therebeneath when the apparatus is moved to
      its transport position.
PAR  A further object of the invention is to provide an agricultural tool bar
      which is durable in use and easy to operate.
PAR  These and other objects will be apparent to those skilled in the art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention consists in the construction, arrangements, and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a top plan view of the tool bar positioned in its working
      position;
PAR  FIG. 2 is a top plan view of the tool bar in its transport position with
      the broken lines portraying the manner in which one of the wing frames is
      moved to its working position;
PAR  FIG. 3 is a view of the apparatus as seen on lines 3--3 of FIG. 1;
PAR  FIG. 4 is a view of the apparatus as seen on lines 4--4 of FIG. 2;
PAR  FIG. 5 is a partial top plan view of the apparatus illustrating the
      relationship between one end of the central frame and the inner end one of
      the wing frames;
PAR  FIG. 6 is a partial top plan view of the central portion of the invention;
PAR  FIG. 7 is a sectional view seen on lines 7--7 of FIG. 6: 6;
PAR  FIG. 8 is a sectional view similar to that of FIG. 7 except that the wing
      frame is pivotally moving outwardly with respect to the center frame;
PAR  FIG. 9 is a sectional view seen on lines 9--9 of FIG. 6 with portions
      thereof cut-away to more fully illustrate the invention;
PAR  FIG. 10 is an enlarged sectional view as seen on lines 10--10 of FIG. 2;
PAR  FIG. 11 is a partial rear perspective view of the wheel locking mechanism
      at the outer end of one of the wing frames; and
PAR  FIG. 12 is a view similar to that in FIG. 11 except that the wheel has been
      pivotally moved from its working position to a transport position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, the agricultural tool bar of this invention is in the form
      of a hay rake generally designated by the reference numeral 10. While the
      drawings illustrate a hay rake, it should be understood that the invention
      could be used for other agricultural purposes other than for raking hay.
      Rake 10 generally includes a central frame 12 having wing frames 14 and 16
      selectively pivotally secured thereto so that the rake 10 may be moved
      from the working position illustrated in FIG. 1 to the transport
      illustrated in FIG. 2.
PAR  Central frame 12 generally comprises a tongue 18 secured at its rearward
      end to a transversely extending brace 20. Pipe 22 is secured at its
      forward end to brace 20 and extends rearwardly therefrom. Plate 24 is
      welded to the forward end of pipe 22 and extends upwardly and rearwardly
      therefrom and has pipe 26 welded thereto as seen in the drawings. Pipes 22
      and 26 are disposed in a parallel relationship and have pipe 28 welded to
      the rearward ends thereof. A pipe 22' is welded to the other end of brace
      20 and extends rearwardly therefrom in an identical manner to pipe 22.
      Plate 24' is welded to the forward end of pipe 22' and extends upwardly
      and rearwardly therefrom. The forward end of pipe 26' is secured to the
      upper end of plate 24' and extends rearwardly therefrom. Pipe 28' is
      welded to the rearward ends of pipes 22' and 26' as illustrated in FIG. 9.
      Axle support 30 is welded to pipes 22 and 22' and extends transversely
      with respect to the direction of travel of the tractor. Wheels 32 and 32'
      are operatively rotatably connected to the axle support 30 in conventional
      fashion.
PAR  Wing frame 14 includes a pipe 34 which is rotatably mounted on pipe 28 and
      which has pipes 36 and 38 welded to the upper and lower ends thereof which
      extend transversely therefrom. Spaced apart posts 40 and 42 are secured to
      pipes 36 and 38 adjacent the forward ends thereof and extend therebetween
      in a substantially vertically disposed and horizontally spaced
      relationship. Pipe stub 46 is welded to the posts 40 and 42 and has a
      shaft 48 rotatably mounted therein about a horizontal axis. Support 50 is
      secured to the rearward and forward ends of the shaft 48 for movement
      therewith. The inner ends of support frame members 52 and 54 are
      operatively secured to the support 50 and extend outwardly therefrom.
      Support frame members 52 and 54 are interconnected along their length by a
      plurality of bars 56 welded thereto. Tool bar support 58 is pivotally
      connected about a horizontal axis to the support frame member 54 along the
      length thereof.
PAR  Plate 60 is secured to the outer end of support frame member 54 and has a
      pair of spaced apart pipe caps 62 and 64 secured thereto as seen in FIG.
      11. Shaft 66 has its upper and lower ends rotatably mounted in pipe caps
      62 and 64 and has a pair of horizontally spaced bars 68 and 70 welded
      thereto which extend outwardly therefrom. Post 72 is welded to the outer
      ends of bars 68 and 70 and has axle 74 selectively vertically adjustably
      secured thereto by means of U-bolts 75 and 76. Wheel 78 is rotatably
      mounted on the axle 74 in conventional fashion. Handle 80 is welded to the
      outer end of bar 68 as illustrated in FIG. 11 to permit the wheel 78 to be
      pivotally moved between the positions of FIGS. 11 and 12. Tube 82 is
      welded to bar 68 and is adapted to register with the tube 84 operatively
      secured to the plate 60 when the wheel 78 has been pivotally moved to the
      transport position illustrated in FIG. 12. Pin 86 may be inserted through
      the registering tubes 82 and 84 to lock the wheel in the transport
      position as illustrated in FIG. 11. As seen in FIGS. 11 and 12, bracket 88
      is welded to plate 60 and is adapted to receive the forward end of bar 90
      which is secured to the shaft 66. Bar 90 and bracket 88 have registering
      openings adapted to receive the pin 86 therein to permit the wheel 78 to
      be locked in the working position illustrated in FIG. 11. The numeral 92
      refers to tine members which are secured to the tool support 58 by means
      of bolts 94.
PAR  Inasmuch as the structure on wing frame 16 is identical to that described
      on wing frame 14, only wing frame 14 will be described in detail with "'"
      indicating identical structure on wing frame 16.
PAR  The numeral 96 refers to a shaft suitably rotatably mounted on wing frame
      14 and having a spring loaded actuating arm 98 secured thereto which is
      connected to the tool support bar 58 in the manner illustrated in FIG. 10
      to cause the tine members 92 to pivotally move from the position
      illustrated in FIG. 11 to the position illustrated in FIG. 10 and vice
      versa. The numeral 99 refers to a shaft which is rotatably mounted on
      center frame 12 and which has universal joints 100 and 102 provided at its
      opposite ends. Universal joints 100 and 102 are secured to square shafts
      104 and 106 respectively which are telescopically received by the shafts
      96 and 96' respectively so that rotation of shaft 99 will cause rotation
      of shafts 96 and 96'. Actuating arm 108 is welded to shaft 99 and extends
      upwardly therefrom and thence forwardly. Arm 110 is pivotally connected at
      its rearward end to the forward end of actuating arm 108 and is pivotally
      connected at its forward end to a linkage referred to generally by the
      reference numeral 112. As seen in FIG. 9, linkage 112 includes a sleeve
      114 which adjustably receives shaft 116 which is pivotally connected to
      the arm 110 to permit the "throw" of actuating arm 108 to be selectively
      altered. Linkage 112 is pivotally connected to the center frame 12 at 118
      and is pivotally connected at its lower end to the rod 120 of a hydraulic
      cylinder 122 at 124. The forward end of cylinder 122 is pivotally
      connected to bracket 126 which is welded to tongue 18 as illustrated in
      FIG. 9. The numeral 128 refers to a locking arm which is pivotally
      connected to the center frame as illustrated in FIG. 9 and which may be
      selectively secured to bracket 130 mounted on arm 110 as illustrated so as
      to prevent the lowering of the tine members when the hydraulic cylinder is
      disconnected from the tractor hydraulic power source. In other words, arm
      128 would be disconnected from the bracket 130 until the apparatus is to
      be transported by means other than the tractor at which time the arm 128
      would be secured to the bracket 130 to prevent the rotation of actuating
      arm 107 and the shaft 99. As illustrated in the drawings, shaft 96' is
      operatively connected to the tool bar support 58' mounted on wing frame
      16. As illustrated in FIG. 9, actuating arm 132 is also secured at its
      lower end to the shaft 99 and extends upwardly and rearwardly therefrom at
      an angle differently than the actuating arm 108. The rearward end of
      linkage 134 is pivotally connected to the upper end of arm 132 at 136 and
      is pivotally connected at its forward end to an arm 138 at 140. Arm 138 is
      welded at its lower end to the tool support bar 142 which is pivotally
      mounted on the center frame 12. Tines 144 are secured to the bar 142 by
      means of bolts 146.
PAR  The numerals 148 and 148' refer to locking means provided on the outer ends
      of the center frame 12 for locking the wing frames 14 and 16 in the
      working position illustrated in FIGS. 1 and 6. Inasmuch as locking means
      148 and 148' are identical, only locking means 148 will be described in
      detail with "'" indicating identical structure on locking means 148'.
      Lever 150 is pivotally connected to center frame 12 at 152 and has a shaft
      stub 154 secured thereto by welding or the like which extends downwardly
      therefrom inwardly of its outer end as illustrated in FIGS. 7 and 8. A
      roller means 156 is rotatably mounted on the outer end of lever 156 as
      also seen in FIGS. 7 and 8. Collar 158 is welded to the center frame 12
      and is adapted to receive the lower end of pipe stub 154 when the lever
      150 is moved to the locking position as seen in FIG. 7. Spring 160 is
      secured to the lever 150 for yieldably resisting the upwardly pivotal
      movement of the lever 150. The numeral 162 refers generally to a lever
      actuated eccentric means which may be moved from the position of FIG. 7 to
      the position of FIG. 8 to pivotally move the lever 150 upwardly due to the
      engagement of the eccentric or cam means 163 with the under side thereof.
      Bar 164 is operatively secured to the posts 40 and 42 and extends inwardly
      therefrom (FIGS. 7 and 8). Collar 166 is mounted on the inner end of bar
      164 and is adapted to be positioned over collar 158 when the wing frame 14
      is in the working position as shown in FIG. 7. It can be seen in FIGS. 7
      and 8 that a locking release arm 168 is provided on the bar 164 to engage
      the roller 156 and to pivotally move the lever 150 upwardly as the wing
      frame 14 is moved from its transport position to its working position so
      that the pipe stub 154 will be moved upwardly relative to collar 158 to
      permit the collar 166 to be positioned therebetween in an automatic
      manner.
PAR  FIGS. 1, 6, 7 and 11 illustrate the device in the normal operating
      position. The locking means 148 and 148' are in their locked positions
      such as illustrated in FIG. 7 so that the wing frames 14 and 16 will
      extend transversely with respect to the center frame 12. The wheel means
      78 and 78' are also locked in their working position as previously
      described. The hydraulic cylinder 122 may be selectively actuated from the
      tractor to cause the selective rotation of shaft 99 which causes shafts 96
      and 96' to be likewise rotated. Rotation of shafts 96 and 96' cause the
      rotation of tool bar supports 58 and 58' which in turn pivotally move the
      tine members 92 and 92'. Rotation of the shaft 99 also causes the arm 132
      and linkage 134 to pivotally rotate the tool support bar 142 which causes
      the movement of the tines 144. Movement of the tines 92, 92' and 144
      permits the hay to be raked and dumped in conventional fashion.
PAR  When it is desired to move the rake 10 into its transport position, it is
      simply necessary to actuate the levers 162 and 162' so that the locking
      means 148 and 148' are unlocked. FIG. 7 illustrates the locking means 148
      in its locked position while FIG. 8 illustrates the locking means 148 in
      its unlocked position.
PAR  If not previously accomplished, the hydraulic cylinder 122 would be
      actuated so as to cause the tine members on the wing frames and center
      frame to be pivotally moved to their upper position. The relationship of
      the linkage connecting the tine members 144 to the center frame is such
      that the tine members 144 are raised to a position higher than the tine
      members 92 and 92' to permit the tine members 92 and 92' to pass under the
      tine members 144 when the device is moved to its transport position.
PAR  The wheel means 78 and 78' are then unlocked as previously described and
      the wing frames may be "walked" rearwardly by the operator to the position
      of FIG. 2. The wheel means 78 and 78' are then locked in their transport
      position as also previously described. The hay rake may then be easily
      transported since it has a narrow width as compared to the width of its
      operating or working position. When it is desired to move the wing frames
      14 and 16 back to their operating position, the wheel means 78 and 78'
      would be unlocked from the position of FIG. 12 as previously discussed.
      The operator would then operate the levers 162 and 162' so that the levers
      150 and 150' are moved to their locked position. The operator then walks
      each of the wing frames 14 and 16 forwardly from the position of FIG. 2 to
      the position of FIG. 1. The locking release arm 168 engages the roller 156
      to cause the lever 150 to move upwardly so the collar 166 will be
      positioned beneath the pipe stub 154. As soon as locking release arm 168
      disengages from the roller 156, the lever 150 automatically pivots
      downwardly so that pipe stub 154 extends through the collar 166 and into
      the collar 158 to positively lock the wing frame in its working position.
      Wing frame 16 is locked in its working position in an identical manner.
PAR  Thus it can be seen that a unique agricultural tool bar has been provided
      which may be quickly and easily moved from a transport position to a
      working position and vice versa in an efficient manner with a minimum of
      effort. Thus it can be seen that the device accomplishes at least all of
      its stated objectives.
CLMS
STM  I claim:
NUM  1.
PAR  1. An agricultural tool bar comprising,
PA1  a wheeled center frame having rearward and forward ends and opposite sides,
PA1  first and second wing frames each having rearward, forward, inner and outer
      ends,
PA1  said first wing frame being selectively pivotally secured at its inner end,
      about a vertical axis, to one side of said center frame,
PA1  said second wing frame being selectively pivotally secured at its inner
      end, about a vertical axis, to the other said of said center frame,
PA1  said first and second wing frames being selectively pivotally movable
      between working and transport positions  relative to the direction of
      travel of the tool bar,
PA1  locking means for selectively locking said wing frames in their said
      working position,
PA1  a rotatable wheel pivotally mounted on each of said wing frames and being
      pivotally movable between working and transport positions,
PA1  a tool support bar movably mounted on each of said center frame, said first
      wing frame and said second wing frame,
PA1  and means for moving said tool support bars relative to said center frame,
      said first wing frame and said second wing frame.
NUM  2.
PAR  2. The tool bar of claim 1 wherein said locking means includes mechanism
      for automatically locking each of said wing frames in their working
      positions as they are being moved from their transport position to their
      working position.
NUM  3.
PAR  3. The tool bar of claim 1 wherein wheel locking means is provided on each
      of said wing frames for selectively locking said rotatable wheels thereon
      in said working and transport positions.
NUM  4.
PAR  4. The tool bar of claim 1 wherein said tool support bars are pivotally
      mounted, about horizontal axes, on said frame and wherein said means for
      moving tool support bars comprises a first shaft rotatably mounted on said
      center frame about a horizontal axis parallel to the tool support bar
      thereon, a first linkage pivotally interconnecting said first shaft and
      said tool support bar on said center frame, a power cylinder on said
      center frame, a second linkage interconnecting said power cylinder and
      first shaft whereby operation of said power cylinder causes said second
      linkage to rotate said first shaft which causes said first linkage to
      pivotally move said tool support bar on said center frame and
      interconnection mechanism interconnecting said first shaft and said tool
      support bars on said first and second wing frames.
NUM  5.
PAR  5. The tool bar of claim 4 wherein said interconnection mechanism comprises
      a rotatable shaft mounted on each of said wing frames which are connected
      to the ends of said first shaft, and pivotal linkage interconnecting the
      rotatable shafts on said wing frames with the tool support bar thereon.
NUM  6.
PAR  6. The tool bar of claim 5 wherein a universal joint is mounted on each end
      of said first shafts, each of said universal joints being operatively
      telescopically secured to the rotatable shaft on the wing frame adjacent
      thereto.
NUM  7.
PAR  7. The tool bar of claim 5 wherein tine members are secured to each of said
      tool support bars, said first and second linkages being disposed relative
      to each other so that the tool support bar on said center frame is
      pivotally moved a greater amount than the tool support bars on said wing
      frames.
NUM  8.
PAR  8. The tool bar of claim 1 wherein a pair of said locking means is provided
      for locking said wing frames in their working positions, each of said
      locking means comprising a first vertically disposed stub mounted on said
      center frame; a first lever pivotally mounted on said center frame and
      having a locking pipe secured thereto and extending downwardly therefrom
      adapted to have its lower end received by said pipe stub when in a locked
      position; a collar mounted on said wing frame and being positioned above
      said pipe stub when said wing frame is in its working position; said
      locking pipe adapted to extend downwardly through said collar to lock said
      wing frame in its working position when said first lever is in its locked
      position.
NUM  9.
PAR  9. The tool bar of claim 8 comprising a manually operated cam mechanism for
      moving said lever upwardly from its locked position to its unlocked
      position.
NUM  10.
PAR  10. The tool bar of claim 8 wherein a lever actuator is secured to the wing
      frame for engagement with said first lever as said wing frame is moved to
      its working position to pivotally move said first lever upwardly to permit
      said collar to be positioned between said locking pipe and said pipe stub.
NUM  11.
PAR  11. The tool bar of claim 10 wherein said lever actuator disengages from
      said locking pipe to move downwardly through said collar and into said
      pipe stub when said wing frame reaches its working position.
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ABST
PAL  In a preferred embodiment there is provided combine tooth having a tooth
      shaft and at the base of the shaft having a unitary continuous flange
      extending transversely to the longitudinal axis of the shaft, with a
      distal portion of the shaft extending substantially angularly laterally
      from an intermediate bend point, and there is additionally provided for
      combination with the tooth a combine belt-mountable base strip for
      mounting on top of the combine belt fixedly, the base strip having at each
      of opposite ends thereof a through aperture, one aperture at each of
      opposite ends, the holes each of hole diameter receivable of the tooth
      shaft and the structure of the base strip defining continuous with each
      hole a narrowed slot extending rearwardly having a slot width slightly
      less than the diameter of the tooth shaft through which slot the tooth
      shaft is pressable into the hole continuous therewith, and the underface
      of the base strip including spaced-apart ridges, there being a separate
      set of the spaced-apart ridges for each hole located at each of opposite
      spaced-apart ridges for each hole located at each of opposite ends of the
      base strip, the downwardly extending spaced-apart ridges defining side and
      front walls to a space receivable of the tooth's base flange between an
      under-face of the strip adjacent the hole and the upper face of the
      combine belt on which the base strip is mounted, and the base strip
      additionally including at each of opposite ends thereof attaching
      structure such as holes therethrough receivable of a screw or rivet or the
      like, each base flange mounting space's side and front walls defining a
      multisided female structure, and the base flange being peripherally shaped
      as multisides mateable at any of variable positions within the mounting
      space mountable fixedly against rotary motion of the tooth shaft.
PARN
PAR  This invention and application for patent is a continuation in part of the
      parent application U.S. Ser. No. 417,970 filed Nov. 21, 1973.
BSUM
PAR  This invention relates to a combine tooth mounting structure with a
      detachable tooth as a part thereof.
PAC  BACKGROUND TO THE INVENTION
PAR  Prior to the present invention there has existed a major problem in the
      shearing of teeth from the combine belt during the operational use thereof
      in combining, and the problem has been further complicated by the
      notorious difficulty in replacing such teeth, as well as the cost of
      replacing both teeth in the double-tooth mounting type arrangement. There
      additionally is the consideration of retaining high efficiency in the
      nature of the teeth while hopefully avoiding these problems.
PAR  For any structure a part of a multi-pieced tooth mounting arrangement,
      strength sufficient for long durability is a major need, prior teeth being
      characterized by too many and too frequent shearing of teeth, as well as
      the fracturing of any base structure.
PAR  It is also a problem with mounting structure for combine teeth in so far as
      entangled grass and/or weeds which quickly render adjacent teeth
      ineffectual in the combining operation.
PAR  Not only cost of the teeth are involved, but also heretofore the time lost
      from the combining operation, or otherwise the efficiency lost in the
      combining when the tooth is not promptly replaced when broken or
      fractured, add to the cost of overhead which cost must be passed on by
      higher prices.
PAR  For different types of grains and combining conditions, the length and
      angle of the teeth can have a major effect on the success or lack of
      success of efficient combining operation.
PAC  BROAD DESCRIPTION OF THE INVENTION
PAR  Objects of the present invention include the overcoming of one or more of
      the problems and difficulties of the type referred to above, together with
      the obtaining of novel advantages not heretofore available.
PAR  Another object is to obtain a novel mechanism of anchoring securably the
      respective one or more, particularly spaced-apart paired tine-teeth to a
      combine belt, while concurrently obtaining a flexibility which decreases
      the possibility of shearing tine fingers (teeth) while nevertheless
      retaining sufficient stiffness in the tine teeth as to retain a high level
      of operational efficiency.
PAR  Another object is to obtain a tine tooth mounting structure mountable onto
      an upper surface of a combine belt while providing improved durability to
      the mounting structure against fracture as well as improving strength
      needed for securely holding the tine tooth itself.
PAR  Another object is to obtain a tine tooth mounting structure which avoids
      collection of miscellaneous debris.
PAR  Another object is to obtain a mateable male-female base and tine tooth
      arrangement for quick and simple replacement of tine teeth by simple
      snap-in arrangements.
PAR  Another object is to provide a mateable male-female base and tine tooth
      arrangement making possible optional alternate angles of positioning the
      tine tooth fixedly within the base structure.
PAR  Other objects become apparent from the preceding and following disclosure.
PAR  One or more objects of the present invention are obtained by the invention
      as defined herein.
PAR  Broadly the invention includes a combination of a combine tine tooth and a
      mounting base strip therefor in which the intermediately bent tooth shaft
      includes a unitary base flange continuous with the proximal end thereof
      with the flange extending transversely laterally to a longitudinal axis of
      the shaft around the shaft radially outwardly therefrom preferably, and
      the base strip toothmounting element includes mounting structure for
      mounting the base strip substantially flushly along an upper surface of a
      combine belt and defining at opposite ends of the base strip between upper
      and lower faces of the base strip through holes of a size receivable of
      the shaft of the combine tine tooth, and extending rearwardly from each of
      the holes at opposite ends of the base strip there being continuous for
      each hole respectively a narrowed open-ended slot through which the
      combine tooth shaft is pressibly movable therethrough for snapping into
      the hole continuous therewith, while the base flange of the shaft moves
      along beneath the overhanging lower surface of the base strip on each of
      opposite sides of the open-ended slot during the snap-in movement and in
      the snapped in state the base flange of the shaft extending radially
      outwardly from the shaft beneath the lower face of the base strip
      surrounding the hole into which the shaft is snapped.
PAR  In various preferred embodiments of the invention, the lower face of the
      strip and the base flange each respectively are shaped for mating and
      interlocking relationships with one-another when the shaft is in the
      snapped-in state within the hole such that the shaft of the combine tine
      tooth is held firmly against rotary turning movement around the
      longitudinal axis of the proximal end of the tine tooth in its mounted
      state, the outer peripheral edge of the base flange being preferably
      multisided having a plurality of serially adjacent side portions of equal
      length to one-another corresponding to identically shaped female structure
      of the underface of the base strip, or equivalent shaped structure thereof
      for locking receiving engagement with the multisided periphery of the base
      flange such that the tine tooth and its integral base flange may be
      positioned in any of several alternate positions in a locked state
      resulting in the distal end of the combine tine tooth being positionable
      in any of several alternate laterally extending directions as might be
      desired by the combine operator for varying conditions and/or grain and
      efficiency of combine operation, in the opinion of the individual combine
      operator. Also, the combine base strip of the invention preferably is for
      the mounting of dual tine teeth bilaterally with one at each of opposite
      ends within the respective holes at the opposite ends thereof, as noted
      above. In a further preferred embodiment, there is on the underface of the
      base strip downwardly extending wall structure defining the side walls and
      forward wall(s) of the base flange-receiving and mounting space for
      receipt fixedly of the base flange of the combine tine tooth, with the
      structure being in the nature of downwardly-extending spaced-apart ridges
      on each of opposite sides of each hole and of each open-ended slot
      continuous with the hole respectively. The width of the downwardly
      extending ridges each respectively is of sufficient predetermined width as
      to add substantial strength and sturdiness and durability to the
      supporting structure for the individual base flange and for the overall
      base strip. The downwardly-extending spaced-apart ridges are positioned
      and shaped to define the male and multi-sided peripheral inner wall
      structure matably receivable of the plurality of peripheral sides of the
      multisided peripheral edge of the base flange when the base flange is in
      the inserted state within the mounting space defined between the
      respective ones of the spaced-apart downwardly extending ridges for each
      hole and continuous open-ended slot thereof respectively. It should be
      noted that the space rearwardly of the hole on each of opposite sides of
      the rearwardly-extending open-ended slot is devoid of downwardly-extending
      structure to the extent that such would interfere with sliding insertion
      of the base flange of the combine tine tooth during the insertion of the
      shaft of the tine tooth through the open-ended slot from a rearward
      direction toward a forwardly located hole continuous with the open-ended
      slot. However, it is within the acceptability of the invention for the
      wall to include a slightly upwardly directed recess for receiving the base
      flange as the tine tooth shaft adjoining the base flange is slid into the
      hole after passing through the open-ended slot. It is further preferred
      embodiment there is an additionally downwardly extending wall structure at
      least at a rearward and forward edge each respectively at locations
      between the inner one of the downward-extending wall of paired
      downwardly-extending ridges of each end such that between the spaced-apart
      one such wall at each of opposite ends of the strip there extends forward
      and rearwardly located walls extending therebetween such that there is
      prevented the collection of debris in the intermediate space located
      between the spaced-apart tine tooth shaft-receiving holes one at each of
      opposite ends of the base strip beneath the strip when the base strip is
      mounted with its lower face and downwardly extending ridges therefrom
      substantially flushly with an upper face of the combine belt. Typically
      each of opposite ends of the base strip include screw holes or brad holes
      or other attaching holes through which the attaching element itself is
      durably lockable of the base strip either detachably or permanetly fixedly
      onto the upper face of the combine belt. Accordingly, upon the fracturing
      or shearing of either of the tine teeth at each of opposite ends of the
      strip, the base flange and the remaining portion of the tine tooth shaft
      may be easily removed by rearwardly pressing the same to slide out from
      beneath the lower face of the base strip with the shaft of the tooth being
      pressed through the narrowed open-ended slot.
PAR  It is apparent from the preceding discussion that the material out of which
      the base-flange is composed at least in the vicinity of the narrowed
      open-ended slot must be substantially semiflexible (or semi-rigid)
      sufficiently that the structure edges of the open-ended slot are yieldable
      to permit the pressing slidably inwardly and outwardly of the shaft of the
      tine tooth toward and away from the hole respectively in the insertion and
      withdrawal of the same to and from its mounted state in the hole.
      Preferably the entire base strip and also preferably the tine tooth and
      base flange thereof are of semiflexible material to permit a reasonable
      degree of flexing thereby avoiding shearing or fracturing either or both
      under severe conditions such as the striking of rocks or other solid
      material or other conditions that might otherwise destroy or damage the
      tooth or the base strip itself. Although such materials of a flexible
      nature may be of metal of a yieldable semi-flexible type, preferably the
      combine tine tooth and the base strip respective one or both are of a
      plastic material in part or in whole, such as polyvinyl chloride,
      fiberglass, polypropylene, or the like. In particular, polypropylene is
      very tough and sturdy material under a wide range of temperatures and
      becomes toughened to a greater extent as it is continually flexed or bent,
      and is therefore a preferred composition out of which each of the combine
      tine tooth and the mounting base strip of the present invention are
      composed.
PAR  The invention may be better understood by making reference to the Figures
      as follow.
DRWD
PAC  THE FIGURES
PAR  FIG. 1 illustrates an elevation plan view in partial cut-away, of a
      preferred embodiment of the present invention for the base strip element,
      also showing in phantom at one end there of the mounting position
      typically of a combine tine tooth of the present invention, and showing in
      phantom a portion of the combine belt on which the base strip is mounted.
PAR  FIG. 2 illustrates a rearward cross-sectional side view of the embodiment
      of FIG. 1 as taken along lines 2--2 thereof.
PAR  FIG. 3 illustrates and elevation plan view in an in-part view thereof of a
      preferred combine tine tooth with is shaft and base flange intimate
      therewith.
PAR  FIG. 4 illustrates a view of the combine tine tooth of FIG. 3, as viewed in
      side view along lines 4--4 of FIG. 3.
PAR  FIG. 5 illustrates a top, side perspective view of the preferred embodiment
      of the tine tooth of FIGS. 3 and 4.
PAR  FIGS. 6A through 6H illustrate in elevation plan view variations and
      positions of the paired mounted tine teeth in view comparable to that of
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It is noted that there are basic similarities of the tine tooth's proximal
      end of the tine tooth shaft and of the base flange intimately continuous
      therewith, in comparison to that of the parent patent application of which
      this invention is a continuation-in-part, and which parent application is
      hereby incorporated by reference in its entirety as a part of this
      disclosure. Some of the differences of the present tine tooth shaft and
      base flange for the present invention, are that the elongated part of the
      tooth shaft is rounded at the base and remains preferably substantially
      round throughout its length and is not engageable as a part of the locking
      structure along the distal portion of the shaft above the intermediate
      shaft bend therein, as well as in a preferred embodiment, the base flange
      of the present combine tine tooth being multisided of equal side lengths
      such as hexagonal, pentagonal, or the like, with the base flange having an
      under-face structure shaped for lockingly receiving the multi-sided base
      flange at any of various angles of the distal end of the shaft, making it
      possible to lock-in the combine tine tooth in various positions to alter
      and/or improve efficiency and/or adaptability to varying combining
      conditions and/or grains being combined, at the option of the operator by
      simple and quick adjustment before and/or during the combining operation.
      The base strip itself preferably includes the raised edges on the sides of
      the underface with the raised portion of the ridges being of sufficient
      width as to add sufficient strength for improved durability and longivity
      when rivited or otherwise attached by screw or other attaching elements to
      the combine belt's upper face. The raised edge surrounding the central
      portion of the base (as viewed from an undersied thereof) -- i.e. the
      downwardly-extending walls, surrounding the central portion of the base
      between the holes located at the opposite ends for receiving the teeth
      shafts, with the raised edge including forwardly and rearwardly located
      raised edges, prevent grain, straw and the like from lodging beneath the
      base strip during combining operations. The rearwardly extending slots for
      the mounting of the teeth therethrough slidably, are preferably each
      tapered toward the center with an enlarged area in the center in the
      nature of the shaft-receiving hole continuous with the open-ended slot at
      its inner forward end. The base strip may be rivited right onto the belt
      itself to remain stationary for all time, but is preferably detachably
      mounted by a snap-in type rivit such that if and when the base strip
      should become fractured or otherwise damaged or worn, it may be easily
      removed. Some of the advantages are that the base strip may be attached by
      machine and may remain stationary on the belt while the tine teeth thereof
      may be snapped-in or shapped-out easily and quickly for ease of replacing
      broken or worn teeth, no tools, nuts or bolts or great strength or skill
      being required. The slots are such that the pressure when applied to the
      rearward side portion of the tooth results in pressing the shaft slidably
      down the open ended slot into its locked state with the base flange
      sliding into its locked state, as the shaft slips from the flexed-back
      portions of the slot walls into the sized shaft-receiving hole.
PAR  In addition to those noted above, other materials out of which either or
      both of the tine tooth and/or base strip may be made include in whole or
      in part nylon-type material, polyethylene, or the like, and typical metal
      being spring-steel.
PAR  The preferred base flange shape is hexagonal in its peripheral and possibly
      upper shape, allowing the shaft of the tine tooth to be in any of several
      variable positions, as shown in the FIG. 6A through 6H embodiments. In
      each case, the combine tine tooth is held firmly in place by the edge
      peripheral wall faces of these embodiments in correspondingly shaped
      female receiving structures of the base strip beneath the hole and
      surrounding the hole, as defined by the downwardly-extending ridges, as
      indicated in phantom for the embodiments of the FIGS. 6A through 6H. Such
      allow the farmer to suit his own taste in regard to grain swath
      conditions, length of straw, and the height of the swather cut. He can
      simply remove and replace by reinsertion any one or more of the combine
      tine teeth at whatever angle(s) or combination of angles for the plurality
      of preferably paired combine tine teeth, that will in the operator's
      opinion will improve the efficiency and/or safety in the picking-up of
      grain in the combine operation as dependent upon the particular field
      and/or weather conditions.
PAR  FIGS. 1 through 6 all are directed to a common preferred embodiment having
      various preferred features as noted above, and are broadly discussed below
      without always making reference to a particular Figure.
PAR  However, FIGS. 1, 2, and 6 disclose varying views of the mounting base
      strip and of the combine belt on which the strip is mounted, while FIGS. 3
      through 5 are broadly directed to differing views of the combine tine
      tooth itself of the shaft thereof and its continuous integral base flange.
PAR  The base strip 6 is mountable at apposite ends thereof of a combine tine
      tooth 7, having continuous with a lower end of the proximal portion of the
      tine tooth shaft a base flange 8 extending transversely laterally to the
      logitudinal axis of the proximal end portion of the shaft 9 of the tine
      tooth 7, with the peripheral radially outward edge faces of the base
      flange 8 existing as multisides such as side faces 10a, 10b, 10c, 10d,
      10e, 10f, and 10g of a hexagonal shape for this particular preferred
      embodiment. The shaft 9 of the tine tooth 7 includes a proximal end 12 and
      a distal end 12', having a bend intermediate thereof at point 12", and the
      distal end 12' extending angularly laterally as shown typically in FIGS. 4
      and 5, with the distal end having additional preferred bend at point 11
      thereby dividing the distal end portion 12' into portions 12a and terminal
      portion 12b respectively, with the terminal portion 12b extending more
      radially outwardly from the combine belt as shown in the Figures. The base
      strip 6 defines at opposite ends thereof combine tooth-receiving
      through-holes 13a and 13b respectively, with the base strip being shown in
      a mounted state on a combine belt shown in each of FIGS. 1 and 2 in an
      in-part view thereof, in elevation plan view in FIG. 1 and in side
      cross-sectional view in FIG. 2, the respective through-space holes 13a and
      13b being respectively continuous with narrowed open-ended slots 14a and
      14b respectively, with preferably the leading edges of the slot structure
      at the open end of each respective slot being gradually widened,
      preferably curved, as curved opening surfaces 15a and 15b, and 15c and 15d
      respectively.
PAR  In the cut--away view for the flange-receiving mounting space 16b, there is
      illustrated the female-defining receptacle wall 19c and also the serially
      adjacent wall 19c' and the wall thereafter serially adjacent thereto shown
      in phantom shown as wall 19b, against which three-sided forwardly-located
      walls typically base flange peripheral walls 10a, 10b, and 10f are pressed
      while the respective walls 10b and 10e are slidably confined between the
      female-defining 19e and 19e' when the proximal shaft portion 12 is snapped
      into the hole 13b retainingly.
PAR  The base flange mounting spaces 16a and 16b are better illustrated as
      located between downwardly extending ridges 17a and 17e respectively and
      17b and 17f respectively. Free space 18 includes defining that space the
      forwardly and rearwardly located walls 17c and 17d which thereby totally
      complete the circumscribing of the space 18 preventing the catching and
      hanging-up of debris of various sorts when the lower face of the base
      strip and the downwardly-extending ridges thereof are mounted flushly
      against an upper surface of the combine belt. The interconnecting walls
      17a, 17c, 17b, and 17d, also serve to strengthen the overall structure by
      virtue of the box-shaped structure thereby defined. It is noted that the
      ridges 17e and 17f located at opposite ends of the base strip's underface
      side of the base strip 6, are of a widened width as best viewed in each of
      FIGS. 1 and 2 such that structure thereby is made more sturdy,
      particularly this being important since the studs 20a and 20b
      respectively extend therethrough anchoring the base strip 6 to the combine
      belt 22. The brades (studs) 20a and 20b  respectively extend through the
      mounting apertures 21a and 21b of the base strip 6, and are locked onto
      the belt by also extending through the combine belt apertures 23a and 23b
      respectively. FIGS. 6A through 6H disclose diagrammatically, variations in
      positioning paired combine tine teeth of the present invention having the
      multisided base flange for each respectively in the mounted states within
      base strips having base-flange mounting spaces of identical shapes in the
      receiving side and forward walls, in the nature identical to or similar to
      those described and illustrated in FIGS. 1 through 5.
PAR  It should be apparent that although the illustrations of the multi-sided
      base flange of the FIGS. 1 through 5 are of octagonal shape and also that
      the male receptacle of the base strip is as illustrated also octagonal in
      its forward portion, having three such walls but being devoid of such
      walls on the rearward direction through which space the base flange is
      slipped into position, but nevertheless other numbers of walls of the base
      flange and the corresponding shape for the base strip are contemplated as
      previously noted. Each of the FIGS. 6A through 6H also illustrate one or
      more variations of positions of respective ones of the individual pairs of
      teeth one relative to the other, diagrammatically.
PAR  It is within the scope of the present invention to make such variations,
      modifications, and substitution of equivalents as would be apparent to a
      person of ordinary skill.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combine detachable tooth device comprising in combination: a combine
      tooth having a central shaft and having a base flange extending
      transversely laterally to and unitarily continuous with the central shaft,
      the central shaft extending axially and being shaped to include a bend at
      a point intermediate of the shaft's axial length at a location in
      juxtaposition to and spaced a predetermined distance from and above the
      base-flange dividing the central shaft into a proximal portion of
      predetermined short length and a distal portion of predetermined long
      length, such that the distal portion of the shaft extends substantially
      laterally angularly from the proximal portion of the shaft; a
      semi-flexible base-strip element having upper and lower substantially flat
      faces extending in substantially parallel planes to one-another defining a
      through-space hole therethrough of a size and shape receivable of said
      proximal portion and further defining continuous with the through-space
      hole a narrowed open-ended slot of a width of predetermined width distance
      less than a narrowest diameter of the proximal portion such that the shaft
      may be pressed laterally through the narrowed open-ended slot to snap into
      the through-space hole, the base-strip element including attaching means
      for mounting thereof on a combine belt's upper face such that the
      base-flange is insertable beneath said lower face between the lower face
      and the combine belt's upper face when the base-strip element is mounted
      on the combine belt's upper face.
NUM  2.
PAR  2. A combine detachable tooth device of claim 1, in which each of said
      base-flange and said lower face of said base-strip element are each of
      interlocking shapes adapted to securely interlock with one-another when
      the shaft is in the inserted state within the through-space hole such that
      the proximal portion is substantially securely fixedly held against rotary
      movement around its longitudinal axis within the through-space hole.
NUM  3.
PAR  3. A combine detachable tooth device of claim 2, in which structure of said
      locking shape of the base-flange comprises a multi-sided peripheral edge
      of the base-flange such that the base-flange may be interloced at any of
      variable positions with the distal portion of the shaft extending axially
      in any of variable lateral directions.
NUM  4.
PAR  4. A combine detachable tooth device of claim 3, in which said base-strip
      element is elongated laterally and bilaterally includes a second one of
      said through-space hole and of said open-ended slot continuous therewith
      providing for the mounting of paired ones of said combine tooth.
NUM  5.
PAR  5. A combine detachable tooth device of claim 4, including a second one of
      said combine tooth.
NUM  6.
PAR  6. A combine detachable tooth device of claim 5, in which said lower face
      includes downwardly-extending spaced-apart ridges on each of opposite
      sides of each of the through-space holes and the open-ended slots
      continuous therewith, defining therebetween mounting space receivable of a
      base-flange in each of the mounting spaces defined between each said
      spaced-apart ridges.
NUM  7.
PAR  7. A combine detachable tooth device of claim 6, in which the interlocking
      structure of said base-strip element includes female-type multi-sided
      peripheral inner-wall structure mateably receivable of a plurality of
      peripheral sides of the multisided peripheral edge of the base-flange when
      in the inserted state when within one of said mounting spaces between one
      of said spaced-apart ridges.
NUM  8.
PAR  8. A combine detachable tooth device of claim 2, in which said lower face
      includes downwardly-extending spaced-apart ridges on each of opposite
      sides of each of the through-space holes and the open-ended slots
      continuous therewith, defining therebetween mounting space receivable of a
      base-flange in each of the mounting spaces defined between each said
      spaced-apart ridges.
NUM  9.
PAR  9. A combine detachable tooth device of claim 8, in which the interlocking
      structure of said base-strip element includes female-type multi-sided
      peripheral inner-wall structure mateably receivable of a plurality of
      peripheral sides of the multisided peripheral edge of the base-flange when
      in the inserted state when within one of said mounting spaces between one
      of said spaced-apart ridges.
NUM  10.
PAR  10. A combine detachable tooth device of claim 1, in which said base-strip
      element is elongated laterally and bilaterally includes a second one of
      said through-space hole and of said open-ended slot continuous therewith
      providing for the mounting of paired ones of said combine tooth, and a
      second combine tooth.
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ABST
PAL  A first yarn is combined with a second yarn from one or more yarn packages
      thereof by a device which includes a yarn holder adapted to hold first
      yarn wound thereon, the yarn holder having an axial passage through which
      the secone yarn travels, a guide at the exit end of the holder for guiding
      the first yarn into engagement with the second yarn as the first yarn
      unwinds from the holder, and a support for the holder. The support
      together with the yarn holder pivots about the guide so that the holder is
      automatically aligned with the second yarn even though the second yarn
      varies in its angle of delivery to the holder. The second yarn thus
      carries the first yarn as the first yarn is wound about the second yarn.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device and method for combining a first yarn
      and a second yarn as the angle of delivery of the second yarn to the first
      yarn varies, and more particularly for combining a fine denier yarn with a
      heavier denier yarn.
PAR  It is often useful or necessary to combine a fine denier yarn with a higher
      denier yarn, staple or tow, as in plying and twisting operations. For
      example, it has been found that the build-up of static electricity in
      nylon carpets to uncomfortable levels can be prevented or dissipated by
      combining the nylon carpet yarns during manufacture of the carpet with
      fine denier metallic yarns, including yarns which are wholly metal and
      yarns which are metallized, that is, metal coated. Silvered nylon yarn is
      an example of such metallic yarns.
PAR  The handling of metallic or non-metallic fine yarns, especially when they
      are to be combined with higher denier yarns such as carpet yarns, present
      special problems to the carpet manufacturer. The fine yarns, lacking the
      weight and/or bulk of the normally heavier carpet yarns, do not readily
      feed or "run" through delivery tubes, eyeboards, eyelets and other
      portions of carpet manufacturing machinery. "Runnability" of such yarns is
      therefore said to be poor. Fine yarns also require careful attention to
      yarn package geometry and spatial relationships between the packages and
      delivery mechanism for combination with higher denier yarns. Special
      accommodation must be made for the ballooning characteristics of fine
      yarns and the sloughing off and tendency of such yarns to snarl when
      delivered from a cone-shaped package into combination with a heavier yarn.
      For example, in the manufacture of tufted carpets, when it is attempted to
      lay in the fine yarns in parallel with the heavier yarns in the yarn sheet
      just prior to tufting, the fine yarns cross over to adjacent yarns in the
      yarn sheet with consequent undesirable irregularity and even snarling of
      the yarn sheet.
PAR  The problem is not solved by the usual methods of combining the yarns prior
      to formation of the yarn sheet. Serious difficulty is experienced in
      maintaining an efficient contact angle between the two yarns at the point
      of combination since the transfer of a tail of the heavier yarn from one
      package to another in the magazine of yarn packages commonly utilized in
      such systems, prevents continuity of the combining operation. The
      operation has to be stopped while the package of fine yarn is reoriented
      to accommodate the new package of heavier yarn. Also, the yarn packages
      must be rearranged in the creels to provide space for ballooning of the
      fine yarn, thus requiring substantial and expensive modification of creels
      and other apparatus. Further, the angle of delivery of the yarns to each
      other, from any package in the system, continually changes as the yarns
      unwind from their holders. Considerable care must therefore be taken to
      avoid snagging due to "tight spots," i.e., more tightly wound yarns on the
      holders.
PAR  The foregoing problems are greatly compounded when the fine denier yarn is
      a metallic yarn. Not only does the metallic yarn tend to become fouled at
      undesirable points in a yarn sheet in a tufting operation as a result of
      static build-up in the sheet, but also there is severe binding, snarling
      and skinning in the eyelets and delivery tubes through which the metallic
      yarn passes on its way to combination with the heavier yarn in a yarn
      sheet. When it is attempted to combine the yarns, prior to formation of
      the yarn sheet, especially when using magazined coneshaped yarn holders,
      sloughing and snarling are even more severe. Separate delivery systems for
      each of the yarns to a yarn sheet or other work station has to be
      abandoned in favor of some other approach which will also enable the
      carpet manufacturer avoid substantial modification of existing apparatus.
PAC  OBJECTS AND SUMMARY
PAR  Accordingly, an object of the invention is to provide a new and improved
      device and method for combining a fine denier yarn with a second, heavier
      denier yarn whereby the above-described difficulties are overcome.
PAR  Still another object of the invention is to provide a new and improved
      device and method for combining a fine denier metallic yarn and a heavier
      denier yarn, so that the yarns need not be laid-in parallel in a yarn
      sheet in a tufting operation or fed separately to the yarn sheet, with the
      above-mentioned difficulties.
PAR  These and other objects, features and advantages of the invention will be
      apparent from the specification which follows.
PAR  In summary outline, the invention is based upon the discovery that by
      utilizing a unique yarn dispensing device, a first yarn may be carried by
      and wrapped around a second yarn, so that the combined yarns may be
      efficiently delivered to a tufting or other operation without the
      sloughing, snarling and need for substantial redesign of apparatus which
      otherwise would be encountered. The device is inserted between the
      magazine of second yarn packages in a creel thereof and the delivery tubes
      to the yarn sheet in a tufting operation or other processing station. The
      device includes a holder for the first or fine denier yarn pivotably
      mounted so that such holder will follow the angle of delivery of the
      second or heavier yarn from the packages of the magazine as a tail of the
      heavier yarn is transferred from one package to the next and as the yarn
      unwinds from any of the packages. The yarn holder has an axial passage
      through which the heavier, carrier yarn passes. The device further
      includes a guide at the exit end of the yarn holder for guiding the first
      yarn into wrapping engagement with the second, carrier, yarn. The first
      yarn is thus wrapped about the second yarn and the combined yarns then
      travel to the next station in a textile manufacturing operation, most
      usually through plastic tubes.
PAR  In the method of the invention, the second yarn is continuously passed
      through the yarn holder and the guide, the first yarn is engaged by the
      second yarn between the exiting of the second yarn from the yarn holder
      and before or as it passes through the guide, the combined yarn then
      passing through the guide.
PAR  As indicated, the invention eliminates snarling of a fine denier yarn in
      eyeboards, delivery tubes, creels or in the yarn sheet of a tufting
      operation and has particular application to the combination of a fine
      metallic yarn with a heavier, non-metallic carpet yarn. The invention may
      be readily incorporated into existing textile manufacturing operations
      without substantial modification of apparatus or processing, thereby
      offering a substantial economic benefit.
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PAC  DETAILED DESCRIPTION
PAR  For a fuller understanding of the nature and objects of the invention,
      reference is made to the following description taken in conjunction with
      the accompanying drawing, in which:
PAR  FIG. 1 is a perspective view of a yarn delivery system embodying a device
      and method of the invention;
PAR  FIG. 2 is a detailed perspective view of an embodiment of the device of the
      invention; and
PAR  FIG. 3 is also a perspective view of another element useful with the
      foregoing embodiment.
DETD
PAR  With reference to the figures, a device 10 of the invention includes a
      package 11 of a first yarn 12. For the more specific purposes of the
      invention, the yarn 12 is a fine denier (about 3-30) yarn relative to a
      heavier denier (about 1300-2600) yarn 13 with which the fine yarn 12 is to
      be combined. Package 11 includes yarn holder 14 having an axial passage 15
      for delivery therethrough of the second, heavier yarn 13. As shown, holder
      14 and therefore package 11 is tubular but it may be in the form of a
      cone, if desired. The tubular form (sometimes called a "pencil" tube)
      reduces the tendency of the yarn 12 to slough off but, as is known, has
      the disadvantage of causing greater drag on the yarn as it unwinds
      therefrom. The greater drag sometimes induces undue tension in the yarn 12
      and, therefore, undesirably tight wrapping of the yarn 12 about yarn 13.
      In specific cases, these tendencies can be balanced or largely eliminated,
      in the case of a cone by utilizing a shield or a baffle member near the
      cone to minimize ballooning of the yarn as it leaves the spool, or by
      other design of the package 11.
PAR  Holder 14 has an entry end 16 and an exit end 17 for yarn 13 and is fixedly
      mounted on a mandrel 18 so that it will not revolve. The mandrel may take
      a variety of forms, one convenient and inexpensive form, as shown, being
      merely a wire bent back upon itself in a U-shape in such fashion as to
      provide an interference fit with the interior wall of the yarn holder 14.
      The mandrel 18 may include a stop number 19 for yarn holder 14 in the form
      of an angular bend at the end of the wire adjacent the U-shaped bend.
      Also, as shown, the wire with which mandrel 18 and stop 19 are formed may
      also form a support 21 for yarn holder 14 and a yarn guide 22. Yarn guide
      22 may be merely a bend in the same wire, or another piece of wire, to
      form a "pigtail" eyelet. The eyelet yarn guide 22 may be connected to the
      support wire 21 in any suitable manner, as by mounting in a columnar
      support number 23, the support wire 21 being mounted in the base of the
      member 23. The columnar member 23 swivels in a square beam 24, which beam
      has a U-bolt 25 therethrough, or like means for connection to a U-shaped
      support member 26 of a yarn delivery system. Alignment of yarn 13 for
      delivery through holder 14 may be facilitated in any additional way, as by
      passage through a second eyelet yarn guide 27. The eyelet 27 conveniently
      is formed as a loop in wire support 21 at a location adjacent the entry
      end 16 of the yarn holder. Of course, yarn holder 14 may be formed with an
      extension, lip or other guide means, thereby eliminating the need for any
      auxiliary yarn guide such as eyelet guide 27.
PAR  In a typical yarn delivery system, yarn packages such as cones 28 are
      mounted in a creel in magazined organization -- for example, as pairs of
      cones 28, each pair being supported on a common bracket 29 such that the
      smaller diameters of the cones are angled slightly towards each other in
      the direction of a flexible plastic delivery tube 31 extending into the
      cavity of U-shaped support member 26. The first cone in each pair is
      connected to the second cone through a transfer tail 32, in a manner well
      known in the art. In the conventional delivery of a carpet yarn 13 from
      cones 28, travel of the yarn through tube 31 is initiated, and when the
      first cone 28 is depleted, the tail 32 to the second cone continues the
      delivery of yarn from second cone 28. The depleted cones are then
      periodically replaced. Since the angle of delivery of yarn 13 to delivery
      tube 31 will change as one cone 28 is depleted and yarn is delivered from
      the second cone, yarn package 11 pivots as indicated in FIG. 1. Thus, the
      change in delivery angle is automatically compensated for.
PAR  When the exit end 17 of holder 14 is rough or irregular (for example, when
      such holders are formed of a cellulosic substance), there may be a
      tendency for yarn 12 to catch on the exit end 14. This can be avoided by
      utilizing an edge guide 33 (FIG. 3). A convenient form of edge guide is a
      metal or plastic disc having a rolled periphery 34 and an expandable,
      plug-like apertured center portion 35 which provides an interference fit
      with holder 14 upon insertion into the holder. Many other forms of such
      edge guides will be apparent, their essential feature being a diameter
      greater than that of holder 14 so that yarn 12 will not catch on the edge
      of the holder. Such edge guides may also be unitary with holder 14.
PAR  In operation, yarn 13 is continuously delivered to tube 31 through holder
      14 and eyelet yarn guide 22. If the device has a yarn guide at the entry
      end 16 of the holder 14, such as eyelet guide 27, yarn 13 also passes
      through such guide. With the delivery of yarn 13 to tube 31 thus
      initiated, fine yarn 12 from package 11 is engaged with heavier denier
      yarn 13 at some point between exit end 17 and eyelet guide 22. The extent
      and form of engagement will vary according to the nature of yarns 12 and
      13. For example, if yarn 13 is a bulked, multifilament yarn, little or no
      effort will be required for the engagement. On the other hand, if yarn 13
      is a mono filament, some form of adhesive coating or other means for
      initially engaging the two yarns may be useful. In any event, moving yarn
      13 picks up and carries yarn 12, yarn 12 at the same time being wrapped
      about yarn 13. The combined yarns then pass through eyelet guide 22 into
      delivery tube 31. In consequence of the lighter denier yarn 12 being
      carried by yarn 13, no snarling or binding of either yarn is experienced
      in tube 31 and the combined yarn may be delivered through eyelets or other
      guides to the next station in a textile manufacturing operation, such as
      formation of yarn sheets in a tufting operation.
PAR  It will be apparent that the invention is not limited to the specific
      details set forth above for purposes of illustration, and that various
      other embodiments and modifications are equivalent for the stated and
      illustrated functions without departing from the spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a device for combining a first yarn and a second yarn, the
      combination of:
PA1  a yarn holder adapted to hold first yarn wound thereon, said yarn holder
      having an axial passage for travel therethrough of a second yarn delivered
      from a yarn package spaced apart from said yarn holder;
PA1  guide means at the exit end of said yarn holder for guiding said first yarn
      to engagement with said second yarn whereby said first yarn is wrapped
      about and carried by said second yarn as said first yarn unwinds from said
      yarn holder; and
PA1  support means supporting said yarn holder, said support means being adapted
      to pivot with said yarn holder about said guide means whereby said yarn
      holder aligns itself with the angle of delivery of said second yarn to
      said yarn holder.
NUM  2.
PAR  2. A device as in claim 1 including guide means at the entry end of said
      yarn holder for guiding said second yarn to said entry end.
NUM  3.
PAR  3. A device as in claim 1 wherein said support means comprises a wire
      having an end portion defining a mandrel for said yarn holder.
NUM  4.
PAR  4. A device as in claim 3 wherein said mandrel is formed as a U-shape bend
      in said wire, said bend being adapted for an interference fit with the
      interior of said yarn holder.
NUM  5.
PAR  5. A device as in claim 4 wherein a portion of said wire is formed as an
      eyelet for guiding yarn to the entry end of said yarn holder.
NUM  6.
PAR  6. A device as in claim 4 wherein the end of said wire adjacent said
      U-shaped bend is bent at an angle to thereby operate as a stop for said
      yarn holder.
NUM  7.
PAR  7. A device as in claim 1 wherein said yarn holder is tubular.
NUM  8.
PAR  8. A device as in claim 1 wherein said yarn holder is a cone.
NUM  9.
PAR  9. A device as in claim 1 including edge guide means at said exit end for
      preventing contact of said first yarn with said exit end.
NUM  10.
PAR  10. A method of combining a first yarn and a second yarn supplied from
      spaced apart first and second yarn packages respectively, utilizing a
      device comprising the combination of a yarn holder and said first yarn
      wound thereon, said yarn holder having an axial passage for travel
      therethrough of said second yarn, guide means at the exit end of said yarn
      holder for guiding said first yarn to engagement with said second yarn,
      and support means supporting said yarn holder, said support means being
      adapted to pivot with said yarn holder about said guide means whereby said
      yarn holder aligns itself with the angle of delivery of said second yarn
      to said yarn holder; said method comprising continuously passing said
      second yarn through said yarn holder and said guide means, engaging said
      first yarn with said second yarn between the exit of said yarn holder and
      said guide means, whereby said first yarn is wrapped about and is carried
      by said second yarn as said first yarn unwinds from said yarn holder.
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ABST
PAL  A doffing apparatus for a spinning frame having bobbin spindles arranged at
      equal pitch, comprising a movable frame carrying bobbin-chucking means and
      bobbin-deflecting means, and bobbin-conveying means, said apparatus being
      operative so that full bobbins from the spinning frame are transferred
      onto the bobbin-conveying means by said bobbin-chucking means in exchange
      with the empty bobbins brought by this bobbin-conveying means, without
      causing any interference, due to the action of the bobbin-deflecting
      means, between the full bobbins passing from the spinning frame onto the
      bobbin-conveying means and the empty bobbins being supplied from the
      conveying means to the spinning frame, thus minimizing the number of steps
      of doffing operation and the number of parts of the doffing apparatus as a
      whole.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  The present invention pertains to a doffing apparatus for a spinning frame,
      and more particularly, it relates to a doffing apparatus for a spinning
      frame such as a flyer-type roving machine carrying bobbins whose lower end
      portions are received shallowly in bobbin wheels and whose upper end
      portions are driven by spindles, said spinning frame being designed to be
      operative that the bobbins are first relieved of their engagement with
      said spindles and then they are lifted to some distance above said bobbin
      wheels to be completely detached from these bobbin wheels during the
      doffing operation.
PAR  B. Description of the Prior Art
PAR  As the means for mechanically carrying out doffing operation, there have
      been proposed doffing apparatuses in, for example, Japanese Patent
      Publication No. 40-18053 and Japanese Patent Publication No. 48-8298
      Specifications. These known doffing apparatuses are invariably arranged to
      be operative so that, after the full bobbins are taken out of the spinning
      frame while being supported on appropriate bobbin-supporting means, these
      full bobbins are transferred onto a bobbin-conveying means disposed close
      to and alongside the spinning frame, and then empty bobbins which are
      brought to the side of the spinning frame by the same bobbin-conveying
      means are received by said bobbin-supporting means to be transferred onto
      the spinning frame. Thus, the full bobbins which have been removed from
      the spinning frame can be carried directly to a subsequent step by the
      bobbin-conveying means and empty bobbins also can be conveyed by the same
      bobbin-conveying means, whereby these apparatuses have been considered to
      effectively contribute to rationalization of not only the doffing
      operation but also the bobbin-conveying operation.
PAR  However, the aforesaid known apparatuses have the following problems in
      both the receiving and transferring of full and empty bobbins between the
      bobbin-supporting means and the bobbin-conveying means.
PAR  That is to say, in that part of operation wherein full bobbins from the
      spinning frame are transferred onto the bobbin-conveying means by the
      bobbin-supporting means, it is mandatory that no bobbins are present on
      the correspondingly positioned bobbin holders of the bobbin-conveying
      means when the bobbin-supporting means supporting the full bobbins arrive
      at said bobbin-conveying means. It is also necessary that, by the time the
      bobbin-supporting means starts to move back to the spinning frame, this
      supporting means must have already completed the receiving of empty
      bobbins from the bobbin-conveying means. Because of these requirements,
      the known apparatuses are of the arrangement that, on the bobbin-conveying
      means which arrives at the spinning frame, there are interposed unoccupied
      bobbin holders (meaning carrying no bobbins) between those bobbin holders
      loaded with the empty bobbins, and that, after full bobbins have been
      transferred onto these unoccupied bobbin holders by the bobbin-supporting
      means, said bobbin-conveying means is caused to advance for a distance
      corresponding to the pitch of one bobbin holder to position the empty
      bobbins carried on the bobbin-conveying means so as to face the
      bobbin-supporting means which has already completed the transfer of the
      full bobbins, and that thereafter these empty bobbins are received by the
      bobbin-supporting means to be transferred onto the spinning frame.
PAR  As such, according to this prior doffing system, there is the inconvenience
      that, during one doffing operation, the bobbin-conveying means also has to
      be moved for a predetermined distance in synchronism with the action of
      the bobbin-supporting means. Thus, the smoothness of the whole operation
      is hampered, and besides, the control of actions of the apparatus becomes
      complicated.
PAR  Moreover, in the bobbin-conveying means of the known apparatus, a bobbin
      holder carrying no bobbin requires to be present always for every other
      bobbin pitch among the row of bobbin holders loaded with bobbins.
      Therefore, bobbin holders have to be provided on the conveying means in a
      number twice as many as the number of both full and empty bobbins which
      are to be conveyed actually. Not only that, there is a further
      inconvenience that the bobbin-conveying means will become excessively
      large in size.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary object of the present invention to provide a
      doffing apparatus for a spinning frame, which is arranged so that full
      bobbins from a spinning frame can be transferred onto the bobbin-conveying
      means in exchange with the empty bobbins brought by this bobbin-conveying
      means without causing any intereference into the passage of the full
      bobbins from the spinning frame to the conveying means or the passage of
      empty bobbins supplied to the spinning frame from the bobbin-conveying
      means.
PAR  Another object of the present invention is to provide a doffing apparatus
      of the type described, which corrects inconsistency of pitches between the
      pitch of bobbins on the bobbin-conveying means and the pitch on the
      bobbin-chucking means provided on a movable frame, and thus can carry out
      unfailing stable doffing operation.
PAR  Still another object of the present invention is to provide a doffing
      apparatus of the type described, which minimizes the number of steps in
      the doffing operation and the number of parts of the doffing apparatus.
PAR  These as well as other objects, features and advantages of the present
      invention will become apparent by reading the following statement of
      preferred embodiments of this invention when taken in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings show a preferred embodiment of the doffing apparatus of the
      present invention for use with a spinning frame.
PAR  FIG. 1 is an explanatory side view, partly broken away, of a doffing
      apparatus as a whole according to the present invention.
PAR  FIG. 2 is a similar front view, partly broken away, of a front view of the
      whole apparatus of FIG. 1.
PAR  FIG. 3 is a similar plan view, partly broken away, of same.
PAR  FIG. 4 is a similar plan view, partly broken away, of a bobbin-chucking
      means of the apparatus.
PAR  FIG. 5 is an explanatory side view, partly broken away, of said
      bobbin-chucking means
PAR  FIG. 6 is another similar plan view of a bobbin-conveying means and a
      position-correcting means.
PAR  FIG. 7 is a similar front view of same.
PAR  FIG. 8 is a similar side view, partly broken away, of same.
PAR  FIG. 9 is a similar side view, partly broken away, of a bobbin holder
      showing its operative state.
PAR  FIGS. 10 to 16 are somewhat schematic explanatory perspective views showing
      the sequential doffing actions of the apparatus.
PAR  FIGS. 17A to 17E are somewhat schematic, explanatory plan views showing the
      sequential operations for pitch-matching between said bobbin-conveying
      means and a main body of said doffing apparatus.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention will hereunder be described with respect to a
      preferred embodiment by referring to the drawings.
PAR  In FIG. 1, reference numeral 1 represents a roving machine which is shown
      as an example of spinning frame. Numeral 2 represents a doffing apparatus
      as a whole. Numeral 3 represents a bobbin-conveying means.
PAR  The roving machine 1 illustrated is of the well-known flyer type, in which
      numeral 4 represents a bobbin rail; 5 represents a bobbin wheel; 6
      represents a flyer; and 7 represents a bobbin spindle.
PAR  The doffing apparatus 2 as a whole is movably placed on rails 8 and 8 laid
      on a floor surface along the longitudinal length of the roving machine 1
      so as to be able to travel on these rails alongside the roving machine.
      Also, this doffing apparatus 2 is arranged so that it is ensured to run
      stably on said rails while being prevented from falling down toward the
      roving machine, because of the rolling contact between a guide rail 9
      which is provided along the front side of the roving machine and a guide
      roller 11 which is secured to a movable frame 10 of the doffing apparatus
      2.
PAR  This doffing apparatus 2 is driven to travel, as shown in FIG. 3, by
      transmitting the rotation of a main driving shaft 13 which is operatively
      coupled to an electric motor 12 fixed on the movable frame 10 to a driving
      shaft 17 provided under this movable frame 10 for the travelling of the
      movable frame 10, via a clutch 15 which is subjected to
      connection-changeover operations by a solenoid 14 through a linkage as
      shown, and via sprockets and chain 16. By a change-over of connection of
      said clutch 15, either one of two gears as shown is either operably
      coupled to said driving shaft 17, or set at neutral position, whereby one
      of the movements, i.e. forward travel, backward travel and stopping, is
      selected.
PAR  On the lower lateral portion of the doffing apparatus 2, there is provided
      a stopper 18 which is capable of moving toward and away from the roving
      machine 1. The foremost end of this stopper 18 is caused to engage, in
      wedge form, into a recess of a block 19 provided on that side of the
      roving machine 1 facing the doffing apparatus 2 in such a manner as to
      correspond to the bobbin pitch. Whereby, the halt position of the doffing
      apparatus 2 relative to the roving machine 1 can be controlled easily.
PAR  The movement of said stopper 18 toward and away from the roving machine 1
      is performed, as shown in FIG. 3, by transmitting the rotation of said
      main driving shaft 13 to a rack-pinion portion 22 via a clutch 21 which is
      subjected to connection-changeover operations by a solenoid 20.
PAR  Also, from the movable frame 10 of the doffing apparatus 2 extend a pair of
      supporting pillars 23 and 23 for a distance sufficiently to correspond to
      the position of the bobbin-conveying means 3. These supporting pillars 23
      and 23 carry a bracket 24 for slidable vertical movement thereon, and this
      bracket 24, in turn, carries an arm 25 which can freely make forward and
      backward movements toward and away from the roving machine 1. At the
      foremost end of this arm 25 is provided a bobbin-chucking means 26 which
      can chuck two bobbins and let them hang therefrom at the same time.
PAR  The driving of said bracket 24 for making ascending and descending
      movements is effected, as shown in FIGS. 2 and 3, by transmitting the
      rotation of said main driving shaft 13 to a sprocket 29 via a required
      gear selected from among a train of gears by a clutch 28 which, in turn,
      is adapted to be changed over in its connection by a solenoid 27, and also
      by the forward as well as the backward run of a chain 31 which is applied
      between said sprocket 29 and another sprocket 30 provided on top of the
      supporting pillars 23 and 23. This chain 31 is operably coupled, in its
      midway, to the bracket 24.
PAR  Also, the driving of said arm 25 to make forward and backward movements is
      accomplished, as shown in FIGS. 1 and 3, by transmitting the rotation of a
      reversible motor 32 mounted on the bracket 24 to a rack 33 provided on the
      arm 25, via a pinion.
PAR  As shown on an enlarged scale in FIGS. 4 to 6, each of said bobbin-chucking
      means 26 is arranged so that two pairs of bobbin chucking members 35, 35'
      and 35, 35' are swingably fastened via shafts to a plate 34 secured to the
      foremost end of said movable arm 25, and that two pairs of gears 36, 36'
      and 36, 36' which are mounted on said shafts so as to be coupled to said
      two pairs of chucking members 35, 35' and 35, 35', respectively, are
      meshed with each other, so that by rotating the shaft in each pair of
      chucking members, these two pairs of chucking members 35, 35' and 35, 35'
      are operated to open and close. A lever 37 extends from the shaft of one
      35 of each pair of chucking members 35 and 35', and a spring 38 is applied
      between one end of said lever 37 and end of said plate 34 for each pair of
      chucking members to normally urge each pair of chucking members to close
      by said spring 38. Also, the two levers 37 and 37 of the bobbin-chucking
      means are connected to the ends 39a and 39b, respectively, of a wire 39
      which is bifurcated into two branches of wires at a portion close to its
      end. As this wire 39 is pulled in the direction of the arrow A, the two
      pairs of chucking members 35, 35' and 35, 35' are equally opened.
PAR  Said wire 39 is pulled or released by means of a sensing lever 41 which is
      caused to make swinging movements upwardly and downwardly as this lever is
      brought into contact with a cam 40 which, in turn, is operatively secured
      to said main driving shaft 13.
PAR  Also, on the side of said doffing apparatus 2 facing the roving machine 1
      and at a position near the lower side of said movable arm 25, there is
      provided a bobbin-deflecting means 44 having a swingable arm 43 provided
      with pegs 42 and 42 for mounting bobbins thereon at such positions
      corresponding to the bobbin pitch of said bobbin-chucking means, said pegs
      42 and 42 being able to engage both full bobbins and empty bobbins at the
      lower ends of these bobbins. This bobbin-deflecting means 44, in this
      example, moves below the movable arm 25 of the bobbin-chucking means 26 as
      the swingable arm 43 makes a horizontal swinging movement about its
      fulcrum 45, so that this bobbin-deflecting means 44 can be switched over
      in its position between a first position at which the pegs are located
      just below the pairs of bobbin chucks of said bobbin-chucking means and a
      retiring second position at which this bobbin-deflecting means is away
      from its first position.
PAR  The driving of said swingable arm 43 for making swinging movements is
      performed in the following manner. That is, as shown in FIG. 3, the
      rotation of said main driving shaft 13 is transmitted to a gear 48 via a
      clutch 47 whose connection is switched over by a solenoid 46 to thereby
      rotate the arm 43 either to the left side or to the right side via a gear
      49 meshed with said gear 48.
PAR  The bobbin-conveying means 3 is of the arrangement that, as shown in FIGS.
      6 through 8, a plurality of supporting means, which in this embodiment are
      conveying parettes 52, are suspended via rollers 51, 51, .... from a
      common rail 50 which, in turn, is fixedly suspended from the ceiling of a
      construction wherein the doffing apparatus 2 is installed. A plural pairs
      of bobbin holders 53 and 53 are secured to the lower surface of each
      conveying parette 52 at such an interval as is equal to the pitch of the
      bobbin chucking member of the bobbin-chucking means 26.
PAR  The aforesaid bobbin holder 53 preferably is of the arrangement that it can
      be switched over from its bobbin-holding position to its position of
      releasing this bobbin and vice versa for each pushing-up action applied to
      this bobbin holder 53 from below, as is stated for example in U.S. Pat.
      No. 3,512,731 Specification. As shown in FIG. 8, the bobbin holder 53 is
      mounted on said conveying parette 52 and is constructed in such a way that
      it can make vertical movements for a predetermined distance. Between the
      parette 52 and the bobbin holder 53 is applied a relatively powerful
      spring 54 which will not be displaced in its position by the mere
      pushing-up force which is applied to the bobbin holder 53 at each time the
      bobbin is fit into this holder and is pulled off therefrom.
PAR  On one side of the conveying parette 52, there are provided a plurality of
      pin-shaped projections 55 at a predetermined pitch for positioning the
      bobbin holders relative to the main body of the doffing apparatus 2. On
      the ohter hand, on the plate 34 of the bobbin-chucking means 26 of said
      doffing apparatus 2, there is provided a generally U-shaped cam plate 56
      which is assigned to guide a corresponding one of said projections 55 to
      be engaged into this cam plate to be nipped therein. The positioning means
      comprising these projections and nipping cam plate are intended to bring
      the supporting means, i.e. the conveying parette 52 of the conveying means
      3 into correct position relative to the bobbin-chucking means 26.
PAR  It should be noted that said bobbin-chucking means 26 is displaceable
      horizontally between a first horizontal position corresponding to the
      position of one of said bobbin holders and a second horizontal position
      located at a bobbin carried on the spinning frame, and at the same time
      displaceable vertically between a third vertical position corresponding to
      the upper end portion of the bobbin carried on the spinning frame and a
      fourth vertical position corresponding to the upper end portion of the
      bobbin suspended from said one of the bobbin holders, to assume such a
      position at a time as is defined by any one horizontal position plus any
      one vertical position selected from the above four positions.
PAR  The doffing apparatus according to the present invention is of such
      arrangement as stated above. Next, its doffing operation will be explained
      in sequential order of the operation by referring to FIGS. 10 through 16.
PAR  1. FIG. 10 shows the state of the doffing apparatus 2 when the stopper 18
      thereof plunges forwardly and engages in the recess of the block 19 of the
      roving machine 1, whereby the doffing apparatus 2 is set at a
      predetermined doffing position.
PAR  At such moment, the bobbin-chucking means 26 provided at the foremost end
      of the arm 25 has alreadly been brought into its completely retreated
      position (defined by a first horizontal position) at a predetermined
      vertically low level (defined as a third vertical position), so that at
      this state the bobbin-chucking means 26 assumes a position which will be
      defined by a first horizontal position plus a third vertical position. On
      the other hand, the bobbin-deflecting means 44 is set at a position which
      is just below this bobbin-chucking means 26, and this position will be
      defined as a first position of the deflecting means 44.
PAR  At this moment, with respect to the bobbin-conveying means 3, a group of
      conveying parettes 52, .... carrying empty bobbins b, .... suspended
      therefrom have been already sent back from a subsequent step and they are
      at rest at the predetermined doffing positions, respectively.
PAR  2. Next, as shown in FIG. 11, by causing the bracket 24 to ascend along the
      supporting pillars 23 and 23, said bobbin-chucking means 26 is accordingly
      lifted up to a position at which it is able to chuck the upper ends of the
      two empty bobbins b and b supported by said conveying parette 52, or in
      other words, up to a position corresponding to the doffing position, and
      thereafter this means 26 is caused to stop at this position (defined as a
      first horizontal position plus a fourth vertical position).
PAR  It should be understood that, even if the position of the conveying parette
      52 is somewhat displaced in the direction of conveyance relative to the
      doffing apparatus 2, the cam plate 56 coupled to the plate 34 of the
      bobbin-chucking means 26 will, when this means 26 has ascended, engage the
      projection 55 which is provided on the conveying parette and said
      projection will be received into the center of the U-shaped cam plate 56,
      while being guided by this U-shape, as shown in FIG. 7. Thus, the
      conveying parette 52 is controlled of its position in order to correct
      such inconsistency in the relative positions and it is thus placed at the
      predetermined doffing position.
PAR  Next, by operating the wire 39 of the bobbin-chucking means 26 in the
      slackening direction B, the respective pairs of bobbin-chucking members
      35, 35' and 35, 35' are closed by the springs 38 and 38, respectively, to
      thereby chuck the upper end portions of the empty bobbins b and b.
      Thereafter, the bobbin-chucking means 26 holding these empty bobbins b and
      b is lifted again for a short distance to thereby release the empty
      bobbins b and b from the bobbin holders 53 and 53. and then, the bracket
      24 carrying the chucking means 26 is caused to descend and is stopped at a
      position at which the lower end portions of the empty bobbins b and b
      suspended from the bobbin-chucking means 26 are to be engaged by the pegs
      42 and 42 provided on the arm 43 of the bobbin-deflecting means 44. The
      chucking means 26 is now at a position defined by a first horizontal
      position plus a third vertical position. At this moment, the wire 39 is
      pulled in the direction of the arrow A so that the respective
      bobbin-chucking members 35 and 35' are opened to cause the empty bobbins b
      and b to be deposited and supported on the pegs 42 and 42, respectively.
PAR  3. After these empty bobbins have been placed on the bobbin-deflecting
      means 44, the bobbin-chucking means 26 in its open state is lifted
      upwardly until it becomes out of contact with the upper end portions of
      the empty bobbins b and b supported on the bobbin-deflecting means 44.
      Then, by causing the arm 25 to thrust forwardly as shown in FIG. 12, the
      bobbin-chucking means 26 is moved to a position corresponding to the upper
      end portions of the full bobbins a and a which are being received in the
      bobbin wheels 5 and 5 provided on the bobbin rail 4 of the roving machine
      1. Thereafter, the bobbin-chucking means 26 is slightly lowered in its
      position and is stopped at a position at which the chucking members of the
      bobbin-chucking means 26 are able to chuck the upper end portions of the
      full bobbins a and a. The bobbin-chucking means 26 now assumes a position
      which will be defined as a second horizontal position plus third vertical
      position. Then, by slackening the wire 39 as stated previously, these full
      bobbins a and a will be chucked by the chucking members 35 and 35' and
      will thus be supported thereby.
PAR  Along therewith, the movable arm 43 of the bobbin-deflecting means 44 is
      given a clockwise rotation to thereby bring the empty bobbins b and b
      carried thereon to move to a deflected position offset from the path of
      movement of the bobbin-chucking means 26. This position is defined as a
      second position of the deflecting means 44.
PAR  Then, the bracket 24 is lifted upwardly to a short distance while its
      bobbin-chucking means 26 is in the state of chucking the full bobbins a
      and a still supported on the bobbin rail 4, to thereby release the lower
      end portions of the full bobbins a and a off the bobbin wheels 5 and 5.
      Thereafter, the arm 25 is caused to retreat back to the position (said a
      first horizontal position) shown in phantom line in FIG. 13 to place the
      bobbin-chucking means 26 at a position (said a third vertical position)
      just below the conveying parette 52.
PAR  Then, the bracket 24 and accordingly the bobbin-chucking means 26 carrying
      the full bobbins is lifted upwardly and is stopped at such a position
      (which will be defined by a first horizontal position and a fourth
      vertical position) at which the upper end portions of the full bobbins a
      and a are to be transferred onto the now unoccupied bobbin holders 53 and
      53 which have already trandferred the empty bobbins b and b onto the
      bobbin-chucking means 26. At this position of the bobbin-chucking means
      26, the upper end portions of the full bobbins a and a are pushed upwardly
      into contact with the bobbin holders 53 and 53 to be received in said
      holders. Thereafter, the bobbin-chucking members 35 and 35' are opened.
PAR  It should be understood that at such a moment of operation, all of the full
      bobbins a and a which are being chucked by the bobbin-chucking means 26
      are not necessarily brought exactly to such a vertical positional level as
      is sufficient for these bobbins to contact all of the bobbin holders 53
      and 53. It may happen that either one of the full bobbins a and a is
      brought earlier into contact with one of the bobbin holders 53 before the
      other bobbin a contacts the other bobbin holder 53. Even in such an
      instance, that bobbin holder 53 which has already performed the holding
      action earlier is moved upwardly further against the force of the spring
      54 as shown in FIG. 9, and thus the attachment of the other full bobbin to
      the other bobbin holder 53 is carried out smoothly without any problem.
PAR  5. Upon completion of the transfer of the full bobbins onto the conveying
      parette 52 in the manner as stated above, the arm 43 of the
      bobbin-deflecting means 44 which is positioned at a low position (said a
      second position) is rotated counter-clockwise as shown in FIG. 14, to
      thereby bring the empty bobbins b and b supported on the pegs 42 and 42 to
      a position at which these empty bobbins b and b are to be transferred on
      to the bobbin-chucking means 26. Thereafter, the bracket 24 is lowered in
      its position.
PAR  When the bobbin-chucking means 26 which has thus been lowered in its
      position arrives just at a position (said first horizontal position)
      corresponding to the upper ends of the empty bobbins b and b carried on
      the bobbin-deflecting means 44, this means 26 is caused to stop its
      movement, and along therewith the bobbin-chucking members 35 and 35' of
      this means 26 are closed to thereby chuck the upper end portions of the
      empty bobbins b and b. Upon completion of this action of chucking the
      empty bobbins b and b, the bobbin-chucking means 26 is lifted upwardly to
      a short distance to detach these empty bobbins b and b from the pegs 42
      and 42 on which these empty bobbins have been standing.
PAR  6. Next, as shown in FIG. 15, the arm 25 is caused to advance until the
      empty bobbins b and b which are being supported on the bobbin-chucking
      means 26 are positioned on the now unloaded bobbin wheels 5 and 5. The arm
      25 is caused to pause at such position stated above, and then it is
      lowered from that position to cause the lower end portions of the empty
      bobbins b and b to be received in the bobbin wheels 5 and 5, while opening
      the chucking members 35 and 35'. This position of the bobbin-chucking
      means is defined by the combination of a second horizontal position plus a
      third vertical position.
PAR  7. After the completion of the supply of empty bobbins to the roving
      machine 1, the bobbin-chucking means 26 is lifted upwardly from its
      position corresponding to the doffing position, and then as shown in FIG.
      16, the arm 25 of this means 26 is again caused to retreat back to its
      position of retreat.
PAR  Along therewith, the stopper 18 is caused to retreat to disengage from the
      recess in the block 19, and the doffing apparatus 2 is caused to make a
      forward run for a predetermined pitch P and to stop at a next doffing
      position. Then, the stopper 18 is again moved forwardly to engage in the
      recess in the next block 19 to perform the positioning.
PAR  With the foregoing actions of the parts, the doffing operation shown in
      FIG. 1 is completed. Thereafter, these actions are repeated. When all of
      the full bobbins a, . . . . have been replaced by all of the empty bobbins
      b, . . . . carried on the conveying parette 52, the group of conveying
      parettes 52, . . . . which are loaded with full bobbins a, . . . . are
      moved onto the subsequent step, and along with this, the doffing apparatus
      2 is caused to make a backward travel up to the initial awaiting position
      so as to be ready for the next doffing operation. Also, the group of
      conveying parettes 52, . . . . carrying empty bobbins thereon are brought
      into the required position by the time the next doffing operation starts.
PAR  Basic actions of the doffing apparatus of the present invention have been
      described above. It should be understood, however, that in such an
      instance wherein the bobbin pitch on the roving machine 1 is not identical
      with the bobbin pitch in the subsequent step, the operation at such an
      instance will be performed as follows. In case, for example, bobbins are
      conveyed between a roving machine of a large bobbin pitch and spinning
      frame of a small bobbin pitch the bobbin pitch of the conveying parette 52
      is adjusted beforehand to match the bobbin pitch of the spinning frame
      which constitutes the subsequent step. In such an instance, however,
      pitch-matching operation will become necessary in addition to the
      afore-stated actions of the doffing apparatus. This additional operation
      will be performed as stated below.
PAR  As shown in FIGS. 17A through 17E, a stopper 57 different from the
      aforesaid stopper 18 is provided on the doffing apparatus 2, and also
      projections 58, . . . . are provided on that side of the conveying parette
      52 facing the doffing apparatus for each bobbin pitch P.sub.2 thereof. At
      the time of doffing operation, the center X.sub.1 of each leading bobbin
      among the bobbins carried on each conveying parette 52 is, in its rest
      position, in register with the center of the leading bobbin among the
      bobbins carried on the roving machine 1 corresponding to one doffing of
      the bobbins for this single conveying parette 52.
PAR  When, in the state as shown in FIG. 17A, the replacement between the full
      bobbins a.sub.1 and a.sub.1 and the empty bobbins b.sub.1 and b.sub.1
      completes, both of the stoppers 18 and 57 are caused to retreat in their
      positions as shown in FIG. 17B. During the movement of the doffing
      apparatus 2 for a distance corresponding to one pitch P.sub.1 on the
      roving machine 1, the stopper 57 is caused to thrust as shown in FIG. 17C
      and thereby the projection 58 of the conveying parette 52 is engaged by
      the stopper 57 and anchored as shown in FIG. 17D. The doffing apparatus 2
      is moved further. Whereby, when the doffing apparatus 2 has arrived at the
      next doffing position, the center X.sub.2 of the next bobbin carried on
      the conveying parette 52 is rendered in register with the center of the
      next bobbin carried on the roving machine 1. Thus, the apparatus will
      assume the condition that the replacement between the full bobbins a.sub.2
      and a.sub.2 and the empty bobbins b.sub.2 and b.sub.2 are possible. After
      this, the conveying parette 52 is moved, in the similar manner as has been
      stated above, for a distance corresponding to the difference P.sub.1
      -P.sub.2 between the pitch P.sub.1 on the roving machine 1 and the pitch
      P.sub.2 on the conveying parette 52, for each single doffing operation.
      Thus, alteration of bobbin pitch from the pitch P.sub.1 to the pitch
      P.sub.2 is carried out.
PAR  The doffing apparatus according to the present invention has been described
      above. This doffing apparatus, however, may be of the arrangement as will
      be stated below.
PAR  a. In the aforesaid embodiment, empty bobbins b, . . . . are first
      deflected by the bobbin-deflecting means 44. However, conversely, full
      bobbins a, . . . . may be taken out first from the spinning frame 1 and
      deflected by the deflecting means.
PAR  b. The locations at which the bobbin-conveying means 3 and the
      bobbin-deflecting means 44 are provided and the configurations of these
      means are not limited to those illustrated. Instead, for example, the
      bobbin-conveying means 3 may be of the type designed to run on the floor
      surface, and also the bobbin-deflecting means 44 may be of a
      suspendion-deflecting type.
PAR  c. The bobbin-chucking means 26 does not need to be of the type designed to
      move rectilinearly. Depending on the location at which the
      bobbin-conveying means 3 is disposed, this means 26 may make arcuate
      movements, i.e. its arm 25 may be designed to make swinging movements.
PAR  d. The deflecting movement of the bobbin-deflecting means 44 is intended to
      deflect the bobbins which are held temporarily by this means 44 so as not
      to hinder the movement of those bobbins supported on the bobbin-chucking
      means 26. In addition to the arrangement of the deflecting means 44 as
      shown which is designed for deflecting the bobbins sideways, the means 44
      may move vertically or in any other directions.
PAR  As stated above with respect to the preferrred embodiment and its
      modifications, the doffing apparatus according to the present invention
      features that a bobbin-deflecting means 44 is provided at a certain
      location in the predetermined course of movement of the bobbin-chucking
      means which performs the conveyance of bobbins between the doffing
      position on the spinning frame and the doffing position on the
      bobbin-conveying means, to deflect temporarily the bobbins which are to be
      conveyed. Furthermore, this bobbin-deflecting means is arranged so that it
      can be moved between a first position of doffing bobbins with the
      bobbin-chucking means and a second deflecting position displaced from said
      first position. With the doffing apparatus arranged as stated above, one
      of the two kinds of bobbins intended to be replaced, i.e. empty bobbins
      and full bobbins, are temporarily held and deflected by the
      bobbin-deflecting means to a position outside of the path of movement of
      the bobbin-chucking means. Whereby, it is possible to easily and freely
      convey the other one of said two kinds of bobbins intended to be replaced,
      i.e. full bobbins and empty bobbins, between the predetermined doffing
      positions to place these bobbins directly onto a site which is then not
      occupied by bobbins because the otherwise interfering bobbins have been
      already deflected to a non-interfering position. As a result, it is
      possible to completely eliminate such troublesome steps of the known art
      as additionally providing unoccupied bobbin holders on the
      bobbin-conveying means and setting these unoccupied bobbin holders at
      predetermined positions by moving this bobbin-conveying means during one
      cycle of doffing operation. Furthermore, as stated avove, since there is
      no need of preparing unoccupied bobbin holders for the doffing operation,
      the construction of the bobbin-conveying means required for conveying a
      predetermined number of bobbins can be greatly simplified.
PAR  In addition, while this invention ensures that the deflected bobbins will
      never stand in the way of the travel of the other group of bobbins owing
      to the positional deflection performed by the bobbin-deflecting means,
      this bobbin-deflecting means is brought back to its initial position to
      thereby place the deflected bobbins back into the path of movement of the
      bobbin-chucking means, thus enabling these brought-back bobbins to be
      placed easily to another required position during the next movement of the
      bobbin-chucking means. As a result, a required doffing can be performed
      easily and smoothly only by relatively simple movements without forcing
      the bobbin-chucking means to carry out complicated actions.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for doffing bobbins for a spinning frame having a plurality
      of bobbin spindles arranged, at a predetermined equal pitch, along the
      longitudinal length of said spinning frame, comprising:
PA1  a movable frame movable on rails laid on a floor surface along the
      longitudinal length of a spinning frame,
PA1  pillars extending from said movable frame,
PA1  bobbin-chucking means vertically slidably carried on said pillars and
      having a horizontally movable arm and having at least one bobbin chuck at
      the forward end of this movable arm,
PA1  bobbin-deflecting means movably arranged on said movable frame for moving
      between a first position located just below said at least one bobbin-chuck
      and a second position located away from said first position when viewed
      from thereabove, and
PA1  bobbin-conveying means movable on a fixed rail provided above said
      bobbin-chucking means along the longitudinal length of the spinning frame,
      and having a plurality of bobbin holders suspended in row from supporting
      means provided thereon,
PA1  said bobbin-chucking means being displaceable horizontally between a first
      horizontal position corresponding to the position of one of said bobbin
      holders and a second horizontal position located at a bobbin carried on
      the spinning frame, and at the same time being displaceable vertically
      between a third vertical position corresponding to the upper end portion
      of the bobbin carried on the spinning frame and a fourth vertical position
      corresponding to the upper end portion of the bobbin suspended from said
      one of the bobbin holders, to assume such a position at a time as is
      defined by any one horizontal position plus any one vertical position
      selected from the above four positions;
PA1  said apparatus being arranged to perform the following eight sequential
      interlocked actions as one cycle of the doffing operation:
PA1  a first action of removing empty bobbins from said bobbin holders of said
      bobbin-conveying means when said at least one bobbin chuck assumes its
      first horizontal position and its fourth vertical position,
PA1  a second action of transferring these empty bobbins onto said
      bobbin-deflecting means when said at least one bobbin chuck assumes its
      first horizontal position and its third vertical position and when said
      deflecting means assumes its first position,
PA1  a third action of deflecting the position of said bobbin-deflecting means
      into its second position,
PA1  a fourth action of catching the full bobbins from the spinning frame when
      said at least one bobbin chuck assumes its second horizontal position and
      its third vertical position,
PA1  a fifth action of transferring these full bobbins onto the bobbin holders
      of the bobbin-conveying means when said at least one bobbin chuck assumes
      its first horizontal position and its fourth vertical position,
PA1  a sixth action of bringing said bobbin-deflecting means back to its first
      position,
PA1  a seventh action of removing empty bobbins from said bobbin-deflecting
      means carrying these empty bobbins thereon when said at least one bobbin
      chuck assumes its first horizontal position and its third vertical
      position, and
PA1  an eighth action of transferring these empty bobbins onto the spinning
      frame when said at least one bobbin chuck assumes its second horizontal
      position and its third vertical position.
NUM  2.
PAR  2. An apparatus according to claim 1, arranged so that said third action
      and said fourth action are performed at the same time.
NUM  3.
PAR  3. An apparatus according to claim 1, arranged so that said third action is
      performed after said fourth action.
NUM  4.
PAR  4. An apparatus according to claim 1, arranged so that said fifth action
      and said sixth action are performed at the same time.
NUM  5.
PAR  5. An apparatus according to claim 1, arranged so that said fifth action is
      performed after said sixth action.
NUM  6.
PAR  6. An apparatus according to claim 1, in which said supporting means of
      said bobbin-conveying means comprises a plurality of parettes.
NUM  7.
PAR  7. An apparatus according to claim 1, further comprising positioning means
      for positioning said movable frame to the spinning frame so that said at
      least one bobbin chuck is positioned in register with said bobbin
      spindles.
NUM  8.
PAR  8. An apparatus according to claim 7, in which said positioning means
      comprises a retractable stopper provided on that side of the movable frame
      facing said spinning frame and engageable in any one of a plurality of
      recesses formed on that side of the spinning frame facing this apparatus
      at equal interval corresponding to the pitch of the bobbin spindles.
NUM  9.
PAR  9. An apparatus according to claim 1, further comprising
      position-correcting means for correcting the relative position between
      said supporting means of the bobbin-conveying means and said
      bobbin-chucking means.
NUM  10.
PAR  10. An apparatus according to claim 9, in which said position-correcting
      means comprises projections provided on one side of said supporting means
      at an interval corresponding to the bobbin pitch or full-integer multiples
      of that pitch.
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ABST
PAL  A selective switching mechanism for an electronic watch having a four digit
      electro-optic display, the mechanism having three operative positions. In
      the first switching position, the display is that of hours and minutes and
      requires for its full scale all four digits. In the second position, the
      display is that of seconds and requires for its full scale two of the four
      digits, and in the third position the display is calendar date and
      requires for its full scale two of the four digits. The switching
      mechanism is operated by a crown and stem assembly which occupies the
      first position when depressed part way, and which occupies the second
      position when fully depressed. The third position is occupied by pulling
      out the crown. Thus all three switching positions are attained by
      operation of a single actuating element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electronic timepieces having an
      electro-optic digital time display, and more particularly to a switching
      mechanism for selectively activating a display to provide illuminated
      readings of hours and minutes, seconds or calendar date.
PAR  Battery-operated electronic timepieces are known which make use of a
      quartz-crystal high-frequency oscillator as a frequency standard, the
      frequency of the standard being divided down by a frequency converter to
      produce pulses for activating the elements of an electro-optic digital
      time display.
PAR  In U.S. Pat. Nos. 3,560,998, 3,576,099 and 3,664,118 among others, there is
      disclosed wrist watches of the type in which the optical display takes the
      form of light-emitting diodes (LED's) which present the hours, minutes and
      seconds of time in digital decimal form and which are energized, on
      demand, at the option of the wearer. Since the display is normally
      de-energized and invisible, this assures minimum power consumption and an
      increasingly long life for the watch battery. The electronic circuits
      employed in commercial versions of such timepieces are in integrated
      circuit form to provide a highly compact structure.
PAR  Modules are currently available which combine the integrated circuit of the
      electronic timepiece with an LED time display, thereby greatly simplifying
      manufacturing procedures, for all that is necessary to assemble a watch is
      to encase the module and to provide the necessary switch connections for
      activating and setting the LED display. In one such commercially available
      quartz-crystal digital watch module manufactured by the Microelectronic
      Products Division of the Hughes Aircraft Company, a four digit LED display
      is included to afford readings of hours and minutes, seconds or calendar
      date.
PAR  All four digits are required for an hours and minutes or time-of-day
      reading, such as 12:25, whereas since a seconds reading is in a scale from
      1 to 60, only two of the digits are needed. And since the scale for the
      calendar date has a maximum of 31, this reading only requires two of the
      four digits.
PAR  In the Hughes module, as incorporated for example in the Elgin "Minicon"
      watch described in the instruction book published (9-15-73) by Elgin Watch
      Company of New York City, three exposed contact terminals are provided on
      the module, the terminals operating in conjunction with two push-button
      switches on the watch case to selectively activate the digital read-out by
      means of a suitable logic circuit. We shall identify these switches as A
      and B. The first exposed contact terminals is the ground terminal and is
      connected to the case. When switch A is pressed in, it serves to connect
      the second terminal to the case and hence to the grounded terminal, the
      logic circuit arrangement being such that the time of day is then
      activated and displayed. When switch B is pressed, it serves to connect
      the third contact terminal to ground, the circuit arrangement being such
      that the display is then the calendar date. And when buttons A and B are
      pressed simultaneously, only the "seconds" is displayed.
PAR  There is also a fourth terminal acting in conjunction with a third
      switching button C which, when pressed, will cause whatever reading is
      being presented by operation of buttons A and B to advance rapidly,
      thereby to set the display. For example, if when button A is pressed, the
      display reads 12:25, then by also pressing the setting button C, the
      reading will advance in rapid steps to 12:26, 12:27 etc., the setting
      button being held in until the reading is at the desired setting, at which
      point button C is released. But since in the present invention, the
      setting mechanism is unchanged, no further consideration will be given to
      the fourth terminal and its associated switch button.
PAR  From the electrical and mechanical standpoint, there is nothing
      objectionable in a two-button switching system for selectively activating
      the digital read-out, but in terms of human engineeing, it has practical
      drawbacks. The wearer of the watch must not only manipulate two buttons,
      but he must also bear in mind which of the two buttons activates which
      display, and when it becomes necessary to press both buttons
      simultaneously. One cannot, as a practical matter, in a watch, label the
      two buttons, nor can one so distinctly locate these two buttons as to
      avoid improper action.
PAR  The same Hughes module may be incorporated in a pendant or pocket watch. In
      its traditional mechanical movement form, a pocket or pendant watch has a
      crown and stem arrangement for winding and setting purposes. The presence
      of switch buttons in an electronic version of a pendant or pocket watch is
      incongruous for it violates the traditional appearance of this watch form,
      and it is further objectionable for the reasons given above in connection
      with wrist watches.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is the main object of this invention to
      provide a switching mechanism for selectively activating the electro-optic
      display of an electronic watch to afford readings of the time-of-day,
      seconds and calendar date, the mechanism having a single,
      manually-operated actuating element.
PAR  More particularly, it is an object of this invention to provide a switching
      mechanism of the above-type whose actuating element is constituted by a
      crown and stem assembly which can be depressed and pulled out to effect
      the desired switching operations.
PAR  A significant advantage of the invention is that the single actuating
      element is adapted to carry out the switching actions heretofore effected
      by two distinct switches, thereby centralizing and simplifying the
      selective operation of the time display.
PAR  Another advantage of the invention is that by incorporating a crown and
      stem assembly in an electronic watch, the watch has a traditional
      appearance which is of particular value in the context of pocket watches
      of the hunting type having a lid which is opened when the crown is pushed
      in to display the time of day.
PAR  Also an object of the invention is to provide a switching mechanism for an
      electronic watch module having a four digit light-emitting diode display,
      the switching mechanism having a single actuating element which takes the
      form of a crown and stem assembly whereby the module lends itself to rapid
      assembly in a conventional watch casing adapted to accommodate such an
      assembly.
PAR  Briefly stated, these objects are attained in a module for an electronic
      watch having a four digit electro-optic display and a switching mechanism
      coupled to the display to selectively activate same, the mechanism being
      operated by a crown and stem assembly which when depressed part way
      occupies a first switching position in which all four digits are operative
      to afford a time-of-day reading, and when depressed fully, occupies a
      second position in which two of the digits are operative to afford a
      "seconds" reading, a third switching position being occupied when the
      crown is pulled out to afford a two digit reading of calendar date.
PAR  While the invention will be described herein in connection with an
      electro-optic display of the LED type, it will be appreciated that it is
      also applicable to other forms of such displays, such as liquid crystal
      and electro-chromic displays.
DRWD
PAC  OUTLINE OF THE DRAWING
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      description to be read in conjunction with the accompanying drawing
      wherein:
PAR  FIG. 1 is a block diagram of an electronic watch having a switch-actuated
      electro-optic display in accordance with the invention,
PAR  FIG. 2 is a perspective view of the electronic watch in a casing,
PAR  FIG. 3 shows a light-emitting diode number-forming matrix,
PAR  FIG. 4 illustrates a four digit time-of-day display,
PAR  FIG. 5 illustrates a one digit "seconds" display,
PAR  FIG. 6 illustrates a two digit calendar date display,
PAR  FIG. 7 schematically illustrates a standard module for the electronic
      watch,
PAR  FIG. 8 shows the standard module as modified to include a crown and stem
      switching mechanism in accordance with the invention,
PAR  FIG. 9 is a separate view of the stem,
PAR  FIG. 10 shows the relationship between the grounding strap and the stem of
      the crown and stem assembly,
PAR  FIG. 11 is a side view of the spring contact which cooperates with the
      stem,
PAR  FIG. 12 is a front view of the spring contact,
PAR  FIG. 13 is a perspective view of a hunting watch incorporating the
      invention, and
PAR  FIG. 14 is a schematic illustrating the switching operations.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there is shown in simplified block diagram, the
      main components of an electronic watch in accordance with the invention.
      The watch comprises a time base or frequency standard 10 in the form of a
      quartz-crystal, high-frequency oscillator whose output is supplied to a
      converter 11 in the form of a multi-stage divider that divides down the
      frequency from standard 10 so that the output signal of the converter is
      at a suitable low timing rate, such as a pulse frequency of 1 Hz. This
      signal is applied to a display actuator 12 constituted by a suitable logic
      circuit which controls a four digit time display, generally indicated by
      numeral 13, making use of light-emitting diodes (LED's).
PAR  Frequency standard 10 and frequency converter 11 are both energized by a
      first replaceable battery 14. The display actuator 12 and the LED time
      display are energized by a second replaceable battery 15 under the control
      of a switching mechanism 16 operated by the crown and stem assembly 17 of
      the watch so that power from battery is not drawn and the electro-optic
      display is inactive save when switch 16 is actuated in a particular
      manner. All of these components including the time display are
      incorporated in a single module to be later described, which is placed in
      a wrist watch casing W as shown in FIG. 2, with the digital display
      exposed through a window on the face of the watch.
PAR  In normal operation, time is continuously being kept but is not presented
      by LED display 13. That is to say, no time indication is visible, this
      being the normal condition which prevails in order to conserve the power
      of battery 15. However, even though the time is not displayed, the
      electronic watch system continues to keep accurate time and is capable of
      displaying the time or calendar date at any instant when the crown and
      stem assembly is manually actuated.
PAR  Each of the four LED digits may be defined by a selectively-activated dot
      matrix. Alternatively, this display may be formed by a seven bar segment,
      such as that shown in FIG. 3, composed of seven, light-emitting diodes A
      to G of elongated shape, so arranged that by energizing an appropriate
      combination of bars, any one of the numbers 0 through 9 may be presented.
      The invention is not limited to any one form of electro-optic display.
PAR  The display has three distinct states: the first being the time-of-day,
      given in hours and minutes; the second being seconds; and the third being
      calendar date. These states are under the control of crown and stem
      assembly 17 which operates the switching mechanism 16 whereby when the
      crown is depressed part way, the time-of-day is displayed, when it is
      fully depressed, seconds are displayed, and when the crown is pulled out,
      the calendar date is presented. Since the display is electronically
      actuated at the rate of one timing pulse per second, these pulses may be
      electronically counted and accumulated to afford a reading of seconds and
      a reading of minutes and hours. After every 24 hour interval is counted,
      the calendar date is advanced. The nature of the decoder or logic circuits
      and all other electronic components is disclosed in the aboveidentified
      patents and in U.S. Pat. Nos. 3,756,011 and 3,756,013.
PAR  Thus as shown in FIG. 4, when the crown of assembly 17 is pressed in part
      way, a time-of-day reading (12:35) is presented whose full scale requires
      all four digits of the display. When the crown is fully pushed in, a
      "seconds" reading 9 as shown in FIG. 5, is given, and since there are 60
      seconds in this scale, no more than the last two digits of the display are
      required. And when the crown is pulled out, a calendar date reading 30 is
      obtained, as shown in FIG. 6. Since the calendar date reading is in a
      scale from 1 to 31, only the last two digits are used therefor.
PAR  We shall now consider, in connection with FIG. 7, a standard electronic
      watch module M that incorporates all of the circuit elements shown in FIG.
      1, including batteries 14 and 15. The digital time display is on the
      opposite face of the module and does not therefore appear in FIG. 7. The
      various circuits of the frequency standard, the divider and the display
      actuator are in integrated circuit form represented by microelectronic
      block 18.
PAR  Module M is provided with four exposed contact terminals T.sub.1, T.sub.2,
      T.sub.3 and T.sub.4. Terminal T.sub.1 is connected to ground which is the
      case W for the watch. Terminal T.sub.2 is connected to ground by way of
      switch A, terminal T.sub.3 is connected to ground by way of switch B and
      terminal T.sub.4 is connected to ground by way of switch C. These switches
      in a standard watch are operated by push buttons mounted on the case.
      Terminal T.sub.1 makes contact with the positive side of battery 15 whose
      negative side rests on a battery strap that makes contact with the back of
      the case for the module. Hence, terminal T.sub.1 is grounded through
      battery 15, not directly.
PAR  The relationship of these contact terminals to the logic of the display
      actuator 12, the LED display 17 and battery 15 is such that when switch A
      is closed, this action activates all four digits to give a time-of-day
      indication. When, however, switch B is closed simultaneously with switch
      A, then the "seconds" is presented in the last two digits of the display.
      But if switch B is closed while switch A is open, then the calendar date
      is displayed in the last two digits.
PAR  To set any one of the three digital read-outs, switch A or B or both A and
      B are closed to select the read-out to be set, and then switch C is closed
      to cause the selected read-out to advance in rapid succession.
PAR  Hence with the standard module arrangement, three switch buttons are
      entailed. In the present invention, switch C is retained, but the actions
      of switches A and B are coordinated into a single switching mechanism
      operated by crown and stem assembly 17. Setting switch C is used
      infrequently and preferably takes the form of a button that can only be
      pressed in by a sharp instrument, such as a pencil or paper clip.
PAR  Referring now to FIG. 8, the standard module is shown in its modified form
      in accordance with the invention, the module including crown and stem
      assembly 17, of which only the stem is shown. As illustrated separately in
      FIG. 9, stem 17 is provided with a narrow, annular groove 19 having a
      trapezoidal cross section, and a broader annular groove 20 having a
      rectangular cross section to define a front shoulder 20A and a rear
      shoulder 20B.
PAR  Stem 17 is maintained in its neutral position by means of a resilient
      grounding strap 21 having a slot 21A which accommodates groove 19 in the
      stem, as shown in FIG. 10. This strap, which follows the peripheral
      curvature of the module, is connected to ground terminal T.sub.1 and
      provides a permanent connection between this terminal and stem 17. Hence
      stem 17 is permanently connected to ground. When the stem is depressed or
      pulled out by means of the crown, the strap is flexed and when the stem is
      released, the strap returns it to its neutral position.
PAR  A U-shaped flat spring contact 22 is provided which is connected to contact
      terminal T.sub.3 on the module. The front and rear sections 22A and 22B of
      contact 22 straddle stem 17, the front section 22A having a central slot
      therein which clears stem 17. The rear section 22B also has a central slot
      therein, which rear section in the neutral position of stem 17 lies about
      midway between the front and rear shoulders 20A and 20B of groove 20 and
      therefore makes no contact with the stem.
PAR  Also provided is a flat resilient contact 23 having a V-formation which is
      connected to contact terminal T.sub.2, the end portion of contact 23 being
      spaced a distance d from the free end of stem 17 when stem 17 is in its
      neutral position.
PAR  When as shown in FIG. 14, stem 17 is pushed in part way to transverse the
      distance d, the free end thereof engages resilient contact 23, thereby
      connecting terminal T.sub.2 to ground and providing a time-of-day display.
      Pushing in stem 17 still further to its fully depressed position to
      transverse the distance +D causes the rear shoulder 20B of stem 17 to
      engage the rear section 22B of spring contact 22, thereby connecting
      terminal T.sub.3 to ground, terminal T.sub.2 still being connected to
      ground through contact 23. Consequently, since both terminals T.sub.2 and
      T.sub.3 are simultaneously grounded, a "seconds" read-out is presented.
PAR  When stem 17 is pulled out from neutral to traverse the distance -D, then
      spring contact rear section 22B engages and makes connection with the
      front shoulder 20A of the stem, the stem being disengaged from contact 23.
      Thus in this position, only terminal T.sub.3 is grounded and the calendar
      date is presented.
PAR  To recapitulate the action of stem 17, when the stem is pressed in part
      way, only contact 23 is engaged to connect terminal T.sub.2 to ground,
      thereby activating the time-of-day display. A further inward movement of
      stem 17 acts to effect engagement with spring contact 22 without breaking
      contact with terminal T.sub.2 whereby terminal T.sub.3 as well as terminal
      T.sub.2 is grounded to produce a "seconds" read-out. Finally, when the
      stem is pulled out, only contact 22 (terminal T.sub.3) is grounded to
      afford a calendar date read-out. When the stem is released, it returns to
      its neutral position and the display is de-energized.
PAR  In a hunting type pocket watch, as shown in FIG. 13, a spring-biased lid 24
      is provided, the lid being normally held shut by a suitable latching
      mechanism (not shown) which is released when the stem is depressed, the
      stem having a tab or other means to operate the latching mechanism.
      Consequently, when the hunting-type watch is to be consulted and the crown
      is pressed to push in the stem, the lid flips open to reveal the
      illuminated display. Thus the watch has the traditional appearance of an
      old fashioned hunting watch but when the lid is opened, a modern,
      illuminated digital display is presented rather than the conventional
      pointers.
PAR  While there has been shown and described a preferred embodiment of the
      invention it will be appreciated that many changes may be made therein
      without, however, departing from the essential spirit thereof. For
      example, the same crown and stem switching assembly may be used to carry
      out A, A + B, or B switching actions with other electro-optic display
      configurations in which, for example, the hours and minutes and the
      seconds are presented by a set of four digits and the calendar date by a
      separate set of two digits.
CLMS
STM  I claim:
NUM  1.
PAR  1. A battery-operated electronic watch formed by a self-contained cased
      module having three exposed terminals and having an electro-optic digital
      time display, the first terminal being connected through said battery to
      said case which represents ground, said time display having a first
      time-of-day display state which is presented when the second terminal is
      grounded, a second state presenting seconds when the second and third
      terminals are grounded, and a third calendar date state when the third
      terminal is grounded, and a switching mechanism for selectively enabling
      any one of the three states, said switch mechanism comprising:
PA1  A. a crown and stem assembly which is supported for axial movement, said
      stem having a narrow annular groove and a broad annular groove axially
      spaced from the narrow groove and disposed adjacent the free end of the
      stem,
PA1  B. a resilient strap connected at one end to ground, the other end of said
      strap having a notch therein which accommodates said narrow groove whereby
      said strap maintains said stem in a neutral position and connects said
      stem permanently to ground,
PA1  C. a flat spring contact extending into the broad groove and spaced from
      the rear and front shoulders formed on either side of the broad groove
      when the stem is in its neutral position, the flat spring contact being
      connected to the third terminal, and
PA1  D. a flat resilient element connected to the second terminal, the end
      portion thereof being spaced from the free end of the stem in the neutral
      position whereby when the stem is pushed in part way, its free end engages
      the end portion of the element to effect a connection only to said second
      terminal thereby grounding only said second terminal, when it is pushed in
      fully, the rear shoulder of said broad groove also engages the falt spring
      contact to effect a simultaneous engagement with the third terminal
      thereby simultaneously grounding said third terminal, and when it is
      pulled out, the front shoulder of said broad groove engages the flat
      spring contact to effect a connection only with the third terminal thereby
      grounding only said third terminal.
NUM  2.
PAR  2. An electronic watch as set forth in claim 1, wherein said electro-optic
      display is formed by light-emitting diodes.
NUM  3.
PAR  3. An electronic watch as set forth in claim 1, wherein said electro-optic
      display is formed by liquid crystal devices.
NUM  4.
PAR  4. An electronic watch as set forth in claim 2, wherein each digit is
      formed by a matrix of seven light-emitting diodes for segments.
NUM  5.
PAR  5. An electronic watch as set forth in claim 1, wherein said timing pulses
      are derived from a high-frequency time base through a frequency converter.
NUM  6.
PAR  6. An electronic watch as set forth in claim 1, wherein said time base is a
      crystal-controlled oscillator.
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ABST
PAL  An electronic watch having an illuminating time display is provided with a
      switch for controlling the illumination which is operable controlled
      movement of the arm on which the watch is carried. A closed casing in the
      watch is provided with electrical contacts and a ball which will engage
      the contacts to close the watch upon predetermined movement of the arm.
BSUM
PAR  This invention relates to the control technique for illuminating time
      display means on a solid state arm watch. More specifically, it relates to
      improvements in and relating the switching means for use with the time
      display means of the above kind.
PAR  Recently, those skilled in the art have devoted themselves sincerely in the
      development of electronic watches which do not utilize an
      electro-mechanical oscillator as the parent time base frequency generator
      means. Most frequently, the quartz type high frequency oscilllator is
      being used broadly as the frequency standard, so as to cooperate with
      frequency converter means adapted for generating the required electric
      signals suitable for proper time counting.
PAR  When, however, the oscillator and the frequency converter are intended to
      combine with each other in such a manner that the necessary frequency
      stabilization is guaranteed at a reduced source power consumption and with
      miniatured overall dimensions, substantial difficulty has been
      encountered. As an endeavoir for overcoming this difficulty, an improved
      quartz oscillator type watch movement with use of a small power
      complementary MOS-circuit was proposed as by the disclosure in U.S. Pat.
      No. 3,560,998 granted Feb. 2nd, 1971. According to this disclosure, the
      proposed combination of the oscillator with the frequency converter is
      adapted for use not only to drive conventional time display hands on the
      dial, but also to selectively energize the illuminatable display elements
      of an optical time display unit, in response to the output signal from the
      converter.
PAR  As a further prior art, U.S. Pat. No. 3,576,099, granted Apr. 27, 1971
      discloses an improved timepiece having such optical display means
      comprising a plurality of illuminating diodes energizable intermittently
      depending upon the watch user's demands. By adopting such means as above,
      a minimized power consumption and a substantially prolonged durable life
      of the source battery could be realized.
PAR  A further improvement has been proposed to control the illuminating
      operation of the optical time display unit by use of a gravity-controlled
      switch fitted on the electronic timepiece when the watch user operates
      this kind of switch by intentional movement of the human arm. However, the
      random movements of the watch-carrying arm may frequently cause the
      operation of the switch which results in a substantial increase in the
      power consumption of the source battery.
PAR  It is therefore a main object of the invention to provide a highly improved
      operation control means for the illuminatable time display unit and
      adapted for substantial identification of intentional human arm movement
      from random one so as to minimize otherwise increased source power
      consumption.
PAR  It is a further object of the invention to provide the improved operation
      control means of the above kind which can energize illuminatable time
      display unit by positioning the watch-carrying human arm at selected two
      successive positions intentionally by the watch user.
DRWD
PAR  These and further objects, advantages and features of the present invention
      will appear more apparent when read the following detailed description of
      the present invention by reference to the accompanying drawings:
PAR  In the drawings:
PAR  FIG. 1 is a partially broken-away plan view of an electronic watch fitted
      with an improved arm motion-operated switch according to this invention.
PAR  FIG. 2 is a block diagram showing several electrical and electronic parts
      of the electronic watch, adapted for cooperation with said arm
      motion-operated switch shown in FIG. 1.
PAR  FIG. 3 is a schematic connection diagram of a control circuit for
      cooperation with said arm motion-controlled switch.
PAR  FIG. 4 is a chart showing several wave forms appearing in the control
      circuit shown in FIG. 3.
PAR  FIG. 5 is a diagram showing initial velocity of the ball included in the
      arm motion-operated switch, plotted against the inclination of the switch
      arm from the horizontal.
PAR  FIG. 6A represents a partially broken-away perspective view of a second
      embodiment of the arm motion-controlled switch.
PAR  FIG. 6B is a schematic cross-section of the switch shown in FIG. 6A.
PAR  FIG. 6C is a schematic axial and vertical section of the switch shown in
      FIG. 6A.
PAR  FIG. 7 is a partially broken-away elevation of a third embodiment of the
      arm motion-controlled switch.
PAR  FIG. 8 is a schematic and explanatory view illustrating the mode of an
      intentional human arm improvement for bringing the improved switch into
      its operational position.
PAR  FIG. 9 is a diagram showing the relationship between the mean daily
      frequency of operation of a illuminatable time display unit carried on a
      watch and the random and unintentional movements of a human arm.
DETD
PAR  Referring now to the accompanying drawings, several preferred embodiments
      of the present invention will be disclosed in detail.
PAR  In FIG. 1, numeral 1 represents generally a watch to which this invention
      has been applied. Numeral 2 represents a watch case of the watch which is
      a standard size men's watch.
PAR  As seen from FIG. 1, the watch case 2 is connected mechanically as usual
      with end extremities of a watch band 3, although the connecting mode has
      been omitted from the drawing because it does not constitute any part of
      the invention.
PAR  The watch 1, having the known type of solid state watch movement, although
      not specifically shown, is formed with a display window through which a
      digital time display "10:35"  is representatively visible as shown at 5.
PAR  Within the watch 1, there is provided an arm-position-operated switch 6
      which can be brought into its on-position when the watch-carrying person
      intends to know the present time by adopting two successive specifically
      selected positions of his watch-carrying arm, as will be more fully
      described hereinafter, thereby bringing the time display unit 5 into its
      energized state.
PAR  The switch 6 shown in FIGS. 1 and 3, comprises a sphero-cylindrical hollow
      case member 6b constituted by an insulating plastic material and having a
      substantially spherical hollow space 6a. As seen most clearly in FIG. 3,
      the case member 6b are closed at its both cylindrical ends A and B. At the
      left-hand end A, there is a pair of terminals 6e and 6f passing from
      outside through the related end wall and projecting into the cylindical
      inner space of the case member 6b. In the similar way, at the opposite or
      right-hand end B, a pair of terminals 6g and 6h passes from outside
      through the related end wall and projects into the cylindrical inner space
      of the case member in opposite manner to the first pair of terminals 6e
      and 6f. A conductive metallic ball piece 6c is inserted in the inside
      hollow space 6a of the case member 6b in a floatable manner, so as to
      occupy several different positions as at I, II, III and IV shown in FIG.
      3. As will become clearer as the description proceeds, the terminal pair
      6e and 6f at the end A of the case member can be brought into electrical
      contact with the ball piece 6c if the upper side of the watch, when seen
      in FIG. 1, has been positioned downwards in the gravity direction. On the
      other hand, if the lower side of the watch, when seen in FIG. 1, has been
      positioned downwards in the gravity direction, the ball piece is brought
      into electrical contact with the opposite terminal pair 6g; 6f.
PAR  Numeral 7 represents a small size button battery, as partially and
      schematically shown in FIG. 1 in its outline configuration and in its
      electrical nature in FIG. 3.
PAR  At the right-hand side of the watch case 2, when seen in FIG. 1, there is
      provided a conventional time-setting crown 8.
PAR  In the block diagram shown in FIG. 2, a rectangular block 9 represents an
      integrated circuit comprising a complementary MOS-transistor. Numeral 10
      represents only schematically a electromechanical vibrator comprising a
      quartz oscillator and condenser means and being connected with an
      oscillating and amplifying circuit, not shown, included in the integrated
      circuit block 9, thereby acting as a precise time base adapted for
      delivery of a predetermined precise frequency output such as of 32,768 Hz.
      This precise frequency output signal is in a series of frequency divides,
      not shown, included in the integrated circuit for delivery of 1 Hz-signal
      output as the time base. Such time base signal generating mechanism is,
      however, conventionally well known. The 1 Herz-output signal is subjected
      to decoding and conversion as conventionally known, by being supplied to
      counter circuit means, decoder means and the like, not shown, including in
      the integrated circuit block 9. The thus processed signals are taken out
      from the block 9 and fed through conductor means 9a and 9b to drive
      circuits 11 and 12, shown only schematically by respective blocks.
      Electric output signals are fed from the drive circuit 11 through
      conductor means 11a to units representing illuminating diode, not shown,
      and included in a time display unit 13. The drive circuit 11 or 12
      comprises bipolar transistor means, not shown. The time display unit 13
      comprises an hour section, a minute section, and a colon section or
      seconds section, as shown more specifically by a representative time
      indication " 10:35" in FIG. 1. Each section may constitute a plurality of
      illuminating diodes, as conventionally known, although not specifically
      shown. The electrodes of these illuminating diodes are electrically
      connected with the drive circuit 11.
PAR  On the other hand, the other drive circuit 12 is electrically connected
      through conductor means 12a to the electrodes of illuminating diode
      segments which are capable of representing time-display figures at the
      time display unit 13. Each of these figures is of the known seven-segments
      design.
PAR  Numeral 7 represents a battery acting as the energy source for all the
      electrically operatable watch constituents and connected electrically with
      the integrating circuit block 9.
PAR  Numeral 14 represents a correction switch, shown again only schematically
      in a block and connected with the integrating circuit block 9 for
      occasional correcting of minute and hour time representations. This switch
      14 may be identical with the time-setting crown 8 shown in FIG. 1.
PAR  Within the integrated circuit block 9, there is provided a control circuit
      shown at 9c in FIG. 3 in which the arm-position- or gravity controlled
      switch 6 shown in FIGS. 1 and 2, is illustrated in a more specific manner,
      said gravity controlled switch being positioned at a proper position
      outside of the circuit 9c.
PAR  In FIG. 3, a first terminal Z1 of the control circuit 9c is electrically
      connected in parallel with said terminals 6e and 6g. Second and third
      terminals Z2 and Z3 of said control circuit are electrically connected
      with said terminals 6h and 6f, respectively. Fourth terminal Z4 is
      connected with the positive pole of said source battery 7.
PAR  The sphero-cylindrical case member 6b of switch 6, being made of plastic
      resin material has its inside space 6a having a semi-spherical enlargement
      6d. The metal ball 6c is shown at four different positions I, II, III and
      IV in imaginary lines. Cylindrical ends of the case are shown at A and B,
      respectively, as was referred to.
PAR  Now, it is assumed that the ball 6c occupies at first position 1 thereof
      which position corresponds to such position that the upper end of watch,
      FIG. 1, directs downwards, while the lower end of the watch directs
      upwards. When the watch user intends to know the present time at this
      position of the watch, then he turns his left hand on which the watch 1 is
      carried, clockwise when seen from his body side, at least about 60.degree.
      and at a rather slow speed. By this operation, the first position I
      through its second and third positions II and III to the fourth position
      IV where the terminal pair 6g; 6h is closed.
PAR  In the control circuit 9c, FIG. 3, the following constituents are included
      which are connected one after another as shown.
PA1  15 . . . a terminal which is electrically connected with a properly
      selected intermediate stage of the frequency divider series, not shown;
PA1  16 . . . a resister element, preferably of 1 megohm;
PA1  17 . . . a resister element preferably of 5 megohms;
PA1  18 . . . an inverter;
PA1  19 . . . a flip-flop, of J-K type;
PA1  20 . . . a resister element, preferably of 5 megohms;
PA1  21 . . . an inverter;
PA1  22 . . . a J-K type flip-flop;
PA1  23 . . . a D-type flip-flop;
PA1  24 . . . a terminal connected with a properly selected intermediate stage
      of the frequency divider series, not shown;
PA1  25 . . . a counter;
PA1  26 . . . a R-S type flip-flop;
PA1  27 . . . an AND-gate;
PA1  28 . . . a terminal connected with a properly selected intermediate stage
      of the frequency divier series, not shown;
PA1  34 . . . an output terminal.
PAR  Inverter 18 is connected across J- and K-inputs of flip-flop 19. In the
      similar way, inverter 21 is connected across J- and K- inputs of flip-flop
      22. Inlet of inverter 18 is connected with said terminal Z3 which is in
      turn connected with said terminal 6f. Inlet of inverter 21 is connected
      with said terminal Z2 which is in turn connected with said terminal 6h.
      Terminal Z1 is connected in parallel to said terminals 6e and 6g, on the
      one hand, and to one end of said resister 16, on the other. Terminal Z4 is
      connected to the opposite end of the latter, on the one hand, and to the
      positive side of source battery 7, on the other.
PAR  Flip-flops 19 and 22 have respective CP-inlets which are connected to
      terminals 15 and 28, respectively, for reception of clock pulses.
PAR  Q-output of flip-flop 19 is connected through a lead 29 to CP-inlet of
      flip-flop 23.
PAR  Q-output and D-inlet of flip-flop 23 are connected with each other and said
      Q-output is further connected through a lead 25a to reset terminal R of
      counter circuit 25 which has an inlet CP and output terminals OUT-1 and
      OUT-2. The CP-inlet is connected with said terminal 24 for reception of
      clock pulses. OUT-1 is connected through a lead 25b to setting input
      terminal S of said flip-flop 26. OUT-2 is connected through a lead 25c in
      parallel to reset input terminals R of flip-flops 26 and 23, respectively.
PAR  Output terminal Q of flip-flop 26 and output terminal Q of flip-flop 22 are
      connected through leads 31 and 32 to inlets of AND-gate 27, respectively,
      output of the latter being connected through a lead 33 to said output
      terminal 34.
PAR  The operation of the arrangement shown in FIG. 3 will be briefly described
      hereinbelow in consultation of FIG. 4 showing wave forms appearing at
      several points in the circuit portion shown in FIG. 3.
PAR  With the ball 6c positioned at I in FIG. 3, terminals 6e and 6f at the end
      A are electrically connected with each other as shown. Upon establishment
      of this conducting state, the output from flip-flop 19 appearing at 29
      will change its state from higher logic level "1,"  say 1.5 volts,
      hereinafter to be called as "H-level,"  to lower logic level "O". say zero
      volt, hereinafter to be called as "L-level," as specifically illustrated
      at 29 in FIG. 4.
PAR  If the ball 9c is separated from the cylinder wall end A, thus the above
      established contact between the related terminal pair 6e; 6f, the state of
      output from flip-flop 19 will be logically reversed from L-level to
      H-level. At this moment, output from flip-flop 23 will be changed from
      H-level to L-level, as may clearly seen at 30 in FIG. 4, thereby the
      counter 25 being brought into its counting operation.
PAR  Upon counting a predetermined number of clock pulses for establishing a
      time delay, say 0.5 second, by the counter 25, arriving at a time point
      tshown in FIG. 4, an output signal will be delivered therefrom through
      first output OUT-1 and lead 25b to S-input of flip-flop 26, so as to
      convert its Q output to H-level, as specifically illustrated at 31 in FIG.
      4.
PAR  Upon further counting a predetermined number of clock pulses for
      establishing a reset operation to be described, for a predetermined
      operation period t2 - t1, say 0.2 second, an output signal will be
      delivered from OUT-2 through lead 25c to R-inputs of flip-flops 23 and 25.
      Thus, the output from flip-flop 26 is converted from H- to L-level, as
      specifically illustrated at 31 in FIG. 4. At the same time, the output
      from flip-flop 23 is reset at t2 to H-level, thereby the counting
      operation at 25 being terminated and reset to its off-operation state.
PAR  During the time period t2 - t1 where the output from flip-flop 26 is kept
      at H-level, and if the ball 6c is positioned at fourth position IV,
      establishing the conducting state between the terminal pair at the
      opposite cylinder end wall B, the output from the flip-flop 22 at 32 is at
      its H-level and thus the output from AND-gate 27 at 33 and 34 is at its
      H-level. The output terminal 34 is connected through a pulse width setting
      circuit, not shown, which may preferably be an electronic counter having
      similar design to that shown at 25, and being included in the block 9,
      with the drive circuit 11, FIG. 2. During delivery of this output signal
      from the drive circuit 11, the illuminatable time indication unit 13 can
      be energized, say, each time for 2 seconds.
PAR  In the foregoing description, the switching operation at 6 has been brought
      about, but under occasion, an unintentional movement of the watch user's
      left hand may bring about a similar effect which must be avoided as far as
      possible.
PAR  With such unintentional left hand movement, the ball 6c could move from its
      first position through second and third positions II and III. Under
      intentional switching movement by use of the watch user's left hand arm at
      a rather longer time period, the ball will drop into the semi-spherial
      recess 6d under gravity action during the transit movement from II to III.
      Generally speaking, the ball 6c may frequently move from I directly to IV
      and IV to I by various unintentional movements of the left hand arm, and
      indeed, at a rather rapid moving speed. Under certain lesser occasions,
      the ball will go from I through II and III to IV, upon impinging upon the
      edge 6k. This phenomenon is also included in the above mentioned
      unintentional switching operation.
PAR  Since the intentional switching operation through the ball once dropped by
      gravity into the recess 6d extends for 0.5 - 0.7 second with reasonable
      safety, substantial unintentional switching possibility caused by random
      arm movement can be excluded from occurrence by masking off the rather
      rapid switching periods, because such incorrect switching may be carried
      out rather rapidly and mostly less than 0.5 second when considering the
      switching ball movement in the specific embodiment as being disclosed.
PAR  In the foregoing first embodiment shown in FIGS. 1 -4, the ball 6c is
      preferably made of cast iron and galvanized on its surface with gold.
      Radius is of 1.6 mm. The outer axial distance between the both end walls A
      and B is about 5.2 mm. The inside diameter of the cylindrical portion of
      switch case 6b is 1.8 mm. The radius of the spherical recess at 6d is 2.5
      mm. Max. inside diameter is 6.8 mm.
PAR  As the results of practical experiments, the practically employable swivel
      or turning angle of the watch-carrying arm adapted for execution of the
      foregoing intentional switching operation has been set to 135.degree.-
      180.degree..
PAR  In the chart, the graph shows the initial velocity of the metallic ball 6c
      necessary for travel thereof between the case ends A and B, plotted
      against the inclination angle plus and minus alpha degrees of the
      gravity-controlled switch unit 6 relative to the watch positioned
      horizontal, as met at random moments of a human watch-carrying arm and in
      the first embodiment shown in FIGS. 1 - 4, when the switch case 6b is made
      of metal. In practice, however, with use of switch case made of a plastic
      resin, say acrylic one, and in comparison therewith, the highest initial
      velocity for intentional arm motion for energization of the illuminatable
      time display unit 5 must preferably be about 10 mm/sec as shown by a cross
      at 100 on the axis of ordinate. At 35, 36 and 37, three different angular
      positions of the switch unit as shown only schematically.
PAR  In FIGS. 6A - 6C, a second embodiment of the ball type gravity-controlled
      switch is shown at 101.
PAR  In these figures, numeral 38 is a switch case which has been replaced for
      that shown at 6b, and made of again a plastic resin material, and
      fabricated into a bottom closed hollow cylinder, the open upper end of
      which is sealedly attached with a plastic cover 38e, the glueing layer
      therebetween being shown at 42. The interior of the case 38 is formed into
      a stepped hollow space 38a which contains therein a freely movable iron
      ball 39. The case 38 is formed with a larger diameter cylindrical wall
      portion 38b, through which a pair of projecting stationary contacts or
      terminals 40a and 40b, and with a smaller diameter cylindrical shoulder
      portion 38c forming a closing thicker bottom wall.
PAR  A circular central thinner bottom wall portion 102 is defined by the inner
      periphery nearly at the bottom end of said thicker wall portion 38c. A
      pair of stationary contacts or terminals 41a and 41b, being shown jointly
      by numeral 41 passes through the thinner bottom wall portion 102. All
      these figures 6A - 6C, the gravity directs always downwards.
PAR  In FIG. 6B, the ball 39 is shown about to roll along the inside wall
      surface of the larger diameter cylinder portion 38b from its full line
      position into its dotted-chain line position or from I' to II'. At the
      first position I', the ball is kept in contact with the terminal 40a only,
      while in its chain-dotted line position II', the ball is kept in contact
      with the contact pair 40a 40b which is thus brought into its conducting
      state.
PAR  Now assuming that the inside radius of the larger cylinder portion 38b is
      denoted by R1 and that the radius of iron ball 39 is represented by r, and
      further that .theta.1 represents the included angle between a radius of
      the ball at II', passing through said contact 40a, while .theta.2
      represents that included between an extended diameter of the ball
      positioned at I' and passing through the same stationary contact 40a when
      seen in FIG. 6B. According to our experimental results, it has been found
      that the angle .theta.1 should be in the order of 60.degree. or so, in
      order to utilize the ball weight at I' as most effective contacting
      pressure and to realize the most stabilized position of the ball at II' on
      and between the contacts 41a and 41b.
PAR  According to our experiment in addition to a theoretical consideration in
      the present specific second embodiment, the following equation is
      established:
      ##EQU1##
PAR  The angle .theta.2 may preferably be selected with better experimental
      results to the order of 15.degree.(.+-. 10.degree.).
PAR  Thus, R1/r = 1.4 - 1.9
PAR  In FIG. 6C, angles .theta.1' and .theta.2' are selected as shown, while r1
      and r are same as before. Further, it is assumed the R2 represents the
      radius of the central and thinner bottom wall 102. As seen from FIG. 6C,
      the angle .theta.2' is established relative to the circular edge shown at
      38d in place of said stationary contact 40a. According to our experiments,
      the angle .theta.2' may be substantially equal to the said angle .theta.2.
      The ball shown in FIG. 6C by its chain-dotted line position II" is
      positioned in the way of four point-supported manner. According to our
      experiments, better results will be obtained when selecting the angle
      .theta.1' to 60.degree.- 85.degree.. R2 may preferably be from 0.85 r to 1
      r.
PAR  According our experiments in addition to geometrical consideration in this
      case, the following formula is established:
PAC  r . sin .theta.2' + (R1 - r) = R2 . . .                    (2)
PAL  Thus, R1/r = 1.4 - 1.9
PAR  Contacts 40a and 40b can be electrically replaced for said contacts 6e and
      6f, respectively, shown in FIG. 3. In the similar manner, contacts 41a and
      41b can be electrically replaced for said contacts 6g and 6h,
      respectively, shown in FIG. 3. The operation of the present second
      embodiment can easily be understood from consideration of the foregoing
      detailed description of the first embodiment.
PAR  In the above second embodiment, several main dimensions were selected with
      better results as follows:
     R1        2.6 mm;    R2            1.4 mm;                                
     r        1.5 mm;     height at 38c                                        
                                       0.8 mm;                                 
PAR  Then, the oscillating or intentionally rotating angle of the watch-carrying
      human arm was preferably selected to 75.degree. - 90.degree. in place of
      the foregoing recommendable angle range 135.degree. - 180.degree. in the
      first embodiment.
PAR  In the second embodiment, t1 was set to 0.2 sec; and t2 - t1 was selected
      to 0.4 sec with better results.
PAR  In FIG. 7, a third embodiment is shown.
PAR  In this embodiment, the case 45 represents a modified hollow
      sphero-cylindrical configuration and made of an insulating plastic resin
      material and having a hollow space at 47. At the middle of the case, there
      is provided a rigid lateral bar 48 around which the ball shown 46 can
      travel by rolling movement within said interior space 47.
PAR  At the upper closed end of said case 45, a stationary contact or terminal
      44a is provided, extending in substantially axial direction. A flexible
      movable contact 44b is provided laterally and horizontally, so as to
      cooperate by its free end with the stationary contact 44a when subjected
      to a vertical pressure to be described.
PAR  In the opposite arrangement to said stationary contact 44a, a further
      stationary contact 43a is provided at the bottom end of said case, and a
      resilient movable contact 43b is arranged laterally and horizontally, so
      as to cooperate by its free end with the contact 43a when subjected to a
      downward pressure. When assumed that the gravity action directs downwards
      in FIG. 7, resilient contact 43b makes with stationary contact 43a by
      receiving the ball pressure at 46, while the upper contacts 44a and 44b
      are kept off from each other.
PAR  Thus, upper contact pair 44 and lower contact pair 43 are substantially
      complemental in their operational relationship.
PAR  It may be well understood from the foregoing description of the third
      embodiment that the ball 46 is not always made of conductive material.
PAR  The lateral bar 48 serves for the prevention of quicker travel of the ball
      46 from one end of the case to the opposite one thereof and vice versa by
      disturbing a direct passage of the ball in this sense. The scheduled
      round-trip so called of the ball around the bar 48 provides a
      substantially retarded alternate on-or-off operation at the both contact
      pairs 43 and 44. Quicker successive on-off operational periods caused
      substantially by random human arm movements are masked off by use of the
      control circuit 9c in the similar way as before. For this purpose,
      contacts 43a and 43b may be replaced for the aforegoing contacts 6e and 6f
      in FIG. 3 and so on.
PAR  In FIG. 8, circle 49 represents the watch user's, watch-carrying arm in its
      cross-section only in a highly schematic way. The watch 1 is seen as
      attached to said arm 49 by means of conventional arm hand 3. The watch 1
      illustrated in full line shows its first position in which the watch user
      intends to initiate an intentional time display job. The user's eye at
      this moment directs in the direction as shown by an arrow 51. The central
      and including angle at the center of the arm cross-section is denoted with
      .theta. in FIG. 8. Thus, the watch is hidden from the viewer's viewing
      direction. The second or viewable position of the watch is shown at 1'
      shown in chain-dotted lines wherein the front surface 4 of watch occupies
      that shown at 4', facing correctly and optimumly towards the viewing eye
      51.
PAR  The intentional arm-swivelling or revolving angle coincides precisely in
      this case with the aforementioned central angle .theta.. The arm-revolving
      direction is shown by a small arrow at 50.
PAR  The shown rotational arm revolving angle and positional range shown and
      described above are highly optimum and convenient to the watch user and
      thus, the time-display operation can be carried out in the most convenient
      and natural way.
PAR  The diagram shown in FIG. 9 represents mean daily frequency of random
      movements of the human watch-carrying arm, plotted against the arm
      rotational angle, so far as the illuminating time display unit has been
      energized to illuminate, and indeed upon adopting a gravity-operating
      switch directly controlling the on-off operation of the display unit.
PAR  From this diagram, the daily mean frequency will reduce with arm rotational
      angle increase.
PAR  As a representative example, if .theta. = 75.degree., the daily occurrence
      frequency of time-display illumination amounts to about 400. If .theta. =
      105.degree., the frequency will be about 100. For .theta. equal to
      125.degree., it will become about 50 per day-and-night. For .theta. equal
      to 150.degree., it will amount to about only 10.
PAR  It will thus be highly advantages if the gravity-operated switch is caused
      to operate with a larger angle of rotation of the watch-carrying arm, say
      135.degree. - 180.degree. which values are highly linked with the
      alternative aand complementary on-off-control operation between two pairs
      of contacts positioned at the inlet to the electronic control circuit as
      at 9c. By adopting these measures, the intentional time-displays can be
      substantially identified from those caused by the random movements of the
      human arm. Further, by electronically masking shorter and substantially
      complementary on-off interval between said two pairs of electrical
      contacts by use of electronic control means as at 9c can improve further
      substantially the said identification, so as to avoid excess and
      advantageous consumption of the valuable durable life of the source
      battery.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed is as follows:
NUM  1.
PAR  1. An electronic watch comprising an illuminatable time display unit,
      control means for controlling the energization of said display unit
      including a switching unit, said switching unit comprising a hollow
      housing of non-electrically conductive material having a main large
      chamber and two opposed secondary smaller chambers, electrical switch
      means disposed in each of said secondary smaller chambers, each of said
      switch means being comprised of two spaced apart electrically conductive
      elements and a free-floating electrically conductive ball having a
      diameter sufficient to contact both of said electrically conductive
      elements in a chamber when said ball is disposed in said chamber and
      having dimensions slightly less than the dimensions of the secondary small
      chambers whereby a controlled movement of the watch wearer's wrist is
      required for sequentially moving the ball from contact with the conductive
      elements in one of the secondary smaller chambers to the conductive
      elements in the other of said secondary smaller chambers in a
      predetermined time.
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PAL  An invertible timer comprises a closed transparent vessel having upper and
      lower chambers with a throttle therebetween, said vessel being filled with
      a transparent liquid in which there is a quantity of granular material, so
      that such material is protected from being electrostatically charged and
      its rate of fall is somewhat lessened. As the material fall in the liquid,
      a comparatively long time indication is obtained, with a small amount of
      material. A turn wheel in each chamber is turned by the material to show
      at a distance the states of time counting and termination of such
      counting.
BSUM
PAR  This invention relates to an improved invertible timer comprising a closed
      vessel made of transparent glass having upper and lower chambers divided
      by a throttle portion and containing therein a substantial amount of small
      granular material.
PAR  In the conventional timer of this kind, sands passing through the throttled
      portion tend to be electrostatically charged due to friction, whereby the
      charged sands are attracted to the wall of the glass vessel. This causes
      some errors in time keeping.
PAR  Also, to make it possible to ascertain whether or not the time period to be
      measured by the timer has expired, even a small amount of sand stream
      falling down through the throttle should be readily observable. As the
      vessel is transparent, if the sand flowing down is too fine, it is very
      difficult to definitely detect the moment that the upper chamber of the
      vessel is completely emptied, that is, the moment when the last sand falls
      down. This is partly because matter at the back of the vessel comes into
      view as a background that can be confused with the falling sand.
PAR  One object of the present invention is to prevent granular material in a
      closed vessel from being electrostatically charged.
PAR  Another object of the present invention is to give a buoyancy to granular
      material so that their weight is lightened and as they flow down, due to
      fluid resistance, their flowing time is prolonged; thus the timer is
      enabled to provide a time indication for a long time interval.
PAR  A further object of the present invention is to provide a timer in which
      the falling and the static states of the granular material in the glass
      are readily observable and distinguishable.
PAR  Still another object of the present invention is to provide a timer in
      which there is a wheel that is rotated by falling sand, so that it is
      readily possible to determine whether or not granular material is falling
      by observing whether the wheel is turning or not, and wherein buoyancy is
      given to the wheel, to reduce frictional resistance of the shaft when the
      wheel turns.
PAR  A still further object of the present invention is to provide a timer
      comprising a closed vessel that will not be damaged even when the volume
      of liquid which fills the transparent vessel varies due to sudden change
      of temperature.
PAR  The most suitable timer for achieving these objects of the present
      invention comprises a closed transparent vessel having upper and lower
      chambers divided by a throttled portion, and in which granular material is
      contained; said closed vessel also being filled with a liquid and having
      its ends covered with resilient sealing material; the rear side of the
      vessel being covered with an opaque plate, and the vessel further having a
      turn wheel pivotally mounted to a shaft in each of its chambers.
PAR  Further details of the present invention will become apparent as the
      following description proceeds, with reference to the accompanying
      drawings in which:
DRWD
PAR  FIG. 1 is a front view of a timer of the present invention.
PAR  FIG. 2 is its back view.
PAR  FIG. 3 is its side view.
PAR  FIG. 4 is a cross section view taken along the line IV--IV in FIG. 1.
PAR  FIG. 5 is a cross section view taken along the line V--V in FIG. 3.
PAR  FIG. 6 is a cross section view taken along the line VI--VI in FIG. 1.
DETD
PAR  In the drawings, there is shown a closed vessel 1 made of synthetic resin
      or glass. At its center, a throttle 2 is formed so that the vessel is
      divided into an upper chamber 3 and lower chamber 4. Each chamber is
      provided with a turn wheel 5, 6. The shaft 7, 8 for each turn wheel 5, 6
      is supported by bearings 9, 10. The vessel contains a quantity 11 of
      sandlike granules which can be in the form of glass balls having a
      diameter of about 0.3 - 0.4 mm. 12 is a liquid such as water filled in the
      vessel 1. 13, 14 are resilient plates such as rubber, synthetic rubber or
      metal diaphragm which close the remote ends of the chambers 3 and 4,
      respectively. These sealing plates are overlain by end caps 15 and 16,
      respectively, which are connected by connector columns 17 and 18. Cover
      plates 19 and 20 in turn overlie the respective end caps 15 and 16. 21 is
      an upright opaque plate overlying the rear side of the closed vessel 1.
      22, 23 are recesses provided in the end caps 15, 16 in which the upper and
      lower ends of said opaque plate 21 are inserted. 26 is an indication on
      the outside of the opaque plate 21. This may be preprinted on the plate
      with any letters or figures.
PAR  Each turn wheel 5, 6 has blades 24, 25. Each of the shafts 9, 10 for the
      respective wheels 5 and 6 is fixed in a position displaced by a distance 1
      from the vertical center line passing through the throttle 2, the two
      shafts being spaced to opposite sides of said center line and, of course,
      extending transverse thereto.
PAR  As shown in FIG. 1, when granular material 11 in the upper chamber 3 drop
      through the throttle 2 into the lower chamber 4, said granular material
      contact the blades 25 of the turn wheel 6 to turn it in direction of arrow
      A6. In this instance, granular material do not tend to be
      electrostatically charged as it is submerged in the liquid. Also due to
      buoyancy, the gravity of the granular material is somewhat lessened, and
      its falling speed is also reduced because the frictional resistance
      presented by the liquid is large as compared to that presented by a gas.
      As a result, even with small amount of granular material, time counting
      may be made comparatively for a long time.
PAR  Turn wheels 5, 6 are also submerged in the liquid, so that they are given
      buoyancy with the result that shafts 7, 8 bearing the wheels are less
      loaded and in turn, the frictional resistance of the bearings is
      diminished. In consequence the rotation of the turn wheels is effected
      smoothly.
PAR  Further, since the opaque plate 21 covers the rear side of the closed
      vessel 1, nothing behind the opaque plate 21 comes in sight when one views
      the closed vessel 1 from the direction of arrow A1, whereby the falling
      state of the granular material and its subsequent state can be easily
      perceived.
PAR  The invention of this application is not limited only to the above. Any
      modification may be made without departing from the spirit of the present
      invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An invertible timer comprising a closed vessel having upper and lower
      chambers divided by a throttle portion, each chamber enclosing a
      substantial amount of granular material, said invertible timer being
      characterized by:
PA1  A. said closed vessel being filled with liquid;
PA1  B. an opaque plate overlying the rear side of said closed vessel;
PA1  C. a turn wheel rotatable in each of the upper and lower chambers of said
      closed vessel; and
PA1  D. resilient sealing members at the ends of said closed vessel.
NUM  2.
PAR  2. The invertible timer of claim 1 wherein the material of the vessel is a
      transparent resin and the granular material comprises substantially
      spherical particles of glass.
NUM  3.
PAR  3. The invertible timer of claim 1, wherein each of said turn wheels
      comprises:
PA1  a bladed wheel mounted in the chamber for free rotation on a shaft that is
      substantially transverse to the axis of the throttled passage and spaced
      to one side thereof, so that granular material falling through said
      passage strikes the blades at one side of the wheel in the lower chamber
      and imparts rotation to said wheel whereby the falling of the granular
      material is rendered readily visible.
PATN
WKU  039357031
SRC  5
APN  4897544
APT  1
ART  343
APD  19740718
TTL  Fuel control system for gas turbine engine
ISD  19760203
NCL  12
ECL  1
EXP  Gordon; Clarence R.
NDR  3
NFG  3
INVT
NAM  Smith; Trevor Stanley
CTY  Sutton Coldfield
CNT  EN
ASSG
NAM  Joseph Lucas (Industries) Limited
CTY  Birmingham
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730718
APN  34134/73
PRIR
CNT  UK
APD  19730718
APN  34137/73
CLAS
OCL   60 3928R
EDF  2
ICL  F02C  910
FSC   60
FSS  39.28 R;39.28 T;243
UREF
PNO  3173468
ISD  19650300
NAM  McCombs
OCL   60 39.28R
UREF
PNO  3427804
ISD  19690200
NAM  Lawrence
OCL   60 39.28R
UREF
PNO  3514947
ISD  19700600
NAM  Bloom
OCL   60 39.28R
UREF
PNO  3514948
ISD  19700600
NAM  Wayne
OCL   60 39.28R
UREF
PNO  3530666
ISD  19700900
NAM  Cross
OCL   60 39.28R
UREF
PNO  3531936
ISD  19701000
NAM  Widell
OCL   60 39.28R
UREF
PNO  3557552
ISD  19710100
NAM  Yates
OCL   60 39.28R
UREF
PNO  3768249
ISD  19731000
NAM  Lewis
OCL   60 39.28R
UREF
PNO  3808797
ISD  19740500
NAM  Robinson
OCL   60 39.28R
UREF
PNO  3824786
ISD  19740700
NAM  Skinner
OCL   60 39.28R
UREF
PNO  3842682
ISD  19741000
NAM  Bloom
OCL   60 39.28R
LREP
FRM  Holman & Stern
ABST
PAL  A fuel control system for a gas turbine engine includes a variable metering
      device from whose downstream side a pair of passages lead respectively to
      pilot and main engine burners. A throttle valve controls flow to the main
      burners and is urged open by the pressure downstream of the metering
      device. A biasing spring urges the throttle valve shut and the bias
      applied by the spring is variable in accordance with engine speed or
      during starting of the engine. Variation in spring bias is applied through
      alteration in the position of a spill valve connected across the metering
      device.
BSUM
PAR  This invention relates to a fuel control system for gas turbine engines.
PAR  According to the invention a fuel control system for a gas turbine engine
      comprises a pump, a variable metering device downstream of said pump,
      first and second passages through which the downstream side of said device
      can communicate respectively with pilot and main burners of the engine, a
      throttle valve between said device and said second passage, said throttle
      valve being urged open by the pressure downstream of said metering device
      and urged shut by the pressure in said second passage, biasing means
      urging said throttle valve against said downstream pressure and means for
      varying the bias applied to said throttle valve.
DRWD
PAR  An example of the invention will now be described with reference to the
      accompanying drawings, in which
PAR  FIGS. 1 to 3 show diagrammatically the several parts of a fuel control
      system. These figures should be read in conjunction with one another.
DETD
PAR  The drawings show a fuel control arrangement for a three-spool gas turbine
      engine 10, that is, an engine having three compressors and three
      associated turbines being carried on concentric shafts.
PAR  A centrifugal pump 11 supplies fuel to a positive-displacement pump 12
      driven by the engine 10. A spring-loaded pressure relief valve 13 is
      connected across the pump 12.
PAR  Downstream of pump 12 is a variable metering arrangement 14 which comprises
      a sleeve 15a slidable in a body 16 relative to a fixed sleeve 15b.
      Slidable within sleeves 15a, 15b is a further sleeve 17. Sleeve 17 has
      triangular ports 18 which can move relative to a gap 19 defined between
      sleeves 15a, 15b to provide a variable metering orifice.
PAR  Sleeve 15a is movable in a direction relative to sleeve 17, to reduce fuel
      flow by a flyweight arrangement 20 driven by the high speed shaft of
      engine 10. Engaged with sleeve 15a is a lever 21, which, as shown in FIG.
      1, is mounted for movement about a fixed axis 22 and has an arm 23 formed
      on one edge with a cam surface 24. A cam element 25 has a pair of cam
      faces 26, 27 which are formed along opposite sides of element 25. A pair
      of support rollers 28, 29 engage the cam faces 27 and the positions of
      rollers 28, 29 are adjustable by threaded stems.
PAR  A transmission device 30 comprises a carrier 31 upon which a pair of arms
      32, 33 are pivotally mounted. Bearing rollers 34, 35 on the ends of
      respective arms 32, 33 engage cam surfaces 24 and 26. Rollers 34, 35 are
      biased outwardly against the respective cam surfaces by a spring 36, the
      arrangement being such that spring 36 acts, through lever 21 to bias
      sleeve 15 against movement by flyweight arrangement 20.
PAR  Carrier 31 is mounted for pivotal movement about a fixed axis between the
      cam surfaces 24, 26 so that movement of the force of spring 36 about pivot
      22, and thus the bias applied to sleeve 15a, is variable. Carrier 31 is
      movable by a cam 37 which is in turn responsive to a lever 38 movable from
      a central, idle, position shown in FIG. 1, in either direction to demand
      forward or reverse thrust from the engine 10. Cam 37 is formed so that the
      power demand, for similar engine movement from the idle position, is the
      same for both forward and reverse thrust. It will be understood that
      reverse thrust is obtained from engine 10 by deflectors (not shown)
      operated in response to movement of lever 38.
PAR  Cam element 25 is freely pivoted on a link 39 which is in turn freely
      pivoted on a lever 40 movable about a fixed axis 41. Lever 40 is biased by
      a spring 42 towards an edge cam 43 rotated by a stepper motor 44. Motor 44
      is controlled by output pulses from a control circuit 45. Circuit 45 is a
      digital circuit responsive to the speed N.sub.H of the high speed shaft of
      engine 10, to the temperature T.sub.1 at the engine compressor inlet, to
      the Mach No. MN and altitude of an aircraft in which the engine 10 is
      mounted, to the exhaust temperature T.sub.7 of the engine combustion
      chamber, to the position .theta. of lever 38, and also to the setting of a
      selector switch 46 to drive motor 44 to rotate cam 43 so as to move cam
      element 25 upwardly, as seen in FIG. 1. Upward movement of cam element 25
      rotates the latter anticlockwise about its pivotal connection with link 39
      and thus increases the bias of spring 36 on sleeve 15a, for a given
      position of carrier 31. Selector switch 46 is manually operable to
      correspond to required operating modes of an aircraft in which the engine
      10 is mounted, as for example take-off, maximum climb, and maximum cruise.
PAR  In the event of failure of circuit 44 the cam 43 can be rendered
      ineffective by means of a further cam 47. Cam 47 is rotatable to lift
      lever 40 away from cam 43 by a selector lever 48 when the latter is moved
      to the position indicated at A in FIG. 3.
PAR  Referring to FIG. 2 the sleeve 17 of variable metering arrangement 14 is
      movable by a lever 50 which is coupled to a bellows arrangement having a
      pair of bellows units 51, 52 arranged in tandem. Unit 51 is evacuated and
      unit 52 is subjected internally to an intermediate pressure P.sub.3 from
      the engine compressor. Both units 51, 52 are subjected externally to a
      pressure P.sub.4P which is derived by means of a fluid potentiometer
      comprising a restrictor 53 and a venturi 54 connected in series between
      pressure P.sub.3 and a pressure P.sub.4 derived from the output of the
      final compressor stage of the engine.
PAR  In use, therefore, variable metering arrangement 14 is responsive to an
      increase in pressure P.sub.4P, or to a decrease in pressure P.sub.3, to
      increase fuel flow. Arrangement 14 is also responsive to an increase in
      the speed N.sub.H of the high speed shaft of the engine to decrease fuel
      flow, and the sleeve 15a is biased against movement by flyweight
      arrangement 20, by spring 36, acting through lever 21. The bias applied by
      spring 36 is increased by movement of lever 38 in either direction away
      from its central, idling, position. Movement of sleeve 15 is limited by
      adjustable stops 55, 56 which effectively act to limit acceleration and
      deceleration respectively.
PAR  Movement of sleeve 17 in a direction to decrease fuel flow is limited by a
      stop 57. Stop 57 is movable by a cam 58 rotatable by selector lever 48.
      Stop 57 is movable between a first position, shown in FIG. 2 and selected
      by a position B of lever 48, and a second position selected by positions C
      or D of lever 48. Position B of lever 48 corresponds to normal running of
      the engine 10, and positions C and D to "fuel rich" and "fuel lean" engine
      starting conditions respectively. Stop 57 provides, for a given engine
      speed as manifested by the position of sleeve 15a, a minimum fuel flow
      through the metering arrangement 14.
PAR  Extending axially through sleeve 17 is a stem 60 which terminates in a
      piston element 61 slidable in a ported sleeve 62. The ends of sleeve 62
      communicate respectively with the upstream and downstream sides of
      variable metering arrangement 14. Sleeve 62 has ports 63 which communicate
      via a passage 64 with the upstream side of pump 12. Element 61 thus
      provides a spill valve for metering arrangement 14.
PAR  Slidable on stem 60 adjacent piston element 61 is a further piston element
      65. Sliding movement of element 65 is restricted in both directions by a
      projection 66 on stem 60. Element 65 co-operates with further ports 67 in
      sleeve 62 to define a throttle valve in series with metering arrangement
      14. Ports 67 communicate via a passage 68 with a further valve arrangement
      69, later to be described. Element 65 is urged in a direction to uncover
      ports 67 by the pressure downstream of metering arrangement 14, and in the
      opposite direction by a spring 70 which also engages piston element 61.
      Piston element 65 has a relieved portion 65a so that the space between
      elements 61, 65 is always subjected to the pressure in passage 68.
PAR  Stem 60 is engaged by a further set of governor flyweights 71 which are
      also driven at the speed N.sub.H of the engine high speed shaft.
      Flyweights 71 are biased by a spring 72 against movement in response to an
      increase in speed N.sub.H. Spring 72 thus sets a minimum force on stem 60
      and, by urging the latter towards a position in which spill valve element
      61 is closed, also sets, a minimum pressure drop across the variable
      metering arrangement 14. An adequate flow level at light-up is thus
      provided. This light-up flow level is responsive to altitude by virtue of
      movement of sleeve 17 by bellows 51, 52.
PAR  The downstream side of metering arrangement 14 communicates via a passage
      73 and a shut-off cock 74 with pilot burners of the engine 10. Cock 74 is
      operated by selector 48 so as to be open in all positions of lever 48,
      except E, which position corresponds to engine shut-down.
PAR  Piston element 61 is biased against the delivery pressure of pump 12, and
      in a direction to reduce spill flow and permit element 65 to open the
      throttle valve, by a spring 75. The force exerted by spring 75 is variable
      by a cam 76 which is rotatable by selector lever 48 so that in position C
      of lever 48 (corresponding to fuel-rich starting) the spring force is
      increased and the spill flow reduced.
PAR  During starting, the pressure downstream of metering arrangement is low,
      and spring 70 overcomes this pressure to urge piston element 65 to shut
      the throttle valve. Substantially the whole of the fuel delivered by pump
      12 is thus supplied via passage 73 to the engine pilot burners. At low
      levels of fuel flow through metering arrangement 14, the throttle valve
      thus acts as a pressurising valve to maintain the pressure in passage 73
      above that in passage 68 by an amount which does not fall below a minimum
      value set by spring 70.
PAR  When engine speed rises to the level at which flyweights 71 overcome spring
      72, the fuel flow through arrangement 14 increases and the fuel delivery
      of pump 12 also increases. The pressures upstream and downstream of
      metering arrangement 14 consequently increase. The downstream pressure
      overcomes the force exerted by spring 70 and element 61 engages element
      65. These elements then move substantially as a unit and are responsive to
      the difference in pressures across metering arrangement 14. Elements 61,
      65 are also responsive, via flyweights 71, to the speed N.sub.H of the
      engine. In these conditions, therefore, elements 61, 65 act to maintain
      the pressure difference across metering arrangement 14 substantially
      constant for any given speed N.sub.H.
PAR  The valve 69 (FIG. 3) between passages 68 and the engine main burners has a
      pair of outlets 77, 78 which communicate respectively with passage 64 and
      with the main burners. A spool control element 79 is movable so as to
      divide the flow from passage 68 between outlets 77, 78. Element 79 is
      responsive to the pressure in passage 68 and is formed with lands of
      different diameters so as to be biased, by the pressure in passage 68, in
      a direction to increase flow through outlet 77 and decrease flow through
      outlet 78. Element 79 is also biased in the same direction by a spring 80
      and by a high pressure signal applied via a line 81 from the outlet of
      pump 12. Element 79 is urged in the opposite direction by a servo pressure
      signal in a chamber 82, derived from the pressure in line 81 via a
      restrictor 83. Chamber 82 communicates via a port 84, a passage 85 and a
      pilot valve arrangement 86 with passage 68. Port 84 is placed so as to
      form a valve, in co-operation with the larger end of spool element 79. A
      condition thus can exist in which, with port 84 partly shut, the forces on
      element 79 are in equilibrium. In this equilibrium condition port 78
      remains at least partly open, so that the main burners are not
      extinguished.
PAR  Pilot valve 86 is operated by a torque motor 87 responsive to an electronic
      control circuit 88. Circuit 88 receives signals dependent on the speeds
      N.sub.L, N.sub.I of the low-speed and intermediate-speed engine shafts and
      also on temperature T.sub.7, so that an increase beyond predetermined
      levels of these values opens pilot valve 86 to reduce the servo pressure
      in chamber 82 and thereby reduce fuel flow to the engine main burners.
PAR  A lever 89 has an adjustably-positioned pivot 90 and is engageable both
      with the control element of pilot valve 86 and also with the lever 50 of
      the variable metering arrangement 14 when the lever 50 has been moved by
      more than a predetermined amount in response to pressures P.sub.3 and
      P.sub.4P. Lever 89 thus acts to reduce fuel flow to the engine in order to
      limit the difference between pressures P.sub.3 and P.sub.4P, and hence to
      determine a maximum compressor delivery pressure.
PAR  Chamber 82 of valve 69 also communicates via a passage 91 and a shut-off
      cock 92 with passage 68. Shut-off cock 92 is operated by selector lever 48
      so as to be opened only when the latter is in position E, i.e. when the
      engine is shut down. With cock 92 open, servo pressure in chamber 82 falls
      to cause outlet 78 to be shut off completely and all fuel flow to valve 69
      to be returned to the upstream side of pump 12.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fuel control system for a gas turbine engine, comprising a pump, a
      variable metering device downstream of said pump, first and second
      passages through which the downstream side of said device can communicate
      respectively with pilot and main burners of the engine, a throttle valve
      between said device and said second passage, said throttle valve being
      urged open by the pressure downstream of said metering device and urged
      shut by the pressure in said second passage, biasing means urging said
      throttle valve against said downstream pressure, means, responsive to an
      increase in engine speed, for reducing the bias applied to said throttle
      valve and means, operable during engine starting, for reducing said bias.
NUM  2.
PAR  2. A system as claimed in claim 1 which includes a spill valve responsive
      to an increase in the pressure upstream of said device or to a decrease in
      engine speed to spill fuel from upstream of said device, said spill valve
      also being movable in response to said biasing means and to the pressure
      in said second passage to reduce spill flow, and in which said biasing
      means comprises a spring engaged between said spill valve and said
      throttle valve.
NUM  3.
PAR  3. A system as claimed in claim 1 in which said bias varying means includes
      means, operable during engine starting, for moving said spill valve in a
      direction to reduce spill flow.
NUM  4.
PAR  4. A system as claimed in claim 1 in which said metering device comprises a
      first sleeve defining an aperture and movable in response to an increase
      in engine speed to reduce the size of said aperture, a second sleeve
      slidable relative to said first sleeve and having a port which cooperates
      with said aperture to define a variable metering orifice, and means
      responsive to an increase in a pressure difference through the engine
      compressor to move said second sleeve so as to reduce flow through said
      orifice.
NUM  5.
PAR  5. A system as claimed in claim 4 which includes means responsive to the
      setting of an engine power demand lever for varying a bias applied to said
      first sleeve against its movement in response to an increase in engine
      speed.
NUM  6.
PAR  6. A system as claimed in claim 4 which includes means for limiting
      movement of said second sleeve in a direction to reduce fuel flow through
      said orifice.
NUM  7.
PAR  7. A system as claimed in claim 6 which includes selector means operable to
      vary the position of said movement-limiting means.
NUM  8.
PAR  8. A system as claimed in claim 7 in which said selector means comprises a
      cam co-acting with said movement limiting means and operable to set said
      limiting means to a first position for normal running of the engine and to
      a second position for engine starting, said second position corresponding
      to a smaller minimum flow through said metering device.
NUM  9.
PAR  9. A system as claimed in claim 4 which includes a control valve
      arrangement downstream of said metering device, said control valve
      arrangement having an inlet communicating with said metering device, first
      and second outlets respectively communicating with burners of the engine
      and with an upstream side of the pump, and a control element movable in
      response to an increase in a servo pressure signal to open said first
      outlet and shut said second outlet, and a pilot valve responsive to an
      increase in engine speed to reduce said servo pressure signal.
NUM  10.
PAR  10. A system as claimed in claim 9 in which said pilot valve is also
      responsive to movement, beyond a predetermined limit, of said second
      sleeve in a direction to increase fuel flow through said metering device.
NUM  11.
PAR  11. A system as claimed in claim 9 which includes an electric control
      circuit responsive to engine speed to provide a control signal, and a
      torque motor responsive to said control signal to operate said pilot
      valve.
NUM  12.
PAR  12. A system as claimed in claim 9 which includes a further valve, operable
      when said engine is shut down, for reducing said servo pressure signal.
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ABST
PAL  This invention cures the problem attendant the ingestion of oil in the
      engine of a fan-turbine engine combustion propulsor should oil leak from
      the fan blade seal by capturing and judiciously venting the leakage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fan propulsors of the type where the fan (either
      fixed or variable) is enclosed in an engine bypass duct and is closely
      coupled to a gas turbine engine and particularly to means for preventing
      blade oil leakage from migrating to the inlet of the engine.
PAR  It is known that oil ingested in the engine not only may be the cause of
      loss of engine efficiency with possible deterioration of combustion but
      also oil in the compressor airstream could migrate into the bleed air
      system with possible carry over in the air conditioning system where it
      could contaminate the aircraft cabin and the like. This invention is
      particularly concerned with a ducted fan propulsor where the engine is
      closely coupled to the fan, since such an environment increases the
      potential of this occurrence. While in the past the leakage of oil
      directly in the airstream was acceptable, it is intolerable for a ducted
      fan application. Thus, a single seal for the fan blade seal would by
      itself be unacceptable.
PAR  This invention obviates the problem noted above by providing capturing and
      venting means of oil leaking from the blade seal, without adding to the
      blade/hub complexity by using double sealing techniques or redundant
      devices or the like.
PAC  SUMMARY OF THE INVENTION
PAR  The prime object is to provide improved oil entrapment and escapement means
      for a ducted fan propulsor to avoid migration of leakage oil in the engine
      inlet.
PAR  A further object of the invention is to provide for a ducted fan propulsor
      an annular recess or gutter on the blade shank in proximity to and
      surrounding the blade retaining recess in the hub and a drilled passage or
      tube communicating therewith and extending generally longitudinally in the
      blade or along the blade to route the leaked oil to a point where it is
      not possible for the oil to be ingested into the engine.
PAR  A further object of this invention is to provide oil leakage entrapment and
      escapement means for a ducted fan propulsor which is characterized as
      being simple, easy to fabricate, install and relatively inexpensive.
DRWD
PAR  The foregoing and other objects, features and advantages of the present
      invention will become more apparent in the light of the following detailed
      description of the preferred embodiment thereof as illustrated in the
      accompanying drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic view in elevation showing a typical ducted fan
      propulsor.
PAR  FIG. 2 is a partial view partly in section and partly in elevation showing
      the details of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  While this invention is described herein as being utilized on a ducted-fan
      of the type that is being developed by the Hamilton Standard Division of
      United Aircraft Corporation, and generally known as a Q-Fan.sup.TM
      propulsor, it is to be understood that the concept as will be understood
      by those in the art is not limited to this particular embodiment.
PAR  Reference is now made to FIG. 1 which schematically illustrates a ducted
      fan propulsor having an engine 10, shown in blank which may be any
      suitable gas turbine engine driving the fan 12 comprising a plurality of
      fan blades 14 which may be of the fixed or variable pitch type, which is
      rotatable in bypass duct 16 supported to engine casing 18 by vanes 20. A
      spinner 22 may be incorporated as shown. A suitable ducted fan propulsor
      is described in U.S. Pat. No. 3,747,343, dated July 24, 1973 granted to
      George Rosen and assigned to the same assignee and is incorporated herein
      by reference.
PAR  Suffice it to say that the inlet of the engine 10 is in close proximity to
      the blades 14 and a portion of the air leaving the blades is ingested by
      the engine while a portion is bypassed and exited through the bypass duct.
      In the event of a reversible fan, the air obviously is admitted through
      the rear end of the duct and a portion is still directed to the engine
      inlet while the remainder is discharged through the bypass duct inlet. It
      is apparent that without any precaution, oil leakage from the fan
      structure would, due to centrifugal forces, be forced radially outward and
      be carried by the airstream into the inlet of the engine. This problem is
      obviated by this invention which is best understood by referring to FIg.
      2.
PAR  As can be seen in FIG. 2 the blade 14 is supported in barrel 30 and is
      suitably retained therein by well known means. The root or shank of the
      blade is supported in the recess 32 and a typical "o" seal 34 is mounted
      to bear against the inner wall of the recess 32 and serves to prevent oil
      which is usually flooded within the barrel from escaping. Owing to faulty
      seal or the malfunctioning thereof, the potential of the escapement of oil
      is always present.
PAR  The obvious solution to the problem is to incorporate a second or double
      seal or utilize the spinner which is in close proximity to avoid the
      escaped oil from migrating to the airstream that feeds the engine.
PAR  This invention avoids the complexities of the methods suggested immediately
      above by providing a gutter, which is an annular recess 36 formed on the
      shank of the blade or on a built up portion formed on the shank as shown.
      A drilled passage 38 extends longitudinally through the blade and
      terminates at a point where it vents the leaking oil in the airstream
      portion that does not ingest into the engine; namely, outboard of the
      engine inlet splitter defined by the casing surrounding the inlet.
      Obviously, a tube attached to the blade, internally or externally may
      serve the same purpose of routing the oil.
PAR  What has been shown by this invention is oil leakage entrapment and
      escapement means that eliminates the adverse effect attendant potential
      blade seal leakage without the use of double sealing or other redundant
      devices.
PAR  Although the invention has been shown and described with respect to a
      preferred embodiment thereof, it should be understood by those skilled in
      the art that other various changes and omissions in the form and detail
      thereof may be made therein without departing from the spirit and the
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a ducted fan propulsor having a plurality of fan blades disposed
      upstream of a gas turbine engine, each of said fan blades having an inner
      section including a shank in proximity to the inlet of said gas turbine
      engine and an outer section in proximity to an engine bypass duct, said
      shank being mounted in a recess in a hub, an improvement for capturing oil
      escaping from said hub recess which comprises an annularly grooved portion
      on said blade inner section spaced longitudinally outwardly from said hub
      recess with said annular groove overlying said hub recess and passage
      means extending from said groove to said blade outer portion for venting
      oil collected in said annular groove to said bypass duct.
NUM  2.
PAR  2. In a ducted fan propulsor having a plurality of fan blades disposed
      upstream of a gas turbine engine, each of said fan blades having an inner
      portion including a shank in proximity to the inlet of said gas turbine
      engine and an outer portion in proximity to an engine bypass duct, said
      shank being mounted in a recess in a hub, an improvement for capturing oil
      escaping from said hub recess which comprises an enlarged diameter portion
      on said shank spaced longitudinally outwardly from said hub recess and
      having an annular recess therein overlying said hub recess and passage
      means extending from said annular recess to said blade outer portion for
      venting oil collected in said annular recess to said bypass duct.
NUM  3.
PAR  3. Means for capturing oil as claimed in claim 2 including ball bearings
      supporting said blade shank for blade angle movement.
NUM  4.
PAR  4. Means for capturing oil as claimed in claim 3 including sealing means
      adjacent said hub recess outboard relative to said ball bearings.
NUM  5.
PAR  5. Means as claimed in claim 2 wherein said passage means is a passageway
      formed generally longitudinally in said blade.
NUM  6.
PAR  6. Means as claimed in claim 2 wherein said passage means is a tube.
PATN
WKU  039357058
SRC  5
APN  3994171
APT  1
ART  343
APD  19730921
TTL  Exhaust manifold for an internal combustion engine
ISD  19760203
NCL  11
ECL  1
EXP  Hart; Douglas
NDR  2
NFG  2
INVT
NAM  Hergoualch; Jean Rene
CTY  Bougival
CNT  FR
ASSG
NAM  Regie Nationale des Usines Renault
CTY  Billancourt
CNT  FR
COD  03
ASSG
NAM  Automobiles Peugeot
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19720310
APN  7235012
CLAS
OCL   60302
XCL   23288F
XCL   60282
XCL   60305
EDF  2
ICL  F01N  314
FSC   60
FSS  282;302;305
FSC   23
FSS  288 F
UREF
PNO  1793813
ISD  19310200
NAM  MacKinnon
OCL   60302
UREF
PNO  3247666
ISD  19660400
NAM  Behrens
OCL   60302
UREF
PNO  3302394
ISD  19670200
NAM  Pahnke
OCL   60302
UREF
PNO  3413803
ISD  19681200
NAM  Rosenlund
OCL   60274
UREF
PNO  3441382
ISD  19690400
NAM  Keith
OCL   60302
UREF
PNO  3644098
ISD  19720200
NAM  Palma
OCL   60302
UREF
PNO  3775979
ISD  19731200
NAM  Scheitlin
OCL   60282
UREF
PNO  3799196
ISD  19740300
NAM  Scheitlin
OCL   60322
UREF
PNO  3807173
ISD  19740400
NAM  Zmuda
OCL   60302
FREF
PNO  1,043,890
ISD  19660900
CNT  UK
OCL   60302
LREP
FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  A manifold for an internal combustion engine to serve also as an exhaust
      gas depollution reactor. An ante-chamber into which the gas initially
      flows, can be made to operate as a post-combustion chamber by introduction
      of excess combustion air while the engine is operating under the usual
      richer fuel/air mixture on start-up. The catalytic reaction components are
      located in a downstream main chamber with which the ante-chamber shares a
      common partition wall for heat transfer purposes.
BSUM
PAR  The present invention relates to an exhaust manifold structure for an
      internal combustion engine, comprising a catalytic reactor for the
      depollution of the exhaust gases, particularly for the reduction of oxides
      of nitrogen.
PAR  Such reactors must fulfil the opposing operative conditions of (a) rapid
      rise in temperature since the catalytic reaction only starts above a
      certain temperature, and (b) maintaining a sufficiently low temperature to
      prevent the catalyst from being destroyed by overheating.
PAR  For this purpose they are generally placed in series on the exhaust pipe,
      sufficiently far away from the exhaust manifold of the engine to prevent
      overheating, whilst being as close as possible in order that they achieve
      operating temperature as soon as possible on start up, and that they
      maintain this temperature during operation despite the fact that the
      reduction reaction is endothermic.
PAR  Furthermore it is known to provide devices which control the reactor
      temperature by controlling the amount of additional air supplied to it,
      for example, in French Pat. application No. 71/46,986 of Dec. 28, 1971, in
      the names of the applicant companies.
PAR  These compromise solutions are either not sufficiently effective like the
      first mentioned, or more complex like the second mentioned.
PAR  The subject of the present invention is an internal combustion engine
      exhaust manifold structure in which catalytic reduction reaction
      components have been incorporated despite risks of overheating due to the
      proximity of the exhaust ports of the engine. The manifold ensures very
      rapid startup of the reactor and great compactness of the device, the
      internal arrangement and the structure of the apparatus making it
      possible, nevertheless, to prevent overheating of the catalytic components
      as well as making it easier to inspect them and change them.
PAR  According to the invention there is provided an exhaust manifold for an
      internal combustion engine, comprising an ante-chamber and a main chamber
      having a common partition wall and defining a gas flow path through first
      the ante-chamber and then the main chamber, means in the main chamber for
      receiving catalytic reaction components, and means for introducing post
      combustion air into gas flowing through said ante-chamber.
PAR  The ante-chamber forms a starting post-combustion reactor by momentarily
      inroducing additional air into the gas flow therethrough and the main
      chamber will contain the catalytic reaction components for reducing the
      gases brought to the reaction starting temperature by the "start-up"
      post-combustion in the ante-chamber while the engine fuel/air ratio is
      temporarily increased on start-up.
PAR  The ante-chamber may have a prismatic shape of irregular cross-section into
      which the main chamber, containing the catalytic reaction components, fits
      along the lower part of the ante-chamber opposite the inlets to the
      manifold, and the upper surface of the ante-chamber and the partition wall
      common to both chambers may comprise a double wall with a low thickness
      insulation, the inlets opening substantially into the lower part of the
      ante-chamber tangentially to the surface of the common partition wall.
PAR  The main and ante-chamber may be disposed within an outer jacket consisting
      of two parts: a body which receives inlet tubes and a cover which bears
      against a joining plane which plane substantially bisects the main and
      ante-chambers, the chambers forming separate interchangeable blocks which
      are located inside the outer body and are held in place by closing the
      cover.
PAR  Whilst the ante-chamber consists of an inner steel jacket, made in a single
      piece, and resistant to corrosion and to the temperature of the exhaust
      gases, the main chamber may advantageously consist of an inlet casing into
      a side aperture of which the corresponding outlet of the first chamber
      fits, and of an outlet casing the side aperture of which opens into the
      outlet tube of the outer manifold body, these two casings fitting to
      either side of the catalytic components receiving means to form the body
      of the main chamber.
PAR  The inlet tubes are each lined with a tube made of sheet-steel which is
      resistant to the temperature and to the corrosive effects of the exhaust
      gases and is held by a collar gripped by the attachment connection of the
      outer body to the engine.
PAR  This arrangement according to the invention makes it possible to produce a
      reactor consisting of simple individual components which can be
      interchanged separately and which are held together by the outer body. The
      fastening of the reactor to the engine and the means of closing of its
      cover are readily accessible and removal of the cover allows complete
      inspection of each component of the reactor. As a result of this
      simplicity of shape and ease of assembling, the cost is low.
PAR  The arrangement according to the invention makes it possible, during engine
      start-up to introduce excess air via a set of air injection jets, and this
      ensures that the ante-chamber functions as a post-combustion reactor
      bringing about a rapid rise in temperature of the catalytic reactor, since
      the common partition wall between the ante-chamber and the catalytic
      reactor of the main chamber is played upon directly by the flames coming
      from the inlet tubes. As soon as the reaction starting temperature is
      reached and the engine is functioning with a weaker fuel/air mixture after
      the engine starting-up period, the supply of post-combustion air is
      discontinued and the catalytic reactor functions as a reducer of the
      nitrogen oxides.
PAR  Thus this initial oxidizing post-combustion makes it possible to remove the
      excess hydrocarbons and nitrogen oxides due to the richer fuel/air mixture
      on startup, the nitrogen oxides in any case remaining low at this stage,
      whilst ensuring that the reducing catalyst is brought rapidly to operating
      temperature to take over the rapid depollution stage as soon as the
      nitrogen oxides content increases.
PAR  The temperature of the reactor is maintained by the exhaust gases and the
      regulating effect of the ante-chamber on the temperature of the exhaust
      gases.
PAR  The fact that in the preferred embodiment the inlet tubes enter the
      ante-chamber tangentially, and the asymmetric shape of the ante-chamber
      bring about eddies and turbulences and hence effect the uniform mixing of
      the exhaust gases and heat exchange between the gases and the walls. The
      low insulation of the upper walls of the ante-chamber and of the common
      partition wall asists the external removal of heat of the gases when the
      engine is operating under heavy load. The supply of additional heat to the
      reactor will compensate for its increase in activity. The degree of
      insulation of the ante-chamber thus makes it possible to adjust the
      limiting values of the operating temperature of the catalytic components.
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PAR  In order that the present invention may more readily be understood the
      following description is given, merely by way of example, reference being
      made to the accompanying drawings in which:
PAR  FIG. 1 is a longitudinal cross-sectional view of the exhaust manifold
      according to the invention; and
PAR  FIG. 2 is a transverse cross-sectional view along line II--II of FIG. 1
DETD
PAR  FIGS. 1 and 2 represent an embodiment of an exhaust manifold according to
      the invention, which comprises an outer body 1 having a removable cover 3
      securable by means of threaded bolts 4 and nuts 5, with a gasket 2 being
      interposed (between the outer body 1 and the cover 3), the said body 1 and
      the cover 3 consisting especially of cast-iron parts.
PAR  The body 1 has gas inlet tubes 6 attached to the exhaust ducts of an
      internal combustion engine. Connecting devices 7 attached to the tubes 6
      receive on the one hand, tubes 10 of an air manifold 11 for additional
      post-combustion air and on the other hand, air tubes 12 opening upstream
      from the tubes 6. The connections of the tubes 10 and 12 is by way of a
      biconical sleeve 8 and a threaded socket 9. The manifold inlet tubes 6,
      which are lined internally with a tube 13 made of stainless refractory
      sheet-steel, open into an ante-chamber 14.
PAR  One of the ends of each inlet tube 13 is free, whilst the other end has a
      collar 15 gripped in the gasket 16 of the exhaust manifold. The
      ante-chamber 14, in which post-combustion is initiated has a prismatic
      shape with a cross-section substantially that of a rectangular
      parallelepiped, the lower corner of which, opposite the inlet apertures 17
      (FIG. 2) from the engine exhaust ducts is truncated by a wall 18 common to
      a second or main chamber 19 containing cylindrical catalytic components 20
      anad 20a (FIG. 1) and whose longitudinal axis is parallel to the
      longitudinal edges of the ante-chamber.
PAR  The ante-chamber 14 consists of a casing 21 made of stainless refactory
      sheet-steel covered with a layer 22 of a heat and sound insulating
      material of known type, such as glass wool. Its outer contour fits into
      the upper part of the body 1 and of the cover 3, as well as onto the
      cylindrical surface of the main chamber 19 of the catalytic reactor. The
      ante-chamber 14 opens at one of its ends into the main chamber 19, via an
      orifice 23 whose fitting-in rim 24 ensures that the orifices common to the
      main and ante-chambers are centred.
PAR  The main chamber 19 forming the catalytic reactor consists of a tubular
      sheet-steel sleeve 25 which contains the catalytic components 20 and 20a
      and is covered with a layer 26 of an insulating material and with wire
      mesh grid 27, damping the vibrations in the components 20 and 20a.
PAR  An inlet casing 28, forming a post-combustion chamber portion of the main
      chamber and an outlet casing 29 are fitted at each end of the sleeve 25,
      the said sleeve having collars 30 into which the rims 31 of the casings 28
      and 29 are fitted.
PAR  The cylindrical assembly of the main chamber 19 thus formed is kept centred
      in the corresponding cylindrical seat of the outer body 1, from which it
      remains separated by a gas space 32, by its being fitted into the
      corresponding seat of the jacket 21 of the ante-chamber 14, against which
      it is held by the rim 33 of its grid 27 gripped in the joint 2.
PAR  Due to this arrangement, the main chamber 19 of the catalytic reactor is
      not subjected directly to the vibrations of the engine transmitted by the
      outer rigid body 1. The outlet casing 29 of the main chamber 19 has a gas
      outlet orifice 34 opening into an outlet tube 35 provided in the body 1
      and having a conventional bell flange to receive the exhaust front pipe.
PAR  Since the contacts between the various components are made by simply
      fitting them into one another, cushioned by insulating layers therebetween
      so as to avoid direct contact good sound and vibratory damping are
      achieved and considerable tolerances are allowed in assembling. Also free
      play is provided for expansion, limiting the heat deformations of the
      sheet-steel.
PAR  When the internal combustion engine is being started up, excess air is
      introduced into the inlet tubes 6 via the row of injection jets 11 and air
      tubes 12, in such a way that the ante-chamber 14 functions as a
      post-combustion reactor, bringing about a rapid rise in temperature in the
      main chamber 19 of the catalytic reactor, since the partition 18 common to
      the main and ante-chambers 19 and 14 is played upon directly by the flames
      coming from the inlet tubes 6. As soon as the operating temperature of the
      catalyst is reached and the engine is functioning with a weaker gas
      mixture after the starting up period, the supply of post-combustion air is
      stopped and the catalytic reactor functions as a reducer of the nitrogen
      oxides.
CLMS
STM  We claim:
NUM  1.
PAR  1. An exhaust manifold for an internal combustion engine comprising a
      housing enclosing an elongated space, a tubular member disposed in the
      housing containing catalytic components and having a heat insulating wall
      which divides the space into first and second parallel chambers extending
      longitudinally in the space, the second chamber being the bore of the tube
      and the first chamber being enclosed by a casing covered with a heat
      insulating material and having a substantially rectangular parallelepiped
      shaped cross-section, inlet means for flow of exhaust gas from the engine
      into the first chamber, means for adding air to the said exhaust gas
      upstream of the inlet means, an opening in said wall for flow of exhaust
      gas from the first chamber into one end of the second chamber, and means
      for flow of exhaust gas from the opposite end of the second chamber to an
      exhaust system of a vehicle.
NUM  2.
PAR  2. The exhaust manifold of claim 1 wherein said housing comprises a cast
      iron body and a cover bolted together to form a joint disposed along a
      plane which bisects the cross-sections of the two chambers.
NUM  3.
PAR  3. An exhaust manifold for an internal combustion engine comprising inlet
      means for exhaust gas form an internal combustion engine, outlet means to
      an exhaust duct, a main chamber, an ante-chamber, a heat insulating
      partition wall disposed between and common to said main and ante-chambers,
      said chambers extending parallel to each other, means defining a gas flow
      path from the inlet means, through the ante-chamber and then the main
      chamber and on to the outlet means, said flow path defining means
      including a transfer opening for gas flow from the ante-chamber into the
      main chamber at one end of the main chamber, said main chamber having an
      outlet pipe at its other end, said ante-chamber having an irregular
      prismatic shape having a recessed lower part wherein said main chamber
      fits along said lower part of the ante-chamber opposite said inlet means,
      said ante-chamber having an upper surface which, together with said
      partition wall comprises a double wall with thin intermediate insulation,
      means in the main chamber for receiving catalytic reaction components
      disposed between the transfer opening and the outlet pipe, and means for
      introducing post combustion air into the gas flow path through said
      ante-chamber.
NUM  4.
PAR  4. an exhaust manifold for an internal combustion engine comprising inlet
      means for exhaust gas from an internal combustion engine, outlet means to
      an exhaust duct, a main chamber and an ante-chamber disposed in an inner
      jacket, a heat insulating partition wall disposed in the inner jacket
      between said main and ante-chambers, said chambers extending parallel to
      each other, an outer jacket surrounding the inner jacket and comprising a
      body in which said inlet means is attached to the manifold, and a cover
      which engages the body, said body and cover being arranged to be joined
      along a plane which substantially bisects the cross-section of both the
      main and ante-chambers, means defining a gas flow path from the inlet
      means, through the ante-chamber and then the main chamber and on to the
      outlet means, said flow path defining means including a transfer opening
      for gas flow from the ante-chamber into the main chamber at one end of the
      main chamber, said main chamber having an outlet pipe at its other end,
      means in the main chamber for receiving catalytic reaction components
      disposed between the transfer opening and the outlet pipe, and means for
      introducing post combustion air into the gas flow path through said
      ante-chamber.
NUM  5.
PAR  5. An exhaust manifold for an internal combustion engine, comprising inlet
      means for exhaust gas from an internal combustion engine, outlet means to
      an exhaust duct, an ante-chamber, a main chamber, a heat insulating
      partition wall disposed between and common to said main and ante-chambers,
      means defining a gas flow path from the inlet means, through the
      ante-chamber and then the main chamber and on to the outlet means, means
      in the main chamber for receiving catalytic reaction components, and means
      for introducing post combustion air into the gas flow path through said
      ante-chamber, said inlet means comprising tubes which open substantially
      into the lower part of the ante-chamber tangentially to the surface of the
      said partition wall.
NUM  6.
PAR  6. An exhaust manifold for an internal combustion engine, comprising inlet
      means for exhaust gas from an internal chamber, a main chamber, a heat
      insulating partition wall disposed between and common to said main and
      ante-chambers, means defining a gas flow path from the inlet means,
      through the ante-chamber and then the main chamber and on to the outlet
      means, a central sleeve in the main chamber for receiving catalytic
      reaction components, and means for introducing post combustion air into
      the gas flow path through said ante-chamber, said main chamber comprising
      inlet and outlet casings engaged with the ends of said sleeve, and outlet
      means being in communication with said outlet casing.
NUM  7.
PAR  7. An exhaust manifold as set forth in claim 3, wherein the main chamber
      has a cylindrical shape and the ante-chamber has substantially a
      rectangular parallelepipedonal shape.
NUM  8.
PAR  8. An exhaust manifold as set forth in claim 4, wherein the inlet means,
      are formed on a side wall of the outer jacket and the insulating material
      of the inner jacket portion defining the ante-chamber rests directly on
      the inner face of said side wall and on the adjacent upper face of said
      cover, the said inner jacket having a face opposite said side wall, said
      opposite face forming the common partition wall and receiving the
      corresponding outer surface of the inner chamber.
NUM  9.
PAR  9. An exhaust manifold as set forth in claim 4, wherein the main and
      ante-chambers comprise separate inter-changeable blocks which are located
      inside the outer jacket and are held in place by said cover when it is
      closed.
NUM  10.
PAR  10. An exhaust manifold as set forth in claim 6, wherein said outer jacket
      comprises a body and a cover releasably securable thereto, and wherein
      said central sleeve is covered with a layer of insulating material and
      with a mesh grid, said grid having end edges which are gripped between the
      outer body and the cover.
NUM  11.
PAR  11. An exhaust manifold as set forth in claim 10, wherein the end orifices
      of the said central sleeve have collars and said inlet and outlet casings
      each have a rim which fits into a respective one of said collars.
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ABST
PAL  A hydraulic control system includes a generating circuit for providing
      power to a work function. A driving apparatus operates the generating
      circuit. A control circuit is connected to the generating circuit and the
      driving apparatus for permitting delivery of power to the work function
      when the driving apparatus is operating up to a predetermined speed. The
      control circuit also stops delivery of power to the work function when the
      driving apparatus runs above the predetermined speed. The control circuit
      further includes a cut-off apparatus for stopping delivery of power to the
      work function when the driving apparatus is running up to the
      predetermined speed.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is related to U.S. Pat. application Ser. No. 490,629,
      filed on even date herewith by Eugene Murphy and Ben Stevens and entitled
      Hydraulic Control System.
PAC  BACKGROUND OF THE INVENTION
PAR  While the invention is subject to a wide range of applications, it is
      especially suited for use in a hydraulic circuit required in a vehicle and
      will be particularly described in that connection. In hydraulic systems
      for vehicles, such as, for example, a refuse truck, the general practice
      is to have a hydraulic circuit for performing work functions such as, for
      example, compressing the refuse or raising the back to unload. The circuit
      many include an actuator which is powered by fluid delivered from a fixed
      displacement pump being operated by the main engine of the vehicle.
PAR  When the vehicle is not moving, the engine may idle at approximately 1000
      revolutions per minute (rpm) and the pump is geared to a drive shaft from
      the engine such that the pump may rotate at a higher speed, such as, for
      example 3000 rpm. When the vehicle starts to move, the engine begins
      operating at a higher speed, such as, for example, 3000 rpm and the pump
      speed correspondingly increases to approximately 9000 rpm.
PAR  When the pump is operating at such a high speed, it is displacing a large
      quantity of hydraulic fluid. This fluid is not needed when the hydraulic
      functions are not being performed, such as when the vehicle is moving.
      Since the fluid acts against a closed actuator valve, the pressure in the
      system drastically increases. The pressure may be relieved by a relief
      valve to a reservoir. The flow of hydraulic fluid across a pressure drop
      as created by the relief valve causes a horsepower loss. The resulting
      loss in efficiency means that additional fuel is required to operate the
      engine of the vehicle. Since fuel may be expensive, minimizing
      inefficiency is very important.
PAR  Another problem with running the pump at high speed is that it creates a
      great deal of noise. Since a refuse truck is operated in a residential
      area, the noise factor is important as it may be quite disturbing to the
      residents of the area.
PAR  Another consideration in operating a pump at a high speed and against a
      heavy load is that it may wear out in a shorter period of time. Increasing
      the frequency of pump repair adds to the expense of operating the
      equipment and may cause costly time delays when the vehicle is being
      repaired.
PAR  The operator of a vehicle employing a hydraulic circuit for performing work
      functions may desire to stop hydraulic fluid from flowing to the work
      function at any time.
PAR  It is an object of the present invention to provide a cut-off apparatus for
      stopping flow to a work function whenever desired.
PAR  It is a further object of the present invention to provide a hydraulic
      system which has a relatively low horsepower loss.
PAR  It is a further object of the present invention to provide a hydraulic
      system which has a quiet operation.
PAR  It is a further object of the present invention to provide a hydraulic
      system which has increased reliability.
PAR  It is a further object of the present invention to provide a hydraulic
      system which is relatively inexpensive to operate.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a hydraulic control system
      includes a generating circuit for providing power to a work function. A
      driving apparatus operates the generating circuit. A control circuit is
      connected to both the generating circuit and the driving apparatus for
      permitting the delivery of power to the work function when the driving
      apparatus is operating up to a predetermined speed. The control circuit
      also stops delivery of power to the work function when the driving
      apparatus is running above the predetermined apeed. A cut-off apparatus
      for stopping delivery of power to the work function when the driving
      apparatus is running up to the predetermined speed.
DRWD
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is made to the following
      description, taken in connection with the accompanying drawing, while its
      scope will be pointed out in the appended claims.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a schematic illustration of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A hydraulic control system includes a generating circuit 10 for providing
      power to a work function area 30. A driving apparatus 40 operates the
      generating circuit 10. A control circuit 50 is connected to both the
      generating circuit 10 and the driving apparatus 40 so as to permit the
      delivery of power to work function area 30 when driving apparatus 40 is
      operating up to a predetermined speed. Control circuit 50 also stops the
      delivery of power to work function area 30 when driving apparatus 40 is
      running above the predetermined speed.
PAR  Referring to the FIGURE, there is shown a schematic illustration of a
      hydraulic control system having the components which may be utilized in
      practising the invention. A generating circuit 10 may include a variable
      displacement pump 12, of the axial piston variable displacement type, such
      as, for example, a Dynapower Horsepower Limiter Model No. 30, Part No.
      892826, manufactured by New York Air Brake Co., a Unit of General Signal
      Corporation. Pump 12 receives fluid from a line 14 which is connected to a
      reservoir 25. The fluid from pump 12 is discharged into a power line 16
      which is connected at its downstream end to work function area 30.
PAR  Work function area 30 may include two or more pressure compensated control
      valves 32 and 33 of the type disclosed in U.S. Pat. application Ser. No.
      392,901 filed Aug. 30, 1973 now U.S. Pat. No. 3,878,679. Compensated
      control valves 32 and 33 deliver fluid to actuators 34 and 35,
      respectively. However, the present invention is not limited to pressure
      compensated control valves and may include any valve which can supply
      fluid to an actuator and thereby do work.
PAR  A primary restrictor 18 is located in power line 16 for restricting the
      flow of hydraulic fluid to work function area 30. A signal line 20 is
      connected to power line 16 upstream of primary restrictor 18. A signal
      line 22 is connected to the primary line 16 downstream of primary
      restrictor 18.
PAR  Driving apparatus 40 includes a shaft 42 which is connected to a
      conventional vehicle engine 44 by a linkage 46. Linkage 46 includes
      conventional gearing which permits engine 44 to rotate shaft 42 at a speed
      which may be, for example, three times the rpm of engine 44. Shaft 42
      rotates variable displacement pump 12 whenever the engine is turning. When
      engine 44 is idling, the speed that shaft 42 rotates is the predetermined
      speed within the terms of the specification. However, it is understood
      that the predetermined speed might be related to any desired engine speed.
PAR  A control circuit 50 includes a speed control pump 52 (not illustrated for
      ease of explanation) of the positive displacement type, such as, for
      example, a Model TRA distributed by the Tuthill Corp. Pump 52 is also
      operated by shaft 42 in the same manner as described above for pump 12.
      Pump 52 receives fluid from reservoir 25 through a line 54 and displaces
      the fluid into a control line 56.
PAR  Control line 56 includes a high speed restrictor apparatus 58, such as, for
      example, a conventional flow restrictor. Control line 56 is connected to a
      limiting line 60 located between high speed restrictor 58 and speed
      contnrol pump 52. A shuttle valve line 62 is located upstream from
      limiting line 60 and downstream of pump 52. A secondary check valve 63 is
      located in control line 56 downstream of high speed restrictor 58.
PAR  Control circuit 50 also includes a shuttle valve 64 which is connected to
      an actuating line 66, shuttle valve line 62, and signal line 20. Shuttle
      valve 64 permits fluid to pass into actuating line 66 from either signal
      line 20 or shuttle line 62 depending on the pressure in lines 62 and 20.
PAR  A high speed shut-off valve 70 is responsive to hydraulic pressure in
      control line 56 for maintaining variable displacement pump 12 in a zero
      discharge position when speed control pump 52 is operating above a
      predetermined speed. High speed shut-off valve 70 includes a shut-off
      valve body 72 which is connected at one end 73 to limiting line 60 and at
      the other end 74 to reservoir 25 via a reservoir line 75. End 74 includes
      a spring chamber 76 which houses a shut-off spring 77 for biasing a
      shut-off plunger 78 towards end 73. Shut-off plunger 78 includes four
      lands 80, 82, 84, and 86. Land 80 is acted on by fluid pressure in
      limiting line 60 to bias plunger 78 towards end 74. When plunger 78 is
      biased towards end 73, lands 82 and 84 are positioned to permit fluid to
      flow from a destroke line 88 into a chamber line 90. At that time, land 86
      permits fluid to flow from a reservoir line 92, into spring chamber 76 and
      finally into reservoir 25 via reservoir line 75.
PAR  A flow control valve 100 cooperates to adjust the variable displacement
      pump 12 in response to a differential pressure across primary restrictor
      18. The effect is to maintain a constant flow rate across primary
      restrictor 18. Flow control valve 100 includes a flow control body 102
      which is connected at one end 103 to actuating line 66 and at the other
      end 104 to signal line 22. End 104 includes a spring chamber 105 which
      houses a flow control spring 106 for biasing a flow control plunger 107
      towards end 103. Flow control plunger 107 includes three lands, 108, 110,
      and 112. When flow control spring 106 biases plunger 107 towards end 103,
      land 108 is positioned between actuating line 66 and destroke line 88. At
      that time, land 110 is between destroke line 88 and reservoir line 92 and
      land 102 is between reservoir line 92 and spring chamber 105.
PAR  A pressure control valve 120 is connected to variable displacement pump 12
      so as to regulate the pressure of the fluid delivered by pump 12. Pressure
      control valve 120 includes a pressure control valve body 122. Body 122 is
      connected at one end 124 to actuating line 66 and at a second end 126 to
      chamber line 90. End 126 includes a destroke chamber 128 which contains a
      servo-piston 130. Piston 130 is biased towards second end 126 by a
      destroke spring 132. Servo-piston 130 is connected to a rod 134 which
      adjusts the swash plate of variable displacement pump 12. A pressure
      control plunger 136 has two lands, 138 and 140. When plunger 136 is biased
      by spring 132 against end 124, land 138 is positioned between acutating
      line 66 and destroke line 88. At that time, land 140 is between reservoir
      line 92 and end 126. For reasons described hereinbelow, the width of land
      138 is less than the width of destroke line 88.
PAR  A conventional two position solenoid valve 160 is located in control line
      56. In the illustrated position valve 160 allows fluid from pump 52 to
      pass into reservoir line 92. When the solenoid is actuated and valve 160
      is in a second position, fluid flows from line 56 into relief line 162.
      The fluid then crosses a conventional variable relief valve 164 and flows
      into reservoir 25.
PAR  The unique features of the present invention can be more fully understood
      from the following description of its typical operation. Assume that a
      refuse vehicle is standing still with its engine idling. When the operator
      desires to compress the refuse, he shifts control valve 32 so as to allow
      fluid to flow from power line 16 into actuator 34. The rod in the actuator
      moves a crushing apparatus and compresses the refuse.
PAR  Assuming engine 44 of the vehicle is idling at approximately 1000 rpm,
      shaft 42 may be geared so as to turn variable displacement pump 12 at
      approximately 3000 rpm. Pump 12 draws hydraulic fluid from reservoir 25
      through reservoir line 14 and delivers the fluid at a pressure, such as,
      for example, 2500 pounds per square inch (psi) into a primary restrictor
      18. Restrictor 18 is selected in this example to develop a differential
      pressure of 200 psi and allow 25 gallons per minute (gpm) to flow into
      work function area 30. Signal line 20 is then sensing fluid at a pressure
      of 2500 psi while signal line 22 is sensing pressure of 2300 psi.
PAR  During this time, speed control pump 52 is turned by shaft 42 at 3000 rpm.
      Hydraulic fluid from reservoir 25 is drawn by speed control pump 52 from
      reservoir line 54 and directed into control line 56. The volume of the
      flow is low as pump 52 may be rated to deliver 0.4 gpm at 3600 rpm. Fluid
      in line 56 crosses high speed restrictor 58 which is selected to permit 3
      gpm to pass. Thus, when pump 52 is rotating at 3000 rpm, no pressure
      buildup occurs in line 56 due to choking at restrictor 58. The fluid then
      crosses check valve 63, solenoid valve 160, reservoir line 92, and finally
      enters reservoir 25.
PAR  Referring to control shuttle valve 64, note that signal line 20 puts 2500
      psi on the left side of shuttle valve 64 while control line 56 puts 200
      psi into shuttle line 62. Thus, shuttle valve 64 is in a position to allow
      fluid from signal line 20 to flow into actuating line 66. Hydraulic fluid
      from control line 56 flows across high-speed restrictor 58, secondary
      check valve 63, solenoid valve 160, reservoir line 92, spring chamber 76,
      and into reservoir 25 via reservoir line 75.
PAR  The fluid in actuating line 66 crosses high-speed shut-off valve 70 between
      lands 80 and 82. However, these lands have the same diameter and the flow
      does not effect shut-off plunger 78.
PAR  The fluid continues down actuating line 66 and crosses flow control valve
      100 and acts against plunger 107. The pressure on plunger 107 is balanced
      by flow control spring 106. Flow control spring 106 may be chosen such
      that it might, for example balance plunger 107 when a 200 psi pressure
      differential exists across primary restrictor 18. Thus, the 2300 psi from
      signal line 22 combined with the 200 psi from the flow control spring 106
      acts on land 112 to balance plunger 107 against the 2500 psi from
      actuating line 66 which is acting on right side of plunger 107.
PAR  The fluid in actuating line 66 then enters pressure control valve 120 and
      acts against land 138. The pressure control plunger 136 is biased against
      a destroke spring 132 as well as the force of the swash plate associated
      with pump 12 acting against rod 134. The swash plate is biased at pump 12
      to maintain the pressure being delivered by the pump. In this case, pump
      12 delivers 2500 psi and the swash plate exerts a force on rod 134 and
      servo-piston 130 equal to that required to maintain the pump at its
      operating pressure. The force of rod 134 combined with the force of
      destroke spring acts against plunger 135 via land 140 to prohibit the
      pressure in actuating line 66 acting on land 138 to move plunger 136
      toward end 126 of pressure control valve 120.
PAR  When the system is in the condition described above, it is delivering the
      proper amount of fluid at the proper pressure to work function area 30.
PAR  Next, assume that pump 12 begins delivering at a rate of flow greater then
      the selected amount, such as, for example, 26 gpm. Then, the differential
      pressure across primary restrictor 18 increases to a value greater than
      200 psi. This change in differential pressure is sensed by flow control
      valve 100 via signal lines 20 and 22. The pressure in spring chamber 105
      of flow control valve 100 is combined with the pressure exerted by flow
      control spring 106 to try and balance the flow control plunger 107 against
      the pressure in actuating line 66. However, the increased differential
      pressure results in plunger 107 moving towards spring chamber end 104
      until land 108 allows fluid to pass from actuating line 66 to destroke
      line 88. At this time, note that land 110 begins to restrict reservoir
      line 92 and thereby begins to interrupt flow through reservoir line 92.
      The fluid crossing land 108 has a tendency to flow through destroke line
      88 into pressure control valve 120, up reservoir line 92, and into
      reservoir 25 via reservoir line 75. However, as explained above, the
      reservoir line 92 is restricted by land 110, and the pressure of the fluid
      builds up in destroke line 88 and fluid flows through chamber line 90 into
      destroke chamber 128. Here, the pressurized fluid acts against
      servo-piston 130 and destroke spring 132 to move rod 134 and thereby
      destroke variable displacement pump 12. Pump 12 destrokes until its output
      is reduced to 25 gpm. Thus, pump 12 is very efficient in that it only
      delivers the amount of flow required by the design of the system. The
      pressure, developed by variable displacement pump 12, in actuating line 66
      which is not great enough to move pressure control plunger 136 against the
      force from the bias of the swash plate of pump 12 acting through rod 134
      combined with the force of destroke spring 132 is the definition of the
      first value within the terms of the specification.
PAR  Next, assume that the operator moves valve 32 into a neutral position so as
      to stop supplying fluid to actuator 34. The flow to work function area 30
      is said to be "dead headed" and pump 12 is operating at full stroke and
      delivering fluid at an increasing rate of pressure. At this time, rod 134
      is positioned so that servo-piston 130 is at the extreme left of its
      travel. Destroke spring 132 is fully extended and exerts a minimum spring
      force on pressure control plunger 136.
PAR  The pressure in power line 16 downstream of primary restrictor 18 is now
      equal to the pressure delivered by pump 12. Thus, the pressure delivered
      to spring chamber 105 via signal line 22 combined with flow control spring
      106 maintains plunger 107 in the position shown in the FIGURE against
      fluid pressure in actuating line 66.
PAR  The fluid in actuator line 66 enters a first end 124 of pressure control
      valve 120 and acts on land 138 to begin to move plunger 136 against the
      combined force from rod 134 and spring 132 acting on land 140. The
      pressure in line 16 continues to increase since the flow is dead headed at
      work function area 30. Since land 138 is slightly narrower than destroke
      line 88, as described above, the fluid from actuating line 66 crosses land
      138 and enters reservoir 25 via reservoir line 92 and thereby relieves the
      pressure in power line 16. The pressure in line 66 which moves plunger 136
      to a position with land 138 opposite destroke line 88 is defined as
      between the first value and second value within the terms of the
      specification.
PAR  If the pressure in power line 16 continues to increase to a value such as,
      for example, 4000 psi, the pressure control plunger 136 moves to the left
      until land 138 blocks actuating line 66 and reservoir line 92. Then the
      fluid enters destroke line 88 and passes through chamber line 90 into
      destroke chamber 128. The pressurized fluid drives servo-piston 130
      against spring 132. The rod 134 is connected to the servo-piston and
      adjusts the swash plate of variable displacement pump 12 so as to destroke
      pump 12. Pump 12 maintains this position until fluid is again required at
      work function area 30. The pressure of fluid in line 16 which is enough to
      move plunger 136 to a position where land 138 is between lines 88 and 92
      is defined as the second value within the terms of the specification.
PAR  Destroke spring 132, between the swash plate of pump 12 and pressure
      control plunger 136 is provided so that as pump 12 destrokes, the pressure
      in power line 16 increases so as to maintain the torque to turn pump 12
      constant. This constant diving torque follows the equation:
      ##EQU1##
      (see Fluid Power Handbook and Directory, 1970-1971, A-21) where:
PA1  T = Torque
PA1  C.I.R. = Cubic Inch Displacement per Revolution
PA1  P = Pounds per Square Inch.
PAL  By maintaining a constant driving torque for pump 12, the engine
      requirement for driving the vehicle may, in some cases, be reduced.
PAR  Pressure control valve 120 may restrict the maximum value of pressure which
      pump 12 can deliver. The length of spring 132 may be selected so that when
      servo-piston 130 compress spring 132, pump 12 is completely destroked at a
      selected pressure, such as, for example, 3000 psi. At this time, spring
      132 begins to move the swash plate to stroke the pump but the pump is
      immediately destroked due to the high pressure being delivered to valve
      120.
PAR  The next condition is when the operator increases the speed of the engine,
      such as, by driving the truck. Speed control pump 52 begins turning at a
      rapid rate and increases delivery of fluid to line 56. The pressure in
      line 56 is increasing as the flow is choked down by high speed restrictor
      58. When the pressure in control line 56 exceeds 200 psi, the plunger 78
      begins to move to the left. This movement is due to pressure acting on the
      face of land 80 via limiting line 60 being greater then the pressure
      exerted by spring 77 which is chosen to balance only 200 psi. Movement of
      plunger 78 to the left permits the high pressure fluid in actuating line
      66 to cross land 82 and enter destroke line 88. Note that as plunger 78
      moves to the left, land 86 begins to close off reservoir line 92.
PAR  The pressure in control line 56 is greater than 200 psi and is able to move
      shuttle valve 64 to the left against the pressure of fluid in signal line
      20. This movement is very rapid because the pressure in line 56 builds up
      quickly as land 86 blocks off its flow to reservoir 25. The fluid from
      shuttle line 62 crosses land 82 of high speed shut-off valve 70 and enters
      destroke chamber 128 to maintain variable displacement pump 12 destroked.
      Plunger 136 of pressure control valve 120 has moved back to the
      illustrated position but land 86 of valve 70 blocks flow from destroke
      line 88 to reservoir 25 via reservoir line 92. Since the pump 12 is not
      displacing any fluid at this time, only approximately 70 psi is required
      to maintain servo-piston 130 in a position to keep the pump 12 completely
      destroked.
PAR  Check valve 63 is located downstream of high speed restrictor 58 so as to
      prohibit fluid from backing up from reservoir line 92 into pump 52. If the
      pressure in reservoir line 92 is greater than that being displaced by pump
      52, the tendency to stop pump 52 might cause damage to pump 52.
PAR  In the event that the operator desires to turn off pump 12 at any time,
      electrical solenoid actuated valve 160 is provided. When the solenoid
      valve 160 is actuated, it dead heads the flow from control line 56 and
      increases the pressure to a value, such as, for example, 400 psi. This
      pressure acts in limiting line 60 against the pressure of shut-off spring
      76. However, shut-off spring 76 is able to balance an opposing pressure
      such as, for example, 200 psi and allows shut-off plunger 78 to move to
      the left such that fluid from pump 12 crosses from actuating line 66 into
      chamber line 90 and enters destroke chamber 128 where it causes pump 12 to
      destroke. Then fluid from control line 56 maintains pump 12 destroked as
      described hereinabove.
PAR  Relief valve 164 is located downstream of solenoid valve 160 between relief
      line 164 and reservoir 25 to limit the amount of pressure developed by
      pump 52 when solenoid valve 160 is in its actuated position.
PAR  One skilled in the art will realize that there has been disclosed a
      hydraulic control system that can cut-off power to a work function, has a
      relatively low horsepower loss, a quiet operation, increased reliability
      and is relatively inexpensive to operate.
PAR  While there has been described what is at present considered a preferred
      embodiment of the invention, it will be obvious to those skilled in the
      art that various changes and modifications may be made therein without
      departing from the invention, and it is, therefore, aimed in the appended
      claims to cover all such changes and modificiations as followed in the
      true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a hydraulic control system including a variable displacement pump for
      providing hydraulic fluid to a work function, driving means including a
      rotating shaft for operating said variable displacement pump, the
      improvement comprising:
PA1  a control circuit means connected to both said variable displacement pump
      and said driving means for permitting the delivery of fluid to said work
      function when said driving means is operating up to a predetermined speed
      and for stopping delivery of said hydraulic fluid to said work function
      when said driving means is running above said predetermined speed, said
      control circuit means further includes cutoff means for stopping delivery
      of power to said work function when said driving means is running up to
      said predetermined speed, wherein said control circuit means includes a
      speed control pump operated by said rotating shaft and connected to one
      end of a control line, said control line including a high speed restrictor
      means for restricting the flow of hydraulic fluid from said speed control
      pump, said control line being connected to both a limiting line located
      between said high speed restrictor means and said speed control pump and a
      shuttle valve line located upstream from said limiting line.
NUM  2.
PAR  2. The system as defined in claim 1, wherein a power line connects a
      variable displacement pump to said work function, a primary restrictor
      means is located in said power line for restricting the flow of hydraulic
      fluid to said work function, said primary restrictor means further
      includes a first signal line connected at one end to said power line
      upstream of said primary restrictor and a second signal line connected to
      said primary line downstream of said primary restrictor.
NUM  3.
PAR  3. The system as defined in claim 1, wherein said control circuit means
      includes a shuttle valve means connected to an actuating line, shuttle
      valve line, and said first signal line for permitting fluid communication
      between said first signal line and said actuating line when the pressure
      in the first signal line is greater than the pressure in the shuttle valve
      line and for permitting fluid communication between said shuttle valve
      line and said actuating line when the pressure in said shuttle valve line
      is greater than in said first signal line.
NUM  4.
PAR  4. The system as defined in claim 3, wherein said control circuit means
      includes a high speed shut-off means being responsive to fluid pressure in
      said control line for maintaining said variable displacement pump in a
      zero destroked position when said speed control pump is operating above a
      predetermined speed.
NUM  5.
PAR  5. The system as defined in claim 4, wherein said high speed shut-off means
      includes a shut-off valve body being connected at a first end to said
      limiting line and at a second end to a reservoir, said second end further
      including a shut-off spring, a shut-off plunger means being biased towards
      said first end by said shut-off spring and by fluid in said limiting line
      towards said second end for permitting fluid flow from a destroke line
      into a chamber line and from a reservoir line into said reservoir when the
      force of said shut-off spring is greater than the force of fluid in said
      limiting line and blocking these flows when the force of fluid in said
      limiting line overcomes the force of said shut-off spring.
NUM  6.
PAR  6. The system as defined in claim 2, wherein said control circuit means
      includes a flow control means for adjusting said variable displacement
      pump in response to a differential pressure across said primary restrictor
      so as to maintain a constant flow rate across said primary restrictor.
NUM  7.
PAR  7. The system as defined in claim 5, wherein said control circuit means
      includes a flow control means for adjusting said variable displacement
      pump in response to a differential pressure across said primary restrictor
      so as to maintain a constant flow rate across said primary restrictor.
NUM  8.
PAR  8. The system defined in claim 7, wherein said flow control means includes
      a flow control body being connected at a first end to said actuating line
      and at a second end to said second signal line, said second end further
      including a flow control spring for biasing a flow control plunger means
      towards said first end, said flow control plunger means for permitting
      unrestricted fluid flow through said actuating line, said destroke line,
      and said reservoir line when the pressure of fluid in said first signal
      line is less than the combined pressure from said flow control spring and
      pressure of fluid in said second signal line, and for permitting fluid to
      flow from said actuating line to said destroke line while interrupting the
      flow through said reservoir line when the pressure of fluid in said first
      signal line is greater than the combined pressure of said flow control
      spring and the fluid in said second signal line.
NUM  9.
PAR  9. The system as defined in claim 1, wherein said control circuit means
      includes a pressure control valve means for maintaining a substantially
      constant torque for turning said variable displacement pump when the
      pressure in said actuating line is below a first value, for destroking
      said variable displacement pump when the pressure in said actuating line
      is between said first value and a second value, and for destroking said
      variable displacement pump to zero displacement and maintaining this
      condition with said speed control pump when the pressure in said actuating
      line is above said second value.
NUM  10.
PAR  10. The system as defined in claim 8, wherein said control circuit means
      includes a pressure control valve means for maintaining a substantially
      constant torque for turning said variable displacement pump when the
      pressure in said actuating line is below a first value, for destroking
      said variable displacement pump when the pressure in said actuating line
      is between said first value and a second value, and for destroking said
      variable displacement pump to zero displacement and maintaining this
      condition with said speed control pump when the pressure in said actuating
      line is above said second value.
NUM  11.
PAR  11. The system as defined in claim 10, wherein said pressure control valve
      means includes a pressure control valve body, said pressure control valve
      body being connected at one end to said actuating line and at a second end
      to said chamber line, said second end comprising a destroke chamber
      containing a servo-piston being biased towards said second end by a
      destroke spring, said servo-piston being connected to a rod extending to
      said variable displacement pump for adjusting said pump, a pressure
      control plunger means in said pressure control valve body for blocking
      flow of hydraulic fluid from said first end when the pressure in said
      actuating line is below a first value, and for permitting fluid
      communication between said actuating line and said reservoir line when the
      pressure in said actuating line is between said first value and a second
      value and for permitting fluid communication between said actuating line
      and said destroke line when the pressure in said actuating line is greater
      than said second value.
NUM  12.
PAR  12. The system defined in claim 5, wherein said control line includes a
      secondary check means downstream of said high-speed restrictor means for
      prohibiting fluid flow from said reservoir line to said speed control pump
      when the pressure in said reservoir line is greater than the pressure in
      said control line.
NUM  13.
PAR  13. The system defined in claim 11, wherein said control line includes a
      secondary check means downstream of said high-speed restrictor means for
      prohibiting fluid flow from said reservoir line to said speed control pump
      when the pressure in said reservoir line is greater than the pressure in
      said control line.
NUM  14.
PAR  14. The system as defined in claim 1, wherein said cutoff means includes a
      solenoid valve means and wherein a relief line is connected between said
      solenoid valve and a relief valve.
NUM  15.
PAR  15. The system as defined in claim 13, wherein said cutoff means includes a
      solenoid valve means located in said control line downstream of said
      secondary check means, a relief line is connected between said solenoid
      valve and a relief valve.
NUM  16.
PAR  16. The system as defined in claim 15, wherein said solenoid valve means
      has a first position for permitting fluid to flow from said control line
      to said reservoir, said solenoid valve means further having a second
      position for permitting fluid from said control line to flow into one end
      of a relief line.
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ABST
PAL  A hydraulic control system includes a generating circuit for providing
      power to a work function. A driving apparatus operates the generating
      circuit. A control circuit is connected to the generating circuit and the
      driving apparatus for permitting delivery of power to the work function
      when the driving apparatus is operating up to a predetermined speed. The
      control circuit also stops delivery of power to the work function when the
      driving apparatus runs above the predetermined speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  While the invention is subject to a wide range of applications, it is
      especially suited for use in a hydraulic circuit required in a vehicle and
      will be particularly described in that connection. In hydraulic systems
      for vehicles, such as, for example, a refuse truck, the general practice
      is to have a hydraulic circuit for performing work functions such as, for
      example, compressing the refuse or raising the back to unload. The circuit
      many include an actuator which is powered by fluid delivered from a fixed
      displacement pump being operated by the main engine of the vehicle.
PAR  When the vehicle is not moving, the engine may idle at approximately 1000
      revolutions per minute (rpm) and the pump is geared to a drive shaft from
      the engine such that the pump may rotate at a higher speed, such as, for
      example 3000 rpm. When the vehicle starts to move, the engine begins
      operating at a higher speed, such as, for example, 3000 rpm and the pump
      speed correspondingly increases to approximately 9000 rpm.
PAR  When the pump is operating at such a high speed, it is displacing a large
      quantity of hydraulic fluid. This fluid is not needed when the hydraulic
      functions are not being performed, such as when the vehicle is moving.
      Since the fluid acts against a closed actuator valve, the pressure in the
      system drastically increases. The pressure may be relieved by a relief
      valve to a reservoir. The flow of hydraulic fluid across a pressure drop
      as created by the relief valve causes a horsepower loss. The resulting
      loss in efficiency means that additional fuel is required to operate the
      engine of the vehicle. Since fuel may be expensive, minimizing
      inefficiency is very important.
PAR  Another problem with running the pump at high speed is that it creates a
      great deal of noise. Since a refuse truck is operated in a residential
      area, the noise factor is important as it may be quite disturbing to the
      residents of the area.
PAR  Another consideration in operating a pump at a high speed and against a
      heavy load is that it may wear out in a shorter period of time. Increasing
      the frequency of pump repair adds to the expense of operating the
      equipment and may cause costly time delays when the vehicle is being
      repaired.
PAR  It is an object of the present invention to provide a hydraulic system
      which has a relatively low horsepower loss.
PAR  It is a further object of the present invention to provide a hydraulic
      system which has a quiet operation.
PAR  It is a further object of the present invention to provide a hydraulic
      system which has increased reliability.
PAR  It is a further object of the present invention to provide a hydraulic
      system which is relatively inexpensive to operate.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a hydraulic control system
      includes a generating circuit for providing power to a work function. A
      driving apparatus operates the generating circuit. A control circuit is
      connected to both the generating circuit and the driving apparatus for
      permitting the delivery of power to the work function when the driving
      apparatus is operating up to a predetermined speed. The control circuit
      also stops delivery of power to the work function when the driving
      apparatus is running above the predetermined speed.
PAR  To be more specific, a hydraulic control system may include a variable
      displacement pump for providing hydraulic fluid to a work function and a
      driving apparatus for operating the variable displacement pump. The
      improvement comprises a control circuit connected to both the variable
      displacement pump and the driving apparatus for permitting the delivery of
      fluid to the work function when the driving apparatus is operating up to a
      predetermined speed. The control circuit also stops delivery of the
      hydraulic circuit to the work function when the driving apparatus is
      running above the predetermined speed.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is made to the following
      description, taken in connection with the accompanying drawings, while its
      scope will be pointed out in the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The FIGURE is a schematic illustration of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A hydraulic control system includes a generating circuit 10 for providing
      power to a work function area 30. A driving apparatus 40 operates the
      generating circuit 10. A control circuit 50 is connected to both the
      generating circuit 10 and the driving apparatus 40 so as to permit the
      delivery of power to work function area 30 when driving apparatus 40 is
      operating up to a predetermined speed. Control circuit 50 alos stops the
      delivery of power to work function area 30 when driving apparatus 40 is
      running above the predetermined speed.
PAR  Referring to the FIGURE there is shown a schematic illustration of a
      hydraulic control system having the components which may be utilized in
      practising the invention. A generating circuit 10 may include a variable
      displacement pump 12, of the axial piston variable displacement type, such
      as, for example, a Dynapower Horsepower Limiter Model No. 30, Part No.
      892826, manufactured by New York Air Brake Co., a Unit of General Signal
      Corporation. Pump 12 receives fluid from a line 14 which is connected to a
      reservoir 25. The fluid from pump 12 is discharged into a power line 16
      which is connected at its downstream end to work function area 30.
PAR  Work function area 30 may include two or more pressure compensated control
      values 32 and 33 of the type disclosed in U.S. Pat. application Ser. No.
      392,901 filed Aug. 30, 1973 now U.S. Pat. No. 3,878,679. Compensated
      control valves 32 and 33 deliver fluid to actuators 34 and 35,
      respectively. However, the present invention is not limited to pressure
      compensated control valves and may include any valve which can supply
      fluid to an actuator and thereby do work.
PAR  A primary restrictor 18 is located in power line 16 for restricting the
      flow of hydraulic fluid to work function area 30. A signal line 20 is
      connected to power line 16 upstream of primary restrictor 18. A signal
      line 22 is connected to the primary line 16 downstream of primary
      restrictor 18.
PAR  Driving apparatus 40 includes a shaft 42 which is connected to a
      conventional vehicle engine 44 by a linkage 46. Linkage 46 includes
      conventional gearing which permits engine 44 to rotate shaft 42 at a speed
      which may be, for example, three times the rpm of engine 44. Shaft 42
      rotates variable displacement pump 12 whenever the engine is turning. When
      engine 44 is idling, the speed that shaft 42 rotates is the predetermined
      speed within the terms of the specification. However, it is understood
      that the predetermined speed might be related to any desired engine speed.
PAR  A control circuit 50 includes a speed control pump 52 (not illustrated for
      ease of explanation) of the positive displacement type, such as, for
      example, a Model TRA distributed by the Tuthill Corp. Pump 52 is also
      operated by shaft 42 in the same manner as described above for pump 12.
      Pump 52 receives fluid from reservoir 25 through a line 54 and displaces
      the fluid into a control line 56.
PAR  Control line 56 includes a high speed restrictor apparatus 58, such as, for
      example, a conventional flow restrictor. Control line 56 is connected to a
      limiting line 60 located between high speed restrictor 58 and speed
      control pump 52. A shuttle valve line 62 is located upstream from limiting
      line 60 and downstream of pump 52. A secondary check valve 63 is located
      in control line 56 downstream of high speed restrictor 58.
PAR  Control circuit 50 also includes a shuttle valve 64 which is connected to
      an actuating line 66, shuttle valve line 62, and signal line 20. Shuttle
      valve 64 permits fluid to pass into actuating line 66 from either signal
      line 20 or shuttle line 62 depending on the pressure in lines 62 and 20.
PAR  A high speed shut-off valve 70 is responsive to hydraulic pressure in
      control line 56 for maintaining variable displacement pump 12 in a zero
      discharge position when speed control pump 52 is operating above a
      predetermined speed. High speed shut-off valve 70 includes a shut-off
      valve body 72 which is connected at one end 73 to limiting line 60 and at
      the other end 74 to reservoir 25 via a reservoir line 75. End 74 includes
      a spring chamber 76 which houses a shut-off spring 77 for biasing a
      shut-off plunger 78 towards end 73. Shut-off plunger 78 includes four
      lands 80, 82, 84, and 86. Land 80 is acted on by fluid pressure in
      limiting line 60 to bias plunger 78 towards end 74. When plunger 78 is
      biased towards end 73, lands 82 and 84 are positioned to permit fluid to
      flow from a destroke line 88 into a chamber line 90. At that time, land 86
      permits fluid to flow from a reservoir line 92, into spring chamber 76 and
      finally into reservoir 25 via reservoir line 75.
PAR  A flow control valve 100 cooperates to adjust the variable displacement
      pump 12 in response to a differential pressure across primary restrictor
      18. The effect is to maintain a constant flow rate across primary
      restrictor 18. Flow control valve 100 includes a flow control body 102
      which is connected at one end 103 to actuating line 66 and at the other
      end 104 to signal line 22. End 104 includes a spring chamber 105 which
      houses a flow control spring 106 for biasing a flow control plunger 107
      towards end 103. Flow control plunger 107 includes three lands, 108, 110,
      and 112. When flow control spring 106 biases plunger 107 towards end 103,
      land 108 is positioned between actuating line 66 and destroke line 88. At
      that time, land 110 is between destroke line 88 and reservoir line 92 and
      land 102 is between reservoir line 92 and spring chamber 105.
PAR  A pressure control valve 120 is connected to variable displacement pump 12
      so as to regulate the pressure of the fluid delivered by pump 12. Pressure
      control valve 120 includes a pressure control valve body 122. Body 122 is
      connected at one end 124 to actuating line 66 and at a second end 126 to
      chamber line 90. End 126 includes a destroke chamber 128 which contains a
      servo-piston 130. Piston 130 is biased towards second end 126 by a
      destroke spring 132. Servo-piston 130 is connected to a rod 134 which
      adjusts the swash plate of variable displacement pump 12. A pressure
      control plunger 136 has two lands, 138 and 140. When plunger 136 is biased
      by spring 132 against end 124, land 138 is positioned between actuating
      line 66 and destroke line 88. At that time, land 140 is between reservoir
      line 92 and end 126. For reasons described hereinbelow, the width of land
      138 is less than the width of destroke line 88.
PAR  A conventional two position solenoid valve 160 is located in control line
      56. In the illustrated position valve 160 allows fluid from punp 52 to
      pass into reservoir line 92. When the solenoid is actuated and valve 160
      is in a second position, fluid flows from line 56 into relief line 162.
      The fluid then crosses a conventional variable relief valve 164 and flows
      into reservoir 25.
PAR  The unique features of the present invention can be more fully understood
      from the following description of its typical operation. Assume that a
      refuse vehicle is standing still with its engine idling. When the operator
      desires to compress the refuse, he shifts control valve 32 so as to allow
      fluid to flow from power line 16 into actuator 34. The rod in the actuator
      moves a crushing apparatus and compresses the refuse.
PAR  Assuming engine 44 of the vehicle is idling at approximately 1000 rpm,
      shaft 42 may be geared so as to turn variable displacement pump 12 at
      approximately 3000 rpm. Pump 12 draws hydraulic fluid from reservoir 25
      through reservoir line 14 and delivers the fluid at a pressure, such as,
      for example, 2500 pounds per square inch (psi) into a primary restrictor
      18. Restrictor 18 is selected in this example to develop a differential
      pressure of 200 psi and allow 25 gallons per minute (gpm) to flow into
      work function area 30. Signal line 20 is then sensing fluid at a pressure
      of 2500 psi while signal line 22 is sensing pressure of 2300 psi.
PAR  During this time, speed control pump 52 is turned by shaft 42 at 3000 rpm.
      Hydraulic fluid from reservoir 25 is drawn by speed control pump 52 from
      reservoir line 54 and directed into control line 56. The volume of the
      flow is low as pump 52 may be rated to deliver 0.4 gpm at 3600 rpm. Fluid
      in line 56 crosses high speed restrictor 58 which is selected to permit 3
      gpm to pass. Thus, when pump 52 is rotating at 3000 rpm, no pressure
      buildup occurs in line 56 due to choking at restrictor 58. The fluid then
      crosses check valve 63, solenoid valve 160, reservoir line 92, and finally
      enters reservoir 25.
PAR  Referring to control shuttle valve 64, note that signal line 20 puts 2500
      psi on the left side of shuttle valve 64 while control line 56 puts 200
      psi into shuttle line 62. Thus, shuttle valve 64 is in a position to allow
      fluid from signal line 20 to flow into actuating line 66. Hydraulic fluid
      from control line 56 flows across high-speed restrictor 58, secondary
      check valve 63, solenoid valve 160, reservoir line 92, spring chamber 76,
      and into reservoir 25 via reservoir line 75.
PAR  The fluid in actuating line 66 crosses high-speed shut-off valve 70 between
      lands 80 and 82. However, these lands have the same diameter and the flow
      does not effect shut-off plunger 78.
PAR  The fluid continues down actuating line 66 and crosses flow control valve
      100 and acts against plunger 107. The pressure on plunger 107 is balanced
      by flow control spring 106. Flow control spring 106 may be chosen such
      that it might, for example, balance plunger 107 when a 200 psi pressure
      differential exists across primary restrictor 18. Thus, the 2300 psi from
      signal line 22 combined with the 200 psi from the flow control spring 106
      acts on land 112 to balance plunger 107 against the 2500 psi from
      actuating line 66 which is acting on right side of plunger 107.
PAR  The fluid in actuating line 66 then enters pressure control valve 120 and
      acts against land 138. The pressure control plunger 136 is biased against
      a destroke spring 132 as well as the force of the swash plate associated
      with pump 12 acting against rod 134. The swash plate is biased at pump 12
      to maintain the pressure being delivered by the pump. In this case, pump
      12 delivers 2500 psi and the swash plate exerts a force on rod 134 and
      servo-piston 130 equal to that required to maintain the pump at its
      operating pressure. The force of rod 134 combined with the force of
      destroke spring acts against plunger 135 via land 140 to prohibit the
      pressure in actuating line 66 acting on land 138 to move plunger 136
      toward end 126 of pressure control valve 120.
PAR  When the system is in the condition described above, it is delivering the
      proper amount of fluid at the proper pressure to work function area 30.
PAR  Next, assume that pump 12 begins delivering at a rate of flow greater than
      the selected amount, such as, for example, 26 gpm. Then, the differential
      pressure across primary restrictor 18 increases to a value greater than
      200 psi. This change in differential pressure is sensed by flow control
      valve 100 via signal lines 20 and 22. The pressure in spring chamber 105
      of flow control valve 100 is combined with the pressure exerted by flow
      control spring 106 to try and balance the flow control plunger 107 against
      the pressure in actuating line 66. However, the increased differential
      pressure results in plunger 107 moving towards spring chamber end 104
      until land 108 allows fluid to pass from actuating line 66 to destroke
      line 88. At this time, note that land 110 begins to restrict reservoir
      line 92 and thereby begins to interrupt flow through reservoir line 92.
      The fluid crossing land 108 has a tendency to flow through destroke line
      88 into pressure control valve 120, up reservoir line 92, and into
      reservoir 25 via reservoir line 75. However, as explained above, the
      reservoir line 92 is restricted by land 110, and the pressure of the fluid
      builds up in destroke line 88 and fluid flows through chamber line 90 into
      destroke chamber 128. Here, the pressurized fluid acts against
      servo-piston 130 and destroke spring 132 to move rod 134 and thereby
      destroke variable displacement pump 12. Pump 12 destrokes until its output
      is reduced to 25 gpm. Thus, pump 12 is very efficient in that it only
      delivers the amount of flow required by the design of the system. The
      pressure, developed by variable displacement pump 12, in actuating line 66
      which is not great enough to move pressure control plunger 136 against the
      force from the bias of the swash plate of pump 12 acting through rod 134
      combined with the force of destroke spring 132 is the definition of the
      first value within the terms of the specification.
PAR  Next, assume that the operator moves valve 32 into a neutral position so as
      to stop supplying fluid to actuator 34. The flow to work function area 30
      is said to be "dead headed" and pump 12 is operating at full stroke and
      delivering fluid at an increasing rate of pressure. At this time, rod 134
      is positioned so that servo-piston 130 is at the extreme left of its
      travel. Destroke spring 132 is fully extended and exerts a minimum spring
      force on pressure control plunger 136.
PAR  The pressure in power line 16 downstream of primary restrictor 18 is now
      equal to the pressure delivered by pump 12. Thus, the pressure delivered
      to spring chamber 105 via signal line 22 combined with flow control spring
      106 maintains plunger 107 in the position shown in the FIGURE against
      fluid pressure in actuating line 66.
PAR  The fluid in actuator line 66 enters a first end 124 of pressure control
      valve 120 and acts on land 138 to begin to move plunger 136 against the
      combined force from rod 134 and spring 132 acting on land 140. The
      pressure in line 16 continues to increase since the flow is dead headed at
      work function area 30. Since land 138 is slightly narrower than destroke
      line 88, as described above, the fluid from actuating line 66 crosses land
      138 and enters reservoir 25 via reservoir line 92 and thereby relieves the
      pressure in power line 16. The pressure in line 66 which moves plunger 136
      to a position with land 138 opposite destroke line 88 is defined as
      between the first value and second value within the terms of the
      specification.
PAR  If the pressure in power line 16 continues to increase to a value such as,
      for example, 4000 psi, the pressure control plunger 136 moves to the left
      until land 138 blocks actuating line 66 and reservoir line 92. Then the
      fluid enters destroke line 88 and passes through chamber line 90 into
      destroke chamber 128. The pressurized fluid drives servo-piston 130
      against spring 132. The rod 134 is connected to the servo-piston and
      adjusts the swash plate of variable displacement pump 12 so as to destroke
      pump 12. Pump 12 maintains this position until fluid is again required at
      work function area 30. The pressure of fluid in line 66 which is enough to
      move plunger 136 to a position where land 138 is between lines 88 and 92
      is defined as the second value within the terms of the specification.
PAR  Destroke spring 132, between the swash plate of pump 12 and pressure
      control plunger 136 is provided so that as pump 12 destrokes, the pressure
      in power line 16 increases so as to maintain the torque to turn pump 12
      constant. This constant diving torque follows the equation:
      ##EQU1##
      (see Fluid Power Handbook and Directory, 1970-1971, A-21) where:
PA1  T = Torque
PA1  C.I.R. = Cubic Inch Displacement per Revolution
PA1  P = Pounds per Square Inch.
PAL  By maintaining a constant driving torque for pump 12, the engine
      requirement for driving the vehicle may, in some cases, be reduced.
PAR  Pressure control valve 120 may restrict the maximum value of pressure which
      pump 12 can deliver. The length of spring 132 may be selected so that when
      servo-piston 130 compress spring 132, pump 12 is completely destroked at a
      selected pressure, such as, for example, 3000 psi. At this time, spring
      132 begins to move the swash plate to stroke the pump but the pump is
      immediately destroked due to the high pressure being delivered to valve
      120.
PAR  The next condition is when the operator increases the speed of the engine,
      such as, by driving the truck. Speed control pump 52 begins turning at a
      rapid rate and increases delivery of fluid to line 56. The pressure in
      line 56 is increasing as the flow is choked down by high speed restrictor
      58. When the pressure in control line 56 exceeds 200 psi, the plunger 78
      begins to move to the left. This movement is due to pressure acting on the
      face of land 80 via limiting line 60 being greater than the pressure
      exerted by spring 77 which is chosen to balance only 200 psi. Movement of
      plunger 78 to the left permits the high pressure fluid in actuating line
      66 to cross land 82 and enter destroke line 88. Note that as plunger 78
      moves to the left, land 86 begins to close off reservoir line 92.
PAR  The pressure in control line 56 is greater than 200 psi and is able to move
      shuttle valve 64 to the left against the pressure of fluid in signal line
      20. This movement is very rapid because the pressure in line 56 builds up
      quickly as land 86 blocks off its flow to reservoir 25. The fluid from
      shuttle line 62 crosses land 82 of high speed shut-off valve 70 and enters
      destroke chamber 128 to maintain variable displacement pump 12 destroked.
      Plunger 136 of pressure control valve 120 has moved back to the
      illustrated position but land 86 of valve 70 blocks flow from destroke
      line 88 to reservoir 25 via reservoir line 92. Since the pump 12 is not
      displacing any fluid at this time, only approximately 70 psi is required
      to maintain servo-piston 130 in a position to keep the pump 12 completely
      destroked.
PAR  Check valve 63 is located downstream of high speed restrictor 58 so as to
      prohibit fluid from backing up from reservoir line 92 into pump 52. If the
      pressure in reservoir line 92 is greater than that being displaced by pump
      52, the tendency to stop pump 52 might cause damage to pump 52.
PAR  In the event that the operator desires to turn off pump 12 at any time,
      electrical solenoid actuated valve 160 is provided. When the solenoid
      valve 160 is actuated, it dead heads the flow from control line 56 and
      increases the pressure to a value, such as, for example, 400 psi. This
      pressure acts in limiting line 60 against the pressure of shut-off spring
      76. However, shut-off spring 76 is able to balance an opposing pressure
      such as, for example, 200 psi and allows shut-off plunger 78 to move to
      the left such that fluid from pump 12 crosses from actuating line 66 into
      chamber line 90 and enters destroke chamber 128 where it causes pump 12 to
      destroke. Then fluid from control line 56 maintains pump 12 destroked as
      described hereinabove.
PAR  Relief valve 164 is located downstream of solenoid valve 160 between relief
      line 164 and reservoir 25 to limit the amount of pressure developed by
      pump 52 when solenoid valve 160 is in its actuated position.
PAR  One skilled in the art will realize that there has been disclosed a
      hydraulic control system that has a relatively low horsepower loss, a
      quiet operation, increased reliability and is relatively inexpensive to
      operate.
PAR  While there has been described what is at present considered a preferred
      embodiment of the invention, it will be obvious to those skilled in the
      art that various changes and modifications may be made therein without
      departing from the invention, and it is, therefore, aimed in the appended
      claims to cover all such changes and modifications as followed in the true
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydraulic control system including:
PA1  a generating means for providing power to a work function, including a
      variable displacement pump for discharging hydraulic fluid into a power
      line connecting said variable displacement pump to said work function;
PA1  a driving means for operating said generating means, including a rotating
      shaft for operating said variable displacement pump;
PA1  a control circuit means connected to both said generating means and said
      driving means for permitting the delivery of power to said work function
      when said driving means is operating up to a predetermined speed and for
      stopping delivery of power to said work function when said driving means
      is running above said predetermined speed, wherein said control circuit
      means includes a speed control pump operated by said rotating shaft and
      connected to one end of a control line, said control line including a high
      speed restrictor means for restricting the flow of hydraulic fluid from
      said speed control pump; said control line being connected to both a
      limiting line located between said high speed restrictor means and said
      speed control pump and a shuttle valve line located upstream from said
      limiting line.
NUM  2.
PAR  2. The system as defined in claim 1, wherein a primary restrictor means is
      located in said power line for restricting the flow of hydraulic fluid to
      said work function; said primary restrictor means further includes a first
      signal line connected at one end to the power line upstream of said
      primary restrictor and a second signal line connected to said primary line
      downstream of said primary restrictor means.
NUM  3.
PAR  3. The system as defined in claim 1, wherein said control circuit means
      includes a shuttle valve means being connected to an actuating line, said
      shuttle valve line, and said first signal line for permitting fluid
      communication between said first signal line and said actuating line when
      the pressure in the first signal line is greater than the pressure in said
      shuttle valve line and for permitting fluid communication between said
      shuttle valve line and said actuating line when the pressure in said
      shuttle valve line is greater than in said first signal line.
NUM  4.
PAR  4. The system as defined in claim 3, wherein said control circuit means
      includes a high speed shut off means being responsive to hydraulic fluid
      pressure in said control line for maintaining said variable displacement
      pump in a destroked position when said speed control pump is operating
      above a predetermined speed.
NUM  5.
PAR  5. The system as defined in claim 4, wherein said high speed shut-off means
      includes a shut-off valve body being connected at first end to said
      limiting line and at a second end to a reservoir, said second end further
      including a shutoff spring, a shut-off plunger means being biased towards
      said first end by said shut-off spring and by fluid in said limiting line
      towards said second end for permitting fluid to flow from a destroke line
      into a chamber line and from a reservoir line into said reservoir when the
      force of said shut-off spring is greater than the force of fluid in said
      limiting line and blocking these flows when the force of fluid in said
      limiting line overcomes the force of said shut-off spring.
NUM  6.
PAR  6. The system defined in claim 5, wherein said shut-off plunger means
      includes a shut-off plunger having four shut-off lands, said first
      shut-off land is between said limiting line and said actuating line, said
      second land is between said actuating line and said destroke line, said
      third land is between said destroke line and said fourth land, and said
      fourth land is between said third land and said reservoir line when the
      shut-off plunger is biased toward said first end by said shut-off spring.
NUM  7.
PAR  7. The system as defined in claim 2, wherein said control circuit means
      includes a flow control means for adjusting said variable displacement
      pump in response to a differential pressure across said primary restrictor
      so as to maintain a constant flow rate across said primary restrictor.
NUM  8.
PAR  8. The system as defined in claim 5, wherein said control circuit means
      includes a flow control means for adjusting said variable displacement
      pump in response to a differential pressure across said primary restrictor
      so as to maintain a constant flow rate across said primary restrictor.
NUM  9.
PAR  9. The system as defined in claim 8, wherein said flow control means
      includes a flow control body being connected at a first end to said
      actuating line and at a second end to said second signal line, said second
      end further including a flow control spring for biasing a flow control
      plunger means towards said first end, said flow control plunger means for
      permitting unrestricted fluid flow through said actuating line, said
      destroke line, and said reservoir line when the pressure in said first
      signal line is less than the combined pressure from said flow control
      spring and the presssure of fluid in said second signal line for
      permitting fluid to flow from said actuating line to said destroke line
      while interrupting the flow through said reservoir line when the pressure
      of fluid in said first signal line is greater than the combined pressure
      of said flow control spring and the fluid in said second signal line.
NUM  10.
PAR  10. The system defined in claim 9, wherein said flow control plunger means
      includes a flow control plunger having three flow control plunger lands,
      said first flow control land is located between said actuating line and
      said destroke line, said second flow control land is located between said
      destroke line and said reservoir line, and said third flow control land is
      located between said reservoir line and said second end when said flow
      control plunger is biased towards said first end by said flow control
      spring.
NUM  11.
PAR  11. The system as defined in claim 1, wherein said control circuit means
      includes a pressure control valve means for maintaining a substantially
      constant torque for turning said variable displacement pump when the
      pressure in said actuating line is below a first value, for destroking
      said variable displacement pump when the pressure in said actuating line
      is between said first value and a second value and for destroking said
      variable displacement pump to zero displacement and maintaining this
      condition with said speed control pump when the pressure in said actuating
      line is above said second value.
NUM  12.
PAR  12. The system as defined in claim 9, wherein said control circuit means
      includes a pressure control valve means for maintaining a substantially
      constant torque for turning said variable displacement pump when the
      pressure in said actuating line is below a first value, for destroking
      said variable displacement pump when the pressure in said actuating line
      is between said first value and a second value and for destroking said
      variable displacement pump to zero displacement and maintaining this
      condition with said speed control pump when the pressure in said actuating
      line is above said second value.
NUM  13.
PAR  13. The system as defined in claim 12, wherein said pressure control valve
      means includes a pressure control valve body, said pressure control valve
      body being connected at one end to said actuating line and at a second end
      to said chamber line, said second end comprising a destroke chamber
      containing a servo-piston being biased towards said second end by a
      destroke spring, said servo-piston being connected to a rod extending to
      said variable displacement pump for adjusting said pump, a pressure
      control plunger means in said pressure control valve body for blocking
      flow of hydraulic fluid from said first end when the pressure in said
      actuating line is below a first value for permitting fluid communication
      between said actuating line and said reservoir line when the pressure in
      said actuating line is between said first value and a second value, and
      for permitting communication between said actuating line and said destroke
      line when the pressure in said actuating line is greater than said second
      value.
NUM  14.
PAR  14. The system defined in claim 13, wherein said pressure control plunger
      means includes a pressure control plunger having two pressure control
      lands wherein said first pressure control land is located between said
      actuating line and said destroke line and said second pressure control
      land is located between said reservoir line and said second end of said
      pressure control valve body when the pressure in said actuating line is
      below a first value.
NUM  15.
PAR  15. The system defined in claim 5, wherein said control line includes a
      secondary check means downstream of said high-speed restrictor means for
      prohibiting fluid flow from said reservoir line to said speed control pump
      when the pressure in said reservoir line is greater than the pressure in
      said control line.
NUM  16.
PAR  16. The system defined in claim 13, wherein said control line includes a
      secondary check means downstream of said high-speed restrictor means for
      prohibiting fluid flow from said reservoir line to said speed control pump
      when the pressure in said reservoir line is greater than the pressure in
      said control line.
NUM  17.
PAR  17. In a hydraulic control system including a variable displacement pump
      for providing hydraulic fluid to a work function, driving means including
      a rotating shaft for operating said variable displacement pump, the
      improvement comprising:
PA1  a control circuit means connected to both said variable displacement pump
      and said driving means for permitting the delivery of fluid to said work
      function when said driving means is operating up to a predetermined speed
      and for stopping delivery of said hydraulic fluid to said work function
      when said driving means is running above said predetermined speed, wherein
      said control circuit means includes a speed control pump operated by said
      rotating shaft and connected to one end of a control line, said control
      line including a high speed restrictor means for restricting the flow of
      hydraulic fluid from said speed control pump, said control line being
      connected to both a limiting line located between said high speed
      restrictor means and said speed control pump and a shuttle valve line
      located upstream from said limiting line.
NUM  18.
PAR  18. The system as defined in claim 17, wherein a power line connects a
      variable displacement pump to said work function, a primary restrictor
      means is located in said power line for restricting the flow of hydraulic
      fluid to said work function, said primary restrictor means further
      includes a first signal line connected at one end to said power line
      upstream of said primary restrictor and a second signal line connected to
      said primary line downstream of said primary restrictor.
NUM  19.
PAR  19. The system as defined in claim 17, wherein said control circuit means
      includes a shuttle valve means connected to an actuating line, said
      shuttle valve line, and said first signal line for permitting fluid
      communication between said first signal line and said actuating line when
      the pressure in the first signal line is greater than the pressure in the
      shuttle valve line and for permitting fluid communication between said
      shuttle valve line and said actuating line when the pressure in said
      shuttle valve line is greater than in said first signal line.
NUM  20.
PAR  20. The system as defined in claim 19, wherein said control circuit means
      includes a high speed shut-off means being responsive to fluid pressure in
      said control line for maintaining said variable displacement pump in a
      zero destroked position when said speed control pump is operating above a
      predetermined speed.
NUM  21.
PAR  21. The system as defined in claim 20, wherein said high speed shut-off
      means includes a shut-off valve body being connected at a first end to
      said limiting line and at a second end to a reservoir, said second end
      further including a shutoff spring, a shut-off plunger means being biased
      towards said first end by said shut-off spring and by fluid in said
      limiting line towards said second end for permitting fluid flow from a
      destroke line into a chamber line and from a reservoir line into said
      reservoir when the force of said shut-off spring is greater than the force
      of fluid in said limiting line and blocking these flows when the force of
      fluid in said limiting line overcomes the force of said shut-off spring.
NUM  22.
PAR  22. The system defined in claim 21, wherein said shut-off plunger means
      includes a shut-off plunger having four shut-off lands, said first
      shut-off land is between said limiting line and said actuator line, said
      second land is between said actuator line and said destroke line, said
      third land is between said destroke line and said fourth land, and said
      fourth land is between said third land and said reservoir line when the
      shut-off plunger is biased toward said first end by said shut-off spring.
NUM  23.
PAR  23. The system as defined in claim 18, wherein said control circuit means
      includes a flow control means for adjusting said variable displacement
      pump in response to a differential pressure across said primary restrictor
      so as to maintain a constant flow rate across said primary restrictor.
NUM  24.
PAR  24. The system as defined in claim 21, wherein said control circuit means
      includes a flow control means for adjusting said variable displacement
      pump in response to a differential pressure across said primary restrictor
      so as to maintain a constant flow rate across said primary restrictor.
NUM  25.
PAR  25. The system defined in claim 24, wherein saaid flow control means
      includes a flow control body being connected at a first end to said
      actuating line and at a second end to said second signal line, said second
      end further including a flow control spring for biasing a flow control
      plunger means towards said first end, said flow control plunger means for
      permitting unrestricted fluid flow through said actuating line, said
      destroke line, and said reservoir line when the pressure of fluid in said
      first signal line is less than the combined pressure from said flow
      control spring and fluid in said second signal line, and for permitting
      fluid to flow from said actuating line to said destroke line while
      interrupting the flow through said reservoir line when the pressure of
      fluid in said first signal line is greater than the combined pressure of
      said flow control spring and the fluid in said second signal line.
NUM  26.
PAR  26. The system defined in claim 25, wherein said flow control plunger means
      includes a flow control plunger having three flow control plunger lands,
      wherein said first flow control land is located between said actuating
      line and said destroke line, said second flow control land is located
      between said destroke line and said reservoir line, and said third flow
      control land is located between said reservoir line and said second end
      when said flow control plunger is biased towards said first end by said
      flow control spring.
NUM  27.
PAR  27. The system as defined in claim 17, wherein said control circuit means
      includes a pressure control valve means for maintaining a substantially
      constant torque for turning said variable displacement pump when the
      pressure in said actuating line is below a first value, for destroking
      said variable displacement pump when the pressure in said actuating line
      is between said first value and a second value, and for destroking said
      variable displacement pump to zero displacement and maintaining this
      condition with said speed control pump when the pressure in said actuating
      line is above said second value.
NUM  28.
PAR  28. The system as defined in claim 25, wherein said control circuit means
      includes a pressure control valve means for maintaining a substantially
      constant torque for turning said variable displacement pump when the
      pressure in said actuating line is below a first value, for destroking
      said variable displacement pump when the pressure in said actuating line
      is between said first value and a second value, and for destroking said
      variable displacement pump to zero displacement and maintaining this
      condition with said speed control pump when the pressure in said actuating
      line is above said second value.
NUM  29.
PAR  29. The system as defined in claim 28, wherein said pressure control valve
      means includes a pressure control valve body, said pressure control valve
      body being connected at one end to said actuating line and at a second end
      to said chamber line, said second end comprising a destroke chamber
      containing a servo-piston being biased towards said second end by a
      destroke spring, said servo-piston being connected to a rod extending to
      said variable displacement pump for adjusting said pump, a pressure
      control plunger means in said pressure control valve body for blocking
      flow of hydraulic fluid from said first end when the pressure in said
      actuating line is below a first value, and for permitting fluid
      communication between said actuating line and said reservoir line when the
      pressure in said actuating line is between said first value and a second
      value and for permitting fluid communication between said actuating line
      and said destroke line when the pressure in said actuating line is greater
      than said second value.
NUM  30.
PAR  30. The system defined in claim 29, wherein said pressure control plunger
      means includes a pressure control plunger having two pressure control
      lands wherein said first pressure control land is located between said
      actuating line and said destroke line and said second pressure control
      land is located between said reservoir line and said second end of said
      pressure control valve body when the pressure in said actuating line is
      below a first value.
NUM  31.
PAR  31. The system defined in claim 21, wherein said control line includes a
      secondary check means downstream of said high-speed restrictor means for
      prohibiting fluid flow from said reservoir line to said speed control pump
      when the pressure in said reservoir line is greater than the pressure in
      said control line.
NUM  32.
PAR  32. The system defined in claim 29, wherein said control line includes a
      secondary check means downstream of said high-speed restrictor means for
      prohibiting fluid flow from said reservoir line to said speed control pump
      when the pressure in said reservoir line is greater than the pressure in
      said control line.
NUM  33.
PAR  33. A hydraulic control system including:
PA1  a variable displacement pump for providing power to a work function;
      destroke control means for reducing the displacement of said variable
      displacement pump;
PA1  driving means for operating said variable displacement pump;
PA1  speed sensor means for generating a control pressure signal which is
      proportional to the speed of rotation of said variable displacement pump;
PA1  first pressure sensing means for developing a first pressure signal
      proportional to the output pressure of said variable displacement pump;
PA1  shuttle valve means connected to an actuating line and adapted to receive
      said control pressure signal and said first pressure signal, for comparing
      said control pressure signal and said first pressure signal and for
      permitting said actuating line to receive said first pressure signal when
      the difference between said control pressure signal and said first
      pressure signal is less than a predetermined value, and for permitting
      said actuating line to receive said control pressure signal when the
      difference between said control pressure signal and said first pressure
      signal exceeds a predetermined value; and
PA1  high speed shut-off means connected to said actuating line and to said
      destroke control means and responsive to said control pressure signal to
      communicate said actuating line with said destroke control means for
      maintaining said variable displacement pump in a destroked position when
      said variable displacement pump is operating above a predetermined speed.
NUM  34.
PAR  34. The system as defined in claim 33, further including:
PA1  pressure control means connected to said actuating line for maintaining a
      substantially constant torque for turning said variable displacement pump
      when the pressure in said actuating line is below a first value, for
      destroking said variable displacement pump when the pressure in said
      actuating line is between said first value and a second value and for
      destroking said variable displacement pump to zero displacement and
      maintaining this condition with said high speed shutoff means when the
      pressure in said actuating line is above said second value.
NUM  35.
PAR  35. The system as defined in claim 33, further including:
PA1  primary restrictor means connected to the output of said variable
      displacement downstream of said first pressure sensing means;
PA1  second pressure sensing means for developing a second pressure signal
      proportional to the pressure downstream of said primary restrictor means;
      and
PA1  flow control means connected to said actuating line and adapted to receive
      said second pressure signal for adjusting the output of said variable
      displacement pump in response to the difference between the pressure in
      said actuating line and said second pressure signal to thereby maintain a
      constant flow rate across said primary restrictor.
NUM  36.
PAR  36. The system as defined in claim 35, further including:
PA1  pressure control means connected to said actuating line for maintaining a
      substantially constant torque for turning said variable displacement pump
      when the pressure in said actuating line is below a first value, for
      destroking said variable displacement pump when the pressure in said
      actuating line is between said first value and a second value and for
      destroking said variable displacement pump to zero displacement and
      maintaining this condition with said high speed shut-off means when the
      pressure in said actuating line is above said second value.
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ABST
PAL  An engine including a combustion chamber having connected thereto a
      combustion-air inlet duct in which a first restriction is incorporated,
      and a flue-gas return duct incorporating a second restriction connected to
      a part of the combustion air duct which is situated between the combustion
      chamber and the first restriction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a device for converting calorific energy into
      mechanical energy, comprising at least one combustion chamber having
      connected thereto at least one inlet duct for fuel, at least one inlet
      duct for combustion air in which a first restriction is incorporated, and
      at least one outlet duct for flue gases. A flue-gas return duct is
      provided having an inlet and an outlet, the inlet being connected to the
      flue gas outlet duct and the outlet to the part of the combustion air
      inlet duct which is situated between the combustion chamber and the first
      restriction. The flue gas return duct incorporates a second restriction
      which is constructed such that the mass flow of flue gas which passes
      through in each operating condition of the device is at least
      substantially proportional to the root of the pressure difference
      prevailing across the second restriction.
PAR  A device of the kind set forth has been proposed in the U.S. Pat. No.
      3,846,985 in the name of Applicant. Devices of this kind are, for example,
      hot-gas reciprocating engines, hot-gas turbines, internal combustion
      engines and the like. In these known devices a part of the flue gasses
      discharged from the device is branched off and, after mixing with
      combustion air, is returned to the combustion chamber. Because of their
      heat capacity the returned flue gases ensure that the combustion
      temperature in the combustion chamber does not become too high. It is thus
      achieved that nitrogen oxides are formed only to a limited extent. This is
      because the production of health-hazardous nitrogen oxides increases
      strongly as the temperature at which the combustion of the air-fuel
      mixture takes place is higher. Consequently, devices of this kind offer
      the advantage that air pollution is minimized.
PAR  By the use of a turbulent restriction in the flue-gas return duct and a
      laminar restriction in the combustion air inlet duct it is automatically
      achieved in the proposed device that when at small loads of the device,
      when comparatively small quantities of combustion air are supplied,
      comparatively large quantities of flue gas are recirculated, while in the
      case of large loads, when comparatively large quantities of combustion air
      are supplied to the device, comparatively small quantities of flue gas are
      recirculated.
PAR  The fact that a comparatively large quantity of flue gas is recirculated in
      the case of small loads is particularly attractive in hot-gas engines and
      internal combustion engines for traction purposes. These engines usually
      have a small load in city traffic, and air pollution should be minimized
      particularly in these circumstances.
PAR  In these circumstances a comparatively large recirculation of flue gases
      not only ensures that only small quantities of nitrogen oxides are
      produced, but also only a small quantity of carbon monoxide. Moreover,
      also the presence of non-combusted carbon hydrates and soot in the exhaust
      gases is prevented. The latter is so because the flue gases ensure proper
      mixing of air and fuel, which results in proper combustion. The fact that
      a comparatively small flue gas recirculation takes place in the case of
      large loads offers the advantage for the hot-gas engine and the hot-gas
      turbine that the combustion air fan, also drawing in flue gas, may be of a
      comparatively small power and small dimensions, while in the case of the
      internal combustion engine the maximum power to be delivered is only
      slightly reduced by the recirculation.
PAR  It was found that the favorable flue gas recirculation characteristic thus
      obtained, is disturbed if the part of the flue gas outlet duct which is
      situated beyond, viewed downstream, its connection with the flue gas
      return duct has an excessive flow resistance. This in fact concerns the
      actual exhaust pipe.
PAR  Because of the excessive flow resistance, the pressure which prevails at
      the area where the inlet of the flue-gas return is connected to the
      flue-gas outlet duct is not ambient pressure, but rather the ambient
      pressure increased by the pressure drop across the exhaust pipe. Because
      the flow through the exhaust pipe is normally turbulent and the pressure
      drop across the pipe, consequently, is proportional to the square of the
      mass flow of flue gas through this pipe, the pressure drop strongly
      increases in the case of larger loads. As a result, the mass flow of flue
      gas returned to the combustion chamber at these larger loads also
      increases. The favorable flue gas recirculation characteristic according
      to which comparatively little flue gas is returned in the case of
      comparatively large loads is thus lost. A reduced flow resistance of the
      exhaust pipe by a reduction of the pipe length is usually not feasible in
      vehicles, while an increased pipe diameter is undesirable in view of space
      and material cost price considerations.
PAC  SUMMARY OF THE INVENTION
PAR  The invention has for its object to provide a structurally simple solution
      to the above-described problem. To this end, the device according to the
      invention is characterized, in that the first restriction is constructed
      such that the mass flow of air passing through in each operating condition
      of the device is proportional to the power M of the pressure difference
      prevailing across the first restriction, where 1 &lt; M .ltoreq. 3/2.
PAR  The indicated passage characteristic of the restriction in the combustion
      air inlet duct again results in a flue gas recirculation characteristic
      according to which a comparatively large quantity of flue gas is returned
      in the case of comparatively small loads, and a comparatively small
      quantity of flue gas is returned in the case of comparatively large loads.
PAR  The restriction in the combustion air inlet duct may be a control member
      (control valve, choke valve) which is operated by the air flow.
PAR  In addition to the purpose of obtaining a favourable flue gas recirculation
      characteristic for the device, the first restriction can at the same time
      be advantageously used, notably on account of its passage characteristic,
      in the air fuel control system of a hot-gas reciprocating engine.
PAR  To this end, a preferred embodiment of the device, constructed as a hot-gas
      reciprocating engine in which the ratio of the quantities of combustion
      air and fuel to be supplied to the combustion chamber is controlled by way
      of a control system comprising a control member which is controlled by
      signals originating from pressure-difference gauges in the combustion air
      inlet duct and the fuel inlet duct, respectively, is characterized in that
      the first restriction constitutes the pressure-difference gauge in the
      combustion air inlet duct, whilst the pressure-difference gauge in the
      fuel inlet duct is formed by a third restriction of a construction such
      that the mass flow of fuel which passes through in each operating
      condition of the hot-gas reciprocating engine is proportional to the power
      N of the pressure difference prevailing across the third restriction,
      where N = M.
PAR  In a hot-gas reciprocating engine which is known from British Patent
      Specification No. 895,869, the pressure-difference gauge in the fuel duct
      consists of a set of measuring plates, while that in the combustion air
      duct is a venturi. For both meters the pressure difference is proportional
      to the square of the mass flow passing therethrough. In usual fuel flows
      where the smallest and the largest flow relate as 1:50, the smallest and
      the largest pressure difference then relate as 1:2500. The control member
      must satisfy very severe requirements so as to enable proper control
      within such a large range. According to the invention this is no longer
      necessary. In the device according to the invention the pressure
      difference is, for example, proportional to the power 2/3 of the mass flow
      (this is because the mass flow is then proportional to the power 3/2 of
      the pressure difference). A 1:50 ratio of the smallest flow and the
      largest flow then means a pressure difference ratio of only 1:3.16. The
      control member can be of a simple and inexpensive construction because of
      this small control pressure range.
DRWD
PAR  The invention will be described in detail hereinafter with reference to the
      diagrammatic drawing which is not to scale.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a hot-gas engine incorporating flue gas recirculation and a
      control system for controlling the air/fuel ratio.
PAR  The broken curves in FIG. 2a represent pressure-difference versus mass-flow
      characteristics for the restrictions in the combustion air duct and the
      flue-gas return duct of the device according to U.S. Pat. No. 3,846,985,
      while the uninterrupted curve represents the passage characteristic for
      the flue-gas return duct which has changed due to the pressure drop in the
      exhaust.
PAR  FIG. 2b shows the latter curve of FIG. 2a in relationship with the new
      pressure-difference versus mass-flow characteristic of the restriction in
      the combustion air inlet duct.
PAR  FIG. 3 shows a part of a combustion air inlet/flue gas recirculation system
     .
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The reference 1 in FIG. 1 denotes a hot-gas engine which is an engine in
      which a working medium in a closed working space completes a thermodynamic
      cycle during operation. External heat, originating from an external
      combustion process involving a burner unit 2, is applied to this working
      medium. The burner unit 2 comprises a combustion chamber 3 having
      connected thereto a fuel inlet duct 4, a combustion air inlet duct 5 and
      an outlet duct for flue gases 6. The combustion air inlet duct 5 and the
      flue gas outlet duct 6 incorporate a heat exchanger 7, referred to
      hereinafter as preheater, in which combustion air is preheated on its way
      to combustion chamber 3 by flue gases discharged from the combustion
      chamber. The combustion air is drawn in by a fan 8.
PAR  The combustion air inlet duct 5 incorporates a first restriction 9 on the
      suction inlet side of fan 8. Provided between the flue gas outlet duct and
      the combustion air inlet duct 5, is a flue gas return duct 10 which is
      connected to the part of the combustion air inlet duct 5 which is located
      between the fan 8 and the first restriction 9. A second restriction 11 is
      provided in flue gas return duct 10.
PAR  Fuel from a fuel reservoir 12 is applied to combustion chamber 3 by way of
      a fuel pump 13. A relief valve 14 ensures that the pressure on the outlet
      of fuel pump 13 is constant. Fuel inlet duct 4 incorporates a third
      restriction 15. During operation of the engine, the pressure differences
      prevailing across the restrictions 9 and 15 are applied to a control
      member 16 which operates a control valve 17 in the fuel inlet duct 4 in
      order to adapt the fuel flow to the combustion air flow in duct 5.
PAR  According to U.S. Pat. No. 3,846,985 restriction 9 is of the laminar type
      for which, regardless of the suction inlet pressure of fan 8, the flow of
      combustion air through this restriction is always laminar.
PAR  The mass flow of air which is allowed to pass through laminar restriction 9
      is then always substantially directly proportional to the pressure
      difference across this restriction.
PAR  At the same time, according to the said Application restriction 11 is a
      turbulent restriction, so that the flow of flue gas through this
      restriction is always turbulent. The mass flow of flue gas which is drawn
      from the flue gas outlet duct 6 via the flue gas return duct 10 by the fan
      8 is then always substantially proportional to the root of the pressure
      difference across this restriction.
PAR  If there is no pressure drop, or substantially none, in part 6' of flue gas
      outlet duct 6, so that at the connection point 18 of the flue gas return
      duct 10 substantially ambient pressure prevails, like on the inlet of
      restriction 9, the relationship between the mass flow of combustion air or
      the recirculated flue gas, respectively, and the pressure difference
      prevailing across the relevant restriction is as denoted in FIG. 2a by the
      broken curves.
PAR  The pressure difference .DELTA. P is plotted in the vertical direction,
      while the mass flow m is horizontally plotted.
PAR  The reference m.sub.1 denotes the characteristic for the combustion air
      mass flow, while the reference m.sub.2 denotes the characteristic for the
      recirculated mass flow of flue gas.
PAR  It follows from the curves that as the load of the engine increases,
      involving an increased supply of combustion air, the ratio m.sub.2
      /m.sub.1 decreases. However, if the part 6' of the duct exhibits a
      comparatively large pressure drop, with the result that at the area of the
      connection 18 a pressure prevails which is higher than the ambient
      pressure, the curve for the returned flue gas mass flow m.sub.2 changes as
      represented by the solid curve.
PAR  In order to obtain a favorable flue gas recirculation characteristic again,
      the restriction 9 in the combustion air inlet duct 5 of FIG. 1 is
      constructed such that the mass flow of combustion air passing through this
      restriction is proportional to the power 3/2 of the pressure difference
      prevailing across this restriction, or: m.sub.1 = C .sup.. (.DELTA. P)3/2,
      in which C is a constant.
PAR  Conversely, this can also be written as: .DELTA. P = C.sub.1.sup.. m.sub.1
      2/3. The solid curve of FIG. 2a for the recirculated mass flow of flue gas
      m.sub.2 and the curve for the combustion air flow m.sub.1 through the
      modified restriction 9, the latter curve satisfying the relation m.sub.1 =
      C.sup.. (.DELTA. P)3/2, are shown together in FIG. 2b.
PAR  FIG. 2b shows that as the combustion air flow m.sub.1 increases, i.e. as
      the load of the engine increases, the ratio m.sub.2 /m.sub.1 decreases.
      Consequently, at smaller loads, a comparatively larger quantity of flue
      gas is returned to the combustion chamber than at larger loads, which is
      desirable.
PAR  FIG. 3 shows a part of the combustion air inlet/flue gas recirculation
      system of FIG. 1 in a practical embodiment. The same reference numerals
      have been used for corresponding parts. Restriction 11 consists of a
      diaphragm. Restriction 9 in the combustion air inlet duct 5 consists of a
      valve 20 which is normally closed under the influence of a tensile spring
      21, but which is opened against the spring pressure when air is drawn in
      (by the fan or engine) due to the sub-atmospheric pressure occurring above
      the valve. Spring 21 and the shape of surface 22, determining the passage
      at a given position of the valve, have been chosen such that the relation
      m.sub.1 = C.sup.. (.DELTA. P)3/2 is satisfied.
PAR  It is obvious that other embodiments of the restriction 9 are feasible. For
      example, a spring-loaded valve body can be coaxially arranged inside duct
      5 so as to release a profiled passage more or less by axial displacement.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for converting calorific energy into mechanical energy,
      comprising at least one combustion chamber having connected thereto at
      least one inlet duct for fuel, at least one inlet duct for combustion air
      in which a first restriction is incorporated, and at least one outlet duct
      for flue gases, a flue gas return duct being provided having an inlet and
      an outlet, the inlet being connected to the flue gas outlet duct and the
      outlet to the part of the combustion air inlet duct which is situated
      between the combustion chamber and the first restriction, the flue gas
      return duct incorporating a second restriction which is constructed such
      that the mass flow of flue gas which passes through in each operating
      condition of the device is at least substantially proportional to the root
      of the pressure difference prevailing across the second restriction,
      characterized in that the first restriction is constructed such that the
      mass flow of air passing through in each operating condition of the device
      is proportional to the power M of the pressure difference prevailing
      across the first restriction, where 1 &lt; M .ltoreq. 3/2.
NUM  2.
PAR  2. A device as claimed in claim 1, constructed as a hot-gas reciprocating
      engine in which the ratio of the quantities of combustion air and fuel to
      be supplied to the combustion chamber is controlled by way of a control
      system comprising a control member which is controlled by signals
      originating from a pressure-difference gauge in the combustion-air inlet
      duct and the fuel inlet duct, respectively, characterized in that the
      first restriction constitutes the pressure-difference gauge in the
      combustion air inlet duct, whilst the pressure-difference gauge in the
      fuel inlet duct is formed by a third restriction of a construction such
      that the mass flow of fuel which passes through in each operating
      condition of the hot-gas reciprocating engine is proportional to the power
      N of the pressure difference prevailing across the third restriction,
      where N = M.
NUM  3.
PAR  3. In a combustion engine operable with a source of fuel, and a source of
      air, and including a combustion chamber, a first duct including a first
      restriction means therein, for flowing air from said air source to said
      chamber, a second duct for discharging flue gas from said chamber, a third
      duct for return flow of flue gas from said second duct to an inlet into
      said first duct intermediate said first restriction means and said
      chamber, and a fourth duct for flowing fuel from said fuel source to said
      chamber, the improvement in combination therewith of a control system for
      said fuel and air flows wherein said second restriction means is the
      turbulent type permitting mass flow of flue gas, M.sub.2, which is at
      least substantially proportional to the root of the pressure difference
      prevailing across said second restriction means, and said first
      restriction means is the laminar type permitting mass flow of air,
      M.sub.1, which is proportional to the power M of the pressure difference
      prevailing across the first restriction, where 1 &lt; M .ltoreq. 3/2.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said engine is a Stirling cycle
      hot gas engine.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein said control system further
      comprising a third restriction means in said fourth duct permitting a mass
      flow of fuel therethrough proportional to the power N of the pressure
      difference prevailing across said third restriction means, where N=M, said
      first and third restriction means provide signals corresponding to the
      respective pressure differences thereacross, said apparatus further
      comprising a valve in said fourth duct for controlling the fuel flow
      therethrough, and a control member for receiving said signals from said
      first and third restriction means and controlling said valve
      correspondingly.
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ABST
PAL  A vehicle brake booster and master cylinder assembly has a vacuum suspended
      booster section which is controlled by movement of the vehicle brake
      pedal. A hydraulic booster section is in series with the vacuum suspended
      booster section, and a master cylinder unit is in series with the
      hydraulic booster section. The assembly is so arranged that in normal
      operation the vehicle operator obtains booster brake actuating pressures
      by operation of the vacuum suspended booster which acts through the
      hydraulic booster mechanism without operating the hydraulic booster. When
      greater brake actuating pressures are required, as indicated by increased
      brake pedal force exerted by the operator, the vacuum booster reaches its
      limit or run-out condition and the hydraulic booster is operated so as to
      continue the increase in master cylinder output pressure. If still further
      master cylinder output pressure is required when the hydraulic booster has
      reached its run-out condition, the master cylinder is actuated manually
      through mechanical force transmitting elements which are parts of the
      booster sections. The vacuum suspended booster section is connected to the
      vehicle engine intake manifold as a vacuum source, and the hydraulic
      booster section is connected in the hydraulic power steering gear system
      so that hydraulic pressure for its operation is generated by the power
      steering gear pump. The assembly is so interconnected that the master
      cylinder can be operated manually when there is no or insufficient power
      pressure to operate either booster section. It may also be operated by
      actuating the vacuum suspended booster section, and, when no hydraulic
      pressure is available to the hydraulic booster section, this operation may
      be followed by manual actuation. It may be operated by initially actuating
      the hydraulic booster section when there is no vacuum available for
      initially operating the vacuum suspended booster section, followed by
      manual actuation as needed. In one embodiment the assembly utilizes a
      single hydraulic fluid for the hydraulic booster section and for the
      master cylinder and brake apply circuitry. In another embodiment the
      hydraulic booster section is operated by a separate fluid circuit which is
      fluidly independent of the master cylinder and brake apply pressure
      circuitry.
PARN
PAR  This is a division of U.S. application Ser. No. 441,239, filed Feb. 11,
      1974.
BSUM
PAR  The invention relates to a dual source power brake booster assembly, and
      more particularly to an assembly having in series a vacuum suspended
      booster section and a hydraulic booster section connected to the master
      cylinder assembly. It is a feature of the invention to provide force
      transmitting paths and valve operating mechanisms interconnecting the two
      power booster sections so that the sections may be operated sequentially
      when power is available to both sections, followed by manual operation if
      necessary, or either section may be operated when the other section has no
      power available, followed by manual operation if necessary.
PAR  In more particular aspects of the invention, the connection between the
      booster sections is provided by two members acting as output members of
      the vacuum suspended booster section, one member being a sleeve and the
      other member being a plunger reciprocably received through the sleeve. The
      sleeve is positioned to operatively engage the hydraulic booster piston
      and therefore act as one input to the hydraulic booster section, while the
      plunger is fitted with a valve element for controlling operation of the
      hydraulic booster section in cooperation with another valve element
      mounted on the hydraulic booster section power piston. The sleeve and
      plunger are so arranged that during power operation of the vacuum
      suspended booster section they move as a unitary member. Therefore the
      boosted force from the vacuum suspended booster is transmitted through the
      sleeve to the hydraulic power piston mechanically to the master cylinder
      unit. Concurrently, the plunger moves with the sleeve and therefore the
      plunger-connected valve element of the hydraulic booster section moves
      with the hydraulic power piston connected piston valve element so that no
      valving action takes place and the hydraulic booster section is not power
      operated. When the vacuum suspended booster section reaches power run-out,
      which can occur at any point in its operation depending upon the amount of
      vacuum available, further movement of the input push rod of the vacuum
      booster section by the vehicle operator establishes a mechanical force
      transmitting drive connection from the input push rod through the input
      portion of the vacuum suspended booster section valve to the output
      plunger so that the output plunger is moved toward the hydraulic booster
      section relative to the sleeve. This causes the valve elements of the
      hydraulic booster section to actuate the hydraulic booster section and the
      power piston thereof is moved in a master cylinder actuating direction
      under hydraulic power. Thus additional master cylinder output pressure is
      generated under hydraulic power.
PAR  When the hydraulic power booster section reaches power run-out, which for
      the purposes of this disclosure and the appended claims encompasses any
      power supply condition from complete absence of hydraulic power pressure
      availability to full actuation of the hydraulic booster section by the
      maximum hydraulic power normally available, the plunger will move
      sufficiently to establish a mechanical force transmitting drive connection
      so that manual force exerted by the vehicle operator on the brake pedal is
      mechanically transmitted to the master cylinder unit.
PAR  In one embodiment of the invention a single hydraulic fluid is used for the
      hydraulic power section and the brake master cylinder section. In this
      arrangement the master cylinder reservoir acts as the reservoir for the
      power steering and hydraulic booster circuitry as well as the brake
      actuating pressure circuitry. In another embodiment of the invention the
      master cylinder is separated from the hydraulic booster section and each
      of these sections is provided with its own hydraulic circuit. In either
      embodiment the hydraulic booster section is provided with a pressure
      relief valve which limits the amount of booster power pressure available
      by opening at a predetermined power pressure to bypass the booster power
      chamber and thereby prevent undue pressure build-up in the hydraulic
      booster.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a brake system embodying the
      invention.
PAR  FIG. 2 is a graph indicating the performance of the brake booster under
      various operating conditions.
PAR  FIG. 3 is a cross section view of a brake booster and master cylinder
      assembly embodying the invention.
PAR  FIG. 4 is a modification of the assembly of FIG. 3, showing the modified
      assembly in cross section with parts broken away.
DETD
PAR  The vehicle 10, schematically represented by vehicle portions such as the
      firewall 12 and a support member 14, is provided with a brake booster and
      master cylinder assembly 16 embodying the invention. Certain other
      portions of the vehicle are also schematically illustrated and include the
      vehicle front wheel brakes 18, rear wheel brakes 20, a pump 22, power
      steering gear 24, and suitable conduits. These conduits include conduit
      26, which interconnects pump 22 and the power steering gear 24 to conduct
      hydraulic fluid from the pump output port 28 to the power steering gear
      input port 30. Conduit 32 connects the power steering gear output port 34
      with the hydraulic fluid input port 36 of assembly 16. The hydraulic fluid
      output port 38 of assembly 16 is connected by conduit 40 to the pump 22.
      In the system schematically illustrated, pump 22 has a fluid reservoir
      section 42 into which conduit 40 delivers hydraulic fluid. When the
      modified booster of FIG. 4 is used, pump 22 need not be provided with a
      reservoir 42 since the master cylinder reservoir acts as the hydraulic
      fluid system reservoir and conduit 40 is connected between that reservoir
      and the pump. This arrangement is described below in further detail.
PAR  The assembly 16 includes a differential air pressure operated booster
      section 44, a hydraulic fluid pressure operated section 46, and a master
      cylinder section 48. The master cylinder section has brake actuating
      pressure conduits 50 and 52 respectively connecting the pressurizing
      chambers of the master cylinder with the front wheel brakes 18 and the
      rear wheel brakes 20. A brake pedal assembly 54 is pivotally mounted on
      the vehicle support member 14 at pivot 56 and is also connected to push
      rod 58 to move the push rod generally axially to control the assembly 16
      and transmit manual force thereto. The booster section 44 is illustrated
      as being of the vacuum suspended type and is connected by check valve 60
      and conduit 62 to a suitable source of vacuum such as the vehicle engine
      intake manifold 64.
PAR  FIG. 3 shows the assembly 16 in cross section and in greater detail. The
      booster section 44, which may be considered to be the first booster
      section since it is the first section to be operated, is a vacuum
      suspended brake booster of the general type disclosed in U.S. Pat. No.
      3,249,021, entitled "Power Brake Booster." It is essentially a single
      diaphragm, vacuum suspended booster having a lever reaction system. It has
      a housing 66 which has a movable power wall 68 received therein and
      dividing the housing into a substantially constant pressure chamber 70 and
      a variable pressure chamber 72. Vacuum is maintained in chamber 70 by
      check valve 60 and the usual operation of the vehicle engine to which the
      booster is connected by conduit 62. The power wall 68 includes a diaphragm
      74, a diaphragm support 76, and a piston 78 to which the diaphragm and its
      support are secured. Piston 78 has a rearward extension 80 which is
      slidable through a seal and bearing 82 provided in the rear section 84 of
      housing 66. A reaction retainer 86 is removably secured to piston 78. The
      push rod 58 has a ball end 88 received in a pocket of the air valve 90.
      Valve 90 is the input member of the valve mechanism which controls this
      booster section. Ball 88 is staked in place to provide a pivotal
      connection between rod 58 and air valve 90 but otherwise effectively
      joining them together as an input member. The air valve 90 is adapted for
      sliding movement through a portion of piston 78 and is arranged to meter
      the flow of atmospheric air to chamber 72. A floating valve 92 engages the
      inside wall of extension 80 of piston 78 and is held in its operative
      position by a retainer 94. Another portion of the floating valve 92 is
      maintained in engagement with the air valve 90 when the booster section is
      in the released position by a spring 96 and cup 98. A vacuum valve 100 is
      formed as a part of power piston 78 and when the booster section is in the
      released position floating valve 92 is slightly spaced from this valve so
      that vacuum is communicated from chamber 70 to chamber 72 through
      appropriate passages.
PAR  As is well known in the operation of this type of booster control
      mechanism, slight leftward movement of push rod 58 and air valve 90, as
      viewed in FIG. 3, permits floating valve 92 to engage vacuum valve 100 to
      close the vacuum connection between chambers 70 and 72. Further movement
      of the air valve 90 causes the air valve to open relative to floating
      valve 92 and meter air at atmospheric pressure into chamber 72. This
      creates a pressure differential across power wall 68, moving the power
      wall leftwardly against the force of the power wall return spring 102.
      This also moves vacuum valve 100 and floating valve 92 leftwardly until
      the floating valve reengages air valve 90. The booster is then in the
      poised position, holding this position since both the air valve and the
      vacuum valve are closed. Release of the brake pedal by the operator allows
      push rod 58 and air valve 90 to move rightwardly, lifting floating valve
      92 off of vacuum valve 100, thereby reestablishing the vacuum connection
      between chambers 70 and 72 decreasing the differential pressure across
      power wall 68 so that power wall return spring 102 moves the power wall
      back to the release position shown in the drawing.
PAR  The lever reaction mechanism of booster section 44 includes a lever
      reaction plate 104, reaction levers 106 disposed against one edge of the
      lever reaction plate, and a shoulder 108 on piston 78. The reaction
      mechanism further includes an air valve spring 110, one end of which
      engages the inner ends of lever 106 and the other end of which is seated
      on spring retainer 112, which is fastened to air valve 90. The forward
      face 114 of air valve 90 has a snubber 116 which engages the inner ends of
      levers 106 and then yields to permit engagement of these lever inner ends
      with air valve face 114 when the booster is actuated. This arrangement
      provides a sense of feel to the vehicle operator during operation of the
      power booster, as is well known in the brake booster art.
PAR  The point at which booster section 44 differs from U.S. Pat. No. 3,249,021
      in any material extent is in the arrangement of the booster section output
      mechanism. This mechanism includes a first output formed as a sleeve 118.
      The rear end 120 of sleeve 118 is slidably received in an aperture 122 of
      reaction retainer 86, the aperture and sleeve being axially aligned with
      air valve 90. Sleeve end 120 abuts lever reaction plate 104, and the
      sleeve forward end 124 extends through the forward section 126 of the
      booster housing 66 in sliding and sealed relation. A plunger 128 provides
      the second output of booster section 44 and is slidably received in sleeve
      118 and is sealed in sliding relation with the inner wall of that sleeve
      by seal 130. The rear end of plunger 128 has a shoulder 132 abutting lever
      reaction plate 104. A reduced diameter extension 134 of plunger 128
      extends rearwardly from shoulder 132 through an aperture 136 centrally
      formed in lever reaction plate 104. The rear face 138 of extension 134 is
      in alignment with face 114 of the air valve 90 so that sufficient leftward
      movement of the air valve can cause mechanical engagement of the air valve
      and the plunger extension in force transmitting relation. The space
      between faces 114 and 138, with the booster section in the released
      position illustrated, is sufficient to permit normal valve controlling
      operation of the booster section so long as there is sufficient power
      available to operate the booster section. The forward end 140 of plunger
      128 extends through and beyond the forward end 124 of sleeve 118 and is
      formed to provide a valve element of the valve controlling the hydraulic
      booster section 46 as will be described below.
PAR  When the brake booster section 44 is operated by movement of the input
      member formed by push rod 58 and air valve 90, force is transmitted from
      the power wall 68 through the reaction levers 106 and reaction plate 104
      to sleeve 118 and plunger 128. The inner ends of reaction levers engage
      the air valve snubber 116 and face 114 to transmit a small amount of
      reaction force back to the brake pedal so that the operator can sense the
      amount of brake booster force being generated. The major portion of the
      reaction force is transmitted to power piston 78 through reaction levers
      106 and shoulder 108. The sleeve 118 and plunger 128 will move together
      due to their arrangement in abutting plate 104, this movement being
      leftward in the brake applying direction. If the booster section 44 is
      actuated to a power run-out condition, further movement of air valve 90
      leftwardly by the manual force exerted on the brake pedal will cause the
      air valve to engage plunger extension 134 and move the plunger leftwardly
      relative to sleeve 118. The extension 134 slides in aperture 136 of plate
      104, separating shoulder 132 from engagement with the plate. Thus in
      normal brake booster section actuation both output 118 and 128 move in a
      unitary manner. The relative movement of these outputs, in which plunger
      128 moves leftwardly relative to sleeve 118, will occur at any time that
      the operator exerts sufficient manual force demanding additional output
      force which the booster section 44 is unable to generate. Thus after
      vacuum connection 62 is broken, or there is no additional vacuum available
      from the vacuum source, and the booster chamber 72 is at atmospheric
      pressure, leftward movement of air valve 90 can not cause further power
      actuation of the booster section. Air valve 90 will therefore actuate
      plunger 128 by transmitting the manual force mechanically thereto as above
      described. For the purpose of this disclosure and the appended claims, any
      condition of either booster section in which the booster output force is
      not sufficient to meet the demand force is referred to as booster power
      run-out. The term therefore includes a total lack of power for operation
      of a booster section, a partial availability of such power, or conditions
      wherein the fully available power is present and has been used.
PAR  The hydraulic booster section 46 includes a housing 146 having a bore 148
      therein, the rear end of the bore having a rear wall 150 through which an
      opening 152 is provided. A power piston 154 is reciprocably received in
      bore 148 and provides a power wall for the booster section. An abutment
      156 on the rearward side of piston 154 is in engagement with the forward
      end 124 of sleeve 118, this sleeve forward end extending through opening
      152 in sealing relation therewith. Plunger end 140 extends through an
      opening provided in abutment 156. The valve element 158 is mounted on
      piston 154 and cooperates with valve element 160 on the forward end of
      plunger 128 to provide the control valve for the hydraulic booster section
      46. This valve is of the open center type and therefore the valve elements
      are spaced sufficiently apart axially to provide substantially
      unrestricted flow of hydraulic fluid through the valve so long as the
      hydraulic booster section is not actuated. Piston 154 has a passage 162 on
      the low pressure side of valve element 158 which communicates the side of
      the valve with the exhaust chamber 164. This chamber is on the forward
      side of piston 154 and is formed by the forward portion of bore 148. The
      booster section power chamber 166 is on the rearward side of piston 154
      and upstream of the valve formed by elements 158 and 160. Piston 154 has a
      push rod-like extension 168 which extends through chamber 164 and the end
      seal 170 defining the forward end of that chamber. Extension 168 forms the
      output member of the hydraulic booster section. It also extends through
      the end seal support and retainer 172, which has a generally dished
      annular configuration and is secured in the forward end of housing 146.
      The housing forward end and this retainer are constructed to provide for a
      drain and vent which will provide a path for removal of any hydraulic
      booster fluid which may leak through seal 170 to prevent its possible
      contamination of master cylinder brake fluid.
PAR  Port 36 is connected by passage 174 to power chamber 166. Port 38 is
      connected to exhaust chamber 164. A pressure relief or bypass valve
      passage 176 connects passage 174 and chamber 164. Pressure relief valve
      178 is mounted in passage 176. The valve is normally closed but is opened
      when pressure in inlet passage 174 exceeds the predetermined pressure
      required to open the valve. When the valve opens, it relieves the excess
      input pressure through passage 176 and exhaust chamber 164 to port 38,
      conduit 40 and reservoir 42.
PAR  The hydraulic booster section is in the position shown in FIG. 3 when
      released, piston return spring 180 holding the piston abutment 156 against
      the forward end of sleeve 118. When the vacuum booster section 44 is power
      operated, sleeve 118 moves piston 154 leftwardly against spring 180,
      therefore moving the extension 168 in the brake master cylinder actuating
      direction. Since lever reaction plate 104 moves plunger 128 concurrently
      as a unit with sleeve 118 in this condition of operation, the valve
      elements 158 and 160 do not change in their relationship and therefore
      hydraulic fluid continues to be circulated through the hydraulic booster
      section without generating a power pressure in chamber 166, and the
      boosted force exerted through sleeve 118 is mechanically transmitted
      through abutment 156, piston 154 and extension 168. When, for any reason
      as above described, plunger 128 moves leftwardly relative to sleeve 118,
      valve element 160 moves toward valve element 158 to restrict flow
      therethrough and cause a build-up of pressure in power chamber 166. This
      pressure acts on piston 154 to move the piston leftwardly, the extension
      or output member 168 therefore moving in the master cylinder actuating
      direction because of the added force generated by the hydraulic power
      booster section. The valve elements may reach a poised position wherein
      the amount of restriction to flow therethrough creates just enough
      pressure in power chamber 166 to balance power piston 154 against spring
      180 and the reaction force from the master cylinder section exerted on
      extension 168. An annular effective reaction area on plunger 128 exposed
      to pressure in power chamber 166 will provide a proportional feel to the
      vehicle operator. It is noted that a T-shaped vent passage 182 in the
      forward end of plunger 128 vents an area between seal 130 and a similar
      seal 184 to exhaust chamber 164 so that any hydraulic fluid which might
      leak past seal 184 will be returned to the hydraulic booster section and
      will not enter the vacuum booster section. A suitable vent 186 is provided
      between walls 150 and 126 to prevent the entry of any hydraulic fluid into
      the vacuum booster section which passes the seal 188 between wall 150 and
      sleeve 118.
PAR  The master cylinder section 48 is of the tandem type in which primary and
      secondary pistons are received in a common bore and pressurize brake fluid
      in separate pressurizing chambers for separate brake actuating circuits.
      The section includes a housing 190 in which bore 192 is formed. Primary
      pressurizing piston 194 and secondary pressurizing piston 196 are
      reciprocably received in bore 192 and respectively define therewith
      primary pressurizing chamber 198 and secondary pressurizing chamber 200.
      Piston return spring 202 in chamber 200 urges piston 196 against the caged
      spring retainer 204. This retainer is slidably mounted on headed bolt 206,
      which is secured to the forward end of primary piston 194. Spring 208 is
      caged between piston 194 and retainer 204. When the assembly is in the
      brake released position illustrated this provides a precise positioning of
      the secondary piston 196. Piston 194 is precisely positioned against its
      stop 210 and the caging mechanism precisely positions piston 196 relative
      to piston 194. Suitable cup seals 212 are provided on the pistons, as is
      well known in the art.
PAR  The master cylinder reservoir 214 includes a single primary reservoir
      section 216 and secondary reservoir sections 218 and 220. Each of the
      secondary reservoir sections has compensation ports 222, 224 and 226, 228
      which provide for compensation of the brake circuits connected to each of
      the pressurizing chambers. The reservoir construction is based on the
      disclosure of U.S. Pat. application Ser. No. 408,461, entitled "Master
      Cylinder" filed Oct. 23, 1973, which is a continuation of U.S. application
      Ser. No. 379,349, filed July 16, 1973, now abandoned. The particular
      construction is claimed in copending U.S. Pat. applications Ser. NO.
      462,335, now U.S. Pat. No. 3,877,228 and Ser. No. 462,355, now U.S. Pat.
      No. 3,886,747, each entitled "Master Cylinder Assembly and Reservoir For
      Same" and filed Apr. 19, 1974. A baffle 230 is provided for secondary
      reservoir 218 and a dam 232 is provided for secondary reservoir 220 to
      increase the capacity of that secondary reservoir. A suitable fluid level
      sensor 234 is provided in the primary reservoir section 216.
PAR  Primary pressurizing chamber 198 is connected by port 236 to brake conduit
      52 and secondary pressurizing chamber 200 is connected by port 238 to
      brake conduit 50. While the schematic illustration of FIG. 1 shows the
      secondary pressurizing chamber 200 connected to the front brake circuit
      conduit 50 and the primary pressurizing chamber 198 connected to the rear
      brake circuit conduit 52, in some installations this may be reversed so
      that the front brakes are actuated by brake pressure generated in the
      primary pressurizing chamber 198.
PAR  The rear face of piston 194 has a socket 240 which receives the end 241 of
      extension 168 so that the output member formed by extension 168 is in
      direct force transmitting and drive relation with piston 194. When output
      member 168 is moved leftwardly under influence of any force or combination
      of forces as described above, piston 194 moves leftwardly so that its cup
      seal 212 closes compensation port 226 and it begins to pressurize fluid in
      198. The pressurized fluid and the force exerted through spring 208
      combine to move secondary piston 196 leftwardly so that its cup seal 212
      closes compensation port 222, the piston continuing to move against the
      force of return spring 202 to pressurize brake fluid in chamber 200. The
      brake actuating pressures so generated in chambers 198 and 200 are
      respectively delivered to the rear brakes 20 and the front brakes 18 to
      actuate the vehicle wheel brakes.
PAR  It can be seen that the master cylinder can be actuated to generate brake
      actuating pressure by any of several methods. When the vehicle operator
      exerts manual force on the brake pedal it is transmitted through push rod
      58 to air valve 90 and the vacuum booster section 44. The booster force is
      transmitted through sleeve 118, abutment 156, piston 154, and extension
      168 to move master cylinder piston 194. As is shown in FIG. 2 of the
      drawing, in normal brake operation where brake power is available to both
      booster sections, the master cylinder pressure generated in chambers 198
      and 200 will follow along curve 242 with an increase in brake pedal force.
      The vacuum booster will reach its run-out point at 244 on curve 242. The
      hydraulic booster section will then become operative if the vehicle
      operator demands more master cylinder pressure than that generated at this
      point of operation. This is accomplished by moving plunger 128 leftwardly
      relative to sleeve 118 by mechanical engagement of the air valve 90 with
      the plunger, restricting hydraulic fluid flow between valve elements 158
      and 160 to build up pressure in power chamber 166 and continue actuation
      of the master cylinder along curve 242 by hydraulic brake boost operation.
      The hydraulic boost force added to the manual and vacuum boost force will
      increase with additional pedal force so that the master cylinder pressure
      may reach point 246. At this point, power run-out of the hydraulic booster
      section occurs and additional pedal force causes a manual additional
      actuation of the master cylinder section so that the master cylinder
      pressure follows the portion of curve 242 extending past point 246 at a
      lesser slope.
PAR  Curve 248 of FIG. 2 illustrates the operation of the entire assembly when
      there is no power pressure available for either booster section and the
      master cylinder is actuated totally by manual force transmitted
      mechanically through both booster sections to the master cylinder section
      194. Curve 250 of FIG. 2 illustrates the operation of the assembly when
      vacuum booster section 44 has been actuated along curve 242 to point 244
      but no pressure is available to operate the hydraulic booster section 46
      and therefore additional force must be applied manually. Point 252 may be
      reached when the booster has been operated with no power to the vacuum
      booster section 44. Such operation will cause an immediate operation of
      the hydraulic booster section 46 when sufficient movement of the air valve
      90 has occurred to mechanically engage plunger 128 and additional pedal
      force is then applied. The master cylinder pressure will increase with
      pedal force along curve 242 to point 252, which represents hydraulic
      pressure run-out. Additional master cylinder pressure increase follows
      along curve 254 as additional pedal force is exerted manually through the
      booster sections to the master cylinder.
PAR  The modification shown in FIG. 4 has many parts which are the same as the
      parts in the structure shown in FIG. 3 and the same reference numerals and
      descriptions therefore apply. The vacuum booster section 44 is constructed
      in the same manner and operates as described above. The modified hydraulic
      booster section 260 operates in the same manner as does hydraulic booster
      section 46 and the master cylinder section 262 operates to pressurize
      brake fluid in the same manner as does the master cylinder section 48 of
      FIG. 3. The difference in construction and arrangement provide for the use
      of a single hydraulic fluid in the master cylinder section and the
      hydraulic booster section, with the master cylinder reservoir 214 acting
      as the hydraulic fluid reservoir for the hydraulic system including the
      power steering pump, power steering gear, and front and rear wheel brake
      circuits. To accomplish this, the power piston 194 has its extension
      modified so that the extension is also the master cylinder primary piston,
      or may be directly connected thereto. Thus the hydraulic brake booster
      bore 264 is provided in a common housing 266 with the master cylinder bore
      268. The bores intersect shortly to the rear of compensation port 226 at a
      sloping shoulder, bore 264 being the larger bore. The piston head 270 of
      power piston extension 272 is reciprocably received in master cylinder
      bore 268. Exhaust chamber 274 of the hydraulic booster section is located
      between power piston 194 and piston head 270. Compensation port 276
      communicates chamber 274 with the secondary reservoir 220 and through it
      with the primary reservoir chamber 216 of reservoir 214. By this
      arrangement hydraulic fluid in reservoir 214 is at all times in fluid
      communication with the hydraulic brake booster exhaust chamber 274 and
      also with pump 22 through conduit 40. In this arrangement conduit 40 is
      connected to reservoir 216 through port 278 in the reservoir wall rather
      than through port 38 as illustrated in FIGS. 1 and 3.
PAR  The invention provides a dual power brake with numerous advantages over
      present brake systems. In normal operation it delivers the high
      performance level obtainable from a hydraulic brake booster, and occupies
      less space than would a vacuum brake booster of equivalent performance.
      The two power sources are completely independent of each other so that the
      assembly will operate if power is provided by either power source. The
      assembly provides for effective manual operation when no power is
      available from either or both power sources. It retains the advantageous
      features of current vacuum powered boosters by having sufficient vacuum
      stored to provide several power braking stops when the vehicle engine is
      not running. It lends itself to a basic plumbing circuit requiring only
      the hydraulic connections to and from the brake booster section when the
      structure of FIG. 3 is used, or only to the brake booster section and from
      the master cylinder section reservoir when the construction of FIG. 4 is
      used. It provides the same brake pedal feel to the vehicle operator that
      is provided in current production vehicles using vacuum suspended power
      brake boosters. Since it operates initially with the vacuum booster
      section to a braking level encompassing the requirements for about eighty
      percent of the vehicle stops, most vehicle stops may be accomplished
      without requiring operation of the hydraulic booster section. This
      substantially reduces the power steering pump duty cycle as compared to
      hydraulic brake booster systems which require the pump to generate
      pressure each time the brakes are applied. The system will retain power
      brake availability when the power steering pump does not run, when the
      power steering hydraulic circuit loses pressure for any other reason, or
      when there is a loss of vacuum power for the vacuum booster section. At
      all times it provides a direct manual follow-through brake actuation upon
      which the vehicle operator can ultimately rely even if he loses power to
      both power booster sections.
PAR  In some installations it is desirable to utilize different reaction ratios
      in the two booster sections. For example, the reaction ratio in booster
      section 44 may be such that the operator receives a relatively small
      amount of the reaction force to provide feel as compared to that in
      booster section 46. This would permit the operator to increase the brake
      actuating pressure to some desired level with a certain desired pedal
      force, but would require a higher rate of increase in pedal force to
      further increase brake actuating pressure. This tends to provide a
      limiting action which would discourage the vehicle operator from
      generating excess brake actuating pressures during high deceleration
      stops. In some other installations it may be desirable to utilize a
      relatively high reaction ratio in booster section 46 and a relatively low
      reaction ratio in booster section 44. This would result in the generation
      of brake actuating pressure to a first value with a relatively high pedal
      force in relation to the brake actuating pressure, and would then permit
      further brake actuating pressure increase with a smaller increase in brake
      pedal force. Such an arrangement may be advantageous on roads having
      widely varying tire-to-road friction characteristics. For example, if a
      vehicle having such an arrangement is being braked on roads that have ice
      or snow on them, and also at times dry, this would require a relatively
      large increase in the brake pedal forces initially applied to obtain
      comparable increases in braking actuating pressures, thereby giving the
      vehicle operator an opportunity to modulate the brake actuating pressure
      precisely. When braking on dry, high friction characteristic roads, an
      increase in brake pedal force which would cause booster section 44 to
      reach its run-out limit and then cause actuation of booster section 46
      would give a higher rate of increase in brake actuating pressure for a
      given increase in brake pedal force during actuation of booster section
      46. This would give a desired high braking force characteristic when close
      modulation of the brake actuating pressure would not be necessary.
PAR  When the assembly 16 operates in the normal manner with booster section 44
      being actuated to its limit, followed by actuation of booster section 46,
      the reaction ratios obtained are established by the ratio of the contact
      points on levers 106 for the booster section 44, and the difference in
      area of plunger 128 and the effective area of valve elements 160 and 162,
      as exposed to pressure in chamber 166, for booster section 46. In
      installations where the booster ratios are substantially the same, the
      rate of increase in brake actuating pressure in relation to the amount of
      manual force applied through push rod 58 will be substantially the same
      for each booster section. When the assembly is operated without any vacuum
      available for power operation of booster section 44, however, the reaction
      ratio of booster section 46 is modified by the increase in reaction area
      represented by the area fo sleeve end 124 exposed to hydraulic pressure in
      power chamber 166. This therefore changes the reaction ratio during
      operation of booster section 46 so that the rate of brake actuating
      pressure increase is less for a given amount of increase in brake pedal
      force than is the case when booster booster sections are fully operable.
      It is advantageous to modify the reaction ratio in the hydraulic booster
      when it is the initially actuated booster so as to improve modulation at
      low brake actuating pressure levels. The vehicle operator therefore has a
      greater range of pedal force which may be exerted to obtain a given range
      of brake actuating pressure than he would have if booster section 46 were
      actuated with the same reaction ratio under all conditions of operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A brake booster and master cylinder assembly comprising:
PA1  a differential air pressure operated first booster section having first and
      second output members movable as a unit under power and relatively movable
      under manual operation;
PA1  a hydraulic pressure operated second booster section in alignment with said
      first booster section and having a power piston and open center valve
      control means including a first valve element on said piston and a second
      valve element cooperable with said first valve element to restrict
      hydraulic flow therebetween upon movement of said second valve element
      toward said piston and said first valve element to actuate said second
      booster section;
PA1  said first booster section first output member operatively engaging said
      second booster section power piston in force transmitting relation to move
      said power piston and therefore said first valve element commensurately
      therewith, said first booster section second output member being
      operatively connected with said second valve element in force transmitting
      relation to move said second valve element commensurately therewith;
PA1  and master cylinder brake actuating pressure generating means actuated by
      movement of said power piston;
PA1  said first and second valve elements moving as a unit so long as said first
      booster section first and second output members move as a unit so that
      said second booster section is not power actuated, said second valve
      element moving toward said first valve element when said first booster
      section second output member moves relative to said first booster section
      first output member to power actuate said second booster section, said
      second valve element operatively engaging said second booster section
      power piston upon sufficient movement relative to said first valve element
      to provide a mechanical force transmitting path through said second
      booster section for manual operation of said master cylinder brake
      actuating pressure generating means;
PA1  said assembly being operable to generate brake actuating pressure by
      sequential first booster section power operation and second booster
      section power operation and manual operation, and by any of said
      operations.
NUM  2.
PAR  2. A brake booster assembly for power actuation by first and second
      independent power sources and comprising:
PA1  a first power section for power actuation by the first power source and
      having a first input and first and second outputs and a first movable
      power wall connected to move said outputs as a unit under power in
      response to movement of said first input, and means for moving said second
      output relative to said first output by movement of said first input when
      said first movable power wall has insufficient power to move;
PA1  a second power section for power actuation by the second power source and
      having second and third inputs, a second movable power wall, a third
      output movable by said second movable power wall, and valve control means
      including a valve for control of the power actuation of said second power
      section, said valve having one valve element on said second movable power
      wall and moving therewith and another valve element on said second input
      for controlling the application of power to said second movable power
      wall;
PA1  said second output being connected to move said second input and said first
      output being connected to move said third input whereby said second power
      section valve is actuated by relative movement between said valve elements
      only when said second output and said second input are moved by said first
      input relative to said first output and said third output.
NUM  3.
PAR  3. A brake booster assembly having an input member and an output member;
PA1  a first power section having said input member as the input thereof;
PA1  a second power section having said output member as the output thereof;
PA1  said first power section having two parallel-acting outputs which are also
      inputs for said second power section;
PA1  first control means for said first power section including first valve
      means controlling the actuation of said first power section in accordance
      with movement of said input member and subject to power provided thereto,
      said first control means having means mechanically transmitting force from
      said input member to one of said outputs and inputs upon run-out of power
      in said first power section to move said one output and input relative to
      the other of said outputs and inputs;
PA1  second control means for said second power section including second valve
      means controlling the power actuation of said second power section in
      accordance with the movement of said second power section one input
      relative to said second power section other input as aforesaid and subject
      to power provided thereto, said second power section one input being
      operatively mechanically engageable with said output member in force
      transmitting relation to provide a mechanical drive path through said
      power sections from said input member to said output member upon run-out
      of power in said second power section.
NUM  4.
PAR  4. In a brake booster having a power wall; valve means selectively
      controlling the pressure differential across said power wall to control
      said booster, said valve means including an input member; output mechanism
      slidably connected to said power wall; and reaction means connecting said
      output mechanism and said power wall and said input member in force
      transmitting relation whereby in power operation a minor portion of the
      total reaction force from said output mechanism is received by said input
      member and a major portion of the total reaction force from said output
      mechanism is received by said power wall; the improvement comprising:
PA1  said output mechanism including a sleeve having one end slidable in said
      power wall and abutting said reaction means, and a plunger slidably
      received in said sleeve and having one end formed with a shoulder abutting
      said reaction means and a reduced section extending through said reaction
      means in abuttable force transmissible alignment with said valve means
      input member, the other ends of said sleeve and said plunger being outputs
      of said output mechanism;
PA1  said sleeve and said plunger moving axially as a unit during powered
      movement of said power wall, said valve means input member engaging said
      plunger upon run-out of power and mechanically moving said plunger axially
      relative to said reaction means and said power wall and said sleeve upon
      further movement of said valve means input member.
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ABST
PAL  A reheater arrangement for providing steam within a predetermined
      temperature and pressure range for turbine rotor gland seal devices. Steam
      taken from a steam source is divided by suitable control means into a
      first and a second portion. The first portion of steam is directed into
      the tubes of a shell and tube reheater element while the second portion is
      throttled to an appropriate pressure usable in the glands. The throttled
      second portion of the steam is then passed through the shell of the
      reheater element where heat from the first portion from the source of
      steam is exchanged with the second throttled portion of the steam to
      provide steam at the appropriate temperature and pressure for use in the
      gland seals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to steam turbine systems, and in particular, to a
      reheater system for providing steam within an appropriate temperature and
      pressure range for use in turbine rotor gland seals.
PAR  2. Description of the Prior Art
PAR  Gland seals are utilized to provide an effective seal interface arrangement
      between a rotating and a stationary element and are most commonly utilized
      in the steam power generation art to provide seals between a rotating
      shaft and a stationary steam turbine housing. A gland seal in a turbine
      apparatus utilizes a quantity of pressurized steam to prevent leakage of
      steam from within the turbine apparatus to atmosphere or to insure no
      leakage of atmosphere air past the seal and into the turbine housing.
PAR  Whatever the particularized application, however, it is well known that
      steam utilized in the gland seals in a steam turbine apparatus should be
      within a predetermined temperature and pressure range. This is required
      since exposure of the elements of the turbine apparatus to extreme
      temperature differentials could lead to metal fatigue and premature
      failure.
PAR  Analytical investigation has determined, for example, that steam used for
      gland seals should be within 300.degree.F of the turbine metal. Repeated
      use of steam having temperature differentials in excess of this standard
      causes severe metal fatigue which could result in premature failure.
PAR  In the prior art, where turbine apparatus is used for fossil fueled power
      plants, it is usually a simple matter to lower the temperature and
      pressure of the steam used in the glands. However, where steam required
      for utilization in the glands must be increased in temperature, the
      problem becomes more difficult. The prior art discloses several methods
      for increasing the temperature of steam used in the gland seals such as
      heaters using electric heating elements, but no efficient and effective
      method is available that is also economical.
PAR  It is desirable, therefore, to provide an effective, economical system
      whereby steam used in the gland seals for a turbine apparatus can be
      provided having both the requisite temperature and pressure needed for the
      gland use so that damage to the glands and the turbine metal is avoided.
      In addition, it is imperative that an efficient, economical system to
      provide steam for glands at temperatures required for either hot or cold
      starts be available.
PAC  SUMMARY OF THE INVENTION
PAR  This invention discloses an arrangement whereby a single high pressure
      source is utilized to provide steam for use in the gland seals of the
      turbine apparatus. Steam is drawn from the source at the appropriate
      temperature and pressure of the source and is bifurcated through the use
      of suitable control means into a first and a second portion. The first
      portion of steam from the source is introduced into the tubes of a shell
      and tube reheater element. The temperature of the steam introduced into
      the tubes of the reheater is controlled by suitable first control means.
      The second portion of steam is throttled by second control means to the
      desired predetermined pressure required by the glands. The throttled steam
      is then introduced into the shell of the reheater element and is heated by
      the first portion of steam in the tubes. Steam at the appropriate pressure
      and temperature is introduced into the glands.
PAR  It is an object of this invention to provide a single steam source adapted
      to provide steam at a desired pressure and within a desired temperature
      range for any starting condition of a turbine apparatus.
PAR  It is a further object of this invention to provide a single steam source
      and to utilize that single steam source to provide steam at the
      appropriate pressure and temperature for use in the gland seals. It is a
      still further object of the invention to dispose a single steam source and
      to use the temperature and pressure of that steam source both to provide
      sealing steam for the gland seals and to heat the sealing steam to the
      appropriate temperature for utilization by the gland seals.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description of an illustrative embodiment taken in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic view of a nuclear steam turbine power plant
      utilizing a gland steam reheater taught by this invention; and,
PAR  FIG. 2 is a diagrammatic view of a gland steam reheater taught by this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Throughout the following description, similar reference characters refer to
      similar elements in all figures of the drawings.
PAR  Referring now to FIG. 1, a diagrammatic view of a nuclear steam turbine
      power plant 10 utilizing a steam gland reheater 12 taught by this
      invention is shown. Although FIG. 1 illustrates the steam gland reheater
      12 being utilized with a nuclear steam power plant, it is to be understood
      that the gland steam reheater 12 taught by this invention is equally
      applicable to provide steam at the appropriate temperature and pressure
      for utilization with the pressurized steam gland seals of a turbine in a
      fossil fueled power plant.
PAR  The nuclear steam power plant 10 comprises a closed loop series connection
      having a steam generator element 14 connected to a high pressure turbine
      element 16. Steam produced by the steam generator element expands through
      the high pressure turbine element 16 and is conducted therefrom into a
      combined moisture separator and reheater element 18. The moisture
      separator and reheater element 18 has the combined function of eliminating
      moisture from the steam conducted thereto from the high pressure turbine
      element and raising the temperature of the now dried steam to a
      predetermined level. Steam exiting the moisture separator and reheater
      element 18 is conducted into a low pressure turbine element 20 and expands
      therethrough and is returned to the liquid state in a condenser element
      22. Although FIG. 1 illustrates only one low pressure turbine element 20
      in the nuclear steam power plant 10, it is well known to those skilled in
      the art that two, three, or more low pressure turbine elements may be
      cascaded in a nuclear steam turbine power plant. The liquid from the
      condenser 22 is returned to the steam generator element 14 to complete the
      closed loop nuclear steam power plant 10 through a condensate pump 24, at
      least one low pressure feedwater heater 26, a boiler feed pump 28 and at
      least one high pressure heater element 30.
PAR  If a fossil fueled power plant were to be utilized, it is well known that
      water is transformed into steam in a boiler element which is connected in
      series to the high pressure turbine element of a steam turbine. Steam
      produced by the boiler element expands through the high pressure turbine
      element and is conducted through a reheater section in the boiler element,
      and then to an intermediate pressure and a low pressure turbine element.
      Thus, instead of having a combined moisture separator and reheater element
      18 as in the nuclear steam power plant, the fossil fueled plant has a
      reheater section disposed within the boiler element.
PAR  Both the high pressure turbine element 16 and the low pressure turbine
      element 20 have gland seals 32 and 34, respectively, surrounding a
      rotating shaft 36 having rotating elements thereon disposed within each
      turbine element. It is well known that steam supplied to the gland seals
      should be within 300.degree.F of the temperature of the metal of the
      rotating element in the gland areas in order to avoid eventual formation
      of thermal fatigue cracks in the rotating element. It is often difficult
      and expensive to make available steam supplies that will satisfy the
      300.degree.F maximum allowable temperature differential. In some
      instances, such as the "cold start", steam at a much cooler temperature
      than is available from the steam source must be utilized in the gland
      seals. It is therefore a relatively simple matter to throttle steam from
      the available steam source to the appropriate pressure required by the
      gland seals and to desuperheat the steam so that it is within the
      predetermined temperature range so that no damage occurs to the metal of
      the rotating element.
PAR  However, for a "hot start," it is relatively more difficult to heat the
      steam to a predetermined temperature so that the steam supplied to the
      glands from the steam source is hot enough to prevent the eventual
      formation of the metal fatigue cracks within the rotating element.
PAR  The prior art, in fossil fueled plants, utilized several steam sources to
      provide steam to the turbine gland seals at the predetermined temperatures
      required for the various starting conditions. A fossil fueled power plant
      using a 3,500 p.s.i.a. boiler, utilizes the main boiler, the high pressure
      turbine exhaust and an auxiliary boiler as sources to provide sealing
      steam to the turbine glands under various operating conditions of the
      turbine such as "cold start," "hot start," and normal operation, when the
      turbine generator unit is delivering electrical power to the utility power
      system. It is apparent that such a system utilizing several steam sources
      is expensive and inefficient. Also, it may not always be possible to
      observe the 300.degree.F temperature differential limit.
PAR  Referring now to FIG. 2, a diagrammatic view of a gland steam reheater 12
      taught by this invention and utilized to provide steam within a
      predetermined pressure and temperature range to the gland seal system of a
      nuclear steam turbine power plant is illustrated. In FIG. 2, the gland
      steam reheater 12 comprises a steam source 38 connected through
      appropriate control means which will be described more fully herein to a
      shell and tube reheater element 40. The steam source 38 can be any
      available high pressure steam source within the power plant system. In a
      nuclear steam power plant 10, the steam source for the gland steam
      reheater 12 is, as shown in FIG. 1 at reference numeral 42, the steam from
      the steam generator element 14. However, if the invention were disposed
      within a fossil fueled power plant, the source of steam for the gland
      steam reheater 12 could be an intermediate pressure zone of a drum-type
      boiler element disposed within the boiler element itself or, for cold or
      hot starts in power plants using supercritical boilers, from the flash
      tank of the startup cycle.
PAR  Referring again to FIG. 2, the steam source 38 provides, in a nuclear steam
      power plant, a source of essentially dry and saturated steam at a pressure
      of 1025 p.s.i.a. Steam from the steam source 38 is conducted through a
      first conduit 44 which bifurcates into a first branch 46 and a second
      branch 48. The first branch 46 is connected to the tube members 50 within
      the shell and tube reheater element 40. The second branch 48 is connected
      to the shell element 52 of the tube and shell reheater element 40. A
      second conduit 54 conducts steam at a predetermined temperature and
      pressure to the gland seals 32 and 34 (FIG. 1) of the high pressure
      turbine element 16 and the low pressure turbine element 20, respectively,
      the flow to the gland seals being indicated by reference numeral 56.
PAR  Suitable control means, such as a first control valve 58 are disposed
      within the first branch 46. Similarly, control means, such as a second
      control valve 60 are disposed within the second branch 48 of the gland
      steam reheater system 12. The operation of the gland steam reheater system
      12 is as follows:
PAR  Steam from the steam source 38 is conducted through the first conduit 44
      and bifurcates into the first branch 46 and the second branch 48. The
      first control valve 58 throttles steam from the steam source 38 to a
      predetermined pressure level and admits the steam so throttled into the
      tube elements 50 of the shell and tube reheater 40. It is well known to
      those skilled in the thermodynamic art that the heat exchange capacity of
      steam, is dependent upon the pressure of that fluid. It is therefore
      apparent that the amount of heat able to be transferred within the shell
      and tube reheater element 40 is directly related to and controllable by
      the first valve 58.
PAR  Steam from the steam source 38 within the second branch 48 is throttled by
      the second control valve 60 to the appropriate predetermined pressure
      required by the gland seal systems 32 and 34. Usually, steam for the gland
      seal systems must be approximately 18 p.s.i.a. Thus, the second valve 60
      throttles the high pressure wet, or dry and saturated steam, produced by
      the steam source 38 to the predetermined pressure level suitable for use
      in the gland seals. However, as is also well known to those skilled in the
      thermodynamic art, throttling reduces not only the pressure of the steam,
      but also the temperature. Thus, although the steam within the second
      branch 48 is at a suitable pressure for use within the gland seal system,
      its temperature is below the predetermined range of temperatures for use
      within the gland seal systems.
PAR  Since, however, the second branch 48 is connected directly into the shell
      element 52 of the shell and tube reheater 40, steam in the second branch
      48 which has been throttled by the second control valve 60 is introduced
      into the shell 52 of the reheater element 40. Through well known
      thermodynamic heat exchange processes, throttled steam from the second
      branch 48 obtains heat from the steam from the first branch 46 which is
      disposed within the tubes 50 of the reheater element 32. Thus, the
      throttled steam having the predetermined pressure for utilization in the
      gland seal systems is heated to a predetermined temperature within the
      range of temperatures acceptable for use within the gland seals.
PAR  Steam at the predetermined temperature and pressure level is then conveyed
      by second conduit 54 into the appropriate gland seals as illustrated by
      reference arrows 56 (FIG. 1). The condensed steam within the tubes 50 of
      the reheater element 40, which has given its heat of vaporization to the
      throttled steam introduced into the shell 52 of the reheater element 40,
      is then conducted to an appropriate drain as illustrated by reference
      numeral 62 and then to an appropriate high pressure heater 30 where excess
      heat contained in the condensate is used to raise the temperature of the
      feedwater returning to the steam generator 14 (FIG. 1).
PAR  It is thus seen that a gland steam reheater element 12 as taught by this
      invention utilizes steam from a single steam source 38 having a source
      temperature and pressure associated therewith, and bifurcates that steam
      flow into appropriate control branches 46 and 48. One of the bifurcated
      steam branches flows through a first control valve 58 and is throttled to
      a predetermined pressure level before being introduced into the tubes of
      the reheater element 40. In this way, the heat transfer capability of the
      first portion of steam from the steam source is controlled. The second
      bifurcated branch of steam passes through the second control valve 60 and
      is throttled to appropriate pressure for use in the gland seals. However,
      the steam so throttled to the appropriate pressure is not within the
      temperature requirements of steam for use in the gland steam system. Thus,
      steam in the second bifurcated branch is introduced into the reheater
      element 40 and takes the heat of vaporization from the steam disposed
      within the tubes 50 of the reheater 40. Thus, the pressure of the steam
      from the steam source is throttled to the appropriate gland pressure by
      the second control valve 60 and the steam so throttled is heated again to
      a predetermined temperature level dependent upon the pressure of the steam
      introduced into the tubes 50 of the reheater element 40 through the first
      control valve 58.
PAR  Disposition of a gland steam reheater 12 taught by this invention permits
      one steam source to provide the steam at a predetermined temperature and
      pressure level for utilization within the steam gland seal systems. Steam
      taken from the single steam source provides steam at an appropriate
      pressure and temperature for use in the steam gland seal system. Steam
      from the single steam source both provides steam throttled to the
      appropriate pressure and also reheats the steam to the appropriate
      temperature for use within the gland steam system.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A gland seal system for a steam turbine power plant comprising:
PA1  a gland seal,
PA1  single steam supply means for providing steam to said gland seal, said
      supply means providing steam to said gland seal at a pressure and a
      temperature within a predetermined range of pressures and temperatures,
      said single steam supply means comprising
PA1  a steam source producing a predetermined volume of steam at a predetermined
      pressure and temperature,
PA1  a shell and tube heater element connected to said steam source,
PA1  first control means for diverting steam from said source into said tube
      members of said heater element, said control means regulating the pressure
      and the heat exchange capacity of said steam within said tube elements,
PA1  second control means diverting a portion of said steam from said source
      into said gland seal, said steam introduced into said gland seal passing
      through said shell of said heater element, the pressure of said steam
      entering said gland seal being regulated by said second control means, the
      temperature of said steam entering said gland seal being regulated by and
      dependent upon the temperature and pressure of the steam within said tubes
      of said heater element.
NUM  2.
PAR  2. The gland seal system of claim 1, wherein
PA1  said first control means comprises a first valve device, and
PA1  said second control means comprises second valve device.
NUM  3.
PAR  3. The gland seal system of claim 2, wherein
PA1  said steam turbine power plant is a nuclear fuel power plant having, in
      series, a steam generator element, a high pressure turbine element, a low
      pressure turbine element, a moisture separator-reheater element disposed
      between said turbine elements, and a condenser element, and wherein,
PA1  said steam source comprises steam taken from a point between said steam
      generator element and said high pressure turbine element.
NUM  4.
PAR  4. The gland seal system of claim 1, wherein
PA1  said steam turbine power plant has disposed therein a reheater element,
PA1  said first control means comprises a first valve device,
PA1  said second control means comprises a second valve device, and further
      comprising,
PA1  a conduit connected between said shell and tube heater element and said
      reheater element, said conduit conducting to said reheater element steam
      diverted from said steam source into said tube members.
NUM  5.
PAR  5. The gland seal system of claim 1, further comprising
PA1  a conduit disposed between said shell and tube heater element and said
      steam source, said conduit having a first branch and a second branch
      therein,
PA1  said first branch being connected to said tube members of said shell and
      tube heater element,
PA1  said second branch being connected to said shell member of said shell and
      tube heater element.
NUM  6.
PAR  6. The gland seal system of claim 5, wherein said first control means
      comprises a valve, said valve being connected within said first branch of
      said conduit.
NUM  7.
PAR  7. The gland seal system of claim 6, wherein said second control means is a
      valve, said valve being connected within said second branch of said
      conduit.
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ABST
PAL  A flap gate including a water gate door body of closed shell structure
      having a substantially rectangular vertical transverse cross-section with
      its bottom edge in the lengthwise direction being detachably supported on
      pivotal supports in such manner that said water gate door body can be
      freely erected and laid, is characterized in that the width a of said
      vertical transverse cross-section is selected one-sixteenths or less times
      as small as the distance b between said pivotal supports, and that when
      said water gate door body is vertically erected, a contact surface along
      the bottom edge of said door is brought in contact with a bank wall and
      also restrained by said pivotal supports so as not to separate from said
      bank wall.
BSUM
PAR  The present invention relates to improvements in a flap gate.
PAR  A flap gate of such type that front surface edge portions of a door body is
      brought in contact with a bank wall while being applied with a hydraulic
      pressure to dam up water and pivotal supports are provided along the
      bottom edge of said door body, has been heretofore used without trouble in
      case that the distance between said pivotal supports is relatively small.
      However, if such type of flap gate is applied to flap gates having a very
      large distance between pivotal supports such as those constructed
      recently, then various difficulties would occur.
PAR  Describing now the above-described type of flap gate in connection to the
      conventional dock flap gate with reference to FIGS. 1 through 6, reference
      numeral 01 designates a main beam, numeral 02 designates vertical beams,
      numeral 03 designates pivotal supports provided along the bottom edge of a
      door body on its left and right sides, numeral 04 designates side wooden
      seats, numeral 05 designates a bottom wooden seat, numeral 06 designates a
      side wall of a dock, numeral 07 designates a bottom of the dock, and
      numeral 08 designates a water-tight sealing rubber piece fixedly secured
      to the bottom wooden seat 05.
PAR  Said pivotal support 03 consists of a support receiver 011 fixed to the sea
      bed outside of the dock bottom, a support shaft 09 fixedly and
      horizontally secured to said support receiver 011, and a support piece 010
      mounted to the lower end of the vertical beam 02 and having a recessed
      portion, while the door body can be operated so as to be erected or laid
      with the support shaft 09 fitted in the recessed portion of the support
      piece 010 and supported thereby. The width d of the recessed portion of
      the support piece 010 riding on the support shaft 09 is sufficiently large
      in comparison to the diameter of the support shaft 09, so that when the
      door body is vertically erected, only the weight of the door body is
      transmitted to the support shaft 09 and said support shaft 09 is not
      restrained relative to the support piece 010.
PAR  Explaining now the load transmission mechanism in the abovedescribed flap
      gate of the prior art type, in FIG. 2 the load applied from the side of
      the sea is transmitted via the door plate to the vertical beams 2, which
      are in turn supported by the bottom 07 of the dock through the main beam
      01 and the bottom wooden seats 05. The main beam 01 is supported by the
      side walls 06 of the dock via the side wooden seats 04. The main beam 01
      functions mainly as a bending member, and for the sake of reducing the
      effect of waves a box type of cross-section is employed for its transverse
      cross-section configuration.
PAR  It is required in view of a mechanical strength that the width a' of the
      box is selected about 1/10 times as small as the distance b' between the
      pivotal supports, while the height h' of the box is determined so that the
      bottom surface of the box may be sufficiently lower than the lowest water
      level of the sea.
PAR  The above-described prior art type of flap gate can be used without trouble
      provided that the distance between the pivotal supports is at most equal
      to about 50 m. However, according to the tendency of demand for docks
      constructed recently, the height is not so much different from that of the
      prior art flap gate, but the distance between the supports has been
      extremely increased, and thus flap gates having the distance between the
      supports of about 100 m have been increasingly constructed. Accordingly,
      the following faults and disadvantages have come out in the case of the
      prior type.
PAR  I. There occurs a tendency that the bottom portions of the opposite side
      ends of the flap gate may possibly separate from the dock wall, resulting
      in leakage of water from these separated portions.
PAR  Explaining this phenomenon with reference to FIG. 5, when a hydraulic
      pressure is applied to the door body, the middle portion of the door body
      is displaced from its normal position as represented by solid lines 012 to
      another position as represented by dash lines 013. In this figure,
      reference numeral 014 designates an angle of rotation .theta.. Since the
      main beam 01 has a box type of cross-section which results in a fairly
      large resistance against a torsion, the opposite, left and right side end
      portions of the flap gate in FIG. 1 have a tendency of rotating as induced
      by the angle of rotation .theta.. Because this tendency is increased
      substantially in proportion to a square of the distance b' between the
      supports, if the distance b' between the supports exceeds a certain value,
      the torque of the reactive forces for preventing the rotation of the
      opposite side end portions is overcome by the torque generated from the
      hydraulic pressure and transmitted via the main beam 01, and consequently,
      the opposite side end portions would rotate about a fulcrum point at its
      top edge p (See FIG. 2). Thus, the water-tight nature cannot be
      maintained, because of the fact that the bottom ends of the opposite side
      end portions of the flap gate making contact with the edge surface of the
      bottom 07 of the dock, are caused to swing up.
PAR  II. There occurs increase of a bending moment in the proximity of the
      midpoint of the distance b' between the supports.
PAR  This phenomenon has a complementary relation to the swing-up of the bottom
      ends of the opposite side end portions of the door body as described in
      the preceding numbered paragraph (I). Explaining this phenomenon with
      reference to FIG. 6, the reaction force exerted upon the central portion
      of the door body is shown in this figure, in which R represents the
      reaction force exerted from the bottom 07 of the dock, and L represents
      the distance from the support edges of the vertical beams 02 on the side
      of the main beam 01 to the line of action of the reaction force R. Here,
      the bending moment about the support edges of the vertical beams 02 on the
      side of the main beam 01 is equal to R .times. L. However, since the
      reaction force becomes zero at the opposite side end portions where the
      bottom ends swing up as described in the preceding numbered paragraph (I),
      the reaction force in the proximity of the midpoint is increased by the
      corresponding amount, and thus the bending moment in the proximity of the
      midpoint is increased accordingly.
PAR  If the distance b' between the supports is increased, this tendency would
      become more remarkable, and therefore, it becomes very difficult to limit
      the stress applied to the vertical beams to within an allowable range
      unless the cross-section area of the vertical beam is selected
      sufficiently large. However, if the cross-section area of the vertical
      beam is enlarged, although the problem relating to the stress is resolved,
      the weight of the entire water gate door body is increased, and
      consequently, the enhancement of cost cannot be avoided.
PAR  III. The amount of excavating the sea bed on the side of the sea where the
      flap gate is to be laid, is increased.
PAR  Since the width a' of the box is extremely increased, it is necessary to
      excavate the sea bed more deeply for perfectly laying the door body, and
      consequently, the expense for constructing the water gate would be
      increased.
PAR  It is an object of the present invention to eliminate the the
      aforementioned disadvantages of the flap gate in the prior art, in which
      there are provided a main beam and vertical beams under said main beam,
      and pivotal supports for allowing a door body to be erected and laid
      merely serve to make the door body swing thereabout and to support the
      same.
PAR  One feature of the present invention is to provide a flap gate including a
      water gate door body of closed shell structure having a substantially
      rectangular vertical transverse cross-section with its bottom edge in the
      lengthwise direction being detachably supported on pivotal supports in
      such manner that said water gate door body can be freely erected and laid,
      characterized in that the width a of said vertical transverse
      cross-section is selected one-sixteenth or less times as small as the
      distance b between said pivotal supports, and that when said water gate
      door body is vertically erected, a contact surface along the bottom edge
      of said door is brought in contact with a bank wall and also restrained by
      said pivotal supports so as not to separate from said bank wall.
DRWD
PAR  Other objects and features of the present invention will become apparent
      upon a perusal of the following specification taken in connection with the
      accompanying drawings, in which:
PAR  FIGS. 1 through 6 show a flap gate equipped in a dock of the prior art
      type, FIG. 1 being a front view as viewed from the side of the sea, FIG. 2
      being a cross-section view taken along line A--A in FIG. 1 as viewed in
      the direction of arrows, FIG. 3 being an enlarged view of the proximity of
      the bottom wooden seat in FIG. 2, FIG. 4 being an enlarged view of the
      pivotal support portion in FIG. 2, FIG. 5 being a diagrammatic view
      showing a displacement of the central portion caused by a load of
      hydraulic pressure, and FIG. 6 being a diagrammatic view showing a
      reaction force at the central portion of the door body,
PAR  FIGS. 7 through 9 show one preferred embodiment of the present invention,
      FIG. 7 being a front view as viewed from the side of the sea of a flap
      gate equipped at an entrance of a dock, FIG. 8 being a cross-section view
      taken along line B--B in FIG. 7 as viewed in the direction of arrows, and
      FIG. 9 being an enlarged detailed view of the proximity of the pivotal
      support portion in FIG. 7, and
PAR  FIGS. 10 and 11 are schematic views for comparatively showing the amounts
      of balast loading in a flap gate of the prior art type and in a flap gate
      according to the present invention, respectively.
DETD
PAR  Now one preferred embodiment of the present invention will be described
      with reference to FIGS. 7, 8, 9 and 11.
PAR  Reference numeral 1 designates a door body having a closed shell
      cross-section configuration whose width is far smaller than the distance
      between the supports, numeral 2 designates the side of the sea, numeral 3
      designates pivotal supports provided at the bottom of the opposite side
      ends in the lengthwise direction of the door body 1, numeral 4 designates
      side wooden seats provided on the opposite sides of the frant surface F of
      the door body 1, numeral 5 designates a bottom wooden seat provided along
      the bottom edge of the front surface F of the door body 1 as directed in
      its lengthwise direction, numeral 6 designates dock walls, numeral 7
      designates a bottom of the dock, numeral 8 designates a water-tight
      sealing rubber piece fixedly secured to the bottom wooden seat 5, and
      numeral 13 designates a water passage opening provided in the lower
      portion of the door body 1.
PAR  In the aforementioned structure, the pivotal support 3 comprises a
      combination consisting of a pair of left and right support receivers 11
      fixed on the sea bed outside of the bottom of the dock and having a
      horizontal support shaft 9 for supporting the door body 1 supported
      thereon, and a support piece 10 mounted at the bottom of the door body 1
      at its left or right end and having a downwardly recessed portion 12.
PAR  The width a of the door body is about one-sixteenth or less times,
      preferably about one-twentieth or less times as small as the distance b
      between the supports, and the height h is substantially equal to the
      height of the dock.
PAR  When the door body 1 is vertically erected, that is, when the dock is
      vacant and blocked from the sea water, the support shaft 9 makes contact
      with the right side face of the recessed portion 12 of the support piece
      10 as shown in FIG. 9, so that the support shaft 9 is applied with a
      reaction force f from the right side face of the recessed portion 12, and
      thus the support shaft 9 and the support piece 10 are engaged with each
      other so that the door body 1 may not separate from the bottom 7 of the
      dock.
PAR  Explaining now the operation of the above-described structure, when a
      hydraulic pressure is applied to the door body 1 under the condition of
      blocking the entrance of the dock, most of the hydraulic pressure load is
      borne by the bottom wooden seat 5 via the door body 1. Accordingly, a
      torque is exerted upon the door body 1 in such direction that the door
      body 1 is caused to fall on the opposite side to the sea. This torque is
      transmitted to the opposite side ends of the door body 1 as a torsional
      shearing stress in the vertical transverse cross-section of the door body,
      and balanced by the torque of the supporting reaction forces exerted by
      the side wooden seats 4 and the support receivers 11. In other words, the
      reaction force f is borne by the support shaft 9, so that no gap clearance
      is produced at the bottom of the opposite side ends of the door body 1. By
      way of examples, it is to be noted that in an embodiment having dimensions
      of b = 100 m, a = 5 m and h = 12 m, f = 2000 ton is resulted, while in
      another embodiment having dimensions of b = 80 m, a = 5 m and h = 12.85 m,
      f = 1400 ton is resulted.
PAR  In more particular, since the entire cross-section area of the hollow door
      body 1 is very large, its torsional rigidity is extremely high, and since
      the width a of the cross-section is small, its bending rigidity is very
      low. As described above, the rotation of the opposite side end portions of
      the door body 1 is completely restrained by the support shaft 9. The
      requirement that the width of said door body should be about one-sixteenth
      or less times, preferably about one-twentieth or less times as small as
      the distance b between the supports, has been determined on the basis of
      both calculations and experiments. Briefly stating, when the width a is
      reduced, the bending moment is remarkably decreased owing to the fact that
      the bending rigidity IE of the door body is proportional to a square of
      the width a. On the other hand, even if the width a is reduced, the
      torsional rigidity JE can be maintained high by selecting the height h
      sufficiently larger than the width a, because the torsional rigidity JE is
      proportional to a square of a .times.  h. If the height h is selected
      larger than about 2a in such a viewpoint, then the internal force is
      mainly borne by a member having a torsional rigidity, and thus the door
      body can be designed principally on the basis of torsion.
PAR  As described above, according to the present invention, the door body is
      constructed to have a closed shell structure whose vertical transverse
      cross-section has a width about one-sixteenth or less times, preferably
      about one-twentieth or less times as small as the distance between the
      supports, and the pivotal supports for supporting the door body restrains
      the door body to prevent the bottom of the side ends of the door body from
      separating from the dock walls, and as a result, the following effects and
      advantages can be expected from the present invention:
PA1  1. Since the width of the door body is selected about one-sixteenth or less
      times, preferably about one-twentieth or less times as small as the
      distance between the supports, the bending rigidity within a horizontal
      plane is reduced, and consequently, the bending moment becomes small. This
      is because the internal forces of the door body are indefinite in view of
      the theory of statics since the door body is supported along its three
      edges, and because a torsional member having a high rigidity bears against
      a large internal force.
PA1  2. The bottoms of the opposite end portions of the door body do not swing
      up as is the case with the conventional flap gate structure, and
      therefore, water leakage would not occur.
PA1  3. Since the vertical beam portions in the prior art structure are
      eliminated, there occurs no problem relating to the bending moment, and
      further, since the width of the door body is made smaller than that of the
      prior art structure, the amount of excavating the sea bed can be reduced.
PA1  4. Inasmuch as the torsional rigidity is extremely high with respect to the
      bending rigidity, the thickness of the plate is determined by the
      torsional moment, so that the thickness of the plate can be made about
      one-third times as small as that of the prior art flap gate, and
      consequently, the welding work is simplified with a little distortion,
      which leads to improvements in working efficiency and to reduction of cost
      caused by decreasing the weight of the door body.
PAL  By way of examples, a several examples of comparison in weight between the
      known flap gates in the prior art as shown in FIG. 2 and the flap gates
      according to the present invention having the respective distances b' and
      b between the supports and the effective heights H of the water gates
      equalized to each other, are listed up in the following table, in which it
      is indicated that the present invention is distinctly effective even if
      the ratio a/b is substantially equal to one-sixteenth and the invention is
      useful even if the ratio h/a is equal to 1.8.
TBL  __________________________________________________________________________
     Distance                                                                  
             Effective                                                         
                   Width                                                       
                       Dimen-                                                  
                           Dimen-          Weight                              
     between Height of                                                         
                   of  sion                                                    
                           sion                                                
                               Weight      Reduction                           
     Supports                                                                  
             Gate  Gate                                                        
                       Ratio                                                   
                           Ratio           Ratio                               
                               Door  Door                                      
                               Body in                                         
                                     Body of                                   
                               FIG. 2                                          
                                     Present                                   
                                     Invention                                 
     No.                                                                       
        b (m)                                                                  
             H (m) a(m)                                                        
                       a/b h/a W'(t) W (t) W/W'                                
     __________________________________________________________________________
     1  100  13.5  5.0 1/20                                                    
                           2.4 1900  1270  0.67                                
     2  90   13.0  5.0 1/18                                                    
                           2.6 1700  1100  0.65                                
     3  80   13.0  5.0 1/16                                                    
                           2.5 1500  1000  0.67                                
     4  55   8.0   2.5 1/22                                                    
                           1.8  410  201   0.49                                
     5  45   8.2   2.5 1/18                                                    
                           2.0  300  229   0.76                                
     __________________________________________________________________________
PA1  5. with reference to FIGS. 10 and 11 showing the designs of float and
      ballast sections in the door bodies according to the prior art and the
      present invention, respectively, each door body is provided with a float
      14 or 14' for reducing the winch load of the door body and for repairing
      works, and also loaded with a ballast 15 or 15' for bringing the center of
      gravity of the door body to its center of buoyancy. In the door body
      according to the present invention, the amount of the ballast can be
      reduced to a very small amount because the center of gravity of the door
      body without the balast is closer to its center of buoyancy than in the
      case of the door bodies in the prior art.
PAR  Since many changes could be made in the above construction and may
      apparently widely different embodiments of this invention could be made
      without departing from the scope thereof, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For closing the partially submerged entrance opening of a dock or the
      like, having opposite sidewalls, a bottom and a bank wall extending down
      from the bottom, a flap gate structure, comprising:
PA1  a water gate door body of closed shell structure, having when closed, a
      substantially rectangular vertical transverse cross-section;
PA1  a pair of fixed, horizontally extending support pins about which the door
      is to pivot when moving from being erected to being laid out and vice
      versa;
PA1  a pair of support pieces mounted on the water gate door body, each support
      piece having surface means defining a downwardly opening recess for
      receiving a respective one of said support pins;
PA1  means defining a contact surface along the bottom edge of the water gate
      door body, arranged for contact with the bank wall when the door is
      erected;
PA1  the thickness of the water gate door body being no greater than
      one-sixteenth times the distance between where the two support pieces
      receive the two support pins;
PA1  said surface means defining the recesses being so spatially arranged
      relative to said contact surface and the bank wall that, when the water
      gate door body is erected the surface means presses laterally against the
      respective pins on their side which is toward the bank wall, to prevent
      the contact surface from separating from the bank wall.
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ABST
PAL  A plow assembly for cutting a slit in the ground and simultaneously laying
      a cable in the slit as the propelling vehicle moves over the ground. The
      plow assembly has a shaker case containing a pair of counter-rotating
      eccentric weights for providing a vibratory action to the plow, additional
      weight means are located rearwardly of the plow and plow frame so as to
      reduce the amplitude of vibration at the rear end of the assembly, and the
      assembly also has elastomeric isolation mounts for the shaker case on the
      plow frame so that the resulting action of all the components is such that
      the plow blade pivots about a pivot point located rearwardly of the
      assembly and in a particularly efficient arcuate cutting movement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many different types of underground cable laying implements have been
      proposed for simultaneiously cutting a slit in the ground and laying a
      flexible cable therein and including vibratory means for the plow. While
      these prior art devices have proved to be successful, they have not always
      utilized the forces involved to an optimum due to the direction of the
      vibratory movement of the plow blade. Examples of devices of the prior art
      type are shown in the U.S. Pat. No. 3,575,006, issued Apr. 13, 1971; U.S.
      Pat. No. 3,590,588 issued July 6, 1971; or the U.S. Pat. No. 3,363,423
      issued Jan. 16, 1968.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a cable laying vibratory plow which has a
      plow blade extending downwardly and forwardly in respect to the direction
      of plow travel and for forming a slit in the ground for the simultaneous
      insertion of a flexible cable. The plow of the present invention includes
      a pair of power driven counter-rotating eccentric weights which rotate
      about horizontal, transverse axes, and are spaced away from one another in
      a fore and aft direction (in respect to the direction of plow travel); the
      shaker case which carries the eccentric weights includes elastomeric
      isolation mounts on the plow frame. The action of these particularly
      disposed, counter-rotating weights and their axes causes generally
      vertical shaking forces to be imparted to the plow frame. The plow of the
      present invention also includes a weight mass located rearwardly of the
      plow frame and which together with the vibratory action of the eccentric
      weights and the elastomeric mounting of the shaker case, acts to form an
      effective pivot point for the plow blade, which point is located
      rearwardly of the plow frame and tamp wheel. The resulting combination of
      forces causes the plow frame to swing in a generally arcuate movement
      about the effective pivot point, thereby providing a particularly
      efficient cutting action through the soil as the vehicle pulls the plow
      through the soil. The arrangement is such that the rear mass tends to make
      the tamp wheel end of the shaker assembly more nearly stationary, thus
      providing a rearwardly disposed, effective, constant pivot point. The
      resulting arcuate movement of the plow blade is generally in an upward and
      forward soil cutting direction, as opposed to purely vertical forces or
      other forces.
DRWD
PAR  These and other objects and advantages of the present invention will appear
      hereinafter as this disclosure progresses, reference being had to the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the vibrating plow made in accordance
      with the present invention;
PAR  FIG. 2 is a fragmentary, plan view of the device shown in FIG. 1, certain
      parts being shown as broken away or in section for the sake of clarity;
PAR  FIG. 3 is a vertical transverse sectional view taken generally along the
      line 3--3 in FIG. 2;
PAR  FIG. 4 is a sectional view taken on line 4--4 in FIG. 2, but on an enlarged
      scale;
PAR  FIG. 5 is a vertical sectional view taken along the line 5--5 in FIG. 6 and
      through the shaker case;
PAR  FIG. 6 is a horizontal sectional view taken along line 6--6 in FIG. 5;
PAR  FIG. 7 is a side elevational view of a vibrating plow made in accordance
      with the present invention showing a modification of that shown in FIG. 1;
PAR  FIG. 8 is a plan view of the plow shown in FIG. 7;
PAR  FIG. 9 is an enlarged, fragmentary side elevational view, with parts broken
      away or in section of the shaker case and pivot connection with the beam
      as shown in FIG. 7;
PAR  FIG. 10 is a transverse, vertical sectional view taken along the line
      10--10 in FIG. 9;
PAR  FIG. 11 is a fragmentary sectional view taken along the line 11--11 in FIG.
      9; and
PAR  FIG. 12 is a reduced, fragmentary, exploded view of the rear end of the
      beam means as shown in FIG. 9.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  One modification of the invention is shown in FIG. 1 and includes tractive
      vehicle 1 having beam means in the form of an upper pair of arms 2 and a
      lower pair of arms 3, pairs of arms 2 and 3 being parallel to one another
      to form a parallel linkage as shown in FIG. 1. Arms 2 are pivoted about
      the axis 5 on the vehicle, while arms 3 are pivoted about the axis 6 on
      the vehicle located directly below axis 5. The rear end of arms 2 and 3
      are pivoted, respectively, on shaft 7 and 8 to the shaker case 10 of the
      plow frame F by elastomeric mounts to be referred to.
PAR  The plow frame F also includes a forwardly and downwardly extending frame
      member 12 having a sharp plow blade 14 located along its front edge. The
      intermediate portion 15 of the plow frame is rigidly secured by bolt means
      13 to the upper end of the member 12 and is also rigidly secured, as by
      welding for example, to the shaker case 10.
PAR  A cable 16 to be laid is trained around an idler pulley 17 and is directed
      downwardly and forwardly through the passageway 18 in the frame member 12
      where it emerges at the lower end in the slit formed by the blade 14 in
      the known manner. Tamp means in the form of a pair of tamp wheels 21 and
      22 are located generally rearwardly of the plow frame and are journalled
      on the plow frame for supporting it at a constant attitude to the ground
      over which it traverses.
PAR  Frame portion 15 includes two, transversely spaced, vertical side walls 23
      and 24 which form the side walls of the shaker case 10, to be described
      presently in detail.
PAR  FIG. 4 shows the elastomeric isolation mounts EM between the plow beam and
      the plow frame. More specifically, the shaker case 10 has reinforcing
      blocks 30 welded to the vertical side walls 23 and 24 to provide a firm
      mounting for the shafts 7 and 8. Pairs of cup-like sockets 33 and 34 are
      provided and which contain rubber sleeves 36 in which are mounted sleeve
      bearings 38 welded to the shafts 7 and 8 at one end thereof, and these
      shafts form pivot axes for the parallel arms. The other end of shafts 7
      and 8 are threaded to receive nuts 39. The arrangement of the elastomeric
      sleeves 36 is such that they deflect in the generally horizontal direction
      of the double ended arrows 46 as shown in FIG. 1 and deflection of the
      elastomeric mounts in this direction contributes to the desired plow blade
      motion as will appear. Thus, these mounts also isolate the vibrations from
      the beam means 2, 3, and the vehicle. Rear wall 46, front wall 47, bottom
      wall 48, and top wall 49 are welded between and to the side walls 23 and
      24 so as to form the rigid and closed shaker case 10. A removable access
      top cover 45 is also provided.
PAR  A pair of counter-rotating, eccentric weights are journalled within the
      shaker case as follow. A pair of shafts 50 and 51 are rotatably journalled
      in the case and have gears 52 and 53, respectively, fixed thereon. Gears
      52 and 53 are in constant mesh with one another so that a hydraulic motor
      55 which is fixed to and drives a shaft 50, also drives a shaft 51 through
      the constant mesh gears. Shafts 50 and 51 are suitably mounted on
      anti-friction bearing assemblies, as shown in FIG. 6. Eccentric weight
      means 57 are fixed to shaft 50 while eccentric weight means 58 is fixed to
      shaft 51. Weights 57 and 58 are 180.degree. out-of-phase with one another
      and their shafts 50 and 51 are spaced in fore and aft direction of plow
      travel. In other words, the shafts are mounted in a horizontal plane,
      extend transversely of the plow, and are spaced apart from one another in
      the direction of plow travel. Thus, the vibratory action imparted by the
      counter-rotating eccentric weights is generally vertical, and this shaker
      force is indicated by the double ended arrows 60 in FIGS. 1 and 5.
PAR  The front weight 58 is made the same weight as the rear weight 57 to cancel
      out forces in a front to rear direction.
PAR  Also in accordance with the present invention and in order to contribute to
      the desired arcuate swinging movement of the plow blade, a weight mass M
      is provided rearwardly of the shaker case and at the rearward end of the
      plow frame and this mass may take various forms. In the embodiment of the
      invention as shown in FIGS. 1 and 2, this weight mass is comprised of a
      particularly thick and heavy steel plate 62 which is welded to the rear
      wall 46 of the shaker case. Another plate 63 is also welded to the wall
      46. The wheels 21 and 22 are suitably journalled on their axle which is
      mounted to plate 62. This weight mass M tends to make the tamp wheel end
      of the plow frame more nearly stationary, that is to say, it reduces the
      amplitude of vibration at the rear end of the assembly and also increases
      the amplitude at the front end, and, in conjunction with the forces
      previously described of the eccentric weights and the elastomeric
      isolation mounts, results in an effective pivot point P which is shown in
      FIG. 1 and is located rearwardly of the plow frame and tamp wheels 21 and
      22. This imaginary pivot point forms the center of the arcuate movement of
      the plow blade which arcuate movement is indicated by the double
      curvilinear arrow 70 shown in FIG. 1. This desired movement of the plow
      blade acts to impact the soil in the optimum, upward and forward direction
      and as a result efficiently slices through the group with the desired
      cutting action and minimum horsepower.
PAR  Another modification of the invention is shown in FIGS. 7 and 8 wherein a
      rigid plow beam 73 is used and is fabricated from steel plates in the form
      of a rectangular box frame member having sides 74, 75, a top 76 and bottom
      78. This beam is pivoted about the vertical axis 81 to the vehicle and has
      a sub-frame 82 pivoted about the vertical shaft 83 to the rear end of the
      rigid beam 73. Shaft 83 is mounted in a vertical sleeve means 83a which is
      welded to box beam 73. Sub-frame 82 has a pair of vertical sides 84 and 85
      between and to which are welded the cross plates 87 and 89 and which in
      turn receive and support the shaft 83 (FIG. 12) and is connected by a
      shaft 86 to the heavy mass plate 62a which in turn is welded to the shaker
      case 10a, as in the FIG. 1 embodiment.
PAR  The shaker case 10a utilized in the FIGS. 7 and 8 embodiment is the same as
      shown in FIGS. 5 and 6 and the vertical force imparted by the rotating
      weights is the same as previously described, consequently further
      description of the shaker case and its weights is not believed to be
      necessary. Furthermore, the plow, plow frame, tamp wheels and weight mass
      are similar to those shown and described in connection with FIGS. 1 and 2
      and the parts are similarly numbered together with a suffix a.
PAR  The sub-frame 82 is welded to the rearwardly extending plate 89 to form a
      unitary structure therewith. Frame 82 is mounted by bolt means 88 to a
      forwardly extending end 91 of bottom member 48 of the shaker case. It will
      be noted that an elastomeric isolation mount 93 is also provided on bolt
      means 88 and between the shaker case 10a, sub-frame 82, and beam means 73.
PAR  The rigid beam structure shown in FIGS. 7 and 8 is particularly desirable
      when an offset plowing action is to be accomplished, for example, along a
      roadside. Suitable double acting hydraulic cylinders 96 and 97 laterally
      position the plow. Hydraulic cylinders 98, 99 can raise and lower the plow
      assembly.
PAR  In either of the embodiments shown, the combination of forces imparted by
      the pair of counter-rotating eccentric weight means having their
      horizontal and transverse axes spaced apart in a fore and aft direction,
      the forces imparted by the deflection of the elastomeric isolation mounts,
      and the effect of the weight mass at the rear of the plow assembly all
      contribute to provide an effective pivot point located rearwardly of the
      plow assembly and by means of which the plow blade swings in an arcuate
      movement, namely in an upward and forward movement to efficiently cut
      through the terrain.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vibratory plow assembly including a plow frame, a plow blade extending
      downwardly and forwardly from said frame and in respect to the direction
      of travel of said plow assembly and for forming a slit in the ground,
      ground engaging means for supporting said assembly, a pair of power driven
      counter rotating eccentric weights on said plow frame, said weights being
      rotatable about transverse horizontal axes which are spaced apart in the
      direction of travel of said plow to thereby position one weight rearwardly
      of the other, and a weight mass on the rear end of said plow frame; beam
      means for connecting said assembly to a tractive vehicle, first means for
      pivotably connecting said plow frame to said beam means, and second means
      for pivotably connecting said beam means to said tractive vehicle, said
      first means including elastomeric isolation mounts, whereby a pivot point
      for said plow frame is established rearwardly of said assembly and about
      which point the plow blade swingably vibrates in an upward and forward
      stroke.
NUM  2.
PAR  2. The plow assembly as set forth in claim 1 further characterized in that
      the forwardly located eccentric weight is about the same weight as the
      eccentric weight located rearwardly thereof.
NUM  3.
PAR  3. A vibratory plow assembly for being pulled by a tractive vehicle and for
      laying cable and including a plow frame, ground engaging means for
      supporting said assembly for travel over the ground, a plow blade
      extending downwardly and forwardly from said frame and in respect to the
      direction of travel of said plow assembly and for forming a slit in the
      ground, vibratory means including a pair of power driven counter-rotating
      eccentric weights on said plow frame, said weights being rotatable about
      their individual transverse horizontal axes, said axes being spaced apart
      in the direction of travel of said plow to thereby position one weight
      rearwardly of the other, whereby said weights impart generally vertical
      vibratory forces to said plow assembly, and a weight mass on the rear end
      of said plow frame and located rearwardly of said eccentric weights to
      reduce the amplitude of the vibrations of the eccentric weights at the
      rear end of the plow frame; beam means for connecting said assembly to
      said tractive vehicle, first means for pivotably connecting said plow
      frame to said beam means, and second means for pivotably connecting said
      beam means to said tractive vehicle, said first means including
      elastomeric isolation mounts connecting said plow frame to said beam means
      for absorbing generally horizontal components of vibration, whereby a
      pivot point for said plow frame is established rearwardly of said assembly
      and about which point the plow blade swingably vibrates in an upward and
      forward stroke.
NUM  4.
PAR  4. The plow assembly as set forth in claim 3 further characterized in that
      the forwardly located eccentric weight is about the same weight as the
      eccentric weight located rearwardly thereof.
NUM  5.
PAR  5. A vibratory plow assembly for being pulled by a tractive vehicle and for
      laying cable and including a plow frame, a plow blade extending downwardly
      and forwardly from said frame and in respect to the direction of travel of
      said plow assembly and for forming a slit in the ground, guiding means for
      guiding a cable into said slit in the ground formed by said plow blade,
      said assembly also having ground engaging wheel means, a shaker case
      secured to said plow frame, a pair of power driven counter-rotating
      eccentric weights in said shaker case, said weights being rotatable about
      their individual transverse horizontal axes, said axes being spaced apart
      in the direction of travel of said plow to thereby position one weight
      rearwardly of the other, whereby said weights impart generally vertical
      vibratory forces to said plow assembly, and a weight mass on the rear end
      of said plow frame and located rearwardly of said shaker case to reduce
      the amplitude of the vibrations of the counter-rotating weights at the
      rear end of the plow frame; beam means for connecting said assembly to a
      tractive vehicle, first means for pivotably connecting said plow frame to
      said beam means, and second means for pivotably connecting said beam means
      to said tractive vehicle, said first means including elastomeric isolation
      mounts connecting said plow frame to said beam means for absorbing
      generally horizontal components of vibration, whereby a pivot point for
      said plow frame is established rearwardly of said assembly and about which
      point the plow blade swingably vibrates in an upward and forward stroke.
NUM  6.
PAR  6. The plow assembly as set forth in claim 4 further characterized in that
      the forwardly located eccentric weight is about the same in weight as the
      eccentric weight located rearwardly thereof.
NUM  7.
PAR  7. The plow assembly set forth in claim 5 further characterized in that
      said beam means is a pair of parallel links for permitting said shaker
      case and plow frame to rise and fall bodily at substantially a constant
      attitude to the ground, said parallel arms contributing to the isolation
      of vertical vibrations of the shaker case from said tractive vehicle.
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ABST
PAL  A tool for maintaining and servicing a pressurized refrigeration system or
      the like wherein it is desirable to remove and replace a threaded check
      valve core without depressurizing the system. The tool includes a body
      member having a longitudinal passageway extending therethrough with means
      to provide sealing communication between one end of the passageway with
      the fitting in which the check valve is fitted. A removable cap sealingly
      engages the opposite end of the longitudinal passageway with an operating
      shaft extending therethrough for axial and rotary movement within the
      passageway. An annular sliding seal is disposed between the shaft and the
      removable cap. The shaft includes engaging means formed on one end thereof
      for releasably engaging the valve core to unthread and remove it from the
      fitting and withdraw it into the passageway to a position adjacent to the
      removable cap. A shut-off valve is mounted in the body member to
      alternately close and open the passageway when the valve core is withdrawn
      into the passageway adjacent to the cap. An additional port in the body
      member communicating with the passageway is also disclosed for evacuating
      or charging the refrigeration system through the passageway. Also
      disclosed is apparatus for use with the tool for providing initial access
      into a previously sealed pressurized refrigeration system through the
      fitting prior to installation of the threaded check valve core therein. A
      method for removing and replacing the valve core employing the tool is
      also disclosed.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of application Ser. No. 484,298, filed June
      28, 1974, now U.S. Pat. No. 3,875,756 a division of application Ser. No.
      378,920, filed July 13, 1973, now U.S. Pat. No. 3,840,967, a
      continuation-in-part of application Ser. No. 343,512, filed Mar. 21, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to method and apparatus for
      maintaining and servicing a pressurized system such as a refrigeration
      system or the like, and more particularly, but not by way of limitation,
      to method and apparatus for removing and replacing a closure member in a
      pressurized refrigeration system without depressurizing the system.
PAR  2. Description of the Prior Art
PAR  The prior art contains a number of teachings of servicing tools which
      provide access to a refrigeration system or the like to evacuate or charge
      the system. One such tool is disclosed in U.S. Pat. No. 3,299,648, issued
      to White, et al.
PAR  It should be noted, that neither the White tool nor any other known tools
      permit the removal and replacement of the threaded closure member in a
      pressurized refrigeration system without depressurizing the system.
PAR  It has become common practice in the refrigeration industry to provide
      access to pressurized refrigeration systems through threaded fittings in
      which a threaded check valve core is installed. Such threaded check valves
      are of the type commonly used in automobile tire valve stems and are often
      referred to as Schrader-type valve cores.
PAR  It has been found that the Schrader-type valve cores used in refrigeration
      systems are not subject to extremely high quality control measures.
      Approximately 50 percent of the valve cores initially installed in a
      refrigeration system are found to be incapable of holding the proper
      operating pressure to permit efficient operation of the refrigeration
      system. It is, therefore, necessary many times to replace an
      unsatisfactory valve core after charging a refrigeration system with
      refrigerant. It is to this industry-wide problem that the method and
      apparatus of the present invention is directed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a tool for use in maintaining and
      servicing a refrigeration system or the like equipped with an access
      fitting provided with a removable threaded closure member therein. The
      tool includes a body member having a first end and a second end and having
      a longitudinal passageway extending therethrough and communicating at the
      opposite ends thereof with the first and second ends of the body member.
      Coupling means is carried on the first end of the body member for
      removably connecting the first end of the body member to the access
      fitting with one end of the longitudinal passageway in sealing
      communication with the access fitting. Removable cap means is provided
      which is securable to the second end of the body member for sealing
      closure of the opposite end of the longitudinal passageway, and,
      alternately, for removal from the body member and includes an aperture
      formed therein substantially coaxial with the longitudinal passageway. An
      operating shaft is provided which includes a first end and a second end
      and which extends through the aperture in the removable cap means, with
      the first end thereof disposed within the longitudinal passageway and with
      the second end thereof disposed outside the longitudinal passageway. The
      removable cap means carries seal means for providing slidingly and
      rotatingly sealing engagement between the aperture in the cap means and
      the operating shaft so that the operating shaft may be moved axially and
      rotatably within the longitudinal passageway. The first end of the
      operating shaft is secured to engaging means for releasably engaging the
      threaded closure member in the access fitting. Control means operatively
      engages the second end of the operating shaft for rotating and axially
      displacing the engaging means within the longitudinal passageway in
      response to stimulus external thereto. Valve means is carried by the body
      member intermediate the first and second ends thereof for alternately
      opening and closing the longitudinal passageway, the valve means being
      adapted to close the longitudinal passageway when the operating shaft is
      displaced toward the second end of the body member. Actuating means
      operatively engages the valve means for moving the valve means between a
      position opening and a position closing the longitudinal passageway in
      response to stimulus external thereto.
PAR  An object of the present invention is to provide an efficient tool for
      maintaining and servicing a pressurized refrigeration system or the like.
PAR  Another object of the present invention is to provide an improved method
      and tool for maintaining and servicing a pressurized refrigeration system
      which allows the removal and replacement of a defective access valve core
      in a pressurized refrigeration system without requiring depressurization
      of the system.
PAR  A further object of the present invention is to provide an improved method
      and apparatus for maintaining and servicing a pressurized refrigeration
      system which permits the removal and replacement of a defective access
      valve core in a refrigeration system and further permits the evacuation
      and/or recharging of the system by means of the same tool.
PAR  A still further object of the present invention is to provide a tool for
      maintaining and servicing a pressurized refrigeration system or the like
      which is economical to manufacture and simple to operate.
DRWD
PAR  Other objects and advantages of the present invention will be evident from
      the following detailed description when read in conjunction with the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a refrigeration system with the tool of
      the present invention connected to the high pressure side of the
      compressor.
PAR  FIG. 2 is a cross-sectional view of one embodiment of the present invention
      illustrating the engaging means in engagement with the threaded check
      valve of the refrigeration system and with the valve means opening the
      passageway of the tool.
PAR  FIG. 3 is a cross-sectional view similar to FIG. 2 illustrating the
      threaded check valve fully withdrawn from the refrigeration system into
      the passageway of the tool and with the valve means closing the
      passageway.
PAR  FIG. 4 is a cross-sectional view similar to FIG. 3 illustrating the
      threaded check valve removed from the tool for inspection and replacement.
PAR  FIG. 5 is an enlarged partial cross-sectional view illustrating the
      construction details of the valve core engaging chuck on the operating
      shaft.
PAR  FIG. 6 is a cross-sectional view of an alternate embodiment of the present
      invention.
PAR  FIG. 7 is a cross-sectional view of another form of the presnt invention.
PAR  FIG. 8 is a vertical partial cross-sectional view of an alternate
      embodiment of the present invention illustrating the tool connected to a
      slightly modified access fitting secured to the conduit of a sealed
      refrigeration system with the valve means opening the passageway of the
      tool prior to penetration of the conduit.
PAR  FIG. 9 is a horizontal cross-sectional view of the apparatus of FIG. 8
      illustrating the tool connected to the access fitting after penetration of
      the conduit by conduit penetrating means.
PAR  FIG. 10 is a vertical cross-sectional view of the apparatus of FIG. 8
      illustrating the tool connected to the access fitting with the conduit
      penetrating means withdrawn from the conduit and with the valve means
      closing the passageway of the tool.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and to FIGS. 1-5 in particular, the apparatus
      of the present invention is generally designated by the reference
      character 10.
PAR  The apparatus 10 is a tool which includes a body member 12 having a first
      end portion 14 and a second end portion 16. A cylindrical bore 18 extends
      through the body member 12 communicating with the first and second end
      portions 14 and 16 thereof forming a longitudinal passageway through the
      body member 12. The outer periphery 20 of the body member 12 adjacent to
      the first end portion 14 is cylindrically shaped. A circumferential groove
      22 is formed in the outer periphery 20 and includes first and second
      cylindrical surfaces 24 and 26 interconnected by an inclined surface 28.
      The diameter of the second cylindrical surface 26 is greater than the
      diameter of the first cylindrical surface 24.
PAR  A coupling nut 30 is rotatably secured to the first end portion 14 and body
      member 12. The coupling nut 30 includes a cylindrically shaped inner
      peripheral portion 32 slidingly disposed around the outer periphery 20 of
      the body member 12. The coupling nut 30 is retained on the body member 12
      by means of a snap ring 34 carried in an annular groove 36 formed in the
      inner peripheral portion 32 and engaging the circumferential groove 22 in
      the body member 12.
PAR  Internal threads 38 are formed in the outer end portion 40 of the coupling
      nut 30. A suitable annular Neoprene gasket 42 is positioned within the
      coupling nut 30 between the threads 38 thereof and the first end portion
      14 of the body member 12.
PAR  External threads 44 are formed on the outer periphery of the body member 12
      adjacent to the second end portion 16 thereof. An access cap 46 is
      threadedly secured to the second end portion 16 of the body member 12 by
      means of internal threads 48 formed therein and threadedly engaging the
      external threads 44 of the body member 12. The access cap 46 includes a
      bore 50 formed therein coaxial with the axis of the bore 18 formed in the
      body member 12. A first counterbore 52 is formed in the access cap 46
      coaxial with the bore 50. A second counterbore 54 is formed in the access
      cap 46 coaxial with the first counterbore 52 in the bore 50. An annular
      retainer 56 having a cylindrically shaped outer periphery 58 having a
      diameter slightly less than the diameter of the second counterbore 54 is
      positioned within the second counterbore 54 intermediate the internal
      threads 48 and the first counterbore 52 formed therein.
PAR  An operating shaft 60 having a cylindrically shaped outer periphery extends
      through the bore 50 in the access cap 46 and through the annular retainer
      56. The first end portion 62 of the oprating shaft 60 is disposed within
      the bore 18 of the body member 12. A control knob 64 is rigidly secured to
      the second end portion 66 of the operating shaft 60 by means of a set
      screw 68 threadedly secured in the control knob 64 and bearing against the
      second end portion 66 of the operating shaft 60.
PAR  A pair of O-rings 70 are positioned within the first counterbore 52 of the
      access cap 46 and provide a fluid-tight seal between the access cap 46 and
      the operating shaft 60. The fluid-tight seal obtained by the O-rings 70
      permits the operating shaft to be axially and rotatably displaced relative
      to the access cap 46 without fluid leakage thereby. The O-rings 70 are
      retained in proper position within the first counterbore 52 by the annular
      retainer 56. A fluid-tight seal is obtained between the acccess cap 46 and
      the second end portion 16 of the body member 12 by means of an O-ring 72
      positioned therebetween.
PAR  The threads 44 on the body member 12 and the threads 48 on the access cap
      46 are suitably formed such that when the cap 46 is removed from the body
      member 12 suitable means for evacuating and charging (not shown) a
      refrigeration system, such as a vacuum pump and a source of refrigerant as
      shown in FIG. 1, may be threadedly engaged to the threads 44 to provide
      sealing engagement between said means and the body member 12 so that a
      refrigeration system may be evacuated and charged with refrigerant through
      the cylindrical bore 18 through the body member 12. A suitable, and
      industry-accepted thread for this purpose is 7/16-20 N.F. thread.
PAR  As most clearly shown in FIG. 5, a suitable valve core engaging chuck 74 is
      secured to a reduced portion 76 of the operating shaft 60 by a roll pin
      78. An O-ring 80 is secured within a counterbore 82 formed in the chuch 74
      near thebifurcated end thereof and is retained in proper position by the
      reduced portion 76 of the operating shaft 60 adjacent thereto. An axial
      bore 84 is formed in the first end portion 62 of the operating shaft 60
      for receivint the outwardly extending head of the valve core being engaged
      by the chuck 74. A transverse slot 86 is formed in the chuck 74 for
      receiving the rectangular portion of the valve core therein for threading
      and unthreading the valve core in its fitting. A bore 88 is also formed in
      the chuck 74 coaxial with the counterbore 82 for receiving the head of the
      valve core therethrough. The inner diameter of the resilient O-ring 80 is
      sized such that a valve core engaged by the chuck 74 will be releasably
      retained thereby by means of the engagement of the head of the valve core
      by the O-ring 80.
PAR  A shut-off valve assembly 90 is carried by the body member 12. The shut-off
      valve assembly 90 includes a valve fitting 92 suitably formed on the body
      member 12 and extending outwardly therefrom. A lateral bore 94 extends
      through the valve fitting 92 and partially through the body member 12
      intersecting the cylindrical bore 18 through the body member 12. The axis
      of the lateral bore 94 intersects the axis of the cylidrical bore 18 and
      is normal thereto. The diameter of the lateral bore 94 is greater than the
      diameter of the cylindrical bore 18. The lower end of the bore 94 extends
      completely through the cylindrical bore 18 and terminates in a flat
      circular wall 96 formed in the body member 12.
PAR  A valve stem 98 is positioned within the lateral bore 94. A control knob
      100 is fixedly secured to the upper end 102 of the valve stem 98 by means
      of a set screw 104.
PAR  A cylindrically shaped resilient valve member 106 is fixedly secured to the
      lower end 108 of the valve stem 98. The valve member 106 is preferably
      formed of a short length of resilient tubing formed of a suitable material
      such as Neoprene. The outer diameter of the valve member 106 is
      substantially equal to the diameter of the lateral bore 94 and the axial
      length of the valve member 106 is greater than the diameter of the
      cylindrical bore 18 extending rhrough the body member 12. The valve member
      106 may be secured by a suitable adhesive to the cylindrical outer
      periphery of the lower end 108 of the valve stem 98.
PAR  A pair of spaced circumferential ribs 110 and 112 are formed on the valve
      stem 98 with the rib 110 abutting the upper end of the resilient valve
      member 106. An O-ring 114 is positioned between the circumferential ribs
      110 and 112 and provides a fluid-tight seal between the valve stem 98 and
      the lateral bore 94. External threads 116 are formed on the valve stem 98
      and extend between the control knob 100 and the circumferential rib 112.
PAR  The valve stem 98 is secured within the valve fitting 92 by means of a
      valve fitting cap 118 threadedly secured to the valve fitting 92. The
      external threads 116 of the valve stem 98 are threadedly engaged with
      internal threads 120 formed in an aperture 122 in the valve fitting cap
      118 through which the valve stem 98 extends.
PAR  It will be seen that by rotating the control knob 100 the valve stem 98
      will move axially within the lateral bore 94 as the valve stem 98 is
      alternately threaded and unthreaded in the valve fitting cap 118. FIG. 2
      illustrates the shut-off assembly 90 in the open position with the
      resilient valve member 106 fully retracted within the lateral bore 94.
      FIG. 3 illustrates the shut-off valve assembly 90 in the closed position
      with the resilient valve member 106 closing the cylindrical bore 18
      through the body member 12. It will be seen that the resilient valve
      member 106 extends slightly below the lower end 108 of the valve stem 98.
      This permits the valve stem 98 to be threaded to a point wherein the lower
      end 108 thereof engages the flat circular wall 96 in the body member 12.
      In this position the resilient valve member 106 is axially compressed and
      forms a fluid-tight seal closing the cylindrical bore 18 in the body
      member 12.
PAR  It should be noted at this point that the valve fitting 92 may be in the
      form of a separate component suitably secured to the body member 12 by
      means such as soldering or brazing, or the valve fitting 92 and the body
      member 12 may be integrally formed in one piece.
PAR  FIG. 1 schematically illustrates a conventional refrigeration system to
      which the apparatus 10 is connected. The refrigeration system includes a
      compressor 124 having its high pressure side connected by means of conduit
      126 to the inlet of a condensor 128. The outlet of the condensor 128 is
      connected by conduit 130 to an expansion valve 132. The expansion valve
      132 is connected by means of conduit 134 to the inlet of an evaporator
      136. The outlet of the evaporator 136 is connected by conduit 138 to the
      low pressure side of the compressor 124 thereby completing the
      refrigeration loop.
PAR  An access fitting 140 is shown connected to the conduit 126 adjacent to the
      high pressure side of the compressor 124. The access fitting 140 is of the
      type which includes a threaded check valve core 142 installed therein. The
      valve core 142 is of the type which is typically referred to as
      Schrader-type valve core. Such valve cores are commonly used in automotive
      tires and the like.
PAR  FIGS. 2-4 illustrate the tool 10 installed on the access fitting 140 with
      the coupling nut 30 threadedly secured to the external threads 144 of the
      access fitting 140 and with the gasket 42 providing a fluid-tight seal
      btween the outer end of the access fitting 140 and the first end portion
      14 of the body member 12 of the tool 10. The valve 142 is shown properly
      secured by the valve core engaging chuck 74.
PAC  Operation of the Preferred Embodiment
PAR  To operate the tool 10, the tool 10 is connected to a suitable access
      fitting 140 by means of the coupling nut 30 as shown in FIGS. 1 and 2. The
      shut-off valve assembly 90 is placed in the open position as illustrated
      in FIG. 2 and the operating shaft 60 is moved to the left as viewed in
      FIG. 2 where the core engaging chuck 74 is suitably engaged with the valve
      core 142 which is to be removed from the access fitting 140.
PAR  The valve core 142 is then unthreaded by turning the control knob 64
      counterclockwise. When the valve core 142 is completely unthreaded from
      the access fitting 140 to the control knob 64 is withdrawn as far to the
      right as possible as illustrated in FIG. 3. The shut-off valve assembly is
      then actuated to close the cylindrical bore 18 through the body member 12.
      This is accomplished by rotating the control knob 100 in a clockwise
      direction until the lower end of the valve stem 108 seats on the flat
      circular wall 96 in the valve body 12 thereby providing a fluid-tight seal
      in the tool 10.
PAR  The access cap 46 is then unthreaded from the body member 12, and the
      access cap 46, operating shaft 60 and the valve core 142 are removed from
      the body member 12.
PAR  At this point suitable means for evacuating and charging a refrigeration
      system, as shown in FIG. 1, is threadedly securd to the threads 44 of the
      body member 12 to provide sealing communication between said means and the
      access fitting 140 via the cylindrical bore 18 through the body member 12.
      The shutoff valve assembly is then actuated to open the bore 18 through
      the body member 12. The refrigeration system carrying the access fitting
      140 may then be evacuated and charged with refrigerant through the tool
      10. When the refrigeration system is charged, the shut-off valve assembly
      is again actuated to close the bore 18 as described above, and the
      evacuating and charging means is removed from the tool 10.
PAR  The valve core 142 may then be inspected and replaced if necessary. The new
      valve core 142 is secured to the valve core engaging chuch 74 and
      reinserted into the cylindrical bore 18 along with the operating shaft 60.
      The access cap 46 is rethreaded into sealing engagement with the body
      member 12.
PAR  The shut-off valve assembly 90 is then opened fully by rotating the control
      knob 100 in a counterclockwise direction until the resilient valve member
      106 is fully withdrawn into the lateral bore 94 thereby opening the
      cylindrical bore 18.
PAR  The control knob 64 is then moved to the left until the check valve core
      142 engages the access fitting 140. The check valve core 142 is then
      rethreaded into the access fitting 140 by rotating the control knob 64 in
      a clockwise direction until the check valve core sealingly engages the
      access fitting 140. At this time the tool 10 may be removed from the
      access fitting 140 by unthreading the coupling nut 30.
PAC  Description of the Embodiment of FIG. 6
PAR  FIG. 6 illustrates a slightly modified tool 10a which includes an
      evacuating and charging fitting 146 formed on and extending outwardly from
      a slightly modified body member 12a. The fitting 146 includes a laterally
      extending port 148 extending therethrough and communicating between the
      outer end thereof and the cylindrical bore 18 through the body member 12a.
      A conventional threaded check valve core of the schrader-type 150 is
      threadedly secured within the fitting 146. The fitting 146 further
      includes external threads 152 formed thereon to provide means for
      engagement with suitable means for evacuating and charging a refrigeration
      system, as shown in FIG. 1, through the tool 10a.
PAC  Operation of the Embodiment of FIG. 6
PAR  In operation the tool 10a is first secured to the access fitting 140 as
      described above. Similarly, the check valve core 142 is removed from the
      access fitting 140 and withdrawn fully to the right within the bore 18 as
      viewed in FIG. 6. With the shut-off valve assembly 90 in the open
      position, the refrigeration system may now be evacuated and charged
      through the evacuation and charging fitting 146.
PAR  It will be readily apparent that the tool 10a may also be used to remove
      and replace a defective check valve core 142 as described in detail above
      for the tool 10. This should preferably be done prior to evacuating and
      charging the refrigeration system.
PAC  Description of the Embodiment of FIG. 7
PAR  FIG. 7 illustrates another slightly modified tool 10b, similar to the tool
      10a described above. The tool 10b differs from the tool 10a in that the
      evacuation and charging fitting 146 is formed on the slightly modified
      body member 12b in coaxial alignment with the lateral bore 94 of the
      shut-off valve assembly 90. It will be seen that the port 148 of the
      evacuation and charging fitting 146 communicates with the interior of the
      body member 12b through the flat circular wall 96 formed therein.
PAR  The configuration of the tool 10b permits a slightly shorter body member
      12b, and simplifies machining required in the construction of the tool
      10b.
PAR  Operation of the tool 10b is identical to that described for the tool 10a
      and therefore will not be described in detail again.
PAC  Description of the Embodiment of FIGS. 8-10
PAR  In certain cases it is desirable to provide completely sealed pressurized
      refrigeration systems which require the initial penetration or invasion of
      the system and the installation of a suitable threaded check valve core at
      the time of servicing. When it becomes necessary to open and service such
      refrigeration systems, a line tap access fitting 154 is first installed on
      the conduit 126 connected to the compressor 124 of the refrigeration
      system illustrated in FIG. 1. The access fitting 154 includes a threaded
      body portion 156 having a longitudinal passageway 158 extending
      therethrough. The passageway 158 is internally threaded to receive a
      threaded check valve core 142 therein. Intermediate the internal threads
      160 and the conduit 126, a substantially conically shaped shoulder or seat
      162 is formed within the passageway 158 against which the valve core 142
      is firmly seated when installed within the fitting 154.
PAR  The body portion 156 of the access fitting 154 is preferably formed of
      brass and includes a cylindrically shaped outer portion 164 formed on one
      end opposite external threads 166 formed on the other end. A short length
      of copper tubing 168 is soldered or brazed at one end thereof to the
      cylindrically shaped outer surface 164. The opposite end of the coppr
      tubing 168 has a transverse arcuately shaped groove 170 formed therein
      sized and shaped to receive the outer periphery of the conduit 126
      thereagainst. The copper tubing 168 is then soldered to the conduit 126
      along the line of intersection therebetween to provide a complete
      fluid-tight seal between the interior of the line tap access fitting 154
      and the as yet unpenetrated outer periphery of the conduit 126. Other
      forms of access fittings which are clamp or otherwise secured to the
      conduit 126 may also be employed.
PAR  FIGS. 8-10 illustrate a slightly modified tool 10c which provides means for
      providing initial penetration and access to the conduit 126 of the
      refrigeration system for servicing the system. The apparatus 10c comprises
      the previously described body member 12 and shut-off valve assembly 90
      carried therein. The apparatus 10c differs from the previously described
      apparatus 10 in the utilization of the modified access cap 172 which is
      secured to the second end portion 16 of the body member 12 by means of
      internal threads 174 formed therein threadedly engaging the external
      threads 44 of the body member 12. The access cap 172 includes a bore 176
      formed therein coaxial with the axis of the bore 18 formed in the body
      member 12. A first counterbore 178 is formed in the access cap 172 coaxial
      with the bore 176. A second counterbore 180 is formed in the access cap
      172 coaxial with the first counterbore 178 and the bore 176. An annular
      retainer 182 having a cylindrically shaped outer periphery 184 with a
      diameter slightly less than the diameter of the second counterbore 180 is
      positioned within the second counterbore 180 intermediate the internal
      threads 174 and the first counterbore 178 formed therein.
PAR  An operating shaft 186, preferably formed of steel drill rod or the like
      and having a substantially cylindrically shaped outer periphery, extends
      through the bore 176 in the access cap 172 and through the annular
      retainer 182. The first end portion 188 of the operating shaft 186 is
      disposed within the bore 18 of the body member 12. A control handle 190 is
      rigidly secured to the second end portion 192 of the operating shaft 186
      by means of a set screw 194 threadedly secured in the control handle 190
      and bearing against the second end portion 192 of the operating shaft 186.
      The control handle 190 further includes a transverse bar 196 extending
      therethrough normal to the axis of the operating shaft 186 and rigidly
      secured thereto by suitable means.
PAR  The control handle 190 further includes an internally threaded portion 198
      formed therein. The internally threaded portion 198 is threadedly
      engageable with an externally threaded portion 200 formed on the end of
      the access cap 172 adjacent the control handle 190.
PAR  A pair of O-rings 202 are positioned within the first counterbore 178 of
      the access cap 172 and provide a fluid-tight seal between the access cap
      172 and the operating shaft 186. The fluid-tight seal obtained by the
      O-rings 202 permits the operating shaft to be axially and rotatably
      displaced relative to the access cap 172 without fluid leakage thereby.
      The O-rings 202 are retained in proper position within the first
      counterbore 178 by the annular retainer 182. A fluid-tight seal is
      obtained between the access cap 172 and the second end portion 16 of the
      body member 12 by means of an O-ring 204 positioned therebetween.
PAR  The thread 44 on the body member 12 and the threads 174 on the access cap
      172 are suitably formed such that when the cap 172 is removed from the
      body member 12 suitable means for evacuating and charging a refrigeration
      system, as shown in FIG. 1, may be threadedly engaged to the threads 44 to
      provide sealing engagement between said means and the body member 12 so
      that a refrigeration system may be evacuated and charged with refrigerant
      through the cylindrical bore 18 formed in the body member 12. A suitable,
      and industry accepted thread for this purpose is 7/16-20 N.F. thread.
PAR  A substantially conically shaped point 206 is formed on the end of the
      first end portion 188 of the operating shaft 186. A cylindrically shaped
      outer periphery 208 is formed on the first end portion 188 and
      communicates with the conically shaped point 206. A frusto-conically
      shaped shoulder 210 is formed on the first end portion 188 of the
      operating shaft 186 and communicates between the cylindrically shaped
      periphery 208 and the substantially cylindrically shaped outer priphery of
      the remainder periphery the operating shaft 186. It will be seen that the
      cylindrically shaped outer periphery 208 is of a diameter slightly less
      than the diameter of the outer periphery of the remainder of the operating
      shaft 186. An annular groove 212 is formed in the outer periphery of the
      operating shaft 186 adjacent to the shoulder 210. An annular retainer ring
      214 is disposed within the annular groove 212 and has an outer diameter
      greater than the inner diameter of the annular retainer 182. The annular
      retainer 214 may be suitably formed of a metallic split ring. It will be
      seen that the annular retainer 214 is sized and shaped to prevent the
      withdrawal of the operating shaft 186 from the access cap 172.
PAR  It should also be understood that the longitudinal distance between the
      conically shaped point 206 and the frusto-conically shaped shoulder 210
      formed on the first end portion 188 of the operating shaft 186 is selected
      so that the point 206 will fully penetrate one side of the conduit 126
      when the shoulder 210 is seated against the previously mentioned shoulder
      162 in the line tap access fitting 154 as will be discussed more fully
      hereinafter.
PAC  Operation of the Apparatus of FIGS. 8-10
PAR  To operate the tool 10c, the body member 12 of the tool 10c is connected to
      the access fitting 156 by means of the coupling nut 30 threadedly secured
      to the external threads 166 of the line tap access fitting 154 with the
      gasket 42 providing a fluid-tight seal between the outer end of the access
      fitting 154 and the first end portion 14 of the body member 12, as shown
      in FIG. 8. It will be noted that no valve core is installed within the
      access fitting 154 at this time.
PAR  The shut-off valve assembly 90 is placed in the open position as
      illustrated in FIG. 8. The access cap 172, with the operating shaft 186
      slidably installed therein as described above, is then threadedly secured
      to the external threads 44 of the body member 12 by means of the internal
      threads 174 formed therein. A fluid-tight seal is achieved between the
      body member 12 and the access cap 172 by means of the O-ring seal 204 as
      also shown in FIG. 8.
PAR  The control handle 190 is then moved longitudinally toward the body member
      12 until the internal threads 198 of the control handle 190 abut the
      general threaded portion 200 of the access cap 172. The control handle 190
      is then rotated in a clockwise direction to threadedly engage the
      internally threaded portion 198 of the control handle 190 with the
      externally threaded portion 200 of the access cap 172 thereby driving the
      operating shaft 186 from right to left within the bore 18 through the body
      member 12. Continued rotation of the control handle 190 relative to the
      access cap 172 will cause the conically shaped point 206 of the operating
      shaft 186 to initially engage the outer periphery of the conduit 126
      within the line tap access fitting 154 and ultimately penetrate the
      conduit 126 as shown in FIG. 9.
PAR  When the frusto-conically shaped shoulder 210 of the operating sjaft 186
      engages the shoulder 162 within the threaded body portion 156 of the
      access fitting 154, no further penetration of the conduit 126 by the
      conically shaped point 206 is permitted. Further, the rotary engagement of
      the shoulder 162 of the access fitting 154 by the shoulder 210 of the
      operating shaft 186 provides a burnishing action on the shoulder 162 to
      enhance the sealing capability of the shoulder or seat 162 when the valve
      core 142 is inserted therein as will be described hereinafter.
PAR  The control handle 190 is then rotated in the opposite, counterclockwise
      direction to threadedly disengage the internally threaded portion 198 of
      the operating handle 190 from the externally threaded portion 200 of the
      access cap 172. This unthreading action withdraws the conically shaped
      point 206 of the operating shaft 186 from the conduit 126 thereby opening
      the conduit 126 to the interior of the access fitting and the interior of
      the tool 10c. Continued counterclockwise rotation of the control handle
      190 causes threaded disengagement between the control handle 190 and the
      access cap 172 thus permitting the withdrawal of the operating shaft 186
      from left to right throught the bore 18 of the body member 12. This
      movement of the operating shaft 186 may be achieved by manually pulling
      the operating handle 190, however, the pressure within the pressurized
      refrigeration system acting on the interior of the tool 10c will, in most
      cases, force the operating shaft 186 from left to right within the tool
      10c until the annular retainer 214 carried on the operating shaft 186
      engages the annular retainer 182 carried within the access cap 172.
PAR  The shut-off valve assembly 90 is then actuated to close the cylindrical
      bore 18 through the body member 12. As described above, this is
      accomplished by rotating the control knob 100 in a clockwise direction
      until the lower end of the valve stem 108 seats on the flat circular wall
      96 in the valve body 12 thereby providing a fluid-tight seal in the bore
      18 of the valve body 12 of the tool 10c.
PAR  The access cap 172 is then unthreaded from the body member 12, and the
      access cap 172 and operating shaft 186 are removed from the body member
      12.
PAR  At this point suitable means for evacuating and charging a refrigeration
      system, as shown in FIG. 1, is threadedly secured to the threads 44 of the
      body member 12 to provide sealing communication between said means the the
      access fitting 154 via the cylindrical bore 18 through the body member 12.
      The shut-off valve assembly 90 is then actuated to open the bore 18 to the
      body member 12. The refrigeration system carrying the access fitting 154
      will then be evacuated and charged with refrigerant through the tool 10c.
      When the refrigeration system is charged, the shut-off valve assembly is
      again actuated to close the bore 18 as described above, and the evacuating
      and charging means is removed from the tool 10c.
PAR  A new valve core 142 is then secured to the valve core engaging chuck 74 of
      the previously described operating shaft 60 and inserted into the
      cylindrical bore 18 along with the operating shaft 60. The previously
      described access cap 46 is threaded into sealing engagement with the body
      member 12 as also previously described.
PAR  The shut-off valve assembly 90 is then opened fully by rotating the control
      knob 100 in a counterclockwise direction until the resilient valve member
      106 is fully withdrawn into the lateral bore 94 thereby opening the
      cylindrical bore 18 through the body member 12.
PAR  The control knob 64 is then moved to the left until the check valve core
      142 engages the access fitting 154. The check valve core 142 is then
      threaded into the internal threads 160 of the access fitting 154 by
      rotating the control knob 64 in a clockwise direction until the check
      valve core sealingly engages the conically shaped annular shoulder or seat
      162 of the access fitting 154. At this time the tool 10c may be removed
      from the line tap access fitting 154 by unthreading the coupling nut 30
      therefrom.
PAR  It should be clearly understood that the previously described slightly
      modified tools 10a and 10b may also be employed in the servicing of
      pressurized refrigeration systems through the previously described line
      tap access fitting 154 installed therein. The access cap 172, operating
      shaft 186 and control handle 190, the structure and operation which has
      been described in detail above, may be employed with the modified tools
      10a and 10b to provide initial access to the previously completely sealed,
      pressurized refrigeration system requiring service. The operation of the
      access cap 172, operating shaft 186 and control handle 190 in conjunction
      with the modified tools 10a and 10b will be readily apparent to those
      skilled in the art and need not be described in detail at this point.
PAR  It will be seen from the foregoing detailed description of the present
      invention that the various embodiments thereof and the methods for their
      utilization described therein readily obtain the objectives set forth.
      Changes may be made in the construction and arrangement of parts or
      elements of the various embodiments described herein without departing
      from the spirit and scope of the present invention as defined herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tool for use in maintaining and servicing a conventional sealed
      refrigeration system equipped with an internally and externally threaded
      access fitting adapted to receive a removable threaded closure member
      therein and secured in communication with and in substantially normal
      alignment with a penetrable wall of the sealed refrigeration system,
      comprising:
PA1  a body member having a first end, a second end and having a longitudinal
      passageway extending therethrough communicating at the opposite ends
      thereof with the first and second ends of the body member;
PA1  coupling means carried on the first end of said body member for removably
      connecting the first end of said body member to said access fitting with
      one end of said longitudinal passageway in sealing communication with the
      access fitting;
PA1  first removable cap means securable to the second end of said body member
      for sealing closure of the opposite end of said longitudinal passageway
      and, alternately, for removal from said body member, and including an
      aperture formed therein substantially coaxial with the longitudinal
      passageway;
PA1  an externally threaded surface formed on said first removable cap means
      remote from the second end of said body member and coaxial with the
      aperture formed therein;
PA1  a first operating shaft having a first end and a second end and extending
      through said aperture in said first removable cap means, with the first
      end thereof disposed within said longitudinal passageway and with the
      second end thereof disposed outside said longitudinal passageway;
PA1  means carried by said first removable cap means for providing sliding and
      rotatingly sealing engagement between said aperture in said first cap
      means and said first operating shaft so that said first operating shaft
      may be moved axially and rotatably within said longitudinal passageway;
PA1  a substantially conical point formed on the first end of said first
      operating shaft for penetrating the penetrable wall of said sealed
      refrigeration system to open the interior of said sealed refrigeration
      system to the interior of said access fitting;
PA1  control means operatively engaging the second end of said first operating
      shaft for threadedly engaging the external threads of said first removable
      cap means and for rotating and axially displacing said substantially
      conical point within said longitudinal passageway and the interior of said
      access fitting in response to stimulus external thereto;
PA1  second removable cap means securable to the second end of said body member
      in alteration with said first removable cap means for sealing closure of
      the opposite end of said longitudinal passageway and, alternately, for
      removal from said body member, and including an aperture formed therein
      substantially coaxial with the longitudinal passageway;
PA1  a second operating shaft having a first end and a second end and extending
      through said aperture in said second removable cap means, with the first
      end thereof disposed within said longitudinal passageway and with the
      second end thereof disposed outside said longitudinal passageway;
PA1  means carried by said second removable cap means for providing slidingly
      and rotatingly sealing engagement between said aperture in said second cap
      means and said second operating shaft so that said second operating shaft
      may be moved axially and rotably within said longitudinal passageway;
PA1  engaging means secured to the first end of said second operating shaft for
      releasably engaging and retaining said threaded closure member therein for
      installation and removal of said threaded closure member in and from said
      access fitting;
PA1  control means operatively engaging the second end of said second operating
      shaft for rotating and axially displacing said engaging means within said
      longitudinal passageway in response to stimulus external thereto;
PA1  valve means carried by said body member intermediate the first and second
      ends thereof for alternately opening and closing said longitudinal
      passageway, said valve means being adapted to close said longitudinal
      passageway when said operating shafts are displaced toward the second end
      of said body member; and
PA1  actuating means operatively engaging said valve means for moving said valve
      means between a position opening and closing said longitudinal passageway
      in response to stimulus external thereto.
NUM  2.
PAR  2. The tool as defined in claim 1 wherein said valve means is characterized
      further to include:
PA1  a valve fitting formed on said body member and extending laterally
      therefrom;
PA1  a lateral bore extending through said valve fitting and a portion of said
      body member and communicating between said longitudinal passageway and the
      outer end of said valve fitting; and
PA1  resilient valve member means slidably disposed within said lateral bore for
      moving between a position within said lateral bore and opening said
      longitudinal passageway and a position within and closing said
      longitudinal passageway.
NUM  3.
PAR  3. The tool as defined in claim 2 wherein:
PA1  said valve means is characterized further to include a valve stem partially
      disposed within said lateral bore and fixedly secured at one end thereof
      to said valve member means and having the opposite end thereof extending
      outside the valve fitting; and
PA1  wherein said actuating means is characterized further as operatively
      engaging the opposite end of said valve stem for moving said valve stem
      and said valve member means axially within said lateral bore and normal to
      the axis of said longitudinal passageway thereby moving said valve member
      means between a position within said lateral bore and opening said
      longitudinal passageway and a position within and closing said
      longitudinal passageway in response to stimulus external thereto.
NUM  4.
PAR  4. The tool as defined in claim 3 wherein:
PA1  said valve stem is characterized further to include external threads formed
      thereon adjacent to the opposite end thereof; and
PA1  said tool is characterized further to include means threadedly secured to
      the threaded portion of said valve for securing said valve stem to said
      valve fitting so that rotation of said valve stem relative to said means
      and said valve fitting by said actuating means causes a corresponding
      movement of said valve stem and said valve member means axially within
      said lateral bore and normal to the axis of said longitudinal passageway
      thereby moving said valve member means between a position within said
      lateral bore and opening said longitudinal passageway and a position
      within and closing said longitudinal passageway in response to stimulus
      external to said actuating means.
NUM  5.
PAR  5. The tool as defined in claim 4 characterized further to include:
PA1  annular seal means disposed around said valve stem for providing sealing
      engagement between said valve stem and said lateral bore.
NUM  6.
PAR  6. The tool as defined in claim 1 characterized further to include:
PA1  a laterally extending port formed in said body member intermediate said
      valve means and the second end of said body member and communicating
      between said longitudinal passageway and the exterior of said body member.
NUM  7.
PAR  7. The tool as defined in claim 6 characterized further to include:
PA1  a Schrader-type valve core removably threadedly secured within said
      laterally extending port.
NUM  8.
PAR  8. The tool as defined in claim 1 characterized further to include:
PA1  a laterally extending port formed in said body member intermediate the
      first and second ends thereof disposed opposite said valve fitting and
      aligned coaxial with said lateral bore extending through said valve
      fitting and communicating between said longitudinal passageway and the
      exterior of said body member.
NUM  9.
PAR  9. The tool as defined in claim 8 characterized further to include:
PA1  a Schrader-type valve core removably threadedly secured within said
      laterally extending port.
NUM  10.
PAR  10. A method of servicing the compressor of a sealed refrigeration system
      through a threaded access fitting adapted to receive a removable threaded
      closure member therein and secured in communication with a penetrable wall
      of the sealed refrigeration system, comprising the steps of:
PA1  sealingly engaging said access fitting with the first end of a tool having
      a sealed passageway formed therein and communication with the first end of
      said tool and having a removable end cap sealingly engaging the opposite
      end of said passageway, said tool having valve means disposed in said
      passageway intermediate the first end of said tool and the opposite end of
      said passageway and movable between a position opening said passageway and
      a position closing said passageway, and having evacuating and charging
      lines communicating with said sealed passageway intermediate said valve
      means and the opposite end of said passageway;
PA1  penetrating the penetrable wall of the refrigeration system through said
      open sealed passageway in said tool to open the refrigeration system to
      said sealed passageway via the access fitting;
PA1  moving said valve means to the position closing said passageway;
PA1  removing said end cap from said tool;
PA1  positioning a threaded closure member in said passageway adjacent to the
      opposite end thereof;
PA1  installing an end cap on said tool to sealingly engage the opposite end of
      said passageway
PA1  moving said valve means to the position opening said passageway;
PA1  discharging the refrigerant from said compressor through said evacuating
      line;
PA1  charging the compressor with refrigerant through said charging lines;
PA1  moving said threaded closure member through said passageway to said access
      fitting; and
PA1  threading said threaded closure member into sealing engagement with said
      access fitting.
NUM  11.
PAR  11. The method as defined in claim 10 characterized further to include the
      additional step of:
PA1  removing said tool from said access fitting.
NUM  12.
PAR  12. A method of servicing a sealed pressurized refrigeration system having
      an access fitting formed thereon in communication with a penetrable wall
      of said refrigeration system, with the access fitting being adapted to
      receive a threaded closure member in threaded sealing engagement
      therewith, employing evacuating means and refrigerant charging means,
      comprising the steps of:
PA1  sealingly engaging said access fitting with the first end of a tool having
      a sealed passageway formed therein and communicating with the first end of
      said tool and having a removable end cap sealingly engaging the opposite
      end of said passageway, and having valve means disposed in said passageway
      intermediate the first end of said tool and the opposite end of said
      passageway and movable between a position opening said passageway and a
      position closing said passageway;
PA1  penetrating the penetrable wall of the refrigeration system through said
      open sealed passageway in the tool to open said refrigeration system to
      said sealed passageway via said access fitting;
PA1  moving said valve means to the position closing said passageway;
PA1  removing said end cap from said tool;
PA1  connecting the opposite end of said passageway to said evacuating means and
      said refrigeration charging means;
PA1  moving said valve means to the position opening said passageway;
PA1  evacuating the refrigeration system through said passageway;
PA1  charging the evacuated refrigeration system with refrigerant through said
      passageway;
PA1  moving said valve means to the position closing said passageway;
PA1  disconnecting said evacuating means and said refrigerant charging means
      from the opposite end of said passageway;
PA1  positioning a threaded closure member in said passageway;
PA1  installing an end cap on said tool to sealingly engage the opposite end of
      said passageway;
PA1  moving said valve means to the position opening said passageway;
PA1  moving said threaded closure member through said passageway to said access
      fitting; and
PA1  threading said threaded closure member into sealing engagement with said
      access fitting.
NUM  13.
PAR  13. The method as defined in claim 12 characterized further to include the
      additional step of:
PA1  removing said tool from said access fitting.
NUM  14.
PAR  14. A tool for use in maintaining and servicing a conventional sealed
      refrigeration system equipped with an internally and externally threaded
      access fitting adapted to receive a removable threaded closure member
      therein and secured in communication with and in substantially normal
      alignment with a penetrable wall of the sealed refrigeration system,
      comprising:
PA1  a body member having a first end, a second end and having a longitudinal
      passageway extending therethrough communicating at the opposite ends
      thereof with the first and second ends of said body member;
PA1  coupling means carried on the first end of said body member for removably
      connecting the first end of said body member to said access fitting with
      one end of said longitudinal passageway in sealing communication with the
      access fitting;
PA1  first removable cap means securable to the second end of said body member
      for sealing closure of the opposite end of said longitudinal passageway,
      and, alternately, for removal from said body member, and including an
      aperture formed therein substantially coaxial with the longitudinal
      passageway;
PA1  an externally threaded surface formed on said first removable cap means
      remote from the second end of said body member and coaxial with the
      aperture formed therein;
PA1  a first operating shaft having a first end and a second end and extending
      through said aperture in said first removable cap means, with the first
      end thereof disposed within said longitudinal passageway and with the
      second end thereof disposed outside said longitudinal passageway;
PA1  means carried by said first removable cap means for providing slidingly and
      rotatingly sealing engagement between said aperture in said first cap
      means and said first operating shaft so that said first operating shaft
      may be moved axially and rotatably within said longitudinal passageway;
PA1  a substantially conical point formed on the first end of said first
      operating shaft for penetrating the penetrable wall of said sealed
      refrigeration system to open the interior of said sealed refrigeration
      system to the interior of said access fitting;
PA1  control means operatively engaging the second end of said first operating
      shaft for threadedly engaging the external threads of said first removable
      cap means and for rotating and axially displacing said substantially
      conical point within said longitudinal passageway and the interior of said
      access fitting in response to stimulus external thereto;
PA1  second removable cap means securable to the second end of said body member
      in alternation with said first removable cap means for sealing closure of
      the opposite end of said longitudinal passagewya, and, alternately, for
      removal from said body member, and including an aperture formed therein
      substantially coaxial with the longitudinal passageway;
PA1  a second operating shaft having a first end and a second end and extending
      through said aperture in said second removable cap means, with the first
      end thereof disposed within said longitudinal passageway and with the
      second end thereof disposed outside said longitudinal passageway;
PA1  means carried by said second removable cap means for providing slidingly
      and rotatingly sealing engagement between said aperture in said second cap
      means and said second operating shaft so that said second operating shaft
      may be moved axially and rotatably within said longitudinal passageway;
PA1  engaging means secured to the first end of said second operating shaft for
      releasably engaging and retaining said removable threaded closure member
      during installation and removal of said threaded closure member in and
      from said access fitting;
PA1  control means operatively engaging the second end of said second operating
      shaft for rotating and axially displacing said engaging means within said
      longitudinal passageway in response to stimulus external thereto;
PA1  valve means carried by said body member intermediate the first and second
      ends thereof for alternately opening and closing said longitudinal
      passageway, said valve means being adapted to close said longitudinal
      passageway when said operating shafts are displaced toward the second end
      of said body member, said valve means including:
PA2  a valve fitting formed on said body member and extending laterally
      therefrom;
PA2  a lateral cylindrical bore extending through said valve fitting and a
      portion of said body member and communicating between said longitudinal
      passageway and the outer end of said valve fitting;
PA2  a valve stem having a first end portion and a second end portion, with the
      first end portion thereof disposed within said lateral bore and with the
      second end portion extending beyond the outer end of said valve fitting;
PA2  actuating means operatively engaging the second end portion of said valve
      stem for moving said valve means between a first position opening and a
      second position closing said longitudinal passageway in response to
      external force applied thereto; external threads formed on said valve stem
      intermediate the first and second end portions;
PA2  valve cap means threadedly engaged with said external threads of said valve
      stem for securing said valve stem to said valve fitting so that rotation
      of said valve stem relative to said valve cap means and said valve fitting
      by said actuating means causes corresponding axial movement of said valve
      stem within said lateral bore;
PA2  resilient valve member means fixedly secured to and encircling the first
      end portion of said valve stem and extending a distance beyond the first
      end portion of said valve stem, said valve member means being slidably
      disposed within said lateral bore for moving between a first position
      within said lateral bore and opening said longitudinal passageway, and a
      second position within and closing said longitudinal passageway;
PA2  a pair of longitudinally spaced circumferential ribs formed on said valve
      stem with one of said ribs abutting said resilient valve member means,
      said ribs each having a diameter slightly less than the diameter of said
      lateral bore and slidingly disposed therein in all positions of said valve
      stem relative to said valve fitting; and
PA2  annular resilient seal member means disposed between said circumferential
      ribs for providing a sliding fluidtight seal between said valve stem and
      said lateral bore in all positions of said valve stem relative to said
      valve fitting.
NUM  15.
PAR  15. The tool defined in claim 14 characterized further to include:
PA1  a laterally extending port formed in said body member intemediate said
      valve means and the second end of said body member and communicating
      between said longitudinal passageway and the exterior of said body member.
NUM  16.
PAR  16. The tool as defined in claim 15 characterized further to include:
PA1  a Schrader-type valve core removably threadedly secured within said
      laterally extending port.
NUM  17.
PAR  17. The tool as defined in claim 14 characterized further to include:
PA1  a laterally extending port formed in said body member intermediate the
      first and second ends thereof disposed opposite said valve fitting and
      aligned coaxial with said lateral bore extending through said valve
      fitting and communicating between said longitudinal passageway and the
      exterior of said body member.
NUM  18.
PAR  18. The tool as defined in claim 17 characterized further to include:
PA1  a Schrader-type valve core removably threadedly secured within said
      laterally extending port.
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ABST
PAL  A household refrigerator-freezer has an air passageway formed through the
      partition between the freezer and the fresh food compartment. Air is
      controllably passed by convection through the passageway for maintaining
      the fresh food compartment in a preselected temperature range. Apparatus
      is associated with the passageway for controllably opening and closing the
      air passageway.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the use of a refrigerator-freezer, particularly during periods of high
      ambient temperature, the fresh food compartment door is often opened to
      recover cold beverages and other items. Each time the door is opened,
      chilled air within the fresh food compartment passes through the door and
      warm air passes into the fresh food compartment. Under some warm weather
      conditions where the door is repeatedly opened, the refrigerating
      capacities during continuous operation are not sufficient to maintain the
      temperature of the fresh food compartment with a preselected temperature
      range of about 1.degree. to about 9.degree.C. However, since the door of
      the freezer compartment is less frequently opened, it has been discovered
      that additional cooling capacities reside in the freezing compartment of
      the refrigerator-freezer. The problem therefore resides in developing an
      apparatus which provides for controlled passage of chilled air by
      convection from the freezer compartment into the fresh food compartment,
      is responsive to the temperature of the fresh food compartment, and is
      responsive to opening and closing the refrigerator door.
PAR  Attempts have heretofore been made to provide additional chilled air to the
      fresh food compartment by providing a temperature responsive air control
      means in the air discharge conduit serving the fresh food compartment. An
      example apparatus is shown in U.S. Pat. No. 3,375,679-Helsel. However,
      this device is effective only during the operation of the refrigeration
      cooling system, does not provide for the passage of air by convection from
      the freezer compartment into the fresh food compartment, and does not
      function in response to opening and closing the fresh food compartment
      door.
PAR  The apparatus of this invention provides for chilled air to pass by
      convection from the freezer compartment into the fresh food compartment in
      response to opening the refrigerator door and additional chilled air to
      pass by convection into the fresh food compartment in response to the
      temperature of the fresh food compartment being at a temperature greater
      than a preselected value. By utilizing the apparatus of this invention,
      the temperature within the fresh food compartment is maintained at a
      desirable value for preserving food during hot weather conditions and
      repeated openings of the refrigerator door.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a household refrigerator-freezer has a
      fresh food compartment, a freezer compartment, a partition separating the
      fresh food compartment from the freezer compartment, and a fresh food
      compartment access door. An air passageway having an inlet and an outlet
      extends through the partition for the passage of air from the freezer
      compartment into the fresh food compartment. A cover plate is pivotally
      connected to the partition. The cover plate is movable between a closed
      position at which the cover plate is covering the air passageway and an
      open position at which the cover plate is spaced from at least a portion
      of the air passageway outlet. The cover plate is biased to the open
      position in response to opening the door. A biasing means is provided for
      biasing the cover plate toward the closed position in response to closing
      the door. A temperature responsive element has an end that is movable in
      response to the temperature of the fresh food compartment. The end of the
      temperature responsive element is movable between a first position at
      which the end is spaced from the pathway of the cover plate and a second
      position at which the end is in the pathway of the cover plate. The end of
      the temperature responsive element is at the first position in response to
      the temperature of the fresh food compartment being less than a
      preselected value and at the second position in response to the
      temperature of the fresh food compartment being greater than the
      preselected value.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a household refrigerator-freezer having the
      apparatus of this invention,
PAR  FIG. 2 is a diagrammatic partially sectioned view of the apparatus of this
      invention with the cover plate at the closed position.
PAR  FIG. 3 is a diagrammatic partially sectioned view of the apparatus of this
      invention with the cover plate being maintained at the open position by
      the temperature responsive element and
PAR  FIG. 4 is a partially sectioned view of the apparatus of this invention
      with the cover plate at a median location on the pathway of the cover
      plate moving from the closed toward the open position.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the embodiment of FIG. 1, a refrigerator-freezer 10 has a partition 12
      separating a freezer compartment 14 from a fresh food compartment 16. The
      fresh food compartment 16 has an access door 18, as is known in the art.
PAR  Referring to FIGS. 2 and 3, a cover plate 20 is pivotally connected by pin
      22 to the partition 12 at a location within the fresh food compartment 16.
      The cover plate 20 is pivotally movable between a closed position (FIG. 2)
      at which the cover plate 20 is covering an air passageway 24 extending
      through the partition 12 and an open position (FIG. 3) at which the cover
      plate is spaced from at least a portion of the outlet 25 of the air
      passageway 24. The air passageway 24 provides for chilled air to pass by
      convection from the freezer compartment 14, through the partition 12 and
      into the fresh food compartment 16.
PAR  The cover plate 20 is pivotally connected to the partition 12 by a pin 22
      at a location on the cover plate 20 at which the mass of the cover plate
      20 biases the cover plate 20 to the open position in response to opening
      the refrigerator door 18. A biasing means 26, such as a deflectable arm
      for example, is connected to the cover plate 20 and extends toward the
      door 18. The biasing means 26 is of dimensions sufficient for contacting
      the door 18 and biasing the cover plate 20 toward the closed position in
      response to closing the door 18.
PAR  The temperature responsive element 28 has first and second ends 30, 32 and
      is positioned within the fresh food compartment 16 at a location adjacent
      the cover plate 20. The first end 30 is fixedly connected to the partition
      12 or other structure of the refrigerator. The second end 32 is movable in
      response to the temperature of the fresh food compartment 16. The second
      end 32 is movable between a first position (FIG. 2) at which the end 32 is
      spaced from the pathway of the cover plate 20 and a second position (FIG.
      3) at which the end 32 is in the pathway of the cover plate for contacting
      and controllably maintaining the cover plate 20 at the open position. The
      holding element end 32 is at the first position in response to the
      temperature of the fresh food compartment 16 being less than a preselected
      value and at the second position in response to the temperature of the
      fresh food compartment 16 being greater than a preselected value.
PAR  The temperature of the fresh food compartment 16 is generally maintained in
      the range of about 1.degree.C to about 9.degree.C. However, in some uses
      of the refrigerator-freezer, the temperature of the fresh food compartment
      may be maintained at a temperature as high as 16.degree.C.
PAR  The properties of the temperature responsive element 28 can be finalized
      after the preselected temperature value has been selected. The temperature
      responsive element 28 can be a bimetallic element formed of copper and
      steel, for example. Such bimetallic temperature responsive elements 28 are
      well known in the art and can be easily constructed with different
      cooperating metals and different dimensions to provide elements 28 which
      will function, as set forth above, at a multiplicity of different
      preselected temperature values.
PAR  In the construction of the temperature responsive element 28, it should be
      understood that the chilled air passing through the passageway outlet 25
      may flow over the element 28 and cause the element 28 to become colder
      than the temperature of the fresh food compartment 16. This differential
      temperature can be as great as several degrees centigrade. One can easily
      provide for this temperature biasing effect by making temperature
      measurements at the location of the element 28 and adjusting the
      preselected temperature value for obtaining data upon which to construct
      the element 28.
PAR  Referring to FIGS. 3 and 4, a contacting element 34 is pivotally connected
      to the second end 32 of the holding element 28 for increasing the
      smoothness of operation of the apparatus. The contacting element 34 is
      movable between first and second positions and is biased toward the first
      position by a spring 36.
PAR  The temperature responsive element 28, at the second position, is contacted
      by the cover plate 20 as the cover plate 20 moves from the closed toward
      the open position. This contact during movement of the cover plate 20
      causes the contacting element 34 to move from the first position (FIG. 3)
      to the second position (FIG. 4). This pivotal movement of the contacting
      element 34 reduces the forces required to move the cover plate 20 past the
      holding element 28 when the holding element 28 and the cover plate 20 are
      in frictional contact with one another. After the cover plate 20 moves
      past the contacting element 34, the spring 36 moves the contacting element
      34 to the first position in the pathway of the cover plate 20.
PAR  In the operation of the apparatus of this invention, the cover plate 20
      moves from the closed position (FIG. 2) to the open position (FIG. 3) each
      time the door 18 is opened. At the open position of the cover plate 20,
      chilled air moves by convection from the freezing compartment 14, through
      the air passageway 24, and into the fresh food compartment 16. During
      closing of the door 18, the biasing means 26 contacts the door 18 and the
      cover plate 20 is urged toward the closed position.
PAR  If the temperature of the fresh food compartment 16 is less than the
      preselected temperature value, the element end 32 is at the spaced, first
      position (FIG. 2) and the air passageway 24 is closed by the cover plate
      20 in response to forces placed on the biasing means 26 by the closing of
      door 18.
PAR  If, however, the temperature of the fresh food compartment 16 is greater
      than the preselected temperature value, the element end 32 is at the
      second position in the pathway of the cover plate 20, as shown in FIG. 3.
      As the door 18 closes and the cover plate 20 is urged toward the closed
      position by the biasing means 26, said cover plate 20 contacts the element
      end 32 which in turn prevents the cover plate 20 from covering the outlet
      25 of the air passageway 24. At this position, the door 18 is closed and
      chilled air continues to move by convection into the fresh food
      compartment 16 for lowering the temperature of the fresh food compartment
      16.
PAR  As the temperature of element 28 decreases, the element end 32 is moved
      from the second position (FIG. 3) toward the first position (FIG. 2). As
      the temperature of the fresh food compartment 16 becomes less than the
      preselected temperature value, the temperature responsive element end 32
      is moved to the first position at which the end 32 is free from contact
      with the cover plate 20 and the cover plate 20 is biased by the biasing
      means 26 to the closed position covering the outlet of the air passageway
      24.
PAR  By so constructing the apparatus of this invention, chilled air is
      controllably passed by convection from the freezing compartment 14 into
      the fresh food compartment 16 in response to opening the fresh food
      compartment door 18. Additional chilled air is controllably passed by
      convection into the fresh food compartment 16 in response to the
      temperature within the fresh food compartment 16 being greater than a
      preselected value.
PAR  Other modifications and alterations of this invention will become apparent
      to those skilled in this art from the foregoing discussion, and it should
      be understood that this invention is not to be unduly limited thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a household refrigerator-freezer having a fresh food compartment, a
      fresh food compartment access door, a freezer compartment, and a partition
      separating the fresh food compartment from the freezer compartment, the
      improvement comprising:
PA1  an air passageway having an inlet and an outlet, said passageway extending
      through the partition for the passage of air from the freezer compartment
      into the fresh food compartment;
PA1  a cover plate pivotally connected to the partition and being movable
      between a closed position at which the cover plate is covering the air
      passageway and an open position at which the cover plate is spaced from at
      least a portion of the air passageway outlet, said cover plate being
      biased to the open position in response to opening the door;
PA1  means biasing the cover plate toward the closed position in response to
      closing the door; and
PA1  a temperature responsive element having an end movable in response to the
      temperature of the fresh food compartment, said end being movable between
      a first position at which the end is spaced from the pathway of the cover
      plate in response to the temperature of the fresh food compartment being
      less than a preselected value and a second position at which the end is in
      the pathway of the cover plate in response to the temperature of the fresh
      food compartment being greater than the preselected value for contacting
      and controllably maintaining the cover plate at the open position.
NUM  2.
PAR  2. Apparatus, as set forth in claim 1, wherein the means is a deflectable
      arm connected to the cover plate and extending into forcible contact with
      the door at its closed position.
NUM  3.
PAR  3. Apparatus, as set forth in claim 1, including a contacting element
      connected to the movable end of the temperature responsive element.
NUM  4.
PAR  4. Apparatus, as set forth in claim 3, wherein the contacting element is
      pivotally connected to the holding element end for movement between first
      and second positions.
NUM  5.
PAR  5. Apparatus, as set forth in claim 1, wherein the preselected temperature
      value is in the range of about +1.degree.C to about +16.degree.C.
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ABST
PAL  A series of air-cooled, vertical condensing tubes extend upwardly from a
      horizontal header to which refrigerant vapor is supplied. The vapor flows
      upwardly from the header through the condensing tubes and forms, on the
      tubes' internal surfaces, condensate which then flows downwardly into the
      header and eventually through the header's outlet. With this arrangement,
      the customary top header is not needed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A vapor condenser of the type having vertical condensing tubes is usually
      constructed with a top header across the upper ends of the tubes and a
      bottom header across the lower ends. Refrigerant vapor enters the top
      header and flows downwardly through the tubes, condensing on the tubes'
      internal surfaces and running into the bottom header from which it leaves
      the condenser.
PAR  The vapor condenser of the present invention also has vertical condensing
      tubes but is of much simpler construction and considerably less expensive
      then the prior vertical condensers.
PAC  SUMMARY OF THE INVENTION
PAR  The vapor condenser of the invention includes a horizontal header and a
      plurality of air-cooled, generally vertical condensing tubes that extend
      upwardly from and communicate with the header. There is an inlet for the
      header for supplying refrigerant vapor to the lower ends of the condensing
      tubes, the vapor flowing upwardly through the condensing tubes and forming
      on the tubes' internal surfaces condensate which then flows downwardly
      into the header. An outlet for the header provides the condensed vapor.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The features of the invention which are believed to be novel are set forth
      with particularity in the appended claims. The invention, together with
      further advantages and features thereof, may best be understood, however,
      by reference to the following description in conjunction with the
      accompanying drawing in which:
PAR  FIG. 1 is a schematic representation, with portions broken away and in
      section, of a refrigeration system having a vapor condenser constructed in
      accordance with the invention; and,
PAR  FIG. 2 is a sectional view of part of the system of FIG. 1 and taken along
      the plane of section line 2--2 in FIG. 1.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The disclosed refrigeration system, which may constitute an air
      conditioning system, includes a vapor condenser 10 having a series of
      cylindrically shaped vertical condensing tubes 11. Of course, only three
      such tubes are shown to avoid unduly encumbering the drawing. Preferably,
      the condensing tubes are air-cooled which is facilitated by a series of
      parallel, planar cooling fins 13 attached in heat exchange relationship to
      the external surfaces of tubes 11. The lower ends of the vertical
      condensing tubes are open and communicate with a cylindrically shaped
      horizontal header 15.
PAR  Refrigerant gas or vapor is received at inlet 17 from compressor 18 and
      flows through the header and upward through condensing tubes 11. Air is
      directed, by a fan (not shown), around the outside of the condensing tubes
      and between fins 13 so that sufficient heat is removed from the vapor to
      cause it to condense on the internal surfaces of the tubes. In a manner to
      be explained, the condensed vapor or condensate is guided downwardly
      through each condensing tube to the bottom of header 15. A cylindrically
      shaped outlet 21 extends into header 15 a substantial distance and is
      slotted or open along its bottom (see FIG. 2) so that only liquid
      refrigerant or condensate is drawn from the header and supplied to
      expansion device 23 where it expands and emerges as a mixture of liquid
      and gas but primarily a liquid. As the mixture then flows through
      evaporator 24, which is in heat exchange relation or contact with the
      medium to be cooled, heat is transferred from the medium to the
      refrigerant and the entirety of the refrigerant assumes its gaseous state.
      It is then compressed by compressor 18 to provide the refrigerant vapor
      for inlet 17.
PAR  The top ends of condensing tubes 11 are closed except for small vents that
      are coupled through capillary type tubes 26 to a common collector 27. This
      arrangement provides for purging of any non-condensible components from
      the refrigerant vapor that flows upwardly through tubes 11. Preferably,
      these non-condensibles are released into the atmosphere from collector 27,
      although if desired they could be pumped back into the refrigeration
      system and recirculated. As is now apparent, and in accordance with the
      invention, no expensive top header is necessary.
PAR  Turning now to the condensate guiding apparatus, inserted in each of the
      condensing tubes is a tree-like structure or apparatus 28 having a
      vertical trunk 29 that extends longitudinally within and is coaxial with
      the tube. Attached to the upper portion of trunk 29 (roughly the upper
      three-fourths of the trunk) is a series of flexible bristlelike branches
      or spires 31 which surround the trunk in a random pattern and extend
      upwardly and outwardly to establish point contacts with the tube's
      internal surface. Branches 31 may be of different lengths and extend at
      different angles from trunk 29. Moreover, they may be made of metal,
      nylon, plastic or any suitable material. Their purpose is to pick off, by
      capillary action and gravity, the condensed vapor or condensate from the
      tube's internal surface. Once the condensate is removed from the internal
      surface, it is guided downwardly along branches 31 to trunk 29 and thence
      downwardly along the trunk and eventually to the bottom of header 15. By
      stripping the condensate from the internal surfaces, the heat transferred
      from the refrigerant to the cooling medium on the outside of the tubes
      will be maximized thereby enhancing the condensation process.
PAR  Each guiding apparatus 28 is preferably made with spires or branches 31 of
      a length greater than the radius of the condensing tube in which it is
      incorporated. The branches are preferably initially constructed so as to
      be roughly perpendicular to trunk 29 and assume their depicted orientation
      during the assembly of the tube when apparatus 28 is inserted into the
      tube from its upper end. This method has the advantage of providing a
      secure mounting of apparatus 28 within the tube as well as providing a
      good point contact, with a positive capillary attraction, between the free
      ends of the branches and the tube's internal surface.
PAR  The lowermost branches 32 of each apparatus 28 are angled so that they
      extend downwardly and outwardly from trunk 29 and in point contact with
      the tube's internal surface. With this orientation for branches 32, some
      of the condensate removed by branches 31 and flowing down trunk 29 will be
      guided along branches 32 and returned to the tube's internal surface. The
      returned condensate is thus subjected to additional cooling or sub-cooling
      so that it arrives at the bottom of header 15, and ultimately to expansion
      device 23 and evaporator 24, with a heat content much lower than it
      otherwise would have in the absence of the invention. As a result, more
      heat can be transferred to the refrigerant from the medium to be cooled.
PAR  Preferably, branches 32 and branches 31 are similarly shaped and are made
      of the same material. One convenient method for assembling each condensate
      guiding apparatus 28 to its associated condensing tube is to insert the
      apparatus into the tube from the top and push it downwardly until all of
      the lowermost branches 32 are below the lower end of the tube. Apparatus
      28 is then retracted upwardly to the position shown in the drawing. In
      this way, all of the branches will be angled as desired.
PAR  The invention provides, therefore, a uniquely constructed vertical
      condenser that requires no costly top header.
PAR  Certain features described in the present application are disclosed and
      claimed in copending application Ser. No. 483,195, filed concurently
      herewith in the name of Alwin B. Newton, and issued Sep. 9, 1975 as U.S.
      Pat. No. 3,903,962 and assigned to the present assignee.
PAR  While a particular embodiment of the invention has been shown and
      described, modifications may be made, and it is intended in the appended
      claims to cover all such modifications as may fall within the true spirit
      and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a refrigeration system where refrigerant flows through a vapor
      compression refrigeration cycle having, in closed series flow relationship
      and in the order named, an evaporator, a compressor, a vapor condenser and
      an expansion device, the refrigerant flowing in its vapor state from the
      evaporator and through the compressor to the condenser wherein it is
      condensed to refrigerant condensate for delivery to the expansion device,
      the vapor condenser comprising:
PA1  a cylindrically-shaped horizontal header;
PA1  a plurality of air-cooled, cylindrically-shaped, generally vertical
      condensing tubes extending upwardly from and communicating with said
      header;
PA1  an inlet for said header for receiving the refrigerant vapor from the
      compressor and for supplying it to the lower ends of said condensing
      tubes, the refrigerant vapor flowing upwardly through said condensing
      tubes and forming, on the tubes' internal surfaces, the refrigerant
      condensate which then flows downwardly into said header;
PA1  a cylindrically-shaped outlet extending into the lowest portion of said
      header and open along its bottom for deriving the refrigerant condensate
      from said header and for supplying the refrigerant condensate to the
      expansion device;
PA1  and purging means, including a common collector and a plurality of
      capillary type tubes each of which vents the upper end of a respective one
      of said condensing tubes to said common collector, for removing any
      non-condensible components from the refrigerant vapor, and non-condensible
      components being released into the atmosphere from said common collector.
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PAL  In a shaft coupling having a flexible coupling member between the two
      coupling halves the coupling member comprises a plurality of circular
      members each having a pair of projections on each side extending axially
      and being offset with respect to one another for power transmission
      between the coupling halves.
PARN
PAR  This application is a division of Ser. No. 252,226, filed May 11, 1972 and
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to shaft couplings and, more
      particularly, to flexible shaft couplings.
PAR  2. Description of the Prior Art
PAR  In known shaft couplings the flexible coupling member disposed between both
      coupling halves is made of steel membranes formed in a similar manner as
      cup springs and are held peripherally in a central bore by the driving
      and/or power take-off side. Aside from membrane couplings of this type
      there are also known shaft couplings provided with leaf springs of various
      forms, which are mounted in a peripheral direction and connected
      alternatingly to the driving or power take-off side. These prior art shaft
      couplings are made of metal only, i.e. particularly steel, and are costly
      to manufacture. They accommodate only angular or axial displacements, and
      do not provide for radial displacement of the shafts coupled one to
      another; likewise they do not afford electrical isolation of both shafts
      with respect to one another, which is very often a desirable factor with
      different drive means.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  It is an object of the invention to provide a shaft coupling of simple and
      inexpensive construction capable of torque transmission free from play or
      backlash when displacing the mutually coupled shafts in radial as well as
      angular and axial direction. Also, it is intended that the coupling may be
      utilized at varying axial spacial relationships of the shafts as well as
      being capable of being mounted and removed in radial direction, permitting
      isolation of both shafts with respect to one another.
PAR  In accordance with the invention the coupling member mounted between both
      coupling halves comprises several projections or studs offset peripherally
      with respect to one another and being alternatingly connected for load
      transmission to the one or the other coupling half, said stud being joined
      by at least one annular lamination or disk. The coupling member is
      preferably constructed of an integral body made of synthetic material,
      which body could be formed to its final shape by means of the injection
      moulding or casting method, without requiring any finishing or secondary
      treatment.
PAR  It is suitable to arrange the studs or stays of the coupling elements --
      being alternatingly connected to the one or the other of the coupling
      halves -- parallel to the coupling axis so as to hold the disks at a
      distance from the face or fronts of the coupling halves such that they can
      bend or sag to allow the coupling to assume an angular position. Due to
      the bending stress or several laminations or disks the coupling is in a
      position to transmit, without backlash, the torque from the one coupling
      half to the other coupling half even when large radial, angular or axial
      displacements of both shafts occur.
PAR  In order to assure that the coupling is maintained operable in case of
      emergency -- desirable when used with hoisting or lifting means -- and to
      prevent breakage of the flexible coupling member on account of overload,
      in a further development of the invention it is provided that the hubs of
      the coupling halves interconnected by means of the coupling member enter
      into claw-like engagement with each other.
PAR  Assembly of both coupling halves can be facilitated if, in accordance with
      yet another object of the invention, the studs with their associated
      coupling halves are connected with bolts being in parallel relationship
      with respect to their axis. These bolts may be cylindrical pins, thus
      permitting the coupling halves to be telescoped in axial direction with
      one another. It is also possible to interconnect the coupling halves to
      the studs of the coupling member by means of screws which can be loosened
      to permit removal of the coupling member in the axial direction.
      Telescoping both coupling halves in the axial direction can be facilitated
      by the use of conically shaped pins.
PAR  The coupling member can comprise a plurality of annular laminations or
      disks arranged in axial relationship adjacent to one another, permitting
      the axial distance of both coupling halves to be augmented and the
      flexibility to be increased.
PAR  The coupling member may also be constructed in the form of a bushing or
      sleeve at the end of which the disks supporting studs are mounted. In the
      case that the coupling member comprises only one disk, the studs connected
      to both coupling halves are arranged in groups on different sides of the
      disk. It is also possible to mount several disks of this type in a line
      and to assemble them by means of screws, pins, rivets or even with
      adhesive to form an integral coupling member.
PAR  When using only one lamination or disk -- provided with respectively two
      studs offset at an angle of 180.degree. at the driving and power take-off
      side of the coupling -- it is possible to provide recesses on the studs
      wherein angular formed parts could be inserted, which parts are movable in
      said recesses to a position flush with respect to the periphery.
      Connecting both coupling halves to these angular formed parts a radial
      movability offset by about 180.degree. is obtained for the driving and
      power take-off flange.
PAR  Similarly, instead of providing rectangular recesses it is also possible to
      form oblong holes in the studs of the coupling disks, in which holes
      cylindrical bodies are movably housed so as to roll off in said coupling
      disks, thus diminishing detrimental wear and tear.
PAR  The invention is not limited to this embodiment alone but only to the frame
      and scope as delimited by the appended claims which reveal additional
      modifications of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a longitudinal section of a shaft coupling having an integral
      coupling member comprising two laminations or disks,
PAR  FIG. 2 is a section along the line II--II of FIG. 1,
PAR  FIG. 3 is a longitudinal section of a shaft coupling with claw-type
      engaging hubs of both coupling halves,
PAR  FIG. 4 is a section taken at IV--IV of FIG. 3,
PAR  FIG. 5 is a longitudinal section of a shaft coupling with studs of the
      coupling member being attached by means of cylindrical pins to both
      coupling halves,
PAR  FIG. 6 is a section of a shaft coupling having conically shaped pins for
      attaching said studs,
PAR  FIG. 7 is a partially sectional view of a coupling member having several
      disks,
PAR  FIG. 8 is a partially sectional view of a bush-type coupling member,
PAR  FIG. 9 is a partially sectional side view of a coupling element consisting
      of a single annular disk,
PAR  FIG. 10 is a front view of FIG. 9,
PAR  FIG. 11 is a partially sectional side view of a coupling member composed of
      two serried disks of FIG. 9,
PAR  FIG. 12 is a coupling member consisting of a plurality of disks of FIG. 9,
      which disks are interconnected by means of screws,
PAR  FIG. 13 is a side view, partially in section, of a coupling member having
      but a single disk and two studs in offset relationship with respect to one
      another at the driving and power take-off side, which studs are provided
      with rectangular recesses,
PAR  FIG. 14 is a front view of FIG. 13,
PAR  FIG. 15 is a partially sectional view of a coupling disk provided with
      oblong holes sunk in said studs,
PAR  FIG. 16 is a front view of FIG. 15,
PAR  FIG. 17 is a longitudinal section of a disk according to FIG. 3 mounted
      into said clutch coupling,
PAR  FIG. 18 is a sectional view taken at XVIII--XVIII of FIG. 17,
PAR  FIG. 19 is a partially sectional side view of a shaft coupling having a
      plurality of coupling members arranged at the periphery and
PAR  FIG. 20 is a sectional view taken at XX--XX of FIG. 19.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the embodiment presented in FIGS. 1 and 2 the shaft coupling comprises
      two coupling halves 1 and 2 mounted torsionally resistant at the ends of
      the interconnecting shafts (not shown). Between the coupling halves 1 and
      2 a coupling member 3 is located which consists of two annular laminations
      or disks 4 united so as to form one integral body made of plastic. Said
      disks 4 are provided at their periphery with axially parallel studs or
      projections 5 located at diametrically opposite ends thereof. The studs
      are alternatingly offset or staggered in the direction of the periphery by
      means of screw bolts 6, engaging screw sockets 7 of studs 5 and attached
      to the flanges of the associated coupling halves 1 and 2. Studs 5 do not
      only transmit torque from one coupling half to the other but maintain
      disks 4 at such a distance from the ends of the coupling halves 1 and 2
      that the disks 4 will bend or sag when the shaft is being displaced or
      shifted. After loosening screw bolts 6 the coupling member 3 may be
      removed in radial direction.
PAR  While the embodiment according to FIGS. 1 and 2 shows both coupling halves
      1 and 2 with even ends or frontal areas, said ends are provided in the
      embodiment according to FIGS. 3 and 4 with lugs 8 and 9 which engage one
      another in a claw-type manner to assure that the shaft coupling is
      operable in case of emergency when the coupling member 3 might break due
      to overload. This embodiment is recommended particularly for hoisting or
      lifting mechanisms due to its mechanical disruptive strength.
PAR  In the embodiment illustrated in FIG. 5 the screw bolts 6 of the first
      embodiment have been replaced on both coupling halves 1 and 2 by pins 10
      for attaching the coupling member 3; thus, both halves 1 and 2 may be
      displaced in an axial direction towards coupling member 3, thereby
      facilitating assembly of the clutch.
PAR  The embodiment presented in FIG. 6 is provided with conical pins 11 for
      attaching the studs 5 to the coupling halves 1 and 2; said pins do,
      likewise, facilitate the axial telescoping operation of both coupling
      halves.
PAR  An increase of the axial spacing of the shafts coupled one to another of
      the flexibility of the coupling can be achieved according to FIG. 7 by
      providing a greater number of disks. In this way, the coupling member 12
      arranged between both coupling halves comprises ten annular disks 13 lying
      in parallel radial planes, each pair of which disks being provided with a
      stud or stay 14. The outermost of these studs 14 associated with the ends
      or frontal areas of the coupling halves are provided with recesses for
      receiving fixing elements.
PAR  FIG. 8 shows an integral coupling member 16 having a center portion formed
      as a bushing. This coupling member is equipped only at its ends with one
      or several disks 17 for receiving the studs 18 mounted on the coupling
      halves.
PAR  Likewise, the coupling member interconnecting both coupling halves may be
      so designed as to comprise only a single disk 19, as illustrated in FIGS.
      9 and 10. This disk is provided on the driving side with two studs 20
      situated diametrically opposite each other and on the power take-off side,
      likewise, with studs 21 set off with respect to the former. These studs 21
      are designed for attachment to the flanges of both coupling halves and
      safeguarding the spacing of disk 19 from both of their ends.
PAR  It is also possible to arrange two or more of such disks in a row, as shown
      in FIG. 11, interconnecting the adjacent studs 21 by means of screw bolts
      22 or by pins, rivets or adhesive.
PAR  Referring now to FIG. 12 where a row of four of such disks is shown to form
      a cohesive coupling element the individual disks of which are, likewise,
      joined together by means of screw bolts 22 or pins, rivets or adhesive.
PAR  When used in accordance with FIGS. 13 and 14 only one disk each having two
      studs offset by 180.degree. for coupling half 1 and studs 24 for coupling
      half 2 there are provided in studs 23, 24 rectangular recesses 25 into
      which rectangular formed parts 26 are inserted for receiving the mounting
      or fixing elements. The formed parts 26 are disposed such as to be
      displaceable in radial direction, however, with no backlash in peripheral
      direction at the radial walls of the recesses 25, thus assuring torque
      transmission free of play when the shafts are displaced radially.
PAR  FIGS. 15 and 16 show an embodiment with studs 23 and 24 being provided with
      oblong holes 27 housing cylindrical bushings 28 capable of radial movement
      for receiving the fixing medium of coupling halves 1 and 2. This
      embodiment has the advantage with respect to the rectangular recesses of
      FIGS. 13 and 14 that the bushings 28 receiving the fixing elements of the
      coupling halves 1, 2 can roll off in the oblong holes 26, being thus
      subject to less wear and tear as would be the case with the formed parts
      26 sliding in the rectangular recesses 25.
PAR  Reference is now made to FIGS. 17 and 18 where the attachment of the
      flanges of coupling halves 1 and 2 to studs 23 and 14 is illustrated,
      which studs are provided according to the embodiment of FIGS. 13 and 14
      with rectangular recesses which are engaged by formed parts 26 for
      receiving the screw bolts 29. In this way radial mobility offset by
      180.degree. is obtained for both coupling halves 1 and 2.
PAR  With couplings for transmitting greater turning moments it is possible,
      similarly, to provide a plurality of flexible coupling members on the
      periphery of the flanges of both coupling halves, as is being illustrated
      in FIGS. 19 and 20. Between flanges 1' and 2' -- facing each other -- of
      both coupling halves 1 and 2 there are e.g. eight flexible coupling
      members 30 spaced over the periphery of the flanges. Each coupling member
      30 comprises, similar to the coupling member according to FIG. 11,
      respectively two annular disks 31 with, in each case, two diametrical
      studs 32 and 33. Mutually opposing studs 32 of each coupling member 30 are
      connected by means of screw bolts 34 to the associated coupling flanges 1'
      and 2', respectively, while studs 33 are joined together by means of screw
      bolts 35.
PAR  The turning moment which is to be transmitted e.g. from the coupling half 1
      to the coupling half 2 spreads via screw bolts 34 onto studs 32 of the
      right hand (FIG. 19) annular disk 31 of the flexible coupling member 30
      and from here via studs 33 and screw bolts 35 to the respective left hand
      (FIG. 19) disk 31 and via its studs 32 and bolts 34 to the left coupling
      flange 2'. The individual flexible coupling members 30 do, therefore,
      receive only the eighth part of the total load of the turning moment.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Means for coupling a drive shaft to a driven shaft comprising a
      plurality of resilient, circular members and means forming said circular
      members one to the other and to said shafts, said means comprising each of
      said circular members being provided on each radially extending side
      thereof with a pair of radially, oppositely disposed projections extending
      parallel to the axis of said circular member, said pairs of projections
      being offset circumferentially one pair with respect to the other, and
      means for receiving a fastening means disposed within said projections
      whereby a plurality of said circular members can be mounted in spaced
      relationship by fastening means extending through aligned projections of
      said circular members.
NUM  2.
PAR  2. The invention as defined in claim 1 and wherein the shafts are provided
      with interlocking claw-shaped lugs to provide driving engagement between
      the shafts upon failure of the circular members.
NUM  3.
PAR  3. The invention as defined in claim 1 and in which said fastening means
      comprises conical bolts.
NUM  4.
PAR  4. The invention as defined in claim 1 and in which said projections are
      provided with non-circular recesses to receive said fastening means.
NUM  5.
PAR  5. The invention as defined in claim 1 and in which said projections are
      provided with oblong recesses to receive said fastening means.
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ABST
PAL  A constant velocity or homo-kinetic universal joint transferring torque
      through at least three ball members between inner and outer coupling
      members and held by a cage in a common plane bisecting the angle between
      the axes of thecoupling members. The radial dimension of the joint is kept
      at a minimum and the cage rides on spherical walls of the inner and outer
      coupling members and has circumferentially spaced, radial lugs increasing
      the guide surfaces of the cage windows. The cage is positioned normal to
      the open face of the outer coupling member, pushed into the coupling
      member, rotated circumferentially to align the lugs to fit into the
      grooves of the coupling member, and then rotated axially into the plane of
      the coupling member to hold the coupling members in fixed axial relation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the art of constant velocity or homo-kinetic
      ball-type universal joints and particularly to the reduction of the
      overall radial dimensions of such joints by increasing the ball guide
      surfaces with radially projecting lugs so that the ball members are
      sufficiently guided and held with relatively thin cages.
PAR  2. Prior Art
PAR  Universal joints transferring torque between coupling members by balls
      which are held by a cage in a common plane bisecting the angle between the
      axes of the coupling members are known in the art as for example, in U.S.
      Letters Pat. No. 2,046,584 issued July 7, 1936. The cages for these joints
      were relatively thin, thus providing only small ball guide surfaces.
PAR  German published patent application No. 1,575,828, published May 14, 1970
      discloses a homo-kinetic universal joint with a cage having lugs
      projecting radially over its spherically shaped outer surface but this
      surface rides on a cylindrical inner surface of the outer coupling member
      and axial shifting of the coupling members are accommodated.
PAC  SUMMARY OF THIS INVENTION
PAR  This invention now provides a homo-kinetic ball-type universal joint of
      minimum radial dimensions where the coupling members are held against
      axial shifting, the ball members are held in a common plane which bisects
      the angle between the axes of the coupling members by a cage which rides
      on the outer spherical surface of the inner coupling member which is
      centered on one side of the plane of the ball members and on the inner
      spherical surface of the outer coupling member which is centered on the
      opposite side of the ball plane. Radially projecting circumferentially
      spaced lugs on at least one end of the cage project either radially inward
      into the ball receiving grooves of the inner coupling member, or radially
      outward into ball receiving grooves of the outer coupling member to afford
      additional guiding surface for the ball members. According to this
      invention, the radial dimensions of the universal joints are held at a
      minimum without lessening the outer diameter of the inner coupling member.
      While this arrangement reduces the radial thickness of the space between
      the coupling members for receiving the ball cage, the invention insures
      ample guide wall surfaces for the ball members in the windows of the cage
      by providing lugs or noses projecting radially from at least one end of
      the cage into the ball receiving grooves of either the inner or outer
      couplings, or both. These lugs in any desired sectional plane which
      extends at a right angle to an axis through the center of the spherical
      outer surface of the cage and through the center between adjacent windows
      of the cage lie in an annular area, whose inner circle circumscribes the
      adjacent ball grooves and whose outer circle is circumscribed by the said
      ball grooves, said annular area being concentric to said axis.
PAR  The cage of this invention can be mounted between the coupling members in
      the same manner as a cage not equipped with the lug members and is
      inserted in the outer coupling member in that the cage is first pushed
      into the outer coupling member along the axis thereof in a position where
      the axis of the cage intersects the axis of the outer coupling member at a
      right angle wherein two diametrically opposed stems or legs between two
      adjacent ball grooves of the outer coupling member engage diametrically
      opposite windows of the cage in the circumferential direction thereof, and
      when the center point of its spherically shaped outer surface registers
      with the center point of the spherical inner surface of the outer coupling
      member, the cage is rotated about its own axis by half the pitch angle
      between adjacent windows, and the cage is finally rotated 90.degree.  into
      operating position, the axis of that rotation extending through the center
      of the spherical outer surface of the cage and the center between adjacent
      windows.
PAR  In the embodiment where the lugs project radially inward, the inner
      coupling member is assembled with the cage in the same manner.
PAR  It is important that the end surfaces of the windows of the cage which are
      at right angles to the axis of the cage should have the greatest available
      radial guidance for the ball members of the cage without, however,
      preventing the insertion of the cage as described above.
PAR  In a preferred embodiment of the invention, the cage has a generally
      wedge-shaped cross section and the lugs are on the ends of the windows
      toward which the cage tapers and projects radially so that the total
      thickness of the cage over these lugs is the same as the radial thickness
      of the cage at the other ends of the windows. In this arrangement, maximum
      guide wall surfaces are obtained without interfering with the assembly of
      the cage in the coupling members.
PAR  It is then an object of this invention to provide a constant velocity or a
      homo-kinetic ball-type universal joint with a reduced overall radial
      dimension and a ball cage filling the space between the inner and outer
      coupling members and having lugs affording maximum guide wall surfaces at
      the windows of the cage.
PAR  Another object of the invention is to reduce the overall radial dimensions
      of ball-type constant velocity univeral joints.
PAR  A still further object of the invention is to provide a ball-type
      homo-kinetic universal joint with coupling members held against axial
      shifting and ball members held by a cage in a plane which bisects the axes
      between the coupling members and has circumferentially spaced radially
      extending lugs increasing the guide wall surfaces at the windows of the
      cage.
PAR  Another object of the invention is to provide a homo-kinetic ball-type
      universal joint with an outer coupling member having an inner spherical
      bearing wall, an inner coupling member having an outer spherical bearing
      wall, registering axial grooves in the coupling members, torque
      transmitting balls riding in said grooves, a tapered cage holding said
      balls in a common plane and riding on the spherical surfaces of the
      coupling members and lugs projecting radially from the thin end of the
      cage to increase the ball guiding surfaces of the cage windows.
PAR  Other and further objects of this invention will become apparent to those
      skilled in this art from the following detailed description of the
      attached sheets of drawings diagrammatically illustrating an embodiment of
      the invention.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view, with parts in elevation, of a
      constant velocity or homo-kinetic ball-type universal joint with a first
      embodiment of a ball cage according to this invention;
PAR  FIG. 2 is a front view of the outer coupling member of the joint of FIG. 1
      showing the manner in which the cage is installed and illustrating the
      cage in vertical cross section;
PAR  FIG. 3 is a cross sectional view along the line III--III of FIG. 2 with the
      cage shown in elevation;
PAR  FIG. 4 is a fragmentary phantom view in the direction of the arrow IV of
      FIG. 3;
PAR  FIG. 5 is a front view similar to FIG. 3 but illustrating the cage turned
      90.degree. in the plane of the outer coupling member;
PAR  FIG. 6 is a view similar to FIG. 4 but taken in the direction of the arrow
      VI in FIG. 5; and
PAR  FIG. 7 is a view similar to FIG. 1 but illustrating a second embodiment of
      a cage according to this invention.
DETD
PAC  AS SHOWN IN THE DRAWINGS
PAR  The constant velocity or homo-kinetic universal joint of FIGS. 1 to 6
      includes an inner coupling member 12, an outer coupling member 14, a cage
      16 between the coupling members and a set of balls 18. The balls 18 are
      guided in longitudinal grooves 20 of the inner coupling member 12 and 22
      of the outer coupling member 14 and are held in windows 24 of the cage 12
      in a common plane.
PAR  The inner coupling member 12 has a spherical outer surface 26 struck from a
      radius having a center point 28 on the axis 30 of the inner coupling
      member 12 which is spaced laterally to the left of the common plane 32 of
      the balls 18. The cage 16 has a complementary spherical inner surface 34
      riding on the outer surface 26 of the inner coupling member 12.
PAR  The outer coupling member 14 has a spherical inner surface 36 with a center
      point 38 on the axis of the outer coupling member but offset laterally to
      the right of the common plane of the balls 18. The center points 28 and 38
      are thus spaced on opposite sides of the plane 32. The cage 16 has an
      outer spherical surface 40 complementary with the spherical inner surface
      36 of the outer coupling member 14.
PAR  A shaft 42 extends through the inner coupling member 12 and is fixed
      thereto. The outer coupling member 14 has an integral shaft 44 projecting
      therefrom.
PAR  The spacing of the center points 28 and 38 for the inner spherical surface
      34 and the outer spherical surface 40 of the cage 16 provides a cross
      section for the cage which tapers toward one axial direction which as
      shown in the lower half of FIG. 1, is to the left. Thus, the radial
      thickness dimension of the cage 16 decreases toward the left to such an
      extent that the cage could not provide sufficient guidance for the balls
      18 if it were limited exclusively on its radial outer side by the
      spherical outer surface 40.
PAR  However, according to this invention, a sufficient guidance for the balls
      18 is provided on the left side of the windows 24 of the cage 16 by
      providing lugs or noses 46 in the center of each window 24 which project
      radially beyond the spherical outer surface of this end of the cage. In
      this manner, the cage has in the area of each of these nose members or
      lugs, approximately the same outer diameter as at the opposite right-hand
      end of the windows 24, as viewed in FIG. 1.
PAR  In order that the lugs 46 will not prevent the installation of the cage 16
      in the outer coupling member 14, as shown in FIG. 3, all of the lugs 46,
      in any desired sectional plane 48 normal to the axis 50 extending through
      the center point 38 of the spherical outer surface of the cage 16 and also
      through the mid point between adjacent windows 24, lie within an annular
      area 52 concentric with the axis 50 and the inner circle of this annular
      area 52 circumscribes all inner limit lines 54 of the ball grooves with
      reference to the axis 50, lying in the same sectional plane 48. The outer
      circle of this annular area 52 is circumscribed by the limit lines 56 of
      the ball grooves 22 lying in the same sectional plane 48. This limiting of
      the radial dimensions of the lugs 46 accommodates rotation of the cage 16
      about the axis 50 and the lugs 46 then do not overlap with the coupling
      member 14 as each of these nose members or lugs 42 upon complete rotation
      of the cage 16 about the axis 50 would pass through two ball grooves 22 of
      the outer coupling member 14 arranged symmetrically with the axis 50.
PAR  Thus, the design of the cage 16 makes it possible to slide the cage in the
      outer coupling member 14 in the manner illustrated in FIG. 2 where the
      axis of the cage intersects the axis 30 of the outer coupling member at
      right angles and then rotating the cage about its own axis for half the
      distance between two adjacent windows 24. Thus, if the cage has six
      windows as illustrated, it will be rotated about 30.degree. in order to
      obtain the position of FIGS. 3 and 4. Then with the cage 16 in the
      position of FIGS. 3 and 4, it may be tilted 90.degree. about the axis 50,
      bringing the cage into the position of FIGS. 5 and 6, where each of the
      windows 24 is positioned radially opposite a ball groove 22 of the outer
      coupling member 14 and seats the lug 46 in this ball groove. Next, the
      balls 18 are inserted into the windows 24 from the inner periphery of the
      cage 16 and next, the inner coupling member 12 is tilted axially into the
      cage 16. Finally, the shaft 42 is fixed in the coupling 12.
PAR  From the above descriptions it will, therefore, be understood that the cage
      is inserted normal to the open face of the outer coupling member 14 as
      shown in FIG. 2 with the circumferential rim ends of the cage lying in the
      ball grooves 22 which are adjacent the inner spherical wall 36 of the
      coupling member 14 and then the cage is rotated about its own axis to
      position diametrically opposed rib peripheral portions of the cage into
      registration with the spherical wall so that the cage can be tilted on the
      axis 50 as shown in FIGS. 3 and 4, whereupon it is tilted 90.degree. into
      axially fixed relationship with the coupling. Then the balls are dropped
      into the cage from the inner periphery of the cage to extend into the
      grooves or pockets 22 and next, the inner coupling 12 is then tilted into
      position to receive the balls 18 and the grooves 20 and to ride on the
      inner spherical wall 34 of the cage.
PAR  In the modification shown in FIG. 7, the cage 16' has the lugs 46'
      projecting radially inwardly therefrom from the thin tapered end of the
      cage at the center of each window 24'. These lugs 46' project beyond the
      inner spherical surface of the thin end of the cage so that the inner
      circle of the lugs will have approximately the same inner diameter as the
      opposite right-hand end of the windows 24, as shown in FIG. 7. The
      coupling members 12 and 14 of the FIG. 7 embodiment are identical with the
      couplings of FIG. 1 and the FIG. 7 embodiment is assembled in analogous
      manner as described hereinabove in connection with FIGS. 3, 4, and 6. With
      the FIG. 7 embodiment, of course, cage 16', instead of being tilted on
      axis 50, is tilted with respect to inner coupling member 12 on axis 50'
      extending through center point 28 at right angles to axis 30.
PAR  From the above descriptions it will be understood that this invention
      provides a constant velocity or a homo-kinetic ball-type universal joint
      of minimum overall radial dimension having a cage filling the space
      between the inner and outer coupling members and provided with lugs or
      noses which increase the ball guiding surfaces of the windows of the cage
      at the thin end of the cage.
CLMS
STM  I claim:
NUM  1.
PAR  1. A universal joint having a minimum radial thickness dimension and a
      maximum torque transmitting capacity comprising spherically nested inner
      coupling, cage, and outer coupling members, said inner and outer coupling
      members having ball grooves therein, said cage having windows between the
      ball grooves, balls carried in a common plane by the windows of said cage
      and connecting said inner and outer coupling members in torque
      transmitting free tilting relation, the tilting centers of the inner and
      outer coupling members lying on opposite sides of the plane of the balls
      in said cage, said cage tapering from a thick end to a thin end to fill
      the radial space between the inner and outer coupling members, and radial
      lugs projecting from the thin end of the cage at the centers of the
      windows to increase the guide surfaces of the balls at the thin end of the
      cage and to strengthen the cage.
NUM  2.
PAR  2. The joint of claim 1 wherein the lugs project radially outward into the
      grooves of the outer coupling.
NUM  3.
PAR  3. The universal joint of claim 1 wherein the lugs project radially inward
      into the grooves of the inner coupling.
NUM  4.
PAR  4. The universal joint of claim 1 wherein the cage is conical in cross
      section and the lugs are arranged at the ends of the windows toward which
      the cage tapers and project beyond a periphery of the thin end of the cage
      to increase the radial thickness of the thin end of the cage to at least
      the radial thickness of the thick end of the cage.
NUM  5.
PAR  5. A homo-kinetic universal joint transferring torque through at least
      three balls, which are guided in axis-parallel grooves of an inner joint
      member and an outer joint member and are retained in a common plane in
      windows of a cage having spherical inner and outer surfaces with centers
      offset on opposite sides of the common plane of the balls carried by the
      cage, said spherical surfaces being guided by a spherical outer surface of
      the inner joint member and a spherical inner surface of the outer joint
      member, said cage having a lug at least at one side of each window
      projecting outwardly beyond the spherical outer surface of the cage and
      engaging in the groove of the outer joint member to provide a guide for
      the ball member in the window, and said lugs in any sectional plane
      extending normal to an axis passing through the center of the spherical
      outer surface of the cage and through the center between adjacent windows
      and lying inside an annular area concentric with said axis and the inner
      circle of the annular area surrounding extremeties of the ball grooves
      which, when viewed in the same sectional plane are inner limit lines with
      respect to said axis and the outer circle of said annular area being
      circumscribed by such lines of the ball grooves which, when viewed in the
      same sectional plane, are the outer limit lines with respect to said axis.
NUM  6.
PAR  6. The homo-kinetic universal joint of claim 5 wherein the cage is
      wedge-shaped in cross section and the lugs are disposed  at the sides of
      the windows where the cage is reduced in thickness and project radially
      beyond the outer surface of the cage by a distance so that the total
      thickness of the cage measured across said lugs is the same as the radical
      thickness of said windows.
NUM  7.
PAR  7. A homo-kinetic universal joint transferring torque through at least
      three balls which are guided in axis-parallel ball grooves of an inner
      joint member and an outer joint member and are retained in a common plane
      in windows of a cage having spherical inner and outer surfaces with
      centers offset axially by equal distance on different sides of a common
      plane of the balls held by the cage, said spherical surfaces being guided
      at a spherical outer surface of the inner joint member and a spherical
      inner surface of the outer joint member, said caging having a lug at least
      one side of each window projecting inwardly beyond the spherical surface
      of the cage and engaging the associated ball groove of the inner joint
      member and providing a guide for the associated ball in the window, all of
      said lugs in any sectional plane extending normal to the axis passing
      through the center of the spherical inner surface of the cage and through
      the center between adjacent windows, being disposed inside an annular area
      concentric with said axis, the inner circle of said annular area
      circumscribing all such lines of the ball grooves which, when viewed in
      the same sectional plane, are the inner limit lines with respect to said
      axis, and the outer circle of said annular area being circumscribed by all
      such lines of the ball grooves which, when viewed in the same sectional
      plane, are the outer limit lines with respect to said axis.
NUM  8.
PAR  8. The homo-kinetic universal joint of claim 1 wherein the cage is
      wedge-shaped in cross section and the lugs are disposed at the sides of
      the windows where the cage is reduced in thickness and project radially by
      a distance such that the total thickness of the cage measured across the
      lugs is the same as the radial thickness of the cage at the other side of
      the windows.
NUM  9.
PAR  9. A homo-kinetic universal joint transferring torque through at least
      three balls, which are guided in grooves of an inner joint member and an
      outer joint member and are retained in a common plane in windows of a cage
      having a spherical outer surface, said spherical outer surface being
      guided by a spherical inner surface of the outer joint member, said cage
      having a lug at least at one side of each window projecting outwardly
      beyond the spherical outer surface of the cage and engaging in the groove
      of the outer joint member to provide a guide for the ball member in the
      window, said lugs, in any sectional plane extending normal to an axis
      passing through the center of the spherical outer surface of the cage and
      through the center between adjacent windows lying inside an annular area
      concentric with said axis and the inner circle of the annular area
      surrounding extremeties of the ball grooves which, when viewed in the same
      sectional plane are inner limit lines with respect to said axis and the
      outer circle of said annular area being circumscribed by such lines of the
      ball grooves which, when viewed in the same sectional plane, are the outer
      limit lines with respect to said axis.
NUM  10.
PAR  10. The homo-kinetic universal joint of claim 9 wherein the cage is
      wedge-shaped in cross section and the lugs are disposed at the sides of
      the windows where the cage is reduced in thickness and project radially
      beyond the outer surface of the cage by a distance so that the total
      thickness of the cage measured across said lugs is the same as the radial
      thickness of said windows at the other sides.
NUM  11.
PAR  11. A homo-kinetic universal joint transferring torque through at least
      three balls which are guided in ball grooves of an inner joint member and
      an outer joint member and are retained in a common plane in windows of an
      cage having a spherical inner surface, said spherical inner surface being
      guided at a spherical outer surface of the inner joint member, said cage
      having a lug at least at one side of each window projecting inwardly
      beyond the spherical surface of the cage and engaging the associated ball
      groove of the inner joint member and providing a guide for the associated
      ball in the window, said lugs, in any sectional plane extending normal to
      the axis passing through the center of the spherical inner surface of the
      cage and through the center between adjacent windows, being disposed
      inside an annular area concentric with said axis, the inner circle of said
      annular area circumscribing all such lines of the ball grooves which, when
      viewed in the same sectional plane, are the inner limit lines with respect
      to said axis, and the outer circle of said annular area being
      circumscribed by all such lines of the ball grooves which, when viewed in
      the same sectional plane, are the outer limit lines with respect to said
      axis.
NUM  12.
PAR  12. The homo-kinetic universal joint of claim 11 wherein the cage is
      wedge-shaped in cross section and the lugs are disposed at the sides of
      the windows where the cage is reduced in thickness and project radially by
      a distance such that the total thickness of the cage measured across the
      lugs is the same as the radial thickness of the cage at the outer side of
      the windows.
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ABST
PAL  A method for manufacturing stockings, socks and the like and closing the
      toe thereof on a double cylinder knitting machine, comprising the steps of
      manufacturing a leg, heel and foot portion by selecting the needles to
      knit in both needle cylinders in a manner to make the reverse fabric side
      on the exterior as discharged from the machine, operating a 1:1 selection
      of the needles, lowering a first group of selected needles in the lower
      needle cylinder and inactivating these needles in the lower cylinder,
      knitting the toe with the needles which have been transferred to the upper
      needle cylinder thereby providing an additional pocket around which non
      knitted thread is wound and interknitting the final part of the additional
      pocket with the initial part thereof and with the foot portion of the
      stocking.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of our application Ser. No. 141,902, filed
      on May 10, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for manufacturing stockings, socks and
      the like and closing the toe thereof, on knitting machines of the type
      with two needle cylinders.
PAR  As is well known, many tubular knitted socks or stockings, both for men and
      women, especially if made of cotton or analogous yarns and according to
      various designs, are generally manufactured on circular knitting machines
      with two cylinders comprising an upper and a lower needle cylinder, in
      which needles hooked at their two ends may work and slide from one
      cylinder to the other. From such machines, the stockings or socks, come
      out with the toe part still open which then requires successive closure
      operations by means of sewing or linking which notably increase the final
      manufacturing cost of the socks or stockings.
PAR  Furthermore in such machines, the socks or stockings are manufactured so as
      to follow one after the other with the interpositioning of a waste length
      of fabric which has to be eliminated by a successive operation with
      consequent further increase of the cost.
PAR  Methods and processes to carry out the closure of the toe parts of
      stockings or socks directly on circular knitting machines have been
      suggested as for inst. in U.S. Pat. No. 3,340,706. Such methods are
      applicable on circular knitting machines with only one needle cylinder.
PAR  More particularly, it is well known that knitting machines with one
      cylinder only include a dial, on which a plurality of hook elements may
      slide radially, a purpose of which is to hook and to hold yarns or loops
      of a course of the fabric, especially when reinforced zones have to be
      formed. It has been already suggested to use the said hooks of the dial
      for carrying out the toe closure on a single cylinder knitting machine. In
      this case, assuming that the toe portion of the stocking is made as the
      last part, a selection of the needles is effected in order to bring a
      group of needles, for instance alternate needles, in an inoperative
      position in the needle cylinder in which they limit themselves to the
      holding of a relative loop of fabric while the hook elements arranged in
      correspondence of the said needles above them are pushed to project from
      the dial and hold the yarn, starting from which the remaining needles,
      which continue to work, knit a new fabric portion. Thus an additional
      fabric is manufactured, which is held at one side thereof by the needles
      in inoperative position and at the other side by the hook elements, which
      additional fabric has the form of an annular pocket. The knitting of this
      pocket is continued until it has reached a sufficient length to be
      centrally bound by a further yarn which thus tightens the pocket in
      correspondence of the axis of the needle cylinder. The two peripheral
      courses of the pocket, which were held by the hook elements and the
      inoperative needles, respectively, are then interknitted, thus forming a
      double layered toe portion directly closed on the machine.
PAR  It has been furthermore proposed to transfer this working principle to
      double cylinder knitting machines, by suggesting that the role of the hook
      elements, as holding means for some loops, may be taken over by needles
      arranged in the upper needle cylinder.
PAR  A method has therefore been suggested according to which the stocking is
      manufactured from top portion to toe portion, the leg and foot portion
      being manufactured with the needles in the lower needle cylinder. The toe
      portion is manufactured by effecting a selection of the needles, raising a
      first group thereof to the upper needle cylinder where they assume an
      inoperative position and retain relative loops of the fabric already
      knitted, and leaving the remaining needles in the lower needle cylinder.
      The toe portion is then continued by knitting with the needles remained in
      the lower needle cylinder, thus forming a pocket similar to that already
      described above. After the pocket has reached the desired length there
      occurs a central binding of the pocket and then the needles brought to the
      upper needle cylinder are lowered to the lower needle cylinder and all the
      needles are made operative and interknit the final portion of the pocket
      and the initial portion thereof. The method further comprises the
      formation of a tab portion having anti-ravelling purposes, this tab being
      necessary when the stocking is commenced at the leg portion and terminated
      at the toe.
PAR  The said method, which directly derives from adapting the method known on
      single cylinder knitting machines to a double cylinder knitting machine,
      requires that the fabric, which is manufactured by the needles in the
      lower needle cylinder, is taken up through the upper needle cylinder
      otherwise it would not be possible to make the pocket and close it.
      Additional means have, therefore, to be arranged on the top of the upper
      needle cylinder for pulling the fabric. The said means increase the height
      of the double cylinder knitting machine and entail that a novel machine is
      designed for carrying out the method. It would appear that a reversion of
      the operative steps, that is knitting the leg and foot portions on the
      upper needle cylinder and take up the fabric through the lower needle
      cylinder, would avoid these drawbacks. Such an operation, however, would
      require additional operation to be carried out on the stocking since the
      stocking would require turning inside out when finished.
PAC  SUMMARY OF THE INVENTION It is an object of the invention to provide a
      method for the toe closure on a double cylinder knitting machine which can
      be carried out on a conventional double cylinder knitting machine without
      requiring additional modifications thereof.
PAR  According to the invention there is provided a method for manufacturing
      stockings, socks and the like and closing the toe thereof on a circular
      knitting machine including an upper and lower needle cylinder, wherein the
      fabric is taken up through the lower needle cylinder, the method
      comprising the following steps: knitting the leg and foot portion of the
      fabric on the needles of both needle cylinders by selecting the needles in
      a manner such that the areas of said portions having right stitches on the
      outside of the finished fabric are manufactured with reverse stitches and
      vice versa; effecting a 1:1 selection of the needles for manufacturing the
      toe, thereby dividing the needles in first and second needles; lowering
      the first needles in said lower needle cylinder in an inoperative
      position, where they retain relative loops of the fabric already knitted;
      raising said second needles to said upper needle cylinder and continuing
      to knit with said second needles forming a pocket-shaped fabric portion;
      stopping the knitting with said second needles when said pocket-shaped
      fabric portion has a length of substantially twice the radius of said
      needle cylinders, the bottom of said pocket-shaped fabric being directed
      towards the axis of said needle cylinders; continuing to revolve the
      needle cylinders, thereby effecting a binding around said bottom by means
      of the yarn fed to the knitting point winding itself around said bottom;
      and bringing all the needles in operative position, whereby the final part
      of said pocket-shaped fabric portion is interknitted with the initial part
      thereof and with said foot portion of the fabric.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will now be better described with reference to the
      accompanying drawing in which:
PAR  FIG. 1 shows a schematic view of the cylinders of the machine with the sock
      or stocking manufactured up to the finishing of the foot portion;
PAR  FIG. 2 shows a schematic view of the two cylinders with a length of an
      additional fabric or pocket used for the formation of the toe portion,
      while the same is made;
PAR  FIG. 3 is a similar to the preceding figures, in which the additional
      length of fabric is completed;
PAR  FIG. 4 shows a schematic view in which the closure provided at the median
      zone of the additional section of fabric, is seen;
PAR  FIG. 5 shows a schematic view of the two cylinders of the machine in which
      the toe of the sock or stocking has been completely closed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBDDIMENT
PAR  Referring now more particularly to the drawing, the method avails itself of
      a knitting machine having a lower needle cylinder 1 and an upper needle
      cylinder 2 on which a tubular leg portion 3 and a sole and foot portion 4
      are knitted. The cylinders are spaced apart from each other by the space
      5. It is well known that in such conventional machines, needles are
      working which have an upper and a lower operative head (comprising inter
      alia the hooked part), which needles may be shifted from the lower
      cylinder to the upper one, and vice versa, according to the working
      requirement. The fabric 10 is knitted starting from the leg portion 3 and
      ending at the toe and it is taken up through the lower needle cylinder 1.
      According to the invention the leg portion 3 and the foot portion 4 are
      knitted on the needles in both needle cylinders by selecting the needles
      to make them to selectively work in the upper and the needle cylinder, the
      selection being not the conventional one. As it is known, when the needles
      are in the upper needle cylinder and work with their lower hooked ends
      they make reverse stitches on the fabric, seen from the outside, and when
      working in the lower needle cylinder they operate with their upper hooked
      ends and make right stitches. Now, provided that a preestablished pattern
      has to be reproduced on the fabric, for instance the common ribbed pattern
      on the leg and foot portion, some areas have to be knitted with right
      stitches and some areas with reverse stitches, in order that the finished
      fabric having the right side out has the pattern correctly knitted on the
      outside. According to the invention the selection of the needles to work
      in the upper or the lower needle cylinder and vice versa is made opposite
      to the selection which would be the conventional one for reproducing the
      same pattern. This means that the areas with right stitches on the
      finished fabric are knitted on needles in the upper needle cylinder as
      reverse stitches and the areas having reverse stitches on the outside of
      the finished fabric are knitted on needles in the lower needle cylinder as
      right stitches. The heel 3a is knitted with the needles in the lower
      needle cylinder. To provide this opposite selection the pattern drum which
      controls this selection is, of course, correspondingly preset and the
      areas which should be provided with control pins or the like by
      conventional programming for obtaining the preestablished pattern are
      empty and those which should be without pins by conventional programming
      for obtaining the preestablished pattern are instead provided with said
      pins or the like. The programming of the pattern down therefore occurs in
      reverse form. It is evident that, if no pattern has to be reproduced on
      the stocking, the said leg and foot portions are made working with the
      needles in the upper needle cylinder, so that the stocking is made with
      the reverse side on the exterior. When the leg portion 3, the heel portion
      3a and the foot portion 4 have been manufactured, as visible in FIG. 1, a
      1:1 selection of the needles occurs. One group of the needles will be
      called "first" needles 1a and the remaining group will be called "second"
      needles 2a. The first needles are all brought in the lower needle cylinder
      and the second needles are all brought in the upper needle cylinder with
      the loops thereon.
PAR  At this point, the first needles 1a are lowererd, in the lower cylinder 1,
      up to an inoperative position, where they retain the respective loops such
      needles were holding. The second needles 2a knit in the upper needle
      cylinder, forming an initial part of a pocket shaped fabric portion 6, and
      then knitting an intermediate part and a final part of this pocket shaped
      fabric portion, while said enitial part is held by the first needles 1a.
      To the formation of this pocket shaped fabric portion 6, an air jet
      substantially contributes, this jet being blown substantially radially to
      the needle cylinders by the nozzles 7 conventionally connected to a
      compressed air source: as a consequence, the additional fabric 6 is
      correctly and simmetrically bent with the bottom of the pocket-shape
      progressively closer to the vertical axis of the cylinders 1 and 2 at
      substantially the same distance therefrom. When the additional fabric
      reaches a length which is approximately equal to two times the radius of
      the cylinders, the bottom 8 of the pocket-shape is substantially
      concentrated in the zone of the axis of said cylinders.
PAR  At this point, all the needles 2a are brought, by conventional selection
      means, in an inoperative position: since the cylinders continue in their
      rotation, the yarn, which has been fed heretofore tends to wind around the
      bottom of said pocket, forming a plurality of turns 9, by which the toe of
      the stocking 10 is bound. It is convenient to subject, in a conventional
      manner, to a certain stretch the yarn during this winding operation, so
      that the toe becomes tightly bound.
PAR  When this winding is ended, the needles 1a which were inoperative in the
      lower needle cylinder 1 are brought in an operative position, and the
      needles 2a which have knitted the pocket 6 on the upper needle cylinder 2
      are transferred into the lower needle cylinder 1 and some courses of
      knitting are formed, by which the terminal portion 6a of the additional
      fabric 6 is interknitted now with the portion 6b of the fabric and with
      the foot portion 4, which has been kept in abeyance by the first needles
      1a during their innoperative stage. The toe of the stocking 10 is now
      definitely closed.
PAR  It has been found to be very important to knit an additional tab 6c for
      preventing runs from starting from the last course of fabric. It may be
      advisable to use an elasticized yarn for this purpose, whereby any type of
      yarn, even partially made of an elastic material is meant. The said tab is
      knitted by the needles which are now all in the lower needle cylinder.
PAR  The stocking or sock is now terminated and is discharged from the machine
      through the lower needle cylinder 1.
PAR  Since at this point all the needles are already prepared for normal
      operation, a new stocking or sock can be immediately begun without a
      length of waste being formed between one stocking or sock and another.
PAR  As it appears from the above, the stocking, sock or the like is discharged
      from the machine having its rear or reverse face on the exterior. More
      particularly, the leg and the foot portions have the reverse side out
      while the heel, which is manufactured conventionally with the needles in
      the lower needle cylinder, has its right side out. The pocket 6, which has
      been manufactured with the needles in the upper needle cylinder and
      interknitted at its peripheral courses with the foot portion 4, has both
      the outer and inner face as right sides. The tab 6c projects from the
      reverse side of the fabric.
PAR  Having the socking the reverse side out, a single reversing is required
      which can be made during the checking of the stocking which always occurs
      and which involves, when carried out on conventional devices, the
      reversing of the stocking when the latter is removed from the device.
      Further operations on the stocking such as sewing or the like can be made
      before reversing and on the reverse side, so that they are practically not
      visible from the outside of the finished stocking. Due to the reversing
      operation the tab remains in the inside or reverse side of the finished
      stocking and it is not visible. No additional means are required for
      taking up the fabric through the machine and the method can advantageously
      be carried out on conventional double cylinder knitting machines. The
      manufacturing of the leg and foot portion with the reverse stitches as
      right stitches and vice versa is only a matter of programming the needles
      to work in the upper or the lower needle cylinder and clearly can be
      performed with conventional pattern drums. The fact that the heel has its
      reverse side out once the stocking is reversed does not represent
      substantial drawback since the said heel occupies a very small portion and
      is made with plain knit and is practically not notable.
PAR  Because of the fact that the method does not requre the construction of
      novel machines but can be carried out on any conventional double cylinder
      knitting machine it is very advantageous for series productions usual in
      this field of manufacturing.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for manufacturing stockings, socks and like fabrics and closing
      the toe thereof on a circular knitting machine including an upper and a
      lower needle cylinder, wherein the fabric is taken up through the lower
      needle cylinder, the method comprising the steps of knitting the leg and
      foot portion of the fabric on the needles in both needle cylinders by
      selecting the needles in a manner such that the areas of said portions
      having right stitches on the outside of the finished fabric are knitted on
      the needles in the upper needle cylinder as reverse stitches and the areas
      of said portions having reverse stitches on the outside of the finished
      fabric are knitted on the needles in the lower needle cylinder as right
      stitches, the heel being knitted on the needles in the lower needle
      cylinder; effecting a 1 : 1 selection of the needles for manufacturing the
      toe, thereby dividing the needles in first and second needles, and
      bringing the first needles in the lower needle cylinder and the second
      needles in the upper needle cylinder with the loops thereon; lowering the
      first needles in said lower needle cylinder in an inoperative position,
      where they retain relative loops of the fabric already knitted and
      continuing to knit with said needles in the upper needle cylinder forming
      an initial part of a pocket-shaped fabric portion, knitting an
      intermediate part and final part of said pocket shaped fabric portion;
      stopping the knitting with said second needles when said pocket-shaped
      fabric portion has a length of substantially twice the radius of said
      needle cylinders, the bottom of said pocket shaped fabric being directed
      towards the axis of said needle cylinders; continuing to revolve the
      needle cylinders, thereby effecting a binding around said bottom by means
      of the yarn fed to the knitting point winding itself around said bottom;
      and bringing the second needles into the lower needle cylinder in
      operative position and knitting with all the needles in the lower needle
      cylinder, whereby the final part of said pocket-shaped fabric portion is
      interknitted with the initial part thereof and with said foot portion of
      the fabric.
PATN
WKU  039357198
SRC  5
APN  3860140
APT  1
ART  242
APD  19730806
TTL  Recirculating
ISD  19760203
NCL  9
ECL  1
EXA  Moore; C. K.
EXP  Hornsby; Harvey C.
NDR  1
NFG  1
INVT
NAM  Henderson; Raymond G.
CTY  Mount Prospect
STA  IL
ASSG
NAM  A-T-O Inc.
CTY  Willoughby
STA  OH
COD  02
CLAS
OCL   68 58
XCL   68184
XCL   68207
XCL   68208
EDF  2
ICL  D06F 3902
FSC   68
FSS  184;207;208;58;15;16
UREF
PNO  1002635
ISD  19110900
NAM  Bratkowski
OCL   68207
UREF
PNO  1487907
ISD  19240300
NAM  Yates
OCL   68 58
UREF
PNO  1890493
ISD  19321200
NAM  Bonsakios
XCL   68207
UREF
PNO  2023013
ISD  19351200
NAM  Faber et al.
UCL   68 16
UREF
PNO  2514050
ISD  19500700
NAM  Grebe
XCL   68207
UREF
PNO  2728352
ISD  19551200
NAM  Sanders
XCL   68207
UREF
PNO  2764722
ISD  19580900
NAM  McKeown
UCL   68207
UREF
PNO  2914935
ISD  19591200
NAM  Sampsel
XCL   68 58
UREF
PNO  2972876
ISD  19610200
NAM  Geldhof
XCL   68207
UREF
PNO  3091109
ISD  19630500
NAM  Clement et al.
XCL   68 15
UREF
PNO  3327727
ISD  19640600
NAM  Anastasia
XCL   68207
UREF
PNO  3406710
ISD  19681000
NAM  Voda
XCL   68207
ABST
PAL  In combination with a washing machine of the type including a cylindrical
      drum mounted for rotation about the axis thereof and having a washing
      fluid inlet and a washing fluid outlet, a recirculating pump having an
      inlet and an outlet, a recirculating suction line extending from the
      washing machine outlet to the pump inlet, and a supply tank having an
      outlet, and a main inlet line extending from the pump outlet to the
      washing machine inlet, the supply tank outlet being connected to the
      suction line such that flow to the pump inlet from the washing machine
      will cause chemicals from the supply tank to be drawn into the pump and be
      mixed with flow from the pump to the main inlet line.
BSUM
PAR  This invention relates to washing.
PAR  It is a primary object of the present invention to provide a recirculation
      system for use with commercial washing machines which makes possible
      shortening the normal wash cycle by a third. Other objects include
      providing such a system in which heating of the water is greatly
      facilitated, uniformity of chemical supply is insured, a supplemental
      spray wash is obtained and the need for a separate water reclamation
      storage pump is eliminated.
PAR  The invention features, in combination with a washing machine of the type
      including a cylindrical drum mounted for rotation about the axis thereof
      and having a washing fluid inlet and an outlet, a recirculating suction
      line extending from the washing machine outlet to the pump inlet, a supply
      tank having an outlet, and a main inlet line extending from the pump
      outlet to the washing machine inlet, the supply tank outlet being
      connected to the suction line such that flow from the pump inlet from the
      washing machine will cause chemicals from the supply tank to be drawn into
      the pump and be mixed with flow from the pump to the main inlet line. In
      preferred embodiments in which a steam ring heater surrounds the main
      inlet line for heating fluid prior to inlet into the washing machine,
      there is featured a reclamation tank having its inlet connected to the
      main inlet line downstream of the pump outlet, a supply line connected to
      each of a hot water source, a cold water source, and the outlet of the
      reclamation tank, control valves for controlling flow from, respectively,
      the supply tank and the sources, and to, respectively, the reclamation
      tank and the washing machine, and backflow valves for preventing backflow
      in the main inlet and supply lines.
PAR  Other objects, features, and advantages will appear from the following
      detailed description of a preferred embodiment of the invention, taken in
      conjunction with the attached drawing which is a schematic view of a
      recirculation system of the preferred embodiment.
PAR  Referring more particularly to the drawing, there is indicated a commercial
      washing machine, generally designated 10, having its inlet 12 connected,
      through a rotary joint 14, to an inlet line 16 and its outlet connected to
      a weir box 18. The construction of washing machine 10 is illustrated in
      greater detail in copending applications Ser. No. 242,432, filed Apr. 10,
      1972, now U.S. Pat. No. 3,760,613, and Ser. No. 270,059, filed July 10,
      1972 now U.S. Pat. No. 3,780,545, both assigned to the same assignee as
      the present application, which prior applications are hereby incorporated
      by reference, and will be here discussed but briefly.
PAR  Washing machine 10 includes a cylindrical wash drum 20 mounted for
      horizontal rotation about its axis, and a pair of radially opposed spray
      ribs 22 extending longitudinally along the drum inner wall. Supply ribs 24
      on the end wall 25 of the drum adjacent rotary joint 14 connect the drum
      inlet to spray ribs 22. Rotary joint 14 permits rotation of drum 20
      relative to inlet pipe 16.
PAR  The illustrated recirculation and supply system include a chemical supply
      tank 30, a hot water source 32, a cold water source 34, a reclamation tank
      36, a pump 38 (typically 3hp, 180gpm at 30 ft. head) and a steam ring
      heater 42 connected to a steam source 44. A recirculation suction line 46
      extends from an outlet of weir box 18 through T-coupling 40 to the inlet
      of pump 38; inlet line 16 connects the pump outlet to rotary joint 14,
      passing through steam ring heater 42 and a flexible connector 48. A dump
      valve 19 in the bottom of weir box 18 controlled by an operator 21 permits
      the weir box to be emptied into drain 54.
PAR  Supply tank 30, which is made of polyethylene and is open at its top to
      permit the chemicals used in the wash cycle to be deposited therein,
      includes a main drain line 50 and an overflow drain line 52, both
      connected to drain 54, and a supply line 56 connected to a side inlet of
      T-coupling 40. Valves 58 and 60 are, respectively, provided in lines 50
      and 56 and controlled by operators 59, 61.
PAR  A check valve 62 arranged to prevent back flow, a T-coupling 64, a valve 66
      controlled by an operator 67, and a T-coupling 68 are provided in inlet
      line 16 intermediate the outlet of pump 38 and steam ring heater 42. The
      side of T-coupling 64 is connected through line 72 to reclamation tank 36.
      Valve 74 in line 72 is controlled by operator 75.
PAR  A supply line 80 connects the side inlet of T-coupling 68 to lines 82, 84,
      86 from, respectively, hot water source 32, cold water source 34, and
      reclamation tank 36. A check valve 88 is provided in line 80 to prevent
      backflow from line 16. Control valves, 88, 90, 92 are provided in lines
      82, 84, 86, respectively, and are controlled by respective operators 89,
      91, 93. A reclamation water supply pump 94 is provided in line 86 between
      the outlet of tank 36 and control valve 92.
PAR  In operation, flow through each of lines 16, 56, 72, 82, 84, and 86, and
      through dump valve 19 is controlled (automatically, remotely or manually
      as desired) by operators 67, 61, 89, 91, 93 and 21, respectively. At the
      start of the first wash cycle, operators 89 and 91 open valves 88, 90, and
      hot and cold water sources 32, 34 is passed through supply line 80 and
      steam ring 42 to machine inlet 12. If desired, steam from source 48 may be
      applied to ring 42 during initial inlet to heat the filling water to the
      desired temperature. The water then flows into ribs 22 and is sprayed onto
      laundry in drum 20. As soon as the water has accumulated to a sufficient
      level, pump 38 draws water from weir box 18 through line 46. The suction
      flow into the pump draws chemicals from supply tank through line 56
      (operator 61 having opened valve 60) into line 46, where they are mixed
      with the flow therethrough. The mixture is drawn into the pump inlet and
      forced through the pump into line 16. The chemical flow into injector 40
      from supply tank 30 can be varied as desired by adjusting valve 60.
PAR  After the machine has been filled to the desired level, the valves 88, 90
      controlling flow from the hot and cold water sources are closed. Valve 60
      is closed when the desired volume of chemicals have been injected. Pump 38
      continuously recirculates the wash water, in which the wash chemicals have
      been thoroughly mixed.
PAR  For rinsing, drum 20 is first drained either by actuating operator 21 to
      open dump valve 19 in weir box 18 to drain drum 20, or, if the wash water
      is to be released, by closing valve 66 to divert the flow from the outlet
      pump 38 into reclamation tank 36. Rinse water is then introduced into the
      drum from sources 32, 34 as described above.
PAR  It will be seen that wash water in reclamation tank 36 can be reused in a
      later wash cycle by introducing it through lines 86, 80 and 16 into
      machine 10. Steam source 44 and ring 42 quickly and efficiently heat all
      liquid introduced into drum 20 to the desired level, the various valves
      provided make it possible to control flow to and from drum 20 and tank 36,
      from sources 32, 34 tank 30 and weir box 18, and to drain 54 as desired;
      and the arrangement of the heating and chemical systems make it possible
      to combine steps in and reduce the overall time of the wash cycle.
PAR  Other embodiments within the scope of the following claims will occur to
      those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a washing machine of the type including a
      cylindrical drum having a central axis, mounted for rotation about said
      axis, and having a washing fluid inlet and a washing fluid outlet:
PA1  a recirculating pump having an inlet and an outlet;
PA1  a recirculating suction line extending from the washing machine outlet to
      the pump inlet;
PA1  a main inlet line extending from the pump outlet to the washing machine
      inlet;
PA1  a chemical supply tank having an outlet connected to said suction line such
      that flow to the pump inlet from the washing machine outlet will cause
      chemicals from said supply tank to be drawn into said pump and be
      thoroughly mixed with flow from said pump passing to said main inlet line;
PA1  a steam heater connected to said main inlet line intermediate said pump
      outlet and said washing machine inlet, adapted for connection to a steam
      source, and arranged for heating fluid in said main inlet line during flow
      of said fluid from said pump to said washing machine; and,
PA1  a water supply line connected to said main inlet line intermediate said
      pump outlet and said steam heater and adapted for connection to a water
      source.
NUM  2.
PAR  2. The combination of claim 1 wherein said supply line is adapted for
      connection to each of a hot water source and a cold water source, and
      including an adjustable valve for controlling flow from each of said
      sources and a check valve in said supply line for preventing back flow
      from said main inlet line to either of said sources.
NUM  3.
PAR  3. In combination with a washing machine of the type including a
      cylindrical drum having a central axis, mounted for rotation about said
      axis, and having a washing fluid inlet and a washing fluid outlet:
PA1  a recirculating pump having an inlet and an outlet;
PA1  a recirculating suction line extending from the washing machine outlet to
      the pump inlet;
PA1  a chemical supply tank having an outlet;
PA1  a main inlet line extending from the pump outlet to the washing machine
      inlet;
PA1  a steam heater connected to said main inlet line intermediate said pump
      outlet and said washing machine inlet; and,
PA1  a reclamation by-pass line connected to said main inlet intermediate said
      pump and said heater and adapted for connection to the inlet of a
      reclamation tank whereby flow from said pump may be directed to said
      reclamation tank;
PA1  a supply line connected to said main inlet line intermediate the connection
      points of said by-pass line and said heater and adapted for connection to
      the outlet of said reclamation tank whereby fluid in said tank may be
      directed into said main inlet line and thence past said heater and into
      said washing machine; and,
PA1  a check valve in said main inlet line intermediate said connection point of
      said by-pass line and said pump and arranged for preventing back flow
      therethrough said pump,
PA1  said supply tank outlet being connected to said suction line such that flow
      to the pump inlet from the washing machine outlet will cause chemicals
      from supply tank to be drawn into said pump and be thoroughly mixed with
      flow from said pump passing to said main inlet, and
PA1  said heater being adapted for connection to a steam source and being
      arranged for heating fluid in said main inlet line during flow of said
      fluid from said pump to said washing machine.
NUM  4.
PAR  4. The combination of claim 1 including a control valve intermediate said
      supply tank and said suction line for controlling flow of chemicals from
      said supply tank, and a back-flow control valve in said main inlet line
      intermediate said pump and the point of connection of said supply line to
      said main inlet line for preventing flow through said main inlet line
      toward said pump; and,
NUM  5.
PAR  5. In combination with a washing machine of the type including a
      cylindrical drum having a central axis, mounted for rotation about said
      axis, and having a washing fluid inlet and a washing fluid outlet:
PA1  a recirculating pump having an inlet and an outlet;
PA1  a recirculating suction line extending from the washing machine outlet to
      the pump inlet;
PA1  a supply tank having an outlet, said supply tank outlet being connected to
      said suction line such that flow to the pump inlet from the washing
      machine outlet will cause chemicals from said supply tank to be drawn into
      said pump and be thoroughly mixed with flow from said pump passing to said
      main inlet line;
PA1  a main inlet line extending from the pump outlet to the washing machine
      inlet;
PA1  a control valve intermediate said supply tank and said suction line for
      controlling flow of chemicals from said supply tank;
PA1  a supply line connected to said main inlet line intermediate said washing
      machine and said pump, said supply line being adapted for connection to a
      source of fluid;
PA1  a heater adjacent said main inlet line intermediate said washing machine
      and the point of connection of said supply line to said main inlet line
      and arranged to heat fluid in said main inlet line;
PA1  a back-flow control valve in said main inlet line intermediate said pump
      and said point of connection for preventing flow therethrough toward said
      pump;
PA1  a reclamation by-pass line connected to said main inlet line intermediate
      said pump and said point of connection of said supply line and adapted for
      connection to the inlet of a reclamation tank whereby flow from said pump
      may be directed to said reclamation tank;
PA1  a main flow control valve in said main inlet line intermediate said points
      of connection of said inlet line and said by-pass line; and,
PA1  a reclamation control valve in said by-pass line for controlling flow
      therein,
PA1  said supply line being adapted for connection to the outlet of said
      reclamation tank.
NUM  6.
PAR  6. The combination of claim 5 wherein said supply line is adapted for
      connection to each of said outlet of said reclamation tank, a hot water
      source, and a cold water source, and including respective inlet control
      valves for controlling flow from said reclamation tank and said sources
      through said supply line to said washing machine, and a backflow control
      valve in said supply line intermediate said point of connection of said
      supply line and said control valves for preventing backflow in said supply
      line, and a pump for causing flow from said reclamation tank.
NUM  7.
PAR  7. The combination of claim 6 wherein said heater is a steam ring heater
      adapted for connection to a source of steam and surrounding said main
      inlet line.
NUM  8.
PAR  8. The combination of claim 7 wherein said supply tank includes an overflow
      outlet and a drain outlet, said washing machine includes a drain outlet,
      and including drain control valve for controlling flow through each of
      said drain outlets.
NUM  9.
PAR  9. The combination of claim 1 wherein said heater is a steam ring heater.
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ABST
PAL  The rotatable plug of a cylinder lock has an axially extending outwardly
      open cavity paralleling a key slot and normally registering with an
      axially extending groove in the inner wall surface of the surrounding
      cylinder, the groove and the cavity being bridged by a locking bar with
      sloping flanks cammable radially inwardly, against the force of
      compression springs within the recess, upon rotation of the plug relative
      to the cylinder. Seated in the cavity are a plurality of axially spaced
      tumblers which are freely rotatable about pins transverse to the cylinder
      axis and have recesses alignable, in a predetermined operating position,
      with respective projections on the locking bar to enable the inward
      camming of the latter; each tumbler carries a pair of permanent magnets
      confronting a thin partition between the cavity and the key slot. Upon
      insertion of the right key into the slot, pairs of magnets on the key
      surface adjoining the partition coact with the magnets on the tumblers to
      align their recesses with the associated projections on the locking bar. A
      longitudinal rib on the key, fitting into an axially extending channel of
      the key slot, prevents improper insertion of the key and has a notch
      engageable by a spring-loaded latch, transversely slidable in the plug
      near its entrance end, which blocks rotation of the plug if a key or other
      object is partly introduced into the slot.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a lock assembly wherein a cylindrical
      housing surrounds a rotatable plug provided with a key slot, the plug
      being normally held in a predetermined rotary position by a set of
      tumblers which are displaceable by the insertion of a key into the slot to
      permit rotation of the plug into an off-normal position with entrainment
      of a latch bolt or the like.
PAC  BACKGROUND OF THE INVENTION
PAR  It has already been proposed to design the tumblers as disks rotatable
      about transverse axes and to control their rotation with the aid of
      magnets carried on the key. According to German Pat. No. 1,553,365, the
      disks and the housing are provided with complementary formations which
      permit a rotation of the plug only upon proper alignment thereof with one
      another. A difficulty inherent in that construction is the fact that the
      disks must be firmly seated in complementary bores of the plug, in order
      to resist the pressure exerted thereon when an attempt is made to open the
      lock with the aid of an improper key or tool, and that consequently the
      magnetic force must overcome an elevated frictional resistance. Also,
      intruding dust particles or the like may further impede the rotation of
      the tumblers. Finally, the large pressures exerted on the tumblers by
      projections of the housing -- on an attempt to force the lock -- may
      seriously damage the mechanism and prevent its subsequent response to the
      use of the proper key.
PAC  OBJECTS OF THE INVENTION
PAR  It is, therefore, an important object of my present invention to provide an
      improved lock assembly of the general type referred to which avoids these
      drawbacks.
PAR  Another object is to provide ancillary blocking means in such a lock
      assembly for preventing rotation of the plug from its normal position if a
      key is only partly inserted, thereby protecting the main locking mechanism
      from strains which could otherwise arise even in the normal use of the
      lock.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with my present invention, a plug is provided with an axially
      extending cavity open to the periphery thereof, this cavity normally
      registering with an axially extending groove on the inner peripheral
      housing wall. The cavity contains locking means, preferably in the form of
      a continuous bar, biased radially outwardly for engagement with the groove
      in the normal plug position, the groove and the locking means having
      complementary profiles provided with sloping flanks for camming the
      locking means generally radially inwardly open incipient rotation of the
      plug from its normal position. The cavity further contains a plurality of
      axially spaced tumblers independently rotatable about generally radial
      axes, such rotation being induced by preferably magnetic control means on
      the shank of a key inserted into a key slot adjacent the cavity.
      Complementary formations on the locking means and the tumblers matingly
      confront one another in predetermined angular positions into which the
      tumblers are rotatable by the control means of the key upon full insertion
      thereof; in any other tumbler position the inward camming of the locking
      means is prevented by a disalignment of the coacting formations.
PAR  With this construction, therefore, the tumblers no longer come into direct
      contact with any part of the cylinder housing but act only upon the
      locking bar which slides rather than rotates in the plug and which can be
      made as sturdy as is necessary to prevent forcing of the lock. Since the
      bar is urged radially outwardly by its biasing means, it normally stands
      clear of the tumblers which therefore can rotate freely on their bearings,
      the latter being preferably formed by a plurality of axle pins rising from
      a magnetically pervious partition between the cavity and the key slot. The
      term "magnetically pervious" (not to be confused with "permeable") denotes
      the quality of letting the magnetic flux pass without substantial
      attenuation; thus, if the partition consists of steel or other
      ferromagnetic material, it should be so thin as not to form a significant
      magnetic shunt. The plug can be unitarily cast with the axle pins
      integrally rising from the partition.
PAR  If the locking bar is movable along an axial plane of the plug containing
      the axes of rotation of the tumblers, the axle pins will be substantially
      unaffected by the pressure exerted upon the tumblers in an attempt to
      force the lock. This pressure, in any event, is only a fraction of that
      sustained by the bar itself.
PAR  Pursuant to a further feature of my invention, the locking bar and the
      complementary groove of the cylinder housing are of generally trapezoidal
      cross-section with radially outwardly converging sides, the width of the
      cavity slightly exceeding the major base of the trapezoid whereby the
      locking bar is limitedly tiltable in the cavity. In that instance the
      coacting formations on the tumblers and the bar are eccentric recesses on
      the disk-shaped tumblers and projections on at least one lateral edge of
      the bar bracketed by somewhat longer lateral teeth extending from the
      major base of the trapezoidal bar profile, these teeth being brought into
      contact with an adjoining cavity wall by a tilting of the bar upon an
      incipient rotation of the plug blocked by nonalignment of at least one
      projection with a recess on a confronting tumbler. Thus, the projections
      of the bar are held out of contact with the cavity wall and are protected
      against deformation which would impair the function of the mechanism.
PAR  It is, however, also possible to let the locking bar slide along the
      partition itself, in a direction perpendicular to the axial plane of the
      tumbler disks, with projections extending in the same perpendicular
      direction toward that axial plane; the complementary recesses are then
      peripheral cutouts on the tumbler disks. If an attempt is made to force
      such a lock, only a minor component of the exerted torque is translated
      into a pressure acting radially upon the tumblers; to prevent even that
      limited pressure from possibly deforming the axle pins, I prefer to
      provide backstops for the tumblers on their sides diametrically opposite
      from the confronting projections. The backstops are advantageously formed
      by heels integral with inserts in apertures of the plug body, these
      inserts also forming counterbearings for the tumblers in line with their
      axle pins.
PAR  According to another feature of my invention, the plug is provided at an
      entrance end of its key slot with a transverse bore in which a
      spring-loaded detent is slidable. A depression in the housing is
      engageable by an extension of this detent for immobilizing the plug when
      the detent is repressed against its spring force, e.g. by a partially
      inserted key; upon full insertion of the key, a notch in its shank
      releases the detent from its immobilizing position to permit rotation of
      the Plug in the housing while blocking the withdrawal of the key in an
      off-normal plug position. If desired, the housing may also be provided
      with a second depression angularly offset from the first one to facilitate
      withdrawal of the key into an alternate position, e.g. one offset by
      90.degree. from the normal plug position.
PAR  Advantageously, in order to avoid any weakening of the key body, the notch
      is formed as a discontinuity in a longitudinal guide rib of the key shank
      which fits into an axially extending channel of the plug to establish a
      definite insertion position for the key.
PAR  A lock assembly according to my invention can be realized with a relatively
      small number of tumblers, preferably three. When the key is withdrawn,
      these tumblers will assume individual positions of disalignment into which
      they may be brought by the withdrawal motion of the key magnets and/or by
      their own mutual attraction if the tumblers carry active permanent
      magnets. Supplemental biasing means such as hair springs could be used for
      this purpose if necessary.
PAR  If a series of locks of this type are to be openable by a master key, one
      or more tumblers (e.g. a single tumbler in a three-tumbler lock) may be
      provided with two recesses or equivalent formations each, one recess being
      differently positioned with reference to the associated magnets on
      different locks whereas the other recess has the same relative position in
      each instance. The individual keys, all different from one another, will
      then be operative to align the first recess of that tumbler (or group of
      tumblers) with the corresponding projection of the locking bar whereas the
      master key so aligns the second recess. Naturally, the remaining tumbler
      or tumblers will then have to be identical for all the locks of the series
      in order to be properly orientable by both the individual keys and the
      master key.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is an axial sectional view of a lock assembly embodying my
      invention;
PAR  FIGS. 2 and 3 are longitudinal and transverse sectional views taken on
      lines II -- II and III -- III of FIG. 1, respectively;
PAR  FIG. 4 is a cross-sectional view similar to FIG. 3, illustrating an
      off-normal position;
PAR  FIG. 5 is a sectional view similar to FIG. 1, taken on the line V -- V of
      FIG. 6, illustrating a modification;
PAR  FIG. 6 is a cross-sectional view taken on the line VI -- VI of FIG. 5;
PAR  FIG. 7 is a cross-sectional view similar to FIG. 6, illustrating the
      blocking of rotation upon an attempted forcing of the lock;
PAR  FIG. 8 is a view similar to FIG. 7, illustrating the final blocking
      position;
PAR  FIG. 9 is a fragmentary longitudinal sectional view taken on the line IX --
      IX of FIG. 6;
PAR  FIGS. 10 and 11 are cross-sectional views of another embodiment in a normal
      and in a blocking position, respectively;
PAR  FIG. 12 is a longitudinal sectional view similar to FIGS. 1 and 5, showing
      a further embodiment;
PAR  FIG. 13 is a side-elevational view (parts broken away) of a front portion
      of the lock of FIG. 12 with the key removed;
PAR  FIG. 14 is a cross-sectional view taken on the line XIV -- XIV of FIG. 12
      and showing the assembly in a normal position with key inserted;
PAR  FIG. 15 is a view similar to FIG. 14, showing the same position with key
      removed; and
PAR  FIG. 16 is another view similar to FIG. 14, showing an off-normal position
      with key inserted.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIGS. 1 - 4 I have shown a cylindrical lock housing 1 whose bore 2
      receives a cylindrical plug 3 coaxial with the housing. Bore 2 has an
      enlarged front end 2' accommodating a dust cap 6 which has a slit 5
      aligned with an axially extending slot 27 for the insertion of the shank
      30 of a key 29. Cap 6 embraces a head 7 of plug 3 which, together with a
      split ring 8 engaging the rear face 9 of housing 1, holds the plug in an
      axially fixed position.
PAR  An axially extending groove 10 in the inner peripheral wall of housing 1
      communicates with the bore 2 and accommodates a locking bar 11 of
      complementary, generally trapezoidal profile, with sloping flanks 10' and
      10" of groove 10 normally engaging similar flanks 11' and 11" of bar 11.
      The latter flanks 11' and 11" merge into short parallel side faces 12 and
      13 of the bar slidably guided by side walls 14' and 14" of an axially
      extending cavity 14 in plug 3 which is substantially coextensive with
      groove 10 registering therewith in a normal rotary position illustrated in
      FIGS. 1 and 3. Cavity 14 is separated from the key slot 27 by a
      thin-walled partition 15 of magnetically pervious material, this partition
      carrying bumps 25 which confront similar bumps 26 on bar 11 and serve to
      hold in position a pair of compression springs 24 urging the bar 11
      radially outwardly into groove 10.
PAR  Three axially spaced pins 16, rising integrally from partition 15, serve as
      bearing axles for three disk-shaped tumblers 17, 18 and 19 which are
      independently rotatable within cavity 14 about coplanar axes lying in a
      common axial plane of plug 3, these tumblers having central bores 20
      receiving the pins 16. With pins pointing upwardly in the normal position
      of FIGS. 1 and 3, as illustrated, gravity will suffice to hold the
      tumblers close to the partition 15. Each tumbler carries on its underside
      a pair of permanent bar magnets 21 attractable by coacting bar magnets 34
      on key shank 30 into angular positions illustrated in FIGS. 1 and 2 in
      which peripheral recesses 22 on tumblers 17 - 19 are aligned with
      respective projections 23 on the underside on locking bar 11. The
      complementary shapes of recesses 22 and projections 23 allow the bar 11 to
      be cammed radially inwardly when, with the key 29 fully inserted into slot
      27, the head 32 of the key is rotated together with plug 3 (e.g.
      clockwise, as indicated by an arrow x in FIG. 3) into an off-normal
      position with resulting displacement of a nonillustrated latch bolt or the
      like driven in the usual manner by the rotating plug. Upon incipient
      rotation in that direction, flank 10" of groove 10 cammingly engages the
      corresponding flank 11" of bar 11, thereby generating a radial thrust if
      the angle of inclination of these flanks with reference to the plane of
      symmetry P of bar 11 is larger than the angle of friction. The difference
      between the flank angle and the angle of friction may be quite small since
      the resulting thrust need only suffice to shift the bar inwardly when
      there is no obstacle to its displacement, i.e. when the formations 22 and
      23 are properly aligned with each other. If this is not the case, one or
      more of the projections 23 will come to rest upon the solid upper faces of
      the confronting tumblers ly - 19 but will not subject these tumblers to
      objectionable stress inasmuch as most of the torque is absorbed by the
      housing 1 and the bar 11 bearing directly upon the plug 3. I have found
      that an applied torque of up to 9 meter-kiloponds will not lead to any
      material deformations interfering with the subsequent operation of the
      locking mechanism.
PAR  The key slot 27 has a rectangular cross-section, except for a bulge at the
      center of its underside forming a longitudinal channel 23 to receive a rib
      31 on the lower surface of key shank 30, i.e. the surface opposite the one
      bearing the magnets 34. The presence of this rib prevents insertion of the
      key in an inverted position in which the magnets 34 would not properly
      coact with the magnets 21 of the tumblers. Notches 33 on the narrow key
      edges, between head 32 and shank 30 of key 29, are engaged by portions of
      cap 6 between arms of its cruciform slit 5 to permit insertion and
      withdrawal of the key only in two mutually orthogonal positions but not in
      an intermediate position as shown in FIG. 4.
PAR  Upon withdrawal of the key 29, interaction between the magnets 21 of
      adjoining tumblers 17 - 19 dislodges these tumblers from their position of
      alignment so that plug 3 cannot be rotated with the aid of an inserted
      tool other than the key 29 or an equivalent master key. Such a master key
      has magnets so oriented as to place the recess 22 of tumblers 17 and 19 in
      the same position into which they are rotated by the individual key 29, as
      illustrated in FIG. 2, while imparting to tumbler 18 an orientation in
      which a second recess 22' occupies the position of alignment with the
      associated projection 23. The relative positions of magnets 21 and
      recesses 22 on tumblers 17 and 19 is the same for all the locks of the
      series, as is the relative position between the magnets 21 of tumbler 18
      and recess 22' thereof; recess 22 of tumbler 18, however, has a different
      relative position for each lock.
PAR  If an attempt is made to jimmy the lock, at most one of the tumblers 17 -
      19 could be placed in the correct position; the others, being
      independently rotatable, could not be so oriented without the correct key.
PAR  The system of FIGS. 5 - 9 is generally similar to the one described above
      and the same reference numerals have been used, supplemented by a "L" in
      the position of the hundreds digit, to designate analogous elements. These
      elements, therefore, will be referred to only as far as is necessary for
      an understanding of the specific features peculiar to the present
      modification.
PAR  The cylinder housing 101 is here shown provided with two axially extending
      grooves 110 and 110a, angularly offset by 90.degree., defining two rotary
      positions from which the plug 103 can be dislodged only with the aid of
      the proper key 129. Groove 110a has the same shape as groove 110 and,
      therefore, need not be described in detail.
PAR  Tumblers 117, 118 and 119 are mounted with a certain play on their pins
      116, integral with partition 115, and are bracketed by two sets of teeth
      Z', Z" extending from the broad lower surface of the locking bar 11 along
      opposite edges thereof. Projections 123, disposed asymmetrically on that
      bar, are shorter than the teeth Z', Z" and are sandwiched between the
      teeth Z" at one edge thereof. Cavity 114 is somewhat wider than bar 111
      which is therefore limitedly tiltable therein, as illustrated in FIGS. 7
      and 8, and which also is received with some play in groove 110; tumblers
      117 - 119, by virtue of their loose mounting, can initially follow the
      tilting of bar 111 upon an incipient rotation of the plug 103 in a
      clockwise sense (FIG. 7) in a position of nonalignment in which one or
      more of the projections 123 come to rest on the upper tumbler surfaces.
      Thus, if an intruder tries to force the lock by inserting a tool 150 into
      the key slot 127, the lock will jam as the bar 111 moves beyond the
      position of FIG. 7 into that of FIG. 8 by virtue of the camming action
      exerted by the groove flank 110"  upon an edge K of the bar. In this
      jamming position, in which the bar flank 111' lies flat against the groove
      flank 110", the teeth Z" bear upon the right-hand wall 114" of cavity 114
      while the opposite cavity wall 114' is contacted by the edge 112 of bar
      111; thus, the projections 123 do not engage any part of plug 103 and are
      also lifted off the tumblers 117 - 119 in this jamming position. If force
      were applied in the reverse direction, i.e. with counterclockwise rotation
      of plug 103 from the position of FIG. 6, bar 111 would touch the cavity
      walls 114' and 114" by its edge 113 and its teeth Z', respectively; in
      that case, with bar flank 111' lying flat against groove flank 110', the
      projections 123 would be approximately in the position of FIG. 7 and would
      rest only lightly on the confronting tumblers 117 - 119.
PAR  As illustrated in FIG. 5, plug 103 is provided with a transverse passage
      135 near its front end, i.e. close to its head 107, which accommodates a
      radially slidable detent 136 under pressure of a spring 140 urging a point
      139 of that detent into a notch 144 of the shank 130 of key 129; notch 144
      constitutes a discontinuity in the guide rib 131 of the key and registers
      with detent 136 only upon full insertion of the key into the slot 127,
      i.e. in a position in which the key-supported magnets 134 properly coact
      with the tumbler magnets 121. In this inserted position, readily
      recognized by the user as the point 139 enters the notch 144, the key is
      yieldably indexed by the spring-loaded detent 136 so as to be kept from
      falling out of the lock, e.g. upon the slamming of a door on which the
      lock is mounted. An extension 317 of key 136 registers with a depression
      143 in housing 101 to prevent rotation of the plug 103 if the detent 139
      is completely repressed by the rib 131 upon only partial insertion of the
      key 129. On the other hand, detent 136 prevents the extraction of key 129
      from slot 127 in any off-normal position in which its extension 137 is
      disaligned from depression 143. As described hereinafter with reference to
      FIGS. 12 - 16, which show further structural details of such a detent, the
      depression 143 may be duplicated at an angularly offset location (opposite
      groove 110a in this instance) to facilitate withdrawal and reinsertion of
      the key in a normal and in an alternate working position.
PAR  The mouth of the bore 102 of housing 101 has a step 102' forming a seat for
      a packing ring 107'; a similar packing ring 154 is lodged in the opposite
      housing end. Ring 107' forms a forward boundary for the depression 143,
      and any companion depression thereof, preventing the ingress of dust. The
      insertion end of key shank 130 has beveled edges 155 and 156, the latter
      edge coacting with a sloping front face of detent 136 which obstructs the
      slot 127 in the absence of key 129; upon introduction of the key into the
      slot, the detent 136 is cammed aside by the edge 156 against the force of
      its loading spring 140.
PAR  In FIGS. 10 and 11, in which elements corresponding to those of earlier
      Figures have been identified by similar reference numerals with a "2" in
      the position of the hundreds digit, I have shown an alternate arrangement
      wherein the locking bar 211 is slidable on the partition 215 which
      separates the cavity 214 from the key slot 227. Housing 201 is again shown
      provided with two grooves 210 and 210a, spaced 90.degree. apart, which
      accommodate the bar 211 in the normal position of FIG. 10 and in an
      alternate position at right angles thereto.
PAR  Locking bar 211 carries projections 223 coacting with peripheral cutouts
      222 in the associated tumblers, such as the tumbler 219 visible in FIGS.
      10 and 11. Upon incipient rotation of tumbler 203 relative to housing 201,
      locking bar 211 is again cammed substantially radially inwardly, i.e.
      toward an axial plane P of housing 201 which includes the axes of rotation
      of the tumblers. In this instance, axle pins 216 are received with a
      certain amount of play in blind bores of the tumblers which are thereby
      held out of contact with partition 215; counterbearings for the tumblers
      are formed by bosses 252' on respective inserts 252 which are firmly
      fitted into apertures 251 of housing 201 above each tumbler and which
      serve to close these apertures after they have been used for the
      emplacement of the tumblers. Inserts 252, which could be made from
      metallic or nonmetallic (e.g. plastic) material, are provided with
      integral heels 253 which form arcuate backstop surfaces F for the
      associated tumblers diametrically opposite from the projections 223. Thus,
      if an attempt is made to force the lock with the aid of a tool 250, the
      radial pressure exerted by the depression 223 upon the tumbler 219 is
      absorbed by the heel 253 and does not lead to a deformation of axle pin
      216. Normally, in view of the clearances provided, the tumblers are able
      to turn freely also in this embodiment. Biasing springs for the locking
      bar 211, bearing upon that bar and upon the opposite cavity wall 214'
      between the tumblers, have not been illustrated.
PAR  In the embodiment of FIGS. 12 - 16, elements of preceding Figures have
      again been designated by corresponding reference numerals here preceded by
      a "3" in the position of the hundreds digit.
PAR  In this embodiment, the mounting of tumblers 317 - 319 on axle pins 316 is
      similar to that shown in FIGS. 1 - 4, except that the bores 320 are closed
      at the top and allow the tumblers to be separated by small clearances from
      the partition 315.
PAR  The radial passage 335 of plug 303, occupied by detent 336, registers with
      a depression 343 of housing 301 in a normal working position of plug 303,
      illustrated in FIGS. 12 - 15, and with a second depression 343a (FIGS. 14
      - 16) in an alternate position offset therefrom by 90.degree.. In an
      intermediate off-normal position, as illustrated in FIG. 16, extension 337
      of detent 336 rides on the inner peripheral surface of housing 301 so that
      the point 339 of detent 336 cannot be withdrawn from notch 344 of key 329.
      Detent 336 is generally T-shaped, when viewed from the front as in FIGS.
      14 - 16, with extension 337 constituting the stem of the "T" whose
      cross-bar has been designated 338. This cross-bar has blind holes 342
      confronting similar holes 341 at the bottom of passage 337, these holes
      receiving the ends of latch springs 340 which flank the stem 337.
PAR  Depressions 343 and 343a are dished, in contrast to depression 143 of FIG.
      5, and are therefore not closed at the front by the packing ring 307'.
PAR  Naturally, detent 136 or 336 could also be used with a lock construction of
      the type shown in FIGS. 10 and 11, or indeed with otherwise conventional
      locks whose tumblers are not necessarily controlled by magnetic means.
PAR  It should be noted that magnets 21 etc. of the tumblers could be replaced
      by passive ferromagnetic elements serving as armatures for the
      key-supported magnets 34 etc. In such a case, however, only a small
      residual magnetic force exists upon the withdrawal of the key to disorient
      the tumblers so that supplemental biasing means may be necessary in that
      instance.
PAR  While I have found the provision of three tumblers entirely satisfactory,
      both from a mechanical viewpoint and as far as the number of possible
      permutations is concerned, fewer or more tumblers could of course be
      utilized if desired. The tumblers are well protected against dust
      intrusion by the locking bar 11 etc., as well as by the inserts 253 in the
      embodiment of FIGS. 10 and 11.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lock assembly comprising:
PA1  a cylindrical housing provided with an axially extending groove on its
      inner peripheral wall;
PA1  a rotatable plug in said housing provided with an axially extending cavity
      open toward the periphery thereof, said cavity registering with said
      groove in a normal rotary position of said plug;
PA1  locking means in said cavity provided with biasing means urging same
      radially outwardly for engagement with said groove in said normal
      position, said groove and said locking means having complementary profiles
      provided with sloping flanks for camming said locking means generally
      radially inwardly upon incipient rotation of said plug from said normal
      position;
PA1  a plurality of axially spaced tumblers in said cavity independently
      rotatable about generally radial axes, said plug being provided with an
      axially extending key slot adjacent said cavity;
PA1  a key having a shank insertable into said key slot;
PA1  control means on said shank effective upon full insertion thereof to place
      each of said tumblers in a predetermined angular position, said locking
      means and said tumblers being provided with complementary formations
      matingly confronting one another in said angular positions but preventing
      inward camming of said locking means in any other position of said
      tumblers, said control means comprising a set of first magnets on said
      shank, said tumblers being provided with second magnets offset from the
      axes thereof attractable by said first magnets, said plug forming a thin,
      magnetically pervious partition between said key slot and said cavity;
PA1  a plurality of pins rising from said partition and forming bearing axles
      for said tumblers, said locking means comprising a bar paralleling said
      partition, said biasing means comprising a plurality of axially spaced
      compression springs interposed between said partition and said bar, said
      complementary formations comprising projections on said bar and recesses
      on said tumblers, said tumblers being disk-shaped and said recesses being
      located at the disk peripheries thereof, the axes of said tumblers lying
      in an axial plane of said plug perpendicular to said partition, said
      projections being offset from said axial plane, said groove and said bar
      having generally trapezoidal cross-sections with radially outwardly
      converging sides, the width of said cavity slightly exceeding the major
      base of the trapezoid of the bar whereby said bar is limitedly tiltable in
      said cavity, said bar being provided with lateral teeth extending from
      said major base on at least one side of said axial plane and bracketing
      said projections, said teeth being longer than said projections and being
      brought into contact with an adjoining cavity wall by a tilting of said
      bar upon an incipient rotation of said plug blocked by nonalignment of at
      least one projection with a recess on a confronting tumbler.
NUM  2.
PAR  2. A lock assembly as defined in claim 1, wherein said plug being provided
      with an axially extending channel open to said key slot, said shank being
      formed with a longitudinal rib fitting into said channel for establishing
      a definite insertion position for said shank.
NUM  3.
PAR  3. A lock assembly as defined in claim 1 wherein at least one of said
      tumblers is provided with two recesses registering with a corresponding
      projection on said bar in alternate angular tumbler positions.
NUM  4.
PAR  4. A lock assembly as defined in claim 1 wherein said bar is slidable along
      said partition in a direction perpendicular to said axial plane, said
      projections extending in said perpendicular direction toward said axial
      plane, said recesses being peripheral cutouts on said tumblers.
NUM  5.
PAR  5. A lock assembly as defined in claim 4 wherein said plug is formed with
      axially spaced apertures overlying said tumblers, further comprising
      inserts in said apertures forming counterbearings in line with said pins
      for said tumblers.
NUM  6.
PAR  6. A lock assembly as defined in claim 5 wherein said inserts have heels
      opposite said projections forming backstops for said tumblers.
NUM  7.
PAR  7. A lock assembly as defined in claim 4 wherein the axes of said tumblers
      lying in an axial plane of said plug perpendicular to said partition, said
      projections being offset from said axial plane, said plug being formed
      with axially spaced apertures overlying said tumblers, further comprising
      inserts in said apertures forming counter-bearings in line with said pins
      for said tumblers, said inserts having heels opposite said projections
      forming backstops for said tumblers.
NUM  8.
PAR  8. A lock assembly as defined in claim 1 wherein said plug is provided at
      an entrance end of said key slot with a transverse passage, further
      comprising a detent slidable in said passage and spring means urging said
      detent into said key slot, said housing having a depression engageable by
      an extension of said detent for immobilizing said plug in said housing,
      said key having a beveled tip for camming said detent into an immobilizing
      position upon beginning insertion of said shank into said key slot, said
      key further having a notch receiving said detent upon full insertion of
      said shank into said key slot for releasing said detent from said
      immobilizing position to permit rotation of said plug in said housing
      while blocking the withdrawal of said key in an off-normal rotary position
      of said plug.
NUM  9.
PAR  9. A lock assembly as defined in claim 8 wherein said housing is provided
      with a second depression angularly offset from the first-mentioned
      depression and engageable by said extension in an alternate rotary
      position of said plug for facilitating withdrawal of said key.
NUM  10.
PAR  10. A lock assembly as defined in claim 8 wherein said plug is provided
      with an axially extending channel open to said key slot, said shank being
      formed with a longitudinal rib fitting into said channel for establishing
      a definite insertion position for said shank, said notch being a
      discontinuity in said rib.
NUM  11.
PAR  11. A lock assembly as defined in claim 8 wherein said detent has a sloping
      front edge obstructing said key slot in the absence of said key.
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ABST
PAL  A tubing bending machine is disclosed comprising a die and cooperating shoe
      means, means for advancing the die toward the shoe means to bend a pipe
      positioned therebetween, and a hydraulic piston and cylinder assembly
      coupled with the shoe means for restricting the movement of the shoe means
      during bending of the tubing, and for returning the shoe means to a
      pre-bending position. A linear scale is connected to a piston rod of the
      piston and cylinder assembly and movable therewith relative to the
      cylinder of the piston and cylinder assembly. A depth of bend indicator
      means is adjustably positionable along the linear scale to indicate a
      selected desired depth of bend reading thereon. Switch means is mounted on
      the machine in the path of movement of said depth of bend indicator means
      to be contacted by said depth of bend indicator means as it moves with
      said linear scale and piston rod of said piston and cylinder assembly
      during the bending of a tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to machines for bending pipes, and more
      particularly, though not by way of limitation, to machines for
      automatically hydraulically bending a pipe or tubing to a preselected
      depth of bend followed by automatic termination of the bending action when
      the desired bend has been placed in the pipe.
PAR  2. Brief Description of the Prior Art
PAR  Many types of apparatus for bending cylindrical tubing into shapes suitable
      for use as tail pipes and mufflers on automobiles, as well as for various
      other uses, having previously been proposed, and many of these have been
      patented. In general, such machines employ a hydraulic piston and cylinder
      assembly to provide the power needed to bend the pipe, and operate on the
      principle of a die attached to such assembly and advanced against the pipe
      which is backed up by a pair of grooved shoes which are able to undergo an
      arcuate swinging movement as the hydraulically impelled die is forced
      against the pipe at a point where the center of the bend is to be made. As
      the piston of the piston and cylinder assembly is advanced, the pipe
      continues to undergo bending, and the shoes continue to swing outwardly.
      This bending movement is continued until the angle of the pipe which is
      thus formed has reached the desired magnitude. At this time, the actuation
      of the hydraulic cylinder is terminated, either by manual manipulation of
      a valve, or by automatic means which generally includes some type of
      switch which controls the status of the valve through which hydraulic
      fluid is passed to the hydraulic cylinder which drives the bending die.
      The automatic depth of bend control systems previously employed usually
      include some form of scale or indication device upon which an operator of
      the apparatus can pre-set a desired depth of bend, indicated in degrees or
      other indicia. The control mechanism has further included a limit switch
      system which permits movement of the shoes in their swinging arcuate
      movement to a certain point, at which point, a limit switch is contacted
      by a moving element of the assembly, and an electrical circuit is then
      altered in its status so as to interrupt flow of hydraulic fluid through a
      valve to the hydraulic cylinder. Further bending is thus automatically
      terminated at this time.
PAR  One of the most widely used types of depth of bend control systems which
      has been employed to permit an operator to automatically pre-select the
      degree of bend which he wishes to impart to a pipe has been a system which
      includes an arcuate protractor-type plate having indicia on the face
      thereof indicating the degrees which will be included in the angle of bend
      which the operator selects. A moving pointer is provided in association
      with this plate which can be moved to a location where the pointer points
      to, or indicates, the selected depth of bend, in degrees. This swinging
      pointer or arm generally has a frictional engagement to the plate or
      another part of the apparatus such that, once set, it will not vibrate
      from the set position. In some instances, a spring loading feature is
      incorporated in the depth of bend indicator system to bias the pointer or
      indicator arm to a selected position and retain it there against possible
      inadvertent movement. Associated with the indicator arm in such systems is
      frequently a limit switch which, no matter where the arm is moved, is
      interposed in the path of movement of some rigid structural element which
      is coupled or connected to the bending shoes in such a way that this
      element moves with the shoes during their movement, and in undergoing such
      movement, contacts the limit switch. At the time of contact with the limit
      switch, which time is determined by the setting on the indicator plate, an
      electrical circuit is either opened or closed in a way to cause closure of
      a valve admitting hydraulic fluid to the hydraulic piston and cylinder
      assembly used for bending the pipe. Bending is thus automatically
      terminated at the time that the rigid element coupled to the shoes
      contacts the limit switch whose position is pre-set by the elected
      positioning of the indicator arm.
PAR  Systems which include a swinging indicator arm and arcuate indicator plate
      of the type described have presented several disadvantages in usage. One
      of these disadvantages is that the indicator plate is frequently located
      in a position which is not readily accessible, and easily visible, to the
      operator, with the result that the operator must reach over certain parts
      of the pipe bending apparatus to reach the indicator arm and pre-set it to
      the selected position on the indicator plate. Moreover, the swinging
      action of the arm used to select the desired degree of bend, in
      conjunction with the spring loading of the arm or its frictional setting
      against displacement when once set, requires some muscualar tension on the
      part of the operator setting the arm, and consequently, it is sometimes
      difficult for the operator, on the first attempt, to set the arm pointer
      at precisely the degree of bend which he wishes to indicate with an arm
      pointer -- that is, several swings in both directions past the scale
      reading may occur before he precisely centers the pointer at the right
      place on the scale.
PAR  Another aspect of the systems of the type described which is sometimes a
      disadvantage is the inability of either the limit switch, or the fixed
      element which contacts the limit switch, to yield in the event there is a
      malfunction in the electrical circuitry or the hydraulic system which
      results in a failure to inactivate the hydraulic system at a time when the
      limit switch is contacted by the fixed element. This results in either the
      limit switch being destroyed, or the fixed element being bent or distorted
      to where it becomes inoperative for future use.
PAR  A typical depth of bend control system of the sort previously employed is
      that which is illustrated and described in Ignoffo, U.S. Pat. No.
      3,388,574. The Ignoffo patent includes the described arcuate indicator
      plate and swingable or movable arm carrying a pointer to indicate a
      particular degree reading on this plate representing the magnitude of the
      bend which it is desired to impart to a pipe being bent.
PAR  Other patents which show various types of pipe bending machines with
      swingable arms and arcuate scale plates included therein include Lance,
      U.S. Pat. No. 3,196,661 and Huth, U.S. Pat. No. 3,429,157. Various other
      types of systems and structures for controlling and indicating the depth
      of bend imparted to tubing being bent are described in Traupmann, U.S.
      Pat. No. 2,867,261; Brinkman, U.S. Pat. No. 2,056,155; Parker et al, U.S.
      Pat. No. 2,306,223; Chaille, U.S. Pat. No. 2,456,675; Dewitt, U.S. Pat.
      No. 2,525,403; Bos, U.S. Pat. No. 3,181,321 and Ballar, U.S. Pat. No.
      2,357,873.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention provides a very simple, mechanically sturdy and
      reliable depth of bend inciating system which can be used to automatically
      set into a pipe bending machine, a desired depth of bend to be imparted to
      a pipe. The system will reliably and repeatably cause the pipe to be bent
      through a precisely predetermined angle of bend, and will automatically
      arrest bending movement of the machine when this angle of bend has been
      imparted to the pipe.
PAR  Broadly described, the present invention is a tubing or pipe bending
      machine which comprises a die and cooperating shoe means, means for
      advancing the die toward the shoe means to bend a pipe positioned
      therebetween, and a hydraulic piston and cylinder assembly coupled with
      the shoe means for restricting the movement of the shoe means during
      bending of the tubing, and for returning the shoe means to a pre-bending
      position. The tubing bending machine further includes a linear scale which
      is connected to a piston rod of the piston and cylinder assembly, and is
      movable with such piston rod relative to the cylinder of this assembly. A
      depth of bend indicator means is adjustably positionable along the linear
      scale to indicate a selected desired depth of bend reading thereon, and
      switch means is mounted on the machine in the path of movement of the
      depth of bend indicator means so as to be contacted by the depth of bend
      indicator means as it moves with the linear scale and the piston rod of
      the piston and cylinder assembly during the bending of the tube.
      Conventional electrical circuitry is employed in conjunction with the
      switch means to operate a conventional valve which admits hydraulic fluid
      to a hydraulic cylinder utilized to reciprocate the die in the direction
      of the shoe means.
PAR  An object of the invention is to provide a simple and reliable depth of
      bend indicating device in a tubing bending machine so that an operator can
      easily and quickly pre-select a precise angle of bend to be imparted to a
      tubing or pipe to be bent by such machine.
PAR  Another object of the invention is to provide a tubing bending machine
      which functions effectively for bending a tubing to a desired angle, and
      which will not be damaged in the event of a malfunction of the electrical
      circuitry used for automatically stopping the bending motion of the
      machine at such time as the desired angle has been imparted to the pipe or
      tubing.
PAR  Another object of the invention is to provide a tubing bending machine
      having incorporated therein a depth of bend control system which can be
      easily utilized by an operator to set a pre-selected depth of bend into
      the apparatus for effecting such pre-selected bend in a tubing or pipe.
PAR  Additional objects and advantages of the invention will become apparent as
      the following detailed description of the invention is read in conjunction
      with the accompanying drawings which illustrate the invention.
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PAC  BROAD DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of a tubing bending machine constructed in
      accordance with the present invention.
PAR  FIG. 2 is a plan view of a portion of the tubing bending machine of the
      invention as it appears prior to a tubing bending operation.
PAR  FIG. 3 is a plan view similar to FIG. 2, but illustrating the apparatus as
      it appears during a tubing bending operation.
PAR  FIG. 4 is a plan view of a piston and cylinder assembly forming a portion
      of the tubing bending machine of the invention, and illustrating a linear
      scale and depth of bend indicator means employed in conjunction with the
      piston and cylinder assembly.
PAR  FIG. 5 is a side elevation view of the structure depicted in FIG. 2.
PAR  FIG. 6 is a sectional view taken along line 4--4 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring initially to FIG. 1 in the drawings, the tubing bending machine
      of the invention includes a generally vertically extending framework
      designated generally by reference numeral 10, which framework is
      preferably mounted on a plurality of casters or rollers 12. At the upper
      side of the framework, a primary hydraulic bending cylinder 14 is
      disposed, and is pivotally connected at 16 to the framework 10. Projecting
      from the bending cylinder 14 is a piston rod 18 which carries at its outer
      end a die 20, which die is guided and supported by a track 22. The die 20
      is of arcuate configuration as shown in FIG. 2 and the die is horizontally
      aligned with shoe means 24. The die carries a concave groove in its
      arcuate periphery or side facing the shoe means 24, to accommodate the
      cylindrical outer surface of a tubing or pipe during the bending action
      hereinafter described.
PAR  The shoe means 24 includes a pair of shoe blocks 26 and 28, which shoe
      blocks are of generally rectangular configuration, and are each provided
      with a concavity along the side thereof facing the die 20. The shoe blocks
      26 and 28 are mounted for pivotation about vertical axes 30 and 32 so as
      to be able, when the die 20 is forced against a pipe having its outer
      peripheral surface contacting the concavity of the two shoe blocks, to
      swing outwardly to the position shown in FIG. 3.
PAR  Mounted on opposite sides of the framework 10 are a pair of auxiliary
      piston and cylinder assemblies designated generally by reference numerals
      34 and 36. Each of the auxiliary piston and cylinder assemblies 34 and 36
      includes a cylinder 38 which is pivotally connected at one end to a pivot
      post 40 attached to the side of the framework 10. Each of the assemblies
      34 and 36 includes a piston rod 42 which projects out of the cylinder 38,
      and is connected through a clevis bracket 44 to a pivot post 46 carried on
      a wing member 48 connected to one of the respective shoe blocks 26 or 28
      as shown in FIGS. 2 and 3. The auxiliary piston and cylinder assemblies 34
      and 36 are identical in configuration, and in the way in which they are
      connected between the framework and the respective shoe block. As the shoe
      blocks 26 and 28 swing in the manner shown in FIG. 3 upon bending of the
      pipe, the piston rod 42 of each of the auxiliary piston and cylinder
      assemblies 34 and 36 is caused to retract into the respective cylinder 38,
      and on completion of the bend and return of the die 20 to its retracted
      position, the piston rods 42 are extended to force the shoe blocks 26 and
      28 back to their aligned, non-bending positions as shown in FIG. 2.
PAR  Referring to FIG. 4 of the drawings, the auxiliary piston and cylinder
      assembly 34 is provided with a depth of bend setting assembly 50
      constructed in accordance with the present invention. The depth of bend
      setting assembly 50 includes an elongated linear scale 52 which carries
      over its length, numerical indicia or scale marks 54 indicative of the
      angular degrees through which a pipe will be bent when the depth of bend
      setting assembly 50 is used hereinafter described. The scale 52 has one of
      its ends secured to a vertical post 56 which carries, at its lower end, an
      arcuate recess or slot adapted to fit snugly around the upper side of the
      piston rod 42. The lower end of the vertical post 56 is also provided with
      threaded, bolt-receiving holes on opposite sides of the arcuate slot for
      receiving threaded bolts 60 used to retain a locking block 62 on the lower
      end of the post 56 and in frictional gripping engagement with the piston
      rod 42. When the locking block 60 is bolted in position, it cooperates
      with the arcuate slot in the post 56 for firmly gripping and engaging the
      piston rod 42 so that the post and scale 52 will move with the piston rod
      during its reciprocating movement.
PAR  At the end of the scale 52 opposite its end secured to the upper end of the
      post 56, the scale is secured by a suitable screw or other fastening
      member 61 to a vertical post 64 which is secured at its lower end to an
      elongated slide rod 66. The slide rod 66 is secured at its end opposite
      the end connected to the post 64 to the vertically extending post 56.
      Intermediate its length, the slide rod 66 extends slideable through a hub
      68 which projects from one side of a vertically extending guide bracket 70
      and through a slide block 72 forming a portion of a depth of bend
      indicator means designated generally by reference numeral 74. The slide
      block 72 has a contact plate 75 secured to one side of the slide block and
      projecting laterally therefrom in a direction substantially normal to the
      longitudinal axis of the slide rod 66.
PAR  The slide block 72 has a slot 76 formed in the upper side thereof which
      slidingly receives the elongated linear scale 52 as shown in FIG. 6. At
      one side of the upper surface of the slide block adjacent the scale 52,
      the slide block has formed thereon, pointer indicium 77 which points to
      the numerical indicia or scale marks 54 on the scale 52. The slide block
      72 also has formed in the upper side thereof a counter slot 78 which
      projects downwardly into the slide block from the slot 76. The counter
      slot 78 slidingly accommodates an elongated toothed rack 80 which is
      mounted immediately beneath the elongated linear scale 52, and which has
      one of its ends secured to the vertical post 56 and its other end secured
      to the vertical post 64.
PAR  The depth of bend indicator means 74 further includes a handle 84
      positioned alongside the slide block 72 and having projecting from one
      side thereof into a lateral counterbore 86 formed in the side of the slide
      block 72, an elongated shaft 88. At its inner end, the shaft 88 has keyed
      thereto a gear wheel 90 which drivingly meshes with the elongated toothed
      rack 80. The gear wheel 90 is positioned in the bottom of a large lateral
      bore 92 formed in the side of the slide block 72 on the opposite side
      thereof from the lateral counterbore 86, and in alignment with the lateral
      counterbore. The lateral bore 92 is closed by a suitable cap 94 which is
      pressed into the lateral bore. The bend indicator means 74 further
      includes a drag plug 96 which is positioned in the inner end of a small
      bore 98 drilled through the side of the slide block 72. The drag plug 96
      is resiliently biased against the side of the elongated slide rod 66 by a
      spring 100 which is placed in compression by a screw plug 102 screwed into
      the bore 98, and is selectively adjusted in its position to adjust the
      frictional drag developed by contact of the drag plug 96 with the slide
      rod 66, and to exert a desired braking force.
PAR  The vertically extending guide bracket 70 is secured by any suitable means
      to the cylinder 38 at a location near one end thereof. In the illustrated
      embodiment of the invention, the guide bracket 70 is secured to a
      rectangular plate 106 which surrounds the cylinder 38 near one end
      thereof, and is retained in position by a plurality of brace rods 108. The
      ends of two of the brace rods 108 which are projected through the plate
      106 are also projected through aligned apertures in the vertically
      extending guide bracket 70, and nuts 110 are used to secure the vertically
      extending guide bracket in position. The vertically extending guide
      bracket 70 is generally L-shaped in configuration and includes a flange
      112 which extends substantially parallel to the longitudinal axis of the
      cylinder 38, and is displaced to one side thereof. The flange 112 has
      mounted thereon a microswitch assembly 114 which includes a microswitch
      housing 116 and a movable microswitch contact 118 which projects out of
      the housing in a direction substantially parallel to the direction of
      extension of the piston rod 42 from the cylinder 38.
PAR  It will be noted in referring to FIG. 4 that the microswitch contact 118 is
      positioned in the path of movement of the contact plate 75 so that as this
      plate is reciprocated with the piston rod 42 during the retractive
      movement of the piston rod, and in a manner hereafter described in greater
      detail, the contact plate will contact the microswitch contact 118. It
      will also be noted in referring to FIG. 5 that the hub 68 projects from
      the central portion of the guide bracket 70 along the elongated slide rod
      66 in the direction of the slide block 72, and that the hub projects in
      this direction beyond the ends of the brace rods 108 and the nuts 110
      located thereon.
PAC  OPERATION
PAR  In operation of the tubing bending machine of the invention, the depth of
      bend setting assembly 50 is initially preset or adjusted to permit it to
      function in enabling a desired depth of bend to be pre-set into the
      apparatus, and to automatically control the extent to which a tubing or a
      pipe will be bent by the apparatus. In pre-setting the depth of bend
      setting assembly 50, the threaded bolts 60 are initially loosened slightly
      so that the vertical post 56 can be slidingly moved along the piston rod
      42 to a position near the outer end of the piston rod adjacent the clevis
      bracket 44. The bolts 60 are then tightened when the post 56 has been
      located at a position such that a desired correlation has been established
      between the numerical indicia 54 on the scale 52 and the distance of
      retractive movement of the piston rod 42 into the cylinder 38, to the
      extent to which a pipe will be bent when placed between the die 20 and the
      shoe blocks 26 and 28. This relationship will be better understood from
      the following discussion.
PAR  In the bending of a tubing or pipe with the tubing bending machine of the
      invention, a tubing is initially placed in the concave recesses on the
      sides of the two shoe blocks 26 and 28 which face the die 20. A switch
      (not shown) is then thrown which opens a solenoid valve (not shown)
      admitting hydraulic fluid to the bending cylinder 14. This causes the
      piston rod 18 to be extended from the bending cylinder 14 to advance the
      die 20 fowards the shoe means 24. When the die 20 contacts the pipe
      positioned in the concave recesses in the facing sides of the shoe blocks
      26 and 28, a bending force commences to be applied to the pipe. With the
      continued advance of the die 20, the pipe is bent in the general direction
      of conformity to the arcuate concave recess in the bending face of the
      die, and the shoe blocks 26 and 28 commence to undergo divergent pivotal
      movement as the die 20 is forced between them.
PAR  The swinging or pivotal movement of the shoe blocks 26 and 28 about their
      respective vertical axes of pivotation 30 and 32 causes the wing members
      48 forming a portion of each of the auxiliary piston and cylinder
      assemblies 36, and connected to the shoe blocks for movement therewith, to
      undergo a similar and equal swinging or pivotal movement. The swinging
      movement of the wing members 48 causes the piston rods 42 to be forced
      into the respective cylinders 38 of each of the auxiliary piston and
      cylinder assemblies 36. There is, of course, a concurrent movement of the
      clevis brackets 44 in the direction of the cylinders 38. There is also a
      concurrent reciprocating movement in the direction of the cylinder 38 of
      the vertical post 56 forming a portion of the depth of bend setting
      assembly 50, since this post is rigidly secured to the piston rod 42 of
      the particular auxiliary piston and cylinder assembly 36 carrying the
      depth of bend setting assembly 50.
PAR  It may thus be seen that there is a direct relationship between the extent
      to which two blocks 26 and 28 are pivoted or swung outwardly apart from
      each other, and the distance which the vertical post 56 moves toward the
      cylinder 38. There is, therefore, also a direct relationship between the
      distance that the post 56 moves towards the cylinder 38, and the extent to
      which the pipe is bent or, stated differently, the angle of bend undergone
      by the pipe during the bending operation. Finally, it will be perceived
      that, since the linear scale 52 is secured to the post 56, and is movable
      in a reciprocating movement with this post, there is also a direct
      relationship between the distance that the scale is moved past the
      microswitch assembly 114, which is rigidly connected to the cylinder 38,
      and the degree to which the pipe is bent.
PAR  Prior to commencement of the bending of the pipe or tubing, an operator of
      the tubing bending machine has pre-set the depth of bend setting assembly
      50 so as to interrupt or stop the advance of the die 20 from the bending
      cylinder 14 at a time when the pipe or tubing has been bent through the
      desired angle. This is accomplished by the operator turning the handle 84
      so that the slide block 72 is moved up or down the linear scale 52 as the
      gear wheel 90 engages the teeth of the elongated toothed rack 80. As the
      slide block 72 is caused to move relative to the elongated linear scale 52
      by the operator's rotation of the handle 84, the indicia pointer 77 at the
      upper side of the slide block 72 moves past the numerical indicia or scale
      marks 54 on the scale. The extent of compression of the spring 100 has
      previously been adjusted by adjusting the position of the screw plug 102,
      so that a slight drag is imposed on the movement of the slide block 72
      along the elongated slide rod 66 just sufficient to prevent the slide
      block from moving due to vibratory forces or anything other than an
      intentional movement by rotation of the handle 84 by the operator.
PAR  In the manner described, the operator can quickly and easily set the
      indicia pointer 77 opposite, and in direct alignment with, a chosen
      numerical indicia or scale mark 54 corresponding to the degree of bend
      which he wishes to impart to the tubing being bent. In other words, the
      angle which is to be definitive of the bend formed in the tubing is
      indicated by one of the numerical indicia 54 on the scale 52, and it is to
      this particular indicia on the scale that the operator moves the indicia
      pointer 77 by rotating the handle 84 to cause the slide block 72 to move
      along the scale. When the desired value has been set by the operator in
      this manner, the slide block 72 will remain at the precise location to
      which it has been moved. It is important to note that no more muscular
      tension is required by the operator for moving the slide block by rotation
      of the handle 84 at the time that the rotation of the handle is first
      commenced, than is required in the course of rotation of the handle, nor
      is there any noticeable discontinuity in this muscular tension occurrent
      at the time that the rotative movement of the handle 84 is terminated as
      compared to the times when it is being rotated to move the slide block 72
      to the selected position.
PAR  Setting of the slide block 72 in the manner described will establish a
      distance relationship between the contact plate 75 and the microswitch
      contact 118. This distance, as established by the setting of the slide
      block 72 along the scale 52, is directly related to the distance which the
      die 20 can be permitted to advance against the pipe in order to bend it to
      the extent desired. As the piston rod 18 carrying the die 20 continues to
      be extended from the bending cylinder 14, the shoe blocks 26 and 28 of the
      shoe means 24 are pivoted from the position shown in FIG. 2 of the
      drawings to the position shown in FIG. 3, and the pipe 25 is bent around
      the arcuate, concavely grooved surface of the die. It will be noted that
      this movement, as illustrated in its extremity in FIG. 3, causes the wing
      members 48 to pivot in a direction such that the piston rods 42 of the
      auxiliary piston and cylinder assembly 36 are caused to be retracted into
      their respective cylinders 38, and the contact plate 75 moves from the
      full line position shown in FIG. 4 of the drawings, where the bend
      indicator means 74 has been set to procure a bend of 90.degree., to the
      dashed line position where the contact plate contacts the microswitch
      contact 118 of the microswitch assembly 114.
PAR  The microswitch assembly 114 is connected in conventional circuitry which
      controls, through a solenoid valve, the introduction of hydraulic power
      fluid to the bending cylinder 14. When the microswitch in the microswitch
      assembly 114 and having the contact 118 is opened by contact therewith of
      the contact plate 74, the circuitry to the solenoid valve (not shown)
      admitting hydraulic power fluid to the bending cylinder 14 is opened, this
      valve closes, and no further extension of the piston rod 18 carrying the
      die 20 occurs. The bending action of the tubing bending machine is thus
      terminated at this point.
PAR  The electrical circuitry, including the solenoid valve interposed in the
      hydraulic fluid supply conduit to the bending cylinder 14, is of
      conventional and well known character, and is of the type disclosed and
      described in the Huth and Ignoffo patents previously referred to herein
      insofar as the bend interrupting functions here described are concerned.
PAR  In an alternative form of construction known to the prior art, the
      described electrical circuitry may further include means for automatically
      opening a valve to admit hydraulic fluid to the piston 38 of the auxiliary
      piston and cylinder assemblies 36 at the same instant that power fluid
      flow to the bending cylinder 14 is interrupted. Admission of hydraulic
      power fluid to the cylinders 38 of the auxiliary piston and cylinder
      assemblies 36 at the rear ends of these cylinders will then cause the
      piston rods 42 to be extended from the cylinders so that the shoe means 24
      is returned to its pre-bending status as shown in FIG. 2 of the drawings.
      In another embodiment of such circuitry, automatic extension of the piston
      rods 42 from the cylinders 38 in the manner described is not effected, but
      instead, an operator must volitionally and manually close a switch to open
      the valve in the conduits delivering hydraulic fluid to the cylinders 38
      so as to effect the return of the auxiliary piston and cylinder assemblies
      36 to their prebending status. This arrangement has the merit of being
      safer to operate, in many instances, since there are some occasions when
      the automatic return to pre-bending status is not desirable, and is
      unsafe.
PAR  A feature of the present invention is the ability of the bend indicator
      means 74 to slide on the elongated slide rod 66 relative to the vertically
      extending guide bracket 70 and the piston rod 42 if a force acting along
      the piston rod is applied to the bend indicator means, and irrespective of
      whether, at the time of application of such force, the handle 84 is being
      rotated. The value of this feature is to prevent damage or structural
      malfunction to the depth of bend setting assembly 50 in the event there
      should be a failure of the electrical circuitry which includes a
      microswitch assembly 114 to effectively operate to interrupt flow of
      hydraulic power fluid to the bending cylinder 14 when the microswitch
      contact 118 is contacted by the contact plate 75.
PAR  Thus, as the elongated linear scale 52 and the bend indicator means 74, set
      at a preselected position therealong, reciprocate toward the cylinder 38
      to a point where the contact plate 75 contacts the microswitch contact
      118, the slide block 72 is at the same time brought into contact with the
      hub 68 which projects along the elongated slide rod. If, at this time, the
      electrical circuitry malfunctions in failing to prevent further flow of
      hydraulic fluid to the bending cylinder 14, the piston rod 42 and the
      elongated linear scale 52 will continue to be moved toward the cylinder 38
      as the bending motion is continued. At this time, the force exerted
      against the slide block 72 by the hub 68 will cause the bend indicator
      means to slide relatively to the elongated slide rod 66. Stated
      differently, the slide rod 66 can continue to slide through the slide
      block 72 at this time due to the ability of the gear wheel 90 to freely
      rotate as the elongated boothed rack 80 passes thereover, and due to the
      light frictional drag imposed by the drag plug 96 on the slide rod 66
      which, at this time, is overcome to permit the described sliding movement.
      The capability of the bend indicator means 74 to slide relative to the
      moving slide rod 66 at this time prevents damage to the rack 80 and gear
      wheel 90, and also prevents the contact plate 75 from being bent or
      broken. The physical integrity of the microswitch assembly 114 is also
      maintained, since the pressure brought to bear against this assembly by
      the contact plate 75 will not be so great, before sliding movement of the
      bend indicator means commences, that the microswitch assembly will be bent
      or damaged.
PAR  From the foregoing description of the invention, it will be apparent that
      the tubing bending apparatus of the invention provides a very easily
      employed depth of bend setting assembly which can be quickly and easily
      incorporated on many existing tubing bending machines. Moreover, the depth
      of bend setting assembly can be used without error by an unskilled
      operator with a minimum of very simple instructions. The depth of bend
      setting assembly is mounted in a position where it is relatively
      accessible, and always visible to the operator and, in the event of some
      chance malfunction of the control circuitry, is able to yield at
      structural locations such that no damage to the depth of bend setting
      assembly will occur.
PAR  Although a preferred embodiment of the invention has been herein described
      in order to provide a definitive example of the basic principles of the
      invention, it will be understood that some changes and structural
      modifications can be effected in the illustrated and described structure
      without departure from the basic principles of the invention. Changes and
      innovations of this type are therefore deemed to be circumscribed by the
      spirit and scope of the invention, except as the same may be limited by
      the appended claims or reasonable equivalents thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tubing bending machine comprising:
PA1  a die;
PA1  means for advancing the die;
PA1  shoe means positioned in the path of advance of the die and cooperating
      with the die to bend a length of tubing;
PA1  a hydraulic piston and cylinder assembly coupled with the shoe means for
      restricting the movement of the shoe means during bending of the tubing,
      and for returning the shoe means to a pre-bending position, said assembly
      including a cylinder and including a piston rod retractable and extensible
      as said shoe means undergoes movement during and after bending of the
      pipe;
PA1  a linear scale connected to said piston rod and movable therewith relative
      to the cylinder of the piston and cylinder assembly;
PA1  depth of bend indicator means adjustably positionable along the linear
      scale to indicate a selected desired depth of bend reading thereon; and
PA1  switch means mounted on the machine in the path of movement of said depth
      of bend indicator means as it moves with said linear scale and piston rod.
NUM  2.
PAR  2. A tubing bending machine as defined in claim 1 wherein said depth of
      bend indicator means comprises:
PA1  an elongated rod extending substantially parallel to said linear scale;
PA1  block means slidably mounted on said rod and carrying a pointer alignable
      with indicia on said scale;
PA1  an elongated toothed rack extending substantially parallel to said rod and
      scale; and
PA1  gear means journalled in said block means and engaging said toothed rack.
NUM  3.
PAR  3. A tubing bending machine as defined in claim 1 wherein said depth of
      bend indicator means comprises:
PA1  means carrying a pointer alignable with indicia on said scale and slidable
      along the length of said scale;
PA1  manually operable gear means mounted between said pointer carrying means
      and said scale for reciprocating said pointer carrying means along said
      scale; and
PA1  rigid contact means connected to, and movable with, said pointer carrying
      means and positioned in alignment with said switch means for contact
      therewith when said pointer carrying means is reciprocated along said
      scale.
NUM  4.
PAR  4. A tubing bending machine as defined in claim 1 wherein said switch means
      is mounted upon one end of said cylinder and offset from said piston rod
      and linear scale.
NUM  5.
PAR  5. A tubing bending machine as defined in claim 2 wherein said block means
      comprises:
PA1  a slide block slidably mounted on said rod;
PA1  brake means frictionally resisting sliding movement of said slide block on
      said rod; and
PA1  a contact plate connected to, and projecting from, said slide block in a
      direction substantially normal to said rod, and to a location facilitating
      contact with said switch means.
NUM  6.
PAR  6. A tubing bending machine as defined in claim 5 wherein said switch means
      is mounted upon one end of said cylinder and offset from said piston rod
      and linear scale.
NUM  7.
PAR  7. A tubing bending machine as defined in claim 6 wherein said machine
      further includes hub means around said rod adjacent said cylinder and
      facing toward said slide block for contacting said slide block and
      stopping further sliding movement thereof along said rod.
NUM  8.
PAR  8. A tubing bending machine as defined in claim 7 and further characterized
      as including a vertically extending guide bracket mounted on said cylinder
      and having said hub secured to, and projecting from, one side thereof, and
      having said microswitch assembly mounted thereon.
NUM  9.
PAR  9. A tubing bending machine as defined in claim 8 wherein said slide block
      has a lateral bore formed in one side thereof and extending substantially
      normal to said rod;
PA1  and wherein said brake means comprises:
PA1  a drag plug movably positioned in said lateral bore and frictionally
      engaging said rod;
PA1  a screw plug adjustably and threadedly engaged with said lateral bore; and
PA1  a spring between said drag plug and said screw plug.
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ABST
PAL  A roller guide for guiding rod or wire stock between a pair of rolls which
      shape the stock. The roller guide includes a pair of guide rollers which
      are adapted to engage the opposite surface portions of the stock and are
      mounted for rotation on a guide housing for rotation about substantially
      parallel axes. The guide housing is mounted upon a base. Fine adjustment
      means is included for effecting a fine adjustment of the position of the
      guide housing relative to the base in order to effect fine adjustment of
      the guide rollers. The fine adjustment means includes a member which is
      fixedly supported by the guide housing, a movable adjustment member and
      resilient means interposed between the member fixed on the guide housing
      and the movable adjustment member, which yields to enable movement of the
      guide housing and of both of the rollers to occur in response to forces
      applied to the rollers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the rolling of rod or wire stock, and
      particularly to a roller guide for guiding the rod or wire stock between a
      pair of rolls which shape the stock. More particularly, the present
      invention is particularly directed to the fine adjustment of the roller
      guide.
PAR  In known rolling mills it has been customary that the final fine adjustment
      of the guide rollers has been a rigid adjustment so as to lock the guide
      rollers in their final position. With such form of rigid final adjustment,
      if the orientation of the rolling stock which enters the roller guide
      should be temporarily bent to one side or another, only one of the rollers
      will be principally loaded by the stock until the bent portion clears the
      roller guide. While it has been customary to load the rollers individually
      by spring mountings, it still remains that if only one roller in the pair
      of rollers is loaded, the other roller will not participate in the
      springing action and will therefore not be effective to guide the stock.
      Consequently, during these periods, a roller guide with one one roller
      loaded will not hold the stock as designed by the original final adjusted
      position of the roller guide.
PAR  In addition, in known roller guides having a substantially rigid final
      adjustment the type of loading caused by irregularly shaped stock has been
      found to introduce certain additional problems into the system. For
      example, with rigid final adjustment of the guide rollers there is
      potential for backlash within the system and of freezing up of the slide
      and screw adjustment means because of corrosion.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  According to the present invention, a roller guide is provided with a pair
      of rolls rotatably supported by a guide housing which in turn is itself
      mounted upon a base. The base is movable relative to the path of stock
      travel for effecting a course adjustment and fine adjustment means are
      provided to effect fine adjustment of the position of the guide housing
      relative to the base in order to effect the fine adjustment of the guide
      rollers. The fine adjustment means includes a member fixedly carried by
      the guide housing, a movable adjustment member and resilient means which
      are interposed between the movable adjustment member and the member and
      which yield to enable movement of the guide housing and both of the
      rollers to occur in response to forces applied to the rollers. In
      addition, the resilient means are effective to prestress the movable
      adjustment member and thereby reduce the likelihood of backlash within the
      system. Thus, the present invention provides a roller guide in which both
      rollers are adapted to respond to a condition of the rod stock which might
      tend to unevenly load the rollers.
PAR  Other objects and advantages of the present invention will be further
      apparent from the following specification and the accompanying drawings
      wherein:
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of a 2-high rolling stand with the upper roll and the
      upper portion of the roll stand removed;
PAR  FIG. 2 is a sectional view taken substantially along the line 2--2 in FIG.
      1; and
PAR  FIG. 3 is a sectional view taken substantially along the line 3--3 of FIG.
      1 with certain portions omitted.
DETD
PAC  DETAILED DESCRIPTION OF AN EMBODIMENT OF THE PRESENT INVENTION
PAR  Referring to FIG. 1, there is illustrated a top view of a horizontal 2-high
      rolling stand with its upper roll and the upper portion of the stand
      removed. A 2-high rolling stand typically includes a pair of rolls, such
      as 6 in FIG. 1, which are rotatably supported in bearing housings 8 and 9
      and between which the rod or wire stock is guided by a roller guide 11.
      Rolls 6 are provided with grooves 7 between which the stock to be rolled
      is introduced. It is important that the stock be guided accurately into
      the grooves 7 and for this purpose the roller guide 11 is provided.
PAR  The roller guide 11 includes a guide housing 13, which includes a support
      portion 1 fixedly attached thereto. Guide housing 13 includes a pair of
      guide rollers 15 supported for rotation about a pair of parallel axes. Rod
      of wire stock entering the roller guide through a guide funnel 14 is
      engaged between the guide rollers 15 and directed between the rolls 6.
PAR  The roller guide 11 also includes a base portion 2 which is movable along a
      rest bar 12 and which supports the guide housing 13. As may readily be
      appreciated by reference to FIGS. 1 and 2, the lower part of base portion
      2 has a dovetail shape and engages a suitable correspondingly shaped
      portion on the rest bar 12 and serves to guide the roller guide in
      directions transverse to the path of travel of the wire stock to the
      roller guide (the direction of stock movement is represented by the
      numeral 10 in FIG. 1). Movement of the base 2 along the rest bar 12
      results in a coarse adjustment of the position of the roller guide 11, as
      is known.
PAR  Referring now to FIG. 2, the base portion 2 includes an axle 3 which is
      preferably mounted in the center of the base 2. Axle 3 is supported by a
      bearing unit which, in the embodiment of FIG. 2, is disclosed as a ball
      and socket joint 24. Axle 3 projects above base portion 2 and includes an
      upper extension 25 received in a corresponding bore in guide housing 13.
PAR  While a ball and socket joint has been disclosed as the preferred form of
      bearing support, it is contemplated that the bearing support could be a
      tapered roller bearing. With either form of bearing support the guide
      housing 13, as well as the support member 1 attached thereto, are
      rotatable about the axle 3.
PAR  The wire or rod stock which is guided by the roller guide between the rolls
      may, on occasion, subject the roller guide to excessive vertically
      oriented loads. The roller guide in accordance with the present invention
      is adapted to reduce the likelihood of such vertical loads upsetting any
      of its parts. To achieve this purpose, suitable shims, washers and similar
      thrust bearing members are provided to fill any gaps in the bearing unit
      or any spaces between the bearing and the housing portion 1, and a nut 16
      threaded on the axle 3 is tightened to prestress the bearing unit. Such
      prestressing reduces the likelihood of vertical loads upsetting any of the
      parts of the roller guide. The bearing unit of FIG. 2 is sealed against
      moisture and dirt by a sealing cover 17, and a sealing ring 18 between the
      base portions 1 and 2.
PAR  Fixedly attached to the guide housing 13 and extending outwardly of support
      member 1 is a pin member 4, preferably formed as a pin 4 in the
      embodiments of FIGS. 1 through 3. As may be readily seen from FIGS. 2 and
      3, the pin 4 is received in a bore 23 in base portion 2, and the bore 23
      has a cross sectional diameter slightly larger than that of the pin 4.
PAR  Also provided in the base portion 2 are a pair of chambers or grooves 21
      and 22 which extend perpendicular to the axis of rotation of the guide
      housing 13. In a horizontal 2-high rolling stand the grooves or chambers
      21 and 22 extend horizontally. Further, as may be readily appreciated by
      reference to FIG. 3, the pin 4 may extend into base portion 2 to a point
      where the entire cross sectional dimension of chambers 21 and 22 are
      exposed thereto. A set screw 5 engages a threaded portion of the chamber
      21 and by movement in the chamber is adapted to apply and regulate a force
      for effecting fine adjustment of the guide rollers. In FIG. 3 the outer
      end of the chamber 22 could also include an adjustment screw, similar to 5
      although this chamber could also be provided with a stop member such as
      26, if desired.
PAR  Resilient means, preferably in the form of spring washers 19, 20, are
      provided in chambers 21 and 22 and are located between the innermost end
      of the set screws 5 and the pin 4. Of course, if the chamber 21 simply
      includes a limiting block such as 26 the spring washer 20 would, of
      course, fill the space between block 26 and pin 4. With this arrangement
      compressive forces may be applied to the pin 4 by the screwing in of the
      set screw within the chamber 21. When such compressive forces are
      introduced, the pin 4 in the slightly wider hole 23 changes its position,
      and thereby changes the position of the roller guide housing 13 relative
      to the lower base portion 2. All of the aforesaid described movement takes
      place about the axle 3. In the fine adjustment of the roller guide the
      setting of the set screw 5 aligns the roller guide in a desired position,
      and sets an equilibrium position for the chambers 21 and 22. In this
      equilibrium position the spring washers, which are under compression, are
      effective to prestress the set screw, which reduces the likelihood of
      backlash within the system. Proper alignment of the roller guide is
      preferably facilitated through the use of an optical setting instrument,
      which is known for roller guides of this type.
PAR  With equilibrium position set by the adjustment of the set screw, the
      roller guide of the present invention is free to respond to any uneven
      loading of any of the rollers in such a manner that both rollers move
      together and maintain their preloaded grip on the rod stock. Since the
      prestressing of the roller guide by the nut 16 is accomplished in a
      direction perpendicular to the axis of rotation of the guide housing 13
      this does not unduly impede fine adjustment of the base about the axle 3.
PAR  In operation, when the rod or stock temporarily does not follow a correct
      path through the roller guide, both rollers participate to correct for the
      deviation, and upon termination of the deviation the roller may assume its
      fine adjustment position as soon as the balance in the chambers 21 and 22
      is restored.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. A roller guide for guiding rod or wire stock between a pair of rolls
      which shape the stock, said roller guide comprising a pair of guide
      rollers which engage opposite surface portions of the stock, a guide
      housing on which said guide rollers are mounted, means for supporting said
      guide rollers on said guide housing for rotation about parallel axes, a
      base on which said guide housing is mounted, and fine adjustment means for
      effecting a fine adjustment of the position of the guide housing relative
      to said base to effect a fine adjustment of the guide rollers, said fine
      adjustment means comprising a member fixedly carried by said guide
      housing, a movable adjustment member and resilient means interposed
      between said movable adjustment member and said member and which yields to
      enable movement of said guide housing and both of said rollers to occur in
      response to forces applied to said rollers.
NUM  2.
PAR  2. A roller guide as set forth in claim 1 wherein said guide housing is
      mounted for rotational movement relative to said base, and said fine
      adjustment means is adapted to apply a force to said member which is
      directed perpendicular to the axis of rotation of said guide housing,
      whereby movement of said movable adjustment member is adapted to apply a
      torque to said guide housing tending to rotate said guide housing about
      said axis.
NUM  3.
PAR  3. A roller guide as set forth in claim 2 wherein said adjustment member
      comprises a set screw and said resilient means includes one or more spring
      washers between said set screw and said member.
NUM  4.
PAR  4. A roller guide as set forth in claim 3 wherein said member comprises a
      pin being fixedly supported by said guide housing and extending outwardly
      therefrom, said base including a hole having a cross sectional dimension
      which is greater than the cross sectional dimension of said pin.
NUM  5.
PAR  5. A roller guide as set forth in claim 4 wherein said guide housing is
      rotatably mounted on said base in an axially prestressed bearing.
NUM  6.
PAR  6. A roller guide as set forth in claim 5 wherein said bearing comprises a
      ball and socket joint.
NUM  7.
PAR  7. A roller guide as set forth in claim 5 further including means for
      sealing said bearing to protect the same against moisture or other ambient
      conditions.
NUM  8.
PAR  8. A roller guide for guiding rod or wire stock between a pair of rolling
      members, comprising a guide housing, means for rotatably supporting a pair
      or guide rollers on said guide housing for rotation about parallel axes,
      means for pivotally supporting said guide housing about an axis which is
      substantially parallel to the axis of said guide rollers and which axis
      extends transverse to the direction of stock movement, and means for
      rotating said guide housing about said axis for adjusting the position of
      said guide rollers relative to the rolling members.
NUM  9.
PAR  9. A roller guide as set forth in claim 8 wherein said means for rotating
      said guide housing comprises means for applying a force to said guide
      housing, said force being applied in a plane which is perpendicular to the
      axis of said guide rollers and perpendicular to the axis of rotation of
      said guide housing.
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ABST
PAL  This invention relates to a wire processing machine comprising a die
      through which wire is drawn along a rectilinear path and a turning head
      downstream of the die at which the die-drawn wire is surface turned. The
      turning head is rotatably mounted in bearings which are oil-mist
      lubricated.
BSUM
PAR  This invention relates to a wire processing machine.
PAR  From one aspect the present invention provides a wire processing machine
      comprising a die through which wire is drawn along a rectilinear path and
      a turning head downstream of the die at which the die-drawn wire is
      surface turned.
PAR  Preferably, the die is stationary and the turning head includes a plurality
      of cutters revolving about the axis of the wire-drawing path.
PAR  A soap box may be provided upstream, or as part, of the drawing die in
      order to facilitate drawing.
PAR  A pinch roll assembly may be provided downstream of, and adjacent to, the
      turning head for steadying and guiding the wire, a wire coiler being
      provided for drawing the wire through the machine and temporarily housing
      the finished product. A soap box with a guide bush may be provided
      upstream of the coiler to lubricate the wire and assist its `lay`  in this
      unit, and the guide bush might conveniently provide a polishing function.
PAR  The turning head may rotate at speeds of something of the order of 5000
      revs per minute or more, oil-mist lubrication being adopted for the
      bearings at this high speed.
PAR  A machine in accordance with this invention thus provides in one compact
      unit facilities for both drawing and turning wire, the amount of material
      which is necessary to remove by the surface turning step to impart the
      necessary dimension and finish to the wire thus being minimal.
PAR  Major savings in metal costs may thus be effected as compared with wire
      turned direct from the rolled or rough drawn product which of course is
      frequently non-circular in section when presented for turning. Further, a
      machine of this nature is capable of processing wire at a much faster rate
      than hitherto, e.g. up to about 150 ft. per minute for, say, 3/8 inch
      diameter finish-turned alloy steel wire, the turning step removing a
      nominal 1/100 inch or so.
DRWD
PAR  In order that the invention may be fully understood, one embodiment thereof
      will now be described, by way of example, with reference to the
      accompanying drawings in which:
PAR  FIG. 1 illustrates a side elevation of the machine; and
PAR  FIG. 2 illustrates a sectional elevation through part of the machine
      illustrated in FIG. 1.
DETD
PAR  Referring now to FIG. 1, the machine is shown with an alloy steel wire 1 in
      situ and comprises a mounting 2 carrying a drawing-die head 3 and
      associated wire lubricating soap box 3a and a belt-driven turning head 4
      downstream of the die. A pinch roll assembly 5 comprising dual stands,
      each carrying a pair of free-running rolls 6, provide a steadying
      influence on the turned wire and a soap box 7 with a guide bush 8 is
      provided for lubricating the wire prior to coiling on a coiler (not shown)
      which imparts the tractive force.
PAR  Referring now more particularly to FIG. 2, the drawing head 3 includes a
      captive die block 10, the aperture in which is aligned with a bore 11
      extending through the mounting 2 and which terminates adjacent the turning
      head in a guide bush 12 on a protruding boss 13. The turning head 4 is
      mounted for rotation about the boss 13 on roller bearings 14, and carries
      a face plate 15 on which are symmetrically mounted three cutting tools 16
      held in clamps 17 (only two of which are visible).
PAR  A bored passage 19 is provided in the boss to which atomised oil (oil/air
      mist) is supplied under pressure through a conduit 20, the passage
      communicating with an annular cavity 21 defined between the roller
      bearings 14. The turning head/boss design is such as to permit the oil
      mist to escape through the roller bearings to atmosphere, no seals being
      provided.
PAR  In operation rolled wire is first provided with a reduced end section which
      is threaded through the machine and clamped on to a block on the coiler.
      The turning head is then rotated at high speed, the oil mist is applied
      and the coiler is rotated to impart the tractive force on the wire.
PAR  In a typical operation rolled alloy steel wire, say, 13/32 inch diameter
      (0.406 inch) is drawn to 0.385 in the die block 10 and then turned to 3/8
      inch diameter (0.375) by tools 16, the rotational speed of the turning
      head being 5000 rpm with the rate of wire throughput at 150 ft. per
      minute. Since a constant cutting rate is aimed at, these speeds
      (rotational and translational) will be increased or decreased accordingly
      with smaller or larger diameter wire.
PAR  Although this invention has been described with reference to the particular
      embodiment illustrated it is to be understood that various changes and
      modifications may be made without departing from the scope of this
      invention. Further, although oil mist lubrication is utilised in
      preference to liquid oil, since it is this which enables the rates
      mentioned to be maintained without significant detriment to the life of
      the bearings, liquid oil lubrication could alternatively be used at lower
      rates with seals being provided. A facility may also be provided whereby
      part of the head 4 on which the tools are mounted is detachable so that
      the whole tool assembly may be replaced as one unit. This avoids the need
      for individually handling tools which may be very hot from use.
PAR  Finally, although in the embodiment described reference is made to alloy
      steel wire, stainless, carbon or even non-ferrous wire rods and tubes etc.
      may equally well be processed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A machine for continuously processing wire drawn therethrough by a wire
      coiler, comprising:
PA1  a fixed mounting having a protruding boss at one end and defining a through
      bore and housing as one unit,
PA1  a stationary wire drawing die fixed in said housing at one end of the bore
      and, fixed in said housing at the other end of the bore,
PA1  a wire guide bush,
PA1  the bore of said die and the bore of said bush being in axial alignment and
      in alignment with the axis of said bore,
PA1  a wire turning head rotatably mounted on said housing adjacent said wire
      guide bush in roller bearings carried by said protruding boss, said roller
      bearings being spaced apart defining a cavity therebetween,
PA1  means on said wire turning head for turning it,
PA1  a bored passage in said mounting and in said boss communicating with said
      cavity for conducting an atomized oil mist to said bearings, and
PA1  a lubricating soap box fixedly mounted on said housing upstream of the die
      for lubricating wire drawn therethrough,
PA1  a further wire guide bush and a further lubricating soap box being mounted
      downstream of the turning head and in axial alignment with the bore of
      said die and said turning head, the wire being processed by being drawn
      through the die and then through the turning head whereby the wire is
      initially die drawn and then surface turned.
NUM  2.
PAR  2. A machine according to claim 1, comprising
PA1  a plurality of circumferentially spaced turning tools on said turning head,
      part of said head containing the tools being detachable for replacement.
NUM  3.
PAR  3. A wire processing machine according to claim 1, comprising a pinch roll
      assembly mounted downstream of the turning head for steadying and guiding
      the wire.
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ABST
PAL  Apparatus for stripping hollow articles off of a press ram including a
      stripper supporting ring extending circumferentially around the press ram,
      a plurality of segments mounted on said supporting ring for limited radial
      displacement with respect to the press ram axis, and a plurality of
      individual hydraulically cushioned strippers mounted in each of said
      segments for direct engagement with the article to be stripped from the
      press ram. Various preferred embodiments include various mechanisms for
      permitting and/or positively providing radial displacement of the segments
      so as to accommodate passage of the press ram and article to be stripped.
      Several of these preferred embodiments include biasing means such as
      springs and/or pressure medium forces for biasing the segments radially
      inwardly and chamfered conical beveled edges on the segments for
      accommodating an outward biasing force application by way of the article
      and press ram. Other preferred embodiments include guide tracks rotatably
      mounted on the supporting ring for engagement with guide rollers carried
      by the segments for effecting a positive radial displacement of the
      segments sequentially timed to coincide with the press operation to
      prevent radial inward displacement of the segments during other than the
      stripping operations. In certain of the embodiments using the guide
      rollers, the guide rollers are maintained in contact with the guide tracks
      by spring means and/or pressure medium applied forces. In another
      preferred embodiment, two sets of guide rollers are provided for effecting
      a positive inward and a positive outward displacement of the segments.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a stripping mechanism for removing drawn or
      extruded hollow articles from a press ram. More specifically, this
      invention relates to stripping mechanisms of the type with a stripper
      supporting ring holding several strippers distributed along the
      circumference of the press ram with each of these strippers being movable
      radially in the direction toward the axis of the press ram and away
      therefrom, as well as individually in the direction of the press ram axis.
PAR  In a conventional apparatus of this type (German Pat. No. 593,849), several
      bearing segments are mounted in a stripper supporting ring to be movable
      in the direction of the axis of the press ram, and respectively one
      stripper is disposed in each bearing segment to be movable within limits
      in the radial direction. In this construction, the bearing segments are
      under the effect of compression springs with respect to the stripper
      supporting ring and the strippers are under the effect of compression
      springs with respect to the associated bearing segments. These compression
      springs, on the one hand, urge the bearing segments in the direction
      toward the stripping edge of the hollow article and, on the other hand,
      urge the strippers inwardly in the radial direction. One disadvantage of
      this conventional arrangement resides in that hardly more than one
      stripper can be mounted in each bearing segment. The apparatus thus is
      composed of many individual parts and therefore becomes susceptible to
      malfunction if it is desired to provide numerous strippers distributed
      along the circumference of the press ram in order to obtain a favorable
      force transmission to the stripping edge of the hollow article during the
      stripping thereof.
PAR  Another conventional apparatus (German Pat. No. 1,285,973) for the
      stripping of deep-drawn hollow articles from a press ram includes a
      stripper bearing ring and several strippers distributed over the
      circumference of the press ram. These strippers are of a segment shape and
      each stripper is pivotable within limits in its plane in directions toward
      and away from the press ram and is also movable within limits in the
      direction of the axis of the press ram. In this system, all strippers are
      under the effect of two elastic rings, one of which elastically supports
      all strippers during the stripping step in the direction of the axis of
      the press ram with respect to the stripper bearing ring, and the other of
      which, surrounding all strippers together, urges the strippers to pivot
      radially toward the inside. One disadvantage in this construction is the
      very limited elastic movability of the individual strippers in the
      direction of the axis of the press ram.
PAR  Both above-described, conventional constructions have the disadvantage in
      common, first of all, that the elastic forces effective on the individual
      strippers in the direction of the axis of the press ram and radially
      inwardly cannot be adapted to the respectively ambient working conditions
      without exchanging the springs or rings. This has the consequence, with
      regard to the displacements in the direction of the axis of the press ram,
      that the intended adaptation of the position of the individual strippers
      to the shape of the stripping edge, changing from one hollow article to
      the other, is obtained during the stripping process only if the resistance
      offered by the hollow article against the stripping action is in a range
      corresponding to the elasticity of the springs or of the ring. In case the
      resistance is too small or too large, the conventional devices, however,
      are ineffective since either there is no compression of the ring or
      springs at all, or a complete compression up to the rear end position of
      the springs or of the ring takes place. Corresponding remarks apply for
      the radial displacements or pivotal movements of the strippers regarding
      the force with which the strippers contact the hollow article while the
      press ram with the hollow article passes through, so that the surface of
      the article may be damaged. Another disadvantage of the above-described
      conventional arrangements resides in that no means are provided therein,
      or could be provided therein in a simple manner, for displacing the
      bearing segments and together therewith the strippers in cyclic or
      rhythmic operation positively in the radial direction toward the outside
      so as to make it possible for the press ram with the hollow article to
      pass through without any contact during the working cycle of the press
      ram.
PAR  The present invention contemplates constructing the bearing of the bearing
      segments and of the strippers so that the elastic forces with which the
      strippers contact the stripping edge of the hollow article during the
      stripping step can be adapted in a simple manner to the respective
      resistance offered by the hollow article during the stripping step, and
      that simultaneously a displaceablility of the individual strippers in the
      direction of the axis of the press ram can be attained to a relatively
      large extent. This construction makes it possible under all conditions
      which may arise for the strippers to contact the irregularly shaped
      stripping edge of the hollow article without appreciable deformation, thus
      effecting the stripping step.
PAR  The invention further contemplates a construction wherein several bearing
      segments are disposed in a stripper supporting ring to be radially
      displaceable to a limited extent; wherein at least one stripper is mounted
      in each bearing segment to be displaceable within limits in the direction
      of the press ram axis; wherein each stripper includes an external
      operating piston and an internal stripping piston connected therewith, the
      inner surface of the latter forming a part of the inner surface of the
      bearing segment, a stripping end face of this internal stripping piston
      being extendable out of the end face of the bearing segment facing the
      hollow article during the stripping step; and wherein the end face of the
      operating piston facing away from the stripping end face of the stripping
      piston is connected with a controllable source of a pressure medium.
PAR  A particularly simple preferred embodiment of this invention is obtained by
      mounting, in the stripper supporting ring, three bearing segments
      encompassing each a sector angle of about 120.degree., and by arranging in
      each bearing segment several strippers disposed at equal spacings from one
      another. Three bearing segments can be supported in the stripper
      supporting ring in a relatively advantageous manner, wherein numerous
      strippers can suitably be distributed over the circumference of the press
      ram.
PAR  In order to simplify the feeding of pressure medium to the strippers, the
      feature is provided according to the invention that a connection duct is
      arranged in each bearing segment, terminating at the end faces of all
      operating pistons mounted therein which are exposed to the pressure
      medium. This connection duct is in communication with a pressure medium
      feed source.
PAR  This invention contemplates several preferred embodiments with various
      means for evoking radial displacements of the bearing segments with
      respect to the stripper supporting ring.
PAR  One preferred embodiment includes at least one spring engaging the bearing
      segments which displace these segments radially inwardly by elastic
      action. The inner surfaces of the bearing segments are beveled conically
      toward the outside at the end facing away from the stripping end faces of
      the stripping pistons. In this arrangement, the bearing segments are each
      shifted radially toward the outside by the hollow article by means of the
      beveled surface each time the press ram with the hollow article passes
      through. This mode of operation can also be attained in another embodiment
      wherein each bearing segment contains at least one pressure medium space
      of variable volume in communication with the pressure medium source.
      Radially outward boundary surfaces of this space being formed by the
      stripper supporting ring so that the pressure medium continuously applies
      a radially inward force on the bearing segments. As in the embodiment with
      the spring, the inner surfaces of the bearing segments have an outwardly
      pointing, conical bevel at the end facing away from the stripping end
      faces of the stripping pistons. These two embodiments are especially
      suitable for devices for the stripping off of such hollow articles wherein
      the external surface is not particularly sensitive so that the continuous
      radially inward biasing forces on said bearing segments does not damage
      the external surface during passage of the hollow articles.
PAR  However, for devices to strip off hollow articles having a very sensitive
      outer surface, more suitable embodiments of the invention are provided
      wherein the bearing segments are forcibly displaced alternatingly radially
      outwardly and inwardly in correspondence with the operating and stripping
      cycles of the press ram.
PAR  A preferred embodiment with forcible alternating radial displacement of the
      bearing segments includes at least one spring engaging the bearing
      segments and moving same elastically radially toward the outside.
      Respectively one roller, rotatably mounted in each bearing segment,
      contacts in the radial direction a guide track on the outside, which track
      is arranged in a guide ring moving about the axis of the press ram and
      rotatably disposed in the stripper supporting ring. This track effects the
      rhythmically alternating movements of the bearing segments radially
      inwardly and makes it possible for such movements to take place radially
      outwardly in response to the spring forces as well. In this arrangement,
      the guide track has, in each case, a number of inwardly and outwardly
      pointing beveled or inclined ramp surfaces between circular sections with
      two different radii which corresponds to the number of bearing segments
      provided. Another modification of this arrangement resides in that each
      bearing segment consists of an outer part carrying the roller, which outer
      part is also engaged by the spring effecting the radially outward
      displacement, and of an inner part carrying the strippers. This inner part
      is radially movable within limits with respect to the outer part and a
      compression spring is located between the outer part and the inner part.
      By the division of each bearing segment into an outer part and an inner
      part, an exact contact of the inner part with the strippers at the press
      ram is facilitated during the stripping step.
PAR  The effect of alternating, positive radial displacements of the bearing
      segments toward the inside and toward the outside can also be attained
      according to another preferred embodiment of the invention by providing
      that each bearing segment contains at least one pressure medium space of
      variable volume in communication with the pressure medium feed source. The
      boundary surface of this space, which is disposed inwardly in the radial
      direction, is connected with the stripper supporting ring. Respectively
      one roller mounted rotatably to each bearing segment contacts in the
      radial direction on the outside a guide track provided in a guide ring
      moving about the axis of the press ram and rotatably disposed in the
      stripper supporting ring, which guide track effects the rhythmically
      alternating displacements of the bearing segments radially inwardly and
      makes it possible for such displacements to take place radially outwardly
      as well. Also in this embodiment, the guide track has inclined surfaces
      between circular sections.
PAR  The effect of alternating, positive radial displacements can also be
      attained according to yet another preferred embodiment of the invention
      with the use of two corresponding guide tracks at the guide ring. Two
      rollers are mounted at each bearing segment with one of these rollers
      contacting respectively one guide track on the outside in the radial
      direction and the other of these rollers contacting respectively the other
      guide track on the inside in the radial direction. The guide tracks are
      located on a guide ring revolving about the axis of the press ram and
      rotatably mounted in the stripper supporting ring to effect rhythmically
      alternating displacements of the bearing segments radially inwardly and
      outwardly. In a further modification of this embodiment each bearing
      segment includes an outer part carrying the rollers and an inner part
      radially displaceable within limits with respect to the outer part and
      carrying the strippers. A compression spring is arranged between the outer
      part and the inner part. This provides additionally the effect attainable
      by the division of the bearing segments described above for another
      embodiment.
PAR  These and further objects, features and advantages of the present invention
      will become more obvious from the following description when taken in
      connection with the accompanying drawings which show, for purposes of
      illustration only, several embodiments in accordance with the present
      invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front partial view along line I--I in FIG. 2 illustrating a
      first embodiment of the invention.
PAR  FIG. 2 is a sectional view along line II--II in FIG. 1;
PAR  FIG. 3 is a fragmental view as seen in the direction of the arrow III in
      FIG. 2;
PAR  FIG. 4 is a fragmental sectional side view similar to FIG. 2 of a second
      embodiment of the invention;
PAR  FIG. 5 is a sectional view along line V--V in FIG. 6 illustrating a third
      embodiment of the invention;
PAR  FIG. 6 is a sectional view along line VI--VI in FIG. 5;
PAR  FIG. 7 is a sectional view along line VII--VII in FIG. 8 illustrating a
      fourth embodiment of the invention;
PAR  FIG. 8 is a sectional view along line VIII--VIII in FIG. 7; and
PAR  FIG. 9 is a half-sectional view along the axis of the press ram similar to
      FIG. 2 which illustrates a fifth embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Throughout the various views, like reference numerals are used to designate
      like features.
PAR  Referring to FIGS. 1 and 2, a stripper supporting ring 1 encompasses a
      press ram 2 at a radial distance. Bearing segments 3 (each including two
      parts 13 and 14) are held in the direction of the axis of the press ram 2
      by an annular disk 4 threadedly connected with the stripper supporting
      ring 1. Bearing segments 3 are mounted to be displaceable in the radial
      direction to a limited extent. The divided, radially inwardly disposed
      section 13 of each bearing segment 3 has several chamfered gated bores
      laterally open toward the press ram 2; which bores emanate from end face 7
      of the bearing segment 3 facing stripping edge 5 of the hollow article 6
      (see FIG. 4 for showing of edge 5 on article 6). Chamfered stripping
      pistons 8 of strippers 9 are displaceably disposed in these bores. Each
      stripper 9 also includes an operating piston 10 connected with the
      stripping piston 8 in the zone of its end facing away from the end face 7
      of the bearing segment 3. This operating piston 10 is movably mounted in a
      further bore in the radially inwardly located section of the bearing
      segment 3 as best shown in FIG. 2. The movability of the strippers 9 in
      the direction of the axis of the press ram (direction parallel to the axis
      of press ram 2) is limited by the radially offset relationship of the
      stripping pistons 8 with respect to the operating pistons 10 and by the
      arrangement of the associated bores (see FIG. 2). In each bearing segment
      3, a connecting duct 11 is provided terminating oppositely to the end
      faces of the operating pistons 10 facing away from the end face 7 of the
      bearing segment 3 and being in communication with a pressure medium feed
      source via a connection 12.
PAR  In the first embodiment (FIGS. 1-3), each bearing segment 3 includes an
      inner part 13, wherein the strippers 9 are mounted and the connection 12
      is provided, and an outer part 14 engaged by two springs 15 acting
      radially outwardly, these springs 15 resting on the stripper supporting
      ring 1. The inner part 13 is guided to be radially movable to a limited
      extent with play as regards the outer part 14, namely by means of two
      screws 16 inserted in the inner part 13, the neck and head of these screws
      16 having a play or clearance with respect to the passage bore and the
      mounting in the outer part 14. Furthermore, a compression spring 17 is
      arranged between the outerpart 14 and the inner part 13. Also, a roller 18
      is rotatably mounted at the outer part 14. This roller 18 contacts in the
      radial direction the outside of the guide track 19 provided at guide ring
      20 which is disposed in the stripper supporting ring 1 to be rotatable
      about the axis of the press ram 2. The guide ring 20 is retained, in the
      direction of the axis of press ram 2, by means of the outer ring 21
      threadedly joined to the stripper supporting ring 1. The guide ring 20 is
      driven by an outer teeth set 22 arranged at this ring, these teeth 22
      being engaged by a gear wheel 24 through a slot 23 in the outer ring 21.
      The rotation of gear wheel 24 is synchronized to the press ram movements
      so that the bearing segments are pushed radially inwardly during stripping
      operations but are permitted to move outwardly during other press
      operations. In this manner, the strippers are positively maintained spaced
      from the surface of the hollow article except during stripping operation.
PAR  In the second preferred embodiment shown in FIG. 4, a radially inwardly
      acting spring 25, which spring rests on supporting ring 1A, engages each
      bearing segment 3A. Each bearing segment 3A is formed in one part as
      compared to the two part segments 3 of FIGS. 1 and 2. Respectively one lug
      27 engaging an elongated recess 26 in each bearing segment 3A is provided
      at the annular disk 4A to limit the radial displacements of the bearing
      segments 3A toward the inside. The inner surface of each bearing segment
      3A has an outwardly oriented conical bevel 28 at its end facing away from
      the end face 7. During the passage of the press ram 2 with the hollow
      article 6, the bearing segments 3A are shifted radially against springs 25
      outwardly by means of the bevel 28.
PAR  In the third preferred embodiment shown in FIGS. 5 and 6, two pressure
      medium spaces 29 which are in communication with the connection 12 are
      provided in each bearing segment 3B. The radially outward boundary
      surfaces 30 of the pressure medium spaces 29 are formed on piston-like
      extensions 31 of the stripper supporting ring 1B which extend into the
      pressure medium spaces 29. The displacements of the bearing segments 3B
      radially inwardly, effected by the feeding of pressure medium, are limited
      by the provision of a lug 33 at the annular disk 4B, respectively engaging
      an elongated recess 32 in each bearing segment 3B. The inner surface of
      each bearing segment 3B has, at its end facing away from the end face 7,
      an outwardly pointing, conical bevel 34, over which the bearing segments
      3B are displaced radially outwardly against the biasing force of the
      pressure medium in space 29.
PAR  In the fourth preferred embodiment shown in FIGS. 7 and 8, two pressure
      medium spaces 36 are provided in each bearing segment 3C in two lateral
      projections 35. These spaces 36 are in communication with the connection
      12. The projections 35 extend, in the manner of hollow pistons, into
      cylinder bores 37 in the stripper supporting ring 1C. At supporting ring
      1C, the boundary surfaces 38 of the pressure medium spaces 36, disposed on
      the inside in the radial direction, are provided. The radially outward
      displacements of the bearing segments 3C, effected by the exposure to the
      pressure medium, act, via the rollers 39 rotatably mounted at the bearing
      segments 3C, on the guide track 40 at the guide ring 41 which is rotatable
      about the axis of the press ram 2. The radially inward displacements of
      the bearing segments 3C are effected by the inclined surfaces in the guide
      track 40.
PAR  In the fifth preferred embodiment shown in FIG. 9, two rollers 42, 43 are
      rotatably mounted at each bearing segment 3B. One roller 42 contacts a
      guide track 44 on the outside in the radial direction and the other roller
      43 contacts a guide track 45 on the inside in the radial direction. Both
      guide tracks 44, 45 are provided at a guide ring 46 rotatably disposed at
      the stripper supporting ring 1 to be movable about the axis of the press
      ram 2. The guide ring 46 is retained in the direction of the axis of the
      press ram 2 by means of outer ring 47 threadedly joined to the stripper
      supporting ring 1D. The guide ring 46 is driven by way of outer teeth 48
      arranged at this ring, which teeth are engaged by a gear wheel 50 through
      a slot 49 in the outer ring 47. The radial movements of the bearing
      segments 3D toward the inside and toward the outside are positively
      effected by the inclined surfaces in the guide tracks 44, 45 (see FIG. 1
      and associated description of corresponding guide tracks).
PAR  In all embodiments the pressure medium supplied by way of connection 12 is
      maintained sufficiently high, in conjunction with the design of the
      stripper pistons and the variable volume spaces for radial support and
      movement of the segments, to carry out the described functions.
PAR  While we have shown and described several embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are encompassed by the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for stripping articles from a press ram comprising:
PA1  at least one stripper having a part thereof engageable with an article on a
      press ram to forcibly strip the article from the press ram,
PA1  stripper support means for supporting and guiding each of said at least one
      strippers for movement substantially parallel to a press ram axis of said
      press ram and for movement transverse to said press ram axis,
PA1  and fluid pressure medium stripper control means for applying a fluid
      pressure medium to each of said press ram axis to force said stripper
      against the article to strip the same from the press ram.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein a plurality of separate
      strippers are provided which are spaced from one another in said stripper
      support means for engagement with an article at respective
      circumferentially spaced locations on said press ram.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein said pressure medium stripper
      control means includes means for permitting movement of respective ones of
      said strippers different distances with respect to said stripper support
      means to accommodate irregularities in the end face of an article being
      stripped from said press ram.
NUM  4.
PAR  4. Apparatus for stripping articles from a press ram comprising:
PA1  at least one stripper having a part thereof engageable with an article on a
      press ram to forcibly strip the article from the press ram,
PA1  stripper support means for supporting and guiding each of said at least one
      strippers for movement substantially parallel to a press ram axis of said
      press ram and for movement transverse to said press ram axis,
PA1  and pressure medium stripper control means for applying a pressure medium
      to each of said at least one strippers in a direction substantially
      parallel to said press ram axis,
PA1  wherein a plurality of separate strippers are provided which are spaced
      from one another in said stripper support means for engagement with an
      article at respective circumferentially spaced locations on said press
      ram,
PA1  wherein said stripper support means includes a stripper supporting ring
      which in use extends circumferentially around the press ram, and a
      plurality of separate bearing segments circumferentially spaced from one
      another on said supporting ring, said bearing segments being mounted in
      said supporting ring for limited radial displacement with respect to said
      press ram axis, wherein each stripper includes an external operating
      piston and an internal stripping piston connected therewith, wherein
      radially inner surface portions of said stripping piston are aligned with
      radially inner surface portions of one of said bearing segments, wherein
      said stripping piston has a stripping end face engageable with said
      article during stripping of said article from said press ram, and wherein
      said operating piston is guidably mounted in one of said bearing segments
      and has an operating end face which faces away from the stripping end face
      and which is in communication with pressure medium supplied by said
      pressure medium stripper control means.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein three of said bearing segments
      are mounted on said supporting ring, said bearing segments each
      encompassing a sector angle of approximately 120.degree., and wherein a
      plurality of said equally spaced strippers are mounted in each bearing
      segment.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein said pressure medium stripper
      control means includes a pressure medium connection duct in each bearing
      segment, and wherein said connection duct communicates directly with the
      end faces of all operating pistons mounted in the respective bearing
      segment and with a pressure medium feed source.
NUM  7.
PAR  7. Apparatus according to claim 4, wherein at least one elastic member
      elastically forces the bearing segments in the radially inward direction,
      and wherein a radially outwardly pointing conical bevel is provided at the
      radially inner surface portions of the bearing segments at the end of the
      bearing segments facing opposite said stripping end faces of said
      stripping pistons.
NUM  8.
PAR  8. Apparatus according to claim 6, wherein at least one elastic member
      elastically forces the bearing segments in the radially inward direction,
      and wherein a radially outwardly pointing conical bevel is provided at the
      radially inner surface portions of the bearing segments at the end of the
      bearing segments facing opposite said stripping end faces of said
      stripping pistons.
NUM  9.
PAR  9. Apparatus according to claim 4, wherein each bearing segment contains at
      least one variable volume pressure medium space which is in communication
      with a pressure medium feed source, said pressure medium space being
      bounded at least in part in the radially outward direction by said
      supporting ring and in the radially inward direction by said bearing
      segment such that an increase in pressure in said pressure medium space
      results in a radially inward force on said bearing segment.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein a radially outwardly pointing
      conical bevel is provided at the radially inner surface portions of the
      bearing segments at the end of the bearing segments facing opposite said
      stripping end faces of said stripping pistons.
NUM  11.
PAR  11. Apparatus according to claim 6, wherein each bearing segment contains
      at least one variable volume pressure medium space which is in
      communication with a pressure medium feed source, said pressure medium
      space being bounded at least in part in the radially outward direction by
      said supporting ring and in the radially inward direction by said bearing
      segment such that an increase in pressure in said pressure medium space
      results in a radially inward force on said bearing segment and wherein a
      radially outwardly pointing conical bevel is provided at the radially
      inner surface portions of the bearing segments at the end of the bearing
      segments facing opposite said stripping end faces of said stripping
      pistons.
NUM  12.
PAR  12. Apparatus for stripping articles from a press ram comprising:
PA1  at least one stripper having a part thereof engageable with an article on a
      press ram to forcibly strip the article from the press ram,
PA1  stripper support means for supporting and guiding each of said at least one
      strippers for movement substantially parallel to a press ram axis of said
      press ram and for movement transverse to said press ram axis,
PA1  and pressure medium stripper control means for applying a pressure medium
      to each of said at least one strippers in a direction substantially
      parallel to said press ram axis,
PA1  wherein said stripper support means includes a stripper supporting ring
      which in use extends circumferentially around the press ram, and a
      plurality of separate bearing segments circumferentially spaced from one
      another on said supporting ring, each of said bearing segments including
      means for carrying at least one of said strippers and being mounted in
      said supporting ring for limited radial displacement with respect to said
      press ram axis, wherein elastic means are provided for elastically biasing
      said bearing segments in one of a radially inward and outward direction,
      and wherein interengageable guide member means and guide track means are
      provided for rhythmically alternating the radial displacement of said
      bearing segments against the force of said elastic means in response to
      relative movement of said guide member means and guide track means.
NUM  13.
PAR  13. Apparatus according to claim 4, wherein elastic means are provided for
      elastically biasing said bearing segments in one of a radially inward and
      outward direction, and wherein interengageable guide member means and
      guide track means are provided for rhythmically alternating the radial
      displacement of said bearing segments against the force of said elastic
      means in response to relative movement of said guide member means and
      guide track means.
NUM  14.
PAR  14. Apparatus according to claim 13, wherein said guide member means
      includes a guide roller rotatably mounted in each of said bearing
      segments, wherein said guide track means is an undulating guide track
      extending circumferentially around the press ram axis in a guide ring
      which guide ring is rotatably supported in said supporting ring for
      rotation about said press ram axis.
NUM  15.
PAR  15. Apparatus according to claim 14, wherein said elastic means includes a
      spring for each bearing segment which biases said bearing segment in the
      radially outward direction so as to maintain the respective guide roller
      in contact with said guide track for all rotative positions of said guide
      ring with respect to said supporting ring.
NUM  16.
PAR  16. Apparatus according to claim 15, wherein a plurality of said strippers
      are mounted in each bearing segment, wherein said pressure medium stripper
      control means includes a pressure medium connection duct in each bearing
      segment, and wherein said connection duct communicates directly with the
      end faces of all operating pistons mounted in the respective bearing
      segment and with a pressure medium feed source.
NUM  17.
PAR  17. Apparatus according to claim 15, wherein each bearing segment includes
      an outer part carrying the guide roller and an inner part carrying at
      least one of the strippers, said outer part being biased outwardly by said
      spring, said inner part being radially movable to a limited extent with
      respect to the outer part, and wherein a compression spring is interposed
      between the outer part and the inner part.
NUM  18.
PAR  18. Apparatus for stripping articles from a press ram comprising:
PA1  at least one stripper having a part thereof engageable with an article on a
      press ram to forcibly strip the article from the press ram,
PA1  stripper support means for supporting and guiding each of said at least one
      strippers for movement substantially parallel to a press ram axis of said
      press ram and for movement transverse to said press ram axis,
PA1  and pressure medium stripper control means for applying a pressure medium
      to each of said at least one strippers in a direction substantially
      parallel to said press ram axis,
PA1  wherein said stripper support means includes a stripper supporting ring
      which in use extends circumferentially around the press ram, and a
      plurality of separate bearing segments circumferentially spaced from one
      another on said supporting ring, each of said bearing segments includes
      means for carrying at least one of said strippers and is mounted in said
      supporting ring for limited radial displacement with respect to said press
      ram axis, and wherein interengageable guide member means and guide track
      means are provided for rythmically alternating the radial displacement of
      said bearing segments in response to relative movement of said guide
      member means and said guide track means.
NUM  19.
PAR  19. Apparatus according to claim 18, wherein biasing means are provided for
      continuously applying biasing forces on said bearing segments in one of a
      radially inward and outward direction, and wherein said interengageable
      guide member means and guide track means effect a radial displacement of
      said bearing segments against the biasing forces of said biasing means.
NUM  20.
PAR  20. Apparatus according to claim 19, wherein said biasing means includes a
      fluid pressure medium.
NUM  21.
PAR  21. Apparatus according to claim 20, wherein said fluid pressure medium is
      applied to a variable volume space bounded by radially outward facing
      surfaces of said supporting ring and radially inward facing surfaces of
      said bearing segments such that bearing segments are continuously biased
      outwardly by said pressure medium.
NUM  22.
PAR  22. Apparatus according to claim 21, wherein said guide member means
      includes a guide roller rotatably mounted in each of said bearing
      segments, wherein said guide track means is an undulating guide track
      extending circumferentially around the press ram axis in a guide ring
      which guide ring is rotatably supported in said supporting ring for
      rotation about said press ram axis.
NUM  23.
PAR  23. Apparatus according to claim 22, wherein each stripper includes an
      external operating piston and an internal stripping piston connected
      therewith, wherein radially inner surface portions of said stripping
      piston are aligned with radially inner surface portions of one of said
      bearing segments, wherein said stripping piston has a stripping endface
      engageable with said article during stripping of said article from said
      press ram, and wherein said operating piston is guidably mounted in one of
      said bearing segments and has an operating end face which faces away from
      the stripping end face and which is in communication with pressure medium
      supplied by said pressure medium stripper control means.
NUM  24.
PAR  24. Apparatus according to claim 23, wherein the pressure medium supplied
      to said variable volume space is communicated directly to said operating
      pistons of said strippers.
NUM  25.
PAR  25. Apparatus according to claim 18, wherein said guide member means
      includes two rollers rotatably supported at each bearing segment, wherein
      said guide track means includes a radially inwardly facing guide track in
      guiding contact with one of said rollers and a radially outwardly facing
      guide track in guiding contact with the other of said rollers, and wherein
      said guide tracks are provided at a guide ring extending about the axis of
      the press ram and rotatably mounted in the supporting ring.
NUM  26.
PAR  26. Apparatus according to claim 25, wherein each of said guide tracks
      extend along a path having circular arc sections of different radii with
      respect to said ram axis, which circular arc sections are connected
      together by ramp sections.
NUM  27.
PAR  27. Apparatus according to claim 25, wherein each stripper includes an
      external operating piston and an internal stripping piston connected
      therewith, wherein radially inner surface portions of said stripping
      piston are aligned with radially inner surface portions of one of said
      bearing segments, wherein said stripping piston has a stripping end face
      engageable with said article during stripping of said article from said
      press ram, and wherein said operating piston is guidably mounted in one of
      said bearing segments and has an operating end face which faces away from
      the stripping end face and which is in communication with pressure medium
      supplied by said pressure medium stripper control means.
NUM  28.
PAR  28. Apparatus according to claim 25, wherein each bearing segment includes
      an outer part carrying the guide rollers and an inner part radially
      displaceable within limits with regard to the outer part, said inner part
      carrying the strippers, and wherein a compression spring is arranged
      between the outer part and the inner part.
NUM  29.
PAR  29. Apparatus according to claim 27, wherein each bearing segment includes
      an outer part carrying the guide rollers and an inner part radially
      displaceable within limits with regard to the outer part, said inner part
      carrying the strippers, and wherein a compression spring is arranged
      between the outer part and the inner part.
NUM  30.
PAR  30. Apparatus fo stripping articles from a press ram comprising:
PA1  at least one stripper having a part thereof engageable with an article on a
      press ram to forcibly strip the article from the press ram,
PA1  and stripper support means for supporting and guiding each of said at least
      one strippers for movement substantially parallel to a press ram axis of
      said press ram and for movement transverse to said press ram axis,
PA1  wherein said stripper support means includes a stripper supporting ring
      which in use extends circumferentially around the press ram, and a
      plurality of separate bearing segments circumferentially spaced from one
      another on said supporting ring, each of said bearing segments includes
      means for carrying at least one of said strippers and is mounted in said
      supporting ring for limited radial displacement with respect to said press
      ram axis, and wherein interengageable guide member means and guide track
      means are provided for rythmically alternating the radial displacement of
      said bearing segments in response to relative movement of said guide
      member means and said guide track means.
NUM  31.
PAR  31. Apparatus according to claim 30, wherein biasing means are provided for
      continuously applying biasing forces on said bearing segments in one of a
      radially inward and outward direction, and wherein said interengageable
      guide member means and guide track means effect a radial displacement of
      said bearing segments against the biasing forces of said biasing means.
NUM  32.
PAR  32. Apparatus according to claim 31, wherein said biasing means includes a
      fluid pressure medium.
NUM  33.
PAR  33. Apparatus according to claim 31, wherein said biasing means includes
      spring means interposed between said supporting ring and said bearing
      segments.
NUM  34.
PAR  34. Apparatus according to claim 30, wherein said guide member means
      includes roller means mounted on said bearing segments, and wherein said
      guide track means extends along a guide track ring which is rotatably
      mounted on said supporting ring such that relative rotation of said guide
      track ring and supporting ring effects predetermined undulating radial
      displacement of said bearing segments.
NUM  35.
PAR  35. Apparatus for stripping articles from a press ram comprising:
PA1  at least one stripper having a part thereof engageable with an article on a
      press ram to forcibly strip the article from the press ram,
PA1  stripper support means for supporting and guiding each of said at least one
      strippers for movement substantially parallel to a press ram axis of said
      press ram and for movement transverse to said press ram axis,
PA1  and pressure medium stripper control means for selectively applying a
      pressure medium to each of said at least one strippers in a direction
      substantially parallel to said press ram axis and in the same direction as
      the direction of the power stroke of the press ram to force said stripper
      against the article to strip the same from the press ram.
NUM  36.
PAR  36. Apparatus according to claim 35, wherein said stripper support means
      includes first means for supporting and guiding each of said at least one
      strippers for movement substantially parallel to the press ram axis and
      second means for supporting and guiding each of said at least one
      strippers for movement transverse to said press ram axis, said first and
      second support means being separate from one another and being configured
      to accommodate support and guidance of each of said at least one strippers
      for movement in one of said directions independently of the movement in
      the other of said directions.
NUM  37.
PAR  37. Apparatus according to claim 35, wherein a plurality of separate
      strippers are provided which are spaced from one another in said stripper
      support means for engagement with an article at respective
      circumferentially spaced locations on said press ram.
NUM  38.
PAR  38. Apparatus according to claim 37, wherein said pressure mediuum stripper
      control means includes means for permitting movement of respective ones of
      said strippers different distances with respect to said stripper support
      means to accommodate irregularities in the end face of an article being
      stripped from said press ram.
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ABST
PAL  A horizontal support frame having an upstanding lever pivoted to the frame
      adjacent one end thereof with the toggle comprising a pair of arms having
      adjacent ends pivoted together, the opposite end of one of the arms being
      pivotly connected adjacent the end of the frame opposite the upstanding
      lever. The opposite end of the other arm is pivotly connected to the
      upstanding lever intermediate the ends thereof. A hydraulic actuator for
      the upstanding lever comprises a cylinder having one end closed and the
      opposite end open, the closed end being pivotly connected to the pivotly
      connected ends of the toggle arms. A piston is reciprocally mounted in the
      cylinder and has a piston rod extending outwardly of the open end of the
      cylinder, the free end of the piston rod being pivotly connected to the
      frame on the same pivot pin pivotly connecting the lower end of the lever
      to the frame. On the side of the upstanding lever, opposite the toggle
      mechanism, a bar is welded or otherwise suitably secured to the lever and
      provided with a series of longitudinally spaced holes for reception of a
      pin for pivotly connecting a yoke to said bar at various positions along
      said bar. The side of the lever opposite the bar, is provided with a
      socket for reception of an end of a holding bar. At the lever end of the
      frame is a part for reception of a second holding bar and at the toggle
      end of the frame, there is means for anchoring the apparatus to a floor or
      platform or the like.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a T-shaped horizontal support frame, the
      longitudinally extending stem part being longer than the cross piece at
      one end which is laterally normal relative to the longitude of the stem.
PAR  An upstanding lever is pivoted to the frame adjacent the cross piece end.
      The stem part of the frame has a pair of plates which are spaced apart and
      the pivoted end of the upstanding lever is oppositely disposed between
      said plates.
PAR  There is a toggle which comprises two pairs of arms, the arms of each pair
      being parallel and spaced apart. One pair of arms have ends that are
      pivoted to the upstanding lever while the other pair of arms are pivoted
      to the stem part of the frame adjacent the end opposite the cross piece.
      The opposite ends of the pairs of arms are pivoted together and there is a
      hydraulic actuator having a cylinder closed at one end and open at the
      other. The closed end of the cylinder has a pivotal connection with the
      ends of the arms that are pivoted together. Within the cylinder is a
      piston having a piston rod which extends outwardly of the open end of the
      cylinder and is pivoted to the pivot pin pivotly connecting the lower end
      of the upstanding lever with the stem part of the frame.
PAR  At the rear end of the stem part of the frame opposite the cross piece,
      there is means for anchoring the frame to a fixed support such as, for
      example, the floor upon which the apparatus is supported.
PAR  Along the floor edge of the upstanding lever is a bar welded or otherwise
      suitably secured to the lever, there being a series of longitudinally
      spaced holes in the bar for reception of a pin for pivotly connecting a
      yoke or the like to said bar at various positions longitudinally along
      said bar. At the opposite edge of the bar, there is a socket for reception
      of an end of a holding bar. Means is provided at the rear or free end of
      the stem of the frame for connecting a chain which in turn is connected to
      the adjacent part of the vehicle being repaired. At the same part of the
      stem of the frame there is also means for abutment of a holding bar.
PAR  With this apparatus, various push and/or pull forces may be applied to
      various parts of the vehicle being repaired to effectively straighten out
      parts of the vehicle that have been damaged.
PAR  Rollers or wheels are provided at the forward side of the cross piece and
      adjacent the ends thereof whereby the apparatus may be readily moved to
      various positions.
PAC  OBJECTS AND ADVANTAGES OF THE INVENTION
PAR  It is an object of the invention to provide apparatus of this character
      that is highly effective in applying forces to vehicle parts that require
      straightening and/or repairing.
PAR  It is another object of the inventioon to provide apparatus of this
      character whereby push and/or pull forces are applied to a vehicle body
      for repair of same.
PAR  Still another object of the invention is to provide apparatus of this
      character whereby there is a substantial power gain as applied to the
      vehicle.
PAR  A further object of the invention is to provide apparatus of this character
      that is relatively small in size but highly effective in operation.
PAR  A still further object of the invention is to provide apparatus of this
      character that is relatively light in weight.
PAR  The characteristics and advantages of the invention are further
      sufficiently referred to in connection with the following detailed
      description of the accompanying drawings, which represent one embodiment.
      After considering this example, skilled persons will understand that many
      variations may be made without departing from the principles disclosed and
      I contemplate the employment of any structures, arrangements or modes of
      operation that are properly within the scope of the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings, which are for illustrative purposes only:
PAR  FIG. 1 is a side elevational view of apparatus embodying the present
      invention;
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 1;
PAR  FIG. 4 is a sectional view taken on line 4--4 of FIG. 1;
PAR  FIG. 5 is a sectional view taken on line 5--5 of FIG. 1;
PAR  FIGS. 6, 7 and 8 are side elevational views showing various ways for using
      the apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more particularly to FIGS. 1 - 5, there is shown apparatus
      embodying the present invention, there being a T-shaped horizontal support
      frame, indicated at 10, an upstanding power lever indicated generally at
      12, and actuator means indicated generally at 14.
PAR  Frame 10 comprises a pair of parallel plates 16 which are spaced apart. At
      what will be termed the rear or free end of the frame, there is a bracket
      indicated generally at 18 between said plates, bracket 18 having a
      horizontal part 20 and an upstanding part 22 at the free end of the
      plates. Bracket 18 is welded to the parallel plates 16 and the horizontal
      part 20 is provided with a key-hole slot 24 while the vertical or
      upstanding part 22 has a notch 26 therein.
PAR  At what is termed the forward or front end of the frame has the cross piece
      indicated generally at 28, which has a welded connection 30 with the front
      ends of the plates 16, cross piece 28 being tubular and of generally
      rectangular cross section as best shown in FIG. 1.
PAR  Upstanding power lever 12 is also tubular and generally rectangular in
      shape. The lower end of lever 12 is received between the plates 16
      adjacent the cross piece 28 and is pivotly mounted on a pivot pin 32 which
      extends through aligned openings in the respective plates 16 and secured
      in position by cotter pins 34. Along the forward edge of the power lever
      12 is a bar 36 which is welded or otherwise suitably secured to lever 12
      and provided with a series of longitudinally spaced openings 38 for
      reception of a pin 40 for attaching a yoke 42 to the bar 36. With this
      arrangement, the yoke may be variously attached to the bar and hence to
      the power lever at various positions longitudinally of said bar and lever.
      At the opposite or rear edge of power lever 12, is a socket 44 which is
      welded to said lever and is adapted to receive one end of a pressure bar
      as will be described hereinafter.
PAR  The actuator means 14 comprises a toggle joint comprising two sets of arms
      46 and 48, each set of arms has a pair of parallel, latterally spaced bars
      50 and 52 respectively. The ends of bars 50 adjacent the lever 12, are
      pivoted to the respective sides of said lever by means of a pivot pin 54
      secured in position by a cotter pin 56. The ends of bars 52 adjacent the
      rear or free end of the stem of the frame are pivoted to the respective
      side plates thereof by means of pivot pins 58 secured in position by
      cotter pins 60. At their opposite ends, the bars 50 and 52 are pivoted
      together by means of a pivot pin 62 which is held in position by means of
      cotter pins 64 thus forming what is termed a knee.
PAR  Power actuating means for actuating the knee comprises a hydraulic jack,
      indicated generally at 66, having a cylinder 68 one end of which has a cap
      70 which has an opening through which operably extends a piston rod 72 of
      a piston operably disposed in said cylinder 68, said piston rod having a
      threaded outer end portion threadably disposed in a tapped sleeve having
      aligned openings therein, said sleeves being disposed on said pin. At its
      opposite end, cylinder 68 has an extension which has its free end pivoted
      on pin 32 which also serves as a pivot for the upstanding lever 12.
      Pressure fluid is delivered to the interior of the cylinder through a
      connection 78, said pressure fluid being provided by any suitable
      well-known means.
PAR  Referring to FIG. 6, the apparatus is shown as being used to pull out a
      body part 80 of an automobile body 82. In order to anchor the apparatus,
      there is a pin 84 embedded in the support 86 upon which the apparatus is
      disposed. Pin 84 extends through the key hole opening 24 in the horizontal
      part 20 of the bracket 18 and has a head 88 which prevents the rear part
      of the apparatus from raising up when the lever 12 is actuated in a
      clock-wise direction. In order to effect a pulling action on the portion
      80 of the body 82, the automobile must, of course, be held stationary by
      any suitable well-known means and lever 12 is connected to the part 82 by
      means of a cable 90 having one end connected to the yoke 42, the opposite
      end of the cable is provided with a device 92 of any well-known character
      for securing the cable to the part 80 so that it can be pulled outwardly
      when pressure fluid is applied to the hydraulic jack 66. This pressure
      fluid forces the knee of the toggle joint diagonally rearwardly thus
      actuating lever 12 in the counter clock-wise direction.
PAR  Referring to FIG. 7, the apparatus is shown positioned as in FIG. 6 with
      the cable 90 attached to the automobile body 82.
PAR  However, in FIG. 7, there is a holding bar 94 having one end abutting
      against the cross piece 28 and the opposite end abutting against a part of
      the automobile, this part being shown as the front axle 96. Holding bar 94
      is one means for holding the automobile in a fixed position relative to
      the present apparatus, it being understood that other means may be used as
      pointed out above in connection with the description of FIG. 6.
PAR  Referring to FIG. 8, the present apparatus is in the opposite position as
      compared with the positioning shown in FIGS. 6 and 7. Here, the apparatus
      is also anchored on pin 84. There is also a chain 98 anchored to the
      bracket 18 by having a link disposed in the notch 26. The other end of the
      chain is secured to the automobile by any suitable well-known means. Thus,
      the automobile is held against movement to the right as shown in FIG. 8. A
      pressure bar 100 is provided and has one end disposed in the socket 44,
      the opposite end is provided with a plate 102 and application of pressure
      fluid to the hydraulic jack 66 causes lever 12 to move in the clockwise
      direction thus applying pressure through the pressure bar 100 to the part
      of the automobile body that is to be forced to the right as shown in FIG.
      8.
PAR  At each end of the cross piece 28 is a wheel or roller 104. Each roller is
      disposed between a generally U-shaped part 106 with the closed end 108
      secured to the front face of the cross piece. The wheels 104 have their
      lower edges in substantially the same plane as the underside of the cross
      piece or even slightly above same. When it is desired to move the
      apparatus apart, the rear end of the stem 16 is released from attachment
      to the support or the like, then by raising the rear part of the stem, the
      wheels 104 will be brought into contact with the support or other surface
      so that the apparatus may be rolled from one place to another.
PAR  The invention and its attendant advantages will be understood from the
      foregoing description and it will be apparent that various changes may be
      made in the form, construction and arrangement of the parts without
      departing from the spirit or scope thereof or sacrificing its material
      advantages, the arrangement hereinbefore described being merely by way of
      example and I do not wish to be restricted to the specific form shown or
      uses mentioned except as defined in the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automobile frame and body repairing apparatus, comprising:
PA1  a horizontal T-shaped frame including a longitudinally extending stem and a
      cross piece at one end of said stem;
PA1  an upstanding power lever pivoted at its lower end adjacent a forward end
      of said frame, said lever having a bar secured to the forward side
      thereof, the bar having a plurality of longitudinally spaced openings
      therein;
PA1  means at the end of the stem opposite the cross piece for securing the
      frame against longitudinal movement;
PA1  means for actuating said power level, said means comprising a toggle joint
      having members with ends joined to form a knee, the opposite ends of said
      members being pivotally connected to the frame stem adjacent the rear end
      and to the upstanding lever intermediate its ends respectively; and
PA1  and power means connected to said frame at the lower end of said power
      lever and to the knee of the toggle joint for actuating said toggle joint
      to cause pivotal movement of the upstanding power lever.
NUM  2.
PAR  2. The invention defined by claim 1, including a rearwardly opening socket
      connected to the upstanding power lever for reception of one end of a
      pressure bar.
NUM  3.
PAR  3. The invention defined by claim 2, including means for connecting the
      frame of the apparatus to a part of an automobile to be repaired for
      preventing the apparatus and the automobile from moving apart, said
      pressure bar being adapted to exert pressure upon a part of the automobile
      to be repaired.
NUM  4.
PAR  4. The invention defined by claim 2, including means for holding the
      apparatus and the automobile apart and cable means connecting a part of
      the automobile to the bar of the upstanding lever whereby operable
      movement of said lever exerts a pulling force on the automobile.
NUM  5.
PAR  5. The invention defined by claim 2, including a holding bar between the
      front end of the frame and a part of an automobile to be repaired to
      prevent the apparatus and the automobile from being drawn toward each
      other; and means connecting a part of the automobile to the bar of the
      upstanding lever whereby operable movement of said lever exerts a pulling
      force on the automobile.
NUM  6.
PAR  6. The invention defined by claim 4, wherein last mentioned means includes
      yoke means for various attachment thereof to the bar and longitudinally
      thereof of the upstanding lever.
NUM  7.
PAR  7. The invention defined by claim 2, wherein the stem of the frame
      comprises a pair of laterally spaced plates secured in parallel
      relationship to each other; the pressure bar being pivoted at its lower
      end between said plates; the members of the toggle joint each comprising a
      pair of laterally spaced parallel bars; and the power means comprising a
      hydraulic jack.
NUM  8.
PAR  8. The invention defined by claim 1, including wheels secured to the cross
      piece of the frame adjacent the ends of said cross piece, said wheels
      being positioned for non-support of the frame when the latter is in its
      horizontal operating positon.
NUM  9.
PAR  9. The invention defined by claim 1, wherein said members include at least
      one bar.
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ABST
PAL  An improved apparatus is provided for measuring the viscosity of a liquid
      comprising a rotatable container means; means for rotating said container
      means at a desired speed; a freely rotatable member within said container
      means, said container means and said member defining a volume therebetween
      for receiving liquid to be measured; a third bath surrounding said
      container means for maintaining said container means at a desired constant
      temperature; means for measuring torque of said member when said volume is
      charged with liquid to be measured and said container means is rotated by
      said rotating means; and a bearing made from a material having a high
      thermal conductivity and located between and contacting said container
      means and said fluid bath to facilitate relative rotation therebetween.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to apparatus for measuring viscosity of
      liquids and more particularly to rotary viscosimeters of the Couette type
      or the plate/cone measuring system.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In a Couette viscosimeter, the liquid whose viscosity is to be measured is
      placed in an annular space between two concentrically-disposed cylinders,
      and the outer cylinder is set in rotation. The torque required to overcome
      the drag effect of the liquid or the resultant torque applied to the inner
      cylinder by virtue of the drag effect of the liquid on the inner cylinder
      is a measure of the viscosity of the liquid. In the plate/cone measuring
      system, the liquid is placed on a rotating plate and a fixed flat cone,
      which is placed in contact with the liquid is used as the measuring
      member. The torque required to overcome the drag effect of the liquid
      again being a measure of the viscosity thereof.
PAR  Since viscosity is a dimension which is highly dependent upon temperature,
      the temperature of the liquid must be maintained constant. In known rotary
      viscosimeters, this is done by means of fluid baths, which necessitate
      complicated constructions and testing procedures. The use of fluid baths
      is particularly disadvantageous because the outer wall of the outer
      cylinder is also wetted by fluid of the bath and thus requires additional
      cleaning once measuring is complete. Moreover, provision must be made for
      the temperature of the fluid bath to be kept constant automatically.
PAR  The object of the present invention is to overcome the disadvantages of the
      known rotary viscosimeters, particularly with regard to the way in which
      the temperature of the liquid whose viscosity is being measured is kept
      constant.
PAR  Accordingly the present invention provides apparatus for measuring the
      viscosity of a liquid comprising a rotatable container means; means for
      rotating said container means at a desired speed; a freely rotatable
      member within said container means, said container means and said member
      defining a volume therebetween for receiving liquid to be measured; a
      fluid bath surrounding said container means for maintaining said container
      means at a desired constant temperature; means for measuring torque of
      said member when said volume is charged with liquid to be measured and
      said container means is rotated by said rotating means; and a bearing made
      from a material having a high thermal conductivity and located between and
      contacting said container means and said fluid bath to facilitate relative
      rotation therebetween. Preferable the container means is a cylinder.
PAR  Such apparatus corresponds to a rotary viscosimeter of the Couette type. In
      a plate/cone type, the plate is constructed as the front face of an outer
      cylinder which is so constructed and so disposed, according to the
      invention, the cone replacing said member.
PAR  Dry journal bearing materials having high thermal conductivity are known;
      examples thereof are dry journal bearing materials with a bronze base,
      such as sintered bronze, which is filled with polytetrafluorethylene or
      molybdenum disulphide.
PAR  Because of the good thermal conductivity of such bearing bushes, the outer
      cylinder adopts the temperature of the fluid bath quickly. This fluid bath
      is preferably closed in apart from the inlet and outlet pipe, by means of
      which the bath is connected in a recirculatory system.
PAR  In order to enable yield limits and moduli of elasticity to be measured, a
      drive shaft of the outer cylinder is provided with a (free-wheel member)
      ratchet mechanism which only permits the drive shaft and outer cylinder to
      turn in one direction. Repelling forces, which the liquid being measured
      possibly exerts upon the outer cylinder, can therefore not cause a
      reversal of the rotary movement which would make the measurement
      inaccurate.
DRWD
PAC  INTRODUCTION TO THE DRAWINGS
PAR  The present invention is further described hereinafter, by way of example,
      with reference to the accompanying drawing, in which:
PAR  FIG. 1 is a sectional elevation of a rotary viscosimeter constructed in
      accordance with the present invention, and
PAR  FIG. 2 is a view in the direction of the arrow II of FIG. 1 showing a
      torque-measuring device of the viscosimeter.
DETD
PAR  FIG. 1 shows a viscosimeter having a drum in the form of an inner cylinder
      12 and a container means in the form of an outer coaxial cylinder 5 which
      is rotatably driven by a drive motor 1 secured to a frame (not shown in
      the drawings), the drive motor 1 being preferably a regulated
      direct-current motor and including a tachogenerator (not shown in the
      drawings). The outer cylinder 5 is coupled to the drive motor 1 by way of
      a coupling member 4, a hollow shaft 3 and a bevel gear mechanism 2, the
      hollow shaft 3 being substantially coaxial with the cylinders 5 and 12 and
      being coupled at its axial end remote from the cylinders 5 and 12 to the
      gear mechanism 2 by way of a pair of bevel gears 21 and 22.
PAR  The coupling member 4 is in the form of an annular plate 4a secured to the
      end, adjacent the cylinders 5 and 12, of the shaft 3 and carries
      projections in the form of plugs 4b which extend, preferably parallel with
      the axis of the outer cylinder 5, and engage in respective slots 17a and
      17b in the adjacent end edge of the outer cylinder 5. The plugs 4b are
      preferably diametrally opposed.
PAR  The outer cylinder 5 is mounted in a bore of a substantially annular fluid
      bath 8 of a housing 8a so as to be coaxial therewith and rotatable
      relative thereto, the cylinder 5 being journalled in the bath by a dry
      bearing in the form of a bush 9 comprising, for example a bronze base,
      such as sintered bronze which is filled polytetrafluorethylene or
      molybdenum disulphide. The bush 9 allows axial movement of the cylinder 5
      to take place, and thus provides a facility for measuring axial forces
      which act on the outer cylinder 5 during operation of the viscosimeter,
      such forces being generated with some viscous liquids (Weissenberg
      effect). Because of the high thermal conductivity of such a bush the
      temperature of the outer cylinder 5 is maintained at substantially that of
      the fluid bath 8. The fluid bath 8 is sealed and has an inlet pipe 18a and
      an outlet pipe 18b which are connected to a thermostatically controlled
      heat source (not shown in the drawings) and a pump (also not shown in the
      drawing) which form part of a fluid recirculatory system. A screw cap 10
      is provided on one end of the bath 8 and, when fully screwed up, prevents
      axial movement of the outer cylinder 5 away from the coupling member 4.
PAR  The shaft 3 is journalled by bearings 25 in a housing 23 which has an
      opening 24 into which the bevel gear 22 projects and engages the bevel
      gear 21.
PAR  The inner cylinder 12 is coaxially secured to a rod 13 which extends
      coaxially through and is rotatably journalled in a sleeve-like projection
      26 of the housing 23, which sleeve-like projection 26 extends coaxially
      within the hollow shaft 3. The rod projects through a central bore in the
      disc 4a. The cylinder 12 is sealed adjacent both ends to prevent the
      ingress of the substance being measured.
PAR  The rod 13 is preferably hollow and extends into the interior of the
      cylinder 12 to enable a temperature sensor 16 to be inserted therein to
      measure the temperature of the cylinder 12. To ensure an accurate
      measurement of the temperature a disc 20, made of material having a high
      thermal conductivity, e.g. copper or aluminium, is secured along its
      periphery to the inner wall of the cylinder 12 by a joint having good
      thermal conductivity, e.g. a weld or solder joint. Preferably the disc 20
      is located at a central point on the axis of the inner cylinder 12.
PAR  The rod 13 is secured to the disc 20 and the bore 19 thereof extends into
      the disc 20 to accommodate the temperature sensor 16 which is preferably
      in the form of a thermocouple. The sensor 16 thus registers substantially
      the temperature of the inner cylinder 12.
PAR  A cooling jacket 11 of the housing 8a is in secure engagement around the
      housing 23, cooling fluid e.g. water being pumped through the jacket 11 by
      way of an inlet 27 and an outlet 28 to maintain the shaft 3 and the rod 13
      and the bearings thereof at a reasonable operating temperature e.g. room
      temperature.
PAR  A ratchet mechanism 6 couples the shaft 3 to the housing 23 and allows
      rotational movement of the shaft 3, and thus the outer cylinder 5, in one
      direction only. Advantageously the ratchet mechanism 6 has a reversible
      action.
PAR  The torque measuring device shown in FIG. 2 comprises a lever 30 secured to
      a flange 29 formed on the end, remote from the cylinders 5 and 12, of the
      rod 13. The lever is divided by the rod 13 into two portions 31 and 32.
      The portion 31 of the rod 30 is coupled to a bracket 34 secured relative
      to the housing 23 on a base (not shown in the drawing) by way of a helical
      spring 14 which maintains the rod 13 in an equilibrium position.
PAR  The portion 32 of the rod 31 is connected to an inductive transmitter 15
      which provides an indication of the rotational displacement of the rod 13
      from the equilibrium position. The transmitter 15 is secured to a base
      (not shown in the drawings).
PAR  In operation, the liquid whose viscosity is to be measured is poured into
      the annular space between the inner and outer cylinders 12 and 5 so that
      the fluid covers the cylinder 12. The outer cylinder 5 is then
      rotationally driven at a preset speed by the motor 1. The resultant drag
      effect of the liquid on the inner cylinder 12 causes the latter and thus
      the rod 13 to turn against the restoring force of the spring 14. A
      measurement of the rotational displacement of the cylinder 12 form its
      equilibrium position and thus of the viscosity of the liquid is provided
      by the transmitter 15. The temperature of the liquid whose viscosity is
      being measured is taken as the average of the temperature of the fluid
      bath 8 and the sensor 16, since a temperature gradient normally exists
      across the liquid in a direction radially of the inner cylinder. A further
      cylinder (not shown in the drawing) may be provided between the outer
      cylinder 5 and the bush 9 to accommodate tolerances in the internal
      diameter of the bush 9, the further cylinder being slidable in the bush 9.
PAR  The use of a coupling member in the form of the coupling member 4 and the
      connection of the torque-measuring device to the upper end of the
      viscosimeter enables the outer cylinder 5 to be quickly and easily removed
      for emptying and filling with a further liquid and replaced. Alternatively
      a number of different outer cylinders 5 may be rapidly interchanged to
      provide quick and easy measurement of viscosity of different liquids.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for measuring the viscosity of a liquid comprising a rotatable
      container means; means for rotating said container means at a desired
      speed; a freely rotatable member within said container means, said
      container means and said member defining a volume therebetween for
      receiving liquid to be measured; a fluid bath container surrounding said
      container means having a fluid bath for maintaining said container means
      at a desired constant temperature; means for measuring torque of said
      member when said volume is charged with liquid to be measured and said
      container means is rotated by said rotating means, and a bearing made from
      a material having a high thermal conductivity and located between and
      contacting said container means and said fluid bath container to
      facilitate relative rotation therebetween.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said container means is a cylinder.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said bearing comprises a liner coaxial
      with said cylinder.
NUM  4.
PAR  4. The apparatus of claim 3 further comprising a coupling member which
      couples the cylinder to the drive means, one of said cylinder and said
      coupling member having at least one slot formed therein and the other of
      said cylinder and said coupling member having a plug engageable in said
      slot for transmitting rotary drive to said cylinder.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said slot is formed in said cylinder
      and said coupling member has said plug.
NUM  6.
PAR  6. The apparatus of claim 4 further comprising a ratchet mechanism coupling
      said cylinder and said drive means for allowing rotation of said cylinder
      in one direction only.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said ratchet means has reversible
      action.
NUM  8.
PAR  8. The apparatus of claim 6 wherein said freely rotatable member comprises
      a drum.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said measuring means comprises
      resilient means for rotationally biassing said drum towards an equilibrium
      angular position and sensing means for indicating an amount of angular
      displacement of said drum from said equilibrium position.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said resilient means is a helical coil
      spring and said sensing means is an inductive transmitter.
NUM  11.
PAR  11. The apparatus of claim 2 further comprising a hollow shaft connected to
      said cylinder and coupled to said drive means by way of a bevel gear
      mechanism, and a rod projecting substantially coaxially through said shaft
      and coupling said member to said measuring means.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said rod has an axial bore extending
      the length thereof for receiving a temperature sensing means for
      monitoring the temperature of said member.
NUM  13.
PAR  13. The apparatus of claim 12 further comprising a cooling jacket
      surrounding said hollow shaft for maintaining said shaft and said rod
      below a predetermined temperature.
NUM  14.
PAR  14. The apparatus of claim 13 further comprising a ratchet mechanism for
      allowing rotation of said cylinder in one direction only.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said member is a drum having a disc
      substantially coaxial with said drum and which is secured along its
      periphery to the cylindrical wall of said drum, said rod being secured to
      said disc, said axial bore therein extending into said disc and said disc
      being formed of a material of high thermal conductivity.
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ABST
PAL  An autoclave body is formed with a pressure chamber which has a closable
       ning; to permit rapid replacement of a rupturing membrane, the body is
      formed with a slot, channel, or notch, in which a strip of membrane
      material can be inserted, to be secured against the opening of the chamber
      by a quick-release movable pressure head, so that, upon rupturing of the
      membrane facing the pressure head, a new element of membrane material can
      be quickly placed over the opening of the chamber. The movable pressure
      head is hollow, with a cylinder opening facing the pressure head opposite
      the membrane side which closes the opening, and a piston is located in the
      hollow of the pressure head, to permit application of a vacuum to the side
      of the membrane not facing the opening of the pressure fluid chamber. The
      measuring cells are located diametrically opposite from each other, at an
      inclination with respect to the axis of the cell, so that the axes of the
      measuring elements face upwardly, to avoid entrapment of air bubbles at
      the faces thereof. At least a portion of the entire cell is formed with an
      internal chamber through which a thermostatically controlled temperature
      control fluid is circulated to maintain the cell at an event temperature.
PARN
PAR  Cross reference to related patent: U.S. Pat. No. 3,720,094, assigned to the
      assignee of the present invention.
BSUM
PAR  The present invention relates to an apparatus for measure relaxation
      pressure jumps, and more particularly to an autoclave apparatus in which
      sequential measurements can be carried out accurately and rapidly.
PAR  Autoclaves to make pressure jump relaxation measurements have previously
      been proposed - see U.S. Pat. No. 3,720,094, by the inventor hereof and
      assigned to the assignee of the present application, and references
      referred to in this prior patent. The accuracy of such measurements can be
      substantially increased, if sequential measuring tests can be carried out
      with one sample, and the results are then averaged. This, however,
      presupposes that the various separate measurements can be carried out
      rapidly and can be evaluated quickly. Rapid evaluation of measuring or
      test results is possible by means of modern electronic data processing
      devices, operating in real time. Such an electronic evaluation apparatus
      is described in co-pending application Ser. 451,229, assigned to the
      assignee of the present application. Autoclaves, and the associated
      devices which actually measure the pressure jumps were, however,
      exceedingly slow with respect to the data processing capabilities of
      electronic computers.
PAR  It is an object of the present invention to provide a device for pressure
      jump relaxation measurement which permits repetitive, rapidly sequenced
      tests or measurements with respect to the same sample, which permits rapid
      exchange of samples, and which, further, provides accurate results.
PAR  Subject matter of the present invention:
PAR  Briefly, an autoclave body is provided which is formed with a channel in
      which a membrane to be ruptured can be inserted in form of a strip or
      tape, so that, repetitively, the rupturing membrane can be easily replaced
      upon each pressure jump relaxation test, by merely pulling the strip or
      tape through the channel and across the test or measuring chamber.
PAR  In accordance with a feature of the invention, the tape or strip of
      membrane material is clamped in a pressure head. The tape or strip is
      clamped to a sealing ring closing off the measuring chamber by means of a
      rapidly releasable, preferably rotatable hand-wheel, so that a new
      membrane element can pulled across the measuring chamber, after rupturing
      of the membrane during a preceding test, by turning the hand-wheel, thus
      releasing the tape, pulling the tape, and re-tightening the hand-wheel to
      seal the tape across the test chamber. Thus, sequential measurements can
      be rapidly effected, each time with a new membrane element which is
      closely analogous to that of a preceding membrane element, all being
      formed on the same membrane tape, or strip.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a simplified, schematic axial cross-sectional view through an
      autoclave chamber structure, in accordance with the present invention;
PAR  FIG. 2 is a view similar to FIG. 1, but rotated 90.degree. with respect
      thereto;
PAR  FIG. 3 is a transverse cross-sectional view taken along an undulating
      section, as defined by the section lines III--III in FIGS. 1 and 2;
PAR  FIG. 4 is a schematic longitudinal sectional view, to an enlarged scale, of
      a measuring cell; and
PAR  FIG. 5 is a highly schematic fragmentary circuit and test arrangement
      diagram for pressure jump relaxation measurements, in which the apparatus
      of FIGS. 1-4 is included.
DETD
PAR  The autoclave unit 10 (FIGS. 1-3) essentially includes a
      pressure-resistant, mechanically strong autoclave body 12 which is shaped
      to provide a pressure chamber 14, closed off by a membrane 16 which may
      rupture. The membrane 16 closes off opening 18, of the pressure or
      rupturing chamber. The rupturing membrane 16 is formed as a strip, or
      tape, which is moved across opening 18, in sectional strips, from left to
      right (FIG. 1) where, at the left side, membrane strip 16' is shown as a
      whole, solid tape or strip, whereas at the right side, after use, the
      ruptured zones 16" are visible. The membrane strip 16 is brought across
      opening 18 manually, for example by pulling the strip across opening 18,
      after release from tight engagement.
PAR  The body 12 of the autoclave has two diametrically oppositely located,
      radially extending threaded bores 20, 22 (FIG. 2) in which transducers 24,
      28 are located. Transducer 24 is a pressure transducer having a piezo
      sensing element 26, for example a barium titanate element at its sensing
      head. The temperature transducer 28 may, for example, include a thermistor
      30, that is, a negative temperature coefficient (NTC) resistor.
      Transducers 24, 28 are tightly screwed into the body structure 12 of the
      autoclave. The temperature sensor 28 is formed with a pressure channel 34,
      sealed by a sealing ring 32 (FIG. 2) to body 12. The channel or duct 34 is
      connected to a duct 36', formed in the body 12, which is in connection
      with a cylinder 36 formed in the body; and, further, connects to a duct 40
      leading to the pressure chamber 14. A felt plug 38 is located in the duct
      36' intermediate the duct or channel 34 and the cylinder 36. Felt plug 38
      has the function of a check valve, which is customary in this position in
      piston pumps; additionally, the felt plug permits equalization of the
      pressure which arises upon closing of the measuring chamber 14 by
      withdrawal of the piston of the pump. It is necessary to equalize, that
      is, to null the pressure to permit accurate balancing of an electrical
      measuring bridge in advance of making test measurements. A bore 42
      branches off from duct 36' in the region between the felt plug 38 and the
      cylinder 36. Bore 42 is enlarged to retain a check valve element 44. Bore
      43 leads to a pressure medium refill connection 46, which is connected to
      a suitable pressure medium source. Water is a suitable pressure medium.
PAR  A piston 48 tightly fits into cylinder 36. It can be moved by a manually
      operable lever, hydraulically or pneumatically. The portion of the body 12
      of the autoclave 10 additionally is so shaped to form a ring-shaped
      chamber 50 (FIGS. 1, 2) which is additionally formed with fluid inlet and
      outlet stubs 52, 54, adapted for connection to a suitable temperature
      maintaining fluid, so that the temperature of the autoclave body may be
      maintained at a fixed, suitably selected level, by circulating a fluid
      medium kept at a controlled temperature through chamber 50. Thus, the
      entire autoclave body can be maintained at an essentially constant
      temperature during a sequence of test measurements.
PAR  Referring now to FIGS. 1 and 3, two diametrically located bores 56, 58 are
      formed in the body 12, offset 90.degree.with respect to bores 20, 22
      (FIGS. 1, 3). Transducers 60, forming measuring cells, are tightly screwed
      into bores 56, 58. The bores 56, 58 are inclined with respect to a
      transverse plane across the autoclave body; the angle of inclination may
      be small, that is, about 10.degree., although the angle may be
      substantially more, for example 45.degree.; the bores may, also, extend
      perpendicularly, for example as shown in the aforementioned
      cross-referenced Pat. No. 3,720,094, or offset 90.degree. with respect to
      the axis of the chamber. Preferably, the direction of inclination is so
      selected that the axes through bores 56, 58 form an apex directed towards
      the opening 18 of chamber 14. This arrangement prevents the formation of
      air bubbles at the inwardly facing ends of the measuring cells 60.
PAR  The opening 18 at the terminal end of chamber 14 ends in a ridge; a ring
      groove 62 is formed around the ridge, in which a sealing ring 62' is
      located. Sealing ring 62' is provided to form a tight seal with respect to
      the strip, or tape membrane 16. To permit insertion and pulling through of
      the membrane, the autoclave body is formed with a notch at its upper end,
      the facing wall 65 of which is visible in FIG. 1. The membrane strip 16
      can be inserted from above into the notch, and pulled across opening 18. A
      pressure head in forms of a clamping element 64 can be clamped downwardly
      (FIGS. 1, 2) against the membrane strip 16, to seal the membrane strip 16
      against the sealing ring 62' (which may be an O ring). The pressure head,
      or clamping element 64 forms a sealing body which is tubular. It is formed
      at its lower end with a pair of projecting ridges 66 (FIG. 2) which permit
      insertion thereof into the body 12 of the autoclave and, by giving a
      twist, locking the pressure head 64 in the form of a bayonet connection in
      the autoclave body, simultaneously pressing the pressure head 64 against
      the membrane strip 16 and hence sealing the membrane strip 16 across the
      opening 18 of chamber 14. The engagement of the projections 66 with a
      matching projection formed on the body 12 (see FIG. 2) may be slightly
      spiralled, or thread-shaped with an inclination, to provide for tight
      engagement pressure, and still permitting quick release. The ring-shaped
      pressure duct 34 in the transducer element 28 (FIG. 2) is further
      connected to a pressure gauge 37 by means of a connecting duct 35.
PAR  The pressure head 64 can be lifted, inserted, and rotated by handling a
      manually operable hand-wheel 68, secured thereto at its outer end by a
      suitable connection, for example by an interference fit and spot-welding.
PAR  The pressure head 64 is, further, shaped to form a vacuum pump, in order to
      permit application of vacuum to the side of the membrane opposite that of
      the pressure chamber 14. The vacuum pump is formed by a piston unit 70,
      manually operated by a plunger head 70a and formed, at the other end, with
      a sealing head 70b, sealed against the inner wall of the pressure head 64.
      This simple piston pump, in which the piston can preferably locked in
      pulled-out position by a simple twist, permits generation of a pressure in
      the pressure head 64 of about 5 Torr. This effectively suppresses acoustic
      noise interference and disturbance during testing for pressure jumps. The
      volume of the pressure chamber is very small, which further improves the
      noise and disturbance level in the measurements. The pressure chamber 14,
      terminating adjacent the opening 18, prevents the formation of tiny air
      bubbles so that if water is used as a pressure means, the water will not
      flow past the measuring cells. It is practically impossible to completely
      exclude air, and bubbles from water, even if extensive precautions are
      taken that such air bubbles do not reach the measuring region, zone, or
      chamber. Water has an advantage with respect to other fluids, such as
      Xylol when used as a pressure medium, since it is much less compressible
      than Xylol, or other materials.
PAR  The construction of the measuring cells themselves is illustrated in detail
      in FIG. 4. Each cell unit, basically, has a metal body, typically brass,
      which is threaded at its outer circumference. The brass body is
      sleeve-like and formed with a central bore. The inner end of the bore is
      relieved, in which a cup-shaped insert 74 is included, formed of plastic,
      to provide electrical isolation, a sealing element, and a shock absorbing
      and protective bushing. A cup-shaped glass element 76 is inserted in the
      cup-shaped plastic insert 74. Two platinum electrodes 78 extend into the
      glass cup 76, being melted through the body of the glass cup. One
      electrode is connected by means of an inclined slanting stub to the brass
      body 72; the other electrode is connected by means of a central conductor
      80 to the inner terminal of a conventional coaxial terminal 82, the outer
      terminal of which connects with the brass body 72. The cup-shaped plastic
      insert 74 is formed with an outer thread, on which a coupling nut 84 is
      screwed which, together with a plastic disk 86, closing off the measuring
      chamber formed by the glass cup 76. The free or outer end 72 a of the
      brass body 72 preferably is formed with a hexagonal circumference so that
      it can be readily handled and screwed into the body 12, and tightened by
      means of a fitting wrench, and then permitting ready removal, or
      replacement. The autoclave body 12 preferably is of circular, or square
      cross section, preferably made of bronze, and is covered with a coating of
      a plastic such as PVC, about 5 mm thick, and forming a thermal insulation.
      The temperature gradients thus arising in the autoclave body 12 may be
      neglected. The pressure pump is also thermostatically controlled, and thus
      the temperature does not change in the pressure chamber, and adjacent the
      pressure chamber when water is pumped into the pressure chamber.
PAR  FIG. 5 illustrates the autoclave chamber in a complete pressure jump
      relaxation measuring system. The autoclave unit 10 is illustrated only
      schematically. Connections 80 from the measuring cells (FIGS. 1, 3, 4) are
      connected to a bridge 88 of essentially conventional construction,
      supplied from an a-c source 90. The bridge includes a pair of balancing
      capacitors 94, and a balancing resistor 92. The output terminal of the
      bridge 88 is connected over an amplifier 95 to the input of an
      analog-digital (A/D) converter 96, and also to an oscilloscope 98. The
      output signal of the A/D converter 96 is applied by means of a suitable
      cable to a data processing device 100. The pressure sensing transducer 26,
      shown as a barium titanate unit, provides a pulse signal, when a pressure
      jump is sensed, which connects to the trigger input of the oscilloscope 98
      and also triggers the A/D converter 96 to commence operation. The NTC
      resistor 30 is connected to a conventional temperature bridge 102, in
      which an indicator 104 is provided to measure the temperature in the
      pressure chamber.
PAR  Various changes and modifications may be made within the scope of the
      inventive concept, and various features described in connection with the
      present invention may be used independently in a relaxation measuring
      system. Thus, the strip or tape-shaped rupturing membrane, the arrangement
      of the pressure pump in the autoclave body in combination with its
      temperature stabilization, and the shape and construction of the pressure
      head to form, simultaneously, a pump to provide a vacuum, may be used
      independently or separately from each other in such instruments. The
      combination of all these features permits rapid sequential pressure jump
      relaxation measurements which are essentially free of interference,
      disturbance or noise signals. The membrane, which may be of polyethylene,
      need not be in strip form, but may be any type of sheet material, e.g. a
      disk, or a ring, inserted over opening 18 in a suitably shaped slot or
      body 12.
CLMS
STM  We claim:
NUM  1.
PAR  1. Pressure jump relaxation measurement apparatus comprising
PA1  an autoclave body forming a pressure chamber having a closable opening;
PA1  a rupturable membrane closing said opening;
PA1  two electrical measuring cells facing said pressure chamber, and means
      connecting said cells to an electrical output;
PA1  the improvement wherein
PA1  the body is formed with a notch, or channel, leading from an outside
      surface of said body to the opening of the chamber and continuing to an
      opposite outside surface of said body;
PA1  the membrane comprises a continuous sheet of membrane material fitting into
      said notch, or channel, to permit, selectively, placing of a zone of said
      material over the opening to close off the chamber and replace the zone of
      material of the membrane, after rupture thereof in use of the apparatus
      with a fresh, unruptured zone of material;
PA1  and a pressure head is movably secured in the body to be movable towards
      the membrane sheet at the side remote from the side of the membrane facing
      the opening to press a zone of membrane material against the opening in
      the chamber and seal the membrane material thereagainst, thus closing the
      chamber.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein the movable pressure head and
      the autoclave body are formed with mutually engageable quick coupling
      means to permit quick release of the pressure head from engagement with
      the zone of membrane material, and permit movement of the sheet membrane
      to place a fresh zone of membrane material over said opening, and rapid
      re-sealing of said opening.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein the pressure head is hollow and
      formed as a cylinder in fluid communication with the terminal end of the
      pressure head facing the membrane material;
PA1  and piston means located in said cylinder to apply a pressure differential
      with respect to ambient air pressure against the side of the membrane
      material opposite that facing the pressure chamber.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein chamber is shaped to define an
      axis perpendicular to the plane of the sheet of membrane material and
PA1  the measuring cells are located in the body to face said chamber and
      aligned to form an angle of between 90.degree.and 135.degree.with respect
      to the axis of the chamber.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein said angle is about 100.degree..
NUM  6.
PAR  6. Apparatus according to claim 1, wherein the body is formed with threaded
      bores and said measuring cells are secured into the bores and form with
      the body a pressure-tight, air-tight unit, the cells being located with
      respect to each other at an angle of between 135.degree.to 170.degree.,
      facing upwardly, whereby the axes of the bores will form an apex at their
      intersection, said apex being located approximately centrally of the
      chamber.
NUM  7.
PAR  7. Apparatus according to claim 1, wherein the body is formed with a
      cylindrical bore forming a cylinder, and a piston is located in the
      cylinder, the bore forming the cylinder being in fluid communication with
      said chamber.
NUM  8.
PAR  8. Apparatus according to claim 1, wherein the body is elongated and one
      portion thereof is formed with a cylindrical bore forming a cylinder and a
      piston is located in the cylinder, the bore forming the cylinder being in
      fluid communication with said chamber;
PA1  means defined a heat-stabilizing chamber surrounding said portion of the
      body which includes the cylinder;
PA1  and means conducting a temperature controlled fluid through said
      heat-stabilizing chamber.
NUM  9.
PAR  9. Apparatus according to claim 1, further comprising a pressure pump means
      and suction pump means and duct means (36') connecting both said pump
      means in fluid communication with said chamber (14);
PA1  a check valve (44) connected to one of said pump means, and a felt plug
      (38) of limited porosity located in said duct means (36') to permit
      passage of a limited amount of fluid thereto and permit gradual
      equalization of pressure between the chamber and said pump means.
NUM  10.
PAR  10. Apparatus according to claim 1, wherein the notch, or channel,
      comprises a slot formed in the body extending from one side surface, past
      the opening of the chamber, to another
PA1  side surface of the body, and the membrane material comprises an elongated
      strip of membrane material, insertable in said slot and movable
      longitudinally therethrough, to place, selectively, sequentially located
      zones of fresh membrane material across said opening.
NUM  11.
PAR  11. Pressure jump relaxation measuring apparatus comprising
PA1  an autoclave body (12) forming a pressure chamber (14) having a closable
      opening (18);
PA1  a rupturable membrane (16) closing the opening;
PA1  two electrical measuring cells (60) facing the pressure chamber (14) and
      means connecting said cells to an electrical output;
PA1  wherein the measuring cells are located in the body (12) facing said
      chamber at a relative alignment with respect to the membrane to form an
      angle between 90.degree. and 135.degree. with respect to a plane
      transverse to the membrane closing said opening.
NUM  12.
PAR  12. Apparatus according to claim 11, wherein the angle is approximately
      100.degree..
NUM  13.
PAR  13. Pressure jump relaxation measuring apparatus comprising
PA1  an autoclave body (12) forming a pressure chamber (14) having a closable
      opening (18);
PA1  a rupturable membrane (16) closing the opening;
PA1  two electrical measuring cells (60) facing the pressure chamber (14) and
      means connecting said cells to an electrical output;
PA1  the improvement comprising a movable pressure head (64) movable towards the
      membrane at the side remote from the side thereof facing the opening (18)
      to press the membrane against the opening, said movable head being hollow
      and formed as a cylinder, in fluid communication with the terminal end of
      the pressure head facing the membrane;
PA1  and piston means located in said cylinder to apply a pressure differential
      with respect to ambient air at the side of said membrane opposite that
      facing the pressure chamber (14).
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ABST
PAL  A cigarette testing device comprises a conveyor drum which is arranged to
      carry cigarettes sideways through a testing station, and which includes a
      pair of axially spaced sets of sprocket teeth, the cigarettes being
      carried in the recesses between the teeth; a suction or pressure chamber
      which is mounted adjacent to the conveyor drum and is arranged to
      communicate with spaces formed between the two sets of sprocket teeth, so
      that at least part of each cigarette is surrounded by predetermined
      suction or pressure during testing; a second pair of rotating axially
      spaced sets of sprocket teeth which overlap with the first pair of
      sprocket teeth so that the cooperating sprocket teeth together form two
      axially spaced seals around each cigarette restricting communication
      between the chamber and atmosphere; and a device for sending the air flow
      through the wrapper of each cigarette produced by the suction or pressure
      in the chamber.
BSUM
PAR  This invention is concerned with testing the wrappers of finished
      cigarettes, especially filtertipped cigarettes. In this context the term
      "filter" is intended to include any mouthpiece which may be attached to a
      cigarette, for example by means of a "cork" strip which is wrapped around
      the filter and overlaps on to one end of the cigarette.
PAR  According to a first aspect of this invention a cigarette testing device
      comprises a conveyor drum which is arranged to carry cigarettes sideways
      through a testing station, and which includes a pair of axially spaced
      sets of sprocket teeth, the cigarettes being carried in the recesses
      between the teeth; a suction or pressure chamber which is mounted adjacent
      to the conveyor drum and is arranged to communicate with spaces formed
      between the two sets of sprocket teeth, so that at least part of each
      cigarette is surrounded by predetermined suction or pressure during
      testing; a second pair of rotating axially spaced sets of sprocket teeth
      which overlap with the first pair of sprocket teeth so that the
      cooperating sprocket teeth together form two axially spaced seals around
      each cigarette restricting communication between the chamber and
      atmosphere; and a device for sensing the air flow through the wrapper of
      each cigarette produced by the suction or pressure in the chamber.
PAR  A second aspect of this invention is concerned with testing filter-tipped
      cigarettes which are made by joining pairs of tobacco-filled portions to
      opposite ends of double-filter portions, thus forming a row of
      double-length cigarettes which are then cut through the middle to form two
      rows of individual cigarettes which are fed on to a conveyor which is in
      two parts carrying respectively the two rows, the two parts of the
      conveyor having different speeds whereby the cigarettes of the two rows
      are staggered relatively to one another. The staggered rows are then
      received by a testing conveyor and are fed past a common sensing device
      which responds alternately to leakage flows through the cigarettes of the
      two rows. The sensing device may, for example, be a transducer which
      responds to a positive or negative pressure signal generated during
      testing. Testing is preferably carried out while the cigarettes are on a
      testing drum having a central flange with blind axial bores into which the
      filter ends of the cigarettes are pushed from opposite sides of the
      flange.
PAR  According to a third aspect of this invention, a cigarette testing device
      includes a test drum which carries cigarettes successively through a
      testing station at which one end of each cigarette (preferably the filter
      end in the case of filter-tipped cigarettes) projects into a close-fitting
      bore in a flange to which a sensing device is connected, suction or
      pressure being supplied to a chamber around the cigarette which is formed
      partly by fixed walls and partly by substantially involute-shaped sprocket
      teeth formed on the drum and on a member rotating about an axis parallel
      to the drum, the teeth being arranged to form seals around the cigarette
      to restrict communication between the atmosphere and the chamber around
      the cigarette.
PAR  Preferably the chamber around the cigarette extends along only a short
      portion of the cigarette in the region of the joint between the filter and
      the tobacco-filled portion of the cigarette, so as to provide the maximum
      efficiency at detecting any leaks in the joint. Alternatively, however,
      the chamber may extend along a greater portion of the length of the
      cigarette, and possibly along substantially the whole length of the
      cigarette.
PAR  The bore into which the end of the cigarette is pushed preferably has a
      predetermined clearance around the cigarette in order to provide a
      predetermined leakage path to atmosphere from a space at the end of the
      cigarette to which the transducer or other sensing device is connected;
      thus damage to the end of the cigarette is avoided, while any slight
      variations in the diameter of the cigarette end, resulting in variations
      in the leakage flow, can be tolerated since that variable leakage flow is
      swamped by the larger predetermined flow provided by the clearance around
      the cigarette end.
PAR  During testing, the end of the cigarette remote from the flange is
      preferably closed, for example by means of a member (possibly a flexible
      finger according to the fourth aspect of this invention) which pushes the
      cigarette into the bore in the flange. The cigarette may be blown out of
      the bore after testing by means of compressed air admitted to the space in
      the bore at the end of the cigarette.
PAR  According to a fourth aspect of this invention, a cigarette testing device
      includes a conveyor for carrying the cigarettes during testing having a
      part formed with bores into which at least end portions of the cigarettes
      are pushed for the purpose of the test operation, the cigarettes being
      pushed into the bores by flexible fingers extending substantially radially
      from a flexible disc. A roller or other device acts on the disc to deflect
      the fingers when necessary. Preferably the disc is positioned so that the
      ends of the fingers press resiliently on the cigarettes during testing,
      and the disc is deflected by the roller or other device to move the
      fingers away from the cigarettes when the cigarettes are being placed on
      the conveyor or removed from the conveyor.
DRWD
PAR  An example of a cigarette inspection device embodying all the aspects of
      this invention is shown in the accompanying drawings. In these drawings:-
PAR  FIG. 1 is an overall side view of the inspection device;
PAR  FIG. 2 is an enlarged view of part of the device shown by the arrow II;
PAR  FIG. 2A shows part of FIG. 2 in a simplified form omitting parts of the
      apparatus for the sake of clarity;
PAR  FIG. 3 is an enlarged section on the line III--III in FIG. 1,
PAR  FIG. 4 is an enlarged section on the line IV-IV in FIG. 1;
PAR  FIG. 5 is a fragmentary perspective view sectioned through the line
      III--III in FIG. 2;
PAR  FIG. 6 is a fragmentary view showing one of the fingers and a roller
      controlling its movement; and
PAR  FIG. 7 is an enlargement of part of FIG. 1, showing the region of the
      cigarette filter.
DETD
PAR  As shown in FIG. 1, a drum 2 carries double length cigarettes 4 towards a
      further drum 6. The double length cigarettes are cut through the middle
      while on the drum 2, in a known manner, and are then spaced apart by a
      plough 7; the two rows of cigarettes are then transferred to the drum 6,
      which is in two parts carrying respectively the two rows of cigarettes.
      The two parts of the drum 6 move at different speeds and have flutes at
      slightly differing pitches so that the rows of cigarettes are staggered
      evenly (i.e. by a half pitch) by the time they reach a position at which
      they are transferred to a testing drum 8. On the testing drum 8 the
      cigarettes are tested by means of suction applied through a pipe 10 in a
      manner which will be presently described. The cigarettes are then
      transferred to a further drum 12. The cigarettes of one of the rows may
      then, for example, be turned round so that the two rows can be merged to
      form a combined row with the filters all at the same end.
PAR  FIG. 3 shows a cigarette 14 of one of the rows at the testing station. It
      also shows a cigarette 16 of the other row which is half a pitch removed
      from the testing station. The test carried out on each of the two rows of
      cigarettes while on the testing drum is identical, the two halves of the
      testing drum being mirror images of one another. Therefore the testing
      operation will only be described in relation to one of the rows of
      cigarettes (i.e. the cigarettes 14).
PAR  Soon after arriving on the testing drum 8, each cigarette is displaced
      axially by a flexible finger 18 so that its filter end enters a precisely
      defined blind cylindrical bore 20A in a central flange 20, the bore
      extending axially halfway through the flange. It will be appreciated that
      the bores in the flange for receiving the cigarettes of the two rows are
      staggered so as not to interfere with one another. Each blind bore is
      formed by boring a hole right through the flange, and closing one end by
      means of a plug 20B which is force fit in the bore. The plug has a central
      projection 20C to abut the end of the filter of the cigarette. This is
      shown most clearly in FIG. 7.
PAR  Before being pushed into the bore 20A, the cigarette is held in alignment
      with the bore since it is received in a semi-cylindrical flute 22A formed
      in the periphery of a flange 22, and is also located at the bottom of a
      recess between two involute-shaped sprocket teeth 24A on a flange 24. The
      three flanges 20, 22 and 24 all rotate together on a shaft 26.
PAR  Before and after testing, the cigarette is held on the testing drum by
      suction applied through a passage 22B in the flange 22 from a manifold 28A
      in a fixed member 28 via a mouth 22C. The member 28 may, for example, be
      of carbon-filled resin. Suction Ceases to be applied to the cigarette
      while it is in the region of the testing station; this is achieved by the
      stepped narrowing of the manifold 28A (FIG. 2), from the position 28B to
      the position 28C, so that the manifold 28A does not communicate with mouth
      22C of each passage 22B. It will be seen that before the position 28B and
      after the position 28C, the manifold 28A communicates with the passage
      mouths 22C.
PAR  The testing operation is achieved by supplying suction to a chamber 30
      extending around the cigarette in the region of the joint between the
      filter and the tobacco-filled part of the cigarette. This chamber 30 is
      defined partly by fixed parallel walls 32 and 34, partly by a peripheral
      wall 36, and partly by the sprocket teeth 24A on the flange 24.
      Furthermore at the actual testing station, seals are formed around the
      cigarettes by cooperation between the sprocket teeth 24A and similar
      involute-shaped sprocket teeth on sprockets 38 and 39 which are driven by
      a shaft 40 having its axis parallel to the axis of the testing drum. FIG.
      5 and FIG. 2A show how the sprocket teeth overlap to define the desired
      seals around the cigarette. The shapes of the teeth on the sprockets 38
      are shown most clearly in FIG. 2A. It should be understood that the
      rounded bottom portions of the cooperating sprocket teeth form
      approximately complete circles around the cigarette with slight clearance
      to ensure that the cigarette is not damaged.
PAR  It should be noted (see particularly FIG. 7) that the suction chamber 30
      extends not only around the edge 14A of the "cork", but also around the
      edge 14B (inside the "cork") of the wrapper of the tobacco filled part of
      the cigarette. Preferably the suction chamber extends axially beyond the
      edges 14A and 14B by about 1 to 1.5mm.
PAR  The presence of a leak in the joint between the filter and the cigarette is
      detected by a transducer 41 (shown diagrammatically in FIG. 5) connected
      to a pad 42 having a circumferentially extending groove 42A to which the
      transducer is connected via a passageway 42B. A radial passageway 44
      extends from the bottom end of each bore 20A (for each row of cigarettes)
      and communicates with the groove 42A in the pad through an arc of rotation
      of the testing drum extending from just upstream of the testing station
      (at which a pressure signal is obtained by the transducer) to just
      downstream of the testing station. The groove 42A is just short enough
      (measured circumferentially) not to communicate with two passageways 44 at
      a time.
PAR  FIG. 4 shows how the pipe 10 transmits suction to extensions of the spaces
      30 formed between the walls 32 and 34. The pipe has slots 10A through
      which the interior of the pipe communicates with the spaces 30. In the
      region of the shaft 40 (see FIG. 3) a fixed annular member 46 is secured
      to the walls 32 and 34, and a sleeve 48 which is integral with or secured
      to the sprocket 39 runs within the annular member 46, being secured to the
      shaft 40. A boss 38A on the sprocket 38 is secured to the sleeve 48 so
      that the shaft 40 drives the two sprockets 38 and 39.
PAR  The cigarettes are placed on the testing drum 8 with their tobacco ends at
      the position shown in FIG. 6. At this stage each finger 18 is held away
      from the cigarette by a roller 50 which is free to rotate about the axis
      of a screw 52 by which the roller is secured to an axially adjustable
      slider 53 on a fixed annular member 54. Each finger comprises two finger
      portions 18A and 18B which extend radially from two discs 56A and 56B, the
      fingers being integral with the discs; the roller 50 bears on the adjacent
      disc 56B near its periphery, the outer ends of the finger portions 18A and
      18B being separated by a stud 58. A convex-faced end piece 60 is pivotally
      connected to each stud 58 so that the convex face of the end piece 60 can
      bear evenly on the adjacent end of the cigarette.
PAR  It is important to note that the roller 50 bears on the disc, instead of on
      the fingers. Thus the whole disc is deflected in the region of the roller,
      carrying with it the fingers in the region of the roller.
PAR  After moving past the roller 50, each finger is allowed to move towards the
      cigarette and to push the corresponding cigarette so that the filter end
      enters the corresponding bore 20A in the central flange 20. During
      testing, the finger remains slightly bowed (see FIG. 3) so as to press
      lightly on the cigarette; thus the end piece 60 substantially closes the
      tobacco end of the cigarette. This closing of the tobacco end is desirable
      but not absolutely essential.
PAR  The discs 56A and 56B are held on the shaft 26 by a sleeve 61 which has an
      internal spline engaging the shaft (and allowing axial movement relative
      to the shaft) and an external spline engaging the discs. A spacer ring 62
      between the discs holds the discs apart. The sleeve is held on the shaft
      by a nut 63. A ball bearing 64 is located between the sleeve 61 and the
      surrounding fixed member 54.
PAR  As shown particularly in FIG. 6, the member 28 has an internal thread 28B
      by which it is screwed over the threaded periphery 54A of the member 54.
      The members 28 and 54 are held against rotation by a radial stay 65 which
      is secured to the member 28 by a screw 66 and projects into an axial
      groove in the member 54. Near its outer end the stay 65 has a bore
      engaging slidably on a fixed rod 67 parallel to the shaft 26.
PAR  The stay and rod 67 are shown in broken outline in FIG. 6 since they are in
      fact located below the testing drum 8; i.e. in the region where there are
      no cigarettes.
PAR  The member 22 for supporting the cigarettes is adjustable as to its axial
      position so that it can always be set at about the middle of the
      cigarettes. For this purpose, when the cigarette length is changed, an
      annular spacer 68 between the member 22 and the member 24 is replaced by a
      spacer of a suitably different length. The members 22, 24 and 68 are
      releasably secured to the flange 20, together with a further spacer 69, by
      a number of bolts 70. The flange 20 is held against rotation relative to
      the shaft by a key 26A.
PAR  When the member 22 is moved axially to deal with a different cigarette
      length, the position of the member 28 is correspondingly adjusted in the
      following manner. The screw 66 holding the stay is removed. Then the stay
      65 is slid axially off the rod 67, and the member 54 is rotated relative
      to the member 28 by a half revolution, or by a multiple thereof, so that
      the member 28 moves axially in the required direction, the nut 63 having
      been previously loosened if necessary. Finally the stay 65 is replaced and
      secured by the screw 66.
PAR  It will be understood that the roller 50 is mounted in a recess in the
      member 54. It is adjustable in the following manner. The member 53 on
      which the roller is mounted engages in, and is movable axially along, a
      T-sectioned recess in the member 54. The limit of movement of the member
      53 to the right is determined by a screw 71 of which the lower half is in
      threaded engagement with the member 54 while the screw is constrained
      against upward movement by engagement with a smooth semi-cylindrical
      recess in the member 53. The inner end of the screw abuts the end of the
      recess. Thus the position of the roller can be adjusted to vary the amount
      by which the fingers are deflected.
PAR  After testing, each cigarette is blown out of the bore 20A by compressed
      air supplied through the radial passageway 44 from a compressed air
      manifold 72. The further transfer drum 12 is formed in two axially spaced
      parts so that the compressed air manifold 72 can extend between the two
      parts all the way up to the transfer point. As each cigarette approaches
      the transfer point, its cooperating finger is deflected away from the
      cigarette by a second roller 74 which is arranged and acts similarly to
      the roller 50. The roller 74 is diagonally opposite to the roller 50.
PAR  A predetermined leakage to atmosphere from the passage 44 is provided by
      clearance between the cigarette and the surrounding wall of the bore 20A;
      for example, the diameter of the bore 20A may exceed that of the adjacent
      end of the cigarette by 4 to 6 thousandths of an inch or even slightly
      more. The clearance furthermore facilitates the entry of the cigarette
      into the bore. When larger or smaller diameter cigarettes are required to
      be tested, the flange 20 can be replaced by a flange with bores of
      different diameter. For this purpose, the nut 63 is removed completely
      from the shaft 26, thus allowing all the parts to the left of the flange
      20 to be removed, after which the flange itself can be removed.
PAR  The assembly including the pipe 10 and the shaft 40 is secured to a member
      76.
PAR  Various modifications of the illustrated arrangement are possible. Instead
      of the suction chamber being formed only in the region of the joint
      between the tobacco portion and the filter portion of each cigarette, it
      may extend further (and possibly all the way) along the tobacco portion of
      the cigarette. Furthermore, instead of suction being applied to the space
      30, compressed air may be used; this applies regardless of the axial
      extent of the space 30.
PAR  Instead of each finger 18 comprising two portions 18A and 18B extending
      radially from separate discs, a single disc with radial fingers may used.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cigarette testing device comprising a conveyor drum which is arranged
      to carry cigarettes sideways through a testing station, and which includes
      a portion formed with circumferentially spaced flutes, each terminated at
      opposite ends by sprocket-like teeth, the cigarettes being carried in the
      recesses between the teeth, said recesses having semi-circular bottom
      portions for closely fitting half-way around a cigarette circumference and
      having a depth at least equal to a cigarette diameter whereby each
      cigarette during testing lies entirely within the cooperating recesses;
      stationery means mounted closely adjacent to the said portion of the
      conveyor drum and defining with the flutes a suction or pressure chamber,
      so that at least part of each cigarette is surrounded by pre-determined
      suction or pressure during testing; a rotary member adjacent to the drum
      and formed with axially spaced sets of sprocket teeth which are axially
      slightly off-set from and over lap with the sprocket-like teeth on the
      drum so that the cooperating teeth together form two axially spaced seals
      around each cigarette restricting communication between the chamber and
      atmosphere; and a device for sensing the air-flow through the wrapper of
      each cigarette produced by the suction or pressure in the chamber.
NUM  2.
PAR  2. A cigarette testing device according to claim 1 for testing
      filter-tipped cigarettes, in which the suction or pressure chamber
      provides suction or pressure, during testing, only in the region of the
      joint between the filter and the tobacco-filled part of the cigarette.
NUM  3.
PAR  3. A cigarette testing device according to claim 1 for testing
      filter-tipped cigarettes, in which the drum includes a flange having axial
      bores into which the filter ends of the cigarettes are pressed prior to
      testing, and in which the sensing device is arranged to detect the
      pressure at the bottom of the axial bore adjacent to the end face of the
      filter.
NUM  4.
PAR  4. A cigarette testing device according to claim 3 in which there is a
      predetermined leakage path to atmosphere between the wall of each bore and
      the portion of the cigarette contained in it during testing.
NUM  5.
PAR  5. A cigarette testing device according to claim 3 in which the tobacco end
      of the cigarette is substantially closed during testing.
NUM  6.
PAR  6. A cigarette testing device according to claim 5 in which the tobacco end
      is closed by a part of a member which is arranged to press the filter end
      of the cigarette into the corresponding bore prior to testing.
NUM  7.
PAR  7. A cigarette testing device, for testing filter-tipped cigarettes,
      comprising a conveyor drum which is arranged to carry cigarettes sideways
      through a testing station, and which includes a pair of axially spaced
      sets of sprocket teeth, the cigarettes being carried in the recesses
      between the teeth; a suction or pressure chamber which is mounted adjacent
      to the conveyor drum and is arranged to communicate with spaces formed
      between the two sets of sprocket teeth, so that at least part of each
      cigarette is surrounded by predetermined suction or pressure during
      testing; a second pair of rotating axially spaced sets of sprocket teeth
      which overlap with the first pair of sprocket teeth so that the
      cooperating sprocket teeth together form two axially spaced seals around
      each cigarette restricting communication between the chamber and
      atmosphere; and a device for sensing the air flow through the wrapper of
      each cigarette produced by the suction or pressure in the chamber; the
      drum including a flange having axial bores into which the filter ends of
      the cigarettes are pressed prior to testing, and the sensing device being
      arranged to detect the pressure at the bottom of the axial bore adjacent
      to the end face of the filter, the tobacco end of the cigarette being
      substantially closed, during testing, by one of a set of resilient
      substantially radial fingers on a member which is arranged to press the
      filter end of the cigarette into the corresponding bore prior to testing.
NUM  8.
PAR  8. A cigarette testing device according to claim 7 in which the fingers are
      connected to and extend radially from a central disc co-axial with the
      drum, and in which the fingers are controlled as to their movement by at
      least one roller or other member which bears against the disc near its
      periphery.
NUM  9.
PAR  9. A cigarette testing device according to claim 3 in which the flange is
      at the middle of the drum, and in which the drum is arranged to receive
      two rows of filter-tipped cigarettes and has two sets of axial bores
      extending into it respectively from opposite sides to receive the filter
      ends of the two rows of cigarettes.
NUM  10.
PAR  10. A cigarette testing device according to claim 9 in which a common
      sensing device is connected alternately to opposite axial bores via
      passages in the flange.
NUM  11.
PAR  11. A cigarette testing device, for testing filter-tipped cigarettes,
      comprising a conveyor drum which is arranged to carry cigarettes sideways
      through a testing station, and which includes a pair of axially spaced
      sets of sprocket teeth, the cigarettes being carried in the recesses
      between the teeth; a suction or pressure chamber which is mounted adjacent
      to the conveyor drum and is arranged to communicate with spaces formed
      between the two sets of sprocket teeth, so that at least part of each
      cigarette is surrounded by predetermined suction or pressure during
      testing; a second pair of rotating axially spaced sets of sprocket teeth
      which overlap with the first pair of sprocket teeth so that the
      cooperating sprocket teeth together form two axially spaced seals around
      each cigarette restricting communication between the chamber and
      atmosphere; and a device for sensing the air flow through the wrapper of
      each cigarette produced by the suction or pressure in the chamber; the
      drum including a flange having axial bores into which the filter ends of
      the cigarettes are pressed prior to testing, and the sensing device being
      arranged to detect the pressure at the bottom of the axial bore adjacent
      to the end face of the filter, the flange being at the middle of the drum
      and the drum being arranged to receive two rows of filter-tipped
      cigarettes and having two sets of axial bores extending into it
      respectively from opposite sides to receive the filter ends of the two
      rows of cigarettes, the two sets of axial bores being staggered relative
      to one another and the two rows of cigarettes being fed onto the drum by a
      transfer drum which comprises two parts which respectively receive the two
      rows of cigarettes, initially unstaggered, and rotate at slightly
      different speeds so as to stagger the two rows before delivering them onto
      the main drum of the testing device.
NUM  12.
PAR  12. A cigarette testing device for testing filter-tipped cigarettes which
      are made by joining pairs of tobacco-filled portions to opposite ends of
      double-filter portions, thus forming a row of double length cigarettes
      which are then cut through the middle to form two rows of individual
      cigarettes, characterised in that the two rows are conveyed on to a
      testing conveyor by a transfer conveyor which comprises two parts which
      respectively receive the two rows of cigarettes and move at slightly
      different speeds so as to stagger the two rows before delivering them onto
      the testing conveyor, which feeds the two staggered rows past a common
      sensing device which responds alternately to leakage flows through the
      cigarettes of the two rows.
NUM  13.
PAR  13. A cigarette testing device including a test drum which carries
      cigarettes successively through a testing station at which one end of each
      cigarette projects into a close-fitting bore in a flange to which a
      sensing device is connected, suction or pressure being supplied to a
      chamber around the cigarette which is formed partly by fixed walls and
      partly by substantially involute-shaped sprocket teeth formed on the drum
      and on a member rotating about an axis parallel to the drum, the teeth
      being arranged to overlap to form seals around the cigarette to restrict
      communication between the atmosphere and the chamber around the cigarette.
NUM  14.
PAR  14. A cigarette testing device including a conveyor for carrying the
      cigarettes during testing having a part formed with bores into which at
      least end portions of the cigarettes are pushed for the purpose of the
      test operation, the cigarettes being pushed into the bores by flexible
      fingers extending substantially radially from a flexible disc.
NUM  15.
PAR  15. A cigarette testing device according to claim 14 in which a roller or
      other device acts on the disc to deflect the fingers when necessary.
NUM  16.
PAR  16. A cigarette testing device according to claim 15 in which the disc is
      positioned so that the ends of the fingers press resiliently on the
      cigarettes during testing, and the disc is deflected by the roller or
      other device to move the fingers away from the cigarettes when the
      cigarettes are being placed on the conveyor or removed from the conveyor.
PATN
WKU  039357295
SRC  5
APN  5446546
APT  1
ART  244
APD  19750127
TTL  Gap filler for rheometer
ISD  19760203
NCL  11
ECL  1
EXA  Roskos; Joseph W.
EXP  Queisser; Richard C.
NDR  1
NFG  3
INVT
NAM  McCarthy; Robert V.
CTY  Columbia
STA  PA
ASSG
NAM  Armstrong Cork Company
CTY  Lancaster
STA  PA
COD  02
CLAS
OCL   73 60
EDF  2
ICL  G01N 1110
FSC   73
FSS  59;60
UREF
PNO  2812656
ISD  19571100
NAM  Merrill
OCL   73 60
ABST
PAL  A coaxial cylinder rheometer having a very small (less than 0.020 inches
      [0.0508 cm]) gap between the concentric cylinders and being capable of
      charging highly viscous (greater than 100,000 poise) and/or thermally
      sensitive materials, e.g., Polyvinyl Chloride, Polyurethane, etc., into
      this gap for testing. The inner cylinder, rotor, comprises a single
      element which can be driven axially and rotationally. The outer cylinder,
      stator, comprises an upper part having a projection-like ring on its lower
      surface and a lower part having a trough-like ring in its upper surface.
      The two parts are fastened together with mating screw threads on each
      part. The material to be tested is deposited in the trough-like ring in
      the lower part and the two parts are screwed together into an operational
      position wherein simultaneously the projection-like ring moves into the
      trough-like ring extruding the flowable material therebetween into the gap
      between the coaxial cylinders and the bottom and top edges of the inner
      surfaces of the upper and lower parts, respectively, come together to form
      a complete and uninterrupted outer cylinder inner surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a coaxial cylinder rheometer for testing the
      rheological properties of highly viscous and/or thermally sensitive
      materials. More particularly, this invention concerns a coaxial cylinder
      rheometer having a very small (less than0.020 inches [0.0508 cm]) gap
      between the concentric cylinders and being capable of charging highly
      viscous (greater than 100,000 poise) and/or thermally sensitive materials,
      e.g., Polyvinyl Chloride, Polyurethane, etc., into the gap for testing.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 2,812,656 discloses a coaxial cylinder viscometer in which
      the fluid to be tested is forced into the gap between the cylinders by
      means of a syringe through a hole and/or holes in the outer cylinder. The
      patent teaches that a viscometer constructed according to its disclosure
      has investigated viscosities up to 9,000 centipoises (90 poise) although
      indicating that this upper limit does not necessarily represent the
      practical limit of the viscometer. Said patent specifically notes that one
      of five potential deviations may be caused by the presence of a hole or
      holes in the outer cylindrical surface of said viscometer. This specific
      problem is solved by Applicant's invention since the two parts of the
      outer cylinder have their inner surfaces axially aligned and come into
      contact to complete an uninterrupted inner surface of this outer cylinder
      when in its operational position. Also, said patent teaches introduction
      of the material to be tested into the gap between the cylinders from one
      point or one vertical location only around the entire circumference of
      said gap. This may cause the gap to be filled ununiformly and may tend to
      cause eccentricity of the outer cylinder and inner cylinder. Applicant's
      invention overcomes these problems by extruding the material into the gap
      between the cylinders around the entire circumference of the gap.
      Therefore, the gap is filled uniformly by a force system which tends to
      maintain concentricity of the outer cylinder and inner cylinder and may
      actually tend to correct for any eccentricity of the outer cylinder and
      inner cylinder.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a coaxial cylinder rheometer comprised of an
      inner cylinder, rotor, and an outer cylinder, stator, with a very small
      (less than 0.020 inches [0.0508 cm]) gap between these concentric
      cylinders and being capable of charging highly viscous (greater than
      100,000 poise) and/or thermally sensitive materials, e.g., Polyvinyl
      Chloride, Polyurethane, etc., into the gap. Conventional means are used
      for heating the rheometer, for moving the rotor element either axially or
      rotationally relative said stator element, and for measuring the
      parameters of movement of the rotor element. The improvement of this
      rheometer comprises a stator element having two parts, an upper part and a
      lower part. These two parts are moved together in their operational
      position and moved apart in their non-operational position.
PAR  The upper part has a projection-like ring on a lower surface and the lower
      part has a trough-like ring in an upper surface. The highly viscous and/or
      thermally sensitive materials to be tested in this rheometer are deposited
      in the trough-like ring. The heated rheometer changes the said material
      from its deposited state to a flowable state. The screw-type connecting
      means for connecting the upper part to the lower part is such that the
      inner surface of the upper part is axially aligned with the inner surface
      of the lower part and the projection-like ring on said lower surface of
      the upper part is aligned with the trough-like ring on said upper surface
      of the lower part. As the deposited material changes to a flowable state,
      the lower part and the upper part are moved together into an operational
      position wherein simultaneously the projection-like ring moves into the
      trough-like ring and evenly extrudes the flowable material therebetween
      into the gap between the rotor and the stator and the bottom edge of the
      inner surface of the upper part moves into contact with the top edge of
      the inner surface of the lower part to form a complete and uninterrupted
      stator inner surface. The system can then be activated immediately for
      data generation of rheological properties.
PAR  A primary object of this invention is to present a mechanism for charging
      highly viscous (greater than 100,000 poise) and/or thermally sensitive
      materials, e.g., Polyvinyl Chloride, Polyurethane, etc., into the gap
      (less than 0.020 inches [0.0508 cm]) of a coaxial cylinder rheometer.
PAR  Another object of this invention is to present a mechanism which will
      distribute the material being charged into the gap uniformly around the
      gap.
PAR  Another object of the invention is to set forth a mechanism capable of
      charging the material to be tested into the gap of a coaxial cylinder
      rheometer with said material having a minimum of thermal history before
      the testing commences.
PAR  Another object of the invention is to present a device which when charging
      material to be tested into the gap of a coaxial cylinder rheometer has a
      force system tending to maintain concentricity of the rotor and stator or
      tending to correct for any eccentricity of the rotor and stator. This is
      important when dealing with a gap of less than 0.020 inches between the
      rotor and the stator.
PAR  Still another object of this invention is to present a coaxial cylinder
      rheometer capable of charging highly viscous and/or thermally sensitive
      materials to be tested into the gap and having the outer surface of the
      rotor and the inner surface of the stator which surfaces comprise the
      boundary of the gap being uninterrupted surfaces.
PAR  A still further object of this invention is to set forth a coaxial cylinder
      rheometer having a reservoir in which material to be tested is deposited
      before being charged into the gap and which can accommodate material of
      low (less than 0.5 gram/cubic centimeter) bulk density.
PAR  And yet another object of this invention is to set forth a gap filler for a
      coaxial cylinder rheometer which permits reservoir pressures in excess of
      20,000 PSI (1406.14 kg/cm.sup.2) when extruding the material deposited in
      the reservoir into the gap between the cylinders.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical cross-sectional view of the rotor and stator elements
      of the rheometer of this invention.
PAR  FIG. 2 is a vertical cross-sectional view of half of the rotor and stator
      elements of the rheometer of this invention showing a first alternative
      embodiment of said stator element.
PAR  FIG. 3 is a vertical cross-sectional view of half of the rotor and stator
      elements of the rheomter of this invention showing a second alternative
      embodiment of said stator element.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The coaxial cylinder rheometer 10 of this invention is capable of charging
      highly viscous (greater than 100,000 poise) materials and/or thermally
      sensitive materials, e.g., Polyvinyl Chloride, Polyurethane, etc., into
      the gap 12 between the outer surface 66 of inner cylinder, rotor, 14 and
      the inner surface 38 of cavity 22 of outer cylinder, stator, 16 for
      testing. The gap is less than 0.020 inches (0.0508 cm). The stator 16 has
      an upper or top part 18 and a lower or bottom part 20. The rotor 14 is
      concentrically positioned within the cavity 22 of stator 16 by having the
      shaft 24 of the rotor pass through a hole in the lower part 20 which hole
      is at the bottom of stator cavity 22.
PAR  The lower part 20 of stator 16 is fixedly mounted on any desired mounting
      surface by any desired conventional fastening means. The fastening means
      may take the form of a cap screw which would be positioned in the
      countersunk hole 26 of lower part flange 28. These holes could be evenly
      spaced around the circumference of flange 28 to provide as many fastening
      points as are needed to securely mount the lower part 20 on the desired
      mounting surface. The upper part 18 is connected to lower part 20 by
      mating screw threads on each part, i.e., screw threads 30 of upper part 18
      mate with screw threads 32 of lower part 20.
PAR  In order for the inner surface 34 of upper part 18 to be axially aligned
      with the inner surface 36 of the lower part 20 so that a complete and
      uninterrupted inner surface 38 of stator cavity 22 is formed when the
      stator 16 is in its operational position, i.e., when the upper part 18 has
      been screwed onto the lower part 20 so that the lower edge 40 of the inner
      surface 34 contacts the upper edge 42 of inner surface 36, the surface 44
      on which screw threads 30 are located and the surface 46 on which screw
      threads 32 are located each have pilot surfaces. Pilot surface 48 is a
      part of overall surface 44 and pilot surface 50 is a part of overall
      surface 46. It is these two pilot surfaces 48 and 50 which adjoin one
      another as the upper part 18 is being screwed onto the lower part 20 and,
      therefore, assure proper axial alignment of inner surface 34 with inner
      surface 36.
PAR  Top part 18 can be rotated by any convenient conventional means to screw
      this part onto bottom part 20 thereby axially moving said top and bottom
      parts into abutting relationship. For example, holes 52 could be spaced
      around the circumference of the outer surface 54 of the top part 18 so
      that a conventional spanner wrench could be inserted into any of these
      holes and used to rotate said top part.
PAR  The rotor 14 is the movable part of coaxial cylinder rheometer 10. The
      shaft 24 of rotor 14 is mounted in bushing 56 to accommodate either axial
      or rotational movement. The rotor is connected to any conventional drive
      means 58 through rotor shaft 24, drive means shaft 60, and any
      conventional shaft coupling means 62. The drive means 58 could be a
      conventional hydraulic system and provide oscillatory axial movement to
      the rotor 14. The drive means 58 could also be an electric motor which
      could provide continuous rotational movement to said rotor. Or the drive
      means 58 could be an electric motor with conventional bell crank linkage
      which would provide oscillatory rotational movement to the rotor. The
      conventional drive means 58 is, therefore, chosen according to the
      particular mode of operational movement desired for said rotor.
PAR  Connected to the conventional drive means 58 is any of a number of
      conventional movement parameters measuring means 64. The particular
      movement parameters measuring means 64 employed would be dependent on the
      particular operational mode in which the rotor is moved. For example, if
      the rotor 14 were moved in an oscillatory axial movement, the conventional
      movement parameters measuring means employed would be those used to
      measure the frequency of oscillation of the rotor, the axial displacement
      of the rotor, the axial force on the rotor, and the time phase
      relationship between said force and said displacement. If the rotor 14
      were moved in a continuous rotational movement, then the conventional
      movement parameters measuring means used would be those normally used to
      measure rotational torque and speed of the rotor. If the rotor 14 were
      moved in an oscillatory rotational movement, then the parameters necessary
      to be measured by conventional measuring means would be the frequency of
      oscillation of the rotor, the angular displacement of the rotor, the
      torque on the rotor, and the time phase relationship between said torque
      and said displacement. Many conventional means for measuring these
      particular parameters are available and are well known in the art.
PAR  Before the material to be tested is charged into the rheometer, both the
      rotor 14 and stator 16 are heated to a desired temperature. This heating
      and monitoring of the temperature for both the rotor and the stator can be
      done in any conventional manner. For example, the rotor can be heated by a
      movable heat sink 68 contacting the upper surface 70 of rotor 14. Heat
      sink 68 can be moved out of contact with the rotor when the testing of the
      material charged into gap 12 is initiated. The temperature of rotor 14 can
      be monitored by a conventional contact thermocuple 72. The stator 16 can
      be heated by any known conventional rheometer heating means. For example,
      high temperature oil may be circulated through conduit 74 in the lower
      part 20 while stator 16 is in its operational position, i.e., when upper
      part 18 is screwed onto lower part 20 so that lower edge 40 of inner
      surface 34 is in contact with upper edge 42 of inner surface 36. An
      alternate conventional means for heating stator 16 would be to apply an
      electric disc-type heater to the lower surface 76 of lower part 20 while
      stator 16 is in its operational position. The temperature of the stator 16
      can be monitored by any conventional thermocouple probe 78 inserted into
      thermocouple well 80. Also, if it were desired to cool the rheometer
      rapidly after the material was tested therein, appropriate known cooling
      means applied externally and/or internally to said rheometer could be used
      to achieve this result. The above described thermocouples could be used to
      monitor the temperature of said rheometer as it is being cooled.
PAR  When the entire coaxial cylinder rheometer 10 reaches a uniform desired
      temperature, upper part 18 is unscrewed from lower part 20 and removed
      therefrom. The material, which may be in many known forms, e.g., pellet,
      powder, flake, chip, fiber, etc., and which is to be charged into gap 12
      is placed in the trough-like ring 82. This trough-like ring 82 is
      generally a concave, annular shaped reservoir. Trough-like ring 82 is
      located in upper surface 84 which is located between inner surface 36 and
      surface 46 and is substantially normal to inner surface 38 of stator
      cavity 22. The upper part 18 is then replaced onto lower part 20 and
      screwed down onto lower part 20 until the projection-like ring 86 comes
      into contact with the material deposited in trough-like ring 82. The
      projection-like ring 86 is generally an annular embossment shaped and
      positioned to fit into said reservoir 82. Projection-like ring 86 is
      located on the surface 88 which is located between inner surface 34 and
      surface 44 and is substantially normal to inner surface 38 of stator
      cavity 22.
PAR  The trough-like ring 82 is designed so that its volume is several times
      that of gap 12 in order to accommodate deposited material having a low
      (less than 0.5 gram/cubic centimeter) bulk density. The trough-like ring
      serves as a repository for the deposited material as said material is
      heated and changes from its deposited state to a flowable state. As the
      deposited material becomes flowable, the upper part 18 is further screwed
      onto the lower part 20 so that the projection-like ring 86 continues into
      the trough-like ring 82 and, therefore, starts to extrude said material
      from the trough-like ring 82 through passageway 90 into gap 12. The form
      of both the trough-like ring 82 and the projection-like ring 86 is that of
      approximately one half a toroid and the cross-sectional area of said
      projection-like ring is approximately equal to but no greater than the
      cross-sectional area of said trough-like ring.
PAR  As the upper part is screwed onto the lower part so that said two parts
      move together into their aforesaid operational position, simultaneously
      the projection-like ring 86 extends fully into the trough-like ring 82
      extruding the flowable material therebetween through passageway 90 into
      gap 12 and the lower edge 40 of inner surface 34 comes into contact with
      the upper edge 42 of inner surface 36 to form a complete and uninterrupted
      inner surface 38 of stator cavity 22. Said material having been charged
      into gap 12, said drive means 58 can now be activated to move said rotor
      in a desired mode of operation for testing the rheological properties of
      said material.
PAR  An alternative embodiment of the two-part stator of this invention is set
      forth in FIG. 2. The operation of this particular embodiment is the same
      as the operation of the preferred embodiment above described but the
      configuration of the upper and lower parts of said stator have been
      changed. Therefore, the operation of this embodiment will not be
      reiterated and primarily only those stator parts which have a changed
      configuration will be labeled and described. These parts will be
      designated with the same numbers used for corresponding parts in FIG. 1
      but with a prime superscript.
PAR  18' represents the upper part and 20' represents the lower part of stator
      16'. 26' is the bolt hole through flange 28' for fastening lower part 20'
      to any conventional and desired surface. 30' represents the screw threads
      and 48' represents the pilot surface of surface 44'. 32' represents the
      screw threads and 50' represents the pilot surface of surface 46'. In this
      embodiment, surface 54' is the same as surface 44'.
PAR  Another alternative embodiment of the two-part stator of this invention is
      set forth in FIG. 3. Again, the operation of this particular embodiment is
      the same as the operation above described for the preferred embodiment but
      the configuration of the upper and lower parts of said stator have been
      changed. Hence, the operation of this embodiment will not be repeated and
      basically only those parts of the stator which have a changed
      configuration will be labeled and described. These parts will be
      designated with the same numbers used for corresponding parts in FIG. 1
      but with a double prime superscript.
PAR  18" is the upper part and 20" is the lower part of stator 16". 26"
      represents the bolt hole through lower part 20' since this particular
      configuration has no flange such as that designated 28 in FIG. 1. The bolt
      or screw which passes through hole 26" would fasten into any conventional
      and desired surface. 30" represents the screw threads and 48" represents
      the pilot surface of surface 44". 32" represents the screw threads and 50"
      represents the pilot surface of surface 46". Surface 54" represents the
      outermost surface of upper part 18".
PAR  Having described my invention, it will become obvious to one skilled in the
      art that other configurations and functional means could be used to
      achieve the ends of this invention without departing from the spirit of
      this invention. The true scope of this invention is emcompassed in the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rheometer having a cylindrical stator with a cavity therein and a
      rotatable cylindrical rotor concentrically positioned within said cavity
      and with a space therebetween, heating means supplying heat to said
      stator, the improvement comprising said stator being formed of two parts
      having
PA1  a. a cylindrical bottom part having a concave, annular reservoir in the
      surface thereof which abuts with the second part of said stator, and
PA1  b. a cylindrical top part having an annular embossment on the surface
      thereof which abuts with said aforesaid reservoir containing surface of
      said bottom stator part, said embossment shaped and positioned to fit into
      said reservoir, means for axially moving said top and bottom parts into
      abutting relationship at the aforesaid surfaces with said embossment and
      reservoir moved together, and passageway means connecting said reservoir
      and said space between said stator and rotor such that molten material
      extrudes from said reservoir into the space between the stator and rotor
      when said embossment and reservoir are moved together.
NUM  2.
PAR  2. The improvement of claim 1 wherein said concave, annular reservoir has
      the form of approximately 1/2 a toroid.
NUM  3.
PAR  3. The improvement of claim 2 wherein said annular embossment has the form
      of approximately 1/2 a toroid.
NUM  4.
PAR  4. The improvement of claim 3 wherein the cross-sectional area of said
      annular embossment is approximately equal to but no greater than the cross
      sectional area of said concave, annular reservoir.
NUM  5.
PAR  5. The improvement of claim 1 wherein the means for axially moving said top
      and bottom parts comprises a screw-type means.
NUM  6.
PAR  6. The improvement of claim 5 wherein said screw-type means comprises
      mating screw threads on said top and bottom parts such that said threaded
      parts can be screwed together and apart.
NUM  7.
PAR  7. A rheometer adapted to indicate the rheological properties of highly
      viscous and/or thermally sensitive materials, said rheometer having a
      cylindrical stator element, a cylindrical rotor element concentrically
      positioned within said stator element, said rotor element being capable of
      axial and rotational movement, means for heating said stator element and
      said rotor element, means for sensing the temperature of said stator
      element and said rotor element, a gap between the outer surface of said
      rotor element and the inner surface of said stator element, means for
      moving said rotor element relative to said stator element, means for
      measuring the parameters of movement of said rotor element, wherein the
      improvement comprises a two-part cylindrical stator element having an
      upper part and a lower part, said upper part having an inner surface
      parallel to the axis of said stator element, an other surface spaced
      radially outward from said inner surface and parallel thereto, and a lower
      surface between said inner surface and said other surface and
      substantially normal to said inner surface, said lower part having an
      inner surface parallel to the axis of said stator element, an other
      surface spaced radially outward from said inner surface and parallel
      thereto, and an upper surface between said inner surface and said other
      surface and substantially normal to said inner surface, means for
      connecting the upper part to the lower part so that the inner surface of
      said upper part is axially aligned with the inner surface of said lower
      part, the upper part having a projection-like ring on the lower surface
      thereof, the lower part having a trough-like ring in the upper surface
      thereof for receiving said projection-like ring which is aligned with said
      trough-like ring, said trough-like ring being used as a depository for the
      material to be tested while said material is changing from its deposited
      state to a flowable state, said connecting means being capable of moving
      said lower part and said upper part together into an operational position
      wherein simultaneously said projection-like ring moves into said
      trough-like ring and extrudes the flowable material therebetween through a
      passageway means into the gap between said rotor and said stator and the
      bottom edge of the inner surface of the upper part moves into contact with
      the top edge of the inner surface of the lower part to form a complete and
      uninterrupted stator inner surface and said connecting means also being
      capable of moving said upper part and said lower part apart out of said
      operational position.
NUM  8.
PAR  8. The improvement of claim 7 wherein said other surface of said upper part
      comprises an intermediate surface and said other surface of said lower
      part comprises an intermediate surface.
NUM  9.
PAR  9. The improvement of claim 7 wherein said other surface of said upper part
      comprises an outer surface and said other surface of said lower part
      comprises an intermediate surface.
NUM  10.
PAR  10. The improvement of claim 7 wherein said other surface of said upper
      part comprises an intermediate surface and said other surface of said
      lower part comprises an outer surface.
NUM  11.
PAR  11. A rheometer adapted to indicate the rheological properties of highly
      viscous and/or thermally sensitive material, said rheometer having a
      cylindrical stator element with a cavity therein, a cylindrical rotor
      element concentrically positioned within the cavity of the stator element,
      means for moving said rotor element relative said stator element in either
      axial or rotational movement, means for measuring the parameters of
      movement of said rotor element, means for controlling the heating of both
      said stator element and said rotor element, said rotor element being sized
      relative the cavity of the stator element to provide a gap between the
      outer surface of said rotor element and the inner surface of said stator
      element, the improvement comprising making said stator element in two
      parts, an upper part and a lower part, said cavity extending through both
      parts, means for moving said upper part and said lower part together into
      an operational position and apart out of said operational position, when
      said two parts are together in said operational position, the inner
      surface of the upper part and the inner surface of the lower part form a
      complete and uninterrupted stator inner surface, on the surfaces of the
      upper and lower parts which surfaces move together into abutting
      relationship in said operational position and outwardly from the inner
      surface of both parts, there being positioned on one part a
      projection-like ring and on the other part a trough-like ring for
      receiving said projection-like ring, whereby said trough-like ring being
      used as a repository for the material to be tested while said material is
      changing from its deposited state to a flowable state, said upper and
      lower parts moving together into said operational position whereby said
      projection-like ring moves into said trough-like ring and extrudes the
      flowable material therebetween through a passageway means into the gap
      between said rotor and said stator with said measuring of parameters
      taking place after the two parts have moved together into said operational
      position to form a complete and uninterrupted stator inner surface.
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ABST
PAL  The invention is directed to a method and gauge for nondestructively
      testing and certifying the workable qualities of a casting. The guage
      comprises a tab cast at the same time as the remaining portion of the
      casting located in a nonfunctional location, when considered in the light
      of the later use to be made of the casting, and also in such a position
      that it can be bent as by striking with a percussive instrument or by the
      application of a continuous bending force without damage to the remaining
      portion of the casting. The tab or guage will be subjected to a strain
      greater than the maximum strain to which the remaining portion of the
      casting will be subjected, during its installation or use, and determining
      by visual inspection whether or not the tab, at its bend has cracked, the
      overall ductility of the casting can be judged and it can be projected,
      that the casting will be able to withstand the forces to which it will be
      subjected when employed in a desired manner. The tab will take on a
      generally rectangular configuration of prescribed minimum height, width,
      and thickness, such that it may be correctly subjected to strain forces in
      excess of the strain forces to be applied to the casting during its normal
      use or installation.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  1. Field of the Invention:
PAR  The invention finds utility in the testing and certification of castings to
      determine in a nondestructive manner the workable qualities thereof.
PAR  2. Description of the Prior Art:
PAR  According to prior art techniques, castings were visually inspected once
      they had been taken out of the mold to determine the presence of cracks,
      inclusions, voids, and the like. A further test for voids was the grinding
      of the ingate, that part of the casting where the molten metal is poured
      into the mold, inspecting the same for pock marks which is indicative of
      the presence of voids and would tend to indicate their presence in the
      remaining portion of the casting. Certain sophisticated X-ray techniques
      can be employed to discover defects in the structure of the casting which
      includes foreign material, the present of large voids inside of the
      casting or unusual shapes or structure within the casting itself. However,
      with such techniques it is generally not possible to determine hydrogen
      embittlement or other undesirable characteristics that decrease the amount
      of plastic flow within the casting. The amount of plastic flow or
      ductility of the casting is important to the overall performance of the
      casting, if the casting is to be used in the electrical industry, where
      low electrical resistance at the wire terminal interface depends on the
      degree mechanical bond between the conductor and the terminal itself.
      Further, the presence of defects in the casting, such as cracks, become
      important when the casting is exposed to the environment, as by being left
      in the air in a overground installation or being buried underground within
      the soil itself. The presence of moisture, acids and other material,
      present in both the air and the ground, are able to penetrate the junction
      through these cracks and attack connector and the conductor itself and
      thus lead to the destruction of the joint. However, long prior to the
      actual destruction or the mechanical breaking of the joint, the electrical
      conductivity of the joint will be effected and the joint will become what
      is known as a hot contact or high resistance contact detrimental to the
      electrical system of which it is a part. Sampling techniques are not
      generally applicable to batch testing of castings, in that each casting is
      separate and discrete having been subjected to possibly different
      temperatures and pressures as the material is heated, poured, and the
      casting is allowed to cool.
PAC  SUMMARY OF THE INVENTION:
PAR  The present invention makes possible the testing of each and every casting
      in a nondestructive manner to certify its workable qualities, when later
      installed. A guage is provided upon each casting and the guage is located
      in such a manner so as not to be part of the functional characterists of
      the casting, when it is later employed and also in such a location as to
      be easily struck with a percussive instrument. The guage or tab is
      constructed in a generally rectangular configuration having prescribed
      ranges of width, thickness, and height. The most effective guage or tab
      has thickness and width minimums and shows a height to thickness ratio
      equal to approximately three. A properly configured guage or tab when
      struck with a percussive instrument, will bend from its position normal to
      a surface of the casting to a new position at approximately 90.degree.
      from its original position or parallel with the casting surface. The
      strain to which such guage or tab is subjected as a result must be higher
      than the strain present in any part of the casting when the casting is put
      into use. The bend of the guage or tab is then inspected for signs of
      cracking although some slight crazing is acceptable. Should no cracking
      occur at the guage or tab bend, the casting as a whole, will have
      sufficient ductility and will be of such workable quality that it will not
      crack when it is crimped to or compressed around an electrical conductor.
      Any casting whose guage or tab shows cracking can then be disposed of
      before use. If the testing is done before any expensive machining of the
      casting is done, much time and expense can be avoided. If the test is done
      prior to use, the effort and time required to remove a cracked installed
      connector is saved. The guage or tab may be left in place after bent for
      certification purposes to all who later see the casting or removed as is
      desired. It is therefore an object of this invention to provide a guage or
      tab for the nondestructive testing and certifying of the workable
      qualities of a casting.
PAR  It is another object of this invention to teach a method by which a casting
      may be nondestrictively tested and certified for its workable qualities.
PAR  It is yet another object of this invention to provide a method and guage or
      tab for the nondestructive testing and certifying of the workable
      qualities of a casting which guage or tab is located upon the casting and
      formed at the same time as the casting, and which guage or tab is located
      in a position which will not interfere with the later functioning of the
      casting, and which can be subjected to a strain greater than the overall
      casting when employed.
PAR  Another object of the invention is to provide a method and guage for the
      determination of the ductility of a casting.
PAR  Other objects and features of the invention will be pointed out in the
      following description and claims and illustrated in the accompaning
      drawings, which disclose, by way of example, the principles of the
      invention and the best mode, which has been contemplated for carrying it
      out.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  In the drawings in which similar elements are given similar reference
      characters:
PAR  FIG. 1 is a top plan view of a connector formed by machining a casting,
      which includes a guage or tab constructed in accordance with the concepts
      of the invention.
PAR  FIG. 2 is a bottom plan view of the connector of FIG. 1.
PAR  FIG. 3 is a front elevational view of the connector of FIG. 1, showing a
      conductor placed in its open seamed nest.
PAR  FIG. 4 is a side elevational view of the connector of FIG. 1.
PAR  FIG. 5 is a fragmentary front elevational view of the connector of FIG. 1
      with a portion of the connector crimped about a conductor.
PAR  FIG. 6 is a side elevational view of the connector of FIG. 4 with the guage
      or tab in its final position after being struck by a percussive instrument
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  Turning now to FIGS. 1, 2, 3, and 4, there is shown a connector 10
      constructed from a casting and displaying a guage or tab constructed in
      accordance with the concepts of the invention. Connector 10 has a U-shaped
      open conductor receiving portion 12 at a first end with a fully enclosed
      circular conductor receiving portion 14 at its opposite end, as is best
      seen in FIG. 3. A conductor such as the conductor 16 is inserted into the
      U-shaped open conductor receiving portion 12 between the upstanding arms
      18. The arms 18 will then be crimped about the conductor 16 so as to
      provide an intimate contact between the conductor 16 and the connector 10.
      Further, a conductor (not shown) is inserted within the bore 20, of the
      circular conductor receiving portion 14, and the conductor receiving
      portion 14, then crimped to join the connector 10 to this conductor. A web
      portion 22 connects the U-shaped open conductor portion 12 and the
      circular closed conductor receiving portion 14. The web portion 22 serves
      no other purpose but to electrically connect the U-shaped open conductor
      receiving portion 12 and the circular closed conductor receiving portion
      14 and to position these two sections with respect to one another and with
      respect to the conductors to which they are to be joined.
PAR  It is within the area of the web portion 22 that the tab 24 used as the
      basis for determining constructively the workable qualities of the casting
      is located. Should the tab 24 be located below the U-shaped open conductor
      receiving portion 12, or within or outside of the circular closed
      conductor receiving portion 14, the presence of the guage or tab would
      have an effect upon the crimping forces to be employed in these regions
      and may prevent the portions from properly seating themselves within a die
      used to crimp the connectors to a conductor placed therein. However, there
      is is no requirement for working any portion of the web portion 22, and
      thus, the location of the guage or tab 24, within the web portion 22, is
      non-functional with respect to the use to which the connector 10, is to be
      placed later. Guage or tab 24 will have certain physical dimensions, such
      that the proper relationship between the strain which the tab 24 is
      subjected is higher than the strain to which any part of the connector 10
      is subjected. As shown in FIG. 2, the tab 24 will have a width indicated
      by the letter w and a thickness indicated by the letter t and also as is
      shown in FIG. 3, the tab 24 will have a height indicated by the letter h.
PAR  To measure the strain, the U-shaped open connector portion 12 will be
      subjected to marks 26 and 28, are scribed upon the upstanding arm 18. The
      distance between the marks 26 and 28 is then measured prior to the time
      that the U-shaped open connector portion 12 is crimped to the conductor 16
      placed therein and recorded as the letter l as indicated by the letter l
      in FIG. 3. When the U-shaped open conductor receiving portion 12 has been
      compressed or crimped about the conductor 16, as seen in FIG. 5, the
      positions of the scribed marks 26 and 28 have been shifted to the new
      positions 26' and 28', as shown in FIG. 5. A certain degree of stretching
      will take place within the sidewalls 18, as they are compressed about
      conductor 16, resulting in a new length "1 + 1", as shown in FIG. 5. The
      strain to which the U-shaped open conductor receiving cavity 12 is thus
      subjected can be determined by dividing the resulting increase in length
      ".DELTA.1" by the original length 1. The strain to which the guage or tab
      24 will be subjected will similarly be determined by the use of scribe
      marks 30 and 32 as shown in FIG. 3. Scribe mark 30 is very close to the
      junction between the guage or tab 24 and the main body of the U-shaped
      open conductor receiving portion 12 and the scribe mark 32 will be
      somewhere beyond the expected bend of the guage or tab 24 and the distance
      therebetween is indicated by the letter m in FIG. 3. When the guage or tab
      24 has been subjected to bending forces, it will bend to the position as
      shown in FIG. 6 as 24'. As a result of the bending, the guage or tab 24
      will tend to stretch and a new distance between the marks 30' and 32' will
      measure as m + .DELTA.  m. The strain applied to the guage or tab 24, will
      be determined as above by dividing .DELTA. m by m.
PAR  The dimensions of the guage or tab 24 is so selected that the strain
      applied to the tab 24, will be greater than the strain applied to either
      the U-shaped open conductor receiving portion 12 or the closed circular
      conductor receiving portion 14. Thus, if the guage or tab 24 does not show
      cracking when subjected to a higher strain than the remaining portion of
      the casting, it can reasonably be assumed that the casting will resist
      cracking during its installation to the conductors. In order that the
      proper strain relationship be established between the guage or tab 24 and
      the remaining portion of the connector 10, it has been found the guage or
      tab 24 should have a thickness at least equal to 0.05 inch as molten metal
      during the casting operation may not flow to properly fill the entire void
      of such a mold, if the dimension is smaller. Failure to fill this portion
      of the mold could result in a guage or tab 24 which could easily be broken
      from the casting without giving proper indication of the workable
      qualities of the remaining portion of the casting. Also, the width of the
      guage or tab 24 must be at least 0.10 inch, and can extend to the entire
      width of the casting, if so desired. Finally, the relationship between the
      height and thickness of the guage or tab 24, have been established to be
      approximately equal to 3. Should the height of the guage or tab 24 be less
      than this, the strain applied to the guage or tab 24 during testing, would
      be so high as to insure that it would break at all times and fail to give
      a proper indication of the quality of the casting. Also, a guage or tab 24
      of too great height H would produce to lower strain that would result in a
      long gentle bend which would never crack and thus would also fail to give
      a proper indication of the quality of the casting. It is possible for
      particular operations to bend the guage or tab 24 less than a full
      90.degree., as shown in FIG. 6, when a lower ductility of the finished
      casting is permissible, or installation forces to be applied to the
      casting are below those normally required with its own design
      characteristics. A suitable test will then be possible with only a partial
      bending of the guage or tab 24. Also, by measuring the degree of bending
      of the tab 24 before cracking has taken place, it is possible to get an
      index of the relative ductility of the casting as well.
PAR  While there have been shown, described and pointed out the fundamental
      novel features of the invention, as applied to the preferred embodiments,
      it will be understood that various ommissions and substitutions and
      changes in form and details of the device illustrated and its operation
      may be made by those skilled in the art, without departing from the spirit
      of the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. The method of nondestructive testing and certifying the workable
      qualities of a cast metallic part comprising: the steps of forming a tab
      on said cast metallic part in a nonfunctional location, when considered in
      light of the intended use of said cast metallic part subjecting said tab
      to a strain greater than the strain to which the cast metallic part will
      be subjected to when employed; inspecting said tab after said tab has been
      subjected to said strain, and discarding any cast metallic part whose
      strained tab shows signs of cracking.
NUM  2.
PAR  2. The method of claim 1 wherein said tab is formed in a generally
      rectangular configuration having a height to thickness ratio of
      approximately 3.
NUM  3.
PAR  3. The method of claim 1, wherein said tab has a minimum thickness of 0.05
      inches.
NUM  4.
PAR  4. The method of claim 1, wherein said tab is formed in a generally
      rectangular configuration having a height to thickness ratio of
      approximately 3 and the minimum thickness of said tab in 0.05 inches.
NUM  5.
PAR  5. The method of claim 1, wherein said tab has a minimum width of about 0.1
      inches.
NUM  6.
PAR  6. The method of claim 1, wherein said tab is formed in a generally
      rectangular configuration having a height to thickness ratio of
      approximately 3 and the minimum width of said tab is about 0.1 inches.
NUM  7.
PAR  7. The method of claim 1, wherein said tab is formed in a generally
      rectangular configuration having a height to thickness ratio of
      approximately 3; said tab having a minimum thickness of 0.05 inches and a
      minimum width of about 0.1 inches.
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ABST
PAL  An improvement in inspection penetrant processes for the detection of
      surface defects in test bodies, wherein a water-washable penetrant of the
      balanced surfactant/synergist type or of the slow-solubility type is
      inhibited with respect to its solubility in wash water to the point of
      substantial insolubility except in the presence of mechanical agitation or
      application of a vigorous spray of wash water, thereby enhancing the flaw
      entrapment efficiency of penetrant indications. The inhibition or
      depression of solubility is achieved by any one or a combination of
      several techniques; (1) raising the temperature of the wash water to above
      a critical point of solubility inversion, (2) dissolving a
      solubility-inhibiting solute in the wash water or in the penetrant, and
      (3) allowing a solubility-producing constituent to evaporate from the
      penetrant.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 163,643,
      filed July 19, 1971 now abandoned, for "Method and Means for Improving
      Flaw Entrapment Efficiency in Water-Washable Inspection Penetrants", now
      abandoned, which application was a continuation of application Ser. No.
      875,552, filed Nov. 10, 1969, for "Method and Means for Improving Flaw
      Entrapment Efficiency in Water-Washable Inspection Penetrants", now
      abandoned, which application was a continuation-in-part of appln. Ser. No.
      590,353, filed Oct. 28, 1966, for "Method and Means for Improving Flaw
      Entrapment Efficiency in Water-Washable Penetrants", now abandoned. The
      invention relates to a method and means for improving flaw entrapment
      stability in water-washable penetrants. More particularly, the invention
      relates to a method and means of wash-removal of water-washable penetrants
      and emulsifiers in which there is a reduced tendency for removal of
      desired flaw entrapments of penetrant.
BSUM
PAC  RELATED PATENTS AND PATENT APPLICATIONS
PA1  U.s. pat. No. 3,164,006 for "Evaluation Performance of Liquid Penetrant
      Tracer Materials."
PA1  U.s. pat. No. 3,282,843 for "Emulsifier Compositions".
PA1  U.s. pat. No. 3,311,479 for "Penetrant Inspection Process and
      Compositions".
PA1  U.s. pat. No. 3,349,041 for "Gel-Forming Inspection Penetrant and
      Emulsifier Compositions and Processes."
PA1  U.s. pat. No. 3,422,670 for "Cleaning Process and Compositions for
      Post-Emulsifier Inspection Penetrants."
PA1  U.s. pat. No. 3,429,826 for "Gel-Forming Inspection Penetrant and
      Emulsifier Compositions Employing Hydrophilic and Lipophilic Surfactants."
PA1  Reissue No. 26,888 for "Process for Fluorescence Detection of Extremely
      Thin Tracer Films" (Formerly U.S. Pat. No. 3,386,920).
PA1  Appln. Ser. No. 787,381, filed Dec. 27, 1968 for "Oil-Water Compatible
      Compositions and Methods for Preparing Same."
PA1  Appln. Ser. No. 804,200, filed Mar. 4, 1969 for "Oil-Water Compositions
      Employing Non-Surface-Active Constituents".
PA1  Appln. Ser. No. 224,656, filed Feb. 9, 1972, for "Inspection Penetrant
      Process and Composition for Aiding Removal of Excess Penetrant from Test
      Part Surfaces", now U.S. Pat. No. 3,751,970.
PA1  Appln. Ser. No. 482,465, filed June 24, 1974, for "Enhanced Stability
      Water-Washable Penetrant Composition and Process", now U.S. Pat. No.
      3,896,664.
PAC  DETAILED SPECIFICATION
PAR  Water-washable penetrants are well known in the art, and they usually
      comprise an oily carrier containing an indicator dye and a suitable
      detergent system which renders the oily liquid emulsifiable, soluble, or
      otherwise washable in water. Materials of this kind are known as
      "self-emulsifiable penetrants". Emulsifiers, as used in the inspection
      penetrant process, are essentially the same as water-washable penetrants,
      except that the emulsifiers are employed in a separate process step
      following the application to test bodies of a water-insoluble oily
      penetrant containing an indicator dye. The combination of a normally
      insoluble penetrant and a separate emulsifier is known as a
      "post-emulsifier system", and the penetrant and emulsifier, when blended
      together, become in effect a water-washable penetrant. In all cases, the
      water-washable penetrant, or the insoluble oily penetrant which has been
      "emulsified" by contact with an emulsifier, as the case may be, and which
      is present on the surface of test bodies, is removed by the application of
      a water wash or rinse in such a way that surface penetrant (and
      emulsifier) is removed, leaving flaw entrapments of dyed penetrant which
      can subsequently be detected in an inspection step.
PAR  For the purpose of the following specification, the terms "water-washable
      penetrant" and "emulsifier" are used interchangeably, and such materials
      are considered to be equivalent; that is, for the purpose of inspection
      penetrant processes. Both visible-color dyes and fluorescent dyes and
      commonly employed as indicators in these penetrants. At least one
      indicator dye is always used in inspection penetrant materials as employed
      in connection with this invention, and these dyes may be present in the
      water-washable penetrant, or they may be present in an oily
      water-insoluble penetrant which is subsequently rendered water-washable by
      contact with an emulsifier.
PAR  Any suitable indicator dye may be employed, such dyes being well known in
      the art. Many kinds of visible-color dyes are available for such usage,
      most of these being of the oil-soluble types. Where fluorescent dyes are
      to be utilized, the preferred types are those which are described in my
      U.S. Pat. No. 3,386,920, now Reissue No. RE-26,888.
PAR  Inasmuch as water-washable penetrants and emulsifiers are, by their very
      nature, soluble in water, a prolonged washing with water will tend to
      remove the soluble or emulsified penetrant from flaw entrapments to a
      degree which may seriously affect the flaw detection capability of the
      inspection penetrant system. In some cases, it is possible to minimize the
      unwanted stripping of the soluble or emulsified penetrant from surface
      defects by employing a carefully controlled and short washing time.
      However, in other cases, particularly where large test bodies are being
      treated in the inspection penetrant process, it is difficult or even
      impossible to control the washing time to a sufficiently short period,
      with the result that over-washing may take place.
PAR  In the so-called post-emulsifier system of penetrant inspection, in which
      there is employed a water-insoluble penetrant and a separate emulsifier,
      the emulsifier usually diffuses into penetrant entrapments in shallow
      surface flaws to a considerable degree, rendering large portions of such
      entrapments soluble in water. Then, any condition of over-washing will
      tend to remove an excessive amount of the entrapped penetrant, thereby
      reducing the effectiveness of the flaw detection process.
PAR  I have found that it is possible, in certain penetrant materials, to alter
      the rate at which the "soluble" or emulsified penetrant is washed from
      test bodies during the washing step, and thereby minimize the loss of
      desired indications. In some cases, I have found it possible to render the
      normally soluble or water-washable penetrant (or emulsifier) quite
      insoluble in the wash medium, yet removable to a controllable degree by
      means of mechanical agitation, or by what I call a spray-scrubber, or
      scrubber action. The thus-insolubilized penetrant material is thereby made
      to yield a high level of flaw entrapment efficienty or stability.
PAR  This invention contemplates a method for wash-removal of emulsified,
      self-emulsifiable, or soluble surface penetrant, wherein the solubility of
      the penetrant is partially inhibited, either by treating the wash water or
      by adjusting the solubility characteristic of the penetrant or emulsifier
      itself, such that solubility is reduced to a substantial degree for
      washing conditions corresponding to a gentle flow of wash water. Then,
      washing is carried out by employing a mechanical agitation, or
      spray-scrubber action, along with the application of the wash water, the
      agitation serving to accelerate any residual degree of solubility of the
      surface penetrant. It will be understood that the mechanical agitation or
      spray-scrubber action referred to herein may be induced by means of
      air-agitation of the wash water, or by rapid circulation of the wash water
      to provide movement of the wash water over surfaces of test parts which
      are immersed in the wash water. Due to the fact that entrapments of
      penetrant in surface flaws are not subjected to the mechanical agitation,
      as is the surface penetrant, the flaw entrapments are not removed, or at
      least are removed relatively slowly. The result of employing this
      inhibition or depression of solubility, along with mechanical agitation
      during washing, is that penetrant indications of small, shallow surface
      flaws are retained to a high degree of entrapment efficiency.
PAR  The principal object of this invention, therefore, is to provide a method
      and means for improving flaw entrapment stability in water-washable
      penetrants and emulsifiers.
PAR  Another object of the invention is to provide processes and compositions
      for wash removal of surface penetrant in which there is a reduced tendency
      to strip penetrant entrapments from surface flaws.
PAR  Still another object of the invention is to provide improved wash
      techniques and materials for an inspection penetrant process, whereby a
      tendency toward over-washing may be minimized and may be controlled.
PAR  A further object of the invention is to provide improved materials and
      techniques for wash-removal of emulsified penetrant material from test
      objects which permit increased latitude in washing time.
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PAR  Other and incidental objects of the invention will in part be obvious and
      will in part become apparent from the following specification and
      drawings, in which:
PAR  FIG. 1 is a graph in which the time for wash-removal of certain penetrant
      materials is plotted against the degree of hardness of the wash water.
PAR  FIG. 2 is a graph in which the time for wash-removal of certain penetrant
      materials is plotted against the concentration of a dissolved solute in
      the wash water, or the concentration of a dissolved solute in the
      penetrant.
PAR  FIG. 3 is a graph in which the time for wash-removal of certain penetrant
      materials is plotted against the temperature of the wash water.
PAR  FIG. 4 is an illustration in cross-section of an adaptation of a removal
      technique suitable for use in connection with the invention, utilizing a
      spray of wash medium to remove an insolubilized penetrant from the surface
      of a test body.
DETD
PAR  Conventional emulsifier or self-emulsifiable oily compositions usually
      consist of mixtures of an oil, such as a light oil or kerosene, with an
      appropriate detergent which is capable of simultaneously coupling with the
      oil and with water. There are many kinds of detergent materials which will
      behave in this manner, most of them being water soluble "surface active"
      agents. In general, these materials may be categorized as ionic (anionic
      or cationic) detergents, or nonionic detergents. Many of the ionic-type
      detergents may be in the form of fatty acid soaps. When a
      self-emulsifiable oily composition is used as a water-washable penetrant,
      a dye indicator is dissolved in the composition. One important
      characteristic of water-washable inspection penetrants is that the
      emulsifiable composition is usually capable of tolerating a certain amount
      of added water without clouding, gelling, or separation of constituents.
PAR  According to the present understanding of the mechanism involved in wash
      removal of a layer of emulsifiable oily liquid, water applied to the layer
      first enters the layer, forming a clear mixture of water and emulsifiable
      oil. This clear mixture consists of clusters of complexes of molecular
      groups, known as micelles, in which molecules of water and oil are
      attached to molecular groupings of surfactant (detergent) material in
      more-or-less stable structures. As more water enters these molecular
      complexes, they tend to enlarge and change their form, passing through
      several partial inversions or structural changes, these changes being
      observable by the formation of a haze in the mixture and by sharp changes
      in viscosity at the points of transition or partial inversion.
PAR  When the amount of water which enters the emulsifiable oil is beyond a
      certain critical point, the micelles become unstable and the mixture
      undergoes a final inversion and breaks into a milky emulsion. As a result
      of the above-described mechanism, the emulsified material becomes
      separated from the surface to which it had been applied, and may be rinsed
      off of the surface and flushed away.
PAR  The above-described mechanism of solvency applies generally to all
      self-emulsifiable oil-surfactant compositions. However, I have found that
      the sensitivity of a given emulsifiable composition to the application of
      various techniques of solvency inhibition may vary somewhat, depending on
      the type of surfactant system which is employed.
PAR  Certain of the conventional emulsifiers, or self-emulsifiable
      water-washable penetrants, utilize ionic surfactant constituents, and
      these may be anionic or cationic in nature. Fatty acid soaps, which are
      anionic in nature, are frequently employed as emulsifying agents.
      Compositions of these kinds may be solvency-sensitive to the presence of
      hardness-producing metal ions in the wash water.
PAR  I have discovered that there is an important class of self-emulsifiable
      penetrant and emulsifier compositions, the members of which exhibit
      exceptional solvency-sensitivity in a number of ways which will be
      described. This class of compositions includes emulsifiers and
      water-washable penetrants disclosed and claimed in my U.S. Pat. Nos.
      3,282,843, 3,349,041, and 3,429,826, and my copending applications Ser.
      Nos. 787,381, filed Dec. 27, 1968, for "Oil-Water Compatible Compositions
      and Methods for Preparing Same", and 804,200, filed Mar. 4, 1969, for
      "Oil-Water Compatible Compositions Employing Non-Surface-Active
      Constituents".
PAR  All of the emulsifier and water-washable penetrant compositions in this
      class have one unique feature in common, this being the fact that the
      detergent system employed consists essentially of a balanced mixture of a
      water-compatible (hydrophilic) surface-active constituent, known as a
      "surfactant", and an oil-compatible (lipophilic) constituent, known as a
      "synergist".
PAR  In constructing a water-compatible gel-forming oily composition containing
      a detergent system of the balanced surfactant/synergist type, one
      practical method is to add a water-soluble surface-active constituent
      (surfactant) to an oil ingredient in an amount sufficient to cause a haze
      or separation to form in the mixture. Then, a synergist constituent is
      added in an amount sufficient to clear the haze and form a homogeneous
      transparent mixture. If this procedure is carried out properly, as taught
      in my above-mentioned copending application, Ser. No. 787,381, the
      resulting oil-surfactant-synergist mixture will tolerate the addition of
      water, and will exhibit distinctive gel-forming or emulsion-forming
      properties.
PAR  It will be understood that "balanced" mixtures of surfactant and synergist
      materials may be prepared without the presence of either oil or water
      constituents, and these compositions will have the property of being
      simultaneously compatible with oil and water. In accordance with the
      teachings of my above-mentioned patents and patent applications, a
      "surfactant" constituent may be any member of the following group of
      water-soluble, oil-incompatible surface-active materials.
PAR  Ethoxylated alkylphenols (7 to 30 mols ethylene oxide);
PA1  Ethoxylated diamylphenol,
PA1  Ethoxylated octylphenol,
PA1  Ethoxylated nonylphenol
PA1  Ethoxylated dinonylphenol,
PA1  Ethoxylated trinonylphenol,
PA1  Ethoxylated decylphenol,
PA1  Ethoxylated didecylphenol,
PA1  Ethoxylated undecylphenol,
PA1  Ethoxylated dodecylphenol
PA1  Ethoxylated octyldecylphenol,
PA1  Ethoxylated diamylnaphthol,
PA1  Ethoxylated octylnaphthol,
PA1  Ethoxylated nonylnaphthol,
PA1  Ethoxylated dinonylnaphthol,
PA1  Ethoxylated trinonylnaphthol,
PA1  Ethoxylated octyldecylnaphthol,
PA1  Ethoxylated diamyl p-p' biphenol,
PA1  Ethoxylated octyl p-p' biphenol,
PA1  Ethoxylated nonyl p-p' biphenol,
PA1  Ethoxylated dinonyl p-p' biphenol,
PA1  Pyrrolidone and pyrrolidone derivitives,
PA1  2-Pyrrolidone,
PA1  N-methyl pyrrolidone,
PA1  N-vinyl pyrrolidone,
PA1  Esterified pyrrolidones,
PA1  Dimethyl formamide,
PA1  Oil-insoluble glycols,
PA1  Triethylene glycol,
PA1  Diethylene glycol,
PA1  Polyethylene glycol,
PA1  Water-insoluble polypropylene glycols,
PA1  Polyhydric alcohols,
PA1  Glycerin,
PA1  Ethoxylated octyldecyl p-p' biphenol,
PA1  Polyoxyalkylene derivitives of hexitol anhydride,
PA1  Sorbitol esters of fatty acids,
PA1  Polyoxyalkylene ethers,
PA1  Alkyl aryl polyether alcohols,
PA1  Polyoxyalkylene esters of organic acids,
PA1  Ethoxylated fatty esters,
PA1  Ethoxylated alcohols,
PA1  Ethoxylated amines,
PA1  Ethoxylated polyoxy propylene glycols (Pluronics),
PA1  Ethoxylated phosphate esters,
PA1  Ethoxylated amides,
PA1  Ethoxylated fatty acids,
PA1  Monoglyceride derivitives,
PA1  Alkanolamides,
PA1  Fatty esters,
PA1  Sulfonated oils,
PA1  Sulfonated amides,
PA1  Sulfonated amines,
PA1  Alkyl sulfonates,
PA1  Diphenyl sulfonate derivitives,
PA1  Polyoxyalkylene thioethers,
PA1  Polyoxyalkylene fatty amides,
PA1  Polyoxyalkylene sorbitan monolaurate,
PA1  Polyoxyalkylene sorbitan monostearate,
PA1  Polyoxyalkylene sorbitan monopalmitate,
PA1  Polyoxyalkylene sorbitan tristearate,
PA1  Polyoxyalkylene sorbitan monooleate,
PA1  Polyoxyalkylene sorbitan trioleate,
PA1  Polyoxyalkylene sorbitol laurate,
PA1  Polyoxyalkylene sorbitol hexoleate,
PA1  Polyoxyalkylene septaoleate,
PA1  Polyoxyalkylene oleate-laurate,
PA1  Polyoxyalkylene ester of mixed fatty and resin acid,
PA1  Polyoxyalkylene Ether alcohol,
PAR  It will be noted that certain of the above-identified surfactants are
      nonionic in character, while others are ionic in nature, and that some of
      these ionic surfactants may be classed as fatty acid soaps. Also, in
      accordance with the teachings of the above-mentioned patents and patent
      applications, a "synergist" may be any member of the following group of
      oil-compatible water-insoluble substances.
PA1  Ethoxylated alkylphenols (zero to 5 mols ethylene oxide);
PA1  Ethoxylated diamylphenol,
PA1  Ethoxylated octylphenol,
PA1  Ethoxylated nonylphenol,
PA1  Ethoxylated dinonylphenol,
PA1  Ethoxylated trinonylphenol,
PA1  Ethoxylated decylphenol,
PA1  Ethoxylated didecylphenol,
PA1  Ethoxylated undecylphenol,
PA1  Ethoxylated dodecylphenol,
PA1  Ethoxylated octyldecylphenol,
PA1  Ethoxylated diamylnaphthol,
PA1  Ethoxylated octylnaphthol,
PA1  Ethoxylated nonylnaphthol,
PA1  Ethoxylated dinonylnaphthol,
PA1  Ethoxylated trinonylnaphthol,
PA1  Ethoxylated octyldecylnaphthol,
PA1  Ethoxylated diamyl p-p' biphenol,
PA1  Ethoxylated octyl p-p' biphenol,
PA1  Ethoxylated nonyl p-p' biphenol,
PA1  Ethoxylated octyldecyl p-p' biphenol,
PA1  Ethoxylated dinonyl p-p' biphenol,
PA1  Polyoxyethylene oxypropylene glucoside oleate,
PA1  Glycerol monooleate,
PA1  Sorbitan monolaurate,
PA1  Sorbitan monooleate,
PA1  Sorbitan trioleate,
PA1  Sorbitan sesquioleate,
PA1  Sorbitan partial fatty ester,
PA1  Ethylene glycol fatty acid ester,
PA1  mono- and diglycerides from the glycerosis of edible fats and oils,
PA1  mono- and diglycerides of fat-forming fatty acids,
PA1  Polyoxyethylene sorbitol beeswax derivitive,
PA1  Polyethylene glycol di(2-ethylhexoate) (Flexol 4GO),
PA1  Polyalkylene glycol derivitives (Flexol B-400),
PA1  Water-insoluble polyalkylene glycol liquids (Ucon "LB" fluids),
PA1  Chlorinated hydrocarbons,
PA1  Methylene chloride,
PA1  Trichloroethylene,
PA1  Perchloroethylene,
PA1  Monochlorobenzene,
PA1  Oil-soluble esters,
PA1  Diethylene glycol monobutyl ether acetate,
PA1  Benzene,
PA1  Gasoline,
PA1  Toluene,
PA1  Ethylbenzene,
PA1  Xylol (xylene),
PA1  Dimethyl naphthalene (mixed isomers),
PA1  Diethyl naphthalene,
PA1  Dipropyl naphthalene,
PA1  Dioctyl phthalate,
PA1  Water-insoluble alcohols,
PA1  2-Ethylhexanol,
PA1  Isodecanol,
PA1  Tetrahydropyran-2-methanol,
PA1  Di(iso-decyl)4,5-epoxy tetrahydrophthalate (Flexol PEP),
PA1  Di(2-ethyl-butyl) phthalate,
PA1  Ethylhexyl-decyl phthalate (mixed ester) (Flexol 810),
PA1  Didecyl phthalate (Flexol 10- 10),
PA1  Di(2-ethylhexyl) isophthalate (Flexol 380),
PA1  Water-insoluble ethoxylated polyoxypropylene glycol derivitives,
PA1  Castor oil,
PAR  The relative amounts of surfactant and synergist constituents employed in a
      given emulsifier or water-washable penetrant composition may vary
      considerably, depending on the "strength" or activity of the particular
      substances being used, so there are no set limits or proportional ranges
      which hold for all materials. However, I have found that in a large number
      of instances satisfactory gel-forming emulsifiers may be compounded by
      using one part synergist to about 2 to 5 parts surfactant. In some extreme
      cases, it may be possible to employ as little as one part surfactant to
      one part synergist, or as much as twenty parts surfactant to one part
      synergist. Such "balanced" surfactant/synergist detergent systems may then
      be combined with various inert extenders, oils, glycols, or other
      diluents, along with indicator dyes as required, to form compositions
      which are useful as inspection penetrants and emulsifiers.
PAR  Thus, by combining a surfactant (as defined herein) with a synergist (also
      as defined herein) to make a "balanced" detergent system, an unusual and
      useful effect is obtained, this being that the detergent system has the
      property of causing oil and water to mutually dissolve into one another to
      form clear solutions. Another important feature of "balanced" detergent
      mixtures is that the addition of water will cause the formation of gels
      which will remain stable even upon the addition of relatively large
      proportional amounts of water. That is to say, ordinary emulsifiers,
      particularly those which fall in the class of ionic, fatty acid soaps,
      "break" into emulsions, usually upon the addition of about 40 to 50%
      water, at most. Contrasted with this, gel-forming compositions utilizing
      "balanced" detergent systems may often exhibit broad gel ranges such that
      the gels remain stable up to more than 100% added water, and in some cases
      up to as much as 800% added water.
PAR  The balanced surfactant/synergist detergent systems are important, not only
      with respect to their feature of gel-formation, which yields high levels
      of flaw entrapment efficienty in penetrant system performance, as is
      described in the afore-mentioned patents and patent applications, but I
      have discovered that they have the additional unusual and advantageous
      property of exceptional sensitivity toward solvency inhibition under
      appropriate circumstances.
PAR  The various techniques of inhibiting or depressing the wash-removability of
      penetrant entrapments to be described are not limited to the so-called
      balanced surfactant/synergist type penetrants. I have discovered that
      certain other types of penetrant compositions also exhibit a feature of
      inversion of solubility at elevated temperatures of wash water, or in the
      presence of wash water containing high concentrations of
      solubility-inhibiting solutes. Accordingly, the methods described and
      claimed herein may be applied to any "solvency-sensitive" penetrant
      composition in which solubility or washability may be inhibited or
      depressed by the methods to be described.
PAR  For example, the so-called "slow-solubility" penetrant compositions
      described and claimed in my copending appln. Ser. No. 482,465, filed June
      24, 1974, for "Enhanced Stability Water-Washable Penetrant Composition and
      Process", now U.S. Pat. No. 3,896,664, exhibit effects of solubility
      inversion or washability depression in a manner similar to the balanced
      surfactant/synergist type penetrants. It may be that the physical-chemical
      mechanisms may differ with different kinds of penetrant compositions, but
      the practical result of solubility inhibition is essentially the same with
      all penetrant compositions which are "solvency-sensitive".
PAR  I have discovered that the ability of a given emulsifiable penetrant to
      undergo the above-described emulsification transition, or of a given
      solvency-sensitive penetrant to dissolve in water, may be altered or
      inhibited to a pronounced degree in at least five different ways. Many
      water-washable penetrants, particularly those employing a balanced
      surfactant/synergist detergent system, are solute-sensitive, such that
      their solubility may be depressed or inhibited by adding a suitable solute
      to the wash water or to the penetrant itself. Some of the
      balanced-detergent-type water-washable penetrant materials, such as those
      employing ionic detergents or fatty acid soaps, are quite sensitive to the
      hardness of the wash water. My water-washable penetrant compositions
      employing balanced surfactant/synergist systems, and also my
      slow-solubility penetrant compositions, are temperature-sensitive, such
      that their solubility may be depressed or inhibited by raising the
      temperature of the wash water above some critical value. Finally, some of
      my penetrant compositions employing balanced surfactant/synergist systems
      may be made to exhibit a depressed or inhibited solubility by allowing a
      relatively volatile solubility-producing constituent to evaporate from the
      film or coating of penetrant which is applied to test bodies.
PAR  For the purpose of this specification, it is important to differentiate
      between the effects of solubility and washability. I have discovered that
      solubility and washability in emulsifiable or slow-solubility penetrant
      materials are two separate and distinct features which may, for the most
      part, be controlled independently. In other words, I have found that it is
      possible to depress or inhibit solubility while retaining a satisfactory
      degree of washability under appropriate operating conditions. This
      invention contemplates the employment of one or more procedures whereby
      solubility is depressed or inhibited, while at the same time satisfactory
      washability may be effected by use of a suitable mechanical wash-water
      agitation, or spray-scrubber action, as will be described.
PAR  Now, to describe the various means whereby the solubilities of
      water-washable penetrants may be depressed or inhibited, I have
      discovered, firstly, that certain of the solvency-sensitive penetrant
      compositions, particularly those which employ anionic or cationic
      surfactant ingredients or fatty acid soaps, are sensitive to the
      "hardness" of the wash water. In certain of such emulsifiable
      compositions, the solubility may be depressed by a wash-water hardness no
      greater than 2 to 5 grains or so. In some of these water-washable
      penetrant compositions, the solubility is almost completely absent in 25
      grain hard water.
PAR  It should be mentioned that a 25 grain hard water contains 25 grains per
      gallon of hardness-producing metal ions such as magnesium, calcium, iron,
      or manganese. Hard water may be softened by removal of these dissolved
      solutes, or ordinary soft water may be hardened by the addition of
      appropriate solutes. Although the usual industrial practice in water
      treatment is softening operation, or the removal of the "hard" solutes, it
      is quite practical to prepare water having a desired level of hardness by
      introducing the appropriate solute material, either batch-wise or by means
      of a siphon-suction arrangement which feeds a concentrated solution of
      hardness constituents into a stream of the water to be treated. Or, soft
      water may be fed through a "cake" of slightly soluble "hard"  constituent
      material, whereby a desired hardness is picked up.
PAR  Referring now to FIG. 1, this figure illustrates the effect of an
      increasing hardness of wash water on the time required for wash-removal of
      a layer of balanced-detergent-type water-washable penetrant of the
      cationic, anionic, or fatty acid soap types. In conducting tests for the
      determination of the characteristic curves of FIG. 1, a Ceramic test block
      was employed as a test surface. Test blocks of this kind are described and
      claimed in my U.S. Pat. No. 3,164,006, and consist of unglazed ceramic
      surfaces on which there are multitudes of microscopic and sub-microscopic
      pits, pores, and cracks.
PAR  In use, a water-washable penetrant, preferably one with a fluorescent
      indicator dye, is applied to the Ceramic Block surface, and is drained off
      or wiped off so as to leave a thin layer of penetrant material. This
      coated test block is then immersed in a tray containing a quantity of wash
      water having a measured or known hardness, and the tray is rocked gently
      while the test surface is observed under ultraviolet irradiation. After a
      period of time, the uniform fluorescence of the test surface suddenly
      changes to a condition where fine porosity indications can be clearly
      seen. The time, in seconds, required for removal of the uniform surface
      fluorescence which obscures the fine indications is taken as the washing
      time for the particular test penetrant.
PAR  Curve 5 in FIG. 1 shows the variation in wash time with respect to wash
      water hardness for an emulsifier containing a simple ionic detergent.
      Curve 6 shows the variation in wash time with respect to wash water
      hardness for an emulsifier utilizing an ionic fatty acid soap in its
      detergent system. Many variations of these representative curves are
      obtainable with different combinations of ionic detergents and soap
      ingredients in the water-washable penetrant or emulsifier.
PAR  Secondly, I have found that certain water-washable penetrants, particularly
      those which employ balanced surfactant/synergist detergent systems, can be
      inhibited with respect to their solubility in water by the addition to the
      wash water of soluble materials such as various inorganic salts or organic
      compounds. Hexamethylenetetramine, for example, is highly soluble in
      water, and its presence as a solute in wash water tends to inhibit the
      wash-removability of water-washable penetrants.
PAR  Referring now to FIG. 2, curve 7 of this figure illustrates the effect of
      increasing concentration of an organic solute, hexamethylenetetramine, on
      the washing time for a penetrant employing a balanced surfactant/synergist
      detergent system. Penetrants of the type used for this example are
      described and claimed in my copending application, Ser. No. 520,392, now
      issued U.S. Pat. No. 3,282,843. Here again, the determination of the times
      for wash removal are carried out using the Ceramic Block method as
      described above. Again, it is seen that as the concentration of the solute
      increases, the time required for wash removal of the penetrant increases.
      Similar characteristic curves are obtained for other solutes. Curve 8
      illustrates the solubility inhibiting effect of sodium sulfate, while
      curve 9 illustrates the solubility inhibiting effect of potassium nitrate.
      With some solutes, such as potassium nitrate, the effect of solubility
      inhibition on water-washable penetrants may be relatively weak, so that
      pronounced inhibition is not achieved until the solute concentration
      approaches saturation, and of course, for solute materials which are
      weakly soluble, it may not be possible to achieve complete inhibition of
      solubility of the penetrant or emulsifier. Curve  10 illustrates the the
      solubility inhibiting effect of calcium acetate.
PAR  A wide range of solubility inhibiting ingredients are available, and
      virtually any water-soluble salt or organic material will act to depress
      the solubility of rhe solvency-sensitive water-washable penetrants, and
      the greater the concentration of the solute, the greater will be the
      effect of solubility inhibition. Among the many materials which I have
      tried, the following listing indicates a few materials which have been
      found to be particularly useful in this regard.
PA1  Sodium sulfate
PA1  Strontium chloride
PA1  Calcium acetate
PA1  Sodium acetate
PA1  Potassium nitrate
PA1  Ammonium carbonate
PA1  Magnesium sulfate
PA1  Urea
PA1  Potassium dichromate
PA1  Polyvinyl pyrrolidone
PA1  Sodium chromate
PA1  Hexamethylenetetramine
PAR  The selection of a suitable solubility-depressing solute for use in the
      wash water may be a matter of economics or of chemical compatibility with
      test bodies. For example, sodium sulfate in 10% concentration in water
      provides an effective inhibition of solubility, and permits a satisfactory
      spray-scrubber action. This particular solute material is quite
      inexpensive; however, due to the fact that the element sulfur is present
      in the compound, it may be found that it is undesirable to utilize the
      compound in connection with testing nickel alloy test bodies. This is for
      the reason that sulfur-bearing materials may cause intergranular corrosion
      effects on such alloys. In such cases, it may be found desirable to employ
      a more expensive solute material, such as calcium acetate, urea, or
      hexamethyenetetramine, which does not exhibit objectionable corrosion
      effects.
PAR  It will be understood that the above-identified solubility-inhibiting
      solutes may be incorporated in the wash water used in wash-removal of
      solvency-sensitive penetrants to a concentration which falls within the
      preferred range of from 5 to 35%. All of the above-identified
      solvency-inhibiting solutes exhibit an inhibition of solvency for
      applicable solvency-sensitive penetrants at concentrations between 5 and
      35%.
PAR  I have found that it is possible to dissolve a suitable solute in the
      balanced surfactant/synergist-type water-washable penetrant itself, and
      thereby achieve the desired objective of depressing or inhibiting
      solubility in ordinary wash water. For this purpose, virtually any
      normally insoluble oily liquid, or any of the above-named synergists, may
      be added to and dissolved in the water-washable penetrant. For a given
      oily or synergist solute, and as its concentration in the water-washable
      penetrant is increased, a point will be reached where the solubility of
      the mixture undergoes a transition, being depressed eventually to the
      point where it appears to be nonexistent.
PAR  Referring again to FIG. 2, curve 15 shows the effect on the solubility of a
      nonionic-type water-washable penetrant of the addition of nonylphenol
      (synergist) as a solute. Curve 16 shows the effect on the solubility of
      the same penetrant of the addition of kerosene as an additive solute. In
      both cases, the penetrant containing the solute material retains its
      ability to maintain in clear solution substantial quantities of added
      water, even though the concentration of the solute is sufficient to
      effectively destroy the solubility of the mixture in water.
PAR  While there are many kinds of oils and mineral fractions which may be used
      as solutes in water-washable penetrants to effect a depression of their
      solubility in water, some solute materials present certain advantages over
      others, particularly where it is desired to achieve a given degree of
      solubility depression or inhibition by use of a minimum proportional
      quantity of additive material. In such cases, I have found it particularly
      advantageous to use as solute materials compositions of the types and
      character as described and claimed in my copending application Ser. No.
      492,676, now U.S. Pat. No. 3,311,479. The method of this invention is not
      restricted to the use of any particular solute materials, since, as
      pointed out above, there are many kinds of solute materials which may be
      employed. The following listing indicates a few of the oily solute
      materials which have been found to be effective as solubility depressants.
PA1  Ethylene glycol di(2-ethyl-butyrate),
PA1  Triethylene glycol di(2-ethyl-butyrate),
PA1  Triethylene glycol di(2-ethyl-hexoate),
PA1  Polyethylene glycol di(2-ethyl-butyrate),
PA1  Propylene glycol di(2-ethyl-butyrate),
PA1  Polypropylene glycol di(2-ethyl-hexoate),
PA1  Didecyl adipate,
PA1  Di(2-ethyl-butyl) sebacate,
PA1  Didecyl sebacate,
PA1  Didecyl oxalate,
PA1  Di(2-ethylhexyl) adipate,
PA1  Di(2-ethylamyl) undecane-dicarboxylate,
PA1  Di(2-ethylheptyl) glutarate,
PA1  Dinonyl malonate,
PA1  Di(2-ethylhexyl) phenol,
PA1  Didecyl phenol,
PA1  Di (undecyl) phenol,
PA1  Di (dodecyl) phenol,
PA1  Octylphenol,
PA1  Nonylphenol,
PA1  Decylphenol,
PA1  Undecylphenol,
PA1  Dodecylphenol,
PA1  Di(2-ethylbutyl)4,5-epoxy-tetrahydrophthalate,
PA1  Di(2-ethylamyl)4,5-epoxy-tetrahydrophthalate,
PA1  Di(2-ethylhexyl)4,5-epoxy-tetrahydrophthalate,
PA1  Kerosene distillate fraction,
PA1  Diesel fuel distillate fraction,
PA1  Base oil-100 pale distillate fraction,
PAR  In addition to the foregoing, any one or a combination of the previously
      listed synergist materials may be utilized as a solute in the balanced
      surfactant/synergist-type water-washable penetrant for the purpose of
      inhibiting its solubility in the water wash.
PAR  Fourthly, I have found that in solvency-sensitive penetrants and
      emulsifiers, particularly those described and claimed in my
      above-mentioned copending application Ser. No. 520,392, now U.S. Pat. No.
      3,282,843, and appln. Ser. No. 497,058, now U.S. Pat. No. 3,349,041, the
      water-washability of the emulsifier or penetrant may be inhibited by
      raising the temperature of the wash water above some critical value. As
      the temperature of the wash water is raised, the rate at which water
      produces a solution of emulsification transition in the solvency-sensitive
      penetrant becomes progressively slower, until at some critical temperature
      the rate of solution reaches substantially a vanishing point.
PAR  In certain of the balanced surfactant/synergist-type water-washable
      penetrant formulations, it has been noted that the onset of washability
      inhibition occurs at temperatures which are as low as 60.degree. F. The
      effect of temperature on the solubility of two representative
      water-washable penetrants is illustrated in FIG. 3. Referring now to FIG.
      3, curve 20 shows the variation in washing time as a function of wash
      water temperature for a water-washable penetrant employing a balanced
      surfactant/synergist detergent system in conjunction with a diesel fuel
      oily vehicle. Curve 21 shows the variation in washing time as a function
      of wash water temperature for a similar water-washable penetrant employing
      a refined kerosene as the oily vehicle.
PAR  In the case of the slow-solubility penetrant compositions described and
      claimed in my above-mentioned U.S. Pat. No. 3,896,664, the onset of
      solubility depression usually occurs at considerably elevated temperatures
      of the wash water, in some cases near the boiling point of water.
PAR  For all of the solvency-sensitive penetrants which have been described, the
      onset of washability-inhibition or solvency depression occurs somewhere in
      the range of about 90.degree. F. or above, up to the boiling point of
      water. It will be understood, therefore, that the water-wash remover is
      utilized within the above-indicated range of elevated temperatures, and
      with sufficient agitation or relative movement between the remover liquid
      and the penetrant-treated test surface so as to remove the excess
      penetrant from said surface.
PAR  The above-described features of washability have been set forth with
      respect to a gentle flow type of washing, where the wash water is allowed
      to flow gently over a test surface coated with the water-washable
      penetrant being evaluated for its washability. Alternatively, the
      penetrant-coated test surface may be immersed in a tray of wash medium,
      and the tray may be rocked gently, as described above, and the rate at
      which wash-removal takes place may be observed. In any case, the critical
      condition of solute concentration and/or temperature of the wash water
      above which washability diminishes or ceases may be readily determined.
PAR  I have discovered that the solvency-sensitive water-washable penetrants
      which have been inhibited in the above-described ways may be successfully
      wash-removed from test surfaces by employing a certain degree of
      mechanical agitation, either of the test part or of the wash water. In
      effect, the agitation accelerates any slight residual tendency toward
      solubility or emulsifiability of the inhibited penetrant material.
PAR  It will be understood that techniques of spray removal of surface soil and
      oily residues from surfaces are old in the art. In addition, it will be
      understood that inspection penetrant processes, employing the steps of
      applying a water-washable penetrant to test surfaces, treating the test
      surfaces by washing with a water-wash remover to effect removal of surface
      penetrant, and inspecting the washed test surfaces for the presence of
      entrapments of penetrant in surface defects, are also old in the art.
      However, this invention contemplates an improvement in such processes
      wherein certain of the appropriate types of solvency-sensitive penetrants,
      as described herein, are caused to have their solvency inhibited in the
      presence of a water-wash remover to a point of substantial insolubility,
      except in the presence of mechanical agitation of or within the water-wash
      remover.
PAR  In my copending application, Ser. No. 464,360, now U.S. Pat. No. 3,422,670,
      I have described and claimed a method and means for wash removal of
      normally insoluble oily penetrants by means of normally inactive
      emulsifiers, whereby the emulsifying action of the "inactive" emulsifier
      is accelerated by means of mechanical agitation. A similar effect takes
      place in the process of the present invention, except that in the present
      case, the wash medium is water, or it is water containing a dissolved
      solute, or it is at a temperature above a critical point where washability
      inhibition is initiated, rather than being an "inactive emulsifier".
PAR  The mechanical agitation which is employed in connection with the
      compositions of the present invention, as well as that employed in the
      abovementioned invention of appln. Ser. No. 464,360, may be introduced in
      several ways; i.e., by mechanical vibration or motion of the test part, by
      sonic or ultrasonic vibration introduced into the wash water or the test
      part, by turbulence due to a pressurized stream of wash water, by
      air-agitation of the wash water, or by a pressure spray of the wash water.
      If sonic or ultrasonic vibration is employed to provide the desired
      mechanical agitation, care should be taken to insure that the amplitude of
      such vibration, or its total energy, should be sufficient to remove
      surface penetrant, but less than that required to drive penetrant
      entrapments out of small surface flaws. It will be understood that the
      various techniques of applying mechanical agitation are, in themselves,
      old in the art, and are presented here merely by way of illustrating
      suitable means for "scrubber-removal" of the solubility-inhibited
      compositions of the invention.
PAR  Referring now to FIG. 4, this figure illustrates one adaptation of the
      process of this invention in which a spray of wash water, either with a
      dissolved solute or at a temperature above a critical point of washability
      inhibition, is directed onto a test surface which has been coated with a
      water-washable penetrant. A test surface 25 in which there is a surface
      flaw 26 is coated with a layer of solvency-sensitive water-washable
      penetrant 27. The penetrant liquid, containing an indicator dye, enters
      the surface flaw 26 to form an entrapment of liquid 28.
PAR  A spray nozzle 29 is positioned so as to direct a spray of treated wash
      water 30 onto the test surface 25 so as to remove the surface layer of
      penetrant 27. Either the penetrant of layer 27 or the water of the spray
      30 is treated by one or more of the procedures which are described above
      so that an inhibition of solubility is initiated. Despite the inhibition
      of solubility of the layer 27, due the treatment described above, the
      mechanical agitation of the water spray 30 is such that the layer of
      surface penetrant 27 is removed. However, the entrapment 28 of the
      penetrant liquid is substantially unaffected by the spray because the
      droplets of the spray 30 are relatively large, and the mere contact of the
      wash water with the penetrant entrapment will not cause it to dissolve.
      Thus, the entrapment is effeciently retained in the surface flaw 26 so
      that the surface flaw is almost completely filled with the penetrant
      liquid, as indicated by line 31. A prolonged washing with the treated
      spray 30 has little or no effect on the entrapment 28, even though the
      surface layer of penetrant 27 is completely removed.
PAR  Under properly selected conditions of solute content in the wash water,
      wash water temperature, or both, it is found that with a mechanical
      agitation, the water-washable penetrant or emulsified penetrant, as the
      case may be, will be selectively removed from the surfaces of test parts,
      while penetrant entrapments in surface flaws will be inhibited in their
      wash removal. Accordingly, and by the combination of inhibition of
      solubility and mechanical agitation during washing, the effective
      stability of the penetrant entrapments is greatly enhanced, and a greatly
      increased latitude in the time of washing is achieved.
PAR  In practice, process steps which are carried out in connection with the
      solubility-inhibited compositions of the present invention are carried out
      along with a series of other steps, most of which are also conventional.
      For example, the various essential steps involved in an inspection
      penetrant process employing a water-washable penetrant (1) penetrant
      application, (2) removal of surface penetrant by washing, and (3)
      inspection. Usually, one or more steps of pre-cleaning, etching, etc.,
      precede the step of penetrant application, and often the steps of
      developer application and drying precede the final step of inspection for
      surface flaw indications.
PAR  It will be seen from the foregoing description that I have discovered a new
      and novel method of wash-removal of water-washable penetrants and
      emulsifiers from the surfaces of test bodies, which method provides an
      increase in latitude in washing and an improved level of flaw entrapment
      efficiency in penetrant inspection processes employing water-washable
      penetrants or emulsified oily penetrants.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process of penetrant inspection of test parts for surface
      discontinuities, comprising the steps of applying a solvency-sensitive
      water-washable dyed penetrant to a test surface, treating said test
      surface by washing with a water-wash remover to effect removal of excess
      surface penetrant, and inspecting said test surface for the presence of
      penetrant entrapment indications, the improvement that avoids
      solution-removal of penetrant entrapments in crack defects which
      comprises; raising the temperature of said water-wash remover to above the
      point of solvency transition of said dyed penetrant, said temperature of
      solvency transition being within the range of about 90.degree. F. up to
      the boiling point of water, and applying said water-wash remover with
      sufficient relative movement between the remover and the penetrant-treated
      test surface to remove the excess penetrant from said surface.
NUM  2.
PAR  2. In a process of penetrant inspection of test parts for surface
      discontinuities, comprising the steps of applying a solvency-sensitive
      water-washable dyed penetrant to a test surface, treating said test
      surface by washing with a water-wash remover to effect removal of excess
      surface penetrant, and inspecting said test surface for the presence of
      penetrant entrapment indications, the improvement that avoids
      solution-removal of penetrant entrapments in crack defects which
      comprises: dissolving a solubility-inhibiting solute in said water-wash
      remover to a concentration within the range of about 5 to 35%, sufficient
      to inhibit the solubility of said dyed penetrant, said
      solubility-inhibiting solute being at least one member selected from the
      group consisting of
PA1  Sodium sulfate,
PA1  Calcium sulfate,
PA1  Calcium acetate,
PA1  Potassium nitrate,
PA1  Magnesium sulfate,
PA1  Potassium dichromate,
PA1  Sodium chromate, and
PA1  Strontium chloride,
PA1  Lead acetate,
PA1  Sodium acetate,
PA1  Ammonium carbonate,
PA1  Urea,
PA1  Polyvinyl pyrrolidone,
PA1  Hexamethylenetetramine,
PAL  and applying said water-wash remover with sufficient relative movement
      between the remover and the penetrant-treated test surface to remove the
      excess penetrant from said surface.
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PAL  Apparatus for monitoring and regulating carburetors and other gasoline
      consumption devices comprises a first conduit, means for feeding test
      liquid under pressure to the first conduit, a flowmeter, an auxiliary
      reservoir, a first valve in the first conduit for selectively directing
      the flow of liquid either directly from the source of liquid to the
      flowmeter or from the auxiliary reservoir to the flowmeter, and a float
      valve and a check valve for arresting the flow of liquid to the auxiliary
      reservoir when the auxiliary reservoir is full. A second conduit is
      provided, for air under pressure, with a pressure regulator in the second
      conduit, a second valve in the second conduit coupled to the first valve
      and so arranged that the second valve is open when the first valve is in
      the position in which the flow meter is fed from the auxiliary reservoir
      and is closed when the first valve is in a position that the flowmeter is
      fed directly from the source of fluid under pressure. The second conduit
      supplies air under pressure to the auxiliary reservoir, and a vertical
      graduated gauge is provided, whose lower part is in fluid communication
      with a carburetor to be tested and whose upper part is connected to the
      lower part of the auxiliary reservoir and to the pressure regulator. A
      third valve is provided between the upper end of the gauge and the
      pressure regulator whereby when the third valve is open, air under
      pressure forces liquid in the gauge toward the bottom of the gauge and
      when the third valve is closed, liquid under pressure can flow into the
      gauge. A calibrated overflow conduit for said gauge maintains the gauge
      under pressure.
BSUM
PAR  The present invention has for its object the measurement of volume, flow
      rate and consumption, at a predeterminable pressure in an apparatus in
      place and functioning, for example a heater for combustible liquid or an
      automotive carburetor.
PAR  At present, the control and measurement of the functioning of a pump or
      carburetor is achieved by removing the device to be tested, and then
      testing it on apparatus more or less complicated and precise, or by
      replacing it with another new device which permits, by comparison,
      determining what is the origin of the difficulty or what is the defective
      part.
PAR  All these operations therefore require a great amount of labor to measure,
      control and regulate a carburetor or a feed pump, which of course is
      costly.
PAR  The apparatus according to the present invention permits avoiding all these
      difficulties, the amount of labor being considerably diminished to
      measure, with great precision, all the principal characteristics of a feed
      pump or carburetor and, by the use of these measurements, to facilitate
      the regulation of the motor.
PAR  The apparatus of the present invention thus permits, without removing the
      device from the motor and without a great deal of labor, to effect
      measurement of the pressure of the feed pump, to determine whether the
      feed pump valve is leaking, whether the pump pressure varies during
      simulated consumption tests, whether the needle valve of the carburetor
      leaks and, in that case, to measure the volume of that leak, to verify the
      consumption of the pump for a certain number of cycles of operation, to
      measure the level of the vacuum as an indication of the action of the
      needle valve on the cutoff of carburetor feed, the consumption of the
      different jets and the simultaneous consumption of plural carburetors
      according to the revolutions of the motor.
PAR  The apparatus of the present invention, mounted between the feed pump and
      the carburetors, permits making all of these measurements.
PAR  To this end, the feed pump feeds on the one hand the carburetors, through
      flowmeters for measuring consumption, and on the other hand an auxiliary
      reservoir. This auxiliary reservoir may be under predetermined pressure to
      feed the carburetors, either by a circuit passing via a gauge to measure
      liquid volume, this gauge having an automatic zero return device for the
      liquid, or by another circuit passing through flowmeters. Two manometers
      are branched in parallel, one having an inlet from the carburetor
      indicating the pump pressure, the other an outlet from the carburetor
      indicating the pressure of the liquid employed. Finally, a return
      reservoir, in relation to the auxiliary reservoir, permits recovering the
      liquid employed in the consumption tests, and also the liquid from the
      automatic zero return of the gauge.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from a consideration of the following description, taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram showing the various parts of apparatus
      according to the invention, their flow connections, the arrangement of the
      valves, the restricters, the nozzles, the gauges, the flowmeters, the air
      valve, the air lock, the manometers and the pressure reducers; and
PAR  FIG. 2 shows the control panel for effecting the various measurements.
DETD
PAR  To facilitate the description of the apparatus, a certain order has been
      given to the different measurements. It will be understood, however, that
      all these measurements may be effectuated in a different order; although
      it is preferable to group the measurements with regard to the dynamic
      tests and with regard to the static tests. Parallel to the feed circuit of
      the pump, a feed circuit may be branched for a reserve liquid which is
      itself at the pressure of the feed pump, that is, a theoretical pressure
      set by the manufacturer or according to the desired pressure.
PAR  The feed pump at the lower left of FIG. 1 is connected to the conduit III,
      and a coupling with automatic closure is shown at E. A valve F in a
      lateral conduit leads to manometer S which accordingly measures the pump
      pressure.
PAR  Air at high pressure is fed in through conduit IV, from a source of air
      under pressure (not shown) and a quick-disconnect coupling D is disposed
      in this line, which becomes conduit 26. A valve G controls the flow of air
      to conduits 21 and 30. Valve G is coupled to valve G.sub.1 in conduit 22
      in the following manner: if the valve G is open, the valve G.sub.1 is also
      open to establish communication between conduits 17 and 20; while if the
      valve G is closed, then valve G.sub.1 is in position to establish
      communication between conduits 22 and 17.
PAR  When valve G is open, air under high pressure enters conduits 21 and 30. In
      conduit 30, a pneumo valve B is arranged in such a manner as to interrupt
      communication between the discharge reservoir A and, below this reservoir,
      the auxiliary reservoir A.sub.1, through conduits 27 and 7. These two
      reservoirs are accordingly isolated from each other when valve G is open.
      Discharge reservoir A has a liquid level indicator 31 and auxiliary
      reservoir A.sub.1 has a liquid level indicator 28. In conduit 21, a
      pressure reducer K with a one-way valve permits regulating the pressure to
      obtain the operational pressure desired for the liquid. Downstream of
      reducer K, the conduit branches into two conduits 19 and 29. Conduit 29
      empties into the upper part of auxiliary reservoir A.sub.1 ; while in
      conduit 19, a control valve L is disposed for automatic zero setting of
      the graduated gauge M. Valve L is ordinarily open.
PAR  The feed conduit for liquid III branches, after valve F, in two conduits 22
      and 23. Conduit 23 feeds liquid to the auxiliary reservoir A.sub.1,
      through conduits 18 and 25. A non-return valve H is disposed in conduit
      23, valve H having a ball of a density about that of the liquid to be
      measured, e.g. gasoline. Valve H prevents harm to the pump if, by mistake,
      there is an excess of pressure in the auxiliary reservoir A.sub.1 fed
      through the conduit 18 which is not closed by the float valve C. Conduit
      23, after the return valve H, divides in two conduits 18 and 25, the one
      for automatic filling, and the other for rapid filling of reservoir
      A.sub.1, conduit 25 having a valve Z permitting rapid filling of auxiliary
      reservoir A.sub.1, while conduit 18 comprises a valve U which permits, if
      the valve of the feed pump leaks, isolating the automatic filling of the
      auxiliary reservoir A.sub.1. Downstream of valve U is a calibrated filling
      orifice J for permitting automatic filling. Calibrated orifice J is
      selected so that the smallest pump of the vehicle may fill the auxiliary
      reservoir A.sub.1, without changing the pump pressure. Conduit 18 feeds
      liquid to reservoir A.sub.1, and empties into its upper portion; and when
      A.sub.1 is full, float valve C automatically closes conduit 18.
PAR  Two carburetors under test are indicated at I and II (FIG. 2). However, for
      simplicity, in FIG. 1 a single carburetor V is shown. The carburetors are
      fed with liquid, either by the vehicle feed pump through 22-27 or by the
      auxiliary reservoir A.sub.1, by conduits 20-17, or by feed conduit 10
      connected to auxiliary reservoir A.sub.1, by conduits 1 and 2.
PAR  In conduit 17 fed by liquid, either by the vehicle feed pump when G.sub.1
      opens the circuit to the conduits 22-17, or by the auxiliary reservoir
      A.sub.1 under pressure when G.sub.1 opens the circuit to the conduits
      20-17, there are located two flowmeters for measuring small flows, R and
      R.sub.1, and two flowmeters for measuring large flows, Q and Q.sub.1, each
      carburetor being connected to the pairs of flowmeters Q-R and Q.sub.1
      -R.sub.1, the flowmeters Q-R and Q.sub.1 -R.sub.1 being connected between
      themselves by conduits 15 and 16. The flowmeters R-Q and R.sub.1 -Q.sub.1
      are connected by conduits 13 and 14 to reservoirs P and P.sub.1 which
      contain an air cushion. These reservoirs P and P.sub.1 comprise conduits
      11 and 12 in which are disposed valves I.sub.2 and I.sub.1, and devices O
      and O.sub.1 to dampen sharp variations in the flow of the carburetors. O
      is connected, by conduit 2, to valve N, valve I.sub.3, to the automatic
      closure coupling E.sub.1 disposed in the same conduit, and to valve
      T.sub.2 opening the conduit 2 to the carburetor (not shown) which is at I.
      Valve I.sub.3 opens and connects the conduit 11, when R.sub.2 is open, to
      conduit 4 which empties into the upper part of the discharge reservoir A.
      O.sub.1 is connected, by conduit 1, to the valve N and to valve T.sub.1,
      connected directly to the carburetor V. Conduit 1 comprises, above valve
      T.sub.1, an automatic coupler E.sub.2.
PAR  Valve N is a three-way valve permitting the placing in communication of
      conduits 2 and 10 and conduits 1 and 10, the feed conduit 10 being
      connected to the auxiliary reservoir A.sub.1 by conduit 8, gauge M,
      conduit 9 and valve L.sub.1.
PAR  Auxiliary reservoir A.sub.1 comprises a conduit 8 which empties into the
      upper part of the graduated gauge M. Conduit 8 a little in advance of its
      feed to gauge M, is connected to the conduit 6.
PAR  Conduit 6 comprises a valve L for automatic zeroing and which connects it
      to conduit 19 which is connected to pressure reducer K. It will
      accordingly be understood that at this level, it is possible to use air
      under pressure for the automatic zeroing of gauge M. Gauge M, in its upper
      part, just at the level of the zero graduation, comprises a conduit 5, in
      which is disposed a calibrated orifice J.sub.1, which empties into the
      upper part of the discharge reservoir A, this discharge reservoir A
      comprising in its upper part another conduit 3 opening to the ambient
      atmosphere. In the lower part of gauge M, conduit 9 comprises a valve
      L.sub.1 which connects it to the conduit 10 terminating in valve N.
      Finally, in conduit 10 is disposed a branch conduit containing a valve
      F.sub.1 which controls a manometer S.sub.1 for measuring utilization of
      the liquids.
PAR  It should be noted in connection with the above that the feed of the
      carburetor or carburetors is either directly from the feed pump of the
      vehicle, along conduits 22-17, or from the auxiliary reservoir A.sub.1
      under pressure along the conduits 20-17, or through conduits 8, 9 and 10.
      The description of these different paths of measurement explains the
      various characteristics of the present invention.
PAR  To start up, a source of air under pressure (not shown) is connected at IV,
      and the feed pump at III. The carburetor or carburetors are connected at I
      and II. The motor is in operation. Valve Z is open and thus permits a
      rapid filling of the auxiliary reservoir A.sub.1, after which it is
      closed, the valve C closing the conduit 18 when the reservoir is full.
      Valve U is open, placing in communication the automatic refill device of
      the auxiliary reservoir A.sub.1.
PAR  The following measurements can be performed.
PAR  1. Pressure of the Feed Pump
PAR  With the motor in operation, the pump feeds the carburetors by the conduits
      22-17, the flowmeters R-Q, the conduits 13-11; valve I.sub.2 is open,
      valve T.sub.2 is open. The pressure of the feed pump is read on the entry
      manometer S.
PAR  To verify whether the pressure on the manometer S of the feed pump is
      maintained at maximum designed flow, the valve I.sub.3 is progressively
      opened and the liquid is evacuated by conduit 4 in the discharge reservoir
      A. One then reads on the flowmeter R-Q, the flow value and simultaneously
      verifies on S the pump pressure as a function of flow.
PAR  2. Leakage of the Feed Pump Valve
PAR  The valve G.sub.1 opens the circuit of the auxiliary reservoir A.sub.1
      through conduits 20-17 (G being open). Valve U is closed. The vehicle
      motor is stopped; and if the feed pump valve is not leaking, then the
      pressure should remian constant.
PAR  3. Leakage Past the Carburetor Needle
PAR  The motor is stopped, valve G is open, air at high pressure through
      conduits 21-30 closes, by means of the pneumo valve B, the passage between
      the conduits 27 and 7 and through the conduit 21 to the regulable pressure
      reducer K, to put under pressure P.sub.x on the one hand the auxiliary
      reservoir A.sub.1 through the conduit 29, and on the other hand the
      conduit 19.
PAR  Valves I.sub.1 and I.sub.2 are closed. Valve L.sub.1 is open and one closes
      the valve L. The liquid then fills gauge M, not by gravity but by the
      pressure P.sub.x, which is a characteristic of the invention, by virtue of
      the loss of charge of the calibrated orifice J.sub.1. The liquid also
      fills the conduits 9, 10, 1, and the carburetor V. For automatic zero
      reset of the gauge M, according to another characteristic of the
      invention, one opens the valve L and the air under pressure P.sub.x
      evacuates the liquid which is above the zero line of the gauge M. In the
      conduit 8, the liquid arrives at the same level as the liquid in the
      auxiliary reservoir A.sub.1. One then closes the valve L.sub.1. The
      pressure of the manometer S.sub.1 should remain constant if the needle of
      the carburetor V, placed in communication by the valve N, through conduits
      10-1, does not leak.
PAR  To determine the value of leakage at needle W, one opens the valve I.sub.1
      and the value of the leakage can be read directly on the flowmeters.
PAR  4. Pump Return
PAR  This value can be measured only for one carburetor at a time. The motor is
      not in operation. The gauge M under pressure is filled as well as the
      conduits 9, 10 and 1. Carburetor V is full and T.sub.1 is open, valve N
      opening the circuit 10-1. G is open, and G.sub.1 opens the circuit 20-17.
      Valves I, and I.sub.2 are closed. Gauge M is automatically at its zero
      graduation. Valve L is open and valve L.sub.1 is closed. In the course of
      x cycles of the pump (or depressions of the accelerator) according to
      design standards, one then open s valve L.sub.1, the valve L remaining
      open, and liquid is fed under pressure and not by gravity to the
      carburetor. Gauge M is emptied of consumed liquid by x cycles of the pump
      and the value of this consumption can be read directly on gauge M.
PAR  5. Vacuum Level.
PAR  Being careful to fill carburetor V, valve T.sub.1 is closed; and it is to
      avoid false readings that this latter valve is quite close to the
      carburetor.
PAR  The motor is actuated, and then stops itself because it has no feed,
      T.sub.1 being closed. The accelerator is then depressed several times to
      raise the liquid to the level of the lower channel Y. Gauge M has been
      automatically returned to zero and is then refilled while closing valve L,
      the valve L.sub.1 being open. Then valve L is opened, which moves the
      liquid above the zero mark, the valve L.sub.1 remaining open and the valve
      N opens the circuit 10-1; and valve T.sub.1 is open. The liquid descends
      in gauge M and refills the carburetor. One can thus measure the volume of
      gasoline or other liquid necessary to the closing of the needle valve; and
      by comparison, given the manufacturer's standards, the level of vacuum,
      and one can determine the point at which the closure needle W acts.
PAR  6. Consumption Measurement
PAR  The manufacturer provides technical specifications for the different
      consumptions, for example of the idling jets, or the consumptions under
      different conditions of operation.
PAR  The tests are effectuated preferably using the auxiliary reservoir A.sub.1.
      This permits not using the pump if the pump is defective and so no
      disassembly of any part is necessary.
PAR  To this end, the valve G is open, and valve G.sub.1 opens the circuit
      20-17. To measure the consumption of the carburetor or the simultaneous
      consumption of the carburetors, the valve I.sub.3 is closed, valves
      I.sub.1, T.sub.1 and I.sub.2, T.sub.2 being open. Consumption can be read
      directly on the flowmeters R-Q and R.sub.1 -Q.sub.1. The feed flows of the
      carburetor chamber are not ordinarily constant. In order to provide direct
      reading of the flowmeters, it is desirable to dampen the oscillations
      thereof; and to this end, there is disposed above the flowmeter a
      reservoir P or P.sub.1 containing an air cushion, as well as adjacent the
      valve I.sub.2 or I.sub.1 a metal ball O.sub.2 or O.sub.3 of which the loss
      of charge is a function of the weight or the section of the seat of O or
      O.sub.1, thereby to regulate flow variations.
PAR  It should be noted that each time that the carburetor or carburetors are
      fed by the feed pump and the valve G.sub.1 opens the circuit 22-17, this
      valve being coupled with G closes the valve G, the pneumo valve B opens
      the circuit 27-7 and the liquid in the discharge reservoir A falls by
      gravity to the auxiliary reservoir A.sub.1 for reuse.
PAR  Of course, the apparatus according to the invention, with its variable
      pressure auxiliary reserve, permits effecting all types of measures of
      consumption or standardization other than on motors or heaters for
      combustible liquids, for example standardization of feed streams.
PAR  From a consideration of the foregoing disclosure, therefore, it will be
      evident that the initially recited objects of the present invention have
      been achieved.
PAR  Although the present invention has been described and illustrated in
      connection with a preferred embodiment, it is to be understood that
      modifications and variations may be resorted to without departing from the
      spirit of the invention, as those skilled in this art will readily
      understand. Such modifications and variations are considered to be within
      the purview and scope of the present invention as defined by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for monitoring and regulating carburetors and other gasoline
      consumption devices, comprising a first conduit, means for feeding test
      liquid under pressure from a source of liquid to said first conduit, a
      flowmeter, an auxiliary reservoir for said liquid, a first valve in said
      first conduit, conduit means connecting said first valve to said auxiliary
      reservoir and to said flowmeter, said first valve selectively directing
      flow of said liquid through said conduit means either directly from said
      source of liquid to said flowmeter or from said auxiliary reservoir to
      said flowmeter, a float valve in said auxiliary reservoir for arresting
      the flow of liquid from said first conduit to said auxiliary reservoir
      when said auxiliary reservoir is full of said liquid, a check valve in
      said conduit means for preventing the flow of said liquid from said
      auxiliary reservoir back to said first conduit, a second conduit for air
      under pressure, a pressure regulator in said second conduit, a second
      valve in said second conduit coupled to said first valve and so arranged
      that said second valve is open when said first valve is in the position in
      which the flowmeter is fed from the auxiliary reservoir and is closed when
      said first valve is in a position that the flowmeter is fed directly from
      said source of fluid under pressure, said second conduit supplying air
      under pressure to said auxiliary reservoir, a vertical graduated gauge
      whose lower part is in fluid communication with a carburetor to be tested
      and whose upper part is connected to the lower part of the auxiliary
      reservoir and to said pressure regulator, a third valve between the upper
      end of the gauge and the pressure regulator whereby when the third valve
      is open, air under pressure forces liquid in the gauge toward the bottom
      of the gauge and when the tird valve is closed, liquid under pressure can
      flow into the gauge, and a calibrated overflow conduit for said gauge for
      maintaining said gauge under pressure.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, and a discharge reservoir into which
      said calibrated overflow conduit discharges liquid from said gauge, a
      discharge conduit for passing liquid from said discharge reservoir to said
      auxiliary reservoir, and a pneumo valve under control of said air under
      pressure for closing communication between said reservoirs when said
      second valve is open.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, for use with plural carburetors, and
      branch conduit means from the lower end of said gauge to each of said
      carburetors.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, and a branch conduit in parallel to
      said first conduit and communicating with said first conduit upstream of
      said first valve, said branch conduit emptying into the upper portion of
      said auxiliary reservoir and having an anti-return valve to prevent
      backflow of excess pressure through said first conduit.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, in which said anti-return valve
      includes a ball having the same density as said liquid thereby to open
      under a very small pressure differential.
NUM  6.
PAR  6. Apparatus as claimed in claim 1, and an air cushion communicating with
      the discharge end of said flowmeter, a further valve communicating with
      the discharge end of said flowmeter downstream from said air cushion, and
      a ballcheck valve downstream of said further valve so as to damp
      variations in fluid flow from said flowmeter.
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ABST
PAL  A dynamometer in which a signal generator provides a repetitive signal of
      adjustable frequency, to record-playback heads fixed adjacent to similar
      magnetic recording mediums that are non-magnetically mounted and spaced
      axially apart on a drive shaft rotating without loads. Simultaneous
      recordings are made by the heads on the mediums and the signal generator
      switched off. With the rotating shaft loaded, the recordings are played
      back by the axially spaced recording-playback heads, and a phase
      difference between the recorded signal from each head is a measure of
      torque on the shaft. The frequency of recorded signal from either head is
      a measure of the speed of rotation of the shaft. The playback signals
      drive an electronic computer of well know design that multiplies the
      measure of torque by the measure of speed of rotation to provide a voltage
      proportional to shaft horsepower to a voltmeter that may be calibrated to
      read directly in horsepower given the elastic modulus of shaft material
      and shaft dimensions. In an excessively vibrating shaft, record-playback
      heads are mounted rigidly with respect to each other on a cradle that
      rides on the shaft and is held in place against turning with the shaft by
      springs attached to convenient fixed points.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to dynamometers and more particularly to electronic
      dynamometers for measuring the power and speed of rotating drive shafts.
PAR  2. Description of Prior Art
PAR  Heretofore twist in a shaft due to torsion has been measured from precisely
      aligned index and reference marks spaced axially apart on the shaft when
      unloaded. Mechanical alignment of the marks limited the accuracy of
      alignment and their number and thus the results obtained.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide electronically aligned reference
      markers that are in absolute alignment, a condition that can only be
      approximated by mechanically aligned reference and index markers.
PAR  Another object of the invention is to provide a cradle for carrying
      electronic record-playback heads in fixed axially spaced relationship and
      adapted to ride on a rotating drive shaft to eliminate erroneous results
      due to shaft vibration.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 is a three dimensional view from above the elements of the invention
      operably installed on a section of drive shaft,
PAR  FIG. 2 is a simplified block diagram of the electronic circuitry of the
      invention,
PAR  FIG. 3 is a series of wave forms of playback signals at different parts of
      the electronic circuitry of FIG. 2, and
PAR  FIG. 4 is a three dimensional view of optional apparatus for eliminating
      readout errors due to drive shaft vibration.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the figures, the invention comprises record and playback
      apparatus 10 mounted on and around a drive shaft 12 for magnetically
      recording a sinusoidal signal of a convenient frequency thereon as said
      shaft is rotated once without load. An electronic computer 14 is
      electrically connected to continuously receive the playback of the
      recorded signal from said shaft as it is rotating under load for providing
      electronic outputs proportional to shaft torque and horsepower and speed
      of rotation. Readout instruments are electrically connected to receive the
      outputs of electronic computer 14 for displaying them in terms of torque,
      horsepower and revolutions per minute.
PAR  Referring to FIGS. 1 and 2, record and play apparatus 10 comprises a pair
      of non-magnetic collars 18 fixed to drive shaft 12, the collars being
      spaced axially apart thereon for rotation therewith. Magnetic tapes 20 are
      mounted on and around the peripheries of respective collars 18.
      Record-playback heads 22 and 24 are mounted in respective mounting
      assemblies 26 with said heads positioned over respective collars 18 and
      rigidly secured in place to respectively adjacent shaft bearing housings
      28. A signal generator 30 is connected through leads 32 and an off-on
      switch 34 to record playback heads 22 and 24, the head 22 being nearer to
      the shaft source of power end than head 24 which is nearer the shaft
      output end.
PAR  In operation switch 34 is turned to "on" and signal generator 30 provides a
      periodic signal of a choosable frequency (chosen as explained hereinafter)
      which is simultaneously recorded by the respective heads 22 and 24 on
      tapes 20 mounted on respective collars 18 as they are rotated by shaft 12
      under no load or idling. Switch 34 is turned to "off" and shaft 12 rotated
      under load. The tape recorded signals are picked up by the respective
      heads 22 and 24 which are connected by leads to input terminals of
      electronic computer 14. Shaft 12 turns once to record and continuously to
      playback.
PAR  Referring to FIGS. 2 and 3, electronic computer 14 comprises preamplifiers
      36 and 38 that amplify the respective signals received from the heads.
      Since head 22 is nearer the source of power end of shaft 12 the signal
      from head 22 will lead the signal from head 24. From the preamplifiers,
      the signals go respectively to precision zero crossing detectors and
      limiters 40 and 42, and then through differentiators 44 and 46. The output
      of differentiator 44 (signal leading) drives the "set" input of a
      bi-stable gate 48, and the output of differentiator 46 (signal lagging)
      drives the "reset" input thereof. The output of said gate 48 has a width
      equal to the phase difference or time delay between zero crossing points
      of the signals. The output of said gate 48 goes to pulse-width-to-voltage
      converter 50 whose output is a d.c. voltage proportional to the torque on
      the shaft 12. The output of converter 50 drives torque meter 52 which can
      be either a digital or conventional panel meter. A potentiometer 54 can be
      used to calibrate the torque meter 52 for direct reading.
PAR  The output of differentiator 46 also drives a one shot multivibrator 56
      whose output pulse rate is proportional to the shaft rotational speed. The
      frequency-to-voltage converter 58 provides a d.c. voltage proportional to
      said shaft rotational speed to drive a revolution per minute meter 60. A
      potentiometer 62 is connected for calibration for direct reading in r.p.m.
PAR  The torque voltage from converter 50 goes to the "X" input of a voltage
      multiplier 64, the r.p.m. voltage from converter 58 goes to the "Y" input
      thereof. The output of the multiplier is "X" times "Y", and therefore is
      proportional to the shaft horsepower. The output of multiplier 64 goes to
      a voltmeter 66 calibrated in horsepower for direct reading by means of a
      potentiometer 68.
PAR  FIG. 3 shows typical wave forms at various points in the computer 14. The
      wave form is typically sinusoidal, with a frequency chosen so that the
      maximum torque signal width measured by heads 22 and 24 is less than one
      cycle of the playback frequency. Referring to FIG. 3, the wave form from
      either head 22 or 24 is shown at line 70 and is the input into
      preamplifiers 36 and 38. The output from the preamplifiers is shown in
      line 72 which is squared and clipped by zero crossing detectors and
      limiters 40 and 42 as shown in line 74. Either above the line positive
      pulses or below the line negative pulses as shown in lines 76 and 78
      supplied by differentiators 44 and 46 can be used for triggering bistable
      gate 48; differentiator 44 output shown on line 76 leads differentiator 46
      output shown in line 78 by an amount proportional to the shaft torque.
      Bi-stable gate 48 output of positive waves as shown in line 80 of FIG. 3
      are used and have the frequency of the original signal wave shown in line
      70 of said figure, and a pulse width equal to a torque caused time delay
      between zero crossing points of the respective waves, and said pulse width
      is therefore proportional to the shaft torque. The output of the one shot
      multivibrator 56 is the revolution per minute wave train, as shown in line
      82 of FIG. 3, also has the frequency of the original signal wave as shown
      in line 70, but has a fixed pulse width of less than one cycle at maximum
      revolutions per minute.
PAR  Referring to FIG. 4, a cradle 84 comprises a rigid structure 86 having
      oppositely disposed ends 88 and defining a level upper surface 90
      extending longitudinally between said spaced apart collars 18 for
      positioning record playback heads 22 and 24, repectively mounted on said
      ends 88. A lower concave surface 92 is defined by said rigid structure 86
      and rollers 94 are positioned thereunder for rotation on axles 96 mounted
      parallel to shaft 12, said rollers 94 for rollably engaging said shaft and
      spacing rigid structure 86 thereover. Cradle 84 is held by springs 98 from
      being displaced by the rotation of said shaft 12. Springs 98 are attached
      to opposite sides of rigid structure 86 and to any convenient fixed points
      adjacent said shaft and opposite thereto. The cradle is used for shafts
      having lateral or longitudinal vibrations or other non-rotational motions
      with respect to its bearing housings 28. In such cases, when record
      playback heads 22 and 24 are fixed to respective bearing housings 28,
      playback will include in the phase differences between tapes 20 a torque
      signal due to shaft twist and also signals caused by said lateral motions
      of shaft 12. By placing the heads on cradle 84 which follows any lateral
      motion of the shaft, signals caused by said lateral motion are eliminated
      and the errors caused thereby also eliminated from said phase differences.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic transmission dynamometer, for determining torque,
      revolutions per minute, and horsepower of a rotating loaded shaft,
      comprising:
PA1  a. audio signal generator means for generating periodic signals having a
      range of audio frequencies;
PA1  b. separate recording mediums spaced axially apart and peripherally and
      non-magnetically applied on said shaft for rotation therewith;
PA1  c. two record-playback heads fixed in spaced relationship to each other
      over said shaft and respectively adjacent said axially spaced apart
      recording mediums;
PA1  d. a cradle adapted to ride on said rotating shaft and held from rotating
      therewith by flexible means transversely and oppositely connected to said
      cradle and respective fixed points for fixing said record-playback heads
      in said spaced relationship and respectively over said recording mediums;
PA1  e. electronic means for sequentially amplifying, differentiating and
      converting said picked-up and playback signals into pulses having variable
      widths proportional to shaft torque, and fixed widths proportional to
      revolutions per minute of the shaft, and for converting said variable and
      fixed width pulses into voltages proportional to said shaft torque and
      revolutions per minute, and for multiplying said proportional voltages to
      obtain a voltage proportional to shaft horsepower; and
PA1  f. voltmeter means, calibratible for direct readout in terms of horsepower,
      torque and revolutions per minute, for receiving and displaying reception
      results of said proportional voltages.
NUM  2.
PAR  2. An electronic transmission dynamometer as described in claim 1 wherein
      said flexible means holding said cradle from rotation with said shaft are
      springs.
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ABST
PAL  A mechanical pipette having a fixed stroke for aspirating and discharging a
      predetermined volume of liquid into and from a reservoir. A measuring
      piston controls the volume of liquid drawn into the reservoir and a
      substantially larger piston assures that all of the liquid in the
      reservoir is expelled therefrom on a discharge stroke. On the discharge
      stroke, a mechanically actuated valve is opened to admit air being
      compressed by the substantially larger piston into the reservoir.
BSUM
PAR  The present invention relates to pipettes, and especially to pipettes
      having means to assure that the volume of liquid aspirated into a
      reservoir is entirely discharged from the pipette when the reservoir is
      emptied. More particularly, the invention relates to a pipette having a
      first measuring piston that determines the volume of liquid drawn into a
      reservoir, and a second piston having a diameter substantially larger than
      that of the measuring piston, which second piston compresses a large
      volume of air that is directed to the reservoir to assure the expulsion of
      all the liquid therein.
PAR  The utility of many laboratory procedures requires the precise measurement
      of a small volume of liquid. It is not uncommon to require the accurate
      dispensing of volumes of less than 10 milliliters. Even for larger
      volumes, it is desirable that the accuracy of the measurement be assured
      and that it be repeatable over many pipetting operations. The design of
      manual pipettes generally assures that a precise predetermined volume of
      liquid is aspirated into the pipette reservoir, but the discharge of that
      precise volume is not always achieved. Quite often, a small quantity of
      the liquid remains after the discharge stroke of the piston is completed.
      And unless all of the liquid is discharged from the reservoir, the
      precision built into the pipette mechanism is negated. The liquid
      remaining may be a droplet formed at the orifice of the pipette tip which
      is not discharged with the rest of the liquid, or it may be a thin film of
      liquid adhering to the wall of the reservoir. This often results because
      the air in the reservoir above the liquid level is a compressible fluid
      that cannot positively expel all of the liquid when the pipette piston is
      depressed to expel the liquid. It will be appreciated that the complete
      discharge of liquids from pipette reservoirs is important in the use of
      such pipettes for critical laboratory procedures. This is especially true
      where small volumes, in the order of 10 milliliters or less, are being
      measured. In such cases, the volume of a droplet remaining on a pipette
      tip will be an appreciable part of the volume initially aspirated. So much
      so has this become a consideration that a great deal of inventive effort
      has been directed towards the provision of pipettes that will expell
      essentially all of the liquid initially drawn into the pipette.
PAR  Thus, in the prior art it has been suggested that the measuring piston of a
      pipette be given a first stroke, determined by a relatively strong spring
      stop, for aspirating the desired volume of liquid into the reservoir, and
      a second longer stroke by overcoming the force of the strong spring to
      discharge the liquid from the reservoir. See, for example, Pat. No.
      3,757,585. Other prior art disclosures provide for a longer discharge
      stroke of the measuring piston by other means. Pat. No. 3,766,785 provides
      a first fixed stop for the filling stroke and a second fixed stop for the
      discharge stroke, but the technician has to rotate the plunger mechanism
      manually so that either of the stops is selectively made effective in
      arresting the travel of the plunger and measuring  pg,3 piston. Pat. Nos.
      3,766,784 and 3,506,164 disclose indexing mechanisms that render a first
      and a second stop device alternately effective to arrest movement of a
      measuring piston thereby obviating the technician's effort to select the
      stop desired. As in the pipette disclosed in Pat. No. 3,766,785, one stop
      controls the volume of liquid aspirated into a reservoir while the second
      stop allows a greater movement of the measuring piston to discharge the
      liquid. Pat. No. 3,591,056 discloses two plungers, the travel of one being
      restricted to control the filling stroke of the measuring piston, while
      the second plunger bypasses the stop for the first plunger and permits an
      overtravel of the measuring piston. Pat. No. 3,646,817 discloses a pipette
      having a first measuring piston to control the volume of liquid aspirated
      into a reservoir telescoped within a larger discharge piston. The first
      piston is biased by a relatively weak spring and the second piston by a
      strong spring. A common plunger actuates both pistons. On a filling
      stroke, the technician depresses the plunger, moving the first piston,
      until the strong spring is tactilely encountered whereupon the plunger is
      released and the pipette reservoir filled. To discharge the aspirated
      liquid, the plunger is depressed past where the strong spring is
      encountered thereby causing the second larger piston to expel the
      aspirated liquid. Pat. No. 3,834,590 discloses a pipette having a first
      measuring piston for drawing the desired volume of liquid into the pipette
      reservoir and a second piston for compressing air in a separate plenum.
      The stroke of the measuring piston is limited by a stop that is biased by
      a relatively strong spring. When the stop is overcome by increased
      pressure on the driving plunger, the air compressed by the second piston
      is admitted to the pipette reservoir to aid in expelling liquid therefrom.
      Co-pending application Ser. No. 441,765 filed Feb. 12, 1974 discloses a
      pipette having a measuring piston and a second blow out piston having a
      substantially larger area than the measuring piston. The pistons are
      actuated by a common plunger mechanism that is arrested by a fixed stop on
      both the filling and the discharge strokes. Air compressed by the blow out
      piston is admitted to the pipette reservoir to blow out any liquid therein
      by a spring biased check valve that is opened by the pressure of the
      compressed air.
PAR  While each of the pipettes disclosed in the prior art operates as intended,
      each has certain disadvantages or limitations. For example, those pipettes
      which depend on an overtravel of the measuring piston to discharge liquid
      from the pipette reservoir obtain a minimal effect towards this end. The
      reason for this is that a compressible column of air is located between
      the liquid being discharged and the tip of the measuring piston. The
      additional overtravel of the piston, which is relatively small, is usually
      ineffective in dislodging liquid adhering to the reservoir as a droplet or
      thin film, especially if the column (or volume) of air between the liquid
      and the piston tip is relatively large compared to the overtravel.
      Moreover, some of the pipettes resorting to the simple overtravel
      expedient are mechanically complicated, employing such arrangements as
      indexing mechanisms and separate filling and discharge plungers. One such
      pipette requires the technician to rotate the plunger mechanism for
      alternate strokes thereof. Except fot the co-pending application referred
      to hereinabove, the pipettes employing a second larger blow out piston to
      assist in discharging liquid from the pipette reservoir resort to a spring
      biased stop for determining the filling stroke of the measuring piston.
      Since the stop is not fixed, even the slightest compression of the spring
      biasing the stop during a filling stroke leads to an inaccurate volume of
      liquid being drawn into the pipette reservoir thereby vitiating the
      precision with which the pipette is manufactured. In co-pending
      application Ser. No. 441,765, the limitations of the prior art just
      mentioned have been overcome by the disclosure of a pipette wherein the
      plunger is arrested by the same fixed stop on both the filling and the
      discharging strokes. There is no necessity for the technician to sense
      tactilely a resilient stop in order to end a filling stroke. Rather, the
      plunger is depressed until a fixed stop is encountered, and the plunger
      cannot be depressed farther, whereupon the plunger is released with the
      assurance that the volume of liquid predetermined by the precision
      manufacture of the pipette will be drawn into the pipette reservoir. The
      pipette of the co-pending application, however, does impose manufacturing
      tolerances on the pipette since the spring that biases the check valve to
      a closed position must be extremely light and fall within close tolerances
      from spring to spring so as to be sensitive to the pressure built up by
      the blow out piston, and yet the valve mechanism must be freely operable
      so as to function properly during each stroke of the pipette plunger.
PAR  It, therefore, is the object of the present invention to provide an
      improved pipette which assures the complete discharge of all the liquid
      aspirated into the pipette reservoir.
PAR  It is another object of the invention to provide a pipette having a fixed
      stroke in which more air is expelled from the pipette during a discharge
      stroke than is aspirated by the measuring piston during a filling stroke.
PAR  It is still another object of the invention to provide a pipette in which
      both the filling and the discharge strokes are determined by the same
      fixed stop and in which air compressed by a blow out piston substantially
      larger than a measuring piston is admitted to the pipette reservoir by a
      valve that is mechanically actuated just before termination of the
      discharge stroke.
PAR  In carrying out the invention, there is provided a pipette having a fixed
      plunger stroke for both filling and discharging the pipette. The filling
      stroke aspirates a predetermined volume of liquid into the pipette
      reservoir by moving a measuring piston between two limiting positions in a
      small volume air chamber. The volume of liquid aspirated depends on the
      area and the measuring stroke of the piston. The discharge stroke
      provides, in addition to the air trapped in the small volume air chamber,
      a large quantity of air from a second air chamber which assists in blowing
      the aspirated liquid from the pipette reservoir. The second air chamber is
      separated from the small volume air chamber by mechanically actuated valve
      means which close the fluid passageway between the two air chambers during
      a filling stroke, and which open the fluid passageway during a discharge
      stroke so that a piston moving in the second air chamber can move air from
      the second air chamber to the small volume air chamber.
PAR  Features and advantages of the invention may be gained from the foregoing
      and from the following description of a preferred embodiment of the
      invention.
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PAR  In the drawing:
PAR  FIG. 1 is a side elevational view, in section, of a pipette embodying the
      present invention;
PAR  FIG. 2 is a fragmentary sectional view, in enlarged detail, showing that
      portion of the pipette of FIG. 1 encircled by the dot dash circle numbered
      2;
PAR  FIG. 3 is a fragmentary view similar to FIG. 2 but showing another
      embodiment of the invention;
PAR  FIG. 4 is a partial side elevational view, in section, of a small volume
      pipette embodying the present invention; and
PAR  FIG. 5 is a fragmentary sectional view, in enlarged detail, showing that
      portion of the pipette of FIG. 4 encircled by the dot dash circle numbered
      5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Reference is now made to FIG. 1 which illustrates one embodiment of the
      invention. The pipette 10 comprises basically a tubular barrel 11, the
      forward or bottom end of which is internally threaded to accommodate a
      nozzle member 12. The opposite end of barrel 11 also is internally
      threaded so that a terminal member 13, which is externally threaded as
      shown, can be connected securely to the barrel. A piston rod 14 is shown
      with a measuring piston 14a formed at its forward end. Displacement of rod
      14 and piston 14a causes the drawing of the liquid being pipetted into the
      nozzle or preferably into a disposable tip press fitted onto the nozzle.
      At its other end, rod 14 is shown extending to a plunger knob 15 slideably
      positioned at the extreme end of terminal member 13. In broad principal,
      depression of knob 15, rod 14, and piston 14a (i.e., movement thereof to
      the left in the drawing) expels a quantity of air from nozzle member 12 so
      that when the knob 15 is returned to its normal position, as by a biasing
      spring as will be described hereinafter, a like quantity of liquid, into
      which the nozzle member or disposable tip is inserted, will be aspirated
      into the nozzle member or tip. A disposable tip is preferably used so that
      it is inserted into the liquid and the liquid is drawn up into the tip
      only. In this way the pipette itself is never touched by the liquid, and
      thus can never be contaminated thereby or cause cross-contamination when
      different samples, especially of biological fluids, are being pipetted.
PAR  At its forward end piston 14a is guided in nozzle member 12 by the annular
      guide ring 16 formed internally in member 12 during its manufacture. The
      guide ring does not form an air tight seal around piston 14a, but rather
      permits air to pass freely between it and the piston. The reason for this
      will be made clear hereinafter.
PAR  Towards its other end where it initially passes through member 13, rod 14
      is provided with a groove 17 into which fits a snap washer 20. A bearing
      washer 21 is placed between snap washer 20 and the end surface of member
      13, which surface forms a fixed stop that establishes one extreme of
      travel of rod 14 and piston 14a. Spring means, comprising compression
      springs 22 and 23, bias rod 14 and piston 14a to the position illustrated
      which is determined by the location of groove 17 and washer 20 along rod
      14. While one spring could have been used instead of the two shown, the
      latter arrangement is preferred since a single spring would have a
      tendency to bow when being compressed and rub against the barrel 11 or rod
      14 to cause a squeaking sound. Springs 22 and 23 bear against nylon
      bushings 24 and 25, which fit loosely over rod 14, and against a flanged
      cylinder 26. The cylinder in turn bears against tube 27 and the tube
      against the circumferentially grooved disk 30. An "O" ring 31 is mounted
      in the groove of disk 30, the disk itself being provided with a central
      aperture through which rod 14 passes with ample clearance. It will be
      apparent that disk 30, tube 27, and cylinder 26 can simply be slipped into
      barrel 11 since they all are held snugly in position abutting one another
      and the end of nozzle member 12 by the action of springs 22 and 23.
PAR  Within member 13, rod 14 passes through a metering block 32 which is
      restrained against lengthwise travel along rod 14 by its engagement with
      washer 21 and knob 15, the latter of which is threaded or force fitted on
      rod 14 until block 32 is moved into abutting relationship with washer 21.
      A button 33 is pressed into the end of knob 15 to give it a finished
      appearance. The button m may be of a plastic material and color coded to
      indicate the volumetric capacity of the pipette. Along this line, barrel
      11 may also be of a plastic material and color coded for the same purpose.
      Also, an O-ring 36 serves as a low friction bearing member guiding knob 15
      along the internal diameter of member 13. The O-ring is not intended to
      provide an air tight seal, and it does not.
PAR  It will be clear from the description so far that the rod 14 will be in the
      one limiting position illustrated by the action of springs 22 and 23. When
      the rod is depressed, as by pressure on knob 15 the rod will move until
      the end 34 of the wider diameter portion of block 32 strikes the shoulder
      35 formed on the inside of member 13. Thus the volumetric capacity of the
      pipette will be determined by the cross sectional area of measuring piston
      14a and the length of the stroke of the piston. The latter, of course, is
      determined by the abutment of the end 34 of block 32 with shoulder 35, and
      the engagement of snap washer 20 and bearing washer 21 with the inside end
      29 of member 13. As will be explained hereinafter, due to the construction
      of the present pipette, the effective aspirating stroke of rod 14 will be
      slightly less than that just indicated. But, since the difference between
      the total stroke and the effective stroke will be known and fixed,
      compensation can be made so that the pipette aspirates the exact
      predetermined volume of liquid. To vary the capacity of the pipette, a
      different block (not shown) would be used, the different block having the
      same overall length as block 32 but having a wider diameter portion of
      shorter or longer length. In this way a different length stroke would be
      provided. Or alternatively, the position of groove 17 and washer 20 could
      be changed.
PAR  Attention is now directed to those components of the pipette which assure
      that all of the liquid aspirated into the pipette reservoir will be
      expelled during a discharge operation. A sealing ring 37 is positioned in
      annular groove 40 formed on the circumference of rod 14. Spaced a short
      distance along rod 14 from ring 37 is the overblow piston 41. This piston
      41 is formed with an annular groove 42 which receives an O-ring 43 that
      provides an air tight seal as piston 41 slides along tube 27. Overblow
      piston 41 is provided with an axial bore 44 through which rod 14 can slide
      with sufficient clearance to allow air to flow from one end of piston 41
      to the other. A snap ring washer 45 on rod 14 and washer 46 bear against
      overblow piston 41 and move it to the right (as viewed in the drawing) to
      the position shown. It will be observed that piston 41 moves
      longitudinally relative to rod 14 between positions determined by snap
      washer 45 and seal ring 37. The reason for this will become clear as the
      description progresses.
PAR  A valve 50 in the form of a quad ring 51, washer 52, compression spring 53,
      flanged hollow tube 60, and sealing ring 61 is provided between piston 14a
      and disk 30. Spring 53 is a relatively light spring the only purpose of
      which is to cause quad ring 51 and sealing ring 61 to make an air tight
      seal between piston 14a and disk 30. However, the spring is weak enough to
      permit very little axial force on tube 60 to compress it and thus open
      valve 50 and allow air from chamber 57 to flow down around piston 14a and
      out nozzle member 12.
PAR  Having thus described the construction of the pipette, its operation will
      now be considered. Pipette 10 is generally grasped by a technician with
      his four fingers surrounding barrel 11 and his thumb resting on knob 15.
      It is, of course, immaterial how the pipette is grasped, and any way
      comfortable and convenient to the technician will suffice. Knob 15 is
      depressed until end 34 of block 32 strikes shoulder 35 thus driving piston
      14a down into chamber 54 to supplant a predetermined volume of air. The
      tip of the pipette 10 or preferably a disposable tip 55 mounted on nozzle
      member 12 is then inserted into the liquid being pipetted. Thumb pressure
      is released from knob 15 whereupon springs 22 and 23 move rod 14 to the
      right (as shown in the drawing) until washer 21 strikes the end of member
      13. As piston 14a moves to the right liquid is aspirated into the pipette
      tip 55. At the end of its rightward travel, the parts of the pipette will
      be as illustrated and a predetermined volume of liquid will be in pipette
      tip 55.
PAR  The interior of the pipette to the right of disk 30 will contain air at
      atmospheric pressure since that portion of the pipette to the right of
      O-ring 31 and valve 50 is not of air tight construction. In fact, a small
      aperture 56 could be provided in barrel 11 to assure that air does leak
      into the interior of the pipette. Note especially that piston 41 is spaced
      from seal ring 37 so that air will leak past ring 37 and through bore 44
      of piston 41 to the air chamber 57 between disk 30 and piston 41. Note
      also that valve 50 prevents any air leakage around piston 14a.
PAR  To discharge the liquid from pipette tip 55, knob 15 is again depressed.
      Initially, overblow piston 41 does not move because of its free fit on rod
      14 and because of the snug air tight engagement with the internal wall of
      tube 27 provided by O-ring 43. During this initial relative movement
      between rod 14 and overblow piston 41, washer 45 moves away from the left
      hand end of piston 41. However, as rod continues its movement to the left,
      seal ring 37 engages the right hand end of piston 41 and thereafter,
      overblow piston 41 will move along with rod 14. Chamber 57 is now sealed,
      and air pressure therein builds up as the volume of the chamber is
      decreased by the leftward movement of piston 41. At a position in the
      leftward movement of rod 14, just prior to such movement being arrested by
      the engagement of end 34 of block 32 with shoulder 35, washer 45 engages
      the end of tube 60 so that additional movement of rod 14 opens valve 50
      and allows the compressed air in chamber 57 to expand into chamber 54 and
      expel the liquid in tip 55.
PAR  After rod 14 reaches its terminal position as determined by the engagement
      of member 32 with shoulder 35, thumb pressure is removed from knob 15 and
      springs 22 and 23 return rod 14 to its other limiting position. During the
      initial rightward movement of rod 14 valve 50 will be open, and it will
      not close until rod 14 moves a distance equal to that which tube 60 was
      translated during the leftward travel of rod 14. It is this incremental
      distance, which is very small since valve 50 only has to be opened a crack
      to allow the compressed air in chamber 57 to pass into chamber 54, that
      rod 14 must travel prior to the closing of valve 50 which must be
      compensated for in establishing the effective aspirating stroke of rod 14.
      In other words, the effective aspirating stroke of rod 14 is equal to the
      stroke as determined by the stops of member 13, i.e., end 29 and shoulder
      35, less the distance which tube 60 is translated at the terminal end of a
      leftward stroke. Also during the initial movement of rod 14 towards its
      position as shown in the drawing, overblow piston 41 does not move since
      it must first be engaged by washers 45 and 46 which, at the end of a
      leftward stroke, are separated from the piston. During the relative
      movement between rod 14 and piston 41 which brings washer 46 into
      engagement with piston 41, seal ring 37 is moving away from the opposite
      end of piston 41 to the relative position shown in the drawing. Rod 14 and
      piston 41 continue their rightward movement in unison until such time as
      washer 21 engages the end of member 13. The pipette is then the condition
      shown in the drawing and ready for further use.
PAR  The effectiveness of the present invention may be summed up in general
      terms as follows. The volume of liquid drawn into the pipette reservoir,
      i.e., disposable tip 55, is controlled by the displacement of a
      predetermined volume of air. That is, by the volume represented by the
      area and effective stroke of measuring piston 14a, whereas the expulsion
      of the liquid from the pipette reservoir is effected by by the
      displacement of a comparatively large volume of air, i.e., the volume
      determined by the area and stroke of overblow piston 41. The foregoing
      result is achieved even though the rod 14 travels between two fixed
      terminals and travels the same distance on both the filling and the
      discharge strokes.
PAR  FIG. 3, which is a view similar to FIG. 2, shows a different construction
      of the valve mechanism which controls the admission of air from chamber 57
      to the air chamber 54. In all other particulars the construction of the
      pipette is the same as in the FIGS. 1 and 2 embodiment. In FIG. 3,
      components which are similar to or the same as components in the FIG. 1
      embodiment have been given the same reference character with the letter a
      appended thereto. Since many of the components are the same as those
      previously described and function in the same manner, the present
      description will only be concerned with the different construction.
PAR  Nozzle member 12a is provided with rightwardly projecting hollow
      cylindrical portion through which measuring piston 14aa extends. A pair,
      or more, of radical apertures 59 are provided near the remote end of the
      cylindrical portion. An O-ring 51a provides an air tight seal for
      measuring piston 14aa and O-rings 61a and 62a provide an air tight seal
      between sliding valve member 60a and the apertured segment of nozzle
      member 12a. A spring 53a maintains valve member 60a in the position shown
      against the internal abutment ring provided in barrel 11a. The pipette
      functions similarly to the FIG. 1 embodiment except that, now, at the end
      of a discharge stroke piston 41a moves into contact with valve member 60a
      to push it leftwardly against the bias of spring 53a, thereby allowing air
      from chamber 57a to pass through aperture 59 into the interior of nozzle
      member 12a to blow out liquid in the tip of the pipette. Upon restoration
      of rod 14a' to its normal spring biased position, spring 53a restores
      valve member 60a to its normal position as shown in the drawing.
PAR  Attention is now directed to FIGS. 4 and 5 which show a different
      embodiment of the invention which is particularly useful for extremely
      small volume pipettes; for example, pipettes having a delivery of ten
      micro liters or less.
PAR  The pipette 70 is shown comprising two separate pistons as in the previous
      embodiment, a measuring piston 71 and an overblow piston 72. Now, however,
      the pistons are carried on separate plungers for a reason that will become
      clear as the description progresses. The distal end of piston 71 is fitted
      within the narrow bore of nozzle member 73 and guided within the central
      aperture of connecting member 74 which is threaded into nozzle member 73.
      A seal 75 assures that the joint is air tight. A valve 76 comprising a
      compression spring 77, a washer 80, a quad ring 81, a flanged hollow rivet
      like member 78, and a sealing ring 79 is provided for a purpose later
      described. For the present, it will suffice to say that quad ring 81 and
      sealing ring 79 provide an air tight seal between piston 71 and member 74.
      The opposite end of member 74 is brazed into the piston stroke controlling
      member 82. Member 82 is provided with a central aperture which is stepped
      to provide three different diameter bores. The smallest bore, which is of
      a diameter greater than that of the aperture in member 74 carries plunger
      rod 83 into which measuring piston 71 is press fitted. Further on, the
      aperture diameter is increased to accommodate the wider diameter portion
      84 of plunger 83, a stop shoulder 85 being formed at the point the
      aperture diameter changes. The plunger 83, after being reduced to its
      original diameter next passes through an adjusting nut 86 which is
      threaded into member 82 and projects into chamber 87. A compression spring
      90 placed between the ends of members 74 and 83 urges plunger 83, and
      piston 71, to an initial position determined by the engagement of the end
      of plunger portion 84 with the face of adjusting nut 86. By turning nut 86
      in member 82, the initial position of plunger 83 can be controlled and
      calibrated. The other terminal position of plunger 83 is determined by the
      engagement of the other end of plunger portion 84 with stop shoulder 85.
      Since this position is fixed, it is apparent that the stroke of plunger
      83, and piston 71, is determined by the adjusted position of nut 86.
      Consequently, the volume capacity of pipette 70 is determined by the
      stroke of measuring piston 71 and its cross sectional area.
PAR  Since the presently described pipette is intended for minute volumes, i.e.,
      from 1 to 10 micro liters, the diameter and stroke of piston 71, and the
      bore in nozzle member 73, are equally minute. The distal end of nozzle
      member 73 can be likened to an insert plug to be placed in pipette tip 91.
      Thus, member 73 terminates in a solid cone, and the bore of the member
      extends only as far as transverse aperture 92. The reason for such an
      arrangement is to minimize the air volume ahead of the tip of piston 71.
PAR  A pipette barrel 93 is internally threaded at one end for connection to
      member 82 and at its other end for connection to terminal member 94.
      Within barrel 93, overblow piston 72 is slideably positioned at the end of
      plunger 95 and is restrained thereon by a washer 96 snapped into a groove
      formed on plunger 95. Piston 72 is provided with an annular groove 97
      which accommodates an O-ring 100 that makes an air tight seal with the
      inner surface of tubular member 101. A seal ring 104 is mounted in an
      annular groove on plunger 95 a short distance from the end of piston 72.
      Further along plunger 95, i.e., to the right in the drawing, the
      construction of the pipette is similar to that shown in FIG. 1, and so
      will not be described in detail.
PAR  Inasmuch as many pipettes, especially those used for biological purposes,
      are provided with disposable tips so that pipetted liquids never enter the
      pipette itself, the pipette illustrated with the present embodiment of the
      invention is also shown with a tip removal mechanism. It is to be
      understood, however, that such mechanism need not be provided on the
      pipette. It should also be understood that such tip removal mechanism
      could be provided on the pipette illustrated in FIG. 1.
PAR  The tip removal mechanism 116 comprises a sleeve member 117 that is
      slideably positioned over barrel 93. An internally threaded flanged
      cylinder 120 is brazed or otherwise secured to the inside of sleeve member
      117, and into it is threaded the tip removing member 121. A snap washer
      122 fitted into a groove on the external surface of member 82 together
      with washer 123 serves as a seat for compression spring 124. The spring
      urges the tip removal mechanism 116 to the right (as viewed in the
      drawing) until sleeve member 117 strikes the lip of terminal member 94.
      The engagement of the flange of cylinder 120 with member 82 could, in the
      alternative, serve as the stop for mechanism 116.
PAR  In operation, the pipette 70 is grasped in the palm of the hand with four
      fingers around sleeve member 116 and the thumb on a knob (not shown). A
      disposable tip 91 is placed on nozzle member 73. The pipette knob is
      depressed by thumb pressure driving plunger 95 downwardly until its end
      strikes the end of plunger 83 and drives plunger 83 downwardly until the
      end of portion 84 strikes shoulder 85 and arrests the movement of both
      plungers 83 and 95. Thus, piston 71 is driven a distance determined by the
      movement of portion 84 between the face of adjusting nut 86 and shoulder
      85. The pipette tip is then inserted into the liquid to be pipetted. When
      thumb pressure is released, both plungers return to the positions shown in
      the drawing, plunger 83 being urged by spring 90, and plunger 95 by spring
      107. When plunger 83 returns to its spring biased position, a volume of
      liquid is aspirated into the pipette tip commensurate with the stroke and
      area of piston 71.
PAR  The air in chamber 87 will be at atmospheric pressure since the pipette to
      the right of the chamber is not air tight, and air can seep past piston 72
      in view of the clearance between plunger 95 and the piston. To assure that
      air does leak into the interior of the pipette, a small aperture may be
      provided in the wall of barrel 93, but in general it will not be
      necessary.
PAR  Now, when the pipette knob is depressed to expel the liquid from pipette
      tip 91, the initial movement of plunger 95 moves seal ring 104 into
      engagement with the end of piston 72, thus closing off chamber 87 from the
      interior of the pipette and atmospheric air. Consequently, as plunger 95
      continues to the left accompanied by piston 72 driven by seal ring 104,
      the air trapped in chamber 87 is compressed and its pressure builds up. As
      plunger 95 continues its travel it engages plunger 83 to move piston 71 to
      its left. Just prior to termination of the stroke of piston 71 as
      previously described, snap washer 88, fixedly placed on piston 71, engages
      rivet like member 78 to open valve means 76 and release the air from
      chamber 87 through nozzle member 73 to expel the liquid from tip 91. When
      thumb pressure is released, spring 90 returns plunger 83 to its normal
      position, as shown, and spring 107 returns plunger 95 to its normal
      position. Since seal ring 104 moves away from piston 72, chamber 87 is
      again in communication with the interior of the pipette and atmospheric
      pressure.
PAR  To remove the pipette tip 91, the technician, without removing his finger
      grip around sleeve 117, places his thumb under the projecting rim or arm
      of a member similar to 13 in FIG. 1 and moves his thumb upwardly. This
      action moves the entire pipette, including nozzle member 73 on which tip
      91 is mounted, to the right while the tip removal mechanism remains
      stationary. Thus, the end of tip 91 is brought into contact with the end
      of member 121 and pushed off nozzle member 73 by continued upward movement
      of the pipette proper.
PAR  Having thus described the invention, it is clear that many apparently
      widely different embodiments thereof could be provided without departing
      from its spirit and scope. Many different constructions could be made in
      the internal configuration of parts or certain features could be omitted
      while retaining the general principle of operation. Also, the pipette
      could be configured so that by depressing the thumb knob, liquid is
      aspirated into the pipette or tip, and by releasing the knob the liquid is
      expelled. Of course, whether or not a disposable tip is used is optional
      with the user, and will generally depend on the use to which the pipette
      is put. A valve of different configuration could be used in place of valve
      50. The invention could also be used in automatic or power actuated
      pipettes in which the pistons are moved by power driven cams, or the like,
      rather than in manual pipettes as described. Therefore, it is intended
      that the specification and the drawing be interpreted as illustrative
      rather than in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pipette comprising, means forming a first air chamber and a second air
      chamber, measuring piston means movable a predetermined distance in said
      first air chamber between a first limiting position and a second limiting
      position, second piston means movable in said second air chamber, said
      second piston means having a cross sectional area substantially greater
      than that of said measuring piston menas, valve means separating said air
      chambers so that said measuring piston means displaces air from said first
      air chamber while said second piston means compresses air in said second
      air chamber, actuating means for moving said measuring piston means and
      said second piston means, first fixed stop means for arresting said
      measuring piston means in its first limiting position, second fixed stop
      means for arresting said measuring piston means in its second limiting
      position, and means for actuating said valve means when said measuring
      piston means is immediately adjacent its first limiting position, whereby
      air compressed by said second piston means in said second air chamber is
      admitted to said first air chamber.
NUM  2.
PAR  2. A pipette according to claim 1 wherein said actuating means for moving
      said measuring and said second piston means include a common plunger means
      on which said measuring piston means and said second piston means are
      mounted for reciprocating movement, and wherein said fixed stops limit
      movement of said plunger means.
NUM  3.
PAR  3. A pipette according to claim 2 including spring means for biasing said
      plunger means to one limiting position.
NUM  4.
PAR  4. A pipette according to claim 3 including a fluid passageway extending
      from said second air chamber to the exterior of the pipette, and means for
      sealing said passageway during the initial movement of said plunger means
      away from its spring biased position.
NUM  5.
PAR  5. A pipette according to claim 1 wherein said measuring piston means is
      guided for movement between its limiting positions, spring means for
      biasing said measuring piston means to one of its limiting positions, and
      wherein said actuating means engages said measuring piston means at an
      intermediate position in its travel and, thereafter, said actuating means
      moves in abutting relationship with said measuring piston means to a
      position determined by said first fixed stop means.
NUM  6.
PAR  6. A pipette according to claim 1 wherein said valve means comprises
      sealing means, spring means for biasing said sealing means to a position
      wherein there is no air passageway between said first and said second air
      chambers, and a member adapted to be engaged by said actuating means prior
      to said measuring piston reaching its first limiting position.
NUM  7.
PAR  7. A pipette according to claim 1 including sealing means for providing an
      air tight seal where said measuring piston enters said first air chamber,
      an air passageway between said first and said second air chambers, and
      wherein said valve means include a sliding member adapted to close said
      air passageway, and spring means for biasing said sliding member to a
      passageway closing position.
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ABST
PAL  Facing each other diagonally across a pipe for flowing fluid is a pair of
      like, transmitter-receiver units operating with signals of supersonic
      frequency. The units are in a joint circuit and periodically are
      simultaneously energized to transmit identical signals to each other in
      opposite directions in high frequency bursts, each burst being of a chosen
      number of cycles and being shorter than the transmission time between the
      units. The bursts, received between successive transmissions, are phase
      shifted with respect to each other, resulting from one burst being speeded
      up and the other burst being slowed down in accordance with the velocity
      of the liquid traversed. The received bursts, in sine wave form, are
      heterodyned with a cosine wave form modulating signal to produce a sine
      wave resulting signal dependent upon phase difference between the bursts
      and at a low frequency. The modulating signal frequency is chosen so as to
      translate the multiple cycles of each high frequency burst into but one
      cycle in the resulting signal. The signal is manipulated electronically
      and its zero-crossings are demarked on a time base to establish the
      interval between them as a measure of the velocity of the liquid
      independent of sonic velocity.
BSUM
PAR  In the measurement of fluids flowing through a pipeline it is desirable to
      provide an arrangement for detecting the fluid flow, usually liquid flow,
      in a non-invasive fashion and with considerable accuracy and with
      mechanism which is relatively inexpensive and long lived. It is also
      desirable to have a measuring device which will easily afford a plain
      readout unaffected, within wide tolerances, by variations in temperature
      and comparable ambient conditions. While ultrasonic flow meters have been
      provided with more or less success for various installations, particularly
      in large diameter pipelines, it is still difficult to afford an
      appropriate instrument for pipelines of relatively small size and with
      repeatable indications of an accurate nature.
PAR  It is therefore an object of the invention to provide an ultrasonic flow
      meter which can easily be installed in a pipeline of any size, even a
      moderate size, and which will afford an accurate indication of the flow
      velocity in the pipe on a consistent and repeatable basis.
PAR  Another object of the invention is to provide an ultrasonic flow meter that
      is simple in operation and can be expected to operate over a protracted
      period under varying temperature and varying other ambient conditions
      without difficulty and with undiminished accuracy.
PAR  A further object of the invention is in general to provide an improved flow
      meter.
DRWD
PAR  Other objects together with the foregoing are attained in the embodiment of
      the invention described in the accompanying description and illustrated in
      the accompanying drawings, in which:
PAR  FIG. 1 is a diagram of a section of a pipe with a diagrammatically
      illustrated ultrasonic flow meter pursuant to the invention installed in
      connection therewith;
PAR  FIG. 2 is a diagrammatic showing of one form of ultrasonic flow meter
      pursuant to the invention;
PAR  FIG. 3 is a diagram illustrating in graphical form various of the operating
      characteristics of the ultrasonic flow meter;
PAR  FIG. 4 is a block diagram, more extensive than FIG. 2, showing one form of
      ultrasonic flow meter pursuant to the invention; and
PAR  FIG. 5 is a block diagram showing another form of ultrasonic flow meter
      pursuant to the invention.
DETD
PAR  The present arrangement is for the use of ultrasonic energy in the
      measurement of the velocity of a fluid flowing in a pipe and independently
      of the velocity of sound in that fluid. The flow velocity is determined by
      measuring the difference in transmission time through the flowing fluid of
      two ultrasonic signals simultaneously propagated as carefully regulated
      bursts, one burst going in a path having a component in the direction of
      the fluid flow, and the other identical burst going in a path having a
      component counter to the direction of fluid flow. The transmission time
      through the fluid of each burst is represented by a phase shift therein.
PAR  Especially in moderate to small-size pipes the time difference between the
      two oppositely directed signals is very short and is difficult to measure,
      and changes therein are extremely hard to measure accurately or within a
      small fraction, say one per cent, of the desired meter scale. The
      differences in transmission time are measured as a phase shift at an
      ultrasonic carrier frequency f.sub.t which is translated to a like phase
      shift at a low frequency f.sub.o. This is accomplished by heterodyning a
      modulating signal of frequency f.sub.d with the carrier frequency f.sub.t,
      the three frequencies being related as f.sub.t =  Kf.sub.o and f.sub.d =
      (K-1)f.sub. o, wherein K is a large integer, so that during heterodyning
      the difference frequency f.sub.t - f.sub.d =  f.sub.o. A phase shift at
      the carrier frequency f.sub.t induces exactly the same phase shift at the
      difference frequency f.sub.o. In effect, the difference in transmission
      time through the fluid is multiplied by the ratio (K) of the carrier
      frequency f.sub.t to the difference frequency f.sub.o. For example, a one
      microsecond difference in transmission time in the fluid when the factor
      (K) is 50 yields an apparent difference in transmission time of fifty
      microseconds at the difference frequency.
PAR  The carrier is in the form of sine waves, and the heterodyning signal is in
      the form of cosine waves, so the resultant signal is in the form of sine
      waves, making zero-crossing detection convenient. The carrier frequency
      signal is accurately phased with respect to the heterodyning frequency.
      The phase shift is made adjustable so that errors in phase shift caused by
      various circuit time delays may be corrected.
PAR  The carrier frequency signal is transmitted for exactly K cycles for each
      burst of transmission. This allows exactly one cycle of the difference
      frequency to be extracted. The time required for the burst to pass through
      the fluid must be at least K cycles and preferably is about one and
      one-half K cycles so that the transmit and receive portions of the signals
      are clearly separated.
PAR  While the ultrasonic flow meter as briefly outlined above and pursuant to
      the present invention can be installed in many different environments and
      in pipes of various different sizes and for use with various fluids,
      particularly liquids, it is especially adapted for installation in pipes
      of relatively modest size; for example, of a few inches in diameter, and
      in which the velocity of fluid flow over a wide range is to be determined.
PAR  In an exemplary instance, primarily to establish generalities, the
      installation is made in a pipe 6 (FIG. 1) carrying fluid, liquid, for
      example, travelling in the direction of the arrow 7 at a velocity to be
      determined. Secured on or in the wall of the pipe 6 are transmitting and
      receiving devices 8 and 9 or transducers. These are customarily installed
      facing each other on opposite sides of the pipe and are spaced apart in
      the direction of fluid flow, so that the path 11 between the devices 8 and
      9 is diagonal or inclined, its direction partaking of a component
      diametrically across the pipeline and of a component axially along the
      pipeline and its length being determinable.
PAR  Installations of this physical character are already known, but there is
      often a difficulty, particularly in the smaller diameter pipelines, in
      that the path 11 is so short that the difference between signals
      travelling such path in opposite directions, and traversing the distance
      in an extremely short time, is difficult or impossible to measure
      accurately, especially when influenced by small changes in fluid flow
      velocity.
PAR  In the present general case there is provided an ultrasonic or high
      frequency pulse train or burst transmitter 12. This includes structure for
      furnishing at intervals a number of relatively short pulses or cycles in a
      sequence of a predetermined length, each one of the sequences being
      considered as a train or as a burst. Each burst is controlled as to time
      of start and as to duration and so time of stop. The pulse train or burst
      transmitter 12 is provided with a lead 13 joined to a common conductor 14
      sending the pulse train simultaneously in two directions. In one direction
      the pulse train arrives at a transmit-receive unit 16 (T/R) having the
      ability to transmit the pulse train and also to receive a similar pulse
      train. The pulse train from the transmit-receive unit 16 travels through a
      conductor 17 to the transducer device 8 (Tr.sub.1) and from there travels
      across the pipe along the path 11 in one direction to the other transducer
      device 9 (Tr.sub.2), from which the signal is carried through a lead 18 to
      another transmit-receive unit 19 (T/R) connected at the other end of the
      conductor 14.
PAR  When the pulse train transmitter 12 emits a pulse train to the conductor
      14, the burst not only goes to the transmit-receive unit 16, as described,
      but simultaneously is impressed upon the transmit-receive unit 19 and so
      goes through the lead 18 to the transducer 9 and from there travels in the
      path 11 in a direction opposite to the direction of travel of the pulse
      train from the transducer 8. This oppositely directed burst is received by
      the transducer 8 and travels through the conductor 17 to the
      transmit-receive unit 16. In this way, a pulse train or burst from the
      transmitter 12 is in effect divided, is made simultaneously effective upon
      the transmit-receive units 16 and 19, and the split pulse trains or bursts
      travel simultaneously in opposite directions along the path 11 and are
      respectively received at the opposite one of the transmit-receive units 16
      and 19.
PAR  A pulse train or burst received at the transmit-receive unit 16 is carried
      through a conductor 21 having a connection 22 to the transmitter 12 and
      also extending through a lead 23 to a sensing circuit element 24. In a
      similar fashion, a signal or burst received at the other transmit-receive
      unit 19 is carried through a conductor 26 joined by a lead 27 to the
      sensing circuit element 24. In the sensing circuit element 24 the two
      bursts there received are lowered in frequency, compared as to phase, and
      in effect one is subtracted from or algebraically added to the other, as
      will later appear, and the difference between or net difference in the two
      bursts due to traversing the pipe is carried through a conductor 28 to a
      calculating circuit unit 29.
PAR  The received signal from the first transmit-receive unit 16 supplied to the
      sensing circuit element 24 is also made available through a branch conduit
      31 to the calculating circuit unit 29. Likewise, the signal from the
      transmit-receive unit 19 is carried through the conductor 26 and through a
      lead 32 extending therefrom to the calculating circuit unit 29. In the
      calculating circuit unit the various received signals are compared and
      manipulated to emerge through a conductor 33 to any suitable display
      device (not shown) as a signal or reading indicative of the velocity of
      the fluid flowing in the direction of the arrow 7 in the pipe 6.
PAR  In the foregoing arrangement, while both the transmit-receive units 16 and
      19 transmit simultaneously and also receive simultaneously, the timing is
      arranged so that the duration of the train of pulses or bursts being sent
      simultaneously from the devices 8 and 9 extends for a predetermined
      interval of time (usually less than the time to traverse the pipe),
      followed by a non-signal or silent interval, and following that both of
      the transmitting and receiving devices 8 and 9 transmit the signals as
      received to the transmit-receive units 16 and 19. That is, there is a
      simultaneous transmission of two trains of pulses or two bursts in
      opposite directions along the path 11, there is then an interval of no
      signal, and finally there is a simultaneous receive period for the signals
      which have just been sent. The duration for traverse of the path 11 allows
      the non-signal intervals. The transmit time and the receive time are not
      intermixed or overlapped and are maintained quite distinct from each
      other.
PAR  The generalized arrangement is developed in more detail, as particularly
      shown in FIG. 2. There is provided an oscillator 41, preferably a crystal
      controlled oscillator, having a substantially set frequency f.sub.t for
      generating the individual cycles or pulses to make up the various pulse
      bursts and effective to provide a signal at a junction 42 joined to the
      two transmit-receive units 16 and 19. From the junction 42 there is a lead
      43 extending to a timing circuit 44 itself having a lead 46 (with a branch
      47) extending to and controlling the burst timing at the transmit-receive
      units 16 and 19. This arrangement is set up so that each of the pulse
      bursts or cycle trains has a particular or set number of unit pulses in
      it.
PAR  As in FIG. 1, signals are transmitted to and received from the transducers
      8 and 9 over conductors 17 and 21 for travel along the path 11. The
      respective signal bursts, having traversed the path 11 in opposite
      directions, are appropriately compared. This is done by taking a high
      frequency, received burst signal from the transmit-receive unit 16, for
      example, through a lead 48, sending it through a preamplifier 49 and into
      a heterodyning modulator 51. Therein the incoming high frequency signal is
      heterodyned with a synchronized reference signal to produce a low
      frequency sine wave resulting for each burst, the ratio of high input
      signal frequencies to low output signal frequencies being K. The modulator
      output is led through a low-pass filter 52 to retain only the desired part
      of the resulting signal, which is introduced in the form of a single sine
      wave into a zero-crossing detector 53. Comparably, the other received
      burst from the transmit-receive unit 19 is dispatched through a lead 56
      and through a preamplifier 57 into a heterodyning modulator 58 duplicating
      the modulator 51 and from which the resulting sine wave signal travels
      through a low-pass filter 59 to exclude unwanted factors and then as a
      single sine wave travels through a lead 61 into the zero-crossing detector
      53.
PAR  It is important that during the above-noted modulation the signal phase be
      carefully controlled to compensate for errors due to various time delays
      that occur in various parts of the apparatus. A conductor 63 from the
      junction 42 connects the source of the synchronized reference signal, an
      oscillator 64, through a conductor 66 to a phase adjustment device 67. The
      oscillator 64 generates a synchronized, cosine form wave, so that when
      heterodyned with the sine wave from the oscillator 41 a sine wave results
      to facilitate zero-crossing detection. The phase corrected signal from the
      conductor 66 is made effective through a lead 68 upon the signal modulator
      51 and similarly is carried through a lead 69 to the modulator 58. The
      signals from both the modulators 51 and 58 are passed through low-pass
      filters 52 and 59 (LPF) to remove unwanted components and are transmitted
      in step through conductors 60 and 61 to the zero-crossing detector 53.
PAR  In that detector, the signal from the transmit-receive unit 16 is effective
      when it crosses zero to provide an output through a lead 72 going to a
      calculating unit 76 also having inputs 31 and 32 and an output 33. As
      illustrated in FIG. 2, the output is in effect one edge 73 of a square
      wave on a time base and having a standard or fixed amplitude. The signal
      from the transmit-receive unit 19 in its turn actuates the zero-crossing
      detector 53 at an instant depending on its difference in phase from the
      first signal and represents the other boundary 74 or edge of the constant
      amplitude square wave. There is thus provided a square wave output through
      the lead 72. The length or horizontal dimension of the square wave is
      equal to the product of the ratio K and the difference in transit times,
      which is directly indicative of and is proportional to the velocity of the
      stream flowing in the direction of the arrow 7 in the pipe 6. In the event
      there is substantially no flow in the pipe 6, then the two signals from
      the transmit-receive units 16 and 19 cross zero at the same instant within
      the zero-crossing detector 53 and so afford a square wave of a vanishing
      horizontal dimension or of no width, showing that there is no flow.
PAR  The zero flow situation can readily be utilized for calibration. Under
      conditions of no flow, there should be no indication on the meter. If
      there is an indication, an adjustment of the phase relationship of the two
      pulse bursts is needed. The phase shift unit 67 is then manually adjusted
      under a condition of no flow to shift the phase of one or the other, or
      both, of the pulse train signals at the modulators 51 and 58 so that there
      is no phase difference. Consequently, the zero-crossings of both signals
      occur simultaneously in the unit 53, and the observable width of the
      signal correctly becomes zero.
PAR  Prefacing a mathematical analysis of the system, the arrangement is
      recapitulated as it is embodied for a pipe 6 in which a fluid is flowing
      in the direction of an arrow 7 and at a velocity v'. On opposite sides of
      the pipe and spaced apart a distance l having an axial component, i.e. in
      the direction of fluid flow, is a transducer 8 (Tr.sub.1) and a transducer
      9 (Tr.sub.2). Short duration bursts of ultrasonic pulses travel
      simultaneously between the transducers along the path 11. These bursts are
      generated in a transmitter 12 having a connection through leads 13 and 14
      to a transmitter-receiver 16 joined to the transducer 8 by a conductor 17,
      and to a transmitter-receiver 19 joined to the transducer 9 by a conductor
      18.
PAR  Received pulse bursts from the transducer 8 are carried by a conductor 21
      joined by a lead 22 to the transmitter 12 and are carried by the conductor
      21 and by a lead 23 to a sensing circuit 24 also receiving pulse bursts
      from the transducer 9 through a conductor 26 and a lead 27. The output of
      the sensing circuit 24 is taken by a conductor 28 to a calculating circuit
      29, which also receives the respective received pulse bursts from a
      conductor 31 associated with the transducer 8 and from a conductor 32
      associated with the transducer 9. The calculating circuit output travels
      through a conductor 33 to a display, not shown.
PAR  For the burst of pulses going in the direction from Tr.sub.1 to Tr.sub.2
      the velocity of propagation is higher than in the other direction from
      Tr.sub.2 to Tr.sub.1 due to the directional velocity of fluid flow.
      Consequently, the transducer Tr.sub.2 will receive its concurrently
      emitted burst of ultrasonic pulses before the transducer Tr.sub.1 receives
      its corresponding burst. The component of the flow velocity along path 1
      is v, the axial distance apart of the transducers is l, and denoting the
      velocity of sound in the fluid as c, the elapsed times from the
      simultaneous beginning of the transmitted pulses to their respective
      receptions at the "receive" terminals of the transmit-receive devices 19
      and 16 are respectively denoted as T.sub.+ and T.sub.-. These are
      expressible as
EQU  T.sub.+ = t.sub.+ +  .tau..sub.+                           (1)
PAL  and
EQU  T.sub.- = t.sub.- +  .tau..sub.-                           (2)
PAL  where
      ##EQU1##
      and
      ##EQU2##
      are the transit times through the fluid in the two directions, and
      .tau..sub.+ and .tau..sub.- are the total system time delays (other than
      the transit time through the fluid medium); i.e. the sums of the delays in
      the electronic apparatus, cabling, transducers and pipe walls in the
      respective opposite directions.
PAR  The delays .tau..sub.+ and .tau..sub.- can be assumed to be equal and, if
      so, can be represented by .tau., but the assumption is nearly true but not
      entirely so. But if the assumption is accepted, then
EQU  .DELTA..tau. = .tau..sub.- - .tau..sub.+ = 0               (5)
PAL  and it follows that T .sub.- .gtoreq. T.sub.+ and the ultrasonic loop of
      FIG. 1 will "sing around" at the frequency
      ##EQU3##
PAR  The same assumption yields, by reason of equation (5),
      ##EQU4##
      which is independent of .tau..
PAR  The present method of obtaining a fluid flow measure independent of sound
      velocity results from the relationship
      ##EQU5##
      which combines with equation(7) to yield
      ##EQU6##
PAR  From equation (9) it is clear that a determination of the flow velocity v
      can be made from measurements of .DELTA.t, t.sub.+ and t.sub.-. For all
      cases of flow velocity measurement within a wide range, it may be assumed
      that v &lt;&lt;&lt;&lt;  c (v is much smaller than c), so that the equation (9) can be
      reduced to
      ##EQU7##
      wherein t.sub.+- denotes either t.sub.+ or t.sub.-.
PAR  In terms of directly measured quantities
EQU  t.sub.+- =  T.sub.+- - .tau.                               (11)
PAL  and consequently
      ##EQU8##
PAR  While the foregoing outline is correct, it is difficult to implement
      practically because in any customary case the value .DELTA. t is very
      small. For a pipe in which l is 1 foot and in a medium which has c as 5000
      ft/sec, a full-scale flow of 2.5 ft/sec gives a value for .DELTA. t,
      according to equation (7), of only 0.2 .mu. sec (0.2 .times.
      10.sup.-.sup.6 sec). For an accuracy of 1 percent of full scale, .DELTA. t
      must be determined within less than 2 nsec (2 .times. 10.sup.-.sup.9 sec).
      The fastest present digital circuits have time delays of about 1 nsec, and
      the fastest present linear circuitry and companion detectors have time
      delays in the 10 to 30 nsec range. Also, this method depends upon the
      propagation and detection of short pulses through the flow medium, which
      tends to "smear" these pulses in the time domain and makes virtually
      impossible the precise determination of reception times.
PAR  While some other partial improvements might be made, a great improvement
      can be made by more careful signal processing and especially by an
      effectively longer exposure of the ultrasonic signals to the flow medium
      in a way as to magnify the quantity .DELTA. t. For example, an effective
      magnification of .DELTA. t by 50 would then require a resolution of only
      100 nsec, well within the limits of available electronic circuits.
PAR  A further improvement can be made by exciting the transducers with bursts
      of sinusoidal waves of a specific, common frequency and detecting such
      bursts through demodulation techniques and zero-crossing identification.
      This reduces the effect of fades due to local variation in solids and air
      bubbles in the fluid or liquid.
PAR  As particularly shown in FIG. 2, the pipe set-up is as before, but an
      electronic generator 41 is used to generate a continuous sinusoidal wave
      form of a specific frequency
      ##EQU9##
      wherein K is a large specific integer corresponding to the number of
      cycles of sinusoidal waves in each burst and t.sub.o is the time or
      duration of each burst. The output of the generator 41 is given by
EQU  e.sub.t (t) = E.sub.t Sin(2.pi.Kf.sub.o t)                 (14)
PAL  This output appears at a junction 42 having leads to the
      transmitter-receivers 16 and 19 and is effective through a lead 43 and a
      timing device 44 and from there through conductors 46 and 47 to control
      the operation of the T/R switches 16 and 19 connected to the transducers 8
      and 9. From the junction 42 a conductor 63 also carries a synchronization
      input to a second generator effective to generate a cosinusoidal wave form
      of frequency
EQU  f.sub.d = (K-1)f.sub.o                                     (15)
PAL  The output of the second generator is
EQU  e.sub.d (t) = E.sub.d Cos(2.pi.(K-1)f.sub.o t)             (16)
PAL  and is used as a synchronized reference signal for demodulating the
      received ultrasonic signals. The timing device 44 is synchronized with the
      phase and frequency denoted by equation (14). The output of this timer 44
      is a periodic series of gates, each of time or duration t.sub.o and with a
      repetition period
EQU  T.sub.p = 3t.sub.o                                         (17)
PAL  Hence the output of the timing circuit 44 is a gate signal expressed by
      ##EQU10##
PAR  Since the gate signals specified in equations (18) and (19) control the T/R
      switches 16 and 19, the transducer ports of these switches are connected
      in each period T.sub.p first to the output of the sinusoidal generator for
      a time duration t.sub.o and then to the receiving preamplifiers 49 and 57
      for the remaining time duration 2t.sub.o. Hence the excitations applied to
      the conductors connecting the transducers Tr.sub.1 and Tr.sub.2 (16 and
      19) are respectively
EQU  e.sub.1 (t) = E.sub.t G(t-.tau..sub.11)Sin(2.pi.Kf.sub.o (t-.tau..sub.11))
      (20)
PAL  and
EQU  e.sub.2 (t) = E.sub.t G(t-.tau..sub.21)Sin(2.pi.Kf.sub.o (t-.tau..sub.21))
      (21)
PAL  where .tau..sub.11 and .tau..sub.21 are the time delays through the
      transmit branches of the T/R switches. From these excitations, the
      transducers Tr.sub.1 and Tr.sub.2 (8 and 9) produce, at their pipe
      interfaces, respectively, ultrasonic waves
EQU  U.sub.1 (t) = u.sub.1 E.sub.t G(t-.tau..sub.11 -.tau..sub.12
      -.tau..sub.13)Sin(2.pi.Kf.sub.o (t-.tau..sub.11 -.tau..sub.12
      -.tau..sub.13))                                           (22)
PAL  and
EQU  U.sub.2 (t) = u.sub.2 E.sub.t G(t-.tau..sub.21 -.tau..sub.22
      -.tau..sub.23)Sin(2.pi.Kf.sub.o (t-.tau..sub.21 -.tau..sub.22
      -.tau..sub.23))                                           (23)
PAL  where u.sub.1 and u.sub.2 are transduction constants, .tau..sub.12 and
      .tau..sub.22 are delays through the connection cables, and .tau..sub.13
      and .tau..sub.23 are delays through the transducers.
PAR  As the ultrasonic waves propagate through the pipe walls and the flowing
      fluid to their respective opposite sides, the waves accumulate more time
      delays and suffer dispersive attenuation along the way. Arriving at the
      transducers Tr.sub.1 and Tr.sub.2 the respective ultrasonic waves are
      given by
EQU  U.sub.1 (t) = Du.sub.2 E.sub.t G(t-.tau..sub.21 - t.sub.2 -.tau..sub.w -
      t.sub.-)Sin(2.pi.Kf.sub.o (t-.tau..sub.21 - t.sub.2 -.tau..sub.w -
      t.sub.-))                                                 (24)
PAL  and
EQU  U.sub.2 (t) = Du.sub.1 E.sub.t G(t-.tau..sub.11 - t.sub.1 -.tau..sub.w -
      t.sub.+)Sin(2.pi.Kf.sub.o (t-.tau..sub.11 - t.sub.1 -.tau..sub.w -
      t.sub.+))                                                 (25)
PAL  where
EQU  t.sub.2 = .tau..sub.22 + .tau..sub.23 + .tau..sub.w        (26)
PAL  and
EQU  t.sub.1 = .tau..sub.12 + .tau..sub.13 + .tau..sub.w        (27)
PAL  .tau..sub.w is the delay through the pipe wall, D is the dispersive
      attenuation factor, and t.sub.+ and t.sub.- are the transit times through
      the flowing fluid as given in equations (3) and (4).
PAR  The received signals at the transducer ports of the T/R switches arising
      from equations (24) and (25) are
EQU  r.sub.1 (t) = E.sub.r G(t-T.sub.- + .tau..sub.14)Sin(2.pi.Kf.sub.o
      (t-T.sub.- + .tau..sub.14))                               (28)
PAL  and r.sub.2 (t) = E.sub.r G(t-T.sub.+ + .tau..sub.24 Sin(2.pi.kf.sub.o
      (t-T.sub.++.tau..sub.24))                                 (29)
PAL  where
EQU  E.sub.r =  Du.sub.1 u.sub.2 E.sub.t                        (30)
EQU  T.sub.- =  t.sub.- + .tau..sub.21 + .tau..sub.14 +  t.sub.1 +  t.sub.2 (31)
EQU  T.sub.+ =  t.sub.+ + .tau..sub.11 + .tau..sub.24 +  t.sub.1 +  t.sub.2 (32)
PAL  and .tau..sub.14 and .tau..sub.24 are the total delays through the receive
      branches of the T/R switches and the receive preamplifiers. The quantities
      T.sub.+ and T.sub.- are the total transit times in the two directions from
      the transmitter to the outputs of the preamplifiers. Comparing equations
      (31) and (32) with equations (2) and (1) we have
EQU  .tau..sub.- = t.sub.1 +  t.sub.2 + .tau..sub.21 + .tau..sub.14 (33)
PAL  and
EQU  .tau..sub.+ = t.sub.1 +  t.sub.2 + .tau..sub.11 +.tau..sub.24 (34)
PAL  which show that
EQU  .DELTA..tau. = .tau..sub.- - .tau..sub.+= (.tau..sub.21 - .tau..sub.11) +
      (.tau..sub.14 - .tau..sub.24)                             (35)
PAL  agrees with the assumption set forth in equation (5) only if
EQU  (.tau..sub.11 + .tau..sub.24) = (.tau..sub.21 + .tau..sub.14).
PAR  The transducer ports of the T/R switches are shared by the excitations of
      equations (20) and (21) and the received signals of equations (28) and
      (29), the total signals at these ports are the superpositions of equations
      (20) and (28) and equations (21) and (29),
EQU  e.sub.sl (t) = e.sub.1 (t) + r.sub.1 (t)                   (36)
PAL  and
EQU  e.sub.s2 (2) = e.sub.2 (t) + r.sub.2 (t)                   (37)
PAR  In order for the T/R switches to function successfully in isolating the
      transmitter and the receiving preamplifiers, it is necessary to arrange
      for the two parts of equations (36) and (37) to be disjoint in time. From
      equations (20) and (21), excitations e.sub.1 (tand e.sub.2 (t),
      respectively, are non-zero only when
EQU  nT.sub.p + .tau..sub.11 &lt;  t &lt; nT.sub.p + .tau..sub.11 +  t.sub.o (38)
PAL  and
EQU  nT.sub.p + .tau..sub.21 &lt; t &lt; nT.sub.p + .tau..sub.21 +  t.sub.o (39)
PAL  whereas from equations (28) and (29) the received signals r.sub.1 (t) and
      r.sub.2 (t), respectively, are non-zero only when
EQU  nT.sub.p +  T.sub.- - .tau..sub.14 &lt;  t &lt; nT.sub.p +  T.sub.- -
      .tau..sub.14 +  t.sub.o                                   (40)
PAL  and
EQU  nT.sub.p + T.sub.+ - .tau..sub.24 &lt;  t &lt; nT.sub.p + T.sub.+ - .tau..sub.24
      +  t.sub.o                                                (41)
PAR  Therefore the required disjointness in the time domain will follow if the
      conditions
EQU  T.sub.- &gt; .tau..sub.14 + .tau..sub.11 +  t.sub.o           (42)
PAL  and
EQU  T.sub.+ &gt; .tau..sub.24 + .tau..sub.21 +  t.sub.o           (43)
PAL  are satisfied by arranging
      ##EQU11##
PAR  It is therefore assumed that the requirement of equation (44) is satisfied
      and then the T/R switches will separate the received signals from the
      excitations at their transducer ports and feed those signals to the
      preamplifiers.
PAR  The received signals emerging from the preamplifier outputs are
EQU  R.sub.1 (t) = a.sub.1 E.sub.r G(t-T.sub.-)Sin(2.pi.Kf.sub.o (t-T.sub.-))
      (45)
PAL  and
EQU  R.sub.2 (t) = a.sub.2 E.sub.r G(t-T.sub.+)Sin(2.pi.Kf.sub.o (t-T.sub.+))
      (46)
PAL  where a.sub.1 .apprxeq.  a.sub.2 represent the gain factors of the
      amplifiers. Signals R.sub.1 (t) and R.sub.2 (t) are applied to their
      respective one of two modulators 51 and 58. Also applied to these
      modulators is the consinusoidal wave from the second generator 64 after
      passing through an adjustable phase shifter 67. The cosinusoidal waves
      e.sub.d1 (t) and e.sub.d2 (t) applied respectively to the R.sub.1 (t) and
      R.sub.2 (t) modulators are given by
      ##EQU12##
      in which
      ##EQU13##
      are the phase shifts introduced by the phase shifter. Combining equations
      (47) and (48) with equations (45) anad (46) through the actions of the
      modulators gives the outputs of the modulators as signals
      ##EQU14##
      The first terms in equations (49) and (50) are the desired products. By
      appropriately selecting the cut-off frequency of the low-pass filters
      (LPF) 52 and 59 following the modulators, the unwanted second terms may be
      blocked from passing through the filters. Then, the signals emerging from
      the filters 52 and 59 to the zero-crossing detectors (ZX DET) 53 are as
      given by
      ##EQU15##
      where S.sub.1 and S.sub.2 are the relatively small time delays through the
      filters 52 and 59.
PAR  Each of the signals R.sub.1 (t) and R.sub.2 (t) is composed of two factors.
      The first is the periodic aperture function G(.cndot.) as defined in
      equation (18) and the second is a sine wave of frequency f.sub.o =
      (1/t.sub.o). Since the duration of the apertures defined by the function
      G(.cndot.) is also t.sub.o, the signals R.sub.1 (t) and R.sub.2 (t) are
      each a series of single cycle sine waves of frequency f.sub.o and spacing
      T.sub.p =  3t.sub.o. The main difference between the two signals and hence
      the information carrier is the relative phases of the single cycle sine
      waves in each of the signals. These properties are illustrated in FIG. 3.
PAR  The time aperture of each signal is defined by its G(.cndot.) function
      taking on non-zero values during each operation cycle. From equation (51),
      the beginning and end as well as the duration of the aperture for the
      signal R.sub.1 (t) in the n.sup.th operation cycle is defined by the
      inequality
EQU  nT.sub.p +  T.sub.- + S.sub.1 &lt;  t &lt; nT.sub.p +  T.sub.- + S.sub.1 +
      t.sub.o                                                   (52)
PAL  Similarly, the aperture for the signals R.sub.2 (t) in the n.sup.th cycle
      is defined by
EQU  nT.sub.p +  T.sub.+ + S.sub.2 &lt;  t &lt; nT.sub.p +  T.sub.+ + S.sub.2 +
      t.sub.o                                                   (54)
PAR  The beginning of each operation cycle is defined by the beginning of the
      excitation burst in the transmitter at periodic times t = nT.sub.p, so
      that the elapsed times from the beginning of the n.sup.th operation cycle
      to the beginnings of the apertures for signals R.sub.1 (t) and R.sub.2 (t)
      are respectively
EQU  .DELTA. T.sub.1 =  T.sub.- + S.sub.1                       (55)
PAL  and
EQU  .DELTA. T.sub.2 =  T.sub.+ + S.sub.2                       (56)
PAR  The durations of the transmitted bursts are equal to the duration of the
      apertures of the signals R.sub.1 (t) and R.sub.2 (t), and the elapsed
      times from the center of the excitation bursts to the centers of the
      received signals apertures are also specified by equations (55) and (56).
      To the extent that S.sub.1 and S.sub.2 are small time delays, the elapsed
      times are measures of the transmit times T.sub.- and T.sub.+. Equations
      (32), (32), (33) and (34) may be used to restate the elapsed times of
      equations (55) and (56) as follows
EQU  .DELTA. T.sub.1 =  t.sub.- + .tau..sub.- '                 (57)
PAL  and
EQU  .DELTA. T.sub.2 =  t.sub.+ + .tau..sub.+'                  (58)
PAL  where
EQU  .tau..sub.-' = .tau..sub.- + S.sub.1                       (59)
PAL  and
EQU  .tau..sub.+' = .tau..sub.+ + S.sub.2                       (60)
PAR  Within each of the time apertures defined in equations (53) or (54), the
      signal R.sub.1 (t) or R.sub.2 (t) exhibits the sinusoidal characteristics
      of its second factor and becomes zero whenever the sinusoidal factor
      becomes zero. For the signal R.sub.1 (t) the zero value and therefore the
      zero crossing occurs in its aperture for the n.sup.th operational cycle at
      time t.sub.zl given by
      ##EQU16##
      where m is some integer. The solution of equation (61) gives
      ##EQU17##
      Similarly, the zero value and zero crossing of the signal R.sub.2 (t) in
      its aperture for the n.sup.th operational cycle is given by
      ##EQU18##
PAR  The zero-crossing detectors in the ZX DET block 53 in FIG. 2 are designed
      to locate the adjacent zero crossings of R.sub.1 (t) and R.sub.2 (t) about
      the centers of their time apertures for each operation cycle. For adjacent
      zero crossings the integers m in equations (61) and (62) are identical.
      The output of the ZX DET block 53 is a periodic pulse train in which the
      pulse of each period begins at the central zero crossing of R.sub.2 (t) in
      its aperture and ends at the central crossing of R.sub.1 (t) also in its
      aperture. Therefore the durations of these pulses are specified by
      ##EQU19##
      in which .DELTA. S = S.sub.1 -  S.sub.2. From equations (31) through (39),
      equation (64) may be restated as
      ##EQU20##
      in which .DELTA. t is the desired quantity defined in equation (7),
      .DELTA. .tau. is the residual time delay error of the T/R switches 16 and
      19 and the preamplifiers 49 and 57 as defined in equation (35), and
      .DELTA. .phi. is an adjustable phase shift 67.
PAR  By setting the adjustable phase shift so that
      ##EQU21##
      perfect error compensation is achieved and
EQU  .DELTA.t.sub.z =  K.DELTA.t                                (67)
PAL  which shows that the basic objective has been accomplished in that the
      burst length factor K has been established as the magnification factor for
      .DELTA.t. Proper adjustment of the adjustable phase shifter 67 can be
      accomplished easily under the condition of zero flow. For zero flow
      .DELTA.t = 0 and the proper setting of .DELTA. .phi. to achieve equation
      (66) will be reached when .DELTA.t.sub.z = 0.
PAR  Although perfect error compensation can be achieved as described above,
      minimum error sensitivity requires making .DELTA..tau. as small as
      possible by design. From equation (66) it is clear that the error
      .DELTA..tau. is not suppressed in the signalling scheme since it is also
      multiplied by the factor K. But the delay error .DELTA. S of the LPFs 52
      and 59 and the delay errors of the zero-crossing detectors 53 are
      suppressed since they are not multiplied by the factor K. Hence minimum
      sensitivity to errors and best implementation of the signalling technique
      described will result when .DELTA..tau. is made by design as small as
      possible. In general, the part of .DELTA..tau. from the T/R swithces 16
      and 19 is fairly small compared to that part contributed by the amplifiers
      49 and 57. The latter contribution can be kept as small as possible by
      designing amplifiers with maximum gain band width components and lowest
      acceptable gains. Techniques are available for successful modulation of
      signals at levels lower than -40 dbm (0 dbm = 10.sup.-.sup.3 watts).
PAR  The pulse train output described overcomes the technical difficulties
      initially pointed out, as appears from the two implementations shown in
      FIGS. 4 and 5.
PAR  As an example of the workings of a practical arrangement pursuant to the
      invention, the graph in FIG. 3, which has a time abscissa, illustrates
      some of the more important occurences. This is a numerical example chosen
      arbitrarily for a pipe having an ultrasonic frequency transit time of
      approximately 200 microseconds and is based on a signal repeat time of 480
      microseconds. A repeat interval of 480 microseconds duration occurs
      indefinitely while this apparatus is in operation. Both of the
      transmit-receive units 16 and 19 are initially energized at zero time and
      operate for a duration or time span of 160 microseconds (line G(t)) as an
      arbitrarily chosen period, a period less than the transit time in the path
      11. Each pulse train or burst thus endures for one hundred sixty
      microseconds and includes a large number (K) of individual pulses. This is
      illustrated in FIG. 3 in line e.sub.s1 (t); e.sub.s2 (t) by sinuously
      shaded portions above and below the horizontal line showing that both of
      the units 16 and 19 are simultaneously transmitting in opposite directions
      at high frequency. This transmit or burst time, terminating at the end of
      160 microseconds, is immediately followed by a non-transmit or silent time
      of 80 microseconds to afford a clear interval. At the end of the transmit
      time and of the interval; i.e. at the end of 240 microseconds from the
      zero or start time, both of the transmit-receive units 16 and 19 are
      conditioned simultaneously to receive. They receive the numerous high
      frequency pulses in the two signal bursts for a time period itself lasting
      160 microseconds. Following the receive interval of 160 microseconds,
      there is again a gap or silent period of 80 microseconds, again to make
      sure that there is no intermix of the transmit and receive signals. The
      time then amounts to a total of 480 microseconds, whereupon the
      just-described cycle is repeated. In the next lower line of FIG. 3,
      R.sub.1 (t); R.sub.2 (t), the received signals are illustrated without
      reference to the transmit signals, so that the received signals stand out
      individually.
PAR  Preferably the burst signals are transmitted in the form of sine waves
      which, when received are heterodyned, the effect being to produce for each
      burst a single, resulting sine wave equal in time width to the total
      receive period. The relative time position of each received signal, or its
      phase, is, for one signal, a function of the addition of the velocity of
      the stream in the direction of the arrow 7, and for the other signal is a
      function of the subtraction of the velocity of the stream. The sine waves
      as received and heterodyned thus appear in different phase relationship in
      the two lines R.sub.1 (t); R.sub.2 (t) of FIG. 3.
PAR  It will be noted that the zero-crossing point of the first signal in one
      line ZX DET.sub.1 is represented at one location in the time scale,
      whereas the zero-crossing point of the second signal is represented in the
      next lower line ZX DET.sub.2 at a different location in the time scale.
PAR  As reflected in the next lower line ZX DET.sub.out, the difference between
      the two zero-crossing times is shown or illustrated as a square wave, the
      horizontal time width or length of which, indicated as .DELTA.t.sub.z, is
      a representation or measure of the velocity in the direction of the arrow
      7 of the stream.
PAR  The foregoing is but a single numerical example and the values and times
      vary in individual installations, but the general relationship of the
      events in each case is substantially as set out.
PAR  More particularly to illustrate the details of construction of one form of
      flow meter producing the desired results, there is shown in FIG. 4 an
      arrangement in which many of the units are as previously described and in
      which more complete circuitry is disclosed. In this arrangement the
      closely controlled frequency generator or oscillator 41 furnishes a signal
      f.sub.s = MKf.sub.o through a conductor 81 having a junction 82 therein to
      a frequency divider 83 for dropping the frequency (.div.M) to a selected
      value, which feeds through a conductor 84 (e.sub.t ; f.sub.t = Kf.sub.o)
      into a lead 86 joined to and controlling the first transmit-receive unit
      16 Tr.sub.1 furnishing a signal e.sub.sl. A branch 87 connects to and
      controls the second transmit-receive unit 19 Tr.sub.2 furnishing a signal
      e.sub.s2. The conductor 84 extends through another frequency divider 91
      (.div.K) and sends a signal f.sub.o through a conductor 92 leading into a
      phase comparator unit 93. This unit 93, an edge-controlled, multi-logic
      network (ECMN), is responsive to the edge of a square wave, and in this
      instance senses the comparable edges of square waves in two distinct
      trains and affords an output according to the phase difference between the
      two wave trains. The output of the unit 93 is carried through a conductor
      94 and through a low-pass filter 96 for simplifying the signal, the wanted
      portion of which acts through a voltage controlled oscillator 97 feeding a
      junction 98 (e.sub.d ; f.sub.d = (K-1)f.sub.o). A conductor 99 carries
      part of the signal from the junction 98 through a frequency divider 101
      (.div.K-1) into a conductor 102 and thence into the other of the inputs to
      the phase comparator 93. A heterodyne reference signal, properly
      synchronized in frequency and phase, is thus made available at the
      junction 98.
PAR  From the conductor 84 at a junction 103 a conductor 104 carries the divided
      frequency signal from the oscillator 41 through a modulator 105. From the
      junction 98 the conductor 99 also extends through a lead to the modulator
      105 and to a manually settable phase adjuster 106 (.DELTA..phi.). The
      modulated signal goes through a conductor 107 and a low-pass filter 108 to
      exclude unwanted signal. The remaining, desired signal goes then through a
      conductor 109 and through a signal-shaping amplifier 111 (f.sub.o -
      reference) and finally through a conductor 112 into a logic unit 113. The
      arriving signal is, as illustrated, a square wave train 114 of frequency
      f.sub.o. From the logic unit 113 there is a timing signal, illustrated by
      the curve 116, led through a conductor 117 (G(t)) to a junction 118. From
      there a lead 119 extends to the transmit-receive unit 16, and from a
      junction 120 a similar lead 121 extends to the transmit-receive unit 19.
PAR  The transmit-receive unit 16, when set to receive by the timing signal on
      the conductor 117 and the lead 119, is effective to supply the signal,
      received from the transducer 8 through the conductor 17, through a
      connector 122 and through a preamplifier 123 into a conductor 124
      (R.sub.1) having a junction 126 and leading into a modulator 127 for
      heterodyning the sine wave signal with a cosine wave signal to produce a
      low frequency sine wave signal. The modulated signal is then carried
      through a conductor 128 and through a low-pass filter 129, leaving only
      the desired signal component R.sub.1, and into a conductor 131 to a
      zero-crossing detector 132. In this fashion, one signal crossing the pipe
      in one direction is appropriately shaped and is led into the zero-crossing
      detector.
PAR  Similarly, when the transmit-receive unit 19 is similarly set to receive by
      the timing signal on the conductor 117 and the lead 121, it transfers its
      signal, received from the transducer 9 through the conductor 18, through a
      lead 133 into its own preamplifier 134 and from there through a conductor
      136 (R.sub.2) in which a junction 137 is disposed. The high frequency sine
      wave signal goes into a modulator 138 for heterodyning with a cosine wave
      signal into a low frequency sine wave signal under control of the phase
      adjuster 106, which acts as previously described and from which leads 139
      and 140 go to modulators 127 and 138 respectively. The output of the
      modulator 138 leads through a conductor 141 into a low-pass filter 142
      having an output lead 143 for transmitting the desired signal R.sub.2 to
      the zero-crossing detector 132.
PAR  The oscillator 41 is effective through the junction 82 to supply a
      conductor 146 leading through several stages of charge amplification to
      control the ultimate output. For example, the conductor 146 acts through a
      positive charge (+.DELTA.Q) unit 147 to supply charge at a terminal 148
      connected to one side of a capacitor 149 through a lead 151. The terminal
      148 is connected also through an amplifier 152 to a junction 153 having a
      lead 154 connected to the other side of the capacitor 149.
PAR  The junction 153 connects to a voltage-controlled oscillator 156 also
      joined to a junction 157 from which a lead 158 goes to an and-gate 159. A
      negative charge (-.DELTA.Q) unit 161 is joined to the gate 158 and through
      a conductor 162 to the junction 148. This constitutes one stage of a
      charge amplifier and at the junction 157 gives a signal of frequency f =
      (3MK/t.sub.+-). Comparably, to the junction 157 is joined a positive
      charge (+.DELTA.Q) unit 163 leading to a junction 164 having a connection
      166 to one side of a capacitor 167, the other side of which goes through a
      lead 168 to a junction 169. Between the junctions 164 and 169 in parallel
      with the capacitor 167 is an amplifier 171. To the junction 169 is
      connected a voltage-controlled oscillator 172 joined to a conductor 173
      having a junction 174 from which a lead 176 goes to an and-gate 177 and
      from there through a connection 178 to a negative charge (-.DELTA.Q) unit
      179 joined through a lead 181 to the junction 164. From this second stage
      charge amplifier there is a signal of frequency f"= (3MKT.sub.p
      /t.sub.+-.sup.2) furnished to a third stage.
PAR  The conductor 173 goes to an and-gate 182 controlled through a lead 183
      from the output of the zero-crossing detector 132. To the gate 182 is
      joined a positive charge (+.DELTA.Q) unit 184 going to a junction 186
      leading through an amplifier 187 to a junction 188. From the junction 186
      a lead 189 goes to one side of a capacitor 191, the other side of which is
      connected by a conductor 192 to the junction 188. A lead 193 goes from the
      junction 188 to a voltage-controlled oscillator 194 while a lead 196 goes
      to a junction 197. A lead 198 connects the junction 197 to a gate 199
      joined by a conductor 201 to a negative charge (-.DELTA.Q) unit 202, in
      turn joined by a lead 203 to the junction 186. From the junction 197 the
      lead 196 continues to a suitable meter 204 or appropriate indicator of the
      output signal frequency, expressed as
      ##EQU22##
PAR  The various gates 159, 177 and 199 are specially controlled, as will
      appear. The gate 199 is responsive through a conductor 206 to a flip-flop
      207 actuated from the logic unit 113. The incoming signal 114 produces a
      timed square wave signal form 208 carried by a conductor 209 through a
      junction 211 to the zero-crossing detector 132 to control the output
      thereof, and through a conductor 219 to the flip-flop 207.
PAR  The gates 159 and 177 are specially controlled. For that reason, a signal
      form 223 derived in the logic unit 113 from the incoming signal 114 is
      furnished through a conductor 224 to an edge detector 226 optionally
      supplied with incoming signals (R.sub.1) from the junction 126 or from the
      junction 137 (R.sub.2) through a switching conductor 227. The output from
      the edge detector travels through a lead 228 and is divided to supply a
      set signal to a flip-flop 229 and a reset signal to a flip-flop 231. The
      flip-flop 229 receives a reset timing signal 116 from the conductor 117
      which also goes to the T/R units 16 and 19 through a connection 232. The
      flip-flop 231 similarly receives a set signal 233 from the logic board 113
      through a lead 234. The flip-flop 229 through a line 236 sends a signal,
      if available, to the flip-flop 207, while the flip-flop 231 through
      branches 237 and 238 of a lead 239 sends signals (T.sub.+- -.DELTA.) =
      t.sub.+- to the and-gates 159 and 177.
PAR  From the functional aspect, the independent generator 41 is used to
      establish the frequency f.sub.s = MKf.sub.o, where M is some integer and
      f.sub.o is chosen according to equation (44). This frequency is divided by
      the factor M to yield f.sub.t = (f.sub.s /M = Kf.sub.o the frequency of
      the sinusoidal waves within the transmitted bursts. The frequency f.sub.t
      is applied to the T/R units 16 and 19. Also, the frequency f.sub.t is
      divided by the factor K to yield the reference frequency f.sub.o for the
      phase-locked loop (92 to 102) to provide the demodulation frequency
      f.sub.d = (K-1) f.sub.o. This ensures synchronization of e.sub.d (t) in
      frequency and phase with the signals e.sub.t (t). Proper selection of
      phase reference for the generation of timing signals in the circuits in
      the logic unit 113 is obtained by feeding the signals e.sub.t (t) and
      e.sub.d (t ) to the modulator and extracting the difference frequency
      produced by the low-pass filter. This provides the correct phase reference
      signal 114 for deriving the timing signals and elsewhere in the device.
PAR  An edge detector 226 is used with the elements described heretofore which
      produce a periodic pulse train of repetition period T.sub.p = 3t.sub.o and
      pulse duration .DELTA.t.sub.z = K.DELTA.t. The edge detector may be
      connected either to the R.sub.1 (t) signal at junction 126 or to the
      R.sub.2 (t) signal at the junction 137, to determine its time of arrival
      within each operation cycle. From equations (45) or (46) the arrival time
      relative to the beginning of each operation cycle is T.sub.- or T.sub.+,
      depending upon the connection chosen. Thus, the output of the edge
      detector is a logic transition at a time T.sub.+- relative to the
      beginning of each operation cycle. This output resets the flip-flop 231
      previously set each operating cycle by a delayed timing pulse from the
      logic unit 113 through the conductor 234. The timing pulse delay 200
      relative to the beginning of each operation cycle is an adjustable
      quantity .DELTA.; thus the duration of the output of the flip-flop 231 for
      each operation cycle is (T.sub.+- -.DELTA.). By proper adjustment of the
      delay .DELTA., the duration can be made equal to .tau..sub.+ or
      .tau..sub.- as defined in equations (34) or (33); then the duration of the
      flip-flop 231 output becomes
EQU  (T.sub.+- -.DELTA.) =t.sub.+-                              (68)
PAL  as required for correct compensation for sound velocity.
PAR  The output of the edge detector 226 is also used to set the flip-flop 229,
      which is reset by a timing signal from the logic unit 113 through the
      conductors 117 and 232 at the beginning of each operation cycle. A failure
      of the flip-flop 229 to set is an indication that the expected "receive"
      signal has failed to arrive. This implements a fault signal to maintain
      the correct output pulse rate despite fades or other interruptions.
PAR  The output pulse train from the zero-crossing detector 132 in the conductor
      183 and transit time t.sub.+- indicated by the durations of the flip-flop
      231 are combined into a pulse frequency F.sub.o directly proportional to
      the flow velocity. As above described,
      ##EQU23##
      in which M is chosen to satisfy scaling and accuracy requirements. The
      factor K determines both the length of each burst and the magnification
      factor .DELTA.t, itself chosen to minimize errors due to finite speed of
      electronic devices and the desired flow range for the pipe.
PAR  There is another version of the circuitry set forth in FIG. 4 which does
      not depend on an accurate crystal oscillator such as 41 for its operation.
      As particularly disclosed in FIG. 5, there is a modified circuit in many
      parts similar to that in FIG. 4. Some of the same reference numerals are
      used for comparable parts, and the description given hereinabove with
      respect to those parts applies in connection with FIG. 5 also. In the FIG.
      5 version there is a voltage-controlled oscillator 246 connected through a
      lead 247 to a junction 248. A conductor 249 extends from the junction to a
      frequency divider (.div.M) 251, from which extends a conductor 252
      (e.sub.t ; f.sub.t = Kf.sub.o) having one branch 253 extending to the
      transmit-receive unit 16 and another branch 254 extending to the
      transmit-receive unit 19. The units 16 and 19 are connected to the
      transmitting and receiving devices 8 and 9 through conductors 17 and 21,
      as previously described.
PAR  The conductor 252 extends to the frequency divider 91 (.div.K) connected by
      the conductor 92 (f.sub.o) to the ECMN - phase comparator 93, in turn
      joined by the conductor 94 to the low-pass filter 96 and connected to the
      voltage-controlled oscillator 97 supplying its output to the terminal 98
      (e.sub.d ; f.sub.d (K-1)f.sub.o). A conductor 99 extends in one direction
      from the terminal 98 to the frequency divider 101 connected through the
      conductor 102 to the second input to the ECMN - phase comparator 93.
PAR  Branching from the conductor 252 at a junction 256 is the conductor 104
      extending to the modulator 105 within which heterodyning occurs. The
      modulated signal is carried through the lead 107 and the low-pass filter
      108 and the lead 109 to the pulse-shaping amplifier 111, the output of
      which (f.sub.o ; Ref.) is carried by the conductor 112 to the logic unit
      113. Within the unit 113 are various logic circuits supplied from the
      conductor 112 and furnishing signals. The supplied reference signal is as
      represented by the graph 114. Shaped within the logic unit 113 is a signal
      (G.sub.t), represented by the graph 116, carried by the conductor 117 to
      the junction 118 having the connection 119 to the transmit-receive unit
      16. The conductor 117 also extends to the junction 120 having the
      connection 121 to the transmit-receive unit 19. The transmit-receive unit
      16 has its output carried by the conductor 122 into the preamplifier 123
      and from there the signal (R.sub.1) goes through the conductor 124 to the
      junction 126, from which the conductor 124 also extends to the modulator
      127. The output of the modulator goes through the conductor 128 to the
      low-pass filter 129. The conductor 131 carries the filter output (R.sub.1)
      to one of the inputs of the zero-crossing detector 132.
PAR  Similarly, the transmit-receive unit 19 has the conductor 133 connected to
      its own preamplifier 134 itself having the signal (R.sub.2) going through
      the conductor 136 extending to the junction 137 and to the modulator 138.
      The conductor 99 supplies the phase adjuster 106 for the two modulators
      127 and 138. The conductor 141 connects the modulator 138 to the low-pass
      filter 142. The output (R.sub.2) of the low-pass filter 142 goes through
      the conductor 143 to another input of the zero-crossing detector 132.
PAR  From the junction 126 a conductor 257 extends to a signal detector 258
      supplied from the T/R unit 16 and likewise supplied through a conductor
      259 with the signal of the T/R unit 19 from the junction 137. The signal
      detector output is carried by a conductor 261 to a low-pass filter 262. A
      connection 263 joins the low-pass filter to a pulse-shaping amplifier 264.
      From that amplifier a conductor 266 (T.sub.c) extends to a junction 267.
      From the junction 267 the conductor 266 extends to one side of a phase
      comparator 268. The logic unit 113 generates a base signal 313 supplied
      through a conductor 314 to the comparator 268 for phase comparison therein
      with the signal from the conductor 266. The output of the comparator is
      carried by a lead 269 extending through a low-pass filter 271 and a lead
      272 to the voltage-controlled oscillator 246, thus completing that control
      circuit.
PAR  From the junction 267 there is another conductor 273 extending to the set
      terminal of a flip-flop 274 also supplied at the reset terminal with the
      signal 116 by a lead 276 from the junction 120. The output of the
      flip-flop 274 is carried by a conductor 277 to a flip-flop 278. There is
      another input to the flip-flop 278 through a conductor 279 extending to a
      junction 281. Within the logic unit 113 there is generated and supplied to
      a conductor 282 an enabling signal supplied to the junction 281 and having
      the configuration represented by the graph 283 in FIG. 5. From the
      junction 281 the signal 283 is supplied through the conductor 279 to the
      flip-flop 278 and from the junction 281 flows through a lead 284 going to
      the zero-crossing detector 132. The output of the detector 132
      (.DELTA.t.sub.z = K.DELTA.t) is carried by a conductor 286 to control an
      and-gate 287 also receiving an input through a conductor 288 from the
      junction 248.
PAR  The and-gate 287 is joined by a connector 289 to a positive charge
      (+.DELTA.Q) unit 291 of a charge amplifier having a junction 292 joined to
      the unit 291 by a lead 293. The junction 292 connects to one side of a
      capacitor 294 through a conductor 296. The other side of the capacitor 294
      is joined by a lead 297 to a conductor 298 extending between an amplifier
      299 and a voltage-controlled oscillator 301. The input side of the
      amplifier is joined to the junction 292 by a lead 302. The
      voltage-controlled oscillator 301 is connected to a conductor 303 having a
      junction 304 therein joined by a lead 306 to an input of an and-gate 307
      also supplied from the flip-flop 278 through a lead 308. The gate 307 is
      connected by a lead 309 to a minus delta Q (-.DELTA.Q) unit 311 having a
      lead 312 extended to the junction 292. In addition, the logic unit 113 has
      a delay adjustment (.DELTA.) represented by the graph 316. Finally, the
      junction 304 has a conductor 317 from which the output of the described
      circuitry is carried to an indicator 318 for showing the velocity of the
      stream in the pipe 6
      ##EQU24##
PAR  From the functional aspect, much of the operation of the FIG. 5 circuitry
      is the same as that of FIG. 4. The main difference is the replacement of
      the independent generator 41 by a voltage-controlled oscillator 246. This
      oscillator and the exclusive-or phase comparator 268 controlling it form
      part of an over-all, phase-locked loop for establishing a definite
      relationship between the frequency f.sub.s = MKf.sub.o with the transit
      time t.sub.+ or t.sub.-.
PAR  One input to the phase comparator 268 is a delayed timing wave form from
      the logic unit 113, wherein the delay is an adjustable quantity .DELTA..
      The other input to the phase comparator 268 is an aperture signal derived
      from a modulator or signal detector 258 to which the inputs are the
      received signals R.sub.1 (t) and R.sub.2 (t). From equations (45) and (46)
      the output of the modulator 258 is an aperture signal proportional to
      ##EQU25##
PAR  Since .DELTA..tau. is very small, the factor Cos(2.pi.f.sub.o
      K.DELTA..tau.) is, for present purposes, a non-zero constant, and
      therefore the aperture signal in equation (70) is characterized mainly by
      the functions G.sub.o (.cndot.). From the definition of this function it
      follows that the aperture signal applied to the second input of the phase
      comparator 268 is an aperture wave form which begins at T.sub.- and ends
      at T.sub.+ + t.sub.o relative to the beginning of each operating cycle.
      The center of this aperture relative to each cycle is therefore given by
      ##EQU26##
      Since T.sub.+ .apprch. T.sub.- for all flow conditions,
      ##EQU27##
PAR  The action of the phase-locked loop causes the center of the aperture
      signal given in equation (72) to coincide with the central transition edge
      of the delayed timing wave 316 from the logic unit 113. Relative to the
      beginning of each operation cycle, this transition edge is located at
EQU  2t.sub.o +.DELTA.                                          (73)
PAL  Equating T.sub.c in equation (72) to the quantity in equation (73) yields
      ##EQU28##
      By correct adjustment of the delay .DELTA., the relationship of equation
      (74) becomes
      ##EQU29##
      Since f.sub.s = MKf.sub.o =(MK/t.sub.o), it follows that, by the action of
      the phase-locked loop, there results the relationship
      ##EQU30##
      Because f.sub.s as given in equation (76) has a specific relationship to
      the transit times through the flow medium, the chain of charge amplifiers
      147 and 163 and voltage-controlled oscillators 156 and 172 of FIG. 4 is no
      longer necessary. This simplification permits the use of the simpler
      combining circuit of FIG. 5. The pulse frequency output F.sub.o, as shown
      in FIG. 5, is given by
      ##EQU31##
PAR  As a variation, in FIG. 5, an edge detector (see 226, FIG. 4) can also be
      used to derive an estimate of T.sub.+ or T.sub.- for locking the frequency
      f.sub.s to a specific relationship with transit time t.sub.+ or t.sub.-.
      However, the use of a modulator 258 for this purpose, as shown in FIG. 5,
      has the desirable property of being more nearly immune to noise and other
      types of interruptions.
PAR  In both versions there is attained an improved immunity to noise and
      comparable interruptions, and a magnification of the quantity .DELTA.t by
      a burst length factor K. This is important because .DELTA.t is so small in
      usual practice.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ultrasonic flow meter for measuring the velocity of fluid flow
      axially in a pipe comprising:
PA1  a pair of transducers adapted to be disposed on said pipe to provide
      between them an energy path having a component axially of said pipe and a
      component transversely of said pipe,
PA1  means for simultaneously sending a pair of similar signals from said
      transducers in opposite directions along said path,
PA1  means for receiving said signals at said transducers,
PA1  means for providing a signal corresponding to the transit time t, of one of
      said signals along said path,
PA1  means for determining the difference in transit times, .DELTA.t, between
      said oppositely directed signals,
PA1  means for providing a signal corresponding to the square of said transit
      time t.sup.2,
PA1  means for providing a quotient signal proportional to .DELTA.t, divided by
      t.sup.2, said quotient signal being substantially proportional to the
      velocity, V, of fluid flow such that .DELTA.t/t.sup.2 .varies.v/l, where l
      is the length of said path.
NUM  2.
PAR  2. An ultrasonic flow meter as recited in claim 1 wherein said means for
      providing a signal corresponding to t and t.sup.2 and said means for
      determining the difference in transit times .DELTA.t are electronic and
      said signals of said pair are at supersonic frequency.
NUM  3.
PAR  3. An ultrasonic flow meter as in claim 2 including means for sending each
      signal of said pair in the form of a burst made up of a predetermined
      number of cycles of an alternating energy wave.
NUM  4.
PAR  4. An ultrasonic flow meter as in claim 3 including means for sending a
      succession of said pairs of simultaneous bursts at regular intervals.
NUM  5.
PAR  5. An ultrasonic flow meter as in claim 2 wherein each signal of said pair
      of signals is in the form of a burst having a phase shift related to the
      transit time of said signal along said path.
NUM  6.
PAR  6. An ultrasonic flow meter as in claim 5 wherein said means for
      determining the difference in transit time, .DELTA.t, comprises means for
      establishing a signal representative of the difference between the phase
      shifts of said signals of said pair as received.
NUM  7.
PAR  7. An ultrasonic flow meter as in claim 6 including means for variably
      changing said phase difference.
NUM  8.
PAR  8. An ultrasonic flow meter as in claim 6 wherein said means for
      determining the difference in transit times .DELTA.t comprises means for
      heterodyning said received signals with a modulating signal for producing
      a single cycle sinusoidal waveform for each received burst.
NUM  9.
PAR  9. An ultrasonic flow meter as in claim 5 including means for establishing
      the duration of each of said bursts as a predetermined fraction of the
      average transit time of each of said signals from end to end of said path.
NUM  10.
PAR  10. An ultrasonic flow meter as in claim 9 in which said predetermined
      fraction is two-thirds.
NUM  11.
PAR  11. An ultrasonic flow meter as in claim 1 wherein said signal
      corresponding to the transit time, t, has a frequency inversely
      proportional to the transit time t, and said signal corresponding to
      t.sup.2 has a frequency inversely proportional to t.sup.2.
NUM  12.
PAR  12. A flow meter comprising a pair of transducers spaced apart along a flow
      path, an oscillator generating pulses at a set ultrasonic frequency, means
      forming a predetermined number of said pulses into bursts, means for
      simultaneously sending said bursts to said transducers at spaced timed
      intervals for transmission therebetween, means for reducing said number of
      pulses in each of said bursts received by said transducers to a single
      cycle sinusoidal waveform corresponding to each received burst, means for
      detecting the zero-crossing times of said single cycle sinusoidal
      waveforms resulting from said received bursts, means for establishing the
      zero-crossing time of one of said sinusoidal waveforms corresponding to
      one of said transducers as the leading edge of a square wave signal, means
      for establishing the zero-crossing time of the other of said sinusoidal
      waveforms corresponding to the other of said transducers as the trailing
      edge of said square wave signal, and means for representing the time
      dimension of said square wave as the velocity of flow in said path.
NUM  13.
PAR  13. A flow meter as in claim 12 in which each of said intervals is longer
      than the transmission time of said bursts between said transducers.
NUM  14.
PAR  14. A flow meter as in claim 12 including means for shifting the time
      position of one of said edges of said square wave signal.
NUM  15.
PAR  15. A flow meter as in claim 12 in which said oscillator generates said
      pulses in sine wave form.
NUM  16.
PAR  16. A flow meter as in claim 12 in which said means for reducing includes
      means for providing a signal in cosine wave form.
NUM  17.
PAR  17. A flow meter as in claim 12 in which said representing means includes
      means for detecting said leading edge and said trailing edge of said
      square wave signal.
NUM  18.
PAR  18. A flow meter as recited in claim 12 wherein said means for reducing
      comprises means for heterodyning a modulating signal with said received
      bursts.
NUM  19.
PAR  19. A flow meter as recited in claim 18 wherein said received bursts
      signals are sine waveforms and said modulating signal is a cosine
      waveform.
NUM  20.
PAR  20. A method of measuring the velocity of fluid flow in a pipe
      independently of the velocity of sonic energy in the measured medium
      comprising the steps of:
PA1  transmitting oppositely directed ultrasonic energy burst signals having
      non-zero axial components along a path through said pipe,
PA1  receiving said transmitted oppositely directed burst signals,
PA1  providing a signal corresponding to the transmit time t of one of said
      received signals,
PA1  measuring the difference signal, .DELTA.t, between said received signals by
      mixing a modulating signal with each of said received burst signals to
      provide a single cycle sinusoidal waveform,
PA1  providing a signal corresponding to the time difference .DELTA.t between
      said received signals by determining the zero-crossing of each of said
      single cycle sinusoidal waveforms, and
PA1  forming a product signal .DELTA.t divided by t.sup.2 approximately
      proportional to v, where v is the component of fluid velocity along said
      path.
NUM  21.
PAR  21. A method of determining fluid flow velocity in a pipe comprising the
      steps of:
PA1  generating sonic energy burst signals of a predetermined number of pulses,
PA1  simultaneously transmitting a pair of said sonic energy burst signals along
      oppositely directed paths through said pipe,
PA1  receiving said burst signals in axially spaced receiving means,
PA1  mixing a modulating signal with each of said received burst signals to
      provide single cycle sinusoidal waveforms for each received burst signal,
PA1  detecting the zero-crossing times of each of said sinusoidal waveforms,
PA1  utilizing said zero-crossing times to provide a difference signal
      corresponding to the difference in transit times, .DELTA.t, for said burst
      signals, and
PA1  calculating and indicating said flow velocity by utilizing said difference
      signal.
NUM  22.
PAR  22. A method of determining fluid flow as recited in claim 21 further
      comprising the step of providing a signal, t, corresponding to the transit
      time of one of said pair of burst signals, and said calculating step
      comprises the step of calculating the quotient signal .DELTA.t/t.sup.2.
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ABST
PAL  A meter supporting and positioning apparatus for use with a public utility
      meter to facilitate its use and connection into a supply line. The
      apparatus includes inlet and outlet pipe members with one connecting the
      meter to a service line and the other pipe member connects with a supply
      line. the pipe members each have a generally horizontally disposed foot
      forming portion extending partially under the meter and being adapted for
      engagement with a support surface. Each of the pipe members also include
      an upstanding leg forming portion having the meter connected to a free end
      thereof whereby the meter is spaced above the support surface. A connector
      engages the two upstanding pipe portions holding same in spaced relation
      and forms a unitary and rigid support structure. The meter is positioned
      relative to the feet forming portions so as to have balanced loading to
      reduce torque applied to the pipe members. A form of the apparatus
      includes a pipe member for connecting a pressure regulator in series with
      a meter. The pipe members preferably are of a suitable synthetic resin and
      compensate for expansion and contraction of the supply line and service
      lines.
BSUM
PAR  A meter setter is a device used to position and support a meter such as a
      water meter in an underground chamber and thereby facilitate connection of
      the meter to a buried fluid supply line. A meter setter positions the
      meter above the supply line and facilitates reading of the meter while the
      supply line is buried a sufficient distance underground to prevent
      freezing, as determined by the local frost line. Meters are generally
      heavy and must be maintained in an upstanding position to minimize torque
      applied to the supply line which would have a tendency to loosen the
      connection between the meter and the supply line. Generally, the meter and
      the supply line connected thereto are installed in a meter box which is
      buried underground. Prior art meter setters are expensive, made of scarce
      material and relatively inefficient. Such setters have allowed undue
      stresses and strains to be applied to the supply line and have required a
      number of parts to make a workable structure.
PAR  The principal objects of the present invention are to provide a meter
      setter which uses flow pipe members for supporting and positioning a meter
      in a meter box and connecting the meter between a supply and service line;
      to provide such a meter setter wherein portions of the pipe members serve
      as feet which are engageable with a support surface to support the meter
      and to prevent same from moving during use; to provide such a meter setter
      having generally upstanding pipe member portions which form legs extending
      between the feet forming portions and the meter to maintain the meter in
      spaced relation from the support surface; to provide such a meter setter
      with a connecting device engaging portions of the upstanding pipe member
      portions for securing the pipe members in a unitary and rigid structure
      forming relationship; to provide such a meter setter wherein the pipe
      members are of a resilient plastic material whereby the meter setter
      permits compensation for expansion and contraction of the supply line; to
      provide such a meter setter which is adapted to have a pressure regulator
      connected in series with the meter wherein the weight of the meter and
      regulator are supported in a manner to minimize the amount of torque
      induced in the connection between the pipe members and the supply line; to
      provide such a meter setter wherein a crossover conduit connects a
      regulator and meter in series with the crossover conduit having a portion
      thereof engageable with the support surface and disposed angularly to the
      feet forming portions providing biaxial support for the meter and
      regulator; to provide such a meter setter which requires a minimum of
      space for setting and which permits access to all fittings necessary to
      connect meter and regulator thereto; and to provide such a meter setter
      which is inexpensive and easy to manufacture and well adapted for its
      intended use.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      from the following description taken in connection with the accompanying
      drawing wherein are set forth by way of illustration and example certain
      embodiments of the present invention.
PAR  FIG. 1 is a side elevation view of a meter setting device shown installed
      in an underground meter box with portions of the meter box broken away to
      show structural details of the meter setter.
PAR  FIG. 2 is a plan view of the meter setting device shown in FIG. 1.
PAR  FIG. 3 is an enlarged section view of a connecting device taken along the
      line 3--3, FIG. 1.
PAR  FIG. 4 is a side elevation view of the modified form of meter setting
      device for use with a meter and pressure regulator connected in series.
PAR  FIG. 5 is an end elevation of the modified form of meter setting device
      shown in FIG. 4.
PAR  FIG. 6 is a plan view of the modified form of meter setting device shown in
      FIG. 4.
DETD
PAR  Referring more in detail to the drawings.
PAR  As required, detailed embodiments of the present invention are disclosed
      herein, however, it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functual details disclosed herein are
      not to be interpreted as limiting but merely as a basis for the claims and
      as a representative basis for teaching one skilled in the art to variously
      employ the present invention in virtually any appropriate detailed
      structure.
PAR  The reference numeral 1 designates generally a meter setter adapted to
      support a meter 2 such as a utility meter spaced above a support surface
      3. By way of environment, the meter setter 1 and meter 2 are positioned
      within a meter box 4 which is buried in the ground and has an upper end 5
      with a closure structure 6 having a removable cover 7 generally flush with
      the ground and closing an access opening 6'. Removal of the cover 7
      permits access into the interior of the meter box 4 for servicing the
      meter and reading same. The ground on other material at the lower end of
      the meter box 4 provides the support surface 3 and forms the bottom of the
      meter box chamber. Openings 8 extend through the side wall of meter box 4
      so that flow conduit or pipe portions 9 and 10 can extend into the
      interior of the meter box 4.
PAR  The meter 2 is of generally standard construction having an inlet 11 and
      outlet 12. The meter 2 in the form of the invention illustrated in FIG. 1
      and FIG. 2 is connected to inlet and outlet pipes 13 and 14 by suitable
      pipe fittings such as unions 15 and 16 respectively, and is supported
      thereby. The inlet pipe 13 and outlet pipe 14 are suitably connected to
      the conduits 9 and 10 respectively and form a flow path therebetween.
PAR  In the illustrated structure, the inlet and outlet pipes 13 and 14 are
      similar in construction wherein like numbers designate like or similar
      parts or structure, with the description of the inlet pipe 13 also
      applying generally to the outlet pipe 14. The inlet pipe 13 has a
      generally horizontally disposed foot forming portion 19 having a free end
      20 which in use is connected to the conduit 9 by a suitable pipe fitting
      such as a union 21. A generally vertically disposed or upstanding leg
      forming portion 23 extends from the horizontal portion 19 to the
      connections of the meter 2. The upstanding portion 23 and horizontal
      portion are in a single vertical plane with a free upper end 24 having a
      fitting 25, a part of the union 15, secured thereto. As shown, the pipe 13
      has a large radius curved portion extending upwardly from the horizontal
      position in a reverse bend portion 27 and then is curved upwardly as 29
      ending in the vertical portion 28 having the free end 24. As described
      above, the outlet pipe 14 is similar in construction to the inlet pipe 13,
      wherein the fitting 25 secured to the end 24 is part of the union 16. The
      end 20 of the horizontal portion 19 is connected to the conduit 10 by a
      pipe fitting such as the union 21, and is remote from end 20 of the inlet
      pipe 13.
PAR  A connecting device or coupling 31 is secured to adjacent portions of the
      inlet and outlet pipes 13 and 14 so that same are in the form of a unitary
      and rigid structure. As shown, the connecting device 31 is comprised of a
      spacer 32 positioned between the curved intermediate portions 27 for
      holding same in spaced relation. A sleeve 33 extends around the
      intermediate portions 27 and the spacer 32 and is tensioned to tightly
      grip same and hold the vertical section 27 in firm engagement with the
      spacer 32 providing the rigid and unitary assembly of the inlet and outlet
      pipes 13 and 14 which are in generally coplanar relation. The sleeve 23
      preferably is of a synthetic resin material such as polyvinyl chloride
      which will shrink upon application of heat thereto and in assembling the
      apparatus the sleeve is sleeved over the pipe portions, the spacer
      inserted and then heat is applied to the sleeve shrinking it into a tight
      gripping relation, forming a rigid structure.
PAR  The meter 2 is connected to the inlet and outlet pipes 13 and 14 for
      mounting same on the meter setter 1. As shown, couplings 34 and 35, which
      are part of the respective union 15 and 16, are secured to the inlet 11
      and outlet 12 respectively. The couplings 34 and 35 are connected to the
      respective fitting 25 such as by threaded engagement. The union 16
      includes an elbow 36 to eliminate the need for another bend in the outlet
      pipe 14 to effect connection between same and the meter 2. Preferably a
      shutoff valve 37 is connected in either the inlet pipe 13 or outlet pipe
      14 so that the flow of fluid can be selectively shut off. As shown, the
      valve 37 is connected in the inlet pipe 13 and positioned between coupling
      34 and the inlet 11 with the valve preferably forming an elbow to
      eliminate the need for an extra bend in the inlet pipe 13 to effect
      connection between same and the meter 2.
PAR  In use, the meter setter 1 has the horizontal portions 19 in generally
      parallel relation and in engagement with the support surface 3 acting as
      feet for support of the meter 2. The inlet and outlet pipes 13 and 14
      respectively are connected to the conduits 9 and 10 respectively with the
      unions 21 and preferably are of resilient plastic material such as
      polyvinyl chloride usuable for water under pressure. Although the inlet
      and outlet pipes 13 and 14 are in a rigid and unitary structure by use of
      the connecting device 31, the resiliency of the material compensates for
      expansion and contraction of the conduits 9 and 10. It is to be further
      noted that the meter 2 is positioned relative to the horizontal portion 19
      whereby same is balanced so as to reduce or to eliminate a bending
      movement or torque applied to the connection the conduits 9 and 10 and the
      inlet and outlet pipes 13 and 14, preventing separation at the connections
      thereof. A stake (not shown) may be used to further help prevent movement
      of the meter 2.
PAR  FIG. 4 to FIG. 6 inclusive illustrate a modified form of meter setter which
      is indicated generally by the reference numeral 41 and has portions
      similar in construction to the meter setter 1 wherein like numbers
      designate like or similar parts or structure. The meter setter 41 includes
      inlet and outlet pipes 42 and 43 similar to the inlet and outlet pipes 13
      and 14 and which are secured together in a rigid and unitary assembly by
      the connector 31. The horizontal portions 19 are connected to the conduit
      9 and 10 by the unions 21. A flow device such as a pressure regulator 45
      is suitably connected in a series with the meter 2 so as to control the
      pressure of the fluid supplied to the conduit 10. In the illustrated
      structure the pressure regulator 45 is upstream of the meter 2 and is
      connected to the inlet pipe 42 by a coupling 46 which has the fitting 25
      as a part thereof. The outlet 12 of the meter 2 is connected to the outlet
      pipe 43 by the coupling 35.
PAR  The inlet 11 of the meter 2 and an outlet 48 of the pressure regulator 45
      are connected by a crossover pipe 50 to form a flow path therebetween. As
      shown, the crossover pipe 50 has a bight portion 51 and two upstanding
      portions 52 and 53 with couplings 54 and 55 secured to free ends 56 and 57
      thereof. The fitting 54 is connected to the outlet 48 by a coupling 58 and
      the fitting 55 is connected to the inlet 11 of the meter 2 by the coupling
      34. As shown, the connecting device 31 is spaced above the support surface
      3 and partially defines an opening extending between opposite sides of the
      inlet and outlet pipes 13 and 14 whereby the bight 51 extends through the
      opening 60. The bight 51 serves as a foot and engages the support surface
      3 to provide support for the regulator 45 and meter 2.
PAR  The bight 51 is disposed at an angle to the axes of the horizontal portions
      19 to provide bi-axial support for the regulator 45 and meter 2 to reduce
      or eliminate the bending moments or torque applied to the connection
      between the inlet and outlet pipes 13 and 14 and the conduits 9 and 10. As
      in the meter setter 1, the ends 24 in the meter setter 41 are positioned
      vertically above the axis of the respective horizontal portion 19 and the
      ends 56 and 57 of the upstanding portions 52 and 53 are also positioned
      vertically above the axis of the bight 51 so that weight of the regulator
      35 and the meter 2 is supported in a position to minimize or eliminate
      offbalance loading and resulting torque. As described above, for the form
      of meter setter shown in FIG. 1, FIG. 2 and FIG. 3, the inlet and outlet
      pipes 13 and 14 and the crossover pipe 15 in the meter setter 41 are of a
      resilient plastic material, such as polyvinyl chloride to help compensate
      for expansion and contraction of the conduits 9 and 10. A valve 37 is
      connected between the inlet pipe 13 and the regulator 45 so that flow of
      fluid can be shut off.
PAR  It is to be understood that while I have illustrated and described certain
      forms of my invention, it is not to be limited to the specific form or
      arrangement of parts herein described and shown.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. Meter setter apparatus for supporting a utility meter in a meter box and
      connecting said meter in a service system comprising:
PA1  a. inlet and outlet pipe members with each having first straight portions
      in substantially axial alignment and with remote ends having fittings for
      connection to supply and sevice lines, adjacent portions of each of said
      first straight portions of the pipe members being curved upwardly in a
      generally reverse bend and terminating in a further bend and second
      straight portion extending away from and substantially normal to said
      first straight portion, said first and second straight portions of the
      pipe members being in a single plane;
PA1  b. said second straight portions of the pipe members having free ends that
      are spaced apart with meter connecting fittings on said free ends for
      connection with meter fittings to position a meter above and between said
      free ends;
PA1  c. said reverse curved portions of the pipe members having intermediate
      adjacent portions;
PA1  d. a spacer member between and engaged with said intermediate portions;
PA1  e. a sleeve member extending around the intermediate portions of the pipe
      members and spacer member and tensioned to securely clamp same together in
      a rigid unitary assembly holding said pipe members in coplanar relation
      whereby said first straight portions act as feet with said assembly
      serving as the sole support of a meter connected to the fittings on the
      free ends of the second straight portions.
NUM  2.
PAR  2. The apparatus as set forth in claim 1 wherein:
PA1  a. said pipe members being of a resilient plastic material;
PA1  b. said spacer being of a resilient plastic material;
PA1  c. said sleeve being of a heat shrinkable resilient plastic material and
      tightly gripping the intermediate portions upon application of heat
      thereto to tension same.
NUM  3.
PAR  3. The apparatus as set forth in claim 2 wherein:
PA1  a. said second straight portions being positioned above the longitudinal
      axis of the respective said first straight portion and being generally
      vertically disposed with said meter being positioned substantially in line
      with the longitudinal axes of the first straight portions.
NUM  4.
PAR  4. The meter setter as set forth in claim 2 including:
PA1  a. a flow device for operating in series with said meter;
PA1  b. said spacer and sleeve being spaced above said first straight portions
      and cooperating with lower portions of the reverse curved portions of the
      inlet and outlet pipe members to define an opening extending therebetween;
PA1  c. means connecting the flow device in series with the meter including a
      conduit of resilient plastic material and having a bight portion forming a
      second foot portion and extending through said opening to cooperate with
      the inlet and outlet pipe members in supporting said meter and flow device
      and having upstanding portions with free ends, one upstanding portion free
      end being connected to said flow device and the other upstanding portion
      free end being connected to said meter;
PA1  d. said meter being also connected to one of the second straight portion
      free ends and said flow device being also connected to the other said
      second straight portion free end whereby said flow device, meter and
      conduit form a flow path between said inlet and outlet pipe members.
NUM  5.
PAR  5. The meter setter as set forth in claim 4 wherein:
PA1  a. said bight being angularly disposed to said first straight portions for
      biaxial support of said meter and flow device on said first straight
      portions and said bight.
NUM  6.
PAR  6. The meter setter as set forth in claim 5 wherein:
PA1  a. said second straight portions free ends being positioned generally above
      the longitudinal axis of the respective first straight portion and said
      second straight portions being generally vertically disposed;
PA1  b. said upstanding portions free ends being positioned generally above the
      longitudinal axis of the bight portion with said upstanding portions
      generally vertically disposed.
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ABST
PAL  A method and apparatus for measuring fluid flow by optically detecting the
      deflection of a tube extended transversely across a vessel normal to the
      direction of flow. A light source directs a beam of light axially into one
      end of the tube and the intensity of the beam is measured at the other
      end. Fluid flowing in the vessel tends to deflect the tube in the
      direction of flow thereby intercepting a portion of the beam and
      decreasing the intensity of light at the other end as a function of the
      rate of flow through the vessel.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to fluid flow indicators, and more particularly, to
      an indicator in which an optical sensor measures the deflection of a
      flexible tube as a measurement of fluid flow.
PAR  A primary object of the present invention is a flow indicator which
      measures fluid flow by optically sensing the deflection of a tube extended
      transversely across the path of flow through a vessel.
PAR  Another object is a flow indicator which is acurate and readily responsive
      to changes in flow rate, yet constructed as a generally rugged and durable
      device.
PAR  Another object is a flow indicator adaptable for measuring a wide range of
      flow rates of both liquid and gases.
PAR  Another object is a flow indicator which is bidirectional having the
      capability of measuring flow in either direction through a vessel.
PAR  Another object is a flow indicator which is easily assembled and installed
      in a fluid carrying vessel with the operative parts of the device being
      easily accessible for inspection and servicing.
PAR  Another object is a flow indicator which is operable regardless of
      rotational orientation within a vessel.
PAR  Another object is a flow indicator which produces an electrical output
      adaptable for various readout apparatus.
PAR  Another object is a flow indicator which necessitates only a minimal
      interruption of the flow of fluid being measured.
PAR  Another object is a flow indicator in which the optical instruments are
      protected from exposure to the fluid and any wear and deterioration
      incidental thereto.
PAR  Another object is to provide a method of measuring fluid flow by optically
      sensing the deflection of a tube transversely spanning the path of flow
      through a vessel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated diagrammatically in the following drawings
      wherein:
PAR  FIG. 1 is a side view of the flow indicator of the present invention
      installed along a fluid carrying vessel.
PAR  FIG. 2 is a top plan view of the flow indicator of FIG. 1.
PAR  FIG. 3 is an enlarged sectional view taken along plane 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A preferred embodiment of the flow indicator of my invention is shown in
      FIGS. 1-3. A housing 10, which defines an internal chamber 12, is
      positioned along a conduit 14 between an upstream portion 16 and
      downstream portion 18. Inlet and outlet openings 20 and 22 are provided in
      the housing to establish communication between the chamber and upstream
      and downstream portions of the conduit respectively.
PAR  Referring to FIG. 3, a flexible tube 24 is secured relative to the housing
      and extends across the chamber generally normal to the direction of flow
      through the conduit. A light source 26 is so positioned relative to one
      end 28 of tube 24 as to direct a beam of light axially into end 28. At the
      other end 30 of tube 24, an optical detector 31 measures the intensity of
      the beam. Thus, any deflection of tube 24 in the direction of flow causes
      the tube to intersect a portion of the beam and thereby decrease the
      intensity of the beam at end 30 as a function of the rate of flow through
      vessel 14.
PAR  In accordance with the present invention, more specifically in the
      preferred embodiment shown in FIGS. 1-3, the inlet and outlet 20 and 22
      are longitudinally aligned opposite one another across the chamber and
      internally threaded (not shown) to receive externally threaded end
      portions 16T and 18T of the upstream and downstream portions of the
      conduit. Thus, conduit 14 may be a pipe or conduit of metal, plastic or
      any other suitable material which is threaded into and sealed against the
      inlet and outlet just as a standard pipe coupling. In other embodiments,
      the inlet and outlet may be provided with flared tube fittings, quick
      release couplings or other suitable means for inserting the flow indicator
      along a fluid carrying vessel such that the fluid is directed through the
      chamber of the flow indicator. It is preferred that the path of flow
      defined by the internal walls of the conduit and chamber be generally
      continuous and uniform to allow the fluid to flow through the chamber as
      it would through a continuous length of the conduit. The term, direction
      of flow, normally refers to the axial downstream direction.
PAR  To sense the rate of flow through the conduit, flexible tube 24 extends
      transversely across the chamber intermediate the inlet and outlet and
      generally normal to the direction of flow. In the preferred embodiment,
      tube 24 is simply a flexible enclosure for a spring 32 which
      longitudinally spans the flexible tube. Spring 32 is shown as a helical
      spring which is axially aligned with tube 24 with which it is coupled in
      circumferential engagement like an arm through a sleeve.
PAR  To position tube 24 across the chamber, a pair of generally diametrically
      aligned bores 34 are formed through opposite sides of the housing. The
      bores are widened as at 34W to accomodate insertion of seal rings 35 which
      prevent the loss of fluid between the tube and bores.
PAR  To partially control the stiffness of a given spring 32, a pair of
      generally rigid cylindrical rods 36 are inserted through the ends of the
      tube and into the chamber so as to generally rigidify the length of the
      spring and tube through which the rods extend. Although the rods are
      preferably formed with a uniform inside diameter, inward cylindrical
      extensions 38 are provided which have a reduced outside diameter so that
      they may be axially insertable into the ends of spring 32 to support the
      spring and control its stiffness. It will be observed that the longer the
      stiffening means or extensions 38 are, the shorter the length of spring 32
      which is free to flex or bend laterally. Thus, interchangeable stiffening
      rods 36 may be provided for setting the flexibility of spring 32 to any of
      a number of pre-determined settings. Likewise, springs of varying spring
      rates may be provided to further contribute to the wide range of stiffness
      requirements needed to accomodate fluids of varying characteristics.
PAR  As shown in FIG. 3, the stiffening rods 36 extend outward beyond the ends
      of tube 24 and are carried by a pair of end caps 40. In the preferred
      embodiment, end caps 40 are basically a pair of generally circular discs
      fastened to the housing by screws 42 in tapped holes 44 so positioned as
      to axially align end caps 40 with bores 34. Inwardly extending cylindrical
      portions 46 of the end caps are adapted to fit within the widened end
      portions 34W of bores 34 for the purpose of compressing seal rings 35 into
      engagement against flexible tube 24. The ends of the tubing which are
      circumferentially engaged about the stiffening rods 36 are themselves
      carried within the inward cylindrical extensions 46 of the end caps. End
      caps 40 thus hold and present the open ends of tube 24, in this case as
      extended by stiffening rods 36, to the light source and detecting means
      respectively.
PAR  Light source 26 is mounted in fixed positional relationship to one end 28
      of tube 24 as described below, for the purpose of directing a beam of
      light axially into that end. The light source may be a relatively small
      incandescent light bulb or any other suitable means and may be provided
      with a reflector 48 for directing a beam of light axially toward and into
      open end 28 of tube 24.
PAR  Adjacent the other end 30 of the tube an optical detector 31 is provided
      for measuring the intensity of the beam at or near end 30. In the
      preferred form shown, optical detector 31 is a photo-cell engaged directly
      against the open end of the respective stiffening rod 36 extending from
      tube end 30. Various types of optical detectors or light sensitive
      elements may be equally suitable, however. Whereas a photo-cell converts
      the light energy of the beam transmitted from the light source through
      tube 24 into an electrical current which may be analyzed using
      conventional circuitry, a photo-resistive element could similarly be used,
      the electrical conductivity of which varies in accordance with the amount
      of light which strikes it.
PAR  To shield external light from entering end 28 of the tube, a generally
      cup-shaped light shield 52 is provided. Light shield 52 overlies its
      respective end cap 40 over which it is fitted in circumferential
      engagement and to which it is locked by set screw 54. Note that light
      shield 52 engages the housing as at 56 to further assure that no external
      light is allowed to enter the device which might introduce error in the
      detection of the beam intensity at end 30. In the preferred form shown,
      light source 26 is mounted within light shield 52 by screws 58. The
      electrical power to the light source is provided by the lead wires of
      insulated wire 59 which passes through light shield 52 to be connected to
      an external electrical power outlet.
PAR  Similarly, a second light shield 60 overlies the end cap at end 30 and is
      secured thereon by set screw 62. The photoelectric cell is mounted on
      light shield 60 and connected to external readout circuitry through lead
      wires of insulated wire 64.
PAR  The use, operation and function of the invention are as follows:
PAR  Installation of the flow indicator of the present invention along a fluid
      carrying vessel or conduit is accomplished in the same manner as for a
      plumbing fitting or other coupling depending upon the means of attachment
      provided at the inlet and outlet and the type of vessel. Once installed,
      electrical power must be delivered to the light source 26 through
      insulated wire 59 or any other type of light source must be otherwise
      activated. The optical detector 31 is to be connected to the readout
      circuitry through insulated wire 64.
PAR  At this point, the flow indicator is operative to indicate the rate of flow
      of fluid in the vessel. Note that as fluid travels from the upstream
      portion of the vessel through the chamber toward the downstream portion or
      vice versa, a force is exerted against flexible tube 24 in the direction
      of flow. This force is effective to deflect the tube in the direction of
      flow to a degree depending upon the flexural stiffness of the spring and
      tube and the length of spring and tube which is permitted to flex by the
      stiffening rods 36. Since light travels in straight lines, deflection of
      tube 24 in the downstream direction will cause the upstream side of the
      tube to intercept or block out a portion of the beam thereby allowing only
      that portion which is not intercepted to reach the other end 30 of the
      tube and strike the photo-cell. Since the intensity of only a portion of
      the beam is necessarily less than that of the entire non-intercepted beam,
      any flexing of tube 24 will produce a decrease in the intensity of the
      beam striking optical detector 31.
PAR  For example, if a log is to be kept for recording the rate of flow through
      a vessel, the read out circuitry could be provided with a strip chart
      recorder or X-Y plotter to provide a continuous and permanent record of
      flow rate over any given period of time. In other instances, only
      instantaneous indications of present flow rate may be necessary, in which
      case, a simple dial indicator may be adequate. In still other instances,
      an unattended alarm system may be desired, in which case, the read out
      circuitry could be provided with an alarm system which is activated only
      in response to a signal from the photo-cell corresponding to a
      pre-determined maximum safe flow level. Various other read out devices,
      alone or in combination with the above or each other, may be appropriate
      for individual installations. In any such installation, however, the
      apparatus which produces the electrical signal which indicates flow rate
      is that of the invention described herein.
PAR  It will be appreciated that the means for detecting the intensity of the
      light beam at the other end 30 of tube 24 is not limited to a photo
      resistive element as described above. Any light sensing element which
      produces an electrical output signal which varies with the intensity of
      the light being measured is sufficient. A light sensing element of the
      type described in connection with the "thermal pile" disclosed in the
      Harrison et al. U.S. Pat. No. 2,357,193 is typical.
PAR  The construction of the present invention as an assembly of the parts
      described above permits an interchangeability of parts which accounts for
      the capability to measure a wide range of flow rates. Not only may the
      housing itself be constructed larger or smaller to define a chamber having
      a diameter similar to that of the fluid carrying vessel, but also for a
      given housing, the flexibility of the spring and tube combination may be
      varied to accomodate various fluids. The selection of a stiffer spring
      will permit measurement of higher flow rates and a lighter spring lower
      flow rates. Similarly, insertion of stiffening rods 36 having longer
      cylindrical extensions 38 will tend to rigidify a greater length of the
      tube within the chamber. If flexibility is permitted over a shorter
      length, the overall spring and tube combination have a greater resistance
      to deflection and thus enable measurements of increased fluid flow. Again,
      the opposite is true with stiffening rods having cylindrical extensions of
      decreased length. In some instances, a flexible tube may be provided which
      itself has properties of flexural stiffness which are otherwise furnished
      by spring 32. In that case, the spring may be eliminated, resulting in
      further simplification of the device.
PAR  Since the flow indicator of the present invention does not depend on the
      flotation level of any member within the fluid to determine flow rate, it
      will be recognized that it is operable regardless of its rotational
      orientation to vessel 14. Without such a limitation, installation is
      facilitated. Furthermore, since the flexible tube, light source and
      optical detecting means are all accessible without disengaging the housing
      from the vessel along which it is inserted, interchangeability of parts
      and reassembly is greatly facilitated. Finally, since all of the operative
      parts are substantially visible upon removal of the light shields or
      covers which are attached by a single set screw, inspection and servicing
      is a simple operation.
PAR  It will be observed that the present invention involves a novel method of
      measuring the rate of flow through a vessel. Basically, the steps include
      positioning a flexible tube transversely across the fluid carrying vessel
      generally normal to the direction of flow, directing a beam of light
      axially into one end of the tube and detecting the intensity of the beam
      received at the other end of the tube while allowing fluid flowing through
      the vessel to deflect the tube in the direction of flow, thereby
      intersecting a portion of the beam and decreasing its intensity at the
      other end as a function of fluid flow. Additional steps of this method of
      measuring flow are recognizable in the above description. For example,
      this method may include shielding external light from the ends of the
      tube, adjusting the fluxural stiffness of the tube as described above and
      transmitting a signal corresponding to the flow rate through the vessel to
      appropriate read out apparatus.
PAR  Although I have described a light source, other forms of energy, such as a
      laser, may also be satisfactory.
PAR  Whereas the preferred form of the invention has been described herein, it
      should be realized that there may be many modifications, substitutions and
      alterations thereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for measuring fluid flow comprising:
PA1  a housing defining a chamber,
PA1  said housing having an inlet and an outlet communicating with said chamber,
PA1  a flexible tube extending across the chamber intermediate said inlet and
      outlet and generally normal to the direction of flow through said chamber,
PA1  a light source directing a beam of light axially into one end of said
      flexible tube,
PA1  means adjacent the other end of the tube for detecting the intensity of
      said beam at said other end,
PA1  said flexible tube being deflected in response to fluid flow through the
      chamber, thereby modulating the intensity of light received at said other
      as a function of the rate of flow through said chamber.
NUM  2.
PAR  2. The structure of claim 1 further comprising spring means coupled with
      and longitudinally spanning the flexible tube.
NUM  3.
PAR  3. The structure of claim 2 wherein the spring means comprises a helical
      spring axially aligned with and circumferentially engaging the flexible
      tube.
NUM  4.
PAR  4. The structure of claim 3 further comprising stiffening means
      characterized by a pair of generally rigid rods insertable into the
      chamber through the ends of the tube.
NUM  5.
PAR  5. The structure of claim 1 wherein the means for detecting the intensity
      of the beam comprises a photo-electric cell.
NUM  6.
PAR  6. Structure of claim 1 wherein the chamber is generally cylindrical and
      further comprising a pair of generally diametrically aligned bores through
      opposite sides of the housing for receiving the ends of the tube and seal
      means interposed circumferentially between said tube and bores to prevent
      fluid loss therebetween.
NUM  7.
PAR  7. The structure of claim 6 further comprising a pair of end caps fastened
      to the housing, said end caps carrying the ends of the tube and presenting
      the same to the light source and detecting means respectively.
NUM  8.
PAR  8. The structure of claim 7 further comprising a pair of generally
      cup-shaped light shields so associated with the housing as to overlie said
      end caps and shield generally all external light from each end of the
      tube.
NUM  9.
PAR  9. The structure of claim 8 wherein the light source and detecting means
      are mounted within the light shields.
NUM  10.
PAR  10. A method of measuring the rate of flow through a vessel comprising;
PA1  mounting a flexible tube through the vessel generally normal to the
      direction of flow,
PA1  directing a beam of light axially into one end of the tube,
PA1  detecting the intensity of the beam received at the other end of the tube,
      and
PA1  allowing fluid flowing through the vessel to deflect said tube in the
      direction flow, thereby intersecting a portion of said beam of light and
      decreasing the intensity of the beam at said other end as a function of
      fluid flow.
NUM  11.
PAR  11. The method of claim 10 further comprising shielding external light from
      the ends of the tube and producing a signal corresponding to the flow rate
      for activating external readout apparatus.
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ABST
PAL  A liquid level detecting device for vapour generators is characterized by a
      stack tube for connection to the vapour generator and preferably two
      separate side tubes in the form of loops each having an upper vapour inlet
      to the stack tube and a lower outlet disposed respectively at a low water
      level and a high water level. In use the loops fill with cooled
      condensate. When the water level moves past either of the cooling tube
      outlets the condition of that tube is disturbed, and the cooled water is
      displaced from one portion of the loop to another and steam occupies the
      previously cooled portion of the tube. The temperature change is sensed
      and used to give an alarm.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to alarm devices for vapour generators. The
      device is particularly adapted to detect when the liquid level in the
      generator moves past a predetermined level and then produce a signal.
PAR  The invention will be described with particular reference to devices for
      detecting and signalling water level changes in steam boilers. However it
      will be appreciated that the device could be used equally well in systems
      where the working fluid is other than water.
PAR  The device finds particular use in the provision of alarm devices for
      giving a warning of high and/or low level conditions in steam boilers
      operating at high pressure, e.g. at 2500 p.s.i., though it is also useful
      for low pressure boilers as well.
PAR  The provision of high and low level alarms for high pressure water boilers
      presents a number of problems. Float or displacement alarms, which may be
      sufficient (though still having some defects) for low pressure boilers,
      and which are used to actuate steam whistles or electrical warning devices
      are not satisfactory in high pressure uses. The float may have to be too
      substantial and the float chamber too massive to be practical. Steam
      density increases with pressure but that of the water decreases so that
      the differential force available to operate the float diminishes. Steam
      whistles suffer from the needle valve seat becoming scored as a result of
      the high pressure drop, causing a permanent leak-off. Magnetic relay
      systems have to be safeguarded against loss of magnetism due to
      overheating and also the mechanism becoming fouled, caused by the magnet's
      attraction for any iron oxide or iron particles in the boiler water.
PAR  Instrument type sensing devices depending upon the differential pressure
      between a static head and that in the boiler drum are equally affected by
      the small difference between the densities of high pressure steam and
      water. In the case of a boiler operating at about 2500 lb. per sq. in.,
      for instance, the 1 inch change of water level to which an alarm would be
      expected to respond represents a change in head equivalent of only 0.015
      lb. per sq. in. A very delicate instrument would be required to record a
      pressure change of this order.
PAR  Thermostatic water level alarms have been proposed, e.g. in British Patent
      Specification No. 608867, but have not been satisfactory. Such
      arrangements use inclined metal expansion tubes of various shapes,
      connected to the boiler drum in the same manner as the gauge glass, so
      that any movement of the water level is transmitted to the tube. When the
      boiler level rises, water rising in the tube cools it, causing
      contraction. When the level falls, the tube contains more steam and
      expanded with a consequent temperature rise. This expansion and
      contraction is multiplied by leverage and applied to a micro switch or
      similar device which operates an electric bell or siren, and indicator
      lights.
PAR  The main defects in systems such as these is inadequate temperature
      difference between steam and water in the tube. Continuous condensation in
      the upper part of the tube drains down and raises the water temperature
      close to that of the steam. To sound the alarm at high water level,
      therefore, it is expected to contract a tube heated to steam temperature
      by using very hot condensate as the cooling medium. This condition would
      become worse at the higher boiler pressure where greater heat dissipation
      due to higher temperature coupled with the reduced latent heat would
      promote an even greater rate of condensation.
PAR  A secondary problem to be solved arises from the fact that steam
      temperature changes with steam pressure, so a pressure change would affect
      the mean temperature of the expansion tube in the same way as a water
      level change. Therefore, unless some form of compensation was incorporated
      in the mechanism, the alarm would need to be readjusted whenever the
      boiler pressure varied outside the narrow set limits.
PAC  SUMMARY OF THE INVENTION
PAR  It is thus an object of the present invention to provide an improved water
      level alarm device able to operate more reliably at high pressures than
      alarms hitherto proposed.
PAR  It is a further object to provide an alarm which has increased sensitivity
      and is less liable to variation in operation with variation in steam
      pressure.
PAR  The invention is based on the detection of whether the liquid level in a
      vessel containing a heated liquid with its associated vapour is above or
      below a set point by uitlizing the thermostatic action derived by
      comparing the established temperature of the saturated vapour with that of
      a quantity of cooled liquid.
PAR  This is achieved by means of a stack tube communicating with the boiler
      above and below the water level. The stack tube has a side loop attached
      therein with upper and lower inlets, the lower inlet being either at the
      desired low water level or at the desired high water level. The
      arrangement is such that the lower portion of the loop under normal
      conditions fills with water by reason of steam condensing therein via the
      stack tube and upper inlet. The dimensions of the loop are such that the
      water cools radiatively faster than it is heated by the steam condensing
      in therein.
PAR  If the water level rises or falls in the stack tube, the stable condition
      is disturbed and the cooled water moves rapidly by a type of syphonic
      action from one portion of the loop to another. Thus, the previously hot
      steam filled portion of the tube is rapidly cooled and the previously cold
      water filled portion of the loop is rapidly heated by steam condensing
      therein. The large change in temperature is sensed by suitable means and
      gives a rapid response to change in water level. The system moves from one
      stable state to another stable state and may be likened to a "flip-flop"
      device.
PAR  Thus, according to the present invention, a liquid level detecting device,
      adapted for use with a vapor generator which comprises a tube which in use
      is partially filled with liquid and partially filled with vapour, such
      that changes in water level cause the tube to expand or contract with the
      movement of the tube being arranged to actuate a warning device, is
      characterized in that the device comprises a stack tube having a lower
      liquid inlet and an upper vapour inlet for attachment to the vapour
      generator, and at least one cooling tube communicating with the stack tube
      at an upper cooling tube inlet above or below the stack tube vapour inlet,
      and at a lower cooling tube outlet above the stack tube liquid inlet, each
      cooling tube changing direction at least twice between its inlet and
      outlet, the total change in direction preferably being at least
      360.degree., so as to provide at least first, second and third, preferably
      generally aligned, e.g. parallel, portions of the cooling tube and a
      collecting region for the liquid in which the liquid can cool, the region
      being located between the said first and second portions of the cooling
      tube and at least one sensing device located at or in at least one of the
      first, second or third portions, such portion being one which, when the
      device is in use, will contain the working medium in one physical state
      under normal conditions and in another physical state under alarm
      conditions, the device being arranged so as to sense the change in the
      physical state of the working medium in the that portion of the cooling
      tube.
PAR  The sensing device can be a temperature sensor, e.g. a thermocouple, or
      more simply, at least one member attached to a portion of the coolant
      tube, e.g. pivoted to at least one of the aligned portions of a coolant
      tube, such portion being one which, when the device is in use, will
      contain the working medium in one physical state under normal conditions
      and in another physical state under alarm conditions, the member being
      arranged so as to actuate a signal device or a control device or both when
      the point at which it is attached to the coolant tube changes its position
      due to expansion or contraction of such portion of the tube.
PAR  The stack tube is usually inclined at an angle to the horizontal and in the
      simplest forms of the device is preferably arranged vertically. However,
      in other forms, it may be inclined or have an inclined lower limb and a
      vertical or more nearly vertical middle or upper limb.
PAR  The device may be used to detect rises in water level above an upper limit
      by mounting the device, e.g. adjustably in the vertical plane, on or in
      relation to a boiler drum or vapour generator tank so that the normal
      water level is below the or a lower coolant outlet tube, which is located
      at the required high water level. In order to provide a low water level
      warning, another coolant tube may be provided with its lower coolant
      outlet tube below the normal water level in the boiler drum, this lower
      coolant tube being located at the required low water level. Clearly, if
      desired, the two coolant tubes could be provided merely by identical forms
      of the device separately mounted at the different levels. The bottom of
      each stack tube would be connected to the boiler drum below the low water
      level and the top of each stack tube would be connected to the boiler drum
      above the high water level by suitable piping, e.g. with releasable
      connectors, if desired.
PAR  The pivoted member preferably operates a switch to generate a signal or
      actuate a control circuit on movement of the member. The switch may be
      mounted on a fixed position, e.g. on the boiler, stack tube or independent
      location, but is preferably mounted on another member or arm pivoted to
      the same two bodies to which the first member or arm is pivoted.
PAR  In a further alternative arrangement an arm or other actuator is attached
      to the coolant tube and arranged to make and break contact with a fixed
      switch in accordance with the heating or cooling of the coolant tube.
PAR  The pivots are preferably located at or adjacent one end of the arms and
      the switch at the other end. The pivots intermediate the end pivots and
      the switch are preferably closer together than are the end pivots so as to
      compensate for temperature variations. Alternatively, the body carrying
      the outer pivots can be arranged to have a higher coefficient of expansion
      than the body carrying the intermediate pivots.
PAR  One of the arms preferably has adjustable actuating means for actuating the
      switch so that the amount of movement or relative movement of the arms
      required to actuate the switch can be adjusted.
PAR  The arms preferably are pivoted on a pair of bodies which in either mode of
      operation, either high level or low level, will have widely different
      temperatures and which when the water level passes the upper or lower
      limit will switch the temperature conditions from that obtaining under
      normal conditions.
PAR  The external pivots of each arm are desirably pivoted to one of the bodies
      at spaced apart points such as to achieve a significant movement, e.g. 2
      cms at the other end of the arms, when a temperature change of
      100.degree.C occurs in the length of the body between the pivots, in
      cooperation with the spacing of the two intermediate pivots. These two
      pivots are spaced apart on the other of the bodies. In an alternative
      arrangement, the intermediate pivots are located on a body which does not
      change temperature during the cycle, e.g. the stack tube (though of
      course, it will change with working pressure). Here the movement of the
      arms is derived entirely from the outer pivots. The stack tube or other
      body is preferably made of the same material as the loops. Thus it
      compensates for any variation in steam pressure and thus temperature.
PAR  Clearly, if desired, a fixed pivot, e.g. an external bracket, could be used
      for either the intermediate or end pivots.
PAR  In an alternative form of the invention, at least two cooling tubes are
      provided and a valve device is provided for selectively connecting the
      upper cooling tube inlet of each cooling tube to the vapour inlet of the
      stack tube, while shutting off the stack tube from the vapour inlet and a
      drain, provided with a valve, is located below the lower cooling tube
      outlet.
PAR  The valve device may comprise a valve manifold housing an inner sleeve open
      at one end to the vapour inlet of the stack tube and having one series of
      ports such that, in one position of the sleeve, the vapour inlet of the
      stack tube is brought into communication with the stack tube and all the
      cooling tube inlets, while in other positions, the vapour inlet of the
      stack tube is brought into communication with only one of the upper
      cooling tube inlets in each such other position.
PAR  The stack tube may have an inclined lower limb affixing the lower liquid
      inlet, a vertical intermediate limb, e.g. communicating with the valve
      device affording the upper vapour inlet, and at least two cooling tubes
      disposed between the lower limb and the upper portion of the device, e.g.
      the valve device.
PAR  In a preferred modification of the invention the circuitry of the alarm
      devices controlled by the sensing devices are under the control of a
      further sensing device which activates the circuitry only when the stack
      tube contains steam.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention may be put into practice in various ways and a number of
      specific embodiments and modifications thereof will be described by way of
      example with reference to the accompanying drawings, in which
PAR  FIG. 1 is a part sectional front elevation of one form of alarm device in
      accordance with the invention;
PAR  FIGS. 2 to 5 show part sectional front elevations of the embodiment shown
      in FIG. 1 demonstrating various stages in the operation of the device;
PAR  FIG. 6 is a view similar to FIG. 1 of a modified arrangement suitable for
      use as a low level alarm;
PAR  FIG. 7 is a view similar to FIG. 1 of another modified arrangement suitable
      for use as a high level alarm;
PAR  FIG. 8 is a view similar to FIG. 1 of another modified arrangement suitable
      for use as a low level alarm;
PAR  FIGS. 9 to 12 are diagrammatic illustrations of alternative ways of sensing
      the change in state of the cooling tubes in which platinum wire coils are
      used;
PAR  FIG. 9 shows the positioning of the coils and FIGS. 10 to 12 show
      alternative electrical circuits for producing an output signal;
PAR  FIGS. 13 to 15 are diagrammatic illustrations of a modified form of device
      in which a number of side tubes are provided communicating with a modified
      form of stack tube which has provision for selectively blowing down the
      cooling tubes with steam from the boiler;
PAR  FIG. 13 is a side elevation of the modified form of device;
PAR  FIG. 14 is a diagrammatic cross section of the device taken on the line XIV
      -- XIV of FIG. 13 showing only one of the cooling tubes for clarity;
PAR  FIG. 15 is a diagrammatic cross sectional view of the valve portion of the
      top of the stack tube taken on the line XV -- XV of FIG. 14;
PAR  FIGS. 16 to 18 are diagrammatic illustrations of a further modified form of
      device in which a vertical stack tube is provided with a number of
      radially disposed cooling tubes which preferably are provided with sensing
      devices such as shown in FIGS. 9 to 12 rather than levers as shown in
      FIGS. 1 to 9;
PAR  FIG. 16 is a diagrammatic plan view;
PAR  FIG. 17 is a highly diagrammatic illustration of the way in which the lower
      ends of the cooling tubes enter the stack tube at varying levels, (the
      tubes should be radially disposed but are illustrated in this manner for
      the sake of clarity);
PAR  FIG. 18 is a diagrammatic view showing only two of the cooling tubes taken
      on the line XVIII -- XVIII of FIG. 16;
PAR  FIG. 19 is a diagrammatic view of a further modified shape of cooling tube;
PAR  FIGS. 20 to 23 are approximately scale views, approximately one quarter
      full size, of one preferred embodiment of the invention;
PAR  FIG. 20 is a plan view taken on the line XX -- XX of FIG. 21;
PAR  FIG. 21 is a side elevation taken on the line XXI -- XXI of FIG. 20 showing
      the high level alarm cooling tube loop;
PAR  FIG. 22 is a side elevation taken on the line XXII -- XXII of FIG. 20
      showing the low level alarm cooling tube loop; and
PAR  FIG. 23 is a front elevation of the device showing the microswitches with
      the front hinged cover removed.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 show the invention as applied to an alarm device to give
      warning of high and low water level in a steam generator or boiler. A
      stack tube 10 with a lower liquid inlet 23 and an upper vapour inlet 24 is
      mounted in a vertical or near vertical position adjacent to the boiler
      drum 11 from whence it receives water through a pipe 12 provided with a
      suitable connector, e.g. a flange or butt welded joint 60, from the bottom
      of the stack tube to a point below the water level 14 in the drum 11 and
      steam through pipe 13 provided with a similar joint 61 from the top of the
      stack tube 10 to a point an adequate distance above the water level in the
      drum. The water level 14 in the drum 11 is thus set up also in the stack
      tube 10.
PAR  Referring further to FIG. 1, a length of metal tube 16, preferably of
      smaller diameter, e.g. 3/8 inch internal, than the stack tube 10 which for
      example, has an internal diameter of 1 inch, is formed into a loop and
      connected to the stack tube 10 at an upper point 17 and a lower point 18,
      forming three generally vertical or parallel columns 20, 21 and 22, and
      thus a form of syphon tube. The lower end of the loop is preferably
      located below the low water level and although this is not essential, we
      have found it much to be preferred. An upper lever 25 carries an
      adjustable tappet 26 at one end and is attached to the columns 20 and 21
      by means of pivoted joints 27 and 28 at its other end. Similarly, a lower
      lever 30 is pivoted to the columns 20 and 21 at points 31 and 32 at one
      end and carries at its opposite end an electrical switch 33 which is
      juxtaposed to the tappet 26 carried by the arm 25. A tension spring 34 is
      included to improve the mechanical operation and reduce lost motion
      (alternatively weights could be used to draw the arms together). Cooling
      fins 36 may be attached in heat exchange relationship to the column 20,
      e.g. at its lower end, and cooling fins 37 may be similarly attached to
      the upper end of the column 22. These fins enhance the temperature change
      by promoting greater heat radiation from the sections of the loop which
      are always filled with water.
PAR  The operation of the device in order to give a warning of a high water
      level condition will now be described. In this mode of use, the alarm is
      mounted as shown in FIG. 2 in relation to the boiler drum 11 so that when
      water in the boiler drum 11 reaches the high level limit, the level in the
      stack tube 10 will have risen to the point 18. So long as the water level
      in the stack tube 10 is below the point 18, as indicated in FIG. 2, steam
      from the boiler drum 11 will enter the loop of tubing 16 and condense into
      water through heat loss to atmosphere via. the tube wall. As a result, the
      columns 20 and 22, of the loop will fill with water up to the top of the
      upper bend, i.e. the top of column 22, as shown in FIG. 2.
PAR  Once the U-tube which is formed by the columns 20 and 22 has filled with
      condensate, the latter will become almost cold due to continuing radiation
      of heat to atmosphere. Only a small amount of hot condensate will drain
      into column 20 due to the short angled length 39 of steam filled tube at
      the top of column 20. Condensation of steam in the center of column 21
      will drain back into the stack tube 10 through the entry at 18 and will be
      replaced by fresh steam at the same point.
PAR  So long as the water level remains below the point 18, the alarm system is
      in a quiescent or steady state, as indicated in FIG. 2, with column 20
      filled with cool water and the center column 21 filled with hot steam. In
      this condition, the tappet 26 is adjusted so as to remain clear of the
      operating button of the switch 33.
PAR  When the water level rises above the point 18, steam in the center column
      21 becomes sealed off from the steam supply in the stack tube 10. As
      indicated in FIG. 3, condensing steam in 21 cannot be replaced and the
      resulting fall in pressure causes water to be drawn up the column 21
      through the entry 18 and causes cool water to spill over from the column
      22 in to the column 21. The flow of water from 22 into the steam trapped
      in column 21 will absorb much of the heat in the latter and accelerate its
      condensation into water. The reduction in volume of the trapped steam in
      21 must also be accompanied by a descent of the water in column 20 since
      this is subjected to the full steam pressure of the boiler drum 11 via the
      pipe 39 and 13. Thus a rapid movement of water occurs akin to a syphon
      action.
PAR  When all the steam in the center column 21 has been condensed, the new
      state of equilibrium is established, as indicated in FIG. 4.
PAR  The water level in column 20 has now fallen to the same level as that in
      the stack tube 10 so that the section 40 between the pivot points 27 and
      31 which was formerly filled with cool water, is now filled with hot
      steam. Hence expansion of this portion of column 20 will take place due to
      the rise in temperature of the metal tube 20.
PAR  The center column 21 which was filled with steam, has now filled with
      relatively cool water, much of which has spilled over from the column 22.
      Contraction occurs due to cooling of the section 41 of the metal tube 21,
      which is between the pivots 28 and 32.
PAR  The expansion and contraction of the two sections of tube 20 and 21 is
      combined and multiplied by the levers 25 and 30, thus closing the gap
      between the tappet 26 and the switch 33, which can be opened or closed in
      an electrical circuit containing any combination of warning devices
      required, such as the illumination of a red warning light, the sounding of
      an electric bell, or any similar warning, or could be directly connected
      into the control circuitry for the boiler.
PAR  The alarm causes action to be taken to adjust the water level in the
      boiler, e.g., by reducing the flow rate of the water feed to the boiler.
PAR  When the boiler water level reverts to the normal position 14 below the
      point 18, the water in column 21 is no longer supported, and some of it
      will drain out into the stack tube 10. An unbalanced condition now exists
      (see FIG. 5) because the column of water in column 22 is now longer and
      heavier than the combined columns in columns 20 and 21. Its movement
      downwards, due to gravity, tends to draw up the remaining water in column
      21, as illustrated in FIG. 5. Equilibrium is again restored when the
      center column 21 is once more filled with steam and column 20 is filled
      with water, similar to the initial condition shown in FIG. 2. The heating
      of the section of the tube 21 between the pivots 28 and 32 with live steam
      and the cooling of the section 40 of the column 20 between the pivots 27
      and 31 with water, reverses the expansion and contraction effect which
      initiated the high level warning. Levers 25 and 30 move apart, resetting
      the switch circuit, so that the warning condition is terminated.
PAR  The operation of the device to give a warning of a low water level
      condition will now be described. In this mode of use, the alarm is mounted
      so that the normal condition is, as shown in FIG. 4, with the water level
      above the point 18. The levers and switching circuit would be re-arranged
      so as to be quiescent, e.g., the tappet 26 would be adjusted so as to
      contact the switch 33. When the boiler water level fell below the low
      water limit at 18, the tappet 26 would no longer contact the switch 33 and
      the alarm would respond in the manner described in connection with FIG. 5
      and produce the condition illustrated in FIG. 2. In this case, however,
      the arrangement of the switch circuit would cause a warning of a low water
      level to be given.
PAR  When the low level state ended and the water level rose again above 18, the
      action of the device would follow the sequence described in connection
      with FIGS. 3 and 4. The warning signal would be terminated and the
      "normal" state restored.
PAR  An arrangement may also be provided to give both high and low water level
      alarm warnings in one unit by providing a single stack tube 10 having two
      separate tube loops 16, one having its entry point 18 at a height
      corresponding to the high level limit while the second loop would have its
      entry point 18 below this, at a height representing the low water level
      limit.
PAR  Additional loops with alternative entry points may be included, if desired,
      to satisfy other functions at different water levels.
PAR  Thus for a low water level condition the first low level loop could be used
      to provide an audible or visual alarm. If this is ignored, a lower low
      level loop could be arranged to inactivate the boiler, for example by
      switching off the burners.
PAR  Similarly a higher high level loop could be used, e.g., to switch off the
      boiler feed water supply.
PAR  The mechanical movement of the levers may be adapted to operate alternative
      devices to the electrical switch mentioned above. A steam whistle or
      pneumatic valve, for instance, may be operated to give audible or visual
      warning of abnormal water level, or to initiate some function required
      under this condition, e.g. as mentioned above.
PAR  A change in the pressure of the steam corresponding to a change in the
      saturated steam temperature will not prevent the alarm from operating by
      altering the set point adjustment because, when brought into action, the
      cool water filled section of the tube becomes heated with steam while the
      steam filled column is cooled by being filled with water. This reversal of
      the temperature of the two operating sections 40 and 41 of the tubes
      ensures that the levers must always cross the datum point and operate the
      switch irrespective of the steam pressure and temperature.
PAR  Any change in the tappet setting due to a given change in steam temperature
      affecting both tube sections 40 and 41 can be minimized by making the
      operational length P of the tube section 40 longer than the equivalent
      length Q of the tube section 41 in the ratio:
      ##EQU1##
      where R is the distance from the pivot 32 to the switch 33 and r is the
      distance from the pivot 31 to the pivot 32, as indicated in FIG. 1.
PAR  This equivalent triangle relationship compensates for variations in working
      temperature (i.e. pressure) so that the tappet does not need to be
      adjusted for changes in working pressure.
PAR  The expansion and contraction of sections 40 and 42 brought about by a
      change in water level may be employed independently without reference to
      each other in order to perform any desired function.
PAR  Thus, a further adaptation of the principle would be the provision of pivot
      points on the stack tube 10 or an independent tube which would be
      maintained at steam temperature between these points, even at the highest
      limit of water level, and have the same coefficient of expansion as the
      operating tube sections 40 and 41. The relationship between the separation
      of the pivots on each tube and the pairs of pivots is again arranged to
      compensate for steam pressure temperature variations, as in the earlier
      arrangements. Other methods of utilizing the expansion or contraction of
      sections of the tubes 20, 21 and 22 in conjunction with the stack tube as
      a reference base are illustrated in FIGS. 6, 7 and 8.
PAR  In these arrangements the normal condition is for the portion of the loop
      between the pivot points to be filled with water and the stack tube with
      steam. On moving to the alarm condition, the portion of the loop between
      the pivots is filled with steam and this produces a rapid response.
PAR  The arrangement shown in FIG. 6 would be most suitable as a low water level
      alarm. The normal water level would be above point 18, although always
      below the pivot points 44 and 45 attached to the stack tube 10. The
      section 41 of the tube 21 would be filled with water, as indicated in FIG.
      4. When the water level fell below the point 18, the condition illustrated
      in FIG. 2 would be assumed. Section 41 would become filled with hot steam
      in place of cool water and would expand to the same length relationship as
      the section 46 of the stack tube between the pivots 44 and 45. Since the
      same steam would be filling both tubes 10 and 21, thus equalizing
      temperatures irrespective of steam pressure, the tappet adjustment for the
      switch 33 would be unaffected.
PAR  FIG. 7 illustrates a similar arrangement, but utilizes the stack tube 10 in
      conjunction with section 40 of tube 20. This arrangement is most suitable
      as a high water level warning device with the normal water level below
      point 18, as shown in FIG. 2. The section 40 is normally filled with
      condensed water at low temperature, while the switch levers are pivoted at
      44 and 45 on an appropriate length of stack tube 10, which is normally
      filled with steam. When the water level in the stack tube 10 rises above
      point 18, the situation shown in FIG. 4 occurs. The section 40 of the tube
      20 becomes filled with steam and expands due to the temperature rise to
      match the steam filled length 46 of stack tube between the pivot points 44
      and 45. Tilting of the levers 25 and 30 brought about by this expansion
      operates the switch 33 to give the requisite warning signal.
PAR  In a preferred arrangement, a single stack tube is provided with a low
      water level loop arranged as described for FIG. 6 and with a high level
      loop arranged as described for FIG. 7.
PAR  FIG. 8 shows a third possible arrangement suitable for low water level
      warning. The normal water level is above point 18, but well below point
      17. Normally, tubes 21 and 22 are filled with water similar to FIG. 4. The
      lever 25 is pivoted to the tube 22 at 47 and the lever 30 is pivoted to
      the tube 22 at 48. The section 49 of the tube 22 between the pivots 47 and
      48 is normally in a cooled and contracted state. When the water level
      falls below point 18, steam will enter the tube 21 and the upper part of
      tube 22 down to the level of point 17 where tube 20 enters the stack tube
      10. Since point 17 is below the section 49 of the tube 22, this length 49
      between the pivots will expand on becoming filled with steam to match the
      section 46 of the stack tube 10 and again the levers will act to operate
      the switch 33.
PAR  Clearly, in each of the arrangements described, the arms could be arranged
      to extend out on the opposite side to that described.
PAR  Referring now to the remaining Figures, the same reference numerals will be
      used for the same parts.
PAR  FIG. 9 shows a platinum wire coil 90 having terminals A and B located on
      the stack tube 10, a coil 91 having terminals C and D located on the
      portion 21 at the region 41, and a coil 92 having terminals G and H on the
      portion 20 at the region 40.
PAR  Any element which changes its resistivity with temperature or which
      generates an electrical signal with change in temperature may be used
      instead of the coils in FIGS. 10, 11 and 12, but in FIG. 12 the resistors
      may be omitted.
PAR  FIG. 10 shows an arrangement in which either coil 91 or coil 92 is
      connected directly to a measuring amplifier 101 to give a direct output
      reading of temperature or an output signal which is used to operate a
      switch or warning device.
PAR  FIG. 11 shows a bridge arrangement with two resistors 111 and 112 and a
      differential amplifier 113. The terminals of coil 90 (stack tube) and coil
      91 cooling tube are connected across the bridge or the pair coil 90 and 92
      or the pair coil 91 and coil 92. Voltages developed across the bridge are
      changed substantially with temperature change in the loop giving an alarm
      output indication or electrical signal directly or operating a signal
      device.
PAR  FIG. 12 shows a modification of this arrangement.
PAR  FIGS. 13 to 15 show a modified arrangement in which the stack tube 10,
      instead of being vertical, is arranged with a lower inclined portion 130,
      an intermediate vertical portion 131 and an inclined "blow down" valve
      manifold 150 (shown in more detail in FIG. 15).
PAR  The arrangement connects with a boiler drum 11 via a valve 133 in the upper
      connector tube 13 and a valve 132 in the lower connector tube 12. A drain
      tube 134 and drain valve 135 extend down from the connector 12.
PAR  Multiple cooling tube loops 136 to 141 are disposed vertically between the
      lower inclined limb 130 of the stack tube and the valve manifold 150. This
      provides for more accurate detection of exactly what the level is in the
      boiler.
PAR  As shown in FIG. 15, the manifold 150 has a rotatable inner sleeve 151 open
      at its end 152 facing the valve 133 and closed at its other end. The
      sleeve has two sets of six spaced apart apertures 153A to F and 154A to F.
      The apertures 153 are arranged to place the inside of the sleeve 151 in
      communication with all the tubes 136 to 141 simultaneously. A further
      aperture 155 in the sleeve 151 is at the same time brought into
      communication with the stack tube 131. The apertures 154A to F are
      arranged on a line inclined to the axis of the sleeve 151 so that a single
      cooling tube, e.g. 137 in FIG. 15, only can be brought into communication
      with the interior of the sleeve 151 at a time while the stack tube 131 is
      cut off. When the sleeve 151 is in the position shown in FIG. 15, the tube
      137 can be cleared of any scale or debris and blown out with steam by
      closing the valve 132, opening the valve 135 and opening the valve 133.
      Steam then passes from the boiler up the tube 13, through the sleeve 151,
      down and round the tube 137, down the tube 130 and out of the drain tube
      134. Each tube 136 to 141 can be blown out in turn.
PAR  For normal use the sleeve 151 is positioned so that all the holes 155 and
      153A to F are in register with the tubes 131 and 136 to 141 and the valves
      132 and 133 are open and the valve 135 is closed.
PAR  The lever arrangement of FIG. 1 to 8 or the arrangements of FIGS. 9 to 12
      can be used to sense a change of state for each tube 136 to 141.
PAR  FIGS. 16 to 18 show an arrangement with a vertical stack tube 10 and
      radially extending cooling tubes 161 to 166. This similarly provides for
      more accurate determination of the water level as in the arrangement shown
      in FIGS. 13 to 15. Either lever or coil arrangements could be used to
      sense temperature changes in the tubes with the levers extending
      outwardly. A similar blow down manifold to that shown in FIG. 15 could be
      incorporated in this arrangement.
PAR  FIG. 19 shows a further alternative configuration for the cooling tube
      loop.
PAR  FIGS. 21 to 23, show on approximately one-fourth scale a preferred form of
      the device.
PAR  The arrangement has a central vertical stack tube 10 of stainless steel
      with a 1 inch internal diameter and is provided with flanged or butt
      welded top and bottom connectors.
PAR  As can be seen in FIG. 20, the device is housed within an open bottomed
      sheet metal housing 201 having a cover 200 (removed in FIG. 20) by
      suitable brackets 202, 203, 204 welded to the stack tube 10. A pair of
      cooling tubes 210, the high level loop, and 220, the low level loop, are
      disposed on either side of the stack tube 10 within the housing 201. The
      housing 201 has rear and side cooling vents 205. Both loops have cooling
      fins 36, for tube 210 secured about one-third of the way from the bottom
      of the downwardly extending portion 20, and for tube 220 secured close to
      the bottom of the downwardly extending portion 20.
PAR  The high level tube 210 is provided with a pair of levers 25 and 30 pivoted
      in the reverse sense to that shown in FIG. 1 so that the normal condition
      is for the levers to be together and held together by the spring 34. When
      the alarm condition occurs the levers move apart against the spring such
      that any failure of the spring results in the alarm sounding.
PAR  The loop 210 starts at the upper vapour inlet 17, extends out sideways and
      downwards parallel to the front of the device, then curves out around the
      top 199 of the loop between the portions 22 and 21, and then back inwardly
      to run down vertically and parallel to the stack tube 10 forming the
      portion 20. This portion has welded on shoulders in which the pivots 27
      and 31 for the levers 25 and 30 are formed. The portion 20 carries three
      cooling fins 36 located just below the high water level inlet 18. The
      portion 20 then extends below level 18 and curves through 180.degree. in
      the vertical plane and 90.degree. in the horizontal plane and back up
      vertically parallel to the stack tube to form the portion 22. The plane of
      the portions 20 and 21 is at right angles to the front of the device. At
      its end 199, the portion 22 curves through 180.degree. in the vertical
      plane and underneath the portion 39 and through to behind the stack tube.
      The cooling tube then extends down vertically parallel to the stack tube
      about half way down the length of the stack tube forming the portion 21.
      It then curves inwardly back to the stack tube making an angle of about
      70.degree. with the plane of the portions 20 and 22, and communicating
      with the stack tube via the lower inlet 18. The upper portion of the tube
      21 is also provided with welded on shoulders in which the pivots 28 and 32
      for the levers 25 and 30 are formed.
PAR  The low level tube, 220 (see FIG. 22) is provided similarly with a pair of
      levers 25 and 30, this time positioned in the same sense as FIG. 1, but
      since FIG. 1 is a high level configuration, again having as their normal
      condition the levers together, the levers moving apart when an alarm
      condition occurs.
PAR  The loop 220 starts at the upper vapour inlet 17 and extends backwards at
      an angle of about 110.degree. to the plane of the tube 220, and then
      extends down vertically parallel to the stack tube forming the portion 20
      and carrying three cooling fins 36 at its lower end. At its upper end, it
      is provided with similar shoulders for the pivots as described for loop
      210. The portion 20 then curves round 180.degree. and up in front of the
      stack tube forming the portion 22, then curves round 180.degree. and down
      vertically parallel to and beside the stack tube to form the portion 21
      and then turns inwardly through 90.degree. to communicate with the stack
      tube via the inlet 18 at a point about one-fifth from the bottom of the
      loop.
PAR  Both loops are about 320 units long and about 0.8 units internal diameter,
      ie. the ratio of length to internal diameter is about 260 : 1  or more
      broadly in the range of 50:1 to 1000:1 or 200:1 to 400:1.
PAR  The loops are desirably both made of the same material as the stack tube so
      as to eliminate effects due to different coefficients of expansion.
PAR  As can be seen from FIG. 23, the levers 25 and 30 operate a pair of
      microswitches 232 and 231, which in turn control a high level alarm lamp
      233 and low level alarm lamp 234. The "on" lamp 235 indicates that the
      switch circuits are live and the "ready" lamp 236 indicates that the
      apparatus is in the normal state.
PAR  The lamp 236 is controlled by a further microswitch 237 mounted on the
      housing 201 which senses when the stack tube is at elevated temperature
      and activates the alarm circuitry. This switch measures the length of the
      stack tube. The tappet for the switch 237 is mounted on a lever 238
      pivoted to the stack tube at 239 and pivotally connected at 240 to a rod
      241 connected at its upper end to the stack tube. The top of the rod 241
      passes through a hole in a plate attached to the stack tube and a nut is
      attached to the top of the rod, thus permiting the rod to move up through
      the hole but not to move down through the hole. The switch 237 and lever
      238 are held together by a spring. Thus, when the stack tube is cold the
      lever 238 is depressed, and the switch 237 is open; when the stack tube 10
      heats up the lever 238 and its tappet are pulled up by the rod 241 and
      thus separated from the switch 237, which thus closes, activating the
      alarm circuits.
PAR  The device is suitable for use in marine applications and the feature of
      the vertical stack tube ensures that false operation of the device is not
      caused by the movement of the ship which with an inclined tube could
      occur. When the arrangement of FIGS. 13 to 15 is used in a ship, the
      inclined limb 130 of the stack tube should be arranged in the fore and aft
      direction.
CLMS
STM  What I claim as my invention and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A liquid level detecting device adapted for use with a vapour generator
      comprising a stack tube having a lower liquid inlet, an upper vapour
      inlet, lower connector means for attaching the lower liquid inlet to the
      vapour generator at a level below the operating liquid level thereof,
      upper connector means for attaching the upper vapour inlet to the vapour
      generator at a level above the operating liquid level thereof, and at
      least one cooling tube with one end communicating with the stack tube at
      an upper cooling tube inlet and the other end communicating with the stack
      tube at a lower cooling tube outlet at a level above the stack tube liquid
      inlet, each cooling tube changing direction at least twice between its
      inlet and outlet so as to provide at least a first portion extending down
      from the upper cooling tube inlet to a region below the lower cooling tube
      outlet, a third portion extending up from the lower cooling tube outlet to
      a region adjacent the upper cooling tube inlet, and a second portion
      interconnecting said first and third portions, the first, second and third
      portions of the cooling tube being disposed relative to the stack tube so
      that when the stack tube is in use, the first, second and third portions
      are disposed so that the lower ends of said first and second portions
      together afford a generally U-shaped collecting region in which any liquid
      formed by condensation of vapour in said first and second portions will
      collect in said collecting region, and at least one sensing device located
      in sensing relationship to at least one of said first, second and third
      portions and arranged to sense the change in temperature of said portion
      and to produce a signal in response to sensing a change of temperature of
      a predetermined magnitude.
NUM  2.
PAR  2. A device as claimed in claim 1 in which the first, second and third
      portions are straight and are arranged parallel to the stack tube.
NUM  3.
PAR  3. A device as claimed in claim 2 characterized in that the said sensing
      device comprises an actuating member which is pivoted to the first or
      third portion of the said cooling tube and the device which is to be
      actuated is mounted on a carrier member pivoted to the same portion of the
      said tube, at a spaced apart location, the arrangement being such that the
      actuating member actuates the device when the temperature of the portion
      of the cooling tube to which it is pivoted changes.
NUM  4.
PAR  4. A device as claimed in claim 3 characterized in that the actuating
      member and the carrier member are each pivoted to the first and third
      portions of the cooling tube.
NUM  5.
PAR  5. A device as claimed in claim 3 characterized in that the actuating
      member and the carrier member are each pivoted to the first portion of the
      cooling tube and to the stack tube.
NUM  6.
PAR  6. A device as claimed in claim 1 in which at least two cooling tubes are
      provided, each cooling tube has independent sensing devices, one tube, the
      high water level cooling tube, has its lower cooling tube outlet
      communicating with the stack tube at what will be the high water level in
      use, and the other tube, the low water level cooling tube, has its lower
      cooling tube outlet communicating with the stack tube at what will be the
      low water level in use.
NUM  7.
PAR  7. A stationary or marine vapour generator having a generator drum in which
      vapour is generated and a liquid level detecting device as claimed in
      claim 6 attached to said drum, the stack tube of the said device being
      arranged substantially vertically, the stack tube vapour inlet
      communicating with the interior of the generator drum at a level above the
      high water level of the vapour generator and the stack tube liquid inlet
      communicating with the interior of the generator drum at a level below the
      low water level of the vapour generator, the detecting device being
      positioned relative to the drum so that the lower cooling tube outlet of
      the low water level cooling tube is at the low water level of the drum and
      the lower cooling tube outlet of the high water level cooling tube is at
      the high water level.
NUM  8.
PAR  8. A device as claimed in claim 1 characterized in that at least two
      cooling tubes are provided and a valve device is provided for selectively
      connecting the upper cooling tube inlet of each cooling tube to the vapour
      inlet of the stack tube whilst shutting off the stack tube from the said
      vapour inlet and a drain provided with a valve is located below the lower
      cooling tube outlet.
NUM  9.
PAR  9. A device as claimed in claim 8 characterized in that valve device
      comprises a valve manifold having an inner sleeve open at one end to the
      vapour inlet of the stack tube and having at least one series of ports
      such that in one position of the sleeve the vapour inlet of the stack tube
      is brought into communication with the stack tube and all the upper
      cooling tube inlets whilst in other positions the vapour inlet of the
      stack tube is brought into communication with only one of the upper
      cooling tube inlets in each such other position.
NUM  10.
PAR  10. A device as claimed in claim 9 characterized in that the stack tube has
      an inclined lower limb affording the lower liquid inlet, a vertical
      intermediate limb communicating with the said valve device affording the
      upper vapour inlet and at least two cooling tubes disposed between the
      lower limb and the said valve device.
NUM  11.
PAR  11. A device as claimed in claim 1, further characterized by alarm devices
      controlled by the said sensing devices and further being under the control
      of a further sensing device which activates the said alarm devices only
      when the stack tube contains steam.
NUM  12.
PAR  12. A liquid level detecting device adapted for use with a vapour generator
      comprising a stack tube having a lower liquid inlet with a connector for
      attachment to the said vapour generator at a level below the operating
      liquid level thereof and an upper vapour inlet with a connector for
      attachment to the vapour generator at a level above the operating liquid
      level thereof, a high level cooling tube arranged as a loop having one end
      communicating with the stack tube at an upper high level cooling tube
      inlet and the other end communicating with the stack tube at a lower high
      level cooling tube outlet at the level above which the water level of the
      vapour generator must not pass without an alarm being given, the said
      cooling tube having a first portion extending parallel to the stack tube
      to below the cooling tube outlet a second portion extending up therefrom
      parallel to the stack tube to above the cooling tube outlet and a third
      portion extending therefrom down parallel to the stack tube to the cooling
      tube outlet, a pair of levers pivoted to the said first and third
      portions, sensing means cooperating with said levers to sense movement
      thereof; and alarm means connected to said sensing means and arranged to
      give an alarm signal when said sensing means sense movement of the levers,
      a low level cooling tube arranged as a loop having one end communicating
      with the stack tube at an upper low level cooling tube inlet and the other
      end communicating with the stack tube at a lower low level cooling tube
      outlet at the level below which the water level of the vapour generator
      must not pass without an alarm being given, the said cooling tube having a
      first portion extending parallel to the stack tube to below the cooling
      tube outlet a second portion extending up therefrom parallel to the stack
      tube to above the cooling tube outlet and a third portion extending
      therefrom down parallel to the stack tube to the cooling tube outlet, a
      pair of levers pivoted to the said first and third portions, sensing means
      cooperating with said levers to sense movement thereof, and alarm means
      connected to said sensing means and arranged to give an alarm signal when
      said sensing means sense movement of the levers.
NUM  13.
PAR  13. A device as claimed in claim 12 in which one end of the levers on the
      high level loop carry the said sensing means and the levers are pivoted at
      the other end on the third portion and intermediate the two ends on the
      first portion of the loop, and one end of the levers on the low level loop
      carry the said sensing means and the levers are pivoted at the other end
      on the first portion and intermediate the two ends on the third portion.
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ABST
PAL  A liquid level gauge for monitoring the height of liquid in a storage tank
      or the like. The gauge comprises an upright conducting probe adapted to be
      immersed in the liquid in the tank, and an upright series of electrodes
      closely adjacent the probe. The latter is adapted to be excited from a
      source of a.c. voltage generated by an astable multivibrator. Each of the
      electrodes is connected to the input of an amplifier through a rectifier
      circuit. The amplifiers are of the digital comparator type and have output
      terminals respectively connected by means of summing resistors to an
      electrical indicator such as a milliammeter, which provides an indication
      of the number of amplifiers being driven to full output at any particular
      time. The arrangement is such that each of the electrodes constitutes one
      plate of a capacitor, the other plate being formed by the single upright
      conducting probe. When a particular electrode is above the level of fluid
      in the tank, the magnitude of the a.c. signal received at the electrode is
      of a sufficiently small magnitude to provide only a low level drive
      voltage to its respective comparator amplifier, the latter thus assuming a
      low output signal level. Once a particular plate becomes submerged, the
      increased dielectric constant (fluid) effects an increase in the value of
      the capacitor, and a correspondingly larger drive signal to the amplifier
      results, causing the output thereof to assume a high level and yielding a
      contribution to the meter reading through the respective summing resistor.
      The meter reading thus responds to the number of electrodes submerged at
      any particular time, and provides an indication of the liquid level in the
      tank.
BSUM
PAC  CROSS-REFERENCE TO RELATED COPENDING APPLICATIONS
PAR  Copending U.S. application entitled "Liquid Level Gauging Apparatus" in the
      name of Harrison F. Edwards, having the same ownership as the present
      application. U.S. Ser. No. 459,574, filed Apr. 10, 1974, now U.S. Pat. No.
      3,911,744.
PAC  BACKGROUND
PAR  This invention relates generally to gauging systems for measuring or
      sensing the level of liquid contained in a fuel tank, storage tank or the
      like.
PAR  In the past, a number of level indicators have been proposed and
      constructed. U.S. Pat. No. 2,398,375 illustrates one such system, showing
      a storage tank and an indicator device having conduits respectively
      connected to the top and bottom of the tank. The lower conduit is adapted
      to transfer the pressure existing at the bottom of the tank to a first
      diaphragm of the gauge. The upper conduit transmits the pressure at the
      top of the tank to a second diaphragm. Disposed between the diaphragms is
      a vertical chamber having a resistance wire running for substantially its
      full length, the chamber being filled with a column of mercury. Depending
      upon the relative pressure sensed by the two conduits, the level of
      mercury in the chamber changes, short circuiting either a greater or
      lesser length of the resistance wire. Indicator means connected to sense
      the resistance of this wire provides visual readings. By this arrangement,
      an indication of differential pressures between the top and bottom of the
      tank is obtainable, such an indication being independent of the absolute
      pressure existing outside of the tank. In addition, a plurality of
      contacts is disposed along the length of the chamber, such contacts being
      successively submerged as the height of the column of mercury increases.
      The contacts are connected to signal lights which in turn are energized by
      a battery having one lead in contact with the mercury column. The
      arrangement is such that as the level of mercury rises, it bridges
      additional contacts, thus causing the indicator lights to become
      successively illuminated. Each light corresponds to a particular pressure
      differential which can be converted into a corresponding level reading.
PAR  While this system was considered satisfactory at that time, several
      disadvantages became apparent later. Limitations on the permissible
      deflection of the diaphgrams impaired the accuracy of the device. In
      addition, the weight of the column of mercury acted against the weight of
      the liquid being gauged, and accordingly, liquids of different specific
      gravity resulted in erroneous readings. As a result, the unit had to be
      recalibrated each time a different liquid was incorporated in the tank.
      Also, the deflection of the diaphragms tended to be insensitive, and thus
      small changes in the level of fluid were not noticeable or measurable on
      the indicator.
PAR  Other systems employed a plurality of electrodes which were submerged in
      the fluid being gauged, together with bridge circuits of one sort or
      another adapted to measure the electronic conductivity or impedance of the
      fluid or capacitance between the electrodes, such readings being a direct
      function of the level of liquid in the tank. These systems were frequently
      dependent on the particular conductivity and/or dielectric constant of the
      fluid and thus required calibration each time it was changed. In addition,
      these systems lacked accuracy and were generally not useable with
      different liquids having wide ranges of conductive/dielectric
      characteristics.
PAC  SUMMARY
PAR  The above drawbacks and disadvantages of prior liquid level gauging devices
      are obviated by the present invention which has for its main object the
      provision of an improved liquid level gauge which is especially simple in
      its construction while at the same time being especially accurate in
      providing liquid level readings. A related object is the provision of a
      gauging apparatus as above, which provides accurate readings substantially
      independent of the conductivity, dielectric constant or other
      characteristics of the liquid being gauged. A related object of the
      invention is the provision of an improved gauge which is constituted of a
      minimum number of components whereby there is realized an especially low
      cost, and which is characterized by a reliable and service-free operation
      over an extended period of usage or time. A further object of the
      invention is to provide a gauging apparatus which yields either an analog
      or a digital reading of the level of fluid in the tank, either reading
      being obtained with a high degree of accuracy and repeatability.
PAR  The above objects are accomplished by a liquid level gauge including an
      upright conducting probe device which is adapted to be immersed in the
      liquid to be gauged for contact therewith at a multiplicity of levels, a
      cooperable probe device comprising an upright row of electrodes insulated
      from each other and adapted for immersion in the liquid adjacent the
      location of the conducting probe, a source of voltage applied to the
      upright probe device, and amplifying or detecting means permanently
      connected with the upright electrodes for receiving electrical signals
      therefrom and for indicating the magnitude of such signals. An indicator
      device constitutes a part of the detector means for providing absolute
      readings of the level of liquid in the tank.
PAR  In operation, each of the electrodes forms, with the upright conducting
      probe, a small capacitor. When a particular electrode is above the level
      of fluid in the tank, the capacitance associated therewith has a
      predetermined value dependent upon the surface area of the plates, the
      spacing of the plates, and the dielectric constant of air. When such an
      electrode becomes submerged, the increased dielectric constant of the
      fluid alters (increases) the capacitance, and thus provides a higher
      amplitude drive signal to the detector or amplifying means, the latter in
      turn providing a drive signal to the indicator device. A plurality of
      upright electrodes is provided, each having its own amplifier, and the
      outputs of each amplifier are connected through summing resistors to the
      indicator device. Alternately, the outputs can be connected respectively
      to light-emitting diodes which are successively illuminated as the level
      rises, to provide digital readings.
PAR  All portions of the system with the exception of the two probe devices can
      be located exteriorly of the tank, and such location may be at a point
      remote from the tank, as desired.
PAR  The construction of the electrodes and of the conducting probe is both
      simple and foolproof; the a.c. generator and detector circuits are
      likewise simple and responsive, while at the same time being extremely
      accurate, whereby there is realized a flexible system of high accuracy,
      reliability and adaptability to various installations, as well as being
      low cost.
PAR  Still other features and advantages will hereinafter appear.
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PAR  In the drawings, illustrating several embodiments of the invention:
PAR  FIG. 1 is a schematic circuit diagram and diagrammatic representation of
      the present gauging system, being adapted to provide a reading of the
      level of liquid in a tank, on an analog-type indicator device.
PAR  FIG. 2 is a schematic circuit diagram and diagrammatic representation of
      another embodiment of the invention, adapted to provide a direct digital
      reading of the liquid level in a tank.
DETD
PAR  Referring first to FIG. 1, there is illustrated a storage tank or container
      10 for holding a large quantity of fuel oil, gasoline, or other liquid
      product. In accordance with the present invention, there is provided a
      gauging apparatus for monitoring the level of fluid in the tank, the
      apparatus being generally designated by the numeral 12, and comprising an
      immersion unit 14 disposed in an upright position in the tank. The unit 14
      comprises an upright conducting probe device 16 immersed in the body of
      liquid and adapted for contact at a multiplicity of levels therewith, and
      a second probe device comprising an upright row of conducting electrodes
      18, insulated from one another and adapted for immersion in the liquid
      body in proximity to the first probe device. Each of the electrodes 18 has
      a finite vertical dimension, and they are disposed vertically one above
      the other as illustrated. Completely encircling the probe 16 and
      electrodes 18 is a substantially cylindrical guard member in the form of a
      conducting cylinder 20. The guard member is maintained at ground potential
      by means of a lead 22 connected therewith.
PAR  There is further provided means for applying voltage to the upright
      conducting probe 16, comprising an integrated-circuit type astable
      multivibrator 24 having an output terminal 26 which extends to a lead 27
      connected with the probe 16. The multivibrator generates a square-wave
      output on terminal 26 at a frequency determined by the values of resistors
      28, 30 and capacitor 32. I have found that a frequency range of from 10
      kHz to 100 kHz is satisfactory, and that it is desirable to have the
      capability of varying this frequency depending upon the geometry and
      spacing of the particular conducting probe and electrodes employed.
      Resistor 34 and capacitor 36 provide filtering between the multivibrator
      24 and the positive supply bus 38 to prevent square-wave energy from being
      transferred onto the latter as ripple.
PAR  In accordance with the present invention, each of the electrodes 18 forms
      (with the conducting probe 16) a capacitor 40. A plurality of leads 42
      extends from each of the electrodes 18 to a plurality of electrical
      networks comprising diodes 44, resistors 46 and capacitors 48,
      respectively. These connections are indicated by the letter designations
      A-H on the leads 42 at the locations of the electrodes, and by the
      corresponding designations A-H at the locations of the networks. These
      correspondingly lettered leads are considered as being connected to one
      another. Each network converts an a.c. signal which appears at its input,
      line 42, to a d.c. level on its output, line 50. As shown, all of the
      networks connected with the individual electrodes 18 are substantially
      identical to one another.
PAR  The present invention also embraces a plurality of amplifier devices 52,
      each having inverting and non-inverting inputs 54, 56 respectively and an
      output terminal 58. As shown, the non-inverting input terminal 56 is
      connected to receive energy through the electrical network from the
      corresponding electrode 18. The inverting input 54 is connected via
      resistor 60 to a source of constant voltage derived from the positive bus
      38, and determined by the magnitude of the divider resistors 62, 64. The
      bus 38 leads to a d.c. supply (not shown) of +12 volts. The amplifiers 52
      are preferably of the comparator type, which provide either a high or low
      digital output level depending on whether the voltage applied to one input
      56 is greater than or less than the voltage appearing on the other input
      54. These amplifiers may be of the integrated-circuit variety wherein
      multiple units are incorporated in a single package. We have found that
      amplifiers having the commercial designation LM 3900 are satisfactory for
      this application. The integrated circuits, each consisting of four
      amplifiers 52, are indicated by the dotted outlines, respectively in FIGS.
      1 and 2.
PAR  Connected to the output terminals 58 of the amplifiers are summing
      resistors 66 respectively, one terminal of each of the latter being
      connected to a common lead 68. Indicator means are provided comprising a
      milliammeter 70, having a graduated scale 72 and pointer 74, one lead wire
      of the meter being connected to ground as shown. The amplifiers 52 are
      supplied from the positive bus 38 by means of leads 78, and leads 80
      connect the other (-) supply terminals of all of the amplifiers 52 to
      ground. Discrete connections of each amplifier 52 for this negative lead
      are omitted from FIG. 1 in the interest of clarity.
PAR  The operation of the improved liquid gauging apparatus of the present
      invention may now be readily understood. The astable multivibrator 24
      continuously applies a square wave to the upright conducting probe 16.
      Referring for the moment to the lowermost electrode 18 and its associated
      amplifier 52, it is seen that the latter has a fixed reference voltage
      applied to the inverting input terminal 54. When the tank is empty, the
      value of the capacitor 40 formed by the lowermost plate 18 and probe 16
      will have a predetermined value. The capacitor 48 and resistor 46 are
      selected such that the d.c. voltage appearing on input terminal 56 is less
      than the voltage applied to terminal 54, for a nonsubmerged condition of
      the lowermost electrode 18. This in turn yields a low (digital) level
      output signal on terminal 58 of the lowermost amplifier 52 in FIG. 1.
      Assuming the liquid level in the tank became sufficient to partially or
      fully submerge the lowermost plate or electrode 18, the value of the
      capacitor 40 increases, due to the higher dielectric constant of the
      particular fluid being gauged with respect to the dielectric constant of
      air. Such an increase produces a larger a.c. voltage on line 42 which,
      following rectification by diode 44, and filtering by resistor 46 and
      capacitor 48 results in an increased d.c. level at the noninverting input
      terminal 56 of the amplifier 52. The fluid is thus characterized by the
      property of establishing a cooperable relationship between the probe
      device 16 and certain of the electrodes 18 as the level of liquid in the
      tank rises or falls. The relationship established is that of the
      dielectric constant of the medium between the plates of each capacitor 40.
      The values of the components are chosen such that this increase in d.c.
      level is sufficient to exceed the d.c. voltage on terminal 54 and thus
      drive the output 58 of amplifier 52 to a high digital level. Such a
      condition is indicated on the milliammeter 70 by a deflection of roughly
      one-eighth of full-scale when the outputs of the other seven amplifiers 52
      are all low.
PAR  Assuming the next higher electrode 18 becomes partially or fully submerged,
      the output of the corresponding amplifier 52 will switch from a low
      digital level to a high digital level, such increase being reflected on
      line 68 as a slightly higher d.c. voltage, causing the milliammeter 70 to
      read a larger percentage of fullscale. Similarly, with the three lowermost
      electrodes submerged, an additional contribution will be made by the
      corresponding amplifier, yielding a still larger percentage of full scale
      deflection on the meter. It is thus seen that with all of the electrodes
      submerged, the outputs of all eight amplifiers 52 will assume high digital
      levels respectively, resulting in a full scale deflection of the
      milliammeter 70. Thus, the meter reading yields an indication of the
      absolute level of liquid in the tank at any particular time. In this
      connection, it should be noted that the resistors 66 will all be
      substantially identical and are chosen to provide a one-eighth of
      full-scale deflection of the milliammeter 70 when one amplifier 52 has a
      high digital output level, with all remaining amplifiers having a low
      digital output level respectively. It is seen that the detector comprising
      amplifiers 52 and meter 70 respond to the changes in the dielectric
      constant of the capacitors 40 in accordance with the changes in level of
      the liquid in the tank.
PAR  By way of further explanation, when the output of multivibrator 24 is low,
      the capacitor 40 charges through diode 44. When the multivibrator output
      is high during the next half cycle, diode 44 is reverse-biased, and the
      capacitor 40 transfers some of its charge to the filter capacitor 48, thus
      charging the latter by a limited extent. Under these circumstances,
      current will flow into the positive input terminal 56 of the amplifier 52,
      equal to the charge (in coulombs) which was transferred to the capacitor
      40 through diode 44 during the previous one-half cycle, times the
      reciprocal of the multivibrator frequency. It will be understood that the
      nature of the signal appearing on line 50 will be that of d.c. level with
      superimposed ripple. Depending on the amplitude of this d.c. level, the
      amplifier 52 will assume either a low digital output or a high digital
      output, and will contribute to the meter reading accordingly.
PAR  It will be seen that the scale 72 can be calibrated in any convenient
      units, such as feet, meters, etc. In addition, any degree of accuracy can
      be achieved by simply increasing the number of electrodes 18, as well as
      the number of networks and of amplifiers 52, and reducing the vertical
      dimensions and spacing of such electrodes. The only compromise in
      achieving this increased accuracy (or resolution) is one of higher cost,
      due to the additional electrodes 18, network components 44, 46, 48 and
      amplifiers 52.
PAR  Another embodiment of the invention is illustrated in FIG. 2, wherein like
      reference numerals indicate components similar to those of the first
      embodiment. By the present invention, there are provided means for
      obtaining a digital indication of the liquid level in the tank, such means
      comprising a plurality of optical indicator devices such as light-emitting
      diodes 81. As in the previous embodiment, a plurality of amplifiers 52 are
      shown having input circuitry connected as in the first mentioned
      embodiment. The output terminals 58 thereof extend to the diodes 81
      through current limiting resistors 82, respectively. One lead of each
      diode 81 is grounded as shown.
PAR  In operation, it will be seen that when the digital output level of any
      particular amplifier is low, a current which is insufficient to illuminate
      the diode 81 will result. As a particular electrode becomes partially or
      fully submerged, such that the amplifier 52 is driven to a high digital
      output level, a substantially larger current will flow through the
      resistor 82 and the diode 81, resulting in illumination of the latter. It
      will be understood that the value of the resistor 82 is chosen to provide
      the recommended excitation current for the particular diode 81 employed,
      when the amplifier (52) output is high. It is thus seen that as the level
      of fluid in the tank increases, a successively greater number of diodes 81
      will become illuminated. Such diodes could be carried on a suitable
      indicator panel (not shown) having a calibrating indicia corresponding to
      the level of fluid in the tank. By this construction, a digital indication
      of the fluid level in the tank is thus obtainable.
PAR  From the above it can be seen that I have provided a novel and improved
      liquid gauging system which is extremely simple in construction, employing
      an absolute minimum number of separate components, and which can provide
      course readings at a very low cost, with progressively finer resolution
      readings at a moderately increased cost. The single moving part of the
      apparatus is the milliammeter. By the use of integrated circuits, the
      overall current drain is kept to an absolute minimum, with very low power
      consumption. The device can be excited from any suitable constant voltage
      source such as a battery, the latter being preferable to regulated
      supplies running off commercial mains, due to the better isolation
      obtainable against objectionable 60 cycle signals. The device is thus seen
      to represent a distinct advance and improvement in the technology of
      liquid level gauging systems.
PAR  Variations and modifications are possible without departing from the spirit
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a liquid storage installation, a liquid-level indicator means
      comprising, in combination:
PA1  a. a storage tank having a large body of liquid stored therein,
PA1  b. an upright, electrically conducting probe device immersed in said body
      of liquid and adapted for contact at a multiplicity of levels therewith,
PA1  c. a second probe device cooperable with said first-mentioned probe device,
      said second prove device comprising an upright row of electrodes insulated
      from each other and adapted for immersion in said body of liquid in
      proximity to said first-mentioned probe device so as to form a plurality
      of capacitors therewith,
PA1  d. an electrical guard comprising a conducting cylinder encircling said
      probe devices,
PA1  e. means connected with said guard for maintaining it at a predetermined
      level of potential,
PA1  f. means for generating an a.c. signal having a substantially constant
      frequency and for applying it to the first probe device, portions of said
      signal being capacitively coupled to said electrodes,
PA1  g. a plurality of rectifier and filter circuits having output terminals,
      and having input terminals connected with said electrodes, respectively,
      so as to receive energy therefrom,
PA1  h. a plurality of comparators having first input terminals connected
      respectively with the output terminals of said rectifier and filter
      circuits, having second input terminals connected to means having a
      constant D.C. potential, and having output terminals,
PA1  i. a plurality of summing resistors connected respectively to the output
      terminals of said comparators, and
PA1  j. a meter,
PA1  k. said summing resistors having a common lead connected to said meter such
      that contributions of each comparator are algebraically summed by the
      meter.
NUM  2.
PAR  2. The invention as defined in claim 1, wherein:
PA1  a. said filter circuits comprise RC circuits, respectively.
NUM  3.
PAR  3. The invention as defined in claim 1, wherein:
PA1  a. said electrodes are disposed one above the other in a vertical column,
PA1  b. the number of said electrodes submerged in the fluid at any time being
      directly related to the level of fluid in the tank.
NUM  4.
PAR  4. In a liquid storage installation, a liquid-level indicator means
      comprising, in combination:
PA1  a. a storage tank having a large body of liquid stored therein,
PA1  b. an upright, electrically conducting probe device immersed in said body
      of liquid and adapted for contact at a multiplicity of levels therewith,
PA1  c. a second probe device cooperable with said first-mentioned probe device,
      said second probe device comprising an upright row of electrodes insulated
      from each other and adapted for immersion in said body of liquid in
      proximity to said first-mentioned probe device so as to form a plurality
      of capacitors therewith,
PA1  d. an electrical guard comprising a conducting cylinder encircling said
      probe devices,
PA1  e. means connected with said guard for maintaining it at a predetermined
      level of potential,
PA1  f. means for generating an a.c. signal having a substantially constant
      frequency and for applying it to the first probe device, portions of said
      signal being capacitively coupled to said electrodes,
PA1  g. a plurality of rectifier and filter circuiits having output terminals,
      and having input terminals connected with said electrodes, respectively,
      so as to receive energy therefrom,
PA1  h. a plurality of comparators having first input terminals connected
      respectively with the output terminals of said rectifier and filter
      circuits, having second input terminals connected to means having a
      constant D.C. potential, and having output terminals,
PA1  i. a plurality of light-emitting diodes connected respectively to the
      output terminals of said comparators, to indicate the output condition
      thereof.
NUM  5.
PAR  5. The invention as defined in claim 4 wherein
PA1  a. said filter circuits comprise RC circuits, respectively.
NUM  6.
PAR  6. The invention as defined in claim 4 wherein:
PA1  a. said electrodes are disposed one above the other in a vertical column,
PA1  b. the number of said electrodes submerged in the fluid at any time being
      directly related to the level of fluid in the tank.
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ABST
PAL  A capacitive probe for gauging the level of liquid within a reaction tank,
      or the like, in which the capacitive probe is formed by an electrode strip
      affixed to a pre-existing elongated member which projects into the reactor
      tank, wherein the tank and the strip define two electrodes of a capacitor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a liquid level measuring arrangement
      and more particularly concerns a liquid level measuring arrangement using
      capacitive probes which are placed within reactor tanks and the like.
PAR  The chemical industry and the food processing industry use a substantial
      number of vessels such as reactor tanks. Such reactor tanks are used for
      the storage and transport of liquids, for the chemical reaction of solids
      and liquids, and the like.
PAR  The structure of the tank is commonly steel so as to withstand the
      temperature and pressure ranges of the product processing. The products
      contained within these reactor tanks can be corrosive to bare metal. As
      protection against corrosion of the tank material and subsequent
      contamination of the product the interior of the reactor tanks are often
      enameled with glass or glass ceramics or the like. The resultant glassed
      steel is resistive to all concentrations of all acids except hydrofluric
      to 212.degree.F and to most alkalis at moderate temperatures. Many acid
      solutions having temperatures up to 450.degree.F can be processed. The
      glass exhibits no catalytic effect in any known case. It does not
      stimulate undesired side reactions so the product uniformity and yield may
      be higher than can be achieved with bare metal. Since the glass is inert,
      the use of glass steel equipment eliminates the possibility of metal
      contamination. Additionally, the smooth hard surface of glassed steel
      resists adherence by many products such as synthethic rubber, plastic and
      resins whch would cling to a bare metal surface.
PAR  The common application for the reactor tank is the stirring or mixing of
      various liquids. To accomplish this purpose an agitator is provided, the
      agitator is usually driven by an external motor which drives a shaft
      connected to agitating blades immersed in the liquids. The shaft enters
      the tank by means of a stuffing box or rotatry seal or the like. A
      stationary member or baffle, as it is known in the trade, is immersed in
      the liquid in proximity to the agitating blades to enhance the agitator's
      action. The agitator stirs the liquid against the baffle which deflects it
      back to the blades.
PAR  It is often necessary to determine the level of the liquid contents of the
      reactor tank. One approach is to use capacitive probes to gauge the liquid
      within the tank. The prior art has used one or more elongated electrodes
      extending from atop the tank into the liquid. If a single probe is used,
      the capacitance between the probe and the wall of the tank is considered.
      If two or more probes are used the interprobe capacitance is considered.
PAR  In describing the principal of operation, we recall that any pair of
      electrodes form a capacitor, the value of which is determined by the
      effective area of the electrodes, the distance between the electrode and
      the dielectric constant of the media between the electrodes, herein the
      probe and the tank walls. In gauging the liquid in a tank, the dielectric
      media will vary depending upon the fluid level. The variance in
      capacitance is approximately linear with the liquid level of the effective
      area of the electrodes is constant within the tank. the capacitance of the
      probe may be measured by a capacitance bridge or the like and so
      determined. By calculations or calibration the corresponding liquid level
      in the reactor tank can be deduced from the value of capacitance.
PAR  The probe is usually a separate member extending vertically from the top of
      the tank into the liquid to be measured. The member is commonly a metal
      rod covered with an insulator. When non-conductive liquids are being
      measured, the insulator can be eliminated. The probe is usually introduced
      external to the tank and extended vertically through the tank to be
      immersed in the fluid. As aforementioned, these tanks are used for a great
      variety of processes, many of which involve pressure and temperature
      extremes. As a result, any entry into the tank requires expensive and
      complicated pressure seals. Additionally, spaces for tank openings or
      nozzles are at a premimum in reactor vessels and are, therefore, to be
      avoided when possible.
PAR  It would, therefore, be highly desirable if an independently existing
      member, such as a baffle could also be used as a capacitive probe. For
      reasons concerning mixing actions and fluid mechanics, however, baffles
      normally have non-uniform cross sections and therefore the effective area
      of the capacitor will vary causing non-linear changes in capacitance as
      the liquid level varies. In some applications, the tank may not be
      cylindrical and it would be desirable to offer ready means to shape the
      profile of the probe in accordance with the tank shape to obtain linear
      response. An ideal probe should be inexpensive yet rugged so as to
      withstand the abuse encountered under forseeing conditions.
PAR  It is, therefore, and object of this invention to provide a new and
      improved capacitive gauge for measuring the level of a liquid in a tank.
PAR  A further object of this invention is to provide new and improved capactive
      gauge that utilizes an existing member of a tank as a capacitive probe,
      even where the existing member has a non-uniform cross section and or
      configuration.
PAR  An additional object of the invention is to provide a new and improved
      capacitive probe having a effective area to compensate for tank shapes.
PAR  Another object of this invention is to provide a new and improved enable
      capacitive probe being rugged, yet inexpensive.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a capacitor probe for gauging the level
      of a liquid within a reactor tank wherein an elongated member projects
      vertically from the top of said tank into said tank, and extending a
      substantial portion of the height of said tank. At least a portion of the
      surface of said member is electrically insulated by insulating means. A
      strip electrode is surrounded by said insulating means and extends
      vertically, along the surface of said elongated member. The electrode
      forms a capacitor with the tank. The magnitude of the capacitor can be
      determined by conventional means, and is dependent upon the dielectric
      constant of the medium between the immersed portion of said electrode in
      said reactor tank. The value of capacitance is indicative of liquid level
      between the strip electrode and the tank. The shape of a strip electrode
      may be modified to compensate for varation in the tank shape.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the invention will become apparent upon
      reading the following detailed description and upon reference to the
      drawings in which.
PAR  FIG. 1 is a diagram of a typical reactor tank including the capacitive
      probe of the present invention.
PAR  FIGS. 2 and 3 are detailed views of the liquid level capacitive probe as
      constructed upon a member of the tank shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Turning first to FIG. 1, there is shown a diagram of a typical reactor
      tank. The tank includes a tank body 10 which may be welded pressed steel
      with the inner surface glassed. Mating to the top of the tank is a cover
      12 also made of glassed pressed steel. Flanges 14 are used to clamp the
      cover and the tank together. The cover 12 contains a plurality of openings
      or ports 16 for external access to the interior of the tank. A plurality
      of agitator blades 18 are attached to a shaft 20 which is axially
      positioned without the tank and which extends through a tank opening 14
      and is driven by a motor 22. In proximity to the agitator blade 18 is a
      baffle 24 suspended by a shaft 26 from the cover 12. The surface of a
      contained liquid is represented by a dashed line 28. Typically, the liquid
      immerses the agitator blades 18 and at least part of the baffle 24. In
      some applications, the temperature of the liquid is measured by a
      temperature probe 30 immersed in the liquid and suspended from the cover
      12.
PAR  The present invention provides for gauging the level of the liquid without
      the necessity of introducing supplemental structures. This is accomplished
      in the present instance by affixing an elongated electrode strip or
      capacitive probe 32 to the insulator surface of the baffle 24.
      Alternatively, the temperature probe 30 or any other existing member may
      be used for support. The electrode strip or capacitive probe 32 is aligned
      along the elongated dimension of said of said baffle shaft, having its
      lower end immersed in the contained liquid. The depth of immersion, of
      course, depends upon the level of the liquid 28 within the tank. The
      electrode 32 forms a capacitor with the metallic members of the tank. The
      magnitude of the capacitor is a function of the effective area of the
      electrode in the tanks, the distance between the electrode and the tank
      the dielectric constant of the media separating the electrode in the tank.
      In this case, it is seen that the capacitance will vary as a approximately
      linear function of the liquid level in the tank. The capacitance can be
      measured by conventional instrumentation such a Drexelbrook Engineering
      Model 408-4000 Capacitance Level Controller.
PAR  FIGS. 2 and 3 are detailed views of the capacitor probe strip electrode 32
      as mounted on the baffle 24. The baffle 24 may be constructed of steel at
      least part of the surface, therefore, has a glass layer 34. An elongated
      conductive foil strip 32 is mounted substantially along the vertical
      length of the baffle. A second layer of glass 36 is coated over the baffle
      24 and covers the foil strip. Further details on how to affix conducting
      elements to a glassed surface may be obtained from U.S. Pat. No.
      3,563,808. Temperature Measuring Means for Element Device, by H. Scharback
      et al, issued Apr. 18, 1968. External to the tank, electrical contact is
      made with the foil strip.
PAR  Tests were run in a reactor tank similar to that as shown in FIG. 1. The
      results of the tests indicated that using capacitive measurement
      techniques it was possible to zero out stray capacitance between the strip
      electrode of the probe and the tank under the end points of an empty and a
      full tank. After such calibration, the capacitive measurement equipment
      gave a substantially linear output as the level within the tank was
      changed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid level capacitor probe for a reactor tank having an elongated
      member having a glass coating and projecting vertically from the top of
      said tank into said tank and extending a substantial portion of the height
      of said tank, said liquid level capacitor probe comprising:
PA1  insulating means including said glass coating on said member for
      electrically insulating and protecting at least a portion of the surface
      of said member; and
PA1  a strip electrode extending in the elongated dimension of said member and
      attached to said glass coating and surrounded by another glass coating,
      said strip electrode thereby forming a capacitor with said reactor tank,
      the magnitude of which is dependent upon the dielectric constant media
      between said electrode and said reactor tank.
NUM  2.
PAR  2. A liquid level capacitor probe as defined in claim 1 wherein said
      elongated member is a baffle.
NUM  3.
PAR  3. A liquid level capacitor probe as defined in claim 1 wherein said strip
      electrode is formed by a length of conductive ribbon.
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ABST
PAL  A storage tank liquid level sensor for indicating levels of two immiscible
      liquids in the tank wherein a first magnet is carried by a float on top of
      one liquid and a second magnet is carried by a float on top of the other
      liquid, the first magnet operating a switch to indicate when the one
      liquid reaches a predetermined level and the second magnet moving a coded
      tape with respect to a read head in accordance with changes in the level
      of the other liquid, a transmitter to transmit data from the read head, a
      receiver for such data, an arithmetic logic unit to convert the data to
      binary coded decimals, a memory unit for storage of BCD data, and a
      display unit for selectively addressing the computer and displaying
      selected data.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation in part of Ser. No. 388,593 filed Aug. 15, 1973 now
      abandoned, and is also related to subject matter disclosed in Ser. No.
      398,987 filed Sept. 20, 1973 now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to liquid level sensors.
PAR  2. Description of the Prior Arts
PAR  Storage tank liquid level sensors of various types utilizing a float which
      floats on the surface of the liquid have heretofore been proposed. In U.S.
      Pat. No. 3,283,578 to Moore, for example, an outer magnet carried in a
      float surrounds a tube which contains an inner magnet mounted on a
      continuous tape. The tape is provided with visual markings to indicate the
      level of liquid in the tank.
PAR  A similar device is disclosed in U.S. Pat. No. 3,555,905 to George, however
      instead of visual markings on a tape George drives a potentiometer which
      is coupled to a meter for providing a continuous reading of the level in
      the tank.
PAR  U.S. Pat. No. 2,054,212 to Bacon discloses apparatus wherein a float drives
      a drum on which visual level markings are presented.
PAR  U.S. Pat. No. 3,162,044 describes a system in which a float hanging from a
      chain rotates a pulley which is connected to encoding cylinders provided
      with spaced magnets. The magnets are read by pickup heads and signals from
      these pickup heads are transmitted to recording heads which record
      indications of liquid level on magnetic tape.
PAR  In the patent to Mayes, U.S. Pat. No. 3,078,715, photocells are used to
      read a coded tape and present a coded signal indicative of tank level.
      However, the system disclosed by this patent is incapable of continuous
      monitoring of tank level, but must be actuated each time a reading is
      desired.
PAR  None of the foregoing patents provides continuous and accurate monitoring
      of liquid levels in a tank, combined with storage of the liquid level data
      and means for selectively presenting a visual output of liquid level data
      at a remote location. Nor do any of these patents disclose any means by
      which an indication of low level of the liquid can be provided, nor any
      means for indicating an excessive amount of water in a gasoline storage
      tank.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a device which can continually
      monitor the stored liquid inventory in a tank of substantially any size,
      shape or orientation. It is another object of this invention to provide
      such a device which has the further capability of providing an indication
      of another, immiscible liquid in such a tank. Still another object of this
      invention is to provide such monitoring by means which produces data on
      liquid levels in binary form, which is then transmitted to a remote device
      for conversion to binary coded decimal (BCD) form for storage and
      selective display. It is another object of this invention to provide such
      a device which will continually update the memory as levels of liquid in
      the tank change.
PAR  According to the present invention these and other objects are accomplished
      by providing a binary coded tape with means to move said tape with respect
      to a code detector in accordance with the level of the primary liquid in
      the tank, whereby binary data is produced by the detector, which data is
      subsequently coverted to BCD form, stored and selectively displayed. In a
      preferred embodiment of the invention levels of a plurality of liquids are
      detected, as by use of a separate float for each liquid, each float having
      a density such that it will float on a different liquid. Preferably the
      floats carry magnets, the movement of one of which moves the binary coded
      tape and the movement of another of which causes a switch to be closed to
      indicate when a second liquid has reached a particular level. In a
      preferred form of the invention novel floats are provided.
PAR  According to a preferred embodiment of the invention, where it is used to
      produce data on gasoline storage tanks, the reading and transmitting
      functions are electrically isolated from the computing, storage and
      display functions in order to avoid the possibility of electrical spark in
      the hazardous atmosphere of the gasoline storage tank. Multiplexing is
      used to minimize power requirements. Where a plurality of tanks are being
      monitored, means are provided for selecting the tank whose data is to be
      displayed.
PAR  The present invention comprises means for determining the level of a liquid
      in one or a plurality of storage containers, such as underground storage
      tanks. Although the invention is described primarily in terms for
      measuring gasoline in an underground tank, it is apparent that it may be
      adapted to many other applications. In its preferred embodiments, the
      instrument includes means for providing an indication of low liquid level
      at a preselected level in the tank, and an indication that a predetermined
      amount of water has accumulated in a gasoline tank, for example.
PAR  The level of the primary liquid is sensed by photocouplers which read a
      binary coded tape driven by a float and reel mechanism. In the specific
      embodiment disclosed the binary code is transmitted to a special purpose
      computer, capable of receiving data from four tanks. The computer converts
      the binary data to a binary number indicative of liquid volume, and to
      binary coded decimal (BCD) for display. The volume of each tank is stored
      in a register file for display when selected. The low level indicator and
      the water in tank indicator are displayed automatically and continuously.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical sectional view of one embodiment of the apparatus of
      this invention, shown installed in a tank;
PAR  FIG. 2 is an enlarged vertical sectional view of an upper portion of the
      embodiment of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a vertical sectional view of a lower portion of the embodiment
      shown in FIG. 1, showing the apparatus being lowered into the tank;
PAR  FIG. 4 is a horizontal sectional view of the embodiment of FIG. 1, taken at
      line 4--4 of FIG. 3;
PAR  FIG. 5 is a vertical sectional view of the lower portion of the embodiment
      shown in FIG. 1, shown in its installed position in the tank;
PAR  FIG. 6 is a fragmentary view showing one embodiment of binary coded tape in
      accordance with this invention, together with photoelectric reading
      devices for the tape;
PAR  FIG. 7 is a block diagram of one embodiment of data transmitter according
      to this invention;
PAR  FIG. 8 is a block diagram of one embodiment of a receiver according to this
      invention;
PAR  FIG. 9 is a block diagram of one embodiment of an arithmetic logic unit
      according to this invention; and
PAR  FIG. 10 is a block diagram of one embodiment of file and display units
      according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention will be described principally in terms of its application to
      underground storage tanks for gasoline, as used at retail service
      stations, for the continuous monitoring of the amount of gasoline in a
      plurality of storage tanks, for indicating a low level of gasoline in the
      tanks, and for determining when the amount of water condensed in any tank
      has reached an objectionable level. The invention is not, however, limited
      to such an application, but instead the apparatus of this invention is
      useful, as will be apparent to those skilled in the art, in monitoring the
      amounts of various liquids in storage tanks of any size, shape or
      orientation.
PAC  In Tank Equipment
PAR  In FIG. 1 a sensor 10 according to this invention is shown installed in an
      underground cylindrical storage tank 12 whose axis is disposed
      substantially horizontally. The sensor includes a housing 13 having a
      tubular member 14, made of non-magnetic material, extending vertically
      downwardly therefrom through a conduit 16 which extends from an opening 18
      in the top of the tank to a pit 20 formed in the surface of the ground
      above the tank. The pit 20 may be suitably lined, as shown at 22, and
      provided with a manhole cover 24. The tubular member 14, together with its
      attached apparatus, extends downwardly substantially to the bottom of the
      tank. As shown in the drawing, such attached apparatus includes an upper
      float 26 and a lower float 28, the upper float having a density such that
      it floats on the surface 30 of the gasoline and the float 28 having a
      density such that it floats on the surface 32 of a layer of water below
      the gasoline.
PAR  In the embodiment shown in the drawing, as best seen in FIG. 2, the upper
      end of the pipe 16 is provided with a suitable coupling member 34 which
      has connected thereto a bushing 36 providing an internal stuffing box
      containing a packing 38 and gland ring 40 to provide a seal around the
      tubular member 14. A flange 42 connected to the bushing 36 provides means
      for attaching the housing 13, as by means of the clamp ring 46, a water
      tight connection being provided by the O-ring 48. A conduit 50 is provided
      in the flange 42 for conducting electrical leads away from the
      installation.
PAR  The upper end of the tubular member 14 is fitted with a flange 52 which has
      located thereon, by means of dowel pins 54, a vertically adjustable read
      head holder 56 which provides supports for a horizontally adjustable read
      head 68, by means of dowel pins 70. The read head has mounted thereon a
      plurality of photocouplers comprising phototransistors 58 and light
      emitting diodes (LED's) 60, such as, for example, Spec-Tronics, Inc. Part
      Nos. SD-1440-3 and SE-1450-3. The LED's 60 and phototransistors 58 are
      mounted in apertures 74, 76 in upwardly extending flanges 62 and 64 of the
      read head, on opposite sides of a slot 66. Electrical conductors (not
      shown) are connected between the LED's and phototransistors and a printed
      circuit board 75. This board and printed circuit board 77 are provided for
      transmission of data, electrical connections to the remainder of the
      equipment being made through conduit 50.
PAR  A bracket 78 also mounted on the flange 52 extends upwardly therefrom and
      provides a support for a reel 80 rotatably mounted thereon by means of a
      shaft 82. A binary coded tape 84 feeds from the reel vertically downwardly
      between the upstanding flanges 62 and 64 into and axially of the tubular
      member 14. A pair of wires 86, 88 also extend longitudinally of and within
      the tubular member 14, passing upwardly through suitable openings in the
      flange 52 and then to printed circuit board 75.
PAR  The reel 80 is preferably one which exerts a constant tension on the film
      84, as may be accomplished by means of a constant force spring of the type
      sold under the trademark SPIRATOR, or by a counterweight or a continous
      loop film.
PAR  In the embodiment shown in the drawing a counterweight 81 is shown
      suspended on a pair of lines 83, such as a wire or cable, which runs
      through holes (not shown) in read head 68, and over an idler 85 and is
      wound onto the shaft 82 opposite the direction of winding of the film 84.
PAR  The lower portion of the apparatus is shown in some detail in FIG. 3, which
      shows the apparatus being lowered through the pipe 16 into tank 12. As
      there shown, the lower end of the tubular member 14 is closed by a disc 90
      in which there is rigidly received a tubular member 92, made of
      non-magnetic material, which extends upwardly a short distance into the
      tubular member 14 and extends downwardly to terminate at its lower end
      with a flange 94 which retains a float 96 thereon.
PAR  As best seen in FIG. 5, just above the bottom of the tubular member 14 an
      annular ring 98 is affixed thereto. Above this annular ring a pair of
      annular flanges 100, 102 are slidably received around the member 14, and
      retain between them, as by means of bolts 104, a ring magnet 106 which is
      slidable on the tubular member 14.
PAR  The lower flange 100 has four downwardly extending ears 107 in which are
      mounted four horizontally extending pins 108, each of which has pivotally
      mounted thereon a quarter circle float 110, the four quarter circle floats
      together forming float 26. The floats 110 are adapted to pull into a
      circular configuration, as shown in FIG. 4, having a diameter slightly
      less than the inside diameter of the pipe 16. As shown, the floats 110
      comprise structural elements 112 having molded thereon a low density
      material, such as rigid urethane foam of the self-extinguishing type,
      coated with a gasoline resistant material such as polysulfide. A suitable
      spring, such as the spring 114, is connected to urge the floats to a
      horizontal position. The end of each float 110 adjacent the annular flange
      100 is provided with a laterally extending lug 116 on the inner end of
      each element 112 positioned to be engaged by the annular ring 98, so that
      upon relative movement of the flange 100 and the ring 98 toward each
      other, as when the tube 14 is retracted from the tank, the floats are
      pivoted downwardly against the force of the springs 114 to the folded
      position shown in FIG. 3.
PAR  A cylindrical ring magnet 118 is concentrically disposed within the tubular
      member 14 and is slidable longitudinally therein. The ring 118 is carried
      by a pair of circular plates 120, 122 which are held together as by means
      of the bolt 124. Bolt 124 extends upwardly to a suitable connector 126 to
      which the lower end of the tape 84 is connected. The plates 120 and 122
      are also provided with suitable apertures for passage there through of the
      wires 86 and 88. The weight of this structure and of the counterweight 81
      are adjusted in proportion to the diameters of the reel 80 and the shaft
      82 so as to substantially balance each other, whereby the cooperating
      fields of the magnets 106 and 118 will cause the magnet 106 to accurately
      follow the floats.
PAR  Wires 86 and 88 pass through a connector plate 128, provided with suitable
      insulators 130, 132, and down through a central bore of a switch carrier
      member 134 which extends downwardly into the tube 92. The carrier member
      134 is held in position by the friction of the O-rings 136. This carrier
      member has in its central bore a reed switch 138 of the type which is
      caused to close by a megnetic field.
PAR  The float 96 is longitudinally slidably received on the tube 92 below the
      location of the switch 138, its upper travel being limited by a collar 140
      attached to the tube 92 near the lower end of the switch 138. At the lower
      end of the tube 92 the float is retained by an annular flange member 94
      provided with a threaded portion 142 which is screwed into a tube closure
      plug 144 welded into the end of the tube. A bottom compression pad 146
      screws, or is bonded, into the bottom of the flange 94 and extends
      slightly below it to provide a support member against the bottom of the
      tank 12. This pad is preferably of a compressible, relatively soft
      material to provide a cushion for the lower end of the instrument and to
      absorb differential expansions.
PAR  The float is made of a low density material which may be the same as that
      of the float 26, and carries within it an annular ring magnet 148 which
      surrounds the tube 92. A guide ring 150 is also carried within the float
      and extends radially inwardly to a smaller diameter than the magnet to
      guide the float as it moves up and down the tube 92. The guide ring 150
      may be made of a low friction material such as nylon, for example.
PAR  In order to insure stability of the float and proper density so that it
      will float at the interface of the water and the gasoline, a ballast
      weight ring 152 is molded into the lower end of the float. The float is
      also provided with upwardly facing cavities 154 into which lead shot, in a
      suitable binder, may be poured to adjust the density of the float. It will
      be appreciated that the float must have a density intermediate that of
      gasoline and water, i.e., preferably about the average of these densities.
PAR  In a typical installation the normally open switch 138 is located so that
      it will become closed by the magnetic field of the magnet 148 when the
      water level in the bottom of the tank reaches a certain predetermined
      depth, typically 1 inch. The trip point is adjusted with the float 96
      resting on the flange 94 by moving the switch holder assembly 134
      vertically in the tube 92 against the frictional resistance of the 0-ring
      136. The switch holder is moved downwardly until switch 138 is observed
      electrically to turn on. From this position the switch assembly is
      retracted a distance equal to the float upward travel corresponding with
      the desired maximum water level. Thus, when the assembly is installed in
      the tank, float 96 will rest on the flange 94 until the water level rises
      enough to cause the float to rise upwardly. When the water level rises
      further to the desired maximum level, the magnet 148 comes close enough to
      the switch 138 to cause it to close, and a signal is thereby generated
      which is carried off through the electrical conduits 86, 88 to appropriate
      monitoring equipment as hereinafter described, thereby providing an
      indication that the water level in the tank is too high and that water
      must be removed. When the water is pumped out, the float will follow the
      water level downwardly, first moving to the point that the magnetic field
      of magnet 148 will no longer hold switch 138 in closed position, and
      finally coming to rest on flange 94 if sufficient water is removed.
PAC  Binary Code Generation
PAR  FIG. 6 illustrates a preferred embodiment of binary coded tape for use in
      the apparatus of this invention. The tape 84, in the embodiment shown,
      comprises photographic film, encoded with a strobe channel 155, as
      hereinafter described, and a binary format of "windows" having sufficient
      channels to produce the required degree of accuracy of readings, the
      windows being transparent areas on the film. In the embodiment shown in
      the drawing, nine such channels a to i are provided, thereby giving 512
      discrete tank level indications, although any other number may be selected
      as required for accuracy. The spacing of the various coded increments is
      made the same as the liquid depth increments of the tank. In the case of a
      tank with constant horizontal cross-section, for example, a cylindrical
      tank standing on end, the coded windows are vertically sized in equal
      increments throughout the length of the tank, and the vertical length for
      each code is made equal to the tank height divided by the number of
      increments used. In the case of a variable horizontal cross-section, for
      example, a cylindrical tank lying on its side, variable lengths may be
      used for the coded increments so as to represent equal volumes of liquid
      in each increment. Alternatively, equal spacing of codes may be utilized,
      and the volume may be computed for each code.
PAR  It will be appreciated that each of the photocouplers, if energized, will
      produce a signal if it is opposite a window, but no signal if it is not
      opposite a window. Thus, a combination of the signals from the
      photocouplers will produce a binary numeral corresponding to the level of
      the liquid in the tank. Thus, if the uppermost code 158 is aligned with
      the photocouplers, a signal will be produced by the element of channel a
      but no signal will be produced by the other elements. Thus, the combined
      signal will be a binary "one" indicating the first liquid level increment
      above zero. If the code 159 is opposite the photocouplers, a binary 101
      will be produced, indicating the fifth liquid level increment, and if code
      160 is aligned with the photocouplers a binary 10011 will be produced,
      indicating the 19th liquid level increment. The tape may be reversed, with
      a binary "one" indicating a full tank, if the logic is properly designed
      for such data.
PAR  The strobe channel 155 provides a means for determining whether the
      photocouplers and a particular code on the tape are totally aligned on a
      coded increment. Because of inherent inaccuracies in the optics, and in
      placing the photocouplers, and the windows in the tape, the photocouplers
      will not switch simultaneously at the transition between codes, and
      erroneous readings will be obtained in these regions. To preclude this,
      the windows in the strobe channel are dimensioned and positioned to
      provide dark gaps extending from just before the end of each code to just
      after the beginning of the next adjacent code. Then, as will hereinafter
      be explained, no data on fuel level will be stored in memory unless a
      strobe signal exists at the same time as the level code signal, thereby
      eliminating the erroneous transition data from record.
PAR  Instead of the transparent windows and photocouplers, other reading means
      well known in the art may be used. For example, a tape may be magnetically
      encoded and a magnetic read head used. Other possible alternatives include
      electrical contactors sensing conducting windows or open windows.
PAC  Transmitter Assembly
PAR  According to the present invention, a transmitter assembly is provided on
      the printed circuit boards 75, 77 to turn the photocouplers on and off and
      to collect the data from the photocouplers, condition the data and
      transmit the data to a remote receiving unit. In FIG. 7, four transmitter
      assemblies are shown, one for each of four tanks to be monitored, although
      only one is shown in detail. As shown in the block diagram of FIG. 7, a
      preferred embodiment of a transmitter assembly consists of a clock 162 for
      generating a timing signal; a counter 164 for counting down the clock
      output frequency to a signal with a frequency suitable for the various
      control and sequencing circuits; and decoder 168 and multiplexer 169 which
      select a single photocoupler pair, and by means of the LED drivers 171,
      turn on the LED of that pair, and which also operates a data selector 178
      to allow the output of the photocoupler pair thus selected to be read into
      a storage buffer 166, and which then turns off the selected photocoupler
      pair and then repeats this sequence with the next selected photocoupler
      pair.
PAR  The internal operational status of the transmitter is always in either one
      of two states: Marking or Transmitting. The relatively slow operation
      utilizing the sequential operation of the photocouplers and alternate
      marking and transmitting operation of the transmitter is made possible
      because tank levels change slowly, so that quick response to change is not
      necessary. Such multiplexing allows the use of very low power throughout
      the portion of the system which is within the housing. This is extremely
      important in a gasoline tank environment, since the system is required to
      be one in which no spark can be created, i.e., "intrinsic safe."
PAR  In the preferred embodiment, the data is read in two words, the first word
      including a bit from the strobe channel and five data bits from the first
      five tape channels of the tank level codes, and the second word including
      a bit from the strobe channel, bits from the last four tape channels of
      the tank level code, and a "water-in-tank" bit from the conductors 86, 88
      from switch 138 indicating the presence or absence of an undesirable level
      of water. However, where a non-flammable liquid is being measured, or
      where other suitable precautions against explosion are taken, the data
      bits may be read simultaneously and processed together.
PAR  In the preferred embodiment, in the "marking" state, the decoder 168
      enables a multiplexer 169. The output of the multiplexer sequentially
      enables the LED drivers 171, one of which is provided for each LED. The
      corresponding gates in a data selector 178 are also enabled by the decoder
      in a sequential manner, thereby causing a sequential reading of the first
      six adjacent photocoupler pairs (strobe channel followed by channels a, b,
      c, d and e) and the storing of the outputs of each of the six sampled
      photocoupler pairs in a storage buffer 166. At the same time the sixth
      channel, channel e, is being sampled and stored, the sequence control 170,
      driven by the counter, causes the contents of the buffer storage 166 to be
      transferred in parallel to shift register 172. The design of such sequence
      control circuitry is well known in the art, and forms no part of this
      invention, therefore, a detailed description is unnecessary and
      undesirable. The operational state of the transmitter then changes from
      "marking" to "transmit."
PAR  In the transmit state no photocouplers are energized; rather the sequence
      control circuitry 170 causes the shift register to read out serially its
      contents through output buffer 176 to a photocoupler isolator 180, located
      some distance away from the storage tank. The shift register output signal
      consists of a stream of eight bits. The first bit is a start bit which is
      created by grounding the input of one input channel of the shift register,
      and is later used by the receiving unit to synchronize the receiving and
      decoding operations. The second bit is the "word" bit, which comes from
      the decoder via the data selector. In the preferred embodiment, this bit
      is necessary because the sampling format selected for the design of the
      present invention provides for sampling only five of the nine tank level
      photocoupler pairs, transmitting that data and then sampling the other
      four photocouplers plus the water-in-tank bit and transmitting that data.
      This format was selected in order to reduce both the number of circuits
      needed for the design and the electrical power consumed. In operation, the
      eight output bits of the shift register consist of the start bit, the word
      bit and six data bits including the strobe bit. The word bit thus
      indicates which of the two sets of data is being transmitted. It should be
      kept in mind that for this purpose the output of the strobe photocoupler
      pair is a data bit and it appears as the third bit of the eight bit word
      output for each word.
PAR  As the shift register 172 reads out its contents, the output is monitored
      and a parity bit is generated by the parity generator 174. This parity bit
      is then inserted into the transmitted bit stream as a ninth bit, following
      the eight bit shift register output. After the sequence control 170 senses
      the insertion of the parity bit, it stops transferring out the contents of
      the shift register and at the same time the decoder 168 causes a "stop"
      bit to be inserted into the bit stream to be used later in decoding and
      this tenth bit completes the word to be transmitted.
PAR  The "transmit" state has been completed for a word and the operational
      status now returns to the "marking" state and the sampling of the data for
      the second word is commenced. After the data for second word have been
      sampled in the same fashion, the internal operational state of transmitter
      assembly 163 changes once again to the "transmit" mode and the second data
      word is transmitted. After the second word is transmitted, the transmitter
      operational status returns to the "marking" state and repeats the entire
      operational sequence.
PAR  A suitable clock which may be used in the transmitter of this invention is
      that described in Application Note ICAN-6267, in the RCA Solid State Data
      Book Series SSD-203. In the preferred embodiment of the invention, the
      output frequency of the clock is 2750 Hz .+-. 4% and the output of the
      counter 164 provides the main timing signal of 275 Hz. Thus, the bit
      stream is read out of the transmitter assembly 163 from the output buffer
      stage 176 at a rate of 275 bits per second. However, other clocks and
      different output frequencies may be selected without detracting from the
      invention.
PAR  Table I is a time ordered listing of the operational sequences described
      above. The sampling and transmitting of the two data words required for a
      complete readout, and, hence, necessary to make a determination of the
      liquid level and the water-in-tank, requires forty sequences. Each
      sequence step shown is of a duration of 1/275 second. Further, during each
      of the 12 sample and store sequences in which tape channels and the
      water-in-tank channel are read (sequence interval numbers 1, 3, 5, 7, 9,
      11, 21, 23, 25, 27, 29, and 31), the decoder 168 turns on the selected
      photocoupler pair thus turning on the selected LED and its corresponding
      phototransistor for the full 1/275 second sequence interval or samples the
      position of the water-in-tank switch. But the output of each
      phototransistor is not gated by the data selector 178 and allowed to pass
      to the buffer storage 166 until a small fraction of 1/275 second later.
      This is done to assure that an LED is "on hard" before the output of the
      phototransistor is read and stored.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     TRANSMITTER OPERATIONAL CYCLE                                             
     Function Performed During Sequence Interval                               
     (Each Sequence Interval = 1/275 Second)                                   
     Sequence                                                                  
     Interval              Transmitting                                        
     Number                                                                    
          Marking State    State                                               
     __________________________________________________________________________
     1    Sample & Store Strobe Channel                                        
                           Transmit "stop" bit                                 
     2    Idle             Idle                                                
     3    Sample & Store Tape Channel a                                        
                           Idle                                                
     4    Idle             Idle                                                
     5    Sample & Store Tape Channel b                                        
                           Idle                                                
     6    Idle             Idle                                                
     7    Sample & Store Tape Channel c                                        
                           Idle                                                
     8    Idle             Idle                                                
     9    Sample & Store Tape Channel d                                        
                           Idle                                                
     10   Idle             Idle                                                
     11   Sample & Store Tape Channel e;                                       
                           Idle                                                
           transfer contents of storage                                        
           buffer to shift register                                            
     12   Idle             Transmit "start" bit                                
     13   Idle             Transmit word 1 identi-                             
                            fication bit                                       
     14   Idle             Transmit Strobe Ch.                                 
     15   Idle             Transmit Tape Ch. a                                 
     16   Idle             Transmit Tape Ch. b                                 
     17   Idle             Transmit Tape Ch. c                                 
     18   Idle             Transmit Tape Ch. d                                 
     19   Idle             Transmit Tape Ch. e                                 
     20   Idle             Transmit Parity Bit                                 
     21   Sample & Store Strobe Channel                                        
                           Transmit "stop" Bit                                 
     22   Idle             Idle                                                
     23   Sample & Store Tape Channel f                                        
                           Idle                                                
     24   Idle             Idle                                                
     25   Sample & Store Tape Channel g                                        
                           Idle                                                
     26   Idle             Idle                                                
     27   Sample & Store Tape Channel h                                        
                           Idle                                                
     28   Idle             Idle                                                
     29   Sample & Store Tape Channel i                                        
                           Idle                                                
     30   Idle             Idle                                                
     31   Sample & Store "Water-in-Tank"                                       
           Channel; Transfer Contents of                                       
           Storage Buffer to Shift Regis-                                      
           ter             Idle                                                
     32   Idle             Transmit "start" Bit                                
     33   Idle             Transmit word 2 identi-                             
                            fication bit                                       
     34   Idle             Transmit Strobe Channel                             
     35   Idle             Transmit Tape Ch. f                                 
     36   Idle             Transmit Tape Ch. g                                 
     37   Idle             Transmit Tape Ch. h                                 
     38   Idle             Transmit Tape Ch. i                                 
     39   Idle             Transmit "Water-in-                                 
                            Tank" Channel                                      
     40   Idle             Transmit Parity Bit                                 
     __________________________________________________________________________
PAR  The electrical signal from the transmitter is sent to a photocoupler
      isolator 180 which is located in the power supply assembly 177, remote
      from the tank. The photocoupler isolator 180 is an LED and phototransistor
      combination and, for example, may be a General Electric No. H11C1. These
      isolators 180 were selected because of their inherently high electrical
      isolation characteristics. Since the preferred embodiment has been
      designed for use in a highly flammable gasoline environment, a critical
      requirement is that an electrical short or other circuit failure within
      the transmitter assembly 163 or within the photocoupler read head not
      cause any additional electrical energy to flow from the receiver 186 to
      the transmitter 163 or to the photocoupler read head, which additional
      electrical energy might result in ignition of the gasoline or fumes in the
      tank.
PAR  The power supply assembly 177 also contains an intrinsic safe electrical
      power supply 179 which meets the Underwriters Laboratories safety
      requirements for explosive atmospheres. This intrinsic safe power supply
      179 provides power to the transmitter assemblies 163 located at the tanks
      to be measured. The preferred embodiment transmitter assembly 163 is
      composed of components based on metal oxide silicon technology and uses a
      multiplexed scheme in order to reduce to a minimum the amount of energy
      required for transmitter assembly 163 operation. The precise designs of
      the various components do not form a part of this invention since such
      components are well known to those skilled in the art. As example,
      however, the shift register 172 may comprise RCA's type CD 4021A, the
      decade counter 164 may utilize two of RCA's type CD 4017A, and the buffer
      storage 166 may consist of three dual latches such as RCA CD 4013A, all of
      which are shown in the aforesaid RCA Solid State Data Book. The
      multiplexer 169 and the date selector 178 may suitably comprise
      conventional NAND and NOR gates and JK flip-flops.
PAC  LEVEL SENSOR COMPUTER ASSEMBLY
PAR  The output signal of the photocoupler isolator 180 is sent by wire 182 to a
      level sensor computer assembly. The level sensor computer assembly
      consists of a receiver 186, an arithmetic logic unit (ALU) 188, a file
      unit 232 and a display unit 236 as illustrated in FIGS. 8, 9 and 10. This
      computer is utilized to receive level sensor data from one or more tanks,
      decode the data, perform any necessary computations, store the data and
      select display data as desired by the user.
PAR  The preferred embodiment of the present invention is structured to receive
      level data from as many as four tanks but the concept disclosed herein is
      not limited to only four data inputs but can be expaned to handle
      additional tank level data inputs as desired.
PAR  In the construction of the components of the computer assembly,
      conventional digital TTL logic using 7400 series integrated circuits are
      preferably used. The designs of the components will be apparent to those
      skilled in the art, and need not be detailed here.
PAC  Receiver
PAR  As shown in FIG. 8, the output signals of the photocoupler isolators 180,
      which are the same 10 bit words which form an output of each of the
      transmitter assemblies, are brought into the receiver 186 at the input of
      the data selector 194. The data selector 194 is a set of NAND gates which
      multiplex the input signals thereby allowing only the data from one tank
      at a time to be received for processing by the receiver 186. The data
      selector 194 is controlled by a decoder 196, which may comprise NAND gates
      which decode the address output of the address counter 198. The output of
      the address counter, which may comprise a pair of JK flip-flops, indicates
      which of the four tanks is to be selected.
PAR  It will be appreciated that where more than one tank is being monitored,
      the transmitter for each tank will operate continuously, repeating the
      operational cycle of Table I approximately seven times per second.
      However, the address counter will open only one gate of the data selector
      at a time, for a period sufficient to insure that both data words each
      comprised of 10 bits have been received. Since the tank level changes very
      slowly, it is not necessary to continuously compute level data for each
      tank.
PAR  From the data selector 194, the 10 bit data word is sent to the clock
      synchronizer 200, to the parity check circuitry 202 and to a shift
      register 204. The clock synchronizer 200 receives a local clock timing
      signal from clock 224 (which may be, but need not be, identical to the
      clock 162 of the transmitter) located in ALU 188 of FIG. 9, detects the
      "start" bit of the incoming data word from the data selector 194, and
      generates a synchronization signal which is supplied to the sync word
      counter 206. The sync word counter 206 provides a clock signal in
      synchronization with the incoming data word to be read by the parity check
      circuitry 202 and the shift register 204. The parity check circuitry 202
      looks to see that proper bit parity has been maintained during the
      transmission which gives assurance that the word has been transmitted
      error free. If proper bit parity has not been maintained the word contains
      an error and the parity check circuitry 202 does not set the write enable
      latch 208 when the data word is transferred to accumulator 220. Therefore,
      the faulty data word cannot be entered into the register file 230 of file
      232 nor can it be displayed by the display unit 236. The effect of
      detecting improper bit parity is that the computer simply ignores the
      faulty data word.
PAR  The write enable latch is also not set if the strobe channel bit, read out
      of the shift register 204, indicates that the tape was positioned in the
      photocoupler read head such that the reading made was made in or near a
      region of code transition on the tape. The write enable latch 208 is also
      not set if a noise pulse is detected within the first half of the "start"
      bit by the clock synchronizer 200. Thus any of three different conditions
      may cause the computer to ignore a data word.
PAR  During the time when a data word is being received the shift register 204
      is serially loaded with the "start" bit, the word designator bit and the
      six data channel bits. Whe the "stop" bit is detected, transfer timing 210
      automatically generates a transfer command which transfers the appropriate
      bits into the buffer storage register 212, in parallel. The five data
      channels, if the data word is word 1, or the four data channels if word 2
      is being processed, are transferred in parallel into the appropriate one
      of nine storage latches of buffer storage register 212. The word bit, bit
      2, determines in which part of the register 212 the data is transferred.
      The strobe bit, the water-in-tank bit and the status check bits are also
      store in buffer register 212.
PAR  The low fuel detector 216 comprises a NAND gate which monitors the bits of
      word 2 which correspond to tape channels h and I and, hence, are the two
      most significant bits of the full nine bit word giving the fuel level in
      the tank. These status check bits indicate the absence of windows in the
      tape channels h and i, thereby indicating that the fuel level is low.
PAR  The contents of the buffer storage register 212 at the completion of
      processing by the receiver 186 are the nine data bits which correspond to
      the code read from the coded tape in the tank level sensor photocoupler
      read head, the strobe bit, the water-in-tank bit and the status check
      bits. When the arithmetic logic unit (ALU) 188 discussed below is ready to
      process data received from the next tank in sequence, the ALU counter 270
      (FIG. 9) gives a transfer command to transfer the data from the
      nine-channels to the accumulator 220 in the ALU, and to transfer the
      strobe bit to the write enable latch 208, the water-in-tank bit to the
      water-in-tank latch 214 and the status check bits to the low fuel latch
      218.
PAC  Arithmetic Logic Unit (ALU)
PAR  The Arithmetic Logic Unit (ALU) 188 multiplies the received nine bit binary
      data word by an appropriate predetermined factor which depends on the
      particular geometry of the tank in which the level is being measured. The
      ALU contains an accumulator 220 for receiving and storing the data word
      from the buffer storage register 212.
PAR  Sequence control is provided for sequencing the ALU through each of four
      steps: (1) wait, (2) multiply, (3) convert to binary-coded-decimal, and
      (4) write. The clock 224 of the sequence control provides a local clock
      timing signal for the ALU and also for the clock synchronizer 200. Another
      timing signal from the clock is provided to the display counter 250 (see
      FIG. 10).
PAR  The sequence control may be constructed in any suitable manner known in the
      art to accomplish the multiplying, conversion to binary-coded-decimal, and
      write enabling functions. In the preferred embodiment, a
      multiplier-and/or-binary to BCD converter as shown in FIG. 9 is used. In
      applicatons in which it is desired to merely disply liquid level in
      inches, the multiplying function may be omitted altogether, or a
      multiplier of one may be used. Whenever the encoded increments on the tape
      do not have a one-to-one correspondence to the output display increments
      of inches or gallons, a multiplication factor must be applied to the data
      word before it is converted to a binary coded decimal and displayed. When
      a multiplier is used in conjunction with the BCD converter, the multiplier
      takes the binary data word from the accumulator 220, multiplies the binary
      number by the appropriate factor and stores the product in the accumulator
      220. The multiplier by be modified as necessary to provide the necessary
      conversion to a number indicating the volume of fuel in the tank. The
      binary numer is then converted to binary-coded-decimal, and upon
      completion of this conversion a "write" signal is transmitted to the write
      enable gate 260.
PAR  A suitable arrangement for effecting these operations is depicted in FIG.
      9. A "state" counter 262 having four different states is enabled by the
      output from a gating circuit 264. As the counter 262 advances, the state
      is decoded at 266. The first state in the series is "wait", to insure that
      sufficient time has elapsed, as indicated by a time elapse counter 268,
      for the buffer storage 212 (see FIG. 8) to receive the next word. On a
      signal from the time elapse counter, the gate 264 advances the state
      counter to the next state. The decoder 266 thereupon signals the ALU
      counter 270, which in turn signals the accumulator 220 and the
      multiplier-and/or-binary to BCD convertor 226 to load the accumulator 220
      with the contents of the buffer storage register 212 and then begin the
      multiplication step. Upon completion of the multiplication step, the ALU
      counter provides a signal to gate 264 to advance the state counter to the
      next state, the binary-to-BCD conversion step. The conversion step
      consists of subtracting "one" from the multiplication product stored in
      the accumulator, sensing to determine if the remainder after subtraction
      is zero, sending a pulse to the counters 228 (see FIG. 10) for each
      subtraction performed, and counting the number of substractions required
      to reduce the product stored in the accumulator to zero.
PAR  The pulses are sent through a zero detector 272 to the decade counters 228
      and counted. When the two zero detector ascertains that the store product
      has been subtracted down to zero, it provides a signal to the gate 264 to
      advance the state counter to the write step. This causes the decoder to
      provide a signal to open the write enable gate 260, thereby allowing the
      write enable signal to be transmitted to the register file 230 provided
      the write enable latch 208 permits, so that the file can receive the data
      from the decade counters. Upon completion of the write step, the ALU
      counter provides a signal to gate 264 to advance the state counter to the
      wait state. At the conclusion of a sufficient time elapse, the time elapse
      counter provides another signal to the gate 264 to return the state
      counter to the "multiply" step.
PAR  The state counter also provides a signal to the address counter 198, at the
      same time as the multiplying state signal, to advance the address counter
      to address the next tank in sequence. Thus, data from the next tank is
      being received through the data selector 194 and stored in the buffer
      storage register 212 while the foregoing computations are taking place on
      the data from the previous tank.
PAC  File
PAR  As shown in FIG. 10, the file 232 section receives the BCD data word from
      the ALU 188 and stores it for display by the display unit 236. When the
      write enable gate 260 permits, the BCD data is entered into the register
      file 230 from the counter 228 and the water-in-tank and low fuel status
      signals are also entered into the register file 230. The water-in-tank and
      low fuel status signals are continuously sent to display indicator lights
      240 by means of the status lamp drivers 238, causing a corresponding light
      240 to be energized if there is excess water-in-tank or a low fuel level.
PAR  Upon command from the multiplexed read gates 234, a set of four bit BCD
      data, each of which comprises a single decimal digit, is gated onto a data
      bus 242 and transferred to the decoder 244 within the display unit 236.
      The data bus 242, operated in conjunction with the multiplexed read gate
      234, results in a saving of electrical power operating requirements since
      only one set of four bit BCD data from a single register in the register
      file 230 appears on the data bus 242 at any one time for transmission to
      the display unit 236.
PAR  The number of decade counters 228 and the amount of register file 230
      required is dependent upon the resolution of the encoded tape, i.e., the
      number of channels and the desired resolution of the displayed volume. For
      example, if a display resolution of 20 gallons is desired and a nine
      channel tape is used, then five decade counters 228 will be sufficient for
      a tank of a volume less than or equal to (2).sup.9 .times. (2).sup.5 =
      (512) .times. (32) = 16,384 gallons. For the same tape and resolution
      requirement, four counters 228 could handle up to (2).sup.9 .times.
      (2).sup.4 = (512) .times. (16) = 8,192 gallons. For the preferred
      embodiment of the present invention, a readout resolution of 20 gallons
      was desired for a 10,000 gallon tank: hence, five decade counters 228 are
      utilized.
PAR  Similarly, if the level sensor output is to be displayed as depth in inches
      and if the desired output resolution is 0.25 inch, three decade counters
      228 and a two bit counter 228 would provide the 0.25 inch resolution for a
      tank of maximum depth of 127.75 inches if a nine channel binary encoded
      tape is used.
PAC  Display Unit
PAR  The display unit 236 shown in FIG. 10 provides a visual numerical (decimal)
      readout of the selected tank level sensor, and may consist of any suitable
      display system of many that are known in the art. In the embodiment shown
      in the drawing, the readout consists of a five decimal digit display 246,
      five decimals being necessary as explained above. The multiplexed BCD data
      is taken from the data bus 242 by the decoder 244 whose output is a set of
      seven signals each of which passes through a segment driver 248 and lights
      a single segment of a seven segmented digital display 246. Each digital
      display consists of seven segments which when illuminated in the proper
      combinations by the output of the line segment drivers 248 can illuminate
      as a decimal digit 0 through 9.
PAR  The address select 256 provides four pushbuttons 257 by which an operator
      may select one of the four tanks. The display counter 250, using the clock
      signal for timing, controls a decoder 252, which selects a particular
      digit to be outputted onto the data bus 242 by commanding the multiplexed
      read gates 234 and at the same time by means of the display enabling
      drivers 254 enabling the appropriate one of the five digital displays 246
      to be illuminated. Although the data to the display unit 236 is
      multiplexed and, hence, only one of the five displays 246 is illuminated
      at any instant, the multiplexing rate is fast enough so that to the human
      eye it appears as if all five digits are illuminated simultaneously.
PAR  The apparatus of this invention therefore provides a continuous monitoring
      of the level of fuel in one or more fuel storage tanks, together with a
      continuous indication of low fuel level and excessive water. The attendant
      may selectively interrogate the file to obtain a display of the fuel level
      in any tank, and the appropriate indicator lights 240 automatically turn
      on when fuel level is low in a tank or excess water is in a tank. The
      operator thereby receives a warning signal so that he can take appropriate
      action.
PAR  Although a preferred embodiment of this invention has been shown and
      described, the invention is not limited to the preferred embodiment, since
      substitutions of elements, components and assemblies, and modifications
      within the scope of the invention will be apparent to those skilled in the
      art upon reading the foregoing description. The invention is therefore to
      be construed to include all such substitutions and modifications which are
      within the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A storage tank liquid level sensor comprising
PA1  an elongated tubular member adapted to be inserted into a storage tank,
PA1  first means on said tubular member for sensing the level of a first liquid
      in said tank,
PA1  second means on said tubular member for sensing the level of a second
      liquid in said tank having an interface with the first liquid comprising,
      respectively,
PA2  first and second floats having different densities, whereby one of said
      floats will float on one liquid and the other will float at the interface
      between the liquids, each float including
PA2  an annular affixed thereto and slidably engaging the exterior of said
      tubular member,
PA1  means inside each tubular member operable in response to the magnetic field
      of each of said annular magnets to constantly create separate signals
      indicative of the level of each liquid, and
PA1  means functioning in response to said sensing means for providing a
      substantially continuous indication of the level of each of said liquids.
NUM  2.
PAR  2. A storage tank liquid level sensor as defined by claim 1 wherein
PA1  one of said signal creating means comprises a switch which is closed by the
      magnetic field of one of said magnets.
NUM  3.
PAR  3. A storage tank sensor comprising
PA1  a non-magnetic tubular member having a length sufficient to reach from
      substantially the top to substantially the bottom of a storage tank,
PA1  first and second annular magnets slidably engaging the exterior of said
      tubular member,
PA1  a float connected to each annular magnet whereby each magnet will be moved
      vertically with vertical movement of its connected float,
PA1  the first float being located above the second float and having a density
      less than that of the second float, whereby the first float will float on
      the surface of a liquid having a density intermediate the densities of the
      floats, and the second float will float at the interface between said
      liquid and another liquid having a density greater than the density of the
      second float,
PA1  first means actuable in response to vertical movement of said first float
      to substantially continuously create a signal indicative of the level of
      the lower density liquid, and
PA1  second means actuable in response to vertical movement of said second float
      to substantially continuously create a separate signal indicative of the
      level of the higher density liquid.
NUM  4.
PAR  4. A storage tank sensor comprising
PA1  a non-magnetic tubular member having a length sufficient to reach from
      substantially the top to substantially the bottom of a storage tank,
PA1  first and second annular magnets slidably engaging the exterior of said
      tubular member,
PA1  a float connected to each annular magnet whereby each magnet will be moved
      vertically with vertical movement of its connected float,
PA1  the first float being located above the second float and having a density
      less than that of the second float, whereby the first float will float on
      the surface of a liquid having a density intermediate the densities of the
      floats, and the second float will float at the interface between said
      liquid and another liquid having a density greater than the density of the
      second float,
PA1  a magnetic element slidably received in said tubular member within said
      first annular magnet,
PA1  a magnetically operable switch having a fixed position in a lower portion
      of said tubular member than said magnetic element,
PA1  an electrical conductor connected to said switch and extending upwardly to
      the upper end of said tubular element,
PA1  means connected to said electrical conductor operable upon actuation of
      said switch by said second magnet to indicate whether said switch is open
      or closed,
PA1  a tape having transparent windows therein affixed to said magnetic element
      and extending upwardly through said tubular member to above its upper end,
PA1  a reel connected to the upper end of said tape,
PA1  means operably engaging said tape for exerting an upward force on said tape
      sufficient to keep said tape taut when said magnetic element moves
      upwardly in said tubular member,
PA1  the transparent windows in said tape being positioned to form a code
      indicative of the level of said magnetic element in said tubular member,
PA1  photoelectric sensing means adapted to create a signal responsive to a
      level indicating code, and
PA1  means for recording said signal.
NUM  5.
PAR  5. A storage tank sensor as defined by claim 4, and including
PA1  intrinsic safe power supply means connected for energizing said sensing
      means,
PA1  electrically isolating coupling means connected to receive and transmit
      signals from said sensing means,
PA1  means for storing transmitted signals, and
PA1  display means for displaying numerals corresponding to said signals.
NUM  6.
PAR  6. A storage tank sensor as defined by claim 5 wherein
PA1  the transparent windows in said tape are arranged in binary codes in a
      plurality of channels, each code being indicative of a liquid level, and
PA1  said photoelectric sensing means comprises a plurality of photocouplers,
      each aligned with one of said channels, and including
PA1  means for sequentially energizing said photocouplers to produce a series of
      binary signals.
NUM  7.
PAR  7. A storage tank liquid level sensor comprising
PA1  an elongate tape having a plurality of electrically readable binary codes
      each indicative of a liquid level, each of said codes comprising a
      plurality of channels, and a strobe channel,
PA1  a read head having a plurality of sensors positioned to read said codes,
PA1  means mounting said tape for movement of said codes past said read head in
      response to changes in the liquid level in said tank,
PA1  means for sequentially energizing said sensors to produce a series of
      binary signals comprising a strobe signal and a binary number representing
      a liquid level,
PA1  intrinsic safe power supply means connected for energizing the foregoing
      means,
PA1  electrically isolating coupling means connected to receive and transmit
      said series of binary signals,
PA1  means for receiving said transmitted signals,
PA1  means for converting said strobe signal to an enable write signal,
PA1  means for converting the liquid level code signals to binary coded decimal
      format,
PA1  register file means for receiving and storing the binary coded decimal
      signals when coincident with an enable write signal,
PA1  means for sequentially strobing the binary coded digits in the register
      file, and
PA1  means for displaying the digits represented by the strobed binary codes.
NUM  8.
PAR  8. A storage tank liquid level sensor as defined by claim 7 and including
PA1  means for producing a status signal in response to a liquid reaching a
      predetermined level, said coupling and receiving means being adapted to
      transmit said signal, and
PA1  means for displaying an indication of the presence and the absence of such
      status signal.
NUM  9.
PAR  9. A storage tank liquid level sensor as defined by claim 7 and including
PA1  a plurality of sets of said tape, said read head, and said means mounting
      said tape for movement, each adapted to be installed in a different tank,
PA1  means for sequentially energizing said sets, whereby a series of binary
      signals is produced by each read head in succession,
PA1  means for separately processing the data from each read head and delivering
      it to the register file means for storage in an individual file, and
PA1  means for selectively addressing each file to display digits corresponding
      to the addressed file.
NUM  10.
PAR  10. In combination for detecting the levels of first and second fluids
      disposed in a storage tank with the first fluid being disposed above the
      second fluid and being essentially immiscible with the first fluid,
PA1  an extensible member having indications individually representing the
      different positions on the extensible member,
PA1  a first float member constructed to float on the first fluid and variably
      positioned in accordance with the level of the first fluid,
PA1  a second float member constructed to float on the second fluid and variably
      positioned in accordance with the level of the second fluid,
PA1  first transducing means attached to the first float member for movement
      with the first float member,
PA1  second transducing means physically detached from the first float member
      and the first transducing means but operatively coupled to the first
      transducing means for positioning in accordance with the variable
      positioning of the first transducing means,
PA1  means coupling the second transducing means and the extensible member for
      providing a movement of the extensible member in accordance with the
      variable positioning of the second transducing means,
PA1  means providing a first output indication, determined by the extension of
      said extensible member, showing the level of the first fluid,
PA1  third transducing means attached to the second float member for movement
      with the second float member, and
PA1  fourth transducing means physically detached from the third transducing
      means and operable in response to movement of the third transducing means
      in the field of the fourth transducing means to provide a separate output
      indication showing the level of the second fluid.
NUM  11.
PAR  11. The combination set forth in claim 10, including, fifth transducing
      means detached from but operatively coupled to the extensible member for
      producing signals representing the position of the extensible member.
NUM  12.
PAR  12. The combination set forth in claim 11, including,
PA1  the extensible member constituting a photographic film having markings in a
      plurality of channels on the film in a particular code and the fifth
      transducing means constituting light-sensing means responsive to the
      different markings on the film to produce electrical signals
      representative of such markings.
NUM  13.
PAR  13. The combination set forth in claim 10, including,
PA1  the first transducing means constituting a magnet and the second
      transducing means constituting a magnetic member responsive to the field
      created by the first transducing means to move with the first transducing
      means.
NUM  14.
PAR  14. The combination set forth in claim 10, including,
PA1  the third transducing means constituting a magnet and the fourth
      transducing means constituting a switch responsive to the movement of the
      third transducing means to a position near the switch to become operated.
NUM  15.
PAR  15. In combination for detecting the levels of first and second fluids
      disposed in a storage tank with the first fluid being disposed above the
      second fluid and being essentially immiscible with the first fluid,
PA1  a hollow housing,
PA1  an extensible member disposed within the housing and extending through the
      housing for movement relative to the housing and having individual
      indications representing the different positions on the extensible member,
PA1  a tubular member disposed within the housing and enveloping the extensible
      member for movement relative to the housing,
PA1  first transducing means disposed within the housing and enveloping the
      tubular member for movement relative to the housing,
PA1  first float means physically coupled to the first transducing means and
      disposed within the housing and enveloping the tubular member for resting
      on the first fluid and for providing a variable disposition in accordance
      with the level of the first fluid,
PA1  second transducing means disposed within the tubular member and responsive
      to the first transducing means for variable disposition in accordance with
      the variable disposition of the first transducing means,
PA1  means coupling the extensible member to the second transducing means for
      movement with the second transducing means,
PA1  second float means disposed to rest on the second fluid and to provide a
      variable disposition in accordance with the level of the second fluid,
PA1  third transducing means movable with the second float means to provide a
      variable disposition in accordance with the level of the second fluid, and
PA1  fourth transducing means movable with the extensible member and responsive
      to the third transducing means, upon a juxtaposition between the third and
      fourth transducing means, to provide an output indication.
NUM  16.
PAR  16. The combination set forth in claim 15 wherein
PA1  means are detached from the extensible member and are operatively coupled
      to the extensible member to provide signals representing the position of
      the extensible member in accordance with the indications on the extensible
      member at that position.
NUM  17.
PAR  17. The combination set forth in claim 15 wherein
PA1  the extensible member is provided with markings in a plurality of columns,
      the markings in the columns at each position representing that position on
      a coded basis and wherein photosensitive means are positioned relative to
      the extensible member to sense the individual markings in the different
      columns in accordance with the position of the extensible member and to
      produce signals in accordance with such sensings.
NUM  18.
PAR  18. The combination set forth in claim 17
PA1  wherein the first transducing means constitute a magnet and the second
      transducing means is constructed to be responsive to the magnetic field
      provided by the first transducing means to follow the movement of the
      first transducing means.
NUM  19.
PAR  19. The combination set forth in claim 15,
PA1  wherein the fourth transducing means constitute a switch operable in
      accordance with the position of the third transducing means relative to
      the fourth transducing means to provide an output indication of a
      particular level for the second fluid in the storage tank.
NUM  20.
PAR  20. The combination set forth in claim 19
PA1  wherein the third transducing means constitutes a magnet and the fourth
      transducing means is constructed to be responsive to the magnetic field
      provided by the third transducing means when the third transducing means
      is in contiguous relationship to the fourth transducing means.
NUM  21.
PAR  21. A storage tank sensor comprising
PA1  a non-magnetic tubular member having a length sufficient to reach from
      substantially the top to substantially the bottom of a storage tank,
PA1  first and second annular magnets slidably engaging the exterior of said
      tubular member,
PA1  a float connected to each annular magnet whereby each magnet will be moved
      vertically with vertical movement of its connected float,
PA1  the first float being located above the second float and having a density
      less than that of the second float, whereby the first float will float on
      the surface of a liquid having a density intermediate the densities of the
      floats, and the second float will float at the interface between said
      liquid and another liquid having a density greater than the density of the
      second float,
PA1  first means actuable in response to vertical movement of said first float
      to create a first signal indicative of the level of the lower density
      liquid comprising
PA2  a magnetic element slidably received in said tubular member and cooperably
      movable with said first annular magnet,
PA2  a tape having transparent windows therein fixed to said magnetic element
      and extending upwardly through said tubular member to a position adjacent
      one end thereof,
PA2  means operably engaging said tape for exerting a tensile force on said tape
      and said magnetic element, tending to pull them toward said one end of
      said tubular member,
PA2  photoelectric sensing means positioned adjacent said tape for creating a
      signal responsive to the positions of said transparent windows, and
PA2  means for recording said signal,
PA1  second means actuable in response to vertical movement of said second float
      to create a separate signal indicative of the level of the higher density
      liquid comprising
PA1  a magnetically operable switch in a fixed position near the other end of
      said tubular member and within the latter for actuation by said second
      annular magnet in said second float,
PA1  an electrical conductor connected to said switch and extending toward said
      one end of said tubular member, and
PA1  means connected to said electrical conductor for indicating whether said
      switch is open or closed.
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ABST
PAL  The invention relates to a low-inertia hygrometer for controlling and
      measuring the hygrometric degree of a gaseous flux. The hygrometer
      includes two electrodes placed at a certain distance from one another and
      separated by a medium which, initially, is a poor conductor of
      electricity, but becomes electrically conductive when water vapour is
      present.
PARN
PAR  This application is a continuation-in-part application of my copending
      application Ser. No. 369 457, filed on June 13, 1973 now abandoned.
BSUM
PAR  The present invention relates generally to a low-inertia hygrometer and has
      more specifically for its object a device and its associated arrangements
      permitting, in particular, the control of a gaseous flux, especially a
      ventilatory gaseous flux.
PAR  The invention is based on the principle that when a medium which is a
      dielectric one, is humidified, the said medium becomes electrically
      conductive at its surface or within its volume.
PAR  Actually, the device of the present invention uses two conductors
      fulfilling the function of electrodes, placed at a certain distance from
      one another and separated by a medium which is not a conductor of
      electricity, or is a poor conductor thereof, the said medium becoming
      electrically conductive during a variable period of time as a result of
      the presence of steam or even water.
PAR  The modification of the conductivity takes place proportionally to the
      moisture content up to the point of water saturation of the
      inter-electrode space. Thus, considering a medium with a definite
      temperature and a definite rate of humidity, any variation of the humidity
      of the incident flux produces a variation of the conductive state of the
      inter-electrode region. Besides, this inter-electrode region. Besides,
      this inter-electrode region may, according to the invention, be
      constituted by a great variety of elements.
PAR  The said region may simply be a gas such as air, in which case the device
      according to the invention operates in connection with an ohmmeter having
      a good sensitivity (e.g. in the 10.sup.7 -ohm range). Under such
      conditions, the humid fluid flux governs the response connected with the
      relative humidification and desiccation.
PAR  According to another feature of the invention, the said inter-electrodes
      region may also be constituted by a rigid, semi-rigid, flexible, supply or
      viscous (deformable or undeformable) dielectric body, so that, in this
      case, it is the conductivity of the surface of the said body that varies,
      the water evaporation flux consecutive to the condensation flux of the
      said water determining the duration of constitution of the more or less
      transitory conductive layer mentioned above. In this case, the device of
      the invention includes advantageously a thread, strip or reed having, as
      far as possible, at least one smooth surface so as to reduce, in
      particular, the time evaporation, thus enabling a short response time to
      be obtained. In other words, the device according to the invention
      exhibits practically no inertia, and its response time is not greater than
      about 50 milliseconds. The electrodes are placed at a distance suitable
      for the conditions of use of the hygrometer, whatever the shape of the
      said surface or surfaces may be, either at the external surface of the
      dielectric body, or on an internal surface of such a body, or, in the case
      of a differential arrangement constituted, for instance, by a hollow tube,
      at both the external and internal surfaces (the device then operating with
      two, three or four electrodes depending upon the connections), or lastly,
      in the case of a multi-differential arrangement constituted, by way of
      non-limitative example, by a system of co-axial hollow tubes, at the
      various sensitive surfaces, in which case use is made of as many
      electrodes as is necessary.
PAR  In case the said dielectric body is constituted by a
      condensation-evaporation element such as a thread of, for instance,
      natural or artificial rubber or any plastics material having a cylindrical
      or parallelepiped-shaped cross-sectional area of, for instance, one square
      millimeter, the electrodes are advantageously secured at a distance on the
      order of one centimeter and either permanently or temporarily (small
      electrically-conductive metal clips being advantageously used in the
      latter case), so that any water vapour flux at any temperature (compatible
      with the maintenance of the basic properties of the dielectric body or
      member) produces, by way of water condensation and subsequent evaporation,
      a variation of the superficial electrical conductivity, thus governing the
      response of the device in time and amplitude. For example, the electrical
      resistance of a rubber thread is reversibly reduced, within about 50
      milliseconds, from 450.000 M.OMEGA. at 25.degree. C and about 50% humidity
      to 50 M.OMEGA. for a human ventilatory expiration flux; another example
      worthwhile mentioning is that of a reticule made from a thin resilient
      thread, the cross-sectional area of which is on the order of 0.1 mm.sup.2,
      and the resistance of which is reduced from 600.000 to 400 M.OMEGA. under
      the same humidity conditions as in the foregoing example.
PAR  Where the dielectric body is constituted, for instance, by a ceramic or any
      other material capable of withstanding a relatively high adjustable
      temperature, the evaporation of the condensation water layer can be
      accelerated by inserting into the body of the material considered any
      heating system such as, for example, a heating resistor, an infra-red lamp
      or the like.
PAR  The present invention also covers the various measuring arrangements
      associated with the hygrometric pick-ups, as well as the various
      electrical energy supplying sources allowing the operation of the device
      and humidity measurements.
DRWD
PAR  The invention will be better understood from the following description
      which is illustrated by the appended diagrammatic drawings given solely by
      way of example and in which:
PAR  FIG. 1 is a perspective view of a mouthpiece, illustrating the application
      of the principle of the invention;
PAR  FIG. 2 is a diagrammatic view of one embodiment of the supply and measuring
      means associated with the device or mouthpiece of FIG. 1; and
PAR  FIG. 3 is a diagrammatic view of a second embodiment showing in particular
      other supplying means which can be used with the device of FIG. 1.
DETD
PAR  Referring to FIG. 1, there is illustrated an example of embodiment of the
      device of the invention used, in particular, for the control of the
      ventilatory rate and amplitude of human beings. The said device is
      constituted by an element 2 forming an oro-nasal mask or mouthpiece. The
      said element may be made from a rigid, semirigid, resilient or supple
      material of the type conventionally used for spirometry. The element 2 is
      not provided with an adduction tube, but simply with an opening 5 for
      mouth inspiration and expiration, the said opening having the advantage of
      offering no resistance to the ventilatory flux under ordinary control
      conditions. In the opening 5 is secured, by way of sticking, welding or
      the like, a dielectric member 1 which may be constituted by a rod, thread
      or like element which is smooth and has a square cross-sectional area of 1
      square millimeter. As appears clearly from FIG. 1, the dielectric member 1
      extends along a diameter of the opening 5, it being understood that the
      said opening may have any desired shape and that the said rod may be
      mounted in any desired manner on the said opening. The two end portions of
      the member 1 are provided with fixing points, welds or the like 3, for two
      conductors 6a, 6b placed in a common sheat 4. Alternatively, the conductor
      6 may be connected to the member or rod 1 through small metal clips (not
      shown) since the device may be thrown away after the first use, owing to
      microbial sterility considerations and its very low cost.
PAR  As already mentioned, various measuring arrangements and electrical power
      sources may be associated with the device of the invention. Some of such
      arrangements are shown in FIGS. 2 and 3 described hereafter:
PAR  In FIG. 2 is diagrammatically shown the dielectric member 1 provided with
      its two conductors 6a, 6b and mounted on the element 2. A battery U as
      electrical energy supplying means has a pole coupled to one of the
      conductors 6a, 6b, e.g. the conductor 6a. Indicating means 7, such as an
      oscilloscope for instance, are provided for displaying and/or recording an
      electrical signal and comprise two input terminals 8, 9, with the terminal
      8 connected through the battery U to the conductor 6a and the terminal 9
      directly connected to the conductor 6b.
PAR  The operation of the electrical circuit constituted by member 1, conductor
      6a, battery U, oscilloscope 7, conductor 6b in series connection is as
      follows. When the surface of the smooth member 1 is not provoded with
      water condensation, substantially no current can pass through said member
      1, thence through the oscilloscope 7. When some amount of water
      condensation is formed on the surface of the member 1 during exhalation, a
      current flows through said electrical circuit at a rate proportional to
      said amount of water condensation. However, due to the particular
      construction of the smooth dielectric member according to the invention,
      the water condensation can be evaporated in a very short time within about
      50 ms., so that the current goes down to substantially zero in the same
      time. Accordingly, the current signal displayed by the oscilloscope 7 can
      be a substantially instantaneous image of the amount of water condensation
      on the member 1. In other words, the device according to the invention has
      a very low inertia. It will be appreciated that the sensitivity of such an
      arrangement is dependent upon the potential between the pole terminals of
      the battery U and is increased as this potential is raised. Experiments
      have been successful with e.g. an oscilloscope having an input resistance
      of about 1 M.OMEGA. and with a 9 volt battery.
PAR  FIG. 3 shows a preferred embodiment of the electrical circuit for measuring
      and displaying the breathing signal. More specifically, FIG. 3 illustrates
      an alternative embodiment of the electrical power supplying means in the
      measuring circuit, in substitution for the battery U in FIG. 2. In this
      arrangement, the power supply means comprises an antenna A which may be
      connected anywhere along one of the conductors 6a, 6b, e.g. conductor 6a,
      while the other conductor 6b could be grounded. The antenna A is adapted
      to receive an external electromagnetic field schematically indicated by
      arrow F. This external electromagnetic field may comprise the broadcast
      radio waves, and any spurious electrical signal or noise, such as the
      noise provided in an industrial area, or more specifically in a hospital
      center wherein the device of the invention can be advangeously used. Since
      the sensitivity of the arrangement is dependent upon the potential
      provided by the power supply means, it is required that the detected
      electromagnetic field be relatively stable. For this purpose, a clipper C
      for limiting the amplitude of the signal received from antenna A at a
      predetermined threshold may be advantageously provided as shown in FIG. 3.
      Another requirement for the electromagnetic field is due to the response
      time of the member 1 of the invention which, as disclosed hereabove, is
      within about 50 ms. Proper measurements involve of course an
      electromagnetic field having a frequency much greater that that
      corresponding to the response time.
PAR  Eventually where the antenna A provides a signal power lower than a
      predetermined level, an electromagnetic field generating device G may be
      disposed close to the antenna A for supplying it with a proper
      electromagnetic field. The device G may be for example a transmitter
      comprising for instance a multivibrator having a frequency determined in
      accordance with the response time. On the other hand, it is to be noted
      that the quality of measurements is dependent upon the sensitivity of the
      indicating means 7 which can advantageously be adjusted with the amplitude
      of the signal to be measured.
PAR  The device according to the invention has been disclosed hereabove as
      applying in particular to measurements of water vapour present during a
      breathing exhalation cycle. However such a device can be advantageously
      used for the evaluation of an electrically conductive fluid in many
      technical fields as explained hereinafter.
PAR  The apparatus according to the invention is of interest in biology in the
      broadest sense of the word and, by way of non-limitative example, in
      pedology, limnology, oceanography, microbiology, ecology (including
      behaviour ecology), fundamental and applied research in animal as well as
      plant physiology, pharmacodynamics and pharmacology, space research and
      under-sea research (e.g. diver's mask), ergometry, speleology, medical and
      veterinary clinics, for functional examinations, as well as pre-operatory,
      per-operatory and post-operatory ventilatory control, and also under
      ambulatory conditions. Moreover, the device according to the invention may
      be used in microphony, and also for the measurement of sudation either
      directly or by means of a gas-circulation sucker-chamber.
PAR  In addition, the device of the invention may be used as a "coughing
      appliance", in which case it is fitted to an oro-nasal mask under
      appropriate conditions.
PAR  Furthermore, the device of the invention may be used in all kinds of
      environment humidity controls such as, for instance:
PA1  a. in meteorology,
PA1  b. in variable climate or unvariable climate premises, especially hot
      chambers,
PA1  c. for the control of any water content such as the vapour water during any
      evaporation, more particularly ebullition, but also any steam or water
      vapour pressure (in the latter case, the device of the invention may be
      used as a water-level gauge),
PA1  d. for the study of turbulent forced convections at the interactive
      atmosphere-ocean interfaces.
PAR  Generally, the device according to the invention is adaptable to any
      humidity control apparatus, either metabolic or non-metabolic. In this
      connection, it may serve as a humid contactor or cut-off switch in certain
      automatic electric regulations such as, for instance, water-bath
      thermo-regulation, by being placed at an appropriate predetermined
      distance for each heating temperature of the said bath.
PAR  Of course, the invention is by no means limited to the forms of embodiment
      described and illustrated which have been given by way of example only. In
      particular, it comprises all the means constituting technical equivalents
      to the means described as well as their combinations, should the latter be
      carried out according to the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Device for determining the rate and amplitude of breathing of an
      individual and comprising an element adapted for application to the face
      of an individual and being formed with an opening in the buccal or
      oro-nasal region of the face when said element is applied thereto, a
      unitary, integral elongate dielectric rod member of square cross-section
      and having end portions fixed to said element with its intermediate
      portion, between said end portions, disposed across said opening, said
      dielectric member having at least one smooth surface to accelerate
      evaporation of moisture from said member produced by the flux of water
      vapour present during a breathing exhalation cycle, said dielectric member
      being of a substance lacking electrical conductivity excepting when
      subjected to moisture during a breathing cycle during which its electrical
      conductivity varies in proportion to the amount of moisture exhaled during
      said cycle, a single pair of conductors connected to said dielectric
      member at said end portions thereof, electrical energy supplying means
      coupled to said single pair of conductors, and indicating means having two
      input terminals respectively coupled to said conductors for indicating the
      rate and amplitude of the electrical signal generated by said electrical
      energy supplying means through said dielectric member during the
      exhalation part of each breathing cycle.
NUM  2.
PAR  2. A device according to claim 1, wherein said electrical energy supplying
      means comprises a battery inserted between one of said conductors and one
      of said input terminals of said indicating means.
NUM  3.
PAR  3. A device according to claim 1, wherein said indicating means is an
      oscilloscope.
NUM  4.
PAR  4. A device according to claim 1, wherein said electrical energy supplying
      means includes an external electromagnetic field and antenna means
      connected to one of said conductors for receiving said external
      electromagnetic field.
NUM  5.
PAR  5. A device according to claim 4, comprising an electromagnetic field
      generating device for providing said external electromagnetic field, said
      device being disposed close to said antenna means.
NUM  6.
PAR  6. A device according to claim 4, wherein said antenna means comprise
      amplitude clipping means for limiting the amplitude rate of the signals
      from said external electromagnetic field.
NUM  7.
PAR  7. Device for determining the rate and amplitude of breathing of an
      individual and comprising an element adapted for application to the face
      of an individual and being formed with an opening in the buccal or
      oro-nasal region of the face when said element is applied thereto, a
      unitary, integral elongate dielectric thin resilient thread member having
      a cross-sectional area of 0.1 mm.sup.2 and having end portions fixed to
      said element with its intermediate portion, between said end portions,
      disposed across said opening, said dielectric member having at least one
      smooth surface to accelerate evaporation of moisture from said member
      produced by the flux of water vapour present during a breathing exhalation
      cycle, said dielectric member being of a substance lacking electrical
      conductivity excepting when subjected to moisture during a breathing cycle
      during which its electrical conductivity varies in proportion to the
      amount of moisture exhaled during said cycle, a single pair of conductors
      connected to said dielectric member at said end portions thereof,
      electrical energy supplying means coupled to said single pair of
      conductors, and indicating means having two input terminals respectively
      coupled to said conductors for indicating the rate and amplitude of the
      electrical signal generated by said electrical energy supplying means
      through said dielectric member during the exhalation part of each
      breathing cycle.
NUM  8.
PAR  8. A device for detecting a certain amount of an electrically conductive
      fluid comprising an unitary, integral elongate dielectric rod member of
      square cross-section and having end portions, and at least one smooth
      surface adapted to contact said conductive fluid, a single pair of
      conductors connected to said dielectric member at the end portions thereof
      electrical energy supplying means coupled to said single pair of
      conductors, and indicating means having two input terminals respectively
      coupled to said conductors for indicating the rate and amplitude of the
      electrical signal generated by said electrical energy supplying means
      through said dielectric member.
NUM  9.
PAR  9. A device according to claim 8, wherein said electrical energy supplying
      means comprises a battery inserted between one of said conductors and one
      of said input terminals of said indicating means.
NUM  10.
PAR  10. A device according to claim 8, wherein said indicating means is an
      oscilloscope.
NUM  11.
PAR  11. A device according to claim 8, wherein said electrical energy supplying
      means includes an external electromagnetic field and antenna means
      connected to one of said conductors for receiving said external
      electromagnetic field.
NUM  12.
PAR  12. A device according to claim 11, comprising an electromagnetic field
      generating device for providing said external electromagnetic field, said
      device being disposed close to said antenna means.
NUM  13.
PAR  13. A device according to claim 11, wherein said antenna means comprise
      amplitude clipping means for limiting the amplitude rate of the signals
      from said external electromagnetic field.
NUM  14.
PAR  14. A device for detecting a certain amount of an electrically conducted
      fluid comprising an unitary, integral elongate dielectric thin resilient
      thread member having a cross-sectional area of 0.1 mm.sup.2 and having end
      portions, and at least one smooth surface adapted to contact said
      conductive fluid, a single pair of conductors connected to said dielectric
      member at the end portions thereof electrical energy supplying means
      coupled to said single pair of conductors, and indicating means having two
      input terminals respectively coupled to said conductors for indicating the
      rate and amplitude of the electrical signal generated by said electrical
      energy supplying means through said dielectric member.
NUM  15.
PAR  15. A device according to claim 7, wherein said electrical energy supplying
      means comprises a battery inserted between one of said conductors and one
      of said input terminals of said indicating means.
NUM  16.
PAR  16. A device according to claim 7, wherein said indicating means is an
      oscilloscope.
NUM  17.
PAR  17. A device according to claim 7, wherein said electrical energy supplying
      means includes an external electromagnetic field and antenna means
      connected to one of said conductors for receiving said external
      electromagnetic field.
NUM  18.
PAR  18. A device according to claim 14, wherein said electrical energy
      supplying means comprises a battery inserted between one of said
      conductors and one of said input terminals of said indicating means.
NUM  19.
PAR  19. A device according to claim 14, wherein said indicating means is an
      oscilloscope.
NUM  20.
PAR  20. A device according to claim 14, wherein said electrical energy
      supplying means includes an external electromagnetic field and antenna
      means connected to one of said conductors for receiving said external
      electromagnetic field.
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PAL  Donald Duck by Walt Disney; from Washington Post, June 13, 1951, p. 14B.
PAL  Skuse's Complete Confectioner, 13th Edition, 1957, pp. 45 and 46.
LREP
FRM  Ostrolenk, Faber, Gerb & Soffen
ABST
PAL  A temperature indicator which in one preferred embodiment comprises a
      translucent or transparent confectionery head having a cavity therein. A
      flexible elongated resilient stem, preferably formed of a plastic material
      has one end thereof, which is provided with a plurality of small holes,
      inserted into the cavity. Each of the holes is at least partially filled
      with a temperature sensitive material capable of melting at a temperature
      typically within the range from 96.degree. to 110.degree. F
PAL  With each material mounted within a hole being adapted to melt at a
      different temperature within the aforesaid range. The material filling
      each hole within the stem is preferably of a color which contrasts with
      the material in the other holes for ease of identification. One or more of
      the materials in each hole will melt depending upon the temperature of the
      individual ingesting the lollipop. Each temperature sensitive material is
      completely non-toxic and may be ingested together with the confectionery
      head without any danger of harming the user. The confectionery member may
      also take the form of a pacifier.
PAL  The holes in the one end of the stick may either be partially or completely
      filled with temperature sensitive material. Alternatively the stick may be
      provided with grooves enabling the melting material to be drained away
      from the holes. Those temperature sensitive materials which have melted
      are easy to identify due to the fact that the melted material
      substantially completely leaves the holes in the stick causing the colored
      material to effectively disappear, leaving only the hole.
BSUM
PAR  The present invention relates to temperature sensitive devices and more
      particularly to temperature sensitive devices housed within confectionery
      members, the temperature sensitive elements being adapted to melt at a
      particular temperature level and being completely non-toxic.
PAC  BACKGROUND OF THE INVENTION
PAR  Whenever a child complains of being ill it is normally quite important to
      determine whether a child has a fever. Whereas glass thermometers have
      typically been employed for taking someone's temperature, the potential
      dangers attending the use of glass thermometers are significantly
      magnified when dealing with children. One satisfactory solution for
      avoiding the inherent dangers of glass thermometers has resulted in the
      confectionery type of temperature indicator described in our U.S. Pat. NO.
      3,782,194 issued Jan. 1, 1974. The temperature indicator in one embodiment
      described therein comprises an elongated member having one end thereof
      inserted into a cavity provided within a confectionery head which is
      preferably transparent. The aforesaid end of the rigid member is inserted
      into the cavity to form a fully enclosed interior space in which a
      temperature indicator element is deposited. The temperature indicator
      element is preferably of a particular shape or configuration such as for
      example conical and preferably is of a color which contrasts with the
      color of the confectionery head. By placing the lollipop in the mouth, the
      elevated temperature of the oral cavity causes the temperature sensitive
      element to melt and thereby change its shape so as to effectively
      disappear. Since the temperature sensitive element melts at a discrete
      temperature level, the temperature indicator thereby provides means for
      determining that the child has a temperature of at least the level of the
      temperature sensitive element, that has melted or effectively disappeared.
PAR  In order to determine the particular temperature level of the child more
      specifically, a plurality of temperature sensitive elements, each adapted
      to melt at a different temperature, may be embedded within the
      confectionery member. Thus, if at least one of the temperature sensitive
      elements does not melt, an upper limit of the child's temperature will be
      accurately indicated. For example, by providing a sufficient number of
      temperature sensitive elements, each adapted to melt at temperatures of
      1.degree. or 11/2.degree. increments from every other element, an accurate
      determination of the child's temperature becomes attainable.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is characterized by a confectionery type temperature
      indicator which, retains all the advantages of the confectionery member
      described in our aforementioned patent, and which enhances the
      applicability of the device described in U.S. Pat. No. 3,782,194 and
      greatly simplifies production techniques through the utilization of a
      flexible resilient stem which is provided with small openings for
      receiving each temperature indicating element. The portion of the stem
      having the temperature sensitive elements therein is embedded within the
      head of a confectionery member which is preferably translucent or
      transparent. Each of the temperature sensitive elements is quite small and
      is adapted to melt and effectively disappear so as to leave an empty hole
      or void previously occupied by the temperature sensitive element. Since
      each temperature sensitive element is of a contrasting color relative to
      every other temperature sensitive element, and relative to the
      confectionery head, it is quite easy to make a temperature reading. Each
      of the temperature sensitive elements is formed of a non-toxic material
      and mixed with a suitable non-toxic dye so that ingestion of a temperature
      sensitive element has no harmful effect upon the patient.
PAR  The confectionery head may also be molded in the form of an infant's
      pacifier and utilized in the same manner as the first preferred embodiment
      described herein above.
PAC  BRIEF DESCRIPTION OF THE INVENTION AND OBJECTS
PAR  It is therefore one object of the present invention to provide an
      ingestible non-toxic temperature sensitive device of simplified design and
      having a confectionery head which may be totally ingested without harm to
      the user.
PAR  Another object of the present invention is to provide a novel confectionery
      type temperature sensor comprised of a confectionery head and a resilient
      flexible stem having a plurality of temperature sensitive elements
      imbedded within the stem and of contrasting color to the other temperature
      sensitive elements as well as the confectionery head, to facilitate both a
      determination of the user.
PAR  Still another object of the present invention is to provide a novel
      confectionery type temperature sensor and simplified design comprised of a
      confectionery head and a resilient flexible stem having a plurality of
      temperature sensitive elements imbedded in the stem within holes of
      differing configurations and contrasting colors relative to the
      confectionery head to facilitate both a determination of the temperature
      of the user.
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PAR  The above as well as other objects of the present invention will become
      apparent when reading the accompanying description and drawings in which:
PAR  FIG. 1 is a plan view of a confectionery type temperature indicator
      embodying the principles of the present invention.
PAR  FIG. 1a shows an end view of the temperature indicator of FIG. 1.
PAR  FIG. 1b is an enlarged plan view of one end of the stem shown in FIG. 1.
PAR  FIG. 1c shows a slightly modified arrangement of the embedded portion of
      the stem of FIG. 1b.
PAR  FIG. 1d shows still another modified view of the embedded portion of the
      stem.
PAR  FIG. 1e is a sectional view of the indicator head of the FIG. 1 looking in
      the direction of arrows 1e--1e.
PAR  FIG. 2 is a plan view showing a pacifier which embodies the principles of
      the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIGS. 1 through 1b show an indicator 10 embodying the principles of the
      present invention and which is comprised of an elongated preferably flat
      stem 11 which is formed of a flexible resilient non-toxic material such as
      paper, plastic or any other material exhibiting the requisite flexibility
      and resiliency. Indicator 10, which is commonly referred to as a lollipop,
      is further comprised of a confectionery head 12 having a substantially
      circular shaped periphery as can best be seen in FIG. 1. Each side of 12a
      of the confectionery head is preferably formed with a curvature which
      anatomically is adapted to fit the roof of the mouth of a patient. Another
      advantage gained from this convex contour is the magnifying effect which
      the confectionery head provides to further facilitate visual observation
      of the temperature indicating elements as will be more fully described
      hereinbelow.
PAR  The confectionery head is provided with an opening which, in cross-section,
      is a substantially narrow rectangular shaped opening 12b in which the top
      portion 11a of stem 11 is embedded.
PAR  Top portion 11a of stem 11 is provided with a plurality of diamond shaped
      or round or other suitable shaped openings 11c (FIG. 1b) which extend
      completely through the thickness of stem 11. Considering initially FIG.
      1b, each opening houses a triangular shaped temperature sensitive element
      which is formed of a suitable wax which has been admixed with a non-toxic
      dye. One preferred material may be a hydrocarbon wax adapted to melt at a
      predetermined temperature in the range, for example, from 96.degree.F to
      110.degree.F. FIG. 1b shows three triangular shaped temperature sensitive
      elements 13, 14 and 15. In one preferred embodiment each element may be
      admixed with a non-toxic dye of a different color. For example, the
      elements 13, 14 and 15 may be red, yellow and green respectively and may
      be respectively adapted to melt at temperature levels of 102.degree.F,
      101.degree.F and 100.degree.F.
PAR  The confectionery head may be formed from any one or a combination of a
      variety of sugars. It has been found that barley sugar produces a smooth
      colorless and sweet lollipop head having excellent transparency,
      solubility and temperature range stability. However, any other
      confectionery material may be employed which provides the above
      characteristics and which is adapted to permit unimpeded observation of
      each of the temperature sensing elements.
PAR  Observation of the confectionery member 10 prior to placement in the mouth,
      shows each of the individual elements 13-15 to be clearly visible. After a
      suitable time period during which the confectionery head 12 is ingested
      none, one, more than one or all of the elements will be caused to melt due
      to the temperature level within the oral cavity.
PAR  To determine the temperature of the child, the confectionery head is
      removed from the mouth and observed. Those elements which have melted
      effectively disappear leaving only the holes, or voids which contrast with
      the unmelted elements as well as contrasting with the preferably opaque
      stem 11 to greatly simplify the reading of the element 10.
PAR  In another preferred embodiment as shown, for example, in FIG. 1c, each of
      the openings may be totally filled with a temperature sensitive material
      such as the element 13 of FIG. 1c. To facilitate the complete removal or
      draining of the temperature sensitive material 13, draining grooves 11d
      may be cut or otherwise formed in one or both sides of stem 11.
      Observation for taking a temperature reading is substantially the same as
      that described hereinabove for the embodiment of FIGS. 1 through 1b.
PAR  FIG. 1d shows still another preferred embodiment of the present invention
      wherein portion 11a of stem 11 is formed or otherwise provided with a
      plurality of circular openings 11c' each adapted to be either partially or
      fully filled with a temperature sensitive element of a material or mixture
      which is admixed with a non-toxic dye so that the element provided in each
      opening 11c' is of a contrasting color relative to all of the other
      elements and so that each material is adapted to melt at a different
      predetermined temperature level. For example, in an embodiment provided
      with six openings 11c', the elements in each opening may be respectively
      adapted to melt at temperatures of 98.degree.F, 99.degree.F, 100.degree.F,
      101.degree.F, 102.degree.F and 103.degree.F. Obviously, a greater or
      lesser number of openings may be provided in portion 11a of stem 11.
      Providing one opening with a temperature sensitive material adapted to
      melt near normal body temperature serves to provide positive assurance of
      the proper operation of the confectionery temperature indicator. For
      example, the colored wax in one opening may be adapted to melt at a
      temperature of 98.degree.F with each additional element being adapted to
      melt at temperature levels of one degree increments. Thus the element
      adapted to melt at 98.degree.F will provide positive assurance of the
      proper operation of the confectionery indicator.
PAR  If desired, the embodiment of FIG. 1d may also be provided with drain
      grooves for each opening in the manner shown in FIG. 1c.
PAR  FIG. 2 shows another preferred embodiment 10.degree. of the present
      invention in which the confectionery member is in the form of an infant's
      pacifier. Confectionery head 12' is formed in the shape of a candy nipple
      having a cavity 12 b' for receiving the stem 27a integrally joined to a
      circular shaped disc portion 27b whose opposite surface has integrally
      joined thereto a U-shaped handle 27c comprising the structure 27. The
      element 27 may be molded in a single molding operation and is preferably
      formed of a material having suitable resilience to prevent injury to the
      child. The periphery of 27d of disc shaped portion 27b may be smooth and
      rounded and the handle 27c may preferably have a circular cross-sectional
      configuration so as to eliminate any sharp corners or edges which might
      otherwise cause harm to an infant. The stem 27a is provided with openings
      27e for receiving temperature sensitive elements of the type described
      hereinabove and may be embedded within the cavity 12b' in confectionery
      head 12' which is adapted to incorporate all of the characteristics of the
      confectionery head 12 described hereinabove. Since the temperature
      sensitive materials inserted within each opening 27e is totally non-toxic
      the confectionery head as well as the temperature sensitive materials may
      be completely ingested without any danger of harming the infant.
PAR  The temperature sensitive materials could of course be admixed with
      appropriate colored dyes to provide the contrasting colors as between each
      of the materials and the preferably opaque stem portion 27a to greatly
      facilitate the taking of a temperature reading.
PAR  As an alternative arrangement, and either in place of or in addition to the
      contrasting coloring of each of the temperature sensitive elements, the
      openings in stem 11 may be of contrasting shape. For example, note FIG. 1
      in which the openings 11c are respectively shown as being diamond shaped,
      circular and triangular. With this arrangement, so long as the temperature
      sensitive elements are of a color which contrasts with the confectionery
      head 12, an observation of the configuration of the opening may be
      utilized to identify the temperature level for the element which had
      melted and effectively disappeared. Thus the elements may be either of
      contrasting colors or the same color since the shape of the openings may
      be employed to distinguish between each of the elements. If desired, the
      relative positions of the openings may likewise be employed to identify
      the temperature level; identification may then be made on the basis of a
      printed information sheet package with the temperature indicator or
      alternatively the temperature level at which each element melts may be
      printed directly upon stem 11 immediately adjacent each temperature
      sensitive element which may be obtained through the use of a non-toxic ink
      or by molding the numbers directly into the stem.
PAR  It can be seen from the foregoing description that the present invention
      provides a novel confectionery type temperature indicator which is quite
      safe for use in taking the temperature of a child or infant and which is
      easy to use and may be manufactured quite inexpensively and in large
      quantities.
PAR  Although this invention has been described with respect to preferred
      embodiments, it should be understood that many variations and
      modifications will now be obvious to those skilled in the art, and it is
      preferred, therefore, that the scope of this invention be limited, not by
      the specific disclosure herein, but only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A temperature sensitive device especially adaptable for use in taking a
      child's temperature comprising:
PA1  a confectionery body having a cavity extending to at least one end thereof;
PA1  an elongated flexible resilient stem having a first end thereof inserted
      into said cavity;
PA1  said first end having at least one opening provided completely therethrough
      which is substantially completely enclosed by said confectionery member
      when the first end of the stem is positioned in the confectionery head;
      said opening being in the shape which would be formed by a plane
      geometrical figure passing through said stem;
PA1  a temperature sensitive element at least partially filling said opening in
      said stem;
PA1  said confectionery head having at least a portion thereof which is
      substantally transparent so as to facilitate observation of the
      temperature sensitive element in said opening from either direction
      transverse to the plane of said opening;
PA1  said temperature sensitive element being of a contrasting color relative to
      the substantially transparent portion of the confectionery member through
      which it is viewed;
PA1  said element adapted to be substantially completely melted at a
      predetermined temperature level so as to substantially completely flow out
      of said opening and thereby effectively disappear from said stem to
      provide a positive indication of the predetermined temperature level.
NUM  2.
PAR  2. The device of claim 1 wherein said temperature sensitive element is
      comprised of a non-toxic hydro-carbon wax admixed with a non-toxic dye.
NUM  3.
PAR  3. The device of claim 1 wherein a plurality of holes are provided in the
      first end of said stem and wherein a plurality of temperature sensitive
      elements are provided in each of said openings so as to at least partially
      fill each of said openings;
PA1  each of said temperature sensitive elements being adapted to melt at
      different temperature levels and each of said temperature sensitive
      elements being of a contrasting color relative to the remaining
      temperature sensitive elements to facilitate determination of the
      temperature of the person ingesting the temperature sensitive device.
NUM  4.
PAR  4. The device of claim 3 wherein the temperature sensitive elements
      completely fill each of the openings in which they are deposited.
NUM  5.
PAR  5. The device of claim 1 wherein said first end of said stem is provided
      with a plurality of openings of different configurations and wherein each
      of said openings contains a temperature sensitive element at least
      partially filling each of said openings and each being of a contrasting
      color relative to said confectionery head, said contrasting openings being
      adapted to facilitate the temperature of the person ingesting the
      confectionery head.
NUM  6.
PAR  6. The device of claim 1 wherein said stem is further provided with a disc
      portion joined to said first end and a substantially U shaped handle;
PA1  said confectionery head being in the form of a nipple completely enclosing
      said stem whereby said confectionery head and said stem structure
      collectively form a structure resembling a child's pacifier.
NUM  7.
PAR  7. The device of claim 3 wherein the openings in said elongated member are
      of differing configurations, with each opening being adapted to receive
      temperature sensitive elements of differing melting points.
NUM  8.
PAR  8. A temperature sensitive device especially adaptable for use in taking a
      child's temperature comprising:
PA1  a confectionery body having a cavity extending to at least one end thereof;
PA1  an elongated flexible resilient stem having a first end thereof inserted
      into said cavity;
PA1  said first end having at least one opening provided therein which is
      substantially completely enclosed by said confectionery member when the
      first end of the stem is positioned in the confectionery head;
PA1  a temperature sensitive element at least partially filling said opening in
      said stem;
PA1  said confectionery head having at least a portion thereof which is
      substantially transparent so as to facilitate observation of the
      temperature sensitive element in said opening;
PA1  said temperature sensitive element being of a contrasting color relative to
      the substantially transparent portion of the confectionery member through
      which it is viewed;
PA1  said element adapted to be substantially completely melted at a
      predetermined temperature level so as to substantially completely flow out
      of said opening and thereby effectively disappear to provide a positive
      indication of the predetermined temperature level;
PA1  at least one drain groove provided along at least one side of said stem
      wherein said drain groove extends between said opening and one edge of
      said stem to provide a trough for removal of the temperature sensitive
      element upon melting thereof.
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PAL  A clinical thermometer having a probe with a thermopile mounted thereon.
      The probe is inserted into a connector housing which includes a resistance
      thermometer for measuring the temperature of the cold junctions of the
      thermopile. The connector housing includes a portion of an electrical
      circuit mounted on a circuit board which is electrically connected to the
      resistance thermometer. The circuit board is electrically connected to a
      meter box having the remaining portion of the electrical circuit contained
      therein. The meter box includes a dial which is calibrated in degrees of
      temperature for visually indicating the temperature sensed by the hot
      junctions of the thermopile. The probe is releasably secured within the
      connector housing so that probes can be easily inserted and removed. The
      clinical thermometer provides a mechanism whereby the body temperature of
      a patient can be measured quickly and easily and without maintaining the
      cold junctions of the thermopile at a constant reference temperature.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of application Ser. No. 324,015, filed Jan.
      16, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  This invention relates to the field of clinical thermometers. In
      particular, this invention relates to clinical thermometers having a probe
      with a thermopile mounted thereon. More particularly, this invention
      relates to a clinical thermometer in which the temperature of the cold or
      reference junctions of a thermopile is measured by a resistance
      thermometer. Further, this invention pertains to a clinical thermometer
      wherein a resistance thermometer is included in an electrical bridge
      circuit which is used to compensate for temperature fluctuations at the
      cold or reference junctions.. The bridge circuit is connected to a meter
      which visually indicates the temperature sensed by the hot junctions of
      the thermopile.
PAR  2. Prior Art.
PAR  Clinical thermometers employing a thermocouple sensor are well known in the
      art. For example, Rentz U.S. Pat. No. 3,464,864, Jones U.S. Pat. No.
      3,507,153, Moore U.S. Pat. No. 3,531,992 and Jarzembski U.S. Pat. No.
      3,688,580 show devices utilizing a thermocouple for measuring the body
      temperature of animals and humans. In devices such as that shown in the
      Rentz patent, a thermocouple is used to measure the skin temperature of
      animals. The thermocouple is part of a button securing mechanism which
      holds the thermocouple to the skin surface of the subject. In devices such
      as described in the Jones and Moore patents, a thermocouple is inserted
      into the ear canal covered with a cotton membrane which leads to
      temperature inaccuracies due to the cotton membrane insulating properties.
      The Jarzembski patent discloses a disposable thermocouple probe and a
      connecting device which provides mechanical and electrical connection
      between the probe and a measuring and indicating assembly. The reference
      junction in the Jarzembski patent is provided within a thermally regulated
      oven which is maintained at a predetermined temperature and so no
      temperature compensation means are employed.
PAR  Temperature measuring devices employing a thermopile sensor are also known
      in the art. For example, Evins U.S. Pat. Nos. 1,552,284, 1,610,271 and
      1,648,939 disclose thermopile sensors for measuring the external skin or
      body temperature. Other thermopile sensors and various methods for forming
      the sensors are shown in Thorpe U.S. Pat. No. 1,706,419 and Canada U.S.
      Pat. No. 2,562,696.
PAR  The use of a thermally sensitive resistor connected to compensate for
      changes in the temperature of the reference junction of a thermocouple and
      thermopile sensor are shown in Engelhard U.S. Pat. No. 3,225,597 and
      Wescott U.S. Pat. No. 3,580,074, respectively. However, these devices do
      not provide a disposable probe or a connector housing having a resistance
      thermometer for detachably mounting the probe.
PAR  In devices such as those shown in Glick U.S. Pat. No. 3,485,102 and in
      Ensign U.S. Pat. Nos. 3,367,186 and 3,500,280, thermistors are embedded in
      the end of a probe member attached to a meter having a dial reading in
      degrees of temperature for measuring a particular cavity temperature.
      These patents show the probe member being detachable from the rest of the
      temperature sensing system; however, these devices rely on thermistors
      which are quite different from thermopile sensors.
PAR  Other devices such as that shown in Moses U.S. Pat. No. 3,153,769, Catlin
      U.S. Pat. No. 3,402,378 and Biber U.S. Pat No. 3,221,555 use
      thermistor-type sensing mechanisms wherein the temperature sensor is
      encased and temperature discrepancies may occur due to conduction losses.
      Additionally, in such devices the probe is not electrically or
      mechanically attachable to a connector housing which contains a resistance
      thermometer.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an improved clinical
      thermometer.
PAR  Another object of the present invention is to provide a clinical
      thermometer which is highly accurate and can be easily and inexpensively
      manufactured.
PAR  Still another object of the present invention is to provide a clinical
      thermometer having a disposable probe.
PAR  A further object of the present invention is to provide a temperature
      sensing probe having a thermopile mounted thereon and a connector housing
      for detachably mounting the temperature sensing probe.
PAR  The above-enumerated objects of the present invention as well as other
      objects which will become apparent upon reading the undergoing
      specification and attached drawings are realized by the use of a clinical
      thermometer which includes a probe having a thermopile mounted thereon.
      The thermopile comprises a plurality of thermocouples connected in series
      and defines a plurality of hot junctions formed near a first end of the
      probe and a plurality of cold junctions formed near a second end of the
      probe. The clinical thermometer also includes a connector housing having a
      mechanism for measuring the temperature of the cold junctions of the
      thermopile and an electrical bridge circuit partially disposed in the
      connector housing. The mechanism for measuring the temperature of the cold
      junctions forms one arm of the electrical bridge circuit and compensates
      for fluctuations in the temperature of the cold junctions.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the clinical thermometer system showing
      both the meter and probe as well as the connector housing;
PAR  FIG. 2 is a perspective, exploded view of the connector housing showing the
      insertion of the probe.
PAR  FIG. 3 is a planar view of the probe showing the upper surface;
PAR  FIG. 4 is a planar view of the probe showing the lower surface;
PAR  FIG. 5 is a planar view of the resistance thermometer mechanism;
PAR  FIG. 6 is a cross-sectional view of the connector housing and inserted
      probe taken along the line 6--6 of FIG. 1;
PAR  FIG. 7 is a cross-section of the resistance thermometer mechanism of FIG.
      5; and
PAR  FIG. 8 is the circuit diagram of the clinical thermometer system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1, 2 and 3, there is shown clinical thermometer 10
      for determining body temperature through generation of an electromotive
      force as well as the accurate sensing and translation of the electromotive
      force into a reading in degrees of temperature. In general, temperature
      measuring system 10 comprises a modular system having a temperature
      sensing mechanism which is disposable and is constructed to allow a
      temperature reading to be taken in a matter of seconds. Clinical
      thermometer 10 may be utilized in hospitals or other medical centers for
      taking an accurate and quick oral or rectal temperature reading in animal
      or human patients.
PAR  Clinical thermometer 10 comprises probe 12 shown in FIGS. 3 and 4 which has
      thermopile 14 mounted thereon. Thermopile 14 comprises a plurality of
      thermocouples connected in series defining measuring or hot junctions 16
      formed near first end 20 of probe 12 and associated cold or reference
      junctions 18 formed near second end 22. Resistance thermometer mechanism
      24 is included within connector housing 26 for measuring the temperature
      of cold junctions 18 of thermopile 14. Electrical circuit 30 which is
      partially mounted on circuit board 28 and partially within galvanometer
      housing 32 is shown in FIG. 8. Electrical circuit 30 measures the
      temperature sensed at hot junctions 16 of thermopile 14. Resistance
      thermometer mechanism 24 compensates for fluctuations in the temperature
      of cold junctions 18 and forms one arm of bridge circuit 34.
PAR  Connector housing 26 is constructed from a plurality of elements and
      provides a mechanism for housing resistance thermometer mechanism 24 and
      circuit board 28 for releasably mounting probe 12 in a predetermined
      position. Connector housing 26 includes connector housing base 36 having a
      recess 38 formed therein. Circuit board 28 containing a portion of
      electrical bridge circuit 34 is mounted in connector housing base 36
      within recess 38. The upper portion of connector housing 26 defines a
      mechanism for locating resistance thermometer mechanism 24 in good
      physical and thermal contact with cold junctions 18 of thermopile 14 and
      includes upper connector housing 40 and connector housing pivot element
      42.
PAR  Upper connector housing 40 has substantially triangular-shaped, opposed
      longitudinal walls 44 and is pivotally connected to connector housing base
      36 by inserting pivot pin 48 through pivot openings 46 in upper connector
      housing 40 and connector housing base 36. In this manner, upper connector
      housing 40 can be pivotally moved with respect to connector housing base
      36. Additionally, connector housing pivot element 42 is pivotally mounted
      to upper connector housing 40 at forward end 56 by insertion of pivot pin
      50 through pivot openings 52, 54 therein, as shown in FIGS. 2 and 6.
      Resistance thermometer mechanism 24 is mounted on the lower surface of
      pivot element 42.
PAR  Spring 58 provides a means for releasably securing probe 12 within
      connector housing 26 in a predetermined position. Spring 58 is mounted on
      the upper surface of circuit board 28 and bears against upper connector
      housing 40 near rear end 60. Since upper connector housing 40 is pivotally
      mounted to base 36 through pivot pin 48, the force applied to upper
      connector housing 40 by spring 58 forces forward end 56 in a downward
      direction towards the forward end of base 36. The spring force applied by
      spring 58 is low enough to permit manual grasping and displacement of rear
      end 60 of upper connector housing 40 in a direction towards base 36 to
      permit insertion of probe 12. After probe 12 is inserted into its proper
      position, rear end 60 is released and probe 12 thereby mounted in the
      predetermined position within connector housing 26.
PAR  Since connector housing pivot element 42 is pivotally mounted to upper
      connector housing 40, resistance thermometer mechanism 24, which is
      mounted on the lower surface of pivot element 42, can easily be positioned
      in good physical and thermal contact with cold junctions 18 when probe
      member 12 is inserted into connector housing 26. In transverse
      cross-section, pivot element 42 has the approximate shape of an aerofoil.
      However, other shapes can also be used. Pivot element 42, as shown in FIG.
      6, includes a cavity 62 formed in lower surface 64 thereof. As shown in
      the figures, resistance thermometer mechanism 24 provides a closure for
      cavity 62 and is electrically connected to electrical bridge circuit 34 on
      circuit board 28 through appropriate electrical leads. The positioning of
      resistance thermometer mechanism 24 over cavity 62 permits a fast
      temperature response time when measuring the temperature of cold junctions
      18 located on probe 12.
PAR  In order to provide accurate positioning of probe 12 within connector
      housing 26, stop member 68 is secured to circuit board 28. Stop member 68
      is positioned transverse to circuit board 28 and is either mounted thereto
      or formed in one piece therewith. Stop member 68 extends upward in a
      vertical direction from circuit board 28 and prevents longitudinal passage
      of probe 12 beyond a predetermined point during insertion of probe 12 into
      housing 26. Projection 70 is formed on a forward end of connector housing
      base 26 and also extends upward in a vertical direction to contact lower
      surface 80 of probe 12 after insertion of probe 12 into connector housing
      26. Contacts 72 extend downward in a vertical direction from lower surface
      80 of probe 12 and provide electrical connection between thermopile 14 and
      electric circuit 30 partially mounted on circuit board 28. Contacts 72 are
      transversely displaced from each other on lower surface 80 of probe member
      12 and in combination with projection 70 form a three-point stance for
      probe 12. The vertical extension of contacts 72 in combination with
      projection 70 ensures that contacts 72 will properly contact the desired
      portion of circuit board 28 and electrically connect thermopile 14 to
      electric circuit 30 when probe 12 has been inserted into connector housing
      26 and abuts against stop member 68. Connector housing base 36, upper
      connector housing 40, and connector housing pivot element 42 are
      constructed of an electrically non-conductive material such as a plastic.
PAR  Probe 12 comprises an elongated member having its longitudinal dimension in
      the direction of arrow 74. Probe 12 includes first end 20 which is
      provided with an enlarged head of suitable size and shape for taking the
      oral or rectal temperature of a patient, and second end 22 which is
      adapted to be inserted into connector housing 26. Probe 12 includes a pair
      of side walls 76 which define upper base surfaces 78 therebetween on which
      thermopile 14 is mounted. Vertically extending side walls 76 are
      discontinuous at first end 20 in order to permit the wire making up
      thermopile 14 to be wound around probe 12 from upper surface 78 to lower
      surface 80. In general, probe 12 can be formed as a single piece of
      plastic or like material which is substantially electrically
      non-conductive. Probe 12 is usually at least 3 inches long, with a length
      of about 41/2 inches being particularly suitable for oral use. Thicknesses
      on the order of 65 to 75 mils have been found to be suitable.
PAR  Thermopile 14 comprises a predetermined length of wire which is wound
      around probe 12 in the longitudinal direction 74 as is shown in FIGS. 1-4.
      Wire 82 runs above top surface 78 of probe 12 and below lower surface 80.
      The two ends of the continuously wound wire terminate at contacts 72 which
      are mounted near second end 22 on lower surface 80. Wire 82 is spaced
      apart and is electrically insulated by air gaps between adjacent wires.
PAR  Thermopile 14 preferably comprises three to ten complete turns of wire 82.
      When more than ten turns are employed, the accuracy of clinical
      thermometer 10 is normally not improved. However, more than ten turns can
      be employed if desired. For example, experiments have been run with up to
      twenty complete turns of wire 82 and good results obtained. The use of
      only two wire turns is not desirable because of the difficulty of
      obtaining an accurate temperature reading. More specifically, it is very
      difficult to obtain a good average temperature reading when only two wire
      turns are employed. The use of only one turn of wire does not fall within
      the scope of the present invention and has proved totally unsatisfactory
      for obtaining accurate temperature readings. More specifically, the
      voltage output of a single turn of wire is too low and, because of the
      "point" contact with the patient's body, an average temperature cannot be
      obtained. For example, when taking an oral temperature reading, the
      patient's mouth may be dry resulting in a temperature reading on or two
      degrees higher than the actual oral temperature. Further, localized
      impurities in the thermocouple may result in false readings when only one
      turn of wire is used.
PAR  Recess 84 is formed in first end 20 of probe 12 as shown in FIGS. 1-3. Wire
      82 passes over recess 84 with hot junctions 16 being positioned over
      recess 84. Recess 84 provides an air gap between the surface of probe 12
      and wire 82. This forms a thermal insulation barrier between wire 82 and
      probe 12 and results in a fast temperature response time. Recess 84 also
      allows hot junctions 16 to come into more intimate contact with the body,
      typically the patient's tongue, and to allow saliva or other body fluid to
      surround the hot junction thereby resulting in a quicker and more accurate
      temperature reading. Recess 84 as illustrated does not pass completely
      through probe 12 from upper surface 78 to lower surface 80. However,
      recess 84 can, if desired, be formed as a hole or opening passing entirely
      through first end 20. Also, a bridge (not shown) can be mounted on probe
      12 transversely across recess 84 so that wire 82 is supported thereon and
      prevented from sagging into recess 84 after being wound around probe 12.
      Alternatively, recess 84 can be omitted and the bridge (not shown),
      typically on the order of 20 mils high, can be used as the sole means for
      spacing hot junctions 16 from upper surface 78 of probe 12. It should be
      appreciated that recess 84 can be of different size and shape and that hot
      junctions 16 can be thermally insulated from probe 12 in various other
      ways not specifically illustrated.
PAR  Thermopile 14, comprising wire 82, can conveniently be formed from a first
      metal having a second dissimilar metal plated thereon. The second
      dissimilar metal can be selectively plated on the first metal after the
      first metal has been wound around probe 12 or, alternatively, can be
      plated thereon before winding and selectively deplated after winding. In
      the drawings, the darker portion of wire 82 represents the combination of
      the first and second dissimilar metals and the lighter portion represents
      only the first metal.
PAR  As just described, thermopile 14 is made up of wire 82 which is essentially
      composed of two dissimilar metals. The first or base metal generally has
      the lower electrical conductivity of the two dissimilar metals. The first
      metal can be constantan or nickel, as well as tungsten, alumel, stainless
      steel, platinum, palladium or other such metals. The second metal
      generally has a higher electrical conductivity than the first metal and
      extends between a first plating point and a second plating point on the
      upper surface 78 of probe 12. Each of these plating points defines one of
      the hot and cold junctions 16 and 18, respectively. The second metal can
      be copper or other metal such as silver or gold which has a high
      electrical conductivity.
PAR  One method of forming thermopile 14 is by winding a wire of the first
      metal, such as constantan, around probe member 12 in the longitudinal
      direction and then partially masking the constantan wire. The masking
      material can be any material that will prevent electrodeposition of the
      second metal such as copper. The masking can be accomplished by applying a
      liquid solution of an insulating material such as a lacquer or shellac.
      The unmasked area is then electroplated with copper by conventional
      electroplating techniques. It has been found that if constantan or other
      base metal wire of about 1 to 5 mils in diameter is used, a copper or
      second metal coating of approximately 1 to 5 mils will be satisfactory.
      First or base metal wires of over 5 mils in diameter are difficult to wind
      and wires of less than 1 mil are expensive to manufacture and may not be
      homogenous.
PAR  In various tests run, it has been observed that current flow between the
      electrodes in the plating solution takes a sudden jump upward at a
      particular point in the plating process. This sudden jump can be treated
      as a signal that the plating is of approximately the correct thickness.
      This plating observation is valuable for production purposes since the
      current effect is quite discrete and provides an easy method of
      determining when to terminate the plating. It is believed that this sudden
      jump or step function in current results from a shunting of the current
      from the constantan to the copper. While there will always be some current
      flow through the base constantan wire, it is apparent that a very large
      proportion of the current will flow through the copper coating where it is
      plated, since the ratio of the resistance of copper to that of constantan
      is approximately 5:290 ohms. It is believed that as some copper is
      deposited on the base constantan wire, the current flow starts to increase
      and this increase in current flow in turn accelerates the deposition of
      copper. It is apparent that these two actions effect each other and thus
      result in a sudden current jump at a given point in the process. When the
      current surge is noted, the plating process is stopped.
PAR  Another suitable method of forming thermopile 14 comprises plating the
      entire length of constantan wire with copper. The wire is then
      longitudinally wound around probe 12 until the desired number of turns are
      formed. The wire is then masked between hot and cold junctions 16 and 18,
      respectively, on upper surface 78 of probe 12. Probe 12 is then dipped
      into a deplating solution in order to deplate the copper from the unmasked
      area. Accordingly, thermopile 14 can be constructed through a deplating
      process as well as the plating process previously described.
PAR  The mechanism for measuring the temperature of cold junctions 18 on probe
      12 is shown in FIGS. 5 and 7 which show resistance thermometer mechanism
      24. In many prior art devices, the cold junction is kept at a constant
      temperature such as by immersing it in an ice bath to provide a constant
      reference temperature. By contrast, in the present invention, the
      temperature of cold junctions 18 is allowed to vary as a function of
      atmospheric conditions. However, the temperature of hot junctions 16 is
      read out as an absolute temperature by incorporation of resistance
      thermometer mechanism 24 into electrical circuit 30 in which resistance
      thermometer mechanism 24 forms one arm of bridge circuit 34 as shown in
      FIG. 8 and compensates for changes in the temperature of cold junctions
      18.
PAR  The principle of operation of resistance thermometer mechanisms is well
      known in the art. In these mechanisms, the change in resistance of a
      conductor with temperature change is used to measure temperature. Metals
      commonly used as the sensitive element in resistance thermometers are
      copper, platinum and nickel. Copper is particularly preferred herein
      because it has a positive linear temperature coefficient of resistance
      over the temperature range contemplated. Referring to FIGS. 5 and 7,
      resistance thermometer mechanism 24 comprises a bi-filar spiral 86 of
      copper, typically about 2.5 mils in diameter, having a sharp reverse turn
      88 located substantially near the center of the spiral. The turns of
      spiral 86 do not contact each other but are spaced apart at 90 so that the
      turns are electrically insulated from each other. Spiral 86 has first
      contact end 92 and second contact end 94 as is shown in FIG. 5. Leads 66
      are connected to contact ends 92 and 94 and are used for inserting
      thermometer mechanism 24 into bridge circuit 34. A number of well known
      configurations for electrical contacts 92 and 94 can be used to provide
      the proper electrical connections within circuit 30.
PAR  In construction, resistance thermometer mechanism 24 includes electrically
      non-conductive base 96 such as a plastic layer having substantially
      opposed planar surfaces 98 and 100, respectively. Copper spiral 86 is
      securely mounted on surface 98 of base 96 by any conventional technique.
      For example, spiral 86 can be formed by conventional etching techniques
      used in making etched copper circuits. Briefly, an oversized picture of
      spiral 86 is taken, reduced in size, and printed onto an emulsion placed
      over a copper foil having a plastic substrate. The printed image is
      developed and processed to form an etching mask. The copper is then etched
      in an acid bath to form bi-filar spiral 86.
PAR  A difference in the thermal coefficient of expansion between copper spiral
      86 and the plastic comprising non-conductive base 96 may produce a strain
      gauge effect which will change the physical dimensions of spiral 86
      resulting in a resistance change and the inaccurate measurement of the
      temperature of cold junctions 18. In order to avoid this problem,
      thermally conductive pad 102 is used, one surface of which is mounted on
      surface 100 of non-conductive base 96. Pad 102 is typically made of the
      same material as copper sprial 86. However, any material which has a
      similar thermal coefficient of expansion such as nickel, berylium,
      stainless steel, or gold can be used. Pad 102 has a mass somewhat greater
      than that of either bi-filar spiral 86 or base 96. Base 96 is a "slave" to
      the expansion and contraction of pad 102 and so spiral 86 "floats" on a
      base of a material having essentially the same expansion properties. This
      substantially removes the strain gauge effect and further increases the
      accuracy of the system. Resistance thermometer mechanism 24 can be
      sheathed in a thin protective film 103 of plastic, silicon, rubber or
      similar material if desired. The diameter of resistance thermometer
      mechanism 24 is on the order of 5 millimeters, with pad 102 being on the
      order of 3 to 5 mils in thickness. Resistance thermometer mechanism 24 can
      be mounted to pivot element 42 with bi-filar spiral 86 facing toward or
      away from cavity 62.
PAR  Circuit 30 and the electrical connections between each of the basic
      elements of clinical thermometer 10 are shown in FIG. 8. By incorporation
      of resistance thermometer mechanism 24 into bridge circuit 34 in
      association with resistors 106, 108 and 110, an absolute temperature
      reading can be obtained, even with a fluctuating cold junction
      temperature. Bridge circuits of this type are well known in the art. As is
      conventional, resistors 106, 108 and 110 have low temperature
      coefficients.
PAR  Battery 112 is placed in series with voltage adjustment potentiometer 114,
      and these elements are connected to bridge circuit 34 at nodal points 116
      and 118. The electrical sensitivity of bridge circuit 34 is made as nearly
      equal to the sensitivity of thermopile 14 as possible. This can be easily
      accomplished since the sensitivity of thermopile 14 is a function of the
      number of turns of wire 82, and since the resistance change of copper
      which makes up copper spiral 86 is known as a function of temperature.
      With these known characteristics of the system, determination of the
      voltage to be supplied to the bridge circuit 34 can easily be derived in a
      conventional manner. In actual practice, a 500 ohm voltage adjustment
      potentiometer 114 has been used in series with battery 112, which is
      approximately 11/2 volts. In this manner, a voltage of approximately 1/2
      volt is put across bridge circuit 34. Both battery 112 and potentiometer
      114 can be incorporated within galvonometer 32 in order to achieve a
      compact system 10 and avoid the problem of having various electrical
      elements in different, separately located housings.
PAR  Null adjustment potentiometer 120 is connected in series with resistor 122
      which somewhat desensitizes potentiometer 120. By electrically connecting
      potentiometer 120 and resistor 122 to nodal points 124, 118 and 126 as
      shown in FIG. 8, the null point of bridge circuit 34 can be easily
      adjusted. As with respect to battery 112 and potentiometer 114, null
      adjustment potentiometer 120 and resistance 122 can be located within
      meter 32 to provide a compact system 10.
PAR  The connection between meter 32 and circuit 34 is made through cable 128
      which is typically a five lead cable. Galvanometer button or switch 104
      controls actuation of dial 130 which is calibrated in degrees of
      temperature, and is used to connect thermopile 14 to meter 32 and battery
      112 to bridge circuit 34. This is done so that battery 112 is only in an
      "on" condition during the time that switch 104 is actuated and
      measurements are being taken, otherwise battery 112 would be continually
      "on" and would run down rather quickly. Alternatively, meter 32 is
      connected to a standard 110 voltage supply through line 133 in which event
      conventional rectification and voltage regulation would be employed.
PAR  Thermopile mechanism 14 develops a voltage which is proportional to the
      temperature difference between its hot and cold junctions. The voltage
      across nodes 124, 126 of bridge circuit is proportional to the temperature
      measured by resistance thermometer mechanism 24. Voltage adjustment
      potentiometer 114 adjusts the input voltage to bridge 34 across terminals
      116 and 118 so that the sensitivity of bridge circuit 34 substantially
      matches that of thermopile 14. Null adjustment potentiometer 120 is
      correspondingly set so that bridge 34 is balanced when resistance
      thermometer mechanism 24 is at a temperature reading on dial 130 which
      corresponds to zero voltage. Since resistance thermometer mechanism 24 is
      in thermal contact with the reference junctions 18 of thermopile 14, the
      total output voltage of bridge circuit 34 and thermopile 14 is
      proportional to the temperature of hot junctions 16.
PAR  In use, second end 22 of probe 12 is releasably secured in connector
      housing 26. As previously discussed, connector housing 26 is constructed
      so that cold junctions 18 will be in good physical and thermal contact
      with resistance thermometer mechanism 24. Copper spiral 86 and cold
      junctions 18 will reach thermal equilibrium in about 1 or 2 seconds. This
      fast temperature response time is obtained because of the thermal
      insulation of copper spiral 86 from connector housing 26 by means of
      cavity 62 and because of the previously described structure of resistance
      thermometer mechanism 24. Probe 12 is now ready to be inserted into the
      mouth or rectum of the patient.
PAR  Probe 12, as illustrated, is particularly suited for oral use. For example,
      first end 20 is of suitable size and shape for insertion under the
      patient's tongue; howver, the size and shape of first end 20 can be
      appropriately modified for rectal use. With this construction, the bottom
      of the tongue will lie flush against hot junctions 16. In this position
      saliva and mucus can surround hot junctions 16 and collect in recess 84.
      This intimate physical contact enables hot junctions 16 to quickly reach
      the patient's body temperature. Specifically, hot junctions 16 will reach
      the patient's body temperature within a matter of milliseconds, namely, on
      the order of 50 milliseconds. A fast temperature response time is
      essential to the taking of an accurate reading since the patient's oral or
      rectal temperature will be lowered somewhat by the relatively colder probe
      12. However, this temperature change will not occur to any appreciable
      extent within the temperature response time of thermopile 14.
PAR  After first end 20 of probe 12 is inserted into the mouth or rectum of the
      patient, galvonometer button 104 is depressed until the temperature
      reading has been visually observed on dial 130. If desired, a conventional
      peak and hold circuit can be used to register the maximum temperature
      reading.
PAR  Although only a single embodiment of the present invention has been
      described herein, it should be appreciated that there are many
      modifications falling within the scope of the present invention. Also,
      while thermometer 10 has been specifically described as being useful for
      taking oral and rectal temperature readings, it should be understood that
      thermometer 10 can also be used for determining respiration rate. If a
      respiration rate reading is desired, first end 20 of probe 12 is held in
      front of the patient's mouth, galvanometer button 104 depressed and the
      patient asked to breath normally. The respiration rate can then be
      determined by observing the fluctuations of dial 130. Alternatively, the
      output signal from thermopile 14 can be fed through conventional
      electronic means including, for example, an amplifier, discriminator and
      counter to produce a reading indicative of breaths per unit of time.
      Accordingly, the present invention should only be limited as defined in
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oral or rectal probe for a clinical thermometer, comprising:
PA1  an elongated, electrical nonconductive member having a first end of
      suitable size and shape for insertion into the mouth or rectum of a
      patient, said first end having a recess formed therein;
PA1  thermopile means having a plurality of thermocouples connected in series
      mounted on said member and defining at least three hot junctions near said
      first end of said member and at least three cold junctions near a second
      end of said member, said hot junctions being positioned along a line which
      is transverse to said member and in the area of said recess so that said
      hot junctions are separated from one another and from said member by air
      gaps; and
PA1  a pair of electrical contacts mounted on said member near said second end
      and electrically connected to said thermopile means, said second end of
      said member being detachably mountable in a housing comprising at least
      part of a system for using the emf developed by said thermopile in
      determining the oral or rectal temperature of said patient.
NUM  2.
PAR  2. The probe of claim 1 wherein said thermopile means defines from three to
      ten hot junctions near said first end and from three to ten cold junctions
      near said second end.
NUM  3.
PAR  3. The probe of claim 1 wherein said thermopile means includes at least one
      wire element wound around said member in the longitudinal direction
      thereof.
NUM  4.
PAR  4. The probe of claim 3 wherein said wire element comprises a first metal
      wire of the same length as said wire element and a second metal adhering
      to said first metal throughout a portin of the longitudinal length of said
      wire element on the upper surface of said member.
NUM  5.
PAR  5. The probe of claim 4 wherein said second metal is plated on said first
      metal wire from a first plating point defining said hot junctions to a
      second plating point defining said cold junctions.
NUM  6.
PAR  6. The probe of claim 5 wherein said first metal of said wire element is
      constantan.
NUM  7.
PAR  7. The probe of claim 6 wherein said second metal of said wire element is
      copper.
NUM  8.
PAR  8. The probe of claim 1 wherein said member is made of plastic.
NUM  9.
PAR  9. A connector for use with a clinical thermometer probe of the type having
      thermopile means mounted thereon defining a plurality of hot junctions
      near a first end of said probe and a plurality of cold junctions near a
      second end of said probe, comprising: a connector housing; resistance
      thermometer means for measuring the temperature of said cold junctions of
      said thermopile means mounted in said connector housing, said resistance
      thermometer means including an electrically non-conductive base having
      opposed substantially planar surfaces, an electrically conductive material
      formed into a flat resistance element mounted on one of said surfaces of
      said base, and a thermally conductive pad mounted to the other one of said
      surfaces of said base, said pad being secured to said connector housing;
      and means for releasably securing said second end of said probe in said
      connector housing in a predetermined position so that said cold junctions
      are in physical and thermal contact with said resistance thermometer
      means.
NUM  10.
PAR  10. The connector of claim 9 wherein said pad has a mass greater than the
      mass of said flat resistance element.
NUM  11.
PAR  11. The connector of claim 9 wherein said pad and said flat resistance
      element are constructed of the same metal.
NUM  12.
PAR  12. The connector of claim 11 wherein said pad and said flat resistance
      element are composed of copper.
NUM  13.
PAR  13. The connector of claim 9 wherein said flat resistance element mounted
      to said base has a bi-filar geometric contour.
NUM  14.
PAR  14. The connector of claim 9 wherein said pad mounted to said connector
      housing faces a cavity formed in said connector housing.
NUM  15.
PAR  15. The connector of claim 9 wherein said means for releasably securing
      said probe includes an upper connector housing pivotally mounted on said
      connector housing base, and a connector housing pivot element pivotally
      mounted to said upper connector housing at a forward end thereof, said
      pivot element having said resistance thermometer means mounted on a lower
      surface thereof.
NUM  16.
PAR  16. The connector of claim 15 wherein said connector housing pivot element
      includes a cavity formed in a lower portion thereof.
NUM  17.
PAR  17. The connector of claim 16 wherein said resistance thermometer means is
      mounted adjacent said cavity formed in said connector housing pivot
      element.
NUM  18.
PAR  18. The connector of claim 16 wherein said resistance thermometer means
      acts as a closure for said cavity formed in said connector housing pivot
      element.
NUM  19.
PAR  19. The connector of claim 9 wherein said releasable securing means
      includes a projection formed on the forward end of said connector housing
      base, said projection projecting above said base for contacting the lower
      surface of said probe when said probe is secured within said connector
      housing.
NUM  20.
PAR  20. A clinical thermometer, comprising:
PA1  a. a probe including an elongated, electrically non-conductive member
      having a first end of suitable size and shape for insertion into the body
      of a patient and thermopile means having a plurality of thermocouples
      connected in series mounted on said member and defining a plurality of hot
      junctions near said first end of said member and a plurality of cold
      junctions near a second end of said member;
PA1  b. connector means for said probe including a connector housing, resistance
      thermometer means for measuring the temperature of said cold junctions of
      said thermopile means mounted in said connector housing, and means for
      releasably securing said second end of said probe in said connector
      housing in a predetermined position so that said cold junctions are in
      physical and thermal contact with said resistance thermometer means; and
PA1  c. electrical circuit means for measuring the temperature of said hot
      junctions of said thermopile means, said electrical circuit means
      including a bridge circuit in which said resistance thermometer means
      forms one arm of said bridge circuit for measuring the temperature of said
      cold junctions, at least a portion of said electrical circuit means being
      mounted in said connector housing so that said thermopile means is
      electrically connected to said electrical circuit means when said probe is
      releasably secured in said connector housing, said electrical circuit
      means combining the output of said thermopile means and said bridge
      circuit to give a signal proportional to the temperature of said hot
      junctions.
NUM  21.
PAR  21. The clinical thermometer of claim 20 wherein said probe includes a pair
      of electrical contacts mounted on said probe member, electrically
      connected to said thermopile means, and extending below the lower surface
      of said probe member for contacting said portion of said electrical
      circuit means when said probe is inserted into said connector housing.
NUM  22.
PAR  22. The clinical thermometer of claim 20 wherein said electrical circuit
      means includes a galvanometer calibrated in degrees of temperature, said
      galvanometer being electrically connected to said thermopile means and
      said bridge circuit for providing a temperature read out.
NUM  23.
PAR  23. The clinical thermometer of claim 20 wherein said thermopile means
      defines at least three hot junctions near said first end and at least
      three cold junctions near said second end.
NUM  24.
PAR  24. The clinical thermometer of claim 20 wherein said thermopile means
      defines from three to ten hot junctions near said first end and from three
      to ten cold junctions near said second end.
NUM  25.
PAR  25. The clinical thermometer of claim 20 wherein said probe is an oral
      probe and said first end is of suitable size and shape for insertion into
      the mouth.
NUM  26.
PAR  26. The clinical thermometer of claim 20 wherein said probe is a rectal
      probe and said first end is of suitable size and shape for insertion into
      the rectum.
NUM  27.
PAR  27. The clinical thermometer of claim 20 wherein said hot junctions are
      separated from said member by air gaps.
NUM  28.
PAR  28. The clinical thermometer of claim 20 wherein said thermopile means
      includes at least one wire element wound around said member in the
      longitudinal direction thereof.
NUM  29.
PAR  29. The probe of claim 28 wherein said wire element comprises a first metal
      wire of the same length as said wire element and a second metal adhering
      to said first metal throughout a portion of the longitudinal length of
      said wire element on the upper surface of said member.
NUM  30.
PAR  30. The probe of claim 29 wherein said second metal is plated on said first
      metal wire from a first plating point defining said hot junctions to a
      second plating point defining said cold junctions.
NUM  31.
PAR  31. The clinical thermometer of claim 30 wherein said member has a recess
      formed in the upper surface of said member near said first end.
NUM  32.
PAR  32. The clinical thermometer of claim 31 wherein said wire element wound
      around said member passes over said recess.
NUM  33.
PAR  33. The clinical thermometer of claim 32 wherein said first plating point
      is located over said recess.
NUM  34.
PAR  34. The clinical thermometer of claim 38 wherein said first metal of said
      wire element is constantan.
NUM  35.
PAR  35. The clinical thermometer of claim 34 wherein said second metal of said
      wire element is copper.
NUM  36.
PAR  36. The clinical thermometer of claim 20 wherein said member is made of
      plastic.
NUM  37.
PAR  37. The clinical thermometer of claim 20 wherein said resistance
      thermometer means includes an electrically non-conductive base having
      opposed substantially planar surfaces, an electrically conductive material
      formed into a flat resistance element and mounted on one of said surfaces
      of said base, and a thermally conductive pad mounted to the other one of
      said surfaces of said base, said thermally conductive pad being secured to
      said connector housing.
NUM  38.
PAR  38. The clinical thermometer of claim 37 wherein said pad has a mass
      greater than the mass of said flat resistance element.
NUM  39.
PAR  39. The clinical thermometer of claim 37 wherein said pad and said flat
      resistance element are constructed of the same metal.
NUM  40.
PAR  40. The clinical thermometer of claim 39 wherein said pad and said first
      resistance element are composed of copper.
NUM  41.
PAR  41. The clinical thermometer of claim 37 wherein said flat resistance
      element mounted to said base has a bi-filar geometric contour.
NUM  42.
PAR  42. The clinical thermometer of claim 37 wherein said pad mounted to said
      connector housing faces a cavity formed in said connector housing.
NUM  43.
PAR  43. The clinical thermometer of claim 20 wherein said connector housing
      includes a connector housing base having a recess formed therein and
      wherein said portion of said electrical circuit is mounted to said base
      within said recess.
NUM  44.
PAR  44. The clinical thermometer of claim 43 wherein said means for releasably
      securing said probe includes an upper connector housing pivotally mounted
      on said connector housing base, and a connector housing pivot element
      pivotally mounted to said upper connector housing at a forward end
      thereof, said pivot element having said resistance thermometer means
      mounted on a lower surface thereof.
NUM  45.
PAR  45. The clinical thermometer of claim 44 wherein said connector housing
      pivot element includes a cavity formed in a lower portion thereof.
NUM  46.
PAR  46. The clinical thermometer of claim 45 wherein said resistance
      thermometer means is mounted adjacent said cavity formed in said connector
      housing pivot element.
NUM  47.
PAR  47. The clinical thermometer of claim 45 wherein said resistance
      thermometer means acts as a closure for said cavity formed in said
      connector housing pivot element.
NUM  48.
PAR  48. The clinical thermometer of claim 20 wherein said releasable securing
      means includes a projection formed on the forward end of said connector
      housing base, said projection projecting above said base for contacting
      the lower surface of said probe when said probe is secured within said
      connector housing.
NUM  49.
PAR  49. The probe of claim 1 wherein said probe is an oral probe, said first
      end is of suitable size and shape for insertion into the mouth and said
      non-conductive member is substantially flat.
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ABST
PAL  A pore water pressure metering device incorporating a pressure meter and a
      force meter influenced by said pressure meter. The device also includes a
      power member arranged to control the pressure exerted by said pressure
      meter on said force meter by applying an overriding force on said pressure
      meter to stop the influence of the latter on said force meter and removing
      said overriding force on said pressure meter whereby the influence of the
      latter on the force meter is resumed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns an improved pore water pressure meter of the
      kind used to measure the water pressure inside masses of earth or clay.
PAR  Pore water pressure meters of various kinds already exist to measure the
      water pressures existing between the granules in earth or clay. This water
      pressure, the pore water pressure, is of particular importance to the
      capacity of clay layers to support loads, e.g. of buildings.
PAR  One kind of pore water measuring devices presently in use is provided with
      a diaphragm one side of which is affected by the pore water pressure. At
      the opposite side of the diaphragm is attached a steel wire string. The
      latter is under a certain tension and extends axially through a tubular
      body which forms part of a rod by means of which the pore water pressure
      meter is pressed into the ground. The opposite end of the steel string is
      secured to a nipple in the rod. When the diaphragm is pressed inwards by
      the water pressure, the tension in the string is reduced. Consequently,
      the string becomes less tightened and as a result hereof its natural
      frequency, i.e. the frequency with which the string oscillates when set in
      motion, is reduced. The string is kept oscillating by means of two
      electro-magnets provided with coils connected to a tone frequency
      oscillator the frequency of which thus is determined by the natural
      frequency of the string. The oscillator is usually incorporated in the
      pore water pressure meter. The meter is lowered together with the rod to
      the location in the mass of earth where one intends to measure the pore
      water pressure. To prevent earth and stones from reaching the diapgragm
      the latter is protected by a filter allowing passage-through of water
      only.
PAR  The pore water pressure meter is calibrated by allowing a known pressure to
      act on the diphragm whereafter the string frequency is read. The
      relationship between frequency and pressure thus is obtained in the form
      of a curve. When the pressures on both sides of the diaphragm are equal,
      the string oscillates at a certain frequency, denominated zero pressure
      frequency. When the pressure acting on the diaphragm increases, the
      frequency is reduced. The larger the discrepancy between the established
      frequency and the zero pressure frequency, the larger evidently the
      pressure acting on the diaphragm.
PAR  In case of excess loading of the diaphragm - as a result of vibrations and
      thrusts or through plastic deformation - the zero pressure frequency may,
      however, change. If this happens after insertion of the pore water
      pressure meter into e.g. an earth dyke, conventional pore water pressure
      meters offer no possibility of calibration thereof or of establishing the
      new zero pressure frequency. The results obtained in the measuring
      operation on the whole therefore become useless. In most instances it is
      impossible to know whether or not the zero pressure frequency is altered
      but when there are reasons to suspect that this is the case, the measuring
      results obtained from the pressure metered cannot be considered reliable.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has for its purpose to remedy this drawback and more
      specifically concerns a pore water pressure meter of the kind
      incorporating a pressure meter the force or motion of which is dependent
      on the pore water pressure to be measured, and a force meter (e.g. an
      extensiometer) arranged to be actuated by the pressure meter. It is
      characteristic of the invention that the meter incorporates a power member
      which - for the purpose of making possible to measure the value of the
      force meter when the pressure meter does not influence the force meter -
      is arranged to apply a force on the pressure meter of such magnitude as to
      override the force exerted by said meter so as to prevent the pressure
      meter from affecting the force meter, and to thereafter remove said force
      from the pressure meter and allow the latter to again transmit its force
      to the force meter. With the aid of a pore water meter of this kind it is
      possible, whenever desired, to read the measuring value of the pressure
      meter as soon as the force of the pore water pressure meter has been
      removed, and, after re-application of the force of the pressure meter, to
      read the measure value of the force meter caused by the prevailing water
      pressure. There is no need to pull the rod together with the pore water
      pressure meter out of the mass of earth in order to recalibrate it, not
      even when the measuring value of the force meter at zero water pressure
      (zero frequency according to the force meter embodiment outlined in the
      aforegoing) for one reason or another has changed. The reason therefor is
      that before forcing the pressing meter down into the mass of earth it is
      possible to establish various frequency curves in the neighbourhood of the
      zero pressure frequency curve and then, after said change of the zero
      pressure frequency, use any one of these extra curves as a reference curve
      in the subsequent measuring operations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described more in detail in the following with
      reference to the accompanying, partly diagrammatical drawings, wherein
PAR  FIG. 1 is a longitudinal sectional view through a pore water pressure meter
      in accordance with the invention, the meter being attached to the lower
      end of a probe rod,
PAR  FIG. 2 illustrates on a reduced scale a side view of a probe rod pressed
      into the ground and showing pressure meters secured thereto at various
      points along the rod,
PAR  FIG. 3 illustrates a wiring diagram,
PAR  FIG. 4 illustrates on an enlarged scale and in a transverse sectional view
      a sleeve and the lower end of the steel string of the force meter of the
      instrument, illustrated by way of example,
PAR  FIG. 5 is a transverse sectional view similar to FIG. 4 but as seen in a
      position at right angles to the view of FIG. 4,
PAR  FIG. 6 illustrates, likewise on an enlarged scale, a longitudinal sectional
      view through the upper end of the means directly influenced by the water
      pressure, i.e. the pressure meter.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Like prior-art pore water pressure meters the meter illustrated in FIG. 1
      is provided with a steel string 1, the upper end of which is attached by
      means of a screw 5 to an upper bottom piece 2 of a tubular portion 4
      incorporated in the probe rod 3. The lower end of the string is secured by
      means of a similar clamping screw 6 to a sleeve 7, a helical spring 9
      being held between this sleeve and a tube nipple 8 of the probe rod 3
      whereby the string 1 which passes through an axial bore 10 in the tube
      nipple 8 is held in a tightened condition. The string 1 may be set in
      oscillating motion by two permanent magnets 11, 12 attached to the tube
      portion 4 and each one of said magnets are enclosed by a coil 15 and 14,
      respectively, which are connected to an oscillator 13 driven by an
      electric battery.
PAR  The arrangement is such that when the string is set in oscillating motion
      it oscillates at a certain frequency which is determined mainly by the
      degree of tension of the string. When the string tension is reduced, the
      frequency of the oscillations is reduced accordingly. The string is built
      into the tubular portion 4 in such a manner that a pressure force applied
      axially against the lower end of the string or the sleeve 7 tends to
      reduce the string frequency. The pressure force is obtained from the
      pressure meter directly affected by the pore water pressure. The meter
      will be described more in detail in the following.
PAR  The pressure meter consists of a bellows 16 the upper, open end of which is
      attached to a nipple 17 on the probe rod 3 and from the lower, closed end
      18 of which a pressure rod 19 extends axially upwards through the bellows
      and the nipple. At the upper threaded end of said pressure rod is secured
      a soft iron armature 20 of an electro-magnet provided at the upper end of
      the nipple 17, said armature being in the form of a nut. The upper end 22
      of the pressure rod 19 abuts against the lower end of the sleeve 7. The
      bellows 16 extend down into a chamber 23 formed in a tube portion 24 which
      is screwed into the nipple 17 and has one axial channel 25 and a number of
      radial channels 26 debouching into the axial channel holding pore water
      flowing into the chamber 23. The outer ends of the channel 26 are covered
      by a cylindrical filter preventing sand and other solid particles from
      entering into the chamber 23 together with the pore water.
PAR  Any water pressure increase registered during measuring with the aid of the
      pore water pressure meter inserted into the mass of earth, results in a
      slight compression of the bellows by the water forced into the chamber,
      and the pressure is transmitted via the rod 19 to the sleeve 7 which is
      forced somewhat upwards, e.g. over a distance of some hundredths of a
      millimeter. This diminishes the tensile force (tension) of the string 1
      and the frequency thereof is reduced. The larger the increase of the water
      pressure, the larger the reduction of the natural frequency of the string.
PAR  As already described this frequency may be measured and a referential curve
      plotted therefor. To reduce the influence of any play that may exist
      between the upper end 22 of the rod and the sleeve 7 it may be advisable
      to form the bellows 16 in a manner permitting them to be comparatively
      heavily compressed as a result of a small pressure increase. The
      resiliency of the bellows 16 in this manner becomes small - the bellows
      may be regarded as an anti-friction (friction-less) piston - and the force
      of the water pressure will practically entirely be taken by the spring 9
      which is far more resistant against compression than are the bellows 16.
PAR  To eliminate the play referred to above it is possible, as illustrated in
      FIG. 6, to provide the upper end of the pressure rod 19' with a setting
      screw 28 which is threaded into the rod end 22' and provided with a
      locking nut 29.
PAR  In order to be able to check the pore water pressure meter it is desirable,
      as mentioned in the aforegoing, to measure the natural frequency of the
      string when the water pressure is zero or when the force of the water
      pressure no longer acts on the string 1. In accordance with the present
      invention this may be accomplished with the aid of the electro-magnet 21.
      When current is applied to the electro-magnet 21, the latter attracts the
      armature 20. As a result, the rod 19 is pulled away from the string
      mounting, i.e. the sleeve 7. The force exerted by the bellows 16 against
      the spring 9 thus becomes zero and the string 1 oscillates at the same
      frequency as when the pressure on the bellows 16 is zero. By an
      appropriate choice of material for the iron core and armature 20 of the
      electro-magnet the force between the armature and the iron core may be
      kept very small when the current through the solenoid of the
      electro-magnet 21 is zero. Another way of reducing this force is to
      de-energize the magnet core with the aid of AC.
PAR  Preferably, the oscillator 13 and the electro-magnet 21 are coupled in
      bridge connection as illustrated in FIG. 3. In this Figure, numeral
      references 30, 31, 32, 33, and 34 designate semi-conductors in which the
      direction of the current is the one indicated (the direction of the
      arrow). When a 24V battery is connected with A forming a positive pole and
      B a negative pole, the current will flow through both the electro-magnet
      21 and the oscillator 13. Under these circumstances the zero pressure
      frequency of the pressure meter may be measured. On the other hand, if A
      is instead connected to the negative pole, current will flow only through
      the oscillator 13 as the frequency of the latter thus becomes dependent on
      the prevailing pore water pressure.
PAR  This connection is of importance if only one single wire line is used down
      to the pore water pressure meter and the rod 3 is used as the second line.
      The single wire line may be positioned externally of the rod 3. This
      avoids the need of passing the line through tubes when the meter is driven
      through the earth strata.
PAR  In order to give the pore water pressure meter a calibration which does not
      change significantly with time it is important that the string 1 does not
      slide inside its mounting. One has found in practice that the screws 5 and
      6 sometimes fail to retain the string ends sufficiently securely to the
      bottom piece 2 and the sleeve 7. FIGS. 4 and 5 illustrate a considerably
      more secure mounting arrangement for the ends of the string 1. In the
      upper portion 35 of the sleeve 7' a transverse groove 36 is formed. Said
      groove receives therein a round bar 37 around which the end of the string
      1 is wound forming several turns 38. The bar 37 has non-round ends 39 of
      e.g. square cross-sectional configuration. With a diameter of 0.2
      millimetres for the string 1, the bar 37 should have a diameter of appr.
      0.8 millimetres. The string 1 should first be wound onto a thinner bar
      than bar 37 allowing the string, when the wounds 38 thereof have been
      pushed onto the bar 37, to be securely clamped on the latter. The walls
      40, 41 are, as indicated in dash-and-dot lines in FIG. 5, pressed about
      the bar 37 and the turns 38 in a manner causing the material in the upper
      portion 35 to be plastically deformed. This both prevents the bar 37
      turning inside the groove 36 and also the turns 38 of the string from
      sliding on the bar. Once clamped as indicated, the string end is
      practically integral with the sleeve 7'.
PAR  The upper end of the string 1 may be secured in a similar manner to the
      bottom piece 2.
PAR  Only very small compressions of the bellows 16 occur during the measuring
      operations. In accordance with a perferred embodiment of the pore water
      pressure meter the spring 9 is compressed by as little as 0.05 millimetres
      when the water pressure exerted on the bellows is increased from magnitude
      0 to the maximum pressure which may be established by the meter in
      question, e.g. in the range of a pressure corresponding to a 30 meter
      water column.
PAR  As appears from FIG. 2 it is possible to provide the probe rod 3 with pore
      water pressure meters C at various locations on the probe rod whereby it
      becomes possible to simultaneously measure the pore water pressure at
      different levels in the earth. This is realized in that each pore water
      pressure meter is energized over a single wire line as mentioned above,
      which line extends outside the rod in the longitudinal direction thereof.
      This single wire line is also used to render possible to measure the
      frequency of the string 1.
PAR  Reference numeral 42 designates a microphone or other suitable instrument
      which may be used to register the oscillations of the oscillator 13.
PAR  The embodiments as illustrated and described are to be regarded as an
      example only and both the pressure meter directly influenced by the water
      pressure and the force meter controlled thereby as well as the power
      member employed to momentarily interrupt the force transmission between
      the pressure meter and the force meter when one desires to establish the
      measuring values of the force meter at zero water pressure, may be
      constructively altered in a variety of ways within the scope of the
      appended claims. The electro-magnet 21 may possibly be replaced by a power
      member which is operated pneumatically or hydraulically. The bellows 16
      may be replaced by a diaphragm or by a piston operating inside a cylinder.
      Instead of using a force meter having an oscillating steel string 1 it is
      possible to use a meter having a number of thread extenders. The latter
      change their electrical resistance when they alter their length under the
      influence of the measured force. This change of resistance may be used for
      the force measuring operations. The force meter may also operate
      hydraulically.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An improved pore water pressure meter attached to a probe rod for
      insertion into the ground, the meter comprising a pressure responsive
      device responsive to the pore water pressure to be measured, and a force
      meter arranged to be actuated by the pressure responsive device, the
      improvement comprising a power member operatively connected to said
      pressure responsive device and selectively actuatable for applying a force
      on said pressure responsive device of such magnitude as to override the
      pore water pressure force exerted by said pressure responsive device so as
      to prevent said pressure responsive device from affecting said force meter
      when said power member is actuated, and to thereafter relieve the force
      exerted by said power member on said force meter and allow said pressure
      responsive device to again transmit its force to said force meter.
NUM  2.
PAR  2. An improved pore water pressure meter as claimed in claim 1, comprising
      an electro-magnet forming said power member, an armature attached to said
      pressure responsive device, said electro-magnet, when energized, actuating
      said armature to interrupt the force transmission between said pressure
      responsive device and said force meter.
NUM  3.
PAR  3. An improved pore water pressure meter as claimed in claim 2, comprising
      a bellows forming said pressure responsive device, a pressure rod passing
      axially through said bellows, one end of said pressure rod secured to the
      movable end of said bellows and the opposite end of said pressure rod
      normally engaging one end of said force meter and supporting said armature
      cooperating with said electro-magnet.
NUM  4.
PAR  4. An improved pore water pressure meter as claimed in claim 1, said pore
      water pressure meter incorporating an oscillator connected to said force
      meter, the improvement comprising a number of semi-conductors, said
      oscillator being coupled in an electric bridge connection with said
      semi-conductors, a further semi-conductor, the coil of said electro-magnet
      being coupled in parallel with said bridge in series with said further
      semi-conductor whereby, upon connection of said bridge to a source of
      direct current a voltage is applied only on said oscillator whereas upon
      change of polarity a voltage is applied both on said oscillator and said
      electro-magnet.
NUM  5.
PAR  5. An improved pore water pressure meter as claimed in claim 1, said force
      meter of said pore water pressure meter incorporating a steel string one
      end of which is attached to said probe rod, the opposite end of said steel
      string being attached to a spring-actuated sleeve, the improvement
      comprising a transverse groove formed in said sleeve, and a transverse
      groove formed in said probe rod, one bar inserted into each one of said
      grooves, the string ends being wound about said bars, the free edges of
      the walls of said grooves forced over said bars and over the winding turns
      thereon formed by said string ends.
NUM  6.
PAR  6. An improved pore water pressure meter as claimed in claim 5, wherein at
      least one end of each one of said bars has a non-round cross-sectional
      configuration.
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ABST
PAL  Three different types of unbalance are detected and corrected while a
      gyroscopic inertial flywheel is continuously spinning. The gyroscope is
      mounted in an integrated test and correction apparatus comprising an
      angularly positionable mount supported on a shaker table. The mount
      supports a test chamber in which the spinning gyroscope is located in a
      low viscosity, low density atmosphere. Windows are formed in the chamber
      on opposite sides permitting lasers fixed on the mount to be aimed at the
      flywheel to burn off selected portions of its mass. A safety system is
      arranged within the chamber to detect whether the spot at which a given
      laser beam is aimed has already received a laser burn. Mass unbalance is
      determined, with the spin axis polar, by rotating the gyroscopic reference
      axes 90.degree. and recording the drift at two orientations. Radial
      unbalance is determined by imparting a reciprocating motion along the spin
      axis by means of the shaker table at the same rate as the rotation of the
      flywheel. By shifting the phase of the vibratory motion relative to the
      rotation of the flywheel, a maximum signal proportional to the radial
      unbalance is sensed by one of the gyro pick-offs. Modulation is determined
      directly by detecting the amplitude of a modulating signal on the pick-off
      signal. An automated closed-loop procedure determines the correct pattern
      of laser burns of the flywheel to minimize the unbalances.
PARN
PAR  This is a division of application Ser. No. 169,661, filed Aug. 6, 1971, now
      U.S. Pat. No. 3,795,784.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the field of gyroscopes and
      unbalances in rotating machinery and more specifically to improvements in
      the balancing of free rotor, flexure-suspended gyroscopes, such as those
      disclosed, for example, in the U.S. Pat. Nos. 3,077,785 by J. C. Stiles
      and 3,354,726 by W. J. Krupick et al, both assigned to the assignee of
      this invention.
PAR  Because gyroscopes persistently point in one direction unless acted upon by
      a resultant torque, they are widely used today in inertial guidance
      systems for aircraft, guided missles, and space vehicles. Due to their
      simple operation and small size and weight, free rotor flexure-suspended
      gyroscopes are particularly useful in inertial guidance platforms where
      accuracy is needed but power, size and weight are at a premium. In this
      type of gyroscope, the inertial flywheel is mounted at its center of
      gravity on a flexible hinge which imparts rotation to the flywheel while
      providing a universal support about which the flywheel can pivot in any
      direction. Fixed pick-offs arranged beneath the flywheel provide pitch and
      roll signals indicative of the relative distance of the flywheel from a
      given pick-off. Because of the small size of the flywheel, the gyroscopic
      parameters of unbalance are highly sensitive to manufacturing
      inaccuracies. Generally speaking, unbalances with respect to the central
      mounting point of the flywheel are undesirable in that they make the
      flywheel sensitive to accelerations along and perpendicular to the
      flywheel spin axis. The gyroscope's function is to sense changes in
      orientation, not linear acceleration. In the past, certain types of
      unbalances were simpler to detect since spurious vibrations of the
      flywheel were transmitted through the gyroscope assembly and could induce
      vibrations in a transducer. However, in the flexure-suspended gyroscope,
      most of the smaller vibrations are damped out by the flexure hinge; that
      is, the vibrations fail to be transmitted through the hinge for external
      measurement.
PAR  Gyroscopic unbalances were corrected by removing material or adding
      material to selected portions of the flywheel. This was usually
      accomplished by drilling or adding small weights or by a combination of
      techniques. No matter how the unbalance was corrected, the unbalance
      detection and correction were always accomplished in completely different
      stages and with different equipment. The operator always introduced his
      own errors into a test and correction procedure which was largely
      trial-and-error and thus extremely time-consuming for fine balance.
PAC  SUMMARY OF THE INVENTION
PAR  The general purpose of the invention is to provide an automatic,
      closed-loop system for measuring and correcting unbalances in a
      continuously spinning, flexure-suspended gyro-flywheel while the gyroscope
      is supported on a single test stand. Another object of the invention is to
      minimize the weight and complexity of the unbalance corrective equipment
      by providing a procedure in which material is removed from the flywheel in
      a systematic manner to correct three different parameters of unbalance. A
      further object of the invention is to reduce the time and number of steps
      involved in determining radial and mass unbalance in a gyroscopic
      flywheel. Still another object of the invention is to prevent the removal
      of material from the flywheel at a location where material has already
      been removed once for unbalance correction.
PAR  The applicants have discovered that these and other objects are
      accomplished by mounting the spinning gyroscope in an integrated test and
      correction apparatus comprising a shaker table supporting an angularly
      positionable mount on which a test chamber is rigidly supported filled
      with a low viscosity, low density gas suitable for continuous testing of
      the gyroscope. A plurality of windows is formed in the test chamber cover
      permitting powerful lasers, or equivalent beamed energy means, mounted
      adjacent to the test chamber on the positionable mount to be aimed to burn
      off selected portions of the gyroscope flywheel. The lasers are aimed
      respectively at points above and below the flexure axis 180.degree.
      opposed to each other. In another embodiment a third laser situated
      between the first two is aimed at a neutral point on the flexure plane.
      Based on unbalance measurements, one or more of the lasers are fired
      briefly at the circumference of the flywheel at a predetermined time in
      relation to the rotation of the flywheel. A small portion of the metallic
      flywheel is instantly melted and vaporized in a burst called a "plume." To
      insure that metal in the plume does not fall back onto the flywheel and
      contaminate it, pressurized gas is aimed at the location of the burn to
      blow the exploded metal in the direction of a styrofoam wall which traps
      the molten metal.
PAR  A safety system is provided to prevent two successive burns in the same
      location. Stacking of two or more burns could drill through the thin outer
      rim, exposing the sensitive interior of the gyroscope to another possible
      burn through the hole. The safety system comprises a collimated beam of
      light aimed at the burn location. A photo-diode is arranged to pick up
      light reflected from the surface of the flywheel. If a burn has already
      been executed at a selected location, the light reflected at that time
      will be interrupted since the small beam will be trapped or partially
      deflected by internal reflections within the pre-existing burn crater.
PAR  The shaker table provides a new means of determining radial unbalance.
      Since the lasers are fixed on the positionable mount, motion of the shaker
      table does not change the relative position of the laser heads and the
      gyroscope. Thus, the shaker table can be running while laser burns are
      made. If the shaker is run at the same frequency as the rotation of the
      flywheel, a heavy spot about the spin axis causing radial unbalance will
      appear to be in the same location during each stroke of the strobe-like
      shaker table. Since this spot will have more linear momentum imparted to
      it from the shaker table, it will exhibit a longer up-down swing than
      other locations on the flywheel. By changing the phase of the shaker
      frequency, the heavy spot can in effect be shifted to be stationed
      directly over a selected gyroscopic pick-off whose drift signal will
      exhibit a maximum at that time. In accordance with the timing of the
      shaker table in relation to the flywheel rotation, the appropriate laser
      head can be fired to remove material at the proper location along the
      circumference of the flywheel.
PAR  Mass unbalance along the spin axis is detected by orienting the spin axis
      in the neutral polar direction, detecting the drift signals for roll and
      pitch with the orthogonal reference axes of the gyroscope in a first
      position and then detecting the same parameters in a second position
      wherein the reference axes are rotated about the spin axis 90.degree. from
      the first position. The resulting values of drift for roll and pitch at
      the two positions can be used to derive mass unbalance. The third
      unbalance parameter, modulation, is detected directly by demodulating one
      of the pick-off signals.
PAR  A step-by-step procedure is disclosed employing, in one embodiment, four
      different burn patterns to accomplish correction of the three unbalance
      parameters with a minimum number of laser burns. The procedure is
      closed-loop in that the laser corrections continue to be made until the
      tested unbalance parameters are nulled to a predetermined tolerance. An
      initial routing system determines which type of burn pattern should be
      executed first, depending on the relative presence or absence of certain
      unbalance parameters.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrating the arrangement of unbalance
      detection equipment and laser correction apparatus according to the
      invention.
PAR  FIG. 2 is a schematic representation of the testing and correction
      apparatus of FIG. 1.
PAR  FIG. 3 is a cross-sectional view taken along the lines 3-3 in FIG. 2
      illustrating the internal components of the apparatus.
PAR  FIG. 4 is a cross-sectional view illustrating a typical embodiment of a
      flexure-suspended gyroscope of the type for which unbalances are corrected
      by the system of FIG. 1.
PAR  FIG. 5 is a schematic representation illustrating a preferred method of
      determining radial unbalance.
PAR  FIG. 6 is a schematic representation illustrating a preferred method of
      determining mass unbalance.
PAR  FIG. 7 is a schematic representation illustrating the angle of the
      modulation plane with respect to a fixed point on the gyroscopic flywheel.
PAR  FIG. 8 illustrates one type of burn pattern requiring three laser heads
      instead of two.
PAR  FIG. 9 is a schematic representation of the preferred four burn patterns
      produced by the apparatus of FIG. 2.
PAR  FIG. 10 is a flow chart illustrating a portion of the preferred test
      procedure.
PAR  FIG. 11 is a flow chart illustrating a portion of the procedure including
      the initial routing logic and burn pattern A.
PAR  FIG. 12 is a flow chart illustrating another portion of the procedure
      including the burn pattern D.
PAR  FIG. 13 is a flow chart illustrating another portion of the procedure
      including burn patterns B and C.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, FIGS. 1, 2 and 3 show the arrangement of the
      test and correction apparatus. A flexure-suspended gyroscope 10 is mounted
      so that its spinning flywheel is accessible to focused beams of high
      energy coherent light produced by laser heads 11. Based on measurements of
      gyroscopic unbalances, computer 13 determines the appropriate laser head
      or combination of heads to fire at the flywheel and sets laser-select
      switch 14 accordingly. During each revolution of the flywheel, the time at
      which a particular fixed head is fired determines the angular position of
      the burn about the circumference of the flywheel. Computer 13 determines
      this angular position based on the unbalance measurements, and timing
      logic unit 15 enables laser power supply 17 at the proper instant of time
      corresponding to the determined angular position.
PAR  As shown in more detail in FIGS. 2 and 3, laser heads 11 preferably
      comprise a pair of lasers 11a and 11b 180.degree. opposed to each other
      aimed at opposite sides of gyroscope 10. Gyroscope 10 is mounted in a
      sealed chamber formed by cover 18 secured to the top platform 19 of an
      angularly positionable mount 20 providing measured rotation about three
      orthogonal axes 21, 22 and 23. The spin axis of gyroscope 10 generally
      coincides with axis 21 so that the spin axis can be oriented in any
      desired direction. Mount 20, in turn, is securely mounted on a shaker
      table 26 comprising a suitable arrangement of vertical guides and
      eccentric motor means to impart a completely vertical reciprocating motion
      of known frequency to mount 20 and its supported gyroscope 10.
PAR  During testing the test chamber is filled via port 28 in cover 18 with a
      low density, low viscosity gas such as helium. Dense gas mixtures like air
      are undesirable since they introduce drag and other effects due to
      turbulence which tend to damp or mask gyroscopic motions due to
      unbalances. Referring to FIG. 3, laser windows 29a and 29b are formed on
      opposite sides of cover 18. The beam of collimated coherent light from
      laser 11a passes through window 29a via an optical system 31 to strike the
      flywheel surface of gyroscope 10 in a focused point. Optical system 31
      comprises a diverging double concave lens 32 followed by a double convex
      re-collimating lens 33 which in turn is followed by a double convex
      focusing lens 34 to provide a point of intense radiant energy at the
      surface of gyroscope 10. Laser 11b has a similar optical system.
PAR  Inside cover 18 a pump unit 37 supplies a pressurized stream of gas via a
      pair of tubes 38 at the location of laser burns. The stream is aimed so
      that material removed from the flywheel by a laser burn is blown away from
      the gyroscope to a collector material 39. A preferred material for
      collector 39 is styrofoam since it presents an irregular surface which
      melts on contact with the vaporized or molten metal, trapping the metal
      and thereby preventing contamination of the gyroscope. The styrofoam may
      easily be shaped into a curved wall to form a pocket for metal collection.
PAR  It should be noted in FIG. 2 that while points 41 and 42 at which lasers
      11a and 11b are aimed are 180.degree. opposed to each other, they lie
      above and below axis 43 (FIG. 2) at equal distance therefrom. Axis 43
      represents the flexure plane, perpendicular to the paper in FIG. 2,
      including the desired center of gravity and oriented perpendicularly to
      the spin axis of gyroscope 10.
PAR  Referring to FIGS. 1 and 3, a safety system is provided including a safety
      circuit 45 which disconnects laser heads 11 from their source of power in
      the event that logic unit 15 has selected a point on the circumference of
      the flywheel which has already received one burn. As will be seen, a
      typical flywheel has a thin outer ring through which a number of
      successive burns in one location might easily burn, exposing the interior
      of the gyroscope. Thus, to detect the existence of a previous burn crater,
      a collimated light source 46, which may comprise a small aiming laser, is
      directed at the burn point 41 or 42 (FIG. 2). A reflected light pick-up
      47, which may comprise a photodiode or other photo-sensitive element, is
      located at the appropriate angle to receive light from source 46 reflected
      from the outer circumference of the flywheel of gyroscope 10. Only smooth
      or virgin metal will reflect well; if a burn crater exists, the thin beam
      of light will become trapped or deflected by multiple internal reflections
      within the crater so that pick-up 47 will not receive a sufficient level
      of reflected light. At such times, a signal is sent to safety circuit 45
      opening the connection between laser 11a or 11b and laser power supply 17.
      If circuit 45 is activated by the existence of a burn crater, a signal is
      sent to logic unit 15 moving the burn position by an increment typically
      +1.degree. away from the selected spot to a nearly equivalent location.
PAR  A test console 51 (FIG. 1) provides an interface with the operator for
      starting and stopping various test operations and provides unbalance
      information to computer 13 which determines the appropriate number and
      location of laser burns to correct the unbalance. Mass unbalance detection
      is accomplished by test console 51 by means of positionable mount 20 as
      will be discussed hereafter. The frequency of reciprocating motion induced
      by shaker table 26 is regulated by shaker power supply 53 activated by
      computer 13. The output of supply 53 is passed via a phase shifter 52 to
      shaker table 26. Phase shifter 52 changes the phase difference between the
      shaker table vibration and the rotation of the gyroscope to assist in
      determining radial unbalance. The modulation parameter is detected by
      demodulator 54 which detects the amplitude of modulation of a pick-off
      signal in the absence of vibration from shaker table 26.
PAR  Referring now to FIG. 4 the pertinent details of a typical embodiment of
      flexure-suspended gyroscope 10 will be described to facilitate an
      understanding of the types of unbalances detected and corrected by the
      system of FIGS. 1, 2 and 3. Gyroscope 10 is generally similar to the
      gyroscopes fully disclosed in the aforementioned Krupick et al and Stiles
      Patents, and therefore only those parts which are necessary for a full
      understanding of the present invention are illustrated. Gyroscope 10
      includes an integral main frame having an annular flange 61, a hollow
      cylindrical bushing 62, and a downwardly-extending cylindrical skirt 63.
      An upper end enclosure cap (not shown) can be mated to the flange 61 along
      its peripheral edge to form an enlarged upper cavity within which the
      gyroscope's inertial flywheel 64 and pick-offs 65 are located. The flange,
      bushing, and skirt are co-axially related to one another with respect to a
      spin or reference axis s passing vertically through the gyroscope in the
      plane of the paper. Supported within bushing 62, at either extremity
      thereof, are respective ball bearing units 67 and 68 for axially and
      radially supporting a hollowed-out drive shaft 71 for rotation about spin
      axis s. Located at the lower end of cylindrical skirt 18 is a conventional
      electric motor for rotating shaft 71. The motor has its stator windings 72
      secured to the interior surface of skirt 63 and includes an armature
      assembly in the form of a generally cylindrical hub member 73 co-axially
      positioned on drive shaft 71. But member 73 is press-fit over the drive
      shaft and secured in an abutting relation against the inner race of lower
      ball bearing unit 68 by a box nut 74 or similar fastener, threadedly
      secured to the lower end of shaft 71 within a counterbored recess 75 in
      the lower surface of the hub member. In operation, energization of the
      stator windings 72 causes the hub assembly 32 and the shaft 71 to spin
      about axis s.
PAR  Inertial flywheel 64 is mounted for rotation on a supporting gimbal unit 77
      having an annular flange portion 80 and a cylindrical, downwardly
      extending portion 78 received in the hollow central portion of shaft 71
      and secured thereto by means of screw 79. The inner connection between
      flywheel or rotor 64 and gimbal unit 77 comprises a flexure hinge 81
      formed from a unitary solid cylinder of resilient spring metal having a
      symmetrically-machined or otherwise necked-down portion intermediate to
      the rotor and gimbal unit. Thus, while rotation is imparted to flywheel 64
      by shaft 71 through flexure hinge 81, flywheel 64 is free to pivot in
      relation to flexure hinge axis f (lying in the flexure plane) under
      applied torque.
PAR  An annular track 82 formed on the underside of flywheel 64 serves as a
      return path for pick-off 65. Each pick-off comprises primary and secondary
      windings operatively disposed on a U-shaped core. The poles of the core
      are mounted adjacent to the annular track 82 so that the flux is increased
      and decreased by the air gap between the core and the return path track.
      Thus, if the primary coil is excited with a frequency signal, the
      amplitude of the signal on the secondary coil will vary according to the
      distance of the track from the particular pick-off. Four pick-offs are
      actually used, located 90.degree. apart from each other. Two opposite
      pick-offs comprise a pair whose signals may be compared to provide an
      indication of roll or pitch of the flywheel. In operation the pick-off
      signals are used as error signals to drive conventional "torquer" motors
      (not shown) which change the orientation of the gyroscope frame to
      "re-center" the flywheel on the flexure plane. The current supplied the
      torquers is a measure of drift of change in orientation with respect to
      two orthogonal reference axes.
PAR  Four darkened spots 83, 84, 85 and 86 will be noted on the rim 64a of the
      flywheel. The spots can be used to illustrate the types of unbalances
      identified and removed by the invention. If any one of these spots is
      assumed to be a single heavy point, it is evident that an ordinary radial
      unbalance, designated RUB, will result. This is the type of unbalance that
      is normally identified in rotating macinery by conventional transducer
      pick-ups at the mounts. It is also normally removed by conventional
      methods such as drilling, grinding, filling or adding of weights. It is
      the typical kind of unbalance cured by conventional balancing of
      automobile tires. The presence of RUB means that for some plane taken
      parallel to axis x and including that axis, there is more mass on one side
      of axis s than on the other side. Now, if the darkened spots are
      considered to be heavy spots in pairs, unbalances relative to flexure 81
      will result. Consider the pairs 83 and 84, or 85 and 86. No vibration is
      produced by either pair since the torque about hinge 81 attributable to
      any one heavy spot is balanced by the other. However, the existence of one
      of these pairs does mean that there is more mass above than below the
      flexure plane f (the plane perpendicular to the paper including axis f).
      Thus, flywheel 64 would be sensitive to accelerations in the direction of
      axis f. The type of unbalance contributed by a pair such as 83 and 84 is
      termed mass unbalance along the spin axis (MUB), and could not formerly be
      efficiently identified and removed by ordinary means.
PAR  Flywheel 64 is subject to still another type of unbalance. Consider a pair
      of spots oriented diagonally with respect to axis f to be heavy spots, for
      example 84 and 85. If the moment of each individual heavy spot forming a
      diagonal pair is equal relative to the flexure hinge 81, neither RUB or
      MUB results. With the flywheel at rest, no spurious tilt would exist and
      the flywheel would not be sensitive to linear accelerations, unlike RUB
      and MUB. However, if the flywheel is continuously rotating, spots 84 and
      85 will each be subject to a centrifugal or radially-outward force. The
      direction of the force will be parallel but not concident with flexure
      plane f. The forces acting on spots 84 and 85 do not cancel because both
      cause a clockwise torque on the flywheel. The result will be that the
      flywheel will assume an equilibrium angle or plane relative to flexure
      plane f during rotation. The flywheel will always keep the same tilt and
      in fact the same portion of the flywheel will be tipped down at all times.
      In the illustrated case, the angular portion of the rim coinciding with
      spot 84 will at all times be the lowest spot on the flywheel. This type of
      unbalance will cause a spurious modulation of the pick-off signal since
      the gap between the annular track and a single pick-off will vary
      sinusoidally for each rotation of the wheel.
PAR  The manner in which RUB is identified anad measured requires that shaker
      table 26 (FIG. 1) be reciprocating mount 20 carrying gyroscope 10 at the
      same rate at which the flywheel is spinning. For this test, the spin axis
      of the flywheel is actually aimed at the north star, Polaris, so that its
      spin axis is "polar" or parallel to the earth's axis of rotation, thus
      eliminating the undesirable effect of the earth's own rotation on the
      gyroscope. Referring now to FIG. 5 the motion required for RUB measurement
      is schematically depicted. If the flywheel is rotating about its spin axis
      at 240 Hertz or 14,400 r.p.m., the shaker must provide a linear
      acceleration component along the spin axis s at the same rate, 240 Hertz.
      A typical shaker stroke at 240 Hertz would provide an acceleration of 2
      G's peak-to-peak. All points of mass on the flywheel are imparted momentum
      along axis s by the shaker motion. With the wheel radially balanced, any
      mass located near the rim, for example, will have its momentum offset by
      another mass concentration on the other side of axis s. However, if the
      wheel is not radially balanced, there will exist some point whose momentum
      is not balanced on the other side. This point, because of its "resultant"
      momentum, will resist reversals of linear motion more than other points
      along the circumference of the flywheel. Therefore, with each stroke of
      the shaker table, that angular position on the flywheel will tend to swing
      farther than other positions. Since the shaker table is synchronous with
      the flywheel, the heavy spot will occur at the same place during each
      stroke of the table, in a strobe-like manner. Now, if the phase
      relationship of the shaker table and the flywheel rotation is changed, the
      location of the heavy spot on each stroke can in effect be moved to a
      desired location. To measure the magnitude of RUB, the heavy spot is
      shifted by changing the phase of the shaker table frequency by means of
      phase shifter 52 (FIG. 1) so that it is directly over one of the pick-ups,
      for instance, for roll. This position is determined by noting the point,
      as the phase is shifted, at which the D.sub.x is maximized. D.sub.x
      represents drift in the direction of roll and corresponds to the
      "restoring" current supplied to the torquer motor to drive the pair of
      pick-offs to null to compensate for relative motion between the flywheel
      and pick-off fixture (gyroscope frame). In this case, RUB is computed by
      the equation:
      ##EQU1##
      where D.sub.x1 is the drift rate with no input from the shaker table,
      D.sub.x2 is the drift rate after the shaker table has been turned on and
      slewed to maximize D.sub.x, and 0 is the angle that the polar axis makes
      with the local horizontal.
PAR  The manner in which MUB is determined and measured is illustrated in FIG. 6
      where the spin axis is again polar. Recall that MUB is an unbalance along,
      not about, the spin axis which causes an unacceptable sensitivity to
      accelerations which have a component perpendicular to the spin axis. At
      first glance it would appear that MUB could be measured simply by stopping
      the flywheel, holding it with the spin axis horizontal so that gravity
      could act on it perpendicularly, and noting the tilt angle of the wheel at
      rest. In operation, however, the flywheel will be continuously spinning
      and other gyroscopic parameters come into play to make the latter type of
      measurement inaccurate. Instead, a two position measurement, involving
      90.degree. rotation of the reference co-ordinates about the spin axis, has
      been devised. With the x, or roll axis, pointing as close to "up" as
      possible, D.sub.x and D.sub.y , the roll and pitch restoring currents for
      compensating drift, are measured and recorded in position one. Next, the
      reference co-ordinate plane is rotated 90.degree. about the spin axis so
      that now the y or pitch axis is pointing up. Again D.sub.x and D.sub.y are
      recorded. The following set of four equations permits the solution of the
      four variables MUB, R.sub.x and R.sub.y , which represent the constant
      gyroscopic restraint terms along the x and y axes, and D.sub.a which
      represents the "quadrature G term", indicative of drift on the X axis
      produced by acceleration along the y axis (and vice versa):
EQU  D.sub.x1 32  -cos.theta. MUB + R.sub.y
EQU  D.sub.y1 =  R.sub.x - cos .theta. D.sub.a
EQU  D.sub.x2 =  R.sub.y - cos .theta. D.sub.a
EQU  D.sub.y2 =  R.sub.x + cos .theta. MUB,
PAL  where the subscripts 1 and 2 indicate the positions (FIG. 6) at which the
      parameter was recorded. It follows that:
      ##EQU2##
      The equation can be solved for R.sub.x , R.sub.y and D.sub.a in a similar
      manner. A detailed explanation of the origins of the quadrature G and
      restraint terms is omitted since these terms are familiar to those working
      in the gyroscopic arts. It should be noted also that the sign of the MUB
      is also provided by the above equation and indicates whether the heavier
      side of the flywheel is above or below the flexure plane.
PAR  The modulation unbalance, MOD, can be identified and measured more
      directly. The primary windings of a single pick-off may be excited with a
      known frequency acting as a carrier wave. The output of a secondary
      winding (without the shaker table running) will be modulated sinusoidally
      at precisely the frequency of rotation of the wheel due to the effect of
      modulation. This modulation is detected by demodulator 54 (FIG. 1) in the
      manner of AM radio detection to ascertain the modulation amplitude.
PAR  To correct RUB, MUB, and MOD, one must know not only the amount of material
      to remove from the rim of the flywheel, but also the angular position
      about the spin axis and whether the laser burn is to be located above or
      below the flexure plane. In the case of MUB, the angular position about
      the spin axis is of no concern. It is sufficient merely to calculate the
      amount of material to be removed, that is, the amount of material removed
      by one laser burn times the number of burns to be employed, and whether
      the burns are to be located above or below the flexure plane. The opposite
      is true for RUB: While the number of burns must still be calculated, the
      location above or below the flexure plane is of no consequence. Instead,
      the angular position about the spin axis is all-important. However, this
      angular position has already been determined by the phase difference
      between the shaker table and the spinning flywheel for which the D.sub.x
      was maximized. Hence, this time-difference can be entered into timing
      logic 15 to fire the laser at a time which would coincide with the
      adjusted shaker table 26 stroke.
PAR  To correct for modulation, one must also know the amount of material to
      remove and the angular position at which the laser must be fired. This
      angle is more difficult to determine, but can be measured in a manner
      analogous to that of the RUB angle. Referring to FIG. 7, the angle .phi.
      represents the angular difference between some fixed point on the
      flywheel, 0.degree., and the particular flywheel diameter line which is
      always oriented at the steepest angle to the flexure plane. This diameter
      line will, of course, lie in the same plane as the two diagonal heavy
      spots, causing the modulation. A strobe light can be used for this
      measurement. An appropriate window can be formed in test cover 18 (FIG. 2)
      to view the strobe-illuminated flywheel. The strobe light should be
      operated at the same frequency as the rapidly spinning flywheel. The phase
      is first indexed to coincide with the occurrence of 0.degree. at a known
      position with respect to some fixed object. If one is looking directly at
      the flywheel in a direction perpendicular to the spin axis, the aspect of
      the flywheel illuminated on each flash of light will change as the
      strobing phase is changed. When the top of the spinning wheel has the
      broadest or widest aspect, (largest ellipse) one will be looking in a line
      of sight lying in the same plane as the desired diameter line d in FIG. 7.
      Alternately, when the aspect of the top of the spinning flywheel is the
      least (a straight line), line d will be rotated 90.degree. with respect to
      the viewer. In either case, the angle .phi. can be identified by knowing
      the new phase of the strobe. This then is the angle which is entered into
      timing unit 15 to control the angular position (timing) of the burns to
      correct for modulation.
PAR  The discussion will now turn to the pattern of burns used to correct the
      unbalances. Referring to FIG. 8 one approach is to orient three separate
      lasers, a, b and c, about the circumference of gyroscope 10. The
      arrangement is shown schematically here, but would be similar to that of
      FIG. 2 except that there would be one more laser. Laser a would be aimed
      to burn the rim of the flywheel at point a above the flexure plane. Laser
      b would be aimed at point b' lying on the flexure plane. And, laser c
      would be aimed at point c' lying below the flexure plane. With this
      configuration, the individual parameters of unbalance can be corrected
      without affecting the other parameters. In particular, a burn at spot b',
      while neutral with respect to MOD and MUB because of its location on the
      flexure plane, would be suitable for correcting a radial unbalance at a
      particular angular position. With lasers a and c located on opposite sides
      and fired simultaneously at points a' and c', modulation unbalance can be
      corrected without affecting either of the other parameters. To correct MUB
      only, the appropriate laser a or c would be fired twice at a time interval
      corresponding to rotation of the flywheel through 180.degree. so that two
      burns, a' and a", or c' and c", would be made at opposite sides of the
      flywheel. Since the torques about the spin axis cancel, as well as the
      centrifugal forces, the MUB-only burn has no effect on MOD or RUB.
PAR  It has been found that laser b can be omitted with only a small sacrifice
      in the number of additional burns which must be made. The compelling
      advantage of eliminating laser b and using only lasers at positions a and
      c (FIG. 8) is weight reduction. Referring again to FIG. 2 the heaviest
      components mounted on positionable mount 20 are the lasers which must be
      rigidly mounted on the test stand.
PAR  Referring now to FIG. 9, preferred burn patterns are referred to as A, B, C
      and D. It will be noted that burn patterns B and D are essentially the
      same as those for the arrangement of FIG. 8. Burn pattern B illustrates
      the location of corrective burns for MUB-only, located on one side of the
      flexure plane. The two burns would be below the plane if MUB were of
      opposite sign. Burn pattern D is to correct MOD only. Burn pattern C
      represents a RUB-only  correction. Since the two burns are equidistant
      from the flexure plane and located at the same angular position about the
      spin axis, MOD and MUB are not affected. Burn pattern C is therefore
      equivalent to burn b' in FIG. 8. Burn pattern A is a complex burn. Since
      it is a single burn above the flexure plane, MUB is affected. RUB is also
      affected because the burn is not radially cancelled, and MOD is increased
      or decreased since there is a resultant centrifugal force.
PAR  Based on unbalance measurements for a given flywheel, an appropriate
      sequence of burn patterns A through D can be chosen to minimize the number
      of burns required to produce a balanced wheel. For example, if a flywheel
      direct from the manufacturer were tested and found to have radial and
      modulation unbalances within a desired tolerance, only burn B (for MUB,
      FIG. 9) would be necessary. Once MUB was within tolerance, the wheel would
      be considered perfectly suitable for use. On the other hand, if all three
      types of unbalance exceed their tolerance, it is best to start with burn A
      so that both RUB and MUB can be corrected simultaneously. If the number of
      burns to correct MUB and RUB are different for this latter unbalanced
      flywheel, to use burn A some arbitrary choice must be made as to which
      parameter, MUB or RUB, will be corrected first. To illustrate, assume that
      RUB requires more burns than MUB. If one uses burn pattern A and fires the
      burns above or below the flexure plane to correct for MUB, by the time we
      have completed all of the burns necessary to completely correct RUB within
      tolerance, we will find that MUB has been over-corrected and that there is
      now a different MUB of opposite sign. Therefore, it is preferred in most
      cases that the lesser number of burns required for MUB or RUB be used for
      pattern A so that the parameter for which correction has not been
      completed is not over-shot.
PAR  Referring now to FIGS. 10, 11, 12 and 13, a flow chart procedure is
      presented wherein the unbalances MOD, MUB and RUB in a flexure-suspended
      gyroscope such as that depicted in FIG. 4 can be determined and corrected
      by burning off selected portions of the outer rim of the flywheel.
      Throughout the entire procedure the flywheel is continuously rotating at a
      fixed speed. Much of the procedure in the flow chart is self-explanatory
      from the instructions given and a detailed explanation is not necessary in
      the text. The procedure includes a human operator who is given
      instructions by a cathode ray display or other suitable means in the test
      console 51. The human operator can, of course, by replaced by mechanical
      means where feasible, for example, for the step of orienting the gyroscope
      in a particular position. Throughout the procedure wherever the
      instruction is to input D.sub.x or D.sub.y values, the operator would
      sample pitch or roll restoring current and input the value to computer 13
      to perform a computation of one of the unbalance parameters.
PAR  FIG. 10 provides the portion of the procedure involving initial
      determination of the three parameters of unbalance. It should be noted
      that the mass unbalance determination is performed first with shaker 26
      off. Instruction 91, "calculate MUB", is accomplished by computer 13
      utilizing inputs D.sub.x1 , D.sub.y1 , D.sub.x2 and D.sub.y2 , according
      to equation (2) above. After MUB has been computed, RUB is determined with
      the shaker table. Question 92 in the RUB determination insures that the
      heavy spot has in fact been shifted directly over one of the x axis
      pick-offs, since at this time there should be no pitch of the flywheel,
      that is, no drift on the y axis requiring a restoring torque. Instruction
      93 "compute RUB" is accomplished by means of equation (1) above. Next, the
      magnitude of modulation with the shaker off is recorded.
PAR  Once the initial unbalances have been measured, the procedure continues on
      FIG. 11, at "input" M to an initial routing logic question sequence. The
      purpose of the routing logic is primarily to determine which burn pattern,
      A, B, C or D (FIG. 9) should be used first. The initial routing logic also
      determines whether any short cuts can be made due to one or more of the
      unbalances being within the indicated tolerance. For example, if MOD is
      within tolerance the answer to question 94 would be "No". Assume now that
      the answer to question 95 (MUB) is also "No" and the only parameter out of
      tolerance is RUB so that the answer to question 96 is "Yes". At this
      point, much of the procedure which is normally followed can be by-passed
      since a RUB-only burn (pattern C) will suffice to completely balance the
      flywheel within acceptable limits. Similarly, if MOD alone is out of
      tolerance, the answers to questions 94, 97 and 98 will be "Yes", "No" and
      "N0" respectively and the instruction will be given to execute a MOD-only
      type burn (pattern D). If the flywheel is already within acceptable
      limits, with respect to all parameters, the answers to questions 94, 95
      and 96 will all be "No" and the balancing will be complete.
PAR  If excessive MOD exists along with MUB or RUB, or if all three parameters
      are simultnaeously out of balance, the A burn program is initiated in FIG.
      11. The appropriate head, number 1 or number 2 (corresponding respectively
      to lasers 11a and 11b, FIG. 2), aimed above or below the flexure plane is
      selected with reference to the polarity of MUB. Instruction 101 for
      computation of the number of burns requires a knowledge of the laser burn
      scale factor or the amount of change in a parameter such as MUB or RUB
      affected by a single burn. It is assumed, of course, that each time one of
      the laser burns is commanded, the same amount of mass is removed from the
      wheel. The RUB burns are computed as follows:
      ##EQU3##
      where INT is an operator converting the value within the parantheses to
      the closest integer and K.sub.1 is a scale factor representing the change
      in degrees per hour of RUB per single burn. similarly, the number of MUB
      burns is computed as follows:
      ##EQU4##
      where K.sub.2 represents the MUB scale factor or the degrees per hour
      change in MUB for a single burn.
PAR  In instruction 102, timing logic unit 15 (FIG. 1) receives the lesser of
      N.sub.1 and N.sub.2 burns. The next set of instructions comprises a firing
      sub-routine in which the specified number of burns is carried out by
      computer 13 and timing unit 15. Firing in the A pattern of course requires
      that the appropriate angular position be selected for the single burns.
      This angular position is already known from the determination of RUB in
      which the phase of the shaker table is slewed so that the heavy spot was
      in a known location with respect to a given laser head. For each single
      burn, safety circuit 45 is either opened or closed by the answer to
      question 103 provided by pick-up 47 (FIG. 1). For example, if the number
      of burns entered into logic unit 15 is three and the first burn has
      already been accomplished and the second burn is being started at the same
      place, the spot will already have a crater. The laser will be disabled and
      the timing advanced 1.degree. to avoid this spot on the next pass.
      Ordinarily the number of one degree increments will be few enough so that
      the radial mispositioning will be negligible. However, if a large number
      of 1 degree increments has been made in carrying out an equal number of
      burns, it may be desirable to provide a means for re-locating one or both
      of the heads at a different position along spin axis s; that is, raising
      or lowering the laser with respect to the flexure plane so that a new
      track of burns can be made at the same radial position. Question 104 as to
      whether the burns have been completed simply re-executes the burns one at
      a time until all of the burns required by the lesser of N.sub.1 and
      N.sub.2 have been completed.
PAR  If the A burn sequence of FIG. 11 has been completed, the procedure
      continues at input Q of FIG. 12 where the MOD or D burns are made. Of
      course, it should be recalled that the only reason the A burns were
      selected in the first place was that during the initial routing, MOD was
      out of tolerance. The A burns increase or decrease MOD; therefore, the
      initial step of the D burn sequence is to re-input the output of MOD
      demodulator 54. Instruction 106 requires the operator to determine the
      angle .phi. by means of the strobe light to correctly position the D burns
      about the spin axis. Instruction 107 (FIG. 12) is accomplished by means of
      the following equation:
      ##EQU5##
      where k.sub.3 represents the MOD scale factor of the lasers or the change
      in millivolts of MOD affected by a single burn. Firing sub-routine pattern
      D, instruction 108, includes the same general procedure followed in the
      firing sub-routine for pattern A (FIG. 11). Therefore, the sub-steps are
      omitted in the drawing. Each time the timing logic senses the occurrence
      of the angle .phi., the two opposed 180.degree. lasers are simultaneously
      fired.
PAR  Following the D burns of FIG. 12, the procedure continues in FIG. 13 at
      input R where RUB and MUB are again tested as in the procedure of FIG. 10,
      starting and stopping the shaker table as required. If RUB remains out of
      balance, the answer to question 11 is "Yes" and the C burn pattern is
      executed. The number of RUB-only burns, N.sub.4 , required by instruction
      112 is computed in the same manner as for the A pattern, except that the
      new value of RUB from the retest is used in the equation. Following the C
      burn pattern, if MUB is still out of balance, the answer fo question 113
      is affirmative and the B burn pattern or MUB-only pattern is executed.
      Again, the number of MUB-only burns required by instruction 114 is
      computed in the same manner as for the A pattern except that the new value
      of MUB from the retest is used. After the B burns are completed, the
      shaker is turned off and the operator is required to return to the MUB
      determination of FIG. 10 at input T for a final recheck of all the
      parameters. If the parameters retested in FIG. 10 are all within
      tolerance, the answers to questions 94, 95 and 96 in FIG. 11 will all be
      "No" and the operation will be complete.
PAR  Still referring to FIG. 11, two short cuts to N and P in FIG. 13 will be
      noted when MOD is within tolerance. The short cut to P from question 96 is
      made when the only parameter out of balance initially (or after retest) is
      RUB. The "Yes" answer to question 95 compels another question, 111, in
      FIG. 13 to determine whether the C burn pattern must first be executed. If
      the answer following question 95 to question 111 is "N0", then the only
      existing unbalance parameter is MUB. Therefore, only the B burn or
      MUB-only pattern would be required.
PAR  The flow chart procedure in FIGS. 10 through 13 is presented merely as an
      illustration of one manner in which the tests and burns can be
      implemented. Those skilled in the art will recognize that further
      redundant loops and cross-checks can be built into the system as required.
      The degree of balance is controlled by changing the tolerance limits for
      the unbalance parameters. A similar flow chart procedure is used in
      carrying out the three laser burn system of FIG. 8. It should be noted
      that the scale factor of laser burns for MUB and MOD can be adjusted by
      changing the relative distance of the spot at which a given laser is aimed
      from the flexure plane.
PAR  The advantages of the invention are numerous. First of all, all of the
      unbalance test and correction equipment is provided in a single integrated
      system in which the gyroscope is continuously rotating throughout the
      entire operation. Because of the arrangement of the apparatus, therefore,
      the time required for complete balance is drastically reduced. By using a
      fixed procedure employing a minimized number of laser burns and a set of
      burn patterns requiring only two laser heads in a fixed loaction, much of
      the trial and error guesswork of the balancing operation can be eliminated
      by appropriate programming of a general or special purpose computer to
      calculate unbalances and numbers of burns, and to make command decisions
      based on certain logical, predetermined combinations of excessive
      unbalances. Another advantage is using a low viscosity, low density
      atmosphere for more accurate testing. The use of a pressurized stream and
      a styrofoam wall for collecting molten material burned off of the flywheel
      makes the use of low density, low viscosity gas feasible. Without such a
      system of material collection, the flywheel would become contaminated
      unless it were in the open air. It should be noted that the stream can be
      eliminated if the angle of the natural plume is such that it strikes the
      wall. The photocell safety system within the test chamber provides a
      simple and fool-proof method of protecting the flywheel from stacked burns
      without requiring time-consuming visual inspection or complicated memory
      of burn positions by an electronic storage unit. In addition, the methods
      for determining MUB and RUB have also been improved and simplified.
PAR  It will be understood that various changes in the details, materials, steps
      and arrangements of parts which have been herein described and illustrated
      in order to explain the nature of the invention, may be made by those
      skilled in the art within the principle and scope of the invention as
      expressed in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of determining mass unbalance of a pivotally mounted flywheel
      in a free rotor gyroscope having pick-offs for sensing tilting of said
      flywheel along first and second orthogonal axes lying in a plane
      perpendicular to the spin axis of the flywheel, comprising the steps of
      aiming the spin axis at Polaris, orienting the first reference axis as
      close to vertical as possible, recording the tilt of said flywheel with
      respect to said first and second axes, rotating said reference plane
      90.degree. about the spin axis with the spin axis still aimed at Polaris
      so that said second axis is oriented as close to vertical as possible,
      recording the tilt of said flywheel with respect to said first and second
      axes and computing mass unbalance from the flywheel tilt with respect to
      said first and second positions.
NUM  2.
PAR  2. The method of claim 1 wherein the step of computing said mass unbalance
      includes the step of computing mass unbalance according to the following
      equation:
      ##EQU6##
      wherein D.sub.x1 and D.sub.x2 represent the tilt with respect to said
      first axis at said first and second positions of said reference plane
      respectively, D.sub.y1 and D.sub.y2 represent the tilt of said flywheel
      with respect to said second axis at said first and second positions of the
      reference plane respectfully, and .theta. represents the angle which the
      spin axis aimed at Polaris makes with the local horizontal.
NUM  3.
PAR  3. A method of determining radial unbalance in a free rotor gyroscope
      having a pivotally mounted flywheel and at least one pick-off mounted
      adjacent to said flywheel for measuring tilt thereof with respect to an
      axis perpendicular to the spin axis of the flywheel, comprising the steps
      of orienting the spin axis of the spinning flywheel with Polaris so as to
      be parallel with the earth's axis of rotation, imparting a reciprocating
      motion to said gyroscope having a component along the spin axis at a
      vibratory frequency equal to the rate of rotation of the flywheel,
      shifting the relative phase between said reciprocating motion and the
      rotation of said flywheel until said pick-off measures a maximum tilt
      angle corresponding to a radial unbalance.
NUM  4.
PAR  4. The method of claim 3 further comprising the steps of recording the tilt
      of said flywheel with respect to said pick-off in the presence and absence
      of said reciprocating motion and computing radial unbalance according to
      the equation
      ##EQU7##
      wherein D.sub.x1 represents the tilt of the flywheel with respect to the
      pick-off in the absence of said reciprocating motion, D.sub.x2 represents
      the maximum tilt of the flywheel with respect to the pick-off after the
      relative phase of the reciprocating motion has been shifted to provide a
      maximum tilt with respect to said pick-off and .theta. represents the
      angle which the polar axis makes with the local horizontal.
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ABST
PAL  A device for locating mass centers, checking rotational axes and correcting
      for imbalance in work pieces, which includes a first and a second set of
      knife edge supports transversely disposed with respect to each other and
      having a first member received and balanced on one set of knife edge
      supports, for establishing a first coordinate axis, a second member
      received and balanced on the second set of knife edge supports, which are
      provided between the two members, and establish a second coordinate axis,
      and means for separately sensing and relaying imbalance data with respect
      to the two coordinate axes and as regards a workpiece received and
      supported on the two members in combination.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various methods and procedures are known and have been used in the past for
      determining the center of gravity, mass center, rotational axes, and
      weight distribution for balancing various work parts, both individually
      and in assembled combinations, both to provide for their balanced support,
      make corrections and changes, avoid force moments which induce vibrational
      tendencies, and the like.
PAR  Although close attention is given to such matters during their design and
      manufacture, the necessary tolerances required for reasonably large volume
      production, in particular, produces combinations or stacking of tolerance
      variations which can only be evaluated and corrected for within the
      completed part itself by equipment capable of use in the manufacturing
      plant and in the final inspection line.
PAR  As a consequence, such equipment must be reasonably rugged in construction
      and still have the high degree of sensitivity which is required of it. It
      must also be capable of both highly accurate readings and resonably fast
      response for full line inspection use and other than periodic spot-checks;
      as is most commonly done due to present limitations in time or accuracy
      imposed by presently known balancing devices.
PAR  Of still further importance, the work under test should have its centers
      located or be capable of being corrected at the inspection stations; which
      requires reasonably secure clamping for corrections and solid backing
      support for centers to be made immediately after the determination of the
      degree and extent of error or location of centers. And, correction means
      should be able to approach the work from either axial direction in
      locating or establishing centers for maximum adaptability for use on
      various parts and with various corrective devices.
PAR  For production use it is also important that the determinations be made
      within 3-10 seconds so that the transference of balancing data to
      establish centers and/or the correction itself can be accomplished, if
      possible, within less than one minutes time.
PAR  Balancing devices which merely pass or reject a part, to a second
      correction line, can also prove costly where the corrections needed in a
      particular run are relatively minor. Reasonably fast determinations of
      imbalance or mass center data should be capable of being made at the
      inspection station, or immediately thereafter, with only those parts that
      are beyond line correction diverted to a corrective line which, even then,
      should have the corrective data fed to it from the previously made
      determinations.
PAR  It is with these objects in mind that the present invention has been
      devised.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention makes use of the knife edge balancing principal and
      incorporates a double use thereof for the axial coordinate determinations
      required.
PAR  Knife edge balancing has the advantage of allowing rugged construction for
      production line use and of providing precisely located and solidly
      supported spaced end axial locations, capable of handling a wide variety
      of different sized parts of varying weights.
PAR  In particular, the balancing device of this invention includes a first and
      a second set of knife edge supports with the knife edges of each set in
      precise alignment and relatively spaced apart while the respective sets of
      supports are disposed transversely with respect to each other to provide
      distinctly separate axial coordinates for balance computations. A base
      member establishes the reference plane and has the first set of knife edge
      supports mounted thereon and a first member received and supported on the
      first set of knife edge supports.
PAR  A second member is received and supported on the first member, upon the
      second set of knife edge supports, which are provided between the two
      members, in a manner which disposes the two coordinate axes provided by
      the knife edge supports in a common plane of reference precisely parallel
      to the base member plane.
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PAR  imbalance sensing means between the first member and the base member, and
      between the two members themselves, accuracte readings are obtainable to
      within 0.000050 inches of dead center on any part supportable on the work
      part receptive surface of the second member.
PAR  The relatively spaced disposition of the knife edge supports, on transverse
      axes, enables free and unobstructed access to the work part to locate
      centers or for correction from either side, with suitable design of the
      knife edge supported members to allow the same. And, vacuum chucking of
      the work part is possible for like reasons, of the spacing of the knife
      edge supports, and simultaneously elevated stabilizing posts are capable
      of providing the necessary backing support to establish centers or for
      balance correction right at the inspection station.
DETD
PAC  DESCRIPTION OF THE DRAWING FIGURES:
PAR  FIG. 1 is a schematic perspective of a work part production line showing
      the device for balance inspection, or mass center location and the
      corrective station envisioned by this invention.
PAR  FIG. 2 is a side plan view of the balancing device of the present
      invention.
PAR  FIG. 3 is a top plan view of the first knife edge supported member, in and
      of itself.
PAR  FIG. 4 is a perspective view of the first knife edge supported member.
PAR  FIG. 5 is a side plan view of the first knife edge supported member on its
      knife edge supports.
PAR  FIG. 6 is a side plan view of the first knife edge supported member, in and
      of itself.
PAR  FIG. 7 is a bottom plan view of the second knife edge supported member, in
      and of itself.
PAR  FIG. 8 is a perspective view of the second knife edge supported member with
      the access openings in its hidden sides shown in dotted and schematic
      outline, for location identification only.
PAR  FIG. 9 is another side plan view of the whole balancing device, from a
      different side than in the second drawing figure, and with the second
      knife edge supported member shown partially in cross-section.
PAR  FIG. 10 is an enlarged fragmentary detail, partially in cross-section,
      showing the sensing device arrangement for the first knife edge supported
      member.
PAR  FIG. 11 is another enlarged fragmentary detail, partially in cross-section,
      showing the sensing device arrangement for the second knife edge supported
      member, and the damper used therewith.
PAR  FIG. 12 is a side plan view of the back-up support, or stabilizing means,
      which is provided on the base member for use with the two knife edge
      supported members, which are disposed thereover but are not shown in this
      instance.
PAR  FIG. 13 is a cross-sectioned and enlarged detail of one of the elevated
      posts of the stabilizing means, shown in the immediately preceeding
      drawing figure.
PAR  FIG. 14 is a bottom plan view of the base plate showing the operating means
      for syncronous actuation of the elevating posts, as seen in looking at the
      underside view of FIG. 12.
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  The device 10 of the present invention, for establishing mass centers,
      locating rotational axes and imbalance determinations, is shown in the
      first drawing figure within a production line represented by the conveyor
      side rails 12 and 14, leading to and from it.
PAR  A series of work pieces 16 are shown, with one at the balancing station,
      and a work tool 18 is positioned relatively over the balancing device for
      making corrections or establishing centers as required. Although the
      arrows 20 refer to the capability of the work tool moving fore and aft,
      sidewards and up and down, for the corrective work required, it will be
      appreciated that the balancing device itself, as a whole, could be capable
      of movement relative to the work tool, as by being on a work bed capable
      of such relative movement in response to data provided to it.
PAR  The balancing device itself includes a base plate member 22, which serves
      as a base reference plane and is intended to be precisely leveled in the
      practice of the invention. It has a pair of posts 24, relatively spaced
      apart from each other, and on which are provided a first set of knife edge
      supports 26, best shown in FIGS. 5 and 9.
PAR  A first knife edge supported member 28 is received and supported on the
      knife edge supports 26 and it is so constructed, weighted and pre-balanced
      itself as to assume a balanced float relative to the reference axis, which
      serves as a first coordinate axis, and is created by the two knife edge
      supports.
PAR  As shown in FIGS. 3-6, member 28 includes a pair of channel grooves 30 and
      32 provided transversely to each other and on its opposite side faces, so
      that they intersect and provide a center hole 34. More particularly, it
      should be noted and appreciated that the bottom wall of each channel
      groove is in the same plane of reference which, in the description which
      follows will be recognized as the null balance plane.
PAR  End wall projections 36 and 38 on the knife edge supported member 28, right
      at the channel grooves, serve to extend the reference plane and it is the
      oppositely disposed end wall projections 36 which are received on the
      first set of knife edge supports 26 and serve to support the member 28 in
      its balance seeking disposition over the base plate.
PAR  A second member 40 is received and supported on the first knife edge
      supported member 28, relatively on the other set of end wall projections
      38. The member 40 provides the work surface 42 upon which a part to be
      balanced or whose center is to be established is received and it has
      depending side walls 44 which shroud and enclose the first member 28
      therewithin; except for the projections 36 and 38 which are received
      within side wall openings 46 and 48, respectively.
PAR  A second set of knife edge supports 50 are provided within the access
      openings 48, as best shown in FIGS. 7 and 8, to provide a second
      transverse coordinate axis for the system about which the second member 40
      is responsive.
PAR  Although not readily apparent in the drawing figures, it should be
      appreciated that both the first and second knife edge supported members 28
      and 40 are so constructed and weighted that they are each relatively
      balanced as regards their respective balance axes, both on each side
      thereof and, relatively thereon and under, except that in the last
      instance it is preferable to have a slight weight advantage, in the order
      of 55%, on the underside of the second knife edge supported member which,
      in being carried by the first knife edge supported member adds a stability
      to the system, without serious consequences, for faster responsive
      readings.
PAR  To reiterate and make more clear the assembly as thus far described,
      referring to FIG. 9 it will be seen that the posts 24 on the base plate 22
      include the knife edge supports 26 upon which the first knife edge
      supported member 28 is supported, on its end wall projections 36. And,
      that the second member 40 has its own knife edge supports 50 resting on
      the other end wall projections 38 for balancing itself, in turn, on the
      first member. Moreover, it will be noted that the axes of the two sets of
      knife edge supports intersect and lie in a common plane of reference
      parallel to the base plate (which serves as the reference plane) when the
      system is in balance.
PAR  In order to locate mass centers and/or sense and measure the imbalance in a
      work part, about the reference or coordinate axis provided by the knife
      edge supports for the first member 28, a sensing device 52, as shown in
      FIG. 10, is used. It includes a linear voltage differential transformer
      (LVDT) arrangement which, in this instance, has the coil 54 fastened to a
      bracket 56 on the base plate member 22 and the core member 58 provided on
      a bracket 60 to the underside of the knife edge supported member 28. Since
      the core movement is relatively about the first coordinate axis provided
      by the knife edge supports for the member 28, it will be noted that the
      coil is disposed tangential to a reference line through the balance axis
      so that core movement is essentially linear.
PAR  The relative movement of the second knife edge supported member 40 is also
      measured by an LVDT arrangement 62, as shown in FIG. 11. However, in this
      instance the coil 64 is fastened to a bracket 66 attached to the member 40
      and the core 68 is provided on another bracket 70 which is fastened to the
      underside of the first knife edge supported member 28. The coil in this
      instance is tangential to a reference line through the second coordinate
      axis and disposed so that movement of the core relatively therewithin is
      again essentially linear.
PAR  Of particular note as regards core and coil disposition, and relative
      movement therebetween, is that the second knife edge supported member 40
      is received and supported, and moves relatively with, the first knife edge
      supported member 28 about the first coordinate axis but such movement is
      detectable only with respect to the second coordinate axis due to the
      relative disposition of the detection means in line with the first
      coordinate axis which makes it unresponsive to lateral movement on either
      side thereof. Similarly, although the first knife edge supported member 28
      carries the second knife edge supported member 40 its detection means is
      disposed in line with the second coordinate axis and is therefore
      unresponsive and undiluted or effected by relative movement of the second
      knife edge supported member about the second coordinate axis. Both knife
      edge supported members are thus essentially isolated and relatively
      separated from each other as regards any detection of axial movement of
      one with respect to the other and their respective means for detecting
      individual relative movement about their own knife edge supporting means
      are consequently capable of transmitting an undiluted and essentially true
      and pure signals for precise vectorial resolution of the force problem
      presented by a work piece under examination.
PAR  Although somewhat schematically illustrated, FIG. 11 also shows a damper
      arrangement 72 for the second knife edge supported member 40 (and hence
      the whole system) in having a vaned piston member 74 in a viscous fluid
      container 76 provided on the bracket arm 66.
PAR  In the last three drawing FIGS. 12-14 is shown a means and method for
      engaging and stabilizing the two knife edge supported members and therby
      providing a positive backing support that enables corrective work or
      inserting centers on a work piece immediately following the determination
      of the amount of error or location of centers right at the inspection
      station.
PAR  It includes four elevating posts 80, 82, 84 and 86 with the outer two
      thereof, 80 and 84, disposed for engagement with the second knife edge
      supported member 40 on relatively opposite sides of its knife edge
      supports, at spots marked 80' and 84' in FIG. 7, and with the inner two
      thereof, 82 and 86, having like engagement with the underside of the first
      knife edge supported member, at spots identified 82' and 86' in FIG. 3.
PAR  One of the elevating posts 80 is shown in an enlarged cross-sectional view
      by FIG. 13 to illustrate their respective construction. And, as shown, it
      includes an internally threaded ring 88 within which the lower end of the
      post is threaded so that it is raised as it is turned in one direction and
      lowered as it is turned in the opposite direction. A pin 90 tightly
      screwed or press fitted into the base of the post, and extended through an
      access hole 92 in the base plate, has a gear 94 on its end to effect the
      necessary rotation. And an adjustment screw 96 in a smaller nut 98 on top
      of the post allows for more finite adjustment in the initial set-up.
PAR  By means of a chain drive 100 about the gear members 94, 102, 104 and 106
      on the different posts, and a drive gear 108 shown with a handle for
      manual operation thereof, it will be appreciated that all four posts may
      be simultaneously elevated or retracted for stabilizing support, or
      allowing free balance, as desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for locating mass centers and the like, comprising; a first and
      second set of knife edge supports with knife edges of each set in precise
      alignment and relatively spaced apart and with the respective sets of
      knife edge supports disposed transversely with respect to each other for
      providing distinctly separate axial coordinates for balance computations,
      a base member for establishing a reference plane and having the first of
      said knife edge support sets provided thereon, a first member supported
      upon said first knife edge support set, a second member formed to receive
      and essentially enclose said first member therewithin for supported
      engagement upon said second knife edge support set, said second knife edge
      support set being provided on one of said first and second members whereby
      said second member is relatively supported and balanced upon said first
      member and is receptive of a work part thereon for evaluation, said first
      member having a first channel groove provided on the underside thereof and
      first means at relatively opposite ends thereof received upon said first
      knife edge support set, a second channel groove provided across said first
      member on the other side thereof and second means at relatively opposite
      ends thereof providing balancing support for said second channel groove
      being formed precisely to the depth of said first channel groove for
      intersection therewith and for disposing the bottom walls of each of said
      channel grooves in a common plane of reference relatively within and
      between the opposite side faces of said first member.
NUM  2.
PAR  2. The balancing device of claim 1, said first and second means including
      extensions having wall surfaces thereof contigious with said first and
      second channel grooves and projecting beyond the end wall edges thereof
      for knife edge support engagement.
NUM  3.
PAR  3. The device of claim 1, said first and second members being each
      relatively balanced to close tolerances on opposite sides of their
      respective knife edge supporting sets and each having a preponderance of
      weight no greater than 55% relatively below their respective balance axes.
NUM  4.
PAR  4. The device of claim 1, said second member including depending side walls
      therearound receiving and substantially enclosing said first member
      therewithin.
NUM  5.
PAR  5. The device of claim 4, said second member having openings in said
      depending side walls and having first and second means having the
      extensions thereof receptive therewithin, and said second knife edge
      support set being provided within relatively opposite of said side wall
      openings in said second member for providing the means of relatively
      balanced support therefor and on said first member.
NUM  6.
PAR  6. The device of claim 5, including relatively coordinated stabilizing pads
      provided on said base member and having means of elevating the same
      simultaneously for engagement of different sets thereof respectively with
      said first and second members on relatively opposite sides of their
      respective balancing axes.
NUM  7.
PAR  7. The device of claim 5, including balance seeking damper means provided
      on said second member, and imbalance sensing and signalling means provided
      for said first member between said base member and first member and for
      said second member between said first and second members.
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ABST
PAL  A carrier for inflatable pneumatic tires is supported for tilting travel
      about a substantially vertical axis upon an arcuately spherical universal
      pivot resting upon a seat having a corresponding sphericity. The seat
      surmounts a pedestal, and the pedestal and carrier are jointly formed with
      an air conducting means, the continuity of which is interruptible, to
      admit air to and from a tire mounted for balancing upon the carrier, to
      inflate and deflate such tire. The pedestal surmounts a fluid motor
      provided with two pistons in tandem: one piston carries an actuating rod
      to operate a valve to admit air to a tire prior to balancing, and to
      resist escape of air from an inflated tire on the carrier during
      balancing. The carrier is equipped with a lower rim element to engage a
      lower bead of a tire and an upper rim element to engage an upper bead of a
      tire. The upper rim element is removable. A carriage means is provided
      having travel to advance the upper rim element for deposit upon the
      carrier to retain a tire thereon, and alternatively, to remove and retract
      the upper rim element from the carrier to afford loading and unloading of
      a tire upon the carrier. The fluid motor rests on the upper surface of a
      housing, which housing also supports a frame or superstructure from which
      said carriage means is dependent.
BSUM
PAC  RELATED APPLICATIONS
PAR  There are no related applications known to or filed by applicant on the
      invention disclosed herein.
PAC  BACKGROUND OF INVENTION
PAR  This invention lies in the field of machines for static determination of
      imbalance in annular objects, and specifically in inflatable, pneumatic
      tires. It is proposed to balance uncured, or "green" tires by mounting
      them singly upon a carrier, inflating them, and balancing them to
      determine the amount and radial angle of any imbalance therein, and
      deflating them prior to removal from the machine.
PAC  PRIOR ART
PAR  The pivotal means of the ensuing disclosure is closely analagous to the
      disclosure of U.S. Pat. No. 3,181,371, issued on May 4, 1965, to Joseph P.
      Lannen, on a Universal Balance Testing Machine, and showing therein means
      to lubricate such pivot with oil under pressure. Said patent does not deal
      with the problems attendant upon balancing only inflated tires (not
      mounted upon wheels).
PAR  A damper, as disclosed in U.S. Pat. No. 2,349,288, issued on May 23, 1944,
      to Joseph P. Lannen, may be employed with the present disclosure if
      desired.
PAC  SUMMARY OF THE INVENTION
PAR  Invention lies in the provision, in the hereinafter described machine, of a
      carrier to removably receive a pneumatic tire for fluid sealed retention,
      and in the provision of air conducting means having interruptible
      continuity for inflation or deflation of a tire, with balancing means for
      said tire.
PAR  An object of the invention is to provide means to establish said continuity
      for inflation and deflation of a tire, and to provide means to interrupt
      said continuity, during tilting travel of the carrier.
PAR  A further object of the invention is to provide a valve in the carrier to
      resist escape of air from an inflated tire when said continuity is
      interrupted.
PAR  Still a further object of the invention is to provide in said carrier an
      upper rim element removable from said carrier to afford loading and
      unloading of a tire, and applicable upon said carrier for air-sealed
      retention of a tire, and to provide locking mechanism in said carrier to
      releasably lock said upper rim element in said tire-retaining position
      during inflation and balancing.
PAR  A further object of the invention is to provide a fluid motor disposed
      beneath and supporting said seating member and said carrier, and to equip
      said motor with an actuating rod extending into said air conducting means,
      and in so juxtaposing said carrier, said seating member, and said fluid
      motor, that said actuating rod serves (1) to open said valve, and allow it
      to close, (2) to lock and release said locking mechanism for said upper
      rim element, and (3) to afford continuity of said air conducting means, or
      to effect interruption of said continuity.
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PAR  These and various other objects are attained by the invention hereinafter
      described and illustrated in the accompanying drawings, wherein:
PAR  FIG. 1 is a front, elevational view, with the carriage up and carrying said
      upper rim element; the carriage is also shown in dash line in position to
      deposit the upper rim upon the tire carrier.
PAR  FIG. 2 is similar to FIG. 1, with the carriage in the up position and the
      upper rim deposited upon said tire carrier.
PAR  FIG. 3 is a horizontal, partial, sectional view on line 3--3 of FIG. 1, but
      on a larger scale, omitting members of a frame surmounting the housing.
PAR  FIG. 4 is a horizontal, partial, sectional view on 4--4 of FIG. 2, and on a
      larger scale.
PAR  FIG. 5 is a vertical, partial, sectional view on line 5--5 of FIG. 4,
      showing the upper rim carriage in isolation.
PAR  FIG. 6 is a vertical, partial, sectional view on line 6--6 of FIG. 3, but
      on a slightly smaller scale, showing the upper rim carriage and a portion
      of the upper rim element as carried by said carriage.
PAR  FIG. 7 is a partial, vertical, sectional view taken on line 7--7 of FIG.
      10, but otherwise being a downward continuation of FIG. 6.
PAR  FIG. 8 is a partial, vertical, sectional view similar to FIG. 7, and taken
      on line 7--7 of FIG. 10, but with the upper rim element locked upon the
      carrier.
PAR  FIG. 9 is a partial, vertical, sectional view taken on line 9--9 of FIG.
      11, but with the carrier free for tilting travel.
PAR  FIG. 10 is a partial, horizontal, sectional view on line 10--10 of FIG. 9,
      showing the upper rim locking mechanism in its locking position.
PAR  FIG. 11 is a partial, horizontal, sectional view taken on line 11--11 of
      FIG. 7.
PAR  FIG. 12 is a partial, horizontal, sectional view taken on line 12--12 of
      FIG. 9, and showing the concave spherical member with the convex spherical
      member removed.
PAR  FIG. 13 is a partial, horizontal, sectional view taken on line 13--13 of
      FIG. 7, but on a larger scale.
PAR  FIg. 14 is a partial, horizontal, sectional view taken on line 14--14 of
      FIG. 7, but on a larger scale, and showing in dash line the ports for the
      tandem pistons.
PAR  FIG. 15 is a plan view of the balancing machine, housing, and
      superstructure taken on line 15--15 of FIG. 1.
DETD
PAR  In said views, the reference character 1 designates a housing or base
      having a top wall 2 supported in part by side walls 3, and a back wall 4.
      A front wall with an access door (not shown) may also be provided. A
      framework generally designated as 5, and described in detail hereinafter,
      is erected upon said top wall.
PAR  Disposed approximately centrally upon said top wall is a fluid motor
      designated generally as 8. Surmounting said fluid motor is a seating
      assembly designated generally as 9, which in turn supports a carrier
      assembly designated generally as 10. The carrier assembly is mounted upon
      the seating assembly in such a manner as to afford universal tilting
      travel of said carrier assembly to determine the amount and angle of
      imbalance of a tire mounted thereon. A carriage 11, is suspended from the
      framework for reciprocable, rectilinear travel to and from the carrier
      assembly for purposes hereinafter explained.
PAC  FLUID MOTOR
PAR  Referring in greater detail to the fluid motor 8, as seen in FIGS. 7, 8,
      and 9, said motor includes a cylinder block 12 mounted upon the central
      portion of the top wall 2. The cylinder block is formed with a lower
      annular flange 13 through which screws 14 secure the fluid motor to the
      top wall.
PAR  Said cylinder block is interiorly formed with an upper cylinder 15 which
      opens upon a lower cylinder 18 of substantially larger diameter, Disposed
      for reciprocable, vertical travel in said cylinder 15 is a driving piston
      19. An actuator rod 20 has a lower end portion 21 reduced in diameter to
      be received in said piston 19, and downwardly terminates in a threaded
      portion 22, which receives a nut 23, disposed within a recess 24 in the
      bottom of the piston 19. A stabilizing piston 25 has reciprocable,
      vertical travel in the lower cylinder 18, and includes a central portion
      28 which is slidably received in the upper cylinder 15. Said central
      portion upwardly terminates in a circular head 29.
PAR  An elongated screw 30 has a threaded end portion 31 received in the lower
      portion of said stabilizing piston 25 (FIG. 7), and threadedly receives
      (FIG. 9) in its lower end portion on actuating screw 32 which downwardly
      terminates in a flat circular head 33. A lock nut 34 resists movement of
      the actuating screw 32 on its longitudinal axis. It is desirable to
      provide a bushing 35 to guide the actuating screw 32 in its travel, and to
      resist wear effected by such travel. Mounted upon a bracket 37, a limit
      switch 38 is disposed beneath said table for actuation by said actuating
      screw 32 when the stabilizing piston 25 is in its lowermost position.
PAR  As clearly seen in FIG. 9, the cylinder block 12 is provided with a
      plurality of ports 40, 41 and 42, for the alternative introduction and
      withdrawal of fluid to motivate said pistons in their travel. Valve means
      (not shown) determine wheen each respective port is serving for the inflow
      or outflow of fluid.
PAC  SEATING ASSEMBLY
PAR  A pedestal 43 surmounts the cylinder block 12, as may be seen in FIGS. 7,
      8, and 9, and elongated screws 44 (FIG. 7 and 8) extend through said
      cylinder block and into said pedestal to secure the latter in position.
      The pedestal is circular in horizontal cross section, and has a lower end
      portion 45 substantially reduced in diameter.
PAR  The pedestal carries a seating member 47 formed concavely with an arcuately
      spherical surface having a locus point 48. Surmounting said seating member
      is an annular pivot element 49 having its lower portion 50 diametrically
      enlarged, and formed with a convex surface of a sphericity complementary
      to that of the seating member 47.
PAR  To minimize friction between said arcuately spherical surfaces, it is
      desired to employ a fluid under pressure. The present disclosure employs
      air. To direct said air between the complementary spherical surfaces,
      vertical air holes 51 extend through said pedestal 43 and said cylinder
      block 12, and access to a source of compressed air (not shown) is provided
      by horizontal air hole 52 in the cylinder block.
PAR  Air introduced through holes 51, 52 flows into an annular channel 53 formed
      in the bottom surface of the seating member 47. Said seating member is
      clearly shown in FIG. 12 (a horizontal cross section), which omits the
      annular pivot element 49 for purposes of clarity. In said view it is
      clearly seen that the seating member is provided with a circular series of
      air holes 54 which open on the aforesaid annular channel 53. The upper
      portion 55 of each air hole 54 is reduced in diameter, and opens in the
      spherically concave surface 56.
PAR  Some of the air escapes inwardly of the spherical surfaces and into a hole
      58 formed in the center of said seating member. From said hole 58 there
      extends horizontally through said seating member an air escape hole 59
      which communicates with an annular recess 60 interiorly formed in a
      cylindrical sleeve 61 which encircles the pedestal. Said sleeve has slight
      reciprocable vertical travel upon said seating member 47, and is
      surmounted by an annular clamp plate 62 secured to said sleeve by screws
      63. Said clamp plate is shown in its downward clamping position in FIGS. 7
      and 8, to restrain the pivot element from tilting travel, while a tire is
      loaded or unloaded from the carrier. In FIG. 9, the cylinder sleeve and
      clamp plate 62 are shown raised to allow said tilting travel. When raised,
      the clamp affords escape of some lubricating air outwardly of the pivot
      element 49.
PAR  As is best seen in FIG. 9, a plurality of springs 64 urges said cylindrical
      sleeve 61 to slide normally upwardly on said pedestal. It should be noted
      that the cylinder block 12 is formed with an annular upper flange 65, and
      that flange has, in its upper surface, spring-receiving sockets 68.
      Corresponding recesses 69 are formed in the bottom surface of the
      cylindrical sleeve 61, and adjusting screws 70 have their upper ends 71
      threadedly received in said cylindrical sleeve. The lower end portions of
      said adjusting screws are threaded to receive nuts 72 which may be
      adjusted to limit upward travel of the cylindrical sleeve responsive to
      said springs 64.
PAR  The cylindrical sleeve 61 downwardly terminates with an interiorly
      projecting annular flange 73, which has sliding travel upon the reduced
      diameter 45 of the lower portion of said pedestal. A guard 74 is disposed
      upon the cylinder block 12 to encircle the lower portion of said
      cylindrical sleeve, and protect the springs and adjusting screws. Recesses
      75 are formed in said guard to accommodate the springs 64. Such recesses
      are seen most clearly in FIG. 14, the springs being omitted for clarity of
      drawings.
PAR  The cylindrical sleeve 61 is impelled to travel downwardly, and overcome
      the urgings of the aforesaid springs 64, by the admission of a fluid,
      which may be air, through a continuous port (FIGS. 7 and 8) having a
      vertical passage 77 formed in the pedestal 43, and continuing in a
      horizontal passage 78 formed in the upper flange 65 of said cylinder block
      12. Such fluid enters an annular chamber 79 to take effect on the
      cylindrical sleeve 61.
PAC  AIR CONDUIT IN SEATING ASSEMBLY
PAR  A liner 80 is secured to a central hole 58 in the pedestal 43 by means of a
      flange 81 and screws 82. It should be noted that the liner 80 is formed
      with a bottom wall 83. The upper end portion 86 of the liner 80 extends
      upwardly from the aforesaid flange 81, and into a downwardly opening
      chamber 87 formed in the annular pivot element 49. Formation of said
      chamber 87 leaves a wall 88 at the top portion of said annular pivot.
PAR  A spring 89 is received in the lower end portion of said liner 80, and
      reacts between the bottom wall 83 of the liner, and the bottom wall 85 of
      a hollow piston 84 to urge said piston to an upper position to engage the
      open end 90 of said piston with the aforesaid wall 88. The open end
      portion 90 of said piston receives a sealing element 91 to effect a
      fluid-sealing engagement of said open end 90 with said wall 88, encircling
      a hole 93 formed in said wall.
PAR  A dog 92 is carried by the actuator rod 20, and has vertical travel with
      said actuator rod to any one of three positions, as hereinafter discussed.
      Interiorly of the open end 90 of the hollow piston 84, an annular shoulder
      94 is formed by an annular recess, whereby said shoulder may be engaged by
      said dog 92 to downwardly retract the hollow piston 84 to disengage the
      open end 90 from said wall 88. This leaves the wall 88 disengaged, and
      with the unclamping of the clamping plate 62, when the cylindrical sleeve
      61 is in its upper position, as shown in FIG. 9, the annular pivot element
      49 is free for unhampered tilting travel.
PAR  A hole 95 is formed in the side wall of the hollow piston 84, and is
      aligned with a hole 96 formed in the side wall of the liner 80. A further
      hole 97 is formed in the pedestal 43, and communicates with the aforesaid
      holes 95, 96. Still a further hole 98 is formed in the cylindrical sleeve
      61. The hole 97 is formed with a pipe tap to receive a pipe 97a which
      connects with a source of compressed air (not shown).
PAR  The hole 98 in the cylindrical sleeve 61 is of a diameter sufficient to
      accomodate the above described sliding travel of said cylindrical sleeve
      61 while avoiding interference with the pipe 97a. The hole 95 in the side
      wall of the hollow piston 84 is of a diameter adequate to accommodate the
      sliding travel afforded said hollow piston without obstructing
      communication with the holes 96 and 97.
PAR  Finally, a vertically elongated slot 99 is formed in the side wall of the
      upper portion 86 of the liner 80, and a stop screw 100 has its threaded
      end portion received in the wall of the hollow piston. The head of said
      screw is received in said slot 99, for vertical sliding travel therein in
      association with the hollow piston. The purpose of the screw 100, as may
      now be readily apparent, is to resist rotation of the hollow piston about
      its vertical axis, which rotation could result in misalignment of the
      aforesaid holes 95, 96, 97 for passage of air to and from the interior of
      the hollow piston.
PAR  At the lower end portion of the liner 80, in the exterior surface thereof,
      is formed an annular groove 101 (FIG. 9). A hole 102 communicates from the
      interior of the hollow piston to said groove, and a hole 103 extends
      through the side wall of the reduced diameter 45 of the pedestal 43. As
      the hollow piston 84 moves up and down, air will tend to be expanded and
      compressed in the lower portion of the liner 80. The described air
      passages afford intake and expulsion of air to accommodate the vertical
      travel of the hollow piston 84 without such compression and expansion.
PAC  CARRIER ASSEMBLY
PAR  With reference now to the carrier assembly 10, a carrier body 104 surmounts
      the annular pivot element 49, and is secured thereon by screws 105.
      Mounted upon the carrier body 104 is a lower rim element 108, which is
      secured thereto by a plurality of screws 109. Said lower rim element is
      contoured to effect an air sealed engagement with the lower bead of a tire
      placed upon the carrier. An upper rim element 110 is carried by a mounting
      ring 111, which is surmounted and sealed by a circular plate 112. As may
      be seen in FIG. 9, screws 113 maintain said circular plate, mounting ring,
      and upper rim element in assembly.
PAR  A variety of means is available to determine the amount and angular
      direction of imbalance. For example, a bubble level (not shown) may be
      mounted upon a level arm 114, which (as is seen in FIG. 9), may be secured
      to and beneath the carrier body 104, as by screws 115, 116. One may also
      employ on the carrier, diametrically opposite the level arm 114, a
      counterbalance weight (not shown), which may also be mounted to or beneath
      the carrier body 104.
PAR  Distinctly shown in the vertical, sectional views of FIGS. 7, 8, and 9, as
      well as in the horizontal sections of FIGS. 10 and 11, the carrier body
      100 is formed with a plurality of radially extending ribs 118 which
      downwardly terminate in thickened portions 119. Interiorly of the carrier
      body, and downwardly opening therefrom, is a central chamber 120 from
      which a hole 121 extends radially through each said rib to an annular
      groove 122, formed in the exterior circumferential surface of the carrier
      body.
PAR  The upper portion of the chamber 120 constitutes an annular chamber 123, by
      virtue of a hollow core 124 which projects downwardly into said central
      chamber. Said hollow core 124 upwardly, interiorly terminates in a
      conically shaped socket 128. A sleeve 129 is press-fitted, or otherwise
      secured in said hollow core to slidably receive a tubular plunger 130
      which downwardly terminates in an annular flange 131. The tubular plunger
      130 slidably receives a valve stem 133. The valve downwardly terminates in
      a substantially concentric, integral disc 134.
PAR  A spring 135 is disposed within said annular chamber to bear upon the valve
      disc 134, and urge said valve downwardly to a normally closed position in
      which said disc will obstruct the hole 93 in the wall 88, and resist the
      passage of air through said hole. In such closed position, the valve disc
      resists escape of air from an inflated tire during tilting travel of the
      pivot element 49. A second spring 136 bears upon the annular flange 131 of
      the tubular plunger 130 to urge the tubular plunger in downward travel. An
      upward extension 137 of the actuator rod 20, may be threadedly engaged in
      the upper end portion of the actuator, so as to engage the bottom surface
      of the valve disc 134 and force said disc upwardly against the urging of
      the spring 135. Thus, the rod 20 and extension 137 constitute a
      counterdrive means to overcome the springs 135, 136.
PAC  LOCKING MECHANISM FOR UPPER RIM ELEMENT
PAR  As may be clearly seen in FIGS. 10 and 11, the carrier body is formed with
      an outer, annular wall 138, and an inner annular wall 139, spaced by and
      conjoined by the aforesaid ribs 118. Between each pair of ribs there is
      slidingly received a horizontally disposed lock pin 144, formed with a
      tapered end 145. The interior, circumferential surface of the mounting
      ring 111 (to mount the upper rim element 110) is formed with an annular
      inclined surface 148, so that, when said pins are driven radially
      outwardly as hereinafter described, the aforesaid tapered ends 145 of said
      lock pins 144 engage upon said inclined surface 148 to resist escape of
      the upper rim element 110 from the carrier body 104 during inflation of a
      tire, and tilting travel of the pivot element 49. One may employ bushing
      149, and 150 in said annular walls to avoid undue wear of the walls
      themselves.
PAR  It may be noted that springs 151 react between the outer annular wall 138,
      and a washer 152, or the like, secured to the lock pins 144 to function as
      a release drive means to urge said pins radially inwardly toward the
      aforesaid vertical axis of the device to a release position when said
      actuator rod 20, 137 asserts its purpose as a counterdrive. If desired, a
      further washer 153 may be disposed upon said pin to bear against the wall
      of the carrier to confine said springs between said washers 152 and 153.
PAR  The inner end face of each locking pin 144 is indented to receive a portion
      of a ball 154, and the action of each aforesaid spring 151 tends to
      imprison the ball 154 between the ends of said locking pins and the
      surface of a cam, in the form of a conically tapered, locking pin drive
      element 155. Said drive element is mounted upon a reduced diameter 156 of
      the plunger 130, and is secured against dislodgement from said reduced
      diameter by a lock nut 159. A flat headed screw 160 is threadedly received
      in the upper end portion of said tubular plunger. If desired, hardened
      dowels 157 may be inserted in the lock pins 144 to resist wear from
      operation of the device. The spring 136 serves as a lock drive means to
      urge said cam 155 to a lock position.
PAC  UPPER RIM ELEMENT LATCH MEANS
PAR  Concentrically surmounting the circular plate 112 is a plunger housing 161,
      upwardly terminating in a reduced diameter to form a neck 162. Interiorly,
      said housing is formed with a downwardly opening recess 163 and a plunger
      chamber 164. Disposed within the plunger chamber 164 is plunger head 165,
      having an upwardly elongated plunger stem 166. A spring 167 confined in
      the upper portion of said plunger chamber 164 urges said plunger head
      normally downwardly. The plunger stem 166 carries a snap ring 168 to limit
      the downward travel of the plunger 165, 166 responsive to said spring. An
      actuator screw 169 is threadedly received in the upper end portion of the
      plunger stem 166, and is adjustably secured therein by a lock nut 170. The
      neck 162 of the plunger housing 161 is formed with an annular groove 173
      to receive latch means described below.
PAC  CARRIAGE FOR UPPER RIM ELEMENT
PAR  The aforesaid framework 5 comprises vertical, rectangular beams 174 having
      secured, as by welding, a lower plate 175 and an upper plate 178 at the
      ends of said beams. Lateral, horizontal elements 179 extend between and
      conjoin the laterally spaced pairs of said vertical beams, said horizontal
      elements carrying end plates 180 which surmount upper plates 178, and
      further carrying intermediate plates 181. Transverse elements 182 (FIG.
      15) extend front to rear, and have secured to the end portions thereof,
      plates 183 which are secured to and beneath the aforesaid intermediate
      plates 181. The framework, as described at this point, may be secured
      together as by screws (not shown) employed in the respective abutting
      plates.
PAR  A mounting plate 185 is mounted upon the center plates 184 carried by the
      transverse horizontal elements 182. Approximately centrally of said
      mounting plate is disposed a piston 188, having piston rod 189 extending
      downwardly through said plate to impart vertical, reciprocable travel to
      the carriage 11. A U-shaped bracket 192 has its legs terminating in
      transversely extending flanges 193, which flanges are secured by screws
      194, on the upper surface of a channel plate 195 which constitutes the
      body of the carriage 11. A screw 190 secures the horizontal span 196 of
      the U-shaped bracket 192 to the end of the aforesaid piston rod 189.
PAR  Further comprising a part of the carriage are guide rods 198 which have
      their lower end portions secured in blocks 199. The blocks 199 may be
      welded or otherwise secured to the carriage body 195, and horizontally
      disposed screws or dowels (not shown) may extend through said blocks and
      the lower end portions of the guide rods 198 to interconnect the guide
      rods to the blocks. The guide rods are afforded vertical sliding travel
      through the mounting plate 185 by means of bushings 200 fixed in said
      mounting plate.
PAR  The carriage body 195 carries, approximately centrally thereof, a rest
      bushing 201, which bushing, as may be seen in FIG. 6, engages and rests
      concentrically upon the plunger housing 161. With the carriage in its down
      position, to deposit the upper rim element 110 on the carrier body 104,
      the rest bushing 201 encircles the upwardly extending neck 162 of the
      aforesaid plunger housing 161, but exposes the annular groove 173 formed
      on said head. With the carriage down, a latch 204 having reciprocable,
      rectilinear travel, is disposed to engage the annular groove 173 in a slot
      205. The slot, it may be noted in FIGS. 3 and 4, terminates in an arcuate
      end portion 208 which accommodates the arcuate contour of the annular
      groove 173, and said arcuate end of the slot merges into opposed flats 209
      forming the sides of said slot.
PAR  Formation of the said slot 205 leaves the latch 204 with a pair of spaced
      legs 210, the end portions of which are secured as by screws 211 to an
      actuating plate 212. A nut 213 secures said actuating plate to the end of
      a piston rod 214, said piston rod being actuable by a fluid cylinder 215.
PAR  An actuator screw 218 passes threadedly through the actuating plate 212,
      said screw being formed with a head 219, and receiving a lock nut 220 to
      secure the screw in a desired position of adjustment relative to a limit
      switch 221. Said limit switch has an arm 222 which is contacted by the
      head 219 of screw 218 when the cylinder 215 is energized to retract the
      piston rod 214.
PAR  There is further secured to the carriage a limit switch 223 having an arm
      224 actuable by the head of the earlier mentioned actuator screw 169 for
      purposes hereinafter described.
PAR  Finally, at each end of the carriage is mounted a pair of angle irons 226,
      227. The former may be slotted as at 228 for horizontal adjustment on the
      carriage. Screws (not shown) retain the angle irons in a desired position.
      Should the upper tire bead be so effectively engaged by the upper rim
      element as to stick (as may occur) the carriage would, of course, tend to
      raise the tire from the carrier. The angle irons 227 are adjusted to
      depress the sidewall of the tire and free the upper bead, prior to raising
      of the carriage.
PAC  SEQUENCE OF OPERATION
PAR  To begin the sequence of operation, the carriage 11 is in its upwardly,
      retracted position, and the above described carriage latch mechanism is
      engaged with the aforesaid neck 162 of the plunger housing 161 secured to
      the plate 112, whereby the upper rim element 110 is raised clear from the
      carrier 104 to afford loading upon the carrier of a tire to be balanced.
      At this point, fluid has been admitted through the ports 77, 78 to
      overcome the urging of the springs 64, forcing the cylindrical sleeve 61,
      and the annular clamp plate 62 downwardly to bring the clamping plate 62
      to bear upon the enlarged portion 50 of the annular pivot element 49, and
      positively resist any tilting travel thereof while a tire is being loaded
      upon the carrier.
PAR  With the tire mounted upon the carrier, the piston 188 is energized to
      drive the piston rod 189, and the carriage 11 downwardly to deposit the
      upper rim element 110 upon the carrier. When this occurs, the drive piston
      19, and the stabilizing piston 25 in the cylinder block 12 are in their
      uppermost positions (FIG. 7). The valve 133, 134 is in its uppermost
      possible position, as is the plunger 165, 166. Consequently, the head of
      the screw 160 is engaged by the bottom face of the plunger head 165, and
      drives said plunger head upwardly against the urging of the spring 167, to
      the position shown in FIG. 6. In this position, the plunger 165, 166,
      causes the head of the actuating screw 169 to raise the arm 224 of limit
      switch 223. Such switch is so disposed in electrical circuitry (not shown)
      as to obviate the inflation of a tire mounted upon the carrier until the
      lock pins 144 have positively secured the upper rim element 110, mounting
      ring 11, and the plate 112 against possible dislodgement by such
      inflation.
PAR  The piston 19 is now disposed in its second position, as shown in FIG. 8,
      by the admission of fluid through the port 40 (FIG. 9), and the emission
      of fluid through the port 41. The stabilizing piston 25 remains in its
      initial position, as shown in FIGS. 7 and 8, and is maintained in such
      position by the admission of fluid through the lower port 42. The larger
      diameter of the central portion of the stabilizing piston 25 enables it to
      resist the fluid pressure urging the driving piston 19 downwardly and
      stabilizes the driving piston and the actuating rod in their intermediate
      position as shown in FIG. 8.
PAR  Clearly, as is seen in FIG. 8, the valve 134 is allowed to descend,
      responsive to the urging of the spring 135, to an intermediate position
      and simultaneously, the plunger 130, 131, is allowed to descend,
      responsive to the urging of the spring 136, to its lowermost position.
      Such position is dictated by the engagement of the aforesaid conical drive
      155 with the respective balls 154 to cam the respective lock pins 144
      radially outwardly, and engage their tapered ends 145 with the annular
      inclined surface 148 of the mounting ring 11. This secures the mounting
      ring 111, and the asociated upper rim element 110, and the air sealing
      plate 112 securely upon the carrier. At this point, the carriage is raised
      to allow adequate seating of the upper bead of a tire upon the rim
      element.
PAR  With the upper rim element so secured, it will be clear that air may now be
      admitted under pressure through the pipe 97a, and through the holes 97,
      96, and 95 and into the conduit formed by the hollow piston 84. The air
      then passes around the diametrically elongated dog 92, through the hole
      93, into the lower portion of the chamber 120, and through the radial air
      holes 121 to the toroidal chamber of a tire (not shown).
PAR  The tire being inflated to a desired pressure, the pistons 19 and 25 are
      energized by the admission of fluid to the cylinder block 12 through the
      upper port 40 (FIG. 9). and evacuation of fluid through the middle port
      41, and the lower port 42. With the stabilizing piston 25 in its lowermost
      position, the aforesaid actuating screw 32 engages the arm 39 of limit
      switch 38, which effects circuitry (not shown) to cause the evacuation of
      fluid from the annular chamber 79 in the cylindrical sleeve 61, allowing
      the springs 64 to take effect, and urge the sleeve 61 and the clamping
      plate 62 to its raised position, as shown in FIG. 9, to afford tilting
      travel of the annular pivot element 49, 50.
PAR  When the balancing of a tire is completed, means (not shown) governs the
      flow of fluid in the respective ports 40, 41, 42 to drive the piston 25 to
      its upper position, and to drive the piston 19 to its intermediate
      position, as shown in FIG. 8. This raises the dog 92 to allow the spring
      89 to urge the hollow piston 84 to re-establish the continuity of the
      aforesaid air passage from the pipe 97a to a tire mounted upon a carrier.
      The actuator extension 137 rises to drive the valve 133, 134 to its
      intermediate position, and afford the evacuation of air from the tire
      through the now-continuous air passage and out through the pipe 97a.
      Following evacuation of air from the tire, the piston 19 is energized to
      move to its uppermost position, as shown in FIG. 6, in which position the
      valve 133, 134 is driven to its uppermost position, in which it carries
      the plunger 130, 131 upwardly to negate the urging of spring 136, and
      moves the conical pin drive 155 upwardly, affording play to the springs
      151 to establish the lock means 144 in a release position.
PAR  It would be desirable to have the carriage descend, by means of the
      aforesaid piston 188, 189, and to activate the latch operating fluid
      cylinder 215 to drive the piston rod 214 to the right, as shown in the
      various views, and thus to engage the latch 204 with the neck 162
      preparatory to lifting the upper rim element 110 from the carrier assembly
      10. Thus, upon deflation of the tire, the piston 188 may be energized to
      draw the piston rod 189 upwardly to effect retraction of the carriage
      assembly 11 with the upper rim element 110, to afford removal of the now
      balanced tire, and the application to the carrier of another tire to be
      balanced.
PAR  It is noted that the carriage rises alternatively with and without the
      upper rim element. Whether it carries the upper rim element depends, of
      course, on whether the latch 204 is engaged with the annular groove 173 of
      the neck 162 of the plunger housing 161. As aforesaid, such engagement is
      effected by fluid cylinder 215, which, by piston rod 214, carries actuator
      screw 218 to operate limit switch 221. The function of said limit switch
      is to indicate by appropriate electrical circuitry (not shown) whether the
      latch is engaged or disengaged, such indication governing whether the
      above described sequence of operation occurs, or whether a balanced tire
      is unloaded, and another tire is loaded on the carrier.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A balance testing machine for pneumatic tires including,
PA1  a base,
PA1  a seating member mounted on said base and adapted to pivotally receive,
PA1  a carrier seated upon the seating member, and adapted for universal tilting
      travel thereon relative to a substantially  vertical axis, said carrier
      including,
PA1  tire retention to removably receive a tire for air sealed retention on the
      carrier,
PA1  air conducting means to inflate and deflate a tire retained by said
      retention means,
PA1  a first air passage in said-seating member having optional continuity with,
PA1  a second air passage in said carrier,
PA1  means to interrupt said continuity, to afford said tilting travel, after
      inflation of a tire and to restore said continuity for deflation of such
      tire, and
PA1  means to resist escape of air from a tire when said continuity is
      interrupted.
NUM  2.
PAR  2. A balance testing machine as set forth in claim 1,
PA1  a hole formed in said seating member,
PA1  conduit means defining said first air passage, and being received in said
      hole for travel therein between a normal position to establish said
      continuity, and a second position to interrupt said continuity,
PA1  conduit drive means urging travel of said conduit means to said normal
      position, and
PA1  said means to interrupt said continuity being counter-drive means to drive
      said conduit means to said second position.
NUM  3.
PAR  3. In a balance testing machine as set forth in claim 2,
PA1  said conduit means being a hollow, driven piston having an open end,
PA1  said second air passage including an aperture opening from said carrier,
PA1  said open end engaging said carrier to establish said continuity through
      said aperture responsive to said conduit drive,
PA1  said open end disengaging from said carrier responsive to said counterdrive
      means.
NUM  4.
PAR  4. A balance testing machine as set forth in claim 3,
PA1  said counterdrive means including an actuator having reciprocable travel
      and adapted to releasably engage and drive said hollow driven piston to
      said second position,
PA1  said hollow driven piston being adapted for such releasable engagement, and
PA1  a power source to impel said actuator in said reciprocable travel.
NUM  5.
PAR  5. In a balance testing machine as set forth in claim 4,
PA1  said power source being a fluid motor, having
PA1  a cylinder block mounted upon said base,
PA1  a driving piston in said cylinder block to drive said actuator in said
      reciprocable travel, and
PA1  said seating member surmounting said cylinder block to dispose said first
      passage in the path of travel of said actuator.
NUM  6.
PAR  6. A balance testing machine as set forth in claim 5,
PA1  an end wall on said hollow, driven piston,
PA1  said actuator extending through said end wall, and
PA1  means carried by said actuator adapting said actuator to effect said
      releasable engagement with said hollow, driven piston.
NUM  7.
PAR  7. In a balance testing machine as set forth in claim 6,
PA1  said tire retention means including,
PA1  a lower rim element adapted to engage the lower bead of a tire loaded
      thereon,
PA1  an upper rim element removably receivable upon said carrier, and adapted to
      engage the upper bead of such a tire,
PA1  said upper rim element and lower rim element being adapted to retain a tire
      inflated thereon.
NUM  8.
PAR  8. In a balance testing machine as set forth in claim 7,
PA1  a locking mechanism associated with said carrier and having a locked
      position to secure said upper rim element on said carrier, and a release
      position to afford deposit upon or removal of said upper rim element from
      said carrier
PA1  lock drive means to urge said locking mechanism to said lock position,
PA1  said counterdrive means being effective to negate said urge, and
PA1  release drive means to drive said mechanism to said release position when
      said counterdrive means negates said urge.
NUM  9.
PAR  9. In a balance testing machine as set forth in claim 8,
PA1  said locking mechanism employing at least one elongated pin actuable
      between a pin-lock position of engagement with said upper rim element,
      responsive to said lock drive means, and a pin-release position of
      disengagement, responsive to said release drive means.
NUM  10.
PAR  10. In a balance testing machine as set forth in claim 9,
PA1  said lock drive means including,
PA1  a cam having travel between a pin-lock position and a pin-release position,
PA1  said lock drive means imposing said urge upon said cam, said cam
      transmitting said urge to said pin,
PA1  said counterdrive means acting upon said cam to negate said urge,
PA1  and afford effect to said drive means.
NUM  11.
PAR  11. In a balance testing machine as set forth in claim 10,
PA1  said actuator having reciprocable travel, between a position of releasable
      engagement with said cam to negate said urge, or a position of
      disengagement from said cam to yield to said urge,
PA1  said means to resist escape of air being a valve having an open position
      and a closed position,
PA1  means interconnecting said valve and said cam to enable said actuator to
      concurrently move said valve to an open position and to move said cam to a
      release position.
NUM  12.
PAR  12. In a balance testing machine as set forth in claim 11, said tire
      retention means including,
PA1  a carriage having travel to carry said upper rim element between a first
      position, seating said upper rim element upon said carrier to engage the
      upper bead of a tire loaded thereon, and a remote position withdrawn from
      said carrier to afford loading and unloading of a tire upon the carrier.
NUM  13.
PAR  13. In a balance testing machine as set forth in claim 12,
PA1  means on said carriage to releasably engage said upper rim element for said
      travel, and
PA1  means on said upper rim element adapted for engagement by said means on
      said carriage.
NUM  14.
PAR  14. In a balance testing machine as set forth in claim 13,
PA1  said means on said carriage being latch means carried by said carriage, and
PA1  said means on said upper rim element being a supplementary latch means for
      engagement by said first named latch means to carry said upper rim element
      with said carriage in said travel.
NUM  15.
PAR  15. In a balance testing machine as set forth in claim 14,
PA1  means carried by said carriage to engage the side wall of a tire mounted on
      said carrier, to free the upper bead of such a tire from said upper rim
      element, upon travel of said carriage to said first position.
NUM  16.
PAR  16. In a balance testing machine as set forth in claim 1,
PA1  said means to resist escape of air being a valve, having an open position
      and a closed position to respectively afford or resist air flow in said
      air conducting means, and
PA1  means to establish said valve alternatively to said positions.
NUM  17.
PAR  17. In a balance testing machine as set froth in claim 16, said last
      mentioned means being,
PA1  valve drive means to move said valve to said closed position, and
PA1  counterdrive means to drive said valve to said open position.
NUM  18.
PAR  18. In a balance testing machine as set forth in claim 17,
PA1  said second air passage including a chamber formed in said carrier,
PA1  a wall separating said chamber from said first passage,
PA1  an aperture in said wall, and
PA1  a valve disc covering said aperture in said closed position, and uncovering
      said aperture in said open position.
NUM  19.
PAR  19. In a balance testing machine as set forth in claim 18,
PA1  said valve drive means being a yieldably resistant member disposed in said
      chamber to impel said valve to said closed position,
PA1  said counterdrive means being effective to overcome said yieldably
      resistant member to drive said valve to said open position.
NUM  20.
PAR  20. In a balance testing machine as set forth in claim 18, said tire
      retention means including,
PA1  a lower rim element mounted on the carrier to receive the lowermost bead of
      a tire mounted on said carrier,
PA1  an upper rim element removably received upon said carrier and, adapted to
      engage the upper bead of such a tire,
PA1  said upper rim element and lower rim element being adapted to retain air in
      a tire inflated thereon,
PA1  a carriage having travel to carry said upper rim element between a first
      position, seating said upper rim element upon said carrier to engage the
      upper bead of a tire loaded thereon, and a remote position withdrawn from
      said carrier to afford loading and unloading of a tire upon the carrier.
NUM  21.
PAR  21. In a balance testing machine as set forth in claim 20,
PA1  means on said carriage to releasably engage said upper rim element for said
      travel, and
PA1  means on said upper rim element adapted for engagement by said means on
      said carriage.
NUM  22.
PAR  22. In balance testing machine as set forth in claim 21,
PA1  said means on said carriage being latch means carried by said carriage, and
PA1  said means on said upper rim element being a supplementary latch means for
      engagement by said first named latch means to carry said upper rim element
      with said carriage in said travel.
NUM  23.
PAR  23. In a balance testing machine as set forth in claim 22,
PA1  means carried by said carriage to engage the side wall of a tire mounted on
      said carrier, to free the upper bead of such a tire from said upper rim
      element, upon travel of said carriage to said first position.
NUM  24.
PAR  24. In balance testing machine as set forth in claim 23,
PA1  a locking mechanism associated with said carrier and having a locked
      position to secure said upper rim element on said carrier, and a release
      position to afford deposit upon or removal of said upper rim element from
      said carrier,
PA1  lock drive means to urge said locking mechanism to said locked position,
PA1  said counterdrive means being effective to negate said urge, and
PA1  release drive means to drive said mechanism to said release position when
      said counterdrive means negates said urge.
NUM  25.
PAR  25. In a balance testing machine as set forth in claim 24,
PA1  said locking mechanism employing at least one elongated pin actuable
      between a pin-lock position of engagement with said upper rim element,
      responsive to said lock drive means, and said pin-release position of
      disengagement, responsive to said release drive means.
NUM  26.
PAR  26. In a balance testing machine as set forth in claim 25, said lock drive
      means including,
PA1  a cam having travel between a pin-lock position and a pin-release position,
PA1  said lock drive means imposing said urge upon said cam, and
PA1  said cam transmitting said urge to said pin,
PA1  said counterdrive means acting upon said cam to negate said urge,
PA1  and afford effect to said release drive means.
NUM  27.
PAR  27. In a balance testing machine as set forth in claim 26, said
      counterdrive means including,
PA1  an actuator having reciprocable travel between a position of releasable
      engagement with said cam to negate said urge, or a position of
      disengagement from said cam to yield to said urge,
PA1  means interconnecting said valve disc and said cam to enable said actuator
      to concurrently move said valve to an open position and to move said cam
      to a release position.
NUM  28.
PAR  28. A balance testing machine as set forth in claim 18, said tire retention
      means including,
PA1  a lower rim element adapted to engage the lower bead of a tire loaded
      thereon,
PA1  an upper rim element removably receivable upon said carrier, and adapted to
      engage the upper bead of such a tire,
PA1  said upper rim element and lower rim element being adapted to retain air in
      a tire inflated thereon.
NUM  29.
PAR  29. A balance testing machine as set forth in claim 28,
PA1  a locking mechanism associated with said carrier and having a locked
      position to secure said upper rim element on said carrier, and a release
      position to afford deposit upon or removal of said upper rim element from
      said carrier,
PA1  lock drive means to urge said locking mechanism to said locked position,
PA1  said counterdrive means being actuable to negate said urge, and
PA1  release drive means to drive said mechanism to said release position when
      said counterdrive means negates said urge.
NUM  30.
PAR  30. In a balance testing machine as set forth in claim 29,
PA1  said locking mechanism employing at least one elongated pin actuable
      between a pin-lock position of engagement with said upper rim element,
      responsive to said lock drive means, and
PA1  said release position of disengagement, responsive to pin-release drive
      means.
NUM  31.
PAR  31. In a balance testing machine as set forth in claim 30,
PA1  said lock drive means including,
PA1  a cam having travel between a pin-lock position and a pin-release position,
PA1  said lock drive means, imposing said urge upon said cam,
PA1  said cam transmitting said urge to said pin, and
PA1  said counterdrive means acting upon said cam to negate said urge,
PA1  and afford effect to said release drive means.
NUM  32.
PAR  32. A balance testing machine as set forth in claim 31, said counterdrive
      means including,
PA1  an actuator having reciprocable travel between a position of releasable
      engagement with said cam to negate said urge, or a position of
      disengagement from said cam to yield to said urge, and
PA1  means adapting said cam for such engagement.
NUM  33.
PAR  33. In a balance testing machine as set forth in claim 32,
PA1  said actuator extending into said first air passage at one limit of
      reciprocable travel, and extending through said aperture and into said
      chamber at the opposite limit of said travel,
PA1  whereby, at said opposite limit of travel respectively establish said valve
      in the open position, and to establish said cam in its release position.
NUM  34.
PAR  34. In a balance testing machine as set forth in claim 33,
PA1  said actuator having an intermediate position in said reciprocable travel
      to yield to said lock drive means to establish said cam in a lock
      position, and retain said valve in an open but intermediate position for
      admission of air to inflate a tire on the carrier.
NUM  35.
PAR  35. In a balance testing machine as set forth in claim 34,
PA1  said counterdrive means including,
PA1  a fluid motor to drive said actuator, said motor having,
PA1  a cylinder block mounted upon said base,
PA1  a driving piston disposed in said cylinder block to drive said actuator in
      said reciprocable travel,
PA1  said seating member and said carrier surmounting said cylinder block to
      dispose said first passage, said valve, said cam, and said hollow driven
      piston, in the path of travel of said actuator for actuation by said
      actuator.
NUM  36.
PAR  36. In a balance testing machine as set forth in claim 35,
PA1  said driving piston having an intermediate position corresponding to the
      intermediate positions of said actuator, and said valve,
PA1  a stabilizing piston in said cylinder block independently actuable to
      stabilize said driving piston in said intermediate position.
NUM  37.
PAR  37. In a balance testing machine as set forth in claim 36, said tire
      retention means including,
PA1  a carriage having travel to carry said upper rim element between a first
      position, seating said upper rim element upon said carrier to engage the
      upper bead of a tire loaded thereon, and a remote position withdrawn from
      said carrier to afford loading and unloading of a tire upon the carrier.
NUM  38.
PAR  38. In a balance testing machine as set forth in claim 37,
PA1  means on said carriage to releasably engage said upper rim element for said
      travel, and
PA1  means on said upper rim element adapted for engagement by said means on
      said carriage.
NUM  39.
PAR  39. In a balance testing machine as set forth in claim 38,
PA1  said means on said carriage being latch means carried by said carriage, and
PA1  said means on said upper rim element being a supplementary latch means for
      engagement by said first named latch means to carry said upper rim element
      with said carriage in said travel.
NUM  40.
PAR  40. In a balance testing machine as set forth in claim 39,
PA1  means carried by said carriage to engage the side wall of a tire mounted on
      said carrier, to free the upper bead of such a tire from said upper rim
      element, upon travel of said carriage to said first position.
NUM  41.
PAR  41. In a balance testing machine as set forth in claim 31,
PA1  said valve drive means being a yieldably resistant member disposed in said
      chamber to impel said valve to said closed position,
PA1  said lock drive means being a yieldably resistant member disposed to urge
      said cam to said pin-lock position.
NUM  42.
PAR  42. In a balance testing machine as set forth in claim 41,
PA1  said chamber having a second wall,
PA1  a socket formed in said second wall exteriorly of said chamber,
PA1  a plunger guide hole formed in said second wall, and communicating between
      said socket and said chamber,
PA1  an elongated plunger extending through said plunger guide hole and into
      said socket,
PA1  said cam being disposed in said socket, and carried by said plunger, and
PA1  said plunger having reciprocable sliding travel in said plunger guide hole
      to carry said cam between said pin-lock position and said pin-release
      position.
NUM  43.
PAR  43. In a balance testing machine as set forth in claim 42,
PA1  said yieldably resistant lock drive member being disposed to react between
      said second wall and said plunger to impel said plunger and said cam to
      said pin-lock position.
NUM  44.
PAR  44. In a balance testing machine as set forth in claim 43,
PA1  said plunger being formed with a valve stem hole,
PA1  a valve stem extending rigidly from said valve disc and having sliding
      travel in said valve stem hole,
PA1  said yieldably resistant valve drive means being disposed to react between
      said second wall and said valve disc to impel said disc to said closed
      position.
NUM  45.
PAR  45. In a balance testing machine as set forth in claim 44,
PA1  said plunger being circular in cross section,
PA1  said valve stem hole being substantially concentric with said plunger,
PA1  said plunger having one end extending into said chamber,
PA1  an annular flange formed on said one end,
PA1  said annular flange being substantially concentric with said valve disc,
PA1  said yieldably resistant lock drive means being a spring, reacting between
      said second wall and said annular flange,
PA1  said yieldably resistant valve drive means being a spring reacting between
      said second wall and said valve disc, and
PA1  said yieldably resistant lock drive means being disposed concentrically
      with said yieldably resistant valve drive means.
NUM  46.
PAR  46. In a balance testing machine as set forth in claim 45,
PA1  said elongated pin being actuable in reciprocable travel in a plane
      transverse to said vertical axis,
PA1  said cam engaging an end of said pin to drive said pin to said pin-lock
      position, and
PA1  said release drive means being a yieldably resistant means disposed in said
      carrier, and engageable with said pin to impel said pin to said
      pin-release position.
NUM  47.
PAR  47. A balance testing machine as set forth in claim 1,
PA1  said tire retention means including,
PA1  a lower rim element adapted to engage the lower bead of a tire loaded
      thereon,
PA1  an upper rim element removably receivable upon said carrier, and adapted to
      engage the upper bead of such a tire,
PA1  said upper rim element and lower rim element being adapted to retain a tire
      inflated thereon,
PA1  a locking mechanism associated with said carrier and having a locked
      position to secure said upper rim element on said carrier, and a release
      position to afford deposit upon or removal of said upper rim element from
      said carrier, and
PA1  lock drive means to urge said locking mechanism to said lock position,
PA1  counterdrive means actuable to negate said urge, and
PA1  release drive means to drive said mechanism to said release position when
      said counterdrive means negates said urge.
NUM  48.
PAR  48. A balance testing machine as set forth in claim 47,
PA1  said locking mechanism employing at least one elongated pin actuable
      between a pin-lock position of engagement with said upper rim element,
      responsive to said lock drive means, and
PA1  a pin-release position of disengagement responsive to said release drive
      means.
NUM  49.
PAR  49. In a balance testing machine as set forth in claim 48,
PA1  said lock drive means including,
PA1  a cam having travel between a pin-lock and a pin-release position,
PA1  said lock drive means imposing said urge upon said cam, said cam
      transmitting said urge to said pin, and
PA1  said counterdrive means acting upon said cam to negate said urge,
PA1  and afford effect to said release drive means.
NUM  50.
PAR  50. In a balance testing machine as set forth in claim 49, said
      counterdrive means including,
PA1  an actuator having reciprocable travel between a position of releasable
      engagement with said cam to negate said urge, or a position of
      disengagement from said cam to yield to said urge,
PA1  said air conducting means including a valve having an open position and a
      closed position,
PA1  means interconnecting said valve and said cam to enable said actuator to
      concurrently move said valve to an open position and to move said cam to a
      release position.
NUM  51.
PAR  51. In a balance testing machine as set forth in claim 1, said tire
      retention means including,
PA1  a lower rim element mounted on the carrier to receive the lowermost bead of
      a tire mounted on said carrier,
PA1  an upper rim element removably received upon said carrier and adapted to
      engage the upper bead of such a tire,
PA1  said upper rim element and lower rim element being adapted to retain air in
      a tire inflated thereon,
PA1  a carriage having travel to carry said upper rim element between a first
      position, seating said upper rim element upon said carrier to engage the
      upper bead of a tire loaded thereon, and a remote position withdrawn from
      said carrier to afford loading and unloading of a tire upon the carrier.
NUM  52.
PAR  52. In a balance testing machine as set forth in claim 51,
PA1  means on said carriage to releasably engage said upper rim element for said
      travel, and
PA1  means on said upper rim element adapted for engagement by said means on
      said carriage.
NUM  53.
PAR  53. In a balance testing machine as set forth in claim 52,
PA1  said means on said carriage being latch means carried by said carriage, and
PA1  said means on said upper rim element being a supplementary latch means for
      engagement by said first named latch means to carry said upper rim element
      with said carriage in said travel.
NUM  54.
PAR  54. In a balance testing machine as set forth in claim 53,
PA1  means carried by said carriage to engage the side wall of a tire mounted on
      said carrier, to free the upper bead of such a tire from said upper rim
      element, upon travel of said carriage to said first position.
NUM  55.
PAR  55. In a balance testing machine as set forth in claim 54,
PA1  a locking mechanism associated with said carrier and having a locked
      position to secure said upper rim element on said carrier, and a release
      position to afford deposit upon or removal of said upper rim element from
      said carrier, and
PA1  lock drive means to urge said locking mechanism to said lock position,
PA1  counterdrive means actuable to negate said urge, and
PA1  release drive means to drive said mechanism to said release position when
      said counterdrive means negates said urge.
NUM  56.
PAR  56. In a balance testing machine as set forth in claim 55,
PA1  said locking mechanism employing at least one elongated pin actuable
      between a pin-lock position of engagement with said upper rim element,
      responsive to said lock drive means, and a pin-release position of
      disengagement, responsive to said release drive means.
NUM  57.
PAR  57. In a balance testing machine as set forth in claim 56, said lock drive
      means including,
PA1  a cam having travel between a pin-lock position and a pin-release position,
PA1  said lock drive means imposing said urge upon said cam,
PA1  said cam transmitting said urge to said pin, and
PA1  said counterdrive means acting upon said cam to negate said urge,
PA1  and afford effect to said release drive means.
NUM  58.
PAR  58. In a balance testing machine as set forth in claim 57, said
      counterdrive means including,
PA1  an actuator having reciprocable travel between a position of engagement
      with said cam to negate said urge, or a position of disengagement from
      said cam to yield to said urge, and
PA1  said means to resist escape of air including a valve having an open
      position and a closed position,
PA1  means interconnecting said valve and said cam to enable said actuator to
      concurrently move said valve to an open position and to move said cam to a
      release position.
NUM  59.
PAR  59. In a balance testing machine as set forth in claim 1, said tire
      retention means including,
PA1  a lower rim element adapted to engage the lower bead of a tire loaded
      thereon,
PA1  an upper rim element removably receivable upon said carrier, and adapted to
      engage the upper bead of such a tire,
PA1  said upper rim element and lower rim element being adapted to retain a tire
      inflated thereon.
NUM  60.
PAR  60. A balance testing machine as set forth in claim 59,
PA1  a locking mechanism associated with said carrier and having a locked
      position to secure said upper rim element on said carrier, and a release
      position to afford deposit upon or removal of said upper rim element from
      said carrier, and
PA1  lock drive means to urge said locking mechanism to said lock position,
PA1  counterdrive means actuable to negate said urge, and release drive means to
      drive said mechanism to said release position when said counterdrive means
      negates said urge.
NUM  61.
PAR  61. A balance testing machine as set forth in claim 60,
PA1  said locking mechanism employing at least one elongated pin actuable
      between a pin-lock position of engagement with said upper rim element,
      responsive to said lock drive means, and a pin-release position of
      disengagement responsive to said release drive means.
NUM  62.
PAR  62. In a balance testing machine as set forth in claim 61, said lock drive
      means including,
PA1  a cam having travel between a pin-lock position and a pin-release position,
PA1  said lock drive means imposing said urge upon said cam,
PA1  said cam transmitting said urge to said pin, and
PA1  said counterdrive means acting upon said cam to negate said urge,
PA1  and afford effect to said release drive means.
NUM  63.
PAR  63. In a balance testing machine as set forth in claim 62, said
      counterdrive means including,
PA1  an actuator having reciprocable travel between a position of releasable
      engagement with said cam to negate said urge, or a position of
      disengagement from said cam to yield to said urge,
PA1  said means to resist escape of air including a valve having an open
      position and a closed position.
PA1  means interconnecting said valve disc and said cam to enable said actuator
      to concurrently move said valve to an open position and to move said cam
      to a release position.
NUM  64.
PAR  64. A balance testing machine for pneumatic tires, said machine including
PA1  a base,
PA1  a seating member mounted on said base and adapted to pivotally receive a
      carrier seated upon the seating member, and adapted for universal tilting
      travel relative to a substantially vertical axis, said carrier including,
      tire retention means to removably receive a tire for air-sealed retention
      on the carrier, said tire retention means including
PA1  a lower rim element mounted on the carrier to receive the lowermost bead of
      a tire mounted on said carrier,
PA1  an upper rim element removably received upon said carrier and adapted to
      engage the upper bead of such a tire,
PA1  said upper rim element and lower rim element being adapted to retain air in
      a tire inflated thereon,
PA1  a carriage having travel to carry said upper rim element between a first
      position seating said upper rim element upon said tire carrier to engage
      the upper bead of a tire loaded thereon, and a remote position withdrawn
      from said carrier to afford loading and unloading of a tire upon the
      carrier, and
PA1  air conducting means to inflate and deflate a tire retained by said
      retention means.
NUM  65.
PAR  65. In a balance testing machine as set forth in claim 64,
PA1  means on said carriage to releasably engage said upper rim element for said
      travel, and
PA1  means on said upper rim element adapted for engagement by said means on
      said carriage.
NUM  66.
PAR  66. In a balance testing machine as set forth in claim 65,
PA1  said means on said carriage being latch means carried by said carriage, and
PA1  said means on said upper rim element being a supplementary latch means for
      engagement by said first named latch means to carry said upper rim element
      with said carriage in said travel.
NUM  67.
PAR  67. In a balance testing machine as set forth in claim 66, means carried by
      said carriage to engage the side wall of a tire mounted on said carrier,
      to free the upper bead of such a tire from said upper rim element, upon
      travel of said carriage to said first position.
NUM  68.
PAR  68. In a balance testing machine as set forth in claim 67,
PA1  a locking mechanism associated with said carrier and having a locked
      position to secure said upper rim element on said carrier, and a release
      position to afford deposit upon or removal of said upper rim element from
      said carrier, and
PA1  lock drive means to urge said locking mechanism to said lock position,
PA1  counterdrive means actuable to negate said urge, and
PA1  release drive means to drive said mechanism to said release position when
      said counterdrive means negates said urge.
NUM  69.
PAR  69. In a balance testing machine as set forth in claim 68, said locking
      mechanism employing at least one elongated pin actuable between a pin-lock
      position of engagement with said upper rim element, responsive to said
      lock drive means, and a pin-release position of disengagement, responsive
      to said release drive means.
NUM  70.
PAR  70. In a balance testing machine as set forth in claim 69,
PA1  said lock drive means including,
PA1  a cam having travel between a pin-lock position and a pin-release position,
PA1  said lock drive means imposing said urge upon said cam, said cam
      transmitting said urge to said pin,
PA1  said counterdrive means acting upon said cam to negate said urge,
NUM  71.
PAR  71. In a balance testing machine as set forth in claim 70,
PA1  said counterdrive means including,
PA1  an actuator having reciprocable travel between a position of releasable
      engagement with said cam to negate said urge, or a position of
      disengagement from said cam to yield to said urge,
PA1  said means to resist escape of air being a valve having an open position
      and a closed position,
PA1  means interconnecting said valve in said cam to enable said actuator to
      concurrently move said valve to an open position and to move said cam to a
      release position.
NUM  72.
PAR  72. A balance testing machine for a pneumatic tire comprising
PA1  a seating member and a carrier supported by the seating member in such a
      manner that the carrier may tilt with respect to the vertical axis,
PA1  said carrier including two elements being adapted to separate for loading
      of the tire and for air-sealed engagement with the tire when not
      separated, each element including a rim adapted to seal with one bead of
      the tire, and
PA1  means capable of operation in sequence
PA2  1. to lock the two elements of the carrier in air-sealed engagement with
      the tire and to permit inflation of the tire;
PA2  2. to maintain the inflation of the tire and to permit tilting of the
      carrier in response to any imbalance of the inflated tire; and
PA2  3. to permit deflation of the tire and to unlock the two elements of the
      carrier for separation.
NUM  73.
PAR  73. The balance testing machine of claim 72 wherein the element of the
      carrier supported by the seating member carries, as part of said means, a
      pin lock mechanism to lock the two elements of the carrier in air-sealed
      engagement with the tire, an air passage connecting the interior of the
      tire with a second air passage in the seating member, and valve means to
      block said air passage.
NUM  74.
PAR  74. The balance testing machine of claim 73 wherein said pin lock mechanism
      and said valve means are urged into locking and passage-closing positions
      respectively by spring means within the carrier, and said pin lock
      mechanism and valve means are mechanically interconnected so that said
      valve means opens the air passage before said pin lock mechanism unlocks
      the two elements.
NUM  75.
PAR  75. The balance testing machine of claim 73 wherein the seating member
      includes as part of said means, an actuable means with three positions to
      operate the pin lock mechanism and the valve means.
NUM  76.
PAR  76. The balance testing machine of claim 75 wherein the actuable means
      includes a piston-like member driven to three positions along a vertical
      axis by a fluid motor beneath said seating member, said valve means
      includes a valve disc covering an opening in the air passage connected
      with the second air passage, said piston-like member at its upper end
      bearing against the valve disc and holding said valve open in its
      uppermost two positions to permit inflation of the tire, said piston-like
      member in its lowermost two positions permitting the pin lock mechanism to
      lock the elements of the carrier into engagement and in its lowermost
      position freeing said carrier element from contact with the seating member
      that interferes with tilting in response to tire imbalance.
NUM  77.
PAR  77. The balance testing machine of claim 72 wherein the element of the
      carrier supported by the seating member carries as part of said means, an
      air passage connected with the interior of the tire and valve means to
      close the air passage, the seating member includes as part of said means,
      movable air passage-forming means connectable to a source of compressed
      air and an actuable means for said valve means and for said movable air
      passage-forming means, said movable air passage-forming means including a
      seal to seal against a surface of said carrier element surrounding the air
      passage and being thus connectable with the air passage of the carrier,
      said actuable means opening said valve means and permitting said movable
      air passage-forming means to seal against the surface of the carrier
      element and form an air passage through the seating member into the tire
      in one position and permitting said valve to close and disconnecting said
      movable air passage-forming means from said carrier element in a second
      position so that the tire carrier may be free to tilt in response to any
      imbalance in the inflated tire.
NUM  78.
PAR  78. The balance testing machine of claim 77 wherein the actuable means
      includes a piston-like member driven to two positions along a vertical
      axis, said piston-like member being mechanically interconnected with the
      movable air passage-forming means and in one position disengaging the
      mechanical interconnection with the movable air passage-forming means
      thereby permitting spring means to move the movable air passage-forming
      means into said sealing engagement with the carrier element and operating
      the valve means to open the air passage formed thereby, and in the second
      position engaging the mechanical interconnection with the movable air
      passage-forming means and thereby disconnecting the movable air
      passage-forming means from the carrier element and permitting the valve
      means to close.
NUM  79.
PAR  79. The balance testing machine of claim 77 wherein the element of the
      carrier supported by the seating member carries as part of said means, a
      pin lock mechanism and drive lock means to lock the two elements of the
      carrier in air-sealed engagement with the tire when said actuable means is
      in said one position and said second position, and wherein said actuable
      means has a third position, disengaging the drive lock means from the pin
      lock mechanism to unlock the two elements of the carrier and permit
      removal of the tire.
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ABST
PAL  An improved starting apparatus is utilized in association with a starting
      motor to effect rotation of an engine ring gear. The starting apparatus
      includes a pinion gear which is movable from a disengaged position to an
      engaged position in meshing engagement with an engine ring gear. If the
      pinion gear teeth and ring gear teeth are misaligned as the pinion gear is
      moved toward the engaged position, a plurality of balls cooperate with
      surfaces of grooves extending transversely to the path of movement of the
      pinion gear to effect rotational movement of the pinion gear relative to
      the engine ring gear. This pinion gear rotation moves the pinion gear
      teeth into alignment with the engine ring gear teeth and thereby enables
      the pinion gear to move into meshing engagement with the ring gear. Once
      the ring and pinion gears have moved into meshing engagement, a starting
      motor is energized and drive surfaces of the grooves cooperate with the
      balls to transmit drive forces from the starting motor to the pinion gear
      to thereby effect rotation of the engine ring gear. Upon starting of the
      engine, the ring gear accelerates to a greater speed than the speed at
      which the pinion gear is rotated. As this occurs, sloping ramp surfaces of
      the grooves cause the balls to move out of the grooves.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an apparatus for use in an engine
      starting system and more specifically to an engine starting apparatus
      having a ball drive arrangement for transmitting forces between a drive
      member and a pinion gear which engages an engine ring gear.
PAR  There are many known devices for use in engine starting systems to transmit
      forces to effect a starting of the engine. Some of these known starting
      devices are disclosed in U.S. Pat. Nos. 3,593,697; 3,304,790; 1,208,115;
      and 1,178,788.
PAR  Although these known starting devices have been more or less satisfactory
      in their mode of operation, at least some of them have relied upon pinion
      gear movement on a helix to achieve rotational and axial movement of the
      pinion gear relative to a drive shaft when the pinion gear teeth are in a
      misaligned relationship with the teeth on an engine gear. These systems
      require a relatively high initial actuating force. After a period of
      service, abutments become worn and are ineffective to move the pinion gear
      in the desired manner. This wear is due to deterioration of lubricants,
      and the picking up of metal, soil or other foreign particles on sliding
      surfaces. In addition, with certain known starting systems severe damage
      can occur to the starter drive arrangement when the starting motor remains
      energized after the engine is started. Finally, it is extremely difficult,
      if not impossible, to hold relatively small pinion pitch diameter
      tolerances due to an accumulation of shaft, inner sleeve, outer sleeve and
      gear cutting tolerances or shaft, sleeve, outer helix, inner helix and
      spur gear cutting tolerances with certain known engine starting systems.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a new and improved engine starting system
      which overcomes the aforementioned weaknesses of known starting systems by
      utilizing a ball drive arrangement to transmit forces between a driven
      input member and a pinion gear. With this ball drive arrangement, reliance
      is placed upon ball rotation rather than sliding of helical surfaces
      relative to each other so that relatively little lubricant is required and
      misalignment due to bushing wear has little or no detrimental effect on
      operation of the ball drive arrangement. Since ball rotation is relied
      upon in the drive arrangement, relatively little force is required to
      effect alignment of the pinion gear teeth with the engine gear teeth. This
      alignment is promoted by the fact that the ball drive arrangement can have
      a larger rotational movement of the pinion gear for each unit of axial
      movement than can be obtained with known helical gear teeth driving
      arrangements. Finally, the ball drive arrangement can hold a closer pinion
      gear pitch diameter tolerance than has previously been commercially
      possible since in the ball drive arrangement the total tolerance is
      determined by shaft, sleeve and gear cutting tolerance. Of course, the
      closer pinion pitch diameter tolerances tend to prolong gear operating
      life.
PAR  In one specific embodiment of the present invention, the ball drive
      arrangement utilized to transmit forces between an input member and a
      pinion gear in an engine starting system includes a ball which is disposed
      in an elongated groove. The groove has a central axis which is skewed
      relative to the path of movement of the pinion gear into engagement with
      teeth of an engine gear. Upon movement of the pinion gear from a
      disengaged condition toward an engaged condition with the teeth of the
      pinion gear in a misaligned relationship with the teeth of the engine
      gear, an elongated edge portion of the groove cooperates with the ball to
      effect rotational movement of the pinion gear relative to the engine gear.
      This rotation moves the teeth on the pinion gear into alignment with the
      teeth on the engine gear and the pinion gear can then be moved axially
      into engagement with the engine gear. The drive gear may advantageously be
      support for axial and rotational movement relative to a support sleeve by
      a plurality of bearing balls.
PAR  Once the teeth on the pinion and engine gears have been moved into meshing
      engagement, the ball and a portion of the surface of the groove cooperate
      to transmit drive forces between the input member and the pinion gear.
      These drive forces effect rotation of the engine gear. Upon starting of
      the engine, the engine gear rotates the pinion gear at a relatively high
      speed and a ramp surface portion of the groove effects movement of the
      ball out of the groove to enable the pinion gear to be rotated relative to
      the input member by the engine gear. The ramp portion of the groove can be
      either a transversely extending section of the groove or a longitudinally
      extending side portion of the groove. Once the ball is moved out of the
      groove and the pinion gear is being rotated at a relatively high speed by
      the engine gear, centrifugal force will hold the ball out of engagement
      with the pinion gear to prevent unnecessary wear.
PAR  Accordingly, it is an object of this invention to provide a new and
      improved engine starting apparatus which includes a ball drive arrangement
      having a ball which cooperates with a surface to effect rotational
      movement of a pinion gear relative to an engine gear upon movement of the
      pinion gear from a disengaged condition toward an engaged condition with
      the teeth on the pinion and engine gears in a misaligned relationship.
PAR  Another object of this invention is to provide a new and improved apparatus
      as set forth in the next preceding object and wherein a second surface
      cooperates with the ball to effect rotational movement of the pinion and
      engine gears under the influence of a starting motor when the pinion
      engine gears are in an engaged condition.
PAR  Another object of this invention is to provide a new and improved apparatus
      for use in an engine starting system wherein the apparatus includes a ball
      which cooperates with a surface of a groove to effect rotational movement
      of pinion and engine gears under the influence of forces transmitted from
      a starting motor and wherein the ball cooperates with a second surface
      portion of the groove to effect disengagement of the ball from the groove
      upon starting of the engine to thereby render the ball ineffective to
      transmit force between the pinion gear and the starting motor.
PAR  Another object of this invention is to provide a new and improved apparatus
      for use in an engine starting system wherein the apparatus includes a
      plurality of bearing balls which support a pinion gear for axial and
      rotational movement relative to a support member.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and features of the present invention will
      become more apparent upon a consideration of the following description
      taken in connection with the accompanying drawings wherein:
PAR  FIG. 1 is a partially broken away sectional view of an engine starting
      system having a ball drive arrangement constructed in accordance with the
      present invention to transmit drive forces between an input member and
      pinion gear;
PAR  FIG. 2 is a sectional view, taken generally along the line 2--2 of FIG. 1,
      illustrating the relationship between the ball drive arrangement, the
      input member and the pinion gear;
PAR  FIG. 3 is an enlarged plan view of a groove utilized in the ball drive
      arrangement;
PAR  FIG. 4 is an enlarged fragmentary sectional view illustrating the
      relationship between a ball of the drive arrangement, an input member, and
      a pinion gear during driving of the pinion gear under the influence of
      drive forces transmitted through the ball; and
PAR  FIG. 5 is an enlarged framgentary sectional view, generally similar to FIG.
      4, illustrating the relationship between the ball and the groove of FIG. 3
      immediately after disengagement of the ball from the groove upon starting
      of the engine.
DETD
PAC  DESCRIPTION OF SPECIFIC PREFERRED EMBODIMENTS OF THE INVENTION
PAR  An engine starting system 10 includes a solenoid 12 which is energized to
      effect axial movement of a pinion or drive gear 14 from the disengaged
      position of FIG. 1 toward an engaged position in which teeth 16 on the
      pinion gear are disposed in meshing engagement with teeth 18 on an engine
      ring gear 20. When the pinion gear 14 has been moved into meshing
      engagement with the engine ring gear 20, a starter motor 22 is energized
      to effect rotation of the pinion gear and the engine ring gear 20.
      Rotation of the engine gear 20 effects starting of the associated engine
      (not shown) in a well known manner. Shortly after starting of the engine,
      the starter solenoid 12 is deenergized to effect axial movement of the
      pinion gear 14 from the engaged condition to the disengaged condition.
PAR  In accordance with a feature of the present invention, an improved ball
      drive arrangement 26 (see FIGS. 1 and 2) is utilized to transmit force
      between an internally splined input sleeve 28 and the pinion gear 14. The
      ball drive arrangement includes a pair of identical spherical balls 32 and
      34 which are disposed in radially extending holes 36 and 38 formed in the
      pinion gear 14. Coil springs 42 and 44 urge the balls 32 and 34 radially
      inwardly into engagement with identical tracks or grooves 46 and 48 formed
      in the cylindrical outer surface of the sleeve 28.
PAR  The groove 46 (see FIG. 3) is provided with a channel portion 52 having a
      longitudinally extending central axis 54 which is skewed at an acute angle
      relative to a central axis 56 of the sleeve 28. When the pinion gear 14 is
      moved from the disengaged position of FIG. 1 toward an engaged position
      with the gear teeth 16 in a misaligned relationship with the engine gear
      teeth 18, the resulting abutting engagement between the two sets of teeth
      prevents axial movement of the pinion gear 14 with the sleeve 28 even
      though the starter solenoid 12 will continue to move the sleeve axially.
      Due to the skewed relationship of the channel 52 relaive to the central
      axis 56 of the sleeve, a first longitudinally extending side surfaces 60
      of the channel 52 cooperates with the ball 32 to effect rotation of the
      pinion gear 14 relative to the ring gear 20 about the axis 56 as the
      sleeve 28 continues to move axially relative to the pinion gear. As this
      is occurring, the ball 32 rolls along the surface 60 and a spring 64
      compressed between a retainer 66 on the pinion gear 14 and a retainer 68
      disposed adjacent to a collar 70. The collar 70 is moved by a pivotal
      lever 72 upon energization of the solenoid 12.
PAR  As soon as the helical camming action between the ball 32 and the surface
      60 has rotated the pinion gear 14 through an angular distance sufficient
      to move the pinion gear teeth 16 into meshing alignment with the ring gear
      teeth 18, the compressed spring 64 moves the pinion gear axially into
      meshing engagement with the ring gear 20. The starting motor 22 is then
      energized in a known manner to rotate a drive shaft 76. External splines
      78 on the drive shaft 76 engage internal splines 80 on the sleeve 28 to
      rotate the sleeve 28 with the drive shaft about the central axis 56.
PAR  As the sleeve 28 rotates, an arcuate second or drive surface portion 84
      formed at the end of the channel 52 (see FIGS. 3 and 4) causes the ball 32
      to rotate in a clockwise direction (as viewed in FIG. 4). This rotational
      movement of the ball 32 is transmitted to the ring gear 14 by abutting
      engagement of a corner surface 88 of the hole 36 in the ring gear 14 with
      a side of the ball opposite from the surface 84 (see FIG. 4). Therefore
      the pinion gear 14 is rotated clockwise (as viewed in FIG. 4) by the
      starting motor 22 under the influence of drive forces transmitted from the
      sleeve 28 through the ball 32. Of course, this rotational movement of the
      pinion gear 14 rotates the engine ring gear 20 to initiate starting of the
      engine in a known manner. It should be noted that the driving relationship
      between the ball 32 and the surface 34 is promoted by the fact that the
      surface 84 engages the ball at a location radially outwardly of the center
      of the ball. Thus, the groove 46 has a maximum depth which is greater than
      the radius of the ball 32.
PAR  Upon starting of the engine, the ring gear 20 accelerates to a greater
      rotational speed than the rotational speed of the of the pinion gear 14.
      In order to prevent damage to the starting system 10 under the influence
      of forces applied to the pinion gear 14 by the ring gear 20 upon starting
      of the engine, the ball 32 is moved out of the groove 46 to the retracted
      position illustrated in FIG. 5. When the ball 32 is in the retracted
      position it is ineffective to transmit drive forces between the sleeve 28
      and pinion gear 14.
PAR  Upon starting of the engine the ring gear 20 accelerates the pinion gear 14
      in the direction of the arrow 92 in FIG. 5. As the pinion gear 14
      accelerates and its rotational speed exceeds the rotational speed of input
      sleeve 28, the ball 32 rolls up a ramp or third surface 96 into engagement
      with a cylindrical outer surface 98 of the sleeve 28. As the ball 32 moves
      out of the groove 46, it compresses the spring 42 and moves axially into
      the cylindrical hole 36. As the ring gear 20 continues to be accelerated
      by the engine, the speed of rotation of the pinion gear 14 increases an
      centrifugal force causes the ball 32 to move further into the cylindrical
      hole 36 and away from the outer surface 98 of the sleeve 28. This prevents
      unnecessary wear on the groove 46 during subsequent rotation of the pinion
      gear 14 by the engine gear 20.
PAR  Shortly after the engine starts, the solenoid 12 is deenergized to effect
      pivotal movement of the lever 72 to slide the shaft 28 toward the left (as
      viewed in FIG. 1). This movement of the shaft 28 disengages the pinion
      gear 14 from the engine gear 20. Once the pinion engine gears 14 and 20
      have been disengaged, the rate of rotation of the pinion gear 14 decreases
      until it approximates the rate of rotation of the sleeve 28. As this is
      occurring, the spring 42 moves the ball 32 back into the groove 46 so that
      the ball and groove assume the relationship shown in FIG. 3 and are ready
      for a subsequent starting operation.
PAR  The pinion gear 14 is advantageously supported for axial and rotational
      movement relative to the support sleeve or shaft 28 by a bearing assembly
      108. The bearing assembly 108 includes a plurality of bearing balls 110
      which are disposed in an annular array between the drive gear 14 and the
      support member 28. Each of the balls 110 has a spherical outer surface
      which is disposed in rolling engagement with a cylindrical outer surface
      112 of the support member 28. In addition, the spherical outer surfaces of
      the bearing balls 110 are disposed in rolling engagement with an annular
      groove 114 formed in the end portion of the pinion gear.
PAR  Due to the fact that there is rolling engagement between the bearing balls
      110 and the surfaces of the support sleeve 28 an pinion gear 14, the
      pinion gear can be easily shifted axially along the support sleeve upon
      movement of the teeth 16 on the pinion gear 14 into abutting engagement
      with the teeth 18 on the engine gear 20. The bearing balls 114 also
      support the pinion gear 14 for rotational movement relative to the sleeve
      28 under the influence of the drive balls 32 and 34. Frictional resistance
      to movement of the pinion gear 14 relative to the support sleeve 28 tends
      to be minimized by the rolling action of the bearing balls 110. Although
      ony two bearing balls 110 have been shown in FIG. 1, in one specific
      embodiment of the invention the bearing assembly 108 included 26 bearing
      balls 110 disposed in an annular array between the cylindrical surface 112
      and annular pinion gear groove 114.
PAR  In the embodiment of the invention illustrated in FIG. 3, the ramp 96 is
      formed in a portion of the groove 46 which extends transversely to the
      channel 42 and has a central axis 102 which extends perpendicularly to the
      sleeve axis 56. However, it is contemplated that the ramp surface 96
      could, to facilitate manufacturing of the starting system 10, be formed in
      a side portion of the channel 52 opposite from the surface 60. If the
      groove 46 was formed in this manner to expedite manufacturing operations,
      the channel 52 could have a cross-sectional configuration illustrated in
      FIGS. 4 and 5 throughout the length of the channel. In addition, in the
      embodiment of the invention illustrated in FIG. 1, a cylindrical sleeve
      bearing 106 slidably engages a nonsplined portion of the starter motor
      output shaft 76 to rotatably support the pinion gear 14 for axial movement
      between the disengaged and engaged conditions. It is contemplated that it
      may be desired to provide the sleeve 28 with a cylindrical extension upon
      which the pinion gear 14 is slidably disposed rather than slidably
      mounting the pinion gear upon the starting motor drive shaft 76.
PAR  Although only the cooperation between the ball 32 and the groove 46 has
      been fully described herein, it should be understood that the ball 34 and
      groove 48 cooperate in the same manner as do the ball 32 and groove 46. It
      should also be understood that the two balls 32 and 34 cooperate in the
      same manner and at the same time with their associated grooves 46 and 48.
      Thus, when the ball 32 is cooperating with the surface portion 60 of the
      channel 52 to effect helical movement of the pinion gear 14, the ball 34
      is cooperating in a similar manner with a similarly shaped portion of the
      groove 48. When the ball 32 is transmitting drive forces from the sleeve
      28 to the pinion gear 14 in the manner illustrated in FIG. 4, the ball 34
      is also transmitting drive forces between the sleeve and the pinion gear.
      Finally, when the ball 32 is rolling up the ramp 96 upon starting of the
      engine, the ball 34 is rolling up a similarly shaped ramp.
PAR  In view of the foregoing description it can be seen that the present
      invention provides a new and improved engine starting apparatus 10 which
      utilizes a ball drive arrangement 26 to transmit forces between a driven
      input shaft 28 and a pinion gear 14. The ball drive arrangement 26 places
      reliance upon rotation of the balls 32 and 34 so that relatively little
      lubricant is required and misalignment due to wear of the bushing 106 has
      little or no detrimental effect on operation of the ball drive
      arrangement. Relatively little force is required to effect alignment of
      the pinion gear teeth 16 with teeth 18 as the pinion gear 14 is moved from
      the disengaged position of FIG. 1 toward the engaging position. This gear
      tooth alignment is promoted by the fact that the ball drive arrangement 26
      provides a relatively large increment of rotational movement of the pinion
      gear 14 for each unit of axial movement between the shaft 28 and the
      pinion gear. Finally, the ball drive arrangement 26 can hold a closer
      pinion gear pitch diameter tolerance than has previously been commercially
      possible since in the ball drive arrangement 26 the total tolerance is
      determined by the tolerance between the shaft sleeve 28 and tolerances in
      forming the pinion gear teeth 16. Of course, the closer pinion pitch
      diameter tolerances tend to prolong gear operating life.
CLMS
STM  Having described a specific preferred embodiment of the invention, the
      following is claimed:
NUM  1.
PAR  1. An apparatus for use in an engine starting system having a starting
      motor for effecting rotation of an engine gear, said apparatus comprising
      a drive gear movable between a disengaged condition and an engaged
      condition in meshing engagement with the engine gear, means for effecting
      movement of the drive gear from the disengaged condition to the engaged
      condition, a ball, first surface means for cooperating with said ball to
      effect rotational movement of said drive gear relative to the engine gear
      upon movement of said drive gear from the disengaged condition toward the
      engaged condition with teeth on said drive and engine gears in a
      misaligned relationship, and second surface means for cooperating with
      said ball to effect rotational movement of said drive and engine gears
      under the influence of said starting motor when said drive gear is in the
      engaged condition.
NUM  2.
PAR  2. An apparatus as set forth in claim 1 further including third surface
      means for effecting movement of said ball from a first position in
      abutting engagement with said second surface means to a second position
      spaced apart from said second surface means upon starting of the engine.
NUM  3.
PAR  3. An apparatus as set forth in claim 2 wherein said first, second and
      third surface means cooperate to define a single groove in which said ball
      is disposed when said drive gear is in said disengaged condition.
NUM  4.
PAR  4. An apparatus as set forth in claim 1 wherein said first and second
      surface means at least partially define a single groove, said first
      surface means partially defining a longitudinally extending portion of the
      groove having a longitudinal axis extending at an acute angle to the
      direction of movement of said drive gear between the disengaged and
      engaged conditions, said second surface means partially defining one end
      of the longitudinally extending portion of the groove.
NUM  5.
PAR  5. An apparatus as set forth in claim 4 further including means for
      disengaging said ball from said second surface means upon starting of the
      engine to prevent the transmittal of force between the starting motor and
      drive gear upon starting of the engine.
NUM  6.
PAR  6. An apparatus as set forth in claim 1 wherein said means for effecting
      movement of said drive gear from the disengaged condition to the engaged
      condition includes an axially extending support member upon which said
      drive gear is disposed, and means for moving said support member axially
      from a first position to a second position to effect movement of said
      drive gear from the disengaged condition toward the engaged condition,
      said apparatus further including bearing means disposed between said drive
      gear and said support member for supporting said drive gear for rotational
      movement about said support member and for supporting said drive gear for
      axial movement along said support member, said bearing means including an
      annular array of bearing balls having spherical outer surfaces disposed in
      rolling engagement with said support member.
NUM  7.
PAR  7. An apparatus for use in an engine starting system having a starting
      motor for effecting rotation of an engine gear, a support member having a
      central axis, a drive gear mounted on said support member, said drive gear
      being movable axially along the support member and being rotatable about
      the central axis of said support member, means for moving said support
      member axially between a first position in which said drive gear is
      disengaged from the engine gear and a second position in which said drive
      gear is disposed in engagement with the engine gear, means for effecting
      rotational movement of said drive gear relative to said engine gear and
      said support member upon movement of said support member from the first
      position toward the second position with the teeth on said drive and
      engine gears in a misaligned relationship, and a plurality of bearing
      balls disposed between said drive gear and said support member for
      supporting said drive gear for rotational and axial movement relative to
      said support means upon movement of said support member toward the second
      position with the teeth on said drive and engine gears in a misaligned
      relationship.
NUM  8.
PAR  8. An apparatus as set forth in claim 7 wherein said means for effecting
      rotational movement of said drive gear relative to said engine gear
      includes a plurality of drive balls disposed between said drive gear and
      said support member at a location spaced apart from said bearing balls.
NUM  9.
PAR  9. An apparatus for use in an engine starting system having a starting
      motor for effecting rotation of an engine gear, said apparatus comprising
      a shaft rotatable about its central axis under the influence of the
      starting motor, a drive gear operatively connected with said shaft, a
      ball, groove means for receiving said ball, said groove means being
      connected with said shaft for rotation therewith and including surface
      means cooperating with said ball for effecting rotational movement of said
      drive and engine gears under the influence of forces transmitted from said
      shaft through said ball and for effecting movement of said ball completely
      out of said groove means in a direction away from the central axis of said
      shaft upon starting of the engine to render said ball ineffective to
      transmit force between said drive gear and shaft.
NUM  10.
PAR  10. An apparatus as set forth in claim 9 wherein said groove means includes
      an edge portion which at least partially defines the extent of said groove
      means, said apparatus further including an arcuate surface disposed in a
      cylinderical plane and extending away from said edge portion of said
      groove means and means for urging said ball into engagement with said
      arcuate surface after said ball has moved completely out of said groove
      means.
NUM  11.
PAR  11. An apparatus as set forth in claim 9 further including chamber means
      disposed outwardly of said groove means for receiving said ball upon
      movement of said ball out of said groove means.
NUM  12.
PAR  12. An apparatus for use in an engine starting system having a starting
      motor for effecting rotation of an engine gear, said apparatus comprising
      a rotatable drive gear movable between a disengaged position in which said
      drive gear is spaced apart from the engine gear and an engaged position in
      which said drive gear is disposed in meshing engagement with the engine
      gear, a ball, and groove means for receiving said ball, said groove means
      including first surface means for cooperating with said ball to effect
      movement of said drive gear relative to the engine gear when said drive
      gear is out of meshing engagement with the engine gear, second surface
      means for cooperating with said ball to effect rotational movement of said
      drive and engine gears under the influence of the starting motor when said
      drive gear is in the engaged position, and third surface means for
      effecting disengagement of said ball from said groove means upon starting
      of the engine.
NUM  13.
PAR  13. An apparatus as set forth in claim 12 wherein said third surface means
      is effective to move said ball completely out of said groove means in a
      direction away from the axis of rotation of said drive gear.
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ABST
PAL  A speed change mechanism comprising essentially a nutator member carried
      and driven by a shaft having an oblique hub which mounts the member and
      effects the nutating movement thereof. On each of its two sides the
      nutator member has rotary members coaxial with the shaft, one such member
      delivering the output power to a second shaft aligned with the first
      whereas the other rotary member is normally held stationary. The rotary
      and nutator members have cooperable teeth or shoulders of special shape,
      those on the nutator member being preferably in the form of tapered
      rollers whereas the shoulders on the rotary members have the shape of
      tooth formations. The input shaft which drives the nutator member has a
      pair of weights so arranged as to oppose the tendency for the member to
      flex the shaft during rotation of the latter. Vibration of the mechanism
      is thereby reduced. The tapered rollers of the nutator member are spring
      biased axially in a manner to yieldably maintain them in engagement with
      the teeth of the two rotary members, thereby eliminating looseness or lost
      motion and obviating the necessity for maintaining ultra-critical
      tolerances. That one of the rotary members which is considered to be the
      "stationary" one, can have a turning movement imparted to it by a
      speed-controlled device, thereby to effect a change in the ratio of the
      mechanism, or it can be coupled to the stationary casing by a releasable
      clutch to enable it to have free wheeling. In the latter case, an
      additional rotary member is provided, concentric with the clutched member
      and also cooperable with the nutator member, said second rotary member
      being also connected by means of a clutch device to the stationary casing.
      By maintaining one or the other of the two clutched members stationary
      while the other is permitted free movement, a selection of either of two
      speed ratios can be had.
BSUM
PAR  No Cross References To Related Applications
PAC  BACKGROUND
PAR  This invention relates to mechanical speed reducing devices of the type
      employing a nutator member which has imparted to it a nutating movement by
      a drive shaft, such member being cooperable with toothed rotary members
      one stationary and the other turnable, to effect a transmission and
      reduction in speed.
PAR  Various types of speed-reducing devices of the above nature have been
      proposed and produced in the past. One drawback of such devices has
      resided in the nutating nature of the movement imparted by the input or
      drive shaft to the nutator. This has resulted in considerable stresses and
      vibration, and has severely limited the upper limit of operating speeds of
      the mechanisms and also placed limitations on the sizes of the components,
      involving requirements as to minimum size, weight, etc. Another drawback
      of prior nutator-type speed reducers has involved the extreme accuracy
      that was required in forming or machining the cooperable parts,
      particularly the nutator member and the rotary members engageable
      therewith. Slight variations of dimensions resulted in looseness, lost
      motion, hammering and excessive wear. Still another drawback of prior
      speed reducers of the type indicated resulted in the fact that the ratio
      of the input to the output speed was fixed for any given mechanism, and
      could not be conveniently altered to enable a selection of different
      speeds or ratios to be had.
PAC  SUMMARY
PAR  The above disadvantages and drawbacks of prior nutator-type speed reducers
      are obviated by the present invention, which has for one object the
      provision of an improved nutator-type speed changer wherein a balancing of
      forces is had so as to effectively eliminate or minimize vibration and
      enable higher speeds to be obtained with corresponding reduction in
      strengths and weights of the main components. A related object is to
      provide an improved speed reducer as above, wherein looseness and lost
      motion between the coengaging components are effectively eliminated
      without resorting to extremely precise machining operations and tight
      tolerances. Still another object is the provision of an improved
      nutator-type speed reducer wherein different ratios between the input and
      output speeds can be readily obtained from the same mechanism.
PAR  The foregoing objects are accomplished by a novel mechanism comprising a
      shaft, a nutator member which nutates in response to turning of the shaft,
      in conjunction with rotary members cooperable with the nutator member, the
      said shaft being provided with a unique weight or counterbalance means
      which acts on the latter as it rotates, to oppose the longitudinal
      shaft-flexing tendency of the nutating member. Two oppositely-arranged
      weights are provided, carried by the shaft at opposite ends of an oblique
      hub on which the nutator member is turnably carried. The stresses imposed
      on the shaft by the turning of the latter and movement of the nutator
      member are opposed and balanced out by the weights, thereby minimizing
      vibration and reducing mechanical stresses in the components. The nutator
      member has tapered rollers which are engageable with teeth of the
      cooperable rotary members, and such rollers are spring-biased axially in a
      manner to yieldably hold them in engagement with the cooperable teeth,
      thereby eliminating looseness and lost motion, and obviating the necessity
      for tight tolerances. Also, one of the toothed rotary members (that
      normally thought of as being the stationary member) is connected by means
      of a releasable clutch to the casing in such a manner that it can be held
      stationary with the casing or else released for free wheeling movement.
      Concentric with such "stationary" rotary member is another rotary member,
      also engageable with the nutator and also coupled by means of a releasable
      clutch to the stationary housing. Thus, one or the other of such
      concentric rotary members can be released while the other is maintained
      stationary thereby to enable a selection of different speed ratios to be
      had. Additionally, the normally stationary rotary member can be geared to
      an adjustable drive device by which it can be driven in one direction or
      the other at different speeds, thereby providing an infinitely variable
      change in the speed ratio of the mechanism.
PAR  The various components are of relatively simple construction, and are
      arranged in a compact organization by which the overall size and weight of
      the speed change mechanism is held to a minimum. In addition to the higher
      speeds possible, the reduction or elimination of lost motion, and the
      minimizing of vibration, still other features and advantages will
      hereinafter appear.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 is an exploded perspective view of the present improved nutator-type
      speed reduction mechanism, portions of the outer stationary casing being
      broken away to reveal interior details.
PAR  FIG. 2 is a diagrammatic representation of a simplified version of the
      speed reducing mechanism of the invention, given for the purpose of
      facilitating an understanding of the principles.
PAR  FIG. 3 is a diagrammatic representation of a simplified mechanism, given
      for the purpose of illustrating in a simple manner another embodiment of
      the invention.
PAR  FIG. 4 is a fragmentary sectional layout illustrating a tooth shape of the
      normally stationary rotary member, and indicating the path of travel of
      one roller of the nutator.
PAR  FIG. 5 is a fragmentary sectional layout of the tooth structure of the
      other rotary changer (or driven) member, illustrating the path of travel
      of a roller carried by the nutator member.
PAR  FIG. 6 is an edge elevational view of the nutator member, the oblique hub
      carrying the same, and the counter weights provided on the shaft, adjacent
      the oblique hub.
PAR  FIG. 7 is a fragmentary sectional view of a peripheral portion of the
      nutator member, illustrating the spring-biasing of the tapered rollers
      thereof.
PAR  FIG. 8 is a fragmentary radial sectional view of peripheral portions of the
      nutator member and the adjoining rotary members, illustrating another
      embodiment of the invention.
PAR  FIG. 9 is a fragmentary diagrammatic showing of a speed change mechanism
      constituting another embodiment of the invention wherein two
      concentrically-mounted rotary members are disposed on one side of the
      nutator, such two rotary members being coupled by releasable clutch
      devices to enable them to be either maintained stationary or else allowed
      to have free wheeling whereby the speed ratio of the mechanism can be
      changed.
PAR  FIG. 10 is a diagrammatic representation of the drive shaft and nutator
      member, illustrating the flexing forces.
DETD
PAR  Considering first the simplification illustrated in FIG. 2, there is shown
      an input shaft 20 turnably connected to an aligned output shaft 22 which
      latter carries a toothed rotary member 24. Around the input shaft 20 is a
      second toothed rotary member 26 which is normally thought of as being
      stationary (this being indicated by its connection with a stationary
      bracket 28). The input or drive shaft 20 carries an obliquely arranged hub
      30 on which is turnably mounted a nutator ring or member 32 having two
      circular rows of rollers 34, 36 which are respectively engageable with the
      rotary members 26, 24. The member 24 has teeth 38 engageable with the
      rollers 36, and the member 26 has teeth 40 engageable with the rollers 34.
      The number of teeth 40 is different from the number of teeth 38 whereby
      input power applied to the shaft 20 at a given speed will result in the
      output shaft 22 being driven at a much lower speed. It will be understood
      that the nutator member 32 is prevented from turning by virtue of its
      engagement with the stationary "rotary" member 26, and that its movement
      is accordingly a progressive wobbling which is known as a nutating-type
      movement. Such wobbling movement of the nutator will, by virtue of its
      engagement with the rotary member 24, impart a turning movement to the
      latter at a greatly reduced speed as compared with the speed of turning of
      the shaft 20 and hub 30.
PAR  The nutating movement of the member 32 imparts stresses to the input shaft
      20 which tend to cause longitudinal flexing of portions of the shaft, this
      being diagrammatically illustrated in FIG. 10. In this figure the shaft 20
      is indicated by a wavy line representing its flexed condition due to the
      movement of the nutator member 32. The bearings for the shaft 20 are
      indicated at 42, 44 with the latter being the socket provided in the
      output shaft 22 as seen in FIG. 2. In FIG. 10 a second position of the
      nutator member 32 is indicated in broken outline, as well as the
      corresponding oppositely flexed condition of the shaft 20.
PAR  In accordance with the present invention, counter weight means are provided
      on the shaft 20 to oppose the longitudinal shaft-flexing tendency of the
      nutating means. Referring to FIG. 2 the shaft 20 is provided with weights
      48, 50 which are seen to have a wedge-like cross section, and to be of
      semi-circular configuration. Another showing of the weights 48, 50 is
      given in broken outline in FIG. 1, and an additional illustration is found
      in FIG. 6. In this latter figure the weights 48, 50 are carried
      respectively on hubs 52, 54 disposed on the shaft 20 at the opposite ends
      of the oblique hub 30 which carries the nutator 32. We have found that by
      the provision of such counter balance weights 48, 50 there is greatly
      minimized the tendency for flexing of the shaft 20, however minute, and
      also greatly minimized any unbalance resulting from the nutating movement
      of the nutator 32, all to the end that vibration is markedly reduced and
      in many cases almost totally absent, even at high operating speeds and
      under considerable loading.
PAR  While the weights 48, 50 are illustrated as being semicircular and as
      having a wedge-like cross section it will be understood that other shapes
      and configurations are possible. That illustrated is of advantage in that
      a considerable amount of mass can be concentrated in the available space.
      The weights 48, 50 have a fixed relation with respect to the disposition
      of the hub 30, as will be understood, for the reason that the weights tend
      to oppose the stresses due to the placing of the hub 30 in its oblique
      position. The relationship is well illustrated in FIGS. 1, 2 and 6,
      showing that the inner and largest planar surfaces of the weights
      generally lie in the same planes as the end surfaces of the hub 30.
PAR  In FIGS. 1 and 2 the rollers 34, 36 of the nutator 32 are illustrated as
      being cylindrical for simplicity of illustration. However, as provided by
      the present invention, the rollers are advantageously of tapered
      configuration as shown in FIG. 7, and are spring-biased radially inwardly
      in order to take up slack and looseness, and to prevent lost motion
      between the rollers and the toothed formations of the rotary members 24,
      26. As seen in FIG. 7, the nutator 32 has the rows of tapered bearings
      34', 36' which are carried in suitable outermost and innermost
      antifriction bearing assemblages 58, 60 respectively. The bearings
      assemblages 58, 60 can be axially movable or slidable in the supporting
      structure of the nutator 32, and the assemblages 58 are acted on by bowed
      spring washers 62 which are backed up by closure disks 64 at the periphery
      of the nutator 32. The result is that the rollers 34', 36' are
      spring-biased radially inward or downward as viewed in FIG. 7. In
      consequence, due to their tapered configuration they will seek and
      maintain positions wherein they can continually engage the contours of the
      thread formations of the rotary members 24, 26 during the intervals of
      engagement therewith. It will be understood that the total amount of axial
      movement of the bearings 58, 60 and rollers 34', 36' can be extremely
      small, as measured in thousandths of an inch, while still enabling slack
      to be taken up, this being due to the appreciable taper given the rollers.
PAR  Further, in accordance with the present invention, the number of rollers
      36' is made to differ from the number of rollers 34', as seen in FIG. 1
      where the rollers 34 are not located in registration with the rollers 36.
      By such arrangement a double speed reduction is had, since not only is
      there a speed reduction due to the differing numbers of teeth 38, 40 but
      also a reduction due to the differing numbers of the rollers 34, 36. This
      is an important feature of the invention, since it enables a much greater
      reduction in speed to be obtained with a given set of components, namely
      rotary members and nutator.
PAR  The above described structures are illustrated in the embodiment of the
      invention depicted in FIG. 1. Additionally, in this figure the rotary
      toothed member 26 is shown as being capable of turning movement in either
      of opposite directions, as effected by its securement to a worm gear 68
      which is engaged by a worm 70 carried on a shaft 72 which is mounted in
      the stationary casing 74. The shaft 72 has a pinion 76 adapted for
      engagement with a cooperable spur gear (not shown) whereby a drive can be
      imparted to the shaft 72 and worm 70, thereby to effect rotary movement of
      the toothed member 26 in either of opposite directions.
PAR  By driving the pinion 76 through a variable speed drive, the speed of
      turning of the member 26 can also be varied, and by such arrangement it is
      possible to get an infinite variation of the speed reduction as effected
      by the nutator 32. A variation of such driving of the rotary member 26 is
      illustrated in FIG. 3, wherein a shaft 72' has a bevel gear 78 engageable
      with a cooperable bevel gear 80 which is driven by a spur gear 82 meshing
      with a second spur gear 84 rigidly affixed to the input drive shaft 20. By
      such arrangement a different speed ratio can be had, as effected by the
      nutator 32, although the organization of FIG. 2 does not illustrate
      variation of such speed. Alternatively, the bevel gear 78 can be made to
      mesh with another bevel gear 86 as shown in broken outline, carried on a
      shaft 88 which is driven by a spur gear 90 meshing with a second spur gear
      92 that is keyed to the output shaft 22. With such arrangement a still
      different speed ratio can be obtained by virtue of the rotary member 26
      being driven from the output shaft 22, as contrasted with its being driven
      from the input shaft 20 as shown in full lines.
PAR  Another embodiment of the invention is illustrated in FIG. 8, wherein the
      nutator 32 has tapered rollers 96, 98 arranged in concentric circular rows
      and engageable with toothed rotary members 24', 26' the latter being of
      smaller diameter than the member 24'. The rollers 96, 98 are tapered, and
      are spring-biased radially inward by means of bowed spring washers 100,
      102 respectively. Thus, looseness or lost motion is eliminated without
      resorting to critical machine operations.
PAR  Yet another embodiment of the invention is illustrated in FIG. 9, wherein a
      normally stationary rotary member 26" has affixed to it a spiral spur or
      worm gear 106 which is engaged to be driven by a worm 108 carried on a
      shaft 110 supported by the stationary casing 74 of the mechanism. At the
      exterior of the casing the shaft 10 has a brake drum 112 which is engaged
      by a brake shoe 114 carried by the casing 74, thereby in effect
      constituting a clutch by which the member 26" can be locked in a
      stationary condition. The worm drive is reversible, such that release of
      the brake shoe 114 will enable the rotary member 26" to have free wheeling
      movement and to be freely movable about the input shaft 20.
PAR  Disposed concentrically within the rotary member 26" is an additional
      toothed rotary member 118 adapted for example to be cooperable with the
      rollers 98 illustrated in FIG. 8 whereas the rotary member 26" is
      cooperable with the rollers 96. The toothed member 118 is affixed to a
      spiral worm or spur gear 120 which is engageable with a worm 122 carried
      on a shaft 124 mounted in the casing 74. At the exterior of the casing 74
      the shaft 124 has a brake drum 126 which is engaged by a brake shoe 128 by
      which it can be locked against movement, such brake shoe being carried at
      the exterior and by the casing 74. With the above organization of FIG. 9
      it is now seen that either of the toothed members 26" or 118 can be locked
      against turning while the other member is permitted to have free wheeling.
      The members 26" and 118 in cooperating with the nutator 32 represent a
      different ratio of speed reduction, and accordingly if one or the other of
      the toothed members is locked while the remaining one is free to turn,
      there can be had two different speed ratios by the same mechanism
      involving the single nutator 32.
PAR  It will now be seen from the foregoing that we have provided a novel and
      improved nutator-type speed reduction mechanism having a number of
      distinct advantages. By a unique counterbalancing with weights there is
      greatly minimized stresses in the components and vibration due to
      unbalance. This makes possible higher operating speeds, and parts of
      lesser strength, smaller size and weight. Further, looseness or lost
      motion between the nutator and cooperable members is eliminated by the use
      of spring-biased rollers engaging cooperable teeth or shoulders. By
      imparting a drive to the toothed member normally considered as stationary,
      an infinitely variable speed change can be had. Or different ratios can be
      had as a function of the speed of the input shaft, or the speed of the
      output shaft. By the use different numbers or rollers in the two circular
      rows on the nutator, a much greater speed reduction can be had, as well.
      Also, by the use of multiple rotary toothed members either of which can be
      free wheeling while the other is locked stationary, two separate, discrete
      speed ratios can be had with the same mechanism, using the single nutator
      member.
PAR  Variations and modifications are possible without departing from the spirit
      of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A speed change mechanism comprising, in combination:
PA1  a. a shaft,
PA1  b. a nutator member carried by the shaft at a location intermediate free
      portions of the latter and defining a plane which is oblique with respect
      to said shaft,
PA1  c. bearings supporting the shaft at locations beyond said free portions,
      enabling the shaft to have turning movements,
PA1  d. means for causing said member to nutate in response to turning of the
      shaft, said means tending to cause a longitudinal flexing of said free
      portions of the shaft,
PA1  e. a rotary member adjoining said mutator member, said rotary member being
      carried by the shaft between a free portion thereof and one of said
      bearings,
PA1  f. said members having coengaging portions to effect a drive therebetween
      as the nutator member nutates, and
PA1  g. weight means carried by the shaft on the free portions thereof, acting
      on the shaft as it rotates, to oppose the longitudinal shaft-flexing
      tendency of said nutating means.
NUM  2.
PAR  2. A speed change mechanism as in claim 1, wherein:
PA1  a. the shaft comprises a straight bar,
PA1  b. the means for causing the nutator member to nutate comprises a hub
      disposed obliquely on said shaft, said member being rotatably carried by
      said hub,
PA1  c. said weight means comprising a weight carried by the shaft and disposed
      with its center of gravity spaced from the axis of the shaft.
NUM  3.
PAR  3. A mechanism as in claim 2, wherein:
PA1  a. said weight adjoins the hub on the shaft, and extends in closely spaced
      relation to the plane of the nutator member.
NUM  4.
PAR  4. A mechanism as in claim 1, wherein:
PA1  a. the shaft comprises a straight bar,
PA1  b. the means for causing the nutator member to nutate comprises a hub
      disposed obliquely on said shaft, said nutator member being rotatably
      carried by said hub,
PA1  c. said weight means comprising a pair of weights carried by the shaft on
      opposite sides of the hub in closely spaced relation to the plane of the
      nutator member and disposed with their centers of gravity spaced from and
      located on opposite sides of the axis of the shaft.
NUM  5.
PAR  5. A mechanism as in claim 4, wherein:
PA1  a. said weights adjoin the hub and have portions encircling said shaft.
NUM  6.
PAR  6. A mechanism as in claim 5, wherein:
PA1  a. the nutator member comprises an annulus,
PA1  b. said weights being of semi-circular configuration and having a
      wedge-like cross section.
NUM  7.
PAR  7. A mechanism as in claim 6, wherein:
PA1  a. said nutator member is disposed obliquely on the shaft whereby a pair of
      intervening spaces exists between portions of the shaft and nutator
      member,
PA1  b. said weights occupying areas of said intervening spaces.
NUM  8.
PAR  8. A speed change mechanism as in claim 1, and further including:
PA1  a. an output member, and
PA1  b. means for transferring power to said output member from the nutator
      member as the latter nutates.
NUM  9.
PAR  9. A mechanism as in claim 8, wherein:
PA1  a. the means for transferring power comprises circular rows of shoulders on
      the output and nutator members, arranged to be cooperable with each other,
PA1  b. the coengaging portions of the nutator and rotary members comprising
      circular rows of cooperable shoulders on the members,
PA1  c. the shoulders on said rotary member differing in number from the
      shoulders on the output member.
NUM  10.
PAR  10. A mechanism as in claim 8, wherein:
PA1  a. the means for transferring power comprises circular rows of shoulders on
      the output and nutator members, arranged to be cooperable with each other,
PA1  b. the coengaging portions of the nutator and rotary members comprising
      circular rows of cooperable shoulders on the members,
PA1  c. the total number of shoulders on said members being divided between the
      members in a manner that the speed of said shaft is different from the
      speed of the output member.
NUM  11.
PAR  11. A speed change mechanism comprising, in combination:
PA1  a. a shaft,
PA1  b. a nutator member,
PA1  c. means for causing said member to nutate in response to turning of the
      shaft,
PA1  d. a rotary member adjoining one side of said nutator member,
PA1  e. one of said members having a toothed portion and the other member having
      a plurality of tapered rollers engageable with said toothed portion to
      effect a driving connection between the members, and
PA1  f. means biasing said rollers axially, said means tending to advance the
      large-diameter portions thereof toward the said toothed member portion so
      as to take up clearances between the members.
NUM  12.
PAR  12. A mechanism as in claim 11, wherein:
PA1  a. said biasing means comprises bowed spring washers,
PA1  b. anti-friction bearing assemblages carrying said rollers,
PA1  c. said spring washers engaging said bearing assemblages to effect the
      biasing of the rollers.
NUM  13.
PAR  13. A speed change mechanism as in claim 11, and further including:
PA1  a. a second rotary member adjoining the other side of the nutator member,
PA1  b. drive means between the second rotary member and the nutator member,
      comprising teeth on one member and conical rollers disposed on the other
      member and cooperable with said teeth, and
PA1  c. means biasing the conical rollers axially, said means tending to advance
      the large-diameter portions thereof toward said teeth so as to take up
      clearance between the same.
NUM  14.
PAR  14. A mechaism as in claim 13, and further including:
PA1  a. anti-friction bearing assemblages carrying said tapered rollers and said
      conical rollers,
PA1  b. said biasing means comprising bowed spring washers engaged with the
      bearing assemblages to effect biasing of the rollers.
NUM  15.
PAR  15. A speed change mechanism comprising, in combination:
PA1  a. a shaft,
PA1  b. a nutator member,
PA1  c. means for causing nutation of said member in response to turning of the
      shaft,
PA1  d. a pair of rotary members adjoining opposite sides of the nutator member,
PA1  e. means providing a drive between the nutator member and said rotary
      members, said means including a pair of circular rows of shoulders on the
      nutator member,
PA1  f. the shoulders of one circular row being different in number from the
      shoulders of the other circular row.
NUM  16.
PAR  16. A mechanism as in claim 15, wherein:
PA1  a. the drive-providing means comprises circular rows of shoulders on said
      rotary members, cooperable with the shoulders on the nutator member,
PA1  b. the shoulders on one rotary member being different in number from the
      shoulders on the other rotary member.
NUM  17.
PAR  17. A speed change mechanism comprising, in combination:
PA1  a. a shaft
PA1  b. a nutator member,
PA1  c. means for causing nutation of said member in response to turning of the
      shaft,
PA1  d. a pair of rotary members adjoining and disposed at one side of the
      nutator member,
PA1  e. means providing drives between the nutator member and said rotary
      members,
PA1  f. means for controlling the rotary motion of said rotary members,
PA1  g. a third rotary member, disposed on the other side of the nutator member,
      and
PA1  h. means for transferring power to said third rotary member from the
      nutator member as the latter nutates.
NUM  18.
PAR  18. A speed change mechanism as in claim 17, and further including:
PA1  a. a stationary base,
PA1  b. said means for controlling the rotary motion of said pair of rotary
      members comprising cooperable gears carried by the base and said pair of
      members.
NUM  19.
PAR  19. A speed change mechanism as in claim 17, and further including:
PA1  a. a stationary base,
PA1  b. said means for controlling the rotary motion of said pair of rotary
      members comprising brake devices carried by the base and operable against
      said pair of members.
NUM  20.
PAR  20. A speed change mechanism comprising, in combination:
PA1  a. a shaft,
PA1  b. a nutator member,
PA1  c. means for causing nutation of said member in response to turning of the
      shaft,
PA1  d. a pair of rotary members adjoining opposite sides of the nutator member,
PA1  e. means providing a drive between the nutator member and said rotary
      members, said means including a pair of circular rows of shoulders on the
      nutator member,
PA1  f. the shoulders of one circular row being different in number from the
      shoulders of the other circular row,
PA1  g. the shoulders of the circular rows comprising rollers, and
PA1  h. anti-friction bearing assemblages rotatably mounting the rollers on the
      nutator member.
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ABST
PAL  The present invention relates to a stepless speed changing device and more
      particularly to the construction of an automatic speed changing device
      suitable for a vehicle or the like, the centrifugal force of said changing
      device is produced by the high-speed rotation of a rotating means which
      enables a plurality of claw blocks fitted pivotedly at a rotating disk to
      expand outward to increase the outside diameter thereof, and which, after
      the output of motive force, can produce automatically differential speed
      ratios of various magnitudes because of the change of said working outside
      diameters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The automatic speed changing device of the conventional vehicles are for
      the most part using an oildraulic control system; however, said oildraulic
      control system is too expensive and complicated in structure and limited
      by its construction is suitable only for use in automobiles and cannot be
      installed in a motorcycle.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a stepless speed changing device and more
      particularly to the construction of an automatic speed changing device
      suitable for a vehicle or the like, the centrifugal force of said changing
      device is produced by the high-speed rotation of a rotating means which
      enables a plurality of claw blocks fitted pivotedly at a rotating disk to
      expand outward to increase the outside diameter thereof, and which, after
      the output of motive force, can produce automatically differential speed
      ratios of various magnitudes because of the change of said working outside
      diameters.
PAR  The principal object of the present invention is to provide an automatic
      stepless changer of simple structure, which can be installed in either an
      automobile or a motorcycle.
PAR  Another object of the present invention is to provide a centrifugal
      stepless speed changer wherein the centrifugal force produced by a
      rotating means of said device and a plurality of claw blocks to expand
      outward to increase the outside diameter thereof, owing to the change of
      the working outside diameters according to said claw blocks, thus the
      different speed ratios can be obtained.
PAR  The above and other objects and features of the present invention are
      described hereinafter in conjunction with the appended drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of an embodiment of the present
      invention;
PAR  FIG. 2A is a plane view of a closure state of all claw blocks in the
      embodiment of the present invention;
PAR  FIG. 2B is a plane view of all claw blocks expanding due to their own
      centrifugal force;
PAR  FIG. 3 is a top view of a device according to the present invention
      installed on a motorcycle for use; and
PAR  FIG. 4 is a top view of a device according to the present invention
      installed on an automobile for use.
DETD
PAR  In FIG. 1, the present invention is mainly composed of a rotary disk 10, a
      positioning body 20 and a set of claw blocks 30. On said rotary disk 10
      having a shallow groove 101 in the center is provided a plurality of holes
      103--103, and at the periphery 104 of said rotary disk 10 are provided
      also projections 105--105 in a number corresponding to holes 103--103, in
      whose center is fitted shaft opening 102 with chaingroove. Said
      positioning body 20 having a plurality of grooves 202--202 on its bottom
      portion 201, after the said positioning body 20 is placed in the shallow
      groove 101 at the center of said rotary disk 10, the surface 203--203 of
      grooves 202--202 becomes a plane with the surface of said rotary disk 10.
      Said claw block 301 having a flange 302 to inset steadily from said groove
      202 of the positioning body 20 and a hole 303 is provided at one end
      adjacent to the flange 302 so as to be pivotedly fixed with the hole 103
      of the rotary disk 10 by means of a pin or a bolt for making it swing
      freely but not separate. One side 304 of said claw block 301 is a linear
      edge, the other side 305 is a curve edge and a V-shaped groove 306 is
      provided on the outward side portion for receiving an anti-slip belt 40
      (as shown in FIG. 4).
PAR  After all the claw blocks 30--30 are pivotedly fitted on the rotary disk
      10, they are controlled by various grooves 202--202 of the positioning
      body 20, enabling all the claw blocks 30--30 to simultaneously expand or
      contract, and the positioning body 20 is held tight to the bottom portion
      201 by a flange 302 of claw block 30, thus said positioning body 20 will
      not separate and can perform a free rotation. After the claw blocks 30--30
      pivotedly fixed on the rotary disk 10 are actuated by said rotary disk 10
      and rotate with high speed owing to their special configurations, said
      claw blocks 30--30 produce readily a centrifugal force making the outside
      edges of all claw blocks 30--30 to expand outward. If the rotational speed
      exceeds a given figure, the centrifugal force of said claw blocks 30--30
      reaches also the extremity, which finally makes the linear edges 304--304
      of claw blocks 30--30 engaged at the projections 105--105 of said rotary
      disk 10 to prevent said claw blocks 30--30 from over-expansion and to
      avoid the separation of their flanges 302--302 from grooves 202--202 of
      the positioning body 20.
PAR  FIG. 2A is a plane view of an embodiment of the present invention fitted on
      a shaft connected with a source of motive force during operation. After
      said claw blocks 301--301 are assembled and pivotedly fitted on the rotary
      disk 10 and the positioning body 20, an anti-slip belt 40 is slipped over
      into said V-shaped grooves 306--306 of claw blocks 301--301 and is also
      connected with a pulley 60 by slipping over it. As shown in the figure,
      said claw blocks 301--301 rotate simultaneously counter-clockwise, and a
      roller 51 is provided at the outside of one side of the belt, the roller
      51 being connected with a pulling spring 50, which is fixed on the frame.
      When said claw blocks 301--301 do not rotate or their centrifugal force
      during rotation is not sufficient to have the claw block 30 expanding,
      said spring 50 will pull tight one side of the belt 40 by virtue of the
      roller 51 so as to increase the friction of the V-shaped groove of claw
      block during starting and to avoid excessive vibration to prevent
      separation during high-speed rotation. The condition of the claw block's
      expansion to extremity is shown as in FIG. 2B. All the linear edges
      304--304 of claw blocks 30--30 are engaged tight against the projections
      105--105 of rotary disk 10, and both the belt 40 and spring 50 extend also
      to the largest degree. During starting, because of the friction of the
      motive force output axle 70 and of the ground surface on the pulley 40,
      the tension portion of belt 40 is pulled tight and the claw blocks 30--30
      rub only the drive belt 40 and are unable to expand their outer edges;
      after having started and driven for a little while, the vehicle itself
      produces inertia, decreasing highly the frictional resistance of the
      motive force output axle 70 and of the ground surface, and, at the same
      time, the friction of belt 40 in the V-shaped grooves of the claw blocks
      30--30 decreases also correspondingly, while the claw block 30 and the
      rotary disk 10 continues rotating at increasing speed, making each claw
      block 30 to produce centrifugal force. If said centrifugal force becomes
      larger and larger until it is neither restricted by the belt 40 nor drawn
      by the spring 50, the outer edge of the claw block will certainly expand
      gradually, and, as the claw blocks are pivotedly fixed on the rotary disk,
      when the centrifugal force becomes larger and larger, the claw blocks will
      certainly expand gradually to the upper limit; or if during braking, the
      friction of the motive force output wheel increases, the friction between
      the belt and the claw blocks increases also correspondingly, then the
      centrifugal force will be restricted, having the belt to gradually retract
      and close the claw blocks. In the meanwhile, the spring 50 can also
      tighten the belt 40. Hence, in the automatic speed changer according to
      the present invention, the change of speeds depends actually upon the
      frictional forces between the motive force output wheel and the ground
      surface or upon other additional friction. The motive force of engine is
      transmitted from the rotation of claw blocks to the pulley through the
      belt, and it is further conveyed by the pulley to drive the vehicle
      through the actuating wheel, and, therefore, during the expansion or
      retraction of the outer edges of claw blocks the differential speed ratios
      between these mechanisms can be readily changed.
PAR  FIG. 3 is a top view of a device according to the present invention
      installed on a motorcycle in operation. The motive force produced by an
      engine 90 transmits a clutch 80 with a same shaft through a flywheel 85;
      at the other end of said clutch 80 is provided the rotary body 10 with
      claw block 30 and positioning body 20 of an automatic speed changing
      construction according to the present invention. The motive energy is
      transmitted to the pulley 60 through a belt 40, meshed further with a set
      of transmission gears 65 on a same shaft, so as to separate at a neutral
      position or to mesh in a gearing position, enabling the motive force to be
      transmitted to the motive force output axle 70 under control as desired.
PAR  FIG. 4 is a top view of a device according to the present invention
      installed on an automobile in operation. The motive force is transmitted
      out by conveying the motive force from an engine 90 to the automatic speed
      changer through a flywheel 85 and further through a clutch 80, and it is
      furthermore conveyed from a belt to a pulley 60, by means of a
      transmission mechanism 75 on a same shaft. Said transmission mechanism 75
      includes separation, meshed gearing and backward gearing, while its
      function of speed-changing is identical to the conventional speed-changing
      box of an automobile with several advantages.
PAR  It should be noted that the present invention may be embodied into other
      specific forms without departing from its spirit or essential
      characteristics. The present embodiment is, therefore, to be considered in
      all respects as illustrative and not restrictive, the scope of the present
      invention being indicated by the claims rather than by the foregoing
      description, and all changes which come within the meaning and range of
      the equivalents of the claims are therefore intended to be embraced
      therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A centrifugal stepless speed changing device comprising a rotary disk
      having a top surface and a shallow annular groove at its central portion
      and a plurality of holes arranged around said shallow groove; a
      positioning body having a bottom portion with a plurality of grooves, each
      of which grooves has a bottom surface the bottom portion of said
      positioning body is mounted on said shallow annular groove of said rotary
      disk; and a claw blocks set having a plurality of claw blocks are arranged
      in sequence, each of said claw blocks having a flange at one end and a
      V-shaped groove at the other end for receiving a belt, a hole is provided
      adjacent to said flange end, said flanges of said claw blocks are placed
      on said grooves of the positioning body respectively and assembled
      together by means of a plurality of bolts through said holes of the claw
      blocks and the holes of said rotary disk.
NUM  2.
PAR  2. A device according to claim 1, wherein said rotary disk further having a
      plurality of projections on its top surface.
NUM  3.
PAR  3. A device according to claim 1, wherein each of the claw blocks have a
      linear side and a curve side and the linear side of one claw block is
      adjacent to the curve side of the next claw block in regular sequence.
NUM  4.
PAR  4. A device according to claim 1, wherein one end of an anti-slip belt is
      mounted on said V-shaped grooves of said claw blocks and another end of
      said belt is slipped over on a pulley, a spring biased tensioning roller,
      said roller being mounted beside said biasing a slack side of said
      anti-slip belt.
NUM  5.
PAR  5. A device according to claim 1, wherein the bottom surface of said
      grooves of the positioning body becomes co-planar with the top surface of
      said rotary disk when the positioning body is placed in the shallow
      annular groove of said rotary disk.
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PAL  A transmission including a compact die cast aluminum housing having a steel
      support sleeve secured thereto by crimping to the housing forward wall, a
      countershaft assembly including a cluster gear countershaft and a flexible
      countershaft extension, and a shift control linkage assembly providing
      rotary and axial shift rail movement resulting in a desirable shift
      pattern.
PARN
PAR  This is a division of application Ser. No. 441,679 filed Feb. 11, 1974.
BSUM
PAR  This invention relates generally to transmissions and in particular to a
      sliding gear, fully synchronized forward and reverse manual transmission
      including improved countershaft, shift control, and throwout bearing
      supoort sleeve. The invention further relates to an improved method of
      securing the support sleeve to the transmission housing.
PAR  In lower power-to-weight vehicles, multispeed manual transmissions are
      generally employed to provide the range of output torques needed for
      efficient vehicle operation. In a preferred form of the invention as
      disclosed in particular herein, a manual transmission provides five fully
      synchronized forward gear ratios and a reverse gear ratio. It should be
      understood, however, that the invention disclosed herein may be used in
      conjunction with other manual and automatic transmissions.
PAR  In a preferred form of the invention as fully described herein, the
      transmission includes an input shaft which may be coupled directly to the
      output shaft to provide direct drive in fourth forward ratio. The
      countershaft assembly is continuously driven by the input gear and may be
      coupled selectively with the output shaft through four separate gear sets
      to provide first, second, third and fifth forward ratios, with fifth being
      overdrive. Reverse ratio is provided by coupling the countershaft assembly
      through the reverse gear to the output shaft. Alternative forms of the
      invention may provide direct drive rather than overdrive in fifth forward
      ratio, or may provide three or four forward ratios, for example, with or
      without overdrive.
PAR  The transmission employs a sleeve supported by the housing and extending
      forwardly therefrom to support the cylindrical throwout bearing of an
      associated clutch. In the real world, this support sleeve takes a severe
      beating and is used for lifting the transmission as well as for alignment
      and support purposes. Accordingly, the sleeve herein is supported by the
      transmission housing in an improved way, and is joined to the housing by
      an improved method of assembly.
PAR  The transmission employs an improved countershaft assembly journeled in the
      housing in three spaced bearings. The improved countershaft assembly
      includes a main countershaft and a countershaft extension to provide
      smooth operation without requiring manufacturing tolerances which would be
      prohibitive.
PAR  The transmission also employs a linkage assembly which provides for axial
      and rotational movement of the lower shift rail in response to similar
      movement of the upper shift rail in opposite directions. This allows
      compact placement of gear sets within the transmission housing and permits
      a desirable shift pattern.
PAR  Accordingly, an object of the present invention is to provide a
      transmission including a housing and associated support sleeve secured
      thereto by an improved method.
PAR  Another object of this invention is to provide a transmission including a
      housing and associated support sleeve secured thereto so as to provide
      significantly greater supporting capacity than heretofore.
PAR  Another object of this invention is to provide a transmission including an
      improved countershaft assembly.
PAR  Another object of this invention is to provide a transmission including a
      countershaft assembly journaled for rotation in three spaced bearings
      within the transmission housing.
PAR  Another object of this invention is to provide an improved shaft and
      extension therefor, the combination being journaled for rotation in three
      bearings which need not be in perfect alignment.
PAR  Another object of this invention is to provide a transmission having
      improved shift control linkage allowing compact construction while
      producing a desirable shift pattern.
PAR  Another object of this invention is to provide a simplified five-speed
      transmission permitting with minimal changes either direct drive or
      overdrive in fifth forward ratio.
DRWD
PAR  These and other objects and advantages of the invention will become
      apparent to those skilled in the art when reference is made to the
      disclosure herein, including the accompanying drawings wherein:
PAR  FIG. 1 is a cross-sectional view of a five-speed transmission embodying the
      invention;
PAR  FIG. 2 is an enlarged detailed view of that portion of FIG. 1 which shows
      the improved support sleeve secured to the transmission housing;
PAR  FIG. 3 is a detailed view of the assembly tool used for securing the sleeve
      to the transmission housing;
PAR  FIG. 4 is an enlarged detailed view of that portion of FIG. 1 which shows
      the extended portion of the countershaft;
PAR  FIG. 5 is a cross-sectional view taken along the line 5--5 of FIG. 1
      showing details of the rail control linkage;
PAR  FIG. 6 is a top view taken along the line 6--6 of FIG. 1 showing in
      diagrammatic form the shift pattern which is an important feature of the
      improved transmission herein.
PAR  FIG. 7 is a partial sectional view, similar to FIG. 1, partially cut away
      to show details of the shift rails and shift forks; and
PAR  FIG. 8 is a partial sectional bottom view of the transmission of FIG. 1,
      partially cut away to show details of the lower shift rails, shift forks
      and synchronizing mechanism.
DETD
PAR  Referring now to the drawings in greater detail, the five-speed
      transmission 10 includes a front housing section 12, an intermediate
      housing section 14 and a rear housing section 16. These sections are
      preferably die cast aluminum and are suitably secured together by a
      plurality of bolts 18 to form a complete housing. Front housing section 12
      includes a forward wall 20 defining a front face 22, a bore 24 and a
      tapered interior front surface 26. Rear housing section 16 defines a
      rearward wall 28 and an upwardly directed tower opening 30.
PAR  A support sleeve 32 of steel includes a relatively thick wall portion 34
      and a relatively thin wall portion 36 defining therebetween an abutment
      38. As best shown in FIG. 2, wall portion 36 fits snugly within bore 24
      and abutment 38 engages front face 22 of the housing. An end portion 40 of
      sleeve 32 extends beyond bore 24 into the interior of the housing and at
      several points is crimped against tapered interior surface 26.
PAR  As shown in FIG. 3, an assembly tool 42 is used to secure sleeve 32 to
      housing section 12. Assembly tool 42 includes a rod 44 having a beveled
      end 46. Formed on rod 44 in a preferred form of the invention are five
      projections 48 having arcuate end surfaces 50.
PAR  Sleeve 32 is snugly secured to the housing in the following manner. Sleeve
      32 is inserted into bore 24 until abutment 38 engages front face 22.
      Assembly tool 42 is inserted through the rear of housing section 12 and
      into sleeve 32. Projections 48 engage end portion 40 and deform sections
      thereof outwardly, in accordance with the shape of arcuate end surfaces 50
      of projections 48, into secure engagement with tapered surface 26 of
      forward wall 20. Thus sleeve 32 is crimped snugly into engagement with
      forward wall 20 and is secured by engagement of abutment 38 and five
      spaced areas of end portion 40 respectively with front face 22 and tapered
      surface 26.
PAR  Sleeve 32 provides support for the transmission during assembly, shipping,
      and installation in an associated vehicle. The snug fit provided by this
      method of assembly insures that the sleeve is capable of taking abuse
      during handling, and still providing an aligned mount for a clutch release
      bearing.
PAR  In practice it has been found that such a method of mounting sleeve 32 on
      housing section 12 provides surprising strength. The sleeve is capable of
      supporting unbalanced side loads in addition to the associated clutch
      release bearing and its related mechanisms. Indeed, side loads of 1,000
      lbs. have been supported by such a sleeve. Thus it should be clear that in
      handling and assembling transmission 10 into an automotive vehicle or the
      like, sleeve 32 may be used in supporting and carrying transmission 10
      without impairing its usefulness as a mount.
PAR  An input shaft 52 extends coaxially through sleeve 32 into transmission 10
      and defines therein an input gear 54. Input shaft 52 further defines a
      bore 56 at its interior end. Input shaft 52 is journaled for rotation in a
      bearing 58 secured in forward wall 20 of housing section 12. A suitable
      seal 60 is provided between forward wall 20 and input shaft 52.
PAR  An output shaft 62 is journaled for rotation in bearings 64, 66 and 68,
      respectively secured within bore 56 of input shaft 52, intermediate wall
      section 14 and rearward wall 28 of housing section 16. Output shaft 62
      extends through rearward wall 28, and a suitable seal 70 is provided
      therefor. A plurality of spaced output gears 72, 74, 76, 78 and 80 are
      carried by output shaft 62.
PAR  A fourth-fifth ratio synchronizing clutch mechanism 82 is located between
      input gear 54 and fifth ratio output gear 72. A second-third ratio
      synchronizing clutch mechanism 84 is located between second ratio output
      gear 74 and third ratio output gear 76. Similarly, a reverse-first ratio
      synchronizing clutch mechanism 86 is located between reverse ratio output
      gear 78 and first ratio output gear 80. Synchronizing clutch mechanisms
      82, 84 and 86 may be of the type disclosed in White et al., U.S. Pat. No.
      2,221,900 issued Nov. 19, 1940 and incorporated herein by reference.
PAR  Clutch mechanism 82 is moved forwardly to provide fourth or direct ratio,
      directly engaging input shaft 52 with output shaft 62, and is moved
      rearwardly to engage output gear 72 in fifth or overdrive ratio. Clutch
      mechanism 84 is moved forwardly to engage output gear 74 in second ratio
      and rearwardly to engage output gear 76 in third ratio. Similarly, clutch
      mechanism 86 is moved forwardly to engage output gear 78 in reverse ratio
      and rearwardly to engage output gear 80 in first ratio.
PAR  A cluster gear 88 includes a countershaft 90 journaled for rotation in
      bearings 92 and 94, respectively secured in housing sections 12 and 14.
      Countershaft 90 includes a rearwardly extending end portion 96 of reduced
      diameter which, together with countershaft 90, defines an abutment 98. End
      portion 96 defines an outwardly extending boss 100 spaced rearwardly from
      abutment 98, and also defines an interior threaded bore 102.
PAR  Cluster gear 88 includes a drive gear 104 meshing with input gear 54 to
      provide continuous drive for countershaft 90. Cluster gear 88 also
      includes a fifth ratio input gear 106, a second ratio input gear 108, and
      a third ratio input gear 110. These input gears mesh with fifth ratio
      output gear 72, second ratio output gear 74 and third ratio output gear
      76, respectively.
PAR  As best shown in FIG. 4, a countershaft extension 112 includes a sleeve 114
      splined to end portion 96 for rotation with countershaft 90. Sleeve 114
      includes an end portion 116 journaled in a bearing 118 secured within
      housing section 16. Countershaft extension 112 also includes a tubular
      spacer 120, a thrust washer 122 and a bolt 124. Bolt 124 is threaded into
      bore 102 until spacer 120 is tightly engaged between end portion 96 and
      thrust washer 122. In this position the relationship of sleeve 114 and
      spacer 120 is such that sleeve 114 is slidable axially relative to
      countershaft 90 between limit stops defined by abutment 98 and thrust
      washer 122. In a preferred form of the invention a clearance of
      approximately 0.005 inch is established.
PAR  Boss 100 serves as a guide on which sleeve 114 is slidable relative to
      countershaft 90. It should be clear that the splined relationship of
      sleeve 114 and end portion 96 allows sleeve 114 to slide axially with boss
      100 as a guide between limit stops represented by abutment 98 and thrust
      washer 122.
PAR  Sleeve 114 defines gears 126 and 128. Reverse input gear 126 drives reverse
      output gear 78 through an intermediate gear 130 carried by a reverse
      countershaft 132, which in turn is supported by housing sections 14 and
      16. First ratio input gear 128 meshes with first ratio output gear 80 to
      provide first ratio.
PAR  In the optimum condition, bearings 92, 94 and 118 will be in true axial
      alignment. However, given normal manufacturing tolerances, these bearings
      may be slightly out of true alignment. In orde to compensate for slight
      misalignment and still provide for a compact gearing arrangement within a
      transmission housing shorter than would otherwise be required,
      countershaft 90 is supported at two points, namely, bearings 92 and 94.
      These two points establish an axially aligned relationship. Any axial
      misalignment may be represented relatively by the position of bearing 118
      vis-a-vis bearings 92 and 94. Our invention provides countershaft
      extension 112 to compensate for such misalignment. Specifically, sleeve
      114 is pivotal transversely about a point on boss 100. In practice, it has
      been found that the freedom of sleeve 114 to shift axially and the splined
      driving relationship of sleeve 114 and end portion 96 allow an adequate
      range of transverse pivotal movement about boss 100. This is true even
      though the spline tends to force concentricity under load.
PAR  As will be apparent from FIG. 6, the improved transmission provides a very
      desirable, convenient shift pattern. This pattern includes a leftward
      reverse-first position, a central second-third position and rightward
      fourth-fifth position as viewed from above.
PAR  In achieve this pattern, it was necessary to arrange the various gear sets
      as shown herein. The pattern is accomplished by providing that clutch
      mechanism 82 move forwardly to establish fourth ratio and rearwardly to
      establish fifth ratio, that clutch mechanism 84 move forwardly to
      establish second ratio and rearwardly to establish third ratio and clutch
      mechanism 86 move forwardly to establish reverse ratio and rearwardly to
      establish first ratio.
PAR  In addition, to achieve the pattern shown in FIG. 6 within a very compact
      transmission housing, it was necessary to provide upper and lower shift
      rails which move in opposite directions. A bell crank 134 is connected to
      an upper shift rail 136 suitably supported in housing seciton 16 for both
      rotary and axial motion. Upper shift rail 136 is loosely connected by
      means of an appropriate pin 138 with a lever 140. Lever 140 has an offset
      central portion 142 of bifurcated configuration, thereby defining a slot
      144. The lower portion 146 of lever 140 supports a spherical ball 148,
      which in a preferred form may be a pair of spherical elements snapped into
      position on lower portion 146. Spherical ball 148 is frictionally
      accommodated in a socket 150 formed at one end of a link member 152. Link
      member 152 is secured to a lower shift rail 154 by means of a suitable pin
      156.
PAR  A bolt 158 is threaded to housing section 16 and extends into the interior
      thereof. Bolt 158 has an extension in the form of a cylindrical stud 160
      extending through slot 144 of bifurcated central portion 142. A
      conventional control tower is supported on housing section 16 above
      opening 30. A suitable gearshift stick extends into opening 30 and is
      engageable with bell crank 134. Appropriate movement of the stick in the
      pattern shown in FIG. 6 will effect the desired shifting results. For
      example, when the stick is moved leftward or rightward to one of the
      positions shown in FIG. 6, bell crank 134 will cause upper shift rail 136
      to rotate. This in turn causes lever 140 to pivot about upper shift rail
      136 with stud 160 serving as a guide. The ball and socket relationship
      148-150 causes link member 152 to pivot, thereby rotating lower shift rail
      154 in a direction opposite to that of upper shift rail 136. It should be
      understood that lower shift rail 154 carries appropriate fingers which
      engage shift forks to selectively engage synchronizing clutch mechanisms
      82, 84 and 86.
PAR  Forward or rearward movement of the stick will cause responsive axial
      movement of upper shift rail 136. As upper shift rail 136 moves axially,
      stud 160 of bolt 158 acts as a fulcrum about which lever 140 pivots. The
      result is that forward axial movement of upper shift rail 136 will cause
      rearward axial movement of lower shift rail 154. Similarly, rearward axial
      movement of upper shift rail 136 will cause forward axial movement of
      lower shift rail 154. By this means, engagement of appropriate shift forks
      selectively with synchronizing clutch mechanisms 82, 84 and 86 allows the
      shift pattern shown within a compact transmission housing.
PAR  Thus, rotation of upper shift rail 136 causes an appropriate rotation of
      lower shift rail 154, thereby selectively engaging one of shift forks 83,
      85 and 87. The shift forks are engaged in a conventional manner with
      synchronizing clutch mechanisms 82, 84 and 86, respectively. Subsequent
      longitudinal movement of upper shift rail 136 causes an opposite movement
      of lower shift rail 154. As a result, the selectively engaged shift fork
      moves its associated synchronizing clutch mechanisms to establish the
      desired gear ratio.
PAR  A switch 161 is supported by housing section 16 with a contact 162
      extending into the interior thereof. Link member 152 defines a suitable
      cam surface 164 having an appropriate detent 168 defined therein so as to
      actuate switch 161 as required.
PAR  The relative effective lengths of lever 140 and link member 152 determine
      the mechanical advantage obtained in effecting rotary movement of lower
      shift rail 154. Similarly, the position of bolt 158 determines the fulcrum
      point for lever 140 and thus its mechanical advantage in effecting axial
      movement of lower shift rail 154.
PAR  In a preferred form of the invention, first gear provides a reduction of
      3.41, second gear a reduction of 2.08, third gear a reduction of 1.40,
      fourth gear direct drive and fifth gear overdrive with a ratio of 0.80.
      The reduction in reverse gear is 3.36. It should be understood, however,
      that various other ratios may be provided as desired. For example, with
      minimal changes fourth gear may provide a suitable reduction and fifth
      gear may provide direct drive.
PAR  It should be apparent that although the invention provides a novel
      arrangement for a five-speed sliding gear transmission, it is readily
      convertible for use with three or four speed or other sliding gear
      transmission assemblies with or without overdrive. Further, it should be
      understood that while a preferred embodiment of the invention has been
      shown and described, this should be considered as illustrative and may be
      modified by those skilled in the art without departing from the scope
      thereof which is to be limited only by the claims herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a transmission, a housing, input and output shafts respectively
      journalled in said housing, said input shaft defining an input gear, at
      least one ratio output gear rotatably supported on said output shaft, a
      cluster gear assembly journalled in said housing and defining a drive gear
      meshing wiht said input gear and at least one ratio input gear in meshing
      relationship with said ratio output gear, means supported by said output
      shaft and axially movable for clutching said ratio output gear to said
      output shaft, first and second shift rails supported in said housing for
      rotational and axial movement, said clutching means being engageable by
      said second shift rail upon rotational movement thereof and being axially
      movable thereby upon axial movement thereof for said clutching, linkage
      means connecting said shaft rails for effecting movement of said second
      shift rail in response to movement of said first shift rail.
NUM  2.
PAR  2. The invention according to claim 1, said linkage means including first
      and second links respectively connected to and movable with said first and
      second shift rails, said second link being frictionally engaged by said
      first link for rotational movement therewith, whereby rotational movement
      of said first shift rail in one direction causes rotational movement of
      said second shift rail in the opposite direction.
NUM  3.
PAR  3. The invention according to claim 2, said first link defining a ball,
      said second link defining a socket, said ball and socket forming said
      frictional engagement.
NUM  4.
PAR  4. The invention according to claim 1, said linkage means including first
      and second links respectively connected to and movable with said first and
      second shift rails, said second link engaged by said first link for axial
      movement therewith, a fulcrum supported by said housing and engageable by
      said first link between said first shift rail and said second link,
      whereby axial movement of said first shift rail in one direction causes
      axial movement of said second shift rail in the opposite direction.
NUM  5.
PAR  5. The invention according to claim 1, said linkage means including first
      and second links respectively connected to said first and second shift
      rails for rotational and axial movement therewith, said links being
      frictionally engaged for rotational movement in opposite directions, and a
      fulcrum supported in said housing about which said first link is pivotable
      upon axial movement of said first shift rail, whereby said shift rails are
      axially movable in opposite directions.
NUM  6.
PAR  6. In combination, a housing, first and second spaced rails supported in
      said housing for rotational and axial movement, first and second link
      members, a pivot pin securing said first link member to said first rail
      for movement therewith, said second link member secured to said second
      rail for movement therewith, said first and second link members
      respectively defining a ball and socket forming a friction connection, and
      a fulcrum supported in said housing and engageable by said first link
      member between said pivot pin and ball upon axial movement of said first
      link member, whereby rotational movement of said first rail and first link
      member is transmitted through said friction connection resulting in
      opposite rotational movement of said second link member and second rail,
      and whereby axial movement of said first rail causes pivotal movement of
      said first link member about said fulcrum resulting in opposite axial
      movement of said second link member and second rail.
NUM  7.
PAR  7. The invention according to claim 6, said first link member defining a
      slot therethrough, said fulcrum extending through said slot, said first
      link member being slidable along said fulcrum during rotational movement
      of said first rail and being pivotal about said fulcrum during axial
      movement of said first rail.
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ABST
PAL  A positive drive differential to drive either or both of a pair of
      co-axially mounted axle-driving hubs, and to permit free overrun of either
      hub. There are two sets of roller clutch elements between the two hubs and
      the drive casing, and these are positioned in two cages having inwardly
      extending radial flanges located proximate each other between the two
      hubs. A pair of contiguous spring loaded washers, mounted centrally in the
      differential, press axially outwardly against the cage flanges to cause
      frictional engagement of the cage flanges with the hubs. This in turn
      causes the hubs to be further pressed outwardly against the drive casing
      to cause frictional engagement of the two hubs with the drive casing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to positive drive differentials of a type
      which drive either or both of a pair of drive axles, while permitting free
      overrun of either axle.
PAR  2. Brief Description of the Prior Art
PAR  A common type of positive drive differential long known in the prior art is
      that which has a basic configuration comprising an outer drive casing,
      having flattened or rounded cam or drive surfaces, two axially aligned
      inner hubs each engaging a respective drive axle, and a roller clutch
      assembly positioned around the hubs so as to be interposed between the
      hubs and the drive casing. There are two sets of roller clutch elements,
      each set being mounted in a respective roller cage, which keeps its roller
      elements properly positioned around the periphery of the hub. The two
      cages are interlocked in a manner to provide limited relative rotation of
      the cages so that one of the hub members is permitted to overrun, without
      causing the roller elements of the overrunning member to lock up in the
      opposite direction and thus prevent the free overrun.
PAR  For proper operation of this type of positive drive differential, there
      must be some frictional means provided between the roller cage assembly
      and the inner driven hub members, so that the cage assembly tends to
      rotate with the hub members rather than the drive casing, this being
      necessary for proper clutching engagement of the drive casing with the
      hubs. Also, for operation of the differential without "clutch chatter",
      there should be frictional means between the driven hub members and the
      drive casing itself. This particular phenomenon of clutch chatter is
      described in detail in the Weismann et al. patent, U.S. Pat. No.
      3,283,611. This patent shows a positive drive differential wherein
      friction between the cage and the driven member is provided by wire
      springs which are mounted in the cages and press against the driven
      members. In this Weismann et al. patent, frictional engagement between the
      driven hub members and the drive casing is accomplished by placing spring
      means between the two driven hubs, which press the hubs axially outwardly
      against the drive casing.
PAR  To cite other examples of the prior art, U.S. Pat. No. 3,581,597,
      Reiersgaard, provides friction means between the two cages and the driven
      hubs by a first set of O-rings, and friction between the cages and the
      drive casing by means of a second set of O-rings. U.S. Pat. No. 3,447,396,
      Seliger, also provides two sets of O-rings for frictional engagement, but
      the second set of O-rings provides friction between the drive casing and
      the driven hub. U.S. Pat. No. 3,700,082, Schwab, illustrates a positive
      drive differential where the two cages have inwardly extending radial
      flanges positioned at a location axially outwardly from the two driven hub
      members. A pair of spring loaded friction plugs mounted in the two hub
      members press outwardly against the two cage flanges to press these two
      cage flanges against the drive casing. Thus there is frictional engagement
      from the driven hubs to the cages, and from the cages to the drive casing.
PAC  SUMMARY OF THE INVENTION
PAR  The differential drive mechanism of the present invention comprises an
      outer drive casing, a pair of axially aligned inner driven hubs, two sets
      of roller clutch elements positioned between the drive casing and the
      hubs, and a pair of cage members, each engaging a respective set of the
      clutch elements and maintaining its clutch elements in properly spaced
      relationship around its related hub, with the cages being interconnected
      in a manner to permit limited relative rotational movement thereof about
      the longitudinal axis of the transmission. Each cage member has a radially
      inwardly extending flange, with these two cage flanges being located
      proximate one another between the inner axial ends of the two hubs. Also,
      positioned between the axial inner ends of the two hubs are two spring
      members which press outwardly from one another, with each spring member
      engaging a respective one of the cage flanges so as to press its
      respective cage flange axially outwardly into frictional engagement with
      its related driven hub. The urging of the two spring members also causes
      the axially outer ends of the two hubs to frictionally engage the drive
      casing. The frictional force exerted by the two inner spring members
      tending to limit rotational movement of the cages with respect to one
      another is less than the force of the frictional engagement of the two
      cage flanges against the related driven hub. In the preferred form, this
      is accomplished by providing two spring loaded washers, centered on the
      longitudinal axis of the transmission, which washers press against one
      another by the radial inward portions thereof, and press against the two
      cage flanges by the perimeter portions of the two spring loaded washers.
      The two cage flanges have axially inwardly protruding interengaging tabs
      to limit relative rotation of the cages, and the spring washers are
      positioned radially within these tabs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal view, partly in section, of the drive differential
      of the present invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1; and
PAR  FIG. 3 is an isometric exploded view of the differential of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The transmission of the present invention, generally designated 10,
      comprises an outer drive casing 12, a pair of inner driven hubs 14, and a
      roller clutch assembly 16 positioned in the annular space between the
      casing 12 and the hubs 14. In the usual installation in an automotive
      vehicle, this transmission 10 is positioned between a set of drive wheels
      of the vehicle (usually the rear wheels), with the power to the
      transmission being from a main drive shaft (not shown herein) to the drive
      casing 12, and with the output of the transmission being transmitted from
      the hubs 14 to laterally extending drive axles (not shown herein) splined
      each to a related hub 14.
PAR  In describing the transmission 10 of the present invention, the term
      "longitudinal axis" is intended to mean the main axis of rotation of the
      main components 12-16 of the transmission 10, with the longitudinal axis
      thus being coincident with the drive axles connected to the transmission
      10. The terms, "radially inward" and "radially outward" denote,
      respectively, location closer to or further from the longitudinal axis of
      the transmission. The terms, "axially outward" and "axially inward"
      denote, respectively, location further from or closer to a plane
      perpendicular to the longitudinal axis and intersecting the axis at a
      center position between the two driven hubs 14.
PAR  The drive casing 12 is formed in three sections which are bolted together
      to form a substantially unitary structure, these sections being an outer
      annular housing portion 18, and two side portions 20. The annular housing
      portion 18 has a radial flange 22 adapted to be connected to a ring gear
      or other mechanism (not shown herein) by which power is transmitted from a
      main drive axle to the drive casing 12. The two side portions 20 of the
      casing 12 each have a longitudinal through opening 24 to accomodate a
      related one of the drive axles. The inner surface of the outer housing
      portion 18 of the casing 12 has longitudinally aligned cam or drive
      surfaces 26 to accomplish the proper clutching action by which power is
      transmitted to the hubs 14.
PAR  The two driven hubs 14 are substantially identical, and each has a
      cylindrical configuration, with the outer smooth cylindrical surface 28 of
      each hub 14 functioning as the clutching surface of each hub 14. The
      center portion of each hub 14 is splined, as at 30, so as to be able to
      engage a respective drive axle in driving relationship.
PAR  The cage assembly 16 of the present invention comprises two interengaging
      cage members 32 and two sets of cylindrical roller clutch elements 34,
      each mounted in a respective cage member 32. Each cage member 32 comprises
      an outer cylindrical portion 36, having a plurality of evenly spaced
      longitudinal slots 38, to receive in each slot a related roller clutch
      element 34.
PAR  Each cage member 32 has at the axially inner edge of its cylindrical
      portion 36 a radially inwardly extending flange member 40. These two
      flanges 40 are proximate one another and reach inwardly between the axial
      inner ends of the two hub members 14. The two cage flanges 40 are
      interengaged in a manner to permit limited relative rotation of the two
      cage members 32. This interengagement is accomplished by forming each of
      the cage flanges 40 with axially inwardly extending tabs or protrusions
      41. These tabs 41 on the two flanges 40 are positioned alternately with
      respect to one another, and the arcuate width of these tabs is so selected
      relative to the gaps therebetween to permit relative rotation of the two
      cages 32 of approximately 3.degree. in either direction.
PAR  The radial inner edge 42 of each cage flange 40 is positioned against an
      annular shoulder 44 at the axially inner and radially inner edge of its
      related hub 14. There are two brass friction rings 46, one for each hub
      14. Each friction ring 46 is positioned against the axially inner surface
      of its related hub 14, so as to be positioned between the inner end of its
      related cage flange 40 and hub 14, with its radially inner edge resting
      against its related hub shoulder 44.
PAR  Positioned between the two hubs 14 and between the cage flanges 40 are a
      pair of spring washers 48 (i.e. Belleville washers), each having the
      configuration of a shallow truncated cone. Each of these spring washers 48
      has an outer circumferential portion 50 that bears against the axially
      inner face of the flange 40 of its related cage 32, so as to press the
      flange 40 axially outwardly against its related friction ring 46 which in
      turn is pressed against the axially inner face of its related hub 14. The
      radially inner portions 52 of the two spring washers 48 are in contact
      with one another, so as to enable the outer peripheral portions 50 of the
      washers 48 to bear against their respective cage flanges 40. The two
      spring washers 48 are held in their center positions by the interengaging
      tabs 41 on the cage flanges 40.
PAR  It will be noted that the area of contact of the two spring washers 48 is
      at the inner edges thereof 52, which is quite close to the main
      longitudinal axis of rotation of the transmission 10, while the outer or
      peripheral edges 50 of the spring washers 48 are substantially further
      from the longitudinal axis. As will be described more fully hereinafter in
      the description of the operation of this apparatus, this permits the two
      spring washers 48 to rotate relative to one another with relatively less
      frictional resistance, so that the engagement of the outer spring washer
      portions 50 with the cage flanges 40 does not inhibit relative rotational
      movement of the two cage members 32 with respect to one another.
PAR  At the axially outer end of each hub 14 there is a brass friction ring 54
      positioned between the axially outer face 56 (i.e. end face) of its hub 14
      and an opposing annular face 58 on the side portion 20 of the drive casing
      12. Each ring 54 is positioned near the radially outward portion of its
      hub end surface 56. These two brass rings 54 provide frictional engagement
      between the two hub members 14 and the drive casing 12 so as to prevent
      clutch chatter in the operation of the transmission.
PAR  In operation, power is transmitted to the outer drive casing 12 in a
      conventional manner, and this power is transmitted through the roller
      clutch assembly 16 to drive either or both of the hubs 14. Since this
      general mode of operation of positive drive differentials is well known in
      the prior art, it will be described only briefly herein. The cam surfaces
      26 of the drive casing engage the roller elements 34 so that these
      elements 34 are wedged between the hubs 14 and the casing 12 in driving
      relationship. In the event that one of the hubs 14 begins to overrun (this
      occurring, for example, when the vehicle in which the transmission is
      mounted is turning a curve, with the outer drive wheel rotating faster
      than the inner drive wheel), one of the hubs 14 rotates faster than the
      drive casing 12 and moves out of clutching engagement. However, because of
      the interlocking tabs 41 of the cages 32 limiting relative rotation of the
      cages 32, the clutch rollers 34 of the overrunning hub do not become
      wedged in the opposite direction so as to prevent the free overrun of the
      hub 14.
PAR  Of particular significance in the present invention is the manner in which
      the particular configuration of this transmission accomplishes the
      frictional engagement between the cage members 32 and the driven hubs 14,
      and frictional engagement between the driven hubs 14 and the casing 12.
      The two spring washers 48 press outwardly against the cage flanges 40,
      which in turn bear against the friction rings 46 that in turn press
      against the axially inner surface of each of the hubs 14. This ensures
      that the cages 32 tend to rotate with the hubs 14 to cause proper
      clutching engagement of the roller clutch elements 34. Because of the
      arrangement of the spring washers 48, which engage at their radially inner
      ends quite close to the longitudinal axis of the transmission 10, the
      frictional engagement of the spring washers 48 against each other does not
      impede relative rotation of the two spring washers 48. Thus there is
      permitted relative rotational movement of the two cage members 32, to
      permit overrun of either of the hubs 14.
PAR  Additionally, the urging of the spring washers 48 outwardly against the
      hubs 14 causes the two hubs 14 to press each against its related friction
      ring 54. This causes proper frictional engagement of each of the hubs 14
      with the drive casing 12 to prevent clutch chatter. Thus it will be noted
      that the axially outward urging of the spring washers 48 cause frictional
      engagement between the cages 32 and hubs 14, as well as between the hubs
      14 and the drive casing 12.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A differential drive mechanism comprising:
PA1  a. a rotatable drive casing having radially inwardly facing clutch
      surfaces,
PA1  b. a pair of driven hub members coaxially mounted on a longitudinal axis in
      end to end relationship in the drive casing for independent rotation,
PA1  c. a pair of sets of clutch elements freely mounted between the drive
      casing and each of said hub members for circumferential movement between a
      released position and a driven position between the clutch surfaces of the
      drive casing and the hubs,
PA1  d. a pair of annular interengaged cages holding the clutch elements and
      permitting limited relative rotation of the sets of clutch elements with
      respect to one another,
PA1  e. each of said cages having at its axially inner end a radially inwardly
      extending flange, with the two flanges of the two cages being located
      proximate one another between the inner axial ends of the two hubs, and
PA1  f. first and second spring members positioned between said cage flanges,
      said spring members arranged to engage one another and to press axially
      outwardly each against a related cage flange so as to cause frictional
      engagement of each of said cage flanges with their related hub member,
      said spring members having sufficiently low frictional engagement between
      one another to permit limited relative rotation of said cage members by
      virtue of the frictional force between the cage members and their related
      hub members.
NUM  2.
PAR  2. The transmission as recited in claim 1, wherein said spring members are
      a pair of spring washers, having radial inner portions which engage one
      another, and outer circumferential portions which engage related cage
      flanges to press the cage flanges into frictional engagement with the
      related hub members.
NUM  3.
PAR  3. The transmission as recited in claim 2, wherein each of said cage
      flanges has axially inwardly extending tabs which interengage to permit
      limited rotation of the cage members, with the outer portions of said
      spring washers being positioned radially inward of said tabs.
NUM  4.
PAR  4. The transmission as recited in claim 2, wherein there is a pair of
      friction rings, each of which is mounted between a related cage flange and
      an axially inner face of its related hub member, with the frictional force
      exerted by each ring member between its related cage flange and hub being
      greater than the frictional force between said spring washers.
NUM  5.
PAR  5. The transmission as recited in claim 1, wherein each hub member has an
      axially outer portion frictionally engaging a related axially inwardly
      facing surface of said casing, with said spring means urging each of said
      hub members axially outwardly so as to cause the frictional engagement of
      the two hub members with the drive casing at their engaging faces.
NUM  6.
PAR  6. The transmission as recited in claim 5, wherein said spring members are
      a pair of spring washers, having radial inner portions which engage one
      another, and outer circumferential portions which engage related cage
      flanges to press the cage flanges into frictional engagement with the
      related hub members.
NUM  7.
PAR  7. The transmission as recited in claim 6, wherein each of said cage
      flanges has axially inwardly extending tabs which interengage to permit
      limited rotation of the cage members, with the outer portions of said
      spring washers being positioned radially inward of said tabs.
NUM  8.
PAR  8. The transmission as recited in claim 6, wherein there is a first pair of
      friction rings, each of which is mounted between a related cage flange and
      an axially inner space of its related hub member, with the frictional
      force exerted by each ring member between its related cage flange and hub
      being greater than the frictional force between said spring washers.
NUM  9.
PAR  9. The transmission as recited in claim 8, wherein there is a second set of
      friction rings, each of which is interposed between the axially outward
      end of its related hub member and the drive casing, so that frictional
      engagement between the hub members and the drive casing is through said
      second set of friction rings.
NUM  10.
PAR  10. The transmission as recited in claim 9, wherein said second set of
      rings is spaced radially outwardly from said first set of rings, whereby
      frictional force exerted by said second set of friction rings is at a
      location further from the axis of rotation of said hub members.
NUM  11.
PAR  11. The transmission as recited in claim 5, wherein there is a pair of
      friction rings, each of which is interposed between the axially outer end
      of its related hub member and the drive casing, whereby frictional
      engagement of the hub members with the drive casing is through said set of
      friction rings.
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ABST
PAL  Detecting and indicating the failure of the primary drive train of a flap
      actuator system that includes primary and secondary drive trains driven by
      a common power supply is disclosed. When the primary drive trains fails, a
      free motion zone formed between the common power supply and the secondary
      drive train is crossed. Crossing of the free motion zone causes the
      position of an electro-mechanical sensor (or sensors) to change. The
      change in position of the electro-mechanical sensor(s) creates or changes
      the value of an electrical signal or signals to provide an indication of
      the failure of the primary drive train.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to aircraft flap actuation and, more particularly,
      to the failure of the primary drive train of an aircraft flap actuator
      having both primary and secondary drive trains.
PAR  In order to be assured of satisfactory flap actuation, many aircraft
      include both primary and secondary drive trains. The drive trains are
      driven by a common power source such that a "loop" is created. Normally
      power to move the flaps of the aircraft between extended and retracted
      positions is provided via the primary drive train and the secondary drive
      train, even though being driven, is in an idle state i.e., it applies no
      operative power to the flap actuators. Upon failure of the primary drive
      train, the secondary drive train becomes operative and compensates for the
      failure of the primary drive train. That is, the secondary drive train
      immediately applies power to the flap actuators to compensate for primary
      drive train failure. In this manner, flap actuation is not lost when the
      primary drive train fails.
PAR  One of the problems with prior art flap actuators of the foregoing nature,
      is their failure to provide an indication of primary drive train failure.
      Thus, loss of the primary drive train is not immediately known to the
      pilot, and/or aircraft maintenance personnel. This invention is directed
      to providing a failure detector and indicator apparatus which overcomes
      this problem.
PAR  Therefore, it is an object of this invention to provide a failure detector
      and indicator for an aircraft flap actuator system.
PAR  It is a further object of this invention to provide a failure detector and
      indicator for detecting and indicating the failure of the primary drive
      train of an aircraft flap actuator system which includes primary and
      secondary drive trains.
PAR  It is a still further object of this invention to provide a failure
      detector and indicator for an aircraft flap actuator system having primary
      and secondary drive trains that provides an immediate indication of the
      failure of the primary drive train.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with principles of this invention a method of and an
      apparatus for detecting and indicating the failure of the primary drive
      train of a flap actuator system that includes primary and secondary drive
      trains is provided. The method generally comprises the steps of: forming a
      free motion zone in the coupling system coupling the power supply to the
      secondary drive train; sensing when the free motion zone is crossed, which
      condition occurs when the primary drive train fails; and, providing an
      indication that the free motion zone has been crossed. The apparatus of
      the invention generally includes a coupling system forming part of the
      secondary drive train, the coupling system including a free motion zone
      which is crossed when the primary drive train fails. In addition, the
      apparatus includes an electro-mechanical sensor operatively connected to
      the coupling system so as to detect when the free motion zone is crossed.
PAR  In accordance with further principles of this invention, the
      electro-mechanical sensor comprises an arm, plunger, or other displaceable
      means whose position is changed when the free motion zone is crossed. The
      change in position of the displaceable means causes an electrical signal
      to be generated or modified. The electrical signal controls a visual or
      audio indicator which in turn provides an indication of the failure of the
      primary drive train.
PAR  In accordance with still further principles of this invention, the
      electrical signal is generated or modified by a switch opening (or
      closing), said switch opening (or closing) being created by the movement
      of the displaceable means.
PAR  It will be appreciated from the foregoing brief summary that the invention
      provides an uncomplicated method of and apparatus for detecting and
      indicating the failure of the primary drive train of a flap actuator
      system that includes primary and secondary drive trains. The apparatus
      preferably includes an electrical switch whose position change provides a
      visual or audio indication of the failure of the primary drive train.
      Because of the inclusion of a free zone, system backlash and the like is
      prevented from providing a false indication. More specifically, normally,
      both the primary and secondary drive trains are driven by the same power
      source in a loop arrangement. In normal operation, the primary drive train
      powers a plurality of flap actuators and the secondary drive train, while
      powered, is idle with regard to the application of power to the flap
      actuators. The secondary drive train is idle because it is driven from
      both ends of the loop--at one end by the power source, and at the other
      end by the primary drive train. Failure of the primary drive train removes
      the driving power provided by the primary drive train. When this event
      occurs, the secondary drive train ends its idle state and supplies power
      to the flap actuators. In accordance with the invention, upon termination
      of the idle state, a free motion zone is crossed to provide an indication
      of primary drive train failure. The free motion zone by its very nature
      prevents coupling backlash and the like from causing false failure
      indications.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects and many of the attendant advantages of this
      invention will become more readily appreciated as the same becomes better
      understood by reference to the following detailed description when taken
      in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic view illustrating an aircraft flap actuator system
      that includes primary and secondary drive trains;
PAR  FIG. 2 is a cross-sectional view illustrating a first preferred embodiment
      of the invention;
PAR  FIG. 3 is a cross-sectional view along line 3--3 of FIG. 2;
PAR  FIG. 4 is a cross-sectional view illustrating a second preferred embodiment
      of the invention;
PAR  FIG. 5 is a cross-sectional view along line 5--5 of FIG. 4;
PAR  FIG. 6 is a cross-sectional view along line 6--6 of FIG. 4;
PAR  FIG. 7 is a cross-sectional view of a third preferred embodiment of the
      invention;
PAR  FIG. 8 is a cross-sectional view along line 8--8 of FIG. 7;
PAR  FIG. 9 is a cross-sectional view along line 9--9 of FIG. 7;
PAR  FIG. 10 is a cross-sectional view of a fourth preferred embodiment of the
      invention;
PAR  FIG. 11 is a cross-sectional view along 11--11 of FIG. 10;
PAR  FIG. 12 is cross-sectional view along 12--12 of FIG. 10;
PAR  FIG. 13 is a fragmentary view of a portion of the fourth preferred
      embodiment of the invention illustrated in FIG. 10;
PAR  FIG. 14 is a cross-sectional view of a fifth preferred embodiment of the
      invention;
PAR  FIG. 15 is a cross-sectional view along line 15--15 of FIG. 14; and,
PAR  FIG. 16 is a fragmentary view along line 16--16 of FIG. 15.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a schematic view illustrating an aircraft flap actuator system
      which includes primary and secondary drive trains. More specifically, FIG.
      1 illustrates a fragmentary portion of an aircraft fuselage 11 and the
      aircraft's wings 13. Suspended from the wings, for example, are a
      plurality of jet engines 15. Located along the rear edge of the wings 13
      are a pluarlity of flaps 17. A primary control unit 19 is connected via a
      primary drive train formed of a pair of primary torque tubes 21 to a
      plurality of flap actuators 23, one associated with each flap 17. That is,
      a primary torque tube 21 extends outwardly into either wing. As used
      herein, the term torque tube refers to torque tubes, drive shafts and like
      elements for transferring rotational power.
PAR  Each primary torque tube is connected to a plurality of flap actuators, as
      is well known in the art. In addition, the primary control unit through a
      main secondary torque tube 25 and a coupling unit (gear box) 27 drives a
      pair of wing secondary torque tubes 29 forming a secondary drive train.
      More specifically, a wing secondary torque tube extends outwardly into
      either wing. Both wing secondary torque tubes are coupled to the primary
      control unit (power supply) via a coupling unit 27 and a main secondary
      torque tube 25. The remote ends of the related wing secondary torque tubes
      29 and the primary torque tubes 21 are coupled together via cross coupling
      units (gear boxes) 31.
PAR  In the foregoing manner drive loops are created whereby the flap actuators
      23 can be driven by either the primary drive train or the secondary drive
      train. The gearing of the various coupling units is such that the
      transmission of power through either set of torque tubes (primary or
      secondary) will create the same direction actuator force for a particular
      directional output of the primary control unit. More specifically, when it
      is desired to apply power to the flap actuators, both the primary and
      secondary drive trains are driven by the primary control unit 19 so as to
      generate actuator power in the same direction. Unless and until a failure
      occurs the primary drive train creates the actual driving power, the
      secondary drive train in essence being idle, although being driven. Should
      a primary torque tube fail, such as at point A illustrated in FIG. 1, its
      associated wing secondary torque tube 29 through its associated
      cross-coupling unit 31 will compensate for the failure and apply power to
      the flap actuators located beyond the failure i.e., to the two rightmost
      flap actuators illustrated in FIG. 1. This action occurs automatically in
      response to the failure at point A. Failures at other points in the
      primary drive train will cause corresponding actions on the part of the
      secondary drive trains.
PAR  It will be appreciated from the foregoing description that, normally, the
      wing secondary torque tubes 29 are idle. That is, they are, in essence,
      driven at both ends by the primary control unit 19. More specifically, the
      main secondary torque tube 25 and the coupling unit 27 drive the wing
      secondary torque tubes at one end. The other ends of the wing secondary
      torque tubes 29 are driven by the primary control unit 19 via the primary
      torque tubes and the cross-coupling units 31. Thus, until a failure
      occurs, the wing secondary torque tubes are idle from a driving point of
      view i.e., they apply no driving power to the flap actuators. The
      invention takes advantage of this loop arrangement by including one or
      more free motion zones in the secondary drive train and detecting and
      indicating when one or both of the free motion zones is crossed. It will
      be appreciated that because of the idle state of the secondary drive
      train, the free motion zones will only be crossed when the primary drive
      train fails. Thus, the method of the invention generally comprises the
      steps of: creating a free motion zone in the secondary drive train;
      sensing when the free motion zone has been crossed; and, providing an
      indication that the free motion zone has been crossed. The apparatus of
      the invention is directed to carrying out the method of the invention.
      Five preferred embodiments of apparatus formed in accordance with the
      invention are hereinafter described. However, it is to be understood that
      other apparatus can be formed in accordance with the teachings of the
      invention. Hence, the invention is not to be construed as limited to these
      embodiments.
PAR  FIG. 2 is a cross-sectional view of a first preferred embodiment of the
      invention and includes: a coupling unit 27, modified in accordance with
      the invention; the associated end of the main secondary torque tube 25;
      and, the associated ends of the wing secondary torque tubes 29. The
      coupling unit 27 includes a main bevel gear 41 and two secondary bevel
      gears mounted so that the main bevel gear drives the secondary bevel gears
      43 and 45. The main bevel gear 41 is affixed to the associated end of the
      main secondary torque tube 25 in the manner hereinafter described. The two
      secondary bevel gears 43 and 45 mesh with the main bevel gear 41 and are
      affixed, on a one-to-one basis, to the associated ends of the wing
      secondary torque tubes 29. More specifically splines are formed in an
      undercut region 47 located at the ends of the wing secondary torque tubes
      29. The secondary bevel gears 43 and 45 include suitable spline apertures
      into which the splines fit in a non-rotatable manner. Axial washers 49 and
      nuts 51, threaded onto coaxial threaded ends 53 formed in the tips of the
      wing secondary torque tubes, press the bevel gears against the shoulders
      formed by the undercut regions 47 to prevent axial movement of the bevel
      gears 43 and 45.
PAR  The main bevel gear 41 is affixed to the main secondary torque tube 25 in a
      manner that creates a free motion zone. More specifically, as illustrated
      in FIG. 3, the main bevel gear 41 includes a cylindrical central aperture
      55 having two inwardly projecting integral keys 57. The keys 57 are
      arrayed in keyways 59 formed in the end of the main secondary torque tube
      25. The keys 57 are substantially narrower in width than are the keyways
      59 whereby a free motion zone, defined by the angle a, is formed on either
      side of the keys 57 when the keys are centered in the keyways. As will be
      better understood from the following description, this centering condition
      exists when the primary drive train is operating without failure.
PAR  A longitudinal cylindrical aperture 61 is formed in the end of the main
      secondary torque tube 25. Located near the inner end of the longitudinal
      cylindrical aperture 61 is a slightly larger cylindrical aperture 63. The
      slightly larger cylindrical aperture 63 is generally aligned,
      longitudinally, with the keys 57 and keyways 59. A pair of aligned,
      transverse cylindrical apertures 67 intersect the slightly larger
      cylindrical aperture 63. Each transverse cylindrical aperture 67 houses a
      pin 69 having a semispherical outer tip. The pins 69 project outwardly so
      that their tips lie in longitudinal V-shaped apertures 71 formed in the
      cylindrical central aperture 55 of the main bevel gear 41. The pins and
      V-shaped apertures 71 also lie along an axis that is generally orthogonal
      to the axis defined by the keys 57 and keyways 59, as viewed in FIG. 3.
PAR  The inner ends of the pins 71 are connected together by two links 73 and
      75. The links 73 and 75 are rotatably pinned together on one end, and each
      to one of the pins 69 at their other ends. The links 73 and 75 are formed
      so as to articulate upwardly and press against the enlarged head 79 of an
      actuator shaft 77, when the pins are mounted in their respective
      transverse cylindrical apertures so as to lie in their associated V-shaped
      apertures. That is, the junction point between the pins 73 and 75 is
      adapted to press against the enlarged head 79 of the actuator shaft 77
      when the link pin assembly is formed and mounted in the manner described
      above. Mounted about the actuator shaft 77, above its enlarged head 79 (as
      viewed in FIG. 2), is a coil spring 81. The upper end of the coil spring
      presses against a threaded collar 83 mounted in a cylindrical aperture 89
      coaxial with and slightly larger than the longitudinal central aperture
      61. Thus, the threaded collar 83 surrounds the actuator shaft 77 and is
      screwed into the end of the main secondary torque tube. A threaded ring 97
      is screwed onto the outer periphery of the end of the main secondary
      torque tube 25. The lower surface of the threaded ring 97 coacts with a
      flange 98 to prevent longitudinal movement of the main bevel gear 41.
PAR  The upper end of the actuator shaft 77 impinges on a downwardly projecting
      springloaded actuator element 99. The spring loaded actuator element 99 is
      aligned with a switch terminal, or actuator, 101 that forms a portion of a
      micro switch 103. The alignment is such that when the actuator shaft 77 is
      moved upwardly as viewed in FIG. 2, it moves the actuator element 99
      upwardly which action causes the micro switch 103 to change states--from
      open to closed or vice versa. The invention can be formed such that the
      actuator element 99 and the actuator 101 form a pair of switch contacts,
      or such that the actuator element mechanically moves to cause a switching
      action through switch elements not illustrated.
PAR  Turning now to a description of the operation of the embodiment of the
      invention illustrated in FIGS. 2 and 3; normally, the outer tips of the
      pins 69 lie in the V-shaped apertures 71 as illustrated in FIG. 3. Under
      this condition, the free motion zone, defined by the angle a, exists
      between the keys 57 and the keyways 59. As discussed above, when the
      primary drive train fails for one reason or another, power is applied
      through the secondary drive train to flap actuators located beyond the
      point of failure. Thus, one of the wing secondary torque tubes 29 becomes
      loaded at its outer end. This loading causes the main secondary torque
      tube shaft 25 to move with respect to the main bevel gear 41 through the
      free motion zone. The direction of relative movement, of course, depends
      upon the direction of rotary motion existing when failure occurs. In any
      event, when such relative movement occurs, the pins 69 are forced
      inwardly. The inward movement of the pins 69 causes the links 73 and 75 to
      articulate further upwardly against the force provided by the coil spring
      81. The further upward articulation of the link drives the actuator shaft
      77 upwardly into contect with the actuator 99 to cause actuation of the
      micro switch 103. The change in switch state created by this action is
      used to control a suitable indicator 104 connected to the switch 103. The
      indicator, thus, provides an indication of primary drive train failure.
      The indicator can be visual or audio, as desired.
PAR  FIGS. 4, 5, and 6 illustrate an alternative embodiment of the invention
      which comprises a worm gear 101, driven by the main secondary torque tube
      25 (not illustrated), and a worm wheel 103 driven by the worm gear. The
      worm wheel 103 rotates about a central longitudinal axis 105 coaxial with
      axis of rotation of the wing secondary torque tubes 29, and is affixed
      thereto in a "free motion zone" manner. More specifically, the worm wheel
      103 includes threaded collars 107 which project outwardly from either
      side, about its axis of rotation. Coaxial with the axis of rotation of the
      worm wheel 103, and passing through the worm wheel and the threaded
      collars 107, is a central aperture 109.
PAR  The ends of the wing secondary torque tubes 29 are mounted in the central
      aperture 109 in a manner such that a free motion zone having a distance of
      movement, defined by an angle designated b (FIG. 5), is created. More
      specifically, as illustrated in FIG. 5, the cross-sectional configuration
      of the central aperture 109 is such that it includes a pair of opposed
      keyways 111 within which lie keys 113 formed as in integral part of the
      ends of the wing secondary torque tubes 29. The arcuate width of keyways
      111 is substantially greater than is the arcuate width of the keys 113.
      The free motion zone angle b is equal to one-half the difference between
      these arcuate widths.
PAR  Mounted on the threaded collars 107 of the worm wheel 103 are indicator
      control nuts 115. Formed in the peripheral outer ends 117 of the indicator
      control nuts 115 are spaced flanges 121. The flanges 121 define a
      peripheral cylindrical aperture 119. In addition, the outer ends of the
      indicator control nuts are formed such that they include central apertures
      which allow them to be spline connected to their associated wing secondary
      torque tubes 29. The spline connection is formed in a manner such that
      relative rotational motion between the indicator control nuts and the
      secondary torque tubes is prevented (FIG. 6) while longitudinal movement
      therebetween is not prevented.
PAR  Mounted in each peripheral cylindrical aperture 119 defined by the spaced
      flanges 121 of the indicator control nuts 115 is a switch trigger element
      120. The switch trigger elements 120 are connected by arms 123 to switches
      125. As illustrated in the FIGURES, the arms 123 can be moved either to
      the right or to the left.
PAR  Turning now to a description of the operation of the embodiment of the
      invention illustrated in FIGS. 4-6; normally, as described above, the wing
      secondary torque tubes 29 are idle i.e., they are driven when the flaps
      are extended or retracted but do not apply power to the flap retractors.
      Thus, the keys 113 lie generally in the center of the keyways 111. When
      the primary drive train fails, the secondary drive train is required to
      power flap actuators located beyond the failure point. This requirement
      causes the free motion zone to be crossed in one direction or the other
      (depending upon whether the flaps are being extended or retracted when the
      failure occurs). Crossing of the free motion zone causes one of the
      indicator control nuts 115 to move either outwardly or inwardly along its
      associated secondary torque tube 21. This movement causes one or the other
      of the flanges 121 forming a portion of the thusly moved nut to impinge on
      the related switch trigger element 120 and move its attached arm 123. This
      action changes the state of the associated switch 125 causing an
      indication to be provided. The indication may be audio or visual and
      indicates that a failure of a primary drive train has occurred. Be
      selectively sensing the state of the two swtiches 125, the side of the
      aircraft on which the failure occurred is readily determined.
PAR  FIGS. 7-9 illustrate another alternative embodiment of the invention
      wherein power is transferred from the main secondary torque tube 25 to the
      wing secondary torque tubes 29 via a bevel gear coupling mechanism. A main
      bevel gear 131 is spline connected in a non-rotatable manner to the main
      secondary torque tube 25. A threaded stud 137 projects outwardly from the
      main secondary torque tube 25, and forms part of it. A washer 140 and a
      nut 141 are affixed to the outer threaded end of the stud such that the
      washer and nut prevent the longitudinal movement of the bevel gear 131.
PAR  The main bevel gear 131 meashes with second and third bevel gears 133 and
      135. The second and third bevel gear 133 and 135 are attached on a
      one-to-one basis, to the ends of the wing secondary torque tubes 29 in a
      free motion zone manner. More specifically, as illustrated in FIG. 8, the
      tips of the wing secondary torque tubes 29 include integral keys 145
      formed in an undercut region 143. The integral keys 145 lie in keyways 147
      formed in central apertures located along the axis of rotation of the
      second and third bevel gear 133 and 135. The arcuate width of the keys is
      substantially less than is the arcuate width of the keyways 147 whereby a
      free motion zone, defined by the angle c (FIG. 8), is formed on either
      side of the keys 145 when they are centered in the keyways 147.
PAR  The key ends 143 of the wing secondary torque tubes 29 are substantially
      wider than the thickness of the second and third bevel gears 133 and 135.
      Tightly affixed to the tips of the wing secondary torque tubes are single
      lobe cams 149. More specifically, as illustrated in FIG. 9, the single
      lobe cams include central apertures 146. The central apertures include
      keyways 148 equal in arcuate width to the width of the keys 145 formed in
      the tips of the wing secondary torque tubes 29. Thus, the single lobe cams
      149 are affixed to the tips of the wing secondary torque tubes in a
      non-rotatable manner.
PAR  As illustrated in FIG. 9, the single lobe cams 149 include single lobes
      151. Normally, these lobes are aligned. However, as will be better
      understood from the following description, when a primary torque tube
      failure occurs, the lobes become misaligned whereby one achieves the solid
      position illustrated in FIG. 9 and the other achieves the dotted position.
      The arcuate misalignment is defined by an angle designated d.
PAR  The embodiment of the invention illustrated in FIGS. 7-9 includes two
      switches 153 and 155. Each switch includes a cam follower 157 which is
      adapted to move upwardly and downwardly as viewed in FIG. 7 as the single
      lobe cams 149 are rotated. Each time a lobe 151 impinges on one of the cam
      followers 157, it moves that cam follower upwardly. This action changes
      the state of its associated switch 153 and causes a pulse to be generated.
      The thusly generated pulses are applied to an asymetry detector 157.
PAR  Turning now to a description of the operation of the embodiment of the
      invention illustrated in FIGS. 7-9; normally, both wing secondary torque
      tubes 29 are idle i.e., regardless of whether they are rotating or
      non-rotating they are not applying power to any flap actuators. Thus, the
      keys 145 are aligned in the keyways 147 and the cam lobes 151 are aligned.
      Because the cam lobes are aligned, the switches 153 and 155 generate
      synchronous pulses. When the primary drive train fails, one of the wing
      secondary torque tubes 29 crosses an associated free motion zone c, as
      power is transferred from the main secondary torque tube 25 to the wing
      secondary torque tube 29 related to the failure location. Crossing of one
      of the free motion zones creates a cam lobe misalignment. Thus, the pulses
      generated by the switches 153 and 155 become asynchronous. This condition
      is sensed by the asymmetry detector 157 which in turn causes a suitable
      indication to be created on an indicator 158 connected to the asymmetry
      detector. As will be appreciated by those skilled in the art and others,
      the asymmetry detector can be designed such that it will perform a
      discrimination function i.e., it will determine which of the wing flap
      control systems has failed, by sensing the leading/lagging nature of the
      received pulses. Thus, not only is a failure indication provided, but an
      indication of the location of the failure is also provided by the
      invention.
PAR  FIGS. 10-13 illustrate a further alternative embodiment of the invention
      wherein power is also transferred via a bevel gear coupling mechanism. The
      main bevel gear 161 is attached to the main secondary torque tube 25 in a
      free motion zone manner as hereinafter described. Second and third bevel
      gears 163 and 165 are tightly splined in a non-relative rotational manner
      to the ends of the wing secondary torque tubes 29 about their axes of
      rotation. The main bevel gear meshes with the second and third bevel gears
      in a conventional manner.
PAR  As best illustrated in FIG. 11, the main secondary torque tube 25 includes
      keys 167 located near its tip. The keys 167 lie in keyways 169 formed in a
      central aperture located in a collar 171. The collar 171 forms an integral
      part of the main bevel gear 161. The arcuate width of the keys 167 is
      substantially less than is the arcuate width of the keyways 169 whereby a
      free motion zone, defined by the angle e, is formed on either side of the
      keys 167 when they are centered in the keyways 169. Longidutinal movement
      of the main bevel gear 161 with respect to the main secondary torque tube
      25 is prevented by a stud 173, which projects outwardly, and a washer 177
      and a nut 179. The nut 179 is mounted on the stud 173 and presses the
      washer 177 against the collar 171.
PAR  Located above the keyed end of the main secondary torque tube 25, as viewed
      in FIG. 10, is a region 181 which appears to be in the shape of a "four
      leaf" clover (FIG. 12), when viewed in cross-section. Thus, four equal
      spaced indentations 183 exist in this region. Lying in each indentation
      183 is the tip of a pin 185. The pins extend outwardly along two
      orthogonal axes through an inner collar 187. The inner collar 187 is
      integral with the main bevel gear 161 and located in the opposite side of
      the gear from keyway collar 171. The pins 185 are undercut where they
      emerge from the inner collar 187, when the pin tips lie in the
      indentations 183. Thus, each pin includes a shoulder. The center of a leaf
      spring 189 impinges on each such shoulder. The outer tips of the leaf
      springs 189 press against an outer collar 191 coaxial with and spaced from
      the inner collar 187. Thus, the leaf springs are adapted to press the pin
      tips into the indentations 183.
PAR  Affixed to, or integrally formed with, the outer ends of the pins 185 are a
      pair of spaced flanges 193. The spaced flanges rest against the outer
      surface of the outer collar 191 when the tips of the pins lie in the
      indentations 183, and are each pinned by pins 193 to two outwardly
      diverging arms 195 and 197. The arms in turn are pinned by pins 201 to
      flanges 199 attached to the elements of a four element split ring 203.
      Each of the elements of the split ring join their associated elements via
      a male/female junction 205 as seen in FIG. 13. The junctions lie between
      the diverging arms 195 and 197. When the pin tips lie in the indentations
      183, the male portions 207 of the split rings lie entirely within the
      female portions 209. This is the solid line state of the split ring
      illustrated in FIG. 12. Pressing against the split ring 203 is a roller
      211 which is connected by a flange 213 to an arm 215 adapted to coact with
      a switch contact or actuator 217 forming part of a switch 219.
PAR  Turning now to a description of the operation of the embodiment of the
      invention illustrated in FIGS. 10-13; when the wing secondary torque tubes
      are not adapted to deliver power to the flap actuators (i.e., no failure
      exists), the pins 185 lie in the indentations 183, the split ring is
      collapsed (solid line position-FIG. 12) and the roller 211 is in its outer
      position (solid line-FIG. 12). When a primary drive train failure occurs,
      a free motion zone defined by the angle e is crossed. This action causes
      section 181 (the four leaf clover section) to rotate with respect to the
      main bevel gear 161. This relative rotation forces the pins 185 outwardly
      against the force of the leaf springs. The outward movement of the pins
      185 moves the split ring 203 outwardly i.e., to the dotted line position
      illustrated in FIG. 12. The split ring movement, in turn, moves the roller
      211 to its dotted line position, also illustrated in FIG. 12. Movement of
      the roller moves the arm 215 against the switch contact or actuator 217
      thereby changing the state of the switch 219. The switch 219 state change
      in turn, controls an indication which provides an indication of the
      failure of the primary drive train.
PAR  FIGS. 14-16 illustrate a final embodiment of the invention wherein power,
      is also transferred via a bevel gear coupling unit. A main bevel gear 231
      is non-rotatably affixed, via keys and keyways, to the main secondary
      torque tube 25. Longitudinal motion between the main bevel gear 231 and
      the main secondary torque tube is prevented by an end locking arrangement
      comprising a stud 237, a flat washer 239 and a nut 241. The stud is part
      of, and extend outwardly from, the end of main secondary torque tube 25.
      The washer and nut are mounted on the outer end of the stud and press the
      main bevel gear 231 against a shoulder 238 formed where the keys end.
PAR  The wing secondary torque tubes 29 are keyed in a free motion zone manner
      to second and third bevel gears 233 and 235, as illustrated in FIG. 15.
      That is, keys 243 are formed near the ends of the secondary torque tubes
      29. The keys 243 lie in keyways 245 formed in a central aperture located
      about the axis of rotation of the second and third bevel gears 233 and
      235. Longitudinal movement of the second and third bevel gears 233 and 235
      is prevented by lock rings 246 which coact with flanges 248 formed in the
      secondary torque tubes 29 in the region where the keys 243 start to form.
      As with the previously described embodiments of the invention, the arcuate
      width of the keys 243 is substantially less than is the arcuate width of
      the keyways 245 whereby a free motion zone, defined by an angle f, is
      created on either side of the keys 243.
PAR  A small set of keys 247 are formed in an undercut region 249 located in the
      outer tips of the secondary torque tubes 29. The small keys 247 lie in
      keyways formed in flange plates 251. The connection is such that the
      flange plates are prevented from rotating with respect to the secondary
      torque tubes. The flange plates are formed and located such that they face
      the second and third bevel gears 233 and 235 in a one-to-one relationship.
PAR  The flange plates 251 are connected to their associated bevel gears 233 and
      235 in a manner which allows a slight rotational movement therebetween to
      occur when the free motion zone defined by the angle f is crossed. More
      specifically, a plurality of springloaded bolts 253, illustrated as four
      in number, pass through each flange/bevel gear combination. The
      springloaded bolts pass through circular holes 255 in the bevel gears and
      arcuate slots 257 in the flange plates 251. The slots 257 are best
      illustrated in FIG. 15.
PAR  The springloaded bolts 253 include heads 259 and semi-spherical washers 261
      which lie in semi-spherical apertures formed in the outer sides of the
      flange plates 251. In addition, semi-spherical washers 263 lie in
      semi-spherical apertures formed in the outer surfaces of the second and
      third bevel gears 233 and 235. Moving outwardly from the bevel gear
      semi-spherical washers 263, along the length of the springloaded bolts,
      are found first flat washers 265, coil springs 267, second flat washers
      269 and nuts 271. The compression of the coil springs 267, obviously,
      provides a force which tends to press the flange plates 251 toward their
      associated bevel gears 233 and 235.
PAR  Located intermediate the springloaded bolts 253 are further arcuate slots
      273. The further arcuate slots 273 include center V-shaped regions 275 and
      are formed in both the bevel gears 233 and 235 and their associated flange
      plates 251, in spaced aligned (facing) relationship. Located in the
      further arcuate slots, normally in the center V-shaped regions, are ball
      bearings 277. That is, under normal operation (no failure of the primary
      drive train), the ball bearings are centered in the further arcuate slots.
PAR  Upon failure of the primary drive train, flap actuator power is transferred
      from the main secondary torque tube 25, through the bevel gear coupling to
      the wing secondary torque tube 29 related to the failure. This transfer of
      power causes the associated second or third bevel gears to cross its
      associated free motion zone and cause a misalignment between the second or
      third bevel gear and its associated flange plate 251. This misalignment
      causes the ball bearings 275 to move out of one or both of the V-shaped
      slots of their related further arcuate slots and move the associated
      flange plate 251 and bevel gear apart against the force created by the
      coil springs 267. When this movement occurs, the associated flange plate
      251, in turn, moves an arm 279 associated with one of two switches 281.
      Movement of the arm causes the switch state to change (from closed to open
      or vice versa). Change of the state of the associated switch results in
      the creation of an indication that the primary drive train has failed.
PAR  It will be appreciated from the foregoing description that the invention
      provides an uncomplicated method of and apparatus for detecting and
      indicating the failure of the primary drive train of a flap actuation
      system that includes primary and secondary drive trains. In general, when
      the primary drive train fails, a free motion zone is crossed. This
      crossing action is sensed and the data sensed is used to create an
      indication. Thus, the indication is related to primary drive train
      failure. In addition, the data sensed can include location information
      i.e., whether or not the failure occurred in the right or left wing.
PAR  While preferred embodiments of the invention have been illustrated and
      described, it will be appreciated by those skilled in the art and others
      that various changes can be made therein without departing from the spirit
      and scope of the invention. For example, while the keys have been
      illustrated and described as forming an integral part of their associated
      component, they could be separate items, if desired, as is well known to
      those skilled in the art. Moreover, various other devices and apparatus,
      other than that described, can be used to attach the various gears to
      their associated torque tubes. Hence, the invention can be practiced
      otherwise than as specifically described herein.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of detecting and indicating the failure of the primary drive
      train of an actuator system that includes a primary and a secondary drive
      train, said secondary drive train adapted to shift from a non-driving
      state to a driving state upon failure of the primary drive train, said
      method comprising the steps of:
PA1  forming a free motion zone in said secondary drive train;
PA1  sensing when the free motion zone is crossed; and,
PA1  providing an indication that the free motion zone has been crossed.
NUM  2.
PAR  2. A method of detecting and indicating the failure of the primary drive
      train of an aircraft flap actuator system that includes a power driven
      primary drive train for applying power to the flap actuators associated
      with each of the two wings of the airplane and a power driven secondary
      drive train for applying power to the flap actuators associated with each
      of the two wings of the aircraft upon failure of the primary drive train,
      said method comprising the steps of:
PA1  forming a free motion zone in the coupling system coupling the power supply
      to the secondary drive train;
PA1  sensing when the free motion zone is crossed, which condition occurs when
      the primary drive train fails; and,
PA1  providing an indication that the free motion zone has been crossed.
NUM  3.
PAR  3. A method of detecting and indicating the failure of the primary drive
      train of an aircraft flap actuator system as claimed in claim 2 wherein
      two free motion zones are formed, one of said free motion zones being
      associated with one of said two wings of said aircraft and the other being
      associated with the other of said two wings of said aircraft and wherein
      the crossing of either of said two free motion zones is sensed.
NUM  4.
PAR  4. A method of detecting and indicating the failure of the primary drive
      train of an aircraft flap actuator system as claimed in claim 3 wherein
      said step of providing an indication of the crossing of either of said two
      free motion zone includes the substep of providing an indication of which
      one of said two wings is associated with said failure of said primary
      drive train.
NUM  5.
PAR  5. Apparatus for detecting and indicating the failure of the primary drive
      train of an actuator system that includes a primary and secondary drive
      train, said secondary drive train including a coupling system for coupling
      power between a driven torque tube, and at least one secondary torque
      tube, said apparatus comprising:
PA1  at least one free motion zone formed in said coupling system;
PA1  at least one detecting means for detecting the crossing of said at least
      one free motion zone; and,
PA1  an indicating means coupled to said at least one detecting means for
      providing an indication of the crossing of said at least one free motion
      zone.
NUM  6.
PAR  6. Apparatus for detecting and indicating the failure of the primary drive
      train of an actuator system as claimed in claim 5 wherein said free motion
      zone is formed between said driven torque tube and said coupling system.
NUM  7.
PAR  7. Apparatus for detecting and indicating the failure of the primary drive
      train of an actuator system as claimed in claim 5 wherein said coupling
      system is adapted to couple power between said driven torque tube and two
      secondary torque tubes, and wherein two free motion zones are formed in
      said coupling system, one of said free motion zone formed between said
      coupling unit and one of said two secondary torque tubes and the other of
      said free motion zones formed between said coupling unit and the other of
      said two secondary torque tubes.
NUM  8.
PAR  8. Apparatus for detecting and indicating the failure of the primary drive
      train of an actuator system as claimed in claim 5 wherein said detecting
      means comprises a mechanically movable element adapted to change position
      when said free motion zone is crossed.
NUM  9.
PAR  9. Apparatus for detecting and indicating the failure of the primary drive
      train of an actuator system as claimed in claim 5 wherein said indicating
      means is a switch whose state is changed when said detecting means detects
      the crossing of said free motion zone.
NUM  10.
PAR  10. Apparatus for detecting and indicating the failure of the primary drive
      train of an actuator system as claimed in claim 5 wherein said free motion
      zone is formed in said coupling system by:
PA1  keys associated with one of: (a) said coupling system and (b) said driven
      torque tube or said at least one secondary torque tube; and
PA1  keyways associated with the other of: (a) said coupling system; and, (b)
      said driven torque tube or said at least one secondary torque tube, said
      keys being mounted in said keyways in a manner such that relative movement
      can occur between said keys and said keyways.
NUM  11.
PAR  11. A coupling unit for connecting a drive torque tube to at least one
      driven torque tube, including means for providing an indication of the
      application of driving power from said drive torque tube to said at least
      one driven torque tube, said coupling unit comprising:
PA1  a first gear affixed to the end of said drive torque tube;
PA1  a second gear affixed to the end of said at least one driven torque tube
      and arrayed so as to mesh with said first gear;
PA1  a free motion zone formed between one of said first gear and said drive
      torque tube and said at least one driven torque tube and said second gear;
PA1  detecting means mounted so as to detect the crossing of said free motion
      zone; and,
PA1  indicating means coupled to said detecting means for providing an
      indication when said detecting means detects that said free motion zone
      has been crossed.
NUM  12.
PAR  12. A coupling unit as claimed in claim 11, wherein said free motion zone
      is formed between said drive torque tube and said first gear.
NUM  13.
PAR  13. A coupling unit as claimed in claim 12 wherein said free motion zone is
      formed by keys associated with one of said first gear and said drive
      torque tube, and keyways associated with the other of said first gear and
      said drive torque tube, said keys being substantially narrower in arcuate
      width than said keyways, and lying in said keyways.
NUM  14.
PAR  14. A coupling unit as claimed in claim 13, wherein said detecting means
      comprises:
PA1  at least one transverse aperture formed in said drive torque tube;
PA1  at least one pin lying in said at least one transverse aperture formed in
      said drive torque tube and projecting outwardly;
PA1  an aperture formed in said first gear and positioned such that the outer
      tip of said pin lies in said aperture when said keys lie substantially in
      the center of said keyways; and,
PA1  a coupling mechanism coupled to the inner end of said pin, said coupling
      mechanism adapted to move when said pin is moved out of said aperture in
      said first gear, said movement occurring when said free motion zone is
      crossed.
NUM  15.
PAR  15. A coupling unit as claimed in claim 14, wherein said indicating means
      comprises an electrical switch operatively connected to said coupling
      mechanism so as to be changed in state when said coupling mechanism is
      moved by said pin moving out of said aperture in said first gear.
NUM  16.
PAR  16. A coupling unit as claimed in claim 13, wherein said detecting means
      comprises:
PA1  a plurality of indentations formed in the outer periphery of said drive
      shaft;
PA1  a first collar affixed to said first gear so as to surround said plurality
      of indentations, said collar including a plurality of apertures equal in
      number to said plurality of indentations and aligned therewith when said
      keys are centered in said keyways;
PA1  a plurality of pins equal in number to said plurality of apertures and
      lying in said plurality of apertures;
PA1  a second collar surrounding said first collar and affixed to said first
      gear, and including a plurality of apertures equal in number to said
      plurality of pins and aligned with said apertures in said first collar;
PA1  a plurality of springs equal in number to said number of pins and
      associated therewith on a one-to-one basis, said springs mounted between
      said pins and said second collar so as to force said pins into said
      indentations when said keys lie in the center of said keyways; and,
PA1  a split ring affixed to the outer ends of said pins and movable between an
      inner position and an outer position, said split ring moved between said
      inner and said outer positions when the inner tips of said pins are moved
      from said indentations, said inner tips of said pins moving from said
      indentations when said free motion zone is crossed.
NUM  17.
PAR  17. A coupling unit as claimed in claim 16, wherein said indicating means
      comprises:
PA1  a roller adapted to ride on the outer surface of said split ring; and,
PA1  a switch mechanically connected to said roller so as to sense when said
      split ring moves from its inner position to its outer position.
NUM  18.
PAR  18. A coupling unit as claimed in claim 11, wherein said free motion zone
      is formed between said second gear and said at least one driven torque
      tube.
NUM  19.
PAR  19. A coupling unit as claimed in claim 18, wherein said free motion zone
      is formed by keys associated with one of said at least one driven torque
      tube and said second gear, and keyways associated with the other of said
      at least one driven torque tube and said second gear, said keys being
      substantially narrower in arcuate width than said keyways, and lying in
      said keyways.
NUM  20.
PAR  20. A coupling unit as claimed in claim 19, wherein said first gear is a
      worm gear and wherein said second gear is a worm wheel mounted so as to
      mesh with said worm gear.
NUM  21.
PAR  21. A coupling unit as claimed in claim 20, wherein said detecting means
      comprises:
PA1  a boss extending outwardly from said worm wheel about its axis of rotation;
PA1  peripheral threads formed on said boss; and
PA1  a nut threaded onto said peripheral threads and affixed to said at least
      one driven torque tube so as to be movable longitudinally with respect
      thereto, but not rotationally, said longitudinal movement occurring when
      said free motion zone is crossed.
NUM  22.
PAR  22. A coupling unit as claimed in claim 21, wherein said indicator means
      comprises a switch including a switch arm, said switch arm mounted so as
      to be moved by said nut when said nut is moved longitudinally, movement of
      said switch arm by said nut causing said switch to change states.
NUM  23.
PAR  23. A coupling unit as claimed in claim 19, wherein said detecting means
      comprises a cam affixed to said at least one driven torque tube so as to
      change relative positions when said free motion zone is crossed, and a cam
      follower operatively connected between said cam and said indicating means.
NUM  24.
PAR  24. A coupling unit as claimed in claim 18, wherein said coupling unit
      connects a driving torque tube to first and second driven torque tubes and
      includes means for providing an indication of the application of driving
      power from said driving torque tube to either of said driven torque tubes
      and wherein said second gear is affixed to the end of said first driven
      torque tube, said coupling unit including a third gear affixed to the end
      of said second driven torque tube so as to mesh with said first gear, a
      second free motion zone being formed between said third gear and said
      second driven torque tube.
NUM  25.
PAR  25. A coupling system as claimed in claim 18 wherein said first free motion
      zone is formed by keys associated with one of said first driven torque
      tubes and said second gear, and keyways associated with the other of said
      first driven torque tubes and said second gear and said second free motion
      zone is formed by keys associated with one of said second driven torque
      tubes and said third gear, and keyways associated with the other of said
      second driven torque tubes and said third gear, said keys being
      substantially narrower in arcuate width than said keyways, and lying in
      said keyways.
NUM  26.
PAR  26. A coupling unit as claimed in claim 25, including a first cam affixed
      in a nonrotatable manner to said first driven torque tube so as to be
      movable in a rotational manner with respect to said second gear when said
      first free motion zone is crossed and a second cam affixed to said second
      driven torque tube so as to be moved in a rotational manner with respect
      to said third gear when said second free motion zone is crossed.
NUM  27.
PAR  27. A coupling unit as claimed in claim 26, wherein said indicating means
      comprises:
PA1  first and second switches mechanically connected to said first and second
      cams, respectively, so as to be in states determined by the rotational
      positions of said cams; and,
PA1  an asymmetry detector connected to said first and second switches, said
      cams being oriented such that said first and second switches change states
      in a symmetrical manner as long as neither of said first and second free
      motion zones are crossed.
NUM  28.
PAR  28. A coupling unit as claimed in claim 19 including:
PA1  a flange plate non-rotatably affixed to said at least one driven torque
      tube so as to be facing said second gear; and,
PA1  pressing means for pressing said flange plate against said second gear in a
      manner such that said flange plate can rotate with respect to said second
      gear when said free motion zone is crossed, said rotation causing said
      flange plate to move away from said second gear against the force created
      by said pressing means.
NUM  29.
PAR  29. A coupling system as claimed in claim 28, wherein said indicating means
      comprises a switch mechanically coupled to said flange plate so as to
      sense the movement of said flange plate away from said second gear when
      said free motion zone is crossed, said movement causing said switch to
      change states.
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ABST
PAL  A pair of turrets of a punch press are rotatably coupled to a common drive
      shaft by chains and sprockets. Releasable couplers are placed between the
      chains and the drive shaft to allow relative, limited movement between the
      turrets and the common drive shaft during the insertion into the turrets
      of alignment shot pins. The limited relative movement allows the turrets
      to independently, accurately position during insertion of the shot pins
      without placing strain on the chains, drive shaft or power source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to turret drive apparatus and, more particularly,
      to mechanisms for separating a turret or turrets from the drive apparatus
      during forced, accurate positioning of the turrets.
PAR  2. Description of the Prior Art
PAR  Turret drives for a single turret, such as in an ironworker, or for pairs
      of turrets, such as in a punch press, are commonly driven by a single
      drive shaft using chains and sprockets, gears, timing belts or the like.
      The power source is generally a relatively low horsepower motor which
      must, through gear or sprocket chain multipliers, convert a relatively
      high rpm at the motor to a lower rpm but higher torque at the turret. Due
      to the drive multiplier, a force imposed on the drive system at the turret
      can be carried back to the power source and multiplied, causing extensive
      damage at the power source.
PAR  In turret drives, the drive train rotates the turret to a generally aligned
      position at the desired rotational location. More accurate positioning is
      then obtained by the use of shot pins which are driven into tapered,
      circumferentially spaced openings in the turret to bring the turret into
      an exact alignment. This exact alignment is necessitated either by its
      correlation with the digital or manual positioning of the workpiece or to
      maintain perfect alignment between a punch and a die as in the case of a
      double turret punch press.
PAR  The shot pins, of course, exercise a tremendous amount of force on the
      turrets in order to move the heavy mass of the turrets. A frequent problem
      resulting from this force is that the force exerted by the shot pins
      becomes transmitted through the drive train and may damage either the
      power source or the drive train itself. In some cases, to eliminate the
      damage, prior art devices have utilized clutches or the like to isolate
      the power source from the drive shaft during the insertion of the shot
      pin; however, the drive train between the turret and the drive shaft is
      still in operation and receives the strain.
PAR  In the case of double turrets, the turrets must not only be aligned
      relative to the power source but also must be aligned relative to each
      other. Consequently, the drive train between the common drive shaft and
      the turrets frequently receives the strain caused by the shot pins when
      the two turrets are brought into exact alignment relative to one another.
      The strain problem is compounded on production punch presses since it is
      virtually impossible to manufacture reasonably priced chain and sprocket
      drives, for example, accurately enough so that upon rotation of the common
      drive shaft, each of the turrets will be driven exactly the same amount.
      In some cases, in order to reduce the strain the chains are designed with
      a certain amount of sloppiness to allow relative movement of the turrets.
      This sloppiness creates problems for the NC control of the machine, and
      the inertia of the heavy turrets acts through this sloppiness to cause
      premature failure of the chain. The chain and sprocket system for a double
      turret becomes further compounded when an inexperienced operator replaces
      the chains on the turrets and makes them too tight such that the
      sloppiness is not available to absorb the misalignment of the turrets. The
      lack of slop or play has been a frequent problem in the past since an
      operator's natural tendency is to make the chains as tight as possible to
      accommodate future natural stretching of the chains.
PAR  It is, of course, highly desirable to move the turrets as fast as possible
      in numerically controlled punching machines so that the operating time in
      which a workpiece is in the machine is minimized. To accomplish this
      speed, various power sources and drives are employed. One technique for
      driving the turrets has been to use a small motor that drives a flywheel
      which, through a clutch, disengages the flywheel from the drive train to
      the turrets while simultaneously applying a brake to the turrets
      themselves. The timing for energizing the clutch and brake is generally
      determined by the position of the shot pins as they move in and out of the
      turrets. Since the depth of the holes in the turrets to receive the shot
      pins in a production machine can never all be exactly the same depth, the
      limit switches or other sensors for determining the position of the shot
      pins are normally set for the shallowest holes. As a result, the exact
      position of a particular shot pin relative to a particular one of the
      circumferentially spaced holes in the turret is never the same so that
      frequently the clutch is energized to reengage the drive train with the
      flywheel prior to the shot pin being fully removed and thus damage occurs.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to temporarily separate a turret from the
      drive shaft that rotates the turret.
PAR  It is another object of this invention to provide a device for separating
      the turret from the power source for rotating the turret in a manner which
      always assures that the shot pins are disengaged from the turret prior to
      reengagement with the power source.
PAR  It is another object of this invention to provide a device for allowing
      independent, limited relative rotation between two turrets.
PAR  Basically, these objects are obtained by inserting between the turret and
      the drive shaft for rotating the turret a releasable coupling member that
      will allow very limited, relative rotational movement between the turret
      and its drive shaft during insertion of turret exact-positioning means,
      such as shot pins. The coupling member is placed as close to the turret as
      is practicable and, in the case of double turrets, the coupling member or
      members occur in the drive trains between the two turrets so that one can
      move relative to the other. The amount of freedom in the rotation of the
      turrets is limited to an amount not to exceed the capability of the shot
      pin to pull the turret into exact alignment from its generally located
      alignment. The limitation on the freedom of decoupled movement precludes
      the turrets from getting out of synchronous rotation relative to one
      another and from losing synchronism with the numerical controls and power
      source. Preferably, the shot pins on the turret and the coupling means and
      drive train are energized pneumatically through the same source and
      control so that neither can be operated out of time with the other.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWING
PAR  FIG. 1 is a vertical section of a double turret machine embodying the
      principles of the invention.
PAR  FIG. 2 is a fragmentary detail of a portion of a shot pin utilized in the
      device of FIG. 1.
PAR  FIG. 3 is a fragmentary detail of one of the decoupling members shown in
      FIG. 1.
PAR  FIG. 4 is a fragmentary detail of the decoupling member as viewed along
      arrows 4--4 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As best illustrated in FIG. 1, a numerically controlled machine tool 10 is
      provided with an upper turret 11 and a lower turret 12. While the
      invention is best described by illustrating a double-turret, numerically
      controlled machine tool, it should be understood that some of the
      principles are applicable also to a single turret machine and to machines
      which are powered without a numerical control.
PAR  The upper turret 11 is rotatably mounted on a shaft 14 on which is keyed a
      sprocket 15. Likewise, the lower turret is rotatably mounted on a shaft 16
      which is keyed to a sprocket 18. The sprockets 15 and 18 are
      simultaneously rotated by a common drive shaft 20 via an upper chain 21, a
      lower chain 22, an upper sprocket 23, a lower sprocket 24, and upper and
      lower releasable decoupling means 26 and 27, respectively. While the
      embodiment illustrated shows chains and sprockets for driving the turrets,
      the principles are equally applicable to other forms of rotatable driving
      members, such as drive gears, timing belts, or the like.
PAR  In the embodiment illustrated, the common drive shaft 20 is rotatably
      mounted on brackets 28 and is keyed to a large driven gear 30. The driven
      gear is meshed with a smaller drive gear 32 which is driven from a motor
      34 or other suitable power source, such as a continuously driven flywheel.
      Suitable clutching mechanisms can be placed between the drive shaft 20 and
      the power source if desired. In almost all instances, however, there will
      be a multiplier between the power source and the turret to enable a
      high-speed, low-torque motor to drive the extremely heavy turrets. In the
      case illustrated, the ratio is approximately 200:1.
PAR  The decoupling means 26 and 27 are identical and only coupling means 26
      will be described in detail. As is best shown in FIG. 3, the sprocket 23
      is mounted on a bushing 36 that allows rotation of the sprocket relative
      to the drive shaft 20. The releasable coupling means 26 is provided with a
      movable body 38 that is keyed to the shaft 20 as at 39 and thus, at all
      times, rotates with the shaft. A piston 40 engages the end surface 42 of
      the movable body member. The piston is reciprocably mounted in a
      circumferential bore 44 of a cylinder 45 that surrounds the shaft 20. Air
      to extend the piston comes from a line 48 that is common to both of the
      decoupling means 26 and 27.
PAR  Extending outwardly axially of the shaft 20 is a pair of dogs 50. The dogs
      are tapered to fit within tapered bores 52 in the sprocket 23. When the
      piston 40 is fully extended, the dogs are pushed fully into the bores 52.
      The movable body member 38 is also provided with a plurality of
      circumferentially spaced bumpers 60 that are biased by springs 62 into
      engagement with the underside of the sprocket 23. When air pressure to the
      piston 40 is released, the bumpers 60 are pushed outwardly by the springs
      62, moving the movable body to the phantom line position shown in FIG. 3
      and thus pulling the dogs 50 partially out of the tapered bores 52. As is
      best shown in FIG. 3, the dogs 52 in the retracted position identified as
      52a and shown in phantom lines are only partially moved from their fully
      inserted position, limiting the relative movement between the sprocket 23
      and the movable body member 38 a distance 76 equal to the distance between
      the tapered surface of the dogs and the tapered surface of the conical
      bores 52. This distance 76 is approximately or less than the distance
      between the tapered surface of the one of the shot pins to be described
      and its mating conical aperture in the turrets.
PAR  As is well understood, the turrets 11 and 12 are provided with a plurality
      of circumferentially spaced, tapered boxes 64 corresponding to the tool
      stations on the turrets. Positioned on the frame of the machine are upper
      and lower shot pins 66 and 67. The shot pins and the mechanisms for
      actuating the shot pins are identical and only the upper mechanism will be
      described. The upper shot pin 66 is fastened to a piston 68 that is housed
      in a cylinder 69. An air inlet port 70 couples one end of the cylinder to
      a two-way, solenoid operated valve 72. The other end of the cylinder is
      connected by a line 76 to a second port on the valve 72. A line 75 is
      coupled to the line 74 and to the line 48 for the releasable coupling
      means 26 and 27. In the position shown, the valve directs air into the
      cylinders to withdraw the shot pins as illustrated while simultaneously
      supplying air to the cylinders 44, thus inserting the dogs 50 in each of
      the decoupling mechanisms 26 and 27. If the valve is shifted to its
      opposite position, the lines 74 and 48 are connected to exhaust and the
      lines 70 are connected to the air supply so that the shot pins 66 and 67
      are inserted into the turrets while, simultaneously, the air is exhausted
      in line 48 so that the springs 62 can withdraw the dogs 50 from the
      sprockets 23 and 24. Since a common valve is used for both the shot pins
      and the dogs, they can never get out of synchronism with each other, and
      at all times the air pressure will be released from the pistons 40 prior
      to the shot pins being fully engaged so that at no time will the shot pins
      be acting against the drive train or motor.
PAR  A pair of switches 77 and 78 is coupled through switch actuators 79 and 80
      to indicate when the shot pins have reached fully inserted or fully
      retracted positions. These signals are used in the controls to initiate
      the punching operation or turning of the turrets, as is well understood.
PAR  As is readily apparent, chains 21 and 22 can be moved relative to each
      other the limit of the distances 76 between the dogs and the sprockets 23
      and 24. Thus turret 11 can be moved relative to turret 12. Either turret,
      of course, can be rotated slightly relative to the drive shaft 20 and thus
      relative to the motor 34. Thus the releasable coupling not only isolates
      the motor from a turret but also, in the case of the double turret
      machine, isolates each turret from the other.
PAR  While the preferred embodiments of the invention have been illustrated and
      described, it should be understood that variations will be apparent to one
      skilled in the art without departing from the principles of the invention.
      Accordingly, the invention is not to be limited to the specific embodiment
      illustrated.
CLMS
STM  The embodiments of the invention in which a particular property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a machine tool apparatus having rotatable turret means, a power
      source, a drive shaft rotatably coupled to said power source, a drive
      train coupling said drive shaft to said turret means, and shot pin means
      engageable with the turret means for aligning the turret means in an exact
      rotational position, the improvement comprising:
PA1  releasable coupling means for providing limited relative rotational
      movement between said drive shaft and said turret means, and
PA1  control means for decoupling said releasable coupling means prior to said
      shot pin means engaging said turret means for freeing the turret means
      from the drive shaft during turret means exact alignment and for coupling
      the releasable coupling means immediately upon disengagement of said shot
      pin means from said turret means.
NUM  2.
PAR  2. Apparatus as defined in claim 1, said turret means including a pair of
      turrets.
NUM  3.
PAR  3. Apparatus as defined in claim 2, said releasable coupling means
      including interengaging means having a first member which is fixed to the
      drive shaft and a second member fixed to the drive train, and dog means
      for partially disengaging said first and second members for limited
      relative movement but restricting further relative movement beyond said
      limited movement so as to preclude misalignment of the turret relative to
      said drive shaft.
NUM  4.
PAR  4. Apparatus as defined in claim 3, said dog means including tapered dog
      and aperture means movable relative to one another wherein full insertion
      positively locks them together but partial insertion allows limited
      relative movement to the extent of said taper without totally uncoupling
      the dog and aperture.
NUM  5.
PAR  5. Apparatus as defined in claim 1, said control means including a first
      pneumatic actuator for coupling and uncoupling said turret means and drive
      shaft, a second pneumatic actuator for inserting and retracting said shot
      pin means, and common valve means for operating said first and second
      pneumatic actuators wherein one of said actuators cannot be operated
      without operating the other and thus preventing engagement of the shot pin
      means only after disengagement of the coupling means.
NUM  6.
PAR  6. Apparatus as defined in claim 1, said turret means including a pair of
      turrets, said drive train including a first pair of sprockets rotatably
      mounted on said drive shaft, a second pair of sprockets keyed to said
      turrets in alignment with said first sprockets, a pair of chains coupling
      said first sprockets with said second sprockets, said first sprockets each
      including an aperture, a pair of pneumatically actuatable, tapered dogs
      keyed to said drive shaft and movable between inner positions fully
      inserted in said apertures for locking said first pair of sprockets to
      said drive shaft and partially retracted positions still within the
      confines of said apertures for providing limited movement between the
      first sprockets and the drive shaft.
NUM  7.
PAR  7. Apparatus as defined in claim 6, said turrets including
      circumferentially spaced apertures, said shot pin means including
      pneumatically actuated shot pins insertable in said turret apertures, and
      common valve means for pneumatically withdrawing said shot pins while
      simultaneously inserting said dogs so that simultaneous insertion of dogs
      and shot pins is prevented.
NUM  8.
PAR  8. Apparatus as defined in claim 1, said turret means including a single
      turret.
NUM  9.
PAR  9. Apparatus for coupling a rotary turret of a machine tool to a drive
      shaft comprising:
PA1  a power source,
PA1  a drive shaft coupled to said drive source for rotary movement,
PA1  a turret,
PA1  means for rotatably mounting the turret,
PA1  means for aligning said turret at a desired location during rotation, and
PA1  coupling means interconnecting said turret and said drive shaft for
      simultaneous rotation, said coupling means including means for temporarily
      allowing limited rotational movement between said turret and said drive
      shaft while aligning said turret at said desired location and precluding
      relative rotation beyond said limited rotational movement so as to
      preclude misalignment between the drive shaft and turret.
NUM  10.
PAR  10. A releasable coupling device for joining a rotary power source, through
      power transmission means, to a rotary turret of a machine tool, said
      rotary turret having shot pin means for positively rotationally aligning
      the turret in an exact rotational position, the improvement comprising:
PA1  a first member fixed to the power source,
PA1  a second member fixed to the power transmission means,
PA1  means on said first and second members for locking the members together
      against relative rotational movement, and
PA1  means for partially disengaging said first and second members for limited
      relative rotational movement, but restricting further relative movement
      beyond said limited movement so as to preclude misalignment of the turret
      relative to said power source but allow said turrets to be aligned by said
      shot pin means relative to said power source.
NUM  11.
PAR  11. The coupling of claim 10, said locking means on said first and second
      members including mating tapered dog and aperture means movable axially
      relative to one another wherein full insertion positively locks the
      members together against relative rotational movement but partial
      insertion allows limited relative rotational movement to the extent of the
      space between the partially engaged dog and taper without totally
      uncoupling the dog and aperture means.
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ABST
PAL  A file of non-circular cross section is formed from a multiple helical
      pattern of teeth and then reshaping the tube internally using a shaping
      mandrel.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to files, and, more particularly, to a method for
      manufacturing a file with filing or rasping teeth and with a non-circular
      cross-sectional shape from a thin-walled tube.
PAC  BACKGROUND OF THE INVENTION
PAR  In a similar method, known from German Pat. No. 661,901, a cylindrical,
      blank, seamless tube made of soft iron is cut to the appropriate length
      and brought to the desired cross-sectional shape by means of a hammer
      forge. Then this hollow body is stamped in a press with appropriate
      forging dies, simultaneously using a shaping mandrel, so that the hollow
      body, in an annealing, pressing and drifting installation, can then be
      brought to maximum accuracy as regards size, shape, smooth surfaces and
      edges.
PAR  In order to produce sharp lengthwise edges, the hollow bodies are rolled to
      the desired edge sharpness using an appropriate mandrel and applying
      fluted and curved, interchangeable profile mill cutters. After the tube
      has been shaped to the desired cross-sectional profile, the surface of
      this hollow body is given its file cut, then casehardened in a pack
      hardening, casehardening or nitriding process, so that the file teeth,
      made of soft iron, will acquire the necessary hardness.
PAR  On the one hand, this method is very costly; on the other hand, carbonized
      file steel is not the same as conventional file steel.
PAR  It is known from German Pat. No. 473,998 to make files from tubes, with the
      teeth being produced by drawing the tube through a matrix. Since the teeth
      run parallel to the axial direction of the tube after drawing, the tube is
      rotated in the warm state in order to bring the lengthwise-running teeth
      into the correct cutting position. Then the tube is cut in half
      lengthwise, and each half of the tube is bent flat again. The purpose of
      this method is to avoid the conventional tooth-cutting methods such as
      cutting or grinding and to use a simpler method of making the teeth,
      namely drawing.
PAC  SUMMARY OF THE INVENTION
PAR  Contrary to the prior art, an object of the present invention is to provide
      a method of the type described initially hereinabove in which files can be
      produced whose geometry corresponds to that of conventional files, in a
      simple fashion using proven file tool steels and proven tooth-cutting
      methods; it is another object to overcome the defects of the prior art,
      such as indicated above; and it is another object to provide for improved
      and inexpensive files.
PAR  These objects are accomplished in accordance with the present invention by
      providing a tube, composed of file material, in the unformed state
      continuously with a multiple helical pattern of teeth, after which the
      tube receives its noncircular cross-sectional shape by virtue of shaping
      forces acting exclusively on its inside walls.
PAR  This method according to the invention ensures that the tool steels usually
      employed and proven in the manufacture of files with solid cross sections
      can be used. In particular, this refers to unalloyed tool steels with a
      carbon content of 1.2 to 1.3% and alloyed tool steels with a carbon
      content of 1.0 to 1.4% and a chrome content of 0.7 to 1.5%.
PAR  One especially significant advantage consists in the fact that the teeth
      can be produced in one continuous process, especially the so-called
      helical cutting method, on a tube with a circular original cross section.
      It is therefore not necessary for the teeth to be produced only after the
      tube has been shaped to the desired form for the body of the file, e.g.
      triangular, square, taper square, half round, or the like, thereby
      undesirably requiring that the teeth be applied individually to each of
      these surfaces. In other words, the teeth on all the surfaces of the
      finished file can be produced in one continuous work process. The method
      of shaping excludes the file teeth from being damaged during shaping. The
      finished files require only a simple known casehardening process involving
      heating and tempering. Files manufactured using the method according to
      the invention, in addition to these advantages involving manufacturing
      techniques, have another advantage, namely, fully formed file teeth are
      located on all edges, thus resulting in a considerable increase in cutting
      ability in the edge areas.
PAR  Advantageously, during the shaping of the tube, its outside diameter
      remains essentially unchanged and as a result the individual file teeth
      remain practically unaltered in their geometry during the shaping process;
      of course, it must be pointed out that slight deformations are
      unavoidable, but are likewise insignificant. In an especially simple
      embodiment of the method, the deforming forces are produced by pressing a
      mandrel, with a cross section to the cross-sectional shape of the file,
      into the tube. Deforming forces shall be understood to be only the normal
      forces acting upon the mandrel or the tube, while the slight forces which
      result in the axial direction of the tube due to the friction between the
      mandrel and the tube cause no deformation in the lengthwise direction and
      are therefore negligible. According to a further advatangeous feature of
      the invention, the tube is supported on its inside wall during the
      production of the teeth, in order to prevent deformation of the tube,
      especially during the production of teeth using the helical cutting
      technique, during production of the teeth.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further advantages and features of the invention can be seen from the
      description of a sample embodiment with reference to the drawing, wherein:
PA1  Fig. 1 schematically shows a device for manufacturing teeth on a tube;
PAR  FIG. 2 schematically shows the shaping of a tube provided with file teeth
      to give the tube a non-circular cross section;
PAR  FIGS. 3a and 3b show a square file manufactured using the method according
      to the invention, as compared to a conventional square file, both in cross
      section;
PAR  FIGS. 4a, 4b and 4c show a file manufactured using the method according to
      the invention, in a lengthwise top view, a lengthwise side view, and an
      end view; and
PAR  FIG. 5 shows another file according to the invention, with a different
      method for attaching a file handle.
DETD
PAC  DETAILED DESCRIPTION
PAR  As can be seen from FIG. 1, a thin-walled tube 1 made of tool steel which
      is usually employed for files, having a wall thickness of for example 1
      mm, is pushed onto a supporting rod 2 which fills completely the inside
      cross section of the tube, and is held to this supporting rod by a
      suitable force-locking device. The support rod itself can be driven around
      its central lengthwise axis 3 in the direction of the arrow 4, the axis 3
      coinciding with the central axis of the tube 1. In addition, the support
      rod 2 together with the tube 1, can be displaced in two directions along
      its central lengthwise axis 3, according to directional arrow 5.
PAR  By means of a cutting bit 6, very rapid oscillating strokes are delivered
      very rapidly in the direction of arrow 7 with simultaneous rotation in the
      direction of arrow 4 and axial displacement according to directional arrow
      5, to produce a helical tooth pattern 8 continuously on the outside of
      tube 1. This method for producing teeth is termed the helical cutting
      technique. In the vicinity of the point of application of the cutting bit
      6 on the tube 1, the latter is held in a fixed position by a supporting
      clamp 9, so that elastic deformation of the tube is prevented. This type
      of manufacture of teeth is known for solid file bodies.
PAR  As can be seen from FIG. 2, an end segment 1' of the tube 1 is not provided
      with teeth 8. After the teeth have been produced, the toothed tube 8
      together with its non-toothed segment 1' is gripped by a suitable holder,
      such as pincers 10. Then tube 1, beginning at its other end remote from
      the pincers 10, is pressed onto a coaxially mounted shaping mandrel 11 and
      shaped to fit the cross section of the mandrel. The mandrel has a tapered
      segment 12 at the end which first enters tube 1, then maximum diameter of
      said tapered segment 12 at its free, blunt end in any case being less than
      the diameter of the tube, so that trouble-free penetration of the mandrel
      11 into the tube 1 is ensured. The shaping mandrel 11, aside from tapered
      segment 12, has a constant cross section, with its outside circumference
      in this area being approximately equal to the inside circumference of the
      unshaped tube 1. After the shaping of tube 1 in its tooth area by passage
      thereinto of the mandrel 11, with the toothless area 1' remaining
      unshaped, tube 1 is pulled off the mandrel in the direction of arrow 13.
      Of course, the pincers may be mounted in a fixed manner and the shaping
      mandrel may be movable. The drive of the pincers 10 or the shaping mandrel
      can be effected advantageously by means of a hydraulic actuating cylinder,
      not shown.
PAR  While the shaping mandrel 11 shown in FIG. 2 has a cross section which is
      an equilateral triangle and therefore produces a triangular file, in FIG.
      3a a file is shown in cross section, produced using a shaping mandrel with
      a square cross section. As can be seen from this drawing, this file has
      teeth 8 which extend from one surface of the file to the next, even on
      lengthwise edges 14, while the prior art file shown in FIG. 3b for
      comparison, with a solid cross section, has its teeth 8' interrupted along
      the lenghtwise edges 14. This is due to the fact that in these
      conventional files the individual surfaces and edges are provided with
      teeth separately, and therefore uncontrolled tooth formations occur on the
      transitions.
PAR  The file 15 shown in FIGS. 4a to 4c, in the shaped area provided with
      teeth, has a cross section in the shape of a segment of a circle (see FIG.
      4c). Its unshaped segment 1' is inserted in a handle 16 located coaxially
      with respect to its central lengthwise axis 3, the handle 16 having a
      collar 17 which surrounds and centers segment 1'. Handle 16 has a bore 18
      located coaxially with respect to the central lengthwise axis 3, and this
      bore 18 may be provided with a thread 19. A threaded bolt 20, to which
      file 15 is fastened, can be screwed into this thread 19. If the handle 16
      is made of plastic or wood or the like, the thread 19 can also be
      dispensed with, since the bolt 20 itself then cuts a thread in bore 18.
PAR  The threaded bolt 20, in the embodiment according to FIG. 4a, is fastened
      to a holding or supporting element 21, whose shape corresponds to the
      inside shape of file 15 and therefore, due to the noncircular
      cross-sectional shape of the file, is protected against rotation relative
      to the file. By screwing handle 16 onto the threaded bolt 20, the tubular
      segment 1' of file 15 is pulled and tensioned in the recess 22 in the
      handle 15 delimited by the collar 17.
PAR  In the embodiment according to FIG. 5, threaded bolt 20 is provided at the
      end facing file 15 with a tensioning nut 23, wider at the outside, by
      means of which a shim 24, located in the tubular segment 1' of the file
      15, is expanded as the bolt 20 is scrwed into the bore 18, thus producing
      a firm force-locking connection between the tubular segment 1', the
      tensioning bolt 23 and the handle 16.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the scope of the invention and the invention
      is not to be considered limited to which is shown in the drawings and
      described in the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing a file with filing or rasping teeth from a
      hollow thin-walled tube composed of tool steel, said file having a
      noncircular cross-sectional profile, comprising:
PA1  forming multiple, helical file teeth on the surface of the unshaped
      thin-walled tube; and
PA1  shaping the toothed tube into a noncircular cross-sectioned profile by
      applying shaping forces exclusively on the inside wall of the tube.
NUM  2.
PAR  2. Method according to claim 1, wherein the outside circumference of the
      tube remains essentially unchanged during the shaping.
NUM  3.
PAR  3. Method according to claim 1, wherein the shaping step comprises pressing
      a mandrel whose cross-sectional profile corresponds to the desired cross
      section of the finished file into the tube.
NUM  4.
PAR  4. Method according to claim 3, further including the step of supporting
      the tube on the inside wall thereof during said cutting step.
NUM  5.
PAR  5. Method according to claim 3, wherein said cutting and shaping steps
      leave an end segment of the tube unshaped, and not provided with teeth.
NUM  6.
PAR  6. A hollow thin walled file produced in accordance with the process of
      claim 1.
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PAL  A tool for placing on a saw chain for guiding a round file for sharpening
      the cutting edge of a saw chain cutting tooth and for measuring the
      parameters of a saw chain.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a tool for the saw chains of chain saws
      and more particularly to a tool which can be placed on top of a saw chain
      to permit a file to be used to sharpen the teeth of a saw chain and to be
      in other ways engaged with the saw chain for the purpose of measuring the
      height of the saw chain cutter link depth gauges; the width of the cutting
      bar groove; the gauge of the chain; the tooth length; and the chain pitch.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Several devices have been devised for the purpose of setting the depth
      gauge on each of the individual cutter links to accurately insure the
      proper cutting depth of the saw chain. These devices are available in a
      variety of configurations none of which appear in the form which can be
      incorporated into a tool which measures the other portions of the saw
      chain.
PAR  There are also chain saw cutter bar groove gauges. These are individual
      different units for each cutter bar groove size, such as a set of feeler
      gauges, which do not incorporate into the same gauge a means for measuring
      a variety of different groove widths.
PAR  While a ruler can be utilized for measuring the tooth length and for
      measuring the chain pitch and a michrometer can be used to measure the
      chain gage, and a protractor can be used to determine the correct angle
      across the cutting edge of the cutter link there is no tool known which
      combines all of these abilities into one combination gauge which is
      particularly adoptable for measuring the important parameters of a saw
      chain.
PAR  There are also devices which can be placed upon a saw chain for the purpose
      of aligning a file with the cutting edge of a cutter link. Certain guide
      lines are provided on that device for indicating the filing position that
      should be utilized for the file for sharpening the tooth. However, the
      device does not guide the file for accurate sharpening of a tooth. It is
      quite obvious that a hand guided file will rock when traversing across the
      cutting edge because it is so short and will not provide as accurate a
      cutting edge as can be obtained when the file is accurately guided by
      mechanical means.
PAR  Therefore a need exists in the field of chain saw tools for a device for
      sharpening chain saws in which is provided in one unit the means to
      measure all of the important parameters of a saw chain and which can also
      be utilized for the purpose of sharpening the saw chain.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a chain saw tool which comprises a plate having a
      flange extending outward therefrom on at least one side of the plate. The
      plate includes an opening intermediate thereof to permit a file to project
      therethrough. A file guide is secured to the plate adjacent said opening
      and provides a surface against which cutter tooth sharpening file may be
      disposed and reciprocated. The guide surface permits the chain saw cutting
      tooth to be accurately sharpened when it is disposed against the plate
      under the top flange and when the cutting surface of the tooth is in
      contact with a file being reciprocated against the guide surface.
PAR  The tool of the invention is also a combined gauge which has a file guide
      disposed at the top thereof for guiding the file at a 35.degree. angle
      across the cutting edge of a cutter link of a chain saw held against the
      plate and which guide can also be utilized simply as gauge for gaging
      whether the proper angle of slice has been placed on the cutting edge of
      the cutter link.
PAR  The gauge also includes a precise set of graduated projections formed along
      the edge of the plate for measuring the cutting bar groove width and a
      precise set of graduated recesses also for measuring the chain gage. The
      tool also includes a set of precisely graduated aligned circular holes
      disposed in the plate for measuring the chain pitch as well as a
      trapezoidal recess formed in one edge of the plate with precise
      graduations along the base edge of the recess for measuring the cutting
      tooth length. A pair of holes are also disposed in the plate at
      predetermined different heights below a surface of said plate whereby the
      height of the depth gauge of a chain saw cutter link can be measured to
      determine the depth of cut the saw chain is set for.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an important object of the present invention to provide a
      tool which guides a file for permitting accurate sharpening of the cutting
      edge of a cutter link of a saw chain.
PAR  It is another object of the present invention to provide a gauge
      incorporating the means of measuring the chain pitch, the chain gage, the
      cutter bar groove width, the height of the cutter link depth gauge, the
      length of a cutter tooth, and the angle of slice on the cutter tooth, all
      in one combined measurement tool.
PAR  It is a further object of the present invention to provide a simple device
      to perform these measurement and sharpening functions which can be
      manufactured relatively simply and inexpensively from basically stamped
      parts.
PAR  And it is still another object of the present invention to provide a chain
      saw tool gauge which combines the functions of sharpening saw chain cutter
      links as well as measuring the various parameters of the saw chain into a
      simple single device so that a person repairing chain saws need carry only
      one tool instead of a variety of different ones.
PAR  Further objects of the present invention will become apparent when it is
      considered in conjunction with the accompanying drawings and description.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 of the drawings is a top plan view of the present invention showing
      a saw chain in position with respect to the tool for sharpening as well as
      a file in position with respect to the tool and the chain for sharpening
      the cutter tooth;
PAR  FIG. 2 of the drawings shows a side elevation of the present invention;
PAR  FIG. 3 of the drawings shows an end elevation of the present invention with
      a saw chain disposed in position with respect to the tool for sharpening;
PAR  FIG. 4 of the drawings shows a saw chain disposed in position with respect
      to the cutting tooth length measurement gauge of the present invention;
PAR  FIG. 5 of the drawings shows a saw chain disposed in position with respect
      to the chain pitch measurement gauge of the present invention;
PAR  FIG. 6 of the drawings shows a saw chain link disposed in position with
      respect to the chain gage measurement gauge of the present invention;
PAR  FIG. 7 of the drawings shows a cutter bar of a chain saw engaged with the
      bar groove measurement gauge of the present invention; and
PAR  FIG. 8 of the drawings shows a saw chain cutter link disposed in position
      with respect to the present invention for the purpose of measuring the
      height of the depth gauge portion of the link.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention is comprised of basically a plate 11 which has a
      flange 13 extending outward therefrom. While the flange could extend
      outward on each side of the plate it is only necessary that it extend out
      on at least one side of the plate generally perpendicularly thereto. As a
      result of this single need, the plate can be stamped as a single unit and
      then bent along the top edge to form the top flange.
PAR  Intermediate the plate is an opening or recess 15 through which the
      sharpening file 17 can project while sharpening the cutter link 19 of the
      saw chain. In the preferred embodiment, this recess and the flange are
      located at the top of the plate, for simplicity of construction, and
      intermediate the length of the plate and flange. In the preferred
      embodiment a pair of flanges are utilized and are disposed on opposite
      sides of the recess and extend to the ends of the plate and outward from
      the plate a sufficient distance to permit a saw chain to be disposed under
      the flanges. The tool can be placed on top of a saw chain, with the chain
      disposed underneath the flanges and supported thereby with a cutter link
      being at least partially exposed between the inner adjacent ends of the
      flanges in the recess. In the top plan view, at least a portion of the
      chain would be exposed between the flanges when the tool was placed on top
      of a saw chain as shown in FIG. 1.
PAR  A file guide 21 is secured to the plate adjacent the opening and provides a
      guide surface 23 against which a sharpening file may be disposed and
      reciprocated. The file is disposed along the guide surface of the file
      guide and through said opening in said plate to accurately sharpen a saw
      chain cutter link which is disposed against the plate under the flange.
      The file guide includes at least one guide surface which lies in a
      horizontal plane perpendicular to the plate and is angularly disposed with
      respect to the plate at approximately a 35.degree. angle. When it is said
      that the guide surface lies in a horizontal plane perpendicular to the
      plate, it is meant that the guide surface actually supports a file in a
      plane which is horizontal and perpendicular to the plate. The 35.degree.
      angle is the angle that the file makes with respect to the plate in the
      horizontal plane. This angle has been determined to be the optimum slice
      angle on which the cutting edge of a cutter link should be formed. This is
      called the top plate angle.
PAR  The guide surface 23 of the file guide is the mechanism which guides the
      file and is formed to conform to at least a portion of the external
      surface of the sharpening file. In the preferred embodiment, it has been
      found that a hardened concave surface which is approximately quarter round
      serves sufficiently to guide the file during the sharpening procedure.
PAR  Because saw chain cutter links can have the top plate angle running in
      either direction, a pair of the file guide surfaces are provided in the
      preferred embodiment to extend from opposite sides of the plate and have
      an included angle of 70.degree.. In other words each file guide surface is
      disposed in an angle of 35.degree. with respect to the plate.
PAR  In the preferred embodiment a simple small stamped and hardened part is
      spot welded to one of the top flanges on the file guide for providing the
      file support or guide surfaces. The preferred configuration for the guide
      can be seen in FIGS. 1 and 2 of the drawings.
PAR  The chain saw tool also includes in a very compact form and with an unique
      arrangement a series of gauges which can be utilized for measuring all of
      the important parameters of a saw chain. The file guide disposed at the
      top of the plate for guiding the sharpening file is actually a gauge for
      measuring whether or not the top plate angle is disposed at a 35.degree.
      angle or whether it has been worn to a different angle and whether the
      edge needs sharpening. In other words, it is a guage of sharpness and of
      correct top plate angle on a cutter link.
PAR  The tool is also a gauge which has a precise set of graduated projections
      25 formed along the edge of the plate for measuring the cutting bar groove
      width. These projections are different width rectangular projections
      formed in precise thicknesses or widths of 50 thousandths (0.050), 58
      thousandths (0.058), and 63 thousandths (0.063) of an inch which are the
      standard cutter bar groove widths. These projections are actually recessed
      for protection against damage, such as bending, and for simplicity of
      construction. During use, the projections can be inserted into the groove
      27 of a cutter bar of a chain saw for the purpose of measuring the width
      of the groove as shown in FIG. 7 of the drawings. It is a type of feeler
      gauge with a go and no go mode of operation.
PAR  A gauge is also incorporated into the invention for the purpose of
      measuring the thickness or chain gage saw chain link which rides in the
      cutter bar groove. This gauge is formed in the tool in a manner similar to
      the bar groove gauge but it is the width of the grooves 29 in the plate
      rather than the width of the remaining projection between the grooves
      which is accurately formed in the plate. These grooves are likewise formed
      in the same graduations as the bar grooves of 50 thousandths (0.050), 58
      thousandths (0.058), and 63 thousandths (0.063) of an inch. To measure the
      gage of a link of a saw chain, the track 31 of the chain, as opposed to
      the cutting edge, in other words, the portion of the link which rides in
      the groove of the cutter bar, is inserted into the recesses formed in the
      gauge in a go or no go fashion to determine the gage of the chain as shown
      in FIG. 6 of the drawings.
PAR  A set of precisely graduated aligned circular holes 33 are disposed in the
      plate along one edge thereof forming a gauge for measuring the chain
      pitch. These holes are set at standard graduations of 250 thousandths
      (0.250), 298 thousandths (0.298), 325 thousandths (0.325), 354 thousandths
      (0.354), 375 thousandths (0.375), 404 thousandths (0.404), 437 thousandths
      (0.437), and 500 thousandths (0.500) of an inch distances between the
      centers of the holes on the gauge for the purpose of permitting the
      centers of the rivets 35 of the chain links to be aligned with the centers
      of the particular set of holes for identifying the pitch of the chain. The
      operation of this gauge is shown in FIG. 5 of the drawings.
PAR  A trapezoidal recess 37 is formed in an edge of the plate with precise
      graduations 39 along the base edge of the recess for measuring the cutting
      tooth length. The base edge 41 of the recess is the longer edge of the
      trapezoidal opening. The tooth length gauge is utilized by placing it over
      the top of a tooth with the cutting edge fitted into the corner of the
      trapezoidal opening with the longer edge of the cutter head disposed
      adjacent the base edge of the gauge as shown in FIG. 4 of the drawings.
      The graduations indicate the tooth length.
PAR  A depth gauge 43 is also incorporated into the tool for the purpose of
      measuring the height of the depth gauge on the cutter link to determine
      the depth for which the saw chain is set to cut. This gauge is formed by
      one or more holes 45 formed in a depressed portion of the flanges and
      which are disposed at the predetermined different heights below the under
      surface of the flange whereby the height of the depth gauge on a chain saw
      cutter tooth can be measured. This is done by placing a tooth under the
      flange of the tool with the depth gauge 47 of the link aligned with the
      hole 45 formed in the flange and depending upon which hole the top of the
      tooth aligns with it can be determined which depth the saw chain is set to
      cut at. The standard depths of cut are 30 thousandths (0.030) and 35
      thousandths (0.035) of an inch. In addition, the depth gauge of the tool
      provides a file guide for shortening long depth gauges on the cutter
      links. Any exposed portion which sticks through the hole is simply filed
      off.
PAR  Because the top plates 49 of the teeth of the cutter links slope downward
      behind the cutting edge of the tooth, sharpening a cutter link drops the
      height of the tooth relative to the saw chain and the depth gauge of the
      cutter link must also be correspondingly lowered. The present device
      provides the capability of making this exact adjustment for each cutter
      link relative to its respective top plate.
PAR  It will be seen from the foregoing description that the invention will
      achieve all the objects and advantages attributed to it. While it has been
      described in detail, it should not be limited to such details except as
      may be necessitated by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A chain saw gauge comprising
PA1  a plate having a file guide disposed at the top thereof for guiding a chain
      saw sharpening file at a 35.degree. angle across the cutting edge of a
      cutter link of a saw chain held against said plate,
PA1  a precise set of graduated projections formed along the edge of said plate
      for measuring the width of the cutter bar groove.
PA1  a precise set of graduated recesses formed in the edge of said plate for
      measuring the chain gage,
PA1  a set of precisely aligned circular holes disposed in said plate at
      graduated predetermined distances for measuring the chain pitch,
PA1  a trapezoidal recess formed in one edge of said plate with precise
      graduations disposed along the base edge of said recess for measuring the
      cutting tooth top plate length, and
PA1  one or more holes formed in said plate and disposed at predetermined
      different heights below a surface of said plate whereby the height of the
      depth gauge of a chain saw cutter tooth can be measured.
NUM  2.
PAR  2. A chain saw gauge comprising
PA1  a plate having a file guide disposed at the top thereof for guiding a chain
      saw sharpening file at a 35.degree. angle across the cutting edge of a
      cutter link of a saw chain held against said plate,
PA1  a precise set of graduated projections formed along the edge of said plate
      for measuring the width of the cutter bar groove,
PA1  a precise set of graduated openings formed in said plate for measuring the
      chain gage,
PA1  a set of precisely aligned circular holes disposed in said plate at
      graduated predetermined distances for measuring the chain pitch,
PA1  a trapezoidal opening formed in said plate with precise graduations
      disposed along one edge of said recess for measuring the cutting tooth top
      plate length, and
PA1  means formed on said plate for measuring the height of the depth gauge of a
      chain saw cutter tooth.
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ABST
PAL  A tool for applying masking tape to automotive body moldings is formed
      about a frame having a tape reel support at one end and a tape applying
      roller at the other end. The tape applying roller has a resilient
      cylindrical surface with a thin steel flange at its outer edge. Two handle
      sections are attached to the frame allowing it to be grasped in two hands.
      The flange is inserted between an edge of the molding and the supporting
      body section to pull the edge slightly away from the body and guide the
      tool along the molding and the resilient roller section presses the tape
      over the exposed molding edge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a tool for applying masking tape to decorative
      moldings.
PAR  2. Prior Art
PAR  A variety of tools exist for applying masking tape, from a roll, to a
      surface to be painted. Certain of these tools employ frames having tape
      reels rotatably supported at one end and a roller supported at the
      opposite end. The end of the tape section is pulled from the reel and
      applied to the surface and the roller is laid over the tape end. The tool
      is then drawn away from the tape end, reeling out a length of tape and
      pressing it against the surface with the roller. Many of these tools have
      also been equipped with cutting edges supported on the frame between the
      reel and the roller which may be used to cut the applied section of tape
      from the section still on the reel.
PAR  When tape is applied to automotive molding to protect the molding during a
      subsequent painting operation, it is common practice to apply two tape
      sections to each molding, one section extending along each of the two
      opposed edges of the molding. The tape sections are then folded, one over
      the other, to protect the entire molding. It is difficult to apply this
      tape so that its edge extends right to the edge of the molding,
      particularly with the prior art tape applying devices. Accordingly, these
      masking operations have usually been performed manually and have been
      expensive because of the slow nature of the process.
PAR  The present invention is accordingly directed toward an improved form of
      tape applying tool, especially adapted for applying tape to the edges of
      automotive moldings.
PAC  SUMMARY OF THE INVENTION
PAR  Tools formed in accordance with the present invention are intended to take
      advantage of the particular manner in which automotive moldings are
      typically secured to body surfaces. The moldings are usually channel
      shaped and have opposed inturned flanges that abut the body surface. They
      are retained to the body by clips which extend from the body and lock into
      the moldings between the underside of their central web section and the
      inturned flanges. In this manner the outer surfaces of the flanges are
      pressed against the body surface but they are not directly connected
      thereto.
PAR  The tools formed in accordance with the present invention include a member
      adapted to be inserted between an edge of the molding, at the inturned
      flange, to both slightly separate the flange from the body so that the
      tape may be applied along the full exposed section of the molding, and
      also to guide the movement of the tool along the molding. The tool has a
      unique handle configuration which allows it to be grasped in two hands and
      pushed along the molding in such a manner that the molding to be taped is
      readily visible immediately in front of the roller.
PAR  In the preferred embodiment of the invention, which will subsequently be
      disclosed in detail, the applying roller has a cylindrical section formed
      of resilient material adapted to press against a section of tape being
      withdrawn from the reel and a thin disc-like flange supported on the far
      end of the roll axis from the flange and projecting radially outward
      slightly beyond the surface of the resilient section. The outer end of the
      flange is tapered to a thin edge adapted to be inserted between the
      inturned flange of the molding and the supporting body section. This
      insertion pulls the molding edge slightly away from the body so that the
      tape may be applied along the full exposed surface of the molding. The
      toll is then moved along the molding under the guidance of the flange and
      tape withdrawn from the reel is pressed against the molding edge by the
      resilient section. The resilient section conforms to the molding's end
      configuration to press one edge of the tape against the fully exposed
      convex molding edge. After two sections of tape are thus applied to the
      two opposed edges of the molding, the free edges of the tapes are folded
      over to completely cover the molding.
PAR  The unique handle arrangement consists of a first handle section projecting
      longitudinally parallel to and slightly displaced from the frame axis,
      that is, aligned normal to the rotational axes of the reel and the roller.
      The second handle section extends from the frame normally to the frame
      axis in a direction opposite to the reel and the roller axes. The
      right-handed operator grasps the first handle section in his left hand and
      the second handle section in his right hand when using downward force.
      When using upward force, he would either invert the roll of tape to be
      dispensed, or invert the tape dispensing tool and change hands on the
      handles, pushing in the opposite direction. The tool may then be moved
      along a molding with the edge of the disc-like flange inserted between the
      molding and the body, to both slightly separate the molding from the body
      and to guide the motion of the tool. The tool is equally usable by
      right-handed or left-handed operators, depending on the placement of the
      tape on the rollers.
DRWD
PAR  Other objectives, advantages and applications of the present invention will
      be made apparent by the following detailed description of a preferred
      embodiment of the invention. The description makes reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a tape applying tool formed in accordance
      with the present invention.
PAR  FIG. 2 is a detailed sectional view of the tape apply roller of the
      preferred embodiment, taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a perspective view of the tool being used to apply masking tape
      to the edge of an automotive molding; and
PAR  FIG. 4 is a sectional view through the molding and adjacent body section
      and the tape applying roller illustrating the relation between the tool
      and the work.
DETD
PAR  The preferred embodiment of the invention is built about a frame 10 formed
      of metal rod with a rectangular cross-section. The frame is bent at
      90.degree. adjacent one end to form a normally extending section 12 and
      the end of that section is rebent to form a section 14 which extends
      parallel to and separated from the central frame section 10.
PAR  A first elongated handle section 16, preferably formed of plastic, is
      attached to the frame section 14 so that it projects along the axis of
      that section. A second, similar handle member 18 is attached to the frame
      section 10 by an L-shaped metal bracket 20 that has its free surface
      welded or otherwise fastened to the frame 10 so that the handle section 18
      projects normally to the frame.
PAR  A tape reel 22 is rotatably supported on an axle 25 which projects from the
      frame section 10 on the opposite side of the handle 18, near the bent
      section 12. The axle 25 of the tape reel is preferably parallel to the
      axis of the elongated handle member 18. The tape reel is designed so that
      the tape rolls may be readily loaded and unloaded from the reel.
PAR  A tape applying roller, generally indicated 24 is supported at the far end
      of the frame from the reel 22, beyond the handle 18. Reel 24 is
      illustrated in cross-section in FIG. 2. It consists of a cylindrical steel
      section 26 rotatably supported on a cylindrical shaft 28. The shaft has a
      cylindrically enlarged section 30 at one end with shoulders that bear
      against the side of the roll section 26 and the frame 10. A reduced
      diameter threaded section 32 projects through a hole 34 formed in the
      frame 10 and the shaft is affixed therein with a nut 36 and a suitable
      lock washer. The far end of the shaft 20 has a threaded hole 38 formed
      centrally which receives a locking nut 40. The head of the locking nut
      fits within a circular recess 42 formed in the outer side of the roll
      section 26.
PAR  The roll section 26 has a radially outward extending flange or disc 44
      formed on the side remote from the frame 10. The flange 44 has a flat
      inner surface 46 which extends normally to the roll axis and a tapered
      outer surface 48 so that the flange thins to a slight rounded edge at its
      radially outer perimeter.
PAR  The cylindrical surface of the section 26 is covered with a resilient
      rubber-like material 50. The flange 44 extends beyond this resilient
      cover.
PAR  The preferred form of the tool has an elongated double-sided cutting edge
      52 affixed to the frame 10 and projecting parallel to the rotational axes
      of the reel 22 and the roller 24 between the two.
PAR  The tool is used by withdrawing a section of tape from a roll supported on
      the reel 22 and positioning the end of the tape section on the surface to
      be covered with the tape. The tool is grasped with the left hand around
      the handle member 16 and the right hand on the second handle member 18,
      for application to the top edge of a molding, as shown in FIG. 3. The tool
      is drawn away from the secured tape end so as to withdraw tape from the
      reel and the end is wrapped over the resilient cover 50 of the roller 24
      so the bottom of the roller can be pressed against the tape. The tool is
      then moved forwardly to lay down a layer of tape which is pressed against
      the surface by the resilient reel section. The tape section may be
      separated from the reel by pulling the section between the reel 22 and
      roller 24 against the cutting edge 52.
PAR  A tool is used to apply masking tape to decorative moldings of the type
      used with automobiles in the manner illustrated in FIGS. 3 and 4. The
      typical molding consists of a steel channel section having a web 60 and a
      pair of inwardly directing flange ends 62. The molding is adapted to be
      secured to a supporting surface such as an automobile door 64 by a clip
      including a section 66 which passes through a hole in the body section and
      an interior clip member 68 which bears against the inner sections of the
      inturned flanges 62. The outer sides of the flanges are thus resiliently
      pressed against the body section. Because of this convex shape of the
      edges of the molding it is difficult to apply masking tape so that it
      fully covers the exposed section of the edges.
PAR  To use the tool to apply tape to the molding a section of tape is first
      withdrawn from the reel 22 and over the roller 24, and its adhesive side
      is correctly positioned on the molding. The tool is then positioned so
      that the flange 44 is inserted between the inturned flange 60 of the
      molding and the body section 64. As shown in FIG. 4 this compresses the
      resilient section 50 and conforms the edge of the tape section to the
      molding edge. The tool is then pushed along the molding under the guidance
      afforded by the flange 44 and the withdrawn tape is pressed against the
      molding edge. When the full length of the molding edge has been covered
      the tape is drawn against the cutting edge 52 to cut it off from the
      section of the roll.
PAR  The same process is then used to apply tape to the opposite edge of the
      same molding, either inverting the tape roll or inverting the tool and
      changing hands on the handle and moving in an opposite direction so that
      the handles 16 and 18 clear the body section. FIG. 4 illustrates the tape
      being applied to the top edge of a molding after a section 70 has been
      applied to the bottom edge. After tape has been applied to both edges the
      free edges of the tape are folded over to fully cover the molding.
PAR  The tool is simple in construction so as to be low in cost and reliable in
      operation and it saves appreciable labor in applying masking tape to
      automotive molding sections.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A tool for applying masking tape to the exposed surfaces of moldings
      attached to supporting surfaces so that at least one longitudinal edge of
      the molding is supported adjacent to but unattached to the supporting
      surface, comprising: an elongated frame member; a tape support reel
      rotatably supported adjacent one end of the frame member so that the reel
      axis extends normally to the frame member; an applying roller rotatably
      supported adjacent the opposite end of the frame with its rotational axis
      parallel to and on the same side of the frame as the rotational axis of
      the tape reel; a roller having a resilient surfce and a flange member
      having its edge extending radially outward beyond the resilient surface;
      and handle means connected to the frame for supporting the tool, whereby
      the flange may be inserted between the longitudinal edge of a molding and
      the supporting surface so that the resilient section of the roller presses
      against the edge of the molding to allow the length of tape to be attached
      to the molding edge and pressed against the edge by the resilient section
      of the roller.
NUM  2.
PAR  2. The tool of claim 1 wherein the flange is disposed at the edge of roller
      remote from the frame.
NUM  3.
PAR  3. The tool of claim 1 wherein said flange is tapered so that its thinnest
      section is on its radially outer edge.
NUM  4.
PAR  4. The tool of claim 3 wherein the surface of the flange adjacent to the
      resilient section extends substantially normal to the rotational axis of
      the roll.
NUM  5.
PAR  5. The tool of claim 1 wherein said handle means comprises a pair of handle
      sections, one extending generally parallel to the frame from the reel
      supporting end of the frame, and the other extending generally normally to
      the frame between the points of support of the reel and the roller.
NUM  6.
PAR  6. The tool of claim 5 wherein the handle member that extends generally
      normally to the extension of the frame extends generally parallel to the
      axes of the reel and the roller from the side of the frame opposite to
      that on which the reel and roller are supported.
NUM  7.
PAR  7. The tool of claim 1 further including an elongated cutting edge fixed to
      the frame to extend parallel to the axes of the reel and the roller,
      attached to frame between the reel and roller on same side thereof of the
      reel and roller.
NUM  8.
PAR  8. The tool of claim 1 wherein the flange has a planar surface extending
      normally to the axis of rotation of the roller and abutting a surface of
      the resilient section which also extends normally to the axis of rotation
      of the roller, so that when resilient section is compressed the exposed
      area of said surface on the flange increases.
NUM  9.
PAR  9. A toll for applying an elongated strip of tape to a supporting surface
      comprising: an elongated frame member; a tape reel rotatably supported
      about an axis attached to one end of the frame; a roller rotatably
      supported on an axis attached to the opposite end of the frame, the
      rotational axes of the reel and the roller being parallel to one another;
      a first handle member affixed to the frame at the end of the frame
      adjacent to the reel member and extending parallel to the frame and a
      second handle member attached to the frame between the points of
      attachment of the additional axes for the reel and the roller, said second
      handle member extending normally from the frame member from the side
      opposite the side of the frame to which the axes for the reel and the
      roller are attached.
NUM  10.
PAR  10. The tool of claim 9 wherein the roller includes a thin disc disposed at
      the outer end of the roll rotational axis and a resilient section, having
      an outer diameter smaller than the outer diameter of the flange, extending
      between the flange and the frame.
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PAL  A second surface member is supported for movement over and relative to a
      first surface member in closely spaced relation wherein a long conductor
      gripping section on the second surface member is movable over an
      equal-sized long conductor gripping section on the first surface member,
      and a shorter conductor gripping section on the second surface member is
      movable over an equal-sized shorter conductor gripping section on the
      first surface member. A knife protrudes an adjustable amount above the
      surface of one of the surface members between the longer and shorter
      gripping sections and at least in the area of the shorter gripping
      section, such that an insulated conductor placed laterally of one end of
      the gripping sections on the first surface member is rolled over the knife
      between the longer and shorter gripping sections of the respective surface
      members by movement of the second surface member over the first surface
      member to circumcise a piece of insulating sheathing from the remaining
      insulation on the wire, whereby further relative movement of the surface
      members when the insulated wire reaches the end of the shorter gripping
      sections clamps the insulated wire against further rolling and allows the
      longer conductor gripping sections to continue to roll the circumcised
      piece of sheathing relative to the remaining insulating sheathing and wire
      to positively separate the two and strip the cut piece of sheathing from
      the wire as it is withdrawn laterally from between the two surface
      members.
BSUM
PAR  The invention relates to a device for baring electrical conductor wire and
      stranded wire.
PAR  The device in accordance with the invention is characterised in that an
      equal-sized gripping section of a second surface is movable over a longer
      lamellar gripping section of a first surface and an equal-sized gripping
      section of the second surface is movable over a shorter lamellar gripping
      section of the first surface running near an end section of the longer
      gripping section of the first surface in the longitudinal direction of
      these surface sections, and in that between the longer and the shorter
      gripping section of the first or second surface there runs a slot from
      which a knife projects by an adjustable amount, the cutter of which
      extends in the area of the shorter gripping surface section at least, the
      whole such that an end piece of an insulated wire or stranded wire
      projecting over the knife on the side of the longer gripping surface
      section can first be rolled over the knife through the movement of the
      second surface between the longer and shorter gripping surface sections,
      after which the piece of sheathing thereby circumcised from the remaining
      insulating sheathing can be rolled on between the longer gripping surface
      sections, thereby turned relative to the wire or stranded wire, the latter
      snaked and lastly the end of wire or stranded wire drawn out of the cut
      piece of insulating sheathing.
DRWD
PAR  In the following two embodiment examples of the object of the invention are
      described in greater detail on the basis of the attached drawing, in
      which:
PAR  FIG. 1 is a perspective view of a first form of embodiment;
PAR  FIG. 2 is a plan view (in the direction of arrow II in FIGS. 3 and 4) of a
      second form of embodiment;
PAR  FIG. 3 a vertical projection (viewed in the direction of arrow III in FIGS.
      2 and 4) of the second form of embodiment;
PAR  FIG. 4 a side elevation (viewed in the direction of arrow IV in FIGS. 2 and
      3) of the second form of embodiment.
DETD
PAR  In the first form of embodiment as in FIG. 1, on a base plate 1 a table
      plate 2 is secured, the table surface 3 of which serves as support for an
      end section of a conductor wire or stranded wire to be bared at the
      extreme end (not shown). The table surface 3 has a longer lamellar
      gripping surface section 4 and a shorter, likewise lamellar gripping
      surface section 5, which runs near a right-hand in the drawing) end
      section of the longer lamellar gripping surface section 4. The surface
      section 5 is at least as long as the external circumference of the
      thickest wire or stranded wire to be bared. Between these two surface
      sections 4 and 5 there runs a slot 6 in which a knife 7 is diposed, which
      has a sharp cutter in the area of the shorter surface section 5 and a
      blunt one for the rest. The knife 7 projects above the surface of the
      table 3 by an adjustable amount. Adjustment is provided by an adjusting
      disk 8 which can be screwed up or down by means of a threaded spindle not
      shown, and at the top face of which the knife 7 is pressed by springs not
      shown. At the right-hand (in the drawing) ends of the lamellar gripping
      surface sections 4 and 5 a rectangular stop angle 9 for the end of the
      wire or stranded wire is disposed. One arm 10 of the stop angle 9 runs
      transverse to the longitudinal direction of the surface sections 4 and 5,
      the other arm 11 is located at the side of the knife 7 on which the longer
      surface section 4 extends. The stop angle 9 is adjustable at right angles
      to the longitudinal direction of the gripping surface sections 4 and 5 and
      is fixable in position by means of a locking screw 12.
PAR  A plate 13 is mounted on one round guide bar 14 in a displaceable and
      pivotable manner. The guide bar 14 is attached at a distance from the base
      plate 1 parallel with the lamellar gripping sections 4 and 5 of the table
      surface 3 so that the plate can be pivoted into a practically horizontal
      position in which its lower face 15 is separated from the table surface 3
      by a distance corresponding to the diameter of the conductor wire or
      stranded wire to be bared. Just like the table surface 3 the face 15 of
      the plate 13 has a longer and a shorter lamellar gripping surface section
      16 and 17. The shorter surface section 17 runs near a left-hand (in the
      drawing) end section of the longer surface section 16. Each of these
      surface sections 16 and 17 is equal in size to the corresponding part 4
      and 5 respectively of the table surface 3, and they are so arranged that
      each of these gripping sections 16 and 17 of the plate face 15 runs over
      the corresponding gripping section 4 and 5 respectively of the table
      surface 3 when the plate 13 is moved along the guide bar 14 over the
      surface of the table. In this a guide roller 18 connected with the plate
      13 and running on a rail 19 ensures a minimum clearance between the table
      surface 3 and the plate face 15 so that the gripping surface sections 4, 5
      and 16, 17 cannot slide together and the knife 7 cannot strike against the
      plate face 15 in its highest position. The table surface 3 or plate face
      15 outside the shorter surface section 5 or 17 is smooth on the side of
      the longer gripping surface section 4 or 16 on which the shorter gripping
      surface section 5 or 17 runs. These smooth surface sections are marked in
      the drawing at 20 and 21. The range of displacement of the plate 13 is so
      great that opposed ends of the surface sections 4 and 16 can be made to
      coincide.
PAR  To bare an electrical conductor wire or a stranded wire the stop angle 9 is
      so adjusted that the lateral distance between its arm 11 and the knife 7
      corresponds to the length to be bared on the end of the wire. The plate 13
      is moved fully to the right in the swung-up attitude shown, the end of the
      conductor wire or stranded wire is placed in the stop angle 9 laterally of
      gripping sections 4 and 5 so its end abuts the arm 11, and then the plate
      13 is folded down forwards, through which the left-hand (in the drawing)
      ends of the gripping sections 16 and 17 of the plate face 15 press over
      the right-hand (in the drawing) ends of the gripping sections 4 and 5 of
      the table surface 3 onto the conductor wire or stranded wire. Then the
      plate 13 is moved to the left. Through this the conductor wire or stranded
      wire is rolled over the knife 7 between the gripping surface sections 4,
      5, 16, 17. In so doing, the knife 7 cuts around into the insulating
      sheathing up to or almost up to the wire or stranded wires, the cutting
      pressure being exerted by the correspondingly gauged weight of the plate
      13. On further movement of the plate 13 only the longer gripping surface
      sections 4 and 16 hold onto the cut end of the insulating sheathing, while
      the wire or stranded wire left slides between the smooth surface sections
      20 and 21. Through this, only the cut end of the insulating sheathing is
      turned further, this, if it has not been cut away completely, being
      separated from the adjacent sheating through this twisting movement and,
      in the case of a stranded wire, the separate strands are snaked together.
      During or after this process the bared end of the conductor wire or
      stranded wire is drawn out of the device, for which the longitudinal
      section of the knife 7, in which the cutter is blunt, serves as a stripper
      and cannot cut into the wire or separate strands of the stranded wire any
      further due to the cutter being blunt.
PAR  In the second form of embodiment as in FIGS. 2 to 4 the surfaces 22 and 23
      corresponding to the surfaces 3 and 15 in FIG. 1 are arranged with two
      plates 24 and 25 disposed one above the other. The plates 24 and 25 are
      movable relative to one another with necessarily opposed identical
      movements. This results in the wire or stranded wire rolling "on the spot"
      between the plates, i.e. rotating about a stationary axis when the plates
      for baring the wire or stranded wire are moved against one another. This
      makes it possible to appply simple grippers which are operated by the
      movement of the plates to draw the wire or stranded wire out of the device
      automatically when the piece of insulating sheathing to be removed is cut
      through and twisted about the conductor.
PAR  Each of the plates 24 and 25 is movable on a round bar 26 and 27 and
      pivotable thereon. The lower plate 24 is fitted with a caster 28 which
      runs on the base plate 29 of the device parallel with the round bars 26
      and 27. On the facing surfaces of the plates 24 and 25 there are gripping
      surface sections 30 to 33 which correspond to the gripping surface
      sections 4, 5, 16 and 17 described in connection with FIG. 1. A knife 34
      corresponding to the knife 7 in FIG. 1 and a stop 35 corresponding to the
      stop 9 in FIG. 1 are disposed on the lower plate 24. A stop rail 36 at the
      underside of the upper plate 25 abuts the top of the lower plate 24 and
      prevents the gripping surfaces 30, 31 of the lower plate 24 coming against
      the gripping surfaces 32, 34 of the upper plate 25 and the knife 34
      striking against the upper plate 25 when there is no wire or stranded wire
      between the plates 24 and 25.
PAR  A thin plastic thread 37 is attached to the plate 24 at one end at 38 and
      to the plate 25 at the other end at 39, it runs over a fixed pulley 40 and
      otherwise parallel to the round bars 26 and 27. A tension spring 42
      mounted statically at 41 is secured at 43 to the lower plate 24 and tends
      to hold the latter in the left-hand end position shown in the drawing,
      whereby the upper plate 25 is located in the right-hand end position
      shown. The spring 42 is disposed in a lower recess 44 of the plate 24.
PAR  On the underside of the lower plate 24 and on the top of the upper plate 25
      one arm 45 and 46 respectively is located in a cavity 52 and 53
      respectively in a pivotable manner, the free end of which projects over
      the front (in FIG. 4 right-hand) edge of the plate and carries a gripping
      element 47 and 48 respectively which projects over the upper surface of
      the lower plate 24 and the lower surface of the upper plate 25
      respectively. Each arm 45 and 46 is under the influence of a tension
      spring 49 and 50 respectively also located in the cavity 52 and 53
      respectively and which tends to pivot the arm into the position shown in
      the drawing in which the gripping element 47 and 48 is located in the
      position of the edge of the plate 24 and 25 respectively which is close to
      the end of the shorter gripping surface section 31 and 33 respectively
      which lies between the ends of the longer gripping surface section 30 and
      32 respectively. The arms 45 and 46 are disposed symmetrically in relation
      to one another and the turning moments exerted by the springs 49 and 50 on
      the arms 45 and 46 are directed against one another and reciprocally
      identical. On the upper side of the upper plate 25 a handle 51 is mounted
      to move the former and with it the lower plate 24.
PAR  In order to bare an electrical conductor wire or a stranded wire with the
      device as in FIGS. 2 to 4, the end of the wire or stranded wire is rolled
      between the plates 24 and 25 as described in connection with FIG. 1 with
      reference to the table plate 2 and the plate 13. As soon as the end of the
      wire or stranded wire is located between the left-hand (in the drawing)
      end of the shorter gripping surface section 31 and the right-hand end of
      the shorter gripping surface section 33, the gripping elements 47 and 48
      grasp opposite sides of the wire or stranded wire and hold it firmly.
      While in the course of further movement of the plates 24 and 25 the piece
      of insulating sheathing now cut is turned further between the longer
      gripping surface sections 30 and 32, the gripping elements 47 and 48 draw
      the end of the wire or stranded wire out of the device because the arms 45
      and 46 now swing apart, the gripping elements 47 and 48 moving away from
      the front (in the drawing) edge of the plates 24 and 25. Through this, the
      conductor of the wire or stranded wire is drawn out of the cut rotating
      piece of sheathing (in the case of stranded wire the latter is snaked
      together in the process), the piece of insulating sheathing being held
      between the gripping surface sections 30 and 32 and the adjacent part of
      the insulating sheathing however being able to slide over the smooth
      surfaces 22 and 23.
PAR  Instead of the parts 37, 40 and 42 each plate can be fitted with a toothed
      rack which is disposed in each case on either side of a cog rotatable
      about a stationary axis and meshes with it (not shown).
PAR  Expediently the gripping sections of the table surface and the plate
      surface have a multitude of cutters acting like file strokes (particularly
      double cuts). Pieces of files for example could be inserted in suitable
      cavities in the table plate 2 and the plate 13 or the plates 24 and 25.
PAR  The knife 7 or 34 can be an electrically heatable knife in the area of the
      shorter gripping surface section 5 or 31 respectively, since most
      materials for insulating sheathing are ideal for thermic cutting. Thermic
      cutting has the advantage that the knife can also be so blunt in its
      cutting section (not only serving as a stripper) that it cannot damage the
      wire or stranded wire in any way whatsoever.
PAR  The cutting pressure can be adjusted for example by means of a weight which
      is displaceable on the plate 13 or 25 transverse to its guide bar.
PAR  With a variant not shown of the device as in FIGS. 2 to 4, gripping surface
      sections are formed on the circumference of wheels drivable at the same
      peripheral speed and in the same direction of rotation, and the gripping
      elements are operated and controlled by the belt or cog drive.
PAR  In an embodiment with an electrically heatable knife, a knife carrier with
      an electric heating element can be disposed as in the example shown in
      FIGS. 1 or 2 and 3 on the right near or under the plate 2 or 24. The knife
      projects from this carrier and runs freely into the plate and out on top.
      With all forms of embodiment the stripper mentioned in connection with
      FIG. 1 can be provided. Knives and/or strippers can be provided on the
      lower or the upper or even both on the lower and the upper plate. A
      shorter path of movement suffices when there are knives on both plates.
PAR  The terms and expressions which have been employed herein are used as terms
      of description and not of limitation, and there is no intention, in the
      use of such terms and expressions, of excluding any equivalents of the
      features shown and described or portions thereof but it is recognized that
      various modifications are possible within the scope of the invention
      claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for baring electrical conductor wires and stranded wires,
      comprising a first surface and a second surface movable over and relative
      to said first surface, an equalsized gripping section (16;32) on said
      second surface is movable over a longer lamellar gripping section (4; 30)
      on said first surface and an equal-sized gripping section (17; 53) on said
      second surface is movable over a shorter lamellar gripping section (5; 31)
      on the first surface positioned and running near an end portion of the
      longer gripping section (4; 30) of said first surface in the longitudinal
      direction of these surface sections (4, 5, 16, 17; 30, 31, 32, 33), a
      knife (7; 34) positioned between the longer and the shorter gripping
      section (4 and 5; 30 and 31) of the first and/or second surface and
      projecting an adjustable amount above said surface, said knife having a
      cutter portion which extends at least in the area of the shorter gripping
      surface section (5; 31) whereby an end piece of an insulated wire or a
      stranded wire projecting laterally over the knife (7; 34) on the side of
      the longer gripping surface section (4; 30) can first be rolled over the
      knife (7; 34) through the movement of the second surface between the
      longer and shorter gripping surface sections (4, 5 and 16, 17; 30, 31 and
      32, 33), after which the piece of sheathing thereby circumcised from the
      remaining insulating sheathing can be rolled on between the longer
      gripping surface sections (4 and 16; 30 and 32), thereby turned relative
      to the wire or the stranded wire, the latter snaked and lastly the end of
      wire or stranded wire drawn out of the cut piece of insulating sheathing.
NUM  2.
PAR  2. A device as in claim 1, in which said first and second surface each have
      an area (20, 21; 22, 23) adjacent to the shorter gripping surface section
      (5, 17; 31, 33) running near the longer gripping surface section (4, 16;
      30, 32) that is smooth.
NUM  3.
PAR  3. A device as set forth in claim 1, in which said knife extends over the
      entire area of the longer gripping surface section and has a sharp cutter
      portion in the area of the shorter gripping surface section and a blunt
      portion elsewhere.
NUM  4.
PAR  4. A device as set forth in claim 1, in which said knife has a blunt cutter
      portion in the area of the shorter gripping surface section and is
      electrically heatable.
NUM  5.
PAR  5. A device as set forth in claim 1, including a stop angle (9; 35)
      disposed near the adjacent ends of one shorter and one longer gripping
      surface section (4, 5; 30, 31), and being adjustable transverse to the
      longitudinal direction of the gripping surface sections and lockable in
      position.
NUM  6.
PAR  6. A device as set forth in claim 1, in which the gripping surface sections
      (4, 5, 16, 17; 30, to 33) are formed with a multitude of cutters operating
      in the fashion of file strokes.
NUM  7.
PAR  7. A device as set forth in claim 1 including a plate member (13; 25)
      carrying said second surface having a shorter and a longer gripping
      surface section (16, 17; 32, 33), a guide bar (14; 27), said plate member
      mounted to move and pivot on said guide bar and fitted with a roller (18)
      or a stop (36) which respectively ensure a minimum separation from said
      first surface having the other shorter and longer gripping surface
      sections (5, 4; 31, 30).
NUM  8.
PAR  8. A device as set forth in claim 1 including a table member (3) and a
      plate member (13), said first surface carried by said table member (3) and
      the second surface (15) carried by said plate member (13), and said plate
      member guided displaceably relative to the table member in the
      longitudinal direction of the lamellar gripping surface sections (4, 5,
      16, 17).
NUM  9.
PAR  9. A device as set forth in claim 1, in which said first surface and said
      second surface are respectively formed on two plate members (24, 25) which
      are displaceable relative to one another with necessarily opposed
      identical movements.
NUM  10.
PAR  10. A device as in claim 9, in which both plate members (24, 25) are
      attached to parts, running parallel with the direction of displacement,
      including a pulling means (37) running about a stationary deflection
      roller (40) and which runs endlessly over two deflection rollers or is
      connected at one end (38) with one plate member (24) and at the other end
      (39) with the other plate member (25) and kept taught by a spring (42).
NUM  11.
PAR  11. A device as in claim 9, in which said two plate members are each fitted
      with a toothed rack which mesh opposite one another with a cog rotatable
      about a stationary axis.
NUM  12.
PAR  12. A device as in claim 9, including a gripping element (47, 48)
      projecting over the side edge of each plate member (24, 25) adjacent the
      shorter gripping surface sections (31, 33), each said gripping element is
      attached to the end of an arm (45, 46), mounted pivotally on the other
      side of the plate, spring means (49, 50) engaging each said arm tending to
      urge the gripping elements against one another and force each gripping
      element to adopt the position at the edge of the plate which is close to
      the end of the shorter gripping surface section (31, 33) which lies
      between the ends of the longer gripping surface section (30, 32), in which
      the forces exerted by the gripping elements are reciprocally opposed and
      identical.
NUM  13.
PAR  13. A device as set forth in claim 1, in which said gripping surfaces are
      formed on the circumference of rollers drivable with the same direction of
      rotation and the same peripheral speed.
NUM  14.
PAR  14. A device as in claim 13, including near the edges of the surfaces of
      the rollers, to which the shorter gripping surface sections are adjacent,
      a gripping device is disposed controlled by the roller drive, said
      gripping device having gripping elements which perform a gripping movement
      to grasp the conductor wire or stranded wire when the shorter gripping
      surface sections have moved past one another and their gripping elements
      move away from the edges during the continued movement of the surface,
      thereby to draw the end of the wire or stranded wire out of the device and
      thus out of the cut piece of conductor sheathing.
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PAL  The present invention includes an improved tool particularly useful for
      effecting the removal of a shock absorber from the upper structural member
      of an automobile frame, having a base member and an insert member slidably
      disposed within an opening through one end of the base member. One end of
      the base member is retainingly disposed over the nut securing the threaded
      extension of a shock absorber to the upper structural member and the end
      of the insert member disposed within the base member opening is
      retainingly connected to a head portion of the threaded extension, the
      base member being held in a stationary position thereby securing the nut
      in a stationary position while the insert member is rotated thereby
      rotating the shock absorber via the head portion connected thereto. The
      tool of the present invention thus allows the shock absorber to be rotated
      to unthread the connection between the shock absorber and the nut which
      secures the shock absorber to the automobile upper structural member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a tool for effecting the removal
      of a threaded member from a nut and, more particularly, but not by way of
      limitation, to an improved tool for effecting the removal of a threaded
      member portion of a shock absorber from a nut which secures the upper end
      of the shock absorber to an upper structural member of an automobile
      frame.
PAR  2. Brief Description of the Prior Art
PAR  In the past, various tools generally referred to as wrenches or other tools
      generally referred to as combination type tools have been constructed for
      connecting elements to threaded fastener members or disconnecting the
      elements therefrom. One such tool was disclosed in the U.S. Pat. No.
      2,453,901, issued to Gonsett, which included a socket head portion
      insertable over a nut type of fastener and a screw-driver like element
      disposed within the tool, the combination tool being constructed for
      utilization as a socket-head type of wrench or a screw-driver. Another
      such combination wrench and screw-driver was disclosed in the U.S. Pat.
      No. 2,464,058, issued to Rogers.
PAR  The U.S. Pat. No. 2,601,796, disclosed a tool having one portion insertable
      over a nut type of fastener and having an opening receiving a screw-driver
      so a threaded member could be removed from the nut by turning the threaded
      member via the screw-driver. The U.S. Pat. No. 3,452,373, issued to
      Vosbikian, also disclosed a combination screw-driver and socket wrench
      wherein the screw-driver element was disposed within an opening forming
      the socket head portion of the tool. Another combination tool was
      disclosed in the U.S. Pat. No. 3,508,455, issued to Miller.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide an improved tool for removing
      threaded members from nut like fasteners in a more convenient manner.
PAR  One other object of the invention is to provide an improved tool for
      disconnecting the upper end portion of a shock absorber from an upper
      structural member of an automobile frame in a faster, more convenient and
      more economical manner.
PAR  A further object of the invention is to provide an improved tool for
      removing threaded members from nut like fasteners which are located in
      remote locations in a faster, more convenient manner.
PAR  A yet further object of the invention is to provide an improved tool for
      disconnecting the upper end portion of a shock absorber from an upper
      structural member of an automobile frame which is more economical in the
      construction and the operation thereof.
DRWD
PAR  Other objects and advantages of the invention will be evident via the
      following detailed description when read in conjunction with the drawings
      which illustrate one preferred embodiment of the invention.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial perspective view of the tool of the present invention
      showing the insert member disposed above the base member.
PAR  FIG. 2 is a sectional view of the tool of FIG. 1, but showing the insert
      member disposed within the base member opening, the tool being positioned
      to disconnect the upper end of a shock absorber (partially shown) from the
      upper structural member (partially shown) of an automobile frame or the
      like.
PAR  FIG. 3 is a lower end elevational view of the base member of FIGS. 1 and 2.
PAR  FIG. 4 is a lower end elevational view of the insert member of FIGS. 1 and
      2.
PAR  FIG. 5 is an upper end elevational view of the insert member of FIGS. 1, 2
      and 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in general and to FIGS. 1 and 2 in particular,
      shown therein and designated via the general reference numeral 10, is a
      tool constructed in accordance with the present invention. The tool 10
      basically includes a base member 14 and an insert member 12, and is
      particularly useful for removing the shock absorbers connected between an
      extension of an automobile frame supporting the front wheels and an upper
      structural member which is secured to the automobile frame.
PAR  In some automobile constructions for example, the upper end of the shock
      absorber (an upper end portion of a typical shock absorber being shown in
      FIG. 2 and designated via the general reference 16) is connected to an
      upper structural member (partially shown in FIG. 2 and designated via the
      general reference 18) and the lower end of the shock absorber 16 is
      connected to an extension of the automobile frame or, more particularly,
      an extension generally referred, to as an "A" frame in some automobile
      constructions. In any event, the term "extension of the automobile frame"
      generally refers to the structural members connecting the automobile frame
      to the wheels for supporting pivotal movement and the term "upper
      structural member," including the upper structural member 18, generally
      refers to the structural member connected to the automobile frame and
      positioned to provide a structural member for connecting the upper end of
      the shock absorber 16 to the automobile frame.
PAR  A threaded extension 20 is formed on the upper end of the shock absorber 16
      and extends a distance therefrom terminating with an outermost end 22. A
      solid, generally rectangularly shaped head 24 is formed on the outermost
      end 22 of the threaded extension 20 and extends a distance therefrom, as
      shown in FIG. 2, the head 24 having a smaller length and a smaller width
      as compared to the outer diameter of the threaded extension 20.
PAR  In an assembled position of the shock absorber 16, the lower end of the
      shock absorber 16 is secured to the extension of the automobile frame
      supporting one of the automobile wheels (not shown) and the threaded
      extension is disposed through an opening 26 in the upper structural member
      18. A nut 28 is threadedly secured to the portion of the threaded
      extension 20 extending above the upper structural member 18, a portion of
      the nut 28 engaging the upper structural member 18 thereby securing the
      upper end of the shock absorber 16 to the upper structural member 18. As
      shown in FIG. 2, washers 30 are disposed between the nut 28 and the upper
      structural member 18 and between the shock absorber 16 and the upper
      structural member 18, the washers 30 being disposed about threaded
      extension 20. It might also be noted that rubber gromets (not shown) are
      also disposed about the threaded extension 20 near the washers 30 in some
      assembled applications, for example.
PAR  To remove or disassemble the shock absorber 16 from the upper structural
      member 18, it is generally necessary to secure some type of wrench over
      the nut 28, and break the connection between the nut 28 and the threaded
      extension 20. In many instances, this task has posed several time
      consuming problems such as the nut 28 being extremely difficult to break
      loose because of rust or corrosion or the like or the location of the nut
      28 being such that it is extremely difficult to conveniently reach with
      ordinary wrenches or other such tools for unthreading the nut 28, for
      example. In any event, the problem of removing the nut 28 or, more
      particularly, removing the connection between the upper end of the shock
      absorber 16 and the automobile upper structural number 18 has been time
      and effort consuming, the tool 10 being constructed to effect this removal
      in a relatively short time, in a manner requiring less effort and the tool
      10 being constructed to be attachable to the nut 28 and upper end of the
      shock absorber 16 in a more convenient manner as will become more apparent
      below.
PAR  The base member 14 is generally cylindrically shaped having an upper end
      32, a lower end 34 and an opening 46 extending axially therethrough
      intersecting the upper and the lower ends 32 and 34. A circularly shaped
      plate 38, having an upper surface 44 and a lower surface 42, is disposed
      in the opening 36 generally adjacent the lower end 34 and secured to the
      base member 14, the plate 38 substantially enclosing the opening 36 at the
      lower end 34 and forming what is sometimes referred to herein as the
      closed lower end 34 of the base member 14. As shown in FIGS. 1 and 2, the
      lower surface 42 of the plate 38 is substantially coplanar with the lower
      end 34 of the base member 14 in the assembled position of the plate 38
      secured to the base member 14. As shown more clearly in FIG. 3, a
      hexagonal shaped nut opening 46 is formed through a central portion of the
      plate 38 and the nut opening 46 is sized to retainingly and engagingly
      receive the nut 28, a portion of the nut 28 being disposed through the nut
      opening 46 and portions of the plate 38 formed via the nut opening 46
      engagingly retaining the nut 28 during the operation of the tool 10, as
      will be described below.
PAR  One end of a handle 48, having a hand gripping surface 50 formed on a
      portion thereof, is secured to a portion of the outer peripheral surface
      of the base member 14. The handle 48 extends a distance from the base
      member 14 and, in one preferred form, the handle 48 extends at a slight
      angle from the base member 14 so the hand gripping surface 50 may be
      grippingly engaged via an individual for holding the base member 14 in a
      substantially stationary position during the operation of the tool 10.
PAR  The insert member 12 is generally cylindrically shaped having an upper end
      52, a lower end 54 and an opening 56 extending a distance axially
      therethrough intersecting the lower end 54 thereof terminating with an end
      wall 58. A circularly shaped plate 60, having an upper surface 62 and a
      lower surface 64, is disposed in the opening 56 generally adjacent the
      lower end 54 and is secured to the insert member 12, the plate 60
      substantially enclosing the lower end 54 and the lower surface 64 being
      disposed in a substantially coplanar disposition with the lower end 54 in
      an assembled position of the plate 60 and the insert member 12. A
      generally rectangularly shaped opening 66 is formed through the plate 60,
      the opening 66 having rounded end portions 68, as shown more clearly in
      FIG. 4. The opening 66 is shaped to receive a portion of the head 24
      formed on the outermost end of the threaded extension 20 and portions of
      the plate 60 formed via the opening 66 retainingly engage adjacent
      portions of the head 24 disposed therethrough during the operation of the
      tool 10 as will be described in greater detail below.
PAR  Since the plate 38 is secured to the base member 14, the plate 38 is
      sometimes referred to herein as the lower end of the base member 14, the
      opening 36 extending a distance through the base member 14 terminating
      with the upper surface 44 of the plate 38. By the same token, since the
      plate 60 is secured to the insert member 12, the plate 60 is sometimes
      referred to herein as the lower end of the insert member 12.
PAR  A flange 70 is formed on an outer peripheral surface 72 of the insert
      member 12, generally adjacent the upper end 52, the flange 70 extending a
      distance radially from the surface 72 forming a downwardly facing surface
      74 extending annularly about the insert member 12 and spaced a distance
      from the upper end 52. A square shaped wrench recess 76 is formed in a
      central portion of the upper end 52 extending a distance axially
      downwardly toward the end wall 58, as shown more clearly in FIGS. 2 and 5.
      The wrench recess 76 is shaped to receive a manual or pneumatically
      operated turning tool (not shown) for rotating the insert member 12 during
      the operation of the tool 10.
PAR  The diameter 77 of the insert member 12 formed via the outer peripheral
      surface 72 is less than the diameter 78 formed in the base member 14 via
      the opening 36. The diameters 77 and 78 are sized such that the lower end
      54 of the insert member 14 is telescopingly insertable through the opening
      36 via the upper end 32 of the base member 14 and a portion of the insert
      member 12 is slidingly disposed in the opening 36 of the base member 14 in
      an operative, assembled position of the insert member 12 and the base
      member 14. The insert member 12 is slidable in a downward direction 80 and
      in an upward direction 82 within the opening 36 of the base member 14, the
      downwardly facing surface 74 engaging the upper end 32 limiting the
      sliding movement of the insert member 12 in a downward direction 80
      thereby positioning the insert member 12 in the opening 36 so the insert
      member 12 can be removed therefrom by gripping the flange 70 and pulling
      the insert member 12 in the upward direction 82.
PAR  During the operation of the tool 10, the lower end 54 of the insert member
      12 is inserted through the opening 36 via the upper end 32 of the base
      member 14, and the insert member 12 is allowed to slide in a downward
      direction 80 to a position wherein the downwardly facing surface 74
      engages the upper end 32. In this position, the lower end 54 and the lower
      surface 64 are each spaced a distance above upper surface 44, the length
      of the insert member 12 between the downwardly facing surface 74 and the
      lower end 54 being less than the length of the base member 14 between the
      upper end 32 and the upper surface 44 to effect the spacing in one
      preferred form.
PAR  After the insert member 12 has been slidably disposed in the opening 36 of
      the base member 36, the operator grips the handle 48 and positions the
      tool 10 generally above the nut 28 and the portion of the threaded
      extension 20. The tool 10 is maneuvered to a position wherein the portion
      of the threaded extension 20 extending above the nut 28 is disposed
      through the nut opening 46 extending a distance through opening 36 above
      the upper surface 44 of the plate 38. Further, the tool 10 and, more
      particularly, the base member 14, is maneuvered to a position wherein the
      nut 28 is disposed through the nut opening 46 and the nut 28 is
      retainingly engaged via portions of the plate 38 formed via the nut
      opening 46. In this position the nut 28 is removably and yet retainingly
      secured to the base member 14.
PAR  The insert member 12 is then rotated within the opening 36 of the base
      member 14 to a position wherein the opening 66 is aligned with the head 24
      formed on the outermost end 22 of the threaded extension 20. In this
      position, the insert member 12 is slidingly moved through the opening 36
      in a downward direction 80, inserting the head 24 through the opening 66
      to a position wherein the lower surface 64 engages the outermost end 22 of
      the threaded extension 22 limiting the further movement of the insert
      member 12 in the downward direction 80. In this position, the head 24 is
      retainingly engaged via portions of the plate 60 formed via the opening 66
      and thus the head 24 is removably yet retainingly secured to the insert
      member 12.
PAR  After the nut 28 has been disposed through the nut opening 46 of the base
      member 14 and after the head 24 has been disposed through the opening 66
      of the insert member 12, the operator grips the handle 48 and holds the
      base member 14 in a substantially stationary position thereby preventing
      the rotation of the nut 28 via the retaining engagement between the nut 28
      and the base member 14. A break-over tool or other such wrench is then
      inserted into the wrench recess 76 and the wrench like tool (not shown) is
      then rotated turning or rotating the insert member 12 within the opening
      36 of the base member 14 thereby rotating the head 24 via the retaining
      engagement between the head 24 and the insert member 12. Since the head 24
      is secured to the shock absorber 16 or, in one sense, an integral part of
      the shock absorber 16, the shock absorber 16 is rotated via the rotation
      of the head 24.
PAR  It should be noted that the connection between the lower end of the shock
      absorber 16 (not shown) and extension of the automobile frame (not shown)
      is removed or disconnected prior to the disconnection of the upper end of
      the shock absorber 16 and the upper structural member 18 utilizing the
      tool 10 of the present invention. Thus, the rotation of the head 24 via
      the rotating of the insert member 12 causes the shock absorber 16 to be
      rotated. To effect the removal of the shock absorber 16, the insert member
      12 is rotated in a direction such that the threaded extension 20 is
      unthreaded from the nut 28. Utilizing the tool 10, the shock absorber 16
      is thus actually spun or rotated out of the nut 28, since the nut 28 is
      secured in a stationary position via the base member 14.
PAR  As mentioned before, the connection between the upper structural member 18
      and the shock absorber 16 or, in other words, the disposition of the nut
      28 is many times disposed such that it is extremely difficult, if not
      impossible, to directly attach a pneumatic or hand-powered break-over tool
      or other such wrench like tool to the nut 28. The distance 84 between the
      handle 48 and the lower end 34 of the base member 14 is such that the
      handle 48 is spaced a sufficient distance 84 above the connection between
      the upper structural member 18 and the shock absorber 16 so that the
      operator can easily and conveniently grip the handle 48 during the
      positioning of the lower end 34, over the nut 28 and during the removal of
      the shock absorber 16 via the tool 10. Further, the distance 86 between
      the upper end 52 and the lower end 54 of the insert member 12, and the
      distance 88 between the upper end 52 of the insert member 12 and the lower
      end 34 of the base member 14 is such that the upper end 52 of the insert
      member 12 is spaced a sufficient distance above the connection between the
      upper structural member 18 and the shock absorber 16 so that the operator
      can easily, conveniently and quickly connect a wrench like tool to the
      insert member 12 via the wrench recess 76 for rotating the insert member
      12 during the removal of the shock absorber 16 via the tool 10, in a
      manner described before.
PAR  The tool 10 is thus quickly and easily connected to the nut 28 and the
      shock absorber 16 and provides a fast, convenient tool for removing shock
      absorbers particularly adapted to effect the removal of the shock absorber
      from the upper structural member 18. The two-piece construction (the
      insert member 12 and the base member 14) results in a tool which can be
      quickly and easily assembled and which can be disassembled and stored in a
      quick and convenient manner.
PAR  Changes may be made in the various elements and assemblies and in the
      operation of the tool as described herein without departing from the
      spirit and the scope of the invention as defined via the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tool for removing a threaded member from a nut fastener or the like,
      comprising:
PA1  a base member, having an upper end, a lower end and an opening extending a
      distance therethrough intersecting the upper end and the lower end
      thereof;
PA1  a plate connected to the lower end portion of the base member substantially
      encompassing the base member opening generally near the lower end of the
      base member, a nut opening being formed through the plate and intersecting
      the base member opening for removably and retainingly receiving the nut
      fastener or the like;
PA1  a handle connected to the base member and spaced a distance from the lower
      end of the base member; and
PA1  an insert member, having an upper end, a lower end and an outer peripheral
      surface, the nut opening in the base member being smaller than the
      diameter formed via the outer peripheral surface of the insert member and
      the insert member being slidably insertable within the base member opening
      only via the intersection of the base member opening with the upper end of
      the base member, an opening formed through the lower end of the insert
      member for removably and retainingly receiving a portion of the threaded
      member, the nut opening being shaped and sized independent of the shape
      and size of the opening in the lower end of the insert member and
      independent of the size and shape of the insert member, and the insert
      member being rotatable within the base member opening for rotating the
      portion of the threaded member disposed through the opening in the insert
      member lower end, the rotation of the insert member unthreadingly removing
      the threaded member from the nut fastener or the like while substantially
      maintaining the base member and the nut fastener or the like retainingly
      received thereby in a relatively stationary position.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the insert member includes an opening
      extending a distance therethrough intersecting the lower end thereof, and
      wherein the insert member is defined further to include:
PA1  a plate secured to the lower end portion of the insert member substantially
      encompassing the insert member opening generally near the lower end of the
      insert member, the opening for receiving a portion of the threaded member
      being formed through a portion of the plate.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the insert member includes a flange
      formed on the outer peripheral surface thereof extending a distance
      therefrom and forming a downwardly facing surface engageable with the
      upper end of the base member limiting the sliding movement of the insert
      member in the base member opening in one direction.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the insert member includes a wrench
      recess formed in the upper end thereof for receiving a portion of a
      turning tool or the like for rotating the insert member.
NUM  5.
PAR  5. The apparatus of claim 1 wherein the length of the insert member,
      generally between the upper and the lower ends thereof, and the length of
      the base member, generally between the upper and the lower ends thereof,
      are each of a sufficient size to space the upper end of the insert member
      a predetermined distance above the lower end of the base member in a
      retainingly engaged position of the nut fastener or the like and the base
      member and in a retainingly engaged position of the threaded member and
      the insert member, the upper end of the insert member being remotely
      disposed with respect to the nut fastener or the like and the threaded
      member and the upper end of the insert member being engageable via a
      turning tool or the like for rotating the insert member.
NUM  6.
PAR  6. The apparatus of claim 1 wherein the insert member is cylindrically
      shaped.
NUM  7.
PAR  7. The apparatus of claim 1 wherein the tool removes a threaded member
      connected to a shock absorber from threaded engagement with a nut fastener
      securing the shock absorber to an upper structural member of an automobile
      frame, the lower end of the base member substantially maintaining the nut
      fastener in a relatively stationary position while turning the insert
      member for rotating the threaded member.
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ABST
PAL  An improved chuck wrench for contra-angle dental handpieces. The wrench
      includes a unitary angular C-shaped body, one of the arms of the body
      being provided with a socket and recess for accurately locating the wrench
      in position relative to the head of a handpiece when chuck adjustment (or
      removal) is desired. Between the paired arms is a knurled cylindrical
      wheel dimensioned to fit comfortably between, and be rotated by, the same
      fingers that receive the narrower connecting portion of the C-shaped body.
      A torsion spring shaft extends through the wheel and into the socket and
      has a non-circular end portion receivable within an opening of a handpiece
      chuck for locking the two parts (chuck and shaft) against independent
      relative rotation. A shoulder of the shaft limits the extent that the end
      portion may be inserted into the chuck opening, and the substantial length
      of that shaft, and its relationship with the other parts of the wrench,
      result in a torsional flexure of the shaft upon chuck tightening that
      signals the user when the torque limit is approached. The shaft, as well
      as the tangs which engage the burtube of the handpiece during an
      adjustment operation, are spring-loaded for limited axial movement.
BSUM
PAC  BACKGROUND
PAR  Co-owned co-pending application Ser. No. 326,569, filed Jan. 24, 1973, now
      U.S. Pat. No. 3,888,008, discloses handpiece wrenches which may be
      attached to contra-angle handpieces and then manipulated to adjust, or
      even remove, the chucks of those handpieces. In each of the disclosed
      forms, the wrench locks the chuck against rotation while at the same time
      coupling the burtube or rotor to a knurled wheel which is then rotated to
      turn the burtube and thereby release or tighten the jaws of the chuck.
      While such construction is highly effective if properly operated, there is
      a possibility that careless manipulation, or operation by an uninformed or
      misinformed user, could result in damage to the relatively delicate and
      precisely fitting parts of the handpiece.
PAR  The same is true with regard to the operation of earlier constructions such
      as the one described in co-owned U.S. Pat. No. 3,325,899. In that
      construction, the chuck adjustment is performed by a wrench which holds
      the rotor (burtube) against rotation while permitting rotation of the
      chuck as one section of the wrench is turned.
PAR  With regard to these and other prior art constructions, poor technique in
      the operation of the wrenches can result in overtightening, jamming, and
      breakage. In some cases, additional difficulties have been presented
      because manipulation of the wrenches has resulted in inadvertent partial
      displacement of the burs, which in turn may cause imbalance, accelerated
      wear, and unintentional loosening or release of the bur, or because
      alignment of the mating parts of the wrenches and handpieces has required
      considerable care to avoid damage to the handpieces. Problems of alignment
      might appear to have been reduced by those constructions in which the
      wrenches are provided with sockets that receive portions of the handpieces
      and serve as guides to locate the wrenches; however, in such constructions
      there is the further danger that since the shafts and tangs (or lugs) are
      shrouded from view, misalignment difficulties, although perhaps less
      frequent, may be more serious. Thus, if such a wrench is canted at the
      time that the handpiece head is forced into the socket, there is a danger
      that rotation of the operating wheel of such a wrench will cause the tangs
      of that wrench to damage that portion of the burtube provided with
      recesses for receiving such tangs.
PAC  SUMMARY
PAR  This invention is concerned with a wrench construction which overcomes or
      greatly reduces the aforementioned problems. The wrench is relatively
      simple to use and, because of its construction, the possibilities of
      accidental damage to a handpiece because of hasty or inexperienced
      operation are greatly reduced.
PAR  The configuration of the wrench is such that it may be easily supported on
      a table surface in a ready-to-use position. Because of the relationship
      between the body and knurled wheel of the wrench, the same fingers used to
      manipulate the wheel also, without additional effort, serve to guide and
      position the wrench. Should the wrench be canted as it is fitted upon the
      handpiece, damage which might otherwise occur because of misalignment
      during wrench rotation is avoided because of the automatically retractable
      mounting of the wrench shaft and tangs. The spring loading of the parts
      also insures that proper insertion of the shaft and tangs will occur when
      proper alignment is attained.
PAR  The danger of overtightening is eliminated or greatly reduced by forming
      the shaft as a torsion spring. The spring effect not only reduces
      overtightening because of the spring cushioning, but the onset of spring
      action signals the user when a proper degree of tightness has in fact been
      achieved.
PAR  In brief, the wrench comprises an angular C-shaped body with
      horizontally-projecting upper and lower arms and a vertical connection
      portion. The lower arm has a socket in its undersurface for receiving the
      head of a contra-angle handpiece. A burtube-chuck adjusting assembly is
      disposed between the arms and projects into the socket through a bore in
      the lower arm. The assembly includes a vertically-elongated spring shaft
      having a lower end portion of non-circular cross section which is normally
      disposed within the socket and is adapted to be received in an opening at
      the upper end of a handpiece chuck to lock the rod and chuck against
      independent relative rotation. At least one depending burtube-engaging lug
      also projects downwardly into the socket and is adapted to be received
      within an opening at the upper end of a handpiece burtube to lock the lug
      and burtube against independent relative rotation. The knurled operating
      wheel is rotatably mounted between the arms and is operatively connected
      either to the lug or to the shaft for rotating the member to which it is
      connected. Locking means are affixed to the upper end of the body and are
      connected to the other member (the lug or shaft to which the knurled wheel
      is not connected) for preventing rotation of that other member as the
      wheel is turned.
PAR  Dimensions of the parts are important because the wheel must be capable of
      being rotated between the thumb and index fingers of one hand while those
      fingers also engage the connecting portion of the body to stabilize and
      guide the wrench. In general, the knurled wheel should have a diameter
      within the range of about 5 to 25 millimeters, and the connecting portion
      of the body should have a thickness (measured normal to a plane parallel
      with the rotational axis of the wheel) substantially less than the
      diameter of that wheel. A size differential of at least three millimeters
      should be provided.
PAR  Both the lug-providing member and the shaft are spring-loaded so as to
      retract automatically until proper alignment is achieved. The shaft is of
      substantial length and, in a preferred form of the invention, is
      restrained against rotation by locking means engaging the upper portion of
      the shaft. Consequently, a substantial portion of the length of the spring
      shaft is free to twist as a collet chuck becomes tightened by rotation of
      the knurled wheel. Such flexure cushions the final tightening to prevent
      damage to the parts and also indicates to the user that proper tightening
      has been achieved.
PAR  Other advantages and objects of the invention will become apparent from the
      drawings and the detailed description of an illustrative embodiment.
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PAC  DRAWINGS
PAR  FIG. 1 is a perspective view of a wrench embodying the invention, the
      wrench being illustrated in one of the positions it might be held during
      chuck adjustment of a handpiece.
PAR  FIG. 2 is an enlarged vertical sectional view taken generally along the
      line 2--2 of FIG. 1.
PAR  FIG. 2A is a fragmentary vertical sectional view showing the parts as they
      are illustrated in FIG. 2 but with the wrench fitted upon a dental
      handpiece.
PAR  FIG. 3 is an exploded perspective view of the wrench, it being noted that
      the main elements of the burtube and chuck adjusting assembly are
      illustrated to one side of the body of the wrench.
PAR  FIG. 4 is an enlarged end view taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is an enlarged sectional view taken along line 5--5 of FIG. 3.
PAR  FIG. 6 is an enlarged fragmentary longitudinal sectional view of the lower
      portion of the chuck-restraining shaft.
PAR  FIG. 7 is a top plan view (in reduced scale) taken along line 7--7 of FIG.
      2.
PAR  FIG. 8 is a bottom plan view taken along line 8--8 of FIG. 2 and presented
      in the same scale as FIG. 7.
PAR  FIG. 9 and 10 are elevational views drawn to the same scale as FIGS. 7 and
      8 and taken along lines 9 and 10 of FIG. 2.
DETD
PAC  DESCRIPTION
PAR  FIG. 1 illustrates the wrench 10 as it is held in one hand to adjust the
      chuck of a contra-angle handpiece 11 held in the other. What is shown is
      simply one of several positions in which the wrench may be held for
      handpiece adjustment. Thus, the handpiece may, if desired, be held with
      the bur 12 facing upwardly, in which case the position of the wrench would
      also be reversed. Throughout the specification, for convenience in
      identifying the parts and their relationships, the wrench will be
      described with its handpiece-receiving socket facing downwardly as it
      might be fitted upon a handpiece with a downwardly-facing bur. It is to be
      understood, however, that terms such as "upper", "lower", "horizontal",
      and "vertical" are intended only to orient the parts of the wrench
      relative to each other and that the wrench as a whole may be oriented in
      any number of positions during use.
PAR  Wrench 10 comprises an angular integrally-formed C-shaped body 13 having a
      pair of horizontally-projecting upper and lower arms 14 and 15 integrated
      with a vertical connecting portion or strut 16. The upper surface 14a of
      arm 14, and the lower surface 15a of arm 15 are parallel, relatively
      large, and planar, the result being that the wrench may be supported in
      stable condition with either of its surfaces 14a or 15a resting upon a
      flat supporting surface. The arms also terminate at their free ends in
      planar end surfaces 14b and 15b that both lie in a plane perpendicular to
      the plane of strut 16 so that the wrench may also be supported in stable
      condition with those surfaces resting upon a flat support.
PAR  Lower arm 15 has a socket 16 extending upwardly from its undersurface for
      receiving the upper portion of an air-turbine contra-angle handpiece head
      11a (FIGS. 1 and 2A). A bore 17 extends vertically through the lower arm,
      the bore being aligned and communicating with the downwardly-facing socket
      16.
PAR  A burtube-chuck adjusting assembly, designated generally by the numeral 18
      is disposed between the spaced arms and projects into the socket 16
      through bore 17. As shown most clearly in FIGS. 2 and 3, the assembly
      includes a vertically-elongated shaft 19 of non-circular (preferably
      square) cross sectional configuration, a sleeve or bushing 20 which is
      fixed to the lower portion of the shaft and, in the particular
      illustration given, locking means in the form of a vertical reaction tube
      21. The reaction tube has an intermediate portion 21a of cylindrical
      configuration, an upper portion 21b of non-circular (square) cross
      sectional configuration, and a lower end portion 21c which has a reduced
      external diameter and which has a non-circular (square) bore 22
      therethrough. The bore is dimensioned to slidably receive shaft 19 while
      at the same time preventing independent relative rotation of the parts.
PAR  The non-circular upper end portion 21b of the reaction tube is received
      within a similarly-shaped opening 23 which extends through upper arm 14 in
      vertical alignment with bore 17 in the lower arm. Retaining means, shown
      in the drawings as a C-ring 24 received within annular groove 25 of the
      reaction tube, anchors the tube against upward movement with relation to
      upper arm 14.
PAR  Referring to FIG. 2, it will be seen that the reaction tube 21 and the
      chuck shaft 19 extend into the bore 26 of a vertically-elongated knurled
      cylindrical wheel or handle 27 disposed between the upper and lower arms.
      The lower end portion of the tubular wheel extends into bore 17 of the
      lower arm and a downwardly-facing shoulder 28 of the wheel bears against
      the top surface of that arm to limit the extent of the wheel's downward
      movement. The wheel is freely rotatable about the reaction tube 21 and
      shaft 19 and, since the vertical length of the wheel is substantially less
      than the distance between the upper and lower arms, the wheel may also be
      shifted upwardly into a raised position indicated in broken lines in FIG.
      2. Helical compression spring 29, disposed within the bore of the wheel
      and interposed between the lower portion of the wheel and the reaction
      tube, performs the dual functions of urging the wheel into its normal
      lowered position illustrated in the drawings and of maintaining the
      non-circular upper end 21b of the reaction tube in the opening 23 of the
      upper arm 14.
PAR  At least one, and preferably a plurality, of lugs or tangs 30 project
      downwardly into socket 16 to engage recesses in the burtube or rotor of a
      dental handpiece upon which the wrench may be fitted. In the form depicted
      herein, the tangs project downwardly from the lower end of wheel 27 and
      are formed integrally with that wheel. A pair of such tangs are shown in
      the drawings, such tangs being diametrically disposed and spaced
      equidistant from the rotational axis of wheel 27.
PAR  Sleeve 20 and the lower end portion of shaft 19 extend downwardly through
      the reduced lower end 26a of the bore 26 of wheel 27. It is to be noted
      that the sleeve is fixed to the shaft slightly above the extreme lower end
      of that shaft, thereby exposing the extreme lower end or tip portion 19a
      of the shaft. The axial length of the exposed tip portion is such that the
      shaft, when it enters the noncircular opening 31 at the upper end of the
      chuck 32 of a dental handpiece, cannot reach or displace the shank of a
      bur 12 from that chuck (note space 32a in FIG. 2A). The lower end of
      sleeve 20, being larger than the opening in the chuck, serves as a stop to
      limit the extent of such penetration. It is also to be noted that the
      horizontal edges at the tip 19a of the shaft are slightly beveled or
      rounded (FIG. 6) to facilitate insertion of the tip into the opening of a
      handpiece chuck.
PAR  Sleeve 20 has an enlarged upper end 20a of greater diameter than the
      reduced lower portion of bore 26a, the upper end of the sleeve thereby
      limiting the extent of downward movement of the sleeve and shaft relative
      to wheel 27. A helical compression spring 33 extends about the shaft
      between the upper end of the sleeve and the lower end of reaction tube 21
      to urge the sheathed shaft into the normally lowered position illustrated
      in FIG. 2.
PAR  Dimensions of the wrench are important because, among other things, the
      knurled wheel 27 should be received between and rotated by the same
      fingers which also grip the strut or connecting portion 16 of the frame
      (FIG. 1). the general, the outside diameter of the knurled wheel should
      fall within the range of about 5 to 25 millimeters. In what is believed to
      be a particularly effective embodiment, a diameter of about 9 to 10
      millimeters has been used. The strut or connecting portion should have a
      thickness (measured normal to a plane parallel with the rotational axis of
      the handle) which is substantially less than the diameter of the handle. A
      differential of at least 3 millimeters has been found particularly
      effective. As shown most clearly in FIGS. 3 and 9, the connecting strut is
      generally planar in configuration, having a width (when measured along a
      plane parallel with the rotational axis of the handle or wheel) which is
      substantially greater than its thickness. A vertical edge 16a of the
      connecting strut is disposed in closely-spaced relation with respect to
      the handle wheel 27 (FIG. 2). In general, the spacing should not exceed 4
      millimeters and preferably should be 2 millimeters or less. By reason of
      such dimensional relationships, an operator can readily grasp the wrench
      and rotate the wheel between the thumb and index fingers while using the
      same fingers to grip connecting strut 16 and thereby guide and control the
      wrench in its entirety. Because of the close spacing between the wheel and
      the strut, such manipulation may be performed without danger of pinching
      the operator's fingers between the parts.
PAR  In operation, the wrench is fitted upon the upper end of the head 11a of a
      contra-angle handpiece 11 as shown in FIGS. 1 and 2A. The parts are fixed
      against relative rotation by means of a semi-circular recess 34 which
      communicates with socket 16 and which extends through a wall portion of
      the lower arm in diametric opposition to the connecting strut 16. The
      recessed wall is fitted over the neck 11b of the handpiece in the manner
      illustrated.
PAR  When the handpiece head is fully inserted into the socket 16, shaft 19 is
      displaced upwardly into a partially raised position by reason of
      engagement between the upper end of the chuck 32 and the lower end of
      sleeve 20 (FIG. 2A). A secure interlock is thereby assured between the
      shaft and the chuck without, at the same time, causing the tip of the
      shaft to enter too deeply into the chuck and thereby displace the bur 12.
PAR  Tangs of lugs 30 are received within slots or openings 35 at the upper end
      of burtube (rotor) 36. Should it happen that the slots do not immediately
      register with the tangs, slight rotation of the handle wheel 27 will shift
      the tangs into position to be received in those slots. Until such
      alignment occurs, the tangs 30 and wheel 27 are displaced upwardly as
      indicated by the broken lines in FIG. 2. When registry is achieved, spring
      29 urges the wheel and tangs downwardly into the operating positions
      illustrated in FIG. 2A.
PAR  Tightening or loosening of the chuck is accomplished by simply rotating the
      wheel 27 one direction or the other. In the use of the wrench shown in the
      drawings, shaft 19 holds the chuck 32 against rotation while tangs 30 turn
      the burtube 36 in the direction of rotation of the wheel 27. While the
      advantages of rotating the burtube about a stationary chuck are fully
      disclosed in the previously-identified co-pending application, it is
      believed apparent that the structure disclosed herein might be modified in
      keeping with the teachings of U.S. Pat. No. 3,325,899 to utilize the tangs
      for holding the burtube stationary while the wheel is rotated to turn the
      chuck.
PAR  The substantial vertical length of shaft 19, and the spring metal from
      which that shaft is formed, play an important role in the operation of the
      chuck. It will be observed that the reaction tube 21 connects to the shaft
      19 near the upper end of that shaft, thereby allowing for a substantial
      length of shaft between the reaction tube and the beveled tip 19a. The
      length of shaft below the reaction tube serves as a torsion spring during
      operation of the wrench. As handle wheel 27 is rotated to commence the
      closing of the jaws of chuck 32 about the shank of a bur 12, the shaft 19
      remains undeformed or untwisted; however, as the chuck's jaws become
      tightened upon the bur, the resistance against further relative rotation
      of the parts in response to continued torque applied to the finger wheel
      27 tends to twist the elongated shaft. The effect to an operator of the
      wrench is generally a sensation of a cushioned blocking of further
      rotation of the wheel rather than an abrupt stopping action. The twisting
      action of the torsion shaft thereby signals the user when the parts of the
      handpiece are approaching optimum tightness and, in addition, reduces the
      possibility that overtightening, and possible damage associated therewith,
      might occur.
PAR  It is believed evident that the torsion shaft may be formed of any suitable
      metal having the requisite properties of strength and flexibility. The
      unitary body 13 of the wrench may be formed of any suitable material,
      although tough plastic materials such as polycarbonates have been found
      especially effective.
PAR  While in the foregoing we have disclosed an embodiment of the invention in
      considerable detail for purposes of illustration, it will be understood by
      those skilled in the art that many of these details may be varied without
      departing from the spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A wrench for contra-angle handpieces comprising a C-shaped body having
      horizontally-projecting upper and lower arms and a vertical connecting
      strut therebetween; said lower arm having a socket in its undersurface for
      receiving the upper portion of a contra-angle handpiece head and having a
      vertical bore extending through said lower arm and communicating with said
      socket; a burtube-chuck adjusting assembly disposed between said arms and
      projecting into said socket through said bore; said assembly including a
      vertically-elongated shaft member having a lower end portion of
      non-circular cross sectional configuration normally disposed within said
      socket and adapted to be received in an opening at the upper end of a
      handpiece chuck to lock said shaft member and chuck against independent
      relative rotation about the axis of the shaft member; at least one
      depending burtube-engaging lug member normally projecting downwardly into
      said socket and adapted to be received within an opening at the upper end
      of a handpiece burtube to lock said lug member and burtube against
      independent relative rotation about the axis of said shaft member; a
      generally cylindrical handle wheel rotatably mounted between said arms and
      operatively connected to one of said lug and shaft members for rotating
      said one member about said axis; and locking means affixed to said upper
      arm and connected to the other of said members for preventing rotation of
      said other of said members about the axis of said shaft member; said
      generally cylindrical handle wheel having a diameter within the range of
      about 5 to 25 millimeters; said vertical connecting strut having a
      thickness, measured normal to a plane parallel with the axis of said shaft
      member, substantially less than the diameter of said handle wheel.
NUM  2.
PAR  2. The wrench of claim 1 in which said connecting strut has a thickness at
      least 3 millimeters less than the diameter of said handle wheel.
NUM  3.
PAR  3. The wrench of claim 2 in which said connecting strut is generally planar
      in configuration and has a width, measured along a plane parallel with the
      axis of said shaft member, substantially greater than the thickness of
      said strut.
NUM  4.
PAR  4. The wrench of claim 3 in which said connecting strut has a vertical edge
      in closely-spaced relation relative to said handle wheel.
NUM  5.
PAR  5. The wrench of claim 4 in which the spacing between said vertical edge
      and said handle wheel does not exceed about 4 millimeters.
NUM  6.
PAR  6. The wrench of claim 4 in which said spacing does not exceed
      approximately 2 millimeters.
NUM  7.
PAR  7. The wrench of claim 1 in which said body is formed of rigid plastic
      material.
NUM  8.
PAR  8. The wrench of claim 1 in which said upper and lower arms of said body
      have generally flat upper and lower surfaces, respectively; whereby, said
      wrench may be supported in stable condition with either said upper surface
      or said lower surface resting upon a horizontal support.
NUM  9.
PAR  9. The wrench of claim 1 in which said upper and lower arms terminate at
      their free ends in planar end surfaces that lie in a single plane
      generally perpendicular to said connecting strut; whereby, said wrench may
      be supported in stable condition with said end surfaces resting upon a
      generally horizontal support surface.
NUM  10.
PAR  10. The wrench of claim 1 in which said lower arm is provided with a recess
      communicating with said socket and extending through a wall portion of
      said arm disposed in diametric opposition to said connecting strut for
      receiving the neck portion of a contra-angle handpiece upon which said
      wrench is fitted.
NUM  11.
PAR  11. The wrench of claim 1 in which said C-shaped body is integrally formed.
NUM  12.
PAR  12. The wrench of claim 1 in which said shaft and lug members are mounted
      upon said body for limited axial movement relative thereto.
NUM  13.
PAR  13. The wrench of claim 12 in which said shaft member is mounted for
      limited vertical movement independent of said lug member.
NUM  14.
PAR  14. The wrench of claim 12 in which spring means are provided for urging
      said shaft and lug members downwardly relative to said body.
NUM  15.
PAR  15. The wrench of claim 1 in which said shaft member includes a
      downwardly-facing annular shoulder defining the upper limit of said shaft
      member's lower end portion; said shoulder being engagable with the top
      surface of a handpiece chuck for limiting the extent of insertion of said
      lower end portion into the opening of said chuck.
NUM  16.
PAR  16. The wrench of claim 1 in which said other of said members comprises
      said shaft member.
NUM  17.
PAR  17. The wrench of claim 16 in which said elongated shaft member is formed
      of spring metal and said locking means is connected to said shaft member
      at a substantial distance above said shaft member's lower end portion to
      provide a substantial length of said shaft member between said locking
      means and a handpiece chuck for torsional spring cushioning of the
      tightening force manually applied by relative rotation of said handle
      wheel and a burtube coupled thereto by said lug member.
NUM  18.
PAR  18. A chuck wrench for contra-angle dental handpieces comprising a C-shaped
      body having spaced upper and lower horizontal arms joined by a connecting
      strut; said lower arm having a socket provided in its undersurface for
      receiving the head portion of a contra-angle handpiece and having a
      vertical bore extending therethrough and communicating with said socket; a
      burtube-chuck adjusting assembly disposed between said arms and projecting
      into said socket through said bore; said assembly including a
      vertically-elongated torsion spring shaft having a lower tip portion of
      non-circular cross section normally disposed within said socket and
      adapted to be received in an opening at the upper end of a handpiece chuck
      for locking said shaft and chuck against independent relative rotation;
      means engaging the upper portion of said torsion spring shaft to lock the
      same against rotation relative to said upper arm; and a
      vertically-elongated handle wheel having a rotational axis coincident with
      the axis of said shaft and mounted for rotation there-about; said wheel
      being disposed between said arms and having at least one depending lug
      normally projecting downwardly into said socket and adapted to be received
      within an opening at the upper end of a handpiece burtube for locking said
      wheel and burtube against independent relative rotation; said elongated
      spring shaft having a substantial portion of the length thereof disposed
      between said tip and said means to provide torsion spring action for
      indicating when proper tightening torque is approached and for protecting
      a handpiece against overtightening of its chuck.
NUM  19.
PAR  19. The wrench of claim 18 in which said lower arm is also provided with a
      wall portion having a semicircular recess communicating with said socket
      in diametric opposition to said strut, said recess being adapted to
      receive the neck portion of a contra-angle handpiece upon which said
      wrench is fitted.
NUM  20.
PAR  20. The wrench of claim 18 in which said shaft and wheel are mounted for
      limited axial movement relative to said body.
NUM  21.
PAR  21. The wrench of claim 20 in which said shaft is mounted for limited
      vertical movement independent of said wheel.
NUM  22.
PAR  22. The wrench of claim 18 in which said shaft is provided with a
      downwardly-facing annular shoulder at the upper limit of said tip portion,
      said shoulder being engageable with top surface of a handpiece chuck for
      limiting the extent of insertion of said tip portion into the opening of
      said chuck.
NUM  23.
PAR  23. The wrench of claim 18 in which said means comprises a vertical
      reaction tube having an upper end fixed against rotation relative to said
      upper arm and having a lower end defining a non-circular bore slidably
      receiving the upper portion of said shaft.
NUM  24.
PAR  24. The wrench of claim 23 in which a sleeve is secured to the lower
      portion of said shaft; a compression spring being disposed between said
      sleeve and said reaction tube for urging said shaft into a normally
      lowered position.
NUM  25.
PAR  25. The wrench of claim 23 in which said reaction tube is provided with a
      cylindrical outer surface; said wheel being slidably and rotatably mounted
      upon said cylindrical surface of said reaction tube; and spring means
      cooperating with said reaction tube and said wheel for urging said wheel
      downwardly into a normally lowered position.
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ABST
PAL  A tool assembly for mounting bits includes a tubular shank with an enlarged
      end portion in which is seated a tool bit receiving socket and its other
      end inserted into a handle. The socket has a cavity opening at the outer
      end in which is seated the body portion of tool bits. Releasable retaining
      means in the cavity retains the inserted tool bits which seat against a
      shoulder therewithin. The socket itself has a peripheral collar seated
      against the end of the shank and seats internally against a shoulder
      within the cavity of the shank provided by the enlarged end portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various tool assemblies have been designed to provide means for
      interchanging tool bits, the principal advantage being that one handle
      assembly can be used with bits of different sizes and functions, thus
      reducing the number of complete tools that must be purchased and
      maintained. A further advantage is that when the bit wears out or is
      damaged it can simply be replaced instead of having to replace the entire
      tool assembly.
PAR  However, these tool assemblies tend to be somewhat heavy and expensive in
      that they utilize solid shanks to support bit receiving sockets or shanks
      formed integrally with the sockets. In another type of tool assembly, the
      tool bit is integrally formed with an elongated shank seating in a socket
      within the handle; thus a larger and more expensive part must be
      interchanged or replaced. In those tool assemblies comprised of integrally
      formed handle/shank portions, need for a different-sized shank or damage
      to either element requires replacement of the entire assembly.
PAR  It is an object of this invention to provide a novel tool assembly for
      mounting interchangeable bits that may be simply, readily, and
      inexpensively fabricated.
PAR  It is also an object of this invention to provide such a tool assembly with
      a shank and bit receiving socket assembly which is both lightweight and
      strong.
PAR  Another object is to provide such a tool assembly permitting use of
      lightweight but strong drawn tubular stock for the shank and simple
      deformation techniques.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the foregoing and related objects of the
      invention are readily attained in a tool assembly comprising a tubular
      shank having a cavity extending therethrough with one end portion of
      greater width than the adjacent body portion. An internal peripheral
      shoulder is provided at the juncture of the enlarged end portion and
      adjacent body portion, the shoulder generally facing the open end of the
      enlarged end portion.
PAR  The body portion of a tool bit receiving socket is seated within the
      enlarged end portion of the shank, and the outer end of the socket has an
      external collar that seats against the open end of the shank while the
      inner end of the socket abuts the internal shoulder of the shank. The
      socket has a cavity opening outwardly to receive the body portion of
      inserted tool bits, releasable retaining means to retain the tool bits in
      the socket cavity, and an outwardly facing shoulder against which the
      inserted tool bit is seated to limit its inward movement. The work
      engaging portion of the tool bit extends outwardly from the socket cavity.
PAR  In the preferred embodiment, the other end portion of the tubular shank has
      a polygonal cross section and seats snugly within a cavity of cooperating
      cross section in a handle member. The socket cavity has a generally
      polygonal cross section that cooperates with the polygonal cross section
      of the body portion of the tool bit to seat it snugly therewithin, and the
      shoulder in the socket cavity is the bottom wall defining the cavity.
PAR  In its preferred aspect, the releasable retaining means comprises a
      periphereal groove in the socket cavity and a resilient split ring that
      seats in the groove and also seats in a cooperating peripheral groove in
      the body portion of the inserted tool bit.
PAR  The body portion of the tubular shank, its enlarged end portion, and the
      tool bit receiving socket preferably have generally circular cross
      sections. The socket has a plurality of axially extending ribs on its
      outer surface that interengage with the wall of the enlarged end portion
      of the shank to limit relative rotational movement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a tool assembly embodying the present
      invention with the handle shown in phantom line for clarity of
      illustration;
PAR  FIG. 2 is a fragmentary perspective view of the handle end of the tool
      shank to a scale enlarged from that of FIG. 1;
PAR  FIG. 3 is a fragmentary exploded perspective view of the tool shank, socket
      and bit assembly to the same scale as FIG. 2;
PAR  FIG. 4 is a fragmentary side elevational view of the assembled tool shank,
      socket and bit subassembly with a portion of the shank and socket broken
      away to reveal internal construction;
PAR  FIG. 5 is a fragmentary partially exploded cross sectional view of the tool
      shank assembly with the shank and socket broken away in part to reveal
      internal construction;
PAR  FIG. 6 is a bottom view of the tool shank and tool bit in assembly; and
PAR  FIG. 7 is a bottom view similar to FIG. 6 with the tool bit removed.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Turning now to the attached drawing in detail, it can be seen that the tool
      assembly of the present invention is comprised of a handle member
      generally designated by the numeral 10, a tubular shank generally
      designated by the numeral 12, a tool bit receiving socket generally
      designated by the numeral 14, and a tool bit generally designated by the
      numeral 16. The handle 10 is generally spherical with diametrically
      opposed cavities 20 of square cross section to seat one end of the shank
      12.
PAR  As best seen in FIGS. 2 and 3, the tubular shank 12 has a cavity 30
      extending therethrough and its one end portion 18 is of generally square
      cross section so as to seat snugly in the handle cavity 20. The other or
      outer end portion 22 is expanded to a greater width than the adjacent body
      portion 17 to provide a generally outwardly facing shoulder 46 at the
      inner end of the socket receiving cavity provided thereby. Both the body
      portion 17 and the enlarged outer end portion 22 are of generally circular
      cross section so that the shank 12 is conveniently formed from cylindrical
      tubing stock.
PAR  As best seen in FIGS. 3-5, the tool bit receiving socket 14 is of generally
      circular cross section and has a body portion 34 seated in the enlarged
      cavity of the end portion 22 of the tubular shank 12. To provide firm
      support against axial movement inwardly of the cavity 30, a
      circumferential collar 24 adjacent the outer end of the socket 14 seats
      against the shank end wall 42, and the inwardly tapered inner end 32 of
      the socket 14 seats against the internal shoulder 46 of the shank 12, as
      best seen in FIG. 5. Thus the socket 14 is supported against longitudinal
      forces by the abutment of two pairs of surfaces. To prevent relative
      rotation, the socket 14 is provided with a multiplicity of axially
      extending ribs 36 on the outer surface of the body portion 34 which bite
      into the surface of the inner wall 52 of the shank end portion 22 when the
      socket 14 is driven thereinto.
PAR  The socket 14 has an outwardly opening cavity 48 of generally hexagonal
      cross section in which is seated the cooperatively configured body portion
      26 of the tool bit 16, which has its inner end 54 abutting the bottom wall
      50 of the socket cavity 48. The work engaging portion 28 of the tool bit
      16 extends outwardly of the socket cavity 48, and this will vary in
      configuration and dimensioning depending upon the tool bit selected for
      seating therein. Thus the cooperating hexagonal cross sections of the
      socket cavity 48 and the body portion 26 of the tool bit 16 prevent the
      bit 16 from rotating with respect to the socket 14, and the abutment of
      the inner end 54 of the tool bit 16 with the cavity wall 50 limits the
      displacement longitudinally into the socket 14.
PAR  To retain the bit 16 against inadvertent disassembly, the socket 14 is
      provided with releasable tool bit retaining means comprising a peripheral
      groove 44 adjacent the outer end of the wall 56 defining the cavity 48. A
      resilient split ring 38 is seated in the groove 44 and in a peripheral
      groove 40 of the tool bit 16 to provide a snap engagement upon insertion
      of the tool bit 16 into the socket cavity 48. This prevents the bit 16
      from being inadvertently discharged from the socket cavity 48 although the
      ring 38 may be spread readily when desired to draw the bit outwardly by
      applying sufficient force to cam the ends of the ring apart.
PAR  It can be seen that the tool is readily fabricated by forming a length of
      tubular stock of cylindrical configuration to provide the polygonal cross
      section at one end and expanding the other end to provide the enlarged end
      portion. The socket is conveniently cast into the desired configuration
      and machined to provide the split ring seating recess although it may be
      machined in its entirety. The socket is driven into the enlarged end
      portion of the shank to seat the collar firmly against the end of the
      shank and the tapered shoulder at the inner end against the shoulder
      formed at the juncture of the enlarged end portion with the body portion.
      Either before or after assembly of the socket with the shank, the split
      ring can be inserted into the groove within the bit receiving cavity.
      Lastly, the shank is assembled within the handle. The bits can be inserted
      and removed as desired.
PAR  Although the preferred cross section for the enlarged end portion of the
      shank and socket is circular because of ease of fabrication and assembly,
      a polygonal or other curvilinear configuration may be employed if so
      desired and this could minimize the need for axial ribs to prevent
      relative rotation. The socket may be secured within the shank by
      additional means including adhesives and tack welding, and the tubing can
      be rolled about the body portion of the socket to increase interengagement
      if so desired.
PAR  Various means for releasably retaining the tool bits within the socket can
      be employed including resilient O-rings, compressible sleeves, and magnets
      to provide the desired degree of retention within the cavity.
PAR  Thus, it can be seen from the foregoing specification and drawing that the
      tool assembly of the present invention is lightweight yet strong, and
      highly effective to seat interchangeable tool bits. The assembly may be
      simply, readily and inexpensively fabricated and permits use of tubular
      stock for the shank element.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. A tool assembly for releasably retaining interchangeable tool bits
      comprising a handle member having a cavity of polygonal cross section, a
      tubular shank having a cavity extending therethrough with one end portion
      having a polygonal cross section complementary with said cross section of
      said handle member cavity and snugly seated therewithin, the other end
      portion of said shank of greater width than the adjacent body portion to
      provide an enlarged end portion defining an internal peripheral shoulder
      at the juncture thereof generally facing the open end of said enlarged end
      portion; a tool bit receiving socket having a body portion seated in the
      cavity of said other end portion of said shank and having an external
      collar at its outer end seated against said open end of said shank, said
      socket having its inner end abutting said internal shoulder of said shank,
      said socket having a tool bit receiving cavity opening at its outer end
      and releasable tool bit retaining means and an outwardly facing shoulder
      in said cavity both spaced inwardly from the open end thereof; and a tool
      bit having a body portion seated in said socket cavity and a work engaging
      portion outwardly thereof, said body portion abutting said socket shoulder
      to limit movement inwardly of said socket cavity, said releasable
      retaining means releasably engaging said body portion of said tool bit to
      retain it within said cavity.
NUM  2.
PAR  2. The tool assembly of claim 1 wherein said tool bit receiving cavity has
      a generally polygonal cross section and wherein said body portion of said
      seated tool bit has a cooperating polygonal cross section and seats snugly
      therewithin.
NUM  3.
PAR  3. The tool assembly of claim 1 wherein said outwardly facing shoulder of
      said tool bit receiving cavity is the bottom wall defining said cavity.
NUM  4.
PAR  4. The tool assembly of claim 1 wherein said tool bit has a peripheral
      groove in said body portion thereof and wherein said retaining means
      comprises a resilient split ring seating in said groove of said tool bit
      and a cooperating groove in the tool bit receiving cavity.
NUM  5.
PAR  5. The tool assembly of claim 1 wherein said body portion of said tubular
      shank, said enlarged end portion thereof, and said tool bit receiving
      socket are all of generally circular cross section.
NUM  6.
PAR  6. The tool assembly of claim 5 wherein said body portion of said socket
      has a plurality of axially extending ribs on the outer surface thereof
      interengaged with the wall of said shank defining said enlarged end
      portion.
NUM  7.
PAR  7. The tool assembly of claim 1 wherein said body portion of said tubular
      shank, said enlarged end portion thereof, and said tool bit receiving
      socket are all of generally circular cross section and wherein said body
      portion of said socket has a plurality of axially extending ribs on the
      outer surface thereof interengaged with the wall of said shank defining
      said enlarged end portion thereof; wherein said tool bit receiving cavity
      has a generally polygonal cross section and said body portion of said
      seated tool bit has a cooperating polygonal cross section and seats snugly
      therewithin; and wherein said outwardly facing shoulder of said tool bit
      receiving cavity is the bottom wall defining said cavity.
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PAL  Improvements are provided in the method of manufacturing a ring-shaped part
      by machining a segment of vulcanized fibre tubing having a predetermined
      wall thickness and a waste portion adjacent one end of the segment. The
      wall thickness is reduced in an axially extended region of the waste
      portion that is spaced from the end of the segment, and a chucking lip,
      which projects above the adjacent surface of the reduced wall thickness
      region, is provided intermediate that region and the end of the segment.
      An annular stop shoulder is provided in the segment surface opposed to the
      surface which incorporates the chucking lip, whereby a floating mandrel
      may be positioned against the shoulder to provide support for the tube
      wall when it is clamped at the chucking lip.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the machining of vulcanized fibre tubing.
PAR  Because of its unique properties, vulcanized fibre has become the
      predominant, or even sole, material from which various items are
      manufactured. Other of its properties, however, make it a difficult
      material to machine, especially where high precision is required of the
      part to be manufactured (e.g., "rotating bands" for artillery shells).
PAR  As is well known to those experienced in the machining of vulcanized fibre
      materials, such materials are difficult to machine with precision for
      various reasons, including their tendency to deform in response to forces
      applied by whatever mechanism is employed to hold the vulcanized fibre
      material (e.g., a lathe chuck). This problem is particularly acute, of
      course, where close tolerances are required. Heretofore, the manufacture
      of such parts has involved the feeding of elongated (e.g., 30 inches)
      tubes of vulcanized fibre through the hollow spindle of a lathe, clamping
      the tube around the exterior surface with a short (e.g., 3 inch) segment
      projecting from the chuck, and performing the necessary turning and final
      cut-off operations with tools supported on a lathe turret. It has been
      discovered that with this technique the projecting segment of the tube is
      deformed by the pressure of the chuck jaws. Upon completion of the
      ring-shaped part and cut-off from the remainder of the tube, the part
      resumes its original, unstressed configuration. Since the cuts were made
      in the deformed shape of the material, the resulting part often deviates
      from the required tolerances.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is a principal object of the present invention
      to provide a technique of machining tubular vulcanized fibre that
      facilitates the manufacture of high precision ring-shaped parts.
PAR  According to the present invention, improvements are provided in the method
      of manufacturing a ring-shaped part of predetermined axial length by
      machining a segment of vulcanized fibre tubing having a predetermined wall
      thickness and a waste material portion adjacent one end of the segment.
      According to the invention, preliminary machining of the segment waste
      portion precedes the actual machining of the ring-shaped part. That
      preliminary machining includes the reducing of the tube wall thickness in
      an axially extended region of the waste material portion; providing a
      chucking lip intermediate that reduced wall thickness region and the
      segment end, the lip projecting above the adjacent surface of the reduced
      wall thickness region; and providing an annular stop surface that is
      spaced from the segment end in the surface of the segment wall opposed to
      the segment surface which incorporates the chucking lip and that is
      perpendicular to the tube axis. With these preliminary steps, stop surface
      may be used for positioning a floating mandrel that resists the
      compressive force of chuck jaws that engage the chucking lip, thereby
      substantially reducing the deformation of the vulcanized fibre tube after
      it has been chucked. The region of reduced wall thickness provides a
      region of increased tube flexibility which can absorb any residual tube
      deformation caused by the chucking arrangement and thereby isolate the
      portion of the segment to be machined into the ring-shaped part from any
      distortion that remains despite the improved chucking technique.
PAR  In preferred embodiments of the invention the reduced thickness region and
      the chucking lip together occupy substantially the entirety of the waste
      region; the lip is provided on the exterior surface of the tube segment;
      and the axial length of the reduced thickness region is between about
      one-half inch and about 1 inch.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects, features, and advantages of the invention will appear from
      the following description of a particular preferred embodiment, taken
      together with the accompanying drawing. In the drawing:
PAR  FIGS. 1A, 1B, and 1C illustrate steps in the preparation of a segment of
      vulcanized fibre tubing for precision machining in accordance with the
      present invention; and
PAR  FIG. 2 is an enlarged sectional view, similar to FIG. 1C, taken through the
      axis of the segment of vulcanized fibre tubing.
DETD
PAC  DETAILED DESCRIPTION OF A PARTICULAR PREFERRED EMBODIMENT
PAR  FIGS. 1A, 1B, and 1C illustrate steps in the preparation of a tubular
      segment of "slug" 10 from which a ring-shaped part is to be manufactured.
      The slug 10 is a tube of vulcanized fibre having an O.D. of 4.365 inches,
      a wall thickness of approximately 5/16 inch, and a length of approximately
      31/2 inches. One type of ring-shaped part (i.e., a rotating band for an
      artillery shell) has a finished axial length of about 2 inches. There is
      thus provided a waste material region, W, adjacent one end of the slug 10.
      The method according to the present invention concerns preliminary
      machining of this waste region, W, to facilitate high precision machining
      of the remainder of the slug to produce the required part.
PAR  In accordance with the present invention, the slug 10 is first chucked,
      between conventional chuck jaws 12 and a mandrel 16, to expose the waste
      end, W, for preliminary machining thereof (see FIG. 1B). After the
      preliminary machining, the slug 10 is reversed so that the jaws 12 engage
      a chucking lip 14 (discussed below in connection with FIG. 2), with the
      floating mandrel 16 now inserted into the waste portion, W, to resist
      distortion which might be produced by the force of the jaws 12.
PAR  The machining of the waste portion, W, and the effect thereof in
      eliminating distortion in the remainder of the slug 10, may be best
      described with reference to FIG. 1. The waste portion, W, is turned to
      provide a chucking lip 14 adjacent an end 18 of the cylindrical slug and a
      reduced wall thickness region 20 adjacent the chucking lip 14. At least a
      portion of the wall thickness reduction is provided by lowering the
      exterior surface 22 of the region 20 by an amount (e.g., 1/32 inch)
      sufficient to prevent inadvertent contact of a jaw 12 with the surface 22.
      An annular stop surface 24 is provided in the inside surface of the tube
      in a plane perpendicular to the tube axis. The stop surface 24 provides an
      abutment surface for the mandrel 16, which is inserted into the end of the
      tube with its surface 25 aligned with the jaws 12.
PAR  In one preferred embodiment waste material portion, W, has an axial length
      of about 13/8 inches, the chucking lip 14 has an axial length of about one
      fourth inch, the stop surface 24 is spaced about 5/16 inch from the slug
      end 18, and the region 20 has an axial length of about 1 inch. In an
      alternative embodiment (not shown) the axial length of the region 20 may
      be reduced (e.g., one-half inch) to reduce the size of the waste material
      portion, W. The mandrel 16 is supported to be generally centered within
      the chuck jaws 12, but is "floating" so that it does not impose a
      constraint on the positioning of the slug 10. In one preferred form, the
      mandrel 16 is supported by an elongated rod 26 which is cantilevered from
      fixed structure (not shown) disposed within the lathe head (not shown).
PAR  As will be appreciated by those skilled in the art, the provision of the
      chucking lip and the stop surface combine to facilitate a distortion-free
      chucking of the vulcanized fibre slug 10. The reduced thickness portion
      20, owing to its increased flexibility, serves to isolate the workpiece
      portion of the slug 10 from any residual distortion.
PAR  While a particular embodiment of the invention has been illustrated in the
      accompanying drawing and described in detail herein, other embodiments are
      within the scope of the invention and the following claims.
CLMS
NUM  1.
PAR  1.  In the method of manufacturing a ring-shaped part of predetermined
      axial length by machining a segment of vulcanized fibre tubing having a
      predetermined wall thickness, said segment having a waste material portion
      adjacent one end thereof, the improvement comprising the preliminary steps
      of
PA1  reducing said wall thickness in an axially extended region of said waste
      material portion that is axially spaced from said one segment end,
PA1  providing a chucking lip intermediate said region and said one segment end,
      said lip projecting above the adjacent surface of said region, and
PA1  providing an annular stop surface spaced from said one segment end in the
      surface of said segment wall opposed to the segment surface that
      incorporates said chucking lip.
NUM  2.
PAR  2. The improvement of claim 1 wherein said region and said lip have a
      combined axial length equal to at least a major portion of the axial
      length of said waste material portion.
NUM  3.
PAR  3. The improvement of claim 1 wherein said lip is provided on the exterior
      surface of said segment.
NUM  4.
PAR  4. The improvement of claim 3 wherein said predetermined axial length of
      said part is about 2 inches, said lip has an axial length of about
      one-fourth inch, and said region has an axial length of between about
      one-half inch and about 1 inch.
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ABST
PAL  Guide means are provided to guide a boring bar to provide a concentric
      opening in a work piece. The boring bar is in the form of a hollow sleeve
      which is guided by a separable guide pin fixed to a work table and which
      telescopes into the sleeve as the boring bar moves into the work piece. In
      one embodiment, a guide element projects inwardly into the opening in the
      sleeve to engage the guide pin. In another embodiment a roller bearing has
      a portion of its periphery projecting through a slot in the boring bar
      into the interior of the sleeve to engage the telescoping guide pin. Use
      of the hollow boring bar and the telescopic guide pin minimizes the length
      which otherwise would be required for a boring bar with guide means.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention is a further development of the subject matter of my
      U.S. Pat. No. 3,795,160 and application Ser. No. 505,393 filed Sept. 12,
      1974. The invention set forth in the foregoing patent and patent
      application utilize a separate guide sleeve which engages a guide element
      on the free end of the boring bar. The present invention omits the need
      for a costly sleeve and minimizes the length of the boring bar to thus
      reduce the cost of such tool.
PAC  SUMMARY OF INVENTION
PAR  The invention provides a hollow tubular boring bar which is guided by a
      telescopically received guide pin and a bearing or projection carried by
      the boring bar which engages the guide pin as it telescopes into the
      interior of the boring bar. The boring bar can thus be of a length less
      than that disclosed in my previous patent. Reducing the length of the
      boring bar also minimizes the whip associated with rotation of the bar.
      Furthermore, the cylindrical guide pin is considerably less expensive than
      a machined guide bushing as shown in my prior patent.
PAR  Further objects, advantages and features of the invention will become
      apparent from the following disclosure.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a vertical sectional view showing a boring bar and guide pin in
      accordance with the invention.
PAR  FIG. 2 is a fragmentary view similar to FIG. 1 showing a modified
      embodiment of the invention.
PAR  FIG. 3 is a fragmentary view of a boring bar with a longitudinal slot.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although the disclosure hereof is detailed and exact to enable those
      skilled in the art to practice the invention, the physical embodiments
      herein disclosed merely execmplify the invention which may be embodied in
      other specific structure. The scope of the invention is defined in the
      claims appended hereto.
PAR  The boring bar 10 is provided with a hollow bore 12 which provides an
      integral sleeve portion 14. The boring bar is provided with a cutting tool
      16 which projects generally radially from the boring bar and is secured by
      fasteners 15 in a cross bore 17. The boring bar can also be reduced in
      diameter at 18 to facilitate guided deflection by the guide means as
      subsequently described. A longitudinal slot 19 in the wall of the boring
      bar provides a weakened zone to further enable guided deflection of the
      boring bar 10.
PAR  In accordance with the invention, a separable guide pin 20 is supported on
      a work table 22 and has a free end 24 which projects into the drilled hole
      26 of the work piece 28. The guide pin 20 is received in the bore 12 as
      the boring bar travels into the work piece 28. The boring bar is guided by
      a ball bearing 30 which is rotatably supported for rotation about an axis
      32 parallel to and offset from the axis of the boring bar and within the
      wall 14. The bearing projects through a slot 34 into the bar 12 for
      engagement with the exterior surface 36 of the guide pin 20.
PAR  FIG. 2 shows a modified embodiment in which a pin 40 projects an aperture
      42 in the boring bar with a round nose 43 which engages the surface 36 of
      the guide pin 20. The pin 40 can be provided with a threaded shank 44
      which is threadably received in a counter bore 46. Lock screw 48 can be
      employed to secure the pin 40 in the desired position.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for boring holes including a rotatable and longitudinally
      movable boring bar having a free end and a generally radially projecting
      work tool for engaging and removing material from a bore in a work piece,
      the improvement comprising wall means defining an axial opening in said
      boring bar and a guide element separate from said boring bar and
      telescopically receivable in said opening, and guide means on said boring
      bar projecting inwardly into said axial opening and engageable with said
      guide element.
NUM  2.
PAR  2. The improvement of claim 1 wherein said guide means comprises a pin
      mounted in the wall of said boring bar and projecting inwardly for
      engagement with said guide element.
NUM  3.
PAR  3. The improvement of claim 1 including a slot in said wall means and
      wherein said guide means comprises a roller bearing having a portion of
      its periphery projecting inwardly into the axial opening in said boring
      bar through said slot and having an axis of rotation parallel to the axis
      of said boring bar.
NUM  4.
PAR  4. The improvement of claim 1 wherein said boring bar has a longitudinal
      slot in the outer wall to facilitate guided deflection by said guide means
      and guide element.
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ABST
PAL  An automatic camshaft lathe having a plurality of machining tools mounted
      on tool slides fed and oriented by cam-actuated mechanical transmissions
      and located to simultaneously machine a plurality of cam surfaces on
      camshafts mounted at two machining stations in the lathe. The two
      machining stations are arranged symmetrically relative to the longitudinal
      vertical centerplane of the lathe. A single shaft mounted above the
      respective machining stations supports and drives the feed and orienting
      cams for the tool slides at each machining station. A common gear train
      drives the shafts operating the control cams for each machining station.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to automatic lathes for shaping multiple cams all
      disposed on the same shaft, such as the lathes used for the production of
      camshafts of internal combustion engines.
PAR  2. Description of the Prior Art
PAR  Cam turning usually precedes a truing step and requires double guiding of
      the tool, which must move radially to produce the cam profile and
      angularly in the cutting plane to give a constant cutting angle whatever
      the cam profile may be, the tool axis being continuously oriented along
      the profile radius passing through the tool tip. These complex movements
      are usually produced by cams which act simultaneously on tool slide
      movements by wasy of a mechanical transmission comprising levers and
      slideways.
PAR  In some lathes of this kind the workpiece, if a camshaft, is retained
      conventionally between centers and the cams are machined simultaneously
      through the agency of a group or set of tool slides, the cams which
      provide axial and radial guiding of the tool slides being respectively
      disposed on two parallel shafts; the camshaft to be machined is in this
      case borne by its bearing surfaces being cradled in support members, to
      obviate bending of the camshaft.
PAR  The master guide cams must be disposed near the tool, to ensure that the
      motion is transmitted with adequate rigidity, and are usually to a
      multiple scale of the cams of be machined, for improved accuracy and for
      improved stiffness of the shafts bearing the cams, such shafts being
      subject to the bearing reactions of the tool slides during cutting. The
      resulting guide-camshafts are bulky, and their nearness to the tool
      restricts access to the tool slides and makes it difficult to supply and
      remove workpieces in automatic cycles. The restricted accessibility also
      hampers swarf removal, since the swarf may jam between the cams and the
      rollers and thus cause damage and rejects, so that it is difficult to
      produce long runs.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to obviate these disadvantages; the
      invention therefore relates to an automatic camshaft lathe which can
      operate continuously and automatically on long runs but which is readily
      adaptable to various kinds of workpiece.
PAR  The automatic camshaft lathe according to this invention is of the kind
      comprising multiple tools disposed on tool slides fed and oriented through
      the agency of a mechanical transmission and of feed and orienting cams,
      with cradling of workpieces retained between two centers, wherein the
      lathe comprises a longitudinal beam which is rigidly secured to the frame
      and disposed substantially above the workpiece and on which a single shaft
      is suspended, the feed and orienting cams being disposed in side-by-side
      relationship on the single shaft.
PAR  Preferably, the lathe comprises tow machining stations which are
      symmetrical of one another relative to a vertical plane parallel to the
      axis of the workpieces, the tool slides of the second machining station
      being driven by the same drive line similarly to the tool slides of the
      first machining station by way of feed and orienting cams disposed in
      side-by-side relationship on a shaft suspended on a longitudinal beam
      which is rigidly secured to the frame and symmetrical of the first beam
      relative to the said vertical plane.
PAR  Advantageously, the workpiece cradles are so disposed between the
      workpieces in the plane of their axes that bearing pressures are mutually
      compensated for through the agency of known bearing means.
PAR  Preferably, the lathe has provision for moving the workpiece-retaining
      centers longitudinally, the tool slides moving only in fixed transverse
      planes so that axial feeding is by movement of the workpeices.
PAR  Preferably, each tool slide is guided by means of a feed and return lever
      actuated by a roller running on the feed cam and by an orienting rod
      pivoted to a tappet actuated by a roller rolling on the orienting cams,
      the two cams being disposed one beside another on the single shaft.
      Adjustable resilient means can act on the tool slide levers and rods to
      ensure that the rollers apply a constant pressure to the feed and
      orienting cams to compensate for thrust reactions on the tools due to
      cutting forces.
PAR  Preferably, each shaft bearing the feed and orienting cams is a tubular
      shaft rotatably mounted in a multiple-bearing support system secured to
      the beam which is rigidly secured to the frame. A drive shaft is threaded
      into and secured in the tubular shaft and can be keyed and centered
      therein just by way of its end bearing surfaces.
PAR  Advantageously, the tool slides of a single station are connected by
      rodding to a common actuator providing simultaneous lift-off of the tool
      slides at workpiece changing and simultaneous disengagement of the tools
      from the workpiece.
PAR  Preferably, a space is left below each workpeice for the passage of a
      cross-transfer device, for supplying and removing workpieces, and for the
      removal of swarf in a chute.
PAR  Advantageously, the workpieces are preoriented on the transfer device, the
      mandrel having been before machining, secured in rotation by an indexing
      device which is provided at each machining station and which is controlled
      directly by a proximity detector triggered by the position of the feed and
      guide cam shaft in dependance with the lathe drive line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more clearly understood from the study of an
      exemplary non-limitative embodiment shown in the drawings wherein:
PAR  FIG. 1 is an elevation view in partial section, with parts cut away,
      showing one machining station of a camshaft lathe according to this
      invention; and
PAR  FIG. 2 is a partial view in side elevation on line II--II of FIG. 1,
      showing the two symmetrical machining stations and the elements for
      guiding the tool slides.
DETD
PAC  DECRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the drawings, a camshaft lathe according to this invention
      comprises two machining stations 1, 2 which are so disposed symmetrically
      of a longitudinal vertical plane that two camshafts 3, 4 can be machined
      simultaneously. A beam 5 is rigidly secured to lathe frame 6 and includes
      parallel beam portions 5A, 5B disposed above the workpieces 3, 4,
      respectively. Alternatively, two separate beams 5A, 5B may be employed.
      Bearing brackets 7 are mounted on each beam portion and support a hollow
      shaft 8 rigidly secured to a drive shaft 9 as by a threaded coupling.
      Disposed on shaft 8 are feed cams 10 and guide cams 11 for controlling the
      guiding of tool slides 12 and tools 13 employed to machine workpieces 3,
      4.
PAR  The workpieces 3, 4 are retained axially in a conventional manner between
      two centers 14 which pneumatic actuators 15, 15b retain in the clamping
      position, actuator 15 being energized via a rotating fluid coupling or
      joint 16. The workpieces 3, 4 are rotated by a mandrel 58 driven by gear
      train 19.
PAR  As can be seen in FIG. 1, a motor 17 acts via transmission belts 18 to
      drive the gear train 19 which is responsible for rotating the workpieces 3
      and 4 and the shafts 9, 8.
PAR  The actuation of each machining station can be seen more particularly in
      FIG. 2. Since the two machining stations are symmetrical, only one of them
      will be described in detail, with identical reference numerals being
      employed to designate like parts at the two stations. A lever 20 pivoted
      around a stationary pivot 21 is connected to tool slide 12 near tool 13 by
      a pivot 22. At the end opposite pivot 22, lever 20 bears a roller 23
      running on the peripheral cam surface of feed cam 10. Consequently, in its
      oscillations around pivot 21, the lever 20 controls the advance and
      return, or feed, of tool slide 12, and therefore of tool 13, relatively to
      workpiece 3 in a plane normal to the axis of the workpiece. Lever 20 is
      therefore associated with generation of the profile of the cams on the
      workpiece 3.
PAR  A tappet 24 is mounted for sliding movement between the two opposed
      surfaces of a stationary guide member 25 to actuate a link 26 which is
      connected to tappet 24 via pivot 27 and to the top part of tool slide 12
      via pivot 28. At the end remote from pivot 27 tappet 24 comprises a roller
      29 running on the peripheral cam surface of orienting cam 11. In its
      rotation, therefore, cam 11 varies the inclination or tilt of tool slide
      12 within the plane normal to the axis of workpiece 3 and thus controls
      the inclination or tilt of tool 13 in accordance with the profile of the
      cam to be machined, so that the geometry of tool 13 is always oriented in
      accordance with the profile of the cam being machined on camshaft 3.
PAR  Tappet 24 is formed with a groove or channel 30 cooperating with a roller
      31 positioned therein and rigidly secured to a bell crank lever 32 pivoted
      to a stationary pivot 33. A roller 34 acted on by a spring 35 so biases
      lever 32 that roller 29 is always biased into contact with guide cam 11 so
      as to follow the profile thereof. Similarly, a pressing roller 36 acts via
      a spring 37 om lever 20 to continuously urge roller 23 into contact with
      the cam surface of feed cam 10 to compensate for the thrust reaction of
      tool 13, such reaction tending to disengage tool slide 12 and roller 23
      from cam 10.
PAR  From the above, it is seeen that the tool slide 12, which moves in a
      transverse vertical plane relative to the longitudinal axis of workpiece
      3, has its position and inclination relatively to the workpiece
      continuously controlled by cams 10, 11 during the machining operation.
      Spindles 38 rigidly secured to the top end of tool slides 12 are
      connected, by way of an elongated aperture 40 in connecting rods 39, the
      aperture 40 enabling the rods to move when the tool slides 12 move, to a
      guide member 41 which is mounted for sliding movement relative to frame 6
      by a lift-off actuator 42 for simultaneous withdrawal of the tools against
      the force of springs 35, 37 at workpiece changing and for tool adjustments
      and tool changing. A similar actuator-controlled lift-off arrangement is
      provided to simultaneously withdraw the tool slides at the other machining
      station.
PAR  The system embodied by a single tool slide 12 and its actuation mechanism,
      including the lever 20, rod 26, tappet 24 and lever 32, is disposed as a
      compact subassembly mounted between spaced parallel walls 43 which can be
      seen in FIG. 1 and which are bolted to cross members 44. The assembly is
      supported on the frame 6 by longitudinal bar 45 and a transverse support
      member 50 (visible in FIG. 2) and is bolted to frame 6 with the
      interposition of a plate 44b rigidly secured to one of the cross members
      44. Consequently, the compact machining assemblies can readily be removed
      laterally, individually or in groups, for servicing or if only some of the
      tools are required to operate.
PAR  The workpieces 3, 4 are supported during the machining operation by cradles
      46 which are engaged with the workpieces 3 and 4 by a common actuator 47
      and which are disposed on spindles 48 slinding in guide runners or the
      like 49 which, in turn, are rigidly secured to the member 50 and act as
      limit devices for the spindles 48.
PAR  Referring more particulary to FIG. 1, there is a space below the workpieces
      3, 4 through which swarf can drop into chutes 51. An automatic transfer
      device 52 for the automatic supply and removal of workpieces is mounted
      for movement within this space also.
PAR  The individual workpieces are therefore placed on the transfer device 52
      and are preoriented in rotation. With the tool slides 12 withdrawn by the
      lift-off assembly 42 and with the cradles 46 withdrawn through the agency
      of actuator 47, the workpieces are positioned by the device 52 between the
      centers 14, which are then moved towards one another by the pneumatic
      actuators 15, 15b. The orientation of the workpieces being loaded is
      controlled by an indexing device 53 in the form of a key, visible in FIG.
      1, rigidly secured to the main spindle and adapted to fit in a slot formed
      in one end of the cam shaft 3. Main spindle orientation is under the
      direct control of a proximity detector 54 which is triggered by the
      position of drive shaft 9 connected to gear wheel 55. Accurate securing of
      the workpieces in the proper rotative position is therefore accomplished
      in dependence upon the rotative position of the drive gear chain 19. As
      can be seen in FIG. 1, the tool slides 12 move only in a transverse
      vertical plane, axial feeding, i.e., relative movement of the tools 13 and
      the workpieces 3, 4 in a direction parallel to the longitudinal axis of
      the workpieces, being by a longitudinal movement of the centers 14 and of
      the mandrel 58, so that a toothed rack (not shown) moves the workpieces 3,
      4 in the direction indicated by an arrow 57 against the bias of the
      hydraulic actuator 56.
PAR  In the embodiment described, half the cams on each workpiece 3, 4 are
      machined simultaneously, as can be seen in FIG. 1. This feature makes it
      possible to use wide, rigid and rugged tool slides 12 and control cams 10,
      11 while simultaneously cutting down machining time. In this case, the two
      symmetrical machining stations of the lathe according to the invention can
      provide either two identical machining operations simultaneously or
      complete machining of all the cams of one workpiece in two consecutive
      overlapping operations. Changeover between machining stations can readily
      be provided by the transfer device. This duplication helps to simplify and
      improve lathe performances.
PAR  This invention therefore provides automatic camshaft lathes which are of
      very simple construction as the result of the symmetrical nature of the
      lathe, and so first costs are definitely lower than for known lathes.
      Also, since the tool slides, their guide elements and the master camshaft
      and its support system are devised as compact, readily accessible and
      releasable units, they can be rapidly exchanged for units which have been
      preset outside the lathe, with a consequent reduction in lathe down time.
      The control of tool slide movements by pivots and levers is simple,
      rugged, free from backlash and hard-wearing, as compared with conventional
      slideway controls and drives.
PAR  The tool slides, their guiding elements and the single shaft on which the
      master cams are disposed are very accessible and are out of the way of
      swarf, which is removed just by dropping into the chute, thus obviating
      the need for any manual cleaning.
PAR  The cradling of the workpieces on independent rests between two workpieces
      reduces lathe size and first cost. This feature enables the rests to be
      positioned simultaneously on the two workpieces by a single actuator. The
      fact that the actuator is disposed centrally is another feature improving
      access to the workpieces for checking their machining. Also, the fact that
      tool reaction forces are diverted to stops rigidly secured to the lathe
      frame improves accuracy by reducing bending of the workpieces being
      machined, thus reducing tool wear and improving product quality.
PAR  The tool slides are of much simpler construction than those of known
      lathes, and tool slide rigidity is improved by the axial feed movement of
      the workpiece, such movement being provided by this invention in a very
      simple manner.
PAR  This invention therefore lends to a very rugged and simple machine which is
      cheaper than the known machines and has the advantage thereover of being a
      compact machine from which swarf can be removed readily and in which a
      cross transfer device can supply and remove the workpieces automatically.
      The automatic camshaft lathe according to this invention can
      satisfactorily provide high output automatic machining together with very
      flexible adjustment and a wide range of adaptation.
PAR  While we have disclosed a preferred embodiment of our invention, we wish it
      understood that we do not intend to be restricted solely thereto, but
      rather that we do intend to include all embodiments which would be
      apparent to one skilled in the art and which come within the spirit and
      scope of our invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic lathe assembly for supplying elongated workpieces at
      machining stations in a lathe, simultaneously machining separate surfaces
      at a plurality of spaced work stations along the length of said elongated
      workpieces supported at machining stations in said lathe, and removing
      said machined workpieces from said machining stations, said automatic
      lathe comprising at each work station a tool slide having a machining tool
      thereon and mounted for movement by mechanical transmission means operably
      connected thereto, driven tool feed and tool orienting cams for actuating
      said mechanical transmission means to feed and orient said tool slides and
      the machining tools mounted thereon, and workpiece supporting means
      including opposed members for mounting therebetween the elongated
      workpieces for rotation about their longitudinal axes at a first machining
      station in said lathe, said lathe further comprising longitudinally
      extending support beam means extending above a workpiece at said first
      machining station, bearing bracket means rigidly mounted on and projecting
      downwardly from said beam means, a first shaft supported in spaced
      relation below said beam means by said bearing bracket means for rotation
      about its longitudinal axis extending parallel to and spaced above the
      axis of a workpiece mounted at said first machining station, one each of
      said feed and said orienting cams being coaxially mounted on said first
      shaft for rotation therewith in side-by-side relation to one another at
      each said work station along the workpiece at said first machining station
      and substantially above said workpiece, said mechanical transmission being
      located substantially above said workpiece with only said tool slide and
      the machining tool thereon extending down to said workpiece thereby
      leaving below said workpiece an unobstructed space; drive means for
      simultaneously rotating said shaft and said workpiece about their
      longitudinal axes and; means for moving said workpiece supporting means
      longitudinally during machining of said workpieces so that axial feeding
      is accomplished by movement of the workpieces; and automatic cross
      transfer means for automatically supplying and removing workpieces
      positioned into said unobstructed space, said transfer means including
      means for positioning and removing directly said workpieces between said
      supporting means.
NUM  2.
PAR  2. The lathe as defined in claim 1 wherein each said tool slide and the
      machining tool mounted thereon and the mechanical transmission means
      associated therewith comprise preassembled subassemblies each adapted to
      be rigidly mounted on and removed laterally from said lathe as a unit.
NUM  3.
PAR  3. The lathe as defined in claim 1 further comprising a swarf storage
      container positioned below said machining station, chute means for
      directing swarf falling by gravity from said work stations into said swarf
      storage container, said chute being spaced below said work stations, said
      work transfer means being mounted for movement within the space between
      said work stations and said chute for moving a workpiece into and out of
      said first machining station.
NUM  4.
PAR  4. The automatic lathe as defined in claim 1 wherein said lathe further
      comprises a second shaft supported in spaced relation below said beam
      means by said bearing bracket means for rotation about its longitudinal
      axis extending parallel to the axis of said first shaft, said workpiece
      supporting means including means for mounting a second workpiece at a
      second machining station for rotation about its longitudinal axis parallel
      to a workpiece at said first machining station, said work stations being
      disposed along each said machining station for simultaneously machining a
      plurality of separate surfaces on workpieces mounted at said first and
      said second machining stations, and one of said feed and said orienting
      cams being coaxially mounted on said second shaft for rotation therewith
      in side-by-side relation to one another at each said work station along
      the workpiece mounted at said second machining station, said drive means
      being operable to rotate said first and said second shafts and the
      workpieces mounted at said first and said second machining stations
      simultaneously, said first and second machining stations being located at
      substantially the same level whereby said mechanical tranmission is
      located substantially above the workpieces at each said machining station
      thereby leaving said unobstructed space therebelow.
NUM  5.
PAR  5. The lathe as defined in claim 4 wherein said mechanical transmission
      means at each said machining station is operable to move said tool slides
      only in planes extending transverse to the longitudinal axis of said first
      and second shafts, and wherein said workpiece supporting means comprises a
      pair of opposed centers mounting the workpiece at each said machining
      station for rotation about their longitudinal axes extending parallel to
      the axes of said shafts, and feed means operable to move said centers
      parallel to the longitudinal axis of said workpiece axes to feed said
      workpieces axially past said machining tools at the work stations along
      each said machining station.
NUM  6.
PAR  6. The lathe as defined in claim 4 wherein each said tool slide and the
      machining tool mounted thereon and the mechanical transmission means
      associated therewith comprise preassembled subassemblies each adapted to
      be rigidly mounted on and removed laterally from said lathe as a unit.
NUM  7.
PAR  7. The lathe as defined in claim 4 further comprising a first actuator
      spaced above said tool slides along said first machining station, a second
      actuator spaced above said tool slides along said second machining
      station, withdraw coupling means operatively connecting each said tool
      slide along said first machining station to said first actuator and for
      connecting each said tool slide along said second machining station to
      said second actuator, said actuators being operable to simultaneously
      withdraw said tool slides connected thereto to facilitate removal and
      installation of workpieces.
NUM  8.
PAR  8. The lathe as defined in claim 4 further comprising a swarf storage
      container positioned below said machining station, chute means for
      directing swarf falling by gravity from said work stations into said swarf
      storage container, said chute being spaced below said work stations, and a
      work transfer device mounting for movement within the space between said
      work stations and said chute for moving a workpiece into and out of said
      first machining station.
NUM  9.
PAR  9. The lathe as defined in claim 1 wherein said mechanical transmission
      means for moving each said tool comprises a tool slide operably connected
      to a lift-off means through a guide member mounted for sliding movement
      relative to said frame, a feed lever mounted for pivotal movement around a
      stationary pivot and having one end pivotally connected to said tool slide
      and its other end contacting said feed cam, and tappet means mounted for
      sliding movement in a stationary guide member and having one end
      contacting said orienting cam and its other end pivotally connected to
      said tool slide.
NUM  10.
PAR  10. The lathe as defined in claim 4 wherein said mechanical transmission
      means for moving each said tool comprises a tool slide operably connected
      to a lift-off means through a guide member mounted for sliding movement
      relative to said frame, a feed lever mounted for pivotal movement around a
      stationary pivot and having one end pivotally connected to said tool slide
      and its other end contacting said feed cam, and tappet means mounted for
      sliding movement in a stationary guide member and having one end
      contacting said orienting cam and its other end pivotally connected to
      said tool slide.
NUM  11.
PAR  11. In an automatic lathe for simultaneously machining separate surfaces at
      a plurality of spaced work stations along the length of elongated
      workpieces supported at machining stations in the lathe, said lathe
      including at each work station a tool slide having a machining tool
      thereon and mounted for movement by mechanical transmission means operably
      connected thereto, driven tool feed and tool orienting cams for actuating
      the mechanical transmission means to feed and orient said tool slides and
      the machining tools mounted thereon, and workpiece supporting means for
      mounting a workpiece for rotation about its longitudinal axis at a first
      machining station in said lathe, the improvement comprising longitudinally
      extending support beams means extending above a workpiece at said first
      machining station, bearing bracket means mounted on and projecting
      downwardly from said beam means, a tubular shaft supported in spaced
      relation below said beam means by said bearing bracket means for rotation
      about its longitudinal axis extending parallel to the axis of a workpiece
      mounted in said first machining station, said bearing bracket providing a
      multiple bearing support for said tubular shaft, one each of said feed and
      said orienting cams being mounted on said tubular shaft for rotation
      therewith in coaxial side-by-side relation to one another at each said
      work station along the workpiece at said first machining station, drive
      means including a drive shaft directly connected to said tubular shaft and
      gear means connecting said drive shaft and said workpiece support means
      for simultaneously rotating said shaft and said workpiece about their
      longitudinal axes, said bearing bracket means, said tubular shaft and said
      feed and orienting cams mounted thereon being adapted to be preassembled
      and mounted as a unit on said lathe, indexing means for positioning a
      workpiece in said workpiece suport means at said first machining station,
      said indexing means including proximity detector means operatively
      connected to said first shaft means for detecting the rotative position
      thereof, and means for positioning a workpiece on said workpiece support
      means in accordance with the rotative position sensed by said proximity
      detector means.
NUM  12.
PAR  12. In an automatic lathe for simultaneously machining separate surfaces at
      a plurality of spaced work stations along the length of elongated
      workpieces supported at machining stations in the lathe, said lathe
      including at each work station a tool slide having a machining tool
      thereon and mounted for movement by mechanical transmission means operably
      connected thereto, driven tool feed and tool orienting cams for actuating
      the mechanical transmission means to feed and orient said tool slides and
      the machining tools mounted thereon, and workpiece supporting means for
      mounting a workpiece for rotation about its longitudinal axis at a first
      machining station in said lathe, the improvement comprising longitudinally
      extending support beam means extending above a workpiece at said first
      machining station, bearing bracket means mounted on and projecting
      downwardly from said beam means, first and second shafts supported in
      parallel spaced relation below said beam means by said bearing bracket
      means for rotation about their longitudinal axis extending parallel to the
      axis of a workpiece mounted in said first machining station, one each of
      said feed and said orienting cams being mounted on said first shaft for
      rotation therewith in side-by-side relation to one another at each said
      work station along the workpiece at said first machining station, and
      drive means for simultaneously rotating said shaft and said workpiece
      about their longitudinal axes, said workpiece supporting means including
      means for mounting a second workpiece at a second machining station for
      rotation about its longitudinal axis parallel to a workpiece at said first
      machining station, said work stations being disposed along each said
      machining station for simultaneously machining separate surfaces on
      workpieces mounted at said first and said second machining stations, and
      one of said feed and said orienting cams being mounted on said second
      shaft for rotation therewith in side-by-side relation to one another at
      each said work station along the workpiece mounted at said second
      machining station, said drive means being operable to rotate said first
      and said second shafts and the workpieces mounted at said first and said
      second machining stations simultaneously, said mechanical transmission
      means being operable to move said tool slides only in planes extending
      transverse to the longitudinal axis of said first and second shafts, said
      workpiece supporting means including a pair of opposed centers mounting
      the workpiece at each said machining station for rotation about their
      longitudinal axes extending parallel to the axes of said shafts, and feed
      means operable to move said centers longitudinally of said workpiece axes
      to feed said workpieces axially past said machining tools at the work
      stations along said first and said second machining station, workpiece
      feeding and positioning cradle means disposed between said first and said
      second machining stations, and actuator means for moving said cradle means
      to simultaneously position a workpiece at each said machining station,
      said actuator means including independent stop means associated with each
      said machining station whereby a single actuator operation positions a
      workpiece at said first and said second machining stations.
NUM  13.
PAR  13. In an automatic lathe for simultaneously machining separate surfaces at
      a plurality of spaced work stations along the length of elongated
      workpieces supported at machining stations in the lathe, said lathe
      including at each work station a tool slide having a machining tool
      thereon and mounted for movement by mechanical transmission means operably
      connected thereto, driven tool feed and tool orienting cams for actuating
      the mechanical transmission means to feed and orient said tool slides and
      the machining tools mounted thereon, and workpiece supporting means for
      mounting a workpiece for rotation about its longitudinal axis at a first
      machining station in said lathe, the improvement comprising longitudinally
      extending support beam means extending above a workpiece at said first
      machining station, bearing bracket means mounted on and projecting
      downwardly from said beam means, a first shaft supported in spaced
      relation below said beam means by said bearing bracket means for rotation
      about its longitudinal axis extending parallel to the axis of a workpiece
      mounted in said first machining station, one each of said feed and said
      orienting cams being mounted on said first shaft for rotation therewith in
      side-by-side relation to one another at each said work station along the
      workpiece at said first machining station, and drive means for
      simultaneously rotating said shaft and said workpiece about their
      longitudinal axes, said workpiece supporting means including means for
      mounting a second workpiece at a second machining station for rotation
      about its longitudinal axis parallel to a workpiece at said first
      machining station, said work stations being disposed along each said
      machining station for simultaneously machining separate surfaces on
      workpieces mounted at said first and said second machining stations, and
      one of said feed and said orienting cams being mounted on said second
      shaft for rotation therewith in side-by-side relation to one another at
      each said work station along the workpiece mounted at said second
      machining station, said drive means being operable to rotate said first
      and said second shafts and the workpieces mounted at said first and said
      second machining stations simultaneously, said first and second shafts
      being tubular shafts, said tool feed cam and said tool orienting cam at
      each said work station along said first and second machining stations
      being mounted on said first and second shafts in coaxial side-by-side
      relation, said bearing bracket means providing a multiple bearing support
      for said first and second shafts, said bearing bracket means, said tubular
      shaft, and said feed and orienting cams mounted thereon and associated
      with the respective machining stations being adapted to be preassembled
      and mounted as a unit in said lathe, said drive means including a pair of
      drive shafts one directly connected to said first and second tubular
      shafts by threaded couplings, gear means operatively connecting said drive
      shafts and said workpiece support means for simultaneous rotation with
      said first and second tubular shafts, and indexing means for positioning
      workpieces in said workpiece support means at said first and second
      machining station, said indexing means including proximity detector means
      operatively connected to one of said shafts for detecting the rotative
      position thereof.
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ABST
PAL  A cylindrical tube having eccentric inner and outer cylindrical surfaces is
      rotated in a lathe about the axis of its outer cylindrical surface. The
      thickness of the tube at a relatively small spot is measured by an
      ultrasonic thickness gauge whose sensing portion is moved relatively
      slowly along the length of the tube as it rotates to cover substantially
      the entire surface of the tube along a helical measurement path. A tool
      bit is mounted adjacent to the sensing portion of the ultrasonic thickness
      gauge for machining the tube as it rotates. The tool bit is moved toward
      and away from the center of the tube by a feed screw which is driven by a
      servo motor. The servo motor is controlled in accordance with the output
      of the thickness gauge to control the depth of the cut made by the tool
      bit in direct proportion to the measured thickness of the tube wall
      adjacent to the tool bit, thereby reducing the eccentricity of the tube.
      An anti-gouge circuit automatically reduces the movement of the tool bit
      toward the tube when the measured thickness of the tube wall rises above a
      predetermined maximum thickness value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In industrial applications that involve relatively long rotating tubes,
      e.g. tubes which have a large length to diameter ratio, a problem has been
      encountered in the past due to the eccentricity between the inner and
      outer cylindrical surfaces of the tube. When such tubes are rotated at
      relatively high speeds, the eccentricity between the inner and outer
      cylindrical surfaces of the tube causes relatively high levels of
      vibration which adversely affects the operation of the machine above
      speeds where the vibrations occur. Although machining techniques are
      available for achieving a satisfactory degree of concentricity in short
      tubes, these techniques are not applicable to tubes whose length to
      diameter ratio exceeds 10, and accordingly, a need exists for a machining
      technique which is capable of substantially reducing the eccentricity
      between the inner and outer cylindrical surfaces in such long tubes.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, the above noted need is met by a novel
      machining method which includes the steps of:
PA1  A. rotating the tube about the axis of its outer cylindrical surface;
PA1  B. providing a thickness gauge which is capable of measuring the wall
      thickness of a relatively small spot on the tube while it is rotating;
PA1  C. moving the sensing portion of the thickness gauge relatively slowly
      along the length of the tube while it is rotating so as to measure the
      wall thickness of substantially all of the tube along a helical
      measurement path; and
PA1  D. removing material from the tube wall adjacent to the spot where the tube
      wall thickness is being measured, the depth of material removed from the
      tube wall being equal to the measured tube wall thickness at the adjacent
      spot minus a constant offset, which offset equals the tube wall thickness
      after machining.
PAR  The apparatus of this invention includes means for rotating the tube about
      the axis of its outer cylindrical surface, a thickness gauge of the type
      which is capable of measuring the wall thickness of a relatively small
      spot on the tube while it is rotating and which produces an output signal
      whose magnitude is proportional to the tube wall thickness at that spot,
      means for mounting the sensing portion of the thickness gauge adjacent to
      the tube to measure the wall thickness of the tube as it rotates,
      machining means for removing material from the tube wall at a spot
      adjacent to the thickness gauge, means for simultaneously moving the
      sensing portion of the thickness gauge and the machining means along the
      length of the rotating tube to measure and machine the wall thereof along
      a helical path, and servo drive means coupled between the output of the
      thickness gauge and the machining means to control the depth of machining
      in direct proportion to the magnitude of the measured tube wall thickness.
PAR  Further objects, advantages and features of the invention will become
      apparent from the following disclosure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view and block diagram of one
      illustrative embodiment of the apparatus of the invention.
PAR  FIG. 2 is a cross-sectional view showing the noneccentric tube which is
      being machined in the apparatus of FIG. 1 and the tool bit which is
      machining the tube.
PAR  FIG. 3 is a schematic circuit diagram of one illustrative amplifier and
      anti-gouge circuit of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although the disclosure hereof is detailed and exact to enable those
      skilled in the art to practice the invention, the physical embodiments
      herein disclosed merely exemplify the invention which may be embodied in
      other specific structure. The scope of the invention is defined in the
      claims appended hereto.
PAR  The method and apparatus of this invention are adapted to reduce the
      eccentricity of the inner and outer surfaces of relatively long tubes such
      as the tube 10 shown in FIGS. 1 and 2. Referring particularly to FIG. 2,
      the tube 10 has an outer cylindrical surface 12 whose central axis is
      indicated at point 14 and an inner cylindrical surface 16 whose central
      axis is indicated at point 18. The purpose of the method and apparatus of
      this invention is to machine a new outer cylindrical surface 20 which is
      more concentric with the inner cylindrical surface 16 than is the original
      outer cylindrical surface 12. This may be done with a lathe tool bit, a
      lathe milling machine, a cutting wheel or grinder, or any other suitable
      material removing apparatus. In the particular embodiment disclosed
      herein, a conventional lathe tool bit is used for the machining.
PAR  Referring to FIG. 1, the eccentric tube 10 is mounted for rotation within a
      lathe having a chuck 22 with jaws 24 for clamping the tube 10 for rotation
      about the axis 14 of its outer cylindrical surface 12. The lathe also
      contains a lathe carriage base 26 which is slideably mounted on lathe ways
      28 and is moved therealong by means of a feed screw 30, which may be
      rotated either manually or automatically by conventional means not shown
      in the drawing. A lathe carriage saddle 32 is slideably mounted upon the
      lathe carriage base 26 for movement transverse of the lathe bed. The lathe
      carriage saddle 32 may be moved manually by means of a feed screw 34 which
      is controlled by a hand wheel 36. A servo slide base 38 is rigidly mounted
      on the lathe carriage saddle 32 and a servo saddle 40 is slideably mounted
      on the servo slide base 38 for movement transverse to the lathe carriage
      bed. The servo slide saddle 40 is moved transversely by means of a feed
      screw 42 which is moved by a servo motor 44. The feed screw 42 can be
      connected to the servo slide saddle by a ball nut assembly mounted on the
      slide. A conventional tool holder or support 46 is mounted on the servo
      slide saddle 40 and supports a conventional tool bit 48. The tool bit 48
      may be moved toward and away from the center of the tube 10 by either the
      feed screw 34 or the feed screw 42. The feed screw 34 provides a manual
      adjustment for the tool bit 48 and the feed screw 42 provides a
      motor-driven adjustment for the tool bit 48 as will be explained
      hereinafter.
PAR  A lead rest 50 containing three rollers 52 is rigidly mounted to the lathe
      carriage base 26 for supporting the rotating tube 10 near the tool bit 48
      to insure that the tube 10 rotates about the axis 14 of its outer
      cylindrical surface 12 and to support the tube 10 adjacent to the tool bit
      48 to prevent chatter during the machining operation. The rollers 52 are
      spaced apart from each other by 120.degree. around the periphery of the
      lead rest 50 and one of the rollers 52 is preferably aligned with the tool
      bit 48 on the opposite side of tube 10 so as to provide maximum rigidity
      of the tube when it is being cut by the tool bit 48.
PAR  The lead rest 50 and rollers 52 thereof slide along the outer cylindrical
      surface 12 of the tube 10 as the lathe carriage base 26 moves
      longitudinally along the lathe ways 28. In order for the tube 10 to
      properly slide along the rollers 52 it is necessary for the outer
      cylindrical surface 12 of the tube 10 to have adequate cylindricity and it
      has been found that adequate cylindricity for the surface 12 can be
      achieved by centerless grinding prior to installing the tube 10 in the
      lathe. In some operations with, for instance, a tube of considerable
      length, the tube may be periodically fed through the hole in the chuck and
      the machining repeated.
PAR  In order to continuously measure the wall thickness of the tube 10 as it
      rotates, the sensing or transducer portion 54 of an ultrasonic thickness
      gauge is mounted on the lead rest 50 as close as possible to the tool bit
      48. The transducer portion 54 of the ultrasonic thickness gauge is coupled
      electrically to a thickness gauge circuit 56 which is operable to produce
      an electrical output signal indicating the thickness of the tube wall
      opposite the transducer 54.
PAR  The ultrasonic thickness gauge is a well known prior art thickness
      measuring instrument which sends ultrasonic waves through the wall of the
      tube and measures the thickness of the tube by measuring the time required
      for the ultrasonic waves to be reflected back from the inner surface of
      the tube. Since this thickness measurement is used as an indication of how
      much material is to be removed from the tube wall at that particular
      point, it is necessary to locate the ultrasonic transducer 54 as close to
      the tool bit 48 as possible. A coolant fluid conduit 58 is attached to the
      lead rest 50 with its open end terminating adjacent to the ultrasonic
      transducer 54 and the tool bit 48 for applying cutting tool coolant fluid
      to the rotating tube 10 immediately adjacent the ultrasonic transducer 54
      and the tool bit 48. The cutting tool coolant fluid is supplied by a
      conventional source which is not illustrated in the drawings. In addition
      to cooling the tool bit 48, the coolant fluid also acts as a coupling
      medium for ultrasonically coupling the transducer 54 to the wall of tube
      10.
PAR  The output of the thickness gauge circuit 56 is applied to a servo drive
      circuit 58 through an amplifier and anti-gouge circuit 60 whose function
      will be described hereinafter. The servo drive circuit 58 turns the servo
      motor 44 to an angular position which corresponds to the measured
      thickness of the tube wall 10 opposite the ultrasonic transducer 54. This
      turns the feed screw 42 for the servo slide saddle 40 and causes the tool
      bit 48 to be moved toward and away from the center of the rotating tube
      10. As the tube 10 rotates, any change in the tube wall thickness at the
      point under the ultrasonic transducer will cause the cutting tool bit 48
      to change position by precisely the same amount. An increase in tube wall
      thickness causes the cutting tool bit 48 to move in towards the tube
      center; and conversely a decrease in tube wall thickness causes the
      cutting tool bit 48 to move away from the tube. Assuming that there is no
      significant variation of tube wall thickness between the tool bit 48 and
      the ultrasonic transducer 54, the above described cutting action will
      produce an outer cylindrical surface 20 (See FIG. 2) which is more coaxial
      with the inner cylindrical surface 16 than is the original outer
      cylindrical surface 12.
PAR  The need for the anti-gouge circuit 60 is related to peculiarities of the
      ultrasonic thickness gauge. If the transducer should lose contact with the
      tube wall or the cutting tool coolant fluid should stop, thus removing any
      transmission medium between the ultrasonic transducer 54 and the outer
      surface 12 of the tube 10, this would cause the thickness indication of
      the thickness gauge circuit 56 to rise to a very large level, which in
      turn would cause the servo drive circuit to actuate the servo motor 44 to
      position the tool bit 48 to cut excessively or gouge the wall of tube 10.
      For this reason, it is desirable to reduce the output signal of the
      thickness guage circuit 56 whenever it rises above a predetermined maximum
      level so as to reduce the input to the servo drive circuit 58 and thus to
      prevent the tool bit 48 from being driven too deeply into the wall of tube
      10. In this particular application of the invention, the anti-gouge
      circuit 60 is associated with an amplifier circuit which serves to
      transform the output signal of the ultrasonic thickness gauge circuit into
      a signal which is compatable with the input of the servo drive circuit 58
      and also serves as an electronic filter to remove unwanted signals from
      the output of the thickness gauge 56.
PAR  One illustrative circuit for the amplifier and antigouge circuit is shown
      in the schematic diagram of FIG. 3. Referring to FIGS. 1 and 3, the output
      of the thickness gauge circuit 56 is an analogue voltage in this
      particular embodiment and is represented in the schematic of FIG. 3 as the
      voltage V.sub.1 which is applied to the positive input terminal of an
      operational amplifier I.sub.1 which is arranged in the standard voltage
      follower pattern. The output signal V.sub.2 of amplifier I.sub.1 is
      applied via resistor R.sub.4 to the negative input terminal of an
      operational amplifier I.sub.3 which is arranged as a fixed gain inverting
      amplifier stage. The output voltage V.sub.2 is also applied to the
      negative input terminal of an operational amplifier I.sub.2 which receives
      a manually adjustable voltage level V.sub.4 on its positive input
      terminal.
PAR  I.sub.2 is an operational amplifier which is operated so as to have its
      output fully saturated either in the plus or minus direction. If V.sub.2
      is less than V.sub.4, the output of operational amplifier I.sub.2 is a
      high positive voltage which is coupled through resistors R.sub.2 and
      R.sub.3 to the base of a transistor Q.sub.1. The high positive voltage
      places transistor Q.sub.1 in a cutoff condition and under these conditions
      the gain of the operational amplifier I.sub.3 is approximately equal to
      R.sub.5 divided by R.sub.4. However, in the case where the voltage V.sub.2
      exceeds the voltage V.sub.4, the output of operational amplifier I.sub.2
      becomes a large negative voltage which places the transistor Q.sub.1 in
      the conductive state, thereby shorting out R.sub.5 and making the gain of
      operational amplifier I.sub.3 become very nearly zero. Thus it will be
      apparent that the voltage level V.sub.4 is a manually adjustable reference
      level above with the level of the output signal of the circuit is
      drastically reduced. The voltage level V.sub.4 is manually set at a level
      which is higher than the voltages normally encountered in the circuit so
      that the transistor Q.sub.1 will only be turned on by a malfunction of the
      transducer 54 and will not be shorted out during the normal operation of
      the circuit.
PAR  The output signal V.sub.5 of operational amplifier I.sub.3 is applied
      through a variable resistor R.sub.7 to the negative input of an operation
      amplifier I.sub.4 which is connected to form a variable gain inverting
      amplifier. The purpose of the variable gain is to match the output voltage
      V.sub.5 to the input range of the servo drive circuit 58. Capacitor
      C.sub.1 is added in parallel with the amplifier I.sub.4 to filter out
      frequencies which are higher than the rotational frequency of the tube 10.
      A diode D.sub.1 prevents the output voltage V.sub.6 from becoming
      negative.
PAR  It should be emphasized that the design of this interface amplifier and
      anti-gouging control depend entirely on the choice of ultrasonic thickness
      gauge and servo drive. If the output of the ultrasonic thickness circuit
      is a digital signal, or if the servo drive accepts digital signals, or if
      both the thickness gauge and the servo drive utilized digital signals, the
      design details would be entirely different. However, in any case, the
      interface amplifier would still serve the same three basic purposes of
      acting as a buffer, and as an anti-gouge circuit, and as a filter for
      rejecting unwanted signals and noise. Under ideal conditions the interface
      amplifier could be eliminated and only the anti-gouge circuit would then
      remain between the output of the thickness gauge circuit 56 and the input
      of the servo drive circuit 58. The circuit could also be operated without
      an anti-gouge circuit, although in this condition there would be the
      danger of ruining a tube 10 in case the ultrasonic transducer 54 is moved
      away from the tube 10 or in case the coolant fluid supply should fail.
PAR  The output voltage V.sub.6 of the anti-gouge circuit and amplifier circuit
      60 is applied to the input of the servo drive circuit 58 so as to turn the
      servo motor 44 in such a way that the total rotational displacement from
      some fixed angular position is proportional to the measured thickness of
      the tube 10 as measured by the ultrasonic transducer 54. The rotational
      position of the servo motor 44 is then converted into a linear position by
      the feed screw 42 and servo slide saddle 40. The entire system must be
      calibrated in such a way that an incremental increase or decrease in the
      measured tube wall thickness causes the same change in the linear position
      of the servo slide saddle 40. The direction of change must be such that if
      the measured thickness increases, the tool bit 48 will move toward the
      center of the tube 10; and, if the measured thickness decreases, the tool
      bit 48 will move away from the center of the tube 10.
PAR  One of the most important specifications for the servo drive is its
      frequency response. For a tube with a cylindrical inside and outside, let
PA1  R.sub.o = the outside radius;
PA1  R.sub.i = the inside radius;
PA1  E = the eccentricity, or distance between the centerlines of the inside and
      outside cylindrical surfaces;
PA1  f = the frequency at which the tube rotates; and
PA1  t = time.
PAR  It then can be shown that the measured value of the thickness, defined as
      T, satisfies to a very good degree of approximation,
EQU  T = (R.sub.o - R.sub.i) - E cos (2.pi.ft)
PAL  for the case where E is no greater than 10 percent of R.sub.o.
PAR  In essence, this means that the servo motor will oscillate in a pure
      sinusoidal pattern with the same frequency as the tube is rotating.
PAR  In order to determine the minimum frequency response of the servo drive
      circuit 58 and servo motor 44, one must determine the minimum speed at
      which the tube 10 must rotate and still be machined by the cutting tool
      48. This determines the frequency response of the servo motor 44 and servo
      drive circuit 58. If desired, it is possible to mount a milling attachment
      or grinding attachment on the servo slide saddle 40 rather than a fixed
      tool bit 48. In this case, the tube 10 need not rotate at such high speed,
      and as a result, the frequency response of the servo drive motor 44 and
      servo drive circuit 58 can be reduced. However, for machining tubes of
      A.I.S.I. 4130 steel of 11/2 inch nominal outside diameter, it has been
      found that the minimum speed at which these tubes can be rotated and still
      get a good lathe cutting action with a high speed steel tool bit was 2 Hz.
      There are many servo drives on the market today with a frequency response
      at least this high.
PAR  It should be pointed out that if the servo drive frequency response is
      limited solely by a phase lag (not by an amplitude cutoff) then the
      thickness transducer can be repositioned in the polar direction to
      compensate for this phase lag. In this regard, the transducer 54 can be
      supported in a split ring shaped holder 59 which has an axial extending
      flange 61 which interfits within the lead rest 50. A bolt 63 in a threaded
      aperture 65 expands the ring shaped holder to wedge the flange 61 in the
      lead rest to secure the transducer in the desired polar position with
      respect to the tube 10.
PAR  Turning the tube 10 at higher speeds with higher frequency response servo
      drives and motors will improve the cutting action, but care must be taken
      to insure that the thickness gauge is sampling thickness at a rate much
      faster than the tube rotational frequency. The particular ultrasonic
      thickness gauge used in the disclosed embodiment of the invention sampled
      the tube thickness at a 2 kilohertz rate. Since the tube was rotating at a
      rate of 2 hertz, this meant that the thickness measurement was being made
      every 0.36 degrees as the tube rotated. The accuracy of this ultrasonic
      thickness gauge is in the vicinity of 0.001 inches. This accuracy
      determines the ultimate limit of the machining process with this type of
      gauge. In many of the tubes which were machined with this embodiment of
      the invention, the variations in wall thickness in the prior direction
      were in the order of 0.030 inches. Accordingly, the type of thickness
      gauge employed could adequately measure these wall thickness variations.
PAR  In the operation of the above disclosed embodiment of the invention, the
      lead rest 50, the coolant liquid conduit tube 58, the ultrasonic
      transducer 54, and the tool bit 48 are all simultaneously moved relatively
      slowly toward the chuck 22 of the lathe by the feed screw 30 which is
      rotated by a conventional feed screw drive.
PAR  As the transducer 54 and tool bit 48 move relatively slowly along the
      length of the tube 10, the motor shaft of servo drive motor 44 is rotated
      from one angular position to another in accordance with the thickness
      measured by the ultrasonic thickness gauge circuit 56 so as to machine the
      surface of the tube 10 to provide a new outer surface 20 (see FIG. 2)
      which is more coaxial with the inner surface 16 of the tube 10 than was
      the original outer surface 12. The thickness of the tube wall portion
      which remains after the cutting operation is completed is determined by
      the manual setting of the lathe carriage saddle 32 made with the handle
      wheel 36 prior to beginning the machining operation.
PAR  In general terms, the method of this invention includes the steps of:
PA1  A. premachining the tube to an acceptable level of cylindricity of 0.001
      inch or less by centerless grinding or the like;
PA1  B. rotating the tube 10 about the axis 14 of its outer cylindrical surface
      12;
PA1  C. providing a thickness gauge which is capable of measuring the tube wall
      thickness of a relatively small spot on the tube while it is rotating;
PA1  E. removing material from the tube wall adjacent to the spot where the tube
      wall thickness is being measured, the depth of material removed from the
      tube wall being equal to the measured tube wall thickness at the adjacent
      spot minus a constant offset.
PAR  It will be appreciated that the method of this invention can be practiced
      with other apparatus than the apparatus shown in FIG. 1 and described
      above. For example, the tool bit 48 may be replaced by a milling cutter or
      a grinding wheel or any other suitable means for removing material from
      the tube adjacent to the ultrasonic transducer 54. Other modifications
      will be apparent to those skilled in the art, and it should be understood
      that this invention includes all modifications that fall within the scope
      of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for machining an elongated cylindrical tube having eccentric
      inner and outer cylindrical surfaces to reduce the eccentricity thereof,
      said apparatus comprising means for rotating the tube about the axis of
      its outer cylindrical surface, ultrasonic measuring means for measuring
      the wall thickness in a radial direction from the tube center of a
      relatively small spot on said tube prior to machining while it is rotating
      and said means producing an output signal whose magnitude is proportional
      to said tube wall thickness, said measuring means including a sensor,
      means for mounting said sensor adjacent to said tube, and externally of
      said tube at a fixed distance from the axis of rotation of said tube to
      measure the wall thickness of the tube as it rotates, machining means for
      removing material from said tube wall at a spot adjacent to said sensor,
      and subsequent to measuring the thickness of the wall at the spot, means
      for simultaneously moving said sensor and said machining means
      longitudinally along the length of said rotating tube to measure and
      machine the wall thereof along a helical path, and drive means coupled
      between the output of said measuring means and said machining means to
      move the machining means toward and away from the tube in a direction
      transverse to movement of the sensor to cause a depth of cut on the tube
      if required equal to the measured wall thickness minus a pre-selected
      final machined wall thickness thereby reducing the eccentricity of the
      inner and outer surfaces to the tube.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said means for rotating said
      tube about the axis of its outer surface comprises a lathe having a chuck
      clamped on the outer surface of said tube.
NUM  3.
PAR  3. The apparatus defined in claim 2 and further comprising a lathe carriage
      base movably mounted on the bed of said lathe for movement toward and away
      from said chuck, and a lead rest rigidly mounted on said lathe carriage
      base, said lead rest having an annular opening in its central portion for
      receiving said tube and a plurality of rollers spaced around said annular
      opening for rollably engaging the outer surface of said tube, and said
      plurality of rollers being coaxial with said chuck to constrain said tube
      to rotation about the axis of its outer cylindrical surface.
NUM  4.
PAR  4. The apparatus defined in claim 3 and further comprising a lathe carriage
      saddle movably mounted upon said lathe carriage base for sliding movement
      transverse to said tube, a servo slide base rigidly attached to said lathe
      carriage saddle, a servo slide saddly movably mounted on said servo slide
      base for sliding movement transverse to said tube, a servo slide feed
      screw threadably engaged with said servo slide saddle for moving the same
      transverse to said tube, said machining means being supported on said
      servo slide saddle, and said servo drive means including a servo motor
      mounted on said servo slide base and coupled to said servo slide feed
      screw for turning the same to move said machining means transverse to said
      tube by an amount proportional to the thickness measured by said thickness
      gauge.
NUM  5.
PAR  5. The apparatus defined in claim 4 wherein said sensor comprises an
      ultrasonic transducer portion and wherein said transducer portion is
      mounted on said lead rest adjacent to said machining means, and wherein
      said transducer can be repositioned in the polar direction with respect to
      the tube center, and also comprising a source of cutting coolant fluid
      attached to said lead rest and positioned to apply coolant fluid to said
      tube adjacent to said thickness gauge transducer and to said machining
      means to cool the machining means and to ultrasonically couple the
      transducer to the outer surface of the rotating tube.
NUM  6.
PAR  6. The apparatus defined in claim 5 and further comprising a lathe carriage
      base feed screw screwably engaged with said lathe carriage base for moving
      the same toward and away from said chuck, and a lathe carriage saddle feed
      screw screwably engaged with said lathe carriage saddle for moving the
      same transverse to said tube.
NUM  7.
PAR  7. Apparatus for machining a cylindrical tube having eccentric inner and
      outer cylindrical surfaces to reduce the eccentricity thereof, said
      apparatus comprising means for rotating the tube about the axis of its
      outer cylindrical surface, measuring means for measuring the wall
      thickness of a relatively small spot on said tube while it is rotating and
      said means producing an output signal whose magnitude is proportional to
      said tube wall thickness, said measuring means including a sensor, means
      for mounting said sensor adjacent to said tube to measure the wall
      thickness of the tube as it rotates, means for repositioning said sensor
      in a polar direction from tube center, machining means for removing
      material from said tube wall at a spot adjacent to said sensor, means for
      simultaneously moving said sensor and said machining means along the
      length of said rotating tube to measure and machine the wall thereof along
      a helical path, and drive means coupled between the output of said
      measuring means and said machining means to control the depth of machining
      in accordance with the measured thickness of said tube, thereby reducing
      the eccentricity of the inner and outer surfaces of the tube, and further
      comprising an anti-gouge circuit coupled between the output of said
      thickness gauge and the input of said drive means, said anti-gouge circuit
      being operable to reduce the input signal to said drive means when the
      output of said thickness gauge exceeds a predetermined level to avoid
      gouging said tube.
NUM  8.
PAR  8. The apparatus defined in claim 7 wherein said anti-gouge circuit
      comprises an operational amplifier which is connected as a fixed gain
      inverting amplifier and includes a feedback resistor coupled between the
      output terminal of said amplifier and the negative input terminal thereof,
      the output of said thickness gauge being coupled to the negative input
      terminal of said amplifier through a series resistor and the output of
      said amplifier being coupled to said servo drive means, and means coupled
      across said feedback resistor for shorting the feedback resistor when the
      output of said thickness gauge exceeds a predetermined level, thereby
      reducing the gain of said amplifier to zero when the output of said
      thickness gauge exceeds said predetermined level.
NUM  9.
PAR  9. The apparatus defined in claim 8 wherein said means for shorting said
      feedback resistor comprises a transistor whose collector-emitter circuit
      is coupled in parallel with said feedback resistor and means for applying
      a saturation bias to the base of said transistor when the output of said
      thickness gauge exceeds said predetermined level.
NUM  10.
PAR  10. The apparatus defined in claim 9 wherein the last mentioned means
      comprises a second operational amplifier whose output signal is coupled to
      the base of said transistor, the output signal of said thickness gauge
      being coupled to one input of said second operational amplifier, a
      manually variable d.c. voltage source being coupled to the other input of
      the second operational amplifier, the polarity of the inputs being
      arranged so that said transistor is cut off when the output of said
      thickness gauge is below the level of said variable d.c. voltage source
      and is saturated when the output of said thickness gauge is above the
      level of said variable d.c. voltage source.
NUM  11.
PAR  11. The apparatus defined in claim 7 and further comprising a low pass
      filter for removing from the input signal all frequency components which
      are higher than the rotational frequency at said tube.
NUM  12.
PAR  12. The apparatus defined in claim 7 and further comprising a diode shorted
      across the output of said antigouge circuit for removing output amplitude
      excursions of one polarity.
NUM  13.
PAR  13. The apparatus defined in claim 11 wherein said second d.c. amplifier
      has a manually variable gain.
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ABST
PAL  For use in laying out duct or box-like structures, a gauging device having
      multiple sides, including appendages in predetermined positions, with
      rotatable connection means for attaching the gauge to a measuring tape (or
      it can be integral with a measuring bar), with the appendages serving to
      position the tape or the bar so as to add various predetermined lengths to
      the tape or bar equivalent to material lapped or cut away in the
      fabrication of corner and lap joints or seams with the measuring tape or
      bar indicating directly in terms of the specified or finished inside
      dimensions of the structure. The appendages are configurated to enable
      measuring from points on each of several variously oriented planes.
PARN
PAR  This is a division of application Ser. No. 053,951, filed July 10, 1970,
      now U.S. Pat. No. 3,824,695.
BSUM
PAR  The present invention relates to gauging devices essentially a short,
      multi-sided bar carrying appendages, locating marks, and certain
      diagrammatical data along its sides which may be used in rotatable (around
      its longitudinal axis) attachment with a measuring tape, or rigidly
      attached to a measuring bar.
PAR  The gauging device has the capacity to add several dimensions to the length
      of the tape, or bar, when measuring horizontally or linearly from, e.g. a
      mark or point on a horizontal surface, from a dependent vertical face, or
      from the intersection of two given declining sloped faces, or from the
      intersection of a declining sloped face and a horizontal face.
PAR  The several dimensions are those allowances made in the layout and
      subsequent cutting of flat stock, of appreciable thickness, for the
      fabrication of air ducts, conduits of rectangular cross-section, boxes, or
      box-like structures when the sides of the structures are joined by means
      of rabbet, butt, mitre, and ship-lap type joints, the devices adding
      certain predetermined lengths to the measuring tape, or bar, to compensate
      for the material lapped or cut away and also for the cutter-to-guide-edge
      width of the cutting tool, in order that the measuring tape, or bar, may
      directly indicate the guide-edge position for each subsequent cut in terms
      of the finished, or specified, inside dimensions of the structure.
PAR  The invention finds wide-spread use in the layout and cutting of fiber
      glass duet board manufactured for the fabrication of ducts for air
      conditioning systems. The material is an insulating board, faced on one
      side with a thin aluminum sheet which serves as a structural band to hold
      the sides of the duct together, and also as a vapor barrier. The board is
      manufactured in three thicknesses, 1, 11/2, and 2 inches. The thicker
      materials, of course, require greater seam allowances, and three different
      size layout devices are required when working with the three thicknesses,
      each similar except in length, size and longitudinal placement of the
      appendages, longitudinal placement of the locating marks, and the
      numerical data on the sides thereof, but the operating principle being the
      same.
PAR  In a typical example the corner joints of a section of duct are cut across
      the board, parallel to the short side (normally 4 feet), and if the length
      (normally ten feet) of the board is sufficient, the joints for the four
      corners are cut. The two end cuts are then fastened together to form the
      finished section, the duct having been made, in this instance from one
      continuous piece, in the following manner:
PAR  The board is placed on a work table with the aluminum facing next to the
      table. The first cut is made by a knife, vertically through the board,
      including the aluminum facing (note this cut is not necessary if the edge
      is in "as manufactured" condition). The next three cuts are grooves formed
      by the intersection of two 45.degree. mitre faces forming at the bottom of
      the groove an included angle of 90.degree. with its vertex located
      slightly above the aluminum facing. These grooves are cut by a special
      tool. The next to last cut is made by a knife, vertically through the
      fiber glass but not through the aluminum facing. A short distance from the
      latter cut, a second knife cut is made through both the fiber glass and
      the aluminum facing. The fiber glass between these two latter cuts is then
      cut away from the aluminum facing leaving a flap or tab (this latter fiber
      glass edge will hereinafter be referred to as a butt edge). Next, a
      special tool is used to cut a rabbet out of the top face of the board and
      along the edge of the first knife cut (an edge so formed will hereinafter
      be referred to as a rabbeted edge, whether actually rabbeted, or only a
      vertical knife cut to be rabbeted later) this to form a pocket to receive
      the above butt edge with its adjoining tab to be used to overlap the
      outside corner.
PAR  At this point, all that is necessary to form the duct is to bring the first
      side up to a vertical position, the same for the third side, the fourth
      side is swung up and over to mate its butt edge into the rabbeted edge of
      the first side, bend the tab over the corner thus formed, staple it down
      (to the outside face of the first side) and seal the edge of the tab with
      a special tape.
PAR  However, before the board is folded to form a duct, the above mentioned
      rabbeting tool is moved along one of the edges normal to the corner seam
      cuts, cutting a rabbet out of the top surface of the board; a second
      rabbeting tool is moved along the opposite edge of the board to cut a
      rabbet in the bottom surface of the board, just above, and adjacent to the
      aluminum facing. These latter cuts form the male and female edges of
      ship-lap joints used to join one section of duct to another.
PAR  In order to fabricate ducts of large cross-sectional area, and also, in
      order to reduce waste, it becomes necessary, rather than making the duct
      from one continuous piece of board, as described above, to make the duct
      from four separate pieces, or of two L-sections, or by means of a
      U-section and a cap piece. Air conditioning duct sizes are always given,
      or specified, in terms of the inside width and depth dimensions (the term
      "dimension" not otherwise qualified, shall be, herein, construed to mean
      only the width of a side, top, or bottom panel of a section of duct, or of
      a duct fitting). With this in mind, and in view of the fact that all but
      one of the above joint cuts affect the inside dimensions, and also mindful
      that continuous corner joints are formed by two intersecting mitre cuts,
      and that non-continuous corner joints are made up of a rabbeted edge, a
      mating butt edge, and a stapling tab, and again mindful that, thus far in
      the interest of simplicity of description, nothing has been mentioned
      regarding the layout of elbow and toe fittings; it becomes quite apparent
      that the dimensional allowances that must be made, to compensate for the
      material lapped, or cut away, etc., are many and varied.
PAR  In addition to the above, it must also be determined whether the remaining
      board, or potential scrap, is large enough for the fabrication of ducts,
      to desired sizes, by means of joining two L-sections, or by joining a
      U-section with a cap piece, or by joining four separate pieces, or
      ideally, in one piece, as outlined above, the required length of board
      being, of course, the total of the pertinent side dimensions plus the
      total of the pertinent seam allowances.
PAR  Currently, there are two methods of coping with the above, as set forth by
      the manufacturers of duct board; briefly as follows; the first is called
      the "guide edge method", in which the seam allowances pertaining to the
      first side are added to the given side dimension, and from this is
      substracted the center-to-guide-edge width of the grooving tool, to give a
      subtotal; to this sub-total is added the seam allowances and the given
      dimension of the next side, to give the next sub-total, etc., continuing
      for the rest of the sides. Then, beginning at the lower left hand corner
      of the board for each measurement, each of the above sub-totaled
      dimensions is marked along the lower edge and the same dimensioning is
      repeated, beginning at the upper left hand corner. These hand constructed
      marks locate the position of the straight edge against which the cutting
      tool is guided. The reason for beginning at the left hand of the board,
      and for the one substraction, is that this places the guide edge on the
      left hand side of the subsequent cut, allowing the cutting to be done with
      the right hand and also it assures that the guide edge will be on the
      board in the event that the board is no longer than that necessary from
      which to cut the section. These many necessary calculations require
      addition and subtraction of fractions with attendant errors and heavy loss
      or scrap of duct board.
PAR  According to one of the board manufacture's fabrication manuals,
      contractors using the board evidently thought this method unnecessarily
      complicated, and developed the "center-line" method, which is the same as
      the foregoing except that the guide edge is omitted. This does away with
      the above subtraction and also allows the dimensioning to begin at the
      left, or the right hand edge. The dimensions are marked along both the
      upper and lower edges of the board, as in the foregoing. Then, using a
      straight edge, lines are drawn, across the board, between the
      corresponding dimension marks; these are the center-lines of the
      subsequent cuts. The center of the grooving tool is marked on top of the
      leading edge, and the cuts are then made free-hand, lining up the mark on
      the tool with the line on the board. (There are two problems here: one is
      that, due to the abrasive nature of the material, the workman spends an
      appreciable amount of time sharpening pencils; the other is that the mark
      on the grooving tool being about an inch above the line on the board, if
      the workman's line of vision is not exactly normal to the board the cut is
      not accurately made, and this, when the board is folded to become a
      section of duct, causes the corners of the duct to be "out of square",
      which, of course, causes difficulty when joining one section of duct to
      another, and particularly when the adjacent section is out of square in
      the opposite direction.)
PAR  The manufacturers make available to the contractors, pads of work-sheets,
      in three different forms, showing cross-sections of the board with various
      combinations of corner joint cuts, etc., the main portion of the sheet
      containing ruled in areas in which are to be inserted the given duct
      dimensions, and between these areas the seam allowances are printed,
      apparently in an attempt to reduce the probability of error. The
      manufacturer also recommends that once these work-sheets are filled in,
      for given duct sizes, they be filed for future references.
PAR  The invention herein described, reduces all of the above to a very simple,
      straight-forward, and accurate procedure, even for the inexperienced.
PAR  The gauge is attached to a measuring tape in one embodiment, as mentioned
      earlier. The tape is merely a spring return type with capacity to measure
      6 to 8 feet. The housing of the tape is mounted in such a way that it may
      be removably, or rotatably (around a vertical axis) carried on the blade
      (straight-edge portion) of a T-square. The alternative structure to the
      rotatable one comprises a roll-up tape on a clip, or plate with depending
      flange, which is carried by the T-square and which practically falls out
      of the way after each use.
PAR  In using the present invention, the board is placed on the cutting table
      with its aluminum facing against the table. The blade of the T-square is
      placed across the duct board (in the direction in which the corner seams
      are to be cut), and with its head bearing against the long side of the
      table adjacent to the worker. It is now only necessary to properly
      position the gauge at the right hand edge, or at the immediately preceding
      cut to the right of the T-square, as the case may be, move the T-square to
      the left until the right hand edge of the blade coincides with the
      measurement (i.e. the desired known inside dimension of that side of the
      duct) as indicated on the tape, and the blade is in the correct position
      to provide the guide edge for the subsequent cut.
PAR  On each side of the gauge are shown certain diagrammatical data which
      generally depicts the sides of duct in stretchout cross-section. The
      portions of these sections containing diagonal lines, circular marks with
      lines extending therethrough to appendages, or to locating marks,
      represent the sides having those particular combinations of corner joints
      for which the correct lengths are added, to that shown by the tape, by
      positioning the indicated appendage, or locating mark, at the immediately
      preceding groove cut, or knife cut, or butt edge, as the case may be. This
      will be explained in greater detail in reference to the drawings.
PAR  Also, in the diagrammatical data, in addition to the above cross-sections
      containing the diagonal lines, which are used as above indicated, there
      are cross-sections which are shown in outline only. Those are included
      only for information as to the length of board, in addition to the
      dimension, or sum of the dimensions, respectively, of the side, or
      combination of sides, required to cut said side, or combination of sides
      including the related combinations of corner seams. This will also be
      further explained in connection with the description of the drawings.
PAR  With the foregoing in mind, it is among the objects of this invention to
      provide apparatus for gauging purposes wherein, in connection with a
      linear measuring arrangement, the present invention directly adds any of
      several predetermined dimensions to the scale of the linear measurer when
      measuring from points on each of several variously oriented planes.
PAR  Another object of the present invention is the provision of a measuring
      gauge, per se, which has a body and appendages related thereto in
      predetermined fashion.
PAR  It is another object of the invention to incorporate such a gauge with a
      marked bar or linear extendable measuring device.
PAR  Yet another object of the invention is the provision of apparatus
      incorporating the use of the invention in conjunction with a T-square or
      straight edge for laying out duct and duct fittings to desired inside
      dimensions.
PAR  Finally, a still further object, is the provision of a gauging device using
      the described principle which device is simple, straight forward,
      accurate, and readily useable by the inexperienced.
DRWD
PAR  The invention will be better understood from a reading of the following
      detailed description thereof, when taken in the light of the accompanying
      drawings wherein:
PAR  FIG. 1 is a view in perspective showing a typical stretchout of a board to
      be fabricated into duct,
PAR  FIG. 2 is a view in end elevation of the duct fabricated from the board of
      FIG. 1,
PAR  FIG. 3 shows in perspective a gauge of the present invention in connection
      with a reelable linear measuring device,
PAR  FIG. 4 is a view in perspective of a modification of the gauge of FIG. 3,
      depicted in association with a linear bar measuring device,
PAR  FIG. 5 is a view in side elevation with dotted interior construction of the
      gauge of the first embodiment,
PAR  FIG. 6 is an end view of the structure of FIG. 5,
PAR  FIG. 7 is a view in side elevation of the gauge of FIG. 5 showing a first
      side thereof,
PAR  FIG. 8 shows the second side of the same gauge,
PAR  FIG. 8a is a view similar to FIG. 8 except that the indioia associated with
      the operative appendages has been modified,
PAR  FIG. 9 shows a third side of the gauge of FIG. 5,
PAR  FIG. 10 shows a fourth side of the gauge of FIG. 5,
PAR  FIG. 10a shows the fourth side of the gauge of FIG. 5, but with different
      indioia for use with the operative appendages thereof,
PAR  FIG. 11 is a view partly in section and partly in side elevation showing
      the gauge of FIGS. 3 and 5 in operative relation to a duct board, for a
      first mitre or groove cut,
PAR  FIG. 12 shows the structure of FIG. 11 positioned in the former groove cut
      and measuring for a second groove cut,
PAR  FIG. 13 shows the above structure advanced along the board for the next
      cut,
PAR  FIG. 14 shows an alternate structure for mounting the reelable measuring
      tape for use in the subject invention.
PAR  FIG. 15 is a view in side elevation of the first side of the gauge of the
      second embodiment as shown in perspective in FIG. 4,
PAR  FIG. 16 shows the second side of this embodiment,
PAR  FIG. 17 shows the third side of this embodiment,
PAR  FIG. 18 shows the fourth side of this embodiment,
PAR  FIG. 19 is a view in side elevation of the gauge of this embodiment in
      relation to the linear measuring bar,
PAR  FIG. 20 is an end view of the structure of FIG. 19,
PAR  FIG. 21 is a side view of a third embodiment of the gauge of the present
      invention showing the internal construction in dotted outline,
PAR  FIG. 22 is an end view of the structure of FIG. 21,
PAR  FIG. 23 is a top view of the structure of FIG. 21,
PAR  FIG. 24 is a view in side elevation of a further embodiment of the gauge of
      the present invention,
PAR  FIG. 25 is an end view of the structure of FIG. 24 without the connection
      means,
PAR  FIGS. 26 and 27 show the gauge adjustably attached to a linear measuring
      device.
DETD
PAR  Referring now to FIG. 1, there is illustrated a typical material 25 from
      which it is desired to fabricate, for example, the structure 27, shown in
      FIG. 2. For purposes of the present description, it will be assumed that
      the material 25 is a fiber glass duct board and it is desired to use this
      board to fabricate the duct 27 of FIG. 2, knowing the inside dimensions of
      the duct. It is, of course, necessary to cut the several grooves in the
      correct positions in order that the board 25 can be folded and secured in
      the configuration of the duct 27 while maintaining a high degree of
      accuracy to the predetermined dimensions. Measurements progress from the
      right hand face 29 of board 25 toward the left, forming cuts and grooves
      in sequence. The first cut will square or true the edge 25, unless it is
      already in such condition as received from the manufacturer.
PAR  The next out, or the first groove out, is that necessary to form groove 31
      which enables bending of the board to define corner 30 of duct 27. Thus, a
      distance is laid out from edge 29 to either edge or to the center of
      groove 31 being formed, which positions guide edge 33 of the T-square 35
      so that the cutter of the grooving tool 38, guided against the edge of the
      T-square, will form the groove in proper relation to the beginning edge 29
      so that the side 37 so cut will be of the correct dimension when the duct
      is assembled. Then, in succession, out 41 is made to form corner 43 in
      similar fashion, cut 45 is made similarly to form corner 47, next, a knife
      cut is made vertically through the fiber glass to, but not through, the
      aluminum foil, to form a butt edge (x), and finally a last cut is made to
      provide for a tab 51 (see FIG. 2) which will overlap side 37 when the duct
      is formed, the beginning edge of side 37 being rabbeted to receive the
      butt edge (x).
PAR  In FIG. 3, a first embodiment of gauge 61 is shown with rotatable
      connection means 63 linking the same to a tape 65 reelable into and out of
      housing 67. Housing 67 is turn fixed to a base 69 comprising a horizontal
      reach 71 and a vertical reach on depending flange 73.
PAR  In general, it will be noted that the gauge 61 includes a body 75 and
      appendages 77, 79, and 81 extending outwardly therefrom at predetermined
      locations. The use of this device will further be explained in connection
      with the detailed showings of figures later to be described.
PAR  In FIG. 4, there is shown in perspective, a second embodiment of the
      invention which comprises a modified gauge 91 having a body 93 and
      differently located appendages 95, 97, and 99. This gauge is connected to
      a linear measuring device comprising bar 101 by any suitable means, as for
      example, the plastic tenon plug 103 extending between the hollow interiors
      of body 91 and bar 101.
PAR  It should be noted at this point that gauges 81 and 91 are interchangeable
      relative to linear measuring devices, and either may be used with my type
      of linear measuring device available, including even, eg. yard sticks or
      strings.
PAR  FIGS. 7-10 show the respective sides of the gauge 61 of FIGS. 5 and 6 with
      attachments for receiving a linear measurer.
PAR  In FIG. 7, a first side view, there is shown the appendage 77 in the lower
      or working position on the body 75 of the gauge 61 and immediately above
      appendage 77, but on body 75, are shown two diagonally lined,
      cross-sectional diagrams 121 and 122, of sides of a duct, each having a
      different combination of corner joints. In cutting the side of 121, the
      vertical face of appendage 77 is hooked over the right hand edge 29 of the
      board 25 (see FIG. 11), corresponding to the right hand edge of the side
      depicted in diagram 121, which, at this point, has not been rabbeted, and
      the tape 65 to which the gauge 61 is attached, is pulled to the left. The
      blade 34 of a T-square 35, placed beneath the tape 65 will have its guide
      edge 33 located at the correct position for the mitre cut 31 at the left
      of side 37 when its guide-edge 33 coincides with the desired inside
      dimension of the duct, as read directly from the tape at the number
      corresponding to the inside dimension. The configuration of diagram 122 is
      cut in like manner, except that the sloped face of appendage 77 is held
      against the far sloped face 78 (see also FIG. 12) of the immediately
      preceding mitre or groove cut 31, which positions the vertical face of the
      appendage directly above, and in register with, the intersection of the
      two mitre faces, making unnecessary any need for visual inspection.
PAR  FIG. 8, a second side view, shows appendage 81 in the working position. On
      the body of the gauge, and immediately above appendage 81 are two
      diagonally lined cross-sectional diagrams, 131 and 133, each depicting a
      different combination of corner joints. In cutting the side of diagram
      131, the sloped face of the appendage 81 is held against the far side of
      the groove cut to the right of the side, and the guide-edge positioned as
      explained previously. In this case, the cut is made with a knife,
      vertically through the board; the rabbet 136 shown in the cross-section of
      131 is made later, with a special rabbeting tool which is guided by the
      top surface and against the vertical edge of the board 25, made by the cut
      just mentioned.
PAR  Attached to and extending to the right of the section 131 is a side 139
      shown in outline only, and extending to the right of section 139 is a
      stapling tab 141. These two sections 131, 139 and the stapling tab 141
      comprise an L section, two such complementing L sections being joined to
      form a complete duct section.
PAR  Above this combination of sides is shown a dimension line 145 and the
      numerical data "D.+-.4-5" which intersects that the total length of the
      board required to cut these two sides, plus the allowances for the corner
      joints, plus the stapling tab 141 is the sum of the side dimensions "D"
      plus four and five eighths inches. (All dimensions so shown in the
      drawings are in inches and eighths.)
PAR  The side 133 shown just below 131 is cut in like manner except that the
      vertical face of the appendage 81 is hooked over the right hand edge of
      the board. As this cross-section is used as two opposite sides of a four
      piece duct section, above it is shown the length of board required, i.e.
      D+1-6.
PAR  In FIG. 9, a third side view, shows cross-sections of two sides 150 and
      151, containing corner joints, all of which with the exception of one 152,
      are butt edges with adjoining stapling tabs. Cutting the fiber glass
      material from stapling tabs is more quickly and conveniently done as a
      last operation; therefore, locating or register marks are shown adjacent
      to a plane lower surface 155, the selected locating mark being placed
      directly over the mark made by the knife during the prior cut, when
      measuring therefrom to position the guide-edge for the subsequent cut. For
      example, in cutting the side 150 with its adjoining stapling tabs, the
      locating mark 156 is placed so that it is directly over the right hand
      edge of the board, the measuring tape drawn to the left, and, as the
      stapling tap is not a part of the inside dimension of the duct, the
      guide-edge is placed at the 0 end of the tape, and the first butt edge cut
      100 is made. The locating mark 161 is placed over the latter knife cut
      100, the guide-edge andd tape moved to the left until the guide-edge
      coincides with the inside dimension of the side, as indicated on the tape,
      and the second butt edge cut 164 is made. The second stapling tab 165 is
      cut in a manner similar to the first, the locating mark 156 being placed
      over the knife mark made during the latter butt edge cut 164, etc. Two of
      the 150 cross-sections are used as opposite sides of a four pice duct
      section (with two of the 133 (FIGS. 8) cross-sections mentioned above),
      and so the length of the material required to cut the section together
      with its stapling tabs, is shown above it.
PAR  The cross-section 151 is cut similarly to the above, the locating mark 170
      is positioned over the knife mark made by the butt edge cut, etc.
PAR  FIG. 10, a fourth side view, shows appendage 79 in the lower or working
      position. On the body 75 of the gauge 61 and immediately above the
      appendage 79 is shown a diagonally lined cross-section of a side of a duct
      175. The guide-edge is positioned and the side is cut, similarly to the
      above described (see FIG. 13).
PAR  Extending to the right from the section 175 are three side cross-sections,
      shown in outline only, which together with the section 175 comprise those
      sides, and corner joints required to fabricate a section of duct from one
      continuous piece of material, and so, above this series of sections is
      shown the length of material required (D+8-0). Above said series, is a
      second series of sections, shown in outline only, which make up those
      sides and corner joints required to fabricate a U section, and so, above
      this series is shown the length of material required (D+5-2). (Note a U
      section plus a cap piece 150 make up a duct section.)
PAR  It will be noticed that the gauge provides for positioning the guide-edge
      from each of the joint types to each of the others, which allows the
      worker to reverse the cutting sequence, if so desired.
PAR  The gauge, as above described, without modification, is applicable in the
      lay-out of duct fittings, such as tees, elbows, and transitions (a
      transition is a more or less straight through fitting which changes during
      the course of its length, from a rectangular section of given dimensions
      to that of different dimensions, or to a like, or unlike, section located
      on a different longitudinal center-line) when these are fabricated by
      means of joining four separate pieces, in a manner similar to that in
      which sheet-metal craftsmen make similar fittings from steel sheets.
      However, one of the manufacturers of fiber glass duct board has developed
      a method for fabricating tees and elbows which is much more direct and
      less time consuming, and incidentally, one for which the board is ideally
      suited, in that an elbow is made up of only two pieces, and a tee, in
      never more than two pieces, and under certain circumstances, it may be
      made in only one piece. Thus FIGS. 8a and 10a are shown as alternates to
      FIGS. 8 and 10 with the former diagrammatical and informational data
      modified to include the above indicated methods for fabricating tees and
      elbows, following the principles herein described.
PAR  FIG. 11 shows the gauge in operation, as used in positioning the guide edge
      for a first mitre, or groove cut, in a sequence of corner joint cuts as
      made in fabricating a duct section from one continuous piece of duct
      board, as will be further shown in the following figures. The housing 201
      of a spring-return type measuring tape 65 is fixedly mounted on a circular
      block 203, or disc, which in turn, is loosely carried within a channel
      type blade 34 of T-square 35 so that the housing is free to be rotated
      around a vertical axis. The gauge is shown with its appendage 77 hooked
      over the right hand edge 20 of the fiber glass board 25 placed so that the
      aluminum foil 205 to which the fiber glass is bonded, is on the lower
      side. The guide edge 33 is moved to the left until the desired inside
      dimension of that side of the duct, as indicated by the tape (e.g. 10
      inches) coincides with the guide-edge. The gauge 81 is lifted and brought
      toward the guide-edge 33, allowing the tape 65 to be retrieved into the
      housing 201, then moved, rotating the housing, so as to clear the
      guide-edge. Mitre cutting tool or grooving tool 37 is moved across the
      board 25, and in contact with the guide-edge. The groove cut, so executed,
      will measure 10 inches from the intersection of the right hand face of the
      groove cut with the surface of the board, to the vertical dotted line 210
      near the right hand edge of the board. (The above dotted line, together
      with the adjoining horizontal dotted line, enclose that portion of the
      board later removed by a rabbeting tool.)
PAR  The gauge 61 is rotatably connected to tape 65 through chain 211 set in
      angle 212 in turn riveted to tape 65. The opposite end of chain 211 is
      connected to a yoke 214 in turn anchored by bolt 215 through jam nuts 216
      and 217. This construction permits ready use of all sides of gauge 61 and
      allows longitudinal adjustment of gauge 61, and particularly its measuring
      appendages and indicia relative to the zero on tape through movement of
      nuts 216 and 217. This adjustment permits cutting of the duct slightly
      larger or smaller, e.g. for fitting it to metal duct.
PAR  The tape zero is offset from the body 75 to provide maximum movement of the
      gauge relative to the tape to avoid damage.
PAR  It is interesting to note that while the gauge has a plurality of
      predetermined measurements and configurations or defining arms or
      appendages, nevertheless the duct may be cut and formed to any size
      desired including a zero opening.
PAR  FIG. 12 shows the gauge with its appendage 77 positioned in the former
      groove cut 31, and the guide-edge moved to the left into position for a
      second groove cut 41, which in this case, is for a side with an inside
      dimension of 7 inches.
PAR  A third groove cut 45 is made similarly to the above, except spaced for an
      inside dimension of 10 inches, and the side so cut will be located
      opposite the side 37 already cut.
PAR  FIG. 13 shows appendage 79 positioned in the third groove cut 45, the
      guide-edge 33 moved to the left to coincide with the 7 inches mark on the
      tape. At this position of the guide-edge, a knife cut is made (dotted line
      211) through the fiber glass, and to, but not through the aluminum vapor
      barrier, to form a butt edge which is to fit into the rabbet, which is to
      be cut in the beginning edge shown in FIG. 11 as mentioned above.
PAR  In FIG. 14, is shown the alternative method of mounting the tape housing 67
      (see FIG. 3) wherein the housing is fixedly mounted on a flanged plate 69,
      in a manner allowing the assembly to be carried on the blade 34 of
      T-square 35 by hooking the flange 73 over the left edge of the blade 34.
      This is advantageous, under some circumstances, as compared with the disc
      mounting, in the lay-out and cutting of duct fittings due to the craftsman
      being concerned with the length of the sides, as well as the width, the
      plate and flange mounting, of course, being instantly removable from the
      blade, proves more convenient in laying out the length measurement. Also
      the edge of the mounting plate, opposite the flange, being wider than the
      tape, serves as a guide for the pencil mark.
PAR  While the embodiment of the invention just described is one embodiment, the
      gauge 91 of FIG. 4, which is pictured in greater detail in FIGS. 15
      through 20, will now be described because it more conveniently handles the
      situation where the sealing or stapling tab is provided at the right hand
      side of the board, which is the rabbeted face or edge. To achieve this,
      one appendage has been changed from one face of the gauge to another face
      and the diagrammatical representations rearranged accordingly.
PAR  While the gauge body 93 is shown connected to measuring bar 101, it will be
      appreciated that the gauge 91 may be employed with the reel 67 and tape 65
      through use of the connection 63 of FIG. 3.
PAR  The right hand end of the board, which is to include the sealing tab, is
      pictured in the diagram 350 applied to the first side of the body 93,
      shown in FIG. 15. The right hand edge of the board corresponds to the
      vertical line 251 and the sealing tab is shown at 252. Thus, it is
      necessary to make a cut to form edge 253 as the first step in forming a
      duct with the tab on the right.
PAR  The cut is made at face 253 by using the data on the second side of body
      93, as shown in FIG. 18. The right hand edge 251 of the board
      (corresponding to line 251 of FIG. 15) is aligned with arrow 254 on the
      plane surface 255 of gauge 91. Then the tape or bar zero (not shown in
      FIGS. 15 or 16), which is offset approximately one-half inch to the left
      of the forward end 257 of body 93, marks the position on the board for the
      first knife cut corresponding to the vertical surface 253 of FIG. 15.
PAR  Next, since the material is not removed from the tab until later, the gauge
      91 is merely slid forward until surface 261 of appendage 95 is directly
      over the first cut, i.e. vertical wall 253. Then the tape is drawn out to
      the first measurement, e.g. 10 inches, and the first groove 262 (see FIG.
      15) is formed. It may be appreciated that both the cut and first groove
      were located by the plane surface 255 of body 93 without rotating the
      gauge 91.
PAR  In the manner heretofore explained, appendage 95 (FIG. 15), upon rotation
      of the gauge provides the anchor for laying out from groove to groove; and
      then again from the new groove to the last groove, thereby inherently
      incorporating dimensional accuracy in the stretchout.
PAR  For the left hand vertical wall or butt out, shown at 270, in diagram 271
      pictured on the fourth side of the body 93 in FIG. 18, appendage 97 is
      used to measure from the third groove and locate the out line 270.
PAR  It may be appreciated that the third side, shown in FIG. 17 positions the
      measuring means for cutting from a groove to a rabbeted edge, a necessary
      function in cutting tee and elbow wrapper pieces, and also completes the
      sequence of cut combinations in the reverse of the order so far described,
      allowing the worker to lay-out, and cut, in either sequence.
PAR  In FIGS. 19 and 20, the gauge 91 is shown attached to a square hollow
      alignment bar 101, marked in inches from 0 to 36 or 45 inches, for
      example. The plastic plug 103 is pictured as holding the two components
      together and the various appendages are identified by the same numbers
      heretofore employed. It will be appreciated that this bar is marked in
      inches on all four sides in order that it also may be rotated to bring
      into play the plane surface 255 (FIG. 16) of the gauge, free of protruding
      appendages.
PAR  In FIGS. 21 through 23, there is shown a further mofified version which
      employs only fins or the like protruding therefrom to replace the forward
      vertical surfaces of the appendages. The same body construction is used
      with the body 301 being comprised of a substantially hollow injection
      molded plastic or even assembled wooden square configuration having
      therein the connection 303 carried by bolt 305, adjustable by nuts 306 and
      307 to operate as heretofore. However, the forward appendage is now
      depicted by fin 309 with the next appendage at 310 and the rear appendage
      at 311. The disadvantage of using this configuration is, of course, that
      there is no rear slope on any of the appendages to fit the rear sloping
      wall of a groove and thus the fin must be maintained vertically in the
      center of the groove. This requires visual inspection, whereas the prior
      described embodiments do not, but rather may be held in place by feel.
PAR  Finally, FIGS. 24 and 25 show a further simplified version of a gauge 350.
      Gauge 350 is fabricated of bent strip aluminum or steel with the body
      portion 351 forming the forward end 352 for serving as a connector for
      chain 353, and the rear end 354 serving as a rest or stop for sitting on
      top of the board when either of the appendages 355 and 356 is being used.
      The disadvantage of this embodiment is that there is no surface to carry
      indicia to guide the mechanic, nor will it lay out from vertical face to
      vertical face. Of course, however, it is quite inexpensive and otherwise
      useful.
PAR  In FIGS. 26 and 27, the gauge 91' is shown adjustably connected to the bar
      101' through the use of bolt 401, which is threaded at 403 to engage
      threads in the tenon 103' or in a metal threaded insert in the tenon 103'.
      A plurality of shims 405 is provided to fix the adjusted distance between
      the rear wall 407 of gauge 91' and the front wall 409 for tenon 103'. Thus
      the effective lay-out long available from this measuring arrangement is
      adjustable.
PAR  In FIG. 27 it may be seen that a groove and key-way 411 is provided to
      prevent the bar 101' from being rotated relative to the gauge 91'.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for making ducts by positioning a guide-edge across an
      insulating structural board, having a metal foil vapor barrier on one side
      thereof, in a series of spaced apart positions along which selected tools
      may be guided to vertically cut, or to remove material to form a groove in
      order that sides between lapped corner joints may be formed for the
      fabrication of ducts or like structures of multiple sides, in which said
      positioning is effected by a reelable linear measurer with its housing
      demountably carried by said guide-edge and having its zero end connected
      to a distance gauge comprising diagramatically indexed alignment means
      spaced therealong, being used in a series of similar dimensioning
      sequences beginning with an immediately prior edge, or cut, and
      subsequently indicating the position of the guide-edge for the next cut,
      directly in terms of the required inside dimension of that side of the
      structure after fabrication, comprising the steps of:
PA1  placing the insulating board on a cutting table, or other support, with its
      metal foil side down,
PA1  determining the specified inside dimensions of the required duct;
PA1  selecting the one of the plurality of alignment means which offsets the
      zero end of the linear measurers from the right hand edge of the board a
      predetermined distance equal to the width of a stapling flap;
PA1  setting the position of the guide-edge at the zero end of the so-located
      linear measurer and parallel to the right hand edge of the board,
PA1  making a vertical cut along the guide-edge, through the insulating material
      but not cutting the metal foil;
PA1  separating the material, to the right of the cut, from the metal foil to
      form a stapling flap;
PA1  mounting the linear measurer on the staight-edge and placing a second
      alignment means in alignment with the edge thus exposed, said second
      alignment means offsetting the zero end of the linear measurer a distance
      equal to the sum of the widths of material to be removed from the first
      side of the structure being fabricated plus one half of the width of the
      grooving tool;
PA1  moving the guide-edge to the left, and parallel to the prior cut, until the
      specified inside dimension, of the side of the structure being layed off,
      as indicated by the unreeling linear measurer, intersects the guide-edge,
      and with the guide-edge held in this position, placing the gauge and
      linear measurer to the left of the guide-edge, and
PA1  moving the grooving tool along said edge to cut a first groove;
PA1  replacing the linear measurer with its housing atop the guide-edge and
      placing said second alignment means in alignment with said last-mentioned
      groove;
PA1  again moving the guide-edge to the left, and parallel to the prior cut, to
      the point where the required inside dimension of this side of, as
      indicated by the unreeling linear measurer, intersects the guide-edge,
PA1  placing the gauge and measurer to the left of the guide-edge,
PA1  holding said edge in this position and moving the grooving tool therealong
      to cut a second groove;
PA1  again mounting the linear measurer, together with its housing, atop the
      guide-edge,
PA1  placing said second alignment means in alignment with the second groove,
PA1  while holding the alignment means in this position, moving the guide-edge
      to the left, and parallel to the prior cut, until said linear measurer,
      unreeling from its housing, indicates at its intersection with the
      guide-edge, the required inside dimension of the side of the structure
      being layed-off,
PA1  holding the guide-edge in this position and moving the grooving tool
      therealong to cut a third groove;
PA1  and finally, again mounting the linear measurer, in its housing, atop the
      guide-edge,
PA1  placing a third alignment means in alignment with said third groove,
PA1  and while holding the alignment means in this position, moving the
      guide-edge to the left and parallel to the prior cut until said linear
      measurer, unreeling from its housing, indicates, at its intersection with
      the guide-edge, the required inside dimension of the fourth and final side
      of the structure,
PA1  holding the guide-edge in this last mentioned position,
PA1  making a cut therealong,
PA1  moving a rabbeting tool along the edge formed by the first cut of the
      sequence, to form a rabbet to receive said butt edge when the material is
      structured into a closed configuration,
NUM  2.
PAR  2. A method of making ducts using measurements for setting the positions of
      a guide-edge at spaced apart locations to guide cutting tools including a
      knife to make vertical cuts and those which cut along more than one plane
      to form grooves in an insulating board material to fabricate a duct blank,
      combining a strengthening sheeting along one side thereof, along which
      cuts corner joints may be subsequently structured said method using a
      reelable type linear measurer which has its housing attached to a base
      arranged for demountable carriage atop the blade portion of a T-square
      comprising said guide-edge, and with its zero end attached to a distance
      gauge comprising diagramatically indexed alignment means along its sides,
      resulting in a procedure which automatically makes compensating allowances
      for the material lost in the cutting process, to set the guide -edge
      positions in terms numerically the same as said specified inside
      dimensions, comprising the steps of;
PA1  placing the insulating board material on a cutting table or support with
      its sheeting side down,
PA1  removing a portion of the board along a beginning edge thereof to form a
      rabbet,
PA1  mounting the linear measurer atop the blade portion of the T-square which
      has its head portion against a side of the cutting table paralleling the
      direction of measurement,
PA1  selecting from diagrammed data, on the side of the gauge, an alignment
      means which is to be used when measuring from a rabbeted edge to set the
      guide-edge for a groove cut,
PA1  placing this alignment means in alignment with the rabbeted edge, which
      offsets the linear measurer, in the direction of the measurement, a
      distance equal to the width of the rabbet plus one half of the width of
      the groove, plus that width of the groove-cutting tool lying between the
      center of the groove and the edge of the tool adjacent the guide-edge,
PA1  moving the T-square in the direction of measurement until the linear
      measurer, as it unwinds from its housing, indicates, at its intersection
      with the guide-edge of the T-square, the required inside dimension of the
      side of the structure being layed-off, holding the T-square in this
      position, removing the gauge and measurer from interference, and moving
      the groove cutting tool along said guide-edge to cut a first groove which
      will allow a first corner to be subsequently formed therealong and will
      define a first side of the structure lying between the intersection of the
      inside surfaces along said corner, and the near edge of the aforesaid
      rabbet cut, of the required inside dimension,
PA1  again placing the measurer atop the blade portion of the T-square,
PA1  selecting the alignment means which sets the position of the guide-edge for
      a cut when measuring from a groove to a groove, and placing the alignment
      means in alignment with the groove cut just cut,
PA1  moving the T-square in the direction of measurement until the required
      inside dimension after fabrication of the side being layed-off, as
      indicated by the linear measurer, intersects the guide-edge;
PA1  holding the guide-edge in this position,
PA1  removing the measurer from interference with the cutting process,
PA1  moving the groove cutting tool along the edge to cut a second groove;
PA1  repeating the sequence of procedures outlined above for cutting the second
      groove to cut a third groove;
PA1  again placing the linear measurer atop the blade of the T-square,
PA1  selecting, from the diagrammatical data on the sides of the gauge, the
      alignment means which off-sets the measurer the compensating distance
      necessary when measuring from a groove to a cut for a butt edge,
PA1  placing this selected means in alignment with the immediately prior groove
      cut,
PA1  moving the T-square in the direction of measurement until the measurer,
      unwinding from its housing, indicates, at its intersection with the
      guide-edge, the required inside dimension of this, the fourth side of the
      structure,
PA1  holding the guide-edge in this position,
PA1  removing the measurer from interference,
PA1  making a knife cut, along said edge, vertically through the board material
      down to, but not cutting, the sheeting, to form a butt edge;
PA1  again placing the measurer atop the blade of the T-square,
PA1  selecting the alignment means along the side of the gauge for use when
      measuring from the butt edge to define a stapling flap,
PA1  placing this alignment means in alignment with the knife cut just made,
PA1  moving the T-square in the direction of measurement until, as there is no
      inside dimension involved, the zero inch mark of the measurer intersectss
      the guide-edge,
PA1  holding the guide-edge in this position,
PA1  making a vertical knife cut through both the insulating material and the
      sheeting, then making a horizontal knife cut along the edge, thus exposed,
      between the insulating portion and the sheeting,
PA1  separating the two to leave a stapling flap; and,
PA1  then bringing the butt edge up and over to mate with the rabbet of the
      first edge to close the four sides of the structure.
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ABST
PAL  An improved self-containable disposable diaper wherein a portion of the
      disposal pouch is slit so as to form integral, oppositely extending wings,
      the wings preferably having means thereon for completing the attachment of
      the diaper to an infant. A method is provided for forming the improved
      diaper featuring folding, slitting and refolding the portion thereof which
      is to define the pouch and wings.
PARN
PAR  This is a division of application Ser. No. 296,982 filed Oct. 12, 1972, now
      U.S. Pat. No. 3,837,955, which in turn is a division of application Ser.
      No. 111,188 filed Feb. 1, 1971, now U.S. Pat. No. 3,731,689 issued May 8,
      1973.
BSUM
PAR  This invention relates to a disposable diaper having an integral pouch and
      integral means for application to a baby, and to a method therefor.
PAR  U.S. Pat. No. 3,369,545 describes a disposable diaper and method of use
      which permits a soiled diaper to be contained within an integral pouch for
      sanitary disposal. While such a structure is highly advantageous,
      particularly in situations where immediate disposal of the soiled diaper
      is not feasible, it would be desirable if the diaper could be provided
      with integral means for fastening the diaper without the necessity for
      pinning it to itself through the pouch.
PAR  Various pinless diapers have been previously described in the literature.
      Thus, U.S. Pat. Nos. 2,627,858 and 3,089,494 describe diapers having
      extensions provided with adhesive for fastening without the need for
      safety pins. Although such structures are functional, they require the use
      of additional material in providing the pinless function.
PAR  In accordance with this invention, a disposable diaper of the type
      disclosed in the aforesaid U.S. Pat. No. 3,369,545 is provided with
      integral attachment means without the use of additional material. It will
      be apparent that the addition of function and structure without the use of
      additional material is economically attractive.
PAR  More specifically, the aforesaid diaper is improved by providing slits in
      the outermost wall of the pouch so as to define a pair of wings preferably
      having a combined width substantially equal to the width of the wall, and
      operable to form wings integrally extending from said wall in one of the
      waist regions of the diaper. According to the method of this invention,
      the pouch portion of the diaper is preferably made by flattening a tubular
      sheet of fluid impervious material to provide the two pouch walls and
      slitting through two opposing wall portions thereof along a line
      transverse to the longitudinal axis of the tube from a longitudinal edge
      of the flattened tube partially across the width of said flattened tube,
      and cutting a second slit along a line extending longitudinally from one
      end of the flattened tube to said transverse slit.
DRWD
PAR  The structure of this diaper and the method therefor, will be better
      understood by reference to the following description of the invention and
      the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a baby wearing a diaper constructed in
      accordance with the invention;
PAR  FIG. 2 is a front elevational view of the absorbent side of the diaper
      constructed in accordance with the invention;
PAR  FIG. 3 is a rear elevational view similar to FIG. 2 except that the wings
      are folded outwardly so as to extend away from the diaper;
PAR  FIG. 4 is a sectional view taken along the line IV--IV of FIG. 3;
PAR  FIG. 5 is a rear elevational view of the diaper of FIG. 2 with the wings
      folded inwardly;
PAR  FIG. 6 is a fragmentary perspective view illustrating steps in the disposal
      of the diaper of the invention; and
PAR  FIG. 7 is a schematic perspective view illustrating several of the improved
      steps in the method of making the diaper in accordance with the invention.
DETD
PAR  Referring to FIG. 1, the invention relates to a disposable diaper
      especially adapted for wear by a baby 10, the diaper being the type which
      is thrown away after having been soiled. Referring now to FIGS. 2-5, the
      invention particularly concerns the disposable diaper of the type having a
      fluid absorbent pad 12 and at least two layers 14 and 16 of fluid
      impervious sheet material attached to the pad 12 in such a manner as to
      form a pouch 18 (FIG. 4). The pad 12 preferably includes a fluid pervious
      cover sheet 20 as illustrated in FIG. 4. The layers 14 and 16 are
      connected at their edges 22, 24 and 26, these edges also coinciding with
      three of the edges 27, 28 and 29 respectively, of the pad 12 to define
      three of the edges of the diaper.
PAR  Various modifications are possible in the construction of the diaper of
      this invention, as illustrated in FIGS. 8 and 9 of the aforementioned U.S.
      Pat. No. 3,369,545. For example, the longitudinal edges of the cover sheet
      may be folded around the corresponding edges of the fluid absorbent pad,
      in which case the width of the back sheet need not be greater than the
      width of the fluid absorbent body. In this construction, the longitudinal
      edges of the back sheet are joined to the folded around longitudinal edges
      of the cover sheet.
PAR  Alternately the cover sheet may be larger than the absorbent pad. In this
      embodiment, the edges of the back sheet are secured to the folded around
      edges of the cover sheet. The diaper may also be constructed with both
      cover and back sheets having larger dimensions than the filler, and
      secured together in any of the aforementioned manners. In any of these
      embodiments, the pouch is formed by joining the impervious sheet at its
      longitudinal edges and one of its edges along the width thereof to the
      corresponding adjacent edges of the back sheet, as previously described.
PAR  Fluid impervious sheets 14 and 16 are preferably films of thermoplastic
      materials, thereby allowing construction of the diaper by heat sealing
      techniques. Examples of suitable thermoplastic films are polyethylene
      films, polypropylene films, ethylene-acrylate copolymer films, vinyl
      chloride polymer and copolymer films, etc.
PAR  Fluid absorbent pad 12 may be one or more plies of cellulosic sheeting,
      e.g., paper or non-woven fabric or a mass of loosely associated fibers
      such as cotton fibers or comminuted wood pulp commonly known as "fluff".
PAR  Cover sheet 20 can be a wet strength tissue paper, polyurethane foam, or
      preferably a non-woven fabric of material such as cotton, rayon,
      polypropylene, nylon, etc.
PAR  In accordance with one aspect of the invention, the outermost layer 16 is
      slit near one end 31 of the diaper along a line forming an edge 30 (FIG.
      3) at an angle to edges 22 and 24 and along a longitudinal center line, to
      form a pair of integral wings 32 and 34 extending from opposite edges 22
      and 24 of the layers 14 and 16 and of the diaper. The wings 32 and 34 are
      foldably attached to the bottom layer 14 so that the diaper can be stored
      (FIG. 5) with the wings 32 and 34 overlapping bottom layer 14. Because the
      wings are formed by slitting the layer 16, it will be readily apparent
      that the edges 36 and 38 of the wings are contiguous with the slit edge 30
      of the layer 16 when the wings are so overlapped. Also, the outermost
      edges 40 and 42 of the wings are contiguous with each other in that
      overlapped configuration, the combined width of the wings being that of
      the width of the layers 14 and 16 and therefore of the diaper.
PAR  When the diaper is to be placed on the baby, the wings fold outwardly along
      the edges 22 and 24 to give the configuration shown in FIGS. 2 and 3.
      Although the wings 32 and 34 are disclosed as having approximate equal
      length, such is not necessary. Equal length does provide, however, a more
      aesthetic appearance.
PAR  In order to provide a contour fit of the wings around the baby's legs when
      the diaper is attached as shown in FIG. 1, it is necessary that edges 36
      and 38 extend from the layer edges 22 and 24 at an angle less than
      90.degree.. Accordingly, the value of the angle "alpha" (FIG. 3) should be
      less than 90.degree. and preferably about 77.degree.. It will be readily
      appreciated that because of the angle alpha differing from 90.degree., the
      slit edge 30 forming the top outside edge of the pouch 18 is angled.
      Since, as disclosed, the wings 32 and 34 have approximate equal width, the
      location of the angle in the slit edge 30 is approximately centered in the
      layer 16. Thus, the wings 32 and 34 increase in their width as they extend
      outwardly from the edges 22 and 24 to their outermost edges 40 and 42,
      respectively. The increased width provides the additional advantage of
      increasing the attaching strength of the wings. The wing structure thus
      provides stronger attachment than could be had if conventional tape tabs
      were applied simply to the absorbent pad 12 or the liquid impervious sheet
      14. If desired, wings 32 and 34 could be further reinforced by any means
      suitable for reinforcing impervious sheeting, such as an additional layer
      of liquid impervious film, strand reinforcements, etc., or by folding each
      wing back upon itself to provide a double thickness.
PAR  The pinless function of this diaper is preferably accomplished by applying
      a pressure sensitive adhesive to the zones indicated by the numeral 50,
      FIGS. 2, 5 and 6. Any conventional pressure sensitive adhesive can be
      used, examples being natural rubber combined with modified wood rosins and
      adhesives of the type disclosed in U.S. Pat. No. 3,299,010. Removable
      facing strips may be applied to the adhesive zones 50, so that the wings
      do not stick until the diaper is ready for use. Alternately, double-face
      pressure sensitive adhesive tabs can be used. The adhesive may be applied
      to an area other than zone 50; for example, it may be placed in a thinner
      or thicker band or as discrete spots.
PAR  The above-described diaper can be manipulated for disposal in a manner
      similar to the diaper disclosed in the aforesaid U.S. Pat. No. 3,369,545.
      That is, referring to FIG. 6 herein, the slit edge 30 of the layer 16
      defines the opening into the pouch 18 which permits the turning inside out
      of the diaper. When the diaper is soiled, one hand is then slipped into
      the pouch 18 to the edge 26 of the layer 16 where that edge is grasped. At
      the same time the other hand pulls on the slit edge 30 of the layer 16,
      the two hands crossing over so as to turn the pouch inside out. The
      resulting configuration places the inside layer 14 completely exposed on
      one side of the folded up diaper with the layer 16 on the other side, the
      absorbent pad 12 being thus completely enclosed.
PAR  While the impervious sheet forming the wings and pouch need not be
      co-extensive with back sheet 16, it must have edges contiguous with at
      least one of the edges along the width of the diaper in order that the
      wings be in the waist region thereof. Furthermore, the pouch 14 must be of
      adequate dimensions so as to contain the entire soiled diaper surface upon
      reversal.
PAR  In accordance with another aspect of the invention, FIG. 7 illustrates a
      preferred method of manufacturing this diaper. In accordance with this
      method, the two layers 14 and 16 of the impervious sheet are extruded as a
      single tubular sheet 60. The sheet 60 is flattened so as to form fold
      longitudinal edges 62 and 64. The next step is to slit the flattened sheet
      through two opposing wall portions transversely from fold edge 64 along
      the slit line 66 only partially across the sheet. Preferably slit 66
      extends one-half the width of flattened sheet 60. The line 66 is inclined
      to the fold 64 at an angle preferably less than 90.degree., the angle
      "alpha" for example being on the order of about 77.degree.. A second slit
      is then cut along the line indicated by numeral 68 which coincides with
      the fold edge 64 and intersects the slit 66 as well as the leading edge 70
      of the tubular sheet which is to form end 31 of the diaper. The next step
      is to unfold the tubular sheet and refold it with a 90.degree.
      reorientation, so that the folded edges form edges 22 and 24 of the pouch,
      these folded edges being in the preferred embodiment substantially
      equidistant from the slit 68. One method of accomplishing this is to slide
      the tubular sheet over a refolding mandrel which comprises two planar
      surfaces intersecting each other at approximately 90.degree.; 71 is a
      schematic view of a segment of such a refolding mandrel, which is known in
      the art. Thus, the reformed edges which also coincide with the fold edges
      22 and 24 will be formed along the edges 72 of the mandrel. The next step
      is to bring the slit and refolded sheet into position for attachment to
      the absorbent pad 12 so that the attachment can be made with the edges of
      the sheet and pad properly aligned.
PAR  It will be apparent that each individual diaper can be made in accordance
      with the previous steps on an intermittent basis. Preferably, however, the
      previous steps are accomplished in a continuous process which proceeds in
      a manner illustrated in FIG. 7. Specifically, the tubular sheet 60 is
      rolled off a roll 74 having a length considerably in excess of the length
      of an individual diaper, the slitting steps occurring periodically so as
      to space the slits along the tubular sheet 60 as it unwinds from the roll
      74. After a portion of the tubular sheet is so slit, that portion passes
      over the mandrel so as to be refolded. From the mandrel, the sheet
      continues on to a station which is opposite a long roll 78 of the
      absorbent pad 12. The roll 78 unwinds at the same speed as the tubular
      sheet is traveling, and the sheet and the pad are brought into
      superposition and continuously adhered or otherwise attached to each other
      by an attaching station (not shown) using techniques such as heat sealing.
      Thereafter, individual diapers are periodically severed from the
      continuous length of adhered pad and sheet, the severing being spaced so
      as to intercept the slits which were formed along the line 68 at the point
      where it terminates at the top end 31 of the diaper. The final severing
      not only produces each individual diaper but completes the cut necessary
      to release the wings so that they can be unfolded from the layer 16 when
      the diaper is ready to be used. The bottom edge 26 of the layers 14 and 16
      is sealed in a concurrent or subsequent operation. It will be recognized
      that this continuous process of making the improved disposable diaper
      reduces the cost by speeding up the process.
PAR  Although the invention has been described in connection with certain
      preferred embodiments, it is not intended that the invention be limited
      thereto. For example, the only requirement with respect to the slits in
      the pouch is that they assume a general T-configuration. Thus, the
      longitudinal slit can be positioned at any point along the width of the
      diaper, thus providing wings of unequal width. Also, the wings can be
      trimmed after manufacture to smaller dimensions. Furthermore, the two
      layers of fluid impervious sheet can be formed separately rather than as
      an integral sheet, the two layers then being heat sealed at their edges.
      Also, if desired, the pouch can open at both ends, allowing disposal to be
      accomplished by inverting the diaper inside out at either end of the
      pouch. While "slit" has been illustrated as a continuous severance, the
      term is meant to include such equivalents as a perforated tear line. Thus,
      it is intended that the invention cover all alternative arrangements,
      equivalents, and embodiments as may be included within the scope of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making the pouch for a disposable diaper having a fluid
      absorbent body and pouch integrate therewith, said fluid absorbent body
      having a front side and a back side, said back side having a fluid
      impervious surface and said pouch having a wall portion thereof common
      with said impervious surface in at least one waist region of the diaper
      and in at least a portion of the remaining region of the diaper, the
      remainder of the pouch wall comprising a supple, fluid impervious sheet
      attached to said body whereby said impervious surface and said sheet form
      opposing wall portions of said pouch, said method comprising slitting a
      flattened tube of fluid impervious sheet material
PA1  a. through two opposing wall portions thereof along a line transverse to
      the longitudinal axis of the tube from a longitudinal edge of the
      flattened tube partially across the width of said flattened tube and
PA1  b. along a line extending longitudinally from one end of the flattened tube
      to said transverse slit, with the longitudinal slit being closer said
      longitudinal edge than an inner portion of the transverse slit.
NUM  2.
PAR  2. The method of claim 1 wherein said longitudinal slit extends along the
      longitudinal edge of the flattened tube.
NUM  3.
PAR  3. The method of claim 1 wherein said transverse slit forms an angle of
      less than 90.degree. with said longitudinal slit.
NUM  4.
PAR  4. The method of claim 1 wherein said transverse slit extends one-half the
      width of said flattened tube.
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ABST
PAL  An apparatus for cutting, sorting and stacking paper or the like in sheet
      form is disclosed which includes means for collecting packets of sheets in
      tandem on a collecting drum prior to discharging the collected sheets to
      the stacker. The basic components consist of a sheet cutting section, a
      sheet collecting section, a sheet slow down section and a stacker unit. In
      the tandem collect mode of operation, the length of the cut sheets must be
      less than one-half the circumference of the collecting drum and the drive
      ratio between the sheet cutting section and the sheet collecting section
      is set at 2:1. Packets of sheets containing an odd number of sheets are
      collected in tandem on the collecting drum with the use of air showers
      that are controlled by microswitches in an air shower control unit that is
      driven by the cutting drum. The drive ratio between the cutting drum and
      the air shower control unit and the number of microswitches in the air
      shower control unit determine the number of sheets collected in each
      packet.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates generally to the art of cutting, sorting and
      stacking paper or the like in sheet form in a continuous operation, and
      with such accuracy, precision and freedom from dust, that the paper so
      stacked requires no further handling other than wrapping, weighing and
      labeling prior to delivery to the customer. The operation is performed at
      high speed preferably on a single web of paper, and the final stacked
      sheets are sold under the trademark "AccuTrim" paper, marketed by the
      assignee herein. Moreover, the invention herein is an improvement in
      applicant's prior U.S. Pat. Nos. 3,203,326 and 3,272,044, and incorporates
      features disclosed in applicant's prior U.S. Pat. No. 3,363,520.
      Accordingly, for the purpose of providing a complete disclosure of the
      present invention the disclosures of the aforementioned U.S. patents
      should be considered as incorporated herein by reference.
PAR  The present invention consists essentially of the following basic
      components, including an unwind stand (not shown herein), a web inspection
      device, a cutting section, a tape type sheet receiving and sorting
      section, a sheet collecting section, a sheet slow down section and a sheet
      stacker all substantially as disclosed in applicants prior patents.
      Furthermore, for the present invention, the various machine components
      used in the aforementioned patents would be useful, except that the sheet
      collecting drum used herein is of the type more fully disclosed in
      applicant's U.S. Pat. No. 3,363,520.
PAR  The contribution of the present invention to the various machine components
      disclosed in applicant's prior patents comprises an improved air shower
      control for the sheet collecting drum which enables the machine to cut
      sheets at a higher rate with a reduced load on the slow down section of
      the machine.
PAC  SUMMARY OF INVENTION
PAR  The present invention relates to a novel means for collecting and
      transferring sheet material in packets and, more particularly, for
      collecting and transferring sheet material prepared by a single web sheet
      cutter and stacker device used in the manufacture of AccuTrim paper.
PAR  The novelty of the present invention lies in the fact that by incorporating
      the improvements disclosed herein, the machines disclosed in applicant's
      prior U.S. Pat. Nos. 3,203,326 and 3,272,044 can be made to cut and stack
      more paper than their design potential and at a reduced load on their slow
      down systems. The above virtues of the present invention are achieved with
      the machines disclosed in applicant's prior patents in those cases where
      the sheets being cut are not greater in length than about half the maximum
      length of the sheet that can be cut and collected in the single sheet
      collection mode. Thus in the present case, as was the case with the
      machines disclosed in applicant's prior patents, the collecting drum, tape
      drive rolls and drive ratios are typical for a machine to handle sheets
      39-78 inches in length in the single collect mode at up to 300 CPM (cuts
      per minute). Under these conditions (300 CPM), a 78 inch sheet length
      would require a tape speed of about 2000 feet per minute and the slow down
      system of the machine would be taxed to its limits with the
      deceleration-acceleration rates being at a maximum. However, in the tandem
      collect mode, as provided for by the present invention, the same machine
      can be operated up to 400 CPM on sheets ranging in size from about 22-39
      inches in length. Accordingly, when cutting and collecting sheets of a
      length less than about one-half of the circumference of the collecting
      drum in the tandem collect mode, the sheet cutting portion of the machine
      can be operated at or near its maximum speed while the remainder of the
      machine is running at half the speed of the cutter drum.
PAR  In carrying out the above noted results, the present invention incorporates
      an air shower control unit into the machine which operates in the tandem
      collect mode at the same speed as the cutter drum. The air shower control
      unit consists of a rotating cam and a plurality of microswitches which
      trigger the solenoid valves that operate the transfer air shower and the
      sheet collect air shower when contacted by the rotating cam. The cam is
      driven by the cutting drum drive at a speed ratio that corresponds to the
      number of sheets collected in each packet. The machine shown schematically
      in the drawing herein is set-up for a five sheet packet, thus the speed
      ratio between the cam and the cutter drum is 5:1. However, the machine
      could be set-up to collect any odd number of sheets in each packet. The
      number of sheets in each packet must be an odd number for tandem collect
      to insure that the sheet packs build up alternately on the collecting
      drum. On the other hand, one could easily change the sheet collecting
      system to a seven sheet pack for instance by adding two more microswitches
      to the air control unit and changing the drive ratio between the cutter
      drum and cam to 7:1. However, as pointed out hereinbefore, the primary
      virtue of the tandem collect system lies in the speed relationship between
      the sheet cutting section and the sheet collecting section of the machine.
      Accordingly, with the machine in the tandem collect mode, the drive ratio
      between the sheet cutting section and the sheet collecting section is 2:1.
      Thus the sheet collecting drum operates at one-half the speed of the
      cutter drum which provides the reduced load on the sheet slow down system
      at normal operating speeds of the cutter drum. This reduced load on the
      slow-down-speed-up drive motor in the tandem collect mode can be readily
      seen from a review of the data in the following table.
TBL                TABLE                                                       
     ______________________________________                                    
     Cuts   Initial   Time     Decel. Decel.                                   
     Per    Tape      Per      Accel. Accel.                                   
     Min.   Speed     Cut      Time   Rate                                     
            (FPM)     (Sec)    (Sec)  (Ft./sec./sec.)                          
     SINGLE COLLECT MODE                                                       
     ______________________________________                                    
     200    1337      .300     .893   22.13                                    
     250    1672      .240     .715   35.43                                    
     300    2006      .200     .596   51.85                                    
     350    2340      .171     .509   71.63                                    
     TANDEM COLLECT MODE                                                       
     ______________________________________                                    
     200     668      .300     .789   10.94                                    
     300    1003      .240     .510   27.88                                    
     350    1170      .171     .432   39.35                                    
     400    1337      .150     .377   52.41                                    
     ______________________________________                                    
PAR  The above data was calculated for a typical machine having a collecting
      drum of about 80 inches in circumference with a cutter drum of
      approximately the same size. Thus the typical machine is capable of a
      maximum sheet length collection in the single collect mode of about 78
      inches and in the tandem collect mode of about 39 inches, and the data
      above was calculated for the maximum sheet length for each mode of
      collection. The delivery speed at which sheets can be delivered to the
      stacker is about 150 FPM (feet per minute). Thus it can be seen
      immediately that the initial tape speed (synchronized speed) is
      considerably higher than the delivery speed and is directly proportional
      to the number of cuts per minute. Of course, the time per cut is also
      directly related to the cuts per minute. The deceleration/acceleration
      rate depends on the number of cuts per minute and the distance between the
      entrance to the slow down tapes and the exit from the tapes. However, for
      a slow down tape system of a fixed length, the slow down photocell for
      large sheets in the single collect mode must be closer to the entrance of
      the slow down system than the slow down photocell for smaller sheets in
      the tandem collect mode. Thus the time permitted for the slow down tapes
      to decelerate and then accelerate back to sync speed for each delivery
      decreases as the frequency of cuts per minute increases. In like manner,
      the deceleration/acceleration rate increases as for the frequency of cuts
      per minute increases and the deceleration/acceleration rate is directly
      proportional to the load on the slow down drive motor. When this rate is
      multiplied by the inertia of the tape slow down system, the number
      obtained can be converted directly into horsepower. Accordingly, it may be
      seen from the data above that the deceleration/acceleration rate at 300
      CPM in the single collect mode is just about equal to the rate at 400 CPM
      in the tandem collect mode. Thus, the horsepower required for the sheet
      slow down motor and thus the load on the sheet slow down system is reduced
      at equivalent cutting rates in tandem collect as compared to single
      collect.
PAR  At the lower tape speeds used in the tandem collect mode the slow down
      distance is reduced and under these conditions, the length of the slow
      down system can also be reduced. However, with a machine capable of single
      or tandem collect, the slow down system would be designed to handle the
      longest sheets possible in the single collect mode. Moreover, since the
      tape system is not shortened for tandem collect the location of the
      photocell which initiates slow down is different for single collect and
      tandem collect. The drawing herein shows the two different photocell
      locations for the two different conditions.
PAR  It is also conceivable that the tandem collect system disclosed herein
      would make the machines more readily adapted for cutting heavy papers or
      paperboards (.012 inch thick and greater). For this purpose, larger
      collecting drums would be employed so that the sheets would not have to
      bend as much. The optimum slow down speed would be based on the average
      tape speed with the collecting drum operating at one-half the cutter drum
      speed. For even shorter sheets, i.e., sheets having a length substantially
      less than one-half the maximum sheet length permissable, either triple or
      quadruple tandem collect could be employed.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  FIG. 1 is a diagrammatic plan view of a single web sheet cutter and stacker
      incorporating the features of the present invention;
PAR  FIG. 2 is a view in sectional side elevation taken along the lines 2--2 of
      FIG. 1 and showing a comprehensive view of the machine of FIG. 1;
PAR  FIG. 3 is a view in sectional side elevation taken along the lines 3--3 of
      FIG. 1 and showing the drive mechanism of the machine of FIG. 1;
PAR  FIGS. 4-18 show the collecting drum of the present invention in
      diagrammatic form as sheets of paper are collected and transferred from
      machine start-up through 71/2 revolutions.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 2 a paper web W is fed from an unwind stand (not shown) at high
      speed around a tension roll 2, over inspection roll 4 where it is viewed
      by inspection device 6, through a pair of feed rolls 8,9 and to the rotary
      sheet cutter unit 10 where the web is cut into sheets. Each sheet then
      travels between tapes 12 and 14 to the sorting air shower at 16 where the
      sheet is either accepted or rejected. The operation of the sorting air
      shower 16 is controlled by a solenoid valve 160 that receives signals from
      the paper web inspection device 6. Rejected sheets are discarded into the
      rejects box 161 while accepted sheets continue their travel between tapes
      12 and 18 over the wedges 19 to the collecting drum 20. The collecting
      drum 20 is constructed as disclosed in applicant's prior U.S. Pat. No.
      3,363,520. At the collecting drum, the accepted sheets are directed onto
      the drum by the collecting air shower 21. The collecting air shower 21 is
      controlled by the sheet collect solenoid valve 210 in response to signals
      from the air shower control unit 211. Air shower control unit 211 consists
      of a rotating cam 212 and a plurality of microswitches 213 and 214. The
      embodiment shown consists of five microswitches for a five sheet
      collection system. It should be understood however, that the machine could
      be set up for any odd collect number from five and up simply by adding
      more microswitches and changing the drive ratio between the cutter drum 20
      and the air shower control 211 accordingly. The number of sheets collected
      must be an odd number for tandem collect, otherwise the packs would not
      build up alternately on the collecting drum. Furthermore, the number of
      sheets capable of being collected in each packet would depend primarily on
      the basis weight of the paper being cut.
PAR  The sheets are alternately collected on the drum 20 and transferred
      therefrom as shown in FIGS. 4-18. Since the circumference of drum 20 is
      greater than the combined length of two cut sheets, and with the gear box
      7 between the cutter drum 10 and the collecting drum 20 set in 2:1 ratio,
      the sheets are collected in individual packs as follows. When the machine
      is started and the web W is initially fed to the cutter drum 10, the first
      sheet is cut and travels between tapes 12 and 14 as shown in FIG. 2. If
      the sheet is not rejected by reject air shower 16, it continues between
      tapes 12 and 18 to the collecting drum 20. At the collecting drum 20
      collect air shower 21 is actuated by the sheet collect solenoid valve 210
      in response to the air shower control cam 212 engaging the first
      microswitch 213 to force the sheet onto the collecting drum 20. The
      sequence described thus far corresponds to one complete revolution of the
      cutter drum 10 and one-half of a revolution of the collecting drum 20 as
      shown in FIG. 4. Meanwhile, as additional sheets are cut by the cutter
      drum 10 the packs of sheets build up on the collecting drum 20 as the cam
      212 of the air shower control sequentially engages the microswitches 213.
      The sheet packets are retained on the collecting drum 20 by the tapes 24
      which are arranged in close proximity to the drum 20 by the guide rolls
      shown in FIG. 2. For every complete revolution of the collecting drum 20,
      two sheets are collected because of 2:1 ratio of the drive between cutter
      drum 10 and collecting drum 20. FIG. 5 shows the condition of the
      collecting drum 20 after one complete revolution with sheets 1 and 2 on
      the drum and sheet 3 about to be collected. FIG. 6 shows the drum 20 after
      one and one-half revolutions with sheets 1 and 2 in one packet and sheet 4
      in position to be collected on top of sheet 2. FIG. 7 shows in a similar
      manner sheets 2 and 4 in a packet with sheet 5 ready for collection in the
      pack containing sheets 1 and 3. At this point, the air shower control
      system 215 has reached the condition where the cam 212 has sequentially
      engaged each of the collect microswitches 213 and is about to engage the
      transfer microswitch 214. As shown in FIG. 8, after five complete
      revolutions of the cutter drum 10 and 21/2 revolutions of the collecting
      drum 20, cam 212 engages transfer microswitch 214 to actuate the sheet
      transfer solenoid valve 216 which actuates the transfer air shower 217
      which in turn removes the first packet of sheets containing sheets 1, 3
      and 5 from the collecting drum 20. FIG. 8 also shows the condition of the
      collecting drum 20 with sheet 6 about to be collected in the pack
      containing sheets 2 and 4. Thus, as the cam 212 of the air shower control
      system 215 continues to rotate, it once again engages the first
      microswitch 213 to collect sheet 6.
PAR  FIG. 9 shows the condition of the collecting drum 20 after three complete
      revolutions with sheets 2,4 and 6 in one pack and sheet 7 about to be
      collected on the now vacant side of the collecting drum 20. FIGS. 10, 11
      and 12 show the collecting drum 20 as sheets 8,9 and 10 are collected and
      at this point, the cam 212 of air shower control 215 is once again
      approaching the transfer microswitch 214 which actuates the transfer
      solenoid 216 to activate the transfer air shower 217 and thereby remove
      the first complete 5 sheet packet from the collecting drum 20 as shown in
      FIG. 13. Accordingly, as shown in FIG. 13, sheets 2,4,6,8 and 10 are
      removed from the collecting drum 20 when cam 212 engages microswitch 214
      and the collecting drum 20 is in condition to collect the next sheet 11 in
      the pack containing sheets 7 and 9. FIGS. 14-18 follow the same collecting
      and transfer sequence as shown in FIGS. 9-13 and are not believed to
      require a more detailed explanation.
PAR  It should be noted however, that the sequence of operation shown in FIGS.
      4-18 assumes a situation where no sheets are rejected by the reject air
      shower 16. Thus once the cutter drum 10 has completed 10 revolutions and
      the collecting drum 20 has completed 5 revolutions, the machine is
      collecting complete packs of five sheets. If one or more defective sheets
      are detected by the sheet inspection device 6, they would be rejected by
      the reject air shower 16 into the reject box 161 and the machine would
      continue to operate by delivering packs of sheets to the slow down tapes
      26, 28 containing less than five sheets. In order to provide an accurate
      count of the sheets actually delivered to the collecting drum 20, a sheet
      counting system is provided and consists of a photocell 74, and a photo
      lamp 76 which delivers signals to a sheet counter (not shown). The system
      employed is substantially the same as that shown in applicant's prior U.S.
      Pat. No. 3,272,044 (FIG. 35). Each sheet that passes the reject air shower
      16 intercepts the light beam from lamp 74, and each interception advances
      the sheet counter one count until the 500 count (one ream) is reached. At
      that time, the sheet counter resets itself and 5 counts later produces an
      actuation signal for a ream flag to be inserted in the delivered stack.
      The ream flag can be inserted either manually or automatically by a ream
      flag inserter substantially as disclosed in applicant's prior patent noted
      above.
PAR  As may be appreciated from a consideration of the above detailed
      description, the machine can be operated in the tandem collect mode when
      cutting sheets that are shorter than one half the circumference of the
      collecting drum and by doing so will impose a reduced load on the sheet
      receiving system at the end of the machine. Thus the primary virtue of the
      tandem collect system is that it greatly reduces the load on the slow down
      sheet receiving system and the slow down drive motor, and since these are
      the major limiting elements of the machine the frequency of cuts per
      minute can be increased appreciably in the tandem collect mode as compared
      with the single collect mode.
PAR  The slow down sheet receiving system used in the present invention is
      substantially the same as the system fully described in applicants prior
      U.S. Pat. No. 3,272,044. In this regard, the packets of sheets are
      delivered by tapes 12 and 24 to tapes 26 and 28, which latter tapes go
      through a slow-down-speed-up cycle, first slowing down as they deliver a
      packet of sheets to stack 30, and then speeding back up to sync speed, or
      the same speed as the collecting drum in time to accept the next sheet
      packet.
PAR  Tapes 12 are carried on rolls 32,34,38,40 and 44 including the tape drive
      roll 36. Nip roll 44 is adjustable in the direction of the arrows passing
      through it and causes the tapes 12 to contact the tapes 14 and exert a
      slight pressure upon them. The arrangement shown forms a nip between the
      tapes and produces a gripping action on the cut sheets just before they
      are severed from the web W by the cutter drum 10. The details of the
      function of roll 44 is disclosed more fully in applicant's aforementioned
      prior patent. Tapes 14 pass over rolls 46,50,52,56 including the drive
      roll 54. Tapes 18 pass over rolls 60,64,66 and 70 including drive roll 68.
      Tapes 26 are carried on rolls 86,88,92 and 95 including drive roll 90
      tapes 28 are carried on rolls 84,94,96,100 including drive roll 98.
      Meanwhile, tapes 24 for the collecting drum 20 are passed around rolls
      72,76,78,80 and the collecting drum 20 itself. All tape runs have
      provisions for take-up adjustment substantially as disclosed in
      applicant's prior U.S. patents. It will also be noted that all tapes run
      at the same surface speed as collecting drum 20. Meanwhile, in the tandem
      collect mode, the cutter drum 10 runs at twice the speed of the collecting
      drum to produce twice as many cut sheets as the machine would normally
      handle in the single collect mode.
PAR  The main machine drives and tape drives are shown in FIGS. 1 and 3. Motor
      11 drives jack shaft 13 by means of timing gear 23, timing belt 17 and
      timing gear 15. Timing gear 25 mounted on jack shaft 13 drives the input
      timing gear 29 of the sheet ratio drive unit 31. Output timing gear 33 of
      the sheet ratio drive unit 31 drives the timing gear 35 of the feed roll 8
      by means of the timing belt 37, and the timing gear 39 on jack shaft 13
      drives the timing gear 43 of cutter drum 10 by means of the timing belt
      41. Thus it may be seen that the cutter drum 10 is driven off the jack
      shaft 13 while the feed roll 8 is driven off the same jack shaft but
      through the sheet ratio drive unit 31. At the front side of the machine
      the cutter drum 10 has a timing gear 93 mounted on its shaft which drives
      the timing gear 97 of the air shower control 215 through the timing belt
      95. The ratio of this drive has been set forth hereinbefore as it relates
      to the number of sheets collected in a packet.
PAR  Also mounted on the jack shaft 13 is the timing gear 45 which drives the
      input timing gear 47 of the gear box 7 by means of the timing belt 49. As
      noted in FIG. 1, the gear box 7 can be operated at two different ratios,
      1:1 for the single collect mode and 2:1 for the tandem collect mode. The
      output drive of the gear box 7 consists of a timing gear 51 which drives
      the tape drive roll 54 by means of a timing gear 53 and timing belt 55.
      Also mounted on the tape drive roll 54 is a second timing gear 57 which
      drives through the timing belt 61, the input timing gear 59 of the lower
      tape drive roll 68. Drive shaft 63 of tape drive roll 68 includes two
      additional timing gears 65 and 67 which drive respectively the tach
      generator R and the collecting drum 20. Thus, timing gear 65 drives the
      timing gear 73 of tach generator R by means of the timing belt 75 and
      timing gear 67 drives the input timing gear 71 of collecting drum 20 by
      means of the timing belt 69. Tach generator R provides an input signal 79
      that is fed to the slow down control unit 81 which also receives signals
      from the delivery end of the machine. Meanwhile, the upper tape drive roll
      36 is driven by a timing belt 58 off the timing gear 62 located on the
      front end of the tape drive roll shaft 63.
PAR  At the sheet delivery end of the machine, the slow-down-speed-up motor 77
      drives the lower tape drive roll 98 via a timing belt 83 and a timing gear
      85. Meanwhile upper tape drive roll 90 is driven by a timing belt 87 and
      the timing gear 89. Slow-down-speed-up motor 77 has a direct drive to the
      tach generator S which delivers a second input signal to the slow down
      control unit 81. The slow-down-speed-up cycle for receiving sheets from
      the collecting drum 20 and delivering them to the stacker 30 operates in
      response to signals that are generated by the photocells A, B and C.
      Photocell A initiates slow down for the single collect mode and Photocell
      B initiates slow down for the tandem collect mode. The photocells actually
      "see" the trailing end of the sheet packet to produce the desired results.
      The timing of the slow down cycle is such that the individual sheet
      packets are accepted by the tapes 26 and 28 at the speed of the collecting
      drum 20, and as soon as the packet is clear of the collecting drum, the
      photocell beam A or B becomes re-established and the slow down of the tape
      begins. The tapes attain a minimum speed equal to about 150 FPM just as
      the leading end of the sheet packet contacts the back stop jogger 91 of
      the stacker 30. At that point, the trailing end of the sheet packet has
      passed the third photocell C, which because of its re-established beam
      sends a signal to the slow down control unit 81 which in turn actuates the
      slow down motor 77 and thereby accelerates the speed of the tapes 26,28
      back up to the speed of the collecting drum 20, ready to accept the next
      packet of sheets as soon as it has been collected.
PAR  In the slow down system, at the time of transfer from the collecting drum
      20 to the slow down tapes 26,28, the slow down tapes must be running at
      the same speed as the collecting drum. The delivery tapes 12, 18 from the
      cutter drum 10 to the collecting drum 20 also run at the same speed. Thus,
      in order to attain this synchronized speed of all the components, the
      output signal of tach generator S is compared with the output signal of
      tach generator R in the slow down control system, and the speed of the
      slow down tapes are automatically adjusted until they are synchronized
      with the rest of the system.
PAR  From the foregoing specification, it may be seen that the invention herein
      provides a substantial improvement in the machines disclosed in
      applicant's prior U.S. Pat. Nos. 3,203,326 and 3,272,044. Furthermore,
      even though the invention herein has been described in detail for use on a
      single web of paper, in those situations where the sheets did not have to
      be inspected and sorted, and where the desireability of having all of the
      sheets come from the same roll of paper was not required, the machine of
      the present invention could operate effectively on multiple webs from
      different rolls.
PAR  While certain preferred embodiments of the invention have been illustrated
      and described in detail, it is to be understood that many variations and
      modifications could be made by one skilled in the art within the scope of
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A high speed sheet cutting, delivering and stacking mechanism comprising
      in combination, means for advancing sheet material in web form to a sheet
      cutting device where the web is cut into sheets, a sheet conveying means
      for conveying the cut sheets to a foraminous sheet collecting drum where
      the individual cut sheets are collected, air shower means for guiding
      individual sheets onto said foraminous collecting drum in registered
      packets and for removing the packets of sheets from said foraminous
      collecting drum, a common drive means for the sheet cutting device, sheet
      conveying means and foraminous collecting drum, and a slow-down-speed-up
      sheet packet transfer conveying means for accepting packets of sheets from
      said foraminous collecting drum and delivering said sheet packets to a
      sheet stacking means, the improvement comprising:
PA1  a. a transmission means having a 2:1 drive ratio connected between said
      sheet cutting device and said foraminous collecting drum; and,
PA1  b. an air shower control means driven by said sheet cutting device for
      actuating said air shower means to collect packets of cut sheets that are
      shorter in length than one half the circumference of said foraminous
      collecting drum in tandem on said foraminous collecting drum.
NUM  2.
PAR  2. A sheet cutting, delivering and stacking mechanism as set forth in claim
      1 wherein the air shower control means further comprises a cam device that
      is driven directly by said sheet cutting device and a plurality of air
      shower controlling microswitches that are contacted in sequence by said
      cam device.
NUM  3.
PAR  3. A sheet cutting, delivering and stacking mechanism as set forth in claim
      2 wherein the cam device is driven by said cutting drum at a speed ratio
      that corresponds to the number of sheets cut for collection in an
      individual packet.
NUM  4.
PAR  4. A sheet cutting, delivering and stacking mechanism as set forth in claim
      3 wherein the total number of said microswitches is an odd number and
      corresponds to the number of sheets cut for collection in an individual
      packet with one microswitch triggering the air shower means for removing
      packets of sheets from said foraminous collecting drum and the remainder
      of said microswitches triggering the air shower means for guiding
      individual sheets onto said foraminous collecting drum.
NUM  5.
PAR  5. A sheet cutting, delivering and stacking mechanism as set forth in claim
      4 wherein the slow-down-speed-up sheet packet transfer conveying means
      accepts packets of sheets at the normal speed of said foraminous
      collecting drum and then slows the sheet packets down to a relatively low
      speed for delivery to said stacking means before returning to the normal
      speed of said foraminous collecting drum, said slow-down-speed-up cycle
      being governed by sheet packet detecting means incorporated within the
      sheet packet transfer conveying means.
NUM  6.
PAR  6. A sheet cutting, delivering and stacking mechanism as set forth in claim
      5 wherein the sheet packet detecting means further comprises photocells
      which are positioned on said sheet transfer means as a function of the
      sheet length cut by the said sheet cutting device.
NUM  7.
PAR  7. In a sheet cutting, collecting and transferring mechanism, in
      combination, a sheet cutting device, a foraminous drum for collecting
      individual sheets thereon one after another and for accumulating the
      sheets in registered packets, first air shower means disposed above said
      drum for guiding the individual sheets onto said drum, second air shower
      means disposed within said drum for removing the accumulated sheets from
      said drum and a common drive means for the sheet cutting device and the
      foraminous collecting drum, the improvement comprising:
PA1  a. a transmission means between said sheet cutting device and said
      foraminous collecting drum having a 1:1 drive ratio for single collect and
      a 2:1 ratio for tandem collect; and,
PA1  b. an air shower control means driven by said sheet cutting device
      consisting of a plurality of switches which actuate the first and second
      air shower means for collecting single packets of sheets in the 1:1 drive
      ratio of said transmission and tandem packets of sheets in the 2:1 drive
      ratio of said transmission.
NUM  8.
PAR  8. The sheet cutting, collecting and transferring mechanism of claim 7
      wherein with the transmission means in the 2:1 drive ratio the foraminous
      collecting drum operates at one-half the speed of the sheet cutting device
      and the length of the sheets collected in tandem is less than one-half the
      circumference of the foraminous collecting drum.
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ABST
PAL  Punching press apparatus including an exchangeable tool set having upper
      and lower punching tools movable toward one another by a pressing ram to
      punch parts from sheet metal material. A stacking duct extends vertically
      downwardly from thepunching dies to accommodate a plurality of the punched
      out parts, which parts are then conveyed by endless magnetic conveyor
      belts arranged below the stacking duct, to remote part stacking mandrels
      and the like. In order to accommodate exchange of the punching tools
      without disconnection or emptying of the stacking ducts, the stacking
      ducts extend downardly to a position spaced upwardly of a press table
      supporting a toolholding plate, which toolholding plate supports the lower
      punching tool. The stacking ducts are formed as inserts in the toolholding
      plate so that a very simple exchange of the punching tools and toolholding
      plates can be effected by lateral movement of the units including the
      toolholding plate and punching tool out of the press ram working area. In
      preferred embodiments, air cushion means are provided between the press
      table and the toolholding plate to facilitate easy lateral movement for
      tool exchange operations. The conveyor belts are arranged in grooves in
      the press table so that they do not interfere with the exchanging
      operation.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a punching press including exchangeable tool sets
      having upper and lower punching tools wherein the parts punched out by the
      punching dies of the tools are discharged through a stacking duct in the
      lower punching tool. The punching press of the present invention may
      advantageously be utilized for punching out sheet-metal parts for
      electrical machinery and the like.
PAR  A substantial disadvantage of previously contemplated punching presses of
      this type is that an exchanging of the punching tools (blanking dies) is
      very cumbersome and time-consuming due to the fact that basket- or
      cage-type stacking ducts through which the cut-out metal sheets were
      discharged from the area underneath the punching tool were extended
      through an underlying press table or workholding plate and were attached
      in the zone of the underside of the tool. Consequently these stacking
      ducts had to be detached and lowered before each exchange of punching
      tools or dies. Prior arrangements also required removal of a portion of
      the metal sheets present in the ducts from the tool zone before the tool
      could be removed or disassembled.
PAR  The present invention contemplates providing punching apparatus which
      avoids the above-mentioned disadvantages by configuring and constructing
      the stacking ducts so that they need not be detached and removed or
      emptied during exchange of punching tool sets.
PAR  An important feature of the present invention is the spacing of the
      stacking duct structure from a conveying system for removal of the punched
      out parts from the stacking ducts and the spacing of the stacking duct
      structure from the press table surface of the press which supports a
      toolholding plate and the lower punching tool. In a preferred embodiment
      of the invention, the conveying system includes magnetic conveyor belts
      extending in grooves formed in the press table and extending from adjacent
      the bottom of the stacking ducts to remote part storage locations.
PAR  With the arrangement of the present invention, the entire toolholding plate
      with stacking inserts forming the stacking ducts located therein,
      including the punched out parts collected in the stacking ducts and the
      lower punching tool, can be moved as a unit laterally out of the press.
      For moving this unit out of the press, hydraulically liftable rollers or
      mechanical displacing means including a rope, a chain, or a
      rack-and-pinion gear, or similar devices can be utilized according to the
      present invention. However, a particularly preferred embodiment of the
      present invention uses air cushion means for vertically supporting the
      unit as it is moved laterally along the press table and bracket means
      connected thereto.
PAR  In preferred embodiments, the units, including toolholding plates, punching
      tools, and stacking inserts, are pushed out of the press at the front or
      at the rear thereof on fixed or movable supporting brackets and, at that
      point (located remotely laterally of the press ram travel path and press
      table), can rapidly be exchanged for a new punching tool or set of
      punching tools with the aid of a lifting means.
PAR  These and further objects, features and advantages of the present invention
      will become more obvious from the following description when taken in
      connection with the accompanying drawings which show, for purposes of
      illustration only, a single embodiment in accordance with the present
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a part sectional schematic front view, taken along line I--I of
      FIG. 3, of a punching press constructed in accordance with a preferred
      embodiment of the present invention;
PAR  FIG. 2 is a part sectional schematic lateral view, taken along line II--II
      of FIG. 3; and
PAR  FIG. 3 is a schematic top view of the punching press of FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, like reference numerals are used throughout the various
      views to depict like structures.
PAR  Feed rollers 1, 2 feed a sheet-metal strip 6 between upper punching tool 4
      and lower punching tool 5 of press 3. Pressing ram 7 effects punching out
      of parts or blanks 8, 9 from strip 6 upon each stroke of the ram 7. Since
      means for feeding and discharging strip 6, as well as means for driving
      ram 7, of conventional construction can be used with the present
      invention, further details of same are not included so as not to obscure
      the invention.
PAR  Blanks 8, 9 are passed through respective separate stacking ducts 10, 11
      through the lower punching tool 5. These two stacking ducts 10, 11 extend
      from die portion 23 of lower tool 5 through an insert 12 in the table top
      or toolholder plate 13 and terminate shortly above the bottom surface of
      plate 13, which bottom surface of plate 13 rests on the top surface of
      press table 14. In order to separate the individual sheet-metal parts, the
      insert 12 is preferably tapered in its cross section toward the the exit
      area, or spreading elements schematically depicted in FIG. 1 are installed
      in the insert 12.
PAR  The individual sheet-metal parts 8, 9, which exit from the bottom of the
      respective stacking ducts 10, 11, fall onto conveyor belts 15, 16
      extending at a right angle to each other. These belts 15, 16 are
      controlled with respect to their speed so that the sheet-metal parts 8, 9
      are arranged so that they partially overlap one another and pass to
      respective rotatable stacking stations 19, 20 equipped with several
      mandrels 17, 18. Since the stacking ducts 10, 11 terminate shortly above
      the bottom surface of the toolholder plate 13 and since the conveyor belts
      15, 16 are disposed in indentations or grooves of the press table 14
      and/or in a recess of the table top 13, the entire unit including punching
      tools 4, 5 can be extended, together with the toolholder plate 13,
      laterally out of the press area on brackets 21. As can be seen from FIG.
      2, this unit can then be easily exchanged with the aid of a lifting means
      22. The extension (lateral outward movement) of the punching tools is
      facilitated by an air cushion produced by inserts in the table 14 and the
      brackets 21. Hydraulic piston cylinder mechanisms and rack-and-pinion gear
      mechanisms are also contemplated by the present invention for laterally
      moving the punching tool unit out of the press area onto brackets 21.
      Details of such mechanisms are not included herein, since one skilled in
      the art, given the present disclosure, will be able to modify known
      devices to effect the simple lateral mechanical movement and exchange of
      punching tool units.
PAR  While we have shown and described one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art and we therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Punching press apparatus comprising:
PA1  an exchangeable tool set having first and second punching tools,
PA1  pressing ram means for pressing said first and second tools toward one
      another to punch parts from sheet material interposed between said first
      and second tools,
PA1  a press table supporting said second tool,
PA1  at least one stacking duct for stackingly accommodating a plurality of said
      parts punched out by said tools,
PA1  and tool exchanging means including movement accommodating means for
      accommodating movement of said second tool relative to said press table in
      a direction transverse to the stacking direction in which said at least
      one stacking duct extends,
PA1  wherein each of said at least one stacking ducts extends through said
      second tool from respective positions where said parts are punched out and
      terminates on the side of the second tool which faces said press table at
      a spacing from said press table such that said second tool can be moved
      with respect to said press table in said transverse direction without
      emptying said at least one stacking duct and without separation of said at
      least one stacking duct from said second tool, each of said at least one
      stacking ducts being carried in their entirety with and movable with said
      second tool in said transverse direction.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein the end of each of said stacking
      ducts disposed closest to said press table includes spreading elements for
      separating individual parts.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said tools are constructed for
      punching out sheet metal parts.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein two of said stacking ducts are
      provided for accommodating parts punched out respectively by two spaced
      sets of cooperating dies on said tools.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein separate grooves are provided in
      said press table which communicate with respective part discharge ends of
      said ducts, wherein conveyor belt means extend in said grooves for
      conveying parts from said ducts to positions spaced from said press table,
      and wherein said grooves and conveyor belt means extend at an angle with
      respect to one another.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said movement accommodating
      means includes air cushion means for supporting said second tool with
      respect to said press table and guide bracket means for supporting and
      guiding said second tool as it is moved laterally of said press table.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein said first tool is detachably
      connected to said pressing ram means such that said first tool is movable
      with said second tool laterally of said press table.
NUM  8.
PAR  8. Apparatus according to claim 1, wherein a toolholding plate is disposed
      between said press table and said second tool, and wherein said movement
      accommodating means includes means accommodating transverse movement of
      said toolholding plate together with said second tool.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein said first tool is an upper tool
      and said second tool is a lower tool, and wherein each of said at least
      one stacking ducts extend vertically downwardly from die surfaces of said
      second tool which cooperate with said first tool to punch out said parts.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein said movement accommodating
      means includes air cushion means for supporting said toolholding plate,
      together with said second tool supported on said toolholding plate, in the
      vertical direction with respect to said press table, and guide bracket
      means for supporting and guiding said toolholding plate and second tool as
      they are moved horizontally away from said press table.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein said first tool is detachably
      connected to said pressing ram means such that said first tool is movable
      with said second tool and toolholding plate laterally of said press table.
NUM  12.
PAR  12. Apparatus according to claim 9, wherein conveying means are provided
      for conveying said parts away from the bottom end of each of said at least
      one stacking ducts to positions spaced from said press table.
NUM  13.
PAR  13. Apparatus according to claim 12, wherein said conveying means extend
      transversely of said stacking direction in groove means formed in at least
      one of said press table and toolholding plate.
NUM  14.
PAR  14. Apparatus according to claim 13, wherein spreading elements are
      disposed in the lower zone of each of said at least one stacking ducts for
      separating individual parts being supplied to the conveying means.
NUM  15.
PAR  15. Apparatus according to claim 13, wherein said conveying means includes
      conveyor belt means extending in said groove means, and wherein said
      groove means includes an upwardly open groove in said press table within
      which said conveyor belt means is disposed at a position below the top
      surface of the press table.
NUM  16.
PAR  16. Apparatus according to claim 15, wherein two of said stacking ducts are
      provided for accommodating parts punched out respectively by two spaced
      sets of cooperating dies on said tools.
NUM  17.
PAR  17. Apparatus according to claim 16, wherein said groove means includes
      separate grooves for respective separate conveyor belt means extending one
      each from said respective stacking ducts, said separate grooves extending
      at an angle to one another to respective different sides of the press
      table.
NUM  18.
PAR  18. Apparatus according to claim 13, wherein said conveying means includes
      endless conveyor belt means extending in said groove means.
NUM  19.
PAR  19. Apparatus according to claim 18, wherein said movement accommodating
      means includes air cushion means for supporting said toolholding plate,
      together with said second tool supported on said toolholding plate, in the
      vertical direction with respect to said press table, and guide bracket
      means for supporting and guiding said toolholding plate and second tool as
      they are moved horizontally away from said press table.
NUM  20.
PAR  20. Apparatus according to claim 19, wherein spreading elements are
      disposed in the lower zone of each of said at least one stacking ducts for
      separating individual parts being supplied to the conveying means.
NUM  21.
PAR  21. Apparatus according to claim 19, wherein said tools are constructed for
      punching out sheet metal parts, and wherein said endless conveyor belt
      means are magnetic.
NUM  22.
PAR  22. Apparatus according to claim 21, wherein two of said stacking ducts are
      provided for accommodating parts punched out respectively by two spaced
      sets of cooperating dies on said tools.
NUM  23.
PAR  23. Apparatus according to claim 19, wherein said groove means are formed
      in said press table below the bottom surface of said toolholding plate and
      the top surface of said press table so as to facilitate horizontal
      movement of said toolholding plate.
NUM  24.
PAR  24. Apparatus according to claim 23, wherein each of said at least one
      ducts is formed at least in part by an insert of said toolholding plate
      disposed below said second tool.
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ABST
PAL  Tooling for use in a punching device, the tooling being a punch and
      stripping guide assembly, comprises a stripper sleeve guiding a punch
      having a threaded end encircled by a stripping spring which is preloaded
      by a threaded punch head secured thereto, the threaded end and the
      threaded head having hexagonal axial openings in which a locking rod of
      corresponding cross-section is disposed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to punch-type of tooling for use in punching devices
      such as turret presses.
PAR  2. Prior Art
PAR  It is known to provide a punch and stripping guide assembly which includes
      a stripper sleeve guiding a punch having a threaded upper end encircled by
      a stripping spring that is preloaded by means of a threaded punch head
      received on such punch. Such threaded punch head is susceptible to
      rotation as a consequence of the vibrations and shocks that are incident
      to usage, and therefore set screws have been used to hold such punch heads
      in "locked" position at a selected amount of spring compression or length.
      However, the threaded set screws are just as susceptible to loosening,
      thus leaving the punch head free to turn and to change its adjustment.
PAR  In a press of the turret type, there is a certain amount of clearance
      between the top of a turret on which tooling is supported and the lower
      surface of the ram or ram plate with which a selected tool assembly
      registers. Further, it is not always possible to know exactly what that
      clearance will be because the retracted position of the ram in a
      high-speed press may vary because a clutch or brake on a drive shaft which
      provides one complete punching stroke per revolution is not always stopped
      with the ram at its most retracted point. For example, a design clearance
      between the ram and the tooling of one-sixteenth inch in practice
      typically becomes one thirty-second inch, plus or minus one thirty-second
      inch. Thus with approximately zero clearance any loosening of such punch
      head as a consequence of shock and vibration not only has altered the
      length of die penetration in the workpiece but has provided an overall
      length of tooling which the turret press could not cope with.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, the threaded end of the punch body and the
      punch head are provided with noncircular openings, such as openings of
      hexagonal cross-section, into which a noncircular rod, such as a piece of
      hexagonal stock is inserted. Means are provided for withdrawing such rod
      and for holding the punch to enable adjustment of the head.
PAR  Accordingly, it is an object of the present invention to provide means for
      locking a punch head on a punch in a manner that cannot be loosened by
      vibration or shock.
PAR  Another object of the present invention is to provide tooling for use in a
      punching device or punch press which can be accurately set before
      installation without change of such setting being possible except by
      deliberate adjustment.
PAR  Many other advantages, features and additional objects of the present
      invention will become manifest to those versed in the art upon making
      reference to the detailed description and the accompanying sheet of
      drawings in which a preferred structural embodiment incorporating the
      principles of the present invention is shown by way of illustrative
      example.
DRWD
PAC  ON THE DRAWING
PAR  FIG. 1 is a cross sectional view of a punch and stripping guide assembly
      according to the present invention shown installed in a turret-type of
      punch press;
PAR  FIG. 2 is a top view of the punch and stripping guide assembly; and
PAR  FIG. 3 is a cross sectional view of a modified form of the punch of FIG. 1.
DETD
PAC  AS SHOWN ON THE DRAWING
PAR  The principles of the present invention are particularly useful when
      embodied in a punch and stripping guide assembly such as shown in FIG. 1,
      generally indicated by the numeral 10 and also referred to herein
      collectively as "tooling". The tooling 10 includes a stripper sleeve 11
      which also serves as a punch-guide, a punch 12 having a body 13 slidably
      disposed in the stripper sleeve 11 and having a threaded upper end portion
      14, a punch head 15 threaded onto the upper end portion 14, there being a
      stripping spring 16 acting between the stripper sleeve 11 and the punch
      head 15.
PAR  According to the invention, the upper end portion 14 of the punch 12 has an
      axial opening 17 of noncircular cross-section, here shown has being
      hexagonal, and the head 15 has a noncircular axial opening 18, here shown
      to be hexagonal, in registration with the opening 17. A locking rod 19 of
      noncircular cross-section extends into both of the openings 17 and 18 and
      prevents any rotation of the head 15 with respect to the punch 12, such
      cross-section being hexagonal.
PAR  The rod 19 is preferably non-metallic and has an axial opening 20 for
      facilitating removal thereof, such as by insertion of a self-tapping
      screw, coupled with pulling on such screw. The rod 19 has a close but not
      a negative fit, but even so there is a tendency for such rod 19, under the
      type of use that this equipment is subjected to, to become jammed. By the
      use of non-metallic material, rotation can be avoided but the part can be
      broken or sheared off by intentional overpowering the same, and the use of
      materials such as plastic or urethane is therefore preferable as these can
      be removed without damage to the metal parts. The rod 19 is of such
      lengths with respect to the adjusted position of the head 15 and the
      lengths of the opening 17 that its upper end is flush or substantially
      flush with the top surface 21 of the head 15.
PAR  When the tooling 10 is out of the press, and it is desired to make the
      adjustment referred to, a hand implement may be inserted through an
      opening 22 in the sleeve 11 into a second opening 23 in the punch 12.
      During initial adjustment, a hexagonal wrench is inserted in the opening
      18 to rotate the head 15 with respect to the punch 12.
PAR  An alternate to the transverse opening 23 is shown in FIG. 3 where a punch
      12a has a lower end that is provided with a hexagonal opening 24 for
      receiving another hexagonal wrench for the purpose described.
PAR  The punch press shown here as environment includes an upper turret 25
      having a bushing 26 on which a lifting spring 27 rests to act against a
      flange 28 on the stripper sleeve 11. The station of the turret 25 that
      includes the bushing 26 is shown as having been indexed or rotated to be
      in alignment with a fragmentarily illustrated punch ram or ram plate 29.
      The total available clearance between the upper surface of the turret 25
      is indicated by the dimension A, thus providing a representative clearance
      C between the ram 29 and the upper surface 21 of the head 15. It is this
      clearance dimension which may go as low as zero. When the turret 25 is
      indexed to bring the tooling 10 into alignment with the ram 29, some
      safety is provided by virtue of a bevel 30 on the head 15 and a
      corresponding bevel on the ram 29. As a practical matter, the tooling 10
      is not adjusted in the punch press, but at a remote location and the only
      practical dimension that the workman has to work with is that shown at B,
      or the overall length of the tooling 10. Using appropriate gaging and with
      hand tools inserted into the tooling 10 before the rod 19 is installed,
      the length is set precisely, within a thousandth of an inch, to the
      maximum length that can be safely accommodated by the press. Thereafter,
      the head 15 is further turned to shorten the overall length until the two
      hexagonal openings 17, 18 have complemental surfaces that are aligned.
      Where the cross-sectional configuration is a hexagon, such additional
      turning will not exceed 60.degree. of rotation, and for a typical thread
      pitch, such shortening will therefore not exceed 0.01  inch. Thus the
      effective length of the tooling 10 is precisely adjustable to be but a
      fraction of what the maximum dimension C can be. With this structure, loss
      of adjustment cannot take place and thus die penetration is accurately
      controlled, and no problem is encountered with the turret press as to the
      envelope size of tooling that it can accommodate. The use of a
      self-tapping screw for removal of the plug 19 is preferable because then
      the plug can be reused.
PAR  Although various minor modifications may be suggested by those versed in
      the art, it should be understood that I wish to embody within the scope of
      the patent warranted hereon, all such embodiments as reasonably and
      properly come within the scope of my contribution to the art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. Tooling for use in a punching device, said tooling comprising:
PA1  a. a punch-guide and stripper sleeve;
PA1  b. a punch having a body slidably disposed in said sleeve and having a
      threaded upper end portion, said threaded end portion having an axial
      opening of non-circular cross-section;
PA1  c. a punch head threaded onto said end portion and having an axial opening
      therethrough of non-circular crosssection;
PA1  d. a stripping spring acting between said sleeve and said punch head to
      urge the lower end of said punch into said sleeve; and
PA1  e. a locking rod of non-circular cross-section extending into both of said
      openings for preventing rotation of said punch head.
NUM  2.
PAR  2. Tooling according to claim 1 in which said rod has the physical
      properties of one of urethane and plastic.
NUM  3.
PAR  3. Tooling according to claim 1 in which said rod is nonmetallic.
NUM  4.
PAR  4. Tooling according to claim 1 in which said rod has a snug fit in said
      openings.
NUM  5.
PAR  5. Tooling according to claim 1 in which said rod has an axial opening for
      receiving rod-removal means.
NUM  6.
PAR  6. Tooling according to claim 1 in which said axial opening and said rod
      have hexagonal cross-sections.
NUM  7.
PAR  7. Tooling according to claim 1 including means on said punch receptive of
      a hand tool for adjusting the positon of said punch head on said punch.
NUM  8.
PAR  8. Tooling according to claim 1 including an axial opening of non-circular
      cross-section disposed in the lower end of said punch.
NUM  9.
PAR  9. Tooling according to claim 6 in which said lower end of said punch has
      an axial opening of hexagonal crosssection.
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ABST
PAL  A punching device includes a C-frame on which a punch and stripping
      assembly is upwardly urged by a stripping spring, there being a horizontal
      retainer pin extending through one of two slots in such assembly and
      carried in a selected one of a plurality of holes in the frame for
      selecting the pinch point clearance, namely the clearance between the
      stripping sleeve and the die.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a punching device of the sub-press type for use
      in a punch press, press brake or the like.
PAR  2. Prior Art
PAR  It is desirable and necessary to have an air gap between a retracted
      punch-guide-and-stripper-assembly and die which is larger than the maximum
      thickness of material that the punching device can perforate. Where the
      device is one that is considered to be of the heavy duty type, there is
      thus provided a substantial gap to accommodate such a workpiece. However,
      such punching device is also capable of handling thinner workpieces. When
      a relatively thin workpiece is placed on such a die for punching, there is
      a considerable air gap between the top surface of the workpiece and the
      punch and stripper assembly, an air gap which is considered excessive for
      operator safety. Thus, when punching thinner workpieces, it has been
      necessary to provide a suitable guard for operator safety or to use
      punching equipment having less capacity so that a smaller gap can be
      initially provided. Neither of these alternatives is attractive,
      efficient, or inexpensive.
PAC  SUMMARY OF THE INVENTION
PAR  In this invention, clearance adjustment is met by providing a retainer pin
      that holds the punch and stripper assembly in a selected one of a
      plurality of vertically spaced locations, when retracted, so that when
      working with thinner material in a heavy duty press, the clearance at the
      pinch point can be selectably reduced to provide operator safety.
PAR  Accordingly, it is an object of the present invention to provide a punching
      device wherein the clearance between the punch and the die, when one is
      retracted from the other, is just barely larger than the workpiece
      thickness whereby the need for a separate guard is avoided.
PAR  Another object of the present invention is to provide a construction for a
      punching device wherein the clearance above a workpiece in such punching
      device at the pinch point is less than one-fourth inch where the workpiece
      thickness is both less than one-fourth inch and another workpiece
      thickness is above one-fourth inch.
PAR  Many other advantages, features and additional objects of the present
      invention will become manifest to those versed in the art upon making
      reference to the detailed description and the accompanying sheet of
      drawings in which a preferred structural embodiment incorporating the
      principles of the present invention is shown by way of illustrative
      example.
DRWD
PAC  ON THE DRAWING
PAR  FIG. 1 is a fragmentary front view of a punching device in accordance with
      the present invention;
PAR  FIG. 2 is a corresponding cross-sectional view thereof showing the punch
      and stripper sleeve in a retracted position;
PAR  FIG. 3 corresponds to FIG. 2 but shows the punch and stripper sleeve in a
      lower retracted position; and
PAR  FIG. 4 is a fragmentary cross-sectional view taken along line IV--IV of
      each of FIGS. 2 and 3.
DETD
PAC  AS SHOWN ON THE DRAWINGS
PAR  The principles of the present invention are particularly useful when
      embodied in a punching device of the sub-press type such as shown
      fragmentarily in FIG. 1, generally indicated by the numeral 10. The
      punching device includes a frame 11 such as of the C-frame type having a
      lower arm 12 supporting a die 13, and an upper arm 14 having a vertical
      bore 15 in registration with the die 13. The upper arm 14 has a plurality,
      here two, of vertically spaced holes 16, 17 which intersect the bore 15,
      the axes of the holes 16, 17 being substantially tangent to the bore 15.
PAR  In the bore 15, the upper arm supports and guides a punch and stripper
      assembly which includes a punch guide and stripper sleeve 18, a punch 19
      having a body 20 guided in a bore 21 of the stripper sleeve 18, and a
      stripping spring 22 which may be a single spring but which is here shown
      as being a plurality of Belleville springs arranged in a nonnested manner.
      The stripping spring 22 acts between the upper surface 23 of the stripper
      sleeve 18 and a lower surface 24 of a punch head 25 to urge the punch 19
      in a direction so as to draw the punch body and its cutting edge into the
      stripper sleeve so that an upper surface 26 of the punch body 20 engages
      an internal downwardly directed shoulder 27 forming a part of and disposed
      within the stripper sleeve 18. The punch 19 and stripper sleeve 18
      preferably include keying means for angularly orienting the punch 19 with
      respect to the frame 11, such keying means here comprising an elongated
      slot 28 in the stripper sleeve 18 and a key 29 secured to the body 20 of
      the punch 19.
PAR  A lifting spring 30 acts between the upper surface of the upper arm 14 and
      the lower side of a flange 31 on the stripper sleeve 18 to retract the
      punch and stripper assembly, namely to retract the stripper sleeve 18
      along with the punch 19 and the stripper spring 22 so as to provide
      maximum clearance between the die 13 and the lower surface of the upper
      arm 14.
PAR  To retain the punch 19 and stripper sleeve 18 in the upper arm, and more
      particularly to retain such components at a selected height, there is
      provided a horizontal retainer pin 32 which can be selectably inserted in
      one of the holes 16, 17. The retainer pin 32, when so inserted, chordally
      intersects the bore 15.
PAR  The stripper sleeve 18 has a pair of laterally facing slots 33, 34 in the
      outer wall thereof which are vertically spaced. The distance from the
      lower end of the slot 33 to the lower end of the slot 34 is less than the
      distance between the centers of the holes 16, 17. Thus the horizontal
      retainer pin 32 also chordally intersects the stripper sleeve 18 at the
      slots 33, 34.
PAR  As shown in FIG. 2, when the retainer pin 32 is in the upper hole 16, the
      lower end of the upper slot 33 engages the retainer pin 32 to provide
      maximum workpiece clearance. However, when the workpiece is relatively
      thin, such maximum clearance is considered unsafe. In that event, the
      retainer pin 32 is removed and is inserted in the hole 17 and this enables
      the lower end of the lower slot to engage the retainer pin 32 as shown in
      FIG. 3. FIG. 3 shows that with this arrangement, the clearance has been
      cut in half, a typical resulting clearance being one-fourth inch. Thus
      each slot 33, 34 has sufficient length to enable operation, and the lower
      end of each slot has such a location that with a workpiece in position,
      the clearance is minimized.
PAR  Some type of retaining means should be provided to hold the retainer pin 32
      in the selected hole. In this embodiment, the retaining means for the
      retainer pin comprise a threaded inner end 35 received in mating threads
      in the upper arm 14, there being an enlarged socket head 36 received in a
      counterbore as best seen in FIG. 4.
PAR  Although various minor modifications may be suggested by those versed in
      the art, it should be understood that we wish to embody within the scope
      of the patent warranted hereon, all such embodiments as reasonably and
      properly come within the scope of our contribution to the art.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A punching device comprising:
PA1  a. a frame having a lower arm on which a die is supported, and an upper arm
      having a vertical bore aligned therewith;
PA1  b. a punch-guide and stripper sleeve slidably disposed in the bore in said
      upper arm;
PA1  c. a punch having a body slidably disposed in said sleeve;
PA1  d. a stripping spring acting between said sleeve and said punch to urge the
      lower end of said punch into said sleeve;
PA1  e. a lifting spring acting between said sleeve and said upper arm and
      urging said sleeve away from said die; and
PA1  f. a horizontal retainer pin in said frame, and chordally intersecting said
      bore through a selected one of a plurality of vertically spaced holes,
      there being a corresponding plurality of laterally facing slots in the
      outer wall of said sleeve which are vertically spaced from each other by
      an amount differing from the vertical spacing of said holes and through
      which said pin passes chordally.
NUM  2.
PAR  2. A punching device according to claim 1 with said holes so arranged in
      said frame and with said slots so arranged in said sleeve, that with said
      pin in the upper of said holes, said lifting spring normally urges the
      lower end of the upper of said slots against said pin, and that with said
      pin in the lower of said holes, said lifting spring normally urges the
      lower end of said slots against said pin.
NUM  3.
PAR  3. A punching device according to claim 1 in which the vertical spacing
      between the lower ends of said slots is less than the vertical spacing
      between the centers of said holes.
NUM  4.
PAR  4. A punching device according to claim 1 in which said sleeve provides a
      maximum of clearance with said die when said pin is in one of said holes,
      and a lesser clearance when said pin is in the other of said holes.
NUM  5.
PAR  5. A punching device according to claim 1 including means acting between
      said pin and said frame for removably retaining said pin in the selected
      hole.
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ABST
PAL  Box capacitors are loaded onto an in-line track feeder with the capacitor
      leads extending downward between a pair of tracks. Vibration of the tracks
      moves the capacitors thereon so that the capacitor leads pass between the
      meshing teeth of a drive gear and an idler gear that is caused to turn by
      the former. The tracks are spaced from the gears to prevent damping of
      vibrations of the former. The leading edges of the teeth on the gears have
      a radius thereon for providing smooth feeding action of the capacitor
      leads between the gear teeth. The drive gear also has a chamfer on the top
      edges of the teeth thereof to reduce the possibility of jamming on
      components with bent leads. A disk is attached to the underside of the
      idler gear for cutting the component leads to a prescribed length as they
      pass between the disk and the drive gear. The ends of the teeth on the
      idler gear are truncated such that a cut lead is compressed into a valley
      between teeth on the drive gear to thereby straighten these leads.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for cutting component leads to a
      prescribed length for insertion into holes in a printed circuit board and
      more particularly to improved apparatus for conditioning component leads
      by cutting them to a prescribed length and/or straightening them.
PAR  In order to facilitate insertion of electrical components in printed
      circuit boards, it is desirable that the leads of such components be
      preconditioned by forming them to a prescribed pattern and cutting them to
      a prescribed length. Box capacitors essentially have a rectangular cross
      section and a pair of leads that are spaced apart along the diagonal of a
      flat base thereof and which are orthogonal to this base. The overall
      dimensions of such components are variable. It is desirable that box
      capacitor leads be cut to a prescribed length and be relatively straight
      before insertion into a printed circuit board. Prior-art equipment for
      cutting box capacitor leads to prescribed lengths includes apparatus in
      which the capacitors are loaded and unloaded by hand, a cutting shear
      being actuated by a foot control to cut the leads to the desired length.
      Semi-automatic prior-art machines employ intricate discharge mechanisms
      since such machines are not designed to operate on more than one component
      at a time. Semi-automatic apparatus for performing this cutting function
      also includes an in-line track feeder to move box capacitors into a
      shear-type cutting tool. This machine does not provide cut leads of
      uniform length nor does it provide any degree of lead straightening.
PAR  An object of this invention is the provision of improved apparatus for
      conditioning component leads.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a front view of a machine embodying this invention.
PAR  FIG. 2 is a left-side view of the machine in FIG. 1, with a portion of the
      side wall 21 broken away for purposes of illustration.
PAR  FIG. 3 is a front view of a wedge-shaped shim 39 for insertion between the
      ends 37 and 38 of base plates 23 and 35 for tilting the feed tracks 15 and
      16 with respect to the lower base plate 35.
PAR  FIG. 4 is a side view of the shim in FIG. 3.
PAR  FIG. 5 is an enlarged front view of the portion of the machine between the
      broken lines A--A and B--B in FIG. 1.
PAR  FIG. 6 is a left-side view of the portion of the machine in FIG. 5, with
      side plate 21 broken away for purposes of illustration.
PAR  FIG. 7 is a top view of the portion of the machine that is shown in FIG. 5,
      with the top guide 52 and the side guides 55 and 56 removed for purposes
      of illustration.
PAR  FIG. 8 is an end view taken along lines C--C in FIG. 7, with only plates 61
      and 62 and tracks 15 and 16 shown in section for simplicity of
      illustration.
PAR  FIG. 9 is a side view of the cutting disk 7 in FIG. 8.
PAR  FIG. 10 is a top view of the idler gear 6 in FIG. 7.
PAR  FIG. 11 is an enlarged top view of a portion of the idler gear 6 in FIG. 10
      for illustrating the shape of the teeth thereon.
PAR  FIG. 12 is a side view of the drive gear 5 in FIG. 7.
PAR  FIG. 13 is a bottom view of the drive gear 5 in FIG. 7 and taken looking to
      the left in FIG. 12.
PAR  FIG. 14 is an enlarged view of a portion of the drive gear 5 in FIG. 13 for
      illustrating the shape of the teeth thereon.
PAR  FIGS. 1 - 4 are generally drawn to a scale of 50% in relation to a machine
      embodying this invention that was built and successfully operated. FIGS. 5
      - 14 are generally drawn to a scale of 100% in relation to that machine.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  This invention is useful in cutting the leads of a box capacitor or similar
      article to a prescribed length and/or straightening them so that they are
      readily insertable into holes in a printed circuit board.
PAR  Referring now to FIGS. 1 and 2, a machine embodying this invention
      generally comprises: a support frame; a gearing mechanism 4 that is
      supported on the frame and which includes a drive gear 5, an idler gear 6,
      and a cutting disk 7, the latter being attached to the bottom of the idler
      gear 6 (see FIG. 8); a drive mechanism on the frame that includes a motor
      10 and adapter shaft 11 that is connected to the drive shaft 12 of the
      motor and to the drive gear 5; and a vibratory feed mechansim 14 that
      includes a pair of feed tracks 15 and 16 that are mounted on a vibrator 17
      through associated L-shaped flanges 18 and 19.
PAR  The support frame comprises a pair of side walls 21 and 22 that are rigidly
      attached to a movable base 23 by screws 24 and to a top plate 25 by screws
      26. The motor 10 is secured to the top plate 25 by screws 27. A screen 30
      that covers the motor 10 is secured to plate 25 by screws 31. A pair of
      mounting plates 32 and 33 are rotatably secured to the sides of base 23 by
      screws 34. The mounting plates 32 and 33 are also rigidly secured to a
      second base plate 35 by screws 36. Thus, the support frame may be pivoted
      with respect to the second base member 35 and about the axis of the screws
      34 in plates 32 and 33. A wedge-shaped shim 39 (see FIGS. 3 and 4) is
      located between the fronts 37 and 38 of the bases 23 and 35 to maintain
      the feed tracks 15 and 16 at an angle with respect to a horizontal
      reference plane and the base 35. In operation, this construction aids in
      causing parts loaded onto the tracks 15 and 16 to automatically progress
      along the tracks toward the gears 5 and 6 as is described more fully
      hereinafter. The shim 39 is shown here separated from the frame in order
      to simplify the drawings. The overall height and taper on the top 40 of
      the shim may be varied depending on the size of the components being
      conditioned by the machine.
PAR  The vibrator 17 of the feed mechanism is mounted on plate 23 by screws (not
      shown). The vibrator is a commercially available device and may, by way of
      example, be a model T-8, manufactured by Automation Devices of Santa Fe
      Springs, Calif. The tracks 15 and 16 are secured to the tops of associated
      light-weight L-shaped flanges 18 and 19 by screws (not shown), these
      flanges also being secured to the top of the vibrator 17 by screws 41.
      Electrical power for operating the vibrator 17 and motor 10 is applied
      thereto on cords 42 and 43, respectively, from a controller 44 which is
      connected to a source of electrical power through cord 45. Actuation of
      the vibrator 17 and drive motor 10 is controlled by switch 48. The amount
      of drive current applied to the vibrator 17 is adjusted by varying the
      control knob 49. Alternatively, separate switches and control knobs may be
      associated with the vibrator 17 and drive motor 10 where the speed of the
      motor is related to the drive voltage.
PAR  Referring now particularly to the enlarged views in FIGS. 5 - 8 of the
      selected portions of the machine between the lines A--A and B--B in FIG.
      1, the tracks 15 and 16 are spaced apart sufficiently to allow leads of a
      box capacitor to pass therebetween without the device falling through this
      opening. The edges 111 and 112 of the tracks are parallel to the tangent
      lines (not shown) to the circumference to the gears at the mesh point
      thereof. An adapter shaft 11 is employed to connect the drive gear 5 to
      the drive shaft 12 on the motor 10. The shaft 11 extends over the drive
      shaft 12 of the motor 10 and a cylindrical shank 51 on the drive gear 5
      and is attached thereto by Allen screws. The motor 10 may be an 18 rpm
      shaded pole-gear motor, manufactured by Dayton Corporation of Newark,
      Ohio. A top guide 52 that has the bottom side thereof chamfered fits over
      the circumference of adapter shaft 11 and is secured thereto by an Allen
      screw. The height of the guide 52 along shaft 11 is adjustable for
      accommodating box capacitors of different heights. Since the top guide 52
      and drive gear 5 are both attached to the same shaft, they rotate about
      the same axis and at the same rate.
PAR  A pair of side guides 55 and 56 are attached to associated tracks 15 and 16
      by screws 57 and 58 to aid in maintaining the box capacitors in an upright
      position as they travel along the tracks. The guides 55 and 56 may be
      moved toward or away from the opening between the tracks 15 and 16 for
      accommodating box capacitors of different sizes. The shorter L-shaped side
      guide 55 preferably extends only a short distance under the top guide 52,
      whereas the taller U-shaped side guide 56 preferably extends past the
      cutting part of the gears. This orientation of the guides 55 and 56 in
      relation to the meshing gears 5 and 6 aids in maintaining the box
      capacitors in an upright position as the leads thereof are conditioned by
      being cut and straightened as they pass through the gears.
PAR  As is shown more clearly in FIGS. 7 and 8, the gearing mechanism 4 is
      mounted on a pair of support plates 61 and 62 that are attached to
      associated side plates 21 and 22 of the frame by screws 63. A bar 65 is
      attached to the back of the plates 61 and 62 to provide additional support
      since these plates are spaced apart at the center of the frame. Briefly,
      the cutting disk 7 (which is shown in detail in FIG. 9) is located in an
      opening 67 in the top of the right plate 62. The idler gear 6 (which is
      shown in detail in FIGS. 10 and 11) is secured to the cutting disk 7 by
      screws (not shown). The cutter 7 is secured to the top of the right plate
      62 by a screw 68, with the idler gear 6 located in a recessed opening 69
      in the right track 16. Similarly, the drive gear 5 (which is shown in
      detail in FIGS. 12 - 14) is secured to the top of left plate 61 by a screw
      70 and is located in a recessed opening 71 in the left track 15. The axes
      of the gears 5 and 6 are orthogonal to the common plane therethrough that
      is parallel to the top surfaces of plates 61 and 62. The tracks 15 and 16
      are spaced sufficiently from the associated gears 5 and 6 and plates 61
      and 62 that these elements do not touch during operation of the machine.
      This spacing is somewhat exaggerated in FIGS. 1 and 2 for purposes of
      illustration.
PAR  The cutter 7 comprises a disk-shaped body 73 having a pair of threaded
      openings 74 therein, and a pair of coaxial shanks 76 and 77 that project
      from opposite sides of the body 73 (see FIG. 9). The larger diameter shank
      77 has a threaded opening 78 therein. The diameter of the disk body 73 is
      greater than that of the idler gear 6 in FIG. 10. The idler gear has a
      central aperture 81 and holes 82 therein. The idler gear 6 is secured to
      the cutter disk 7 by screws that extend through the holes 82 and are
      threaded into the openings 74 in the disk body 73.
PAR  Stub teeth 84 are formed on the circumference of the idler gear 6 (see
      FIGS. 10 and 11). Each tooth 84 has a flat 85 on the end thereof on the
      circumference of the idler gear. The leading edge 86 of each tooth 84
      preferably has a radius thereon for aiding in providing a smooth feeding
      action of capacitor leads into the gear mechanism 4. The trailing edges 87
      of the teeth 84 may be flat. Since box capacitors have a rectangular cross
      section with the leads located on the diagonal, the lead spacings on all
      such elements are related by the factor .sqroot.2 = 1.414. The chord
      spacing between radii through the centers of adjacent teeth 84 on a circle
      through the valleys 88 is therefore preferably related to this factor. In
      a machine that was built and successfully tested, the idler gear has 30
      teeth; a chord spacing between the teeth 84 of 0.1414 inch; a diameter A1
      of 1,519 inches; a leading edge 86 radius of 0.5 inch; a flat 85 that was
      0.047 inch wide; a valley 88 radius of 0.016 inch; and a tooth angle B of
      typically 25.degree..
PAR  The drive gear 5 is similar to the cutter 7 in that it has a pair of
      coaxial shanks 51 and 91 that project from opposite sides of the body 92
      thereof, the larger-diameter shank 91 having a threaded opening 93 therein
      (see FIGS. 12 - 14). The drive gear 5 is also similar to the idler gear 6
      in that it preferably has similarly shaped stub teeth 94 having flats 95
      on the ends thereof, has leading edges 96 with the same radius, has flat
      trailing edges 97 on the teeth 94, has a valley 98 of the same radius, has
      the same number of teeth thereon, has the same tooth angle B, and has the
      same chord spacing of the teeth. The principal difference between the
      gears 5 and 6 is that the ends of the top of the teeth 94 are chamfered at
      a 45.degree. angle. This shaping of the teeth 94 aids in preventing jams
      when a box capacitor having severely bent leads is passed into the gearing
      mechanism 4. The radius on the leading edge 96 on teeth 94 provides smooth
      feeding of capacitor leads into valleys 98 by the cutter disk 7. The
      diameter A2 of the drive gear 5 in the machine that was built and operated
      was also slightly larger than that of the idler gear 6, although this is
      not believed to be essential. In that machine, the diameter A2 of the
      drive gear 5 was 1.558 inches, and the flats 95 on the teeth 94 thereof
      were typically 0.020 inch. Also, the cutter disk 7 in this machine had a
      diameter of 1.6 inches.
PAR  Again referring particularly to the enlarged section view in FIG. 8, a pair
      of coaxial, circular openings 67 and 101 are formed in the plate 62 for
      receiving the cutter disk 7 and shank 77 thereof, respectively. A Boston
      bronze bushing 102 is located between the shank 77 and plate 62 in the
      opening 101 for providing a bearing surface so that these latter two
      elements do not bind or seize during rotation of the cutter disk 7 and
      shank 77. A phosphor bronze or beryllium copper washer 103 is employed
      between the bottom of disk 7 and the top of plate 62 for the same reason.
      The cutter 7 and idler gear 6 are rotatably secured in the plate 62 by a
      washer 104 and screw 68 that is threaded into the opening 78 in the shank
      77. The drive gear 5 is mounted on plate 61 with the shank 91 and sleeve
      106 in an opening 107 in a similar manner. The openings 101 and 107 in the
      plates 62 and 61 are spaced apart such that when the drive gear 5 meshes
      with the idler gear 6, a flat 85 on an idler gear tooth 84 is within 0.030
      inch from a corresponding valley 98 on the drive gear. The circular
      openings 69 and 71 in the bottoms of tracks 16 and 15 receive the idler
      gear 6 and drive gear 5, respectively (see FIGS. 7 and 8). The flat top
      surfaces 115 and 116 of the tracks 15 and 16 extend over the gears 5 and
      6, however, for providing smooth surfaces for enabling a box capacitor to
      move freely along the tracks (see FIG. 8). The nearly semicircular
      openings in the top of tracks 15 and 16 are employed in the drawings to
      more clearly illustrate the orientation of the gears 5 and 6 on plates 61
      and 62 and in tracks 15 and 16. Such openings are not required in the top
      of the tracks. In the machine that was built and operated, a step was
      milled in the top and central edges 111 and 112 of the tracks and openings
      69 and 71 drilled therethrough. A thin metal strip was then secured in the
      milled step by guide 55 to form a structure similar to that generally
      shown in FIGS. 7 and 8. Reference to FIGS. 5, 6, and 8 reveals that the
      tracks 15 and 16 are spaced from the plates 61 and 62 as well as the gears
      5 and 6. This allows the tracks to vibrate freely so as to move a box
      capacitor thereon over the ends 109 and 110 thereof.
PAR  In operation, the shim 39 is preferably located between the fronts 37 and
      38 of the bases 23 and 35 to tilt the feed tracks 15 and 16 with respect
      to the horizontal axis and base 35 (see FIG. 2). The vibrator 17 is
      energized to produce a vibratory motion of the feed tracks 15 and 16. The
      motor 10 is also energized to rotate the drive gear 5 which in turn
      rotates the idler gear 6 and the cutter disk 7. Box capacitors having
      leads to be cut and/or straightened are loaded onto the tracks 15 and 16
      with the sides thereof proximate the side guides 55 and 56 and the top of
      the capacitor proximate disk 52, the capacitor leads extending into the
      opening between the tracks. It is not essential that the capacitor leads
      be in line when the capacitors are between the side guides 55 and 56.
PAR  The vibratory motion and tilt on the tracks 15 and 16 cause the capacitors
      to move along the former toward the gear mechanism 4. Shortly after a box
      capacitor passes beyond the end of the side track 15, a tooth 94 of drive
      gear 5 picks up the forward lead thereof and draws it toward the point
      where the gears mesh. The longer side guide 56 and top guide 52 operate to
      maintain the capacitor in an upright position as the cutter disk 7 forces
      the forward load deeper into the valley 98 between a pair of drive gear
      teeth 94. The cutter disk 7 passes under the drive gear 5 and cuts the
      capacitor lead to a prescribed length which is related to the spacing
      between the top of the tracks and the top of cutter disk 7. The length of
      the cut leads may be changed by increasing the thickness of gears 5 and 6
      and by placing a shim (not shown) between the bottoms of the tracks 15 and
      16 and the tops of associated flanges 18 and 19. The gears 5 and 6 are
      designed to mesh and are positioned on the plates 61 and 62 such that a
      flat on an idler gear tooth 84 comes within approximately 0.030 inch of a
      valley 98 on the drive gear. A tooth 84 of the idler gear therefore forces
      the cut lead firmly into the valley 98 between a pair of drive gear teeth
      94 to straighten the lead after it is cut. The other capacitor lead is
      drawn into the gears, cut and straightened in a similar manner. Vibration
      of the tracks 15 and 16 causes box capacitors to continue forward movement
      thereof until they fall off the ends 109 and 110 of the tracks.
PAR  Although this invention is described in relation to conditioning a pair of
      leads on box capacitors, it is not limited to operation on such
      components. This invention may be employed with components having only one
      lead or having various patterns of more than two leads since the component
      is free to rotate under the top guide 52 after each lead is cut. Also, the
      components having leads to be conditioned can have a shape with other than
      a box-like rectangular cross section. It is desirable, however, that the
      leads to be conditioned be approximately perpendicular to a relatively
      flat surface thereof. Further, this invention can also be employed to
      merely straighten the leads of a component. The drive means may also be
      connected to either or both of the gears and/or the cutter disk which may
      be located on a separate shaft rather than the idler gear. In the machine
      that was built and operated, it was found that the side guide 55 was not
      absolutely essential since the guides 52 and 56 would maintain a box
      capacitor in a vertical position at the leads thereof were cut. This
      invention is therefore defined by the attached claims rather than by the
      detailed description of the preferred embodiments thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for conditioning leads of a component that has a body with at
      least one lead extending from a surface thereof, comprising:
PA1  a first gear having an axis and having teeth on the circumference thereof,
PA1  a second gear having an axis and having teeth on the circumference thereof,
PA1  first supporting means supporting said gears relative to a common plane
      therethrough that is perpendicular to the axes of said gears with the
      teeth thereof meshing,
PA1  the ends of the teeth on at least said first gear being truncated such that
      at the mesh point of said gears the end of a truncated tooth on said first
      gear is spaced a distance from the valley between teeth on said second
      gear by an amount that is substantially equal to the thickness of a
      component lead,
PA1  drive means coupled to at least one of said gears for providing rotating
      motion of said gears,
PA1  second supporting means for supporting components over a path that extends
      past the mesh point of said gears along a line that is generally parallel
      to the tangent to said gears with the component surface spaced from the
      common plane and component leads extending from this surface in the
      direction of the common plane, and
PA1  means for moving the components along the path with a length of component
      lead adjacent the component surface passing through the mesh point of said
      gears for thereby conditioning the leads.
NUM  2.
PAR  2. Apparatus according to claim 1 including a cutter disk that is coaxial
      with said first gear on the side thereof that is spaced from the component
      surface, that is rotated at the same rate as said first gear, and that has
      a diameter such that the circumference thereof extends past the valleys
      between teeth on said second gear at the mesh point of said gears for
      conditioning component leads by cutting them to a prescribed length.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein the teeth on said second gear
      have a chamfer on the edges thereof that are spaced away from said cutter
      disk.
NUM  4.
PAR  4. Apparatus according to claim 3 including a radius on the leading edges
      of the teeth on said second gear.
NUM  5.
PAR  5. Apparatus according to claim 3 including a radius on the leading edges
      of the teeth on both of said gears.
NUM  6.
PAR  6. Apparatus according to claim 4 wherein said second supporting means
      comprises a pair of tracks that are spaced apart, that have flat surfaces
      in a second plane that is spaced from and is parallel to the common plane,
      said tracks extending past said gears with the space between said tracks
      being aligned with the mesh point of said gears, said tracks being spaced
      apart from said gears.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said second supporting means
      comprises a side guide that is connected to the track that extends past
      said first gear for maintaining components in a position with the leads
      thereof extending through the space between said tracks and projecting in
      the direction of the common plane and said gears.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said second supporting means
      includes a disk-shaped top guide that is coaxial with one of said gears on
      the side of said tracks that is spaced from said gears, and that is
      rotated at the same rate as said gears; said top guide having a diameter
      that is greater than that of said gears, extending over the mesh point of
      said gears, and being spaced from said tracks for supporting components as
      a lead thereof passes through the mesh point of said gears, said side
      guide extending beyond the mesh point of said gears.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein said moving means comprises a
      vibrator that is coupled to said tracks for vibrating the latter for
      moving components therealong.
NUM  10.
PAR  10. In apparatus for conditioning leads of a component having a body with
      at least one lead extending from a component surface that is flat over at
      least a portion thereof, the apparatus including first means for
      supporting components over a path and second means for moving the
      components over the path and the component leads through a conditioning
      mechanism, an improved lead conditioning mechanism comprising:
PA1  a first gear having an axis and having teeth on the circumference thereof,
PA1  a second gear having an axis and having teeth on the circumference thereof,
PA1  third means supporting said gears relative to a common plane therethrough
      that is perpendicular to the axes of said gears with the teeth thereof
      meshing,
PA1  the ends of the teeth on at least said first gear being truncated such that
      at the mesh point of said gears the end of a truncated tooth on said first
      gear is spaced a distance from the valley between teeth on said second
      gears by an amount that is substantially equal to the thickness of a
      component lead,
PA1  fourth means coupled to at least one of said gears for providing rotating
      motion of said gears,
PA1  the second means causing components to pass the mesh point of said gears
      with the component leads extending in a direction such that they pass
      through the mesh point of the gears and are conditioned thereby.
NUM  11.
PAR  11. The improvement according to claim 10 including:
PA1  a cutter disk that is coaxial with said first gear and is located on the
      side thereof that is spaced from the component surface, said cutter disk
      having a diameter such that the circumference thereof extends past the
      valleys between teeth on said second gear at the mesh point of said gears;
      and fifth means for causing said cutter disk to rotate at the same rate as
      said gears for conditioning component leads by cutting them to a
      prescribed length.
NUM  12.
PAR  12. The improvement according to claim 11 wherein the teeth on said second
      gear has a chamfer on the edges thereof that are spaced away from said
      cutter disk.
NUM  13.
PAR  13. The improvement according to claim 12 including a radius on the leading
      edge of teeth on said second gear.
NUM  14.
PAR  14. The improvement according to claim 12 including a radius on the leading
      edges of teeth on both of said gears.
NUM  15.
PAR  15. In combination with the improvement according to claim 13, improved
      first-named means which is a support means comprising
PA1  a pair of tracks that are spaced apart to have an opening therebetween that
      is aligned with the mesh point of said gears, that have flat surfaces
      thereof in a second plane that is spaced from and is parallel to the
      common plane, said tracks extending past and being spaced apart from said
      gears, and
PA1  a slide guide bar that is attached to one of said tracks, said side guide
      bar extending beyond the mesh point of said gears for guiding a component
      for passing the leads thereof through the mesh point of said gears.
NUM  16.
PAR  16. The improvement according to claim 15 wherein the improved first means
      includes a disk-shaped top guide that is coaxial with one of said gears on
      the side of said tracks that is spaced from said gears and is rotated at
      the same rate as said gears, the diameter of said top guide being greater
      than that of said gears and extending over the mesh point of said gears,
      said top guide being spaced from said tracks and cooperating with said
      side guide bar for supporting components as the leads thereof pass through
      the mesh point of said gears and thereby are conditioned.
NUM  17.
PAR  17. The improvement according to claim 10 wherein the second means moves
      the component surface above the top of said gears with the leads extending
      downward, and including a cutter disk that is below said gears, that is
      coaxial with said first gear, that is rotated at the same rate as said
      gears, and that has a diameter such that the circumference thereof extends
      past the valleys between teeth on said second gear at the mesh point of
      said gears for conditioning component leads by cutting them to a
      prescribed length.
NUM  18.
PAR  18. The improvement according to claim 17 wherein the teeth on said second
      gear have a chamfer on the edges thereof that are spaced away from said
      cutter disk.
NUM  19.
PAR  19. The improvement according to claim 10 wherein the second means moves
      the component surface above the top of said gears with the leads pointing
      downward, and including a cutter disk that is coaxial with said first
      gear, that is below said gears, that is secured to the bottom side of said
      first gear that is spaced from the component surface for rotation at the
      same rate as said gears, and that has a diameter such that the
      circumference thereof extends past the valleys between teeth on said
      second gear at the mesh point of said gears for conditioning component
      leads by cutting them to a prescribed length, the teeth on said second
      gear having a chamfer on the top edges thereof that are spaced away from
      said cutter disk.
NUM  20.
PAR  20. The improvement according to claim 19 including a radius on the leading
      edges of the teeth on said second gear.
NUM  21.
PAR  21. In combination with the improvement according to claim 20, improved
      first means for supporting components comprising
PA1  a pair of tracks that are spaced apart to have an opening therebetween that
      extends over the mesh point of said gears, that have top flat surfaces
      thereof in a second plane that is above and is parallel to the common
      plane, that extends over and past said gears, and that are spaced apart
      from said gears, and
PA1  a slide guide bar that is attached to the one of said tracks that extends
      over said first gear, said slide guide bar extending beyond the mesh point
      of said gears for guiding a component for passing leads thereof through
      the mesh point of said gears.
NUM  22.
PAR  22. The improvement according to claim 21 wherein the improved first means
      includes a disk-shaped top guide that is above and coaxial with one of
      said gears and is rotated at the same rate as said gears, the diameter of
      said top guide being greater than that of said gears and extending over
      the mesh point of said gears, said top guide being spaced above said
      tracks and cooperating with said side guide for supporting components as
      leads thereof are cut and are passed through the mesh point of said gears.
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PAL  A blade mounting device for a rotary cutting machine in which the blade is
      formed with a groove or shoulder to receive a locating element which acts
      to hold the blade readially in a groove of a cutting cylinder and also
      adjusts the position of the blade in a perpendicular direction. The
      locating element is adjusted by means of an eccentric mounted on a pivot,
      the eccentric having a hexagonal head for adjustment purposes, and a
      clamping screw to fix the eccentric in position. The locating element may
      itself be provided with several abutment surfaces for varying the radial
      position of the blade. A resilient backing strip is inserted on the
      opposite side of the blade.
BSUM
PAR  This invention relates to the mounting of knife blades on rotary cutting
      machines. The invention may be applied to either or both blades of a
      so-called double rotary machine, having two rotary drums each provided
      with a knife or blade which cooperates as the two drums rotate in
      synchronism to cut a web of material passing between the drums by a
      shearing action. The invention may also be applied to a so-called single
      rotary machine having one drum with a knife attached to its surface and a
      lower stationary knife attached to a base part or frame of the machine. In
      the latter case the cutting action is more in the nature of a crushing
      action on the material of the web as opposed to the shearing action of a
      double rotary machine.
PAR  Conventional methods of mounting the knives or blades on the drums or bases
      of such machines are somewhat bulky, complex and expensive to manufacture
      and assemble, and involve somewhat laborious procedures for adjusting the
      knives accurately so that they cooperate to provide an effective cutting
      action. Also the range of adjustment, and the security of location, is
      often inadequate. It is an object of the invention accordingly to provide
      an improved method and device for mounting the blades of such cutting
      machines which will simplify the manufacture and assembly, and enable
      accurate adjustment and positive location of the blades.
PAR  Broadly stated from one aspect the invention consists in a mounting device
      for a blade of a rotary cutting machine, comprising an eccentric or cam
      pivotally mounted on a support, and arranged to bear directly or through a
      locating or clamping element on a part of the blade, and means for fixing
      the eccentric or cam in the desired position of adjustment.
PAR  According to a preferred feature of the invention the eccentric or cam,
      and/or the locating or clamping element, is arranged to locate the blade
      in two mutually perpendicular directions.
PAR  In a particular preferred construction the eccentric or cam is mounted on a
      screw-threaded member which acts as a pivot and also provides the means
      for adjustably positioning the said eccentric or cam.
PAR  From another aspect the invention consists in a mounting device for a blade
      of a rotary cutting machine, including a screw-threaded member arranged to
      cooperate with the blade to locate the blade in a direction perpendicular
      to its plane, and also in a direction within the plane of the blade and
      perpendicular to its cutting edge.
PAR  In any case the mounting device may include resilient or adjustable means,
      opposing the action of the blade locating or clamping means.
DRWD
PAR  The invention may be performed in various ways and one specific embodiment
      with a number of possible modifications will now be described by way of
      example, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic sectional view through the two drums of a
      conventional double rotary cutting machine, showing the method of mounting
      the knife blades,
PAR  FIG. 2 is a sectional side elevation on an enlarged scale showing a
      mounting device for a blade on a rotary drum, in accordance with the
      invention,
PAR  FIG. 3 is a simple plan view on the mounting device illustrated in FIG. 2,
PAR  FIG. 4 is a similar fragmentary sectional elevation illustrating parts of a
      modified form of blade mounting device according to the invention,
PAR  FIG. 5 is a fragmentary sectional elevation illustrating another blade
      mounting device in accordance with the invention,
PAR  FIG. 6 is a similar sectional elevation of the same blade mounting device
      in a different position of adjustment,
PAR  FIGS. 7 and 8 are respectively a sectional elevation and an underneath plan
      view of the eccentric adjusting member of FIGS. 5 and 6,
PAR  FIGS. 9 and 10 are respectively a sectional elevation and an underneath
      plan view of the blade retaining element of FIGS. 5 and 6, and
PAR  FIG. 11 is a fragmentary sectional elevation of yet another form of blade
      mounting device according to the invention.
DETD
PAR  Referring first to a conventional double rotary cutting machine as
      illustrated in FIG. 1, this consists of two power-driven rotary drums or
      cylinders 10,11, each provided with a cutting knife blade 12,13,
      projecting generally radially from its cylindrical surface. The blade 13
      of the bottom drum 11 may be referred to as the fixed blade for reasons to
      be explained, although of course the blade is continuously rotated with
      the drum 11. This blade 13 is located against a back face 14 of a groove
      formed in the cylindrical surface of the drum and is fixed in position by
      means of a row of knife wedges 15 which are clamped in the tapered groove
      by wedge screws 16, the wedges bearing against an inclined flank 17 of the
      groove so as to exert a lateral clamping force on the knife blade 13. The
      back face 14 provides the datum surface for the two knife blades.
PAR  The knife blade 12 of the upper drum 10 is located in a somewhat similar
      manner by a row of top knife wedges 20 anchored by wedge screws 21 within
      a groove having a tapered flank 22. The wedges bear against the inner edge
      portion of the knife blade forcing this blade against the opposite back
      face 23 of the groove.
PAR  Some limited adjustment of the position of the cutting edge of the blade 12
      is provided by a series of knife adjusting screws 24 which are passed
      through screwthreaded apertures in a flange 25 on the drum and bear
      against the knife blade at points close to its cutting edge so as to
      deflect the knife blade as required in order to align the cutting edge
      accurately with the edge of the fixed knife 13. In this way the two knife
      blades can be arranged to meet accurately and provide a true shearing
      action on the intervening web of material at all points across their
      width. It will be appreciated that the knife blades 12 and 13 will
      normally be positioned helically across the surfaces of the drums, though
      in some cases the blades may be positioned parallel with the axes of
      rotation. The adjustment of the upper knife blade 12 is required
      principally by reason of errors in the flatness or straightness of the
      blades, and the degree of adjustment may vary across the length of each
      blade.
PAR  Referring now to the blade mounting and adjusting device illustrated in
      FIGS. 2 and 3, the knife blade 32 is provided with a groove 33 parallel to
      its length and adjacent its outer cutting edge 30, this groove providing
      two perpendicular surfaces X and Y from which the blade is located, as
      will be explained. The adjusting and locating device comprises a clamping
      element 34 (there being a number of such elements individually mounted
      along the length of the blade) provided with a projecting nib 29 which
      extends into the groove 33 and bears against both faces X and Y. The nib
      29 has a curved cut-away profile as illustrated in FIG. 3. This clamping
      element has a circular aperture to receive the stem 28 of an eccentric or
      cam 35, which has an enlarged hexagonal head 27 and is formed with a
      slightly oversize central drilling by which it is mounted on a
      screw-threaded bolt or stud 31 having a counter-sunk head 26 which
      provides a frictional clamping force on the eccentric 35. The axis of this
      screw-threaded stud 31 is offset from the central axis of the stem 28 of
      the eccentric. Thus it will be seen that rotary adjustment of the
      eccentric 35, for example by applying a spanner to its hexagonal head 27,
      will cause movement of the clamping element 34 towards and away from the
      knife blade, i.e., towards and away from the surface Y on the blade. The
      eccentric 35 also bears down on a top surface of the clamping element 34
      and thus the nib 29 of the clamping element also engages with the surface
      X on the blade. In any required position of adjustment the eccentric is
      fixed by tightening the clamping stud 31.
PAR  The system illustrated in FIGS. 2 and 3 is designed to provide not only
      location but also adjustment of the cutting edge of the knife and for this
      purpose the face of the knife blade 32 remote from the clamping member 34
      is arranged to butt against a resilient backing element 36 formed for
      example of polyurethane or other elastomer and located in a groove formed
      in the rotary drum or cylinder. Thus it will be seen that by applying
      lateral thrust through the eccentric 35 the position and profile of the
      cutting edge 30 of the knife can be adjusted along its length, the element
      36 being compressed accordingly. In order to provide increased range of
      adjustment the resilient backing element 36 may be supplemented by a
      series of removable backing elements or shims 37, formed of a resilient
      material or for example of metal, and so arranged that they can readily be
      removed in order to provide for the required degree of adjustment.
PAR  The backing elements 36,37 may be held in position merely by reason of the
      clamping load exerted on the knife blade by the eccentric 35.
      Alternatively the element 36 may be located by attaching this element
      either to the knife blade 32 or to the opposite abutment surface on the
      drum itself. In the latter case the positions of the items 36 and 37 will
      be transposed from the positions shown in FIG. 2. The attachment of the
      backing elements to the knife blade or drum may be by a bonding process,
      or for example by providing one or more protrusions 40 which locate in a
      corresponding groove or a number of bores formed in the blade. The
      laminations or backing elements 37 may or may not be attached to the
      backing element 36. When an adjustable clamping force is applied to the
      blade, the blade may tilt slightly about its base, and to accommodate this
      the blade may be rounded or relieved at its base edge as illustrated at
      38.
PAR  FIG. 4 illustrates a simplified construction incorporating a clamping and
      adjusting device as described above, with the blade 32 abutting against a
      fixed surface 41 on the drum cylinder. This system may be used for
      mounting the blade of a lower drum of a double rotary cutting machine as
      illustrated in FIG. 1, or a fixed knife blade mounted statically on the
      base of a single rotary machine.
PAR  If it is required that the lateral movement of the base of the knife should
      be restricted, this can be achieved either by locating the base edge in a
      groove, as illustrated in FIG. 4, or providing an additional locating
      strip 39 at the base of the groove as illustrated in FIG. 2.
PAR  Referring now to the modified form of blade mounting device illustrated in
      FIGS. 5 to 10, the blade 45 is formed with a shoulder 46 at its lower end
      which is located in a groove 47 formed in the drum cylinder 48. The blade
      is pressed against the face 49 of the groove by a resilient backing strip
      50 formed of some elastomeric material, the strip being compressed to
      provide accurate location. The blade is adjustably located by a locating
      member 52 which is somewhat equivalent in function to the retaining member
      34 in FIG. 2. This locating member 52 has a central aperture receiving a
      circular stem 53 of an eccentric adjusting member 54 having a hexagonal
      head so that it can be adjusted by a spanner. The eccentric has an offset
      central oversize drilling by which it is mounted on a screw-threaded stud
      55 mounted in the drum cylinder 48 on an axis slightly offset from the
      central axis of the stem 53. As in the embodiment of FIG. 2 the eccentric
      54 can thus be turned and fixed in any angular position to determine the
      lateral position of the locating member 52, i.e., in a horizontal
      direction as seen in FIG. 5.
PAR  In this embodiment the locating device is particularly designed to
      accommodate changes in the radial dimension of the blade 45 (i.e.,
      vertically in FIG. 5) as a result of regrinding after prolonged use. In
      conventional drum cutting machines after a blade has been reground shims
      are inserted below the blade to maintain its cutting edge at the same
      radial distance from the rotary axis. This, however, presents difficulties
      in the blade-adjusting device which must accommodate these variations in
      the radial position of the blade. In this embodiment of the invention the
      problem is solved by forming the locating member 52 with two laterally
      projecting flanges 57,58 (see FIGS. 9 and 10). The flange 57 has one face
      59 flush with the end surface 63 of the member 52 and another face 60
      which is spaced from the opposite face 61 by a distance 3S, where S is a
      small value such as 0.025 inches, arbitrarily selected in this example as
      the maximum permitted tolerance or variation in the radial position of the
      blade tip from the correct designed radial position. S is also equivalent
      to one fourth of the total "grinding allowance," i.e., the total amount of
      metal that can be removed from the blade before it must be discarded. The
      other flange 58 has one face 62 which is spaced from the adjacent end face
      63 by a distance S and an opposite face 64 which is spaced from the other
      end surface 61 by a distance 2S. The member 52 can be turned through
      180.degree. around the stem 53 to bring either one of the flanges 57,58
      into engagement with the shoulder 46 on the blade, and the member 52 can
      also be removed, inverted, and replaced, giving two further positions of
      vertical adjustment, for locating the tip of the blade 45 in a radial
      direction. This arrangement is particularly suitable for cutting machines
      in which the blades are so designed that an appreciable tolerance, or
      variation in radial position of the blade tip is acceptable. Initially a
      new blade is set up as shown in FIG. 5 with the shoulder 46 engaged by the
      "zero" face 59 of flange 57. When the knife wears it is reground, possibly
      several times, until the change in radial position of the blade tip is
      nearly equal to the tolerance value S. A shim 66, of thickness S, is then
      inserted below the blade, and the member 52 is rotated to bring the
      surface 62 of the flange 58 into contact with the shoulder 46. This
      restores the blade tip approximately to the correct radial position. The
      procedure can be repeated several times until eventually there are three
      shims 66 below the blade, and the shoulder 46 is located by the surface 60
      on the flange 57, as illustrated in FIG. 6.
PAR  It will be noted that these adjustments in the radial position of the blade
      do not affect the lateral adjustment determined by the rotary position of
      the eccentric member 54. Also it will be seen from FIG. 10 that the two
      flanges 57,58 are curved in profile, so that the flanges do not interfere
      with the longitudinal bending of the blade.
PAR  In the embodiment of FIG. 11, the blade 70 is located in a groove 71 formed
      in the cutting cylinder by means of a locating member 72, of L section,
      arranged to bear against a shoulder 73 on the blade. The blade can be
      tilted or twisted by means of an adjusting screw 74 mounted in the
      vertical limb of the member 72, and arranged to force the blade against a
      compressible elastomeric pad 75. The member 72 is located vertically by a
      screw 76 engaging the horizontal limb of the member. Adjustment of the
      radial position of the blade in this example is obtained by inserting thin
      shims below the blade 70, and also below the locating member 72.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mounting device for mounting a blade on a rotary drum of a rotary
      cutting machine, the blade lying generally radial to the axis of the drum
      and extending lengthwise of the drum, the sides of the blade defining
      generally radial flanks, the device comprising an eccentric pivotally
      mounted on the drum on a generally radial axis, and arranged to bear
      against a said radial flank of the blade, to locate the blade in a radial
      direction and also to vary the position of the blade in a tangential
      direction with respect to the drum, and means for fixing the eccentric in
      the desired position of adjustment.
NUM  2.
PAR  2. A blade mounting device according to claim 1, in which the eccentric is
      mounted on a screwthreaded member which acts as a pivot and also provides
      the means for adjustably positioning the said eccentric
NUM  3.
PAR  3. A blade mounting device according to claim 1, wherein said eccentric
      acts in a tangential direction on one side of said blade, and including
      resilient backing means acting against the opposite side of said blade.
NUM  4.
PAR  4. A blade mounting device according to claim 1, including adjustable shim
      means, located against the inner radial edge of said blade, for positively
      determining the radial position thereof.
NUM  5.
PAR  5. A blade mounting device according to claim 1, and a locating member
      arranged to engage a surface on the blade and provide location of the
      blade in a radial direction relative to the drum axis, in which the
      locating member has a plurality of locating surfaces at different radial
      positions relative to the drum axis, and means for securing said locating
      member to said drum in any of a plurality of different positions so as to
      bring any selected one of said locating surfaces into engagement with the
      blade.
NUM  6.
PAR  6. A blade mounting device according to claim 5, in which the locating
      member is pivotally mounted on a generally radial axis with respect to the
      drum axis.
NUM  7.
PAR  7. A blade mounting device according to claim 5, in which the locating
      member is removable, and is so formed that on being inverted and replaced
      a further locating surface becomes operable at a radial position different
      from the position of the original locating surface.
NUM  8.
PAR  8. A blade mounting device for a blade of a rotary cutting machine,
      including a part with a groove to receive one edge of the blade, means for
      clamping the said blade in the groove, adjusting means for determining the
      position of the cutting edge of the blade in a direction perpendicular to
      the plane of the blade, and resilient backing means interposed between
      said blade and a side wall of said groove and opposing the force exerted
      by said adjusting means.
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PAL  An iron piece shearing machine which comprises in combination an iron strip
      supply source from which at least one continuous length of iron web or
      strip is payed out, a pair of upper and lower feed rollers positioned
      midway of the passage of said iron strip extending from said supply source
      and having a nip defined therebetween, a pair of upper and lower spaced
      stationary blades positioned downstream of said feed rollers in the
      passage of the iron strip and having an iron strip guide clearance defined
      therebetween, and a high speed rotary shearing cutter assembly positioned
      adjacent to the distal ends of said stationary blades to shear small
      pieces having a small square cross-section area off the remaining portion
      of said iron strip in cooperation with the stationary blades.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an iron piece shearing machine and more
      particularly, to an iron piece shearing machine especially suitable for
      shearing iron pieces having a relatively small square cross-section area
      off a continuous length of iron strip which is relatively thin and narrow
      as the strip is continuously fed.
PAR  The small iron pieces obtainable by the shearing machine of the invention
      find its application in the field of building and civil engineering
      industry. It has been known that such iron pieces are admixed with the
      conventional materials of concrete before the concrete is placed to
      substantially increase the strength of the concrete.
PAR  Since such reinforcing iron pieces are employed in a substantially great
      amount in each concrete placement operation, it is desired to provide an
      iron piece shearing machine which rotates at a high speed to produce a
      plurality of iron pieces in a single shearing operation. However,
      unfortunately, up to date, there has been provided no practical iron piece
      shearing machine which can produce such a great number of iron pieces in a
      brief period of time, which can be constructed at a low expense and which
      is relatively free of trouble.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide an iron piece shearing
      machine which can shear a number of iron pieces having a relatively small
      square cross-section area off a continuous length of iron web or strip
      with a high efficiency in a brief period of time.
PAR  Another object of the present invention is to provide an iron piece
      shearing machine in which a plurality of juxtaposed iron webs or strips
      are rolled on a common shaft to be payed out of the shaft and a plurality
      of juxtaposed rotary cutters corresponding to the rolls in the number are
      provided adjacent to stationary blades which are positioned at the distal
      end of the passage of the strips so that the rotary cutters and stationary
      blades cooperate with each other to shear iron pieces having a small
      square cross-section area off the strips.
PAR  According to the present invention, the teeth on each rotary cutter is
      offset with respect to the teeth on the adjacent rotary cutters by a small
      angle so that the rotary cutters effect the shearing action by turns, but
      do not effect the shearing action simultaneously resulting in the
      elimination of application of any excess load on cutter dirve means.
PAR  Furthermore, according to the present invention, when the rotary cutters
      are desired to be reground, the teeth on the cutters are aligned with each
      other so that all the cutters can be simultaneously reground by a common
      grinding wheel to thereby accelerate the regrinding operation on the
      rotary cutters.
PAR  A further object of the present invention is to provide an iron piece
      shearing machine which comprises in combination an iron strip supply
      source from which a plurality of continuous length of iron strips rolled
      in a juxtaposed relationship are payed in increment out of the supply
      source, a pair of upper and lower feed rollers positioned along the
      passage of the strips extending from the strip supply source and having a
      nip defined therebetween, a pair of upper and lower spaced stationary
      blades positioned along the strip passage on the downstream of the feed
      rollers defining a strip guide clearance therebetween and a plurality of
      juxtaposed high speed rotary cutters positioned adjacent to the distal
      ends of the stationary blades to cooperate with the stationary blades so
      as to shear iron pieces having a small square cross-section area off the
      continuous length of the strips as the strips are fed in increment by the
      feed rollers.
PAR  According to the present invention, there has been provided an iron piece
      shearing machine which comprises in combination a machine frame, a feed
      roller drive motor rotatably mounted on said machine frame, a speed change
      gear operatively connected to said motor to be driven by the motor, a
      drive spur gear rotatably mounted on said machine frame and operatively
      connected to said speed change gear to be driven by the gear, a driven
      spur gear rotatably mounted on said machine frame in meshing with said
      drive spur gear to be driven by the drive gear, a lower feed roller
      coaxial with said drive spur gear, an upper feed roller coaxial with said
      driven spur gear and in contact with said lower feed roller to define a
      nip therebetween, a pair of upper and lower spaced stationary blades
      mounted on said machine frame downstream of said feed rollers and defining
      a nip therebetween, a strip supply source from which at least one
      continuous length of iron strip is payed out in increment, a pair of upper
      and lower spaced stationary blades mounted on said machine frame on the
      downstream of said feed rollers in the passage of said iron strip
      extending from the strip supply source through the nip between the feed
      rollers and defining a clearance therebetween through which said iron
      strip is guided, a rotary cutter assembly positioned adjacent to the
      distal ends of said stationary blades for cooperating with the blades so
      as to shear iron pieces having small square cross-section area off said
      continuous length of iron strip as the strip is fed in increment and a
      cutter drive motor mounted on said machine frame in driving relationship
      to said rotary cutter assembly for driving the cutter assembly.
PAR  The above and other objects and attendant advantages of the present
      invention will be more readily apparent to those skilled in the art from a
      reading of the following detailed description of the invention in
      conjunction with the accompanying drawings which show one preferred
      embodiment of the invention for illustration purpose only, but not for
      limiting the scope of the same in any way.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings show one preferred embodiment of iron piece
      shearing machine constructed in accordance with the present invention in
      which;
PAR  FIG. 1 is a schematic elevational view in longitudinal section of said
      shearing machine;
PAR  FIG. 2 is a fragmentary plan view on an enlarged scale of the iron piece
      shearing arrangement of said machine of FIG. 1 with portion thereof broken
      away;
PAR  FIG. 3 further enlarged side elevational view of one of the rotary cutters
      employed in said machine;
PAR  FIG. 4 is a plan view of FIG. 3; and
PAR  FIG. 5 is a perspective view of one of the products or iron pieces produced
      by said machine.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  This invention will be now described referring to the accompanying drawings
      in which one preferred embodiment of iron piece shearing machine of the
      invention is shown for illustration.
PAR  The shearing machine generally comprises a machine frame 1 on which the
      various components of the machine are mounted. A cutter drive motor 2 is
      rotatably mounted at one end (the left-hand end as seen in FIG. 1) of the
      machine frame 1 in the lower portion of the frame and a feed roller drive
      motor 3 is rotatably mounted at the other end of the machine frame (the
      right-hand end as seen in FIG. 1) in the lower portion of the frame. The
      motors 2 and 3 are driven in synchronization from a common power source
      (not shown). The feed roller drive motor 3 is housed in a casing 4 which
      is in turn suitably mounted at the right-hand end of the machine frame 1
      in the lower portion of the frame and the motor has the output shaft 5
      journalled in the casing 4. A pair of upright support brackets 6 (only one
      of the brackets is shown in FIG. 1) extend upwardly from the top of the
      casing 4 on the opposite sides thereof.
PAR  A shaft 7 to support web or strip material is journalled in the support
      brackets 6 and a plurality of strip rolls 8 are wound about the shaft 7 in
      a laterally spaced relationship to each other to be simultaneously payed
      off the shaft 7 as will be described later in conjunction with the
      operation of the machine. A pulley 9 is mounted at one end of the motor
      shaft 5 for rotation therewith and an endless belt or chain 10 is trained
      over the pulley. The endless belt 10 is also trained over one of the
      grooves in a double grooved pulley 11 on the shaft 12 of a speed change
      gear 13 which is mounted on the support frame 1 in the lower portion
      thereof between the motors 2 and 3. A further endless belt or chain 14 is
      trained over the other groove in the speed change gear pulley 11 and also
      over a pulley 15 mounted on a lower feed roll support shaft 16 which is in
      turn journalled in a pair of upright brackets 17 (only one of the brackets
      is shown in FIG. 1) formed on and extending upwardly from the top of the
      machine frame 1 in a position right above the pulley 11. Also mounted on
      the shaft 16 in coaxial relationship with the pulley 15 are a lower feed
      roller 18 and a lower or drive spur gear 19.
PAR  An upper feed roller 20 is mounted on a shaft 21 which is suitably mounted
      on the machine frame 1 in a position immediately above the shaft 16 in
      parallel to the latter. The lower and upper feed rollers 18 and 20
      cooperate with each other in forming a nip therebetween so that the strips
      in juxtaposed are advanced by the nipping action of the rollers as the
      strips are payed out of the strip rolls on the support shaft 7. Also
      mounted on the shaft 21 in coaxial relationship with the feed roller 20 is
      an upper or driven spur gear 22 which is in meshing with the lower or
      drive spur gear 19 to be driven thereby in the operation of the machine.
PAR  The passage of the strips 8a extends from the strip supply rolls 8 through
      the nip formed by the cooperating feed rollers 18 and 20 and a pair of
      upper and lower spaced stationary shearing blades 23 and 24 are suitably
      provided machine frame 1 on the downstream of the feed rollers 18 and 20
      in the strip passage, with the shearing edges of the blades positioned at
      the distal end of the strip passage. The upper and lower stationary blades
      23 and 24 define a clearance with peripheral blades or cutters 25 toward
      which the strips 8a are advanced.
PAR  A high speed rotary cutter assembly comprising a plurality of rotary
      shearing cutters 25 are mounted on a common shaft 26 mounted on the
      machine frame 1 and the construction and arrangement of the rotary cutters
      25 will be in detail described hereinafter referring to FIG. 3. Also
      mounted on the shaft 26 in coaxial relationship with the rotary cutters 25
      is a pulley 27 over which an endless belt or chain 28 is trained and the
      belt is also trained over one of the grooves in a double grooved pulley 29
      mounted on a shaft 30 which is in turn journalled in a pair of lateral
      brackets 31 (only one of the brackets 31 is shown in FIG. 1) positioned
      above and inwardly of the motor 2. A further endless belt or chain 32 is
      trained over the other groove of the double grooved pulley 29 and also
      over a pulley 33 on the output shaft 34 of the cutter drive motor 2.
PAR  A product or iron piece discharge chute 35 is provided at the product
      discharge end or left-hand end of the machine with the upper portion
      covering the lower half portion of the cutter assembly and the lower
      portion extending downwardly. A product receptacle 36 is positioned right
      below the discharge end of the lower portion of the chute 35 for receiving
      products from the chute 35.
PAR  Referring to FIGS. 3 and 4 in which one of the juxtaposed rotary shearing
      cutters 25 is shown. As shown in these figures, the shearing cutter has a
      plurality of equally spaced similar teeth 37 in its outer periphery. The
      arcuate configuration of the cutting face of the tooth 37 is so selected
      that the distance between the imaginary center C of the cutter and the
      leading edge 38 of cutting face is slightly greater than that between the
      same center and the trailing edge 39 of the cutting face (the leading and
      trailing edges are defined with respect to the direction of rotation of
      the cutter 25 as shown by the arrow in FIG. 3 ). The inner periphery 40 is
      provided with a larger key way 41 and a smaller key way 42 which is
      located in a position angularly spaced from the larger key way. The larger
      key way 41 accelerates proper and prompt mounting of the cutter 25 on the
      shaft 26. According to the present invention, the larger key way 41 in
      each cutter 25 is offsetted with respect to the corresponding key ways in
      the adjacent cutters by the angle of .theta.  as shown in FIG. 3 and when
      the machine is operated, all the shearing cutters 25 are secured to the
      common shaft 26 by means of keys 43 with the larger key way 41 in each
      cutter 25 offsetting with respect to the corresponding key ways in the
      adjacent cutters so that the teeth 37 on each cutter 25 are positioned in
      an off-phase relationship to those on the adjacent cutters.
PAR  The off-phase relationship between the teeth 37 on the adjacent cutters 25
      is important in that the respective cutters are designed to effect their
      shearing action in sequence by turns, and all do not effect shearing at
      the same time. Therefore, the cutter drive motor 2 will not be subjected
      to any excess load which might be inevitable if all the cutters 25 were to
      simultaneously effect shearing in the case where the key way 41 of all the
      cutters 25 were aligned with each other.
PAR  On the other hand, the smaller key ways 42 in all the cutters 25 are
      aligned with each other so that when the cutters are to be reground, keys
      (not shown) are inserted in the key ways 42 to secure the cutters to the
      common shaft 26 with the teeth 37 in all the cutters 25 now aligned
      whereby the cutters can be simultaneously reground.
PAR  In the illustrated embodiment, the number of the teeth 37 of each shearing
      cutter is 32 and the rotation speed of the cutters is 1,700 r.p.m. The
      webs or strips 8a have a length of about 30 mm and the width of about
      0.5mm, for example. The products 8b obtainable from the machine of the
      invention have a substantially square cross-section area of about 0.5 mm.
PAR  In operation, when the power source (not shown) is energized, the feed
      roller drive motor 3 is rotated to rotate the speed change gear 13 through
      the motor shaft 5, pulley 9, belt 10, pulley 11 and shaft 12. When thus
      rotated, the speed change gear 13 transmits the rotational movement to the
      shaft 16 through the pulley 11, belt 14 and pulley 15. The shaft 16 in
      turn rotates the lower feed roller 16 and drive spur gear 19 coaxially
      mounted on the shaft 16. The rotating drive spur gear 19 drives its
      engaging driven spur gear 22 to rotate the shaft 21 and the upper feed
      roller 20 thereon.
PAR  The rotating upper and lower feed rollers 20 and 18 nip the strips 8a
      coming from the supply rolls 8 therebetween to advance to and through the
      clearance 25 defined between the upper and lower stationary blades 23 and
      24 to present the leading ends of the strips 8a to the shearing area
      defined between the stationary blades and the rotary cutter assembly.
PAR  The energization of the power source (not shown) also simultaneously
      rotates the cutter drive motor 2 which in turn rotates the rotary cutter
      assembly through the motor shaft 34, pulley 33, belt 32, pulley 29, shaft
      30, belt 28, pulley 27 and shaft 26.
PAR  As the successive leading ends of the strips 8a are presented to the
      shearing area, the rotating rotary cutters 25 which act by turns shear
      successive products 8b having the above-mentioned small square
      cross-section area off the remaining strip portions in cooperation with
      the stationary blades 23 and 24. The sheared products 8b are allowed to
      pass through the chute 35 into the product receptacle 36 by gravity.
PAR  In the foregoing, description has been made of only one specific embodiment
      of the invention, but it will readily occur to those skilled in the art
      that the same is illustrative in nature, but does not limit the scope of
      the invention in any way. The scope of the invention is only limited by
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A shearing machine for producing a plurality of metal elements
      comprising, in combination:
PA1  a metal strip supply source from which a plurality of adjacent, continuous
      lengths of metal strip are payed out in increment;
PA1  a pair of upper and lower feed rollers positioned along a passage of said
      lengths of metal strip and extending from said strip supply source and
      defining a nip therebetween;
PA1  a pair of upper and lower stationary blades positioned along said strip
      passage, downstream of said feed rollers and defining a strip guide
      clearance therebetween and into which said adjacent continuous lengths of
      metal strip simultaneously pass;
PA1  and a high speed, rotary cutter assembly positioned adjacent the distal
      ends of said stationary blades, said cutter assembly having a plurality of
      shearing teeth in the outer periphery thereof for cooperating at the
      clearance with said stationary blades for shearing small pieces of the
      metal strips stimultaneously and into rectangular cross-sectional elements
      as the strip elements are fed in increment by said feed rollers, said
      rotary cutter assembly comprising a plurality of juxtaposed rotary cutters
      mounted on a support shaft, said rotary cutters corresponding to the
      number of adjacent, continuous lengths of metal strip, each rotary cutter
      having a similar number of cutter teeth and identical outer peripheries,
      the cutter elements being transversely apertured and having inner
      periphery including a radial key way, the key way of adjacent rotary
      cutters being angularly off set with respect to each other so that
      shearing strokes of adjacent cutter teeth are effected in sequence for
      relieving and equalizing torque imposed on the support shaft.
NUM  2.
PAR  2. The shearing machine as set forth in claim 1 in which the cutters have
      arcuate cutting face, the cutting face on the cutters being selected so
      that the radial distance between the leading edge of the cutting face is
      slightly greater than the radial distance to the trailing edge of the
      arcuate cutting face, said radial distances being defined from the axis of
      rotation of said cutters.
NUM  3.
PAR  3. An iron piece shearing machine which comprises in combination an iron
      strip supply source from which at least one continuous length of iron
      strip is payed out in increment, a pair of upper and lower feed rollers
      positioned along the passage of said iron strip extending from said strip
      supply source and defining a nip therebetween, a pair of upper and lower
      spaced stationary blades positioned along said strip passage on the
      downstream of said feed rollers and defining a strip guide clearance
      therebetween and a high speed rotary cutter assembly positioned adjacent
      to the distal ends of said stationary blades and having a plurality of
      shearing teeth in the periphery of the cutter assembly to cooperate with
      the stationary blades so as to shear iron pices having a small square
      cross-section area off said continuous length of iron strip as the strip
      is fed in increment by said feed rollers, said iron strip supply source
      comprising a plurality of juxtaposed continuous length of iron strips
      rolled about a shaft journalled in a machine frame and said rotary cutter
      assembly comprising a plurality of juxtaposed rotary cutters corresponding
      to said iron strips in number, each rotary cutter having a plurality of
      teeth in its periphery, the rotary cutter teeth being offset with respect
      to the teeth of adjacent rotary cutters and an arcuate cutting face, the
      inner periphery of each of said rotary cutters being provided with a
      relatively larger key way and a relatively smaller key way angulary spaced
      from said larger key way, said relatively larger key way in each rotary
      cutter being offsetted with respect to the corresponding key ways in the
      adjacent rotary cutters and said relatively smaller key ways in all the
      rotary cutters being aligned with each other.
NUM  4.
PAR  4. An iron piece shearing machine which comprises in combination a machine
      frame, a feed roller drive motor rotatably mounted on said machine frame,
      a speed change gear operatively connected to said motor to be driven by
      the motor, a drive spur gear rotatably mounted on said machine frame and
      operatively connected to said speed gear to be driven by the gear, a
      driven spur gear rotatably mounted on said machine frame in meshing with
      said drive spur gear to be driven by the drive gear, a lower feed roller
      coaxial with said drive spur gear, an upper feed roller coaxial with said
      driven spur gear and in contact with said lower feed roller to define a
      nip therebetween, a strip supply source from which at least one continuous
      length of iron strip is payed out in increment, a pair of upper and lower
      spaced stationary blades mounted on said machine frame on the downstream
      of said feed rollers in the passage of said iron strip extending from said
      strip supply source through the nip of the feed rollers and defining a
      clearance therebetween through which said iron strip is guided, a rotary
      cutter assembly positioned adjacent to the distal ends of said stationary
      blades for cooperating with the blades so as to shear iron pieces having a
      small square cross-section area off said continuous length of iron strip
      as the strip is fed in increment and a cutter drive motor in driving
      connection with said rotary cutter assembly for driving cutter, said strip
      supply source comprising a plurality of juxtaposed continuous length of
      iron strip rolls supported on a common shaft and said rotary cutter
      assembly comprising a plurality of juxtaposed rotary cutters supported on
      a common shaft and corresponding with said plurality of iron strip rolls
      in number, the cutters having the same number of cutting teeth in the
      outer periphery, the inner periphery of said rotary cutters being provided
      with a relatively larger key way and a relatively smaller key way, said
      smaller key way being angularly spaced from said larger key way.
NUM  5.
PAR  5. The iron piece shearing machine as set forth in claim 4, in which the
      teeth on each of the cutters are offset with respect to the teeth on the
      adjacent cutters by a small angle.
NUM  6.
PAR  6. The iron piece shearing machine as set forth in claim 5, in which said
      relatively larger key way in each rotary cutter is offsetted with respect
      to the corresponding key ways in the adjacent rotary cutters and said
      relatively smaller key ways in all the rotary cutters are aligned with
      each other.
PATN
WKU  039357767
SRC  5
APN  499549&
APT  1
ART  324
APD  19740822
TTL  Paper cutting machine
ISD  19760203
NCL  28
ECL  1
EXP  Abercrombie; Willie G.
NDR  2
NFG  5
INVT
NAM  Dingus; James C.
STR  175 Kentucky Drive
CTY  Newport
STA  KY
ZIP  41071
CLAS
OCL   834254
XCL   83433
XCL   83436
XCL   83476
XCL   83506
EDF  2
ICL  B26D  706
ICL  B26D  102
FSC   83
FSS  425.4;433;436;481;476;418;506
UREF
PNO  1234884
ISD  19170700
NAM  Dozier et al.
OCL   83433
UREF
PNO  1695715
ISD  19281200
NAM  Merrick
XCL   83506
UREF
PNO  2360653
ISD  19441000
NAM  Davidson
OCL   83506
LREP
FR2  Garfinkle; Irwin P.
ABST
PAL  A paper film trimming machine, useful for trimming news copy, consists of a
      supporting table over which the paper is fed under the weight of a
      plexiglass plate by means of feed rollers driven by an electric motor. A
      pair of spring-biased straight-edge knives cut the paper as it travels
      across a cutting block located between the table and the drive rollers.
      Each of the knives is mounted on a single threaded shaft and their
      positions are each independently laterally adjustable to align them
      accurately with the columns that are being cut.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the preparation of newspapers it is the practice to first prepare the
      articles in the form of headlines and columns exactly as they will appear
      in the newspaper as printed. In modern newspaper plants this is
      accomplished by means of computer typesetting and photographic film
      techniques which serve to type the copy in columns with appropriate
      headlines. To lay out the newspaper as it will finally appear, the film
      must be carefully trimmed exactly at the edge of the typed portion, care
      being taken not to cut the headlines which may be typed with a wider
      heading. To this day trimming operations are mostly performed by hand. In
      some modern newspaper facilities machines are used. Typical of prior art
      machines are those disclosed in Pretz U.S. Pat. No. 3,791,247 and Brown
      U.S. Pat. No. 3,241,415. Other prior art devices are shown in U.S. Pat.
      Nos. 246,923, 1,730,196, 2,000,175, 2,360,653 and British Pat. No. 23,952.
PAR  All of the prior art patents suffer from various deficiencies, including
      lack of sufficient speed both in the cutting operation and in the setting
      up of the film for trimming, and in the lack of accuracy in the trimming
      operation. Furthermore, the prior art machines are difficult to adjust
      during operation for columns of varying widths, and for films of different
      widths.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is useful in trimming newspaper copy reproduced on film and
      consisting of printed material arranged in elongated columns of various
      widths. The trimming machine consists of a supporting table over which the
      copy is fed under the weight of a plexiglass plate. The film is driven by
      means of feed rollers around which the film is wrapped. The feed rollers
      are driven through reduction gearing by means of an electric motor. A pair
      of spring-biased knives cut the paper as it travels across a cutting block
      located between the table and the drive rollers. Each knife is a sharpened
      straight edge terminating in a point. The straight edge is positioned at a
      slight angle to the cutting block so that approximately half of it passes
      through the thickness of the film when the film is moved past the point of
      the knife, the direction of travel being in the direction of the point.
      Each of the knives is mounted on a single threaded shaft and their
      positions are each independently adjustable to align them accurately with
      the columns that are being cut.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a preferred embodiment of this invention with one
      of the side walls removed;
PAR  FIG. 2 is a plan view of FIG. 1;
PAR  FIG. 3 is a cross section taken through the line 3--3 in FIG. 1 with
      certain portions added and broken away;
PAR  FIG. 4 is a cross-sectional view showing the spring-biasing means for the
      knives; and
PAR  FIG. 5 is a cross section taken through the line 5--5 in FIG. 2.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The illustrated paper-trimming machine comprises a frame including two side
      walls 10 and 12 between which are supported a forward film-supporting ramp
      or table 14 and a rear film-supporting ramp or table 16. A glass cutting
      block 18 and a drive system 20 are supported intermediate of forward and
      rear film-supporting tables. The support for the cutting block 18
      comprises L-shaped beam 22 secured between the walls 10 and 12 and to a
      downwardly depending flange 24 at the rear of the forward table 14 by
      means of a plurality of suitable fasteners 26.
PAR  The drive system 20 comprises a main drive roller 28 fixed on a shaft 30
      journaled for rotation in side walls 10 and 12 in bearings 31 and 33. The
      shaft 30 extends through the side wall 10 and is driven by means of a
      conventional electric motor 36 through reduction gearing 38. The motor 36
      and gears 38 comprise a motor-gear set mounted on the side wall 10
      directly to the shaft 30. The main drive roller can also be driven by a
      hand crank 37 pinned to the shaft 30 by pin 39.
PAR  The shaft-supporting slots 44, 46 and 51, 52 are dimensioned so that the
      forward and rear idler rollers are parallel to and rest in contact with
      the main roller 28. The idler rollers 40 and 48 are smaller than the main
      roller 28 but are positioned so that the plane of the cutting block 18 is
      substantially tangent to each of them.
PAR  A pair of mounting blocks 32 and 34 are secured to the side walls for
      mounting a set of idler rollers. A forward idler roller 40 has a
      cylindrical shaft 42 rotatably supported in a rectangular bushing 43. The
      rectangular ends of the shaft are supported in complementary slots 44 and
      46 in the block 32 and 34. A rear idler roller 48 has a cylindrical shaft
      50 rotatably supported by a rectangular bushing 53. The bushing 53 is
      supported in complementary slots 51 and 52 in the blocks 32 and 34.
PAR  An upper guide 54, supported between the blocks 32 and 34, serves to guide
      the films onto the roller 40 and off the roller 48. A lower guide 56,
      secured to the blocks 32 and 34 by means of screws 58 extending through
      end flanges 59, serves to guide the film onto the main roller 28 and onto
      the idler roller 48.
PAR  The film-trimming device utilizes two cutters, generally indicated at 60
      and 62. The left-hand side of the column printed on the film is generally
      a standard width and therefore the cutter 60 is normally maintained
      stationary during a trimming operation. However, the right-hand margin of
      a typed column may have various widths on the film either because
      different stories are laid out in different column widths or because the
      headlines accompanying each story may be a different width from the width
      of the column itself. In either case both the left and right cutter must
      be made rapidly adjustable so that the location of the cutting edge of
      each cutter is accurately positioned at the respective edge of a column.
PAR  Both of the cutters 60 and 62 are mounted on a threaded shaft 64 journaled
      for rotation in the side walls 10 and 12. The threaded shaft 64 is rotated
      manually by means of a crank 65 to which it is fixed by means of a screw
      67. The left cutter comprises a knife 63 fixedly held in a complementary
      slot in a knife-holder block 66 by means of a retainer block 68 and a
      screw 70. An internally threaded sleeve 72 having an integral disc 74
      extends through a cylindrical bore 76 in the knife-holder block 66. The
      knife-holder block 66 is maintained on the sleeve 72 by means of a locking
      disc 80 held to the sleeve by means of a set screw 82. The fit between the
      sleeve 72 and in the knife holder is such that there is a friction fit
      between these two elements. The amount of friction between the sleeve 72
      and the block 66 is, however, less than the friction between the threaded
      shaft 64 and the internal threads of the sleeve 72. Thus, when the shaft
      64 is rotated by crank 65, the sleeve 72 rotates with the shaft 64 and is
      not advanced i.e., it does not move laterally. On the other hand, if the
      disc 74 is manually held by the operator, the sleeve then advances and
      changes the position of the cutter knife 63.
PAR  The cutter 62 comprises a knife-holder block 84 in which a knife 88 is held
      in a manner similar to that of the knife 63 in the block 66. The
      knife-holder block 84 has a cylindrical bore in which a split sleeve 90 is
      press fit. The sleeve 90 is internally threaded onto the shaft 64 and is
      maintained in fixed relation to it by means of set screw 91. When the
      shaft 64 is rotated sleeve 90 does not rotate, and therefore the block
      will move laterally.
PAR  Both of the cutters 60 and 62 are vertically biased by means of a pair of
      leaf springs 92 and 94 attached to the top of the blocks 66 and 84 by
      means of screws 95. The leaf springs 92 and 94 form tines of a fork, one
      tine being positioned on top of a cam surface 96 while the other is
      located at the bottom of the cam surface 96. The cam surface 96 is a
      cylindrical shaft having an eccentric axis of rotation defined by
      off-center pins 100 and 102. The pins 100 and 102 are supported between
      the side walls 10 and 12, the pin 100 being connected by means of a pin
      104 to a lever 106.
PAR  When the cam 96 is in the position shown in solid lines in FIG. 4, the
      springs 92 and 94 are forced down driving the knives 63 and 88 onto the
      cutting block 18. When the cam 96 is rotated by the lever 106 to the
      position shown in dotted lines, the knives 63 and 88 are raised from the
      cutting block 18.
PAR  The guide system for the films comprises a pair of tracks 108 and 110
      secured to the forward table 14 by screws 112. In an embodiment of the
      invention as reduced to practice, the distance between the tracks provides
      a loose fit for standard 8-inch size film. When the film is laid between
      the tracks 108 and 110, it is then covered and held down at the cutting
      block by a transparent plastic plate 114 and which provides a drag on the
      film to prevent wrinkles or bubbles forming at the cutting block.
PAR  For the purpose of accommodating film of smaller, but standard, sizes I use
      a series of cylindrical pegs 116 inserted in aligned holes 118, 120 or 122
      in the table 14. Pegs 116 inserted in the holes 118 provide a right-hand
      guide for the smallest width film, while the pegs 116 inserted in the
      holes 120 or 122 provides guides for larger sizes, all of which are
      "standard" in the newsprinting industry.
PAR  As seen in FIG. 1, complementary holes are also provided in the plate 114
      through which the pins 116 are inserted after the plate is in place over
      the film.
PAR  To operate the film-cutting device, a roll of film is manually threaded
      past the knives 63 and 88 (in their raised positions) and between the
      forward lip 124 of upper guide 54. By means of the hand crank 37 or the
      motor 36, the film is taken up by the rollers 40 and 28 and driven into
      the lower guide 56. From there the film is taken up by the rollers 28 and
      48 and driven onto the rear table 16.
PAR  An important detail of this invention is the positioning of the knives 63
      and 88. For efficient cutting the knife edge of each knife should be at an
      angle to the cutting block. The size of the angle should be such that
      approximately one-half of the knife penetrates the film to the block 18.
      While the angle is not critical, it is imperative that the rear portion of
      the knife edge not be in contact with the film.
PAR  Another important detail of this invention is in the alignment of the top
      of the front table 14, and the tangential relationship of the cutting
      block with the peripheries of the rollers. This relationship is such that
      the film is pulled without raising it from the cutting block, thus
      avoiding film tearing. In addition, this arrangement of rollers provides
      more than 180.degree. of wrap of the film around the drive roller 28.
      Therefore, once the film is started across the block 18 in a straight line
      there is little chance of subsequent misalignment.
PAR  The use of straight-edged stationary knives is also important. First of
      all, the knives are expendably cheap and easily replaced when dull.
      Second, the knives do not drive the film and therefore do not effect its
      steering. The rollers simply draw the film past the knives in a straight
      line. The tracks 108 and 110 and the pins 116 serve to provide initial
      alignment.
PAR  The system for laterally adjusting the knives is fast and accurate in that
      the knives can be moved separately or together. The left knife 63 can be
      adjusted by either holding the disc 74 while turning the shaft 64 or it
      can be adjusted by turning the disc 74 and holding the shaft.
PAR  In operation, as the film moves through the device it is cut simultaneously
      by both knives 63 and 88. Cutting can be stopped almost instantly by
      turning the lever 106. If it is desired to cut only one side of the column
      one of the knives can be moved off to the side.
PAR  Various modifications and adaptations will be apparent to persons skilled
      in the art and it is therefore my intention that the invention be limited
      only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use in trimming copy reproduced on a paper, said copy consisting of
      printed material arranged in elongated columns, the combination
      comprising:
PA1  a frame having spaced side support means;
PA1  a forward paper support table mounted between said side support means;
PA1  paper driving means mounted aft of said forward table;
PA1  a paper cutting block between said forward table and said paper driving
      means;
PA1  first and second knives, each having a sharpened straight cutting edge
      terminating at a point, said straight edges being biased against said
      cutting block at a slight angle thereto, the straight cutting edges of
      said knives being parallel to the direction of travel of said film;
PA1  adjusting means for independently adjusting the lateral positions of each
      of said knives to align said knives with the edges of said columns; and
PA1  said paper driving means comprising a drive roller, a forward idler roller
      and a rear idler roller, all of said rollers being supported between said
      side supporting means with their axes parallel, said idler rollers resting
      on said drive roller, the plane of said cutting block being substantially
      tangent to all of said rollers, whereby said paper is wrapped around said
      idler rollers and at least 180.degree. of said drive roller.
NUM  2.
PAR  2. The invention as defined in claim 1, and elevating means for raising
      both of said knives from said block.
NUM  3.
PAR  3. The invention as defined in claim 1 wherein said knives are releasably
      secured within knife holders, said knife holders being pivotally mounted
      above said paper-cutting block.
NUM  4.
PAR  4. The invention as defined in claim 3, and a cam comprising:
PA1  a cylindrical shaft mounted between said walls adjacent said knife holders,
      said shaft being rotatably mounted on an axis eccentric to the axis of
      said cylinder; and
PA1  a cam follower connected between each of said knife holders and said cam
      for positively moving said knives into and out of engagement of said
      cutting block when said cam is rotated.
NUM  5.
PAR  5. For use in trimming copy reproduced on a paper, said copy consisting of
      printed material arranged in elongated columns, the combination
      comprising:
PA1  a frame having spaced side support means;
PA1  a forward paper support table mounted between said side support means;
PA1  paper driving means mounted aft of said forward table;
PA1  a paper cutting block between said forward table and said paper driving
      means;
PA1  first and second knives, each having a sharpened straight cutting edge
      terminating at a point, said straight edges being biased against said
      cutting block at a slight angle thereto, the straight cutting edges of
      said knives being parallel to the direction of travel of said film, said
      knives being releasably secured within knife holders, said knife holders
      being pivotally mounted above said paper-cutting block;
PA1  adjusting means for independently adjusting the lateral positions of each
      of said knives to align said knives with the edges of said columns;
PA1  a cam comprising a cylindrical shaft mounted between said walls adjacent
      said knife holders, said shaft being rotatably mounted on an axis
      eccentric to the axis of said cylinder; and
PA1  a cam follower connected between each of said knife holders and said cam
      for positively moving said knives into and out of engagement of said
      cutting block when said cam is rotated, each of said cam follower
      comprising a forked spring secured to a knife holder, said spring having
      two tines, one contacting the upper surface of said cam, the other
      contacting the lower surface of said cam.
NUM  6.
PAR  6. The invention as defined in claim 5 wherein said tines are leaf springs.
NUM  7.
PAR  7. The invention as defined in claim 1 wherein said adjusting means
      comprises:
PA1  a threaded shaft rotatably mounted between said side walls; and
PA1  a knife holder for each of said knives, each of said holders having a bore
      with internal threads, said holders being threaded onto said threaded
      shaft.
NUM  8.
PAR  8. The invention as defined in claim 1 wherein said adjusting means
      comprises:
PA1  a threaded shaft rotatably mounted between said side walls;
PA1  a first and a second knife holder for said first and second knives,
      respectively, each of said holders having a cylindrical bore; and
PA1  an internally threaded sleeve in each bore, said sleeves being threaded
      onto said threaded shaft.
NUM  9.
PAR  9. The invention as defined in claim 8 wherein said sleeve for said first
      knife holder includes an integral enlarged disc, the friction between said
      sleeve and said knife holder being less than the friction between the
      threads of said sleeve and said threaded shaft, whereby said sleeve
      rotates with said shaft, and does not advance axially, except when said
      disc is held as said shaft is rotated.
NUM  10.
PAR  10. The invention as defined in claim 9, wherein said sleeve for said
      second knife holder is slotted, a locking screw extending through said
      knife holder into contact with said sleeve for adjusting the friction
      between said holder, said sleeve and said threaded shaft.
NUM  11.
PAR  11. The invention as defined in claim 1 and a pair of tracks on said table,
      said tracks providing a guide for the paper to be trimmed.
NUM  12.
PAR  12. The invention as defined in claim 11, and a transparent plate freely
      supported on said table between said guides, said paper running on said
      table under said plate.
NUM  13.
PAR  13. The invention as defined in claim 12, and a set of holes in said plate;
PA1  a complementary set of holes in said table; and
PA1  a peg extending through each hole in said plate and its complement in said
      table, said holes being aligned in the direction of travel of paper to be
      trimmed, said pegs providing a guide for one edge of said paper.
NUM  14.
PAR  14. The invention as defined in claim 13 wherein there is a plurality of
      sets of holes and their complements arranged in spaced rows, said pegs
      being placed in a selected row.
NUM  15.
PAR  15. The invention as defined in claim 1 and a drive motor, coupled to said
      drive roller, said motor being mounted on said side wall, said motor and
      said roller being coaxial.
NUM  16.
PAR  16. The invention as defined in claim 6 wherein said adjusting means
      comprises:
PA1  a threaded shaft rotatably mounted between said side walls;
PA1  a knife holder for each of said knives, each of said holders having a bore
      with internal threads, said holders being threaded onto said threaded
      shaft.
NUM  17.
PAR  17. The invention as defined in claim 6 wherein said adjusting means
      comprises:
PA1  a threaded shaft rotatably mounted between said side walls;
PA1  a first and a second knife holder for said first and second knives,
      respectively, each of said holders having a cylindrical bore; and
PA1  an internally threaded sleeve in each bore, said sleeves being threaded
      onto said threaded shaft.
NUM  18.
PAR  18. The invention as defined in claim 17 wherein said sleeve for said first
      knife holder includes an integral enlarged disc, the friction between said
      sleeve and said knife holder being less than the friction between the
      threads of said sleeve and said threaded shaft, whereby said sleeve
      rotates with said shaft and does not advance axially except when said disc
      is held as said shaft is rotated.
NUM  19.
PAR  19. The invention as defined in claim 18 wherein said sleeve for said
      second knife holder is slotted, a locking screw extending through said
      knife holder into contact with said sleeve for adjusting the friction
      between said holder, said sleeve and said threaded shaft.
NUM  20.
PAR  20. The invention as defined in claim 19 and a pair of tracks on said
      table, said tracks providing a guide for the paper to be trimmed.
NUM  21.
PAR  21. The invention as defined in claim 20, and a transparent plate freely
      supported on said table between said guides, said paper running on said
      table under said plate.
NUM  22.
PAR  22. The invention as defined in claim 21, and a set of holes in said plate;
PA1  a complementary set of holes in said table; and
PA1  a peg extending through each hole in said plate and its complement in said
      table, said holes being aligned in the direction of travel of paper to be
      trimmed, said pegs providing a guide for one edge of said paper.
NUM  23.
PAR  23. The invention as defined in claim 22 wherein there is a plurality of
      sets of holes and their complements arranged in spaced rows, said pegs
      being placed in a selected row.
NUM  24.
PAR  24. The invention as defined in claim 23 wherein:
PA1  said paper driving means comprises a drive roller; and
PA1  means for wrapping said paper around at least 180.degree. of said drive
      roller.
NUM  25.
PAR  25. The invention as defined in claim 24 and a forward idler roller and a
      rear idler roller, all of said rollers being supported between said side
      walls with their axis parallel, said idler rollers resting on said drive
      roller, the plane of said cutting block being substantially tangent of all
      of said rollers.
NUM  26.
PAR  26. The invention as defined in claim 25 and a drive motor, coupled to said
      drive roller, said motor being mounted on said side wall, said motor and
      said roller being coaxial.
NUM  27.
PAR  27. The invention as defined in claim 1 wherein said forward paper
      supporting table is an ascending ramp.
NUM  28.
PAR  28. The invention as defined in claim 27, and a rear paper supporting table
      aft of said paper driving means, said rear paper supporting table being a
      descending ramp.
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ABST
PAL  A portable cutting device is provided which comprises a table having first
      and second frame sections maintained in parallel spaced apart relationship
      by a plurality of attaching members extending between said first frame
      section and said second frame section, each of said first and said second
      frame sections having a longitudinally extending assembly mounted along an
      upper edge thereof, said longitudinal assemblies having a plurality of
      spaced apart transverse assemblies mounted thereon and extending
      substantially perpendicularly therebetween; guide means having a length
      sufficient to traverse a diagonal of said table and having sufficient
      rigidity to resist bending under stress and cutting means coacting with
      said guide to permit said cutting means to transverse a substantial
      portion of the length of said guide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in portable sawing machines in which
      portable motor driven circular saws are used, and includes means for so
      mounting the power driven saw unit with relation to work holding means
      that a wide variety of transverse, longitudinal and miter cuts may be cut
      in the work with great precision, accuracy, speed, and efficiency while
      assuring maximum safety.
PAR  Additionally, this invention relates to portable electric saw supports, and
      it has particular reference to adjustable tables for electric hand-type
      saws. A specific advantage of this invention resides in the provision of a
      portable table having means thereon for operatively supporting a portable
      hand-type electric saw assembly for transverse, longitudinal and mitering
      operations and affording a convenient device by which the saw can be
      readily and easily installed or removed at will and without altering the
      same to impair its usefulness in the usual operations.
PAR  With the advent of power driven hand held circular saws it became apparent
      to those acquainted with their use that it would be beneficial to provide
      a means for guiding the saw through the work by mechanical means. Further,
      it would be most advantageous to guide the saw through the work at various
      angles relative to the work and relative to the cutting means to obtain
      many different types of cuts including longitudinal, transverse, angular,
      and miter.
PAR  Portable power saws are in wide use today in the construction field by both
      the professional carpenter and the average homeowner. In both areas of
      use, such saws have proven to be a convenient and effective means for
      sizing and mitering construction materials. It is necessary, however, in
      the use of such saws, that an adequate support for the construction
      material, as well as guide means for the saw, be available. Carpenters,
      for example, measure studding and sheeting as necessary at the job site
      and mark the desired length or angle on the material to be cut. A portable
      electric saw is then manually manipulated to cut the material. The
      carpenter must improvise his support and guide means such as by setting up
      wooden horses under the work material and using a piece of scrap to guide
      the saw along its line of cut. This procedure often results in uneven,
      inaccurate and ragged cuts.
PAR  Further, where a flat sheet of material such as thin plywood sheeting is
      desired to be cut, the inherent flexing properties thereof add to the
      difficulties of accurate sawing. Thin sheeting has a tendency to flap
      between the cutting surface and the saw blade, thus adding to the
      inaccuracy of the cut. The use of a conventional table saw to perform the
      desired on-the-job sawing of comstruction materials is most impractical
      due to the weight and the inconvenience of moving and locating such a
      tool, especially if the most convenient work location requires frequent
      changing or is of limited area. The use of such a table saw is expecially
      impractical to the average homeowner. Such a person often cannot afford
      nor utilize an expensive table saw. The saw combination of the instant
      invention is more versatile and performs better than other types of saws
      commonly in use today.
PAR  One further problem has developed in regard to the particular uses to which
      a power saw may be put. The user frequently must prepare construction
      materials having steepslope angles. Such pieces are needed in constructing
      gabletype roofs. The limits of the average table saw do not permit such
      cuts to be readily made, and improvising guide means to do such jobs is
      even more difficult than in so doing for average cutting. Accordingly,
      there has developed a need for a guide and support table for use with
      portable power saws that is lightweight, has the attribute of portability,
      and can easily be adapted for use in making different slope cuts on
      construction materials.
PAC  OBJECTS OF THE INVENTION
PAR  A principal object of the instant invention is to provide a portable device
      by which virtually all sawing operations can be performed by those engaged
      in the building and woodworking arts, such as carpenters, cabinet makers,
      and the like, while providing for the use of the saw in the usual manner
      for cutting operations normally performed manually at different locations.
PAR  A further object of the instant invention is to provide a guide rail for an
      electric hand-type saw which will enable the saw to be moved freely and
      accurately in a predetermined direction, and which will hold the saw
      securely during the sawing operation and which will allow the user to
      remove the saw unit from its attached position easily and quickly when
      desired.
PAR  An additional object of the instant invention is to provide a saw table to
      firmly support the workpiece to be cut and provide a means to secure the
      saw unit and a guide means thereto.
PAR  Another object of the instant invention is to provide the saw table and
      guide rail with coacting indexing means which insure the horizontal
      disposition and accuracy of the cutting means for transverse,
      longitudinal, angular and miter cuts.
PAR  A further object of the instant invention is to provide a saw table which
      provides vertical adjustments by which materials of different thicknesses
      may be accurately cut.
PAR  Still another object of the instant invention is to provide a cradle for a
      circular saw which enables the cutting means to be disposed vertically or
      angularly and can be used in conjunction with a guide rail indexing means
      to effect angular cuts of a work piece secured by the saw table.
PAR  Yet another object of the instant invention is to provide a saw table which
      can secure various sizes of material up to and including approximately 4
      ft. .times. 12 ft. sheets of substantially planar material.
PAR  A further object of the instant invention is to provide a saw table, guide
      rail and power saw combination which can be dismantled easily and quickly,
      transported manually to another location and quickly and easily
      reassembled to provide a sturdy portable device for sawing operations.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other advantages of the invention will become apparent
      from the ensuing disclosure in which a preferred embodiment of the
      invention is described in detail and illustrated in the accompanying
      drawings. It is contemplated that minor variations in structural features
      and arrangement of parts thereof may occur to the skilled artisan without
      departing from the scope of sacrificing any of the advantages of the
      invention.
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a perspective view of the apparatus of the instant invention
      completely assembled illustrating the saw table, the saw guide rail and
      the circular-type saw set up for a transverse cut of a workpiece less than
      one-half the width of the saw table;
PAR  FIG. 2 is an exploded perspective view of the saw table showing a movable
      transverse assembly and a movable transverse support;
PAR  FIG. 2a is an exploded view of a lower releaseable joint;
PAR  FIG. 2b is an end view of the perimeter assemblies;
PAR  FIG. 2c is a perspective view of a hinged section of a perimeter assembly;
PAR  FIG. 2d is an exploded view of an upper releaseable joint;
PAR  FIG. 3 is a fragmentary enlarged view of a perimeter assembly and a
      transverse fence showing detent assembly;
PAR  FIG. 4 is a side view of the guide rail and clamp assemblies;
PAR  FIG. 5 is a top view of the guide rail and clamp assemblies;
PAR  FIG. 6 is a top view of the saw cradle;
PAR  FIG. 7 is a perspective view of the saw carriage and support bar assembly;
PAR  FIG. 8 is a perspective view of the power saw;
PAR  FIG. 8A is a view of the front mounting means;
PAR  FIG. 9 is a side view of the power saw;
PAR  FIG. 10 is a side view of the detent assembly and end view of the perimeter
      assembly of FIG. 3;
PAR  FIG. 11 is a top view of the marking device;
PAR  FIG. 12 is a side view of the marking device;
PAR  FIG. 13 is a perspective view of the adapter frame and work support surface
      for grooving;
PAR  FIG. 14 is a perspective view of the grooving and shaping assembly
      attachment; and
PAR  FIG. 15 is an exploded view of the indexing pin assembly used on the saw
      table with the grooving and shaping assembly.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A perspective view of the power saw table 20 of the instant invention
      constructed in accordance therewith is shown in FIGS. 1 and 2.
PAR  The table 20 includes a front frame 21, rear frame 22 and left and right
      attaching members 23 and 24.
PAR  The frames have generally planar vertical support members 25 and 26 and
      longitudinally extending assemblies 27 and 28 secured thereto.
PAR  The front frame 21 and rear frame 22 are rigidly maintained in a parallel
      spaced relationship by the attaching members 23 and 24 through lower
      releaseable joints 29 and upper releaseable joints 29a. The releaseable
      joints may be of any suitable type but there is shown by way of example in
      FIG. 2a, wedge-type joints having double wedging male and female members
      and in FIG. 2d a frustoconical pin and aperture arrangement. Attaching
      members 23 and 24 are provided with notches at their midpoint to contain a
      removable retaining fence 24b (FIG. 2).
PAR  The assemblies 27 and 28 include a plate 30, a retainer 31 perpendicularly
      secured to plate 30, an inner support 32 and an outer fence 33 juxtaposed
      and forced against retainer 31 by a biasing means 34. The top surface of
      the inner support is below the top surface of the outer fence. A riser 35
      may be used to elevate the outer fence and conceal a power cord. The
      support assemblies may include sections 36 pivotally mounted by a locking
      hinge arrangement 37. The plate 30 has an inner serrated edge to provide
      positive indexing with two transverse perimeter assemblies 38 (FIG. 2).
PAR  The concealed power cord connects to three electrical outlets conveniently
      spaced on the bottom of plate 30. Front frame 21 is provided with an
      extension cord, junction box, an on-off switch, and a lead to the
      concealed cord. Attaching member 23 is provided with a cord having
      connections at either end to connect concealed cord housed in front frame
      21 and rear frame 22.
PAR  Transverse perimeter movable assemblies 38 include perimeter assemblies
      similar to 27 and 28 and additionally include a downwardly projecting
      perpendicular element 39. Pivotally mounted at each end of element 39 are
      pointers 40 which can be secured in a horizontal position to cooperate
      with indicia 43, on the outer surface of plate 30 on perimeter assemblies
      27 and 28. The movable assemblies 38 have a detent assembly 41 (FIG. 3)
      mounted on the underside of plate 30 on each end, which may selectively
      engage the inner serrated edge 42 of plate 30 on the perimeter assemblies
      27 and 28.
PAR  The bottom surface of the transverse perimeter assembly 38 is supported on
      the inner top surface of plate 30 on the perimeter assembly at each end.
      Movable transverse supports 44 may extend between and be supported by the
      inner top surface of plate 30 of the perimeter assemblies 27 and 28.
PAR  The table 20 as described supports and cooperates with a rail and saw
      assembly 45 (FIGS. 1, 4 and 5), which includes a rail 46, and a fixed
      clamp assembly 47, a movable clamp assembly 48, a saw carriage 49 and a
      saw cradle 50.
PAR  The saw cradle 50 is fixed to the rail 46 at one end thereof and includes a
      downwardly extending arm 51 that pivotally supports fixed clamp assembly
      47, and a laterally projecting arm 52. The cradle 50 further includes a
      cradle plate 53 projecting from said arm 52 and extending partially along
      the undersurface of rail 46. The cradle plate 53 includes a slot 54
      extending generally parallel to the rail 46 and open at the end of the
      plate 53 away from the lateral arm 52. A latch 57 is provided at the end
      of the plate 53 near the arm 52. The latch 57 may include a retaining slot
      55 and a retaining pin 56 which cooperate with catch 87a (FIG. 7). A pair
      of channels 58 are provided at the edge of the plate on both sides of said
      slot and parallel thereto. A reference plate 59, having a handle 60 is
      slidably mounted against the top surface of the cradle plate 53 by
      suitable means (not shown) such that the plate 59 may be reciprocated
      laterally to selectively project across the open slot 54.
PAR  The fixed clamp assembly 47 is pivotally secured to the end of arm 51 by a
      yoke and pin connection 61 as seen in FIGS. 1 and 4. The pin of the yoke
      assembly passes through a hole in fixed clamp connecting arm 62. An
      extension 63 is pivotally mounted to the connecting arm 62 by means of a
      compression lock joint 64 having an actuating handle 65 and a biasing
      means 63a which maintains 45 in the horizontal position. A clamp member 66
      is pivotally mounted by means of a pin 67, on extension 63. Clamp 66 is
      generally "C" shaped and is provided with a compression lock 68 having an
      actuating handle 69. A lock pin 70 is provided on the upper branch of the
      C-clamp 66 and projects into the open portion of said C-clamp. Lock pin 70
      is downwardly biased and indexes in aperatures 70a on the outer edge of
      plate 30 (FIG. 2).
PAR  The rail 46 is of a sufficient length to traverse the diagonal of the
      supporting table 20. Further, rail 46 has sufficient rigidity to minimize
      deflection under stress.
PAR  Rail 46 is provided with a track 71 extending along its entire length. A
      movable clamp support bar 72 is slidably mounted in track 71. Bar 72
      includes a lateral tab 73 having a means for releaseably engaging a
      flex-plate 74. The releaseable connection between the lateral tab 73 and
      the flex-plate 74 may include cooperating slots and pins as shown in
      detail in FIG. 5. Flex-plate 74 is attached to a yoke 75. Yoke 75 is
      pivotally mounted on an arm 76 by pin 77. Pivotally attached to the
      opposite end of arm 76 is yoke 78. An adjustment means 79 is provided for
      controlling the degree of pivotal movement of arm 76 relative to yoke 78.
      Said adjustment may be accomplished by means of a screw 80 and a biasing
      means 85. A C-shaped clamp 81 is pivotally mounted on yoke 78, and
      includes a compression lock 82 having an actuating handle 83 and a lock
      pin 84 through the upper branch of C-clamp 81. Lock pin 84 is downwardly
      biased and indexes in apertures 84a on the outer surface of plate 30 and
      tab 24a (FIGS. 2, 4 and 5).
PAR  The saw carriage 49 includes a carriage support bar 85 which is slidably
      mounted in track 71 and partially concealed therein intermediate the clamp
      assemblies 47 and 48 (FIG. 5). A pair of spaced support rods 86 adjustably
      secure a saw carriage base plate 87 to travel bar 85. The support rods 86
      project laterally from the travel bar 85 and are releaseably held in
      position by a locking mechanism, not shown, having a release knob 88. The
      base plate 87 is provided with an adjustable mounting assembly 89 which
      receives the support rods 86.
PAR  The adjustable mounting assembly 89 includes a pair of spaced collars 90,
      (FIGS. 5 and 7), that houses gears which may be simultaneously driven by
      rotation of a coarse control dial 91, a fine adjustment knob 96, and a
      coupling shaft 92.
PAR  The saw carriage base plate 87 includes a rectangular aperture 93 with its
      long side substantially parallel to the longitudinal axis of rail 46. A
      fixed arcuate bracket 95 and a pivotal arcuate bracket 94 are
      perpendicularly attached to saw base plate 87 and extend upwardly to
      provide adjustable means for mounting a saw 97 in a manner to be
      described.
PAR  The circular-type saw 97 (FIGS. 8 and 9) includes a main housing 98, a saw
      blade guard 99, a deflector shield 99a, a securing means 100 for said saw
      blade guard, a primary handle 101 having a non-zero indicator light 121
      thereon, a secondary handle 102, front mounting means 103 (FIGS. 8, 8a and
      9) and rear mounting means 104. The rear mounting means 104 cooperates
      with an arcuate slot in the fixed bracket 95 and includes an actuating
      handle 105 to selectively allow movement of the mounting means along the
      slot. The handle may be rotated to provide a compressional binding action
      to hold the bracket at any desired location along the slot. As the
      position of the rear mounting is varied along the bracket 95, the saw will
      pivot about the pivot point of the front bracket 94 at the junction of
      bracket 94 and base plate 87. Front mounting means 103 cooperates with an
      arcuate slot in bracket 94 and includes an actuating handle 94a to lock
      mounting means along the slot (FIG. 8a).
PAR  The front mounting means 103 at its serrated edge includes, as best seen in
      FIGS. 7, 8a and 9, a gear wheel 106, an outer gear clutch plate 107, an
      inner gear clutch plate 108, a gear clutch tube 109, a clutch shaft 110, a
      locking clutch knob 111, a depth gauge indicator 112 and a fractional
      depth dial 113. Rotational movement of the fractional depth dial 113 will
      be transferred by the shaft 110 to the gear wheel 106. The teeth of the
      gear wheel 106 cooperate with teeth 107 on the inside surface of bracket
      94 to produce pivotal motion of the saw 97 about a pivot point 114 (FIG.
      9). Rotation of the locking clutch knob 111 will tighten the clutch plate
      107 and 108 against the gear wheel 106. The depth gauge indicator 112 is
      provided with a reference mark "D" for dado or dimensional linear lumber
      cuts, and a reference mark "P" for plywood. The front adjustable mounting
      mechanism may be calibrated to accommodate blades of various diameter and
      to insure that the depth setting of the saw table remains constant.
      Actuating handle 94a may be used to lock front bracket 94.
PAR  The saw blade guard 99 is provided with a female electrical safety
      connector 115 which must be disconnected from a male safety connector 116
      extending from the main housing 98, before the guard may be removed. The
      blade guard securing means includes a locking knob 117 for selectively
      releasing the guard 99 from the main housing 98.
PAR  Saw 97 may include a transparent chip deflector 99a that extends over
      housing 98 to blade guard 99.
PAR  An automatic shaft lock switch 118 is provided on the main housing 98 to
      facilitate changing of the saw blades (FIGS. 8 and 9).
PAR  A biased reel arrangement may be provided on the travel bar 85 to house an
      electric cord which is attached to and extends along rail 46 to arm 52 to
      an appropriate electrical outlet (FIGS. 4 and 5).
PAR  A marking device 122, such as that shown in FIGS. 11 and 12, may be used in
      conjunction with the saw unit. The marking device 122 is attached to the
      front section of the blade guard 99 and includes a marker 123 in line with
      the saw blade, a holder 124 for said marker, with a biased securing means
      125, an adjustable support bracket 126 and a biasing means 127 (FIG. 11).
      Thumbpress button 128a forces shaft 128 against lever 129 and biasing
      means 129a. Lever 129 rotates at axis 192b and abuts lever 100a which
      rotates about axis 100 on blade guard 99. Biasing means 127 forces lever
      100a against slidably mounted bracket 126.
PAR  The circular saw can also be used as a shaper, groover, through an
      auxiliary frame 130 (FIG. 14) which is releaseably mounted on saw table 20
      by hinges 137 coacting with attaching members 23 and 24. The auxiliary
      frame section 130 is shown in FIG. 15 with the saw unit mounted
      horizontally, and includes a pair of parallel frame members 131 connected
      at their ends by a transverse member 132. Approximately midway between the
      ends of parallel frame members 131 is a transverse member 133 elevated by
      supports 134 from the plane defined by members 131 and 132.
PAR  The saw unit 97 is attached to elevated transverse member 133 through
      mounting bracket 135 and line cord 136, 136a which releaeably engages
      support rods 86 which fix the saw cutting means in a horizontal position.
      Auxiliary work support surface 130a is used in conjunction with the
      groover and shaper frame and fits onto table 20 with support surface 130a
      between parallel and coplanar with frame members 131.
PAR  Parallel frame members 131 include hingers 137 which provide a means to
      secure frame section 130 to the saw table 20 on left attaching member 23
      and right attaching member 24. Hinges 137 include a biased pin 138 with an
      indexing means to enable the frame to be locked in the vertical position.
PAR  FIG. 15 shows hinge 137 having a biasing means 160, and a pin 138 in a
      housing 161. Pin 138 has outward projections 162 which index in slot 163
      provided on left and right attaching members 23a and 24 of table 20 to
      lock frame 130 in the vertical position.
PAR  FIG. 3 is a fragmentary enlarged view of a perimeter assembly and a
      transverse fence including the detent asssmbly 41.
PAR  The movable assemblies 38 have a detent assembly 41 (FIGS. 3 and 10)
      mounted on the underside of plate 30 on each end, which may selectively
      engage the inner serrated edge 42 of plate 30 on the perimeter assemblies
      27 and 28. The bottom surface of the transverse perimeter assembly 38 is
      supported on the inner top surface of plate 30 of the perimeter assembly
      at each end.
PAR  Detent assembly 41 includes an actuating handle 175 extending through
      aperture 176 in plate 30 and rotatably mounted at 181 coaxially with yolk
      180 of lever 177. Lever 177 secured to bracket 178 pivots at 179. Lever
      177 further includes a biasing means 182 and resilient member 183. Detent
      pin 184 having downwardly projecting tab 193 is slidably mounted on the
      top surface of plate 30, within riser 35 and has a biasing means 194.
      Plate 187 mounted on detent pin 184 includes cylinder 185 vertically
      disposed and freely rotatable on shaft 186. Angular arm 188, having
      shoulder 191 is rotatably secured at 181 and is coaxial with biasing means
      189 anchored at 190 to abut downwardly projecting fixed tab 193 of detent
      pin 184. Aperture 192 in detent pin 184 is aligned with aperture 176 in
      plate 30 such that angular arm 188 can pass therethrough.
PAC  Operation
PAR  The saw table is easily assembled by securing the front frame 21, and rear
      frame 22 through attaching members 23 and 24. The front frame 21 and rear
      frame 22 are rigidly maintained in a parallel spaced relationship by the
      attaching member 23 and 24 through releaseable joints 29 and 29a. The
      releaseable joints may be of any suitable type but there is shown by way
      of example in FIGS. 2a and 2d, wedge-type joints having double wedging
      male and female members and a frustoconical pin and aperture arrangement.
PAR  Sections 36 of the perimeter support assemblies 27 and 28 are extended and
      locked in a horizontal position by locking hinge assembly 37.
PAR  Movable transverse supports 44 are placed in the desired position extending
      between and supported by the inner top surface of plate 30 at each end of
      the perimeter assemblies 27 and 28.
PAR  Movable transverse perimeter assemblies 38 are then placed in position also
      extending between and supported by the inner top surface of plate 30 at
      each end of the perimeter assemblies 27 and 28. A planar sheet of material
      to be cut is placed on the saw table, for example a 4 foot by 8 foot sheet
      of plywood, such that the outer edge is supported by inner support 32 and
      retained by outer fence 33 of the perimeter assemblies, both made of
      replaceable material which will not damage a saw cutting means. Movable
      transverse supports 44 support the underside of the work material and are
      placed where needed within the perimeter of the edge of the workpiece to
      maintain the workpiece in a horizontal disposition. Support fences 38 are
      adjusted, and pointers 40 are secured in a horizontal position to
      cooperate with indicia 43 on the outer surface of plate 30 on perimeter
      assemblies 27 and 28 for measuring. The transverse support fences 38 are
      then secured in position by detent assembly 41 mounted on the underside of
      the support fence plates on each end of each fence 38 which selectively
      engages the inner serrated edge 42 of plate 30 on the perimeter assemblies
      27 and 28.
PAR  When actuating handle 175 of detent assembly 41 is in the vertical position
      biasing means 182 disengages resilient member 183 from the bottom surface
      of plate 30. Angular arm 188 having shoulder 191 is urged against
      downwardly projecting fixed arm 193 of detent pin 184 by biasing means 189
      thereby withdrawing vertically disposed cylinder 185 from engagement with
      serrated edge 42.
PAR  When actuating handle 175 is in the 45.degree. position after pointer 40 is
      placed in alignment with indicia 43, biasing means 182 maintains resilient
      member 183 from locking the under side of plate 30. Angular arm 188 is
      forced through aligned aperture 176 in plate 30 and aperture 192 in detent
      pin 184 by handle 175 thereby allowing detent pin biasing means 194 to
      urge detent pin 184 into engagement with serrated edge 42. In this
      position an impact on a movable support fence 38 would only cause the
      detent assembly 41 to skip serrations without damage to the assembly.
PAR  When actuating handle 175 is placed in the horizontal position lever 177
      rotates around axis 179 to compress biasing means 182 and force resilient
      member 183 into contact with the underside of plate 30 thereby securing
      transverse movable assemblies 38 relative to the perimeter assemblies 27
      and 28.
PAR  Simultaneously, actuating handle 175 abuts angular arm 188 urging it
      forward to permit handle 175 to assume a horizontal position without
      interference from angular arm 188. As above, detent pin 184, and biasing
      means 194 act to maintain vertically disposed cylinder 185 in engagement
      with serrated edge 42.
PAR  The rail and saw assembly 45 is attached to the saw table 20 by fixed clamp
      assembly 47 and movable clamp assembly 48. Each of the clamps may be
      placed at any point on the perimeter of the saw table, since the rail 46
      is long enough to extend across the saw table transversely, longitudinally
      or diagonally depending on the desired cut. Each clamp can be adjusted to
      provide lateral or vertical motion depending on the type of cut required.
PAR  Flex plate 74 allows rail 46 to be raised at its opposite end where clamp
      47 is released and work is to be inserted or removed from saw table 20.
      Additionally, one of the attaching members 24 is provided with a tab 24a
      at its midpoint to allow clamp 48 to be secured thereto. This allows the
      utilization of material equal to or less than one-half the width of the
      table. Further, flex plate 74 provides a pivot point outside the perimeter
      assemblies when clamp 47 is released and the saw rail 46 is elevated,
      while clamp 48 is secured to tab 24a.
PAR  The saw cradle 50 is fixed to the rail 46 at one end thereof and includes a
      downwardly extending arm 51 that pivotally supports fixed clamp assembly
      47, and laterally projecting arm 52. The cradle plate 53 includes a slot
      54 extending generally parallel to the rail 46 and open at the end of the
      plate 53 away from the lateral arm 52 through which slot the blade of the
      cutting means passes. Latch 57 provides a means to retain the cutting
      means 97 in the cradle 53. The channels 58 and the cradle plate 53 provide
      a means to slidably retain saw base plate 87 and cutting means 97 in the
      cradle plate.
PAR  Reference plate 59, having a handle 60, is slidably mounted against the
      upper surface of the cradle plate 53 such that the plate may be
      reciprocated laterally to selectively project across the open slot 54 to
      permit vertical adjustment of the saw blade using reference plate 59 as
      the zero point.
PAR  The clamps 47 and 48 are arranged to provide both horizontal and vertical
      movement and biased in such a way as to insure that the rail is in a
      parallel plane with the material being cut. Both clamps can be secured in
      a multitude of positions, through compression locks actuated by
      appropriate handles.
PAC  Saw Base Plate (Carriage)
PAR  Saw carriage 49 includes a carriage support bar 85 which is slidably
      mounted in track 71 and partially concealed therein intermediate the clamp
      assemblies 47 and 48. A saw carriage base plate 87 is adjustably secured
      to the carriage support bar 85 by spaced support rods 86. The
      circular-type saw 97 is adjustably mounted on saw carriage base plate 87.
      Through front mounting means 103 and rear mounting means 104 the circular
      type saw base plate and travel bar can then slide along track 71 in rail
      46 to effect any desired cut. The circular-type saw 97 and base plate unit
      87 are adjusted relative to the travel bar 85 and rail 46 by assembly 89
      which is actuated by coarse control dial 91 through coupling shaft 92.
      Indicator light 121 remains off unless the coarse control dial 91 or fine
      control dial 96 place the saw in a non-zero position. The saw 97 is then
      turned on and guided along rail 46 to provide the desired cut, after the
      necessary adjustments have been made.
PAC  Circular-Type Saw Adjusting Means
PAR  Circular-type saw 97 is adjustably secured to saw carriage base plate 87 by
      front mounting means 103 and rear mounting means 104. The rear mounting
      means 104 cooperates with an arcuate slot such that as the position of the
      rear mounting is varied along bracket 95 the saw pivots about the pivot
      point of the front bracket 94.
PAR  The front mounting means 103 is adjusted through depth gauge indicator 112
      and fractional depth dial 113. Rotational movement of the fractional depth
      dial 113 is transferred by shaft 110 to gear wheel 106 which cooperates
      with teeth 107 on bracket 94 to pivot saw 97 about pivot point 114. The
      depth gauge indicator 112 is provided with a reference mark "D" for dado
      and dimensional linear lumber cuts and a reference mark "P" for plywood
      cuts. The front adjustable mounting mechanism may be calibrated to
      accommodate blades of various diameter and to insure that the depth
      setting of the saw blade remains constant.
PAC  Marking Device
PAR  A marking device 122 is used in conjunction with the saw unit. Marker 123
      is in line with the saw blade and can be made to contact the work by
      pressing button 128a which forces shaft 128 against lever 129 and biasing
      means 129a. Lever 129 rotates at axis 129b and abuts lever 100a which
      rotates about axis 100 on blade guard 99. Biasing means 127 forces lever
      100a against slidably mounted bracket 125. It should be noted that the saw
      blade guard 99 may be removed since lever 129 and lever 100a are not
      connected.
PAR  Attaching members 23 and 24 are each provided with a notch at their
      midpoints to receive a retaining fence 24b to extend therebetween. A
      primary work surrport surface 154 which can be provided with a cut out
      portion 154b for a miter box may be placed across attaching members 23 and
      24, retained at its fence longitudinal edges by perimeter assembly 27 and
      retaining fence 24b.
PAR  Retaining fence 24b may be removed and a secondary work support 154a
      surface can be inserted. Said secondary work support surface is provided
      with a downwardly projecting ridge 154c along its front edge. Said ridge
      is received in the notches on the upper surfaces of said attaching members
      and the rear edge of said secondary support surface will rest on the plate
      of the rear perimeter assembly to thus provide a continuous planar surface
      extending from the front perimeter assembly to the rear perimeter assembly
      for the purpose of supporting relatively thin plywood sheeting to prevent
      flexing and assure accurate sawing.
PAR  With retaining fence 24b and the work support surface 154 across attaching
      members 23 and 24 removed, auxiliary frame section 130 can be mounted to
      provide a groover and shaper attachment as shown in FIG. 15. The
      transverse frame member 132 of auxiliary frame 130 is received by the
      notches in attaching members 23 and 24 as in retaining fence 24b. When
      used for grooving and shaping, auxiliary work support surface 130a is used
      in conjunction with frame 130 (FIG. 15).
PAR  The foregoing constitutes a description of an improved table for use with a
      portable saw whose inventive concepts are believed set forth in the
      accompanying claims.
PAR  The principles, preferred embodiments, and modes of operation of the
      present invention have been described in the foregoing specification. The
      invention which is intended to be protected herein, however, is not to be
      construed as limited to the particular forms disclosed since these are to
      be regarded as illustrative rather than restrictive. Variations and
      changes may be made by those skilled in the art without departing from the
      spirit or scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable cutting device comprising:
PA1  a table having
PA2  a. first and second frame sections maintained in parallel spaced apart
      relationship by a plurality of attaching members extending between said
      first frame section and said second frame section;
PA2  b. each of said first and said second frame sections having a
      longitudinally extending assembly mounted along an upper edge thereof;
PA2  c. said longitudinal assemblies having a plurality of spaced apart
      transverse assemblies slidably mounted thereon and extending substantially
      perpendicularly therebetween, a pair of longitudinal assemblies cooperate
      with a pair of transverse assemblies to define the perimeter of a
      quadrilateral which quadrilateral forms the perimeter of a working surface
      of said table;
PA1  guide means having a length sufficient to traverse a diagonal of said table
      and having sufficient rigidity to resist bending under stress; and
PA1  cutting means coacting with said guide to permit said cutting means to
      traverse a substantial portion of the length of said guide.
NUM  2.
PAR  2. The portable cutting device of claim 1 wherein each of said longitudinal
      assemblies and said transverse assemblies comprise a horizontal plate, an
      outer retainer perpendicularly secured to said plate, an outer fence and
      an inner support juxtaposed and forced against said retainer by a biasing
      means, wherein the upper surface of the inner fence is below the level of
      the upper surface of the outer fence.
NUM  3.
PAR  3. The portable cutting device of claim 2 wherein the inner edge of the
      horizontal plate of each of said longitudinal assemblies is serrated to
      provide indexing with a transverse assembly.
NUM  4.
PAR  4. The cutting device of claim 3 wherein each end of each transverse
      assembly is provided with a pivotally mounted pointer which can be raised
      and secured in a horizontal position so that said pointer cooperates with
      indicia on the outer edge of the horizontal plate of said longitudinal
      assembly or of said transverse assembly.
NUM  5.
PAR  5. The cutting device of claim 3 wherein each transverse assembly is
      provided with at least one detent assembly which selectively engages the
      serrated inner edge of the longitudinal assembly thereby securing the
      transverse assembly to the longitudinal assembly.
NUM  6.
PAR  6. The cutting device of claim 5 wherein said horizontal plate of each end
      of each transverse assembly is provided with a detent assembly which
      selectively engages the inner serrated edge of the horizontal plate of a
      longitudinal assembly to secure the transverse assembly to the horizontal
      assembly.
NUM  7.
PAR  7. The cutting device of claim 6 wherein said detent assembly comprises a
      handle and a detent slidably mounted on the transverse assembly such that
      the detent can engage the serrated edge of the longitudinal perimeter
      assemblies.
NUM  8.
PAR  8. The cutting device of claim 1 wherein a pair of transverse supports
      extend between and are substantially perpendicular to the longitudinal
      assemblies and wherein said transverse supports are disposed within the
      perimeter of said quadrilateral.
NUM  9.
PAR  9. The portable cutting device of claim 8 wherein said transverse supports
      are supported by said longitudinal assemblies such that said transverse
      supports may be moved along the length of the longitudinal assemblies
      while maintaining their perpendicular relationship.
NUM  10.
PAR  10. A portable cutting device comprising:
PA1  a table having
PA2  a. first and second frame sections maintained in parallel spaced apart
      relationship by a plurality of attaching members extending between said
      first frame section and said second frame section;
PA2  b. each of said first and said second frame sections having a
      longitudinally extending assembly mounted along an upper edge thereof;
PA2  c. said longitudinal assemblies having a plurality of spaced apart
      transverse assemblies mounted thereon and extending substantially
      perpendicularly therebetween;
PA1  guide means having a length sufficient to traverse a diagonal of said table
      and having sufficient rigidity to resist bending under stress, said guide
      means includes a rail having a track extending substantially along the
      entire length of said rail, said rail is mounted on the table by attaching
      means, which means slidably engage an outer edge of the longitudinal or
      the transverse assemblies to permit lateral adjustment of the rail on the
      assemblies; and
PA1  cutting means coacting with said guide to permit said cutting means to
      traverse a substantial portion of the length of said guide.
NUM  11.
PAR  11. The portable cutting device of claim 10 wherein said attaching members
      are rigid and are releasably secured to said first frame section and said
      second frame section by means of quick disconnect joints.
NUM  12.
PAR  12. The portable cutting device of claim 11 wherein said joints are wedge
      type joints.
NUM  13.
PAR  13. The portable cutting device of claim 10 wherein said attaching means
      includes a first clamp assembly fixed at one end of said rail, and a
      second clamp assembly movable along the length of said rail.
NUM  14.
PAR  14. The portable cutting device of claim 13 wherein said second clamp
      assembly is slidably mounted in said track.
NUM  15.
PAR  15. The portable cutting device of claim 13 wherein at least one of said
      attaching members is provided with a surface intermediate said first and
      second frame sections to which said second clamp assembly may be secured.
NUM  16.
PAR  16. A portable cutting device comprising:
PA1  a table having
PA2  a. first and second frame sections maintained in parallel spaced apart
      relationship by a plurality of attaching members extending between said
      first frame section and said second frame section:
PA2  b. each of said first and said second frame sections having a
      longitudinally extending assembly mounted along an upper edge thereof;
PA2  c. said longitudinal assemblies having pivotally mounted sections provided
      with a locking arrangement such that said pivotal sections may be locked
      into position to selectively extend the length of said longitudinal
      assemblies;
PA2  d. said longitudinal assemblies having a plurality of spaced apart
      transverse assemblies mounted thereon and extending substantially
      perpendicularly therebetween;
PA1  guide means having a length sufficient to traverse a diagonal of said table
      and having sufficient rigidity to resist bending under stress; and
PA1  cutting means coacting with said guide to permit said cutting means to
      traverse a substantial portion of the length of said guide.
NUM  17.
PAR  17. A portable cutting device comprising:
PA1  a table having
PA2  a. first and second frame sections maintained in parallel spaced apart
      relationship by a plurality of attaching members extending between said
      first frame section and said second frame section, said attaching members
      include upper surfaces that are notched at their mid-points for receiving
      a removable retaining fence;
PA2  b. each of said first and said second frame sections having a
      longitudinally extending assembly mounted along an upper edge thereof;
PA2  c. said longitudinal assemblies having a plurality of spaced apart
      transverse assemblies mounted thereon and extending substantially
      perpendicularly therebetween;
PA1  guide means having a length sufficient to traverse a diagonal of said table
      and having sufficient rigidity to resist bending under stress; and
PA1  cutting means coacting with said guide to permit said cutting means to
      traverse a substantial portion of the length of said guide.
NUM  18.
PAR  18. The portable cutting device of claim 14 wherein a retaining fence is
      inserted in said notches and a primary work support surface is provided
      which extends between said retaining fence and said first longitudinal
      assembly.
NUM  19.
PAR  19. The portable cutting device of claim 18 wherein said primary work
      support surface is cut out to provide means for receiving and positively
      locating a miter box.
NUM  20.
PAR  20. The portable cutting device of claim 17 wherein a secondary work
      support surface is placed on said attaching members and retained by said
      notches at its front edge and extending to said second longitudinal
      assembly, and a primary work support surface is placed on said attaching
      members and extends between said secondary work support surface and said
      first longitudinal assembly to thus provide a continuous planer surface
      extending between said first and second longitudinal assemblies.
NUM  21.
PAR  21. A portable cutting device comprising:
PA1  a table having knock-down frame sections forming a work supporting
      perimeter;
PA1  guide means having a length sufficient to traverse a diagonal of said
      table, said guide means having
PA2  a. a rail having a track extending substantially along its entire length
      and,
PA2  b. mounting assemblies slidably engaging said supporting perimeter, said
      mounting assemblies include a first clamp assembly fixed at one end of
      said rail and a second clamp assembly movable along the length of said
      rail, said first clamp assembly and said second clamp assembly having a
      plurality of pivotally connected members to allow said guide to be
      selectively positioned generally horizontally over the support perimeter;
      and
PA1  cutting means coacting with said guide to permit said cutting means to
      traverse a substantial portion of the length of said guide.
NUM  22.
PAR  22. The portable cutting device of claim 21 wherein said first and said
      second clamp assemblies include adjustment means for controlling the
      relative vertical position of said guide relative to said perimeter.
NUM  23.
PAR  23. The portable cutting device of claim 21 wherein said guide includes a
      laterally projecting fixed cradle adjacent said fixed clamp assembly
      positioned to support
PA1  said cutting means when not performing a cutting operation.
NUM  24.
PAR  24. The portable cutting device of claim 23 wherein a carriage member is
      slidably mounted in said track intermediate said first and said second
      clamp assemblies and extends laterally therefrom.
NUM  25.
PAR  25. The portable cutting device of claim 24 wherein said carriage includes
      a base plate having a fixed arcuate bracket and a pivotal arcuate bracket
      for mounting said cutting means onto said carriage.
NUM  26.
PAR  26. The portable cutting device of claim 25 wherein said cutting means
      includes a circular-type saw having a rotary blade, a housing provided
      with a front and a rear mounting means that cooperate with said fixed and
      said pivotal arcuate brackets to secure said saw to said carriage.
NUM  27.
PAR  27. The portable cutting device of claim 26 wherein said rear mounting
      means on said saw is pivotally connected to said fixed arcuate bracket,
      said front mounting means on said saw is connected to said pivotal arcuate
      bracket.
NUM  28.
PAR  28. The portable cutting device of claim 27 wherein said front mounting
      means includes a rotational gear mechanism and said rear mechanism
      includes a releasable compression means to provide vertical and angular
      adjustment of said saw relative to said base plate.
NUM  29.
PAR  29. The portable cutting device of claim 28 wherein said saw cradle
      includes a cradle plate provided with a slot that receives said saw blade
      when said saw carriage is positioned over said saw cradle, and a reference
      plate slidabley mounted on the top surface of said cradle plate such that
      it may be selectively positioned across said slot to provide a reference
      surface for locating the bottom of said saw blade.
NUM  30.
PAR  30. The portable cutting device of claim 26 wherein said saw includes a
      primary handle having an indicator light, a secondary handle, an actuating
      switch on each handle, a blade guard, and a transparent chip deflector
      attached to said blade guard.
NUM  31.
PAR  31. The portable cutting device of claim 30 wherein said blade guard is
      removable and is provided with an electrical connection which must be
      disconnected before the guard may be removed.
NUM  32.
PAR  32. The portable cutting device of claim 24 wherein said cradle is provided
      with a latch member and saw carriage is provided with a catch to
      releasably secure said carriage to said cradle.
PATN
WKU  039357783
SRC  5
APN  4858867
APT  1
ART  324
APD  19740705
TTL  Apparatus for actuating a plurality of piston and cylinder assemblies
ISD  19760203
NCL  3
ECL  1
EXP  Abercrombie; Willie G.
NDR  2
NFG  3
INVT
NAM  Pretty; Frederick A.
CTY  Alveston
CNT  EN
ASSG
NAM  USM Corporation
CTY  Boston
STA  MA
COD  02
PRIR
CNT  UK
APD  19730710
APN  32804/73
CLAS
OCL   83639
XCL  100258A
XCL  100270
EDF  2
ICL  B26D  512
ICL  B30B  108
FSC   83
FSS  639
FSC  100
FSS  270;271;258 A;272
UREF
PNO  2224968
ISD  19401200
NAM  Klocke
XCL  100271
UREF
PNO  3054317
ISD  19620900
NAM  Castle, Jr.
XCL   83639
UREF
PNO  3530749
ISD  19700900
NAM  Rohmer
XCL   83639
UREF
PNO  3763690
ISD  19731000
NAM  Kirincic et al.
XCL  100258A
LREP
FR2  Gelling; Ralph D.
FR2  White; Vincent A.
FR2  Megley; Richard B.
ABST
PAL  The subject invention involves apparatus for simultaneously actuating a
      plurality of piston and cylinder assemblies which are used to drive the
      movable platen of a cutting press. The instant press has a platen driven
      by four piston and cylinder assemblies, each assembly being connected to a
      source of pressurized fluid through an appropriate spool valve. The spool
      valves are actuated simultaneously by the movement of a pair of actuator
      bars which are interconnected for coordinated movement through bell cranks
      to a single piston and cylinder drive means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is concerned with improvements in or relating to presses,
      especially presses comprising two platens one of which is movable relative
      to the other to effect an operating stroke of the press, and fluid
      pressure operated means comprising a plurality of piston and cylinder
      arrangements for effecting movement of the movable platen.
PAR  There is described in the specification of the commonly owned copending
      U.S. patent application Ser. No. 390,250 a press comprising two platens
      one of which is movable relative to the other to effect an operating
      stroke of the press, fluid pressure operated means comprising a plurality
      of piston and cylinder arrangements for effecting movement of the movable
      platen, a plurality of spool valves, one associated with each of the
      piston and cylinder arrangements, the spool of each of said valves being
      engageable by valve actuating means, and actuation of the spool valves
      being effective to admit fluid under pressure to the piston and cylinder
      arrangements, and drive means for moving the valve actuating means
      simultaneously to move the spools of said valves to admit fluid under
      pressure to the piston and cylinder arrangements and to maintain the spool
      valves in actuated condition as the movable platen moves to effect an
      operating stroke of the press.
PAR  In the press described in detail in said specification, the spool valves
      are mounted for movement with the movable platen and the drive means is
      effective to move the valve actuating means to engage the valve spools,
      thus to initiate an operating stroke of the press, and thereafter
      continues to move the valve actuating means to maintain the spool valves
      in actuated condition. The drive means of said press comprises a plurality
      of lead screws, driven by a single motor through connecting means having a
      1:1 ratio. The valve actuating means comprises two bars extending between
      the spools and each arranged to engage two spools so as to operate the
      spools simultaneously. The motor of the drive means is a conventional
      hydraulic motor which operates through a reduction gear unit in order to
      control the speed of drive of the valve actuating means.
PAR  More specifically, in said press the lower platen is mounted for movement
      relative to the upper platen to effect an operating stroke of the press,
      the lower platen being mounted for this purpose on a plurality of, in this
      case four, cylinders which are movable upon admission of fluid under
      pressure thereto, on stationary pistons, piston rods of which are secured
      to the press frame. The spool valves are mounted on their associated
      cylinders and the spools thereof have a downwardly projecting portion
      arranged to be engaged by the bars constituting the valve actuating means,
      each bar being supported at its ends by the lead screws which are
      synchronously driven.
PAR  Although the use of lead screws has been shown to be effective in
      operation, nevertheless it has been shown to be expensive to produce a
      system which utilizes a hydraulic motor cooperating with such lead screws.
      It is one of the various objects of the present invention, therefore, to
      provide an improved press in which a valve actuating system is provided
      which is equally effective in operation as the earlier system, but which
      is less expensive to produce.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The invention provides, as one of its several features, a press comprising
      two platens one of which is movable relative to the other to effect an
      operating stroke of the press, fluid pressure operated means comprising a
      plurality of piston and cylinder arrangements for effecting movement of
      the movable platen, a plurality of spool valves, one associated with each
      of the piston and cylinder arrangements, the spool of each of said valves
      being engageable by the valve actuating means, and actuation of the spool
      valve being effective to admit fluid under pressure to the piston and
      cylinder arrangement, and drive means for moving the valve actuating means
      simultaneously to move the spools of said valves to admit fluid under
      pressure to the piston and cylinder arrangements, and to maintain the
      spool valves in actuated condition as the movable platen moves to effect
      an operating stroke of the press, the drive means comprising a plurality
      of lever arrangements driven by a single motor through connecting means.
PAR  The above and other of the various objects and several features of the
      present invention will become clearer from the following detailed
      description to be read with reference to the accompanying drawings of one
      press which is illustrative of the invention. It will of course be
      realized that this illustrative press has been selected for description
      merely by way of exemplification of the invention and not by way of
      limitation thereof.
DRWD
PAR  In the accompanying drawing
PAR  FIG. 1 is a fragmentary view, in side elevation, of the illustrative press,
      showing drive means and valve actuating means thereof;
PAR  FIG. 2 is a fragmentary section view of part of the illustrative press
      shown in FIG. 1; and
PAR  FIG. 3 is a fragmentary diagram showing part of a hydraulic circuit of the
      illustrative press.
DETD
PAR  The illustrative press, which is generally similar except as hereinafter
      described to the press described in the aforementioned specification,
      comprises a frame comprising side frames 30 secured together by cross
      members 32 and tie rods (not shown). The illustrative press also comprises
      a lower platen 40 in the form of a box structure having a top plate 42 on
      which a cutting block 44 can be supported, and an upper platen (not shown)
      also in the form of a box structure and provided with a lower striker
      plate. The lower platen is mounted for movement toward and away from the
      upper platen by fluid pressure operated means to effect a cutting stroke
      of the press. Also, the upper platen is mounted for movement between a
      forward position in which it is in opposed relationship with the lower
      platen and an out-of-the-way position. The lower platen 40 also acts as a
      tank for hydraulic fluid which is supplied to the fluid pressure operated
      means above referred to.
PAC  LOWER PLATEN: DRIVE ARRANGEMENT
PAR  The lower platen 40 is supported by means for four cylinders 58 provided
      with flanges by which the cylinders are bolted to side members of the
      lower platen. Each cylinder accommodates a piston having a piston rod 62
      projecting upwardly and downwardly from its associated cylinder, the
      piston rods being secured at their upper and lower ends to the side
      frames. Thus, admission of fluid under pressure to one of the cylinders 58
      is effective to cause said cylinder to move heightwise relative to its
      associated piston rod so that the lower platen is moved relative to the
      side frame. Mounted on the outside of each of the cylinders 58 is a spool
      valve 64 through which fluid under pressure can pass to the cylinder 58
      associated therewith. Each spool valve 64 comprises a spool which is
      spring-urged downwardly so that a lower end portion thereof projects
      downwardly from the body of the valve. When the spool is in a neutral
      position no fluid under pressure is admitted to the cylinder. When,
      however, the spool is moved upwardly (see FIG. 1) or spring-urged
      downwardly, fluid is admitted via the valve to its associated cylinder.
PAR  For actuating the spool valves 64, the illustrative press comprises valve
      actuating means constituted by two actuator members 76 extending forwardly
      and rearwardly of the press and slidable in guideways provided by angle
      members 77 secured to the side frames. Each member 76 is in the form of a
      bar having a flange portion 78' supporting two abutment screws 80, each
      screw being in alignment with the spool of one of the spool valves. For
      moving the actuator members 76 heightwise of the illustrative press, drive
      means is provided comprising four lever arrangements each of which is
      pivotally connected, two to each of the members 76, by means of pivot pins
      82'. Each lever arrangement comprises a line 83' pivotally supported on an
      associated pivot pin 82' and in turn pivotally connected to an arm of a
      bell crank lever 84'. For operating the lever arrangements, the
      illustrative press also comprises a hydraulic piston and cylinder
      arrangement 86' mounted on the righthand side frame 30, with its piston
      rod 88' extending forwardly of the press. Connected by means of a pivot
      pin 90' to the forward end of the piston rod 88' is a link member 92' to
      which are pivotally connected, by means of pivot pins 94', arms of the two
      bell crank levers 84' arranged at the right-hand side of the press.
      Similarly, a further link member 93' connects arms of the two bell crank
      levers 84' arranged at the left-hand side of the press. The two rearward
      bell crank levers 84' are keyed to a cross shaft 96' extending across the
      width of the illustrative press. The forward two bell crank levers, on the
      other hand, are each mounted on a stub shaft 98', each stub shaft being
      secured to the side frame associated therewith.
PAR  In the operation of the illustrative press, it will thus be apparent that
      admission of fluid under pressure to the piston and cylinder arrangement
      86' will be effective to cause the rearward right-hand side bell crank
      lever 84' to pivot about the cross shaft 96' which, in turn, will cause
      the rearward left-hand side bell crank lever, also keyed to the shaft 96',
      to pivot synchronously therewith and furthermore, through the links 92',
      93', the forward two bell crank levers will also be caused to pivot about
      their stub shafts 98' so that all four bell crank levers are caused to
      pivot through a similar distance, according to the stroke of the piston
      rod 88'. In this way, it will be appreciated, the two members 76 are moved
      upwardly and downwardly synchronously through their connections provided
      by pivot pins 82'.
PAR  As has been specifically described in the aforementioned specification,
      when a cycle of operation of the illustrative press is initiated (and the
      bell crank levers are caused to pivot), the actuator members 76 are raised
      and, through the abutment screws 80, cause the spools of the spool valves
      64 also to be raised, whereby fluid under pressure is admitted to the
      upper end of each cylinder 58, with a result that the cylinders, and the
      lower platen 40 therewith, are raised to effect a cutting stroke of the
      press.
PAC  OPERATION
PAR  The operation of the illustrative press is generally similar, except as
      hereinafter described, to the operation of the press described in the
      aforementioned specification. Thus, upon the upper platen reaching its
      forward position determined by microswitch MS1 (not shown in FIG. 3),
      solenoid SOL4 is energized to switch solenoid valve SV45, so that a spool
      moves to the right (viewing FIG. 3). In this way, fluid under pressure
      from line 274 passing through regulator valve RV11 passes through the
      solenoid valve SV 45 to the right-hand end (viewing FIG. 3) of the piston
      and cylinder arrangement 86', while fluid under pressure from line 280
      passes via regulator valve RV12 to the left-hand end (viewing FIG. 3) of
      said piston and cylinder arrangement. The area of the piston of said
      arrangement 86' is such the right-hand face of the piston has twice the
      area of the left-hand face so that, with fluid pressure applied to both
      sides of the piston, the piston moves to the left (viewing FIG. 3), so
      that the bell crank levers 81' are caused to rotate about their pivots to
      raise the actuator members 76. As the actuator members rise, the spools of
      the spool valves 64 are engaged by the actuator members and a cycle of
      operation takes place as described in the aforementioned specification.
PAR  At the end of a cutting stroke of the illustrative press solenoid SOL4 is
      de-energized and solenoid SOL 5 is energized, thus switching solenoid SV45
      and moving its spool to the left (viewing FIG. 3). Thereupon, fluid under
      pressure from line 274 passes through regulator valve RV11 and solenoid
      valve SV45 to tank while fluid under pressure continues to be applied from
      line 280 through regulator valve RV12 through the left-hand end of the
      piston and cylinder arrangement 86' so that the piston is moved to the
      right (viewing FIG. 3) with the result that the bell crank levers are
      caused to rotate in an opposite direction, moving the actuator members 76
      downwardly. Such downward movement is arrested upon actuation of the
      microswitch MS5 (not shown) by which solenoid SOL5 is de-energized and
      solenoid valve SV45 is allowed to return to its central position, whereby
      passage of fluid under pressure to the hydraulic piston and cylinder
      arrangement 86' is discontinued.
PAR  It will be appreciated that since the right-hand face of the piston of the
      arrangement 86' has twice the area of the left-hand face thereof, and with
      fluid under pressure continuously applied to said left-hand face, the
      piston of said arrangement, and thus the piston rod, move under constant
      pressure in either direction according to the position of solenoid valve
      SV45.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid pressure operated system for driving the movable platen of a
      press against the cooperating platen comprising:
PA1  A. two pairs of piston and cylinder means operatively connected to the
      movable platen on either side thereof to drive said platen into engagement
      with the cooperating platen;
PA1  B. a source of fluid under pressure, connected to each piston and cylinder
      means;
PA1  C. valve means associated with each piston and cylinder to control the flow
      of pressurized fluid to said piston and cylinder, said valves being
      mechanically actuatable;
PA1  D. an actuating bar assembly mounted on the press for movement into and out
      of engagement with the mechanical actuating mechanism of the valve means;
      said assembly having a pair of elongated bars each being operatively
      engageable with the mechanical actuating mechanism of the valves which
      are, in turn, operatively associated with the paired piston and cylinders;
      and
PA1  E. drive means operatively associated with the pair of actuating bars to
      simultaneously move said actuating bars in tandem into engagement with the
      valve actuating mechanisms to cause the plurality of piston and cylinders
      to cooperatively drive the movable platen against the cooperating platen.
NUM  2.
PAR  2. A fluid pressure system for driving the movable platen of a press
      against the cooperating platen as described in claim 1 wherein the
      cooperating platen is movable between operating and rest positions, and
      the drive means for the actuating bar assembly is energized when the
      cooperating platen is moved into its operating position.
NUM  3.
PAR  3. A fluid pressure operated system for driving a movable platen of a press
      against the cooperating platen as described in claim 1 wherein the
      actuating bar drive means further comprises:
PA1  A. a single piston and cylinder;
PA1  B. a first pair of bell cranks operatively interconnected on opposite sides
      of the press by means of an axle, said axle being rotationally mounted on
      the press, one of said cranks being directly connected to the piston and
      cylinder to cause rotation thereof;
PA1  C. a second pair of bell cranks rotatably mounted on opposite sides of the
      press, and being connected for tandem movement in association with the
      corresponding bell crank of the first pair; and
PA1  D. linkage means connecting each pair of bell cranks to a corresponding end
      of an actuating bar in a manner to cause movement of said actuating bars
      into and out of engagement with the mechanical actuating mechanism of the
      valves upon the actuation of the single piston and cylinder.
PATN
WKU  039357791
SRC  5
APN  5275415
APT  1
ART  324
APD  19741127
TTL  Mitre box
ISD  19760203
NCL  12
ECL  1
EXP  Schran; Donald R.
NDR  3
NFG  10
INVT
NAM  Hildebrandt; William J.
CTY  West Simsbury
STA  CT
INVT
NAM  Russell; Richard H.
CTY  Farmington
STA  CT
ASSG
NAM  The Stanley Works
CTY  New Britain
STA  CT
COD  02
CLAS
OCL   83762
XCL   83821
EDF  2
ICL  B27G  502
FSC   83
FSS  761;762;763;764;765;766;767;743;745;821
UREF
PNO  731919
ISD  19030600
NAM  Larson
OCL   83762
UREF
PNO  3171453
ISD  19650300
NAM  Brownrigg
OCL   83762
UREF
PNO  3397722
ISD  19680800
NAM  Long
OCL   83762
UREF
PNO  3782235
ISD  19740100
NAM  Curcio
OCL   83762
ABST
PAL  An integrally molded synthetic resin mitre box has an elongated base
      portion, rigid post members spaced along one side thereof and a rigid
      guide member on the opposite side thereof. The guide member and posts have
      aligned vertical channels therein opening at the top surface thereof and
      providing guide channels for a saw blade at varous angular orientations
      relative to the longitudinal axis of the mitre box. The post members and
      guide member are of generally hollow construction with inverted columnar
      portions providing the channels. The base portion is provided with
      apertures, and a depending lip is provided along one side for secure
      placement against a worktable or the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Because of the significant advantages afforded by mitre boxes and the
      increasing do-it-yourself market, there has been a continuing desire to
      provide a relatively low cost and durable mitre box for use by the home
      craftsman. Conventional wood mitre boxes of generally U-shaped cross
      section provided with angular slots in the upstanding walls have been made
      and sold and have been fabricated by some home craftsmen. These wood mitre
      boxes are generally satisfactory for most applications but tend to be
      heavy and cumbersome when there is a necessity for transporting from one
      place to another or for mounting, dismounting and storage. Moreover, such
      mitre boxes do not afford good control over the workpiece which is
      received in the space between the upstanding sidewalls.
PAR  There have been a number of efforts to fabricate relatively simple mitre
      boxes from synthetic plastic as exemplified by U.S. Pat. No. 3,782,235
      granted on Jan. 1, 1974 to Michael P. Curcio. Others have attempted to use
      synthetic resins to fabricate elements of mitre boxes as exemplified by
      U.S. Pat. No. 2,748,811 granted on June 5, 1956 to Joseph S. Chilton.
      Exemplary of efforts to make wooden mitre boxes of relatively simple
      construction are Larson U.S. Pat. No. 731,919 granted on June 23, 1903 and
      Long U.S. Pat. No. 3,397,722 granted Aug. 20, 1968. Use of a post
      construction to guide the saw blade has been suggested in Currier U.S.
      Pat. No. 446,431.
PAR  Until the present time, there has yet to be developed a simple and
      relatively lightweight and inexpensive mitre box with good dimensional
      stability and guide accuracy for the saw blade. Efforts to employ
      synthetic resins for the manufacture of such mitre boxes have failed to
      fully account for the advantages and disadvantages of such materials.
PAR  Accordingly, it is an object of the present invention to provide a novel
      mitre box integrally molded from synthetic resin and providing a
      relatively long-lived and lightweight structure.
PAR  It is also an object to provide such a mitre box which may be fabricated
      relatively inexpensively and which affords good control over the workpiece
      disposed therein.
PAR  A further object is to provide such a mitre box which is relatively rugged,
      dimensionally stable and resistant to normal abrasion occurring during
      use.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the foregoing and related objects may be readily
      attained in a mitre box comprising an integrally molded structure of
      synthetic resin having an elongated base portion, a plurality of rigid
      post members spaced apart along one side thereof, and a rigid elongated
      vertically extending guide member on the opposite side thereof aligned
      with one of the post members. The guide member and the one post member
      have aligned vertical channels therein extending perpendicularly to the
      longitudinal axis of the mitre box and the guide member has at least one
      additional vertical channel therein spaced along the length thereof from
      the first mentioned channel therein and this additional channel extends at
      an angle to the longitudinal axis of the structure. Another of the guide
      posts has a vertical channel therein which is aligned with the angular
      channel of the guide member, and all of the channels open at the top
      surface of the posts and guide member.
PAR  In accordance with the preferred embodiment of the invention, the post
      members and guide member each have a peripheral wall extending upwardly
      from the base portion and defining a downwardly opening cavity. The post
      members and guide member have sidewall portions extending transversely of
      the length of the channels therein and a bottom wall portion extending
      between the sidewall portions to provide a closed channel which extends to
      adjacent the top surface of the base portion. The post members and guide
      member each include inverted columnar portions extending downwardly from
      the top wall and within the periphery thereof to provide the channels with
      their sidewalls and bottom walls.
PAR  Preferably, at least one post member is spaced to either side of the post
      member containing the perpendicularly extending channel, and these have
      channels therein of different angular orientation which cooperate with
      aligned channels in the guide member. Accordingly, the guide member has a
      multiplicity of channels spaced along the length thereof cooperating with
      the channels of the post members and providing to a saw received therein
      different angular orientations relative to the longitudinal axis of the
      structure. To provide strength and rigidity of assembly, the structure
      includes upstanding guide flanges spaced from the guide member along that
      side thereof.
PAR  For seating threaded fasteners or the like to secure the mitre box to a
      support surface, the base portion includes a plurality of apertures. To
      permit sawdust and the like to fall therethrough, the base portion also
      has relatively large spaced apertures extending therethrough. A depending
      lip portion extending below the plane of the base portion and along one
      side thereof provides an inside guide surface which may be pressed against
      the edge of a worktable or the like to provide firm support therefor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a mitre box embodying the present
      invention;
PAR  FIG. 2 is a plan view thereof;
PAR  FIG. 3 is a bottom view thereof;
PAR  FIG. 4 is an elevational view of the side having the vertical guide posts;
PAR  FIG. 5 is an elevational view of the opposite side;
PAR  FIG. 6 is an end elevational view;
PAR  FIG. 7 is a fragmentary sectional view along the line 7--7 of FIG. 2;
PAR  FIG. 8 is a fragmentary sectional view along the line 8--8 of FIG. 2;
PAR  FIG. 9 is a fragmentary sectional view along the line 9--9 of FIG. 2; and
PAR  FIG. 10 is a fragmentary sectional view along the line 10--10 of FIG. 4
      with a worktable surface being illustrated in phantom line.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Turning now to the attached drawings in detail, the mitre box is integrally
      molded with a base portion generally designated by the numeral 10, spaced
      guide posts generally designated by the numerals 12, 14 and 16 along one
      side thereof and an upstanding guide member generally designated by the
      numeral 18 adjacent the midpoint of the of the other side thereof. Also
      provided on the same side as the guide member 18 and spaced therefrom are
      upstanding guide flanges 20 and 22.
PAR  As best seen in FIGS. 2, 3 and 10, the base portion has a generally planar
      upper surface 24, depending end skirts 26, 27 and apertures 28 spaced
      across the length thereof and defined by depending wall portions 30. Ribs
      32 extend between the wall portions 30, skirt 26 and the longitudinal side
      portions to provide stable seating of the base portion 10 upon a support
      surface such as a worktable and reinforce the structure so as to provide
      substantial rigidity. Adjacent the two ends are solid portions 34 which
      project inwardly from the skirts 26, 27 and which have countersunk
      apertures 36 therein to seat threaded fasteners or the like for mounting
      of the mitre box upon a worktable or like surface.
PAR  The forward side of the mitre box which is provided with the posts 12, 14
      and 16 has a depending lip portion 38 of inverted U-shaped cross section
      which extends below the lower surface of the base portion 10 and which
      provides a longitudinally extending vertical guide surface 40 adapted to
      be pressed firmly against the edge of a worktable or the like support
      surface to provide stable seating of the mitre box.
PAR  The central guide post 14 projects upwardly from the plane of the upper
      surface of the base portion 10 and has a perpendicularly projecting wing
      portion 42 at the midpoint thereof. The end surfaces 44 and 46 taper
      upwardly towards each other and the outer side surface 47 also tapers
      upwardly and inwardly to provide a reduced cross section at the top wall
      48. However, the side surface 49 is substantially perpendicular. As is
      best seen in FIGS. 3, 8 and 10, an inverted columnar portion 50 extends
      downwardly from the top wall 48 and provides a channel 52 opening at the
      top wall 48 and extending downwardly to adjacent the upper surface of the
      base portion 10. This columnar portion 50 is disposed within the periphery
      of the guide member 14 and provides solid sidewalls 54 and a bottom wall
      56 for the channel 52.
PAR  The posts 12 and 16 are of generally similar construction and are spaced to
      either side of the central guide post 14. They have diverging wing
      portions 58 and 60 extending outwardly from the base portion 10 and
      include angularly ariented inverted columnar portions 62, 64 which define
      the channels 66 and 68, and provide sidewalls 70 and 72, and bottom walls
      74 and 76 therefor. As in the instance of the central guide post 14, they
      are provided with end surfaces 78, 80 and 82, 84 and outer side surfaces
      86, 88 which taper inwardly towards the top walls 90 and 92 thereof while
      the inner side surfaces 94, 96 are perpendicular.
PAR  The opposing side surface is provided with the guide member 18 and
      upstanding flanges 20 and 22 spaced along the length thereof rising from a
      box portion 98 of inverted U-shaped cross section. As best seen in FIGS.
      2, 3 and 7, the guide member 18 has a wing portion 100 extending laterally
      outwardly therefrom perpendicularly to the longitudinal axis of the mitre
      box and at about the midpoint thereof, and wing portions 102, 104 spaced
      to either side thereof and angularly disposed relative to the longitudinal
      axis. The guide member 18 includes three inverted columnar portions 106,
      108, 110 aligned with the wing portions 100, 102, 104, and which provide
      the perpendicularly extending central channel 112 and the converging
      channels 114, 116 to either side thereof which are aligned with the
      channels 68, 66 respectively in the guide posts 16 and 12. As can be seen
      the perpendicular central channel 112 is aligned with the channel 52 in
      the guide post 14.
PAR  The guide flanges 20, 22, which are spaced from the guide member 18, are
      connected therewith by web portions 118, 120 and are of lesser height than
      the guide member 18. The inner side surfaces of each of the guide member
      18 and flanges 20, 22 are substantially vertical while the outer side
      surfaces and the end surfaces do taper upwardly to provide a reduced cross
      section at the top walls 122, 124, 126 thereof. The channels 112, 114, 116
      open at the top wall 124 of the guide member 18 and extend to the plane of
      the top surface of the base portion 10.
PAR  In operation of the mitre box, it is most conveniently secured to the top
      surface of a worktable or the like by pressing the inside surface 40 of
      the lip 38 against the edge of the worktable. Screws or similar fasteners
      are then seated in the apertures 36 to mount the box securely although for
      limited applications the user may rely solely upon the pressure applied
      between the lip 38 and worktable to prevent relative movement. To minimize
      the likelihood of scarring the planar surface of the base portion 10, it
      is desirable to place a thin piece of plywood or the like within the mitre
      box upon this surface and to replace it as necessary. The workpiece to be
      cut is then introduced into the mitre box and oriented relative to the
      appropriate channels selected for producing the desired angular cut. The
      workpiece can be firmly held against the perpendicular inner walls of
      either the guide posts 12, 14, 16 or the guide member 18 and flanges 20,
      22 to maintain stability during the cutting operation. The openings
      provided by the spacing between the guide posts 12, 14, 16 or between the
      guide member 18 and flanges 20, 22 readily accommodate the user's hand to
      permit him to grip the workpiece and apply both downward and sideward
      pressure to prevent relative movement.
PAR  The channels in the posts and guide member are of a width sufficient to
      accommodate the width of the average saw blade toothed portion, but are
      sufficiently narrowly dimensioned to ensure properly guiding action of the
      saw blade in a vertical path. It can be seen that relatively large bearing
      surfaces are provided by the wing portions which contain the channels.
      Sawdust resulting from the cutting operation tends to be expelled from the
      channels and also falls into the relatively large apertures 28 in the base
      portion 10.
PAR  Various synthetic resins may be employed for the fabrication of the mitre
      box including polypropylene, high density polyethylene,
      acrylonitrile/butadiene/styrene interpolomers, polycarbonate, polyacetals,
      polyamides and resin systems including glass or other fillers and
      reinforcing agents. The preferred resins are those which exhibit a
      reasonably high degree of impact resistance and are also resistant to
      abrasion.
PAR  It will be readily apparent that additional channels may be provided along
      both sides to enable still more or different angular orientations of the
      saw blade relative to the longitudinal axis of the mitre box. It is
      possible also to fabricate the mitre box with transversely extending
      channels in the upper surface of the base portion aligned with the
      channels in the guide member and guide posts so as to minimize the
      likelihood of cutting of the top surface of the base portion. Other
      variations in construction and appearance will be apparent to those having
      skill in the art.
PAR  From the foregoing detailed description and the attached drawings, it can
      be seen that the present invention provides a relatively economical,
      lightweight and durable mitre box which can be fabricated as a integral
      structure form synthetic resin. The mitre box has highly satisfactory
      bearing surfaces for guiding the saw in its cutting action and enables
      firm gripping of the workpiece within the mitre box to avoid inadvertent
      relative movement.
CLMS
STM  Having thus described the invention, we claim:
NUM  1.
PAR  1. A mitre box comprising an integrally molded structure of synthetic resin
      having an elongated base portion, a plurality of rigid post members spaced
      apart along one side thereof, and a rigid elongated vertically extending
      guide member on the opposite side thereof aligned with one of said post
      members, said guide member and said one post member having aligned
      vertical channels therein extending perpendicularly to the longitudinal
      axis of said structure, said guide member having at least one additional
      vertical channel therein spaced along the length thereof from said first
      mentioned channel therein and extending at an angle to the longitudinal
      axis of said structure, another of said guide posts having a vertical
      channel therein aligned with the angular channel of said guide member,
      said channels opening at the top surface of said posts and guide member,
      said post members and guide member each having a peripheral wall extending
      upwardly from said base portion and a cavity therewithin.
NUM  2.
PAR  2. The mitre box in accordance with claim 1 wherein said cavity of each of
      said post members and guide member is downwardly opening.
NUM  3.
PAR  3. The mitre box in accordance with claim 2 wherein said post members and
      guide member have sidewall portions extending transversely of the length
      of the channels therein and a bottom wall portion extending between said
      sidewall portions to provide a closed channel.
NUM  4.
PAR  4. The mitre box in accordance with claim 3 wherein said post members and
      guide member each include inverted columnar portions extending downwardly
      from the top wall thereof and within the periphery thereof to provide said
      channels with their side walls and bottom walls.
NUM  5.
PAR  5. The mitre box in accordance with claim 1 wherein said channels extend to
      adjacent the top surface of said base portion.
NUM  6.
PAR  6. The mitre box in accordance with claim 1 wherein there is provided at
      least one post member spaced to either side of said post member containing
      the perpendicularly extending channel, said spaced post members having
      channels therein of different angular orientation than that of the other
      and cooperating with aligned channels in said guide member, said guide
      member having a multiplicity of channels spaced along the length thereof
      cooperating with said channels of said spaced post members and providing
      to a saw received therein different angular orientations relative to the
      longitudinal axis of said structure.
NUM  7.
PAR  7. The mitre box in accordance with claim 1 wherein said structure includes
      upstanding guide flanges spaced along said opposite side thereof and
      spaced from said guide member.
NUM  8.
PAR  8. The mitre box in accordance with claim 1 wherein said base portion
      includes a plurality of apertures for seating threaded fasteners or the
      like to secure said mitre box to a support surface.
NUM  9.
PAR  9. The mitre box in accordance with claim 1 wherein said base portion has
      relatively large spaced apertures extending therethrough to permit sawdust
      and the like to fall therethrough.
NUM  10.
PAR  10. The mitre box in accordance with claim 1 wherein said structure
      includes a depending lip portion extending below the plane of said base
      portion and along one side thereof whereby the inside surface of said lip
      portion may be pressed against the edge of a worktable or the like to
      provide firm support therefor.
NUM  11.
PAR  11. The mitre box in accordance with claim 1 wherein there is provided at
      least one post member spaced to either side of said post member containing
      the perpendicularly extending channel, said spaced post members having
      channels therein of different angular orientation than that of the other
      and cooperating with aligned channels in said guide member, said guide
      member having a multiplicity of channels spaced along the length thereof
      cooperating with said channels of said spaced post members and providing
      to a saw received therein different angular orientations relative to the
      longitudinal axis of said structure and wherein there is included
      upstanding guide flanges spaced along said opposite side thereof and
      spaced from said guide member, the opposing wall faces of said posts,
      guide member and flanges being substantially vertical to permit stable
      seating of a workpiece thereagainst.
NUM  12.
PAR  12. The mitre box in accordance with claim 1 wherein said base portion
      includes a plurality of apertures for seating threaded fasteners or the
      like to secure said mitre box to a support surface and wherein said
      structure includes a depending lip portion extending below the plane of
      said base portion and along one side thereof whereby the inside surface of
      said lip portion may be pressed against the edge of a worktable or the
      like to provide firm support therefor.
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ABST
PAL  A band saw drive arrangement including relatively large driven and idler
      pulleys and a relatively small drive pulley. The pulleys are all V-grooved
      pulleys and are mounted in coplanar relationship for rotation about
      spaced, parallel axes, with the drive pulley positioned between the driven
      and idler pulleys. The drive pulley is motor driven and an endless
      flexible V-belt is trained about the drive and driven pulleys. A V-belt is
      also secured in the groove of the idler pulley. An endless flexible saw
      band is trained about the driven and idler pulleys with its inner surface
      in frictional driving engagement with the outer surfaces of the V-belts.
      The maximum and minimum widths of the V-belts are less and greater than,
      respectively, the maximum and minimum widths of the V-grooves provided in
      the driven and idler pulleys with which they are associated so that the
      outer surfaces of the U-belts are recessed within the driven and idler
      pulley V-grooves and the outer portions of the sides of the grooves
      provide guide surfaces which prevent unintentional removal of the saw
      band.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to band saws and more specifically
      relates to a novel drive arrangement for an endless flexible saw band.
PAR  Band saws of the type with which the present invention is concerned include
      an endless flexible saw band trained about at least a pair of pulleys or
      wheels mounted for rotation on spaced parallel axes. One of the pulleys
      about which the saw band is trained is power driven and drives the band by
      frictional engagement between the periphery of the wheel and the inner
      surface of the band. The frictional engagement is either the metal saw
      band to the metal periphery of the pulley or the pulley is provided with a
      rubber tread on its periphery. In the typical band saw the power is
      supplied to the driven pulley by an electric motor or other suitable prime
      mover through a series of pulleys and at least one belt. Because the saw
      band is running on the periphery of the driven pulley, an extra pulley,
      mounted on a shaft common to the driven pulley or integral with the driven
      pulley, was employed to receive the belt from the motor pulley.
PAC  SUMMARY OF THE INVENTION
PAR  The principle object of the present invention is to provide a simplified
      band saw drive arrangement.
PAR  Another object of the present invention is to provide a band saw drive
      arrangement in which a drive belt is trained about one of the pulleys
      about which the saw band is trained.
PAR  A more specific object of the invention is to provide a band saw drive
      arrangement in which the saw band rides on a drive belt and is driven
      thereby.
PAR  Still a more specific object of the invention is to provide a band saw
      including driven and idler pulleys mounted for rotation about spaced
      parallel axes, a drive pulley mounted between the driven and idler pulleys
      for rotation about a third axis parallel to and spaced from the first
      mentioned axes, an endless flexible belt trained about the drive and
      driven pulleys to transmit rotation from one to the other, and an endless
      flexible saw band trained about the driven and idler pulleys with its
      inner surface in frictional driving engagement with the outer surface of
      the drive belt.
PAR  Yet another object of the invention is to provide a band saw as set forth
      in the preceding object wherein at least the driven pulley is a V-grooved
      pulley and the outer portions of the sides of the V-groove serve as guides
      for the saw band to prevent unintentional removal.
PAR  The above and additional objects and advantages of the present invention
      will be apparent to those skilled in the art from a reading of the
      following detailed description of a preferred embodiment when taken in
      conjunction with the accompanying drawing.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a side elevational view of a band saw drive arrangement
      constructed in accordance with the principles of the present invention;
      and
PAR  FIG. 2 is a sectional view taken substantially along the lines 2--2 of FIG.
      1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, a band saw drive arrangement is indicated in its
      entirety by the numeral 10 and includes a drive pulley 12, a driven pulley
      14, an idler pulley 16, a drive belt 18, a flexible pulley tread 20, and a
      saw band 22. The driven and idler pulleys 14 and 16 are of relatively
      large size so that they will induce very little flexing in the band 22 and
      are mounted for rotation about spaced parallel axes represented by the
      shafts 24 and 26. The driven and idler pulleys can either be rotatable on
      the shafts 24 and 26, respectively, or can be fixed to the shafts and the
      shafts be rotatable. Also, in order to maintain the band 22 reasonably
      taut, as will be more fully explained hereinafter, the shaft 26 for the
      idler pulley 16 is adjustably mounted and yieldably biased away from the
      shaft 24 for the driven pulley 14. Specific features of the mounting of
      the driven and idler pulleys do not form a part of the present invention
      so are not illustrated and described in detail.
PAR  The drive pulley 12 is positioned between and coplanar to the pulleys 14
      and 16 and is mounted on the drive shaft 28 of a motor 30, the shaft 28
      being parallel to and spaced from the shafts 24 and 26. For reasons to be
      made apparent hereinafter, the motor 30 is also adjustably mounted so the
      distance between its shaft 28 and the shaft 24 for the driven pulley can
      be varied.
PAR  The pulleys 12, 14 and 16 are all V-grooved pulleys, and the drive belt 18
      is a V-belt trained about the drive pulley 12 and driven pulley 14. The
      mounting of the motor 30 is adjusted to keep the V-belt 18 reasonably taut
      so the tapering sides thereof have a good frictional engagement with the
      tapering sides of the V-grooves provided in the pulleys 12 and 14.
PAR  As can be seen in FIG. 2, the V-belt 18 is slightly undersized with respect
      to the V-grooved pulley 14 so the outer surface of the V-belt 18 is
      recessed within the periphery of the V-grooved pulley. That is, although
      the V-belt and V-groove have correspondingly tapering sides, the V-groove
      has a depth greater than the thickness of the V-belt and the maximum and
      minimum widths of the V-belt 18 are less and greater than, respectively,
      the maximum and minimum widths of the pulley groove so that the belt is
      positioned completely within the grooves before the tapering sides of the
      belt frictionally engage the sides of the pulley groove.
PAR  The idler pulley 16 is similar in construction to the driven pulley 14, and
      the flexible pulley tread 20 is positioned within the V-groove provided in
      its periphery. The pulley tread 20 is preferably a section of a V-belt
      similar in construction to the V-belt 18 so that it fits within the groove
      provided in the pulley 16 in the same manner the V-belt 18 fits within the
      groove provided in the pulley 14. The ends of the pulley tread 20 are
      brought together as at 32 and joined in any suitable manner such as by
      adhesive.
PAR  The endless flexible saw band 22 is trained about the driven and idler
      pulleys 14 and 16 so that it rides in the grooves of the pulleys with its
      inner surface in frictional driving engagement with the outer surfaces of
      the V-belt 18 and pulley tread 20. The adjustable mounting of the idler
      pulley with the yieldable bias automatically maintains the tension
      required in the band for good frictional engagement between the band and
      V-belt and for maintaining the band straight when in engagement with a
      workpiece.
PAR  The V-belt 18 and the pulley tread 20 not only provide good frictional
      surfaces on which the band 22 runs, but also provide semi-resilient
      surfaces which permit the teeth of the saw band to sink slightly and
      prevent damage thereto.
PAR  By having the drive pulley 12 positioned between the driven and idler
      pulleys 14 and 16, the reach of the V-belt between the drive pulley and
      driven pulley in no way interfers with the saw band since the only contact
      between the two is in the area of the periphery of the driven pulley
      opposite from the drive pulley. Also, since the V-belt 18 and pulley tread
      20 are recessed within the pulley grooves, the band 22 is also positioned
      within the pulley grooves so the outer portions of the sides of the pulley
      grooves serve as guides or retainers which prevent unintentional removal
      of the saw band.
PAR  It can be seen from the foregoing that the present invention provides a
      simplified band saw drive arrangement in which a minimum number of pulleys
      and belts are utilized, in which the saw band rides on and is driven by
      the drive or power belt, and in which the pulleys provide guides to
      prevent unintentional removal of the saw band.
PAR  Having thus described a single preferred embodiment of the invention,
      various modifications within the spirit and scope of the invention will
      become apparent to those skilled in the art and such modifications can be
      incorporated into the invention without departing from the underlying
      principles thereof. Therefore, the invention should not be limited to the
      specific illustration and description of the single preferred embodiment,
      but only by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a band saw, the combination comprising: an idler pulley mounted for
      rotation about a first axis; a driven pulley mounted coplanar to the idler
      pulley for rotation about an axis spaced from and parallel to the first
      axis; a drive pulley having a diameter less than the diameter of each of
      the idler and driven pulleys mounted between and coplanar with the idler
      and driven pulleys for rotation about a third axis parallel to the first
      and second axes; means for driving the drive pulley; an endless flexible
      belt trained about and extending directly between the drive and driven
      pulleys; and an endless flexible saw band trained about and extending
      directly between the driven and idler pulleys with the inner surface of
      the portion of the endless saw band extending about the driven pulley in
      frictional drive engagement with the outer surface of the endless flexible
      belt.
NUM  2.
PAR  2. The invention as set forth in claim 1 wherein at least the drive and
      driven pulleys are grooved pulleys and the groove of the driven pulley has
      a depth greater than the maximum thickness of the endless flexible belt
      whereby the sides of the groove in the driven pulley also serve as guides
      for the endless flexible saw band.
NUM  3.
PAR  3. In a band saw, the combination comprising: an idler pulley mounted for
      rotation about a first axis; a driven pulley mounted coplanar to the first
      pulley for rotation about an axis spaced from and parallel to the first
      axis; a drive pulley mounted between the idler and driven pulleys coplanar
      therewith for rotation about a third axis parallel to the first and second
      axes; means for driving the drive pulley; at least the drive and driven
      pulleys being V-grooved pulleys; an endless flexible V-belt trained about
      the drive and driven pulleys; and an endless flexible saw band trained
      about the driven and idler pulleys with that portion of the inner surface
      thereof trained about the driven pulley in frictional driving engagement
      with the outer surface of the V-belt; the sides of the V-groove provided
      in the driven pulley and the sides of the V-belt having substantially
      corresponding tapers with the maximum and minimum distances between the
      sides of the V-groove provided in the driven pulley being greater and less
      than, respectively, the maximum and minimum widths of the V-belt whereby
      the V-belt is recessed within the V-groove provided in the driven pulley
      and the outer portions of the sides of the V-groove provided in the driven
      pulley serve as flanges to prevent unintentional removal of the saw band
      from the driven pulley.
NUM  4.
PAR  4. The invention as set forth in claim 3 wherein the endless flexible saw
      band has a maximum width less than the maximum width of the endless
      flexible V-belt.
NUM  5.
PAR  5. The invention as set forth in claim 3 wherein the idler pulley is
      provided with a circumferential groove, a flexible material covers the
      bottom of the groove, and the inner surface of that portion of the endless
      flexible saw band trained about the idler pulley engages the flexible
      material.
NUM  6.
PAR  6. The invention as set forth in claim 5 wherein the groove provided in the
      idler pulley is a V-groove, the flexible material is in the form of a
      V-belt positioned and secured in the idler pulley groove with its outer
      surface recessed within the groove, whereby the outer portions of the
      sides of the V-groove provided in the idler pulley serve as flanges to
      prevent unintentional removal of the saw band from the idler pulley.
NUM  7.
PAR  7. The invention as set forth in claim 6 wherein the endless flexible
      V-belt trained about the driven pulley and the V-belt positioned in the
      groove provided in the idler pulley each has a maximum width greater than
      the width of the endless flexible saw band.
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ABST
PAL  Tone lever switches deliver respective digital information signals each
      representing the manipulated state of each tone lever. A memory circuit
      memorizes plural sets of the information signals. A write/read control
      circuit determines whether the memory circuit memorizes the digital
      information signals from the tone lever switches or it delivers out the
      memorized digital information signals. A tone color control circuit
      controls the respective intensities of the tone signals of respective
      voices in accordance with the information signals read out from the memory
      circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the improvement of a voice presetting system in
      electronic musical instruments such as electronic organs.
PAR  In this specification, the term "musical tone signals" as herein used is
      intended to designate all of the signals related to the formation of
      sounds or musical tones produced by electronic musical instruments. These
      signals include not only the signals having spectra, but also original
      tone signals, modualated tone signals and signals switched by keys. The
      term "electronic musical instruments" includes for instance electrophonic
      guitars also.
PAR  In general, an electronic instrument is provided with a voice presetting
      system which is adapted to preset the rates of controlling a plurality of
      musical tone signals to be mixed and produced, according to the data
      representing the displacements of a plurality of movable operating members
      provided for the musical tone signals. For instance, rates in attenuating
      musical tone signals representing wood, string, flute tones are preset by
      turning, or displacing in angle, the respective tone levers (manipulating
      knobs), and the musical tone signals are controlled to the attenuation
      rates thus preset during the performance, thereby to be mixed and produced
      as resultant composite musical tones.
PAR  In conventional voice presetting systems of the type described above, in
      addition to tone volume controls provided on a control panel, a number of
      tone levers are provided on a voice presetting board, and potentiometers
      whose voltage division ratios are defined by the manipulated positions of
      the tone levers are connected by switching means to the output sides of a
      plurality of tone coloring filters (formant circuits) provided at the
      preceding stage of a musical tone signal mixing circuit.
PAR  If it is assumed that rates of attenuating three musical tone signals X, Y
      and Z are changed stepwise to x.sub.1 -x.sub.4, y.sub.1 -y.sub.4 and
      z.sub.1 -z.sub.4, respectively, the voice presetting operation is carried
      out to have, for instance, a first set of attenuation rates (x.sub.1,
      y.sub.2, z.sub.4), a second set (x.sub.4, y.sub.3, z.sub.1) and so forth.
      Each of these sets of attenuation rates defines the voltage division
      ratios of the plurality of potentiometers, that is, the attenuation rates
      of the respective tone color signals. These potentiometers are connected
      to the paths of the musical tone signals by the switching means operated
      by voice presetting operation selecting switches, as a result of which the
      musical tone signals are controlled and mixed according to the attenuation
      rates thus preset to obtain the desired voices.
PAR  However, this conventional voice presetting system is disadvantageous in
      the following:
PAR  1. The conventional system needs a plurality of rows of tone levers and
      accordingly a number of tone levers, in order to provide plural sets of
      manipulated states of the tone levers. Accordingly, the lever presetting
      operation is rather troublesome, and the larger area of the panel is
      occupied by the tone levers, this causes an obstruction in making the
      voice presetting system smaller in size.
PAR  2. The conventional system necessitates switching contacts whose number is
      equal to the number of musical tone signals to be controlled times the
      number of tone levers to be preset, and therefore the electrical wiring is
      inevitably complicated, which leads to an obstruction in manufacturing the
      voice presetting system smaller in size and higher in reliability.
PAR  3. With the movable members such as e.g. tone levers whose number is equal
      to the number of musical tone signals to be controlled thereby, the number
      of the preset combination, or set of control rates, is only one.
      Accordingly, increasing the number of the sets of control rates cannot be
      attained without greatly increasing the number of tone levers and the
      switching means. However, the increase of the number of these elements is
      naturally limited to some extent. Therefore, performances on the
      electronic musical instrument having the conventional system are liable to
      be insufficient in musical variation.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, a primary object of this invention is to provide a novel voice
      presetting system in electronic musical instruments in which all of the
      difficulties described above accompanying conventional voice presetting
      systems have been overcome.
PAR  More specifically, an object of the invention is to provide a voice
      presetting system in electronic musical instruments in which plural sets
      of musical tone signal control rates are preset by movable operating
      members whose number is equal to the number of musical tone signals to be
      controlled thereby.
PAR  Another object of the invention is to provide a voice presetting system in
      electronic musical instruments which is smaller in size and higher in
      reliability.
PAR  A further object of the invention is to provide a voice presetting system
      in electronic musical instruments which contributes to the production of
      clear tone colors not including induction noises.
PAR  The foregoing objects and other objects of this invention will become more
      apparent from the following detailed description and the appended claims
      in conjunction with the accompanying drawings, in which like parts are
      designated by like reference numerals or characters.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a block diagram showing one example of a voice presetting system
      in an electronic musical instrument according to this invention;
PAR  FIG. 2a is an explanatory diagram showing a tone lever switch which is
      employed in the system shown in FIG. 1, FIG. 2b shows a side view of a
      portion of the actual embodiment of the tone lever switch, and FIG. 2c
      shows a cross sectional view taken along the line IIC--IIC of FIG. 2b and
      associated circuits; and
PAR  FIG. 3 is a schematic circuit diagram, with partly block diagrams, of a
      voice presetting information signal processing section employed in the
      system shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  One example of a voice presetting system in electronic musical instruments
      according to this invention is shown in FIG. 1 which comprises a memory
      circuit 1, a write and read control 2, and a tone coloring control circuit
      3.
PAR  The memory circuit 1 consists of a plurality of (five in this case) memory
      subsections and stores binary code signals 4 representing the manipulated
      states of tone lever switches L.sub.1, L.sub.2, L.sub.3 and L.sub.4 each
      having a binary encoder which will be described later in detail.
PAR  The write and read control circuit 2 is connected to a mode setting switch
      SET comprising an alternate switch (reversible switch), selection switches
      B.sub.1, B.sub.2, B.sub.3, B.sub.4 and B.sub.5 each comprising an
      individual selector switch, and a clear switch CLR for producing a
      clearing signal 8 to switch a performance mode from a voice presetting
      mode to a manual mode. The switch SET is adapted to produce a mode
      switching signal 6 for changing the control mode on the memory circuit 1
      from a write mode to a read mode or vice versa, while the selection
      switches B.sub.1 -B.sub.5 are adapted to produce selection signals 7 for
      selecting the memory subsections in the memory circuit 1. By receiving
      these signals 6, 7 and 8, the control circuit 2 produces control signals 5
      which are employed to control the write and read operation of the memory
      circuit 1.
PAR  The tone coloring control circuit 3 receives binary code signals 9 read out
      of the memory circuit 1, and for instance attenuates musical tone signal
      inputs V.sub.1, V.sub.2, V.sub.3 and V.sub.4 at predetermined degrees in
      response to the binary signals 9 thus received, thereby to produce a mixed
      musical tone signal Vo. This signal Vo thus produced is amplified by a
      power amplifier (not shown) to produce a musical tone.
PAR  The musical tone signals V.sub.1 through V.sub.4 are, for instance, ones
      representing wood, string, flute and oboe voices, respectively.
      Preferably, the switches SET, B.sub.1 through B.sub.5 and CLR are solid
      state switches such as pressure sensitive switches which employ a
      semiconductor.
PAR  The system shown in FIG. 1 is divided roughly into two sections: a voice
      presetting information signal forming section which is provided with a
      plurality of tone levers each having an encoder (hereinafter referred to
      as tone lever switch assemblies when applicable), for forming voice
      presetting information signals consisting of digital (binary) signals
      corresponding to the displacements of the levers; and a voice presetting
      information signal processing section for processing the voice presetting
      information signals.
PAR  FIGS. 2a, 2b and 2c show one example of the tone lever switch assemblies
      for forming the voice presetting information signals.
PAR  As is shown in FIG. 2a by schematic principle, the tone lever switch
      assembly is considered to be provided with a rotary switch 11 having four
      contacts which is operated by a tone lever having four positions, and an
      encoder 12 operating to convert the four switching conditions (manipulated
      states) of the rotary switch 11 into 2-bit binary code signals.
PAR  More specifically and actually, the tone lever switch assembly, as
      illustrated in FIGS. 2b and 2c, comprises: a shaft 20 which is rotated by
      the tone lever; a sector-shaped plate 21 to which the shaft 11 is
      rotatably secured; a cover member 22 covering the plate 21; arc-shaped
      insulating members 26 and 27 which are disposed concentrically on the
      plate 21, and electrically conductive layers 28a, 28b and 28c provided on
      the insulating members and grounded. The insulating member 26 and the
      conductive layers 28b and 28c form a first encoding surface, while the
      insulating member 27 and the conductive layer 28a form a second encoding
      surface.
PAR  The shaft 20 has a fixed member 23 fixed thereto and a support member 24
      fixed to the member 23 with bolts and nuts 25. The support member 24 is
      provided with slide contacts 29 and 30 at its end portion so that the
      slide contacts 29 and 30 are slided along the first and the second
      encoding surface, respectively, as the shaft 20 is turned. To the slide
      contacts 29 and 30, predetermined potentials are applied through resistors
      RO.sub.1 and RO.sub.2 from a d.c. source Vcc. The contacts 29 and 30 are
      connected to input terminals of AND gates 31a and 31b, respectively. To
      the input terminals of the AND gates, a series circuit of a resistor
      R.sub.1 and a capacitor C.sub.1 and a series circuit of a resistor R.sub.2
      and a capacitor C.sub.2 are connected, respectively, in order to eliminate
      noises which may be produced in sliding the slide contacts, that is, to
      prevent the occurrence of chattering.
PAR  When both of the contacts 29 and 30 are in contact with the conductive
      layers, the first logical level (for instance "0") appears at both of the
      output terminals T.sub.1 and T.sub.2 of the AND gates 31a and 31b. When
      the contacts 29 and 30 are in contact with the insulating members, the
      second logical level (for instance "1") appears at both of the output
      terminals T.sub.1 and T.sub.2. Furthermore, when one of the contacts is on
      the conductive layer while the other is on the insulating member, logical
      levels at the terminals T.sub.1 and T.sub.2 are different from each other.
      For instance, when the contact 29 is on the conductive layer while the
      contact 30 is on the insulating layer, the terminal T.sub.1 is at the "0"
      level and the terminal T.sub.2 is at the "1" level.
PAR  In the tone lever switch assembly thus organized, the shaft 20 is turned by
      the tone lever causing the slide contacts 29 and 30 to slide along the
      first and the second surface thereby to make four angular displacements
      stepwise. These angular displacements are represented by 2-bit binary
      signals which are obtained at the output terminals T.sub.1 and T.sub.2, as
      was described above.
PAR  The system shown in FIG. 1 is provided with four tone lever switches
      L.sub.1 through L.sub.4 respectively for the musical tone signals V.sub.1
      through V.sub.4 to be controlled, so that rates of controlling
      (attenuating) of the musical tone signals are set by converting the
      displacements of the respective tone levers into the 2-bit binary signals.
      It goes without saying that the voice presetting information signal
      consisting of these 2-bit binary signals can be changed by changing the
      switching positions of the tone lever switches.
PAR  The voice presetting information signal processing section will now be
      described referring to FIG. 3, in which different voice presetting
      information signals indicating different control rates described above are
      written in and read out to control the tone coloring operations.
PAR  The memory circuit 1 comprises a flip-flop matrix PD1.sub.1 - PD5.sub.8 for
      storing five sets (kinds) of four two-bit binary signals from the tone
      lever switches L.sub.1 -L.sub.4 through signal lines TD.sub.1 -TD.sub.8,
      and AND gates PDG1.sub.1 -PDG5.sub.8 which are provided corresponding to
      the number of the flip-flops, for selectively reading out the contents of
      the flip-flops. The number of the flip-flops or the AND gates is equal to
      the product of the number of the tone lever switches and the number of the
      selection switches.
PAR  The write and read control circuit 2 comprises latch circuits SD.sub.1
      through SD.sub.5, and in response to the signals from the switches SET,
      B.sub.1 through B.sub.5 and CLR, controls the operation of the memory
      circuit 1 with the aid of control signals such as writing clock signals
      and reading level signals.
PAR  The tone coloring control circuits 3 comprises: four control switch
      circuits SW.sub.1 through SW.sub.4 which receive four musical tone signals
      V.sub.1 -V.sub.4, respectively, and are controlled respectively in
      response to the outputs of decoders DEC.sub.1 through DEC.sub.4 ;
      potentiometers PM.sub.1 through PM.sub.4 each of which has one terminal
      connected to an output terminal Vo of the mixed musical tone signal and
      taps connected to switching channels ch.sub. 1 through ch.sub. 4. The
      control circuit 3 thus organized, in response to the voice presetting
      information signal consisting of the binary signals D.sub.1 through
      D.sub.8 which are read out of the memory circuit 1 by the control circuit
      2, operates to control the musical tone signals V.sub.1 through V.sub.4
      according to the control (attenuation) rate indicated by the information
      signal, thereby to produce a mixed output of these signals V.sub.1 through
      V.sub.4.
PAR  The control switch circuits SW.sub.1 through SW.sub.4 may be embodied as a
      well-known integrated circuit of transistors. Each of the decoders
      DEC.sub.1 through DEC.sub.4 is to decode the 2-bit binary signal into a
      signal which indicates one of the four displacements of the tone lever
      switch. Accordingly, a 2-4 decoder may be employed as this decoder.
PAR  The operation of the voice presetting system according to this invention
      will now be described referring to FIG. 3.
PAR  1. Voice Presetting Operation:
PAR  First, for setting the memory circuit in a write mode, the switch SET is
      turned on. As a result, a logical level 1 is applied to an input terminal
      of each of the AND gates SG.sub.1 through SG.sub.5, which are therefore
      opened for passing signals from the selection switches B.sub.1 through
      B.sub.5, respectively.
PAR  Under these conditions, if one of the switches B.sub.1 -B.sub.5, for
      instance the switch B.sub.1 is depressed, the AND gate (set gate) SG.sub.1
      produces a predetermined pulse whose pulse width is equal to the time
      during which the switch B.sub.1 is depressed. Since the output terminal of
      the gate SG.sub.1 is connected to the clock input terminals of the
      flip-flops PD1.sub.1 through PD1.sub.8, these flip-flops are rendered
      ready for writing the binary signals. Accordingly, when a combination of
      displacements is obtained by operating the tone lever switches L.sub.1
      -L.sub.4 and the switch B.sub.1 is then depressed, the voice presetting
      information signal consisting of four two-bit signals which represent.
PAR  The displacement combination thus obtained is written into first memory
      subsection constituted by the flip-flops PD1.sub.1 -PD1.sub.8 through the
      respective signal lines TD.sub.1 -TD.sub.8.
PAR  By setting the switches L.sub.1 -L.sub.4 so as to provide different
      displacement combinations and operating the selection switches B.sub.2
      -B.sub.5, different sets voice presetting information signals can be
      stored in the remaining memory subsections (flip-flops) in the memory
      circuit 1, in accordance with the designation.
PAR  It should be noted that the steps of the voice presetting operation are as
      follows:
PA1  1--Set the tone levers as desired.
PA1  2--Then, depress one of the selection switches B.sub.1 -B.sub.5.
PAL  The switch SET may be made to be in "write" position at any time, as long
      as it is before depressing the selection switch.
PAR  2. Preset Reading Operation:
PAR  In order to play music in the preset condition of the tone colors, first
      the switch SET is turned off (i.e., made to be in "read" position) by
      depressing it again. As a result, input terminals of AND gates (call
      gates) CG.sub.1 through CG.sub.5 are at a logical level 1, and therefore
      the AND gates CG.sub.1 through CG.sub.5 are opened for passing the Q
      outputs of the latch circuits SD.sub.1 -SD.sub.5.
PAR  Under these conditions, if one of the selection switches, for instance the
      switch B.sub.1 is depressed, a pulse having a predetermined width is
      applied as an input signal to the latch circuit SD.sub.1, and a pulse
      whose width is smaller than the predetermined width is applied to a
      control line CL which is connected the clock input terminals of the latch
      circuits SD.sub.1 -SD.sub.5. Accordingly, the Q outputs of these circuits
      SD.sub.1 -SD.sub.5 are at 1, 0, 0, 0 and 0 levels, respectively, while the
      outputs of the AND gates CG.sub.1 -CG.sub.5 are at 1, 0, 0, 0 and 0
      levels. As a result, AND gates (data gates) DG.sub.1 through DG.sub.8 are
      opened (while AND gates DG.sub.1a -DG.sub.8a being closed) and AND gates
      (voice presetting data gates) PDG1.sub.1 -PDG1.sub.8 are opened.
      Accordingly, the voice presetting information signal stored in the
      flip-flops PD1.sub.1 -PD1.sub.8 is read out to the signal lines D.sub.1 -
      D.sub.8 which are connected to the decoders DEC.sub.1 through DEC.sub.4
      respectively.
PAR  The decoders DEC.sub.1 -DEC.sub.4 decode the binary signal inputs applied
      thereto through the signal lines D.sub.1 -D.sub.8, and according to the
      displacement data of the tone levers, turn on one of the switching
      channels ch.sub. 1 -ch.sub. 4 in each of the control switch circuits
      SW.sub.1 -SW.sub.4. As a result, the musical tone signals V.sub.1 -V.sub.4
      are taken out through the respective potentiometers to the attenuation
      rates corresponding to the displacement data of the tone levers and are
      produced as a mixed tone signal output from the tone coloring control
      circuit 3. The operation described above is also applied to the case where
      the switch B.sub.2, B.sub.3, B.sub.4 or B.sub.5 is depressed.
PAR  3. Mode changing Operation from the Preset Mode to the Manual Mode:
PAR  The operations of the system described in paragraphs (1) and (2) relate to
      the performance in connection with the presetting faculty. However, the
      system according to this invention can operate in the manual mode in which
      the tone lever switches L.sub.1 -L.sub.4 operated by the performer during
      a performance directly control the tone colors to be produced.
PAR  First, the switch CLR is depressed that is, it is turned on before the
      switches B.sub.1 -B.sub.5 are depressed, to apply a predetermined pulse to
      the control line CL, as a result of which all of the Q outputs of the
      latch circuits SD.sub.1 -SD.sub.5 are made to be at a 0 level.
      Accordingly, the outputs 0 are produced by the AND gates CG.sub.1
      -CG.sub.5, and the AND gates DG.sub.1 -DG.sub.8 are closed while the AND
      gates DG.sub.1a -DG.sub.8a are opened, whereby the binary signals from the
      tone lever switches L.sub.1 -L.sub.4 are applied to the signal lines
      D.sub.1 -D.sub.8 through the signal line TD.sub.1 -TD.sub.8. Thereafter,
      the operation of the tone coloring control circuit 3 is carried out in the
      same way as described in paragraph (2).
PAR  Thus, the performer can manually adjust the displacement data of the tone
      levers as desired during the performance to vary the ratios of controlling
      the musical tone signals.
PAR  Needless to say, the memory circuit can be constituted by IC memories, core
      memories, magnetic card reader-writers, and so forth.
PAR  While the principles of this invention have been described above in
      connection with a specific embodiment, it is to be clearly understood that
      this description is made only by way of example and not as a limitation on
      the scope of invention. In other words, this invention can be applied not
      only to the setting of the displacement data of the tone levers by
      operating them manually but also to the setting of displacement data of
      movable members such as a pedal. Furthermore, the invention can be applied
      not only to the presetting in tone coloring control but also to the
      presetting in controlling musical effects such as a vibrato effect and a
      tremolo effect. In addition, the present invention can be applied not only
      to the presetting in the rates of attenuating the musical tone signals,
      but also to the presetting in the ratios of amplifying the musical tone
      signals and to all of the presetting in the rates of controlling the
      musical tone signals such as rates of varying the waveforms of the musical
      tone signals and rates of varying the frequency modulation degrees or
      amplitude modulation degrees of the musical tone signals.
PAR  Accordingly, as is apparent from the description described above, the
      following merits are provided by the invention.
PAR  1. The system according to this invention, unlike the conventional system,
      is not limited by the number of voice presetting levers or switches, and
      can therefore readily preset many different voice presetting information
      signals by increasing the storage capacity thereof. Accordingly, the
      system can contribute to a performance rich in variation.
PAR  2. The system can be made smaller by the use of techniques on printed
      circuit boards and integration circuits.
PAR  3. Since the number of mechanical components is reduced considerably in
      this system, troubles are scarecely caused in the system. That is, the
      system is higher in reliability.
PAR  4. The number of the movable members to be provided is equal to the number
      of the musical tone signals to be controlled, and these movable members
      can be used both for the voice presetting performance and for the manual
      performance, according to this invention. Accordingly, the present
      invention can eliminate the voice presetting board used for installing the
      voice presetting tone levers and its related components which are
      necessary in the conventional system, which leads to flexibility in
      designing the panel of an electronic musical instrument and to rendering
      the performer's presetting operations simpler.
PAR  5. It is unnecessary to introduce the musical tone signals to the panel of
      the electronic musical instrument. Therefore, clear tone colors not
      including induction noises can be produced.
CLMS
STM  We claim:
NUM  1.
PAR  1. A voice presetting system for an electronic musical instrument
      comprising, a tone-coloring circuit means having means for receiving a
      plurality of musical voice signals representative of musical voices as
      inputs and to be delivered therefrom as outputs with tone coloring thereof
      varied, a memory circuit means for storing binary-coded information
      signals read out and applied to the tone-coloring circuit means for
      control of the tone-coloring circuit means for control of the tone color
      variations of the musical voice signals, means on said memory circuit
      means including binary coders for introducing manually thereinto said
      binary-coded information signals, a write and read control circuit means
      for controlling writing of binary-coded information signals and
      alternatively controlling read out of the binary-coded information signals
      applied to the tone-coloring circuit means from said memory circuit means
      for controlling the tone color of the musical voice signal output thereof.
NUM  2.
PAR  2. A voice presetting system for an electronic musical instrument according
      to claim 1, in which said memory circuit means comprises a matrix of
      flip-flops for storing the binary-coded information signals, and in which
      said means comprising said binary coders comprises a tone lever switch
      manually actuated, said tone lever switch comprising a plurality of
      manually actuated operating members each associated with a corresponding
      coder, the number of manually actuated operating members being equal in
      number to the musical voice signals received by said tone-coloring circuit
      means, and means including groups of said flip-flops relating a
      corresponding coder and group of flip-flops to a corresponding musical
      voice signal.
NUM  3.
PAR  3. A voice presetting system for an electronic musical instrument according
      to claim 1, in which said write and read control circuit comprises means
      to prepare the memory circuit means for reading in and storing the
      binary-coded information signals and separate means for effecting read out
      of the binary-coded information signals for varying the tone of the
      musical voice signal outputs.
NUM  4.
PAR  4. A voice presetting system for an electronic musical instrument according
      to claim 1, in which said write and read control circuit comprises means
      for preparing the memory circuit means for applying the binary-coded
      information signals introduced thereinto directly as outputs of the memory
      circuit means.
NUM  5.
PAR  5. A voice presetting system for an electronic musical instrument according
      to claim 1, in which said memory circuit means comprises a plurality of
      flip-flops arranged in a matrix configuration, said write and read control
      circuit comprising means to control writing of the binary-coded
      information signals in said flip-flops and means to control read out of
      the binary-coded information signals stored in said memory circuit means,
      and means on said write and read control circuit to prepare said memory
      circuit means for transmitting directly outputs the binary-coded
      information signals applied thereto and without storing thereof.
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ABST
PAL  A rigid end plug adapter which serves both as a strap or end button and
      electrical connector for transducer pickups is provided in the end block
      of a musical instrument such as a guitar or violin-type instrument.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is in the field of end plug adapters for musical instruments.
PAR  2. Description of the Prior Art
PAR  It is traditional in the musical world to incorporate a strap button within
      the end block of guitars and the like to serve as a mounting post for a
      shoulder strap. In the case of violins and similar instruments, an end
      button is utilized to provide a means for anchoring the strings which are
      fixed at the tuning head and tensioned over the instrument bridge. The
      term "end plug" as employed herein as hereby defined to include both the
      strap buttons of guitars or other instruments utilizing a strap, and the
      end buttons of violin-type instruments. In the prior art, the end plugs of
      guitars and the like and of violintype instruments have generally been
      wood or plastic members force-fit into holes drilled in the instrument end
      block. These wood or plastic members are often under considerable stress
      and are subject to breakage.
PAR  With the advent of small economical transducers such as those manufactured
      and sold by Barcus-Berry, Inc., Long Beach, California, the problem of
      coupling these pickups from the musical instrument to amplifying equipment
      has become important. Prior art methods of coupling comprise drilling a
      large hole through the rib portion of these instruments and having
      electrical conductors, which may include an electrical connector mounted
      in the rib, extend from the transducer pickups through the hole for
      connection to amplifying equipment. Although such an arrangement may be
      suitable for inexpensive guitars, one is usually not willing to drill a
      1/4 inch diameter hole through the rib of an expensive instrument such as
      a Stradivarius. Thus, in expensive instruments where the intrinsic value
      of the instrument would be greatly reduced with the drilling of any holes
      in the rib section, internal electrical wiring for transducer pickups
      would be virtually precluded.
PAR  In mounting an electrical connector in the rib of a musical instrument
      there is also the danger of seriously damaging the instrument if the
      external lead wire is suddenly brought under tension as by tripping over
      or catching the usually long cord to the amplifying equipment. If the
      connector is rigidly mounted in the rib member, a sudden pull on the
      external cord could well rip out a large section of the rib rendering the
      instrument useless.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an electrical connector for
      musical instruments which will not reduce the intrinsic or aesthetic value
      of the instrument.
PAR  It is another object of the invention to provide an end plug adapter for a
      musical instrument which is more rigid and desirable than prior art end
      plugs and yet is serviceable as an electrical connector, strap button,
      and/or end button.
PAR  A further object of the invention is to provide a rigid, inexpensive and
      easily installed end plug adapter, serving both as a strap or end button
      and electrical connector utilizing a single hole in the end block of the
      musical instrument.
PAR  The invention pertains to an end plug adapter in musical instruments having
      an end block such as a violin-type instrument, guitar and the like. The
      adapter is positioned in the conventional position of an end plug, but
      comprises both electrical connector members and a cap member having an
      aperture therethrough. The connector comprises an easy connect/disconnect
      electrical connector for connecting transducers to remote amplifying
      equipment, while the cap member is secured to the exposed section of the
      connector for providing a flared section to secure a strap or string
      anchor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects of the invention will be apparent in reference to the
      preferred embodiment discussed hereinafter wherein:
PAR  FIG. 1 is a perspective view of a guitar showing the adapter mounted
      therein;
PAR  FIG. 2 is an axial sectional view of the adapter taken along line 2--2 of
      FIG. 1, with portions shown in elevation;
PAR  FIG. 3 is a partial end view of the adapter of FIG. 1; and
PAR  FIG. 4 is an exploded view of the adapter showing components thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The adapter may readily be incorporated in a guitar such as that shown in
      FIG. 1. The description with regard to a guitar is merely exemplary and it
      is understood that other instruments may equally well be equipped with the
      adapter. Guitar 1 comprises a tuning head 2, neck 4 and a body section 6.
      The body section 6 has a lower or foot portion 8 and the body 6 is
      generally shaped to have a symmetry or longitudinal axis 10. The body
      section 6 comprises a rib section 11 around the periphery thereof, and a
      face 12 having a bridge 14 mounted thereon. The bridge is utilized to
      support the strings 16 and to provide a coupling to the resonant body
      section 6. Within the foot portion 8 of the body section 6 is an end block
      20 having an adapter 25 mounted therein. A coaxial cable 26 is connected
      from the adapter 25 to an electronic guitar pickup member 30. The guitar
      pickup member 30 may be similar to the "Hot-Dot" manufactured by
      Barcus-Berry, Inc., Long Beach, California. Additionally, two such guitar
      pickups may be used in which case the leads from the pickups are wired in
      parallel. A strap 32 is shown connected to the adapter 25.
PAR  A detailed view of the adapter is shown in FIG. 2 wherein the end block 20
      contains an aperture 34 therethrough. FIG. 2 shows a coaxial cable 26
      connected to the adapter 25. Adapter 25 comprises a first threaded
      cylindrical member 36 and an end plug portion 37 which comprises a second
      threaded receptacle connector member 38. Both the first and second
      threaded members are readily available from Switchcraft, Inc., 5555 North
      Elston Avenue, Chicago, Illinois, and are the sleeve portions of a jack
      assembly identified as "Jack No. 125." The receptacle member 38 has a
      clamp portion 40 connected thereto, and electrically isolated from an
      internal connector portion 42. Both the clamp 40 and the internal
      connector portion 42 are integrally a part of the receptacle member 38.
      Receptacle member 38 has a rib section 43 which fits flush against rib 11
      when the receptacle member 38 is tightened into the cylindrical member 36.
      Cylindrical member 36 is force-fit into the 3/8 inch aperture 34. The
      receptacle member 38 has a knurl section 45 over which a cap 44 is
      pressure fitted. Cap 44 is made of a resilient plastic, and has a flared
      lip section 46 as shown. Both member 38 and cap 44 comprise the end plug
      section 37 of the adapter 25.
PAR  The receptacle member 38 has an adapter 50 therein and cap 44 surrounds the
      outer section of receptacle member 38 and also has an aperture 51
      completely therethrough so as to leave aperture 50 completely
      unobstructed. As shown in FIG. 3, the cap 44 completely surrounds the
      receptacle member 38 and fits flush against an end 52 of member 38. The
      aperture 50 in receptacle 38 is adapted to receive a mating plug connector
      portion of the jack assembly (not shown) for connecting the cable 36 to
      the speaker system.
PAR  The strap 32 has an aperture 54 and a contiguous slot 56 adjacent thereto.
      The strap 32 may then be easily pressed over the flared lip section 44 and
      secured between the lip 44 and the instrument rib 11.
PAR  FIG. 4 shows an exploded view of the adapter showing the threaded
      cylindrical member 36, receptacle member 38 and cap portion 44. The
      cylindrical member 36 includes a tapered lead-in section 57 which
      facilitates entry thereof into the aperture 34, and a knurled section 58
      which assures good retention thereof in the aperture 34.
PAR  The threaded cylindrical member 36 is pressure-fitted into the end block 20
      and provides a much more rigid and reliable connector than prior art rib
      connectors. In addition, the position of the adapter within the end block
      and in the same position as the conventional strap button enhances the
      intrinsic value of the guitar in that no additional electrical connector
      holes need be made in the rib or body section of the guitar. In addition,
      the strap button function is not sacrificed as the cap 44 is shaped with
      lip section 46 so as to engage a strap connected thereto. The lip section
      46 and receptacle member 38 also serve as an anchor support in the case of
      a guitar and similar instruments. With an adapter according to the
      invention made of metal, it is intrinsically stronger than conventional
      wood or plastic end plugs, thereby enhancing the strap button and string
      anchor button functions in strength.
PAR  The adapter is positioned along an axis parallel to the longitudinal axis
      of the guitar and is generally positioned along the symmetry axis of the
      body section 6.
PAR  In installing the adapter 25, the factory-installed wooden or plastic end
      plug is removed and the recess in the end block 20 is extended to form the
      aperture 34. The adapter is connected to the lead wires (usually coaxial
      cables) which are brought out through the aperture 34, and the adapter is
      then pressure-fitted into the end block.
PAR  The overall length of the receptacle member 38 which is exposed, once the
      receptacle member 38 is securely tightened into connector 36, is no longer
      than traditional end plug dimensions so that the guitar itself may readily
      fit into a case without disconnection of the receptacle member 38.
PAR  While the invention has been described with reference to the above
      disclosure relating to the preferred embodiments, it is understood the
      numerous modifications or alterations may be made by those skilled in the
      art without departing from the scope and spirit of the invention as set
      forth in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a stringed musical instrument adaptable for having an electronic
      pickup transducer connected thereto, said instrument having a rib member
      and a body section with a foot portion having an end block therein, the
      improvement comprising:
PA1  an elongated tubular body extending through said rib member and into said
      end block, said body being oriented substantially parallel to the
      longitudinal axis of the instrument,
PA1  electrical connector means disposed within said body for connection to said
      pickup, and
PA1  said tubular body including end plug means for securing an instrument
      support strap, said end plug means projecting outwardly of said rib and
      substantially parallel to said longitudinal axis of said instrument.
NUM  2.
PAR  2. Apparatus as recited in claim 1 wherein said end plug means has a flared
      lip portion.
NUM  3.
PAR  3. Apparatus as recited in claim 1 wherein said end plug means comprises:
PA1  an electrical receptacle member having an aperture therein for receiving
      plug means, and
PA1  resilient cap means mounted around said receptacle member and having an
      aperture therethrough concentric with the aperture of said receptacle
      member.
NUM  4.
PAR  4. Apparatus as recited in claim 1 wherein said electrical connector means
      comprises receptacle connector means for receiving plug means.
NUM  5.
PAR  5. Apparatus as recited in claim 2 wherein said flared lip portion
      comprises a generally annular member separable from said electrical
      connector means.
NUM  6.
PAR  6. Apparatus as recited in claim 3 wherein said electrical receptacle
      member has a knurled section and said cap means resiliently surrounds said
      knurled section.
NUM  7.
PAR  7. A method of mounting an adapter having an electrical connector member on
      a stringed musical instrument having an end block and adaptable for having
      an electronic pickup transducer mounted thereto, said method comprising
      the steps of:
PA1  drilling an aperture completely through the end block of said instrument
      along the longitudinal axis of said instrument,
PA1  connecting lead wires from said pickup transducer to said adapter,
PA1  pressure-fitting said adapter into said aperture of said end block, and
PA1  pressure-fitting a flared instrument strap support member onto said
      electrical connector member.
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PAL  The embodiment of the invention disclosed herein is directed to an
      electronic musical instrument of the keyboard type used to electronically
      reproduce piano sounds. The circuit has means to vary the amplitude of the
      piano voice in response to the velocity of the downward movement of the
      key. Means are provided for producing a fundamental square wave frequency
      and the second and fourth harmonics thereof, in response to the actuation
      of a given key on the keyboard. One circuit arrangement includes means for
      combining the fundamental frequency and the second and fourth harmonics in
      a predetermined time relation to produce the zero, attack, peak, and decay
      characteristics of a piano voice as actually produced by a piano string.
      Amplitude limiting means are coupled to the circuit for controlling the
      amplitude of the harmonics in response to predetermined values so that
      mixing of the fundamental frequency and the second and fourth harmonics
      along predetermined points of the piano voice characteristics curve will
      more accurately reproduce electronically the sounds of a piano. Another
      circuit arrangement provides means for rapid recovery of the piano circuit
      so that the keys can be actuated in rapid succession.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electronic musical instruments and more
      particularly to electronic pianos. Specifically, the invention is directed
      to circuit means for varying the amplitude of the piano characteristic
      curve envelope in response to the relative hardness with which the piano
      key is actuated, and for mixing together a fundamental frequency and
      selected components of harmonics thereof to produce musical tones that
      correspond substantially to a piano voice.
PAR  Heretofore, the manufacturer of electronic musical instruments,
      particularly those of the electronic piano type, have gone to great
      lengths to produce a keyboard arrangement which is substantially
      electronic in nature, free of hammers and strings, but which will
      electronically reproduce the tones of an actual piano string when struck.
      Among the problems in so providing electronic piano keyboards is that of
      producing the proper attack, peak, and decay characteristic curve of a
      piano voice. This has been closely approximated in the past by providing
      capacitor charge circuits which operate in response to capacitor discharge
      circuits so that charge rates and discharge rates of capacitors will
      produce attack and decay characteristics along an exponential curve.
      However, this type of electronic piano keyboard is at best an
      approximation of a real piano string tone.
PAR  One of the problems of electronic pianos is that while a close
      approximation of the actual attack, peak, and decay characteristics of the
      piano voice is obtained by capacitor discharge and charge circuits, these
      circuits do not compensate for variations in harmonic tones of the
      fundamental frequency of the piano string along the piano voice
      characteristic curve. Therefore, their actual sound is a false
      representation of a real piano.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a new and
      improved electronic piano circuit which provides means for varying the
      harmonic content of the piano voice as a function of time and amplitude
      along the piano voice characteristic curve.
PAR  Another object of this invention is to provide a new and improved
      electronic circuit for a piano keyboard that will produce an amplitude of
      the peak portion of the piano characteristic curve which corresponds to
      the rate of travel or relative hardness with which the key is actuated.
PAR  Still another object of this invention is to provide a new and improved
      electronic circuit for use in a piano keyboard instrument which will allow
      rapid actuation of the keys.
PAR  Briefly, the electronic circuits of this invention are specifically
      designed for use with piano keyboard circuits and include circuits for
      producing gate signals in response to the actuation of associated keys on
      the keyboard. The gate signals have a wave shape which corresponds to the
      zero, attack, peak, and decay characteristics of piano voice curves.
      Throughout the specification and claims, the term piano voice is intended
      to indicate the type of envelope characteristic which contains the
      fundamental and harmonic frequencies of the particular string or note of a
      piano sound as well as the frequencies and harmonics associated therewith.
      Before a piano key is struck the piano voice is at a zero condition. Upon
      initial striking of a piano key the piano voice abruptly rises along an
      attack characteristic curve sharply culminating at a peak and then
      reversing along a decay curve which has a more gradual rate of descent
      than the rate of ascent on the attack side. The attack and decay
      characteristics are exponential, but of substantially different rates.
      This type of piano voice characteristic is essential in reproducing
      electronically those tone qualities which are produced by mechanical piano
      hammer and string mechanisms.
PAR  Audio-signal generator means are provided for producing fundamental square
      wave frequencies for the particular keys being struck as well as several
      of the harmonics associated with the particular fundamental square wave
      frequency. In the illustrated embodiment the second and fourth harmonics,
      also square waves, are generated and mixed with the fundamental frequency
      only at predetermined points in time along the voice characteristic curve.
      By so selectively mixing the harmonics with the fundamental frequency a
      more true piano voice characteristic is obtained by the electronic piano
      circuit.
PAR  To selectively mix the harmonics with the fundamental frequency gate
      circuit means are coupled between the audio-signal generator means and an
      audio amplifier. This gate circuit is responsive to the gate signal and
      has selected portions thereof energized only at predetermined minimum
      levels of the gate signal so that mixing of the harmonic occurs only at
      these levels and therefore, only at selected points in time along the
      characteristic curve.
PAR  In one circuit configuration of the illustrated embodiments, the piano key
      circuit is capable of being rapidly extinguished immediately after the
      piano key is released so that the piano key can be actuated in rapid
      succession. Furthermore, the circuit incorporates a novel transistor
      biasing configuration to enable a transistor to function as a zener diode
      in the circuit so that the decay characteristic curve of the piano voice
      changes depending on the amplitude of the curve.
PAR  Many objects, features, and advantages of this invention will be more fully
      realized and understood from the following detailed description when taken
      in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram of an electronic piano constructed in
      accordance with the principles of this invention;
PAR  FIG. 2 illustrates a circuit arrangement for eliminating R.F. multiple
      frequencies and receiving the mixed audio signals, containing fundamental
      frequencies and harmonic frequencies, to produce integrated audio signals;
PAR  FIG. 3 is a graphical representation illustrating the signals that are
      developed across the network of FIG. 2 during the attack portion of the
      envelope characteristic curve;
PAR  FIG. 4 is a schematic diagram of a circuit which is utilized to rapidly
      extinguish the decay characteristic portion of the curve when the piano
      key is released so that rapid successive actuations of the piano key can
      be obtained;
PAR  FIG. 5 illustrates the output characteristic curve which is obtained from
      the circuit arrangement of FIG. 4;
PAR  FIG. 6 illustrates a piano voice characteristic envelope curve having zero,
      attack, peak, and decay characteristics which change in amplitude with
      respect to time;
PAR  FIG. 7 is a piano voice characteristic envelope curve further illustrating
      the improvements thereof when utilized in connection with the present
      invention;
PAR  FIGS. 8, 9 and 10 illustrate various aspects of the gating circuit and have
      shown at the right side thereof the output pulse signals which are used to
      generate piano tones in accordance with the principles of this invention;
      and
PAR  FIG. 11 illustrates the fundamental square wave and harmonic square wave
      signals and the addition during different parts of the characteristic
      curve.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to FIG. 1 there is seen an electronic musical instrument of
      the keyboard type constructed in accordance with the principles of this
      invention and designated generally by reference numeral 10. The electronic
      musical instrument 10 includes electronic means 11 for audibly producing a
      fundamental frequency and a plurality of harmonic frequencies when a key
      on the keyboard is actuated. The electronic means 11 is coupled to circuit
      means 12 for providing a key velocity sensitive envelope curve to control
      the amplitude of the fundamental frequency in response to the relative
      velocity of actuation of the piano key thereby substantially simulating
      the characteristic of a piano voice. For example, FIG. 6 illustrates a
      characteristic curve showing the zero 13, attack 14, peak 15, and decay 16
      components of a piano voice characteristic envelope curve. Amplitude
      limiting means 17, FIG. 1, is connected to the gate circuit portions of
      the electronic circuit 11 and controls the amount of mixing of the
      harmonic signals with that of the fundamental frequency. By controlling
      the amplitude of the harmonic signals mixed with the fundamental frequency
      signals along the characteristic envelope curve a more accurate sounding
      piano voice can be generated by the electronic means.
PAR  The mixing of the harmonic signal with the fundamental frequencies occurs
      only at an amplitude equal to or greater than a predetermined minimum
      amplitude as shown on the curve of FIG. 6. For example, at time t.sub.o no
      voicing of a piano signal occurs. However, between t.sub.o and t.sub.1 the
      attack characteristic curve 14 advances sharply to a level 18 along which
      only the fundamental square wave frequency occurs during this time
      interval. Between t.sub.1 and t.sub.2 the first one of the harmonic
      signals, which may be the second harmonic square wave of the fundamental
      frequency, is mixed with the fundamental frequency and changes the piano
      voicing characteristic of the sound being produced. At t.sub.2, and until
      t.sub.3 the second one of the harmonic signals, which may be the fourth
      harmonic square wave of the fundamental frequency, is allowed to be mixed
      with the fundamental frequency and is indicated by the amplitude line 19.
      The legends 18a and 19a indicate the minimum amplitudes which must exceed
      a threshold voltage or zener voltage before mixing of the second and
      fourth harmonic signals occurs with the fundamental frequency. Along the
      decay characteristic curve 16 immediately following the peak portion 15
      all of the harmonics are mixed together with the fundamental frequency
      until t.sub.3. At t.sub.3 the fourth harmonic signal is blocked by the
      Zener effect of the limiting means 17 and therefore only the fundamental
      frequency and the second harmonic signal is mixed along the curve until
      time t.sub.4. At time t.sub.4 the amplitude of the harmonics is
      substantially decreased so that only the fundamental square wave frequency
      is applied to the amplifier output circuit of the electronic piano until
      time t.sub.n.
PAR  FIG. 7 illustrates a characteristic curve 20 which shows the composite
      characteristic piano voice keying envelope curve and, which closely
      approximates the sound produced by a real mechanical piano actuating
      mechanism.
PAR  The electronic musical instrument circuit 10 provides a new method of
      processing electronically produced audio signals of the piano voice
      characteristic type. For example, the method includes generating a
      fundamental square wave frequency of the piano tone to be audibly
      produced, developing at least one of the harmonic frequencies of the
      fundamental frequency, providing a gate signal corresponding to a
      characteristic piano voice having zero, attack, peak, and decay
      characteristic portions, limiting the amplitude of the harmonic signals to
      a predetermined minimum value, mixing the limited harmonic signal with
      that of the fundamental frequency only along predetermined selected
      portions of the piano voice characteristic curve, and controlling
      application of the fundamental frequency and the limited harmonic signals
      to an audio amplifier which ultimately produces the audio sound of the
      piano voice.
PAR  The circuit means 12 includes a capacitor 21 connected in parallel with a
      resistor 22 through a resistor 23 to form an RC timing network. The RC
      timing network receives charge from a B+ line, when the switch contacts of
      a piano by key structure 24 are closed. Therefore, in the normal condition
      capacitor 21 is charged to a maximum value of the B+ line. When the key 24
      is actuated the associated switch contact thereof is disconnected from the
      B+ bus terminal and the capacitor 21 immediately begins to discharge
      through resistor 22 and resistor 23. As the key 24 is fully depressed the
      switch contact associated therewith engages a normally open terminal and
      the remaining charge on capacitor 21 is substantially instantly
      transferred to a capacitor 26 and parallel connected resistor 27 through a
      series connected diode 28. In this circuit configuration the amount of
      charge applied to capacitor 26 will substantially instantly form the
      attack characteristic portion 14 of the curve shown in FIG. 6 until the
      peak portion 15 is achieved at which time part of the charge on capacitor
      21 has been transferred to the capacitor 26. The amount of charge
      deposited on capacitor 26 is that charge remaining on capacitor 21 after
      its initial discharge through its associated parallel connected resistor
      22. Most advantageously, the rate of travel or the relative hardness with
      which the key is actuated will determine the amount of charge remaining on
      capacitor 21 which, in turn, will determine the amplitude of the peak
      characteristic portion 15 of the piano characteristic voice curve.
      Therefore, the harder the key is struck the louder the audio output.
PAR  When the key 24 returns to its normal position a transistor 29 has the base
      electrode thereof coupled back to the B+ line through a series connected
      resistor 30 and will therefore begin to conduct. Conduction of transistor
      29 substantially instantaneously discharges capacitor 26 in readiness for
      a subsequent charge when the key structure 24 is actuated. Transistor 29
      is biased to a forward conducting condition by a base resistor 31 and by
      suitably weighted load resistor 32 connected to the collector electrode
      thereof. The emitter electrode of transistor 29 is connected to ground
      potential through a selector switch 33 which may function as a damping or
      sustain switch and which may be actuated by a foot pedal as is customarily
      the case with pianos.
PAR  Condution of transistor 29 causes damping of the characteristic curve as a
      result of discharging capacitor 26. When the switch 33 is in an open
      position transistor 29 is disabled and no damping of the characteristic
      curve is obtained. The decay characteristic portion of the piano voicing
      envelope curve will be gradual so that a sustained note will be obtained.
      As the volume of the sustained note diminishes, the quality of the note is
      sharpened to improve the piano sound of the curve for this period of time.
      Therefore, the diminished amplitude decaying portion of the piano voice
      characteristic curve only includes the fundamental frequency during the
      final decay portion 16.
PAR  The characteristic voicing curve developed by the circuit 12 is applied to
      a terminal point 34 and therefrom to the amplitude limiting circuit 17 so
      that selected portions of the characteristic curve can be delivered to
      gate circuits 36 and 37 which are connected to the output of the audio
      generating circuits. The amplitude limiting circuit 17 has the gate
      circuits thereof formed by a pair of field effect transistors 36 and 37
      which function as series connected Zener limiting devices connected in
      series with associated ones of a pair of double gate field effect
      transistors 39 and 40, respectively. A third field effect device 41 is
      connected directly to the circuit point 34 over a line 42 and has no
      clipping action of the characteristic curve applied thereto. The gating
      device 41 passes the entire fundamental frequency including all portions
      from a zero amplitude to its peak amplitude. This is best illustrated by
      the portion of a characteristic curve 43 shown in connection with the
      output delivered across the line 42. Zener limiting device 37 allows
      passage of portions of the characteristic curve that exceed a
      predetermined minimum level, as indicated by the solid line of the curve
      44. Similarly, Zener limiting device 36 allows passage of even less
      portions of the characteristic curve as indicated by the solid line and
      designated generally by reference numeral 46. By utilizing the limiting
      circuit arrangement 17 in conjunction with the gating circuits 39, 40 and
      41 a unique combination of fundamental and harmonic frequencies is
      obtained along a piano voice characteristic envelope curve to
      substantially improve the sound quality of an electronic piano.
PAR  The fundamental frequencies developed within the electronic circuit 10 are
      obtained by initially providing an RF square wave generator 50 which has
      one output thereof connected to a multifrequency generator 51 and a second
      output thereof connected to a strobe circuit 52. The multifrequency
      generator 51 has a plurality of drive circuits which provide six
      frequencies which may be a half octave apart and delivered over a
      plurality of independent lines 53 to a series of divider circuits
      designated generally by reference numeral 54. A second plurality of output
      lines 56 extend from the multifrequency generator 51 and are arranged for
      connection to other divider circuits for operation with other keys on the
      keyboard. It will be understood that the single circuit arrangement shown
      with regard to the strobe 52 and dividers 54 are duplicated for as many
      times as there are keys on the keyboard.
PAR  FIG. 1 illustrates the circuit arrangement for one key to produce the
      proper piano voice characteristic curve. The divider circuit 54 generates
      the fundamental frequency to be delivered to the gate device 41 while the
      second harmonic frequency is delivered to the gate device 40 and the
      fourth harmonic frequency is delivered to the gate device 39. By combining
      just the right amounts of each of the components of the harmonic
      frequencies at just the right time along the characteristic curve, FIG. 6,
      both the correct frequency spectrum and the correct attack, and decay
      characteristics are obtained. The audio-frequencies provided by the
      divider 54, which are increasing and decreasing in amplitude according to
      the characteristic voicing curve, are mixed together and applied to an
      integrating circuit 60 through a series connected resistor 61. The
      integrating circuit 60 comprises a charging capacitor 62 and a parallel
      connected resistor 63 which is of a predetermined resistance value. The
      time constant of the circuit is sufficiently high to allow audio signal
      information to be developed thereacross yet sufficiently low to allow
      shunting of extraneous high frequency strobing signals to ground
      potential. The audio signal so developed across the network 60 is applied
      to any suitable filter and audio amplifier circuit 64 and therefrom to an
      audio reproducing device such as a loudspeaker 66.
PAR  Referring now to FIG. 11 there is seen a plurality of square wave signals
      which include the fundamental and second and fourth harmonics to be added
      together to form the various audio signal components along various parts
      of the piano voice characteristic curve. While uniform amplitude and time
      duration are shown for purpose of explanation it will be understood that
      the components to be added may have in fact different amplitudes and time
      proportions than those shown. Square wave 75 illustrates the fundamental
      square wave frequency and is here illustrated as being of a time interval
      per half cycle designated by reference letter T. The amplitude of the
      fundamental square wave frequency is designated by reference letter A.
      This varies with peak of the envelope curve. The second harmonic is
      illustrated by the series of square waves 78, and it will be noted
      particularly that the time interval of this second harmonic is one-half T
      and the amplitude is one-half A at one particular level of the envelope
      curve. Also the fourth harmonic indicated by the series square wave
      signals 81 is illustrated as having a time per square wave of one-fourth T
      and an amplitude of one-fourth A. When these signals are properly gated
      through the various switching devices 39, 40, and 41 for mixing and adding
      thereof, they will produce the necessary audio-signals. For example,
      during the initial time of the attack characteristic from between t.sub.o
      and t.sub.1, of FIG. 6, only the fundamental frequency 75 will be applied
      to the network 60 at the input of the audio amplifier. However, during
      time interval t.sub.1 through t.sub.2 addition of the fundamental
      frequency 75 and the second harmonic 78 is accomplished and the sum signal
      frequency 71 is then applied to the network 60 at the input of the audio
      amplifier. Following this time interval the fourth harmonic 81 is now
      added to the second harmonic and the fundamental frequency so as to
      produce the stair-step signal configuration 72 during time interval
      t.sub.2 - t.sub.3.
PAR  Therefore, it will be understood that at a predetermined point along the
      voice characteristic curve of FIG. 6 an input amplitude of A of the
      fundamental frequency will produce a second harmonic amplitude of one half
      A and a fourth harmonic amplitude of one fourth A. At this same level the
      piano voice characters take a curve and input amplitude of one half A at
      the fundamental frequency will produce a second harmonic amplitude of zero
      and a fourth harmonic amplitude of zero. In like manner, an amplitude
      level of three-fourths A of the fundamental frequency will produce a
      second harmonic amplitude of one fourth A and a fourth harmonic amplitude
      of zero. It will be noted that the ratio between the fundamental frequency
      amplitude and the second harmonic amplitude is three to one rather than
      two to one when the amplitude level of the fundamental frequency is A as
      described above. This then will produce varying ratios of amplitude
      between the different steps of the stair-step wave shape of FIG. 3. With
      an amplitude level of five-fourths A of the fundamental frequency a second
      harmonic amplitude of three-fourths A is obtained while a fourth harmonic
      amplitude of two-fourths A is obtained. This then will provide a five to
      three ratio between the fundamental and second harmonic amplitude and a
      five to two ratio between the fundamental and the fourth harmonic
      amplitude.
PAR  Of particular interest is the increase in amplitude of the audio signal as
      a result of adding the fundamental and harmonic frequencies at the
      particular time intervals. Therefore, not only does the piano circuitry of
      this invention provide attack, peak, and decay characteristics using
      controlled charge and discharge of a capacitor, it also provides
      additional impetus to the characteristic curve by automatically increasing
      the amplitude of the audio signal in response to the addition of
      harmonics. It will be noted that the addition of the fundamental square
      wave 75 and the square wave harmonics 78 and 81 result in a descending
      stairstep wave shape, which may be filtered, to produce each audio cycle
      of the tone being generated.
PAR  For a better understanding of the filtering operation of the integrating
      circuit 60 reference is now made to FIGS. 2 and 3 which illustrate the
      nature of the audio signal components applied thereto for integration.
      FIG. 3 illustrates the series of audio frequency signals 70a, 70b, and 70c
      contained within the attack portion of the envelope which is indicated by
      the broken lines 71. The envelope 71 is shown having a substantially
      gradual slope for purposes of clarity, but it will be understood that the
      portion of the wave shape shown may correspond to the attack portion 14 of
      the curve shown in FIG. 6. When the reverse sequence of the audio signals
      is reversed, e.g. 70c, 70b, 70a, it will represent the decay portion 16 of
      the curve. Each audio cycle 71 and 72 within the characteristic curve is
      composed of a series of stairstep pulses which are combined together as a
      result of the gating devices 39, 40, and 41 and which are ultimately
      filtered in the integrating circuit 60. The combining of the harmonics is
      accomplished by synchronizing operation of the gating circuits 39, 40, and
      41 by turning on a strobe signal from the strobe circuit 52 at selected
      intervals along with signals from the divider circuit 54. While only a
      single wave shape of each of the pulses 71, 72, and 75 is shown, it will
      be understood that there may be a plurality of such pulses being generated
      during the advance of the attack portion of the characteristic curve. In
      the illustrated embodiment the output from each of the strobe lines can be
      one-third the frequency of the input so that substantially equal weighting
      of the signals can be obtained. It will be understood however, that other
      output intervals may be utilized, for example, one output line may have
      two, three, or more time interval pulses related thereto with respect to
      other outputs from the strobe.
PAR  For a better understanding of the divider and strobe signals applied to the
      gating elements 39, 40, and 41 reference is now made to FIGS. 8, 9, and 10
      which duplicate only the gate circuit portions and have illustrated input
      signal wave forms applied to their control electrodes. For example, the
      fundamental frequency applied to one of the control electrodes of the gate
      element 41 is illustrated by reference numeral 73 while a plurality of
      strobe signals 74 are applied to the other control electrode of the gating
      device. The ultimate output wave form is a combination of strobe and
      divider signals, respectively, and has substantially the form of a series
      of pulses indicated by the dotted wave form 75. The gate component 40, on
      the other hand, has the first harmonic signal 76 applied to one of its
      control electrodes while a strobe signal 77 is applied to the other
      control electrode. The combination of a second harmonic and the strobe
      signals will produce a series of pulses corresponding substantially to the
      dotted wave form 78. In like manner, the fourth harmonic 79 is applied to
      one control electrode of the gate device 39 while strobe signals 80 are
      applied to the other control electrode. This will produce a dotted
      waveform 81. All the signals ultimately are combined or added together at
      the output line 82, FIG. 1, and produce each of the audio-signals 70a,
      70b, and 70c, as illustrated in FIG. 3. Summing of each of the signals
      will produce the stair-step configuration 72 of FIG. 3, each of the audio
      signals.
PAR  Referring now to the FIG. 4 there is seen another novel circuit arrangement
      which can be used to obtain the desired attack, peak and decay piano voice
      characteristic curve required for utilization of the signals obtained from
      FIG. 1, and is designated generally by reference numeral 90 FIG. 4 can
      replace the circuit shown in FIG. 1. Here the circuit 90 has a piano
      acutated key member 91 selectively connected to a B+ terminal point 92 on
      actuation of the key. The key switch 91 is connected to a charging
      capacitor 93 and to a fixed resistance element 94. The circuit point 96
      has the cathode electrode of a diode 97 connected thereto while the anode
      electrode of the diode 97 is connected to an output line 98 through a
      series connected fixed resistance element 99. A second charging and
      discharging capacitor 100 is also connected to the output line 98 by means
      of a terminal point 101. The DC level of the voltage applied to the output
      line 98 is sensed at the collector electrode of a transistor 102 which, in
      turn, is connected to a series connected load resistor 103 by means of a
      terminal point 104. This circuit will function as a zener clamping circuit
      so that the DC resistance path from the output line 98 will change in
      response to changes in the DC level of the voice characteristic curve
      applied thereto. A voltage divider network comprising a pair of series
      connected resistors 106 and 107 have the intermediate terminal point 108
      thereof connected to the base electrode of a transistor 102 for placing
      operating bias on the transistor.
PAR  Capacitor 93 has the output end thereof connected to a diode 110 which
      functions as a discharge path for the capacitor when the voltage crossing
      capacitor is reversed. The circuit point connecting capacitor 93 with
      diode 110 is also connected to a series resistor 111, which, in turn, is
      connected to the base electrode of the transistor 112. The base electrode
      of transistor 112 also has a fixed value to resistor 113 connected
      thereto. Transistor 112 is rendered conductive as the result of operating
      voltage applied thereto from a terminal point 113 through a pair of series
      connected resistors 114 and 116. The circuit point 117 located between the
      resistors 114 and 116 is connected to the base electrode of the transistor
      118. Transistor 118 has the emitter collector current path therethrough
      connected between the voltage source terminal 113 to terminal point 101
      through a fixed value to series resistor 120. The resistance value of the
      resistor 120 may be in the order of about 100 ohms in the illustrated
      circuit.
PAR  In operation, the piano key switch 91 is closed and connected to the B+
      source applied to terminal point 92. This action will cause a positive
      voltage instantly to be sensed on both sides of the charging capacitor 93
      thereby rendering transistors 112 and 118 instantly conductive. This is
      accomplished as a result of operating bias current being applied to
      transistor 112 through resistor 111 to render the transistor conductive.
      Transistor 112 in turn causes bias current to pass through the emitter
      base junction of a transistor 118 to render it conductive.
PAR  Each time the transistor 118 is rendered conductive the voltage cross
      capacitor 100 rises in accordance with the time constant established by
      the relatively low value of resistor 120 and the capacitance value of the
      capacitor 100. This will result in a relatively rapid attack portion of
      the piano characteristic curve as best seen in FIG. 5. FIG. 5 shows the
      left hand leading edge 125 of a piano voice characteristic curve 126 as
      being substantially expodential is a characteristic yet being relatively
      rapid in rate as compared to the discharge or decay characteristic of the
      piano voice curve. The peak portion 127 of the curve 126 is obtained when
      capacitor 100 is at its fully charged state.
PAR  As mentioned above resistor 120 and capacitor 100 provide the RC time
      constant for the charge rate of the capacitor. However, the duration of
      time of the attack portion 125 of the curve 126 is determined by the time
      constant of capacitor 93 and series connected resistor 111. This time
      duration is indicated between the time intervals t.sub.1 and t.sub.2 of
      FIG. 5.
PAR  When capacitor 93 charges sufficient so that the voltage at the cathode
      electrode of diode 110 decreases and is not enough to hold transistors 112
      and 118 in their conductive state the transistors turn off and the voltage
      at terminal point 101 begins to decrease in accordance with the decay
      characteristic portion 128 of the curve 126. This decay characteristic
      curve will continue exponentially as long as the piano key switch 91 is in
      the closed position.
PAR  As a result of the bias turn-on voltage of the transistor 102 it functions
      substantially as a soft zener diode circuit. Therefore resistor 103 will
      provide one resistance value to terminal point 101 when transistor 102 is
      conductive and the total resistance values 103, 106 and 107 to terminal
      point 101 when transistor 102 is non-conductive. The ratio of the
      resistance values of resistors 106 and 107 multiplies the base voltage of
      transistor 102 to obtain a multiple of the base voltage at the collector
      electrode thereof to obtain the desired zener effect. Therefore selecting
      the proper resistance values will change the zener voltage.
PAR  When the voltage at terminal point 101 is greater than the selected zener
      voltage at terminal point 104 transistor 102 is rendered conductive and
      the decay slope portion of the characteristic curve obtained at output
      line 98 is determined by the time constant established by capacitor 100
      and resistor 103. As the voltage at terminal point 101 decreases and
      approaches the voltage value obtained at the terminall point 104
      transistor 102 will become less conductive ultimately to be rendered
      non-conductive and the decay curve obtained at the output line 98 will
      change as a result of the time constant established by capacitor 100 and
      resistors 103, 106 and 107. It will be noted that the resistance value of
      resistor 106 is selected to be relatively large as compared to the
      resistance value of resistors 103 and 107. This then provides a
      substantial difference in the resistance value applied to terminal point
      101 depending on whether or not the transistor 102 is conductive and
      provides means for applying operating bias voltage of the desired amount
      to the base electrode of transistor 102.
PAR  If during the decay characteristic portion 128 of the curve 126, FIG. 5,
      the key switch 91 is released and the decay is substantially shortened by
      the addition of a secondary decay path through resistor 99 and diode 97 to
      ground potential through a resistor 94. This rapid decay characteristic is
      illustrated by the curved portion 129 of the piano characteristic curve
      126 of FIG. 5. Furthermore it will be noted that this rapid decay on
      release of key switch 91 allows for a rapid open and closure operation of
      the key switch which is necessary or certain kinds of piano playing.
PAR  What has been described are simple and unique circuit arrangements for
      obtaining the necessary piano voice frequencies and piano voice
      characteristic curve to enable an electronic musical instrument to sound
      substantially the same as an actual piano. Accordingly, many variations
      and modifications of the disclosed invention may be made without parting
      from the spirit and scope of the novel concepts set forth in the following
      claims.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. An electronic musical instrument of the keyboard type comprising:
      electronic means for audibly producing a square wave fundamental frequency
      and at least one square wave harmonic frequency thereof in response to the
      actuation of a key on a keyboard, said electronic means including gate
      circuit means for providing amplitude control of said square wave
      fundamental and harmonic frequencies, and means responsive to said
      amplitude control of said electronic means for adding together said
      fundamental and harmonic frequencies at predetermined points in time along
      the zero, attack, peak, and decay of a characteristic piano voice curve.
NUM  2.
PAR  2. The electronic musical instrument according to claim 1, wherein adding
      of said harmonic with said fundamental frequency occurs at a predetermined
      amplitude of said piano voice characteristic curve, said adding being
      initiated at a time after initial actuation of the piano key and being
      maintained for a predetermined time interval and terminating at a time
      prior to the complete decay of said piano voice curve.
NUM  3.
PAR  3. The electronic musical instrument according to claim 1, wherein said
      electronic means produces two harmonic frequencies and wherein said gate
      circuit means provides amplitude control of said two harmonic frequencies
      at different amplitude levels of said characteristic piano voice curve.
NUM  4.
PAR  4. The electronic musical instruments according to claim 3, wherein said
      two harmonics are the second and fourth harmonics of said fundamental
      frequency, and when said fundamental frequency has an amplitude of A, said
      second harmonics will have an amplitude in the order of about one half A,
      and said fourth harmonic will have an amplitude in the order of about one
      fourth A.
NUM  5.
PAR  5. The electronic musical instruments according to claim 4, wherein
      electronic means including gate control means for adding together said
      square wave fundamental and said second harmonic frequencies in time
      sequence during a discrete attack portion and during a discrete decay
      portion of the piano voice curve and for adding together said fundamental
      and said second and fourth harmonic frequencies in time sequence during a
      discrete peak portion of said piano voice curve.
NUM  6.
PAR  6. The electronic musical instrument according to claim 5, wherein the
      addition of said second and fourth harmonics with said fundamental
      frequency will produce a descending stair-step wave shape.
NUM  7.
PAR  7. A method of processing electronically produced piano tone signals
      comprising the steps of generating a square wave fundamental frequency of
      the piano tone to be audibly produced, developing at least one square wave
      harmonic of said fundamental frequency, providing a gate signal having a
      zero, attack, peak, and decay characteristic of a piano voice curve,
      limiting the amplitude of said harmonic to a predetemined minimum value,
      adding said limited harmonic with said fundamental frequency at a selected
      point along the piano voice curve to produce a composite signal and
      controlling application of said composite signal to an audio-amplifier.
NUM  8.
PAR  8. The method according to claim 7 wherein the adding of said square wave
      fundamental frequency and said square wave harmonic frequency occurs in
      time sequence to form a descending stair-step wave shape of said composite
      signal.
NUM  9.
PAR  9. In an electronic musical instrument of the keyboard type the combination
      including: circuit means for producing a gate signal in response to the
      actuation of an associated key of a keyboard, said gate signal having a
      wave shape determined by said circuit means and which wave shape
      corresponds to the zero, attack, peak, and decay characteristic of a piano
      voice curve, audio signal generator means for producing fundamental square
      wave frequency and at least one square wave harmonic of said fundamental
      square wave frequency, audio amplifier means for receiving said
      fundamental and said second harmonic signal, gate circuit means coupled
      between said audio signal generator means and said audio amplifier means
      and responsive to said gate signal when a key is depressed to allow said
      fundamental square wave frequency and said at least one square wave
      harmonic to pass from said audio-signal generator means to said
      audio-amplifier means, and means coupled to said gate circuit means to
      provide amplitude control of said square wave harmonic when added with
      said fundamental square wave frequency, said amplitude control taking
      effect at predetermined points along said piano voice characteristic
      curve.
NUM  10.
PAR  10. The electronic musical instrument according to claim 9, wherein said
      means coupled to said gate circuit means controls the amplitude at which
      said square wave harmonic is added to said fundamental square wave
      frequency.
NUM  11.
PAR  11. The electronic musical instrument according to claim 9, wherein said
      means coupled to said gate circuit means includes voltage regulator means
      having first and second predetermined minimum voltage values which must be
      exceeded to allow passage therethrough of said gate signal, said first
      limiting means being connected to circuit means controlling a first square
      wave harmonic of said fundamental square wave frequency and said second
      limiting means being connected to means for controlling a second square
      wave harmonic of said fundamental frequency, whereby adding of said
      fundamental square wave frequency and said square wave harmonics occurs at
      voltage values above a predetermined minimum value.
NUM  12.
PAR  12. The electronic musical instrument according to claim 11, wherein said
      first and second limiting means allows passage of said first and second
      harmonics at different voltage values.
NUM  13.
PAR  13. The electronic musical instrument according to claim 11 wherein said
      first square wave harmonic is the second harmonic of said fundamental
      frequency and said second square wave harmonic is the fourth harmonic of
      said fundamental frequency.
NUM  14.
PAR  14. In an electronic musical instrument of the keyboard type the
      combination including: a piano key switch having first and second spaced
      apart switch terminals, said first switch terminal being connected to a
      voltage source and in contact with a movable contractor of the piano key
      switch when in an unactuated position, a first charging circuit means
      connected to said movable contactor for receiving a charge from said
      voltage source, a second charging circuit coupled to said second switch
      terminal for receiving charge from said first charging circuit when said
      piano key switch moves from said first terminal to said second terminal,
      gate circuit means coupled to said second charging circuit for providing
      gate signals in response to the amplitude of the voltage applied thereto
      from said second charging circuit connected to said first charging circuit
      means for discharging the same at a predetermined rate when said movable
      contactor is disengaged from said first switch terminals, said first
      charging circuit means transferring its charge to said second charging
      circuit means when said movable contactor engages said second switch
      terminal, and the amplitude of charge applied to said second charging
      circuit means will correspond to the amplitude of charge then remaining on
      said first charging circuit means at the moment of contact between said
      movable contactor and said second switch terminal to produce an audio
      output signal having an amplitude corresponding to the speed at which said
      movable contactor is actuated.
NUM  15.
PAR  15. In the electronic musical instrument as set forth in claim 14, wherein
      said first and second charging circuits each comprise parallel connected
      resistor and capacitor elements, said second charging circuit further
      including a series connected diode between said capacitor and resistance
      elements and said second switch terminal.
NUM  16.
PAR  16. In the electronic musical instrument as set forth in claim 14, further
      including field effect transistors operative at different amplitude levels
      and operatively connected to said gate circuit means for controlling
      different harmonic frequencies of the fundamental frequency then being
      produced in response to the output amplitude of said second charging
      circuit means.
NUM  17.
PAR  17. In the electronic musical instrument as set forth in claim 14, wherein
      said second charging circuit means receives the voltage from said movable
      contactor through transistor means and charges at a rate corresponding to
      the attack characteristic portion of a piano voice characteristic curve,
      said second charging circuit means discharging through a first resistance
      path of a first resistance value during a first time interval of the decay
      portion of said piano voice characteristic curve and through a second
      resistance path which has a resistance value greater than said first
      resistance during an immediate subsequent time interval of the decay
      portion of the piano voice characteristic curve.
NUM  18.
PAR  18. In the electronic musical instrument according to claim 17, further
      including a third discharge circuit means connected to said second
      capacitor, said third discharge path being responsive to the opening of
      said movable contactor and said second terminal to completely discharge
      said second capacitor.
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PAL  A double touch key for use with musical instruments and the like wherein a
      key lever is selectively supported on a plurality of pivots and is
      automatically transferred from one pivot to another as a function of the
      amount of depression of the key so as to provide a double touch action. A
      spring may be utilized to control the action of the key in each of the
      different pivotal modes. A difference in the feel of the key is
      automatically effected by the transfer of the pivot point.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to musical instrument keys and in particular to
      double touch keys.
PAR  2. Description of the Prior Art
PAR  In U.S. Pat. No. 3,175,451 of Paul A. Klann, a double touch key for a
      musical instrument is disclosed wherein the key lever pivots about a
      preselected pivot. The key lever may be pivoted beyond a first stop
      position against the action of a spring to make electrical contacts
      actuated thereby.
PAR  In U.S. Pat. No. 3,845,683 of Alfred H. Lehmann, a double touch key is
      disclosed wherein movement of the key is limited by engagement with a
      flexible stop permitting continued movement beyond the initial stop
      position to permit additional electrical contacts to be made for providing
      additional functions in the instrument. The key is pivoted on a single
      pivot means.
PAR  Lyle B. Muzzall, Jr., in U.S. Pat. No. 3,196,707, discloses a switch
      actuating mechanism utilizing a pivotal operator wherein the pivot point
      may be shifted by suitable control means.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved double touch key structure
      wherein a key lever for use in musical instruments and the like is
      pivotally mounted with respect to a plurality of pivot means whereby the
      key is firstly pivoted about a first of the pivot means until it reaches a
      first preselected position and is then pivoted about a second of the pivot
      means upon further depression of the key beyond the first preselected
      position.
PAR  The invention comprehends the provision of two or more such sequentially
      related pivot supports to provide two or more different touches wherein
      each of the sequential steps provides a different feel to the user. In the
      illustrated embodiment, the different feel is obtained by utilization of
      different moment arms as a result of the different positions of the pivot
      means relative to the operating portion of the key to be engaged by the
      user's fingers.
PAR  A definite change in the pivoting force required occurs at the transfer
      between the successive pivot arrangements so as to provide a detent-type
      feel.
PAR  A single spring may be utilized for biasing the key to a rest position
      which spring is operative over the entire pivotal range of the key.
PAR  As a substantial change in the moment arm occurs at the transfer point,
      high tolerances in the arrangement of contacts and the like to be actuated
      by the key is permitted. As the key structure is extremely simple and
      economical of construction and the use thereof permits simplified and
      economical switching means in association therewith, the invention
      provides a substantial improvement in musical instruments such as
      electronic organs and the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a fragmentary plan view of a keyboard having key structures
      embodying the invention;
PAR  FIG. 2 is a fragmentary plan view illustrating a single key structure
      thereof;
PAR  FIG. 3 is a vertical section taken substantially along the line 3--3 of
      FIG. 2, with the key in a rest position;
PAR  FIG. 4 is a vertical section similar to that of FIG. 3 but with the key in
      a first preselected depressed position; and
PAR  FIG. 5 is a vertical section similar to that of FIG. 3 but with the key in
      a second preselected fully depressed position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing, a
      key structure generally designated 10 is shown for use in a musical
      instrument keyboard generally designated 11, such as the keyboard of an
      electronic organ or the like. The key structure of the present invention
      is adapted to provide a plurality of successive different touches and in
      the illustrated embodiment, provides a double touch action wherein the key
      may be selectively repositioned from a rest position, as shown in FIG. 3,
      to a first preselected depressed position, as shown in FIG. 4, and a
      second preselected depressed position, as shown in FIG. 5, with a
      difference in the feel of the key being effected relative to the
      depression from the rest to the first preselected position and the further
      depression from the first depressed to the second depressed position.
PAR  More specifically, as shown in FIG. 3, key structure 10 may be carried on a
      suitable frame 12 of the keyboard for operation of electrical switch means
      generally designated 13 including first contacts 13a, second contacts 13b
      and third contacts 13c.
PAR  Key structure 10 includes a lever key 14 defining a first end 15, a second,
      opposite end 16, and an intermediate portion 17. First end 15 defines the
      operating portion of the key adapted to be depressed by the user in the
      playing of the musical instrument. The opposite end 16, herein comprising
      the rear end of the key, carries suitable moving contacts of the switches
      13a', 13b' and 13c' for selective engagement with the fixed contacts
      thereof 13a", 13b" and 13c".
PAR  Key 10 is pivotally mounted to frame 12 by a first pivot means 18 engaging
      the intermediate portion 17 at a first pivot portion 19. Pivot means 18
      herein comprises a flat support 20 which may be secured to the frame by
      suitable means such as screw 21 to upstand therefrom. At its upper end,
      the pivot support defines an upwardly facing pivot shoulder 22 and a small
      projection 23 extending upwardly from shoulder 22 and through an aperture
      24 in the key.
PAR  Thus, key portion 19 is pivotally supported on shoulder 22 to swing in a
      counterclockwise direction as a result of a depression of key end 15 by
      the user. The key is biased to the rest position of FIG. 3 by suitable
      spring means, herein illustratively comprising a coil spring 25 connected
      to a portion 26 of the key rearwardly of pivot portion 19 and to a struck
      tab 27 on the pivot support 20. The key is limited in the clockwise
      movement thereof urged by spring 25 by a stop 28 carried on a bracket 29
      secured to frame 12 by suitable means, such as screw 30, and positioned to
      be engaged in the rest position by a shoulder element 31 secured to the
      key such as by a screw 32.
PAR  The extension of projection 23 through aperture 24 prevents longitudinal
      displacement of the key during the pivoting thereof on shoulder 22. When
      the key is depressed to the first preselected position of FIG. 4, a second
      portion 33 of the key intermediate portion 17 engages a second pivot means
      generally designated 34 comprising a pivot bracket 35 secured to the frame
      12 as by screw 36. The pivot bracket may be provided with a resilient cap
      37 for engagement by the key portion 33 for smooth transfer of the
      pivoting action from pivot means 18 to pivot means 34 as the result of a
      further depression of the key portion 15 downwardly to the second position
      of FIG. 5.
PAR  The transfer of the pivoting action from pivot means 18 to pivot means 34
      effects a sudden change in the moment arm between the operating portion
      defined by the key end 15 and the respective pivot points. Thus, pivoting
      of the key about pivot means 18 may be effected with a relatively light
      touch as a result of the relatively large moment arm. A substantially
      heavier touch is required to effect the pivoting beyond the first
      preselected position of FIG. 4 as a result of the shorter moment arm
      between pivot means 34 and the operating end portion 15 in moving from the
      first preselected position of FIG. 4 to the second preselected position of
      FIG. 5. As further shown in FIG. 5, depression of key portion 15 is
      limited by the engagement of stop 28 with a wall portion 38 of the key to
      provide a positive limit to the depression.
PAR  Spring 25 functions to bias the key back to the rest position during the
      pivoting of the key about either of the pivot means 18 or 34 and
      cooperates with the shortened moment arm defined by pivot 34 to provide
      the increased touch requirement. As the change in the moment arm action is
      abrupt, the effect thereof is similar to that of a detent action,
      permitting facilitated double touch operation by the user.
PAR  In pivoting about pivot 34, the key is restrained against longitudinal
      displacement by projection 23, as illustrated in FIGS. 4 and 5.
PAR  Any suitable switching arrangement may be provided to be actuated by the
      key depression. In the illustrated embodiment, switches 13a and 13c are
      closed when the switch is brought to the first preselected position of
      FIG. 4, and switch 13b is additionally closed when the key is brought to
      the second position of FIG. 5. Switch means 13 may comprise a portion of a
      conventional printed circuit board.
PAR  Stop 28 may be provided with a resilient cap 39. Each of caps 37 and 39
      illustratively may be formed of rubber and prevent noisy operation of the
      key structure.
PAR  The detentlike action of key structure 10 provides an improved feel for
      facilitated playing of a musical instrument by a musician. The use of the
      single spring 25 provides low cost and simplified construction while yet
      the novel pivot transfer structure provides a positive shifting of the
      fulcrum point and touch action in a double touch arrangement. As the pivot
      means 34 may be added to a conventional key construction utilizing a
      single pivot means 18, the present structure is adapted for facilitated
      modification of existing conventional musical instrument keyboards to
      provide an improved double touch action therein.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. Key structure for use with musical instruments and the like comprising:
PA1  a lever defining a key having opposite first and second ends and an
      intermediate portion;
PA1  first pivot means pivotally supporting said key at a first operating
      portion of said intermediate portion; and
PA1  second pivot means pivotally supporting said key at a second portion of
      said intermediate portion, said key being pivotally supported by said
      first pivot means when said first end is depressed from a rest position to
      a first preselected depressed position and being pivotally supported by
      said second pivot means when said first end is depressed beyond said first
      preselected position.
NUM  2.
PAR  2. The key structure of claim 1 wherein said second portion of said key
      intermediate portion is between said first portion thereof and said first
      end.
NUM  3.
PAR  3. The key structure of claim 1 wherein means are provided for biasing said
      key to said rest position.
NUM  4.
PAR  4. The key structure of claim 1 wherein a spring means is connected between
      said first pivot means and said key for biasing said key to said rest
      position.
NUM  5.
PAR  5. The key structure of claim 1 wherein said second pivot means is disposed
      below the level of said first pivot means.
NUM  6.
PAR  6. The key structure of claim 1 wherein switch means are carried by said
      second end of said key for selective operation as an incident of pivoting
      of said key to and beyond said first preselected position.
NUM  7.
PAR  7. The key structure of claim 1 wherein means are provided for limiting the
      pivoting of said key about said second pivot means to a second preselected
      position.
NUM  8.
PAR  8. Key structure for use with musical instruments and the like comprising:
PA1  a lever defining a key having opposite first and second ends and an
      intermediate portion;
PA1  first pivot means pivotally supporting said key at a first, operating
      portion of said intermediate portion;
PA1  second pivot means pivotally supporting said key at a second portion of
      said intermediate portion, said key being pivotally supported by said
      first pivot means when said first end is depressed from a rest position to
      a first preselected depressed position and being pivotally supported by
      said second pivot means when said first end is depressed beyond said first
      preselected position; and
PA1  means for preventing longitudinal displacement of said key.
NUM  9.
PAR  9. The key structure of claim 8 wherein said displacement preventing means
      comprises shoulder means carried by said first pivot means and cooperating
      shoulder means on said key.
NUM  10.
PAR  10. The key structure of claim 8 wherein said displacement preventing means
      comprises an aperture in said key and projection means carried by said
      first pivot means and extending into said aperture.
NUM  11.
PAR  11. The key structure of claim 8 wherein said displacement preventing means
      comprises an aperture in said key and projection means carried by said
      first pivot means and extending through said aperture.
NUM  12.
PAR  12. The key structure of claim 8 wherein said second pivot means comprises
      an upstanding pivot element disposed to be engaged by said second portion
      of the key intermediate portion when the key is at said first preselected
      depressed position.
NUM  13.
PAR  13. The key structure of claim 8 wherein spring means are provided for
      maintaining said key in operative association with said displacement
      preventing means.
NUM  14.
PAR  14. The key structure of claim 8 wherein spring means are provided for
      maintaining said key in operative association with said displacement
      preventing means and biasing said key to said rest position.
NUM  15.
PAR  15. The key structure of claim 8 wherein spring means are provided for
      maintaining said key in operative association with said displacement
      preventing means, said spring means being connected to said first pivot
      means.
NUM  16.
PAR  16. Key structure for use with musical instruments and the like comprising:
PA1  a lever defining a key having an operating portion;
PA1  first pivot means pivotally supporting said key at a first portion thereof;
      and
PA1  second pivot means pivotally supporting said key at a second portion
      thereof, said key being pivotally supported by said first pivot means when
      said operating portion of the key is depressed from a rest position to a
      first preselected depressed position and being pivotally supported by said
      second pivot means when said operating portion is depressed beyond said
      first preselected position.
NUM  17.
PAR  17. The key structure of claim 16 wherein means are provided for
      constraining the key against transverse displacement relative to said
      pivot means.
NUM  18.
PAR  18. The key structure of claim 16 wherein a single resilient means is
      provided for biasing the key to said rest position from all depressed
      positions thereof.
NUM  19.
PAR  19. The key structure of claim 16 wherein electrical control means are
      provided in association with said key for selective operation as a
      function of the amount of depression of said key.
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ABST
PAL  A thread swaging screw of polygonal cross-section having a number of turns
      on a straight shank portion and at least one sizing turn between the shank
      portion and the tapered work entering end portion of the screw. The sizing
      turn inwardly of the pitch radii has the same cross-section and flank
      angle as the turns on the shank portion and the sizing turn in a region
      outwardly of the pitch radii has a flank angle slightly less than the
      flank angle o f the turns in the shank portion and crest radii at the
      lobes which are greater than the crest radii at the lobes of the shank
      turn to compensate for the contraction of the dedendum portion of the
      internal threads swaged in the workpiece. A method of forming the screw is
      disclosed in which the threads are rolled on the straight blank of
      polygonal cross-section utilizing contoured thread rolling dies for
      rolling a tapered thread on the work entering end portion of the screw and
      with one or more thread grooves of the dies modified in the region
      adjacent the ooutlet end of the dies to form a sizing turn on the screw
      intermediate the work entering portion and the main shank portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has heretofore been proposed, for example as shown in U.S. Pat. Nos.
      2,352,982 and 3,195,156, to form self-tapping screws having a polygonal
      cross-section throughout the length of the externally threaded shank so
      that the turns of the thread have circumferentially spaced lobes and
      intermediate sides that are radially relieved relative to the lobes such
      that the lobes form an internal thread in an opening in a workpiece by a
      swaging action, as contrasted to a cutting action. The lobular
      cross-sectional configuration of the screw having intermediate radially
      relieved sides provides space for the material of the workpiece to flow
      both circumferentially and axially during swaging of the internal threads
      in the workpiece, and the intermediate radially relieved sides reduce the
      area of frictional contact between the screw threads and the workpiece so
      as to generally reduce the driving torque required to drive the screw into
      the workpiece. When screws made in accordance with the above patents are
      driven into a hole in a relatively thin strap or strip of material, the
      driving torque reaches a maximum after the screw has advanced into the
      workpiece to substantially fully form the thread in the hole and then
      drops off somewhat. However, the torque required to continue advance of
      the screw through the hole remains relatively high. There are applications
      where it is very desirable to provide a screw having a very low run-in
      torque or prevailing torque, and it is desirable that this low run-in
      torque be reached within the first or second revolution after maximum
      driving torque or as close to the point end of the screw as possible. A
      typical example of such an application is an electrical terminal screw.
      The electrical terminal screw requires a thread forming screw with low
      run-in torque that does not generate chips since the presence of metallic
      chips would adversely affect most electrical equipment. Moreover, a low
      prevailing torque is desired so that the limited torque available for
      tightening the screw can be advantageously used to provide increased
      clamping force instead of merely overcoming resistance to turning of the
      screw in the workpiece.
PAR  When screws made in accordance with the aforementioned patents are driven
      into a long or blind hole such as in a casting, the driving torque first
      builds up rapidly as the screw swages the initial threads adjacent the
      inlet of the hole, and the driving torque continues to build up because
      the work entering end of the screw continues to swage a thread in the hole
      while the shank portion of the screw has a progressively increasing number
      of threads in frictional contact with the internal threads swaged by the
      work entering end of the screw. The continued build-up in driving torque
      is undesirable not only when manually driving the screws, but also when
      using clutch controlled power drivers. Such power drivers must be set
      sufficiently high to overcome the maximum driving torque of the screw and
      yet sufficiently low to prevent stripping or breading of the screw. It is
      accordingly desirable to maintain the maximum driving torque required for
      fully driving the screw into the workpiece as low and as uniform as
      possible to avoid the necessity of critical setting of the clutches on the
      power drivers.
PAC  SUMMARY OF THE INVENTION
PAR  When a thread swaging screw is tapped into a hole in a workpiece the
      addendum portion of the external thread lobes on the screw are forced into
      the material of the workpiece to form grooves that define the dedendum
      portions of the internal threads in the workpiece, and, simultaneously,
      material in the workpiece is forced into the root portions of the thread
      grooves on the screw to form the addendum portions of the internal threads
      in the workpiece. While the lobular thread swaging screw does cause
      permanent deformation of the workpiece during swaging of the internal
      threads therein, the workpieces of metal or plastic are elastic within
      limits determined by the material of the workpiece and the material of the
      workpiece will within its elastic limits tend to spring back or return a
      slight amount toward its initial condition, when the forming pressure is
      relieved. It is theorized that this produces somewhat different effects on
      the dedendum and addendum portions of the internal threads in the
      workpiece as follows. The dedendum portion of the internal threads, which
      are formed by forcing the material of the workpiece radially and axially
      outwardly of the hole in the workpiece will tend to return and radially
      and axially contract the root portion of the internal thread groove in the
      workpiece a slight amount, when the thread forming pressure is relieved.
      However, the addendum portion of the internal threads which are formed by
      displacing the material of the workpiece radially and axially inwardly of
      the hole in the workpiece, will tend to return outwardly a slight amount
      when thread forming pressure is relieved. It is believed that the above
      described tendency of the root portion of the internal thread grooves in
      the workpiece to radially and axially contract, causes a high pressure
      frictional engagement between the workpiece and addendum portions of the
      screw threads or prior lobular thread swaging screws, and that this
      increases the torque required to tap the screw into a workpiece.
PAR  It is an object of this invention to provide a lobular thread swaging screw
      that at least substantially reduces the frictional engagement between the
      workpiece and the addendum portions of the screw threads, without
      adversely affecting the fit between the internal threads in the workpiece
      and the dedendum portions of the screw threads.
PAR  Accordingly, the present invention provides a thread swaging screw of
      polygonal cross-section having a tapered work entering end portion and a
      sizing portion and an elongated straight shank portion arranged in that
      order beginning at the free end of the shank with the shank and sizing
      turns having a constant pitch and a uniform maximum root and pitch radii
      vectores at the lobes and a uniform minimum root and pitch radii vectores
      at the sides and the same flank angle inwardly of the pitch radii
      vectores, the shank turns outwardly of the pitch radii vectores having the
      same flank angle as the shank turns inwardly of the radii vectores, the
      sizing turn in a region outwardly of the pitch radii vectores having a
      flank angle slightly less than the flank angle of the shank turns and
      maximum crest radii vectores at the lobes slightly greater than the
      maximum crest radii vectores of the shank turns. The sizing turn
      accordingly has an addendum portion that is radially and axially enlarged
      in relation to the addendum portion of the shank turns to at least
      partially conpensate for the contraction of the root portions of the
      internal thread grooves swaged in a workpiece when the sizing turn passes
      out of the internal thread turns.
PAR  The thread swaging screw formed in accordance with the present invention
      requires only moderate torque to start tapping a hole in a workpiece; has
      relatively low run-in torque when the screw is tapped into a short hole in
      a thin plate; has a moderate and generally uniform driving torque
      approximating its starting torque when tapped into a long or blind hole of
      generally uniform size, has high holding power in the workpiece; is easy
      to start in a hole without requiring high axial starting power; reduces
      bell-mouthing of the hole caused by stripping of threads in the workpiece
      during starting of the screw in the hole, and can be economically and
      reliably formed.
PAR  The invention also provides a process for producing the screw which
      comprises rolling a shank of polygonal cross-section on a centerless basis
      between contoured thread rolling dies having a portion of one or more
      thread grooves in the dies modified only beyond the pitch line to increase
      the depth of the groove and decrease the flank angle.
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PAR  These, together with other features and advantages of the present invention
      will become apparent from the following description when taken in
      connection with the accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of a screw embodying the present
      invention;
PAR  FIG. 2 is an end elevational view taken on the plane 2--2 of FIG. 1;
PAR  FIG. 3 is a schematic cross-sectional view through the shank portion of the
      screw showing the transverse crest and root configurations in solid lines
      and the pitch line configuration in broken lines;
PAR  FIG. 4 is a schematic cross-sectional view through the sizing portion of
      the screw showing the transverse root, pitch and crest configurations;
PAR  FIG. 5 is a fragmentary longitudinal sectional view through the work
      entering end portion, sizing turn and a portion of the shank of the screw
      on a larger scale than FIG. 1;
PAR  FIG. 6 is a fragmentary longitudinal sectional view illustrating the tip
      portion of the screw threaded into a workpiece;
PAR  FIG. 7 is a fragmentary longitudinal sectional view on a larger scale than
      FIG. 6 and illustrating the sizing turn and a portion of the work entering
      and shank turns;
PAR  FIG. 8 is a side elevational view of a blank of polygonal cross-section
      utilized in forming the screw of the present invention;
PAR  FIG. 9 is an end elevational view of the blank of FIG. 8;
PAR  FIG. 10 is a diagrammatic view illustrating roll threading of the blank;
PAR  FIG. 11 is a fragmentary plan view of one of the pair of thread rolling
      dies utilized in forming the blank; and
PAR  FIG. 12 is an end elevational view through the thread rolling blank of FIG.
      11.
DETD
PAR  The thread swaging screw of the present invention has a polygonal
      cross-section and the terms such as pitch diameter, crest diameter and
      root diameter commonly used in describing the threads on screws of
      circular cross-section are not accurately descriptive of the threads on a
      screw of polygonal cross-section since the transverse dimension of the
      screw varies circumferentially of the screw. Accordingly, in this
      application, the following definitions shall be applicable:
PAR  Pitch Radius vector: On a straight thread, the pitch radius vector is the
      radial distance between the longitudinal centerline of the screw and the
      surface of a coaxial cylinder that would pass through the thread profiles
      at such points as to make the width of the groove equal to one-half the
      basic pitch. On a taper thread, the pitch radius vector at a given
      position on the thread is the radial distance between the longitudinal
      centerline of the screw and a cone, the surface of which would pass
      through the thread profiles at such points as to make the width of the
      groove equal to one-half the basic pitch.
PAR  Root Radius vector: The radial distance between the longitudinal centerline
      of the screw and the root of the thread at that point.
PAR  Crest Radius vector: The radial distance between the longitudinal
      centerline of the screw and the crest of the external thread on the screw
      at that point.
PAR  Lead Pitch: The distance measured parallel to the axis of the thread
      between corresponding points on adjacent thread forms in the same plane
      and on the same side of the axis.
PAR  Included Angle: The angle between the flanks of a thread measured in an
      axial plane.
PAR  The dedendum portion of the thread refers to the portion of the thread
      profile between the pitch radius vector and the root of the thread. The
      addendum portion of the thread refers to the portion of the thread profile
      between the pitch radius vector and the crest of the thread.
PAR  Reference is now made more specifically to the accompanying drawings
      wherein there is illustrated a thread swaging screw constructed in
      accordance with the present invention and including an elongated shank 10
      having a driving head 11 at one end. The shank 10 has a tapered work
      entering end portion a, a sizing portion b and an elongated straight shank
      portion c arranged in that order beginning at the free end of the shank.
      The shank has continuous external rolled thread extending therealong
      including a number of shank turns 12c on the straight shank portion; at
      least one sizing turn 12b on the sizing portion, and one or more work
      entering turns 12a on the tapered work entering end portion. The shank has
      a polygonal cross-section having an odd number of lobes and sides and,
      preferably, the shank has a pentagonal cross-section as best shown in
      FIGS. 2 and 3. The turns of the helical thread each have an odd number of
      circumferentially spaced lobes L and intermediate sides S with the root,
      pitch and crest radii vectores of the turns varying circumferentially of
      the shank from a maximum root, pitch and crest radii vectores respectively
      designated LR, LP and LC at the lobes L to a minimum root, pitch and crest
      radii vectores at the sides, respectively designated Sr, SP and SC.
PAR  Further, the radius of curvature of the thread flanks varies
      circumferentially of the shank from a minimum radius of curvature at the
      lobes to a maximum radius of curvature at the sides of the shanks.
PAR  As best shown in FIG. 3, the maximum root, pitch and crest radii vectores
      at the lobes designated LR, LP and LC respectively are greater than the
      minimum root, pitch and crest radii vectores at the sides, respectively
      designated SR, SP and SC so that the sides of the screw provide radially
      relieved sectors intermediate the lobes L. Further, the radius of
      curvature of the thread flanks at the lobes L, at each point from the root
      to the crest thereof, is less than the radial distance of that point from
      the longitudinal centerline X of the screw, and the radius of curvature of
      the thread flanks increases to maximum at the midpoints of the sides S
      where the radius of curvature of the thread flanks at each point from the
      root to the crest is greater than the radial spacing of that point from
      the longitudinal centerline X of the screw.
PAR  The helical thread is formed with a constant lead pitch along the shank
      portions so that the shank turns 12c, lead turn 12b and work entering
      turns 12a have the same pitch along the shank. The shank turns 12c are
      preferably of a standard thread form or profile and in the embodiment
      illustrated are of the shape of a V-type, it being understood that the
      thread profiles can be of the modified V-type with flat or rounded crests
      and flat or rounded roots. The shank turns 12c form a straight thread in
      which each shank turn has the same maximum root radii vectores LR, pitch
      radii vectores LP and crest radii LC at the lobes and each shank turns
      similarly has the same minimum root radii vectores SR, minimum pitch radii
      SP and crest radii vectores SC at the sides, and each shank turn has the
      same included angle designated Fa between the flanks of the threads, which
      included angle is the same both inwardly and outwardly of the pitch radii
      vectors. For reasons discussed more fully hereinafter, the sizing turn or
      turns 12b inwardly of the pitch radii vectores is formed with the same
      size and shape as the shank turns 12c inwardly of the pitch radii
      vectores, but the sizing turn outwardly of the pitch radii vectores is
      formed with a slightly higher maximum crest radii vectores and a slightly
      smaller included angle Fa' between the flanks of the sizing turn. Stated
      otherwise, the maximum root radius vector LR' and the maximum pitch radius
      vector LP' of the sizing turn is the same as the maximum root radius
      vector LR and maximum pitch radius LP respectively of the shank turns and,
      similarly, the minimum root radius vector SR' and the minimum pitch radius
      vector SP' at the sides of the sizing turn are the same as the minimum
      root radius vector SR and minimum pitch radius SP of the shank turns, and
      the included angle Fa' between the flanks of the sizing turn, inwardly of
      the pitch radii vectores, is made the same as the included angle between
      the flanks of the shank turns. However, the sizing turn has a maximum and
      minimum crest radii vectores LC', SC', which are respectively slightly
      greater than the maximum and minimum crest radii vectores of the shank
      turns, and the included angle designated Fa" between the flanks of the
      sizing turn, in a region outwardly of the pitch radii vectores, is made
      slightly less than the flank angle Fa' inwardly of the pitch radii
      vectores of the sizing turn and similarly slightly less than the flank
      angle Fa of the shank turns. In the preferred embodiment illustrated the
      crests of the sizing turn and the shank turns are fully finished at the
      lobes. In the embodiment illustrated, the thread form of the shank turns
      has an included angle Fa of approximately 60.degree. and the sizing turn
      similarly has the same 60.degree. included angle in the portion of the
      sizing turn inwardly of the pitch radii. However, the sizing turn 12b
      outwardly of the pitch radii vectores has an included angle slightly less
      than 60.degree. for example about 56.degree. and a maximum crest radii
      vectores LC' at the lobes which is slightly greater, for example of the
      order of .001 inches, than the maximum crest radii vectores LC at the
      lobes of the shank turns 12c.
PAR  The work entering portion a of the screw is tapered at least at the crest
      of the threads to a size sufficiently small to enter the hole H in the
      workpiece W to be tapped. The radius of the hole in the workpiece to be
      tapped is made slightly larger than the maximum pitch radii vectores LR of
      the screw to allow space for the material of the workpiece to flow
      inwardly into the dedendum portions of the threads in the screw, and the
      crest of the turns 12a on the work entering portion are tapered inwardly
      to a radius smaller than the radius of the hole H in the workpiece. The
      work entering turns 12a are preferably formed with crests at least as
      sharp as the crests on the shank turns and the crest radii vectores and
      pitch radii of the work entering turns progressively decreases in a
      direction from the sizing turn 12b toward the tip of the screw. In the
      embodiment illustrated, the root radii vectores of the work entering turns
      is constant and substantially equal to the root radii vectores of the
      sizing and shank turns. It is to be understood, however, that the root
      radii vectores of the work entering turns can progressively decrease in a
      direction from the sizing turn toward the tp of the screw. As previously
      discussed, the work entering turns have the same lead pitch along the
      screw as the shank turns and the included angle between the flanks of the
      work entering turns is preferably the same as the included angle between
      the flanks of the shank turns. The work entering end portion also has a
      polygonal cross-section so that the work entering turns 12a have
      circumferentially spaced lobes and intermediate arcuate sides with the
      maximum crest radii vectores and maximum pitch radii at the lobes of the
      work entering turns progressively decreasing in a direction toward the tip
      of the screw and with the minimum crest radii vectores and minimum pitch
      radii at the sides of the work entering turns 12a also progressively
      decreasing and being smaller at each cross-section along the screw than
      the corresponding radial dimension at the lobes.
PAR  FIGS. 6 and 7 are fragmentary sectional views illustrating use of the screw
      10 of the present invention to tap a hole H in a workpiece W. As
      previously described, the hole H in the workpiece has a radius slightly
      larger than the maximum pitch radius LP of the screw and the crests of the
      work entering turns 12a taper inwardly to a maximum crest radius vector no
      larger than the radius of the hole so that at least a portion of the
      initial work entering turn can extend into the untapped hole to start the
      screw. As the screw is turned in the untapped hole, the addendum portions
      of the work entering turns 12a are forced outwardly into the material of
      the workpiece W and form grooves in the workpiece that define the dedendum
      portions of the internal threads in the workpiece and, simultaneously,
      material in the workpiece is forced inwardly toward the root portions of
      the thread grooves in the screw to form the addendum portions of the
      internal threads in the workpiece. Since the pitch and crest radii
      vectores of the work entering turns 12a progressively increase in a
      direction toward the sizing turn, the lobes on the work entering turns are
      progressively forced deeper into the material of the body and force a
      greater portion of material inwardly toward the roots of the thread
      grooves in the screw as shown in FIG. 6.
PAR  While the lobular thread swaging screw does cause permanent deformation of
      the workpiece during swaging of the internal threads therein, workpieces,
      whether of metal or plastic, are elastic within limits determined by the
      material of the workpiece and the material of the workpiece will, within
      its elastic limits, tend to spring back or return a slight amount toward
      its initial condition, when the forming pressure is relieved. It is
      theorized that this produces somewhat different effects on the dedendum
      and addendum portions of the internal threads in the workpiece as follows.
      The dedendum portions of the workpiece, which are formed by forcing the
      material of the workpiece radially and axially outwardly of the hole in
      the workpiece, will tend to return and radially and axially contract the
      root portion of the internal thread groove in the workpiece a slight
      amount, when the thread forming pressure is relieved. However, the
      addendum portions of the internal threads are formed by displacing the
      material of the workpiece radially and axially inwardly of the hole in the
      workpiece, and the inward flow of material of the workpiece is limited by
      engagement with the flanks of the screw threads. Accordingly, the addendum
      portions of the internal thread in the workpiece will tend to return
      outwardly a slight amount when thread forming pressure is relieved and
      provide a low pressure or even a slight working clearance between the
      dedendum portions of the shank turns and the addendum portions of the
      internal threads in the workpiece.
PAR  The addendum portion of the sizing turn 12b is enlarged in relation to the
      addendum portion of the shank turns 12c to at least partially compensate
      for the contraction of the root portions of the internal thread grooves in
      the workpiece so that the addendum portion of the shank turns have a
      relatively low pressure or even a slight working clearance with the root
      portions of the internal thread grooves in the workpiece. However, the
      dedendum portion of the sizing turn is made the same as the dedendum
      portion of the shank turns so as that the sizing turn does not adversely
      affect the fit between the internal threads in the workpiece and the
      dedendum portions of the shank turns. The amount of radial and axial
      contraction of the root portions of the internal threads will vary
      dependant on the elastic limits of the material of the workpiece. However
      for the relatively soft metals such as brass and aluminum, it has been
      found that a substantial reduction in driving torque is achieved by
      forming the addendum portions of the sizing turns with a maximum crest
      radius vector LC' of the order of .00l inches larger than the maximum
      crest radius vector LC of the shank turns and with an included angle Fa"
      between the flanks outwardly of the pitch radius several degrees less, for
      example 4.degree. less, than the included angle Fa between the flanks of
      the addendum portions of the shank turns. The enlarged addendum portion of
      the sizing turn forms internal thread grooves in the workpiece which
      initially have a root radius and an icluded angle at the root that
      corresponds to the crest radius vector and the included angle of the
      addendum portion of the lobes in the screw. However, as the lobes of the
      sizing turn pass out of the internal thread groove, the rool portion of
      the internal thread groove radially and axially contracts. In order to
      diagrammatically illustrate this contraction, the roots of the internal
      thread grooves, as initially formed in the workpiece by the sizing turn,
      are shown in broken lines superimposed over the shank turns. Thus, as the
      shank turns move into the internal thread previously formed by the sizing
      turn, there is a non-pressure fit or even a slight working clearance
      between the addendum portion of the shank turns and the dedendum portion
      of the internal threads in the workpiece, due to the enlarged addendum
      portion of the sizing turn and there is similarly a non-pressure fit
      between the dedendum portion of the shank turns and the addendum portion
      of the internally threaded turns on the workpiece. Consequently, when the
      screw is tapped into a short hole in a plate or strap, the torque drops
      off to a low run-in torque, after the sizing turn passes through the
      plate. Conversely, when the screw is unthreaded from the tapped hole, the
      sizing turn imposes additional frictional resistance to withdrawal of the
      screw, when the sizing turn re-enters the tapped opening.
PAR  The screw of the present invention is formed by rolling a polygonal blank
      having a shank 10' and a head 11' between thread rolling dies such as
      indicated at D1 and D2 in FIG. 10. The blank preferably has a straight
      shank, that is a shank which is of uniform cross-section throughout its
      length, and is formed with an odd number of lobes L' and intermediate
      sides S'. While the blank can have an arcuate lobular cross-section of
      uniform transverse width throughout, for example as described in the
      aforementioned U.S. Pat. No. 3,195,156, the blank is preferably formed
      with flattened sides designated S' intermediate the circumferentially
      spaced lobes L', so that the transverse width of the blank is not uniform
      throughout 360.degree..
PAR  The work entering, sizing and shank turns are rolled on the polygonal blank
      between contoured thread rolling dies D1 and D2 having straight thread
      forming die surfaces D1a that engage the main portion of the shank; taper
      thread forming die surfaces D1b that engage the work entering end portion
      of the shank, and at least one thread groove D1c, located at the juncture
      of the straight and taper thread forming die surfaces, and which has its
      root portion reground or remilled outwardly of the pitch line, at least in
      that area of the dies which the thread is rolled to its final shape, to
      have a greater depth and a smaller included angle than the thread forming
      grooves in the straight thread forming die surfaces. As diagrammatically
      shown in broken lines in FIG. 11, the root portion of the thread groove
      D1c at the outlet portion of the dies is reground outwardly of its pitch
      line for a distance from the outlet end of the dies at least equal to and
      preferably somewhat greater than the length along the dies corresponding
      to one complete turn of the screw. The groove D1 c is reground outwardly
      of its pitch line to a depth and flank angle such as to produce the
      aforedescribed enlarged addendum on the sizing turn of the screw. Rolling
      the tapered thread on a blank having a straight shank aids in filling the
      groove D1c in the dies which form the sizing turn. In rolling the screw,
      the dies are adjusted to fully form the crests at the lobes of the sizing
      turn and preferably to also fully form the crests at the lobes of the
      shank turns. The turn or turns on the screw that are finally formed into
      the enlarged sizing turn, pass out of one thread groove in the die and
      into an adjacent groove several times during rolling of the thread on the
      shank. Other thread groove portions at the juncture of the straight and
      taper thread forming die surfaces, in areas of the die surfaces in advance
      of the area of the dies where the thread is rolled to its final shape, can
      be reground or remilled as shown in broken lines at DC1' and DC1" in FIG.
      11, in a manner similar to that described in connection with groove DC1,
      to aid in forming the enlarged addendum on the sizing turn.
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STM  The embodiment of the invention in which an exclusive property or privilege
      is claimed are defined as follows:
NUM  1.
PAR  1. The thread forming screw for swaging internal threads in an opening in a
      workpiece comprising, a shank having a tapered work entering end portion
      and a sizing portion and an elongated straight shank portion arranged in
      that order beginning at the free end of the shank and a driving head at
      the other end of the shank, the shank having a continuous external rolled
      thread thereon including a number of shank turns on the shank portion; at
      least one and less than two sizing turns on the sizing portion; and at
      least one work entering turns on the work entering end portion, the sizing
      turns being contiguous at one end thereof to the shank turns on the shank
      portion and at their other end with the work entering turns on the work
      entering portion, said shank having a polygonal cross-section and the
      turns of said helical thread each having an odd number of
      circumferentially spaced lobes and intermediate sides with the root, pitch
      and crest radii vectores of the turns varying circumferentially of the
      shank from a maximum root, pitch and crest radii vectores at the lobes to
      a minimum root, pitch and crest radii vectores at the sides, the shank and
      sizing turns having a constant pitch along the shank portion and uniform
      maximum root and pitch radii vectores at the lobes and uniform minimum
      root and pitch radii vectores at the sides and the same preselected
      included angle between the flanks of the turns inwardly of the pitch radii
      vectores, the shank turns outwardly of the pitch radii vectores having a
      uniform maximum crest radii vectores at the lobes and an included angle
      between the flanks of the threads the same as said preselected included
      angle between the flanks of the shank turns inwardly of the pitch radii
      vectors, the sizing turns in an region outwardly of the pitch radii
      vectores having an included angle between the thread flanks slightly less
      than said preselected included angle between the flanks inwardly of the
      pitch radii vectores and maximum crest radii vectores at the lobes
      slightly greater than the maximum crest radii vectores of the shank turns
      and sufficient to at least substantially compensate for the radial and
      axial contraction of the dedendum portion of the internal thread turns
      swaged in the workpiece when the sizing turn passes, the work entering
      turns merging with the sizing turn and having maximum crest radii vectores
      at the lobes that progressively decrease in a direction from the sizing
      turn to the free end of the shank.
NUM  2.
PAR  2. A thread swaging screw according to claim 1 wherein the included angle
      between the thread flanks of the sizing turn outwardly of the pitch radii
      vectores is at least several degrees less than the included angle between
      the flanks of the shank turn.
NUM  3.
PAR  3. A thread swaging screw according to claim 2 wherein the maximum crest
      radii vectores of the sizing turn is of the order of .001 inches larger
      than the maximum crest radii vectores of the shank turns.
NUM  4.
PAR  4. A thread swaging screw according to claim 1 wherein the lobes of the
      threads of the sizing and shank turns have fully finished crests.
NUM  5.
PAR  5. A thread swaging screw according to claim 1 wherein the work entering
      turns have a maximum pitch radii vectores at the lobes and a minimum pitch
      radii vectores at the sides that progressively decrease in a direction
      from the sizing turn to the free end of the shank.
NUM  6.
PAR  6. A thread swaging screw according to claim 5 wherein the work entering
      turns have maximum root radii vectores at the lobes and minimum root radii
      vectores at the sides substantially the same as the respective maximum and
      minimum root radii vectores of the shank turns.
NUM  7.
PAR  7. A thread swaging screw according to claim 1 wherein said shank has a
      pentagonal cross-section and said helical thread has five lobes and five
      intermediate sides.
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ABST
PAL  A self-drilling and blind setting rivet assembly for power tool application
      to workpiece means including a hollow rivet sleeve with an enlarged head
      at one end. A mandrel with a drill point at one end positioned through the
      bore of the sleeve so that the drill point on the mandrel is positioned
      adjacent the end of the sleeve opposite the head portion. The mandrel
      shank will have a weakened portion of reduced cross-sectional area with
      the inner periphery of the sleeve and outer periphery of the shank
      including cooperating torque transmitting surfaces on either side of the
      weakened portion of the shank to allow torque to be applied directly to
      the shank with the torque transmitting means serving to bridge the
      weakened portion of the shank to enable the drill point to drill a hole
      and yet allow the shank to fracture upon appropriate tensile force during
      the setting operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There have been developed so called blind setting rivets for securing sheet
      metal work parts or the like without requiring access to both sides of the
      parts. It is common practice to utilize a blind setting rivet assembly
      which includes a sleeve with an enlarged head and bore therethrough and a
      mandrel extending through the bore with an enlarged portion for upsetting
      the sleeve. This prior art device requires that holes be provided through
      the work so that the assembly may be inserted therethrough, followed by a
      retractive force applied to the mandrel causing the inner region of the
      sleeve to radially expand. The mandrel typically includes a weakened
      portion of generally annular reduced cross-sectional area so that the
      upper portions of the shank will fracture and disassociate from the lower
      portions. Self-drilling blind setting rivets of this type are not
      generally available since the mandrel must be positively rotated by the
      power tool for the drilling operation and must transmit torque through the
      weakened portion to a drilling tip. With some materials to be fabricated,
      the weakened portion of the shank does not permit sufficient torque to be
      transmitted to the drilling tip without premature shearing at the weakened
      portion which has been variously provided as by notching, peripheral
      grooving, etc.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is the principal object of this invention to
      provide a self-drilling and blind setting rivet which is capable of
      accepting and transmitting appropriate driving torque to the drilling tip
      without premature fracture in the weakened area of the mandrel.
PAR  It is, accordingly, another object of the invention to provide a
      self-drilling and setting rivet assembly which includes a shank
      particularly configured to be weakened in tensile strength and yet not
      appreciably weakened in torque transmitting capabilities.
PAR  Yet another object of the invention is to provide a blind setting rivet
      assembly which is provided with a drilling tip by forging techniques.
PAR  The above and other objects and advantages of the invention are provided by
      a rivet assembly which will include a hollow rivet sleeve body with a
      radially enlarged head at one extremity and wherein the inner periphery of
      a bore extending through the sleeve includes particularly designed torque
      transmitting surfaces so that the cross-sectional configuration of the
      sleeve is generally noncircular providing grooves, corners, flat surfaces
      or the like. The drilling and setting mandrel used with this assembly will
      include a drill tip, and an enlarged shoulder immediately above and
      adjacent the drill tip of such a transverse dimension to uniformly enlarge
      the sleeve body upon application of axial setting forces. The shank
      portion above the drill point and shoulder will have an outer peripheral
      surface of generally noncircular configuration which includes torque
      transmitting surfaces complementary to the torque transmitting surfaces in
      the bore of the sleeve. A weakened, reduced cross-sectional area of the
      shank is provided so that portions of the shank including torque
      transmitting surface means are located on either side thereof. With such
      an arrangement of cooperating torque transmitting surfaces, the torque
      applied to the shank bridges the weakened section to enable the
      appropriate drilling torque to be applied to the workpiece and yet allow
      the shank to be fractured upon a predetermined tensile force.
PAR  Other objects and features of the invention will in part be obvious and
      hereinafter more fully pointed out in the accompanying drawings and
      description of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of a mandrel which is a member of the rivet
      assembly.
PAR  FIG. 2 is a transverse section taken along the line 2--2 of FIG. 1.
PAR  FIG. 3 is a transverse section taken along the line 3--3 of FIG. 1.
PAR  FIG. 4 is a transverse section taken along the line 4--4 through the
      weakened section of the shank shown in FIG. 1.
PAR  FIG. 5 is a side elevation view of the rivet sleeve which is a member of
      the rivet assembly.
PAR  FIG. 6 is a top plan view of the sleeve of FIG. 5.
PAR  FIG. 7 is a side elevation showing the rivet assembly after it has drilled
      a hole in workpiece material.
PAR  FIG. 8 is a view similar to FIG. 7 after the rivet assembly has been set by
      retraction of the mandrel and separating the upper portion of the mandrel
      from the lower portion.
PAR  FIG. 9 is a front elevation view of another embodiment of the rivet
      assembly.
PAR  FIG. 10 is a side elevation view of the assembly in FIG. 9 in partial
      section.
PAR  FIG. 11 is a transverse section taken along the line 11--11 of FIG. 9.
PAR  FIG. 12 is a longitudinal sectional view of yet another embodiment of a
      rivet assembly utilizing interlocking grooves and ribs.
PAR  FIG. 13 is a transverse sectional view taken along the lines 13--13 of FIG.
      12.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, a self-drilling mandrel member 10 has an elongated shank with an
      upper portion 12 and a lower portion 14 and a weakened area of reduced
      cross-sectional configuration 16 intermediate these two portions of the
      shank. A drilling point 18 is formed on the extremity nearest the weakened
      section 16 and a shoulder portion 20 is formed directly adjacent to the
      drilling point. The upper portion of the shank may be provided with
      various configurations facilitating use with various types of power tools
      for providing rotary motion and/or pulling tension to the shank.
PAR  A generally tubular rivet body 30, one embodiment of which is shown in
      FIGS. 5 and 6, telescopically receives the shank of the mandrel within a
      bore 36. The body 30 is generally comprised of a sleeve section 32 and an
      enlarged head portion 34 of any desired configuration which is adapted to
      abut a workpiece in a manner to be described later herein. The bore 36
      will be of such a configuration to conform generally and cooperate with
      the outer periphery of the shank of the mandrel.
PAR  Turning to the embodiment shown most clearly with reference to FIGS. 2, 3,
      4 and 6, it will be seen that the outer periphery of the upper mandrel
      section 12 and lower mandrel section 14 is polygonal with a plurality of
      corners 22 and 24 formed respectively thereon. The bore 36 of the rivet
      body 30 is likewise of a similar polygonal configuration allowing the
      corners 22 and 24 of the mandrel to mate and cooperate with the corners of
      the bore. Such a configuration resists relative rotative movement between
      the mandrel and the rivet sleeve and serve as structure to transmit the
      torque to the drilling tip 18 from the upper regions of the shank portion
      12. The sleeve 30 thus acts to bridge the weakened section 16 and somewhat
      isolates the weakened section from the relatively high torque developed
      during the drilling operation.
PAR  In FIG. 7, the rivet assembly has, in association with power tool means,
      not shown, drilled holes in superimposed work sheets 40 and 42. At this
      time, the head 34 of the rivet body abuts on the upper surface of the
      uppermost workpiece and is retained there by a suitable tool (not shown),
      and using somewhat conventional techniques, the upper region 12 of the
      mandrel is grasped by a tool means and is axially retracted. The weakened
      section 16, of reduced cross-sectional area, is designed to fracture at a
      predetermined tensile load, which will be greater than the tensile load
      required for the shoulder 20 to cause the lower regions of the sleeve 32
      to radially deform and enlarge beneath the lowermost workpiece 42. A
      typical deformed and final configuration is shown in FIG. 8. It should be
      understood that the remnant end of the mandrel with the shoulder and drill
      point may be retained within the rivet body or may drop out.
PAR  It should also be understood that mating torque transmitting surfaces
      formed in the bore of a rivet sleeve and on upper and lower portions of a
      mandrel shank can take a variety of forms and should not be limited to the
      forms above described relative to the preferred embodiment. Two of such
      acceptable alternate embodiments will be described hereinafter wherein
      like reference numerals throughout the various views are intended to
      designate similar elements or components.
PAR  With reference to FIGS. 9 and 10, it will be seen that rivet mandrel 10a
      will include a shank of a generally polygonal cross-sectional
      configuration and includes an upper portion 12a and a lower portion 14a
      with a second of reduced cross-sectional area 16a formed between these
      shank portions. The rivet body 30a includes a radially enlarged head
      portion 34a and a sleeve portion 32a. It will be noted that the body
      portion is of a generally cylindrical configuration with a plurality of
      ribs 36a formed therein protruding into the bore of the body. As shown in
      FIG. 11, these ribs 36a cooperate with the corners 22a and 24a of the
      shank portions forming means to transmit torque to and from the body 30a
      in a manner which isolates and bridges the weakened section 16a. The
      ribbed configuration of the body may also enhance the shear strength of
      the rivet after it has been set.
PAR  Attention is also directed to the particular configuration of the drill
      point, 18, 18a and 18b shown in the various embodiments of the invention.
      It may be desirable to form the drill point utilizing forging techniques
      and produce a generally spade-type drill point or a drill point which has
      a width appreciably greater than thickness. This structure enables a hole
      to be drilled which is at least greater than the maximum transverse
      dimension of the sleeve.
PAR  However, such a configured drill point could not in and of itself
      satisfactorily function as a means to radially enlarge the lower region of
      the rivet body since it would create highly localized forces tending to
      cut the sides of the lower region of the body rather than uniformly expand
      the body beneath the workpieces. It is, therefore, advisable to form a
      generally annular collar or shoulder 20a immediately adjacent and above
      the drill point to produce a balanced expanding force on the rivet body.
      It should be understood that this shoulder may be formed integral with the
      shank as 20b in FIG. 12 or may be a discrete collar member 20a slipped
      over the shank portion and resting on the drill point as is shown in FIG.
      10.
PAR  Yet another embodiment of the invention including torque transmitting and
      bridging means is shown in FIGS. 12 and 13. In this version of the
      invention, interlocking splines and grooves are formed in the mating
      surfaces of the rivet mandrel 10b and bore of the rivet body 30b. Thus,
      upper regions 12b of the shank and lower regions 14b of the shank will
      include, respectively, splines 22b and 24b which mate and cooperate with
      grooves 36b formed in the rivet sleeve. The grooves could be preformed in
      the sleeve or formed during the insertion of the shank within the sleeve.
      The sleeve could be of a material somewhat softer than the shank and sharp
      projections formed on both the upper and lower regions of the shank could
      cut mating torque transmitting grooves in the bore of the sleeve as the
      mandrel is forced axially into the sleeve.
PAR  With reference to the mandrel configuration shown in FIGS. 1-11, a further
      aspect of the invention will be shown and described. It has been found
      that a shank having a generally polygonal cross-sectional configuration
      which has been weakened by providing a groove extending about the
      periphery of one portion of the shank forming a generally annular
      cross-sectional configuration at that portion will produce a shank wherein
      the torsional strength of the weakened section will be generally 5-10%
      less than that of the remainder of the shank but will be at least 25%
      weaker in tensile strength than the remaining portions of the shank. Thus,
      providing a generally polygonally configured shank to a self-drilling
      pull-to-set rivet and forming a weakened section having a generally
      annular cross section, will decrease the tensile strength to a greater
      percentage than it will decrease the torsional strength. This is obviously
      advantageous in the environment described wherein the shank must be
      capable of fracturing at a tensile load but still be capable of
      transmitting sufficient drilling torque to appropriately drill a hole in
      metal.
PAR  Thus, it is apparent that there has been provided, in accordance with the
      invention, a blind rivet assembly capable of accepting and transmitting
      torque from the upper regions of the shank of a mandrel to an integral
      drill point and yet be weakened in such a manner as to fracture at a
      predetermined axial retraction force to enable upper regions of the
      mandrel to be discarded after the rivet has been set. While the invention
      has been described in conjunction with specific embodiments thereof, it is
      apparent that many alternatives, modifications and variations will be
      apparent to those skilled in the art in light of the foregoing
      description. Accordingly, it is intended to embrace all such alternatives,
      modifications and variations as fall within the spirit and broad scope of
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A self-driling and setting rivet assembly including a sleeve member
      surrounding a mandrel member, the sleeve including an enlarged head
      portion at one end thereof adapted to abut the upper surface of a
      workpiece, the mandrel member having a shank portion with a drill point at
      one extremity thereof and shoulder means adjacent the drill point, the
      shoulder means having a transverse dimension greater than the inner
      diameter of the sleeve member to radially enlarge the sleeve as the
      mandrel is retracted upwardly relative to the sleeve, the drill point
      including a transverse dimension at least as great as the outer diameter
      of the sleeve to allow the sleeve to enter the aperture formed in a
      workpiece by the drill point, the shank having a weakened section of
      reduced cross-sectional area spaced upwardly from the shoulder means to
      allow the lower portion of the shank to be disassociated from the upper
      portion upon application of a predetermined tensile force to the shank,
      the sleeve positioned on the mandrel so as to surround the weakened shank
      section as well as portions of the shank above and below the weakened
      section, the shank also including torque transmitting surface means
      located both above and below the weakened section, the inner peripherey of
      the sleeve including torque transmitting surface means adapted to
      cooperate with the torque transmitting surface means on the shank, the
      cooperating torque transmitting surface means and the sleeve portion
      intermediate the torque transmitting means above and below the weakened
      section of the shank forming means to bridge the weakened section and
      thereby increasing the torque accepting radius of the assembly in the
      region of the weakened section thereby enabling torque to be transmitted
      from the upper section of the shank to the drill point without subjecting
      the weakened section to appreciable torque forces.
NUM  2.
PAR  2. A rivet assembly in accordance with claim 1, wherein the cooperating
      torque transmitting surface means includes longitudinally extending ribs
      located above and below the weakened section of the shank and mating
      grooves formed on the inner periphery of the sleeve.
NUM  3.
PAR  3. A rivet asembly in accordance with claim 1, wherein the shank is
      generally polygonal in cross section and the cross-sectional configuration
      of the sleeve is noncircular, forming surfaces adapted to abut and
      transmit torque from and to the polygonal shank.
NUM  4.
PAR  4. A rivet assembly in accordance with claim 3, wherein the shank is
      generally square in cross-sectional configuration.
NUM  5.
PAR  5. A rivet assembly in accordance with claim 1, wherein the shank is
      generally polygonal in cross-section at least along the longitudinal
      extent surrounded by the sleeve, the weakened section being a groove
      formed in the periphery of the shank providing a reduced cross-sectional
      area of generally circular configuration intermediate the extremities of
      the polygonal portion.
NUM  6.
PAR  6. A rivet assembly in accordance with claim 1, wherein the inner
      peripherey of the sleeve member and the outer periphery of the shank
      portion include cooperating noncircular cross-sectional segments which
      form the torque transmitting surface means.
NUM  7.
PAR  7. A rivet assembly in accordance with claim 1, wherein the shank is
      generally square in cross-section, the weakened portion of the shank is
      generally circular in cross section and the sleeve is generally square in
      cross section.
NUM  8.
PAR  8. A rivet assembly in accordance with claim 1, wherein the drill point is
      substantially flat with a thickness substantially less than its width and
      the shoulder is generally annular to apply uniform expanding forces to the
      lower extremity of the sleeve.
NUM  9.
PAR  9. The rivet assembly of claim 8, wherein the annular shoulder is formed
      integral with the shank.
NUM  10.
PAR  10. The rivet assembly of claim 8, wherein the annular shoulder comprises a
      separable ring member adapted to be positioned around the shank in the
      vicinity of the drill point.
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ABST
PAL  The embodiment of the invention disclosed herein is directed to a door
      handle anchor which can be placed behind the panel of a sheet metal door
      and has prongs formed thereon to extend through an aperture formed in the
      door. A threaded fastener is inserted between the prongs and threaded into
      a bore in alignment therewith. The prongs are urged outwardly to prevent
      pushing the anchor back through the aperture during threading of the
      fastener. The anchor is formed of a molded plastic component having an
      integral arm extending a distance sufficient to engage a sidewall formed
      by turned edge of the door receiving the same.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an anchor for a threaded fastener, and
      more particularly to an anchor for a door handle of appliances such as a
      refrigerator or the like. More specifically, the invention is directed to
      a simple and efficient single molded plastic anchor element which has
      means to prevent relative rotation of the anchor while threading a
      fastener therein during mounting of handles and the like.
PAR  The door handle anchor of this invention provides substantial use for
      improvements over existing threaded anchor devices which are now commonly
      used in the field of household appliances to mount door handles and the
      like to sheet metal surfaces. However, it will be understood that while
      this invention is directed particularly to door handle anchors for use
      with home appliances, the specific device disclosed herein can be used in
      other allied fields such as the automotive industry, plastics industry,
      and the like.
PAR  Heretofore, door handle anchors used for mounting door handles to the sheet
      metal surface of a refrigerator door included a metal anchored tab which
      may be spot-welded or otherwise held in place during the threading of the
      associated screw or bolt. Many times prior art anchors require the use of
      tools to prevent rotation between the anchor and the threaded fastener
      while tightening the fastener thereto. This required the use of extra
      tools and was time-consuming. Furthermore, should removal of the fastener
      be accomplished after complete assembly of the refrigerator door the
      anchor may become completely dislodged from its location and rendered
      substantially useless as the threaded portion of the anchor will no longer
      be in alignment with the aperture to receive the threaded screw or bolt.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a new and useful
      door handle anchor which can be held in registry with an aperture formed
      in the sheet metal of the door by prongs and wherein relative rotation of
      the anchor is prevented by an arm which engages a turned side-wall portion
      forming the door.
PAR  Many other objects, features and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of a door structure to which a
      door handle is fastened utilizing the anchor structure of this invention;
PAR  FIG. 2 is a fragmentary front view of the door, door handle and
      illustrating a pair of anchors used in accordance with the principles of
      this invention;
PAR  FIG. 3 is a side elevational sectional view of the anchor device
      constructed in accordance with the principles of this invention;
PAR  FIG. 4 illustrates the threaded fastener in its fully registered position
      in the anchor of this invention;
PAR  FIG. 5 is a front view illustrating the arm portion engaging a turned edge
      of the sheet metal forming the door receiving the same;
PAR  FIG. 6 is an enlarged front view of the prong members initially receiving
      the threaded fastener; and
PAR  FIG. 7 is an enlarged fragmentary sectional view illustrating the anchor
      device of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to FIG. 1 there is seen a fragmentary portion of a door which
      is designated generally by reference numeral 10. The door 10 is here
      illustrated as a portion of a refrigerator door which has a turned edge 11
      forming a sidewall in the usual well-known manner. A handle 12 is to be
      fastened to the front face 13 of the door by a pair of threaded fasteners
      14 and 15 which pass through aligned apertures associated with the handle
      and door. The aperture 16 is here illustrated for the purpose of clarity.
PAR  In accordance with the present invention an anchor member 20 has a body
      portion 21 for an engagement with a flange 22 to be placed behind the
      front wall 13. A prong member 23 is inserted through the aperture 16 and
      the fastener 14 is inserted between the prongs during the initial
      fastening operation. There are a pair of such anchor members 20
      illustrated in FIG. 2.
PAR  FIG. 3 illustrates the initial insertion of the threaded fastener 14
      between the prong members 23. This initially urges the prongs outward so
      that they firmly engage the periphery of the aperture 16 and prevent
      rearward retraction of the anchor. The anchor has a bore 26 formed therein
      which is in registry with the space between the prongs 23. A reduced
      diameter aperture 27 insures that the fastener 14 is firmly held in place.
PAR  To provide a seal for the aperture 16 a resilient sealing ring 28 is placed
      about the prongs. Furthermore it will be understood that a decorative
      indicia-bearing nameplate 30 may be placed on the front wall 13 and held
      in place by the handle and threaded fastener 14 if desired.
PAR  The anchor member 20 is formed of a body portion having diametrically
      opposed rib sections 31 and 32 formed on the side thereof and a pair of
      diametrically opposed rib portions 33 and 34 formed transverse thereto.
      The rib portion 34 forms an extended arm which terminates in a enlarged
      diameter portion 36 to engage the turned edge 11 forming the sidewall for
      the door panel. The length of the rib and arm formed thereby is less than
      the distance of the aperture 16 displaced from the turned edge 11.
      Therefore, as best seen in FIG. 5, rotation of the threaded fastener 14
      will cause the arm portion to engage with the wall 11 and eliminate
      further relative rotation as the threaded fastener is run home. This is
      best illustrated in FIG. 4 which shows the threaded fastener fully
      engaging the anchor. The rib portions 33 and 34 may serve as an excellent
      handle for use by an operator during installation.
PAR  FIGS. 6 and 7 illustrate the diverging outwardopposing wall portions of the
      prongs 23 as shown by 23a and 23b. This outward divergent characteristic
      of the prong is best illustrated in FIG. 7 and facilitates receiving the
      tapered end 14a on the fastener 14, as seen in FIG. 4.
PAR  What has been described is a simple and efficient anchor device which can
      be used to mount door handles to applicances such as refrigerators, and
      the like. While only a single specific embodiment of the present invention
      has been disclosed herein, it will be understood that variations and
      modifications may be effected without departing from the spirit and scope
      of the novel concepts as set forth in the following claims.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A door handle anchor for receiving a threaded fastener having
      predetermined pitch and major diameters to mount a handle thereto,
      comprising in combination; a body having a bore formed therein to receive
      a threaded fastener, said bore having a diameter equal to or less than
      said pitch diameter whereby rotative introduction of said fastener results
      in threads being formed in said body, a flange formed on said body
      transverse to the axis of said bore to overlie the periphery of an
      aperture formed in a door panel of relatively thin material, said aperture
      being located a predetermined distance from a turned edge of said door
      panel, prong means formed integrally with said body and extending
      therefrom parallel to the axis of said bore and adapted for insertion into
      said aperture partially to extend through said panel, said prong means
      being sufficiently spaced apart so as to define an opening therebetween to
      freely receive the major diameter of the threaded end of said threaded
      fastener when in its initial condition and having a diameter an
      interconnecting section between said opening and said bore greater than
      said bore diameter, and an elongated arm portion formed integrally with
      said body and extending from said opening a distance greater than said
      predetermined distance, whereby said anchor will have the elongated arm
      portion thereof engaging said turned edge during tightening of said
      threaded fastener for holding the same in place while mounting the handle
      to the door panel.
NUM  2.
PAR  2. The door handle anchor for receiving a threaded fastener to mount a door
      handle as set forth in claim 1 wherein a recess is formed about the
      periphery of said prong means to form a retaining edge for the periphery
      of said aperture to hold said anchor rotatably in place.
NUM  3.
PAR  3. The door handle anchor for receiving a threaded fastener to mount a
      handle as set forth in claim 2 further including a resilient sealing ring
      positioned about said prong means engaging said recess.
NUM  4.
PAR  4. The door handle anchor for receiving a threaded fastener to mount a door
      handle as set forth in claim 1 wherein said body is formed of rigid rib
      sections extending from said flange in quadrature, said arm portion being
      an extended one of said ribs.
NUM  5.
PAR  5. The door handle anchor for receiving a threaded fastener to mount a door
      handle as set forth in claim 4 wherein the terminating end of said rib
      portion forming said arm portion is circular configuration.
NUM  6.
PAR  6. The door handle anchor for receiving a threaded fastener to mount a door
      handle as set forth in claim 1 wherein said prong means is formed of
      spaced-apart portions having a split formed therein with the diverging
      outward walls leading from said opening, said diverging outward walls
      having the ends thereof spaced apart sufficient to freely receive the
      major diameter of the terminating end of the threaded fastener.
NUM  7.
PAR  7. A door handle anchor of the type as set forth in claim 1, wherein said
      body includes means at the end of said bore opposite said prongs and
      defining an aperture substantially smaller in size than the diameter of
      said bore to accept the tapered end of said fastener, when inserted
      therethrough, in intimate sealing relation and thereby providing a
      prevailing torque on said fastener.
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ABST
PAL  A unit for milling rectangular work members, where a machined fit is
      required, such as the door facings of a filter unit having a series of
      doors into an exchange unit, or equipment bases where a pump or turbine is
      being installed which requires a machined surface and it is necessary to
      accomplish the cut in place.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  A portable milling unit having self contained means for actuating a cutter
      head, and simultaneously moving the head on a rectangular frame to machine
      the surface of the work, the cutterhead moving horizontally and
      vertically, selectively, to accomplish the cut.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a tube stack of a filter unit, showing
      the device attached to a door facing.
PAR  FIG. 2 is a side elevational view of a tube stack taken on the line 2--2 of
      FIG. 1.
PAR  FIG. 3 is a front elevational view taken on the line 3--3 of FIG. 1.
PAR  FIG. 4 is an enlarged side elevational view of the cutter head assembly,
      taken on the line 4--4 of FIG. 3, and
PAR  FIG. 5 is a cross sectional view taken on the line 5--5 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, the numeral 1 designates a tube stack having a series of
      tubes 2, 2 mounted therein and on which a series of door facings are
      provided, as 3, 3 on which doors are to be mounted, such as 4, 4, as by
      bolts mounted in the bolt holes 5, 5.
PAR  The door facing 3 must be milled to provide a close fit of the doors 4
      thereon. The cutter 6 is mounted on the transverse carrier 7, which is
      mounted on the transverse tracks 9, and which may be moved longitudinally
      of the framework 15. An externally threaded shaft 10, mounted in the
      longitudinal carriages 11, 11, extends through a threaded port 12 in the
      transverse carriage 7, and the motor 13, through the gear box 14, rotates
      the shaft 10 to move the carriage 7 transversely of the framework 15.
PAR  The longitudinal carriages 11, 11 have the wheels 16, 16 which are mounted
      in the tracks 17, 17 of the longitudinal members 19, 19 of the framework.
      Externally threaded shafts, 18, 18, are mounted in the longitudinal side
      members of the framework and extend through the internally threaded ports
      20, 20 in the longitudinal carriages 11, 11. A motor 21 operates the gear
      box 22 to rotate the flanged pulleys 23, 23, which in turn rotate the
      flanged pullies 24, 24, through the belts 25, 25, and thus rotate the
      shafts 18, 18, moving the longitudinal carriages 11, 11 longitudinally on
      the framework, the motor 21 being reversible to provide movement in either
      direction. Similarly, flanged pullies 26, 26 are connected by the belt 27,
      to maintain an even torque on the shafts 18, 18.
PAR  The cutter consists of the support member 7, which is slotted at 8,
      providing track receiving means to receive the track 9. The hydraulic
      motor 31 rotates the drive shaft 32 on which the cutter head 33 is
      mounted. An externally threaded housing 34, having a longitudinal keyway
      35, receives the motor 31, and a bearing 36, mounted in the bearing
      chamber 38 of the housing 34, is provided to support the shaft 32, and is
      maintained in position by means of the annular collar 37, the bearing
      chamber 38 being internally threaded at its outer end to receive the
      collar 37, and an internal flange 39 forming the end wall of the bearing
      chamber 38. A knurled adjusting nut 40 is internally threaded and mounted
      on the external threads of the housing 34, and has the annular indentation
      8 to receive the collar 29, which is bolted to the flanged collar 30. The
      key 41, anchored to the collar 30, slides longitudinally in the slot 38.
PAR  In operation, the framework 15 is bolted to the door facing, using the bolt
      holes 5, 5, exposing the portion of the door facing, or the like, to be
      milled, and the cutter head is adjusted to bear against the surface to be
      milled by rotating the nut 40, causing the housing 34 to move
      longitudinally in the collar 30, the key 41 holding the collar 30 against
      rotation. The motor 31 is then actuated to rotate the cutter head 33, and
      the motor 13 is actuated to rotate the shaft 10, moving the carriage 7
      transversely on the framework. When the transverse cut is completed, the
      carriage 7 is moved to one extreme position adjacent one end of the
      transverse track 9, and the motor 21 is actuated to rotate the shafts 18,
      18 moving the carriages 11, 11 longitudinally, while the cutter continues
      to rotate, so that the cutter may be moved over the entire facing of the
      work, effecting a milling on the longitudinal and transverse facings.
PAR  Where the framework 15 is mounted on a work piece having three doors, the
      cutter head is moved longitudinally and transversely as required to mill
      all of the facings. The size of the work piece to be milled being limited
      only by the inside dimensions of the framework.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a portable milling tool, a rectangular framework, tracks formed in
      the longitudinal member of the framework and carriages mounted to move
      longitudinally in said tracks, transverse tracks mounted on said carriages
      and a cutter carriage mounted on said transverse tracks, a cutter
      adjustably mounted on said cutter carriage and means for moving said
      cutter carriage transversely or longitudinally as said cutter is actuated,
      said cutter comprising a motor having a drive shaft extending from one end
      and a cutter head mounted on said drive shaft, a tubular housing receiving
      said motor having a bearing chamber and a bearing supporting said drive
      shaft, and said housing being externally threaded to receive an adjusting
      nut, and an internally threaded collar mounted on said housing and movable
      by said nut, said housing having a keyway formed longitudinally therein
      and a key anchored to said collar and mounted in said keyway maintaining
      said housing against rotation as the nut is rotated.
NUM  2.
PAR  2. The device defined in claim 1 wherein independent motors are provided
      for independent operation of said carriages and said cutter.
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PAL  An improved air reversing valve, as for use with a pneumatic scaler, chisel
      or the like, comprising throttling means between the two sides of the
      valve disc whereby the tool's performance characteristics are generally
      improved. Additionally, the valve is made multi-element whereby its
      manufacture is simplified, as by powdered metal casting internal
      passageways in facing surfaces of adjacent parts, rather than cross
      drilling or the like.
BSUM
PAR  This invention relates to an improved reversing valve. The invention valve
      is particularly useful in the field of air driven tools, and more
      particularly to such tools wherein the work contacting bit or other
      working implement reciprocates. Still more particularly, the invention
      pertains to an improved air reversing valve for use in tools such as
      scalers or chisels.
PAR  The invention valve is of the known flutter disc or vibrating wafer type.
      In this kind of valve, generally, the valving or reversing of the air is
      accomplished by an impermeable disc-like member which vibrates or rapidly
      reciprocates between two ports to thereby alternately open and close the
      two ports. These two ports are connected to opposite ends of the element
      which is to be reversed, usually a piston. Such valves, while well
      developed, have a number of problems which are overcome by the invention.
      Additionally, the invention provides a number of new advantages over the
      present state of this valve art.
PAR  Prior flutter valves suffer from the disadvantages that they require very
      close manufacturing tolerances which results in concomitant disadvantages
      of high cost, and increased field service. Another disadvantage is that
      these valves seldom have much flexibility. That is, once the valve is
      assembled it will operate at a certain speed, and will respond, more or
      less depending upon the nature of the particular valve, to changes in the
      air supply. However, the valve per se does not lend itself to structural
      changes which will change its capacity and/or performance characteristics.
      Still another related disadvantage is that such valves are frequently made
      in one piece, or sometimes two pieces, which necessitates much
      cross-drilling and complicated manufacturing processes, which, again,
      multiples their cost of production and aggravates the related problems
      having to do with replacement parts and the like. Another problem with
      such prior devices is that metals are frequently used as the wafer or
      vibrating element. The disadvantages of a metallic compared to a
      non-metallic valving element include greater susceptibility to wear, more
      expensive, heavier, and relatively inflexible as compared to the valve
      materials usable in the present invention.
PAR  The present invention overcomes all of these prior disadvantages, and
      additionally provides new advantage not heretofore obtainable. The valve
      of the invention is made up of five separate parts, all but one of which
      are relatively insensitive to and not "fussy" about dimensions,
      tolerances, and the like, and can be assembled and used directly as
      produced by the molding process. The one part, the valve guide and
      throttle plate, is of a washer shape, and thus lends itself to being
      fabricated even as to its sensitive areas in a simple straightforward
      manner. Three of the other four parts have recesses and grooves of various
      kinds and configurations which combine together to make the passageways
      through the valve, and these recesses and grooves are all highly not
      sensitive as to their depths and configurations within the parts of the
      invention valve. The result of the multi-part structure is that the valve
      of the invention lends itself to manufacture by the extremely economical
      powdered metal technology. In this manner, the previous manufacturing cost
      and material weight cost disadvantages are overcome.
PAR  At the same time, a valve is produced which lends itself to partial
      rehabilitation, rebuilding or changing as necessary. That is, if the valve
      should be damaged due to negligence by the user, only the one or two parts
      of the valve so damaged need be replaced, thus achieving new advantages in
      maintenance and servicing of tools embodying the invention valve.
PAR  The wafer guide and throttle plate of the invention provides great new
      advantages in flutter disc type valves. This member, fabricated by
      powdered metal technology and later finished by conventional means such as
      surface grinding, in large measure provides the invention valve its
      flexibility. That is, by simply changing the dimensions of the throttle
      openings, the speed and performance of the valve, as well as its air
      consumption, are easily changed, and performance and versatility are
      greatly improved over prior valves.
PAR  This cost advantage is particularly dramatic. It has been possible to
      replace a prior valve with a comparable valve embodying the invention and
      thereby reduce the cost by a factor of 4.
PAR  Another improvement of the invention is its use of non-metallic valve
      wafers, preferably reinforced phenolic. The lightweight wafer provides
      additional advantages, including high speed and lower inertia to improve
      the rapidity of the reversing action, low wear against the powdered metal
      parts with which it comes in contact because of its extremely light
      weight; low cost, ease of manufacture, and the ability to flex slightly
      during operation. In regard to wear, testing has shown that the invention
      valve is virtually free of wear. A prototype valve has been run for more
      than 1000 hours, and at the end of this period of time, corresponding to
      more than four life times of normal use of that tool, there was still no
      appreciable wear in the valve, although certain other parts of the tool
      had worn. Thus, the invention valve outlived the tool it was controlling.
      The wafer is the only moving part of the invention valve, which is in
      itself another advantage.
PAR  Another advantage is improved start-up. The lightweight wafer reacts to the
      initial air surge to begin fluttering, and thus start-up of the invention
      valve is completely trouble-free. During testing the tool commenced to
      work 100% of the trigger operations. In prior reversing valves for air
      tools, a certain percentage, ranging up to 60%, of starting failures is
      typically found, and then the operator must bump or shake the tool or
      repeatedly operate the trigger, to get it started.
PAR  In addition to the cost, wear and the other advantages above, the invention
      valve has generally better performance characteristics. That is, it uses
      less air, operates faster, and puts out more power as compared to prior
      valves. Air usage is important when many air tools are ganged in a single
      factory. By having each tool use less air, the factory can operate with a
      less expensive, smaller compressor than would be needed otherwise. In
      regard to speed, prototype valves used in needle scalers have been
      operated up to 5000 strokes per minute. Greater speeds are impractical
      because the piston in the tool heats up unacceptably due to the high
      velocity sliding friction. The valve of the invention, however, can go
      faster, the exact upper limit has not yet been determined. For the same
      overall size valve package, the invention valve has double tool power
      output with only a 25  to 30% increase in air consumption. In addition,
      the valve as presently used in commercial tools outperforms comparable
      tools with prior art valves while using 40 to 50% less air.
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PAR  The above and other advantages of the invention will be pointed out or will
      become evident in the following detailed description and claims, and in
      the accompanying drawing also forming a part of this disclosure, in which:
PAR  FIG. 1 is a perspective view of a scaler embodying the valve of the
      invention;
PAR  FIG. 2 is a cross-sectional view taken generally on line 2--2 of FIG. 1;
PAR  FIG. 3 is an exploded cross-sectional view of the valve of the invention;
PAR  FIGS. 4, 5, 6 and 7 are elevational views of the valve elements taken on
      lines 4--4, 5--5, 6--6 and 7--7, respectively of FIG. 3.
DETD
PAR  Referring now in detail to the drawing, reference numeral 10 designates an
      air operated scaler. Tool 10 is more or less conventional with the
      exception of the invention valve described below. A trigger 12 controls
      the flow of air to the tool which is supplied by a conduit, not shown,
      connected to the fitting 14. A bit 16 is driven by the tool to remove
      scale or perform other useful work and a spring loaded collar 18 is
      provided on tool 10 for the purpose of changing the bit or mounting other
      working implements in place thereof, as is well known.
PAR  FIG. 2 is a generally longitudinal cross-sectional view, but taken, as
      indicated by the broken line 2--2 of FIG. 1, at an angle to the axis of
      the tool rather than straight through the tool. In this manner, FIG. 2
      shows both sides of the valving in the single view. This is called a
      90.degree. or right angle view, and is in accordance with accepted
      industry drawing standards for air tools.
PAR  Tool 10 comprises a main cylinder 20 having an inlet housing 22 threadedly
      connected to its rear end. The air hose supply fitting 14 is screwed into
      the rear end of the inlet housing 22. A screen 24 is provided to protect
      the tool in the usual manner. A passageway 26 delivers the air to the
      trigger mechanism. The trigger operator member 12 is pivoted to the inlet
      housing 22 by means of a roll pin 28, or the like. The trigger mechanism
      30 is conventional, and comprises an operating head which is depressed by
      the trigger operator 12 and a throttled or reduced neck portion 32 which
      controls the flow of air between the passageway 26 and the passageway 38
      leading on to the valve of the invention. The conventional means to mount
      the trigger in the tool 10 includes a suitable O ring seal, a spring 34
      and an anchor enclosure nut 36, as well as other parts not shown and/or
      not numbered. Passageway 38 feeds the throttled inlet air into an enlarged
      chamber 40. Chamber 40 serves the function of reducing the weight of the
      tool.
PAR  Within the main cylinder 20 forwardly of the inlet housing 22, the tool 10
      comprises a plurality of relatively strong Belleville springs 42. As is
      known, the parts are heavily torqued together to compress the springs 42,
      to thereby hold all the parts in tension, to provide a tight seal between
      the elements of the valve, and to prevent the vibration to which the tool
      is subject in use from shaking the various threaded connections apart. The
      invention valve 44 is located forwardly of the springs 42 and is described
      and shown in greater detail below.
PAR  A cylinder liner and manifold member 46 is mounted forwardly of the valve
      44 and is press fitted into the cylinder 20 as shown. The value of the air
      tool industry convention of 90.degree. views is well illustrated by the
      liner and manifold 46, however, care must be taken in understanding the
      drawing or confusion is possible. The member 46 is basically a hollow
      cylinder. A pair of 180.degree. opposed flats 48 are milled into the
      outside of the liner 46 and terminate at a pair of lands 50. These flats
      48 define the exhaust manifolding for the tool and the wall of the liner
      is provided with openings 52 and 54 which communicate these flats 48 with
      the space inside the liner. Only one of these flats 48 appears at the
      bottom of FIG. 2, but there are in fact a pair of opposed flats each with
      an opening 52 and 54. The opening 52 exhausts the cylinder on the forward
      stroke of the piston, and the opening 54 serves as exhaust port on the
      rearward stroke. The flats 48 communicate with other passageways, not
      shown, to direct the exhaust air axially out of the tool and along the
      working implement in order to blow chips from the work, in the
      conventional manner. On the two remaining sides of the cylinder offset by
      90 degrees from the flats 48, the member 46 carries a second pair of
      180.degree. opposed flats 56 which extend from the rear forwardly and
      define a pair of lands 58. A pair of ports 60 are provided one in each of
      the flats 56 to provide pressurized air to drive the piston. The front
      lands 58 are formed with a groove 62 which communicates the two flats 48
      with each other to equalize the exhaust side pressure. The inlet side
      pressure at the flats 56 is equalized by the valve 44 of the invention, as
      will appear below.
PAR  The liner is press fitted inside of the cylinder 20 by means of the two
      rear end lands 50 and the two front end lands 58, as well as by unmilled
      portions of the outside of the cylinder, between the flats 48 and 56.
PAR  The piston 64 is slidingly received inside the cylinder liner 46. This
      piston is a hardened and polished solid cylinder of steel, and is
      conventional.
PAR  While the invention was developed for and is specifically shown in use as a
      reversing valve for an air operated tool, its full scope of application is
      much broader. The invention can be used in any reversing sort of
      environment or wherever it is required to alternately provide a flow of
      pressurized fluid between two points of use or two "delivery means". Thus,
      the term delivery means as used in the specification and claims herein
      shall be understood to mean that part of any environment in which the
      invention may be used wherein the flow of pressurized fluid is alternately
      supplied first to one passageway, conduit or the like, and then,
      alternately, to a second such passageway, conduit, or the like, whether
      for reversing the motion of an element such as a piston, or for any other
      purpose. Referring to FIG. 3, the two delivery means in the illustrated
      embodiment would comprise, first, the passageway 102; and, second, the
      passageway 88 and the other passageways in the valve and in the tool after
      88 to supply the pressurized air to the front of the piston. Similarly,
      the term "working implement" as used in the specification and claims
      herein shall be understood to include needle scalers, scalers, chisels,
      and the like devices which perform work by reciprocation and impact and
      which are adaptable for use with the invention valve.
PAR  Turning now to FIG. 3, the valve 44 of the invention is shown in greater
      detail. The valve 44 is a five part structure comprising a base plate 66,
      a middle plate 68, a wafer guide and throttle plate 70, a wafer or valving
      member 72 guided therein, and a cover plate 74. Turning to each of these
      parts in detail, and referring simultaneously to FIG. 3 and appropriate
      corresponding one of FIGS. 4 through 7, base plate 66 comprises a cross
      groove 76 running diametrically across its front face, and a pair of guide
      pins 78 secured in suitable openings. The pins 78 are on a diametrical
      line and offset by 90.degree. from the cross groove 76 and serve as
      assembly guides for the alignment of remaining parts of the valve. A pair
      of passageways 80 of predetermined cross-sectional area extend through the
      base plate 66, and are located on a diametrical line approximately equally
      spaced between the two diameters defining the locations of the cross
      groove 76 and the guide pins 78. The rear face of the base plate 66 is
      provided with a pair of elongated recesses 82 of predetermined shape and
      configuration. These recesses serve to deliver the air from the supply
      with the aligned openings in the Belleville springs 42 and thence to the
      passageways 80 and on to the remaining parts of the valve and the tool.
PAR  FIG. 3 is an exploded view of the parts of the valve shown assembled
      together in FIG. 2. The dashed line running through FIG. 3 shows the path
      of air flow as controlled by the valve to the front and rear ends of the
      piston 64 in order to cause the piston to reciprocate in the cylinder 46.
      Additionally, FIG. 3 is taken on a broken view line, analogous to the line
      2--2 on FIG. 1. The break and its location is apparent by a comparison,
      for example, between the right hand valve element and corresponding FIG.
      7. Roughly, the cross-sectional line runs from the top of the valve down
      to the centerline and then off on approximately a 45.degree. angle to the
      left.
PAR  The middle plate 68 comprises a cross groove 84 analogous in shape and
      location to the cross groove 76 of the base plate 66. The two cross
      grooves 84 and 76 together form a through passageway between these two
      plates and across the valve. This composite through passageway is part of
      one of the delivery means, i.e., it delivers the air under pressure under
      the control of the invention valve to the front of the piston. It is this
      structure of partially forming the groove in two valve members which is
      the key to the invention's improved cost of manufacture as compared to the
      prior art. That is, the passageway formed by the grooves 76 and 84,
      heretofore, would have to be cross drilled into a part. In the invention,
      by putting half of it in each of two facing members using powdered metal
      molding technology, the groove is formed automatically, thereby greatly
      reducing the cost over more conventional manufacturing techniques.
      Additionally, this split groove technique using powdered metal molding
      reduces the overall axial length of the valve, thus still further
      enhancing the invention's cost saving effect.
PAR  Plate 68 comprises a central through passageway 88, and the vicinity of the
      intersection of the passageway 88 and the cross groove 84 on the rear face
      of the plate 68 comprises a circular enlargment 86 surrounding the central
      passageway 88. This enlargement 86 serves to equalize the pressure
      delivered through the central axial passageway 88. Plate 68 is also formed
      with a pair of through passageways 90 which are similar in configuration
      to the passageways 80 of the base plate, and are aligned with these
      passageways 80 in assembled condition of the valve. The passageways 80 are
      slightly larger than the passageways 90 so that the flow is unrestricted
      to passageways 90 at which the first throttling of the air occurs. The
      front face of the middle plate 68 is formed with a recess 92 which is of
      generally four-armed configuration. The four arms are equally spaced on
      crossing diameters and the passageways 90 intersect on one diameter at the
      outer ends of two of these four arms. The inside of the recess 92 defines
      an annular valve land 94.
PAR  The enlargement 86, provided to aid in unformity of air flow out of the
      passageway 88, could just as well have been provided in a corresponding
      position in the base plate 66 as the function would have been performed
      just as well with this enlargement on either side. However, with an eye
      towards the use of powdered metal molding technology, it is preferred to
      put this enlargement in the middle plate 68 opposite the land 94 because
      it makes for a more uniform thickness of the powdered metal part cross
      section. That is, the enlargement 86 counterbalances the extension on
      which is located the valve land 94, and the center section around the
      passageway 88 is thus relatively uniform over the thickness of the part.
PAR  As shown in FIGS. 4, 5 and 6, the plates 68, 70 and 74 are each formed with
      a pair of guide openings 96 which snugly receive the guide pins 78 to hold
      these three parts in predetermined aligned relationship on the base plate
      with the various air passages in the relationship shown in FIG. 3. The
      guide openings 96 in the cover plate 74 are preferably blind openings in
      order to prevent any minor leakage which might occur between the
      interfaces in the valve from leaking into other surfaces. That is, if an
      air leak should occur and if it should migrate to an alignment pin hole,
      the leak will simply dead end at these blind openings.
PAR  Another advantage of the multi-part structure of the invention valve, as is
      shown best in FIG. 3, is that it is "idiot proof" in assembly. That is, in
      the event the parts are assembled wrong, as by being mounted on the base
      plate in the wrong order, or one or more parts being turned upside down,
      then the valve will not work at all. This failure to operate will
      immediately indicate that the valve must be reassembled properly. The "no
      operation" condition is preferred to a situation in which the valve might
      work to a limited extent or work improperly. "Not working at all" means
      the piston might perhaps make one stroke, and thereafter the tool might or
      might not "hiss air", but it will not run.
PAR  The wafer guide and throttle plate 70 is perhaps the most critical part of
      the valve 44 to manufacture. It comprises four throttle openings 98 of a
      predetermined diameter to produce a total cross-sectional area and
      predetermined amount smaller than the total cross-sectional area of the
      passageways 90. Plate 70 also comprises a central opening 100 of a
      diameter a predetermined amount larger than the outside diameter of the
      wafer 72. The parallelism of the two circular faces of the plate 70 have
      been found to be important in providing a tight air seal, and to define a
      uniform distance, edge to edge, for the wafer to travel. Therefore, this
      part is subjected to additional finishing operations after it is produced
      by the powdered metal process. The diameter of the opening 100 is not
      critical; it can be used as produced by the molding process, and no
      special surface finish inside is required. The thickness of the plate 70,
      aside from its parallelism, can vary a few thousandths of an inch with no
      adverse effect on performance. In prototype, it was found that, in view of
      the above, the part 70 can be a simple metal stamping or metal blank. The
      ratio of the diameters of the throttle openings 98 and 90 play a large
      role in defining the operating characteristics of the valve, discussed
      below.
PAR  The valve or wafer member 72 is preferably made of a nonferrous material.
      In the successfully constructed embodiment of the invention, this part was
      made of a canvas or fabric based phenolic resin impregnated laminate. This
      material, and other similar nonferrous materials, yield the advantages of
      lowering the cost of the part, producing a near wear-free part, and
      producing a lightweight valving member which responds quickly to changes
      in air pressure. Heretofore, ferrous members have been used generally, and
      they are relatively more expensive, and in this environment can stick or
      fail to operate due to oxidation, rust, and the like deterioration. Of
      course, upon the valve sticking, the tool can no longer be used, and must
      be taken apart and cleaned or the part replaced.
PAR  The cover plate 74 is formed with a central through opening 102 which
      delivers the air from the invention valve directly to the rear of the
      piston. The inside face of the plate 74 is formed with a recess 104
      defining a land 106. The elements 104 and 106 of the plate 74 are
      identical to the corresonding parts 92 and 94 of the middle plate 68.
      Thus, in molding these two members in powdered metal, great savings in
      manufacture are achieved in that the same die can be used for one half of
      both parts. The opposite sides of these two parts are different;
      primarily, the cover plate is plain, and the middle plate contains the
      cross groove 84. Here again, it can be seen how the invention multi-part
      structure produces great advantages over prior art devices having
      internally drilled cross grooves and the like in a one or two part valve.
PAR  Another corollary advantage is the pair of elongated recesses 82 in the
      back surface of the base plate 66. The outer ends of these recesses 82,
      which are not used in the embodiment of the invention shown in the
      drawings, are provided for purposes of future expansion and versatility.
      That is, in the future, it might be desired to use the invention valve in
      a larger tool demanding a greater air flow. In such case, another pair of
      openings, analogous to the passageways 80, could be provided at the
      opposite ends of the elongated recesses 82, thereby effectively doubling
      the air supply through the valve. Of course, in such case, suitable
      changes would be made with regard to the throttling holes 98 in the plate
      70 and in holes 90 in plate 68, depending upon the particular environment
      of such a future valve.
PAR  The delivery means between the valve wafer 72 and the front and rear of the
      piston include the axial passageways 88 and 102. This axial relationship
      yields important advantages for the present invention. As is known, the
      return of the piston after a stroke in one direction trips the valve wafer
      by back pressure to the opposite position in preparation for the next
      stroke in the opposite direction. The axial relationship of the
      passageways 88 and 102 therefore ensures that the valve disc 72 will not
      tip or cock as it reciprocates, because it is subjected to an axial force
      at its center. This results in a very smooth trouble-free operation as
      compared to prior art devices wherein this back pressure from the point
      being serviced impinges upon the valve disc in an annular ring thus
      increasing the possibility of the valve member cocking during its
      resetting motion.
PAR  As shown in FIGS. 3, 4 and 6, the two distribution recesses or pressurized
      regions 92 and 104 are of multi-lobed, four-armed, cloverleaf, or
      star-like configuration. This type of shape helps the invention achieve
      its advantages of smooth operation by providing an equalized pressurized
      region around the valve member 72. Another point in this regard, see FIGS.
      4, 5, and 6, is that two relatively large passageways 90 are provided to
      feed the pressurized region 92, but that four smaller throttling openings
      98 extend from this pressurized region 92 to the other side of the valve
      and to pressurized region 104. Thus, the smoothness of operation is
      maintained while at the same time the throttling effect and its advantages
      are maintained.
PAR  Yet another advantage of the multi-lobed shape is that the material between
      the lobes is positioned to support the edges of the valve disc 72 as it
      reciprocates between the two valve lands 94 and 106. In this manner, again
      towards the goal of smooth operation, the valve disc is saved against
      hitting solely on the relatively small annular valve surfaces, which, in
      testing of the invention, was found to score the surfaces of the valve
      disc. With the addition of these supports about the circumference of the
      disc, there was found to be virtually no wear on the disc. A valve was run
      for more than 1,000 hours, and no wear could be seen on the wafer, and the
      wafer is the only moving part in the valve. All the other valve parts
      serve only to define air flow passageways. The valve continued to work
      properly while other parts of the tool and test apparatus wore out and
      failed and were replaced.
PAR  During the invention's development, various experiments were tried in
      regard to the criticality of the throttle openings 98 and 90 with respect
      to each other. It was determined that it is the total cross-sectional area
      ratio which is critical. That is, as shown, there are only two delivery
      passages 90, and there are four throttle openings 98. On testing, other
      numbers of holes were tried, and it was found that the parameter of
      importance is the ratio of the total cross-sectional areas rather than
      number of holes.
PAR  During this extensive testing it was determined that the throttle openings
      98 and 90 provide great versatility to the invention valve in that they
      permit the optimization of any particular parameter about the tool in
      which the valve is incorporated. For example, in working with air scaling
      hammers, the common parameters to consider are air consumption in CFM,
      blows per minute (BPM) or speed, and penetration rate or power as measured
      by any consistent method. It is desired that the air consumption be
      relatively low while the speed be relatively high and the penetration or
      power be relatively fast and strong. In addition to simply varying the
      total cross-sectional area of the plurality of openings 98, the size of
      the openings 90 in the middle plate is also an adjustable parameter. This
      testing attempted to quantify many different parameters. It was found
      that, with a starting point ratio of about a half, then increasing the
      size of openings 90, caused speed to increase and penetration to increase.
PAR  Ratio values are defined as the total cross-sectional area of all holes 98
      to the total cross-sectional area of all holes 90. The number of holes was
      found not to have any substantial effect on performance, two and four hole
      systems were tested, and only total cross-sectional area changed
      performance characteristics. In effect, this ratio defines the valve air
      supply bias.
PAR  It was found that during the testing of all prototypes for this invention
      the ratio value determined the operating characteristics of a tool. For
      instance, in the case of a small air scaling tool, a ratio of 0.40 would
      result in a lower CFM, higher BPM and more blow energy than a ratio of
      0.50. At a ratio of 0.60 air consumption was about maximum but speed and
      blow energy was reduced. This invention has been successfully tried in a
      much larger tool, an air chipping hammer, on a prototype basis with the
      invention replacing an older valve of a steel, semi-circular disc design.
PAR  Thus, for this small air scaling hammer it was found that a ratio of about
      0.40 resulted in lower CFM, increased speed and higher output, than a
      ratio of 0.50. As the ratio was lowered below 0.40 the tool ran slightly
      faster, but output started to drop. At the extremes of ratio,
      approximately 0.30 or below or 0.75 or above, the scaler ran roughly
      missing blows with little output. These test results were for one
      particular tool using the invention valve.
PAR  For tools with longer barrels and relatively short pistons, a higher ratio
      than normal for scalers would probably be more useful. The invention can
      be readily changed to accomplish this, conversely, a short stroke, short
      piston tool would use a lower ratio range to compensate for reduced air
      passage lengths in the cylinder and liner construction.
PAR  Thus, the invention valve can be readily tailored to changes in tool barrel
      and piston length (air passage volume and length), air flow, speed and
      tool output as required for any particular work it might be required to
      do.
PAR  It was found during this testing that if the throttling effect was removed
      entirely, that is, if the total cross sectional areas of the openings 98
      and 90 were made equal, then the tools slowed down to an unacceptably slow
      level and power or penetration went down unacceptably low, although air
      consumption was not greatly affected which is not surprising in that air
      consumption is a function almost entirely of the cross-sectional area of
      the openings 90.
PAC  OPERATION
PAR  The air from the supply is throttled and controlled by operation of the
      trigger 12 and its throttle portion 32 in the conventional manner. The air
      then passes to the invention valve 44 first via the recesses 82 and thence
      through the aligned openings 80 and 90. This air supply is constantly
      present at and passes through the throttle openings 98 and on to the
      recess 104 in the cover plate. At the same time the recess 92 in the
      middle plate 68 is constantly pressurized. Thus, upon exiting from the
      passageway 90 in the middle plate 68, the air supply is split,
      pressurizing both the throttle openings 98 and the recess 92. The initial
      surge of air immediately starts the valve wafer 72 vibrating between its
      two valve lands 94 and 106. Thus, one or the other only of these two
      pressurized regions, i.e., recess 92 or recess 104, is allowed to
      communicate with its corresponding delivery passageway 88 or 102
      respectively. When the wafer is to the left, in FIG. 3, then passageway 88
      is pressurized and the air flows as shown to the front of the piston. When
      the wafer is to the right, the opposite condition occurs, and the rear of
      the piston is pressurized. The piston return from either position creates
      a back pressure which moves the valve wafer to reset the valve for the
      next piston stroke. In this manner the piston is forced to reciprocate in
      its cylinder. The various openings in the cylinder, 52, 54 and 60, operate
      in their conventional manner.
PAR  The speed of reciprocation of the wafer 72 is proportional to the ratio of
      the total cross-sectional areas of the holes 90 and 98 in any particular
      tool.
PAR  While the invention has been described in detail above, it is to be
      understood that this detailed description is by way of example only, and
      the protection granted is to be limited only within the spirit of the
      invention and the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An air tool including a housing, an air motor in said housing including
      a cylinder having a piston reciprocable therein, an air inlet in said
      housing connectable to an air supply a working implement supported by said
      housing, an air control valve interposed between said air inlet and said
      cylinder to alternately provide pressurized air to opposite ends of said
      piston to cause said piston to reciprocate and to deliver blows to said
      working implement; said valve comprising a tandem arrangement of a base
      member, a middle member, a valve guiding member, and a cover member; a
      valve member reciprocable in an opening in said valve guide member, means
      to flow air from said air inlet to the opposite sides of said valve
      member, said flow means including port means in said middle member and
      said valve guide member communicating with first and second passage means,
      respectively, at opposite sides of said valve member, the cross-sectional
      area of said first and second passage means being greater than the
      cross-sectional area of said middle member port means and said valve guide
      member port means, respectively, whereby the flow of air from each said
      port means to its respective passage means is substantially unrestricted,
      the cross-sectional area of said valve guiding port means being in the
      range of from about 30% to about 75% of the cross-sectional area of said
      valve guide member port means, whereby to throttle the air as it passes
      through said valve guide member port means, whereby the air pressure at
      said second passage means is lower than the air pressure at said first
      passage means, first delivery means extending through said cover member to
      deliver the air from said second passage means under the control of said
      valve member to one end of said piston to power said piston through its
      working stroke, and second delivery means extending through portions of at
      least said middle member and said base member to deliver air from said
      first passage means under the control of said valve member to the opposite
      end of said piston to return said piston.
NUM  2.
PAR  2. The combination of claim 1, wherein all of said members are of generally
      cylindrical configuration, first and second recessed regions formed in
      said middle member and said cover members respectively and facing the
      opposite sides of said valve member, said first and second regions being
      of generally multi-lobed configuration with the lobes extending radially
      outwardly, and said flow means in said base member comprising passageways
      formed in said base member and communicating with the outermost portions
      of at least one of said lobes.
NUM  3.
PAR  3. The combination of claim 1, wherein said base member, said middle
      member, said valve guiding member, and said cover member are each made of
      powdered metal.
NUM  4.
PAR  4. The combination of claim 1, wherein said second delivery means comprises
      a composite cross groove located between said base member and said middle
      member defined by facing grooves formed one in each of said base member
      and said middle member.
NUM  5.
PAR  5. The combination of claim 1, wherein said cover member is formed with a
      recessed region in one face thereof, said region at least partially
      defining the outside of a valve seat facing one side of said valve member,
      said valve seat being of annular configuration and surrounding a central
      through opening extending through said cover member from said one face
      thereof to the opposite face thereof, and said central through opening
      comprising at least a part of said first delivery means.
NUM  6.
PAR  6. The combination of claim 1, wherein said middle member is formed with a
      recessed region in one face thereof, said region at least partially
      defining the outside of a valve seat facing one side of said valve member,
      said valve seat being of annular configuration and surrounding a central
      through opening extending through said middle member from said one face
      thereof to the opposite face thereof, and said central through opening
      comprising at least a part of said second delivery means.
NUM  7.
PAR  7. The combination of claim 1 said valve member including a circular disc,
      and first and second valve seats formed in said middle member and cover
      member, respectively, on the opposite sides of said valve disc, each of
      said valve seats comprising an annular land formed in one face of a
      respective one of said middle member and said cover member, said first and
      second passage means each including an annular portion surrounding a
      respective annular land and adjacent the periphery of said valve disc.
NUM  8.
PAR  8. A pressurized fluid tool including a housing, a cylinder in said housing
      and having a piston reciprocable therein through a power and a return
      stroke, a valve for alternately interconnecting a supply of pressurized
      fluid to first and second delivery means in said housing communicating
      with opposite ends of said cylinder, said second delivery means
      communicating with the end of said cylinder to move said piston through
      its power stroke, and said first delivery means communicating with the end
      of said cylinder to move said piston through its return stroke, said valve
      comprising a base member including means to flow the pressurized fluid to
      other members in said valve and means at least partially defining said
      first delivery means, said valve further comprising a middle member having
      a defining means cooperative with said defining means of said base member
      to at least partially define said first delivery means, said middle member
      comprising a first region adapted to be pressurized from said fluid
      supply, said middle member comprising a valve seat interposed between said
      first region and said first delivery means, said valve further comprising
      a cover member, said cover member comprising a second region adapted to be
      pressurized by said pressurized fluid, throttling means interposed in the
      path of fluid flow between said first and second regions, whereby the
      fluid pressure in said second region is lower than the fluid pressure in
      said first region, said cover member comprising a second valve seat
      interposed between said second region and said second delivery means, said
      cover member at least partially defining said second fluid delivery means,
      said valve comprising a valve guiding member, and a valve member movable
      within said valve guiding member to alternately contact said first and
      second valve seats.
NUM  9.
PAR  9. The combination of claim 8, wherein said throttling means comprise a
      plurality of openings in said valve guiding member interconnecting said
      first and second regions, and wherein the total cross-sectional area of
      said throttling openings are a predetermined amount smaller than the
      cross-sectional area of the flow means in said middle member flowing the
      pressurized fluid through said middle member to said first pressurized
      region.
NUM  10.
PAR  10. The combination of claim 8, wherein said base member, said middle
      member, said valve guiding member, and said cover member, consist of
      powdered metal.
NUM  11.
PAR  11. The combination of claim 8, wherein the total cross-sectional area of
      said throttling means is in the range of about 30% to about 75% of the
      cross-sectional area of said fluid flow means in said base member.
NUM  12.
PAR  12. The combination of claim 8, wherein said cooperating defining means
      comprise a cross groove located between said base member and said middle
      member formed by facing grooves one in each of said base member and said
      middle member.
NUM  13.
PAR  13. The combination of claim 8, wherein said first and second valve seats
      each comprise an annular land formed in one face of the respective one of
      said middle member and said cover member surrounded by and at least
      partially defined by said first and second regions, respectively, and said
      regions being recessed into said members from the plane of said land.
NUM  14.
PAR  14. The combination of claim 8, wherein said middle member is formed with
      said first region recessed into one face thereof, said first region
      defining the outside of said first valve seat, said first valve seat being
      of annular configuration and surrounding a central through opening
      extending through said middle member from said one face thereof to the
      oppposite face thereof, and said central through opening comprising at
      least a part of said first delivery means.
NUM  15.
PAR  15. The combination of claim 8, wherein said cover member is formed with
      said second region recessed into one face thereof, said second region
      defining the outside of said second valve seat, said second valve seat
      being of annular configuration and surrounding a central through opening
      extending through said cover member from said one face thereof to the
      opposite face thereof, and said central through opening comprising at
      least a part of said second delivery means.
NUM  16.
PAR  16. An air tool including a housing, an air motor in said housing including
      a cylinder having a piston reciprocable therein, an air inlet in said
      housing connectable to an air supply, a working implement supported by
      said housing, an air control valve interposed between said air inlet and
      said cylinder to alternately provide pressurized air to opposite ends of
      said piston to cause said piston to reciprocate and to deliver blows to
      said working implement; said valve comprising a composite body having a
      valve member reciprocable at an opening therein, means to flow air from
      said air inlet to the opposite sides of said valve member, said flow means
      including first and second port means in said valve body communicating
      with first and second passage means, respectively, at opposite sides of
      said valve member, the cross-sectional area of said first and second
      passage means being greater than the cross-sectional area of said first
      and second port means, respectively, whereby the flow of air from each
      said port means to its respective passage means is substantially
      unrestricted, the cross-sectional area of said second port means being in
      the range of from about 30 to about 75% of the cross-sectional area of
      said first port means, whereby to throttle the air as it passes through
      said second port means, whereby the air pressure at said second passage
      means is lower than the air pressure at said first passage means, first
      delivery means extending from said valve opening to one end of said
      cylinder to deliver the air from said second passage means under the
      control of said valve member to one end of said piston to power said
      piston to its working stroke, and second delivery means extending from
      said valve opening to the other end of said cylinder to deliver air from
      said first passage means under the control of said valve member to the
      opposite end of said piston to return said piston.
NUM  17.
PAR  17. An air tool including a housing, an air motor in said housing including
      a cylinder having a piston reciprocable therein, an air inlet in said
      housing connectable to an air supply, a working implement supported by
      said housing, an air control valve interposed between said air inlet and
      said cylinder to alternately provide pressurized air to opposite ends of
      said piston to cause said piston to reciprocate and to deliver blows to
      said working implement; said valve comprising a composite body having a
      circular valve disc member reciprocable in an opening therein, means to
      flow air from said air inlet to the opposite sides of said valve disc,
      said flow means including first and second port means in said valve body
      communicating with first and second passage means, respectively, at
      opposite sides of said valve disc, each of said passage means including an
      annular portion adjacent the periphery of said valve disc, the
      cross-sectional area of said second port means being in the range of from
      about 30 to about 75% of the cross-sectional area of said first port
      means, whereby to throttle the air as it passes through said second port
      means, whereby the air pressure at said second passage means is lower than
      the air pressure at said first passage means, first delivery means
      extending from said valve opening adjacent the center of said valve disc
      to one end of said cylnder to deliver the air from said second passage
      means under the control of said valve disc to one end of said piston to
      power said piston through its working stroke, and said second delivery
      means extending from said valve opening adjacent the center of said valve
      disc to the other end of said cylinder to deliver air from said first
      passage means under the control of said valve disc to the opposite end of
      said piston to return said piston.
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ABST
PAL  An integral power steering assembly of the type which includes a housing
      defining a power cavity with a rack-toothed piston movably supported in
      the cavity and in meshing engagement with a sectored gear which in turn
      rotates an output shaft. A control valve is supported by the housing for
      controlling the flow of pressurized fluid from a source to the cavity on
      one side or another of the piston and the return flow from the opposite
      side of the piston whereby the piston is moved in alternative and opposite
      directions. An input shaft forms a part of and controls the control valve.
      Mechanical connections also interconnect the input shaft and an output
      shaft for rotating the output shaft in response to rotation of the input
      shaft in the event of the lack or loss of fluid pressure to move the
      piston hydraulically. These components are in the form of an integral or
      unitized package which may be attached to a vehicle as one unit. The
      improvement comprises a bleed valve establishing communication between the
      power cavity in which the piston is disposed and the return line from the
      control valve for automatically bleeding air from the hydraulic power
      cavity in which the piston is disposed. The bleed valve includes a valve
      member slidably disposed in a passage and normally held away from a valve
      seat by a spring. The valve member allows air to pass thereby but as the
      hydraulic fluid pressure increases, the valve member will be moved against
      the seat to prevent the flow of hyraulic fluid from the power cavity to
      the return.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the field of pressurized fluid
      operated servo mechanisms and, more specifically, to an integral power
      steering gear assembly for providing a power assist to the manual control
      of the steering wheels of a vehicle.
PAR  Power steering assemblies of the integral type are defined by a single
      unitary package including an input shaft to control the position of a
      control valve which controls the flow of pressurized fluid to opposite
      ends of a piston, which, in turn, controls the position of an output
      shaft. Additionally, there is a mechanical interconnection between the
      input shaft and the output shaft which may be utilized or becomes
      effective upon the loss of hydraulic fluid pressure. These components are
      in an integral or unitized package which may be attached to a vehicle as a
      unit with a hydraulic pressure input line and a hydraulic return line
      connected thereto. The pressure input line communicates with a source of
      hydraulic pressure, such as a pump, and the return line returns fluid flow
      to a reservoir, or the like, which stores fluid for use by the pump.
PAR  The hydraulic system is closed, however, upon occasion air enters into the
      system and, depending upon the amount of air, can cause a very dangerous
      operating situation. For example, too much air in the system can result in
      a situation where, upon turning the wheels of a vehicle partially in one
      direction, they could continue to rotate in that direction as air trapped
      at one end or the other of the piston could be compressed, as compared to
      the normal situation where hydraulic fluid fills the chambers at either
      end of the piston to prevent the piston from moving. One of the ways in
      which air enters into the system is past the shaft seals in the hydraulic
      pump during cold weather.
PAR  One attempt to alleviate the situation is to provide manual bleeds in the
      system, however, such bleeds are only as effective as the human being
      relied upon to manually bleed the system and are in no way responsive to
      the needs of a particular system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention may be summarized as an integral power steering gear
      assembly of the type disclosed above including bleed valve means for
      automatically bleeding air from the fluid cavity in which the hydraulic
      piston is disposed. More specifically, the automatic bleed valve means
      includes a bleed valve member disposed in a passage and normally held away
      from a valve seat in that passage by a biasing means. The passage in which
      the valve member is disposed is in communication with the cavity in which
      the piston is disposed at a point high in that cavity because the air will
      move above the hydraulic fluid to the highest point in the cavity. The
      bleed valve means is in fluid communication with the return port of the
      assembly. The valve member has a clearance with the passage in which it is
      disposed to allow air to flow thereby but the clearance is not sufficient
      to allow excessive hydraulic fluid to flow thereby so that the valve
      member will move against the valve seat and prevent hydraulic fluid from
      moving there past.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The DRAWING is a longitudinal cross-sectional view of an integral power
      steering gear assembly constructed in accordance with the instant
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, a power steering assembly constructed in
      accordance with the instant invention is generally shown at 10. As alluded
      to hereinabove, the power steering assembly 10 is an integral power
      steering assembly forming one unitary package.
PAR  Broadly, the package includes a housing means, generally indicated at 12,
      and defining a power cavity 14. Piston means, generally indicated at 16,
      is movably supported in sealing and sliding relationship with the power
      cavity 14. A control valve means, generally shown at 18, controls
      pressurized fluid flow from an inlet 20 to the cavity 14 and return fluid
      flow from the cavity 14 to a return 22 whereby, depending upon the end of
      the piston means 16 to which fluid pressure is subjected, the piston means
      16 will move in one of alternative and opposite directions. There is also
      included an input shaft means generally indicated at 24 for operating the
      control valve means 18.
PAR  There is also included output means, including an output shaft 26 and a
      gear sector 28 operatively connected to the piston means 16 for movement
      thereby. There is also included mechanical means comprising the coupling
      generally shown at 30, the helical ball screw drive, generally shown at
      32, and the torsion rod 34 interconnecting the input shaft 24 and the
      output sector 28 through the piston means 16 for moving the output shaft
      26 in response to rotation of input shaft 24 in the event of the lack or
      loss of hydraulic fluid pressure to move the piston means 16. The piston
      means 16 comprises a rack-toothed piston including a gear rack 36 which
      meshes with the gear sector 28, whereby the gear sector 28 rotates upon
      linear movement of the piston means 16. Should there be a loss of
      hydraulic fluid pressure, however, there is a mechanical means including a
      lost motion which will, at that end of that lost motion, move the piston
      means 16 in response to rotary movement of the input shaft 24, such
      mechanical means to be described hereinafter.
PAR  As set forth above, the present invention is directed to the bleed valve
      means generally shown at 38 for automatically bleeding air from the cavity
      14 or, more specifically, from that portion of the cavity 14 surrounding
      the gear sector 28 and at the left end of the piston means 16. The package
      unit is attached to a vehicle by the flanges 40 in the position shown so
      that the bleed valve means 38 is disposed near the high point in the
      cavity 14. As will be appreciated, because of the viscosity of air as
      compared to that of hydraulic fluid, air will move to the highest point in
      the cavity above the hydraulic fluid.
PAR  The member 42 may be, for the purposes of description, referred to as part
      of the housing means 12, however, the central casting or member 12 is
      sometimes referred to as the housing with the member 42 being referred to
      as a valve cap, or the like; the important aspect being that the member 42
      is bolted or otherwise secured to the central housing portion 12 so as to
      form a part thereof and a part of the total package. A fluid pressure port
      is in communication with the high pressure passage 20 and in a similar
      fashion a return port is in communication with the return passage 22. As
      alluded to above, the pressure port would be connected to a source of
      pressure, such as a pump, and the return port would be connected to a
      reservoir, or the like.
PAR  Bleed passage means defined by the passages 44a, 44b, and 46 communicate
      the bleed valve means 38 with the return passage 22. The passage 46 is
      bored in the member 42 and is capped or sealed by a ball or plug 48. The
      passage 44a is bored in the member 42 and is aligned with the passage 44b
      disposed in the central housing component. Thus, when considered as a
      package with the cap member 42 being considered a part of the housing
      means, the bleed passage means extends through the housing means to the
      control valve means 18.
PAR  The bleed valve means 38 includes a valve member 50 and a valve seat 52 for
      allowing the passage of air past the valve member 50 while preventing any
      substantial flow of pressurized hydraulic fluid past the valve member 50.
      More specifically, the valve member 50 is disposed in a clearance passage
      54 which is, in turn, in communication with the cavity 14. A plug or
      spacer member 56 threadedly engages the housing 12 and extends into the
      clearance passage 54 for positioning the valve member 50. There is
      sufficient clearance between the valve member 50 and the clearance passage
      54 to allow air to pass thereby. Extending downwardly from the clearance
      passage 54 is a seat passage 58 which is smaller than the clearance
      passage 54 so as to define the tapered valve seat 52. More specifically,
      the valve seat 52 is frusto-conical for engaging the lower sperical end of
      the valve member 50. The valve member 50 is cylindrical with spherical
      ends, the bottom one of which engages the seat 52. A biasing means,
      comprising at least one spring 60, is disposed in the seat passage 58 and
      extends past the valve seat 52 to engage the lower spherical end of the
      valve member 50. Thus, the spring 60 defines a biasing means for urging
      the valve member 50 against the spacing member 56 and away from the valve
      seat 52.
PAR  When air is trapped in the cavity 14, it will move past the valve member 50
      because of the clearance between the valve member 50 and the clearance
      passage 54. However, when the valve member 50 is subjected to hydraulic
      fluid and the flow of that hydraulic fluid becomes sufficient because of
      its pressure, there will be a differential pressure across the valve
      member 50 such that the valve member 50 will be moved downwardly into
      sealing engagement with the valve seat 52 to prevent further fluid flow.
      Thus, the valve member 50 allows air to move there past because air will
      not create a sufficient pressure differential to close the valve whereas
      the valve member 50 will prevent any substantial flow of pressurized
      hydraulic fluid there past.
PAR  The remaining components which were broadly described above, are known in
      the prior art and therefore will not be described in great detail but only
      sufficiently to understand the total operation of the assembly. Further,
      reference may be had to U.S. Pat. No. 3,606,819 which is directed to an
      assembly of the same general type and including the same general
      components.
PAR  The piston means 16 comprises a centrally bored racktoothed piston dividing
      the power cavity 14 into a pair of pressure chambers, one at each end of
      the piston means 16. As mentioned hereinbefore, an output sector gear 28
      is in meshing engagement with the rack 36 of the piston means 16, the
      output sector gear 28 being integrally or otherwise connected to the
      output shaft 26.
PAR  The input shaft 24 extends into the member 42 of the housing means and is
      rotatably supported thereby through various bearings, bushings, seals, and
      the like.
PAR  The control valve means 18 includes a sleeve valve member 62 as well as a
      portion of the input shaft for directing pressurized fluid to and for
      returning fluid from the pressure chambers at either end of the piston
      means 16. More specificallly, the sleeve valve member 62 and the input
      shaft 24 have axially extending slots and grooves which coact together to
      direct pressurized fluid to one end of the piston means 16 or the other
      while returning fluid flow from the opposite end.
PAR  A centrally bored worm member 64 is connected to the sleeve valve member 62
      through an Oldham or other type coupling 30 for rotation therewith and
      extends into the bore of the piston 16. The worm 64 is operatively
      connected to the piston 16 through helical grooves and balls defining the
      helical screw means 32 to cause movement of the piston 16 in response to
      rotary movement of the worm 64. There is also included a coupling means
      interconnecting the input shaft 24 and end of worm 64, and hence the
      sleeve valve member 62 through the coupling 30, for allowing limited
      relative rotation between the shaft 24 and the sleeve valve member 62 on
      either side of a neutral position. The coupling means includes a lost
      motion connection between the shaft 24 and sleeve 62 to allow slight
      relative rotation therebetween and torsion means defined by the torsion
      rod 34 interconnecting the input shaft 24 and the worm 64 for urging the
      sleeve valve member 62 and the input shaft 24 to the neutral position.
PAR  The assembly also includes a relief valve assembly, which is generally
      shown at 66, for allowing fluid pressure to move from the pressurized end
      of the piston to the opposite end when the piston has bottomed out, as
      when the wheels have been turned all the way in one direction. The relief
      valve assembly prevents an undesirable pressure build-up in the pump
      supplying pressure. When the piston has bottomed out the adjacent or
      associated valve member will engage one or the other of the adjustment
      pins 68 or 70 to open whereby upon pressure build-up on the opposite
      pressurized end of the piston, the other or opposite valve member will
      open allowing fluid flow to the low pressure end of the piston and to
      return. Also, air trapped at the right end of the piston means 16 will
      pass through the relief valve assembly 66 or through the bored worm 64 to
      the left end of piston means 16 to be blead through bleed valve assembly
      38.
PAC  OPERATION
PAR  As mentioned above, the assembly is a packaged integral unit with an input
      shaft and an output shaft with a hydraulic inlet port and a hydraulic
      outlet port. When placed in position that portion of the cavity 14 which
      is adjacent the bleed valve assembly 38 is placed at the highest position.
      It will be appreciated, however, that depending upon the environment in
      which the package is to be utilized, the bleed valve means 38 may be
      placed at different positions in the assembly but always adjacent the
      highest position as the assembly is installed.
PAR  When the assembly is installed, the input shaft 24 is connected to a
      steering shaft. To effect steering in one direction, the shaft 24 is
      rotated in one direction whereupon there will be a differential rotation
      between the shaft 24 and the sleeve valve 62 to direct fluid flow to one
      end or the other of the piston 16. The piston 16 will then move in one
      direction or the other to rotate the output shaft 26 through the gear
      sector 28. When the input shaft 24 has been rotated the desired amount,
      further rotation is discontinued and the torsion bar 34 will again align
      the sleeve valve member 62 with the input shaft 24 to prevent further
      fluid flow to or from either end of the piston 16, thus locking the piston
      in position (absent trapped air).
PAR  Should the shaft 24 be turned far enough that the piston 16 moves to an
      extreme position of travel, the relief valve assembly system 66 becomes
      effective to allow pressure from the pressurized end of the piston 16 to
      move to the low or return pressure side to prevent an excess of pressure
      built up on the pressurized side of the piston.
PAR  Should there be a loss of hydraulic fluid pressure, rotation of the shaft
      24 effects a rotation of the worm 64 mechanically through the lost motion
      connection between shaft 24 and sleeve 62 and coupling 30, to, in turn,
      move the piston 16 through the helical ball screw means 32.
PAR  During normal operation should any air pass into the system, it will move
      to the top of the cavity 14 where it will be in communication with the
      valve member 50 so as to pass by the valve member 50 to the return passage
      22. Should there be no air in the system, hydraulic fluid pressure will
      move the valve member 50 into engagement with the valve seat 52 to prevent
      the flow of hydraulic fluid to the return side of the system.
PAR  The invention has been described in an illustrative manner, and it is to be
      understood that the terminology which has been used is intended to be in
      the nature of words of description rather than of limitation.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  The embodiments of the invention in which an enclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An integral power steering assembly comprising; housing means defining a
      power cavity, piston means movably supported in said cavity, control valve
      means supported by said housing means for controlling pressurized fluid
      flow to said cavity and return fluid flow from said cavity to move said
      piston means in alternative and opposite directions, input shaft means for
      operating said control valve means, output means operatively connected to
      said piston means for movement thereby, mechanical means interconnecting
      said input shaft means and said piston means for moving said piston neans
      in response to rotation of said input shaft means in the event of lack of
      fluid pressure to move said piston means, and bleed valve means for
      automatically bleeding air from said cavity, said bleed valve means
      including bleed passage means extending from and in direct communication
      with said cavity, a valve portion for controlling flow through said bleed
      passage means and movable between open and closed positions and normally
      open at any position of said piston means, biasing means for urging said
      valve portion toward said open position and away from said closed position
      in which said valve portion prevents flow through said bleed passage
      means, means in said bleed passage through said bleed passage means, a
      flow restriction in said bleed passage means normally open for allowing
      the free flow of air therepast and for creating a pressure differential
      between said bleed passage means upstream of said restriction and said
      bleed passage means downstream of said restriction in response to fluid
      flow therepast for moving said valve portion against said biasing means to
      said closed position to prevent flow of pressurized fluid past said valve
      portion in said closed position.
NUM  2.
PAR  2. An integral power steering assembly comprising: housing means defining a
      power cavity, piston means movably supported in said cavity, control valve
      means supported by said housing means for controlling pressurized fluid
      flow to said cavity and return fluid flow from said cavity to move said
      piston means in alternative and opposite directions, input shaft means for
      operating said control valve means, output means operatively connected to
      said piston means for movement thereby, mehchanical means interconnecting
      said input shaft means and said piston means for moving said piston means
      in response to rotation of said input shaft means in the event of lack of
      fluid pressure to move said piston means, and bleed valve means remotely
      spaced from said control valve means for automatically bleeding air from
      said cavity, said bleed valve means including a valve member and a valve
      seat for allowing said passage of air past said valve member in an open
      position while preventing any substantial flow of pressurized fluid past
      said valve member in a closed position, said valve member closing in
      response to a pressure differential resulting from the flow of pressurized
      fluid past said valve member.
NUM  3.
PAR  3. An assembly as set forth in claim 2 including pressure passage means in
      fluid communication with said control valve means for delivering
      pressurized fluid thereto from a source, return passage means in fluid
      communication with said control valve means for returning fluid to said
      source, and bleed passage means for communicating said bleed valve means
      with said return passage means.
NUM  4.
PAR  4. An assembly as set forth in claim 3 wherein said control valve means is
      supported by said housing means and said bleed passage means extends
      through said housing means to said control valve means.
NUM  5.
PAR  5. An assembly as set forth in claim 4 wherein said bleed valve means
      includes biasing means urging said valve member away from said valve seat.
NUM  6.
PAR  6. An assembly as set forth in claim 5 wherein said valve member is
      disposed in a clearance passage which is in communication with said power
      cavity.
NUM  7.
PAR  7. An assembly as set forth in claim 6 wherein there is sufficient
      clearance between said valve member and said clearance passage to allow
      air to pass thereby.
NUM  8.
PAR  8. An assembly as set forth in claim 7 including a seat passage extending
      from said clearance passage, said valve seat being disposed between said
      clearance and seat passages, said seat passage being smaller than said
      clearance passage to define said valve seat.
NUM  9.
PAR  9. An assembly as set forth in claim 8 wherein said valve member is
      cylindrical with at least one spherical end.
NUM  10.
PAR  10. An assembly as set forth in claim 9 wherein said biasing means includes
      at least one spring disposed in said seat passage and extending past said
      valve seat to engage said spherical end of said valve member.
NUM  11.
PAR  11. An assembly as set forth in claim 10 including pressure passage means
      in fluid communication with said control valve means for delivering
      pressurized fluid thereto from a source, return passage means in fluid
      communication with said control valve means for returning fluid to said
      source, and bleed passage means for communicating said seat passage with
      said return passage means.
NUM  12.
PAR  12. An assembly as set forth in claim 11 wherein said control valve means
      is supported by said housing means and said bleed passage means extends
      through said housing means to said control valve means.
NUM  13.
PAR  13. An assembly as set forth in claim 12 wherein said piston means
      comprises a centrally-bored rack-toothed piston dividing said power cavity
      into a pair of pressure chambers, said output means comprises an output
      shaft, an output sector gear in meshing engagement with said piston and
      connected to said output shaft, said input shaft extending into said
      housing means, said control valve means including a sleeve valve member
      and a portion of said input shaft means disposed within said sleeve valve
      member for directing pressurized fluid to and for directing return fluid
      from said pressure chambers, a centrally bored worm connected to said
      sleeve valve member for rotation therewith and extending into the bore of
      said piston, helical screw means operatively connecting said worm to said
      piston, coupling means interconnecting said input shaft means and said
      worm and hence said sleeve valve member for allowing limited relative
      rotation therebetween on either side of a neutral position, said coupling
      means including torsion means interconnecting said input shaft means and
      said worm for urging said sleeve valve member and said input shaft means
      to said neutral position.
NUM  14.
PAR  14. A power steering assembly comprising; housing means defining a power
      cavity, piston means movably supported in said cavity, an input shaft,
      control valve means responsive to said input shaft for controlling fluid
      flow to and from said cavity to move said piston means in alternative and
      opposite directions, output means responsive to movement of said piston
      means, and bleed valve means spaced remotely from said control valve means
      for automatically bleeding air from said cavity, said bleed valve means
      including a valve member and a valve seat for allowing the passage of air
      past said valve member in an open position while preventing any
      substantial flow of pressurized fluid past said valve member in a closed
      position, said valve member closing in response to a pressure differential
      resulting from the flow of pressurized fluid pas said valve member.
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ABST
PAL  A hydraulic drive for the die closing unit of an injection molding machine
      in which at least one power cylinder and power piston with a coaxially
      attached auxiliary cylinder opens and closes the molding die by executing
      the opening and closing travel with a differential piston action in the
      power cylinder and/or with the auxiliary cylinder, while valve-closable
      bypass channels in the power piston are kept open. The closing of these
      channels switches the drive from an accelerated travel mode to a
      high-pressure die clamping mode.
PAL  An annular valve plunger cooperates with a valve seat on the power piston
      to open and close the bypass channels, several alternatives of guiding and
      hydraulically moving the valve plunger being contemplated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to injection molding machines, and in
      particular to hydraulic drive means for the opening and closing of the two
      halves of a molding die into which plastic or metallic raw material is
      injected. More specifically, the present invention relates to hydraulic
      cylinder operated die closing units of injection molding machines in which
      the cylinder rods extend in the direction of the opening and closing
      motion of the movable die plate, which latter may be directly attached to
      the cylinder rods.
PAR  2. Description of the Prior Art
PAR  A prior art hydraulic drive for a die closing unit of the type mentioned
      above is disclosed in my U.S. Pat. No. 3,663,140. This drive consists of
      at least two parallel hydraulic power cylinders to which two auxiliary
      cylinders are coaxially connected. While a comparatively moderate force is
      normally sufficient to separate and approach the die halves, a much larger
      force is required to keep the die closed during the injection process. The
      known device takes advantage of this difference, by using the smaller
      auxiliary cylinders to produce the opening and closing travel of the unit,
      and using the power cylinders only to create the closing pressure. Under
      certain special circumstances, the power cylinder is also used to assist
      in the initial portion of the opening motion, when the molded part offers
      a resistance against die opening.
PAR  In the prior art device, this is accomplished by arranging the pistons of
      the power cylinders so as to operate both as pistons and as bypass valves
      which, when open, permit the power piston to execute the opening and
      closing travel, without removing all the fluid from one side of the power
      cylinder and simultaneously taking in a comparable amount of fluid on the
      other side of the cylinder. Instead, the hydraulic fluid simply flows
      through bypass channels arranged inside the power piston from one side of
      the piston to the other, as a result of the valve action of the piston. At
      the end of the closing travel, for example, the power piston valve is
      closed, whereupon the effective area of the power piston, subjected to the
      full fluid pressure, exerts its maximum force against the die halves as a
      closing pressure.
PAR  In the above-mentioned prior art arrangement, the power piston itself is
      the moving part of this internal bypass valve. The valve seat is provided
      in the form of an upstanding radial shoulder on the piston rod, the piston
      being seated against this shoulder in the closed valve position. This
      design has certain shortcomings, among them the material and machining
      costs of the piston rods with their radial shoulders, the manufacturing
      and assembly costs of the axially movable power pistons with their
      internal flow chamber and valve closing face. Another disadvantage relates
      to the considerable weight of the piston which, being the moving valve
      body, causes the latter to respond comparatively slowly to a reversal of
      movement direction, and which also creates a rather hard impact, when the
      power piston moves against its valve seat. Lastly, the entire closing
      pressure is transmitted from the power piston to the piston rod through
      the valve seat, meaning that the valve seat has to be comparatively large
      in area, with the result that the flow through the open valve seat is more
      restrained and not as straight and even as would be desirable.
PAC  SUMMARY OF THE INVENTION
PAR  Underlying the present invention is the primary objective of improving upon
      the above-described prior art die closing unit drive, by eliminating or at
      least reducing the mentioned shortcomings to the extent that savings are
      realized in the manufacture and assembly of the parts, while the
      possibility for operation at considerably higher speeds is afforded
      through the elimination of the power piston as a moving valve body and the
      rearrangement of the bypass channels inside the power piston for a fluid
      flow with a minimum of throttling action and with the least possible
      change in flow direction.
PAR  The present invention proposes to attain the above objective by suggesting
      a hydraulic drive for the die closing unit of an injection molding machine
      in which the valve for controlling the bypass flow through the piston of
      the hydraulic power cylinder is constituted by an hollow valve plunger
      which is arranged to move axially on the pressure side of the power piston
      in cooperation with a cylinder surface which concentrically surrounds the
      piston rod, whereby the power piston itself is fixedly attached to the
      piston rod and has a valve seat for cooperation with the valve plunger
      which, when engaged against the seat, closes the bypass channels in the
      power piston.
PAR  The primary advantages resulting from this improvement are: a
      simplification of the constituent parts which reduces the cost of
      manufacture, especially in large quantities; a considerable increase in
      operating speed, due to the greatly reduced weight of the valve plunger,
      with the additional benefit of greatly reducing the impact forces on the
      valve seat and hence the contact area on the latter; greater longevity;
      and improved adaptability of the design to varying design requirements.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further special features and advantages of the invention will become
      apparent from the description following below, when taken together with
      the accompanying drawings which illustrate, by way of example, several
      embodiments of the invention, represented in the various figures as
      follows:
PAR  FIG. 1 is a plan view of a die closing unit, shown in partial longitudinal
      section, with a hydraulic drive embodying the present invention;
PAR  FIGS. 2 and 3 show in an enlarged cross section the power piston and valve
      assembly of the device FIG. 1, the valve being shown open in FIG. 2, and
      closed in FIG. 3;
PAR  FIGS. 4 and 5 are similar to FIGS. 2 and 3, featuring a modified version of
      a power piston and valve assembly;
PAR  FIG. 6 is a typical end view of a power piston, such as the one of FIG. 7,
      showing the piston bypass channels as seen from the low pressure side of
      the piston;
PAR  FIG. 7 shows a further embodiment of a power piston and valve assembly
      according to the present invention;
PAR  FIG. 8 shows a die closing unit similar to that of FIG. 1, but with a
      further version of a power piston and valve assembly;
PAR  FIGS. 9 and 10 show the piston and valve assembly of FIG. 8 at an enlarged
      scale, the valve being closed in FIG. 9 and open in FIG. 10;
PAR  FIGS. 11 and 12 show a small modification of the arrangement of FIGS. 9 and
      10;
PAR  FIG. 13 shows a third embodiment of the die closing unit according to the
      invention;
PAR  FIGS. 14 and 15 show the main piston and valve assembly of FIG. 13 at an
      enlarged scale, the valve being closed in FIG. 14 and open in FIG. 15;
PAR  FIGS. 16 and 17 represent a modification of the assembly of FIGS. 14 and
      15;
PAR  FIG. 18 shows a portion of a push-type die closing unit, with a power
      piston and valve assembly representing a still further embodiment of the
      invention; and
PAR  FIG. 19 shows at an enlarged scale a main piston and valve assembly similar
      to those shown in FIG. 18.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A first embodiment of the invention is illustrated in FIG. 1, where a
      movable die plate 12 carries one half of the injection molding die 13,
      while the other half is attached to a block-shaped cylinder mount 10 which
      also serves as a base for the die closing unit. In this cylinder mount are
      arranged two parallelly spaced cylinder bores defining cylinder pressure
      spaces 75 and 76 on the front and back of two identical power pistons 24.
      It should be understood, that the proposed die closing unit may also be
      equipped with four power cylinders, for example, or, in the case of the
      push-type unit to be described further below, with only one such power
      cylinder. The power pistons 24 are attached to piston rods 16 extending
      axially from the cylinder mount 10 in both directions, the forward
      extremities of the piston rods 16 carrying the movable die plate 12 with
      the movable half of the molding die 13. The rearwardly extending piston
      rod portions 16' extend into two coaxially aligned auxiliary cylinders 11,
      thereby forming annular cylinder chambers 80 and 81. The longitudinal
      guidance of the piston rods is obtained by means of guide bores in a pair
      of guide bushings 17 and 18 arranged in the forward wall of the cylinder
      mount and by similar guide bores in a pair of suitable connecting flanges
      of the auxiliary cylinders 11. To the rear extremity of one of the piston
      rod portions 16' is attached a piston 14.
PAR  The cylinder space 75 which is located ahead of the power piston 24,
      hereinafter referred to as the high pressure space, is connected to the
      hydraulic system of the injection molding machine via an inlet 19 at the
      front end of the power cylinder, while a similar inlet 20 at its rear end
      leads to the rear cylinder space 76, hereinafter referred to as the low
      pressure space. Hydraulic lines lead from these inlets to the hydraulic
      controls of the injection molding machine (not shown), which selectively
      connect one or the other, or both inlets, to a source of pressure fluid,
      while one or the other inlet may be connected to the fluid tank of the
      machine. Similar inlets 21 and 22 lead to the cylinder spaces 80 and 81 of
      the two auxiliary cylinders 11. From FIG. 1 it can readily be seen that a
      pressurization of the cylinder space 80 of the right-hand auxiliary
      cylinder - as seen from behind the unit - produces a closing travel of the
      unit, while pressurization of the cylinder space 81 of the left-hand
      auxiliary cylinder produces an opening travel of the unit. Both auxiliary
      cylinders are thus single-acting cylinders, in contrast to the
      double-acting power cylinders; one auxiliary cylinder serves exclusively
      as an opening cylinder, while the other serves as a closing cylinder. A
      bore 23 allows air to enter and exit from the outer extremity of the
      right-hand auxiliary cylinder.
PAR  A central flow channel 31 leads from the cylinder space 81 of the opening
      auxiliary cylinder to its associated power piston and through a cross
      connection in the movable die plate 12 from the left-hand piston rod into
      the right-hand piston rod and to the right-hand power piston. As can
      better be seen in FIGS. 2 and 3, the central channel 31 opens into an
      annular valve plunger pressure space 29, located axially between the power
      piston 24 and a hollow valve plunger 25, which latter is arranged for
      axial sliding motion on the piston rod 16. While the inner diameter of the
      valve plunger 25 engages the piston rod 16, a concentric outer diameter
      thereof engages a matching recessed bore in the power piston 24 so that
      the valve plunger is not only responsive to the pressure created in the
      plunger pressure space 29, but also to the pressure to which the high
      pressure space 75 of the power cylinder is subjected. Suitable gaskets 36
      and 37 in the valve plunger 25 and in the piston rod 16, respectively,
      provide a seal for the inner and outer cylinder surfaces of valve plunger
      25.
PAR  Pressurization of the cylinder space 75 thus causes the valve plunger 25 to
      move to the right until an enlarged flange portion 25' on the valve
      plunger 25 comes to axially abut against a matching valve seat 30 of the
      power piston 24. The latter is mounted on the same diameter of the piston
      rod 16, being axially restrained against the effect of the hydraulic
      pressure in the high pressure space 75 by a split abutment ring 27 seated
      in a groove of the piston rod. If the line 31 and the pressure space 29
      are pressurized higher than the pressure which exists inside the cylinder
      space 75, then the valve plunger 25 moves to the left, away from the valve
      seat 30, until it is stopped by a retaining ring 26. In this retracted
      position, the valve plunger 25 opens an axial recess 28' in the power
      piston 24. The latter in turn is in communication with a series of axially
      oriented bypass channels 28, which thus connect the low pressure side of
      the power piston to its high pressure side, when the valve plunger is in
      the open position (FIG. 2). For a smooth flow path of the hydraulic fluid
      through the bypass channels 28 and through the valve itself, the valve
      seat 30 of the power piston and the mating face of the flange portion 25'
      of the valve plunger are preferably inclined at an angle of approximately
      45.degree. against the cylinder axes a--a. The outer diameter of the
      flange portion 25', which is preferably also the outer diameter of the
      valve seat 30, is approximately identical to the center circle on which
      the axes b--b of the bypass channel 28 are located.
PAR  The operative sequence of this die closing unit drive, starting from a
      closed die position and assuming that the molded part is ready for
      ejection, is as follows:
PAR  In order to open the die halves 13, pressurized hydraulic fluid is pumped
      into the cylinder space 81 of the opening auxiliary cylinder 11, via its
      intake 22. This pressurization causes the piston rod portion 16' to act
      itself as a piston, pushing both piston rods, which are rigidly
      interconnected at the movable die plate 12 to form a moving assembly
      therewith, to the left in FIG. 1. However, since the valve plunger
      pressure spaces 29 are hydraulically connected to the cylinder space 81,
      the pressurization of the latter also causes both valve plungers 25 to
      move to the left, thereby opening the bypass valves of the two power
      pistons 24. With the power piston valves thus opened (FIG. 2), the pistons
      are free to move to the left inside their power cylinders, as the
      hydraulic fluid simply moves from the high pressure side of the power
      pistons to their low pressure side, without leaving the cylinder. This
      produces a rapid opening motion of the die closing unit, while a
      comparatively small volume of pressure fluid is used, as determined by the
      diameter of the piston rod portion 16' and the required opening stroke of
      the molding die 13.
PAR  It may be desirable to remove and renew at least a portion of the hydraulic
      fluid in the power cylinders during each cycle. This is accomplished
      either through appropriate controls in the hydraulic lines connected to
      the intake openings 19 and 20, or it may be a built-in feature, if the
      piston rods 16 have rear piston rod portions 16' which are larger or
      smaller in diameter than the remainder of the piston rods.
PAR  The closing travel is accomplished by means of the closing auxiliary
      cylinder on the right-hand side of the unit which, when the cylinder space
      80 is pressurized, cause the auxiliary piston 14, and with it the entire
      moving assembly, to move rearwardly, thereby approaching the mold halves
      13 against each other. In this case, the valves of the power pistons are
      again in their open positions (FIG. 2), the hydraulic fluid flowing freely
      from the low pressure side to the high pressure side of the power pistons
      24. In this case, the power piston valve is held open either as a result
      of an axially fixed connection between the power piston 24 and the piston
      rod 16, or as a result of a certain residual pressure inside the valve
      plunger pressure space 29, which latter may be obtained through a
      throttling action against the hydraulic fluid being expulsed from the
      cylinder space 81 of the opening auxiliary cylinder. As soon as the die
      halves 13 are closed against each other, the high pressure spaces 75 of
      the power cylinders are pressurized. This pressure causes the valve
      plungers 25 to move to the right, thereby shutting off the bypass flow
      through the power pistons 25. The latter now become pressurized over their
      entire area, and the resultant force is transmitted to the piston rods 16
      and to the die 13 via the split abutment rings 27 in the piston rods.
PAR  In FIGS. 4 and 5 is illustrated a slightly modified embodiment of the power
      piston and valve assembly just described. Here, the annular space which
      previously served as a valve plunger pressure space is elongated in the
      axial direction, accommodating therein a compression spring 47 which gives
      the valve plunger 25 a bias toward its open position (FIG. 4). The central
      bore 60 serves in this case merely as a relief bore for the evacuation and
      supply of air from and to the annular space occupied by the spring 47.
      Thus, the valve is automatically maintained open during the closing and
      opening travels of the guide closing unit, and it is closed only, when the
      high pressure cylinders space 75 is pressurized, while a certain counter
      pressure is created in the low pressure space 76. This pressure creates a
      closing force on the hollow valve plunger 25.
PAR  Both the first-described embodiment (FIGS. 1-3) and its modification (FIGS.
      4 and 5) have essentially the same hollow valve plunger 25 which is seated
      for sliding axial motion on the outer diameter of the piston rod 16 and
      which has an outer cylindrical surface that sealingly engages a recessed
      bore of the power piston 24. This arrangement renders the valve plunger 25
      responsive to the pressure in the high pressure space 75 of the power
      cylinder, which pressure forces the valve plunger into its closed
      position. The valve plunger returns to its open position, as soon as the
      space 75 is de-pressurized, moving either under the action of the spring
      47 (FIGS. 4 and 5), or in response to a hydraulic opening pressure
      reaching the pressure space 29 through line 31 (FIGS. 2 and 3).
PAR  A different operative response is provided in all the other embodiments of
      the invention, as exemplified by FIGS. 8-12, for example. Here, the
      annular valve plunger 61 is made responsive to a valve plunger pressure
      space 77 which is arranged on the opposite axial end of the valve plunger,
      between the latter and a cylinder sleeve 71. Thus, the valve plunger is
      urged into its open position (FIG. 10), whenever a pressure exists in
      either the high pressure space 75 or the low pressure space 76, as long as
      the valve plunger pressure space 77 and the supply line 31 are not
      pressurized. As can be seen in FIG. 9, for example, the hollow valve
      plunger 61 has again a tapered contact face engaging a matching valve seat
      62 on the periphery of an axial recess 73' of the power piston 72.
      However, in this case the valve diameter is slightly smaller than the
      hydraulically effective outer diameter of the valve plunger 61. Thus, the
      closing motion of the power piston valve can be controlled and timed
      independently of the opening and closing travel motions, making it
      possible to slow down the closing motion just before the die halves 13
      meet, by closing the valve slightly before the end of closing travel.
      Similarly, the full power piston force could be used to initiate the
      opening travel, by holding the power piston valve closed during an initial
      pressurization of the low pressure space 76.
PAR  A modified embodiment is again illustrated in FIGS. 11 and 12, where a
      compression spring 47 is arranged between the cylinder sleeve 75 and the
      valve plunger 61. In this case, the spring provides a closing bias on the
      valve plunger 61, which bias adds itself to the closing pressure from the
      line 31, but which can be overcome, in order to open the valve, when both
      power cylinder pressure spaces 75 and 76 are under pressure during the
      opening and closing travels.
PAR  It will be noted that the die closing unit of FIG. 8 does not have two
      different auxiliary cylinders 11 as is the case in the unit if FIG. 1.
      Here, both auxiliary cylinders operate simultaneously to provide the
      opening travel only. The closing travel, on the other hand, is obtained
      through a pressurization of both power cylinder spaces 75 and 76 which,
      due to different diameters of the piston rod 16 on the front and rear of
      the power piston 72, produces a differential pressure on the power piston
      72 in the sense of a closing motion. As mentioned, this pressure also
      automatically opens the power piston valve.
PAR  A similar, but somewhat modified embodiment is shown in FIGS. 6 and 7,
      where the cylinder sleeve 71 of the previously described embodiment is
      replaced by an integral cylinder extension 45' of the power piston 45, the
      open end of the cylinder extension 45' being closed off by means of an end
      cover 63, thereby confining the valve plunger 61 inside the power piston
      45. A plurality of radial bores 28'" complete the flow path of the fluid
      through the power piston 45 from the bypass channel 28 and the axial
      recess 28', when the valve plunger 61 is in its open position. The central
      channel 31, leading to the valve plunger pressure space 64 inside the
      cover 63, supplies the pressure which closes the valve, while the pressure
      inside the power cylinder spaces 75 and 76 causes the valve to open. The
      operative characteristics of this assembly are thus similar to those of
      the embodiment described in connection with FIGS. 8-12.
PAR  A still further embodiment of the invention is illustrated in FIGS. 13-17.
      Here, the hollow valve plunger 61 defines a valve configuration with the
      power piston 72 which is similar to that of the embodiment of FIGS. 8-10
      but, instead of being surrounded by a cylinder sleeve 71, the valve
      plunger 61 encloses a fixed ring 71', in order to form the desired valve
      plunger pressure space 77. The piston rods 16 are again shown of a uniform
      diameter over their entire length, rather than with differential diameters
      as in FIG. 8, which means that the power piston 72 is positioned against
      the piston rod by means of a split ring 27. It further requires that one
      of the auxiliary cylinders serves again as a closing cylinder, while the
      other serves as an opening cylinder.
PAR  It will be readily recognized that the operative characteristics of the
      embodiment of FIGS. 13-17 are quite similar to those of the embodiment of
      FIGS. 8-12. The major difference between these two embodiments is one of
      analogous inversion of certain portions of the hollow valve plunger 61 and
      its cooperating part, which together form the valve plunger pressure space
      77. This cooperating part - cylinder sleeve 71 in one case, and ring 71'
      in the other case - is axially positioned on the piston rod 16 be means of
      retaining rings 26 and 74. The outer diameter of the valve plunger
      pressure space 77 is in both cases the same and, because it is larger than
      the diameter of the valve seat 62, the valve opens under pressurization of
      the high pressure space 75, unless the valve plunger pressure space 77 is
      likewise pressurized, in which case the valve plunger closes against the
      power piston 72. With the exception of the piston rod shoulder 70 of the
      split ring 27 of this embodiment, the power piston 72 is essentially the
      same in both cases.
PAR  For practical purposes, the radial width of the valve plunger pressure
      space 77, i.e. the radial step between the inner and outer effective
      diameters of the valve plunger 61, is preferably approximately between
      one-eighth and one-sixth of the diameter of the piston rod 16.
PAR  In FIGS. 16 and 17 is again shown a modified version of the embodiment of
      FIGS. 14 and 15, the closing of the valve plunger 61 being assisted by a
      compression spring 47. In this case, however, the valve plunger has to be
      axially longer, in order to accommodate the spring inside an axially
      extended valve plunger pressure space 77. A small shoulder 95 limits the
      opening travel of the valve plunger 61 against the fixed ring 71'.
PAR  In order to open the molding die 13, the cylinder space 81 of the opening
      auxiliary cylinder 11 is pressurized via the inlet 21, so that the piston
      rod portion 16' acts as a piston, pushing the movable assembly into the
      open position. During this opening travel, the power cylinder spaces 75
      and 76 are both pressurized just enough to cause the valve plunger 61 to
      move against the non-pressurized valve plunger pressure space 77, i.e. to
      open, so that the power piston 72 can move freely through the pressure
      fluid contained inside the power cylinder. As can readily be seen from the
      drawing, the flow path of the fluid to the bypass channels 73 of the power
      piston 72 has a minimum of directional change.
PAR  The closing travel of the movable assembly is achieved by pressurizing the
      pressure space 80 of the closing auxiliary cylinder 11, via its inlet 22.
      The auxiliary piston 14, which is attached to the rear extremity of the
      piston rod portion 16, then causes the movable assembly to travel
      rearwardly, until the molding die 13 is closed. The valve plunger 61 is
      again kept open through a slight pressurization of the power cylinder
      spaces 75 and 76. Upon termination of the closing travel, the valve
      plunger pressure spaces 77 are pressurized via the fluid channels 31, so
      that the valve plunger 61 closes the bypass channels 73 of the power
      piston by contacting its valve seat 62.
PAR  As stated earlier, the diameter of the valve plunger pressure space 77 is
      somewhat larger than the diameter of the valve seat 62 on the edge of the
      axial recess 73' on the high pressure side of the power piston 72. This
      difference in diameters signifies that the valve plunger 61 is not only
      urged into its open position (FIG. 15), as long as it is axially spaced
      from the valve seat 62, but also when it contacts the latter, because the
      hydraulically effective area on the valve plunger which is located
      radially outside the valve seat 62 is larger than the oppositely oriented
      effective area of the valve plunger which is located radially outside the
      fixed ring 71'.
PAR  As can be seen especially in FIGS. 1, 8 and 13, the three major embodiments
      of the invention described so far are very similar in regard to their die
      mounting configurations. In each case the movable die plate is pulled
      closed, leading to the designation of this type of die closing unit as a
      "pull-type" die closing unit. This piston rods extend axially past the
      molding die 13, thereby pulling the movable die plate against the
      stationary die plate.
PAR  A different type of die closing unit is shown in FIGS. 18 and 19, where the
      movable die plate is pushed against the stationary die plate in a
      so-called "push-type" die closing unit. Unlike the pull-type die closing
      unit, where at least two power cylinders are necessary, the push-type die
      closing unit can operate with a single power cylinder, if appropriate
      guides are provided between the die halves 13 and/or the die plates of the
      die closing unit. FIG. 18 shows the power piston and bypass valve
      configuration to be essentially the same as in the last-described
      embodiment (FIGS. 13-17), except that the valve is arranged at a larger
      diameter, with the fixed ring 71' having a tubular axial extension 83
      reaching against the power piston 72. The fixed ring 71' thus can serve a
      dual purpose, by clamping the power piston 72 against a clamping shoulder
      84 of the piston rod 16 (FIG. 19) - or, alternatively, against a split
      ring while serving as a guide for the valve plunger 61 on two concentric
      cylindrical surfaces and thereby defining the valve plunger pressure space
      between these two parts. The fixed ring 71' and the corresponding length
      portion of the piston rod 92 are preferably provided with threads 97, so
      that the ring 71' can be axially tightened against the power piston 72.
      The fully tightened ring 71' is lastly secured in place by means of a
      retaining ring 86 seated in a groove of the piston rod 92.
PAR  A very favorable bypass flow path is obtained in the configuration of FIG.
      19, where the smaller guide diameter of the fixed ring 71' is
      approximately aligned with the diameter of the piston rod 92 on the low
      pressure side of the power piston 72 and the axially oriented bypass
      channels 73 in the piston have their innermost wall portion likewise
      located in alignment with the aforementioned diameters of the ring 71' and
      rod 92. The flow path of the hydraulic fluid through the power piston 72
      thus has a virtually straight inner contour, until it reaches the valve
      plunger 61, where a 45.degree. outward deviation takes place. The center
      circle at which the axes b--b of the bypass channels 73 approximately
      coincides with the diameter of the axial recess 73' of the power piston 72
      and the valve seat 62 has approximately the same diameter. Lastly, the
      outer diameter of the fixed ring 71', which determines the outer guide
      surface between the valve plunger 61 and the ring 71', is likewise
      approximately the same as the diameter of the valve seat 62, or it may be
      somewhat larger, as will be explained further below. The power piston 72
      itself has a planar inner clamping face 83 for clamping contact with the
      extension 72' of ring 71'; axially offset outer planar faces 88 and 89,
      with a tapered intermediate face portion provide a smooth flow path for
      the hydraulic fluid into and out of the bypass channels 73. On the outer
      periphery of the power piston 72 are two annular grooves, one of them
      accommodating a thin guide sleeve 34, and the other holding a piston seal
      35.
PAR  It will be noted that, when the diameter of the valve seat 62 and the outer
      diameter of the ring 71', defining a cylinder surface 96, are identical, a
      pressurization of the high pressure cylinder space 75 does not
      automatically retract the valve plunger 61 from its closed position on the
      valve seat 62. However, because the high pressure space 75 has a larger
      effective area than the low pressure space 76 behind the power piston 72,
      a pressurization of both spaces will move the power piston to the right in
      FIG. 19, i.e. in the direction of die closing. This also means, however,
      that the valve plunger 61 receives additional opening pressure from the
      low pressure side of the power piston, on its area which is located inside
      the valve seat 62. This additional pressure and the impingement of the
      fluid flow through the bypass channels 73 against the plunger 61 will
      maintain the latter in its open position, until the valve plunger pressure
      space 77 is pressurized via the channels 31 and 91. As soon as the valve
      is thus closed, the power cylinder space 75 can be fully pressurized to
      produce the closing pressure.
PAR  In FIG. 18 is shown an auxiliary opening cylinder 96 which is coaxially
      attached to the power cylinder of the cylinder mount 10. This auxiliary
      opening cylinder is basically similar in design to the opening cylinders
      of the pull-type embodiments of FIGS. 1 and 13, having a piston 94
      attached to the far extremity of the piston rod portion 92'.
      Pressurization of this cylinder causes the movable assembly to travel to
      the left in FIG. 18, until it reaches the fully open position shown in
      that figure.
PAR  Certain types of molding dies and raw materials may require considerable
      forces for the initial separation of the die halves. In such a case, the
      valve plunger pressure space 77 is maintained under pressure during the
      initial portion of the opening stroke, while the low pressure side of the
      power cylinder is pressurized, in order to create an opening force on the
      power piston 72 itself. This force is then transmitted to the piston rod
      92 through the fixed ring 71' and the thread connection 97. Following the
      initial separation of the die halves, the pressure space 77 can be
      de-pressurized, whereupon the valve plunger 61 opens under the pressure
      exerted against it through the fluid in the recess 73' which is in
      communication with the low pressure space 76 of the power cylinder. The
      full force potential, e.g. 20 tons, which is available for the creation of
      a closing pressure on the die halves can thus also be utilized for the
      initial opening travel, the auxiliary opening cylinder producing the
      remainder of the opening travel in an accelerated motion.
PAR  For the closing travel, the power piston 72 itself acts as a
      differential-diameter piston, because the low pressure space 76 is smaller
      in effective area than the high pressure space 75. This is due to the fact
      that the diameter of the piston rod 92 is larger than the diameter of the
      piston rod portion 92' reaching into the auxiliary opening cylinder. Thus,
      if both power cylinder spaces are pressurized evenly, with the bypass
      channels 73, open, an effective piston area equal to the difference
      between the two piston rod cross sections is obtained under this pressure,
      producing an accelerated closing travel motion. The diameter of the piston
      rod 92 is preferably equal to the inner diameter of the auxiliary
      cylinder, with the result that identical effective piston areas are
      available for both the opening and closing travel.
PAR  In order to obtain an automatic opening motion on the valve plunger 61
      under the effect of the pressurization of the high pressure space 75, as
      soon as the pressure in the valve plunger pressure space 77 is relaxed,
      the outer diameter of the pressure space 77, i.e. the outer diameter of
      the fixed ring 71', may be chosen somewhat larger than the diameter of the
      valve seat 62, meaning that the valve plunger has a larger effective area
      subjected to the pressure of pressure space 75 in the direction of opening
      motion, viz. the area located outside the valve seat 62, than the area
      which is subjected to the same pressure in the direction of closing
      motion. Once the valve plunger is thus retracted into its open position,
      the high pressure space 75 is in communication with the low pressure space
      76. But even in this condition, a certain closing pressure can be
      maintained through the differential-piston effect of the power cylinder.
      Removal of the pressure from the power cylinder spaces 75 and 76 and
      pressurization of the auxiliary piston space 93 causes the assembly to
      execute the accelerated opening travel. It follows that, because this
      opening travel, as well as the closing travel, are produced with
      relatively small effective piston areas, they can be executed very
      rapidly, without the need for a large pumping capacity.
PAR  As can readily be seen from FIGS. 18 and 19, the fixed ring 71', with its
      extension 71", and the hollow valve plunger 61 form a convenient
      sub-assembly which is readily removable from the piston rod. The valve
      plunger no longer needs to have a sliding fit on the piston rod itself.
      Also, because the piston rod diameter in the rod portion which carries the
      power piston 72 and the fixed ring 71' is greater by the height of the
      thread connection 97, these parts are easier to slide in place on the
      piston rod. A gasket 36 between the valve plunger 61 and the ring
      extension 71" serves as a seal for the pressure space 77, similar gaskets
      being provided in all other embodiments. The power piston itself is again
      equipped with a guide sleeve 34 and a piston seal 35.
PAR  The construction of the power cylinder as a differential pressure cylinder
      has the additional advantage of providing unequal capacities in its high
      pressure and low pressure spaces 75 and 76, respectively. This means that,
      during each operating cycle, a portion of the hydraulic fluid contained in
      the power cylinder is evacuated during the opening stroke and fresh
      hydraulic fluid is re-introduced during the subsequent closing stroke. The
      hydraulic fluid thus removed is passed through the cooling circuit of the
      injection molding machine, while cooled fluid enters the power cylinder.
      This feature prevents an undesirable heat buildup in the power cylinders
      of the die closing unit.
PAR  The embodiments of FIGS. 13-17 and of FIGS. 18 and 19 have the additional
      advantage of being more compact in the axial direction than the embodiment
      of FIGS. 8-12. This makes it possible to obtain a longer opening stroke
      with a given length of the power cylinder, or to correspondingly shorten
      the power cylinder for a given opening stroke. The fact that the power
      piston 72 is axially clamped against the shoulder 84 of the piston rod 92
      further makes it possible to considerably reduce the axial length of the
      power piston, thereby accordingly shortening the length of the bypass
      channels 73 and thus reducing the flow resistance therethrough during
      opening and closing travel. The reduction of this flow resistance, in
      turn, makes possible a corresponding increase in the speed of opening and
      closing travel. The combined features of the higher flow speed through the
      power piston and the much smaller weight of the moving part of the power
      piston valve thus make it possible to greatly increase the operating speed
      of this closing unit, thereby correspondingly shortening the duration of
      an injection molding cycle, for a higher productivity of the injection
      molding machine.
PAR  A preferred differential ratio for the piston rod diameters at the rod
      portions 92 and 92' is 15 to 12. As stated earlier, this same ratio is
      preferably also maintained with respect to the diameters of the auxiliary
      piston 94 and the associated piston rod portion 92', in order to obtain
      identical opening and closing travel conditions.
PAR  It should be understood, of course, that the foregoing disclosure described
      only preferred embodiments of the invention and that it is intended to
      cover all changes and modifications of these examples of the invention
      which fall within the scope of the appended claims.
CLMS
STM  I claim the following:
NUM  1.
PAR  1. In a hydraulic linear actuator of the cylinder and piston type, whose
      motion is switchable from a travel mode in which a movable assembly is
      advanced or retracted at accelerated speed and with comparatively little
      force to a power mode in which the assembly is subjected to a greatly
      increased pressure, when the piston is at or near one end of its travel
      stroke, which actuator is advantageously applicable as a drive for the die
      closing unit of an injection molding machine, the combination comprising:
PA1  a closed power cylinder with hydraulic connections at both extremities for
      double-acting operation;
PA1  a power piston fixedly seated on a piston rod and arranged for longitudinal
      travel inside said cylinder over the length of a piston stroke; the piston
      rod having a forward rod portion extending from the forward end of the
      power cylinder, which rod portion is connected to a movable assembly
      arranged for travel between an open position on one end of the piston
      stroke and a closed position on the other end of the stroke, and a rear
      rod portion extending from the opposite end of the power cylinder; and the
      power piston further dividing the space of the power cylinder into a high
      pressure space on that side of the piston which needs to be pressurized to
      urge the movable assembly into its closed position and a low pressure
      space on the opposite side of the piston;
PA1  a plurality of bypass channels extending generally axially across the body
      of the power piston from the high pressure side thereof to the low
      pressure side;
PA1  an annular valve seat on the power piston, on its high pressure side,
      arranged so as to surround the openings of the bypass channels;
PA1  a hollow valve plunger sealingly surrounding a cylindrical guide surface on
      the piston rod on the high pressure side of the power piston, said plunger
      being guided for axial motion toward and away from the power piston,
      between a closed position in which a shoulder of the valve plunger
      sealingly abuts against the valve seat and an open position located a
      distance away from said seat, and the valve plunger has at least one axial
      end face exposed to the fluid in the high pressure space;
PA1  means for moving the valve plunger between its open and closed positions in
      response to fluid pressure; and
PA1  an auxiliary cylinder cooperating with the rear piston rod portion so as to
      define a coaxial auxiliary linear actuator capable of driving the same
      movable assembly via the piston rod; and wherein:
PA1  the auxiliary cylinder has a much smaller hydraulically effective cross
      section than the power cylinder, so that, when the auxiliary cylinder is
      supplied with pressurized fluid while the valve plunger is in its open
      position, the piston rod and the movable assembly travel at a
      comparatively high rate of speed, while the power piston moves through the
      fluid contained inside the power cylinder, as the latter passes through
      its bypass channels from side to side of the power piston.
NUM  2.
PAR  2. A hydraulic linear actuator combination as defined in claim 1, wherein:
PA1  the movable assembly is in its closed position when the power piston has
      reached the rear end of its stroke;
PA1  the high pressure space in the power cylinder is that portion of the
      cylinder space which is located forward of the power piston; and
PA1  the pressurization of the high pressure space, with the power piston bypass
      channels closed, causes the piston rod to pull the movable assembly toward
      its closed position.
NUM  3.
PAR  3. A hydraulic linear actuator combination as defined in claim 1, wherein:
PA1  the movable assembly is in its closed position when the power piston has
      reached the forward end of its stroke;
PA1  the high pressure space in the power cylinder is that portion of the
      cylinder space which is located to the rear of the power piston; and
PA1  the pressurization of the high pressure space, with the power piston bypass
      channels closed, causes the piston rod to push the movable assembly toward
      its closed position.
NUM  4.
PAR  4. A hydraulic linear actuator combination as defined in claim 1, wherein:
PA1  the rear portion of the piston rod has a larger diameter than its forward
      portion, so that the power piston operates as a differential piston which,
      when the power piston bypass channels are open and both pressure spaces in
      the power cylinder are evenly pressurized, moves to the rear, together
      with the movable assembly, as a result of the larger effective area of the
      forwardly located pressure space; and
PA1  the rear portion of the piston rod projects freely into the auxiliary
      cylinder so as to define a pressure space therein to which the rear
      extremity of the piston rod is exposed and which, when pressurized while
      the power piston bypass channels are open, causes the piston rod and the
      movable assembly to travel to the fore.
NUM  5.
PAR  5. A hydraulic linear actuator combination as defined in claim 4, wherein
PA1  the difference in the effective areas of the power cylinder pressure spaces
      is approximately equal to the effective cross-sectional area of the rear
      portion of the piston rod.
NUM  6.
PAR  6. A hydraulic linear actuator combination as defined in claim 1, wherein:
PA1  the rear portion of the piston rod has a smaller diameter than its forward
      portion, so that the power piston operates as a differential piston which,
      when the power piston bypass channels are open and both pressure spaces in
      the power cylinder are evenly pressurized, moves to the fore, as a result
      of the larger effective area of the rearwardly located pressure space; and
PA1  the piston rod carries on the rear extremity of its rear piston rod portion
      an auxiliary piston engaging the wall of the associated auxiliary cylinder
      so as to define a pressure space forward of the auxiliary piston which,
      when pressurized while the power piston bypass channels are open, causes
      the piston rod and the movable assembly to travel to the rear.
NUM  7.
PAR  7. A hydraulic linear actuator combination as defined in claim 6, wherein
PA1  the forward portion of the piston rod has approximately the same diameter
      as the auxiliary piston on its rear extremity.
NUM  8.
PAR  8. A hydraulic linear actuator combination as defined in claim 1, further
      comprising:
PA1  at least one additional parallelly spaced power cylinder with a
      substantially identical power piston, piston rod, piston bypass channels,
      valve seat, cooperating valve plunger with valve plunger moving means, and
      coaxial auxiliary cylinder; and wherein
PA1  the forward portions of the piston rods are connected to the same movable
      assembly;
PA1  a first one of the piston rods carries on the rear extremity of its rear
      piston rod portion an auxiliary piston engaging the wall of the associated
      auxiliary cylinder so as to define a pressure space forward of the
      auxiliary piston which, when pressurized while the power piston bypass
      channels are open, causes this piston rod, the movable assembly, and the
      other piston rod to travel to the rear; and
PA1  a second one of the piston rods has its rear piston rod portion freely
      projecting into the associated auxiliary cylinder so as to define a
      pressure space therein to which the rear extremity of the piston rod is
      exposed and which, when pressurized while the power piston bypass channels
      are open, causes this piston rod, the movable assembly and the other
      piston rod to travel to the fore.
NUM  9.
PAR  9. A hydraulic linear actuator combination as defined in claim 8, wherein
PA1  the hydraulically effective cross-sectional areas of the aforementioned two
      pressure spaces are substantially identical in size, which latter is a
      fraction of the hydraulically effective cross-sectional area of the power
      piston, when its bypass channels are blocked by the valve plunger.
NUM  10.
PAR  10. A hydraulic linear actuator combination as defined in claim 1, wherein
PA1  the piston rod has the same diameter on its forward portion as on its rear
      portion, as well as on an intermediate portion on which the power piston
      is seated; and
PA1  the power piston rod further includes an annular groove near the low
      pressure side of the power piston and a split abutment ring which is
      seated in this groove and radially protrudes therefrom, said ring serving
      to transmit axial forces from the piston to the rod, in the sense of
      urging the movable assembly into its closed position.
NUM  11.
PAR  11. A hydraulic linear actuator combination as defined in claim 1, wherein:
PAR  the power piston further includes an axial recess on its high pressure side
      located radially inwardly adjacent to its valve seat; and
PA1  the bypass channels of the power piston open into this radial recess.
NUM  12.
PAR  12. A hdyraulic linear actuator combination as defined in claim 11,
      wherein:
PA1  the valve plunger includes a tapered seating face which is oriented
      outwardly and away from the power piston; and
PA1  the valve seat of the power piston has a radially narrower, similarly
      oriented tapered face.
NUM  13.
PAR  13. A hydraulic linear actuator combination as defined in claim 1, wherein:
PA1  the power piston has a central bore with which it is fixedly seated on the
      piston rod, over a first length portion of said bore which is located
      adjacent to the low pressure side;
PA1  a second length portion of the power piston bore and the guide surface on
      the piston rod define together an annular plunger cylinder, the outer wall
      of said cylinder being defined by the piston bore, and its concentric
      inner wall being defined by the piston rod, said cylinder space being open
      to the high pressure space;
PA1  the hollow valve plunger has corresponding concentric inner and outer walls
      in contact with the concentric cylinder walls; and
PA1  one axial end of the annular plunger cylinder is closed against the piston
      rod, thereby defining a valve plunger pressure space at this end of the
      cylinder as part of said valve plunger moving means, said pressure space
      being connected to a source of hydraulic pressure, via a channel in the
      piston rod, so that the valve plunger is moved away from it, when it is
      pressurized.
NUM  14.
PAR  14. A hydraulic linear actuator combination as defined in claim 13,
      wherein:
PA1  the annular plunger cylinder is arranged axially inside the valve seat on
      the power piston;
PA1  the valve plunger pressure space is located at the inner end of the plunger
      cylinder;
PA1  a portion of the valve plunger length is sealingly engaged inside the
      plunger cylinder and thus located axially inside the valve seat; and
PA1  the valve plunger shoulder which cooperates with the valve seat is part of
      an enlarged collar on the non-engaged portion of the valve plunger.
NUM  15.
PAR  15. A hydraulic linear actuator combination as defined in claim 14, wherein
PA1  the valve plunger moving means further includes a compression spring
      arranged inside the valve plunger pressure space, the spring bearing
      against the closed end of the latter and against the near extremity of the
      valve plunger, thereby urging the latter toward its open position.
NUM  16.
PAR  16. A hydraulic linear actuator combination as defined in claim 13,
      wherein:
PA1  the annular plunger cylinder is arranged axially outside the valve seat on
      the power piston, the outer wall of said cylinder being larger in diameter
      than the diameter of the valve seat;
PA1  the valve plunger pressure space is located at the outer, i.e. more
      distant, end of the plunger cylinder, its closed end being constituted by
      an end cover;
PA1  the near end of the plunger cylinder is open to the high pressure space;
PA1  the valve plunger is sealingly engaged inside the plunger cylinder between
      the end cover and the valve seat; and
PA1  the valve plunger shoulder which cooperates with the valve seat is part of
      an end face at the near extremity of the valve plunger.
NUM  17.
PAR  17. A hydraulic linear actuator combination as defined in claim 1, wherein:
PA1  the valve plunger is located axially outside the power piston in the high
      pressure space of the power cylinder;
PA1  the valve plunger shoulder which cooperates with the valve seat is part of
      a near end face at the near extremity of the valve plunger; and
PA1  the valve plunger moving means includes an enclosed valve plunger pressure
      space to which an opposite, far axial face of the valve plunger is
      exposed, the pressure space being connected to a source of hydraulic
      pressure, via a channel in the piston rod, so that, when the pressure
      space is pressurized, the valve plunger is moved toward the valve seat on
      the power piston.
NUM  18.
PAR  18. A hydraulic linear actuator combination as defined in claim 17, wherein
PA1  the valve plunger moving means further includes a compression spring
      arranged inside the valve plunger pressure space, the spring bearing
      against the piston rod and against the valve plunger, thereby urging the
      latter toward the valve seat on the power piston.
NUM  19.
PAR  19. A hydraulic linear actuator combination as defined in claim 17,
      wherein:
PA1  the valve plunger has the shape of a sleeve, with a guide bore, i.e. an
      inner cylindrical surface, sealingly engaging the piston rod guide surface
      and an outer cylindrical surface at a diameter which corresponds to the
      outer diameter of the valve plunger pressure space;
PA1  the piston rod includes an annular member having a cylindrical surface
      adapted for sealing and sliding engagement with the outer cylindrical
      surface of the valve plunger; and
PA1  the valve plunger pressure space is defined between the piston rod and the
      valve plunger, the annular member of the piston rod including an axial
      face bordering this pressure space in opposition to the far axial face of
      the valve plunger.
NUM  20.
PAR  20. A hydraulic linear actuator combination as defined in claim 19,
      wherein:
PA1  the diameter of the valve seat on the power piston is smaller than the
      outer diameter of the valve plunger pressure space, so that a
      pressurization of the high pressure space creates an axial force on the
      valve plunger in the direction away from the valve seat; and
PA1  the inner diameter of the valve plunger pressure space is smaller than the
      diameter of the valve seat, so that, when the valve plunger is in its
      closed position and both pressure spaces are evenly pressurized, the valve
      plunger is maintained in its closed postion.
NUM  21.
PAR  21. A hydraulic linear actuator combination as defined in claim 20,
      wherein:
PA1  the annular member of the piston rod includes a removable cylinder sleeve,
      its outer cylindrical surface being that of a cylindrical bore which is
      open toward the power piston, but closed in the other direction at said
      axial face which borders the valve plunger pressure space; and
PA1  the outer cylindrical surface of the valve plunger engages said bore from
      the inside.
NUM  22.
PAR  22. A hydraulic linear actuator combination as defined in claim 20,
      wherein:
PA1  the annular member of the piston rod includes a fixed collar on the piston
      rod, its outer cylindrical surface being that of a short cylinder;
PA1  the outer cylindrical surface of the valve plunger is that of an enlarged
      cylindrical bore portion in the valve plunger which is open toward the far
      extremity of the valve plunger and axially adjacent its guide bore; and
PA1  the valve plunger surrounds and engages the fixed collar on the piston rod
      from the outside.
NUM  23.
PAR  23. A hydraulic linear actuator combination as defined in claim 22, wherein
PA1  the annular member of the piston rod is a removable ring having a
      substantially rectangular cross section.
NUM  24.
PAR  24. A hydraulic linear actuator combination as defined in claim 22,
      wherein:
PA1  the annular member of the piston rod is removable from the piston rod and
      has the shape of a flange bushing, the flange part of the member being
      said fixed collar, and the bushing part of the member being a tubular
      extension seated on the piston rod and extending toward the power piston;
      and
PA1  the cylindrical guide surface on the piston rod is constituted by the outer
      surface of the bushing part of the annular member.
NUM  25.
PAR  25. A hydraulic linear actuator combination as defined in claim 24,
      wherein:
PA1  the piston rod and the annular member have matching male and female
      threads;
PA1  the power piston has a clamping face on the side that faces toward the high
      pressure space; and
PA1  the threaded annular member is adapted to serve as a clamping nut, engaging
      the clamping face of the power piston when tightened against it.
NUM  26.
PAR  26. A hydrualic linear actuator combination as defined in claim 25,
      wherein:
PA1  the high pressure space of the power cylinder and the valve plunger are
      located to the rear of the power piston;
PA1  the forward portion of the piston rod is larger in diameter than its rear
      portion, so that the power piston operates as a differential piston;
PA1  the piston rod has a clamping shoulder engaging the forward side of the
      power piston;
PA1  the power piston and the annular member are seated on an intermediate
      length portion of the piston rod which is larger in diameter than its rear
      portion by approximately twice the radial height of said male thread, but
      smaller in diameter than its forward portion, so as to define said
      clamping shoulder; and
PA1  the piston rod carries on its rear portion as auxiliary piston of
      approximately the same diameter as the forward piston rod portion, which
      piston engages the wall of the associated auxiliary cylinder.
NUM  27.
PAR  27. A hydraulic linear actuator combination as defined in claim 26, wherein
PA1  the ratio between the diameter of the rear portion of the piston rod and
      the diameter of the auxiliary piston is approximately 15 to 12.
NUM  28.
PAR  28. A hydraulic linear actuator combination as defined in claim 25,
      wherein:
PA1  the outer diameter of the bushing part of the annular member is
      approximately equal to the diameter of the forward piston rod portion;
PA1  the power piston further includes an axial recess in its rear side radially
      inwardly adjacent to its valve seat;
PA1  the bypass channels in the power piston are bores oriented in parallel to
      the piston rod axis and extending from the foward side of the piston to
      said recess, the bores being arranged on a center circle whose diameter is
      approximately equal to the outer diameter of the valve plunger pressure
      space and a small amount larger than the diameter of the valve seat; and
PA1  the bypass channels are bores of a diameter that is approximately equal to
      the difference between the diameter of their center circle and the
      diameter of the forward piston rod portion.
NUM  29.
PAR  29. A hydraulic linear actutor combination as defined in claim 28, wherein:
PA1  the valve plunger further includes a tapered seating face which is oriented
      at approximately 45.degree. outwardly and away from the power piston;
PA1  the valve seat has a radially much narrower, similarly oriented tapered
      face; and
PA1  the power piston further includes a narrow planar rear face radially
      outwardly adjacent its valve seat, and a tapered face continuing radially
      outwardly from the latter in parallel to the tapered seating face of the
      valve plunger, so as to define a parallel-tapered flow gap therebetween.
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PAL  In an earthmoving scraper a low volume, low pressure, pilot pump supplies
      fluid pressure to a pilot control valve which routes this fluid through
      bleed lines to a remote scraper control valve that operates the bowl jacks
      on the scraper from a separate source of pressurized hydraulic fluid. By
      manually varying the bleed rates of the output of the pilot pump with the
      spool of the pilot valve, proportion actuation of the control valve can be
      obtained through differential pressures in the bleed lines connecting it
      to the pilot valve. A safety valve connected in the bowl carry circuit
      supplies an alternate source of fluid pressure to the pilot valve if the
      pilot pump fails, ensuring positive fail-safe operation of the system.
PARN
PAR  This is a division, of Ser. No. 335,910, filed Feb. 26, 1973 now U.S. Pat.
      No. 3,862,643.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In earthmoving scrapers a number of the implement components on the scraper
      portion must be controlled from the tractor portion by the operator. As a
      result, numerous high pressure hydraulic hoses often must cross the
      articulated hitch between the tractor and scraper portions, or an
      alternate arrangement selected, involving locating the control valves on
      the scraper portion and operating them by remote control systems.
PAR  While such an alternate arrangement has many advantages, it does require a
      safe, reliable, positive acting remote control system to operate the
      control valves on the scraper portion, as the operator does not have any
      direct physical access to the main control valves. Because of these
      requirements, pilot-operated control systems using positive bleed
      arrangements have been used, such as disclosed in U.S. Pat. No. 3,515,032
      which issued to J. E. Dezelan et al. on June 2, 1970. Also see U.S. Pat.
      No. 3,048,978 which issued to Hare on Aug. 14, 1962 and U.S. Pat. No.
      3,160,174 issued to Schmiel on Dec. 8, 1964 and U.S. Pat. No. 3,220,318
      issued to McGuire on Nov. 30, 1965. The current invention is related to a
      bleed control system similar to the one disclosed in some of these
      patents.
PAR  One of the principal objectives of this invention is to provide a pilot
      control system for scrapers that is suitable for operating open center
      control valves, so needless horsepower loss will not occur by pumping
      large volumes of hydraulic fluid at high pressures over relief valves.
PAR  Another object is the provision of a pilot-operated system which includes
      fail-safe features for earthmoving scrapers.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects and others can be accomplished with a pilot bleed control
      system which includes a pilot pump with its outlet connected to a pilot
      valve having a pilot spool with metering slots so it is operable to
      develop two equal pressures within the pilot valve body and having two
      conduits communicating these equal pressures to reaction chambers
      associated with opposite ends of a control spool of a remote open center
      control valve with bleed passages in the opposite ends of the control
      valve spool whereby positive bleeds from the pilot valve to the control
      valve are established and shifting of the pilot spool will cause the
      control valve spool to shift proportionally due to change in the pressures
      in the two conduits resulting from variations in the flows across the
      several metering slots in the pilot valve. A safety valve incorporated in
      a hydraulic circuit underload can be employed to provide an emergency
      source of pressurized fluid if the pilot pump fails by using the pilot
      pump output pressure to operate the valve and connecting it to the pilot
      valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The instant invention will be better understood when the specification is
      read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic of the pilot control circuit with the details of the
      valve components illustrated in section; and
PAR  FIG. 2 is an enlarged section of the safety valve utilized to ensure
      fail-safe operation of the pilot control system, with parts broken away.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 a broken line separates the several components of the system and
      those on the A side of the line are mounted on the tractor portion while
      those on the B side of the line are typically located on the scraper
      portion. Flexible connections for the lines and conduits which are
      utilized across the hitch are not shown. Pilot valve 10, on the tractor
      portion, includes a manual-operated control handle 11 pivotally mounted at
      one end of the valve body 12 and connected so as the handle is rocked on
      its pivot it will reciprocate a pilot valve spool 13, mounted in the valve
      body. Centering springs 14 and 15 with associated washer seats are
      connected to the opposite end of the pilot spool and are operable to
      return this spool and the control handle to neutral (indicated by N) when
      the handle is released.
PAR  Normally, pressurized fluid is supplied to the pilot valve 10 by a pilot
      pump 16 via check valve 17 and conduit 19. The output of the pilot pump is
      only several gallons per minute and is relieved at approximately 500 psi
      by relief valve 20. Through the use of the pilot pump, the higher volume
      implement pump which operates at higher pressures does not needlessly
      consume horsepower until an implement circuit is operated.
PAR  The output of the pilot pump via conduit 19 enters port 25 in the pilot
      valve body 12 which communicates with an inlet groove 26, closed on
      opposite sides by pilot spool lands 27 and 28. Each of these pilot spool
      lands includes a plurality of metering slots 29 which bleed pressurized
      hydraulic fluid from the inlet groove to separate outlet grooves, 30 and
      31, on opposite sides of the inlet groove. As the bleed rate to each
      outlet groove is nearly identical, approximately the same pressure will be
      developed in each outlet groove when the pilot valve spool is in a neutral
      position and similar restrictions on the egress of fluid from the outlet
      grooves are employed.
PAR  Outlet groove 31 includes a port 32 which is connected across the
      articulated hitch (not shown) via conduit 33 to a control valve 34 on the
      scraper portion, while outlet groove 30 which includes port 35 is
      similarly connected to the control valve through conduit 36. Thus, with
      the pilot valve spool in neutral fluid pressure can be transmitted to the
      control valve via these two conduits. To ensure a positive pressure in
      each of these conduits, each outlet groove is in communication with a
      separate drain groove 24 across associated recesses 37 in the pilot valve
      spool when it is in the neutral position and each of these drain grooves
      is respectively vented to reservoir 38 via their own separate orifice 39.
      With the metering slots 29 arranged to deliver more fluid capacity than
      the orifices can pass, a positive pressure in conduits 33 and 36 is
      ensured and, as indicated, their respective pressures are equal when the
      pilot valve spool is in a neutral position.
PAR  On the scraper portion the open center type control valve 34 is connected
      directly to the higher pressure implement pump 40 via line 41, but it
      should be understood this pump could also be located on the tractor
      portion with a high pressure line connecting it to the control valve.
      Control valve spool 42 in the control valve, when shifted will close drain
      port 43 in the control valve body 44 and cause the implement pump to
      pressurize either line 45 or 46 (depending on the direction of spool
      shift) while connecting the unpressurized line to drain or reservoir 47.
      Conventional lands and grooves are used in the control valve spool and
      control valve body to effect this operation. Thus, the main or implement
      pump is not "working" (consuming power) when the implement circuits are
      not in use.
PAR  A heavy duty centering spring 50 is connected between the control valve
      body 44 and one end of the control valve spool 42 and with the
      accompanying washer-like spring seats, returns the control valve spool to
      a neutral position when a force displacing it in either direction is
      removed. In the instant invention, differential pressures in lines 33 and
      36 provide the displacing force. This is provided by forming separate
      chambers 51 and 52 respectively at opposite ends of the control valve
      spool and connecting conduit 33 to chamber 52 and conducting conduit 36
      with chamber 51. Within each chamber the associated end of the control
      valve spool projecting thereinto provides a reaction surface for the
      pressure within its associated chamber, allowing differential pressures at
      opposite ends of the spool to shift it against the centering spring force.
      In order to provide a positive and continuous bleed each reaction surface
      includes a drain passage 53, with an included orifice 54 that bleeds
      pressure from its associated chambers slowly to drain or the reservoir 47.
      Thus, with the valve positions shown in the drawings, a continuous bleed
      occurs, purging conduit 33 and 36 of cold viscous hydraulic fluid, as well
      as on trapped air.
PAR  With both pumps running when the operator shifts handle 11 to the raised R
      position, the fluid pressure bleed to outlet groove 30 will be interrupted
      while the fluid flow to outlet groove 31 will be increased. As a result,
      the pressure communicated to chamber 52 will increase with respect to
      chamber 51 causing the control valve spool 42 to move into the latter
      chamber and couple implement pump 40 with line 45. Due to the presence of
      the metering slots in the pilot valve spool 13, the resulting differential
      pressure in the two chambers can be proportionally varied, giving full
      control of the control valve over a wide range of operating rates, when
      using a smaller, more easily manipulated pilot control valve. Obviously,
      when the pressure equalizes in the several chambers the centering spring
      50 will return the control valve spool to neutral. The operation is
      identical when the control handle 11 is placed in the lower or L-position,
      except that line 46 is pressurized instead of line 45, the latter then
      being vented to reservoir.
PAR  To insure fail-safe operation a special safety valve 60 is employed in the
      bowl carry circuit which includes lines 45 and 46 connected to bowl lift
      jack 61 (only jack being shown). This safety-valve, better shown in FIG.
      2, is connected to line 45, which communicates with the rod end of jack
      61, so if the bowl is off the ground, its weight and the weight of its
      contents will be supported by jack piston 62, ensuring a positive pressure
      in line 45. The safety valve also is connected to the pilot valve via line
      63 and check valve 64, as shown in FIG. 1.
PAR  A conduit 65 connects the output of the pilot pump 16 to the safety valve
      60 and, as can be seen in FIG. 2, the pressure from the pilot acts on the
      top of valve piston 66 to hold the safety valve in the "off" position so
      that pressure in line 45 cannot communicate with line 63 or to port 67,
      above the jack piston 62, through bleed passage 68. If pilot pump pressure
      is lost, the spring 69 and fluid pressure in line 45 will move the valve
      piston to open port 67 and open communication between line 45 and line 63.
      As a result, the bowl will very slowly lower due to flow through the bleed
      passage 68 to port 67.
PAR  However, it is also necessary that the operator have the ability to lower
      the bowl quickly, since this can stop the vehicle in emergency situations.
      By utilizing the pressure in line 63 and the pilot valve, this can be
      accomplished if the operator moves the control handle 11 to the emergency
      lower or L.sub.1 position. When this is done spool land 28, which normally
      closes port 70, opens this port allowing fluid pressure from line 63 to
      communicate with outlet groove 30 via the inlet groove. As can be seen,
      this port is normally closed off from the inlet groove by this land in the
      L position but opens in the L.sub.1 position. As a result, conduit 36 will
      be pressurized with the bowl carry pressure and shift the control valve
      spool 42 to lower the bowl whether or not either pump is operational as
      the weight of the bowl will cause it to lower without pump pressure. Check
      valve 17 prevents loss of the bowl carry pressure through the pilot pump
      circuit.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a pilot system including a hydraulic actuator controlled by an
      adjacent control valve, having a source of fluid pressure connected
      thereto, the latter valve being operated through a pilot control valve
      having its own pilot pump providing a source of fluid pressure for
      operating the control valve, a safety control system employing fluid
      pressure from said hydraulic actuator under load for emergency operations
      of the control valve comprising:
PA1  a safety valve body having a stepped axial bore therein;
PA1  a stepped spool means reciprocally mounted in said bore forming at least
      three separate chambers therein, including a first chamber having the
      largest spool reaction surface, a second chamber having a smaller spool
      reaction surface and a third chamber having the smallest spool reaction
      surface;
PA1  a pilot pump port in said valve body communicating with said first chamber
      with conduit means connecting said pilot pump port with the fluid pressure
      from said pilot pump;
PA1  an inlet port in said valve body communicating with said third chamber with
      conduit means connecting it with a side of said actuator under load;
PA1  a spool closable cylinder port in said valve body with conduit means
      connecting it to the opposite side of said actuator under load, said
      cylinder intermediate port having fluid communication with said second
      chamber when said spool moves into said first chamber;
PA1  a spool closable valve port in said valve body with conduit means
      connecting it to the fluid supply port of the pilot valve, said valve port
      having fluid communication with said third chamber when said spool moves
      into said first chamber; and
PA1  a spool closable orifice means in said spool means having fluid
      communication with said third chamber and also with said second chamber
      when said spool moves into said first chamber, thereby providing
      restricted communication between said second and third chambers when pilot
      pump fluid pressure is lost, allowing said spool to move into said first
      chamber, whereby fluid pressure will be provided to the fluid supply port
      of said pilot valve for operating the control valve when pilot pump
      pressure is lost and the actuator under pressure will slowly bleed down
      due to the transfer of hydraulic fluid through the restricted orifice from
      the loaded side of the actuator to the unloaded side of the actuator.
NUM  2.
PAR  2. The system defined in claim 1 wherein biasing means are included in the
      valve body operable to urge said spool into the first chamber when fluid
      pump pressure is lost.
NUM  3.
PAR  3. The system defined in claim 1 wherein a one-way check valve is included
      between the pilot pump and the pilot control valve operable to prevent
      venting of hydraulic pressure from the actuator through a non-operable
      pilot pump.
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ABST
PAL  A hydraulic pressure regulating system for a vehicle having a regulator
      valve, a shift valve and a plurality of fluid actuated clutch means,
      wherein an accumulator being provided between the regulator valve and the
      shift valve is so designed as to control the fluid pressure to keep it
      relatively low when the fluid actuated clutch means is in its initial
      engagement condition and communicates with the regulator valve so as to
      increase the fluid pressure sufficiently to provide for the full
      engagement of the fluid actuated clutch means when the clutch means
      becomes substantially fully engaged.
PARN
PAR  This is a continuation, of application Ser. No. 280,217 filed Aug. 14, 1972
     .
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to improvements in a hydraulic pressure
      regulating system, and more particularly to a device for regulating a
      hydraulic pressure in a transmission control system for such a vehicle of
      the type being provided with a fluid actuated frictionally engaging means,
      such as a clutch or brake means.
PAR  It is required in the operation of a vehicle that the frictional engagement
      of a clutch or brake device be smooth with as small of an impact as
      possible. Upon a conventional transmission being fluidically shifted to a
      forward or a rearward drive position, such shifting often results in the
      frictionally engaging means being abruptly engaged thereby to bring about
      a great impact and, in consequence, not only to give a feeling of
      discomfort to the occupants of the vehicle but to cause damages to various
      parts thereof.
PAR  To obviate this deficiency, there has been introduced in such vehicles a
      fluid pressure control means such as an orifice and an accumulator or
      modulator valve in a conduit between a regulator valve regulating the
      pressure of the fluid discharged from an oil pump to be sufficient for
      fluid actuated means, such as a clutch means, in a maximumly loaded
      driving condition of the vehicle and such fluid actuated means. According
      to the conventional method above-mentioned, however, the fluid under
      pressure regulated by the regulator valve is rather high in comparison
      with the fluid pressure needed for the full engagement of the fluid
      actuated means during an ordinary running condition, so that there still
      remains an impact in the engaging operation of such fluid actuated means.
      Otherwise the fluid pressure control valve will be much more complex in
      construction, bigger in size and more expensive in manufacturing cost.
      These deficiencies are considered to be greatly disadvantageous in
      practice.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide an improved
      hydraulic pressure regulating system adapted for obviating the
      aforementioned drawbacks of conventional regulating systems, with the
      provision of an accumulator in the present system for controlling the
      fluid pressure to keep it relatively low when a fluid actuated means is in
      its initial engagement condition and for finishing its own operation so as
      to increase the fluid pressure to be sufficient for full engagement of the
      fluid actuated means when the fluid actuated means is to be substantially
      fully engaged.
PAR  It is another object of the present invention to provide an improved
      hydraulic regulating system capable of obviating the power loss of the
      driving power used by an oil pump.
PAR  It is still another object of the present invention to provide an improved
      hydraulic regulating system which is simple in construction, small in size
      and cheap in manufacturing cost.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawings, in which:
PAR  The sole FIGURE is a diagramatic view of one embodiment of a fluid pressure
      control system constructed according to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawing, the numeral 10 generally designates an oil
      pump for pumping up fluid from a reservoir 12 through a conduit 11 into a
      conduit 13. A regulator valve assembly generally designated by reference
      numeral 14 comprises a valve housing 15 having radial openings 16, 17, 18,
      19, 20 and 21, a spool valve generally designated by reference numeral 22
      having lands 23 with an orfice 24 therethrough and 25 both being axially
      slidably fitted within a differential bore 26 of the valve housing 15 and
      smaller diameter lands 27 and 28 being radially spaced from the wall
      defining the differential bore 26, a plug 29 having a larger diameter land
      30 substantially half of which being axially slidably fitted within the
      bore 26 and a smaller diameter land 31 being radially spaced from the bore
      26, a seat 32 receiving the spool valve 22 in a left side recess 33
      thereof and transmitting a biasing force of a coil spring 34 to the spool
      valve 22 and valve chambers 35, 36, 37 and 38. The opening 16 of the valve
      housing is connected to the conduit 13, and the opening 18 is provided
      with an orifice 39 and connected to a torque converter 40 through a
      conduit 41, while openings 19 and 20 lead to drain pipes, not shown. The
      torque converter 40 is connected to an outlet pressure control valve 42
      thereof through a conduit 43. An opening 44 of the outlet pressure control
      valve 42 leads to a drain pipe, not shown. The torque converter 40 is of
      conventional construction and need not be further described. Opening 17 of
      the valve housing 15 is connected to an opening 46 of a shift valve unit
      generally designated by reference numeral 45 through a conduit 47 being
      provided with a restriction orifice 48 in the path thereof.
PAR  The shift valve unit 45 comprises a valve housing 49 provided with radial
      openings 46, 50, 51, 52, 53, 54 and 55, a spool valve 56 having lands 57,
      58 and 59 being axially slidably fitted within a bore 60 of the valve
      housing 49 and smaller diameter lands 61, 62, 63 and 64 being spaced
      radially inward from the housing wall defining the bore 60 and valve
      chambers 65, 66 and 67. Openings 50 and 55 are connected to drain pipes,
      not shown. Openings 51 and 52 are connected to each other through a
      conduit 68 and are further connected to a chamber 69 of a forward drive
      clutch 70 through a conduit 71 thereby actuating a piston 72 to move
      against a return spring 73 and to press clutch discs 74 into engagement
      upon fluid under pressure being supplied into the chamber 69. The openings
      53 and 54 of the valve housing 49 are connected to each other through a
      conduit 75 and are further connected to a rear drive clutch 76 constituted
      in the same manner as the forward drive clutch 70 through a conduit 77.
      The conduit 47 branches off from a conduit 78 between the orifice 48 and
      the opening 46 of the shift valve unit 45. The conduit 78 communicates
      with an accumulator generally designated by reference numeral 80 through
      an opening 79 of a cylinder housing 81 having a piston 82 being axially
      slidably fitted therewithin, a piston chamber 83, radial openings 84 and
      85 and a coil spring 86 biasing the piston 82 leftwardly on the drawing.
      The opening 84 leads to a drain pipe, not shown, and the opening 85 is
      connected to the opening 21 of the valve chamber 38 of the pressure
      regulator valve assembly 14 through a conduit 87.
PAR  In the operation of the present device, when the spool valve 56 of the
      shift valve unit 45 is placed in a neutral position as shown in the
      drawing, the fluid discharged from the reservoir 12 for actuating the
      forward and rear drive clutches 70 and 76 is circulated back to the
      reservoir 12 through conduits 13, 47, 68 and 75. Although the orifice 48
      causes the fluid in conduits and chambers leading thereto from the pump 10
      to pressurize, this fluid under pressure being introduced into valve
      chamber 35 through the orifice 24 does not have enough force to urge the
      spool valve 22 to move against the biasing force of the coil spring 34,
      with the result being that the opening 19 is still closed by thee land 25
      of the spool valve 22. Therefore, fluid under pressure is supplied to the
      torque converter 40 through the opening 18, the orifice 39 of which is
      larger in diameter than the orifice 48 and the conduit 41.
PAR  When it is required to drive the vehicle in the forward direction, the
      spool valve 56 of the shift valve unit 45 is moved axially leftwardly and
      placed into the forward drive position, whereupon the lands 57 and 58 of
      the spool valve 56 close the openings 51 and 53 to thereby supply fluid
      under pressure to the forward drive clutch 70 and pressurize the fluid in
      the respective conduits and chambers. Consequently, the fluid under
      pressure introduced into the valve chamber 35 through the orifice 24 is
      further pressurized and becomes able to move the spool valve 22
      rightwardly overcoming the biasing force of the coil spring 34 and
      regulate the fluid pressure in response to the biasing force of the coil
      spring 34 at the point where the smaller diameter land 28 comes to open
      the opening 19 which leads to the drain pipe, not shown. The biasing force
      of the coil spring 34 is so defined that the regulated pressure should be
      adequate to provide initial engagement of the clutch 70 or 76. The fluid
      pressure in the conduit 71 is responsive to the biasing force of the
      return spring 73 of the forward drive clutch 70 while the piston 72
      thereof is moving leftwardly so as to put the forward drive clutch 70 into
      engagement.
PAR  When the piston 72 moves to engage the clutch discs 74 and the fluid
      conduits 47, 71 and 78 are further pressurized, the pressurized fluid in
      conduit 78 begins to move the piston 82 of the accumulator 80 rightwardly
      against the biasing force of the coil spring 86. Therefore, the fluid
      pressure in the chamber 69 of the forward drive clutch 70 is responsive to
      the biasing force of the compressed coil spring 86 of the accumulator 80
      and gradually further pressurized in accordance with the rightward
      movement of the piston 82 due to the existence of the orifice 48 while the
      piston 82 is moving. The accumulator 80 is so designed that the piston 82
      should be moved to the position indicated by a dot-and-dash line and
      fluidically communicate the opening 85 with the opening 21 of the
      regulator valve assembly 14 upon the fluid in the chamber 69 of the
      forward drive clutch 70 being sufficiently pressurized to activate the
      piston 72 to press the clutch discs 74 into substantially perfect
      engagement, resulting in the pressurized fluid in the chamber 38 actuating
      the plug 29 to move leftwardly and to press the right end wall of the seat
      32 being engaged with the spool valve 22. Therefore, the fluid pressure
      regulated by the regulator valve assembly 14 is increased in accordance
      with the diameter of the plug 29, which is so determined that the
      increased fluid pressure does not give a chance to the forward and rear
      drive clutches 70 or 76 to sustain the slipping phenomena thereof even at
      the time that the vehicle is in its maximumly loaded driving condition.
      While a port 85 is illustrated as being positioned for being communicated
      with conduit 78 upon movement of the piston 82 to the end of its stroke,
      it is of course possible to position the port 85 for permitting such fluid
      communication before the piston 82 reaches the end of its stroke, whereby
      the control hydraulic pressure of the regulator assembly can be increased
      in steps during the stroke of the piston 82. Thus, the pressure increasing
      operation of the accumulator 80 may be changed in two steps.
PAR  As will be appreciated from the foregoing explanation, there can be
      achieved a smooth engagement of the clutch means with less driving power
      being needed for the oil pump, thereby obviating the power loss thereof in
      the clutch engaging operation because of the fluid pressure being
      regulated to be as low as possible during the period when the clutch means
      does not need a higher pressure.
PAR  While the invention has been described with reference to a transmission
      control system comprising a clutch means for an industrial vehicle, it
      should be self-explanatory that the present device can be used for various
      systems, such as the braking system of an automatic transmission.
PAR  Various other changes and modifications of the present invention are
      possible in light of the above teachings. It is to be understood,
      therefore, that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by letters patent of the
      United States is:
NUM  1.
PAR  1. A hydraulic pressure regulating system for a vehicle, comprising:
PA1  a source of fluid pressure;
PA1  a fluid actuated means;
PA1  a first fluid passage means between said fluid pressure source and said
      fluid actuated means;
PA1  a regulator valve assembly connected in said first fluid passage means, for
      regulating the fluid pressure, being discharged from said fluid pressure
      source through said fluid passage means to said fluid actuated means, to a
      first value, said regulator valve assembly including first and second
      pressure responsive piston faces;
PA1  a shift valve unit connected into said first fluid passage means between
      said regulator valve assembly and said fluid actuated means for activating
      and deactivating said fluid actuating means;
PA1  a restriction orifice disposed within said first fluid passage means for
      receiving said regulated pressure and for retarding the increase of fluid
      pressure in said fluid actuated means;
PA1  a second fluid passage means including first and second portions thereof
      for connecting said first fluid passage means between said orifice and
      said fluid actuated means to the second pressure responsive piston face of
      said regulator valve assembly, thereby to urge said regulator valve
      assembly in one direction in which the fluid pressure being regulated
      increases; and an accumulator connected in said second fluid passage means
      between said first and second portions and comprising a spring-biased
      slidable piston which normally closes said second fluid passage means,
      said piston always being continuously responsive to and pressurized by the
      fluid pressure retarded by said orifice via said first portion to thereby
      gradually increase the retarding fluid pressure in response to slidable
      movement of said piston, said second portion communicating with said
      second pressure responsive piston face at one end thereof and normally
      communicating with drain at the other end thereof and said piston opening
      communication between said first and second portions of said second fluid
      passage means when said retarding and gradually increasing fluid pressure
      exceeds a predetermined value by overriding said second portion and
      closing communication of said second portion with said drain, the fluid
      pressure conducted through said second fluid passage means acting on said
      second pressure responsive piston face and serving to move said regulator
      valve assembly in said one direction whereby the flluid pressure being
      regulated by said regulator valve assembly is increased to a second value
      from said first value.
NUM  2.
PAR  2. A hydraulic pressure regulating system as set forth in claim 1, wherein
      said regulator valve assembly comprises:
PA1  a housing;
PA1  a spool valve in one end of said housing for regulating the fluid pressure;
PA1  a seat member being engaged with said spool valve;
PA1  a pressure increasing chamber in the other end of said housing; and
PA1  a plug in said chamber defining said second pressure responsive piston face
      and including a larger diameter land substantially half of which is
      axially slidably fitted within a bore of said housing and smaller diameter
      land.
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ABST
PAL  Radial piston pump or motor has within its housing a stationary pintle
      valve, an external shaft connected to a rotating spider of which are
      mounted pressure balanced pivotal cylinders. Rigid piston - shoe
      assemblies engage the cylinders and ride on a cylindrical raceway the
      eccentricity of which is adjustable for stroke. Balanced annular sealing
      is provided between the pivotal cylinders and arcuately surfaced pockets
      therefor in the rotating spider/rotor.
BSUM
PAR  This invention relates to radial piston fluid power devices and is
      particularly concerned with such structures having unusually high speed
      and efficiency capabilities.
PAR  There are many uses where it is desireable to operate hydraulic motors and
      pumps at higher speeds than is currently possible. For example, present
      hydraulic pumps are unable to operate without reduction gearing from
      diesel and gasoline engines, as a result the use of fluid power on mobile
      equipment is restricted largely to accessory drives.
PAR  It is accordingly an important object of this invention to provide a new
      and improved hydraulic pump/motor using a short stroke with reduced fluid
      flow losses and capable of running with a dry sump.
PAR  Another object of the invention is to provide complete hydraulic balance of
      all working parts thereby eliminating wear.
PAR  It is a further object of the invention to provide a simplified shuttle
      control valving system for centering the spider and reducing hydrastatic
      bearing flow rates and losses to a minimum.
DRWD
PAR  Other objects, features and advantages of the present invention will be
      readily apparent from the following detailed description of certain
      preferred embodiments thereof taken in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is sectional elevational detail view through a pump/motor embodying
      features of the invention, and taken along substantially the line I--I of
      FIG. 2.
PAR  FIG. 2 is a longitudinal developed sectional detail view taken
      substantially along the line II--II of FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary sectional detail of substantially the
      area III of FIG. 1.
PAR  FIG. 4 is similar to FIG. 3 but showing a modification.
PAR  FIG. 5 is similar to FIG. 3 but showing another modification.
PAR  FIG. 6 is an enlarged fragmentary sectional detail view of modified fluid
      control means which may be used in the pump/motor pistons, and taken in
      substantially the same plane as FIG. 1.
PAR  FIG. 7 is an enlarged fragmentary sectional detail view of another modified
      fluid control means which may be used in the pump/motor pistons, taken in
      substantially the same plane as FIG. 1.
PAR  FIG. 8 is an end elevational and sectional view of the pintle valve taken
      substantially along line VIII -- VIII of FIG. 2.
PAR  FIG. 9 is an end elevational and sectional view of the pintle taken
      substantially along line IX -- IX of FIG. 2.
PAR  FIG. 10 is as a sectional view of the pintle taken substantially along line
      X -- X of FIG. 2.
PAR  FIG. 11 is a sectional view of the pintle taken along line XI -- XI of FIG.
      2.
PAR  FIG. 12 is a horizontal sectional view taken substantially along line XII
      -- XII of FIG. 8 and is essentially 90 degrees to the section of FIG. 2.
PAR  FIG. 13 is an enlarged sectional detail view of substantially the area XIII
      of FIG. 12.
PAR  FIG. 14 is a fragmentary detail section substantially similar to FIG. 2 but
      illustrating a modification and taken along substantially the line
      XIV--XIV of FIG. 15.
PAR  FIG. 15 is an end elevational and sectional view taken substantially along
      the line XV -- XV of FIG. 14.
PAR  FIG. 16 is a sectional view taken substantially along the line of XVI --
      XVI of FIG. 14.
DETD
PAR  An hydraulic pump/moter embodying features of the invention and as
      exemplified in FIGS. 1 and 2 has a housing comprising a generally cup
      shaped body 10 of suitable size defining therein a chamber 11 closed at
      one end by an end closure member disk 12 held in place by bolts 13 and at
      the opposite end by a pintle valve plug member 14 attached to body member
      10 by bolts 15. Surrounding and journalled in relatively rotary relation
      on the inwardly protruding stem of valve member 14 is a spider rotor
      member 16 equipped on its outer periphery with a number of arcuately
      surfaced, e.g. hemispherical, pockets 16a in which cylinder members 17 are
      received having bearing surfaces complementary to and riding in angularly
      slideable relation on the surfaces defining the pockets. Each cylinder
      member has a radially outwardly opening cylinder bore 17a and within which
      a piston 18, is reciprocably engaged. Each piston 18 carries a rectangular
      flanged end portion or slipper 22 the outer surface of which is arcuately
      complementally shaped to mate with the interior cylindrical raceway 23
      against which they are gently held by hold down ring 24. Said raceway is
      clamped by bolts 25, 26, 27, 28, between stiffening flanges 29 and 30
      which are pivotally mounted using a straight line motion 4-bar Watt's
      linkage consisting of links 31 and 32 jounalled on bearings 33 and 34 with
      bolts 25 and 26 and pins 35 and 36 mounted in housing 10.
PAR  In a pressure compensated pump version of the invention raceway 23 would
      normally be biased to maximum pumping stroke capacity by means of spring
      member 37 housed in plug cartridge 38 suitably secured in place as by
      means of screws (not shown), and acting against sleeve cap 39 and bolt 27,
      As pressure reaches the required level a control valve (not shown)
      normally will apply pressure from a suitable source to port 40 in piston
      cartridge 41 wherein it would act upon cylinder sleeve 42 to force it
      against bolt 28 and move piston raceway 23 toward a position of zero
      eccentricity or stroke thereby reducing pump delivery volume and pressure.
      In a servo version of the invention, spring cartridge 38 could be replaced
      with a piston cartridge similar to 41 wherein the control ports would be
      connected respectively to the output control ports of a servovalve by
      means of which the pumps eccentricity could be adjusted either side of
      zero thereby providing complete flow reversal.
PAR  Cylinder sleeves 17 are conveniently held in place by retainer members 43,
      clamped by screws 60 to rotor 16 and shimmed as necessary at interface 44
      to provide free pivotal action with minimal looseness or clearance. Rotor
      16 is connected by cap screws 45 to a flanged shaft member 46 by which
      power can be applied to or taken from the machine by shaft 47, which is
      sealingly engaged with the housing by seal means 48 clamped in place by
      seal retainer 49 held down by cap screws 50. Mounting of the pump/motor is
      provided by tapped mounting holes 51 and pilot diameter 52.
PAR  Means for effecting fluid communication between the valve means provided by
      the pintle 14 and the cylinder bores 17a and thereby with the radially
      inner ends of the pistons 18, include respective ports 17b at the radially
      inner ends of the cylinder members 17 concentrically aligned with the
      cylinder bores 17a and extending to and aligned with respective ports 16b
      in the rotor 16. The rotor ports 16b are of substantially smaller diameter
      than the cylinder bores 17a and communicate with the valve means provided
      by the pintle 14.
PAR  Sealing between the pivotal cylinder members 17 and the rotor 16 may be
      accomplished by means of respective annular seals 53 (FIGS. 1 and 3)
      mounted in assembly with the cylinder members in respective annular
      channel grooves 53a provided in respective annular solid portions 55
      constricting the inner ends of the bores 17a and defining the respective
      ports 17b. Each of the grooves 53a and its seal 53 has an outside diameter
      substantially equal to the cylinder bore 17a in order to establish
      hydraulic balance. Such balance may be minutely adjusted by changing the
      seal groove and seal diameter to slightly more or less than the cylinder
      diameter, as required to match centrifugal force, to equalize wear
      patterns etc. In the enlarged view of the seal provided in FIG. 3 is shown
      a resilient ring member 54 constructed for example of an elastomer and
      used to preload the seal 53 from the mouth of the groove 53a toward the
      engaged pocket surface area surrounding the communication port 16b. In a
      preferred embodiment especially suitable for use in a relatively low speed
      version of the pump/motor, the seal 53 may comprise a ring constructed of
      glass-filled Teflon modified with small amounts of molybdenum-disulphide
      or cadmium.
PAR  An alternative cylinder sealing structure, as shown in FIG. 4, utilizes a
      through-bored cylinder member 17' having mounted in assembly therewith at
      the inner end of the bore 17a' a seal assembly including a separate seal
      retainer structure 55' which replaces the integral seal carrier 55 of FIG.
      3. The retainer 55' is held in place within the inner end of the bore 17a'
      by a spring ring 56 seated in a retainer groove 56a in the inner end
      portion of the bore 17a' and locking the retainer 55' against radially
      inward movement from its seal mounting position at the inner end of the
      bore 17a'. The retainer 55' provides therewithin a channel groove 53a'
      which opens partially toward the adjacent inner end portion of the wall of
      the bore 17a' and largely toward the surface of the associated pocket 16a.
      Thereby a seal 53', which may be in the form of a seal ring of the same
      general character of material as the seal ring 53, carried within the
      mouth of the retainer 53' is preloaded toward the surface of the pocket
      16a' and the adjacent portion of the wall of the bore 17a' by means of a
      resilient ring member 54' which may be of an elastomer material similarly
      as the pressure ring 54. In this instance the seal retaining ring member
      55' provides a constriction at the inner end of the bore 17a' and defines
      the port 17b' at the inner end of the cylinder bore communicating with the
      rotor port 16b'.
PAR  Another alternative sealing arrangement, particularly desireable for
      high-speed operation, is depicted in FIG. 5. This includes a through-bored
      cylinder 17", a separate annular channel-shaped seal retainer 55" held in
      place within the inner end portion of the bore 17a" by means comprising a
      retainer of locking ring 56' seated in a suitable locking groove 56a' in
      the wall defining the inner end portion of the bore 17a" and providing a
      shoulder preventing radially outward movement of the retainer 55" from its
      seal mounting position. In this instance the seal ring is provided by a
      split metallic piston type sealing ring 53" which is preloaded to project
      from the channel groove 53a" toward the surface defined by the associated
      pocket 16a" by a wave spring 54". It will be observed that the retainer
      55" defines the port 17b" at the inner end of the bore 17a" and
      communicating with the associated port 17b" in the rotor 16". Inasmuch as
      metal seals exhibit excessive wear rates when subjected to unit loadings
      above approximately 500 psi it is desireable to reduce the fluid pressure
      loading of the seal to a minimum. This is effected herein by providing a
      pressure dam 57 along the low pressure side of the sealing face of the
      seal ring 53" adjacent to convergence of the bore 17a" with the bearing
      surface of the pocket 16a". The sealing surface provided by the dam 57 is
      separated from the remainder of the surface of the seal member 53"
      engaging the surface of the pocket 16a" by an annular groove 57a, so that
      the major width of the sealing surface is toward the pressure side of the
      seal ring 53". The groove 57a is connected to the inner or pressure side
      of the seal ring 53" by means of notched passages 58. Thereby, pressure
      drop across the seal takes place across the narrow land 57 and the
      adjacent corner of the seal ring 53". As a result, low seal loading is
      achieved resulting in minimal seal friction and easy swiveling, rocking of
      the cylinder 17". Furthermore, although excellent balanced sealing is
      achieved, there is virtually no hydraulic force created under the seal
      ring 53" to thrust the cylinder 17" radially outwardly.
PAR  For maximum life and minimum wear it is desirable that mating relatively
      moving parts be constructed of different materials which in high pressure
      hydraulic machinery is often a difficult task because of the high
      strengths required on many of the members, extremely close clearances and
      problems of differential thermal expansion and the need to minimize
      scratching caused by entrained dirt or wear particles. The current
      invention overcomes most of the above problem areas when the pintle valve
      14, cylinder sleeves 17, cylindrical raceway 23, and hold down rings 24
      are constructed of heat treated steel and rotor 16 and pistons 18 are made
      from an alloy cast iron such as nodular or Meehanite. Piston seal ring 59,
      is used, may also be iron and cylinder seal ring 53" may be chrome plated
      iron, steel, or beryllium copper.
PAR  The complete pumping force generated by the pistons 18 is reacted by their
      flange extension portion or shoe 22 into circular raceway 23 while sliding
      at high speed. Since the spherical portion of the cylinders sleeves
      produces a certain amount of resistance to pivoting action - even though
      hydraulicly balanced - due to friction at seal 53 and as a result of
      centrifugal force generated on the sleeves themselves against their hold
      down retainers 43 which contribute an additional small friction force,
      there results an uneven loading on the piston shoe 22. It is therefore
      extremely desireable that this uneven or cocking force does not cause one
      edge of the shoe to bind or drag.
PAR  An improved hydrostatic shoe design is shown on piston 18, FIGS. 1 and 2
      wherein the hydrostatic pad is divided into two portions 63 and 64
      respectively. The leading pad 64 is fed with fluid through passageway 65
      from orifice 66 kept from clogging by floating wire 67 and screen 68 held
      in place by snap ring 69. Trailing pad 63 is fed from pad 64 through
      restrictive channel 70 in the form of a notch.
PAR  A further improved arrangement for supplying fluid to the hydrostatic shoes
      is illustrated in FIG. 6 where means for supplying the hydrostatic pads 64
      and 63 with pressurized fluid comprises ducts 71 and 72 respectively which
      replace the single passage 65 depicted in FIG. 1. The fluid originates
      behind the piston at 73, through port 74 in clamping nut 75, progresses
      through screen 76 into chamber 77 where it is throttled by orifice 78 in
      plate 79, said orifice being equipped with anticlogging wire 80. Thence
      the fluid passes through soft metal gasket 81 into channel 82 in valve
      body 83 where it divides and enters pressure control valve ports 84 and 85
      at which point it is selectively throttled by valve spool 86 which
      establishes substantially equal flows into chambers 87 and 88. The fluid
      in chamber 87 flows directly into channel 72 while the fluid in 88 flows
      back through gasket 81 through cross channel 89 into exit channel 71. A
      second soft metal gasket 90 seals channel 71 from 72. Springs 91 and 92
      center valve spool 86.
PAR  It may be observed from the functioning of the flow balance valve of FIG. 6
      that if one edge of the piston shoe tends to raise up, the valve spool
      immediately shuts off the flow to the hydrostatic pocket on that side,
      while diverting the total flow to the opposite side thereby developing a
      countertorque to overcome any cocking tendencies and at the same time
      conserving hydrostatic bearing fluid since but a single control orifice is
      required. Since the valve of FIG. 6 is not immune to the effects of
      centrifugal force, the porting is arranged such that as speed is increased
      the leading pocket 64 is favored, and given proportionately greater flow.
PAR  As mentioned above the valving of FIG. 6 suffers from the deficiency of
      speed sensitivity although in other respects is capable of satisfactory
      operation. It is the object of a still further improved valving
      arrangement shown in FIG. 7 to overcome the centrifugal effects of FIG. 6,
      reduce the complexity of parts, provide higher response rates and be more
      insensitive to dirt. Accordingly the hydrostatic pockets 64 and 63 of the
      piston are fed with pressurized fluid through ducts 93 and 94 respectively
      said fluid having again come from above the piston at 95, through screen
      member 96, held in place by spring ring 97, thence through orifice 98 in
      bulkhead 99 sealed by O-ring 100. A loose wire 101 may be employed to
      prevent clogging of orifice 98 as well as enabling a considerably larger
      drill size to be used since the net area should be approximately .00008
      square inches for a 30 gallon per minute machine. The fluid next passes
      beneath valving disc 102 into the hydrostatic feed ports 93 and 94. Valve
      disc 102 rests on washer 103, approximately .002 inches thick, and is
      spring loaded thereagainst by cupped washer 104 and screw 105.
PAR  If the pressure in duct 93 is lower than 94 for example, the differential
      pressure acting on disc 102 will cock it thereby shutting off port 93 and
      increasing the opening available to port 94, hence the operation is
      similar to the valve of FIG. 6. For use in a clean system or where minimum
      cost is desired, orifice 98 and screen 96 may be omitted, however ports 93
      and 94 should then be reduced in size.
PAR  In order to assure smooth running combined with minimum friction and
      leakage at the interface of pintle valve 14 and rotor 16 a pair of
      hydrostatic bearings 106 and 107 are employed. Operation of these bearings
      is relatively similar to the hydrostatic shoe control of FIG. 7. However
      in this instance a three way flow control or shuttle valve is employed for
      each bearing.
PAR  In operation of the pump/motor, relative rotation of the rotor 16 and the
      pintle valve member 14 progressively advances the rotor ports 16b past the
      pintle valve fluid transfer zones 108 and 109, best visualized in FIG. 2.
PAR  Referring to FIG. 1, the mode of operation of the bearing 106 and 107
      follows: pressurized fluid is selected from the higher pressure of the two
      pintle valve zones 108 and 109 through passages 110 and 111 respectively
      each of which utilizes a ball check valve such as 112 FIG. 2 to permit
      flow into common chamber 113 and prevent backflow into the lower pressure
      zone. High pressure fluid then flows through screen 114 and through an
      opening in plug 115 to a second chamber 116 sealed by O ring 117 thence
      through parallel orifices 118 and 119 located in distributor plate 120.
PAR  Orifice 118 supplies fluid to the chamber 121 above plate 120 formed by
      retainer cap 122 held down by cap screws such as 123 and sealed by O ring
      124, FIG. 12. Said fluid is thus exposed to the area covered by triangular
      rocker 125 which is resiliently clamped by screw 126 and spring washer 127
      against spacer washer 128 (approx. 0.002 inches thick) in a partial
      blocking position above ports 129, 130, and 131 - refer FIG. 8. Port 129
      sealingly connects by O-ring 132 directly to drilled passage 133 which
      carries down the pintle centerline through sections shown in FIGS. 9 and
      10 to FIG. 11 where it connects through cross port 134 to hydrostatic
      pocket 135 of bearing 107. Port 130 connects to cross hole 136 blocked at
      its end by plug 137 thence through drilled passage 138 to cross port 139
      and to pocket 140 of bearing 107. Port 131 similarly connects to cross
      hole 140 also blocked by a plug 141 thence through passage 142 to pocket
      143 of bearing 107.
PAR  If the rotor 16 is forced off center as for example by imperfect hydraulic
      balance such that the clearance at bearing area 107 is reduced on the side
      of pocket 135 and increased on the opposite side which is served by both
      pockets 140 and 143, the pressure in 135 will increase due to reduced
      leakage and the pressure in 140 and 143 will decrease because of increased
      leakage through the larger clearance. These pressure changes will result
      in a larger pressure drop between chamber 121 and ports 130 and 131 and a
      smaller drop between 121 and port 129 with the result that rocker disc 125
      will tilt as shown in FIG. 13 in such a manner as to practically close
      ports 130 and 131 and open wide above port 129 thereby reducing the flow
      and pressure still more to pockets 140 and 143 and increasing both flow
      and pressure to pocket 135 which in turn will resist the unbalance force
      on the rotor and tend to restore it to center.
PAR  The action would be similar but in reverse if the clearance was wide at
      pocket 135 and close at both pockets 140 and 143, in which case the rocker
      would close off only port 129 and leave the others open relatively equal
      amounts. The same performance sequence can occur under any combination
      since the rocker 125 is triangularly symmetrical except for the slot which
      accomodates anti-rotation pin 144. It may further be noted that in a
      preferred embodiment the underside of rocker 125 should be slightly
      chamfered as at 162 and 163, FIG. 13, in order that more perfect flow
      blocking may occur.
PAR  Operation of bearing 106 is similar to 107, however in this instance supply
      fluid passes through orifice 119 in plate 120 into a bore sealed by plug
      screw 145, FIG. 8, thence through cross hole 146 into valve chamber 147,
      FIG. 12, thence into ports 148, 149, or 150 as directed by valve rocker
      151, FIG. 9, held by screw 152 and spring washer 153 against spacer washer
      154 and prevented from turning by pin 155. Port 148 communicates with
      pocket 156 of bearing 106 by cross hole 157, FIG. 10, port 149 similarly
      through hole 158 to bearing pocket 159 and port 150 through hole 160 to
      pocket 161.
PAR  It may thus be realized that a considerable reduction in hydrostatic
      bearing fluid requirements are assured by the above described novel
      valving arrangement as well as providing the potential of greater
      centering force combined with minimum clogging, because only a single
      somewhat larger orifice is required per bearing in lieu of the normal
      practice of four orifices per bearing.
PAR  One of the difficulties encountered on hydraulic machinery utilizing pintle
      valves lies in the fact that the clearance between the rotor and pintle
      must be held to very close tolerances and if dirt enters this clearance
      scoring and/or rapid wear normally follows with the result that one part
      or the other must be replaced. Since both parts are usually relatively
      complex and expensive, the cost of maintenance repair is high compared to
      machines using face valving which frequently may simply be refaced and put
      back into service. It is an object of a further innovation in the present
      invention to overcome the above problem by the use of an hourglass pintle
      shown in FIG. 14 wherein the pintle member consists of two parts, stem 14'
      and cap member 165 each of which have conical exterior surfaces in the
      area occupied by the rotor 16' which is carried on hydrostatic bearings
      106' and 107'. Since pintles are characteristicly quite weak and deflect
      appreciably, the use of a tapered section approximately doubles the
      strength hence the pressure capability of the machine.
PAR  Operation of the bearings 106' and 107' is basically similar to those for
      the cylindrical pintle 14 with the exception that the individual orfices
      118 and 119 have been eliminated. It will be noted that these bearings are
      now capable of carrying thrust and that the initial running clearance is
      adjustable by selective fitting of spacer 166 and by shims 167. The
      function of spacer 166 is to assure that the rotor under conditions of
      shock for example cannot climb too far up the pintle taper and bind since
      the taper angle is a borderline locking taper as shown. The structure
      controlling bearing 106' is practically identical to 106 as may be noted
      by comparing FIGS. 2, 9, 10 and 12 with FIGS. 14 and 15. The structure
      controlling 107' differs slightly from 107 primarily as a result of the
      elimination of manifold plate 120 and is as follows: Fluid from pintle
      ports exemplified by 109' enters through passages 110' and 111' controlled
      by check valves, through screen 114', thence through the drilled center of
      plug 115' to the clearance area between the pintle 14' and its end cap
      155. The fluid is now selectively allowed to flow into ports 129', 130'
      and 131' as regulated by pressure control valve rocker 125'. Port 129' is
      formed by a cored plug 168 inserted in the larger drilled passage 133',
      into which the fluid expands, thence proceeds to its appropriate pocket on
      bearing 107'. Metered fluid entering port 130' flows into cross port 136'
      closed by plug 137' at its outer end at which point the fluid flows into
      drilled passage 138' which is closed at its beginning by plug 169, said
      fluid again proceeding through 138' to its associated pocket in bearing
      107'. The flow through port 131' is similar to 130', port 142' being
      blocked by plug 170 at the surface.
PAR  It will be understood that in the above described bearing control system
      that the major pressure drop, approximately 50 percent or more of the
      pressure available will occur at the junction of the valve rocker member
      and its associated ports and that the total flow to each hydrostatic
      bearing will be approximately equal in spite of the fact that the taper
      angles, hence projected areas of the bearings differ by approximately the
      ratio of three to one. The reason for this seeming paradox is the fact
      that the rotor to pintle valving interface is on the pintle member and its
      projected area also develops a thrust force in opposition to bearing 106'
      - hence bearing 106' must produce a thrust equal to 107' plus the valving
      interface area to maintain floating balance.
PAR  Fluid flow ports 171 and 172 in housing 10, FIG. 2, connect the machine to
      its external circuit. Said ports connect to the pintle valve 14 by means
      of milled slots such as 173 which are sealed from one another by seals
      174, 175 and 176. Fluid flows into the pumping section through
      longitudinal drilled passages 177 in the pintle each sealed by a plug 178
      there being two of the passages 177 in communication with the fluid
      transfer valve zone 108 and two of the passages 177 in communication with
      the fluid transfer valve zone 109. Any fluid leakage into the housing
      cavity 11 may be piped off through case drain port 179 to the external
      system reservoir, (FIG. 1).
PAR  It will be understood that modifications and variations may be effected
      without departing from the scope of the novel concepts of the present
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a radial piston pump/motor structure including a housing providing a
      chamber with a shaft extending therefrom in relative rotary relation:
PA1  valve means carried by the housing within said chamber;
PA1  a rotor journaled within said chamber and operationally attached to the
      shaft;
PA1  arcuately surfaced pockets in the outer perimeter of said rotor;
PA1  cylinder members in said pockets having bearing surfaces complementary to
      and riding in angularly slideable relation on the pocket surfaces;
PA1  means secured to the rotor maintaining the cylinder members in the pockets;
PA1  each of said cylinder members having a radially outwardly opening cylinder
      bore within which is radially reciprocably mounted a piston projecting
      radially outwardly and having on its radially outer end a shoe riding a
      surface within said enclosure facing toward said rotor;
PA1  means for effecting fluid communication between radially inner ends of said
      cylinder bores and said valve means and thereby with the radially inner
      ends of said pistons, and including respective ports at the radially inner
      ends of said cylinder members concentrically aligned with said cylinder
      bores and extending to and aligned with respective ports in said rotor and
      which rotor ports are of substantially smaller diameter than said cylinder
      bores and communicate with said valve means;
PA1  each of said cylinder members having an annular constriction providing the
      respective port at its radially inner end, said constriction providing
      seal retaining means; and
PA1  annular sealing means retained by said seal retaining means in assembly
      with said cylinder members in surrounding relation to said cylinder member
      ports and:
PA2  said sealing means being in fluid sealing engagement with the surface areas
      of said pockets surrounding said rotor ports;
PA2  said sealing means being of substantially the same diameter as the diameter
      of said cylinder bores and maintaining a balanced sealing relationship
      between the cylinder members and said surface areas in all relative
      angular positions of the cylinder members and said surface areas.
NUM  2.
PAR  2. A structure according to claim 1, wherein each of the cylinder members
      has the annular constriction integral therewith at the radially inner end
      of its cylinder bore, said constriction having a sealing ring groove
      opening toward the adjacent pocket surface and having said sealing means
      in the form of a sealing ring mounted in the groove and normally biased
      toward sealing engagement with said pocket surface.
NUM  3.
PAR  3. A structure according to claim 1, wherein said radially inner end port
      of each of the cylinder members is of substantially the same diameter as
      the associated rotor port.
NUM  4.
PAR  4. A structure according to claim 1, wherein said cylinder bores extend
      throughout the bearing surfaces of the cylinder members, and said
      constrictions and sealing means comprise ring assemblies attached to the
      cylinder members within the radially inner ends of the cylinder bores
      adjacent to the bearing surfaces of the cylinder members.
NUM  5.
PAR  5. A structure according to claim 4, wherein said ring assemblies comprise
      respective annular generally channel-shaped ring members having channels
      opening toward the respective pocket surfaces, said sealing means
      comprising sealing rings mounted in said channels, and loading means
      within said channels biasing the sealing rings toward and into sealing
      engagement with the pocket surfaces.
NUM  6.
PAR  6. A structure according to claim 5, wherein the cylinder members have
      annular locking grooves in the inner end portions of the cylinder bores,
      and retaining rings seated in said cylinder bore grooves and retaining
      said ring members against displacement radially outwardly in the cylinder
      bores.
NUM  7.
PAR  7. A structure according to claim 5, wherein said channels open also toward
      the radially innermost portions of the cylinder bores, and said loading
      means bias the sealing rings against said innermost portions as well as
      against the pocket surfaces.
NUM  8.
PAR  8. A structure according to claim 5, wherein said sealing rings are metal
      and said loading means comprise wave springs.
NUM  9.
PAR  9. A structure according to claim 8, wherein said metal sealing rings have
      sealing surfaces of substantial width engaging the pocket surfaces, and
      means in said sealing surfaces for minimizing fluid pressure loading of
      the sealing rings either toward the pocket surfaces or radially outwardly
      relative to the cylinder members.
NUM  10.
PAR  10. A structure according to claim 9, wherein said pressure relieving means
      comprise an annular relief groove in each of the sealing surfaces adjacent
      to the side of the sealing ring which is nearest the cylinder bore, and
      passages leading from the inner side of the sealing ring to the relief
      groove, there being a sealing dam area of said sealing surface between the
      relief groove and the side of the seal which is nearest the cylinder bore.
NUM  11.
PAR  11. In a radial piston pump/motor structure including a housing providing a
      chamber with a shaft extending therefrom in relative rotary relation:
PA1  a pintle valve member concentrically aligned with said shaft in fixed
      relation to the housing within said chamber;
PA1  a rotor within said chamber corotatively attached to the shaft and
      journaled on said pintle valve member in concentric relative rotary
      relation;
PA1  hemispherical pockets is the outer perimeter of said rotor;
PA1  spherical cylinder member complementary to and riding swivelly slideably in
      said pockets and retained therein by means secured to the rotor;
PA1  each of said cylinder members having a radially outwardly opening cylinder
      bore within which is radially reciprocably mounted a piston projecting
      radially outwardly and having on its radially outer end a shoe riding a
      cylindrical raceway within said enclosure, the raceway having means for
      controlling it between concentric and eccentric positions relative to said
      rotor;
PA1  means for effecting fluid communication between radially inner ends of said
      cylinder bores and said pintle valve member and thereby with the radially
      inner ends of said pistons, and including respective ports at the radially
      inner ends of said cylinder members conecntrically aligned with said
      cylinder bores and extending to and aligned with respective ports in said
      rotor, and which rotor ports are of substantially smaller diameter than
      said cylinder bores and communicate with said pintle valve member;
PA1  each of said cylinder members having an annular constriction providing the
      respective port at its radially inner end, said constriction providing
      seal retaining means;
PA1  annular sealing means retained by said seal retaining means in assembly
      with said cylinder members and surrounding said cylinder member ports,
      said sealing means being in fluid sealing engagement with annular surface
      areas of said pockets surrounding said rotor ports; and
PA1  said sealing means being substantially equal in diameter to said cylinder
      bores and maintaining with said pockets a balanced sealing relationship
      between the cylinder members and the rotor.
NUM  12.
PAR  12. A structure according to claim 11, wherein each of the cylinder members
      has the annular constriction integral therewih at the radially inner end
      of its cylinder bore, said constriction having a sealing ring groove
      opening toward the adjacent pocket surface and having said sealing means
      in the form of a sealing ring mounted in the groove and normally biased
      toward sealing engagement with said pocket surface.
NUM  13.
PAR  13. A structure according to claim 11, wherein said cylinder bores extend
      throughout to the bearing surfaces of the cylinder members, and each of
      said constrictions and sealing means comprises a ring assembly attached to
      the respective cylinder members within the radially inner ends of the
      cylinder bores adjacent to the bearing surfaces of the cylinder members.
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PAL  An actuating mechanism for moving an indicator, an operational tool or a
      structual component with a high degree of precision over precisely
      predeterminable distances to desired points of operation, which comprise a
      shaft, slidably mounted upon said shaft in end to end relation a sequence
      of interconnected actuating components of selectively variable length
      axially of said shaft each having limit stop means for positively and
      precisely predetermining its conditions of minimum and maximum length and
      thus its possible increment in length, said increments being arranged to
      differ for the individual components, means at one end of the sequence of
      components on said shaft for positively blocking movement of said sequence
      of components in one direction while leaving the opposite end free to move
      on said shaft in response to increases in the axial length of any one of
      said components, means selectively operable to actuate said components
      individually so that they assume either their condition of minimum length
      or their condition of maximum length, and indicator means or means for
      holding a tool or a structural component carried by the free end of said
      sequence of components on said shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to actuating mechanism intended to move an
      indicator, an operational tool, or a structural component over precisely
      predeterminable distances to sought points of operation. Actuating
      mechanisms of this type are frequently known as locators, they have great
      utility, and are widely in use, in the wiring of high density circuit
      panels for television sets and computors where they may be employed to
      find corresponding contact points or move operational tools such as wire
      wrappers or soldering equipment to the proper points of operation
      according to a master plan. In the construction industry they may be
      employed to move structural components into the proper positions for
      erection or connection.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of my invention to provide an actuating mechanism of the
      type referred to, that may be operated to move indicators, operational
      tools or constructional components with the highest degree of precision
      over precisely predeterminable distances to the proper points of
      operation.
PAR  Another object of the invention is to provide an actuating mechanism of the
      type described that may be constructed to service very small or very large
      distances, as desired.
PAR  Still another object of the invention is to provide a precision actuating
      mechanism of the type described, that may be operated to move an
      indicator, an operational tool or a structural component selectively over
      a wide variety of distances which may differ from each other by minute or
      large increments as the case may be.
PAR  Automatic operation of the precision actuators or locators of the type her
      under consideration, requires usually the use of complex electronic logic
      circuits, electronic memories, encoders and electric motors.
PAR  It is an additional object of the present invention to provide a precision
      actuating mechanism that may be automatically operated directly from a
      perforated tape without need for the interposition of logic circuitry,
      encoders, electronic memories and like complex systems.
PAR  Furthermore it is an object of my invention to provide a precision locating
      mechanism of the type referred to, that is capable of moving indicators,
      operational tools, and structural components over precisely
      predeterminable distances to desired points of operation without the use
      of electric motors.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of the present invention will be apparent from the
      following description of the accompanying drawings which illustrate a
      preferred embodiment thereof and wherein
PAR  FIG. 1 is a schematic longitudinal section through the actuator mechanism
      of my invention in contracted condition;
PAR  FIG. 2 is a schematic fragmentary section similar to FIG. 1 showing the
      actuator mechanism of the invention in partially expanded condition;
PAR  FIG. 3 is an exploded fragmentary perspective of the contraction and
      expansion limiting mechanism within the individual components of the
      actuator mechanism shown in FIGS. 1 and 2;
PAR  FIG. 4 is a fragmentary perspective of the contraction and expansion
      limiting mechanism in condition in which it limits contraction of a
      component of the actuator mechanism;
PAR  FIG. 5 is a fragmentary perspective, similar to FIG. 4, of the same limiter
      mechanism in condition in which it limits expansion of the component;
PAR  FIG. 6 is a detail view of the pneumatic control circuitry for the actuator
      mechanism shown in FIGS. 1 and 2; and
PAR  FIG. 7 is a detail view, similar to FIG. 6 of a modified form of pneumatic
      control circuitry for the actuator mechanism shown in FIG. 1 and 2
DETD
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with my invention I mount upon a common shaft a sequence of
      interconnected actuating components of selectively variable length axially
      of the shaft for movement relatively to said shaft with one of the ends of
      said sequence held positively against such movement and the other end free
      to move along said shaft in response to variations in the length of anyone
      or all of said components. Each of said components is provided with limit
      stop means for positively limiting its length in its condition of maximum
      contraction and also in its condition of maximum expansion, so that its
      increment of elongation is positively predetermined, and I provide means
      selectively operable to set said actuating components individually to
      either their condition of minimum length or their condition of maximum
      length. The arrangement is preferably such that the change in length
      obtainable in the individual components differs from component to
      component. Thus, an indicator or holding means secured for instance to the
      free movable end of the sequence of components may selectively be set with
      highest degree of precision to a wide range of different positions by
      activating selected ones of said components to assume either their
      position of minimum length or their position of maximum length.
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  The device of the invention shown in FIGS. 1 and 2 comprises a horizontally
      disposed shaft 10 that is held firmly in suitable uprights 12 and 14 near
      its opposite ends. Supported upon said shaft are six expansible components
      16a, 16b, 16c, 16d, 16e and 16f all of which are shown in fully contracted
      position in FIG. 1. In the particular embodiment of the invention shown in
      the drawing these components are formed by expansible tubular bellows of
      equal diametrical width whose opposite ends are closed in an air tight
      manner by circular disks 18 or 18' respectively which have circumferential
      grooves in their cylindrical outer surface that define flanges 20 over
      which the ends of the bellows are engaged (FIGS. 4 and 5). Each two
      consecutive bellows share a common disk 18' which separates their
      interiors and interconnects them mechanically for movement in unison on
      and relative to shaft 10. Accordingly the disk 18' have two
      circumferential grooves in their cylindrical outer surface which form
      flanges 20 and 20' on opposite sides of each disk over which the adjacent
      ends of two consecutive bellows are engaged in an air tight manner.
PAR  Individual air channels 22a, 22b, 22c, 22d, 22e and 22f respectively, lead
      from the cylindrical outer surfaces of the left most disk 18 and the
      intermediately located disks 18' into the interior of the bellows 16a to
      16f, respectively. In the particular embodiment of the invention
      illustrated in the accompanying drawing the bellows 16 differ in axial
      length, the left most bellows 16a being the shortest with every
      consecutive bellows in the direction toward the right being somewhat
      longer so that the right most bellows 16f is the longest; and each
      consecutive bellows to the right is capable of expansion by an increment
      that is larger than the increment of expansion of which the directly
      preceeding bellows is capable.
PAR  The disks 18' and the right most disk 18 are mounted upon shaft 10 in such
      a manner that the bellows may shift relative to said shaft, but means are
      provided that block movement of the total train of bellows relative to the
      shaft in the left direction while leaving its right end free to shift
      relative to said shaft in response to changes in the axial length of one
      or all of the bellows. For this purpose each of the disks 18, 18' is
      mounted upon a tubular hub 24 that is engaged over the shaft 10 and which
      maybe provided with an internal bushing 25 of a smooth plastic such as the
      plastic known under the trade name DELRIN (FIG. 1). The hub 24 of the left
      most disk 18 is rigidly secured to the shaft 10 by a set screw 26 and is
      thus inmovable relative to shaft 10 while all the other hubs including the
      right most hub 24, i.e. the terminal hub on the right end of the sequence
      of bellows upon shaft 10 may move freely relative to said shaft. Thus,
      whatever changes in their length the individual bellows may undergo, the
      sum total of these changes becomes effective on the right end of the train
      of bellows upon the shaft, i.e. the right most hub 18.
PAR  Means are associated with each bellows that limit very precisely the
      minimum length to which the bellows may contract and which limit with
      equal precision the maximum length to which the bellows may expand. For
      this purpose the hubs 24 of disks 18 or 18' as the case may be, on the
      opposite ends of each bellows are provided with buffer members that
      project from diametrically opposite sectors of the opposed end surfaces of
      the two hubs envolved and which strike against oppositely located sectors
      of the opposed end surfaces of the two hubs when the bellows contracts. In
      this manner they block positively any further reduction of the distance
      between the hubs and hence limit effectively the minimum axial length of
      the particular bellows; in addition said buffer members have annular
      extensions which act in the manner of a catch whenever the hubs move away
      from each other, and thus prevent positively any further elongation of the
      bellows. Having reference to FIGS. 3, 4 and 5, the inner annular end
      surfaces of the hubs 24 upon which are mounted the disks 18' that close
      and constitute the opposite ends of bellows 16b, are provided with
      extensions 28' and 28" that project from oppositely located sectors of the
      opposed annular end surfaces of the tubular hubs 24 and are in fact tube
      segments that are engaged over and slide on shaft 10. The ends of said
      shafts carry annular members 29' and 29", respectively, of more than
      semi-circular angular width whose outer end surfaces are precision ground.
      Upon contraction of bellows 16b these surfaces come into contact with
      corresponding sectors of the opposed end surfaces of the hubs that carry
      the closure disks 18' of bellows 16b. These surfaces are likewise
      precision ground. Thus, when these surfaces strike each other, further
      approach of the opposed hubs and the closure disks 18' of the bellows 16b
      is positively blocked at a precisely predeterminable distance between said
      disks. Hence the axial length of the bellows 16 b has reached its state of
      maximum contraction. This state of maximum contraction may be determined
      very precisely by the length, axially of shaft 10, of the arms or
      extensions 28', 28". It will be understood that for proper operation and
      maximum effectiveness, the length of extensions 28', 28" must be
      identical.
PAR  As pointed out hereinbefore, the annular buffer members 29', 29" at the
      ends of arms or extensions 28' and 28" respectively are of more than
      semicircular angular width. Hence when the bellows 16b expands and the
      hubs of the closure disks of said bellows move away from each other, the
      annular members 29', 29" slide along shaft 10 toward each other until the
      inner surfaces of their tips strike against each other and block further
      elongation of the bellows 16b positively in the manner of a catch at a
      precisely predeterminable maximum axial length thereof which depends again
      on the length of the arms or extensions 28', 28" on the hubs of the
      closure disks 18'.
PAR  In the exemplary embodiment of the invention illustrated in the drawing
      (FIGS. 1 and 2) six bellows 16a to 16f are slidably supported on the shaft
      10 and each consecutive bellows in the direction from left to right is
      larger in length and is capable of greater elongation than the preceeding
      one as pointed out hereinbefore, and each is provided with contraction and
      expansion limiting means of the type described above in which the length
      of the buffer arms 28 axially of shaft 10 will differ from bellows to
      bellows. As also pointed out hereinbefore, means are provided in the form
      of set screw 26 to block positively any movement of the train of bellows
      16 to the left on shaft 10 which might otherwise occur as the result of
      expansion of any one or all of the bellows 16. Thus, any change in the
      axial length of the train of bellows on shaft 10 evidences itself solely
      in changes of the position of the right most hub 24 axially of shaft 10.
      Accordingly indicator means are secured to the right most hub as
      represented by the arrow 36 to indicate a point that is to be found by
      operation of the actuating mechanism of the invention. Alternatively, a
      tool may be rigidly supported from the free terminal hub 24 to be carried
      to the proper point of operation by actuation of the mechanism of the
      invention, or the right most free terminal hub 24 may be provided with
      holding means for gripping and carrying structural components to their
      proper place of application where they are to be set up or fitted into a
      previously erected structure.
PAR  When all the bellows 16 on shaft 10 are in fully contracted position, the
      actuator of the invention assumes its condition of shortest length. This
      is achieved by evacuating the interior of all the bellows causing them to
      contract. For this purpose every one of the bellows is connected through
      the channels 22 in one of its closure disks 18 and or 18' as the case may
      be, to a manifold 38 which is kept in a constant state of evacuation by a
      continuously operating vacuum pump schematically indicated by the circle
      40 (FIGS. 1 and 2). Valve means indicated by block 42 in FIG. 7 and blocks
      58 in FIGS. 1, 2 and 6 are provided in the lines between the interior of
      the bellows 16 and the evacuation manifold 38 to control individually the
      state of evacuation in the interior of every one of the bellows. These
      valves may be mannually controlled or may be controlled automatically by
      electric circuitry or directly by program tapes as will be explained
      hereinafter.
PAR  To effect expansion of the bellows the free terminal hub 24 at the right
      end of the train of bellows on shaft 10 is connected by a cord 46 to a
      constant tension spring indicated at 48 in FIG. 1, which is not
      sufficiently strong to expand any one of the bellows while they are in an
      evacuated state, but is strong enough to fully expand any one or all of
      them as soon as the vacuum in any one or all of them is abolished and
      atmospheric pressure is allowed to prevail in their interiors. Thus by
      manipulating the control valves 42 or 58 to cut communication with the
      evacuation manifold 38 and connect the channels 22 to the outside
      atmosphere, any one or all of the bellows may be caused to expand to their
      full length or lengths as determined by the hereinbefore described
      expansion limit means under the force of spring 48, and since the bellows
      are positively interconnected through the disks 18' the position of
      indicator 36 will change to an extent depending on the number and size of
      the bellows expanded.
PAR  While the state of evacuation in the individual bellows and hence the
      effective length of the actuating mechanism may be mannually controlled by
      manipulation of valves 42 as indicated above, the described actuating
      mechanism lends itself to direct automatic control by perforated program
      tapes. In the particular embodiment of the invention illustrated in FIG. 7
      a tape 50 passes over the open ends of six air lines 52a to 52f which lead
      to six control valves of which only valve 42b is shown in FIG. 7. The
      transverse width of tape 50 is sufficiently large to cover and close every
      one of the open ends of lines 52, and as long as this is the case the
      valves 42 are set to connect every one of the bellows to the evacuation
      manifold 38 while blocking communication with the outside atmosphere. The
      tape 50 carries the directions for selected operation of the actuating
      mechanism of the invention in the form of transversely arranged,
      consecutive rows of holes 56 and conventional drive means (not shown) are
      provided to advance the tape selectively over the open ends of channels
      52a to 52f.  As soon as actuation of the tape drive mechanism moves a hole
      56 of tape 50 into registry with the end of a channel 52, air may enter
      the interior of the particular bellows to which the channel leads and
      pressure responsive means in valve 42 may be arranged to cut communication
      between the particular bellows and the evacuation manifold 38.
      Alternatively, the size of the air admittance channel may be made large
      enough so that the volume of air entering the bellows overwhelms the
      effect of the evacuation manifold. As a result the force of spring 48
      operates to expand the particular bellows precisely to the extent
      permitted by its expansion limiting means. When renewed advance of the
      tape covers the end of the channel leading to an expanded bellows the
      described occurances are reversed, the interior of the bellows is cut off
      from communication with the outside atmosphere and the pressure responsive
      means in valve 42 reconnects the interior of the bellows to the evacuation
      manifold 38. In any case, with closure of the particular air admittance
      channel the evacuation manifold evacuates the bellows and as a result the
      spring 48 is unable to keep the bellows expanded and it contracts to the
      extent permitted by its contraction limit stop means. Thus, the actuating
      mechanism of the invention returns to its initial length.
PAR  In practise the use of more sophisticated valve arrangements of the
      so-called pilot-operated type speed up the rate of operation in setting
      the bellows selectively to contracted or expanded condition with a
      rapidity far greater than is possible when the holes in the tape control
      the flow of air into the interior of the bellows directly. The schematic
      representation of the pneumatic control system for the actuating mechanism
      of the invention made in FIGS. 1, 2 and 6 represents the use of such a
      pilot valve arrangement all of conventional design wherein the bellows
      control means is a composite valve 58 having a portion 59 that controls
      the outflow of air to the evacuation manifold 38 and the inflow of air
      from the outside through an inlet 60. This valve portion 59 in turn is
      controlled by an airpressure responsive pilot valve portion 62 that
      responds to the pressure conditions in the channels 63a to 63f which
      constitute the tape controlled pilot lines of the arrangement. Whenever
      the open end of a pilot line 63 is covered by the tape 50, a bleeder line
      64 from pilot valve 62 to the evacuation line reduces the air pressure in
      line 63 and in response thereto the pilot valve 62 sets valve 58 to a
      condition wherein it connects the interior of the bellows to the
      evacuation manifold and blocks influx of air through inlet 60. However,
      when a perforation 56 in tape 50 moves into registry with the end of a
      channel 63 the pilot valve 62 responds to the atmospheric pressure
      supplied through pilot channel 63 and sets the valve 62 to a condition
      wherein it cuts communication with the evacuation manifold 38 and open
      inlet 60. The bellows, therefore, expands under the force of spring 48.
PAR  In the accompanying drawing the locator mechanism of the invention is shown
      as composed of six interconnected consecutive bellows stacked upon a
      common shaft. It will be understood that the actuator mechanism of the
      invention may comprise any number of bellows and the individual bellows
      may be large or small, and yet the mechanism will function in basically
      the same manner, only its actual size and the number of increments of
      expansion and contraction which it provides, will be different. In the
      exemplary embodiment of the invention shown in the drawing each
      consecutive bellows in the direction from left to right is of such length
      and construction that upon expansion it provides twice the elongational
      increment provided by expansion of the directly preceeding bellows. An
      actuator mechanism in accordance with my invention when so constructed
      provides a very high number of incremental positions of the indicator or
      tool holder 36, to which it may be set by selective activation of its
      individual components namely: 2.sup.n where "n" is the number of
      components comprised in the actuating mechanism and the sum total includes
      the initial fully contracted state of the mechanism as a position. The
      actuator mechanism of the invention may be constrcted to service very
      large or very small ranges of distances depending on the size of the
      individual bellows; in other words the device of the invention is of great
      flexibility as to is application. It can be constructed to service very
      large or very small distances, provide few or many incremental positions,
      carry heavy loads or precision tools, and it is inherently a precision
      instrument due to the nature of the mechanism which limits contraction and
      expansion of the individual bellows positively to precisely predetermined
      distances, and also due to the manner in which the individual bellows are
      stacked on, and interconnected for sliding movement in unison upon a
      common shaft whenever the status of any one of the bellows is changed.
PAR  The described actuating mechanism is easy to operate. As explained
      hereinbefore, it may be automatically controlled according to
      predetermined programs directly from perforated program tapes without the
      use of logic circuitry, electronic memories and encoders. It provides its
      own moving power, and does not require electric motors for shifting the
      indicator or whatever tool or structural component may be connected to the
      mechanism at this point. However, it is within the purview of this
      invention to control operation of the disclosed actuator mechanism, i.e.
      the air control valves 42 or 58, in the conventional manner through
      encoders and logic circuitry, if desired and if circumstances would
      warrant such complex arrangements in preference to the far simpler direct
      control arrangement explained above.
PAR  In the exemplary embodiment of the invention described in detail
      hereinbefore and illustrated in the accompanying drawing, the length of
      the bellows is controlled by vacuum lines, i.e. the bellows contract and
      assume a condition of minimum axial length when their interior is
      evacuated, and they expand and assume their maximum axial length under the
      force of a spring when atmospheric pressure is admitted to their interior.
      It will be understood by those skilled in the art that the same changes in
      the length of the bellows may be effected by the use of pressure lines,
      i.e. the bellows may be constructed to assume initially their fully
      contracted position automatically under atmospheric conditions, and may be
      expanded to the full axial length permitted by the limit stop means of the
      invention by supplying air under predetermined pressure into their
      interior.
PAR  Also, while the emobidment of the invention specifically described
      hereinbefore employs expansible bellows as the components of variable
      axial length of which the actuating mechanism of the invention is
      comprised, pneumatic cylinders whether controlled by vacuum lines or
      pressure lines may take the place of the bellows in the actuating
      mechanism of my invention. Similarly, other fluid controlled components of
      predeterminably variable length, such as hydraulic cylinders may be
      employed in constructing a precision actuating mechanism in accordance
      with the present invention. In fact, it is feasable within the purview of
      the present invention to employ components of predeterminably variable
      length whose changes in length are obtained by electromagnetic means.
PAR  While I have expained my invention with the aid of a preferred embodiment
      thereof, it will be understood that the invention is not limited to the
      specific constructional details shown and described by way of example
      which may be departed from without departing from the scope and spirit of
      my invention.
PAR  Whereover the term "indicating means" is used in the following claims, this
      term is understood to include not only an actual indicator for pointing
      out a desired point of operation, but also holding means for tools that
      are to operate at said point or for structural components that are to be
      carried to the sought point to be joined there to an existing structure.
CLMS
STM  I claim:
NUM  1.
PAR  1. A precision actuating mechanism comprising a stationary shaft, slidably
      mounted upon said shaft a sequence of interconnected actuating components
      of predeterminably variable length axially of said shaft having limit stop
      means for limiting positively their condition of maximum axial length and
      their condition of minimum axial length, means selectively operable to
      adjust the axial length of said components individually to either their
      maximum axial length or their minimum axial length, means holding one end
      of said sequence of components against movement relative to said shaft,
      and means supported at the free opposite end of said sequence of
      components for indicating any changes of the sum total of the axial
      lengths of said components.
NUM  2.
PAR  2. A precision actuating mechanism comprising a stationary shaft, a
      sequence of mechanically interconnected bellows slidably mounted upon said
      shaft in end to end relation having limit stop means for positively
      limiting the axial length of said bellows in their condition of maximum
      contraction and their condition of maximum expansion, means selectively
      operable to (adjust) set the axial length of said bellows individually to
      either their condition of maximum contraction or their condition of
      maximum expansion, means holding one end of said sequence of bellows
      positively against movement relative to said shaft, and means supported
      from the free opposite end of said sequence of bellows for indicating any
      changes in the sum total of the axial lengths of said bellows.
NUM  3.
PAR  3. An actuating mechanism according to claim 2 wherein said means
      selectively operable to set said bellows individually to either their
      conditions of maximum contraction or maximum expansion are pneumatic
      evacuation lines in combination with spring means operative at the free
      end of said sequence of bellows to urge said bellows into their fully
      expanded conditions.
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ABST
PAL  A hydraulic pumping apparatus including a cylindrical housing member having
      an open upper end closed by a cover held in place by a snap ring. A rotor
      is rotatably supported in the housing and in turn supports a plurality of
      pistons which are parallel to the axis of rotation of the rotor. The
      novelty resides in the swash plate assembly which includes an
      off-the-shelf bearing comprising two parallel plates with all bearings
      sandwiched therebetween with one of the plates engaging the pistons. An
      integral plastic ring member is disposed within the annular opening of the
      upper thrust plate of the bearing assembly and includes trunnions
      extending laterally in opposite directions for disposition in grooves in
      the cover member for changing the angle of inclination of the bearing
      assembly. An adjustment member extends through the cover for engaging the
      upper thrust plate of the bearing assembly to change the angle of the
      inclination thereof.
BSUM
PAR  This invention relates to hydraulic pumping apparatus particularly for the
      steering systems of marine craft, but which may be used for other purposes
      as well.
PAR  As the present pumping apparatus has been designed particularly for use in
      the steering system of a boat, it will for the sake of convenience be so
      described herein, but it is to be understood that the invention is not to
      be limited to this field.
PAR  Ordinarily, when a hydraulic steering system of the prior art is to be
      installed in a boat, you select the number of turns you want the steering
      wheel to make when turning the rudder from port hardover to starboard
      hardover. For a given number of turns of the wheel you have either easy
      steering in calm conditions and hard steering in rough weather, or vice
      versa. If a compromise is made, as is usually done, you have to turn the
      steering wheel too many times under easy conditions, and have difficulty
      in turning the wheel in extremely bad conditions. Furthermore, with the
      known systems you cannot change to quick steering when you want it, such
      as, for example, when coming in to a dock.
PAR  The main purpose of this invention is to eliminate these problems. Steering
      apparatus incorporating the present invention is such that the number of
      turns between port hardover and starboard hardover can be quickly and
      easily adjusted while the system is in operation. With this arrangement,
      you can have a coarse adjustment, that is, relatively few turns of the
      steering wheel for fine weather steering, and fine adjustment for rough
      weather steering, with an infinite number of settings between these
      extremes.
PAR  The pumping apparatus in accordance with the present invention incorporates
      a swash plate pump which is operated by means of a steering wheel as the
      latter is turned in either direction to pump hydraulic fluid to either end
      of a slave cylinder for doing the required job, such as turning a vessel.
PAR  The pump has an inclined swash plate so mounted that its angle of
      inclination can be easily adjusted, and including means operable from
      outside of the pump for changing the angle of inclination. The swash plate
      is mounted so that its angle can be adjusted between about 10.degree. to
      about 24.degree. relative to a plane normal to the central axis of the
      pump mechanism. The fine setting is at 10.degree. while the coarse setting
      is at 24.degree..
PAR  A feature of this invention is that the swash plate is in the form of a
      thrust bearing having ball bearings between two thrust plates. The swash
      plate pump includes the usual plunger pumps, and the plungers of these are
      retained against one of said thrust plates, while the other of the thrust
      plates is provided with a ring member having trunnions projecting
      laterally therefrom and operating in corresponding bearing grooves in the
      pump unit. These trunnions provide relatively large bearing surfaces to
      take the thrust of the plunger pumps. The thrust bearing is a standard
      bearing, and the ring member and trunnions form a unitary member made of
      plastic which can be easily manufactured by injection moulding or by die
      casting without any additional machining, this unitary member being
      readily attached to one of the thrust plates of the bearing.
DRWD
PAR  Examples of this invention are illustrated in the accompanying drawings, in
      which
PAR  FIG. 1 is a diagrammatic view of a steering system incorporating the
      hydraulic pumping apparatus of this invention,
PAR  FIG. 2 is an enlarged vertical section through this hydraulic pumping unit,
      and showing two pumps with the plungers thereof at opposite ends of their
      strokes,
PAR  FIG. 3 is a vertical section taken on the line 3--3 of FIG. 2, and showing
      two pumps with their plungers midway between the ends of the strokes
      thereof,
PAR  FIG. 4 is a horizontal section taken on the line 4--4 of FIG. 2,
PAR  FIG. 5 is a horizontal section taken on the line 5--5 of FIG. 2,
PAR  FIG. 6 is a substantially horizontal section taken on the line 6--6 of FIG.
      2,
PAR  FIG. 7 is a section taken on the line 7--7 of FIG. 6,
PAR  FIG. 8 is a perspective view of the thrust plate of the swash bearing with
      the trunnions attached thereto, and
PAR  FIG. 9 is a fragmentary sectional view of an alternative device for
      adjusting the angle of the swash plate.
DETD
PAR  Referring to the drawings, FIG. 1 diagrammatically illustrates a hydraulic
      pumping unit 10 in accordance with this invention mounted in a steering
      system of a boat. The unit 10 has a control shaft 11 projecting from one
      end thereof and upon which a steering wheel 12 is fixedly mounted. In this
      example, pumping unit 10 is used in association with a hydraulic control
      unit 15 of the type illustrated in U.S. Pat. No. 3,576,192, dated Apr. 27,
      1971. This control unit includes a valve system for controlling the flow
      of hydraulic fluid to turn a rudder 18 in accordance with the direction of
      rotation of wheel 12. However, it is to be understood that the unit 15 can
      be incorporated in pumping unit 10, or other suitable directional control
      means may be used in or with unit 10. In this example, pressure lines 20
      and 21 extend between units 10 and 15, while pressure-suction lines 23 and
      24 extend between unit 15 and opposite ends of a slave cylinder 25 which
      has a piston 26 connected to rudder 18 by a link 27. A return line 30
      extends between units 10 and 15.
PAR  Pumping unit 10 is designed to act as a reservoir for the hydraulic fluid
      so that return line 30 is connected to said unit, but it is to be
      understood that a separate reservoir may be employed, in which case return
      line 30 would extend from unit 15 to that reservoir, and another line
      would extend from the reservoir to unit 10.
PAR  Referring to FIGS. 2 to 8, pumping unit 10 includes a cylindrical housing
      35 and having a wall 36 at one end and a cover or wall 37 at the opposite
      end. Wall 37 is seated on an annular shoulder 38, and is removably
      retained in position in any suitable manner, such as by a circlip 39.
PAR  Control or steering shaft 11 is journalled in a bearing 44 mounted in cover
      37, and extends into housing 35 where it is fixedly secured to a rotor 46
      rotatably mounted in the housing. Rotor 46 is rotatably mounted on a
      spigot 48 projecting inwardly from end wall 36 centrally thereof, and
      bears against the inner surface of said end wall. By referring to FIGS. 2
      and 3, it will be seen that housing 35 is larger in diameter than rotor 46
      to form therebetween a reservoir 50.
PAR  A plurality of pumps 53 are mounted in rotor 46 and project from an end 54
      thereof. Each of these pumps consist of a bore 55 having a plunger or
      piston 56 slidably mounted therein and projecting outwardly from end 54 of
      the rotor. A spring 58 mounted in each bore 55 resiliently urges the
      plunger 56 of that bore outwardly relative to the rotor. The plungers of
      pumps 53 are sequentially reciprocated to draw in hydraulic fluid from
      reservoir 50 and to direct this fluid out through pipe 20 or 21, depending
      on the direction of rotation of the rotor.
PAR  In this example, end wall 36 is formed with outlet ports 62 and 63 with
      which pipe 20 and 21, respectively, communicate, and with an inlet port 64
      with which return pipe 30 communicates. Spigot 48 is formed with a slot 65
      opening out from one side thereof and long enough to be in communication
      with one half of the pumps 53 at a time. A passage 67 extends from this
      slot through the spigot and end wall 36 to outlet port 62. Another passage
      68 in wall 36 extends from reservoir 50 to passage 67 and port 62. A check
      valve 70 is normally held by a spring 71 against a seat 72 in passage 68.
      Valve 70 normally closes passage 68 and opens towards the adjacent outlet
      port. Similarly, a slot 75 is formed in the side of spigot 48 and is long
      enough to communicate with one half of the pumps 53 at a time, and a
      passage 76 extends from this slot to outlet port 63. Another passage 77
      extends from the reservoir to passage 76 and port 63. A check valve 79 is
      normally held by a spring 80 on seat 81 in passage 77. This valve normally
      closes passage 77 and opens towards port 63.
PAR  With this passage and port arrangement, when the plungers 56 of pumps 53 in
      communication with spigot slot 65 are moving upwardly, fluid is drawn from
      reservoir 50 through passages 68 and 67 into their respective bores 55.
      When the plungers of the pumps in communication with slot 65 are moved
      downwardly, the hydraulic fluid cannot flow back into passage 68 because
      of check valve 70 and therefore moves through passage 67 and port 62 into
      pipes 20. Similarly, when the plungers of pumps 53 in communication with
      slot 75 are moving upwardly, hydraulic fluid is drawn into the bores of
      these pumps from the reservoir through passages 77 and 76, and when the
      latter plungers are moved downwardly, this fluid is directed through
      passage 76 and port 63 into pipe 21. When shaft 11 is rotated in one
      direction, the plungers of the pumps in communication with slot 65 are
      moving upwardly and those in communication with slot 75 are moving
      downwardly, and when the shaft is rotated in the opposite direction this
      is reversed.
PAR  An inclined swash plate 85 is mounted in housing 35 between pumps 53 and
      cover 37. Although this may be a plate, it is preferably in the form of a
      thrust bearing made up of annular thrust plates 87 and 88 with ball
      bearings 89 in a race 90 therebetween. The balls run in opposed grooves 92
      and 93 formed in the inner surfaces of these plates. Aligned trunnions 96
      and 97 are connected to plate 88 and project laterally therefrom. In this
      example, the trunnions are formed of a suitable plastic material and are
      integrally connected with a ring 99 of the same material and which is
      fixedly secured within the opening in annular trhust plate 88. The
      trunnions extend outwardly from ring 99 over the outer surface of the
      thrust plate and project beyond the periphery thereof. Each of these
      trunnions is semi-circular in cross-section, as clearly shown in FIG. 8.
PAR  When thrust plate 88 is in position, trunnions 96 fit in corresponding
      grooves 102 and 103 formed in the inner surface of cover or end wall 37,
      see FIGS. 2 and 6. As the thrust plate is inclined, cover 37 is formed
      with a projection 105 on its inner surface near an edge thereof and having
      an inclined inner surface 106. This projection is located on one side of
      grooves 102 and 103, and on the opposite side thereof, the cover is formed
      with a recess 107 having an inclined bottom 108. By referring to FIG. 7,
      it will be seen that the surface 106 of projection 105 is inclined at a
      shallow angle relative to central axis 110 around which shaft 11 and rotor
      46 rotate. The angle of bottom 108 is steeper relative to said axis than
      that of the projection inclined surface 106.
PAR  The assembled swash plate 85 is held in position with its trunnions 96 and
      97 in grooves 102 and 103 by plungers 56 which are resiliently urged
      against the outer surface of thrust plate 87 by springs 58. When thrust
      plate 88 bears against the inclined surface 106 of projection 105, the
      thrust plate lies at a rather shallow angle relative to a plane normal to
      the axis 110, for example, 10.degree.. Suitable means is provided for
      changing the angle of incline of the thrust plate relative to the axis. In
      FIGS. 2 and 3, a bolt 115 is threaded in a sleeve 116 fixedly mounted in
      and extending through cover 37 and its projection 105. This bolt is
      inclined relative to the axis 110 so that it is substantially normal to
      the swash plate. When bolt 115 is screwed inwardly, the swash plate
      rotates on its trunnions with the side thereof remote from the bolt moving
      towards the inclined bottom 108 of recess 107. This bottom limits the
      amount of movement of the swash plate under the action of the bolt, and at
      this time the swash plate lies at an angle of about 24.degree. to a plane
      normal to axis 110. When the bolt is unscrewed, springs 58 through
      plungers 56 cause the swash plate to follow the bolt so that the angle of
      the plate is changed.
PAR  By referring to FIG. 2, it will be seen that trunnions 96 and 97 are
      located on axis 110, and that they are not on a diameter of the thrust
      bearing or plate so that a larger portion of the latter is on one side of
      said trunnions than on the other side thereof. This results in one or two
      more of the pump plungers bearing against the swash plate on one side of
      said trunnions than on the other side thereof. This almost balances the
      force pressing against the inclined plate on opposite sides of the
      trunnions so that not much effort is required to turn bolt 115, and yet
      there is sufficient additional force against the bolt side of the plate to
      cause it to follow any outward movement of the bolt.
PAR  The operation of pumping unit 10 is relatively simple. When steering wheel
      12 is rotated, shaft 11, which extends freely through thrust plate 85,
      turns rotor 46 to cause pumps 53 to move around central axis 110. As the
      plungers 56 are bearing against the inclined swash plate 85, each plunger
      is reciprocated to and fro once during each revolution of the rotor and,
      consequently, the steering wheel. The amount of hydraulic fluid moved by
      the pump during each revolution depends upon the angle of the swash plate.
      When the swash plate is at the angle illustrated in FIG. 2, its minimum
      angle, it requires several turns of wheel 12 to pump enough fluid into
      slave cylinder 25 to move rudder 18 from port hardover to starboard
      hardover. This is similar to operating a motor vehicle in low gear, and
      the rudder can be turned very easily in heavy seas. If it is desired to
      change the setting, it is only necessary to screw bolt 115 inwardly to
      steepen the angle of the swash plate. As this is done, more fluid is
      pumped during each revolution of the steering wheel and so fewer turns are
      required to move the rudder from one extreme position to the other. When
      the swash plate reaches the inclined bottom 108 of recess 107, the minimum
      number of turns is required for moving the rudder, and this setting can be
      used in calm weather.
PAR  Some of the advantages of this invention are as follows:
PA1  1. The thrust bearing is used as a swash plate. If a plate were provided it
      would anyway be desirable to have a thrust bearing between it and the
      plunger pumps. In addition, a standard thrust bearing is used for this
      purpose.
PA1  2. It is a simple matter to manufacture and mount trunnions 96 and 97 with
      their ring 99. The trunnions and ring can be made of suitable plastic
      material either by injection moulding or die casting, and ring 99 is
      secured in thrust plate 88 with the flat surfaces of the trunnions bearing
      against the flat surface of the plate so that the trunnions are braced by
      the latter and are not subjected to any bending action.
PA1  3. As will be noted from FIGS. 6 and 8, the trunnions and the grooves in
      which they fit are relatively long so as to provide large bearing surfaces
      for supporting the swash plate against the considerable pressure of the
      springs of the plunger pumps.
PA1  4. The swash plate is substantially balanced owing to the position of its
      trunnions and therefore the adjusting screw is under very light load and
      can easily be turned to change the angle of the swash plate regardless of
      steering conditions. Thus, a person can quickly and easily adjust the
      number of turns of the steering wheel required to move the rudder back and
      forth to suit rough or calm conditions or different situations when it is
      required to manoeuver the boat rapidly. The ratio of the turns of the
      steering wheel to the movement of the rudder can be readily adjusted.
PAR  FIG. 9 illustrates an alternative form of adjusting means for pumping unit
      10. In this example, a spring 120 is interposed between bolt 115 and swash
      plate 85. With this arrangement, if there is relatively great back
      pressure from the rudder, as is the case in heavy seas, this increase in
      back pressure will cause the swash plate to compress spring 120 to a
      limited degree so that the angle of the plate is changed to a finer one
      for easier steering. This tends automatically to relieve the effort
      necessary for steering the boat.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulic apparatus comprising: housing means, rotor means rotatably
      supported in said housing means for rotation about an axis, piston means
      movably supported by said rotor means and extending from said rotor means
      axially thereof, swash plate means movably supported by said housing means
      and engaging said piston means for controlling the length of stroke of
      said piston means per revolution of said rotor means, said swash plate
      means including a bearing assembly disposed about said axis and including
      parallel upper and lower plates with ball bearings disposed, therebetween,
      said plates being annular to define a central opening, a ring member
      disposed in engagement with said bearing assembly and having a body
      portion disposed in said opening therein, said ring member having arcuate
      trunnions integral with said body portion and extending laterally from
      said body portion in opposite directions transversely to said axis and
      across said upper plate, said housing means including grooves for
      receiving and rotatably supporting said trunnions to change the angle of
      inclination of said bearing assembly for controlling said length of
      stroke.
NUM  2.
PAR  2. An apparatus as set forth in claim 1 wherein said ring member is made of
      plastic.
NUM  3.
PAR  3. An apparatus as set forth in claim 1 wherein said housing means includes
      a separate cover defining an end wall adjacent said ring member, said
      grooves for receiving said trunnions being disposed in said cover.
NUM  4.
PAR  4. An apparatus as set forth in claim 3 wherein said housing means includes
      a cylindrical housing member open at a first end thereof, said housing
      member having a shoulder adjacent said first end, said cover abutting said
      shoulder.
NUM  5.
PAR  5. An apparatus as set forth in claim 4 including a snap-ring engaging said
      housing member and said cover for retaining said cover against said
      shoulder.
NUM  6.
PAR  6. An apparatus as set forth in claim 3 wherein said cover includes an
      inclined recess adjacent said grooves for accommodating movement of said
      bearing assembly.
NUM  7.
PAR  7. An apparatus as set forth in claim 3 including adjustment means
      supported by said cover and engaging one of said plates.
NUM  8.
PAR  8. An apparatus as set forth in claim 7 wherein said adjustment means
      includes a sleeve fixed to said cover and including a threaded bore and an
      adjusting bolt threadedly engaging said bore of said sleeve.
NUM  9.
PAR  9. An apparatus as set forth in claim 1 wherein each of said trunnions has
      a flat bottom surface extending across and engaging said upper plate.
NUM  10.
PAR  10. An apparatus as set forth in claim 9 wherein said unitary member is
      made of plastic.
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ABST
PAL  An aluminum alloy piston for an internal combustion engine, which has been
      made wear and seizure resistant by forming an adherent coating on at least
      the skirt of said piston, by applying thereto an iron-carbon powder
      containing less than 0.3% by weight of C, the balance being substantially
      all iron. A film of manganese phosphate may be subsequently applied to
      said skirt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well-known that in the piston of an internal combustion engine having
      a cast-iron cylinder liner and an aluminum alloy piston heavy wear in the
      skirt of the aluminum alloy piston poses a problem, and the surface of the
      skirt is commonly tin-plated to assure a good initial break-in. Since such
      a combination of an aluminum cylinder liner and an aluminum alloy piston
      is liable to seizure and the aluminum alloy piston lacks resistance to
      wear, chrome-plating of the aluminum cylinder liner to compensate for
      these drawbacks is also common practice.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to improve the resistance to wear
      and seizure of an aluminum alloy piston of an internal combustion engine
      by coating the vulnerable part of the piston with iron and at the same
      time reducing the engine weight.
DRWD
PAC  REFERENCE TO DRAWINGS
PAR  FIGS. 1 and 2 respectively show the skirt of an aluminum alloy piston and
      its vulnerable part which is to be coated to improve its wear resistance.
PAR  FIG. 3 is a micrograph showing a section of the part of the piston which
      has been coated with iron according to the present invention, enlarged 200
      times.
PAR  FIG. 4 is a micrograph showing the iron-coated surface of a piston of this
      invention, enlarged 100 times.
PAR  FIG. 5 is a micrograph showing the surface of a piston which has been first
      coated with iron and then coated with a film of manganese phosphate,
      enlarged 100 times.
PAR  FIG. 6 is a photograph showing an iron-metallized aluminum alloy piston and
      an aluminum cylinder liner after 100 hours of testing on a stand.
PAR  FIG. 7 shows an aluminum alloy piston according to our invention which has
      been coated with iron and in which a groove has been provided in the
      piston skirt area to be metallized.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the present invention, in an assembly comprising an aluminum
      cylinder liner and an aluminum alloy piston the part of the aluminum alloy
      piston which is liable to heavy wear can be successfully made wear and
      seizure resistant by being coated with iron, while the aluminum cylinder
      liner is left unchanged.
PAR  Of course, this invention is applicable to an assembly comprising a cast
      iron cylinder liner and an aluminum alloy piston.
PAR  Practical applications of this invention are illustrated in the attached
      drawings and micrographs.
PAR  The grid on FIG. 1 shows the area 1 on the skirt of an aluminum alloy
      piston which is to be coated with iron.
PAR  The grid on FIG. 2 shows the area 1 on the skirt of an aluminum alloy
      piston which is to be coated when the coating is limited in its
      application.
PAR  As illustrated in an experimental example to be cited later, said area on
      the piston skirt is coated with iron as follows: A piston which has first
      been reduced in its diameter by the thickness of the coating to be applied
      is washed with "Triclene" (trichloroethylene) and fully dried. The area to
      be coated is then blasted with silica sand and thereafter coated with a
      powder composed of 0.3% carbon, with the balance substantially all iron,
      using the plasma spray method, followed by grinding to a finish.
PAR  It should be noted that the iron in the powder of course contains some
      impurities.
PAR  FIG. 3 is a micrograph showing a section of the coated area of FIG. 1 after
      it has been ground to a finish.
PAR  FIG. 4 is a similar micrograph which shows the surface of the metallized
      area, over which iron and carbon (looking gray) and blowholes (looking
      black) are scattered.
PAR  When the above iron-coating step is followed by further coating of the
      surface with a film of manganese phosphate, the wear resistance will be
      even more substantially improved.
PAR  FIG. 5 is a micrograph of the coated surface after it has been subsequently
      coated with a film of manganese phosphate. On this micrograph the black
      part corresponds to blowholes, the white part to the sprayed iron, and the
      gray part to the film of manganese phosphate.
PAR  FIG. 6 shows an aluminum alloy piston coated in accordance with the
      invention and an aluminum cylinder liner after 100 hours of testing on a
      stand, wherein no scratch is apparent thus exemplifying the wear and
      seizure resistance of the piston.
PAR  FIG. 7 illustrates an iron-coated piston with a groove 2 provided therein
      to improve the oil collection.
PAR  Thus, the overall effect of iron-coating the surface, whereby the iron
      improves the wear resistance, the carbon improves lubrication, and
      scattered blowholes result from spraying, is to impart wear and seizure
      resistance to the aluminum alloy piston according to the invention. The
      aluminum alloy piston which has been surface-treated according to the
      present invention, as compared with a conventionally plated piston, can be
      produced at less cost and displays a resistance to wear and seizure which
      cannot be expected from a conventional piston, as a consequence of carbon
      lubrication, the wear resistant iron, and the spray blowholes and
      manganese phosphate film which collect the oil. Moreover, the use of an
      aluminum liner reduces the engine weight.
PAR  The coating according to the present invention is done by the plasma
      spraying method, whereby the metal powder, which is introduced in a plasma
      jet stream, is melted and sprayed by inertia on to the surface to be
      coated. The metal powder is carried into the plasma jet stream on an inert
      gas flowing through a vibrated pipe (diameter 60-80mm).
PAR  The optimum grain size of the Fe-C powder used is 200-300 mesh. A grain
      size of less than 200 mesh would make it hard to transport the powder
      evenly on the inert gas, resulting in an uneven metallized surface, or in
      a failure of the powder to be deposited successfully on the surface to be
      coated, for the powder passes unmolten through the plasma jet stream.
PAR  On the contrary, a grain size of more than 350 mesh would make the powder
      lose its inertia even if it is vigorously accelerated, leading to poor
      results on account of the weakness of the force with which it hits the
      surface to be coated. Since the plasma jet stream is as hot as
      6000.degree.-8000.degree.C, a powder of small grain size will evaporate,
      resulting in a poor yield of deposition.
PAR  The recommended thickness of the applied layer is 0.4-0.7mm. The present
      accuracy of grinding is about 0.2mm. Therefore the applied layer, when it
      is less than 0.4mm thick will become undesirably thin if it is ground down
      more than 0.2mm. On the other hand, when the coating is more than 0.7mm
      thick, the deposited powder will become excessively thick and the coating
      will be liable to separate from the substrate in use. This will also
      involve a wasteful consumption of material. Thus, the lower limit of the
      thickness of deposited layer is set by the machining accuracy, while its
      upper limit is set by the danger of separation of the layer and the yield
      of material deposited.
PAR  Specific examples of the application of the present invention will now be
      given:
PAC  EXAMPLE 1
PAR  A piston, the diameter of which had been reduced by twice the coating
      thickness, i.e., 0.5mm (0.25.times.2) was washed with trichloroethylene
      and fully dried. Then the area to be coated was blasted with silica sand
      0.2-0.5mm in diameter, and then coated with a material consisting
      essentially of 0.3% carbon and the balance substantially all iron, to a
      thickness of 0.4-0.5mm by the plasma spraying method. Thereafter the
      piston was ground to a finish and subjected to an engine stand test.
PAR  A V-8 engine, cylinder bore 78mm, having a stroke of 78mm with a total
      displacement of 2,981cc equipped with an aluminum cylinder liner (made of
      a material consisting essentially of Si 17%, Cu 4.5%, Fe 1.0%, Mg 0.5%, Zn
      less than 0.1%, the balance being aluminum) and an iron-coated piston
      according to the present invention was put through a break-in test and
      then an endurance test on the engine stand in accordance with the JISD
      1003 loading test. The endurance test conditions were: 4500 rpm at full
      load and full throttle; cooling water temperature 80.degree.C and
      lubricant temperature 120.degree.C.
PAR  The wear of the piston and cylinder liner were measured in terms of piston
      diameter and liner bore before and after testing.
PAR  The measurements after 100 hours of endurance test on the stand showed that
      the piston diameter had been reduced through wear by 20-25.mu. and the
      liner bore by 10-15.mu.; and as observed in FIG. 6, there were no
      appreciable scratch marks apparent on the surface.
PAR  When the aluminum liner was tested with an uncoated piston, both the piston
      and the liner were scratched, and the wear of the liner was 40-50.mu..
PAC  Reference Test
PAR  A piston, the diameter of which had first been reduced by 0.35mm, i.e., the
      coating thickness, was gas-sprayed with molybdenum to a thickness of
      0.05-0.1mm and then gas-sprayed with a steel wire comprising 0.5-0.8%
      carbon.
PAR  Stand test of a coated piston working in an aluminum cylinder liner was
      carried out in the same way as in Example 1. According to the results
      thereof, the wear of the aluminum cylinder liner was greater than in
      Example 1.
PAR  The hardnesses of the coatings resulting from the process of the Example 1
      and the Reference Test are listed below:
TBL                TABLE 1                                                     
     ______________________________________                                    
     Hardness of metallized layer                                              
     ______________________________________                                    
     Composition   Hardness (Micro                                             
                                  Remarks                                      
     of powder     Vickers)                                                    
                   mHv 100g                                                    
     ______________________________________                                    
     Example 1                  Composed of Fe                                 
                                Fe-oxide,                                      
     (Blend of iron             substantial amounts                            
     powder and carbon                                                         
                   200 - 300    of carbon, and                                 
     powder)                    blowholes                                      
     Reference                  Composed of Fe,                                
                                (martensite),                                  
     Fe+5-0.8C                  Fe-oxide and                                   
     (not a powder blend                                                       
                   450 - 600    blowholes                                      
     but 0.5-0.8% carbon                                                       
     steel)                                                                    
     Reference                  Composed of Fe,                                
                                Fe-oxide, a small                              
     (Fe+1-2%C)    200 - 250    amount of carbon,                              
                                and blowholes                                  
     ______________________________________                                    
PAL  The excellent resistance to wear observed in Example 1 may be attributed to
      the following facts:
PA1  1. The surface of metallized layer is full of blowholes which collect the
      oil.
PA1  2. The combination of dissimilar materials, i.e., aluminum alloy and
      iron-coating is favorable with respect to resistance to seizure.
PA1  3. Since the hardness of iron-coating is not extremely high, the wear is
      not one-sided.
PAC  EXAMPLE 2
PAR  For further improvement of wear resistance and initial break-in, the
      iron-coated piston of Example 1 was subjected to a manganese phosphate
      treatment (by immersing it for 15 minutes at 100.degree.C in 140 g/l of
      Parkolubrite-IA (manufactured by the Japan Parkerizing Co.), followed by
      washing with hot water at 30.degree.-40.degree.C) and then to the same
      stand test as in Example 1. The test results were somewhat better than
      those of Example 1, the wear of the piston being 20-25.mu. and that of the
      liner 5-10.mu..
PAR  Parkolubrite-IA used in this Example comprises 1.2-1.6 g/l of manganese,
      2.5-3.5 g/l of iron and 14.5-15.5 g/l of phosphoric ion.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Aluminum alloy piston which is resistant to wear and seizing, at least
      the skirt of said piston being coated to a thickness of 0.4-0.7mm with a
      mixture consisting essentially of both iron and discrete particles of
      carbon, but containing at most 0.3% by weight of said carbon particles.
NUM  2.
PAR  2. Piston as claimed in claim 1 in which the coated portion of said piston
      has been treated with manganese phosphate.
NUM  3.
PAR  3. Piston as claimed in claim 1 in which said coated surface is provided
      with an oil-retaining groove.
NUM  4.
PAR  4. In combination, a piston as claimed in claim 1 and a cylinder made of an
      aluminum alloy.
NUM  5.
PAR  5. The method of rendering at least a portion of a piston surface resistant
      to wear and seizing, which method comprises the step of spray depositing
      on said surface portion from a plasma jet stream a layer consisting
      essentially of iron and discrete particles of carbon having a depth of
      0.4-0.7 mm, said iron and carbon being supplied in the form of a powder
      containing 0.3% of said carbon particles by weight, balance essentially
      all iron.
NUM  6.
PAR  6. Method as claimed in claim 5 in which said powder is from 200-350 mesh.
NUM  7.
PAR  7. Method as claimed in claim 6 which comprises the additional step of
      soaking said surface portion in a manganese phosphate bath after said
      layer has been applied.
NUM  8.
PAR  8. Method as claimed in claim 5 in which said layer is plasma sprayed onto
      said surface.
NUM  9.
PAR  9. Method as claimed in claim 8 in which said surface is cleaned and
      sand-blasted before said layer is deposited.
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ABST
PAL  A container assembling machine operable successively to form and insert
      first container components into second container components at an assembly
      station to form containers, the machine having as an integral part or as
      an attachment a second component ready station adjoining the assembly
      station; a second component grasping arm reciprocally mounted on the
      machine for movement between the ready station and the assembly station;
      first component inserting members pivotally mounted on the machine in
      introducing relation to a second component in the assembly station; a
      container discharge arm pivotally mounted on the machine for movement
      through the assembly station; and a synchronous drive mechanism operably
      interconnecting the machine and the grasping and discharge arms for fully
      automatic sequential assembly and discharge of containers from the
      machine. The invention is suitable for embodiment in auxiliary attachments
      for existing container assembling machines.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a container assembling machine and more
      particularly to an improvement in such a machine which operates with
      maximum dependability to position the components of a container for
      assembly in an assembly station and to eject the container from the
      assembly station subsequent to such assembly without manual assistance and
      without auxiliary power.
PAR  The applicant is the patentee of several patents on container forming
      machines and portions thereof. Among these are U.S. Pat. No. 3,590,700
      entitled "Method and Machine For Forming Containers"; U.S. Pat. No.
      3,611,885 entitled "Improved Compressing Apparatus For Container Forming
      Machine"; and U.S. Pat. No. 3,618,792 entitled "Mat Feeding Magazine", as
      well as several currently pending patent applications relating to the
      applicant's project of refining and improving container forming methods
      and apparatus from which the present invention evolved.
PAR  A variety of container forming machines have been developed for assemblying
      specific types of containers. Commonly, such containers, regardless of
      their specific form, are constructed from a pair of components which are
      individually formed in the machine and then assembled to form the
      container. For example, one such container formed by this method of
      construction is commonly known as the "full telescoping container". The
      construction of this type of container calls for the formation of a first
      tray component and the insertion of the component into a second lid
      component. Subsequently, the flaps of the lid component are sealed so that
      the lid component forms a lid or cover for the container.
PAR  Conventional container forming machines utilizing this method of assembly
      suffer from onerous deficiencies which detract from their otherwise
      efficient operation. Subsequent to individual assembly, the components
      must be positioned in nearly precise alignment for proper uniting of the
      components to form the container. Conventionally, such alignment must be
      manually performed by aligning one of the components with the other in an
      assembly station. Subsequent to such alignment, the machine inserts one
      component in the other. The assembled container is then manually ejected
      from the assembly station to make room for the assembling of the next
      container. No practical and fully dependable apparatus for fully automatic
      assembly of the components in the assembly station has heretofore been
      available. The manual manipulation described is not only onerous,
      monotonous and wasteful of manpower, but it is also expensive.
      Furthermore, the monotony involved in the operation contributes to
      unreliable performance and a considerable percentage of defectively formed
      containers.
PAR  Therefore, it has long been recognized that it would be desirable to
      provide a container assembling machine which is adapted to obviate the
      necessity for manual manipulation of container components during
      assembling by automatically orienting and assembling the components to
      form the containers and ejecting the containers from the machine and which
      is operated by the existing power system of the machine without requiring
      an auxiliary source of power.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide improved
      container assembling machines.
PAR  Another object is to provide such a machine or attachment which obviates
      the necessity for manual assistance in the assembly of containers by
      existing machines.
PAR  Another object is to provide such a machine or attachment which reduces the
      expense incurred in operating conventional container assembling machines.
PAR  Another object is to provide such a machine or attachment which operates
      automatically to orient container components relative to each other for
      assembly into a container.
PAR  Another object is to provide such a machine or attachment which positions
      one component of the container in receiving relation to a second component
      during assembly.
PAR  Another object is to provide such a machine or attachment which insures
      proper erection of a folded component in a container assembly station.
PAR  Another object is to provide such an attachment which is driven by the
      existing power source of the machine on which the attachment is mounted
      without requiring an auxiliary source of power.
PAR  Another object is to provide such a machine or attachment which reacts
      cooperatively during insertion of one component into another dependably to
      guide such insertion.
PAR  Another object is to provide such a machine or attachment which operates to
      reduce to an absolute minimum the number of defectively assembled
      containers produced by existing machines.
PAR  A further object is to provide such a machine or attachment which operates
      automatically, sequentially to eject assembled containers subsequent to
      assembly.
PAR  Still further objects and advantages are to provide improved elements and
      arrangements thereof in an apparatus for the purposes described which is
      dependable, economical, durable and fully effective in accomplishing its
      intended purposes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side elevation of a container assembling machine
      embodying the priciples of the present invention and showing the discharge
      arm thereof positioned in a container discharging position.
PAR  FIG. 2 is a fragmentary rear elevation of the machine shown in FIG. 1 and
      showing the grasping arm in a raised position.
PAR  FIG. 3 is a fragmentary perspective view of the machine shown in FIG. 1.
PAR  FIG. 4 is a somewhat enlarged fragmentary top plan view of the machine.
PAR  FIG. 5 is a perspective view of a second container component disposed in
      one operative relationship with respect to a stop finger of the present
      invention.
PAR  FIG. 6 is a perspective view of first and second container components
      disposed in their operative relationship with respect to the top finger
      and guide members of the present invention.
PAR  FIG. 7 is a fragmentary perspective view of a drive mechanism of the
      machine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The device of the present invention is adapted to be mounted on a variety
      of types of container assembling machines. Representative types of
      container assembling machines and portions thereof are disclosed by the
      applicant's aforementioned U.S. Pat. Nos. 3,590,700; 3,611,885; and
      3,618,792. As will become apparent, the present invention is adaptable for
      use on a wide variety of container assembling machines as an integral
      component or as an auxiliary attachment. The form of the assembling
      machine illustrated in this application is shown for illustrative
      convenience and constitutes a suitable environment for the invention.
PAR  The improvement of the present invention is generally represented by the
      numeral 10 in FIG. 3. A representative container assembling machine is
      generally indicated by the numeral 11. The machine shown fragmentarily in
      the drawings and described herein is somewhat similar to that disclosed in
      detail in the applicant's U.S. Pat. No. 3,590,700 and specific reference
      is made to that patent for further structural and operational disclosure
      of the machine. The machine has a rigid metal frame 12 composed, in part,
      of horizontal transverse frame members 13. Longitudinal guide rails 14,
      fragmentarily shown in FIG. 1, are mounted on selected transverse frame
      members. A mandrel assembly 15 is borne by the guide rails and is adapted
      to be reciprocally thrust along a rectilinear path of travel substantially
      normal to the transverse frame members. The assembly has a blank
      contacting surface 16 disposed substantially normal to the path of travel.
      The machine operably mounts a first sequence or upper drive shaft 17
      adapted to be reciprocated rotationally about its longitudinal axis in a
      predetermined sequence for purposes subsequently to be described. A blank
      release arm 18 is affixed on the shaft in substantially right angular
      relation thereto. The upper drive shaft and release arm operate in
      cooperation with a blank magazine, not shown, as will subsequently be
      described. The second sequence or lower drive shaft 19 is mounted in the
      machine below the mandrel assembly substantially parallel to the upper
      drive shaft.
PAR  A die assembly 25 is mounted on the transverse frame members 13 of the
      machine 11 in alignment with the path of travel of the mandrel assembly
      15. The die assembly is composed of a pair of spaced, substantially
      parallel upper die plates 26 and a pair of spaced, substantially parallel
      lower die plates 27 horizontally adjustably mounted on selected transverse
      frame members 13. Each of the upper and lower die plates mounts a side die
      plate 28 disposed substantially normally thereto so as to form a box-like
      interior or chamber 29 for the die assembly. The die assembly has a
      substantially rectangular entrance opening 30 and an opposite
      substantially rectangular discharge opening 31. The lower die plates have
      discharge ends 32 bounding the discharge opening of the die assembly. A
      pair of brace members 33 interconnect corresponding upper and lower die
      plates to maintain the die assembly in the configuration described.
PAR  A pair of spaced, substantially parallel angle iron members 40, having
      upper surfaces 41 and remote ends 42, are mounted in substantially
      horizontal relation on the lower die plates 27 of the die assembly 25
      extending endwardly from the discharge openings 31 thereof. The angle iron
      members are thus horizontally adjustable to and from each other with their
      respective lower die plates. The members are mounted beneath the discharge
      ends of the lower die plates so as to form a step-down configuration, as
      best shown in FIG. 3. A pair of shafts 43 are affixed on the remote ends
      of the angle iron members extending toward each other in axial alignment.
      A sleeve 44 is slidably mounted thereon. A brace 45 is secured on and
      extends upwardly, diagonally from the frame 12 of the machine 11 and is
      fastened at its remote end to the sleeve in supporting relation to the
      remote ends of the angle iron members. The angle iron members and the die
      assembly thus define a container assembly position or station 46 above the
      members and rearwardly of the die assembly. As will subsequently be seen,
      the mandrel and die assembly operate to thrust first container components
      along a path of travel through the die assembly and into the assembly
      station.
PAR  The container assembly machine 11 mounts a second component feeding
      magazine 55 thereon, as best shown in FIGS. 2 and 3. The magazine is
      somewhat similar to that disclosed by the applicant's aforementioned U.S.
      Pat. No. 3,618,792, but modified by the improvement of the present
      invention, as will subsequently be seen. The magazine has a pair of feed
      ramps 56 having lower ends 57 and opposite upper ends 58. A mounting
      bracket 59 is individually secured on each of the ramps immediately
      adjacent to the lower end thereof and extending downwardly therefrom. Each
      of the brackets has an upper edge 60 which meets its respective feed ramp,
      as shown in FIG. 2. A flange 61 is mounted adjacent to the upper end of
      each ramp extending downwardly therefrom. The mounting brackets 59 are
      secured by bolt assemblies 62 on the angle iron member 40, as shown in
      FIG. 2, so as to mount the upper edge of the brackets and the lower ends
      of the ramps slightly below the upper surface 41 of the member so that the
      member forms a raised component retaining lip 63 with respect thereto. The
      ramps extend diagonally upwardly therefrom, as best shown in FIG. 2. A rod
      64 is received through the flanges 61 to interconnect the ramps, as shown
      in FIGS. 2 and 3. It will be noted that the ramps are mounted on the angle
      iron member so that they may be adjusted to and from each other by
      repositioning of the bolt assemblies and brackets to accommodate
      components of a variety of widths, as will subsequently be seen. Each of
      the ramps mounts a downwardly extending support 65 which is secured on the
      frame 12 of the machine in supporting relation to the ramps.
PAR  The improvement 10 of the present invention includes a mounting bar 70
      secured in upstanding relation on the frame 12 of the machine 11
      immediately adjacent to the adjoining angle iron member 40 and feed ramp
      56. The bar mounts a bracket 71 thereon in predetermined spaced relation
      to the lower ends 57 of the ramps. A guide plate 72 is affixed on the
      bracket extending diagonally upwardly therefrom substantially parallel to
      the feed ramps and disposed in a substantially vertical plane, as best
      shown in FIG. 2. A confining plate 73 is edgewardly, right angularly borne
      by the guide plate substantially parallel to the lower end of the adjacent
      ramp. The plate is spaced a predetermined distance to the right, as viewed
      in FIG. 2, of vertical alignment with the lower end of the ramps. A guide
      arm 74 is fastened on the confining plate 73 and extends diagonally,
      downwadly therefrom over the assembly station 46 to define an upper
      boundary for component travel as will subsequently be seen. The lower ends
      of the feed ramps, upper edge of the brackets, raised lip 63, confining
      plate and guide arm define a second component ready station 75. A spring
      pin 76 is mounted adjacent to the remote end of the guide arm. A tension
      spring 77 is affixed on the spring pin at one of its ends and mounts an
      angular control finger 78 at the other of its ends, for purposes
      subsequently to be described.
PAR  The improvement 10 further includes an upper mounting plate 85 mounted at
      one of its ends on the bar 70. The mounting plate is fastened, adjacent to
      the other of its ends, on the adjacent upper die plate 26 so as to extend
      horizontally from the bar, as shown in FIG. 3. The mounting plate has a
      horizontal bushing 86 endwardly mounted at the remote end thereof above
      the discharge opening 31 of the die assembly 25. A guide member or flap 87
      is pivotally mounted on the bushing so as gravitationally to be suspended
      therefrom. A lower mounting plate 88 is secured on the side die plate 28
      of the die assembly remote from the bar 70 in substantially vertical
      attitude. A vertical bushing 89 is endwardly mounted on the lower mounting
      plate extending upwardly therefrom. A guide member or finger 90 is
      pivotally mounted on the vertical bushing so as to permit rotation from a
      normal position extending transversely of the discharge opening of the die
      assembly to an extended position extending substantially parallel to the
      path of travel defined by the die assembly. A spring pin 91 is endwardly
      affixed on the lower mounting plate in spaced relation to the vertical
      bushing 89. A tension spring 92 interconnects the spring pin and the guide
      finger so as to maintain the guide finger in the normal position shown in
      FIG. 3. A bracket 93 is mounted on the bar 70 in downwardly spaced
      relation from the upper mounting plate 85. A flat stop finger 94 is
      affixed at a predetermined elevation on the bracket 93 so as to define a
      substantially horizontal plane and extending into the ready station 75
      above the lower end 57 of the adjacent feed ramp 56.
PAR  The improvement 10 includes a drive mechanism 100, best shown in FIGS. 3
      and 6. It will be apparent that a variety of types of drive mechanisms
      could be employed without departing from the scope of the invention.
      However, it will be seen that the drive mechanism herein shown and
      described has numerous operative advantages. The drive mechanism has a
      pair of bearing mounts 101 secured on the frame 12 of the container
      assembly machine 11 in spaced relation so as to define an axis of rotation
      extending substantially normal to the lower drive shaft 19 of the machine
      from a position adjacent to and above the lower drive shaft to a position
      laterally disposed with respect to the container assembly station 46. A
      power take off shaft 102 is rotationally mounted in the bearing mounts. An
      eccentric or cam wheel 103 is borne by the lower drive shaft 19 adjacent
      to the power take off shaft. A cam follower 104 is mounted in fixed
      relation on the power take off shaft for rested edgeward engagement with
      the cam wheel. A pair of second bearing mounts 105 are secured in spaced
      relation on the frame 12 of the assembly machine 11 so as to define an
      axis of rotation extending parallel to the power take off shaft adjacent
      to the container assembly station 46 and below the component feeding
      magazine 55. A power transfer shaft 106 is rotationally mounted in the
      pair of second bearing mounts so as to extend therebetween.
PAR  A lever arm 115 is fastened in a predetermined fixed position on the power
      take off shaft 102 adjacent to the container assembly station 46. An
      angled throw arm 116 is mounted in fixed position on the power transfer
      shaft 106 in alignment with the lever arm 115. A linking rod 117 is
      pivotally mounted on and interconnecting the remote ends of the lever arm
      115 and throw arm 116. A grasping member or arm 118, having a remote end
      portion 119, is mounted in fixed relation on the power transfer shaft 106.
      The end portion of the grasping arm mounts a vacuum cup 120. As shown best
      in FIGS. 2 and 6, a tension spring 121 is connected at one of its ends to
      the frame 12 of the machine spaced from the drive mechanism 100 and at the
      other of its ends to the lever arm 115. The spring thus resiliently urges
      the power take off shaft 102 in a counterclockwise direction as viewed in
      FIG. 2 to retain the cam follower 104 at the other end thereof in
      engagement with the cam wheel 103. The cam wheel 103, cam follower 104,
      lever arm 115, throw arm 116, and grasping arm 118, are positioned so that
      rotation of the lower drive shaft 19 of the assembly machine 11 is adapted
      sequentially, reciprocally to motivate the end portion of the grasping arm
      between a raised wall engaging position shown in FIG. 2 in which the cup
      is in the ready station 75 and a retracted component erecting position
      shown in FIG. 3 in which the cup is positioned centrally of and below the
      container assembly station 46.
PAR  An arm mounting assembly 125 is secured on the angle iron member 40
      farthest from the feeding magazine 55 and extending toward the magazine
      below the container assembly station 46, as best shown in FIG. 2. A sleeve
      126 is rotationally mounted on the assembly. A container discharge arm 127
      is secured on the sleeve. The discharge arm has an angled portion 128
      adjacent to the sleeve and a right angularly bent end portion 129. An
      angled rod 130 is laterally extended from the angled portion of the
      discharge arm for rested engagement with the upper surface 41 of the angle
      iron member 40. A lever arm 131 is affixed on the blank release arm 18 of
      the upper drive shaft 17, as best shown in FIG. 1. A control linkage 132
      is secured on the sleeve 126 so as to extend below the angle iron member
      40 and laterally thereof. The lever arm 131 and throw assembly 132 are
      operable interconnected by a linking rod 133 extending therebetween, as
      best shown in FIG. 1.
PAR  A pin 140 is affixed on the angle iron member 40 mounting the discharge arm
      127 extending outwardly therefrom in a predetermined position. A guide
      panel 141, having a slot 142 disposed therein in a predetermined position,
      is mounted on the angle iron member 40 in upstanding relation with the pin
      140 extended through the slot 142. The panel is connected to the remote
      end of the rod 130 by a pivotal connection 143 so as to interconnect the
      panel and the discharge arm, as best shown in FIG. 3. As shown
      fragmentarily in FIG. 1, a conveyor 144 is positioned adjacent to the
      remote ends 42 of the angle iron members. The conveyor is adapted, in the
      conventional manner, to transport assembled containers from the container
      assembly station 46 along an assembly line for subsequent handling.
PAR  A first component blank 149 is shown in dashed lines in FIG. 1. The
      container assembly machine 11 is adapted successively to form the blanks
      into trays or first container components generally indicated by the
      numeral 150 in FIG. 6. This is accomplished by sequentially thrusting the
      mandrel assembly 15 against the blank and into the die assembly 25 for
      folding of the blank about a mandrel to form the component. As shown in
      FIG. 6, such components have a bottom wall 151, opposite end walls 152 and
      side walls 153. A pair of flap portions 154 are individually, endwardly
      extended from each end wall and in adhesive engagement with the side walls
      of the component to retain the first components in the configuration shown
      in FIG. 6.
PAR  The second component feeding magazine 55 is adapted to receive a plurality
      of second container components 160 folded into the substantially flat
      configuration shown in FIGS. 3 and 5. The components have score lines 161
      defining opposite end walls or portions 162 and opposite side walls or
      portions 163 for each component when unfolded as shown in FIG. 6. The
      score lines also define integrally edgewardly extending flap portions 164
      borne by the end and side portions of the component. The flap portions are
      separated by intervening slots 165. Each component in the feeding magazine
      55 is folded along remote score lines to position selected end and side
      portions thereof in substantial facing engagement with predetermined
      intervening slots disposed in offset relation to each other, as best shown
      in FIG. 5. The components are stacked in upright relation in the magazine.
      For illustrative convenience, a leading portion, relative to the direction
      of feeding in the magazines, of a selected component is indicated at 166
      and a trailing portion at 167 in FIG. 5. An assembled container 168 is
      shown in dashed lines in FIG. 1.
PAC  OPERATION
PAR  The operation of the described embodiment of the subject invention is
      believed to be clearly apparent and is briefly summarized at this point. A
      plurality of first component blanks 149 are deposited in the blank
      magazine, not shown. A plurality of second container components 160 are
      stacked in upstanding relation in the feeding magazine 55, as previously
      described. Each component is positioned so that the slot 165 of the
      leading portion of the component will be opposite the stop finger 94 when
      it reaches the component ready station 75 facing in the direction of the
      container assembly station 46. The control finger 78 is positioned behind
      the rearwardmost component so as to urge the components toward the ready
      station. The second component closest to the assembly station is thereby
      received in the ready station rested against the lower ends 57 of the feed
      ramps 56 and the upper edges 60 of the brackets 59. The component is
      retained in this position by the raised lip 63. The component is held in
      the ready station in a slightly forwardly tilted attitude by the guide arm
      74, as best shown in FIG. 2. The confining plate 73 maintains the
      components, rearwardly of the one in the ready station, from moving into
      the station until removal of the component from the ready station. The
      stop finger 94, being horizontally disposed, slides through the adjacent
      slot 165 of the component and engages the flap portion 164 of the trailing
      portion 167 thereof so as to retain the component in the position shown in
      FIG. 5.
PAR  The container assembly machine 11 is then operated in the conventional
      fashion. As will be seen, the upper and lower shafts 17 and 19 operate to
      control sequential operation of the embodiment 10 of the present
      invention. The release arm 18 is sequentially, reciprocally rotated by the
      upper drive shaft 17 to allow the first container component blanks 149
      individually to be positioned between the mandrel assembly 15 and the die
      assembly 25, as shown in FIG. 1. The rotation of the upper drive shaft
      also operates the discharge arm 127 through the linking rod 133, as will
      hereafter be described. The mandrel assembly is then thrust longitudinally
      into the die assembly to fold the blank about the mandrel assembly so as
      to form the first container component 150 within the die assembly.
PAR  Approximately simultaneously, the lower drive shaft 19 rotates the cam
      wheel 103 thereon to operate the drive mechanism 100. Thus, the cam wheel
      is rotated to rotate the power take off shaft 102 in a counterclockwise
      direction, as viewed in FIG. 2. Such movement is transferred to the power
      transfer shaft 106 by the interconnected lever arm 115, throw arm 116 and
      linking rod 117 to rotate the power transfer shaft in a clockwise
      direction as viewed in FIG. 2. Thus, the vacuum cup 120 of the grasping
      arm 118 is motivated into the second component ready station 75 and into
      engagement with the end portion 162 of the leading portion 166 of the
      second container component 160 within the ready station so as to adhere
      thereto. Meanwhile, the lever arm 18 of the upper drive shaft 17 is again
      reciprocally operated to permit a blank 149 to be deposited between the
      mandrel assembly 15 and the die assembly 25 of the machine 11.
PAR  As the cam wheel 103 continues to rotate, the follower 104 is caused to
      rotate the power take off shaft 102 in the reverse or clockwise direction,
      as viewed in FIG. 2. This driving force is transferred through the lever
      arm 115, throw arm 116, linking rod 117 and transfer shaft 106 to rotate
      the grasping arm 118 in a counterclockwise direction as viewed in FIG. 2.
      Since the vacuum cup 120 is attached to the end portion 162 of the second
      container component 160, that end portion is pivoted into the container
      assembly station 46 and into rested engagement with the upper surfaces 41
      of the angle iron members 40. During this operation the end portion is
      pivoted over the raised lip 63 so as to draw the lower portion of the
      second component upwardly over the lip and into the assembly station. As
      best illustrated in FIG. 5, as the end portion is drawn from the ready
      station the slot 165 is pulled about the stop finger 94, if this has not
      previously occurred. The stop finger thus engages the flap portion 164 of
      the trailing portion of the component. With the stop finger engaging the
      rearward flap portion of the component, the rear side portion and extended
      flap portion of the component is prevented from being drawn into the
      container assembly station with the remainder of the component. Thus, the
      component is erected in a substantially rectangular configuration in the
      assembly station, as shown in FIG. 6.
PAR  Subsequently the mandrel assembly 15 is again thrust into the die assembly
      25 to fold the blank 149 about the mandrel assembly, as previously
      described. Simultaneously with folding of the blank, the mandrel assembly
      forces the preceding first container component 150 from the die assembly
      through the discharge opening 31. During movement of the component from
      the die assembly the bottom wall 151 thereof contacts the guide flap 87
      and guide finger 90 urging them outwardly into the container assembly
      station 46. In doing so, the guide flap and the guide finger contact and
      force outwardly the flap portions 164 of the second container component
      160 erected in the assembly station so as to guide insertion of the first
      container component into the second container component, as shown in FIG.
      6. It will be noted that since the stop finger 94 is still engaging the
      flap portion of the side portion 163, the stop finger also guides the
      first container component into the interior of the second container
      component. Furthermore, since the upper surfaces 41 of the right angle
      members 40 are disposed below the lower die plates 27, as shown in FIG. 3,
      the lowermost flap portion of the second container component does not
      interfere with such insertion of the first container component. When the
      mandrel assembly has completed its forward movement into the die assembly,
      the first container component first to be formed is sufficiently inserted
      within the second container component. Full insertion is subsequently
      accomplished as will be described.
PAR  Subsequently, the upper drive shaft 17 is rotated in a counterclockwise
      direction as viewed in FIG. 1 to permit a new blank 149 to be deposited
      between the mandrel assembly 15 and die assembly 25. This counterclockwise
      movement of the shaft causes the lever arm 131, control linkage 132 and
      linking rod 133 to be operated to motivate the discharge arm 127 from the
      retracted position shown in FIG. 2 upwardly through the container assembly
      station 46 to the position shown in FIG. 1. Thus, the assembled container
      168 within the station is discharged from the container assembly station
      and deposited on the conveyor 144 for subsequent handling. As can best be
      seen in FIG. 1, movement of the discharge arm also motivates the guide
      panel 141 forwardly to prevent the container from being laterally
      discharged from the assembly station. It will be noted that the
      reorientation of the newly assembled container causes the first container
      component to be gravitationally motivated downwardly within the second
      container component so that the upwardly extending flap portions 164 of
      the second container component are free to be folded in sealing relation
      to the first container component thus forming a lid or cover for the
      container. This sealing process is handled either manually or mechanically
      at another station, not shown.
PAR  Sequentially, the lower drive shaft 19 is rotated to operate the drive
      mechanism 100, as previously described, to position the vacuum cup 120 of
      the grasping arm 118 in engagement with the end portion 162 of the next
      second container component 160 within the ready station 75 as previously
      described. It will be noted that reciprocation of the blank release arm
      causes the discharge arm to be operated. However, the sequence of
      operation, as described, insures that the only instance that a second
      component is in the container assembly station during passage of the
      discharge arm through the station is when the components have been
      assembled to form the container and it is ready for discharge. Thus, there
      is no interference between the grasping arm and discharge arm during
      operation.
PAR  Therefore, it will be seen that the present invention obviates the
      necessity for manual manipulation of container components during assembly
      by automatically and dependably orienting the components for assembly and
      ejecting the newly formed containers from the machine and is operated off
      the existing driving system of the machine so as not to require an
      auxiliary source of power or drive system.
PAR  Although the invention has been herein shown and described in what is
      conceived to be the most practical and preferred embodiment, it is
      recognized that departures may be made therefrom within the scope of the
      invention, which is not to be limited to the illustrative details
      disclosed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a container assembling machine wherein first components are
      individually successively inserted into second components in an assembly
      station along a predetermined path of relative movement and wherein said
      second components are retained prior to said insertion in a ready station
      juxtaposed the assembly station and arranged to define predetermined
      leading and trailing portions, an improvement comprising a stop borne by
      the machine intermediate the ready and assembly stations and juxtaposed
      said path of relative movement in a predetermined position to engage the
      trailing portion of each second component; means for individually
      successively grasping the leading portion of each second component and
      pulling said leading portion from said trailing portion to erect said
      second component in the assembly station in substantial alignment with the
      path of relative movement; and guide members borne by the machine in
      juxtaposition to the assembly station bounding said path to introduce said
      first components into said second components as they are inserted.
NUM  2.
PAR  2. The improvement of claim 1 in which means are borne by the machine for
      ejection of assembled first and second components from the assembly
      station by movement therethrough to draw said assembled components from
      the stop and guide members.
NUM  3.
PAR  3. The improvement of claim 1 in which sequencing means interconnect the
      machine and the grasping means for operating said grasping means in
      sequence with the operation of the machine to erect a second component in
      the assembly station prior to said insertion.
NUM  4.
PAR  4. The improvement of claim 2 in which sequencing means interconnect the
      machine with the grasping means for operating said grasping means in
      sequence with operation of the machine to erect a second component in the
      assembly station prior to said insertion and for operating the ejection
      means subsequent to said insertion.
NUM  5.
PAR  5. A container assembling machine comprising a die having sides defining a
      first component forming chamber with open opposite ends; a mandrel mounted
      for reciprocal movement into and from an open end of the die; synchronous
      means for feeding first blanks between the mandrel and the die when the
      mandrel is moved from the die whereby the blanks are successively carried
      into the die as the mandrel moves into the die and formed into first
      components each having a closed bottom conformed to the mandrel and sides
      continuous with the bottom conformed to the sides of the die and
      successive first components are ejected from the die into an assembly
      station by the next succeeding first components formed in the die; a ready
      station disposed adjacent to the assembly station adapted to contain
      flatly collapsed second components each having continuous side walls
      dimensioned to fit flatly outwardly against the sides of the first
      components, open top and bottom ends, and closure flaps individual to the
      side walls extended from the top end, said station disposing the collapsed
      second components in substantially parallel relation to the direction of
      ejection of the first components from the die; and synchronous means for
      opening the second components and successively positioning the second
      components in the assembly station with their top ends in alignment with
      the die preliminary to ejection of each first component therefrom whereby
      the first components are ejected from the die into the second components.
NUM  6.
PAR  6. The machine of claim 5 in which the closure flaps of the second
      components are separated by slots which terminate at their respective side
      walls, and when the second components are flatly collapsed in the ready
      station each has a side wall disposed toward the assembly station, and in
      which the synchronous means for opening the second components comprises
      vacuum means successively engageable with said side walls disposed toward
      the assembly station, and means mounting the vacuum means for reciprocal
      movement between a position engaged with such a side wall in the ready
      station and a position in the assembly station whereby such side walls are
      drawn from their positions in the ready station to the assembly station
      and the second components opened to receive the first components therein.
NUM  7.
PAR  7. The machine of claim 5 in which the closure flaps of the second
      components are separated by slots which terminate at their respective side
      walls, and when the second components are flatly collapsed in the ready
      station they are disposed in substantially erect planes and each has an
      upwardly extended side wall disposed toward the assembly station, and in
      which the synchronous means for opening the second components comprises
      vacuum means successively engageable with said upwardly extended side
      walls, and means pivotally mounting the vacuum means for reciprocal
      movement between an erect position engaged with an upwardly extended side
      wall in the ready station and a substantially horizontal position beneath
      the assembly station whereby such side walls are drawn from their erect
      positions in the ready station to substantially horizontal positions in
      the assembly stations.
NUM  8.
PAR  8. The machine of claim 7 in which the second components when disposed in
      the ready station each have a slot directly above the closure flap of the
      side wall engageable by the vacuum means which outwardly overlays an
      opposite closure flap inwardly of the ready station, and including a stop
      finger mounted to pass through such slot as the vacuum means pivots the
      upwardly extended side wall of a second component downwardly to engage
      said opposite closure flap to hold it in erect position and open the
      second component to receive a first component.
NUM  9.
PAR  9. In a container assembling machine, having a container assembly station,
      and being adapted successively to form first components and subsequently
      to thrust said components into the assembly station and having a source of
      second components disposed in feeding relation to the assembly station,
      said second components individually having endwardly interconnected
      portions folded into a substantially flat configuration positioning said
      portions in substantial facing engagement in leading and trailing relation
      in said source relative to the container assembly station, the improvement
      comprising a member borne by the machine to define a component retaining
      lip extending transversely of and in juxtaposition to the source; a
      confining plate mounted on the source in predetermined spaced relation to
      the lip and spaced from the container assembly station to define a second
      component ready station bounded by the lip, confining plate and assembly
      station; and grasping means borne by the machine for grasping the leading
      portion of a second component in the ready station and pulling said
      leading portion from the lip into the assembly station to unfold the
      second component into first component receiving relation in the assembly
      station.
NUM  10.
PAR  10. The improvement of claim 9 in which a slot is provided in a
      predetermined position in the portion of each second component disposed in
      leading relation and a stop is affixed on the machine adjacent to the
      source in juxtaposition to said slot of a second component in the ready
      station whereby the stop passes through said slot during operation of the
      grasping means and engages the portion of said second component disposed
      in trailing relation to insure dependable unfolding of the second
      component.
NUM  11.
PAR  11. In a container assembling machine having a die assembly, a container
      assembly position and being adapted successively to form first components
      in said die assembly and subsequently to thrust said components through
      the die assembly along a predefined path of travel into the assembly
      position and having a source of second components disposed in feeding
      relation to the assembly position, said second components having endwardly
      interconnected walls with extended flaps having slots between the flaps
      and the components folded into a substantially flat configuration to
      position selected walls in leading and trailing relation and in
      substantial facing engagement with predetermined slots in offset relation,
      an improvement comprising guide members pivotally mounted intermediate the
      die assembly and the assembly position for movement between positions
      substantially transverse to said path of travel and positions
      substantially parallel to the path of travel; finger means borne by the
      machine in the assembly position adjacent to the source and in
      juxtaposition to a predetermined slot of the adjacent second component;
      and means, including a grasping member mounted on the machine for movement
      between an extended, wall engaging position and a retracted component
      erecting position, for grasping a selected leading wall of said second
      component and drawing said wall into the assembly position and the
      predetermined slot about the finger means for engagement of said finger
      means with the flap of the trailing wall to unfold said second component
      into first component receiving relation in the assembly position.
NUM  12.
PAR  12. The improvement of claim 11 in which a container discharge arm is
      pivotally mounted on the machine adjacent to the assembly position adapted
      for passage through the assembly position subsequent to adjacent assembly.
NUM  13.
PAR  13. The improvement of claim 12 in which the machine rotationally mounts a
      first sequence shaft regulating the supply of first components to the die
      assembly and the improvement includes a linkage connected in driven
      relation to the first sequence shaft and connected in sequence controlling
      relation to the discharge arm.
NUM  14.
PAR  14. The improvement of claim 13 in which the machine mounts a second
      sequence shaft and the improvement includes a power take off shaft borne
      by the machine extending to a position adjaent to the container assembly
      position, an engaged cam wheel and follower mounted on and operably
      interconnecting the second sequence shaft and the power take off shaft and
      a drive transfer assembly interconnects the power take off shaft and the
      grasping member.
NUM  15.
PAR  15. In a container assembling machine, having a container assembly station,
      and being adapted successively to form first components and subsequently
      to thrust said components into the assembly station and having a source of
      second components disposed in feeding relation to the assembly station,
      said second components having endwardly interconnected walls with extended
      flaps defining slots between the flaps and the components individually
      folded into a substantially flat configuration to position selected walls
      in substantial facing engagement in leading and trailing relation in said
      source relative to the container assembly station with predetermined slots
      in offset relation, the improvement comprising a member borne by the
      machine to define a component retaining lip extending transversely of and
      in juxtaposition to the source; a confining plate mounted on the source in
      predetermined spaced relation to the lip and spaced from the container
      assembly station to define a component ready station bounded by the lip,
      confining plate and assembly station; and grasping means borne by the
      machine for grasping the leading wall of a second component in the ready
      station and pulling said wall from the lip into the assembly station to
      unfold the component into first component receiving relation in the
      assembly station.
NUM  16.
PAR  16. The improvement of claim 15 in which a stop is affixed on the machine
      adjacent to the source and in juxtaposition to a predetermined slot of the
      second component in the ready station to allow the stop to pass through
      said slot during operation of the grasping means and to engage the flap of
      the trailing wall of said component to insure dependable unfolding of the
      component.
NUM  17.
PAR  17. The improvement of claim 16 in which a guide arm is mounted on the
      confining plate extending outwardly over the ready station and assembly
      station to define a component guiding upper boundary during operation of
      the grasping means.
NUM  18.
PAR  18. The improvement of claim 17 in which a tensioned control finger is
      affixed on the guide arm for extension into the source and engagement with
      a plurality of said second components to urge them in succession toward
      the component ready station.
NUM  19.
PAR  19. In a container assembly machine having coacting mandrel and die
      assemblies, operable successively to form tray components and thereafter
      to expel said tray components from the die assembly along a predetermined
      path of travel into an assembly station, and a source of lid components
      mounted on the machine in feeding relation to the assembly station and
      having a lower end, each lid component having pairs of end and side
      portions defined by intervening score lines and individually mounting
      edgewardly extending flap portions separated by slots individually
      endwardly aligned with the score lines and each lid component being folded
      along remote score lines into a predetermined substantially flat
      configuration with predetermined slots in offset relation to each other,
      the improvement comprising a lip borne by the machine intermediate the
      assembly station and the source at the lower end of the source; a guide
      plate mounted on the machine in vertically spaced relation to the lower
      end of the source; a confining plate fastened on the guide plate extending
      over the source to define a holding station for a plurality of lid
      components and spaced from the lip and assembly station to define a lid
      component ready station intermediate the assembly station and holding
      station; a stop finger affixed on the machine extending from the die
      assembly bordering the path of travel and in alignment with the adjacent
      offset slot of a lid component in the ready station; guide members
      pivotally mounted on the machine intermediate the die assembly and the
      assembly station and pivotal between normal positions extending
      substantially transversely into the path of travel and guide positions
      extending substantially parallel to and bounding the path of travel; a
      grasping arm pivotally mounted at one of its ends on the machine adjacent
      to the assembly station and pivotable through the assembly station to the
      ready station; a vacuum cup borne by the remote end of the arm; a
      container discharge arm pivotally mounted on the machine adjacent to the
      assembly station and pivotal through the assembly station from the die
      assembly and source; and means borne by the machine in connection with the
      grasping arm and discharge arm for sequential pivoting of said grasping
      arm to position the cup in engagement with a selected end portion of a lid
      component in the ready station, retracting of said arm to draw the
      adjacent offset slot about the stop finger with said stop finger engaging
      a trailing flap portion of said lid component to erect the component in
      the assembly station in alignment with the path of travel preceding and in
      receiving relation to tray component expulsion from the die assembly and
      subsequently pivoting the discharge arm through the assembly station to
      discharge the container, assembled by tray component receipt in the lid
      component, from the assembly station.
NUM  20.
PAR  20. The improvement of claim 19 in which a guide arm is affixed on the
      confining plate and extends arcuately outwardly over the ready and
      assembly stations to define an upper boundary for lid components during
      erection in the assembly station.
NUM  21.
PAR  21. The improvement of claim 20 in which a spring tensioned member is
      secured on the guide arm for tensioned feeding engagement with the
      plurality of lid components in the source.
NUM  22.
PAR  22. In a container assembling machine having a coacting mandrel and die, an
      assembly station disposed in alignment with the die, synchronous means for
      feeding first blanks between the mandrel and die during operation thereof
      whereby the blanks are successively formed into first components and
      successive first components are ejected from the die into the assembly
      station by the next succeeding first component formed in the die, a ready
      station disposed adjacent to the assembly station adapted to contain
      flatly collapsed second components each having continuous side walls
      dimensioned to fit flatly outwardly against the first components, said
      station disposing the collapsed second components in substantially
      parallel relation to the direction of ejection of the first components
      from the die, the improvement comprising means borne adjacent to the
      assembly station for successively grasping the second components to unfold
      them in the assembly station; and means disposed between the die and the
      assembly station for guiding successive first components ejected from the
      die into second components in the assembly station.
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ABST
PAL  Blanks removed from a paper web are cut for the making of card envelopes
      with a printed closure or for the making of so-called banker envelopes
      with a broad closure. Blanks cut for the making of card envelopes must be
      turned in their plane before being conveyed for the following processing.
      The apparatus for turning the blanks includes a turntable with suction air
      bores, segmented rollers, a belt acting as a slideway and conveying
      chains.
BSUM
PAR  This invention relates to a method and an apparatus for the optional
      manufacture of banker or card envelopes, more particularly, the cutting to
      shape of the necessary envelope blanks from a paper web which is drawn off
      a roller and whose width is adjusted to the size and shape of the blanks.
      The apparatus, according to the invention, can operate as an independent
      unit, stacking the blanks on a depositing surface, or in a preferred
      embodiment as part of an envelope-manufacturing machine, it can supply the
      envelope blanks to the folding part of the machine.
PAR  To make it a paying proposition to produce card envelopes from the roller,
      blanks of parallel shape must be removed from a paper web. The shape of
      the envelope blank depends on the width of the paper web and the cutting
      angle.
PAR  In dependence on the required cutting angle, this can advantageously be
      done by an interchangeable knife roller which is suitable only for a
      predetermined cutting angle and operates on the hob method, or by a knife
      roller operating to produce a scissors cut, and in which the knife
      occupies only a slightly inclined position and cooperates with a fixed
      lower knife which is also at a slight inclination. The whole knife beam is
      pivotably disposed and occupies that inclined position in relation to the
      paper web which is needed for the particular cutting inclination required.
PAR  The resulting envelope blanks can be further processed on the following
      folding machine only if the diagonal between the tips of the bottom and
      closure flaps extends parallel with the conveying direction inside the
      folding machine. To this end, two methods are adopted in practice. In the
      method most frequently adopted, the whole part of the machine required for
      making the blanks from the paper web, starting from the paper roller and
      as far as the delivery of the blanks to the folding machine, such machine
      part being referred to hereinafter as the shape-cutting machine, it placed
      at an angle to the folding machine, such angle being adjustable by the
      pivoting of the whole shape-cutting part and being so adapted to the
      particular cutting inclination that, as already stated, the diagonal
      between the tips of the bottom and closure flaps extends parallel with the
      conveying direction of the folding machine.
PAR  The envelope blanks are then seized by a segmental roller disposed at the
      inlet to the folding machine and drawn in for further processing.
PAR  The other method, illustrated in German Pat. No. 1,038,389, consists in
      constructing the shape-cutting part and folding part of the machine in
      alignment with one another and turning the envelope blanks into the
      required position without changing the conveying direction after they have
      been parted from the web.
PAR  Machines which operate from the roller to make banker envelopes are also
      known. These machines are constructed in alignment and contain means
      disposed one after the other for processing the paper web up to the
      finished envelope blanks, which is delivered to the folding part of the
      machine without change of directional position.
PAR  German Pat. No. 1,067,673 also discloses a machine for the optional
      production of banker or card envelopes. In this machine, the shape-cutting
      part is disposed to pivot in relation to the folding part, as already
      described concerning machines for making card envelopes. In the making of
      card envelope formats, the shape-cutting part is disposed in relation to
      the folding part at an angle corresponding to the cutting angle; whereas,
      in the manufacture of banker envelopes, the cutting part is pivotally
      aligned with the folding machine. The cutting part contains the cutting
      tools required for producing card envelope blanks and also broad closure
      envelope blanks with shallow flap; the tools can be inserted as required.
PAR  Some of the described machines have considerable disadvantages which make
      it inadvisable to produce a machine for the optional production of banker
      or card envelopes merely by combining known features. Machines for making
      card envelopes and having a pivotally disposed shape-cutting part take up
      a lot of space. The large, heavy shape-cutting part must be moved on
      expensive, precisely machined guides with high supporting capacity. To
      exert the necessary forces and offer the required accuracy of movement,
      expensive motors, transmissions and gear systems must be provided.
      Moreover, the transfer of the blanks from the shape-cutting part to the
      further processing machine, which is tied up with a change in conveying
      direction, is always subject to inaccuracies which may cause difficulties
      in the further processing of the blanks.
PAR  The machine disclosed in German Pat. No. 1,038,389 does not obviate the
      disadvantages of a pivotable shape-cutting part, but, on the other hand,
      discloses a method and the means necessary for its performance for turning
      the blanks, which is completely unsuitable for the high production figures
      usual with modern machines. The reason for the inadequacy is that the
      blank is turned while it is being further moved wound around a cylinder.
      This means that the blank is not turned as required, and by a particular
      amount, but at the same time twisted on itself. The turning tool used is a
      pivotable sucker which engages with the middle of the blank and whose
      suction bores can only be a slight distance apart, so that they form a
      very small lever arm.
PAR  These low transmittable forces are opposed by the friction between the
      paper and the cylinder, the force required to provide the deforming work
      in the blank, and the mass forces occurring in the blank, at least at high
      speeds. The maximum permissible speeds of the machines are therefore far
      lower than those required at this time. There is a further limitation of
      the maximum speed due to the fact that the arching of the long flaps of
      the card envelope blanks over the cylinder gives them a considerable
      bending strength, so that the flaps tend to lift off the cylinder during
      the turning of the blank. The result of this may be that the air entering
      between the paper and the cylinder regularly tears the blank off the
      cylinder, so that disturbances in the operation of the machine are
      inevitable.
PAR  The machine disclosed in German Pat. No. 1,067,673 for the optional
      manufacture of card or banker envelopes has the same disadvantages with
      its pivotable shape-cutting part as a machine of this kind used
      exclusively for making card envelopes, which has already been described
      above.
PAR  It is therefore an object of the present invention to provide a method and
      the devices necessary for its performance for the optional manufacture of
      card and banker envelopes, more particularly, the necessary blanks,
      obviating the disadvantages of the prior art methods and apparatuses.
PAR  In accomplishing the objects of the present invention, the basic shape of
      the blanks can be produced in parallelogram form by cuts extending at an
      inclination to the direction of advance of the paper web and parallel with
      one another, or in rectangular shape, by cuts extending at right angles to
      the direction of advance of the paper web and parallel with one another,
      and the blanks in parallelogram shape, after being cut to shape, are so
      turned in their plane to produce card envelopes that the connecting line
      between the tips of the subsequent closure and bottom flaps comes to lie
      in the direction of advance of the machine, the point of intersection of
      such line with the connecting line between the tips of the subsequent side
      flaps occupying the same position in relation to the axis of symmetry of
      the machine before and after the turning operation, while the
      substantially rectangular blanks for producing banker envelopes are
      conveyed without any change in position or direction to the further
      processing part of the machine.
DRWD
PAR  The invention will appear more clearly from the following detailed
      description when taken in connection with the accompanying drawings,
      showing, by way of example only, preferred embodiments of the inventive
      idea.
PAR  In the drawings:
PAR  FIG. 1 is a side elevation of an envelope-making machine according to the
      invention;
PAR  FIG. 2 shows the production of a card envelope blank from the shapes cut
      from a paper web;
PAR  FIG. 3 shows the production of a banker envelope blank from the shapes cut
      from a paper web;
PAR  FIG. 4 illustrates diagrammatically a turning device according to the
      invention; and
PAR  FIG. 5 is a section through a different embodiment of a turning device
      according to the present invention.
DETD
PAR  FIG. 1 illustrates an apparatus for carrying out the method according to
      the invention, showing a shape-cutting part 1 and a part 2 (shown
      sketchily) of the further processing machine. First, the operation of the
      shape-cutting part 1 for the making of card envelope blanks will be
      described:
PAR  A paper web 4 whose width is adapted to the blanks to be produced is drawn
      off a roller 3 and fed via deflecting rollers 5 and a printing unit 6
      through a flap-cutting mechanism, which is switched off when card envelope
      blanks are made, to a corner-cutting station 8 where corners 21, 21' are
      cut out right and left of the web, as illustrated in FIG. 2. During its
      further travel, the paper web 4 passes through a pair of tensioning
      rollers 9 and is cut up at a parting and cutting station 10 into
      individual blanks by parallel inclined cuts in correspondence with the
      required shape. At the same time, the corners 22, 22' to be separated are
      also removed (FIG. 2). The cutting tool used is a shaped knife which
      rotates in rhythm with the machine, and into whose helical cutting edge
      the corner cutout is also worked. The blanks, which are still, however,
      interconnected by a few incompletely separated fibres, are fed to a pair
      of drawing-out rollers 11, rotating in rhythm with the machine, and are
      drawn apart from one another by the rollers 11 to a distance whose width
      depends on the difference between the peripheral speed of the pair of
      drawing-out rollers 11 and the peripheral speed of the shaped knife at the
      parting and cutting station 10. The blanks, which are then conveyed
      individually, but still with diagonals extending at an angle to the
      machine axis between pairs of rollers, are fed to a turning device 12, in
      which they are so turned that the place of intersection of their diagonals
      has the same position in relation to the axis of symmetry of the machine
      before and after the turning operation, although one of the diagonals, as
      a rule, the short diagonal, comes to lie in the direction of advance of
      the machine. The construction and operation of the turning device will be
      described hereinafter with reference to FIGS. 4 and 5.
PAR  At a regulating station 14 connected downstream of the turning device,
      minor inaccuracies in the position of the blanks can be corrected, and the
      tips of the side flaps can be removed at a side flap cutting station 15. A
      transfer roller 16 feeds the finished, shaped blanks to a further
      processing machine 2.
PAR  The operation of the shaping and cutting part 1 for the production of
      banker envelope blanks is similar to the above-described operation. In
      this case also, a paper web 4 is drawn off the roller 3 and fed by
      deflecting rollers 5 through the printing unit 6 to a first cutting
      device. This is a flap-cutting mechanism 7 which, as illustrated in FIG.
      3, separates on the right and left from the paper web 4 by means of knives
      rotating about the axes of rotation lying substantially in the direction
      of movement of the paper, pieces of paper 31, 31' whose size and shape is
      such that the flaps 32, 32' left between the cutaway portions form the
      side flaps of the banker envelopes to be folded.
PAR  The side flaps can also be formed on the following cutting device, called
      the corner-cutting station 8, in the foregoing description of the
      production of card envelope blanks. For this purpose, however, the cutting
      tools must be interchangeable, and a knife roller must be used which is
      adapted to this particular format. The paper web prepared to this extent
      is fed by a pair of tensioning rollers 9 to the parting and cutting
      station 10, at which the web is separated into individual blanks by cuts
      extending at right angles to its advancing movement. A following pair of
      drawing-out rollers 11 draws the individual blanks apart to a distance
      determined by the selection of the roller diameter.
PAR  Guided between conveying rollers and the other rollers, the blanks pass the
      turning device 12, which is out of operation in this case, and then arrive
      at the regulating station 14, at which any displacements are evened out,
      pass through the side flap-cutting station 15, which is also out of
      operation, and are fed by the transfer roller 16 to the further processing
      machine 2.
PAR  This further processing machine 2 in no way differs, apart from the nature
      of the paper feed, from the heavy-duty envelope-making machines of
      conventional construction, equipped with feeds operating from the sheet.
      There is therefore no need for a detailed description. However, on the
      other hand, this also means that the shape-cutting part 1 produces normal
      blanks which can be processed by any envelope-making machine. Its
      advantageous properties can therefore be utilized not only in conjunction
      with an envelope-manufacturing machine, but also where it is independently
      used; for instance, in conjunction with a depositing surface, such as a
      roller punch.
PAR  To make clear what has been said with relation to FIG. 1, the progress of
      the change in shape from a paper web to the finished blank is illustrated
      in FIGS. 2 and 3.
PAR  FIG. 2 illustrates this operation in the making of card envelope blanks.
      First, the outer bending edges 21, 21' are cut out from a paper web 4
      whose width is adapted to the shape and size of the blanks to be produced.
      The two missing corner cutaway portions 22, 22' are applied together with
      the subsequent parting cut 23. Then the blanks 24, almost finished in
      shape, are pulled out, turned into the position 24' required for the
      further processing machine, and finally, in the last shaping operation,
      the tips 25, 25' of the side flaps are parted.
PAR  FIG. 3 shows the shaping operations carried out on a paper web in the
      production of banker envelope blanks. In this case also, pieces of
      material 31, 31' are cut out on the right and left-hand sides of a paper
      web 4 whose width is adapted to the size of the blanks to be produced. The
      flaps 32, 32' left between the cutaway portions 31, 31' subsequently form
      the side flaps. To finish the shaping, all that is needed is for the
      pre-shaped paper web to be parted by parting cuts 33 and then separated
      into individual blanks 34.
PAR  FIG. 4 illustrates diagrammatically a turning device according to the
      invention, which can be used to form a component of the shape-cutting
      machine illustrated in FIG. 1. The very small amount of mechanical
      complication is apparent. The main components are a turntable 40 with
      suction holes 41 and two identically constructed segmental rollers 42, 43.
      To control the suction air in the suction holes 41, use is made of a
      suction head (not shown), such as is conventionally used in
      envelope-manufacturing machines, and which controls the start and end of
      the suction path. The operation of this apparatus is just as simple as its
      mechanical construction. The envelope blanks 24 lying with their diagonals
      at an inclination to the longitudinal axis 44 of the machine and fed by
      conventional means (not shown), such as, for instance, belts or rollers to
      the turning device 12, are seized by the segmental roller 42 and guided
      with their tips, as shown in FIG. 4, over the suction holes 41 of the
      continuously rotating plate 40. In this position, the recesses in the
      segmental roller 42 release the blank 24, but at the same time, suction
      air is supplied to the suction holes 41, so that the blank 24 is retained
      in its position in relation to the turntable 40. Conveniently, the
      peripheral speed of the turntable 40 is somewhat higher than the speed of
      displacement of the blanks 24. This results in the advantage that the
      speed of the suction holes 41 disposed inside the plate correspond
      substantially to the speed of the paper, so that, at the moment the blank
      is taken over, the relative speed between the blank 24 and the suction
      holes 41 is extremely low, and in special cases, may even be zero,
      depending upon the distance of the suction hole from the center of the
      plate and its angular position. In the chain-dot position 24', the suction
      holes 41 again release the blank. The segments of the segmental roller 43
      take over the blank by their seizing edge, convey it in the direction of
      the machine, and transfer it to conventional transporting means (not
      shown) which feed it for its further processing. The arrangement of the
      suction holes 41 in the turntable 40 (FIG. 4) should be considered merely
      as an example, adapted to the blanks 24 illustrated.
PAR  Actually, the suction plate is formed with a plurality of suction air bores
      which can be closed or opened, for instance, by inserting and removing
      studs, so that the position of the operating suction holes can be adapted
      most satisfactorily to the position of each shape to be processed.
PAR  When a turning device of the type illustrated in FIG. 4 is used in a
      machine illustrated in FIG. 1, i.e., in a machine which processes both
      blanks which are rotated and blanks which are not rotated, the segmental
      rollers 42, 43 can be so adjusted, and, if necessary, combined with a
      further pair of transporting rollers disposed between them, that the
      segmental rollers 42, 43 can smoothly convey the blanks away over the
      stopped turntable 40.
PAR  FIG. 5 shows a further possible embodiment of an apparatus 12 required for
      the method according to the invention, which turns the card envelope
      blanks in their plane around the point of intersection of the diagonals.
      Disposed between two endless conveying chains 52, 52', one link of each of
      which is shown, and which run in guides 50, 50'; 51, 51', is a conveying
      member 49 mainly comprising a shaft 53 which is mounted rigid axially but
      freely rotatable radially in anti-fraction bearings, and on one of whose
      ends a lever 54 with a guide pin 56 engaging in a groove 55 is disposed, a
      turntable 57 being disposed at its other end. The shaft 53 itself is
      mounted by its anti-friction bearings in a bush 58 attached by sheet metal
      angles 59, 59' to the chain links 52, 52'. Disposed beneath the turntable
      is a table 60 on whose top an endless belt 61 coated with a substance of
      very low frictional coefficient runs.
PAR  In contrast, the turntable contains segmental or annular inserts 62 of a
      material of very high frictional coefficient.
PAR  The conveying chains and conveyor belt are deflected and returned by
      sprocket wheels (not shown) or belt rollers at the inlet and delivery side
      of the turning device. The returning run of the belt runs below the
      apparatus and that of the chains above it. At the place where the chains
      and belt run together, the card envelope blanks delivered by conventional
      conveying means are taken over by the apparatus between the turntable 57
      and the belt 61 and conveyed onwards in the direction of the machine. The
      guide pin 56 slides along in the groove 55 extending at a varying
      inclination to the direction of the machine, depending upon the required
      turning angle of the blanks, and transmits a turning movement to the
      turntable 57. Since a suitable selection of the material of the surfaces
      of the turntable 57 and belt 61 makes the friction between the plate
      surface and the paper far greater than the friction between the belt
      surface and the paper, this turning movement is transmitted to the blank;
      i.e., it finally carries out a rectilinear movement in the direction of
      the machine, on which a rotary movement is superimposed. At the outlet
      from the turning device, the conveying chains and belt run apart again,
      and the blank is released and can then be taken over by conventional
      conveying means in a position most favorable for further processing. FIG.
      5 shows only one conveying member 49. However, in the practical embodiment
      of a turning device 12 of the type specified, a number of such conveying
      members are conveniently disposed, distributed uniformly over the length
      of the chains. The belt 61 must also run against the turntable 57 with a
      contact pressure which can be determined in advance. This can be done in a
      very convenient manner by the table 60 being raised by compression springs
      (not shown).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a machine for optionally manufacturing card and banker envelopes for
      use with a processing device, an apparatus for turning the blanks parted
      from a continuously fed paper web, which lie with their diagonals at an
      inclination to the longitudnal axis of the machine and are conveyed one
      after the other in the longitudinal axis of the machine, said apparatus
      comprising a turntable which is disposed in the conveying plane of the
      blanks, rotates in dependance on the machine speed and is disposed with
      its axis of rotation outside the axis of symmetry of the machine, means
      having a plurity of suction air bores adapted to engage the blanks, a
      segmental roller disposed upstream of the turntable to feed the blanks,
      and a segmental roller disposed downstream of the turntable to receive the
      turned blanks.
NUM  2.
PAR  2. An apparatus for turning the blanks parted from a continuously fed paper
      web, which lie with their diagonals at an inclination to the longitudinal
      axis of the machine and are conveyed one after the other in the
      longitudinal axis of the machine as set forth in claim 1, comprising a
      slideway made of a material having a low coefficient of friction and at
      least one conveying member mounted to rotate freely around its central
      axis, and having a material of higher coefficient of friction, conveying
      chains which can be moved in the direction of the paper, said member being
      located between said chains, and means for turning said conveying member
      in dependence on its movement in the direction of the paper.
NUM  3.
PAR  3. An apparatus as set forth in claim 2, comprising a slideway having the
      form of an endless belt which can be moved in the conveying direction of
      the paper.
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ABST
PAL  A flap separating mechanism and method for distending a flap from a body
      portion of an envelope.
PAL  An envelope moving through a mail handling system may require its flap to
      be moistened and sealed. As a prelude to the moistening procedure, the
      flap of the envelope must be separated from the body portion. The
      separating mechanism disclosed herein comprises a pivotable elongated bar.
      An incoming vertically oriented envelope engages a dog-leg bend in the bar
      causing it to pivot to a deflected position. A weighted lever arm urges
      the elongated bar to pivot back to its original position, which provides a
      force to be applied to the back of the envelope. This force
      "breaks-the-back" of the envelope, which in turn results in distending the
      flap from the body portion thereof.
BSUM
PAR  This invention pertains to flap separating mechanisms, and more
      particularly to a flap separating mechanism and method which
      "breaks-the-back" of a vertically oriented envelope in order to provide
      distention of the flap from the body of the envelope.
PAC  BACKGROUND OF THE INVENTION
PAR  With the modern day need for high speed mail handling systems, it has been
      found useful to transport envelopes along a mail handling feed path with a
      vertical orientation. This vertical orientation requires that many basic
      functions provided by prior machines, such as moistening and sealing of
      the envelopes, require new mechanisms due to the differences in the mail
      handling orientation.
PAR  As a prelude to the moistening of envelope flaps, it is required that the
      flap be separated from the body portion of the envelope. With the vertical
      orientation of the moving piece of mail, it has been discovered that the
      flap of an envelope can be distended from the body of the letter by
      applying a force across the back of the envelope. This force makes the
      body of the letter flex (breaks-the-back of the envelope). The flexure of
      the envelope body, in turn, causes the flap of the envelope to distend or
      otherwise separate from the body of the letter.
PAR  The flap separating method and system of this invention further provides a
      solution to a problem inherent with fixed knife-blade type separators.
      Fixed blade separators cannot distinguish between sealed and unsealed
      pieces of mail. As a result, if sealed envelopes are fed into a mail
      handling system having a fixed blade separator, the nose of the sealed
      flap will be torn or damaged when coming in contact with the blade. In
      other words, there is no provision in present systems for by-passing the
      separator blade should mixed mail (sealed and unsealed) be introduced
      therein.
PAR  The present invention resolves the aforementioned problem, and provides a
      mechanism and method which can be used with mixed mail (sealed and
      unsealed).
PAC  SUMMARY OF THE INVENTION
PAR  The method of this invention contemplates separating the flap from the body
      portion of an unsealed envelope, which is moving through a mail handling
      system with a substantially vertical orientation. The envelope is
      transported through the system with the substantially vertical
      orientation, and then a force is applied to the back of the envelope
      making the body of the envelope flex. This flexure in turn causes the flap
      of the letter to separate (distend) from the body of the envelope. The
      force is generally applied across the entire length of the envelope, while
      restraining the edge of the envelope. The edge of the envelope is
      restrained to prevent the envelope from "walking" away from the force
      applying mechanism, which would reduce the effectiveness of the separating
      force.
PAR  The mechanism for practicing the above-mentioned method comprises a
      pivotably mounted elongaged bar, which has a dog-leg bend at one end. An
      incoming piece of unsealed mail engages with the dog-leg bend of the bar,
      and causes the bar to pivot to a deflected position. As the envelope
      continues to move forward, the bar is urged back to its original "home"
      position. The bar presses against the back of the envelope, and the
      exerted force of the bar makes the body of the letter to flex. This
      flexure in turn causes the flap to separate from the body of the envelope.
PAR  A sealed envelope which travels through the mechanism will likewise receive
      the same pressure across the back of the envelope, but because the flap is
      already sealed, the flap will not be caused to separate. Thus, the present
      invention can be used with both sealed and unsealed pieces of mail.
PAR  It is an object of this invention to provide an improved flap separating
      mechanism and method;
PAR  It is another object of the invention to provide a flat separating method
      and mechanism which can be used with both sealed and unsealed pieces of
      mail;
PAR  It is still another object of this invention to provide a method and
      mechanism for separating the flap of an envelope from the body portion
      thereof as the envelope is being transported through a mail handling
      system with a substantially vertical orientation;
DRWD
PAR  These and other objects of the invention will become more apparent and will
      be better understood with reference to the following detailed description
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the flap separating mechanism of this
      invention, with the pivot bar shown in a home position overlayed with a
      phantom view showing the bar in a deflected position;
PAR  FIG. 2 is a top view of an incoming letter contacting the dog-leg bend of
      the elongate bar of FIG. 1, causing the bar to pivot to the deflected
      position shown in phantom in FIG. 1; and
PAR  FIG. 3 is a frontal view of the inventive flap separating mechanism of FIG.
      1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Generally speaking, the invention is for a flap separating method and
      mechanism for distending a flap from a body portion of an unsealed
      envelope moving along a feed path of a mail handling system with a
      substantially vertical orientation. The flap separating mechanism operates
      to separate the flap from the body of the envelope and then guide the flap
      and body of the envelope about a guide member. The separating mechanism of
      this invention comprises means defining an envelope feed path wherein the
      envelope is transported with a substantially vertical orientation; means
      for so transporting the envelope; a guide member for receiving and
      engaging with the envelope moving along the feed path, for receiving and
      maintaining the flap of the envelope distended from the body of the
      envelope; and force exerting means disposed ahead of said guide member for
      receiving an envelope moving along the feed path and for engaging with,
      and exerting a force upon the body of the envelope. This force makes the
      body of the envelope flex, which in turn causes the flap to distend from
      the body of the envelope as the body flexes.
PAR  Now referring to FIG. 1, an envelope 9 is shown moving along a feed path
      (arrow 10) of a mail handling system. The envelope 9 has a substantially
      vertical orientation. The envelope 9 moves toward the flap separating
      mechanism of this invention, as generally shown by arrow 11. The flap
      separator mechanism 11 comprises an elongated bar 14, which is pivotably
      mounted (arrows 20) upon supports 15 and 16, respectively. The bar 14 is
      initially in a rest or "home" position (solid lines) prior to the receipt
      of the envelope 9. When the envelope 9 reaches the separator mechanism 11,
      the leading edge 12 of the envelope strikes a dog-leg bend in bar 14,
      generally depicted by arrow 17. At the instant of contact, (FIG. 2) the
      edge 12 causes both a forward and a lateral force to be exerted upon bar
      14, as depicted by vector arrows 18 and 19, respectively: the result of
      this impingement causes the bar 14 to pivot (arrows 21) about pivots 15
      and 16, to a deflected position illustrated by phantom lines in FIG. 1.
PAR  The elongated bar 14 is rigidly attached to a lever arm 22 at pivot point
      16, which lever arm 22 also is caused to assume a deflected position by
      said impingement, as shown by the phantom lines of the lever arm in FIG.
      1. This is so because lever arm 22 is a fixed integral member of bar 14,
      and both lever arm 22 and bar 14 deflect as a unit mass.
PAR  The lever arm 22 has a weight 23 attached at its outer end, so that the
      lever arm 22 exerts a gravitational restoring force (arrow 25) to bar 14,
      when the bar 14 and lever arm are in a deflected position. When the lever
      arm 22 tends to move downwardly (arrow 25) due to the force of weight 23,
      the elongated bar is urged back to its home position (arrow 24) as shown
      in FIGS. 1 and 3.
PAR  After initially contacting bar 14, the envelope 9 continues to move forward
      (arrow 26), and is caught between drive rollers 27 and 28. Drive rollers
      27 and 28 rotate in opposite directions (arrows 29 and 30, respectively)
      so as to further the forward advance of envelope 9 towards the edge 31 of
      a fixed blade separator bar 32.
PAR  After initially causing the bar 14 to deflect to its deflected position
      (shown in phantom in FIG. 1), the envelope 9 moves forward (arrow 26) to a
      position directly opposite bar 14. Now, as the bar 14 is urged (arrow 24)
      to its home position by the weighted lever arm 22, the bar 14 strikes the
      back of envelope 9 as illustrated in FIGS. 1 and 3. This causes envelope 9
      to flex about contact line 33 (FIG. 1). The flexing of envelope 9
      substantially across its entire length (line 33) in turn causes the flap
      34 of the envelope 9 to distend or otherwise separate (arrow 35) from the
      body 37 of the envelope 9.
PAR  The envelope 9 is then fed towards fixed plate 32, and the separated flap
      34 travels in front of plate 32, while the body 37 of the envelope 9 moves
      in back of plate 32.
PAR  Two additional guide plates 38 and 39, respectively, thereafter guide the
      flap 34 to a moistening pad (not shown) as the envelope 9 moves forward
      (arrow 36).
PAR  In order that the separating force exerted by bar 14 against the body 37 of
      the envelope be sufficiently effective, the lower edge 40 of the envelope
      9 is restrained from "walking" away from the forwardly exerted force
      (arrow 24) of the bar 14. This restraint is provided by the inclined
      surface 41. Now, when the force is applied along line 33 of the envelope,
      the edge 40 of the envelope is restrained so that the body 37 of the
      envelope will bend, and the flap 34 will be caused to distend (arrow 35)
      from the body 37 of the envelope.
PAR  Naturally, many modifications and changes may be made in the apparatus of
      this invention without departing from the inventive concept, to wit: the
      weighted lever arm 22 can be replaced by a spring, which will urge bar 14
      back to its home position, or bar 14 may itself be weighted and designed
      to seek its home position.
PAR  These and other changes will occur to the skilled practitioner are deemed
      to fall within those limits defining this invention. The spirit and scope
      of tthe invention should be interpreted with respect to the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flap separating mechanism for distending a flap from a body portion of
      an unsealed envelope moving along a feed path of a mail handling system
      with a substantially vertical orientation, said flap separating mechanism
      including means to separate the flap from the envelope body portion and
      then guide the flap and said body portion of the envelope about a guide
      member, said flap separating mechanism comprising:
PA1  means defining an envelope feed path wherein the envelope is transported
      with a substantially vertical orientation;
PA1  transporting means associated with said feed path for transporting
      envelopes along said feed path with said substantially vertical
      orientation;
PA1  a substantially flat envelope guide member vertically disposed within said
      feed path for receiving and engaging with an unsealed envelope moving
      along said feed path, said guide member receiving and maintaining the
      unsealed envelope with the flap distended from the body portion of said
      envelope such that said flap will be guided about one side of the guide
      member and the body portion of the envelope will be guided on an opposite
      side of said guide member; and
PA1  force exerting means disposed along feed path ahead of said envelope guide
      means for receiving an envelope moving along said feed path, said force
      exerting engaging with, and exerting a force substantially along the
      entire body portion of an envelope adjacent said flap such that said body
      portion will be made to flex, the flap of said envelope being caused to
      distend from said body portion as said body portion is made to flex.
NUM  2.
PAR  2. The flap separating mechanism of claim 1, wherein said force exerting
      means comprises an elongated envelope engaging bar which is movably
      supported within said feed path and which is movable between a rest
      position and a deflected position, said bar being caused to move from the
      rest position to said deflected position when a moving envelope engages
      with the bar, and biasing means operatively connected to said bar for
      urging said bar towards said rest position such that after said bar has
      been deflected by said envelope, the bar exerts a flexural force upon said
      envelope as it tends to return to the rest position.
NUM  3.
PAR  3. The flap separating mechanism of claim 2, wherein said elongated bar is
      pivotably mounted, and is caused to pivot between said rest position and
      said deflected position, and further wherein said biasing means comprises
      a weighted lever arm extending outwardly from said elongated bar.
NUM  4.
PAR  4. The flap separating mechanism of claim 3, wherein said elongated bar has
      a dog-leg bend therein, which is initially engaged by an incoming moving
      envelope and which said engagement causes said bar to pivot from its rest
      position as said envelope moves against the dog-leg bend.
NUM  5.
PAR  5. A flap separating mechanism for distending a flap from a body portion of
      an unsealed envelope as said envelope moves along a feed path with a
      substantially vertical orientation, said flap separating mechanism
      comprising:
PA1  means defining an envelope feed path wherein the envelope is transported
      with a substantially vertical orientation;
PA1  transporting means associated with said feed path for transporting
      envelopes along said feed path with said substantially vertical
      orientation;
PA1  a pivotably mounted elongated bar member disposed along said feed path and
      pivotably movable between a home position and a deflected position, said
      bar member being engaged by a moving envelope such that said bar member is
      caused to pivot towards said deflected position; and
PA1  biasing means operatively connected to said bar member for urging said bar
      member towards said home position, whereby said bar will be caused to
      exert a flap separating force upon the body portion of an envelope which
      has caused the bar to pivot from the home position.
NUM  6.
PAR  6. The flap separating mechanism of claim 5, wherein said elongated bar
      member has a dog-leg bend which initially is engaged by an incoming moving
      envelope, and which said engagement causes said bar to pivot from its rest
      position as said envelope moves against the dog-leg bend.
NUM  7.
PAR  7. The flap separating mechanism of claim 5, wherein said biasing means
      comprises a weighted lever arm extending outwardly from said elongated bar
      member.
NUM  8.
PAR  8. A method of separating a flap from a body portion of an unsealed
      envelope moving through a mail handling system with a substantially
      vertical orientation, said method comprising the steps of:
PA1  A. transporting an envelope through a mail handling system with the
      envelope having a substantially vertical orientation; and
PA1  B. applying a force to substantially an entire length of an outer surface
      portion of the envelope adjacent said flap, while restraining an edge
      portion of the envelope, such that the body portion of the envelope will
      be made to flex, which in turn causes the flap of the envelope to separate
      from said body portion thereof.
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ABST
PAL  Improved apparatus for manufacturing spiral tubes wherein two portions of a
      spiral tube in the process of covering a mandrel are wound and pressed in
      opposite directions alternately by means of two belts which are so
      arranged that they satisfactorily wind and press the spiral tube without
      causing the mandrel to lean in any direction, and that the two portions
      wound and pressed by the two belts do not overlap one even when the two
      portions shift naturally, and a cutting device is so arranged that it cuts
      the spiral tube easily and smoothly.
BSUM
PAC  OBJECT OF THE INVENTION
PAR  An object of this invention is to manufacture a spiral tube firmly starched
      by being wound and pressed by two belts.
PAR  Another object of this invention is to provide a spiral tube which can
      smoothly advance to a cutting device without causing a mandrel to lean to
      any direction so as to be cut efficiently.
PAR  A further object of this invention is to provide a device which does not
      allow the two spiral-tube portions wound and pressed by the two belts to
      overlap even when these portions are shifted by the effects of others
      during the winding and pressing operation, and thereby does not cause any
      trouble in operation.
PAR  A still further object of this invention is to obtain a straight and strong
      spiral tube by placing the two wound and pressed portions by means of the
      two belts as closely as is necessary.
PAR  A fifth object of the invention is to provide an apparatus of good
      performance which is capable of manufacturing spiral tubes with an inner
      diameter as small as about 1 millimeter.
PAR  There have hitherto been many kinds of machines which supply tape-type
      paper materials obliquely from their both sides to the surface of this
      kind of a mandrel, and wind and press them to manufacture spiral tubes.
PAR  In one type of machine, with one belt which starches and winds and presses
      a spiral tube in the process from outside, there occurs an imperfectly
      starched portion because of insufficient winding and pressing, thereby
      lowering the value of the product. Besides, in the winding and pressing
      process, the mandrel is pulled in one direction by the belts, thereby
      causing both the mandrel and the processed spiral tube to bend in that
      direction. Thus, with this type of machine it is difficult not only to
      obtain a straight article but also to advance the spiral tube directly to
      a cutting device so as to be cut therewith.
PAR  In another type of machine with two belts so arranged that their winding
      and pressing directions are the same, the starching conditions are
      considerably better because their winding and pressing operations are
      performed twice. But in this case, the mandrel and the spiral tube are
      pulled twice in that direction, and so they tend to be curved in that
      direction, which causes the advancing direction of the spiral tube to
      deflect in that direction. This interferes with the smooth introduction of
      the spiral tube into a cutting device in the next step. Thus, this type of
      machine has also a serious defect.
PAR  U.S. Pat. No. 1,941,993 of Jan. 2, 1934, to Minton, discloses an apparatus
      and a mechanism for manufacturing spiral tubes, wherein one belt is
      arranged in such a way that one portion to be wound and pressed by the
      belt is just opposite another portion to be wound and pressed by the same
      belt, and that these two portions cross over the mandrel and the spiral
      tube in the process. Admittedly this type of machine eliminates such
      defects as the bending and the deflection of the spiral tube, and shows a
      quite excellent starch fixation because of the satisfactory winding and
      pressing. However a shocking contact of the cutting device in the next
      step leads to a momentary shifting of the portions wound and pressed by
      the belt. As the two portions cross near each other, this machine has a
      serious defect in that the two tube portions overlap. The overlapping of
      the two portions, travelling in opposite directions, interferes with the
      smooth movement of the belt, and sometimes leads to the suspension of its
      operation. As this type of machine has such a serious defect, it has not
      yet been put into practical application.
PAR  In the present invention, two belts, the winding directions of which are
      opposite to each other, are so arranged that they cross at a place other
      than the two tube portions to be wound and pressed by the two belts. Thus,
      starching portions can be firmly fixed by two winding and pressing
      operations.
PAR  What is more, as the spiral tube is wound and pressed in the opposite
      directions alternately, the pulling forces of the two belts are directed
      in opposite directions so that these forces equalize each other.
PAR  Thus, the spiral tube formed is a good and straight article. Furthermore,
      the spiral tube advances smoothly, without deviating from its advancing
      direction. Even though the portions being wound and pressed by the belts
      are momentarily shifted by the contact of a cutting blade arranged to be
      connected directly, the belts do not overlap at such portions, because the
      two belts wind and press the spiral tube at different places, and do not
      cross over the mandrel and over the spiral tube formed.
PAR  Thus, the equipment of this invention does not cause suspensions of
      operation as in the case with the cited U.S. patent, performs a
      satisfactory winding and pressing operation in any respect, allows the
      spiral tube to advance smoothly to the cutting device, and manufactures
      good quality products efficiently.
PAR  What is more, on account of the winding and pressing in opposite directions
      alternately as has been described hereinabove, the equipment of this
      invention efficiently prevents the bending of a spiral tube and its
      deflection while being manufactured, and so is capable of manufacturing
      small spiral tubes with diameters as small as 1 mm. The apparatus is
      conveniently employed in continuously insulating many individual wires
      contained in insulated covers, or envelopes.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The accompanying drawings show a preferred, exemplary embodiment of the
      invention, wherein
PAR  FIG. 1 is a plan view of the apparatus embodying this invention;
PAR  FIG. 2 is a front view of the apparatus;
PAR  FIGS. 3, 3A and 3B are sectional views of a fragmental portion showing a
      transmission device, the upper left hand side being a section taken along
      the line 3--3 in FIG. 2, and the upper right hand side is a section taken
      along the line 3A--3A in FIG. 2, while the lower side is a section taken
      along the line 3B--3B in FIG. 7;
PAR  FIG. 4 is a sectional view of a belt tension control device taken along the
      line 4--4 in FIG. 1;
PAR  FIG. 5 is a sectional view of a belt angle control device taken along the
      line 5--5 in FIG. 1;
PAR  FIGS. 6 and 8 are sectional views of a tube winding portion wherein
PAR  FIG. 6 is a winding portion of the processed tube by a first belt
      constituting a section taken along lines 6--6 in FIG. 1 and seen from the
      parallel direction to the advancing direction of the spiral tube, and
PAR  FIG. 8 is a section taken along lines 8--8 in FIG. 1, respectively.
PAR  FIG. 7 is a sectional view of a portion of the transmission device taken
      along the line GG in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, the inventive, exemplary apparatus comprises
      a mandrel 1 with one end fixedly supported in a frame 2 and the other end
      free, about which a tube 12 is being processed, as will be described.
      There is a first pulley 3 provided on one side of the mandrel 1. The
      pulley 3 rotates in a direction of arrow a by being connected to a power
      source at a lower place. There is a rotating shaft 13 for the first pulley
      3. A second pulley 4 is supported by a rotating shaft 14 at the tip of a
      control arm 6 to which the lower end of the shaft 13 is attached. The
      second pulley 4 rotates by means of the shaft 13 and a transmission gear
      to be described later. A third pulley 5 is supported by a rotating shaft
      15 at the tip of a control arm 7 to which one end of the shaft 13 is
      attached. The lower end of the third pulley 5 rotates by means of the
      shaft 13 and a transmission gear to be described hereinbelow. A first belt
      8 extends from the first pulley 3 to the second pulley 4, which belt in
      the center goes around the mandrel 1 and the spiral tube 12 being
      processed, in a "b" arrow direction.
PAR  A second belt 9 extends from the first pulley 3 to the third pulley 5, and
      which belt in the center also goes around the mandrel 1 and the spiral
      tube 12 but in a direction opposite to the arrow "b", as shown by an arrow
      "c". An inner winding paper is shown at 10, and an outer winding paper
      material at 11, both of which are in a tape form. They are respectively
      starched at will, and at an oblique angle, depending upon the diameter of
      the paper tube 12 and the width of the tape, they wind over the surface of
      the mandrel 1 overlapping each other.
PAR  A spiral overlapped portion 55 of the inner winding paper material 10 is
      covered in the midway of the tape width of the outer winding paper
      material 11, and the middle portion of the tape width of the inner winding
      paper material 10 is placed in contact with the back of a spiral
      overlapped portion 56 of the outer winding paper material 11. These
      factors enable one to manufacture the strong paper tube 12.
PAR  Referring mainly to FIGS. 2, 3, and 7, a transmission device is now
      described. A main shaft 16 allows a main gear 18 to rotate by means of a
      bevel gear 17. The rotation of the main gear 18 leads to the rotation of
      three gears 19, 20, 21, all in the same direction. The three gears are
      provided in three directions about the main gear 18; the gear 19 rotates
      the shaft 13; the gear 20, the shaft 14; and the gear 21, the shaft 15.
PAR  Numerals 22, 23, 24, 25 are driving shafts of the gears 18, 19, 20, 21,
      respectively. Numerals 26, 27, 28 are lower universal joints,
      respectively, and numerals 29, 30 31 are upper universal joints,
      respectively. Numerals 32, 33, 34 are spline shafts whose lower ends are
      connected with the driving shafts 23, 24, 25 through the lower universal
      joints 26, 27, 28, respectively.
PAR  The upper ends of the spline shafts 32, 34 are connected with linking
      shafts 35, 36, respectively, through the universal joints 29, 31,
      respectively, while the upper end of the spline shaft 33 is connected with
      the shaft 13 through the upper universal joint 30. The upper ends of the
      linking shafts 35, 36 are connected with the lower ends of the shafts 14,
      15, respectively, through gears 37, 38 so as to move together.
PAR  As has been described hereinabove, the shaft 14 is connected with the
      spline shaft 32 through the gears 37, 38, and in the same mechanism the
      shaft 15 is connected with the spline shaft 34 through gears, whereas the
      shaft 13 is directly connected with the spline shaft 33. Thus, the pulley
      3 rotated by the shaft 13, the pulleys 4, and 5 rotated by the shafts 14,
      15, respectively will rotate in opposite directions to each other.
      Consequently, both the pulley 4 and the shaft 13, and both the pulley 5
      and the shaft 13, are able to be connected and rotated by the belts 8, 9,
      respectively.
PAR  It should be understood from the preceding portion of the description that
      the belts 8, 9 constitute separate units, as can be seen in FIGS. 1 and 2,
      with their respective pulleys 4, 5; control arms 6, 7; and the
      subsequently described operative parts 14, 15; 20, 21; 24, 25; 26, 28; 29,
      31; 32, 34; 35, 36; etc. Each of these units has one of the tension
      varying or control devices associated therewith, as will be described
      hereinafter.
PAR  Next, referring mainly to FIGS. 1 and 4, a tension varying or control
      device for the belts 8, 9 for winding and pressing respective tube
      portions will now be described. A tension control handle 39 is fixed on
      the front end of a connecting rod 41. The central part of the rod 41 is
      connected to a universal joint 40. A gear 42 is fixed on the rear end of
      the rod 41. A transmission gear 43 meshes with the gear 42. A bolt 44
      constitutes the shaft of the gear 43 and is movably fitted into the
      control arms 6, 7, and also movably fits in a tension control member 46
      through a bolt hole 45.
PAR  The shaft 14 is movably fitted into the member 46, and to the shaft 14 is
      attached the shaft 35 which rotates by means of the gears 37, 38. What is
      more, the shaft 15 is also movably fitted into member 46, and to this
      shaft, similar to shaft 35, 15 is attached a linking shaft which rotates
      by means of the gears 37, 38. By the backward or forward transfer of the
      tension control member 46, the distance between the first and second
      pulleys 3, 4, or between the first and third pulleys 3, 5, may be suitably
      controlled. Thus, the tension of the first or the second belt 8, 9 may be
      suitably controlled.
PAR  Next, referring mainly to FIGS. 1 and 5, a belt angle control device will
      now be described. An angle control handle 47 is fixed at the front end of
      a straight rod 48. A bevel gear 49 is fixed at the rear end of the
      straight rod 48. A bevel gear 50 works with the bevel gear 49, and a bolt
      a threaded rod 51 acts as a shaft of the gear 50. At the lower ends of the
      control arms 6, 7 there are bolt holes 52, 53 in which the bolt 51 fits.
      The numeral 54 is a bearing member. The spiral direction on one side of
      the bearing member 54 is just opposite to that on the other side thereof.
PAR  If the handle 47 is held and allows the bevel gear 49 to rotate, then the
      bevel gear 50 is made to rotate, which leads to the rotation of the bolt
      51, and thereby the control arms 6, 7, supported by the bolt holes 52, 53,
      respectively, are allowed to move towards to each other or further away
      from each other.
PAR  Thus, when the arms 6, 7 are fixed at predetermined angles, the relative
      angle between the belts 8, 9 will be ultimately determined.
PAR  As has been described above, this invention is provided with the belt angle
      control device which can change the relative angle, and with the device
      which can adjust the distance between the first and second pulleys 3, 4,
      and between the first and third pulleys 3, 5. With these devices,
      therefore, this invention can make the desired adjustments concerning the
      operation of the inventive apparatus.
PAR  In operating the inventive apparatus, the paper materials 10, 11 are fed to
      the mandrel 1 from two opposite directions. Their angles with respect to
      the mandrel are made equal. The materials 10, 11 are so arranged that
      there remains some difference between their tape widths when they are fed
      into the space between the tube portions to be wound by the first belt 8
      and the mandrel 1. As the belts 8 and 9 are allowed to rotate in the
      respective arrow directions, the first winding and starching operation is
      made by the first belts 8, followed by the second pressing and fixing,
      effected by the second belt 9.
PAR  The manner of winding of the materials 10, 11 on the mandrel 1 by the belts
      8, 9 is in opposite directions. Thus, the first belt 8 tends to bend the
      mandrel in a plus direction while the second belt 9 in the opposite or
      minus direction, by the same amplitude, so that the processed spiral tube
      12 and the mandrel do not ultimately bend in any direction. The spiral
      tube 12 advances in a straight direction to a cutter member (not shown)
      provided in the straight direction, to be cut easily and rationally in a
      desirable manner as expected.
PAR  As has been described above, the spiral tube does not ultimately bend in
      any direction, and so it is unlikely that a deflection is produced. Thus,
      it is possible not only to manufacture good spiral tubes but also to
      manufacture spiral tubes with an inside diameter as small as 1 mm.
PAR  Preferably, the portions of the spiral tube to be wound and pressed by the
      belts 8, 9 in the two directions are at a certain distance from each other
      so as not to overlap but yet as near as possible. The reasons for this is
      as follows: If the two tube winding and pressing portions are in such
      close proximity to each other as to make the mandrel and the processed
      spiral tube to intersect, as in the case of the earlier-mentioned U.S.
      patent, the contact by the blades for cutting the spiral tube will cause a
      movement or displacement of the two winding and pressing portions, and
      thereby cause an overlap of one over the other.
PAR  If the two tube winding and pressing portions overlap, that have opposite
      winding directions, it is impossible for them to advance, causing a
      serious trouble in the operation. It is necessary, therefore, that the two
      winding and pressing portions be located at a certain distance from each
      other at which they are not allowed to overlap by such external forces as
      has been described above.
PAR  In the event of the two tube winding and pressing portions being located at
      too great a distance from each other, the starch of the spiral tube,
      pulled in a slightly curved form in the "plus" direction and formed by the
      first belt, will be practically dry and set by the time the second belt
      winds and presses the spiral tube. Thus, the spiral tube is then wound and
      pressed while being pulled in the opposite or minus direction when the
      starch has practically dried. Thus, the excessive distance would have the
      defect in that it not only produces a tube portion imperfectly fixed by
      the starch, but also prevents the formation of a strong spiral tube.
PAR  In order to locate the tube portions to be wound and pressed by the two
      belts possibly near to each other, yet in such a way that they are not
      allowed to overlap, the two belts should not be placed parallel to each
      other, but have to be placed to intersect as is the case with the belts 8,
      9 of this invention.
PAR  In manufacturing spiral tubes, one can manufacture them in any size by
      using a winding paper material in tape form having the desired width. But
      the angle at which the paper winding material is fed should be varied in
      proportion to of its width. The variation in this feeding angle makes it
      necessary to vary the winding and pressing angle at the tube portion to be
      wound and pressed by the belts. In order to do so, this inventive
      apparatus is provided with the control arms 6, 7 which support the second
      and third pulleys 4, 5 at their tips. By adjusting the relative angles of
      the arms 6, 7 by means of the angle control device, the winding and
      pressing angle can be easily changed. Besides, in order to adjust the belt
      pressure and tension at the winding and pressing portion, the inventive
      tension control device is provided.
PAR  In practising this invention, the speed of the tube portion to be wound and
      pressed by the first belt should be practically the same as far possible,
      as that by the second belt. In order to do so, the rotations of the first,
      second and third pulleys are synchronized with one another by means of the
      transmission device, as described.
PAR  As has been described above, this invention has excellent results that are
      beyond the achievements of conventional or known devices, and has
      succeeded in producing quality products very efficiently.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The apparatus for manufacturing continuous lengths of spiral tubes wound
      with at least two tape-like materials, the apparatus comprising in
      combination:
PA1  a mandrel;
PA1  two belts supported for running along two separate paths crossing at angles
      and spaced from each other;
PA1  means for driving said belts, including a common driving pulley, and
      separate take-up pulleys for said belts;
PA1  means for covering the processed spiral tube with said material, and for
      pressing the latter and said mandrel into tight engagement at two
      spaced-apart portions of said mandrel; said belt paths having respective
      forward and return runs between said common pulley and the respective
      take-up pulleys, one run of each belt constituting an active run in said
      pressing means; said mandrel portions having trained therearound,
      respectively from below and from above, one convolution of the active
      forward run of one belt and another convolution of the active return run
      of the other belt, thereby imparting to said mandrel pressing forces in
      the same circumferential direction at both said mandrel portions although
      pulling forces result in the oppositely moving active runs of said belts;
PA1  means for adjusting the angles of said belts relative to the axial
      direction of said mandrel and the spiral tube being formed thereon; said
      adjusting means including a threaded rod having two sections with
      oppositely directed threads thereon;
PA1  control arms movable along said sections, which arms respectively support
      said take-up pulleys; and
PA1  means for rotating said threaded rod, thereby to adjust said relative
      angles of the belts.
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PAL  A supply web of relatively smooth paper toweling is mounted on a dispenser
      and is directed between rotatable dispensing rolls which have
      interengaging generally triangular teeth. The dispensing rolls are
      resiliently urged together with the paper toweling web therebetween and
      during roll rotation, the teeth compressively abut and foldably deform the
      relatively smooth paper web into a crimped paper web without appreciable
      permanent thickness deformation. During the crimping of the paper web by
      the dispensing rolls and without regard to roll rotation, the paper web is
      at all times securely retained by the rolls so that after the dispensing
      of a desired length of the crimped paper web, the web may be cut along a
      dispenser cutting bar during such roll retention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a unique dispenser which forms a supply web of
      relatively smooth paper toweling of somewhat usual form into a web of
      crimped paper toweling during the dispensing operation so that the paper
      toweling web received from the dispenser is in such crimped form. The
      result is that the dispensed crimped paper toweling web has a much
      improved softer or fluffier feel with inherently better absorbent and
      wiping qualities, all without any sacrifice of moisture strength of the
      paper toweling web.
PAR  Furthermore, during the crimping operations, the paper toweling web is at
      all times securely gripped by the dispensing rolls, whether the rolls are
      rotating or stationary, so that the paper web is always totally controlled
      by the dispensing rolls and the paper web will be retained secure at
      termination of a dispensing operation for more positive severance of the
      paper web from the dispenser, for instance, by a usual cutting bar.
PAR  One of the major goals sought in prior paper toweling dispensers has always
      been the dispensing of paper toweling of a maximum softness or fluffiness
      with a certain amount of roughness so that the surface thereof is more
      pleasing to the human touch while still having a maximum of wiping
      qualities. Obviously, this can be accomplished by using a more porous and
      thicker paper toweling web, but this obvious solution is objectionable
      from two major standpoints. Firstly, if the paper toweling web is thicker,
      less total length of paper toweling can be stored at one time in the
      storage area of a given size of dispenser, thereby requiring more frequent
      replenishment of such supply. Secondly, by providing a more porous and
      thicker paper toweling web, there most frequently is a sacrifice of
      toweling moisture strength resulting in a difficulty in wiping use. Thus,
      there is a long-felt need and want for a paper towelling web having all of
      the required strength and size qualities of present paper toweling, yet
      has a softer, fluffier feel more pleasing to the human senses.
PAR  One basic requirement of all modern paper toweling dispensers is the
      maximum firmness of retention of the paper toweling web in the dispenser
      during severance of the paper web after a length of paper web has been so
      dispensed. Whether the paper toweling web is perforated at spaced
      locations predicated for tearing or is continuous and requires a dispenser
      cutting bar for such severance, it still must be retained firmly in order
      that a relatively straight torn edge is accomplished transversely or
      normal to the extension of the paper web to separate the length of paper
      web from the dispenser. Many of the prior paper toweling dispensers have
      been found to be deficient in this respect.
PAR  It is fundamental that the rotatable dispensing rolls of a dispenser must
      be formed of relatively rigid material, such as wood, metal or plastic, in
      order to perform their function of smoothly drawing the paper toweling web
      from the supply within the dispenser and directing the same in a
      continuous web from the dispenser, ultimately to be transversely severed
      for use. Furthermore, in order to properly grip and linearly move the
      paper toweling web, the radially abutting dispensing rolls have usually
      been radially pressed together by some form of resilient means so that
      tight abutment is accomplished against the paper toweling web extending
      therebetween. This resilient pressing together of the dispensing rolls
      against the paper toweling web, however, using plain surfaced dispensing
      rolls has always presented the problem of lack of firm retention of the
      web throughout the transverse width thereof when the rolls are stationary
      and during the required transverse severing of the dispensed portion of
      the web. Whether such transverse severing of the dispensed portion of
      paper toweling web is accomplished at pre-perforated sections of the web
      or against a usual cutting bar, the required forces for severance will
      frequently pull an additional portion of the web at one side of the
      dispensing rolls through the rolls causing an irregular severed edge
      rather than the desired perfectly straight severed edge.
PAR  In order to overcome this problem, various attempts have been made to add
      resilient gripping strips or covering strips over the necessarily rigid
      surfaced dispensing rolls, and even the provision of such gripping strips
      or covers with roughened resilient surfaces including radial slotting and
      other forms of resilient material surface patterns, all for the purpose of
      providing a more firm gripping and retention of the paper toweling web
      between the dispensing rolls. Even attempts to use sandpaper-like surfaces
      have been attempted but despite all of these prior attempts to improve the
      gripping qualities of the dispensing rolls, a total solution to the
      problem has not been heretofore presented.
PAC  OBJECTS AND SUMMARY OF THE INVENTION:
PAR  It is, therefore, an object of this invention to provide a dispenser for
      dispensing a paper toweling web from a dispenser paper web supply of
      usual, relatively smooth paper which, during the usual dispensing
      operation by use of radially abutting, rotatable dispensing rolls, the
      relatively smooth paper supply web is automatically formed into a
      distinctively crimped paper toweling web, all without appreciable
      permanent thickness restriction or deformation. The ultimately dispensed
      paper toweling web, therefore, as a result of the distinctive crimping
      thereof, has a vastly improved softer, fluffier feel with inherently
      improved absorbent and wiping qualities. Despite this improved fluffier
      textured feel, however, due to the lack of appreciable permanent thickness
      restriction or deformation, the same moisture strength is retained.
PAR  It is a further object of this invention to provide a dispenser which
      automatically accomplishes the foregoing unique paper toweling web
      crimping action during the dispensing operation by use, in the preferred
      form, of interengaging dispensing rolls against the paper toweling web
      therebetween to foldably deform the paper web into the crimped paper web
      ultimately dispensed from the dispenser, all in a usual dispensing roll
      rotation with the use of the conventional lever or crank actuated
      dispensing operations. Preferably, radially opposed dispensing roll
      projections and depressions interengage against the paper toweling web
      during the movement of the paper web from the dispenser supply thereof
      through the dispensing rolls and ultimately from the dispenser, such
      interengaging projections and depressions automatically performing the
      foldable deformation operation so that no additional components are
      required. Thus, the unique crimping action of the paper toweling web
      without appreciable thickness restriction or deformation is automatically
      performed and automatically results in the unique dispensed end product
      having all of the advantages heretofore pointed out.
PAR  It is still a further object of this invention which, again in the
      preferred form, automatically accomplishes the foregoing unique paper
      toweling web crimping action during web dispensing by use of dispensing
      rolls each having a multiplicity of generally axially extending teeth
      formed thereon, the teeth preferably being generally triangular in radial
      cross-section. Furthermore, with the dispensing roll teeth forming the
      previously indicated projections, the depressions are formed by generally
      triangular voids circumferentially between the teeth as defined by the
      teeth sides. Thus, by radial abutment of the dispensing rolls causing
      radial interengagement of the teeth, one roll into the other during the
      roll rotation and with the paper toweling web compressively abutted
      therebetween, the paper web is foldably deformed over each of the
      respective roll teeth during the dispensing operation resulting in the
      uniquely crimped final paper toweling web form.
PAR  It is an additional object of this invention to provide a dispenser of the
      foregoing general type and which automatically forms relatively smooth
      paper toweling into uniquely crimped paper toweling wherein the paper
      toweling web moving between the dispensing rolls and being automatically
      so crimped is, in the preferred arrangement, firmly compressively gripped
      at all times regardless of dispensing roll rotation or stationary
      positioning, preferably by dispensing roll interengagement. As a result,
      at the termination of a particular dispensing operation when the
      dispensing rolls cease rotation, the portions of the paper toweling web
      dispensed may be severed or cut transversely for separation from the
      dispenser in a clean, straight edge during such firm retention and whether
      along a pre-perforated line or against a usual cutting bar. At the same
      time, and also due to such firm retention of the paper toweling web, such
      web cannot be improperly drawn through the dispensing rolls without
      dispensing roll rotation and with conventional "anti-milking" mechanisms
      associated with the dispensing rolls, the paper toweling web can only be
      removed by a proper dispensing action.
PAR  Other objects and advantages of the invention will be apparent from the
      following specification and the accompanying drawings which are for the
      purpose of illustration only.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a paper toweling dispenser
      incorporating an embodiment of the unique principles of the present
      invention therein, a portion of the dispenser front cover being broken
      away to expose a dispenser supply roll of conventional, relatively smooth
      paper toweling;
PAR  FIG. 2 is an enlarged, fragmentary, horizontal sectional view looking in
      the direction of the arrows 2--2 in FIG. 1;
PAR  FIG. 3 is a fragmentary, vertical sectional view looking in the direction
      of the arrows 3--3 in FIG. 2;
PAR  FIG. 4 is an enlarged, fragmentary, vertical sectional view looking in the
      direction of the arrows 4--4 in FIG. 3;
PAR  FIG. 5 is an enlarged, fragmentary vertical sectional view looking in the
      direction of the arrows 5--5 in FIG. 3;
PAR  FIG. 6 is a fragmentary, vertical sectional view looking in the direction
      of the arrows 6--6 in FIG. 5; and
PAR  FIG. 7 is a fragmentary, vertical sectional view looking in the direction
      of the arrows 7--7 in FIG. 5.
DETD
PAC  DESCRIPTION OF THE BEST EMBODIMENT CONTEMPLATED
PAR  Referring to FIG. 1 of the drawings, a paper toweling dispenser is shown
      incorporating an embodiment of the principles of the present invention.
      For the main part, the dispenser is of a usual construction and is
      illustrated and described herein to form a typical environment for
      application of the novel improvements of the present invention. In
      general, therefore, the dispenser is formed of conventional materials and
      by usual manufacturing processes except as hereinafter specifically
      pointed out relative to the inventive principles involved. Furthermore, it
      should be kept in mind that the basic dispenser structure is purely
      illustrative and that the novel principles of the present invention can be
      equally applied to dispensers and similar structures of various other
      forms, all of which will be more apparent from the following description.
PAR  Still further, as used herein, the terms "relatively smooth" or "plain" or
      "usual" as referring to the paper toweling or paper toweling web are
      intended to mean paper toweling as normally used in the trade. Paper
      toweling as normally used in the trade is smooth in the sense that it is
      uncrimped, although it does not have a smooth hardened surface, but rather
      a slightly roughened or slightly creped surface so as to be somewhat soft
      textured and moisture absorbent.
PAR  As shown in FIG. 1, the dispenser includes a box-like cabinet generally
      indicated at 10 having the front wall 12 thereof separable and hingedly
      connected in usual manner for access to the cabinet interior. A usual
      transversely elongated dispensing slot 14 is formed through a cabinet
      bottom wall 16 as shown in FIG. 4. Furthermore, a usual cutting bar 18 is
      secured to the bottom wall 16 and projects rearwardly from the front edge
      of the dispensing slot 14 into such dispensing slot for severing toweling
      after dispensing from the cabinet 10 as will be discussed hereinafter more
      in detail.
PAR  As can be seen in FIG. 1, at the upper portion of the interior of the
      cabinet 10 is rotatably mounted a supply roll 20 of usual, plain,
      relatively smooth or uncrimped paper toweling web 22 which web is directed
      downwardly within the cabinet between a set or pair of dispensing rolls
      comprised of a drive roll 24 and a driven roll 26 seen in radial
      cross-section in FIG. 4, and in plan and elevational views in FIGS. 2 and
      3 respectively. As again is somewhat usual, the drive roll 24 is journaled
      in the cabinet 10 rotatable about a radially stationary axis while the
      driven roll 26 is radially resiliently pressed into abutment against the
      drive roll by tension springs 28 so that the driven roll is rotatably
      driven by the drive roll through such resilient abutment. In this
      particular instance, the drive roll 24 is selectively rotatably driven by
      a hand actuated crank 30 journaled through a right-hand side wall 32 of
      the cabinet 10.
PAR  As can be seen in cross-section in FIG. 5, the hand crank 30 projects from
      the cabinet side wall 32 through engagement by one of the tension springs
      28, through a ratchet wheel 34, through an anti-milking cam 36 and through
      a drive roll cap or hub 38, being journaled in all of these elements with
      the exception of the anti-milking cam and being merely spaced radially
      inwardly from such anti-milking cam. A clutch spring 40 surrounds a
      portion of the hand crank 30 within the ratchet wheel 34, the anti-milking
      cam 36 and the drive roll hub 38 with this spring merely being
      circumferentially tensioned about the hand crank but having its right end
      or tail engaged with the ratchet wheel as shown in FIGS. 5 and 7. The
      ratchet wheel 34, near its periphery, is formed with a drive dog 42
      projecting axially into engagement with the anti-milking cam 36 as shown
      in FIGS. 6 and 7. Completing the chain of drive elements, the anti-milking
      cam 36 is radially pivotally pin-connected to the drive roll hub 38 as
      shown in FIGS. 5 and 6, the anti-milking cam being shown in FIG. 6 pivoted
      radially outwardly into anti-milking position ready for its engagement dog
      44 to engage any one of four stationary stops 46 formed on the cabinet 10.
PAR  Briefly, in normal rotation of the drive roll 24 clockwise as viewed in
      FIG. 4, clockwise rotation of the hand crank 30 causes the hand crank to
      wind and tighten the clutch spring 40 thereabout transferring motion
      frictionally and rotating the ratchet wheel 34 clockwise as viewed in FIG.
      7 with a ratchet dog 48 sliding over the teeth of the ratchet wheel in
      usual manner. Clockwise rotation of the ratchet wheel 34 causes the drive
      dog 42 thereof to radially pivotally retract by circumferential abutment
      the anti-milking cam 36 as well as rotatably drive the anti-milking cam in
      the clockwise direction as viewed in FIG. 6. Such clockwise rotation of
      the anti-milking cam 36 is, in turn, transmitted to drive roll hub 38
      through the pin pivotal connection therebetween and with the drive roll
      hub being secured to the drive roll 24, the drive roll is rotated
      clockwise (FIG. 4).
PAR  If reverse or counter-clockwise rotation of the hand crank 30 is attempted,
      certain of this counter-clockwise rotation is transmitted through the
      clutch spring 40 to the ratchet wheel 34 with this counter-clockwise
      rotation of the ratchet wheel being resisted by the ratchet 48 engaging
      one of the teeth of the ratchet wheel. Consequently, the ratchet wheel 34
      and ratchet 48 also resist counter-clockwise rotation of the anti-milking
      cam 36, the drive roll hub 38 and the drive roll 24. Upon the locking of
      the ratchet wheel 34, continued reverse rotation of the hand crank 30
      unwinds the clutch spring 40 causing slippage on the hand crank.
      Furthermore, if "milking" of the dispenser is attempted, that is, the
      pulling of the paper web from the dispenser without properly driving the
      drive roll 24, the attempted clockwise rotation of the drive roll through
      the drive roll hub 38 causes the anti-milking cam 36 to be pivoted
      outwardly to the position shown in FIG. 6 by the ratchet wheel drive dog
      42, with the engagement dog 44 of the anti-milking cam ultimately engaging
      one of the stationary stops 46 on the cabinet 10 to stop all further drive
      roll rotation. Thus, with the particular drive arrangement, normal
      dispensing is permitted by clockwise rotation of the hand crank 30, while
      reverse improper rotation of the hand crank is stopped by the ratchet
      wheel 34, and improper milking of the paper toweling web from the cabinet
      10 is stopped by the anti-milking cam 36.
PAR  More particularly to the unique principles of the present invention, as
      shown in detail in FIGS. 2, 3 and 4, each of the drive roll 24 and driven
      roll 26 are formed on the peripheries thereof with a multiplicity of
      generally axially extending and preferably circumferentially adjacent
      projection means or serration means or teeth, the teeth of the drive roll
      24 being indicated at 50 and the teeth of the driven roll 26 being
      indicated at 52. Furthermore, the teeth 50 of the drive roll 24 and the
      teeth 52 of the driven roll 26 are formed matching so that the drive and
      driven roll teeth perfectly interengage during the continued rotation of
      the drive and driven rolls, the driven roll being radially resiliently
      urged against the drive roll by the tension springs 28 as hereinbefore
      described. Thus, during rotation of the drive and driven rolls 24 and 26,
      crests 54 of the drive roll teeth 50 fully engage radially into valleys 56
      circumferentially between the driven roll teeth 52, while at the same
      time, crests 58 of the driven roll teeth 52 fully engage in valleys 60
      circumferentially between the drive roll teeth 50, all as clearly shown in
      FIG. 4.
PAR  The teeth 50 of the drive roll 24 are preferably all formed with flat sides
      62 and the teeth 52 of the driven roll 26 are likewise preferably all
      formed with flat sides 64. All of the teeth 50 and 52 on the drive and
      driven rolls 24 and 26 are, therefore, generally triangular in radial
      cross-section. Also, these teeth 50 and 52 being circumferentially
      adjacent form generally triangular valleys 60 and 56 therebetween.
PAR  Now with the plain paper toweling web 22 extending into abutment between
      the resiliently pressed drive and driven rolls 24 and 26, as these rolls
      rotate, the drive roll clockwise and the driven roll counter-clockwise as
      viewed in FIG. 4, the crests 54 of the drive roll teeth 50 compressively
      abut the paper toweling web at the valleys 56 between the driven roll
      teeth 52 and the crests 58 of the driven roll teeth 52 compressively abut
      the paper toweling web in the valleys 60 between the drive roll teeth 50.
      Since the driven roll 26 is driven by the drive roll 24, also during such
      rotation, the flat sides 62 on the circumferentially leading sides of the
      drive roll teeth 50 must transmit rotation circumferentially against the
      flat sides 64 on the circumferentially trailing sides of the driven roll
      teeth 52, thereby compressively abutting the paper toweling web 22 at
      these teeth locations. Still further, and again for the reason that the
      drive and driven rolls 24 and 26 are constantly resiliently radially
      pressed together and with the teeth formed for relatively perfect
      interfitting, there will be some compressive engagement of the paper
      toweling web 22 between the trailing of the flat sides 62 on drive roll
      teeth 50 and the leading of the flat sides 64 on driven roll teeth 52.
PAR  The net important effect is that as the plain or smooth paper toweling web
      22 is drawn through and variously compressively abutted between the drive
      roll teeth 50 and the driven roll teeth 52, and over the various crests 54
      and 58 of these teeth, the plain paper toweling web is foldably deformed
      into a crimped or serrated paper toweling web 66 as illustrated in FIGS.
      1, 3 and 4. It is important, however, for obtaining the optimum benefits
      of the crimping action of the present invention to properly select and
      coordinate all of the dispensing roll radial resilient pressing, the
      interengagement of the dispensing roll teeth, the forces to be transmitted
      between the rolls for cooperable rotation and the thickness and texture of
      the paper toweling web so that there is no appreciable permanent thickness
      deformation of the smooth paper toweling web 22 during the crimping or
      serration conversion into the crimped paper toweling web 66. If the
      compressive abutment forces resulting from all of these factors in
      coordination results in any appreciable degree of permanent thickness
      deformation or permanent compression, the paper toweling web will be
      hardened or stiffened and will not have the optimum increased softness or
      fluffiness feel to the human senses. If, however, the various forces are
      properly coordinated, the crimping or serrating action of the dispensing
      rolls will produce the increased softness or fluffiness results with the
      increased roughness or irregularity for improved wiping and absorbent
      qualities.
PAR  It is pointed out that if it is desired to form the set of dispensing
      rolls, the drive roll 24 and the driven roll 26 in axial sections with
      circumferential or annular slots therebetween as illustrated in FIGS. 2
      and 3, for instance, for purposes of installing guides (not shown) or for
      any other purpose, it has been found that such can be done without
      appreciably disturbing the transversely continuous formation of the
      creases or folds or serrations to produce the crimped paper toweling web
      66. With the slight width of the slots between the roll sections as shown,
      the radially interengaging teeth 50 and 52 of the drive and driven rolls
      24 and 26 will form such creasing or folding and the creasing or folding
      will carry axially across the voids between the roll sections with the
      final crimped paper toweling web 66 having virtually uninterrupted creases
      or folds transversely across the entire width thereof.
PAR  More important to the unique principles of the present invention, due to
      the various compressive abutments of the drive and driven rolls 24 and 26
      against the smooth paper toweling web 22 during the formation thereof into
      the crimped paper toweling web 66, the paper toweling web will be at all
      times firmly compressively gripped by the drive and driven rolls and
      particularly important when these rolls are rotatably stationary. For this
      reason, when a length of the crimped paper toweling web 66 has been
      dispensed from the cabinet 10 and is extending downwardly from the drive
      and driven rolls 24 and 26 through the dispensing slot 14 adjacent the
      cutting bar 18, the crimped paper toweling web may be grasped by hand and
      pulled forwardly against the cutting bar 18 to sever the same from that
      portion still within the dispenser or cabinet. During such severing
      against the cutting bar 18, the paper toweling web still within the
      cabinet 10 is firmly gripped or retained by the drive and driven rolls 24
      and 26 so that the tear or severing against the cutting bar 18 will always
      be transversely straight across the width of the paper toweling web.
PAR  As a practical example of drive and driven rolls 24 and 26 used for
      carrying out the principles of the present invention, the drive and driven
      rolls may be formed of plastic such as polystyrene having axial lengths of
      approximately 7 inches. The drive roll 24 may have 18 equally spaced teeth
      50 with flat crests 54 of approximately 15 thousandths inches in
      circumferential width and 15 thousandths inches radius at the valleys 60,
      flat sides 62 extending between a maximum diameter of approximately
      95/100s of an inch and a minimum diameter of approximately 80/100s of an
      inch. The driven roll 26 has 14 equally spaced teeth 52, a flat at crest
      58 of 15 thousandths inches, a radius at valleys 56 of 15 thousandths
      inches and flat sides extending between a maximum diameter of
      approximately 74/100s of an inch and a minimum diameter of approximately
      60/100s of an inch. As stated, the resilient urging force of the tension
      springs 28 urging the drive and driven rolls 24 and 26 radially together
      is coordinated with the force required by the drive roll 24 against the
      idling driven roll 26 to rotate the same for the dispensing and the
      texture and thickness of the smooth paper toweling web 22 to produce the
      crimped paper toweling web 66 preferably without appreciable permanent
      thickness deformation.
PAR  According to the principles of the present invention, therefore, a
      construction of dispenser and a method of dispensing are herein provided
      wherein a supply web of relatively smooth or plain or uncrimped paper
      toweling of somewhat usual form is converted into a web of crimped paper
      toweling automatically during the dispensing operation. The resultant
      paper toweling web received from the dispenser in this uniquely crimped
      condition has vastly improved softer and fluffier qualities very apparent
      to the human senses, as well as improved absorbent and wiping qualities
      without any sacrifice of moisture strength. Furthermore, after a desired
      length of the uniquely crimped paper toweling web has been dispensed, the
      connected end thereof is at all times firmly and securely retained by the
      dispenser so that the dispensed web portion may be cleanly severed for use
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. In a dispenser of the type having a paper toweling supply directing a
      web of paper toweling between a radially abutting, selectively rotatably
      driven set of dispensing rolls and from the dispenser for dispensing the
      paper toweling web; the improvements comprising: mounting means mounting
      at least one of said dispensing rolls radially movable relative to the
      other of said dispensing rolls; resilient means operably connected
      constantly resiliently urging said dispensing rolls radially into said
      roll abutment; each of said dispensing rolls having a plurality of
      generally axially extending teeth uniformly about a circumference thereof,
      said teeth of each dispensing roll in radial cross-section being generally
      triangular with sides converging to crests and diverging to valleys
      forming voids therebetween; said teeth of each dispensing roll at said
      roll abutment and during said roll rotation fully matching and fully
      interengaging said teeth of the other dispensing roll against said paper
      web therebetween as urged by said resilient means, each of said teeth
      crests of each of said dispensing rolls engaging fully and forcing said
      paper web fully into and against said teeth valleys of each of said
      dispensing rolls; surface means on said teeth having portions thereof at
      all times compressively abutting said paper web regardless of the
      rotatable positioning of said rolls and without regard to said roll
      rotation as urged by said resilient means resisting movement of said paper
      web through said dispensing rolls without roll rotation; said interengaged
      teeth of said dispensing rolls at said roll abutment as resiliently urged
      and during said roll rotation cooperating to compressively abut and
      relatively sharply permanently foldably deform said paper web over said
      teeth crests and fully inwardly against said teeth valleys to permanently
      foldably crimp said paper web; said dispensing rolls during said roll
      rotation dispensing said relatively sharply folded crimped paper web from
      said dispenser.
NUM  2.
PAR  2. In a dispenser as defined in claim 1 in which all of said teeth of said
      dispensing rolls include relatively flat crests with radiused valleys
      therebetween permitting said paper web relatively sharp permanent folding
      without appreciable permanent thickness deformation.
NUM  3.
PAR  3. In a dispenser as defined in claim 1 in which one of said dispensing
      rolls is a driver roll selectively rotatably driven during said roll
      rotation and the other of said dispensing rolls is an idler roll rotatably
      driven by said driver roll during said roll rotation by said
      interengagement of said dispensing roll teeth as constantly urged into
      abutment by said resilient means assisting in said teeth surface means
      portions at all times maintaining said paper web compressive abutment.
NUM  4.
PAR  4. In a method of dispensing a web of paper toweling from a dispenser; the
      steps of: mounting a supply web of paper toweling on the dispenser;
      directing said paper toweling web between matching, generally triangular,
      axially extending and interengaged teeth of circumferentially abutting and
      resiliently radially biased rotatable dispensing rolls by rotation of said
      dispensing rolls; during said rotation of said dispensing rolls,
      repeatedly relatively sharply permanently foldably deforming said paper
      toweling web into a relatively sharply permanently folded crimped paper
      toweling web at spaced locations therealong through full interengagement
      of crests of roll generally triangular matching teeth fully into and
      against valleys of roll generally triangular voids between matching teeth
      with said paper toweling web compressed therebetween and as augmented by
      said roll radial biasing; regardless of roll rotation, maintaining surface
      portions of roll interengaged teeth at all times compressively abutting
      said paper toweling web as augmented by said roll radial biasing; during
      said rotation of said dispensing rolls, dispensing said permanently folded
      crimped paper toweling web from said dispenser.
NUM  5.
PAR  5. In a method of dispensing as defined in claim 4 in which said step of
      relatively sharply permanently foldably deforming said paper toweling web
      includes the compressively abutting and permanently foldably deforming
      said paper toweling web during said roll rotation into said permanently
      folded crimped paper toweling web without appreciable thickness
      deformation by engaging relatively flat crests of said generally
      triangular matching teeth fully into radiused valleys of said generally
      triangular voids between said matching teeth.
NUM  6.
PAR  6. In a method of dispensing as defined in claim 4 including the further
      step of rotatably driving said dispensing rolls by rotatably driving one
      of said dispensing rolls and transmitting said rotational drive to the
      other of said dispensing rolls through said dispensing roll interengaged
      teeth to further augment said compressive abutment of said paper toweling
      web by said interengaged teeth.
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ABST
PAL  A portable apparatus for directing a filtered stream of air downwardly over
      a predetermined area such as a hospital bed or the like. The apparatus
      includes a cantilevered plenum chamber adapted to be positioned
      horizontally over the bed, the plenum chamber comprising two segments
      hingedly interconnected so that the forward segment thereof may be dropped
      downwardly to facilitate movement and storage. The bottom wall of the
      plenum chamber comprises an openwork screen bounded by a peripheral slot,
      and a layer of filtering media overlies the screen such that a first
      portion of the air entering the plenum chamber is directed downwardly
      through the filtering media and screen at a relatively low velocity and in
      a substantially laminar flow pattern, and a second portion of the air is
      directed through the open slot to define a peripheral air curtain of
      relatively high velocity. The air curtain thereby serves to prevent the
      incursion of unfiltered air from the surrounding environment. The plenum
      chamber is tapered to achieve a substantially constant pressure drop along
      its length, and the inside lip of the slot is lower than the outside lip
      to direct the air curtain somewhat outwardly. The unit further includes a
      low resistance filter to filter the air entering the plenum chamber, the
      low resistance of the filter permitting the use of a relatively small
      blower which can be operated on conventional household current.
BSUM
PAR  The present invention relates to a portable air filtration apparatus for
      maintaining a clean room atmosphere at any desired work area, and more
      particularly to a high efficiency air filtration apparatus which is
      adapted to maintain a clean and nearly sterile atmosphere about a hospital
      bed to thereby protect a patient from the spread of infectious disease.
PAR  High efficiency air filters are known which are capable of removing
      extremely high percentages of submicron sized particles from the air.
      Specifically, such filters are commonly employed in industrial clean rooms
      which are used in the production of micro-electronic components,
      pharmaceuticals, food products, and many other processes.
PAR  Recently, it has been proposed to employ the clean room concept in the
      health care field to remove airborne bacteria from the environment of the
      patient to thereby reduce the danger of infection. However, such devices
      as have been proposed suffer from several disadvantages which have
      precluded their general acceptance. Specifically, the clean rooms in the
      health care field have been similar to those applied in industry, and
      because of this fact they are expensive and lack versatility. In addition,
      the patient often suffers a psychological problem resulting from the
      confinement associated with the close plastic sidewall curtains or glass
      walls, and such curtains or walls make physical and vocal communication
      between the hospital staff and the patient difficult. Also, maintenance of
      these enclosures in a sanitary condition requires considerable
      housekeeping labor.
PAR  It is accordingly an object of the present invention to provide a low cost,
      versatile air filtration apparatus which is suitable for supplying a
      particle free environment about a predetermined area such as a hospital
      bed.
PAR  It is a more specific object of the present invention to provide an
      apparatus for directing a filtered stream of air downwardly onto a
      hospital bed or the like, and with the periphery of the air stream moving
      at a higher velocity than the central portion thereof to thereby form an
      invisible peripheral air curtain along three of the four sides of the bed,
      the high velocity air curtain being designed to provide a barrier which
      prevents the incursion of unfiltered air into the area of the patient
      while maintaining free access to the patient.
PAR  It is another object of the present invention to provide a portable or
      mobile air filtration apparatus for use over a hospital bed and which is
      adapted to provide a substantially laminar flow pattern of air over the
      bed, and without the need for peripheral plastic curtains or glass walls.
PAR  It is a further object of the present invention to provide a portable air
      filtration apparatus for use in the health care field and wherein the
      apparatus may be folded into a configuration of reduced overall dimensions
      to facilitate movement from room to room such that the apparatus may be
      taken to the patient in any hospital room or used in a private home.
PAR  It is another object of the present invention to provide an air filtration
      apparatus of the described type having a tapered plenum chamber designed
      to maintain a substantially constant pressure along its length and thus a
      substantially uniform flow rate throughout the entire area of its
      perforated bottom wall.
PAR  It is still another object of the present invention to provide an air
      filtration device of the described type which is relatively small in size
      to permit movement in and out of rooms and elevators, and which is
      operable on standard household electrical current.
PAR  These and other objects and advantages of the present invention are
      achieved in the embodiment illustrated herein by the provision of an air
      filtration apparatus which comprises a horizontally disposed plenum
      chamber comprising a perforated bottom wall, and means defining a
      downwardly directed, continuous, open slot extending along each side and
      front end thereof. The plenum chamber further comprises two segments
      hingedly interconnected so that the forward segment thereof may be dropped
      downwardly to facilitate movement and storage. A frame is provided for
      supporting the plenum chamber in cantilever fashion above a hospital bed
      such that the plenum chamber is unsupported along its sides and front end.
      A vertical panel extends downwardly from the rear end of the plenum
      chamber such that the hospital bed is bounded by the vertical panel and an
      air curtain of high velocity air emanating from the slot of the plenum
      chamber.
DRWD
PAR  Some of the objects and advantages of the invention having been stated,
      others will appear as the description proceeds, when taken in connection
      with the accompanying drawings, in which
PAR  FIG. 1 is an isometric view of an air filtration apparatus embodying the
      present invention and disposed in operative position over a hospital bed;
PAR  FIG. 2 is an isometric view of the air filtration apparatus shown in FIG. 1
      and with the forward segment of the plenum chamber folded downwardly;
PAR  FIG. 3 is a view similar to FIG. 2, but showing the apparatus rotated onto
      its back wall to facilitate movement and storage;
PAR  FIG. 4 is a sectional side elevational view of the apparatus taken along
      the line 4--4 of FIG. 1;
PAR  FIG. 5 is a rear elevational view of the apparatus with the back panel of
      the housing removed to illustrate the interior placement of the air
      circulation system;
PAR  FIG. 6 is an exploded isometric view of the mounting structure for the high
      efficiency filters, as well as the activated charcoal filters;
PAR  FIG. 7 is a bottom sectional view taken along the line 7--7 of FIG. 4;
PAR  FIG. 8 is a sectional view taken substantially along the line 8--8 of FIG.
      7;
PAR  FIG. 9 is a fragmentary sectional view of the closed front end of the
      plenum chamber and taken substantially along the line 9--9 of FIG. 7; and
PAR  FIG. 10 is a fragmentary sectional view taken substantially along the line
      10--10 of FIG. 5, and illustrating the structure of the filter pack of the
      air filter, and the means for sealably mounting the same in the housing.
DETD
PAR  Referring more particularly to drawings, the illustrated air filtration
      apparatus is indicated generally at 20, and includes a horizontally
      disposed plenum chamber 22 adapted to be positioned above a hospital bed
      24 or the like, in the manner shown in FIG. 1.
PAR  The air filtration apparatus further includes a supporting frame which
      includes a horizontally directed base member 26 and a vertically directed
      framework 28 secured to the base member. As best seen in FIG. 1, the base
      member includes a forward extension 30 generally underlying the plenum
      chamber, and a transverse plate 32 is carried at the forward end of the
      extension. The plate in turn carries a hinged bracket 34 on the top
      surface thereof for the purposes hereinafter set forth, and a pair of
      casters 35 are carried on the bottom surface of the plate 32 to portably
      support the apparatus on the floor. The extension 30 includes an offset at
      36 such that the extension is positioned at a minimum elevation above the
      floor to thereby insure that any hospital bed may be rolled thereover as
      shown in FIG. 1.
PAR  The framework 28 is mounted on the rear end portion of the base member 26,
      the framework comprising four rectangularly positioned uprights 38, 39, 40
      and 41, and a number of interconnecting cross members (not numbered) to
      define a box-like arrangement. The framework 28 is covered by a plurality
      of overlying panels to define an enclosed housing generally indicated at
      42, and in particular there is provided a front vertical panel 44, a back
      vertical panel 45, side panels 46 and 47, a bottom panel 48 and a top
      panel 49. The back panel 45 includes a louvered removable plate 50
      adjacent the lower end thereof to define an air inlet opening to the
      housing, and the front panel 44 terminates below the top panel 49 to
      define a horizontally directed air panel 45 further includes a removable
      cover plate 52 as best seen in FIG. 2 to facilitate access to the interior
      of the housing for the purpose hereinafter set forth. Also, the lower end
      of the framework 28 mounts two additional casters 54 for supporting the
      apparatus on the floor.
PAR  The plenum chamber 22 comprises a generally planar bottom wall 56, a
      generally planar top wall 58, a front wall 60 interconnecting the bottom
      and top walls to define a closed front end, and side walls 61 and 62
      interconnecting the bottom wall and top wall along opposite sides thereof
      to define closed sides. The bottom wall 56, top wall 58, and side walls
      61, 62 further define an open rear end of the plenum chamber which, as
      seen in FIG. 4, is in fluid communication with the air outlet opening of
      the housing 42. Also, the walls 60, 61, and 62 define coplanar lower edges
      63, 64, and 65 respectively.
PAR  The bottom wall 56 of the plenum chamber comprises a net-like expanded
      metal screen 66 (note FIG. 7) which defines a plurality of substantially
      uniformly spaced openings 67 extending therethrough, the openings 67 being
      distributed throughout substantially the entire area of the bottom wall.
      The openwork screen 66 is generally rectangular and defines a rear edge
      (along the left hand end as seen in FIG. 7), a front edge (along the right
      hand end), and opposite side edges (along the upper and lower sides). A
      downwardly directed flange 68 extends along the front edge and the two
      side edges, the flange including a relatively short horizontal leg 70 and
      a longer vertical leg 71 in cross section. The flange 68 is spaced from
      the front wall 60 (note FIG. 9) and side walls 61, 62 (note FIG. 8) of the
      plenum chamber to define a downwardly directed, continuous, open slot 74
      extending along each side and the front end of the plenum chamber, with
      the vertical leg 71 serving as the inside lip of the slot and the lower
      portion of the walls 60, 61, and 62 serving as the outside lip. In
      addition, the vertical leg 72 of the flange includes a planar lower edge
      76 which lies somewhat below the lower edges 63, 64, and 65 of the front
      wall and side walls respectively, and for the purposes hereinafter set
      forth. The vertical separation between the lower edge 76 and edges 63, 64,
      and 65 is represented by the letter A, and is about 1/8 inch. Also, it
      will be noted from FIG. 7 that the slot 74 is slightly tapered along both
      side walls such that the gap is somewhat less adjacent the open rear end
      than it is adjacent and along the front wall 60. In the illustrated
      apparatus, the gap is about 3/32 inches adjacent the rear end and about
      7/32 inches adjacent and along the front wall, representing a taper B of
      about 2 1/2.degree..
PAR  As seen in FIG. 8, air permeable means is positioned upon and substantially
      covers the screen 66 and is adapted to slow the passage of air downwardly
      therethrough and to guide the same into a substantially laminar flow
      pattern. More particularly, the air permeable means comprises a sheet of
      high efficiency filtering media 80 overlying the openwork screen, and a
      nonwoven pad 82 of loose fibers and of a thickness of about 2 inches
      overlying the sheet of filtering media. The high efficiency filtering
      media 80 is conventional in the art, and is of a very uniform construction
      so as to facilitate the formation of a substantially laminar flow pattern
      therethrough and as hereinafter further described.
PAR  The top wall 58 of the plenum chamber is positioned in spaced relation
      above the bottom wall 56, and as best seen in FIG. 4, the top wall is
      inclined in relation to the bottom wall such that the spacing is greater
      at the rear end of the plenum chamber than at the front end. More
      specifically, the top wall lies parallel to the bottom wall along the
      lateral direction extending from side to side, but is inclined in relation
      to the bottom wall along the longitudinal direction.
PAR  The housing 42 of the illustrated apparatus 20 stands about 76 inches high,
      and the plenum chamber 22 is about 88 inches long. The vertical spacing
      between the top and bottom walls of the plenum chamber is about 9 inches
      adjacent the rear end and about 5 1/2 inches adjacent the front end
      representing an incline of about 2 and 1/2.degree.. By this arrangement, a
      substantially uniform static pressure is obtained along the length of the
      plenum chamber to thereby achieve a substantially uniform air distribution
      along its length as hereinafter further explained.
PAR  The filtration apparatus 20 of the present invention further comprises
      blower means positioned within the housing 42 for directing filtered air
      under pressure outwardly through the air outlet opening and into the open
      rear end of the plenum chamber. More particularly, the blower means
      includes a conventional air blower 85 mounted upon vibration isolaters 86
      at the bottom of the housing, and an electric motor 87 operatively
      connected to the blower 85. For the reasons hereinafter set forth, the
      electric motor 87 is able to have a relatively low power consumption and
      may be operated on a standard household current of about 115 volts to
      power the blower for delivery of about 1500 cfm. Preferably, the motor is
      operable at two selected speeds, and utilizes about 1000 watts of power
      (3/4 HP).
PAR  A flexible fabric connector 88 directs the air from the blower into an open
      distribution box 90, the flexible fabric of the connector serving to
      further isolate the vibration of the blower from the housing. If desired,
      the distribution box 90 and the lower portion of the housing may be lined
      with a suitable acoustic material (not shown) to attenuate the noise of
      the blower. From the distribution box 90, the air passes upwardly through
      a pair of adjacent high efficiency filters 92, 93 which are sealably
      mounted in the housing as best seen in FIGS. 6 and 10. In particular, each
      of the filters 92, 93 comprises a rectangular frame 95 having a centrally
      disposed air flow opening (not numbered) therethrough. A continuous
      circumferential channel 96 is positioned in the front face of the filter
      frame and surrounds the air flow opening, and a fluid 98 having a
      consistency similar to that of petrolatum substantially fills the channel.
      A pair of rectangular retainers 100 are mounted upon the cross members 102
      and in sealing engagement with the housing, each of the retainers having a
      cross sectional configuration corresponding to that of the channel 96 of
      the filter frame such that the forward portion of the retainer 100 is
      positioned within the channel and extends into the fluid 98 when the
      filter is moved downwardly onto the retainer to the position shown in FIG.
      10. A fluid seal arrangement of this type is further described in U.S.
      Pat. No. 3,529,406. An upper rectangular clamping 104 is releasably
      secured within the housing to maintain the assembly of the two filters on
      their respective retainers. The clamping frame 104 further includes an
      inverted V-shaped receptacle 105 for mounting two activated charcoal
      filters 106 which serve to remove odors from the air passing therethrough.
PAR  The upper end of the housing 42 further mounts a plurality of arcuate
      turning vanes 108 for directing the upwardly flowing air horizontally
      through the outlet opening and into the open rear end of the plenum
      chamber. By employing a plurality of spaced vanes in the manner shown in
      FIG. 4, a substantially uniform distribution of air can be obtained in
      both the horizontal and vertical directions as the air enters the plenum
      chamber.
PAR  As noted above, the louvered plate 50 on the back panel is removable to
      permit access to the blower 85 and motor 87 for any required servicing. In
      addition, the plate 50 mounts a prefilter 110 immediately behind the
      opening. The prefilter 110 is conventional and is designed to remove the
      relatively large particles from the air, and thereby serves to reduce the
      time period between changes of the high efficiency filters 92, 93. In this
      regard, it will be noted that the filters 92, 93 are easily changed by
      removing the cover plate 52 of the back panel, and then releasing the
      clamping frame 104. The old filters may be then easily lifted and
      withdrawn and new filters inserted.
PAR  Preferably, the air filters have a low resistance to the air passing
      therethrough to thereby permit the use of the above described relatively
      small electric motor 87 and also reduce the overall size of the apparatus
      20. To obtain the desired low resistance, a unique filter of the type
      shown in FIGS. 6 and 10 may be employed. In particular, the illustrated
      filter comprises a filter pack 112 disposed within and filling the air
      flow opening, the filter pack comprising a sheet of pleated or corrugated
      high efficiency filtering media folded in accordion fashion with the folds
      114 extending generally parallel to the direction of air flow
      therethrough. It should be particularly noted that the adjacent folds are
      in direct contact with each other and are held apart by the vertical
      corrugations. Thus there are no separators between adjacent folds. It has
      been found that the use of such "separatorless" filters decreases the air
      resistance by up to 25 percent in an 11 1/2 inch deep filter, as compared
      to conventional filters of the same size employing separators between the
      folds, since the elimination of the filters results in a greater effective
      filtering area. For a detailed description of a method of making the above
      filter, reference is made to U.S. Pat. No. 3,540,079.
PAR  The filters 92, 93 are preferably constructed from a high efficiency
      filtering media which is capable of removing extremely high percentages of
      submicron sized particles from the air. Specifically, it is preferred to
      use "absolute" filtering media and wherein the filters are adapted to
      remove 99.97 percent of the airborne particles down to 0.3 microns in
      size. Such filtering media is well known in the art. Together, the two
      filters 92, 93 occupy an area of about 6 square feet within the housing,
      and the filter pack in each filter is about 11 1/2 inches deep. Obviously,
      a single filter of these dimensions could be substituted for the
      illustrated pair of filters.
PAR  As a further aspect of the present invention, the plenum chamber 22 is
      divided into two segments, namely, the rear segment 116 and the forward
      segment 118. The two segments are interconnected by a hinge 120 such that
      the forward segment 118 may be moved or folded about a transverse axis
      between a first operative horizontal position in alignment with the rear
      segment 116 and as shown in FIG. 4, or a second non-operative downwardly
      directed position as shown in FIGS. 2 and 3. A pair of latch members 122
      are carried along the top wall 58 of the plenum chamber to releasably
      maintain the forward segment 118 in its first operative horizontal
      position.
PAR  As noted above, the plenum chamber 22 of the illustrated apparatus has a
      total length of about 88 inches, and the forward segment has a length of
      about 60 inches and the rear segment has a length of about 28 inches. Thus
      the forward segment is about twice the length of the rear segment, and the
      forward segment is designed to contact the hinged bracket 34 when the
      bracket is raised.
PAR  As seen in FIG. 2, the back panel 45 of the housing 42 mounts a second set
      of casters 124. Thus if desired, the entire apparatus may be rotated
      90.degree. rearwardly such that it is supported on the floor by the second
      set of casters 124 in the manner shown in FIG. 3. In this configuration,
      the hinged bracket 34 contacts the downwardly directed forward segment 118
      of the plenum chamber to limit its pivotal movement and prevent its
      striking the front panel 44. Also, when in this configuration, the
      apparatus has an overall height of about 68 inches. Thus the total height
      of the apparatus may be significantly reduced to thereby facilitate
      movement of the apparatus through doors, elevators and the like, and for
      shipment. The casters 124 further serve as spacing means to keep the lower
      air inlet at 50 an adequate distance from adjacent walls to thereby insure
      free air entry.
PAR  The illustrated filtering apparatus 20 further includes a conventional
      extensible light fixture 126 mounted on the front panel 44 for use by the
      patient while lying on the bed 24. Also, an on-off switch 128 is
      positioned immediately above the light fixture. The switch 128 is
      connected by suitable circuitry (not shown) to the motor 87 and is
      designed to selectively operate the same at either a low speed. A
      conventional pressure gauge 130 is mounted on the side panel 46, the gauge
      serving to measure the pressure differential across the filters 92, 93 to
      thereby indicate when the loading of the filters becomes sufficient to
      require their replacement. In particular, as the airborne particles build
      up on the surfaces of the filter media, the pressure differential will
      increase, and when the differential reaches a predetermined level, the
      filters should be changed.
PAR  In operation, the motor 87 is energized by the switch 128 to selectively
      operate the blower at either high speed or low speed. In either case, air
      is drawn into the hosuing 42 through the air inlet opening at the louvered
      plate 50, and through the prefilter 110. From the blower, the air is
      directed upwardly through the distribution box 90, the high efficiency
      filters 92, 93, and then through the activated charcoal filters 106 to
      remove any odors. It will be noted that the activated charcoal filters are
      positioned downstream of the high efficiency filters to prevent a buildup
      of particles upon the charcoal filters. Upon reaching the upper end of the
      housing, the air is directed horizontally by the arcuate turning vanes 108
      and into the open rear end of the plenum chamber with the air entering the
      plenum chamber being substantially uniformly distributed in both the
      horizontal and vertical directions.
PAR  Due to the uniform pressure produced by the tapered plenum, a first portion
      of the air entering the plenum chamber is forcibly directed downwardly
      through the pad 82, the sheet of filtering media 80, and then through the
      perforated screen 66 of the bottom wall 56. The pad 82 serves to reduce
      the initial turbulence of the air and linearizes the same for presentation
      to the filter media 80, and the uniform resistance filter media slows the
      air and further linearizes the direction of air movement to thereby
      produce a substantially laminar flow pattern of downwardly directed slow
      moving air. The illustrated taper of the plenum chamber serves to achieve
      a substantially uniform static pressure along its length to thereby obtain
      a substantially uniform flow of air through the entire area of the bottom
      wall.
PAR  A second portion of the air entering the plenum chamber is directed
      downwardly through the open slot 74 at a relatively high velocity to
      define an air curtain extending downwardly from the two sides and closed
      front end of the plenum chamber. Thus the area of the hospital bed is
      bounded on three sides by the air curtain, and on the fourth side by the
      vertical front panel 44 which extends downwardly from the rear end of the
      plenum chamber. The taper of the slot 74 along the sides (indicated
      generally at B) serves to increase the volume of air flow downwardly about
      the front end of the plenum chamber to thereby insure an adequate air
      curtain along the forward corners. In addition, the fact that the inside
      lip of the slot 74 extends below the outside lip serves to direct the
      curtain outwardly as indicated by the angle C to further guard against the
      incursion of unfiltered air into the area of the hospital bed.
PAR  With the motor 87 at low speed, the illustrated apparatus was found to
      produce a fairly uniform velocity of about 15 fpm beneath the bottom wall
      and over the entire area of the bottom wall. The velocities were measured
      by an Alnor velocity meter, with the probe thereof positioned about 3
      inches below the bottom wall. At high speed, the velocity was uniform and
      averaged about 35 fpm throughout the length of the bottom wall.
PAR  The velocity of the air exiting through the slot 74 was also measured with
      the Alnor velocity meter, and in this case the probe was positioned about
      12 inches below the slot. At low motor speed, the velocity averaged about
      175 fpm, and at high speed, the velocity averaged about 350 fpm at all
      locations along the length of the plenum chamber. The angle C of the air
      curtain was also determined at both high and low speeds by attaching a
      strip of tissue paper adjacent the lip of the slot. At low speed the angle
      was about 5.degree., and at a high speed the angle was about 10.degree..
      The angle readings were consistent about the entire periphery of the slot.
PAR  The low speed operation of the apparatus is generally utilized in the case
      of patients with major burns or other cases of extreme sensitivity. At
      either speed however, it will be apparent from the above description that
      the apparatus 20 is adapted to substantially eliminate dust, pollen, and
      irritating particulate matter of all types from the vicinity of the
      patient. This clean and nearly sterile atmosphere has proven to be
      extremely helpful in the relief and treatment of bronchial patients with
      hay fever, asthma, emphysema, and bronchitis. Also, patients with poor
      defense mechanisms resulting for example from the treatment of leukemia or
      after surgery may be protected from secondary airborne infection with the
      apparatus of the present invention. In the case of patients requiring life
      support facilities such as an intravenous bottle or the like, it will be
      noted that the net-like screen 66 of the bottom wall 56 serves the
      additional function of providing myriad attachment points for such
      equipment.
PAR  In the drawings and specification, there has been set forth a preferred
      embodiment of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. An apparatus for directing a filtered stream of air downwardly onto a
      predetermined area such as a hospital bed or the like, and with the
      periphery of the stream of air moving at a higher velocity than the
      central portion thereof to thereby form a peripheral air curtain to
      prevent the incursion of unfiltered air into the predetermined area and
      thus effectively isolate such area from the external environment while
      maintaining free access thereto, said apparatus comprising
PA1  a horizontally disposed plenum chamber comprising a closed front end, an
      open rear end, opposite sides, perforated bottom wall means comprising an
      openwork screen and fibrous air permeable means resting upon and
      substantially covering said openwork screen for permitting air to be
      passed uniformly therethrough while reducing its velocity, and means
      defining a downwardly directed, continuous, open slot extending along each
      side and the front end and peripherally of said bottom wall means,
PA1  means for supporting said plenum chamber above the predetermined area and
      in cantilever fashion from said open rear end such that the plenum chamber
      is unsupported along said sides and front end,
PA1  a vertical panel extending downwardly from said rear end of said plenum
      chamber, and
PA1  means for directing filtered air under pressure into said open rear end of
      said plenum chamber whereby a portion of the air is directed downwardly
      through said perforated bottom wall means at a relatively low velocity and
      the remaining portion of the air is directed downwardly through said slot
      at a relatively high velocity to define an air curtain and wherein the
      predetermined area is bounded by said air curtain and said vertical panel.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said means for supporting
      said plenum chamber comprises a horizontal base member and a vertically
      directed box-like framework extending upwardly from said base member, said
      vertical panel overlying one side of said framework, a plurality of
      additional panels overlying the other sides of said framework to define an
      enclosed housing, an air inlet opening adjacent the lower end of said
      housing, an air outlet opening adjacent the upper end of said housing and
      communicating with said open rear end of said plenum chamber, and wherein
      said means for directing filtered air into said open rear end of said
      plenum chamber is positioned within said housing.
NUM  3.
PAR  3. The apparatus as defined in claim 2 whereing said air permeable means
      includes a sheet of high efficiency filtering media.
NUM  4.
PAR  4. The apparatus as defined in claim 3 wherein said air permeable means
      further includes a non-woven pad of loose fibers and of substantial
      thickness overlying said sheet of filtering media.
NUM  5.
PAR  5. The apparatus as defined in claim 2 wherein said apparatus further
      comprises means for directing the air passing through said slot outwardly
      to further resist the incursion of unfiltered air into the predetermined
      area.
NUM  6.
PAR  6. The apparatus as defined in claim 2 wherein said plenum chamber further
      comprises a top wall positioned in spaced relation above said bottom wall
      means, said top wall being inclined in relation to said bottom wall means
      such that the spacing is greater at said rear end than at said front end
      to thereby provide a substantially uniform static pressure along the
      length of said plenum chamber.
NUM  7.
PAR  7. The apparatus as defined in claim 2 wherein said means for directing
      filtered air under pressure into said open rear end of said plenum chamber
      comprises a blower positioned in said housing, and high efficiency air
      filter means positioned in said housing downstream of said blower.
NUM  8.
PAR  8. An apparatus for directing a filtered stream of air downwardly onto a
      predetermined area such as a hosiptal bed or the like, and with the
      periphery of the stream of air moving at a higher velocity than the
      central portion thereof to thereby form a peripheral air curtain to
      prevent the incursion of unfiltered air into the predetermined area and
      thus effectively isolate such area from the external environment while
      maintaining free access thereto, said apparatus comprising
PA1  a horizontally disposed plenum chamber positioned above said predetermined
      area, said plenum chamber comprising
PA2  a. a bottom wall comprising an openwork screen, said screen defining a rear
      edge, a front edge, and opposite side edges,
PA2  b. a top wall positioned in spaced relation above said bottom wall,
PA2  c. a front wall interconnecting said bottom wall and said top along said
      front edge to define a closed front end,
PA2  d. side walls interconnecting said bottom wall and top wall along said
      opposite side edges to define closed sides, said bottom wall, top wall,
      and side walls further defining an open rear end, and said front edge and
      side edges of said screen being spaced from said front wall and side walls
      respectively to define an open slot extending therebetween, and
PA2  e. air permeable means resting upon and substantially covering said screen
      for slowing the passage of air downwardly therethrough and guiding the
      same into a substantially laminar flow pattern, said air permeable means
      comprising a sheet of high efficiency filtering media overlying said
      openwork screen, and a non-woven pad of loose fibers and of substantial
      thickness overlying said sheet of filtering media,
PA1  support means for supporting said plenum chamber above said predetermined
      area,
PA1  means for directing filtered air under pressure into said open rear end of
      said plenum chamber whereby the air passes downwardly through said air
      permeable means and openwork screen, and downwardly through said slot,
      with the air passing through said slot thus being at a higher velocity
      than the air passing through said screen to thereby form a high velocity
      peripheral air curtain extending downwardly from said front wall and side
      walls, and
PA1  a vertical panel extending downwardly from said rear end of said plenum
      chamber such that the predetermined area is bounded by said air curtain
      and said vertical panel.
NUM  9.
PAR  9. An apparatus for directing a filtered stream of air downwardly onto a
      predetermined area such as a hospital bed or the like, the periphery of
      the stream of air moving downwardly and somewhat outwardly and at a higher
      velocity than the central portion thereof to thereby form a peripheral air
      curtain to prevent the incursion of unfiltered air into the predetermined
      area and thus effectively isolate such area from the external environment
      while maintaining free access thereto, said apparatus comprising
PA1  a horizontally disposed plenum chamber positioned above said predetermined
      area, said plenum chamber comprising
PA2  a. perforated bottom wall means adapted to permit air to be passed
      therethrough in a substantially laminar flow pattern while slowing the
      same and defining a rear edge, a front edge, and opposite side edges, and
      a downwardly directed flange extending along said front edge and side
      edges,
PA2  a top wall positioned in spaced relation above said bottom wall, said top
      wall being inclined at an angle of about 2 and 1/2 degrees in relation to
      said bottom wall means such that the spacing is greater at said rear edge
      than at said front edge,
PA2  c. a front wall interconnecting said bottom wall and said top wall along
      said front edge to define a closed front end, said front wall including a
      lower edge,
PA2  d. a side wall interconnecting said bottom wall and top wall along each of
      said opposite side edges to define closed sides, said bottom wall, top
      wall, and side walls further defining an open rear end of said plenum
      chamber, said side walls each including a lower edge lying in
      substantially the same plane as the front wall lower edge, said bottom
      wall flange being laterally spaced from said lower edges of said front
      wall and side walls to define an open slot extending therebetween, and
      said bottom wall flange including a planar lower edge extending at least
      about 1/8 inch below said lower edges of said front wall and side walls,
PA1  support means for supporting said plenum chamber above said predetermined
      area, and
PA1  means for directing filtered air under pressure into said open rear end of
      said plenum chamber whereby the air passes downwardly through said
      perforated bottom wall means and said slot, with the air passing through
      said slot thus being at a higher velocity than the air passing through
      said perforated bottom wall means and being directed outwardly by said
      flange lower edge to thereby form a high velocity air curtain extending
      downwardly and outwardly from said front wall and said side walls.
NUM  10.
PAR  10. The apparatus as defined in claim 9 wherein the width of said slot is
      tapered along said sides with the width thereof being about 1/8 inch
      greater adjacent said front wall and along said front wall than it is
      adjacent said rear edge of said bottom wall such that a greater volume of
      air is adapted to pass through said slot adjacent said front wall.
NUM  11.
PAR  11. An apparatus for directing a filtered stream of air downwardly onto a
      predetermined area such as a hospital bed or the like, and with the
      periphery of the stream of air moving at a higher velocity than the
      central portion thereof to thereby form a peripheral air curtain to
      prevent the incursion of unfiltered air into the predetermined area and
      thus effectively isolate such area from the external environment while
      maintaining free access thereto, said apparatus comprising
PA1  a horizontally disposed plenum chamber comprising a closed front end, an
      open rear end, opposite sides, perforated bottom wall means for permitting
      air to be passed uniformly therethrough while reducing its velocity, and
      means defining a downwardly directed, continuous, open slot extending
      along each side and the front end, said plenum chamber being composed of a
      horizontally disposed rear segment and a forward segment, and hinge means
      for pivotally interconnecting said forward segment and rear segment to
      permit relative movement about a transverse axis such that the forward
      segment may be selectively maintained in a first operative horizontal
      position in alignment with said rear segment or a second non-operative
      downwardly directed position,
PA1  means for supporting said plenum chamber above the predetermined area and
      in cantilever fashion from said open rear end such that the plenum chamber
      is unsupported along said sides and front end, said supporting means
      comprising a horizontal base member and a vertically directed box-like
      framework extending upwardly from said base member, a vertical panel
      overlying one side of said framework and extending downwardly from said
      rear end of said plenum chamber, a plurality of additional panels
      overlying the other sides of said framework to define an enclosed housing,
      an air inlet opening adjacent the lower end of said housing, and an air
      outlet opening adjacent the upper end of said housing and communicating
      with said open rear end of said plenum chamber,
PA1  means positioned within said housing for directing filtered air under
      pressure into said open rear end of said plenum chamber whereby a portion
      of the air is directed downwardly through said perforated bottom wall
      means at a relatively low velocity and the remaining portion of the air is
      directed downwardly through said slot at a relatively high velocity to
      define an air curtain and wherein the predetermined area is bounded by
      said air curtain and said vertical panel, and
PA1  first caster means carried by said base member for portably supporting the
      apparatus on a floor in its normal upright position, and second caster
      means carried by the side of said housing opposite said vertical wall for
      portably supporting the apparatus on a floor, such that the apparatus may
      be configured to facilitate movement through doorways or the like by
      pivoting said forward segment of said plenum chamber to its downwardly
      directed position and then rotating the entire apparatus 90 degrees
      rearwardly such that it is supported on the floor by said second caster
      means.
NUM  12.
PAR  12. An apparatus for directing a filtered stream of air downwardly onto a
      predetermined area such as a hospital bed or the like, and with the
      periphery of the stream of air moving at a higher velocity than the
      central portion thereof to thereby form a peripheral air curtain to
      prevent the incursion of unfiltered air into the predetermined area and
      thus effectively isolate such area from the external environment while
      maintaining free access thereto, said apparatus being portable and
      collapsible to facilitate movement and storage thereof and comprising
PA1  a horizontally disposed plenum chamber comprising a closed front end, an
      open rear end, opposite sides, perforated bottom wall means for permitting
      air to be passed uniformly therethrough while reducing its velocity, and
      means defining a downwardly directed, continuous, open slot extending
      along each side and the front end, said plenum chamber being composed of a
      horizontally disposed rear segment, a forward segment, and hinge means for
      pivotally interconnecting said forward segment and rear segment to permit
      relative movement about a transverse axis such that the forward segment
      may be selectively maintained in a first operative horizontal position in
      alignment with said rear segment or a second non-operative downwardly
      directed position,
PA1  frame means for supporting said plenum chamber above the predetermined area
      and in cantilever fashion from said open rear end such that the plenum
      chamber is unsupported along said sides and front end, said frame means
      including a horizontally directed base member generally underlying said
      plenum chamber, and means carried by said base member for contacting said
      forward segment of said plenum chamber to limit the pivotal movement
      thereof beyond said second downwardly directed position,
PA1  a vertical panel extending downwardly from said rear end of said plenum
      chamber, and
PA1  means for directing filtered air under pressure into said open rear end of
      said plenum chamber whereby a portion of the air is directed downwardly
      through said perforated bottom wall means at a relatively low velocity and
      the remaining portion of the air is directed downwardly through said slot
      at a relatively high velocity to define an air curtain and wherein the
      predetermined area is bounded by said air curtain and said vertical panel.
NUM  13.
PAR  13. The apparatus as defined in claim 12 wherein said frame means further
      comprises caster means carried by said base member for portably supporting
      the apparatus on a floor.
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ABST
PAL  A coffee brewer comprising an upper and lower receptacle joined together
      and including a means intermediate the upper and lower receptacle for
      captivating a charge of coffee and water, whereby when water is heated in
      the lower chamber it will be caused to flow through the captivated charge
      in a vapor form to rise to the upper chamber to be cooled and form a well
      brewed cup of coffee.
PAC  FIELD OF THE INVENTION
PAR  In the past there have been numerous types of coffee brewers and this
      invention relates to an improved coffee brewing device for small amounts
      of coffee particularly.
PAC  BACKGROUND OF THE INVENTION
PAR  As is perhaps well known in a strong brew of coffee, often known as
      Expresso coffee, it is often desired to utilize sugar. There is a variance
      in the amount of sugar that is desired; however, it has been found that if
      the sugar is applied to the water before it is formed into the coffee
      brew, it has a more uniform and pleasing taste.
PAR  This invention provides an improved type of coffee brewing device which
      includes an upper and lower receptacle which are united together and
      between which there is captivated a holder to hold a charge of sugar and
      coffee to be brewed simultaneously upon the application of heat to a
      charge of water in the lower receptacle which, through filter means is
      caused to pass through the bag and to brew the coffee.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical cross-sectional view of the coffee brewer of the
      present invention;
PAR  FIG. 2 is a top plan view of the filter bag as seen in FIG. 1 with parts
      broken away to better illustrate the construction thereof;
PAR  FIG. 3 is a cross-sectional view taken along the line 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings wherein like reference characters designate like
      or corresponding parts throughout the several views and referring
      particularly to FIG. 1, there is shown an upper receptacle 12 which
      defines an upper chamber 14 with a floor 16 having an opening 18 and an
      open topped tower 20 extending vertically in the upper chamber about the
      opening, the open top being designated by the numeral 23. Preferably,
      filter means are provided at the bottom of the tower in the form of a
      screen 25 and, externally about the tower there may be applied an inverted
      cone-shaped filter member which snugly nests about the tower and provides
      a filter barrier, said filter being designated by the numeral 29. The
      device also includes a lower receptacle 30 defining a chamber 32 with an
      open top 34 and a side port with a release valve 38. Means, preferably
      threaded means shown at 39 are provided to connect upper chamber floor
      over the lower chamber top with the only fluid communication between the
      upper and lower chamber being through the opening 18 and through the open
      top tower 20.
PAR  A coffee and sugar holder 40 is captivated between the upper and lower
      receptacle and completely spans the opening. The holder 40 comprises an
      annular member sized to nest in the open top 34 in spanning relation
      thereto, and to be supported by the peripheral edge of said open top 34.
      Suspended from the holder 40 there is provided a filter bag 42 with an
      open top 44 and a cone-shaped bottom 46 and into which a charge of sugar
      and coffee is applied.
PAR  In use, a charge of water is applied into the lower receptacle 30. A charge
      of sugar and then a charge in the form of an upper layer of coffee is
      applied in the bag. Heat is applied after the upper and lower receptacle
      are united together which causes the water to heat, vaporize, and pass
      upwardly through the sugar and coffee in the bag 42 and passing upwardly
      through the tower 20 into the upper chamber 14, where it cools and
      de-vaporizes forming a well brewed cup of coffee with sugar and water and
      coffee in a preferred brewed solution.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coffee brewer comprising:
PA1  an upper receptacle defining an upper chamber with a floor having an
      opening and an opened top tower extending vertically in the upper chamber
      about the opening and filter means included on said tower, said tower
      extending substantially above the floor and toward the upper portion of
      said upper receptacle chamber,
PA1  a lower receptacle defining a lower chamber with an open top and a side
      vent,
PA1  means to connect the upper chamber floor over the lower chamber top,
      whereby the passageway through the opening and tower comprise the only
      means of fluid communication between the chamber of the upper end and the
      chamber of the lower receptacle,
PA1  a coffee and sugar holder captivated between the upper and lower
      receptacle, and completely spanning the opening, said holder comprising an
      annular member sized to nest in the open top and means captivating the
      holder in the open top of said upper receptacle, and a bag suspended from
      said annular member and extending into the lower chamber to hold a lower
      charge of sugar and an upper charge of coffee, said bag having an open
      upper end in said opening and a closed lower end,
PA1  expandible ring means carried by the open upper end of the bag and
      releasably engaged in said annular member to suspend said bag in said
      lower chamber,
PA1  whereby when a charge of sugar and an upper charge of coffee is placed in
      the bag, and the bag is suspended on said holder, and the receptacles are
      united together captivating the bag and heat is applied to boil water in
      the lower chamber, the same will pass as a vapor through the wall of the
      bag and sugar and coffee forming coffee which rises through the opening,
      through the tower, and upon cooling descends into the upper chamber to
      provide a well brewed cup of coffee.
NUM  2.
PAR  2. The device as set forth in claim 1 wherein said filter means on said
      tower comprises an internal screen.
NUM  3.
PAR  3. The device as set forth in claim 1 wherein said filter means comprises
      an inverted cone-shaped bag sized to snugly nest over the upper open end
      of said tower to provide a filter barrier through which vapor must pass.
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PAL  A spreader closure of the type used to cover a ground coffee receptacle in
      a coffee brewing apparatus adapted to receive and distribute hot water,
      said spreader closure having an upper surface portion divided into
      channels to direct hot water from a central portion to orifices leading
      through the spreader closure wall whereby the hot water will be evenly
      distributed over the ground coffee. A special frusto-conical orifice is
      provided which eliminates blockage due to surface tension.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Coffee making devices typically require a spreader closure for a ground
      coffee receptacle with the function of the spreader closure being
      twofold-first to provide a closure for the receptacle and secondly, to
      provide a means for evenly distributing hot water over the ground coffee.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a spreader closure for receiving and
      distributing hot water in a coffee making apparatus. The spreader closure
      of the invention has a central water receiving portion and a downwardly
      inclined surface extending from the central water receiving portion, a
      plurality of orifices are located on the inclined surface to pass water
      through the spreader closure. Upstanding divider means on the upper
      portion of the downwardly inclined surface are provided to form separate
      water flow channels for each of said orifices. A feature of the invention
      in an embodiment where the orifices are symmetrically disposed on the
      upper surface of the spreader closure is the provision of first and second
      sets of said orifices, the orifices of each set being radially and
      angularly displaced a distance from the orifices of the other set and
      wherein the upstanding divider means are disposed such that each of the
      separate water flow channels has an opening adjacent the central water
      receiving portion.
PAR  A further feature of this invention resides in the configuration of the
      orifices themselves which are provided with a frusto-conical configuration
      whereby flow of water through each of the orifices is assured and blockage
      of the orifice due to surface tension or other phenomena is eliminated.
PAR  An advantage of the foregoing summarily described invention and specific
      feature is the equal division and distribution of water received on the
      spreader closure to the ground coffee in the receptacle beneath the
      closure.
PAR  It was an object of the invention to provide a simple, economical and
      reliable coffee maker to evenly distribute hot water over ground coffee in
      a receptacle without blockage due to surface tension.
PAR  Another object of the invention is to provide a spreader closure for a
      coffee maker which can be formed of plastic materials and which can be
      molded in a single integral piece.
PAR  Another object of the invention is the provision of a spreader closure
      which can be provided with a locking means whereby it will not be
      inadvertently separated from a ground coffee receptacle.
PAR  Further objects and advantages of the invention will be apparent from the
      following specification, appended claims and accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a preferred spreader closure for a coffee
      maker in accordance with the present invention;
PAR  FIG. 2 is a bottom plan view of the spreader closure shown in FIG. 1;
PAR  FIG. 3 is a front elevation view of the spreader closure shown in FIG. 1;
PAR  FIG. 4 is an enlarged cross-section view taken along lines 4--4 of FIG. 1;
PAR  FIG. 5 is an enlarged cross-section view taken along lines 5--5 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the various Figures of the drawing, the spreader closure 10
      comprises a central water receiving portion 11 and a downwardly inclined
      surface 12 adjacent said central water receiving portion 11. A plurality
      of orifices 13 are disposed symmetrically with respect to an axis passing
      through the central water receiving portion. A number of upstanding
      divider means 14, formed as upstanding ridges, divide the downwardly
      inclined surface 12 into separate water flow channels 15 which supply
      water coming from the central water receiving portion 11 to each of the
      orifices 13.
PAR  As shown, the orifices 13 on the spreader closure 10 are provided in two
      sets with a first set of orifices 13 being positioned radially outwardly
      from a second set of said orifices, all with respect to said central water
      receiving portion. Each orifice 13 of said first set of said orifices is
      also angularly displaced from each orifice 13 of said second set of said
      orifices. Due to such radial and angular displacement of the various sets
      of orifices 13 it is possible to position divider means 14 in a manner
      such that each of the channels 15 that supply water to the orifices 13 is
      adjacent the central water receiving portion 11 whereby water being
      supplied to such receiving portion 11 will be distributed to each of the
      orifices. Moreover, in the embodiment shown, the entrance 16 to each of
      the channels 15 is substantially equal in size thereby tending to divide
      the water equally around the circumference of the spreader closure 10.
PAR  The downwardly inclined surface 12 terminates in a peripheral edge portion
      17 which as shown is formed as an upstanding wall 18. Extending outwardly
      from said upstanding wall is an outwardly downwardly flared wall 19
      terminating in an edge portion 20. Locking means 21 on said edge portion
      20 is formed with a downwardly extending wall 22 and inwardly extending
      lug 23 adapted to engage and secure the spreader closure 10 to
      complimentary locking means on a ground coffee receptacle (not shown). As
      shown, locking means 21 are intermittently disposed around the edge
      portion 20 of said spreader closure.
PAR  In a preferred embodiment according to the invention each of the orifices
      13 is of frusto conical formation with the axial length of the orifice
      being greater than the thickness of downwardly inclined surface 12
      resulting in the extension of the lower portion 24 of the orifice 13 below
      the underside of downwardly inclined surface 12. This particular
      configuration assures that water exiting from outlet opening 25 in the
      orifices will not impinge upon and be carried down the outside of
      downwardly inclined surface 12, but instead will drip or flow directly
      downwardly from the lower portion 24 of orifices 13. The frusto-conical
      configuration of the orifices 13 results in continuous flow of water
      through the orifice eliminating blockage due to surface tension which
      frequently occurs in orifices having either a straight cylindrical
      configuration or other configurations where the opening of the orifice is
      the same size or smaller than the outlet.
PAR  The spreader closure is useful in any type of coffee brewing apparatus
      where ground coffee is contained in a receptacle and contacted with hot
      water from above during the coffee brewing process. The spreader closure
      shown herein is particularly useful in co-pending application, Ser. No.
      400,197 filed Sept. 24, 1973, now U.S. Pat. No. 3,869,968 issued Mar. 11,
      1975.
PAR  It will be apparent to those skilled in the art that various modifications
      may be resorted to without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spreader closure for receiving and distributing hot water in a coffee
      maker apparatus or the like comprising:
PA1  a central water receiving portion;
PA1  a downwardly inclined surface having upper and lower portions, said surface
      extending outwardly from said central water receiving portion to an
      upstanding peripheral wall;
PA1  at least two sets of individual orifices located on said downwardly
      inclined surface to pass water through said spreader closure including a
      first set of said orifices positioned radially outwardly from a second set
      of orifices with respect to said central water receiving portion and each
      orifice of said first set of orifices being angularly displaced from each
      orifice of said second set of orifices such that the hot water is
      substantially evenly distributed;
PA1  divider means extending upwardly from the upper portion of said downwardly
      inclined surface and radially outwardly from said central water receiving
      portion wherein each of said divider means is about equally angularly
      spaced apart about the periphery of said water receiving portion to define
      separate water flow channels for each of said orifices and each channel
      communicating and directing water flow to only a single orifice.
NUM  2.
PAR  2. A spreader closure according to claim 1 wherein said upstanding divider
      means and said orifices are symmetrically disposed about an axis passing
      through said central water receiving portion.
NUM  3.
PAR  3. A spreader closure according to claim 1 wherein said orifices extend in
      an axial direction a length greater than the thickness of the surface upon
      which said orifices are disposed with the outlet end thereof being below
      the bottom portion of said surface whereby water passing through said
      orifice will drip directly downward below said frusto-conical orifice
      without impinging upon the outside of said surface.
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ABST
PAL  A smokeless barbecue unit for uniformly broiling of food in which the fire
      box is mounted in each of the three walls of the chamber surrounding the
      grilling section. The device may incorporate a rotating spit or
      alternately the food may be placed on a grill which is of an inverted
      V-shape construction.
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to an improved smokeless barbecue device, and
      particularly one in which the fire box is mounted in the three walls of
      the chamber surrounding the cooking section and grill.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of the illustrative embodiment of
      the invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 illustrates a perspective view of the invention;
PAR  FIG. 2 illustrates a partial sectional view of the invention in elevation;
      and
PAR  FIG. 3 illustrates a sectional view of an alternate view of the invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT:
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1-2
      show the smokeless barbecue device 10 which is designed so that neither
      ashes nor smoke accumulates during the barbecuing of food. The smokeless
      barbecue device 10 comprises a rectangular box housing 12 mounted on a
      brick chimney 11. Housing 12 is fitted with an integral top cover 31, an
      open front face, and open bottom base and three sides 32. A grill 13 rests
      on top of the chimney base 11.
PAR  A fire box 20, open to the top, is mounted on the interior of each of the
      three sides 32 in which charcoal may be placed, with the bottom of the
      firebox 20 formed of a screen mesh 26 and the sides 22 of the firebox 20
      formed of sheet metal. An ash guard 23 in the form of a sloping metal tray
      is located under the mesh bottom 26 of the firebox 20 to divert any ashes
      which fall from the firebox into the interior of the chimney base 11.
PAR  A rotatable spit rod 16 is operated by a motor 17 mounted externally on one
      of the sides 32 of the barbecue unit 10. The spit rod 16 is supported by a
      hollow horizontal through tube 14 mounted in the side 32 of the barbecue
      opposed to the motor mount side, with tube 14 passing through the firebox
      chamber. A similar tube 14 is mounted in the firebox chamber. A similar
      tube 14 is mounted in the firebox chamber 20 adjacent the motor 17, as
      shown in FIG. 3.
PAR  As shown in FIG. 3, a grill 40 may be mounted to external projections 41 of
      the walls 22 of the firebox 20, with grill 40 being formed as an inverted
      V-shape so that food placed on grill 40 lies on a plane that is at an
      angle to the vertical sides 22 of the firebox 20 and to the horizontal
      plane of the conventional grill 13 that rests on the base chimney 11.
      Grill 40 supports food being barbecued so as to present a uniform source
      of heat from firebox 20 to food resting on V-shape grill 40.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A barbecue unit for broiling food comprising
PA1  a hollow chimney base section, with a first grill mounted over the top of
      the recess of the chimney base,
PA1  a housing mounted on the top of the sides of the base section, above the
      said first grill, formed of three sides and a top section,
PA1  a firebox mounted on the interior of each of the three sides of the
      housing, the firebox being open on its top face and fitted with a screen
      mesh bottom, together with an inclined tray member mounted to each inner
      side wall of the housing below the firebox, said tray member extending
      from a side wall to terminate over the recess of the hollow recess of the
      chimney base section, so as to carry ashes from the firebox into the
      chimney recess, together with
PA1  a food-supporting second grill which is of an inverted V-shape, formed of
      two flat grill segments that are each inclined to the plane of the other,
      and join at the apex of the said second grill so that a strip of food may
      hang from the apex of the said second grill and rest on each of the said
      second grill segments.
NUM  2.
PAR  2. The combination as recited in claim 1 in which the first grill is formed
      of wire rod members.
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ABST
PAL  A machine for baking a bakery product such as soft pretzels, wherein the
      machine includes an oven-like chamber containing a number of processing
      stations and means to automatically move the bakery products through each
      processing station in turn. The bakery products are initially placed on
      one of a plurality of support means, such as baking racks, the opposite
      ends of which are pivotally connected between parallel, positively driven
      endless drive chains. The endless drive chains are supported and driven
      through a predetermined path which exposes the bakery products positioned
      on the baking racks to the individual processing stations in a
      predetermined sequence. The first processing station includes a spraying
      means, which partially coats the bakery products with a soda solution. The
      bakery products are next salted by a rotating salt cylinder, and then are
      baked and browned by a selected arrangement of radiant heat rods, before
      being removed from the baking racks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of automatically baking a bakery product,
      wherein the bakery products are sequentially passed through a series of
      processing stations.
PAR  The large soft pretzel is currently being sold at sporting and other
      entertainment events, as well as in the more traditional small stands and
      restaurants. The pretzels are supplied to the vender in a raw and frozen
      form, and must be processed and baked before they are edible. Since such
      pretzels are most desirable when warm, portable pretzel baking machines
      have been developed which process the frozen pretzels into an edible form
      at concessionaire stands in stadiums, convention centers, or the like.
      Heretofore, however, such prior art machines have attempted to submerge
      the pretzels in the soda solution as a first step in their processing,
      which has caused delays in the processing, inefficient use of the soda
      solution, and frequently results in the pretzels floating off the racks
      and being wetted only on a lower surface portion thereof. This results in
      pretzels which are not properly browned, detracting from their appearance,
      and which are soggy from an excess of solution.
PAR  Additionally, prior art machines have used an arrangement of heating rods
      for baking which directly affect only the upper surface of the pretzels,
      resulting in finished pretzels which are slightly overbaked on the upper
      surface, and underbaked on the lower surface.
PAR  In view of the above, it is an object of the present invention to provide a
      baking apparatus wherein the baking of bakery products such as pretzels
      may be stopped and the bakery products recovered once processing is begun.
PAR  Another object of the present invention is to provide a baking apparatus
      which provides an improved means for quickly and uniformly salting the
      individual bakery products.
PAR  It is another object of the present invention to provide a baking apparatus
      wherein the initial processing of the bakery products may be accomplished
      without dipping the bakery products in a solution.
PAR  It is a further object of the present invention to provide a baking
      apparatus wherein the bakery products are baked quickly and uniformly.
PAR  It is yet another object of the present invention to provide a baking
      apparatus wherein the individual bakery products are processed and ready
      to eat in a minimum amount of time.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, a housing is provided which includes an
      oven-like chamber therein, the chamber having a pair of power-driven belts
      mounted therein in such a manner that they are rotatable in spaced
      parallel vertical planes, the drive belts being oppositely disposed and
      arranged such that they include substantially horizontal segments and
      substantially vertical segments, which are interconnected by connecting
      segments which are oblique substantially along their entire length, with
      the horizontal segments being disposed above the vertical segments and the
      connecting segments. A plurality of carrier racks are interposed between
      the belts, and are swingably supported at spaced points along the belts
      such that a surface of the baking racks extending between the belts is
      maintained in a substantially horizontal disposition as the racks are
      rotated in conjunction with the belts. The racks are so configured as to
      provide support for a bakery product such as a soft pretzel as the racks
      are rotated with the belts. Within the housing is positioned a spraying
      means which is located near the bottom of the vertical segments of the
      belts and which sprays the bakery products placed on the racks with a
      solution. Positioned at a point subsequent to the salting point in the
      course of travel of the bakery product is a salting means for salting the
      upper surface of the bakery product. Dual baking means are disposed above
      and below the course of travel of the bakery products on the racks at a
      point subsequent to the salting point.
PAR  More specifically, the spraying means includes a hollow elongated tube
      having a plurality of spaced openings along its length, into which tube is
      injected under pressure a caustic soda solution, the solution then being
      expelled from the tube onto a surface of the bakery product. The hollow
      tube is disposed substantially parallel with the carrier racks and extends
      between the belts at a point relative to the course of travel of said
      racks such that said racks pass directly beneath the elongated tube.
PAR  The dual means includes a plurality of heating elements which are
      positioned a predetermined distance above and below the horizontal
      segments of the belts and are disposed between the belts, the heating
      elements specifically including infra-red quartz heating rods disposed
      above the horizontal segments and emitting radiation which in addition to
      baking the bakery products on the racks reacts with the solution thereon
      to brown the bakery products.
PAR  The salter means is adapted to be selectively coupled to a drive mechanism
      which powers the belts for rotation of the salting means. The coupling
      means includes a set of coplanar gears, one gear being positively driven
      by the drive mechanism, the other gear being rigidly secured to one end of
      the salter means, said one end of the salter means being adapted to be
      selectively raised and lowered by the operator sufficiently to either
      engage the two gears for rotation of the salter or to disengage the two
      gears, in which case the salter means remains stationary.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more thorough understanding of the invention may be obtained by a study
      of the following detailed description taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 is an isometric view of a pretzel baking apparatus embodying the
      novel features of the present invention.
PAR  FIG. 2 is a left side elevation view of such a pretzel baking apparatus.
PAR  FIG. 3 is a front elevation view of such a pretzel baking apparatus.
PAR  FIG. 4 is a part section view showing the salter gearing of the pretzel
      baking apparatus in front elevation.
PAR  FIG. 5 is a section view of the salter gearing taken along line 5--5 in
      FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, bakery products such as frozen soft pretzels are
      introduced into the baking apparatus by placing them on a baking rack
      presented at the front of the apparatus, e.g. baking rack 12, which is one
      of preferably a plurality of such racks pivotally connected to a pair of
      endless drive chains 14 and 16. The individual baking racks are preferably
      connected to the drive chains in such a manner as to permit them to freely
      swing or pivot throughout the processing of the pretzels. The endless
      drive chains 14 and 16 are continuously driven by a combination of motor
      18 and gearing (not shown) in gear box 40 at a controlled rate through a
      series of processing stations. After the frozen pretzels have been placed
      on the rack 12, and the motor 18 actuated, the pretzels and the rack are
      moved by the cyclical action of the chains 14 and 16 to a first processing
      station where the pretzels are sprayed with a caustic soda solution by
      pressurized spray rod 20. The baking rack with the pretzels is then moved
      upwardly in an inclined plane until it is located in the salting station,
      comprising the rotating salter 22, which salts the wetted pretzels. The
      movement of the drive chains 14 and 16 is so timed that the pretzels are
      located under the salter 22 for a sufficient time to allow four rotations
      of the salter, thereby providing the pretzels with a uniform salting.
PAR  After the baking rack 12 passes through the salting station, it moves
      horizontally through a baking station which comprises a plurality of
      longitudinal heating rods 24--24 and an associated reflector 26, in
      combination with a plurality of transverse heating rods 28--28, each
      transverse baking rod having a specially adapted reflector. This
      combination of heating rods and reflectors results in a fast, uniform, and
      thorough baking of the pretzels. When the pretzels complete the baking
      operation, the rack 12 is again positioned at the front of the apparatus
      and the completed pretzels may be removed and immediately eaten.
PAR  Referring now to FIGS. 1, 2 and 3 in detail, the apparatus is partially
      enclosed by a frame 30 substantially square in outline, into which are
      positioned side panels 32, 33, back panel 35 and a top insulating panel 34
      (FIG. 2). The front of the apparatus is left open to facilitate loading
      and unloading of the pretzels, as well as for stimulation of customer
      interest in the processed pretzels. Two endless chains 14 and 16 move the
      plurality of baking racks suspended therefrom through the various
      processing stations in the apparatus.
PAR  Endless chain 14 is supported in the outline roughly of a right-angle
      triangle parallel with and adjacent to side panel 32 by free turning gears
      36, 37, 38, and 39, which are mounted on rods supported by a portion of
      frame 30 adjacent side panel 32, and include teflon bearings to minimize
      gear drag. This arrangement increases the compactness of the machine and
      reduces the time for completion of one revolution of the baking racks.
      Chain 14 is positively driven through double gear 36, having sets of teeth
      on each end thereof. One set of teeth 36a is connected to motor 18 through
      a gear box 40 and drive chain 42. Motor 18 and gear box 40 form a variable
      speed, reversible motor arrangement which is controlled by front panel
      switch 44 (FIG. 3). The baking racks may thus be moved forward or backward
      through the processing stations. The motor 18 is controlled via
      conventional front panel controls, including off-on control 46,
      forward-reverse control 44, and a variable speed control 48.
PAR  Chain 16 is not positively driven, but follows the movement of chain 14
      through the connecting baking racks. Chain 16 is supported also in the
      outline roughly of a right-angle triangle parallel with and adjacent to
      side panel 33 by free turning gears 44, 45, 46, and 47 mounted via rods to
      the portion of frame 30 adjacent side panel 33. Each of the gears 44
      through 47 includes a set of teeth for engagement with chain 16, and a
      teflon bearing to minimize friction where the gear structure mates with
      the supporting frame.
PAR  Connected pivotally between the two endless chains 14 and 16 are a
      plurality of baking racks. Each baking rack comprises a plurality of
      parallel, elongated bars extending longitudinally from chain 14 to chain
      16, and connected at spaced intervals, including the ends thereof, with
      transverse bars of the same general size. Each of the longitudinal ends of
      the baking racks has attached thereto an inverted Y-shaped member 52, the
      two arms 52a and 52b of which are connected to the respective corners of
      each longitudinal baking rack end. The stem 52c of member 52 defines a
      small loop which may be conveniently positioned over a matching protrusion
      54 affixed to the endless chains 14 and 16 at regular intervals. The
      Y-shaped members 52 are prevented from coming off the protrusions 54 by
      means of a tension clip, (not shown) which is spread open for insertion on
      the protrusion, and when released, springs back to fit around the
      protrusion 54 sufficiently tight to prevent the stem 52c of the Y-shaped
      member 52 from slipping off. This arrangement allows the baking racks to
      pivot about two opposing protrusions on chains 14 and 16, such that the
      racks tend to remain horizontal, and thereby support the pretzels,
      regardless of the orientation of the two endless chains 14 and 16. The
      baking racks are typically either coated with teflon or have thin pierced
      teflon sheets positioned thereon to prevent the pretzels from adhering to
      the baking racks during processing of the pretzels.
PAR  After the raw, frozen pretzels 60, approximately 3 inches by 5 inches by
      1/2 inch thick, are placed on a baking rack 12 at the front of the
      apparatus, the baking rack 12, when motor 18 is actuated, will move in a
      direction shown by the arrows (FIG. 3) into the spraying station area. The
      pretzels are moved directly under hollow spray bar 20, which extends
      longitudinally of the apparatus, from chain 14 to chain 16, and which has
      a plurality of holes defined therein, primarily on the underside of the
      spray bar 20 facing the pretzels.
PAR  A caustic soda solution is introduced into the hollow spray bar by pump 64,
      which is connected to bar 20 by flexible tube 66. The pump 64 is connected
      to a soda solution reservoir (not shown) typically located at the rear of
      the apparatus and, in operation, pumps the soda solution under pressure
      into hollow spray bar 20, from which it is forced out in a uniform, fine
      spray over the exposed pretzels on the baking rack, substantially coating
      the exposed surface of the individual pretzels with the soda solution. Any
      run-off of the soda solution from the pretzels or any spray not impinging
      on the pretzels is collected in catch tray 62. Catch tray 62 is
      conveniently supplied with a controlled drain 68, which can be used to
      drain the bulk of run-off solution from the tray 62. The tray 62 rests on
      runner members 70 which are located at opposing edges of the frame 30, and
      permit easy insertion and removal of the tray 62 for cleaning or repair.
PAR  Referring to FIGS. 1, 4 and 5, the pretzels 60 are moved by the chains 14
      and 16 from the spraying station into the salting station area. The salter
      22 includes a closed cylinder 22a with a single longitudinal row of
      openings 72 located therein, allowing the salt contained within the
      cylinder 22a to fall out during rotation onto pretzels. The cylinder 22a
      is filled with salt by first removing removable cap 74 at one end of the
      cylinder 22a (FIG. 4). The size of the openings 72 may be varied by
      slightly moving longitudinal strip 76, which abuts cylinder 22a and
      includes a series of openings which are coincident with openings 72 in
      cylinder 22a. The movement of strip 76 slightly mismatches the otherwise
      aligned openings in the strip 76 and the cylinder 22a. This feature allows
      the quantity of salt falling from the cylinder 22a during a rotation
      thereof to be varied by the operator.
PAR  The salter 22 is positively driven from motor 18 through double ended gear
      37. As gear 37 is rotated because of the engagement of one set of teeth
      37a with endless chain 14, the other set of teeth 37b rotates therewith,
      driving endless chain 46. The movement of chain 46 rotates gears 48 and
      80, which are connected to a common axle 49. Gear 80 is then selectively
      engaged with coplanar salter drive gear 78 by means to be more fully
      explained in following paragraphs. Salter drive gear 78 is fixedly
      connected to cylinder 22a, so that rotation of drive gear 78 rotates the
      cylinder 22a in conjunction therewith. The salter gearing is arranged such
      that the salter cylinder 22a revolves four times for every revolution of
      gear 37. This salter rotation speed allows for between 2 and 4 salting
      operations to occur for each rack of pretzels. Furthermore, the
      cylindrical shape of the salter, in combination with the rotation speed
      described above, results in a more uniform and complete distribution of
      salt over the pretzels, and substantially eliminates the effect of "salt
      dust", which are extremely fine particles of salt caused by frictional
      interaction of the salt particles during salting, a characteristic of
      prior art pretzel salting mechanisms.
PAR  Referring now to FIGS. 4 and 5, showing the details of the salter drive
      circuit, the cylindrical salter 22a as explained above is driven by the
      gear 80 engaging with gear 78, which is secured to one end 79 of cylinder
      22a. Gear 80 is connected by common axle 49 with gear 48, which is
      positively rotated by chain 46 operating off gear 37 (FIG. 1).
PAR  A control switch 82 on the front panel controls an engaging circuit to
      engage gears 78 and 80 for salter rotation. The engaging circuit includes
      an engaging lever 84, which is connected to notched plate 85 and notched
      arm 88 by pivot pin 86. Engaging lever 84, and notched arm 88 pivot about
      pivot pin 86. Notched arm 88 is located between notched plate 85 and gears
      78 and 80. Engaging lever 84 is normally held in one position by spring
      90, which tends to pull end 84a of engaging lever 84 down, thereby forcing
      the notched portion 88a of notched arm 88 up against fixed center rod 92
      of salter 22. Center rod 92 has gear 78 positioned thereon, end 92a of
      which rod rides in the notch of notched plate 85, and the notched portion
      88a of notched arm 88. The other end 92b of rod 92 is positioned in fixed
      plate 95. When notched portion 88a is held up by the tension of spring 90,
      the center rod 92, and hence, the salter 22 itself is moved upward, and
      gear 78 is moved out of engagement with gear 80. When the salter switch 82
      is activated, however, current is applied to solenoid 94, which forces end
      84b of engaging lever 84 downward toward solenoid 94, thus pivoting
      notched arm 88 downward through pivot pin 86. The lowering of the notched
      portion 88a of notched member 88 permits center rod 92 to move downward,
      and hence allows gear 78 to come into engagement with the gear 80. Since
      gear 80 is turning coincidentally with gear 48 whenever the motor 18 is
      operating, activation of the salter control switch 82 when the motor 18 is
      on will result in rotation of the salter and salting of the pretzels.
      Thus, the need for a separate salter motor is eliminated, and a more
      reliable and efficient salting apparatus is achieved.
PAR  After the pretzels have been salted, they are moved by endless chains 14
      and 16 into the baking station of the apparatus. The baking station
      comprises five longitudinal Cal rods 24--24 which extend in the same
      longitudinal direction as the baking racks and are located directly below
      the path of travel of the pretzels, in combination with a removable
      reflector plate 26, and five transverse infra-red quartz rods 28--28 in
      combination with individual reflectors 29--29. The five horizontally
      disposed Cal rods 24--24 are each 1000 watts, extend the full width of the
      apparatus, and are conventionally energized through individual wire
      connections. They are held in place by conventional bracket members
      24a--24a. Cal rods 24--24 are utilized to bake the bottom portion of the
      pretzels. A horizontally disposed combination clean-out tray and reflector
      plate 26 is provided beneath the Cal rods 24--24 so as to make efficient
      use of the available heat and to catch any particles or drippings from the
      racks of pretzels. The tray 26 is positioned a few inches below the Cal
      rods 24--24 and extends sufficiently longitudinally and transversely to be
      beneath all of the Cal rods. Tray 26 has a lip 27 which extends around the
      circumference thereof to keep any material from the pretzels from spilling
      out.
PAR  Located substantially normally to the Cal rods and several inches above the
      slowly-moving baking racks are the five spaced infra-red quartz rods
      28--28. Again, the quartz rods are conventionally energized through wire
      leads and are each 1000 watts. The quartz rods serve an important and
      distinctive purpose in the processing apparatus insofar as they bake the
      upper portion of the pretzels and aid in imparting to the upper surface of
      the pretzels the unique light brown color that adds considerably to the
      appeal of the pretzels. Conventional baking means would be sufficient to
      adequately bake the pretzels, but the quartz rods additionally provide the
      distinctive color to the surface of the soda-sprayed pretzels. Each of the
      quartz rods has an associated inverted trough-shaped reflector 29--29
      (FIG. 3) positioned above the quartz rods, which reflectors aid in
      directing radiation from the individual quartz rod toward the surface of
      the moving pretzels. The pretzels are quickly and uniformly baked and
      browned by this arrangement of heating elements. At this point, the
      pretzels have been sprayed with a solution, salted, and fully browned and
      baked. They are then moved out of the baking station area to the front of
      the machine (FIG. 2) where they are easily visible, and where the
      individual finished pretzels may be conveniently retrieved from the moving
      racks by the operator. As the now empty racks descend at the front of the
      machine, they are again ready to be loaded with raw frozen pretzels and
      the process repeated. The entire process requires on the order of 11
      minutes, which is a substantial time savings over prior art machines.
      Thus, a pretzel processing apparatus has been disclosed which utilizes a
      novel arrangement of spraying, salting, and baking apparatus to produce
      high quality, soft pretzels in a reduced time from the prior art.
PAR  Although an exemplary embodiment of the invention has been disclosed herein
      for purposes of illustration, it will be understood that various changes,
      modifications, and substitutions may be incorporated in such embodiment
      without departing from the spirit of the invention as defined by the
      claims which follow. For instance, the drive chains used in the preferred
      embodiment can be any type of endless belts, with appropriate
      corresponding support structure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for baking a pretzel-like bakery product, comprising:
PA1  a housing having an oven-like chamber therein;
PA1  a pair of endless power-driven drive belts mounted in the chamber so as to
      rotate therein in spaced parallel vertical planes around closed paths of
      travel each comprising a first substantially horizontal segment disposed
      near the top of the chamber, a second substantially horizontal segment
      disposed near the bottom of the chamber, said second horizontal segment
      being substantially shorter than said first horizontal segment, each of
      said first and second horizontal segments having first and second ends,
      said closed paths of travel further including a substantially vertical
      segment and an oblique segment, said vertical segment being disposed
      adjacent the front of the chamber and connecting the respective first ends
      of said first and second horizontal segments, said oblique segment being
      disposed towards the rear of the chamber and connecting the respective
      second ends of said first and second horizontal segments;
PA1  a plurality of carrier racks interposed between the drive belts and
      swingably supported at spaced points therealong so that a baking surface
      of each rack maintains a substantially horizontal disposition as the racks
      are rotated in conjunction with the drive belts, said baking surface of
      the racks being adapted to support a bakery product;
PA1  means positioned in said housing for spraying a solution on the bakery
      product when each rack is disposed at a point near the bottom of the
      vertical segments of the closed paths of travel of the drive belts;
PA1  means positioned in said housing for salting the upper surface of the
      bakery product at a point in the course of travel thereof after each rack
      has passed said spray point; and
PA1  dual baking means disposed above and below the course of travel of said
      racks at a point after said salting point for baking the bakery products.
NUM  2.
PAR  2. An apparatus of claim 1, including means for driving said drive belts,
      said driving means including means for reversing the direction of rotation
      of said drive belts such that said plurality of carrier racks may be moved
      in either rotational direction in said spaced vertical planes, and further
      including means for varying the speed of rotation of said drive belts.
NUM  3.
PAR  3. An apparatus of claim 2, wherein said salting means is adapted to be
      selectively coupled to said drive means such that said salting means is
      rotated in conjunction with the movement of said drive belts, when so
      coupled.
NUM  4.
PAR  4. An apparatus of claim 3, including means for selectively engaging said
      salting means with said drive means.
NUM  5.
PAR  5. An apparatus of claim 4, wherein said salting means includes a rotatable
      hollow cylinder, wherein said hollow cylinder has defined therein a
      plurality of openings permitting salt to fall onto said bakery products
      when said hollow cylinder is in a predetermined orientation.
NUM  6.
PAR  6. An apparatus of claim 5, wherein said engaging means includes a first
      gear fixedly attached to one end of said hollow cylinder and a second gear
      positioned so as to be substantially coplanar therewith, said second gear
      being positively driven by said driving means, and including means for
      moving said one end of said hollow cylinder between two operative
      positions, said first operative position being such that said first and
      second gears are interengaged, and said second operative position being
      such that said second gear rotates without engaging said first gear.
NUM  7.
PAR  7. An apparatus of claim 2, including a plurality of supporting gear means
      mounted in said chamber for supporting said drive belts along their
      respective closed paths of travel, each of said plurality of gear means
      being adapted to mesh with said drive belts, said apparatus further
      including means connecting said driving means to at least one of said
      plurality of gear means for rotation thereof to accomplish subsequent
      rotation of said drive belts through said closed paths of travel.
NUM  8.
PAR  8. An apparatus of claim 1, wherein said spraying means includes means
      operative to maintain said solution in said spraying means under a
      predetermined pressure.
NUM  9.
PAR  9. An apparatus of claim 8, wherein said spraying means includes a hollow,
      elongated tube coupled to said pressure maintaining means, said hollow
      tube including a plurality of spaced openings located therein along the
      length thereof permitting explusion of the solution onto the upper portion
      of said bakery product, said hollow tube being disposed substantially
      parallel with said carrier racks and between said spaced belts in the
      vicinity of the bottom of said vertical segments such that said carrier
      racks pass directly beneath said spraying means in their course of travel.
NUM  10.
PAR  10. An apparatus of claim 1, wherein each of said carrier racks has a
      plurality of openings defined therein and includes a pair of connector
      means attached to each longitudinal end thereof, said connector means
      having an opening which is so configured so as to permit said connector
      means to be positioned over a corresponding projection fixedly secured to
      said drive belts.
NUM  11.
PAR  11. An apparatus of claim 1, wherein said dual means includes a plurality
      of heating elements positioned a predetermined distance above and below
      said carrier racks as said carrier racks move through the horizontal
      segments of the belts in their course of travel.
NUM  12.
PAR  12. An apparatus of claim 11, wherein said heating elements include a
      plurality of infra-red quartz heating rods positioned above said
      horizontal segments, said infra-red quartz rods generating, when
      energized, radiation which bakes the bakery product and reacts with said
      solution on the bakery products to brown the bakery products.
NUM  13.
PAR  13. An apparatus of claim 12, wherein each of said plurality of infra-red
      quartz heating rods has positioned above it a shaped reflector means for
      reflecting radiation from said quartz heating rods in the direction of
      said bakery products.
NUM  14.
PAR  14. An apparatus for baking a pretzel-like bakery product, comprising:
PA1  a. a housing having an oven-like chamber therein;
PA1  b. a pair of endless power-driven belts mounted in the chamber so as to
      rotate therein in spaced parallel vertical planes around closed paths of
      travel each comprising a first substantially horizontal segment disposed
      near the top of the chamber, a second substantially horizontal segment
      disposed near the bottom of the chamber, said second horizontal segment
      being substantially shorter than said first horizontal segment, each of
      said first and second horizontal segments having first and second ends,
      said closed paths of travel further including a substantially vertical
      segment and an oblique segment, said vertical segment being disposed
      adjacent the front of the chamber and connecting the respective first ends
      of said first and second horizontal segments, said oblique segment being
      disposed towards the rear of the chamber and connecting the respective
      second ends of said first and second horizontal segments;
PA1  c. means for driving said drive belts, said driving means including means
      for reversing the direction of rotation of said drive belts such that said
      plurality of carrier racks may be moved in either rotational direction in
      said spaced vertical planes, including means for varying the speed of
      rotation of said drive belts;
PA1  d. a plurality of supporting gear means mounted in said chamber for
      supporting said drive belts along their respective closed paths of travel,
      each of said plurality of gear means being adapted to mesh with said drive
      belts, said gear means including means connecting said driving means to at
      least one of said plurality of gear means for rotation thereof to
      accomplish subsequent rotation of said drive belts through said closed
      paths of travel;
PA1  e. a plurality of carrier racks interposed between the drive belts, and
      swingably supported at spaced points therealong so that a baking surface
      of each rack maintains a substantially horizontal disposition as the racks
      are rotated in conjunction with the drive belts, said baking surface of
      the racks being adapted to support a bakery product;
PA1  f. means positioned in said housing for spraying a solution on the bakery
      product when each rack is disposed at a point near the bottom of the
      vertical segments of the closed paths of travel of the drive belts;
PA1  g. means positioned in said housing for salting the upper surface of the
      bakery product at a point in the course of travel thereof after each rack
      has passed said spray point, including means for selectively engaging said
      salting means with said driving means, such that said salting means is
      rotated in conjunction with the movement of said drive belts when so
      engaged, said salting means further including a rotatable hollow cylinder,
      wherein said hollow cylinder has defined therein a plurality of openings
      permitting salt to fall onto said bakery product when said hollow cylinder
      is in a predetermined orientation; and
PA1  h. dual baking means disposed above and below the course of travel of said
      racks at a point after said salting point for baking the bakery products,
      said dual baking means including a plurality of heating elements
      positioned a predetermined distance above and below said carrier racks as
      said carrier racks move through the first horizontal segments in their
      respective paths of travel.
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ABST
PAL  A method and apparatus for milling grain while simultaneously cooking the
      grain in which the grain is introduced between coaxial relatively
      rotatable grinding members and advances therebetween while being milled.
      The milling of the grain develops heat in the grain which converts the
      moisture therein to steam which effects cooking of the grain. Most, if not
      all, of the steam thus generated is reabsorbed by the milled grain as it
      emerges from the apparatus. In order to enhance the cooking effect on the
      grain, the outer one of the conical grinding members has a heated gaseous
      medium supplied thereto and the mill includes an impeller for forcing the
      gaseous medium through the inner one of the grinding members so that both
      of the grinding members are heated and thereby enhance the cooking of the
      grain being milled in the apparatus.
BSUM
PAR  The present invention relates to a method and apparatus for milling grain
      while simultaneously cooking the grain.
PAR  It is known to mill or grind grain while utilizing the heat produced by the
      work done on the grain during grinding to convert moisture in the grain to
      steam and thereby cook the grain. It is the case, however, that moisture
      content in grains to be ground can vary substantially and, on occasion,
      there is not available sufficient steam to effect the desired cooking.
      Also, it is sometimes the case that a prolonged period of time is required
      to effect cooking of the grain.
PAR  With the foregoing in mind, an object of the present invention is the
      provision of a grinding or milling apparatus for grinding or milling grain
      in which the grain is heated by the work done thereon while moving through
      the mill while, additionally, further heat is supplied to enhance the
      cooking effect on the grain.
PAR  A further object is the provision of a method and apparatus for milling or
      grinding grain with simultaneous cooking thereof which is more rapid than
      heretofore known methods and devices of the same nature.
PAC  BRIEF SUMMARY OF THE INVENTION:
PAR  According to the present invention, a pair of frustoconical coaxial
      telescopically engaged grinding members are mounted on a horizontal axis
      with the outer one stationary and the inner one rotatable. Grain to be
      ground is supplied between the grinding members at the smaller end and
      moves toward the larger end of the grinding members and emerges therefrom
      in milled condition. During the movement of the grain between the grinding
      members, heat is developed in the grain, and this converts the residual
      moisture in the grain to steam which effects cooking of the grain.
PAR  In order to enhance the cooking effect on the grain, the mill is mounted in
      an insulating enclosure so as to confine a space around the outer grinding
      member. Heat, preferably in the form of a gas flame or the like, is
      supplied to the space surrounding the outer grinding member and the outer
      grinding member is thereby heated.
PAR  At the same time, an impeller device rotating with the inner grinding
      member causes heated gas to pass axially through the inner grinding member
      and, in this manner, the inner grinding member is also heated. The cooking
      of the grain is, thus, enhanced and the milling operation can be carried
      out more rapidly than heretofore with it being insured that the cooking of
      the grain will be complete in every case.
DRWD
PAR  The exact nature of the present invention will become more clearly apparent
      upon reference to the following detailed specification taken in connection
      with the accompanying drawings in which:
PAR  FIG. 1 is a side view of a mill constructed according to the present
      invention and adapted to practice the method of the present invention.
PAR  FIG. 2 is a longitudinal vertical section through the mill looking in the
      same direction as in FIG. 1.
PAR  FIG. 3 is a transverse vertical section indicated by line III--III on FIG.
      2.
PAR  FIG. 4 is a transverse vertical section indicated by line IV--IV on FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION:
PAR  In the drawings, the mill, generally indicated at 10, will be seen to
      comprise an outer housing 11 having an outer wall 11a, an inner wall 11c
      and heat insulating material 11b interposed therebetween.
PAR  The end wall 15 of the housing consists of outer wall 15a and inner wall
      15b with insulation also disposed between these two walls.
PAR  A central shaft 12 extends axially through the housing and is supported on
      bearings 14 and 16 with the shaft carrying a pulley or flywheel 18 adapted
      for being belt driven from a power source which is not illustrated in the
      drawings.
PAR  The housing 11 of the mill is nonrotatably supported by suitable means,
      also, not shown in the drawings. For supplying grain to be ground to the
      mill, there is a feeding hopper 20 carried by the housing part 11 as by
      means of the flange 22 with a duct 24 leading downwardly into the inside
      of the housing and terminating in a discharge section 26 leading to the
      inside of the outer grinding member as will be seen hereinafter.
PAR  Within housing 10 is an outer grinding member generally indicated at 28 and
      an inner grinding member generally indicated at 38. The grinding members
      are frustoconical and define therebetween a grinding space 32 which
      reduces in radial extent toward the larger end of the grinding members.
PAR  The grinding members, as will be noted, are frustoconical and the outer one
      thereof defines with housing 11, a chamber 52. It is this chamber to which
      heat is supplied as will be described hereinafter.
PAR  Each of the grinding members has grinding ribs or the like formed thereon,
      as will best be seen in FIG. 4, and these ribs may be spirally formed or
      the like in order to cause the grain being ground to advance rearwardly in
      FIG. 2 toward the discharge end of the grinding members.
PAR  The outer grinding member 28 is preferably formed in halves with the halves
      having longitudinal flanges 28a thereon secured together as by bolts 28b.
PAR  The inner grinding member 38, on the other hand, is formed of three axial
      sections formed by respective members 30, 34 and 36. Member 30 is
      nonrotatably connected to shaft 12 in any suitable manner, as by a key,
      not shown, while members 34 and 36 may be nonrotatably connected to the
      shaft by screws 40 and 42 respectively.
PAR  The section 36 has an end wall 46 provided with apertures 44 at the larger
      end thereof although the smaller end thereof is formed by a spider or
      apertured wall 41. The member 34 interfits in the larger end with the
      smaller end of member 36 and, at the other end, has a spider or apertured
      support wall 43.
PAR  The larger end of member 30 interfits with the smaller end of member 34 and
      is closed by a spider or apertured wall 45. The smaller end of member 30
      is open for receiving air blown from space 52 axially through the inner
      grinding member.
PAR  The impeller arrangement by means of which heated gas is caused to flow
      axially through the inner grinding member consists of a hub 49
      nonrotatably connected to shaft 12 and having helical elements 50
      projecting radially outwardly therefrom and extending into the open end of
      member 30 of the inner grinding member 38. When the mill is operating, gas
      will be impelled toward the right by helical elements 50 and will pass
      through the spiders or apertured walls 41, 43, 45 and then flow out
      through apertures 44.
PAR  This movement of gas through the inner grinding member is restricted to a
      degree so that the inner grinding member will be heated by the gas. Both
      grinding members are thereby heated and the cooking of the grain being
      milled is thereby insured, especially when it is considered that the
      heated gas merely augments the heating of the grain due to the milling
      thereof.
PAR  The heated gas is derived from a burner 56 disposed in space 52 and
      directed generally tangentially relative to the outer grinding member and
      supplied by a conduit 54 leading through the wall of chamber 11 to the
      nozzle. As mentioned, the flame from burner nozzle 56 may be a gas flame.
PAR  In constructing the mill, the insulated cover 11 may be secured to a radial
      flange formed on the larger end of the outer grinding member as by screws
      or rivets 13.
PAR  As will be seen in FIGS. 2 and 3, the duct 24 leads into the grinding space
      32 substantially tangentially near the smaller ends of the grinding
      members. This is the radially widest region of the grinding space and the
      grain will move from the smaller end of the members in the axial direction
      toward the larger end of the members and will be discharged from the
      grinding space at the larger end of the members and at which region the
      grinding space is radially smallest.
PAR  Modifications may be made within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for milling grain while simultaneously cooking the grain
      which comprises; an outer nonrotatable frustoconical grinding member; an
      inner rotatable frustoconical grinding member coaxial with and
      substantially axially coextensive with said outer member, said grinding
      members defining an annular grinding space therebetween, an insulated
      enclosure surrounding said outer grinding member and defining a closed
      space therewith, means for supplying grain to be ground to said grinding
      space near one end of said members for movement axially along said space
      to a point of discharge at the other end of said members, means for
      supplying hot gas to said closed space thereby to heat said outer grinding
      member, and means for moving hot gas from said closed space axially
      through said inner grinding member to heat said inner grinding member.
NUM  2.
PAR  2. An apparatus according to claim 1 in which a burner is disposed inside
      said closed space and forms the source of said hot gas.
NUM  3.
PAR  3. An apparatus according to claim 1 in which said means for moving hot gas
      through said inner grinding member comprises helical blade means at one
      end of said inner grinding member and passage means extending axially
      through said inner grinding member.
NUM  4.
PAR  4. An apparatus according to claim 1 in which said one end of said grinding
      members is the smaller end thereof, and a feed hopper outside said
      enclosure connected to said grinding space near the smaller end of said
      grinding members to supply unground grain thereto.
NUM  5.
PAR  5. An apparatus according to claim 1 in which said grinding members having
      grinding surfaces formed on the opposed sides of said grinding space.
NUM  6.
PAR  6. An apparatus according to claim 5 in which said inner grinding member is
      formed of axial sections.
NUM  7.
PAR  7. An apparatus according to claim 5 in which said inner grinding member
      has an opening at the smaller end and said means for moving hot gas
      therethrough comprises helical ribs carried by said shaft and extending
      axially into the said opening.
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ABST
PAL  Grilling apparatus with a heating arrangement, a grilling tub or housing
      with a dripping pan, and a hood which can be used to cover the grilling
      tub. The heating arrangement has a vertically arranged heating plane, the
      grilling tub opens towards the front, and is closed by a swingable front
      wall. The swingable front wall is selectively held in vertical and
      horizontal positions, and is removable from the grilling tub. The hood is
      swingably connected with the grilling tub so that in an open position of
      the hood, and with the front wall opened, the heat created by the heating
      element is projected out of the grilling tub towards the front, so that
      the apparatus then functions as a space heater.
BSUM
PAR  This invention relates to a grilling apparatus with a grilling tub or
      housing, including a heating arrangement, a dripping bowl and a covering
      hood, for grilling and baking of food as for example, sausages, chickens,
      toasted sandwiches, etc. For this purpose, the grilling apparatus is
      provided with a heating arrangement, preferably with an infrared
      gas-emitter which is fed by a gas containing bottle.
PAR  Known grilling apparatus consist of a grill tub which opens towards the top
      and which is covered by the grill grate. This covering grill grate has to
      be removed for cleaning the grilling tub.
PAR  The heat created by the heating arrangement rises to the top, warms the
      food to be grilled, but then is wasted by escaping into the open. The use
      of such grilling apparatus is mainly for the outdoors, as for example, in
      the garden, on balconies or terraces. In cool climates, with often
      changeable weather conditions, it has been found that such grilling
      apparatuses have to be used with further heating elements to heat the
      surroundings.
PAR  It is an object of the instant invention of a grilling apparatus to provide
      an optimal use of the heat of the heating arrangement, and to change the
      grilling apparatus with little manipulation into a space heater for
      heating the surroundings.
PAR  This object is achieved by the grilling apparatus of the present invention
      in that the heating arrangement has a vertical heating plane, and the
      grilling tub, which is open towards the front, is closed by a swingable
      front wall.
PAR  The swingable front wall, which is secured to the sidewalls of the grilling
      tub, can be used as a storage tray when it is in an upward lifted
      position; in this position the dripping pan can easily be removed from the
      grilling tub so that the dripping pan and grilling tub can easily be
      cleaned.
PAR  In an advantageous design of this invention, the dripping pan is connected
      with a reflector-plane arranged opposite the vertical heating plane,
      thereby reflecting the infrared rays from the heating plane towards the
      grilling location.
PAR  Furthermore, the grilling tub is connected with a swingable hood, which, in
      its closed position, completely covers the grilling tub, so that the whole
      grilling apparatus forms a closed housing. The hood can be brought into
      different adjusted positions relative to the grilling tub, so that the
      heat rising in front and back of the heating arrangement is diverted from
      the hood towards the grilling location and also warms the same from the
      top.
PAR  When the grilling apparatus, after grilling is finished, is to be used as a
      space heater, the front wall is completely removed and the hood is
      swingably moved into a desired position. The heat produced by the vertical
      heating plane is now being projected directly to the front of the grilling
      apparatus on the one hand; on the other hand, the inside of the hood
      serves as a reflector plane which also reflects the heat towards the
      front. There is thus provided a heating apparatus that makes it possible
      to remain on a terrace or balcony, for example, after the completion of
      the grilling, even in cool weather.
DRWD
PAR  A descriptive example of the invention is shown in the drawings and is
      hereinbelow described in detail. In the drawings:
PAR  FIG. 1 is a view in vertical cross-section of the whole grilling apparatus
      provided with a front wall;
PAR  FIG. 2 is a view in front elevation of the grilling apparatus with the tub
      and the hood removed therefrom; and
PAR  FIG. 3 is a view in vertical cross-section of the whole grilling apparatus
      with the dripping pan and front wall removed.
DETD
PAR  In a tray-shaped grilling tub or housing 1 open towards the front and top,
      there is a heating arrangement 2 with a fixed vertically arranged heating
      plane 3. The upper side of the grilling tub is covered by grates 4. By
      means of pivotally mounted brackets 5 a hood 6 opposite the grilling tub 1
      can be adjusted so that the grilling tub 1 is either fully covered by the
      hood 6 or is disposed above it in several different positions of which one
      is shown in FIGS. 1 and 3.
PAR  The front of the inner space 7 of the grilling tub 1 is closed by a
      swingable front wall 8 which can also be removed. This front wall 8 has
      two lateral pins 9, which fit into opposed angular slots 10 in the side
      walls 11. When the grilling apparatus is not in use, the front wall 8, as
      shown in FIG. 1 by dot-dash lines, is disposed in a vertical position and
      completely closes the inner space 7.
PAR  The side walls 11, above the slots 10, have inwardly facing supporting
      abutment elements 12. The slits 10 make it possible to swing the front
      wall 8 90.degree. into a horizontal position, and then to move it in the
      direction of the supporting elements 12 so that the rear edge of wall 8
      lies beneath the elements 12, whereby the front wall 8 is stably held in a
      horizontal position as shown in FIG. 1.
PAR  A removable dripping pan 13 is slid into the inner space 7, pan 13 having a
      reflector plane 14 facing towards the grate 4. A further reflector wall 15
      can be arranged at an inner wall of the hood 6.
PAR  The foods 16 to be grilled or baked are put onto the grates 4 and are
      warmed by the heating arrangement 2, which is preferably formed of
      infrared gas emitters. On the one hand, this is done by radiation, that
      is, through rays, which directly reach the underside of the foods 16 from
      the heating plane 3 or indirectly by way of the reflector planes 14. On
      the other hand, the food is heated by convection, that is, by heat rising
      from the heating arrangement 2 which is transferred by the hood 6, and
      which reaches the foods 16 from the top.
PAR  During grilling the front wall 8 is usually positioned horizontally and
      serves to store the food, flatware, dishes, etc.
PAR  After the grilling procedure is finished, the dripping pan 13 can easily be
      removed forwardly from the grilling tub 1 and can be cleaned and replaced.
PAR  Should the grilling apparatus be used and changed into a space heating
      apparatus to heat the surroundings, front wall 8 will be removed from the
      tub through the open front ends of slots 10; dripping pan 13 will also be
      removed as shown in FIG. 3. Hood 6 will be brought into a slightly opened
      position, so that the heat rays, projected by the heating plane 3, can
      exit directly through the front. The rays projected in the direction of
      hood 6 are, through reflector planes 15, transferred as also to be
      projected towards the front.
PAR  Although the invention is illustrated and described with reference to a
      single preferred embodiment thereof, it is to be understood that it is in
      no way limited to the disclosure of such a single preferred embodiment,
      but is capable of numerous modifications within the scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A grilling apparatus comprising, in combination, a grilling tub having
      an upper grilling portion and a selectably openable front wall, a hood
      coupled to the tub and adjustable from a closed position to a desired open
      position above the grilling portion, heating means disposed in the tub and
      having a vertically arranged heating plane for radiating heat forwardly
      toward the first wall of the tub, and means removably insertable into the
      tub through the front wall for deflecting the forwardly radiated heat
      upwardly toward the grilling portion.
NUM  2.
PAR  2. A grilling apparatus in accordance with claim 1, wherein the front wall
      is removably connected with the grilling tub for swinging movement between
      a vertical tub-closing position and a horizontal tub-opening position, and
      wherein the grilling tub has opposed side walls, the side walls of the
      grilling tub having opposed aligned slots, pins connected to the front
      wall fitting within the respective slots, and supporting elements
      connected with the side walls which serve selectively to hold the
      swingable front wall in a horizontal position.
NUM  3.
PAR  3. A grilling apparatus as defined in claim 1, in which the hood has a
      reflecting surface adapted to deflect heat, upwardly incident thereon, in
      a generally forward direction when the hood is adjusted to an open
      position.
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ABST
PAL  A method of simultaneously producing a plurality of plural walled members
      by applying localized areas of adhesive to a first continuous web of one
      material, feeding a second continuous web of material in super-posed
      relation to the first web with the adhesive located between the webs,
      pressing the webs into engagement with each other to adhere the webs along
      at least some of localized areas of adhesive, severing the adhered webs
      along spaced lines to produce a plurality of plural walled members capable
      of being transformed into pouches.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This is a division, of application Ser. No. 221,982, filed Jan. 31, 1972
      which application Ser. No. 221,982 is a continuation-in-part of
      application Ser. No. 69,670, filed Sept. 4,1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to pouches and more particularly to
      an improved method of making pouches.
PAR  In recent years, the packaging industry has made extensive use of pouches
      for packaging various articles. For example, pouches are now extensively
      used in packaging frozen food products. A pouch of the type herein
      referred to, consists of two webs of material which are joined along the
      peripheral edges. The webs will define the pouch side walls while the
      joined peripheral edges of the side walls define fins.
PAR  The normal procedure for making pouches is to join two side walls of
      material together by a heat sealing process. This procedure requires that
      at least one of the side walls be of a physical character which can be
      joined to the other side wall by heat and pressure. If this characteristic
      is lacking, at least one surface of one of the side walls must be modified
      to incorporate heat sealing characteristics. This is usually done by
      laminating a suitable film to the sheet forming one side wall an coating
      the wall to allow the two side walls to be joined by the heat sealing
      process.
PAR  Thus, webs which do not have heat sealing characteristics are not
      considered suitable for pouch making since it requires the application of
      a film or coating to a surface of the material thereby increasing the cost
      thereof. Another proble encountered in present method of making pouches is
      that the maximum output of a pouch making machine is severely restricted
      by the time required for increasing the temperature of the material
      sufficiently to heat seal the two side walls or webs together.
PAR  Even if the additional expense of applying a film or coating or heat
      sealable material, such as polyethylene treated to incorporate heat
      sealing properties is justified, a pouch formed in this manner has several
      undesirable characteristics. For example, coating the entire surface of
      one of the side walls with a heat sealable material, requires that the
      contents of the pouch be in contact with the heat sealing film or coating.
      In addition, the film of heat sealing material, in many instances, will
      decrease the permeability of the side wall thereby increasing the time
      required for sterilization of the contents after being placed in the
      package, which is required for many packaged materials. Also, a large
      quantity of heat sealing coating or film is applied when in actuality only
      a small portion thereof is needed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comtemplates a method for making pouches which
      removes the normal restriction of having one pouch side wall of the pouch
      heat sealable and is capable of producing pouches at a speed greater than
      previously known methods could accomplish while doing so at considerably
      less cost. Furthermore, the process of the present invention permits the
      formation of pouches from different or dissimilar materials for the side
      walls and of different configurations.
PAR  According to the invention, a plurality of plural walled members are
      simultaneously formed from two webs of material by applying a layer of
      adhesive to a predescribed pattern onto one surface of one of the webs and
      superimposing a second web onto the imprinted web. The two webs are then
      adhered to eachother by pressing the sheets together using, for example,
      cooperating contact pressure rollers. In the same pouches, the adhered or
      bonded webs are severed at spaced locations to simultaneously form a
      plurality of plural walled members.
PAR  According to one aspect of the invention, a plurality of ribbons are
      simultaneously formed from a pair of webs with each of the ribbons capable
      of being severed transversely at longitudinally spaced locations to
      produce a plurality of pouches. The pouches may either be previously
      continuously formed in the ribbons or may be formed around prescribed
      patterns that are interconnected after the articles have been inserted. In
      one instance, a roller having longitudinal and transversely extending
      adhesive receiving patterns thereon, is immersed in a liquid adhesive to
      transfer the adhesive to one of the webs. Thereafter, the second web is
      connected to all of the adhesive areas and the webs are severed
      longitudinally of the path of movement between opposite edges of each of
      the longitudinally extending patterns of adhesive and also between
      adjacent edges of adjacent patterns of adhesive to simultaneously produce
      a plurality of ribbons each having pouches formed therein that are opened
      towards one lateral edge of the ribbon.
PAR  In another embodiment of the rectangular pouches, the adhesive patterns
      again form rectangular pouches with the open ends of the pouches located
      between opposite edges of of the ribbons and the longitudinally extending
      adhesive patterns are interrupted adjacent one edge of each of the
      transverse adhesive patterns. In this embodiment, the individual pouches
      can be severed from the ribbon by severing along the interrupted or
      unadhered areas of the ribbons.
PAR  In the further embodiment of rectangular pouches, the longitudinally
      extending adhesive patterns are first adhesive means that adhere in
      response to pressure while the transversely extending patterns are a heat
      sensitive coating or means, responsive to heat and pressure so that the
      webs are initially adhered only along the first adhesive means when
      pressure is applied by the pressure rollers and may be subsequently
      transformed into individual sealed pouches by utilizing the heat sensitive
      adhesive coating for adhering the webs transversely of the ribbons.
PAR  According to a further aspect of the invention, the adhesive patterns may
      also take the form of irregular shapes conforming to various food
      products, such as meats and pastries.
PAR  In one specific embodiment of irregular patterns, the irregular shapes of
      pouches are formed so that the webs can be severed along transversely
      spaced lines extending generally parallel to the path of the moving webs
      so that a plurality of ribbons are formed, each having a plurality of
      different shapes of pouches formed therein. In this instance, the webs may
      be scored or other wise deformed so that the ribbons can be severed into
      individual pouches generally around the configuration of the pouch.
      Alternatively the ribbons can be scored along lines extending
      perpendicular to the opposite edges to form the individual pouches. In the
      further embodiment of irregular shaped pouches, each pouch is individually
      severed from the webs around the periphery of each adhesive pattern so
      that the pouch configuration conforms generally to the configuration of
      the article to be inserted therein.
PAR  In all embodiments of the invention, the localized areas of adhesive are
      applied to one surface web, moving along a path, by at least one rotating
      roller that has predetermined adhesive receiving patterns located thereon
      and immersed in a liquid adhesive. Thereafter, the second web of material
      is fed to the path and the superposed webs are moved between a pair of
      cooperating contact rollers to adhere the web at the localized areas of
      adhesive. Subsequently, the adhered webs are slit either along parallel
      lines extending longitudinally of the path and weakened transversely of
      the path to produce a plurality of ribbons or alternatively, the
      individual pouches may be completedly severed by cutting around the
      periphery of each adhesive pattern.
PAR  The present system or process will considerably increase the output
      production of normal pouch making machinery since the time lag for heating
      the material to a bonding or sealing temperature is no longer necessary.
      In addition, the present process readily allows for the formation of
      pouches from two different materials whose side walls are non-compatible
      in terms of heat sealability, such as foil of aluminum and a polyester
      film.
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PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF DRAWINGS
PAR  FIG. 1 illustrates apparatus that can be used for producing several of the
      embodiments of pouches;
PAR  FIG. 2 is a fragmentary view of one of the webs of FIG. 1 with strips of
      adhesive thereon;
PAR  FIG. 3 is a fragmentary plan view of the webs in the adhere condition;
PAR  FIG. 4 is a fragmentary prespective view of a portion of the apparatus
      illustrated in FIG. 1;
PAR  FIG. 5 is a view similar to FIG. 3 showing a modified form of adhesive
      pattern for adhereing the two webs;
PAR  FIG. 6 is a further modified form of adhesive patterns that can be produced
      between the webs;
PAR  FIG. 7 is a still further modified form of adhesive patterns that can be
      produced between the webs;
PAR  FIG. 8 is a view similar to FIG. 7 showing still a further modified form of
      adhesive patterns between two webs; and
PAR  FIG. 9 is an illustration of apparatus for producing the adhesive pattern
      shown in FIG. 8.
DETD
PAC  DETAILED DESCRIPTION
PAR  While this invention is susceptible of embodiment in many different forms
      there is shown in the drawings and will herein be described in detail
      several specific embodiments, with the understanding that the present
      disclosure is to be considered as exemplification of the principles of the
      invention and is not intended to limit the invention to the embodiments
      illustrated.
PAR  The apparatus 10 for performing the method of the present invention is
      schematically illustrated in FIG. 1 and includes a first continuous supply
      of a first web 12 supported on a roller 14 and a second roller 16 also
      having a continuous web 18 thereon.
PAR  The apparatus 10 further includes means 20 for applying spaced localized
      areas of adhesive to web 12. In the illustrated embodiment, the means for
      applying the adhesive to the web 12 has been illustrated as a rotogravure
      which includes an adhesive roller 22 having an etched design, as will be
      explained later. Generally speaking, the roller 22, cooperating with a
      trough 24 having adhesive therein, is capable of applying spaced localized
      areas of adhesive to the web 12 by cooperating with a back up roll 26.
      However, it will be appreciated that other methods, such as flexographic,
      may be used for applying adhesive. The adhesive is preferably a solvent or
      water based adhesive or adhesive means responsive to pressure when the
      solvents are driven off.
PAR  The web 12 is fed along a predetermined path between the rollers 22 and 26
      and a dryer or oven 28 is located adjacent the path to drive off all of
      the solvents included in the adhesive so that the adhesive means has
      sufficient tack to cause adhesion to by mere application of pressure when
      the second web 18 is fed to the path and pressed into engagement with the
      first web 12. The apparatus for pressing the sheets together includes a
      pair of cooperating contact pressure rollers 30 which are located on
      opposite sides of the path for web 12 and press the two webs into
      engagement with each other to adhere the webs at the localized areas of
      adhesive means applied by the means 20.
PAR  The adhered webs are then passed between a further pair of cooperating
      rollers 32 and 34 which are capable of severing or slitting the adhered
      webs along spaced generally parallel lines to produce a plurality of
      ribbons, as will be described later. For illustrative purposes only, the
      severing or cutting means has been shown as knife edges 36 on roller 32
      with the knife edges cooperating with recesses 38 formed in the second
      roller 34.
PAR  The adhered webs in each of the ribbons thus produce the side walls for a
      plurality of pouches, and may be suitably wound onto rolls 39 for shipment
      and/or storage.
PAR  In the embodiment illustrated in FIGS. 2 and 3, rectangular pouches are
      formed which have a pair of side walls that have fins of equal width along
      only three edges thereof and are unsecured along a fourth edge. For this
      purpose, the adhesive application roller 22 has a first group of
      circumferentially spaced axially extending parallel etched areas or
      adhesive receiving patterns 40 to which adhesive is applied from the
      trough or container 24. The adhesive application roller 22 also has a
      second group of axially spaced circumferentially extending parallel etched
      areas or adhesive receiving patterns 42 to which adhesive is applied.
PAR  Thus, when the web 12 is continuously fed along a path between the rollers
      22 and 26, the adhesive applying means 20 will produce adhesive patterns
      to the surface of the webs that include a first group of parallel strips
      of adhesive means 44 which are spaced transversely of the path and extend
      longitudinally thereof and an intersecting second group of parallel strips
      of adhesive means 46 transversely extending longitudinally spaced parallel
      strips. In order to produce square pouches, the spacing between the
      adjacent edges 44c of the adhesive strips 44 is twice the spacing of
      adjacent edges 46c of the transverse adhesive strips 44 while the width of
      the two outer longitudinal strips 44a is one-half the width of the strips
      44. In addition, the width of adhesive strips 46 is equal to the width of
      adhesive strips 44.
PAR  The sheet 12 with the angularly related groups of spaced parallel strips 44
      and 46 continues to move along the path and the second web 18 is fed in
      juxtaposed relation to the first web with the strips of adhesive being
      disposed between the two sheets. The two webs 12 and 18 are then passed
      between the contact pressure rolls 30 to adhere the webs at the strips of
      adhesive.
PAR  Subsequently, the adhered webs are severed along lines 50 which are located
      in unadhered areas of the webs midway between each pair of longitudinally
      extending strips 44 and also along lines 52 midway between opposite edges
      of each longitudinal strip 44, except the outer strips, so as to
      simultaneously produce a plurality of ribbons, each having a plurality of
      pouches therein with the pouches being open to one edge of the ribbon.
      Stated another way, the severing or cutting lines between the respective
      pair of strips 44 are spaced an equal distance from the adjacent edges 44c
      of the strips while cutting lines 52 are spaced an equal distance from
      opposite edges of the strips.
PAR  Preferably, the cooperating rollers 32 and 34 also include means for
      severing or producing a score line and a second cut 55 midway between
      opposite edges of the transversely extending strips of adhesive 46. If
      score lines are produced, the score lines will weaken the webs between the
      opposite edges of each of the transversely extending strips to accommodate
      separation of adjacent pouches 54 from the continuous ribbons 56, while
      cutting will sever the ribbons into individual pouches.
PAR  FIG. 4 illustratively shows, one type of means for scoring the webs
      transversely of the path of movement. This includes a plurality of pins 60
      on roller 32 which are received in the webs. However, any other means for
      weakening the sheets transversely of the path may be used. Of course, it
      will be appreciated that the webs need not be slit or scored prior to
      being wound on roll 39. In other instances it may be desirable to cut or
      sever the webs along the lines 55. In such instances, the pins and
      recesses 60, 62 would be replaced with a severing means.
PAR  A modified form of the invention is shown in FIG. 5 wherein the patterns of
      adhesive produced on the first web of material are of varying
      configuration conforming to different food products. For example, the food
      products would be in the form of meat products, such as fowl wings, fowl
      thighs, legs of lamb, etc. In addition, the food products could be in the
      form of pastries or other products.
PAR  In the embodiment of the invention shown in FIG. 5, two webs are
      interconnected along different adhesive patterns 70, 72, 74, 76, 78, and
      80 that are produced at longitudinally and transversely spaced locations
      on the first web of material. The second web of material is then secured
      to the first web along all of the adhesive patterns and the webs are cut
      into ribbons by severing the two webs along lines 82 and 84 that extend
      generally parallel to the path of movement of webs, similar to the
      arrangement described above in connection with the embodiment shown in
      FIG. 2 and 3. Likewise, the webs are either scored or severed along
      transversely extending lines 86 that extend perpendicular to the path of
      movement of the webs so that the plural walled ribbons may be transformed
      into individual pouches. As can be seen from a inspection of FIG. 5, the
      adhesive patterns produced on the web are of irregular shape at
      transversely spaced locations which correspond to axially spaced locations
      on the rollers and the webs are severed along spaced lines extending
      parallel to the path of movement of the webs and are also either scored or
      severed generally around the outline of each of the adhesive patterns. The
      irregular shaped adhesive patterns between the two webs will allow for the
      formation of a plurality of ribbons, or plural walled members, each having
      a plurality of pouches of different configurations formed therein. These
      ribbons of pouches then can be individually packed and sold to the
      homeowner or meat and other food product packagers that can utilize the
      individual pouches for inserting products and sealing the opened end of
      the pouches.
PAR  In a preferred form of this embodiment of the invention, the respective
      webs of material would be a foil of aluminum and a polyester film that are
      interconnected along the adhesive patterns. The advantage of utilizing the
      two different materials is that the polyester film is transparent so that
      the packaged product is visible through the package and is stable at
      relatively high temperatures, while the aluminum foil has great heat
      transfer characteristics for utilization in baking or cooking the food
      product while it is maintained in the wrapper or enclosure defined by the
      pouch. An additional advantage of the foil of aluminum is that in folding
      the open end, after the food product has been inserted therein, the dead
      fold properties of aluminum allow the package to be sealed without
      utilizing any additional sealing techniques. Other alternatives, such as
      tie bands, could be utilized for enclosing the open end of the pouch after
      the article has been inserted therein.
PAR  A slightly further modified form of the invention is shown in FIG. 6
      wherein the pouches that are formed are of varying size and
      configurations, similar to the configurations described in connection with
      the embodiment of FIG. 5. However, in this instance, the two webs would
      preferably be severed to immediately produce individual pouches. The
      severing or cutting could be preformed with rollers, similar to rollers 32
      and 34 that have knife patterns corresponding to the pouch patterns
      produced on the adhesive roller 26. Alternatively, the cutting could be
      performed with cooperating dies.
PAR  As shown in FIG. 6, the pouches of different configurations are located in
      overlapping relation to each other and would be arranged in a manner to
      utilize the great majority of the web material, thereby keeping the waste
      of web material to a minimum. As in all of the previous embodiments, the
      pouches 90 would be of the open end type and with the web being severed
      along lines 92 that are transversely spaced between opposite edges 94 of
      the two webs. The webs would also be simultaneously severed around the
      entire periphery of each of the adhesive patterns 96 to produce the
      individual pouches.
PAR  Again, the pouches could be formed of two webs of dissimilar material, such
      as a foil of aluminum and a polyester or alternatively could be formed of
      two webs of polyester material which has great stability at high
      temperatures. With a proper utilization of an adhesive that could
      withstand temperatures on the order of 400.degree. F. or greater, the
      pouches could be utilized for packaging material or food products that
      could be baked within the pouch or could be heated without being removed
      from its package, such as pastries that many times are heated in an oven
      before being served.
PAR  A still further modified form of the invention is shown in FIG. 7 and is in
      many respects similar to the embodiment shown in FIGS. 2 and 3. However,
      in this instance, the pouch is arranged slightly different within the
      ribbon of material. In the embodiment illustrated in FIG. 7, the adhesive
      receiving patterns produced on the roller 26 extend parallel and
      perpendicular to the axis of the roller. The adhesive receiving patterns
      that extend parallel to the axis of roller produce continuous patterns of
      adhesive 100 that extend perpendicular to the path of movement of the
      webs, generally designated by the arrow P in FIG. 7. The adhesive
      receiving patterns that extend perpendicular or circumferentially of the
      axis of the roller will result in the adhesive patterns 102. As can be
      seen from an inspection of FIG. 7, the patterns that extend perpendicular
      to the axis of the rollers are interrupted, at 104, adjacent one edge of
      each of the patterns 100 that extend perpendicular to the path of the webs
      to produce areas where the webs are free of interconnection to each other
      and these areas are located adjacent the open ends of the pouches in the
      final configuration. In the embodiment illustrated in FIG. 7, the two webs
      of material, after being adhered along the adhesive pattern, are again
      slit or cut along lines 106 extending parallel to the path of movement of
      the webs to produce a plurality of ribbons each having a plurality of
      pouches formed therein. In the embodiment of FIG. 7, the pouches are again
      of rectangular configuration but the open end of each pouch is located
      between opposite edges of the ribbon defined by the cuts 106.
PAR  Thus, the continuous ribbon of pouches may be severed transversely in the
      unadhered areas 104 of the webs to produce an open ended pouch. The extent
      of the unadhered area of the end portion of each pouch will be dependent
      upon its use.
PAR  For example, if the open ended pouch were to be utilized for inserting some
      product and then utilizing a standard tie arrangement, a considerable
      amount of unadhered material would be desirable. However, if the closure
      were to be in the form of a fold, wherein a metal foil constituted one web
      of material, the dead fold properties of the aluminum would allow to seal
      the enclosure with a minimum amount of material.
PAR  The advantage of this arrangement is that the two webs need not be scored
      or severed along transverse lines perpendicular to the path of movement of
      the web during its initial formation. The continuous ribbons or plural
      walled members could be rolled up onto a central core and packaged in a
      box having a serrated edge or other conventional means for allowing
      removal of individual pouches by severing the ribbons along the unadhered
      areas.
PAR  A slightly further modified form of the invention is shown in FIGS. 8 and 9
      wherein a plurality of ribbons or plural walled members are again formed
      and capable of being readily transformed into individual sealed pouches.
      In the embodiment illustrated in FIGS. 8 and 9, the plural wall members
      are only interconnected initially along opposite edges of the ribbons and
      can subsequently be readily transformed into individual pouches. In this
      instance, the adhesive patterns are in the form of first patterns of
      adhesive 110 that extend generally parallel to the path of movement of the
      respective webs and second adhesive patterns 112 that extend perpendicular
      to the path of movement. In this embodiment, the adhesive patterns 110 are
      preferably in the form of adhesive means responsive to pressure while the
      second or transversely extending patterns 112 are preferably of a heat
      sensitive type of coating or adhesive means that requires heat and
      pressure to produce adhesion. Thus by utilizing pressure rollers to
      initially adhere the two webs, the webs are only interconnected along the
      adhesive means or patterns. Since the second adhesive means are responsive
      to heat sealing conditions to adhere to webs, there will be no connection
      transversely of the webs. The webs can then be severed into a plurality of
      ribbons by cutting generally between opposite edges of each of the
      adhesive patterns extending parallel to the path of movement of the webs.
      The resultant ribbons are only interconnected along opposite edges
      thereof.
PAR  The continuous ribbons may then be transformed into individual pouches by
      severing between opposite edges of the transverse adhesive patterns along
      lines 114. This will produce a short open ended sleeve having heat
      sensitive adhesive means on opposite ends thereof. An article to be
      packaged can be inserted into the sleeve and the sleeve sealed on both
      ends utilizing standard heat sealing techniques that are normally
      available in most places utilizing packaging of this type.
PAR  For example, the endless ribbons could readily be formed of at least one
      web of permeable material such as paper, and the second web could be
      polyester so that the ribbons could readily be transformed into pouches,
      after articles had been inserted therein, for utilization in medical
      places, such as hospitals. The packaged articles could then be sterilized
      in an autoclave.
PAR  An illustrative apparatus for producing the ribbons shown in FIG. 8 is
      schematically illustrated in FIG. 9 and includes a pair of webs of
      material 120 and 122 on roll form. A pair of adhesive applying means 124
      and 126 similar to the adhesive applying means 20 are located in the path
      of the first web to produce a longitudinal and transversely extending
      adhesive patterns.
PAR  The first roller forming part of the adhesive applying means 124 would have
      adhesive receiving patterns that extend circumferentially around the
      roller at axially spaced locations and immersed in a solvent or water
      based adhesive in the container 130, which adhesive means will adhere upon
      application of pressure to the webs, while the second adhesive applying
      means 126 would include a roller having axially extending adhesive
      receiving patterns located thereon and immersed in a liquid heat sensitive
      coating located in container 132. The two rollers would then cooperate to
      produce the two adhesive patterns, namely, first adhesive means responsive
      to pressure that consists of spaced strips extending parallel to the path
      of the moving web of material 120 and a second plurality of spaced strips
      of adhesive means responsive to heat and pressure extending perpendicular
      to the path of the web.
PAR  The liquid solvent adhesive and coating are dried sufficiently by heater
      134 to drive off sufficient solvents from the first adhesive means it
      makes it tacky and also the solvents of the second adhesive means. The two
      webs are pressed together by the pressure rollers 136 to interconnect the
      webs along the first adhesive strips or patterns extending parallel to the
      path of movement of the webs.
PAR  The webs could then be severed by suitable cutting means 140 along the
      lines 142 shown in FIG. 8 to produce a plurality of ribbons, each capable
      of being transformed into individual pouches. The ribbons could then be
      separated between opposite edges of each adhesive pattern 112 to form open
      ended sleeves convertible into sealed pouches by well known heat sealing
      techniques. If desired, the cutting means 140 could also produce score
      lines along the lines generally indicated at 114, so that the plural
      walled members could readily be severed from the endless ribbons.
PAR  The method of simultaneously producing a plurality of pouches may briefly
      be summarized as including the steps of applying localized areas of
      adhesive to a first web 12 with the adhesive applying means in the form of
      one or more rollers while the web is being moved along a path in a first
      direction. Thereafter, a second web 18 is fed in juxtaposed relation to
      the first web and the two webs are pressed into engagement with each other
      by passing between the spaced contact pressure rollers to adhere the webs
      along at least some of the localized areas of adhesive and produce two
      interconnected webs of plural walled members capable of being transformed
      into a plurality of pouches. The plural walled webs may subsequently be
      severed along longitudinally spaced lines and severed or scored along
      transverse lines to produce a plurality of ribbons each capable of being
      transformed into individual pouches, or the webs can be transformed into a
      plurality of pouches of different configurations.
PAR  As can be seen from the above description, the present invention eliminates
      the need for laminating or coating a non-heat sealable material prior to
      being utilized for side wall of a pouch. In fact, the present invention
      allows for the use of different types of material for the two side walls
      while still being able to rapidly produce the pouches in a single process.
      In all embodiments, either one or both of the sheets or webs forming the
      ultimate side walls for the pouch may be any combination of materials such
      as paper, matallic foils, various plastic sheets or polyester films, etc.
PAR  It will, of course, be appreciated that the configuration of the pouch is
      not limited to the patterns shown. For example, the interior open space of
      the pouch could take many other designs, such as a triangle, the form of a
      Christmas tree, etc. In addition, if desired, the adhesive applied to the
      web could be colored and the various colors could be utilized as indicia
      codes for the product to be inserted therein and/or the manufacturer of
      the product.
PAR  While not intending to limit the invention in any manner whatsoever, the
      specific examples of forming pouches from two webs of dissimilar or
      different materials having non-heat sealable characteristics will now be
      described. Utilizing a web of polyester of terephthalic acid and a paper
      web, respectively, the two webs may be bonded together by applying an
      acrylic base adhesive, such as Pittsburgh Plate and Glass Company,
      Adhesive Division, No. P-531 adhesive, to the localized areas to produce
      predetermined patterns and the webs are then severed and/or scored between
      opposite edges of some of the localized areas of adhesive and between
      adjacent edges of at least some of the adjacent pair of strips. A web of
      polyester of terephthalic acid and a web of aluminum foil could form the
      respective side walls of pouches and the adhesive in this instance would
      be a polyester base adhesive, such as DuPont No. 46982.
PAR  It will be appreciated that the present invention thus allows for the
      formation of pouches from a similar or different material for the
      respective side walls and in which the pouch may be formed in a single
      process at speeds substantially greater than heretofore known. In
      addition, the present process permits making pouches having different seam
      strength by merely selecting the proper adhesive.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cooking and sterilizing bag and bag roll comprising a pair of films
      secured together at least at two opposite edges, one film being a plastic
      film capable of resisting cooking temperatures, the other film being a
      metallic foil, and an adhesive securing the opposite edges together which
      adhesive is capable of withstanding cooking temperatures without
      separation of the films.
NUM  2.
PAR  2. A cooking and sterilizing bag and bag roll as in claim 1 in which the
      plastic film is transparent.
NUM  3.
PAR  3. A cooking and sterilizing bag and bag roll as in claim 1 in which the
      plastic film is polyester plastic and the foil is aluminum.
NUM  4.
PAR  4. A cooking sterilizing bag and bag roll as in claim 1 in which a third
      edge of the bag is adhesively secured together.
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ABST
PAL  A bolster table device for a punch press includes a reciprocable table
      positioned upon a support plate and movable along guideways. The support
      plate and table have inclined confronting planar surfaces which engage
      each other when the table is in a retracted position whereby the entire
      impact load exerted by the punch press is transferred to the support
      plate. The inclined confronting planar surfaces of the table and support
      plate are spaced from each other when the table is shifted towards and
      away from the retracted position. The bolster table is reciprocated by a
      closed hydraulic system which is operated by a driven cam device.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a bolster table device for a punch press
      apparatus.
PAR  Reciprocating bolster table devices for punch presses have been developed
      over the past few years in order to minimize the danger to punch press
      operators. However, many of these prior art reciprocating bolster table
      devices are inefficiently constructed and are often subject to jamming.
PAR  It is an object of this invention to provide a novel reciprocating bolster
      table device which utilizes a closed fluid pressure system for
      reciprocating the bolster table through a cycle between extended outer and
      retracted inner positions, the fluid pressure system being operated by a
      driven cam device. The driven cam device is arranged and constructed to
      permit maximum acceleration of the bolster table during the major portion
      of its cyclic travel, but efficiently decelerating the table during
      terminal portions of the operating cycle. By utilizing a cam operated
      closed fluid pressure system to reciprocate the bolster table, the system
      has inherent resiliency which precludes jamming of the table and thereby
      permits the bolster table to reciprocate through a complete cycle even
      though its travel may be obstructed by a workpiece.
PAR  The cam operated fluid pressure system is also readily adaptable to permit
      the bolster table device to be preset to a comfortable operating speed for
      the punch press operator.
PAR  Another object of this invention is to provide a novel punch press
      reciprocating bolster table in which the reciprocating table and
      underlying support plate have confronting, inclined, planar surfaces that
      engage each other only when the table is in an inner retracted position.
      The table is supported by guideways during its movement to and from the
      retracted position so that there is little friction load exerted by the
      table during its reciprocating movement. The support plate that solidly
      supports the table in the retracted position receives the impact load of
      the punch press during the working cycle of the latter. The guideways for
      the reciprocating table are therefore protected against impact loads
      exerted by the punch press, even though the guideways support the table
      during most of its travel.
DRWD
PAR  These and other objects and advantages of this invention will more fully
      appear from the following description made in connection with the
      accompanying drawings wherein like reference characters refer to the same
      or similar parts throughout the several views.
PAC  FIGURES OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic perspective view of the novel table device;
PAR  FIG. 2 is a cross-sectional view of the table device taken approximately
      along line 2--2 of FIG. 1 and looking in the direction of the arrows;
PAR  FIG. 3 is a view similar to FIG. 2, but illustrating the bolster table in
      an outer extended position.
PAR  FIG. 4 is a fragmentary elevational view of the table and support plate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now to the drawings, and more specifically to FIG. 1, it will be
      seen that one embodiment of my novel bolster table device, designated
      generally by the reference numeral 10, is there shown. The bolster device
      10 includes a generally rectangular shaped support plate 11, having an
      outer edge 11a and an inner edge 11b, and substantially parallel side
      edges 11c. The support plate 11 has a planar inclined upper surface 12
      which is inclined downwardly and outwardly, as best seen in FIGS. 2 and 3,
      and has a substantially flat lower surface 12b.
PAR  A pair of similar elongate guide channels 13 are secured to the support
      plate 11 adjacent the side edges 11c thereof. The guide channels 13 each
      include a web 14 having upper and lower flanges 15 projecting therefrom.
      The upper surface of the lower flange 15 for each guide channel defines a
      guideway 15a which may be provided with a shim surface 16 to accurately
      form the guideway. Bolts 17 secure the guide channels 13 to the support
      plate 11. A pair of laterally spaced apart, similar, generally rectangular
      shaped stop blocks 18 are rigidly secured to the inner edge 11b of the
      support plate 11 by suitable bolts or the like. Each stop block 18 has a
      limit switch 19 mounted on the outer or front surface thereof as best seen
      in FIG. 1.
PAR  A generally rectangular shaped reciprocating table 20 is positioned above
      the support plate 11 and has an inner edge 20a, and outer edge 20b and
      reduced side edge portions 20c which are disposed in the guide channels
      13. The lower surface 20d of the reduced side edge portions 20c engage the
      guideways 15a of the guide channels during movement of the reciprocating
      table 20. The reciprocating table 20 has a substantially flat upper
      surface 21 which is substantially parallel to the lower surface 20d of the
      reduced side edge portions 20c and is substantially parallel to the
      guideways 15. However, the bolster table 20 has a planar inclined lower
      surface 22 which is inclined downwardly and outwardly and defines a
      complimentary matching confronting surface with respect to the upper
      inclined surface of the support plate 11.
PAR  The table 20 is reciprocated through an operating cycle between the outer
      extended position, as illustrated in FIG. 3, to an inner retracted
      position, as shown in FIG. 2, and is returned to its outer retracted
      position. In this respect, the table 20 is adapted to support a workpiece
      jig which contains the workpiece to be engaged by a punch press. When the
      table is in the inner retracted position, the punch press will be
      vertically shifted downwardly from a retracted position and will engage
      the workpiece in performing a shaping, cutting or smearing function and
      will then be returned to the upper retracted position. When the table is
      shifted to the outer extended position, the punch press operator removes
      the formed workpiece and replaces it with a workpiece for the next cycle.
      It is pointed out that the bolster table device is intended for use with
      any conventional punch press, it being acknowledged that such punch
      presses are well known in the art.
PAR  It will be seen that when the table 20 is in the retracted inner position,
      the lower surface of the table engages and rests solidly against the upper
      surface of the support plate 11. Therefore, when the punch press moves
      downwardly to engage the work piece supported on the table, the impact
      force of the press will be transmitted directly to the support plate.
      However, as soon as the table is moved from the fully retracted inner
      position, these confronting inclined surfaces on the table and upper plate
      will be spaced from each other and the table will be supported entirely by
      the guideways 15a. This reduces the friction load and very little effort
      is needed to shift the table through a complete cycle. It will therefore
      be seen that during a complete cycle, the table is supported by the
      guideways during a major portion of its travel.
PAR  Means are provided for reciprocating the table 20 through its cycle of
      operation and this means actually comprises a closed circuit hydraulic
      system, including hydraulic slave cylinder 23. The hydraulic slave
      cylinder 23 is provided with front and rear cylinder blocks 24 which may
      be mounted on any suitable structure closely adjacent the support plate
      and associated table 20. The hydraulic slave cylinder is provided with a
      piston to which is attached a piston rod 25, the latter being secured to
      an attachment block 26, secured to the inner edge 20a of the table 20. It
      will be seen that when the piston rod is extended, the table 20 will be
      shifted in an outward direction and when it is retracted, the table will
      also be retracted to the inner retracted position as best seen in FIG. 2.
PAR  One end of an elongate conduit 27 is connected to the front hydraulic
      cylinder block 24 and one end of a second conduit 28 is connected in
      communicating relation with the rear block 24. The other end of the
      conduit 27 is connected to a branch conduit 29 by means of a T-fitting 30,
      while the conduit 28 is connected to a branch line 31 by means of a
      T-fitting 32. The branch conduits 29 and 31 each have a valve 33 disposed
      in flow controlling relation therewith, and each branch conduit is
      connected in communicating relation with a manifold 34. The manifold 34 is
      connected by a conduit or pipe 35 to a reservoir 36 which is adapted to
      contain a predetermined amount of hydraulic fluid. The hydraulic fluid
      will flow by gravity downwardly through the pipe 36 into the manifold 34.
      The T-fitting 32 is connected to a branch conduit 37 by means of a fitting
      39 while the fitting 30 is connected to a branch conduit 38 by a second
      fitting 39. It will be noted that the branch conduits 37 and 38 are
      connected in communicating relation with the manifold 34. It will also be
      noted that the branch conduit 37 is connected to one end of a conduit 40
      and that branch conduit 38 is connected in communicating relation with one
      end of a conduit 41.
PAR  The closed circuit hydraulic system also includes a master cylinder 42
      provided with front and rear cylinder blocks 43 and having a piston
      movable therein. It will be noted that the conduit 40 is connected to the
      front cylinder block 43 while the conduit 41 is connected to the rear
      cylinder block.
PAR  The piston for the master cylinder 42 is connected to a piston rod 44 which
      is provided with spaced apart ears 45 at its outermost ends. A pivot pin
      46 is disposed in one of a plurality of openings 47 located in the lower
      end portion of an elongate operating lever 48. The upper end of the
      operating lever 48 is pivotally connected by a pivot 49 to a bearing block
      50 which may be rigidly mounted on a suitable support frame for the
      bolster table device. It will be seen that when the operating lever 48 is
      pivoted about its pivotal axis, the piston rod 44 will be extended and
      retracted with respect to the master cylinder 42. Extension and retraction
      of the piston rod operates the slave cylinder 23 which in turn
      reciprocates the table 20.
PAR  Means are provided for operating the closed hydraulic system and this means
      includes a cam mechanism 51 including a generally circular flat cam plate
      52 having a central opening 53 therein. The cam plate is provided with a
      continuous cam groove 54 in one surface thereof. The continuous cam groove
      54 accommodates a cam follower or roller 55 therein which is revolvably
      mounted on the operating lever 48 intermediate the ends thereof.
PAR  Means are provided for rotating the cam plate 42 and this means includes an
      electric motor 56 having a speed control device 57 connected thereto in
      controlling relation therewith. The speed control device 57 is provided
      with a conventional on-off switch 58 and is also provided with a speed
      control knob 59. The speed control knob 59 may be rotated to vary the
      speed of the electric motor 56. The electric motor 56 is connected to a
      speed reducer mechanism 60 which is drivingly connected to a conventional
      hydraulic rotary pump 61. The cam plate 52 is fixedly mounted on the
      output shaft 62 of the rotary hydraulic pump 61, and it will be seen that
      when the electric motor 56 is energized, the cam plate 52 will be rotated.
PAR  During operation of the apparatus, the electric motor will be energized by
      the on-off switch 58 and the speed control knob will be adjusted to a
      predetermined desired speed. The output shaft 62 of the rotary hydraulic
      pump 61 will be revolved thereby driving the cam plate 52. The cam
      follower 55 will be moved relative to the cam groove 54 in the cam plate
      which will swing the operating lever in a fore and aft direction. As the
      operating lever is pivoted in a fore and aft direction, the piston rod 44
      will be alternately extended and retracted with respect to the master
      cylinder 42. Since the present system is the closed circuit hydraulic
      system, retraction of the piston rod 44 will cause extension of the piston
      rod 25 of the slave cylinder 23. Conversely, extension of the piston rod
      44 will cause retraction of the piston rod 25. Thus it will be seen that
      the table 20 will be continuously shifted through its operating cycle.
PAR  Although not shown in the drawing, the bolster table device will be used
      with a punch press apparatus of the type which is provided with a pair of
      operating handles which must be simultaneously shifted in order for the
      press to be operated through its operating cycle. It is also pointed out
      that the normally open limit switches 19 are interconnected to the punch
      press operating circuitry and must therefore be depressed and closed by
      the table 20 when the latter is in the fully retracted position in order
      to permit the punch press to shift through its operating cycle. Therefore,
      in the event that a workpiece inadvertently falls from the table and
      obstructs movement of the table 20 during its movement to the fully
      retracted position, the limit switches 19 will not be closed. The punch
      press will therefore be unable to operate through its working cycle but
      the table 20 will continue through its return travel to complete its
      cycle. With this arrangement, there is no danger of the bolster table
      device becoming jammed by a misplaced workpiece.
PAR  The capacility of the table 20 to move through a complete cycle even though
      it is obstructed against movement through a fully retracted position, is
      attributable to the unique cam driven closed circuit hydraulic system
      which has inherent resiliency since excess fluid in the system may be
      bypassed to the reservoir 36. In this respect, the branch conduits 37 and
      38 will be provided with check valves which are normally closed but which
      will allow the fluid to return to the reservoir in response to an excess
      pressure being exerted in the system lines. The valves 33 may also be
      adjusted to vary the line pressure with respect to the slave cylinder 23.
      The master cylinder 42 has a greater volume capacity than the slave
      cylinder 23 and the bypass arrangement of the manifold permits return of
      fluid past the check valves in the branch conduits into the reservoir 36
      in the event that the table is not allowed to move through its fully
      retracted or fully extended positions.
PAR  The cam groove 54 is also constructed to permit the table 20 to be shifted
      rapidly during its travel between the extended and retracted positions.
      However, as the table approaches either the fully extended or the fully
      retracted positions, the configuration of the cam groove causes
      deceleration of the table which maximizes smooth efficient operation of
      the bolster table device. It will be noted that the cam groove includes
      curved portions 54a which change directions rather abruptly, and these
      curved portions represent the fully retracted or fully extended positions
      of the table 20. It is also pointed out that the table 20 has a short
      dwell time at both the fully retracted and the fully extended positions,
      although the operation of the cam 52 is continuous.
PAR  It will also be noted that during the movement of the table 20, the table
      will be subject to only a small friction load during substantially its
      entire travel until it is in the fully retracted position. During the
      major portion of the travel of the table 20, the table will be supported
      upon the guideways 15, thus minimizing the effort to shift the table
      through a complete cycle. As pointed out above, when the table is in the
      fully retracted position, the confronting inclined planar surfaces of the
      support plate and table 20 produce a monolithic structure for receiving
      the impact force from the punch press. With this arrangement, the
      guideways are completely protected against the impact force of the punch
      press during its working cycle which reduces wear of these guideways.
      Since the bolster table device may be operated continuously, the speed
      control mechanism for the electric motor may be set at some predetermined
      speed so that the bolster table device in effect paces the punch press
      operator. This in contradistinction to the conventional method wherein the
      punch press operator in effect determines the operational speed of the
      punch press. It is therefore thought that the present bolster table device
      will noticeably increase the operational efficiency of the punch press
      operators.
PAR  It will further be noted that through the use of confronting inclined
      planes on the table and support plates, we have not only provided a
      virtual friction-free system for shifting the table between extended and
      retracted positions, but we have also provided a solid monolithic
      structure for receiving the impact force from the punch press while
      precluding damage to the guideways for the table.
PAR  It will also be noted that through the use of a cam operated closed
      hydraulic system for operating the bolster table, we have provided a
      system which has inherent resiliency as well as one which permits
      continuous cyclic operation.
PAR  Thus it will be seen that we have provided a novel bolster table device for
      punch presses, which is not only of relatively simple and inexpensive
      construction and operation, but one which functions in a more efficient
      manner than any heretofore known comparable device.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bolster table device for a punch press apparatus of the type having a
      power operated press, vertically shiftable through a working cycle into
      and out of engaging relation with a workpiece on the bolster table device,
      said bolster table device comprising:
PA1  a stationary support plate,
PA1  spaced apart, substantially parallel elongate guideways,
PA1  a bolster table engaging said guideway for reciprocating movement between
      an outer extended position and an inner retracted position disposed below
      the press to permit a workpiece to be engaged by the latter,
PA1  means for reciprocating said bolster table through a cycle between said
      outer extended position, to the inner retracted position, and for return
      to the outer extended position, said reciprocating means including a
      closed circuit fluid pressure system, a driven cam mechanism operatively
      connected with said pressure system for operating the latter and
PA1  means for driving said driven cam mechanism.
NUM  2.
PAR  2. The bolster table device as defined in claim 1 wherein said closed fluid
      pressure system comprises a hydraulic system including a slave cylinder
      connected with said bolster table for shifting the same, a master cylinder
      connected in controlling communicating relation with said slave cylinder,
      and means interconnecting said cam mechanism with said master cylinder for
      operating the latter.
NUM  3.
PAR  3. The bolster table device as defined in claim 2 wherein said cam
      mechanism includes a cam plate having a continuous cam groove therein, and
      said drive means being operable to revolve said cam plate.
NUM  4.
PAR  4. The bolster table device as defined in claim 2 wherein said
      interconnecting means comprises an operating lever connected with said
      master cylinder and engaging said cam mechanism.
NUM  5.
PAR  5. The bolster table device as defined in claim 3 wherein said
      interconnecting means comprises an operating lever connected with said
      master cylinder and having means thereon engaging said cam groove in said
      cam plate.
NUM  6.
PAR  6. The bolster table device as defined in claim 1 wherein said support
      plate has an inclined planar upper surface inclined downwardly and
      outwardly, and wherein said table has a complimentary inclined planar
      lower surface inclined downardly and outwardly, said lower surface of said
      table being disengaged and spaced from the upper inclined surface of the
      support plate whereby said table is supported by the guideways during
      substantially its entire travel through each cycle, the inclined upper
      surface of said support plate engaging the complimentary matching inclined
      lower surface of said table when the latter is in the fully retracted
      position, whereby said support plate supports said table only when the
      table is in the fully retracted position.
NUM  7.
PAR  7. The bolster table device for a punch press apparatus of the type having
      a power operated press vertically shiftable through a working cycle into
      and out of engaging relation with a workpiece on the bolster table device,
      said bolster table device comprising:
PA1  a stationary support plate having inner, outer and opposed side edges, said
      plate having an upper surface inclined downwardly and outwardly,
PA1  a pair of laterally spaced apart substantially straight guideways mounted
      adjacent side edges of said support plate,
PA1  a table disposed above said support plate and having inner and outer edges
      and having opposed side edges, side edge portions of the table engaging
      said guideways, said table having a substantially flat upper surface
      adapted to support a workpiece thereon and having a lower surface inclined
      downwardly and outwardly.
PA1  means for reciprocating said table through a working cycle between an outer
      extended position and an inner retracted position below the press, and for
      return to said outer extended position, the lower inclined surface of the
      table being disengaged and spaced from the upper inclined surface of the
      support plate, whereby said table is supported by said guideways during
      substantially its entire travel through a complete cycle, the inclined
      upper surface of said support plate engaging the complimentary matching
      inclined lower surface of said table when the latter is in the fully
      retracted position, whereby said support plate supports said table only
      when the table is in the fully retracted position.
NUM  8.
PAR  8. The bolster device as defined in claim 7 and stop means for limiting
      movement of the table in the inner retracted direction.
NUM  9.
PAR  9. The bolster device as defined in claim 7 wherein said means for
      reciprocating said table comprises a closed circuit hydraulic system
      including a slave cylinder connected with said table for shifting the
      same, a master cylinder connected in controlling communicating relation
      with said slave cylinder, and a cam mechanism connected with said master
      cylinder for operating the latter.
NUM  10.
PAR  10. The bolster device as defined in claim 9 wherein said cam mechanism
      includes a rotary cam having a continuous cam groove therein, and means
      engaging said cam groove and connected with said master cylinder for
      operating the latter when the rotary cam is revolved.
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ABST
PAL  A trash compactor with a housing having a head space at its top, a trash
      container at its bottom and a trash loading space between the head space
      and the trash container, a trash loading port in the side of the housing
      aligned with the trash loading space, a pressure platen and a lazy tong or
      scissors extension linkage mounted at the top of the housing and operable
      to move the platen between one or more advanced positions in which the
      extension linkage spans across the trash loading space and the platen is
      imposing compacting pressure on trash within the container, and a
      retracted position in which the extension linkage and platen are withdrawn
      into said head space, thus leaving the intervening trash loading space
      open for loading trash into the container through said loading port and
      without having to withdraw the container from the housing for loading
      purposes.
PARN
PAR  This application is a division of application Ser. No. 177,385, filed Sept.
      2, 1971, now U.S. Pat. No. 3,772,984.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Commercial and industrial trash compactors have been in use for many years,
      but only recently have trash compactors of small and compact size and
      adapted for home use become available. The trash compactor shown in U.S.
      Pat. No. 3,537,390 is an example of the current state of the art.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention improves on the prior art in several significant
      particulars. The typical prior art compactor, as above mentioned, mounts
      the trash container in a drawer which must be pulled out each time trash
      is loaded into the compactor. This requires manual exertion which
      militates against use of the compactor and also creates a problem of
      supporting the trash container during the compaction cycle.
PAR  It is an object of the present invention to eliminate the need for
      withdrawing the container from the housing during loading and to make the
      loading operation extremely easy, requiring little or no manual effort. In
      accordance with the present invention the container remains in the
      compactor housing in substantially the same position during loading and
      during the compaction cycle. An easily opened access or loading door is
      provided which is aligned with a loading or chute space above the
      container and above which the pressure platen is withdrawn on a lazy tong
      or scissors extension linkage so as to be withdrawn into a head space
      above and completely out of the way of loading trash into the container
      through said door.
PAR  It is an important feature of the present invention to mount the pressure
      platen on a linkage which is capable of substantial extension from its
      retracted to its advanced position, thus enabling the pressure platen to
      have movement substantially into the container for compaction purposes but
      yet leave it free to move upwardly into the head space and clear of the
      loading or chute space. Accordingly, there is no need to withdraw the
      container from the housing for loading purposes as there is ample loading
      space thereabove when the extension linkage is fully retracted.
PAR  Additional important objects, features and advantages of the invention
      include:
PA1  1. A single lever control which performs multiple functions in the control
      and operation of the compactor.
PA1  2. A unitized frame and body for the compactor housing making for a "clean"
      design with no projections or crevices to accumulate dirt.
PA1  3. A unitary assembly of the pressure platen, linkage extension and drive
      means therefor, including a motor, all mounted on a carriage which can be
      removed as a unit from the compactor housing for service, repair and
      replacement.
PA1  4. A trash container with flexible walls and which is configured for all
      around support by a similarly configured housing cavity into which it
      fits. Accordingly, great compacting pressure may be imposed without
      rupturing the flexible walls of the container.
PA1  5. A lazy tong or scissors extension linkage which is provided with torque
      resisting guide structure to track the linkage and pressure platen on a
      predetermined vertical path, regardless of the symmetry or asymmetry of
      the resistance offered by the trash and thus relieving the drive screw and
      force transmitting mechanism of twisting forces.
PA1  6. A switch assembly and electrical circuit integrated with the single
      lever control and by which the ram motor and door latching mechanism are
      cycled through an operating cycle.
PA1  7. A ram pressure platen which has a surface pattern which intensifies
      fracturing stress on frangible trash.
PA1  8. A trash container basket and bag which are pre-sanitized, thus making it
      unnecessary to provide any supplemental sanitizing treatment therefor.
PAR  Other objects, features and advantages will appear from the detailed
      disclosure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a compactor embodying the invention,
      portions of the housing being broken away to expose the trash basket,
      pressure platen and scissors or lazy tong extension linkage assembly, the
      loading door being open to illustrate loading of trash into the basket.
PAR  FIG. 2 is a perspective view on a reduced scale of the trash compactor with
      its loading door open.
PAR  FIG. 3 is a perspective view similar to FIG.2, showing the service door
      open and the loading door closed.
PAR  FIG. 4 is a rear perspective view illustrating the removing of the assembly
      of pressure platen, extension linkage and motor.
PAR  FIG. 5 is a vertical cross section taken through trash compactor embodying
      the invention, the retracted position of the pressure platen and extension
      linkage being shown in full lines and advanced position thereof being
      shown in broken lines.
PAR  FIG. 6 is a view partly in plan and partly in cross section along the line
      6--6 of FIG. 5, certain parts being broken away and shown in section.
PAR  FIG. 7 is a perspective view of the pressure platen, extension linkage and
      motor assembly shown apart from the remainder of the device, parts being
      broken away.
PAR  FIG. 8 is a fragmentary detailed view of the sliding connection of the
      extension linkage to the pressure platen, this view taken in cross section
      along the line 8--8 of FIG. 6.
PAR  FIG. 9 is a front elevation of the compactor with portions successively
      broken away to show details thereof.
PAR  FIG. 10 is a fragmentary transverse vertical cross section taken through
      the compactor housing just rearwardly of the housing front wall. A
      fragment of the extension linkage and its guide track is also shown in
      this view.
PAR  FIG. 11 is a front elevation of the housing shell.
PAR  FIG. 12 is a horizontal cross section taken along the line 12--12 of FIG.
      11.
PAR  FIG. 13 is a detail vertical cross section illustrating the relationship
      between the co-acting walls of the housing and service door and showing
      the position of the slide bar latch prior to movement of the latch to lock
      the door to the housing.
PAR  FIG. 14 is a view similar to FIG. 13, but showing the door closed and the
      slide bar latch actuated to fasten the door to the housing.
PAR  FIG. 15 is a front view of the single lever control assembly.
PAR  FIG. 16 is a top view of the single lever control assembly.
PAR  FIG. 17 is an end view of the single lever control assembly.
PAR  FIG. 18 is a rear view of the single lever control assembly.
PAR  FIG. 19 is a fragmentary vertical cross section taken through the service
      and loading doors and illustrating the latching operation.
PAR  FIG. 20 is a fragmentary cross section taken along the line 20--20 of FIG.
      10.
PAR  FIG. 21 is a fragmentary cross section similar to FIG. 20, but showing a
      different position of the parts.
PAR  FIG. 22 is a face view of the undersurface of the pressure platen.
PAR  FIG. 23 is a fragmentary view illustrating the operation of the key lock.
PAR  FIG. 24 is a perspective view of a bagged unit of compacted trash, after
      removal from the basket.
PAR  FIG. 25 is a fragmentary perspective view of the single lever control
      switch actuating mechanism.
PAR  FIG. 26 is a diagrammatic fragmentary end view of the switch actuating
      mechanism, illustrating the position of various elements prior to starting
      the compacting cycle.
PAR  FIG. 27 is a similar diagrammatic fragmentary view similar to FIG. 26 and
      showing the position of the corresponding parts after the single lever
      control has been moved to start position.
PAR  FIG. 28 is a similar diagrammatic fragmentary view similar to FIG. 26
      illustrating the position of the corresponding parts part way through the
      compacting cycle and illustrating the positions of the corresponding parts
      when the single lever control is moved to stop position.
PAR  FIG. 29 is a similar diagrammatic fragmentary view illustrating the
      position of the corresponding parts during operation of the jam responsive
      mechanism.
PAR  FIg. 30 is a simplified electric circuit diagram for the motor controller.
PAR  FIG. 31 is an end view of a modified trash basket.
PAR  FIG. 32 is a perspective view of the modified trash basket of FIG. 31.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Although the disclosure hereof is detailed and exact to enable those
      skilled in the art to practice the invention, the physical embodiments
      herein disclosed merely exemplify the invention which may be embodied in
      other specific structure. The scope of the invention is defined in the
      claims appended hereto.
PAR  The compactor includes a housing 40 which is typically about 15 inches
      wide, 25.5 inches deep and 34.5 inches high, thus to adapt it to fit as a
      modular unit into a kitchen counter and cabinet assembly. In a
      free-standing model the housing 40 is surmounted by a top 41 and has a
      shroud 38 to dress its external surfaces. In a built-in model a portion of
      a counter in which the compactor interfits substitutes for the top 41. The
      housing is desirably supported from the floor on adjustable feet 37 (FIG.
      9). The compactor may also be located at any other convenient home
      location, such as laundry room, utility room, closet, basement, garage,
      covered patio, etc.
PAR  As shown in FIG. 1, the interior of the housing 40 is provided with a
      cavity 44 for a trash receiving container or basket 42 which has a
      disposable plastic bag 43 draped into its interior and reverse folded over
      the outside of the container 42 to provide folding flaps by which the bag
      43 may be closed when the container is withdrawn from the housing 40 and
      the bag is withdrawn from the basket to form a disposable bagged trash
      unit 39 as shown in FIG. 24. The basket 42 is typically about 16 inches
      high.
PAR  There is a head space 45 within the upper portion of the housing 40 and
      within which the extension linkage 46 and attached ram or pressure platen
      47 are retracted during the "off" or trash loading period of the over-all
      trash compaction cycle.
PAR  Scissors-type ram actuating linkages are, of course, old and well known for
      use in baling presses and the like. U.S. Pat. Nos. 266,967 and 460,009 are
      typical examples. However, such prior art scissors-type linkages did not
      employ the multiple or tandem connected scissors linkages characteristic
      of lazy tong linkages, as herein employed and by which the movement of the
      ram or pressure platen is greatly extended or magnified in its movement
      between its retracted position and its advanced position, as is
      illustrated in FIG. 5.
PAR  This capacity of the tandem scissors or lazy tong linkage for great
      extension is an important advantage in the present invention because it
      enables the pressure platen to be retracted clear above and in upwardly
      spaced relation to the basket, thus to permit loading trash into the
      basket without withdrawing the basket from the housing, in the manner
      illustrated in FIG. 1.
PAR  Scissors linkages are advantageous, because as the scissors links approach
      parallelism, their mechanical advantage and pressure markedly increase.
      The greatest resistance to platen movement occurs near the end of the
      platen advancing stroke where the trash 109 is being compacted (FIG. 5).
      The platen 47 moves relatively slowly near the end of its advancing stroke
      at the time when the extension linkages exert their greatest pressure at
      the greatest mechanical advantage. The extension linkages move relatively
      quickly near the top of the housing when the platen is under no load,
      speed of movement being desirable in this part of the cycle.
PAR  In a practical embodiment of the invention, the extension linkages and
      platen assembly will occupy a space of about 6 inches when retracted and
      will extend to a distance of about 26 inches, for a throw of about 20
      inches. The available pressing force of ram platen 47 varies from about 6
      hundred pounds at full retracted height to about 35 hundred pounds at full
      extension. The total time cycle of the ram is about 70 seconds. This time
      cycle shortens as the basket fills.
PAR  There is a substantial space of approximately 8 or 9 inches between the
      upper rim 48 of the basket 42 and the pressure platen 47 when the pressure
      platen is fully retracted, as shown in FIG. 1, such space being
      denominated herein as the trash loading or chuting space 51. Space 51
      aligns with the loading port 52 in service door 53. Service door 53 is
      hinged to the housing 40 on vertical hinges 54 along one corner of the
      housing 40.
PAR  Accordingly, service door 53 can be swung from its closed position shown in
      FIG. 2 to its open position shown in FIG. 3, thus to expose the front face
      55 of the housing 40 which has a cutout or opening 56 through which the
      container 42 is loaded into the housing cavity 44 and removed therefrom.
PAR  Service door 53 carries a loading door 57 which is pivotally attached to
      the service door 53 on a horizontal hinge 58, to be swung to its open
      position shown in FIGS. 1 and 2 and its closed position shown in FIGS. 3
      and 5. Conventional retainer cables 61 are spring biased to hold the
      loading door 57 in its normally closed position and will stop and support
      the door in its inclined position as shown in FIGS. 1 and 2 during loading
      of trash 62 through the door opening 52 (FIG. 1). The trash 62 passes
      through the loading or chute space 51 within the housing en route to the
      basket 42. The only manual effort required of the housewife is to pull the
      door 57 about its hinges 58 to its inclined position, against the light
      tension of the springs connected to the cables 61.
PAR  Loading door 57 is provided with an inwardly formed sloping panel or ramp
      59 which, in the closed position of the doors as shown in FIG. 5 overhangs
      the rim 48 of basket 42. Accordingly, any trash which is not completely
      loaded into the basket 42 and which tends to overhang the front edge 48
      thereof, will be pushed into the basket as the door 57 closes. Moreover,
      as ram platen 47 descends the incline of panel ramp 59 will guide trash
      which is piled up above the level of rim 48 into the basket and will
      prevent it from spilling over the front edge of the basket.
PAR  Typically, any and all types of household trash will be accepted by the
      compactor, whether the trash be paper, glass bottles, metal cans, etc.
      Compacted trash is shown diagrammatically at 109 in FIG. 5.
PAR  The plastic basket 42 has downwardly tapering flexible walls 63 on all
      sides. These flexible walls 63 are supported in the seated position of the
      basket by rigid re-enforcing or support walls of the housing 40. For this
      purpose the rear wall of housing 40 is provided with a downwardly and
      inwardly inclined panel 64 (FIG. 5) and the housing side walls 65 (FIG.
      10) are similarly downwardly and inwardly inclined, thus to support the
      downwardly tapered flexible side walls 63 of basket 42 against ram
      pressure. Service door 53 is provided with an inclined panel 117 which
      supports the front wall of basket 42.
PAR  The bottom wall 66 of the housing (FIG. 10) has upwardly embossed portions
      67 providing a support floor for the bottom 68 of the basket 42.
PAR  Housing side walls 65 are provided with an outwardly deformed fold or
      groove 71 within which the outwardly flanged rim 48 on the basket 42
      interfits. Housing rear wall panel 64 is similarly offset at 79 (FIG. 5)
      and door panel 117 is similarly offset at 80 (FIG. 5) to provide a
      peripheral seat for basket rim flange 48. When basket 42 is properly
      received with its rim 48 thus seated, its flexible walls will be supported
      by the housing and door panels, and a switch actuator 72 within a recess
      73 in its bottom wall 68 will engage a basket safety switch 129 which is
      part of the electric circuit as hereinafter described. The front of basket
      42 is also provided with a projecting tab 70. Tabs 70, 72 can be used as
      bottom handles when inverting the basket 42 to remove the closed, filled
      bag 43. Alternatively, the operator can step on the tabs 70, 72 to anchor
      the basket 42 against movement if the filled bag 43 is lifted manually out
      of the basket.
PAR  When bag 43 is fitted into the basket 42 the surplus bag material is
      reverse folded over the outside of the basket (FIG. 1). Thus this reverse
      folded bag material is clamped between the basket and housing and door
      panels 63, 64, 117 under pressure of the basket 42. The bag fold 60 is
      snubbed about the basket rim 48 and the reverse folded bag material will
      not be pulled into the basket even though the pressure of the ram on the
      trash 109 tends to drag the bag into the basket.
PAR  The assembly ram unit of extension links 46 and pressure platen 57 is
      mounted within the head space 45 at the top of the housing 40 on tracks 74
      which run fore and aft of the housing 40. Tracks 74 support and guide a
      carriage comprising four rollers 75 mounted respectively on the ends of
      the pintles 76 at the upper ends of the upper scissors links 77 of lazy
      tong or extension linkage 46. There are two spaced parallel sets of
      scissors linkages 77 interpivoted on a cross pintle 78.
PAR  The ends of the scissors links 77 opposite pintles 76 are pivotally
      connected by pintles 81 to succeeding or tandem sets of scissors links 82,
      likewise arranged in parallel. Links 82 have their mid points pivotally
      connected on pintle 83. The far ends of said scissors links 82 are
      slidably connected to the pressure platen 47, as hereinafter described.
PAR  The lazy tongs or extension linkage 46 is actuated by a double reverse
      pitch lead screw 84 threadedly engaged in spacer tubes 85 which provide
      bearings for the pintles 76 of the upper scissors linkage 77, which
      maintain the parallel sets of scissors links 77 in spaced relation and
      which provides nuts for the screw 84. One end of the lead screw 84 is
      connected through suitable gearing in the gear box 86 to an electric motor
      87. Gear box 86 is fastened to a mounting arrangement including an end
      plate 88 which has out-turned flange brackets 91 which carry rubber
      bushings 92 and bolts 93 by which the plate 88 and suspended motor 87 are
      releasably attached to the aft ends of the track 74 (FIG. 5). The bushings
      92 isolate motor vibration from the compactor and provide limited
      yieldability of the ram assembly in a fore and aft direction.
PAR  Accordingly, the extension linkage 46 is mounted in position so that in
      fully retracted position, as shown in FIG. 5, a contact button 94 on the
      far end of lead screw 84 will make contact with a switch actuator 95 of
      the control assembly as hereinafter explained.
PAR  A spring 96 coiled about the lead screw 84 will bear against the spacer
      tubes 85 when the extension linkage 46 is in its fully extended position
      as shown in broken lines in FIG. 5, thus to provide resistance to further
      extension of the linkage, in the event of insufficient trash in basket 42,
      and cushion the end of the lazy tong extension movement. The load thus
      added to motor 87 will cause the motor to slow down and centrifugal switch
      97 in the motor circuit will reverse the motor 87 and withdraw the ram
      platen 47 from the basket 42. The aforedescribed structure, in which the
      extension linkage 46 is driven from one end, is advantageous because the
      lead screw 84, motor 87, gear box 86, etc., have a substantially fixed
      position during actuation of the extension linkages 46. While it would be
      possible to drive the linkages from points which must move vertically
      during expansion and retraction of the linkages, such an arrangement would
      require complementary movement of the motor, drive screw, etc., and is
      less desirable for that reason.
PAR  The uppermost sets of spaced parallel scissors linkages 77 are
      interconnected by torque arms or tubes 78, 89 in a unique manner. Spacer
      or torque arm or tube 89 is rigidly connected by welds 132 to the inside
      faces of the innermost links 77. Tube 89 is hollow. Torque arm or tube 78
      extends through the hollow of tube 89, to turn thereon, and is welded near
      both ends at 133 to the outer faces of the outermost links 77.
PAR  The respective torque tubes or arms 78, 89 transmit unbalanced forces
      between corresponding links at opposite sides of the scissors extension
      mechanism to keep the links in alignment and prevent cocking of the spacer
      nuts 85. Accordingly, twisting forces are balanced by the torque tubes or
      arms 78, 89 and relieve the screw 84 thereof.
PAR  As best shown in FIGS. 5, 6, 7 and 8, the lower ends of scissors links 82
      are provided with wheels 98 at the ends of axles 100. The wheels 98 ride
      or slide freely on tracks 99 formed on the edges of a plate 90 to which
      the pan-shaped pressure platen 47 is releasably attached. The plate 90 and
      platen 47 are linked to extension linkage by a U-shaped link 101 which has
      a bight portion pivotally connected to the plate 90 in a tubular eye 102
      and has out-turned ends 130 pivotally connected to the links 82 in bearing
      apertures 131.
PAR  Wheels 98 and the parallelogram motion of the extension linkage 46 keep the
      platen 47 horizontal. Link 101 keeps the platen 47 substantially centered
      in basket 42.
PAR  Platen 47 is desirably provided around its periphery with a rubber sealing
      flap 103, the rear end of which is formed as a flexible apron 104
      connected by means of a series of small springs 105 to a rear wall panel
      106 of the housing 40. As shown in FIG. 5, the apron 104 will drape itself
      into the basket 42 as the platen 47 descends, thus preventing trash in the
      basket from climbing out of the basket and overflowing its rim 48.
      Moreover, the rubber seal 103 acts as a wiper to wipe down the sides of
      the basket and keep the trash therein as the pressure platen 47 enters the
      basket.
PAR  The fore and aft tracks 74 at the top of the housing 40 provide a
      convenient means of mounting the extension linkage 46 and provide guide
      ways for expanding and contracting the linkages on a vertical path as the
      lead screw 84 turns in forward and reverse direction. The tracks 74 also
      provide a convenient means for completely removing the unitary
      motor-operated assembly of extension links 46, pressure platen 47, motor
      87, gear box 86, etc., from the housing 40, as is illustrated in FIG. 4.
      This facilitates maintenance, repair and replacement of the unit. The back
      of housing 40 is open. When in its fully retracted position the foregoing
      unitary assembly can be removed in the direction of arrow 108 (FIG. 4)
      when the attaching bolts 93 are detached from track 74, and guides 112 are
      removed.
PAR  The opposite side walls 65 of the housing 40 are desirably provided with
      vertically extending metal angle iron guides 111, 112 (FIGS. 5, 9 and 10)
      which are adjustably mounted on bolts 113 and which provide facing guide
      channel flanges 114 between which the torque arms 78 of the extension
      linkage 46 rides vertically for at least a portion of its vertical
      movement. Torque arm 78 is desirably provided with end wear caps 115 which
      ride against the channel flanges 114. The extension linkage 46 moves on a
      vertical path on which the pressure platen 47 is centered in the basket 42
      by reason of the drive mechanism in which the lead screw 84 concurrently
      drives the nuts 85 concurrently toward and away from each other, the path
      of movement of pintles 78 and 83 remaining on the same vertical axis.
      Guides 111, 112 function to absorb forward and rearward thrust in the
      event the reaction pressure of trash tends to move the platen off course.
PAR  As best shown in FIG. 5, the rearmost pair of channel flanges 114 are
      relieved at 118 and rubber or other yieldable blocks 116 are inserted in
      the recess 118. The blocks 116 are positioned to be engaged by the caps
      115 of torque arm 78 just as the platen 47 enters the basket 42.
      Accordingly, if a hard, unyielding object is wedged between the front of
      the basket and the platen 47, pressure is exerted to tend to force the
      platen 47 and extension linkage 46 toward the rear of the housing 40. The
      yieldable blocks 116 and yieldable bushings 92 permit slight rearward
      movement of the linkage. Thus the lead screw 84 will back away slightly
      from contact of its button 94 with switch actuator arm 95 and will actuate
      the motor control to stop the motor. The operator may now actuate control
      lever 134 to restart the motor in reverse, thus to cause the platen to
      retract and relieve the system of the jam, as hereinafter explained. The
      aforedescribed structure functions as a jam sensor.
PAR  As previously indicated, the basket 42 has its flexible plastic side walls
      supported by correspondingly shaped panel walls in the housing 40. The
      opening 56 (FIG. 3) in front panel 55 would leave the front wall 63 of the
      basket 42 unsupported, except for the fact that in accordance with the
      present invention the service door 53 is provided with an appropriately
      shaped downardly and inwardly inclined pressure support panel 117 which
      supports the wall 63 of the basket 42 (FIG. 5).
PAR  To securely latch the service door 53 to the housing 40 when it is closed
      and thus insure adequate support for the basket 42 and also to insure
      against service door 53 opening once the compacting cycle has started, a
      novel latching mechanism, as shown in FIGS. 3, 9, 10, 13 and 14, is
      provided. Service door 53 is provided with vertically spaced, inwardly
      projecting pegs 121 having enlarged heads 122. The housing front panel 55
      and adjacent frame parts are provided with aligned openings 123 large
      enough to receive the heads 122 (FIGS. 13, 14). Behind the panel 55 and
      adjacent frame parts is a vertically slidable latch bar 124 (FIG. 10), the
      upper end of which is pivotally connected on pin 213 to the crank arm 125
      of actuating mechanism which functions as hereinafter explained. Latch bar
      124 is provided with inclined cam portions 126 (FIGS. 13, 14), each one of
      which is provided with a keyhole slot having an enlarged head portion 127
      and a narrow neck portion 128.
PAR  The heads 122 of the pins 121 on door 53 are received through the apertures
      123 on the panel 55 and through the enlarged head portions 127 of the
      latch bar 124 when the door 53 is closed. At the same time, a headed pin
      119 engages a spring biased detent socket 120 (FIG. 3) to hold the door 53
      closed pending actuation of the latch slide bar 124.
PAR  When the single lever 134 of the compactor control is actuated as
      hereinafter described, the crank arm 125 will be actuated to lift the
      latch bar 124 and press its cams 126 against the undersurface of pin heads
      122, thus to clamp the service door 53 against the panel 55, as is shown
      in FIG. 14. The inclined cam portions 126 of the latch bar 124 merge into
      vertical bar portions 135 which include the tail ends of narrow slots 128
      and which align with the pins 121 in the latched position of door 53.
PAR  In order to guide movement of latch bar 124, panel 55 is provided with
      guide pins 136 which have heads 137 which overlap guide slots 138 on the
      latch bar 124, as shown in FIG. 10.
PAR  The housing 40 is uniquely formed with a unitary frame and body,
      substantially free of crevices and cracks within which bacteria, dirt,
      etc., can lodge. The unitized frame and body is inherently strong,
      simplifies fabrication and reduces fabrication expense.
PAR  As best shown in FIGS. 11 and 12, the side wall panels 65 of the housing
      have out-turned edge flanges 142 by which the panel edges are stiffened.
      Structural front panel 143, which is cut out at 144 to match cutout 56 in
      face panel 55 (FIG. 3) has edge flanges 145 turned at a 90 degree angle to
      flanges 142. Rear panel 106 is similarly provided with turned flanges 147.
PAR  Flanges 142 are fastened or joined mechanically in face relation to front
      panel 143 and rear panel 106, as by welding, riveting, bolting, etc., thus
      to unitize the front, side and rear panels, with the flanges 142, 145, 147
      forming box section corner posts rigidly supporting the housing 40 with no
      need for any other form of frame. The side walls 65 of housing 40 are
      turned inwardly to form floor panels 146 beneath the basket 42 (FIGS. 10
      and 12), and are turned downwardly to form abutting flanges 148 similarly
      fastened or joined in face relation.
PAR  Thus the surfaces within the housing are broad and smooth without cracks,
      crevices, interior bolts, etc., which would otherwise trap dirt and
      bacteria.
PAR  The single lever control switching mechanism and circuit diagram are shown
      in FIGS. 15 through 30, inclusive. Control and switching mechanism is
      housed in a control box 150 (FIGS. 5 and 9) at the upper front corner of
      the housing 40. The single control lever 134 on arm 166 projects forwardly
      of the housing 40 in an easily accessible position. Control lever 134 is
      actuated manually by the operator through a cycle in which various
      functions are automatically coordinated for safe and convenient operation
      of the compactor.
PAR  An important safety feature requires that both the service door 53 and the
      trash loading door 57 be closed before the single lever 134 can be moved
      from its "off" position at the right of the housing to its "start"
      position at the left of the housing, as shown in FIGS. 2, 3 and 9. For
      this purpose the loading door 57 is provided with a striker 151 (FIGS. 16,
      19) which is aligned to engage tab 152 of a rotary bracket 153 which is
      pivotally mounted on pintle 154 and is biased by spring 155 to project the
      tab 152 forwardly of the housing 40 and into the path of striker 151 of
      loading door 57.
PAR  When in its forward position a latch finger 156 on the swing bracket 153
      engages beneath ledge 157 (FIGS. 15, 16) on latch bolt 160 to prevent
      downward movement of bolt 160 and hence prevent any substantial movement
      of the lever 134 away from its off position. The latch bolt 160 is
      mechanically connected to lever 134 so that blockage of movement of bolt
      160 also blocks movement of lever 134. However, when both the service door
      53 and loading door 57 have been closed, the striker 151 moves the swing
      bracket 153 rearwardly to its position shown in FIG. 16, thus withdrawing
      the finger 156 from obstructing downward movement of the bolt 160 and its
      interconnected lever 134. Accordingly, lever 134 may then be swung to its
      "start" position at the left of the cabinet, in which position it is shown
      in each of FIGS. 15, 16 and 18.
PAR  In the course of its movement from "off" to "start", lever 134 will
      function to operate the latch bolt 160 which will move downwardly to
      engage through a bolt opening 161 in a flange 159 of loading door 57 (FIG.
      19). Bolt 160 concurrently engages through a bolt opening 162 in a flange
      167 of service door 53 (FIG. 19), thus to positively latch both loading
      and service doors in closed position, prior to the starting of the
      compacting cycle.
PAR  Latch 160 is moved in response to movement of a swing arm 161 (FIGS. 16, 18
      and 25) which is swingable about pintle 162 at one end of the box 150. Arm
      161 has a curved portion 168 about the axis of pintle 169, and a contained
      inclined cam follower slot 163 (FIGS. 15, 16, 18 and 25) in which rides a
      cam trunnion 164 mounted on a rotor bracket 165 from which arm 166 for
      single lever 134 projects. Brackets 165 turns on the axis of pintle 169.
      Accordingly, as lever 134 swings, it will cause the trunnion 164 to sweep
      through an arc including the inclined cam follower slot 163 in the swing
      arm 161 and thus raise and lower the arm 161 about its pintle 162.
PAR  In moving from its broken line position of FIG. 16 (off position) to its
      full line position (start position), the arm 166 for lever 134 will
      function to swing the latch bolt 160 downwardly into latching engagement
      with the latch apertures 161, 162 as shown in FIG. 19 aforesaid, provided
      however that the interlock swing bracket 153 has first swung inwardly
      against the bias of its spring 155, as aforestated.
PAR  In this manner the single control lever 134 functions to lock both the
      loading door 57 and the service door 53 before reaching its "start"
      position. Moreover, unless the doors 53, 57 are closed, the control lever
      134 cannot even be moved toward initiation of the compacting cycle.
PAR  Conversely, when the compacting cycle is finished and the control lever 134
      and arm 166 are swung from full to broken line positions shown in FIG. 16,
      latch finger 160 will be lifted as a consequence of upward pivotal
      movement of the arm 161, thus to withdraw the finger 160 from the latch
      holes 161, 162 and will permit both doors 53, 57 to be opened. As soon as
      pressure of the striker 151 is withdrawn from tab 152, spring 155 will
      pivot latch bracket 153 to a position where its stop detent 156 is in the
      path of downward movement of bolt ledge 157, thus preventing any further
      actuation of the lever 134 until the doors are again closed.
PAR  Control box 150 contains switches for actuating the motor 87 in a cycle
      which includes several additional interlocks and safety features. The
      motor circuit is indicated in FIG. 30. The motor start-stop switch 170 and
      paired reversing switches 171, 172 typically comprise microswitches having
      actuating buttons respectively actuated by leaf blades or arms 173, 174,
      175, each of which is anchored at corresponding ends upon a block 176
      (FIG. 25).
PAR  The actuating buttons of switches 170, 171 and 172 are internally spring
      biased to project the buttons outwardly, in which position the switches
      are normally closed or normally open, as indicated in FIG. 30. The leaf
      arms 173, 174, 175 can be actuated to press the buttons inwardly against
      their spring bias, in which event the respective switches will be thrown
      to their opposite positions. When the leaf arms 173, 174, 175 are actuated
      to release pressure on the buttons, they will return to their normal
      positions.
PAR  The leaf arms 173, 174, 175 are subject to the pressure of several levers,
      tabs, etc., which respond to various forces all of which are integrated
      and inter-related to produce the desired sequential actuation of the
      switches 170, 171, 172 for proper operation of the motor 87 and for safety
      reasons. Fundamentally, motor 87 will be energized whenever the pressure
      of leaf arm 173 is relieved from the actuating button of the start-stop
      switch 170. Switch 170 will then move to its normally closed position and
      energize the motor circuit, assuming however that basket switch 129 is
      also closed.
PAR  Moreover, the centrifugally actuated motor start switch 97 must also be
      closed to start the motor 87 through its start winding 149. Switch 97 will
      normally be closed when the motor is at rest or whenever the motor slows
      down from its normal running speed as a consequence of the imposition of
      heavy loads thereon. When running at normal running speeds the
      conventional centrifugal actuator therefore will cause switch 97 to open.
      However, this will not stop the motor which will then be energized
      directly through its main winding 158. Motor 87 will be deenergized
      whenever the actuator button for switch 170 is subject to the pressure of
      leaf arm 173, thus to open switch 170.
PAR  The direction of motor operation depends upon the position of the reversing
      switches 171, 172. Reversing switches 171, 172 are single pole, double
      throw switches interconnected by bridge 183 to function as a double pole,
      double throw switch. When the leaf arms 174, 175 are pressed against the
      button actuators for the switches 171, 172, the motor 87 will be
      conditioned to operate in a direction to advance the ram toward basket 42
      when switch 170 is closed to energize the starting circuit. After the
      motor is up to speed and runs on its main winding 158 and centrifugal
      switch 97 opens, the reversing switches 171, 172 can be reversed in
      position without affecting the continued operation of the motor 87 to
      drive the ram downwardly. However, if in the course of such movement
      switch 170 is opened, thus to stop motor 87 and cause centrifugal switch
      97 to close, and  meanwhile reversing switches 171, 172 have been
      actuated, then the next actuation of leaf arm 173 to close switch 170 will
      start the motor in reverse, through its start winding 149, thus to
      withdraw the ram platen 47 toward the top of the housing 40.
PAR  The various instrumentalities which act upon the leaf blades 173, 174, 175
      include a double armed blade actuator 178 directly responsive to the
      movement of the ram platen 47. One arm 179 of actuator 178 has a cam
      follower plate or lever 177. Arm 179 pivots about pintle 181 and carries a
      cam 182 adapted to press against a bridgeplate 183 which ties together the
      otherwise free ends of the leaf arms 174, 175 which actuate the reversing
      switches 171, 172. Accordingly, whenever the lever 177 is swung clockwise
      to its position shown in FIGS. 26 and 27, both leaf arms 174, 175 will
      press the spring biased actuator buttons of switches 171, 172 inwardly and
      switches 171, 172 will be actuated to reverse the polarity of the circuit
      to the start winding 149. Clock spring 184 about pintle 181 biases arm 179
      and lever 177 counter clockwise toward its position shown in FIGS. 28 and
      29. In this position the polarity of switches 171, 172 is reversed, as
      aforesaid.
PAR  Lever 177 is in the path of vertical movement of front cross member 81 of
      the extension linkage 46 for the ram platen 47. Accordingly, as
      illustrated in FIG. 5, when the extension linkage is in its fully
      retracted position at the top of the housing 40 lever 177 will be engaged
      by the cross member 81, thus to swing the lever 177 clockwise as shown in
      FIGS. 26, 27, and thus actuate the reversing switches 171, 172. However,
      when the extension linkages have dropped somewhat as a consequence of
      energization of the motor 87 to drive the ram downwardly, thus to relieve
      the pressure of the cross member 81 from the lever 177, the clock spring
      184 will swing the lever 177 to its position shown in FIGS. 28 and 29 and
      switches 171, 172 will reverse polarity.
PAR  Arm 179 carries a second swing arm or lever 185 swingable about the same
      pintle 181 and also subject to the pressure of clock spring 184, and which
      is further subject to the opposite pressure of a compression coil spring
      186 between lever 177 and plate 206 to bias arm 185 away from lever 177
      and toward a stop tab 187 (FIG. 28) formed on arm 179. Second arm 185
      carries a cam 190 which will press against the uppermost leaf arm 173
      which actuates motor start-stop switch 170. Accordingly, in the full line
      position of the ram and extension linkages 46 shown in FIG. 5, the
      actuation of cam lever 177 by the ram cross piece 81 will not only actuate
      the reversing switch leaf arms 174, 175 but will also actuate the
      start-stop switch leaf arm 173, as is illustrated in FIG. 26. In this
      position of the parts lever arm 185 is subject to being moved counter
      clockwise away from pressure engagement with leaf arm 173 against the bias
      of its spring 186.
PAR  Because of the foregoing structure, the start-stop switch 170 will be
      actuated into open position every time the ram assembly moves upwardly
      into its completely retracted position, thus to stop motor 87 at the
      conclusion of the compacting cycle.
PAR  Leaf arm 173 for start-stop switch 170 also responds to manual control
      movement of the single control lever 134 and its arm 166. As indicated in
      FIG. 25, control bell crank 191 is pivotally mounted on pintle 192. While
      in this view bell crank 191 is illustrated (for clarity of presentation)
      in spaced relation to other parts, it actually occupies a position
      indicated by the dotted lines in which it is in face contact with a swing
      bracket 193, also pivoted about pintle 192.
PAR  Bracket 193 has a depending arm 194 and a peg 195 depending therefrom and
      which functions as a cam follower which rides on a cam surface 196 of the
      annular bracket 165 formed on the inner end of arm 166 and which is
      rotated thereby.
PAR  Bracket 193 has a depending lever 197, the end of which is provided with a
      tab 200 which hooks around leaf arm 173 as shown in FIG. 25. Clock spring
      201 around pintle 192 biases bracket 193 in a clockwise direction, as
      viewed in FIG. 25, thus to tend to draw leaf arm 173 to the right and
      actuate switch 170. Clockwise movement of the rotor bracket 165 however
      will cam its surface 196 against the peg 195 to rotate the bracket 193
      counter clockwise, as shown in FIG. 25, and against the bias of spring
      201, to relieve pressure of leaf blade 173 on the button actuator of
      switch 170 and permit the self-bias of the button actuator to open switch
      170.
PAR  Bell crank lever 191 has an input arm 202 which fits into a notch 203 of
      bracket 204 on arm 166 of single control lever 134 (FIG. 16). The output
      arm of bell crank lever 191 has a thrust edge 205 adapted to engage the
      upstanding plate 206 of lever 185 (FIG. 25). Offset rearwardly from thrust
      edge 205 is a second thrust edge 207 aligned to engage a downwardly
      extending tab 208 of lever 211 (FIGS. 18 and 25). Lever 211 has the
      upstanding actuating arm 95 which is engaged by the end of the lead screw
      84 of the extension linkages 46, as hereinbefore described. Lever 211 is
      pivoted to the box 150 on a pintle 212 (FIGS. 16 and 18).
PAR  As indicated in FIG. 16, the end of spring 155 is connected to one end of
      lever 211 to bias it toward engagement of its tab 208 with leaf arm 173,
      thus to overcome the self-bias of the button actuator of switch 170 and
      actuate switch 170. However, lever 211 is normally inoperative to affect
      the position of leaf blade 173 because its actuating arm 95 is engaged by
      the end of lead screw 84 of the lazy tong linkage, thus to pivot the arm
      211 about its pintle 212 a "neutral" position shown in FIGS. 16 and 25 in
      which tab 208 is spaced away from leaf blade 173 and has no effect
      thereon. It is only when the jam sensing feature of the compactor is
      active that lever arm 211 functions to actuate the leaf blade 173, as
      hereinafter described.
PAR  The operation of the manual control lever 134 and the inter-related switch
      actuating devices and the functioning of the switches will now be
      described in sequence with particular reference to the diagrammatic views
      of FIGS. 26 through 29 which illustrate the various steps.
PAR  FIG. 26 shows the various parts with the ram fully retracted and prior to
      starting the compacting cycle. All leaf arms 173, 174, 175 are cammed
      against the self-bias of the button actuators of switches 170, 171, 172 to
      actuate the switches 170, 171, 172 against their "normal" positions. Thus
      switch 170 is in its open position with motor 87 de-energized. To start
      the cycle, lever 134 is swung to the left, from broken to full line
      position shown in FIG. 16. Assuming the doors 53, 57 to be closed, thus to
      release the interlock 153 as hereinbefore described, lever 134 can swing
      to its extreme left position in which the bell crank 191 is actuated by
      pressure of the notch 203 in rotor 204 to swing the crank 191 about its
      pivot 192. This will force thrust edge 205 against the plate 206 of the
      lever 185 and force the lever 185 to its position shown in FIG. 27 in
      which spring 186 is compressed and the lever 185 has moved far enough
      counter clockwise in this figure to relieve pressure against the leaf arm
      173 so that the self-bias of button actuator for switch 170 will move the
      start-stop switch 170 to its normally closed position. This will start the
      motor 87 and the ram will be actuated to advance toward the basket 42.
PAR  As illustrated in FIG. 28, as soon as the cross member 81 on the extension
      linkage has descended it will release lever 177 and clock spring 184 will
      swing leaf actuator 178 counter clockwise and relieve the pressure of cam
      182 on the reversing leaf arms 174, 175. The reversing switches 171, 172
      will thus reverse polarity to condition the motor to operate in reverse,
      the next time the motor is started.
PAR  FIG. 28 illustrates the position of parts when the operator stops the cycle
      prior to completion thereof. Control lever 134 is swung to the right (FIG.
      16) from its "start" toward its "off" position. Movement of the arm 166 of
      lever 134 slightly beyond its center position will allow the cam follower
      peg 195 (FIG. 25) to ride along the cam surface 196 of rotor 165, thus
      permitting clock spring 208 which engages the rotor bracket 193 to pivot
      the rotor bracket clockwise in this view, thus drawing tab 200 against the
      leaf blade 173 and forcing it against the self-bias of the button actuator
      on switch 170, as illustrated in FIG. 28, to open switch 170. Motor 87
      will now stop. If lever 134 is now again turned to its "start" position,
      thus to cam tab 200 away from leaf arm 173, the self-bias of the button
      actuator for switch 170 will reclose this switch and start the motor, but
      this time in reverse direction, because the switches 171, 172 have
      previously changed polarity as a consequence of the extension linkage
      having moved from retracted position.
PAR  The ram will now move upwardly to its completely retracted position. As
      soon as the ram reaches uppermost position, as indicated in FIG. 26, the
      leaf arm 173 will open switch 170 under pressure of the extension linkage
      cross member 81 against the lever 177, thus to stop the motor.
PAR  Access can then be had to the interior of the compactor housing by swinging
      lever 134 to its "off" position. In the course of thus swinging the lever,
      leaf blade 173 will not be reactuated because it is already in FIG. 26
      position because of the pressure of ram member 81. Movement of the lever
      to its "off" position will unlatch the doors 53, 57 by withdrawing latch
      arm 160 (FIG. 19) and permit the doors to be opened.
PAR  FIG. 29 illustrates a situation similar to that shown in FIG. 28, in that
      the motor 87 is stopped, but in which instead of stopping the motor 87 by
      manually manipulating the lever 13, it is stopped because a jam is sensed.
      If some hard object becomes lodged between the front of the basket 42 and
      the ram platen 47, the rubber elements 116, 92 shown in FIG. 5 will yield
      rearwardly and the lead screw 84 will retract slightly rearwardly in the
      housing, thus to take the pressure of its end button 94 off of the
      actuator arm 95 of lever 191. When this happens, the lever 211 will swing
      about its pintle 212 (FIG. 16) under the pressure of spring 155, thus to
      force tab 208 against the leaf blade 173 and actuate switch 170 to stop
      the motor 87.
PAR  The operator may now re-start the motor by swinging the lever 134 to the
      left (clockwise in FIG. 16). This will swing the bell crank 191 counter
      clockwise about its pintle 192 (FIGS. 16 and 25) and press its cam edge
      207 against the tab 208 to take the tab pressure off of the leaf blade 173
      so that the self-bias of button actuator for switch 170 will close switch
      170, thus starting the motor. However, because the reversing switches 171,
      172 had been previously actuated as aforestated, the motor will now
      operate in reverse to withdraw the ram platen from the basket. When the
      ram is completely withdrawn and the motor is stopped as a consequence of
      actuation of switch 170 when ram cross member 81 engages lever arm 177,
      the operator can open the doors and reach in to remove or rearrange object
      which caused the jam and start a fresh compacting cycle.
PAR  As previously explained, there is also a safety switch 129 which is closed
      when the basket 42 is completely seated in the housing 40. As shown in
      FIG. 30, this switch 129 is in series with the motor 87. Accordingly, if
      the basket is not seated in position switch 129 will not be closed and the
      electrical circuit is interlocked against operation.
PAR  As previously explained and as indicated in FIG. 30, the motor 87 is also
      provided with a centrifugally actuated switch 97. Accordingly, when the
      motor is subjected to loads which tend to slow it below running speed,
      switch 97 will close. The motor will slow down as it is compressing trash
      in basket 42 and as the resistance to ram movement builds up.
PAR  Moreover, if there is no trash in the basket, centrifugal switch 97 will
      nevertheless operate as the extension linkages reach their maximum
      extension and spring 96 (FIG. 7) imposes stalling loads on the motor 87.
PAR  Switch 97 will function after the reversing switches 171, 172 have been
      previously actuated, as a consequence of the movement of the ram cross
      member 81 away from lever 177, so that the operation of switch 97 will
      cause reversal of the motor and withdraw the ram from the basket.
PAR  The latch slide bar 124 shown in FIGS. 10, 13 and 14 is actuated by the
      crank 125 by the mechanism shown in FIGS. 10, 20 and 21. Latch bar 124 is
      connected by pintle 213 to the crank 125 which pivots on pintle 214. The
      other end of crank 125 is provided with latch finger 215 which engages
      into a latch opening 216 in the top flange 217 of loading door 57 (FIGS.
      19, 20, 21). Latch finger 215 supplements door latch finger 160
      hereinbefore described.
PAR  Crank 125 is caused to pivot about its pintle 214 by ram movement. One of
      the rollers 75 for the uppermost linkages 77 of the extension linkages 46
      is aligned to actuate a cam follower arm 220 (FIGS. 20, 21) which is
      pivoted to housing 40 on pintle 221. Cam follower arm 220 has an end
      flange 222 with a hole 219 in which the cam follower pin 223 rides. Arm
      220 is provided with a curved end portion 224 against which the roller 75
      presses when the extension linkage 46 is in its completely retracted
      position, as shown in FIG. 20. In this position the cam follower lever 220
      is tilted as illustrated to swing crank arm 125 clockwise about its pintle
      214 as viewed in FIG. 10, thus to lift latch finger 215 out of the door
      flange opening 216. At the same time slide bar 124 is displaced downwardly
      to release the engagement of the cams 126 from the headed pins 121 on the
      service door 53. Accordingly, all doors are released and the doors may be
      opened for removing the basket, feeding trash thereinto, etc.
PAR  However, during the compaction cycle, as soon as the ram moves downwardly,
      the roller 75 moves to its position shown in FIG. 21 in which the cam
      follower arm 220 is lifted, thus pivoting about pintle 221, swinging crank
      arm 125 counter clockwise as viewed in FIG. 10, engaging latch 215 with
      the loading door 57 and lifting the latch bar 124 to engage the cams 126
      with the headed pins 121 on the service door 53, thus positively locking
      the doors 53, 57 and insuring ample front support for the basket 42, as is
      shown in FIG. 5.
PAR  The bottom of the pressure platen 47 is desirably provided with a
      concentric series of ribs 225 (FIGS. 5, 22). These ribs concentrate
      pressure on frangible trash, such as bottles, to promote shattering of the
      bottles in the compactor, thus to reduce the volume which these bottles
      would otherwise occupy.
PAR  The fore and aft edges 226 of the platen 47 are desirably provided with
      projections 227 which engage and score frangible trash at the edges of the
      basket, to promote shattering thereof.
PAR  The concentric rib series 225 is the preferred pattern, because one or
      another of the ribs will likely contact an item of frangible trash, such
      as a bottle, regardless of its orientation in the basket.
PAR  FIGS. 31-32 illustrate a modified trash container or basket 232. This
      basket is made of the same plastic material as basket 42 and has flexible
      side walls which yield under ram pressure to seat against correspondingly
      shaped walls of the housing 40. However, in basket 232 the bottom wall 233
      is rearwardly tapered so that the bottom rear corner 234 of the basket is
      somewhat narrower than the bottom front corner 235. The top rim 236 is
      rectangular in outline, whereas the bottom outline of the basket comprises
      a rearwardly tapering trapezoid. Rim 236 is desirably provided with an
      outwardly embossed rib 241 which fits into housing groove 71 (FIGS. 9 and
      10) similar to rim 48 of basket 42. Bag 43 snubs about rib 241, as it does
      about rim 48. The side walls 237 of the basket converge downwardly and
      rearwardly. The supporting walls of the housing 40 are modified in shape
      to conform to basket 232, thus to provide a snug all around seat for the
      basket 232 when it is fully received therein. However, the downward and
      rearward taper of the basket is such as to predispose the basket to slide
      forward slightly in the event a hard object becomes jammed between the
      front wall of the basket and the ram platen 47.
PAR  In a practical embodiment of the invention in which there is approximately
      a 1/8 inch spacing between the flexible side walls 233 of the basket 232
      and the supporting walls of the housing 40, and a 1/4 inch spacing between
      the front wall 238 of the basket and the door wall 117, the basket 232
      will slide forwardly about 1/4 inch during a jam. This is sufficient to
      relieve the pressure of switch actuator tab 72 from basket switch 129 and
      thus stop motor 87 in the event of a jam. In this embodiment it is
      unnecessary to provide the jam sensing mechanism hereinbefore described in
      which the entire ram assembly yields rearwardly slightly in the event of a
      jam and in which the tab 208 on the lever 211 actuates leaf blade 173. In
      this modified embodiment, the jam responsive switch actuating mechanism
      aforesaid can be omitted in favor of stopping the motor by relieving the
      pressure of actuator tab 72 on the basket safety switch 129.
PAR  A re-set button can be located near the bottom of the compactor frame to
      permit the operator to re-start the motor which will then return to its
      uppermost position and actuate the various mechanisms which unlatch the
      door, etc., so that the operator can then open the door and relieve the
      jam.
PAR  The tapered or wedge configuration of basket 232 has the further advantage
      that it may be easily removed from its seat in the compactor after it has
      been filled with trash. During the compacting procedure the flexible walls
      of the basket flex against the supporting frame. When the basket is filled
      and it is desired to remove the same from the housing, a slight forward
      movement of the basket will quickly relieve the pressure engagement of its
      flexible walls with the corresponding tapered supporting walls of the
      housing and relieve all binding therebetween.
PAR  In preferred embodiments of the invention the basket 42, 232 is made of
      polyethylene plastic which is sanitized with a bactericide molded into the
      plastic. The bags 43 are likewise santized.
PAR  A key lock 230 is also provided. As shown in FIGS. 9 and 23, it actuates a
      vertically reciprocating plunger 231 which has a socket 232. The key lock
      has two modes of use. In its first mode, when the lever is in its right
      hand or "off" position (FIG. 9) actuation of the lock will advance the
      plunger downwardly into the path of swinging movement of the lever 134,
      thus to block movement of the lever toward start position. With the lever
      134 at the right of center, latch 160 is in raised position and both doors
      53, 57 are free to be opened, thus permitting loading and unloading the
      basket, but precluding operation of the compactor.
PAR  In its second mode, the lever is placed in its center position (FIG. 23).
      Actuation of the lock will advance its plunger 231 to engage its socket
      232 over the arm 166 of the lever 134. In this position of the lever 134
      latch 160 is also advanced to lock both doors 53, 57 in closed position.
      Starting of the compactor is also precluded. In this mode small children
      can neither gain access to the interior of the housing nor start the
      compactor.
CLMS
STM  We claim:
NUM  1.
PAR  1. A trash compactor having a housing with unitary frame and body, said
      housing having panel surfaces with side margins turned at a right angle to
      form edge flanges, and transverse panel walls having margins in face
      contact with said flanges and fastened thereto, edge portions of said
      transverse panel walls being bent at a right angle to form flanges
      parallel to the first-named panel surfaces to form box section corner
      posts for the housing.
NUM  2.
PAR  2. The invention of claim 1 in which one of the transverse panel walls has
      an opening defining a door opening to admit a container into the interior
      of the housing.
NUM  3.
PAR  3. The invention of claim 2 in which another of the transverse panel walls
      has an opening to facilitate removal of the ram through the rear of the
      housing.
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ABST
PAL  A printing device is constituted by a common rotary printing drum having
      raised printing type faces; and a printing mechanism including a
      spring-loaded hammering member pivotal toward and away from the drum, a
      continuously driven pawled wheel, a spring-loaded rocking member pivotal
      between operative and inoperative positions, magnetic means for attracting
      and maintaining the rocking member to and in said inoperative position, a
      spring-loaded trigger hammer pivoted to the rocking member, an
      intermittently driven cam member opposed to the rocking member for
      engaging and disengaging from the rocking member and an engaging member
      opposed to the trigger hammer for engaging and disengaging from the
      trigger hammer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a printing device and more particularly, to a
      printing device of the line printer type which is compact and less
      expensive, which can effect printing at a high speed and which includes
      means for prevention of superimposed printing.
PAR  There have been proposed and practically employed a great variety of
      printing devices and one typical prior art printing device generally
      comprises a rocking member pivoted at one end to a shaft, magnet means for
      normally attracting and maintaining the rocking member inoperative, a
      spring anchored to the rocking member for acting to bias the rocking
      member away from the magnet means when the device is operated for
      printing, a trigger hammer pivoted to the other end of the rocking member
      and have a striking portion, a second spring anchored to the striking
      portion of the trigger hammer for normally biasing the trigger hammer to
      its inoperative position and a continuously rotating pawled wheel having a
      pawl for engaging and disengaging from the trigger hammer whereby when the
      magnet means is excited, the trigger hammer pivots to a position in which
      the trigger hammer lies within the rotation locus of the pawled wheel to
      engage or strike against the pawl of the pawled wheel so as to effect a
      printing operation. Thus, in the prior art printing device referred to
      above, since the magnet means is adapted to attract the rocking member
      thereto against the force of the spring which normally biases the rocking
      member away from the magnet means, the magnet means is required to have a
      substantially high magnetic force to attract the rocking member thereto
      against the force of the spring. Therefore, the magnetic means is
      inevitably massive and expensive. And since the magnetic means attracts
      the rocking member thereto, against the force of the spring which normally
      biases the rocking member away from the magnetic means, it requires a
      rather long time for attracting the rocking member which results in a slow
      printing operation. Furthermore, as long as the magnetic means continues
      to maintain its excited condition, since the trigger hammer lies in the
      rotation locus of the pawled wheel rotating continuously at a high speed
      even after one printing operation has been completed, the trigger hammer
      may repeatedly have delivered thereto a striking force by the rotating
      pawled wheel resulting in superimposed printing. The superimposed printing
      fails to provide clearcut printing.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, one object of the present invention is to provide a novel and
      improved printing device which can effectively eliminate the disadvantages
      referred to above.
PAR  Another object of the present invention is to provide a novel and improved
      printing device which includes a relatively small size magnetic means,
      which is compact and which can be produced at a relatively lower cost.
PAR  Another object of the present invention is to provide a novel and improved
      printing device which includes a permanent magnetic means adapted to
      normally attract and maintain a rocking member to and in its inoperative
      position when the device is not operated.
PAR  According to the present invention, there has been provided a printing
      device comprising in combination a common rotary printing drum having a
      plurality of raised type faces on the periphery thereof; and a printing
      mechanism including a spring-loaded hammering member mounted for pivotal
      movement toward and away from said drum and normally biased away from the
      drum, a continuously rotating pawled wheel having a pawl on the periphery;
      a spring-loaded rocking member pivoted at one end for pivotal movement
      between operative and inoperative positions; magnetic means for normally
      attracting and maintaining said rocking member to and in said inoperative
      position against the force acting to bias the rocking member to said
      operative position; a spring-loaded trigger hammer pivoted to the other
      end of the rocking member and normally biased away from said hammering
      member; an intermittently driven cam member mounted in a position opposed
      to said rocking member for engaging and disengaging from the rocking
      member, and an engaging member mounted in a position opposed to said
      trigger hammer for engaging and disengaging from the trigger hammer,
      whereby said magnetic means normally attracts and maintains said rocking
      member to and in said inoperative position so as to position said trigger
      hammer out of the rotation locus of said pawled wheel and away from said
      engaging member whereas when said magnetic means is demagnetized, said
      rocking member is allowed to pivot to the operative position so as to
      position said trigger hammer in said rotation locus of the pawled wheel
      into engagement with said pawled wheel to thereby cause said trigger
      member, hammering member and printing drum to cooperate with each other in
      effecting a printing operation and after the printing operation, said
      engaging member engages the trigger member to maintain the trigger member
      out of the rotation locus of the pawled wheel while the rocking member is
      being pivoted to said magnetic means by said cam member.
PAR  The above and other objects and attendant advantages of the present
      invention will be more readily apparent to those skilled in the art from a
      reading of the following description in conjunction with the accompanying
      drawing which shows one preferred embodiment of the invention for
      illustration purposes only, but not for limiting the scope of the same in
      any way.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE of the accompanying drawing is a fragmentary side
      elevational view of one preferred embodiment of printing device
      constructed in accordance with the present invention.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring to the sole FIGURE of the drawing, a rocking member 2 is pivoted
      at one end to a transverse shaft 1 which is in turn suitably supported in
      the machine frame of the printing device and the other end of the rocking
      member pivotally supports a trigger hammer 4 by means of a pin 3. A
      magnetic member 6 in the form of a thin magnetic plate is fixedly mounted
      on the upper surface of the rocking member 2 between the opposite ends of
      the latter to be normally attracted by yokes 5', 5' secured to a permanent
      magnet 5 which is in turn suitably supported on the machine frame (not
      shown). A coiled spring 7 is anchored at one end to the other end of the
      rocking member 2 and the other end of the spring is secured to the machine
      frame. The coiled spring 7 has a strength lower than the attractive force
      of the permanent magnet 5 and is adapted to counteract the attraction by
      the magnet 5. A printing drum 9 is rotatably supported on a transverse
      shaft 8 which extends parallel to the transverse shaft 1 to which the
      rocking member 2 is pivoted and is suitably supported in the machine
      frame. The printing drum 9 is formed of resilient material such as rubber
      and is connected to a suitable drive power source (not shown) to be driven
      thereby. The printing drum 9 is provided with a plurality of sets of
      raised type faces on the peripheral surface thereof. Disposed between the
      trigger hammer 4 and printing drum 9 is a hammering member 12 pivoted to a
      transverse shaft 10 which extends parallel to the shafts 1 and 8 and the
      hammering member has formed at the upper end a striking portion 11 in
      opposition to the printing drum 9 to strike against the latter when
      actuated. A coiled spring 13 is anchored at one end to the lower end
      portion of the hammering member 12 and has the other end anchored to the
      machine frame so as to normally bias the hammering member 12 in the
      counter-clockwise direction. A transverse stop 14 is suitably fixed to the
      machine frame in a position adjacent to the striking portion 11 to limit
      the rotation of the hammering member in the counter-clockwise direction.
      The trigger hammer 4 is formed in the shape of a reversed "L" and has an
      abutment 15 at the upper end of the vertical portion for abutting against
      the side of the hammering member 12 opposite from the printing drum 9
      whereas the horizontal portion of the L-shaped trigger hammer 4 has formed
      on the underside a recess 16. A resilient engaging member 18 is fixedly
      secured to the machine frame and extends below the horizontal portion of
      the trigger hammer 4 for engaging and disengaging from the recess 16 in
      the trigger hammer 4. For the purpose, this engaging member 18 is provided
      at the right-hand end with a pointed upward projection 17. A pawled wheel
      20 is fixedly supported on a transverse shaft 21 which is in turn suitably
      supported in the machine frame and extends parallel to the transverse
      shaft 10 in a position below the trigger hammer 4. The transverse shaft 21
      is connected to the drive power source to be rotated thereby and the
      pawled wheel 20 is provided with a pawl 19. A coiled spring 22 is anchored
      at one end to the abutment 15 on the trigger hammer 4 and at the other end
      to the machine frame so as to normally urge the trigger hammer 4 about the
      pin 3 in the counter-clockwise direction. A stop pin 23 is suitably
      supported in the machine frame adjacent to the lower end of the trigger
      hammer 4 for engaging the trigger hammer so as to limit the movement of
      the trigger hammer in the counter-clockwise direction. When the trigger
      hammer 4 is engaged and its pivotal movement is stopped by the stop pin
      23, the recess 16 is maintained in its disengaged position with respect to
      the projection 17 on the engaging member 18. A feed mechanism 26 is
      suitably connected to the drive power source (not shown) to be
      intermittently driven thereby so as to intermittently feed a paper sheet
      24 and an inked ribbon 25 together in the passage defined between the
      printing drum 9 and hammering member 12 in proximity to the drum. A cam
      member 27 is suitably supported in the machine frame adjacent to the
      underside of the rocking member 2 for intermittent movement in
      synchronization with the intermittent movement of the feed mechanism 26.
      Reference numeral 28 denotes a release coil 28 wound about one of the
      yokes 5' for demagnetizing the permanent magnet 5.
PAR  The mutual operative relationship between the rocking member 2, trigger
      hammer 4, permanent magnet 5, hammering member 12, engaging member 18,
      pawled wheel 20 and cam member 27 is as follows: The rocking member 2 is
      normally attracted to the permanent magnet 5 by the magnetic member 6 on
      the rocking member so as to disengage the abutment 15 of the trigger
      hammer 4 and the recess 16 of the trigger hammer 4 from the hammering
      member 12 and the projection 17 on the engaging member 18, respectively,
      to thereby position the trigger hammer 4 out of the rotation locus of the
      pawled wheel 20 and also maintain the rocking member 2 away from the cam
      member 27. When the permanent magnet 5 is demagnetized upon the flow of
      current through the release coil 28, the force of the coiled spring 7
      urges the rocking member 2 to pivot in the clockwise direction about the
      transverse shaft 1 until the rocking member contacts the cam member 27
      whereupon the lower end of the trigger hammer 4 which is then disposed in
      the rotation locus of the continuously rotating pawled wheel 20 engages
      the pawl 19 on the wheel 20 to be pivoted thereby in the clockwise
      direction. The clockwise rotation of the trigger hammer 4 causes the
      hammering member 12 to strike against the printing drum 9 with the
      therebetween paper sheet 24 and ribbon 25 to thereby effect printing on
      the paper sheet 24. After the printing operation, the projection 17 on the
      engaging member 18 is engaged by the recess 16 in the trigger hammer 4 to
      lock the trigger hammer out of the rotation locus of the pawled wheel 20.
      Thereafter, when the cam member 27 rotates intermittently in
      synchronization with the intermittent operation of the feed mechanism 26,
      the rocking member 2 pivots in the counter-clockwise direction about the
      transverse shaft 1 toward the permanent magnet 5 so as to disengage the
      recess 16 in the trigger hammer 4 from the projection 17 on the engaging
      member 18 to thereby return the various parts of the device to their
      respective initial positions prior to the printing operation.
PAR  According to the present invention, a desired number of rocking members and
      a corresponding number of hammering members which correspond to the
      above-mentioned rocking member 2 and hammering member 12, respectively are
      provided on the common transverse shafts 1 and 10, respectively. The
      permanent magnet 5 and cam member 27 are provided for cooperation with
      each of the rocking members and the engaging members 18 with the
      projections 17 are also provided for cooperation with each trigger hammer
      4.
PAR  With the above construction and arrangement of the parts of the printing
      device of the invention, when the printing device is not used or operated,
      the rotating cam member 27 is maintained in its stopped position as
      indicated by the full line and the permanent magnet 5 attracts and
      maintains the rocking member 2 to and in the full line position as shown
      in cooperation with the magnetic member 6 on the rocking member against
      the force of the coiled spring 7. Therefore, the lower end of the trigger
      hammer 4 which is adapted to pivot in the counter-clockwise direction
      about the pin 3 under the force of the coiled spring 22 until the trigger
      hammer engages the pin 23 is disposed out of the rotation locus of the
      pawled wheel 20 and the recess 16 in the trigger hammer is positioned
      above and away from the projection 17 on the engaging member 18. Thus, the
      abutment 15 on the trigger hammer 4 is separated from the hammering member
      12 and the rocking member 2 is also positioned above and away from the cam
      member 27.
PAR  When a desired letter is to be printed by the printing device, current is
      caused to flow through the release coil 28 associated with the permanent
      magnet 5 corresponding to the desired or selected letter to thereby
      demagnetize the permanent magnet. Upon the demagnetization of the
      permanent magnet 5, the coiled spring 7 causes the rocking member 2 to
      pivot in the clockwise direction about the transverse shaft 1 to the two
      dotted-line position until the rocking member engages the cam member 27.
      As the rocking member 2 is pivoted in the above direction, the trigger
      hammer 4 pivoted on the rocking member descends into the rotation locus of
      the pawled wheel 20 to cause the undersurface of the trigger hammer to
      engage the projection 17 on the engaging member 18 whereby the engaging
      member yields resiliently to the two dotted-line position. As the engaging
      member 18 yields in the manner mentioned above, the pawl 19 on the
      rotating pawled wheel 20 strikes against the trigger hammer 4 which is
      then in the rotation locus of the wheel 20 and thus, the trigger hammer 4
      pivots about the pin 3 in the clockwise direction against the force of the
      coiled spring 22. As the trigger hammer 4 pivots in the clockwise
      direction, the abutment 15 on the trigger hammer 4 strikes against the
      hammering member 12 which in turn pivots in the clockwise direction about
      the shaft 10 against the force of the coiled spring 13. As the hammering
      member 12 pivots in the clockwise direction, the striking portion 11 of
      the hammering member 12 strikes against the printing drum 9 with the
      ribbon 25 and paper sheet 24 interposed therebetween to thereby effect the
      printing operation in cooperation with the drum. After the printing
      operation, although the trigger hammer 4 reverses its movement direction
      to pivot in the counter-clockwise direction, since the engaging member 18
      returns to its initial position as shown with the full line by its
      inherent resiliency immediately after the trigger hammer 4 has pivoted in
      the clockwise direction for effecting the previous printing operation, the
      projection 17 on the engaging member 18 engages in the recess 16 in the
      trigger hammer 4 which is now pivoting in the counter-clockwise direction
      to prevent the trigger member from pivoting further in the
      counter-clockwise direction and maintain the trigger hammer out of the
      rotation locus of the pawled wheel 20. In this way, the pawled wheel 20 is
      effectively prevented from causing the trigger hammer 4 to strike against
      the hammering member 12 twice in a single printing operation which will
      result in super-imposed printing.
PAR  After the printing operation, as the feed mechanism 26 operates to
      intermittently feed the paper sheet 24 and ribbon 25 together, the cam
      member 27 which operates in synchronization with the feed mechanism 26
      rotates to cause the rocking member 2 to pivot in the counter-clockwise
      direction about the transverse shaft 1 towards the permanent magnet 5
      against the force of the coiled spring 7. By this time, the flow of
      current to the release coil 28 has been interrupted to return the
      permanent magnet 5 to its excited condition to allow the magnet to attract
      the rocking member 2 thereto and thus, the rocking member 2 is held in
      position by the attraction of the permanent magnet 5. Simultaneously, the
      recess 16 in the trigger hammer 4 is disengaged from the projection 17 on
      the engaging member 18 to allow the trigger hammer to return to the
      initial position as shown with the full line.
PAR  As appreciated from the foregoing description of the preferred embodiment
      of the invention, according to the present invention, when the printing
      device is not operated, the rocking member 2 is normally held on the
      permanent magnet 5 by the attraction of the magnet so as to maintain the
      trigger hammer 4 out of the rotation locus of the pawled wheel 20. When
      the printing device is operated, the permanent magnet 5 is demagnetized to
      allow the rocking member 2 to pivot away from the magnet by the force of
      the coiled spring 7 and at the same time, the trigger hammer 4 pivoted to
      the rocking member 2 pivots in the clockwise direction about the pin 3
      until the lower end of the trigger hammer engages the continuously
      rotating pawled wheel 20. Upon the engagment of the pawled wheel 20 by the
      trigger hammer 4, the wheel delivers a striking force to the trigger
      hammer 4 by the pawl 19 of the wheel to cause the trigger hammer to strike
      against the hammering member 12 which in turn pivots in the clockwise
      direction about the transverse shaft 10 in opposition to the force of the
      coiled spring 13 to strike against the printing drum 9 to thereby effect
      the printing operation. Since the trigger hammer 4 normally does not
      engage the continuously rotating pawled wheel 20 and is stationary, the
      various parts of the writing device are prevented from engaging and
      contacting each other to thereby eliminate or minimize the possibility of
      wear on the parts and/or noise. After the printing operation, while the
      rocking member 2 is being pivoted in the counter-clockwise direction about
      the shaft 1 towards the permanent magnet 5 by the intermittently rotating
      cam member 27, the permanent magnet 5 is returned to its excited condition
      to attract the rocking member 2 to the magnet. According to the present
      invention, since the permanent magnet 5 may be a magnet having a
      relatively low magnetic force, the permanent magnet may have a relatively
      low capacity which makes the entire writing device compact and reduces the
      production cost of the device. Furthermore, since the rocking member 2 is
      pivoted away from the permanent magnet 5 by the force of the coiled spring
      7 as the magnet is demagnetized and the thus pivoting rocking member
      delivers a striking force to the trigger hammer and accordingly, to the
      hammering member by means of the pawled wheel rotating continuously at a
      high speed, the printing operation can be effected at a high speed. After
      the printing operation, since the trigger hammer is moved and maintained
      out of the rotation locus of the continuously rotating pawled wheel, the
      pawled wheel is effectively prevented from causing the trigger hammer to
      strike against the hammering member twice in a single printing operation
      which will result in superimposed printing.
PAR  While only one embodiment of the invention has been shown and described in
      detail, it will be understood that the same is for illustration purpose
      only and not to be taken as a definition of the invention, reference being
      had for the purpose to the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A printing device comprising in combination
PA1  a. a driven rotatable print drum having a plurality of raised type faces
      arranged circumferentially at spaced intervals thereon;
PA1  b. printing hammer means rotatably mounted for rotation around an axis
      parallel with the axis of rotation of said print drum, to abut against and
      move away from the respective type faces on said drum;
PA1  c. rocking means one end of which is rotatably mounted for rotation around
      an axis parallel with the axis of rotation of said drum and having a
      portion opposed to said printing hammer;
PA1  d. bias means resiliently biasing said rocking member in a direction toward
      said printing hammer;
PA1  e. magnetic means adjacent said rocking means for attractively holding said
      rocking member against the bias of said bias means in a normal position
      and releasing said rocking member to the control of said bias means when
      said magnetic means is demagnetized;
PA1  f. actuator means rotatably mounted on said portion of said rocking means
      for rotation about an axis parallel with the axis of rotation of said
      print drum, said actuator means having therein an abutment spaced from
      said printing hammer means when said rocking means is attractively held by
      said magnetic means, and having an engaging member thereon which can be
      engaged for preventing rotational movement of said actuator means;
PA1  g. intermittently rotatable cam means disposed adjacent said rocking means
      for engaging said rocking means and moving said rocking means toward said
      magnetic means;
PA1  h. a ratchet wheel rotatably mounted for rotation around an axis parallel
      with the axis of rotation of said print drum and having an abutment
      thereon engageable with said actuator means when said rocking means is
      moved away from said magnetic means, said ratchet wheel pivoting said
      actuator means against said printing hammer means for causing said
      printing hammer means to strike the type on said print drum when said
      actuator means is operatively engaged by the abutment on said ratchet
      wheel; and
PA1  k. detent means adjacent said engaging member on said actuator means for
      engaging said engaging member at the end of the pivoting movement of said
      actuator means for holding said actuator means out of the rotational orbit
      of said abutment on said ratchet wheel, and for releasing said engaging
      member upon the movement of said rocking means by said cam means toward
      said magnetic means.
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ABST
PAL  In a sheet fed printing press the sheet delivery apparatus includes a
      delivery drum positioned adjacent to an impression cylinder of the
      printing press. The delivery drum has a shaft journaled in the press frame
      with a pair of delivery sprockets connected the shaft on opposite sides of
      the delivery drum for rotation therewith. Endless delivery chains are
      reeved about the sprockets and have a plurality of transversely extending
      gripper bars secured therebetween in spaced relation to each other. The
      delivery drum has a recessed portion arranged to receive the gripper bars
      as the gripper bars revolve about the shaft with the delivery drum. The
      delivery sprockets have a pitch diameter equal to the diameter of the
      delivery drum so that the speed of the gripper bars is equal to the
      peripheral speed of the delivery drum as the gripper bar revolves about
      the shaft and the speed of the front edge of the sheet is the same as the
      speed of the trailing edge portion of the sheet until the trailing edge
      portion leaves the nip between the impression and blanket cylinder of the
      printing press. Means are provided to adjust the height of the grippers on
      the gripper shaft to adjust for different thicknesses of the sheets
      passing through the press. The adjustment means is arranged to adjust the
      gripper bar with the grippers thereon beyond the periphery of the delivery
      drum to engage relatively thin sheets and to reduce the height of the
      gripper bars to the radial dimension of the delivery drum to accommodate
      sheets having a substantial thickness. Other means are provided to change
      the angular velocity of the delivery drum and the sprockets connected
      thereto so that the speed of the gripper bar and the front edge of the
      sheet is the same as the peripheral speed of the impression cylinder until
      the trailing edge of the sheet leaves the nip between the impression
      cylinder and blanket cylinder of the printing unit.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a sheet delivery apparatus and more particularly
      to sheet delivery apparatus wherein the pitch diameter of the delivery
      sprockets is equal to the diameter of the delivery drum.
PAR  2. Description of the Prior Art
PAR  In the transfer of freshly printed sheets from the printing unit to the
      delivery apparatus it is essential during delivery that the linear
      velocity of the sheet remain the same until the trailing edge of the sheet
      has passed through the nip or tangent point between the blanket and
      impression cylinder. If the speed of the sheet decreases a curl forms in
      the trailing edge portion of the sheet and if the speed increases undue
      tension is exerted on the sheet that results in smearing and streaking of
      the freshly printed ink.
PAR  Conventional sheet delivery apparatus includes a cylindrical sheet
      supporting means such as a delivery drum or spaced discs on which the
      sheet is supported as it is transferred from the impression cylinder to
      the delivery apparatus. A pair of endless chains are reeved about drive
      sprockets that are nonrotatably mounted on the same shaft that rotatably
      supports the delivery drum. Gripper bars are secured to the endless chains
      and extend transversely therebetween. The delivery drum has a recessed
      portion to receive the gripper bars so that the grippers positioned
      thereon engage the front edge of the sheet transferred from the impression
      cylinder. As the front edge of the sheet is engaged by the grippers on the
      transverse gripper bars the trailing portion of the sheet remains between
      the printing and blanket cylinder of the printing unit and one side of the
      trailing edge portion of the sheet is being printed by the ink impression
      on the blanket cylinder.
PAR  It is essential to eliminate smearing of the ink or a curl in the trailing
      edge of the sheet that the linear speed of the entire sheet remain the
      same until the trailing edge of the sheet has passed between the nips of
      the impression and blanket cylinder. Where the linear velocity of the
      sheet front edge is reduced below the linear velocity of the sheet
      trailing edge portion the sheet trailing edge portion adheres to the ink
      on the blanket cylinder because of the ashesive qualities of the ink and
      forms a curl in the trailing edge portion of the sheet similar to a curl
      obtained by passing the trailing edge of the sheet over a knife edge.
      Where the velocity of the trailing edge of the sheet is less than the
      linear velocity of the sheet front edge portion undue tension is exerted
      on the sheet that results in smearing of the freshly printed surface.
      Further, it is highly desirable to provide a smooth, straight path for the
      sheet after it passes around the delivery drum to eliminate fluttering of
      the sheet as it is delivered to the stack.
PAR  In conventional sheet delivery apparatus the delivery chain sprockets have
      a pitch diameter substantially smaller than the diameter of the sheet
      delivery drum and the sheet delivery drum, in turn, because of the
      different thickness of the sheets that can be printed in the printing
      press, has a diameter smaller than the diameter of the press impression
      cylinder. To compensate for sheet thickness, the gripper bar may be
      adjusted linearly relative to the diameter of the sheet supporting drum to
      engage sheets of different thickness as they are transferred from the
      impression cylinder. Where the gripper bar is adjusted beyond the
      periphery of the delivery drum it has a peripheral velocity greater than
      the velocity of the delivery drum because of the increased radius of the
      gripper bar over the radius of the delivery drum. The increased radius
      increases the speed of the gripper bar as it revolves about the delivery
      sprockets and exerts an increased tension on the sheet and results in
      smearing and streaks in the freshly printed ink on the sheet. Remedies,
      such as gluing foam rubber on parts of the delivery apparatus, do not
      completely eliminate these deficiencies. Further, the installation of
      supporting discs, spur gears, helical springs, sand paper strips, foam
      rubber and the like require considerable space and maintenance.
PAR  Where the pitch diameter of the chain sprockets is substantially less than
      the diameter of the delivery drum the sheet is transferred from the
      printing unit around the sheet supporting delivery drum at a velocity
      below the velocity of the sheet transferred by the impression cylinder.
      This results in the trailing edge of the sheet moving faster than the
      front edge of the sheet and results in a severe curling of the trailing
      edge of the sheet after it passes between the nip of the impression and
      blanket cylinder and before it is supported by the sheet supporting
      delivery drum.
PAR  There is a need for sheet delivery apparatus that maintains the velocity of
      the sheet as it is transferred from the printing unit to the delivery unit
      at substantially the same velocity as the sheet is conveyed by the
      impression cylinder within the printing unit. There is also a need for
      sheet delivery apparatus that minimizes the change in direction of the
      sheet as it leaves the circular path around the delivery drum that causes
      fluttering of the sheet. In the past guides, baffle plates, bands and the
      like have been used with limited success.
PAR  German Patent Application OLS 2,111,049, published and not examined,
      discloses a sheet delivery apparatus which compensates for the change in
      the speed of the sheet as it is delivered to the delivery apparatus. This
      apparatus includes delivery sprockets that have a considerably smaller
      diameter than the diameter of the delivery drum. The considerable
      difference in the speed effected by this difference in diameter is
      compensated by moving a segment of the sprocket to compensate for the
      different in radius. The disadvantage of this embodiment is that the
      segment does not revolve and the danger of smearing the wet ink still
      exists. In another embodiment, a gear is provided in which a double link
      is periodically shortened and lengthened by a cam to compensate for the
      existing difference in the speed. This gear only corrects a definite
      difference in the speed in case of a fixed height of the gripper pad.
      Where the height of the delivery grippers is changed for different
      thicknesses of paper, resultant differences in speed of the sheet are
      encountered. Further, a relatively high play in the gear results from the
      double link arrangement so that even this correction is not adequate for
      accurate speed control.
PAR  German Patent No. 2,026,355 has also disclosed apparatus in which a
      stationary drum is provided on the sprocket shaft between the pair of
      sprockets. This stationary drum has a porous covering through whch
      compressed air flows inside the drum and escapes through apertures to
      prevent a smearing of the ink on the printed sheet. However, this
      apparatus is more suitable for webs of paper which are guided without
      fluttering on this apparatus than for sheets of paper. Moreover, such
      apparatus is more expensive than the other known solutions.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to sheet delivery apparatus for a sheet fed printing
      press that includes a cylindrical sheet supporting means positioned
      parallel to the impression cylinder and blanket cylinder of the printing
      press. The cylindrical sheet supporting apparatus has a shaft journaled in
      the press frame with a pair of delivery sprockets maintained thereon on
      opposite sides thereof. Endless delivery chains are reeved about the
      sprockets and have a plurality of transversely extending gripper bars
      secured therebetween in preselected spaced relation to each other. The
      gripper bars have a plurality of grippers and gripper pads which engage
      the edge of a sheet therebetween. The cylindrical sheet supporting means
      has a recessed portion to receive the gripper bars as the gripper bars
      revolve about the shaft. The sprockets have a pitch diameter substantially
      equal to the diameter of the cylindrical sheet supporting means so that
      the gripper bar secured to the chains delivered by the sprockets has
      substantially the same peripheral velocity as the cylindrical sheet
      supporting means as the gripper revolves about the chain sprockets. A
      drive means is connected to the printing press drive and rotates the
      sprockets and cylindrical sheet supporting means in timed relation to the
      impression and blanket cylinders of the printing press.
PAR  The sheet delivery apparatus also includes means to adjust the height of
      the gripper pads on the gripper bars to engage sheets of different
      thickness. For the thick sheets the gripper pads have a height so that
      they follow a path on the pitch diameter of the sprockets and travel at
      the same peripheral speed as the cylindrical sheet supporting means. For
      thiner sheets the height of the gripper pads is increased so that the
      gripper pads extend beyond the periphery of the cylindrical sheet
      supporting means. In this adjusted position the gripper pads travel in a
      different path than the periphery of the cylindrical sheet supporting
      means and hence at a speed faster than the surface of the cylindrical
      sheet supporting means.
PAR  To compensate for the speed and path differential in this latter adjusted
      position a speed compensating device includes a drive gear for the shaft
      that is rotatably mounted thereon. The gear has an adjustable eccentric
      device extending through the drive gear with one end secured to the shaft
      and the other end connected to an arm member. The arm member has a cam
      follower positioned in a cam member that is arranged to oscillate the
      eccentric member during each revolution of the gear and change the angular
      velocity of the shaft to compensate for speed differences due to the path
      followed by the gripper pads and their relative radial position.
PAR  The eccentric member includes a first shaft axially displaced relative to a
      second shaft. Adjustment means are provided to adjust the axial
      displacement of the shafts so that when the shafts are aligned the change
      in angular velocity is zero and as the axial displacement of the shafts is
      increased the change in angular velocity is increased. With this
      arrangement the delivery apparatus can accommodate sheets of different
      thickness and maintain the same speed of the sheet until the trailing edge
      portion passes through the nip of the impression and blanket cylinders.
PAR  Accordingly, the principal object of this invention is to provide a sheet
      delivery apparatus in which the path of the front edge of the sheet
      remains the same as the speed of the trailing edge of the sheet until the
      sheet trailing edge passes through the nip of the blanket and impression
      cylinders.
PAR  Another object of this invention is to provide sheet delivery apparatus for
      sheets of different thickness in which the angular velocity of the sheet
      supporting drum and delivery grippers is periodically changed to
      compensate for the different path of the sheet and the different speed of
      the grippers engaging sheets of different thickness.
PAR  A further object of this invention is to provide adjustment means to change
      the angular velocity of the sheet supporting means.
PAR  These and other objects and advantages of this invention will be more
      completely disclosed and described in the following specification, the
      accompanying drawings and the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view taken through the delivery drum and the adjacent
      impression cylinder.
PAR  FIG. 2 is a view in section taken along the line II--II of FIG. 1.
PAR  FIG. 3 is a view in section taken along the line III--III of FIG. 1.
PAR  FIG. 4 is an enlarged view in elevation and in section of the adjustable
      eccentric member illustrated in FIG. 1.
PAR  FIG. 5 is a plan view of the adjustable eccentric member illustrated in
      FIGS. 1 and 4.
PAR  FIG. 6 is an end view of the eccentric member illustrated in FIGS. 1 and 2.
PAR  FIG. 7 is a fragmentary view taken along the line III--III of FIG. 1,
      illustrating the manner in which the gripper pad of the delivery apparatus
      is positioned for processing thin sheet material.
PAR  FIG. 8 is a view similar to FIG. 7, illustrating the manner in which the
      gripper pad of the delivery apparatus is positioned for processing thick
      sheet material.
PAR  FIG. 9 is a schematic drawing of a high stack delivery apparatus of an
      offset sheet fed printing press.
PAR  FIG. 10 is similar to FIG. 9, illustrating a low stack delivery apparatus
      of an offset sheet fed printing press.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings and in particular to FIGS. 1, 2 and 3 there is
      illustrated a portion of a printing press that includes an impression
      cylinder 10 and a delivery drum 12. The delivery drum 12 has a drum shaft
      14 suitably journaled in the side frames 16 and 18 of the press. The
      impression cylinder 10 has a shaft 38 also suitably journaled in the press
      side frames 16 and 18. The delivery drum 12 is arranged to support a sheet
      20 (FIGS. 7, 8, 9 and 10) as it is transferred from the impression
      cylinder 10. The delivery drum 12 has a recessed portion 22 in which a
      gripper bar 24 of the sheet delivery apparatus is positioned to engage the
      leading edge of the sheet 20 while the sheet is positioned on the
      impression cylinder.
PAR  The surface of the delivery drum 12 is suitably treated to provide a
      surface having controlled roughness and a layer of chromium to support the
      freshly printed sheet without smearing of the ink on the sheet. The
      delivery drum 12 may be constructed as a single cylinder or constructed on
      a plurality of spaced discs on a shaft to suitably support the sheet as it
      is transferred from the printing unit to the delivery system.
PAR  The sheet delivery apparatus includes, as illustrated in FIGS. 1, 9 and 10,
      a pair of endless chains 26 reeved about a pair of drive sprockets 28
      connected to the drum shaft 14 and about end sprockets 30 positioned above
      a stack of sheets 32. The endless chains 26 have a plurality of gripper
      bars 24 secured to the endless chains in spaced relation to each other.
      The gripper bars 24 are so spaced on the endless chains 26 that they are
      positioned within the recessed portion 22 as the grippers on the gripper
      bars engage the sheets positioned on the impression cylinder 10.
PAR  The drive sprockets 28 secured to the drum shaft 14 are driven in timed
      relation with the impression cylinder 10 by means of meshing gears 34 and
      36. The gear 34 is connected to the shaft 38 of impression cylinder 10 and
      forms a portion of the drive train from the press. With this arrangement
      the delivery drum 12 is driven in timed relation with the impression
      cylinder 10. The gear 36 is arranged to rotate at a non-uniform angular
      velocity by means of an eccentric mechanism later described.
PAR  FIG. 3 illustrates the gripper bar 24 positioned in a recessed portion 22
      of the delivery drum 12 and a gripper actuator 40 that includes a cam arm
      42 suitably secured to the press time. The gripper bar 24 includes a
      gripper spindle 44 with a plurality of grippers 46 extending therefrom.
      The grippers 46 each have a gripper finger 48 that is arranged to abut a
      gripper pad 50 adjustably mounted on the gripper bar 24. A lever 52 is
      non-rotatably connected to the gripper spindle 44 and has a cam roller 54
      that is arranged to rotate and open the gripper 46 to receive the front
      edge of the sheet between the gripper finger 48 and the gripper pad 50.
      The cam roller 54 as it passes over a surface of cam arm 42 pivots the
      gripper arms 46 to move the gripper finger 48 away from the gripper pad 50
      and thus open the grippers to receive the front edge of the sheet. Further
      rotation of the gripper by means of the endless chains 26 moves the cam
      roller 54 down an inclined surface of the cam arm 42 to close the grippers
      46 and engage the front edge of the sheet. Means (not shown) are provided
      to adjust the height of the gripper pads 50 to engage sheets of different
      thickness as later discussed.
PAR  As is illustrated in FIGS. 1 and 3, the delivery drum 12 is mounted in
      suitable roller bearings 56 in the press side frames 16 and 18. Chain
      guides 58, 60 and 62 are provided for guiding the chains. The gripper bars
      further include end rollers 64 that abut the chain guides 58, 60 and 62
      during rotation about the axis of the delivery drum 12. With the
      hereinafter described relation of the drive sprockets 28 and the delivery
      drum 12 the chain guides 58, 60 and 62 are located beyond the periphery of
      the impression cylinder 10.
PAR  The pitch diameter of the drive sprockets 28 is the same as the diameter of
      the delivery drum 12. FIG. 3 clearly illustrates the outer periphery of
      the delivery drum 12 and the pitch diameter of the sprockets 28. In FIGS.
      3 and 7 the gripper pad 50 of the gripper bar 24 is illustrated as
      extending beyond the diameter of the delivery drum 12 so that sheets of
      paper may be delivered without smearing the freshly printed material. FIG.
      8 illustrates the gripper pad 50 of the delivery gripper bar 24 positioned
      so that the radial dimension of the pad is substantially equal to the
      radial dimension of the delivery drum 12 and also to the pitch diameter of
      the sprockets 28. Thick sheets are processed with the gripper pad in the
      position illustrated in FIG. 8.
PAR  The above described arrangement of making the pitch diameter of the
      sprockets equal to the diameter of the drum compensates for previously
      existing differences in the path traveled by the sheet as it is
      transferred from the impression cylinder 10 and the difference in speed
      caused thereby. A slight difference in the path and sheet speed remains
      when the gripper pad 50 is adjusted beyond the pitch diameter of the
      sprockets. This slight difference in the path followed ranges from several
      fractions of a millimeter to a few millimeters measured from the axis of
      shaft 14 and results from the radial difference between the gripper pad
      and the pitch circle of the sprockets.
PAR  To compensate for these variable and slight differences in the path and
      speed of the sheet, the gear 36 is rotatably mounted on the delivery drum
      shaft 14. The gear 36 meshes with the gear 34 that is fixedly connected to
      the journal or shaft 38 of the impression cylinder 10 and has the same
      number of teeth as gear 34 to thereby revolve at the same constant speed.
      Gear 36 has a bore 66 in which a shaft 68 is rotatably mounted on needle
      bearings 70. As is clearly illustrated in FIGS. 4 and 5, a second shaft 72
      with an axis 74 extends laterally from and parallel to shaft 68. As
      illustrated in FIG. 4, the shaft 72 has its axis 74 displaced from the
      axis 76 of shaft 68. The shaft 72 has an adjustable eccentricity in
      relation to the shaft 68 as later explained.
PAR  The shaft 68 is connected to a lever 78 that has a roller 80 secured to the
      end portion thereof. The roller 80 is arranged to abut the cam surfaces of
      a cam member 82 that is secured to the press side frame 18 by bolts 84
      (FIG. 1). The configuration of the surface of cam 82 is illustrated in
      FIG. 2 by the --.sup.. -- line 86. The cam 82 has a relatively small
      deflection because the correction required is relatively slight as is
      illustrated in FIG. 2.
PAR  The shaft 68, as illustrated in FIGS. 4 and 5, has an enlarged end portion
      88 adjacent the shaft 72 and has a dovetail recess 90 in which a mating
      dovetail end portion 92 of shaft 72 is rotatably positioned. The journal
      for the shaft 72 rests in a bearing 94 positioned in the clamp 96. The
      clamp 96 is, in turn, non-rotatably connected to the shaft 14 of the
      delivery drum 12. Between the portion of the shaft 72 positioned in the
      bearing 94 of clamp 96 and the dovetail portion 92 the shaft 72 has a
      threaded portion 98 on which there is positioned a nut 100 frictionally
      engaging the dovetail portion 92 within the dovetail recess 90 of shaft
      68. Between the tension nut 100 and the portion 102 of shaft 68 there is a
      base plate 104 which is also designed as a graduated indicator.
PAR  The axis 74 of shaft 72 can be adjusted relative to the axis 76 of shaft 68
      by means of an adjusting device that includes a threaded spindle 106,
      internal threads 108 and covers 110 and 112. The covers 110 and 112 are as
      illustrated in FIGS. 4, 5 and 6 secured by means of bolts 114 and 116.
      With this arrangement the axes 74 and 76 of shafts 72 and 68 remain
      parallel to each other and parallel to the axis of the drum. The axes 74
      and 76, however, may be adjusted relative to each other to increase and
      decrease the eccentricity and thus the variable angular velocity of the
      gear 36.
PAR  The eccentricity between the axes 74 and 76 and the correction in the
      angular velocity of the gear 36 can be adjusted by means of the graduated
      indicator 104 depending on the thickness of the paper fed through the
      press. The gear 36 meshes with the gear 34 and is arranged to rotate at
      the same angular velocity as gear 34. The shaft 14 of the delivery drum 12
      with the sprockets 28 secured thereto is rotatably positioned relative to
      the gear 36. Rotation from gear 36 is transmitted to shaft 14 through the
      shafts 68 and 72 and clamp 96. The shaft 68, however, is arranged relative
      to shaft 72 to vary the angular velocity of the shaft 14 by means of the
      cam roller 80, lever 78, shaft 68, shaft 72 and the clamp 96.
PAR  When the axis 76 of shaft 68 is displaced from the axis 74 of shaft 72 the
      fixed cam 82 transmits rotation through the cam follower 80 and the other
      elements of the eccentric to provide a varying angular velocity for the
      drum 12, sprockets 28 and the gripper 24 connected thereto to thereby
      compensate for the slight difference in path and speed of the sheet due to
      sheet thickness. For example, if the axis 74 of shaft 72 is aligned with
      axis 76 of shaft 68, the eccentricity is adjusted to zero and there is no
      advance or lag of the delivery drum 12 and chains despite the oscillating
      motion imparted by the cam 82 and cam follower 80. This is the desired
      arrangement when the gripper support or pad 50 is positioned as is
      illustrated in FIG. 8 and extends only to the diameter of the drum 12.
PAR  While the length of the lever 78 from the axis 76 of shaft 68 to the axis
      of the cam roller 80 is much greater than the maximum necessary
      eccentricity of the compensating eccentric member, only a small fraction
      of the necessary deflection of the cam 82 is transmitted to the delivery
      drum 12.
PAR  FIG. 3 illustrates that the chains 26 are guided away at tangent point 118
      tangentially to the delivery drum 12 and the customary change in direction
      of the gripper bar and sheet is eliminated. This tangent point 118 at
      which the sheet leaves the drum or supporting discs is in advance of the
      point at which the tail end of the sheet leaves the pressure slot or nip
      120 between the impression cylinder 10 and the blanket cylinder 122 (FIG.
      9).
PAR  FIG. 9 illustrates a high stack delivery apparatus in which a trough 124 is
      positioned below the chains 26. The trough 124 is arranged to provide an
      air cushion under the sheet so that the sheet is delivered without
      fluttering. It is apparent from FIG. 9 that the lower chain guide between
      the delivery drum 12 and the sprockets 30 changes direction only in the
      region 126.
PAR  FIG. 10 illustrates the conditions in an offset rotary sheet fed printing
      press with a low stack delivery apparatus. With the arrangement no bending
      or change in direction of the lower chain guide takes place between the
      delivery drum 12 and the sprockets 30 positioned beyond the stack 32.
PAR  As will be apparent from the above apparatus, it is now possible with the
      pitch diameter of the sprockets equal to the diameter of the delivery drum
      that the speed of the sheet front edge portion is maintained substantially
      the same as the speed of the sheet trailing edge portion. With this
      arrangement the sheet does not experience added tension as it is
      transferred from the printing unit nor is the speed of the sheet decreased
      to cause a curl in the trailing edge of the sheet.
PAR  Where the gripper pads are adjusted for relatively thin sheets and the
      speed of the gripper pads differs slightly from the speed of the trailing
      edge portion of the sheet the eccentric mechanism is operable to
      compensate for this slight difference in both the path and speed of the
      sheet.
PAR  It is thus now possible to minimize and eliminate the abrupt change in the
      speed and path of the sheet as it is transferred from the impression
      cylinder 10 to the grippers on the chain delivery apparatus and further to
      maintain the speed of the grippers at substantially the same angular
      velocity as the impression cylinder until the trailing edge of the sheet
      has passed beyond the nip or pressure point between the impression
      cylinder and blanket cylinder to thus prevent smearing of the freshly
      printed sheets.
PAR  According to the provisions of the patent statutes, I have explained the
      principle, preferred construction and mode of operation of my invention
      and have illustrated and described what is considered to represent its
      best embodiment. However, it should be understood that, within the scope
      of the appended claims, the invention may be practiced otherwise than as
      specifically illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. Sheet delivery apparatus for a sheet fed printing press comprising,
PA1  a cylindrical sheet supporting member positioned parallel to an impression
      and blanket cylinder of a printing press,
PA1  said cylindrical sheet supporting member having a shaft journaled in a
      press frame,
PA1  a drive gear rotatably mounted on said shaft, said drive gear having a bore
      therethrough,
PA1  means to rotate said drive gear,
PA1  an eccentric member having a first shaft positioned in said bore and a
      second shaft axially displaced from said first shaft and nonrotatably
      connected thereto,
PA1  clamp means rotatably connecting said eccentric member second shaft to said
      cylindrical sheet supporting member shaft,
PA1  a pair of drive sprockets secured to said shaft on opposite sides of said
      cylindrical sheet supporting member,
PA1  endless delivery chains reeved about said delivery drive sprockets and
      having a plurality of transversely extending gripper bars secured
      therebetween in preselected spaced relation to each other,
PA1  said gripper bars each having a plurality of gripper fingers and gripper
      pads arranged to engage the front edge of a sheet therebetween,
PA1  said cylindrical sheet supporting member having a recessed portion to
      receive said gripper bars as said gripper bars revolve about the axis of
      said shaft,
PA1  an arm member connected to said eccentric member first shaft and having a
      cam roller mounted thereon,
PA1  a cam member fixedly secured to said press frame, and
PA1  said cam member arranged to oscillate said arm member upon rotation of said
      drive gear to thereby oscillate said eccentric member to rotate said sheet
      supporting member and vary the angular velocity of said shaft and maintain
      the speed of said gripper pads on said gripper bars equal to the
      peripheral velocity of said impression and blanket cylinders until the
      trailing edge of the sheet passes through the nip of said impression and
      blanket cylinder.
NUM  2.
PAR  2. Sheet delivery apparatus as set forth in claim 1 which includes,
PA1  means to adjust the axial displacement of said eccentric member second
      shaft relative to said eccentric member first shaft to thereby vary the
      change in angular velocity of said shaft.
NUM  3.
PAR  3. Sheet delivery apparatus as set forth in claim 1 which includes,
PA1  means to guide said delivery chains tangentially away from said cylindrical
      sheet supporting member.
NUM  4.
PAR  4. Sheet delivery apparatus as set forth in claim 1 in which said means to
      adjust the axial displacement of said eccentric member includes,
PA1  bolt means extending through and threadedly engaged in a transverse bore in
      said second shaft and rotatably supported on said first shaft so that
      rotation of said bolt displaces said eccentric member second shaft axis
      relative to said eccentric member first shaft.
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ABST
PAL  An inking apparatus for printing presses wherein inking rolls are mounted
      so that adjustment of one of the rolls does not disturb the mutual setting
      and adjustments of the remaining rolls; this is achieved by means of three
      form rolls contacting two distribution rolls at four contact points;
      various roll position adjustment means are disclosed for accomplishing the
      adjustments noted.
PARN
PAR  This is a continuation-in-part of application Ser. No. 453,865, filed Mar.
      22, 1974, which is, in turn, a continuation of application Ser. No.
      297,238, filed Oct. 13, 1972, both now abandoned.
BSUM
PAR  The invention is directed to printing presses in general and to an inking
      apparatus in particular. The invention is directed to obtaining a uniform
      ink supply in a printing press and to delivering same to the printing
      form, thereby to produce a print on which the ink is uniformly dispersed.
PAR  In conventional printing presses, for obtaining uniform ink dispersal, it
      is conventional to provide an inking apparatus that is comprised of a
      number of rolls, which take ink up from an ink reservoir and transfer the
      ink to the printing form. Ink is taken from the rolls in the inking
      apparatus in a uniform, extremely thin layer, which is then transferred to
      the printing form in an amount corresponding to approximately 50
      mg/cm.sup.2 for a fully covered, black surface.
PAR  Extremely small variations in the quantity and/or thickness of ink on the
      finished printed matter can be discerned by the viewer's eye. Thus, there
      are extremely high requirements for an inking apparatus to obtaining a
      uniformly inked print. To obtain the necessary exact, uniform dispersion
      of ink, the inking rolls must be extremely accurately aligned and parallel
      in relation to each other and to the printing form, specifically with
      respect to the pressure exerted between the rolls themselves and between
      the rolls and the printing form. Normally, it is not possible to satisfy
      these precise requirements through the connection of springs to the rolls.
      In known apparatus of this type, the rolls are normally journaled in the
      frame of the printing press and adjustments in the pressure exerted by the
      rolls and their alignment are typically corrected and adjusted by means of
      set screws on each roll, which bear against bearing cups or bearing
      housings for the roller trunnions. Each roll is individually adjusted.
      Depending upon the type of press involved, the inking apparatus may
      include as many as 10 to 15 rolls, and when one roll is adjusted, the
      remaining rolls must be correspondingly adjusted, at least in a direction
      away from the adjusted roll. Obviously, such adjustments are time
      consuming and expensive.
PAR  The present invention provides an inking apparatus, wherein one inking
      apparatus roll can be finely adjusted or repositioned with respect to the
      other rolls without requiring adjustment of the remaining rolls and the
      mutual setting of the remaining rolls may remain unchanged, without
      affecting their pressure or alignment. To accomplish this, the invention
      includes a novel roll suspension structure.
PAR  A preferred form of the invention comprises a single ink transfer roll for
      transferring ink from an ink reservoir, two separated distributing rolls
      both in contact with the transfer roll and three form rolls arrayed about
      the outside of the printing form. The leading and trailing form rolls each
      respectively engage one of the distribution rolls and the central form
      roll engages both of the distribution rolls, whereby there are four
      contact points between the distribution and the form rolls.
PAR  The first one of the distributing rolls is rotatable about a first
      stationary axis. The second distributing roll is journaled for rotation in
      a first arm, and that first arm is swingable about a second axis, offset
      from the first axis. The central form roll and one of the other form rolls
      are journaled for rotation in respective second and third swingable arms,
      both of which arms are swingable about the axis of the second distributing
      roll. The third form roll is journaled for rotation in a fourth arm, and
      the fourth arm is swingable mounted about the first axis. The transfer
      roll sits atop and between the distributing rolls.
PAR  Adjustment means are provided for selectively adjusting the form rolls in
      position so that the transfer roll, together with the two distributing
      rolls and together with any one of the three form rolls retain their
      positions relative to one another and their axes define a quadrangle.
PAR  Accordingly, it is the primary object of the invention to provide an inking
      apparatus for a printing press to enable uniform dispersal of ink across a
      print form.
PAR  It is a further object of the invention to provide an inking apparatus
      employing transfer, distributing and from rolls, wherein the position of
      one of the rolls can be adjusted with respect to that of the other rolls,
      without thereafter requiring adjustments in the position of the other
      rolls.
PAR  It is a further object of the invention to minimize the number of
      distributing rolls to maintain contact between the distributing and form
      rolls in an inking apparatus.
DRWD
PAR  These and other objects of the invention will become apparent from the
      following description of the accompanying drawings, in which:
PAR  FIG. 1 shows a portion of an inking apparatus employed in an offset
      printing press and embodying the principles of the present invention;
PAR  FIG. 2 shows the arrangement of FIG. 1 with some of the hidden elements of
      FIG. 1 being shown in solid line form to facilitate understanding of the
      invention;
PAR  FIG. 3 is a highly simplified schematic arrangement showing the rollers of
      FIGS. 1 and 2;
PAR  FIG. 4 is a front elevational view, from the left in FIG. 2, of the inking
      apparatus;
PAR  FIG. 5 is a side elevation view, along the line and in the direction of
      arrows 5 in FIG. 4;
PAR  FIG. 6 is another side elevational view, along the line and in the
      direction of arrows 6 in FIG. 4;
PAR  FIG. 7 is a cross-sectional view along the line and in the direction of
      arrows 7 in FIG. 5, showing the mounting of one of the rolls in the inking
      apparatus;
PAR  FIG. 8 is a rear elevational view, from the opposite direction from FIG. 4,
      of the inking apparatus;
PAR  FIG. 9 is a side elevational view, along the line and in the direction of
      arrows 9 in FIG. 8; and
PAR  FIG. 10 is another side elevational view, along the line and in the
      direction of arrows 10 in FIG. 8.
DETD
PAR  Turning to the drawings, in FIGS. 1 and 2, there is shown cylinder 1 that
      is formed of sheet metal and on which the substrate to be printed can be
      carried. Associated with the cylinder 1 is an inking apparatus which
      includes the form rolls 2, 4 and 6 that engage the cylinder 1, the
      distributing rolls 3 and 5 that engage the form rolls and the transfer
      roll 7 which engages the distributing rolls 3 and 5. The inking apparatus
      also includes roll 71 and five additional rolls (not shown) that would be
      located before roll 7 for delivering ink thereto.
PAR  As suggested in FIGS. 4 and 8, the rolls 2-7 are elongated, extend across
      the elongated cylinder 1 and are generally parallel to each other for
      uniform ink dispersion. Alongside of all of the rolls and of the cylinder
      1 are the various elements and structures of which the invention is
      comprised and which enable the objects of the invention to be realized.
PAR  The inking apparatus includes two fixedly positioned pivot axes A, shown in
      FIGS. 1-4, 6 and 7, and C, shown in FIGS. 1-3, 8-10, both of which are
      carried on the frame of the printing press and the positions of which are
      not movable with respect to cylinder 1. Pivot C is closer to cylinder 1
      than is pivot A and is angularly offset with respect to cylinder 1 from
      pivot A. The roll 5 is journaled on the axis C and is rotatable thereabout
      but is otherwise nonmovable with respect thereto.
PAR  Suspended from pivot A and rotatable thereabout is arm 31 (FIGS. 1, 2,
      4-7). Spaced from pivot A and more centrally located along arm 31 is a
      pivot axis B (FIGS. 1-6). Pivot B is normally closer to cylinder 1 than
      pivot A and is angularly offset with respect to cylinder 1 from pivot A
      and is also angularly offset with respect to cylinder 1 on the other side
      of pivot A from pivot C. Roll 3 (FIGS. 1-4) is journaled on arm 31 at
      pivot B and roll 3 rotates with respect to arm 31. Roll 3 rests upon and
      presses against rolls 2 and 4.
PAR  From pivot B is suspended a first arm 21 (FIGS. 1, 2, 4-6) which is
      pivotable about pivot B and which extends to the axis of roll 2. Roll 2
      (FIGS. 1-3) is journaled on arm 21 and is rotatable with respect to that
      arm.
PAR  An arm 61 (FIGS. 1, 2, 8-10) is journaled to pivot about pivot C and
      extends to the axis of roll 6. Roll 6 (FIGS. 1-3) is journaled on arm 61
      and is rotatable with respect to that arm.
PAR  Roll 5 (FIGS. 1-3, 8) rests on and presses against rolls 2 and 6.
PAR  Ink transfer roll 7 (FIGS. 1-3, 5-7) rests on the peripheries of rolls 3
      and 5. Inking roll 71 (FIGS. 5-6) and/or other inking rolls in the train
      of rolls presses roll 7 against rolls 3 and 5. In the drawings, roll 7
      appears to be coaxial with pivot A. But roll 7 is actually free of any
      direct connection with pivot A (see FIG. 7). A ball bearing support 72 for
      roll 7 is provided. It includes a spring loaded cap 72a to absorb shifting
      of roll 7 due to position changes of roll 3.
PAR  The axis of roll 7 substantially coincides with pivot A. However, it is
      freely movable in relation to pivot A due to the automatic self-adjustment
      in the position of roll 7 by means of an adjustment in the positions of
      roll 3 and of the ink supplying roll 71 and the spring load on the ball
      bearing 72.
PAR  In addition to the roll supporting arms discussed above, other means have
      been provided to maintain the various rolls at their desired locations and
      to adjust their positions.
PAR  There is connected at pivot point 73 on arm 31 (FIG. 6) one end of helical
      spring 32. At its other end, spring 32 is pivotally connected at 74 to the
      frame of the printing press. Spring 32 exerts a biasing force in the
      direction of arrow 75 urging arm 31 to pivot counterclockwise. At the base
      of arm 31 is located the adjustable, abutment set screw 23 which is biased
      by spring 32 to engage first stop 76 for arm 31, which stop is part of
      stop assembly framework 77 alongside cylinder 1. This positions arm 31 and
      roll 2.
PAR  Arm 41 is normally biased to pivot counterclockwise in FIGS. 1-3 by means
      of helical tension spring 33. At rounded abutment 78 which projects from
      arm 41 (FIG. 6), spring 33 engages abutment 78 and thus arm 41. At common
      pivot connection 80 located on arm 31, spring 33 is journal connected
      through shaft 104 having abutment 105 thereon to arm 31. The normal bias
      of spring 33 exerts force in the direction of arrow 82 against abutment 78
      and this pivots arm 41 counterclockwise. (At the same time, this would
      tend to pivot arm 31 clockwise, but spring 32 pivots arm 31
      counterclockwise.) Attached at the base of arm 41 is a below described
      stop engaging abutment set screw 43 which is biased into engagement with
      stop 11 on the framework 77. This positions arm 41 and roll 4.
PAR  Because of its connection to pivot B by arm 21, roll 2 is biased by spring
      32 against the surface of cylinder 1. In addition, compression spring 22
      extends between common pivot 80 on arm 31 and rounded abutment 84 on arm
      21 and exerts force in the direction of arrow 85 upon arm 21 to drive the
      rounded stop engaging abutment surface 86 (FIGS. 5 and 6) against below
      described stop 13 which is associated with roll 5 on arm 61. Hence, the
      position of roll 2 is determined by engagement of abutment set screw 43
      with stop 11 and engagement of surface 86 with stop 13. Roll 2 is thereby
      spring biased against both of rolls 1 and 5.
PAR  Roll 3 is biased by means of spring 32 acting on roll 3 support arm 31
      toward both of rolls 2 and 4 and thereby is supported by and biased toward
      stop 11.
PAR  A spring 62 is pivotally connected at one end at 87 to a fixed abutment 89
      on the frame of the apparatus, and at the other end is affixed to an
      abutment 88 on arm 61. Spring 62 normally biases arm 61 clockwise as
      viewed in FIGS. 1-3, 9 and 10, such that the stop engaging abutment set
      screw 90 is biased against stop 12 of the framework alongside cylinder 1.
PAR  As noted above, roll 5 remains stationary in its position about and pivots
      about axis C. Roll 7 is simply pressed by roll 71 against the peripheries
      of rolls 3 and 5.
PAR  In accordance with a basic concept of the invention, any of the form rolls
      2, 4 and 6 can be adjusted in its position with respect to cylinder 1
      without any adjustment in the position of any of the other form rolls and
      without requiring adjustment in the position of either of the distribution
      of transfer rolls.
PAR  For adjusting the position of roll 4, its circular axle 92 (FIGS. 2, 4, 5)
      has located about its periphery the bearing box 44 which has a
      substantially semi-circular opening therein for receiving the axle 92. The
      counter screw 93 supported (by means not shown) on the frame of the
      printing apparatus presses the axle 92 firmly into the semi-circular
      opening of bearing box 44. At the middle of bearing box 44 is defined a
      pivot 44a about which bearing box 44 is swingable. As a result of such
      swinging of bearing box 44, the location of axle 92 and thereby of roll 4
      is adjusted. For causing swinging motion of bearing box 44, a set screw 42
      threadedly passes through the projection 41a on arm 41 and bears against
      one end of the bearing box 44. Tightening and loosening of screw 42 swings
      bearing box 44 around its pivot. The swing of the bearing box causes
      corresponding swinging of the axle 92 and also causes corresponding
      pivoting of arm 41, but this would have no effect upon the position of any
      of the other rolls. It is the purpose of screw 42 to adjust the
      relationship and position of roll 4 with respect to roll 3.
PAR  A further control over the position of roll 4 with respect to cylinder 1 is
      obtained by means of set screw 43 which threadedly passes through
      projection 94 on arm 41 and at its end abuts stop 11. Tightening and
      loosening of screw 43 adjusts the position of roll 4. It is the purpose of
      screw 43 to adjust the pressure against cylinder 1 of roll 4.
PAR  The position of roll 6 is adjusted with respect to cylinder 1 in a manner
      quite similar to the adjustments in the position of roll 4. Roll 6 is
      provided with its own bearing box 64 into whose substantially
      semi-circular opening the axle 96 of roller 6 is forced by counter screw
      97 which is also supported (by means not shown) on the frame of the
      apparatus. Bearing box 64 is carried on its central pivot 64a on the arm
      61 and box 64 is swingable about its pivot. Set screw 63 threadedly passes
      through projection 65 on arm 61 and there engages the end of the bearing
      box 64. By tightening and loosening of screw 63, bearing box 64 is pivoted
      about its pivot 64a, thereby moving and adjusting the position of roll 6.
      It is the purpose of screw 63 to adjust the relationship and position of
      roll 6 with respect to roll 5. The adjustment in the position of the axle
      96 and thereby of roll 6 itself will slightly swing arm 61 with respect to
      the fixed axis pivot C, but will not affect the position of any of the
      other rolls.
PAR  Similar to set screw 43 for roll 4, there is a set screw 90 for roll 6,
      which threadedly passes through the projection 98 on arm 61 and engages
      stop 12. Tightening and loosening of set screw 90 adjusts the position of
      arm 61 and thereby of roll 6 with respect to cylinder 1. It is the purpose
      of screw 90 to adjust the pressure against cylinder 1 of roll 6.
PAR  Control over the position of roll 2 is slightly different from the control
      over the positions of rolls 4 and 6. Roll 2 has its semi-circular bearing
      box 26 which is swingably pivotable about the pivot 26a located on arm 21.
      The locking counter screw 25 supported (by means not shown) holds the axle
      101 of roll 2 securely in the semi-circular opening of bearing box 26. Set
      screw 24 threadedly passes through the projection 21a provided on arm 21
      and the set screw bears against an end of bearing box 26. Tightening and
      loosening of set screw 24 correspondingly shifts the position of roll 2
      with respect to cylinder 1. It is the purpose of screw 24 to adjust the
      relationship and position of roll 2 with respect to rolls 3 and 5.
PAR  Further control over the position of roll 2 is obtained with the
      cooperation of neighboring stationary axis pivot C. Roll 5 moves around a
      bearing 52b, which bearing is stationary with respect to pivot C. Mounted
      alongside roll 5 is the movable ring-like plate 52a. One end of the plate
      includes the stop 13 whih engages the rounded surface 86 on arm 21. At the
      other end of plate 52a is a set screw supporting projection 102 which
      threadedly receives the set screw 52. The tip of the set screw 52 bears
      against the aforesaid bearing 52b of the axle of roll 5. Adjustment by
      tightening and loosening of set screw 52 at its head shifts the associated
      plate 52a with respect to pivot C, and thereby shifts the position of stop
      13, which causes corresponding motion of arm 21 and thereby causes
      shifting of roll 2 with respect to cylinder 1. The clearance opening 103
      through plate 52a and around pivot C permits the desired shifting of plate
      52a without interference. As with rolls 4 and 6, adjustment in the
      position of roll 2 by either of the means provided for that purpose does
      not affect the position of any of the other rolls.
PAR  With the arrangement involving three form rolls and two distribution rolls
      as discussed herein, there are four contact points between the
      distribution and form rolls, having significant benefits in the ink
      distribution characteristics thereof. The positions of the rolls although
      somewhat adjustable are always intended to be such that a quadrangle is
      defined including at its corners the axes of transfer roll A, of
      distribution rolls 3 and 5 and of any one of form rolls 4, 2 and 6.
PAR  Although the present invention has been described in connection with a
      preferred embodiment thereof, many variations and modifications will now
      become apparent to those skilled in the art. It is preferred, therefore,
      that the present invention be limited not by the specific disclosure
      herein, but only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An inking apparatus for uniformly inking a rotatable cylinder,
      comprising:
PA1  a support frame;
PA1  first, second and third rotatable form rolls, aligned with each other and
      spaced apart from but near to each other and arrayed around said cylinder
      and all rollingly engaging said cylinder; a respective first, second and
      third pivot on which said first, second and third rolls are rotatably
      mounted, and the locations of these said pivots being adjustable;
PA1  fourth and fifth rotatable distribution rolls, aligned with each other and
      also with said form rolls; said distribution rolls being spaced from each
      other; a fourth pivot on which said fourth roll is rotatably mounted; the
      location of said fourth pivot being adjustable; a fifth pivot on which
      said fifth roll is rotatably mounted; said fifth pivot being fixedly
      located with respect to and attached to said frame;
PA1  said fourth distribution roll being continuously in engagement with both
      said first and said second form rolls for rolling therewith; said fifth
      distribution roll being continuously in engagement with both of said
      second and said third form rolls for rolling therewith; whereby there are
      four continuously engaged contact points between said form rolls and said
      distribution rolls for effective ink distribution;
PA1  a sixth rotatable transfer roll for receiving ink from a source, a sixth
      pivot on which said sixth roll is rotatably mounted; said sixth roll being
      spring biased against said fourth and fifth distribution rolls and the
      location of said sixth roll being self adjustable against said fourth and
      fifth rolls and in continuous engagement with both said fourth and fifth
      rolls for their rolling together;
PA1  a seventh pivot generally aligned with said sixth pivot and being fixedly
      located with respect to and attached to said frame;
PA1  a first arm journaled for swinging motion about said seventh fixed pivot
      and extending toward said fourth pivot; said fourth pivot being located on
      said first arm, and said fourth roll being carried on said first arm and
      being rotatable with respect thereto;
PA1  a second arm journaled for swinging motion about said fourth pivot and
      extending toward said first pivot; said first pivot being located on said
      second arm and said first roll being carried on said second arm and being
      rotatable with respect thereto;
PA1  a third arm journaled for swinging motion about said fourth pivot and
      extending toward said second pivot; said second pivot being located on
      said third arm and said second roll being carried on said third arm and
      being rotatable with respect thereto;
PA1  a fourth arm journaled for swinging motion about said fifth pivot and
      extending toward said third pivot; said third pivot being located on said
      fourth arm and said third roll being carried on said fourth arm and being
      rotatable with respect thereto;
PA1  a plurality of biasing means for biasing said form rolls into engagement
      with said cylinder, for biasing said fourth distribution roll into
      engagement with said first and second form rolls and for biasing said
      second roll into engagement with said fifth roll;
PA1  respective first, second and third form roll position readjustment means
      connected with the respective one of said form rolls for moving the
      position of the respective said form rolls;
PA1  respective first, second and third stop means connected with the respective
      one of said form rolls for holding the position of that said form roll and
      its respective said arm stationary as any other said form roll and its
      said arm shifts in position.
NUM  2.
PAR  2. The inking apparatus of claim 1, wherein throughout all adjustments in
      the positions of said rolls, said sixth, fourth, fifth and any one of said
      first, second and third pivots define a quadrangle.
NUM  3.
PAR  3. The inking apparatus of claim 1, wherein each said form roll position
      adjustment means comprises respective means for pivoting the respective
      said arm to which that said roll is pivotably connected, without pivoting
      the other said arms, and for said first and said second form rolls, it
      also comprises means for pivoting said first arm around said pivot;
PA1  each said stop means comprises a respective first, second, third and fourth
      stop element respectively located on the respective said arm carrying its
      said roller and each engaging said frame in a manner that prevents further
      movement of that said stop, and said biasing means for said form rolls
      biasing said stop elements against said frame.
NUM  4.
PAR  4. The inking apparatus of claim 3, further comprising a stop element
      abutment framework located alongside said cylinder and being nonmovably
      connected with said frame; said first, second and fourth stop elements
      being in engagement with said abutment framework and said third stop
      element being in abutting engagement with said fifth pivot.
NUM  5.
PAR  5. The inking apparatus of claim 4, wherein all said stop elements are
      adjustable, thereby to adjust the positions of the associated said rolls.
PATN
WKU  039358160
SRC  5
APN  4319494
APT  1
ART  221
APD  19740109
TTL  Construction for cartridge
ISD  19760203
NCL  6
ECL  1
EXA  Jordan; C. T.
EXP  Feinberg; Samuel
NDR  1
NFG  6
INVT
NAM  Boquette, Jr.; Lawrence E.
CTY  Long Beach
STA  CA
ASSG
NAM  Klotz; Howard S.
CTY  New York
STA  NY
COD  04
CLAS
OCL  102 41
XCL  102 43P
XCL  102 927
EDF  2
ICL  F42B  522
FSC  102
FSS  41;92.7;43;43 P;38
UREF
PNO  3146712
ISD  19640900
NAM  Maurer et al.
OCL  102 41
UREF
PNO  3609904
ISD  19711000
NAM  Scanlon
OCL  102 43P
UREF
PNO  3732826
ISD  19730500
NAM  Johnson
OCL  102 43P
FREF
PNO  732,633
ISD  19550600
CNT  UK
OCL  102 43P
FREF
PNO  860,593
ISD  19610200
CNT  UK
OCL  102 43P
LREP
FRM  Ostrolenk, Faber, Gerb & Soffen
ABST
PAL  A bullet is formed of an explosive charge with a primer at one end and a
      projectile mass at the other end, all enclosed in a continuous plastic
      sheath. The sheath has a weakened central section to define a line of
      separation for a projectile section from the body of the plastic sheath
      when the explosive charge is fired. By controlling the weight of the
      projectile and the stress required to separate the plastic case at the
      weakened section, the impact characteristics of the projectile can be
      controlled. A blank is fabricated by eliminating the projectile and
      forming the weakened sheath section at the end of the sheath. The combined
      primer and charge is encased by a thin, plastic sheath portion which is
      thin enough to allow a weapon firing pin to fire the primer. The combined
      primer and charge is also formed of a small caliber blank with a
      conventional brass case.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to cartridges for use in weapons of various types,
      and more specifically relates to a novel cartridge structure using a
      principally plastic housing. The novel cartridge of the invention provides
      improved ammunition characteristics and has lower cost while being useful
      in a wide range of functions including training, combat, riot control, and
      the like.
PAR  Brass cartridge ammunition is well known. The qualities of brass in the
      required deep draw operations to form cartridge shells have heretofore
      made it the preferred material for this use.
PAR  However, it has long been recognized that there are numerous drawbacks to
      the use of brass in this application. These include high cost, shortages
      of the copper required for the brass, weight -- a serious objection in
      logistics of combat and other quantity use situations, deleterious effects
      of high humidity environment and consequent need for costly and
      troublesome protective measures, and poor shelf life of ammunition unless
      extreme protective measures are adopted.
PAR  Plastic cartridge cases have been proposed as a replacement for brass
      cartridge cases. Similarly, plastic sheaths have been suggested as the
      casing for blank ammunition, as described in U.S. Pat. No. 3,435,765.
PAR  The arrangement of the present invention provides numerous advantages over
      presently existing brass case ammunition and plastic case blank
      ammunition. These are:
PAR  1. Substantial reduction in cost of both training and combat ammunition.
PAR  2. Substantial reduction in weight of ammunition, with consequent logistic
      advantages.
PAR  3. Greatly extended adverse environment "shelf life" of ammunition.
PAR  4. Ease of cleaning of ammunition.
PAR  5. Reduced friction of projectile in rifle barrel, with greatly improved
      muzzle velocity/propellant charge ratio.
PAR  6. Improved reliability of ammunition.
PAR  7. Reduced rifle or pistol jamming experience.
PAR  8. Safer "training" ammunition.
PAR  9. Improved military or police fire power through reduced ammunition
      failure rate and through reduced weight per round and increased number of
      pounds which combat troops or riot control forces can carry individually.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with a first aspect of the invention, ammunition is provided
      for use in connection with hand guns, rifles, semi-automatic and automatic
      weapons, machine guns, and the like, in which the entire continuous outer
      shell is a single piece of injection-molded plastic having a precisely
      formed outer shape of controlled thickness, with reduced thickness or
      strength regions in various functional areas of the sheath. One end of the
      sheath receives a preformed solid propellant matrix with the required
      air-explosive ratio, with an integral primer cap. This preform may be
      preloaded into the injection mold before the sheath is formed, whereby the
      sheath is formed around the preform. The outer end of the preform may be
      covered by the molded sheath so that the entire round will be protected by
      plastic and can be readily wiped clean. If desired, the preform can be
      replaced by a conventional but small caliber blank with a brass case.
PAR  In the case of practice ammunition, the continuous shell is formed with a
      carefully configured front surface which will rupture at its center first
      and flower-petal open without tearing loose of fragments which can clog
      the gas discharge valves in semi-automatic or automatic weapons, or which
      can be dangerous to bystanders.
PAR  In the case of "kill" ammunition, a bullet of lead or of
      lead-impregnated-vinyl is stacked on the preformed charge and is loaded
      into an injection mold prior to forming of the overall continuous shell
      with a suitable break-away surface defined at the base area of the bullet.
PAR  In the case of riot control ammunition, the shell is formed with the front
      end being a suitably shaped hollow or foam-filled plastic bullet which
      breaks away from the shell casing at a designed circumferential line and
      is projected from the muzzle at a suitable velocity and with suitable mass
      and shape to be "safe" in riot control use, having limited range and
      painful but non-penetrating impact.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross-sectional view of a semi-automatic rifle
      shell with a lead or lead-impregnated-vinyl insert bullet.
PAR  FIG. 2 is a cross-sectional view of the bullet of FIG. 1 taken across
      section lines 2--2 in FIG. 1.
PAR  FIG. 3 is a longitudinal cross-section of a riot control semi-automatic
      rifle shell with a light-weight plastic break-away bullet.
PAR  FIG. 4 is a longitudinal cross-section of a blank or practice ammunition
      shell with controlled fracture front surface for semi-automatic rifles in
      which primer and charge are separately fabricated for insertion after
      shell has been molded.
PAR  FIG. 5 is an end view of the right-hand end of FIG. 4.
PAR  FIG. 6 is a longitudinal cross-section of a riot control bullet for
      semi-automatic rifles in which the primer and charge unit are separately
      fabricated and inserted after molding of the plastic shell.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring first to FIGS. 1 and 2, there is shown a combat ammunition shell
      for use in a semi-automatic rifle and has the shape and dimension required
      by the particular weapon. The shell of FIG. 1 consists of a bullet portion
      1 and a casing portion 2, where the bullet portion 1 and casing portion 2
      employ a common and continuous plastic sheath 3. Bullet portion 1 contains
      a lead or lead-impregnated-vinyl insert 4 which is covered by the
      streamlined projectileshaped portion of sheath 3.
PAR  The casing portion 2 has a rim 2a and contains a conventional premolded
      powder charge which has a suitable primer 6 in one end thereof. The
      opposite end of powder charge 5 has a shaped protrusion 7 which nests into
      a conforming depression in the adjacent end of projectile 4 so that the
      projectile 4 and charge 5 may be held relative to one another during the
      formation of sheath 6.
PAR  The exterior of sheath 3 is then provided with a circumferential fracture
      or tearing line, formed by depressions 8 of controlled depth and spacing,
      as shown in FIG. 2.
PAR  To make the round of FIGS. 1 and 2, the preformed charge 5 and its primer 6
      are stacked with projectile 4 and are held, by a suitable jig, in a
      conventional injectionmolding apparatus. Plastic material is then injected
      into the mold to form the sheath 3, and to form a thin web 9 across the
      primer 6 end of charge 5. Note that web 9 will be sufficiently thin to
      enable the rifle firing pin to fire the primer 6. The line of depressions
      8, or a similar weakened line, is then formed in sheath 3. Typical
      plastics which can be used for sheath 3 are: acrylonitrile, butadiene,
      styrene, polyamide, polycarbonate, polyethylene, polypropylene and vinyl.
PAR  In operation, the bullet of FIGS. 1 and 2 is fired when the firing pin of
      the weapon in which it is loaded impacts primer 6 through web 9. The
      explosive charge 5 is then ignited and the expansion of the propellant
      gases generated by burning of charge 5 causes the cartridge case 2 and the
      projectile case 1 to part at the precisely determined weakest section
      defined by depressions 8, and the plastic sheathed bullet is propelled
      down the barrel of the rifle. The plastic sheath on projectile mass 4
      gives beneficial results with respect to sealing, and response to rifling
      grooves, and friction is low with a suitable self-lubricating plastic
      bullet sheath. Muzzle velocity is greater in proportion to the
      weight-to-charge ratio than with a conventional metal sheathed bullet.
      Rifle barrel heating also is reduced in rapid fire situations, and
      accuracy is improved.
PAR  The number of depressions 8, their diameter relative to the radius of
      sheath 3, their depth as well as the tensile strength of the particular
      material selected for sheath 3 all determine the point at which the sheath
      3 will separate. This will be determined in proportion to charge 5 of FIG.
      1. These various design factors will be adjusted to the functional
      specifications of the ammunition; weight, range, muzzle velocity, so that
      the desired characteristics will be obtained.
PAR  Referring next to FIG. 3, there is shown a "riot control" foam-filled
      plastic bullet cartridge constructed in accordance with the invention. The
      cartridge of FIG. 3 is essentially the same as the combat cartridge of
      FIGS. 1 and 2 and similar numerals are applied to similar components. As
      in FIG. 1, the cartridge of FIG. 3 is a single piece, totally plastic
      enclosed unit, in which primer 6 is impacted by the firing pin through the
      thin, plastic web 9, which ignites charge 5, causing expanding gases to
      force rupture along the break-away ring of openings 8 (or another reduced
      section form). Projectile 10 in FIG. 3 is formed of a light foam plastic
      body which is covered with the plastic sheath 3. When the rifle is fired,
      the projectile 10 and its covering sheath is propelled through the barrel
      to emerge with a predetermined muzzle velocity such that the light weight
      riot control projectile 10 will cause pain without being excessively
      damaging under proper use. Note that in appropriate situations, the foam
      body 10 may be eliminated and the streamlined hollow plastic section
      formed by sheath 3 to the right of the ring of openings 8 can serve as the
      projectile.
PAR  Referring next to FIGS. 4 and 5, there is shown an embodiment of the
      invention wherein the cartridge is to be used for blank or practice
      ammunition. The plastic sheath 3 in FIG. 4 is hollow and the right-hand
      end of the sheath has a closed end which has reduced thickness portions at
      intersecting lines 20 and 21 across the end thereof. The internal diameter
      of sheath 3 is designed to receive a preassembled charge 22 and primer 23.
      These may be contained within a blank brass cartridge 24 of small caliber.
      For example, a standard 22 caliber blank may be fitted snuggly within
      sheath 3 in FIG. 5 to serve as the source of the powder charge and primer
      for the blank cartridge formed by sheath 3.
PAR  Note that the blank can be a fully encased brass housing with a primer so
      that the gun powder within the blank will not deteriorate.
PAR  In operation, when the charge 22 is ignited, gases expanding in sheath 3
      eventually cause the regions 20 and 21 to rupture, thereby relieving the
      gas and enabling operation of shell ejector devices or the like of the
      weapon being fired. Note that, when the sheath 3 ruptures at its end, no
      pieces are ejected but the end of sheath 3 simply opens petal-like.
PAR  FIG. 6 shows a cartridge similar to that of FIGS. 1 and 2 but where the
      powder charge and primer are components of a small caliber brass case
      blank. Thus, in FIG. 6, the sheath 3 is injection-molded and the
      projectile mass, whether metallic or a foamed plastic mass, or the like,
      and a preformed small caliber blank are inserted into the hollow sheath 3.
      The operation of this cartridge is identical to that described in
      connection with the cartridge of FIGS. 1 and 2.
PAR  Although there has been described a preferred embodiment of this invention,
      many variations and modifications will now be apparent to those skilled in
      the art. Therefore, this invention is to be limited, not by the specific
      disclosure herein, but only by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive privilege or
      property is claimed are defined as follows:
NUM  1.
PAR  1. A live ammunition cartridge comprising, in combination: a cylindrical
      powder charge body having a constant diameter, a primer disposed in one
      end of said powder charge body, an elongated cylindrical and continuous
      sheath of plastic material having an axial bore of said constant diameter;
      a first portion of said elongated plastic sheath bore closely receiving
      said powder charge body with said primer being juxtaposed with one end of
      said elongated plastic sheath; a second portion of said sheath having an
      elongated projectile-shaped section which is closed at its end and which
      extends axially away from said powder charge body; a projectile mass
      disposed within and completely filling said constant diameter bore in said
      projectile-shaped sheath section; said first plastic sheath portion having
      a wall thickness sufficiently strong to withstand the forces due to
      expanding gas created when said powder charge is ignited by said primer;
      said second plastic sheath portion having a substantially constant wall
      thickness, said second portion wall thickness being less than said first
      portion wall thickness; said first plastic sheath portion being ejected
      with said projectile mass when said powder charge body is ignited.
NUM  2.
PAR  2. The cartridge of claim 1 which further includes a thin planar plastic
      layer of constant thickness extending across said one end of said plastic
      sheath and covering said primer, whereby the entire cartridge outer
      surface is plastic and is impervious to moisture and contamination; said
      thin layer being sufficiently thin to transmit the force of a firing pin
      to said primer.
NUM  3.
PAR  3. The cartridge of claim 1, wherein said projectile mass abuts another end
      of said powder charge body, and further including a circumferential tear
      line around said sheath at the junction outwardly formed about said
      another end of said powder charge body by the differing wall thicknesses
      of said first and second sheath portions to define a tear line at which
      said projectile shaped section of said sheath will separate from the
      remainder of said sheath when said powder charge body is ignited.
NUM  4.
PAR  4. The cartridge of claim 3 wherein said circumferential tear line is
      defined by a line of spaced depressions in said plastic sheath.
NUM  5.
PAR  5. The cartridge of claim 1 wherein said primer and said charge body are
      components of a brass case blank of smaller caliber than the caliber of
      said cartridge.
NUM  6.
PAR  6. The cartridge of claim 1, wherein said projectile mass is of
      light-weight material.
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ABST
PAL  Disclosed is a spear having an elongated rod to penetrate hard targets. The
      spear is delivered either from the air or the ground and is accelerated by
      a rocket motor to achieve the required impact velocity, for penetration.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a Continuation-in-Part of application Serial No.
      172,335 in the name of Carlo Riparbelli, filed 28 July 1971, now abandoned
      and entitled Penetrating Spear and Delivery Method Therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional bombs and rockets are largely ineffective against hardened
      targets, particularly underground concrete structures or bunkers protected
      by layers of soil, sand or rock. These weapons deliver their destructive
      energy in various forms and in all directions and therefor cannot
      penetrate the layers of soil, sand or rock to reach the hardened target.
      The present invention is adapted to be effective against and destroy such
      targets.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a penetrating spear for use against hardened
      targets. The spear, which has a solid elongated rod, utilizes
      one-directional kinetic energy to penetrate through layers of soil, sand,
      or rock to still penetrate a concrete bunker. The rod may include an
      enlarged, bulb-shaped front end and various aerodynamic surfaces for
      stability, control, and/or guidance. Rocket motors are provided at or near
      the rear of the rod to impart acceleration before impact of the spear.
      Both the aerodynamic surfaces and the rocket motors may be affixed to the
      rod by tapered collars which will slide off upon impact of the spear. An
      explosive charge, which may include a shock absorber, is included at the
      rear of the rod, while a shaped charge can be included before the
      bulb-shaped front end to facilitate penetration.
PAR  The spears can be launched from aircraft either like a free falling bomb,
      during a dive, or into a porpoise type maneuver. Multiple spears can be
      included in a container and released at a prescribed altitude. Surface
      launching of the spears is also possible.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a rear end view of a spear of the present invention.
PAR  FIG. 2 is a sectional side view of the spear of FIG. 1 taken along line
      2--2.
PAR  FIG. 3 is a partial side view of a winged spear of the present invention.
PAR  FIG. 4 is a rear end view of a winged spear having collar type attachments.
PAR  FIG. 5 is a sectional side view of the winged spear of FIG. 4 taken along
      line 5--5.
PAR  FIG. 6 is a sectional side view of spear rod having a separate warhead.
PAR  FIG. 7 is a side view of a clustered rocket motor spear.
PAR  FIG. 8 is a rear-end view of the clustered rocket motor spear of FIG. 7.
PAR  FIG. 9 is a schematic view of a spear dropped from an aircraft.
PAR  FIG. 10 is a schematic view of a spear launched from a diving aircraft.
PAR  FIG. 11 is a schematic view of a spear launched from a low flying aircraft.
PAR  FIG. 12 is a schematic view of the launching of multiple spears from a low
      flying aircraft.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As illustrated in FIGS. 1 and 2, the spear basically comprises an elongated
      solid metal shaft or rod 10 having a length many times its diameter. The
      rod 10 has a blunt bulb-shaped front end 11 which has a diameter slightly
      larger than the remainder of the rod 10 which is considered as the stem
      12. A conical cavity 13 at the rear of the stem 12 contains an explosive
      charge 14 which may include a pyrotechnic fuse. If desired, the stem 12
      may be tapered, with the rear portion thereof having the smallest
      diameter.
PAR  A frontal conical aerodynamic fairing 15 which may contain a hollow shaped
      charge 16 or a guidance device is provided at the blunt front end 11 of
      the rod 10. A collar 26 to which aerodynamic fairing surfaces 22 are
      affixed is provided around the rear of the stem 12. The collar 26 is
      designed to slide off the stem following impact of the spear with a
      target. The collar 26 need not necessarily be a one-piece cylindrical
      member. The collar 26 may be completely or only partially changed into
      segments or shoes slidably disposed around the stem 12 and which may or
      may not be joined one to the other and which may or may not be arcuate in
      form. Mounted at the rear of the stem 12 and affixed to the collar 26 is a
      rocket motor 17. The rocket motor 17 includes a casing 18 to contain a
      propellant charge 19 which is ignited, for example, by a squib and a
      firing circuit (not shown). Hot gases generated by the ignited propellant
      charge 19 are expended through a nozzle 20 which is fixed in the rearward
      or aft end portion of the casing 18. Extending rearward from the stem 12
      to the rocket motor 17 are a plurality of aerodynamic fairing surfaces 22.
      A plurality of aerodynamic stabilizer tail surfaces 24 project outward
      from the rocket motor 17.
PAR  While the spear depicted in FIGS. 1 and 2 can be launched in any number of
      different fashions, it is particularly adapted to be dropped from an
      aircraft or helicopter as shown in FIG. 9. The spear 31 is dropped from
      the aircraft 32 into a free fall path much like an ordinary bomb. When the
      spear 31 reaches a predetermined distance above the target 34, the rocket
      motor 17 is ignited to accelerate the spear to a high velocity before
      impact above the target 34 which lies below the surface of the ground 36.
      The spear axially impacts the ground 36 and travels through it until it
      perforates the target 34. The explosive charge 14 is then exploded after
      penetration is completed.
PAR  A plurality of triangular wings surfaces 30 may be added to the spear as
      shown in FIG. 3. The wings 30 extended over the enlarged or bulb-shaped
      front end 11 of the rod 10.
PAR  One method of attaching these wings and the other aerodynamic surfaces to
      the spear is illustrated in FIGS. 4 and 5. A collar 52 to which the wings
      54 are affixd is provided around the tapered section of the rod 56
      extending rearward from the bulb-shaped front end 58. The wings 54 may
      include ailerons 55 to provide simple roll control for the spear during
      free flight. The rocket motors 62 are likewise mounted on a collar 64
      which is provided around the rear portion of the stem 60. Opposed
      triangular tail surfaces 66 extend outward from the rocket motors 62 while
      opposed tail surfaces 68 extend outward from the rear portion of the stem
      60. A frontal fairing 73 is also provided. A shock absorber 70 of a
      material such as tar or honeycomb may be provided at the forward end of
      the rear conical cavity 71 which contains explosive charge 72 to prevent
      premature detonation of the charge 72 upon impact.
PAR  Alternately as shown in FIG. 6, a separate explosive charge or warhead 82
      may be attached to the stem 84 through a shock absorber 85. The outer
      diameter of the charge 82 should be thee same as the diameter of the stem
      84 of the rod 80.
PAR  The winged spear while capable of being launched or delivered in a number
      of ways is particularly effective when launched from a diving aircraft as
      shown in FIG. 10. The winged spear 73 flies like a rocket-propelled
      missile when launched from the diving aircraft 74 against a target such as
      a submarine pen 76 carved in rock 78. The flight path of the spear 73 will
      be substantially straight unless guidance is provided. Launching the spear
      73 from a diving aircraft utilizes the velocity of the aircraft 74 at
      launch and permits the utilization of rocket motors having reasonably long
      burning times. Axial impact is more easily achieved since the oscillations
      typical of bombs in free fall are avoided.
PAR  FIGS. 7 and 8 illustrate a spear having a plurality or cluster of rocket
      motors 88 positioned around the stem 90 of the spear rod 91. Aerodynamic
      fairing surfaces 92 extend from the enlarged blunt front end 94 to the
      motors 88. The spear includes the frontal conical aerodynamic fairing 96
      and a plurality of tail surfaces 98.
PAR  If it is desired to launch the spear from high velocity aircraft flying at
      very low altitude, it may be necessary to deliver the spear as shown in
      FIGS. 11 or 12. Here, the spear is launched from the aircraft to first fly
      upward and gain some altitude before its path curves downward towards the
      target. A small propulsion charge can be used in order to have the spear
      clear the aircraft. This porpoise type maneuver can be achieved in a
      number of different ways such as by including a time controlled spear
      surface to control the angle of attack or by rigidly fixing all of the
      control surfaces for a climb angle of attack and then forcibly detaching
      the surfaces with a small exposive charge at the prescribed altitude.
      Alternately the phugoid motion flight-dynamics stability can be utilized.
      In either event the rocket motor or motors would be fired near the end of
      the downward path to achieve the necessary impact velocity.
PAR  In FIG. 11, a single spear 39 is launched from an aircraft 38 against an
      underground target 40. In FIG. 12 a container 44 including a plurality of
      individual spears 46 is launched from an aircraft 42. The individual
      spears 46 are ejected from the container 44 at the prescribed altitude
      against targts 48 and 50. The low flying aircraft may continue on its path
      or, as shown in FIG. 12, the aircraft may climb into a loop away from the
      targets.
PAR  The spear is designed to destroy undergound bunkers even if they are
      protected by layers of soil or sand many feet thick or if they are caverns
      cut in rock. Properly configured, the spearr can easily perforate 15 to 20
      feet of concrete or 100 feet of sand. The type of target material and a
      pre-established penetration depth will determine the optimum spear length
      and the impact velocity required.
PAR  The spear differs from a bomb in that the spear's energy is primarily
      kinetic and in a single direction while the energy released by a bomb is
      in several forms and propagates in all directions. Thus the penetration
      which can be achieved in a given type of ground by the spear is much
      larger than the penetration from a bomb. The maximum spear penetration is
      achieved by an optimum balance between spear length and impact velocity
      when considered with the spear material and the target materials.
PAR  While an explosive charge may be contained at the rear of the spear stem,
      extensive damage to the target can be achieved simply by spallation of the
      target bunker's ceiling and the fall of loosened soil through the
      perforated bunker ceiling. When a ship is the target, the spear can
      perforate any number of decks and finally the hull of the ship impacted
      from above. A spear designed for use against ships would usually be
      shorter than a spear for a hard underground target and there would not be
      any necessity for the bulb-shaped front end.
PAR  Since a deep penetration requires a large impact velocity, considerable
      erosion of the front of the spear is envisioned and can be tolerated
      without damage to the explosive charge. With increasing penetration, the
      velocity of the spear decreases and the rate of erosion decreases with it
      until it ends. After the erosion is ended, the spear continues on its path
      while undergoing further deceleration due to terradynamic drag until
      finally it comes to rest. Since optimum impact velocities cannot be
      achieved by free fall except from extremely high altitudes, rocket motors
      are usually required.
PAR  From the standpoint of the spear design, the final state of stress when the
      spear and the ground are at rest after penetration is of no interest.
      However, the sequence which leads to it is important.
PAR  The primary contact during penetration takes place between the front
      surface of the spear and the bottom of the crater. The target material is
      initially compressed ahead of the advancing spear's front. It subsequently
      expands, overshooting by inertia the radius of the spear. The target
      material opens into a wide crater and it does not touch the lateral
      surface of the spear over a considerable length. This effect finds its
      counterpart in the cavity around a torpedo penetrating water. Just like a
      cavity in water finally closes in the back, so the earth rebounds and
      closes the crater with considerable residual pressure. If the spear is at
      rest the earth closes it in a tight grip.
PAR  If the spear is so long that the ground rebounds gripping the tail end of
      it, this may hamper further penetration and may even stop the spear or
      break it by tension. For this reason the time period during which the
      crater opens and closes back must be long enough so that the rebounding
      ground does not grip the tail end of the spear. This condition depends on
      the length and velocity of the spear and on the profile of the crater
      which in turn depends on the diameter of the front end.
PAR  The length of the spear is determined by the penetration depth to be
      achieved and it is a function of the impact velocity, of the material of
      the spear, and of the target material. It is also limited by the maximum
      weight and length allowed by the carrier. For a given impact velocity the
      penetration depth is roughly proportional to the length of the spear.
PAR  Above a minimum diameter necessary to avoid buckling, the penetration depth
      does not depend on the diameter of the spear. The damage imposed on the
      target increases with at least the square of the diameter, i.e. with the
      volumes of the spallation plug and of the explosive charge. Of course, for
      a given length, the weight also increases with the square of the diameter
      and, for the optimum velocity, so do the necessary impulse and the weight
      of the rocket motors. If the spear penetrates the target with considerable
      residual velocity, fragments from the target ceiling will be launched with
      considerable velocity and act as projectiles themselves.
PAR  The shaft or rod of the spear would normally be a single piece of a hard
      and tough material such as steel or tungsten. Alternately, the rod may be
      made out of more than one material in order to obtain a very hard front
      and/or a more advanced center of gravity.
PAR  The appendages, such as the fairings, wings, rocket motors and tail
      surfaces should easily come apart from the rod upon impact with the ground
      and may be of a lightweight material such as aluminum. Upon entering the
      ground, the spear should be smooth and axially symmetric, without any
      protrusions. The collar type attachments shown in FIGS. 2, 4 and 5 are
      particularly designed to slip off the stem following impact.
PAR  The enlarged or bulb-shaped front end of the rod should have a diameter
      approximately 5 to 10% larger than the main rod diameter. This enlarged
      front end is required to reduce or avoid the clamping effect of the ground
      around a penetrating rod. If for some reason a soft material such as mild
      steel is used for the rod, the enlarged front end may not be necessary in
      view of the plastic deformation of the front of the rod which would occur
      upon impact.
PAR  The conical cavity for the explosive charge in the rod must be at the rear
      of the stem to avoid collapse upon impact. The transition from the main
      rod to the cavity should be smooth to avoid any local stress
      concentrations. A delayed fuse which can sense the end of the spear's
      deceleration can be provided for this charge.
PAR  The rocket motors should be designed for the specific application to
      provide the required acceleration to the spear. For the winged spear of
      FIGS. 3, 4, and 5 launched as illustrated in FIG. 10, an Athena Stage IV
      motor delivering a total impulse of 52,800 lb. sec in 9.16 sec would be
      suitable. This motor weighs 214 lbs and is 32.6 inches long with a
      diameter of approximately 19 inches. This particular embodiment is
      suitable for a steel spear having a diameter of 5 inches and a length of
      about 5 feet and is designed to penetrate 15 feet of concrete.
PAR  For the multiple rocket motor spear of FIGS. 7 and 8, a zuni type motor can
      be utilized. The Zuni motor, with a 5 inch diameter and 62 inch length can
      deliver a total impulse of 6825 lb. sec in 1.05 sec.
PAR  While the impact of the spear should be axial for a good penetration, some
      obliquity may be tolerated. A spear impacting normally a honogeneous
      target, penetrates it on a straight path until it stops. The same is true
      if the angle of obliquity is small or if the impact velocity is high. For
      lower impact velocity or for higher obliquity the penetration path becomes
      curved and in the limit ricochet takes place. In order to favor
      penetration under oblique impact or to indent hard rock or concrete, a
      frontal, hollow-shaped charge may be provided with the frontal fairing to
      reduce the possibility of bending and/or ricochet.
PAR  As previously indicated the spear should be specifically designed for its
      particular target. Assume that the target is concrete having a specific
      gravity of 0.085 lb/in.sup.3 and a reference strength of 100,000
      lb/in.sup.2 and that the desired penetration depth is 16 1/2 feet. A steel
      spear 5 inches in diameter and 7 1/2 feet long having an optimum impact
      velocity of 2620 ft/sec and a momentum of 90,000 lb/sec at impact will
      produce this penetration. The rod, of steel having a weight per unit
      volume of 0.28 lb/in.sup.3 and a reference strength of 200,000 lb/in.sup.2
      will weigh 495 lbs.
PAR  A tungsten rod for the same target would be much shorter but slightly
      heavier and with a lower impact velocity. The percentage loss by erosion
      will be greater for the tungsten rod. The greater density of tungsten
      permits the shorter rod which allows for better stability against
      buckling.
PAR  Once the penetrating rod is defined, the rocket motor can be added and the
      aerodynamic surfaces configured. It has been found that optimum
      penetration is achieved if the majority of the weight is distributed
      between the solid front part of the rod and the rocket motor necessary to
      achieve optimum velocity.
PAR  FIGS. 9, 10, 11 and 12 illustrate launch or delivery of the spear from an
      aircraft. The spear can also be launched from the surface or from a ship
      when provided with suitable propulsion and guidance.
PAR  While specific embodiments of the invention have been illustrated and
      described, it is to be understood that these embodiments are provided by
      way of example only and that the invention is not to be construed as being
      limited thereto but only by the proper scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A penetrating spear comprising:
PA1  an elongated solid rod, of a hard metal, having a length many times its
      diameter, said rod additionally having an integral blunt bulb-shaped front
      end with a diameter between 5 to 10% larger than the diameter of the
      remainder of said rod;
PA1  propulsion means secured adjacent the rear portion of said rod to
      accelerate the spear to an optimum velocity before impact with a target;
      and
PA1  a plurality of aerodynamic surfaces disposed around said rod to control and
      stabilize the spear during flight, said plurality of aerodynamic surfaces
      including a frontal conical fairing disposed at the front of said rod, a
      plurality of aerodynamic fairing surfaces extending from said rod to said
      propulsion means, and a plurality of stabilizer tail surfaces extending
      outward from said propulsion means.
NUM  2.
PAR  2. The penetrating spear of claim 1 and in addition an explosive charge
      disposed within said frontal conical fairing.
NUM  3.
PAR  3. A penetrating spear comprising:
PA1  an elongated solid rod, of a hard metal, having a length many times its
      diameter, said rod additionally having an integral blunt bulb-shaped front
      end which has a diameter slightly larger than the remainder of said rod;
PA1  a frontal conical fairing disposed at the front of said rod;
PA1  aerodynamic surface support means slidably disposed about the rear portion
      of said rod;
PA1  a plurality of aerodynamic surfaces affixed to said support means to
      control and stabilize the spear during flight and to slide off said rod
      with said support means upon impact; and
PA1  propulsion means affixed adjacent the rear portion of said rod to
      accelerate the spear to an optimum velocity before impact with a target.
NUM  4.
PAR  4. The penetrating spear of claim 3 and in addition an explosive charge
      disposed within said frontal conical fairing.
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ABST
PAL  An active optical fuze for detonating a missile warhead at a prescribed
       re is disclosed in combination with an optical guidance system target
      sensing head for a missile which incorporates an assembly of optical
      elements for receiving radiant energy from a target and wherein the
      optical axis of the receiving assembly is automatically rotated by
      guidance controlled means in response to received guidance radiation so as
      to track the target. A lasing diode is utilized as the fuze radiation
      transmitting device, the lasing diode being coupled to the receiving
      optical assembly and disposed coaxially therewith for emitting radiation
      outwardly along the optical axis of the receiving assembly such that the
      fuze radiation is automatically emitted in the target direction when the
      receiving assembly is rotated to track the target. The receiving assembly
      optics is utilized not only to receive the guidance radiation from the
      target, but also to receive the fuze transmitter radiations scattered by
      the target, these two signals being recovered by a signal processing means
      within the optical receiving assembly.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured, used and licensed by or
      for the United States Government for governmental purposes without the
      payment to us of any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to optical fuzing systems and is
      particularly concerned with an optical fuzing system which is combined
      with the guidance system optics within the target sensing head of a guided
      missile, the optical fuzing system effecting detonation of a missile
      warhead at a prescribed range.
PAR  Automatic guidance of a projectile or missile has been accomplished through
      numerous different techniques as is well-known in the art, such techniques
      utilizing a target sensing head of the missile responsive to
      electromagnetic radiation from a target so as to effect tracking and
      guidance. The target sensing head of such systems typically incorporates
      an optical receiving assembly by which the radiation from the target is
      received and collected. In this respect, it should be appreciated that the
      term "optical"  as employed herein should be construed as being
      descriptive not only of visible light processing systems, but also as
      being descriptive of systems for collecting, directing, refracting,
      transducing, and detecting all forms of electromagnetic radiant energy
      including both visible/invisible light rays, infrared energy, and radio
      frequency waves.
PAR  The optical guidance system within the target sensing head is employed to
      detect and determine the position and movement of a target with respect to
      a given point of observation. Initially, as is typical, the receiving
      optical assembly of the target sensing head first scans or searches
      through the field of view so as to detect the desired target. Once the
      target is so located, the optical receiving assembly generally is
      gyroscopically driven through servo-systems and other guidance control
      means which are responsive to the received guidance radiation so as to
      rotate the optical axis of the receiving assembly and effect tracking of
      the target.
PAR  The thrust of the instant invention is not directed per se to such optical
      guidance systems, the above information merely being provided as general
      background. Reference is made to the prior-art literature for specific
      teachings of conventional guidance systems, such as is disclosed in U.S.
      Pat. No. 3,239,674, 3,219,294, 3,021,096, 3,133,188, and others, these
      patent disclosures being herein incorporated by reference.
PAR  In cooperation with this missile guidance or tracking function, prior-art
      systems further utilize fuzing or range-finding techniques such that the
      missile warhead will be detonated at a prescribed range. It is this aspect
      of the overall guidance control system to which the instant invention is
      primarily directed. Typically, prior-art optical fuzing systems are
      separate from the guidance radiation receiving optics within the target
      sensing head of a missile, the optical fuze systems typically
      incorporating a radiation transmitting device which emits radiation
      outwardly from the missile in the general direction of the target, the
      fuze transmitter radiation being scattered by the target and subsequently
      received by a sensing apparatus to derive the requisite range information.
      When the missile is not directly aligned with the target, the fuze
      radiation of such prior-art systems would not be emitted in the target
      direction and, consequently, this requisite fuzing information would
      temporarily be lost, until the optical guidance system of the missile
      corrected the missile alignment and direction.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary objective of the instant invention to provide an optical
      fuzing system for a guided missile which is combined with the general
      optical guidance system within the target sensing head of the missile in a
      fashion such that the fuze radiation will always be emitted in the target
      direction, thus insuring proper operation of the fuze system in
      conjunction with the tracking operation of the optical guidance system of
      the missile.
PAR  This objective, as well as others which will become apparent as the
      description procedes, are implemented by the subject inventive optical
      fuzing system which is designed to be utilized in combination with a
      conventional optical guidance system target sensing head for a missile of
      the type which incorporates an assembly of optical elements, such as in
      the form of a reflecting telescope, for receiving radiant energy from a
      target, and wherein the optical axis of the receiving assembly is
      automatically rotated by guidance control means in response to received
      guidance radiation so as to track the target.
PAR  Specifically, and in the perferred inventive embodiment, the fuze means of
      the instant invention incorporates a radiant energy transmitting device,
      such as a lasing diode, which is coupled to the existing receiving
      assembly and is disposed coaxially therewith, the radiant energy
      transmitting device emitting fuze radiation outwardly along the optical
      axis of the receiving assembly. In this fashion, the fuze radiation is
      automatically emitted in the target direction when the receiving assembly
      is rotated to track the target during its conventional operation.
PAR  The elements of the existing receiving assembly are also utilized to
      receive the fuze transmitter radiation which is scattered by the target.
      To this end, a discriminator means is coupled to the existing receiving
      assembly along the optical axis and serves to separate the received fuze
      transmitter radiation from the normally received guidance radiation.
      Again, in the perferred inventive embodiment, such discriminator means
      will be seen to comprise a collimating lens and a beam splitter which is
      disposed on the optical axis of the receiving assembly to separate the
      fuze radiation signal from the received guidance radiation signal, such
      separation being possible by constraining the fuze radiation transmitting
      device to transmit at a different frequency than the frequency of the
      received guidance radiation. Alternatively, the separation and detection
      of the received fuze and guidance radiation can be effected by an
      electronic signal processor which operates on a time-sharing basis.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and further features and advantages
      thereof will become apparent from the following detailed description of a
      preferred inventive embodiment, such description making reference to the
      appended sheets of drawings, wherein FIG. 1 is a schematic representation
      of a target sensing head incorporating a conventional optical guidance
      system and optical receiving assembly, in conjunction with the optical
      fuzing system of the instant invention and utilizing an optical
      discrimination, and wherein FIG. 2 depicts a further embodiment of the
      apparatus of FIG. 1 but utilizing an electronic signal processor for the
      signal discrimination function.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED INVENTIVE EMBODIMENT
PAR  With reference now to FIG. 1, a target sensing head for a typical guided
      missile or projectile is depicted, the missile generally being designated
      by reference 10 and incorporating a radome 12 through which
      electromagnetic radiation is designed to pass. Internally of the target
      sensing head, an optical guidance system is found, the guidance system
      incorporating an assembly of optical elements designed to receive radiant
      energy designated by reference 14 from a target. In the exemplary
      embodiment of the optical receiving assembly shown, such assembly will be
      seen to be in the general form of a reflector telescope having a primary
      mirror 16, a secondary mirror 18, and a collimating lens 20 disposed at
      the focal point. Thus, received electromagnetic radiation as represented
      by the lines designated 14 pass through the radome 12, are reflected from
      the mirrored-surface of primary mirror 16 towards mirror 18, and are then
      reflected from the mirrored surface of secondary mirror 18 towards the
      collimating lens 20. This received radiation, which may be infrared in
      frequency, for example, is then passed through a condensing lens 22 and is
      detected by a guidance detector 24, the detected signal being utilized by
      an electronic guidance control system generally designated by reference
      numeral 26 and of conventional construction as described at the outset so
      as to effect tracking of the target.
PAR  Specifically, and again in accordance with conventional construction, it
      should be appreciated that the optical receiving assembly comprising
      primary and secondary mirrors 16 and 18, collimating lens 20, condensor
      22, and detector 24 are typically constructed as an integral unit which is
      capable of being rotated and otherwise moved within the body of missile 10
      through gyroscopic control effected by the guidance control system 26.
      Particularly, it should be appreciated that in accordance with
      conventional operation, the optical receiving assembly is automatically
      rotated by the control means 26 in response to received guidance radiation
      from the target so that the optical axis 28 of the receiving assembly
      tracks the target, the missile itself subsequently being controlled in
      conventional fashion in accordance with prior-art techniques. Thus,
      missile 10, through operation of the guidance control system 26 in
      cooperation with the depicted optical receiving assembly, can be caused to
      assume a collision course with a distant target, the optical axis of the
      receiving assembly automatically being rotated to insure proper tracking.
PAR  In addition to the above-described optical guidance system which, as
      aforestated, is of conventional construction, the instant invention
      contemplates the provision of an optical fuzing system whereby the missile
      warhead can be detonated at a prescribed range. To this end, and in
      accordance with the primary teachings of the invention, a fuze means is
      provided in combination with the optical guidance system described, and
      disposed in a fashion such that the optical fuze is automatically pointed
      at the target by the guidance system at the same time that the optical
      axis of the receiving assembly is rotated to effect tracking of the
      target.
PAR  Specifically, and in the preferred embodiment as illustrated, the fuze
      means of the instant invention includes a radiant energy transmitting
      device, such as a lasing diode 30 which is coupled to the receiving
      assembly and disposed coaxially therewith, lasing diode 30 emitting
      radiation 32 outwardly along the optical axis 28 of the receiving
      assembly. In the embodiment as shown, the fuze transmitter diode is
      utilized in conjunction with a fuze transmitting lens 34 disposed on the
      back of secondary mirror 18. With this arrangement, and bearing in mind
      that the entire optical receiving assembly including secondary mirror 18
      is rotated as a unit by the guidance control system 26 so as to track the
      target, it can be readily appreciated that the fuze radiation 32 will
      automatically be emitted in the target direction when the receiving
      assembly is so rotated to track the target. Thus, proper alignment of the
      fuze transmitting means is always insured, thus obviating a basic
      disadvantage of prior-art mechanisms.
PAR  With the construction as illustrated, it should further be appreciated that
      much of the existing optical guidance system receiver assembly optics is
      utilized to receive and collect the fuze transmitter radiation 32 which
      would be scattered by the target and returned to the missile along with
      the received guidance radiation designated by reference numeral 14. Thus,
      the fuze receiver optics likewise are automatically pointed at the target.
PAR  The received radiation 14 which, as stated, constitutes both the guidance
      radiation as well as the fuze transmitter radiation, is then reflected by
      the primary and secondary mirrors 16 and 18, and is subsequently
      collimated by the collecting lens 20 as shown. With the combined system as
      described, means are provided to discriminate and separate the received
      fuze radiation signal from the received guidance radiation signal. One
      such means will assume the fuze and guidance systems to operate on
      radiation of different wave lengths, thus enabling separation of the two
      signals based on frequency.
PAR  For this purpose, the preferred inventive embodiment is illustrated as
      incorporating a beam splitter 36 disposed on the optical axis 28 of the
      receiving assembly and operating as an interference filter designed to
      pass a band of energy in the vicinity of the including the guidance
      frequency which could comprise reflected laser radiation, for example, and
      reflect all other energy including the received fuze energy. Thus, the
      received guidance radiation passes through the beam splitter and
      condensing lens 22 into the guidance detector 24 as already described. The
      received fuze radiation is reflected by beam splitter 36 and passes
      through a further condensing lens 38 into a separate fuze detector 40
      which would be a component of an overall electronic detonation control
      system 42 of conventional construction. If desired, a separate pass-band
      interference filter at the fuze frequency could be disposed between the
      beam splitter 36 and the condensing lens 38 as shown, this non-illustrated
      interference filter serving to reject undesirable competing signals not at
      the fuze frequency, thus enhancing system operation.
PAR  An alternate method of discrimination and separation is depicted in FIG. 2,
      wherein the received radiation 14 from both fuze and guidance signals is
      directed as before through collimating lens 20, common condenser 22 and a
      common detector 24. The signals generated by the detector 24 are conveyed
      to a signal processing system 44 that functions so as to time-share the
      receiving optics and detector between the received guidance signal and the
      received fuzing signal. The time sharing action is based on the premise
      that both guidance and fuze radiation are pulsatile and of different
      temporal distribution. This difference in temporal distribution enables
      the received signals to be discriminated and separated by the signal
      processing system 44 which then transmits the guidance information to the
      electronic guidance control system 26 and fuzing information to the
      electronic detonation control system 42.
PAR  It should now be apparent that the objects and advantages of the invention
      as initially set forth at the outset of the Specification have been
      successfully achieved. Further, we wish it to be understood that we do not
      desire to be limited to the exact details of construction shown and
      described, for obvious modifications can be made by a person skilled in
      the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an optical guidance system target sensing head for a missile
      incorporating an assembly of optical elements for receiving radiant energy
      from a target, and wherein the optical axis of the receiving assembly is
      automatically rotated by guidance control means in response to received
      guidance radiation to track the target, the improvement comprising; an
      active optical fuze means for detonating a missile warhead at a prescribed
      range, said fuze means including a radiant energy transmitting device
      coupled to the receiving assembly and disposed coaxially therewith for
      emitting radiation outwardly along the optical axis of the receiving
      assembly, whereby the fuze radiation is automatically emitted in the
      target direction when the receiving assembly is rotated to track the
      target; and a discriminator means coupled to the receiving assembly for
      separating received fuze transmitter radiation scattered by the target
      from received guidance radiation.
NUM  2.
PAR  2. The device as defined in claim 1, wherein the receiving assembly is in
      the form of a gyroscopically driven reflector telescope having axially
      aligned primary and secondary reflecting mirrors for collecting received
      radiation, said fuze transmitting device comprising a lasing diode and a
      transmitting lens coaxially disposed on the back of the secondary mirror,
      said lasing diode emitting radiation outwardly at a frequency which is
      different from the frequency of the guidance radiation.
NUM  3.
PAR  3. The device as defined in claim 2, wherein said discriminator means
      comprises a collimating lens and a beam splitter disposed on the optical
      axis of the receiving assembly for receiving radiation reflected by the
      secondary mirror and for separating the received fuze radiation signal
      from the received guidance radiation signal, and a separate fuze radiation
      signal detector for receiving fuze radiation from said beam splitter.
NUM  4.
PAR  4. The device as defined in claim 2, wherein said discriminator means
      comprises a common detector coupled to a signal processing means for
      separating the received fuze radiation signal from the received guidance
      radiation signal by time sharing.
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ABST
PAL  A method of high speed mass transportation. A vehicle with a substantially
      flat bottom traverses a substantially flat track which is covered with a
      layer of liquid, whereupon the vehicle "hydroplanes" over the track.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention and Description of the Prior Art
PAR  This invention relates to a method of high speed mass transportation,
      specifically a design for a track and the bottom supportive structure of a
      vehicle, so they combine to reduce the friction which impedes a vehicles
      forward progress, and they further combine to provide support and
      direction to the vehicle.
PAR  Since the passenger carrying capacity of air travel is limited by subsonic
      speeds and saturated air corridors, and since the only forms of ground
      transportation are wheeled, with all its limitations, such as a maximum
      speed of about 200 m.p.h. for trains, many of the major countries of the
      world are looking for and developing alternatives to the wheel for high
      speed mass transportation.
PAR  Two of the most promising types of wheelless ground transportation so far
      devised are electromagnetic flight and the tracked air cushion vehicle.
PAR  The tracked air cushion vehicle seems to have a very limited potential
      since it requires an expensive, concrete, U shaped track, and the vehicle
      also disrupts the immediate area of its passing with turbulant air, thus
      increasing the required width of the right of way.
PAR  The main disadvantage of electromagnetic flight is that the involved
      technology is relatively new, so the problems which can be expected to
      crop up will very possibly increase the cost of development and
      construction greatly.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore and important object of this invention to provide a method
      of high speed mass transportation which is particularly useful for
      reducing the friction which hinders a vehicle's forward progress.
PAR  It is also an object of this invention to provide support and direction to
      the high speed mass transportation vehicle.
PAR  It is a further object of this invention to provide a method of high speed
      mass transportation which is particularly characterized by its simplicity
      and economy in construction and operation.
PAR  It is still another object of this invention to provide a method of high
      speed mass transportation wherein the method generally comprises a vehicle
      with a substantially flat bottom which hydroplanes over a substantially
      flat track which is covered with a film of liquid.
PAR  Another form my invention could take is wherein the method generally
      comprises a vehicle with a substantially U shaped bottom which traverses a
      substantially U shaped track, which is covered with a film of liquid,
      wherein the liquid comes from apertures spaced along a tube which follows
      the upper edges of the track, the liquid subsequently escaping the track
      through a one inch slit which follows the lowest points of the track.
PAR  Further purposes and objects of this invention will appear as the
      specifications proceed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Referring to the drawings, two particular embodiments of the present
      invention are illustrated, wherein;
PAR  FIG. 1 is a cross-sectional view of a possible embodiment of my novel
      method of high speed mass transportation, both vehicle and track, the
      vehicle being elevated above the track, and also seen in this view is a
      possible form of low speed propulsion for the vehicle, as taked along the
      line 3--3 of FIG. 2;
PAR  FIG. 2 is a side view of the same possible embodiment of my novel high
      speed mass transportation vehicle;
PAR  FIG. 3 is another cross-sectional view of the same embodiment of my method
      of high speed mass transportation, both vehicle and track, the vehicle
      being in operating position on the track, and also seen in this view is a
      possible form of high speed propulsion for the vehicle, as taken aling
      line 5--5 of FIG. 2;
PAR  FIG. 4 is a cross sectional view of another possible embodiment of my
      method of high speed mass transportation, both vehicle and track, the
      vehicle being elevated above the track;
PAR  FIG. 5 is a side view of the same possible embodiment of my mass
      transportation vehicle;
PAR  FIG. 6 is a cross sectional view of the same possible embodiment of my
      novel high speed mass transportation track, and also shown is the general
      path water would take in the process of covering the track;
PAR  FIG. 7 is a side view of the same track as seen along the line 7--7 of FIG.
      6;
PAR  FIG. 8 is a greatly reduced, and generally symbolic, side view of a
      possible path the track of FIG. 1 could take;
PAR  FIG. 9 is an enlargement of a liquid feeding assembly present on the track
      as shown in FIG. 8; and
PAR  FIG. 10 is another enlargement of a liquid recieving assembly present on
      the track in FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, and particularly FIG. 1, my improved method of
      high speed mass transportation, a possible embodiment of my high speed
      mass transportation vehicle, generally 20, is shown elevated above a
      possible form of my high speed track, generally 22. Also shown is a
      possible form of propulsion for the vehicle 20, as shown as a low speed
      engine 2, a low speed transmission 4, and a low speed driving wheel 6.
      Shown also is the vertical retaining walls 8, and the overhanging portion
      thereon 12.
PAR  Referring particularly to FIG. 2, a general view of a possible embodiment
      of my high speed mass transportaion vehicle 20, is shown, making visible
      one of the two low speed driving wheels 6, three of the six positioning
      wheels 14, and one of the two high speed driving wheels 16. Also made
      obvious is the flat and smooth nature of the vehicle's bottom supportive
      means 18.
PAR  Referring particularly to FIG. 3, a possible embodiment of the high speed
      propulsion setup is shown, wherein this setup would operate alternatly
      with the low speed propulsion setup as shown in FIG. 1. This high speed
      propulsion setup is shown as the high speed engine 60, the high speed
      transmission 62, and the high speed driving wheel 64. Also shown in FIG. 3
      is how the high speed driving wheels 64, and consequently the low speed
      driving wheels 6 and positioning wheels 14, come into contact with the
      overhanging portion 12, of the vertical retaining wall 8.
PAR  Referring particularly to FIG. 4, another possible embodiment of the high
      speed mass transportation vehicle, generally 30, and track, generally 32,
      are shown. Also shown is a possible embodiment of the internally inflated
      supportive means 28, and of the vehicle 30. Also shown is the tube 34,
      which contains the liquid which coats the track 32. The liquid
      subsequently flows out the slit 36, which follows the lowest points of the
      track 32.
PAR  Referring particularly to FIG. 5, a view of vehicle 30 is shown which makes
      obvious a possible embodiment of the inflated supportive means 28, and
      vehicle 30.
PAR  Referring particularly to FIG. 6, the path the liquid 50 (not visible in
      other of these illustrations, and here only shown symbolically) follows is
      shown, wherein the liquid flows from tube 34 through liquid apertures 66
      (as shown in FIG. 7), down the concave sides of track 32, and out the slit
      36, where the liquid 50 is carried away by conduit 38.
PAR  Referring particularly to FIG. 7, a view is shown which makes obvious the
      position of the liquid apertures 66, which allow liquid from tube 34 to
      flow through the wall of tube 34 and through the wall of track 32, at
      approximately the positions shown.
PAR  Referring particularly to FIG. 8, shown are possible relative positions of
      the assemblies as shown in FIG. 9 and FIG. 10.
PAR  Referring particularly to FIG. 9, a view is shown of a liquid feeding
      assembly, generally 48', wherein liquid is fed to the water trough 52,
      which traverses the track 22, by way of the water conduit 54. The water in
      the trough flows evenly outward and downward, covering the track 22. Also,
      the still water on the level side of the track 22 is kept on the level
      side by the flexible vertical retaining wall 46, which traverses the track
      22.
PAR  Referring particularly to FIG. 10, a liquid receiving assembly, generally
      40', is shown, where the track 22 has a slit 42, which traverses the track
      22, and the liquid from the liquid feeding assembly 48' subsequently falls
      through the slit 42, to where it is carried away via conduit 44. The still
      water on the level side of the track 22 is kept out of the slit 42 by the
      flexible vertical retaing wall 46.
PAR  While in the foregoing, there has been given a detailed description of two
      particular embodiments of the present invention, it is to be understood
      that all equivalents obvious to those having skill in the art to be
      included within the scope of the invention as claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A high speed mass transportation system comprising:
PA1  track means;
PA1  means mounted on said track means to cover said track means with a film of
      liquid;
PA1  a vehicle;
PA1  means for propelling said vehicle along said track means;
PA1  said vehicle including means for supporting said vehicle over said track
      means;
PA1  said means for supporting said vehicle over said track means conforming
      substantially with the shape of said track means at all points where said
      vehicle comes in or near contact with said track means;
PA1  and said means for supporting said vehicle over said track means and said
      track means are substantially smooth at all points where said means for
      supporting said vehicle and said track means meet.
NUM  2.
PAR  2. A high speed mass transportation system as claimed in claim 1 wherein
      said means for supporting said vehicle over said track means and said
      track means are of a substantially flat design;
PA1  said track means being either level or sloped;
PA1  said means to cover said track means with a film of liquid including a
      trough traversing said track means at the highest point of said track
      means as seen from said trough in both directions;
PA1  a conduit leading from a source of liquid to said trough whereby said
      trough is kept full of liquid and whereby said liquid flows out from said
      trough into and down said track means thereby covering the track means
      located between consecutive sloped portions; and
PA1  a slit traversing said track means at the lowest point of said track means
      through which said liquid is allowed to escape said track means.
NUM  3.
PAR  3. A high speed mass transportation system as claimed in claim 1, wherein
      said track means and said means for supporting said vehicle over said
      track means are substantially U-shaped; and wherein said means to cover
      said track means with a film of liquid include:
PA1  a tube which follows the upper edges of said U-shaped track means and
      containing pressurized liquid; and
PA1  small apertures spaced at short intervals along the length of said tube,
      said apertures leading from said tube to the inside surface of said
      U-shaped track means.
NUM  4.
PAR  4. A high speed mass transportation system as claimed in claim 2, wherein
      on level portion of said track means the liquid is retained therein by a
      vertical flexible wall traversing said track means.
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PAL  To identify a moving car for switching it from a main line to a spur, a
      signal indicator on the car tuned to a selected frequency activates a
      signal pickup apparatus which is located on the main line ahead of the
      spur. The signal pickup apparatus emits a radiation field sweeping a range
      of frequencies including the same frequency as that of the signal
      indicator. The signal pickup apparatus includes circuitry which responds
      to the activation by the signal indicator to operate the switch of the
      spur for the diversion of the moving car.
BSUM
PAR  This invention relates to means and apparatus for the identification of a
      moving unit, and more particularly to apparatus for the identification and
      selective diversion, or other subsequent handling, of a moving unit.
PAR  The invention is useful in connection with a railway switching system
      wherein railroad freight cars are diverted from a main line onto a group
      of spur tracks; however, such cannot be limitative because there exists a
      number of other analogous conveying systems where moving units are
      individual cars which move along a fixed course, such as a main track, as
      into a warehouse, to be diverted to any of several spur tracks to various
      locations in the warehouse. Also, the act of diversion, as herein
      described is not limitative, because the invention can be used otherwise,
      for a different purpose, such as operating an apparatus to count cars
      moving past a given station. A switching system is described herein to
      exemplify the invention and a primary object of the invention which is to
      identify a car as it moves to a switching area or into a warehouse and to
      effect actuation of switching controls to divert the car to a proper
      selected spur.
PAR  The general operation of an identification and diversion control as
      outlined above is not inherently new and various manual, mechanical and
      mechanical-electrical systems have been proposed to accomplish the same
      result. Perhaps the most sophisticated system known to applicant resides
      in the use of magnetic-responsive reed switches to direct various signal
      combinations into a computer which will then direct the moving units past
      a given control station to their proper diversion spurs. A number of
      objections have been encountered with the present systems. With a
      mechanical system, the problem resides in the need for making some sort of
      contact between the moving car and a pickup station on the main track.
      While actual contact is not necessary with a reed switch system, the reed
      switches must be located so that the switches and magnets will be close as
      the car passes the pickup station. In such systems, it has been found that
      due to unpredictable circumstances, the reliability of identification and
      proper diversion is not good and there exists a need for a more reliable
      system for such an operation.
PAR  With the foregoing and other considerations in view, the present invention
      was conceived and developed and comprises, in essence, an apparatus for
      the identification of moving cars approaching a switching area or moving
      into a warehouse which has a signal indicator upon each car tuned to a
      frequency which is selected for a given spur track to which the car is to
      be diverted. A signal pickup apparatus at a suitable location on the main
      track ahead of the spur emits a radiation field through which the signal
      indicator on the car will pass. The frequency emitted by the signal pickup
      apparatus varies cyclically and sweeps through a narrow range of
      frequencies sufficient to include the frequency of the signal indicator
      with due and reasonable allowance for normal tuning variation of both the
      indicator and the pickup apparatus. Accordingly, when the car moves past
      the signal pickup apparatus to place the signal indicator in the radiation
      field, resonance will occur whenever the swept frequency becomes the same
      as the frequency of the signal indicator to thus momentarily distort the
      radiation field. The distortion of the radiation field produces a change
      of voltage in the signal pickup apparatus which is then converted into a
      pulse, there being two such pulses for each sweep cycle of the radiation
      field. Thus, a pulse train is formed and the pulse train passes through
      discriminating circuits which will eliminate all other kinds of
      disturbances or distortions of the radiation field. This train of pulses
      is then used to produce a signal which will actuate the switch of the spur
      to properly divert the car.
PAR  Such a diversion system can be used where there exists a comparatively
      large number of spurs, for the frequency range to be swept by any signal
      pickup need be only a small portion of the radio frequency range available
      and it is estimated that as many as a hundred spurs can be serviced by
      such an apparatus.
PAR  In installing this identification apparatus, it also becomes necessary to
      consider the nature of the systems which move the cars. In a warehouse
      operation as herein first described, each car is individually propelled as
      where a track actually consists of a slot in the floor of the warehouse
      with the chain drive underneath this slot moving the individual cars
      through a circuit. In such an arrangement, each signal pickup apparatus
      may be located closely adjacent to the spur switch to be signalled by any
      cars designated for that spur, but to permit other cars to move therepast.
      In a railway operation, also briefly described herein, a string of
      railroad cars is pushed into the switching yard by an engine and the end
      car of the string is to be first diverted to its switching spur and the
      next car thereafter diverted and so on. Thus, it is necessary to locate
      the signal pickups ahead of the switching system and use an interlock
      mechanism interconnecting the several pickups to permit the operation of
      only one switch at a time.
PAR  It follows that another object of the invention is to provide in an
      apparatus for the identification and selective diversion of moving cars, a
      signal indicator which may be placed upon an individual car for signalling
      a switching system to properly divert the car, which is a simple, low-cost
      item, which can remain with the car after the car is unloaded and returned
      to its point of origin for reloading and reshipping.
PAR  Another object of the invention is to provide in such apparatus, a signal
      indicator which can be quickly and easily tuned to different frequencies
      to divert a car to any selected spur of a rail switching system.
PAR  Another object of the invention is to provide a novel and improved signal
      pickup apparatus which may be associated with a spur of a switching system
      and which can respond to a properly tuned signal indicator on a car to
      permit the car to be diverted to the spur.
PAR  Another object of the invention is to provide a novel and improved pickup
      apparatus capable of sensing the presence of a properly tuned signal
      indicator which is capable of continuous, reliable operation over long
      periods of time without incurring maintenance problems.
PAR  Other objects of the invention are to provide in an apparatus for the
      identification and selective diversion of moving units such as railroad
      cars, a neatly packaged arrangement of components which is simple,
      economical and reliable.
DRWD
PAR  With the foregoing and other objects in view, my invention comprises
      certain constructions, combinations and arrangements of parts and elements
      as hereinafter described, defined in the appended claims and illustrated
      in preferred embodiment in the accompanying drawings in which:
PAR  FIG. 1 is a schematic plan view showing a rail section wherein a group of
      spurs are provided for the diversion of a car from the main rail, and with
      the improved pickup apparatus arranged for individual moving cars and
      exemplified in the system by block diagrams.
PAR  FIG. 2 is a schematic transverse view of a car upon rails showing one mode
      of mounting a signal indicator thereon and its position with relation to a
      pickup apparatus as it moves past the pickup apparatus.
PAR  FIG. 3 is a diagrammatic transverse view of another type of car wherein the
      guide rail consists of a slot in the floor of a warehouse with a car
      driving mechanism beneath the floor and with a signal indicator arranged
      to move past a pickup apparatus at the floor level thereof.
PAR  FIG. 4 is a view of a simple signal indicator which may be tuned to a
      selected frequency.
PAR  FIG. 5 is a circuit diagram of another type of signal indicator which is
      arranged to be set to different frequencies.
PAR  FIG. 6 is a block diagram of the components forming the pickup apparatus.
PAR  FIG. 7 is a circuit diagram of an arrangement which may be found in the
      block diagram of FIG. 6.
PAR  FIG. 8 is a schematic plan view showing a rail section and spurs diverging
      therefrom wherein the pickup apparatus is arranged for use with a string
      of cars connected together where the end car in the string is to be
      diverted first.
DETD
PAR  Referring more particularly to FIG. 1 of the drawing, a number of spur
      tracks S1, S2, S3, S4 and S5 divert from a main track T. Thus, when a car
      C on the main track T approaches a spur, it may be diverted thereto by
      operation of a track system 20. Such a switch may be manually operated but
      in the present invention it is contemplated that the operation will be by
      an electrical actuator. The switch and the switch actuator 21, shown in
      the drawing as a simple box, are conventional and need not be further
      described.
PAR  In accordance with the present invention, each car C will have a tuned
      signal indicator I mounted upon it, at its side or underneath it, in any
      suitable manner to permit the indicator I to pass through radiation fields
      generated by signal pickup units P which are located adjacent to the spur
      switches as shown at FIG. 1. The pickup units are shown at FIG. 1 as block
      diagrams P1, P2, P3, P4 and P5 in correspondence with the spurs S1 to S5,
      respectively. Each pickup unit P will emit a radiation field tuned to
      cyclically vary within a selected frequency range as hereinafter
      described, with one of the pickup units P and a selected indicator I being
      tuned to correspond with each other. Thus, when the pickup unit P is
      activated by the selected indicator I, as the car approaches the spur
      switch 20, it will, in turn, activate the spur switch actuator 21 to shift
      the switch to divert the car. When individual cars are moved down the main
      track T to the proper spurs for their diversion, the pickup units may be
      adjacent to their corresponding spurs as in the arrangement shown at FIG.
      1. However, whenever a number of cars are attached together and the end
      car is to be diverted first by moving all of the cars until diversion
      actually occurs, it becomes desirable to place all pickup units P in a
      group ahead of the spur switches 20 and to provide an interlock between
      the individual pickups so that whenever the signal indicator on an end car
      moves past its proper pickup, the interlock will prevent other cars of the
      string from signalling their pickups, as hereinafter further described.
PAR  The signal indicator I, in the present invention, comprises a comparatively
      simple circuit which is tuned to resonate at a selected frequency. As
      shown at FIG. 4, this indicator I may be a simple wire loop 22 with a
      capacitor 23 in the circuit. The size of the loop and the capacitance of
      the capacitor will establish the desired resonant frequency. If necessary,
      the wire may be looped several times, to form a simple coil. It is
      contemplated that an individual indicator will be used for each car and
      the individual indicators will be tuned differently to selectively
      correspond with different pickups P.
PAR  A more elaborate signal indicator may be provided which can be tuned to
      different frequencies. On one trip, a car may be diverted to a selected
      spur, such as the spur S1, but on the next trip it will be diverted to a
      different spur, requiring a differently tuned indicator. The arrangement
      at FIG. 5 shows one mode of providing a variable signal indicator I' for
      this purpose. One end of a circuit loop 22' is connected to a group of
      capacitors 23a, 23b, 23c, 23d and 23e in parallel, while the other end of
      the loop 22' is connected to an adjusting knob 24. The knob 24 carries a
      sweep 25 connected to the circuit to engage a sequence of contacts 26 to
      the capacitors to place selected capacitors in the area in parallel in the
      circuit.
PAR  Other variations are possible in the construction of a signal indicator.
      For example, the circuit may be modified by using a plurality of loops 22
      and an arrangement for tuning the signal indicator to different
      frequencies is possible by using a switch which can include one or more
      loops of a multiloop coil. A further modification of this arrangement is
      also possible where both a plurality of circuit loops is used and a
      plurality of capacitors is used with switches at both the circuit loops
      and at the capacitor to tune in any selected number of loops and a
      selected number of capacitors in an arrangement similar to that shown at
      FIG. 5.
PAR  The signal pickup P, as hereinafter further described, includes a radiation
      coil R, through which an oscillating current is passed to produce a
      radiation field. The pickup, or at least the coil R, is mounted alongside
      the track, for the radiation field must be within the influence of the
      indicator I which is carried upon the moving car. The indicator I and the
      pickup P need not contact each other, but as a practical matter, one
      should be reasonably close to the other to minimize the necessary strength
      of the radiation field and render it more susceptible to disturbances such
      as that created by the indicator I. Arrangements for mounting the signal
      indicator and the pickup P are illustrated at FIGS. 2 and 3 in a somewhat
      diagrammatic manner. FIG. 2 represents a car C mounted upon rails 27 with
      the indicator I attached to the side of the car and a pickup P mounted
      alongside the car as within a container which is directly underneath the
      indicator I. The radiation coil R will be in the container adjacent to the
      indicator I.
PAR  FIG. 3 represents a warehouse car C' which is driven by a chain 28 in a
      cavity 29 underneath a guide slot 30 in the floor of the warehouse. In
      this arrangement, the pickup P may be located in the cavity beneath the
      floor of the warehouse and the indicator I may extend from the underside
      of the car to be near the pickup P whenever the car moves past it.
PAR  The basic components of a circuit system which can function as a pickup P
      are indicated at FIG. 6. The radiation coil R is adapted to be energized
      by an oscillator 40. The oscillator will be of a grid dip type, wherein a
      disturbance of the radiation field of the coil will produce a voltage
      change in its circuits. Such a voltage change can be caused by an
      indicator I which is turned to the same frequency as the oscillator
      frequency. It is well known that such an oscillator 40 will also respond
      in a similar manner, by a voltage change in its circuit, the block of
      metal and the like, the difference being that the indicator I will cause
      the voltage change to occur only at its resonant frequency and a block of
      metal or the like will cause the voltage change to occur at all
      frequencies.
PAR  Thus, to differentiate the signal, the voltage change in the oscillator
      circuits, produced by a signal indicator I from a similar signal produced
      by a block of metal, the frequency emitted by the oscillator 40 is
      cyclically varied from a selected base frequency by a sweep control 41 at
      a frequency which may be one-hundreth to one-millionth of the base
      frequency. It follows that the frequency of the radiation field will be
      the same as the resonant frequency of the signal indicator I for a short
      period of time twice during each cycle of variation and the voltage of the
      oscillator 40 will pulse at such times, to dip or rise depending upon the
      circuit arrangement. These repeated voltage pulses will not occur when the
      disturbance is by a block of metal, or the like, and thus, the pulses may
      be used to distinguish an indicator I from a block of metal or the like
      which would produce a steady voltage change in the oscillator.
PAR  This mode of recording the presence of the pickup indicator I in the field
      is advantageous in that it is unnecessary to have either the indicator I
      or the pickup P tuned to a high degree of precision. This is important
      because, whenever the indicator or pickup does not have to be tuned with a
      high degree of precision the cost of producing the equipment can be
      drastically reduced. For example, the indicator may be tuned to resonate
      at a frequency which is .+-. 1 percent of a selected base frequency, or it
      may be tuned to resonate at a frequency which is .+-. 5 percent of the
      selected base frequency.
PAR  In any event, it is essential that the frequency range through which the
      pickup sweeps must be greater than the frequency deviation which is
      permitted in the indicator. For example, if the indicator I is tuned to
      within .+-. 1 percent of a selected base frequency, the frequency range
      through which the pickup P will sweep could be .+-. 2 percent of the base
      frequency, or if the indicator I is tuned to within .+-. 5 percent of the
      base frequency, the frequency range through which the pickup P will sweep
      could be .+-. 10 percent of the base frequency. To select a suitable sweep
      of frequency by the pickup P, not only must an allowance be made for
      tuning variations of the indicator, but also an additional allowance must
      be made for variations of the base frequency of the pickup which will
      include the possibility of drift over the life of the apparatus.
PAR  It was found desirable to provide a sweep control 41 to produce a frequency
      variation in the oscillator field which can be best described as a
      triangular wave instead of the more common sinesodial wave. It was found
      that the sine wave characteristic was quite inefficient timewise. Also,
      other types of sweep characteristics such as a sawtooth wave were found to
      disrupt the operation because of a spiking action of the wave.
PAR  The sequence of momentary voltage pulses in the oscillator 40 which occur
      whenever the oscillations are at the resonant frequency of an indicator I
      in the radiation field is the signal which must be used to tell the
      apparatus that the moving car is to be switched. This signal is thus
      modified to a more usable form by electronic circuitry. For example,
      referring to FIG. 6, the signal is first rectified by a diode 42 and the
      rectified signal is buffered to increase the available current by
      circuitry indicated at 43. The resultant output is a comparatively steady
      voltage interrupted by a sequence of pulses. A high pass filter 44 passes
      only the pulses while the base voltage and any steady state voltage such
      as that produced by a metal body is eliminated at the filter. Next, the
      pulses, which are of a short duration and are of varying amplitudes, are
      modified to square pulses of consistent duration and of a selected voltage
      in a pulse generator 45.
PAR  It is to be noted that some random pulses such as static will also pass
      through this pulse generator but not as a steady sequence. Accordingly, an
      energy storage capacitor 46 is provided in the circuit to receive the
      sequence of pulses produced when the indicator I affects the voltage of
      the oscillator. The voltage on the energy storage capacitor 46 will rise
      to a given value through the action of a selected number of pulses to then
      operate a gate 47 and energize the coil 48 of a relay 49 which, in turn,
      actuates the relay switch in a circuit 50 to the spur switch operating
      mechanism 21.
PAR  FIG. 7 shows a circuit having the basic subcombinations of the block
      diagram shown at FIG. 6 and which is suitable to accomplish the functions
      described. The oscillator 40 is a conventional Colpitts Oscillator which
      includes the radiation coil R. Thus, the several components in this
      oscillator need not be described in detail.
PAR  The sweep control 41 is also a feedback oscillator utilizing an integrated
      circuit amplifier 60 to produce a variable voltage output in the form of a
      triangular wave. The voltage output lead 61 connects with a tuning diode
      62 which functions as a variable capacitor responsive to variation of
      voltage at the output lead 61. A lead 63 which includes a coupling
      capacitor 64, extends from the diode 62 to the frequency determining
      capacitors 51 of the oscillator 40. With the coupling capacitor 64 in this
      lead 63, the effect of the voltage variation in the sweep control is to
      produce a capacitance variation in the oscillator 40. The sweep control 41
      and the oscillator 40 may be tuned to permit the oscillator to vary from a
      selected base frequency any selected amount, say for example, 2 percent or
      10 percent. To effect a good operation, the frequency of the variable
      voltage in the sweep control will be substantially less than the frequency
      of the oscillator and as heretofore noted, it may be from 1/100 to
      1/1.000,000 of the value of the oscillator frequency.
PAR  Whenever the radiation field of the coil R is disturbed, a voltage drop or
      a voltage change will occur which can be called a pulse, and as heretofore
      mentioned, such a pulse will occur each time the frequency of the
      oscillator is the same as the frequency of an indicator I in the radiation
      field. This voltage change is picked up at a lead 52 in the oscillator and
      the lead extends to the diode 42. The diode 42 will receive this pulse
      output, and whenever an indicator I is in the radiation field the output
      will be a pulsing voltage signal having a pulse twice during each cycle of
      frequency variation as above described. This voltage signal, modified by
      an RC filter 65, formed by a capacitor and a grounded resistance, is
      directed to an integrated circuit 66 in the buffer circuit 43, which
      buffers the available current to provide a stronger signal.
PAR  The output lead 67 from the operational amplifier 66 connects with the RC
      filter 44 formed by a capacitor and a grounded resistance. The filter
      effectively eliminates any slowly changing or steady state voltage signal
      which could be caused by an action or means other than that produced by
      the signal indicator. Accordingly, this signal leaving the RC filter will
      be pulses and will be a sequence of pulses whenever an indicator I is in
      the radiation field.
PAR  The pulses are directed into a gate formed by an amplifier 68 and its
      associated components, part of the pulse generator 45. The output of the
      amplifier 68 in the lead 69 is transmitted as a series of pulses which
      pass through a coupling capacitor 70 in the lead 69. A diode 71 in the
      lead 69 and a diode 71' extending from the lead 69 to ground forms a
      steerage circuit for the input of a one-shot multivibrator. The diode 71
      passes positive pulses into the multivibrator and the diode 71' provides
      for discharge of the coupling capacitor. The one-shot multivibrator
      illustrated in the drawing is a conventional circuit which includes an
      integrated circuit operational amplifier 72 and its associated components
      73. With the circuitry illustrated, the multivibrator forms square pulses
      of a selected duration and of a selected voltage.
PAR  This train of shaped pulses from the output lead 74 of the multivibrator
      passes through a resistor 75 in the lead to charge the capacitor 46, with
      each pulse increasing the voltage on the capacitor until a point is
      reached where the voltage will be sufficient to actuate the gate 47.
PAR  The gate 47 includes a control resistor 76 in lead 74 which extends to an
      operational amplifier 77. The operational amplifier 77 of the gate 47 has
      a positive feedback loop 78 including resistors 76 and 78 so the gate's
      turn-off voltage is lower than it's turn-on voltage.
PAR  The output lead 79 of the operational amplifier 77 is connected with the
      base of a transistor 80. The collector and emitter of this transistor are
      connected with a power lead 81 extending to the relay 48 heretofore
      described. Thus, whenever the gate turns on responsive to building up a
      charge in the capacitor 46, the relay 49 is actuated to operate the track
      spur switch heretofore described.
PAR  FIG. 8 exemplifies a track T' having spurs S1, S2, S3. S4 and S5, as
      heretofore described. However, the pickups P1', P2', P3', P4' and P5' are
      modified to function for a system where a train of cars connected together
      are being switched. It is common for a train to push cars into selected
      spurs one at a time commencing with the trailing or end car of the train.
      When the apparatus, an indicator I, is used with each car and each
      indicator is tuned to resonate at a frequency put out by the radiation
      field of a selected pickup P to operate a switching control 20, as
      heretofore described, it becomes necessary to permit only one switching
      control to operate at a time and the arrangement shown in FIG. 8 permits
      such operation. All of the pickups are ahead of the switch spurs S. Thus,
      whenever the train moves past the pickup toward the switches, the end car
      which is to be first switched will signal its pickup to open the proper
      spur. These pickups are located close together so that the end car will
      pass all of them before another indicator on another car moves into
      position. Accordingly, these pickups are interconnected to an interlock
      system indicated as a block diagram 85 at FIG. 8. This interlock functions
      to disable all of the other pickups whenever one of the pickups is
      activated by the indicator I on the end car. The circuit leads to the
      switch controls 21 function as heretofore described to operate the
      switches. The interlock 85 also includes a mechanism which causes the
      switches to remain in the interlock state with only one switch in
      operation until completion of the switching operation under way.
      Thereafter, the mechanism releases the circuitry to permit it to be
      reactivated when the next car is to be switched. The details of the
      mechanism and the circuits of the interlock 85 are not described herein
      since conventional circuits may be used to accomplish the functions
      described.
PAR  From the foregoing description, it is apparent that others skilled in the
      art can accomplish the same results with other circuits which are
      equivalent to the circuits described. It is also possible to reverse the
      apparatus with the indicator I being stationary and with the pickup P
      being movable. Therefore, although I have described my invention in
      considerable detail, it is apparent that others skilled in the art can
      devise and build alternate and equivalent constructions which are
      nevertheless within the spirit and scope of the invention. Hence, I desire
      that my protection be limited not by the construction as illustrated, but
      only by the proper scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus to identify car units moving along a fixed course for
      subsequent switching or like purposes, comprising:
PA1  a. a signal indicator means on the moving car unit which is tuned to
      resonate at a frequency which is permitted to vary only by a small
      percentage from a selected base frequency,
PA1  b. a signal pickup means adjacent to the fixed course including an
      oscillator means producing a radiation field which extends to and is
      within the influence of the signal indicator means whenever the car unit
      moves past the signal pickup means,
PA1  c. a sweep control means controlling the frequency of the signal pickup
      means and cyclically varying the frequency of the radiation field produced
      by the signal pickup means from the aforesaid selected base frequency
      through a range of frequencies, above and below the selected base
      frequency, which is slightly greater than the permitted variation of the
      resonant frequency of the aforesaid signal indicator from the said base
      frequency, whereby the signal pickup means will operate at the resonant
      frequency of the signal indicator means twice during each sweep cycle and
      thereby whenever the signal indicator means is within the influence of the
      radiation it causes a repeated distortion of said radiation field and a
      distortion of the voltage pattern within the signal pickup means,
PA1  d. a circuit means associated with the signal pickup means to provide a
      signal and which is responsive only to a repeated distortion of the
      voltage pattern in the signal pickup means, and
PA1  e. a control means adapted to be actuated responsive to the aforesaid
      signal by the circuit means.
NUM  2.
PAR  2. In the apparatus in claim 1 wherein:
PA1  the signal indicator means includes a coil loop and a capacitor in series.
NUM  3.
PAR  3. In the apparatus defined in claim 1 wherein:
PA1  the signal indicator means includes a coil loop, a sequence of capacitors
      and means for interconnecting the coil loop with a selected capacitor of
      the sequence whereby to tune the signal indicator means to a predetermined
      resonant frequency established by the capacity of the capacitor.
NUM  4.
PAR  4. In the apparatus defined in claim 1 wherein:
PA1  the signal indicator means includes a plurality of coil loops, a capacitor
      and means for interconnecting a selected number of coil loops with the
      capacitor whereby to tune the signal indicator means to a predetermined
      resonant frequency established by the selected number of loops and the
      capacitor.
NUM  5.
PAR  5. In the apparatus defined in claim 1 wherein:
PA1  the signal indicator means includes a plurality of coil loops, a sequence
      of capacitors, and a means for interconnecting a selected number of coil
      loops with a selected number of capacitors whereby to tune the signal
      indicator means to a predetermined resonant frequency established by the
      aforesaid selected coil loops and capacitors.
NUM  6.
PAR  6. In the apparatus defined in claim 1 wherein:
PA1  the sweep control means varies the frequency of the signal pickup means in
      a cyclic manner with the frequency variation with respect to time being
      best exemplified by a triangular wave.
NUM  7.
PAR  7. In the apparatus defined in claim 1 wherein:
PA1  the distortion of the radiation field occurs twice during each cyclic sweep
      of the sweep control means and wherein the circuit means modifies the
      voltage of the signal pickup means to produce a sequence of pulses.
NUM  8.
PAR  8. In the apparatus defined in claim 1 wherein:
PA1  the circuit means converts the disturbances into a train of pulses and
      includes a coupling capacitor and a one-shot multivibrator to shape and
      size pulses to uniformity, and the further improvement comprising an input
      steerage circuit between the coupling capacitor and the multivibrator.
NUM  9.
PAR  9. An apparatus for the identification of a car unit moving on a main track
      to divert the unit to a selected spur extending from the track and
      including in combination:
PA1  a. a spur switch operating means at the junction between the track and the
      spur adapted to be actuated to shift the spur switch to divert the car
      from the main track,
PA1  b. a signal indicator means on the moving unit and tuned to resonate at a
      frequency which is permitted to vary only a small percentage from that of
      the selected base frequency,
PA1  c. a signal pickup means adjacent to the track ahead of the spur switch
      juncture including an oscillator means producing a radiation field
      alongside the track and within the influence of the signal indicator means
      whenever the car unit moves past the signal pickup means,
PA1  d. a sweep control means to control the frequency of the signal pickup
      means to vary the frequency of the radiation field from the aforesaid base
      frequency through a range which is slightly greater than the permitted
      variation of frequency than the aforesaid signal indicator whereby the
      signal indicator means causes a distortion of the radiation field each
      time the cyclically varying radiation field is at the same resonant
      frequency as is the signal indicator means, and
PA1  e. a circuit means responsive only to the repeated distortion of the
      radiation field while the signal indicator means is in the radiation field
      to activate a spur switch operating means.
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ABST
PAL  A method, of and apparatus for, creeling bobbins into a working position on
      a ring spinning machine wherein rails are arranged above the ring spinning
      machine, these rails extending substantially parallel to the longitudinal
      axis of the ring spinning machine. The rails accommodate trolleys movable
      therealong and carrying bobbins placed thereon. Connecting means serve to
      connect the rails to a rail arrangement leading to the ring spinning
      machine. In operation, the trolleys are transported onto the rails above
      the ring spinning machine and the full bobbins are brought into their
      working position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved method of, and
      apparatus for, creeling bobbins into their working position on ring
      spinning machines.
PAR  This particular art is already acquainted with devices for transporting
      full bobbins from roving frames to ring spinning machines with the aid of
      suspended rails. In these state-of-the-art devices, the bobbins are
      suspended near the roving frames upon trolleys which roll along rails and
      are transferred to the ring spinning machine. At that location the bobbins
      are manually removed from the trolleys and suspended in the creel of the
      ring spinning machine. The empty bobbin tubes removed from the ring
      spinning machine are suspended on the same trolleys and again transported
      back to the roving frames. The term "trolley" as employed herein is
      intended to designate a vehicle which preferably is provided with two
      rolls and suspended from the rails by means of such rolls and carrying the
      bobbins.
PAR  A shortcoming of such prior art device resides in the fact that the bobbins
      must be manually removed from the trolleys and then lifted-up to the
      relatively high location of the creel of the ring spinning machine so as
      to be suspended thereat. This operation is relatively difficult for the
      machine operators, especially since most of them are women, and
      particularly in view of the considerable weight of the bobbins which can
      amount to as much as four kilograms. Further, this operation must be
      carried out within the shortest possible time span in order to maintain
      the downtime of the machine at a minimum.
PAR  Equipment is also known in this particular art wherein bobbins doffed from
      a roving frame and suspended upon a transporting arrangement are taken
      over by an accumulating device and carried to the ring spinning machines.
      At the location of each ring spinning machine there is provided a take-off
      mechanism which moves the bobbins placed in the accumulating device into
      an intermediate accumulating device, from which location they are then
      pushed by a pushing mechanism onto supporting pins of a transporting
      device consisting of an endless link chain. This last-mentioned
      transporting device is disposed above the creel of the ring spinning
      machine and extends parallel to such ring spinning machine. The bobbins
      which are thus transported to the ring spinning machine are manually
      removed by the ring spinning machine operators or are removed by an
      additional automatic mechanism and suspended at the holders of the creel.
PAR  A drawback of this type of equipment resides in the fact that the same is
      extremely complex, and furthermore, the bobbins must be again placed into
      the creel of the ring spinning machine manually or with the aid of an
      expensive auxiliary mechanism.
PAC  SUMMARY OF THE INVENTION
PAR  While keeping the foregoing background in mind, it is a primary object of
      the present invention to provide an improved method of, and apparatus for,
      creeling bobbins into their working position on a ring spinning machine in
      a manner which effectively and reliably overcomes the aforementioned
      drawbacks and limitations of the prior art proposals.
PAR  Another and more specific object of the present invention is directed to an
      improved method of, and apparatus for, exchanging in a most simple and
      reliable manner the empty bobbin tubes suspended from the creel of the
      ring spinning machine against full bobbins without incurring the
      previously discussed disadvantages.
PAR  Yet a further significant object of the present invention relates to an
      improved method of, and apparatus for, reliably, efficiently and
      positively creeling bobbins into their working position on a ring spinning
      machine without the need of resorting to complicated manipulations or
      expensive auxiliary equipment, while keeping the downtime of the machine
      during such operation to a minimum.
PAR  A further significant object of this development aims at the provision of
      apparatus for creeling bobbins into a working position at ring spinning
      machines, which apparatus is relatively simple in construction and design,
      easy to use, extremely reliable in operation, not readily subject to
      breakdown, and requires a minimum of servicing and maintenance.
PAR  Now, in order to implement these and still further objects of the
      invention, which will become more readily apparent as the description
      proceeds, the apparatus of this development for creeling bobbins into
      their working position on a ring spinning machine comprises an arrangement
      of rails provided above the ring spinning machine, the rails extending
      substantially parallel to the longitudinal axis of such ring spinning
      machine and serving to take-up trolleys movable along these rails and
      carrying bobbins placed thereon. Connecting means serve to operatively
      connect the rails with a rail arrangement leading to the ring spinning
      machine.
PAR  As already indicated above, the invention is further directed to a method
      of creeling bobbins into their working position at a ring spinning machine
      and contemplates moving the trolleys onto the arrangement of rails above
      the ring spinning machine and thus placing the bobbins into their working
      position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a side view of a ring spinning machine provided with a bobbin
      creeling apparatus according to the teachings of the invention and
      depicting the bobbins in their working position above the schematically
      illustrated ring spinning machine;
PAR  FIG. 2 is a top plan view of the arrangement of FIG. 1;
PAR  FIG. 3 is a side view of the arrangement of FIG. 1 depicting the rails
      above the ring spinning machine in a different position, particularly
      during the infeed of full bobbins and the removal of the empty bobbin
      tubes;
PAR  FIG. 4 is a side view depicting details of an input section of the bobbin
      creeling apparatus depicted in FIGS. 1 to 3, and showing the position of
      the rails above the ring spinning machine during the infeed of full
      bobbins to the ring spinning machine;
PAR  FIG. 5 is a side view showing details of the input section of the bobbin
      creeling apparatus employed in the arrangement of FIGS. 1 to 3 and
      depicting the position of the input section of the rails after the bobbins
      have been brought into their working position;
PAR  FIGS. 6 and 7 are respective side views of an exit section of the bobbin
      creeling apparatus employed in the arrangement of FIGS. 1 to 3, and
      showing the position of the rails of the exit section during removal of
      the empty bobbin tubes from the ring spinning machine;
PAR  FIG. 8 is a side view, similar to the showing of FIGS. 6 and 7, depicting
      the position of the rails of the exit section after removal of the empty
      bobbin tubes and the replenishment thereof by full bobbin tubes which have
      been placed in their working position at the ring spinning machine;
PAR  FIG. 9 is a cross-sectional view of the bobbin creeling apparatus of this
      invention; and
PAR  FIG. 10 is a schematic top plan view of a creeling apparatus arrangement
      designed according to the teachings of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, in FIGS. 1 to 3 there has been depicted a
      schematically illustrated ring spinning machine 1 equipped with a bobbin
      creeling apparatus of the invention. To that end there will be seen that
      above the ring spinning machine 1 there is provided an arrangement of
      different rails, and specifically the input or infeed rails 2, the creel
      rails 3 supported by the ring spinning machine 1 by means of the supports
      or support means 100, and the exit or outfeed rails 4. The creel rails 3
      are each provided at one respective end with an input section 5 and at the
      opposite end with an output section 6. As will be explained more fully
      hereinafter in conjunction with FIGS. 4 to 8, each input section 5 and
      each exit section 6 can be raised to the location of the input rails 2 and
      the exit rails 4 respectively, as the same has been indicated in phantom
      lines in FIG. 1 and in full lines in FIGS. 3, 4 and 6. The rails 2 and 4
      constitute a rail arrangement leading to the ring spinning machine 1,
      wherein for purposes of explanation the rails 2 have been considered to
      constitute the infeed or input rails and the rails 4 the exit or outfeed
      rails.
PAR  Continuing, the system furthermore is provided with bobbin trolleys 7
      designed to ride upon the rails 2, 3, 4 of the bobbin creeling apparatus.
      Depending upon which operational phase of the system is being considered,
      there are suspended either full bobbins 8 or empty bobbin tubes 10
      respectively at these bobbin trolleys 7. Now in the arrangement of FIG. 1
      there are shown full bobbins 8 in their working position above the
      associated ring spinning machine 1, while in FIG. 3 there is shown the
      system at the time that an exchange of the empty tubes 10 against full
      bobbins 8 occurs. Each of the trolleys 7 is provided with, for instance, a
      pair of rolls 9 so that these trolleys 7 can be moved via the input rails
      2 onto the creel rails 3, or alternatively, the trolleys 7 with the empty
      bobbin tubes 10 can be removed from the creel rails 3 via the outfeed or
      exit rails 4 respectively. During such time as the trolleys are
      transferred from the rails 2 onto the rails 3 or from the rails 3 onto the
      rails 4 it is necessary that the respective input section 5 and the exit
      section 6 are lifted into the full-line position depicted in FIG. 3,
      thereby providing an operable transfer connection between the creel rails
      3 and, as the case may be, the input or infeed rails 2 and the exit or
      outfeed rails 4 respectively. The elevational difference of the lifted
      input section 5, in other words the distance through which the input
      section 5 is raised, advantageously may correspond to the elevational
      difference of the exit section 6, in other words the distance through
      which the exit section is raised when the equipment assumes the position
      depicted in FIG. 3.
PAR  Now as best seen by referring to FIG. 4, each rail 5a of the input section
      5 -- which may also be considered as individual input sections -- is
      hingedly connected by a flexible connecting or connection member 11 with
      the associated creel rail 3 arranged at a lower level. At the end adjacent
      to the inputt rails 2 each of the input sections 5, i.e. each of the rails
      5a thereof, is connected via a rod or bracket 12 with a transversely
      extending beam 13 which, in turn, is operatively connected via a hinge
      joint or hinge arrangement 14 with a piston 15 of a suitable pressurized
      cylinder arrangement 16, as best seen by referring to FIG. 9. The
      pressurized cylinder arrangement or pressure cylinder 16 is pivotably
      connected via a further hinge joint or hinge arrangement 17 with a fixed
      or stationary support 18. Now at the same end of the input of infeed
      section 5 there is advantageously provided a roll-back stop device 19
      which safeguards against undesired rolling back of the trolleys 7 after
      they have moved onto the corresponding rail 5a of the input section.
PAR  As far as the construction of the trolleys 7 is concerned, it will be seen
      that in the exemplary illustrated embodiment each such trolley consists of
      a supporting member 20 and the branch rods or leg members 21 and 23 which
      are each connected to the aforesaid supporting member 20, the rolls 9
      rotatably supported by the branch rods or leg members 21 and 23, a first
      distance bumper rod 22 connected with the branch rod 21 and provided with
      a bumper guard or bumper surface 22a (FIG. 5), and a distance bumper rod
      24 connected with the other branch rod 23 and provided with a bumper guard
      or bumper surface 24a. As best seen by referring to FIG. 7, the distance A
      between the bumper guard 22a and the bumper guard 24a amounts to, for
      instance, three times the bobbin gauge B (FIGS. 5 and 8), the term "bobbin
      gauge" designating the distance from the lengthwise axis of one bobbin 8
      to the lengthwise axis of the adjacent bobbin 8, as shown. The length C of
      the distance bumper rods 22 and 24 respectively is chosen such that the
      bobbin gauge B remains substantially at least the same for all of the
      bobbins 8 located in their working position, in other words, twice the
      value of the length C corresponds to the bobbin gauge B. As best seen by
      referring to FIG. 9, bobbin support pins 25 are hingedly connected or
      flexibly connected, as generally indicated by reference character 25a,
      with the supporting member 20 of each associated trolley 7. The tubes 10
      of the bobbins 8 are suspended at the bobbin support pins 25. Just as was
      the case with the input section 5, the outfeed or exit section 6 -- which
      also may be considered to constitute a number of individual exit sections
      --  has each of the exit section rails 6a hingedly connected by a flexible
      connection or connecting an 27 with the associated rail of the creel rails
      3 (see FIGS. 6 and 8). Also analogous to the arrangement of the input
      section 5, at the end adjacent to the exit or outfeed rails 4 each of the
      rails 6a of the exit section 6, as best seen by referring to FIG. 6, is
      connected via a rod or bracket 28 with a transversely extending beam or
      cross member 29 which, in turn, is again connected via a hinge joint or
      hinge 30 with a piston 31 of a pressurized cylinder arrangement 32 which
      is pivotably connected via a further hinge joint or hinge 33 with a fixed
      base or stationary support 34. At the same end of the exit or outfeed
      section 6 there is pivotably mounted for upward pivotal movement a stop
      latch means 35 which in its tilted-up position (FIG. 8) prevents further
      rolling of the rolls 9 of the trolleys 7. In close vicinity to a end of
      the exit section 6 and adjacent to the creel rails 3 there is provided a
      further roll-back stop device 36 (FIG. 8) which has an analogous function
      to the roll-back stop device 19, in this case preventing undesired rolling
      back of the trolleys 7 onto the creel rails 3 after the same has moved to
      the region of the exit section 6. The distance between the roll-back stop
      device 36 and the stop latch means 35 is chosen such that when the stop
      latch means 35 is tilted-up, a trolley 7 located between the roll-back
      stop device 36 and the stop latch means 35 is secured against both forward
      and backward movement, as clearly shown in FIG. 8. An additional roll-back
      stop device 37 is also provided on each of the exit rails 4, as best seen
      by referring to FIG. 7. In view of the described functions of the
      roll-back stop devices and the stop latch means, it should be apparent
      that such components are advantageously provided for each of the
      individual rails so as to carry out their desired function in cooperation
      with the trolleys located thereon.
PAR  Now with the foregoing discussion of the construction of the equipment in
      mind, the operation of such apparatus will now be considered and is as
      follows:
PAR  As best seen by referring to FIG. 10, at the preparatory spinning machines
      36, for example roving frames, the empty tubes 10 from the trolleys 7
      which have been brought back upon a return or feedback rail section 37b in
      the direction of the arrow D, are supplied with full bobbins 8. The
      trolleys 7 carrying the full bobbins 8 are then manually moved through a
      suitable lifting arrangement or elevating mechanism 38. The lifting
      arrangement 38, driven by a drive motor 39, transports the trolleys 7 onto
      a supply rail section 40 while overcoming a certain elevational
      difference. At the location of the supply rail section 40 the trolleys 7
      roll down a slope or gradient, which it will be recalled was rendered
      possible due to overcoming the elevational difference by the preceding
      lifting arrangement 38, onto reserve rails 42 which can be connected with
      the supply rail or supply rail section 40 by means of rail switches 43. At
      the reserve rails 42 it is possible to hold in reserve at least the same
      number of trolleys 7 as can be taken-up by the creel rails 3 disposed
      above the ring spinning machine 1. Now the exchange of trolleys 7 on the
      creel rails 3 carrying the empty bobbins 10 against trolleys 7 carrying
      full bobbins 8 is undertaken in the following manner:
PAR  By means of the pressurized cylinder arrangement 16, which may be a
      pneumatic cylinder, the input section 5 is pivoted-up from its horizontal
      position, as best seen by referring to FIG. 1, to a location where it
      establishes an operable transfer connection with the input rails 2. The
      same pivoting movement is also carried out for the exit section 6 by means
      of the pressurized cylinder arrangement 32, likewise for instance a
      pneumatic cylinder, until there is established an operable transfer
      connection with the exit rails 4. Thereafter, the stop latch means 35 are
      lowered to permit rolling-off of the trolleys 7 carrying the empty tubes
      10 in the direction of the exit rails 4. Then the reserve rails 42 (FIG.
      10) are connected with the distribution rail 45 by means of the rail
      switches 44, and such distribution rail 45 in turn is connected with the
      input rails 2 by means of the rail switches 46. The trolleys 7 are then
      rolled, via the rail switches 44, onto the distribution rail 45 and via
      the rail switches 46 onto the input rails 2. It is possible to move the
      troleys 7 from the reserve rails 42 either manually or by appropriate
      auxiliary means (not shown). At the individual creel rails 3 the following
      occurs: the trolleys 7 carrying the full bobbins 8 and brought onto the
      input section 5 (FIG. 4), owing to their own weight and to the gradient or
      slope of the input section in the pivoted-up position previously
      established, displace the trolleys 7 carrying the empty bobbins 10 away
      from the creel rails 3 via the upwardly inclined exit section 6 onto the
      exit rails 4 (FIG. 6). The loss of momentum or thrust of the incoming
      trolleys 7 due to friction can be compensated by additionally manually
      pushing these trolleys or by designing the height differential of the exit
      section 6 to be smaller than that of the input section 5, wherein in FIG.
      1 there is shown in exaggerated manner the height of the input rail 2 and
      slope of the raised input section 5 to be greater than the height of the
      exit rail 4 and the slope of the raised exit section 6. As the first
      trolley 7 carrying full bobbins 8 reaches the exit section 6, the stop
      latch means or device 35 is again manually tilted-up into its upright
      position. As already heretofore discussed, this first trolley is then
      maintained in this terminal position which it has reached by means of the
      roll-back stop device 36 and the stop latch means 35. The position of the
      roll-back stop device 19 at the input section 5 is selected such that the
      last incoming trolley 7 is prevented, on the one hand, from rolling back
      and, on the other hand, is arranged adjacent to the trolleys 7 which have
      already been moved onto the associated creel rail 3 and lined-up
      therewith. As soon as all of the creel rails 3 of the ring spinning
      machine 1 are filled with the trolleys 7 carrying the full bobbins 8, the
      individual input sections 5 and exit sections 6, in other words the rails
      5a and 6a thereof, are pivoted back to their horizontal position by means
      of the pressure cylinder 16 and pressure cylinder 32 respectively. The
      trolleys 7 carrying the empty tubes 10 and now located at the exit rails 4
      are then brought via the switches 47 onto a collecting rail 48. At the end
      of the collecting rail 48 these trolleys are then moved via an adjacent
      lifting section 49, while overcoming a certain elevational difference,
      onto the feedback or return rail section 37a. The trolleys 7 roll freely
      to the next lifting section 51 along the gradient or slope of the feedback
      or return rail section 37a which has been provided due to overcoming the
      elevational difference by means of the lifting section 49. After this
      lifting section 51, the trolley 7 again rolls down the slope or gradient
      provided at the return rail section 37b in the direction of the arrow D
      back to the spinning preparatory machines 37. After each lifting section
      38, 49 and 51 there is provided a respective electrical switch 41, 50 and
      52, each such switch being triggered by the trolley 7 and activating a
      timing relay for stopping the preceding lifting section if the subsequent
      rail section fills-up with trolleys 7 which have not moved further along.
      In this manner it is possible to prevent damage to the lifting sections.
PAR  The arrangement is, however, not limited to the exemplary embodiment
      depicted in FIG. 10 but can be laid out in any other suitable manner
      employing the described system elements. It is possible to provide further
      lifting or lowering sections suitably driven for overcoming height
      differentials, particularly if the spinning preparatory machines and the
      ring spinning machines are not located on the same floor. Feed control
      devices are then arranged preceding each such inclined section.
PAR  Some of the more notable advantages of the described apparatus are the
      following:
PAR  1. The trolleys carrying the full bobbins can be rolled into their working
      position above the ring spinning machines, thereby eliminating the heavy
      and cumbersome manual work of suspending full bobbins from the creel
      arrangement which is generally carried out by female operators.
PAR  2. The gradients or slopes provided at the input section and the height or
      elevational differential of the exit sections of the creel rails brings
      about natural filling of the creel rails with trolleys carrying full
      bobbins and pushing-out or off-loading the trolleys carrying empty tubes
      until the trolleys carrying the full bobbins are balanced-out as concerns
      their weight at the inclined input and exit sections.
PAR  3. The arrangement of the reserve rails affords the possibility of
      appropriately accommodating the differences in production between the
      spinning preparatory machines and the ring spinning machines and further
      permits an accumulation of a reserve of trolleys carrying full bobbins
      which is quickly available when needed.
PAR  4. By incorporating a drive into the lifting sections and owing to the
      resulting gradient of the subsequent rail sections, a further propulsion
      mechanism for the trolleys can be dispensed with.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for creeling bobbins into a working position at a ring
      spinning machine, comprising rail means arranged above the ring spinning
      machine, said rail means extending substantially parallel to the
      longitudinal axis of the ring spinning machine and comprising input rails,
      creel rails and exit rails, wherein said creel rails are arranged at a
      lower height than the input rails and exit rails, each of said creel rails
      having operatively associated therewith one of said input rails and one of
      said exit rails, each of said creel rails including a pivotable input
      section and a pivotable exit section, each of the creel rails being
      connected via its pivotable input section with its associated input rail
      and via its pivotable exit section with its associated exit rail, trolleys
      movable on said rail means for carrying bobbins placed thereon, means for
      selectively pivoting each input section from a first position into a
      second position connecting the associated input rail with its creel rail
      for transferring trolleys carrying full bobbins from such input rail to
      such creel rail into a bobbin working position, means for selectively
      pivoting each exit section from a first position into a second position
      for transferring trolleys with empty bobbins from the associated creel
      rail to the associated exit rail, each input section and its associated
      exit section when assuming their respective first positions disconnecting
      the associated creel rail from the associated input rail and exit rail to
      prevent transfer of trolleys from the associated input rail to the
      associated creel rail and from the latter to the associated exit rail in
      order to maintain the trolleys on the associated creel rail in said bobbin
      working position, a rail arrangement operatively associated with the ring
      spinning machine and connecting means for operatively connecting the rail
      means with the rail arrangement.
NUM  2.
PAR  2. The apparatus as defined in claim 1, wherein a pair of rolls is provided
      for each of the trolleys, said rolls of each trolley being supported and
      guided by the rail means and rail arrangement.
NUM  3.
PAR  3. The apparatus as defined in claim 1, wherein each of the trolleys is
      provided with bobbin tube-support pins for taking-up bobbin tubes.
NUM  4.
PAR  4. The apparatus as defined in claim 3, further including means for movably
      supporting the bobbin tube-support pins at the trolleys.
NUM  5.
PAR  5. The apparatus as defined in claim 3, further including means for
      flexibly supporting the bobbin tube-support pins at the trolleys.
NUM  6.
PAR  6. The apparatus as defined in claim 1, further including a respective
      bumper provided for each trolley at both ends of the trolley in the
      longitudinal direction thereof, each bumper being provided with means
      defining a bumper surface.
NUM  7.
PAR  7. The apparatus as defined in claim 6, wherein the distance, in the
      lengthwise direction of each trolley, from its one bumper surface to the
      other bumper surface substantially corresponds to the distance from the
      center-line of one bobbin to the center-line of the adjacent bobbin
      multiplied by the number of bobbins carried by each such trolley.
NUM  8.
PAR  8. The apparatus as defined in claim 1, wherein said connecting means for
      connecting the rail means with the rail arrangement include switch means.
NUM  9.
PAR  9. The apparatus as defined in claim 1, wherein the exit rails are arranged
      at a lower elevation than the input rails.
NUM  10.
PAR  10. The apparatus as defined in claim 1, wherein the creel rails are
      arranged at a lower height than the input rails and exit rails.
NUM  11.
PAR  11. The apparatus as defined in claim 1, wherein the input section includes
      means defining a roll-back stop device for impeding the rolling back of
      the trolleys.
NUM  12.
PAR  12. The apparatus as defined in claim 1, wherein the exit section is
      provided with means defining a roll-back stop device for impeding the
      rolling back of the trolleys and with stop latch means acting in the
      direction of transport of bobbin tubes.
NUM  13.
PAR  13. The apparatus as defined in claim 1, further including support means
      provided for the ring spinning machine for supporting said creel rails.
NUM  14.
PAR  14. An apparatus for creeling bobbins into a working position at a ring
      spinning machine, comprising rail means arranged above the ring spinning
      machine, said rail means extending substantially parallel to the
      longitudinal axis of the ring spinning machine and comprising input rails,
      creel rails and exit rails, wherein said creel rails are arranged at a
      lower height than the input rails and exit rails, said creel rails
      including a pivotable input section and a pivotable exit section, the
      creel rails being connected via the pivotable input section with the input
      rails and via the pivotable exit section with the exit rails, trolleys
      movable on said rail means for carrying bobbins placed thereon, a rail
      arrangement operatively associated with the ring spinning machine and
      connecting means for operatively connecting the rail means with the rail
      arrangement, said exit section being provided with means defining a
      roll-back stop device for impeding the rolling back of the trolleys and
      with stop latch means acting in the direction of transport of bobbin
      tubes, said input section being provided with means defining a roll-back
      stop device for impeding the rolling-back of the trolleys, and wherein the
      roll-back stop device of the input section and the stop latch means of the
      exit section are arranged in such a manner that they secure the trolleys
      disposed therebetween against horizontal displacement and thus maintain
      the bobbins suspended from the trolleys in their working position at the
      ring spinning machine.
NUM  15.
PAR  15. A method of creeling bobbins into a working position at a ring spinning
      machine by means of a transporting rail arrangement forming a closed loop
      for transporting trolleys carrying full bobbins from spinning preparatory
      machines and trolleys carrying empty bobbins back again to the spinning
      preparatory machines, comprising the steps of transporting trolleys onto a
      rail arrangement provided above the ring spinning machine, moving the
      trolleys carrying full bobbins via a sloped input section of the rail
      arrangement above the ring spinning machine as they move onto the rail
      arrangement above the spinning machine and owing to the overweight of the
      full bobbin trolleys, the trolleys carrying the empty tubes are pushed-off
      the rail arrangement above the ring spinning machine onto the transporting
      rail arrangement, thus bringing the full bobbins into their working
      positions at the ring spinning machine at such rail arrangement.
NUM  16.
PAR  16. The method as defined in claim 15, further including the step of moving
      the trolleys carrying full bobbins onto a reserve rail section
      supplementing the transporting rail arrangement.
NUM  17.
PAR  17. The method as defined in claim 16, including the step of using a
      reserve rail section which can accommodate at least the same number of
      trolleys as the rail arrangement above the ring spinning machine.
NUM  18.
PAR  18. The method as defined in claim 16, including the step of moving the
      trolleys from the reserve rail section onto the rail arrangement above the
      ring spinning machine.
NUM  19.
PAR  19. The method as defined in claim 15, further including the step of moving
      the trolleys carrying empty tubes from the rail arrangement above the ring
      spinning machines onto the transporting rail arrangement during such time
      as the trolleys carrying full bobbins are moved onto the rail arrangement
      above the ring spinning machine.
NUM  20.
PAR  20. The method as defined in claim 15, further including the step of
      employing mechanical means for effectuating movement of the trolleys on
      the transporting rail arrangement at least over part of their path of
      movement.
NUM  21.
PAR  21. The method as defined in claim 20, wherein movement by the mechanical
      means is effected at lifting sections within which the trolleys are moved
      to a given height differential such that the trolleys freely roll on a
      subsequent gradient of an adjacent section of the transporting rail
      arrangement.
NUM  22.
PAR  22. The method as defined in claim 15, including the step of manually
      effecting along a part of their path of movement the movement of the
      trolleys on the transporting rails.
NUM  23.
PAR  23. The method as defined in claim 15, including the step of employing
      mechanical means and also manually effectuating movement of the trolleys.
NUM  24.
PAR  24. The method as defined in claim 15, wherein the trolleys carrying empty
      tubes are moved from the rail arrangement above the ring spinning machine
      over a lifting exit section provided at the end of such rail arrangement
      located above the ring spinning machine.
NUM  25.
PAR  25. The method as defined in claim 24, including the step of pivoting the
      sloped input section and the lifting exit section into a substantially
      horizontal position after the trolleys with the full bobbins are located
      on the rail arrangement above the ring spinning machine.
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ABST
PAL  Disclosed herein is an improved trolley truck traveling on a monorail
      having spaced horizontal surfaces, in which a frame of the truck supports
      at least one supporting or traction wheel on the upper surface of the rail
      and a counterwheel on the lower surface of the rail, the separation of the
      wheels being greater than the vertical spacing of the horizontal rail
      surfaces to accommodate rapid and easy placement of the truck upon and/or
      removal of the truck from the monorail.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The prior art discloses a trolley having two upper supporting or traction
      wheels connected with a lower counterwheel by a parallelogram linkage. On
      a horizontal stretch of track, the counterwheel adheres to the rail
      without pressure, while on inclines it is pressed to the lower rail
      surfaces from below by the parallel displacement of the linkage. A
      disadvantage of this arrangement is that, should removal from and/or
      replacement upon the rail be necessary, this cannot be done without
      substantial disassembly of the entire mechanism.
PAR  It is the object of the present invention to provide a trolley truck
      structure which may easily be placed upon the rail and just as easily be
      removed therefrom. This is achieved, in accordance with the invention, by
      spacing the wheels (supporting or traction wheel, counterwheel which
      engage the upper and lower bearing surfaces of the rail) a greater
      distance apart than the actual vertical spacing between the two parallel
      bearing surfaces of the rail in a manner in which the center of gravity of
      both the loaded and empty trolley truck is laterally displaced with
      respect to the points of contact between the rail and the supporting wheel
      and the counterwheel, to cause both wheels to engage firmly and adhere to
      the rail. This design enhances the friction between rail and wheels which
      serves to secure the truck on the bearing surfaces of the rail, and, as in
      the case of certain modified embodiments, upon any guides arranged
      adjacent the rail or forming part of the rail. By having a greater
      distance between supporting and counterwheel than that between the bearing
      surfaces of the rail, it is possible to cancel the friction by pivoting
      the trolley truck, itself, about a horizontal lateral axis. In this
      position, the trolley may be easily removed from the rail by simultaneous
      tilting. If the traction wheel actually travels, as is also feasible in
      accordance with the principles of the invention, on a lower flight of the
      rail and the counter wheel adheres to an upper flight of the rail, the
      trolley is pivoted for removal from the rail in such a way that the wheels
      are positioned in approximately horizontal tandem fashion.
PAR  In accordance with the invention, no bolt connections or other mechanical
      assembly operations are required for installing and/or removing the
      trolley. In a preferred embodiment, the trolley is equipped with a single
      supporting or traction wheel and a single counterwheel. It may also be
      equipped with several supporting wheels arranged on a rocker arm, if
      desired in certain cases.
PAR  It has been found that a trolley truck constructed in accordance with this
      invention, may be guided perfectly along the rail during acceleration and
      deceleration, as well as when ascending or descending.
PAR  In order to establish the desired location of the center of gravity of the
      empty trolley, the motor driving the supporting wheel (the traction wheel)
      is located on the desired center of gravity side of the traction wheel, as
      will be understood.
PAR  The shaft of the supporting wheel and the axle of the counter wheel are
      arranged on a common trolley truck frame consisting of a central plate
      member on one side of the rail, the central plate being provided with an
      upper axle bearing journal box for the traction wheel and a lower axle
      bearing journal box for the counterwheel. The lower axle bearing journal
      box extends longitudinally of the trolley from the counter wheel support
      and intersects the vertical axis (vertical center line) of the supporting
      wheel. The trolley frame is equipped with a load suspension yoke which
      includes several bore holes for hooking up the load to the frame on a load
      axis displaced longitudinally from the vertical axis of the supporting
      wheel. If the trolley travels exclusively on a straight or downhill
      course, heavy loads are suspended from the bore hole nearest the vertical
      axis to avoid unduly excessive pressure moments. If, however, steep
      inclines have to be tranversed, or if the load is light, the bore hole
      farthest from the support wheel of the vertical axis is chosen for load
      suspension. This location is also laterally displaced with relation to the
      vertical axis of the counterwheel, due to the elevation of the
      counterwheel with respect to the supporting wheel on an inclined rail.
PAR  Furthermore, the trolley truck may be provided on both sides with
      horizontal guide wheels rotating about vertical axes and adhering to
      vertical bearing surfaces of the rail. When employing guide wheels, they
      are offset from the vertical axis, so that there are always front and rear
      guides for the trolley assuring proper operation.
PAR  The trolley frame is furthermore provided with an opening and a cover plate
      with attached current pick-ups, gliding along sliding lines which in turn
      are attached directly to the rail. The cover plate is, of course, somewhat
      larger than the frame opening and may be fastened to the frame with
      screws.
PAR  If the trolley is to ascend to 90.degree. incline, the supporting wheel is
      provided with a rim designed as a gear rim, and the rail on this uphill
      stretch, is provided with a rack-like surface for cooperation with the
      pinion teeth on the gear rim, in known fashion. The trolley may be
      equipped with an additional counterwheel, which is located on the side
      opposite the first counterwheel. The additional counterwheel is adapted to
      be easily removable so that the trolley may be tilted without any great
      effort.
PAR  In order to carry heavy loads, several trolleys may be connected via
      supporting rods, the latter being attached to the load suspension yoke.
PAR  For a better understanding of the present invention and a more complete
      appreciation of its attendant advantages, reference should be made to the
      following detailed description taken in conjunction with the accompanying
      drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevational view of the trolley of the invention
      arranged to traverse a horizontal rail;
PAR  FIGS. 2 and 3 are schematic side elevational views of the trolley of the
      invention traversing inclined rails;
PAR  FIG. 4 is an enlarged side elevational view of the trolley of the
      invention; and
PAR  FIG. 5 is a cross-sectional view of the trolley taken along line V--V of
      FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a trolley truck 2 at a horizontal rail 1. A counterwheel 8 is
      arranged on one side of vertical axis (center line) 19 of a supporting or
      traction wheel 6, and the drive motor 16 for the wheel 6 is arranged on
      the other side. The location of motor 16 results in the center of gravity
      axis 20 of the empty trolley 2 being on the side of vertical axis 19 away
      from the counterwheel 8. With this center of gravity arrangement, the
      trolley 2 tends to be rotated about the axis of the supporting wheel 6, by
      the created moment, in a manner in which counterwheel 8 is urged against
      the rail from below. When the trolley is loaded, the resultant center of
      gravity remains on the same side of trolley 2 to preserve this beneficial
      tilting effect. To this end, a load suspension yoke 15 is attached to
      trolley 2 with arms 14 having bore holes 15a to suspend loads to be
      transported on the remote side of the counterwheel 8.
PAR  FIG. 2 shows the trolley on a rail sloping towards the right with the
      counterwheel 8 being tilted upwards compared with its normal position
      (FIG. 1). The load in this case is attached to trolley 2 far enough away
      from counterwheel 8 so that the vertical axis 19 is between center of
      gravity axis 20 and the counterwheel 8. In a steeper incline of the rail
      1, the vertical axis 19 moves to the point where it coincides with center
      of gravity axis 20. The trolley then tilts around supporting wheels 6, and
      counterwheel 8 no longer adheres to the lower bearing surface of rail 1.
      In this position, the trolley will no longer be guided. In order to avoid
      this, another counter wheel 8a is attached to the other end of the
      trolley.
PAR  FIG. 3 shows the rail 1 sloping towards the left with a trolley having a
      vertical axis 19 located adjacent the couterwheel 8. Even if the degree of
      incline of the rail is steeper, as long as the vertical axis 19 is located
      between the counterwheel 8 and the center of gravity axis 20, the
      supporting wheel 6 and the counterwheel 8 will firmly adhere to the upper
      and lower bearing surfaces of rail 1 due to the leverage of moment on the
      trolley caused by the load.
PAR  As will be appreciated, the trolley of this invention may be used for
      travel in both directions along rail 1 despite its asymmetrical design.
      This, of course, is advantageous for changes or switches in direction in
      the transportation of loads.
PAR  More specifically and as shown in FIGS. 4 and 5, the trolley frame 2 has a
      central plate 3a, an upper axle bearing journal box 3b and a lower axle
      bearing journal box 3c. The upper axle bearing journal box 3b is generally
      U-shaped and has welded reinforcements 4 with bore holes 4a for bearing 5,
      in which shaft 7 for supporting wheel 6 is located. The bore holes 4a may
      be covered with a synthetic cap 24. The shaft 7 is connected with the
      motor 16 through a gear linkage 23. On the lower flange of journal box 3c,
      bracket 12 for counterwheel 8 and guide wheels 9 is attached by means of
      screws or the like at locations 13. Bracket 12 is also provided with
      reinforcements 4 with bore holes 4a for axle 7a of the counterwheel 8
      which is mounted by bearings 5a. The end of axle 7a is welded to plate 25
      which in turn is screwed to bracket 12, as shown in FIG. 5. Furthermore,
      bracket 12 has, on each side, an angular flange 12a for an axle 10
      comprising a bolt for supporting a bearing 11 for the guide wheel 9. An
      opening 3d is formed in the central plate 3a and is covered by a cover
      plate 3e, to which are fastened current pick-ups 17 for cooperation with
      sliding lines 18 attached to the rail 1.
PAR  If the trolley is to be used on steep inclines, it is necessary to arrange,
      in the bracket 12, on the side of vertical axis 19 opposite counterwheel
      8, an additional counterwheel 8a,  shown in phantom. The rim of the
      supporting wheel 6 may then be designed as a gear rim, and the rail in the
      area of the incline may be equipped with the cooperating rack. As shown in
      FIG. 5, the rail 1 has upper and lower horizontal bearing surfaces 1a for
      supporting the wheel 6 and the counterwheel 8, respectively, and the rail
      1 also has lateral bearing surfaces 1b for engaging the rims of the
      supporting wheel 6 and the counterwheel 8, respectively, and the rail 1
      also has lateral bearing surfaces 1b for engaging the rims of the
      supporting wheel 6 and the counterwheel 8, respectively, or for engaging
      guide wheels 9. The rail 1 is supported by a C-shaped structural member 21
      shown in phantom (FIG. 5).
PAR  In accordance with the invention, for removal, the trolley 2 is simply
      tilted away from the rail 1 so that the counterwheel 8 is located directly
      beneath the supporting wheel 6 on a common vertical axis. Then trolley 2
      is lifted up and pulled sideways over upper bearing surface 1a of rail 1
      with gear rim of the supporting wheel 6 clearing the rail surface 1a. (If
      the trolley was provided with the additional counterwheel 8a, the wheel 8a
      is disassembled before tilting the trolley by first removing axle 7a, as
      will be understood).
PAR  It should be understood that the improved monorail trolley truck and rail
      construction herein illustrated and described is intended to be
      representative only, as certain changes may be made therein without
      departing from the teachings of the disclosure. Accordingly, reference
      should be made to the following appended claims in determining the full
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved trolley structure adapted to travel on a rail having
      predetermined spaced upper and lower beam surfaces, comprising
PA1  a. a truck means mounting a traction wheel and a counterwheel for engaging
      said upper and lower rail surfaces, respectively,
PA1  b. said traction wheel and said counterwheel being spaced apart by a
      distance greater than the predetermined direct vertical distance between
      said upper and lower beam surfaces,
PA1  c. the center of gravity of said trolley being laterally displaced with
      respect to the point of contact between the rail and said traction wheel
      on the rail, whereby said counterwheel is urged against said rail by said
      trolley in both loaded and unloaded states,
PA1  d. motor means mounted on said truck means for driving said traction wheel,
PA1  e. said motor means being located on one side of the trolley to establish
      the center-of-gravity of said trolley at one side,
PA1  f. said truck means including a common frame supporting axle means for said
      traction wheel and said counterwheel,
PA1  g. said common frame including a central plate adapted to be disposed at
      one side of said rail and provided with upper journal box means for
      supporting bearings for said traction wheel and lower journal box means
      for supporting bearings for said counterwheel, and
PA1  h. said lower journal box means extends longitudinally to said rail from
      the axis of said counterwheel and intersects the vertical axis of said
      traction wheel.
NUM  2.
PAR  2. The trolley structure according to claim 1, in which:
PA1  a. a load suspension yoke means is fastened to said lower journal box
      means.
NUM  3.
PAR  3. The trolley structure of claim 2, in which
PA1  a. said load suspension yoke means includes a plurality of bore holes for
      suspending a load on the side of the common frame remote from the
      counterwheel.
NUM  4.
PAR  4. A trolley structure adapted to travel on a rail having horizontal upper
      and lower traction surfaces, vertically spaced apart a predetermined
      distance from each other, comprising:
PA1  a. a vertical frame extending between said upper and said lower traction
      surfaces,
PA1  b. a traction wheel mounted for rotation in said frame for engaging said
      upper traction surface,
PA1  c. a counterwheel mounted for rotation in said frame for engaging said
      lower traction surface,
PA1  d. the engaging surfaces of said traction wheel and said counterwheel being
      spaced apart a predetermined vertical distance greater than said
      predetermined vertical distance of said upper and lower traction surfaces
      of said rail to be engaged,
PA1  e. the center of gravity of said trolley structure being laterally
      displaced from a vertical plane passing through the axis of said traction
      wheel, and
PA1  f. said counterwheel being mounted in said vertical frame on the side of
      said vertical plane passing through the axis of said traction wheel
      opposite to said center of gravity of said trolley structure to urge said
      counterwheel against said lower traction surface in both loaded and
      unloaded condition.
NUM  5.
PAR  5. The trolley structure of claim 4, further characterized in that
PA1  a. said common frame includes a central plate adapted to be disposed at one
      side of said rail and provided with upper and lower journal box means for
      supporting bearings for said traction and counterwheels.
NUM  6.
PAR  6. The trolley structure of claim 4, further including
PA1  a. guide wheels rotating aroung vertical axes and adapted to engage
      vertical lateral guide surfaces included on said rail.
NUM  7.
PAR  7. The trolley structure of claim 4, in which
PA1  a. said frame includes an opening and a cover plate means therefor,
PA1  b. current pick-up means for engaging sliding lines on said rail are
      mounted on said cover plate means.
NUM  8.
PAR  8. The trolley structure of claim 4, which includes:
PA1  a. a motor on said frame adjacent said traction wheel to drive said
      traction wheel, and
PA1  b. said motor being mounted to one side of said vertical plane passing
      through said traction wheel axis to establish said center of gravity of
      said trolley structure.
NUM  9.
PAR  9. The trolley structure of claim 4, which includes:
PA1  a. a second counterwheel for engaging said lower traction surface, and
PA1  b. said second counterwheel being disposed on the side of said vertical
      plane passing through said traction wheel axis opposite the first
      mentioned counterwheel.
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ABST
PAL  A drop leaf table, usable as a typewriter stand, having a table top and a
      drop leaf pivotally hinged along a side of the table top and having a
      brace member for engaging a latch mechanism on the underside of the drop
      leaf to hold the drop leaf in its raised operative position level with the
      table top. A tension spring connected with the brace member urges the
      brace member into following relation and sliding engagement with the
      underside of the drop leaf throughout the entire movement of the drop leaf
      from lowered to raised position. The latch mechanism and brace member
      automatically interengage to maintain the drop leaf in raised position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to a drop leaf table and, more particularly, to
      such a table usable as a typewriter stand with a table top for supporting
      a typewriter and a drop leaf which can be moved into raised position level
      with the table top, and with automatic latching structure for latching a
      separate brace member to the drop leaf to maintain the latter in raised
      position.
PAR  A variety of strucures is known for holding a drop leaf of a table in
      raised position level with the table top. Such mechanisms include
      pivotally-interconnected links which extend and lock together to form a
      brace to hold the drop leaf in raised position. Also known, is a
      pivotally-mounted brace member which is manually moved into a support
      position beneath the drop leaf and into engagement with retention
      structure which holds the brace member associated with the drop leaf.
      These structures do not provide a relatively simple brace structure which
      automatically moves into a latched position with a latch member on the
      drop leaf when the drop leaf is raised and which has utility with many
      different types of drop leaf tables including a typewriter table having a
      top and drop leaf formed of metal.
PAC  SUMMARY
PAR  A primary feature of this invention is to provide a drop leaf table having
      a drop leaf in hinged relation to a table top and with a simple brace
      structure including a brace member which slides along the undeside of the
      drop leaf as the drop leaf is raised and automatically moves into latched
      relation with the drop leaf when the drop leaf is in raised position. the
      continuous contact assures quiet operation, particularly when the table
      and drop leaf are formed of metal.
PAR  In the invention disclosed herein, the brace member is mounted beneath the
      table top for pivotal movement about an axis between a downwardly
      extending position when the drop leaf is lowered and an upwardly and
      outwardly inclined position when the drop leaf is in raised position, with
      means urging a part of the brace member into engagement with the underside
      of the drop leaf in all positions of the latter and into latching relation
      with a latch member on the underside of the drop leaf.
PAR  In a preferred embodiment of the invention, the urging means is a tension
      spring connected to the brace member and fastened to a part of the table
      at a location whereby spring force acts in all positions of the brace
      member to urge the brace member toward the drop leaf and with the latch
      member having an inclined tab with a cam surface which cams the slidably
      engaging part of the brace member to a position behind the tab to latch
      the brace member to the latch member and maintain the drop leaf in raised
      position.
PAR  Additionally, a second tab on the underside of the drop leaf is spaced from
      the first-mentioned tab to form a stop which may engage the part of the
      brace member and limit pivoting of the drop leaf above a raised position
      generally level with the table top.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective elevational view of the table in tilted position to
      expose the underside thereof and with one drop leaf in raised position;
PAR  FIG. 2 is a fragmentary bottom plan view, on an enlarged scale, of a
      portion of the table top and a drop leaf in raised position and taken
      generally along the line 2--2 in FIG. 1;
PAR  FIG. 3 is a vertical section, taken generally along the line 3--3 in FIG.
      2;
PAR  FIG. 4 is a view, similar to FIG. 3, showing the drop leaf in lowered
      position; and
PAR  FIG. 5 is a fragmentary sectional view, taken generally along the line 5--5
      in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The table, indicated generally at 10, has a table top 11 with a series of
      depending peripheral flanges 12 carrying means for attachment to leg
      structure including hollow tubular legs 15, 16, 17, and 18. The lower ends
      of the legs are interconnected by a bottom brace having a section 20
      spanning the front legs 16 and 18 and sections 21 and 22 extended between
      respective ones of the front legs and the rear legs 15 and 17,
      respectively.
PAR  In use of the table 10 as a typewriter table or stand, a person may sit to
      the rear of the table with the person's legs between the table legs 15 and
      17 and with the table top 11 being of a size to support a typewriter.
      Although not shown, the lower ends of the legs 15-18 may be provided with
      casters in order to facilitate movement of the table.
PAR  In order to increase the work surface of the table, the table is of the
      drop leaf type and has a pair of drop leaves 30 and 31 positioned one at
      each side of the table top. As shown in FIG. 1, the drop leaf 30 is in a
      lowered position and the drop leaf 31 is in a raised, operative position
      at generally the same level as the table top 11. The construction of each
      of the drop leaves 30 and 31 is the same as well as the mounting and
      latching structure associated therewith and further description with
      respect to the drop leaf 31 and associated structure applies equally to
      the drop leaf 30.
PAR  The drop leaf 31 has a generally planar top surface with depending
      peripheral flanges 32 and is pivotally mounted to one side of the table
      top 11 for movement between the raised position of FIG. 3 and the lowered
      position of FIG. 4. The drop leaf is mounted by a pair of hinge plates 35
      and 36 suitably fastened to the upper ends of the legs 17 and 18 and each
      having a self-fastening pin 37 and 38, respectively, extending
      therethrough as well as through a depending flange 32 of the drop leaf
      whereby the pins form hinge pins for pivotal movement of the drop leaf.
PAR  The drop leaf 31 is maintained in raised position by a generally U-shaped
      brace member, indicated generally at 40. The brace member has a pair of
      ends 41 and 42 each extended through an opening in the wall of the legs 17
      and 18, respectively, to pivotally mount the brace member for pivotal
      movement about an axis defined by a line coaxial with the pins 41 and 42.
      A central part 43 of the brace member has a length closely approximating
      the front-to-rear dimension of the drop leaf and which coacts with a latch
      mechanism, indicated generally at 45, on the underside of the drop leaf.
      As shown in FIGS. 1 and 2, there are a pair of such latch mechanisms
      mounted on the underside of the drop leaf in order to provide strong
      support for the drop leaf. Each latch mechanism includes a plate 46
      secured to the underside of the drop leaf and having an inclined tab 47
      providing a cam surface for coaction with the central part 43 of the brace
      member shortly before complete raising of the drop leaf to facilitate the
      automatic latching of the brace member to the drop leaf.
PAR  A second tab 49 is inclined outwardly from the plate 46 and has its outer
      end spaced from the outer end of the first tab 47 a distance greater than
      the diameter of the rod stock from which the brace member 40 is formed.
      This second tab 49 functions as a stop in coacting with the central part
      43 of the brace member to limit elevation of the drop leaf 31 beyond the
      raised position shown in FIG. 3.
PAR  The brace member 40 extends downwardly from the pivot axis thereof when the
      drop leaf 31 is in its lowered position, as shown in FIG. 4, and in an
      outwardly and upwardly inclined position when in latched relation with the
      drop leaf as shown in FIG. 3.
PAR  The latching relation between the parts shown in FIG. 3 occurs
      automatically in raising of the drop leaf. This is accomplished by means
      which urges the part 43 of the brace member into engagement with underside
      of the drop leaf in all positions of the latter and which maintains the
      part 43 in sliding engagement with the underside of the drop leaf in
      movement of the drop leaf from the lowered position of FIG. 4 to the
      raised position of FIG. 3. More particularly, this urging means is a
      tension spring 60 having an end 61 connected to the part 43 of the brace
      member intermediate its ends and with an opposite end 62 fixed at a
      location to exert force on the brace member 40 in all positions thereof
      acting to urge the brace member in a counterclockwise direction, as viewed
      in FIG. 4.
PAR  With the pivot axis for the brace member 40 as defined by the pins 41 and
      42 being located beneath the table top at an edge thereof, the end 62 of
      the tension spring 60 is positioned thereabove and specifically is
      connected to the innermost flange 32 of the drop leaf 31 to have the
      spring act at an angle to the brace member and exert a spring force
      causing counterclockwise pivoting of the brace member as permitted by the
      position of the drop leaf 31. In the lowered position of the drop leaf 31,
      as shown in FIG. 4, the tension spring 60 has been substantially extended;
      however, the spring force is acting through a relatively short lever arm
      to exert a relatively small amount of force on the brace member. The force
      is not sufficient to cause elevating movement of the drop leaf and it is
      necessary to manually raise the drop leaf 31 with the force of the spring
      then causing the part 43 of the brace member to maintain sliding
      engagement with the underside of the drop leaf. In the raised position of
      the drop leaf 31, as shown in FIG. 3, the tension spring 60 is under very
      little extension and, therefore, there is only a minimal amount of force
      acting to hold the brace member in the latched position.
PAR  As seen in FIG. 4, the end 62 of the tension spring 60 is positioned
      outwardly of the pivot axis for the brace member 40 to prevent the brace
      member going over center with respect to the spring.
PAR  The components of the table in the preferred embodiment are formed of metal
      and the drop leaf 31 may be securely held in the lowered position, shown
      in FIG. 4, by having a dimple 65 formed on each of the hinge members 35
      and 36 extending outwardly therefrom to frictionally engage a peripheral
      flange 32 of the drop leaf. This coaction is shown in FIG. 5.
PAR  In use of the table, a person engages the drop leaf in lowered position and
      raises the drop leaf to the operative level position shown in FIG. 3.
      During this movement, the brace member 40 is caused to follow the drop
      leaf, under the urging of the tension spring 60, which maintains intimate
      contact between these parts to assure quiet operation of the mechanism. In
      order to obtain the latched relation of the parts shown in FIG. 3, the
      drop leaf 31 is raised slightly above the level position and the tension
      spring 60 urges the brace member 40 in a counterclockwise direction with
      the part 43 thereof engaging the cam surface of the first tab 47 to cam
      the part 43 of the brace member beyond the first tab 47. The force of the
      spring 60 then pulls the part 43 of the brace member into a position
      between the tabs 47 and 49, as permitted by the spacing therebetween, and
      the drop leaf 31 is then returned to level position and is held locked for
      use of the table. The second tab 49, in functioning as a stop, limits
      elevation of the drop leaf 31 so that any attempt to pick up the table by
      the drop leaf will cause the brace member 40 to limit the upward movement
      of the drop leaf 31.
PAR  For return of the drop leaf 31 to its lowered position, the drop leaf is
      raised slightly from the position shown in FIG. 3 and the brace member 40
      is then manually pivoted a slight amount in the clockwise direction to
      have the part 43 thereof clear the first tab 47. The drop leaf is then
      lowered to the position of FIG. 4 and into engagement with the dimples 65
      with the brace member merely following to the downwardly-inclined
      position, shown in FIG. 4.
CLMS
STM  I claim:
NUM  1.
PAR  1. A drop leaf table having a table top and at least one pivotally hinged
      drop leaf along an edge of said table top and movable from a lowered
      position to a raised operative position forming an extension of said table
      top, a brace member pivotally mounted relative to the table top with a
      part thereof for bearing upwardly against the bottom surface of the drop
      leaf as the drop leaf moves between lowered and raised positions and
      engageable with a latch member on said bottom surface to hold the drop
      leaf in said raised position, means for urging said brace member part
      against said bottom surface of the drop leaf from lowered to raised
      positions and into engagement with said latch member, said latch member
      including a first inclined tab and a second tab, said first tab having a
      cam surface for camming said brace member part over said first tab and
      placing said brace member part and said first tab in locking relation when
      said drop leaf is in raised position, and said second tab spaced apart
      from said first tab for engagement with said brace member part to limit
      raising of the drop leaf and elevation of the brace member.
NUM  2.
PAR  2. A drop leaf table as defined in claim 1 wherein said urging means also
      urges the brace member toward said bottom surface of the drop leaf when
      the drop leaf is in lowered position, and releasable means for holding
      said drop leaf in lowered position.
NUM  3.
PAR  3. A drop leaf table as defined in claim 2 wherein said urging means
      comprises a tension spring operatively connected to said brace member.
NUM  4.
PAR  4. A drop leaf table as defined in claim 2 wherein said brace member is
      pivotally mounted a short distance beneath said table top and extends
      downwardly when the drop leaf is lowered and upwardly and outwardly when
      the drop leaf is raised, said urging means includes a tension spring with
      one end connected to said part of the brace member, and means mounting the
      other end of the tension spring at a location whereby the tension spring
      continuously urges the brace member part outwardly toward the drop leaf.
NUM  5.
PAR  5. A drop leaf table as defined in claim 4 wherein said other end of the
      spring is located generally above the pivotal mounting of the brace member
      whereby said tension spring is extended when the drop leaf is in said
      lowered position and the spring is angularly related to the brace member
      to exert minimal torque on the brace member.
NUM  6.
PAR  6. A drop leaf table, comprising: a table having a top and a supporting leg
      structure; a drop leaf pivotally mounted to said table for rotation about
      a first axis parallel to said top; a U-shaped brace member with a central
      portion and a pair of ends for supporting said drop leaf level with said
      top; means for latching said member against the bottom surface of said
      drop leaf; means pivotally mounting said brace member for rotation about a
      second axis parallel to and spaced from said first axis by pivotal
      mounting of said pair of ends, said brace member having said central
      portion moving along and in contact with said bottom surface and engaging
      said latching means; and, means for urging said central portion toward
      said latching means, the action of the pivotal motion of said brace member
      effectuating complete engagement of said brace member and said latching
      means.
NUM  7.
PAR  7. A typewriter table or stand including a table top with a supporting leg
      structure and at least one pivotally hinged drop leaf along an edge of the
      top and which is movable between a lowered position and a raised operative
      position level with the table top, a generally U-shaped brace member
      having a central longitudinal part with legs at the opposite ends which
      are mounted to said supporting leg structure for pivotal movement about an
      axis fixed relative to and generally beneath said table top edge, said
      central part of the brace member engaging the bottom surface of the drop
      leaf in all positions of the drop leaf and in unconfined sliding
      engagement with said bottom surface during movement of the drop leaf, said
      brace member extending downwardly from said axis when the drop leaf is in
      said lowered position and extending upwardly and outwardly when said drop
      leaf is in said raised position, a latch member on said bottom surface of
      the drop leaf and engageable with said central part of the brace member to
      hold the drop leaf in raised position, and means for exerting a yieldable
      force on said brace member to urge said central part of the brace member
      to bear against said bottom surface of the drop leaf as the drop leaf is
      manually raised and to engage the latch member.
NUM  8.
PAR  8. A typewriter table as defined in claim 7 wherein said yieldable force
      exerting means comprises a tension spring having one end connected to said
      brace member and the other end connected to said drop leaf at a location
      generally above said axis to have a spring force urging the brace member
      part toward the drop leaf.
NUM  9.
PAR  9. A typewriter table as defined in claim 7 wherein said latch member
      includes an inclined tab with a cam surface to cam said brace member part
      into position behind said tab as the drop leaf reaches said raised
      operative position.
NUM  10.
PAR  10. A typewriter table as defined in claim 9 including a second tab spaced
      from said inclined tab and engageable with said brace member part to limit
      upward movement of the drop leaf beyond said level position.
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ABST
PAL  Disclosed is a method of combusting hydrocarbon containing materials and
      equipment suitable for practicing the method in which the materials are
      burned in a closed chamber at a temperature significantly above the
      autogenous ignition temperature of the hydrocarbons and the resulting
      gases exhausted to a separation and classification chamber where
      additional oxygen is admitted to the high temperature gases to create a
      secondary combustion zone in the classification chamber. The light
      hydrocarbon and particulate free gases are allowed to escape from this
      chamber by thermal convection through a barometrically dampered exhaust
      stack. All other gases are mechanically induced to return or recycle to
      the combustion chamber and to enter it at a temperature at least as high
      as the autogenous ignition temperature of the hydrocarbons. The entire
      system is operated at a negative pressure and air is admitted to the
      system only as a result of the pressure differential maintained between
      the system and the external atmosphere.
PAL  The port through which the gases exhaust from the combustion chamber to the
      classification chamber is a venturi and the zone between this venturi and
      the separation and classification chamber is a zone of reduced pressure.
      Pressure is further reduced in this zone by withdrawing some of the gases
      therein through a by-pass to a fan unit which injects them into the gases
      recycling to the combustion chamber.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method of removing hydrocarbons by burning
      and/or of removing non-combustible particulate matter from discharged
      gases and to equipment capable of performing the method. The method
      combines both burning and recycling and may or may not use conventional
      fuel such as natural gas or heating oil as part of its thermal energy
      input. The method provides a way of disposing of waste materials without
      pollution and, in many cases, with an output of usable thermal energy. The
      invention is capable of pollutant suppression in a wide range of uses from
      burning high b.t.u. content hydrocarbons to removal of dust particles from
      industrial waste gases. The invention both provides sufficiently complete
      combustion to eliminate discharge of hydrocarbon material and also
      separates out and, thus, removes particulate irrespective of whether or
      not it is combustible.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  This invention is an improvement over my invention described in U.S. Pat.
      No. 3,815,523 entitled INCINERATOR issued June 11, 1974. The invention
      disclosed in that Patent operates with a positively pressurized combustion
      chamber. The system described in that Patent works well but this invention
      is a significant improvement in that it greatly increases the range and
      types of materials which the equipment can handle without emitting
      pollutants.
PAR  It has been accepted practice in combustion processes to supply large
      quantities of air to the combustion chamber either by forcing air into the
      chamber under pressure or pulling it into the combustion chamber by
      positively withdrawing gases from the chamber. Either system results in
      both excess oxygen and in strong, particle entraining currents in the
      combustion chamber. In both arrangements, the rate of combustion is
      difficult to regulate and can only be regulated within ranges which are
      unacceptable, if a significant or acceptable degree of emission control is
      to be exercised. Further, the use of the excess oxygen system requires the
      exercise of careful control over the type of material entering the
      combustion chamber because, in many cases, sufficient oxygen is present to
      support a violent reaction or at least an undesirably rapid increase in
      the combustion rate. Some systems have attempted to overcome these
      problems with the so-called "starved air" system. This arrangement
      attempts to control the combustion rate by maintaining an oxygen supply
      only slightly more than that theoretically necessary to react all the
      available hydrocarbon material. This system also is unsatisfactory because
      it not only delays and prolongs the combustion process but is a source of
      substantial quantities of pollutants resulting from unreacted or partially
      reacted hydrocarbons.
PAR  Further, neither system is particularly adaptable to recycling. The
      positive pressure system tends to force the exhaust gases to by-pass the
      recycling system before they have been stripped of pollutants. The
      "starved air" system fails to adequately react all the hydrocarbons.
      Therefore, the purpose of recycling is substantially frustrated because
      there is an absence of pollutant free gases to release.
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered that by operating the combustion chamber at a small
      negative pressure and by combining this with my recycling method, that the
      burning of hydrocarbons over a wide range of b.t.u. content and rate of
      input can be accomplished without producing unacceptable emission of
      pollutants. This system contemplates the use of only sufficient air to
      completely react the available hydrocarbon and accomplishes this by
      repeatedly recycling the heated gases at temperatures substantially above
      that at which auto-ignition of hydrocarbons occurs until the reaction is
      complete. This discovery is important because it makes it possible to
      perform effectively a number of emission suppression functions without
      necessitating more than a general classification of the b.t.u. content of
      the material being fed to the equipment. Among other advantages, it
      permits the equipment, under normal usage conditions, to be
      self-regulating with only a minimal number and complexity of controls. In
      fact, the conditions of usage of this invention may vary significantly
      beyond that considered feasible for existing equipment even though such
      existing equipment is not intended nor is its usage such that it is
      capable of attaining emission control in the range of the present
      invention.
PAR  I have not yet been able to actually determine to my own satisfaction
      exactly how my invention operates. However, I theorize that by recycling
      to the combustion chamber a substantial portion of its gaseous discharge
      including all or almost all of the gases containing unoxidized
      hydrocarbons at temperatures within a predetermined range and
      substantially above that at which hydrocarbons autogenically oxidize, I
      have created a condition in which only that much oxygen will be admitted
      to the system as the chemical reaction within it demands to maintain the
      reaction within the predetermined thermal range and, thus, only that
      required to maintain a reasonably uniform rate of oxidation.
PAR  In this system, the rate of discharge to the atmosphere is responsive only
      to the capability of the stack using thermally induced draft, limited by a
      barometric damper, to withdraw gases from the system. At the same time,
      functionally isolated from the stack by a venturi and a recirculating fan,
      the combustion chamber either has to extinguish its combustion from lack
      of oxygen or to draw oxygen from the outside atmosphere. Since a certain
      quantity of heated, particulate free nitrogen and carbon dioxide is always
      accumulating in the separation chamber and exiting via the stack a certain
      amount of atmospheric gases will be drawn into this system to keep the
      system volumetrically balanced. This is believed to be a major factor in
      making the system volumetrically negative throughout and isolating the
      effects of the exhaust stack from the air intakes of the combustion
      chamber. Thus, the major influencing factor in the combustion chamber is
      the recirculating fan reducing the influence of the exhaust stack to that
      which is incapable of withdrawing particulate laden material and at the
      other end of the spectrum reducing variations in the oxygen entry
      capability to the extent that major variations in combustion rates are not
      possible. The result is a system which, once its operation is initiated
      within a certain temperature range, is capable of regulating its
      combustion rate despite variations in the type and quantity of
      hydrocarbons entering the combustion chamber. Thus, it is capable of
      maintaining total combustion at all times, eliminating emission of
      unreacted hydrocarbons.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of equipment incorporating my invention and
      capable of executing the objectives of my method;
PAR  FIG. 2 is a front elevational view of the equipment illustrated in FIG. 1;
PAR  FIG. 3 is a sectional elevation view taken along the plane III--III of FIG.
      2;
PAR  FIG. 4 is a partially broken plan view of my invention;
PAR  FIG. 5 is a fragmentary, sectional, elevation view taken along the plane
      V--V of FIG. 3;
PAR  FIG. 6 is a sectional view taken along the plane VI--VI of FIG. 6;
PAR  FIG. 7 is a fragmentary, sectional view taken along the same plane as FIG.
      3, illustrating one method of ash removal;
PAR  FIG. 8 is a fragmentary sectional view illustrating a screw-type feeder;
PAR  FIG. 9 is a fragmentary sectional view of a ram-type feeder for this
      invention;
PAR  FIG. 10 is a fragmentary, enlarged view of closure for the air intake
      ports; and
PAR  FIG. 11 is a schematic diagram of the control circuitry for this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawings, numeral 10 refers to the combined
      combustion, recycling and separation/classification unit having a
      combustion section 11, a recycling section 12 which is connected to a
      separation/classification section 13 exhausting through a stack 14
      controlled by a barometric damper 15. The recycling section 12 includes a
      paddle-type fan 16 driven by a motor 17 (FIG. 4). All of the structure
      described above is disclosed in U.S. Pat. No. 3,815,523 entitled
      INCINERATOR, issued June 11, 1974.
PAR  The combustion section 11 has a combustion chamber 20. As better seen in
      FIG. 3, it consists of a generally rectangular chamber, the walls and
      floors of which are lined with material resistant to high temperatures
      such as fire brick 21. In the form of the invention illustrated in FIG. 3,
      the material to be burned is introduced to the combustion chamber through
      the insulated door 22. In the case of certain types of uses, a primary
      burner 23 (FIGS. 1, 2 and 4) is provided for the purpose of initiating
      combustion of the materials placed in the combustion chamber 20. The
      combustion chamber also has air intake tubes 24, equipped with suitable
      exhaust ports 25 (FIG. 3). The number and size of the air intake tubes 24
      will depend to some extent on the particular application of the invention
      such as the difference in b.t.u. input between scrap rubber tires and
      packed, wet newspapers. These will be discussed in greater detail
      subsequently.
PAR  Except for the door 22, the primary burner 23 and the air intake tubes 24,
      the combustion chamber 20 is sealed from the exterior atmosphere. The
      primary burner 23 is equipped with a closure 28 which seals the burner's
      air intake when it is not operating. The closure 28 can be operated by any
      suitable means such as a solenoid 29. The importance of this will be made
      clear subsequently.
PAR  Mounted on top of the combustion chamber is the recycling section 12. The
      sole exhaust for the combustion chamber 20 is through a restricted orifice
      30, creating a venturi into a vertically extending expansion section 31
      which discharges into a re-burning, separation and classification section
      13. In this section, it is subjected to three separately operating forces.
PAR  The first of these forces is that created by the by-pass or static supply
      conduits 32, one on each side of the separation chamber (FIG. 2). The
      by-pass conduits 32 preferably communicate with the separation or
      classification chamber 13 just below the air intakes 33. They may connect
      to this section at a lower point but preferably not below the bottom of
      the horizontal section of the recycling section. The by-pass conduits 32
      provide a sufficient supply of discharge gases to the fan 16 to assure its
      effectiveness as a recycling fan. The other effect of the by-pass conduits
      will be discussed in detail subsequently.
PAR  The second of these forces is the result of the fan 16 pulling gases
      forward into the main return duct 34. The third force is that created by
      the exhaust stack 14, the gas flow through which is regulated by the
      barometric damper 15. Preferably, the entire recycling section 12,
      including the expansion section 31, the classification section 13, the
      return duct 34 and the stack 14 is thermally insulated to conserve the
      thermal energy of the recycled gases.
PAR  On one side, the fan 16 has an outside air intake 40 regulated by a gate 41
      (FIG. 1). This air intake supplies a very minor portion of the overall
      oxygen requirement of the equipment. In fact, its purpose is that of a
      micro-controllable means of precisely regulating the operation of the
      equipment. Preferably, the gate is operated by a servo-motor 42.
PAR  The fan 16 is largely enclosed in its housing 39 with only a small portion
      of the fan projecting into the recycling chamber (FIG. 3). It is important
      that the fan be capable only of inducing a gas flow in the recycling
      chamber but not of producing a high velocity air stream.
PAR  A pair of return gas distribution tubes 43 and 44 are provided on each
      side. The intake ends of these tubes communicate with the return duct 34
      and the discharge ends open through the sides of the combustion chamber.
      The tubes 43 and 44 serve the purpose of distributing the hot, recycled
      gases in the combustion chamber for a more uniform combustion pattern. As
      the tubes 43 and 44 extend down the sides of the combustion chamber they
      are embedded in the thermal insulation to conserve thermal energy. While
      the upper portions of these tubes are not illustrated as being thermally
      insulated, this can be done to still further conserve thermal energy.
PAR  An external source of thermal energy in the form of a gas or oil fired
      booster burner 50 is provided. The burner 50 is mounted to fire into or
      just below the venturi throat 30. Assuming sufficient hydrocarbon
      materials are present in the combustion chamber, the burner 50 is used
      only on start-up to bring the temperature of the recycling gases up to the
      equipment's normal operating range or subsequently, due to the lack of
      sufficient hydrocarbon or the presence of a thermally depressant factor
      such as excessive moisture, for example. In this latter case, its
      operation is usually temporary. The burner 50 does not operate as an
      afterburner, it operates as a thermal regulator. When it is used during
      initial start-up, it may or may not be used in conjunction with burner 23.
PAR  The operation of the burner 50 is controlled by the pyrometer 51 which is
      positioned to sense the thermal level of gases as they leave the
      combustion chamber.
PAR  The mechanical feed mechanism for the unit can take many forms. It can be
      intermittent or continuous.
PAR  It is important, however, that it be capable of restricting the amount of
      oxygen entering the combustion chamber with the charge.
PAR  FIG. 9 illustrates an intermittent type feeder. A charging chamber 100 is
      separated from the combustion chamber 20 by an insulated door 101
      pivotally mounted for inward and upward pivotal movement by the upper edge
      hinge 102. It will be recognized that a power operated door could be
      substituted which may move vertically or horizontally to open and close
      the charging port for the combustion chamber 20. The top of the chamber
      100 communicates with a hopper 103 and can be closed off from the hopper
      by a sliding gate 104 operated by a reciprocating cylinder 105.
PAR  With the door 101 closed and locked by the latch 106, the sliding gate 104
      is withdrawn and the contents of the hopper 103 is charged into it,
      preferably with sufficient force to substantially pack it as by means of a
      press, schematically illustrated at 107. This arrangement largely fills
      the chamber 101 and, when the gate 104 is closed, an insignificant
      quantity of oxygen remains in chamber 101. The ram 108 is then operated by
      actuation of the reciprocating cylinder 109 to force the contents of the
      charging chamber 101 into the combustion chamber 20. As an added
      precaution against jamming of the ram 108 and door 101 in the event a
      partial charge only exists in the charging chamber the sides of the ram
      108 may be equipped with cam 110 to positively pivot the door 101 open. It
      will be understood that the preceding description illustrates only one of
      the various possibilities for providing an oxygen restricted, intermittent
      feed for this invention.
PAR  FIG. 7 illustrates a different approach in which a screw conveyor 200
      receives a continuous charge of combustible material such as trash from a
      hopper 201 and pushes it into the combustion chamber 20. The screw
      conveyor 200 is shown as directly driven by the motor 202 but it will be
      recognized that any other suitable power source, direct or indirect, may
      be used. The importance of this will become clear later. Again, the screw
      conveyor will compact the material and largely eliminate air, thus oxygen.
      Other types of continuous or intermittent feeds are usable with this
      invention provided they are capable of performing the functions outlined
      above within the functional requirements of the method and equipment
      herein disclosed.
PAR  FIG. 6 illustrates one possible means of handling the residue of this
      invention. Since the invention contemplates the total reduction of
      hydrocarbons, the only residue will be non-combustible minerals, i.e.,
      ash, or non-hydrocarbons initially fed into the combustion chamber, such
      as tin cans, aluminum cans and the like. If the invention is being used as
      a burner for No. 2 type trash, the invention can be provided with an ash
      collection pit or chamber 120 beneath the inclined grate 125 in the
      combustion chamber 20. All of the incombustible residue of the
      incineration process would drop into this chamber, preferably into
      removable means 121 to permit it to be quickly emptied. An alternate
      possibility would be to provide a conveyor means at the bottom of the
      residue chamber 120 such as a screw conveyor to remove the residue either
      continuously or intermittently at suitable intervals. Because of the
      nature of the combustion process, the collection chamber 120 must remain
      closed during the combustion process to prevent entry of excess oxygen.
      Thus, whatever residue removal system is used must be capable of
      maintaining an air seal or must be capable of accumulating substantial
      quantities of residue to reduce the number of times the chamber must be
      opened.
PAR  Operation of the device is regulated by the control panel 140 which, in
      turn, responds to the readings of the pyrometer 51 which continuously
      monitors the temperatures of the gases in the combustion chamber at a
      point close to where they exit from the chamber.
PAR  The control panel 140 is preprogrammed to respond to temperature changes
      which depart outside a predetermined operating range. The control panel
      may also be programmed to respond to temperature changes which exceed a
      certain rate of change, particularly in the case of a temperature rise.
      The control panel in response to the input of the pyrometer 51 governs the
      operation of a number of devices which affect the functioning of the
      equipment (See FIG. 11). Among the functions it controls are the rate of
      feed of the combustible material to the combustion chamber, whether or not
      the primary burner 23 and the booster burner 50 operate. It also regulates
      the air intake 40 on the side of the fan 16. In addition, it is capable of
      actuating the emergency shut down dampers 150. The details of the control
      panel and its functions will be described more fully under the following
      section.
PAC  OPERATION
PAR  The combustion chamber 20 may initially be charged with the material to be
      incinerated or alternately it may first be heated to its operating
      temperature and then charged. The initial heating can be done by firing
      the booster burner 50 or, if the machine is equipped with a primary burner
      23, it may be done by firing the primary burner. It is also possible to
      use both burners. As soon as operation of either of the burners is
      initiated, the recycling fan is started. If the combustion chamber is
      empty of any charge, the operation of the fan during preheat is important
      only to assure thorough heating of the recycling chamber. However, if any
      charge is present, operation of the fan is essential to assure recycling
      and suppression of release of unsatisfactory emissions through the stack
      14.
PAR  The heating continues until the pyrometer 51 senses gas temperatures in the
      operating range of the equipment. For most types of operation this is
      1050.degree.F. to 1350.degree.F. and preferably 1100.degree.F. to
      1300.degree.F. This is well above the autogenous ignition temperature of
      850.degree.F. of even relatively incombustible hydrocarbons.
PAR  When the operating temperature is attained, the burners 23 or 50, as the
      case may be, are turned off and, preferably their air intake openings are
      closed. At this point, the equipment under normal conditions, is able to
      continue to burn No. 2 type trash, such as that collected by trash haulers
      in a normal metropolitan area, without further thermal input from either
      of the burners 23 or 50.
PAR  While the equipment can be unit charged and operated until the entire
      charge is entirely reduced to ashes, preferably, the unit is provided with
      means such as that illustrated in FIGS. 9 or 7 to intermittently charge
      additional material at regular intervals or to charge it continuously at a
      regulated rate of input. So long as the combustion chamber temperature
      remains within normal operating limits, the equipment will operate without
      change. However, should the rate at which the combustible material is fed
      to the combustion chamber be insufficient, this will slow the rate of
      combustion and the temperature will drop. When this is sensed by the
      pyrometer 51, the rate of input of the material will be increased. This
      normally should result in increased combustion and an accompanying rise in
      temperature. Should the drop in temperature continue, the booster burner
      50 will be activated until the temperature is once again stabilized in the
      proper operating range.
PAR  If the temperature rises above a certain level, the rate of material input
      will be decreased. If the rise continues or is excessively rapid, the unit
      may be shut down by closing the emergency dampers 150 at the intake end of
      the air supply tubes 24 (FIG. 10) -- shutting off the oxygen supply. The
      emergency dampers 150 can be of various types such as a hinged closure
      member 151 normally held open by a latch 152 which, upon actuation of the
      solenoid 153, will close by gravity. Each duct 24 may be equipped with its
      own shut off or a single solenoid may control all of them as a unit. The
      control panel can also provide either or both a visual or an audible
      signal of either excessive or inadequate temperatures. Such signals are
      shown in FIG. 11 as a light 130 or buzzer 131.
PAR  Once the primary burner 23 is shut down, the combustion chamber 20 becomes
      pressure negative because the heated gases exhaust through the venturi 30
      into the expansion chamber 31. Part of these gases are exhausted through
      the stack 14 and the rest recycled by the fan 16. Thus, there is a net
      reduction in gas volume within the system which is made up by inducing air
      to enter the system solely by pressure differential through the air ducts
      24. The intake ends of the air ducts 24 are equipped with barometric
      dampers to prevent reverse flow and to insure intake of air only when the
      same results from an actual negative pressure condition in the combustion
      chamber. The emergency dampers 150 are so designed that they seat over
      these barometric dampers. In this manner, only that quantity of oxygen
      enters the system as is required to completely react all of the
      hydrocarbons present. Since there is complete combustion of the
      hydrocarbons, none remain to be exhausted from the stack. Further, since
      both the combustion chamber and the recycling chamber are at a slightly
      negative pressure and the stack 14 is equipped with a barometric damper
      15, there are no gas currents of sufficient velocity to carry even very
      fine particulate material up the stack.
PAR  The by-pass ducts 32 further reduce the pressure in the expansion chamber
      31. They also provide a positive supply of gases to the fan 16, assuring
      it of sufficient static to function properly. The pressure reduction
      serves to further improve separation and classification of the gases in
      the separation zone so that only those gases free of hydrocarbon and
      entrained particulates will drift toward the entry of the stack 14 and be
      exhausted. The secondary air intakes 33 create a high temperature reaction
      zone which serves to separate the material to be recycled from that to be
      discharged. Any hydrocarbons attempting to pass through this zone to the
      stack 14 will be reacted since they will come into contact with oxygen
      while heated well above their autogenous ignition temperature.
PAR  The air intake 40 is used to assure the fan 16 of a sufficient supply of
      gas that it will operate efficiently. If it does not do so, the rate of
      recycling will slow and the intake 40 will be slightly opened. If the
      system begins to approach a pressure equilibrium or neutral state, the air
      intake 40 will be closed sufficiently to restore the desired negative
      pressure condition. Thus, it serves as a delicate adjustment to maintain
      proper operating conditions. The pressure condition may be determined by
      sensor 133.
PAR  If the unit is used for treatment of liquid wastes, such as a mixture of
      oil and water, the mixture is atomized and sprayed into the combustion
      chamber. The atomization can be mechanical by use of very high pressures
      as by introduction with high pressure steam. Whether the process will
      require additional energy input will depend upon the available b.t.u.
      content of the waste material. Further, it is entirely possible to pass
      the liquid wastes in heat exchange with the exhaust gases of the unit,
      thus, materially reducing the energy required to raise the temperature of
      the liquid wastes to that necessary for burning its combustible
      constituents.
PAR  If the unit is used as a fume suppressor, the fumes are introduced into the
      combustion chamber. Again, whether additional thermal energy will be
      required will depend upon the b.t.u. content of the fumes. In the case of
      both the liquid wastes and the fumes, once the material has entered the
      combustion chamber, the process of total combustion, recycling and
      classification to eliminate emission of either hydrocarbons or particulate
      materials is the same as with the burning of solid waste materials.
PAR  The system conserves its thermal energy. This is done by enclosing both the
      combustion chamber and the recycling chamber in thermal insulation. Thus,
      the recycled gases re-entering the combustion chamber 20 from the
      recycling chamber 12 are only slightly below the temperature at which
      gases exhaust from the combustion chamber. Thus, very little thermal
      energy is utilized by these recycled gases and only a relatively small
      rate of combustion is necessary to maintain the unit's operation. This is
      very important in reducing and, in most cases eliminating, the need for
      added energy input. Thus, the invention not only effectively controls
      pollution but does so while materially reducing the energy requirements
      necessary to do so. In fact, in many situations, such as the burning of
      No. 2 type trash, instead of a large consumer of energy, it can be used as
      a large producer of available, high temperature, thermal energy by use of
      heat exchangers in the stack 14 where the exhaust gases are heated to
      about 600.degree.F.
PAR  A system has been described which is capable of pollution free disposal of
      waste materials of a wide range of characteristics. In most cases, it can
      perform this function using far less energy than any system heretofore
      developed for the same purpose. Further, in many cases, it not only uses
      less energy, it becomes a producer of thermal energy which can be made
      available for a wide range of uses.
PAR  While I have described a preferred embodiment of my invention and a
      preferred method of pollution free combustion, it will be recognized that
      various modifications of my invention can be made without departing from
      the principles thereof. Such modifications as include the principles of my
      invention are to be included in the hereinafter appended claims unless
      these claims by their language expressly state otherwise.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows.
NUM  1.
PAR  1. In a device for high temperature oxidation of hydrocarbons having a
      primary combustion chamber, a pair of spaced ports opening through the
      upper portion of said primary combustion chamber, a gas expansion chamber,
      one of said ports discharging gases from said combustion chamber into said
      expansion chamber, a tubular recycling chamber extending from said
      expansion chamber to said second port and a fan in said recycling chamber
      for inducing gases to return to said combustion chamber through said
      recycling chamber; a gas discharge stack communicating with said recycling
      chamber and said expansion chamber and extending from said expansion
      chamber oppositely from said recycling chamber, said device characterized
      in that a secondary combustion air intake port is provided at the juncture
      between said stack, recycling chamber and expansion chamber to provide a
      secondary combustion zone separating the gases entering said recycling
      chamber and those entering said stack.
NUM  2.
PAR  2. A device for high temperature oxidation of hydrocarbons as described in
      claim 1 wherein a barometric damper is mounted in said intake port for
      regulating the rate of air intake.
NUM  3.
PAR  3. A device as described in claim 2 wherein a pair of said intake ports are
      provided, said ports being aligned with each other, one on each side of
      the tubular structure forming said recycling chamber and stack.
NUM  4.
PAR  4. A device as described in claim 1 wherein a gas by-pass conduit
      communicates on one end with said expansion chamber and on the other end
      with said fan.
NUM  5.
PAR  5. A device as described in claim 4 wherein said by-pass conduit
      communicates with said expansion chamber between said one port of said
      combustion chamber and said combustion air intake.
NUM  6.
PAR  6. A device as described in claim 5 wherein a pair of said by-pass conduits
      are provided, one on each side of said expansion chamber.
NUM  7.
PAR  7. A device as described in claim 6 wherein said expansion chamber,
      recycling chamber and stack are surrounded by thermal insulation.
NUM  8.
PAR  8. A recycling combustion device having a primary combustion chamber and an
      elongated secondary chamber, a first port connecting said primary and
      secondary chambers through which gases enter said secondary chamber from
      said primary chamber and a second port spaced from said first port through
      which gases return to said primary chamber from said secondary chamber and
      means urging gases to move through said secondary chamber from said first
      port to said second port, an exhaust stack connected to said secondary
      chamber adjacent said first port and extending therefrom oppositely from
      said fan, said device characterized in that a combustion air intake is
      provided at the junction of said stack and secondary chamber adjacent said
      first port to create a secondary combustion zone at said junction.
NUM  9.
PAR  9. A recycling combustion device as described in claim 8 wherein a pair of
      said intake ports are provided, said ports being aligned with each other,
      one on each side of said secondary chamber, a barometric damper mounted in
      each of said intake ports.
NUM  10.
PAR  10. A recycling combustion device as described in claim 9 wherein a gas
      by-pass conduit communicates on one end with said secondary chamber
      between said one port and said intake port, said conduit on its other end
      communicating with said gas urging means.
NUM  11.
PAR  11. A recycling combustion device as described in claim 8 wherein said
      primary combustion chamber is sealed from the exterior atmosphere except
      for air supply inlet means adjacent the lower portion of said combustion
      chamber through which air flows into said chamber solely by reason of a
      differential in static pressure between the interior and exterior of said
      chamber.
NUM  12.
PAR  12. A recycling combustion device as described in claim 11 wherein said air
      supply inlet means is equipped with barometric damper means.
NUM  13.
PAR  13. A recycling combustion device as described in claim 8 wherein secondary
      return ducts are provided interconnecting said secondary chamber and the
      lower portion of said combustion chamber, said ducts being embedded in the
      insulated walls of said combustion chamber.
NUM  14.
PAR  14. In a method of burning hydrocarbons while suppressisng emission of
      particulate materials, the steps which comprise placing a quantity of
      hydrocarbon material in a combustion chamber, heating said hydrocarbons
      and the gaseous contents of the combustion chamber to a temperature
      substantially above the autogenous ignition temperature thereof while
      discharging the heated gases from said chamber into a classification and
      separation chamber and therein by mechanical means inducing the
      particulate laden gases to separate from the lighter particulate free
      gases, returning the particulate laden gases to the combustion chamber and
      permitting the remaining gases to discharge to atmosphere through a
      barometric damper regulated stack, restricting the entry of atmospheric
      air to the combustion chamber to that which will flow into said chamber as
      a result of a negative pressure differential in the combustion chamber
      produced by the combustion process and the discharge of particulate free
      gases through said stack.
NUM  15.
PAR  15. The method of burning hydrocarbons as described in claim 14 wherein a
      quantity of atmospheric air is introduced to the heated exhaust gases in
      the classification and separation chamber for creating a secondary
      combustion zone as said air mixes with the heated gases containing
      combustible substances discharged from said combustion chamber.
NUM  16.
PAR  16. The method of burning hydrocarbons as described in claim 15 wherein the
      air is induced to enter said secondary combustion zone solely by the
      static pressure differential between said zone and the exterior
      atmosphere.
NUM  17.
PAR  17. The method of burning hydrocarbons as described in claim 16 wherein the
      secondary combustion zone forms both a barrier between particulate laden
      gases and dischargeable particulate free gases and converts some of the
      particulate in the particular laden gases to dischargeable particulate and
      hydrocarbon free gases.
NUM  18.
PAR  18. In the method of oxidizing hydrocarbons while suppressing emission of
      particulate materials, the steps which comprise: subjecting the
      hydrocarbons in a first confined chamber under subatmospheric pressure and
      restricted oxygen supply to temperatures substantially above that at which
      they will automatically react with oxygen, discharging the heated gases
      from the first confined chamber to a second confined chamber and in the
      second chamber admitting from the exterior additional oxygen to the heated
      exhaust gases by pressure differential induction to create a secondary
      combustion zone, using said secondary combustion zone to separate
      particulate free gases from particulate laden gases, permitting the
      particulate free gases to escape to atmosphere and forcibly inducing the
      particulate laden gases to return to the first chamber.
NUM  19.
PAR  19. The method of oxidizing hydrocarbons as described in claim 18 wherein
      the escape of particulate free gases is at a velocity no greater than that
      at which heated gases will move through a stack controlled by a barometric
      damper.
NUM  20.
PAR  20. A method of burning hydrocarbon materials having either a uniform or
      non-uniform b.t.u. content per unit of volume comprising the steps of
      confining the hydrocarbon materials in a combustion chamber and igniting
      the hydrocarbon exhausting gases from the chamber through a venturi to a
      separation chamber to produce a reduction in volumetric gaseous content of
      the combustion chamber thereby creating a pressure therein less than that
      of the atmosphere surrounding the chamber, and in said separation chamber
      subjecting all but a small quantity of the lightest gases to a force
      returning them to the combustion chamber; discharging the light gases from
      the separation chamber only when the forces of thermal convection are
      sufficient to cause them to flow horizontally to a barometrically dampered
      stack against the resistance of exterior atmospheric pressure; admitting
      air through a restricted port to the combustion chamber only in response
      to the differential in gas pressure between the interior and exterior of
      the combustion chamber.
NUM  21.
PAR  21. The method of burning hydrocarbon materials having either a uniform or
      non-uniform b.t.u. content per unit of volume to produce a gaseous
      discharge substantially free of hydrocarbons or particulate material
      comprising the steps of introducing the hydrocarbon material to a
      combustion chamber; maintaining the temperature of the gaseous content of
      the material above the ignition temperature of every type of hydrocarbon
      to be introduced into the combustion chamber; maintaining the gas pressure
      in the combustion chamber less than that of the outside atmosphere;
      withdrawing the gases from the combustion chamber through a restricted
      orifice into a chamber of further reduced pressure, separating the lighter
      gases from the heavier gases and entrained particulates and inducing both
      of the latter to return to the combustion chamber, allowing the lighter
      gases to escape by convection first horizontally, then vertically through
      a barometrically dampered stack only when the convection is sufficient to
      overcome the opposing forces of exterior atmospheric pressure and negative
      internal pressure; admitting air to the combustion chamber through a
      restricted orifice only in response to the differential in gas pressure
      between the inside and outside of said combustion chamber.
NUM  22.
PAR  22. In combustion gas recycling equipment having interconnected combustion
      and combination gas separation and recycling chambers, the method of
      burning hydrocarbon material comprising the steps of maintaining the
      combustion and the combination gas separation and recycling chambers at a
      pressure less than that of the exterior atmosphere and admitting outside
      air to the combustion chamber only in response to said pressure
      differential and permitting gases to exhaust from the equipment only by
      flow initially in a horizontal path by thermal convection which is capable
      of overcoming resistance to such flow resulting from a subatmospheric
      pressure in the separation chamber and atmospheric pressure at the point
      of discharging into the atmosphere urging gases in said separation chamber
      to recycle to said combustion chamber.
NUM  23.
PAR  23. In the method of burning hydrocarbon materials described in claim 22
      wherein the number of cubic feet of heated gas exhausting from the
      equipment is the same as the number of cubic feet of atmospheric
      temperature gas entering the combustion department.
NUM  24.
PAR  24. In the method of burning hydrocarbon materials described in claim 22
      wherein additional oxygen is admitted to the gas separation chamber to
      create a secondary combustion reaction, said oxygen entering at a flow
      rate resulting only from the static pressure differential existing between
      said separation chamber and the exterior atmosphere.
NUM  25.
PAR  25. In the method of burning hydrocarbon materials described in claim 22
      wherein additional oxygen is admitted to the recycled gases before they
      re-enter the combustion chamber; regulating the rate at which oxygen is
      admitted to said recycled gases to maintain the pressure differential in
      said combustion chamber within a predetermined range.
NUM  26.
PAR  26. In the method of burning hydrocarbon materials described in claim 22
      wherein the temperature of the gases in said combustion chamber is in the
      range of 1050.degree.F. to 1350.degree.F.
NUM  27.
PAR  27. In the method of burning hydrocarbon materials described in claim 22
      wherein the temperature of the gases in said combustion chamber is in the
      range of 1100.degree.F. to 1300.degree.F.
NUM  28.
PAR  28. In the method of burning hydrocarbon materials described in claim 22
      wherein the temperature of the recycled gases entering the combustion
      chamber is at least that of the autogenous ignition temperature of the
      hydrocarbon materials.
NUM  29.
PAR  29. A recycling combustion device comprising a combustion chamber, a gas
      recycling chamber, said recycling chamber having spaced inlet and
      discharge ports communicating with said combustion chamber and means for
      urging gases entering said recycling chamber to return to said combustion
      chamber, a gas exhaust stack communicating with said recycling chamber
      adjacent said inlet port and extending therefrom in a direction away from
      said discharge port, said combustion and recycling chambers being
      substantially sealed from the entry of exterior air except for an air
      intake port opening into the lower portion of said combustion chamber and
      an air intake port opening into the recycling chamber adjacent the inlet
      port and at the juncture of said recycling chamber and exhaust stack; said
      inlet ports being closed by barometric dampers whereby both of said
      chambers have a negative static pressure.
NUM  30.
PAR  30. A recycling combustion device as described in claim 29 wherein an
      additional air intake means is provided communicating with said gas urging
      means; a movable closure member on said air intake means and an actuator
      element connected to said closure member and responsive to the static
      pressure within said combustion chamber for opening and closing said air
      intake means to maintain said negative static pressure condition.
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ABST
PAL  An improved apparatus for withdrawing agglomerated solids from a fluidizing
      chamber housing a main, fluidized bed of finely divided solids which
      comprises at least one withdrawal chamber having a width less than the
      fluidizing chamber and positioned below the fluidized bed. This withdrawal
      chamber has sufficient dimensions (width (or diameter when cylindrical)
      and depth) to contain a second fluidized or semi-fixed bed within said
      chamber when a high velocity gas stream is introduced into the bottom
      portion of the withdrawal chamber. This high velocity gas stream forms an
      inverted cone in the withdrawal chamber, wherein the walls of the cone are
      defined by the fluidized or semi-fixed bed within the withdrawal chamber.
      The velocity of the gas stream is adjusted to selectively remove high
      density agglomerates downward from the main fluidized bed without removing
      the fluidized solids in admixture therewith. This apparatus is
      particularly suited for withdrawing agglomerated ash particles from the
      fluidized bed of a coal gasification reactor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the withdrawal of agglomerated solids from a
      fluid bed of finely divided solids. In particular, this process relates to
      a coal gasification reactor wherein agglomerated coal ash is withdrawn
      from a fluid reaction bed of finely divided coal without removal of the
      finely divided coal particles from the fluid reaction bed.
PAR  One of the main sources of atmospheric pollutants today are derived from
      the combustion of coal in coal fired electric utility boilers. In these
      installations, a clean fossil fuel such as natural gs is gas a practical
      substitute for coal in the generation of electricity because of its
      current scarcity and relatively high cost. Furthermore, the available
      supply of clean fuel combats pollution more effectively when it is used to
      provide residential and small commercial needs.
PAR  By way of example, the combustion products of coal contribute one-eighth of
      the total atmospheric pollutants emitted in the United States including
      one-half of the sulphur oxides and one-fourth of both the nitrogen oxides
      and particulate matter. Sulphur emissions from coal combustion may be
      reduced by several methods. These methods include using low sulphur coal;
      cleaning high sulphur coal by physical methods to remove the sulphur from
      the coal; removing sulphur from the coal during the combustion thereof;
      producing a de-ashed low sulphur solid fuel by the solvent processing of
      coal; and, lastly, gasifying coal and removing the sulphur from the
      resultant gas prior to combustion of the gasified coal products.
PAR  The last method, coal gasification with cleaning of the resultant gas
      products prior to combustion, appears to offer the greatest reduction in
      sulphur emissions since most of the sulphur present in the gasified coal
      appears as hydrogen sulphide. The removal of this hydrogen sulphide,
      however, from the gasified coal, presents no great problem since several
      different commercial gas cleaning processes are available today which can
      reduce the hydrogen sulphide content of a gaseous stream, such as produced
      in a coal gasification reaction, to less than 10 ppm. In fact, some
      processes can produce gaseous streams containing hydrogen sulphide of 1
      ppm. or less.
PAR  A preferred method of gasifying coal is high temperature treatment with air
      and steam when the coal is finely divided and suspended in a fluid bed.
      For example, fluid bed reactors for the gasification of coal are
      illustrated in U.S. Pat. Nos. 2,805,189 and 2,582,712.
PAR  In the gasification of coal it is preferred that the gasification of coal
      it is preferred that the gasification reaction be conducted at high
      temperatures since this maximizes the production of carbon monoxide and
      hydrogen which are valuable gaseous fuels. Preferred gasification
      temperatures are in the range of 1500.degree. to 2000.degree.F and
      preferably 1600.degree. to 1900.degree.F. Lower temperatures are not
      desirable since this leads to the production of high amounts of carbon
      dioxide and water. However, one of the problems encountered in the high
      temperature gasification of coal is the fusion of ash particles at the
      high temperatures encountered in the gasification reaction. These high
      temperatures cause the ash particles to become sticky and agglomerate
      within the reaction zone. Accordingly, although temperatures in excess of
      1700.degree.F are desirable for coal gasification, it is difficult to
      substantially exceed 1900.degree.F since temperatures in excess of
      2000.degree.F lead to the formation of sticky ash particles that can
      agglomerate to form large ash particles that are difficult to remove from
      the fluid bed.
PAR  One method of removing ash particles from a fluid bed reactor is
      illustrated in Jequier et al. U.S. Pat. No. 2,906,608, the teachings of
      which are incorporated by reference herein. In the Jequier apparatus, an
      inverted conical withdrawal section is positioned in the bottom of the
      fluid bed reactor. A high velocity air-steam stream is passed up through
      this inverted conical section and reacts with coal therein to create
      locally higher temperatures within the confined cone positioned at the
      bottom of the reactor. Within this inverted cone the ash particles are
      heated to temperature sufficient to render them sticky whereby they
      gradually agglomerate and become larger in mass and size. When they reach
      a predetermined value, size and/or weight, the velocity of the gas stream
      rising up through the cone becomes insufficient to keep these agglomerated
      particles in the fluid bed and the particles descend down through the
      narrow bottom portion of the inverted cone and are withdrawn from the
      fluid bed reaction zone in an efficient manner. Because the velocity of
      the gaseous material passing up through the cone always exceeds the
      settling velocity of the finely divided coal particles in the fluid bed
      per se, the agglomerated ash particles can be selectively removed without
      removal of the coal particles from the fluidized bed proper.
PAR  A problem associated with the Jequier et al. apparatus is that extremely
      high temperatures are present in the conical withdrawal section. For
      example, the temperatures within the conical withdrawal zone are at least
      100.degree. and often 200.degree. higher than the temperatures encountered
      in the fluid bed proper. Since the abrasive agglomerated ash particles are
      in constant physical contact with the walls of the cone and because of the
      high temperatures present therein, exotic expensive alloys are required to
      manufacture a long lasting withdrawal cone.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved apparatus and
      method for withdrawing agglomerated particles from a fluid bed of finely
      divided particles.
PAR  It is another object of this invention to provide an improved apparatus and
      method for withdrawing agglomerated ash particles from a high temperature
      fluid bed coal gasification reaction zone.
PAR  It is a specific object of the present invention to provide an apparatus
      and method for withdrawing agglomerated ash particles from a fluid bed
      coal gasification reaction wherein the withdrawal apparatus is not
      subjected to appreciable abrasion and is not exposed to temperatures
      substantially higher than the temperatures present in the fluid bed proper
      so that the withdrawal apparatus can be constructed of conventional
      materials of construction.
PAR  In a broad embodiment, the present invention relates to an improvement in
      an apparatus for contacting a mass of fluidized solids with a gaseous
      medium and withdrawing agglomerated solids from the mass of fluidized
      solids wherein the apparatus includes a fluidizing chamber, a grate
      positioned near the bottom of the fluidizing chamber to support said fluid
      bed and means for passing a gaseous medium upward through said grate to
      assist in maintaining the solids in a fluidized state. The particular
      improvement of the present invention allows for the withdrawal of
      agglomerated solids from the mass of fluidized solids within the
      fluidizing chamber and comprises at least one withdrawal chamber having a
      width (or diameter when the chamber is cylindrical) less than the width of
      the fluidizing chamber positioned below said fluid bed and grate. For
      small diameter fluidizing chambers, only one withdrawal chamber is
      required. For larger diameter fluidizing chambers, two or more are
      required for efficient operation. The withdrawal chamber is open at the
      top for communication with solids passing down from the fluidized bed and
      has means for introducing a high velocity fluidizing gaseous medium to the
      bottom portion of the withdrawal chamber included therewith. An important
      aspect of the present invention is that the withdrawal chamber have
      dimensions sufficient to contain a fluidized bed or semi-fixed bed within
      said withdrawal chamber when the high velocity gaseous medium passes
      therethrough. Preferably, this fluidized or semi-fixed bed has a bed
      density greater than the density of the superimposed fluidized bed. For
      example, in a coal gasification reaction, the reaction bed had a density
      of about 15-30 lb./ft. .sup.3 whereas the fluidized or semi-fixed bed has
      a density of about 40-60 lb./ft.sup.3. In operation the high velocity
      gaseous stream enters the withdrawal chamber preferably in the center
      thereof, to provide a inverted conical shaped gaseous flow pattern through
      the fluidized or semi-fixed bed contained within the withdrawal chamber.
      In other words, there is a line of demarcation between the flow pattern
      through the withdrawal chamber and the fluidized or semi-fixed bed
      contained therein. Thus, the "walls" of the inverted cone are provided by
      the solids bed within the withdrawal chamber. Preferably this solids bed
      is of sufficient size to prevent the walls of the withdrawal chamber from
      being subjected to high temperatures that may be present in the high
      velocity inverted conical flow pattern and protects the walls from the
      scouring action of higher velocity solid materials.
PAR  In a particularly preferred embodiment, the shape of the fluid bed is
      maintained and sloughing of the surface between the high speed inverted
      concial flow pattern and the fluidized bed within the withdrawal chamber
      is prevented by a baffle positioned within the chamber and having its
      walls parallel to the overall flow path of the high velocity gas through
      the inverted conical flow pattern. When the withdrawal chamber is
      cylindrical, the baffle is concentrically positioned within the chamber
      and the high speed gas enters the center of the chamber. Preferably, the
      apparatus includes means for introducing a low velocity gaseous stream at
      the bottom of the withdrawal chamber at a point laterally removed from the
      point of introduction of the high velocity gaseous stream. This stream
      helps maintain the bed within the withdrawal chamber in a fluidized or
      semi-fixed state.
PAR  Another embodiment of this invention relates to a process for withdrawing
      agglomerated solids such as coal ash from the bottom of a fluidized bed of
      finely divided solids such as a high temperature fluidized bed
      gasification reactor. This process includes introducing a first high
      velocity gas stream upwardly through a vessel containing a bed of
      fluidized solids through at least one withdrawal chamber. This withdrawal
      chamber is open at the top and is positioned below the bed of fluidized
      solids. Finely divided solids from the fluidized bed are permitted to flow
      downward therefrom into the chamber around the perimeter thereof. These
      solids are maintained in a fluidized or semi-fixed bed within the chamber
      while a high velocity gas stream is passed upward from the bottom of the
      withdrawal chamber. This gas stream forms a vertical conical zone within
      the withdrawal chamber wherein the walls of the cone are defined by the
      adjacent bed of solids. The velocity of this high velocity gas stream is
      adjusted to permit the selective removal of agglomerated solids from the
      fluid bed within the superimposed vessel without the removal of finely
      divided solids therefrom.
PAR  The apparatus of the present invention, as set forth above, has the
      advantage of not exposing the withdrawal chamber to temperatures
      substantially greater than present in the superimposed fluidized bed and
      the walls of the withdrawal chamber are not subjected to considerable
      abrasive action.
PAR  Although the apparatus and process of the present invention are
      particularly suited for withdrawing agglomerated solids from the fluid bed
      of a high temperature coal gasification reaction, it can also be used for
      agglomerating iron particles from a fluidized bed iron oxide reduction
      zone, the withdrawal of clinkers from a dense phase fluidization zone for
      the manufacture of cement or other similar processes whereby agglomerated
      or higher mass particles must be separated from more finely divided, less
      massive particles in a fluidized bed.
PAR  Other objects and embodiments in a more detailed description of the present
      invention will become apparent by reference to the following discussion
      which describes the drawings attached to the present specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side cross-sectional view of a conventional reactor for the
      gasification of a fluid bed of coal particles having disposed in the
      bottom portion thereof the withdrawal chambers of the present invention.
PAR  FIG. 2 is a cross-sectional view taken along section line 2--2 of FIG. 1
      illustrating the position of the withdrawal chambers beneath the main
      fluidized bed.
PAR  FIG. 3 is an enlarged cross-sectional side view of the withdrawal chamber
      illustrated in FIG. 1.
PAR  FIG. 4 is a top cross-sectional view of the withdrawal chamber illustrated
      in FIG. 3 taken along sectional line 4--4.
PAR  FIG. 5 is a detailed cross-sectional view of an alternate configuration for
      a withdrawal chamber.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is illustrated a conventional fluidized bed coal
      gasification reactor 2 having positioned in the bottom portion thereof the
      withdrawal chambers 20 according to the present invention. Briefly,
      pulverized fresh feed coal enters via line 6 and is contained within the
      bottom portion of reactor 2 as a fluid bed 4 having a bed density of about
      15-30 lb./ft..sup.3 wherein the coal is converted by reaction with steam
      and air to gaseous fuel components. These gaseous fuel components pass
      from the top portion 8 of reactor 2 and enter cyclone 10 for the removal
      of finely divided coal or dust particles from the gaseous stream. These
      finely divided coal particles are returned to fluidized bed 4 via line 14
      for conversion of the carbon value therein to additional gaseous fuel
      components. The raw gaseous reaction products are removed from cyclone 10
      via line 12 for further processing by means well known to those trained in
      the art.
PAR  Grid 16, having openings 18 therein, is positioned within the bottom
      portion of reactor 2. Air and steam entering via line 26 pass upward
      through openings 18 and help to maintain bed 4 in a fluidized state by
      passing upwardly therethrough. The ash contained in the feed coal passed
      to fluid bed 4 generally settles near the bottom of the fluid bed due to
      its larger density. These ash particles flow down grid 16 and pass into
      withdrawal chamber 20 wherein they are contacted with a high velocity
      air-steam stream with a velocity of about 10 - 100 ft./sec. entering the
      center of chamber 20 through venturi 22. These ash particles are admixed
      with considerable amount of finely divided coal particles and form a fluid
      or semifixed bed 30 within withdrawal chamber 20 having a density of about
      40 - 60 lb./ft..sup.3. Bed 50 within withdrawal chamber 20 protects the
      sides of the chamber from the abrasions effects created by the high
      velocity stream entering through venturi 22 and protects the walls from
      localized high temperatures within inverted cone 46 within withdrawal
      chamber 20. More particularly, the air-steam stream entering via line 20
      is adjusted to react with the coal particles that enter withdrawal chamber
      20 thereby creating temperatures approximately 100.degree. to 200.degree.F
      higher than the temperature maintained in fluid bed 4 proper. This
      air-steam stream represents approximately 20-40% of the total air and
      steam passed to bed 4, the remainder entering via line 26. Typically the
      fluid bed has a temperature of about 1800.degree.- 1900.degree.F and the
      temperature in the inverted cone is about 2000.degree.- 2100.degree.F. The
      localized higher temperatures cause the ash particles within cone 46 to
      become sticky. As a consequence, the ash particles, as they strike each
      other, gradually agglomerate. When they reach a sufficient size and
      weight, the velocity of air entering via venturi 22 is insufficient to
      keep the agglomerated particles in a fluid or suspended state and they
      pass downwardly through venturi 22 into withdrawal line 24 wherein they
      are immediately quenched by a water stream circulated by pump 54 through
      conduit 56 to sluice channel 48. The ash particles form a slurry with the
      water. The slurry is passed to lock hoppers 50 and 52 for withdrawal from
      the system and subsequent separation of the ash particles from the
      quenched water.
PAR  The operation of the withdrawal chambers illustrated in FIG. 1 is best
      illustrated by reference to FIG. 3 which shows in more detail the
      construction of the withdrawal chamber. Venturi 22 is preferably centered
      in the middle of a cylindrical chamber 20 having a length to diameter
      ratio of about 0.25:1 to about 1:1. Since the agglomeration properties of
      coal differ, so also does the geometry of the inverted cone 46 formed
      within chamber 20, necessary to efficiently agglomerate the coal
      particles. Generally speaking, the inverted cone formed has an included
      angle of about 10.degree. to about 60.degree.. However, this angle can
      vary depending on the particular coal being processed within the fluid bed
      4, but is substantially constant for a given coal. Accordingly, to make
      reactor 2 sufficiently versatile to receive several different types of
      feed coal, withdrawal chamber 20 is equipped with an adjustable sleeve 32
      concentrically positioned within chamber 20. By moving sleeve 32 up and
      down, the length to diameter ratio chamber 20, and the resultant angle of
      cone 46 can be varied to accomodate differing feed coals. Stabilization
      baffles 34 concentrically positioned within the chamber 20 and attached
      thereto through braces 36 help maintain a sharp line of demarcation
      between fluid or semi-fixed bed 30 and inverted high velocity conical
      section 46. In particular, baffles 34 prevent the surface of the fluid bed
      from sloughing or suddenly plugging venturi opening 22 in the bottom of
      chamber 20.
PAR  A low velocity air-steam mixture (i.e. less than 5 ft./sec.) entering via
      line 40 passes to distributor pipes 42 and 44 positioned in the bottom
      portion of withdrawal chamber 20. The air-steam mixture emanating from
      these distribution pipes helps to maintain bed 30 within a fluid or
      semi-fixed state.
PAR  In actual operation, a mixture of finely divided coal particles and coal
      ash flow continuously over the top perimeter of chamber 20 to replenish
      the coal particles which are gasified within zone 46 or are passed upward
      to the superimposed reaction bed. Since the ash particles have a density
      more than the density of the individual coal particles and tend to settle
      to the bottom of bed 4, the concentration of ash particles within the coal
      that enters chambers 20 is appreciably higher than the concentration of
      ash particles within fluid bed 4 proper. The coal and ash particles within
      fluid or semi-fixed bed 30 are drawn into cone 46 through the action of
      the high velocity stream entering via line 22. Within cone 46, the carbon
      value in the coal particle is converted to CO.sub.2 and water and the
      resultant exothermic reaction produces a locally higher temperature within
      inverted conical zone 46. This locally higher temperature causes the
      surface of the ash particles to become sticky. Since there is constant
      contact and interaction between the sticky ash particles contained within
      the zone 46, larger agglomerated ash particles are formed which eventually
      reach a size and weight sufficient to allow them to pass downward through
      venturi 22 counter-current to the flow of the air-steam stream
      therethrough. This ensures the separation of ash particles from the finely
      divided coal without removing or losing carbon value from the coal
      contained within the bed.
PAR  Slide valve 38 positioned immediately above venturi 22 allows quick
      isolation of conduit 24 from withdrawal chamber 20 in case the air and
      steam flow must be discontinued. This presents a sudden downward flow of
      finely divided coal particle through conduit 24.
PAR  Although withdrawal chamber 20 is depicted in FIG. 1 through 4 as being
      cylindrical in shape, the chamber is not to be limited to such a
      configuration. Any configuration is suitable as long as there is
      sufficient room within chamber 20 to provide for a fluidized or semi-fixed
      bed within chamber 20 to protect the walls therefrom the effects of the
      high gas velocity through inverted cone 46 and any locally higher
      temperatures. For example, chamber 20 can have an elipsoid cross-section
      as illustrated in FIG. 5. Similarly, the discharge point of venturi 22 can
      extend above the bottom of chamber 20 irrespective of the geometry of the
      chamber. The operation of a withdrawal chamber having a semi-elipsoid
      cross-section as illustrated in FIG. 5 is identical to the operation
      discussed with relation to the cylindrical withdrawal chambers illustrated
      in FIGS. 1 through 4. Thus, the apparatus and the process of the present
      invention are not to be specifically limited to the exact configuration
      illustrated.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In an apparatus for contacting a mass of fluidized solids with a gaseous
      medium and withdrawing agglomerated solids from the mass of fluidized
      solids wherein the apparatus includes a fluidizing chamber, a grate
      positioned near the bottom of the fluidizing chamber to support said fluid
      bed and means for passing a gaseous medium through said grate to assist in
      maintaining the solids in a fluidized state, the improved apparatus for
      withdrawing agglomerated solids from said mass of fluidized solids which
      comprises at least one withdrawal chamber having a width less than the
      width of the fluidizing chamber, positioned below said fluid bed and open
      at the top to communicate with the fluidizing chamber and, means for
      introducing a high velocity fluidizing gaseous medium to the bottom
      portion of said withdrawal chamber, said withdrawal chamber having
      dimensions sufficient to contain a semi-fixed bed within said chamber,
      said high velocity gaseous means positioned in said withdrawal chamber to
      provide a high velocity inverted conical shaped gaseous flow pattern
      through the semi-fixed bed, the walls of said pattern provided by said
      semi-fixed bed.
NUM  2.
PAR  2. An apparatus as in claim 1 which includes a cylindrical baffle
      positioned within said withdrawal chamber to prevent sloughing of the
      surface of the semi-fixed bed with said chamber, said baffle positioned
      above the introduction point of the high velocity gaseous medium, and
      having walls parallel to the flow of gas through said cone.
NUM  3.
PAR  3. An apparatus as in claim 1 which includes means for introducing a low
      velocity gaseous stream to the bottom of said chamber at a point laterally
      removed from the point of introduction of the high velocity gaseous stream
      to help maintain the bed in a semi-fixed condition within the withdrawal
      chamber.
NUM  4.
PAR  4. An apparatus as in claim 1 wherein the discharge point of said high
      velocity gaseous introduction means is positioned above the bottom of the
      withdrawal chamber.
NUM  5.
PAR  5. An apparatus as in claim 1 wherein said withdrawal chamber comprises a
      cylindrical chamber having a cylindrical baffle concentrically positioned
      therein above the introduction point of the high velocity gaseous medium,
      said gaseous medium discharged in the center of said chamber.
NUM  6.
PAR  6. An apparatus as in claim 5 wherein the discharge point of said high
      velocity gaseous introduction means is positioned above the bottom of the
      withdrawal chamber and said apparatus includes means for introducing a low
      velocity gaseous stream to the bottom of said chamber at a point laterally
      removed from the point of introduction of the high velocity gaseous stream
      to help maintain the bed in semi-fixed condition within the withdrawal
      chamber.
NUM  7.
PAR  7. An apparatus as in claim 1 which includes an adjustable sleeve
      positioned within said chamber and means for adjusting the height of said
      sleeve thereby adjusting the height of said chamber.
NUM  8.
PAR  8. An apparatus as in claim 1 which includes means for quickly arresting
      the flow of gas to said high velocity gaseous introduction means.
NUM  9.
PAR  9. A process for withdrawing agglomerated solids from the bottom of a
      fluidized bed of finely divided solids which comprises:
PA1  introducing a first high velocity gas stream upwardly into a vessel
      containing a bed of fluidizable solids through at least one withdrawal
      chamber, said withdrawal chamber comprising a chamber open at the top and
      having positioned in the bottom portion thereof an opening to receive said
      high velocity gas stream said chamber having dimensions sufficient to
      contain a semi-fixed bed within said chamber;
PA1  permitting finely divided solids to flow from the fluid bed into said
      chamber around the perimeter thereof;
PA1  maintaining the finely divided solids as a semi-fixed bed in said chamber,
      and;
PA1  adjusting the velocity of the high velocity gas stream to form an inverted
      cone within said chamber, the walls of said cone being the walls of the
      semi-fixed bed, said velocity being adjusted to permit the selective
      removal of agglomerated solids from said bed without removal of finely
      divided solids therefrom.
NUM  10.
PAR  10. A process in claim 7 which includes passing a second low velocity gas
      stream into said chamber laterally from said first high velocity stream to
      maintain the solids within said chamber in a semi-fixed state.
NUM  11.
PAR  11. A process according to claim 1 which includes adjusting the height of
      the withdrawal chamber by moving a adjustable sleeve positioned within
      said chamber.
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ABST
PAL  A workpiece is held down against a support surface by a holddown foot. Then
      a feed foot is brought into engagement with this workpiece with its
      displacement speed decreasing continuously and uniformly until the feed
      foot comes to a stop against the workpiece, pressing it against the
      support surface. Thereafter the holddown foot is raised away from the
      workpiece and the feed foot slides the workpiece a predetermined distance
      along the surface toward the sewing station. The holddown foot then is
      brought into engagement with the workpiece on the surface, again with its
      speed decreasing uniformly and continuously until it comes to a stop on
      the workpiece. The feedfoot is lifted away from the workpiece and brought
      back into a position to advance it again. Each of these feet is carried on
      a rod pivoted of a ternary link guided on a frame and having its remaining
      pivot connected via a rigid lever also pivoted on the frame and oscillated
      back and forth by an eccentric arrangement operated by the drive shaft of
      the sewing machine.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method of and an apparatus for feeding a
      workpiece to the sewing station of a sewing machine. More particularly
      this invention concerns such a feed arrangement wherein the work is
      advanced by a feed foot and is maintained in place on the surface of the
      sewing machine by a holddown foot as the feed foot is brought back to its
      starting position before each workpiece advance.
PAC  BACKGROUND OF THE INVENTION
PAR  There is known a workpiece feed for a sewing machine comprising a pair of
      feet both of which are reciprocal toward and away from a support surface
      and one of which, the feed foot, is also slidable along the support
      surface so as incremently to advance the workpiece toward the sewing
      station on the support surface. Each of the feet is connected via a
      respective rod to a respective pivot of a ternary link whose other pivot
      is connected to a crank driven by the drive shaft of the sewing machine so
      that the ternary link is displaced toggle-fashion between a pair of
      overcenter positions in each of which a respective one of the feet is
      pressed against the workpiece and the surface. Such a system has the
      considerable disadvantage that the feet are displaced with relatively high
      speed against the workpiece, so it is necessary to provide a certain
      amount of lost motion in the system such that the two feet will both
      simultaneously engage the workpiece for a brief instant before each one is
      lifted. Thus the displacement speed of the feet is at a maximum just at
      that instant when the feet engage the workpiece and press it against the
      surface.
PAR  Such a system has the considerable disadvantage that the feet pound against
      the workpiece and frequently damage it. In addition the sewing machine so
      equipped creates a considerable amount of noise and vibration and goes out
      of adjustment quickly. In addition due to the violence with which the feet
      strike the fabric workpiece they frequently bounce up briefly and allow
      this workpiece to move on the support surface out of alignment with its
      desired position. Thus it is necessary to provide rather complicated and
      expensive damping arrangements to prevent the reciprocating feet from
      damaging the workpiece and vibrationally damaging the machine. Of course
      it is also possible to simply operate the sewing machine at slower speed
      so as to avoid these difficulties, however this considerably cuts
      production efficiency and therefore is undesirable.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      method of operating a sewing machine feed having a reciprocal holddown
      foot and a reciprocal feed foot.
PAR  Another object of this invention is an improved apparatus for feeding a
      workpiece along a surface to a sewing station.
PAR  Yet another object is to provide an improved method of and apparatus for
      feeding a workpiece to a sewing machine which is simple and which does not
      damage the workpiece.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in an
      arrangement wherein the feed foot at least is displaced toward the
      workpiece on the surface with an advance speed that decreases uniformly
      and continuously until the feed foot comes to a stop against the workpiece
      in a position pressing the workpiece against the surface. Thus it is
      possible to dispense with complicated damping arrangements, as the feed
      foot is brought gently into engagement with the workpiece while over most
      of its path of travel it moves at relatively high speed.
PAR  In accordance with further features of this invention the holddown foot is
      similarly reciprocated into and out of engagement with the workpiece
      alternately with the feed foot so that the workpiece is in no way damaged,
      yet a rapid operation of the machine is possible.
PAR  According to further features of this invention the holddown foot and the
      feed foot are both mounted via respective generally parallel rods
      connected to respective pivots of a ternary link whose remaining pivot is
      connected to a rigid lever pivoted on a frame which is limitedly
      displaceable only transversely to the feed surface. The lever is swung
      back and forth about its pivot by means of an eccentric carried on the
      drive shaft of the sewing machine.
PAR  According to yet another feature of this invention the frame is provided
      with a guide which receives the ternary link. Thus, this link is
      displaceable between two overcenter positions each corresponding to a
      condition of the apparatus wherein one of the feet presses the workpiece
      against the surface and the other foot is lifted from the surface, and an
      intermediate position wherein both of the feet press the workpiece against
      the surface.
PAR  According to yet another feature of the invention a coil spring is provided
      around each of the rods extending between one of the link pivots and the
      respective foot. This spring biases the respective foot downwardly tending
      to draw the ternary link into the intermediate position. In addition the
      frame is biased downwardly by another spring, this last-mentioned spring
      serving to establish the biasing force with which the feet press the
      workpiece against the surface.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the invention will
      become more readily apparent from the following description, reference
      being made to the accompanying drawing, in which:
PAR  FIGS. 1--3 are side views partly in section illustrating the apparatus
      according to the present invention in three different positions;
PAR  FIGS. 4 and 5 are diagrams illustrating the relationship between dispension
      of speed and displacement in prior art systems and the system according to
      the present invention, respectively; and
PAR  FIG. 6 is a detail view of another actuator according to the invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIGS. 1-3 a sewing machine has a drive shaft 10 continuously
      rotated by a motor 15 and rotationally connected to an eccentric disk 11
      received in a ring 16 provided with an arm 12. As the shaft 10 rotates the
      pivot 112 at the end of arm 12 will therefore be displaced vertically.
PAR  A ternary link, here a rocker 13, is pivoted on the housing 17 of the
      sewing machine at a pivot 113 extending parallel to the shaft 10 and is
      connected to the pivot 112 of the crank 12. The other arm of the rocker 13
      is connected to one end of a binary link 14 whose other end is pivoted at
      114 between the ends of a lever 20 pivoted at its upper end at 120 on a
      frame 40 which is vertically displaceable in guides 18 in the frame 17. At
      its upper end the frame 40 is provided with upwardly extending pin 19
      received in a cylindrical sleeve 33 carried on housing 17. A spring 41 is
      braced between the sleeve 33 and the top of the frame 40 and serves to
      bias this frame 40 downwardly as shown in FIGS. 1-3.
PAR  The lower end of the lever 20 is connected at a pivot 123 to a ternary link
      22 whose triangular central region is hatched in FIGS. 1-3. This link 22
      has three side members 23, 24, and 25 defining the hatched triangle and
      meeting at lower pivots 124 and 125. At the upper apex of the triangular
      link 22 there is provided a short extension 21 which terminates at the
      pivot 123.
PAR  The ternary link 23 is received and guided within a guide hole 29 formed
      within the lower section of the U-shaped frame 40.
PAR  A holddown foot 130 and a feed foot 131 are each mounted on respective rods
      30 and 31 and are engageable with a support surface 34 of the sewing
      machine. The rod 31 is guided in a sleeve 35 formed at the lower end of a
      bar 26 pivoted at 126 on the housing 17 and connected to the motor 15 so
      as to oscillate back and forth as shown by the double-headed arrow 36. A
      pivot or swivel 128 is provided at the upper end of the rod 31 and another
      short rod section 231 extends between this pivot 128 and the pivot 124. A
      coil spring 331 surrounds the rod 231 and serves to bias the foot 131
      downwardly.
PAR  The rod 30 is received in a guide 32 on the housing 17 and is formed with a
      shoulder 127. An upper section 230 of the rod 30 is surrounded by a
      respective coil spring 330 which serves to bias the foot 130 also down
      toward the support surface 34. This upper section 230 is pivoted at 125 on
      the link 22.
PAR  The apparatus according to the invention functions as follows:
PAR  To start with, as shown in FIG. 1 the feed foot 131 is engaged against a
      workpiece W on the surface 34 and is advanced as shown by arrow 37 toward
      a sewing station 38. In this position pivot 124 of the link 122 is resting
      against the bottom of the guide cutout 129 and the other link 125 is
      lifted. The lever 20 is to the right as shown in FIG. 1 and the pivots
      120, 114 and 124 are arranged in an over center position.
PAR  Thereafter continued rotation of the shaft 10 through 90.degree. serves to
      pull the lever 20 back to a vertical intermediate position as shown in
      FIG. 2. In this position both pivots 124 and 125 rest on the bottom of the
      cutout 29. At the same time both feet 130 and 131 rest on the workpiece W
      holding it stationarily on the surface 34. In this position the foot 131
      is not advanced.
PAR  Thereafter as shown in FIG. 3, on rotation of the shaft 10 through another
      90.degree., the pivot 125 of the link 22 rests against the bottom of the
      guide 29 and the foot 131 is lifted from the surface 34 whereas the foot
      130 presses down against this surface 34. When the apparatus is in this
      position the foot 131 is moved backwardly as shown by arrow 39 so as to
      allow it to again resume its starting position in order to be able to push
      the workpiece W forward in the direction of arrow 37.
PAR  FIGS. 4 and 5 contrast the functioning of the prior-art system and the
      system according to the present invention. FIG. 4 shows how, with the
      prior-art system, when either of the feet was in its zero or lowest
      position it was also moving at maximum speed so that it was brought
      rapidly to a halt on striking the workpiece and therefore was liable to
      damage the workpiece and cause considerable vibration in the apparatus.
PAR  The diagram of FIG. 5 is contrasted to this in that it indicates how, as
      the feet are moved to their bottom position, that is the position wherein
      they press the workpiece W against the surface 34, they are moved with
      uniformity and continuously decreasing speed. For all intents and purposes
      the workpiece is brought uniformly and continuously to a halt just as it
      comes into engagement with the workpiece W. A small amount of play
      provided by the spring 41 insures that the workpiece W is held firmly
      against the surface 34 but prevents any damage to the workpiece W.
PAR  FIG. 6 shows a cam 42 formed with a heart-shaped cam groove 43 mounted on
      the shaft 10. A follower 13a' carried on a rocker 13' is received in the
      shaft. This rocker 13' operates the link 14 in the manner described above
      with reference to FIG. 5, the line 14 being in FIG. 2 position.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of operating a sewing-machine feed having a reciprocal holddown
      foot and a reciprocable feed foot, said method comprising the steps of:
PA1  a. pressing a workpiece web against a support surface with said holddown
      foot;
PA1  b. thereafter displacing said feed foot toward said workpiece at a speed
      first increasing to a maximum and then decreasing uniformly and
      continuously from said maximum until said feed foot comes to a stop
      against said workpiece pressing same against said surface, the uniform and
      continuous speed decrease bringing said feed foot to zero speed upon the
      pressing of said workpiece thereby;
PA1  c. thereafter displacing said holdown foot away from said workpiece;
PA1  d. thereafter sliding said feed foot and said workpiece along said surface;
PA1  e. thereafter displacing said holddown foot toward said workpiece at a
      speed first increasing to a maximum and then decreasing uniformly and
      continuously from its maximum until said holddown foot comes to a stop
      against said workpiece in a position pressing same against said surface,
      the uniform and continuous speed decrease bringing said holddown foot to
      zero speed upon the pressing of said workpiece thereby;
PA1  f. repeating steps (b) to (e) sequentially to incrementally advance said
      workpiece across said surface.
NUM  2.
PAR  2. An apparatus for feeding a workpiece along a surface to a sewing
      station, said apparatus comprising:
PA1  a holddown foot and a feed foot reciprocal toward and away from said
      surface;
PA1  means for periodically displacing said feed foot along said surface to
      advance said workpiece toward said station; and
PA1  drive means connected to said feet for alternately advancing same toward
      said surface with an advance speed increasing during a first phase to a
      maximum and thereafter decreasing uniformly and continuously until each of
      said feet comes to a stop atop said workpiece in a position pressing same
      against said surface and for alternately displacing said feet away from
      said surface, said drive means being constructed and arranged so that the
      continuous and uniform decrease of the speed of each foot brings the same
      to zero speed simultaneously with the pressing of the foot against the
      workpiece.
NUM  3.
PAR  3. The apparatus defined in claim 2 wherein said drive means includes a
      frame limitedly displaceable only toward and away from said surface and a
      kinematic linkage at least partially pivoted on said frame.
NUM  4.
PAR  4. The apparatus defined in claim 3 wherein said sewing station constitutes
      part of a sewing machine having a driven shaft, said drive means including
      an eccentric on said shaft linked to said linkage.
NUM  5.
PAR  5. The apparatus defined in claim 4 wherein said linkage includes a rigid
      lever pivoted at one end on said frame and operatively connected to said
      eccentric such that said lever oscillates back and forth pivotally as said
      shaft rotates.
NUM  6.
PAR  6. The apparatus defined in claim 5 wherein said linkage includes a guide
      on said frame and a ternary link received in said guide and having a first
      pivot connected to the other end of said lever and second and third pivots
      operatively connected to said holddown foot and said feed foot,
      respectively.
NUM  7.
PAR  7. The apparatus defined in claim 6 wherein said linkage further comprises
      a holddown rod extending between said second pivot and said holddown foot
      and a feed rod extending between said third pivot and said feed foot, and
      a pair of springs each braced between a respective rod and said frame end
      urging said feet toward said surface.
NUM  8.
PAR  8. The apparatus defined in claim 7 wherein said frame is provided with a
      spring urging same downwardly toward said surface with a predetermined
      force.
NUM  9.
PAR  9. The apparatus defined in claim 8 wherein said feed rod is provided with
      a swivel permitting sliding of said feed foot along said surface.
NUM  10.
PAR  10. The apparatus defined in claim 9 wherein said pivots of said ternary
      link define an isosceles triangle, said drive means further comprising a
      bell crank having one end operatively connected to said eccentric and
      anotherr end operatively connected to said lever.
NUM  11.
PAR  11. An apparatus for feeding a workpiece along a surface to a sewing
      station, said apparatus comprising:
PA1  a holddown foot and a feed foot reciprocal toward and away from said
      surface;
PA1  means for periodically displacing said feed foot along said surface to
      advance said workpiece toward said station; and
PA1  drive means connected to said feet for alternately advancing same toward
      said surface with an advance speed decreasing uniformly and continuously
      until said feed comes to a stop atop said workpiece in a position pressing
      same against said surface and for alternately displacing said feet away
      from said surface, said drive means including a frame limitedly
      displaceable only toward and away from said surface and a kinematic
      linkage at least partially pivoted on said frame, said sewing station
      constituting part of a sewing machine having a driven shaft, said drive
      means including an eccentric on said shaft linked to said linkage, said
      linkage including a rigid lever pivoted at one end on said frame and
      operatively connected to said eccentric such that said lever oscillates
      back and forth pivotally as said shaft rotates, a guide on said frame and
      a ternary link received in said guide and having a first pivot connected
      to the other end of said lever and second and third pivots operatively
      connected to said holddown foot and said feed foot, respectively, and
PA1  a holddown rod extending between said second pivot and said holddown foot
      and a feed rod extending between said third pivot and said feed foot, and
      a pair of springs each braced between a respective rod and said frame and
      urging said feet toward said surface, said frame being provided with a
      spring urging same downwardly toward said surface with a predetermined
      force, said feed rod being provided with a swivel permitting sliding of
      said feed foot along said surface, said pivots of said ternary link
      defining an isoceles triangle, said drive means further comprising a bell
      crank having one end operatively connected to said eccentric and another
      end operatively connected to said lever.
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ABST
PAL  This disclosure relates to a thread cutter mechanism for sewing machines
      wherein at the end of a stitching operation, a spreader member extends
      into the needle thread loop and expands the same transversely so that both
      the bobbin thread and the needle thread may be severed in a single
      operation. Cooperating cutter knives, mounted to swing arcuately,
      cooperate with the loop spreader to effect the necessary thread cutting.
      In addition, there is provided a bobbin thread pull-off member which
      serves to pull thread off of the bobbin prior to the severing of the
      bobbin thread by the cutter knives. The cutter knives, loop spreader and
      bobbin thread pull-off member are all actuated in an arcuate path by means
      of slide bars which are actuated by mechanism controlled in timed relation
      to the operation of the sewing machine.
BSUM
PAR  This invention relates in general to new and useful improvements in thread
      cutter mechanisms, and more particularly to a novel thread cutter
      mechanism for use on a sewing machine known in the sewing trade as a
      lockstitch bar-tacker. This type of machine is generally disclosed in U.S.
      Pat. No. 2,822,771 granted to Hale, et al. on Feb. 11, 1958; U.S. Pat. No.
      2,906,222 to Ketterer, et al. granted Sept. 29, 1959; U.S. Pat. No.
      2,938,477 granted to Graham, et al. on May 31, 1960; and U.S. Pat. No.
      3,565,023 of Lukins, granted Feb. 23, 1971.
PAR  The thread cutting mechanism of this invention includes pivotally mounted
      upper and lower cutter knives, a bobbin thread pull-off member, a needle
      thread loop spreader and a stationary needle thread clamping member. The
      cutting mechanism is located between a rotary hook and a throat plate of
      the sewing machine with the knife blades being disposed directly below the
      throat plate so that after the threads are cut, the thread ends hanging
      down on the underside of the workpiece will be as short as possible.
PAR  It is to be understood that in the normal operation of the sewing machine,
      a needle thread loop is formed below the throat plate and in each
      stitching cycle, the loop is drawn up into the fabric being stitched in
      conjunction with the bobbin thread. In accordance with this invention,
      just prior to the end of a stitching cycle, a loop spreader, which is
      operated by a large horizontal rotary cam of the sewing machine, enters
      into the loop and both spreads the loop and accurately positions the
      needle thread. At the same time, the usual needle thread clamping device
      of the sewing machine is disengaged allowing the loop spreader to enter
      the needle thread loop without breaking the thread.
PAR  After the sewing machine stops, mechanism associated with the sewing
      machine operates the usual work clamp lifter lever which, in turn,
      actuates the thread cutting knives to sever both the bobbin thread and one
      leg of the needle thread loop. Just prior to the cutting of the threads, a
      sufficient amount of bobbin thread to start the next sewing cycle is
      pulled from the bobbin by the bobbin thread pull-off member.
PAR  After the severing of the needle thread and bobbin threads, the thread ends
      are positioned to insure the proper formation of a stitch at the beginning
      of the next sewing cycle. To this end, in addition to a sufficient amount
      of bobbin thread being pulled off, the loop spreader is operatively
      associated with the needle so that it will draw the depending needle
      thread into cooperation with a needle thread clamping member so as to
      lightly clamp the needle thread tail hanging from the needle. Continued
      operation of the sewing machine will result in the formation of the
      necessary initial loop to assure the proper formation of a stitch.
PAR  A particular feature of the invention is the mounting of the cutter knives
      to operate with a scissor-type action to positively cut the needle thread
      and the bobbin thread with the cutter knives moving in arcuate paths.
DRWD
PAR  With the above and other objects in view that will hereinafter appear, the
      nature of the invention will be more clearly understood by reference to
      the following detailed description, by the appended claims and the several
      views illustrated in the accompanying drawings:
PAR  In the drawings:
PAR  FIG. 1 is an elevational view of a sewing machine incorporating the
      invention with parts thereof broken away and shown in section so as to
      clearly illustrate the relationship of the thread cutter mechanism and the
      means for operating the same.
PAR  FIG. 2 is an end elevational view of the sewing machine of FIG. 1 as viewed
      from the right.
PAR  FIG. 3 is a fragmentary rear elevational view of the sewing machine and
      shows further the details thereof.
PAR  FIG. 4 is a plan view of the sewing machine with parts broken away and
      shown in section and shows further the details of the thread cutter
      mechanism and the means for operating the same, the operating means being
      in their inoperative position.
PAR  FIG. 5 is another plan view with parts broken away in section and shows the
      thread cutter mechanism and the operating means therefor in their
      operative positions.
PAR  FIG. 6 is a partial end view of the sewing machine as viewed from the left
      in FIG. 1.
PAR  FIG. 7 is a fragmentary bottom plan view of the sewing machine showing the
      patterned cam discs and the loop spreader and stop motion operating levers
      which cooperate therewith.
PAR  FIG. 8 is a framentary sectional view on an enlarged scale showing the base
      portion of the sewing machine and the switch for operating a slow speed
      motor thereof.
PAR  FIG. 9 is an enlarged exploded perspective view of the thread cutter
      mechanism.
PAR  FIG. 10 is an enlarged partially exploded view of the operating means for
      the thread cutter mechanism.
PAR  FIG. 11 is a fragmentary transverse sectional view taken along the line
      11--11 of FIG. 1 and shows the details of a hook opener actuating means.
PAR  FIG. 12 is a fragmentary sectional view of the left hand portion of the
      work supporting arm of FIG. 1 and shows a stop means for the loop
      spreader.
PAR  FIG. 13 is a fragmentary plan view of a portion of the loop spreader
      operating means.
PAR  FIG. 14 is a partial elevational view of the loop spreader operating means
      of FIG. 13.
PAR  FIG. 15 is an enlarged perspective view of a bobbin case positioning finger
      having a bobbin thread slot and a bobbin thread positioning plate.
PAR  FIGS. 16, 16A - 21,21A are front and top views, respectively, of the thread
      cutter mechanism in various positions of the thread cutting cycle.
PAR  Referring now to the drawings in details, reference is first made to FIG. 9
      wherein the various components of the thread cutter mechanism, which is
      the subject of this invention and which is generally identified by the
      numeral 20, are shown. First of all, it is to be noted that the thread
      cutter mechanism includes a lower cutter knife, generally identified by
      the numeral 21, and an upper cutter knife, generally identified by the
      numeral 22. Associated with the lower cutter knife 21 is a bobbin thread
      pull-off member, generally identified by the numeral 23.
PAR  The thread cutter mechanism 20 includes a drive lever, which is generally
      identified by the numeral 24 and generally functions as a support for both
      the lower cutter knife 21 and the bobbin thread pull-off member 23.
PAR  The driving lever 24 includes a body portion 25 which is provided adjacent
      one end thereof with a bore having a bushing 26 therein which receives a
      shoulder bolt 27, the shoulder bolt being intended to be fixedly mounted
      with respect to a sewing machine arm in a manner to be described
      hereinafter by means of lower threads 28. A shank portion 30 of the
      shoulder bolt 27 is received within the bushing 26. The shoulder bolt 27
      also includes a head 31 which projects above the body 25.
PAR  The bobbin thread pull-off member 23 includes a first leg 32 and a second
      leg 33 which extends substantially at right angles thereto. The leg 33 is
      joined to the leg 32 by means of a downwardly offset portion 34. At the
      terminal end of the leg 33 is a curved portion 35 which terminates in a
      forked end 36. The terminal leg 35 is generally arcuate in outline and is
      connected to the leg 33 by means of a downwardly offset portion 37.
PAR  The leg 32 of the bobbin thread pull-off member 23 is seated on the body 25
      with an enlarged bore 38 formed in one end of the leg 32 and being
      received over the screw head 31. A screw 40 extends through a slotted
      opening 41 in the leg 32 remote from the opening 38 and is threaded into
      an internally threaded bore 42 in the body 25.
PAR  The lower cutter knife 21 is also generally L-shaped in outline and
      includes a first leg 43 and a second leg 44 extending at right angles
      thereto. The leg 44 terminates remote from the leg 43 in a cutting edge
      45. Near the end of the leg 44, adjacent the cutting edge 45 there is a
      slightly curved finger 46 which has the upper surface thereof slightly
      inclined downwardly towards an end. The finger 46 is generally triangular
      in outline.
PAR  The lower cutter knife 21 is mounted on the body 25 of the driving lever 24
      in a manner similar to the mounting of the bobbin thread pull-off member
      23. One end portion of the leg 43 is provided with an enlarged opening 47
      which is received over the screw head 31 and forms a pivot for the lower
      cutter knife. The leg 43 is provided with a slotted opening 48 remote from
      the opening 47 through which the screw 40 passes. It is to be understood
      that the leg 43 overlies the leg 32 of the bobbin thread pull-off member
      23 in that the single screw 40 clamps both the lower cutter knife 21 and
      the bobbin thread pull-off member 23 in adjusted positions relative to the
      driving lever 24.
PAR  It will be readily apparent that by loosening the screw 40, the bobbin
      thread pull-off member 23 and the lower cutter knife 21 may be
      individually arcuately adjusted with respect to the axis of the screw 27.
      Further, individual vertical adjustment of the cutting edge 45 of the
      lower cutter knife 21 and the forked end 36 of the bobbin thread pull-off
      member 23 may be accomplished. To this end the body 25 is provided with an
      offset ear 50 which has an outer threaded bore 51 through which a set
      screw 52 may extend with the set screw 52 being adjustable to engage the
      underside of the leg 33 at varying pressures so as to effect a bending of
      the leg 33 relative to the leg 32. The ear 50 is provided with a second
      and inner threaded bore 53 through which a second set screw 54 may pass.
      The offset portion 34 of the member 23 is provided with a slotted opening
      55 which extends longitudinally of the leg 33. The set screw 54 may be
      passed through the slotted opening 55 so as to engage the underside of the
      leg 44 and apply a bending pressure thereto to accomplish the vertical
      adjustment of the knife edge 45.
PAR  In order to mount the upper knife 22 for swinging movement, there is
      provided an upper knife driving lever 56 which is generally L-shaped in
      outline and includes legs 57 and 58. Generally at the inner section of the
      legs 57, 58 the lever 56 is provided with a bushing 60 through which a
      shoulder screw 61 passes with the shoulder screw 61 being engageable in
      fixed relation with respect to an arm of a sewing machine in a manner to
      be described hereinafter.
PAR  The upper cutter knife 22 includes an end portion 62 which is seated on the
      leg 57 and is secured thereto by a pair of screws 63. The screws 63 pass
      through an apertured clamp plate 64 with one of the screws 63 passing
      through a circular opening 65 in the end portion 62 and the other of the
      screws 63 passing through a slotted opening 66 in the end portion 62. In
      this manner the upper cutter knife 22 is arcuately adjustable relative to
      the driving lever 56.
PAR  It is to be noted that the upper cutter knife 22 includes an upwardly
      extending intermediate portion 67 which terminates in a generally L-shaped
      end portion 68. The L-shaped end portion 68, in turn, terminates in a
      cutting edge 70.
PAR  In order that the cutter knives 21, 22 may be actuated in unison, the
      driving lever 24 includes an arm 71 projecting from the body 25 with the
      outer end of the arm 71, which is disposed in angular relation with
      respect to the body 25, having a depending driving pin 72. The driving pin
      72 is received in a slide block 73 which, in turn, is received within an
      arcuate slot 74 in the leg 58 of the driving lever 56. Thus, when the
      driving lever 24 is pivoted in a counterclockwise direction, the driving
      lever 56 is pivoted in a clockwise direction.
PAR  In order to effect pivoting the driving lever 24 about the shoulder bolt
      27, there is provided a slide bar 75 which is mounted for axial
      reciprocable movement initially to the left from the position shown in
      FIG. 9 and then returning to the right to its original position. The slide
      bar 75 has mounted on the upper surface thereof by means of a pair of
      screws 76 a bracket 77 which projects to one side of the slide bar 75 and
      the projecting end portion being provided with an opening 78. The opening
      78 is generally longitudinally aligned with a bushing 79 in the central
      portion of the body 25 of the driving lever 24. The driving lever 24 is
      connected to the slide bar 75 by way of the bracket 77 through a drive
      link 80. The drive link 80 is provided at one end thereof with a pin 81
      which is received in the bushing 79 and at the opposite end thereof with a
      pin 82 which is received within the opening 78. It will be readily
      apparent that when the slide bar 75 is initially moved to the left, the
      driving lever 24 will be rotated in a counterclockwise direction so as to
      move the lower cutter knife 21 from its inoperative position towards the
      operative position cooperating with the upper cutter knife 22.
PAR  The thread cutter assembly 20 also includes loop spreader, generally
      identified by the numeral 83. The loop spreader 83 includes an arcuate
      body 84 terminating at one end thereof in a rounded pointed portion 85 of
      a reduced width defining at its inner section with the body 84 a pair of
      shoulders 86, 87. Formed in both the body 84 and the rounded end portion
      85 is an axially elongated arcuate slot 88 which in a manner described
      hereinafter will receive the needle of the sewing machine in a selected
      position of the loop spreader 83.
PAR  The loop spreader 83 is supported beneath a conventional throat plate 90 of
      a sewing machine to be described hereinafter. The throat plate 90, in
      addition to the usual screw receiving openings 91 for facilitating the
      mounting thereof, includes a screw receiving opening 92 adjacent an
      arcuate end thereof. Disposed adjacent the opening 92 and generally in
      alignment with the longitudinal axis of the throat plate 90 is an opening
      93.
PAR  A conventional screw 94 extends down through the screw opening 92 and is
      threaded into a threaded opening 95 of a bracket 96. The bracket 96 is of
      a stepped configuration and includes a lower flange 97 having projecting
      upwardly therefrom a pin 98 which extends into the opening 93. Thus, the
      screw 94 and the pin 98 cooperate to fixedly clamp the bracket 96 on the
      underside of the throat plate 90.
PAR  The bracket 96 supports for swinging movement a spreader carrying arm 100
      which is provided adjacent one end thereof with a bushing 101 receivable
      over the pin 98, thus mounting the arm 100 for swinging movement.
PAR  The arm 100 has formed in the underside thereof remote from the bushing 101
      a transversely extending slot 102 in which a straight terminal portion 103
      of the loop spreader 83 is positioned. The loop spreader 83 is fixedly
      secured in the slot 102 by means of a screw 104 which passes through an
      opening 105 in the loop spreader 83 and is threaded into an internally
      threaded bore 106 in the arm 100.
PAR  The arm 100 is also provided with an intermediate bore 107 which receives
      an upper portion 108 of a shoulder pin generally identified by the numeral
      110. The pin 110 has a lower pin portion 111 on which a roller 112 is
      journalled, the roller 112 being retained on the pin portion 111 by means
      of a C clip 113 which is releaseably interlocked in an annular groove 114
      formed in the pin 111.
PAR  Actuation of the loop spreader 83 is effected by means of a second slide
      bar 115 which underlies the slide bar 75. Secured on a free end of the
      slide bar 115 which projects beyond the slide bar 75 is an actuating arm
      116. The actuating arm 116 is generally L-shaped in outline and includes
      an arm portion 117 which extends longitudinally of the slide bar 115. The
      arm portion 117 has a longitudinal slot 118 therein in which the slide bar
      115 is seated. A pair of screws 120 pass upwardly through the arm portion
      117 and are threaded into internally threaded bores 121 in the slide bar
      115 to secure the actuator arm 116 in place on the slide bar 115.
PAR  The actuator arm 116 also includes an arm portion 122 which extends at
      right angles to the slide bar 75. The arm portion 122 terminates remote
      from the slide bar 115 in a bifurcated end 123 which defines a slot 124
      for the roller 112.
PAR  The slide bar 115 is axially reciprocable and is movable first to the right
      from its normal inoperative position to position the loop spreader 83 and
      then to the left to return the loop spreader 83 to its normal inoperative
      position.
PAR  The throat plate 90 also carries a needle thread clamping plate 125 which
      includes an offset flange portion 126 that is seated in a slot 127 formed
      on the underside of the throat plate 90. The flange portion 126 is secured
      in the slot 127 by means of a screw 128 which extends through an opening
      130 in the flange 126 and is threaded into an internally threaded bore 131
      in the throat plate 90.
PAR  At this time it is also pointed out that the throat plate 90 is provided
      with the usual needle hole 132.
PAR  It is to be noted that the thread cutter mechanism 20 is particularly
      adapted to be utilized in conjunction with a sewing machine known in the
      sewing trade as a lockstitch bar-tacker. This machine is generally
      illustrated in FIGS. 1-3 of the drawings and is generally identified by
      the numeral 135. The machine 135 includes a base 136 from which rises a
      vertical standard 137. From an intermediate point along the vertical
      standard 137, there is horizontally extending work supporting arm 138.
      Extending horizontally from the top of the vertical standard 137 and in
      overlying relation to the work supporting arm 138 is an upper arm 140. At
      its outer end, the upper arm 140 is provided with a depending head portion
      141 which carries a vertically reciprocable needle bar 142 which, in turn,
      carries a needle 143.
PAR  A main drive shaft 144 extends longitudinally of the upper arm 140 and
      extends outwardly from the right side of the vertical standard 137. The
      shaft 144 carries a clutch and pulley arrangement, generally identified by
      the numeral 145 at its right end, as is best shown in FIG. 1. A V-belt 146
      connects the clutch and pulley arrangement 145 to a standard two speed
      driving motor (not shown) of the type disclosed in the prior mentioned
      Lukins, U.S. Pat. No. 3,565,023. The clutch portion of the clutch and
      pulley arrangement 145 is engaged and disengaged by a conventional means
      which includes an arm 147 carried by a rod 148 which extends laterally
      from a rockable frame 150. The rockable frame 150 is pivotally mounted on
      a bushing 151 which, in turn, is fixedly mounted in lugs 152, 153 mounted
      on the right end of the machine as is shown in FIG. 2.
PAR  It is to be understood that the stop motion mechanism of the sewing
      machine, a portion of which includes the rockable frame 150, is of a
      construction and operation the same as that illustrated and described in
      the above mentioned Lukins U.S. Pat. No. 3,565,023.
PAR  Referring specifically to FIGS. 1 and 4, it will be seen that there is
      illustrated a starting lever 154 which is attached to a shaft 155 that is
      journalled in the bushing 151. The shaft 155 extends to the rear of the
      sewing machine beyond the lugs 152 and at its end there is a second lever
      156 which is fixedly secured to the shaft 155 by means of a key-way 157
      and a clamping screw 158. The shaft 155 and the levers 154, 156 are thus
      interconnected so as to act as one piece.
PAR  A clamp lifter lever 160 is carried by the shaft 155 between the lugs 152
      and the lever 156 for pivotal movemention about the shaft 155. The
      starting lever 154 is connected by a cable 161 to a first air cylinder
      (not shown) and the lifting lever 160 is connected by a second cable 162
      to a second air cylinder (not shown). At this time it is pointed out that
      although the sewing machine is particularly adapted for pneumatic
      operation employing two air cylinders as is shown in the Lukins U.S. Pat.
      No. 3,565,023,it is possible to utilize a single air cylinder or a
      mechanical mechanism for operating the sewing machine. The sewing machine
      could also be operated by a two treadle arrangement. These modifications
      have not been shown in that the manner in which the levers 154 and 160 are
      actuated in of itself is not a part of this invention.
PAR  The lever 156 extends into the vertical standard 137 and has its end
      connected by a rod 164 to a latch lever 165 which is pivotally mounted on
      a block 166 by means of a shoulder screw 167. The latch lever cooperates
      with a pawl 168 to control the starting and stopping of the sewing machine
      as described in the above-identified Ketter, et al. U.S. Pat. No.
      2,906,222.
PAR  One arm 170 of the clamp lifter lever 160 extends from the shaft 155 to the
      inside of the vertical standard 137. A cam follower pin 171 is secured
      near the left end of the arm 170 and rides in a cam slot 172 in a cutter
      control lever 173. The control lever 173 is pivotally mounted at its upper
      end to the block 166. Further to the left on the arm 170 there is
      pivotally secured by means of a screw 173A a rod 174 which extends
      upwardly and is pivotally connected at its upper end to a rocker arm 175
      by a screw and nut assembly 176. The rocker arm 175 is, in turn, clamped
      to a clamp lifting rocker shaft 177 which is journalled in suitable
      bearings (not shown) in the machine arm 140. The rocker shaft 177, through
      suitable linkage (not shown), is adapted to lift a work clamp 178
      automatically at the end of a tacking operation or at the will of an
      operator.
PAR  The left end of the arm 170 is shaped to cooperate with a pin 180 carried
      by one arm 181 of a bellcrank shaped drive lever 182 which is secured to a
      shaft 183 by means of a set screw 184. The shaft 183 is mounted for
      oscillatory movement in bearings 185, 186 (FIGS. 4, 6) in the sewing
      machine frame. The drive lever 182 is held against any axial movement by a
      spacer 187. The drive lever 182 has a second arm 188 extending downwardly
      and ending in a flat plate 190. The drive lever is biased in a clockwise
      direction by a spring 191 and a drive screw 192 carried by a bracket 193
      contacts the flat plate 190 and prevents the drive lever from turning in a
      clockwise direction. The bracket 193 is attached to a short protruding
      portion 194 of the spreader actuating slide bar 115. The slide bar 115 is
      mounted for sliding movement in slots 195 cut into certain portions of the
      machine frame.
PAR  The slide bar 75 is also mounted for sliding movement in the same slots
      and, as previously described, is disposed directly above the slide 115.
      The cutter actuating slide bar 75 is operated through a bracket 196
      fixedly secured to the slide bar 75 and to which is pivotally mounted a
      slide block 197 which is embraced by a bifurcated end 198 of the cutter
      control lever 173.
PAR  The spreader actuating slide bar 115 is operated from a cam groove 200
      (FIG. 7) formed in the bottom surface of a pattern cam disc 201 mounted in
      the base 136. The pattern cam disc 201 is driven from the main shaft 144
      in a conventional manner by a series of gears, generally identified by the
      numeral 202 (FIG. 1) and at a slower rate depending on the number of
      tacking stitches desired for each stitching cycle. The cam groove 200 is
      tracked by a roller follower 203 carried on a lever 204 pivotally mounted
      to the base 136 by means of a pivot 205. A link 206 pivotally
      interconnects the lever 204 with the free end of a rocker arm 207 which is
      fixedly secured on the lower end of a tubular rock shaft 208. A collar 210
      (FIG. 2) having a clamp unit 211 clamping the same to the upper end of the
      rock shaft 208, which is tubular, has a lug 212 (FIG. 13) which cooperates
      with a pin 214 carried by a bifurcated arm 215 mounted below the collar
      211 on the rock shaft 208. The arm 215 is mounted for rotational movement
      relative to the rock shaft 208 and has a bifurcated end 216 embracing a
      slide block 217 which is pivotally secured to the spreader actuating slide
      bar 115. The slide bar 115 is biased towards the left, as seen in FIG. 4,
      by a spring loaded lever 218 which has an end 220 (FIG. 12) acting against
      the head of a screw 221 which secures an adjustable stop block 222 to the
      underside of the slide bar 115. The stop block 222 cooperates with a cut
      out 223 in the arm 138 to stop the slide bar 115 after it has returned the
      loop spreader 83 to its inoperative position.
PAR  The illustrated type of sewing machine employs a large rotary hook and
      bobbin in a standard lockstitch machine. Therefore, a hook opener
      mechanism is provided to ease the release of the thread loop as it passes
      from around the bobbin up to the workpiece. As is seen in FIGS. 1 and 10,
      an eccentric 224 is secured to the rotary hook shaft 225 which is driven
      by a conventional gears (not shown) from the main shaft 144. A connecting
      rod 226 is carried by the eccentric 224 at one end and the other end of
      the connecting rod 226 is pivotally connected to a link 227 clamped to a
      hook opener shaft 228. The shaft 228 is journalled in the bearings 230,
      231 and carries a hook opener finger 232 at the end thereof remote from
      the connecting rod 226. The finger 232 contacts the bobbin cage basket 233
      and with every revolution of the hook shaft 225 the finger 232 rotates the
      basket 233 slightly to provide an easy release for a needle thread loop.
PAR  Referring now particularly to FIGS. 15 and 16, there is illustrated a hook
      retainer 234 which is a standard item. The hook retainer 234 includes a
      finger 235 which enters a notch 236 in the basket 233 to prevent it from
      rotating as the needle thread pick-up hook rotates. The finger 235 is
      provided with a slot 239 into which the bobbin thread 237 is positioned
      just prior to being cut by the cutter knives 21, 22.
PAR  The hook retainer 234 is secured to a portion of the arm 138 by screws 238
      (FIG. 1) which pass through suitable openings in the hook retainer 234.
      One of the screws 238 also secures to the arm 138 a plate 240, which
      overlies the hook retainer 234. The plate 240 has an upturned end 241 and
      the end of the cut bobbin thread 237 lays over the end 241 so that it is
      positioned correctly to be pulled up by a newly formed thread loop 242 as
      it passes around the basket 233 at the beginning of a tacking operation.
PAR  Referring once again to FIG. 1, it will be seen that a needle thread
      clamping device, generally identified by the numeral 243 is mounted on the
      arm 140. The clamping device 243 is very similar to that shown in the
      above-identified Schoij U.S. Pat. No. 3,683,832 and includes a rotary cam
      244 secured to a shaft 245 and driven in a counterclockwise direction from
      the main shaft 144 by conventional gears (not shown). The cam 244 passes
      between thread eyelets 246 in a forked end 247 of an arm 248 which is
      secured to a pivot shaft 250 by clamping screw 251. The pivot shaft 250
      passes through the arm 140 and extends beyond the rear side of the arm 240
      and has a collar 252 (FIG. 3) clamped on its end by means of clamping
      screws 253.
PAR  The collar 252 is provided with a horizontally extending rod 254 which is
      biased in a clockwise direction by a spring 255.
PAR  A pin 256 is slidably mounted in a block 257 and at its upper end is in
      contact with the rod 254. The bottom end of the pin 256 rides on a cammed
      surface of a collar 258 which is secured to the work clamp lifter rock
      shaft 177. It will be apparent that when the shaft 177 is oscillated near
      the end of a stitching cycle, the cammed collar 258 will rotate and raise
      the pin 256 against the rod 254, thus rotating the pivot shaft 250 and
      releasing the thread which was clamped by the cam 244.
PAR  Referring now to FIGS. 1, 2 and 7, the sewing machine, as illustrated, is
      in its running position. In order to stop the machine at the end of a
      stitching operation, the pawl 168 must be removed from the notches in the
      latch lever 165. This is accomplished by a cam follower arm 260 disposed
      in the path of travel of a cam member 261 secured to the bottom of the
      pattern cam disc 201. The arm 260 is fastened to a rocker arm 262 by a
      screw 263. The rocker arm 262 is fixedly secured to the lower end of a
      rock shaft 264 which is arranged coaxially within the tubular rock shaft
      208 and is supported therein by a collar 265.
PAR  A rocker arm 266 is fastened to the upper end of the rock shaft 264 and is
      operatively connected to the pawl 168 by a rod 267. As the cam member 261
      trips the cam follower arm 260, the rock shaft 264 is rotated slightly and
      the pawl 168 is pulled from the notches in the latch lever 165 by a rod
      267. As is best seen in FIGS. 1 and 2, springs 270 pull the frame 150 into
      contact with a stop shoulder on a hub 271 and at the same time the arm 147
      disengages the clutch and the sewing machine is disconnected from the
      drive motor. The machine is then stopped. In stopping the machine, the
      frame 150 contacts an air valve 272 (FIG. 3) which actuates a second air
      cylinder (not shown) which, in turn, operates the lever 160 which actuates
      the thread cutter mechanism 20 and raises the work clamp 178.
PAR  As described in the Lukins U.S. Pat. No. 3,565,023, the drive motor (not
      shown) for the sewing machine is switched to its low speed through the
      actuation of a microswitch 273 (FIG. 7) just prior to the stopping of the
      sewing machine. The microswitch 273 is provided with an actuating arm 274
      having a cam follower 275 which engages the cam disc 201 and is moved by a
      cam plate 276 fastened on the edge of the pattern cam disc 201 to actuate
      the microswitch 273.
PAR  In the operation of the sewing machine, after inserting a workpiece (not
      shown) the operator will depress a treadle actuating one of the previously
      described, but not illustrated air cylinders to pull the cable 161 and
      pivot the starting lever 154 in a clockwise direction down to the position
      shown in FIG. 1. The latch lever 165 is rotated to its run position and is
      locked there by a pawl 168. Rotation of the latch lever 165 causes the arm
      147 to engage the clutch and connect the drive motor with the sewing
      machine through the belt 146. The sewing machine is now driven at high
      speed and continues to be driven at such speed until the pattern cam disc
      201 nears the end of its cycle and the cam plate 276 actuates the
      microswitch 273 and shifts the motor to its low speed operation.
PAR  The pattern cam disc 201 rotates in a counterclockwise direction as seen in
      FIG. 7. As the cam disc 201 continues to rotate, the roller follower 203
      will move to a first step 277 in the cam groove 200. Through the link 206
      and rock shaft 208, the collar 210 is rotated about 30 degrees in a
      counterclockwise direction, as seen in FIG. 13. Near the end of this
      rotation, the lug 212 contacts the pin 214 and causes a slight movement of
      the spreader slide bar 115 to the right. The drive screw 192, carried by
      the bracket 193, rotates the drive lever to slightly lift the clamp
      lifting lever 170. At this time the loop spreader 83 is also moved
      slightly towards the needle 143.
PAR  At about this time the cam member 261 begins to contact the angled surface
      278 at the end of the cam follower arm 260 which begins rotating the rock
      shaft 264 which, in turn, releases the pawl 168 from the lower notch in
      the latch lever 165. The latch lever 165 rotates slightly allowing the
      frame 150 to move to the right partially releasing the clutch means 145 so
      that the machine will coast during the last revolution before the machine
      is stopped. Up to this time, the thread cutter mechanism 20 including the
      loop spreader 83 is in the position shown in FIGS. 16, 16A.
PAR  As the roller follower 203 begins to move to step 280 of the cam groove 200
      (FIG. 7), the loop spreader 83 begins to move into the needle thread loop
      242, as shown in FIGS. 17, 17A. The further movement of the slide bar 115
      by the lug 212 and pin 214 also causes further upward movement of the arm
      170 by the drive lever 182. This movement of the arm 170 rotates the rock
      shaft 177 and the cammed collar 258 (FIG. 3) raises the pin 256 rotating
      the pivot shaft 250 in a clockwise direction, as viewed in FIG. 1, and
      releasing the thread which has been clamped by the cam 244. With the
      thread clamp released, the loop spreader 83 can enter the needle thread
      loop 242, without breaking the thread, as shown in FIGS. 18, 18A. This
      further upward movement of the arm 170 stops with the cam follower pin 171
      just beginning to enter the cam portion of the cam slot 172.
PAR  At this time there is about one-half revolution of the main shaft 144
      remaining and now the pawl 168 is pulled completely from the latch lever
      165 allowing the frame 150 to contact the stop shoulder on the hub 271 and
      stop the machine with the loop spreader 83 and the thread cutter mechanism
      20 in the position shown in FIGS. 18, 18A. The needle thread loop 242
      passes around the loop spreader 83 and up through the needle hole 132 and
      is positioned against the shoulders 86, 87 on the loop spreader 83. The
      bobbin thread 237 passes from the bobbin up through the needle hole 132
      and is positioned against the shoulder 86.
PAR  At the instant the machine is stopped, the frame 150 actuates the air valve
      272 which activates the second air cylinder pulling down on cable 162 and
      thereby pulling down clamp lifter lever arm 160. The other arm 170 of the
      lifter lever raises and moves the cam follower pin 171 along the cammed
      area at the central portion of the cam slot 172. The movement of the cam
      follower pin 171 causes the cutter control lever 173 to pivot in a
      clockwise direction (FIG. 1), moving the thread cutter slide bar 75
      towards the left as seen in FIG. 1. As is best shown in FIGS. 4, 5 and 9,
      the drive link 80 connected to the slide bar 75 by the bracket 77 will
      pivot the lower cutter knife 21 and the bobbin pull-off member 23 in a
      counterclockwise direction about the shoulder screw 27. At the same time,
      the movement of the pin 72 and slide block 73 in the slot 74 of the upper
      knife drive lever 56 will pivot the upper cutter knife 22 in a clockwise
      direction and towards the lower knife 21. As the cutter knives 21, 22
      approach each other, the pull-off member 23 will first contact the bobbin
      thread 237 and pull a certain amount of bobbin thread from the bobbin so
      that a sufficient amount of bobbin thread will be available to properly
      start the next stitching cycle.
PAR  As the cutter knives 21, 22 come together, the front leg of the needle
      thread loop 242 and the bobbin thread 237 positioned by the shoulder 86 of
      the loop spreader 83 are cut by the scissor action of the cutting edges of
      the cutter knives 21, 22.
PAR  As is seen in FIGS. 19, 19A, the threads have been cut with the bobbin
      thread 237 having been positioned by the pull-off member 23 in the slot
      239 in the retainer finger 235. The loose end of the bobbin thread 237
      lays over the upturned portion 241 of the plate 240 so it can be easily
      picked up by the needle thread loop at the beginning of the next stitching
      cycle.
PAR  After the threads have been cut, the arm 170 continues to rise rotating the
      rock shaft 177 further in order to lift the work clamp 178. The operator
      can now remove the stitched workpiece and insert a new workpiece. Through
      the pneumatic controls, the operator now lowers the work clamp 178 and
      returns the cutter knives 21, 22 and pull-off member 23 to their original
      positions. The loop spreader 83 is still in the position shown in FIGS.
      20, 20A due to the position of the pattern cam disc 201. Therefore, the
      cam follower pin 171 in the arm 170 of the lifter lever 160 will only
      return to a position just below the cam portion of the cam slot 172, the
      arm 170 being stopped by the pin 180 in the drive lever 182. Now the
      operator can fully depress the control treadle and start the machine to
      perform a new stitching operation. On its first downward stroke, the
      needle 143 passes through the slot 88 in the loop spreader 83. The cut
      thread tail from the needle is too short to form a proper thread loop to
      pass around the bobbin case and on the upward stroke of the needle, this
      thread end hangs down through the slot 88 in the loop spreader 83, as seen
      in FIG. 20.
PAR  The rotation of the pattern cam disc 201 now causes the roller follower 203
      to pass from step 280 to step 285 and through the previously explained
      linkages, the loop spreader 83 is moved to the position shown in FIGS. 21,
      21A. In moving to this position, the loop spreader 83 has carried the
      thread end to a clamped position between the loop spreader and the
      clamping plate 125. The loop spreader 83 is kept in this position by a
      length of the step 285 for about three strokes of the needle. With the
      needle thread end clamped, the proper thread loop can be carried around
      the bobbin case and a proper stitch formed. In forming the first stitch,
      the needle thread end will be pulled from between the loop spreader 83 and
      the clamping plate 125. Now the roller follower 203 drops back to the
      concentric portion of the cam groove 200 and all elements returned to
      their original positions until the end of the stitching cycle when the
      thread cutting cycle is again activated.
PAR  Although only a single preferred embodiment of the thread cutter mechanism,
      the sewing machine to which it is attached, and the controls for
      automatically actuating the same has been illustrated and described
      herein, it is to be understood that minor variations may be made in the
      various mechanisms without departing from the spirit and scope of the
      invention, as defined by the appended claims.
CLMS
STM  What is claimed as new:
NUM  1.
PAR  1. A thread cutter mechanism for a sewing machine of the type having means
      for producing a needle thread loop and for supplying a bobbin thread, said
      thread cutter mechanism comprising a loop spreader, means mounting said
      loop spreader for movement into a needle thread loop having two adjacent
      thread portions for expanding the needle thread loop and transversely
      separating the thread portions thereof while at the same time positioning
      the bobbin thread immediately adjacent one needle thread portion, cutter
      knives, means mounting said cutter knives for cooperating movement, and
      means for actuating said cutter knives in timed relation to the movement
      of said loop spreader and in cooperation with one another to sever both
      the bobbin thread and the one needle thread portion.
NUM  2.
PAR  2. The thread cutter mechanism of claim 1 together with a bobbin thread
      pull-off member, and means mounting said bobbin thread pull-off member for
      movement in timed relation to said cutter knives to first pull off a
      portion of the bobbin thread in advance of the movement of said cutter
      knives to sever the bobbin thread, and then after actuation of said cutter
      knives to sever the bobbin thread positioning a newly formed bobbin thread
      end portion for pick up in a next sewing operation.
NUM  3.
PAR  3. The thread cutter mechanism of claim 2 wherein there is a throat plate
      and said cutter knives, said loop spreader and said bobbin thread pull-off
      member are all mounted for movement parallel to said throat plate.
NUM  4.
PAR  4. The thread cutter mechanism of claim 1 wherein there is a throat plate
      and said cutter knives and said loop spreader are all mounted for movement
      parallel to said throat plate.
NUM  5.
PAR  5. The thread cutter mechanism of claim 1 wherein there is a throat plate
      and said cutter knives are positioned below said throat plate for severing
      the needle thread portion and the bobbin thread below said throat plate.
NUM  6.
PAR  6. The thread cutter mechanism of claim 1 wherein there are separate means
      for actuating said loop spreader and said cutter knives.
NUM  7.
PAR  7. The thread cutter mechanism of claim 6 wherein said separate means
      include separate actuator bars, and means for moving said actuator bars in
      opposite directions.
NUM  8.
PAR  8. The thread cutter mechanism of claim 1, wherein there is a line of
      needle movement, said cutter knives are normally located on opposite sides
      of the line of needle movement, and means mounting said cutter knives
      include separate pivot points for said cutter knives.
NUM  9.
PAR  9. The thread cutter mechanism of claim 1 together with a clamp plate
      cooperable with said loop spreader for holding a newly formed needle
      thread end portion at the beginning of a new sewing cycle.
NUM  10.
PAR  10. The thread cutter mechanism of claim 1 wherein there is a line of
      needle movement, said loop spreader plate having an opening therethrough
      aligned with the line of needle movement in the operative position of said
      loop spreader for receiving a newly formed needle thread at the beginning
      of a new sewing cycle, and a clamp plate cooperable with said loop
      spreader in an inoperative position thereof for holding the newly formed
      needle thread.
NUM  11.
PAR  11. The thread cutter mechanism of claim 1 together with a bobbin thread
      pull-off member, and means mounting said bobbin thread pull-off member for
      movement in timed relation to said cutter knives to first pull off a
      portion of the bobbin thread in advance of the movement of said cutter
      knives to sever the bobbin thread, and then after actuation of said cutter
      knives to sever the bobbin thread positioning a newly formed bobbin thread
      end portion for pick up in a next sewing operation, said cutter knives
      include upper and lower knives, said bobbin thread pull-off member is
      positioned below said lower knife, and said means for actuating said
      cutter knives and said means mounting said bobbin thread pull-off member
      move said lower knife and said bobbin thread pull-off member in unison.
NUM  12.
PAR  12. The thread cutter mechanism of claim 1 together with a bobbin thread
      pull-off member, and means mounting said bobbin thread pull-off member for
      movement in timed relation to said cutter knives to first pull off a
      portion of the bobbin thread in advance of the movement of said cutter
      knives to sever the bobbin thread, and then after actuation of said cutter
      knives to sever the bobbin thread positioning a newly formed bobbin thread
      end portion for pick up in a next sewing operation, said means mounting
      said cutter knives and said bobbin thread pull-off member mount said
      cutter knives and said bobbin thread pull-off member for arcuate movement
      and for individual adjustment in the direction of arcuate movement.
NUM  13.
PAR  13. The thread cutter mechanism of claim 1 together with a bobbin thread
      pull-off member, and means mounting said bobbin thread pull-off member for
      movement in timed relation to said cutter knives to first pull off a
      portion of the bobbin thread in advance of the movement of said cutter
      knives to sever the bobbin thread, and then after actuation of said cutter
      knives to sever the bobbin thread positioning a newly formed bobbin thread
      end portion for pick up in a next sewing operation, said cutter knives
      include upper and lower knives, and said means mounting said lower knife
      and said bobbin thread pull-off member include means for vertically
      adjusting said lower knife and said bobbin thread pull-off member.
NUM  14.
PAR  14. The thread cutter mechanism of claim 1 wherein said means mounting said
      loop spreader includes a support and means for mounting said support on a
      throat plate.
NUM  15.
PAR  15. The thread cutter mechanism of claim 1 wherein said thread cutter
      mechanism is part of a sewing machine having a control cam, and said means
      for actuating said cutter knives being under the control of said control
      cam.
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ABST
PAL  In a sailboat, signals representing relative wind speed and slot wind speed
      are differentially compared to obtain a signal that represents the
      increase in wind speed in the slot over the relative wind speed
      approximately independent of incremental changes in relative wind speed
      approximately independent of incremental changes in relative wind speed.
      By observing the differential quantity upon relative adjustment of the
      sails, a sail setting can be selected to give maximum slot effectiveness.
      An instantaneously responsive thrust indicator is provided as a guide to
      overall sail trim effectiveness for maximum driving force on the hull.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 243,214, filed Apr. 12, 1972, now U.S. Pat. No. 3,802,372.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The adjustment of the sails on a modern sailboat having a mainsail and
      overlapping jib or genoa foresail to obtain maximum forward hull speed for
      the boat involves taking into consideration a large number of interrelated
      variables, many of which are constantly subject to change as the sailboat
      is underway. The selection of sail settings for maximum hull speed when
      the sailboat is on a windward tack is a matter requiring a high degree of
      skill from the helmsman and crew particularly if maximum performance on
      course is required as in competitive racing where the windward leg of the
      contest is generally conceded to be the most critical phase of the
      competition.
PAR  Generally, the helmsman relies primarily upon his knowledge and experience
      to adjust the mainsail and jib in relation to the heading of the craft
      with respect to the prevailing wind. As a quantitative indication various
      forms of relative wind or through the water hull speed indicators may be
      employed. One of the difficulties of the helmsman's self-evaluation of his
      performance from moment to moment as the craft progresses on the selected
      course is that the wind, water, heading and sail setting variables are all
      generally interrelated and subject to independent variation throughout the
      voyage. On the other hand, the quantitative indication of hull speed by
      means of some sensor on the hull that is in contact with the water
      necessarily involves a time lag to indicate the result of a given
      adjustment in any of the variables available to the helmsman for
      adjustment such as sail setting since the increment of force resulting
      from a change in setting requires a certain amount of time to alter the
      momentum and thus the speed of the sailboat. Where relative wind speed
      indications are used as a guide, these readings, of course, are directly
      influenced by changes in both the wind speed and wind direction as well as
      the heading direction of the craft with respect to a constant wind
      velocity. There is thus in the prior art no rapidly responsive instrument
      for indicating factors directly related to the driving force which
      determines the forward speed of the boat and which is relatively
      independent of changes in wind and heading variables.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention the relative wind is sensed and
      the wind speed in the slot formed between the mainsail and jib is also
      sensed to obtain two variables, one of which is related by a factor to the
      other. Thus the slot wind speed is generally equal to the relative wind
      speed times some factor n, where n is the efficiency of the slot
      configuration to accelerate the wind and produce a higher velocity in the
      slot than the wind moving outside the slot.
PAR  By differentially comparing these two quantities particularly by
      subtracting the relative wind speed from the slot wind speed a quantity is
      obtained directly related to the factor n and if this factor is maximized
      the driving force on the boat due to the slot is correspondingly a
      maximum. An additional thrust sensor is used to sense and indicate overall
      driving force.
PAR  It is, accordingly, a principal object of the present invention to provide
      a method for indicating when the adjustment of the sails of a sailboat
      have been set to maximize slot wind speed between the sails in conjunction
      with an instantaneous thrust indication thereby providing criteria for
      maximizing the driving force on the hull.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vector diagram showing the relation between various vectors
      involved in a sailboat sailing on the wind.
PAR  FIG. 2 is a top plan view of a Marconi rig sailboat showing the vectors of
      FIG. 1 and the additional vector representing slot wind velocity.
PAR  FIG. 3 is a fragmentary view of a sailboat mast showing wind sensors
      attached in accordance with the present invention.
PAR  FIG. 4 is a schematic circuit diagram of one form of indicator circuit in
      accordance with the invention.
PAR  FIG. 5 is an elevation view of a tension sensor attached to the back stay.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a sailboat moving with velocity V.sub.c relative to
      wind vector W is subject to the force of the relative wind R which acts on
      the sails of the boat. The vector V.sub.c can be resolved into orthogonal
      components along the heading and transversely thereto representing the
      side slip of the craft as it progresses in the direction V.sub.c.
PAR  In FIG. 2, a sailboat having a Marconi rig is shown in top plan view as
      comprising a hull 10, a mast 11, boom 12, mainsail 13, and jib or genoa
      14. The sailboard 10 moves in the direction V.sub.c which is different
      than its heading direction by the amount of side slip as indicated in FIG.
      1 with the angle between V.sub.c and the wind direction W generally being
      approximately 45.degree. when beating to windward. As a result of the
      velocity of the sailboat 10, the relative wind acting on the sails
      corresponds to the vector R. The presence of a foresail produces a slot
      effect and the wind velocity is modified in the volume between the convex
      surface of the mainsail 13 and the concave surface of the jib 14. In this
      volume the wind will be accelerated to move at some high velocity V.sub.s
      as indicated in FIG. 2. Ideally the flow is laminar thus the velocity
      V.sub.s varies from point to point both in direction and magnitude.
PAR  As shown in FIG. 2, a pair of wind sensors generally indicated at 15
      attached symmetrically on opposite sides of the mast 11 will be in
      positions where one of the sensors will be subject to the relative wind
      and the other sensor will be well positioned within the slot between the
      sails 13 and 14 to measure the magnitude of the vector V.sub.s at the
      position in which it is located. In FIG. 2 the craft is shown being on
      port tack and the left or port sensor will measure the relative wind while
      the right or starboard sensor will measure the slot wind velocity. It is
      apparent for starboard tack the quantities measured by the two sensors are
      interchanged.
PAR  Referring now to FIG. 3, a more detailed showing of the placement of the
      symmetrical wind sensors can be seen. On the mast 11 a pair of triangular
      shaped rigid plates 16 are mounted by means of a tension band 17. The base
      of the triangular plate 16 may be contoured to fit the curvature of the
      mast and at the apex of the triangle a pair of wind rotors 18 are
      symmetrically mounted. The rotors 18 respectively drive tachometer
      generators G.sub.1 and G.sub.2 which generators produce an electric signal
      having a characteristic such as voltage or frequency that varies directly
      with the speed of the rotors 18 and thus directly with wind speed to which
      the respective rotors 18 are responsive. It should be noted that the
      present invention is not limited to wind rotor and tachometer generator
      wind speed sensors, but any suitable devices capable of sensing wind speed
      and producing signals representative thereof may be employed in the
      approximate locations indicated in FIG. 3. Thus Pitot tubes and various
      other wind pressure sensors may be employed and in such embodiments the
      signals need not necessarily be electric since the hydraulic equivalent of
      the sensor and circuit arrangements here disclosed as electrical may
      readily be used to practice the invention.
PAR  Referring to FIG. 4, a circuit in accordance with the invention is shown
      connected to the tachometers G.sub.1 and G.sub.2. These generators may
      generate a voltage, the magnitude of which is directly proportional to
      wind speed. Alternatively, some other characteristic of the electrical
      signal generated may be proportional to wind speed such as frequency, for
      example. In any event, the generated signal magnitude is converted at
      points 33 and 34 into DC voltages which are the analogs of the wind speed
      at the sensors G.sub.1 and G.sub.2. The voltages at points 33 and 34 are
      differentially compared or subtracted by a zero center meter 35 connected
      to points 33 and 34. With the circuit indicated, the meter 35 will read or
      indicate a quantity equal to the difference in the wind speed signals
      obtained from generators G.sub.1 and G.sub.2. Depending upon whether the
      craft is on port or starboard tack, the indicator 35 will deflect on
      opposite sides of its zero center position. By adjusting the setting of
      the jib 14, the slot wind speed can be maximized by the indication of
      maximum deflection of the meter 35. To obtain the optimum setting of both
      the mainsail and jib, an indicator 36 which is related to instantaneous
      boat thrust may be provided. The indicator 36 may be any form of device
      responsive to a given sensing device T and for example may be a rigging
      wire or line tension sensor. By making a succession of adjustments of the
      position of the boom 12 to set the mainsail and for each setting of the
      mainsail adjusting the jib 14 to obtain a maximum on meter 35, it will be
      possible to observe which setting of the mainsail produces maximum boat
      thrust as indicated on the indicator 36. When the indicator 36 is
      maximized and the indicator 35 also indicates a maximum the optimum
      setting of the sails for the given condition exists.
PAR  The total forward thrust vector on a sailboat is a complex resultant of
      many variables. The driving force of the sails is applied to the hull
      primarily by the tension in the rigging, both standing and running. If
      fully instrumented, the various tension forces would be sensed in
      magnitude and each stay or sheet tension would be resolved in a coordinate
      system which would permit summing the horizontal vectors to obtain the
      resultant forward thrust. Such a system would generally be quite complex
      and expensive. An approximate indicator of forward thrust is the back stay
      tension which can be measured as a scalar quantity since the back stay
      angle relative to the hull does not vary over a wide range. Thus an
      indication of back stay tension can be used, to a first approximation, as
      directly related to forward thrust.
PAR  FIG. 5 shows a simple arrangement for sensing back stay tension. Many other
      forms of sensors can be used such as strain gauges installed at the deck
      or masthead fittings for the various stays but the arrangement shown in
      FIG. 5 can be readily attached and provides a simple arrangement.
PAR  FIG. 5 shows a form of tension sensor which has a relatively rigid bow
      frame 51 with end fittings adapted to clip on and bear against the
      flexible line in which tension is to be measured. In FIG. 5 the clip-on
      fittings 52, 53 are shown attached to a backstay 54, only a portion of
      which is shown. The bow 51 is formed with an integral radial extension 55
      which extends toward and has an end fitting 56 which bears on the stay 54.
      The effective overall length of extension 55 and its end fitting 56 is
      greater than the radius of bow 51 and it thus extends beyond a straight
      line drawn between end clips 52, 53. When attached the device thus
      slightly deflects the backstay 54 and the tension in the backstay 54
      produces a force of compression in the member 55. An interposed strain
      gauge 57 senses this compressive force and a signal on lead wire 58 can be
      connected to indicating meter 36 (FIG. 3) to provide an indication related
      to forward thrust. By observing meter 36 for a maximum while adjustments
      are made the quantitative effect of such adjustments can be interpreted.
      Since the response of the strain gauge is practically instantaneous, this
      indication does not involve delay as is inherent in observing change in
      hull speed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a sailboat the method of adjusting a set of sails forming a slot
      comprising the steps of:
PA1  sensing the relative wind speed outside said slot;
PA1  sensing the wind speed in said slot;
PA1  differentially comparing the two sensed values of wind speed;
PA1  indicating the magnitude of the difference between said values
      approximately independent of incremental changes in relative wind
      velocity;
PA1  relatively adjusting the sails of said set for varying said slot to
      maximize said magnitude as an indication of maximum difference between
      said two sensed values of wind speed corresponding to maximum slot wind
      speed;
PA1  repeating the relative adjustment of said sails for successive settings of
      one of said sails;
PA1  indicating a quantity substantially instantaneously related to boat thrust;
      and
PA1  selecting the setting of said one sail which makes said quantity related to
      boat thrust a maximum in conjunction with said indication of maximum
      difference between said two sensed values of wind speed.
PATN
WKU  039358291
SRC  5
APN  4171802
APT  1
ART  315
APD  19731119
TTL  Anchoring system for a floating offshore drilling vessel
ISD  19760203
NCL  7
ECL  1
EXA  Goldstein; Stuart M.
EXP  Blix; Trygve M.
NDR  1
NFG  5
INVT
NAM  Lantz; Claude C.
CTY  Noisy-le-Roi
CNT  FR
ASSG
NAM  Forex Neptune S.A.
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19721124
APN  72.41780
CLAS
OCL  114206R
EDF  2
ICL  B63B 2150
FSC  114
FSS  206 R;230
FSC    9
FSS  8 R;8 P
UREF
PNO  2568006
ISD  19510900
NAM  Illsche
OCL  114206R
UREF
PNO  3094755
ISD  19630600
NAM  Casanave
OCL  114230
UREF
PNO  3295489
ISD  19670100
NAM  Bossa
OCL  114230
UREF
PNO  3385252
ISD  19680500
NAM  Sekkelsten
OCL  114230
UREF
PNO  3712260
ISD  19730100
NAM  Mott et al.
OCL  114230
UREF
PNO  3799097
ISD  19740300
NAM  Robertson
OCL  114206R
FREF
PNO  598,037
ISD  19480200
CNT  UK
OCL  114230
LREP
FR2  Moseley; David L.
FR2  Sherman; William R.
FR2  Moore; Stewart F.
ABST
PAL  An anchoring system for a floating drilling vessel or the like comprises a
      wire rope having one end attached to an anchor and the other end secured
      to the drilling vessel. The secured end has attached thereto a floating
      tag line with a length greater than the location water depth, making it
      possible to easily recover a wire rope that is cast-off in the event the
      vessel is required to quickly leave its location, for example, in an
      emergency.
BSUM
PAR  This invention relates to an anchoring or mooring system used to position a
      floating drilling vessel.
PAR  Floating drilling vessels (ships or semisubmersible platforms) generally
      are secured on the drilled site by a plurality of anchor lines. Each of
      the lines which may be a steel wire rope, for example, has its remote end
      attached to an anchor and its near end would around a winch that is
      mounted on the vessel. The winch makes it possible to take up and to pay
      out the line which runs over a guide or idler pulley mounted on the
      drilling unit. Each of the anchor lines must have adequate strength in
      view of design criteria for holding such a massive vessel in the face of
      wind, wave and current forces and in substantial water depths, and
      necessarily is quite large expensive. To afford an idea of the orders of
      magnitude involved, on a semisubmersible platform such as those presently
      used, each mooring line may have a diameter of 7 cm and a length of 1,700
      m, and cost, for example, about $20,000.
PAR  The anchors are generally dropped by a service vessel when the platform has
      reached the drilling location, and are weighed in the same manner when
      drilling operations are completed. Such anchor dropping and weighing
      operations are relatively long (12 hours or so in normal weather) and
      difficult if not impossible to achieve in bad weather. If, during
      drilling, the platform must quickly leave its location, for example if
      there is a danger of collision with an iceberg, which may in fact occur in
      operations off Nordic shores, or in case of violent blowout, there may be
      no time to weigh anchor by normal methods. It then becomes necessary to
      cast off the mooring lines from the platform. In order to be able
      subsequently to recover the lines, prior art systems have utilized a buoy
      that is attached by a cable or chain as near the end of the line as
      possible. When it is safe to return to the drilling location, the buoy
      serves as a marker to enable the mooring lines to be recovered.
PAR  The foregoing procedure has had certain drawbacks however. In the usual
      semisubmersible platform, the guide pulley is immersed at a point
      relatively far from the winch. Thus the buoys, which are secured when the
      platform is placed on location, are connected at a point below the guide
      pulley which is relatively far from the end of the line. After casting
      off, that part of the anchor line located between the buoy connection
      point and the free end can become tangled, thereby preventing retrieval.
      In fact, a steel wire rope has a great tendency to form loops when its end
      is free, especially if it is exposed to severe service conditions, as is
      the case with anchoring lines which sometimes bear loads near their yield
      strength. Moreover, once cast off, the lines can become tangled with each
      other.
PAR  The principle object of this invention to provide a new and improved
      anchoring system that makes it possible to avoid such difficulties and to
      save precious time in setting up the platform again after emergency
      cast-off.
PAR  This and other objects are attained in accordance with the concepts of the
      present invention through the provision of an anchoring system wherein the
      end of the mooring line opposite the anchor is attached to a floating tag
      line having a specific gravity lower than unity and a length greater than
      the depth of water at which the drilling operations are to take place. In
      this manner, when a line is cast off, the entire anchor line comes to rest
      on the ocean floor while the free end of the tag line floats on the
      surface. When the anchor line is to be retrieved, the floating tag line is
      picked up and the line is pulled by its free end, thereby minimizing the
      possible formation of loops. Preferably, the free end of the tag line is
      provided with means of identification, for example a color and/or an
      identification number.
PAR  When the drilling unit is in the anchored position, the entire floating tag
      line and at least part of the wire rope are would on the winch. The tag
      line and rope are connected by a coupling that presents a smooth exterior.
      In a preferred embodiment, the drum of the winch is divided into two
      compartments by a partition substantially perpendicular to the drum axis.
      One of the compartments makes it possible to wind substantially the entire
      tag line while the other compartment is large enough for winding the
      anchor line.
DRWD
PAR  Further features and advantages of the invention will appear from the
      following description taken in connection with the appended drawings in
      which:
PAR  FIG. 1 is a schematic view of a semisubmersible platform in the anchoring
      position;
PAR  FIG. 2 is a partial section of an anchoring line according to the
      invention;
PAR  FIG. 3 is a view of the anchoring line cast-off;
PAR  FIG. 4 is a first system for winding the anchoring line according to the
      invention; and
PAR  FIG. 5 is a second system for winding this anchoring line.
DETD
PAR  Referring to FIG. 1, a semisubmersible drilling platform 10 on which is
      mounted a derrick 11, comprises columns 12 at the lower end of which are
      provided pontoons 13 capable of being immersed to the desired depth. The
      platform is secured by means of anchoring devices 14 arranged all around
      the platform. Each anchoring device comprises a winch 15 mounted on the
      platform and on which is wound a mooring line 16. The mooring line 16,
      which runs over a guide pulley 17, carries at its end an anchor 20
      gripping the sea bottom 21.
PAR  Referring to FIG. 2, the mooring line 16 consists of a wire rope 22 one end
      of which is attached to the anchor 20 and the other end of which is
      extended by a floating tag line 23 made of a synthetic material having a
      low specific gravity, for example polypropylene. The connection 24 between
      the wire rope 22 and the tag line 23 can be achieved as shown in FIG. 2. A
      first loop 25 is made with the core of the wire rope 22. A second loop 26
      is made with the end of the tag line 23. The two loops are then joined by
      means of a shackle 27, and the assembly is covered by a flexible sheath 28
      presenting a smooth exterior to facilitate the passage of the line through
      the guide pulley 17. The free end of the floating tag line can be colored
      and assigned an identification number.
PAR  When the semisubmersible platform is in the anchored position, the entire
      tag line 23 and part of the wire rope 22 are wound on the winch 15. If, in
      case of emergency, the platform 10 must leave the drilling location, all
      the winches 15 are successively unwound to cast off the mooring lines 16.
      Almost the entire length of the wire rope 22 then lies on the ocean floor
      (FIG. 3) while the tag line 23, one end (29) of which floats, remains
      suspended almost vertically between the floor and the surface, pulled
      downward by the wire rope 22. To retrieve the mooring line 16, one need
      only pick up the floating end 29 and wind it on the drum of the winch 15.
      The colored part and the assigned number facilitate the location and
      identification of this floating end 29. By turning the winch, the wire
      rope 22 is pulled by its end and raised, thereby minimizing the
      possibility of damaging the rope.
PAR  It will be noted that the tag line 23 and the connection 24 between it and
      the rope support only relatively small forces due simply to the weight of
      the wire rope 22, the forces necessary for securing the platform on the
      drilling site being applied only to the wire rope 22. The connection 24
      can thus be designed in a simple manner, as shown for example in FIG. 2.
      Moreover, the breaking strength of the tag line, and consequently its
      diameter, can be relatively small. By way of example, in a particular case
      where the rope necessary for supporting the platform anchoring forces is a
      steel wire rope about 7 cm in diameter and about 1,500 m long with a
      breaking strength of 340 metric tons and a weight of 20 metric tons per
      km, a synthetic tag line of 44 mm diameter has been chosen with a breaking
      strength of 23 metric tons.
PAR  When the mooring line is wound on the winch 15, the tag line must not be
      crushed under the wire rope. Preference is thus given to a drum 30 (FIG.
      4) having two sides 31 and 32 and an intermediate partition 33 which
      divides the drum into two compartments 34 and 35 of different size. The
      tag line 23 is wound in the small compartment 34 and the wire rope 22 in
      the large compartment 35. It is thus possible to fit the two elements of
      the anchoring line on the drum before beginning the operations.
PAR  It is also possible to use a conventional drum 36 (FIG. 5) involving a
      slightly more complex procedure. When the anchors have been dropped, the
      wire rope 22 is completely unwound from the winch and its end is secured
      to the platform. Then the floating tag line is wound on one side of the
      drum, leaving an empty part. The tag line is then connected to the wire
      rope and a few turns of the rope are wound on the free part of the drum.
PAR  The anchoring system of the present invention can be used wherever a ship
      anchored normally at a given location must be able to leave its position
      quickly. It will of course be understood that the invention has many
      possible variants, in particular with regard to the diameter, the material
      and the breaking load of the floating tag line, which are adapted to the
      drilling unit. Such changes and modifications would not depart from the
      inventive concepts involved herein, and thus it is the aim of the appened
      claims to cover all such changes or modifications falling within the true
      spirit and scope of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An anchoring system for use in mooring a floating vessel of the type
      having an anchor line storage winch located above the surface of the
      water, comprising: an anchor line having a portion of its length including
      one end thereof wound on said storage winch, said anchor line passing from
      said winch toward the water bottom where the other end thereof is adapted
      to be secured to an anchor; a tag line wound on said winch ahead of said
      portion of said anchor line and having an inner end and an outer end; and
      coupling means for connecting said outer end of said tag line directly to
      said one end of said anchor line; said tag line being constructed of a
      material having a specific gravity less than one so as to tend to float in
      a body of water, and having a length greater than the depth of water in
      which the vessel is to be anchored so as to reach from the water bottom to
      the surface, so that when said portion of said anchor line and the said
      entire length of said tag line are wound off of said winch said anchor
      line can sink to the water bottom with said tag line extending from said
      one end to the water surface; said winch including a drum divided into two
      compartments along its axis of rotation by a partition substantially
      perpendicular to the said axis, one of said compartments receiving only
      said tag line and the other of said compartments receiving only said
      portion of said anchor line.
NUM  2.
PAR  2. The system of claim 1 wherein the said tag line is made of synthetic
      material.
NUM  3.
PAR  3. The system of claim 1 further including a sheath covering said coupling
      means to present a substantially smooth exterior surface.
NUM  4.
PAR  4. The system of claim 1 wherein the said inner end of the said tag line is
      provided with means for identifying the anchor line to which it is
      connected.
NUM  5.
PAR  5. The system of claim 4 wherein said means of identification is a color.
NUM  6.
PAR  6. The system of claim 4 wherein said means of identification is a number.
NUM  7.
PAR  7. The system of claim 1 wherein said one compartment is dimensioned such
      that it is substantially filled by said entire length of the said tag
      line.
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ABST
PAL  A pair of brackets movably attached to a rail defining a pulpit at the bow
      of a boat for removably securing at the bow an anchor of the pivoting
      fluke type, the anchor having a pair of flukes connected to a rod which
      extends beyond the flukes, each of the brackets having a structure for
      securing it to the rail and each having apparatus for removably securing
      the anchor at the opposite ends of the rod.
BSUM
PAC  SUMMARY BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus for removably securing an anchor
      of the pivoting fluke type to the bow pulpit of a boat.
PAR  A pivoting fluke type anchor (often referred to as a Danforth anchor) is a
      commonly used anchor on small and medium sized sail boats and power boats.
      On sail boats where there is a limitation on space, storage of the anchor
      has been a problem. While deck mountings have been utilized to fix the
      anchor during non use, it may be difficult to find a portion of the deck
      near the bow for location of such mounting. One such mounting is shown in
      the United States Patent to R. D. Ogg et al, U.S Pat. No. 2,705,467 issued
      Apr. 5, 1955. Note that a pivoting fluke (Danforth) type anchor is
      illustrated in FIG. 1 of that patent and reference to other patents
      dealing with similar anchor structures is made in the patent, all of which
      are adopted herein by reference.
PAR  In many sail boats there is a rail at the bow of the boat defining a
      pulpit. The rail provides support for the sailor when he is required to
      perform various tasks at the bow. In the present invention, a pair of
      brackets have been provided which can be movably secured to the pulpit
      rail whereby the pivoting fluke type (Danforth) anchor can be removably
      secured at a location outboard of the boat. With this structure the anchor
      is still readily accessible when needed and yet is located off of the deck
      and is out from underfoot. Therefore, it is an object of the present
      invention to provide apparatus for securing a pivoting fluke type anchor
      to the pulpit rail of a boat.
PAR  The pulpit rails for different boats will vary in configuration. The
      mounting brackets of the present invention are designed such that they can
      be adjusted to accommodate a large variety of rail shapes. Therefore, it
      is another object of the present invention to provide a mounting bracket
      of the above described type which is readily adjustable to accommodate
      different rail shapes.
PAR  It is another general object to provide an improved mounting for an anchor
      of the pivoting fluke type.
DRWD
PAR  Other objects, features, and advantages of the present invention will
      become apparent from the subsequent description and the appended claims,
      taken in conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a fragmentary pictorial view of the bow pulpit with the brackets
      of the present invention mounted on the pulpit rail and securing a
      pivoting fluke type anchor thereto;
PAR  FIG. 2 is a pictorial view of one of the brackets;
PAR  FIG. 3 is a pictorial view of the other of the brackets;
PAR  FIG. 4 is a fragmentary view showing another form of assembly utilizing a
      split sleeve between the bracket and the pulpit rail; and
PAR  FIG. 5 is a fragmentary view of an additional bracket to tie down the shank
      of the anchor.
DETD
PAR  Looking now to FIGS. 1-3, a boat 10 (partially shown) haas a bow 12. A rail
      assembly 14 is secured to the bow 12 and defines what is commonly referred
      to as "the bow pulpit." The rail assembly 14 can be in a variety of
      configurations and in the form shown in FIG. 1 has a curved upper rail 16
      and a pair of vertical support rails 18.
PAR  The pulpit rail 14 normally serves as a guardrail for the sailor working at
      the bow 12. In the present invention, the pulpit rail 14 is also used to
      hold the anchor during non-use. Thus in FIGS. 1-3 a pivoting fluke type
      anchor 20 is shown. Anchor 20 includes a pair of flukes 22 attached to a
      rod or stock 24; a crown plate assembly 26 is secured to the rear of
      flukes 22 and at the rod 24. A shank 27 is hingedly connected at its
      rearward end to the rod or stock 24 between the sides of the crow plate
      assembly 26. The forward end of shank 27 is provided with suitable means
      28 for attachment to a cable 30.
PAR  A pair of support brackets 32 andd 34 are movably secured to the upper rail
      16 and serve to hold the anchor 20 in a position off of the deck and
      generally outboard of the boat 10.
PAR  Bracket 32 is of a one piece structure made of a resilient, deformable
      material such as steel. The bracket 32 can be made from steel strap and is
      formed with a clamping portion 36 at its inner end. Clamping portion 36 is
      formed into a generally circular shape terminating in a flat portion 38.
      The clamping portion 36 has a circular contour similar to the upper rail
      16 and hence will snugly receive the rail 16. A pair of aligned openings
      40 and 42 are located in the flat portion 38 and the confronting flat
      portion 44 below and are adapted to receive a bolt 46; a nut and washer
      assembly 48 can be located on the bolt 46 and the clamping portion 36
      tightened to securely clamp the bracket 32 at the desired location along
      the upper rail 16.
PAR  The opposite or forward end portion 54 of the bracket 32 is provided with
      an opening 50 which is adapted to receive the end of the anchor rod 24. In
      order to support the anchor 20 with rod 24 somewhat horizontal (as shown
      in the drawings) it is required that the axis of the opening 50 be
      generally in spaced parallelism with the axis of the generally circular
      clamping portion 36. This is accomplished by permanently twisting the
      bracket 32 approximately 90.degree. at a selected location 52 whereby the
      plane of the forward portion 54 (with opening 50) of bracket 32 extends
      generally centrally from and transversely to the plane of the rearward
      portion, i.e., portions 38 and 44.
PAR  The bracket 34 is similar to bracket 32 and hence like components have been
      given like numbers with the addition of a prime. The forward portion 54'
      of bracket 34, however, is different from portion 54 of bracket 32 and is
      formed with an arcuately extending slot 51. Slot 51 is of a size to
      receive the opposite end of the anchor rod 24. A locking plate 56 is
      pivotally secured to the flat portion 54' at a location such that it can
      be pivoted into and out of the entrance to slot 51.
PAR  In use then, the anchor 20 can be mounted first by locating the one end of
      the anchor rod 24 in the opening 50. Opening 50 is oversize sufficiently
      to permit some angulation of the anchor 20 during assembly. Next the
      locking plate 56 is pivoted away from the entrance to slot 51 and the
      opposite end of the anchor rod 24 is located therein. The locking plate 56
      is then pivoted to its closed position. The plate 56 has a cam portion 58
      which is located to engage the rod 24. As the rod 24 is moved, i.e., as a
      result of vibration, etc., in a direction out from the slot 51, it will
      engage the cam surface 58 which will tend to pivot the locking plate 56
      closed. This self locking feature prevents the anchor 20 from being
      dislodged inadvertently. To remove the anchor 20, the locking plate 56 is
      first pivoted out from the entrance to slot 51 and then the anchor rod 24
      can be removed from the slot 51 and opening 50.
PAR  Because of the shape and curvature of rails, such as upper rail 16, vary,
      the brackets 32 and 34 are constructed to accommodate these variations.
      Firstly, it has already been shown that the relative spacing between
      brackets 32 and 34 can be readily adjusted to fit different anchor sizes.
      In addition, it is important that the axis of opening 50 and that of the
      slot 51 be aligned. The curvature of the rail 16, however, might be such
      as to cause the planes of the flat portions 54 and 54' to diverge in what
      would be a horizontal direction in FIGS. 1-3. This divergence can be
      easily corrected by simply bending the flat portions 54 and 54' towards
      each other in the direction of arrows A (displaced position shown in
      phantom in FIG. 3). The twisted portions 52, 52' facilitate the bending.
PAR  There could also be a divergence of the planes of portions 54 and 54' in
      what would be a vertical direction in FIGS. 1-3. This can be easily
      corrected by simply twisting, or untwisting portions 54 and 54' in the
      direction of arrows B (displaced position shown in phantom in FIG. 2)
      about their respective twisted portions 52 and 52' until the axes of
      opening 50 and slot 51 are aligned.
PAR  Thus the brackets 32 and 34 are of a simple construction and are readily
      adaptible to accommodate different anchor sizes and various shaped and
      contoured railings.
PAR  A modified form of the invention is shown in FIG. 4. In the discussion of
      FIG. 4 components similar to like components in FIGS. 1-3 have been given
      the same numerical designation with the addition of the letter postscript
      a. In FIG. 4 a split ring 60 of an elastomeric or otherwise flexible
      non-metallic material is located in the circular clamping portion 36a. The
      use of the flexible ring 60 can prevent corrosion, i.e., frettage from
      metal to metal contact, etc., and also will permit the accommodation of a
      greater variation in rail shape and size.
PAR  In the embodiment of FIGS. 1-3 the shank 27 can be permitted to stand
      freely or could be tied via cable 30. In the embodiment of FIG. 5, the
      forward end of shank 27 is secured to a bracket 62 mounted on the deck.
      The bracket 62 is U-shaped and has attached an elastomeric strap 64 which
      holds the shank 27 secure. Again in FIG. 5 components similar to like
      components in FIG. 1-3 are given the same numerical designation with the
      addition of the letter b postscript.
PAR  While it will be apparent that the preferred embodiments of the invention
      disclosed are well calculated to fulfill the objects above stated, it will
      be appreciated that the invention is susceptible to modification,
      variation and change without departing from the proper scope or fair
      meaning of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a boat having a railing mounted thereon, apparatus for mounting a
      pivoting fluke type anchor where the anchor includes a pair of flukes
      connected to a rod with each end of the rod extending beyond the flukes
      and including an elongated shank and means pivotally connecting the shank
      to the rod and flukes, said apparatus comprising: first holding means for
      removably supporting the anchor at one end of the rod and flukes, second
      holding means for removably supporting the anchor at the opposite end of
      the rod and flukes, and securing means for securing said first and second
      holding means to the rail, said securing means including first and second
      securing means for independently securing said first and second holding
      means to the rail at movably selected positions relative to each other.
NUM  2.
PAR  2. In a boat having a railing mounted thereon, apparatus for mounting a
      pivoting fluke type anchor where the anchor includes a pair of flukes
      connected to a rod with each end of the rod extending beyond the flukes
      and including an elongated shank and means pivotally connecting the shank
      to the rod and flukes, said apparatus comprising: first holding means for
      removably supporting the anchor at one end of the rod and flukes, second
      holding means for removably supporting the anchor at the opposite end of
      the rod and flukes, and securing means for securing said first and second
      holding means to the rail, said first holding means including a first
      opening adapted to receive the one end of the rod and with said second
      holding means including a second opening separate from said first opening
      and adapted to receive the other end of the rod, said first and second
      holding means including means for locking the rod within said first and
      second openings.
NUM  3.
PAR  3. The apparatus of claim 2 with said first holding means comprising first
      ajustment means for selectively adjusting the position of said first
      opening and said second holding means comprising second adjustment means
      for selectively adjusting the position of said second opening whereby said
      first and second openings can be located in axial alignment with each
      other.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said securing means including first and
      second securing means for independently securing said first and second
      holding means to the rail at movably selected positions relative to each
      other.
NUM  5.
PAR  5. In a boat having a railing mounted thereon, apparatus for mounting a
      pivoting fluke type anchor where the anchor includes a pair of flukes
      connected to a rod with each end of the rod extending beyond the flukes
      and including an elongated shank and means pivotally connecting the shank
      to the rod and flukes, said apparatus comprising: first holding means for
      removably supporting the anchor at one end of the rod and flukes, second
      holding means for removably supporting the anchor at the opposite end of
      the rod and flukes, and securing means for securing said first and second
      holding means to the rail, said first holding means comprising a first
      bracket, said securing means comprising a first clamp assembly located at
      one end of said first bracket and including a generally circular first
      clamp portion adapted to clampingly engage the rail at a selected
      location, said first bracket having a first opening located at its
      opposite end with the axis of said first opening being approximately in
      spaced parallelism relative to the axis of said first circular clamp
      portion, said first opening adapted to receive the one end of the rod,
      said first holding means including means for locking the one end of the
      rod within said first opening.
NUM  6.
PAR  6. The apparatus of claim 5 with said first bracket including first
      adjustment means selectively operable for varying the position of the axis
      of said first opening relative to the axis of said first circular clamp
      portion.
NUM  7.
PAR  7. The apparatus of claim 6 with said second holding means comprising a
      second bracket, said securing means comprising a second clamp assembly
      located at one end of said second bracket and including a generally
      circular second clamp portion adapted to clampingly engage the rail at a
      selected location, said second bracket having a second opening located at
      its opposite end with the axis of said second opening being approximately
      in spaced parallelism relative to the axis of said second circular clamp
      portion said second opening adapted to receive the opposite end of the
      rod.
NUM  8.
PAR  8. The apparatus of claim 7 with said second bracket including second
      adjustment means selectively operable for varying the position of the axis
      of said second opening relative to the axis of said second circular clamp
      portion.
NUM  9.
PAR  9. The apparatus of claim 8 with said first opening being a slot, said
      locking means including releaseable locking plate means actuable for
      locking the one end of the rod in said slot.
NUM  10.
PAR  10. The apparatus of claim 8 with said first and second brackets being made
      of a resilient, selectively deformable material, said first and second
      adjustment means including first and second twisted portions,
      respectively, located intermediate the ends of said first and second
      brackets, respectively.
NUM  11.
PAR  11. In a boat having a deck and a railing mounted thereon, apparatus for
      mounting a pivoting fluke type anchor where the anchor includes a pair of
      flukes connected to a rod with each end of the rod extending beyond the
      flukes and including an elongated shank and means pivotally connecting the
      shank to the rod and flukes, said apparatus comprising: a first bracket
      made of a resilient, selectively deformable material, said first bracket
      including at one end a generally circular first clamp portion adapted to
      receive the rail, said first bracket including a first opening located at
      its opposite end with the axis of said first opening being approximately
      in spaced parallelism relative to the axis of said first circular clamp
      portion, said first bracket being constructed from a single, unitary strip
      of flat sheet-like stock with said first circular clamp portion being
      formed along the flat, said first bracket having a first twisted portion
      intermediate its ends twisted approximately 90.degree. whereby the above
      defined axial relationship between said first opening and said first
      circular clamp portion is provided.
NUM  12.
PAR  12. The apparatus of claim 11 with said apparatus comprising a second
      bracket made of a resilient, selectively deformable material, said second
      bracket including at one end a generally circular second clamp portion
      adapted to receive the rail, said second bracket including a second
      opening located at its opposite end with the axis of said first opening
      being approximately in spaced parallelism relative to the axis of said
      second circular clamp portion, said second bracket being constructed from
      a single, unitary strip of flat, sheet-like stock and said second circular
      clamp portion being formed along the flat, said second bracket having a
      second twisted portion intermediate to ends twisted approximately
      90.degree. whereby the above defined axial relationship between said
      second opening and said second circular clamp portion is provided.
NUM  13.
PAR  13. The apparatus of claim 12 with said first and second openings being
      locatable in axial alignment with each other by rotation of said openings
      through twisting of said first and second twisted portions.
NUM  14.
PAR  14. The apparatus of claim 13 with said first and second openings being
      locatable in axial alignment with each other by bending said first and
      second brackets between said first and second twisted portions,
      respectively, and said first and second openings, respectively.
NUM  15.
PAR  15. The apparatus of claim 11 further comprising an elastomeric split
      sleeve located in said first circular clamp portion.
NUM  16.
PAR  16. The apparatus of claim 11 with said first opening being a slot, said
      first bracket including releaseable locking plate means actuable for
      locking one end of the rod in said slot.
NUM  17.
PAR  17. In a boat having a deck and having a pivoting fluke type anchor where
      the anchor includes a pair of flukes connected to a rod with each end of
      the rod extending beyond the flukes and including an elongated shank and
      means pivotally connecting the shank to the rod and flukes, the
      combination comprising: a railing mounted on the deck, a first bracket
      made of a resilient, selectively deformable material, said first bracket
      including at one end a generally circular first clamp portion adapted to
      receive the rail, said first bracket including a first opening located at
      its opposite end with the axis of said first opening being approximately
      in spaced parallelism relative to the axis of said first circular clamp
      portion, said first bracket being constructed from a single, unitary strip
      of flat sheet-like stock with said first circular clamp portion being
      formed along the flat, said first bracket having a first twisted portion
      intermediate its ends twisted approximately 90.degree. whereby the above
      defined axial relationship between said first opening and said first
      circular clamp portion is provided.
NUM  18.
PAR  18. The combination of claim 17 further comprising: a second bracket made
      of a resilient, selectively deformable material, said second bracket
      including at one end a generally circular second clamp portion adapted to
      receive the rail, said second bracket including a second opening located
      at its opposite end with axis of said first opening being approximately in
      spaced parallelism relative to the axis of said second circular clamp
      portion, said second bracket being constructed from a single, unitary
      strip of flat, sheet-like stock and said second circular clamp portion
      being formed along the flat, said second bracket having a second twisted
      portion intermediate its ends twisted approximately 90.degree. whereby the
      above defined axial relationship between said second opening and said
      second circular clamp portion is provided.
NUM  19.
PAR  19. The combination of claim 18 with said first and second openings being
      locatable in axial alignment with each other by rotation of said openings
      through twisting of said first and second twisted portions, with said
      first and second openings being locatable in axial alignment with each
      other by bending said first and second brackets between said first and
      second twisted portions, respectively, and said first and second openings,
      respectively.
NUM  20.
PAR  20. The apparatus of claim 18 with said first opening being a slot, said
      first bracket including releaseable locking plate means actuable for
      locking one end of the rod in said slot.
NUM  21.
PAR  21. The combination of claim 18 including channel means secured to the deck
      and adapted to receive the shank of the anchor.
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ABST
PAL  Apparatus for connecting a pusher boat and a barge in which the bow of the
      pusher boat is received in a notch formed in the stern portion of the
      barge, and movable connecting pins mounted on both sides of the bow of the
      pusher boat are inserted into vertical channels formed within the notch so
      that convexities formed at the outer end portions of the connecting pins
      may engage concavities formed within the channels, thereby the pusher boat
      and the barge being easily and firmly connected.
BSUM
PAR  This invention relates to a means of connecting a pusher boat and a barge.
PAR  Barges are very widely used for the transportation of bulky freight on
      rivers, canals and lakes or in harbours. There are two conventional
      methods to move the barges, one being to tow by a tug boat and the other
      being to push by a pusher boat. The present invention relates to the
      latter case in which the barge is pushed by a pusher boat where said barge
      is connected with the pusher boat to form a pusher-barge combination
      system. More particularly, the invention relates to an improved
      pusher-barge combination system with excellent performance.
PAR  The method of connecting the pusher boat and the barge by means of ropes
      has widely been employed. In this method, however, the stern portion of
      the barge and the bow portion of the pusher boat come into contact with
      each other, and vertical relative sliding of said portions cannot be
      avoided. This relative sliding of two watercraft causes heavy wear and
      tear of the buffer means provided between them. Furthermore, when the
      positions of fixing ropes are not properly selected, the connecting ropes
      are often subject to undue and excessive tension owing to relative
      pitching and yawing motions between these two watercraft, and the
      difficulties of navigations in a heavy seaway by such rope-connected
      pusher-barge combination systems are principally due to the
      above-mentioned disadvantages.
PAR  Accordingly, the present invention is proposed in order to solve the
      above-mentioned problems, and its principal object is to provide an
      improved means of connecting a pusher boat and a barge in which the
      connecting work can be readily and easily carried out irrespective of the
      draft relationship between two watercraft, and any undue stress within the
      connecting means can be eliminated so as to prevent damages to its
      structural members.
PAR  Another object of the present invention is to propose additionally an
      improved connecting means in which undue influences of inevitable
      deformations and bad accuracy of the hull structure constructed by
      electric arc welding can be completely eliminated.
PAR  Pursuant to the above objects of the invention, the means of connecting a
      pusher boat and a barge is constructed as follows; that is, the stern
      portion of the barge is provided with a notch or well, into which the bow
      portion of the pusher boat can be received with some suitable clearance
      being left around said bow portion. Each side of said notch is provided
      with a vertical channel opened towards the notch and composed of a bottom
      wall and two side walls, the latter of which being placed adjacent to the
      opening or entrance of the channel and provided with horizontal
      concavities extending from the entrance of said notch to said bottom wall
      and stepwise arranged from top to bottom on said side walls in such a
      manner that two concavities provided at the same height on the opposite
      side walls may form a pair of concavities.
PAR  On the other hand, both sides of the bow portion of the pusher boat are
      provided with hydraulically operated connecting pins, respectively, which
      can rotate relative to said pusher boat. The outer free end of each of
      said connecting pins has two convexities, on the forward and after side of
      said connecting pin, so shaped as to automatically select and tightly
      engage with one of said pairs of concavities when said connecting pin is
      hydraulically extended and its outer free end is forcibly inserted into
      said channel. Thus, said two watercraft can be firmly connected by the
      engagement of said connecting pins and said vertical channels.
PAR  Furthermore, when the pusher boat and the barge are constructed by welding
      and they are so large that bad influences of inevitable geometrical
      inaccuracies such as deformations of structure and misalignment due to
      welding cannot be neglected, special care must be paid to the tight
      contact between said convexities of said connecting pins and the surfaces
      of said concavities of channels; otherwise damages may be expected due to
      enormous forces transmitted by these structural members of the connecting
      means. In such cases, the connecting pin is to have a spherical head, over
      which a helmet is tightly mounted in such a manner as to turn to any
      direction within a small range necessary in the practical applications.
      Said helment has two convexities similar to those on the connecting pin
      explained above, which are to engage with a pair of concavities when said
      connecting pin is hydraulically extended out. The spherical mounting of
      said helmet can accommodate said helmet to probable geometrical
      inaccuracies due to welding and realize a very firm and reliable
      connection without any undue stress arising in any portion of the means of
      connection.
PAR  Between the pusher boat and the barge connected with each other by thus
      constructed connecting means, there exists only relative pitching motion,
      and other relative motions such as rolling, yawing, heaving, drifting and
      surging are not permitted. Further, the displacement of the pusher boat is
      generally one tenth or less of the full load displacement of the barge, so
      that all motions of the pusher boat other than pitching thereof will
      follow the motions of the barge and, therefore, the overall motion of the
      pusher boat becomes gentle, and the operation and control of the pusher
      boat can be made much easy. Still further, the construction of the
      connecting means, more particularly, firm connection due to engagement of
      said convexities of the connecting pin or the helmet mounted thereon and
      said concavities stepwise arranged in the vertical channel can be readily
      formed in any draft relationship.
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PAR  Other and further objects and features of the invention will become more
      apparent upon the understanding of the illustrative embodiments about to
      be described or will be indicated in the appended claims and various
      advantages not referred to herein will occur to one skilled in the art
      upon employment of the invention in practice. Two embodiments are shown in
      the drawings, in which same parts are indicated by same numerals. In the
      drawings:
PAR  FIG. 1 is a schematic plan view of one embodiment of the present invention
      before connection;
PAR  FIG. 2 is a vertical sectional view of the embodiment taken along the line
      II -- II in FIG. 1;
PAR  FIG. 3 is a plan view of said embodiment after connection;
PAR  FIG. 4 is a horizontal sectional view showing the manner of engagement of
      the connecting pin and the channel of said embodiment;
PAR  FIG. 5 is a vertical sectional view, taken along the line V -- V in FIG. 4,
      showing the manner of engagement of the connecting pin with convexities
      and the channel with concavities of said embodiment;
PAR  FIG. 6 is a schematic plan view of the outer end portion of said connecting
      pin of said embodiment;
PAR  FIG. 7 is a vertical sectional view, taken along the line VII -- VII in
      FIG. 6;
PAR  FIG. 8 is a schematic plan view of another embodiment of the present
      invention after connection;
PAR  FIG. 9 is a vertical sectional view of said embodiment of FIG. 8 before
      connection; and
PAR  FIG. 10 is a vertical sectional view, taken along the line X -- X in FIG.
      8, of the outer end portion of the connecting pin and the channel of said
      embodiment.
DETD
PAR  Referring now to FIGS. 1 to 7 showing the first embodiment of the present
      invention, the barge 1 is provided with a notch or well 2 at its stern or
      rear portion for receiving the bow 4 of the pusher boat 3. The
      configuration and size of said notch 2 is such that, when the pusher boat
      3 is connected to the barge 1, a proper clearance may be left between the
      bow 4 of the pusher boat 3 and said notch 2 of the barge 1. Each side of
      the inner wall of said notch 2 is provided with a vertically extending
      channel 5 opening towards the inside of the notch 2 and having preferably
      a trapezial cross-section consisting of two side walls 6 and 8 adjacent to
      the inner wall of said notch 2 and a bottom wall. Said two side walls 6
      and 8 placed opposite to each other with the opening or entrance of said
      channel 5 in between have concavities 7, 7', 7", . . . and 9, 9', 9", . .
      . , respectively, which are horizontally extending from the entrance of
      said channel 5 to its bottom wall and stepwise arranged from top to bottom
      approximately at an equidistance apart in such a manner that each of the
      concavities on the side wall 6 may be at a same height as any of
      concavities on another side wall 8, so as to form a pair of concavities.
      For example, two concavities 7 and 9 are placed at a same height so as to
      form a pair. A pair of said channel 5 on both sides of the inner wall of
      the notch 2, having side walls 6 and 8 provided with series of concavities
      7, 7', 7", . . . and 9, 9', 9", . . . , respectively, forms a
      tooth-engagement portion for receiving and fixing, at any vertical
      position, the outer ends of respective connecting pins extended from both
      sides of the bow 4 of the pusher boat 3, which will be explained further
      hereinafter.
PAR  Each side of the bow 4 of the pusher boat 3 is provided with a cylindrical
      connecting pin 11 which is supported by and slides along a long bearing 10
      transversely placed symmetrically with respect to the ship's centerline
      and fixed to the hull. The outboard end 12 of this connecting pin 11 is so
      shaped as to stop at a pre-determined depth and come into tight contact
      with any of pairs of concavities 7 and 9, 7' and 9' , etc., of the channel
      5, when it is inserted into the channel 5. For example, when said channel
      5 has a trapezial cross-section and each concavity has an isosceles
      triangular shape, as shown in FIGS. 4 and 5, the outboard end 12 of the
      connecting pin 11 has, on its forward and after sides, respectively,
      convexities 13 and 14 of isosceles triangular cross-section having an apex
      angle same as that of the concavities 7, 9, etc., and also is tapered
      towards the end of said connecting pin 11 to correspond to the trapezial
      cross-section of the channel 5. The outer ends of said convexities 13 and
      14 are fairly tapered so as to easily enter into the concavities 7 and 9,
      7' and 9', etc. Said connecting pin 11 can be forced out and retracted in
      by means of a hydraulic power means, such as hydraulic cylinder 15 or the
      like, and it can also be maintained, at the outermost position, under
      outward force kept by hydraulic pressure led from a pump, a pressure
      accumulator or the like (not indicated in Figures) through a pilot check
      valve (not indicated in Figures), which can prevent the connecting pin 11
      being pushed back into the hull by enormous external forces.
PAR  Next, the functions and operations of the connecting means of the present
      invention explained in relation to the above embodiment will be disclosed.
PAR  Before the pusher boat 3 is connected to the barge 1, the connecting pin 11
      contained in the bearing 10 is retracted into the hull of the pusher boat
      3 as shown on FIGS. 1 and 2. In this position, the outer end portion 12 of
      the connecting pin 11 is entirely retracted into the hull of the pusher
      boat 3, so that the bow of the pusher boat 3 can be easily inserted into
      said notch 2 of the barge 1. At the same time, the position of the
      connecting pins 11 is brought into line with the above-mentioned channels
      5 by operating the pusher boat 3, and, immediately after this
      pre-positioning is finished, the hydraulic cylinders 15 are actuated to
      move outwards the connecting pins 11, whereby the convexities 13 and 14,
      with their fairly tapered ends, at the outboard end 12 of the connecting
      pin 11 will automatically select any one pair from among the pairs of
      concavities 7 and 9, 7' and 9', . . . , which is placed approximately at
      the same height as the connecting pin 11, and smoothly enter into it.
      After the outward movement of the connecting pin 11 is stopped, the
      pressure in said hydraulic cylinders 15 is kept as it is by a pump, a
      pressure accumulator or the like and, thus, the connection work between
      the barge 1 and the pusher boat 3 is completed as shown in FIG. 3.
PAR  When two watercraft are connected in the above-mentioned manner, no
      relative rotation between the barge and the connecting pins 11 is possible
      and relative rotations corresponding to the relative pitching between two
      watercraft is caused between the connecting pins 11 and the hull of the
      pusher boat 3. Therefore, in order to allow this relative motion, the
      inboard ends of said connecting pins 11 are connected to the force
      transmitting pieces 16 of the hydraulic power means such as hydraulic
      cylinders 15, respectively, by means of proper coupling members 17 which
      permit free relative rotational motions. Thereby, relative pitching of two
      watercraft can be permitted without causing any trouble or disorder.
      Further, the pairs of concavities are stepwise arranged vertically along
      the channels 5 over a necessary range corresponding to the range of
      variation of draft and the outboard ends 12 of the connecting pins 11 can
      automatically select and enter into, dependent on the existing draft
      relationship, any one pair of concavities which is placed approximately at
      the same height as the connecting pins 11. Therefore, draft adjustment is
      not necessary before connection by the connecting means of this invention.
PAR  As disclosed in the above explanations, the first embodiment of the present
      invention can connect the pusher boat and the barge without adjusting
      previously the draft relationship and assure excellent seaworthiness in a
      rough seaway through eliminating all relative motions other than relative
      pitching of two interconnected watercraft. For assuring such free relative
      pitching, however, each of pairs of concavities 7 and 9, 7' and 9', etc.,
      must be in perfect alignment with the corresponding pair of concavities on
      the other side. And besides, no relative inclination is permitted when two
      watercraft are connected with each other. As the connecting means of this
      invention serves as a means of transmitting forces between two watercraft,
      the above-mentioned perfect alignment and extremely high geometrical
      accuracy is indispensable. Particularly in a combination of larger pusher
      boat and barge, such forces transmitted by the connecting means are so
      large as to cause damages to the connecting means if the above-mentioned
      perfect alignment and high geometrical accuracy can not be assured. In the
      actual building processes for barges and pusher boats which are
      constructed by electric arc welding, however, such perfect alignment and
      extremely high geometrical accuracy as are required above can hardly be
      realized. Also it is hardly possible to eliminate relative inclinations
      between two watercraft. Therefore, it is very desirable that a connecting
      means may have such a nature as to accommodate itself to above-mentioned
      inevitable misalignment and geometrical inaccuracy and realize a most
      reliable connection, and it is the reason why the second embodiment of the
      present invention is further proposed and explained hereinafter with
      particular reference to FIGS. 8 to 10. In the following descriptions
      relating to the second embodiment, same numerals may be used for items
      common to both first and second embodiments.
PAR  In said figures, the connecting pin 18 contained in and supported by a
      bearing 10 provided on each side of the pusher boat 3 has an outboard end
      portion shaped as a spherical head 20 with a contracted neck portion 19,
      and a helmet 21 with spherical inside surface is mounted over said
      spherical head 20 so as to fit on the latter with least clearance. Said
      spherical inside surface is partly formed, in the opening portion where
      the spherical head portion of the connecting pin 18 enters therein, of a
      gland 22, which has an opening 23 of a diameter greater than that of said
      neck portion 19 and smaller than that of the spherical head 20 so that
      said helmet 21 can turn to any direction within the range limited by the
      correlation of diameters of said neck portion 19 and said opening 23. As
      is indicated in FIG. 10 showing cross-section, the helmet 21 has, on the
      forward and after sides of its outer surface, convexities 24 and 25,
      respectively, so shaped as to enter into any one of pairs of concavities 7
      and 9, 7' and 9', etc., and come into tight contact therewith at the
      pre-determined depth. The outboard ends of these convexities 24 and 25 are
      fairly tapered in order to easily enter into the pair of said concavities.
      Besides, the helmet 21 is kept approximately in the horizontal position by
      a coil spring 28 provided between the end surface 27 of the connecting pin
      18 and the back surface 26 of said helmet 21. Said helmet 21 and said
      convexities 24 and 25 thereon may preferably be so sized that they, as a
      whole, may be retracted into the bearing 10 when the connecting pin 18 is
      retracted by the action of the hydraulic cylinder 15.
PAR  Now, the functions and operations of the connecting means according to the
      second embodiment will be disclosed in the following.
PAR  Before connection, the connecting pin 18 contained in the bearing 10 is
      retracted into the hull of the pusher boat 3 as shown in FIG. 9. In this
      position, the connecting pin 21, together with the helmet 21 mounted on
      its outboard end, is entirely retracted into the hull of the pusher boat
      3, so that the bow 4 of said pusher boat 3 can be easily inserted into
      said notch 2 of said barge 1. Then, the position of the connecting pins 18
      is brought into line with the channels 5 and, at the same time, the
      helmets 21 are adjusted so that the convexities 24 and 25 may be
      approximately in a horizontal plane. Immediately after this preparation is
      finished, the hydraulic cylinders 15 are actuated to push out the
      connecting pins 18, whereby the convexities 24 and 25, with their fairly
      tapered ends, of the helmet 21 mounted at the outboard end of said
      connecting pin 18 will automatically select any one pair from among the
      pairs of concavities 7 and 9, 7' and 9', . . . , which is placed
      approximately at the same height as said connecting pin 18, and smoothly
      enter into it, whereby said helmet 21 will automatically adjust itself to
      any probable misalignment of said channel 5 and/or said pair of
      concavities thereof by turning itself around the spherical head 20 so that
      the convexities 24 and 25 may come into tight contact, without undue
      strain, with the surfaces of corresponding concavities. After the outward
      movement of the connecting pins 18 is stopped, the pressure in said
      hydraulic cylinders 15 is kept as it is by a pump, a pressure accumulator
      or the like and, thus, the connection work between the barge 1 and the
      pusher boat 3 is completed as shown in FIG. 8. Freely rotatable connection
      of the inboard ends of the connecting pins 18 and the ends of the force
      transmitting pieces 16 of the hydraulic cylinders 15 is similar to that of
      the first embodiment.
PAR  It is to be noted that the pusher boat and the barge can be effectively and
      reliably connected by using the connecting means of the present invention,
      which, in addition, can accommodate itself to any probable misalignment
      and/or geometrical inaccuracy inevitable in welded constructions, and also
      to slight relative inclinations between two watercraft, and the
      construction, characteristics and functions of this connecting means may
      be fully understood from the description of the embodiments in the above.
PAR  It should be emphasized, however, that the specific embodiments described
      and shown herein are intended as merely illustrative and in no way
      restrictive of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A means of connecting a pusher boat and a barge comprising:
PA1  a. a notch open rearwards, formed in the stern portion of said barge and
      sized and shaped to receive the bow portion of said pusher boat;
PA1  b. two vertically elongated channels formed within the wall of said notch,
      open toward said notch and facing each other transversely of the
      centerline of said barge;
PA1  c. concavities stepwise arranged from top to bottom on two side walls,
      opposite to each other and adjacent to said wall of said notch, of each of
      said channel in such a manner that any of said concavities on one of said
      side walls may have a corresponding concavity located at the same height
      on the other side wall, and horizontally elongated from the entrance to
      the bottom of said notch;
PA1  d. two transversely elongated connecting pins mounted on said bow portion
      of said pusher boat and having two convexities, shaped to correspond to
      and engage said concavities, on the foward and after sides of the outer
      end portion of each of said connecting pins;
PA1  e. pressure-fluid-operated actuating means for moving said connecting pins
      in respective, opposite directions between retracted positions outside
      said channels and inserted positions in said channels respectively while
      said bow portion is received in said notch.
NUM  2.
PAR  2. A means of connecting a pusher boat and a barge as set forth in claim 1,
      wherein the outer end portion of each of said connecting pins is shaped as
      a spherical head with a contracted neck portion and a helmet with two
      convexities shaped to correspond to and engage said concavities on the
      forward and after sides thereof is rotatably mounted on said spherical
      head.
NUM  3.
PAR  3. A means of connecting a pusher boat and a barge as set forth in claim 1,
      wherein said channels decrease in width away from said notch in a
      horizontal plane.
NUM  4.
PAR  4. A means of connecting a pusher boat and a barge as set forth in claim 1,
      wherein said channels are of trapezial cross-section in a horizontal
      plane.
NUM  5.
PAR  5. A means of connecting a pusher boat and a barge as set forth in claim 1,
      wherein each of said concavities is of triangular cross-section in a
      vertical plane.
NUM  6.
PAR  6. A means of connecting a pusher boat and a barge as set forth in claim 1,
      wherein said actuating means can forcibly hold said connecting pins in
      inserted positions in said concavities so that said convexities may be
      kept in tight contact with said concavities.
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ABST
PAL  The combination of a snowmobile and a watertight hull with propeller drive
      shaft wherein the snowmobile has a drive shaft which includes
      telescopically extensible section on both ends of which universal joints
      are provided so that the snowmobile drive shaft can be readily
      disconnected from its traction tread and connected to the propeller drive
      shaft of said hull.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to self-propelled vehicles for operation on the
      water and which can be readily converted to traverse snow-covered land
      surfaces. This vehicle is adapted to be converted to snowmobile use when
      not used as a water craft.
PAR  2. Description of the Prior Art
PAR  Self-propelled water vehicles which are adapted to be converted to
      snowmobiles are known and available to the public. U.S. Pat. No. 3,707,938
      specifically refers to such a device. Nonetheless, the demand for new and
      improved water vehicles of this type continues to increase as people have
      increasingly more free time. The problem with prior art techniques is that
      the hulls adapted to such vehicles have been cumbersome and slow in the
      water. Another problem has been that the drive systems associated with
      prior art vehicles lack stability and are difficult to maintain, are
      relatively expensive and are not readily convertible to the different
      modes of operation. For these and other reasons, the following invention
      was perfected.
PAC  OBJECTIVE OF THE INVENTION
PAR  A principal objective of this invention is in the provision of a hull
      adapted to receive a snowmobile so that the combination comprises a new
      self-propelled water vehicle.
PAR  Another important objective of this invention is in the provision of an
      improved mounting for the drive assembly which facilitates the transfer of
      power from a snowmobile engine to that of a propeller shaft mounted in a
      water hull.
PAR  Another important objective of this invention is to provide an improved
      water hull which can be converted into a self-propelled water vehicle by
      mounting a powered snowmobile thereon.
PAR  A still further objective of this invention is to provide a steering
      conversion means wherein the steering mechanism which normally steers the
      ski members of the snowmobile operates the rudder assembly of the
      combination vehicle.
PAR  These and other objects of the invention will become more apparent to those
      skilled in the art by reference to the following detailed description when
      viewed in light of the accompanying drawings wherein:
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PAC  DRAWINGS
PAR  FIG. 1 is a side elevational view with parts broken away;
PAR  FIG. 2 is a top plan view;
PAR  FIG. 3 is a vertical section taken on line 3--of FIG. 1;
PAR  FIG. 4 is a vertical section taken on line 4--4 of FIG. 3;
PAR  FIG. 5 is a perspective view of part of the underside of the snowmobile
      showing the drive shaft and gear box mounting bracket inside the track
      cavity; and
PAR  FIG. 6 is a perspective view of the steering bracket to the ski mounting.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings wherein like numerals indicate like parts,
      the numeral 10 refers generally to the combination of a snowmobile 12 and
      a water-tight hull 14.
PAR  As shown in the drawings, the skis of snowmobile 12 have been removed from
      their mounting brackets 16 and 18 and its drive assembly 20 (hereinafter
      more fully described) has been disconnected from the driving tread of the
      snowmobile. The driving tread and its suspension assembly has also been
      removed from the snowmobile 12.
PAR  The water hull is formed of Fiberglas or the like and, in the embodiment
      shown, is formed with a depression 22 in its upper surface sufficiently
      large to accommodate the snowmobile 12. Running lengthwise of depression
      22 along the bottom wall 24, the hull is formed with spaced rails 26 and
      28 upon which the hull 22 can rest.
PAR  Approximately midway of the longitudinal length of depression 22, the
      bottom wall 30 of hull 14 is formed with a cross-width brace 32 having an
      opening 34 which receives a bearing 36 therein. This thrust bearing 36
      rotatably supports a propeller shaft 38. The forward end of shaft 38 is
      formed with a yoke member 40 and its rearward end supports a driving
      propeller 42. The bottom surface 30 is formed with an opening 44 through
      which propeller shaft 38 extends. A leakage through this opening 44 is
      prevented by stuffing box 46.
PAR  At its rearward end, the hull 14 is equipped with a rudder 50 having an
      upwardly extending shaft 52 to which a rudder quadrant 54 is affixed at
      its upper end. The snowmobile 12 has a forwardly disposed hood 60 under
      which an engine is mounted. The snowmobile has a passenger seat 62 and a
      steering gear 64. The steering gear is connected through a linkage (not
      shown) to the ski brackets 16 and 18 by conventional steering mechanisms.
      As seen in FIG. 2, when steering handle 24 is turned counterclockwise, lug
      16 will move rearwardly with a concurrent motion forwardly of bracket 18.
      When converted for water vehicle use, the steering means for connection to
      rudder 50 is described more in detail hereinafter.
PAR  As seen best in FIGS. 3, 4 and 5, the snowmobile is formed with a tread
      cavity 70 in its bottom surface. At its forward end, the tread cavity is
      equipped with a pair of L-shaped brackets 72 and 74 affixed securely to
      the side walls of the cavity by bolt means 75 and 76. The brackets 72 and
      74 at their overlapping legs have a pair of overlapping slots 76 and 78
      through which bolt members 80 are received. Bolt members 80 support a gear
      box 82. The gear box 82 thus has a sideway adjustability prior to the
      tightening of the bolts 80. The gear box receives a shaft 84 receiving
      power from the snowmobile engine via a chain drive 86. The gear box 82 has
      an output shaft 88 which is formed at its outer end with a yoke 90.
      Splined stub shafts 94 and 96 extend inwardly, respectively, from brackets
      72 and 74 and support the outer ends of shaft 84 therebetween via matching
      splined connections. With this type of connection, the bolts 80 can be
      loosened and gear box 82 adjusted transverse of snowmobile 12 so that an
      easy connection can be made with the aforementioned propeller shaft 38.
      This adjustability, of course, is also readily usable when the snowmobile
      is reconverted to a land vehicle when it is necessary to reconnect the
      previously removed tread assembly.
PAR  A square hollow shaft 98 is formed with a yoke 99 forming a universal joint
      100 with the yoke 90. Slidably received within shaft 98 is a squareshaped
      shaft 102 formed with a yoke 104 at its outer end forming a universal
      joint 106 with yoke 40 of propeller shaft 38. Conventional connection pins
      are utilized to form the universal joints.
PAR  As previously mentioned, when it is desired to use the snowmobile 12 with
      the water hull 14, the ski and tread assemblies of the snowmobile are
      removed. The driving assembly 20 is then connected to the propeller shaft
      40. The snowmobile is positioned as shown in FIGS. 1 and 2 and the power
      train is connected to the propeller shaft. As can readily be seen, this is
      greatly facilitated by the fact that gear box 82 is movable laterally and
      the power train 20 is adjustable longitudinally. Once the proper
      connection is made, the bolts 80 are tightened. Once positioned, the
      snowmobile 12 is further secured by conventional means such as straps 110.
PAR  The steering mechanism is best seen in FIG. 2. A cable 112 connected to
      rudder 16 extends about the pulley 114 and is connected to the outer leg
      of the quadrant 54 at point 116. A cable 118 is connected to bracket 18,
      extends about the pulley 120 and is connected to the other leg of quadrant
      54 at point 122. The cables are crossed so as to give the same steering
      direction given by the steering assembly when the unit 12 is used as a
      snowmobile.
PAR  In a general manner, while there have been disclosed effective and
      efficient embodiments of the invention, it should be well understood that
      the invention is not limited to such embodiments, as there might be
      changes made in the arrangement, disposition, and form of the parts
      without departing from the principles of the present invention as
      comprehended within the scope of the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improvement in a water craft of the self-propelled type comprising in
      combination
PA1  a water-tight hull having a support surface formed in the upper surface
      thereof and having an opening formed in said hull,
PA1  a snowmobile having a power unit received by said support surface,
PA1  securing mechanisms for firmly securing said snowmobile to said hull,
PA1  said power unit having a power output shaft,
PA1  a propeller drive shaft extending through said opening and having a first
      interior end and an exterior end carrying a propeller,
PA1  sealing means disposed between said opening and said shaft, and
PA1  connecting means joining said first end of said propeller shaft to said
      power output shaft, said connecting means including an elongated member
      having a plurality of universal joints intermediate its ends.
NUM  2.
PAR  2. The improvement of claim 1 wherein said elongated member has an
      adjustable length.
NUM  3.
PAR  3. The improvement of claim 1 wherein a crossbrace extends across said
      support surface and said brace has an opening receiving said first end of
      said propeller shaft.
NUM  4.
PAR  4. The improvement of claim 2 wherein said connecting means includes a pair
      of shafts telescopically received for length adjustability intermediate
      said universal joints.
NUM  5.
PAR  5. The improvement of claim 1 wherein said connecting means includes a
      first shaft driven by said power unit, a gear box receiving said first
      shaft and said power output shaft, and a bracket supporting said gear box
      for lateral adjustability with respect to said hull.
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PAL  A centrifugal pump for a boat which is used to propel the boat by a jet of
      water created by the pump. The pump includes a housing which is mounted
      exterior to the hull. A drive shaft and an impeller are mounted to rotate
      within the housing. The drive shaft extends through the hull of the boat
      and may be coupled directly to a gas turbine engine or other power
      generating device. The impeller is of the double suction type and includes
      ports for equalizing pressures on either side of the impeller at the
      suction positions thereof. The housing provides a double volute to receive
      the effluent from the impeller and direct it aft to a nozzle. Nozzle
      mechanisms are disclosed which provide easy steering and boat trim control
      under high thrust loads. A thrust reversal system is employed which
      directs the jet of water forward for stopping and reversing. A new scoop
      design is also included which reduces drag and yet provides proper flow to
      the pump.
PARN
PAR  This is a continuation-in-part of application Ser. No. 382,374, filed July
      25, 1973.
BSUM
PAR  This invention is directed to a jet boat pump. More specifically, this
      invention is directed to an efficient and compact jet boat pump which is
      mounted to the transom of the boat and incorporates a low drag inlet
      scoop.
PAR  Jet boats have been commercially available for several years. These boats
      employ high output pumps which suck water from beneath the boat and
      exhaust it aft through a nozzle. A major problem which has heretofore
      plagued these power systems is the amount of power consumed by the pump
      and not transmitted into motive force. This is due to the lack of suction
      pressure required for efficient operation of such pumps. These
      conventional pumps are axial mixed flow pumps which require around a
      30.degree. suction entrance approach. As a result of this shallow entrance
      angle these conventional pumps are not adaptable to be mounted on the boat
      transoms. Inboard placement of these pumps requires that the intakes be
      placed through the hull. Consequently, special boat designs have been
      necessary which have made any subsequent change in power systems
      impractical. Further, less cockpit space is available on these
      conventional systems because of the inboard placement of these pumps. The
      pumps now employed in boat propulsion often experience difficulty with
      self-priming. Further, these pumps rely on the ram pressure created by the
      relative movement of the boat through the water for necessary suction
      head. These characteristics of conventional boat pumps have required
      substantial scoop structures extending beneath the boat. These structures
      create significant amounts of drag.
PAR  The present device incorporates a novel high speed, high capacity impeller
      having vanes which each present a low lead angle at the leading edge of
      the vane near the impeller shroud. This lead angle varies continously
      across the leading edge of the vane to a substantially larger lead angle
      at the impeller hub. Further, the impeller and pump case provide a double
      suction, double volute system which operates to balance the hydraulic and
      dynamic forces within the pump. As a result of these features, the present
      pump is substantially more efficient than the pumps previously employed
      for propelling jet boats. The dynamic and hydraulic balancing of the
      impeller also reduces the need for high capacity bearing mechanisms for
      support of the impeller and shaft. Further, the impeller reduces the
      required suction head and allows a greater angle of attack on the suction
      entrance. Conventional pumps require this shallow entrance angle for
      development of dynamic pressure due to the motion of the boat through the
      water of 20 psig at the suction side of the impeller. The impeller design
      of the present pump can run without detrimental cavitation at atmospheric
      pressure. The increased efficiency, the reduction in mechanical complexity
      of the present system, and the increased angle of attack on the suction
      entrances reduce the size of the pump so that it may be placed exterior to
      the hull. This outboard mounting of the pump of the present invention
      requires a minimum of hull modification and results in maximum utilization
      of the cockpit area. The efficiency of the present unit also reduces the
      size and the fuel comsumption of the required power plant.
PAR  The double volute exhaust system results in a single output jet which is
      employed to both propel and steer the boat. A system for reversing the
      thrust of the jet is also disclosed. These systems provide increased
      control over the boat through the efficient use of the jet. Further, the
      inlets to the pump are located behind the hull to better maintain suction.
      The inlets are positioned in back of rather than below the hull line to
      prevent excessive drag. The present pump configuration does not require
      ram jet pressure for efficient operation. Further, the pump operates
      substantially as a compressor when out of the water. Consequently,
      problems associated with priming and inducing a ram jet entrance pressure
      are not encountered. Thus, the drag associated with a ram scoop extending
      deep in the water are not encountered. However, sidewalls are provided
      which extend below the inlets. They aid in maintenance of the suction and
      do not provide significant amounts of drag.
PAR  Accordingly, an object of the present invention is to provide an efficient
      and compact outboard pump for driving a jet boat.
PAR  A second object of the present invention is to provide a pump having an
      inlet design which promotes rapid suction recovery, increases pump
      efficiency and reduces drag.
DRWD
PAR  Further objects and advantages of the present invention will be made
      readily apparent from the following detailed description and accompanying
      drawings.
PAR  FIG. 1 is a top view of the present invention.
PAR  FIG. 2 is a side view of the present invention.
PAR  FIG. 3 is a front view of the present invention.
PAR  FIG. 4 is a cross-sectional side view taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a cross-sectional elevation taken along line 5--5 of FIG. 4 with
      an unsectioned impeller in place.
PAR  FIG. 6 is a cross-sectional elevation taken along line 6--6 of FIG. 4.
DETD
PAR  The present invention employs and cooperates with the mechanisms disclosed
      in U.S. Pat. application to Onal, Ser. No. 382,374, filed July 25, 1973,
      and U.S. Pat. application to Onal et al, Ser. No. 447,749, filed Mar. 4,
      1974, the disclosures of which are incorporated herein by reference.
      Turning specifically to the drawings, a horizontally split case generally
      designated 10 is disclosed. The case consists of an upper section 12 and a
      lower section 14. Flanges 18 and 20 are provided about the mating edges of
      the case sections 12 and 14 for placement of fasteners 22. A substantial
      number of fasteners are employed because of the pressure which is
      developed within the case 10 that would otherwise tend to force the case
      sections 12 and 14 apart. This would result in leaks and possible failure.
      Fasteners are also placed at other convenient locations to tie the
      sections together. The upper section 12 and the lower section 14 include
      flat mating surfaces 24 and 26, as best seen in FIG. 3 which are
      juxtaposed with the transom of the boat. A boat hull 28 is shown in
      phantom in FIG. 2. This placement illustrates the most advantageous
      position of the pump relative to the boat. However, where it is desired,
      the pump may be placed within the hull of the boat. Studs 30 extend from
      the surfaces 24 and 26 for easy attachment of the transom.
PAR  A shaft 34 extends through the housing 10 at the partline between sections
      12 and 14. The shaft 34 is coupled at splines 36 to the engine of the
      boat. The coupling may be a direct drive to a turbine or more conventional
      power plant. The impeller and the drive shaft 34 is constrained to rotate
      along a fixed axis through the pump case 10 by means of bushings and
      bearings. A bearing cap 38 is positioned at the front of the pump about
      the shaft 34 and includes a generally circular housing 14 with a closed
      end 42 through which the shaft 34 extends. The bearing cap 38 includes a
      conventional seal 44 about the drive shaft 34 and set within the closed
      end 42. The seal 44 is inset into the front end of the bearing cap 38 to
      retain the placement of the seal. A cavity 46 is formed within the
      circular housing 40 of the cap 38. A flange 48 extends about the periphery
      of the housing 40. Fasteners 50 are employed to secure the bearing cap 38
      to the pump. A boss 52 extends upward from the cylindrical housing 40 and
      has a lubrication port 54 located therethrough. The lubrication port 54 is
      in communication with the cavity 46 for lubrication of the bearings.
PAR  A simi-circular bearing cover 56 is positioned between the bearing cap 38
      and the upper section 12 of the case 10. An extension 58 of the lower
      section 14 of the case 10 extends forward from the main body of the case
      10 and mates with the semi-circular bearing cover 56. The semi-circular
      bearing cover 56 is fastened to the case extension 58 by fasteners 60
      vertically placed through the cover 56 into the extension 58. The
      extension 58 and the cover 56 act in combination to fix the position of a
      bearing 62 which is employed to support and constrain the drive shaft 34.
      The bearing 62 is preferably of the thrust type and operates to prevent
      axial movement of the drive shaft 34 within the pump case 10. The bearing
      62 is positioned relative to the case 10 by means of a shoulder 64 which
      extends inwardly from the bearing seal on the extension 58 and by a
      similar shoulder 66 positioned on the bearing cover 56. Axial motion of
      the bearing 62 forward relative to the pump case 10 is prevented by a lip
      68 which extends in from the flange 48 to secure the bearing 62 against
      the shoulder 64 and 66.
PAR  The drive shaft 34 is axially positioned relative to the bearing by a snap
      ring 70 positioned within a groove 72 in the shaft 34. On the other side
      of the bearing 62 from the snap ring 70, a collar 74 is positioned about
      the drive shaft 34. The collar 74 extends between the bearing 62 and a
      position 76 on the shaft 34 where the shaft diameter increases. As a
      result, the collar 74 acts as a spacer between the bearing 62 and the
      discontinuity 76 in the shaft 34. The collar 74 may be allowed to rotate
      with the shaft 34 and the inner race of the bearing 62.
PAR  Located interior to the bearing assembly is a packing cover 78. The packing
      cover 78 is secured to both the upper and lower case sections 12 and 14 by
      fasteners 80. A cavity 82 is provided by the case 10 and the bearing cover
      56. Where the space 82 is such that the packing cover 78 cannot be
      withdrawn from the fasteners 80, slots 84 may be used to engage the
      fasteners 80. The packing cover 78 extends around the shaft 34 and
      includes a flat surface 86 which retains packing material 88 in position
      in the case 10. The packing material 88 prevents the passage of moisture
      along the shaft 34 into the bearing assembly. A cylindrical cavity 90 is
      provided in the case 10 to receive the packing material 88.
PAR  A rear bushing assembly is provided to prevent lateral motion of the aft
      end of the drive shaft 34. A cylindrical cavity 92 is provided in the case
      10 for receipt of a bushing 94. The bushing 94 may be an oil or grease
      lubricated bronze bushing. A lubrication port 96 is provided for
      communication with the lubricated bushing 94. An end cap 98 is bolted to
      the aft end of the casing 10 by fasteners 100. The cap 98 includes a
      circular lip 102 which extends inwardly to lock the bearing 94 in
      position. A seal 103 is provided to prevent seawater from entering the
      journal bearing area.
PAR  An impeller 104 is employed for providing energy to the incoming water to
      form the propulsive jet. The impeller 104 is of the double suction type
      and includes a central hub 106. The central hub 106 extends from the shaft
      34 radially outward to a circular rim 108. Integrally formed with the
      central hub 106 are vanes 112. There are six vanes 112 on each side of the
      central hub 106 in the present embodiment.
PAR  The impeller 104 is designed for use with a 300hp to 650hp power plant. The
      operating speed of the pump will vary with the power plant employed. Using
      a 650 hp engine, the speed of the pump as herein disclosed is 6,500 rpm.
      Each vane 122 has a lead angle of 13.degree. at the leading edge of the
      vane 112 adjacent the shroud at a position designated 114. The lead angle
      varies continuously across the leading edge of each vane 112 to a position
      adjacent the hub 106 designated 116 where the lead angle is 20.degree.30'.
      At the discharge position of the vane, the lead angle is 23.degree.. The
      discharge position of each vane 112 at the shroud lags behind the leading
      edge by 105.degree.. The inside back corner of the vane lags the outside
      back corner at the shroud by 6.degree.. The overall diameter of the
      impeller 104 is chosen to be 8 inches. The circular rim 108 of the central
      hub 106 has a diameter of  53/4 inches as does the position 114. Position
      116 has a diameter of  35/8 inches. The thickness of each vane varies from
      one-eighth to five-thirtyseconds inch. Shrouds 118 and 120 are positioned
      outside the vanes 112. The shrouds 118 and 120 have an inner diameter of
      53/4 inches and extend outwardly to the periphery of the impeller at a
      diameter of 8 inches. The relative eye area between the vanes 112, the
      central hub 106 and the shrouds 118 and 120 is approximately 1.2 square
      inches. This gives a total relative eye area with 12 vanes of 14.4 inches.
      When driven at 4,400 RPM, the impeller is capable of pumping 3,400 GPM at
      an exit velocity of 23.97 feet per second.
PAR  To transfer power from the engine to the impeller 104, the impeller is
      fixed to rotate with the shaft 34. The shaft 34 and the impeller 104 may
      be constrained to rotate together by means of a key. Slot 122 is provided
      in the shaft 34. A slot (not shown) is also provided in the impeller hub
      106. A key (not shown) is positioned in the slots. The impeller 104 is
      also held from moving axially forward on the shaft 34 by a snap ring 124
      positioned in groove 125 of the shaft 34. To prevent axial movement
      backward on the shaft 34, a snap ring 126 is positioned in groove 128
      immediately behind the impeller 104.
PAR  The impeller 104 and the case 10 are designed for hydraulic and dynamic
      balance. The impeller 104 is a double suction impeller and distributes
      water to a double volute system. Further, the high number of vanes
      provides a fairly continuous flow pattern with balanced reaction loads on
      the impeller 104. Consequently, the amount of vibration experienced by the
      pump is substantially reduced over unbalanced systems. The resulting
      bearing requirements are also reduced because the pump is hydraulically
      balanced; there are no significant hydraulic or dynamic forces acting
      against the thrust bearings. The double suction arrangement also is
      advantageous to the present system because of the larger eye area which is
      twice as large as the conventional single suction, mixed flow impellers of
      comparable size. Thus, a cavitation condition is avoided.
PAR  Two wear rings 130 and 132 are provided about the shrouds 118 and 120 of
      the impeller 104. These rings 130 and 132 minimize flow from the discharge
      side of the impeller to the suction side of the impeller. Each wear ring
      130 and 132 includes an accurately machined wear surface 134 which is
      exterior to the impeller shrouds 118 and 120 which are also accurately
      machined. A groove 136 is cut into each wear ring 130 and 132 adjacent the
      wear surface 134. A similar groove 138 is provided on each of the shrouds
      118 and 120. Both the outer surfaces of the shrouds and the machined
      surfaces 134 of the wear rings 130 and 132 may have oppositely oriented
      spiral grooves. These spiral grooves prevent the parts from freezing
      together during dry operation and help cut down flow of water around the
      impeller from the high pressure area of the impeller to the suction side
      to increase pump efficiency. The wear rings 130 and 132 also include an
      annular ridge 140 which extends into a corresponding groove in the casing
      10. The ridge 140 prevents lateral movement of the waer rings 130 and 132.
      The annular ridge 140 extends continuously about the outer side of each of
      the wear rings 130 and 132 except for a small space on one point at the
      wear ring circumference where the annular ridge 140 is removed. At this
      point, the groove associated with the ridge 140 is also broken. This break
      in the groove prevents the ridge from sliding along the groove. As a
      result, the ridge 140 prevents both lateral and rotational movement of
      each of the rings 130 and 132. The wear rings 130 and 132 also each
      include a shoulder 142 which is spaced from the rotating impeller 104 but
      which forms a semi-continuous path from the case 10 to the inner side of
      each of the shrouds 130 and 132. This prevents major disturbances of the
      incoming flow.
PAR  As the impeller is of the double suction type, the casing 10 includes two
      inlet passages 144 and 146. These passages 144 and 146 extend upward
      around the shaft 34 to baffles 148 and 150, respectively. By extending the
      inlet passages 144 and 146 upward about the shaft 34, the inlet will
      provide influent to the total area of both sides of the impeller 104. The
      baffles 148 and 150 help prevent pre-rotation of the incoming water in
      front of the impeller vanes, thereby increasing the pump efficiency.
PAR  At the base of the inlet channels 144 and 146, two suction ports are
      provided which define inlets for said inlet channels. The suction ports
      are divided, as are the lower portions of the channels 144 and 146 by an
      extension 156 of the casing 10. The leading suction port to inlet channel
      144 is defined by the lower leading edge 152 of the pump, the extension
      156 and two side walls 162 and 164. The lower leading edge 152 extends
      only as far down as the lower edge of the transom, shown in phantom as
      153. By so placing edge 152, resistence to the flow of water from under
      the hull is avoided. Further, the flow of water passing from under the
      hull is not disturbed and thereby caused to flow away from the leading
      suction port. The lower edge 154 of extension 156 extends below the
      leading edge 152 in order to physically force a portion of the flow into
      inlet channel 144 and sufficiently disturb the flow passing beneath the
      edge 154 to cause it to rise into the inlet channel 146. In the present
      embodiment, edge 154 of extension 156 extends below the leading edge 152
      by nine-sixteenth of an inch. The water flowing under the hull will tend
      to rise when it reaches edge 152. The edge 154 catches this flow of water
      and forces it upwardly into the impeller. As the edge 154 is located
      behind the leading edge 152 by about 3.5 inches in the present embodiment,
      the elevation of edge 154 from edge 152 is around 9.25.degree. below edge
      152 as measured from a horizontal parallel with the centerline of the pump
      shaft. The leading side 158 of extension 156 follows a smooth curve in
      order that the flow of incoming water through inlet channel 144 will be
      disturbed as little as possible. The impeller also operates to create a
      reduction in pressure within inlet channel 144 which aids in the suction
      of water through the leading suction port.
PAR  The trailing suction port is defined by the extension 156, the lower edge
      161 of the aft surface 160 of the inlet channel 146 and the two sidewalls
      162 and 164. The leading edge 154 of the extension 156 tends to draw the
      water passing beneath the pump upwardly along the aft surface 163 of the
      extension 156 and into the inlet channel 146. This flow of water is then
      captured as it passes edge 161 of the aft surface 160 located around 13 to
      14 inches behind leading edge 152. The edge 161 is set above the lower
      leading edge 152 because sufficient water will be drawn into channel 146
      without further extending the aft surface 160. The location of edge 161
      depends to some extent on the angle of attack assumed by the boat to which
      the pump is attached. When the boat is stationary, it will tend to sit
      lower in the water. Consequently, the determining condition as to the
      necessary placement of edge 161 is during motion of the boat when the hull
      is at least partially raised in the water. A range of locations depending
      on the angle of attack of the boat employed has been determined to be from
      4.5.degree. to 6.degree. in elevation above the leading edge 152 as
      measured from a reference plane parallel to the centerline of shaft 34.
      The trailing surface 160 may extend below 4.5.degree. elevation above the
      leading edge 152; however, sufficient water is provided by the present
      configuration with a minimum amount of drag. The location of edge 161 at
      4.5.degree. is necessary when the pump is employed with a boat having a
      center of gravity located relatively forward in the boat. In such a boat,
      motion through the water will not force the bow up to create a substantial
      angle of attach. In a boat having a center of gravity more toward the aft
      of the boat, the 6.degree. placement of edge 161 may be employed. The
      proper location of edge 161 must be defined emperically for individual
      hull designs.
PAR  In both the front and rear channels 144 and 146, the flow of water thereto
      is aided by the impeller. The present embodiment provides sufficient
      suction pressure even when operating as a compressor to draw water
      upwardly from the two suction ports. Thus, the pump is self-priming and
      does not rely on a ram pressure to maintain prime. This self-priming
      characteristic allows the suction ports to be placed in a location which
      will allow them to periodically come out of the water in rough conditions
      without causing more than momentary loss of power. Further, the suction
      head requirements are such in the present embodiment that the pump does
      not require ram pressure for efficient operation. Substantial thrusts are
      developed with the boat stationary in the water. Consequently, maintenance
      of ram pressure using a high drag scoop is not necessary. The result of
      the present placement of the intake provides an optimum between maximum
      ram pressure and minimum drag.
PAR  It is preferred that the suction created by the action of the impeller 104
      and the dynamic head created by the motion of the pump through the water
      can be maintained. When the suction ports are allowed to come out of the
      water, the dynamic head and the impeller suction is lost. This results in
      a loss of thrust from the pump. To overcome the loss of suction caused by
      the ports rising out of the water, sidewalls 162 and 164 extend along the
      sides of the suction ports. These sidewalls 162 and 164 prevent air from
      passing through the suction ports from the side. The sidewalls 162 and 164
      do not extend across the front of the casing 10 or the back of the casing
      10. Thus, water is allowed to move freely from front to back across the
      suction ports. The sidewalls 162 and 164 extend, in the present invention,
      two inches below the leading edge 152 and slowly curve upwardly to meet
      the trailing edge 161.
PAR  Once the water is passed from the inlet passages 144 and 146 into the
      impeller 104, the water is forced radially outward into two volutes 166
      and 168. The configuration of the two volutes is best seen in FIG. 5. Two
      volutes are employed to create opposite pressures which are nearly equal
      about the periphery of the impeller 104. This results in a substantial
      reduction in the unbalanced forces on the impeller which would otherwise
      be created by a single volute system. The two volutes 166 and 168 are
      separated by a wall 170 which is part of the casing 10. The wall 170
      extends from the leading end of the volute 168 immediately adjacent the
      outer periphery of the impeller 104 to a single outlet conduit 172 to form
      the volute 168. The outer volute 166 is formed by the outer side of the
      wall 170 and the inner side 174 of the outer wall of the casing 10. The
      casing extends inwardly to a position immediately adjacent the outer
      periphery of the impeller 104 at 176.
PAR  The effluent received from the impeller 104 by the volutes 166 and 168 is
      passed through the outlet conduit 172 which forms the uppermost portion of
      the casing 10. The outlet conduit 172 receives water from the two volutes
      166 and 168 which are disposed in a plane perpendicular to the centerline
      of the shaft 34 and directs the stream of water aft parallel to the
      centerline of the shaft 34.
PAR  In the present embodiment, a conduit 178 is coupled with the case 10 to
      extend the exhaust conduit 172 downward and then aft to exhaust rearwardly
      at a level near the level of the center of gravity of the boat. Flanges
      180 to 182 are provided on the case 10 and the conduit 178 at the joint
      thereof. Conventional fasteners 184 may be employed to lock the conduit
      178 to the case 10. The guidance bracket 185 receives the stream of water
      from the conduit 178 and directs it rearwardly to exhaust in a jet.
      Because of the double suction, double volute design, which is inherently
      more stable than the conventional mixed flow pumps, because of the wall
      170 between the volutes extending to the exhaust end of the outlet conduit
      172 to minimize vortex motion and because of the smooth curves and
      extended length of the conduit 178, the rooster tail effect is greatly
      reduced.
PAR  A ball and socket joint is formed between the guidance bracket 185 and a
      flow nozzle 186 to provide steering through an articulated nozzle. The
      ball and socket arrangement also allows certain motion of the flow nozzle
      about a horizontal axis under the high trust loads. Further, the ball and
      socket arrangement does not impede the flow of the output stream of water
      from the pump. A dual jet arrangement may also be used as disclosed in
      U.S. Pat. application to Onal et al, Ser. No. 447,749, filed Mar. 4, 1974,
      the disclosure of which is incorporated herein by reference.
PAR  The flow nozzle 186 terminates in a nozzle configuration which may be
      optimized for specific flow rates and pressures of the effluent using
      established nozzle theory. The nozzel 186 directs the jet aft at an angle
      which is most efficient considering the trim of the boat, the vector force
      directions of the exhausting jet and the wake characteristics created. A
      reversing nozzle 188 is also provided for backing the boat up.
PAR  Thus, a jet boat pump is disclosed which provides a low drag and efficient
      pump intake configuration for maximum pump performance. While embodiments
      and applications of this invention have been shown and described, it would
      be apparent to those skilled in the art that many more modifications are
      possible without departing from the inventive concepts herein described.
      The invention, therefore, is not to be restricted except by the spirit of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pump for propelling a boat comprising
PA1  a pump housing having two inlet channels for receiving water and outlet
      passage means for discharging water;
PA1  a pump shaft rotatably mounted in said pump housing; and
PA1  a double suction impeller mounted concentrically on said pump shaft, said
      double suction impeller being in communication with said two inlet
      channels and said outlet passage means;
PA1  said two inlet channels extending from inlets below said housing to either
      side of said double suction impeller, the inlet to the first of said
      channels being defined by a first leading edge adapted to extend no lower
      than the bottom of the boat hull and a first trailing edge positioned
      behind and below said first leading edge, the inlet to the second of said
      channels being defined by said first trailing edge and a second trailing
      edge behind said first trailing edge and at a level higher than said first
      leading edge.
NUM  2.
PAR  2. The pump of claim 1 wherein said second trailing edge is positioned at
      an elevation about between 4.5.degree. and 6.degree. above said first
      leading edge.
NUM  3.
PAR  3. The pump of claim 1 further comprising side walls extending below said
      inlets.
NUM  4.
PAR  4. The pump of claim 3 wherein said sidewalls extend about 2 inches below
      said first leading edge and curve upwardly to meet with said second
      trailing edge.
NUM  5.
PAR  5. The pump of claim 1 wherein said first trailing edge is positioned at an
      elevation of about 91/4.degree. below and behind said first leading edge.
NUM  6.
PAR  6. A pump for propelling a boat comprising
PA1  a pump housing having two inlet channels for receiving water and outlet
      passage means for discharging water;
PA1  a pump shaft rotatably mounted in said pump housing; and
PA1  a double suction impeller mounted concentrically on said pump shaft, said
      double suction impeller being in communication with said two inlet
      channels and said outlet passage means;
PA1  said two inlet channels extending from inlets below said housing to either
      side of said double suction impeller, the inlet to the first of said
      channels being defined by a first leading edge adapted to extend no lower
      than the bottom of the boat hull and a first trailing edge positioned at
      an elevation of about 91/4.degree. below and behind said first leading
      edge, the inlet to the second of said channels being defined by said first
      trailing edge and a second trailing edge behind said first trailing edge
      and positioned at an elevation about between 4.5.degree. and 6.degree.
      above said first leading edge, the inlets further being defined by
      sidewalls extending below said inlets on either side thereof.
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ABST
PAL  Apparatus for indicating the frost line depth of the ground for example is
     isclosed. The apparatus includes an outer hollow tube that is buried in the
      ground; an inner sleeve or tube filled with a mixture of sand and a
      temperature sensitive dye fits inside the outer tube. The inner tube is
      attached to an end cap by rope or like and the end cap is threaded to mate
      with threads provided at the end of the outer tube that protrudes above
      the ground. After the apparatus has been in place for a length of time
      sufficiently long to permit the apparatus to attain the same temperature
      as the surrounding ground, the inner tube is removed to read the depth to
      which the ground is frozen. The dye in the inner tube changes color to the
      depth at which the ground is frozen and remains the same color below this
      depth. The inner tube is provided with gradations so that depth can be
      read directly from the tube.
GOVT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for Governmental purposes without the payment to me
      of any royalties thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to indicating apparatus; and more particularly to
      apparatus for indicating frost line depth.
PAR  When apparatus such as electronics gear or electrical cable, certain pipes
      and the like are buried in the ground it is often desirable, and in some
      cases necessary, that these objects be buried at a depth which is below
      the normal frost line of the ground in that area. In order to know to what
      depth such devices must be buried, one has to know the depth of the frost
      line for that area. For many areas the frost line depth for the coldest
      months has been established as generally being deeper than a given depth.
      Such a general depth measurement is satisfactory for many purposes and is
      often the depth below which local ordinances require that certain devices
      such as electrical cables must be buried.
PAR  While a general frost line depth is satisfactory for many purposes, there
      are applications that require more specific information. That is, there
      are instances where one needs to know to a reasonable degree of accuracy
      the frost line depth of the ground in a particular area during a given
      period of time. For example, in certain applications it may be necessary
      to determine the effects of freezing upon buried electronics gear. One may
      want to know the physical effects of freezing upon such electronics gear
      and/or what effects freezing has upon the performance parameters of the
      electronics gear. In order to obtain such test data, one needs to have
      accurate frost line depth measurements. There are, of course, other
      applications where accurate frost line depth measurements are needed.
PAR  In the past, thermocouple systems have generally been used to obtain
      accurate frost line depth measurements. These prior art thermocouple
      systems provide accurate frost line depth measurements and generally
      operate in a satisfactory manner. However, skilled personnel are generally
      needed to install and operate such thermocouple systems. Further, if a
      relatively large area is to be investigated by making a plurality of depth
      measurements, these prior art thermocouple systems become rather complex,
      thereby further increasing the difficulty of installation and operation
      and are relatively costly. Thus, a need for frost line depth measurement
      apparatus that is readily installed, is relatively inexpensive, and easily
      operated existed. This invention provides such frost line depth
      measurement apparatus.
PAR  The apparatus of this invention is inexpensive to manufacture, can be
      installed and operated by unskilled personnel and provides accurate frost
      line depth measurements. Further, the apparatus is reuseable and can
      readily be removed from one area and installed in another area.
PAC  SUMMARY OF THE INVENTION
PAR  This provides apparatus for accurately measuring the frost line depth of
      the ground, for example. A hollow outer tube or pipe closed on one end and
      open on the other end is buried in the ground with the open end slightly
      above the surface of the ground. The open end of the outer tube is
      provided with external threads. An inner tube or sleeve is filled with a
      white sand mixed with a temperature sensitive dye and closed on both ends.
      One end of a rope or like is attached to one end cap of the inner tube and
      the other end of the rope is attached to a threaded cap. The inner tube is
      lowered in to the outer tube and the threaded cap is screwed on to the
      threads of the outer tube.
PAR  The dye used in the sand-dye mixture is preferably flourescein which is
      green in color at temperatures above the freezing temperature of the
      ground and changes to yellow at and below the freezing temperature of the
      ground. When the temperature rises above the freezing temperature of the
      ground, the dye becomes green again.
PAR  In addition to the basic outer tube or pipe, an extension tube is provided
      where necessary. A coupler is provided to connect the extension tube to
      the outer tube and the threaded cap is secured to the top of the extension
      tube when the extension tube is used. The extension tube is used where the
      basic outer tube is not sufficiently long to be visible, for example, if
      the ground is covered with snow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A full and complete understanding of the exact nature and structural
      details of the invention can be obtained from the following detailed
      description when read in conjunction with the annexed drawing in which:
PAR  FIG. 1 shows a preferred embodiment of the frost line indicator of this
      invention;
PAR  FIG. 2 shows the outer tube of FIG. 1 disassembled;
PAR  FIG. 3 shows the inner tube of FIG. 1 disassembled;
PAR  FIG. 4 shows an extension tube and coupler utilized with the embodiment of
      FIG. 1;
PAR  FIG. 5 is a pictorial view showing how frost line indicators of this
      invention are typically utilized; and
PAR  FIG. 6 shows an inner tube removed from its outer tube to take a reading.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, this figure shows a partially disassembled frost line
      indicator constructed in accordance with this invention. As shown in FIG.
      1, the frost line indicator comprises a hollow outer tube or pipe 1 and an
      inner tube or sleeve 2. The end 3 of outer tube 1 is closed by the cap 11
      while the end 4 is open. The external threads 5 are provided adjacent end
      4. Tube 2 has a measuring scale formed along its length as indicated by
      the gradations 6. An end cap 7 seals the top of tube 2 and a nylon rope or
      like 8 has one end secured to end cap 7. The other end of rope 8 is
      secured to the screw cap 9. Screw cap 9 is provided with internal threads
      to mate with threads 5 of outer tube 1.
PAR  While not apparent from FIG. 1, inner tube 2 is shorter than outer tube 1;
      therefore, inner tube 2 when lowered into outer tube 1 will be completely
      encased by outer tube 1. In fact when completely lowered into outer tube
      1, the top of inner tube 2 (the end cap 7) will be even with the band 10
      provided on the outside of outer tube 1. When inner tube 2 is completely
      lowered into outer tube 1, screw cap 9 is threaded on threads 5 of outer
      tube 1. Rope 8 is provided so that inner tube 2 can be readily withdrawn
      from outer tube 1. Rope 8 could of course be cut to such a length that
      rope 8 would assure that end cap 7 is even with band 10 on outer tube 1
      when cap 9 is secured to outer tube 1; however, inner tube 2 is preferably
      made to be exactly as long as the length of outer tube 1 between band 10
      and bottom end 3 of outer tube 1. The reason for providing band 10 and the
      reason why inner tube 2 is made as long as the distance between band 10
      and end 3 of outer tube 1 will be explained later.
PAR  A portion 12 of inner tube 2 is broken away to clearly show that inner tube
      2 is filled with a mixture of sand and dye 13. The mixture 13 is
      preferably a 0.1% solution of fluorescein dye and medium-sized clear white
      sand-blasting sand. Above a certain temperature, the fluorescein dye is
      green and at and below this temperature the dye turns yellow. After the
      dye turns yellow, it will return to its green color when the temperature
      again rises. As will be described later, this color change provides a
      frost line depth measurement.
PAR  Referring to FIG. 2, this Figure shows screw cap 9 and outer tube 1
      disassembled. Outer tube 1 is a hollow cylinder made of any suitable
      material, for example, polyvinyl chloride. Of course, any other suitable
      material can be utilized to fabricate tube 1.
PAR  End cap 11 is inserted into end 3 of outer tube 1. Cap 11 may be
      dimensioned such that it will be frictionally held in place when inserted
      into outer tube 1, and in addition a suitable glue may be used to secure
      end cap 11 to the inside of outer tube 1.
PAR  Threads 5 cut adjacent end 4 are standard pipe threads. Band 10 is applied
      to the outside of outer tube 1 by any suitable means such as by painting.
      Band 10 must be, as will be apparent, properly located on outer tube 1 and
      may be any color different than the color of outer tube 1, for example,
      band 10 can be black with outer tube 1 gray. Screw cap 9 can be made of
      plastic, for example, and is threaded internally with threads appropriate
      for mating with threads 5. Screw cap 9 is preferably brightly colored, for
      example, fluorescent orange. This fluorescent orange can be painted on
      screw cap 9 or the cap can be made of colored plastic.
PAR  Referring now to FIG. 3, this Figure shows inner tube 2 disassembled and a
      portion of rope 8. As shown in FIG. 3, inner tube 2 is a hollow cylinder
      open at both ends. Inner tube 2 may be made of any suitable transparent
      material such as clear plastic. Gradations 6 form a linear measuring
      scale. End cap 14 is inserted into the bottom end of inner tube 2 and is
      secured to inner tube 2 by a suitable glue and the Allen screws 15 and 16.
      Holes 17 and 18 are provided adjacent the bottom end of inner tube 2 to
      accommodate Allen screws 15 and 16, respectively, and threaded holes are
      provided in end cap 14 to secure Allen screws 15 and 16 to end cap 14.
      Only one of these threaded holes, hole 19, is visible in FIG. 3.
PAR  After end cap 14 has been inserted into inner tube 2 and secured in place,
      inner tube 2 is filled with mixture 13 (FIGS. 1 and 6) which is a mixture
      of sand and fluorescein dye as previously mentioned. After inner tube 2 is
      filled with mixture 13, end cap 7 is inserted into the top of inner tube
      2. End cap 2 is secured to outer tube 2 by means of glue and the Allen
      screws 20 and 21. The holes 22 and 23 are provided adjacent the top end of
      inner tube 2 to accommodate Allen screws 20 and 21 and threaded holes are
      provided in end cap 7 to secure Allen screws 20 and 21 to end cap 7. In
      FIG. 3 only the threaded hole 34 is visible.
PAR  End cap 7 has a hole through the center thereof and one end of rope 8 is
      threaded through the hole and is secured to end cap 7 by any suitable
      means such as by tying a knot in the end after threading the end of rope 8
      through the hole in end cap 7. Only part of rope 8 is shown in FIG. 3. The
      other end of rope 8 is threaded through the hole 23 (FIG. 2) in the center
      of screw cap 9 and a knot 24 is tied in this end of rope 8 to secure rope
      8 to screw cap 9 as is shown in FIG. 1.
PAR  In some cases it may be necessary to lengthen outer tube 1. This is
      accomplished by means of the extension tube 25 shown in FIG. 4. Extension
      tube 25 is a hollow cylinder made, preferably but not necessarily, of the
      same material as outer tube 1. External standard pipe threads 26 and 27
      are provided adjacent each end of extension tube 25.
PAR  A coupler 28 used to connect extension 25 to outer tube 1 is threaded
      internally to mate with threads 26 of extension tube 25 and threads 5 of
      outer tube 1 to thereby connect extension tube 25 to outer tube 1. When
      extension tube 25 is utilized, screw cap 9 is threaded on threads 27 of
      extension tube 25. Of course rope 8 will have to be lengthened when
      extension tube 25 is used in order that inner tube 2 will be properly
      housed in outer tube 1. A brightly colored band 29 is provided on
      extension tube 25. Band 29 may be a band of fluorescent orange paint, for
      example.
PAR  Referring now to FIGS. 5 and 6, these Figures show how frost line
      indicators constructed in accordance with this invention may be utilized.
      In FIG. 5, the three frost line indicators 30, 31 and 32 are shown. Three
      holes are dug in the ground 32 by means of an auger, for example. Outer
      tube 1 of each of the three indicators is then inserted into a different
      one of these ground holes with the bottom of band 10 of each of the
      indicators 30, 31 and 32 even with the surface of ground 35. The inner
      tubes 2 of each of the indicators are then inserted in their respective
      outer tubes and each screw cap 9 is then threaded onto its mating threads.
      The three indicators are now completely installed.
PAR  In FIG. 5, indicator 31 has extension tube 25 coupled to outer tube 1 of
      this indicator. Normally, extension tube 25 is not utilized and in the
      showing of FIG. 5 would not be utilized. An extension tube 25 is used when
      screw cap 9 on outer tube 1 would not be visible. For example, if ground
      35 were covered with snow or snow is forecast, each indicator would be
      provided with an extension tube 25 so that the indicators would be visible
      above the surface of the snow. Extension tubes would also be used if high
      grass or weeds are present. Thus, in FIG. 5 which shows neither snow nor
      high weeds, indicator 31 would not normally be provided with an extension
      tube 25.
PAR  In FIG. 5, only three indicators are shown. Any number of indicators can be
      utilized. For example, if an area of 100 yards by 100 yards is to be
      tested, 30 or more indicators might be used. The number of indicators
      utilized in a given case depends upon the area to be covered and the
      desired number of test points that are to be made in this area.
PAR  At any time after indicators 30, 31 and 32 have been implanted in ground 35
      for a time sufficiently long to permit the indicators to attain the
      temperature of the surrounding ground, frost line depth measurements can
      be taken. A frost line depth measurement is taken by unscrewing screw cap
      9 of an indicator and pulling the inner tube 2 of that indicator out of
      its associated outer tube. The person taking the measurements then
      observes inner tube 2 to see whether or not the dye of mixture 13 has
      changed from green to yellow and how far down the inner tube this change,
      if any, has taken place.
PAR  FIG. 6 shows an inner tube 2 removed from the outer tube 1 of an implanted
      indicator. As shown in FIG. 6, the dye of mixture 13 is yellow above the
      point 33 and green below this point. The distance from the top of inner
      tube 2 to the line 33 is read from the measuring scale formed by
      gradations 6. This distance gives the depth to which the ground
      surrounding that indicator is frozen. The fluorescein dye used in mixture
      13 will change back from yellow to green when the temperature of the
      mixture rises above the freezing temperature of the ground. Then inner
      tube 2 of each indicator can be replaced in its implanted outer tube 1 if
      a further reading is to be taken at a later time. If the temperature
      increases in the area being tested, point 33 will move up inner tube 2,
      and if the temperature decreases the point 33 will move down inner tube 2.
      If no further readings are to be taken, the outer tubes are removed from
      the ground, and each outer tube is assembled with its associated inner
      tube. The indicator can then be moved to a new area that is to be tested
      or stored for use at some future time.
PAR  As was mentioned earlier, band 10 has to be properly located on each outer
      tube 1. From the foregoing discussion of FIGS. 5 and 6, the reason for
      this should be obvious. When an outer tube is implanted in the ground, it
      is implanted, as shown in FIG. 5, such that the bottom of band 10 is even
      with the surface of the ground. Since inner tube 2 of each indicator is
      dimensioned such that the top of inner tube 2 is even with the bottom of
      band 10 of the associated outer tube, implanting this outer tube to a
      depth where the bottom of band 10 is even with the surface of the ground
      insures that the top of inner tube 2 is even with the surface of the
      ground so that an accurate depth measurement is obtained from the scale
      provided on inner tube 2.
PAR  While band 10 serves to indicate to what depth the outer tube is to be
      implanted, the fluorescent orange band 29 of extension tube 25, if an
      extension tube is used, and the fluorescent orange screw cap 9 serve to
      make an indicator more visible. Instead of orange, any other bright color
      could be used.
PAR  While the frost line indicator of this invention is ideally suited for
      taking frost line depth measurements of the ground and has been
      specifically described herein as being so used, indicators constructed in
      accordance with this invention are not limited to this use alone. For
      example, one may want to know the certain temperature parameters of a
      particular bulk of material. One could implant an indicator of this
      invention in the material, subject the surface of the bulk of material to
      freezing temperatures and after a given period of time, read the indicator
      to determine to what depth the freezing temperature has penetrated.
      Further, no dimensions have been given for the various components of the
      indicator because the dimensions are not critical. The inner and outer
      tubes can be made to any practical length desired and within practical
      limits large or small diameter tubes can be provided. If one is conducting
      a test in an area that is subjected to extremely cold temperatures for
      prolonged periods, long tubes would have to be provided since the ground
      could freeze to a considerable depth. Whereas, in areas subjected to
      freezing temperatures for relatively short periods of time, short tubes
      can be used since the ground will generally not freeze to the same depth
      as in the colder areas.
PAR  While the invention has been described with reference to a specific
      embodiment, it will be obvious to those skilled in the art that various
      changes and modifications other than any such changes and modifications
      specifically mentioned can be made to the embodiment shown and described
      without departing from the spirit and scope of the invention as set forth
      in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A frost line depth indicator for measuring the frost line depth of a
      material comprising:
PA1  a first hollow tube being closed at one end by an end cap inserted into
      said tube and open at its other end;
PA1  a second hollow tube closed at one end by a first end cap having a hole
      through the center thereof, closed at its other end by a second end cap,
      and filled with a material that exhibits one color at temperatures at and
      below a certain temperature and a second color at temperatures above said
      certain temperatures, said second hollow tube being shorter than said
      first hollow tube and being of such size that said second hollow tube fits
      inside said first hollow tube;
PA1  a rope having one of its ends threaded through said hole in said first end
      cap of said second hollow tube and secured to said first end cap of said
      second hollow tube;
PA1  means to secure said first end cap inside said one end of said second
      hollow tube;
PA1  means to secure said second end cap of said second hollow tube inside said
      other end of said second hollow tube;
PA1  a cap having a hole through the center thereof and being adapted to fit
      over and be secured to said open end of said first hollow tube, said rope
      having the other of its said ends threaded through said hole in said cap
      and being secured to said cap; and
PA1  a distance measuring scale formed on the surface of said second hollow tube
      along the length of said second hollow tube.
NUM  2.
PAR  2. A frost line indicator as defined in claim 1 wherein said material in
      said second hollow tube is a mixture of white sand and fluorescein dye.
NUM  3.
PAR  3. A frost line indicator as defined in claim 2, said first color is yellow
      and said second color is green.
NUM  4.
PAR  4. A frost line indicator as defined in claim 3 wherein said means for
      securing said first end cap inside said one end of said second hollow tube
      includes first and second screws and said means for securing said second
      end cap inside said other end of said second hollow tube includes first
      and second screws.
NUM  5.
PAR  5. A frost line indicator as defined in claim 4 wherein said cap is secured
      to said first hollow tube by means of threads formed internally in said
      cap and threads formed externally adjacent said open end of said first
      hollow tube.
NUM  6.
PAR  6. A frost line indicator as defined in claim 5 wherein an extension tube
      having external threads adjacent both its ends is coupled to said open end
      of said first hollow tube by a threaded coupler, said threaded coupler
      having internal threads for mating with said threads adjacent said open
      end of said first hollow tube and for mating with said threads adjacent
      one end of said extension tube, said cap being secured to said threads
      adjacent the end of said extension tube opposite the end of said extension
      tube secured to said coupler when said extension tube is coupled to said
      open end of said first hollow tube.
NUM  7.
PAR  7. A frost line indicator as defined in claim 6 wherein a narrow band
      different in color than the color of said first hollow tube is provided
      around the outside of said first hollow tube a predetermined distance from
      said open end of said first hollow tube.
NUM  8.
PAR  8. A frost line indicator as defined in claim 7 wherein said second hollow
      tube is equal in length to the distance between said narrow band and said
      closed end of said first hollow tube.
NUM  9.
PAR  9. A frost line depth indicator as defined in claim 8 wherein said cap is
      fluorescent orange in color.
NUM  10.
PAR  10. A frost line depth indicator as defined in claim 9 wherein said
      fluorescein dye is a 0.1% solution and said sand is a medium size clean
      white sand-blasting sand.
NUM  11.
PAR  11. A frost line indicator as defined in claim 10 wherein the frost line
      depth to be measured is the frost line depth of the ground and said first
      hollow tube is implanted in said ground with the bottom edge of said
      narrow band even with the surface of said ground and said second hollow
      tube is inserted into said first hollow tube with said cap secured to said
      open end of first hollow tube.
NUM  12.
PAR  12. A frost line depth indicator for measuring the frost line depth of the
      ground comprising:
PA1  a first hollow tube being closed at one end, open at its other end, having
      external threads formed adjacent its open end and having a narrow band
      formed around its outer surface a predetermined distance from said open
      end, said narrow band being different in color than the outside surface of
      said first hollow tube;
PA1  a second hollow tube being closed at both ends and being filled with a
      mixture of white sand and fluorescein dye, said second hollow tube being
      equal in length to the distance between said closed end of said first
      hollow tube and the bottom edge of said narrow band and being of such a
      diameter that said second hollow tube fits inside said first hollow tube;
PA1  a brightly colored screw cap adapted to mate with said threads adjacent
      said open end of said first hollow tube to thereby secure said screw cap
      to said open end of said first hollow tube to cover said open end of said
      first hollow tube;
PA1  a rope having one end secured to one end of said second hollow tube and
      having its other end secured to said screw cap such that said rope
      provides a means of withdrawing said second hollow tube from inside said
      first hollow tube; and
PA1  a distance measuring scale formed on the surface of said second hollow tube
      along the length of said second hollow tube, whereby a frost line depth
      measurement of said ground is taken by implanting said first hollow tube
      in said ground such that the bottom edge of said narrow band is even with
      the surface of said ground, inserting said second hollow tube in said
      first hollow tube, securing said screw cap to said open end of said first
      hollow tube, and at the time said frost line depth measurement is to be
      taken by withdrawing said second hollow tube from said first hollow tube
      by unscrewing said screw cap from said open end of said first hollow tube
      and pulling said second hollow tube out of said first hollow tube by means
      of said rope and observing the color of said mixture of sand and
      fluorescein dye, said mixture being yellow to the depth which said ground
      is frozen and green in color below this depth, said scale formed on said
      second hollow cylinder providing a direct reading of the frost line depth.
NUM  13.
PAR  13. A frost line depth indicator as defined in claim 12 wherein an
      extension tube is coupled to said first hollow tube by means of a threaded
      coupler.
NUM  14.
PAR  14. A frost line depth indicator as defined in claim 13 wherein said
      mixture that is yellow in color turns green in color when the temperature
      of said mixture rises above the freezing temperature of said ground.
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ABST
PAL  Apparatus for checking the presence of liquid at a predetermined level in a
      container is disclosed. The apparatus comprises valve means disposed
      externally of such container, manually operable suction means to generate
      vacuum pressure and connected to the valve means, elongate duct means
      having constriction means between a first end portion extending into such
      container to define an opening in the duct means at the predetermined
      level and a second end portion connected to the valve means, the valve
      means being actuable by the suction means to close the duct means only on
      liquid being present at the predetermined level in such container, and
      indicator means responsive to the closure of the duct means by the valve
      means to indicate the presence of liquid at the predetermined level in
      such container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an apparatus for cheking the presence of liquid at
      a predetermined level in a container, particularly in the crank case of an
      internal combustion engine.
PAR  Fluid level indicators are known, in which is disposed at the end of a pipe
      dipping into the liquid a valve, in which a valve body, for example a
      ball, is pressed against a valve seat by the rising liquid under the
      effect of a reduced pressure produced by a suction pump, whereby a reduced
      pressure, which serves for the indication of fluid level, arises in the
      suction duct of the pump. The valve in that case is so dimensioned, that
      the valve body is not pressed against the valve seat by the generated
      reduced pressure, when no liquid is present in the region of the suction
      opening at the end of the suction duct. The disadvantage of such
      arrangements consists therein, that the valve is constantly disposed in
      the liquid, so that the danger exists particularly when oil containers
      shall be monitored, that the valve becomes polluted by such oil in the
      course of time and no longer functions unobjectionably, particularly when
      the valve is of small dimension, such as is unavoidable when the valve is
      used for monitoring of the oil level in the crank case of an internal
      combustion engine and the valve is to be introduceable through the bore of
      the usual oil dip stick.
PAR  Not to bring the valve seat constantly into connection with the liquid and
      thus to reduce the danger of pollution and incrustation, it is known to
      construct the valve body not as a ball, but as a relatively long rod,
      which at its upper end is appropriately constructed for the co-operation
      with the valve seating. In the region of the valve body constructed as rod
      and of the valve seating, it is however necessary to construct the suction
      duct to be stiff to prevent a bonding of the suction duct and to ensure an
      unobjectionable displacement of the valve body in the suction duct. It is
      hereby however not always possible to introduce this apparatus through the
      bore of the usual oil dip stick in internal combustion engines,
      particularly when the guidance for the oil dip stick is constructed to
      arcuate. Beyond that, this construction affords no absolute security
      agaisnt a pollution of the valve seat and thus a faulty performance of the
      valve, even though the valve does not constantly dip into the liquid, yet
      liquid gets to the valve seat and the suction duct connected thereto
      during the checking process. Always according to the viscosity of the
      liquid, this will after completion of the checking process escape more
      slowly or more quickly from the valve, it not being avoidable here, that
      remnants remain, which lead to troubles in the course of time.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided apparatus for checking
      the presence of a liquid at a predetermined level in a container, the
      apparatus comprising valve means disposed externally of such container,
      manually operable suction means to generte vacuum pressure and connected
      to the valve means, elongate duct means having constriction means between
      a first end portion extending into such container to define an opening in
      the duct means at th predetermined level and a second end portion
      connected to the valve means, the valve means being actuable by the
      suction means to close the duct means only on liquid being present at the
      predetermined level in such container, and indicator means responsive to
      the closure of the duct means by the valve means to indicate the presence
      of liquid at the predetermined level in such container.
PAR  The valve may be a pneumatic non-return valve, which does not immediately
      interrupt the flow to the vacuum source, but only after a certain pressure
      difference. A significant advantage of this construction consists therein,
      that the suction duct is free of built-in valves in the region of the
      liquid level to be monitored and thus can be costructed as a simple pipe
      of synthetic material or a simple hose of synthetic material, which is
      sufficiently flexible also to be able to be introduced through bent
      guides. The constriction means of the suction duct may be a portion of
      pipe of an internal diameter of 1 to 4 millimeters, preferably 1.5 to 2
      millimeters. Due to the presence of such constriction means, an
      appreciable difference of the flow resistance of liquid compared with air
      exists in the duct. This difference in the flow resistance, which
      increases with increasing viscosity of the liquid, is employed to actuate
      the relay or switching valve arranged externally of the container. This
      switching valve, which can be arranged far away from the container, does
      not come into contact with the liquid, since on the entry of liquid into
      the suction duct, the flow resistance and thereby the reduced pressure
      generated in the suction duct rises so strongly, that the switching valve
      interrupts the connection to the vacuum source. The liquid thus rises only
      to a small degree in the suction duct. Since no kinds of fitting in the
      shape of valves or the like are provided in this region of the suction
      duct, the entering liquid cannot lead to troubles.
PAR  An advantageous development of the invention consists therein, that the
      relay or switching valve displays a closure body, which shuts off the
      suction duct on the occurrence of a certain magnitude of the reduced
      pressure caused by the vacuum source against the action of a preferably
      adjustable elastic force effect. It is hereby possible to match the
      switching valve to the viscosity of the liquid and thereby to the reduced
      pressure arising on the entry of the liquid into the suction duct.
PAR  In one example of embodiment of the invention, the relay or switching valve
      displays a valve housing with a concavely shaped valve surface, into which
      opens the piece part of the suction duct disposed in communication on the
      one hand with the container and on the other hand with the vacuum source
      and that the valve surface is surmounted by an elastic membrane, which
      seals off at the edges. On the occurrence of a corresponding reduced
      pressure, as this is the case on the entry of liquid into the suction duct
      after the vacuum source has generated a reduced pressure, the membrane
      lays itself against the valve face and thus interrupts the communication
      between the two piece parts of the suction duct.
PAR  Another advantageous development of the invention consists therein, that
      the relay or switching valve displays a valve housing with a cylindrical
      valve chamber bounded at both sides by end walls, in which a sealingly
      guided piston in its rest position is urged by a spring against the one
      end wall provided with a ventilation bore, while the other end wall
      carries a projecting sealing seat for the piston, into which opens the one
      piece part of the suction duct disposed in communication with the vacuum
      source and which together with the wall of the valve housing bounds a
      space, into which opens the piece part of the suction duct disposed in
      communication with the container. On the occurrence of a corresponding
      reduced pressure, the piston is pressed against the sealing seat against
      the action of a spring and thus interrupts the suction duct. The then
      arising reduced pressure serves as an indication, that liquid is present
      in the region of the suction opening of the suction duct.
PAR  Preferably, the relay or switching valve is arranged directly at the
      outside of the container. The volume of the suction duct between the
      suction opening and the switching valve is hereby kept as small as
      possible, whereby the effects of the reduced pressure remaining in the
      suction duct after its being shut-off by the switching valve are reduced.
      If namely the volume is large, then relatively much liquid is sucked into
      the suction duct up to the event of the pressure equalization.
PAR  When by contrast the distance from the container to be monitored and the
      suction pump serving as vacuum source is small, then according to a
      refinement of the invention, the valve housing can be integrally formed
      with the suction side of the housing of a suction pump, whereby fewer
      individual parts result.
PAR  Preferably, the suction pump displays a main piston displaceably in a
      cylinder against the action of a spring by means of a handle attached to a
      hollow piston rod and an auxiliary piston, which is sealingly guided in
      the hollow piston rod and which gounds an auxiliary space, which is
      disposed in communication with the suction side of the main piston and in
      which a spring supporting the auxiliary piston is provided and that the
      auxiliary piston is disposed in communication with an indicating device.
      When due to displacement of the main piston, a reduced pressure arises in
      the suction pipe, which in the presence of iquid at the suction opening
      leads to an actuation of the switching valve, so that the reduced pressure
      further increases, then the auxiliary piston -- disposed in communication
      with the suction side of the main piston -- is hereby displaced against
      the spring supporting it beyond a given magnitude of the reduced pressure.
      This displacement of the auxiliary piston serves to actuate an indicating
      device. If no liquid is present in the region of the suction opening, then
      the switching valve does not shut-off the suction duct, whereby only a
      small reduced pressure sets in at the suction side of the main piston
      corresponding to the small flow resistance in the suction duct, which does
      not suffice to displace the auxiliary piston and thereby actuate an
      indicating device.
PAR  The indicating device can according to an advantageous development of the
      invention consist of a warning pin connected with the auxiliary piston and
      guided through the handle. This will be drawn into the handle by virtue of
      the displacement of the auxiliary piston in the presence of a coresponding
      reduced pressure at the suction side of the main piston. The disappearance
      of this warning pin indicates, that liquid is present in the region of the
      suction opening. By contrast, the warning pin remains visible when due to
      too small a reduced pressure the auxiliary piston is not displaced. It is
      hereby indicated, that no liquid is any longer present in the region of
      the suction opening of the suction duct.
PAR  So that the liquid entering the suction duct during a checking process with
      certainty again gets out of the suction duct in the fastest way, the
      suction pump in further development of the invention is so constructed,
      that a greater volume of air is impressed into the suction duct on a
      return of the main piston into its rest position than would correspond to
      the movement of the main piston during the suction process. For this, the
      wall of the auxiliary space in the region of the spring displays a groove
      serving as bypass, through which air gets to the suction side of the main
      piston after a corresponding displacement of the auxiliary piston against
      the action of the spring. This air entering at the suction side of the
      piston during the suction process serves on the return of the main piston
      into its rest position, into which it is pressed by a spring, to
      effectively displace the liquid present in the suction duct. To be able to
      impress this greater quantity of air into the suction duct, there can also
      be provided in the cylinder of the main piston in the proximity of the end
      of the suction stroke a throttle bore, through which the air after
      completion of the suction process can flow to the suction side of the
      piston. This development can be provided either additionally to the
      arrangement of the auxiliary piston or also without auxiliary piston. This
      additional air flowing over the bypass can be utilised to actuate an
      indicating device, for example an acoustical indicating device, such as a
      whistle. When no liquid is disposed in the region of the suction opening,
      then air instead of liquid is sucked in through the suction opening,
      whereby the reduced pressure on the suction side of the piston is so
      small, that no additional air flows in through the bypass. The acoustical
      indicating device is therefore not actuated.
PAR  According to another development of the invention, the vacuum source can
      display a piston displaceable in a cylinder against the action of a spring
      by means of a handle attached to a hollow piston rod and a push rod, which
      is guided in the hollow piston rod and which in the rest position of the
      piston pushes into its outer stable position an elastic membrane, which
      closes off a hollow space in the handle connected with the suction side of
      the piston and which snaps into its inner stable position on the
      occurrence of a certain suction action. It is evident according to the
      respective position of the membrane whether liquid is present or not in
      the region of the suction opening of the suction duct, since in the
      absence of liquid the reduced pressure generatd by the pump is so small,
      that the membrane does not snap into its inner stable position. A further
      improvement of the indication can be attained thereby, that the external
      face of the membrane is provided with grooves. These grooves gape apart in
      the outer stable position of the membrane, while they are closed in the
      inwardly plugged position of the membrane. The membrane hereby feels rough
      in the one case and smooth in the other case. When the grooves according
      to a further development of the invention display a different colour than
      the external surface of the membrane, then the membrane in the inwardly
      plugged position is monochromatic, while in the outwardly plugged positon,
      it displays additional differently coloured strips, which improve the
      indicating fuction.
PAR  To avoid possible consequences of deposits from the liquid with certainly
      also in the end of the suction pipe free of valve units, the end of the
      suction duct dipping into the iquid may be cnstructed as an enlarged end
      piece, that is, as a duct end portion of relatively larger internal
      diameter. By this enlargement of the throttle pipe to an internal diameter
      of about 4 to 6 it is prevented with certainly, that deposits can lead to
      operational faults.
PAR  To promote the running-off of the liquid from the suction duct, the end of
      the suction duct dipping into the liquid is obliquely cut off. This
      measure influences the mode of action of the apparatus in such favourable
      manner, that it is hereby possible to provide a valve in the region of the
      end of the suction duct, when the incorporation of the valve ensues in
      connection with an enlarged end piece without the initially described
      disadvantages appearing with comparable dimensions. This oblique formation
      of the lower end of the suction duct thus represents a characteristic,
      which independently of the arrangement of the shut-off device improves
      every liquid level indicating device in its operation. For this region,
      this formation is not limited to the arrangement of the shut-off device
      outside the container. An embodiment can rather consist therein, that the
      constriction means comprises a valve seating is formed at the transition
      location between the end piece and the throttle pipe and inserted in the
      end piece is a ball, the specific weight of which is greater than that of
      the liquid and the diameter of which is so dimensioned relative to the
      internal diameter, that -- on the action of a reduced pressure generated
      by the suction pump and in the presence of liquid in the region of the
      suction opening -- the ball is pushed against the valve seat, the
      sucked-up liquid being however able to flow away on falling-off of the
      reduced pressure between the ball and the inside wall of the end piece and
      that the ball is secured against a falling out of the end piece by a
      projection, which brings the ball to rest against the longer wall region
      of the end piece caused by the oblique opening. Thereby, that the ball is
      brought by the projection to rest against the longer wall region of the
      end piece caused by the oblique opening, the liquid present in the end
      piece can without obstruction flow away through the gap between the ball
      and the wall on lowering of the liquid level in the container, whereby it
      is made certain, that no liquid remains between ball and the wall of the
      end piece, which could cause a sucking-up of the ball although the liquid
      level in the container has already sunk below this level. By the resting
      of the ball against the wall of the end piece, a gap if freed on one side,
      the dimension of which is of course larger than when the ball would be
      centrally disposed in the middle of the suction duct. In connection with
      the oblique end of the suction duct, a reliable apparatus for the
      monitoring of the liquid level in contrainers and particularly in the
      crank case of internal combustion engines is hereby created.
PAR  According to a preferred development of the invention, the projection can
      be formed by a tongue, which lies obliquely to the longitudinal axis of
      the end piece and which is blocked out of the end piece at the upper end
      of the oblique opening.
PAR  To be able to employ also suction ducts greater in diameter, as this can be
      advantageous in the case of certain conditions of incorporation, or to
      ensure a certain response of the switching valves even for liquids with a
      very low viscosity, the enlarged end piece is in a further development of
      the invention prolonged up to the outside of the container to be monitored
      and opens into a valve housing, in which a float is provided for actuation
      of the valve closure body. In the presence of liquid in the region of the
      suction opening, this is then sucked up to the float, which then floats
      and presses the valve body against the valve seat in the valve housing.
      The suction duct is thereby interrupted, whereby the reduced pressure
      rises so high, that the switching valve responds even when the suction
      duct exhibits a large diameter, which on the entry of liquid would not
      suffice to provoke the corresponding pressure difference for actuation of
      the switching valve. Even when the valve due to deposits in the course of
      time should not close exactly, then the flow resistance generated hereby
      is still so great, that the switching valve responds in each case. In the
      case of liquids, which do not tend to deposits, this development can be of
      application even without relay or switching valve since the float can
      effectively interrupt the suction duct in connection with valve, so that
      the arising reduced pressure effects an indication.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Embodiments of the present invention will now be more particularly
      described by way of example with reference to the accompanying drawings,
      in which:
PAR  FIG. 1 shows a section through an apparatus for checking the level of
      liquid in containers, in accordance with a first embodiment of the
      invention;
PAR  FIG. 2 shows a section through a modified part of the apparatus shown in
      FIG. 1;
PAR  FIG. 3 shows a further modified part of the apparatus shown in FIG. 1;
PAR  FIG. 4 shows a section through part of apparatus for checking the level of
      liquid in containers, in accordance with a further embodiment of the
      invention; and
PAR  FIG. 5 shows a section through apparatus for checking the level of liquid
      in a container in accordance with a yet further embodiment of the
      invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Illustrated in the Figures are arrangements for checking the level of
      liquid in containers, which are specially adapted to the requirements of
      the testing of the oil level in the crank case of internal combustion
      engines. As is evident from FIG. 1, the apparatus for checking the level
      of liquid includes a combined switching valve and suction pump unit 1, 7
      and a suction duct 31, which includes constriction means. The constriction
      means may comprise a portion of the duct having an internal diameter
      sufficiently small to significantly impede the flow of iquid along the
      duct. Thus, the suction duct 31 shown in FIG. 1 consists of a flexible
      capillary tube, which is introduceable in place of the oil dip stick of an
      internal combustion engine into the guide of this oil dip stick. The end
      of the suction duct dipping into the oil displays an end portion 32
      enlarged in diameter and with an oblique opening 33. The end portion or
      piece, which is matched to the diameter of the dip stick bore, dips about
      1 to 2 centimeters below the maximum oil level, which is designated by 34.
      The suction opening 33 thus lies in about the middle between the maximum
      oil level 34 and the minimum oil level 35.
PAR  The suction duct 31 is connected to a connection stub 19, which opens into
      a space 20 of the switching valve 1, the valve housing of which is
      constructed to be integral with the valve housing of the suction pump 7.
      The space 20 is bounded on the one hand by the inside wall of the valve
      housing and by a sealing seat 3 projecting into the valve housing, into
      which opens a bore 2 serving as piece part of the suction duct and
      connecting the switching valve 1 with the suction side of the suction pump
      7. Formed in the switching valve 1 is a closure body 22 in the shape of a
      sealingly guided piston, which under the action of a spring 18 -- which
      supports itself at the separating wall to the suction pump -- rests
      against an end wall 24, which is formed as a closure cap and in which a
      ventilating bore 23 is provided.
PAR  The suction pump displays a main piston 4, which is ealingly guided in the
      housing of the suction pump 7 and -- for the generation of a reduced or
      suction pressure -- is displaceable against the action of a compression
      spring 15 by means of a handle 12 arranged at a hollow piston rod 8, which
      is guided in the lid 10. The main piston 4 displays a central bore 5,
      which connects the suction side of the piston with an auxiliary space 16
      within the hollow piston rod, which is bounded by an auxiliary piston 9
      sealingly guided in the hollow piston rod 8. By a compression spring 17,
      which supports itself against the main piston, the piston 9 is retained in
      its rest position, which is determined by a collar 14, which sits on a
      warning pin 11 constructed as a piston rod and rests itself against the
      handle 12. In the rest position, the warning pin 11 projects by one end 13
      out of a bore of the handle 12.
PAR  If the main piston 4 is now displaced against the action of the compression
      spring 15 by withdrawal of the handle 12, then a reduced pressure is
      hereby generated at the suction side of the piston 4, the bore 2, the
      space 20 and finally in the suction duct 31. If liquid is disposed in the
      region of the suction opening 33, then this enters into the enlarged end
      piece 32 and gets in part into the part of the suction duct 31 constructed
      as choke pipe. The flow resistance hereby becomes so great, that the
      reduced pressure rises, whereby the closure body 22 of the switching valve
      1 is pushed against the sealing seat 3 against the action of the spring
      18. For the attainment of a good sealing, the closure body 22 is provided
      with a seal 21. In the case of the illustrated example of embodiment, the
      reduced pressure at this instant displays a valve of approximately 1.5
      meters of water and the main piston has traversed about a quarter of its
      entire stroke. When the main piston 4 is then moved further to the right,
      the reduced pressure increases in the suction space of the suction pump 7.
      When this reduced pressure in the case of the illustrated example of
      embodiment has attained about 3 to 4 meters of water the auxiliary piston
      9 is moved to the left against the action of the spring 17 due to the
      reduced pressure, which propagates through the bore 5 into the auxiliary
      space 16, so that the visible end 13 of the warning pin 11 disappears in
      the handle 12. It is hereby indicated, that oil is present in the region
      of the suction opening.
PAR  On the displacement of the auxiliary piston 9, this gets into the range of
      a groove 6, which is provided in the inside wall of the hollow piston rod
      8 and which acts as bypass and through which the air can get round the
      auxiliary piston 9 and through the bore 5 to the suction side of the main
      piston. Although the reduced pressure at the suction side of the main
      piston is lowered hereby, so that the auxiliary piston 9 again moves out
      of the range of the groove 6, the reduced pressure is however again
      increased on a further motion of the main piston, so that the auxiliary
      piston again gets into the region of the groove with the consequence of
      the supply of further air to the suction side of the main piston 4. On
      completion of the checking process, this entry of additional air leads
      thereto, that the main piston again pressed back into the initial position
      by the compression spring displaces a greater volume than corresponds to
      its piston stroke. It is made certain hereby, that the liquid, which has
      entered the suction duct 31 during the checking process, is again pushed
      out with certainty.
PAR  Furthermore, air can get through a choke bore 6' at the end of the suction
      stroke of the main piston to its suction side. The air entering through
      this choke bore 6' can also serve for the actuation of a whistle, so that
      the arrangement of the auxiliary piston 9 can be dispensed with.
PAR  FIG. 2 shows a modified embodiment of a switching valve 25, which displays
      a concave valve face 26, into which opens the piece part of the suction
      duct 19' or 2', respectively, which is on the one hand in communication
      with the container and on the other hand with the suction pump. The
      concave valve face is surmounted by an elastic membrane 27, which is
      sealingly fixed at the edge of the valve housing. Should now a reduced
      pressure occur, which is caused by the entry of liquid into the suction
      duct, then the membrane 27 lays itself sealingly against the valve face
      26, and interrupts the suction duct and thereby the connection to the
      suction side of the suction pump, whereby the visible end 13 of the
      warning pin 11 disappears into the handle 12 as in the case further
      described above. If contrary thereto no liquid is present in the region of
      the suction opening 33, then air is sucked in to the suction duct 31. The
      flow resistance of air is however substantially smaller than that of the
      liquid, so that the switching valve 1 or 25 does not respond. The visible
      end 13 of the warning pin 11 does not disappear into the handle and thus
      indicates, that no liquid is any longer present in the region of the
      suction opening 33.
PAR  The FIG. 3 shows a modified embodiment in the region of the end piece 32 of
      the suction duct 31. Here, in this end piece is inserted constriction
      means in the form of a valve ball 28, the specific weight of which is
      greater than that of the liquid and which is prevented against falling out
      by an inwardly bent tongue 29, which is stamped out of the wall and which
      is set obliquely to the longitudinal axis of the end piece, whereby the
      ball comes to rest against the longer wall region of the end piece 32
      caused by the oblique opening. Between the ball 28 and the inside wall of
      the end piece 32 in the shorter wall region caused by the oblique suction
      opening 33, a relatively large gap is hereby created, through which the
      liquid having entered the suction duct can again flow away after
      completion of the checking process. When during a checking process, liquid
      is present in the region of the suction opening 33, then this liquid is
      lifted upwardly together with the valve ball 28 until the ball 28 rests
      sealingly against a valve seat 30, which is formed at the transition
      location between the end piece 32 and the choke pipe of the suction duct
      31. Since the valve ball 28 seals sufficiently well, it is possible to
      operate this embodiment also without switching valves 1 or 25.
PAR  In the case of a further embodiment illustrated in FIG. 4, an enlarged end
      piece 40 of a suction duct 45 maintained wider in diameter is constructed
      to be so long, that it reaches up to constriction means comprising further
      valve means provided with a valve housing 41, which is mounted externally
      of the container or the crank case. A float 42 constructed as hollow
      sphere is disposed in the valve housing 41. A closure cap 44 is
      constructed as valve seat, in which a closure body 43 can freey move. If a
      reduced pressure is generated by the suction pump as described above, then
      liquid rises through the end piece 40 into the valve chamber, whereupon
      the float 42 rises upwardly and presses the closure body 43 against the
      valve seat and shuts off the suction duct 45. A reduced pressure, which
      leads to the indication further described above, thereby arises in the
      suction pump. Although this embodiment can likewise be operated without
      switching valve, it recommends itself to provide a switching valve 1 or
      25, since a certain closure of the valve is to be guaranteed only with
      difficulty and it must in any case be avoided, that in the case of
      prolonged actuation of the suction pump, oil gets through the not
      unobjectionably closing valve into the suction duct from there into the
      suction pump. The suction opening of the suction duct 45 is designated by
      46.
PAR  FIG. 5 shows a suction pump 7', the housing of which is formed integrally
      with a switching valve 1', which is connected to the suction side of the
      pump. Just as in the case of the embodiment according to FIG. 1, a
      connecting stub 19' of a not shown suction duct opens into a space 20' of
      the switching valve 1'. The membrane 36 is provided with an annular
      outward bow 36a to hold the membrane in the open position, i.e., lifted
      off from a sealing seat 3'. Should the membrane 36 rest against the
      sealing seat 3', then the connecting stub 19' is separated from a bore 2'
      in the bottom of the housing of the suction pump, which connects the space
      20' with the suction side of the piston 4', which is pressed by a spring
      15' into the shown rest position. A seal of the pump is designated by 4a.
      The space, in which the spring 15' is arranged, is connected with
      atmosphere through a choke bore 6'. The pump housing is closed by a lid
      10', which serves for the guidance of a hollow piston rod 8', which
      carries a knob-like handle 12', which is constructed to be hollow, the
      hollow space 16' being closed off by a membrane 37. The hollow space 16'
      is in communication with the suction side of the piston 4' through the
      hollow piston rod 8'. The membrane 37 is so constructed, that it displays
      two stable positions, wherein the outwardly plugged position is shown in
      the drawing. Provided within the piston rod is a push rod 38, which in the
      rest position of the piston 4' of the suction pump 7' keeps the membrane
      in the outwardly plugged position. Should liquid be disposed at the end of
      the suction duct, then after actuation of the piston 4', the membrane 36
      is drawn against the sealing seat 3' because of the high flow resistance
      in the suction duct and the connection between the suction duct and the
      suction side of the piston 4' is thereby interrupted. The reduced pressure
      on the suction side of the piston thereby rises still more strongly,
      whereby the membrane snaps into its inner position. After completion of
      the cheking process, the spring 15' presses the piston 4' again into its
      end position, whereby the push rod 38 abuts at the bottom of the suction
      pump 7' and pushes the membrane 37 again into its outwardly plugged
      position.
PAR  The membrane 37 is provided with circularly shaped grooves 39, which in the
      outwardly plugged position of the membrane lend a rough surface thereto,
      so that the position of the membrane can be ascertained in the dark by
      feeling. The grooves 39 can also be coloured in differently, so that they
      are visible in the outwardly plugged position of the membrane, but
      however, no longer visible in the inwardly plugged position, which
      likewise represents in indication for the presence of liquid at the
      suction opening of the suction duct. Should no liquid be disposed at the
      suction opening of the suction duct, then air is sucked in and the reduced
      pressure on the suction side of the piston and thus in the space 16' is so
      small, that the membrane 37 remains in its outwardly plugged position.
PAR  When during the actuation of the suction pump, the piston 4' is drawn
      against the action of the spring 15' into its end position opposite to the
      end position shown in FIG. 5, then air gets through the choke bore 6' to
      the suction side of the piston, when reduced pressure prevails on the
      suction isde of the piston, which occurs in a manner worthy of mention
      only then, when liquid is present in the suction duct. By the entry of air
      to the suction side of the pistion, it is assured, that it in its end
      position caused by the action of the spring 15' again displaces with
      certainty out of this suction duct the liquid drawn into the suction duct.
      This additional air volume thus serves for blowing out the suction duct.
      In spite of the entry of additional air to the suction side of the piston,
      the position of the membrane does not change, i.e., the membrane snapped
      into the inner end position by virtue of the reduced pressure remains in
      this position in spite of the reduction of the reduced pressure due to the
      air entering through the choke bore 6', since the membrane 37 displays a
      snap effect and is only pressed outwardly by the push rod 38, when the
      piston 4' is again disposed in the end position shown in FIG. 5.
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STM  I claim:
NUM  1.
PAR  1. Apparatus for checking the presence of liquid at a predetermined level
      in a cntainer, the apparatus comprising, in combination:
PA1  valve means disposed externally of said container;
PA1  manually operable suction means to generate vacuum pressure and connected
      to said valve means;
PA1  elongate duct means having constriction means between a first end portion
      extending into said container to define an opening in said duct means at
      said predetermined level and a second end portion connected to said valve
      means, said valve means being actuable by said suction means to close said
      duct means only on liquid being present at said level; and
PA1  indicator means responsive to the closure of said duct means by said valve
      means to indicate the presence of liquid at said level.
NUM  2.
PAR  2. Apparatus as defined in claim 1, wherein said cnstriction means
      comprises a portion of said duct means, said portion having an internal
      diameter of between 1 and 4 millimeters.
NUM  3.
PAR  3. Apparatus as defined in claim 2, wherein said internal diameter is
      between 1.5 2 millimeters.
NUM  4.
PAR  4. Apparatus as defined in claim 1, wherein said valve means comprises a
      housing and a valve element movable relative to said housing between an
      open position and a closed position, and biassing means to resiliently
      urge said element towards said open position, said valve element being
      moved into said closed position when suction pressure generated by said
      suction means exceeds the force exerted on said element by said biassing
      means.
NUM  5.
PAR  5. Apparatus as defined in claim 4, wherein said biassing means is
      adjustable to pre-set said force exerted on said element by said biassing
      means.
NUM  6.
PAR  6. Apparatus as defined in claim 4, wherein a portion of said valve housing
      defines a concave seating surface and said movable valve element comprises
      a resilient diaphragm disposed in mutually facing relationship with said
      seating surface, said seating surface having a first orifice communicating
      with said duct means and a second orifice communicating with said suction
      means, said diaphragm contacting said seating surface to close each of
      said orifices when said diaphragm is in said closed position.
NUM  7.
PAR  7. Apparatus as defined in claim 6, wherein said diaphragm surmounts said
      portion of said housing, an edge portion of said diaphragm being mounted
      in cntact with said housing portion to seal the periphery of said concave
      seating surface.
NUM  8.
PAR  8. Apparatus as defined in claim 4, wherein said housing defines a
      cylindrical valve chamber bounded at one end by a first end wall having a
      ventilator passage therein and bounded at the other end by a second end
      wall, said movable valve element comprising a piston slidably disposed in
      said cylindrical valve chamber and resiliently urged by spring means
      against said first end wall, said second end wall carrying valve seating
      means projecting therefrom and provided with a passage communicating with
      said suction means, said chamber communicating with said duct means and
      said piston being urged against said seating in the closed condition of
      said valve element.
NUM  9.
PAR  9. Apparatus as defined in claim 1, wherein said valve means is mounted
      directly on the outer wall of said container.
NUM  10.
PAR  10. Apparatus as defined in claim 4, wherein said suction means comprises a
      pump housing and at least part of said valve housing is integral with at
      least part of said pump housing.
NUM  11.
PAR  11. Apparatus as defined in claim 1, wherein said suction means comprises a
      suction pump provided with a housing defining a first cylindrical cavity,
      a first piston slidably disposed in said first cylindrical cavity, first
      spring means resiliently urging said first piston towards one end wall of
      said first cylindrical cavity, a hollow piston rod having one end portion
      thereof connected to said first piston, a handle connected to the other
      end portion of said hollow piston rod, a second piston slidably mounted in
      said hollow piston rod to define one end wall of a second cylindrical
      cavity communicating with the low pressure of said first cylindrical
      cavity, second spring means diposed in said second cylindrical cavity to
      urge said second piston therealong, said second piston being operatively
      associated with said indicator means.
NUM  12.
PAR  12. Apparatus as defined in claim 11, wherein said indicator means
      comprises a pin connected to said second piston and slidably guided in a
      bore through said handle.
NUM  13.
PAR  13. Apparatus as defined in claim 11, wherein a portion of the peripheral
      wall of said second cylindrical cavity in the vicinity of said second
      spring means defines a groove to by-pass said second piston when the
      latter is disposed opposite said groove.
NUM  14.
PAR  14. Apparatus as defined in claim 13, wherein said indicator means is
      actuable in response to air flowing through said groove towards the low
      pressure side of said first cylindrical cavity.
NUM  15.
PAR  15. Apparatus as defined in claim 1, wherein said suction means comprises a
      suction pump provided with a housing defining a cylindrical cavity, a
      piston slidably disposed in said cylindrical cavity, spring means
      resiliently urging said piston towards one end wall of said cylindrical
      cavity, a hollow piston rod having one end portion thereof connected to
      said piston, a hollow handle connected to the other end portion of said
      hollow piston rod, a pushrod slidably guided in the bore of said hollow
      piston rod and in the bore of said hollow handle to project into a further
      cavity defined in said hollow handle and communicating with the suction
      side of said cylindrical cavity, an elastic membrane enclosing said
      further cavity and selectively engageable with the projecting end portion
      of said push-rod, said piston at the end of its suction stroke permitting
      communication between the suction side of said cylindrical cavity and the
      atmosphere via a ventilator passage in the peripheral wall of said
      cylindrical cavity, said membrane having an outer stable position into
      which said membrane is pushed by engagement with said projecting end
      portion of said push-rod when said piston abuts against said one end wall
      of said cylindrical cavity, and said membrane having an inner stable
      position into which it snaps when the suction pressure generated in the
      low pressure side of said cylindrical cavity attains a predetermined
      value.
NUM  16.
PAR  16. Apparatus as defined in claim 15, wherein the external surface of said
      elastic membrane defines a plurality of grooves therein.
NUM  17.
PAR  17. Apparatus as defined in claim 16, wherein the groove portions of said
      external surface of said membrane are of a colour different from that of
      other surface portions of said external surface.
NUM  18.
PAR  18. Apparatus as defined in claim 1, wherein said one end portion of said
      elongate duct means is of larger internal cross-sectional area that the
      other portion of said duct means.
NUM  19.
PAR  19. Apparatus as defined as in claim 1, wherein one longitudinal wall
      portion of said enlarged end portion of said duct means is longer than a
      longitudinal wall portion thereof opposite said one longitudinal wall
      portion, whereby the end face of said enlarged end portion defining said
      opening is inclined to the horizontal.
NUM  20.
PAR  20. Apparatus as defined in claim 19, wherein a valve seating is provided
      at the transition between said enlarged end portion of said duct means and
      said other portion of said duct means, and wherein a ball is provided in
      said enlarged end portion, said ball having a specific gravity greater
      than that of said liquid and a diameter such that -- on said liquid being
      present at said level when said suction means is actuated -- said ball is
      urged against said valve seating to close said duct means, said ball being
      retained in said enlarged end portion by a prong projecting into the bore
      of said enlarged end portion in the vicinity of said opening, said prong
      being so inclined as to direct said ball against said longer longitudinal
      wall portion of said enlarged end portion.
NUM  21.
PAR  21. Apparatus as defined in claim 20, wherein said prong comprises a tongue
      portion stamped-out of an edge portion the shorter longitudinal wall
      portion of said enlarged end portion next adjacent said opening, said
      tongue extending traversely of the longitudinal axis fo said enlarged end
      portion of said duct means.
NUM  22.
PAR  22. Apparatus as defined in claim 1, comprising further valve means
      connected serially in said duct means, said further valve means comprising
      a housing defining a float chamber and a float disposed in said float
      chamber the portion of said duct means extending between said float
      chamber and said container being of larger cross-sectional area then that
      of the duct portion extending between said float chamber and said first
      mentioned valve means.
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ABST
PAL  An apparatus in which the quantity of release material metered to a heated
      fuser member is regulated. The apparatus includes a blade positioned in
      contact with the fuser member to remove excessive release material
      therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an electrostatographic printing machine
      and more particularly concerns an apparatus for controlling the quantity
      of release material metered to a heated fuser member.
PAR  In a typical electrostatographic printing machine, a latent image is
      recorded on a surface and developed with charged particles. The particles
      are transferred from the image bearing surface to a sheet of support
      material. Thereafter, the particles are permanently affixed to the sheet
      of support material forming a copy of the original document.
      Electrostatographic printing includes electrophotographic printing and
      electrographic printing. Both of the foregoing processes are similar to
      one another. Electrophotographic printing employs a photoconductive member
      which is charged to a substantially uniform level. A light image of the
      original document irradiates the charged photoconductive member
      dissipating the charge in the irradiated areas recording an electrostatic
      latent image thereon. Electrographic printing differs from
      electrophotographic printing in that a photoconductive member or a light
      image is not required to create a latent image of the original document.
      Generally, both of the foregoing processes employ heat settable particles
      which are permanently affixed to the sheet of support material by the
      application of heat thereto.
PAR  In order to permanently affix the particles to the sheet of support
      material, it is necessary to elevate or heat the particles to a point at
      which the constituents thereof coalesce and become tacky. This action
      causes the particles to be absorbed to some degree into the fibers of the
      sheet of support material which may be amongst others, plain paper or a
      sheet of thermoplastic material. After the particles cool, solidification
      of the particles produces a firm bond between the sheet of support
      material and the particles. The use of heat to permanently affix powder
      images onto a sheet of support material is well known in the art.
PAR  One approach for applying heat thereto is to pass a sheet of support
      material with the powder image thereon through a pair of opposed rollers
      at least one of which is heated. One type of system employing a pair of
      rollers utilizes a heated fuser roller having an outer surface covered
      with polytetrafluoroethylene, commonly known as Teflon, to which a release
      agent, such as silicone oil is applied. Preferably, the Teflon layer has a
      thickness of about several mils with the thickness of the oil being less
      than one micron. Silicone based oils, which possess a relatively low
      surface energy, have been found to be useful for heated fuser rolls having
      an outer surface of Teflon. Generally, a thin layer of silicone oil is
      applied to the surface of the heated roller to form an interface between
      the roll surface and powder image carried on the support material. The low
      surface energy of this layer prevents the particles from transferring to
      the roller. This insures that the particles remain on the sheet of support
      material so as to be permanently affixed thereto during the heating
      process.
PAR  Another approach has been to employ a metal heated roller which has a low
      molecular weight polyethylene applied thereto as a release agent. This
      release material is generally a solid at room temperature. Hereinbefore,
      it has been difficult to control or regulate the quantity of release
      material applied to the fuser roll. One approach taken is described in
      co-pending application Ser. No. 482,675 filed in 1974. As described
      therein, a composite doctor blade structure engages the fuser roll to
      meter a prescribed thickness of release material thereto. The doctor blade
      assembly is loosely supported enabling it to expand freely under
      temperature.
PAR  It is a primary object of the present invention to improve the structure
      employed to control the metering of release material to a heated fuser
      member.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, and in accordance with the present invention, there is
      provided an apparatus for regulating the quantity of release material
      metered to a heated fuser member. The heated fuser member is operatively
      associated with a backup member with a sheet of support material being
      interposed therebetween. As the sheet of support material passes between
      the backup member and fuser member, the particles adhering thereto contact
      the fuser member.
PAR  Pursuant to the features of the present invention, means are provided for
      applying the release material to the fuser member. A flexible blade has
      one end portion thereof contacting the fuser member to adjust the
      thickness of the layer of release material applied thereto. Biasing means
      resiliently urge the blade into contact with the fuser member. A clamping
      plate is secured to a support member with the other end portion of the
      blade being interposed therebetween. In this manner, the blade is
      supported in cantilever fashion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. 1 is a schematic elevational view illustrating an electrophotographic
      printing machine incorporating the features of the present invention
      therein;
PAR  FIG. 2 is a sectional elevational view showing the FIG. 1 printing machine
      fuser assembly; and
PAR  FIG. 3 is an enlarged, fragmentary, sectional elevational view depicting
      the metering blade employed in the FIG. 2 fuser assembly.
PAR  While the present invention will hereinafter be described in connection
      with the preferred embodiment thereof, it will be understood that it is
      not intended to limit the invention to that embodiment. On the contrary,
      it is intended to cover all alternatives, modifications and equivalents as
      may be included within the spirit and scope of the invention as defined by
      appended claims.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a general understanding of an electrophotographic printing machine in
      which the present invention may be incorporated, reference is had to FIG.
      1 which depicts schematically the various components thereof. Hereinafter,
      like reference numerals will be employed throughout to designate like
      elements. Although the apparatus for metering the release agent to a
      fusing member employed in the electrophotographic printing machine of FIG.
      1, is particularly well adapted for use therein, it should become evident
      from the following discussion that it is equally well suited for use in a
      wide variety of devices and is not necessarily limited in its application
      to the particular embodiment shown herein.
PAR  Since the practice of electrophotographic printing is well known in the
      art, the various processing stations for producing a copy of an original
      document are herein represented in FIG. 1 as blocks A through E,
      inclusive. Each of these blocks will be briefly discussed hereinafter.
PAR  As in all electrophotographic systems of the type illustrated, a drum 10
      having a photoconductive surface 12 entrained about and secured to the
      exterior circumferential surface thereof is rotated, in the direction of
      arrow 14, through the various processing stations. One type of suitable
      photoconductive material is described in U.S. Pat. No. 2,970,906 issued to
      Bixby in 1961.
PAR  Initially, drum 10 rotates photoconductive surface 12 through charging
      station A. Charging station A employs a corona generating device,
      indicated generally at 16, to sensitize photoconductive surface 12. Corona
      generating device 16 is positioned closely adjacent to photoconductive
      surface 12. When energized, corona generator device 16 charges
      photoconductive surface 12 to a relatively high substantially uniform
      potential. For example, corona generating device 16 may be of the type
      described in U.S. Pat. No. 2,836,725 issued to Vyverberg in 1958.
PAR  Thereafter, drum 10 rotates the charged photoconductive surface 12 to
      exposure station B. Exposure station B includes a stationary, transparent
      platen member, such as a glass plate or the like, for supporting an
      original document thereon. Lamps illuminate the original document.
      Scanning of the original document may be achieved by oscillating a mirror
      in a timed relationship with a movement of drum 10. This mirror is
      positioned beneath the platen and adapted to reflect the light image of
      the original document through a lens onto a mirror which, in turn,
      transmits the light image through an apertured slit onto charged
      photoconductive surface 12. Irradiating the charged photoconductive
      surface 12 records an electrostatic latent image thereon corresponding to
      the original document.
PAR  Drum 10 rotates the electrostatic latent image to development station C.
      Development station C includes a developer unit 20 having a housing with a
      supply of developer mix therein. The developer mix comprises carrier
      granules and toner particles adhering thereto. The carrier granules are
      formed from a magnetic material with the toner particles being formed from
      a heat settable plastic. Preferably, developer unit 20 is a magnetic brush
      development system. In such a system, the developer mix is brought through
      a directional flux field to form a brush thereof. The electrostatic latent
      image recorded on photoconductive surface 12 is developed by bringing the
      brush of developer mix into contact therewith. In this manner, the toner
      particles are attracted electrostatically to the latent image for forming
      a toner powder image on photoconductive surface 12.
PAR  With continued reference to FIG. 1, a sheet of support material is advanced
      by sheet feeding apparatus 22 to transfer station D. Sheet feeding
      apparatus 22 includes a feed roll 24 contacting the uppermost surface of
      the stack of sheets of support material 26. Feed roll 24 rotates in the
      direction of arrow 28 so as to advance the uppermost sheet from stack 26.
      Registration rollers 30 rotating in the direction of arrow 32, align and
      forward the advancing sheet of support material into chute 34. Chute 34
      directs the advancing sheet of support material into contact with drum 10
      in a timed sequence so that the toner powder image developed thereon
      contacts the advancing sheet of support material at transfer station D.
PAR  At transfer station D, corona generating device 36 applies a spray of ions
      to the back side of the sheet of support material. This attracts the toner
      powder image from photoconductive surface 12 to the sheet of support
      material.
PAR  After transfer of the toner powder image to the sheet of support material,
      the sheet of support material is advanced to a suitable fuser assembly,
      indicated generally by the reference numeral 38. Fuser assembly 38 fuses
      the transferred toner powder image to the sheet of support material. After
      the fusing process, the sheet of support material is advanced by a series
      of rolls 40 to catch tray 42 for subsequent removal therefrom by the
      machine operator. Fuser assembly 38 will be discussed hereinafter with
      reference to FIG. 2.
PAR  Invariably, after the sheet of support material is separated from
      photoconductive surface 12, some residual toner particles adhere thereto.
      These residual toner particles are removed from photoconductive surface 12
      at cleaning station E. Initially, toner particles are brought under the
      influence of a corona generating device adapted to neutralize the
      remaining electrostatic charge on photoconductive surface 12 and that of
      the residual toner particles. The neutralized toner particles are cleaned
      from photoconductive surface 12 by a rotatably mounted fibrous brush in
      contact therewith. Subsequent to cleaning, a discharge lamp floods
      photoconductive surface 12 with light to dissipate any residual
      electrostatic charge remaining thereon prior to the charging thereof for
      the next successive cycle.
PAR  It is believed that the foregoing description is sufficient for purposes of
      the present application to illustrate the general operation of an
      electrophotographic printing machine. Referring now to the specific
      subject matter of the present invention, FIG. 2 depicts fuser assembly 38
      in greater detail.
PAR  Fuser assembly 38 comprises a heated fuser roll, indicated generally by the
      reference numeral 44, and a backup roll, indicated generally by the
      reference numeral 46. Fuser roll 44 cooperates with backup roll 46 to form
      a nip 48 therebetween through which a sheet of support material having a
      toner powder image thereon passes with the toner powder image contacting
      fuser roll 44.
PAR  A channel shaped base 39 is provided for supporting fuser assembly 38 in
      the electrophotographic printing machine shown in FIG. 1. Backup roll 46
      is mounted rotatably on a pair of brackets (not shown) secured to the
      channel shaped base by means of a right angle bracket. As shown, backup
      roll 46 is adapted to rotate in the direction of arrow 50. Preferably,
      backup roll 46 includes a rigid steel core or shaft 52 having a Viton
      elastomeric surface or layer 54 disposed thereover and affixed thereto.
      Shaft 52 is secured rotatably on brackets by a pair of bearings held in
      place by retaining rings. By way of example, backup roll 46 has an overall
      dimension of approximately 1.55 inches with a 0.1 inch cover or layer of
      Viton or other suitable high temperature elastomeric material, for example
      fluorosilicone or silicone rubber. Backup roll 46 is preferably 15 1/2
      inches long to accomodate various width sizes of support material.
PAR  A pair of brackets having a generally E-shaped configuration are provided
      for mounting fuser roll 44 rotatably in fuser assembly 38. To this end, a
      pair of ball bearings one in each of the support brackets are provided.
      The bearings are retained in the brackets by means of retaining rings. A
      pair of end caps are secured to hollow cylinder or core 56 forming a part
      of fuser roll 44. The end caps have reduced end portions so as to be
      mounted in the bearings permitting fuser roll 44 to rotate in the
      direction of arrow 58. A heating element 60 is supported internally of
      core 56 for provided thermal energy to heat core 56 to the operating
      temperature thereof. Heating element 60 may comprise any suitable type
      heater for elevating the surface temperature of core 56 to operational
      temperatures, i.e., 285.degree.F to 295.degree.F. By way of example,
      heating element 60 may include quartz envelope having a tungsten
      resistance heating element disposed herein. Preferably, cylinder 56 is
      fabricated from any suitable material capable of efficiently conducting
      the heat to the external surface thereof. For example, suitable materials
      are anodized aluminum and alloys thereof, steel, stainless steel, nickel
      and alloys thereof, nickel plated copper, chromium plated copper, copper
      and alloys thereof. The resultant fuser roll 44 has an outside diameter
      preferably of about 1.5 inches with the length thereof about equal to that
      of backup roll 46. In operation, fuser roll 44 requires about 420 watts
      peak power with the average power being about 320 watts, and about 100
      watts being provided for standby operation.
PAR  Heating element 60 is supported internally of cylinder 56 by a pair of
      spring supports which are mounted in insulator blocks secured to support
      brackets. The free ends of the spring supporting the heating elements are
      provided with a locating ball while the opposite end of the spring is
      disposed in contact with an electrical terminal to which electrical wires
      may be attached for applying electrical energy to heating element 60. The
      insulator blocks can be secured to support brackets in any suitable
      manner, for example by screws. The spring supports and terminals are
      preferably riveted to the insulating block.
PAR  The aforementioned materials from which cylinder 56 or 44 is fabricated are
      relatively high surface energy materials. Thus, hot toner material
      contacting such surfaces would readily wet the surface of cylinder 56. The
      toner wetting the surface of cylinder 56 is difficult to remove therefrom.
      Accordingly, there is provided a housing 62 for containing a material
      capable of interacting with the cylinder 56 in a manner described in
      co-pending application Ser. No. 383,231 filed in 1973. The material is,
      preferably, a low molecular weight substance which is a solid at room
      temperature and has a relatively low viscosity at the operating
      temperature of cylinder 56. An example of such a material is a
      polyethylene manufactured by Allied Chemical company and having the
      designation AC-8 homopolymer. Housing 62 has a rear wall 64 having a
      generally sloping portion connected to a generally vertical portion. Rear
      wall 64 is provided with a pair of apertured flanges 66 for receiving
      supports therein to mount housing 62 pivotably in fuser assembly 38. The
      polyethylene contained in housing 62 is a solid at room temperature and a
      liquid at operational temperatures. Polyethylene, in solid form, is placed
      in housing 62 and heated by the thermal energy of fuser roll 44 to its
      liquid temperature. When the polyethylene resolidifies after the machine
      has been inoperative for a period of time, the polyethylene tends to move
      away from the fuser roll 44. Thus, the polyethylene may not be immediately
      applied to fuser roll 44 at the initiation of the machine cycle. In order
      to prevent the foregoing, a collecting bar is provided in the sump
      adjacent to fuser roll 44 and the surface of the rear wall of sump 62 is
      coated with a material that has a low affinity for the polyethylene, i.e.,
      silicone rubber. Thus, the liquid polyethylene solidifies on the
      collecting bar adjacent to the fuser roll 44 and will be in contact
      therewith at the initiation of the next successive machine cycle.
PAR  Housing 62 comprises a front wall which has a flexible blade 68 secured to
      a support member 70. The detailed structural configuration thereof will be
      described with reference to FIG. 3. Preferably, housing 62 is pivoted to
      increase or decrease the pressure of blade 68 on cylinder 56 of fuser roll
      44. This controls the thickness of the layer of polyethylene deposited
      thereon. By way of example, a layer less than one micron thick is
      preferably applied thereto. It should be noted that in addition to serving
      as a metering blade, blade 68 serves to clean toner from fuser roll 44 and
      also acts as a seal to prevent the leakage of liquid, low viscosity
      polyethylene from housing 62. A pair of end seals 72 contact fuser roll 44
      to prevent side leakage of the polyethylene from housing 62. Seals 72 are
      mounted in recesses contained within housing 62 and cooperate with blade
      68 to prevent leakage of polyethylene therefrom. By way of example, end
      seals 72 may be a closed cell silicone sponge rubber material affixed to
      housing 62 and engaging cylinder 56 of fuser roll 44 to prevent leakage of
      the polyethylene material therefrom. The foregoing structural arrangement
      is described in greater detail in co-pending application Ser. No. 482,675
      filed in 1974, the relevant portions thereof being hereby incorporated
      into the present application.
PAR  Referring now to FIG. 3, the apparatus for regulating the quantity of
      release material or polyethylene deposited on the fuser roll 44, will be
      described hereinafter in greater detail. Housing 62 includes support
      member 70 having blade 68 secured thereto. Support member 70 has a recess
      therein permitting seal 74 to be disposed therein. This prevents the
      leakage of the liquid polyethylene or release material from housing 62 at
      the joint between blade 68 and support member 70. Preferably, seal 74 is
      fabricated from a closed cell silicone sponge rubber material. Blade 68 is
      mounted in a cantilever fashion to support member 70. The free end of
      blade 68 contacts cylinder 56 of fuser roll 44. The pressure between
      cylinder 56 and blade 68 determines the thickness or quantity of release
      material deposited thereon. Blade 68, preferably, is fabricated from a
      high temperature elastomeric material such as silicone rubber or Viton.
      The other end of blade 68 is secured to supporting member 70. Interposed
      between blade 68 and support member 70 is leaf spring 76. Leaf spring 76
      is also mounted in cantilever fashion on support member 70. Leaf spring 76
      has one surface thereof contacting the surface of blade 68 opposed from
      fuser roll 44. Thus, leaf spring 76 and blade 68 are mounted in
      juxtaposition with one another. Spring 76 extends parallel to blade 68 a
      distance less than blade 68. This insures that only blade 68 contacts
      fuser roll 44. Preferably, spring 76 is made from a suitable spring steel
      or brass. Clamping plate 78 secures both blade 68 and spring 76 to
      supporting member 70. Plate 78 extends across blade 68 and is in contact
      therewith. A suitable fastener such as a plurality of screws secure plate
      78 to support 70 with blade 68 and leaf spring 76 interposed therebetween.
      However, the fasteners do not pass through blade 68 or spring 76, but are
      spaced therefrom. Preferably, clamping plate 78 is made from a suitable
      stainless steel material. Clamping plate 78 is made from a material having
      a thermal co-efficient of expansion that is less than the thermal
      co-efficient of expansion of blade 68. By securing blade 68 in the manner
      illustrated, blade 68 expands laterally inasmuch as no restraints are
      applied thereto. In this way, blade 68 does not corregate or buckle when
      the temperatures in the surrounding environment change. The foregoing
      characteristics are achieved by not applying any restraints to blade 68.
      Once again, a plurality of fasteners 80 secure clamping plate 78 to
      support member 70 with blade 68 and spring 76 interposed therebetween, but
      spaced from the fasteners. Spring 76 compresses seal 74 to prevent the
      leakage of liquid polyethylene between supporting member 70 and spring 76.
PAR  In recapitulation, it is apparent that pursuant to the features of the
      present invention, as heretofore described the apparatus meters the
      quantity of release material deposited on the fuser roll so as to prevent
      the adhesion of toner particles thereto during the fusing process. The
      foregoing is achieved by an elastomeric blade secured in cantilever
      fashion to a support and resiliently biased into engagement with the fuser
      roll by a leaf spring. A clamping plate secures the blade to the support
      in an unrestrained manner. This type of support arrangement prevents
      thermal variations from inducing buckles or corregations in the blade
      member.
PAR  It is, therefore, evident that there has been provided, in accordance with
      the present invention, an apparatus for regulating the quantity of release
      material deposited on a fuser roll in an electrophotographic printing
      machine. The apparatus of the present invention fully satisfies the
      objects, aims and advantages hereinbefore set forth. While this invention
      has been described in conjunction with specific embodiments thereof, it is
      evident that many alternatives, modifications and variations will be
      apparent to those skilled in the art. Accordingly, it is intended to
      embrace all such alternatives, modifications and variations as fall within
      the spirit and broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for regulating the quantity of release material metered to
      a heated fuser member operatively associated with a backup member wherein
      a sheet of support material having particles thereon passes therebetween
      with the particles contacting the fuser member, including:
PA1  means for applying the release material to the surface of the fuser member;
PA1  a support member;
PA1  a flexible blade member having one end portion thereof contacting the fuser
      member for adjusting the thickness of release material applied thereto;
PA1  biasing means for resiliently urging said blade member to contact the fuser
      member so as to remove excessive release material from the surface
      thereof; and
PA1  a clamping plate secured to said support member with the other end portion
      of said blade member being interposed between said support member and said
      plate to secure said plate in cantilever fashion to said support member.
NUM  2.
PAR  2. An apparatus as recited in claim 1, wherein said applying means includes
      a housing for storing a supply of release material therein, said blade
      member forming one wall of said housing.
NUM  3.
PAR  3. An apparatus as recited in claim 2, further including a resilient member
      interposed between a portion of said other end portion of said blade
      member and said support member interiorly of said housing to prevent
      leakage of the release material therefrom.
NUM  4.
PAR  4. An apparatus as recited in claim 3, wherein:
PA1  said blade member includes an elastomeric material; and
PA1  said clamping plate includes a stainless steel material.
NUM  5.
PAR  5. An apparatus as recited in claim 3, wherein said biasing means includes
      a leaf spring having one end portion thereof interposed between said
      support member and said blade member with one surface of said leaf spring
      in juxtaposition with the surface of said blade member opposed from the
      fuser member and extending from said support member a distance less than
      said blade member.
NUM  6.
PAR  6. A fusing apparatus employed in an electrostatographic printing machine
      for permanently affixing toner particles to a sheet of support material,
      including:
PA1  a heated fuser roll;
PA1  a backup roll operatively associated with said fuser roll to enable the
      sheet of support material to pass therebetween with the toner particles
      thereon contacting said fuser roll;
PA1  means for applying a release material to the surface of said fuser roll;
      and
PA1  means for regulating the quantity of release material metered to said fuser
      roll, said regulating means comprising a support member, a flexible blade
      having one end portion thereof contacting said fuser roll for adjusting
      the thickness of release material applied thereto, biasing means for
      resiliently urging the blade to contact said fuser roll to remove
      excessive release material from the surface thereof, and a clamping plate
      secured to the support member with the other end portion of the blade
      being interposed between the support member and the plate to secure the
      blade in cantilever fashion to the support member.
NUM  7.
PAR  7. An apparatus as recited in claim 6, wherein said applying means includes
      a housing for storing a supply of release material therein, the blade of
      said regulating means forming one wall of said housing.
NUM  8.
PAR  8. A fusing apparatus as recited in claim 7, further including a resilient
      member interposed between a portion of the other end portion of the blade
      and the support member of said regulating means interiorly of said housing
      to prevent leakage of the release material therefrom.
NUM  9.
PAR  9. A fusing apparatus as recited in claim 8, wherein:
PA1  the blade of said regulating means includes an elastomeric material; and
PA1  the clamping plate of said regulating means includes a stainless steel
      material.
NUM  10.
PAR  10. A fusing apparatus as recited in claim 8, wherein the biasing means of
      said regulating means includes a leaf spring having one end portion
      thereof interposed between the support member and the blade with one
      surface of the leaf spring in juxtaposition with the surface of the blade
      opposed from said fuser roll and extending from the support member a
      distance less than the blade.
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ABST
PAL  This invention pertains to a pet feeding device for cats, dogs and the
      like. The feeder base retains a feeding dish or tray. A timing device
      opens the cover of the feeding dish or tray at a preselected time. The
      tray is removably secured to a floor or wall and a hinged cover is
      actuated by tension springs providing means for opening the device to
      uncover a dish by a timing mechanism. This mechanism is selectively set by
      the owner or attendant to provide the animal with food or water, or both,
      at a determined time period, for example, eight or twelve hours. The cover
      and base are provided with a seal and preferably are insulated so that the
      moisture in the pet food or the aroma of the food cannot escape.
      Insulation also insures that the pet food does not spoil during the time
      it is stored within the timed release feeding device prior to its being
      released and made available for the feeding of the animal. The timer and
      the container are configured and constructed so that a chewing or biting
      attach by the pet or animal will result in no damage to the feeder and
      also prevents the release of the cover until a trigger release has been
      actuated by the timing mechanism.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  In reference to the classification of art as established by the United
      States Patent Office the present invention pertains to the class entitled,
      "Animal Husbandry" (Class 119) and more particularly to the subclass
      pertaining to "feeding devices -- timer controlled" (subclass 51.11).
PAR  2. Description of the Prior Art
PAR  The inconvenience of feeding a pet at timed intervals when the owner or
      attendant is not available at the usual feeding time is usually a worry to
      the owner or attendant and alternate feeding arrangements must often be
      made. Usually these feeding arrangements require the owner to temporarily
      board the pet in a veterinary or kennel or perhaps the animal may have to
      be deprived of food and/or water for a short period of time.
PAR  The prior art devices show many types of feeders wherein one or more pets
      may be accommodated and it is known that electrically operated feed
      releasing devices are available. Pet feeders which are completely portable
      and may be releasably secured to floors or to a wall bracket, which have
      internal mechanisms which may be exteriorally set for a timed release and
      in which the devices are small, compact and contoured to defeat attack by
      the pet, is to the best of the applicant's knowledge not known.
PAR  Applicant in the present invention proposes to provide a pet feeder which
      may be made in various sizes and which during a selected time span, as for
      example, 12 hours will have the cover released by a spring-actuated
      mechanism to expose one or two containers of pet food and/or water for the
      feeding of the animal during the absence of the owner. Today where guard
      dogs are particularly used to patrol premises during night hours and over
      weekends it is only humane that the animals receive a proper ration at
      proper intervals. For example, if a pet feeder is set to be released after
      8 hours, a midnight or early morning feeding of the animal may be provided
      without an attendant coming to the premises to feed the animal. With many
      of todays prepared pet foods being particularly susceptible to exposure to
      air, heat and the like it is also desirable and necessary that the pet
      feeder, such as provided in this invention, be sealed to prevent unwanted
      drying of the food product and also that the device be insulated so that
      unwanted heating or cooling of the food product does not occur during the
      few hours that the pet feeder is closed after it is stocked by the
      attendant.
PAC  SUMMARY OF THE INVENTION
PAR  This invention may be summarized at least in part with reference to its
      objects.
PAR  It is an object of this invention to provide, and it does provide, a pet
      feeder having a reservoir for the storing therein of food and the like for
      the subsequent feeding of a pet or animal. The cover has a spring and when
      the cover is closed the contents of the receptacle are more-or-less
      pneumatically sealed and in response to the timing actuation selectively
      set by the user of the feeder, the feeder cover is caused to spring open
      to expose the contents of the feeder for use by the animal at the selected
      time period.
PAR  It is a further object of this invention to provide, and it does provide, a
      pet feeder which in addition to being selectively opened in response to a
      timing signal set by the user, owner or attendant additionally has an
      insulating means which maintains the contents of the feeding dish at a
      satisfactory temperature and condition for the use of the pet or animal at
      the established time of opening of the feeder.
PAR  The feeder of this invention essentially consists of a base and a
      spring-hinged cover. The base carries a timer and a latching mechanism
      which is responsive to the manual setting of the time by the user of the
      pet feeder. The base of the feeder is releasably mounted into and on a
      bottom member secured to the floor or, if desired, attached to a wall. The
      feeder and the several components that provide enclosing portions thereof
      are contoured so as to eliminate shoulders or protrusions which may be
      susceptible to the teeth of the animal or pet for which the feeder is to
      be used. Additionally the feeder is provided with thermal insulating means
      and also sealing means which maintain the contents of the feeding dish
      both to prevent unwanted moisture escape but also to prevent overheating
      or cooling resulting in spoilage.
PAR  In addition to the above summary the following disclosure is detailed to
      insure adequacy and aid in understanding of the invention. This
      disclosure, however, is not intended to limit the purpose of the patent
      which is to cover the inventive concept no matter how later disguised in
      variations in form or additions. For this reason there has been chosen a
      specific embodiment for a pet feeder for use with a single dish and an
      alternate pet feeder showing multiple dishes and in addition both manual
      and electrical trigger releasing mechanisms. These specific embodiments
      have been chosen for the purpose of illustration as shown in the
      accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents a plan view looking downward on the base of the feeder,
      this view being taken on the line 1--1 of FIG. 2 and looking in the
      direction of the arrows;
PAR  FIG. 2 represents a side view of the sectional side view of the feeder with
      this view taken on the line 2--2 of FIG. 1 and looking in the direction of
      the arrows;
PAR  FIG. 3 represents a sectional side view in an enlarged scale, this view
      taken on the line 3--3 of FIG. 1 and showing in detail the preferred
      arrangement of the sealing means located between the cover and base;
PAR  FIG. 4 represents in an enlarged view a fragmentary side sectional view
      showing the arrangement of the timer and the latching mechanism proposed
      for use with a mechanical timer;
PAR  FIG. 5 represents a front view of the mechanism shown in FIG. 4 with this
      fragmentary view being taken on the line 5--5 of FIG. 4 and looking in the
      direction of the arrows;
PAR  FIG. 6 represents an isometric view of an alternate feeder in which two
      compartments are provided, one compartment perhaps for the use of drinking
      water and the other for food, and
PAR  FIG. 7 represents a circuit diagram of a motor operated timer which might
      be utilized in this feeder with the motor operated by a battery or other
      electrical source.
DETD
PAR  In the following description and in the claims various details will be
      identified by specific names for convenience. These names, however, are
      intended to be generic in their application. Corresponding reference
      characters refer to like members through out the several figures of the
      drawings.
PAR  The drawings accompanying assist in disclosing applicant's invention and
      may be altered as required to provide configurations providing the same
      result.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF FIGS. 1 -- 5
PAR  Referring now in particular to the drawings in which is shown the details
      of the pet feeder of FIGS. 1 through 5, there is depicted a feeder in
      which a base member 10 which may be of molded plastic or metal and which
      has on its bottom locking lugs 12, these lugs entering into complementary
      slots 14 formed in a retaining bottom 16 which is exemplified as an
      auxiliary member. Bottom 16 has formed on its upper surface a series of
      protrusions 18 which act as spacers to support the inner portion of the
      base member 10. The interior of this base member is preferably filled with
      a foamed plastic which provides insulation and this foam may be
      polyutherane foam, and as secured to the inside of the base 10 is
      identified as 20. The interior surface of this insulation is contoured to
      provide an inner recess 22 which contoured recess receives and retains a
      plastic cup 24 in which the food or drink for the animal to be serviced is
      normally retained. In the foreportion of the base member 10 and also in
      the insulating material 20 is formed recess 26 in which is mounted a timer
      and a latching mechanism to be hereinafter more fully disclosed.
PAR  At the rear portion of the base and at its upper surface there is formed
      one-half of a hinge, this hinge forming the lower half of the hinge
      generally identified as 28. This hinge is retained in pivoted condition by
      a pin 30 which also passes through the complementary hinge portion of the
      rear cover 32. This cover 32 has its inside area also provided with a
      thermal insulating portion 34 which also may be of inexpensive
      polyutherane foam. Spring 36 is arranged to seat within appropriately
      formed portions of the hinge 28 and is mounted on hinge pin 30 and in its
      operable condition is adapted to urge the cover 32 to an open condition.
      When in an unlatched condition the cover usually attains an attitude of
      sixty degrees or more.
PAR  Also to be noted in FIG. 2 is the presence of apertures 38 in the bottom
      retaining plate 16. These apertures or holes are for the purpose of
      utilizing screws by which member 16 is secured to the floor or a shelf
      bracket to insure that the closed container is not dislodged from its
      mounted condition by the pushing or nudging of the unattended pet or
      animal.
PAC  Container Seal as Seen in FIG. 3
PAR  Referring next to the enlarged view as seen in FIG. 3, it is to be noted
      that carried in the cover 32 is a rubber ring 46 which is retained in a
      groove recess 48 formed in this cover. Ring 46 may be retained in this
      groove by means of a suitable adhesive or a pressure-type fit. It is
      anticipated that this ring if made of rubber might have a durometer of
      approximately 35 or 40 to provide an easy seal during the long periods of
      time the cover may be in a latched condition. As and when the cover 32 is
      in a latched condition this seal engages the upper and lower edges of the
      base to pneumatically seal the contents of the container 24.
PAC  Timing and Latching Mechanism of FIGS. 4 and 5
PAR  Referring next to the fragmentary views shown in FIGS. 4 and 5, it is to be
      noted that a timer support plate 50 is secured to the front portion of the
      base 10. This means of securing may be by means of screws, glue or the
      like. This plate 50 preferably carries a timer 52 which, if desired, may
      also have a bell 54 associated with this actuation. Timer shaft 56 extends
      through a front cover portion 57 which forms a portion of the timing
      mechanism. Carried on this timer shaft 56 is a pointer member 58
      preferably having a cam lobe 60 formed as part of its peripheral design. A
      roller 62 is urged into engagement with the periphery of the pointer 58
      and is displaced from its at rest position by the movement of the cam
      portion 60 when the timer has been turned to its zero or off position.
PAR  Roller 62 is carried on one end of a pawl or ratchet arm 66 which is
      pivotedly carried by means of an axle 68 in the upper plate 50 and front
      cover portion 57. Roller 62 is carried on shaft 64 secured to the ratchet
      arm 66. This arm 66 has on its other end a ratchet engaging tube 70 which
      is best seen in FIG. 5. A spring 72 is mounted on a molded pin carried by
      the timer plate and has its leftward or inner end adapted to engage the
      ratchet arm 66 to urge it counterclockwise around the shaft 68 as seen in
      FIG. 5. A setting knob 76 carried on shaft 78 rotates the ratchet wheel
      80. Ratchet wheel 80 carries one end of a hook member 82 whose upper
      distal end is disposed to engage hook pin 84. The hook member 82 is
      carried by a pin 86 which acts as a pivoted or crank pin and is mounted in
      the ratchet wheel 80. Hook 82 is guided by a slot 88 formed in the upper
      part of the timer support plate or housing and as the hook member 82 is
      moved up and down by the crank pin 86 the hook is not only raised and
      lowered but also moves in a slight arc. This latching action will be
      hereinafter more fully described in conjunction with the use of the pet
      feeder. Slot 90 formed in the front cover portion 57 permits the rocking
      back and forth or the raising up and down of the roller 62 as the ratchet
      arm 66 is moved back and forth around the pin or shaft 68.
PAC  Description of the Alternate Embodiment
PAC  FIG. 6
PAR  Referring now to the embodiment shown in FIG. 6, there is depicted a
      feeding apparatus similar to that in FIG. 1 except that a dual compartment
      is shown. In this embodiment a base 110 similar to that of a base 10, seen
      in FIG. 1, is removably mounted in clips formed on a bottom plate 116. In
      this base member feeding trays 124 and 224 are mounted in recesses formed
      in the insulating portion filling the cavity of this base member. Carried
      by this base member and on hinges provided therewith is a cover 132 which
      is supported by hinges mating with the portion on the base. As in the
      example of FIG. 2, spring-biasing means such as by springs 36 cause this
      cover to be moved to an open condition except and as the cover is latched
      into retaining condition by means of a hook member 82. The timer bell and
      setting knob as well as the pointer knob 58 at least are similar to those
      as seen in FIGS. 1 through 4. FIG. 6 has recesses formed for the retaining
      of the timer mechanism so that the animal cannot reach the components by
      the use of the teeth or claws.
PAC  Timing Mechanism of FIG. 7
PAR  Referring finally to the embodiment as seen in FIG. 7, there is shown an
      alternate arrangement of a timer mechanism. As shown, an electric timer
      motor 152 having an output shaft 56 upon which is mounted a timer knob 58
      is driven by a battery 154. This battery is preferably self contained
      within the base 110 or the base 10.
PAR  Whether the battery is a disposable battery or is a rechargeable battery is
      merely a matter of selection and, of course, the battery could be
      supplemented by the use of house current. However, an exposed electrical
      cord running to such a device with the potential shock that an animal
      might receive in chewing the core when or if attempting to open the device
      is certainly an undesirable feature.
PAC  Use and Operation of the Feeding Device
PAC  of FIG. 6
PAR  In both the single and multicontainer feeding device it is contemplated
      that the feeding dish 124 and 224 may be readily removed from the recess
      provided in the contour of the filling portion of the base member. These
      contoured inner surfaces are so designed that the dishes may not be easily
      removed or nudged from their position by an animal for which the trays are
      to be used. As shown, the top surface and lifting ear portions of these
      feeding dishes are contemplated to be a slight distance below the top edge
      of the base member. Both cover 32 and 132 are spring biased to an open
      position and after the dishes have been filled to the desired level the
      cover 32 or 132 is pushed downward into a seating condition and a small
      compression of the rubber gasket is made so that a seal of the contents of
      the dishes is achieved.
PAR  The desired amount of time delay for which the pet feeder is to be set is
      now established by the owner and before the cover is closed the pointer
      knob 58 is set to the desired time interval. The cover is now pushed into
      the desired seating condition and the knob 76 is turned clockwise to cause
      the hook end of member 82 to engage the pin 84 and retain the cover in
      this desired closed condition. The ratchet engaging tooth 70 is urged by
      spring 72 into a latch retaining condition and in this manner the cover is
      maintained in closed condition. At this time or prior to the closing of
      the cover the base member 10 or 110 is releasably secured to the bottom
      plate 16 or 116 so that the feeding dish apparatus is secured to the floor
      or wall and accidental or intentional dislodgement by the pet or animal to
      be fed is defeated. If the owner wishes to check the contents of the pet
      feeder and to open the cover without disturbing the setting of the timer,
      the owner need only manipulate the roller 62 against the spring bias 72 to
      cause the latch engaging tooth 70 to be disengaged from the ratchet. The
      spring-bias cover will then open by this manual manipulation enabling the
      contents of the dish to be examined and relatching of the cover simply
      requires pushing the cover into position and again moving knob 76 into the
      hook closing condition. This, of course, will not require a resetting of
      the timer to a new time period unless desired by the owner.
PAR  In the above embodiments only a single or a dual container has been shown
      since this is contemplated to provide the most desirable arrangement,
      however, if more latch covers and more containers are desired multiples of
      the above-described embodiment may, of course, be provided.
PAR  Whether the base member is made of metal or plastic and the insulation to
      provide and maintain the food content at or near its optimum condition is
      made of plastic is merely a matter of selection. It is desirable, however,
      that the latching mechanism be inexpensive and substantially foolproof and
      be easily manipulated by the owner without elaborate instructions. Since
      the power required to operate the timer must be either a clock spring or
      an electrical source such as a battery it is desired that the latching
      mechanism be easily operated through a mechanical advantage such as is
      provided in the above-described embodiment.
PAR  It is contemplated that various sizes of the feeders may be provided since
      obviously the capacity and requirements of pets vary as to their size and
      whether they are cats or dogs.
PAR  Terms such as "up," "down," "in," "out," "clockwise" and "counterclockwise"
      and the like have been used merely for the purpose of description and not
      as a particular means in which the pet feeder may be constructed or used.
      These terms are merely for the purpose of convenience and no restrictive
      significance is placed upon there use.
PAR  While the above embodiments have been described in a rather detailed
      fashion, variations in configuration, form or materials may, of course, be
      made without departing from the concept of the invention. This invention
      is to be accorded the scope as established by the following claims in
      light of the known prior art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pet feeder having at least one food container of selected size and
      having a cover which is movable from a normally open condition to a
      latched closed condition until released by a timing means, said feeding
      including: (a) a base; (b) means for removably securing said base to a
      floor, wall and the like; (c) a cover hingedly connected to said base; (d)
      biasing means for urging said hinged cover to a selected open condition
      above said base; (e) sealing means interposed between the cover and base
      so as to provide substantially a hermetic seal of the feeder when the
      cover is in closed condition; (f) a feeding dish carried by said base and
      when in seated condition in the base and said cover is in latched
      condition the dish contents are in sealed condition; (g) a hook pin
      carried by the cover and a hook member carried by the base member and at a
      position substantially opposite the hinge portion thereof, said hook
      member having one end formed with a hook and the other end pivotally
      carried on a pin secured to a ratchet wheel rotatably mounted on an axle
      carried by the base, this pin radially displaced from the axle so as to
      act as a crank pin as the ratchet wheel is rotated, said ratchet wheel
      restrained from moving in a direction to lift the hook member by the
      engagement of a ratchet engaging tooth carried by a pawl arm; (h) means
      for selectively establishing and retaining said hook member in pin
      retaining condition; (i) a timer and a cam means operatively associated
      with said timer, this cam means at the conclusion of the timer cycle
      moving the pawl member to disengage the hook member from the pin to
      release the cover which is then opened by the bias means, and (j) means
      for releasing the latched cover for inspection of the contents of the dish
      at a period in time which is prior to the original time set on the timer.
NUM  2.
PAR  2. A pet feeder as in claim 1 in which the means for removably securing the
      base to the floor includes a bottom plate adapted for securing to a floor,
      wall and the like, said bottom plate having lugs which cooperatively
      engage mating means formed on the base.
NUM  3.
PAR  3. A pet feeder as in claim 1 in which the inner portions of the base and
      cover have insulating means by which the temperature condition of material
      in the feeding dish is extended.
NUM  4.
PAR  4. A pet feeder as in claim 3 in which the insulating means is a foamed
      plastic.
NUM  5.
PAR  5. A pet feeder as in claim 1 in which the timer and cam means includes a
      timer which is moved to a determined time period by a pointer knob, and
      moved with said knob is a cam which reaches a fixed position when the
      timer reaches zero time, said cam engaging means on the pawl arm and
      moving the arm causing the ratchet engaging tooth to disengage and release
      the ratchet wheel.
NUM  6.
PAR  6. A pet feeder as in claim 5 in which the means on the pawl arm that is
      engaged by the cam is a roller which is disposed so as to permit
      manipulation and the resulting release of the cover for inspection prior
      to the release by the timer.
NUM  7.
PAR  7. A pet feeder as in claim 6 in which the pawl arm is spring biased into
      ratchet wheel engaging condition and there is provided a hook arm guide
      which engages the midlength of said arm to provide a swinging locking and
      unlocking of the hook in response to the movement of the ratchet wheel.
NUM  8.
PAR  8. A pet feeder as in claim 7 in which the shaft carrying the ratchet wheel
      is extended and on this shaft is mounted a setting knob which is rotated
      to cause the ratchet wheel and the pivotally mounted hook arm to be moved
      to move the hook to a determined amount for pulling the cover into a
      sealing condition.
NUM  9.
PAR  9. A pet feeder as in claim 1 in which a plurality of feeding dishes are
      removably secured in the base, and in which these dishes are covered by a
      single cover.
NUM  10.
PAR  10. A pet feeder as in claim 1 in which the timer is a spring-powered
      mechanism.
NUM  11.
PAR  11. A pet feeder as in claim 1 in which the timer is an electrical
      mechanism driven by a source of electrical energy.
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ABST
PAL  A dispenser particularly suitable for use with minerals, salt or
      hygroscopic feed supplements for livestock comprises: a hopper for mineral
      storage; a feeding trough situated at the bottom of the hopper; plural
      spatially separated and overlapping baffle plates extending downwardly and
      inwardly in the hopper; and mineral agitator means having an actuating
      member located within the trough for movement by livestock feeding
      therefrom, the baffle plates being operable to enable free operational
      movement of the agitator means by limiting the mineral quantity in contact
      therewith. Baffle means laterally and downwardly converging from the
      hopper toward the trough limit mineral flow into the latter. Mineral flow
      from the hopper into the trough is determined in accordance with movement
      of the agitator means by feeding livestock.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to automatic livestock feeders and, more
      particularly, to those feeders particularly suitable for use with
      minerals, salt or hygroscopic livestock feed supplements.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Automatic livestock feeders have heretofore been provided for storing and
      dispensing livestock feed for periodic consumption in response to movement
      of an agitating device by feeding livestock. See, for example, Stafford
      U.S. Pat. No. 2,330,454, issued Sept. 28, 1943 and entitled "Stock
      Feeder;" and Jindrich U.S. Pat. No. 2,640,464, issued June 2, 1953 and
      entitled "Agitating Type Stock Feeder." These patents are believed to be
      representative of the prior art.
PAR  Although prior known livestock feeders typified by the devices disclosed in
      the foregoing patents are suitable for use with livestock feeds, such
      devices have been found to be unsatisfactory for storing and periodically
      dispensing minerals, salt or hygroscopic feed supplements over an extended
      period as livestock ingest only several ounces of the latter at any given
      feeding time. As will be readily appreciated by those familiar with
      raising livestock, minerals, salt or hygroscopic livestock feed
      supplements, while being stored in an automatic livestock feeder over a
      period of time generally on the order of at least one week, have a
      tendency to become compacted into a solid mass upon absorption of
      moisture, thereby becoming lodged in the automatic livestock feeder to
      clog and jam the agitator and rendering the automatic livestock feeder
      inoperable. Furthermore, such devices are of relatively complicated design
      and hence are difficult and expensive to manufacture.
PAR  Need has therefore arisen for an improved, efficient and reliable livestock
      feed dispenser which is simple in design, inexpensive to manufacture and
      is suitable for storing and dispensing minerals, salt or hygroscopic
      livestock feed supplements.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed toward such an improved device, and is
      operable to periodically and automatically dispense a fresh supply of
      minerals, salt or hygroscopic feed supplements without jamming its
      agitator. Specifically, the present invention comprises: a hopper for
      mineral storage; a feed trough situated at the bottom of the hopper;
      plural spatially separated and overlapping baffle plates extending
      downwardly and inwardly in the hopper; mineral agitator means suspended
      from the lowest of the baffle plates, the agitator means having an
      actuating member thereof located within the trough for movement by
      livestock feeding therefrom, the baffle plates being operable to enable
      free operational movement of the agitator means by limiting the mineral
      quantity in contact therewith. Baffle means laterally and downwardly
      converging from the hopper toward the trough limit mineral flow into the
      latter. Mineral flow from the hopper into the trough is determined in
      accordance with movement of the agitator means.
PAR  It is an important object of this invention to provide an improved
      automatic livestock mineral dispenser which is suitable for use with
      minerals, salt or hygroscopic feed supplements without jamming.
PAR  Another important object of this invention is to provide an improved
      livestock mineral dispenser which is efficient in operation, simple in
      design and inexpensive to manufacture.
PAR  A still further object of this invention is to provide a livestock mineral
      dispenser which is portable and easily mounted in a field.
PAR  Numerous other objects and advantages of the present invention will be
      apparent from the following description, which, when taken in conjunction
      with the accompanying drawings, discloses a preferred embodiment thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view which illustrates the basic features of the
      livestock mineral dispenser of the present invention;
PAR  FIG. 2 is a vertical sectional view taken substantially on the line 2--2 of
      FIG. 1; and
PAR  FIG. 3 is a vertical sectional view taken substantially on the line 3--3 of
      FIG. 2 as seen from the rear of the dispenser.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the preferred embodiment of the present invention, reference
      is initially made to FIGS. 1 and 2. As shown therein, the livestock
      mineral dispenser 10 of the present invention comprises a simple,
      inexpensively manufactured and portable device having generally
      rectangular side walls 11 and 12 and a rear wall 13. An upper front wall
      14 and a lower front wall 15 partially enclose the front of the dispenser
      10 to provide a front opening 16 from which the livestock feed. Side walls
      11 and 12, rear wall 13 and front walls 14, 15 are preferably made of
      wood, and are rigidly joined by nails or screws in a well-known manner.
      Upper and lower mounting brackets 17 are rigidly secured to the rear wall
      13 and are provided for securing the feed supplement dispenser 10 to a
      tree or other suitable mounting device by screws or bolts.
PAR  The mineral dispenser 10 further comprises a removable top cover 18,
      preferably constructed of steel, and having edge portions adaptable to
      overlap and securely fit the upper outside edges of side walls 11 and 12,
      rear wall 13 and upper front wall 14. A floor 19, preferably constructed
      of wood, is secured to side walls 11 and 12, rear wall 13 and lower front
      wall 15 to slope downwardly from the rear wall toward the lower front wall
      15, as best shown in FIG. 2. Included within the dispenser 10 is a
      partition 21, preferably constructed of steel, terminating at its lower
      end in spaced relation to the floor 19 and rigidly attached to side walls
      11 and 12 to slope from the top of the dispenser near its upper front wall
      14 rearwardly and downwardly toward the floor 19 to provide, in
      conjunction with side walls 11 and 12 and rear wall 13, a hopper 22 for
      mineral storage. A feeding trough 23, situated at the bottom of the
      dispenser 10, is defined by side walls 11 and 12, rear wall 13, lower
      front wall 15 and floor 19, access being made to this trough 23 through
      opening 16.
PAR  Dispenser 10 further comprises a plurality of spatially separated and
      overlapping baffle plates or other suitable deflecting means 24, 26 and 27
      extending downwardly and inwardly to define a serpentine channel in hopper
      22. Baffle plates 24 and 26 are preferably made of metal and welded to
      partition 21 and are respectively supported by welded support members 28
      and 29, as best shown in FIGS. 2 and 3. Baffle plate 26 slopes downwardly
      and forwardly from, and is rigidly secured to the rear wall 13 by bracket
      31, and is located intermediate the baffle plates 24 and 27.
PAR  A mineral agitator means 32 is suspended from the lowest baffle plate 27 to
      be equidistantly located from side walls 11 and 12 by means of a chain 33
      spaced rearwardly from the partition 21, the agitator means comprising a
      hook-shaped actuating member 34 located within the trough 23 for movement
      by livestock while feeding therefrom. Agitator means 32 is operable, upon
      movement by livestock to dislodge and break apart compacted minerals, salt
      or hygroscopic feed supplements stored within the hopper 22, the chain
      suspension having been found to be most effective for this purpose. The
      baffle plates 24, 26 and 27 are operable to enable free operational
      movement of the agitator means 32 by limiting the mineral quantity in the
      hopper 22 in contact therewith.
PAR  The dispenser 10 further includes side baffle means 36 within, and
      laterally and downwardly converging toward the center of, the hopper 22
      for limiting mineral flow into the central portion of trough 23. Baffle
      means 36 preferably comprise a pair of oppositely disposed six-sided wood
      blocks, each having a horizontal base 37, a long end 38 and a short end 39
      vertically parallel thereto, trapezoidal front and rear faces 41 and 42,
      and a top surface 43 laterally and downwardly sloping toward the agitator
      means 32 in the center of the trough 23. The long end 38 of each baffle
      means 36 is secured to one of the side walls 11 or 12, preferably by nails
      or wood screws. The sloping faces 43 provide deflecting baffle surfaces
      operable to limit gravity mineral flow into the central portion of the
      trough 23.
PAR  In the operation of the dispenser 10, upon removal of the top cover 18,
      minerals, salt or hygroscopic feed supplement is poured into the hopper
      22. The baffle plates 24, 26 and 27 are operable to enable free
      operational movement of the agitator means 32 by limiting the quantity and
      hence the weight of minerals or other contents of the hopper 22 in contact
      therewith. Baffle means 36 direct the mineral flow from the hopper 22 into
      the central portion of the trough 23, the flow being determined in
      accordance with movement of the agitator means 32 upon movement of
      actuating member 34 by livestock instinctively and periodically feeding
      from trough 23. The result is that a fresh supply of livestock minerals is
      provided at all times, loosened or dislodged particles thereof falling to
      floor 19 of the trough 23 where they are retained until consumed by the
      feeding livestock. Little waste and contamination therefore occurs.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description, and it is apparent that
      various changes may be made in the form, construction and arrangement of
      its component parts without departing from the spirit and scope of the
      invention or sacrificing all of its material advantages, the form
      described being merely a preferred embodiment thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A livestock mineral dispenser comprising: a downwardly and rearwardly
      sloping partition for bounding a hopper for mineral storage; plural
      spatially separated and overlapping baffle plates secured to said
      partition to extend downwardly and inwardly in said hopper; an additional
      baffle plate secured to the interior of said hopper to extend downwardly
      and inwardly therewithin and intermediate said baffle plates secured to
      said partition; mineral agitator means and a chain spaced rearwardly from
      said partition for suspending said agitator means from the lowest of said
      baffle plates, said agitator means having an actuating member thereof
      located within said trough for movement by livestock feeding therefrom,
      said baffle plates being operable to enable free operational movement of
      said agitator means by limiting the mineral quantity in contact therewith;
      and side baffle means within, and laterally and downwardly converging
      toward the center of said hopper for limiting mineral flow into said
      trough; whereby mineral flow from said hopper into said trough is
      determined in accordance with movement of said agitator means.
NUM  2.
PAR  2. The dispenser of claim 1, wherein said baffle plates are three in number
      defining a serpentine channel in said hopper.
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PAL  A face fly device comprising a flexible bag-like container having a
      compartment area provided therein for receiving an insecticide mixed with
      oil or diesel fuel. A pair of flaps are provided on the upper end of the
      container which are riveted to the upper lobe of the animal's ear. A
      flexible wick extends downwardly from the container and is positioned
      adjacent the animal's face. The insecticide runs down the wick and
      prevents face flies from bothering the animal. The container and the upper
      portion of the wick are encapsulated with a liquid impervious material to
      prevent the insecticide from objectionably flowing or oozing therefrom.
      The insecticide is inserted into the container means with a conventional
      syringe or the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a face fly device and more particularly to a
      flexible bag-like container which is secured to the upper lobe of the
      animal's ear and which has a wick means extending downwardly adjacent the
      animal's face.
PAR  Face flies are extremely troublesome and annoying to animals. Many devices
      have been used in an effort to eliminate the face fly problem but none of
      the devices adequately or efficiently transfers insecticide or the like to
      the animal's face so that the face flies will be repelled thereby.
PAR  Therefore, it is a principal object of the invention to provide an improved
      face fly device.
PAR  A further object of the invention is to provide a face fly device
      comprising a flexible bag-like container which is secured to the upper
      lobe of the animal's ear and which has a wick means extending downwardly
      therefrom.
PAR  A further object of the invention is to provide a face fly device which is
      filled with an insecticide mixture.
PAR  A further object of the invention is to provide a face fly device
      containing an insecticide mixture which is secured to the upper lobe of
      the animal's ear.
PAR  A still further object of the invention is to provide a face fly device
      which is economical of manufacture and durable in use.
PAR  These and other objects will be apparent to those skilled in the art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of an animal's head having a pair of the devices of
      this invention mounted on the ears thereof:
PAR  FIG. 2 is an enlarged sectional view seen on lines 2--2 of FIG. 1:
PAR  FIG. 3 is a partial perspective view of the device illustrating the means
      by which the insecticide is inserted into the insecticide compartment:
PAR  FIG. 4 is a side elevational view of the device with portions thereof
      cut-away to more fully illustrate the invention:
PAR  FIG. 5 is a sectional view seen on lines 5--5 of FIG. 4; and
PAR  FIG. 6 is a sectional view seen on lines 6--6 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The face fly device of this invention is referred to generally by the
      reference numeral 10 comprising generally a bag-like container 12 having a
      wick 14 extending downwardly therefrom. For purposes of description,
      container 12 will be described as comprising a top 16, bottom 18, forward
      end 20, rearward end 22, and inner and outer sides 24 and 26.
PAR  Container 12 is preferably comprised of a woven cotton duck material and is
      sewn with the seams inside as illustrated in the drawings so as to prevent
      any raveling of the bag after it is affixed to the ear of a cow or the
      like. Container 12 is provided with a pair of flaps 28 and 30 which extend
      upwardly therefrom and which have openings formed therein for receiving a
      rivet or the like. Container 12 is formed so as to define a compartment
      area 32 therein which will be filled with a suitable and conventional
      insecticide mixed with No. 30 oil or diesel fuel.
PAR  Wick 18 is secured by sewing to the container 12 and has its upper end 34
      in communication with the compartment area 32. As illustrated in FIG. 4,
      wick 14 extends downwardly and forwardly from the container 12. The
      container 12 and the exposed upper portion of the wick 14 are encapsulated
      with a liquid impervious material generally referred to by the reference
      numeral 36 to prevent the insecticide from objectionably oozing therefrom.
      As seen in FIG. 4, the flaps at the upper end of the device are tapered at
      their rearward ends to facilitate the flaps being extended over the upper
      lobe of the animal's ear as illustrated in FIG. 2. The flaps 28 and 30 are
      secured to the upper lobe of the animal's ear by means of a rivet 38 which
      extends therethrough. FIG. 3 illustrates the manner in which the
      compartment area 32 is filled with the insecticide. A conventional syringe
      40 is filled with the insecticide and the needle 42 is inserted into the
      container 12 so as to be in communication with the compartment area 32.
      When the compartment area 32 has been filed, the needle 42 is withdrawn
      therefrom.
PAR  The device is secured to the upper lobe of the cow's ear in the manner
      illustrated in FIGS. 1 and 2 so that the container 12 is adjacent the ear
      and so that the wick 14 extends downwardly adjacent the animal's face. The
      wick 14 has a length sufficient so that its lower end terminates just
      above the animal's mouth. The insecticide travels down the wick 14 and the
      movement of the animal causes the wick 14 to transfer the insecticide to
      the animal's face to repel the face flies. During periods of
      precipitation, face flies are not a problem and the insecticide will not
      travel down the wick 14 since the wick 14 will be "sealed" by the water.
      When the precipitation ends, the wick 14 dries out and the insecticide
      flows downwardly along the length of the wick 14.
PAR  All of the identification material which is presently secured to the ears
      of the cows may be placed on the face of the bag. This identification
      material could include identification numbers, shot records, etc. Thus,
      not only is a face fly device provided but a means of conveniently
      securing the identification material to the animal is also provided. Thus
      it can be seen that the invention accomplishes at least all of its stated
      objectives.
CLMS
STM  I claim:
NUM  1.
PAR  1. A face fly device comprising,
PA1  a flexible container means having upper and lower ends,
PA1  said container means having a compartment area provided therein for
      receiving a face fly repellant liquid therein,
PA1  means on the upper end of said container means for securing said container
      means to the ear of an animal,
PA1  and a wick means having upper and lower ends, said upper end of said wick
      means being in communication with the liquid in said compartment area,
      said wick means extending downwardly from said container means so that
      said wick means will be positioned adjacent the animal's face.
NUM  2.
PAR  2. The device of claim 1 wherein said container means has rearward and
      forward ends relative to the animal's face and wherein said wick means
      extends downwardly and forwardly from said container means.
NUM  3.
PAR  3. The device of claim 2 wherein said means on the upper end of said
      container means comprises means for securing said container means to the
      upper lobe of the animal's ear.
NUM  4.
PAR  4. The device of claim 3 wherein said means on the upper end of said
      container means comprises a pair of spaced apart flaps which may be
      positioned on opposite sides of the upper lobe of the animal's ear, and a
      rivet means extending through said flaps and the animal's ear.
NUM  5.
PAR  5. The device of claim 1 wherein said container means is comprised of a
      cotton duck material.
NUM  6.
PAR  6. The device of claim 1 wherein said wick means has a length sufficient so
      that the lower end thereof extends below the animal's eye to approximately
      the animal's mouth.
NUM  7.
PAR  7. The device of claim 1 wherein said container means is encapsulated with
      a liquid impervious material.
NUM  8.
PAR  8. The device of claim 7 wherein the upper portion of said wick means is
      also encapsulated with the liquid impervious material.
NUM  9.
PAR  9. The device of claim 1 wherein said container means has an area provided
      thereon for receiving animal identification data thereon.
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ABST
PAL  An engine unit operable independently or joined in multiples of two or more
      units for smoothing out the torque flow at slow speeds, each unit
      including a fuel-suction-compression assembly and a power generating
      assembly employing the same main shaft and separate valve shafts gear
      driven therefrom at a two-to-one ratio. Each assembly has a plate-like
      block bored out to provide a central cylinder chamber and two planetary
      cylindrical valve chambers. Fixed on the main shaft and rotating in said
      central chambers are two like rotors having cylindrical hubs and two
      arcuate segmental pistons extending diametrically therefrom to make smooth
      sealing rotational engagement with the walls of said central chambers.
      Fixed on said valve shafts are arcuate segmental valves making smooth
      sealing rotational engagement with said valve chambers and said rotor
      hubs. Two pockets at vertically superimposed positions in the power block
      concurrently receive fuel charges from the compression assembly and are
      ignited to produce duplicate balanced power strokes simultaneously. This
      happens twice during each revolution of the main shaft, thus giving four
      power strokes per revolution.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Included among the objects of the present invention are the following
      goals:
PA1  To produce a balanced smooth running rotary engine having few parts and
      therefore relatively free from disorder.
PA1  To provide such an engine which will efficiently produce a smooth flow of
      power while being economical in its comsumption of fuel.
PA1  To provide a rotary engine having a relatively low weight per horse power.
PA1  To provide such an engine which is free of the sealing problems which still
      harrass the Wankel rotary notwithstanding its phenomenal success in the
      Japanese Mazda automobile.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a multiple unit embodiment of the present
      invention.
PAR  FIG. 2 is a side elevational view of FIG. 1 partly taken in section on the
      line 2--2.
PAR  FIG. 3 is a sectional view taken on the line 3--3 of FIG. 1 showing the
      power assembly of the engine of the invention with the parts disposed as
      at the start of an exhaust stroke of said assembly.
PAR  FIG. 4 is a vertical sectional view taken on the line 4--4 of FIG. 1 and
      illustrating the fuel-suction-compression assembly of the engine of the
      invention with the parts thereof disposed as at the beginning of a double
      compression stroke by said assembly which concurs with the parts in the
      power assembly being in the positions shown in FIG. 3.
PAR  FIG. 5 is a view similar to FIG. 3 showing the rotor of the power assembly
      advanced approximately 60.degree. and the rotary valves of the power
      assembly advanced approximately 120.degree. to place the power assembly in
      the middle of a double exhaust stroke.
PAR  FIG. 6 is a view similar to FIG. 4 showing the rotor of the
      fuel-suction-compression assembly advanced approximately 60.degree. from
      the position in which it is shown in FIG. 4 and with the rotary valves
      associated with said rotor advanced approximately 120.degree. from the
      positions these are shown in FIG. 4 and bringing said assembly to a point
      in its operation wherein a double suction stroke is beginning and a double
      compression stroke is approaching its peak.
PAR  FIG. 7 is a view similar to FIG. 5 showing the parts of the power assembly
      advanced to a point where the double exhaust stroke shown as starting in
      FIG. 3 is nearing its completion while a double power stroke is just
      beginning.
PAR  FIG. 8 is a view similar to FIG. 6 showing the parts of the
      fuel-suction-compression assembly advanced to a point where the double
      suction stroke shown as beginning in FIG. 6 is about midway advanced while
      the double compression stroke, shown in FIG. 6 as approaching its peak,
      has almost reached its peak.
PAR  It is to be noted that FIGS. 4, 6, 8 and 10 illustrate the parts of the
      fuel-suction-compression assembly at successive points in their operation
      which concur in time with those points in the operation of the power
      assembly illustrated respectively in FIGS. 3, 5, 7 and 9.
PAR  These pairs of views (3 and 4, 5 and 6, 7 and 8 and 9 and 10) thus
      illustrate the coordination between the operation of the
      fuel-suction-compression assembly ingesting and compressing double charges
      of fuel so as to complete this function at the appointed time when the
      power assembly is ready to receive these charges and convert these into
      double power strokes as shown in FIGS. 7 and 9.
PAR  FIG. 9 shows the rotor of the power assembly responding to the torque
      applied thereto by the double power stroke there shown as midway in its
      application of torque to said rotor and with the pistons of said rotor
      sealing off the exhaust ports until said power stroke is completed.
PAR  FIG. 10 shows the corresponding point in the operation of the parts of the
      fuel-suction-compression assembly and illustrates the approximate ending
      of a double suction stroke which was shown as beginning in FIG. 8. At the
      same time, this view shows how throughout the double power stroke shown as
      in progress in the power assembly in FIG. 9, the pistons of the
      compression assembly rotor continue to be located in sealing relation with
      the compressed fuel delivery passages provided in said assembly so as to
      prevent any possibility of back-firing during the aforesaid double power
      stroke in progress within the power assembly.
PAR  FIG. 11 is a vertical sectional view taken on the line 11--11 of FIG. 1 and
      illustrates the gear train by which rotation of the main shaft of the
      engine drives four cam shafts of the engine at a two-to-one ratio with
      said main shaft. This view also illustrates the provision on the smaller
      gears of said gear system of counterweights which counterbalance the
      eccentric dispositions of the centers of gravity of the valves in the
      engine.
PAR  FIG. 12 is a vertical sectional view taken on the line 12--12 of FIG. 1 and
      illustrates the intermediate plate of the engine which is located between
      the power block and fuel-suction-compression assembly block of the engine
      and which is provided with passages for conveying compressed fuel from the
      fuel assembly of the engine to the power assembly thereof.
PAR  FIG. 13 is a perspective view of the fuel-suction-compression block of the
      engine showing the fuel intake ports connecting the carburetors with the
      central cylindrical bore of said block and the compressed fuel delivery
      passages leading from said central bore to an end of said block which
      contacts said intermediate plate and connects with passages in the latter
      delivering compressed fuel to duplicate ignition bores provided in said
      power block.
PAR  FIG. 14 is a perspective view of the fuel-suction-compression block with
      the compression assembly rotor and valves set in place to illustrate the
      operation of said assembly in accomplishing double compression strokes in
      which fuel is compressed for delivery as aforestated to said power
      assembly.
PAR  FIG. 15 is an exploded assembly view illustrating the principal parts of
      the engine of the invention spaced apart as in the process of assemblying
      these with said parts properly aligned with each other.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is comprised in a rotary engine 20 which is a complete power
      unit in itself although as previously pointed out, it may be
      advantageously employed in multiples of itself. For illustrative purposes,
      therefore, engine 20 is shown as axially connected with a rotary engine 21
      which is a duplicate of rotary engine 20 except for slight differences
      which will be pointed out after specifically describing the preferred
      embodiment of the invention incorporated in rotary engine 20.
PAR  The engine 20 has a composite body 22 including a front gear cover plate
      23, a front bearing plate 24, a power cylinder block 25, an intermediate
      bearing plate 26, a fuel cylinder block 27 and a back bearing plate 28.
      Journalling in ball bearings 29 provided in plates 24, 26 and 28 is main
      shaft 30. A pair of valve shafts 35 and 36 and another pair of valve
      shafts 37 and 38 extend axially through body 22 and journal in suitable
      bearings provided in plates 24, 26 and 28. Said valve shafts are spaced
      upwardly and downwardly from shaft 30 and are parallel with and
      equidistant from said main shaft, shafts 35 and 36 lying in a common plane
      with main shaft 30 which is inclined approximately 35.degree. leftward
      from vertical and shafts 37 and 38 lying in a common plane with main shaft
      30 which is inclined approximately 35.degree. to the right.
PAR  Fixed on the front end of main shaft 30 is a master gear 39 which meshes
      with smaller gears 40 fixed on the front ends of valve shafts 35, 36, 37
      and 38 so that rotation of shaft 30 drives said valve shafts in a
      two-to-one ratio. The various elements of composite body 22 above
      described are united by six rods 41, for the accommodation of which six
      holes parallel with main shaft 30 are provided, said rods extending
      through body 22 and receiving nuts 42 at their opposite ends.
PAR  Referring now to FIGS. 3 to 10 inclusive, it is to be noted that the engine
      20 embraces two assemblies, the first of which will be referred to as
      power assembly 43 which includes front bearing plate 24, power cylinder
      block 25, intermediate bearing plate 26 and the operating elements
      associated therewith. The second assembly will be referred to as
      fuel-suction-compression assembly 44 which embraces intermediate bearing
      plate 26, fuel cylinder block 27 and back bearing plate 28 and the
      operative elements associated therewith and presently to be described.
PAC  POWER ASSEMBLY 43
PAR  Bored centrally from power cylinder block 25 is a power cylinder chamber 45
      which is concentric with main shaft 30 while planetary power valve
      cylindrical chambers 50 are bored in block 25 which are concentric with
      valve shafts 35 and 36 and intercept power cylinder chamber 45 as clearly
      shown in FIGS. 3, 5, 7 and 9.
PAR  Fixed on shaft 30 and rotatable within power cylinder chamber 45 is a power
      rotor 51 comprising a cylindrical hub 52 which has approximately the same
      radius as planetary valve chambers 50 and is provided with diametrically
      opposite arcuate peripheral pistons 53 which conform to and make a sliding
      sealing fit with power cylinder chamber 45 permitting said rotor to freely
      rotate within said chamber.
PAR  Fixed on valve shafts 35 and 36 in valve chambers 50 are segmental
      planetary valves 54 which preferably subtend arcs of approximately
      180.degree.. The leading and following faces of pistons 53 and valves 54
      are concave so as to facilitate the cooperative operation of said pistons
      and valves in the performance of the power assembly 43. Formed radially in
      power cylinder block 25 at diametrically opposite points therein are
      exhaust ports 55. Formed axially in said block in diametrically opposite
      relation within angles formed between chamber 45 and valve chambers 50 are
      two ignition chamber bores 56 which communicate through passages 57 with
      power cylinder chamber 45. Spark plug receptacle holes 58 are bored
      radially from upper and lower edges of block 25 into communication with
      ignition chamber bores 56 so that spark plugs 59 screwed into holes 58
      project into bores 56 so that said plugs when energized will ignite fuel
      charges which have been delivered under high pressure into said bores. The
      engine 20 is of course provided with a suitable source of electricity (not
      shown) which is distributed by a distributor 60 mounted on the front end
      of gear cover plate 23 and rotatably adjustable for the purpose of
      advancing or retarding the timing of the sparks produced by plugs 59.
PAC  FUEL-SUCTION-COMPRESSION ASSEMBLY 44
PAR  For convenience, this assembly will be referred to hereinafter as the
      "compression assembly 44" and reference is made to FIGS. 4, 6, 8 and 10 in
      describing the same.
PAR  It is to be noted that block 27 of this assembly is substantially thicker
      than the power block 25 of power assembly 43. The reason for this will be
      made clear in the description of the operation. The block 27 has the same
      outline as power block 25 but is turned 180.degree. about a vertical axis
      to accommodate this block to the peculiarities of the compression assembly
      being described. The fuel cylinder block 27 has a central bore comprising
      a compression cylinder chamber 65 which is concentric with the main shaft
      30. Smaller bores 66 concentric with the valve shafts 37 and 38 are formed
      in block 27 which bores intercept the cylinder chamber 65 and constitute
      planetary valve chambers for the compression assembly 44. Fixed on shaft
      30 within cylinder chamber 65 for free rotation therein is a compression
      rotor 67 which includes a cylindrical hub 68 which preferably has the same
      radius as the planetary valve chambers 66 and is provided, at
      diametrically opposite points, with arcuate pistons 69, the peripheries of
      which make a sliding sealing fit with compression cylinder chamber 65.
      Fixed on valve shafts 37 and 38 are segmental planetary valves 70 which
      preferably subtend an angle of about 180.degree. and make a smooth sealing
      sliding fit with planetary valve chambers 66. Leading and trailing faces
      of pistons 69 and planetary valves 70 are concave so as to facilitate the
      interfitting of end portions of said valves and pistons during the
      operation of compression assembly 44.
PAR  In diametrically opposed areas of the fuel cylinder block 27 corresponding
      to areas in the power block 25 in which ignition chamber bores 56 are
      provided, the fuel cylinder block 27 has formed radially therein
      compressed fuel ports 71 which communicate through axial passages 72 in
      block 27 with holes 73 formed axially in intermediate bearing plate 26,
      said holes 73 being aligned and directly communicating with the ignition
      chamber bores 56 of the power assembly 43.
PAR  At diametrically opposite points in the compression cylinder chamber 65,
      fuel cylinder block 27 is provided with fuel intake ports 74 which
      communicate with carburetors 75 mounted on the side faces of said block.
PAR  At diametrically opposite points, the power cylinder block 25 is provided
      with exhaust pipes 80 which communicate with and receive exhaust gases
      from exhaust ports 55 formed in said block.
PAR  Power block 25 and fuel compression block 27 are each milled away at a
      diagonally opposite pair of corners to provide suitable groups of cooling
      fins 81 and 82 respectively.
PAR  The gears 40 mounted on cam shafts 35, 36, 37 and 38 are optionally
      provided with counterweights 83 which supplement the tendency of segmental
      valves 54 and 70 to counter balance each other so that there is a minimum
      of vibration produced by the eccentricity of the centers of gravity of
      said valves.
PAR  As before stated, engine 21 shown in FIGS. 1 and 2 is a substantial
      duplicate of engine 20 as described hereinabove and the parts of engine 21
      which are exact counter parts of corresponding parts in engine 20 will be
      designated in the drawings by use of the same reference numerals applied
      to said corresponding parts of engine 20 with prime attached. The two
      engines are shown in FIGS. 1 and 2 as mounted on a common base 84 and with
      the main shaft 30 of engine 20 and shaft 30' of engine 21 co-axially
      connected by a flexible coupling 85. The engine 21 as shown in the
      drawings is not provided with a separate distributor for supplying the
      spark plugs 59' thereof with electricity as the co-axial coupling of the
      two engines permits this function for engine 21 to be readily performed by
      distributor 60 of the engine 20.
PAR  It is to be noted however, that engine 21 is disposed at an angle of
      90.degree. with reference to engine 20 so that the power strokes generated
      by these two engines will not coincide but be spaced circumferentially
      from each other so as to smooth the torque flow produced by the two
      engines thus joined together.
PAC  OPERATION
PAR  It is to be noted that all the operational views of the drawings, to wit:
      FIGS. 3 to 14 inclusive are taken from the point of view of a person
      facing the engine from the left or front end thereof. Pairs of FIGS. 3 and
      4, 5 and 6, 7 and 8, and 9 and 10, illustrate corresponding phases in the
      operation of the power assembly 43 and the compression assembly 44 of the
      engine 20 and the two views in each of these pairs of figures are taken at
      exactly the same point of time in the operation of said engine.
PAR  Thus, FIGS. 3 and 4 show power assembly 43 well started with a double
      exhaust phase of this assembly while the compression assembly 44 is well
      started with a double compression phase of that assembly.
PAR  Pair of FIGS. 5 and 6 illustrate a point in the operation of engine 20 in
      which the rotors 51 and 67 of assemblies 43 and 44 are advanced 60.degree.
      from their respective positions shown in FIGS. 3 and 4 and the respective
      segmental valves 54 and 70 of said two assemblies have advanced
      120.degree. from the positions in which they are shown in FIGS. 3 and 4.
      We thus have in FIGS. 5 and 6 the pictorial story of an advanced phase in
      the operation of engine 20 in which the exhaust function (shown as well
      started in FIG. 3) is shown in FIG. 5 as when nearing completion. It is
      also to be noted that throughout the rotation through angles of 60.degree.
      of the engine rotors, leading to the rotors being positioned as shown in
      FIGS. 5 and 6, the power rotor 51 has sealed off ports 57 through which
      ignition chamber bores 56 communicate with power cylinder 45. During this
      60.degree. rotation of shaft 30 of engine 20 leading up to the positions
      of the engine parts shown in FIGS. 5 and 6, the compression assembly 44
      has substantially advanced the double compression stroke shown at the
      beginning in FIG. 4 the fuel thus compressed by the rotor 67 being forced
      through ports 71, axial passages 72 and the holes 73 provided in
      intermediate plate 26 into ignition bores 56 formed axially in power block
      25. FIG. 2 clearly illustrates how these various passages directly link up
      the respective compression chambers produced by rotor 67 in the
      compression cylinder 65 of assembly 44 with the compressed fuel ignition
      bores 56 provided at diametrically opposite points in power block 25.
PAR  FIGS. 7 and 8 illustrate the assemblies 43 and 44 with the rotors thereof
      turned only a few degrees clockwise from the positions in which said
      rotors are shown in FIGS. 5 and 6 so as to illustrate how late the
      passages 57 are closed by the rotor pistons 53 of power rotor 51 while the
      fuel compression steps being concurrently accomplished in compression
      assembly 44 are reaching their final stages of compressing and delivering
      fuel through the ports 71, passages 72 and holes 73 into the compressed
      fuel ignition bores 56. As the power rotor 51 continues to rotate from the
      position in which it is shown in FIG. 7, the rotor 67 in the compression
      assembly 44 advances so as to cover both of the compressed fuel delivery
      ports 71 formed in the compression cylinder chamber 65 at the instant the
      spark plugs 59 are energized to ignite the compressed fuel charges
      confined in the ignition bores 56. This occurs just as the passages 57
      connecting the fuel charge ignition bores 56 to the power assembly
      cylindrical chamber 45 are uncovered by power rotor 51. With the segmental
      valves 54 confining small areas A in said chamber into which the passages
      57 open, the gases of combustion thus produced are blasted through the
      passages 57 into said relatively small confined areas A and produce a
      double power stroke by the expansion of these gases of combustion
      respectively against the pistons 53 of the rotor 51.
PAR  FIGS. 9 and 10 illustrate the power assembly 43 in the middle of a double
      power stroke and the compression assembly 44 well advanced in a double
      suction stroke in which two charges of gaseous fuel have been sucked into
      chambers created by the correlative rotation of the rotor 67 and the
      segmental valves 70 as shown in FIG. 10. It is to be noted that the radial
      passages 71 in the cylinder chamber 65 of the compression assembly 44
      still remain closed by the pistons 69 of the rotor 67 and that this
      continues throughout the double power stroke shown about three-quarters
      completed in FIG. 9.
PAR  For the next phase in the operation of engine 20 following FIGS. 9 and 10,
      we return to FIGS. 3 and 4 where we see a double exhaust stroke in the
      power assembly 43 being well started thus concluding the power stroke and
      the automatic covering and sealing off of the passages 57 by the pistons
      53 of the rotor 51 and the beginning, in the compression assembly 44 of a
      double fuel vapor compression stroke, thereby concluding a complete cycle
      of operation of the engine 20.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary internal combustion engine comprising:
PA1  a power block;
PA1  a fuel-suction-compression block;
PA1  an intermediate plate covering juxtaposed faces of said blocks;
PA1  a front end plate covering the front face of said power block;
PA1  a rear end plate covering the rear face of said compression block;
PA1  a power shaft normal to and extending centrally through said plates and
      blocks;
PA1  four valve shafts parallel with and equally spaced from said power shaft
      and including two power valve shafts lying in a common plane with said
      power shaft and two compression valve shafts lying in a different common
      plane with said power shaft, said common planes being symmetric with a
      vertical plane containing the axis of said power shaft;
PA1  bearing means provided in said plates in which said shafts journal,
PA1  there being a power cylinder chamber formed in said power block and a
      compression cylinder chamber formed in said compression block, both
      chambers being co-axial with said power shaft,
PA1  there being exhaust ports at diametrically opposite points in the wall of
      said power cylinder chamber;
PA1  there being fuel inlet ports at diametrically opposite points in the wall
      of said compression cylinder chamber,
PA1  there being formed in said power block two cylindrical valve chambers
      concentric respectively with said power valve shafts and intercepting and
      communicating with said power cylinder chamber,
PA1  there being formed in said compression block two cylindrical valve chambers
      concentric with said compression valve shafts and intercepting and
      communicating with said compression cylinder chamber;
PA1  carburetor means for supplying fuel to said intake ports;
PA1  a power rotor fixed on said power shaft and having a cylindrical hub from
      which two arcuate pistons extend diametrically into rotational sealing
      relation with the wall of said power cylinder chamber;
PA1  a compression rotor fixed on said power shaft and having a cylindrical hub
      from which two arcuate pistons extend diametrically into rotational
      sealing relation with the wall of said compression cylinder chamber;
PA1  four segmental valves one of which is fixed on each of said valve shafts to
      make a peripheral sliding sealing contact with said cylindrical valve
      chambers and with the hubs of said power rotor and compressor rotor
      respectively;
PA1  a gear train mounted on said shafts whereby said power shaft drives said
      valve shafts at a 2 to 1 ratio, with said valves cooperating with said
      pistons to form duplicate fuel suction and compression zones in said
      compression chamber on opposite sides of said compression rotor and
      duplicate expansion and exhaust zones in said power chamber on opposite
      sides of said power rotor;
PA1  there being two fuel charge firing bores provided in said power block close
      to and communicating with diametrically opposed points in said power
      cylinder chamber which are close to where said power cylinder chamber is
      intercepted by said valve cylinder chamber;
PA1  there being passage means formed in said intermediate plate and in said
      compressor block leading from each of said fuel compression zones on
      opposite sides of said compressor rotor to one of said two fuel firing
      bores to simultaneously deliver charges of compressed fuel to said bores;
      and
PA1  an ignition system driven by said shaft for the timely ignition of said
      charges of fuel in said bores to produce duplicate simultaneous power
      strokes by the emission of combustion gases from said bores into said
      duplicate expansion and exhaust zones as the generation of said zones is
      being initiated by the rotation of said shafts.
NUM  2.
PAR  2. An engine as recited in claim 1 wherein
PA1  said planes containing the respective axes of said two pairs of valve
      shafts subtend an angle of approximately seventy degrees, and wherein
PA1  said power rotor and said compression rotor are fixed on said power shaft
      in a corresponding angular relation and wherein
PA1  said firing bores and fuel passage means are located approximately in said
      vertical plane.
NUM  3.
PAR  3. An engine as recited in claim 1 wherein
PA1  said pistons on said compression rotor uncover said fuel passages at the
      high point of the fuel compression stroke of said rotor whereby compressed
      fuel charges are delivered through said passages into said fuel charge
      ignition bores, and wherein
PA1  said power rotor pistons overlie and close said bores while the latter are
      receiving said fuel charges and then uncover said bores at the start of
      poewr strokes on opposite sides of said power rotor in said power cylinder
      chamber, and wherein
PA1  said compression rotor pistons cover said fuels passages during said power
      strokes, thereby preventing back firing, and wherein
PA1  said power rotor pistons cover said exhaust ports during said power strokes
      of said power rotor and uncover said exhaust ports to exhaust therethrough
      the gases of combustion produced in said power strokes as the torque
      produced by the latter declines, and wherein
PA1  said suction-compression rotor pistons uncover said fuel intake ports at
      the start of suction strokes on opposite sides of said rotor and cover
      said intake ports at the start of compression strokes by said rotor.
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ABST
PAL  A rotary internal combustion engine is disclosed which is entirely
      cylindrical. The engine includes a cylindrical stator having mounted for
      rotation therein two pairs of blades on concentric shafts. Means,
      preferably a universal joint is provided which operates through a gear
      case to control the relative speeds of the shafts and thus the angle
      between the blades to change the volume of the combustion chamber through
      the four operations of intake, compression, expansion (power) and exhaust.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The field of the invention generally is rotary internal combustion engines
      in which the four operations of intake, compression, expansion and exhaust
      take place sequentially. Such engines have been utilized in vehicles and
      numerous stationary applications.
PAC  THE PRIOR ART
PAR  Internal combustion engines of at least two types are well known.
      Reciprocating engines in which pistons are driven rectilinearly to rotate
      a shaft through a crank are the commonest type of such engine. Rotary
      combustion engines involving stators having complicated shapes such as
      epitrochoidal interior chambers and having generally triangular rotors
      mounted eccentrically therein are also known. In such engines the shapes
      of the stator and rotor and the eccentric mounting of the rotor are relied
      upon to change the volume of the combustion chamber.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a rotary internal combustion engine in
      which the stator is entirely cylindrical and in which the cylinder is
      divided into combustion chambers which vary in volume during operation by
      means of two pairs of blades extending diametrically across the cylinder.
      The blades are supported by concentric shafts mounted concentrically with
      the cylindrical stator. Means, preferably a universal joint, is provided
      for causing the blades to move toward and away from each other during
      rotation thus decreasing and increasing the volume of the combustion
      chambers defined thereby.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a universal joint of a common type used in this invention;
PAR  FIG. 2 is a vertical cross-section taken along the line 2--2 of FIG. 3;
PAR  FIG. 3 is in a vertical cross-section taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is taken along the line 4--4 of FIG. 3;
PAR  FIGS. 5A through 5E show schematically the positions of the blades during
      one-half revolution of the engine;
PAR  FIG. 6 shows a segment of the device of FIG. 2;
PAR  FIG. 7 shows a modification of the location of the gear case and universal
      joint;
PAR  FIG. 8 shows a dual gear case and dual universal joint modification;
PAR  FIG. 9 shows a second embodiment of the engine taken along line 9--9 of
      FIG. 10;
PAR  FIG. 10 is taken along the line 10--10 of FIG. 9; and
PAR  FIG. 11 is taken along line 11--11 of FIG. 9.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 discloses a universal coupling or joint having a driving shaft 10
      and a driven shaft 12. The shaft 10 has a "U" shaped bifurcated end 14 and
      the shaft 12 has a similar "U" shaped bifurcated end 16. The "U" shaped
      bifurcated ends of the shafts 10 and 12 are interconnected through a
      central member 18 being pivoted thereto at 20 and 22 in known manner. Such
      a universal joint, sometimes called a Cardan joint, is well known.
      Rotation of the shaft 10 will cause rotation of the shaft 12 at the same
      R.P.M. However, such a joint is not a constant velocity joint and as such,
      whenever the angle .alpha. is other than 180.degree., the driven shaft 12
      will, during a single rotation, travel at times faster than the driving
      shaft 10 and at other times slower than the driving shaft 10 in each
      rotation. Whenever angle .alpha. is other than 180.degree. as shown in
      FIG. 1, shaft 12 will, in the four quadrants of its rotation, move faster,
      then slower, then faster again, and finally slower again, than the
      rotation of shaft 10. This variation in angular velocity of shaft 12 is
      utilized herein to provide the four phases of intake, compression,
      expansion (power) and exhaust in the present engine.
PAR  In FIG. 2 is shown a somewhat schematic vertical cross-section through the
      engine of the present invention taken transversally through the shafts.
      The engine includes a cylindrical stator 30 having a water jacket 32 for
      cooling arranged concentrically therewith. The cooling water is introduced
      into the space between the stator 30 and the water jacket 32 through an
      intake pipe 34 and is removed from such space through an exit port 36.
      Mounted concentrically with the stator 30 is a hollow shaft 38 having a
      pair of blades 40 mounted thereon and extending diametrically across the
      stator 30. Integral with the outer ends 42 of the blades 40 is a
      cylindrical member 44 extending around the interior of the stator 30 and
      integral with both blades 40. Seals 46 in the outer surface of the
      cylinder 44 seal the cylinder 44 in sliding engagement with the inner
      surface 31 of the stator 30. While for ease of illustration the
      cylindrical rotor 44 is shown as if in contact with the inner surface 31
      of stator 30 throughout its circumference, it will be understood that the
      outer surface of the rotor 44 is spaced therefrom a small amount and does
      not actually bear thereagainst. The sliding seal arrangement between rotor
      44 and stator 30 is achieved, as mentioned, by seals 46 of which there may
      be more than the two shown.
PAR  The hollow shaft 38 has two diametrically opposite slots 48 therein through
      which extend blades 50 fixed to shaft 54 mounted internally of and
      concentric with the shaft 38. The outer ends 52 of the blades 50 extend
      toward the internal surface 43 of the cylinder 44 and are in slidingly
      sealed relationship therewith by means of seals 56.
PAR  Arcuate plates 60 are mounted at the outer ends 52 of the blades 50
      concentric with the cylinder 44. The arcuate plates 60 are spaced a small
      distance from the inner surface 43 of rotor 44 but such space is too small
      to be conveniently shown in the drawings. The function of arcuate plates
      60 is more fully described hereinafter. Plates 62 are mounted along one
      side of the blades 50 and are secured thereto as well as to the arcuate
      plates 60. Similar plates 64 are mounted to the blades 40 and also to the
      internal cylinder 44 as shown. These members 62 and 64 aid in cooling as
      well as providing additional strength. The plates 62, particularly, add
      strength to the arcuate plates 60.
PAR  Walls 82, best shown in FIGS. 3 and 4 are fixed to the outer shaft 38, the
      blades 40 and the cylinder 44. The walls 82 extend forwardly (in a
      clockwise direction in FIG. 2) from the blades 40 to which they are fixed
      as far as the blades 50. When the blades 40 and 50 are at their greatest
      distance apart as shown in FIG. 2, the forward edges 83 of the walls 82
      are, as shown, approximately in line with or just beyond the leading edges
      51 of the blades 50. Walls 82 together with the blades 40 and 50 and the
      cylinder 44 define combustion chambers 90 and 100. Combustion chambers 90
      and 100 vary in size during rotation as described hereinafter. Fins 84 on
      the end walls 82 provide for additional air cooling. The lateral sides of
      the blades 50 are suitably sealed against the interior surfaces 86 (FIG.
      3) of the end walls 82. Between the leading edges 83 of the walls 82 and
      the trailing edges 41 of the blades 40 there are no end walls.
      Accordingly, the spaces 91 therebetween are open to the atmosphere and the
      plates 62 and 64 are, preferably, fan shaped to pass air therethrough for
      cooling.
PAR  An arcuate opening 68 in the stator 30 communicates through an intake
      manifold 70 with the conduit 72 which in turn communicates with a
      carburetor or like device, not shown. Two diametrically opposite openings
      74 in the cylinder 44 permit entrance of the fuel-air mixture into the
      chambers 90 and 100 between the blades 40 and 50 when an opening 74 aligns
      with the opening 68 in the stator 30.
PAR  An opening 76 in the stator 30 communicates through an exhaust manifold 78
      with exhaust conduit 80. When one of the openings 74 communicates with the
      opening 76 exhaustion of the spent gases through the manifold 78 and
      conduit 80 is accomplished.
PAR  As shown in FIG. 3 the shaft 38 has fixed thereto a gear 88 externally of
      the engine and shaft 54 has a gear 92 fixed thereto externally of the
      engine on the opposite side thereof. Gear 88 meshes with a gear 94 fixed
      upon a shaft 96. Shaft 96 is suitably journaled in a bearing 102.
PAR  Gear 92 meshes with a gear 104 fixed to a shaft 106 journaled in a bearing
      108. Shafts 96 and 106 are connected at 110 by means of a universal joint
      of the type shown in FIG. 1. As shown, the angle .alpha. between the
      shafts 96 and 106 is 120.degree..
PAR  The bearings 102 and 108 are mounted within a crank case 112 containing oil
      114 therein to a suitable level such as shown at 116. A suitable oil pump
      118 (a gear-type pump being shown) pumps oil for lubrication through
      conduit 120 and thus through conduits 122 and 124 into the space between
      the rotary cylinder 44 and the stator 30. Grooves 126 in the outer
      circumference of the rotor 44 receive the oil and help to provide a film
      between the rotary cylinder and the stator housing 30. Seals 128 in the
      outer circumference of the rotary cylinder 44 suitably confine the oil
      film. Drip tubes 130 return the oil to the crank case 112.
PAR  The combustion chambers 90 and 100 are sealed off from possible escape of
      gases into the spaces 91 by the seals 150 and 151 as shown in FIG. 2. The
      exterior is sealed off by the seals 152 and 153 shown in FIG. 3.
PAR  It will be appreciated that the engine described and shown in FIGS. 2 and 3
      has two combustion chambers providing two power impulses during each
      rotation of the shafts 38 and 54.
PAC  OPERATION OF THE ENGINE
PAR  As shown, the shafts 38 and 54 with their blades 40 and 50, respectively,
      rotate in a clockwise direction as indicated by arrows A in FIG. 2. The
      shaft 38 is turned initially by means of a conventional starter, not
      shown, after which the engine becomes self sustaining. Rotation of shaft
      38 and gear 88 thereon in turn rotates gear 94 and shaft 96. The rotation
      of shaft 96 serves to rotate shaft 106 through the universal joint 110.
      The rotation of shaft 106 rotates gears 104 and 92 thus rotating shaft 54
      and the blades 50 thereon.
PAR  The shaft 38 and blades 40 thereon rotate at a constant angular velocity.
      However, due to the joint 110 and the angle between the shafts 96 and 106,
      as previously explained, shaft 106 will rotate at varying angular
      velocities which in turn rotates the shaft 54 and blades 50 at varying
      angular velocities. Accordingly, the blades 50 are caused to rotate during
      the intake and expansion portion of the cycle faster than the blades 40
      and slower than the blades 40 during the compression and exhaust portions
      of the cycle. The relative positions of the blades 40 and 50 and the
      positions of the chambers 90 and 100 through one rotation are best
      understood from FIG. 5A through 5E.
PAR  As shown in FIG. 5A, the blades 40 and 50 have reached their closest
      proximity to each other. The combustion chamber 100 is opposite to the
      spark plug 132 and the combustion chamber 90 has just completed the
      exhaust portion of the cycle and is about to begin the intake portion of
      the cycle. As blades 40 and 50 rotate in a clockwise direction as viewed
      in FIGS. 5A-5E the blades 50 will move faster than the blades 40 when
      moving from the position shown in FIG. 5A to that shown in FIG. 5B. This
      increases the volume of the chamber 90 thus creating a reduced pressure to
      draw into the chamber 90 the fuel-air mixture from the intake manifold 70.
      While this movement would initially be provided by a conventional starter
      mechanism, once the engine is in sustained operation, this movement will
      be provided by the firing of the spark plug 132 creating an explosion in
      the combustion chamber 100 and expansion of the gases therein. This
      expansion exerts pressure against both blades 40 and 50 defining the
      chamber 100 causing them to separate and increasing the volume of both
      chambers 100 and 90. Such a separation of the blades 40 and 50 is only
      possible when the rotor 44 and shafts 38 and 54 continue to turn. The mass
      of the rotor 44 serves as a flywheel in this embodiment to maintain smooth
      rotation and forward momentum. Rotation continues until the blades 40 and
      50 have reached their greatest distance from one another as shown in FIG.
      5C, this being the expansion (power) portion of the cycle for combustion
      chamber 100 and the intake portion of the cycle for chamber 90. As shown
      in FIG. 5C, chamber 100 has just completed its expansion and is about to
      begin the exhaust portion of its cycle. Chamber 90 has just completed its
      intake portion of its cycle and is about to undergo the compression
      portion of the cycle. Blades 50, due to their communication through the
      joint 110, will continue to move faster than blades 40 in advancing from
      the position of FIG. 5B to that of FIG. 5C.
PAR  In moving from the position of FIG. 5C to that of FIG. 5D the blades 50
      will move at a slower speed than the speed of the blades 40. During this
      time, therefore, blades 40 begin to "catch up" with the blades 50 thus
      decreasing the size of chambers 90 and 100. During this time combustion
      chamber 100 is exhausting while combustion chamber 90 is compressing its
      air-fuel mixture. The blades 40 continue to "catch up" with the blades 50
      during movement from the position shown in FIG. 5D to that shown in FIG.
      5E. Once having arrived at the position shown in FIG. 5E the chamber 100
      has completed its exhaust and is about to begin its intake while the
      chamber 90 is now opposite the spark plug 132.
PAR  It will be appreciated that FIGS. 5A-5E as just described show one-half of
      a rotation, i.e., 180.degree. of rotation of the shafts 38, 54 and the
      blades 40, 50. The remaining half of the cycle is identical to the first
      half of the cycle excepting only that chamber 90 will now undergo the
      expansion (power) phase followed by exhaust which chamber 100 has just
      undergone as described above. Similarly, chamber 100 will now undergo its
      intake phase followed by compression in the same manner previously
      described for chamber 90.
PAR  Having reference to FIG. 2, and particularly to the arcuate plates 60, it
      will be appreciated that the chamber 100 shown in FIG. 2 has reached its
      maximum expansion and is just about to undergo the exhaust portion of its
      cycle. As chamber 100 moves clockwise and undergoes exhaust the blades 50
      will move at a slower speed than the blades 40 thus permitting the blades
      40 to "catch up". As this occurs the cylinder 44 integral with the blades
      40 will be moving at a greater angular velocity than the blades 50. Thus,
      the relationship of the end 52 of the blades 50 with respect to the
      leading edge 73 of the opening 74 in the rotor 44 will change. Blades 40
      and 50 will come closer together and at some point during the exhaust the
      leading edge 51 of the blade 50 will be rearward (with respect to the
      direction of rotation) of the leading edge 73 of the opening 74. This
      relationship is best shown in FIG. 6. As shown in FIG. 6 the exhaust gases
      from the chamber 100 could pass not only into the exhaust manifold 78 but
      also over the end 52 of the blade 50 and into the space 91 on the other
      side thereof. To prevent this possibility the arcuate plates 60 seal off
      the spaces 91 from the exhaust opening 76 and the manifold 78 as shown in
      FIG. 6.
PAR  Similarly, when the blades 40 and 50 are at their closest proximity to each
      other as shown in FIGS. 5A and 5E one of the openings 74 aligns with the
      opening 68 of the intake manifold 70. Here again the arcuate plates 60
      seal the spaces 91 off from any communication with the intake manifold 70.
      The arc of the arcuate plates 60 is of sufficient length to insure that
      the leading edge 73 of an opening 74 can never be forward (with respect to
      the direction of rotation) of the leading edge 61 of its associated
      arcuate plate 60.
PAR  It will be appreciated that the volume of the combustion chambers 90 and
      100 is in part a function of the diameter of the stator 30 and in part a
      function of the location of the blades 40 and 50 with respect to each
      other at their greatest distance apart. The compression ratio is
      determined by the difference in volume of the combustion chambers when the
      blades are at their greatest distance apart and the volume when they are
      at their closest proximity. This difference in volume is a function of the
      angle .alpha. between the shafts 96 and 106.
PAC  MODIFICATIONS
PAR  In large engines the gears 88, 94, 92 and 104 tend to become quite large.
      Accordingly, it may be advantageous to arrange the gears together on one
      end of the engine as shown in FIG. 7. In FIG. 7 shafts 138 and 154
      comparable to shafts 38 and 54, respectively, in FIGS. 2 and 3 are shown
      extending beyond both ends of the engine. Gears 156 and 158 mounted on the
      shafts 154 and 138 respectively mesh with gears 160 and 162 respectively.
      Gears 160 and 162, fixed to shafts 164 and 168 respectively, are journaled
      in suitable bearings (not shown) in a fixed crank case 170. The crank case
      170 being comparable to the crank case 112 shown in greater detail in FIG.
      3. The shafts 164 and 168 are interconnected by means of a universal joint
      172 of the type shown in FIG. 1. In this arrangement, it will be
      appreciated, that the gear connections between the shafts 138 and 154 are
      not confined beneath the engine as in the arrangement shown in FIG. 3, and
      as such the gears may be smaller.
PAR  FIG. 7, also shows a second modification in that the gears 156, 158, 160
      and 162, as well as the shafts 164 and 168 are duplicated on both ends of
      the engine as indicated generally at 180 and 182. In this way, the
      stresses involved may be distributed between two universal joints 172 and
      173.
PAR  For some applications with large engines it may be desirable to distribute
      the stresses over still additional universal joints such as shown in FIG.
      8. As shown in FIG. 8 two universal joints 184 and 185 and their
      associated gears are arranged on the same end of the shafts 186 and 188.
      Here again the stresses have been distributed between two universal joints
      184 and 185, but this time, contrary to the arrangement in FIG. 7, the
      joints and their associated gears are put on the same ends of the shafts.
      FIGS. 7 and 8 can be combined and two universal joints can be provided at
      each end of the shafts thus providing a division of the stresses of the
      engine coupling over four universal joints. It is, of course, possible to
      increase the number of universal joints over which the stresses are
      distributed to 8. This can be done by providing four universal joints on
      one end in a construction like that shown in FIG. 8 and then duplicating
      that arrangement on both ends of the shaft as shown in FIG. 7.
PAR  Several other modifications are possible to the engine disclosed in FIGS.
      2, 3 and 4. Several of these are shown in FIGS. 9 and 10. In FIG. 9 an
      engine generally indicated by the numeral 200 is shown as comprising a
      stator 204 having a water jacket 206 thereabout. At the axis of the
      cylindrical stator 204 is a solid central shaft 208 having a hollow shaft
      210 thereabout and still a third shaft 212 surrounding the shaft 210. As
      shown in FIG. 10, the shaft 210 supports, by means of the diametrically
      arranged web 214, a rotating cylinder 216. Opposite web 214 is a web 218
      having a hub 220 with a ball bearing 222 therein in which is journaled
      shaft 212. The central shaft 208 has fixed thereto a gear 224 adjacent one
      end thereof and a gear 226 adjacent the opposite end thereof.
PAR  In mesh with gear 224 is a gear 228 fixed to a shaft 230 journaled in a
      bearing 232. Shaft 230 is connected through a universal joint 234 of the
      type shown in FIG. 1 to a shaft 236 journaled in bearing 238. Bearings 232
      and 238 are fixed to a suitable part of the frame 240. Shaft 236 has fixed
      thereto a gear 242 in mesh with a gear 244 fixed to the shaft 212.
PAR  On the opposite end of the engine the gear 226 is in mesh with a gear 246
      fixed to a shaft 248 journaled in a bearing 250. Shaft 248 is connected
      through a universal joint 252 of the type shown in FIG. 1 to shaft 254
      journaled in bearing 256. The bearings 250 and 256 are fixed to any
      suitable portion of the frame 258. Shaft 254 has fixed thereto gear 260
      which meshes with gear 262 fixed to shaft 210.
PAR  For ease of illustration no means for lubricating the bearings 232, 238,
      250 and 256 has been shown. However, these may be lubricated in any known
      manner or bearings having permanent lubrication therein may be used as
      well known in the art.
PAR  Fixed to the shaft 212 through a hub 264 is a web 266 extending
      diametrically across a cylinder 268.
PAR  As shown in FIG. 9 the cylinder 216 carries two outwardly extending blades
      270 at positions diametrically opposite to each other. The blades 270 have
      generally "T" shaped sealing members 272 which seal against the internal
      surface 274 of the stator 204. The cylindrical rotor 216 also has two
      diametrically disposed slots 276 therein through which extend blades 278
      fixed to the internal rotating cylinder 268. The blades 278 have generally
      "T" shaped sealing members 280 bearing in sealing arrangement against the
      interior surface 274 of the stator 204. Fixed to or integral with the
      sealing members 272 are arcuate plates 282 extending in a
      counter-clockwise direction from the members 272. Extending from the "T"
      shaped members 280 in a clockwise direction therefrom are arcuate plates
      284. The plates 282 and 284 may be fixed to or integral with their
      respective sealing members 272 and 280. During rotation centrifugal force
      moves the "T" shaped sealing members 272 and 280 (as well as other such
      seals mentioned hereinafter) outwardly together with the ends of their
      associated arcuate plates 282 and 284 to bear almost against the interior
      surface 274 of the stator 204. The arcuate plates 282 and 284 need be only
      wide enough to cover the intake and exhaust openings 290 and 292
      respectfully in the stator 204. As used herein, the term "width" refers to
      the left to right direction in FIG. 10. The intake opening 290
      communicates with an intake manifold 294 and conduit 296 which in turn is
      fed by a carburetor or other like device (not shown). The exhaust port 292
      communicates with the exhaust manifold 296 and exhaust pipe 298. A spark
      plug 300 is positioned as shown to provide a spark inside the stator 204.
PAR  Water intake 302 provides water for the space between the stator 204 and
      the water jacket 206. A water outlet is provided at 304. Fixed to the
      blades 270 and to the cylinder 216 are opposite side walls 306 extending
      in a clockwise direction therefrom to the blades 278, when blades 278 are
      at their greatest distance from the blades 270 as shown. It will be
      understood that as blades 270 and 278 move closer and farther apart,
      blades 278 are always between the opposite side walls 306 and are in
      sliding engagement therewith. The outer edges of walls 306 bear against
      the interior surface 274 of the stator 204 and have generally "T" shaped
      sealing members 308 to provide a sliding seal therewith. Blades 270 and
      278 define (together with side walls 306, the stator 204 and the rotating
      cylinder 268) combustion chambers 310. The side walls 306 may be finned as
      shown at 312 to assist in cooling.
PAR  As shown in FIG. 9, the blades 278 and 270 are at their maximum distance
      from each other; the intake portion of the cycle having just been
      completed (for chamber 310 at the top in FIG. 9). At this point, of
      course, the chamber 310 at the bottom of FIG. 9 has just completed its
      expansion (power) phase of the cycle and is about to commence to exhaust.
      The blades 270 and 278 reach their closest proximity to each other at one
      point opposite the spark plug 300 and at a second point 180.degree.
      therefrom.
PAR  The phases and operation of this modification are essentially the same as
      those for the embodiment shown in FIGS. 2, 3 and 4. However, in this
      instance neither the blades 270 nor the blades 278 are operating at a
      constant angular velocity. The blades 278 operate at changing angular
      velocities determined by the universal joint 234 and the angle between
      shafts 230 and 236. The blades 270 operate at changing angular velocities
      determined by the universal joint 252 and the angle between shafts 248 and
      254. The shaft 208 rotates at a constant angular velocity and has a
      flywheel 400 thereon to help in maintaining smooth rotation and forward
      momentum.
PAR  The angles between the shafts 248 and 254 as well as the angle between the
      shafts 230 and 236 is selected to provide the desired maximum and minimum
      distance between the blades 270 and 278 during the various cycles of
      operation.
PAR  It will be appreciated that since it is necessary for the blades 270 and
      278 to be out of phase in order for them to move toward and away from each
      other, when the device is assembled the universal joint 234 will be turned
      through some predetermined angle with respect to the universal joint 252.
      This difference will, of course, be maintained throughout the life of the
      engine so long as the joints are not again disassembled. Were this not
      done, the blades 270 and 278 would remain the same distance apart although
      both sets of blades would speed up and slow down during rotation. That is
      to say, the two sets of blades 270 and 278 (if the two universal joints
      234 and 252 were assembled in phase) would have the same angular
      velocities and undergo the same changes in angular velocity at the same
      time during a single rotation. Under such a circumstance the volume of the
      chambers 310 would not vary as required. As indicated, this is overcome by
      assembling the device with the universal joints 252 and 234 out of phase
      by a predetermined angular amount.
PAR  The arcuate plates 282 and 284 are fixed respectively to the cylinders 216
      and 268 as indicated in FIG. 9 by means of the webs 286 and 287. The ends
      of the arcuate plates at the seals 272 and 280 of the arcuate plates 282
      and 284 serve as springs so that only the seals 272 and 280 are pressed by
      centrifugal force against the wall 274. The arcuate plates must be
      constructed such that they rotate against the wall 274 as close as
      possible without touching it, thus avoiding wear and overheating. These
      arcuate plates when rotating alternately move towards and away from each
      other over a small angle such that the manifolds 294 and 296 could come
      into connection with the space 311 which is not a combustion chamber were
      it not for the fact that the offset end 350 of arcuate plate 282 overlaps
      the end 351 of arcuate plate 284 such that the manifolds 294 and 296 are
      completely shut off from the space 311 at all points during rotation.
PAR  As shown in FIG. 9 the web 286 is fixed to the cylinder 216. The web 287,
      however, passes through a slot 352 in cylinder 216 and also passes through
      cylinder 268 through an opening 353. Web 287 is fixed to the inside of
      cylinder 268 through its inner flange 354.
PAR  Lubrication of the embodiment shown in FIGS. 9 and 10 is only schematically
      shown as including a crank case 320, a pump 322 operated from the shaft
      208 and tubing 324, 326, 328 and 330 to supply oil to the interior surface
      274 of the stator 204 between such surface and the several "T" seals above
      mentioned including seals 308. The oil is returned through conduits 332,
      334 to the crank case 320. It will be appreciated, however, that the
      details of the lubrication, both of this embodiment and of the embodiment
      shown in FIGS. 2, 3 and 4 is well within the purview of one skilled in the
      art. Additionally, lubrication oil may be incorporated in the fuel-air
      mixture as is commonly done with two stroke reciprocating engine to
      provide lubrication to the combustion chambers and, in particular, to the
      side walls, the seals 272 and 280, interior surfaces 274 and the part of
      the outer side of cylinder 268 inside the combustion chamber. Sealing is
      provided between cylinder 216 and 268 by the seals 355 and the exterior is
      sealed off by means of seals 370 all as shown in FIGS. 9 and 10.
PAR  The embodiment shown in FIGS. 9 and 10 includes several modifications as
      compared with the embodiment of FIGS. 2, 3 and 4. Specifically, the
      embodiment of FIGS. 9 and 10 includes a separate universal joint coupling
      mechanism for the two sets of blades 270 and 278. Secondly, unlike the
      embodiment shown in FIGS. 2, 3 and 4, both sets of blades 270 and 278 bear
      against the interior surface 274 of the stator 204. Either of these two
      modifications may be incorporated in an engine without the other.
      Similarly, FIG. 10 shows two intake and exhaust manifolds and conduits,
      which feature may be incorporated in the device of FIGS. 2, 3 and 4
      independently of other modifications shown in FIGS. 9 and 10.
PAR  The timing of the firing of the spark plug 300 in the embodiment of FIGS. 9
      and 10, and plug 132 in the embodiment of FIGS. 2, 3 and 4 may be
      accomplished in known manner by use of coils, distributors, or magnetos,
      and the like with the timing being controlled from one of the shafts such
      as shaft 38 or shaft 54 of the embodiment shown in FIGS. 2, 3 and 4 or
      from one of the three shafts 208, 210 and 212 for the embodiment shown in
      FIGS. 9 and 10.
PAR  At the end of the compression portion of the cycle in the embodiment of
      FIGS. 9 and 10, the blades 270 and 278 are so close to each other that it
      becomes difficult to change or adjust the instant of ignition.
      Accordingly, the combustion chamber has a special shape as best shown in
      FIGS. 9 and 11. The blade 270 has a central notch-like opening 271 therein
      which is a continuation of the combustion chamber 310. As shown, this
      portion 271 of the combustion chamber 310 extends in an arc of
      approximately 30.degree.. In this manner, the total arc of the combustion
      chamber extends from the rear wall 273 of the portion 271 forward to the
      wall 279 of blade 278 and at their closest proximity at the end of the
      compression portion of the cycle, this arc is thoroughly adequate to
      provide the required latitude in timing the instance of ignition.
PAR  The usual accessories associated with internal combustion engines such as
      mufflers, oil filters, alternators, batteries, starters, and the like,
      will, of course, be required depending upon the particular installation
      contemplated.
PAR  The presently disclosed internal combustion engine provides the four phases
      of intake, compression, expansion (power) and exhaust in a device that is
      completely cylindrical with all parts rotating and non-reciprocating. As
      such, considerable savings in weight, cost of manufacture, and the like
      can be achieved as well as greater longevity of use as compared with
      conventional reciprocating or rotary engines. Similarly, smoother
      operation is to be anticipated since the eccentricity of parts inherent in
      reciprocation engines and the usual rotary engines is not required.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary internal combustion engine having an operating cycle including
      the four phases of intake, compression, expansion and exhaust comprising
PA1  a. a stator member having:
PAR  1. a hollow cylindrical cavity;
PA2  2. a fuel intake passage communicating with the cavity;
PA2  3. an exhaust port communicating with the cavity and spaced apart from the
      intake passage by a predetermined angular distance; and
PA2  4. an ignition means for delivering a spark into the cavity of the stator
      member at a predetermined point between the intake passage and the exhaust
      port;
PA1  b. at least two blades;
PA1  c. means for supporting said blades within said cylindrical cavity for
      rotational movement about the axis of said cavity in a direction extending
      from the intake passage to the exhaust port and passing through said
      predetermined point, the facing surfaces of a pair of rotating blades
      providing two walls of a combustion chamber;
PA1  d. control means for changing the relative speed of rotation of said blades
      during movement in said direction to produce alternate converging and
      diverging movement of the facing surfaces of said pair of blades for
      varying the volume of said chamber in a sequence such that said chamber is
      increasing in volume when the space between the blades is disposed in
      communicating relationship with the intake passage and when said blades
      are moving in said direction from said predetermined point toward said
      exhaust and decreasing in volume when said space is disposed in
      communicating relation with the exhaust port and when said blades are
      moving in said direction from said intake passage toward said
      predetermined point;
PA1  e. each of said intake and exhaust ports extending through said stator in
      an arc about the axis of said cavity;
PA1  f. at least one of said blades having an arcuate plate extending from the
      outer edge thereof in an arc about the axis of said cavity for insuring
      opening and closing of said intake and exhaust ports in properly timed
      relationship to the rotation of said combustion chamber.
NUM  2.
PAR  2. The device of claim 1 in which there are two pairs of said blades and in
      which each of the blades of at least one pair of said blades has an
      arcuate plate extending from the outer edge thereof in an arc about the
      axis of said cavity for insuring opening and closing of said intake and
      exhaust ports in properly timed relationship to the rotation of said
      combustion chamber.
NUM  3.
PAR  3. The device of claim 2 in which said arcuate plates extend forwardly
      (with respect to the direction of rotation of said blades) from the outer
      edges of their respective blades.
NUM  4.
PAR  4. The device of claim 1 including two pairs of such blades, each blade of
      the first pair of such blades cooperating with a blade of the second pair
      of such blades to provide two walls of a combustion chamber whereby there
      are two diametrically disposed combustion chambers in said engine, each
      combustion chamber having one wall provided by a blade of said first pair
      and another wall defined by the blade of said second pair, a rotating
      cylinder within said stator having the outer surface thereof spaced from
      and in slidingly sealed relationship with the interior surface of said
      cylindrical stator, said first pair of blades being secured at their outer
      edges to said rotating cylinder, the second of said pairs of blades having
      the outer ends thereof in slidingly sealed relationship with the interior
      surface of said rotating cylinder, an arcuate port for each of said
      combustion chambers extending through said rotor, the outer edges of said
      second pair of blades each having a said arcuate plate extending therefrom
      in an arc about the axis of said cavity, and said arcuate plates
      cooperating with the ports in said rotor for insuring opening and closing
      of said intake and exhaust ports in properly timed relationship to the
      rotation of said combustion chambers.
NUM  5.
PAR  5. The device of claim 4 in which said arcuate plates extend forwardly
      (with respect to the direction of rotation of said blades) from the outer
      edges of their respective blades.
NUM  6.
PAR  6. A rotary internal combustion engine having an operating cycle including
      the four phases of intake, compression, expansion and exhaust comprising
PA1  a. a stator member having:
PA2  1. a hollow cylindrical cavity;
PA2  2. a fuel intake passage communicating with the cavity;
PA2  3. an exhaust port communicating with the cavity and spaced apart from the
      intake passage by a predetermined angular distance; and
PA2  4. an ignition means for delivering a spark into the cavity of the stator
      member at a predetermined point between the intake passage and the exhaust
      port;
PA1  b. two pairs of blades each of said pairs being in a plane extending
      diametrically across said cylindrical cavity;
PA1  c. each of said blade pairs being supported by a rotating shaft with the
      plane of one of said pairs intersecting the plane of the other of said
      pairs whereby the space within said cavity is divided into four spaces
      with two diametrically opposite spaces of said four spaces being
      combustion chambers in part defined by said blades; one of said shafts
      being the power output shaft of said engine;
PA1  d. a universal joint unit, including a second pair of shafts;
PA1  e. means, including the angle between the axis of the shafts of said second
      pair of shafts being other than 180.degree., for interrelating the angular
      velocity of said two pairs of blades such that the angular velocity of one
      of said pairs of blades remains substantially constant throughout rotation
      while the angular velocity of the other of said pairs of blades
      alternately increases and decreases throughout rotation whereby during
      operation the volume of said combustion chambers increases and decreases
      in size to provide for each of said combustion chambers the four
      sequential phases of intake, compression, expansion and exhaust, said
      ignition means being disposed at a point of said stator such that the
      spark thereof communicates with said combustion chambers in sequence at
      substantially a point at which the first pair of blades reach their
      closest proximity to the second pair of blades.
NUM  7.
PAR  7. The device of claim 6 including a gear train containing one of said
      first mentioned shafts to one of said second pair of shafts and a second
      gear train connecting the other of said first mentioned shafts to the
      other of said second pair of shafts such that said first mentioned shafts
      are interconnected to each other through said gear trains and said
      universal joint.
NUM  8.
PAR  8. A rotary engine according to claim 6, in which the outer edges of the
      blades of one of said pairs of blades are secured to a rotating cylinder,
      the outer surface of said rotating cylinder being spaced from and in
      slidingly sealed relationship with the inner surface of said stator, the
      blades of the other of said pairs of blades having the outer edges thereof
      in slidingly sealed relationship with the interior surface of said
      rotating cylinder, an inlet and outlet manifold each extending in an arc
      about a segment of said stator and each thereof communicating through an
      arcuate opening with said cavity, an arcuate plate extending forwardly
      (with respect to the direction of rotation) from the outer edges of the
      blades of said outer pairs of blades, and each of said arcuate plates
      being of such an arcuate dimension as to prevent passage of gasses through
      said manifolds to or from the interior of said stator when one of said
      combustion chambers is not in position to receive gasses from or expel
      gasses into said intake and exhaust manifolds respectively.
NUM  9.
PAR  9. The device of claim 8 including a gear train connecting one of said
      first mentioned shafts to one of said second pair of shafts and a second
      gear train connecting the other of said first mentioned shafts to the
      other of said second pair of shafts such that said first mentioned shafts
      are interconnected to each other through said gear trains and said
      universal joint.
NUM  10.
PAR  10. A rotary internal combustion engine having an operating cycle including
      the four phases of intake, compression, expansion and exhaust comprising
PA1  a. a stator member having:
PA2  1. a hollow cylindrical cavity;
PA2  2. a fuel intake passage communicating with the cavity;
PA2  3. an exhaust port communicating with the cavity and spaced apart from the
      intake passage by a predetermined angular distance; and
PAR  4. an ignition means for delivering a spark into the cavity of the stator
      member at a predetermined point between the intake passage and the exhaust
      port;
PA1  b. a pair of blades;
PA1  c. means for supporting said pair of blades within said cylindrical cavity
      for rotational movement about the axis of said cavity in a direction
      extending from the intake passage to the exhaust port and passing through
      said predetermined point, the facing surfaces of said pair of rotating
      blades providing two walls of a combustion chamber;
PA1  d. control means for changing the relative speed of rotation of said blades
      during movement, in said direction to produce alternate converging and
      diverging movement of the facing surfaces of said pair of blades for
      varying the volume of said chamber in a sequence such that said chamber is
      increasing in volume when the space between the blades is disposed in
      communicating relationship with the intake passage and when said blades
      are moving in said direction from said predetermined point toward said
      exhaust and decreasing in volume when said space is disposed in
      communicating relation with the exhaust port and when said blades are
      moving in said direction from said intake passage toward said
      predetermined point;
PA1  e. said control means so controlling the angular velocity of said blades as
      to effect a substantially constant angular velocity for one of said blades
      throughout rotation about said axis and a changing angular velocity for
      the other of said blades during rotation throughout said axis.
NUM  11.
PAR  11. A rotary engine according to claim 1 in which the angular velocity of
      each of said blades changes during rotation about said axis.
NUM  12.
PAR  12. A rotary engine according to claim 10 wherein:
PA1  a. said means for supporting said blades includes:
PA2  1. a first rotatable support member mounting one of said blades;
PA2  2. a second rotatable support member mounting the other of said blades; and
PA1  b. said control means includes a universal joint unit operatively
      interconnecting said first and second rotatable support members.
NUM  13.
PAR  13. A rotary engine according to claim 12 in which said universal joint
      unit includes two shafts disposed at an angle of other than 180.degree. to
      each other.
NUM  14.
PAR  14. A rotary engine according to claim 11 in which said control means
      includes a shaft rotating at a substantially constant angular velocity and
      a universal joint unit operatively connected between said shaft and each
      of said blades.
NUM  15.
PAR  15. The rotary engine of claim 1 in which both of said blades have the
      outer ends thereof in sliding contact with the interior surface of said
      cylindrical stator.
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ABST
PAL  A suction system of an internal combustion engine, comprising a reed valve
      in the suction pipe in the vicinity of the suction port for opening and
      closing the passage of the suction pipe thereby preventing the backward
      flow of gases, said reed valve having a valve seat member with a valve
      opening thereon, a support pin pivotally and eccentrically supporting the
      valve seat member, and a reed fixed on the valve seat member so as to open
      and close the valve opening of the valve seat member, and means for
      opening the passage of the suction pipe by rotating the valve seat member
      only when the engine speed is high.
BSUM
PAR  This invention relates in general to the intake system of an internal
      combustion engine and particularly, to the intake system of an internal
      combustion engine the intake pipe of which is provided with a reed valve
      therein.
PAR  In an internal combustion engine in which the overlap period, i.e., the
      period when the intake port and the exhaust port are simultaneously
      opened, is long; a part of the exhaust gas or a part of the intake gas
      once drawn in tends to flow back towards the carburetor causing improper
      operation of the engine leading to various troubles, especially when the
      engine speed is low. In order to prevent such disadvantages, a
      conventional engine is usually provided with an intake system having a
      check valve or a reed valve, which is opened and closed in dependence on
      the intake vacuum of the engine, and which is in the vicinity of the
      intake port of the intake manifold branch connecting the carburetor and
      the engine combustion chamber. Such a conventional intake system provided
      with a reed valve of the type mentioned above may eliminate the
      above-mentioned disadvantages when the engine speed is low, however, it
      still has the disadvantage in that the reed valve, which is not required
      when the engine is rotated at high speed, inevitably increases the
      resistance to flow of gas flowing through the intake pipe when the engine
      speed is high reducing the output of the engine. In addition, the reed
      valve itself has the disadvantage in that it is liable to damage because
      it is subjected to repeated stresses caused by vibration at high engine
      speeds and stresses due to back-fire, etc. at low engine speeds, and in
      that its performance at low engine speeds will be deteriorated if the reed
      is made thicker in order to increase its durability.
PAR  Therefore, it is an object of the present invention to provide an intake or
      suction system of an internal combustion engine having a reed valve in
      each intake or suction pipe, which may operate without reducing the output
      of the engine and which performs well and is durable.
PAR  It is another object of the present invention to provide an intake or
      suction system of an internal combustion engine having a reed valve in
      each intake or suction pipe, which may reduce the resistance to flow of
      gas through the intake or suction pipe to cause no reduction in engine
      output at high engine speed.
PAR  It is still another object of the present invention to provide an intake or
      suction system of an internal combustion engine having a reed valve in
      each intake pipe, the reed of which may be made thin to improve the valve
      performance at low engine speed.
PAR  According to the present invention, there may be provided an intake system
      of an internal combustion engine, comprising a carburetor, a throttle
      valve provided in said carburetor, an intake pipe communicating with said
      carburetor, an intake port provided in said engine and communicating with
      said intake pipe, a reed valve provided in said intake pipe in the
      vicinity of said intake port for opening and closing the passage of said
      intake pipe, said reed valve having a valve seat with a valve opening
      thereon, a support pin pivotally and eccentrically supporting said valve,
      and a reed fixed on said valve seat to open and close said valve opening
      of said valve, and means for opening the passage of said intake pipe by
      rotating said valve to reduce resistance to flow therethrough only when
      the engine speed is high.
DRWD
PAR  Further and more specific objects and advantages of the present invention
      and the manner in which it is carried into practice are made apparent in
      the following description with reference to the accompanying drawing, in
      which:
PAR  FIG. 1 is a schematic section view of a conventional suction system of an
      internal combustion engine;
PAR  FIG. 2 is a schematic section view of a suction system of an internal
      combustion engine according to the present invention;
PAR  FIG. 3 is an enlarged view of portion B in FIG. 2; and
PAR  FIG. 4 is a cross section view of FIG. 3.
DETD
PAR  Referring now to the drawings, wherein like reference numerals or
      characters designate like or corresponding parts throughout the several
      views, FIG. 1 illustrates a prior art suction system of an internal
      combustion engine. Before describing the present invention fully, it will
      be helpful to describe the advantages and disadvantages of the prior art
      suction system with reference to FIG. 1. Numeral 1 designates a carburetor
      in which a primary venturi 1a, a secondary venturi 1b and a throttle valve
      1c with its shaft 1d are provided as is well known. An engine 2 shown by a
      phantom line is connected to the carburetor 1 through a suction pipe 3
      which communicates with a suction port 5 of the engine 2. A reed valve 4
      acting as a check valve is provided in the suction pipe in the vicinity of
      the suction port. The reed valve 4 is adapted to be opened and closed in
      dependence on suction vacuum. With this construction, the conventional
      suction system equipped with a reed valve in each suction pipe can prevent
      the exhaust gas or the suction gas once drawn in the engine from flowing
      back towards the carburetor at low engine speeds. However, as mentioned
      above, the reed valve of this type in this suction system has the
      disadvantage in that it increases the resistance to flow of gases through
      the suction pipe 3 at high engine speeds thereby reducing the output of
      the engine.
PAR  Now the present invention will be described hereinafter in detail with
      reference to FIGS. 2 to 4. In FIG. 2, a suction system A of an internal
      combustion engine according to the present invention has a carburetor 1
      and a suction pipe 3, as in the case of the conventional suction system
      shown in FIG. 1. The suction pipe 3 communicates with a suction port 5 of
      an engine 2. In this suction pipe 3, reed valve 6 according to this
      invention is provided at B in the vicinity of the suction port 5. This
      reed valve consists of a valve seat 6a with a valve opening 6b and a reed
      6c fixed to the valve seat 6a by a plurality of small screws 7 so as to
      cover the valve opening 6b. The valve 6 is rotatably supported by a
      support pin 9 eccentrically fixed thereto at a position a little way
      off-centered towards the half of the valve 6 where the valve opening 6b is
      located. The valve 6 is normally kept in engagement with a shoulder 3a of
      the suction pipe 3. At one end of the support pin 9, there is provided a
      valve control device 10 which rotates the valve 6 disengaging the shoulder
      3a when the engine speed is high. This control device 10 consists of a
      lever 11 connected to the throttle valve shaft 1d of the throttle valve 1c
      of the carburetor 1, a lever 12 connected to the support pin 9 of the
      valve 6, a link 13 operatively connecting the levers 11 and 12, a stopper
      14 provided on the link 13, stopper 15 provided on the link 13 for
      engaging with the lever 12 when the throttle valve 1c reaches a
      predetermined opening, a spring 16 provided between the lever 12 and the
      stopper 14 for urging the valve 6 to engage the shoulder 3a through the
      lever 12.
PAR  In this embodiment, the valve control device 10 is shown as described
      above. However, this control device may be of a type which disengages the
      valve 6 from the shoulder 3a by a diaphragm device, etc. only in response
      to the difference between the suction vacuum created at high engine speeds
      and that created at low engine speeds, or may be of a type which engages
      and disengages the valve 6 and the shoulder 3a in response to the engine
      speed.
PAR  With the construction described above, the device of this embodiment
      operates as follows:
PAR  When the engine speed is low, the reed 6c closes the opening 6b of the
      valve seat 6a in response to the suction vacuum of the engine to prevent
      backward flow of gases from the engine. In cases where an unusually great
      force is imposed on the reed valve 6 in the direction of P shown in FIG. 3
      due to back fire, etc., the valve 6 is rotated about the pin 9 to
      disengage the shoulder 3a thus opening the passage of the suction pipe 3.
      This rotation of the valve 6 is carried out against the action of the
      spring 16 and, therefore, its timing can be adjusted by adjusting the set
      spring force of the spring 16.
PAR  When the throttle valve 1c is rotated towards the fully-opened position in
      the direction of the arrow X shown in FIG. 2, the engine speed increases.
      This rotation of the throttle valve 1c results in the movement of the link
      13 in the direction of the arrow Y shown in FIG. 2. This movement of the
      link 13, in turn, causes the lever 12 to engage with the stopper 15
      thereby rotating the valve 6 in the direction of the arrow Z shown in FIG.
      2 to open the passage of the suction pipe 3.
PAR  It should be understood from the foregoing description that since the
      suction system for an internal combustion engine according to this
      invention has a reed valve which can be rotated in the direction of
      opening the passage of the suction pipe when the engine speed is high, it
      can decrease the resistance of the gases to flow at high engine speeds.
      Therefore, the suction system according to this invention can eliminate
      the disadvantage of a conventional suction system according to which the
      reed valve, which is not necessary at high engine speeds, may increase the
      suction resistance of the mixture flowing through the suction pipe thereby
      decreasing the engine output.
PAR  It should also be understood that the suction system according to this
      invention is provided with a valve which is pivotally supported by a
      support pin fixed thereon at an off-centered position and, therefore, the
      valve can be rotated to open the passage of the suction pipe thereby
      preventing damage to the reed valve when an unusually great force is
      imposed on the reed valve due to back fire, etc. In addition, as mentioned
      above, the reed valve according to this invention is not in operation when
      the engine speed is high, its durability can be greatly improved compared
      with a conventional one.
PAR  Moreover, since forces acting upon the reed valve according to this
      invention are not great, as mentioned above, its reed can be made thinner
      than that of a conventional reed valve thereby improving its performance.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A suction system of an internal combustion engine, comprising a suction
      pipe for suction air flow to the engine; a throttle valve provided in the
      suction pipe; a suction port downstream the throttle valve and adjacent
      the engine; a reed valve provided in said suction pipe in the vicinity of
      said suction port for preventing exhaust gas backflow from the engine to
      the suction pipe, said reed valve having a valve seat with a valve opening
      therein, a support pin pivotally supporting said valve, and a reed fixed
      on said valve seat to open the valve opening of said valve seat in
      dependence on vacuum downstream of the valve and to close the valve
      opening in dependence on pressure downstream of the valve, and control
      means for opening communication through said suction pipe by rotating said
      valve to a position of reduced resistance to flow therethrough when the
      engine load exceeds a predetermined value.
NUM  2.
PAR  2. A suction system of an internal combustion engine as set forth in claim
      1, wherein said support pin is mounted off center on said valve towards
      the location of said valve opening, such that said valve automatically
      opens the passage of said suction pipe when said reed valve is subjected
      to a relatively high pressure.
NUM  3.
PAR  3. A suction system of an internal combustion engine as set forth in claim
      1, wherein said control means comprise a first lever connected to said
      throttle valve, a second lever connected to said support pin of said
      valve, a link connecting said first and second levers, a first stopper
      provided on said link, a second stopper provided on said link for engaging
      with said second lever when said throttle valve reaches a predetermined
      degree of opening, and a spring provided between said second lever and
      said first stopper for urging said valve towards its closed position
      through said second lever.
NUM  4.
PAR  4. A suction system of an internal combustion engine, comprising a suction
      pipe for suction air flow to the engine; a throttle valve provided in the
      suction pipe; a suction port downstream of the throttle valve and adjacent
      the engine; a reed valve provided in said suction pipe in the vicinity of
      said suction port for preventing exhaust gas backflow from the engine to
      the suction pipe, said reed valve including an annulus valve body in its
      closing position inclined at an angle with respect to a plane containing
      the vertical cross section of the suction pipe in a direction of the
      exhaust gas backflow annd pivotally movable to an opening position in said
      direction of inclination, a support pin for pivotal movement of the valve
      body, said support pin being located at an offset from the diameter of the
      valve body whereby the backflow pressure exceeding a predetermined value
      causes the valve body to move to the opening position, means forming a
      valve opening in the valve body at a portion between the support pin and
      an inner wall of the suction pipe abutting the valve body and a flexible
      reed fixed to the valve body and yieldable to air flow to the engine to
      keep the valve opening open; and means for rotation of the support pin for
      pivotal movement of the valve body to the opening position when the engine
      load exceeds a predetermined value.
NUM  5.
PAR  5. A suction system according to claim 4, in which the suction pipe is at
      its inner wall formed with an abutment shoulder to which the peripheral
      portion of the valve body defining the valve opening abuts.
NUM  6.
PAR  6. A suction system of an internal combustion engine, comprising a suction
      pipe for suction air flow to the engine; a throttle valve provided in the
      suction pipe; a suction port downstreams of the throttle valve and
      adjacent the engine; a reed valve provided in said suction pipe in the
      vicinity of said suction port for preventing exhaust gas backflow from the
      engine to the suction pipe, said reed valve including an annulus valve
      body in its closing position inclined at an angle with respect to a plane
      containing the vertical cross section of the suction pipe in a direction
      of the exhaust gas backflow and pivotally movable to an opening position
      in said direction of inclination, a support pin for pivotal movement of
      the valve body, said support pin being located at an offset from the
      diameter of the valve body whereby the backflow pressure exceeding a
      predetermined value is permitted to move the valve body to the opening
      position, means forming a valve opening in the valve body at a portion
      between the support pin and an inner wall of the suction pipe abutting the
      valve body and a flexible reed fixed to the valve body and yieldable to
      air flow to the engine to keep the valve opening open; a linkage means
      connecting the throttle valve and the support pin for moving the valve
      body to the opening position when the throttle valve is in a predetermined
      open position; and a lost motion connection between the linkage means and
      the support pin for providing a lag between the movement of the valve body
      to the opening position due to the abnormal backflow pressure and the
      movement of throttle valve to the opening position.
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ABST
PAL  A vacuum control assembly for regulating the vacuum servo mechanism of an
      internal combustion engine's distributor including a vacuum sensitive
      device located between the carburetor spark and EGR vacuum ports and the
      distributor breaker plate servo mechanism, the device containing two
      parallel flow circuits connected to the servo, one being connected to the
      spark port and containing a servo operated cut-off valve, the other being
      connected to the EGR port and containing a servo operated switching valve
      that connects the distributor servo mechanism to the EGR port once the
      engine has reached a predetermined speed. The vacuum sensitive device
      provides immediate spark advance as the engine begins to accelerate by
      being in communication with the carburetor spark port until an operative
      vacuum level is reached; after the engine has accelerated to a
      predetermined speed the device is operative to change the spark advance
      signal to the continuously increasing EGR vacuum signal; a check valve is
      included between the servo mechanism and carburetor spark port so that
      during heavy accelerations the spark advance setting is quickly lowered to
      avoid engine detonation.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates, in general, to an engine spark timing control
      system. More particularly, it relates to an apparatus that provides good
      operating performance, fuel economy as well as reducing exhaust pollutants
      during high speed operation, by providing a spark advance vacuum control
      signal which is initially a function of carburetor spark port pressure and
      after a predetermined engine speed is reached switches to become a
      function of the EGR port vacuum.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  Most present day motor vehicles have some sort of a vacuum servo
      automatically controlling the advance or retard setting of the engine
      distributor breaker plate as a function of carburetor spark port vacuum to
      provide good engine performance as well as fuel economy during the
      different operating conditions of the engine. These vacuum servos, in
      their simplest form, generally consist of a housing divided into
      atmospheric pressure and vaccum chambers by a flexible diaphragm connected
      to the distributor breaker plate. The diaphragm and breaker plate are
      normally spring biased to the lowest advance or retard spark timing
      setting, and carburetor spark port vacuum normally urges the diaphragm in
      a spark timing advance direction upon opening of the carburetor throttle
      valve in an engine speed increasing direction.
PAR  With the above construction, during rapid acceleration, the drop in vacuum
      at the carburetor spark port permits atmospheric pressure acting on the
      opposite side of the servo diaphragm to immediately move the distributor
      breaker plate to a lower advance setting, to one that is best to meet
      engine performance requirements. On the other hand, however, upon return
      to normal operation and gradual reacceleration or deceleration of the
      engine, an increase in vacuum at the carburetor spark port causes an
      immediate return movement of the vacuum servo diaphragm to a higher engine
      spark timing advance setting. This provides a longer burning time for the
      fuel mixture before the optimum top or near top dead center position of
      the piston is attained, generally providing the most desirable operation.
      However, this longer time permits the build up to higher combustion
      temperatures and pressures, which are undesirable insofar as the
      production of oxides of nitrogen and other undesirable elements are
      concerned.
PAR  It will be seen, therefor, that the conventional spark timing control
      systems provide good performance and fuel economy, but do not necessarily
      minimize the output of undesirable exhaust gas elements.
PAR  Other systems are known such as the type shown in U.S. Pat No. 3,606,871
      which were an improvement over the aforementioned devices. The above
      mentioned patent shows a mechanical device which includes a one-way check
      valve and an orifice in parallel flow circuits connected between the
      carburetor spark port and the vacuum servo mechanism. During rapid vehicle
      accelerations, the check valve unseats to provide a quick equalization of
      the pressure at the servo to the spark port vacuum, thereby lowering the
      spark advance setting to avoid detonation. Upon a momentary deceleration
      condition of operation, with a subsequent return toward its former
      operating condition, the orifice provides a slow build up of the vacuum
      level at the servo to equal that at the spark port so that the advance
      setting only slowly returns to normal. This results in lower peak
      combustion temperatures and pressures and less emission of engine
      pollutants. However, the above referenced system is poor for fuel economy.
      The slower spark advance build up due to the orifice bleed of vacuum,
      causes late burning and generally at a point past optimum efficiency,
      i.e., into the expansion cycle of the engine.
PAR  An even later patent U.S. Pat No. 3,698,366 overcame the disadvantageous
      function of the device above described by providing a rapid return of the
      spark timing advance setting to essentially its former level, after a
      momentary deceleration, to improve the fuel economy. This invention
      included a vacuum line between an intake minifold port and the distributor
      servo interconnected by a spring operated vacuum control valve which was
      in parallel flow relationship with a flow restriction in the vacuum line
      between the carburetor spark port and the distributor servo line.
PAR  Most automobile engines suffer degraded performance and possible increased
      emissions when operated at higher speeds due to a continuous reduction in
      the spark port vacuum signal which was heretofor provided directly to the
      vacuum spark advance diaphragm actuator. By connecting the spark advance
      diaphragm actuator to the presently available carburetor exhaust gas
      recirculation (EGR) vacuum port, the spark advance vacuum signal would
      increase proportionally with increased engine speed. None of the known
      prior art devices, however, are designed to carry on all of the
      advantageous features discussed above plus provide a distributor servo
      vacuum signal which is initially a function of the spark port vacuum and
      then after a predetermined engine speed is reached becomes a function of
      the EGR port vacuum.
PAC  SUMMARY OF THE INVENTION
PAR  Therefor, it is a primary object of the invention to provide an engine
      spark timing device that has the advantages of the conventional spark
      timing control system while minimizing the disadvantages by providing a
      nonlinear vacuum spark advance control assembly consisting of a vacuum
      sensitive switching mechanism connected between the carburetor spark and
      EGR vacuum ports and the distributor breaker plate servo mechanism. As the
      vehicle begins to accelerate from idle speed the distributor servo senses
      the carburetor spark port vacuum until a predetermined operative spark
      advance vacuum level is obtained; as soon as the EGR vacuum equals the
      predetermined operative vacuum level, this device permits the distributor
      servo to sense EGR spark port vacuum. Thus, improved engine performance
      and efficiency with a corresponding reduction in exhaust pollutants is
      accomplished during high speed conditions by providing a spark advance
      control signal which is a function of the moderate and continuously
      increasing EGR vacuum signal.
PAR  It is another object of this invention to provide an engine spark timing
      control apparatus which provides a continuously increasing vacuum control
      signal to the engine distributor breaker plate mechanism at high engine
      speed thus preventing late detonatior, resulting in better engine
      performance as well as reduction in the emission of exhaust pollutants.
PAR  It is another important object of this invention to provide an engine spark
      timing control apparatus which utilizes the presently available carburetor
      spark and EGR vacuum ports in order to overcome the degraded engine
      performance formerly caused by the exclusive use of carburetor spark port
      vacuum.
PAR  It is a further object of this invention to provide a vacuum control
      assembly for regulating a spark advance mechanism of an internal
      combustion engine's distributor which is responsive to air flow through
      the engine, and by means of a vacuum sensitive switching valve is
      operative to provide a vacuum control signal to the distributor which is a
      function of carburetor spark port vacuum or EGR port vacuum depending upon
      the relative engine speed.
PAR  Still another object of this invention is to provide a vacuum control
      assembly for regulating the vacuum servo mechanism of an internal
      combustion engine's distributor which includes a servo operated cut-off
      valve in order to prevent an excessive spark advance setting.
PAR  Another object of this invention is to provide a nonlinear vacuum spark
      advance system for controlling an internal combustion engine distributor
      breaker plate servo mechanism by including a servo operated cut-off valve
      between carburetor spark port and distributor which is primarily sensitive
      to distributor vacuum so that any vacuum leakage in the distributor
      circuit will be compensated by periodically reopening the cut-off valve.
PAR  It is still a further object of the present invention to provide an
      improved engine spark timing control apparatus which continually advances
      spark as the engine speed increases, and which in the event of sudden hard
      acceleration quickly lowers the spark advance setting to avoid engine
      detonation.
PAR  Other objects, features and advantages of the invention will become more
      apparent upon reference to the succeeding detailed description, and to the
      drawings illustrating a preferred embodiment thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically illustrates a partial cross-sectional view of an
      engine spark timing system embodying the invention.
PAR  FIG. 2 graphically illustrates different operating conditions of the spark
      timing system shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows, schematically, only those portions of an internal combustion
      engine that are normally associated with the engine distributor spark
      timing setting control; such as, for example, a carburetor 21, a
      distributor breaker plate 111, and a vacuum servo 100 to control the
      movement of breaker plate 111. The control assembly 10 is connected to the
      vacuum servo 100 by means of a line 102 and to the carburetor 21 by means
      of the lines 22 and 32.
PAR  More specifically, carburetor 21 is shown as being of the downdraft type
      having the usual air-fuel induction passage 13 with an atmospheric air
      inlet 14 at one end and connected to the engine intake manifold 25 at the
      opposite end. Passage 13 contains the usual fixed area venturi 26 and a
      throttle valve 27. The latter is rotatably mounted on a part of the
      carburetor body across passage 13 in a manner to control the flow of air
      fuel mixture into the intake manifold. Fuel will be induced in the usual
      manner from a nozzle, not shown, projecting into or adjacent venturi 26 in
      a known manner.
PAR  Throttle valve 27 is shown in its engine idle speed position essentially
      closing induction passage 13, and is rotatable to a nearly vertical
      position essentially unblocking passage 13. A spark port 28 is provided at
      a point just above and in close proximity to the idle position of throttle
      valve 27, to be traversed by the throttle valve during its part throttle
      opening movements. This will change the vacuum level in spark port 28 as a
      function of the rotative position of the throttle valve, the spark port
      reflecting essentially atmospheric pressure in the air inlet 14 upon
      closure of the throttle valve. The vacuum sensed at spark port 28 as the
      throttle valve 27 opens is characterized by the curve ABE shown in FIG. 2
      where vacuum is plotted against engine speed. Notice that the vacuum at
      the spark port increases from zero inches of mercury at engine idle speed
      to a Maximum M (which is determined by a myriad of engine parameters
      including engine size and carburetor type) and then decreases as the
      engine speed increases.
PAR  An exhaust gas recirculation (EGR) port 30 is provided in the inducction
      passage 13 of carburetor 21 between the venturi 26 and the spark port 28 a
      predetermined distance above the idle speed position of throttle valve 27.
      The vacuum sensed at EGR port 30 is characterized by the curve FCD of FIG.
      2 illustrating that the vacuum increases from zero inches of mercury after
      the engine reaches a predetermined speed F and continuously increases
      proportional to the increase in engine speed. The vacuum sensed at EGR
      port 30 was formerly exclusively used to control the diaphragm actuator of
      an internal combustion engine's exhaust gas recirculation valve (not
      shown).
PAR  As stated previously, the distributor 110 includes a breaker plate 111 that
      is pivotally mounted at 112 on a stationary portion of the distributor and
      moveable with respect to cam 113. The latter has six peaks 114
      corresponding to the number of engine cylinders. Each of the peaks
      cooperates with the follower 115 of a breaker point set 116 to make or
      break the spark connection in a known manner for each one-sixth, in this
      case, rotation of cam 113. Pivotal movement of breaker plate 111 in a
      countercockwise spark retard setting direction, or in a clockwise spark
      advance setting, is provided by an actuator 101 slidably extending from
      vacuum servo 100.
PAR  Servo 100 may be of a conventional construction. It has a hollow housing
      103 whose interior is divided into an atmospheric pressure chamber 104 and
      a vacuum chamber 105 by an annular flexible diaphragm 106. The diaphragm
      is fixedly secured to actuator 101, and is biased in a rightward retard
      direction by compression spring 107. Chamber 104 has an atmospheric or
      ambient pressure vent, not shown, while the chamber 105 is connected by a
      bore, not shown, to line 102.
PAR  During engine-off and other operating conditions to be described,
      atmospheric pressure exists on both sides of the diaphragm 106, permitting
      spring 107 to force the actuator 101 to the lowest advance or a retard
      setting position. Application of vacuum to chamber 105 moves diaphragm 106
      and actuator 101 toward the left to an engine spark timing advance
      position by degree as a function of the change in vacuum level. Since the
      vacuum control signal communicated to chamber 105 is of a substantially
      reduced magnitude for reasons to be described, the calibrated spring 107
      is modified so as to be more responsive to the new vacuum control signal,
      i.e., EGR port vacuum.
PAR  Although only a single diaphragm servo 100 is illustrated, it will be clear
      that it is within the scope of the invention to connect line 102 to the
      primary or advance chamber of a dual diaphragm servo of the type which is
      commonly known in the art.
PAR  Turning now to the invention, the vacuum line 102 consists of two branches
      23 and 33 in parallel flow relationship. The branch 23 is adapted to be
      blocked or unblocked by a servo operated cut-off valve 40. The latter is
      made integral with an annular flexible diaphragm 41 of a vacuum controlled
      servo 42. The servo is essentially conventional, and includes a hollow
      housing divided by the diaphragm 41 into an atmospheric or ambient
      pressure chamber 43, and a vacuum chamber 44. Chamber 43 is connected to
      atmosphere by a hole 45, while chamber 44 is connected to spark port 28 by
      passage 22. A spring 46 normally biases diaphragm 41 and its integral
      valve 40 off its seat 24.
PAR  A screw adjusted biased compensation spring 50 is disposed within chamber
      43 and is operative to apply a counter spring force to the primary
      diaphragm spring 46. Compensation spring 50 will permit adjustment of
      valve 40 in order to compensate for internal component tolerances which
      effect the valve operating vacuum levels.
PAR  In order to compensate for any vacuum leakage which often occurs in the
      distributor circuit, diaphragm 41 is made primarily sensitive to
      distributor vacuum with only a small portion, that is the cross sectional
      area associated with valve seat 24, responsive to spark port pressure.
      Thus, if any leakage in the distributor circuit occurs valve 40 will open
      periodically to compensate for this vacuum leakage and then close when the
      desired operative vacuum level in chamber 105 of the servo 100 is
      attained. Also, by making diaphragm 41 primarily sensitive to distributor
      vacuum, the spark advance mechanism is not adversely affected by the
      substantial increase and then decrease in spark port vacuum as is
      illustrated by curve ABE OF FIG. 2.
PAR  In order to prevent engine detonation when the vehicle is suddenly subject
      to a heavy or wide open throttle acceleration, a relatively unrestricted
      flow of air at atmospheric pressure is permitted to return the spark
      setting to the normal lower position for that particular speed and load.
      Check valve 60 which is disposed in passage 23 permits air at atmospheric
      pressure to enter chamber 44 and be applied against the major cross
      sectional area of diaphragm 41; thus, valve 40 quickly opens and passes
      the air to chamber 105. Check valve 60 is normally closed under the
      influence of the vacuum in passage 23 and is of the commonly known
      "duck-bill" type although other one-way check valves and/or flow
      restrictors could also be used with equal effectiveness.
PAR  Branch 33 of vacuum line 102 is adapted to be blocked or unblocked by a
      moveable servo operated switching valve 70. The latter is operative to be
      displaced from its seat 71 under the influence of an annular flexible
      diaphragm 80 of a vacuum controlled servo 82. The servo is essentially
      conventional, and includes a hollow housing divided by the diaphragm 80
      into an atmospheric or ambient pressure chamber 83 and a vacuum chamber
      84. Chamber 83 is connected to atmospheric by a hole 85, while chamber 84
      is connected to the exhaust gas recirculation (EGR) vacuum port of
      carburetor 21 by passage 32. A spring 90 normally biases diaphragm 80 out
      of engagement with switching valve 70. Valve 70 is a normally biased
      closed poppet valve which is maintained into engagement with its seat 71
      under the influence of a small spring 92.
PAR  A screw adjusted biased compensation spring 51 applies a counter spring
      force against the primary diaphragm spring 90 thus permitting adjustment
      of servo 82 to compensate for internal component tolerances which effect
      the operating vacuum levels of valve 80.
PAC  OPERATION OF THE PREFERRED EMBODIMENT
PAR  Prior to starting the engine, the distributor servo chambers 104 and 105,
      chambers 43 and 44 of the servo operated cut-off valve and chambers 83 and
      84 of the servo operated switching valve are equalized and essentially at
      atmospheric pressure. Cut-off valve 40 is biased open under the influence
      of spring 46 and switching valve 70 is biased closed under the influence
      of the spring 92, diaphragm 80 biased out of engagement with valve 70
      under the influence of spring 90. When the engine is started and assumes
      an idle speed, passages 22, 23 and 102 complete a circuit from the
      carburetor spark port 28 directly to the distributor servo vacuum chamber
      105. An idle speed, however, throttle valve 27 is closed as shown in FIG.
      1 and therefore breaker plate 111 is at its lower most spark advance or a
      retard setting.
PAR  As the vehicle begins to accelerate and throttle 27 opens and begins to
      traverse spark port 28, vacuum is applied to the distributor servo
      diaphragm 106 and breaker plate 111 is moved into a spark advance setting
      under the influence of actuator 101. As soon as an operative vacuum level
      is reached which is determined by the force of spring 46, diaphragm 41
      will move rightward closing valve 40 against its seat 24. Should a vacuum
      leakage occur in the distributor vacuum circuit, valve 40 will open under
      the influence of spring 46 and the loss in vacuum will be quickly
      compensated by the spark port vacuum.
PAR  As the engine continues to accelerate and throttle valve 27 continues to
      open, a vacuum level is eventually created at the EGR port 30 which equals
      the cut-off vacuum level that closed valve 40. When this occurs diaphragm
      80 moves against spring 90 into engagement with switching valve 70,
      thereby opening valve 70 placing EGR spark port vacuum into communication
      with the vacuum servo chamber 105 through passages 32, 33 and 102.
PAR  As the vehicle continues to accelerate the vacuum signal at EGR port 30
      continuously increases thereby causing breaker plate 111 to continually
      move into a spark advance setting under the influence of diaphragm 106 and
      actuator 101.
PAR  When the vehicle is operating at steady state speed and is suddenly subject
      to a heavy or wide open throttle acceleration, the carburetor spark port
      vacuum drops thereby opening check valve 60. As was described above, the
      admission of air at atmospheric pressure to chamber 44 quickly opens valve
      40 which in turn causes the spark setting to return to the normal lower
      position for that particular speed and load condition preventing engine
      detonation.
PAR  FIG. 2 represents the various operations of the invention. The curve AB
      illustrates the build up of vacuum at the distributor servo by means of
      the opening valve 40 and the vacuum applied to chamber 105 from the
      carburetor spark port 28. As soon as an operative vacuum level L is
      attained valve 40 closes and this vacuum level is continuously maintained,
      as illustrated by the line BC. When the engine reaches a predetermined
      speed F a vacuum is created at EGR port 30 and continues to increase with
      an increase in engine speed as illustrated by the curve FCD. When the
      engine reaches a speed X, the operative vacuum level L has been attained
      at the EGR port 30 thereby moving diaphragm 80 into engagement with poppet
      valve 70 opening valve 70 placing the EGR vacuum into communication with
      the vacuum chamber 105 of the distributor servo 100. As the vehicle
      continues to accelerate the spark is gradually advanced as illustrated by
      the curve CD.
PAR  From the above, it will be seen that the invention accomplishes all of the
      aforestated objects. Although only one preferred embodiment of the
      invention has been shown and described in detail it will be understood
      that changes may be made in the design and arrangement of the parts
      without departing from the spirit of the invention. For example, the
      control assembly 10 could be fabricated in two parts so that vacuum line
      102 would first be in communication with the cut-off assembly 42 and then
      in communication the switching assembly 82. Also, a unidirectional
      restriction means 200 (commonly known in the art) could be placed in
      flow-circuit relationship with vacuum line 22 insuring a gradual spark
      advance and a rapid spark retard.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vacuum control valve assembly for regulating the vacuum servo
      mechanism of an internal combustion engine distributor comprising:
PA1  a housing having a first annular cavity with one open end and an opposite
      closed end, said housing further having a second annular cavity with an
      open end and an opposite closed end adjacent said first cavity opposite
      closed end, said first and second cavities having at least one port for
      fluid communication into or out of said cavities;
PA1  a central passage interposed between the closed end of said first cavity
      and the closed end of said second cavity, said central passage having an
      inlet adapted to receive a first vacuum source signal and an outlet
      adapted to provide an outlet signal to said vacuum servo of the
      distributor;
PA1  a first cover member mounted to the open end of said first cavity,
PA1  a first annular cup shaped member mounted within said first cavity of the
      housing, between said first cover member and said opposite closed end of
      the first cavity;
PA1  a first annular diaphragm having an outside diameter portion interposed
      between said first cover member and said open end of said first cavity and
      an inside diameter portion adapted to engage said first annular member,
      said first annular diaphragm sealingly defining a first and second chamber
      within the first cavity of the housing;
PA1  a first conduit disposed within said first cavity, said conduit having one
      end portion extending into said first cavity through said opposite closed
      end of the cavity, said conduit further having an opposite end portion
      integral with said opposite closed end of the first cavity, and a first
      passage providing communication between said central passage and said
      first chamber of the first cavity, said one end portion of said first
      conduit having a valve seat;
PA1  a check valve disposed within said central passage between said first
      passage of the first conduit and said central passage outlet, said check
      valve adapted to permit fluid communication through said central passage
      only when said first vacuum source signal is below a predetermined level;
PA1  first means for biasing said first diaphragm, said first biasing means
      including:
PA2  first means for providing and regulating communication between said second
      chamber of the first cavity and the atmosphere; and
PA2  means for limiting fluid communication from said central passage to said
      first chamber of the first cavity when said first vacuum source signal is
      above a predetermined level;
PA2  a second cover member mounted to the open end of said second cavity;
PA2  a second annular cup shaped member mounted within the second cavity of said
      housing, between said second cover member and said opposite closed end of
      said second cavity;
PA2  a second annular diaphragm having an outside diameter portion interposed
      between said second cover member and said open end of said second cavity
      and an inside diameter portion adapted to engage said second annular
      member, said second annular diaphragm sealingly defining a first and
      second chamber within said second cavity of the housing;
PA2  means for sealing said first cover member to said open end of the first
      cavity and said second cover member to said open end of the second cavity
      of the housing;
PA2  a second conduit disposed within said second cavity, said conduit having
      one end portion extending into said first cavity through said opposite
      closed end of the second cavity, said second conduit further having an
      opposite end portion integral with the opposite closed end of said second
      cavity, a second passage providing fluid communication from said first
      chamber of the second cavity to said central passage outlet and means for
      terminating the fluid communication from said first chamber of the second
      cavity of said central passage outlet;
PA1  a third conduit having one end portion extending out of said second cavity
      and an opposite end portion integral with said second cavity, said conduit
      having a third passage for providing communication from a second signal
      source to said first chamber of the second cavity of the housing;
PA1  second means for biasing said second diaphragm, said second biasing means
      including:
PA2  second means for providing and regulating communication between said second
      chamber of said second cavity and the atmosphere; and
PA2  means for controlling fluid communication from said first chamber of the
      second cavity to said central passage outlet when the signal source of
      said second vacuum source signal in the first chamber of the second cavity
      is above said predetermined level;
PA1  an outlet port integral with the opposite closed end of said first cavity
      of the housing, said outlet port having a passage adapted to provide fluid
      communication from the first chamber of said first cavity to said central
      passage outlet.
NUM  2.
PAR  2. The control valve assembly, as recited in claim 1 wherein the first
      means for providing and regulating communication between said second
      chamber of the first cavity and the atmosphere further includes:
PA1  a first compression spring mounted between said first annular cup shaped
      member and said opposite closed end of the first cavity;
PA1  a second compression spring coaxially mounted adjacent said first annular
      diaphragm and said first cover member;
PA1  means for adjusting said first and second compression springs, said
      adjusting means mounted coaxially with said second compression spring; and
PA1  means for maintaining said second chamber of the first cavity at
      atmospheric pressure.
NUM  3.
PAR  3. The control valve assembly, as recited in claim 1 wherein the means for
      limiting fluid communication further includes:
PAR  a valve body integral with said first annular diaphragm, said valve body
      adapted to communicate with said valve seat in the one end portion of said
      first conduit; and
PA1  an aperture in the first annular cup shaped member adapted to receive said
      valve body.
NUM  4.
PAR  4. The control valve assembly, as recited in claim 1, wherein the means for
      terminating fluid communication from said first chamber of the second
      cavity to said control passage outlet further comprises:
PA1  a second annular valve seat disposed within said second passage;
PA1  a piston member disposed within said second passage, said piston member
      having one end portion extendable into said first chamber of said second
      cavity and an opposite end portion for engagement with said second valve
      seat disposed in said second passage; and
PA1  third means for biasing said opposite end portion of said piston member
      into engagement with said second valve seat.
NUM  5.
PAR  5. The control valve assembly, as recited in claim 1, wherein the second
      means for providing and regulating communication between said second
      chamber of the second cavity and the atmosphere further comprises:
PA1  means for maintaining said second chamber of the first cavity at
      atmospheric pressure;
PA1  a third compression spring mounted between said second annular cup shaped
      member and said opposite closed end of the second cavity;
PA1  a fourth compression spring coaxially mounted adjacent said second annular
      diaphragm and said second cover member; and
PA1  means for adjusting said third and fourth compression springs, said
      adjusting means mounted coaxially with said fourth compression spring.
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PAL  A dilute air-fuel mixture operation as a method for purifying exhaust gas
      is effective for reducing simultaneously carbon monoxide (CO),
      hydrocarbons (HC), and nitrogen oxides (NOx) contained in the engine
      exhaust. However, such operation reduces engine power remarkably. Though a
      reciprocating internal combustion engine having first and second spark
      plugs has been introduced to compensate this disadvantage, it has in turn
      brought about the problem that there is a tendency of increasing
      quantities of nitrogen oxides. While an increase of the interval between
      the firing of the two plugs may control an increase of nitrogen oxides,
      this results in a reduction of engine power. A most effective method of
      exhaust purification is to control an ignition system such that the
      interval between the firing of two plugs is made short only when high
      engine power is required, and the firing interval is made comparatively
      long in the normal operation of the engine.
BSUM
PAR  This invention relates to an ignition timing control system suitable for a
      reciprocating internal conbustion engine.
PAR  In an internal combustion engine operating or fuel of gasoline, an
      operation with lean or dilute air-fuel mixture is well known as a method
      to reduce carbon monoxide (CO), unburned hydrocarbons (HC) and nitrogen
      oxides (NOx) in the engine exhaust. However, this system has a fundamental
      disadvantage of a degradation in the operational performance of the engine
      owing to a reduction of engine output. Multiple spark plug reciprocating
      internal combustion engine featuring provision of two spark plugs for each
      combustion chamber, has an effect in improving the engine output. This
      preferable effect of this system, however, is canceled by an increase of
      nitrogen oxides. For a reduction of nitrogen oxides, it is effective to
      retard the firing timing on a normal operation requiring less engine
      power.
PAR  This delay of firing timing satisfies the requirements of the reduction of
      nitrogen oxides and of an improvement in the operational performance under
      normal operational condition. A problem to be solved still remains in the
      method of this ignition timing retardation. That is, the engine output is
      reduced by the amount proportional to the delay of firing timing on an
      acceleration requiring extra engine output. This brings about a
      degradation of the performance of the engine during acceleration. This
      circumstance necessitates such a control measure that when normally
      operating a firing timing of one of the two plugs is delayed several to
      several tens of degrees from that of the other plug, and when operating on
      an acceleration the ignition timing is advanced by an amount correspoding
      to that of the acceleration.
PAR  That is, a new ignition timing control system is desired in which an
      exhaust purification is predominant when operating on the normal condition
      requiring not much engine power, while the operational performance is
      prior requirement when operating on an acceleration requiring extra engine
      power, so that both the exhaust purification and the improvement of the
      operational performance may be achieved over for the operation as a whole.
PAR  Accordingly, the present invention proposes a control system to satisfy the
      requirements mentioned above.
PAR  An object of this invention is to provide an ignition timing control system
      for a multiple spark plug reciprocating internal combustion engine
      including two spark plugs in each combustion chamber to optimumly control
      the time interval between ignitions of two spark plugs considering the
      properties of the exhaust gas and the engine power.
PAR  Another object of this invention is to provide a system to satisfy both the
      requirements for the exhaust purification and for the operational
      performance of the engine by avoiding the deterioration of operational
      performance during acceleration at the temporal sacrifice of the exhaust
      purification.
PAR  A further object of the invention is to provide a system which is not
      affected by high frequency noise from the high tension ignition system,
      and also which is physically small and is manufactured at a low cost.
DRWD
PAR  The novel features of the present invention as well as advantages thereof,
      will be more readily understood from the following description, when read
      in connection with the accompanying drawings, in which similar reference
      numerals in different drawings indicate corresponding parts, and in which:
PAR  FIG. 1 is a block diagram of a multiple spark plug reciprocating internal
      combustion engine incorporating the control system of present invention;
PAR  FIG. 2 is a schematic circuit diagram of an embodiment of this invention;
PAR  FIGS. 3A-3F are illustrations for explaining the operation of the circuit
      shown in FIG. 2; and
PAR  FIG. 4 shows spark advance curves showing experimental results of ignition
      timing control performed by the system of this invention.
DETD
PAR  Referring now to FIG. 1, there is shown a block diagram of a firing system
      employing the system of the present invention in which the designation of
      the reference numerals are as follos: 1 for a battery, 2 for an ignition
      switch, 3 for a first ignition coil, 4 for a second ignition coil, 5 for a
      transistorized pulse amplifier, 6 for a throttle valve, 7 for a pulse
      delay and amplification circuit, 8 for a first distributor, 9 for a second
      distributor, 10 for a first plug, 11 for a second plug, and 12 for a
      breaker point.
PAR  FIG. 2 shows a schematic circuit diagram of an embodiment of this invention
      which comprises the transistorized pulse amplifier 5 including major
      components of transistors 13 and 16, resistors 17 to 26, a condenser 27, a
      diode 28 and a zener diode 29. In this circuit, a current in the primary
      winding of the first ignition coil 3 is not directly cut off by the
      breaker point 12, but is cut off by a power transistor 16 which is
      controlled by an a first pulse originating the base from the break of the
      breaker 12 or equivalent means. For this reason, a large ignition energy
      may be obtained by interrupting only a small current. The pulse delay and
      amplifying circuit 7 comprises monostable multivibrators 30 and 31, power
      transistors 33 and 34, resistors 35 to 41, condensors 42 to 46, a diode 47
      and a zener diode 48. The circuit 7 serves to produce a third pulse
      delayed by a predetermined time from a trigger pulse, and thereafter to
      amplify the third pulse. The third pulse is used to cut off the current
      flowing through the primary winding of the second ignition coil 4. The
      power source 50 supplies electric power to the monostable multivibrators
      30 and 31.
PAR  The operation of the circuit constructed as described above will be
      explained hereinafter. A d.c. voltage from the battery 1, at first, is
      supplied to a control circuit upon turning on the ignition switch 2. When
      the breaker point 12 is closed, the condenser 27 is charged with the
      polarity as shown in FIG. 2 thereby to cut off the transistor 13. This
      controls successively the operation of the transistors 14, 15 and the
      power transistor 16, and finally causes the current to flow through the
      primary winding of the first ignition coil 3. That is, cutting off the
      transistor 13 causes the transistor 14 to be turned off, and the
      transistors 15 and 16 to be conductive. Then, when the breaker point 12 is
      opened, the voltage charged in the condenser 27 is applied to the base
      electrode of the transistor 13 through the zener diode 29, to thereby
      trigger the transistors 13 and 14. This causes the bias voltage on the
      base of the transistor 15 to become zero thereby cutting off the
      transistor 15 and subsequently the power transistor 16. Cutting off of the
      transistor 16 causes an interruption of the primary current of the first
      ignition coil 3, which in turn induces a high voltage in the secondary
      coil. The thus induced high voltage is impressed on one of the spark plugs
      10 in the first group through the first distributor 8, and produces an arc
      discharge at the gap of the spark-plug.
PAR  On the other hand, the trigger signal from the breaker point 12 also is
      given to the pulse delay and amplification circuit 7, where said pulse is
      modified into the second pulse having a given pulse width and a time delay
      determined by a circuit constants of monostable multivibrators 30 and 31.
PAR  This modification is shown in FIG. 3, wherein waveform (a) shows the on-off
      condition of the breaker point; waveform (b) shows the secondary voltage
      of the first ignition coil; waveform (c) indicates the output pulse of the
      monostable multivibrator 30; waveform (d) is an output pulse of the
      monostable multivibrator 31; and waveforms (e) and (f) show the secondary
      voltages of the second ignition coil 4, (e) being the waveform in the case
      when the time delay is chosen to be possible minimum and (f) being the
      waveform in the case when the time delay is set at possible maximum value.
      The time delay Tc.sub.1 or the width of the output pulse of the monostable
      multivibrator 30 is determined by a time constant which depends on the
      values of resistor 36 and condenser 43. Experiments have shown that it is
      practically preferable to adopt a time delay ranging from 200 .mu.s to 3
      ms.
PAR  In this embodiment, the opening of the throttle valve of the engine is
      correlated with the adjustable tap of the variable resistor 36 so that
      when the engine requires a large output power such as during acceleration,
      that is, when the throttle valve is widely opened, the resistance value of
      the resistor 36 is made small, while when in the normal operation, or when
      the thorttle valve is narrowly opened, the value of the resistor 36 is
      made large. However, it will be understood that other kinds of measures
      and structures may be made for the relationship between the engine output
      power and the width of the output pulse of the multivibrator 30, as well
      as for the signal transmission method.
PAR  The output pulse derived from the monostable multivibrator 31 has a
      constant pulse width Tc.sub.2  determined by a time constant which depends
      on the capacitance of the condenser 45 and the value of the resistor 37.
PAR  That is, the third pulse derived from the monostable multivibrators 30, 31
      and amplified through the amplifier 32, control the switching operation of
      the transistor 34. This switching control causes intermittent interruption
      of the primary current of the second ignition coil 4 thereby inducing a
      high voltage in the secondary winding of the second ignition coil 4. The
      high voltage is impressed on a spark plug selected by the second
      distributor 9 in the second group of spark plugs, and results in an arc
      discharge at the spark-plug gap.
PAR  Thus, it is possible to suitably control the ignition interval between the
      first and the second group of the ignition plugs by varying the circuit
      constant in relation with the output power of the engine.
PAR  FIG. 4 shows experimental results of the operation of the device according
      to this invention.
PAR  FIG. 4 shows the relation of the spark advance to the engine speed and more
      particularly the difference of the spark advance between the first and the
      second groups of the spark plugs, the spark advance at idling (600 r.p.m.)
      for the first group of plugs being set at 10.degree. before the top dead
      center (TDC). This experiment shows that the ignition interval between the
      two plug groups may be changed over a range of 15.degree. in terms of
      crank-angle. Thus, the delay of ignition timing of the second plug
      relative to that of the first plug may be controlled without affecting the
      spark advance performance of an automatic spark advance device.
PAR  As described above, the present invention provides an ignition timing
      control system for the multiple spark plug reciprocating internal
      combustion engine having two ignition plugs in each combustion chamber
      wherein the ignition timing of one ignition plug is retarded from that of
      the other plug in the normal operational condition, while the retarded
      spark advance is advanced only when an extra engine output is required as
      in acceleration. The descrease of the spark advance in the normal
      operation results in the reduction of nitrogen oxides and in facilitating
      oxidization for hydrocarbon and carbon monoxide by promoting the heat
      reaction in the reactor while the restored engine output during
      acceleration improves the operational performance, thereby attaining a
      gross effect that the requirements for the exhaust purification and for
      the improvement of the operational performance of the engine are
      successfully met. Further, an integrated circuit may be employed for the
      pulse delay circuit in this invention. This reduces possible malfunctions
      due to high frequency noise from a high tension system. Though a two-point
      distributor having two breaker points is required in the system of this
      invention as in the conventional multi-plug combustion system, a
      conventional two-point distributor may be used without any modification.
      Accordingly, this invention brings about no substantial increase in the
      production cost. Further it is the device of the invention is suitable for
      a mass production.
PAR  Many modifications of the disclosure will be apparent to those skilled in
      the art for practicing the advantages of this invention which is defined
      by the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An ignition timing control system for a reciprocating internal
      combustion engine having a first spark plug and a second spark plug in
      each combustion chamber comprising:
PA1  a throttle valve for controlling the amount of air-fuel mixture supplied to
      the engine;
PA1  a breaker for generating a trigger signal;
PA1  a pulse amplifier generating a first pulse signal for actuating the first
      spark plug in response to the trigger signal from said breaker; and
PA1  a pulse delay amplifier having
PA2  a. a first pulse generator for generating a second pulse signal in response
      to the trigger signal from said breaker, said second pulse signal having a
      pulse width which is continuously variable substantially in inverse
      proportion to the amount of opening of the throttle valve, and
PA2  b. a second pulse generator generating a third pulse signal for actuating
      the second spark plug in response to the trailing end of the second pulse
      signal, the initiation of the third pulse signal being delayed from the
      first pulse signal by the time interval corresponding to the width of the
      second pulse signal, so that the interval of time between operations of
      said first and second spark plugs is varied with the variation of the
      amount of opening of the throttle valve.
NUM  2.
PAR  2. An ignition timing control system as claimed in claim 1, further
      comprising means for changing a time constant of the first pulse generator
      for changing the width of the second pulse signal.
NUM  3.
PAR  3. An ignition timing control system for a reciprocating internal
      combustion engine having a first spark plug and a second spark plug in
      each combustion chamber comprising:
PA1  a throttle valve for controlling an amount of air-fuel mixture supplied to
      the engine;
PA1  a breaker for generating a trigger signal;
PA1  a pulse amplifier generating a first pulse signal for actuating the first
      spark plug in response to the trigger signal from said breaker;
PA1  a pulse delay amplifier having
PA2  a. a first monostable-multivibrator generating a second pulse signal of
      variable pulse width in response to the trigger signal from said breaker;
PA2  b. a second monostable-multivibrator generating a third pulse signal for
      actuating the second spark plug in response to the trailing end of the
      second pulse signal, the initiation of the third pulse signal being
      delayed from the first pulse signal by a time interval corresponding to
      the width of the second pulse signal; and
PA1  means for changing the width of the second pulse signal substantially in
      inverse proportion to the amount of opening of said throttle valve, so
      that the interval of time between operations of said first and second
      spark plugs is continuously varied with the variation of the amount of
      opening of said throttle valve.
NUM  4.
PAR  4. An ignition timing control system as claimed in claim 3, in which said
      pulse width changing means includes a variable resistor, whose resistance
      changes in substantially inverse proportion to the amount of opening of
      said throttle valve.
NUM  5.
PAR  5. In a reciprocating piston internal combustion engine including a first
      spark plug and a second spark plug in each combustion chamber, and a
      throttle valve for controlling the amount of the air-fuel mixture supplied
      to the engine, the improvement comprising:
PA1  first means, responsive to the rotation of the engine crankshaft, for
      generating a trigger signal;
PA1  second means, coupled between said first means and said first spark plug,
      for supplying a first pulse signal to said first spark plug in response to
      the generation of said trigger signal; and
PA1  third means, coupled between said first means and said second spark plug,
      for supplying a second pulse signal to said second spark plug, said second
      pulse signal being delayed relative to said first pulse signal by a time
      interval which is proportional to the degree of opening of said throttle
      valve, so that said time interval and, accordingly, the delay of operation
      of said second spark plug relative to said first spark plug, is
      continuously variable with the variation of the degree of opening of said
      throttle valve.
NUM  6.
PAR  6. The improvement according to claim 5, wherein said third means comprises
PA1  a first pulse generator for generating a first delay pulse the width of
      which is proportional to the degree of opening of said throttle valve, and
PA1  a second pulse generator, coupled to said first pulse generator, for
      generating said second pulse signal upon the termination of said first
      delay pulse.
NUM  7.
PAR  7. The improvement according to claim 6, wherein said first pulse generator
      comprises a monostable multivibrator having a variable resistor for
      controlling the time constant thereof, said variable resistor being
      coupled to said throttle valve so that the resistance of said valuable
      resistor is established in accordance with the degree of opening of said
      throttle valve.
NUM  8.
PAR  8. The improvement according to claim 7, wherein said second pulse
      generator includes a monostable multivibrator having a fixed time
      constant.
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PAL  A fully transistorized control device for controlling spark ignition
      timings in an ignition system of an automotive internal combustion engine,
      characterized in that the ignition timings are advanced or retarded in
      accordance with the movement of the carburetor throttle valve during
      acceleration or deceleration of the vehicle and with the revolution speed
      of the engine during deceleration of the vehicle.
BSUM
PAR  The present invention relates to an ignition system of an automotive
      vehicle and, more particularly, to a device for controlling spark ignition
      timings of an internal combustion engine of an automotive vehicle.
PAR  The charge of air and vaporized fuel is fired in a gasoline powered
      internal combustion engine by means of arc which is produced across a
      spark plug gap in the ignition system, as is well known in the art. One of
      the most important requirements of such an ignition system is to correctly
      determine the spark ignition timings for the purpose of achieving
      efficient operation of the internal combustion engine throughout the range
      of speed and operating conditions of the engine and minimizing toxic
      pollutants contained in exhaust gases of the engine. The spark ignition
      timing of the ignition system is, therefore, controlled in accordance with
      the engine speed and the load on the engine so as to achieve optimum spark
      ignition characteristics which are proper to an engine design. Control
      mechanisms have thus incorporated into the ignition system so as to
      automatically advance and retard the spark timing as conditions of the
      engine require. Such mechanisms include a centrifugal spark advance
      mechanism using spring-loaded weights which are moved by a centrifugal
      force developed by the revolution of a distributor drive shaft so that the
      ignition timing is varied from no advance at low engine speeds to full
      advance at high engine speeds. Another ignition timing control mechanism
      which is known is an intake-manifold spark advance mechanism which uses a
      spring-loaded diaphragm responsive to vacuum developed in an intake
      manifold of the engine. The vacuum spark advance mechanism is usually
      employed in combination with the centrifugal spark advance mechanism so
      that the ignition timing advanced by the latter is further advanced by the
      former during part throttle operation of the engine.
PAR  To cope with the user demand for highly sophisticated engine performances
      and to solve the vehicular air pollution problems, it is required that the
      ignition timings be controlled more strictly by realizing the optimum
      spark advance schemes which may be tailored to individual models and makes
      of the engines. Insofar as the conventional expedients to control the
      ignition timings in a mechanical fashion is to be relied upon, however, it
      is practically unfeasible to achieve the ignition timings which are
      optimum for various operating conditions of the internal combustion
      engines because of the prohibitively complicate and costly mechanisms
      which would be involved. The present invention contemplates elimination of
      these drawbacks which have thus far been inherent in the prior art
      ignition system.
PAR  It is, therefore, an important object of the present invention to provide
      an improved spark ignition control device which is simple in construction
      and which is nevertheless capable of providing optimum spark advance
      characteristics.
PAR  To achieve this purpose, the present invention proposes an electric control
      device which is responsive to prescribed operating conditions of the
      engine for advancing and retarding the spark ignition timing as such
      conditions call for.
PAR  In accordance with the present invention, such a control device comprises
      first voltage generating means responsive to velocity of movement of a
      throttle valve in an induction unit of the engine for producing a first
      output voltage proportional to the detected velocity of the throttle valve
      movement if and when the throttle valve is being moved toward full
      throttle position or a second output voltage proportional to the detected
      throttle valve movement if and when the throttle valve is being moved to
      closed throttle position, second voltage generating means responsive to
      revolution speed of a crankshaft of the engine for producing an output
      voltage proportional to the detected crankshaft revolution speed, first
      comparing means responsive to the first output voltage of the first
      voltage generating means for comparing the first output voltage with a
      first fixed reference voltage and producing a first signal when the former
      is higher than the latter, second comparing means responsive to the second
      output voltage of the first voltage generating means for comparing the
      second output voltage with a second fixed reference voltage and producing
      a second signal when the former is higher than the latter, third comparing
      means responsive to the output voltage of the second voltage generator for
      comparing the output voltage of the second voltage generator with a second
      fixed reference voltage and producing a third signal when the former is
      lower than the latter, a logical circuit connected to output terminals of
      the first and third comparing means for producing a fourth signal in the
      presence of at least one of the first and third signals, a memory circuit
      having a set terminal connected to an output terminal of the second
      comparing means and a reset terminal connected to an output terminal of
      the logical circuit for producing a fifth signal when triggered by the
      second signal until the fourth signal is produced from the logical
      circuit, and a spark-advance control circuit responsive to the first or
      fifth signal and to an ignition timing control signal related to or
      synchronized with the revolution of the engine crankshaft for producing a
      high-tension surge at a timing which is dictated by the ignition timing
      control signal and which is advanced or retarded by the first or fifth
      signal from the first comparing means or the memory circuit, respectively.
PAR  The spark ignition timing control device according to the present invention
      may further comprise waveform modying means connected between the first
      voltage generating means and the first comparing means and responsive to
      the first output voltage of the first voltage generating means, the
      waveform modifying means being operative to multiply time duration of the
      first output voltage for delivering to the first comparing means an output
      voltage having an amplitude substantially equal to that of the first
      output voltage and a duration which is larger than that of the first
      output voltage.
DRWD
PAR  The features and advantages of the spark ignition timing control device
      according to the present invention will become more apparent from the
      following description taken in conjunction with the accompanying drawings,
      in which:
PAR  FIG. 1 is a block diagram which shows an overall electric arrangement
      constituting a preferred embodiment of the ignition timing control device
      according to the present invention;
PAR  FIG. 2 is a diagram which shows waveforms of voltages and signals produced
      in various parts of the circuit arrangement illustrated in FIG. 1;
PAR  FIG. 3 is a diagram which shows an example of a detailed electric circuit
      of the arrangement schematically illustrated in FIG. 1; and
PAR  FIG. 4 is a diagram which shows an example of the spark timing circunit
      forming a final part of the arrangement illustrated in FIG. 1.
DETD
PAR  Reference will now be made to the accompanying drawings, first to FIG. 1.
      The ignition timing control device embodying the present invention is
      incorporated into an ignition system of an automotive internal combustion
      engine including a throttle valve in a charge induction unit or carburetor
      and a crankshaft from which the power output of the engine is delivered,
      though not shown in the drawings. The throttle valve in the induction unit
      is movable or rotatable between a closed throttle position to provide a
      minimum throttle opening area and a full throttle position to provide a
      maximum throttle opening position. The throttle valve is driven between
      the closed and full throttle positions through a part-throttle position by
      means of an accelerator pedal, as is well known. As illustrated in FIG. 1,
      the ignition timing control comprises a throttle movement sensor 10
      responsive to movement of the throttle valve toward the closed or full
      throttle position, producing an output voltage Vt which is proportional to
      an angular displacement of the throttle valve when the throttle valve is
      moved or rotated in either direction. The throttle movement sensor 10 has
      an output terminal connected to an input terminal of a differentiating
      circuit 12 which is operative to differentiate the output voltage Vt of
      the throttle movement sensor 10 with respect to time and which produces an
      output voltage Vt which is proportional to the velocity of the throttle
      valve being moved toward the closed or full throttle position. If, in this
      instance, the output voltag Vt produced by the throttle movement sensor 10
      is assumed to have a waveform a indicated in the graph (A) of FIG. 2, then
      the differentiating circuit 12 will produce an output voltage Vt which has
      a waveform b indicated in the graph (B) of FIG. 2. The output voltage Vt
      thus delivered from the differentiating circuit 12 is fed to an input
      terminal of a polarity discriminating circuit 14 which has first and
      second output terminals 14a and 14b, respectively. The polarity
      discriminating circuit 14 is operative to discriminate the polarity of the
      voltage Vt supplied thereto from the differentiating circuit 12 and
      delivers an output voltage Vt from the first output terminal 14a if the
      voltage Vt fed from the differentiating circuit 12 is of the positive
      polarity and from the second output terminal 14b if the voltage Vt fed
      from the differentiating circuit 12 is of the negative polarity. In the
      circuit arrangement herein shown, it is assumed by way of example that the
      positive output voltage Vt delivered from the first output terminal 14a of
      the polarity discriminating circuit 14 is representative of a velocity of
      the throttle valve being moved toward the full throttle position from the
      closed or part throttle position whereas the negative output voltage Vt
      delivered from the second output terminal 14b of the polarity
      discriminating circuit 14 is representative of a velocity of the throttle
      valve which is being moved toward the closed throttle position from the
      full or part throttle position.
PAR  The first output terminal 14a of the polarity discriminating circuit 14 is
      connected to an input terminal of a waveform modifying circuit 16 which is
      arranged to multiply or prolong the duration of the positive output
      voltage Vt from the first output terminal 14a of the polarity
      discriminating circuit 14, thereby producing an output voltage V.sub.T
      having a waveform c which is indicated in the graph (C) of FIG. 2. As will
      be seen in the graphs (B) and (C) of FIG. 2, the output voltage V.sub.T
      produced by the waveform modifying circuit 16 has a duration T which is
      longer than a duration t of the output voltage Vt delivered from the first
      output terminal 14a of the polarity discriminating circuit 14.
PAR  The waveform modifying circuit 16 has an output terminal connected to an
      input terminal of a first comparator 18 which has another input terminal
      connected to a source (not shown) of a first constant reference voltage
      V.sub.1. The first comparator 18 is operative to compare the positive
      output voltage V.sub.T from the waveform modifying circuit 16 and produces
      a first control signal S.sub.1 of logical "1" when the voltage V.sub.T is
      higher than the first constant reference voltage V.sub.1, as indicated by
      a waveform d in the graph (D) of FIG. 2. The first constant reference
      voltage V.sub.1 is predetermined in such a manner as to be in
      correspondence with a prescribed velocity of movement of the throttle
      valve moved during acceleration of the vehicle.
PAR  On the other hand, the second output terminal 14b of the polarity
      discrminating circuit 14 is connected to a sign inverter 20 which is
      adapted to invert the polarity of the negative voltage Vt fed from the
      second output terminal 14b of the polarity discriminating circuit 14,
      producing an output voltage -Vt which is positive in polarity but which is
      equal in absolute valve to the output voltage Vt from the differentiating
      circuit 12. If, in this instance, the output voltage Vt produced by the
      throttle movement sensor 10 is assumed to have a waveform e indicated in
      the graph (E) of FIG. 2, then the differentiating circuit 14 will deliver
      an output voltage Vt having a waveform f indicated in the graph (F) of
      FIG. 2 so that the output voltage -Vt from the sign inverter 20 has a
      waveform f' having an inverted polarity as indicated by a dotted curve in
      the graph (F) of FIG. 2. The positive output voltage -Vt thus delivered
      from the sign inverter 20 is fed to a second comparator 22 to which a
      second constant reference voltage V.sub.2 is constantly applied from a
      constant voltage source (not shown). The second comparator 22 is, thus,
      operative to compare the output voltage -Vt from the sign inverter 22 with
      the second constant reference voltage V.sub.2 and produces a second
      control signal S.sub.2 of logical 1 when the voltage -Vt is higher than
      the second constant reference voltage V.sub.2 which is positive in
      polarity, as indicated by a waveform g in the graph (G) of FIG. 2. The
      second constant reference voltage V.sub.2 is predetermined in such a
      manner as to be in correspondence with a prescribed velocity of movement
      of the throttle valve moved during acceleration of the vehicle.
PAR  The ignition timing control device embodying the present invention further
      comprises an engine speed sensor 24 which is responsive to the revolution
      speed of the engine and which produces a pulse train Se having a pulse
      repetition frequency which is proportional to the detected revolution
      speed of the engine. The pulse train Se is fed to a voltage generating
      circuit 26 which is adapted to produce an output voltage Ve proportional
      to the repetition frequency of the pulse train Se, viz., to the detected
      revolution speed of the engine. If, in this instance, the vehicle is being
      decelerated, the output voltage Ve delivered from the voltage generating
      circuit 26 will have a waveform h indicated in the graph (H) of FIG. 2.
      The voltage generating circuit 24 has an output terminal connected to an
      input terminal of a third comparator 28 which has another input terminal
      connected to a source (not shown) of a third constant reference voltage
      V.sub.3. The third comparator 28 is operative to compare the voltage Ve
      fed from the voltage generating circuit 26 with the third constant
      reference voltage V.sub.3 and produces a third control signal S.sub.3 of
      logical 1 having a waveform i indicated in the graph (I) of FIG. 2 when
      the voltage Ve is higher than the refrence voltage V.sub.3 as seen in the
      graph (H) of FIG. 2. The third constant reference voltage V.sub.3 is
      predetermined in such a manner as to be in correspondence with a
      prescribed engine speed of a relatively low level.
PAR  The first and third comparators 18 and 28 have respective output terminals
      connected to input terminals of a logical "or" gate circuit 30 which is
      adapted to produce a fourth control signal S.sub.4 of logical 1 when at
      least one of the first and third control signals S.sub.1 and S.sub.3 of
      logical 1 is fed thereto from the first comparator 18 and/or the third
      comparator 28. A suitable memory circuit such as for example a flip-flop
      circuit has a set terminal connected to an output terminal of the second
      comparator 22 and a reset terminal connected to an output terminal of the
      logical OR gate circuit 30. The flip-flop circuit 32 is thus adapted to
      produce a fifth control signal S.sub.5 of logical 1 once it is supplied
      with the second control signal S.sub.2 of logical 1 from the second
      comparator 22 and to be reset or cleared when the fourth control signal
      S.sub.4 of logical 1 is delivered from the logical OR gate circuit 30,
      viz., in the absence of the first control signal S.sub.1 of logical 1
      and/or the third control signal S.sub.3 of logical 1, as will be seen from
      a waveform j indicated in the graph (J) of FIG. 2.
PAR  The flip-flop circuit 32 has an output terminal connected to a first input
      terminal 34a of a spark advance control circuit 34. The spark advance
      control circuit 34 has a second input terminal 34b connected to the output
      terminal of the first comparator 18 and a third input terminal 34c
      connected to a source (not shown) of a signal St which is synchronized
      with the revolution of the crankshaft of the engine. The spark advance
      control circuit 34 is thus supplied with the first or fifth control signal
      S.sub.1 or S.sub.5 from the first comparator 18 or the flip-flop circuit
      32 as well as the ignition timing signal St and produces a high tension
      surge Vi at timings which is dictated by the ignition timing signal St and
      advanced or retarded by the spark timing control signal S.sub.1 or
      S.sub.5. The high-tension surge Vi is supplied to a primary winding (not
      shown in FIG. 1) of an ignition coil 36.
PAR  The operation of the ignition timing control device thus arranged will now
      be described with concurrent reference to FIGS. 1 and 2.
PAR  During acceleration or deceleration of the vehicle, the engine is in a
      transient operational condition with the throttle valve of the induction
      unit being rapidly moved toward the full throttle or closed throttle
      position. Such movement of the throttle valve is responded to by the
      throttle movement sensor 10 which accordingly produces an output voltage
      Vt proportional to the amount of angular displacement of the throttle
      valve. If, in this instance, the throttle valve is moved toward the full
      throttle position during acceleration of the vehicle, then the throttle
      movement sensor 10 will produce an increasing output voltage Vt having a
      waveform a indicated in the graph (A) of FIG. 2 so that the
      differentiating circuit 12 produces a positive output voltage V.sub.t
      having a waveform b indicated in the graph (B) of FIG. 2. If, conversely,
      the throttle valve is moved toward the closed throttle position during
      deceleration of the vehicle, then the throttle movement sensor 10 will
      produce a drooping output voltage Vt having a waveform e indicated in the
      graph (E) of FIG. 2. The differentiating circuit 12 will accordingly
      produce a negative output voltage Vt having a waveform f indicated in the
      graph (F) of FIG. 2.
PAR  Assuming that the vehicle is being accelerated and accordingly the positive
      output voltage Vt having the waveform b shown in the graph (B) of FIG. 2
      is being produced by the differentiating circuit 12, the polarity
      discriminating circuit 14 delivers a positive output voltage Vt from its
      first output terminal 14a. The output voltage Vt thus delivered from the
      first output terminal 14a of the polarity discriminating circuit 14 has a
      duration t which is equal to the period of time for which the throttle
      valve is being moved toward the full throttle position. The engine is,
      however, made operative to produce an increased torque and accordingly the
      vehicle starts to be accelerated with a considerable amount of time delay
      after the throttle valve has initially been moved for accelerating the
      vehicle. To make it possible to have the spark ignition timing advanced
      throughout the condition in which the engine is thus held in a transient
      condition after the throttle valve has been moved toward the full throttle
      position, the duration t of the voltage delivered from the first output
      terminal 14a of the polarity discriminating circuit 14 is multiplied or
      otherwise prolonged by means of the waveform modifying circuit 16 to
      duration of the voltage V.sub.t having a waveform c as seen in the graph
      (C) of FIG. 2. The output voltage V.sub.T of the waveform modifying
      circuit 16 is fed to the first comparator 18 and is thereby compared with
      the first constant reference voltage V.sub.1. The first comparator 18
      produces the first control signal S.sub.1 of logical 1 if and when the
      voltage V.sub.T is higher than the reference voltage V.sub.1. The duration
      T.sub.1 of the control signal S.sub.1 of logical 1 can be varied by
      varying the first constant reference voltage V.sub.1 applied to the first
      comparator 18. The first control signal S.sub.1  is supplied to the spark
      advance control circuit 34 for modifying the ignition timing signal St so
      that the spark ignition timing is controlled in accordance with the
      control signals S.sub.1 and St.
PAR  When, on the other hand, the vehicle is to be decelerated, the
      differentiating circuit 12 will produce a negative output signal Vt as
      previously mentioned. The polarity discriminating circuit 14 thus delivers
      an output voltage Vt from its second output terminal 14b. The output
      voltage Vt thus delivered from the polarity discriminating circuit 14 is
      inverted in polarity by means of the sign inverter 20 which accordingly
      produces a positive output voltage -Vt having a waveform f' indicated by
      dotted curve in the graph (F) of FIG. 2. The positive output voltage -Vt
      is compared with the second constant reference voltage V.sub.2 in the
      second comparator 22 which produces the second control signal S.sub.2 of
      logical 1 if and when the voltage -Vt is higher than the reference voltage
      V.sub.2.
PAR  When the vehicle is thus being decelerated, the voltage generating circuit
      26 produces an output voltage Ve which is proportional to the decreasing
      revolution speed of the engine as indicated by a waveform h in the graph
      (H) of FIG. 2. The output voltage Ve thus delivered from the voltage
      generating circuit 26 is compared with the third constant reference
      voltage V.sub.3 by the third comparator 28 so that the third control
      signal S.sub.3 of logical 1 is delivered from the third comparator 28 if
      and when the voltage Ve proportional to the engine speed is lower than the
      reference voltage V.sub.3.
PAR  When, now, the second control signal S.sub.2 of logical 1 is delivered from
      the second comparator 22 in the absence of the third control signal
      S.sub.3 of logical 1 at the output terminal of the third comparator 28 and
      accordingly in the absence of the fourth control signal S.sub.4 of logical
      1 at the output terminal of the logical OR gate circuit 30, the flip-flop
      circuit 32 is triggered to produce the fifth control signal S.sub.5 of
      logical 1 so that the spark advance control circuit 34 is operative to
      control the spark ignition timing in accordance with the fifth control
      signal S.sub.5 and the timing control signal St. When the engine
      revolution speed is thereafter decreased below a predetermined level and
      consequently the voltage Ve applied third comparator 28 becomes lower than
      the third constant reference voltage V.sub.3 as seen in the graph (H) of
      FIG. 2, then the third control signal S.sub.3 of logical 1 is produced
      from the third comparator 28 so that the logical OR gate circuit 30
      becomes operative to produce the fourth control signal S.sub.4 of logical
      1. As a consequence, the flip-flop circuit 32 is reset or cleared so that
      the ignition timing is controlled by the ignition timing signal St
      synchronized with the engine revolution in the absence of the fifth
      control signal S.sub.5 from the flip-flop circuit 32 and the first control
      signal S.sub.1 from the first comparator 18. If the throttle valve is
      moved toward the full throttle position when the fifth control signal
      S.sub.5 is being produced from the flip-flop circuit 32, then the first
      comparator 18 is instantly made operative to produce the first control
      signal S.sub.1 so that the logical OR gate circuit 30 produces the fourth
      control signal S.sub.4 to reset the flip-flop circuit 32 irrespective of
      the engine revolution speed. The supply of the fifth control signal
      S.sub.5 is consequently terminated and instead the first control signal
      S.sub.1 of logical 1 is applied to the spark advance control circuit 34.
PAR  The first control signal S.sub.1 is thus delivered to the spark advance
      control circuit 34 throughout the transient operational condition of the
      engine during acceleration of the vehicle, because the duration of the
      output voltage Vt produced from the differentiating circuit 12 is
      multiplied by the waveform modifying circuit 16. During deceleration of
      the vehicle, the fifth control signal S.sub.5 is fed to the spark advance
      control circuit 34 for a period of time starting at a time at which the
      throttle valve is moved toward the closed throttle position and
      terminating at a time at which the revolution speed of the engine is
      reduced to a predetermined level.
PAR  FIG. 3 illustrates details of the circuit arrangements of the
      differentiating circuit 12, the polarity discriminating circuit 14, the
      waveform modifying circuit 16, the signal inverter 20, the voltage
      generating circuit 26, the first, second and third comparators 18, 22 and
      28, the logical "OR" gate circuit 20, the flip-flop circuit 32 and the
      ignition coil circuit 36 which have been illustrated in block forms in
      FIG. 1. Referring to FIG. 3, the differentiating circuit 12 is shown as
      comprising a transistor 38 having a base connected through a resistor 40
      to the output terminal of the throttle movement sensor 10. The transistor
      38 has a collector electrode connected to a bus line 42 on which a
      constant voltage Vcc is impressed and an emitter electrode connected
      through a capacitor 44 to the output terminal of the differentiating
      circuit 12. The electrodes of the capacitor 44 are grounded through
      resistors 46 and 48. When the output voltage Vt produced by the throttle
      movement sensor 10 is applied through the resistor 40 to the base of the
      transistor 38, the transistor 38 becomes conductive so that a voltage
      proportional to the input voltage Vt is produced across the resistor 46.
      The voltage thus produced across the resistor 46 is differentiated with
      respect to time by the combination of the capacitor 44 and the resistor 48
      so that the differentiating circuit 12 deliveres the output voltage Vt to
      the polarity discriminating circuit 14. The polarity discriminating
      circuit 14 is shown to comprise a parallel combination of first and second
      diodes 50 and 52. The first diode 50 has an anode terminal connected to
      the output terminal of the differentiating circuit 12 and a cathode
      terminal connected to the input terminal of the waveform modifying circuit
      16 whereas the second diode 52 has a cathode terminal connected to the
      output terminal of the differentiating circuit 12 and an anode terminal
      connected to the input terminal of the signal inverter 20. During
      acceleration of the vehicle, the polarity discriminating circuit is
      supplied with the voltage Vt of the positive polarity from the
      differentiating circuit 12 so that the first diode 50 is forwardly biased
      and the second diode 52 reversely biased. It therefore follows that the
      positive output voltage Vt from the differentiating circuit 12 is passed
      through the first diode 50 to the waveform modifying circuit 16. During
      deceleration of the vehicle, on the contrary, the polarity discriminating
      circuit 14 is supplied with the voltage Vt of the negative polarity from
      the differentiating circuit 12 so that the first diode 50 is reversely
      biased and the second diode 52 forwardly biased. The negative output
      voltage Vt delivered from the differentiating circuit 12 is thus passed to
      the signal inverter 20 through the second diode 52 of the polarity
      discriminating circuit 14.
PAR  The waveform modifying circuit 16 is shown as comprising a transistor 54
      which has a base connected to the cathode terminal of the first diode 50
      of the polarity discriminating circuit 14 and a collector electrode
      connected through a bus line 56 to the source of the constant voltage Vcc.
      The emitter electrode of the transistor 54 is connected through a diode 58
      to one electrode of a capacitor 60, the other electrode of which is
      grounded. The capacitor 60 is thus charged when the transistor 54 is made
      conductive by the voltage Vt supplied to the base of the transistor 54
      from the polarity discriminating circuit 14. The charges stored on the
      capacitor 60 are discharged through a resistor 62 so that the voltage
      developed across the resistor 62 is delivered from the output terminal of
      the waveform modifying circuit 16. The duration of the output voltage
      V.sub.T thus delivered from the waveform discriminating circuit 16 can be
      prescribed by selecting the time constant dictated by the combination of
      the capacitor 60 and the resistor 62. Where desired, the resistor 62 may
      be made variable so that the duration of the output voltage V.sub.T from
      the waveform modifying circuit 16 is made variable.
PAR  The constructions and operations of the remaining circuit arrangements
      including the sign inverter 20, the capacitors 18, 22 and 28, the logical
      OR gate circuit 30 and the flip-flop circuit 32 will be self-explanatory
      to those skilled in the art from the illustration of FIG. 3. For this
      reason and because of the fact that such circuit arrangements are subject
      to various modifications, description as to the details of the remaining
      circuit arrangements will now be herein incorporated.
PAR  Although the waveform modifying circuit 16 has been shown to be connected
      between the polarity discriminating circuit 14 and the first comparator
      18, such is merely by way of example and, thus, the waveform modifying
      circuit 16 may have an input terminal connected to the first comparator 18
      and an output terminal connected to the logical OR gate circuit 30. In
      this instance, the waveform modifying circuit 16 will be operative to
      multiply the time duration of the output signal delivered from the first
      comparator 18 and pass the thus modified signal to the logical OR gate
      circuit 30. Likewise, the sign inverter 20 which has been shown to be
      connected between the polarity discriminating circuit 14 and the second
      comparator 22 may be so arranged as to have an input terminal connected to
      the comparator circuit 222 and an output terminal connected to the set
      terminal of the flip-flop circuit 32 so that the polarity of the signal
      delivered from the comparator 22 is inverted by the sign inverter 22.
PAR  FIG. 4 illustrates an example of the detailed circuit arrangement of the
      spark advance control circuit 34 incorporated into the ignition timing
      control device shown in FIG. 1. The spark advance control circuit 34 thus
      has a first input terminal 34a connected to the output terminal of the
      flip-flop circuit 32, a second input terminal 34b connected to the output
      terminal of the first comparator 18, a third input terminal 34c connected
      to the source of the ignition timing control signal St, and an output
      terminal 34d connected to the transistorized ignition coil circuit 36. The
      first and second input terminals 34a and 34b are connected to the bus line
      42 through a resistor 64 and grounded through a resistor 66. The input
      terminals 34a and 34b are further connected to a base of a first
      transistor 68 having a collector electrode connected to the bus line 42
      through a variable resistor 70 and a resistor 72 and an emitter electrode
      which is grounded through a resistor 74. A second transistor 76 has a base
      connected to a node between the variable resistor 70 and the resistor 72,
      an emitter electrode connected to the bus line 42 through a resistor 78
      and a collector electrode which is grounded through a variable resistor
      80. The variable resistor 80 has a wiper which is connected to the bus
      line 42 through resistors 82 and 84 and which is connected to ground
      through a resistor 86. To a node between the resistors 82 and 84 is
      connected a base of a third transistor 88 which has an emitter electrode
      connected to the bus line 42 through a resistor 90. The collector
      electrode of the third transistor 88 is connected to the collector
      electrode of a fourth transistor 92 which has an emitter electrode
      connected to ground. The collector electrodes of the third and fourth
      transistors 88 and 90 are further connected to one electrode of a
      capacitor 94 the other electrode of which is connected to the collector
      electrode of a fifth transistor 96 and to the base of a sixth transistor
      98. The fifth transistor 96 has a base connected through a resistor 100 to
      the bus line 42 and through a resistor 102 to the wiper of the variable
      resistor 70 and grounded through a resistor 104. The emitter electrode of
      the fifth transistor 96 is connected to the bus line 42 through a resistor
      106. The sixth transistor 98 has an emitter electrode connected to ground
      and a collector electrode connected to the output terminal 34d of the
      control circuit 34 and through a resistor 108 to the bus line 42. The base
      of the fourth transistor 92 is grounded through a resistor 110 and
      connected through a resistor 112 to the collector electrode of the sixth
      transistor 98 and the output terminal 34d of the control circuit 34. To a
      node between the capacitor 94 and the collector electrodes of the fifth
      and sixth transistors 96 and 98 is connected a diode 114 which has a
      cathode terminal connected through a capacitor 116 to the third input
      terminal 34c of the control circuit 34 and through a resistor 118 to the
      collector electrode of the sixth transistor 98. A mono-stable
      multi-vibrator is thus constructed by the transistors 92 and 98, the
      capacitors 94 and 114 and the resistors 110, 112, and 118. The mono-stable
      multi-vibrator cooperates with a first constant-current circuit which is
      made up of the transistor 88 and the resistors 84, 86 and 90 and a second
      constant-current circuit which is made up of the transistor 96 and the
      resistors 100, 104 and 106.
PAR  When, thus, the transistor 98 of the mono-stable multi-vibrator is
      conductive in the absence of a trigger signal at the third input terminal
      34c of the control circuit 34, the potential on the collector electrode of
      the transistor 98 is on a zero level so that no output signal is delivered
      from the output terminal 34d of the control circuit 34. When, under these
      conditions, a trigger signal of the negative polarity is impressed on the
      base of the transistor 98 from the third input terminal 34c of the control
      circuit 34 through the capacitor 116 and the diode 114, then the
      transistor 98 is made non-conductive with the result that the transistor
      92 becomes conductive. The potential on the collector electrode of the
      transistor 92 is consequently on a zero level so that the potential on the
      electrode of the capacitor 94 connected to the base of the transistor 98
      drops to a negative polarity. The capacitor 94 is thus charged by the
      action of the second constant-current circuit including the transistor 96
      until the transistor 98 of the mono-stable multi-vibrator is turned off.
      If, therefore, the ratio between the currents determined by the first and
      second constant-current circuits is maintained constant, then the ratio
      between the time intervals of the trigger signals appearing at the third
      input terminal 34c of the control circuit 34 and the durations of the
      signals appearing at the output terminal 34d of the control circuit 34
      will be maintained constant irrespective of the revolution speed of the
      engine. The ratio between the currents dictated by the two
      constant-current circuits is varied by the signals appearing at the first
      and second input terminals 34a and 34b of the control circuit 34 and, for
      this reason, the spark advance timing can be controlled by the signals
      delivered to the input terminals 34a and 34b from the flip-flop circuit 32
      and the first comparator 18 shown in FIG. 1. Since the construction and
      operation of the spark advance control circuit 34 herein shown will be
      self-explanatory and since such are rather immaterial for the
      understanding of the gist of the present invention, no further description
      thereof will be herein necessary.
PAR  It will now be understood from the foregoing description that the ignition
      timing control device herein proposed is useful in achieving optimum
      ignition spark advance characteristics during transient operational
      conditions of the engine as during acceleration and deceleration of the
      vehicle. The ignition timing control device according to the present
      invention is thus expected to contribute to reducing the toxic compounds
      in the vehicle exhaust gases to minimum without sacrificing the power
      output of the engine.
PAR  Only one preferred embodiment of the ignition timing control device has
      thus far been described for illustrative purposes. Such an embodiment is,
      however, subject to modification and change without departing from the
      scope of the present invention. The polarity discriminating circuit 14
      has, for example, been described as being adapted to produce a positive
      output voltage in response to accelerating conditions of the vehicle and a
      negative output voltage in response to decelerating conditions of the
      vehicle, the polarities of the output voltages to be delivered from the
      polarity discriminating circuit may be inverted so that the polarity
      discriminating circuit is operative to produce a positive output voltage
      when the throttle valve in the induction unit is being moved toward the
      closed throttle position and a negative output voltage when the throttle
      valve is being moved toward the full throttle position. In this instance,
      the sign inverter 20 which has been shown as being connected between the
      second output terminal of the polarity discriminating circuit 14 and the
      second comparator 22 should be connected between the first output terminal
      of the polarity discriminator 14 and the waveform modifying circuit 16.
      Furthermore, the voltage generating circuit 26 has been assumed as being
      adapted to produce an output voltage Ve proportional to the revolution
      speed of the engine so that the third control signal S.sub.3 of logical 1
      is produced from the third comparator 28 when the voltage Ve is lower than
      the third constant reference voltage V.sub.3. This is, however, merely by
      way of example and, therefore, the voltage generating circuit 26 may be so
      arranged as to produce an output voltage which is inversely proportional
      to the engine revolution speed detected by the engine speed sensor 24. In
      this instance, the third comparator 28 should be arranged to deliver an
      output signal of logical 0 when the voltage supplied from the voltage
      generating circuit 26 is lower than the third reference voltage V.sub.3
      and an output signal of logical 1 when the voltage from the voltage
      generating circuit 26 is higher than the reference voltage V.sub.3.
CLMS
NUM  1.
PAR  1.  A spark timing control device for an internal combustion engine system
      having a throttle valve movable in its intake port, which comprise:
PA1  a throttle velocity signal generating means generating a throttle velocity
      signal representative of the velocity of the throttle movement;
PA1  first means producing a first signal in response to said velocity signal
      when said velocity signal exceeds a positive predetermined level;
PA1  second means producing a second signal in response to said velocity signal
      when said velocity signal lowers below a negative predetermined level;
PA1  third means producing a third signal when the engine speed lowers below a
      predetermined value; and
PA1  fourth means performing ignition timing advance control when it receives
      said second signal and when it receives said first signal in the absence
      of said third signal.
NUM  2.
PAR  2. A spark timing control device as claimed in claim 1, in which said
      throttle velocity signal generating means comprises:
PA1  a throttle movement sensor responsive to movement of the throttle valve and
      producing an output voltage proportional to angular displacement of the
      throttle valve; and
PA1  a differentiating circuit differentiating the output voltage received from
      the throttle valve movement sensor with respect to time so as to produce
      said throttle velocity signal.
NUM  3.
PAR  3. A spark timing control device as claimed in claim 1, in which said first
      means comprises:
PA1  first comparing means producing said first signal when it receives a
      voltage larger than said positive predetermined level; and polarity
      discriminating means applying said throttle velocity signal to said first
      comparing means when said throttle velocity signal is positive.
NUM  4.
PAR  4. A spark timing control device as claimed in claim 3, in which said first
      means further comprises:
PA1  waveform-modifying means connected between said first comparing means and
      said polarity discriminating means for stretching in time said voltage
      from said polarity discriminating means.
NUM  5.
PAR  5. A spark timing control device as claimed in claim 1, in which said
      second means comprises:
PA1  second comparing means producing said second signal when it receives a
      voltage smaller than said negative predetermined level; and
PA1  polarity discriminating means applying said throttle velocity signal to
      said second comparing means when said throttle velocity signal is
      negative.
NUM  6.
PAR  6. A spark timing control device as claimed in claim 5, in which said
      second comparing means comprises:
PA1  a sign inverter inverting the sign of said throttle velocity signal; and
PA1  a comparator producing said second signal when the voltage of the inverted
      throttle signal exceeds a predetermined voltage.
NUM  7.
PAR  7. A spark timing control device as claimed in claim 1, in which said third
      means comprises:
PA1  a voltage generating means responsive to an engine speed snd producing a
      voltage proportional to the engine speed; and
PA1  third comparing means responsive to the engine and producing said third
      signal when the voltage proportional to the engine speed lowers below said
      predetermined value.
NUM  8.
PAR  8. A spark timing control device as claimed in claim 1, in which said
      fourth means comprises:
PA1  an OR gate receiving said first and third signals and producing a fourth
      signal when at least one of said first signal and said third signal is
      received;
PA1  a memory circuit receiving said second and fourth signal for producing a
      fifth signal when triggered by said second signal until the appearance of
      said fourth signal; and
PA1  an advance control circuit receiving said first signal and fifth signals
      and an uncontrolled ignition timing signal related to the engine speed for
      performing the advance control.
NUM  9.
PAR  9. A spark timing control device as claimed in claim 8, in which said
      advance control circuit comprises:
PA1  a monostable multivibrator providing an ignition timing control signal at
      the end of the quasi-stable period thereof; and
PA1  a constant current circuit means keeping constant the ratio between said
      quasi-stable period and the stable period of said monostable multivibrator
      and controlling said ratio in response to either said first signal or said
      fifth signal.
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ABST
PAL  A system for the digital-electronic control of the inlet-, exhaust and
      possibly injection valves as well as of the ignition of internal
      combustion engines, especially of motor vehicle internal combustion
      engines, in which the valves are electromagnetically actuated and the
      respective crankshaft position is adapted to be detected digitally; a
      fixed value memory or storage device is provided in which at least for one
      cylinder the opening and closing instants of the inlet, exhaust, and
      possibly of the injection valves and/or of the ignition instants are at
      least partly adapted to be stored and selected as digital values
      coordinated to the respective operating conditions and corresponding to a
      predetermined crankshaft position in the form of data sets; a storage
      register is provided for each stored value of a data set to which this
      stored value is adapted to be transferred; a pulse comparison unit is also
      provided for each value of a data set in which the value either stored in
      the storage register or fixedly predetermined is adapted to be compared
      with the respective crankshaft position and from which, in case of
      agreement of the two values, a commencing pulse is adapted to be produced;
      a follower pulse generator is additionally provided at least for each
      value of a data set in which, beginning and together with the commencing
      pulse, a number of pulses corresponding to the number of cylinders,
      uniformly distributed over 720.degree. of the crankshaft, is adapted to be
      produced and is adapted to be fed to the valve-actuating group and/or
      ignition device of the associated cylinders in a sequence corresponding to
      the ignition sequence.
BSUM
PAR  The present invention relates to an installation for the digital-electronic
      control of the inlet-, exhaust- and possibly injection-valves as well as
      of the ignition in internal combustion engines, especially in motor
      vehicle internal combustion engines, whereby the valves are
      electromagnetically actuated and the respective crankshaft position is
      adapted to be detected or picked up digitally.
PAR  Mechanical engine controls for changing the valve times have been known for
      quite some time, however, they are very expensive from a technical point
      of view, are limited in the selection of the input criteria and are
      excessively expensive for series production.
PAR  It is known in the art to undertake the fuel injection in internal
      combustion engines in an analog-electronic manner; similarly, electronic
      ignition installations are known. An electronic valve control is disclosed
      in the German OS No. 2,148,310 which controlled from a cam shaft, controls
      a monostable multivibrator. This electronic control, however, entails the
      disadvantage that the time constants and adjusting ranges are not
      adjustable at will and only in the same sense.
PAR  It is the aim of the present invention to provide an installation which
      enables both technically and economically in a simple manner to match
      optimally the timing periods of the inlet-, exhaust- and injection valves
      as well as of the ignition points to the respectively prevailing operating
      conditions and thereby to take into consideration all necessary input
      magnitudes.
PAR  The underlying problems are solved according to the present invention in
      that a fixed value memory or storage device is provided, in which at least
      for one cylinder and the opening and closing points of time of the inlet-,
      exhaust- and possibly of the injection-valves and/or of the ignition
      points of time are adapted to be at least partly stored and selected in
      the form of data sets as digital values coordinated to the respective
      operating conditions and corresponding to a predetermined crankshaft
      position, in that for each stored value of a data set, a storage or memory
      register is provided, to which this value is adapted to be transferred, in
      that for each value of a data set, a pulse comparison unit is provided in
      which the value stored in the memory or storage register or fixedly
      predetermined is adapted to be compared with the respective crankshaft
      position and from which, in case of agreement of the two values, a
      starting or commencing pulse is adapted to be produced, and in that at
      least for each value of a data set, a follower pulse generator is provided
      in which beginning with and together with the starting or commencing
      pulse, a number of pulses corresponding to the number of cylinders, evenly
      distributed over 720.degree. of the crankshaft, is adapted to be produced
      and is adapted to be fed to the valve-actuating group and/or the ignition
      installation of the associated cylinder in a sequence corresponding to the
      ignition sequence.
PAR  The application of the present invention may have favorable effects on the
      type of construction of the engine since expensive rocker-arm controls and
      cam shaft-controls are obviated and since in-line, V- or opposite-piston
      arrangements no longer make such large differences as regards costs. The
      output characteristics can be matched to the use purposes, for example, to
      the export regulations in that simply a fixed value memory or storage
      device with different data sets is used. This may also be of advantage
      when running-in the internal combustion engine or the motor vehicle. Also,
      the exhaust gas quality can be better controlled over the entire
      rotational speed range. A further advantage, in addition to less noise
      from valve actuations, results from the fact that no mechanical power is
      taken off the engine for the valve actuation, whence the efficiency can be
      increased.
PAR  The particular advantage of the present invention resides in the fact that
      the beginning and end of the inlet-, exhaust- and injection periods of
      time and the ignition points of time can be displaced at will over the
      entire cycle of 720.degree., insofar as meaningful at all.
PAR  The coordination of the points of time to the crankshaft position takes
      place in that for four-cycle engines, a pulse transmitter or transducer is
      provided, which produces pulses, during the rotation of the crankshaft
      whereby a predetermined number of pulses is coordinated respectively to
      two crankshaft rotations, corresponding to 720.degree., and which
      additionally after two rotations of the crankshaft produces a
      synchronizing pulse corresponding to a preferred crankshaft position. The
      pulse transmitter may consist, for example, of an inductively detected
      toothed disk rotating at half the crankshaft rotational speed, which
      during one rotation produces four times a number of pulses coordinated to
      a crankshaft rotation of 180.degree. and a synchronizing pulse. The
      synchronizing pulse takes place, for example, at the upper dead-center
      position OT of the piston in the first cylinder prior to the suction
      stroke.
PAR  For the further processing of this pulse, provision is made according to
      the present invention in that a crankshaft pulse counter is provided which
      consists of a pulse counter with a counter capacity corresponding to a
      number of pulses of 180.degree. crankshaft rotation and of a sector
      counter connected thereto having a counter capacity corresponding to the
      number of the 180.degree.-sectors per operating cycle and whose counter
      cycle commences with the synchronizing pulse. The crankshaft position,
      depending on the number of pulses per 180.degree., can be accurately
      determined therewith.
PAR  Additionally, provision is made according to the present invention that for
      each value of a data set, a follower pulse generator is provided which
      consists of a follower pulse counter with a counter capacity corresponding
      to a number of pulses of 720.degree., divided by the number of cylinders
      and with a distributor counter connected thereto having a counter capacity
      corresponding to the number of cylinders and whose counter cycle begins
      with the associated starting pulse.
PAR  Of course, it would also be possible to store one data set for each
      cylinder and to get along without follower pulse generators, however, this
      would multiply the expenditures in storage capacity, storage registers,
      and pulse comparison units by a factor corresponding to the number of
      cylinders.
PAR  Accordingly, it is an object of the present invention to provide an
      installation for the digital electronic control of the inlet-, exhaust-
      and injection valves as well as of the ignition of internal combustion
      engines which avoids by simple means the aforementioned shortcomings and
      drawbacks encountered in the prior art.
PAR  Another object of the present invention resides in an installation for the
      digital-electronic control of internal combustion engines in motor
      vehicles which is less expensive than the prior art systems, is not as
      limited in the choice of input criteria and can be readily adapted for
      mass production.
PAR  A further object of the present invention resides in a digital-electronic
      control system of the type described above in which the time constants and
      adjusting ranges permit a greater freedom of adjustment without involving
      excessive technical and economic expenditures.
PAR  Still a further object of the present invention resides in an installation
      for the digital-electronic control of the inlet-, exhaust- and injection
      valves as well as of the ignition system in internal combustion engines in
      which the timing of these valves and of the ignition instants can be
      matched optimally to the prevailing operating conditions, taking into
      consideration all requisite input magnitudes.
PAR  Another object of the present invention resides in a control installation
      of the type described above which obviates the need for relatively
      expensive and noisy mechanical parts, such as rocker arm controls and cam
      shaft controls.
PAR  A further object of the present invention resides in a control system for
      the operating parameters of an internal combustion engine which permits
      easy adaptation thereof to different requirements, such as local
      requirements, running-in, etc.
PAR  Still another object of the present invention resides in a control system
      of the type described above which permits an improved control of the
      exhaust gas quality over the entire rotational speed range while at the
      same time reducing the power taken off the engine for such control.
DRWD
PAR  These and other objects, features, and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a schematic view of a fixed value memory or storage device with a
      control generator and an address-forming unit, and of the pulse
      transmitter with the crankshaft pulse counter in the control system
      according to the present invention; and
PAR  FIG. 2 is a schematic view of the interconnection of pulse comparison units
      with follower pulse generators and valve-actuating groups in the control
      system according to the present invention.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the two views to designate like parts, the illustrated
      embodiment will be explained by reference to a four-cylinder engine with
      gasoline injection, though it is, of course, not limited to such engines.
      For purposes of simplification, the beginning of the fuel injection is
      additionally assumed to coincide with the opening point of time of the
      inlet valve and the closing point of time of the inlet valves as well as
      the opening point of time of the exhaust valves are invariably coordinated
      to a predetermined crankshaft position. As mentioned above, these
      conditions are assumed for purposes of simplification in describing the
      present invention though it is not limited thereto.
PAR  The fixed value memory storage device ROM illustrated in FIG. 1 is of
      conventional type utilizing conventional logic elements, with a small
      storage capacity of 256 words at 8 bits each. For one cycle (two
      crankshaft rotations), seven values are normally needed since only values
      for the first cylinder are stored, namely, three values each for the
      opening points of time and three values each for the closing points of
      time of the inlet, exhaust and injection valve as well as one for the
      ignition point of time or ignition instant.
PAR  With the realized simplifications only four values are still needed so that
      the memory or storage device may include 64 different combinations = data
      sets.
PAR  The position of the crankshaft within two rotations of crankshaft = one
      cycle = 720.degree. is subdivided into four sectors of 180.degree. each.
      For the determination of the four sectors, one requires two bits so that
      for the representation of the number of degrees, six bits = 64
      possibilities remain, whereby an adjustment by respectively 180/64, i.e.,
      therefore by 2.81.degree. becomes possible.
PAR  The addressing of the fixed value memory or storage device ROM also takes
      place by way of eight bits A.sub.1 to A.sub.8, of which two, namely bits
      A.sub.1 and A.sub.2 serve as partial address for the serial search of the
      four words of a data set which are formed in the control generator
      generally designated by SG. The word address A.sub.3 to A.sub.8, properly
      speaking, is formed in the address-forming unit ABE from input magnitudes
      such as gas pedal position, suction pipe pressure, engine rotational speed
      and engine temperature; since this is done in a conventional manner
      utilizing known circuits forming no part of the present invention, the
      details thereof are not explained herein.
PAR  Consequently, 64 data sets, addressable with the address A.sub.3 to A.sub.8
      are therefore stored in the fixed value memory or storage device ROM. Each
      data set consists of four words, respectively for the first cylinder;
PAR  1. Opening point of time for the inlet valve, identical with the opening
      point of time for the injection valve,
PAR  2. Closing point of time for the injection valve,
PAR  3. Ignition point of time, and
PAR  4. Closing point of time for the exhaust valve.
PAR  These four values are addressable one after the other by means of the
      partial address A.sub.1, A.sub.2. The closing point of time of the inlet
      valve and the opening point of time of the exhaust valve are fixedly
      interconnected in the circuit according to the aforementioned assumptions.
PAR  The control generator SG has the task to produce upon demand four output
      commands with simultaneous formation of the four partial addresses. It
      consists of an OR-element 1, of an RS-flip-flop 2, of an astable
      multivibrator AST, of a two-stage counter 3, 4, of the AND-elements 5 to
      11 and of a differentiating element 12, all of conventional, commercially
      available construction.
PAR  During the starting of the engine, for example, when turning on the
      ignition, a pulse "start" is produced which sets the RS flip-flop 2 by way
      of the OR-element 1 and simultaneously brings all of the counters and
      flip-flops connected in the entire circuit into the starting position,
      which is only indicated in part. As a result of the setting of the
      RS-flip-flop 2, the astable multivibrator AST is released or freed which
      commences immediately with a pulse rise and produces pulses to the
      following counter 3, 4 as counter pulses and to the fixed value memory or
      storage device ROM as output commands AB. The output of the astable
      multivibrator AST and the counter outputs are now interconnected by way of
      AND-element 5 to 10 in such a manner that with the first output command AB
      the partial address and the command A, with the second output command, the
      partial address 2 and the command B, etc. up to the partial address 4 and
      the command D are produced. At the instant at which the counter 3, 4 again
      reaches the value zero, the RS-flip-flop 2 is brought into the reset
      position by way of the AND-element 11 and the differentiating element 12
      and therewith the astable multivibrator AST is blocked up to the setting
      of the RS flip-flop 2. With the application of AB and the respective
      entire address A.sub.1 to A.sub.8, the content coordinated to this address
      is simultaneously given out by the fixed value memory or storage device
      ROM.
PAR  The pulse transmitter or transducer generally designated by reference
      characters IG consists of a disk 13 rotating at half the rotational speed
      of the crankshaft, on which are arranged along its circumference 256 index
      marks 15 corresponding to 4 .times. 180 in steps of 2.81.degree.
      crankshaft rotation each and an index mark 14 along a smaller radius.
      During the rotation of the disk 13, 256 pulses P are produced by a
      transmitter or transducer 16 per rotation and one synchronizing pulse S by
      a transmitter or transducer 17. The pulses P and the synchronizing pulse S
      are fed to the crankshaft pulse counter KWPZ which consists of an
      OR-element 29, of an RS-flip-flop 18, of two AND-elements 19 and 20, of a
      six digit pulse counter PZ and of a two digit sector counter SZ, all again
      of conventional construction. When turning on the ignition, the "start"
      pulse causes the RS flip-flop 18 to go into its reset position and the two
      counters PZ and SZ to go into their zero position by way of the OR-element
      29.
PAR  As a result thereof, the pulses P are blocked at the AND-element 19 for
      such length of time until the first synchronizing pulse S sets the RS
      flip-flop 18 and releases or opens up the AND-element 19. Thus, the
      counting operation commences at the defined crankshaft position. After
      respectively 64 pulses, the counter capacity of counter PZ is exhausted,
      it flips over again to zero and thereby transmits a pulse to the sector
      counter SZ. Normally, this takes place directly, however, it is indicated
      by the AND-element 20 how it would take place with non-exhaustion of the
      counter capacity. After a full rotation of the disk 13, both counters PZ
      and SZ again are at zero. In order to prevent an asynchronous condition,
      the counters PZ and SZ are also set to zero by each synchronizing pulse S
      by way of the OR-element 29.
PAR  The stored values are transferred by way of the outputs 21 to 28 of the
      fixed memory or storage device ROM to the circuit according to FIG. 2 and
      the respective crankshaft position is transferred into the circuit
      according to FIG. 2 by way of the outputs 31 to 38 of the counters PZ and
      SZ of the crankshaft pulse counter KWPZ. In FIG. 2, the eight outputs 21
      to 28 of the fixed value memory or storage device ROM are connected with
      the inputs of four storage registers SR.sub.1, SR.sub.3, SR.sub.4 and
      SR.sub.6. The command lines A to D of FIG. 1 are connected with the
      corresponding inputs for the inscription commands of these storage
      registers so that
PAR  Command A can reach the command input of SR.sub.1,
PAR  Command B can reach the command input of SR.sub.3,
PAR  Command C can reach the command input of SR.sub.4, and
PAR  Command D can reach the command input of SR.sub.6.
PAR  A value coming from the memory or storage device is applied to the inputs
      of all storage registers SR but is transmitted only to that storage
      register which simultaneously also receives an inscription command. Thus,
      the four values of a data set are transferred sequentially to the four
      storage or memory registers with the commands A to D of the control
      generator SG.
PAR  Two fixed registers FR.sub.2 and FR.sub.5 are provided for the two values
      which are fixedly interconnected in the circuit, which consists each of
      eight lines which are connected corresponding to the value to be
      represented with one or the other terminal of a voltage source.
PAR  The outputs of each register lead to the inputs of a pulse comparison unit
      PVE, in which they are compared bit by bit with the associated outputs of
      the crankshaft pulse counter for equivalence and which produces a
      commencing pulse when simultaneously all values to be compared with each
      other coincide, i.e., when the instantaneous crankshaft position agrees
      with the stored value.
PAR  In the pulse comparison unit PVE.sub.1 surrounded in dash line, this is
      schematically indicated in such a manner that the outputs to be compared
      lead to eight equivalence elements 39 of conventional type having two
      inputs each, whose outputs lead to the eight inputs of an AND-element 40.
      The other pulse comparison units PVE.sub.2 to PVE.sub.6 are identical with
      this circuit.
PAR  The commencing pulse of each pulse comparison unit PVE.sub.1 to PVE.sub.6
      is fed to a follower pulse generator FPG.sub.1 to FPG.sub.6 connected to
      the respective output thereof. The follower pulse generator FPG.sub.1
      consists of an RS flip-flop 41, of a follower pulse counter FPZ, of a
      two-stage distributor counter VZ, of five AND-elements 42 to 46 and of an
      OR-element 47, all again of conventional construction. The follower pulse
      generators have the task to produce for each type of pulse (injection
      beginning, injection point of time, etc.), beginning with the commencing
      pulse, four pulses mutually displaced by 180.degree. of crankshaft
      rotation--one for each cylinder--and to feed the same to the actuating
      groups of the coordinated cylinders at the correct point of time. When
      turning on the ignition, the pulse "start" is transmitted by way of the
      OR-element 47 and sets the RS flip-flop 41 into its reset position,
      whereby the AND-element 42 blocks. The first commencing pulse supplied by
      the pulse comparison unit PVE.sub.1 sets the RS flip-flop 41 and therewith
      opens the AND-element 42 for the pulses P coming from the transmitter or
      transducer 16 of the pulse transmitter IG.
PAR  Simultaneously therewith, it reaches the setting input of the RS flip-flop
      48 of the valve-actuating group VBG of the inlet valve EV.sub.1 of the
      first cylinder. All of the RS flip-flops of all valve actuating groups
      which are disposed one below the other, were earlier brought into the
      reset position by the pulse "start" which is not illustrated since this is
      achieved in a conventional manner.
PAR  The pulses P reach the six-digit follower pulse counters FPZ by way of the
      AND-element 42 opened by the commencing pulse and thus cause the same to
      count up. After 64 pulses, the follower pulse counter FPZ again flips over
      to zero. The outputs of the six stages of the follower pulse counter FPZ
      are so connected with an AND-element 43 that the output thereof produces a
      signal in the last counter position prior to the flipping over, which is
      so connected with the outputs of the following two-stage distributor
      counter VZ of conventional type by way of three AND-elements 44 to 46 that
      it produces in the position "zero" of the distributor counter VZ, a pulse
      at the output of AND-element 44, in the position "1", a pulse at the
      output of AND-element 45 and in the position "2", a pulse at the output of
      AND-element 46. This corresponds to the function of a ring counter.
PAR  Overall, the follower pulse generator FPG.sub.1 sequentially transmits for
      each operating cycle four pulses displaced by 180.degree. crankshaft
      rotation one after the other at the four outputs thereof to the inputs of
      the four RS flip-flops 48 to 51 which are set thereby and which energize
      by way of the line amplifiers 52 connected in the outputs thereof, the
      relay windings for the valves EV. The indices thereof indicate the number
      of the cylinders which are connected to the line amplifiers 52 in a
      sequence corresponding to the ignition sequence, in the instant case in
      the following sequence:
PAC  I -- III -- IV -- II
PAR  The last of these four pulses at the output of the AND-element 46 is also
      conducted by way of the OR-element 47 to the reset input of the RS
      flip-flop 41 and as a result thereof sets the follower pulse generator
      into the blocking position until the next commencing pulse appears.
PAR  The remaining follower pulse generators FPG.sub.2 to FPG.sub.6 are
      identical in construction with the follower pulse generator FPG.sub.1.
PAR  After the termination of a cycle, a read-out command L is given to the
      OR-element 1 in FIG. 1 by the follower pulse generator which produces the
      last pulse of the cycle, which has as a consequence the inscription of a
      new data set from the fixed value memory or storage device ROM into the
      storage or memory registers SR.
PAR  In FIG. 2, the read-out command L is produced by the follower pulse
      generator FPG.sub.6. The place where this command is taken off in the
      circuit of FIG. 2 is indicated by L * at the follower pulse generator
      FPG.sub.1.
PAR  The following pulses which are displaced in time as indicated appear at the
      outputs of the follower pulse generators:
PA1  Fpg.sub.1 : opening point of time of the inlet valves EV opening point of
      time of the injection valves BV
PA1  Fpg.sub.2 : closing point of time of the inlet valves EV
PA1  Fpg.sub.3 : closing point of time of the injection valves BV
PA1  Fpg.sub.4 : ignition points of time Z
PA1  Fpg.sub.5 : opening point of time of the exhaust valves AV
PA1  Fpg.sub.6 : closing point of time of the exhaust valves AV.
PAR  The outputs of the follower pulse generators which produce opening points
      of time are connected with the setting inputs and those which produce
      closing points of time are connected with the reset inputs of the
      coordinated RS flip-flops and the corresponding valve is always opened at
      the time and for such length of time, as long as the RS flip-flop is set.
PAR  A new data set is given out for each cycle--two rotations of crankshaft--
      corresponding to the respectively outstanding address A.sub.3 to A.sub.8
      so that the engine characteristics are variable at will.
PAR  For the sake of better explanation, some circuit details which appear
      superfluous were included and which may be dispensed with in the practical
      construction of the installation.
PAR  The example designed for four-cylinder engines can be readily modified
      without any great enlargements also for six and eight cylinder engines or
      for engines with other numbers of cylinders, ignition sequences and/or
      types of operation. Similarly, a larger number of pulses per rotation of
      crankshaft as well as a larger memory or storage capacity may be of
      advantage.
PAR  Furthermore, the system may be equipped with conventional safety devices.
      For example, a safety circuit of any conventional type may be provided
      which detects any malfunctioning or disturbance in the system and causes
      the injection valves to block so as to avoid improper operation of the
      engine.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control installation for the digital-electronic control of at least
      one of valve means and ignition means in internal combustion engines, in
      which the valve means are electromagnetically actuated and the respective
      crankshaft position is adapted to be determined digitally, characterized
      in that it comprises control circuit means including a fixed value storage
      means in which at least for one cylinder of the engine, at least one of
      opening and closing points of time of the valve means, on the one hand,
      and ignition points of time, on the other, are operable to be at least
      partially stored and selected as digital values coordinated to the
      respective operating conditions and corresponding to a predetermined
      crankshaft position in the form of data sets, storage register means for
      each stored value of a data set operatively connected to the fixed value
      storage means; the stored value being transferable to the storage register
      means, pulse comparison means for each value of a data set operatively
      connected to the storage register means, in which a value is adapted to be
      compared with the respective crankshaft position and which is operable to
      produce a commencing pulse in case of agreement of the two values, and a
      follower pulse generator means at least for each value of a data set
      operatively connected with the respective comparison means in which,
      beginning and together with the commencing pulse, a number of pulses
      corresponding to the number of cylinders is produced, uniformly
      distributed over a predetermined number of degrees of the crankshaft, and
      means for feeding the last-mentioned pulses to at least one of valve
      actuating means and ignition means of the associated cylinder in a
      sequence corresponding to the ignition sequence.
NUM  2.
PAR  2. An installation according to claim 1, characterized in that the valves
      include inlet and outlet valves means of the engine.
NUM  3.
PAR  3. An installation according to claim 2, characterized in that the valve
      means include inlet, exhaust and injection valve means.
NUM  4.
PAR  4. An installation according to claim 3, characterized in that the fixed
      value storage means is operable to store and select at least in part the
      opening and closing points of time of said valve means as digital values
      in the form of data sets.
NUM  5.
PAR  5. An installation according to claim 4, characterized in that the fixed
      value storage means is operable to at least partly store and select the
      ignition points of time as digital values in the form of data sets.
NUM  6.
PAR  6. An installation according to claim 5, characterized in that the pulse
      comparison means is operable to compare the values stored in the storage
      register means with the respective crankshaft position.
NUM  7.
PAR  7. An installation according to claim 5, characterized in that the pulse
      comparison means is operable to compare fixedly predetermined values with
      the respective crankshaft position.
NUM  8.
PAR  8. An installation according to claim 5, characterized in that the number
      of pulses produced by the follower pulse generator means is fed to
      valve-actuating means of the associated cylinder.
NUM  9.
PAR  9. An installation according to claim 8, characterized in that the number
      of pulses produced by the follower pulse generator means is fed to the
      ignition means of the associated cylinder in a sequence corresponding to
      the ignition sequence.
NUM  10.
PAR  10. An installation according to claim 9, characterized in that a pulse
      transmitter means is provided which produces pulses during the rotation of
      the crankshaft, a predetermined number of pulses being coordinated
      respectively to two crankshaft rotations corresponding to 720.degree., and
      which additionally produces after each two rotations of the crankshaft, a
      synchronizing pulse corresponding to a preferred crankshaft position.
NUM  11.
PAR  11. An installation according to claim 10, characterized in that the
      installation is for a four-cycle engine.
NUM  12.
PAR  12. An installation according to claim 10, characterized in that a
      crankshaft pulse counter means is provided in the circuit means, which
      includes a pulse counter means having a counting capacity corresponding to
      a number of pulses of 180.degree. crankshaft rotation, and a sector
      counter means operatively connected with the pulse counter means having a
      counter capacity corresponding to the number of the 180.degree. sectors
      per operating cycle and whose counting cycle begins with the synchronizing
      pulse.
NUM  13.
PAR  13. An installation according to claim 12, characterized in that one
      follower pulse generator means is provided in the circuit means for each
      value of a data set which includes a follower pulse counter means having a
      counting capacity corresponding to a number of pulses of 720.degree.,
      divided by the number of cylinders, and a distributor counter means
      operatively connected therewith and having a counting capacity
      corresponding to the number of cylinders and whose counting cycle begins
      with the associated commencing pulse.
NUM  14.
PAR  14. An installation according to claim 13, characterized in that for each
      valve means an actuating means is provided which includes a reset
      flip-flop means operable to be set by the associated opening pulse and to
      be reset by the associated closing pulse, and amplifier means operatively
      connected with the output of the flip-flop means which is operable to
      control the electromagnetic valve means.
NUM  15.
PAR  15. An installation according to claim 14, characterized in that with a
      sequential value output from the fixed value storage means, a control
      generator means with an astable multivibrator means is provided in the
      circuit means which upon appearance of a read-out command, immediately
      commences with a pulse rise and transmits a number of pulses corresponding
      to the number of the stored values of a data set to a counter means for
      forming the partial addresses.
NUM  16.
PAR  16. An installation according to claim 15, characterized in that a means is
      provided which during the starting of the engine produces a start pulse
      which is operable to set all counter and multivibrator means into the
      starting position.
NUM  17.
PAR  17. An installation according to claim 16, characterized in that a safety
      circuit means is provided which in case of an occurring disturbance,
      closes the injection valve means.
NUM  18.
PAR  18. An installation according to claim 17, characterized in that the
      installation is for a four-cycle engine.
NUM  19.
PAR  19. An installation according to claim 1, characterized in that the fixed
      value storage means is operable to at least partly store and select the
      ignition points of time as digital values in the form of data sets.
NUM  20.
PAR  20. An installation according to claim 1, characterized in that the fixed
      value storage means is operable to store and select at least in part the
      opening and closing points of time of said valve means as digital values
      in the form of data sets.
NUM  21.
PAR  21. An installation according to claim 1, characterized in that the pulse
      comparison means is operable to compare the values stored in the storage
      register means with the respective crankshaft position.
NUM  22.
PAR  22. An installation according to claim 1, characterized in that the pulse
      comparison means is operable to compare fixedly predetermined values with
      the respective crankshaft position.
NUM  23.
PAR  23. An installation according to claim 1, characterized in that a pulse
      transmitter means is provided which produces pulses during the rotation of
      the crankshaft, a predetermined number of pulses being coordinated
      respectively to two crankshaft rotations corresponding to 720.degree., and
      which additionally produces after each two rotations of the crankshaft, a
      synchronizing pulse corresponding to a preferred crankshaft position.
NUM  24.
PAR  24. An installation according to claim 23, characterized in that the
      installation is for a four-cycle engine.
NUM  25.
PAR  25. An installation according to claim 1, characterized in that a
      crankshaft pulse counter means is provided in the circuit means, which
      includes a pulse counter means having a counting capacity corresponding to
      a number of pulses of 180.degree. crankshaft rotation, and a sector
      counter means operatively connected with the pulse counter means having a
      counter capacity corresponding to the number of the 180.degree. sectors
      per operating cycle and whose counting cycle begins with the synchronizing
      pulse.
NUM  26.
PAR  26. An installation according to claim 25, characterized in that one
      follower pulse generator means is provided in the circuit means for each
      value of a data set which includes a follower pulse counter means having a
      counting capacity corresponding to a number of pulses of 720.degree.,
      divided by the number of cylinders, and a distributor counter means
      operatively connected therewith and having a counting capacity
      corresponding to the number of cylinders and whose counting cycle begins
      with the associated commencing pulse.
NUM  27.
PAR  27. An installation according to claim 1, characterized in that for each
      valve means an actuating means is provided which includes a reset
      flip-flop means operable to be set by the associated opening pulse and to
      be reset by the associated closing pulse, and amplifier means operatively
      connected with the output of the flip-flop means which is operable to
      control the electromagnetic valve means.
NUM  28.
PAR  28. An installation according to claim 1, characterized in that with a
      sequential value output from the fixed value storage means, a control
      generator means with an astable multivibrator means is provided in the
      circuit means which upon appearance of a read-out command, immediately
      commences with a pulse rise and transmits a number of pulses corresponding
      to the number of the stored values of a data set to a counter means for
      forming the partial addresses.
NUM  29.
PAR  29. An installation according to claim 1, characterized in that a means is
      provided which during the starting of the engine produces a start pulse
      which is operable to set all counter and multivibrator means into the
      starting position.
NUM  30.
PAR  30. An installation according to claim 1, characterized in that a safety
      circuit means is provided which in case of an occurring disturbance,
      closes the injection valve means.
NUM  31.
PAR  31. An installation according to claim 1, wherein said control circuit
      means includes selecting means responsive to the operating conditions of
      the engine for selecting in the form of data sets digital values from said
      fixed value storage means corresponding to predetermined crank shaft
      positions.
NUM  32.
PAR  32. An installation according to claim 31, wherein said pulse comparison
      means compares the selected value of the data set corresponding to a
      predetermined crankshaft position with continuously changing values of
      crankshaft position and produces a commencing pulse in case of agreement
      of the two values.
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ABST
PAL  An internal combustion engine, particularly for use with a vehicle, having
      a turbine driven supercharger for supplying air to the intake manifold.
      The turbine is driven by a pressurized liquid, specifically a combustible
      fuel such as gasoline. The fuel is stored within a conventional storage
      tank, such as is commonly associated with a vehicle, and is supplied, via
      a pump, to the turbine for rotatably driving same. In one embodiment, the
      fuel used to drive the turbine is collected in an intermediate storage
      compartment which, via an intermediate tube, communicates with a venturi
      located in the intake manifold for causing fuel to be drawn into and
      intermixed with the air in the intake manifold. In another embodiment, the
      pressurized fuel from the pump is supplied, via a separate conduit, to a
      fuel injection nozzle located upstream of the supercharger.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an improved turbine-driven supercharger system
      for use on an internal combustion engine and, in particular, to a system
      wherein the turbine is driven by a combustible fuel used by the engine and
      wherein the turbine drive system is also used for permitting the supply of
      fuel to and the intermixing thereof with the inflowing air.
PAC  BACKGROUND OF THE INVENTION
PAR  It has been geenrally recognized by many engine designers that
      supercharging is one of the more effective ways of improving engine
      performance, particularly the power output of an engine. However, most
      prior attempts at using supercharging have utilized a turbine for driving
      a centrifugal compressor, with the turbine being driven by the engine
      exhaust gases. While such supercharging systems have produced a noticeable
      increase in engine output power, they nevertheless have not gained wide
      acceptance in view of the numereous control problems associated with same,
      such as the ineffectiveness of the turbine at low engine speeds. Further,
      under starting conditions, and particularly under cold starting
      conditions, turbine drives which rely upon exhaust gases are of little, if
      any, benefit.
PAR  In an attempt to improve on the supercharger systems, attempts have been
      made to utilize different fluids for driving the turbine, specifically
      freon. However, such a system is disigned to operate as a refrigeration
      cycle and thus requires that the freon be supplied to a jacket surrounding
      the combustion chamber for absorbing heat. This system, like the use of
      exhaust gases, thus relies upon the heat of the engine in order to operate
      under optimum conditions. This system is also unacceptable under many
      operating conditions, particularly during starting and warming up of the
      engine. This system also requires rather elaborate and complex equipment
      in order for the freon to undergo a proper refrigeration cycle.
PAR  Accordingly, it is an object of the present invention to provide an
      improved turbine-driven supercharger system for use with an internal
      combustion engine which permits the engine to develop increased power and
      torque while at the same time providing improved fuel economy. The
      supercharger system of the present invention also permits quicker cold
      starting of the engine and faster warmup of the engine since the
      supercharger system does not rely upon manifold or exhaust heat for the
      successful operation of same.
PAR  It is also an object of the present invention to provide an improved
      supercharger system, as aforesaid, which permits the gas supplied to the
      engine to be at a low temperature, which is believed to cause both a
      significant reduction in exhaust pollutants exhausted and greater
      volumetric efficiency. Particularly, it is believed that the improved
      supercharger system of the present invention will reduce all of the major
      exhaust pollutants, such as carbon monoxide, hydrocarbons and nitrogen
      oxide. TLhe supercharger system of the present invention, in contrast to
      conventional engines, will also permit the use of leaner fuel-air
      mixtures.
PAR  A further object of the present invention is to provide an improved
      supercharger system, as aforesaid, which is combined with the fuel system
      of the engine to permit fuel to be intermixed with the air in an
      economical and efficient manner, whereby the conventional complex
      carburetion system which is normally associated with the engine can be
      substantially simplified, if not eliminated. Particularly, the system of
      the present invention permits the elimination of conventional float valves
      as associated with conventional carburetors, thereby simplifying both the
      structural and mechanical complexity of the engine.
PAR  Still a further object of the present invention is to provide an improved
      supercharger system, as aforesaid, which utilizes a combustible fuel, and
      specifically a liquid fuel such as gasoline, for driving the turbine. The
      fuel for driving the turbine is supplied from a conventional fuel storage
      tank and is pressurized by means of an intermediate pump. The fuel from
      the turbine is, in one embodiment of the invention, collected in an
      intermediate chamber whereby the fuel is drawn through an intermediate
      tube into a venturi which is located downstream of the supercharger. The
      intermediate compartment also communicates with the tank for permitting
      excess fuel to be returned thereto.
PAR  Another object of the present invention is to provide a supercharger system
      which, in accordance with another embodiment, permits the pressurized fuel
      to be injected into the inflowing air upstream of the turbine, whereby not
      only is efficient mixing of the air and fuel achieved, but also the
      overall fuel supply system is substantially simplified.
PAR  Other objects and purposes of the present invention will be apparent to
      persons skilled in this art upon reading the following specification and
      inspecting the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an internal combustion engine equipped with
      a supercharger system according to the present invention.
PAR  FIG. 2 is a broken, sectional, side elevational view illustrating the
      improved supercharger system of the present invention.
PAR  FIG. 3 is a fragmentary sectional view of a modified structure.
PAR  FIG. 4 is a view similar to FIG. 2 and illustrating a variation of the
      present invention.
PAR  FIG. 5 is an enlarged, fragmentary, sectional view illustrating a portion
      of the drive turbine.
PAR  FIG. 6 is a sectional view taken along the line VI--VI in FIG. 4.
DETD
PAR  Certain terminology will be used in the following description for
      convenience in reference only and will not be limiting. for example, the
      words "upwardly", "downwardly", "rightwardly" and "leftwardly" will refer
      to directions in the drawings to which reference is made. The words
      "inwardly" and "outwardly" will refer to directions toward and away from,
      respectively, the geometric center of the system and designated parts
      thereof. Said terminology will include the words above specifically
      mentioned, derivatives thereof and words of similar import.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and purposes of the present invention are met by providing an
      internal combustionn engine, particularly in association with a vehicle,
      and having a turbine driven supercharger for supplying greater quantities
      of air to the intake manifold. The turbine is driven by a relatively
      closed fluid system which utilizes a combustible fuel, such as gasoline,
      as the working fluid. The fluid system includes a conventional fuel
      storage tank containing fuel therein, with fuel being withdrawn from the
      tank by a pump which is driven from the engine. The pump supplies
      pressurized fuel to the turbine for driving same, which in turn causes
      high speed rotation of the supercharger compressor. The fuel from the
      turbine is then returned to the tank. In one embodiment, the fuel used for
      driving the turbine is collected in an intermediate compartment which
      communicates, via a tube, with a venturi located in the intake manifold.
      Fuel form the compartment is drawn into the intake manifold and intermixed
      with the air for supply to the combustionn chambers of the engine. In
      another embodiment, the pressurized fuel from the pump is supplied
      directly to an injection jet located upstream of the compressor.
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates therein a conventional internal combustion engine 11,
      such as a multiple cylinder engine of the type normally utilized on
      vehicles. The engine 11 includes a block or housing 12 having a plurality
      of bores formed therein, one bore 13 being illustrated in FIG. 2. A piston
      14 is slidably positioned within the bore 13 and is connected by a
      conventional connecting rod 16 to a rotating crankshaft 17. The piston 14,
      in conjunction with the housing 12, defines a combustion chamber 18 which
      communicates with an exhaust passage 19 and an intake passage 21. The
      intake passage 21 in turn communicates with a conventional intake manifold
      22 having a movable throttle plate 23 associated therewith. Air is
      supplied to the manifold 22 through a convential air cleaner 24.
PAR  The engine 11 has an improved supercharger system 26 associated therewith
      which, as illustrated in FIG. 2, includes a compressor 27 driven by a
      turbine 28. The compressor 27 includes a rotatable bladed impeller 29
      rotatably suppported within a hoursing 31. The housing has an intake
      passage 32 which is coaxially aligned with the inlet end of the impeller
      29. The passage 32 has a conventional choke plate 33 therein. The impeller
      housing 31 has a discharge opening 34 formed therein which communciates
      with the intake manifold 22.
PAR  The impeller 29 has a rotatable drive shaft 36 fixedly secured thereto,
      which shaft is rotatably supported on housing 31 by conventional
      antifriction bearings 37. The turbine 28 includes a bladed turbine wheel
      38 fixedly secured to the lower end of the shaft 36 and disposed within a
      compartment 39 defined within the interior of a housing 41. The housing 41
      also defines an interior chamber 42 which is in open communication with
      the compartment 39 but is disposed at an elevationn below the compartment
      39. The housing 41 also has a baffle 43 which projects downwardly into the
      chamber 42 and terminates a slight distance from the bottom wall of the
      chamber.
PAR  The turbine wheel 38 is driven by a substantially closed fluid system 44
      which, as illustrated in FIG. 2, includes a tank or reservoir 46, which
      tank normally comprises a conventional fuel storage tank as associated
      with a vehicle. The tank 46 contains therein a quantity of an
      incompressible combustible fuel, such as gasoline. The fuel from tank 46
      is supplied through conduit 47 to a pump 48, which pump is driven by a
      shaft 49 which, as illustrated in FIG. 1, has a pulley 51 on the end
      thereof. The pulley 51 is driven by a belt 52 which is drivingly coupled
      to the engine crankshaft. The pump 48 supplies pressurized liquid fuel to
      a supply conduit 53 which terminates in a jet which is fixed to the
      housing 41 and directs the fuel inwardly onto the blades associated with
      the turbine wheel 38 so as to rotatably drive same.
PAR  The fuel which is used for rotatably driving the turbine wheel 38 is
      discharged from the compartment 39 into the chamber 42, whereupon the fuel
      collect within the chamber 42 until reaching a preselected height. To
      permit removal of fuel from the chamber 42, there is provided a drain
      conduit 54 fixed to the housing 41 and projecting upwardly into the
      chamber 42. The upper end of the conduit 54 has an inlet opening 56 formed
      therein. The drain line 54 is connected to the fuel tank 46 for permitting
      the fuel to be returned thereto.
PAR  To provide for the supply of fuel to the inflowing air, the present
      invention also includes a fuel supply tube 57 which has an inlet opening
      58 at the one end thereof, which opening communicates with the lower
      portion of the chamber 42 so as to be in continuous communication with the
      fuel trapped therein. The tube 57 has a discharge opening 59 at the other
      end thereof which is located in association with a conventional venturi 61
      disposed within the intake manifold 22. The venturi 61, as illustrated in
      FIG. 2, is located upstream of the throttle plate 23. To permit proper
      idling of the engine when the throttle plate is substantially closed,
      there is additionally provided an idle passage 62 having a discharge
      opening 63 which communicates with the intake manifold 22 at a location
      disposed downstream of the throttle plate. The idle passage 62 can have an
      adjustment screw 64 associated therewith for controlling the fuel feed
      under idle conditions.
PAR  The system illustrated in FIG. 2 is also preferably provided with a balance
      passage 66 providing communication between the intake manifold 22 and the
      upper portion of the chamber 42 so that the pressure of the atmosphere
      above the fuel will be balanced with the pressure within the intake
      manifold.
PAR  If desired, the supercharger system illustrated in FIG. 2 can also be
      provided with a water injection jet 67 in communication with the discharge
      manifold 22, which jet can be supplied with pressurized water and
      controlled in a conventional manner.
PAC  OPERATION
PAR  The operation of the present invention will be briefly described to insure
      a complete understanding thereof.
PAR  The fuel, namely gasoline, is withdrawn from tank 46 through the conduit 47
      for supply to the pump 48, which in turn pressurizes the fuel and supplies
      same to the conduit 53. The conduit 53 discharges the pressurized fuel
      against the blades of the turbine wheel 38, thereby causing high speed
      rotation thereof. The fuel used to drive the turbine wheel 38 is
      discharged into the chamber 42. When the fuel in chamber 42 reaches the
      level of the inlet opening 56, then the fuel flows through the pipe 54 to
      the tank 46.
PAR  The rotation of turbine wheel 38 causes a corresponding high speed
      rotationn of the compressor 29. Air is drawn through the intake passage 32
      and supplied to the inlet end of the compressor 29 which, causes
      centrifugal pressurization of the air as it is supplied to the intake
      manifold 22. The high velocity air flowing through the venturi 61 causes
      fuel to be drawn from chamber 42 through the tube 57, which fuel is
      discharged at 59 into the venturi 61 so as to be dispersed and intermixed
      with the inflowing air. The resulting fuel-air mixture then flows past the
      throttle plate 23 and is supplied through one of the intake passages 21
      into a combustion chamber 18, whereupon the mixture is ignited to cause a
      powered reciprocation of the piston 14 in a conventional manner.
PAR  FIG. 3 illustrates therein a modification of the structure of FIG. 2, which
      modificaiton operates in substantially the same manner as FIG. 2.
      Particularly, the fuel which is discharged from the rotary turbine wheel
      38' is thrown against the side wall 68 of the housing 41', whereupon the
      fuel drops downwardly so as to collect within the chamber 42' . The tube
      57' communicates with this chamber 42' for permitting fuel to be drawn
      into the intake manifold in the same manner illustrated in FIG. 2. The
      housing 41' also has a divider 43' projecting upwardly from the bottom
      wall thereof, which divider 43' is positioned below the turbine wheel 38'.
      When the fuel level within chamber 42' reaches the upper edge of the
      divider 43', the fuel spills over the upper edge of the divider into the
      drainage compartment 69, from which the fuel then drains into the line 54'
      so as to be resupplied to the fuel tank. The remainder of the structure
      associated with the embodiment of FIG. 3, and the mode of operation of
      same, is in all other respects identical to the structure illustrated in
      FIG. 2.
PAR  The structure of thepresent invention, particularly illustrated in FIGS. 2
      and 3, is highly desirable since it permits the fuel to be supplied to the
      intermixed with the inflowing air in a very efficient and desirable manner
      while eliminating the use of a conventional carburetor. While the fuel in
      the prsent invention is drawn through the tube 57 and supplied to the
      venturi 61 by conventional carburetion techniques, nevertheless the
      carburetion structure is substantially simplier than known structures
      since the present system does not require the use of float valves or the
      like for controlling fuel flow. At the same time, the present invention
      also permits the fuel to be used as the driving fluid for the turbine,
      which driving fluid constitutes an incompressible liquid so as to permit
      the use of a turbine wheel of relatively small size while at the same time
      permitting relatively large torques to be developed by the turbine wheel.
      Further, the use of a liquid, particularly fuel, for driving the tubine
      permits adequate driving of the turbine even under starting or low engine
      speeds since the system is not dependent upon a compressible gas nor is
      the system dependent upon the exhaust heat generated by the engine. Still
      further, by utilizing a readily available quantity of liquid, namely fuel
      supply, the turbine can be successfully driven without requiring the use
      of a separate fluid system. This thus results in the overall engine being
      more compact and economical.
PAC  MODIFICATIONS
PAR  FIGS. 4-6 illustrate therein a modified supercharger system 111 which is
      usable with the internal combustion engine illustrated in FIG. 1. A
      majority of this modified system is similar to the system illustred in
      FIGS. 1 and 2 and thus same will only be briefly described.
PAR  Referring specifically to FIG. 4, same illustrates therein a rotary
      compressor 112 driven by a turbine 113, which turbine is driven by a
      substantially closed fluid system 114. The compressor has the inlet end
      thereof communicating with an intake passage 116 which contains a
      conventional movalbe throttle plate 117. The compressor 112 has the
      discharge end thereof communicating with the engine intake manifold 118.
      The compressor 112, as in the previously described embodiment, includes a
      bladed impeller 121 which is rotatably supported on the housing 122 and
      has a shaft portion 123 which extends downwardly and has the driving
      bladed turbine wheel 124 fixedly secured thereto. The turbine wheel 124 is
      driven by the fluid system 114 which, as illustrated in FIG. 4, includes a
      fuel tank 126 containing combustible fuel therein. Fuel is supplied via
      conduit 127 to a pump 128, the latter being driven by the engine. Pump 128
      pressurizes the fluid and supplies same through the conduit 129 into an
      annular supply chamber 131 which is positioned in surrounding relationship
      to the turbine wheel 124. The pressurized fluid within chamber 131 is then
      discharged through a plurality of circumferentially spaced orifices or
      jets 132 so as to impinge on the blades of the turbine wheel 124, thereby
      rotating same.
PAR  In this embodiment, the fuel used for driving the turbine wheel 124 is
      collected within a chamber 133 which is located directly under the turbine
      wheel, which chamber permits the fluid to flow through the drain conduit
      134 so as to be resupplied to the tank 126.
PAR  The plurality of orifices or jets 132 which are spaced circumferentially
      around the turbine wheel 124 results in the turbine wheel having several
      jets of fluid impinged thereon, thereby providing for quicker response and
      more efficient and uniform driving of the wheel 124. Further, the jets
      132, as illustrated in FIG. 5, preferably extend downwardly at a slight
      angle relative to the radially extending direction of the turbine wheel so
      that the fuel will thus impinge against the blades of the wheel 124 and
      then pass freely downwardly between the blades so as to be deposited into
      the chamber 133.
PAR  The structure of FIGS. 4-6, as described above, could obviously incorporate
      therein a fuel feed tube for connection between the chamber 133 and the
      intake manifold 118 in the manner illustrated in FIG. 2, if desired.
PAR  However, FIG. 4 illustrates therein a further modification of the present
      invention wherein pressurized fuel is supplied directly from the pump 128
      for injection into the air stream. For this purpose, the pump 128
      communicates with a further conduit or passage 136 which terminates in a
      nozzle 137 located in the intake passage 117. The nozzle 137 is, located
      in the intake passage 116 at a position which is downstream of the
      throttle plate 117 but upstream of the compressor 121. The pump 128 causes
      fuel to be injected by the nozzle 137 into the inflowing stream of air
      which is supplied to the compressor 121. The high rotational speed of the
      compressor 121 causes both atomization of the fuel and a uniform mixing of
      same with the air as the fuel-air mixture passes through the compressor
      into the intake manifold 118. In this way, a very uniform fuel-air mixture
      can be provided for supply to the combustion chambers of the engine.
      Further, by injecting the fuel into the inflowing air at a location which
      is upstream of the compressor, the fuel tends to cool the inflowing air so
      that the mixture supplied to the combustion chamber is likewise cooler,
      which improves the combustion efficiency and substantially minimizes and
      reduces the production of exhaust pollutants.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations or modifications of the disclosed apparatus, including the
      rearrangement of parts, lie within the scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exlcusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a supercharger system for an internal combustion engine, comprising:
PA1  rotatable centrifugal compressor means having an inlet port for receiving a
      compressible gas and an outlet port for discharge of said gas;
PA1  rotatable turbine means connected to said compressor means for rotatably
      driving same, said turbine means including a rotatable turbine wheel;
PA1  tank means for containing therein a supply of a substantially
      incompressible combustible fuel;
PA1  conduit means defining therein a passage providing communication between
      said tank means and said turbine means, said passage having nozzle means
      associated with the discharge end thereof for directly said fuel against
      said turbine wheel to rotatably drive same;
PA1  means for pressurizing the fuel and for supplying same to said nozzle
      means; and
PA1  drain means associated with said turbine means for collecting the fuel
      supplied to said turbine wheel.
NUM  2.
PAR  2. A system according to claim 1, including manifold means communicating
      with the outlet port of said compressor means, said drain means including
      wall means defining a fuel collecting chamber disposed in communication
      with said turbine wheel for collecting therein the fuel discharged from
      said turbine wheel, said wall means including means associated therewith
      for permitting fuel to collect within said chamber to a preselected
      height, first passage means providing communication between said chamber
      and said manifold means for permitting fuel to be withdrawn from said
      chamber into said manifold means for intermixing with the gas flowing
      therethrough, and second passage means communicating with said chamber for
      draining the excess fuel therefrom when the fuel level in said chamber
      exceeds said preselected height.
NUM  3.
PAR  3. A system according to claim 2, wherein said second passage means
      communicates with said tank means.
NUM  4.
PAR  4. A system according to claim 2, wherein said manifold means has venturi
      means associated therewith, and wherein one end of said first passage
      means communicates with said venturi means.
NUM  5.
PAR  5. A system according to claim 1, further including first manifold means
      providing a first passageway communicating with said inlet port and second
      manifold means defining a second passageway communicating with said outlet
      port, and second nozzle means associated with one of said manifold means
      for injecting fuel into its respective passageway, said second nozzle
      means being connected in fluid communication with said tank means.
NUM  6.
PAR  6. A system according to claim 5, wherein there is provided further conduit
      means connected between said second nozzle means and said tank means
      whereby said further conduit means supplies pressurized fuel to said
      second nozzle means.
NUM  7.
PAR  7. In an internal combustion engine having a housing defining a
      compartment, a piston slidably disposed within said compartment and
      cooperating with said housing for defining a combustion chamber, an intake
      manifold in communication with said combustion chamber for supplying a
      fuel-air mixture thereto, a centrifugal compressor having an outlet
      opening communicating with said intake manifold, a supply manifold
      communicating with an inlet opening associated with said compressor for
      supplying air thereto, a rotatable turbine disposed in a turbine
      compartment and connected to said centrifugal compressor for rotating
      same, and a storage tank for containing therein a substantially
      incompressible combustible fuel, the improvement comprising supply conduit
      means connected between said tank and said turbine and defining a passage
      for permitting flow of fuel from said tank to said turbine compartment,
      said supply conduit means terminating in nozzle means for discharging fuel
      against said turbine for rotatably driving same, pump means associated
      with said supply conduit means for pressurizing said fuel and for causing
      said pressurized fluid to be discharged through said nozzle means, and
      means for removing the fuel from said turbine compartment.
NUM  8.
PAR  8. An engine according to claim 7, wherein said turbine includes housing
      means defining therein said turbine compartment, said turbine including a
      rotatable turbine wheel disposed within said turbine compartment, said
      housing means further including a fuel collecting chamber disposed in
      communication with said turbine compartment and having means associated
      therewith for permitting fuel as discharged from said turbine wheel to
      collect within said chamber to a preselected depth, and further conduit
      means providing communication between said chamber and one of said
      manifolds for permitting supply of fuel thereto.
NUM  9.
PAR  9. An engine according to claim 8, wherein said intake manifold includes a
      movable throttle plate associated therewith, and said further conduit
      means communicating with said intake manifold at a location disposed
      upstream of said throttle plate, said intake manifold futher including
      venturi means associated therewith and said further conduit means having
      the discharge end thereof communicating with said venturi means, and said
      removing means including drain means providing communication between said
      chamber and said tank.
NUM  10.
PAR  10. An engine according to claim 7, further including second nozzle means
      communicating with said supply manifold, and flow passage means providing
      communication between said second nozzle means and said pump, means
      whereby said second nozzle means injects fuel into the stream of inflowing
      air which is supplied to said compressor.
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ABST
PAL  An internal combustion engine, particularly for use with a vehicle having a
      turbine-driven supercharger for supplying air to the intake manifold. The
      turbine is continuously driven by a pressurized fluid, particularly water,
      which is continuously maintained in a liquid state. The water is stored
      within a tank and is supplied by a pump to the turbine for rotatably
      driving same. The pump also supplies the pressurized water to a further
      passage which communicates with the intake manifold to selectively permit
      injection of water into the fuel-air mixture supplied to the combustion
      chamber.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an improved turbine-driven supercharger system
      for use on an internal combustion engine and, in particular, to a system
      wherein the turbine is driven by water which is continuously maintained in
      the liquid state, which water can also be selectively injected into the
      fuel-air mixture supplied to the combustion chamber.
PAC  BACKGROUND OF THE INVENTION
PAR  It has been generally recognized by many engine designers that
      supercharging is one of the more effective ways of improving engine
      performance, particularly the power output of an engine. However, most
      prior attempts using supercharging have utilized a turbine for driving a
      centrifugal compressor with the turbine being driven by the engine exhaust
      gases. While such supercharging systems have produced a noticeable
      increase in engine output power, they nevertheless have not gained wide
      acceptance in view of the numerous control problems associated with same,
      such as the ineffectiveness of the turbine at low engine speeds. Further,
      under starting conditions, and particularly under cold starting
      conditions, turbine drives which rely upon exhaust gases are of little, if
      any, benefit. The use of exhaust gases for driving the turbine also
      creates a rather serious corrosion problem.
PAR  In an attempt to improve on the supercharger systems, attemps have been
      made to utilize different fluids for driving the turbine, such as freon.
      However, systems of this type are designed to operate as a refrigeration
      cycle and thus require that the freon be supplied to a jacket surrounding
      the combustion chamber so as to absorb heat. This system, like the use of
      exhaust gases, thus relies upon the heat of the engine in order to operate
      under optimum conditions. This system is also unacceptable under many
      operating conditions, particularly during starting and warming up of the
      engine. This system also requires rather elaborate and complex equipment
      in order for the freon to undergo a proper refrigeration cycle.
PAR  One of the primary problems explained with supercharger systems, as briefly
      explained above, results from the fact that the working fluid is normally
      in a gaseous state when it is supplied to the turbine for driving same.
      Needless to say, efficient and effective driving of the turbine by a
      gaseous fluid can be achieved only when the gaseous fluid is maintained
      under a substantially high pressure and is supplied to the turbine at a
      substantially high velocity. These conditions are obviously difficult to
      achieve during starting or during periods of low engine speed. Such
      supercharger systems have thus been effective only under sealed operating
      conditions.
PAR  Accordingly, it is an object of the present invention to provide an
      improved turbine-driven supercharger system for use with an internal
      combustion engine, particularly on a vehicle, for permitting the engine to
      develop increased power and torque. The supercharger system of the present
      invention also permits quicker cold starting of the engine and faster
      warm-up of the engine since the supercharger does not rely upon manifold
      or exhaust heat for the successful operation of same.
PAR  It is also an object of the present invention to provide an improved
      supercharger system, as aforesaid, wherein the working fluid is
      continuously maintained in a liquid state to permit efficient driving of
      the turbine. The system of the present invention preferably utilizes water
      for driving of the turbine.
PAR  A further object of the present invention is to provide an improved
      supercharger system, as aforesaid, which utilizes a conventional working
      fluid such as water that the working fluid can be economically and easily
      replaced if necessary, and which fluid is not damaging to the engine or
      harmful to persons in a vicinity of the engine should accidental escape of
      the fluid occur.
PAR  Another object of the present invention is to provide a supercharger system
      which, as aforesaid, utilizes water for driving the turbine and which
      system can also be utilized for injecting water into the fuel-air mixture
      as supplied to the combustion chamber, thereby permitting substantially
      increased fuel economy and substantially reduced emission of exhaust gas
      pollutants.
PAR  Other objects and purposes of the present invention will be apparent to
      persons skilled in this art upon reading the following specification and
      inspecting the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an internal combustion engine equipped with
      a supercharger system according to the present invention.
PAR  FIG. 2 is a broken, sectional, side-elevational view illustrating the
      improved supercharger system of the present invention.
PAR  FIG. 3 is a view similar to FIG. 2 but illustrating a variation of the
      present invention.
DETD
PAR  Certain terminology will be used in the following description for
      convenience and reference only and will not be limiting. For example, the
      words "upwardly", "downwardly", "rightwardly", and "leftwardly" will refer
      to the directions in the drawings to which reference is made. The words
      "inwardly" and "outwardly"  will refer to directions toward and away from,
      respectively, the geometric center of the system and designated parts
      thereof. Said terminology will include the words above specifically
      mentioned, derivations thereof and words of similar import.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and purposes of the present invention are met by providing an
      internal combustion engine, particularly in association with a vehicle,
      and having a turbine-driven supercharger for supplying greater quantities
      of air to the intake manifold of the engine. The turbine is driven by a
      relatively closed fluid system which utilizes water as the working fluid.
      The fluid system includes a conventional storage tank containing water
      therein, with water being withdrawn from the tank by a pump which is
      driven by the engine. The pump supplies pressurized water in a liquid
      state to the turbine for driving same, which turbine in turn causes a high
      speed rotation of the supercharger compressor. The water from the turbine
      is then returned to the tank, whereby the water remains in a liquid state
      at all times. The closed fluid system may also include a passageway
      communicating with the intake manifold for permitting injection of water
      into the fuel-air mixture flowing therethrough.
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates therein a conventional internal combustion engine 11,
      particularly a multiple cylinder engine as used in association with a
      vehicle. The engine 11 includes a block or housing 12 having a plurality
      of bores formed therein, one bore 13 being illustrated in FIG. 2. A piston
      14 is slidably positioned within the bore 13 and is connected by a
      conventional connecting rod 16 to a rotating crankshaft 17. The piston 14,
      in conjunction with the housing 12, defines a combustion chamber 18 which
      communicates with an exhaust passage 19 and an intake passage 21. The
      intake passage 21 in turn communicates with a conventional intake manifold
      22 which, as illustrated in FIG. 2, communicates with a supply passage 23.
      The passage 23 contains therein a conventional movable throttle plate 24.
      A conventional carburetor 26 is disposed upstream of the throttle plate 24
      and is supplied with a combustible fuel, such as gasoline, by means of a
      fuel line 27. Fuel is injected in a conventional manner into the inflowing
      air stream, such as in the vicinity of the venturi 28. The inlet to the
      carburetor is controlled by a conventional choke plate 29, with air being
      supplied to the passageway 23 through a conventional air cleaner 31.
PAR  The engine 11 has an improved supercharger system 36 associated with the
      intake manifold 22, which supercharger system as illustrated in FIG. 2
      includes a compressor 37 driven by a turbine 38. The compressor 37
      includes a rotatable bladed impeller 39 rotatably supported within a
      housing 41, which housing has the inlet end thereof coaxially aligned with
      the supply passage 23. The impeller housing 41 also has a discharge
      opening 42 formed therein which communicates with the intake manifold 22.
PAR  The compressor impeller 39 has a rotatable drive shaft 43 fixedly secured
      thereto, which shaft is rotatably supported on housing 41 by a
      conventional antifriction bearing 44. The turbine 38 includes a bladed
      turbine wheel 46 fixedly secured to the lower end of the shaft 43 and
      disposed within a compartment 47 defined within the interior of a housing
      48, which housing 48 is fixedly connected to the compressor housing 41.
PAR  The compartment 47 as defined within the turbine housing 48 is
      substantially closed and forms part of a closed fluid system 51, which
      system 51 contains therein a preselected quantity of an incompressable
      working fluid which is continuously maintained in a liquid state. The
      working fluid preferably comprises water. The water is normally stored
      within a tank or reservoir 52 which communicates by a conduit 53 with a
      pump 54. The pump is driven by a shaft 56 which, as illustrated in FIG. 1,
      has a pulley 57 on the end thereof. The pulley 57 is driven by a belt 58
      which is drivingly coupled to the engine crankshaft. The pump 54 supplies
      pressurized water in a liquid state to a supply conduit 59 which is
      fixedly connected to the housing 48, which conduit 59 terminates in a jet
      or nozzle 61 which discharges the pressurized water inwardly into the
      compartment 47 so that the water impinges on the blades associated with
      the turbine wheel 46 so as to rotatably drive same.
PAR  The water which is used for rotatably driving the turbine wheel 46 is
      discharged from the compartment 47 by means of a drain conduit 62, which
      conduit at its lower end communicates with the reservoir 52. Flow through
      the conduit 62 to the reservoir 52 normally occurs by means of gravity.
PAR  The system 51 as illustrated in FIG. 2 is also preferably provided with a
      water injection system associated therewith for permitting water to be
      selectively injected into the fuel-air mixture flowing through the intake
      manifold 22. For this purpose, the pump 54 communicates with a further
      conduit 63. Flow through the conduit 63 is normally controlled by means of
      a conventional valve, such as a solenoid operated valve 64. The conduit 63
      terminates a discharged jet or nozzle 66 which communicates with the
      intake manifold 22 for permitting water in a liquid state to be injected
      in atomized or particle into the fuel-air mixture.
PAR  The conduit 63 can be connected so as to inject the water upstream of the
      compressor, if desired, as illustrated by the conduit 63 which is shown in
      dotted lines in FIG. 2. This variation will result in greater atomization
      of the water particles as they pass through the compressor.
PAC  OPERATION
PAR  The operation of the present invention will be briefly described to insure
      a complete understanding thereof.
PAR  The working fluid, namely water, is withdrawn from the tank 52 through the
      conduit 53 for supply to the pump 54, which in turn pressurizes the water
      and supplies the same to the conduit 59. The conduit 59 discharges the
      pressurized water which is in a liquid state against the blades of the
      turbine wheel 46, thereby causing high speed rotation thereof. The water
      used to drive the turbine wheel collects within the compartment 47 and
      then flows by gravity through the drain conduit 62 back to the bank 52.
PAR  The rotation of turbine wheel 46 causes a corresponding high-speed rotation
      of the compressor 39. Air is drawn through the supply passage 23 and
      supplied to the inlet end of the compressor 39, which causes centrifugal
      pressurization of the air as it is supplied to the intake manifold 22. The
      high velocity air, containing therein atomized fuel, is then supplied to
      the combustion chamber 18, whereupon the mixture is ignited to cause a
      power reciprocation of the piston 14 in a conventional manner. When the
      carburetor 26 is located upstream of the compressor 39, so that a fuel-air
      mixture is supplied to the compressor, the centrifugal effect of the
      compressor causes the fuel to be uniformally atomized and intermixed with
      the air, whereby the resulting mixture is extremely uniform to thus
      greatly facilitate the subsequent combustion of same.
PAR  Since the pump 54 is driven directly from the engine crankshaft, the flow
      of pressurized water through the conduit 59 is thus substantially
      proportional to engine speed. The quantity of water discharged against the
      turbine wheel 46, by being proportional to engine speed, also causes the
      turbine wheel 46 to be rotated substantially proportional to engine speed.
      In this manner, the supercharger supplies to the intake manifold 22 a
      quantity of air which is proportionally related to engine speed.
PAR  When water injection into the fuel-air mixture is desired, then the valve
      64 can be opened by means of a conventional control circuit (not shown).
      The pump 54 will then supply pressurized fluid through the conduit 63
      whereby water will be discharged through the jet 66 into the high velocity
      stream of fuel-air mixture flowing through the intake manifold 22.
PAR  In the system of the present invention, as illustrated in FIG. 1, the
      reservoir 52 can be located forwardly of the vehicle radiator 67. In this
      manner, the water within the tank 52 is maintained in a cool or low
      temperature condition, which is particularly desirable when the water is
      being injected into the fuel-air mixture since the use of cool water for
      injection into the fuel-air mixture minimizes the temperature of the
      mixture and likewise minimizes the creation of undesired pollutants. This
      is also believed to result in substantially increased fuel economy.
      Further, all of the conduits associated with the fluid system are
      preferably positioned relative to the engine so as to minimize the
      absorption of heat by the water, thereby insuring that the water within
      the systems is maintained in a liquid state at all times to thus result in
      the most efficient driving of the turbine wheel while utilizing a minimum
      quantity of working fluid.
PAC  MODIFICATION
PAR  FIG. 3 illustrates wherein a modification of the structure of FIG. 2, which
      modification operates in substantially the same manner as FIG. 2. Thus,
      the corresponding parts of the embodiment illustrated in FIG. 3 have been
      identified by the same reference numerals utilized in FIG. 2.
PAR  In the embodiment illustrated in FIG. 3, the working fluid, namely water,
      is again supplied from pump 54 through conduit 59 for driving the turbine
      wheel 46, with the water then being returned by the drain conduit 62 to
      the storage tank. In this embodiment, the storage tank may comprise the
      radiator 67 of the vehicle. The radiator 67, in addition to being
      associated with the fluid system 51 used for driving the turbine, is also
      associated with a cooling system 71. The cooling system 71 includes a
      further pump 72 which is in communication with and receives water from the
      radiator 67, with the pump 72 supplying water through the conduit 73 to
      the main engine block 12 for cooling same. The water from the engine block
      is then returned to the radiator via the intermediate drain conduit 74.
      The pump 72 is driven from the engine crankshaft in a conventional manner
      and may be driven similar to the pump 54 as illustrated in FIG. 1.
PAR  The pump 72 is normally of rather low pressure capacity since the water
      supplied to the cooling system 71 is preferably at a relatively low
      pressure level. The pump 54, on the other hand, is of a rather high
      pressure capacity since the fluid which is used for driving the turbine is
      preferably highly pressurized in order to result in optimum driving of the
      turbine wheel.
PAR  The supercharger of the present invention is thus highly desirable since it
      permits the use of a substantially incompressible working fluid which is
      continuously maintained in a liquid state, which working fluid is used for
      driving the turbine so as to permit the use of a turbine wheel of
      relatively small size while at the same time permitting relatively large
      torques to be developed by the turbine wheel. Further, the use of a liquid
      for driving the turbine permits adequate driving of the turbine even
      during engine starting or at low engine speeds, since the system is not
      dependent upon a compressable gas nor is the system dependent upon the
      exhaust heat generated by the engine. Still further, the use of water as a
      working fluid is highly desirable since same does not create any serious
      corrosion problems with respect to the turbine, and at the same time such
      a working fluid is not dangerous and is readily and inexpensively
      available.
PAR  As also illustrated in FIG. 3, the throttle plate 24 and the carburetor 26
      can be located downstream of the supercharger 36 if desired.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations or modifications of the disclosed apparatus, including the
      rearrangement of parts, lie within the scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In combination with an internal combustion engine, a supercharger system
      comprising:
PA1  rotatable centrifugal compressor means having an inlet port for receiving a
      compressible gas and an outlet port for discharge of compressible gas to
      the engine, said compressor means including a rotatable compressor wheel;
PA1  rotatable turbine means connected to said compressor means for rotatably
      driving same, said turbine means including a rotatable turbine wheel;
PA1  a fluid system for driving said turbine wheel, said fluid system containing
      therein an incompressible working fluid which is continuously maintained
      in a liquid state, said fluid system also including,
PA1  tank means containing therein a supply of said working fluid,
PA1  conduit means defining a passage providing communication between said tank
      means and said turbine means, said passage having nozzle means associated
      with the discharge end thereof for directing said working fluid while in a
      liquid state against said turbine wheel to rotatably drive same,
PA1  pump means driven by said engine for pressurizing the working fluid and for
      supplying same to said nozzle means, and
PA1  drain means associated with said turbine means for collecting the liquid
      working fluid supplied to said turbine wheel;
PA1  said fluid system being independent of the exhaust gases discharged from
      said engine whereby said turbine is driven solely by said liquid working
      fluid.
NUM  2.
PAR  2. A combination according to claim 1, wherein said working fluid comprises
      water, passage means communicating with the inlet and outlet ports of said
      compressor means, and injection means providing communication between said
      pump means and said passage means for permitting injection of water into
      the compressible gas flowing through said passage means.
NUM  3.
PAR  3. A combination according to claim 1, wherein said compressor means
      includes a substantially closed compressor housing defining therein a
      compartment in which is positioned said compartment wheel, said turbine
      means including a substantially closed turbine housing defining therein a
      further compartment in which is positioned said turbine wheel, said
      turbine and compressor compartments being sealingly isolated from one
      another, the compressor housing being disposed above the turbine housing
      so that the compressor wheel is vertically spaced upwardly above the
      turbine wheel, the turbine and compressor wheels being coaxially aligned,
      and shaft means extending between and nonrotatably connecting said
      compressor wheel and said turbine wheel, said shaft means extending
      substantially vertically whereby said turbine and compressor wheels are
      rotatable about a substantially common vertical axis.
NUM  4.
PAR  4. A combination according to claim 3, wherein said turbine wheel is of
      substantially smaller diameter than said compressor wheel.
NUM  5.
PAR  5. A combination according to claim 1, wherein said working fluid comprises
      water.
NUM  6.
PAR  6. In an internal combustion engine for a vehicle, said engine having a
      housing defining a compartment therein, a piston movably disposed within
      said compartment and cooperating with said housing for defining a
      combustion chamber, an intake manifold in communication with said
      combustion chamber for supplying a fuel-air mixture thereto, a centrifugal
      compressor having an outlet opening communicating with said intake
      manifold, a supply manifold communicating with an inlet opening associated
      with said compressor for supplying air thereto, and a rotatable turbine
      connected to said centrifugal compressor for rotating same, the
      improvement comprising a fluid system containing therein a quantity of a
      substantially incompressible working fluid which is continuously
      maintained in a liquid state for driving said turbine, said fluid system
      including tank means containing therein said liquid working fluid, conduit
      means connected between said tank means and said turbine and defining a
      passage for permitting flow of said liquid working fluid from said tank
      means to said turbine, said conduit means terminating in nozzle means for
      discharging said liquid working fluid against said turbine for rotatably
      driving same, and pump means associated with said conduit means for
      pressurizing said working fluid while maintaining said working fluid in a
      liquid state and for causing said pressurized working fluid to be
      discharged through said nozzle means for driving said turbine.
NUM  7.
PAR  7. An engine according to claim 6, wherein said liquid working fluid
      comprises water, and pipe means connected between said pump means and said
      intake manifold, said pipe means terminating in a nozzle for discharging
      water into the fuel-air mixture flowing through said intake manifold.
NUM  8.
PAR  8. An engine according to claim 6, wherein said tank means comprises the
      radiator of the engine.
NUM  9.
PAR  9. An engine according to claim 8, including further conduit means
      providing communication between said radiator and said housing for
      supplying fluid to said housing for cooling same, and further pump means
      for pressurizing said fluid, said further pump means being a relatively
      low pressure pump and said first-mentioned pump means being a relatively
      high pressure pump.
NUM  10.
PAR  10. An engine according to claim 6, wherein the fluid system for driving
      the turbine is independent of the hot exhaust gases discharged from the
      combustion chamber.
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ABST
PAL  A device is disclosed for vaporing liquid fuel before introduction into a
      combustion chamber comprising a heat pipe containing heat transfer fluid
      communicating with additional fluid external to the heat pipe.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved fuel vaporizing apparatus
      suitable for vaporing the liquid fuel or fuel-air charge for an internal
      combustion engine or gas turbine prior to its introduction into said
      engine or gas turbine, comprising such an apparatus and to automotive
      vehicles which comprise such an internal combustion engine or gas turbine
      having said apparatus.
PAR  The conventional spark-ignition engine relies on a carburetor to mix a
      desired proportion of a volatile fuel with the inlet air. For complete
      combustion of the fuel-air mixture the fuel needs to be uniformly
      dispersed in the air. Such a uniform mixture is seldom if ever obtained in
      practice with a conventional carburetor, and manifold fuel injection
      offers only marginal improvement.
PAR  In the conventional gas turbine a uniform fuel-air mixture (and uniform
      turbine entry temperature) is equally hard to achieve.
PAR  According to the inventions disclosed in U.S. Pat. No. 3,763,838 and U.S.
      patent applications Ser. No. 461,180 filed Apr. 15, 1974 and Ser. No.
      461,174 filed Apr. 15, 1974, fuel vaporizing devices suitable for
      vaporizing the liquid fuel charge for an internal combustion engine or gas
      turbine prior to its introduction into said engine or gas turbine, and
      prior to or after mixing of the fuel with the main stream of combustion
      air, comprise one or more heat pipes, each of which is in the form of a
      sealed vessel containing a heat transfer fluid and is so constructed that
      in operation the heat transfer fluid in the said heat pipe or heat pipes
      is evaporated in the so-called heat-receiving zone of the heat pipe by
      heat received from the exhaust gases of the said engine or of the said gas
      turbine, and condensation of the said evaporated heat transfer fluid takes
      place by discharging heat for the evaporation of fuel to be combusted in
      the so-called fuel vaporizing zone of the heat pipe where the fuel is
      vaporized.
PAR  The use of one or more heat pipes enables heat to be supplied to the fuel
      or fuel-air mixture within a restricted temperature range virtually
      regardless of the rate at which the fuel is demanded. Furthermore, at
      start-up the heat pipe or pipes reach their operating temperature very
      much more quickly than a solid heat conductor.
PAR  The heat transfer fluid present in said heat pipe or pipes preferably has a
      boiling point at atmospheric pressure up to 400.degree.C.
PAR  As the heat demanded from the heat pipe can vary considerably, surplus heat
      can be removed by additional cooling means. These can, e.g., consist of a
      honeycomb or a multitubular condenser in the upper part of the heat pipe
      which, e.g., is cooled with the aid of the cooling system of the engine.
      When additional cooling means are used a separate return line is
      advantageously provided for returning heat transfer fluid condensed by
      these means to the liquid bulk of that fluid in the heat pipe, without
      contacting this condensed heat transfer fluid with the fuel vaporizing
      section or the rising vapor of the heat transfer fluid. It is also
      possible to cool the upper part of the heat pipe itself by circulating
      coolant from the cooling system of the engine therethrough. Air may also
      be used as additional cooling agent.
PAR  The additional cooling means discussed do not show a great flexibility and
      may not be able in all cases to accept sufficient heat from the vapor of
      the heat transfer fluid to condense such an amount of the latter vapor
      that no undesired high pressure in the heat pipe is built up.
PAR  Moreover leakages in the heat pipe through which heat transfer fluid is
      removed therefrom are not easily discerned in the heat pipe systems
      proposed hitherto.
PAR  Furthermore, it is considered as a drawback that in the known devices two
      liquid-containing systems are present in one engine, viz the cooling
      system and the heat pipe, which are not connected with each other.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a fuel vaporizing apparatus in which the
      above-mentioned disadvantages have been overcome.
PAR  Accoding to the invention there is provided a device for vaporizing liquid
      fuel prior to its introduction into a combustion chamber of an internal
      combustion engine or a gas turbine which comprises a heat pipe vessel
      containing a heat transfer fluid, said heat pipe having heat recovering
      zone and a heat discharging zone, said heat receiving zone which contains
      said fluid in liquid phase is optionally engaged with the exhaust system
      of the engine or gas lines, to collect heat from said exhaust system; said
      heat discharging zone which contains said fluid in a vapor phase is in
      communication with said heater receiving zone and is operationally engaged
      with said fuel inlet system to condense the vapor phase of the fluid to
      transfer heat to the fuel to be evaporated; vapor removal means
      operationally engaged with said heat discharge zone to remove excess of
      the vapor phase from said heat pipe; fluid supply means operationally
      engaged with said heat receiving zone to supply make-up heat transfer
      fluid in the liquid phase to said heat receiving zone.
PAR  According to a preferred embodiment of the invention vapor phase of the
      heat transfer fluid in excess of that condensed in the heat discharging
      zone also referred to hereinafter as a fuel vaporizing section of the said
      heat pipe is removed from said heat discharging zone by way of a
      pressure-sensitive non-return valve.
PAR  It is preferred that means are present for condensing the excess vapor
      phase of the heat transfer fluid removed from the heat pipe, so that the
      heat transfer fluid removed can be recirculated to the heat pipe if so
      desired.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Very suitably said means for condensing the excess vapor phase of the heat
      transfer fluid removed from the heat pipe consist of the conventional
      cooling system of the engine or gas turbine. This condensation may be
      achieved by indirect contact between the liquid present in the said
      cooling system and the vapor of the heat transfer fluid. It is preferred,
      however, that the excess vapor phase of the heat transfer fluid removed
      from the heat pipe is condensed by direct contact with the liquid in the
      cooling system of the engine or gas turbine. This cooling may be achieved
      by leading the vapor of the heat transfer fluid into the cooling liquid
      present in the cooling system. In this case the cooling liquid of the
      engine or the gas turbine and the liquid phase of the heat transfer fluid
      will consist of the same components, although it is possible that their
      composition is not exactly the same, and for example lower boiling
      components are present in higher concentration in the cooling liquid than
      in the heat transfer liquid.
PAR  Means for supply of make-up transfer fluid in the liquid phase are to be
      present in the heat pipe, in order to be able to make good loss of heat
      transfer fluid that is removed in the vapor phase. Very suitably the
      supply of heat transfer fluid in the liquid phase is governed by a
      float-controlled feed system. The heat transfer liquid may be supplied
      from a reservoir to which the condensed vapor phase of the heat transfer
      fluid removed from the heat pipe may be fed. It is preferred that the said
      reservoir is the cooling system of the engine or gas turbine, so that
      liquid is supplied from the cooling system of the engine or gas turbine to
      the heat pipe. If desired the make-up heat transfer fluid may be
      transported with the aid of the pump of the cooling system of the engine
      or gas turbine.
PAR  When the heat pipe is at running temperature the pressure therein is
      dependent on the pressure of the vapor phase of the heat transfer fluid at
      that temperature. When the engine or gas turbine is stopped the
      temperature of the heat transfer fluid will decrease, and the vapor phase
      thereof will at least partly condense in the heat pipe. Accordingly, the
      pressure in the heat pipe will drop, and means are to be present to avoid
      that the heat pipe is filled with heat transfer fluid in the liquid form
      supplied via the means for supply of make-up heat transfer fluid in the
      liquid phase (e.g., a float-controlled feed system). For that reason very
      suitably the heat pipe contains means for introduction of air, which means
      are governed by the pressure in the heat pipe, and preferably consist of a
      pressure-sensitive non-return valve in the heat discharging zone of the
      heat pipe.
PAR  In case the cooling system of the engine or gas turbine and the heat pipe
      are interconnected, and the excess vapor of the heat transfer fluid
      removed from the heat pipe is condensed by direct contact with the cooling
      liquid and the make-up supply of heat transfer fluid consists of cooling
      liquid, problems may arise in case the cooling liquid comprises two
      compounds with different boiling points. In the heat pipe the vapor of the
      heat transfer fluid will be enriched in the component with the lower
      boiling point, and accordingly the liquid in the heat pipe will be
      enriched in the component with the higher boiling point. This may lead to
      insufficient formation of vapor in the heat pipe, and accordingly to an
      insufficient transport of heat from the heat receiving zone to the heat
      discharging zone to vaporize the fuel. Therefore it is preferred that
      means are present for transporting heat transfer fluid in the liquid phase
      from the heat pipe to the cooling system of the engine or gas turbine, so
      that the liquid phase of the heat transfer fluid has approximately the
      same composition as the cooling liquid. This means very suitable comprise
      a conduct which contains a one-way, i.e., non-return valve.
PAR  It is of advantage that the cooling system of the engine or gas turbine
      which is connected to the heat pipe is a sealed radiator system, so that
      the liquid present in the heat pipe and in the cooling system has a
      substantially constant composition.
PAR  Examples of suitable heat transfer fluids or components thereof are
      2-octanol, decane, tetralin and water, the latter having the advantage of
      low cost and ready availability. Water has a boiling point within the
      preferred range and, especially with the addition of a suitable stable
      anti-freeze material, an acceptable freezing point. For that reason heat
      transfer fluids which consist for at least 50%w of water are preferred.
      Alcohols are very suitable as anti-freeze material, and accordingly very
      suitable heat transfer fluids substantially consist of a mixture of water
      and ethylene glycol or of a mixture of water and methanol. It will be
      understood that other compounds, such as anti-corrosion additives and
      anti-oxidants, may be present in the heat transfer fluid in minor amounts.
PAR  The invention also relates to an internal combustion engine (particularly a
      spark-ignition engine) or a gas turbine which comprises a device as
      described hereinbefore.
PAR  In order to be able to control the supply of heat to the heat pipe it is of
      advantage to have means available which regulate amount of the exhaust
      gases which is contacted with the heat-receiving zone of the heat pipe.
      This may be achieved by by-passing part of the exhaust gases which may be
      accomplished with the aid of e.g., a diverter valve in the exhaust system,
      which very suitably is controlled automatically by known methods dependent
      on, for example, the pressure in the heat pipe, or the position of the
      throttle in the inlet system or the temperature of the exhaust gas.
PAR  If desired additional cooling means may be present in the heat pipe.
PAR  In order to keep the amount of noxious compounds in the exhaust gases,
      which mainly consist of CO, nitrogen oxides (NO.sub.x) and hydrocarbons,
      as low as possible, it is of advantage to run a spark-ignition engine on
      weak mixtures, or in other words to use an amount of air in excess of the
      amount neded for the total combustion of the fuel to CO.sub.2 and H.sub.2
      O. By doing so less power is obtained from the engine as compared when
      running it with optimum amounts of fuel and air. To increase the power
      output the inlet system very suitably contains a compressor (also called
      supercharger). This compressor may be present in the system downstream of
      the point where part or all of the combustion air and the fuel have been
      mixed, but it is preferred that the supercharger compresses the main air
      stream before it is mixed with the fuel.
PAR  It is of advantage, in order to avoid misfiring with the weak fuelair
      mixtures that are preferably used, that near the inlet of each cylinder an
      adjustable valve for bleeding in air is present as described in British
      Patent Application 18751/73. If desired water or steam may be injected
      into the cylinders.
PAR  It is of advantage to have means available for vaporizing the fuel at cold
      start when the temperature and the amount of the exhaust gases are not yet
      sufficient to bring the heat pipe at running temperature. The said means
      may comprise additional heating means for the fuel or for all or part of
      the heat transfer fluid in the heat pipe, and the said additional heating
      means may consist, e.g., of electrical heating means fed by the battery of
      the engine.
DRWD
PAR  The invention will now be further described by way of example with
      reference to the accompanying drawing which shows in diagrammatic form a
      vaporizing device according to the present invention.
DETD
PAR  The fuel vaporizing device shown in the drawing comprises a heat pipe 1 in
      the form of a vessel having a lower heat-receiving zone 2 and an upper
      heat discharging zone, i.e., fuel vaporizing section 3. A vapor dome 4 is
      positioned in open contact with the said fuel vaporizing section 3 and a
      conduit 5, adapted to contain hot exhaust gases, surrounds the said
      heat-receiving section 2. A condensing/collecting means 6 is mounted
      within the fuel vaporizing section 3 and is connected by a return pipe 7
      to the heat-receiving section 2. A small bore conduit 8 leads from the
      lower part of the heat-receiving section 2 to a float chamber 9 containing
      a float 10. The upper part of the float chamber 9 and the lower part of
      the fuel vaporizing section 3 are interconnected by a very small bore
      pressure equalizing pipe 9a. A liquid heat transfer fluid inlet pipe 9b
      which is connected to the cooling system of the engine also opens into the
      chamber 9.
PAR  Mounted on the vapor dome 4 is a pressure-operated non-return valve 11
      opening into a conduit 12 which leads to the cooling system of the engine,
      viz the radiator of the engine 13.
PAR  A fuel vaporization duct 14 passes through the fuel vaporizing section 3 in
      heat exchange contact with the said section 3 and the
      condensing/collecting means 6.
PAR  In operation, heat transfer liquid 15 contained in the heatreceiving
      section 2 is converted to vapor by means of heat received from the hot
      exhaust gases 16 passing through the conduit 5, connected to the engine
      exhaust system, not shown. In the fuel vaporizing section 3 fuel or
      fuel-air mixture 17, in the fuel vaporizing duct 14 is vaporized by means
      of heat obtained by transfer from the said vapor.
PAR  Liquid heat transfer fluid formed by the condensation of the vapor is
      collected by the condensing/collecting means 6 and returned by the return
      pipe 7 to the liquid 15 in the heat-receiving section 2.
PAR  Vapor not condensed in the fuel vaporizing section 3 passes into the vapor
      dome 4. Excess vapor in the vapor dome 4 is allowed to escape through the
      pressure-operated non-return valve 11 into the conduit 12 through which it
      is introduced into the cooling system of the engine 13.
PAR  The liquid level within the heat-receiving section 2 is maintained by means
      of a supply from the float chamber 9 through the conduit 8. The float
      chamber 9 receiving a supply through the pipe 9b connected to the pressure
      side of the engine cooling liquid supply pump, not shown. Through a
      non-return valve 18 air can enter the vaporizing sections when the engine
      is shut down and the pressure in the heat pipe decreases owing to
      condensation of the vapor of the heat transfer fluid. The liquid phase of
      the heat transfer fluid can be transported through conduit 20 via a
      non-return valve 21 to the liquid present in the cooling system of the
      engine 13.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination: (1) a combustion chamber-containing apparatus selected
      from the group consisting of an internal combustion engine and a gas
      turbine, (2) a device for vaporizing liquid fuel prior to its introduction
      into the combustion chamber of said apparatus, which device comprises a
      heat pipe vessel containing a heat transfer fluid, said heat pipe having a
      heat recovering zone and a heat discharging zone, said heat recovering
      zone which contains said fluid in liquid phase is operationally engaged
      with the exhaust system of said apparatus, to collect heat from said
      exhaust system; said heat discharging zone which contains said fluid in a
      vapor phase is in communication with said heat receiving zone is
      operationally engaged with the fuel inlet system of said apparatus to
      condense the vapor phase of the fluid to transfer heat to the fuel to be
      evaporated; (3) vapor removal means operationally engaged with said heat
      discharge zone to remove excess of the vapor phase from said heat pipe;
      and (4) fluid supply means communicating with a reservoir of said heat
      transfer fluid operationally engaged with said heat receiving zone to
      supply make-up heat transfer fluid in the liquid phase to said heat
      receiving zone.
NUM  2.
PAR  2. A combination as in claim 1, in which the means for the removal of
      excess of the vapor phase of the heat transfer fluid consists of a
      pressure-sensitive non-return valve.
NUM  3.
PAR  3. A combination as in claim 1, in which condensing means are operationally
      engaged to vapor removal means for condensing the phase of the heat
      transfer fluid removed from the heat pipe.
NUM  4.
PAR  4. A combination as in claim 3, in which the said condensing means consist
      of the cooling system of said combustion chamber-containing apparatus.
NUM  5.
PAR  5. A combination as in claim 1, in which the supply means comprises a
      float-controlled feed system.
NUM  6.
PAR  6. A combination as in claim 1, in which the heat pipe contains air
      introduction means for introduction of air.
NUM  7.
PAR  7. A combination as in claim 1, in which the said means consist of a
      pressure-sensitive non-return valve in the heat discharging zone of the
      heat pipe.
NUM  8.
PAR  8. A combination as in claim 1, in which the make-up heat transfer fluid in
      the liquid phase is supplied from the cooling system of said combustion
      chamber-containing apparatus.
NUM  9.
PAR  9. A combination as in claim 8, in which conduit means communicating the
      heat pipe with the cooling system of said combustion chamber-containing
      apparatus are present for transporting heat transfer fluid in the liquid
      phase from the heat pipe to the cooling system.
NUM  10.
PAR  10. A combination as in claim 1, in which the heat transfer fluid consists
      of at least 50%w of water.
PATN
WKU  039358500
SRC  5
APN  478460&
APT  1
ART  342
APD  19740612
TTL  Vapor regulating valve
ISD  19760203
NCL  2
ECL  1
EXA  Cox; Ronald B.
EXP  Burns; Wendell E.
NDR  1
NFG  3
INVT
NAM  King; Jack B.
CTY  Royal Oak
STA  MI
ASSG
NAM  General Motors Corporation
CTY  Detroit
STA  MI
COD  02
CLAS
OCL  123136
XCL  13751613
XCL  251 611
EDF  2
ICL  F02M 5900
ICL  F16K 1500
FSC  123
FSS  136
FSC  137
FSS  516.13
FSC  251
FSS  61.1
FSC  251
FSS  29
UREF
PNO  3645244
ISD  19720200
NAM  Seyfarth
OCL  123136
UREF
PNO  3703165
ISD  19721100
NAM  Hansen
OCL  123136
UREF
PNO  3752134
ISD  19730800
NAM  Hollis
OCL  123136
LREP
FR2  Sigler; Robert M.
ABST
PAL  A vapor regulating valve for use in a system for mixing air with fuel vapor
      from a fuel tank is constructed so that fuel vapor pressure against a
      diaphragm actuates a valve to allow engine induction vacuum to be exerted
      against another diaphragm to actuate a metering valve to accurately mix
      air and fuel vapor for delivery to the engine intake manifold. The full
      on-and-off action of the metering valve ensures a consistantly accurate
      air fuel ratio; and the use of the diaphragms themselves as the moving
      valve elements results in less expense and greater reliability.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a vapor regulating valve and, in particular, to a
      vapor regulating valve for use in a system for mixing air with fuel tank
      vapor in a specific ratio and regulating the flow of the mixture into the
      intake manifold of an internal combustion engine as a function of fuel
      tank vapor pressure and engine operation.
PAR  It is a common practice, with liquid fueled combustion engines, to retain
      the vapors given off by the fuel in the fuel reservoir and feed them to
      the engine induction system for combustion when the engine is operating.
      Since the nature of combustion engine emissions can be significantly
      affected by the input air-fuel ratio and this ratio, in turn, can be
      disturbed by the addition of varying amounts of fuel vapor, metering
      valves have been suggested to mix air with the fuel vapor in a constant
      ratio before it is delivered to the engine. Such a valve is shown in the
      U.S. Pat. No. 3,752,134, issued to Thomas J. Hollis, Jr. on Aug. 14, 1973.
PAR  Some low emission engine concepts for the future, however, require that the
      air-fuel ratio supplied to the engine be maintained within a very narrow
      range. The metering valve shown in the Hollis patent, with its concentric
      tubular passages, mixes air and fuel to an exact ratio determined by the
      opening areas of those tubes when the valve closing member is sufficiently
      withdrawn from the ends of the tubes. However, when the valve closing
      member is only slightly open, the fuel flows are constricted in such a way
      as to distort this normal ratio. Since, in the Hollis valve, the metering
      valve is opened by fuel vapor pressure, it might be expected that, while
      the engine is operating, the metering valve will spend the majority of its
      time in a slightly open position. Of course, very little fuel vapor will
      be introduced to the engine under such conditions; but it may nevertheless
      be desirable to increase air-fuel ratio accuracy through the valve.
PAR  The valve assembly of my invention routes the flow of fuel vapor through a
      single valve which is actuated by ported engine induction vacuum in
      response to a fuel vapor pressure signal. A major result of this design is
      that this metering valve is almost always driven fully open or fully
      closed with a resultant increase in air-fuel ratio accuracy.
PAR  The confinement of fuel vapor pressure to the small central area of a
      diaphragm adjacent the central tube of the metering valve ensures that a
      small spring will be sufficient to keep this valve closed against fuel
      tank vapor pressure, even in a pressurized fuel tank system, while
      enabling the metering valve to be more easily opened by ported engine
      induction vacuum.
PAR  My valve assembly design also enables each of the valves therein to be
      constructed with one simple unmolded diaphragm rather than the two
      required for each valve in the Hollis valve assembly. Besides making the
      assembly easier and less expensive to assemble, each of these single
      diaphragms moves by itself without the necessity of mechanical linkage to
      another diaphragm; and this improves the reliability of valve operation.
PAR  These and other advantages will be more apparent in the diagrams and
      following description of the preferred embodiment.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a portion of an engine fuel system including the valve
      assembly of my invention.
PAR  FIG. 2 is a cutaway view of a valve assembly according to my invention.
PAR  FIG. 3 is a section view along line 3--3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, an engine 2, which may be vehicle mounted, receives
      fuel from a reservoir or fuel tank 4. The fuel is pumped by a pump, not
      shown, through a conduit 6 to a carburetor 8. In the carburetor 8, the
      fuel is mixed in the desired proportions with atmospheric air from an air
      cleaner 10; and the resulting air-fuel mixture is drawn past a throttle
      valve 12 to the engine 2. The preceding is a description of a normal
      combustion engine fuel induction system. To this system I add vapor
      regulating valve 14 with suitable conduits for connection to the fuel
      induction system at appropriate points to be described below.
PAR  The vapor regulating valve 14, as shown in more detail in FIG. 2, has a
      housing comprising a plurality of housing members alternating with a pair
      of flexible diaphragms. The housing members are bolted together so that
      the first diaphragm 20 is pressed between the first housing member 40 and
      the second housing member 50; while the second diaphragm 30 is pressed
      between the second housing member 50 and the third housing member 70. The
      diaphragms 20 and 30 divide the interior of the housing into a first
      chamber 45, bounded by the first diaphragm 20 and first housing member 40,
      a second chamber 55, bounded by the first diaphragm 20, a second housing
      member 50 and second diaphragm 30, and a third chamber 75, bounded by the
      second diaphragm 30 and the third housing member 70.
PAR  The first housing member 40 includes an external tube 41 defining a vacuum
      port 42. A conduit 16, shown in FIG. 1, connects the vacuum port 42 to a
      ported vacuum port 13 in the carburetor 8 above the throttle valve 12 for
      communication of induction vacuum within the induction throat 11 to the
      valve 14 only when throttle 12 opens past ported vacuum port 13. A branch
      43 of the vacuum port 42 opens to the first chamber 45. Another branch 44
      of the vaccum port 42 extends through the first housing member 40 to meet
      a bore or vacuum bleed conduit 51 in the second housing member 50, an
      opening 21 in the flexible diaphragm 20 allowing communication
      therebetween. The bore 51 is contained within a tube 52 which extends into
      the second chamber 55 and has an opening 53 at the free end thereof. An
      orifice 46 is included in the vacuum port 42, a typical diameter therefore
      being 0.015 inch.
PAR  A tube 54 projecting from one end of the second housing member 50 forms an
      outlet opening 56 which is connected by a conduit 17, shown in FIG. 1, to
      a manifold vacuum port 15 in carburetor 8 at a point below the throttle
      valve 12. Tube 54 also opens to another tube 57 in the second housing
      member 50. The tube 57 is closed at one end and has an open end 58 near
      the diaphragm 20. The second housing member 50 also forms a smaller
      diameter tube 59 which has an open end 60 coaxially within the open end 58
      of the tube 57. Another tube 61 forms an air inlet 62 by opening the
      second chamber 55 to the atmosphere. An air cleaner 19 may be fitted to
      the air inlet 62, as indicated in FIG. 1, to clean the air entering the
      second chamber 55 of any dirt that might impede operation of the valve.
PAR  The third housing member 70 includes a tube 71 defining a fuel vapor inlet
      72 which communicates with the fuel tank 4 through a conduit 18. The fuel
      vapor inlet 72 has one branch 73 which opens to the third chamber 75 and
      another branch 74 which extends to meet a bore 63 in the tube 59, an
      opening 31 in diaphragm 30 allowing communication therebetween.
PAR  The first housing member 40 has formed in its inner wall, directly opposite
      and coaxially with the open ends 58 and 60 of tubes 57 and 59, a central
      well 47 and surrounding annular well 48. A moving valve actuating member
      22 comprises a disk 23 having a flat surface 24 of slightly greater
      diameter than the open end 58 of tube 57 and a guiding shaft 25 projecting
      perpendicularly from the side of the disk 23 opposite the flat surface 24.
      Valve actuating member 22 is positioned in the first chamber 45 with
      surface 24 abutting the diaphragm 20 adjacent tube ends 58 and 60 and
      guide shaft 25 inserted in central well 47 for alignment. A compressed
      coil spring 26, with one end anchored in the annular well 48 and the other
      end abutting disk 23, exerts a bias on the valve actuating member 22 to
      normally bias diaphragm 20 against tube ends 58 and 60 to close the outlet
      56 and branch 74 of the fuel vapor inlet 72. A central circular portion 28
      of the disk surface 24, of diameter slightly greater than tube end 60, is
      raised approximately 0.002 inch to insure a good seal of the diaphragm 20
      against tube end 60 for fuel tank vapor gauge pressure up to six pounds
      per square inch or more. The central circular portion 28 is shown in
      exaggerated size in FIG. 2.
PAR  The third housing member 70 has formed on its inner wall, coaxial with the
      tube 52, a raised annular portion 76 divided into two segments by a
      diametral breathing channel 77. A movable valve actuating member 32 of
      generally annular configuration is positioned to slide on the tube 52 in
      the second chamber 55. The valve actuating member 32 has, on the side
      adjacent the diaphragm 30, four diaphragm contacting portions 33 separated
      by breathing gaps 34, as seen most clearly in FIG. 3. A compressed coil
      spring 35, with one end against a spring seat 64 in the second housing
      member 50 and the other end against the valve actuating member 32, exerts
      a bias on the valve actuating member 32 to bias the diaphragm 30 away from
      the opening 53 in tube 52 and against the raised annular portion 76.
PAR  The operation of the device will now be described. An air-fuel metering
      valve generally comprises the tubes 57 and 59, diaphragm 20, valve
      actuating member 22 and spring 26. The metering valve is normally closed,
      with the spring 26 and valve actuating member 22 biasing the diaphragm 20
      against the ends 58 and 60 of tubes 57 and 59. When ported engine vacuum
      is introduced through vacuum port 42 and branch 43 into the first chamber
      45, however, the atmospheric air present in the second chamber exerts a
      pressure on the underside of diaphragm 20 to move it away from the tubes
      57 and 59 until the guiding stem 25 of valve actuating member 22 abuts the
      first housing member 40. The diaphragm 20 is easily moved by the pressure
      differential applied to the large area outside tube 57 while it could not
      be moved by high vapor pressures applied to the small area inside tube 59.
      Thus the metering valve moves between fully open or fully closed
      positions.
PAR  When open, the metering valve allows air from the second chamber 55 to flow
      over the end 58 of tube 57 and fuel vapor from the fuel vapor inlet 72 and
      bore 63 to flow over end 60 of tube 59 into the outlet 56. The fuel-vapor
      ratio of the resulting mixture is determined by the flow areas of tubes 57
      and 59; and those tubes are, of course, designed to produce the desired
      air-fuel ratio for a particular engine. If the metering valve did not
      fully open, this ratio would be changed as a result of the restriction to
      flow between the diaphragm and the ends 58 and 60 of the tubes. However,
      the fully opening and closing valve assures a constant air-fuel ratio.
PAR  A vacuum control valve comprises the tube 52, diaphragm 30, valve actuating
      member 32 and spring 35. This valve is normally open with the diaphragm 30
      pushed away from the end of tube 52 by the spring 35 and valve actuating
      member 32 so that air from the second chamber 55 is allowed to flow
      through bore 51 and branch 44 to the vacuum port 42. The orifice 46
      restricts the flow of this air to a rate in the neighborhood of a few
      cubic feet per hour and thus allows the pressure on the upstream side of
      the orifice 46 to remain essentially atmospheric while the vacuum control
      valve is open. This pressure is communicated through branch 43 to the
      first chamber 45, where it helps keep the metering valve closed. The small
      amount of air introduced to the carburetor through the orifice 46 does not
      appreciably affect engine operation or emissions.
PAR  As the fuel vapor gauge pressure in the third chamber 75 increases, the
      fuel vapor gauge pressure being the excess of fuel vapor pressure over
      atmospheric pressure, the diaphragm 30 moves against the force of spring
      35 toward the tube 52. A fuel vapor pressure of 0.25 psig is sufficient to
      move the diaphragm 30 against the end of the tube 52 and thus close the
      opening 53. If the engine is supplying ported vacuum, the small volume of
      air within the first chamber 45 and passages 43, 44 and 51 is quickly
      evacuated, with the result that the metering valve opens.
PAR  Thus, fuel vapor and air will be mixed and delivered to the engine
      induction system only when the engine is supplying ported vacuum and the
      fuel vapor pressure exceeds 0.25 psig; at all other times the fuel vapor
      will be kept within the system. Because the metering valve is always fully
      open or fully closed, the air and fuel vapor will always be mixed in the
      desired proportion when flow is allowed. Due to the inherent simplicity of
      the design, only two simple sheet diaphragms are necessary; and no joining
      is required between either of the diaphragms and any associated actuating
      members. The great difference in area between the portion of the first
      diaphragm exposed to fuel vapor pressure and the portion of the opposite
      side of the diaphragm exposed to ported vacuum allows one small spring to
      hold the metering valve closed against large fuel vapor pressures but
      allows the valve to open fully against the same spring when desired.
PAR  The ported vacuum port 13 is used in this embodiment to control the flow of
      fuel vapor and air to the carburetor 8 so that there will be no flow at
      engine idle, the port 13 seeing no engine vacuum when the throttle 12
      closes past it. If the engine is small so that it has a normally small
      fuel induction rate at idle, the additional flow from the valve 14 could
      produce an undesirably high idle speed. In large engine, however, this is
      not a great problem and conduit 16 could be connected along with conduit
      17 to the manifold vacuum port 15, which is that presently used for the
      engine PCV valve.
PAR  The vapor recovery valve as described is suitable for use in a fully
      pressurized enclosed fuel system. If it is not desirable, however, to
      allow the fuel vapor pressure to increase beyond a certain level, a
      pressure relief valve could be included in third housing member 70,
      conduit 18 or tank 4. The pressure relief valve would be designed to open
      at the critical pressure and admit fuel vapor to a standard carbon
      canister storage system, which would be exhausted in a normal manner.
PAR  It should be noted that the vapor recovery valve as described herein is a
      preferred embodiment of my invention; and equivalent embodiments will
      undoubtedly occur to those skilled in the art. Thus my invention should be
      limited only by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A valve assembly for regulating the flow of fuel vapor and air in a fuel
      vapor recovery system for a combustion engine including an intake manifold
      and a fuel reservoir, the valve assembly comprising, in combination:
PA1  a valve housing having a fuel vapor inlet with two branches open to the
      fuel reservoir for admitting fuel vapor therefrom, an air inlet open to
      the atmosphere for admitting air therefrom, an outlet open to the intake
      manifold for delivering a controlled mixture of fuel vapor and air
      thereto, a vacuum port with two branches open through an orifice to the
      intake manifold for communicating intake vacuum therefrom;
PA1  a first diaphragm in the housing, the first diaphragm defining a first
      chamber open only to one branch of the vacuum port, the first diaphragm
      being exposed outside the first chamber to the atmosphere and being
      movable between a first position in which it blocks the outlet and one
      branch of the fuel vapor inlet and a second position in which it opens the
      outlet and one branch of the fuel vapor inlet, whereby air from the air
      inlet and fuel from the fuel vapor inlet are allowed to flow to the
      outlet;
PA1  a second diaphragm in the housing, the second diaphragm defining a second
      chamber open only to the other branch of the fuel vapor inlet, the second
      diaphragm being movable between a first position in which it blocks the
      other branch of the vacuum port and a second position in which it opens
      the other branch of the vacuum port;
PA1  first spring means in the housing, the first spring means being effective
      to hold the first diaphragm in its first position when engine vacuum is
      not being communicated through the one branch of the vacuum port;
PA1  second spring means in the housing, the second spring means normally being
      effective to hold the second diaphragm in its second position, whereby
      atmospheric air is admitted to the vacuum port to prevent the
      communication of engine vacuum therethrough and the first diaphragm is
      thereby biased to its first position, the second diaphragm being movable
      to its first position against the second spring means by a critical fuel
      vapor gauge pressure, whereupon the position of the first diaphragm is
      made responsive to the communication of engine vacuum through the vacuum
      port.
NUM  2.
PAR  2. A valve assembly for regulating the flow of fuel vapor and air in a fuel
      vapor recovery system for a combustion engine including an intake manifold
      and a fuel reservoir, the valve assembly comprising, in combination:
PA1  a valve housing having a fuel vapor inlet open to the fuel reservoir for
      admitting fuel vapor therefrom, an air inlet open to the atmosphere for
      admitting air therefrom, an outlet open to the intake manifold for
      delivering a controlled mixture of fuel vapor and air thereto and a ported
      vacuum port open through an orifice to the intake manifold for
      communicating ported intake vacuum therefrom;
PA1  first and second diaphragms forming three chambers in the housing, the
      first diaphragm separating a first chamber from a second chamber and the
      second diaphragm separating the second chamber from a third chamber, the
      first chamber including the ported vacuum port, the second chamber
      including the air inlet and the third chamber including the fuel vapor
      inlet;
PA1  a first tube in the valve housing, the first tube having one end open to
      the second chamber and another end open to the fuel vapor inlet;
PA1  a second tube coaxially surrounding the first tube, the second tube having
      one end adjacent the one end of the first tube open to the second chamber
      and another end open to the outlet;
PA1  first spring means in the first chamber for cooperation with the first
      diaphragm, first tube and second tube to form a first valve, the first
      valve having a closed position with the first diaphragm biased by the
      first spring means against the one end of the first and second tubes to
      prevent flow therethrough when atmospheric pressure is present in the
      first chamber and an open position with the first diaphragm pulled away
      from the one end of the first and second tubes to aalow flow therethrough
      when ported intake vacuum is present in the first chamber;
PA1  a third tube in the valve housing, the third tube having one end open to
      the second chamber and another end open to the ported vacuum port;
PA1  second spring means in the second chamber for cooperation with the second
      diaphragm and third tube to form a second valve, the second valve having
      an open position in which the second diaphragm is biased by the second
      spring means away from the one end of the third tube so that atmospheric
      pressure is supplied from the second chamber through the third tube to the
      first chamber and a closed position in which the diaphragm is biased
      against the one end of the third tube by a critical fuel vapor pressure in
      the third chamber to prevent flow therethrough so that ported intake
      vacuum is supplied to the first chamber.
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ABST
PAL  A fuel metering system controlling the mass fuel-air ratio in a spark
      ignition engine in response to fuel and air volume measurements. Linear
      responsive transducers respond to various temperatures, pressures,
      throttle positioning, fuel flow, air flow and engine operation for
      correcting the volume flow measurements of both fuel and air to mass flow
      measurements. A positive displacement, dual action pump delivers fuel to
      the throttle body of the engine in response to the mass of the air
      entering into the throttle body.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  1. Field of Invention
PAR  This invention relates to fuel control systems for spark ignition engines
      in general and to fuel metering systems controlling the fuel-air ratio in
      the throttle body of the engine.
PAR  2. Background of Invention
PAR  Fuel control systems for internal combustion engines, other than the
      conventional carburetor mixing systems, are based on the fuel injection
      concepts of compression ignition engines. In this type of engine, such as
      a diesel engine, fuel is directly injected into each cylinder of the
      engine. Spark ignition engines have this concept extended to injecting
      fuel into the inlet to each cylinder.
PAR  One disadvantage of fuel injection as described above is the requirement of
      having a somewhat precision injector for each cylinder. This increases the
      cost of such a system to such a magnitude that makes the system
      unattractive in the general market place. In addition, control of these
      injectors is generally responsive to manifold vacuums and engine speeds.
PAR  The amount of fuel each cylinder receives is a function of injector timing
      and not the actual rate of fuel flow. Thus, each cylinder will receive an
      amount of fuel which may or may not be the desired amount for good
      combustion.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the invention to control the fuel-air ratio in
      a spark ignition engine for optimum engine operation under all
      environmental conditions.
PAR  It is another object to utilize linear responsive devices for controlling
      the fuel-air ratio.
PAR  It is still another object to provide a fuel metering system for motor
      vehicles that will be inexpensive in the market place.
PAR  It is another object to provide a closed loop fuel control system for
      greater precision.
PAR  These and other objects both expressed and implied will become apparent
      from the following drawings and detailed description of a fuel metering
      system for spark ignition engines. The system comprises means for sensing
      and generating electrical signals representing absolute air pressure,
      volume of air entering the engine and operator actuated acceleration
      control and then mixing these signals for generating a variable amplitude
      pulse representing the mass of the air. Another sensing means generates an
      electrical signal representing the temperature of the air or fuel and an
      electrical signal representing the amount of fuel being pumped. These
      signals are summed together at the input of an integrator and the
      resultant voltage is then compared with a system balancing signal to
      generate a motor control signal from the output of the integrator for
      controlling the amount of fuel pumped to the engine according to a
      predetermined fuel-air ratio.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram of one fuel metering system according to the
      present invention;
PAR  FIG. 2 is a graph plat of fuel-air ratio versus throttle opening for a
      spark ignition engine;
PAR  FIG. 3 is a diagrammatic view of a spark ignition engine showing the
      location of the several sensors and devices of the system;
PAR  FIG. 4 is a schematic of the air signal generation circuitry;
PAR  FIG. 5 is a schematic of a portion of the fuel signal control circuitry;
PAR  FIG. 6 is a schematic of fuel flow and pump control circuitry;
PAR  FIG. 7 is a block diagram of another fuel metering system according to the
      present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the FIGS. by the characters of reference, there is illustrated
      in FIG. 1 a block diagram of a fuel metering system of the present
      invention. The system controls the fuel-air ratio of the mixture in the
      throttle body of the engine. Typically, this system is applicable to spark
      ignition internal combustion engines as compression ignition engine
      (diesel) uses fuel injection where the fuel is injected directly into the
      engine cylinder.
PAR  The system of FIG. 1 controls the flow of fuel to the engine as a function
      of the mass of air entering the throttle body of the engine. The system is
      balanced, or compared, against a predetermined fuel-air mass ratio value
      and by means of closed loop control operates to maintain the actual
      fuel-air mass ratio in agreement with this predetermined value.
PAR  Referring to FIG. 2 there is graphically illustrated a fuel-air ratio curve
      10 as a function of throttle opening. This curve illustrates the
      variations in ratio for the three general engine operating conditions,
      namely, idle, cruise and power. Using this curve 10, it is realized that a
      predetermined fuel-air ratio may be equal to the ratio at cruise and for
      idle or power the ratio must be increased.
PAR  In a closed loop system, a normal or predetermined or balancing condition
      is defined, and control signals are generated to offset or displace the
      predetermined condition according to the system operation. This is
      accomplished in the present system to permit idealized engine performance
      at any vehicle operation condition.
PAR  The normal or predetermined or balancing condition is defined as the
      fuel-air ratio at essentially a cruise operating condition. Then, in
      response to the mass of the air 22 entering into the throttle body 11 and
      the positioning of the throttle valve 13 by the operator, the ratio is
      modified. This modification causes the fuel pump 20 to pump more fuel into
      the throttle body 11 in accordance with the new operating condition.
PAR  The fuel metering system of FIG. 1 has an air pulse control means 12, a
      fuel pulse control means 14, a fuel pulse demand control 16 and a motor or
      pump control means 18. The system is a closed loop system in that the
      output of the pump 20 is metered by the fuel pulse control means 14 which
      in turn controls the pump motor 18.
PAR  The fuel pump 20 in the present invention is a linear displacement
      dual-stroke pump capable of pumping fuel on either the forward or return
      stroke of the pump. The pumping action of the pump is responsive to the
      amount of power applied to the pump windings. As the fuel-air ratio is
      unbalanced, the voltage applied to the pump by the motor control unit 18
      is increased or decreased thereby respectively delivering more or less
      fuel to the engine 24 to maintain the actual fuel-air ratio in substantial
      correspondence with its desired predetermined value.
PAR  Air 22 is drawn into the engine 24 through an air cleaner 26 for removing
      any undesired particles or foreign bodies in the air. An air flow meter 28
      is provided in the air cleaner 26 for the purpose for measuring the flow
      of air therethrough. Positioned within the air flow meter 28 is an air
      pressure transducer 30 which is responsive to the barometric pressure less
      any pressure drop in the air flow meter to generate an electrical signal
      representing the absolute pressure of the air 22 entering the throttle
      body 11.
PAR  Another system parameter in the air control section of the system is the
      rate of change of the throttle control 32. A transducer 34 is responsive
      to the positioning of the throttle control and generates an electrical
      signal. This signal is processed at 36 and during engine acceleration, an
      enrichment signal is generated.
PAR  These three signals representing air volume, absolute pressure and engine
      acceleration are combined in a pulse generating circuit 12 to generate a
      series, or train, of pulsed electrical signals. The air volume signal
      controls the pulse repetition frequency and the pressure and acceleration
      signals control the pulse amplitude of the pulsed electrical signals. The
      more air drawn into the throttle body 11, the faster the pulse repetition
      frequency. Each air control pulse has a constant width and only the
      repetition frequency and the amplitude are varied.
PAR  The fuel control portion of the system is responsive to several parameters
      for determining a pulsed electrical signal representing the mass of the
      fuel entering the engine 24. As in the air control system wherein the
      amount of air flowing into the throttle body 11 is measured, the amount of
      fuel 38 flowing in fuel delivering lines 40 is also measured by a fuel
      flow measuring means 42 and an electrical signal is generated therein
      representing the amount of fuel.
PAR  Additional fuel parameters are measured and electrical signals are
      generated. A temperature transducer 44 monitors the temperature of the
      engine between cold and up to running temperature. This range is necessary
      for generating a cold start condition. Once the engine temperature reaches
      its running temperature, this signal has no control or effect on the fuel
      control portion.
PAR  The temperature of the air or the fuel is measured by a transducer 46 and
      an electrical signal representing this temperature is generated. The
      parameter desired is the temperature of the fuel; however, in most spark
      ignition engines the temperature difference between that of the air and
      the fuel is generally very small, therefore, in the preferred embodiment,
      the air temperature is measured.
PAR  Two additional control signals are generated exclusively of each other.
      These signals are illustrated by means of the graph 10 in FIG. 2 and are
      the idle enrichment signal 48 and the power enrichment signal 50. The
      source of these signals is the throttle positioning transducer 34 and as
      illustrated occur at the opposite extremes of throttle valve opening
      operation. The effect of these signals is to increase the amount of fuel
      during these periods.
PAR  The signal representing the mass amount of fuel flowing is a series, or
      train, of pulsed electrical signals. The greater the quantity of fuel
      flowing, the higher the pulse repetition frequency. The other signals
      representing the engine temperature, the air or fuel temperature, and the
      enrichment signals control the amplitude of the fuel flow pulses. Each
      fuel flow pulse has a constant width and only the repetition frequency and
      the amplitude are varied.
PAR  The two pulsed electrical signals representing mass air flow and mass fuel
      flow are added together and balanced with a third electrical signal
      representing a predetermined fuel-air ratio. This latter signal is a
      system balancing signal 52 and as previously indicated is approximately
      the cruise fuel-air ratio. All three signals are combined in the motor
      control unit 18 wherein the output controls the pump 20.
PAR  The pump 20 alters its fuel pumping capacity according to the magnitude of
      the voltage applied thereto. The output of the motor control 18 is a
      varying amplitude signal which is large when more fuel is required. As the
      fuel is pumped in the fuel delivery lines 40, the amount of fuel is
      measured and this information is supplied to the fuel control portion 14
      of the system therefore providing a closed loop control system.
PAR  The throttle 32, which is controlled by the operator, controls the
      operation of the engine 24. As the throttle valve 13 is opened, as shown
      in FIG. 2, the air flow into the engine increases. The air flow meter
      means is responsive to the air flow and supplies electrical signals to the
      air pulse control means 12. As previously stated, the air pulse control
      means 12 is coupled to the motor control means 18 for operating the fuel
      pump 20. The fuel flow measuring means 42 is responsive to the fuel flow
      and supplies electrical signals to fuel pulse control means 14. The output
      of the fuel pulse control means 14 is coupled, as stated above, to the
      motor control means 18 to control the pump 20 thereby maintaining the
      predetermined fuel-air ratio.
PAR  The other signals are correction signals used to correct the air and fuel
      signals so that the actual fuel-air ratio of the mixture ingested by the
      engine corresponds to the predetermined fuel-air ratio as expressed in
      terms of mass measurements. The absolute air pressure signal is used to
      correct the air signal for mass flow changes due to air pressure changes.
      The fuel temperature signal is used to correct the fuel signal for mass
      flow changes due to fuel temperature changes, and since it is presumed
      that the fuel and air temperatures are equal, this temperature signal
      could be used to also correct for air temperature changes by appropriate
      scaling thereof whereby to maintain accuracy in the fuel-air mass ratio.
PAR  In the preferred embodiment of the fuel metering system of the present
      invention, all transducers generate a voltage output which varies linearly
      with the variations of the parameters being sensed. This linearity
      provides accuracy in the maintaining of fuel-air ratio thereby allowing
      repeatability if the engine is undergoing testing for performance or for
      the reduction of the products of combustion found in emission gases.
PAR  FIG. 3 is a diagrammatic illustration of a spark ignition engine 24 as may
      be found in a motor vehicle. Illustrated on the FIG. are the relative
      locations of several of the transducers and devices of the system of the
      present invention. Located in the air cleaner 26 and, in particular, in
      the air inlet pipe are the absolute pressure transducer 30, the air flow
      meter 28, and the air temperature transducer 46. The air cleaner 26 is
      connected to the engine 24 by means of the throttle body 11. Located
      within the throttle body 11 is the throttle valve 13 which is operatively
      connected to the accelerator pedal 32 or operator control member and the
      fuel delivery line 40.
PAR  The movement of the accelerator pedal 32 is translated into an electrical
      signal and supplied to the control module. Also connected to the control
      module are signal lines from the absolute pressure transducer, the air
      flow meter, and the temperature transducer. The output of the control
      module is connected to the fuel pump 20 for pumping fuel from the fuel
      tank 38 to the throttle body 11.
PAR  Referring to FIGS. 4-6, there is indicated in schematic form the electronic
      circuitry to accomplish the system of FIG. 1. It is to be appreciated that
      implementing the several parameters of the system may be accomplished by
      means different from that illustrated in these FIGS. without departing
      from the teaching of the system. The main active components in these FIGS.
      are conventional operational amplifiers such as Fairchild Semiconductor
      .mu..alpha. 741, precision monostable multivibrators such as Texas
      Instruments SN 76810 and bipolar transistors such as Motorola's MPS 6514
      and MPS 6518.
PAR  As previously indicated, FIG. 4 is a schematic of the air signal generation
      unit of the system. The output signal 54 labelled AIR, is a series or
      train of pulsed electrical signals 56. The base line or reference level of
      the signal is a voltage substantially equal to B+. The pulses 56 which
      have a common width as determined by the period of the monostable
      multivibrator 58 are negative going toward a ground reference level.
PAR  An air flowmeter 28 such as that described in the copending application of
      Leonard Gau entitled "Vortex Swirl Flowmeter Sensor Probe" filed on Mar.
      30, 1973 having Ser. No. 346,514, now U.S. Pat. No. 3830104 positioned in
      the air inlet pipe of the air cleaner 24. The output of the air flowmeter
      probe is electrically connected to a circuit such as that described in the
      copending patent application of W. R. Kissel entitled "Vortex Swirl
      Flowmeter Sensor Circuit" filed on Mar. 30, 1973 having Ser. No. 346,513
      and now abandoned. The output of the circuit is a plurality of pulsed
      signals representing the velocity of the air flowing into the air cleaner
      26.
PAR  These signals are applied to the monostable multivibrator 58 wherein these
      signals from the air flowmeter 28 are shaped into square wave signals
      having a constant or predetermined pulse width and height. The output
      signals from the multivibrator 58 are applied through a level shifting and
      power stages to the output stage 60 of the air signal generation unit.
PAR  The output signal 54 from the air signal generation unit is controlled by
      the amount of air flow as described above and is also controlled by two
      other parameters, namely, air pressure and an operator demand vehicle
      acceleration. These two signals operate to control the voltage amplitude
      of the air pulse 56.
PAR  The air pressure parameter, as used in the system of FIG. 1, measures the
      absolute air pressure entering the throttle body 11. For the purposes of
      this system, absolute air pressure is defined as ambient or atmospheric
      air pressure as found in the environment of the vehicle less any pressure
      drops in the air measuring apparatus.
PAR  The air pressure transducer 30 is a linear device wherein the output signal
      from the transducer varies in a linear relationship with the pressure.
      This signal is applied through a pair of series connected operational
      amplifiers 61 and 62 to the output stage 60 of the air signal generation
      unit through a control transistor 63 in the emitter circuit. The function
      of the control transistor 63 is to provide a variable impedance in the
      emitter thereby allowing the amplitude of the air signal to vary. This
      parameter controls the amplitude of the pulse by controlling the voltage
      at the emitter of the output stage 60.
PAR  The operator demand vehicle acceleration signal is generated by a voltage
      signal taken from a tap on a potentiometer 34. As the operator moves the
      accelerator pedal 32 in the vehicle, this movement is translated into
      movement of the center tap resulting in a voltage signal that varies
      linearly with movement of the pedal 32. This signal is filtered and
      amplified to generate a "throttle" signal 64.
PAR  The throttle signal 64 is then capacitively coupled at 66 to the
      non-inverting input of an operational amplifier 68. The output of the
      operational amplifier 68 is coupled by a diode 70 to the collector circuit
      of the output stage 60.
PAR  The accelerator control signal on acceleration decreases the amplitude of
      the air signal thereby "telling" the motor control unit 18 that there is
      more air and, therefore, to increase the amount of fuel.
PAR  The operational amplifiers 61, 62, and 68 are balanced for normal or
      predetermined operating conditions and their output signals reflect
      changes from this predetermined operating condition.
PAR  FIG. 5 is a schematic of a portion of the fuel signal generation circuitry.
      In particular, FIG. 5 shows the generation of the parameters affecting the
      height of fuel signal.
PAR  The output stage of the control circuitry illustrated in FIG. 5 is an
      operational amplifier 72 wherein signals representing idle enrichment,
      power enrichment, engine temperature and air or fuel temperature are
      summed together through resistors 73-76 respectively and applied to the
      inverting input 78 of the operational amplifier 72. A balancing signal
      representing the normal or predetermined operating conditions of these
      parameters is applied through a resistor 80 to the non-inverting input 82
      of the operational amplifier 72. The output of the operational amplifier
      72 labelled "control" 84 is supplied to a control transistor 86 in the
      emitter circuit of the output stage 88 of the fuel signal generator.
PAR  The "throttle" signal 64 as generated on FIG. 4, is supplied to two
      amplifier circuits 48 and 50. The first amplifier circuit 48 generates a
      signal representing idle enrichment and functions in the first portion of
      the curve of FIG. 2. At idle enrichment, the fuel-air ratio is typically
      greater than the cruise or predetermined operation condition of the
      vehicle. Therefore, for each quantity of air, the quantity of fuel is
      greater than at the cruise condition. The output signal from the idle
      enrichment circuit 48 is electrically connected to resistor 73 of the
      summing network and is a large amplitude indicating the need for more
      fuel.
PAR  The second amplifier circuit 50 generates a signal representing the power
      enrichment and functions in the last portion of the curve of FIG. 2. As at
      idle, in the power region the amount of fuel required per quantity of air
      is greater than at the cruise condition. The variable resistor 90 in the
      base circuit of the input transistor 92 provides a threshold level to
      select the proper minimum voltage level from the throttle potentiometer
      34. As the throttle valve 13 opens, the voltage level increases and when
      the throttle valve approaches maximum opening, the voltage applied to the
      threshold resistor 90 causes the signal applied to the resistor 74 in the
      summing circuit to be larger in amplitude.
PAR  The circuit 44 representing the parameter engine temperature functions to
      generate an electrical signal to the resistor 75 in the summing network
      which decreases with increasing engine temperature. The potentiometer 94
      represents a choke control and as engine temperature increases, the choke
      is turned off and the voltage at the junction of the two resistors 94 and
      95 is minimal.
PAR  The last parameter is air temperature. As the temperature of the air
      increases, the mass flow of the fuel decreases. This control circuit
      senses the temperature and generates a voltage signal to the resistor 76
      in the summing network which increases with increasing temperature.
PAR  As in the air signal parameter circuit, each of the fuel parameter
      transducers varies linearly and generates a voltage amplitude which
      exhibits a linear or straight line relationship. The signal at the output
      of the summing resistors 73-76 is at a high voltage amplitude whenever
      there is a requirement for more fuel due to there parameters. Increasing
      fuel temperature decreases the density increased volume of flow of fuel
      requiring fuel. When the throttle valve 13 is in the idle or in the power
      position, the fuel requirement is increased when the engine temperature is
      low the fuel requirement is greater.
PAR  The output signal 84 of operational amplifier 72 is a voltage signal
      generated as a result of the comparison of the above four parameters with
      a voltage applied through a resistor 80 representing the normal conditions
      for these signals. As the summing network 73-76 generates an increasing
      voltage amplitude signal, the output of the operational amplifier 72
      generates a decreasing amplitude signal.
PAR  Referring to FIG. 6, there is illustrated the remaining control circuitry
      for the fuel metering system of FIG. 1. The fuel metering system as
      previously explained is a closed loop control system wherein the amount of
      air entering the system is measured and the fuel is supplied to maintain a
      desired fuel-air ratio.
PAR  The fuel being delivered in the fuel delivering lines 40 is metered by a
      paddlewheel measuring system 98. Fuel flows through the lines 40 as a
      result of the operation of the fuel pump 20 and causes a paddlewheel 100
      to rotate. The tips or blades 102 of the paddlewheel 100 interrupt a light
      path 104 from a light source 106 such as a light emitting diode to a light
      responsive device 108 such as a photo transistor.
PAR  The output of the photo transistor 108 is a series of pulses representing
      the volume of fuel flowing in the lines 40. These pulses are amplified,
      shaped and supplied to the input of a precision monostable multivibrator
      110. The output of the multivibrator circuitry is a train or series of
      pulses 112 each having a predetermined width. The pulse repetition
      frequency is a function of the amount or volume of fuel flowing in the
      lines 40.
PAR  The output stage 88 of the fuel signal generator is similar to that of the
      air signal generator in that the control signal 84 from FIG. 5 is applied
      to the base circuit of the control transistor 86. The output from the
      multivibrator is amplified and shaped and is applied to the base circuit
      of the output stage 88.
PAR  The fuel signal is a train or series of pulses 112 having a base reference
      of essentially ground and a voltage height inversely proportional to the
      amount of fuel desired. Thus, an increase in fuel demand results in a
      decrease in pulse amplitude.
PAR  The air signal and the fuel signal are relatively ratioed with respect to
      each other and in the present embodiment this is accomplished by the two
      signals being applied to the resistors 114 and 115 respectively in the
      summing network at the inverting input 116 of an operational amplifier
      118. The non-inverting input 120 is connected to a system balancing
      voltage circuit representing the fuel-air ratio at the predetermined
      operating conditions.
PAR  These two signals, the summed signal, and the system balancing signal are
      integrated by the operational amplifier 118 and the result is applied to
      the motor control 18 of the fuel pump 20. As previously indicated, the
      amount of fuel supplied by the pump 20 is determined from the mass of the
      air entering the throttle body 11. Both air and fuel signals are corrected
      by parameters necessary for mass corrections.
PAR  The system balancing circuit 52 is further controlled by a starting signal
      circuit 122. When the vehicle is initially started the predetermined
      fuel-air ratio is altered. Once the starter solenoid 124 is de-energized,
      the system balancing network 52 returns to its normal state.
PAR  Referring to FIG. 7 there is illustrated a system block diagram of another
      fuel metering system embodying principles of the present invention. In
      this system the several system parameters are applied to the control
      network at different points. As in the system of FIG. 1, the parameters
      are to correct for the mass measurements of both the air and the fuel.
PAR  The system of FIG. 7 is also a closed loop system wherein the air is
      measured, the fuel is pumped and the amount of fuel supplied is metered to
      thus close the control loop. The system operates to maintain a
      predetermined fuel-air mass ratio and the several control signals operate
      to adjust the fuel or the air signals to maintain the ratio according to
      the car operating conditions.
PAR  As in the system of FIG. 1, the integrator 130 receives signals from the
      air control system 132 and the fuel control system 134. These signals are
      summed and compared against a signal from the system balancing system 136.
      The result is integrated and applied to a pump motor control and driver
      unit 138.
PAR  In the system of FIG. 7, the air signal is a pulse 140 having a base line
      equal to the system voltage level. The pulse repetition rate of the air
      signal is determined by the volume of the air entering into the throttle
      body, as measured by an air flowmeter 142. The width of the air signal is
      determined by the temperature of fuel as measured by a temperature
      transducer 144 with the relationship of increasing width for increasing
      fuel temperatures.
PAR  The height of the air signal is determined by the absolute pressure of the
      air entering the throttle body and is measured by a pressure transducer
      146 in the air cleaner. The result of these parameters is a pulse 140
      depending from a base line equal to the voltage of the system wherein the
      voltage height 148 of the bottom of the pulse signal from a ground
      reference level 150 is the pulse control height.
PAR  Interjected into the air signal width control 152 is a signal representing
      engine start 154. This signal operates to have fuel delivered to the
      throttle body as the vehicle is being started and before any vacuum build
      up in the manifold takes place. Once vacuum is built up, then air flow is
      measured and the fuel is supplied according to the system.
PAR  The fuel signal 156 generated in the system of FIG. 7 is a positive-going
      pulse having a reference level equal to ground potential 150. The width of
      the pulse is constant and the pulse repetition frequency is determined by
      the volume of fuel being delivered in the fuel lines. This signal
      representing fuel flow 158 is determined by metering the fuel delivered by
      the fuel pump 160.
PAR  One form of pump metering is to connect a disc to the armature shaft of the
      pump motor. Equally spaced around the periphery of the disc are a
      plurality of indicies such as teeth or light-dark areas. Adjacent to the
      periphery of the disc is a transducer means which is responsive to the
      rotation of the indicies around the armature shaft for generating an
      electrical signal. The transducer means may be any of the well known
      electromagnetic transducers or photo-electric transducers. The output of
      the transducers is electrically connected to an amplifier shaper circuit
      for the generation of a digital voltage signal.
PAR  With such an arrangement, the volume fuel displacement for each stroke of
      the pump is known. The relationship between the indicies and the stroke of
      the pump is known and, therefore, the relationship between the digital
      signal from the transducer means which is the fuel measuring means and the
      volume of fuel being displaced in the fuel lines is known. The more fuel
      being displaced will result in a higher pulse repetition frequency from
      the fuel flow measuring means 158.
PAR  The pulse height 162 of the fuel signal 156 is controlled by signals
      representing engine temperature 164 and air temperature 166. As the engine
      temperature increases, the height 162 of fuel pulse 156 is increased and
      as the air temperature increases, the height of fuel pulse is increased;
      however, neither temperature response is dependent upon the other.
PAR  The above corrections for both fuel and air are for the purpose of
      providing a fuel-air ratio in terms of the mass of the fuel and the mass
      of the air. Therefore, the fuel metering system of FIG. 7 provides the
      correct fuel-air ratio for an internal spark combustion engine regardless
      of the mass of either the fuel or the air. The corrections for each
      quantity are independent of the other to provide the degree of accuracy
      required for excellent engine performance.
PAR  The summing signal comprising the fuel signal 156 and the air signal 140
      may be modified according to the operator of the vehicle. If the vehicle
      is in an acceleration mode wherein the fuel-air mixture must be richer, an
      acceleration control signal 168 is generated to modify the summing signal
      at the input to the integrator 130.
PAR  The motor control unit 138 which is responsive to the electrical signals
      generated by the integrator 130 controls the motor driving the fuel pump
      160. The control unit 138 either drives the pump motor causing fuel to be
      delivered or brakes the pump motor preventing unwanted fuel from entering
      the throttle body.
PAR  There has thus been shown and described a fuel metering system for spark
      ignition engines. The system corrects the fuel-air ratio to account for
      changes in the mass of the fuel, the mass of the air and the operator
      demands on the engine, the result being a superior engine performance at
      all operating conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel metering system for maintaining a predetermined fuel-air mass
      ratio for an engine comprising:
PA1  a. means for generating an air signal having a magnitude representative of
      the mass flow of air into the engine at a set of given values for a set of
      ambient parameters;
PA1  b. fuel pumping means for pumping fuel in accordance with a control signal
      applied thereto;
PA1  c. mixing means for mixing fuel pumped by said fuel pumping means with the
      air entering the engine;
PA1  d. a fuel flow transducer circuit means comprising a fluid flow transducer
      means disposed in fluid circuit between said fuel pumping means and said
      mixing means to measure fuel pumped by said fuel pumping means to said
      mixing means and an output circuit means operatively associated with said
      fluid flow transducer means to provide a fuel signal having a magnitude
      representative of the mass flow of fuel pumped by said fuel pumping means
      to said mixing means at said set of given values for said set of ambient
      parameters;
PA1  e. and control circuit means for providing said control signal, said
      control circuit means including means for providing a reference fuel-air
      ratio signal representative of said predetermined fuel-air mass ratio,
      means for relatively ratioing said fuel signal and said air signal with
      respect to each other to provide an actual fuel-air mass ratio signal, and
      means for establishing said control signal in accordance with said actual
      and said reference fuel-air mass ratio signals such that said fuel pumping
      means delivers the correct mass fuel flow to said mixing means for
      securing substantial correspondence between said actual and said reference
      fuel-air mass ratio signals;
PA1  f. wherein both said air signal and said fuel signal are pulse waveforms
      composed of repetitive pulses each having given pulse dimensions
      representing a given mass of the corresponding fluid and further including
      one correction circuit means for correcting one of said pulse waveforms in
      response to change in one of said ambient parameters of said set of
      ambient parameters from its given valve and another correction circuit
      means for correcting the other pulse waveform in response to change in
      another ambient parameter of said set of ambient parameters from its given
      value; and
PA1  g. wherein said one correction circuit means is responsive to a change in
      an ambient parameter which changes the mass flow of the fluid whose mass
      flow is represented by said other waveform and said another correction
      circuit means is responsive to a change in an ambient parameter which
      changes the mass flow of the fluid whose mass flow is represented by said
      one waveform.
NUM  2.
PAR  2. A fuel metering system as claimed in claim 1. wherein a change in fuel
      temperature is used to correct the air signal and a change in air
      temperature is used to correct the fuel signal.
NUM  3.
PAR  3. A fuel metering system for maintaining a predetermined fuel-air mass
      ratio for an engine comprising:
PA1  a. air signal generating means for generating an air signal composed of a
      series of repetitive pulses which repeat at a rate representative of the
      volume of air flow into the engine and each of which has predetermined
      pulse dimensions which are representative of a predetermined mass of air
      for a set of given values for a set of ambient parameters;
PA1  b. fuel metering means for metering fuel;
PA1  c. mixing means for mixing the fuel metered by said fuel metering means
      with the air entering the engine;
PA1  d. said fuel metering means comprising,
PA2  1. ratio signal means for supplying a given fuel-air signal representative
      of a predetermined fuel-air mass ratio.
PA2  2. a source of variable magnitude voltage,
PA2  3. electrically operable fuel pump means operatively coupled with said
      source of variable magnitude voltage for pumping fuel to said mixing means
      in accordance with the magnitude of the voltage of said source,
PA2  4. fuel transducer means for providing an output fuel signal composed of a
      series of repetitive pulses which repeat at a rate representative of the
      volume of fuel flow into said mixing means and each of which has
      predetermined pulse dimensions which are representative of a predetermined
      mass of fuel at said set of given values for said set of ambient
      parameters,
PAR  5.  ratioing means for ratioing said fuel signal and said air signal with
      respect to each other to develop an actual fuel-air ratio signal,
PA2  6. and regulating means operatively coupled with said ratioing means, said
      ratio signal means, and said source of variable magnitude voltage for
      causing the magnitude of said source to be regulated such that the mass
      flow of fuel, as represented by said fuel signal, and the mass flow of
      air, as represented by said air signal are relatively ratioed to secure
      substantial correspondence between said actual fuel-air ratio signal and
      said given fuel-air ratio signal,
PA1  e. and correction means responsive to change in the value of one of said
      ambient parameters from its given value for correcting a pulse dimension
      of one of said fuel and air signals.
NUM  4.
PAR  4. A fuel metering system for maintaining a predetermined fuel-air mass
      ratio for an engine comprising:
PA1  a. air signal generating means for generating an air signal composed of a
      series of repetitive pulses which repeat at a rate representative of the
      volume of air flow into the engine and each of which has predetermined
      pulse dimensions which are representative of a predetermined mass of air
      for a set of given values for a set of ambient parameters;
PA1  b. fuel metering means for metering fuel;
PA1  c. mixing means for mixing the fuel metered by said fuel metering means
      with the air entering the engine;
PA1  d. said fuel metering means comprising,
PA2  1. ratio signal means for supplying a given fuel-air signal representative
      of a predetermined fuel-air mass ratio,
PA2  2. a source of variable magnitude voltage,
PA2  3. electrically operable fuel pump means operatively coupled with said
      source of variable magnitude voltage for pumping fuel to said mixing means
      in accordance with the magnitude of the voltage of said source,
PA2  4. fuel flow transducer means for providing an output fuel signal composed
      of a series of repetitive pulses which repeat at a rate representative of
      the volume of fuel flow into said mixing means and each of which has
      predetermined pulse dimensions which are representative of a predetermined
      mass of fuel at said set of given values for said set of ambient
      parameters,
PA2  5. ratioing means for ratioing said fuel signal and said air signal with
      respect to each other to develop an actual fuel-air ratio signal,
PA2  6. and regulating means operatively coupled with said ratioing means, said
      ratio signal means, and said source of variable magnitude voltage for
      causing the magnitude of said source to be regulated such that the mass
      flow of fuel, as represented by said fuel signal, and the mass flow of
      air, as represented by said air signal are relatively ratioed to secure
      substantial correspondence between said actual fuel-air ratio signal and
      said given fuel-air ratio signal,
PA1  e. and correction means responsive to change in the value of one of said
      ambient parameters from its given value for correcting a pulse dimension
      of one of said fuel and air signals wherein a change in air temperature is
      used to correct said fuel signal.
NUM  5.
PAR  5. A fuel metering system for maintaining a predetermined fuel-air mass
      ratio for an engine comprising:
PA1  a. air signal generating means for generating an air signal composed of a
      series of repetitive pulses which repeat at a rate representative of the
      volume of air flow into the engine and each of which has predetermined
      pulse dimensions which are representative of a predetermined mass of air
      for a set of given values for a set of ambient parameters;
PA1  b. fuel metering means for metering fuel;
PA1  c. mixing means for mixing the fuel metered by said fuel metering means
      with the air entering the engine;
PA1  d. said fuel metering means comprising,
PA2  1. ratio signal means for supplying a given fuel-air signal representative
      of a predetermined fuel-air mass ratio,
PA2  2. a source of variable magnitude voltage,
PA2  3. electrically operable fuel pump means operatively coupled with said
      source of variable magnitude voltage for pumping fuel to said mixing means
      in accordance with the magnitude of the voltage of said source,
PA2  4. fuel flow transducer means for providing an output fuel signal composed
      of a series of repetitive pulses which repeat at a rate representative of
      the volume of fuel flow into said mixing means and each of which has
      predetermined pulse dimensions which are representative of a predetermined
      mass of fuel at said set of given values for said set of ambient
      parameters,
PA2  5. ratioing means for ratioing said fuel signal and said air signal with
      respect to each other to develop an actual fuel-air ratio signal,
PA2  6. and regulating means operatively coupled with said ratioing means, said
      ratio signal means and said source of variable magnitude voltage for
      causing the magnitude of said source to be regulated such that the mass
      flow of fuel, as represented by said fuel signal, and the mass flow of
      air, as represented by said air signal are relatively ratioed to secure
      substantial correspondence between said actual fuel-air ratio signal and
      said given fuel-air ratio signal,
PA1  e. and correction means responsive to change in the value of one of said
      ambient parameters from its given value for correcting a pulse dimension
      of one of said fuel and air signals wherein a change in fuel temperature
      is used to correct said air signal.
NUM  6.
PAR  6. A fuel metering system as claimed in claim 3. wherein a change in air
      pressure is used to correct said air signal.
NUM  7.
PAR  7. A fuel metering system as claimed in claim 3. wherein said fuel flow
      transducer means includes a fluid flow transducer disposed in fluid
      circuit relationship between said fuel pump means and said mixing means.
NUM  8.
PAR  8. A fuel metering system as claimed in claim 3. wherein said air signal
      and said fuel signal are relatively ratioed with respect to each other by
      algebraically summing the two signals.
NUM  9.
PAR  9. A fuel metering system as claimed in claim 8. wherein said regulating
      means includes an integrator circuit means operatively coupled to receive
      the summed fuel and air signals and to integrate same with respect to said
      given fuel-air ratio signal.
NUM  10.
PAR  10. A fuel metering system as claimed in claim 3. wherein said ratio signal
      means includes means for selectively adjusting the magnitude of said given
      fuel-air ratio signal over a range of values.
NUM  11.
PAR  11. A fuel metering system as claimed in claim 3. including further a
      second correction means responsive to change in the value of another of
      said ambient parameters from its given value for correcting a pulse
      dimension of one of said fuel and air signals.
NUM  12.
PAR  12. A system for maintaining a predetermined mass flow ratio between two
      fluids which are combined in an engine to form a combustible mixture which
      is combusted to power the engine, the first of said fluids exhibiting a
      decrease in mass flow the magnitude of which decrease is in direct
      proportion to the magnitude of an increase in one ambient parameter of a
      set of ambient parameters, said system comprising:
PA1  a. means for providing a first signal whose magnitude is representative of
      the mass flow of said first fluid into the engine for a set of given
      values for the ambient paremeters of said set but becomes decreasingly
      representative of the mass flow of said first fluid into the engine as the
      value of said one parameter of said set progressively increases from its
      said given value;
PA1  b. means for providing a second signal whose magnitude is representative of
      the mass flow of the second of said fluids into the engine;
PA1  c. means for providing a reference signal having a magnitude representative
      of said predetermined mass flow ratio;
PA1  d. control means responsive to said first signal, said second signal and
      said reference signal for controlling the mass flow into the engine of one
      of said fluids relative to the other of said fluids such that the ratio
      between the magnitudes of said first and second signals is caused to be
      equal to the magnitude of said reference signal;
PA1  e. said control means including correction means for correcting said second
      signal in accordance with changes in said one ambient parameter;
PA1  f. said correction means including means for providing a correction signal
      which changes in direct proportion to change in said one ambient parameter
      and means responsive to said correction signal for causing the magnitude
      of said second signal to be adjusted in direct proportion to said
      correction signal.
NUM  13.
PAR  13. A system as claimed in claim 12. wherein said one parameter is
      temperature.
NUM  14.
PAR  14. A system as claimed in claim 12. further including additional
      correction means for correcting said first signal according to change in
      an ambient parameter which affects the second fluid in the same manner as
      said one ambient parameter affects said first fluid.
NUM  15.
PAR  15. A system as claimed in claim 12. wherein said correction means
      comprises linear correction means for correcting said signal in linear
      direct proportion to change in said one ambient parameter.
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ABST
PAL  A module for use in the ignition system of a spark ignited engine combines
      in one unit a spark plug connector or cap and an ignition coil for
      converting low voltage current changes into the high voltage pulses
      required for firing the associated plug, the module, therefore,
      eliminating the need for a separate high-tension conductor of substantial
      length between the ignition coil and the spark plug. The module is mounted
      to an engine shroud directly outboard of the spark plug so as to
      electrically cooperate with the plug while nevertheless not relying on the
      plug for its structural support.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to ignition systems for spark ignited internal
      combustion engines, and deals more particularly with a module, for use in
      such a system, comprising a combined spark plug connector and ignition
      coil.
PAR  The module of this invention is intended for use with ignition systems of
      the well known type wherein high voltage pulses for firing an associated
      spark plug are produced by an ignition coil having a primary winding and a
      secondary winding, each high voltage pulse being produced as a result of a
      sudden change in the current flowing through the primary winding to induce
      the high voltage pulse in the secondary winding. In one form of such
      system, the current change in the primary winding is produced by a set of
      breaker points which first close to establish a current path through the
      primary winding and then open to interrupt such path. In another form of
      system, the current change in the primary winding is produced by suddenly
      discharging a condenser through such winding. The module may also be used
      with various different types of engines, but is particularly well adapted
      for use with relatively small single cylinder, distributorless engines of
      the type commonly used in chain saws, lawn mowers, snow blowers and the
      like.
PAR  In the past, it has been common to mount an ignition coil at some distance
      from the spark plug with which it is used and to connect the high voltage
      output of the coil to the plug by a heavily insulated conductor, the
      conductor often having a snap-fit connection at one end with the ignition
      coil at its other end carrying a spark plug cap adapted to fit over the
      outer end of the spark plug and to make electrical connection therewith.
      The use of such high tension conductors has several disadvantages,
      including breakage, loss of electrical energy in the conductor, safety
      hazard and expense; and, one of the objects of this invention is to
      eliminate the need for such a high tension conductor by locating the
      ignition coil directly adjacent the spark plug with which it is used.
PAR  As evidenced by prior U.S. Pat. No. 995,400, it is not unknown to combine
      an ignition coil with a spark plug connector. The arrangements provided in
      the past, however, have apparently not met with wide acceptance; and,
      another object of the invention is to provide a spark plug connector and
      ignition coil module which is an improvement over somewhat similar devices
      proposed in the past, the improvements residing, among other things, in
      simplified construction and mounting means. The mounting means for the
      module is such as to provide separate mounting of the module to parts
      other than the spark plug while also yielding a good water proof seal
      between the module and the spark plug and enabling easy removal and
      replacement of the module to gain access to the plug when necessary.
PAC  SUMMARY OF THE INVENTION
PAR  The invention resides in an ignition module combining in one unit a spark
      plug connector or cap and an ignition coil, and more particularly in the
      manner in which the module is constructed and support when in use. As to
      its construction, the module includes a cup-shaped housing defining a
      two-lobed recess. The recess in turn receives a subassembly made up of an
      ignition coil and a generally cylindrical well member, the interior of
      which well member defines a socket or recess for receiving the outer end
      of the associated spark plug. The coil fits into one of the lobes of the
      housing recess and the well member into the other lobe. A potting material
      holds both the ignition coil and the well member rigidly in place in the
      housing. The construction of the well member is such that during the
      potting process, the potting material cannot enter the interior of the
      well member, therefore assuring that the interior is left empty to define
      the spark plug receiving socket.
PAR  As to the mounting of the module, the equipment of which the engine is a
      part includes an engine shroud or other stationary structure located
      outwardly of the engine in the vicinity of the spark plug and has an
      opening through which the spark plug passes when being assembled with or
      disassembled from the engine. The module is in removably attached to the
      shroud in the vicinity of the opening so that the spark plug receiving
      socket thereof fits over the outer end of the plug and makes electrical
      connection with the high tension terminal of the plug. The module is
      readily removable from the engine shroud and when removed provides easy
      access to the plug to allow the plug to be removed from the engine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the rear end of a chain saw having an
      ignition module embodying this invention.
PAR  FIG. 2 is a view similar to FIG. 1 except that it shows the chain saw with
      the ignition module removed therefrom.
PAR  FIG. 3 is an exploded perspective view showing the manner in which the
      ignition module and related parts of FIG. 1 are assembled with one
      another.
PAR  FIG. 4 is a vertical sectional view taken through the ignition module of
      FIG. 1 on a vertical plane containing the axis of the spark plug.
PAR  FIG. 5 is a fragmentary sectional view taken generally on the line 5--5 of
      FIG. 4 showing the module in a slightly loosened position relative to the
      engine shroud.
PAR  FIG. 6 is a view similar to FIG. 5 but shows the module in its final or
      tightened position relative to the engine shroud.
PAR  FIG. 7 is a bottom view of the ignition module of FIG. 1 prior to the
      application of potting material thereto.
PAR  FIG. 8 is a sectional view taken on the line 8--8 of FIG. 7 with the
      potting material being included.
PAR  FIG. 9 is an exploded perspective view showing the housing of the module of
      FIG. 1 and the subassembly which is fitted into the housing in the course
      of manufacturing the module.
PAR  FIG. 10 is a schematic wiring diagram illustrating an ignition system
      utilizing the ignition module of FIG. 1.
PAR  FIG. 11 is a side elevational view of an ignition module comprising another
      embodiment of the invention, the module being shown in association with a
      spark plug and engine shroud.
PAR  FIG. 12 is a view taken generally on the line 12--12 of FIG. 11 but with
      the spark plug being shown removed from the module.
PAR  FIG. 13 is a view taken on the line 13--13 of FIG. 12.
PAR  FIG. 14 is a view generally similar to FIG. 12 but illustrating an ignition
      module comprising another embodiment of this invention.
PAR  FIG. 15 is a sectional view taken on the line 15--15 of FIG. 14.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1 and 2, these figures show the rear end of a
      chain saw 20 having an ignition module 22 embodying this invention, the
      module 22 in this case being conveniently located within the space
      surrounded by the rear handle 24 of the saw so as to be protected to some
      extent against accidental blows by the handle structure. The saw includes
      a single cylinder internal combustion engine 26, seen partially in FIG. 2,
      having a spark plug 28 arranged generally horizontally, when the saw is in
      the position shown, and extending rearwardly from the remainder of the
      engine. The rear end of the engine is enclosed by an engine shroud or case
      30 fixed to the frame of the saw. The engine shroud is spaced some
      distance from the engine and, as seen in FIG. 2, includes an opening 32 in
      the vicinity of the plug 28 to provide access to the plug when the module
      22 is removed from the saw. The outer end of the plug 28 projects through
      the shroud opening 32 and the module 22 is fixed to the shroud so as to be
      supported therefrom, the module therefore not relying on the plug 28 for
      support and not imposing any significant loads on the plug. As seen in
      FIG. 2, a connector assembly 34 is fitted with the engine shroud along the
      lower margin of the opening 32 for cooperation with screws 35, 35 in
      removably fixing the module to the shroud and in making electrical
      contacts as hereinafter described.
PAR  The connector assembly 34 is best shown in the exploded perspective view of
      FIG. 3. Referring to this figure, the assembly 34 includes a U-shaped body
      36 made of an electrical insulating material, preferably a molded plastic.
      Attached to the body 36 are two electrical contacts 38, 38 to which are
      respectively connected two leads 40, 40. Behind each contact 38 the body
      36 includes a laterally extending recess 42. The engine shroud 30 along
      the edge of the opening 32 includes two forwardly displaced portions 44,
      44. When the assembly 34 is in place with the engine shroud 30, the two
      recesses 42, 42 thereof respectively receive the two forwardly displaced
      portions 44, 44 of the engine shroud. Therefore, it will be understood
      that when the connector assembly 34 is in place, the two contacts 38, 38
      will be exposed from the outside of the shroud 30 while the remainder of
      the connector assembly 34 will be located behind the shroud. The body 36
      is sufficiently flexible that its legs may be pressed by hand toward one
      another to permit assembly with the shroud.
PAR  The body 36 of the connector assembly also includes two openings 46, 46
      which align with matching openings 48, 48 in the engine shroud to
      accommodate the screws 35, 35. The screws 35, 35 are preferably designed
      to be held captive by the module 22 to prevent their possible loss when
      the module is removed from the saw. They are also preferably self-tapping
      screws which tap threads in the openings 46, 46 of the connector body the
      first time the module 22 is assembled with the connector. In any event, it
      will be understood that the openings 46, 46 of the connector are threaded,
      either by prior tapping or by self-tapping action of the screws 35, 35, so
      that when the screws are passed through the shroud openings 48, 48 and
      threaded into the connector openings 46, 46, the module will be drawn into
      tight assembly with the engine shroud.
PAR  For further details of the construction of the module 22 itself, reference
      is now made to FIGS. 4 to 9. As shown in these figures, the module
      includes a generally cup-shaped housing 50 made of an electrical
      insulating material, preferably a molded plastic. This housing defines a
      two-lobed or figure-eight shaped recess 52 having a larger lobe 54 and a
      smaller lobe 56. The smaller lobe 56 receives a well member 58, separate
      from the housing 50, of generally cylindrical shape, the interior of which
      defines a recess or socket 60 for receiving the outer end of the
      associated spark plug 28. As best seen in FIGS. 7 and 9, the housing
      includes three angularly spaced ribs 61, 61 arranged perpendicular to the
      plane of the recess opening which engage the outer surface of the well
      member to hold it in a fixed position relative to the housing. The larger
      recess lobe 54 receives an ignition coil 62. The coil 62 is of generally
      conventional construction and includes a core 64 of magnetic material on
      which is received a primary winding 66 and a secondary winding 68. The
      core 64 of the coil is oriented parallel with the axis of the well member
      58 and both are perpendicular to the plane of the recess opening.
PAR  As seen best in FIGS. 7 and 9, the module includes two electrical contacts
      70 and 72 which extend laterally outwardly from the recess lobe 54. One of
      these contacts, for example the contact 70, is a ground contact which is
      connected both to one side of the primary winding 66 and to one side of
      the secondary winding 68. The other contact 72 is connected to the
      opposite end of the primary winding 66. The other end of the secondary
      winding 68 is connected by a short L-shaped strip 74 of conductive
      material to a contact spring 76 located in the socket 60 provided by the
      well member 58 at the inside end of the socket. The contact spring 76 in
      turn serves to make electrical contact with the high tension terminal 78
      of the spark plug 28 when the module 22 is in place as shown in FIG. 4.
PAR  Still referring to FIG. 4, the well member 58 is closed at its inside end
      by an end wall 80 spaced slightly from the housing 50 to accommodate the
      conductor strip 74 which is located behind the wall 80. The wall 80 is
      imperforate except for a small opening through which one end 82 of the
      contact spring 76 extends. The contact strip is mechanically and
      electrically connected to the contact spring by a drop of solder 84 which
      effectively closes the opening in the wall 80 through which the spring end
      82 passes. In the completed module 22, the well member 58 and ignition
      coil 60 are held rigidly in place in the housing 52 by a potting material
      86. The potting step is preferably performed by pouring a hardenable
      liquid potting material into the housing recess 52 after the well member
      and coil subassembly is placed therein, and during this step the sealing
      of the opening in the bottom wall 80 of the well member by the strip 74
      and solder 84 prevents the potting material from entering the socket 60
      thereby causing the socket to remain free of potting material as is
      desired. Also, the socket 60 is fitted with a resilient ring 88, of
      neoprene or the like, which engages the insulator portion of the spark
      plug 28 as shown in FIG. 4 to provide a seal preventing the entry of
      moisture to the interior of the socket 60.
PAR  The housing 50 of the module includes a laterally outwardly extending
      flange 90 including two openings 92, 92 for accommodating the screws 35,
      35. The flange also provides two extended flat areas, indicated generally
      at 94, 94, backing up the two contacts 70 and 72. The flange 90 is spaced
      a slight distance from the plane of the recess 54 to provide a short skirt
      93 shown best in FIG. 9. The skirt 93 has an outside contour closely
      conforming to the shape of the opening 32 in the engine shroud 30 so as to
      serve as an aid in locating the module relative to the shroud, the skirt
      93 extending through the opening 32 when the module is in place. Also, the
      skirt 93 includes two notches 95, 95 which respectively receive parts of
      the contacts 70 and 72 to aid in mechanically holding the contacts in
      place relative to the housing.
PAR  FIG. 9 shows the housing 50 of the module separate from the well member 58
      and ignition coil 62. From this figure, it will be understood that the
      well member 58, the ignition coil 62, the high tension connector strip 74
      and the two contacts 70 and 72 form a subassembly which may be completely
      assembled and fabricated apart from the housing 50 with the completion of
      the module 22 requiring merely the placement of such subassembly to the
      housing. 50 followed by a potting of the subassembly to the housing.
PAR  The contacts 38, 38 on the connector assembly 34 and the contacts 70 and 72
      on the module 22 serve as a means for automatically making electrical
      connection with the module 22 as the module is assembled with the engine
      shroud 30. That is, as the module 22 is moved into place, the two contacts
      70 and 72 thereof engage the two contacts 38, 38. Preferably, as shown in
      FIGS. 5 and 6, each contact is made of a relatively resilient material and
      the free end thereof is, in its relaxed position, displaced a slight
      distance from its backup surface, as shown in FIG. 5. FIG. 5 illustrates
      the position of two mating contacts as they first make contact with one
      another during movement of the module 22 toward its fully assembled
      position. FIG. 6 shows the same contacts after the module has been moved
      to its final position by tightening of the screws 35, 35. Therefore, in
      the final position, the two contacts 38 and 70, as are also the other two
      contacts 38 and 72, are held against one another by a spring force which
      assures a good electrical contact.
PAR  FIG. 10 shows the electrical system for the chain saw 20 if FIG. 2. In this
      case, the illustrated system is a capacitor discharge system. As mentioned
      previously, however, the module 22 is not limited to use with such a
      system but may be used with other types of systems as well. Referring to
      FIG. 10, the module is represented by the broken line box 22. The system
      further, as is conventional, includes a charging coil 97 in which a
      charging voltage is induced by a rotating magnet and which charges an
      associated capacitor 96. A trigger coil 100, influenced by the same or
      another rotating magnet, produces a trigger signal for a silicon
      controlled rectifier 102 which controls discharge of the condenser 96
      through the primary winding 66 of the ignition coil 62. Each time such
      discharge occurs, the sudden change in current through the primary winding
      induces a high voltage output in the secondary winding 68 which fires the
      plug 28.
PAR  Besides the means shown in FIGS. 1 to 10 for making electrical contact
      between the module 22 and the remainder of the ignition system, various
      other means may be employed. For example, FIGS. 11 to 13 shown an ignition
      module comprising another embodiment of this invention and using an
      alternate electrical connecting means. Likewise, FIGS. 14 and 15 show an
      ignition module comprising still another embodiment of the invention and
      utilizing yet another different electrical connection means.
PAR  Referring to FIGS. 11 to 13, the ignition module there shown is indicated
      at 104 and except for the differences hereinafter discussed, is or may be
      exactly identical to the module 22 previously described. For making
      electrical connection therewith, the module 104 includes two terminals
      including screws 106 and 108 by means of which leads 110, 110 may be
      attached to the module. The two terminal screws 106 and 108 are equivalent
      to the two contacts 70 and 72 of the module 22 and are connected by
      internal parts to the primary and secondary windings of the ignition coil
      in the same manner. Since the leads 110, 110 are connected to the module
      104 by the terminal screws 106 and 108, it is not necessary to provide a
      connector assembly similar to the assembly 34 of FIG. 3 and the module may
      be mechanically connected to the engine shroud 30 by a simpler means such
      as the illustrated two screws 114, 114 passing through the housing 50 of
      the module 104 and threaded into nuts 116, 116 welded or otherwise fixed
      to the shroud, as shown in FIG. 13.
PAR  FIGS. 14 and 15 show an ignition module 118 wherein the electrical
      connection between the module and the remainder of the ignition system is
      automatically made as the module is attached to the engine shroud, but in
      this case, the electrical connection is made through the fastening screws
      rather than through separate contacts. Referring to FIGS. 14 and 15, the
      module 118 is attached to the engine shroud 30 by two screws 120, 120
      passing through the housing 50 of the module. The openings in the housing
      through which the screws 120, 120 pass are counterbored at their outer
      ends, as indicated at 122, 122 so that the heads of the screws are
      recessed to prevent accidental contact therewith. The ignition coil 62 has
      two contacts 124 and 126 each of which extends through the module housing
      50 into a respective one of the counterbores 122, 122 so as to be engaged
      by the head of the screw received therein. The engine shroud 30 in turn,
      is fitted with two connectors 128, 128 each fixed to the shroud and each
      including an electrically conductive metallic part 130 which contacts the
      associated screw 120. Each conductive part 130 is in turn connected with a
      respective one of two leads 132, 132. The remainder of each connector 128
      is made of electrical insulating material 136 so that the screws 120, 120
      and the conductive parts 130, 130 are electrically isolated from the
      shroud 30. Accordingly, it will be understood that electrical connection
      is made from the leads 132, 132 to the ignition coil 62 of the module
      through the screws 120, 120 so that when the screws 120, 120 are used to
      hold the module in place on the shroud, they also serve to make electrical
      connection with the ignition coil of the module.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a device having a self-contained internal combustion engine, the
      combination comprising: an internal combustion engine having a spark plug
      an outer end portion of which extends outwardly from the remainder of said
      engine, a stationary structure other than said engine or spark plug spaced
      outwardly from said engine in the vicinity of said spark plug, a unitary
      ignition module, said module having a socket receiving said outer end
      portion of said plug and said module also including an ignition coil, with
      a primary winding and a secondary winding, for supplying high-tension
      voltage to said spark plug, and means removably fixing said module to said
      stationary structure whereby said module is structurally unsupported by
      said plug, said socket at all points along the length of said outer end
      portion of said plug having a transverse cross section substantially
      larger than that of said plug whereby said plug fits loosely into said
      socket without contacting the walls of said socket.
NUM  2.
PAR  2. A device as defined in claim 1 further characterized by a ring of
      resilient material in said socket, said ring extending between and
      contacting the wall of said socket and said outer end portion of said plug
      to provide a seal between said plug and said socket while nevertheless
      allowing slight movement of said module relative to said plug.
NUM  3.
PAR  3. In a device having a self-contained internal combustion engine, the
      combination comprising: an internal combustion engine having a spark plug
      a portion of which extends outwardly from the remainder of said engine, a
      shroud housing at least a portion of said engine, said shroud including a
      thin walled portion thereof spaced outwardly from said engine in the
      vicinity of said spark plug and located in a plane generally perpendicular
      to the axis of said spark plug, said thin walled portion of said shroud
      having an opening through which said spark plug may pass when being
      assembled with and disassembled from said engine, a unitary ignition
      module, means removably fixing said module to said thin walled portion of
      said shroud in the vicinity of said opening whereby said module is
      structurally unsupported by said plug, said module having a socket
      receiving the outer end portion of said plug and said module also
      including an ignition coil, with a primary winding and a secondary
      winding, for supplying high-tension voltage to said spark plug, said
      socket at all points along the length of said outer end portion of said
      plug having a transverse cross section substantially larger than that of
      said plug whereby said plug fits loosely into said socket without
      contacting the walls of said socket.
NUM  4.
PAR  4. The combination defined in claim 3 further characterized by said module
      including a part in said socket for making electrical connection with the
      high-tension terminal of said spark plug, and means connecting said part
      to one end of said secondary winding of said ignition coil.
NUM  5.
PAR  5. The combination defined in claim 3 further characterized by said module
      including a generally cupshaped housing defining a recess in which said
      socket and said ignition coil are received, said socket being defined by a
      well member separate from said housing and said well member and said
      ignition coil being arranged with their axes spaced from and parallel to
      one another.
NUM  6.
PAR  6. The combination defined in claim 5 further characterized by a potting
      material in said recess filling the otherwise empty space therein except
      for said socket to hold said coil and well member in place relative to
      said housing.
NUM  7.
PAR  7. A module for use as part of the ignition system of a spark ignited
      engine, said module comprising: a generally cup-shaped housing defining a
      recess, an ignition coil located in said recess and having primary and
      secondary windings, a well member separate from said housing also located
      in said recess and defining a socket for receiving the outer end portion
      of a spark plug, said well member and said ignition coil having axes
      spaced from and generally parallel to one another, a part in said socket
      for making electrical connection with the high-tension terminal of a spark
      plug received in said socket, means for connecting said part to one end of
      said secondary winding of said ignition coil, terminal means for
      electrically connecting said coil to other parts of the ignition system
      with which said module is used, and a potting material in said recess
      filling the otherwise empty space therein except for said socket to hold
      said coil and well member in place relative to said housing.
NUM  8.
PAR  8. A module as defined in claim 7 further characterized by said housing
      including means adapting it for mounting to a stationary structure other
      than said spark plug.
NUM  9.
PAR  9. In a device having a self-contained internal combustion engine, the
      combination comprising: an internal combustion engine having a spark plug
      a portion of which extends outwardly from the remainder of said engine, a
      shroud housing at least a portion of said engine and having a portion
      spaced outwardly from said engine in the vicinity of said spark plug, said
      shroud having an opening through which said spark plug may pass when being
      assembled with and disassembled from said engine, and a unitary ignition
      module removably fixed to said shroud in the vicinity of said opening,
      said module including a generally cup-shaped housing defining a two lobed
      recess, a socket in one of the lobes of said recess, an ignition coil in
      the other lobe of said recess, said socket receiving the outer end portion
      of said plug, and said ignition coil having a primary winding and a
      secondary winding and a core of magnetic material on which said primary
      and secondary windings are received, the longitudinal axis of said core
      being arranged parallel to the longitudinal axis of said socket, said
      module also including a part in said socket for making electrical
      connection with the high-tension terminal of said spark plug, and means
      connecting said part to one end of said secondary winding of said ignition
      coil.
NUM  10.
PAR  10. A module for use as part of the ignition system of a spark ignited
      engine, said module comprising: a generally cup-shaped housing defining a
      recess, an ignition coil located in said recess and having primary and
      secondary windings, a well member separate from said housing also located
      in said recess and defining socket for receiving the outer end portion of
      a spark plug, said housing recess including a lobe in which said well
      member is received, and said housing including a plurality of ribs spaced
      angularly around the periphery of said lobe and engaging the outer surface
      of said well member, a part in said socket for making electrical
      connection with the hightension terminal of a spark plug received in said
      socket, means for connecting said part to one end of said secondary
      winding of said ignition coil, terminal means for electrically connecting
      said coil to other parts of the ignition system with which said module is
      used, and a potting material in said recess filling the otherwise empty
      space therein except for said socket to hold said coil and well member in
      place relative to said housing.
NUM  11.
PAR  11. A module for use as part of the ignition system of a spark ignited
      engine, said module comprising: a generally cup-shaped housing defining a
      recess, an ignition coil located in said recess and having primary and
      secondary windings, as well member separate from said housing also located
      in said recess and defining a socket for receiving the outer end portion
      of a spark plug, a part in said socket for making electrical connection
      with the high-tension terminal of a spark plug received in said socket,
      means for connecting said part to one end of said secondary winding of
      said ignition coil, terminal means for electrically connecting said coil
      to other parts of the ignition system with which said module is used, and
      a potting material in said recess filling the otherwise empty space
      therein for said socket to hold said coil and well member in place
      relative to said housing, said well member having an end wall at its
      inside end spaced from said housing, said part for making electrical
      connection with the high-tension terminal of a spark plug being a spring,
      said means for connecting said part to one end of said secondary winding
      being a strip of conducting material a portion of which is located behind
      said end wall of said well member, said end wall having an opening and
      said spring having an end portion extending through said opening to said
      strip of conductive material, and a quantity of solder connecting said end
      portion of said spring to said strip, said end portion of said spring,
      said strip and said quantity of solder effectively sealing said opening in
      said end wall, said end wall being otherwise imperforate.
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PAL  This cold-start injector for internal combustion engines is adapted to be
      connected to the induction manifold of the engine and comprises
      essentially a normally closed needle valve controlling the delivery of
      fuel and a solenoid for actuating said needle valve adapted to be inserted
      in series with the manual switch controlling the starter motor of the
      engine. Said needle valve or other movable member of the solenoid bears
      through a spring against a fluid-type damping capacity comprising a pair
      of movable walls and, between said walls, a fixed partition having a
      throttling orifice, said spring reacting against one of said movable
      walls, the other wall co-acting with the movable member of a normally
      closed electric switch disposed in series in said circuit and adapted to
      be opened by means of said damping capacity.
BSUM
PAR  The present invention relates to cold-start fuel injectors for petrol
      internal combustion engines, these injectors being intended more
      particularly but not exclusively for so-called injection engines wherein
      the fuel injection takes place upstream of the valves. An injector of this
      type, adapted to be connected to the induction manifold, comprises notably
      a normally closed needle valve controlling the delivery of petrol and a
      solenoid for actuating said needle valve to open same, said solenoid being
      adapted to be connected in series with the electric switch controlling the
      electric starter motor of the engine.
PAR  The present invention is concerned with a specific arrangement of a fuel
      injection device of this character which prevents in a particularly simple
      and economical manner the "flooding" of the engine with fuel when starting
      the engine, especially in the cold state. Basically, this invention is
      characterised in that the needle valve, the movable core means of the
      solenoid, reacts through spring means against a fluid-type damping
      capacity comprising two relatively movable walls and between these walls a
      fixed partition comprising a throttling orifice, said spring means
      engaging one of said movable walls, the other movable wall co-acting with
      the movable member of a normally closed or back contact inserted in series
      in the aforesaid circuit and adapted to be opened through the medium of
      said damping capacity.
PAR  Under these conditions it is convenient and advantageous to use a damping
      fluid of which the viscosity varies very considerably with the injector
      temperature, so that the higher the injector temperature, the shorter the
      operating time thereof; therefore, this fluid should have a viscosity
      decreasing with temperature. Moreover, by providing for said normally
      closed or back contact means for shifting the closing in relation to the
      opening thereof, the risk of flooding the engine can be further reduced as
      well as the abnormally frequent and prolonged energizations of the starter
      motor, notably by inserting said back contact also in series with the
      starter motor relay solenoid.
PAR  Thus, the electric delay-action thermal switch usually employed in fuel
      injection systems and the electric wiring necessary therefor can be
      dispensed with, while affording a simplified mounting and installation of
      the fuel injector proper.
DRWD
PAR  Two typical forms of embodiment of the present invention will now be
      described by way of example with reference to the attached drawings, in
      which:
PAR  FIG. 1 is a diagrammatical axial section of a fuel injector according to
      this invention, and
PAR  FIG. 2 is a similar view showing a modified form of embodiment of a fuel
      injector.
DETD
PAR  The injector illustrated in FIG. 1 comprises a body 1 enclosing a solenoid
      2 of which the movable core constitutes a needle valve 3 adapted to be
      seated in an orifice 4 controlling the delivery of petrol fed to the input
      chamber of the solenoid via an inlet pipe 5 or hose 5. Opening into the
      outlet pipe 6 of the fuel injector which is disposed downstream of the
      aforesaid orifice 4 is an air input passage 7 adapted in this case to
      produce a preliminary emulsion of the air-fuel mixture to be delivered by
      the injector into the engine induction manifold to which it is adapted to
      be connected by means of a flange 8.
PAR  The needle valve 3 is normally seated by a return spring 9 reacting against
      the movable wall 10 of a fluid-type damping capacity formed in said body 1
      and comprising, between said wall 10 and another movable wall 11, a pair
      of chambers 12 and 13 separated by a fixed partition 14 in which a
      throttling orifice 15 is formed.
PAR  The second movable wall 11 is adapted to co-act with the movable member 16
      of an electric switch comprising a conducting element 16a and an
      insulating element 16b, said movable member 16 being normally urged
      against said movable wall 11 by a coil compression spring 17 reacting
      against an insulating end cap 18 engaging a screw-threaded end portion of
      said body 1. Co-acting with the movable electric member 16 is an annular
      coil spring 19 fitted in a groove 20 formed in an insulating ring 21
      mounted in a fixed position in said body 1. This annular coil spring 19 is
      electrically connected at one point of ring 21 to a conductor 22 connected
      in turn to one terminal of solenoid 2. The annular coil spring 19 is
      fitted somewhat tightly on the movable member 16 so that when the
      conducting portion 16a of this member 16 is moved to the right as seen in
      FIG. 1 the spring 19 tends to be wound on itself and to move bodily with
      said portion 16a in the groove 20 formed to this end with an axial
      extension, as shown. Through the coil compression spring 17 the conducting
      portion 16a of member 16 is connected to a connector 23 secured to the end
      cap 18 and inserted in the starter motor control circuit having its manual
      control switch 24 connected to the second terminal of solenoid 2; thus,
      this contact 24, the solenoid winding 2 and the electric contact or switch
      16-19 are disposed in series.
PAR  This cold-start fuel injector operates as follows:
PAR  When the starter-motor control switch 24 is closed, the solenoid 2 is
      energized and simultaneously the starter motor is energized and the needle
      valve 3 opens the passage 4 permitting the delivery of fuel, while the
      spring 9 transmits its corresponding compression effort to the first
      movable wall 10 of the damping capacity. The liquid forced from chamber 12
      to chamber 13 forces the other movable wall 11 to the right, together with
      the movable member 16 driving firstly therewith on its larger portion 16a
      the annular coil spring 19 to the right-hand end of groove 20. Then, the
      annular coil spring 19 and the enlarged portion 16a of member 16 are
      suddenly separated from each other, the spring 19 resuming its initial
      position, this return movement being facilitated by the fact that the
      diameter of the insulating portion 16b of member 16 is smaller than that
      of portion 16a. As a consequence of the breaking of the electric contact
      between coil 19 and portion 16a, the solenoid 2 is de-energized, whereby
      the needle valve 3 is seated immediately by the force of return spring 9,
      even if the driver kept the manual switch 24 closed. The electric contact
      between spring 19 and portion 16a of member 16 is subsequently restored
      only when, as a consequence of the force of spring 17, the movable member
      16 and the movable walls 10 and 11 are allowed to resume their initial
      positions. This arrangement is particularly advantageous in that it avoids
      any flooding of the engine by preventing an excess fuel injection in case
      the engine did not start for any reason. Moreover, by connecting the
      connector 23 to the solenoid of relay 25 controlling the engine starter
      motor, the engine is prevented from being driven until contact 19-16a is
      restored, thus enabling the already injected fuel to be partially
      vaporized, and therefore automatically preventing an undue electric
      current demand from the storage battery of the vehicle.
PAR  FIG. 2 illustrates a modified form of embodiment wherein the injection
      system differs from the preceding one only through the use of membranes
      for constituting the damping capacity and the use of different means for
      off-setting the closing of the internal electric switch in relation to the
      opening thereof.
PAR  Otherwise, the similar component elements of the injectors are designated
      by the same reference numerals as those used in FIG. 1, plus the index
      "a", including the membranes designated by symbols 10a and 11a,
      respectively.
PAR  The membrane 11a co-acts with the movable member 26 of an electric switch
      comprising a conducting portion 26a and an insulating portion 26b of which
      the junction acts as a cam means co-acting in turn with a ball 27 (or a
      round-tipped stud) radially urged against this cam by a coil compression
      spring 28 housed in a cavity 21b formed in an insulating ring 21a. This
      cavity 21b affords a certain axial movement of the ball 27, this movement
      being attended by a certain yielding of spring 28. This spring 28 is
      connected via a conductor 22a to one terminal of the solenoid and the
      conducting portion 26a, as in the preceding form of embodiment, is
      connected via an axial coil compression spring 17a to a connector 23a,
      this assembly forming a series circuit with the manual switch 24 and the
      starter motor solenoid control relay 25.
PAR  Since the operation is exactly the same as in the preceding case, it is not
      deemed necessary to describe it in detail, for it is clear that the
      junction of the conducting and insulating portions 26a and 26b,
      respectively, constitutes the apex of the cam consisting of said member
      26; as a result, a predetermined axial movement of this member 26 to the
      right from the position shown in FIG. 2 will be necessary to cause the
      ball 27 to engage the insulating portion 26b and open the control circuit,
      while a predetermined axial movement in the reverse direction will be
      required subsequently to cause the ball 27 to clear the aforesaid apex and
      resume its position on the conducting portion 26a to restore the control
      circuit.
PAR  Of course, other modifications may be contemplated when embodying this
      device without departing from the basic principles of the present
      invention, as will appear to those conversant with the art.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. In combination with an internal combustion engine having a fuel flow
      passage and an electrical control circuit for a starter motor, said
      circuit being connected to an associated source of electrical power and
      including a manual control switch, a cold-start fuel injector comprising:
      a housing; a normally closed needle valve associated with the fuel flow
      passage for controlling the delivery of fuel to said engine; a solenoid on
      said housing for actuating said needle valve in an opening direction
      inserted in electrical series with the manual control switch in said
      control circuit; a fluid-type damping means having a pair of movable end
      walls defining a chamber and having a fluid in said chamber and a
      partition located in said chamber and fixed to said housing, said
      partition having therein a throttling orifice; a spring interposed between
      one of said pair of movable end walls and said needle valve to bias said
      needle valve in a closing position; normally closed contact means
      associated with the other of said movable end walls and inserted in
      electrical series with said solenoid in said control circuit, said
      normally closed contact means including a movable member for opening and
      closing said contact means, said movable member being mounted on the other
      one of said movable end walls for movement therewith, said normally closed
      contact means being biased in an opening direction via said fluid-type
      damping means when said needle valve is actuated in said opening
      direction.
NUM  2.
PAR  2. Injector as set forth in claim 1, wherein the viscosity of said damping
      fluid decreases with increasing temperature.
NUM  3.
PAR  3. The cold-start fuel injector of claim 1 wherein said normally closed
      contact means is adapted to occupy opened and closed positions, said
      damping means being arranged to maintain said normally closed contact
      means in said open position until said needle valve is returned to said
      closed position whereby said needle valve is reset in the fuel flow
      passage before said normally closed contact means reoccupies said closed
      position.
NUM  4.
PAR  4. The cold-start injector of claim 1 wherein the starter motor control
      circuit includes a starter motor control relay and wherein said normally
      closed contact means is connected in series with the starter-motor relay.
NUM  5.
PAR  5. Injector as set forth in claim 3, wherein said normally closed contact
      means comprises a pair of coupled rings including a conducting ring and a
      non-conducting ring, both of said rings adapted to move axially, a fixed
      ring, and a coil contact spring forming an annular coil surrounding said
      rings and mounted in a groove of said fixed ring and adapted to move
      freely in the axial direction of said normally closed contact means to a
      predetermined extent, whereby said annular spring normally tends to follow
      in said groove said conducting portion before breaking the contact and
      shifting to said non-conducting ring.
NUM  6.
PAR  6. Injector as set forth in claim 3, wherein said normally closed contact
      means comprises a pair of axially displaceable coupled rings including a
      conducting ring and a non-conducting ring a cam means formed at the
      junction of said rings, a contact member engaging said cam means, a spring
      means biasing said contact member inwardly against said rings a companion
      spring attached to said contact member to allow movement of said contact
      means in the axial direction of said normally closed contact means,
      whereby said movable member is adapted to follow the movement of said cam
      means before moving from contacting the conducting ring to contacting the
      non-conducting ring, and vice-versa.
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ABST
PAL  Improved archery equipment comprises an archery bow with an improved
      reversible arrow rest. The equipment may also include an arrow supported
      on the rest for shooting from the bow. The rest is disposed in the
      arrow-receiving space or window of the bow, and comprises a base portion
      secured to the bow handle and at least one resilient, vertically
      depressible, elongated, free-standing, upwardly projecting arm rising
      above the base support and secured to it adjacent its lower end. The arm
      extends generally along the forward-rearward axis of the bow, a portion of
      the arm providing a fork, tines of which are adapted to support opposite
      sides of an arrow below the midline thereof when the arrow is disposed for
      shooting from the bow. In one embodiment a pair of spaced arms are
      utilized in the rest and the fork has an open center, thus permitting an
      arrow vane to pass freely therethrough without touching the fork. The arm
      or arms are adjustable preferably both vertically and laterally so that
      the height and position of the arrow in the window can be adjusted. the
      open centered fork can also be adjusted to accommodate arrows of various
      diameters. The same rest can be used with both right handed and left
      handed bows and is particularly adapted to be used in conjunction with a
      mechanical string release to provide essentially perfect arrow flight with
      full arrow clearance from the bow.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  The present invention generally relates to archery equipment and more
      particularly relates to improved archery equipment comprising a bow with
      an improved arrow rest attached thereto, with or without an arrow on the
      rest.
PAR  2. Prior Art
PAR  Arrow rests for archery bows, such as the longbow, modernly the recurved
      bow, usually includes a ledge connected to the sidewall of the bow in the
      so-called window of the bow above the bow shelf. The bow shelf defines the
      lower margin of the window, the latter being disposed in the handle or
      middle portion of the bow between the bow limbs and above the hand grip.
      The arrow rest ledge usually projects generally horizontally out into the
      window and can be fabricated of any suitable material such as metal,
      plastic, leather, bristles, feathers, paper or the like.
PAR  The purpose of the arrow rest is to form a support for the arrow shaft so
      that it can be accurately aimed and shot from the bow. In order to shoot
      the arrow, its rear or nock end is nocked on the string, and the shaft is
      placed on and supported by the arrow rest ledge. The bowstring, which is
      attached to the limb tips, is then drawn towards the archer, either with
      the fingers of one hand or with a mechanical release attached to one or
      more of those fingers or to the wrist, while the other hand of the archer
      holds the bow at arms length in about vertical alignment. The drawing
      fingers, when used instead of a mechanical release, are usually protected
      by a finger tab or glove. When the string is fully drawn back, the arrow
      is aimed and then the string is released. The bent bow limbs force the
      released string and nocked arrow rapidly forward, the string reaches its
      forward limit of movement, constrined by the limbs, and the arrow launches
      forward, free of the string and directed to the target.
PAR  In moving forward from the string, the arrow vanes, attached adjacent the
      rear of the arrow shaft for stabilization of the arrow, usually clears a
      well constructed arrow rest ledge if the archer's fingers rather than a
      mechanical release have been used to draw the bow string. This is due to
      the phenomenon known as archers paradox. This phenomenon is characterized
      by a bowing or bending of the arrow shaft around the arrow rest ledge, and
      consequent clearing the vanes, due to the sudden propulsive force
      delivered by the string to the rear end of the arrow shaft in a plane
      other than along the exact longitudinal axis of the shaft. This
      misalignment of string force imparted to the arrow is caused by the side
      torque naturally given to the string as the string rolls or slides across
      the finger tab or glove fingers at an angle from the described plane
      during release of the string. During flight, the arrow so released goes
      through a series of diminishing alternate flexing and bowing motions, all
      of which tend to reduce its accuracy. Moreover, not all of the propulsive
      force possible is imparted by the string to the arrow, nor is all that
      which is so imparted directed towards the target. Consequently, arrow
      speed and accuracy are further reduced.
PAR  In recent years, the described deficiencies have been largely overcome
      through the use of mechanical release aids. One type of such release aids
      usually comprises a hook of metal, plastic or the like which is held in
      the archer's hand, controlled by the fingers and features essentially
      point contact with the bow string, resulting in the latter being released
      more uniformly from shot to shot, and more in a plane along the
      longitudinal axis of the arrow. Essentially the same advantages are
      obtained with certain other types of mechanical releases, such as certain
      rope and strap releases. Consequently, more propulsive force is imparted
      to the arrow, it travels faster and more accurately and archers paradox is
      substantially eliminated.
PAR  However, difficulties in having the arrow and its vanes clear the arrow
      rest ledge are usually encountered when using mechanical release aids
      because archers paradox has been largely eliminated. If a vane of the
      arrow strikes the ledge during flight of the arrow, the vane rapidly
      becomes worn, does not properly stabilize the arrow and must be replaced.
      Moreover, such striking causes the arrow to be knocked out of the desired
      trajectory and to be slowed down, resulting in reduced accuracy of the
      shot. The problem is most pronounced when relatively inflexible hard
      plastic vanes are used in place of feathers. Such hard vanes are weather
      resistant, more uniform and have less wind resistance than feathers and so
      are more accurate. However, if any of them on the arrow touch the arrow
      rest ledge during flight of the arrow, the shot is thrown well off line
      and accuracy is sharply reduced.
PAR  Some shaft positioning devices have recently been used to position the
      arrow shaft on the rest far enough away from the bow side wall and the
      main portion of the rest to reduce the problem of vane interference.
      However, when such devices are uncollapsable, a new problem is introduced
      in that the arrow frequently is misaligned, that is, it is not initially
      parallel with the bow sidewall and is not disposed directly along the
      forward-rearward axis of the bow. Consequently, it flies off line.
      Moreover, the transmission of force from the string to the arrow is at an
      angle, with consequent reduction in arrow speed and accuracy. If on the
      other hand, the shaft-positioning device is collapsable, such as the
      so-called plunger, arrow vane clearance is again encountered because
      archers paradox is further suppressed and the arrow shaft tends to swing
      towards the sidewall before the vanes clear the rest.
PAR  A further complication has been introduced through the use of most
      mechanical release aids. Thus, slow motion pictures have revealed that
      arrows shot with mechanical releases, especially those featuring single
      point contact with the bowstring, undergo substantial and rapid vertical
      oscillations due, probably at least in part, to the fact that the arrow
      must be nocked on the string well above the arrow rest level in order to
      aid in clearing the arrow vanes. Such oscillations can adversely affect
      accuracy in shooting. Although they are minimal when a finger tab or glove
      is used in place of the mechanical release, since the tab or glove dampens
      the oscillations, the substantial improvement in overall accuracy
      otherwise afforded by mechanical releases points out the need for a way of
      overcoming such vertical oscillations.
PAR  Accordingly, there is a need for improved means for assuring, during
      archery bow shooting with all types of mechanical release aids, proper
      arrow shaft and vane clearance, suppression or elimination of vertical
      arrow oscillation and archers paradox and improved accuracy from shot to
      shot.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention satisfies the foregoing needs. The invention is
      substantially as set forth in the Abstract above. Thus, improved archery
      equipment is provided which includes an improved arrow rest disposed in
      the window of an archery bow. The rest comprises a base support secured to
      the handle or middle portion of the bow and at least one and, in one
      embodiment, a pair of resilient, vertically depressable, elongated,
      free-standing, upwardly projecting arms rising above and secured at their
      lower ends to the base support. The arm or arms form an arrow support,
      permitting a vane of the arrow to pass freely therearound or therebetween.
      The arms are adjustable preferably both vertically and laterally, that is,
      towards and away from each other, so as to accommodate therebetween arrow
      shafts of various diameters.
PAR  When utilizing a mechanical release, an arrow is shot from the bow with the
      arrow shaft supported on the improved rest, no archers paradox is
      encountered, vertical oscillations are effectively dampened and complete
      vane clearance is afforded, so that full propulsive force is transmitted
      from the bowstring to the arrow and the arrow travels straight ahead to
      the target at maximum speed and with optimal accuracy, without substantial
      lateral or vertical oscillations. Extreme accuracy from shot to shot thus
      can be achieved. Moreover, this result is obtained regardless of the type
      of mechanical release employed. It will also be understood that a finger
      tab or glove can be used in place of the mechanical release with certain
      of the described advantages, but with decreased accuracy. Such use is not
      recommended.
PAR  It has also been found that when the arrow is shot from the improved rest,
      using a mechanical release, the natural breaking or movement of the bow
      arm out of direct alignment with the target, upon release of the arrow,
      has minimal effect on the accuracy of the arrow, in contrast to arrows
      shot using a fixed pressure point or collapsable plunger in association
      with a ledge rest.
PAR  A further unique feature of the improved arrow rest is that it is equally
      adaptable for use with both right and left handed archery bows. There is
      no need to provide separate mirror image forms of the rest, one for
      left-handed applications and one for right-handed applications.
      Accordingly, a saving in inventory costs can be made while increasing the
      overall utility of the improved equipment. Further features of the
      invention are set forth in the following detailed descriptions and
      accompanying drawings.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a schematic reduced side elevation of a first preferred
      embodiment of the improved archery equipment of the invention;
PAR  FIG. 2 is a schematic fragmentary side elevation of the center portion of
      the bow of FIG. 1, showing an arrow in place on said first embodiment on
      the improved rest of the invention;
PAR  FIG. 3 is a top plan view of the equipment shown in FIG. 2;
PAR  FIG. 4 is a schematic top plan view of a second preferred embodiment of the
      improved rest of the invention, with an arrow positioned thereon;
PAR  FIG. 5 is a schematic side elevation of the equipment of FIG. 4 on an
      archery bow;
PAR  FIG. 6 is a schematic rear elevation of the rest of FIG. 4;
PAR  FIG. 7 is a schematic rear elevation of the rest of FIG. 4, with an arrow
      thereon in a different position from that shown in FIG. 6;
PAR  FIG. 8 is a schematic, fragmentary top plan view of a third embodiment of
      the improved archery equipment of the inventor;
PAR  FIG. 9 is a schematic side elevation of the arrow rest portion of the
      embodiment of FIG. 8; and,
PAR  FIG. 10 is a schematic rear elevation of a modified arrow rest portion for
      use in the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAC  FIGS. 1, 2 and 3
PAR  As shown schematically in FIG. 1 in side elevation, a preferred embodiment
      of improved archery equipment is provided, comprising device 10 which
      includes an archery long bow 12 having a pair of elongated recurved limbs
      14 interconnected by a middle or handle portion 16. The tips of limbs 14
      are secured to opposite ends of a bowstring 16, to which the rear or nock
      end 20 of an arrow 22 is attached at about the mid-point of string 18. The
      shaft 24 of arrow 22 is supported on an improved arrow rest 26, with the
      vanes 28 of arrow 22 rearward of rest 26. Bow 12 and arrow 22 can be made
      in any suitable conventional manner.
PAR  Rest 26, shown in FIGS. 2 and 3, is secured to sidewall 30 of bow 12 in the
      "cut-away" or window 32 in the handle portion 16 above shelf 34. Shelf 34
      is, in turn, above handgrip 36. Rest 26 comprises an L-shaped plate 38 of
      metal, plastic or the like, having a horizontal base 40 and an
      interconnected vertical portion 42. The latter is secured to sidewall 30
      by a screw 44 and washer 46 secured to a shaft 48 passing through portion
      42 and extending transversely through sidewall 30. Shaft 48 has an
      enlarged head 50 to which a knurled knob 52 is threadably secured. Portion
      48 may be provided with apertures 54 through which the shaft of screws
      (not shown) can be passed into sidewall 30 as an alternate means of
      securing plate 38 in place above shelf 34 a desired distance.
PAR  A pair of spaced, vertically depressible, elongated freestanding arms 56
      project upwardly and forwardly at an angle in window 32, rising above base
      40 and spaced from sidewall 30 a desired distance. Arms 56 lie generally
      in a forward-rearward direction, that is, generally parallel to sidewall
      30. The lower ends 58 of arms 56 are releasably secured to base 40, for
      example, by being pressed between the underside of base 40 and a nut 60
      disposed on threaded machine screw 62 or the like extending down through
      base 40, as shown in FIG. 2.
PAR  Preferably, arms 56 are formed of a single piece or strip of high tensile
      strength, flexible bendable wire, such as metal wire, for example, steel
      wire, or plastic wire or the like, so that arms 56 are joined at the lower
      ends 58 thereof. Arms 56 may, if desired, have one or more coils 64
      therein to increase their vertical spring action, as shown in FIGS. 2 and
      3. Such vertical depressibility effectively dampens vertical oscillations
      of arrow 22 when the latter is shot from rest 26, increasing arrow
      accuracy.
PAR  Arms 56 converge toward but do not touch each other adjacent their upper
      ends 66 and preferably diverge at those ends 66, as shown in FIG. 3,
      providing a fork 68, the tines of which support shaft 24 of arrow 22 on
      opposite sides below the midline thereof, leaving a space 70 therebetween
      for free passage therethrough of a vane 28 of screw 22 without touching
      arms 56. Accordingly, arrow 22 can be shot without any vane interference,
      thereby increasing arrow accuracy.
PAR  Arms 56 can be bent up and down to position shaft 24 properly vertically.
      Arms 56 can also be bent towards and away from each other so as to make
      fork 68 the proper diameter for shaft 24, whatever shaft 24's diameter.
      Inasmuch as ends 66 or fork 68 preferably are straight sided, although
      diverging, and shaft 24 is circular in cross-section, there is point
      contact between the tines of fork 68 and shaft 24 for minimal arrow drag
      when arrow 22 is shot.
PAR  Accordingly, rest 26 permits arrow 22 to be shot by a mechanical release
      aid without vertical oscillation, archer's paradox and vane interference.
      Such an arrangement exhibits increased arrow speed and accuracy, shot
      after shot, and is a substantial advance in the art.
PAR  Although arrow 22 could be shot with a tab or glove instead of a mechanical
      release aid, space 70 would have to be wide enough to assure minimum vane
      interference. Accordingly, rest 26 is only recommended for use with
      mechanical release aids.
PAC  FIGS. 4, 5, 6 and 7
PAR  Bow 12 and arrow 22 are schematically shown in FIG. 5 with a second
      embodiment of the improved rest of the invention. Thus, a rest 80 is shown
      replacing rest 26. Rest 80 includes a base 82 and a pair of spaced arms 84
      of configuration comparable to arms 56. Thus, arms 84 are resilient and
      vertically depressible and they extend up and forwardly in window 32,
      spaced from sidewall 30 and above shelf 34. At their upper ends 86, arms
      84 converge then diverge to form a fork 88 but remain spaced from each
      other to form a passage 90 therebetween through which a vane 28 can freely
      pass. Shaft 24 is supported on fork 88 as shown in FIG. 5. The lower ends
      92 of arms 84 are integral with base 82 which is secured to shelf 34 by a
      threaded screw 94 and spacers 96.
PAR  Preferably, arms 84 and base 82 are one continuous piece of strip or wire
      or the like, as shown in FIGS. 6 and 7. In FIG. 6, rest 80 is shown with
      arrow 22 thereon so that one vane 28 is disposed in alignment with passage
      90. In FIG. 7, rest 80 is shown with arrow 22 thereon so that all three
      vanes 28 originate above rest 80 and clear it. Whatever the vane
      configuration, rest 80 can be used in the same manner with the same
      advantages as rest 26. Both rest 26 and rest 80 can be mounted so that
      their arms are either directed forwardly or rearwardly, although the
      former is much preferred. Moreover, each rest can be mounted on and
      performs equally well on a left-handed bow or a right-handed bow with
      absolutely no change in rest configuration.
PAC  FIGS. 8 and 9
PAR  A third preferred embodiment is schematically depicted in FIGS. 8 and 9.
      Thus, FIG. 8 shows in top plan view a portion of bow 12 to sidewall 30 of
      which is adhesively secured, via strip 92, a rest 94, upon which arrow 22
      is disposed. Rest 94 includes a base portion 96 comprising a horizontal
      plate 98 integral with a vertical plate 100. To the back of the latter is
      secured strip 92. Plate 100 is also provided with a plurality of apertures
      102 (FIG. 9) through which screws (not shown) or the like can be run, to
      secure rest 94 to sidewall 30 instead of using strip 92.
PAR  Plate 98 is snugly but slideably secured between a top strip 104 and a
      bottom strip 106. The two strips are secured to each other via anchors 108
      and washers 110 (FIG. 9). Strip 106 is turned up at its rear end 112,
      while strip 104 is also reflected up at its rear portion 114 and then
      slopes upwardly and forwardly therefrom to form arm 116. Arm 116 is
      provided with a notched portion or fork 118 at its upper end 120, which
      form 118 includes a pair of spaced tines 122 adapted to engage shaft 22 on
      opposite sides below the midline thereof. Strip 106 is additionally
      secured at rear end 112 to strip 104 via a plastic ring 124 or the like.
      The height and angle of arm 116 can be adjusted by bending strip 106 at
      rear end 112. Arm 116 can be adjusted laterally relative to sidewall 30 by
      sliding the united strips 104 and 106 relative to plate 98, that is,
      towards or away from plate 100.
PAR  Arm 116 is resilient, vertically depressible, elongated, free-standing and
      upwardly projecting and preferably is of a durable smooth material such as
      polytetrafluoroethylene plastic or the like. Base support 96 can be metal,
      plastic or the like, as can strip 106.
PAC  FIG. 10
PAR  Another single arm embodiment of the improved arrow rest portion of the
      present invention is shown schematically in rear elevation in FIG. 10.
      Thus, a rest 126 is shown which includes a base support 128 in the form of
      a horizontal bar 130, to one end of which is releasably secured, as by a
      threaded screw 132, a connector 134. Connector 134 includes a pair of
      spaced holes 136 through which screws 138 are positioned for releasably
      securing rest 126 in place on bow 12, for example, to the rear end of the
      sidewall 30 of handle 16 above shelf 34.
PAR  To the opposite end of bar 130 is releasably secured, as by a screw 140, a
      bracket 142 which has an opening (not shown) in the upper end thereof in
      which an upraised arm 144 is secured. Arm 144 has a notched out fork 146
      at its upper end 148. Fork 146 includes a spaced pair of upraised tines
      150 adapted to engage opposite sides of arrow shaft 22 (not shown) as
      previously described for tines 122.
PAR  Arm 144 is similar in nature to arm 116 and can be adjusted in vertical
      height by rotating bracket 142 to the correct position and locking it in
      place with screw 140. Arm 144 can also be adjusted laterally relative to
      sidewall 30 (not shown) and connector 134 by loosening screw 140, sliding
      bracket 142 towards or away from connector 134 and retightening screw 140.
      Arm 144 can be of similar material to arm 116. Bracket 142, connector 134
      and bar 130 can be of metal, plastic or the like.
PAR  Rests 94 and 126 are simple, inexpensive and fully adjustable both
      vertically and horizontally, and they provide for drag-free easy arrow
      flight with no striking of arrow vanes on any part of either arm 116 or
      arm 144. Accordingly, the advantages of rest 26 and rest 80 are obtained.
PAR  Accordingly, improved archery equipment comprising a bow with improved
      arrow rest of novel design, construction and advantages is provided. The
      equipment may also include an arrow on said rest. Various configurations,
      changes, alterations and additions can be made in the equipment of the
      invention, its components and parameters. All such modifications, changes,
      alterations and additions as are within the scope of the appended claims
      form part of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Improved Archery Equipment comprising, in combination:
PA1  a. an archery bow having a bow handle including a sidewall and a bottom
      shelf defining an arrow-receiving space; and,
PA1  b. an improved reversible arrow rest attached to said bow handle in said
      arrow-receiving space, said rest comprising, in combination:
PA2  i. a base support in said space attached to said bow handle; and,
PA2  ii. at least one resilient, vertically depressible, elongated,
      free-standing, upwardly projecting arm rising above said base support in
      said arrow-receiving space, spaced laterally from and above said bow
      handle to provide free arrow shaft and vane clearance therefrom and
      secured adjacent the lower end thereof to said base support, said at least
      one projecting arm extending generally along the forward-rearward axis of
      said bow, a portion of said at least one projecting arm providing a fork
      adjacent the upper end thereof for a shaft of an arrow, said form being
      dimensioned and positioned with respect to the bow so as to permit all
      vanes of an arrow, during shooting of an arrow from said bow, to freely
      clear without striking any part of said at least one projecting arm,
      including said fork.
NUM  2.
PAR  2. The improved archery equipment of claim 1 wherein said at least one
      projecting arm is movable towards and away from said sidewall and said
      bottom shelf and wherein said at least one projecting arm rises at an
      angle from the vertical above said base support.
NUM  3.
PAR  3. The improved archery equipment of claim 2 wherein said rest has only one
      said at least one projecting arm, wherein said at least one projecting arm
      is notched at its upper end to provide said fork and wherein said fork has
      tines adapted to support opposite sides of an arrow shaft below the
      midline thereof.
NUM  4.
PAR  4. The improved archery equipment of claim 3 wherein said base support is
      bendable to vary said angle of rise of said at least one projecting arm.
NUM  5.
PAR  5. The improved archery equipment of claim 3 wherein said at least one
      projecting arm comprises flexible plastic.
NUM  6.
PAR  6. The improved archery equipment of claim 2 wherein said rest has a pair
      of arms of the type of said at least one which are spaced apart but
      converge towards each other to provide said fork, said spacing between
      said pair of arms permitting a vane of an arrow to pass freely
      therebetween in the area of said fork.
NUM  7.
PAR  7. The improved archery equipment of claim 6 wherein said upper ends of
      said pair of arms diverge to form an open centered fork, tines of said
      fork adapted to support opposite sides of an arrow below the midline
      thereof.
NUM  8.
PAR  8. The improved archery equipment of claim 7 wherein said fork is adapted
      to receive arrows of various diameters and wherein said tines are bendable
      towards and away from each other to vary the width of said fork.
NUM  9.
PAR  9. The improved archery equipment of claim 8 wherein the height of said
      arms in said space is adjustable by bending said arms.
NUM  10.
PAR  10. The improved archery equipment of claim 9 wherein said arms comprise
      metal wire.
NUM  11.
PAR  11. The improved archery equipment of claim 1 wherein said equipment
      includes an arrow disposed on said rest for shooting from said bow and
      wherein said at least one projecting arm projects generally along the
      longitudinal axis of an arrow.
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ABST
PAL  Gas fired air heater for a central heating system comprising a heat
      exchanger in which are arranged a series of parallel rows of vertical heat
      exchange tubes, the lower ends of which are connected to a joint burner
      compartment and the upper ends of which are connected to a joint flue
      compartment. Two opposite lateral sides of the heat exchanger are
      connected to air supply and discharge compartments respectively for
      feeding the air to be heated transversely through the heat exchanger. The
      lateral air supply and discharge compartments have air inlet and outlet
      connections at their top and bottom walls only. One of said lateral air
      compartments is closed at one end and is connected to a fan at the
      opposite end, whereas at least one end of the other lateral air
      compartment is connected to a main duct for discharge of the heated air.
      The heat exchange tubes are grouped in three sections, each of which
      extends transversely to the direction of flow of the air to be heated and
      each of which is heated by an individual ribbon type burner. Each section
      is individually controlled, to which end the individual sections may be
      connected to the successive stages of a multistage room thermostat set at
      staggered temperatures.
PARN
PAR  This application is a continuation-in-part application of Ser. No. 256,077,
      filed May 23, 1972, U.S. Pat. No. 3,820,526, for AIR HEATER ESPECIALLY FOR
      CONNECTION TO A CENTRAL HEATING SYSTEM.
BSUM
PAC  DISCUSSION OF THE PRIOR ART
PAR  The invention relates to an air heater comprising a heat exchanger
      compartment in which are arranged a series of parallel rows of vertical
      heat exchange tubes, the lower ends of which are connected to a joint
      burner compartment and the upper ends of which are connected to a joint
      flue compartment, whereas two opposite lateral sides of the heat exchanger
      compartment are connected to air supply and discharge compartments
      respectively for feeding the air to be heated transversely through said
      heat exchanger compartment. This heater will be further referred to as a
      heater of the kind specified. The heater may be gas fired and the heat
      exchange tubes may comprise finned tubes.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of the invention, said lateral air supply and
      discharge compartments of a heater of the kind specified have air inlet
      and outlet connections at their top and bottom walls only, one of said
      connection being connected to a fan for feeding the air to be heated into
      the relative compartment, the other connection of the same compartment
      being closed, at least one of the connections of the other lateral
      compartment being connected to a discharge duct for the heater air.
PAR  This provides the advantage that the heater can be installed in a narrow
      space, since the air connections are at the top and bottom of the heater
      only. Moreover, the arrangement of the air connections can easily be
      adapted to the situation on hand, since the fan connection and the air
      discharge duct connection can be made at any of the four available
      locations, either at the right or at the left or either at the top or at
      the bottom of the heater, provided that the fan connection is made at the
      other compartment than the one with which the discharge duct is connected.
PAR  According to another aspect of the invention, a heater of the kind
      specified is characterized in that a separate burner is provided for each
      individual row of heat exchange tubes situated transversely of the
      direction of flow of the air to be heated and each burner is separately
      controlled by an individual thermostat stage such that a next burner is
      added to the operating set of burners when the capacity thereof becomes
      insufficient and vice versa.
PAR  In this embodiment, switching on and off of a next burner can be done
      manually, for instance at the change of seasons, but it is preferably
      obtained automatically by using a multistage thermostat, each of the
      stages of which controls an other burner or an other group of burners
      respectively.
PAR  A multistage control of the heat capacity is especially important for an
      air heater, since the circulating air of an air operated central heating
      plant has a very small heat content as compared to a hot water operated
      central heating plant, so that an ordinary on-off operation of an air
      heater would cause unacceptable temperature fluctuation in the rooms to be
      heated. On the other hand, a gradual control of the pressure of the gas
      fed to the gas burners has also disadvantages such as condensation and low
      efficiency of the throttled flames. By the use of a multistage control,
      these disadvantages are prevented whereas the control apparatus remains
      simple and reliable.
DRWD
PAC  SURVEY OF THE DRAWINGS
PAR  FIG. 1 is a schematic vertical section of an air heater according to the
      invention, for connection to a central heating system.
PAR  FIG. 2 is a vertical section at right angles to the section of FIG. 1.
PAR  FIG. 3 is a horizontal view of the embodiment of FIGS. 1 and 2.
DETD
PAR  The air heater as shown has a sheet metal casing 1 enclosing all vital
      parts, said casing being interiorly lined with insulating material. The
      main part of the heater is the heat exchanger compartment, comprising a
      series of parallel rows of finned vertical tubes 2. These tubes may
      comprise straight tubes provided with disc shaped or helicals gills but
      fundamentally may comprise any type of tubes capable of efficient heat
      transfer between combustion gases flowing through the interior of the
      tubes and air flowing along the exterior periphery of the tubes. The tubes
      may for instance have an undulating wall shape, etc.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the embodiment described, the heat exchanger comprises three rows or
      sections each of which comprises three finned tubes. To facilitate mass
      production, the three-section-type of air heater is preferred, said type
      being adapted to the required capacity the number of tubes per section.
      Each section may for instance have two, three or four tubes.
PAR  A burner compartment 5 is mounted underneath the heat exchanger
      compartment, the burner compartment comprising a separate burner 4 under
      each row of finned tubes 2 of the heat exchanger. The burners 4 are
      arranged parallel to each other in the burner compartment 5 and the top of
      each burner compartment has a series of outlets 3, each of which is
      coaxial with one of the finned tubes 2 of the appertaining section of the
      heat exchanger. A common flue compartment 6 is mounted on top of the heat
      exchanger compartment, all finned tubes 2 opening into said flue
      compartment.
PAR  Two air compartments 7 and 8 for supply and discharge respectively of the
      air to be heated are mounted at two mutually opposite sides of the unit
      formed by burner compartment 5, heat exchanger compartment 2 and flue
      compartment 6. The gas supply pipe with control apparatus 9 is mounted at
      one of the two other sides of said unit, whereas a duct 10 for the supply
      of combustion air is mounted at the fourth side of said unit. Thus, a
      simple, conveniently arranged unit is obtained.
PAR  In the embodiment shown, the combustion air supply duct 10 extends from the
      burner compartment 5 upwardly along the rear side of the heat exchanger
      compartment, whereas a combined combustion air supply flue gas discharge
      connection is mounted near the top of the rear side of the heater. The
      upwardly extending duct 10 opens into the lower compartment 11 of the
      combined connection 19 whereas the flue compartment 6 opens into the upper
      part 12 of said connection 19. Said upper part 12 fits with a sliding fit
      into the rear end of the flue compartment 6 and the connection 19 can be
      removed, if desired, to be replaced by an ordinary chimney connection
      piece. Said piece has a rectangular upper part which fits into the rear
      end of the flue compartment and it has an upper opening which fits into
      the chimney, but the lower part of the side wall adjacent the part 14 is
      closed, so as to close the inlet opening at the top of the combustion air
      supply duct 10. When a chimney connection is used, another inlet opening
      should be provided in the air duct 10 and this may for instance be
      obtained by providing a slidable rear wall 17 of the air duct 10 so that
      said wall 17 may be slide upwardly to provide an opening at the lower end
      of the duct 10, when the chimney connection 13 is used.
PAR  However, the described embodiment of the combustion air inlet and flue gas
      outlet are meant as an example only and may be replaced by other suitable
      connection. If the heater is not intended for a balanced flue connection,
      the outlet of the flue compartment 6 may be connected in any known
      convenient manner to a chimney inlet whereas the combustion air supply
      duct 10 may be omitted altogether or may for instance extend halfway up
      the heat exchanger only. It has been found, however, that a combined
      connection as shown in FIG. 2, to for instance a ventilation duct in a
      large building, is permissible for a plurality of heaters to the same
      ventilation duct without causing an unadmissibly high CO-content in the
      flue gases, provided the ventilation duct has a sufficient cross section
      and sufficient air is fed into the duct.
PAR  According to one aspect of the invention, best seen in FIG. 2, the air
      compartments 7 and 8 at two laterally opposite sides of the heat exchanger
      compartment are arranged so that even if the available floor space is
      hardly any larger than the cross section of the heating apparatus, any
      desired connection can be made with the ducts for circulating the air
      toward and from the rooms to be heated. The two air compartments 7 and 8
      have equal, rectangular cross sections which are closed at their laterally
      outward sides, so that the air, when looking at FIG. 1, can be fed through
      the heat exchanging compartment 2 (either from right to left or from left
      to right) as desired at a particular site for the heater. The air
      compartment 7 has a connecting aperture 22 in its upper wall and a
      connecting aperture 23 in its lower wall, whereas the air compartment 8
      has a connecting aperture 24 in its upper wall and a connecting aperture
      25 in its lower wall. Preferably, the connecting apertures 22 and 24 are
      of mutually equal configuration and preferably the connection apertures 23
      and 25 are also of mutually equal configuration. The connecting apertures
      22, 23, 24, 25 are for instance each provided with a circumferential
      flange having a plurality of bolt holes so that, as desired, anyone of
      them may be connected to an air duct or to a fan outlet respectively which
      have similar flanges and bolt holes. Supposing that the air heater is
      installed on an upper floor of a house, it will usually be advantageous to
      connect the duct 26 for the heated air with the lower outlet aperture 23
      or 25, whichever one of them is most convenient, but if the air heater is
      installed in the basement of a building, the duct 26 for the heated air
      will usually be connected to the outlet aperture 22 or 25. The fan outlet
      27 is always connected to the air compartment which has no connection for
      heated air, whereas the other outlet aperture of the same air compartment
      will be closed by a blind cover, as shown at the upper right corner of
      FIG. 1 for the outlet aperture 24. Thus, the recirculation air sucked by
      the fan from the rooms of the building is blown by the fan to a
      compartment which has no other outlet than the transverse passage through
      the heat exchanger compartment, so that the recirculated air is reheated
      upon passing along the exterior of the heated finned tubes, and the
      reheated air is fed into the opposite air compartment from which it may be
      discharged either at the top or at the bottom or, if desired, both at the
      tip and at the bottom. Thus, in FIG. 1 the fan 27 discharges into the
      lower end of the right side air compartment 8, after which the air flows
      into the left side air compartment 7 and leaves this compartment via the
      air discharge duct 26 at the bottom left of FIG. 1. The top of the left
      side air compartment 7 is closed by a cover 22 provided with a steam
      outlet 31 for humidifying the heated air, as will be described later on.
PAR  Thus, the air heater has a simple, versatile construction and can be
      installed in cramped quarters according to any of a plurality of different
      lay-outs, whichever is most suitable for a particular case. In a preferred
      embodiment, the fan can be mounted in two positions underneath the burner
      compartment, that is either with its outlet connected to the air
      compartment 8 or with its outlet connected to the air compartment 7,
      whereas the main air discharge duct 26 is connectable to the air
      compartment 7 in the first case and to the air compartment 8 in the second
      case, in both of which cases one may choose between connection of the duct
      26 with the top of the relative air compartment or with the bottom of the
      relative air compartment. In the embodiment shown in FIG. 1, the main air
      discharge duct 26 passes through the floor on which the heater is
      installed, whereas the return duct for the recirculated air is mounted
      adjacent the duct 26 and passes also through the floor and is connected to
      the inlet of the fan 27, but it is equally possible to use an elbow shaped
      main discharge duct 26, which passes through the rear side of the heater
      as seen in FIG. 1, whereas the fan inlet passes also through said rear
      side of the heater.
PAR  A filter cloth or gauze 28 is mounted in the inlet space of the fan 27 for
      trapping dust conveyed with the returned air from the heated rooms.
      Usually, it is sufficient to clean or replace this filter once a year.
PAR  A shallow water container 29 is mounted in the top wall of the flue
      compartment 6, the bottom 30 of said container being preferably inclined
      upwardly in the discharge direction of the flue gases as shown in FIG. 2.
      This promotes the heat transfer from the flue gases to the water in the
      container 29 for providing steam which is fed into a short pipe 31 leading
      into the air compartment receiving the air heated in the transfer
      compartment. Preferably, the cover of the upper wall of said air
      compartment, the steam pipe 31 and the cover of the water tank 29 form a
      unit which may be rotated over 180.degree. with respect to the position
      shown in FIG. 1, so as to feed the steam into the other air compartment 8
      when the lay-out of the heater is reversed. Although the reversability of
      the steam connection as described is preferred, it is not essential, since
      it would also be possible to feed the steam into the air compartment
      containing the air, which still has to be fed through the heat exchange
      compartment.
PAR  The amount of steam added to the heated air by the device 29, 30, 31 may
      automatically be controlled by a room hygrostat controlling an
      electro-valve for closing the water supply to the tank 29, whereas the
      tank 29 may also be fitted with an automatic level control (float 20). The
      described humidifying device has the advantages of being simple and cheap,
      whereas it prevents minerals to be added to the heated air, since the
      minerals will settle in the tank itself, which may be regularly cleaned.
      In contrast to this, the usual water jets or wick evaporators cause
      uncontrollable mineral deposits in the system.
PAR  The finned tubes 2 may be provided with retarders to promote the heat
      transfer from the flue gases to the air circulating exteriorly of the
      tubes. The retarders may be formed as helical or meander shaped metal
      stripes extending longitudinally in the tubes 2, but according to the
      described embodiments, the retarders are shaped as double cones 32, 33
      freely suspended in the tubes 2. The hollow cones 32, 33 are made of
      refractory material or a metal which resists high temperatures. The base,
      that is the upward end, of the outer cone 32 has lateral projections which
      support the cone on the upper edge of the tube 2, and the cone is
      perforated throughout its height. The interior cone 33 is not perforated
      and the base thereof, that is its upward end, also has lateral projections
      with which it is supported on the upper edge of the outer cone 32. Thus,
      the cones 32, 33 are freely suspended for free heat expansion, and they
      extend over a substantial part of the length of the tubes, the length of
      the cones being chosen so that the heat load in longitudinal direction of
      the tube wall is levelled because of the converging shape of the net free
      passage through the tube. The retarders moreover force the hot gases to
      flow along the tube wall, they increase radiant heat transfer because of
      the high surface temperature of the cones and they cause a turbulant flow
      and thus an improved heat transfer.
PAR  As stated, a joint burner 4 extends under each section formed by a single
      row of tubes 2 extending transversely of the flow of circulating air
      through the heat exchange compartment. Each burner 4 is provided with a
      plurality of outlets or burner heads 3 in its upper wall, coaxially with
      the associated tubes 2. The perforated disc 3 preferably comprises a
      series of parallel extending corrugated strips separated by straight
      spacer strips which type of burner is usually called a ribbon burner. This
      type of burner has the advantage that the percentage of the total area of
      the burner outlet, which is closed off by the corrugated strips and spacer
      strips, and thus the free passage percentage with respect to the total
      area of the burner outlet, can easily be adjusted by selecting a different
      type of strips. Moreover, the several outlets of each burner may be
      connected by a narrow slot which is preferably also partially closed by
      corrugated strips and spacer strips, said slot serving to ensure
      simultaneous firing of the individual outlets of any burner 4. The casing
      of the burner 4 may be shaped as an elongated box, in the interior of
      which extends longitudinally an open ended tube 34 having a central hole
      37 in the bottom through which extends a gas supply tube 35. The upper end
      of the gas supply tube 35 is T-shaped and both ends thereof carry a nozzle
      36.
PAR  The gas supply tube 35 is connected to a control device 9 comprising an
      electro-magnetically operated gas shut-off valve. When this valve is
      opened, the gas flows from both nozzles 36 into the tube 34, where it is
      mixed with the combustion air flowing into the burner compartment 5. When
      the mixture leaves the burner housing via the outlets 3 it is ignited by a
      pilot flame, which may be common for all outlets of any burner and which
      may even be common for all burners when small flame transfer tubes are
      installed between the burners.
PAR  According to a most important aspect of the invention, there is a separate
      control device for at least some of the individual burners of the heater,
      said control devices being connected to a not shown room thermostat.
      Preferably, the room thermostat is of the multistage type and the
      individual gas valves of at least some of the burners 4 are connected to
      individual stages of said multistage thermostat, which stages are set to
      open and close the associated gas valve at temperatures which are
      staggered for the successive stages. Thus, each individual section of the
      heat exchanger is controlled by a simple on-off-procedure, but because of
      the staggered temperatures at which each stage is switched on and off, the
      practical result is almost comparable to a proportional control. A
      proportional control is most desirable with an air heater, because the low
      heat content of the circulated air, but a real proportional control with
      for instance gradual lowering of the gas pressure to each burner, is
      complicated and unreliable. By the staggered control according to the
      invention, the advantages of a proportional control are approximately
      obtained but the disadvantages thereof are avoided. On the other hand, the
      disadvantage of a mere on-off-control, namely that cold air is blown into
      the rooms when the heater is switched on after an off-period may also be
      avoided, since the usual daytime-setting of the thermostat may be chosen
      so that at least one section of the heater remains continuously in
      operation and further sections are added to the operation according to the
      requirements by the further stages of the thermostat.
PAR  Although an automatic control by a multistage thermostat is preferred, a
      very simple part-manual multistage control may be used with a three
      section heater. In this simplified embodiment, a simple thermostat is used
      which controls a single section but which control may be manually switched
      so that at moderate outside temperatures a single section is continuously
      in operation and the thermostat controls the second section by on and off
      switching, whereas with cold outside temperatures, two sections remain
      continuously in operation and the thermostat controls the third section by
      on-off-switching. Thus, this simplified embodiment requires only a hand
      operated switch in the controller lines from the thermostat to the control
      valves of the three burners of the heater. It has been found that in
      moderate climates this simplified embodiment requires manual switching a
      few times a year only, namely at the beginning and at the end of a cold
      spell. It will be clear, however, that a fully automatic control by means
      of a multistage thermostat will be preferable if sharply fluctuating
      outside temperatures prevail.
PAR  There are two main advantages of applicants specific structure as follows:
      The efficiency of a burner is generally at maximum value when operating
      under full load. The thermal efficiency may then lie between 75 - 80%.
      However as soon as the fuel supply is reduced, for instance by throttling
      the gas supply, the thermal efficiency lowers steeply and will be 40% or
      even lower. This fact is of great importance, as generally a heater
      installation for a house, office or the like building is used during 5% of
      the operating time under maximum load, whereas the remaining 95% of the
      time the heater is operating at reduced capacity. This causes a bad
      thermal efficiency of the complete installation.
PAR  An important disadvantage of normally existing installations is that by
      reducing or even cutting out one or more burners, the airstream after
      having passed through the heat exchanger, will have hotter and cooler
      zones. These different streams mix very difficulty and will thus cause
      some discomfort when blowing into the rooms to be heated.
PAR  These disadvantages are completely eliminated with applicant's device by
      the combination of the following features:
PA1  a. The heat exchanging elements consist of vertical members having fins on
      the face which is transmitting the calories to the airstream;
PA1  b. The heat exchange elements are mounted in rows positioned perpendicular
      to the horizontal stream of air to be heated;
PA1  c. Each row of burners has its own fuel supply valve so that every row can
      be cut off independently of the other rows;
PA1  d. There is a thermostat control device for the different rows of heat
      exchanging elements, with a possible exception for the most upstream lying
      row of elements.
PAR  The gist of applicant's control system lies in the fact that every row of
      heat exchange elements is working at maximum capacity, and that by rising
      room temperature the most down stream row is cut off completely and by
      still further rising room temperature a next row is switched off. By
      lowering room temperature or outside temperature, the unoperative rows are
      successively started again at full capacity. Due to the transverse
      position of the rows of heat exchanging elements with respect to the
      airstream, there will be no hot and cool zones in the airstream during a
      cut off one or more rows of burners. The operating heat exchanging
      elements will have their maximum thermal efficiency which may give rise to
      a notable reduction in energy consumption (gas or liquid fuel).
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Air heater comprising a heat exchanger compartment, in which are
      arranged a series of parallel rows of vertical heat exchange tubes, the
      lower ends of which are connected to a joint burner compartment and the
      upper ends of which are connnected to a joint flue compartment whereas two
      opposite lateral sides of the heat exchanger compartment are connected to
      air supply and discharge compartments respectively for feeding the air to
      be heated transversely through said heat exchanger compartment, said rows
      of heat exchange tubes fixed by a first, a second and a third burner
      respectively, each burner comprising a casing having a series of outlet
      apertures in its upper wall, said outlet apertures being partially closed
      by a series of suspended corrugated strips in conical configuration
      alternating with straight strips defining the conical configuration, all
      of the outlet apertures of a burner being mutually connected by a narrow
      slot partially closed in the same way as the outlet apertures themselves,
      said burner casings enclosing an open ended horizontal tube in which are
      centrally mounted two oppositely directed gas nozzles, and multistage
      thermostat means controlling the individual burners by successive stages
      set at staggered temperatures.
PATN
WKU  039358569
SRC  5
APN  5409918
APT  1
ART  344
APD  19750114
TTL  Shoe and foot warmer
ISD  19760203
NCL  3
ECL  1
EXP  Dority, Jr.; Carroll B.
NDR  1
NFG  7
INVT
NAM  Loftin; Wayne M.
CTY  Pasadena
STA  TX
ASSG
NAM  The Raymond Lee Organization, Inc.
CTY  New York
STA  NY
COD  12
ITX  A part interest
CLAS
OCL  126208
EDF  2
ICL  A61F  706
FSC  126
FSS  204;208
UREF
PNO  38271
ISD  18630400
NAM  Ackley
OCL  126208
UREF
PNO  48601
ISD  18650700
NAM  Taft
OCL  126207
UREF
PNO  701756
ISD  19020600
NAM  McAbee
OCL  126208
LREP
FR2  Podell; Howard I.
ABST
PAL  A shoe and foot warmer, heated by the combustion of a liquid fuel, which is
      attached as a cap to cover toe section of a shoe by means of straps and
      buckles. Control over the combustion process is exerted by means of a
      valve controlling the amount of fuel vapor admitted into the combustion
      section of the device.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a shoe and foot warmer, and particularly to a foot
      fitted as a cap, externally over the toe section of a shoe which is held
      in place by straps and buckles. An asbestos wick, fueled by a liquid fuel
      contained in a cotton filled enclosure is fitted in a combustion chamber,
      with a damper controlling the entry of fuel vapor into the combustion
      chamber.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is an exploded perspective view of the invention and a shoe on which
      it is to be mounted;
PAR  FIG. 2 is a top view of the invention with cover open;
PAR  FIG. 3 is a bottom view of the invention with the cover closed;
PAR  FIG. 4 is an end sectional view of the invention;
PAR  FIG. 5 is a top view of the heating element;
PAR  FIG. 6 is a side view of the heating element; and
PAR  FIG. 7 is a side view of the damper.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 1
      shows the heater unit 10 which fastens over the toe cap section 31 of a
      shoe 30 by means of attached straps 11 and buckles 12.
PAR  As shown in FIGS. 1-4, the heater unit 10 is formed with a hinged metal
      external cap 13 mounted by forward hinge 14 to the metal base unit 20,
      which is shaped with a lower concave recess 33 to fit about the shoe toe
      cap 31. Hinged cap 13 is fitted with perforations 15 to ventilate the
      combustion chamber section 35 between the hinged cap 13 and the top of the
      base unit 20.
PAR  As shown in FIGS. 2 and 5-7, the heating element is formed of an asbestos
      wick 16 mounted in a tapered holder 61. Tapered holder 61 mounts on top of
      unit base 20. Unit base 20 is filled with cotton which holds, by
      saturation, the liquid fuel. A rotary damper valve 38 fits between wick 16
      and base unit 20, to regulate the amount of fuel vapors reaching the wick
      16, since wick 16 is not in direct contact with the liquid fuel in base
      20.
PAR  In operation, the hinged cap 13 is opened and the wick 16 ignited to emit a
      steady glow. The cap 13 is closed and the heat from the device warms the
      toe cap of the attached shoe 30.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A device for warming a shoe to which it is externally mounted comprising
PA1  A base unit of a size to fit about the toe cap of a shoe with means to
      attach the base unit to a shoe,
PA1  A cover hinged to the top section of the base cap, enclosing a heater
      section fitted in the base unit below the hinged cover.
NUM  2.
PAR  2. The combination as recited in claim 1 in which the heater section
      comprises a wick mounted above fuel tank.
NUM  3.
PAR  3. The combination as recited in claim 2 together with control means to
      regulate the heat developed in operation of the heater unit.
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ABST
PAL  A catheter for cardiac studies which is made of relatively high torque
      plastic material and which is formed with a pair of straight legs joined
      by a continuous curve and wherein the said legs are disposed at an angle
      of 85.degree.. The curve is such that the straight line distance from its
      midpoint to the intersection of the imaginary inward extensions of said
      legs is 1/4 the chordal straight line distance between the two points
      where the said straight legs merge into said curve.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a cardiac catheter, and more particularly to a
      catheter for use in studying the action and condition of the heart.
      Cardiac catheters are used for making X-ray motion picture film in such
      procedures as coronary arteriography, ventricular angiography, vein graft
      studies and pulmonary angiograms. Both sides of the heart may be studied.
PAR  In coronary arteriography, the catheter is inserted into an artery in an
      arm or leg and passed therethrough into the aorta and hence into contact
      with the ostium of the respective coronary artery within the heart. A
      suitable dye is pressure injected through the catheter into the working
      heart and X-ray photographs may then be taken for the purpose of
      attempting to locate any abnormality in the heart structure or function.
      Since the patient is subjected to strong X-rays, on the order of 80-90
      K.V., during the taking of motion picture film, it is imperative that the
      procedure take as little time as possible, while obtaining all of the
      required visual information.
PAR  Heretofore, various types of catheters have been developed to accomplish
      the indicated task. However, to the knowledge of the present inventor, all
      of them have been subject to certain disadvantages which have not only
      lengthened the time for the various procedures, but have also subjected
      the patient to possible dangers. Some catheters have been constructed of
      relatively flexible plastic which, while easy to insert into the heart,
      will soften due to body heat and lose the desired position at the ostium.
      Others have been so rigid that they are hard to manipulate adjacent the
      heart. Perhaps of greatest importance is the tendency of prior catheters
      to miss making proper contact with the coronary artery ostium during
      insertion, or to fall or slip from the ostium almost immediately upon
      contact therewith. This latter problem has previously been partially
      solved by making different shaped catheters, one for the right ostium and
      one for the left. However, in order to inject dye into both coronary
      arteries and thus obtain a complete study of both sides of the heart, it
      has been necessary to remove a right catheter completely from the body,
      replace it with a left catheter and then re-insert the apparatus. This
      causes a doubling of the exposure to X-rays and adds trauma to the artery.
PAR  There has long been a need for a cardiac catheter which will make quick and
      certain contact with the artery ostium, without the danger of its falling
      out; as well as a single catheter which is usable for both sides of the
      heart. To the knowledge of the present inventor, this need has not
      previously been met.
PAR  The present invention is based on a solution to the aforementioned problems
      and the filling of the aforementioned need by the development of a
      catheter of suitable material which is shaped in a particular manner.
      Briefly in accordance with the invention, a catheter of relatively high
      torque plastic material is formed with a pair of straight legs joined by a
      continuous curve and wherein the said legs are disposed at an angle of
      85.degree.. The curve is such that the straight line distance from its
      midpoint to the intersection of the imaginary inward extensions of said
      legs is 1/4 the chordal straight line distance between the two points
      where the said straight legs merge into said curve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate the best mode presently contemplated
      by the inventor for carrying out the invention.
PAR  In the drawings:
PAR  FIG. 1 is a front elevation of the straight end portion of a catheter tube
      from which the catheter of the invention is constructed, and with a
      portion thereof broken away;
PAR  FIG. 2 is a side elevation of a forming wire used in shaping the catheter
      tube end portion;
PAR  FIG. 3 is a side elevation of the forming wire assembled into the catheter
      tube;
PAR  FIG. 4 is an enlarged section taken on on line 4--4 of FIG. 3;
PAR  FIG. 5 is a schematic view showing the permament forming of the catheter of
      the invention;
PAR  FIG. 6 is a side elevation of the formed catheter end portion, and
      schematically showing removal of the forming wire;
PAR  FIG. 7 is a side elevation of the formed catheter end portion and showing
      the geometric relationship of the elements thereof;
PAR  FIG. 8 is a somewhat schematic view of an adult human heart and showing
      preliminary insertion of the catheter through the aorta; and
PAR  FIG. 9 is a fragmentary view of a portion of the heart of FIG. 8 and
      showing the end of the catheter in position in the left coronary artery
      ostium.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1 of the drawings, the catheter of the invention is formed
      from a length of straight tubing 1. Since the total length necessary for
      insertion through an artery of vein and into the heart is substantial, and
      since the invention is primarily concerned with the heart-engaging
      catheter end, the tubing is shown as broken off at 2. The outer end
      portion 3 of tubing 1 is shown as having an end opening 4 and a plurality
      of side openings 5 for pressurized distribution of dye into the heart.
PAR  Tubing 1 is contemplated as being formed of lightweight flexible plastic of
      a substantially constant thickness throughout. The material is preferably
      of braided polyurethane of relatively high torque characteristics and
      which is not thermoplastic but rather shape stable in the range of body
      temperatures encountered.
PAR  It is desired that tubing 1 be formed into a catheter having the required
      dimensional and shape characteristics. For this purpose, and as best shown
      in FIGS. 2-6, a short forming wire 6 is provided and which has the
      substantial identical geometry as the finished catheter. Wire 6 is
      inserted into tubing 1 at its end (FIG. 3) and the assembly is suitably
      heated, as by the heat lamp 7 (FIG. 5) so that tubing 1 is re-shaped and
      permanently sets into the final desired shape of formed catheter 8 (FIG.
      6). Wire 6 is then removed.
PAR  Referring to FIGS. 6 and 7, catheter 8 is of a very special configuration
      and comprises a pair of linear or straight legs 9, 10 which are joined by
      a continuously curved central portion 11. Legs 9 and 10 merge into curved
      portion 11 at points A and B respectively. Inner leg 10 forms a portion of
      the extended tubing 1, while outer leg 9 is shorter and of finite length,
      terminating in the end of the catheter, as at point C.
PAR  It has been found that in order for the catheter tip to enter the coronary
      artery ostium of an adult heart, the minimum length of outer leg 9
      (distance AC) must be 14 mm (.+-. 2 mm). Longer outer legs may be utilized
      in the case of larger heart sizes.
PAR  In accordance with the invention, legs 9 and 10 must be disposed at an
      acute angle of 85.degree. (.+-. 3.degree.). As shown in FIG. 7, the
      imaginary extensions of the legs intersect at D to form the angle.
PAR  Curved portion 11 is shown as being of almost infinite radius at merging
      points A and B and gradually decreases in radius inwardly from each point
      to its central point E. In accordance with the invention, the nature of
      curve 11 is such that the straight line distance from the curve's midpoint
      to the intersection of the imaginary inward extensions of legs 9 and 10
      (distance DE) is at or very close to 1/4 the chordal straight line
      distance between the two leg-curve merge points (distance AB).
PAR  It has been found that in order to obtain the desired results, the
      following dimensions must remain the same (.+-. 2 mm) for all catheters
      constructed in accordance with the invention: AD = 27 mm, BD = 27 mm and
      AB = 36 mm. Thus the line DE will be 9 mm; or
      ##EQU1##
PAR  FIG. 8 illustrates schematically an adult human heart 12 in what would be
      considered a left anterior oblique view. Heart 12 includes an aorta 13
      which extends into a chamber containing the major heart valve 14 at its
      lower end and which permits entry of blood into the heart interior. Left
      and right coronary arteries 15, 16 form a part of the heart and have
      respective ostiums 17, 18 which provide communication with the said
      chamber above valve 14. Ostiums 17 and 18 are generally opposed across
      aorta 13 and are at approximately the same level, although they appear to
      be at slightly different levels in the oblique view type drawings.
PAR  During the procedure described heretofore, catheter 8 and its outward
      tubular extension is inserted into the patient and moved into and through
      aorta 13 until it engages valve 14. This procedure is observed at all
      times by X-ray screen or the like. After initial engagement with valve 14,
      as shown in FIG. 8, the catheter end will slide along the valve and will
      loop upwardly until the catheter tip firmly and accurately enters an
      ostium, such as left artery ostium 17 as shown in FIG. 9. Injection of dye
      and X-ray studies of the heart may then be made. While catheter 8 may flex
      somewhat during insertion through the aorta, it will spring back into its
      pre-formed shape as it engages valve 14 and enters the ostium.
PAR  After one side is studied, the catheter may be removed from ostium 17 by
      pulling slightly upwardly on the tube, the tube twisted by approximately
      180.degree. and then the catheter lowered against valve 14 so that the
      catheter tip loops up and then enters right ostium 18.
PAR  The inventor has found that with the specific physical and geometric
      structure previously described, the catheter tip will easily engage the
      ostium at the proper point and will stay firmly in place and not fall out
      as with prior devices. Furthermore, a single catheter will service both
      right and left sides, and it will not lose its desirable flexure
      characteristics when subjected to internal body heat.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A catheter for insertion through the aorta and into tip engagement with
      a coronary artery ostium of a human heart, said catheter comprising:
PA1  a. a preformed tubular body of relatively high torque flexible plastic and
      of substantially constant thickness throughout,
PA1  b. said body having straight inner and outer legs joined by a continuously
      curved central portion and with said outer leg forming the tip of the
      catheter,
PA1  c. said continuously curved central portion being of substantially infinite
      radius at its points of merger with said legs and gradually decreasing in
      radius inwardly from said points toward its central point,
PA1  d. said legs being disposed at an angle of substantially 85.degree. to each
      other,
PA1  e. the straight line distance from said curved portion's midpoint to the
      intersection of the imaginary inward extensions of said legs (FIG. 7, line
      D-E) being about 1/4 the chordal straight line distance between the points
      of merger of said legs with said curved portion (FIG. 7, line A-B),
PA1  f. the construction being such that said catheter is usable for tip
      engagement with either the left or right artery ostium and without falling
      therefrom during photographic heart studies.
NUM  2.
PAR  2. The catheter of claim 1 in which said outer leg portion is shorter than
      said inner leg portion.
NUM  3.
PAR  3. The catheter of claim 2 wherein distance DE is about 9 mm and distance
      AB is about 36 mm.
NUM  4.
PAR  4. The catheter of claim 3 wherein the minimum length of said outer leg
      (FIG. 7, line A-C) is 14 mm (.+-. 2 mm); and the distances AD and BD of
      FIG. 7 are 27 mm (.+-. 2 mm).
NUM  5.
PAR  5. The catheter of claim 4 in which said catheter is made of material which
      is shape stable in the range of internal body temperatures.
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ABST
PAL  A wraparound immobilizer for the knee in which the inside and outside stays
      which assist in immobilizing the knee are adjustable to accommodate the
      size of the patient. Additionally, the stays may carry the attachment
      straps by which the immobilizer is secured about the knee.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an orthopedic device for immobilizing the knee
      and will have specific application to a knee immobilizer which is of
      universal application to accommodate patients of varying size.
PAR  The immobilizer includes a flexible cover which extends around the knee of
      the patient. A pair of stays are detachably connected to the cover and
      positioned one on the inside and one on the outside of the knee. The stays
      may also carry belts or similar securement means by which the cover of the
      immobilizer is secured about the patient's leg. The position of the pair
      of stays by being detachably connected to the immobilizer cover can be
      varied so as to accommodate the particular size of the patient.
PAR  Accordingly, it is an object of this invention to provide an immobilizer
      for the knee which is of universal application to accommodate patients of
      different size.
PAR  Another object of this invention is to provide a wraparound immobilizer for
      the knee in which stays are adjustably applied to the cover of the
      immobilizer.
PAR  Still another object of this invention is to provide an immobilizer which
      is for the knee and which includes detachable stays positioned on the
      inside and outside of the knee and carrying means for securing the cover
      about the knee.
PAR  And still another object of this invention is to provide a knee immobilizer
      which is of universal application and which can be simply applied to the
      patient.
PAR  Other objects of this invention will become apparent upon a reading of the
      invention's description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of this invention has been chosen for illustration
      and description wherein:
PAR  FIG. 1 is a plan view of the immobilizer shown in detached form.
PAR  FIG. 1A is a detailed view of that portion of FIG. 1 within broken line
      circle 1A.
PAR  FIG. 2 is a plan view of the immobilizer showing the stays thereof detached
      from the immobilizer.
PAR  FIG. 3 is a perspective view of the immobilizer shown applied about the
      knee of a patient and as viewed from one side.
PAR  FIG. 4 is also a perspective view of the immobilizer shown applied about
      the knee of the patient and viewed from the opposite side.
PAR  FIG. 5 is a fragmentary cross sectional view taken along line 5--5 of FIG.
      1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment illustrated is not intended to be exhaustive or to
      limit the invention to the precise form disclosed. It is chosen and
      described in order to best explain the principles of the invention and its
      application and practical use to thereby enable others skilled in the art
      to best utilize the invention.
PAR  The immobilizer includes a flexible cover 10. Cover 10 includes an upper
      edge 12 and a parallel lower edge 14, as well as side edges 16 and 18. To
      accommodate the anatomical shape of a patient's leg 20, side edges 16 and
      18 preferably taper from upper edge 12 to lower edge 14 with the cover
      assuming a trapezoidal appearance when in planar form. Also each side edge
      16 and 18 may be formed with a cut-out 22 to accommodate the knee cap of
      the patient. Cover 10 may be formed of any one of a variety of materials,
      such as a polyvinyl foam construction, having a looped pile material 24
      applied to its outer surface. A fixed stay 26 is positioned midway between
      side edges 16 and 18 and extends from upper edge 12 to lower edge 14 of
      the cover. Stay 26 is secured in position by being sewn or otherwise
      appropriately affixed to cover 10. Stay 26 is shaped to generally conform
      to the anatomical curvature of the back of the leg at the knee.
PAR  Also connected to cover 10 are a pair of detachable stays 30 and 32. Stays
      30 and 32 are located to the inside and outside of the knee when the
      immobilizer is secured about the patient as shown in FIGS. 3 and 4. Each
      stay 30 and 32 includes an encasement 34 to which a plurality of hook or
      similar type securement members 36 are attached to one side. Hook members
      36 are designed so as to engage and interlock with the loop pile material
      24 of cover 10 and serve to connect stays 30 and 32 to the cover. Hook
      members 36 of stays 30 and 32 and loop pile material 24 of cover 10 may be
      of the cooperating interlocking type sold under the well known trademark
      "Velcro." Stays 30 and 32 are connected to cover 10 by having their hook
      members 36 pressed into engagement with loop pile material 24 of the
      cover. Rings 38 and straps 40 are also secured to stays 30 and 32 for the
      purpose of securing cover 10 about the knee of the patient.
PAR  In FIGS. 3 and 4 the immobilizer is shown attached to leg 20. Cover 10 is
      wrapped around the knee with stay 26 being positioned to the rear or back
      of the knee and with side edges 16 and 18 in a juxtaposed or overlapping
      arrangement, depending upon the size of the patient. Stays 30 and 32 are
      applied to the cover at selected locations on the inside and outside of
      the knee, thus providing lateral rigidity to the immobilizer. The free end
      portions of straps 40 are inserted through rings 38 and return bent so
      that the hook members 42 of each strap can be pressed into interlocking
      engagement with the pile material 44 extending along the remainder of the
      strap.
PAR  By utilizing loop pile material with cover 10 and hook member attachments
      with stays 30 and 32, the stays can be easily removed from and reapplied
      to the cover in adjusting the immobilizer to accommodate to a particular
      size patient. The interlocking adherence between hook members 36 of stays
      30 and 32 and the loop pile material of cover 10 is of sufficient strength
      to enable the cover to be secured about the patient's knee through the use
      of rings 38 and straps 40.
PAR  While it is preferred that stays 30 and 32 of the immobilizer also carry
      the means for securing cover 10 about the knee of the patient, it is to be
      understood that such securement means whether straps, rings or buckles can
      be sewn directly to cover 10 with detachable stays 30 and 32 serving only
      as rigidifying means. Further, it is to be understood that the invention
      is not to be limited to the details above given but may be modified within
      the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An immobilizer for the knee of a patient comprising a flexible cover
      means having in planar orientation upper and lower edges and opposite side
      edges, a first rigidifying means connected to said cover means between
      said side edges and extending from adjacent the upper edge to adjacent the
      lower edge of the cover means, said first rigidifying means for
      positioning behind the knee when said cover means is applied to the
      patient, second and third rigidifying means, each second and third
      rigidifying means including means for detachable and adjustable securement
      to said cover means, and means for securing said cover means about said
      knee, said second rigidifying means being adjustably secured to said cover
      means between said first rigidifying means and one cover means side edge
      for positioning at the inside of said knee when said cover means is
      applied to the patient, said third rigidifying means being adjustably
      secured to said cover means between said first rigidifying means and the
      other cover means side edge for positioning at the outside of said knee
      when the cover means is applied to the patient, said securing means for
      the cover means being carried by said second and third rigidifying means.
NUM  2.
PAR  2. The knee immobilizer of claim 1 wherein said securing means includes a
      strap member with one end affixed to said second rigidying means, a part
      of said securing means carried by said third rigidifying means for
      interlocking with said strap member to secure said cover means about said
      knee.
NUM  3.
PAR  3. The knee immobilizer of claim 2 wherein said interlocking means of said
      third rigidifying means is a ring means for accommodating the opposite end
      of said strap member.
NUM  4.
PAR  4. An immobilizer for the knee of a patient comprising a flexible cover
      means having in planar orientation upper and lower edges and opposite side
      edges, said cover means including an outer surface formed of loop means, a
      first rigidifying means connected to said cover means between said side
      edges and extending from adjacent the upper edge to adjacent the lower
      edge of the cover means, said first rigidifying means for positioning
      behind the knee when said cover means is applied to the patient, second
      and third rigidifying means, each second and third rigidifying means
      including hook means for detachable and adjustable securement to said
      cover means at the loop means thereof, and means for securing said cover
      means about said knee, said second rigidifying means being adjustably
      secured to said cover means between said first rigidifying means and one
      cover means side edge with the hook means of the second rigidifying means
      interlocking with the loop means of the cover means for positioning at the
      inside of said knee when said cover means is applied to the patient, said
      third rigidifying means being adjustably secured to said cover means
      between said first rigidifying means and the other cover means side edge
      with the hook means of the third rigidifying means interlocking with the
      loop means of the cover means for positioning at the outside of said knee
      when the cover means is applied to the patient.
NUM  5.
PAR  5. The knee immobilizer of claim 4 wherein each of said second and third
      rigidifying means includes an encasement part enclosing a stay component
      with said hook means forming a portion of the encasement part.
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PAL  A one piece plastic nasal splint is presized to fit the nasal passage, an
      isthmus bridging the columella to provide anterior fixation while a single
      suture provides posterior fixation.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to nasal surgery, and particularly to a post
      operative splint.
PAC  BACKGROUND OF THE INVENTION
PAR  Patients who have undergone septal reconstruction frequently lose midplane
      orientation of the septum notwithstanding optimum placement at the
      conclusion of surgery. Healing, of course, requires a period of days and
      weeks. Even slight asymmetrical pressures during the healing period may
      result in undesired distortions. It is possible that a patient originally
      suffering from septal deviation will not remain corrected following
      surgery.
PAR  Nasal surgery ordinarily requires a tight packing in order to control
      bleeding. Such packing interferes with normal nasal breathing and imposes
      an unphysiologic oral breathing. Sustained mouth breathing dries the mouth
      and results in discomfort, possibly more painful than the perinasal
      post-operative pain.
PAR  Rhinologic surgeons have attempted the use of septal splints both with and
      without breathing passages. Commonly, plastic sheets are cut to fit at the
      time of surgery and are sutured in place. My experience has been that
      these splints work loose. Cutting and stabbing sensations are encountered.
PAC  OBJECTS AND SUMMARY OF INVENTION
PAR  The primary object of the present invention is to provide an improved nasal
      splint for surgical use. For this purpose, I provide a one piece plastic
      splint presized to fit the nasal cavities. The splint limbs or elements
      for the nostrils are joined at an isthmus that embraces the columella.
      This provides an anterior anchor or fixation without the necessity of
      sutures. Furthermore, the isthmus positively prevents the potentially
      fatal aspiration that might otherwise occur by dislodgement of an anterior
      suture. A deeply placed posterior suture provides a second spaced
      fixation.
PAR  The splint limbs or elements each have a breathing passage that remains
      unoccluded as nasal packing is added. The presized splints have rounded
      edges that provide maximum comfort under the circumstances. However, the
      plastic material yet can be cut if special contour is required at the time
      of surgery.
PAR  The splint stabilized the septum and surrounding tissues and provides
      immobilization during healing. When properly placed, the danger of
      hematoma formation is virtually eliminated. The breathing passages, if
      clogged, are easily cleaned by aspiration or other simple procedures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A detailed description of the invention will be made with reference to the
      accompanying drawings wherein like numerals designate corresponding parts
      in the several figures. These drawings, unless described as diagrammatic,
      or unless otherwise indicated, are to scale.
PAR  FIG. 1 is a pictorial view of a nasal splint incorporating the present
      invention.
PAR  FIG. 2 is a pictorial view of the nasal splint flexed in preparation for
      insertion into the nasal cavities.
PAR  FIG. 3 is a side elevational view of the splint in place, the surrounding
      anatomy of the patient being diagrammatically illustrated.
PAR  FIG. 4 is an enlarged transverse sectional view of the splint in place, and
      taken along a plane corresponding to line 4--4 of FIG. 3, the patient
      anatomy being likewise illustrated.
PAR  FIG. 5 is a section view through the isthmus, and taken along a plane
      corresponding to line 5--5 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The following detailed description is of the best presently contemplated
      mode of carrying out the invention. This description is not to be taken in
      a limiting sense, but is made merely for purposes of illustrating the
      general principles of the invention since the scope of the invention is
      best defined by the appended claims.
PAR  The nasal splint 10 comprises two symmetrical limbs or elements 12 and 14
      joined by a bridging member or isthmus 16. Each of the limbs has a flat
      plate part 18 having a contour designed to fit the septum of the user. The
      plate part has a top edge 20 convexly curved and a lower edge 22 that is
      nearly straight, or only slightly concavely curved. The edges approach
      each other at a narrowed anterior or frontal end of the splint limb and
      likewise approach each other at the posterior or rearward end of the limb.
      The maximum transverse dimension is medially located to correspond to the
      main region of the septum.
PAR  The anterior ends of the plate parts 18 are joined together by the bridge
      or isthmus 16. When the splint is to be positioned, the limbs are flexed
      towards each other so that flat portions of the limbs oppose each other.
      The posterior ends of the limbs are correspondingly positioned for
      conjoint insertion. With the splint positioned, the isthmus falls along
      the columella and limits the rearward projection of the splint. The outer
      sides of each limb plate has a breathing tube 24 integrally formed
      therewith that extends substantially the entire length of the splint limb.
      The splint is positioned as shown in FIGS. 3 and 4. Preferably, one or two
      layers of guaze 26 forms a pad between the septum and the splint plate 18.
      When first positioned, a suture at the posterior end fixes the splint to
      the septum. Thereafter, gauze on the outside of the splint limbs fully
      pack the nose. Generally the gauze is saturated with petroleum jelly.
PAR  The edges 20 and 22 are rounded as is the isthmus itself (FIG. 5). The
      splint when positioned imposes the least possible amount of discomfort.
      Breathing through the nose is made possible notwithstanding tight gauze
      packing. The septum is stabilized during the healing process and accurate
      midplane positioning of the septum can be expected notwithstanding
      extensive reconstruction.
PAR  The splint is preferably made in one piece by molding of a suitable
      flexible plastic material such as polyvinyl chloride. This material,
      especially when reinforced by the curved breathing tubes 24, exhibits
      sufficient characteristics of rigidity to perform the intended splint
      function. Other materials, of course, can be provided. In any event, the
      material is soft enough to allow its suturing. Instead of molding, the
      splint can, of course, be fabricated by welding components together.
      Surgical splints can be provided in a few standard sizes so that cutting
      and fitting at the time of surgery is largely avoided.
CLMS
STM  Intending to claim all novel, useful and unobvious features shown or
      described, I claim:
NUM  1.
PAR  1. A surgical nasal septum splint made of one piece of flexible material,
      and characterized by two splint limbs having anterior ends joined together
      by an isthmus adapted to underlie the columella of the patient to provide
      an anchor to preclude accidental aspiration, and having free posterior
      ends for conjoint nasal insertion, each of the limbs having a flat inside
      surface to fit against the nasal septum.
NUM  2.
PAR  2. The splint as set forth in claim 1 in which said limbs each have an
      integral breathing tube extending substantially the length of the
      corresponding limb, said tube being sufficiently rigid to remain open
      notwithstanding tight packing for hemostasis.
NUM  3.
PAR  3. The splint as set forth in claim 2 in which the flat inside surfaces of
      said limbs each generally conform to the configuration of the human
      septum.
NUM  4.
PAR  4. The splint as set forth in claim 2 in which each of said limbs at its
      upper end is convexly curved and of reduced transverse dimension to
      facilitate placement in the nasal passage.
NUM  5.
PAR  5. The splint as set forth in claim 4 in which the said isthmus is rounded
      to minimize discomfort to the patient.
NUM  6.
PAR  6. The process of stabilizing the septum of a patient following nasal
      reconstruction, which comprises placing a one piece splint in the two
      nasal passages of the patient leaving an anterior bridge or isthmus part
      of the splint at the columella; thereafter suturing only the posterior end
      of the splint to the septum.
NUM  7.
PAR  7. The process as set forth in claim 6 in which said splint is provided
      with breathing tubes for both passages, said process being further
      characterized by the step of packing the nasal passages following said
      suturing with gauze or equivalent material.
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ABST
PAL  Intrauterine device with restrictor for maintaining device in uterine
      cavity having a transverse member and a dependent member connected to the
      transverse member at a locus on the dependent member with a restrictor on
      the dependent member for keeping the shape of the device in a resting
      uterus or a contracting uterus; thereby substantially eliminating the
      incident of involuntary expulsion from the uterus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains to an improvement in contraception. More
      particularly, the invention relates to both a novel and useful
      intrauterine contraceptive device.
PAR  It is known in the prior art the presence of an intrauterine device in the
      uterus of a fertile female can exhibit a high degree of reliability for
      the inhibition of conception and pregnancy. Moreover, this phenomenon has
      been medically used for the intentional prevention of conception and
      pregnancy by inserting a sized and shaped device into the uterus. While
      some devices have gained wide usage because of their efficiency and low
      cost, the practical use for these devices for their intended purpose has
      been associated with serious disadvantages. One such device in commercial
      use is comprised of a transverse member perpendicular to a dependent
      member substantially defining a T-shaped device.
PAR  One major disadvantage associated with the T-shaped device is its
      unacceptably high rate of involuntary expulsion from a viable uterus. This
      expulsion is most frequently a normal daily occurrence. The expulsion is
      due to sequential changes in the uterine wall during several degrees of
      contraction, with the energy of muscle tension converted into pressure
      that exerts a downward and outward force on the device. This force pushes
      the device totally or partially from the uterus. In partial expulsion, the
      dependent member is pushed through the cervical os. The overall expulsion
      rate for this device often exceeds seven percent and unplanned, unwanted
      pregnancies are associated with its expulsion. Contraception, Vol. 7, No.
      6, pages 477 to 489, 1973.
PAC  SUMMARY OF THE INVENTION
PAR  This invention primarily concerns an intrauterine device comprised of a
      transverse member and a dependent member. The dependent member is
      connected to the transverse member at an interconnecting point along the
      transverse member. The transverse member can be perpendicular to the
      dependent member, it can have a curved-linear configuration or it can be
      wedged-shaped. A means is fixed on the dependent member for restricting
      the directional movement of the transverse member. The means, or
      restrictor, permits the transverse member to be easily folded down and in
      against the dependent member, and it makes it difficult for the transverse
      member to fold up and away from the dependent member. The restrictor also
      permits easy insertion and positioning in the uterine cavity and it
      additionally severely prevents upward movement of the transverse member to
      substantially eliminate involuntary expulsion from the cavity. The
      invention makes available to the art for the first time an improved
      intrauterine device that overcomes the disadvantages associated with the
      prior art devices while unexpectedly exhibiting a high degree of
      reliability for the inhibition of conception and pregnancy.
      Simultaneously, the device of the invention unobviously reduces the
      occurrence of total and partial expulsion from a resting or a contracting
      uterus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which are not drawn to scale, but rather are set forth to
      illustrate various embodiments of the invention, the drawings are as
      follows:
PAR  FIG. 1 is a front elevational fragmentary view showing an intrauterine
      device having a transverse member and a perpendicular dependent member
      with a means for controlling the directional movement of the transverse
      arms when positioned within a uterine cavity;
PAR  FIG. 2 is a partly diagrammatical front elevational view of an intrauterine
      device having a wedged-shaped transverse member and a dependent member
      within a uterine cavity;
PAR  FIG. 3 is a frontal view of another intrauterine contraceptive device of
      the invention depicting a curved-linear transverse member fixed to a
      dependent member with a moderator for restricting movement of the curved
      member in a single direction placed in an intrauterine cavity;
PAR  FIG. 4 is an enlarged frontal fragmentary view of another embodiment of the
      invention illustrating a contraceptive agent-releasing device within a
      fertile uterus;
PAR  FIG. 5 illustrates another embodiment of the invention by showing a device
      releasing a contraceptively effective amount of a metal ion within the
      uterus of a mature, adult, child-bearing woman;
PAR  FIG. 6 is a schematic view of a contracting uterus expelling an
      intrauterine device;
PAR  FIG. 7 is a schematic view illustrating a partially expelled device from a
      contracting uterus; and
PAR  FIG. 8 is a frontal view depicting a device made according to the
      invention, resisting expulsion by a contracting uterus.
DETD
PAR  In the drawings and specification, like parts in related Figures are
      identified by like numbers. The terms appearing earlier in the
      specification and in the description of the drawings, as well as
      embodiments thereof, are further described elsewhere in the disclosure.
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Turning now to the drawings in detail, which are examples of various
      improved intrauterine devices of the invention, and which examples are not
      to be construed as limiting, one embodiment of a novel device is indicated
      in FIG. 1 by the number 10. Intrauterine device 10 is comprised of a
      transverse member 11 suitably fixed to a dependent member 14. Member 14
      has a lead end 18 and a distant end 19. Member 11 interconnects with
      member 14 at lead end 18 with member 11 projected outwards in two
      directions from member 11 to define arm 12 and arm 13, a right and left
      arm respectively, with upper and lower faces or surfaces. Arms 12 and 13
      each terminate in an end 16 that is rounded to prevent any possible damage
      to the uterus, and it is sized and shaped to fit all cavities. Its
      dimensions conform to the nulliparous, parous and the multiparous cavities
      and it has a length of 20 to 40 mm. For farm animals, household pets, and
      sport animals, it is made to the appropriate size.
PAR  Member 14, when positioned in the cavity, is pointed up from member 11
      towards fundus uteri and down towards the internal cervical os. A single
      string 17 is attached to member 14 at end 16 for manually removing device
      10 from the uterus. Dependent member 14 is sized and shaped to fit
      nulliparous, parous and multiparous uterine cavities and it has a length
      of 20 to 40 mm. Member 14, as does member 11, has a diameter of 1 to 4 mm.
PAR  A restrictor 15 is positioned at the tip of dependent member 14 and
      extended over the fundal facing surface of transverse member 11 as a means
      for restricting or for preventing arms 12 and 13 from folding up and away
      from member 14. By preventing device 10 from assuming a linear-shaped
      configuration in the uterus with arms 12 and 13 pointed toward the fundus,
      restrictor 15 prevents involuntary expulsion of device 10. Contrawise,
      restrictor 15 lets flexible, resilient arms 12 and 13 fold down and in
      towards member 14 to define a linear-like shaped device for easy passage
      through the cervical os. Restrictor 15 is designed and shaped to extend
      over arms 12 and 13 a sufficient distance towards ends 16 on their fundus
      facing surface for making it hard for the arms to fold up. Restrictor 15
      can be separately made and fixed on transverse member 11, it can be
      integrally formed as part of transverse member 11, and it is slightly
      raised above member 11, usually 0.0001 to 7.5 mm, or the like. Restrictor
      15 has a uterine acceptable shape such as curvilinear, ball, rectangular
      with rounded corners, an enlargement of egg-shaped configuration,
      half-circle, crescent, ellipsoidal, oval, and the like. Modifications also
      can be made in device 10 for increasing the downward foldability of arms
      12 and 13. For example, in FIG. 1A, transverse arms 12 and 13 have a means
      6, that is a notch or indentation, at underside 5 as arms 12 and 13 extend
      from member 14. Means 6 insures unidirectional downward folding of arms 12
      and 13 to make it easier for insertion and exceedingly hard for arms 12
      and 13 to fold up from member 14.
PAR  In FIG. 2, there is depicted another device 10 prepared according to the
      spirit of the invention. The device of FIG. 2 possesses a specifically
      different configuration and advantages than the device of FIG. 1. Device
      10 of FIG. 2 is comprised of a wedged-shaped member 9 fixed to a dependent
      member 14 to generally define an arrow. Member 9 and member 14 can connect
      anywhere along member 9 from within ends 16 to the mid-point of member 9.
      Wedged-shaped member 9 has two arms, 12 and 13, which project slightly
      downward from member 14 in a coplanar nonperpendicular arrangement. Arms
      12 and 13 terminate at rounded end 16. Member 14 has a lead end 18 and a
      distant end 19 with end 19 having a string 17 attahced at its rounded end
      16. A restrictor 15, which is either fixed or integrally formed, is
      positioned at lead end 18 for controlling the directional movement of arms
      12 and 13 in a single direction, mainly down. Restrictor 15 is larger than
      dependent member 14 and it has the definite advantage of substantially
      eliminating expulsion. Its inside diameter is larger than the inside
      diameter of member 14 and these structural features additionally enhance
      insertion of the device. Device 10 can be fabricated into many sizes,
      shapes and thicknesses for adaptation to different uteri. Device 10 is
      structured to perform in situ as previously described in FIG. 1 to
      maintain device 10 in the uterus during resting periods and contraction
      periods.
PAR  In FIG. 3, there is provided a device 10 comprised of a filamentary body
      formed of a curved strand 8 connected to an elongated straight member 14.
      Strand 8 is formed with a pair of arms 12 and 13, with each earm
      terminated in rounded marginal ends 16. Strand 8 is curved to readily
      adapt to the curved configuration of the fundus, and it provides the
      necessary endometrial surface coverage for contraceptive effectiveness.
      Member 14 interconnects with strand 8 at any point along strand 8 from end
      16 to the mid-point and it terminates in a rounded end 16. A string 17 is
      tied to end 16. A unidirectional guidance member 15 is attached to the
      side opposite the connecting point of strand 8 and member 14 at the
      corresponding point on strand 8. Member 15 is larger than member 14 for
      enhansing insertion and in the uterus, it prevents arms 12 and 13 from
      moving up and away from member 14. Device 10 can be designed, sized and
      shaped to conform to a specific uterine cavity, yet a wide variance in
      sizes can be made with guidance member 15 maintaining the device in the
      uterus during prolonged periods of time.
PAR  FIG. 4 illustrates another device 10 of the invention. Device 10
      structurally encompases most of the structure of device 10 of FIG. 1 with
      a few differences; mainly, means 15 is rectangular shaped with rounded
      corners and a contraceptive agent 35 is wrapped on a transverse arm and on
      the dependent member. If preferred, either a single arm or the entire
      device can be wrapped with agent 35. Agent 35 is a wire made of a member
      selected from the group consisting of copper and zinc and mixtures
      thereof. These metals and alloys also can be applied on the device by
      coating, encasing the arms in a metal sleeve, or the like. The use of
      copper and zinc as a contraceptive agent is disclosed in U.S. Pat. No.
      3,563,235. The amount of agent 35 on device 10's exposed surface is about
      25 to 400 mm.sup.2, for releasing a contraceptively effective amount of
      copper ion, zinc ion or a mixture thereof when placed in a fertile uterine
      cavity of an adult woman.
PAR  In FIG. 5, there is graphically illustrated another device 10 prepared
      according to the mode and manner of the invention. Device 10 of FIG. 5 is
      comprised of a transverse member 11 having arms 12 and 13, and a dependent
      member 14. A string 17 is fixed to the trailing end of member 17. A means
      15 for maintaining the predesigned structural shape of device 10 is formed
      on the lead-end of member 14. Device 10 is comprised of a wall 29
      surrounding a reservoir 31 containing a carrier 20. Carrier 20 contains
      antifertility agent 21. Device 10 is designed and adapted to be located
      within uterine cavity 25. Device 10 contacts the sides 23, as well as
      fundus uteri 24, of uterus 25. Device 10 is placed in uterus 25 through
      external cervical os 28, cervical canal 27 and internal cervical os 26.
PAR  Carrier 20 contains antifertility agent 21 or a mixture of antifertility
      agents, and it is permeable to the passage of agent 21, but the rate of
      passage of agent 21 through wall 29 is lower than the rate of passage of
      antifertility agent through carrier 20. In operation, carrier 20 serves as
      a reservoir 31 by supplying dissolved antifertility agent 21 to wall 29 as
      molecules move through the carrier to bathe the inner surface of wall 29.
      Antifertility agent 21, present at the antifertility carrier/wall
      interface, dissolves in and migrates through wall 11, ultimately reaching
      the outer surface of wall 29 for release in the uterine cavity. As
      antifertility agent 21 leaves carrier 20, undissolved agent 21 present in
      reservoir 31, dissolves in carrier 17 to maintain a constant supply of
      dissolved antifertility agent in carrier 20 for continuously supplying it
      at substantially the same rate to wall 29. Wall 29 operates to effectively
      control the rate of release of antifertility agent throughout the useful
      period of birth control by the device. Thus, a zero order antifertility
      release rate can be obtained.
PAR  Wall 29 of device 10 can be made of substantially imperforate homogenous
      material that releases agent 21 by diffusion, or wall 29 can be made of a
      microporous material that releases agent 21 by diffusion through a media
      in the micropores of wall 29. When wall 29 releases agent 21 by diffusion,
      the agent dissolves and equilibriates in wall surface, and then diffuses
      in the direction of lower chemical potential. At the second boundary
      equilibrium is again established. When the boundary conditions on both
      sides of the wall are maintained constant, a steady flux of the agent will
      be established which can be described by Fick's Law of Diffusion. The rate
      of passage of the agent through the wall material is dependent on the
      solubility of the agent, as well as on the thickness of the material. This
      means that selection of appropriate materials for fabricating the wall
      will be dependent on the particular agent to be used. By varying the
      composition and thickness of wall 29, the dosage rates per area of the
      device can be controlled, for this material acts to meter the diffusion of
      the agent from the reservoir. In reservoir devices of this invention, the
      materials comprising wall 29 are chemically and/or structurally different
      than the material comprising carrier 20 of reservoir 31. Carrier 20 of
      reservoir 31 is permeable to the passage of agent, but the rate of
      diffusion or passage through wall 29 is lower than the rate of diffusion
      or passage through carrier 20, so that the rate of passage of the agent
      through wall 29 is the rate release controlling step for the device. Thus,
      through this invention, as described in FIG. 5, devices of the same
      surface area, functioning by diffusion, can give different dosages of
      agent 21 by varying the characteristics of wall 29 to give controlled
      administration of agent 21.
PAR  In the devices of the invention as set forth in FIG. 5, when wall 29 is
      formed from a release rate controlling microporous material that is
      permeable to agent 21, agent 21 transfer mechanism is by diffusion through
      a medium contained in the micropores of the material at a controlled and
      predetermined rate. That is, in this material, the rate of passage or the
      rate of agent release through wall 29 is governed by diffusion of tthe
      agent through a diffusive medium present in the pores, microholes and
      cracks of the material forming the wall. The diffusive medium, in one
      embodiment, is a liquid phase comprised of a colloidal solution having
      excess agent 21, a suspension containing excess agent 21, or a sol
      containing excess agent 21, and the carrier can be polar, semi-polar or
      non-polar. In these diffusive media, the agent can have different degrees
      of solubility, such as fully soluble, partially soluble and the like, to
      act in cooperation with the material for achieving a controlled release
      rate. Carrier 20 also has a high diffusivity for antifertility agent 21.
PAR  The diffusive medium can be added to the microporous material by methods
      well known to the art, for example, by immersion of the material in a bath
      containing the medium to let the medium partially fill or fully saturate
      the micropores of the material. Another method for charging the micropores
      with a diffusive medium is to first add to the reservoir a diffusive
      medium, or a mixture of diffusive media so that the medium can flow from
      within the reservoir into the pores and remain therein to permit diffusion
      of later added agent, but not its solubilizing limited carrier, to pass
      therethrough. The media suitable for the immersion purpose are those well
      known to the art such as water, glycerin, ethylene glycol, propylene
      glycol, castor oil, olive oil, alcohols of 2 to 10 carbon atoms,
      halogenated hydrocarbons having 2 to 20 carbon atoms, aldehydes, and
      ketones having 4 to 10 carbon atoms, syrups, and the like. Additionally,
      the medium can be emulsifying and suspending agents such as methyl
      cellulose mixed with water, mixtures of propylene glycol monostearate and
      oils, gum tragacanth and water, assorted waxes and the like.
      Representative mediums are set forth in Remington's Pharmaceutical
      Science, pages 246 to 269 and 1338 to 1380, 1970, published by Mack
      Publishing Company, Easton, Pa.
PAR  In another embodiment, the medium can be added to the pores and cracks of
      the material forming wall 29 by locating wall 29 in a fluid environment,
      for example, by contacting the device with a body tissue, for example, the
      mucous membranes of the uterus, that can make available its intracellular
      and/or extracellular fluid for subsequent transfer into the micropores of
      wall 29 for functioning as a medium for the drug. In another embodiment,
      the pores can be filled with plasticizer by immersing wall 29 in a
      plasticizer solvent composition, and removing the solvent in vacuo after
      the filling of the pores. Exemplary plasticizers suitable for employment
      of the present purpose are the commercially available plasticizers
      conventionally used for the manufacture of polymeric materials such as
      diethyl adipate, di-isobutyl adipate, di-n-hexyl adipate, di-iso-octyl
      adipate, di-n-hexyl azelate, di-2-ethylhexylazelate, ethylene glycol
      dibenzoate, acetyl tri-n-butyl citrate, epoxidized soy bean oil glycerol
      monoacetate, diethylene glycol dipelargonate, propylene glycol diluarate,
      iso-octyl palmitate, triphenyl phosphate, and the like.
PAR  The materials comprising wall 29 are chemically and/or structurally
      different than the materials comprising carrier 20. Both of the materials
      are permeable to the passage of antifertility agent 21, but the rate of
      flow through wall 29 is lower than the rate through carrier 20. Thus, the
      rate of passage of the agent through wall 29 is the rate release
      controlling step for the device. Generally, for the practice of this
      invention, the ratio of the agent release rate through carrier 20 of
      reservoir 31 to the agent release rate through wall 29 should be from
      100:1 to 2:1 and preferably from 10:1 to 2:1. Of course, the invention is
      not limited to these release rates as the invention comprises lower or
      higher release rates from carrier 20 and lower and higher rates through
      wall 29 with the release rate of wall 29 lower than the release rate of
      carrier 20. Thus, the invention provides that devices of the same surface
      area, activated by diffusion, can give different dosages of a drug by
      varying the characteristics of the wall material to give controlled
      administration of an antifertility agent; Encyclopedia of Polymer Science
      and Technology, Vol. 9, pages 794 to 807, 1968.
PAR  For either of the above discussed mechanisms, diffusion through a
      homogenous material, or diffusion through a medium present in the
      micropores and cracks of a material, the transfer or rate of release of
      antifertility agent 21 through wall 29 is at a lower rate than the rate of
      release of agent 21 from carrier 20 of reservoir 31 for administration to
      the receptor site. Thus, the passage of agent 21 through wall 29 is the
      release rate controlling step for the agent delivery system. In addition,
      because reservoir 31 serves to transfer antifertility molecules 21 to all
      areas of wall 29, wall 29 of the delivery device housing the reservoir
      remains substantially at the thermodynamic activity corresponding to that
      of agent 21 until substantially all of agent 21 has been released from
      reservoir 31. Ordinarily, one would expect migration of antifiertility
      agent 21 from the reservoir 31 to cease when sufficient agent 21 has
      entered wall 29 to establish an equilibrium; however, when the delivery
      device is in situ, molecules are continuously removed from the outer
      surface of the wall. For optimum results, the rate of release of agent 21
      through wall 29 should be less than the rate of clearance of migrated
      agent 21 from the external surface of device 10. This ensures that agent
      21 administration rate is dependent on the rate of release of agent 21
      through wall 29 which can be controlled by device 10, rather than upon
      clearance of agent 21 from device 10 in vivo, which can vary. Thus, in
      contrast to previously proposed intrauterine contraceptive delivery
      devices, the rate of release of agent 21 from device 10 of the invention
      can remain essentially constant until the intrauterine contraceptive
      device 10 has substantially completed its useful function.
PAR  The term "reservoir" 31 as used in the specification, and the accompanying
      claims, generally refers to a "carrier" or to a "medium containing the
      antifertility agent," that constantly bathes the innver surface of the
      release rate controlling wall and supplies agent thereto. That is, the
      reservoir is comprised of a carrier material containing dissolved agent,
      and/or excess undissolved agent, and/or a mixture of both, and it is a
      material that is permeable to the passage of agent 21 as by diffusion or
      convection. The carrier medium used for the purpose of the invention is a
      solid or a liquid, and it can be inorganic or organic, and of naturally
      occurring or synthetic origin. Examples of carriers comprised within the
      term are, for example, immiscible liquids containing excess undissolved
      agent, emulsions, gels, sols, jellies, colloids, oils, syrups,
      suspensions, dispersions, liquid pre-cured polymers, liquid polymers,
      liquid plasticizers, liquid thixotropic agents, polar solvents, semipolar
      solvents, nonpolar solvents, liquid-like mediums, mixtures thereof, and
      the like. These carriers contain excess undissolved replacement agent 21
      for replenishing released agent 21.
PAR  The carrier comprising the reservoir also has, in addition to the
      properties described supra, limited solubility for the contained
      antifertility agent or for a mixture of agents. By limited solubility is
      meant that the agent is soluble in given amounts in the carrier, that is,
      it comprises varying concentrations of the agent dissolved in the carrier.
      Essentially, there is also an excess amount of undissolved agent present
      in the carrier that acts as replacement agent to replace agent released
      from the device, thereby maintaining a saturated concentration of the
      agent in the reservoir throughout the dispensing life of the device.
      Generally, the amount of undissolved agent initially present in the
      reservoir will range from about 90 percent by weight to about 99.9 percent
      by weight of the total amount of agent present in the reservoir. By
      limited solubility as used herein, is meant solubility concentrations
      include solubilities such as, soluble, sparingly soluble, slightly
      soluble, very slightly soluble, and almost practically insoluble.
      Generally, on a weight basis at 25.degree.C, the amount of the agent
      dissolved in a carrier that is termed a soluble carrier is about 1 part of
      agent to about 10 to 25 parts of carrier, the amount of agent dissolved in
      a carrier that is sparingly soluble for the agent is 1 part of agent to
      about 25 to 100 parts of carrier, from 100 to 1000 parts of carrier for 1
      part of agent when the agent is very slightly soluble in the carrier, and
      from 10,000 to 15,000 parts of carrier for 1 part of agent in a carrier
      that is almost practically insoluble for the drug. Hence, the term limited
      solubility comprises a range of solubility of the agent in a carrier of 1
      part of agent to about 10 to 15,000 parts of carrier on a weight basis at
      25.degree.C. The above ranges are set forth to aid in defining the
      invention, and they should not be considered as limiting as other ranges
      at higher or lower temperatures are embraced within the above presentation
      are also included herein.
PAR  The materials suitable for fabricating wall 29 of the intrauterine device
      10 are generally those materials capable of forming wall 29, with or
      without micropores, through which the agent can pass at a controlled rate
      of release by diffusion. Such materials are referred to in this
      specification and the appended claims as "release rate controlling
      materials." Suitable materials for forming the wall are naturally
      occurring or synthetic materials preferably materials that are
      biologically compatible with body fluids, and uterine tissues, and
      essentially insoluble in body fluids found in the vagina and cervix, with
      which device 10 will come in contact.
PAR  Exemplary naturally occurring or synthetic materials suitable for
      fabricating the wall are release rate controlling materials such as
      natural rubber, poly(isoprene), poly(isobutylene), poly(butadiene),
      poly(ethylene), plasticized poly(vinylidene chloride), cross-linked
      poly(vinylpyrrolidone), and the like. Also, by way of non-limiting
      example, copolymers such as non-toxic vinylchloride diethyl fumarate, and
      the like. Examples of other materials include silicone rubbers, especially
      the medical grade poly(dimethylsiloxanes), and siliconcarbonate
      copolymers; modified insoluble collagen, cross-linked insoluble
      poly(vinylalcohol), cross-linked partially hydrolyzed insoluble
      poly(vinylacetate), and surface treated silicone rubbers as described in
      U.S. Pat. No. 3,350,216. Other polymeric membranes that are biologically
      compatible and do not adversely affect the drugs can be used.
PAR  Additionally, other materials permeable to the passage of the antifertility
      agent that are suitable for the present purpose include copolymers such as
      oxide, poly(vinylbutyral) comprised of 11 to 45 percent free hydroxyls,
      anisotropic permeable microporous membranes of ionically associated
      polyelectrolytes, the microporous polymers formed by the coprecipitation
      of a polycation and a polyanion as described in U.S. Pat. Nos. 3,276,589;
      3,541,005; 3,541,006; 3,546,142; and the like; treated aliphatic polyamide
      membranes as in U.S. Pat. Nos. 2,071,253; 2,966,700; 2,999,296; and the
      like; plasticized vinylidene cloride vinyl chloride copolymer 40/60 and
      10/90; water insoluble natural gums, and the like. Also, materials such as
      regenerated cellulose diacetate, cellulose triacetate poly(urethane), and
      the like. Materials having a pore size of several hundred microns or
      larger, or down to several angstoms or smaller. For example, the wall can
      comprise regenerated insoluble, nonerodible cellulose, poly(electrolytes)
      with a pore size of 7 to 50A, epoxy resins, poly(olefins), plasticized
      poly(vinylchlorides) with a pore size of about 50A or less to 150 microns
      or larger as conventionally made by leaching out incorporated salts, soap
      micelles, starch or the like materials to give a microporous membrane.
      Also, the materials that can be used include those materials having
      homogenous properties and microporous properties, such as cross-linked
      gelatinous membranes, and the like.
PAR  The carrier 20 used to form the reservoir 31 containing the antifertility
      agent 21 is comprised of materials of naturally occurring or synthetic
      origin, of the inorganic or organic types that do not adversely affect the
      agent, or the mixture of agents contained therein, and which are permeable
      to the passage of the agent. Generally, the carrier used is a solid or a
      liquid that does not leave or diffuse from the reservoir. Examples of
      carriers include gelatin, alginates, agar-agar, ethylcellulose, ethylene
      glycol, ethylene glycol monomethyl ether, polyethylene glycols having a
      molecular weight of 200 to 600, methyl isobutyrate, corn oil, castor oil,
      olive oil, liquid prepolymers, emulsions of gum arabic, silicon oil,
      sodium carboxymethylcellulose, and the like. The carrier also can contain
      suitable dispensing agents such as lecithin, polyoxyethylene stearate, and
      the like; carriers such as acetamide, N,N-dimethyl acetamide,
      N-(2-hydroxyethyl) acetamide, and the like. Additionally, the carrier can
      contain adjuvants such as preserving, stabilizing, or wetting agents, and
      the like.
PAR  The rate of release of an agent through various release rate controlling
      materials can easily be determined by those skilled in the art by standard
      procedures. In this manner, particular materials used as the device wall
      as the agent release rate controlling barrier for release of drug from the
      reservoirs can be selected. Various techniques, such as the transmission
      method, the sorption-desorption method and the like, can be used as
      measurers of permeability. One technique that has been found to be
      eminently well suited is to cast or hot press a film of the material to a
      thickness in the range of 2 to 60 mils. The film is used as a barrier
      between a rapidly stirred (e.g., 150 r.p.m.) saturated solution of the
      drug and a rapidly stirred solvent bath, both maintained at constant
      temperature (typically 37.degree.C). Samples are periodically withdrawn
      from the solvent bath and analyzed for agent concentration. By plotting
      the agent's concentration in the solvent bath versus time, the
      permeability coefficient P of the material is determined by Fick's First
      Law of Diffusion.
      ##EQU1##
      Wherein Q.sub.1 = cumulative amount of drug in solvent in micrograms at
      t.sub.1
PA1  Q.sub.2 = cumulative amount of drug in solvent in micrograms at t.sub.2
PA1  t.sub.1 = elapsed time to first sample, i.e. Q.sub.1
PA1  t.sub.2 = elapsed time to second sample, i.e. Q.sub.2
PA1  A = area of membrane in cm.sup.2
PA1  C = initial concentration of drug
PA1  h = thickness of membrane in cm.sup.2
PAL  By determining the slope of the plot, i.e.
      ##EQU2##
      and solving the equation using the known or measured values of A, C, and
      h, the permeability P constant in cm.sup.2 /time of the material for a
      given agent is readily determined.
PAR  Using the above technique, the permeability coefficient P of the
      antifertility agent progesterone from isotonic solution through different
      materials into isotonic solution at 37.degree.C was found to be:
TBL                        Permeability                                        
                           Coefficient                                         
     Membrane              (cm.sup.2 /hr)                                      
     ______________________________________                                    
     Poly(dimethylsiloxane)                                                    
                            8.0 .times. 10.sup..sup.-2                         
     Poly(ethylene)         4.7 .times. 10.sup..sup.-4                         
     Ethylene vinyl acetate copolymer-                                         
      9% vinyl acetate      3.8 .times. 10.sup..sup.-3                         
     Silicone-polycarbonate copolymer-                                         
      General Electric MEM 213                                                 
                           12.6 .times. 10.sup..sup.-3                         
     ______________________________________                                    
PAR  By using the above technique to design a device for to releasing
      progesterone, one would employ poly(ethylene) as the material for the wall
      if a slow rate of release is desired, and poly(dimethylsiloxane) membrane
      for the wall if a faster rate of release is desired. If a faster rate of
      release than the rate of release through poly(ethylene) but slower than
      the rate of release than through poly(dimethylsiloxane) is preferred for
      progesterone, the copolymer ethylene vinyl acetate or silicone
      polycarbonate copolymer can be used as material. The use of ethylene vinyl
      acetate copolymer for devices as a drug release rate controlling material
      is the invention of Higuchi and Hussain as disclosed and claimed in U.S.
      Pat. application No. 281,446, filed on Aug. 17, 1972. Poly(ethylene),
      poly(dimethylsiloxane), ethylene vinyl acetate copolymer and
      silicone-polycarbonate copolymer are commercially available polymers. The
      poly(dimethylsiloxane) is available as Silastic 340 from Dow Corning Co.
      The poly(ethylene) is a low density polymer with a melt index of 0.85.
      These examples can be used to determine the rate of release through
      materials by techniques known to the art as in J. Pharm. Sci., Vol. 52,
      pages 1145 to 1149, 1963; ibid., Vol. 53, pages 798 to 802, 1964; ibid.,
      Vol. 54, pages 1459 to 1464, 1965; ibid., Vol. 55, pages 840 to 843 and
      1224 to 1239, 1966; Encyl. Polymer Sci. Technol., Vol. 5 and 9, pages 65
      to 82 and 794 to 807, 1968; the references cited therein, and the like.
PAR  The rate of solubilization, or the rate at which the antifertility agent
      will go into solution is quantitatively governed by physico-chemical
      principles. For an example, a particle of an agent dispersed in a solvent
      is surrounded by a thin layer of solvent having a finite thickness l in
      cm. This layer is considered as an integral part of the agent and it is
      characteristically referred to as the "stagnant layer." The stagnant layer
      remains a part of the surface of the agent, moving wherever the agent
      moves. Using Fick's First Law of Diffusion, the rate of solution is the
      rate at which a dissolved agent diffuses through the stagnant layer for
      supplying agent ot the reservoir's inner wall. The driving force behind
      the movement of the agent through the stagnant layer is the difference in
      concentration of the agent, C.sub.1, in the stagnant layer at the surface
      of the agent and the concentration C.sub.2 on the farthest side of the
      stagnant layer. The difference in concentation C.sub.1 - C.sub.2
      determines the rate at which agent is solubilized in the carrier. Hence,
      if the carrier on the farthest side contains its optimum concentration
      because of a low release by the agent release rate controlling wall, the
      rate of solubilization of new agent will be low. Correspondingly, as agent
      leaves the carrier, new agent is solubilized to establish a steady state
      within the carrier.
PAR  The rate of diffusion of the antifertility agent in a solubilizing limiting
      carrier is broadly determined by measuring the rate an agent transfers
      from one chamber through a sintered glass filter of known pore size and
      thickness into another chamber at atmospheric pressure and room
      temperature about 25.degree.C, or body temperature 37.5.degree.C, and
      calculating from the obtained data the agent's transfer rate. The method
      is carried out by adding to a first conical flask equipped with a ground
      glass stopper and a stirring bar, a measured amount of carrier and
      simultaneously, the agent in the same carrier is added to a second conical
      flask similarly equipped while keeping the level of the carrier in the two
      flasks the same. Next, the flasks are stirred, and samples drawn at
      various time intervals for analysis. The measured rate of agent transport
      thorugh the sintered glass filter, and the concentration difference of the
      agent in the two flasks is then calculated. These procedures are known to
      the art in Proc. Roy. Sci. London, Ser. A, Vol. 148, page 1935; J. Pharm.
      Sci., Vol. 55, pages 1224 to 1229, 1966; and references cited therein. The
      diffusion coefficient of an agent can also be experimentally determined by
      using the above apparatus and references, or similar apparatus and
      procedures as described in Diffusion in Solids, Liquids and Gases, by W.
      Jost, Chapter XI, pages 436 to 488, 1960, Revised Edition, Academic Press,
      Inc., New York.
PAR  Also, according to Fick's Law, the rate of an agent's solution is directly
      proportional to the area of the agent, A in cm.sup.2, as exposed to
      carrier and inversely proportional to the length of the path through which
      the dissolved agent molecule must diffuse. Then, the rate of solution of
      the agent is gen by R = DA/l (C.sub.1 - C.sub.2) wherein R is the rate of
      solution, D is a proportionality constant called diffusion coefficient in
      cm.sup.2 /sec, and C.sub.1, C.sub.2 and l are as previously defined. See
      Remington Pharmaceutical Science, 14th Ed., pages 246 to 269, 1970, Mack
      Publishing Company.
PAR  The solubility of the antifertility agent in the release rate controlling
      material comprising the wall of a device broadly is determined by
      preparing a saturated solution of a given antifertility agent and
      ascertaining, by analysis, the amount present in a definite area of the
      material. For example, the solubility of the agent in the wall is
      determined by first equilibrating the wall material with a measured
      saturated solution of the agent at a known temperature and pressure, for
      example 37.degree.C and one atmosphere.
PAR  Next, agent is desorbed from the saturated wall material with a suitable
      solvent for the agent. The resultant solution for the agent then is
      analyzed by standard techniques such as ultraviolet, visible
      spectrophotometry, refractive index, polarography, electrical conductivity
      and the like, and calculating from the data the concentration, or
      solubility of the agent in the material.
PAR  The solubility of an agent in a liquid core can be determined by various
      art known techniques. One method consists in preparing a solution, for
      example, a carrier plus agent and ascertaining by analysis the amount of
      agent present in a definite quantity of the carrier. A simple apparatus
      for this purpsoe consists of a test tube of medium size fastened upright
      in a water bath maintained at constant temperature and pressure, for
      example 37.5.degree.C and one atmosphere. The carrier and agent are placed
      in the tube and stirred by means of a motor driven rotating glass spiral.
      After a given period of stirring, a definite weight of the carrier is
      analyzed and the stirring continued for an additional period of time. If
      the analysis shows no increase of dissolved substance after the second
      period of stirring, the results are taken as the degree of solubility of
      the agent in the carrier. Numerous other methods are available for the
      determination of the degree of solubility of an agent in a liquid carrier.
      Typical methods used for the measurement of solubility are chemical
      analysis, measurement of density, refractive index, electrical
      conductivity, and the like. Details of various methods for determining
      solubilities are described in United States Public Health Service Bulletin
      No. 67 of the Hygienic Laboratory; Encyclopedia of Science and Technology,
      Vol. 12, pages 542 to 556, 1971, McGraw-Hill, INc.; Encyclopaedic
      Dictionary of Physics, Vol. 6, pages 545 to 557, 1962, Pergamon Press,
      Inc.; and the like.
PAR  In the specification and the accompanying claims, the phrase
      "anti-fertility agent," "contraceptive agent" and the term "agent" are
      used interchangeably and they broadly include progestational and
      estrogenic substances that have antifertility properties. The term
      "progestational substance" as used herein embraces "progestogen" which
      term is used in the steroid art to generically describe steroids
      possessing progestational activity, and the former also includes
      "progestins" a term widely used for synthetic steroids that have
      progesteroid effects. The active antifertility progestin or estrogenic
      agent that can be used to produce the desired effects in mammals,
      including humans and primates, include without limitation: progestational
      and estrogenic steroids such as the following: pregn-4-ene-3,20-dione;
      19-nor-pregn-4-ene-3,20-dione;
      17-hydroxy-19-nor-17.alpha.-pregn-5(10)-ene-20-yn-3-one;
      di-11.beta.-ethyl-17-ethinyl-17-.beta.-hydroxygn-4-ene-3-one;
      17.alpha.-ethinyl-17-hydroxy-5(10)-estrene-3-one;
      17.alpha.-ethinyl-19-norestosterone;
      6-chloro-17-hydroxypregna-4,6-diene-3,20-dione;
      17.beta.-hydroxy-6.alpha.-methyl-17-(1-propynyl)-androst-4-ene- 3-one;
      9.beta.,10.alpha.-pregna-4,6-diene-3,20-dione;
      17-hydroxy-17.alpha.-pregn-4-en-20-yne-3-one;
      19-nor-17.alpha.-pregn-4-en-20-yne-3.beta.,17-dial;
      17-hydroxypregn-4-ene-3,20-diene;
      17-hydroxy-6.alpha.-methylpregn-4-ene-3,20-dione; estratroil, estrone,
      17.beta.-estradoil, ethynyl estradoil, mixtures thereof, and the like.
PAR  Additionally, the above progestational and estrogenic agents in the form of
      their pharmacologically accepted derivatives, such as, their hydroxy or
      keto groups can be used for the present purpose. The progestational or
      estrogenic derivative used should easily convert to the parent agent upon
      its release from the device by biological activities such as enzymatic
      transformation, pH assisted hydrolysis in uteri, and the like. The
      derivative can also be used to control the solubility of the agent in the
      solid or liquid core and to assist in metering the agent from the device.
      Suitable derivatives include without limitation, esters with
      pharmaceutically acceptable acids such as acetate, glucuronate, benzoate,
      propionate, butyrate, valeroate, hexanoate, heptanoate, maleate, citrate,
      succinate, tartrate, fumerate, malate, ascorbate, sulphate, phosphate and
      the like.
PAR  The amount of agent present in the reservoir, whether dissolved, partially
      dissolved or undissolved is generally non-limited and it is an amount
      equal to or larger than the amount of an agent that on its release from
      the device is effective for being about the agent's antifertility effect.
      For example, the amount of agent present in the reservoir of an
      intrauterine device when the device is used for a predetermined period of
      time to achieve an antifertility effect in a potential childbearing woman
      is for pregn-4-ene-3,20 -dione for a year supply wherein a year is 400
      days, and the rate of release from the device is 25 micrograms per day is
      10 mg in the reservoir, at the same rate of release for 2 years, a
      reservoir supply of 20 mg and for 3 years, 20 mg. If the rate of release
      for the same progestational agent is 100 micrograms per day and the length
      of the year is as before, the reservoir concentration of 1  year is 40 mg,
      for 2 years 80 mg and for 3 years, 120 mg. The amount of progestational
      agent present in the reservoir for a 1 year, 2 year and 3 year device is
      80 mg, 160 mg and 240 mg respectively when the rate of release is 200
      micrograms per day. Of course, for shorter periods or longer periods
      smaller amounts or larger amounts will be present in the reservoir, and
      the amount will also vary relative to the degree of activity of the
      progestational agent. Generally, the intrauterine contraceptive device
      will contain from about 0.1 mg ot 10 g of a progestational or estrogenic
      agent for rleeasing it at a controlled rate of from about 5 micrograms to
      300 mirograms of agent, or larger amounts per day to a fertile uterus of
      an adult woman weighing 75 to 200 pounds. Of course, devices containing
      different amounts of agent for use for different time periods such as
      week, month, and the like, are also readily made by the invention.
PAR  An intrauterine antifertility dispensing device 10 comprises of a
      transverse curved member and an interconnecting dependent member with a
      means for maintaining the device in the uterus during resting pressure and
      contraction and having a reservoir comprised of a liquid core containing
      an antifertility agent and permeable to the passage of the agent is
      surrounded by a wall of an antifertility release rate controlling material
      permeable to the agent is manufactured as follows: first, a reservoir
      comprised of a liquid core consisting of 11 percent by weight of
      progesterone and 10 percent by weight of barium sulfate in a mixture of 3
      parts by weight of Dow-Corning Silastic 382 elastomer resin liquid
      silicone oil and 1 part by weight of Dow-Corning 360 medical grade fluid
      silicone oil are thoroughly mixed in a standard laboratory v-blender to
      yield a liquid core. The progesterone is sparingly soluble in the liquid
      core. Next, an aliquot of the liquid core is injected into a section of
      medical grade polyethylene tubing having an outside diameter of 0.110
      inches and an inside diameter of 0.070 inches and the ends of the tubing
      heat sealed with a standard, hand-held heater. The filled polyethylene
      tubing, about 6 cm in length, then is placed into the lower half of a two
      piece mold integrally shaped as a curved transverse member with a
      dependent member and a means disposed on the end of dependent member and
      extended along the curved transverse member. The upper half is placed
      thereon, and the upper half placed thereon. The mold is electrically
      heated to yield the shaped antifertility releasing device. The device will
      release about 25 to 30 micrograms of progesterone per day for controlling
      fertility in an adult woman.
PAR  Expulsion has been one of the major concerns associated with the use of
      intrauterine contraceptive devices. This happens when the uterus, which is
      normally a cavity almost devoid of volume, has its volume increased by an
      intrauterine device and seeks to expell the device in an attempt to return
      to its normal volume. The uterus expells, or pushes the device from the
      uterus by undergoing sequential changes in the uterine walls and its
      cavity during several degrees of contraction from its increased volume
      down to its normal volume. Accompanying FIG. 6 shows in diagramatic form
      sequential changes taking place in a uterus as it pushes a T-shaped device
      made according to U.S. Pat. No. 3,533,406 from a uterus. In FIG. 6, top
      uterine muscle 24a is seen moving through contractions 24b and 24c to
      exert a downward pressure on the device 10. Similarly, side uterine muscle
      23a is seen moving through contractions 23b and 23c to apply additional
      pressure, lateral in this instance, on device 10. FIG. 7 shows the results
      of the contractions illustrated in FIG. 6 on device 10. In FIG. 7, device
      10 is seen with its arms displaced and folded up to give device 10 an
      essentially linear configuration thereby making it easy for the uterus to
      involuntarily expell the device. FIG. 7 also shows device 10 almost pushed
      from the uterus into the vagina in an unwanted and useless position. As
      seen, the internal pressures applied on device 10 in the above manner
      leads to involuntary expulsion of intrauterine devices. In contrast to the
      above, the unobvious results obtained for this invention as seen in FIG.
      8. In FIG. 8, device 10 prepared according ot the invention, is seen
      receiving the same pressures resulting from the sequential changes, yet
      retaining a desirable position in the uterus. Device 10 of FIG. 8
      unexpectedly keeps its shape and position essentially free of displacement
      and involuntary expulsion because means 15 in cooperation with device 10
      maintains the integrity of device 10 during the prolonged uterine life
      time.
PAR  It will be understood that those versed in the art in the light of the
      present specification, drawings and accompanying claims that the invention
      makes available to the art both a novel and useful intrauterine
      contraceptive device endowed with uterine retention properties that
      prevail during relaxed, resting pressure and contraction, while
      simultaneously overcoming the disadvantages associated with the prior art.
      It will be further understood by whose versed in the art that many
      different embodiments of this invention can be made without departing from
      the scope of the invention. Accordingly, it is to be understood the
      invention isnot to be construed as limited, but it embraces all
      equivalents inherent therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved intrauterine device adapted, sized and shaped for easy
      insertion and use in a uterine cavity, said device having a configuration
      consisting of a dependent member having a lead end and a trailing end and
      united at the lead end to a transverse member, a sole transverse member
      outwardly projected from the dependent member, a left and right arm formed
      by the transverse member where it unites with the dependent member, the
      arms having an upper surface the lead end and a lower surface facing the
      trailing end and terminated in distant rounded ends, the improvement
      consisting of a restraining member at the lead end with the member raised
      above the surface of the transverse member to form a space between the
      restraining member and the transverse member, said restraining member
      extended towards the ends of the transverse member for preventing the arms
      from folding up and away from the dependent member, thereby substantially
      maintaining the shaped configuration of the device for a prolonged period
      of time when the device is placed in a viable uterine cavity.
NUM  2.
PAR  2. The intrauterine device according to claim 1 wherein the restraining
      member is curved and continuous with the upper surface of the transverse
      member and has an internal diameter larger than the internal diameter of
      the dependent member.
NUM  3.
PAR  3. The improved device according to claim 1 wherein the improvement
      additionally enhances insertion of the device.
NUM  4.
PAR  4. The improved device according to claim 1 wherein the transverse member
      has a curved-linear convex shape and defines a pair of curved-linear arms
      formed where the curved-linear member is divided by the dependent member
      and the improvement maintains the curved-linear shape for a prolonged
      period of time.
NUM  5.
PAR  5. The improved device accordint to claim 1 wherein the transverse member
      is wedged-shaped and angled downward from the dependent member, the
      improvement maintaining the angle for a prolonged period of time.
NUM  6.
PAR  6. The improved device according to claim 1 wherein the lower surfaces of
      the arms are indented where the transverse member is united to the
      dependent member.
NUM  7.
PAR  7. An improved intrauterine device adapted, sized and shaped for easy
      insertion, and use in an intrauterine cavity, said device having a
      configuration consisting of a dependent member having a lead end and a
      trailing end and united at its lead end to a transverse member, a single
      transverse member outwardly projected from the dependent member and
      consisting of left and right arms having an upper surface facing the lead
      end and a lower surface facing the trailing end with the arms formed where
      the transverse member is united to the dependent member, the improvement
      consisting of unidirectional means on the lower surface of the left and
      right arms where said arms extend from the dependent member for
      unidirectional downward folding of the arms to substantially prevent the
      arms from folding up from the independent member while simultaneously
      letting the arms fold downward to increase ease of insertion into the
      uterine cavity.
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ABST
PAL  A protective breathing mask comprises a face encircling mask body which is
      connected to a compressed gas line for the supply of compressed gas
      thereto. The mask includes an encircling rim portion which defines an air
      seal cavity and it is provided with a passage in the body or separated
      from the body which is connected to the compressed gas line for supplying
      gas into the seal cavity. The rim includes an inner lip which engages over
      the face of the wearer and the gas which is circulated to the cavity
      escapes between the lip and the face into the mask interior. The gas
      conduit advantageously includes a lung demand inlet valve which opens into
      the front or into one side of the mask and which has a by pass passage
      through a throttle to the seal cavity. The seal cavity is advantageously
      defined by an outwardly formed annular bead or by an annular tubular
      member which may for example have openings around its periphery for
      directing the compressed gas from the cavity into the mask interior.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  This invention relates in general to the construction of breathing masks
      and in particular to a new and useful mask for use with compressed gas
      which includes an annular rim forming a seal cavity which is supplied with
      at least a portion of the compressed gas which escapes between the seal
      and the wearer's face into the interior of the mask.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  The penetration of noxious substances into the interior space of a
      breathing mask must be prevented at the seal of the mask rim. The mask rim
      is to be designed so as to obtain a seat of the mask on the user's skin as
      comfortable as possible.
PAR  There are known protecting breathing masks having a double seal rim, in
      which the interspace between the seal rim is washed by exhaled air. Also
      protecting breathing masks having inflatable seals are known.
PAR  Another protecting breathing mask is known as disclosed in U.S. Pat. No.
      3,167,070 in which, in order to insure an impeccable seal, the wall of the
      mask is provided with a dual seal rim. The inner seal rim is made of a
      porous material with closed cells which is impermeable for gas while the
      outer seal rim is made of a porous material having cells which are not
      tightly closed but rather provided with openings so that air and gas may
      pass therethrough. The interspace formed between the seal rims
      communicates, through a conduit and a gas filter, with a source of
      compressed air. An electrically driven air pump is used as the source of
      compressed air. A quantity of about 15 to 20  1/min of air is continuously
      pressed by the air supply device into the space between the two seal rims
      whereby a small overpressure is maintained in this space. Through the
      porous outer seal rim, air can continuously escape from the interspace to
      the outside and thereby prevent the penetration of noxious substances
      contained in the ambient air from entering into the space between the seal
      rims. This applies also in cases when, while using the protecting
      breathing mask, underpressure is produced in the interior of the mask
      during inhalation and air is taken into the interior of the mask from the
      space between the seal rims, if the seat of the inner gastight seal rim is
      not satisfactory. For operation, the known mask requires a source of
      compressed air in the form of an electrically driven pump, as well as
      electric energy. The wash air supplied through the pump must be purified
      in a filter before entering the space between the seal rims. There is no
      other way for preventing the endangering of the user. The expensively
      supplied and cleaned air escapes through the porous outer seal rim to the
      outside and is thus lost for the breathing.
PAR  There is further known a protecting breathing mask having a double seal rim
      and provided with an exhaling valve which is connected in parallel to the
      space between the two seal rims and opens directly to the open air and
      whose resistance is adjusted so that a part of the exhaling air flows
      directly into the peripheral space which communicates with the outside air
      through at least one outlet comprising a check valve. In this protecting
      breathing mask, the space between the two seal rims is practically
      permanently filled with exhaling air. Consequently, at any leakage between
      the seal rims and the skin surface of the user of the mask, only exhaling
      air is taken into the interior of the mask from the space between the seal
      rims, due to the underpressure produced by inhalation. The inmost seal rim
      may be designed as a seal lip extending in the direction of the space
      between the two seal rims. In spite of the two seal rims and the washing
      with the exhaling air this mask must be carefully adjusted. Even if the
      seal rim is designed as a seal lip, only the underpressure produced by
      inhalation can be used as the contact pressure and thereby seal pressure.
      To securely prevent the penetration of the outer air into the interior,
      the wash air volume and thus the space between the seal rims must be
      large.
PAR  In known smoke masks, an inflatable air tube is used for drilling the
      interspace between the rim of the mask and the user's head and sealing the
      interior of the mask against the outside air after being inflated. The
      inflation is effected by means of a small air pump communicating with the
      seal tube through a flexible tube extending through the interior of the
      mask. In this device, the seal tube after it is inflated has to provide
      for the sealing. It is recommended to use a neck strap in addition in
      order to prevent the seal tube from slipping off the user's face. The
      sealing is effected by contact pressure along a sealing line following the
      face. The seal tube is inflated by an additional, hindering device
      suspended from the mask and, moreover, it is necessary to permanently
      check if the contact pressure is sufficient for the sealing.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a protecting breathing mask with compressed air
      supply for the breathing, having a seal at the mask rim in the form of a
      cavity through which air is circulated. The seal prevents in a
      constructionally simple manner the surrounding air, which may be noxious,
      from penetrating into the interior of the mask through leakage points at
      the rim of the mask. In addition, the handling and maintenance of the mask
      is simple. In accordance with the invention, a partial stream of the
      compressed air is supplied to the cavity extending along the rim of the
      mask, through a throttle and a gas conduit. In one application of the
      invention, the cavity at the mask rim is formed by mutually parallel seal
      rims known per se. In this advantageous application of the invention, a
      continuous washing with breathable, fresh air is effected in the space
      between the two seal rims. A throttle is arranged in a partial stream of
      the gas and the desired partial quantity of compressed air passing
      therethrough is determined thereby in a simple manner and independently of
      the compressed air supply. The partial flow is adjusted so that a small
      overpressure is permanently maintained between the seal rims and the wash
      air passes both to the interior, through the inner seal rim, and to the
      outside, through the outer seal rim. At the same time, a particular design
      of the seal rims as lips insures that selectively, a certain portion of
      the air passes inwardly into the mask space and a certain portion to the
      outside. With a breathing air quantity of from between 30 and 90 l/min,
      the branching of a partial flow of some 3 to 5 l/min is of little
      importance for the total air supply. It is, however, very important for
      the seal security which is considerably increased.
PAR  In another application of the invention, the cavity at the rim of the mask
      is a cavity seal known per se, provided with outlet openings. The openings
      lead to the interior of the mask. The advantage of the invention resides
      in that in the inflated state of the seal, air is still continuously
      circulated therethrough so that the seal instantly adapts to any stress
      and follows the movements of the user's face along the sealing line. By
      choosing an appropriate number and size of the openings as well as their
      arrangement, the air quantity of the partial stream is controlled. The
      stream may be directed so as to first flow against the sight windows,
      which prevents the latter from becoming fogged by moisture.
PAR  According to a development of the invention, in a protecting breathing mask
      provided with a compressed gas inlet valve controlled by the breathing,
      the compressed gas partial stream furnished to the cavity is branched to a
      partial flow passage in advance of the compressed gas inlet valve. The
      advantages of the invention are appreciable particularly in protecting
      breathing masks having a breath-controlled compressed gas inlet valve. In
      such masks, the partial stream of the compressed gas can be channeled
      directly from the pressure side of the valve up to the cavity, along a
      path within or outside the mask or the mask body. The expenses of
      manufacture are very small and the same applies to the susceptibility to
      disturbances. In accordance with still another development of the
      invention, a compressed gas inlet valve is provided which is controlled by
      the breathing and can be detachably connected to the mask, the component
      part supporting the valve, and the protecting breathing mask, are provided
      with gas conduits which, upon coupling of the compressed gas inlet valve
      to the mask, establish a communication between the compressed gas supply
      line and the cavity. The connection of the breath-controlled compressed
      gas inlet valve can be fixed only after the communication between the
      compressed gas supply and the cavity has been established. In this case,
      it is very useful to insure that the breath-controlled compressed gas
      valve cannot be coupled to the mask before the establishing of the
      pressure-tight connection of the partial stream conduit.
PAR  An advantageous embodiment of the invention includes a gas conduit
      incorporated in the mask body.
PAR  The protecting breathing mask designed in accordance with the invention may
      generally be applied to all types of protecting breathing devices
      operating with compressed air as the breathing air. Even a protecting
      breathing hood can be reliably sealed off if, for example, a double seal
      rim is applied against the neck by means of an elastic seal ring having
      two lips and the space therebetween is passed through by an air flow.
PAR  Accordingly it is an object of the invention to provide a protective
      breathing mask which comprises a face encircling mask body which has a
      connection thereto for supplying compressed gas to the interior of the
      mask and which includes an encircling rim which defines an air seal cavity
      which is connected by passage means to the compressed gas line so that at
      least a partial flow of the gas flows into the cavity at a pressure to
      cause a portion to escape to the interior of the mask and outwardly to the
      exterior.
PAR  A further object of the invention is to provide a protective breathing mask
      which is simple in design, rugged in construction and economical to
      manufacture.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a sectional view through a gas breathing mask of a type operable
      on a compressed gas supply and constructed in accordance with the
      invention;
PAR  FIG. 2 ia a view similar to FIG. 1 of another embodiment of the invention;
      and
PAR  FIG. 3 is a section taken on the lines 3--3 of FIG. 1 as well as on 3--3 of
      FIG. 2.
DETD
PAC  GENERAL DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to the drawings in particular the invention embodied therein in
      FIGS. 1 and 3 comprises a face encircling gas mask body generally
      designated 20 which has a front inlet fitting 22 provided below a viewing
      window 24 which carries an inlet valve generally designated 2 which is
      biased onto an inlet seat 26 by a spring 6 carried in a valve chamber 28
      of a gas supply conduit 9.
PAR  In accordance with the invention a portion of the gas which flows through
      the supply conduit 9 passes into a passage 8 having a throttle 7 therein
      for regulating the quantity of flow. This gas in the passage 8 passes
      through an annular sealing cavity 5 defined between an encircling rim 30
      of the mask body and the wearer's face. The cavity 5 includes a double
      seal rim designed as an outer lip 3 and an inner lip 4. The cavity 5
      communicates with the pressure side of the gas conduit 9 through the
      passage 8 for the partial stream of the gases thereto. The valve member 2
      includes an elongated arm portion 2a which is directed against a diaphragm
      32 which is closed by a cover 34.
PAR  The flow through the compressed gas passage 9 and past the valve seat 26
      into the mask and flow through the throttle 7 and into the passage 8 is
      regulated so that the cavity is continuously washed by a quantity of the
      gas and a portion thereof escapes between the inner lip 4 and the wearer's
      face to the interior of the mask and also through the outer lip 3 to the
      outside. Lips 4 and 3 thus act as valves in the sense that they regulate
      the escape and flow of the circulated air. The escape of the air at the
      sealing rim interior and exterior provides an air flow at locations which
      are most critical in respect to the sealing of the mask.
PAR  In the embodiment shown in FIG. 2 a mask body 20' includes similar parts
      which are similarly designated but with primes. In this embodiment a seal
      cavity 5' is defined by an inflatable tube 10 which comprises an annular
      tube forming a rim at the periphery of the mask body 20'. Tube 10 is
      provided with a plurality of openings 11 around its periphery to permit
      the escape of the compressed gas or air therethrough. In this embodiment
      the compressed gas is supplied through a compressed gas conduit 9' and the
      flow of gas into an inlet 36 past the valve body 2' is controlled by the
      setting of a spring 6' and also by a throttle 7' in a passage 8'. The
      outlet openings 11 are located so that air escapes to the interior of the
      mask. They are advantageously spaced so that a partial quantity of the
      escaped air is first directed against the sight window 24'.
PAR  When the mask of the embodiment shown in FIG. 5 is placed on the wearer's
      face the encircling banded portion or tube 10 may be positioned loosely
      over the face before tightening. The tightening may be effected by
      inflating the tube to cause the rim to tighten against the person's face.
      Thus with the encircling band already pulled up in place, the the sealed
      rim will then apply more tightly to the face due to the inflation
      pressure.
PAR  In each of the embodiments an underpressure is produced in the mask space
      by inhalation so that the diaphragm 32 is displaced to the right hand
      side. When this occurs the rocker arm 2a is also displaced in the
      direction of the diaphragm motion. This causes it to move the valve disc
      28 which is secured to the arm 2a so that it tips away from the valve seat
      26 and the compressed air can flow to the mask space and thus to the
      respiratory ducts. As a general proposition an exhaling valve for instance
      (not shown) is provided for reevacuating the exhaled air.
PAR  The partial sectional view of the wall of the mask body 20' shown in FIG. 3
      indicates that the gas conduit 8 as well as the gas conduit 8' may be
      defined directly in the mask material.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A protective breathing mask comprising a face encircling mask body, a
      compressed gas line connected into the interior of said mask body, said
      mask body having an encircling rim portion defining an air seal cavity, a
      tubular conduit defined in a wall of said mask and forming a partial flow
      gas passage extending from said gas line to said cavity, and throttle
      means in said partial gas passage for permitting a flow of compressed gas
      into the cavity in a quantity which will permit some escape of gas from
      the cavity.
NUM  2.
PAR  2. A protective mask according to claim 1, wherein said compressed gas line
      connected to the front of said mask has a spring operated inlet valve,
      said partial passage being connected to said gas conduit on the pressure
      side of said inlet valve.
NUM  3.
PAR  3. A mask according to claim 2, wherein said inlet valve includes a
      diaphragm portion at the front of said mask body and a valve member having
      an arm portion resting against said diaphragm and spring biasing said
      valve member to a closed position.
NUM  4.
PAR  4. A protective breathing mask according to claim 1, wherein said gas line
      includes an inlet valve at the connection thereof to the front of said
      mask body, said valve being detachably connected to said mask body, said
      valve being set so that when compressed gas inlet is coupled to the mask
      there is a communication between the compressed gas line and said cavity.
NUM  5.
PAR  5. A protective breathing mask according to claim 4, wherein said valve can
      be fixed only after establishing the communication between said compressed
      gas supply and said cavity.
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ABST
PAL  Methods, compositions and products are described which inhibit the
      development of undesirable conditions arising as a result of microbial
      formation of ammonia from urea in excreted urine. Amino acid compounds are
      employed.
BSUM
PAR  This invention relates to methods, compositions and articles of manufacture
      useful for inhibiting inflammation, malodor and other ammonia caused
      problems in human hygiene.
PAR  Inflammation of the skin in the pelvic area in diaper-wearing infants is
      well-known. This inflammatory disorder called "diaper rash", is primarily
      caused by ammonia which is at least partially formed through bacterial
      decomposition of the urea present in urine and the retention of the
      ammonia so formed in close proximity to the pelvic area by the diaper as
      well as by other articles such as clothing, bed sheets, etc. Frequent
      changes and use of powders have not completely solved the problem. Contact
      of the skin with the urine soaked diaper and other articles cannot be
      avoided entirely. Moreover, prolonged periods of contact frequently cannot
      be avoided, such as during the night. A similar problem exists with
      incontinent patients and incontinence pads. Thus, it is desirable that
      there be found a method for preventing the formation of ammonia in the
      diaper, pads and other articles.
PAR  Urine has been reported to contain 2% urea and about 0.5% normal metabolic
      ammonia. (West & Todd, Textbook of Bio-chemistry, Mac Millian, N.Y.,
      1957). Thus, although ammonia is present in minor amounts in the human
      urine as a normal metabolic product, a potentially large amount of ammonia
      can be formed by microbial action on the excreted urea.
      ##EQU1##
      It can be seen that from each molecule of urea, two molecules of ammonia
      are formed. Non-pathogenic microorganisms such as the intestinal
      microorganisms, Proteus and Klebsiella species, and soil-borne
      microorganisms Bacilli and Sarcina are known to act on urea to produce
      ammonia.
PAR  If the conversion of urea to ammonia can be inhibited, undesirable
      conditions such as the inflammatory disorders in infants and incontinent
      patients may be avoided or minimized. Moreover, undesirable odors may be
      minimized. However, the means must be such that harmful or undesirable
      effects are not produced by the agent employed. Further, the means should
      be such that it is readily adaptable to current methods of infant or
      patient care. Moreover, it is highly desirable that the results be
      accomplished without kill of the non-pathogenic microbial flora. As is
      well-known, the kill of the non-pathogens invites invasion by opportunist
      organisms such as pathogenic bacteria, fungi or yeast whose presence may
      become manifest in dermatitic, febrile, inflammatory or other undesirable
      responses.
PAR  It has been discovered that the development of undesirable conditions
      arising as a result of microbial formation of ammonia from urea in
      excreted urine may be inhibited by introducing to the situs of ammonia
      formation, an inhibitory amount of an amino acid compound.
PAR  The expression, "situs of ammonia formation" refers to the loci where urine
      is retained. Various loci may serve such function. Thus, ammonia formation
      may occur on skin surfaces surrounding the area of urinary discharge. It
      may further occur on devices intended to receive urine such as diapers,
      incontinence pads, bed pads, etc. This result may be accomplished by
      administering an amino acid compound in a topical carrier to the pelvic
      area or by incorporating in a diaper, diaper liner, incontinence pads, bed
      pads, etc. as carrier. Thus, it is readily accomplished by existing means
      of infant and patient care. Moreover, the inhibition of ammonia product is
      accomplished by such minor amounts that undesirable side reactions such as
      alteration of microbial flora or injury to the infant or patient is
      avoided.
PAR  Amino acid compounds useful for the practice of the present invention
      generally have in the structure at least one arrangement of the amino
      group to acid group as follows:
      ##EQU2##
      The acid group is preferably carboxylic, --COOH, but may be sulfonic,
      --SO.sub.2 OH, or phosphonic, --PO(OH).sub.2. The amino may be substituted
      and the carbon chain may contain groups such as hydroxyl, --OH,
      sulfhydryl, --SH, and ether --O--.
PAR  An important group of compounds which inhibits the formation of ammonia are
      the aminopolycarboxylic acid compounds. By "aminopolycarboxylic acid
      compound" is meant a compound in which the amino nitrogen has attached
      thereto two or more substituent groups of the general structure:
      ##EQU3##
      and includes those having more than one amino group. It also includes
      water soluble salts. Preferred salts are monovalent salts such as sodium
      and potassium salts. The best known compounds of this class are the acids
      and salts of ethylenediaminetetraacetic (EDTA) acid,
      diethylenetri-aminepentaacetic (DTPA) acid and
      N-hydroxyethylethylenediaminetriacetic (HEDTA) acid. These compounds are
      available commercially through trade names such as VERSENE, VERSENEX and
      VERSENOL, SEQUESTRENE, etc. Other typical compounds in this class include
      triethylenetetraaminehexacetic acid,
      1,2-diaminocyclohexane-N,N'-tetraacetic acid,
      dihydroxyethylethylene-diaminediacetic acid, iminodiacetic acid,
      hydroxyethyliminodiacetic acid and nitrilotriacetic acid and their salts
      as well as propionic acid analogs.
PAR  Amino acid compounds of other classes include hydroxyalkylamino acids,
      sulfhydryl amino acids, aminosulfonic acids, aminophosphonic acid
      compounds and ether amino acids such as methoxyethyliminodiacetic acid,
      ethylene-bis-(oxypropylaminodiacetic acid),
      ethylene-bis-(oxyethyliminodiacetic acid), aminomethyl phosphonic acid
      (N,N- diacetic acid), aminoethyl-N-methyliminodiacetic acid,
      ethylenediaminetetra(methylene phosphonic acid), cysteine,
      .beta.-mercaptoethyliminodiacetic acid,
      .beta.-methylmercaptoethyliminodiacetic acid, etc.
PAR  The amino acid compound is believed to be proceeding by removal of the
      necessary metallic co-factor for the enzymatic production of ammonia.
      However, the invention is not limited to any particular theory and the
      preventative control of ammonia production may be achieved without
      detrimental effect on normal microbial flora.
PAR  The effectiveness of the amino acid compound in the control of microbial
      ammonia production may be illustrated in the following example:
PAR  A 25 milliliter sample of urea broth inoculated with Proteus sp., a second
      25 milliliter sample similarly inoculated and further containing 0.2% by
      weight of disodium ethylenediaminetetraacetate and an uninoculated control
      were incubated at 37.degree.C. for 24 hours and thereafter determined for
      presence of ammonia. The determination was carried out on 10 milliliter
      samples by the method of standard ammonia reagent additions at pH 12
      employing an ammonia electrode with alizarin yellow indicator and
      determining the change in electrode potential on addition of a known
      concentration of ammonium ions. (Orion Research, Inc., Instruction Manual,
      Ammonia Electrode Model 95-10).
PAR  The results were as follows:
TBL         Sample         % NH.sub.3                                          
     ______________________________________                                    
     Control Broth         0.057                                               
                           0.049                                               
     Proteus Inoculated    1.14                                                
     Broth                 1.11                                                
     Proteus Inoculated    0.19                                                
     Broth with 0.2%Na.sub.2 EDTA                                              
                           0.19                                                
     ______________________________________                                    
PAR  The amino acid compounds are used in such amounts as to give a final
      concentration of at least 0.01% by weight of excreted urine. The upper
      limit is dictated by practical considerations. Generally speaking,
      adequate inhibition is obtained at levels of about 0.5%. No advantage is
      seen in employing amounts in excess of 5% by weight of excreted urine.
PAR  The exact amount to be incorporated in a composition or article of
      manufacture depends on the method of use. Thus, the amounts employed for
      topical application such as in a lotion or powder may differ from the
      amount which would be incorporated in a disposable diaper. Only such
      amounts in excess of the desired final concentration to compensate for the
      expected or possible dilution effect at the ultimate situs are usefully
      employed. Generally, at least about 0.5% by weight of the amino acid
      compound is incorporated in the carrier. However, the amount is also
      dependent on the amino acid compound. Thus, a smaller amount of
      tetrasodium ethylenediaminetetraacetate appears to achieve a similar
      degree of control as a larger amount of disodium
      ethylenediaminetetraacetate. Where the contact is likely to be directly on
      the skin, it is preferred that the amino acid compound be in a form which
      is near the neutral pH range.
PAR  In its use, the amino acid compound is conveniently applied to diapers. It
      is especially adaptable for incorporation in disposable diapers at the
      time of manufacture. Conventional disposable diapers usually contain a
      thin, water-permeable facing (liner) sheet covering the interior side of
      the diaper, viz., the side which is to contact the skin in use, and a thin
      (usually moisture-impermeable) backing sheet covering the exterior side of
      the diaper, remote from the skin, with the porous, highly absorbent core
      (pad) being located between the interior and exterior facing (liner)
      sheets. The cores are conventionally made of layers of fibers such as
      carded cotton webs, air-layered cellulosic fiber webs, comminuted wood
      pulp battings, tissue pulp or like materials but may be made of newer
      synthetic materials such as synthetic polymer foams and fibers.
PAR  By application of the amino acid compound to the surface of the cores of
      the disposable diapers or to the fibers in the covers of the diapers or
      both, novel products are provided which are useful for inhibiting
      inflammation, malodor and other ammonia caused problems. In these novel
      diapers, the amino acid compound is present on the surface thereof in an
      amount ranging from about 0.001 gm. per square inch to about 0.5 gm. per
      square inch. Most preferred is an amino acid compound concentration of
      about 0.05 gm. per square inch, although higher amounts may be employed.
PAR  The amino acid compound may be applied to the diapers by any known method
      for applying materials thereto, such as by spraying in an aqueous spray, a
      solvent spray or an aerosol spray of mist or powder. An aerosol spray may
      employ such propellants as dichlorodifluoromethane,
      dichlorotetrafluoroethane, etc.; a solvent spray may employ substantially
      inert solvents such as isopropanol. The use of a propellant or inert
      organic solvent is preferred over an aqueous solution or suspension
      inasmuch as the latter requires more extensive drying subsequent to
      application of the amino acid compound.
PAR  Additionally, the amino acid compound may be applied in a similar manner to
      diaper liners for use with fabric diapers, to protective bed padding, etc.
PAR  In another aspect of the present invention, the amino acid compound may be
      incorporated into vehicles suitable for topical application such as
      powder, lotion, cream, aerosol, etc. to provide novel compositions which
      may be applied to skin at the time of diaper change. In this way, the
      amino acid compound present on the dermal surface in the area likely to
      come in contact with the urine acts to inhibit conversion of urea to
      ammonia by microbial enzymes. Moreover, if incorporated into powder, the
      powders may be applied to conventional diapers at time of diaper change.
PAR  When the novel composition is an emollient composition, i.e., lotion or
      cream, with or without propellant, the amino acid compound is added in an
      amount of at least about 2% by weight of the total weight of the
      composition. The amount may be as high as 10% but is not limited thereto.
      When the novel composition is a powder, the amino acid compound is added
      in an amount of at least about 0.01%. The upper limit is dictated by
      practical considerations. No advantage is seen in including amounts over
      about 10% by weight of the amino acid compound.
PAR  When incorporation is to be made into lotion, cream or aerosol, the amino
      acid compound may be added in a solvent compatible with the system in
      which it is incorporated such as water, glycerol, propylene glycol,
      tripropylene glycol methyl ether, ethanol, etc. Alternatively, the amino
      acid compound may be added to the final composition and intimately admixed
      therewith. Such would be the preferred method for preparing dusting
      powders. Carrier materials include ointment additives such as polysorbate
      80, polyoxyethylene sorbitan trioleate; surfactants and emulsifiers such
      as lauryl sulfate, sodium cetyl sulfate, glyceryl monostearate,
      diethylaminoethyl alkyl amide phosphate, isopropyl myristate, octyl
      alcohol, glyceryl and glycol esters of stearic acids; glycols such as
      propylene glycol, sorbitol; alcohols such as ethanol, isopropanol; higher
      fatty acids, such as stearic acid, palmitic acids; perfumes, essential
      oils; propellants such as halogenated hydrocarbons, e.g.,
      dichlorodifluoromethane, trichlorofluoroethane, etc., carbon dioxide and
      nitrogen; solid diluents such as calcium carbonate, starch, bentonite,
      talc; and silicone-type fluids such as polysiloxane fluid. Selection of
      the particular carrier varies with use. Thus, higher fatty acids would be
      avoided in dermal preparations for the control of inflammatory skin
      conditions.
PAR  By employing the compounds in accordance with the present invention, the
      action of the microorganisms is somehow inhibited or altered.
DETD
PAR  Compositions and products which illustrate but do not limit the many forms
      in which the present invention may be employed for applying the amino acid
      compound to the situs of ammonia formation are presented in the following
      examples:
PAC  Example A
PAR  A disposable diaper is prepared having an absorbent core of comminuted wood
      pulp and a nonwoven porous cover. The upper surface of the wood pulp core
      has applied thereto 5.0 milligram of trisodium ethylenediaminetetraacetate
      per square inch of surface area. The trisodium ethylenediaminetetraacetate
      is applied to the absorbent core in a dry state from an aerosol spray
      employing dichlorodifluoromethane as a propellant after which the nonwoven
      cover is placed around the core.
PAC  Example B
PAR  A disposable diaper similar to that described in Example A except that both
      the upper surface of the wood pulp core and the fluid pervious cover has
      applied thereto trisodium ethylenediaminetetraacetate at a rate of 1.0 mg.
      per square inch of surface area.
PAC  Example C
PAR  A treated bed pad is prepared by applying a 20 percent aqueous solution of
      trisodium ethylenediaminetetraacetate to a web of cellulose fibers to
      impregnate the trisodium ethylenediaminetetraacetate and thereafter dried
      in air at temperatures of 60.degree.C. to obtain cellulose fibers
      containing 0.5 gm. per square inch.
PAC  Example D
PAR  A baby lotion suitable for topical application is prepared by (1) heating
      Part A (below) to 70.degree.C., (2) heating Part B (below) to 72.degree.C
      (2) and (3) adding Part B to Part A and stirring until the mixture is
      cool.
TBL  ______________________________________                                    
     Part A                  % Weight                                          
     ______________________________________                                    
     Mineral oil             35.00                                             
     Lanolin                 1.00                                              
     Cetyl alcohol           1.00                                              
     Silicone fluid 1000 cs  5.00                                              
     ARLACEL 80.sup.1        2.10                                              
     TWEEN 80.sup.2          4.80                                              
     Part B                                                                    
     Water                   48.00                                             
     Disodium salt of EDTA   1.65                                              
     Tetrasodium salt of EDTA                                                  
                             1.35                                              
     Sorbic acid             0.10                                              
     ______________________________________                                    
      .sup.1 Sorbitan monoleate, a non-ionic, surface-active agent, product of 
      Atlas Powder Company.                                                    
      .sup.2 Polyoxyethylene derivative of sorbitan monoleate, nonionic,       
      surface-active agent, product of Atlas Powder Company.                   
PAC  Example E
PAR  A powder for topical application to the body is prepared by thoroughly
      mixing:
TBL  Trisodium diethylenetriamine pentaacetic acid                             
                                5 g                                            
     Starch                     305 g                                          
     Talc                       9690 g                                         
PAC  Example F
PAR  A body cream is prepared by (1) heating Part A (below) to 70.degree. (2)
      Part B (below) to 75.degree.C (3) adding Part B to Part A with agitation
      and (4) adjusting the pH to 5.5 with dilute sodium hydroxide.
TBL  ______________________________________                                    
     Part A                 % Weight                                           
     ______________________________________                                    
     Cetyl alcohol          2.5                                                
     Stearyl alcohol        5.0                                                
     Isopropyl myristate    2.0                                                
     Light silicone oil     1.0                                                
     "Emplex".sup.1         1.5                                                
     Methyl paraben.sup.2   0.15                                               
     Propyl paraben.sup.3   0.05                                               
     Part B                                                                    
     Deionized water        78.8                                               
     Disodium salt of EDTA  4.0                                                
     Propylene glycol       5.0                                                
     ______________________________________                                    
      .sup.1 Sodium salt of reaction product of lactic and stearic acid (Patco 
      Products, Kansas City, Missouri)                                         
      .sup.2 Methyl hydroxybenzoate                                            
      .sup.3 Propyl hydroxybenzoate                                            
PAC  Example G
PAR  A lotion suitable as a body lotion may be prepared by (1) heating Part A
      (below) to 72.degree.C., (2) Part B (below) to 75.degree.C. (3) adding
      Part B to Part A with agitation and (4) adjusting the pH to 5.3 with
      dilute sodium hydroxide.
TBL  ______________________________________                                    
     Part A                 % Weight                                           
     ______________________________________                                    
     Cetyl alcohol          1.9                                                
     Stearyl alcohol        3.0                                                
     Isopropyl myristate    1.3                                                
     Light silicone oil     0.8                                                
     "Emplex"               1.1                                                
     Methyl paraben         0.15                                               
     Propyl paraben         0.05                                               
     Part B                                                                    
     Deionized water        81.7                                               
     Propylene glycol       3.0                                                
     Disodium salt of EDTA  7.0                                                
     ______________________________________                                    
PAC  Example H
PAR  An aerosol composition is prepared by first admixing the following
      materials in the indicated proportions:
TBL                    Parts by Weight                                         
     ______________________________________                                    
     Micropulverized talc                                                      
                         2.50                                                  
     Na.sub.3 EDTA       2.50                                                  
     Fragrance           0.16                                                  
     Anhydrous ethanol   0.20                                                  
     Isopropyl myristate 0.60                                                  
     ______________________________________                                    
PAR  Thereafter, the mixture is placed in vessels suitable for pressurization
      (cans) and the following propellants added in the indicated proportions:
TBL         Freon 11.sup.1 47.02                                               
            Freon 12.sup.2 47.20                                               
      .sup.1 Trichloromonofluoromethane (E.I. duPont de Nemours & Co.)         
      .sup.2 Dichlorodifluoromethane (E.I. duPont de Nemours & Co.)            
PAR  While previous methods of inhibiting ammonia production by microorganisms
      employed microbicidal methods, the present invention accomplishes the
      inhibition of ammonia production by microorganisms without kill of the
      organisms. Thus, when growth of Proteus mirabilis in heparinized blood at
      37.degree. with and without added disodium ethylenediaminetetraacetate was
      followed over a 24-hour period, there was found to be no detrimental
      effect on the growth of organisms as can be seen in the following table:
TBL                 Bacterial Count                                            
     ______________________________________                                    
     Blood Inoculated                                                          
     with Proteus mirabilis                                                    
                      0 Hours     24 Hours                                     
     ______________________________________                                    
     No Na.sub.2 EDTA 100 .times. 10.sup.4                                     
                                  182 .times. 10.sup.7                         
     2% Na.sub.2 EDTA 100 .times. 10.sup.4                                     
                                  231 .times. 10.sup.7                         
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A disposable diaper comprising a thin, waterproof backing sheet and a
      thin, moisture permeable facing sheet and an absorbent core disposed
      between said facing and said backing sheets, said diaper containing on at
      least the upper portions, including the surface area of the absorbent core
      or moisture permeable facing sheet first to intercept urine in use, a
      means for inhibiting ammonia formation therein including an
      aminopolycarboxylic acid compound in an amount of at least 0.001 gm. per
      square inch.
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ABST
PAL  A pre-formed surgical sponge to be used with or without suction in surgical
      procedures. The sponge has generally a cup or pouch shape and is formed of
      porous or sponge-like material such as non-woven cloth, polyurethane foam
      or other plastic foams. In one embodiment of the invention the sponge is
      readily detachable from the tip, so that it can be rapidly replaced during
      a surgical operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In surgical operations, it is often necessary to remove fluid such as blood
      and other body fluids from the body cavity being operated on. This is
      commonly done with a tube connected to a suction device. However, since
      the fluid may contain solid particles, and since trauma would reslt if
      living tissue is drawn into the suction tube, it is customary to lay down
      a sponge in the body cavity and press the end of the suction tube against
      the sponge, so that any fluid is drawn into the suction tube through the
      sponge without picking up tissue, preventing clogging of the suction tube
      and preventing contact betweem living tissue and the end of the suction
      tube, a two-fold function. Such a procedure is time consuming and
      inconvenient, and there is the ever present danger of a sponge being left
      in the body cavity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawing:
PAR  FIG. 1 is view in side elevation of a shield for a surgical suction rube
      embodying the features of the invention.
PAR  FIG. 2 is a view of FIG. 1 as seen from the left end.
PAR  FIG. 3 is a view of FIG. 1 as seen from the bottom.
PAR  FIG. 4 is a view in side elevation of a suction tube with the shield and
      FIG. 1 assembled therein.
PAR  FIG.5 is a view of the forward end of the suction tube of FIG. 1 operating
      to remove fluid from a body cavity.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to the drawing, there is illustrated a surgical sponge 10 for
      assembly onto a surgical suction tube 12, to prevent body tissue from
      being sucked into the tube during use, and to filter out solid particles
      in the fluid that might clog the suction tube.
PAR  In the illustrated embodiment the suction tube 12 has a rear end portion 14
      adapted to be attached to a suction supply hose 15 and an elongated
      forward portion terminating in an open end 16. An enlarged portion 18 is
      provided to facilitate grasping by the fingers during use.
PAR  The tube 12 is a standard surgical appliance in common use, and as
      described hereinbefore it has been customary to use the tube 12 in
      conjunction with a surgical sponge of common shape by pressing the end of
      the tube against the sponge.
PAR  However, in accordance with this invention, the surgical sponge 10 is
      pre-formed to provide a cavity to receive the end of the suction tube. In
      the illustrated embodiment the shield 10 is generally pouch-shaped, formed
      of two pieces of porous, inert material such as polyurethane foam which
      are adhesively secured or heat sealed together at the periphery 22, except
      at the rear end 24. To removably retain the shield on the tube, cords 26
      are secured to the shield near the rear end thereof in such a manner that
      the cord passes through both halves of the shield.
PAR  The shield (sponge) can be easily and rapidly assembled onto the tube by
      pressing the opposite edges together, so that the two portions at the rear
      of the sponge spread apart, forming an opening 28 (see FIG. 2). The tube
      may then be inserted into the sponge cavity and the cords pulled tight and
      spirally wrapped around the tube. The cords have sufficient length that
      when so wrapped it extends beyond the enlarged portion 18. The cords may
      be tightly fastened to the tube but it is not necessary as it will be held
      in fixed relation to the tube by the fingers during use. A removal force
      will be applied to the sponge 10 during use only when the tube is
      withdrawn from the body cavity, and the pressure of the fingers against
      the string will prevent the sponge 10 from being pulled off of the tube
      during such removal.
PAR  After removal the sponge 10 may be easily removed by pulling it off of the
      end of the tube, and a fresh sponge assembled.
PAR  During use, the presence of the porous sponge retained on the end of the
      tube allows the tube to be pressed against body tissue in the body cavity
      without stopping the flow of fluid into the tube and without causing
      trauma to delicate tissue in the body cavity. The sponge also serves to
      filter out any particles in the fluid that might clog the suction tube,
      such as blood clots, yet allows smaller particles normally present in the
      blood to pass through.
PAR  Although in the illustrated embodiment the sponge is in the form of a pouch
      formed of two pieces secured together, for convenience in manufacturing
      from available materials without expensive tools, it will be understood
      that the sponge may also be made of a single piece of material formed into
      a cup shape, dimensioned to fit closely over the end of the suction tube.
PAR  The sponge may be made of any one of a number of materials, such as foams
      of various materials such as polyurethane, laminates of cloth and foams,
      or woven or non-woven filter cloth. It may also be impregnated or combined
      with an X-ray detectable material.
PAR  Since certain other obvious changes may be made in the specific embodiment
      of the invention illustrated, it is intended that all matter contained
      herein be interpreted in an illustrative and not in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A surgical sponge for use in a body cavity comprising a porous sponge
      material pre-formed to provide a cup-shaped member having an internal
      opening and having a mouth to the internal opening dimensioned to freely
      receive the end of a suction tube, means for releasably securing the
      sponge to the end of said suction tube comprising an attaching cord having
      an adjustable tightening means on one end secured to the sponge adjacent
      the mouth thereof for attaching and securing said sponge to the suction
      tube said cord having a length such that the other end remote from the
      sponge can be disposed above a portion of the suction tube and sponge that
      remains outside the body cavity.
NUM  2.
PAR  2. A surgical sponge according to claim 1 in which the sponge is
      impregnated with an X-ray detectable material.
NUM  3.
PAR  3. A surgical sponge according to claim 1 in which the cup-shaped member is
      formed of two similar flat sheet portions joined together at their edges.
NUM  4.
PAR  4. A surgical sponge for use in a body cavity comprising a porous sponge
      material preformed to provide a cup-shaped member having an internal
      opening and having a mouth to the internal opening dimensioned for loosely
      fitting the end of a suction tube, means for releasably securing the
      sponge to the end of the said suction tube comprising an attaching cord
      having an adjustable tightening means on one end secure to the sponge
      adjacent the mouth thereof for attaching and securing said sponge to the
      suction tube, said cord having a length such that the other end remote
      from the sponge can be disposed above a portion of the suction tube and
      sponge that remains outside the body cavity.
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ABST
PAL  An endocardial electrode for effecting the intracardial stimulation of a
      heart, consisting of an elongated electrical conductor, which is provided
      with an electrical insulation, and an electrode head located at the distal
      end of the conductor which is proximate the heart, for the transmission of
      stimulative impulses to the heart through the applied electrode. The
      electrode head includes electrically conductive small-surfaced contact
      portions which are connected with the electrical conductor, and in which
      the individual contact portions are so constructed and arranged so as to
      form the edges of at least one hollow body or, respectively, a depression.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an endocardial electrode for effecting the
      intracardial stimulation of a heart, consisting of an elongated electrical
      conductor, which is provided with an electrical insulation, and an
      electrode head located at the distal end of the conductor which is
      proximate the heart, for the transmission of stimulative impulses to the
      heart through the applied electrode.
PAC  DISCUSSION OF THE PRIOR ART
PAR  in known endocardial electrodes of the above-mentioned type, the electrode
      head consists of a small metal cylinder connected at one end thereof to
      the electrical conductor, and which is rounded off at its other free end.
      This metal cylinder inherently forms the electrode, which imparts the
      electrical energy impulses of an impulse generator such as, for example, a
      pace maker, to the heart muscle for stimulation of the latter.
PAR  The energy of the impulses should, on the one hand, be as small as possible
      so that, for an implanted pace maker, the energy of the implanted
      batteries are not too rapidly used up; whereas, on the other hand, the
      impulse energy must be sufficiently large whereby each impulse assuredly
      effects the stimulation of the heart. In order to achieve this assurance,
      the impulse energy at the expense of the service life of the batteries
      has, however, been selected so as to be relatively highly, whereby even
      for a high stimulative threshold for the heart, the stimulating energy of
      the impulses is sufficiently large. In connection with the foregoing, it
      must be considered that the stimulative threshold of the heart does not
      remain constant for any length of time, and mostly increases after
      implanation. The setting of the impulse energy to a minimum value which is
      determined upon implantation -- so as to increase the service life of the
      batteries -- has fatal results for the patients upon an increase in the
      stimulative threshold.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing situation, it is an object of the present
      invention to provide an endocardial electrode of the above-mentioned type,
      which allows for the use thereof at a low impulse energy, without
      jeopardizing the safety of the patients. The invention utilizes the basic
      premise that the raising in the stimulative threshold of the heart after
      implantation is a result in that between the electrode and the muscle
      tissue which are stimulated, scar tissue is formed, and/or cellular and
      connecting tissue sections. This causes the raising away of the electrode
      from the stimulable muscle, in view of which there is a reduction in the
      current density at the muscle which is responsible for effecting the
      stimulation.
PAR  The practical object which is derived from the foregoing knowledge is
      applied to the present invention in that the electrode is so constructed,
      whereby nothwithstanding the low energy level of the individual impulses
      sufficiently high current densities is generated, which are transmitted to
      the stimulable cells of the heart muscle. The foregoing is inventively
      attained is that the electrode head includes electrically conductive
      small-surfaced contact portions which are connected with the electrical
      conductor, and in which the individual contact portions are so constructed
      and arranged as to form the edges of at least one hollow body or,
      respectively, a depression. Preferably, the surface of the contact
      portions are not larger than 15 mm.sup.2, and suitably consist of 2
      mm.sup.2. It is particularly advantageous when the electrode head is
      formed of a coarse-meshed basket, in which the surface of the meshes is
      approximately 3 mm.sup.2 in average. The base of the basket thereby forms
      the outermost or distal end of electrode head, and the basket opening is
      closed off through the conductor insulation. In a particularly preferred
      embodiment of the invention, in order to increase the weight of the
      electrode head, centrally of the interior of the basket there is
      positioned a weight, which preferably is in the form of a rod.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further advantages and embodiments of the invention may be ascertained from
      the following detailed description, taken in conjunction with the
      accompanying drawing, in which:
PAR  FIG. 1 illustrates the distal implantable end of an endocardial electrode
      having a basket-shaped electrode head;
PAR  FIG. 2 shows a second electrode head having a star-like cross-sectional
      configuration;
PAR  FIG. 2a is a transverse section through the electrode head of FIG. 2 on an
      enlarged scale;
PAR  FIG. 3 shows a third embodiment of an electrode head having a star-like
      cross-sectional configuration;
PAR  FIG. 3a is a transverse section through the electrode head of FIG. 3 on an
      enlarged scale;
PAR  FIG. 4 illustrates an electrode head having a wire loop; and
PAR  FIG. 4a is a transverse section through FIG. 4 on an enlarged scale.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now in detail to the drawing, FIG. 1 illustrates an elongate
      electrical conductor 1 of an electrode, which is provided with an
      electrical insulation 2. At the distal end of the electrode there is
      located an electrode head 3 connected at one end thereof to the electrical
      conductor. The electrode head is essentially cylindrically-shaped and is
      rounded off at its free end. As shown in FIG. 1, electrode head 3 is
      formed of longitudinally extending wire loops 4 which are transversely
      stiffened by means of circularly bent wire loops 5. In order to stabilize
      the basket-forming wire mesh constituted by loops 4 and 5, and in order to
      increase the weight of the electrode head, a metal rod 6 is centrally
      located within the wire basket which forms the electrode head. At its
      rearmost end 7, the rod 6 is connected with the elongate electrical
      conductor 1. The basket-forming wire mesh constituted by the longitudinal
      wire loops 4 and the circular stiffening wire loops 5 affords the
      electrode, after application in the heart to provide space for the tissue
      being formed so as to prevent raising away of the electrode from the
      stimulable heart muscle.
PAR  In lieu of the wire loops 4 and 5 forming a cylindrical wire-mesh basket
      structure, generally flat bands of metal or electrically conductive
      material may be employed. The bands are intertwined in a suitable manner
      to form the basket-like configuration as shown in FIG. 1. The band
      material may be of a width in the range of 0.01 to 1.0 mm, and preferably
      of about 0.2 mm.
PAR  The cylindrical star-shaped electrode head 3 shown in FIGS. 2 and 2a of the
      drawing is constructed of metal and is covered with an insulating material
      8 to an extent in which only the edges of the star-shaped depressions are
      not insulated. The insulating surfaces are located between the projecting
      electrically conductive edges of the star-shaped depressions (recesses or,
      respectively, hollow spaces) which again provides for the ability of
      receiving tissue which is expected to grow after implantation. The
      depression may, in accordance with FIGS. 3 and 3a, be enlarged so as to
      form a star-shaped cross-section, such as may be encountered in an ice
      crystal. In the embodiment of FIGS. 2 and 3 it is also possible that, in
      lieu of the insulative covering 8, the entire electrode head is
      constructed of insulating material and merely the outer edges are provided
      with electrically conductive portions. In the instance of the embodiment
      of FIG. 3a, along the symmetrical axis (which is designated in all of the
      figures with the reference numeral 9) of the electrode head, there is
      positioned a metal body 10 which corresponds with rod 6 in FIG. 1.
PAR  In the embodiment of FIG. 4, the electrode head 3 consists of a wire or,
      respectively, a band loop 11, wherein the space encompassed by this loop
      may be filled with an insulating material 12. In this embodiment, after
      implantation, the tissue being formed may grow along the wide surfaces of
      the tongue-like shaped electrode head, while the edges formed by the
      band-like wire material further remain in close contact with the
      stimulable heart muscle.
PAR  The contact portions 4, 5, in comparison with known cylindrical electrode
      heads, have a small surface and in their illustrated arrangement and
      construction define the outer edges of hollow bodies or depressions,
      comparing in particular the embodiment of FIGS. 1 through 3.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Endocardial electrode for the intracardial stimulation of a heart,
      comprising an elongate electrical conductor; and electrical insulation
      encasing said conductor; and an electrode head being connected to said
      conductor at the end thereof proximate the heart for transmission of
      stimulative pulse to the heart upon insertion of said electrode, said
      electrode head having a plurality of electrically conductive contact
      portions connected to said conductor and defining spaces extending
      interiorly of said electrode head, said contact portions being shaped and
      positioned so as to form the external periphery-defining edges of at least
      one hollow body in said electrode head.
NUM  2.
PAR  2. Endocardial electrode as claimed in claim 1, said hollow body being a
      depression in said electrode head.
NUM  3.
PAR  3. Endocardial electrode as claimed in claim 1, said contact portions
      having a collective surface area of up to 15 mm.sup.2.
NUM  4.
PAR  4. Endocardial electrode as claimed in claim 3, said surface area being
      about 2 mm.sup.2.
NUM  5.
PAR  5. Endocardial electrode as claimed in claim 1, said electrode head
      comprising an essentially cylindrical coarse-meshed wire basket.
NUM  6.
PAR  6. Endocardial electrode as claimed in claim 5, said mesh having an
      encompassed area in the range of about 2 to 5 mm.sup.2.
NUM  7.
PAR  7. Endocardial electrode as claimed in claim 5, said electrode head having
      the outermost end formed by the base of said wire basket, and an elongate
      electrical conductor being connected to the opening of said basket so as
      to close the latter.
NUM  8.
PAR  8. Endocardial electrode as claimed in claim 5, comprising weight means
      being positioned interiorly of said electrode head for increasing the
      weight thereof.
NUM  9.
PAR  9. Endocardial electrode as claimed in claim 8, said weight means
      comprising a rod extending centrally and axially of said wire basket.
NUM  10.
PAR  10. Endocardial electrode as claimed in claim 1, each said contact portion
      being formed of electrically conductive wire material.
NUM  11.
PAR  11. Endocardial electrode as claimed in claim 1, each said contact portion
      being formed of electrically conductive band material.
NUM  12.
PAR  12. Endocardial electrode as claimed in claim 1, said electrode head being
      substantially cylindrical and star-shaped in transverse section.
NUM  13.
PAR  13. Endocardial electrode as claimed in claim 12, the outer longitudinally
      extending edges of said star-shaped cylindrical electrode head comprising
      said electrically conductive contact portions.
NUM  14.
PAR  14. Endocardial electrode as claimed in claim 13, said contact portions
      comprising the outer edges of said hollow body so as to define the outer
      contour of said electrode head.
NUM  15.
PAR  15. Endocardial electrode as claimed in claim 1, said electrode head being
      essentially formed of a material having a high specific weight.
NUM  16.
PAR  16. Endocardial electrode as claimed in claim 1, said contact portions
      being a band material in an intertwined configuration forming an
      essentially cylindrical basket-like electrode head.
NUM  17.
PAR  17. Endocardial electrode as claimed in claim 16, said band material having
      a width in the range of about 0.01 to 1.0 mm.
NUM  18.
PAR  18. Endocardial electrode as claimed in claim 17, said band material having
      a width of 0.2 mm.
NUM  19.
PAR  19. Endocardial electrode as claimed in claim 13, the interstitial hollows
      between the outer longitudinally extending edges being formed of
      electrically insulating material.
NUM  20.
PAR  20. Endocardial electrode as claimed in claim 13, the interstitial hollows
      between the outer longitudinally extending edges being formed of insulated
      electrically conductive material.
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ABST
PAL  A brassiere has a body engaging band which extends across the wearer's
      chest under her breasts and terminates in two ends each under one arm of
      the wearer. Two cups are connected to the body engaging band and each cup
      is adapted to receive one of the wearer's breasts. Each of the cups
      terminates in an upper end which connects with at least two shoulder cords
      extendable over one shoulder of the wearer to connect to an end of the
      body engaging band. The ends of the body engaging band are connected to
      each other by a closure cord which preferably extends across the wearer's
      back. In an alternate brassiere for backless dresses, two closure cords
      are provided and each connects to one of the ends of the body engaging
      band and wraps around the wearer's waist so as to be connectable to each
      other at the wearer's front.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a brassiere for supporting breasts of a woman.
      Breasts of young women tend to be protuberant whereas breasts of older
      women tend to be pendulous. Protuberant breasts are supported by fibrous
      tissue strands known as ligaments of Astley Cooper. When the ligaments of
      Astley Cooper become overstretched or atrophic, the breasts droop. The
      breast tissue itself does not have muscular support, the ligaments of
      Astley Cooper connect deep fascia at the base of the breast with overlying
      skin. It is the function of a brassiere to provide support for the breast
      tissue (acting in concert with the ligaments of Astley Cooper).
PAR  Many women want to appear freer in their movements and to give a braless
      impression, yet they need some support. Support is needed particularly
      when the woman dances or participates in athletic events or the like. One
      approach to a braless impression by the prior art has been merely to make
      thinner and smaller conventional brassieres, but this approach does not
      yield desired freedom of movement for the wearer. Halter brassiere designs
      also have been employed, but halters require a sling over the nape of the
      wearer's neck and they generally provide more concealment than support.
PAC  ANALYSIS
PAR  Structurally breasts cantilever outwardly from a wearer's chest.
      Conventional brassieres generally provide a panel on the wearer's back
      whence straps extend over the wearer's shoulders to hold up her breasts.
      Of course these panels tend to hold in the wearer's sides but they are
      situated on muscles on the back of the wearer's trunk and they tend to
      restrict her motion and her circulation.
PAR  Mr. Howard Hughes, among others, developed brassieres which support breasts
      from below. It was discovered that little attention is paid to a wearer's
      chest below her breasts, so here was where Mr. Hughes situated major
      structural elements of his strapless brassieres. Coincidentally movement
      of a wearer's chest below her breasts is quite small compared with
      movement of her shoulders and movements of her back. Movement of the
      wearer's chest below her breasts is merely expansion and contraction of
      her rib cage resulting from breathing. Such movement is quite simple,
      being directed laterally across her chest.
PAR  This invention takes advantage of the wearer's chest below her breasts as a
      location for its body engaging band, because in that location the body
      engaging band is subjected merely to unidirectional tensioning stresses
      and the tensioning stresses are situated across the wearer's chest for
      minimum disruption of movement of the wearer. For this reason a brassiere
      according to the present invention tends to stay in place far better than
      a brassiere with back panels, because structural support in this brassiere
      eminates from a more stable base than in conventional brassieres. This
      invention permits the wearer to move her shoulders and back as freely as
      she wants to. Such movement is accommodated by employing a plurality of
      spaghetti cords from each cup of the brassiere over each shoulder. The
      spaghetti cords are spaced from each other so that the weight of the
      breast in the cup being supported thereby can be borne of either of the
      spaghetti cords depending upon motion of the wearer.
PAC  STATEMENT OF INVENTION
PAR  This invention has solved problems of the prior art in a particularly
      useful, novel, unobvious and facile way. A brassiere is presented which
      has a body engaging band extending across a wearer's chest under her
      breasts and which terminates in two ends, one each under one arm of the
      wearer. Two cups are connected to the band and each cup is adapted to
      receive one of the wearer's breasts. Each of the cups terminates in an
      upper end which connects with a pair of shoulder cords extendable over the
      respective shoulder of the wearer to connect to a respective end of the
      body engaging band. The ends of the body engaging band are connected to
      each other by a closure cord which extends across the wearer's back. In an
      alternate brassiere for backless dresses, two closure cords are each
      connected to one of the ends of the body engaging band and each of the
      closure cords wraps around the wearer's waist so that they are connectable
      to each other at the wearer's front.
PAR  Accordingly one object of this invention is to provide a brassiere which
      offers support with greater freedom of movement in such activities as
      dancing, athletics and the like, than has heretofore been available.
PAR  Another object of this invention is to provide a brassiere which is light
      in weight and which gives a braless effect.
PAR  Still another object of this invention is to allow a wearer's breasts some
      freedom for flexing.
PAR  Still another object of this invention is to provide a brassiere which is
      relatively undetectable, even through sheer outer garments.
PAR  Still another object of this invention is to provide a brassiere which
      accommodates molded, relatively transparent polyester (or like) cups
      whereby seams are obviated.
PAR  Still another object of this invention is to accommodate brassiere designs
      wherein impressions of a wearer's nipples are visible through sheer outer
      garments.
PAR  Still another object of this invention is to provide a brassiere in which
      margins at the wearer's cleft blend smoothly with the wearer's skin.
PAR  Still another object of this invention is to provide a brassiere which is
      compact and conveniently packaged.
PAR  Still another object of this invention is to accommodate brassiere designs
      which include padding.
PAR  Still another object of this invention is to provide a brassiere which
      requires no sling over the nape of the wearer's neck.
PAR  Still another object of this invention is to provide a basic brassiere
      design which is adaptable for swimwear.
PAR  Still another object of this invention is to provide a basic brassiere
      design which is adaptable to a closure cord extendable across the wearer's
      back or alternately for a brassiere wearable with a backless dress closure
      cords which wrap around the wearer's waist so as to be connectable to each
      other at her front.
PAR  Still another object of this invention is to provide a brassiere which is
      simple to put on and to take off.
PAR  Still another object of this invention is to provide a brassiere which is
      inexpensive, easy to launder, requires no ironing and which keeps its
      shape through repeated washings and wearings.
PAR  Still another object of this invention is to provide a brassiere which
      looks attractive off the wearer as well as on the wearer and which is
      suited well otherwise to its intended function.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The foregoing as well as other objectives, features and advantages will
      appear more fully from detailed descriptions of two preferred embodiments
      of the invention and from claims which follow, all viewed in conjunction
      with accompanying drawings wherein the same numerical designations refer
      to like parts and wherein:
PAR  FIG. 1 is a perspective view of a first embodiment of a brassiere according
      to this invention.
PAR  FIG. 2 is a front view of the brassiere of FIG. 1.
PAR  FIG. 3 is a back view of the brassiere of FIG. 1.
PAR  FIG. 4 is a wearer's right side view of the brassiere of FIG. 1, the
      wearer's left side view being a mirror image of FIG. 4.
PAR  FIG. 5 is a perspective view of a second embodiment of a brassiere
      according to this invention.
PAR  FIG. 6 is a front view of the brassiere of FIG. 5.
PAR  FIG. 7 is a back view of the brassiere of FIG. 5.
PAR  FIG. 8 is a wearer's right side view of the brassiere of FIG. 5, the
      wearer's left side view being a mirror image of FIG. 8.
PAR  FIG. 9 is a front view of the brassiere of FIG. 5 on a phantomized wearer.
PAR  FIG. 10 is a rear view of the brassiere of FIG. 5 on the phantomized wearer
     .
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As seen in the drawings, a brassiere generally designated 11 in accordance
      with this invention comprises a body engaging band 12 which extends
      generally horizontally across a chest 13 of a wearer 14 under her breasts
      (left 15 and right 16) as seen best in FIGS. 9 and 10. The body engaging
      band 12 terminates in a wearer's left end 17 under the wearer's left arm
      18 and a wearer's right end 19 under the wearer's right arm 21.
PAR  The brassiere 11 preferably has cups (left 22 and right 23) mounted on the
      body engaging band 12 and adapted for receiving the wearer's breasts (left
      15 and right 16 respectively). The cups 22, 23 preferably are made of a
      polyester (or like) fabric which is thin and can be molded into cup shapes
      so that seams can be obviated. A wide variety of brassiere styles may be
      accommodated, including some motion, impression of the wearer's nipples,
      padding and so forth. Margins 24, 25 of the cups 22, 23 which are
      positionable in the vicinity of the wearer's cleft 26 can be unseamed so
      that the margins 24, 25 tend to blend with the wearer's cleft 26 so that a
      braless effect is enhanced further. These margins 24, 25 can be treated
      with a heat settable thermoplastic resin so as to prevent their curling
      after laundering, even though the polyester (or like) fabric from which
      the cups 22, 23 preferably are made may be quite sheer.
PAR  The crux of the present invention is to use at least two shoulder cords 27,
      28, 29, 31 over each of the wearer's shoulders 32, 33. The body engaging
      band 12 fixes the position of the brassiere 11 relative the wearer's body
      14. Having at least two paired shoulder cords 27, 28 or 29, 31 over each
      of the wearer's shoulders 32, 33 allows division of load from the related
      breasts 15, 16 between the paired shoulder cords 27, 28 or 29, 31. As the
      wearer 14 moves her back 34 and her shoulders 32, 33 in such activities as
      dancing, athletics or the like, her muscles are unrestrained and a major
      portion of the load from each of her breasts 15, 16 shifts from one of the
      cords of pairs 27, 28 or 29, 31 to the other of that pair according to her
      movements. Providing a major portion of the support for her breasts 15, 16
      from the pairs 27, 28 or 29, 31 of shoulders cords obviates need for back
      panels of conventional brassieres. Vastly superior support is also
      provided by the present invention compared to halter style brassieres.
      Closure cords 35, 36 come into play to position the ends 17, 19 of the
      body engaging band 12.
PAR  The left cup 22 terminates in a left upper end 37 which connects with at
      least two of the left shoulder cords 27, 28 spaceable from each other and
      extendable over the wearer's left shoulder 32 to connect with the left end
      17 of the body engaging band 12. The right cup 23 terminates in a right
      upper end 38 which connects with at least two of the right shoulder cords
      29, 31 separable from each other and extendable over the wearer's right
      shoulder 33 to connect with the right end 19 of the body engaging band 12.
PAR  All of the cords 27, 28, 29, 31, 35, 36 are substantially round in cross
      section (sometimes called spaghetti bands) so that they are relatively
      undetectable even through very sheer outer garments. The round cross
      sectioned cords 27, 28, 29, 31, 35, 36 are generally cylindrical with
      light incident sidewise thereon, accordingly there is only a trace of
      light intercepted by the cords 27, 28, 29, 31, 35, 36 compared to light
      intercepted by a flat strap of comparable cross sectional area.
      Demonstrations and tests have shown that cords 27, 28, 29, 31, 35, 36 of
      brassiere 11 according to the present invention are virtually
      imperceptible through even very sheer outer garments.
PAR  The brassiere 11 according to this invention is adaptable to a closure cord
      35 which extends across the wearer's back 34 as shown in FIGS. 1-4 or for
      backless dresses closure cords 35, 36 which wrap around the wearer's waist
      39 for connection to each other at her front as shown in FIGS. 5-10 and
      most particularly in FIGS. 9-10. In the embodiment of FIGS. 1-4 at least
      one closure cord 35 extends across the back 34 of the wearer 14 and the
      closure cord 35 is removably engageable to an end 19 of the body engaging
      band 12 by means of a connector 42 which includes a hook 43 and a mating
      eye 44. In the embodiment of FIGS. 5-10 a left closure cord 35 is
      connected to the left end 17 of the body engaging band and a right closure
      cord 36 is connected to the right end 19 of the body engaging band 12. The
      left closure cord 35 and the right closure cord 36 wrap around the
      wearer's waist 39 as best seen in FIGS. 9-10 with the left closure cord 35
      passing around the wearer's right side 45 and the right closure cord 36
      passing around the wearer's left side 46. The left 35 and right 36 closure
      cords are connectable to each other in front of the wearer by means of a
      connector 42 which includes a hook 43 and a mating eye 44. Clearly in both
      the embodiments of FIGS. 1-4 and FIGS. 5-10 the hook 43 and the mating eye
      44 of connector 42 accommodate convenient putting on and taking off of the
      brassiere 11 according to this invention by positioning the connector 42
      at one end 19 of the body engaging band 12 in the embodiment of FIGS. 1-4
      and in front 41 of the wearer 14 in the embodiment of FIGS. 5-10.
PAR  The shoulder cords 27, 28, 29, 31 and the closure cords 35, 36 require no
      ironing and neither do the molded sheer polyester (or like) cups 22, 23.
      The brassiere 11 is quite easy to launder. Further the brassiere 11 will
      keep its shape through repeated washings and wearings.
PAR  Brassieres are notorious for their dowdy appearance off the body 14 of a
      wearer. Unpackaged on store counters, as well as around a boudoir,
      brassieres are not the most attractive of lingerie. In fact few items of
      lingerie require a wearer for their forms as much as do brassieres. Note
      that in advertisements a brassiere is hardly ever seen apart from its
      wearer. However, the molded cups 22, 23 and the spaghetti cords 27, 28,
      29, 31, 35, 36 as well as the simple compact connector 42 of this
      brassiere yield an intriguing appearance and facilitiate packaging.
PAR  It will be apparent to those skilled in fashions and brassiere designs that
      wide deviations may be made from the shown and described preferred
      embodiments of brassiere 11 according to this invention which is
      illustrative rather than limiting, without departing from a main theme of
      invention set forth in the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A brassiere comprising:
PA1  a body engaging band extendable across a wearer's chest under her breasts
      and terminating in a left end under the left arm of the wearer and a right
      end under the right arm of the wearer,
PA1  a left and a right cup both connected to the band and adapted for receiving
      the wearer's left and right breasts respectively,
PA1  the left cup terminating in a left upper end which connects with at least
      two left shoulder cords spaceable from each other and extendable over the
      left shoulder of the wearer to connect with the left end of the body
      engaging band,
PA1  the right cup terminating in a right upper end which connects with at least
      two right shoulder cords separable from each other and extendable over the
      right shoulder of the wearer to connect with the right end of the body
      engaging band,
PA1  at least one closure cord connecting the left and the right ends of the
      band to each other.
NUM  2.
PAR  2. The brassiere according to claim 1 wherein all of the cords
      substantially round in cross section.
NUM  3.
PAR  3. The brassiere according to claim 2 wherein the cups are made of
      polyester fabric molded to shape without seams.
NUM  4.
PAR  4. The brassiere according to claim 3 with margins of the cups, which are
      positionable in the vicinity of the wearer's cleft, being unseamed.
NUM  5.
PAR  5. The brassiere according to claim 4 with the margins of the cups, which
      are positionable in the vicinity of the wearer's cleft, being treated with
      a heat settable thermoplastic resin to prevent their curling.
NUM  6.
PAR  6. The brassiere according to claim 2 with the closure cord extending
      across the back of the wearer.
NUM  7.
PAR  7. The brassiere according to claim 6 with the closure cord removably
      engageable to one of the ends of the body engaging band by means of a hook
      and eye connector.
NUM  8.
PAR  8. The brassiere according to claim 2 with
PA1  a left closure cord connected to the left end of the body engaging band and
      a right closure cord connected to the right end of the body engaging band,
PA1  the left closure cord and the right closure cord wrapped around the
      wearer's waist with the left closure cord passing around the wearer's
      right side and the right closure cord passing around the wearer's left
      side,
PA1  the left and the right closure cords connectable to each other in front of
      the wearer.
NUM  9.
PAR  9. The brassiere according to claim 8 with the left and the right closure
      cords removably engageable from each other by means of a hook and eye
      connector.
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ABST
PAL  A grain loss monitor for a combine harvester derives a grain loss rate
      signal in accordance with the number of grains impinging on a transducer
      and a ground speed signal proportional to the ground speed of the combine
      and divides the former by the latter to derive an analog of grain loss per
      unit area which is independent of time. The preferred embodiment includes
      a one-shot multivibrator which is triggered to its unstable state to
      generate a fixed width pulse each time a grain kernel strikes the
      transducer, a tachometer coupled to the combine wheels and a period timed
      integrator triggered by tachometer pulses for deriving a unidirectional
      ground speed voltage inversely proportional to frequency of the tachometer
      pulses, a pulse frequency modulation chopper circuit turned on and off by
      the fixed width one-shot pulses and having its peak voltage controlled by
      the unidirectional ground speed signal for accomplishing division of grain
      loss rate by combine ground speed, and an averaging circuit for
      determining the average voltage of the chopper output pulses as an analog
      of grain loss per unit area.
BSUM
PAR  This invention relates to grain harvesting combines and more particularly
      to grain loss monitors for indicating to a combine operator the rate at
      which grain is lost from the combine due to incomplete separation.
PAC  BACKGROUND OF THE INVENTION
PAR  In a typical combine the grain loss at the shoe and at the walker increases
      exponentially with feedrate. Variations in crop density during combine
      operation directly change feedrate, and consequently the grain loss
      varies. Since feedrate is also a direct function of combine speed, the
      combine operator can offset such change in loss by altering the operating
      speed. In an attempt to minimize the human error in monitoring the
      separation process, grain loss monitors have been developed of the type
      disclosed in U.S. Pat. No. 3,593,720 to J. R. Botterill and U.S. Pat. No.
      3,606,745 to J. C. F. Girodat which detect the number of grain kernels
      passing per unit time at the discharge end of the walker or of the shoe.
      However, such known monitors do not indicate whether the combine is being
      used to maximum processing efficiency since they do not take combine
      ground speed into account. Grain loss monitors which measure the number of
      grains passing a sensor per unit time may read 1 at a 1 mile per hour
      (mph) which is equivalent to a reading of 3 at 3 mph and a reading of 5 at
      5 mph. Five times the acreage is covered by the combine in 1 hour at 5 mph
      as compared to 1 mph, and the grain loss is spread over five times the
      area, and consequently, the processing efficiency is five times higher at
      5 mph than at 1 mph.
PAR  It is common practice to judge processing quality by measuring loss per
      area which actually is the number of kernels per acre after processing.
      The combine operator cannot sense the loss per area and thus cannot
      accurately adjust combine speed so as to maintain the same processing
      quality in the presence of crop variations. The use of loss per acre as a
      measure of processing quality is an optimal type control in that increased
      loss presents a cost to the farmer while operation at a lower than
      acceptable feedrate extends the time required for harvesting and the
      number of machine operating hours.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide an improved grain loss monitor
      for a harvesting combine which directly indicates processing efficiency to
      the combine operator.
PAR  Another object of the invention is to provide an improved grain loss
      monitor for a harvesting combine which takes combine ground speed into
      account and provides a reading of percent grain loss per acre relative to
      an arbitrary setpoint which is independent of time.
PAR  A still further object of the invention is to provide an improved grain
      loss monitor whose output reading is directly related to cost and is in
      units in which a farmer customarily thinks.
PAR  It is a further object of the invention to provide an improved grain loss
      monitor for a harvesting combine which indicates grain loss per unit area
      over a wide range of processing efficiencies with the same sensitivity
      over the entire range. Another object is to provide such an improved grain
      loss monitor which is adjustable to indicate grain loss per unit area for
      crops requiring low threshing cylinder speeds such as corn and soybeans as
      well as for crops requiring relatively high threshing cylinder speeds such
      as oats and rice and which provides the same sensitivity of reading
      regardless of combine cylinder speed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of the invention will be more
      readily apparent from the following detailed description when considered
      in conjunction with the accompanying drawing wherein:
PAR  FIG. 1 is a perspective view of a known harvesting combine on which the
      grain loss monitor of the invention is mounted;
PAR  FIG. 2 is a schematic block diagram of the grain loss monitor of the
      invention;
PAR  FIGS. 3a and 3b illustrate voltage pulses at different points in the grain
      rate signal portion of the monitor resulting from grain and chaff striking
      the sensor;
PAR  FIGS. 4a, 4b, 4c, 4d and 4e respectively illustrate signals at different
      points in the ground speed signal portion of the monitor which receives
      signals from a tachometer driven by the combine;
PAR  FIG. 5 is a circuit diagram of the grain loss monitor of the invention;
PAR  FIG. 6 is a side view of a portion of the combine of FIG. 1 carrying the
      walker sensor and the shoe sensor; and
PAR  FIGS. 7, 8 and 9 are views taken respectively along lines VII--VII,
      VIII--VIII and IX--IX of FIG. 6. illustrating the preferred mounting of
      the shoe sensor and the walker sensor.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  The grain loss monitor of the invention derives: (1) a grain loss rate
      signal V.sub.g which is a function of the number of grains per unit time
      that impinge upon an electrical transducer, and (2) a ground speed signal
      V.sub.s proportional to the ground speed of the combine and divides
      V.sub.g by V.sub.s to provide an analog of grain loss per unit area which
      is independent of time. The preferred embodiment accomplishes such
      division in a pulse frequency modulation (PFM) chopper circuit which
      multiplies the grain loss rate signal V.sub.g by a unidirectional voltage
      k.sub.1 /V.sub.s inversely proportional to the frequency of pulses from a
      tachometer driven by the combine wheels.
PAR  Grains impinging upon the transducer generate pulses which trigger a
      one-shot multivibrator to generate output pulses of fixed width
      (T.sub.on). A period timed integrator is triggered by each tachometer
      pulse to initiate a ramp signal, and a peak detector senses the peak
      voltages of the ramp signals to derive the unidirectional voltage k.sub.1
      /V.sub.s inversely proportional to combine speed. The chopper circuit is
      turned on and off by the fixed width one-shot output pulses and its peak
      voltage is controlled by the unidirectional signal k.sub.1 /V.sub.s.
PAR  Since the variable length grain loss period (T.about.1/V.sub.g) of the
      chopper is established by the frequency of grains impinging upon the
      transducer and the chopper is turned on by the one-shot output pulses of
      fixed width (T.sub.on) and its peak voltage is regulated by the
      unidirectional signal k.sub.1 /V.sub.s inversely proportional to combine
      speed, the average voltage of the chopper output pulses is an analog of;
      ##EQU1##
      Such ratio of grain frequency to ground speed is typically in units of
      bushels per foot, and considering the constant width of the combine
      header, it is also an analog of grain loss per unit area in such typical
      units as bushels per acre. The average voltage of the chopper output
      pulses is determined in an averaging circuit as an indication of
      processing efficiency and is displayed with respect to a reference level
      on a meter in view of the combine operator who may then maintain combine
      speed at a value which will recover the preset percentage of grain for the
      particular crop conditions.
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 of the drawing, a known combinethresher may have a
      cutting bar 10 which cuts the standing crop and a reel 11 which feeds the
      cut crop to a header (not shown) where a rotating auger 12 moves the
      material to the center of the header and feeds it to a rotating feeder
      beater 14. The material delivered from beater 14 may pass between a
      concave 16 and a rotating thresher cylinder 18 having thresher bars 19
      which beat the crop material. The majority of the grains and part of the
      chaff fall through the open concave 16 onto a lower raddle (not shown),
      and the grain may then be conveyed to an upper raddle, or front separator
      20. A rotating wingtype thresher beater 21 agitates the material after it
      leaves the cylinder 18 and directs it to the upper raddle 20 while keeping
      most of the straw in suspension and allowing the grains to fall between
      the raddle slats 23 as the material is carried over a false bottom 25 to a
      high point in the front separator. The clean grain falls through the
      suspended straw and is delivered on to a shaker-type cleaning shoe 27.
PAR  A second rotating wing-type beater 28 may agitate the straw as it leaves
      the upper raddle 20 and delivers it on to the oscillating straw walkers 30
      which move the straw and chaff and remaining threshed grain in a series of
      steps toward the discharge end of the combine. Loose grain released from
      the straw-chaff grain mixture sifts down and falls through openings in the
      straw walkers 30 onto a downwardly inclined chute 32 which delivers the
      grain to the forward end of shoe 27. Cleaning shoe 27 may include a
      vibratory return pan 34, a vibrating chaffer sieve 35 suspended at one end
      of return pan 34, and a vibratory cleaning sieve 37 suspended under
      chaffer sieve 35. The grain and chaff falling off return pan 34 drop onto
      chaffer sieve 35, and the grain falls through sieves 35 and 37 and is
      collected by an auger 38 and transported by a clean grain conveyor 40 to a
      bin 41.
PAR  A walker impact sensor electrical transducer WS such as a piezoelectric
      element may be mounted beneath the perforated screen 43 (see FIGS. 6 and
      9) adjacent the discharge end of each end straw walker 30 wherein it is in
      the path of grain falling through the screen 43 to the ground. A similar
      shoe electrical transducer SS may be mounted on a support bracket 44 (see
      FIGS. 6, 7 and 8) and below the chaffer and cleaning sieves 35 and 37 in
      the path of grain kernels which may fall therefrom onto the ground. A
      plurality of laterally spaced horizontally extending fingers 45 may be
      affixed to cleaning shoe 27 above shoe sensor SS which convey the chaff
      rearwardly beyond the shoe sensor while permitting grain kernels to fall
      between the fingers 45 and impact on the sensor SS.
PAC  BLOCK DIAGRAM DESCRIPTION
PAR  Referring to FIG. 2, a manual switch SW1 permits the combine operator to
      select the walker sensor WS or the shoe sensor SS, or both. Assume that
      the operator selects the walker sensor WS which generates a pulse v.sub.g
      (also shown in FIG. 3a) each time it is struck by a grain kernel. A
      Schmitt trigger circuit ST1 receives the variable frequency pulses from
      transducer WS and discriminates between those resulting from chaff and
      grain by switching to the opposite state to generate a square wave pulse
      v.sub.g ' shown in FIG. 3b only when the pulse v.sub.g is of sufficient
      magnitude to be caused by a grain kernel. Each grain loss rate pulse
      v.sub.g ' is applied to a differentiator DIFF 1 to derive a spike pulse
      v.sub.g " that "sets" a monostable multivibrator MONO which switches to
      its unstable state for a predetermined period (I.sub.on).
PAR  The fixed width pulse from one-shot MONO is an input to chopper circuit
      CHOP. A manual switch SW2 permits selection of the range of processing
      efficiency (grain loss rate/acre) by changing the period T.sub.on of
      one-shot MONO to thereby vary the "on-time" of chopper circuit CHOP given
      a constant loss rate V.sub.g.
PAR  A tachometer TACH preferably of the reluctance proximity type driven by the
      wheels of the combine generates tachometer signals v.sub.s shown in FIG.
      4a whose frequency is directly proportional to combine ground speed. The
      tachometer signal v.sub.s is converted to a square wave pulse v.sub.s '
      shown in FIG. 4b by a Schmitt trigger circuit ST2. The positive-going edge
      of each pulse v.sub.s ' is converted by a differentiator DIFF 2 into a
      spike pulse v.sub.s " shown in FIG. 4. Each spike pulse v.sub.s " resets a
      period timed integrator INTEG to zero and triggers it to initiate a ramp
      voltage v.sub.s '" shown in FIG. 4d which increases from zero linearly
      until the integrator is again reset by a succeeding spike pulse v.sub.s ".
PAR  The loss/acre signal (V.sub.g /V.sub.s) will vary widely with the variety
      of crop, being lower in corn or soybeans than in small grains or grain
      sorghum. Stated another way, a far larger number of kernels of wheat will
      impact upon the sensor per foot of combine travel than if the crop is
      corn. Setting of a low, medium or high range of loss per acre is
      accomplished by adjusting manual switch SW2 to thereby regulate the period
      of one-shot multivibrator MONO. Selection of a setpoint within the range
      established by switch SW2 is accomplished by adjusting rheostat RH1 to
      thereby vary the rate k.sub.1 at which the ramp speed signals v.sub.s '"
      increase with time (i.e., by varying the slope of the ramp signals v.sub.s
      '"). The relative amplification of signal V.sub.s /V.sub.s is thus
      accomplished by adjustment of the "on time" T.sub.on and slope k.sub.1 to
      account for different crops and variations in harvesting conditions.
PAR  The ramp signals v.sub.s '" from integrator INTEG are coupled to a peak
      detector PD which derives a unidirectional signal k.sub.1 /V.sub.s shown
      in FIG. 4e inversely proportional to the frequency of the tachometer
      pulses v.sub.s, and thus inversely proportional to combine ground speed.
PAR  The preferred embodiment utilizes the PFM multiplier or chopper CHOP to
      accomplish division of the grain loss rate signal V.sub.g by the ground
      speed signal V.sub.s. Neither the signal V.sub.g per se or the signal
      V.sub.s per se are derived. Circuit CHOP derives an analog of the product
      of (V.sub.g .T.sub.on) and (k.sub.1 /V.sub.s) to effect division of grain
      loss rate by combine speed. In chopper CHOP the fixed width, variable
      frequency one-shot pulses (whose frequency is established by grain kernels
      striking sensor WS), in effect, chop the variable voltage (k.sub.1
      /V.sub.s) which is inversely proportional to combine ground speed. Since
      the chopper CHOP is turned on and off by the one-shot output pulses, the
      period T of the chopper is equal to the variable length grain loss period
      between grain kernels striking sensor WS. The on-time T.sub.on of the
      chopper CHOP is established by the constant width of the one-shot output
      pulses. The peak voltage of the chopper is controlled by the signal
      (k.sub.1 /V.sub.s) which is inversely proportional to combine ground
      speed. Since the grain loss signal V.sub.g is directly proportional to the
      frequency of grains and inversely proportional to the variable length
      grain loss period T, or (V.sub.g .about. 1/T) the average voltage of the
      output pulses from chopper CHOP is an analog of (k.sub.1 .T.sub.on)
      (V.sub.g /V.sub.s), i.e., a direct analog of grain loss rate and an
      inverse function of combine ground speed and is independent of time.
PAR  The output pulses from chopper circuit CHOP are applied to an averaging
      circuit AVG which derives a unidirectional signal proportional to the
      average voltage of the chopper output pulses.
PAR  The average voltage of the chopper output pulses is displayed on an analog
      meter. The loss/acre setpoint is defined for each setting of the range
      switch SW2 and setpoint rheostat RH1 by the ratio V.sub.g /V.sub.s which
      will produce mid-scale meter deflection. Similarly the null or mid-scale
      meter deflection corresponds to a particular average voltage output from
      the chopper CHOP. Therefore, in order to select a particular ratio V.sub.g
      /V.sub.s as the loss/acre setpoint, the scaling constant (k.sub.1
      .T.sub.on) must be adjusted such that
      ##EQU2##
      Once the range switch and setpoint rheostat positions have been
      established, the meter indicates the percent change in V.sub.g /V.sub.s
      ratio by scale markings on the meter over a range of .+-.100 percent of
      the loss/acre setpoint.
PAR  When the ground speed is such that the processing efficiency (loss/acre) of
      the combine for the particular crop being harvested is equal to that
      selected by the combine operator on switch SW2 as adjusted by rheostat
      RH1, the meter will indicate a "null" condition and the average voltage of
      the chopper output pulses will equal the voltage required to drive the
      meter to mid-scale "null" position. If the crop conditions change so that
      grain loss/acre varies up or down, the percent variation is indicated by
      the meter and thus informs the operator to alter his speed so as to return
      the loss/acre to the desired value.
PAC  CIRCUIT DIAGRAM DESCRIPTION
PAC  Grain Signal Section
PAR  Switch SW1 permits the combine operator to alternatively connect the shoe
      sensor SS or the walker sensor WS, or both, to Schmitt trigger ST1
      including an operational amplifier OP1 shown in FIG. 5. The signal shown
      in FIG. 3a generated when the sensor WS or SS is struck by the grain
      kernels, chaff and straw is variable in frequency and magnitude. The
      sensor output signal v.sub.g resulting from a grain kernel impacting on
      the sensor is higher in amplitude and frequency than that from the chaff,
      and frequency discrimination between transducer output pulses resulting
      from grain and from chaff is accomplished by applying the sensor output
      signal to the inverting input of amplifier OP1 through a band pass filter
      having a low frequency cutoff section comprising a capacitor C1 and a
      resistor R2 and a high frequency cutoff section comprising a capacitor C4
      and a resistance R5. The triggering level of amplifier OP1 is established
      by positive feedback through the resistor-divider combination R4, R3. The
      output voltage swing of amplifier OP1 is divided by the R4, R3 combination
      with the resulting divided voltage applied as a reference voltage to the
      noninverting input. This change in voltage must be exceeded by the signal
      v.sub.g applied to the inverting input for amplifier OP1 to switch states.
PAR  The constant voltage power supply includes a unidirectional voltage source
      BATT having its negative terminal grounded and its positive terminal
      connected to terminal +12V through a manual switch SW3, a choke CH1, a
      diode D1, and a series voltage regulating transistor Q1 having a voltage
      reference Zener diode Z2 connected between its base and ground. Choke CH1
      suppresses radio frequency transients.
PAR  Assume switch SW1 is set to utilize the walker sensor WS only, as shown in
      FIG. 5. If the magnitude of the sensor output signal coupled to the
      inverting input of amplifier OP1 when sensor WS is struck by a grain
      kernel is higher than the reference voltage on its noninverting input, the
      output of amplifier OP1 will be switched negative to generate a square
      pulse v.sub.g '. The negative-going pulse v.sub.g ' from amplifier OP1 is
      coupled through differentiating circuit DIFF 1 comprising a capacitor C14
      in series with a resistor R41 to generate a spike pulse v.sub.g " which is
      applied to the base of a transistor Q8 and turns it on to "set" a
      one-shot, or monostable multivibrator MONO. Amplifier OP1 thus amplitude
      discriminates between transducer output signals caused by grain and by
      chaff striking sensor WS and switches its output negative only when the
      sensor output signal is of sufficient magnitude to be caused by a grain
      kernel.
PAR  A capacitor C13 connected in series with a resistance R38 between ground
      and the +12V supply is normally charged to a positive potential.
      Conduction by transistor Q8, when it is turned on by spike pulse v.sub.g
      ", transfers charge from C13 through collector resistance R37 to charge a
      capacitor C15 to a positive potential.
PAR  The output of one-shot MONO is derived at the collector of NPN transistor
      Q9 which is normally forward biased into conduction from the +12V source
      through one of the resistors R9, R10 or R11 selected by range setting
      switch SW2. The emitter of Q9 is grounded so its collector is normally at
      a low voltage. When spike pulse v.sub.g " disappears and Q8 turns off, the
      resulting change of voltage on capacitor C15 results in a potential
      negative with respect to ground being applied to the base of Q9 so that it
      turns off to generate the leading positive-going edge of the one-shot
      output pulse at its collector. Capacitor C15 then discharges through R9,
      R10 or R11 at a rate corresponding to the low, medium or high setting of
      range selector switch SW2. Transistor Q9 remains off until capacitor C15
      discharges to approximately 0.6 volt in the reverse direction at which
      voltage transistor Q9 returns to the on state. The period of one-shot MONO
      is determined by the rate at which C15 discharges which is established by
      the setting of range switch SW2. The monostable output pulse generated at
      the collector of Q9 is amplified by transistors Q7 and Q10 to accomplish
      the chopping of the peak detector output unidirectional voltage (k.sub.1
      /V.sub.s) applied at point X to the collector of chopper transistor Q10.
      The emitter of normally conducting chopper transistor Q10 is grounded so
      that its collector is clamped to ground during the off-time of chopper
      CHOP, and Q10 is turned off to initiate the on-time T.sub.on of the
      variable frequency chopper pulses derived at its collector.
PAC  Combine Speed Section
PAR  The frequency of the output signal v.sub.s (shown in FIG. 4a) from
      tachometer TACH is proportional to combine ground speed and is applied to
      the inverting input of an operational amplifier OP3 of Schmitt trigger
      circuit ST2 through a low frequency cutoff filter section C12-R25 and also
      through a high frequency cutoff filter section R47-C11. The tachometer
      output voltage increases with combine speed, and high frequency cutoff
      filter section R47-C11 attenuates linearly with increase in input
      frequency so that amplifier OP3 receives a variable frequency input
      v.sub.s of approximately constant voltage on its inverting input. The
      triggering level for amplifier OP3 is established by positive feedback
      through a resistor-divider combination R30-R51. The output voltage swing
      of amplifier OP3 is divided by the R30-R51 combination and applied as a
      reference voltage to the noninverting input. When the magnitude of
      tachometer signal v.sub.s applied to the inverting input becomes more
      positive than the predetermined switching level, the output of amplifier
      OP3 switches to generate a square wave v.sub.s ' shown in FIG. 4b.
PAR  The positive-going edge of each pulse v.sub.s ' from amplifier OP3 is
      converted by differentiator DIFF 2 including capacitor C8 and resistance
      R28 into a positive-going spike pulse v.sub.s " shown in FIG. 4c. Each
      spike pulse v.sub.s " turns on an NPN transistor Q2 of a period timed
      integrator circuit INTEG, and conduction by transistor Q2 short circuits a
      capacitor C5 to reset integrator circuit INTEG to zero. When transistor Q2
      turns off at the end of the spike pulse v.sub.s ", capacitor C5 begins to
      charge from zero to generate a ramp voltage v.sub.s '" shown in FIG. 4d
      which increases linearly with time until the integrator INTEG is again
      reset by a succeeding spike pulse v.sub.s ". Capacitor C5 is charged from
      a constant current source which includes a PNP transistor Q3 whose base
      voltage is regulated by loss per acre setting rheostat RH1. Adjustment of
      rheostat RH1 varies the magnitude of charging current to capacitor C5 and
      thus changes the slope k.sub.1, of ramp signals v.sub.s '".
PAR  The ramp signals v.sub.s '" derived across C5 are coupled through an input
      resistance R24 to peak detector PD which includes a unidirectional
      differential amplifier having a pair of transistors Q11, Q12
      differentially connected and the ramp signals coupled to the base of Q11.
      The peak detector output signal k.sub.1 /V.sub.s is derived at point Y
      which is coupled through feedback resistor R16 to the base of Q12 and also
      coupled through a resistance R32 to the collector of chopper transistor
      Q10. The differential amplifier Q11, Q12 controls the voltage across a
      capacitor C6 which is coupled to point Y through an emitter follower
      transistor Q4 with the voltage developed across emitter resistance R15
      applied to point Y. The peak detector acts to hold the peak voltage of
      V.sub.s '", which appears at point H, during the time interval until the
      next peak occurs. The differential amplifier only "tracks" when the
      voltage at point H is more positive than that of point Y, thereby turning
      on Q11 which conducts to turn on transistor Q6. Charging current then
      flows through the emittercollector circuit of Q6 to charge C6. When the
      voltage at point Y is greater than that at point H, Q12 turns on and Q11
      and Q6 turn off, and C6 discharges through resistance R23 to ground so
      that the voltage k.sub.1 /V.sub.s at point Y decays as shown by the
      portion DE in FIG. 4e.
PAR  Chopper transistor Q10 is normally conducting so its collector is clamped
      to ground, which establishes the off voltage of the chopper. The chopper
      period is equal to the variable grain loss period T, the chopper on-time
      is established by the fixed width T.sub.on of the pulses from one-shot
      MONO, and the peak voltage of the chopper output pulses is equal to the
      signal k.sub.1 /V.sub.s from peak detector PD applied to the collector of
      Q10. Consequently the average voltage of the chopper output pulses is an
      analog of T.sub.on /T times k.sub.1 /V.sub.s.
PAR  The chopper output pulses derived at point X are translated up in voltage
      by collector resistors R22 and R14 and filtered by a capacitor C7. The
      potential across averaging capacitor C7 is applied to the noninverting
      input of an operational amplifier OP4 whose output is coupled to the base
      of a current gain amplifier AMP preferably comprising an emitter follower
      transistor Q5. Operational amplifier OP4 may be considered to be a high
      impedance coupling device which permits the average voltage of the chopper
      output pulses appearing at point X to be averaged with a high impedance
      filter and then reproduced at the emitter of Q5 with a low source
      impedance. The average voltage of the chopper output pulses appearing at
      the emitter of Q5 is applied across a METER in series with a resistance
      R18 and produces a deflection of the meter pointer proportional to the
      average voltage out of the chopper.
PAR  The potential at the emitter of Q5 is also translated up in voltage by
      resistors R20 and R21, and operational amplifier OP4 compares the voltage
      at point W at the junction of R14, R22 with the voltage at point Z at the
      junction of R20, R21 and controls the base current into Q5 so that these
      voltages are equal. Both resistance voltage dividers R14, R22 and R20, R21
      are referenced to the supply voltage and thus have equal voltage across
      the whole divider to assure that the divided voltages at joints W and Z
      are equal. Consequently the average voltage of the chopper output appears
      at the emitter of transistor Q5 and is displayed on the METER.
PAR  The METER preferably has a mid-scale indicia that represents a null point
      and markings on either side of mid-scale to indicate deviations from null.
      The combine operator initially sets the null point by operating the
      combine at a speed which will produce the desired loss per acre and then
      adjusting range switch SW2 and rheostat RH1 to yield a null reading on the
      METER. Subsequent operation of the combine will result in the meter
      pointer indicating the percent deviation of loss per acre from the null
      setpoint (as defined by the settings of SW2 and RH1). Reduction in loss
      per acre as indicated by deflection of the METER pointer below the
      mid-scale nullpoint will inform the operator that combine speed can be
      increased to again bring the loss per acre to the setpoint value.
      Conversely, an increase in loss per acre indicated by the pointer of the
      METER reading above the nullpoint informs the operator that combine speed
      can be reduced to again bring loss per acre to the setpoint value.
PAR  Switch SW2 and rheostat RH1 permit setting of grain loss rate per acre over
      a relatively wide range (in the order of 100 to 1) to permit monitoring of
      processing efficiency for crops like rice and oats having a relatively
      large number of grains per acre impact upon sensor WS as well as for crops
      similar to soybeans and corn wherein a relatively small number of grains
      per acre strike the sensor. The monitor of the invention provides
      approximately the same accuracy of reading over the wide range of
      processing efficiencies by utilizing the constant null point setting in
      each crop condition.
PAR  While only a single embodiment of the invention has been illustrated and
      described, it should be understood that we do not intend to be limited to
      the single embodiment for many modifications and variations thereof will
      be obvious to those skilled in the art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A grain loss per unit area monitor for a variable speed combine adapted
      to harvest a crop and recover grain therefrom comprising, in combination,
PA1  means including an electrical transducer adapted to be positioned in the
      flow path of grain in said combine for generating a grain flow rate signal
      which is a function of the number of grains of said crop impinging on said
      transducer,
PA1  means for deriving a ground speed signal which is a function of the ground
      speed of said combine, and
PA1  means for deriving a signal which is the analog of said grain flow rate
      signal divided by said ground speed signal, whereby said analog signal is
      indicative of grain loss per unit area and is independent of time.
NUM  2.
PAR  2. A grain loss per unit area monitor in accordance with claim 1 wherein
      said grain flow rate signal comprises a succession of pulses whose
      frequency is a function of the number of said grains impinging on said
      transducer and said analog signal deriving means includes a pulse
      frequency modulation circuit which is modulated by said grain flow rate
      signal pulses.
NUM  3.
PAR  3. A grain loss per unit area monitor in accordance with claim 2 wherein
      said ground speed signal deriving means generates a unidirectional signal
      which is inversely proportional to the ground speed of said combine and
      said frequency modulation circuit includes multiplier means for
      multiplying said unidirectional signal and said grain flow rate signal to
      derive said analog of said grain flow rate signal divided by said ground
      speed signal.
NUM  4.
PAR  4. A grain loss per unit area monitor in accordance with claim 3 and
      including means for selectively varying the proportionality factor
      (k.sub.1) between combine ground speed and the magnitude of said
      unidirectional signal to thereby permit adjustment of desired grain loss
      per unit area.
NUM  5.
PAR  5. A grain loss per unit area monitor in accordance with claim 4 and
      including means for selectively varying the width of said grain flow rate
      signal pulses to thereby permit adjustment of the range of grain loss per
      unit area to be monitored.
NUM  6.
PAR  6. A grain loss per unit area monitor in accordance with claim 5 and
      including
PA1  averaging circuit means for deriving the average voltage of the output from
      said multiplier means, and
PA1  means for comparing said average voltage to a reference potential and for
      providing a visual indication of their difference as a representation of
      deviation of loss per unit area from the desired magnitude established by
      said range adjusting means and grain loss per unit area adjusting means.
NUM  7.
PAR  7. A grain loss per unit area monitor in accordance with claim 6 wherein
      said means for providing a visual indication includes voltmeter means
      having a visual indicia to which its pointer is actuated when said
      reference potential is applied thereto, and means for coupling said
      average voltage to said voltmeter means.
NUM  8.
PAR  8. A grain loss per unit area monitor in accordance with claim 3 wherein
      said means for generating a grain flow rate signal includes one-shot
      multivibrator means triggered to derive fixed width output pulses in
      response to grains of said crop impacting upon said transducer, and said
      multiplier means includes a chopper whose on-time is controlled by said
      fixed width output pulses from said one-shot multivibrator means, said
      unidirectional ground speed signal controlling the peak voltage of output
      pulses from said chopper.
NUM  9.
PAR  9. A grain loss per unit area monitor in accordance with claim 8 and
      including averaging circuit means for deriving a unidirectional potential
      equal to the average voltage of the output pulses from said chopper as an
      indication of the grain loss per unit area harvested by said combine.
NUM  10.
PAR  10. A grain loss per unit area monitor in accordance with claim 3 wherein
      said multiplier means includes a chopper which is turned on and off by
      said grain loss rate signal pulses, and wherein said unidirectional ground
      speed signal regulates the peak voltage of the output pulses from said
      chopper.
NUM  11.
PAR  11. A grain loss per unit area monitor in accordance with claim 10 wherein
      said electrical transducer generates pulses when said grains of said crop
      impinge thereon and said means for generating a grain flow rate signal
      includes one-shot multivibrator means triggered by each transducer output
      pulse above a predetermined magnitude to apply a fixed width pulse to said
      chopper to turn said chopper on.
NUM  12.
PAR  12. A grain loss per unit area monitor in accordance with claim 11 and
      including grain loss per unit area setting means for selectively varying
      the width of said multivibrator output pulses.
NUM  13.
PAR  13. A grain loss per unit area monitor in accordance with claim 1 wherein
      said grain flow rate signal generating means is an electric circuit and
      including
PA1  means for selectively varying the gain of said electric circuit to thereby
      permit adjustment of the range of desired grain loss per unit area,
PA1  averaging means for determining the average voltage of said analog signal,
      and
PA1  means for comparing said average voltage to a fixed setpoint reference
      potential and for providing a visual indication of their difference as a
      representation of deviation of grain loss per unit area from a desired
      value, whereby said monitor provides the same accuracy of indication over
      a range of grain loss per unit area settings.
NUM  14.
PAR  14. A grain loss per unit area monitor in accordance with claim 13 wherein
      said means for deriving a ground speed signal is an electric circuit which
      generates a signal which is inversely proportional to the ground speed of
      said combine, and
PA1  means for selectively varying the gain of said ground speed signal deriving
      electrical circuit.
NUM  15.
PAR  15. A grain loss per unit area monitor for a combine comprising, in
      combination,
PA1  means including an electrical transducer adapted to be positioned in the
      flow path of grain in said combine for generating a grain flow rate signal
      which is a function of the number of grains impacting on said transducer,
PA1  means including a tachometer for deriving a unidirectional ground speed
      signal whose magnitude is inversely proportional to the ground speed of
      said combine,
PA1  multiplier means for deriving the product of said grain flow rate signal
      and said unidirectional ground speed signal, and
PA1  means for indicating the magnitude of the output from said multiplier means
      as a representation of the grain loss per unit area harvested by said
      combine.
NUM  16.
PAR  16. A grain loss per unit area monitor in accordance with claim 15 wherein
      said grain flow rate signal comprises a train of pulses whose frequency is
      a function of the number of said grains impacting on said transducer and
      said multiplier means includes a pulse frequency modulation circuit which
      is modulated by said grain flow rate signal pulses.
NUM  17.
PAR  17. A grain loss per unit area monitor in accordance with claim 15 wherein
      said means for generating a grain flow rate signal includes monostable
      multivibrator means for deriving fixed width output pulses in response to
      grains impinging upon said electrical transducer, and said multiplier
      means includes a chopper which is turned on by said fixed width output
      pulses from said multivibrator, said unidirectional ground speed signal
      regulating the peak voltage of the output pulse from said chopper.
NUM  18.
PAR  18. A grain loss monitor in accordance with claim 17 and including grain
      loss per unit area setting means for selectively adjusting the
      proportionality factor between the frequency of the output pulses from
      said tachometer and the magnitude of said unidirectional ground speed
      signal.
NUM  19.
PAR  19. A grain loss per unit area monitor in accordance with claim 18 and
      including range of grain loss per unit area setting means for selectively
      varying the period of said monostable multivibrator means to thereby
      permit adjustment of the width of said grain flow rate signal pulses.
NUM  20.
PAR  20. A grain loss monitor in accordance with claim 19 wherein said means for
      indicating the magnitude of the output from said multiplier means includes
PA1  means for determining the average voltage of said chopper output pulses,
      and
PA1  means for providing a visual indication of the difference between said
      average voltage and a reference potential as a measure of the deviation of
      the actual loss per unit area from the desired magnitude set on said range
      setting means as adjusted by said loss per unit area setting means.
NUM  21.
PAR  21. A grain loss monitor in accordance with claim 20 wherein said means for
      providing a visual indication includes
PA1  voltmeter means having a visual indicia to which its pointer is actuated
      when said reference potential is applied thereto, and
PA1  means for coupling said average voltage to said voltmeter means.
NUM  22.
PAR  22. A grain loss monitor for a variable speed combine adapted to harvest a
      crop and recover grain therefrom comprising, in combination,
PA1  electrical transducer means adapted to be positioned in the flow path of
      grain in said combine for generating grain flow rate pulses when grains of
      said crop impinge thereon,
PA1  a monostable multivibrator triggered by said grain flow rate pulses to
      generate fixed width output pulses,
PA1  tachometer means coupled to said combine for deriving tachometer pulses at
      a frequency which is a function of the ground speed of said combine,
PA1  integrator means for deriving a unidirectional ground speed signal whose
      magnitude is inversely proportional to the frequency of said tachometer
      pulses,
PA1  multiplier chopper means turned on by said fixed width output pulses from
      said multivibrator for chopping said unidirectional ground speed signal,
      and
PA1  means for indicating the average voltage of the output pulses from said
      chopper means as an analog of grain loss per unit area harvested by said
      combine.
NUM  23.
PAR  23. A grain loss per unit area monitor in accordance with claim 22 wherein
      said integrator means includes an RC capacitor charging circuit wherein a
      ramp voltage built up across a capacitor in the interim between said grain
      flow rate pulses establishes the magnitude of said unidirectional ground
      speed signal, and including grain loss per unit area setting means for
      selectively varying the magnitude of charging current flowing into and
      capacitor to thereby adjust the proportionality factor between the
      frequency of said tachometer pulses and the magnitude of said ground speed
      signal.
NUM  24.
PAR  24. A grain loss monitor in accordance with claim 23 wherein said
      monostable multivibrator includes an RC capacitor charging circuit whose
      time constant establishes the period of said multivibrator, and including
      range of grain loss per unit area setting means for selectively varying
      the magnitude of resistance in said RC capacitor charging circuit of said
      multivibrator to thereby permit adjustment of the duration of said fixed
      width pulses.
NUM  25.
PAR  25. A grain loss monitor in accordance with claim 22 wherein said
      indicating means includes
PA1  averaging circuit means for deriving a unidirectional potential whose
      magnitude is a fuction of the average voltage of said chopper output
      pulses, and means for comparing said unidirectional potential to a
      reference voltage and for providing a visual indication of their
      difference as a representation of deviation of the loss per unit area from
      the desired value established on said range setting means and said loss
      per unit area setting means.
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ABST
PAL  A method of stripping Brussels sprouts from their stems wherein the sprout
      plants are fed laterally in succession to the nip between a soft resilient
      surface of a movable member and a series of laterally spaced pressure
      members each having a soft resilient surface yieldably urged towards the
      surface of the movable member, the movable member and the pressure members
      being adapted to cause rotation of each plant substantially about the axis
      of its stem as it passes into and through the nip, and the sprouts are
      removed from the stems by a series of successions of resilient stripping
      members with the members of each succession being spaced apart in the
      direction of movement of the plants and adapted to exert resilient
      stripping pressure on the sprouts as the plants pass rotatably along the
      nip, the series of stripping members and pressure members alternating in
      the lateral direction of the nip. An apparatus for carrying out the method
      is also disclosed.
BSUM
PAR  This invention relates to the stripping of Brussels sprouts from their
      stems and has for an object to perform such stripping action in a
      substantially automatic manner.
PAR  According to the present invention, Brussels sprout plants are fed
      laterally in succession to the nip between a soft resilient surface of a
      movable member and a series of laterally spaced pressure members each
      having a soft resilient surface yieldably urged towards the surface of the
      movable member, the movable member and the pressure members being adapted
      to cause rotation of each plant substantially about the axis of its stem
      as it passes into and through the nip, and the sprouts are removed from
      the stems by a series of successions of resilient stripping members with
      the members of each succession being spaced apart in the direction of
      movement of the plants and adapted to exert resilient stripping pressure
      on the sprouts as the plants pass rotatably along the nip, the series of
      stripping members and pressure members alternating in the lateral
      direction of the nip.
PAR  In apparatus according to the invention, there is provided a movable member
      having a soft resilient surface, a series of pressure members extending in
      the direction of movement of said movable member and each having a soft
      resilient surface arranged in spaced opposed relationship with the surface
      of said movable member, said pressure members being spaced apart in a
      direction tranverse to that of movement of said movable member, means for
      yieldably urging said pressure members towards the surface of said movable
      member to provide a resilient nip, and a series of resilient stripping
      members spaced apart in the direction of movement of said movable member
      in each of the spaces between adjacent pressure members.
PAR  At the feeding position of the apparatus, the pressure members are
      preferably flared outwardly away from the operative surface of the movable
      member so as to form a mouth for guiding the plants towards the resilient
      nip.
PAR  The movable member is conveniently in the form of a drum rotatably mounted
      in a supporting framework and driven by suitable gearing, e.g., chain or
      belt gearing, from a source of power, a variable speed drive preferably
      being provided so as to provide for different crop conditions. With such
      construction, the pressure members are preferably in arcuate form
      extending over a substantial part of the periphery of the drum, e.g., over
      150.degree. or more, and are connected together in positive spaced
      relationship over the width of the drum by a series of stays on which the
      individual pressure members are yieldably mounted individually so as to be
      movable towards and away from the surface of the drum independently of
      each other. The stays themselves are secured to a pair of arcuate frames
      mounted on the supporting framework one adjacent each end of the drum. The
      mounting of the frames provides for yieldably urging the frames towards
      the drum surface. The frames are preferably articulated at a point
      approximately midway along their periphery.
PAR  Conveniently, the arcuate frames also serve rotatably to mount the
      stripping members which may be in the form of rubber rollers formed with
      axial lobes constituting the strippers proper, the rollers being mounted
      on common shafts extending from the arcuate frames. The roller shafts are
      conveniently connected one to the other by individual chain or belt
      gearing so that they all rotate in the same direction, a common,
      preferably variably speed, drive being provided for the shafts at one of
      the frames.
PAR  The drum is rotated in a sense to cause its surface to move towards the
      feeding mouth while the stripping rollers are rotated in the opposite
      sense to cause their peripheries opposing the drum to move in the same
      peripheral direction as that of the drum.
PAR  As explained above, the stripper rollers in each succession are spaced
      apart in the peripheral direction of the drum, and it is found very
      desirable to stagger (peripherally of the drum) the rollers in each
      adjacent succession. In this manner, adequate space is provided for the
      stripped sprouts to pass between the rollers into a delivery container or
      band.
PAR  There is preferably arranged adjacent the feeding mouth a hopper for
      containing a quantity of plants positioned with their stems extending in
      the lengthwise direction of the drum, the hopper opening on to the surface
      of the drum and being conveniently formed with a pivoted forward wall
      spring-loaded inwardly of the hopper. Such a hopper may be fed manually or
      directly from a harvester for the plants, the whole apparatus being
      mounted in association with the harvester in such a case.
PAR  In an alternative construction, the movable member may be constituted by an
      endless band having one lap in opposed substantially parallel relationship
      with the series of laterally spaced pressure members. In such a case, the
      stripping members are rotatably mounted in a pair of end frames connected
      together by a series of stays serving yieldably to mount the individual
      pressure members in a manner similar to that described above in connection
      with the arcuate frames mounted on the supporting framework. The one lap
      opposed to the pressure members is conveniently yieldably urged towards
      those members by a spring-loaded dead plate or a series of closely spaced
      spring-loaded rollers.
PAR  The soft resilient material, e.g., rubber, of the surfaces of the drum and
      the pressure members is very desirably of sufficient depth and softness,
      e.g., 30.degree. Shore Hardness, as to allow a sensible part of the sprout
      to sink into the nip as the plant is rolled along. Similarly, the
      stripping rollers, or at least the stripper lobes, are of such a softness
      as to avoid any substantial damage to the sprouts, though it will probably
      be found that, for effective removal of the sprouts from the stems, the
      lobes will need to be of a somewhat greater hardness e.g., 40.degree.
      Shore, than the drum.
PAR  It will be understood that the "soft resilient material" referred to herein
      may be in the form of inflatable bags or tubes to which pneumatic pressure
      is applied to give a yieldability equivalent to that described above.
DRWD
PAR  By way of example, the invention will now be described in greater detail
      with reference to the accompanying diagrammatic drawings in which
PAR  FIG. 1 is an elevation showing the essential working parts of an apparatus
      according to the invention,
PAR  FIG. 2 is an end view of the apparatus shown in FIG. 1, in the direction of
      the arrow in FIG. 2, with parts removed for clarity of illustration,
PAR  FIG. 3 is a section view taken on the line 3--3 in FIG. 2,
PAR  FIG. 4 is an isometric view from the interior of the apparatus showing the
      relationship between parts of the apparatus,
PAR  FIG. 5 is a detail of the apparatus shown in FIG. 1, drawn to a larger
      scale than FIG. 1, and
PAR  FIGS. 6, 7 and 8 are diagrams illustrating the operation of the apparatus.
DETD
PAR  A main framework 11 of fabricated construction rotatably supports a feed
      drum 12 by means of journal bearing pedestals 13, the drum being driven
      through chain and sprocket gearing 14 by a variable speed hydraulic motor
      16 mounted on the main framework 11. The drum is 84 cm in diameter .times.
      122 cm long, and the periphery of the drum 12 is provided with a covering
      17 of rubber having a hardness of approximately 30.degree. Shore, the
      radial thickness of the covering 17 being 4 cm. The periphery of the
      rubber covering 17 is formed with lateral grooves 18 1.3 cm deep and
      peripherally spaced at 4 cm intervals, the cross-sectional shape of the
      grooves being as shown in FIG. 5. The drum is driven at a speed which may
      be varied between, say, 10 and 20 r.p.m. according to crop variety and
      condition.
PAR  Arranged about a portion of the periphery of the drum 12 is a series of
      laterally spaced pressure members 19 of arcuate shape and 2.5 cm in width
      and each provided with a covering 21 of rubber having a hardness of
      approximately 40.degree. Shore, the radial thickness of the covering 21
      being 2.5 cm. The lateral spacing of the pressure members 19 is 10 cm,
      i.e., they are pitched at 12.7 cm along the length of the drum 12. The
      covering 21 is formed with lateral grooves 22 1 cm deep and peripherally
      spaced at 2.5 cm intervals, the cross-sectional shape of the grooves 22
      being as shown in FIG. 5.
PAR  The grooves 18 and 22 are found to give added "bite" to the soft resilient
      nip, and it will be understood that the cross-sectional shape and size of
      the grooves are determined largely experimentally, and may be varied, if
      necessary or desirable, to suit different crops of crop conditions.
      Experiment has shown, however, that the grooves described above have been
      found satisfactory in dealing with crops having a substantial variation in
      the size of the individual sprouts.
PAR  The pressure members 19 extend over an arc of approximately 150.degree.
      around the drum 12 and are connected together in positive spaced
      relationship over the width of the drum by a series of stays 23 of tubular
      square cross-section themselves adjustably secured by bolts 24 in slots 26
      formed in brackets 27 extending from a pair of arcuate frames 28
      articulated on a pivot pin 29 by means of which the frames are mounted on
      the supporting framework 11, one adjacent each end of the drum 12. The
      pressure members 19 are pivotally attached at 31, 32 and 33 to supporting
      studs 34, which pass through lateral slots in the stays 23, and at 36
      directly to the adjacent stay 23. Compression springs 37 are interposed
      between the pressure members 19 pivoted at 31, 32 and 33 and the stays 23
      to provide individual yieldability in those pressure members.
PAR  As mentioned above, the articulated frames 28 are mounted on the framework
      11 by means of the pivot pins 29, there being mounted on each pin 29 one
      end of a connecting rod 38 provided with a universal joint 39, the other
      end of each connecting rod 38 passing through a support bracket 41 mounted
      on the framework 11 and being adjustably positioned by a nut 42 engaging
      the threaded end of the rod 38. The frames 28 are yieldably urged at the
      pivot point towards the drum 12 by means of compression springs 43
      embracing the rods 38 and each bearing at one end against a shoulder 44 on
      the respective rod 38 and at the other end against the end face of the
      respective support bracket 41, and also at their free ends by tension
      springs 46.
PAR  Rotatably mounted in the articulated frames 28 by means of self-aligning
      bearing blocks 47 is a series of carrier shafts 48 to which is secured at
      axially spaced intervals a series of stripping rollers 49 formed from
      rubber of a similar nature to that of the covering 21 of the pressure
      members 19, the stripping rollers each being formed with four lobes 51
      constituting the strippers proper. The stripping rollers 49 are aligned
      with the lateral spaces between the pressure members 19 themselves, as
      well as the lateral spaces between the end pressure members 19 and the
      frames 28.
PAR  The carrier shafts 48 are driven in two groups from a hydraulic motor 52 by
      chain and sprocket gearing 53, the shafts of each group being connected
      one to the other by individual chain and sprocket gearing 56 so that they
      all rotate in the same direction.
PAR  The drum 12 is rotated in a sense to cause its surface to move towards a
      feeding mouth generally indicated by reference numeral 57 while the
      stripping rollers 49 are rotated in the opposite sense to cause their
      peripheries opposing the drum 12 to move in the same peripheral direction
      as that of the drum 12.
PAR  The stripping rollers 49 in adjacent successions are staggered
      (peripherally of the drum 12) so as to leave adequate space for the
      stripped sprouts to pass between the rollers 49 into a delivery container
      or conveyor band (not shown).
PAR  Adjacent a feeding position between the pressure members 19 and the drum
      12, there is provided a hopper 58 into which the sprout plants are fed
      with their stems extending generally in the lengthwise direction of and
      parallel to the drum 12, the hopper 58 opening on to the surface of the
      drum 12 and being provided with a wall portion, generally indicated by
      reference numeral 59, pivotally mounted on the framework 11 and yieldably
      urged towards the hopper 58 by springs 61. The wall portion 59 is
      constituted by a supporting bar 62, to which the springs 61 are attached,
      and a series of spring tines 63 secured at spaced intervals along the bar
      62 and being individually yieldable under their inherent spring tension.
      It is found that such construction tends to orientate any sprout plant
      that tends to approach the wall portion 59 in an attitude other than
      parallel to the surface of the wall portion 59 and the drum 12.
PAR  At the feeding position, the pressure members 19 are flared outwardly away
      from the operative surface of the drum 12 so as to form with the drum
      surface the feeding mouth 57, and there is rotatably mounted in the frames
      28 a lobed rubber guide roller 64, similar to the stripper rollers 49, in
      such a position that, upon rotation, its lobes successively enter the
      mouth 57 to assist in guiding the successive sprout plants into the
      resilient nip formed by the surfaces of the drum 12 and the pressure
      members 19. The guide roller 64 is driven by chain and sprocket gearing
      from the adjacent stripping roller shaft 48.
PAR  In operation, the sprout plants pass successively into the feeding mouth 57
      and are resiliently gripped and rotated between the opposing surfaces of
      the drum 12 and pressure members 19 as the plants are rolled along the
      pressure members, the sense of rotation being the same as that of the
      stripping rollers 49 so that the meeting portions of the rollers 49 and
      the sprouts move in opposite peripheral direction. In this manner, the
      stripping lobes 51 effectively remove the sprouts from the stems by
      resilient pressure causing no substantial damage to the sprouts. The
      stripped stems of the plants, of course, pass completely through the
      resilient nip and are discharged into a waste bin or disposal conveyor
      (not shown).
PAR  It will be seen from the above description that each articulated portion of
      the frames 28 supports a group of the stripping rollers 49 and it is found
      in practice, presumably because the majority of the sprouts are stripped
      during the first half of the stripping period and are thus more dense on
      the stems during that period, that it is preferable to drive the group of
      stripping rollers 49 first to be met by the sprouts at a somewhat slower
      speed than the rollers 49 of the other group.
PAR  Thus with a drum speed of the order indicated above, the plants are
      adequately spaced apart as they are rolled along the resilient nip and
      satisfactory stripping is effected (using stripping rollers of an outside
      diameter of the order of 10 cm by driving the rollers of the first group
      at 240 r.p.m. and those of the other group at 340 r.p.m.
PAR  Because of the independent yieldable movement of the pressure members 19
      relatively to the articulated frames 28 on which they are mounted, and the
      yieldable movement of the frames 28, both bodily relatively to the drum 12
      on their supporting rods 38 and independently about the articulation pivot
      pin 29, the movements of the various components are somewhat complex
      during the passage of the plants through the resilient nip. To allow of
      such movements, the position of the stays 23 and the axes of those studs
      34 that are movable in the stays have to be considered and determined to
      some extent, experimentally.
PAR  Thus, referring to FIGS. 6, 7 and 8, there are illustrated diagrammatically
      typical movements of the pressure members 19 and the articulated frames 28
      during the passage of a single sprout plant along the resilient nip. As
      the plant enters the feed mouth 57, the drum 12 pushes the plant against
      the pressure members 19 on the upper portion of the articulated frames 28
      causing them to move about the lower pivot 32 and at the same time to
      slide in the upper stays 23 against the action of the springs 37, and to
      allow the latter movement to take place, the longitudinal axis of the
      slots 26 in the upper brackets 27 and the axes of the guiding holes in the
      stays 23 are arranged approximately tangential to an arc 66 struck from
      the lower pivot 32 at a point on the arc determined by the mean radius of
      the arc of movement of the pressure members 19 determined by the maximum
      diameter of the plant. Such movement causes the upper articulated frame 28
      to pivot, under the influence of the springs 37, about the articulation
      pivot 29 to an extent determined by the tension in the springs 46. The
      latter urge the stripping rollers to pass between the pressure members 19
      to perform the stripping action.
PAR  As the plant rolls towards the articulation pivot 29 the articulated frames
      28 move bodily with the pressure members 19 against the action of the
      springs 46, the axes of the articulation pivots moving axially of the
      supporting rods 38. Such movement is permitted by arranging the
      longitudinal axes of the slots 26 in the lower brackets 27 of the upper
      frames 28 and the axes of the guiding holes in the corresponding stay 23,
      approximately radially of the drum when in its mean position. During such
      motion of the frames 28, the pressure members 19 on the lower portions of
      the frames 28 pivot about their pivots 36 on the frames 28, and to allow
      of this movement, the slots 26 in the brackets 27 on the lower portion of
      the frames 28 have their longitudinal axes lying approximately tangential
      to an arc 67 struck from the axis of the pivot 36 at a point on the arc
      determined by the mean radius of the arc of movement of the pressure
      members 19, the axes of the guiding holes in the corresponding stay 23
      also lying approximately tangential to that arc.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of stripping Brussels sprouts from their stems comprising the
      steps of; feeding the plants laterally in succession to the nip between a
      soft resilient surface of a movable member and a series of laterally
      spaced pressure members each having a soft resilient surface yieldably
      urged towards the surface of the movable member, moving said movable
      member relative the pressure members to cause rotation of each plant
      substantially about the axis of its stem as it passes into and through the
      nip, and passing each rotating plant into contact with a series of
      successions of resilient rotating stripping members as the plants pass
      along the nip to remove the sprouts from their stems, the members of each
      succession being spaced apart in the direction of movement of the plants
      and exerting resilient stripping pressure on the sprouts, the series of
      stripping members and pressure members alternating in the lateral
      direction of the nip.
NUM  2.
PAR  2. Apparatus for stripping Brussels sprouts from their stems comprising a
      movable member having a soft resilient surface, a series of pressure
      members extending in the direction of movement of said movable member and
      each having a soft resilient surface arranged in spaced opposed
      relationship with the surface of said movable member, said pressure
      members being spaced apart in a direction transverse to that of movement
      of said movable member, means for yieldably urging said pressure members
      towards the surface of said movable member to provide a resilient nip, and
      a series of resilient stripping members spaced apart in the direction of
      movement of said movable member in each of the spaces between adjacent
      pressure members.
NUM  3.
PAR  3. Apparatus as in claim 2, wherein the pressure members are flared
      outwardly away from the operative surface of the movable member so as to
      form a mouth for guiding the plants towards the resilient nip.
NUM  4.
PAR  4. Apparatus as in claim 2 wherein the movable member is in the form of a
      drum rotatably mounted in a supporting framework and driven by suitable
      gearing, from a source of power.
NUM  5.
PAR  5. Apparatus as in claim 4, wherein the gearing includes a variable speed
      drive.
NUM  6.
PAR  6. Apparatus as in claim 4 wherein the pressure members are in arcuate form
      extending over a substantial part of the periphery of the drum.
NUM  7.
PAR  7. Apparatus as in claim 6, wherein the pressure members are connected
      together in positive spaced relationship over the width of the drum by a
      series of stays on which the individual pressure members are yieldably
      mounted individually so as to be movable towards and away from the surface
      of the drum independently of each other.
NUM  8.
PAR  8. Apparatus as in claim 7, wherein the stays themselves are secured to a
      pair of arcuate frames mounted on the supporting framework one adjacent
      each end of the drum.
NUM  9.
PAR  9. Apparatus as in claim 8, wherein the mounting of the frames provides for
      yieldably urging the frames towards the drum surface.
NUM  10.
PAR  10. Apparatus as in claim 8 wherein the arcuate frames also serve rotatably
      to mount the stripping members.
NUM  11.
PAR  11. Apparatus as in claim 8 wherein the frames are articulated at a point
      approximately midway along their periphery.
NUM  12.
PAR  12. Apparatus as in claim 8 wherein the stripping members are in the form
      of rubber rollers formed with axial lobes constituting the strippers
      proper.
NUM  13.
PAR  13. Apparatus as in claim 12, wherein the rollers are mounted on common
      shafts extending from the arcuate frames.
NUM  14.
PAR  14. Apparatus as in claim 12 wherein the rollers are mounted on shafts, and
      the shafts are connected one to the other by individual chain or belt
      gearing so that they all rotate in the same direction.
NUM  15.
PAR  15. Apparatus as in claim 11 wherein the stripping members are in the form
      of rubber rollers formed with axial lobes and the rollers mounted in the
      first articulated portion of the frames are driven at a slower speed than
      that of the group mounted in the second articulated portion.
NUM  16.
PAR  16. Apparatus as in claim 14 wherein the shafts are driven by a common
      variable speed at one end of the frames.
NUM  17.
PAR  17. Apparatus as in claim 4 wherein the drum is rotated in a sense to cause
      its surface to move towards the feeding mouth while the stripping members
      are rotated in the opposite sense to cause their peripheries opposing the
      drum to move in the same peripheral direction as that of the drum.
NUM  18.
PAR  18. Apparatus as in claim 2 wherein the stripping members are disposed in
      adjacent rows and the members in each adjacent row are staggered
      peripherally of the movable member.
NUM  19.
PAR  19. Apparatus as in claim 18 comprising a feed hopper opening on to the
      surface of the movable member and arranged to contain a quantity of the
      plants with their stems extending laterally of the movable member.
NUM  20.
PAR  20. Apparatus as in claim 19 wherein the hopper is formed with a pivoted
      forward wall spring-loaded inwardly of the hopper.
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ABST
PAL  A process for deforming hair by applying thereto a solution containing a
      monopersulfate salt of the formula MHSO.sub.5, wherein M is an alkali
      metal cation.
PARN
PAR  This is a division of application Ser. No. 294,053, filed Oct. 2, 1972, now
      U.S. Pat. No. 3,805,809.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for deforming hair. More particularly,
      the invention discloses processes and compositions for curling or
      straightening human hair employing monopersulfate oxidizing agents which
      do not substantially bleach melanin when employed under the conditions
      hereinafter disclosed.
PAR  Both hot and cold hair curling processes involve various heat or chemical
      treatments, or combinations thereof, to disrupt the keratin structure of
      the hair. Following this initial disruption, the hair is subjected to
      longitudinal stresses, for example, by winding on a mandrel, following
      which the keratin structure is substantially reestablished with the hair
      in the curled configuration. Curling processes employing heat and caustic
      solutions are known as "hot" processes, whereas those employing chemical
      compounds such as the thioglycolates are known as "cold" processes. Cold
      processes have come into general acceptance inasmuch as they can be
      utilized by relatively inexperienced operators in home permanents.
PAR  It is recognized in the art that hair which has been extensively bleached,
      i.e., subjected to oxidative conditions whereby the malanin is
      substantially destroyed, is relatively easy to curl or set in a
      more-or-less permanent configuration by simply moistening the hair and
      subjecting it to a longitudinal stress. Presumably, common hair bleaches
      disrupt chemical bonds in keratin fibers with a net effect similar to that
      when hair is contacted with a thioglycolate cold waving solution. Hair in
      which the keratin molecules are oxidatively disrupted is thereby rendered
      deformable and the hair can then either be curled or straightened, as
      desired. Of course, hair treated with the common hair bleaches, e.g., a
      basic solution of hydrogen peroxide, is not only more susceptible to
      curling but also has a different color due to the action of the bleach on
      the malanin color bodies in the hair. For this reason oxidative hair
      bleaches are not generally considered to be acceptable for curling hair
      inasmuch as the user must thereafter tint or dye the treated hair to
      reestablish the original hair color.
PAR  It has now been discovered that a certain class of oxidizing agents, the
      monopersulfates, can be applied to hair to oxidize the chemical bonds in
      keratin, thereby rendering the hair deformable without substantial
      bleaching of the natural hair color. It is surprising that the
      monopersulfates are capable of disrupting the keratin fibers without
      attendant bleaching, inasmuch as these compounds are well-known as
      bleaches for synthetic fibers. Presumably, the kinds of stains which can
      be bleached from fabrics and fibers are sufficiently different from the
      melanin coloration of the hair that the monopersulfates, while capable of
      bleaching such stains, have no substantial effect on malanin. In any
      event, it has now been found that monopersulfates can be applied to hair
      to cause sufficient disruption of the keratin fibers to allow the
      deformation of the hair by applying a longitudinal stress thereto, but
      without changing the natural hair color.
PAR  The use of per-salts, including persulfates and monopersulfates in the
      neutralizing solution of hair waving compositions is known in the art;
      see, for example, U.S. Pat. No. 3,583,408 and ELCHEM 1384 Catalog, DuPont.
      When employed as neutralizers, such per-salts are commonly used in the
      acid pH range following the thioglycolate treatment to reestablish the
      sulfur-sulfur bonds in the keratin fiber, whereas by the present process
      it has been discovered that monopersulfates can be employed to disrupt
      keratin bonds. U.S. Pat. No. 3,679,347 teaches the use of monopersulfates
      in hair dyeing processes, but does not suggest their use for deforming
      hair in the manner of this invention.
PAR  The concurrently filed application of J. A. Anderson, entitled "Hair
      Setting Process", Ser. No. 294,052, filed 10/2/72 now U.S. Pat. No.
      3,809,098, discloses hair curling processes employing monopersulfates and
      certain chelating agents.
PAR  It is an object of the present invention to provide a method for deforming
      keratin fibers, especially human hair, by means of monopersulfate
      oxidizing agents without substantial hair bleaching.
PAR  It is a further object herein to provide a method for curling hair by means
      of monopersulfate oxidants. These and other objects are obtained herein as
      will be seen by the following disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention encompasses a process for deforming hair comprising
      contacting said hair with an effective amount, i.e., an amount sufficient
      to thoroughly wet the hair, of an aqueous solution comprising from about
      1% to about 20% by weight of an oxidant of the formula MHSO.sub.5 wherein
      M is an alkali metal cation, the pH of said treatment solution being in
      the range from about 5 to about 11. The hair is treated with the solution
      of the MHSO.sub.5 oxidant for a period from about 1 to about 30 minutes,
      following which the oxidant is removed by a water rinse or shampoo; the
      moist, treated hair is subjected to a longitudinal stress to achieve any
      desired configuration. For example, the wet hair can be wound on a mandrel
      and allowed to dry on the mandrel, thereby achieving a curled effect.
      Alternatively, the wet hair can be fashioned into a straight configuration
      and allowed to dry, thereby resulting in hair straightening. In an
      alternate mode, the hair can be subjected to a longitudinal stress during
      treatment with the oxidant, rinsed, and allowed to dry in the stressed
      configuration. Again, curling or straightening, as desired, is thereby
      obtained.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The oxidizing agents used in the present process are watersoluble
      monopersulfate salts of the formula MHSO.sub.5, wherein M is an alkali
      metal cation, i.e., lithium, sodium, potassium, rubidium or cesium. The
      nature of the alkali metal cation is of no import to the present invention
      inasmuch as all such salts are watersoluble and it is the monopersulfate
      anion which is the active oxidizing species in solution. However, the
      monopersulfate salts wherein M is potassium are available from E. I.
      DuPont de Nemours Co. under the trade name OXONE and are preferred herein
      because of this commercial availability. The other alkali metal
      monopersulfate salts can be prepared, for example, by ion exchange
      reactions with the potassium salt or by neutralization of the
      corresponding acid with the appropriate alkali metal hydroxide.
PAR  The foregoing monopersulfate salts are employed in the present process as
      aqueous solutions containing from about 1% to about 20%, preferably 2% to
      about 10%, by weight of said monopersulfate salt. The pH of the aqueous
      monopersulfate solutions used herein is adjusted to within the range from
      about 5 to about 11. Solution pH's greater than 11 can be used; however,
      such high pH's are unduly irritating to normal skin and are preferably
      avoided. A solution pH of about 7.0-9.5 is preferred. Solution pH's within
      the desired range can be established by dissolving the monopersulfate salt
      in water and adding sufficient base, e.g., alkali metal hydroxide,
      ammonium hydroxide, or organic base such as diethanolamine,
      triethanolamine and the like, to the solution until the desired pH within
      the specified range is obtained. However, it has been discovered that the
      pH of such solutions normally will change to the acid range when applied
      to the hair. Accordingly, it is preferred that a buffer be employed in the
      aqueous solution of monopersulfate to keep the pH within the range of
      about 5 to about 11. Any of the common organic and inorganic buffer salt
      combinations capable of establishing a pH within this range are suitable
      for use in conjunction with the monopersulfate salts. Exemplary buffers
      suitable for use herein include, for example, the sodium hydroxide +
      sodium borate; sodium hydrogen phosphate + potassium dihydrogen phosphate;
      sodium borate + hydrochloric acid; and phosphate buffers prepared in the
      manner fully described in "Hawks Physiological Chemistry", Oser, Ed. 14,
      pps. 41-43, McGraw-Hill (1965).
PAR  As noted hereinabove, it is necessary that the monopersulfate salt in
      contact with the hair be maintained at a pH in a range from about 5 to
      about 11 to provide the desired hair deformation. While any of the common
      buffers suitable for use in this pH range can be employed for this
      purpose, it has been discovered that carbonate-bicarbonate buffers are
      most preferred herein. Presumably, carbonate-bicarbonate buffer mixtures
      employed in conjection with the alkali metal monopersulfates serve both as
      a pH buffer and, in some way, promote the softening of the hair or
      otherwise allow the monopersulfate to interact with the keratin in an
      optimal fashion. Irrespective of the actual mechanism, it has been found
      that compositions employing the monopersulfate salt dissolved in aqueous
      carbonate-bicarbonate buffers at a pH in the range from 5 to 11,
      preferably 7.0-9.5, are preferred for use herein. Accordingly, aqueous
      solutions comprising from about 1% to about 20% by weight of the alkali
      metal monopersulfate, preferably KHSO.sub.5, from about 0.5% to about 10%
      by weight of sodium bicarbonate and from about 0.5% to about 10% by weight
      of sodium carbonate, the balance of said compositions comprising water,
      are preferred for use herein to deform hair. The total concentration of
      mixed carbonate-bicarbonate buffer in such compositions is preferably from
      about 5% to about 15% by weight.
PAR  Aqueous solutions of the monopersulfate salts used herein decompose when
      stored for periods in excess of about 24 hours. As noted hereinabove, it
      is necessary to the practice of this invention that the solutions contain
      not less than 1% by weight of the MHSO.sub.5 salt. Of course, highly
      concentrated solutions of MHSO.sub.5 salts can be prepared which can be
      stored for several weeks or months without decomposing below the 1% limit.
      However, this is economically wasteful and it is preferable to use freshly
      prepared MHSO.sub.5 solutions herein. In the present connotation, a
      "freshly prepared" solution is an aqueous solution of the monopersulfate
      salt which is prepared within about one-half hour prior to application to
      the hair.
PAR  The monopersulfate solutions herein can contain additional components which
      serve to aid in their application to hair. For example, various gelling
      agents such as silica gel, high molecular weight polyoxyethylenes,
      carboxymethylcellulose, veegum, and the like can be used in such solutions
      as thickeners for the convenience of the user. Various surfactants, for
      example the alkylbenzene sulfates and sulfonates and nonionic surfactants,
      such as polyoxyethylene condensates of alkyl phenols, as well as sodium
      and potassium soaps, can be present in the compositions to improve
      rinseability thereof, thereby aiding in removal from the hair once the
      treatment is complete. Various perfumes, emollients, conditioning aids
      such as silicone derivatives and the like can be present in the
      compositions to provide pleasing cosmetic and aesthetic aspects thereto.
      It is to be understood that all manner of such nonionic, anionic and
      amphoteric auxiliary materials commonly used to enhance the cosmetic
      aspect of hair curling compositions can be employed in the present
      compositions provided that such selected materials are stable and
      compatible with the monopersulfates at the intended pH use range herein.
      However, hydrocarbyl quaternary ammonium salts materials commonly employed
      in hair softening compositions interfere with the action of the
      monopersulfates on hair and, hence, are preferably avoided in the
      compositions and processes herein.
PAR  The instant process of deforming hair, i.e., curling or straightening, can
      be carried out over a temperature range of from about 0.degree.F. to about
      150.degree.F. Of course, use of the higher temperatures within the range,
      for example, by means of a hair dryer or electrically heated hair curler,
      will increase the rate of curling. Use of colder temperatures within the
      range will reduce the rate. Curling processes are generally carried out at
      a room temperature of from about 65.degree.F. to about 90.degree.F., and
      this temperature range is preferred in the instant process.
PAR  In the process of curling hair by applying a solution of a monopersulfate
      salt, a longitudinal stress is applied to the hair to achieve deformation
      and the desired hair set. The hair to be curled is wound on a mandrel and
      held in place during the curling operation. The types of mandrels used for
      this purpose are those well known in the art, including the spiral rod and
      the Croquignole curler. When the spiral rod mandrel is employed, the hair
      on the head is divided into multiple sections, usually four to about
      eight. The sections are then subdivided into smaller squares, ca. 1 in.
      .times. 1 in. Starting at the proximal end, the hair in each block is then
      wound on the mandrel in the shape of a helix. The distal ends are held by
      a string, or clip, or other holding device.
PAR  When the Croquignole curler is employed to curl hair, the process is
      somewhat different. The hair on the head is sectioned into blocks ranging
      in size from about 1/2 to 1 inch .times. 2 to 3 inches, depending on the
      final hair style envisioned. The hair in each block is then combed and the
      distal ends are placed centrally on the mandrel, which is then wound and
      secured in place by means of a rubber band or other clipping device. In
      both the spiral rod and Croquignole techniques, end papers can be used to
      facilitate collecting the distal ends.
PAR  In still a third technique, which results in the formation of relatively
      large, loose curles, the hair is wound in a generally circular
      configuration without special winding devices and set into place by means
      of hair pins or clips. These so-called pin curls have a very large
      diameter and result in a very loose set. By proper selection of the means
      whereby the longitudinal stress is applied to the hair, curls of varying
      degrees of tightness can be achieved. Spiral winding results in the
      formation of relatively tight curls; Croquignole winding yields somewhat
      looser curls; while pin curls are usually quite loose.
PAR  In one method of curling hair by means of a solution of a monopersulfate
      salt, the hair is first wound as described above, depending on the type of
      curl desired. The winding can be done with dry hair, moistened hair or
      hair moistened with the solution of monopersulfate salt. Preferably, the
      hair is shampooed, rinsed and towel dried prior to winding. After winding,
      the hair is thoroughly saturated with the monopersulfate solution.
      Additional monopersulfate solution can be applied from time-to-time during
      the curling step to keept the hair thoroughly saturated. The solution is
      allowed to remain in place from about 1 minute to about 30 minutes,
      depending on the strength of the monopersulfate solution and the degree of
      curl tightness desired. The treatment time will also depend to a certain
      extent on the coarseness of the hair, coarser hair requiring longer times
      within the range noted to achieve a curl. Likewise, longer times within
      the range are usually required when children's hair is being curled by
      this process. If hair has been rendered porous by peroxide bleaching or by
      sun or weather damage, a shorter time in the range is sufficient to impart
      the desired curl. The time necessary to achieve a curl can be determined
      by the user prior to application to the head by means of a test curl.
      Generally, coarse thick hair will require a curling time of about 30
      minutes when a 2% solution of the monopersulfate salt is employed. Damaged
      hair will require from about 1 to about 10 minutes to achieve a curl when
      a 2% monopersulfate solution is employed; children's hair will require
      from about 20 to about 30 minutes to achieve a curl under the same
      conditions. For most purposes, it is preferable that the solution of
      monopersulfate remain in contact with the hair for a period of time from
      about 5 minutes to about 15 minutes.
PAR  In a preferred process herein, the hair to be curled is contacted with an
      aqueous solution of the monopersulfate oxidant under the conditions of pH,
      time and temperature as noted hereinabove, while said hair remains in its
      natural configuration. Following treatment with the monopersulfate oxidant
      solution, the solution is removed from contact with the hair by a water
      rinse or by shampooing. The hair is then moistened with water and
      subjected to a longitudinal stress, e.g., by winding on a mandrel if the
      hair is to be curled, or by brushing if the hair is to be straightened.
      The hair is then allowed to dry while in the stressed configuration. It is
      to be recognized that this procedure is suitable for resetting or
      re-curling hair which has been deformed by the reaction of a solution of
      the monopersulfate salt in the manner of this invention. That is to say,
      hair which has had its keratin structure disrupted by the monopersulfate
      salt can be re-curled, re-straightened or otherwise deformed, as desired,
      by simply moistening the hair, again subjecting it to the appropriate
      longitudinal stress, and allowing it to dry.
PAR  Hair can be straightened in the manner of this invention by contacting said
      hair with an aqueous solution of an alkali metal monopersulfate salt under
      the same conditions of pH, time and temperature as those used in the
      waving processes disclosed above. For example, the hair can be wound in a
      Croquignole winding using curlers having a diameter of from about 21/2
      inches to about 31/2 inches and allowed to dry. Hair rolled on rollers of
      such large diameter will fall into a substantially straight configuration
      upon final brushing. In an alternate straightening procedure the hair is
      treated with the monopersulfate solution and then the wet hair is brushed
      into a straight configuration. The hair is then simply allowed to dry in
      the straightened configuration.
PAR  The foregoing processes are preferably carried out by contacting the hair
      with a freshly-prepared aqueous solution comprising from about 1% to about
      20% by weight of KHSO.sub.5, from about 0.5% to about 10% by weight of
      sodium bicarbonate, and from about 0.5% to about 10% by weight of sodium
      carbonate, for a period of time from about 1 minute to about 30 minutes;
      (2) rinsing the hair with water to remove substantially all of the
      KHSO.sub.5 ; and (3) subjecting the moist hair to a longitudinal stress to
      achieve the desired configuration and (4) allowing said hair to dry in the
      stressed configuration. Hair treated in this manner can be remoistened
      with water and reset several times and a good set can be achieved each
      time by simply subjecting it to a longitudinal stress.
PAR  An important advantage of the instant process is that hair treated with the
      monopersulfate solution can be re-set several times by simply rewetting
      the hair, subjecting it to a stress, and allowing it to dry. In this
      manner, hair can be re-styled as desired by the user. However, it has been
      found that polyvalent metal ions, presumably calcium and magnesium ions
      dissolved in ordinary tap water, may have a cumulative adverse effect on
      the setting properties of hair which has been treated with the
      monopersulfate solution. That is to say, hair treated in this fashion
      eventually absorbs sufficient calcium and/or magnesium ion that it is no
      longer as capable of being set by simple treatment with water. When this
      occurs, the hair must again be treated with an aqueous solution of a
      monopersulfate salt to restore its deformable characteristics. For this
      reason, it is desirable herein that the water used in any of the process
      steps, i.e., the water used in the solutions of monopersulfate, the water
      used to moisten the hair prior to setting, and the water used to remove
      the monopersulfate from the hair, be substantially free from polyvalent
      metal ions. Accordingly, it is desirable that deionized water be employed
      in the compositions and processes herein. By so doing, hair treated with
      the monopersulfate salt is capable of being set and reset up to about 10
      or more times without the need for additional treatments with the
      monopersulfate solution.
DETD
PAR  The following examples illustrate the hair deforming process of this
      invention but are not intended to be limiting thereof.
PAC  EXAMPLE I
PAR  Hair switches, ca. 2 .+-. 0.2 g. per switch, were soaked in a freshly
      prepared aqueous solution consisting of 4% by weight OXONE (commercial
      material comprising 41.5% KHSO.sub.5, the balance being equal proportions
      of K.sub.2 SO.sub.4 and KHSO.sub.4) and 5% by weight total carbonate
      buffer, comprising a mixture of 0.1% by weight sodium carbonate and 4.9%
      by weight sodium bicarbonate. The pH of the solution was 8.0. Soaking was
      carried out for 30 minutes at room temperature (ca. 72.degree.F).
PAR  Immediately following treatment with the foregoing buffered OXONE solution,
      the hair was shampooed with a commercial shampoo composition containing
      anionic surfactants and thoroughly rinsed with water. The treated hair,
      which had a silky-slick feel, was wound in a Croquignole fashion on a
      mandrel (commercial hair curler; diameter ca. 1/4 in.). The hair in the
      wound configuration was allowed to dry at room temperature over a period
      of about 4 hours. Following this, the hair was removed from the mandrel.
      The natural hair color was not substantially changed by this treatment.
PAR  The curled hair switch obtained in the foregoing manner was tested for set
      retention of the curl (as measured by % curl loss) as follows. The curl
      was suspended in a closed chamber containing a saturated solution of
      ammonium chloride, which provided a constant relative humidity of about
      80%. The distance the curl unwound after having been in the closed chamber
      for a two hour period was then measured and the percentage curl loss was
      computed by the following equation:
      ##EQU1##
      Control switches set with various commercial setting gels and setting
      liquids, as well as with ordinary tap water, were used as controls in the
      test to measure the relative effect of the monopersulfate treatment. Test
      results are set forth in Table 1, below.
TBL                Table 1                                                     
     ______________________________________                                    
                              % Loss                                           
     Hair Treatment           of Curl                                          
     ______________________________________                                    
     4% OXONE + 5% carbonate buffer                                            
                              12                                               
     Control A.sup.1          57                                               
     Control B.sup.2          63                                               
     Tap Water Set            55                                               
     ______________________________________                                    
      .sup.1 Commercial, non-thioglycolate hair setting gel                    
      .sup.2 Commercial, non-thioglycolate hair setting liquid                 
PAR  The foregoing data clearly demonstrate that hair which has been oxidized by
      the monopersulfate solution will accept and retain a curl imparted thereto
      by a longitudinal stress to a far greater extent than does unoxidized hair
      set with water or with representative, commercial, non-thioglycolate hair
      setting preparations.
PAR  In the foregoing procedure treatment times with the monopersulfate solution
      of 1,5,10 and 15 minutes are employed, respectively. In each instance the
      curl retention of hair treated with the potassium monopersulfate solution
      is substantially greater than that of hair curled for an equivalent time
      with water or with the commercial, non-thioglycolate setting gel or
      setting lotion.
PAR  Hair curled in the foregoing manner is shampooed, rinsed in tap water and
      re-set to achieve a new hair style. This treatment is repeated about 7
      times, after which the setting properties of the hair are partially lost.
PAR  The foregoing procedure is modified by using deionized water to prepare the
      solution of OXONE and in the water rinse. Hair thus treated can be
      re-wetted with deionized water and re-curled 10 times without substantial
      loss of its setting properties.
PAC  EXAMPLE II
PAR  Hair on a human test subject is cleaned with a commercially available
      shampoo containing anionic surfactants and thoroughly rinsed with water.
      The hair on the head is sectioned into blocks having an average area of
      about 3 in..sup.2 by means of a styling comb. Distal ends of the hair are
      collected in tissue end papers and wound in Croquignole fashion around
      commercial 3/8 in. curlers and affixed in place at the head with rubber
      coated spring clips.
PAR  The curled hair on the subject's head is then thoroughly saturated with a
      freshly prepared solution comprising 5% by weight KHSO.sub.5, 5% by weight
      sodium bicarbonate, 0.8% by weight sodium carbonate, 4% by weight
      carboxymethylcellulose thickener, the balance of said composition
      comprising water. The pH of the composition is about 8.4. The curled hair
      saturated with the monopersulfate composition is allowed to remain in
      place for about 5 minutes. Following this time, each curl is again
      saturated with an additional quantity of the fresh monopersulfate solution
      and the hair is allowed to remain in place in the curlers for an
      additional 15 minutes. Following this second 15 minute period, the hair is
      removed from the curlers and thoroughly rinsed with water. The hair is
      then towel dried.
PAR  Hair treated in the foregoing manner is found to have a substantial curl
      and improved body properties over hair set in similar fashion using
      ordinary tap water or a commercial, non-thioglycolate setting gel. The
      natural hair color is not affected.
PAR  In the above process, the potassium monopersulfate is replaced by an
      equivalent amount of lithium monopersulfate, sodium monopersulfate,
      rubidium monopersulfate and cesium monopersulfate, respectively, and
      equivalent hair curling results are secured.
PAR  The foregoing curling process is carried out using solutions of potassium
      monopersulfate at pH's of 7, 9, 9.5, 10 and 11, respectively; at each pH
      the hair is found to be substantially deformed and curled by the process.
PAC  EXAMPLE III
PAR  A hair straightening pomade is prepared as follows. To an aqueous gel
      comprising 5.5 parts by weight sodium carbonate, 5 parts by weight sodium
      carboxymethylcellulose, 3 parts by weight magnesium aluminum silicate
      (veegum; binder) and 100 parts by weight water are added 25 parts by
      weight OXONE. The OXONE is blended into the gelatinous mixture by hand to
      yield a thick pomade.
PAR  The freshly prepared pomade paste prepared in the foregoing manner is
      applied to water-wet, naturally curly hair and rubbed in with the fingers
      for about 5 minutes. Following this, the hair coated with the pomade is
      brushed until a substantially straight configuration is achieved. The
      thickness of the pomade helps maintain this longitudinally stressed
      configuration. Following the brushing operation, the hair in its
      straightened configuration is coated with additional, fresh monopersulfate
      pomade which is then allowed to remain on the hair for a period of about
      30 minutes. Following the second treatment with pomade, the hair is rinsed
      and thoroughly shampooed. Thereafter, the wet hair is brushed into a
      substantially straight configuration and allowed to dry. After drying, the
      hair retains the straight configuration. The natural color of the hair is
      not affected by this treatment.
PAR  In a modification of the above procedure, the hair coated with the
      monopersulfate pomade and in the substantially straight brushed
      configuration is heated to a temperature of about 150.degree.F. As the
      pomade dries it is replaced by additional pomade, from time to time.
      Following about 10 minutes of the heat treatment, the hair is rinsed in
      water, shampooed, brushed into a substantially straight configuration and
      dried with an electric dryer at about 150.degree.F. This treatment is
      particularly useful in straightening extremely coarse, curly hair in a
      relatively short period of time without modifying the natural hair color.
PAR  As noted hereinabove, the monopersulfate hair deforming compositions of
      this invention are preferably applied to clean hair. That is to say, hair
      which has had its coating of dirt and excess lipids removed by shampooing
      is more susceptible to oxidation by the monopersulfate solution and
      improved treatments are thereby secured. In a preferred embodiment of this
      invention, the shampoo and monopersulfate solution are applied to hair
      concurrently. Accordingly, shampoo compositions containing the
      monopersulfate oxidizing agent and having a pH from about 5 to about 11
      can be prepared and applied to the hair to cleanse and oxidize said hair
      simultaneously. Following treatment with the monopersulfate-containing
      shampoo, the hair is rinsed with water and the wet hair subjected to a
      longitudinal stress in the manner hereinabove described and allowed to
      dry. Hair treated in this manner is found to maintain its set even under
      conditions of high humidity.
PAR  As noted hereinabove, compounds of the formula MHSO.sub.5 decompose
      relatively quickly on contact with water. In contrast, the dry
      monopersulfates are stable indefinitely. In order to provide the user of
      the shampoo compositions herein with a fresh solution of monopersulfate
      salt, it is necessary to package the shampoo and dry monopersulfate
      separately. In this way, the user can mix the ingredients just prior to
      application to the hair. Accordingly, the present invention encompasses
      hair deforming compositions in kit form, the kit comprising a separately
      packaged, aqueous shampoo composition and a separately packaged portion of
      a monopersulfate salt of the formula MHSO.sub.5, wherein M is as defined
      above. The kit can contain sufficient shampoo and monopersulfate to
      provide multiple treatments, or can provide sufficient material for a
      single treatment. A kit suitable for single treatment use comprises from
      about 1.0 oz. to about 7.0 oz. of a separately packaged, water-based
      shampoo of the type hereinafter disclosed and from about 0.01 oz. to about
      1.5 oz., preferably about 0.02 oz. to about 0.5 oz., of a separately
      packaged monopersulfate salt of the type disclosed herein. Kits of the
      foregoing size provide a sufficient volume of material for thorough
      saturation of the hair. Larger kits which are integral multiples of the
      single-use kits can be provided. With such multiple-use kits, it is
      convenient to provide a single, large volume of shampoo and incremental
      packets of monopersulfate salt. For use, an aliquot of shampoo is admixed
      with a single, premeasured package of the monopersulfate.
PAR  The kits herein are used by simply admixing the dry monopersulfate and the
      aqueous shampoo and agitating the mixture until the monopersulfate
      dissolves. The resulting solution is then applied to the hair, preferably
      hair which has been pre-moistened with water, in the manner disclosed
      above.
PAR  The shampoo compositions employed in the kits herein comprise water and a
      surfactant. The surfactant is, of course, an important ingredient in any
      shampoo composition, and the choice of surfactant for use in conjunction
      with the monopersulfate salts in the hair deforming kits herein is
      critical inasmuch as the cationic alkyl ammonium surfactants commonly
      employed in hair care compositions known in the art are not suitable for
      use in the shampoo compositions of this invention. As noted above, such
      positively charged materials apparently interact with the oxidized hair
      and interfere with its deformation. Accordingly, such cationic materials
      are preferably avoided in the shampoos herein. Other than the foregoing
      limitation, all manner of the well-known non-cationic, i.e., anionic,
      nonionic and amphoteric surfactants can be used in the shampoo-in hair
      setting composition herein.
PAR  Anionic surfactants such as the well-known, water-soluble salts of
      alkylbenzene sulfates and sulfonates wherein the alkyl group contains from
      about 10 to about 18 carbon atoms are useful in the shampoo compositions
      herein. Likewise, the water-soluble salts of fatty acids containing from
      about 10 to about 20 carbon atoms, i.e., soap, are suitable for use in
      monopersulfate shampoo compositions. Nonionic surfactants, such as the
      alkylated polyoxyethylenes, are useful in the shampoo compositions herein.
      Alkyl glycerol ether sulfates and sulfonates wherein the alkyl group
      contains from about 9 to about 21 carbon atoms are an especially preferred
      class of surfactants for use in the monopersulfate shampoo compositions.
      Amphoteric surfactants, such as the N-alkyl-sarcosinates having an alkyl
      group containing 9 to 20 carbon atoms are also useful herein. It is to be
      understood that the water-soluble salts of the foregoing anionic
      detergents, especially the alkali metal salts, are all useful as the
      surfactant component of the shampoo compositions herein.
PAR  Any of the foregoing types of surfactants are well known in the art and are
      commercially available. Especially preferred as the surfactant component
      of the monopersulfate shampoo compositions herein are the sodium alkyl
      glycerol ether sulfates, wherein the alkyl group contains from about 10 to
      about 18 carbon atoms; the sodium alkyl sulfates, wherein the alkyl group
      contains from about 10 to about 18 carbon atoms; sodium
      N-laurylsarcosinate, and mixtures thereof.
PAR  Shampoo compositions employed in the kits herein comprise from about 1% to
      about 20% by weight of a member selected from the group consisting of
      anionic, nonionic, and amphoteric surfactants, the balance of said
      compositions comprising water and minor portions of non-cationic cosmetic
      ingredients including anionic thickeners, perfumes, and the like, said
      shampoos having a pH within the range from about 5 to about 11, preferably
      from about 7 to about 9.5. As in the case of the curling and straightening
      compositions above, the shampoo compositions preferably contain from about
      1% to about 20% by weight of a buffer capable of maintaining the pH within
      the selected basic range. Any of the pH buffer systems disclosed for use
      in the curling compositions herein are also suitable in the shampoos. The
      carbonate-bicarbonate buffer system is especially preferred in the
      shampoos herein. Accordingly, preferred shampoo compositions herein
      contain, as an additional component, from about 0.5% to about 10% by
      weight of sodium carbonate, and from about 0.5% to about 10% by weight of
      sodium bicarbonate, the total mixed carbonate-bicarbonate present in the
      composition being within the range of from about 1% to about 20% by weight
      of the total composition. The shampoo base is admixed with the
      monopersulfate salt to give freshly prepared shampoo-in composition for
      deforming hair containing at least about 1%, preferably 2% to 10%, by
      weight of the water-soluble monopersulfate salt.
PAR  The following examples are intended to illustrate hair styling kits
      comprising a shampoo and a monopersulfate salt and their use in deforming
      hair but are not intended to be limiting thereof.
TBL                EXAMPLE IV                                                  
     ______________________________________                                    
     Component 1      Amount                                                   
     ______________________________________                                    
      OXONE           0.12 oz.                                                 
     Component 2                                                               
      Shampoo*        4.0 oz.                                                  
     ______________________________________                                    
      *Shampoo formulation comprising Sodium Alkyl Glycerol Ether Sulfate (Alky
      = mixed C.sub.12 -C.sub.18) 1.8% by weight; Sodium Carbonate, 1.1% by    
      weight; Sodium Bicarbonate, 5.3% by weight; Veegum, 2.8% by weight;      
      Perfume, 0.65% by weight; Water, balance.                                
PAR  The full packet of OXONE is admixed with the full bottle of shampoo and
      agitated until all the OXONE dissolves. The pH of the composition is ca.
      9.
PAR  The freshly prepared OXONE-shampoo composition of Example IV is used to
      curl hair as follows. The hair to be curled is first moistened with water
      and then all of the shampoo composition is applied to the hair and worked
      in until a lather forms. The composition is then allowed to remain in
      contact with the hair for 5 minutes, after which the hair is thoroughly
      rinsed with water and lightly towel dried. The moist hair is then wound in
      Croquignole manner using 1/4 in. mandrels and affixed in place at the
      scalp line. The hair is then allowed to dry at room temperature. After
      drying, the rollers are removed and the resulting hair is found to have a
      curl which is not readily removed under conditions of high relative
      humidity. The natural hair color is not affected by this treatment.
PAR  In the above composition, the packet of OXONE is replaced by 0.10 oz.
      packets of LiHSO.sub.5, NaHSO.sub.5, RbHSO.sub.5, and CsHSO.sub.5,
      respectively, and equivalent hair curling results are secured.
PAR  In the above kit, the carbonate-bicarbonate buffer system in the shampoo
      component is replaced by an equivalent amount of a sodium phosphate-sodium
      hydrogen phosphate buffer. The resulting shampoo composition has superior
      lipid removal properties. Hair treated with this shampoo in the foregoing
      manner maintains a curl even under conditions of high relative humidity.
PAR  In the above kit, the shampoo is prepared using deionized water. In
      addition, a 6 oz. bottle of deionized water is included in the kit. The
      deionized water is used to rinse the shampoo from the hair prior to
      setting.
TBL                EXAMPLE V                                                   
     ______________________________________                                    
     Component 1      Amount                                                   
     ______________________________________                                    
      OXONE           0.45 oz.                                                 
     Component 2                                                               
      Shampoo*        3.0 oz.                                                  
     ______________________________________                                    
      *Shampoo formulation comprising Sodium Alkyl Sulfate (alkyl mixed C.sub.1
      - C.sub.16), 1.0% by weight; Potassium Alkyl Glycerol Ether Sulfate (alky
      mixed C.sub.12 -C.sub.18), 1% by weight; Sodium Carbonate, 1.1% by weight
      Sodium Bicarbonate, 8% by weight; Sodium Carboxymethylcellulose, 3% by   
      weight; Glycerol, 3% by weight; Perfume, 0.5% by weight; Water, balance. 
PAR  The full packet of OXONE is admixed with the full bottle of shampoo and
      agitated until all the OXONE dissolves. The pH of the composition is ca.
      8.5.
PAR  The freshly prepared OXONE-shampoo composition of Example V is used to
      straighten hair as follows. The hair to be straightened is first moistened
      with tap water and all of the shampoo composition is applied to the hair
      and worked in until a lather forms. The composition is then allowed to
      remain in contact with the hair for approximately 30 minutes, after which
      the hair is thoroughly rinsed with water and lightly towel dried. The
      moist hair is then combed into a substantially straight configuration and
      affixed in place with clips. The hair is then dried using a standard
      forced air dryer at a temperature of about 120.degree.F. After drying, the
      clips are removed and the hair is in the substantially straight
      configuration. The straightened hair does not curl or kink under
      conditions of high relative humidity. The natural color of the hair is not
      substantially affected by this treatment.
PAR  In the above composition, the shampoo formulation is modified by replacing
      the sodium alkyl sulfate with an equivalent amount of sodium alkyl benzene
      sulfate (alkyl = 13.8 carbon atoms, avg.), sodium N-lauryl sarcosinate,
      sodium alkylglycerol sulfate (alkyl = C.sub.10 - C.sub.18) and sodium
      coconut soap, respectively, and equivalent results are secured.
PAR  The foregoing examples illustrate the hair deforming kits of the instant
      invention comprising a separately packaged, water-based, non-cationic
      shampoo and a separately packaged portion of a water-soluble
      monopersulfate oxidant, said portion being sufficient to provide a
      concentration of oxidant in the shampoo of at least about 1%, preferably
      about 1% to about 20% by weight. It is to be recognized that such
      compositions can contain other ingredients such as tints, emollients, hair
      control agents and the like, so long as such additional ingredients are
      not cationic in nature.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hair deforming composition in kit form comprising: (1) a separately
      packaged, water-based shampoo; and, (2) a separately packaged portion of
      an oxidant of the formula MHSO.sub.5, wherein M is an alkali metal cation,
      said portion being sufficient to provide a concentration of oxidant in the
      shampoo of at least about 1% by weight.
NUM  2.
PAR  2. A kit according to claim 1 wherein the oxidant is KHSO.sub.5.
NUM  3.
PAR  3. A kit according to claim 1 wherein the shampoo contains a
      carbonate-bicarbonate buffer at a pH of from 7.0 to about 9.5.
NUM  4.
PAR  4. A kit according to claim 1 which is designed for single use comprising:
      (1) from about 1.0 oz. to about 7.0 oz. of a separately packaged,
      water-based shampoo; and, (2) from about 0.01 oz. to about 1.5 oz. of the
      oxidant.
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ABST
PAL  A drive unit operates an applicator for massage, brushing, cleaning, and
      the like. The drive unit moves the applicator in a unique translatory
      motion in which the plane of the applicator maintains an unchanging
      orientation relative to the drive unit and has a lapping or stroking
      action on the body of the user which is effectively unidirectional at the
      body surface. This motion is very effective for many applications in which
      reciprocating or rotational movement is less appropriate, such as
      stimulating the blood circulation, brushing the teeth, and hair grooming,
      and different applicators as well as drive units are provided which are
      particularly adapted to accomplish these functions.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a Continuation - In - Part of an application filed Feb.
      6, 1973 titled "Applicator With Effective Translatory-Vibratory Drive
      Unit" having Ser. No. 330,694 now abandoned.
BSUM
PAR  Many types of vibrating machines, including hand-held models have been
      developed and marketed. Nearly all of these prior art devices include an
      electric motor and most of them include an eccentrically driven element of
      considerable mass to provide the vibratory motion, usually to the whole
      assembly in the case of hand-held devices. Different pads or applicators
      have been employed previously, some for body massage, others for scalp
      massage, shampooing of the hair, or brushing the teeth. But the design of
      the vibrator is usually based on a rotating imbalance or a vibrating mass
      that imparts its vibration to the massager. A circular motion is caused by
      a rotating imbalance and a back and forth type of vibration by a simple
      oscillation of a mass. None of these prior art devices has a primary
      direction of movement at the contact surface. Consequently, there is a
      need for a drive unit which drives a massage or brushing applicator with
      an effectively unidirectional lapping motion.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a hand-held machine which meets the abovementioned need
      and comprises a casing functioning as a handle and motor holder, the motor
      being preferably a variable speed electric motor with transmission means
      including one or more shafts each carrying a pair of opposed eccentrics
      which drive an exchangeable applicator or pad. The applicator is driven in
      such a manner that during the part of the operative cycle in which the
      maximum pressure is exerted against the body of the user the applicator is
      moving primarily in one direction. In one general embodiment of the
      invention designed for massage and hair grooming several interchangeable
      applicators may be provided which include a massage pad, a hair brush, and
      an applicator having specially designed projections which effectively
      clean the hair and massage the scalp. In another embodiment the drive unit
      is modified for use in an electric tooth brush and the applicator is
      provided with bristles, the movement of the brush portion being the
      unidirectional motion described above which has long been endorsed by the
      dental profession as the optimal brushing technique but has not been
      incorporated in any of the units currently on the market.
DRWD
PAC  BRIEF DESCRIPTION OF THE ORAWINGS
PAR  FIG. 1 is a side elevation view of the vibratory drive unit;
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged sectional view taken on line 4--4 of FIG. 1;
PAR  FIG. 5 is a sectional view taken on line 5--5 of FIG. 1;
PAR  FIG. 6 is a view of an alternative applicator;
PAR  FIG. 7 is a top plan view, partially cut away, of a tooth brush adaptation
      of the mechanism;
PAR  FIG. 8 is a sectional view taken on line 8--8 of FIG. 7;
PAR  FIG. 9 is a sectional view taken on line 9--9 of FIG. 7; and
PAR  FIG. 10 is a sectional view taken on line 10--10 of FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Although the item can be constructed in different forms while retaining the
      principal features of a unique applicator movement with cooperative
      interchangeable applicators, two representative forms are illustrated,
      FIGS. 1 through 6 being a massage and grooming embodiment and FIGS. 7
      through 10 indicating a tooth brush variation. Referring first to the
      first embodiment in FIGS. 1 through 6, the casing 10 is a cylindrical
      shell dimensioned for snug reception of one end of an electric motor 12,
      preferably of variable speed type and dimensioned to be hand-held so that
      it may function, if that is desired, as a handle for the device.
PAR  The inner end of the casing 10 has a wall 14 which supports a bearing 16
      for the drive shaft 18 of the motor and for ease of assembly the casing 10
      may be made in two complementary shell parts which abutt along a line
      indicated at 20 in FIGS. 2 and 3, the two shells being held together by
      bolts 22 adjacent to the bearing 16 and by end plate 24. This construction
      also facilitates mounting of two parallel cross shafts 26, one on either
      side of a secondary drive shaft 28 driven by miter gears 30, 32 on the
      motor drive shaft 18 and on the secondary drive shaft 28, respectively.
PAR  The cross shafts 26 have bearings 34 and the secondary drive shaft has
      bearings 36, all mounted in the extending portions 38 of said
      complementary shell portions of the casing 10 as already described. A
      drive gear 40 on the secondary drive shaft 28 meshes with gears 42 on each
      of the cross shafts 26.
PAR  To complete the transmission means each cross shaft has at each end a disc
      identified at 44, with an eccentrically mounted journal 46 and these
      journals must be in phase so that the applicator mounting bracket,
      generally indicated at 48, will be operated with the required lapping
      motion. The discs 44 are eccentrically weighted as by being relieved or
      cut away as at 47 and additionally a counterweight indicated at 49 can be
      carried by the shafts 26 to offset the mass of the applicators and
      mounting bracket. The illustrated applicator comprises a generally planar
      backing 50 with hair engaging projections 52, hereinafter described more
      fully, and the mounting bracket 48 comprises a plate 54 which will
      ordinarily be metal and wall structure 56, shown as two parallel opposed
      angles secured to the plate 54 by screws 58 and carrying bearings 60 in
      which the eccentric journals 46 are received. The applicator is removably
      engaged on the plate 54 by slightly resilient detents 59 which snap over
      the plate in conventional fashion, it being understood that any suitable
      quick-release attachment means could be used. It will thus be made clear
      that the applicator is made to move with said lapping motion, each part of
      the applicator moving in a circle with the effective radius of the
      eccentric, that is, with a translatory component which may be thought of
      as horizontal in the representation in FIG. 1, the effective portion of
      the translatory component being as to the left in that figure, the
      following portion of the movement being a withdrawal, upwardly in that
      figure, and the reverse translatory portion of the movement being
      considerably less significant in the actual functional operation of the
      machine.
PAR  This lapping movement is necessarily related with the configuration of the
      hair-engaging projections 52 of the applicator illustrated. These
      projections have a cross-sectional shape defining a tapered or streamlined
      forward face 62 and a cavitation-inducing rear face 64 flat or concave.
      One very simple configuration is that represented in FIG. 4 wherein the
      streamlined face is continued to the edges of the cavitation inducing face
      which latter is shown as a simple flat surface. The projections may be
      staggered if desired. It is preferable that the projections 52 shall be
      somewhat flexible and that these projections be inclined relative to the
      backing 50. It is also preferable that the inclination be in the direction
      of the effective, or outer translatory movement, that is, to the left as
      represented in FIG. 1. The projections may be longitudinally arcuate when
      a more gentle action is required as indicated at 53 in FIG. 6.
PAR  The device has a dual function in massaging the scalp in a particularly
      effective, and agreeable manner and in cleaning the hair. The motion
      imparted to the hair by the applicator 48 is transmitted to the scalp
      producing a gentle overall massage in a natural way without necessarily
      touching the scalp. The rapid effective translatory movement of the
      projections 52 is related functionally with the cavitation of particular
      matter onto face 64 where it remains and is withdrawn in situ with the
      applicator when the user removes the machine from his or her hair. This
      matter is easily removed from the applicator after use and the applicator
      can be used repeatedly and indefinitely.
PAR  The drive unit, by reason of its effectively unidirectional translatory
      component in the applicator, is ideally suited to blood circulation
      therapy, that is, stimulation of circulation of blood in or close to the
      skin. This also applies to the stimulation of the medically accepted tree
      flow pattern, up the right side and down the left side of the body. An
      applicator such as those illustrated in the drawing may be used for
      grooming or the applicator may be varied according to the dictates of
      comfort and preference. It is contemplated that applicators having massage
      pads, bristles for brushing the hair, or possibly a plurality of rollers
      to reduce sliding friction on the skin during massage be provided for use
      in the alternative, the clip-on design of the applicators enabling the
      rapid exchange of the various applicator types and the effective
      unidirectional motion being advantageous in all applicators.
PAR  Reference is now made to the embodiment of the invention modified for use
      on a toothbrush illustrated in FIGS. 7 through 10, in which elements which
      are counterparts to the first embodiment are similarly numbered but in the
      one hundred series. The casing 110 is elongated and includes a shank or
      handle portion (not shown) typical of electric toothbrushes. The operative
      end 66 of the casing is dimensioned to fit within the mouth and is
      provided with a pair of bearing members 136 in which is journalled a shaft
      128. The shaft extends from a conventional electric motor in the handle
      (not shown) and is provided with a pair of eccentric crank portions 68
      which carry a toothbrush mounting bracket 154 which is preferably
      journalled to the cranks through two crank bearings 160.
PAR  In order to substantially preserve the desired translational motion, a pair
      of resilient rods 126 are centrally captured in a pair of opposed supports
      134 which are molded integrally with the end 66 of the casing. The ends of
      the rods are engaged by the brush mounting bracket 154 as shown such that
      each rod exerts a restraining force on the bracket which increases with
      the amount of deformity experienced by the rod so that the opposite sides
      have a tendency to be equally displaced in any given direction by the
      shaft 128, thereby retaining the translatory motion.
PAR  The variation in the transmission means in the second embodiment is
      suggested by the space limitations associated with an electric toothbrush
      as opposed to the larger massage unit. However, the single shaft design
      could clearly be used as an alternative in the first embodiment as well as
      the toothbrush. It should also be noted that the resilient rods 126 could
      be replaced with other restraining means, the crucial feature of the
      restraining means being their ability to bias the opposite sides of the
      mounting 154 toward the center of their circular motion during all phases
      of the operating cycle.
PAR  Mounted in the brush mounting bracket 154 is an applicator in the form of a
      brush element 150 which is preferably releasible for purposes of cleaning
      and exchange and is retained on the mounting by detents 159 which seat in
      appropriate sockets on the brush elements. Any other convenient releasible
      mounting means could be used.
PAR  One feature which should be present in the second embodiment of the
      invention but not necessarily in the first is reverse capability of the
      motor. This is desirable because otherwise the desired brushing motion,
      which is away from the gums, would be possible for only half of the tooth
      surfaces to be cleaned. The need for reversability could be obviated by
      the use of two brush mechanisms mounted side-by-side in the casing and
      having opposite motions such that the effective directions of translation
      would be toward one another. This arrangement would have the added
      advantage that one side of both the upper and lower rows of teeth could be
      brushed simultaneously. A single shaft comparable to the shaft 128 could
      be used to drive both brushes, with a simple gear mechanism to achieve
      appropriate motion.
CLMS
STM  I claim:
NUM  1.
PAR  1. An applicator drive unit for treating a surface comprising:
PA1  a casing;
PA1  a pair of generally parallel rods mounted in said casing, each of said rods
      having a pair of eccentric portions;
PA1  a mounting bracket mounted to the eccentric portions of said rods;
PA1  an applicator element attached to said mounting bracket;
PA1  a motor operatively mounted in said casing;
PA1  power transmission means operatively connecting said motor and mounting
      bracket for driving said mounting bracket circularly on the eccentric
      portions of said rods such that all portions of the applicator element
      have substantially translational circular motion whereby the orientation
      of the applicator element with respect to the casing is maintained
      substantially constant and the applicator has a lapping action in use to
      produce substantially one effective direction of motion relative to the
      surface treated.
NUM  2.
PAR  2. Structure according to claim 1 wherein said rods comprise rigid shafts
      rotationally mounted in said bracket, said mounting bracket being
      journalled on said eccentric portions, and including means restricting
      said shafts to in-phase motion whereby said applicator is restricted to
      substantially translational motion.
NUM  3.
PAR  3. Structure according to claim 1 wherein said applicator element has a
      plurality of substantially parallel hair-engaging elements projecting
      therefrom, and with respect to said one effective direction of motion,
      each of said hair-engaging elements has a streamlined portion on the
      leading side and a cavitation-inducing portion on the trailing side to
      harbour particulate foreign matter extracted from the hair and scalp.
NUM  4.
PAR  4. Structure according to claim 1 wherein said rods are resilient and
      centrally mounted in said casing, said bracket being engaged on the ends
      of said rods whereby said rods are attached toward the individual centers
      of the circular motion undergone by said mounting bracket portions.
NUM  5.
PAR  5. Structure according to claim 4 and including a drive shaft generally
      parallel to and between said rods and having eccentric portions engaging
      said bracket.
NUM  6.
PAR  6. Structure according to claim 4 wherein said casing has a portion thereof
      dimensioned to fit in the human mouth, said mounting bracket is disposed
      in said casing portion, and said applicator element is provided with
      bristles adapted to tooth brushing.
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ABST
PAL  A template device for use in evenly cutting long hair on opposite sides of
      a substantially vertical centerline is supported from the neck or
      shoulders and includes on the exposed backside thereof fine radially
      extending grooves serving to capture the contiguous layer of hair laid
      thereon, the depth of the grooves sufficient to restrain the strands of
      the contiguous layer of hair lying thereon from easily moving away from
      the barber's shears as the tips of the shears are guided along a
      predetermined pattern of hair length formed on the surface of the back
      panel of the template.
PAL  Means in the form of shoulder straps or in the form of a specially
      configured template member serve to orient to a vertical position a
      centerline defined on the exposed part of the back panel of the template.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to devices serving as a guide for cutting hair, and
      more particularly to means for accurately shaping relatively long hair to
      selected contours and/or lengths.
PAR  In cutting long hair to a given contour, one of the main problems has been
      to obtain a balanced appearance so that the same amount of hair is
      disposed on each side of a vertical centerline lying generally along a
      person's backbone.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  In general, a device for use in cutting long hair to an even length on
      opposite sides of a substantially vertical centerline defined to extend
      downwardly between the shoulders of a person comprising a template of
      semirigid material formed to provide a broad surface including shoulder
      portions adapted to be draped over the shoulders and back panel portion
      adapted to extend across the back of a person. The template further
      includes an open collar portion adapted to be yieldingly spread apart and
      disposed about the neck of the person, the shoulder portions and the back
      panel portion merging with the collar portion all as a substantially
      continuous surface.
PAR  Further, a sufficient number of fine grooves formed in the outer exposed
      surface of the back panel extend downwardly and laterally away from both
      sides of the centerline. A sufficient number of the fine grooves is
      provided so as to capture and retain the contiguous layer of hair laid
      thereagainst. The depth of the grooves is sufficient to restrain the
      strands of hair in the contiguous layer from readily moving ahead of the
      tips of the shears. Finally, a predetermined pattern of hair length is
      defined on the surface of the back panel for guiding tips of scissors of
      the barber in cutting the hair to conform to the predetermined pattern.
PAR  According to the preferred embodiments described further below, various
      advantageous features of the foregoing hair-cutting guide will be pointed
      out.
PAR  In general, it is an object of the present invention to provide an improved
      hair-cutting guide device in which a vertical centerline is reliably
      positioned upon the person whose hair is being cut.
PAR  Another object of the invention is to provide a hair-cutting guide template
      whereby the tips of the barber's scissors can be guided by a groove in a
      manner to permit the tips to be successively disposed first at one angle
      and then at another so as to serrate the terminal ends of the hair as it
      is being cut.
PAR  Yet another object of the present invention is to provide a hair-cutting
      guide in which the hair of the contiguous layer thereof is restrained from
      lateral movement by engagement of the strands thereof with generally
      radially downwardly and laterally outwardly extending fine grooves formed
      in the surface of the template so as to make cutting the hair easier and
      simpler.
PAR  The foregoing and other objects and features of the invention will become
      more readily evident from the following detailed description of preferred
      embodiments thereof when considered in conjunction with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a perspective diagrammatic view of a hair-cutting
      construction, according to the invention;
PAR  FIG. 2 shows an enlarged detail view taken along the line 2--2 of FIG. 1;
PAR  FIGS. 2A -- 2D show diagrams useful in explanation of aspects of the
      invention;
PAR  FIG. 3 shows a schematic perspective front view of a hair-cutting guide
      construction, according to the invention;
PAR  FIG. 4 shows an enlarged schematic detail taken in the region of the line
      4--4 of FIG. 3;
PAR  FIG. 5 shows a front elevation view of the device as worn by a person
      having one shoulder lower than the other, according to the invention;
PAR  FIG. 6 shows a side elevation of FIG. 5;
PAR  FIG. 7 shows a front perspective schematic view of another embodiment,
      according to the invention, as worn by a person;
PAR  FIG. 8 shows the embodiment of FIG. 7 prior to being positioned on the
      person whose hair is to be cut;
PAR  FIG. 9 shows a side elevation view of the embodiment shown in FIG. 7; and
PAR  FIG. 10 shows an enlarged detail section view of FIG. 7 taken along the
      line 10--10.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As shown in FIGS. 1 and 3, a device for use in cutting long hair and
      shaping the tail ends thereof to an even length on opposite sides of a
      substantially vertical centerline defined to extend downwardly between the
      shoulders of a person whose hair is being cut includes a template
      construction 10 of semi-rigid material such as plastic formed to provide a
      broad continuous surface including shoulder portions 11 adapted to be
      draped over the shoulders of the person 12 whose hair is being cut and a
      back panel portion 13 adapted to extend across the back of the person 12.
PAR  Template 10 includes an open collar portion 14 adapted to be yieldingly
      spread apart and disposed about the neck of the person 12.
PAR  Means serving to assist the spreading movement of the open collar portion
      14 includes a line of weakness formed by a groove 15 extending vertically
      along the back panel 13 downwardly from collar portion 14 to the lower
      edge of template 10. Accordingly, line of weakness 15 serves to act
      something as a hinge and more readily permits the side parts of collar
      portion 14 to be spread apart for placing template assembly 10 onto the
      person receiving the hair cut.
PAR  Means serving to at least partially capture the strands of the contiguous
      layer of hair 20 laid against the exposed outer surface of panel 13
      includes the number of fine grooves 17. Grooves 17 are relatively closely
      spaced and uniformly distributed to extend downwardly and laterally away
      from both sides of centerline 15. Grooves 17 restrain the hairs held
      therein from the shears 16. Thus, the contiguous layer of hair 20 is
      inhibited from lateral movement across template 10.
PAR  Preferably grooves 17 have a depth on the order of the radius of a human
      hair so as to capture the hair.
PAR  In the foregoing captured condition and being relatively immobile laterally
      on the surface of template 10, the tips of a barber's shears 16 can
      readily follow one of several grooves 18 defining a predetermined pattern
      of hair length defined on the surface of back panel 13.
PAR  The predetermined pattern as thus described is defined by a V-shaped groove
      of sufficient depth and width to permit the tips of barber's shears to cut
      hair lying across groove 18 while the shears lie against either side wall
      of groove 18. Accordingly, alternate snips of the scissors may be made
      successively from opposite sides of groove 18 so as to provide a fared
      edge to the ends of the hair being cut.
PAR  Further, formation of grooves 18 with a V-shaped cross-section allows the
      barber sufficient flexibility to be able to obtain a serrated cut along
      the bottom edge of the contour of the hair as now to be explained.
PAR  Initially, the barber will make a blunt cut merely following the groove and
      chopping off the excess hair as the tips of the shears follow a
      predetermined groove from one end to the other. Cutting of the hair in
      this manner, however, leaves it relatively unattractive, and it is usually
      considered desirable to serrate the edge of the hair cut. Accordingly, by
      use of a groove 18 as shown in FIG. 2A, the tip of the top blade 16a of
      shears 16 is permitted to cut across the full width of groove 18. By
      contrast, note FIG. 2B where a groove is formed as a rectangular surface
      and it will be readily evident from inspection that formation of the
      groove in that manner serves to limit the distance to which blade 16a can
      extend across the groove. In short, the tip of blade 16a will not be
      permitted to cut down into the rectangular shaped groove whenever the tip
      of blade 16a is blocked by the top edge of the groove.
PAR  In order to provide a serrated edge to the hair being cut, it is required
      that the shears be operated in something of a saw tooth style with
      successive cuts overlying each other if desired, as shown in FIGS. 2C and
      2D. Accordingly, the first cut with the shears is identified by the number
      1 in FIG. 2C and successive cuts are shown along the successive phantom
      lines identified by 2, 3, 4, 5 and 6. In FIG. 2D, there is shown
      diagrammatically, and in quite enlarged detail, the advantage of serrating
      the ends of the hair in that it provides a certain unevenness in the
      length of the various hairs so that they do not all end at the same place
      and provide a relatively blunt edge.
PAR  Finally, it is quite important that the centerline 15 be established as
      close to vertical as possible, and for this purpose, back panel 13 carries
      a small carpenter's level 19 employing a bubble secured by known means to
      the lower edge of template 10. In this manner, by examining the condition
      of the bubble in level 19 from time to time, the barber can determine
      accurately whether or not the centerline 15 is remaining substantially
      vertical.
PAR  Means for retaining template 10 in a substantially fixed position mounted
      upon the person whose hair is being cut include the flexible strap 21 of
      plastic material or otherwise which can, for example, cooperate with a
      hook and loop attachment pad 22 for retaining the collar portion closed.
PAR  As is known, many people carry one shoulder lower than the other.
      Accordingly, means have been provided for leveling template 10 and
      orienting centerline 15 in substantially a vertical orientation as now to
      be described.
PAR  Accordingly, a pair of straps 23 are each secured at one end to the
      underside of back panel 13 of template 10 and these straps are led over
      the shoulders of the person wearing template 10.
PAR  Straps 23 are formed of plastic or the like and include a series of detents
      or notches 24 whereby, as the free ends of straps 23 are fed through slots
      26 formed in the leading edge margin of shoulder portions 11, the straps
      23 will be retained in place. This arrangement provides a readily
      releasable and readily adjustable means for shortening or lengthening the
      span of each strap 23 defined between slots 26 and the attached end of the
      particular strap. In order to release the strap from its associated slot
      26, it is necessary merely to press down on the relatively thin outer lip
      27 so as to enlarge the thickness of slot 26 thereby permitting strap 23
      to be withdrawn. It is readily evident that strap 23 can be pulled
      outwardly through slot 26 without any manipulation due to the inclined
      leading edge and surface of detents 24.
PAR  According to the foregoing and as demonstrated in FIG. 5, the left shoulder
      28 of the person whose hair is to be cut is lower than the right shoulder
      29. Accordingly strap 23 which passes over the left shoulder 28 has been
      pulled further ghrough its associated slot 26 so as to shorten the span of
      strap 23 extending between slot 26 and the attached end of strap 23 as
      compared to the other strap.
PAR  According to another embodiment, a hair-cutting guide template including
      predetermined patterns, such as grooves 18 noted above, and including the
      fine hair-restraining grooves 17 has been provided in a manner whereby
      leveling of the shoulders of the template is accomplished by establishing
      a coaxial relationship between the collar of the template and the general
      cylindrical nature of the neck of the person whose hair 20 is being cut.
      This action also disposes centerline 37 to a vertical orientation (unless
      the person's neck is not vertical).
PAR  Accordingly, template 30 in its relaxed condition (FIG. 8) comprises an
      annular frusto-conical template of semi-rigid material formed to drape
      over the shoulders and extend across the back of a person. The template is
      open to that side thereof adapted to be disposed in front of the wearer.
      Accordingly, template 30 is not a complete annulus but is substantially
      annular to the extent that only the relieved portion in front of the
      person whose hair is being cut has been removed. Thus, this part of the
      template is open and adapted to be disposed in front of the wearer.
PAR  Template 30 includes a central collar opening 31 bounded by a downwardly
      and inwardly slanting inner edge margin 32. The open side of template 30
      includes downwardly divergent edges 33 extending from opening 31. A rib 34
      is secured to each edge 33 in a position generally normal thereto for
      providing rigidity to edge 33. The slope of margin 32 becomes
      progressively more vertical in response to drawing edges 33 together by
      means of strap 38 so as ultimately to dispose margin 32 substantially
      coaxial to the generally cylindrical nature of the neck of the wearer.
PAR  The shoulder portions 36 move evenly upwardly together as edges 33 are
      drawn together to provide vertical orientation of centerline 37. Thus, a
      force F acting against margin 32 serves to directly lift the shoulder
      panel 36 (FIG. 10). Edge margin 32 is wider near the front of template 30
      and becomes narrower near the back so as to conform to the physical shape
      of the human neck.
PAR  Finally, means for retaining edges 33 sufficiently together to maintain
      edge margin 32 in a substantially vertical orientation about the neck of a
      person includes the pliable plastic strap 38 attached at one end to the
      inside of margin 32 and at the other end to a hook and loop pad 39 of
      known construction carried by margin 32.
PAR  From inspection, it will be readily evident that the surface of margin 32
      is continuous with the surface of ribs 34 so that as edges 33 are drawn
      together, surface 32 will be forced downwardly to approach a vertical
      orientation.
PAR  Further, when edges 33 are drawn together and margin 32 bends downwardly,
      the back panel of template 30 tends to become substantially flattened
      across the back of the wearer and this position of the back panel has the
      advantage that the hair will be free to take its normal position.
PAR  It has been observed that, by restraining lateral movement of the strands
      of hair which make up the layer of hair lying contiguous to the template,
      subsequent overlying layers of hair will also be restrained in view of the
      fact that the hair of the various layers overlying each other on the
      template is mutually engaged much as a stack of cord wood is mutually
      engaged to retain lateral movement at all levels.
CLMS
NUM  1.
PAR  1.  A device for use in cutting long hair to an even length on opposite
      sides of a substantially vertical centerline defined to extend downwardly
      between the shoulders of a person, said device comprising a template of
      semi-rigid material formed to provide a broad surface including shoulder
      portions adapted to be draped over the shoulders and a back panel portion
      adapted to extend across the back of a person, said template including a
      collar portion open at one side to be yieldingly spread apart and disposed
      about the neck of the person for holding the template in place, said
      shoulder portions and said back panel portion merging with said collar
      portion all as a substantially continuous surface, a sufficient number of
      fine grooves formed to extend downwardly and laterally away from the neck
      portion on both sides of said centerline to inhibit lateral movement of
      strands of the hair in the contiguous layer of hair laid thereon, the
      depth of said grooves being sufficient to engage said strands to be
      restrained from lateral movement across said surface, and a predetermined
      pattern of hair length defined on the surface of said back panel for
      guiding scissors of the barber in cutting the hair to conform to said
      pattern.
NUM  2.
PAR  2. A device according to claim 1 in which said pattern is defined by
      V-shaped grooves formed into the surface of said template, the walls of
      said grooves diverging from each other at an angle sufficient to permit
      one tip of a pair of barber's shears to lie alongside one side of the
      groove with the tip thereof disposed at the apex of the "V" while the
      other tip of the shears moves freely to a closed position with the first
      named tip.
NUM  3.
PAR  3. A device according to claim 1 comprising a line of weakness formed in
      said back panel and serving to define said centerline, said line of
      weakness comprising a groove serving to permit said back panel to be
      resiliently hinged therealong so as to open said collar portion
      sufficiently to permit mounting of said device about the neck of the
      wearer and onto the shoulders thereof.
NUM  4.
PAR  4. A device according to claim 1 further including means disposed on said
      centerline serving to indicate orientation thereof so as to visually
      determine when said centerline extends vertically.
NUM  5.
PAR  5. A device according to claim 1 further including adjustable strap means
      disposed beneath said shoulder portions and extending across each shoulder
      of the wearer, said means serving to independently space each shoulder
      portion from an associated shoulder of the wearer so as to level the
      shoulder portions.
NUM  6.
PAR  6. In a device for use in cutting the length of a person's hair to a
      predetermined pattern evenly on opposite sides of an upstanding centerline
      defined to extend downwardly between the shoulders of a person, said
      device comprising an annular frusto-conical template of semi-rigid
      material formed to drape over the shoulders of and extend across the back
      of a person, said template being open to that side thereof adapted to be
      disposed in front of the wearer, said template including a central opening
      bounded by a downwardly and radially inwardly slanting inner edge margin,
      the open side of said template including downwardly divergent edges
      extending from said central opening, a rib secured to each said edge and
      normal thereto for providing rigidity to same, the slope of said margin
      becoming progressively more vertical in response to drawing said edges
      together, said shoulder portions moving evenly upwardly together as said
      edges are drawn together to provide vertical orientation of said
      centerline notwithstanding uneven shoulder positions of the person, and
      means for retaining said edges sufficiently together to maintain said edge
      margin in a substantially vertical orientation as a collar about the neck
      of the person.
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ABST
PAL  A collapsible wig stand comprising in combination an inflatable wig form
      attached to a collapsible purse-like bag having a drawstring for closing
      and carrying.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Collapsible wig stand.
PAR  2. Description of the Prior Art
PAR  Wigs are ancient in their development.
PAR  Wig stands in various forms have been known for many years. Known wig
      stands have included solid head forms of various materials, and inflatable
      forms generally of plastic. Some of the head forms have had an integral
      base. Other head forms have been attached to the base by a rod, and in
      some cases, directly attached.
PAR  Various forms of portable wig stands are known.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to provide an improved, readily portable,
      compact collapsible wig stand.
PAR  This wig stand can be made of readily available materials by known
      manufacturing methods. The low cost of manufacture will create a large
      market with substantial employment. When the head form is deflated and
      collapsed into the purse-like drawstring bag, the bag can also be used as
      a purse for carrying other small objects, including wigs.
PAR  The head form can be deviated in various ways including the simulation of
      facial features. In the collapsed position inside the bag, the head form
      is protected from damage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a front view of the inflated wig stand.
PAR  FIG. 2 is a sectional view taken along cutting plane 2--2 in FIG. 1.
PAR  FIG. 3 shows the deflated head form inverted into the bag.
PAR  FIG. 4 shows the wig stand collapsed into compact form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A typical embodiment of the invention will now be described. An inflated
      head form 2 is attached to and mounted upon a bag 3. The size of the neck
      14 of the bag 3 can be controlled by the tension in the drawstring 4 which
      passes thru holes 5 around the neck 14 of the bag 3. The head form 2 can
      be plain or decorated as at 15 and is used to mount and display a wig 1.
      The mouth 16 of bag 3 may be straight or may be made with undulating
      scallops 6. The base of the bag 3 may be of one or more thicknesses and
      may include a rigid stiffener 8 or weights 17. The head form can be made
      in various known ways including a seam 10 and can be inflated through
      sealable opening or mouthpiece 9. The joint 11 between the head form 2 and
      the bag 3 can be continuous or intermittent.
PAR  FIG. 3 shows the head form 2 deflated and inverted inside bag 3 permitting
      the combination to be used as an ordinary drawstring purse to carry
      suitable items including wigs.
PAR  In FIG. 4 the head form 2 inverted into the bag 3 are both shown completely
      collapsed to occupy minimum volume and to permit ready storage in little
      space as in luggage or in a small display box.
PAR  There are variations which can be accomplished by combining known concepts
      of the prior art with this basic construction. Of cause, various generally
      known methods of manufacture and established constructions can be used. It
      would be prolix to list all possible methods.
PAR  It is not intended to be limited to the exact embodiments shown, because
      the various parts may be changed in size, shape and arrangement without
      deviating from the spirit of the invention as included in the appended
      claims.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      secure by Letters Patent is:
NUM  1.
PAR  1. A collapsible wig stand comprising in combination an inflatable wig form
      attached to a collapsible purse-like bag having a drawstring for closing
      and carrying.
NUM  2.
PAR  2. A collapsible wig stand according to claim 1 in which a weighted base is
      provided for the collapsible bag.
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ABST
PAL  An eyelash presentation pack has two removable applicators on each of which
      an eyelash set is mounted with the convex side of each set in contact with
      the applicator. Each eyelash set has had its base strand precoated with an
      adhesive such that on removal of an applicator, which includes a handle
      portion and an arcuate portion supporting the set, the set may be readily
      applied to a user's eyelid.
BSUM
PAR  This invention is concerned with the presentation of artificial eyelashes
      and particularly with the packaging and display of artificial eyelashes
      which incorporates a novel way of applying a set of artificial eyelashes
      to the person and the invention includes the provision of an assembly
      comprising an artificial eyelash set mounted ready for use upon an
      applicator.
PAR  Natural eyelashes normally sweep upwards in a gentle curve and artificial
      eyelashes are therefore similarly curved so as to look as natural as
      possible. In the past artificial eyelash sets have best been presented
      mounted side by side on vacuum formed insets in a pack. Eyelash sets
      presented in that way were often attached to the inserts by means of a
      self-adhesive substance on the base strand of each set. It was originally
      intended that when the eyelash sets were removed from the insets they
      would stick to a persons eyelid without the use of further adhesive.
      However in practice on removal of an eyelash set from an inset an amount
      of adhesive was left behind so that insufficient adhesive remained on the
      base strand to apply the eyelash set satisfactorily to the eyelid.
      Consequently in order to apply an eyelash set presented in that way to the
      person it was necessary to apply extra adhesive to the base strand before
      use and many people found that operation both tedious and messy.
PAR  According to the present invention there is provided an artificial eyelash
      set and applicator assembly wherein the eyelash set is removably mounted
      convex side downwards upon an applicator which comprises a handle by means
      of which the assembly may be manipulated and a support on which the
      eyelash set is mounted. The eyelash set is preferably secured in position
      on the support by means of a suitable adhesive applied to the support as
      an arcuate continuous strip or an arcuate series of adhesive dots.
PAR  The invention also includes an eyelash presentation pack comprising a base
      member, a pair of eyelash applicators forming a part of the base member
      and each having a handle by means of which the applicator may be
      manipulated and a support upon which an eyelash set is mounted with the
      convex side of each in contact with and secured upon the surface of the
      support by means of an adhesive.
PAR  According to a feature of the invention it is therefore proposed to attach
      a set of eyelashes firstly to a removable applicator incorporated in a
      pack to attach the set to the applicator by securing the actual hairs of
      the eyelashes to the applicator, the hairs being held lightly in place by
      small amounts of a self-adhesive substance pre-coated onto the flat
      surface of the applicator. By attaching the eyelashes in this manner the
      base strands of the eyelashes are left free and do not make contact with
      any surface prior to attachment to a person's eyelid.
PAR  It has been found that eyelash sets presented in this manner and attached
      to removable applicators can be applied to a person's eyelid without the
      use of any further adhesive in a speedier and more simple manner than was
      previously possible.
PAR  The invention also provides an improved method of mounting artificial
      eyelash sets on an applicator comprising mounting each eyelash set with
      the convex side of the eyelash set removably secured to the applicator.
      Preferably the applicator is coated with a thin arcuate strip or line of
      dots of adhesive and an eyelash set is then mounted in position on the
      adhesive and lightly held in place. The applicator may be of any suitable
      material e.g. cardboard or a plastics material and may form part of a pack
      or be an insert for a pack.
DRWD
PAR  In order that the invention may be more clearly understood and readily
      carried into effect the invention will now be described by way of example
      with reference to the accompanying drawings in which:
PAR  FIG. 1 is a side elevation of an eyelash set mounted in accordance with the
      invention,
PAR  FIG. 2 is a plan view of a suitable base member including a pair of
      applicators,
PAR  FIG. 3 is a plan view similar to FIG. 2 of eyelashes mounted on the
      applicators,
PAR  FIG. 4 is a plan view of an applicator and eyelash set assembly detached
      from the base member ready for application,
PAR  FIG. 5 is a plan view of an alternative set of applicators, attached to the
      base member by the ends of each applicator slotted into slits cut into the
      base member,
PAR  FIG. 6 is a plan view of a further alternative base member,
PAR  FIG. 7 illustrates an applicator in use,
PAR  FIG. 8 illustrates various alternative suitable shapes of applicator,
PAR  FIG. 9 is a plan view of eyelashes mounted convex side down upon two
      modified applicators each removably secured to a base member of a
      presentation pack,
PAR  FIG. 10 is a plan view showing one of the applicators in FIG. 9 removed
      from the base member,
PAR  FIG. 11 is a plan view of the applicator of FIG. 10 with a part thereof
      removed,
PAR  FIG. 12 is a top plan view of a further modification and
PAR  FIG. 13 is a bottom plan view of FIG. 12 showing the protective cover being
      removed.
DETD
PAR  In the drawings an eyelash set 1 of arcuate shape in side elevation has a
      base strand 2 and lashes 3 and is mounted with the convex side of the
      eyelash set 1 removably secured to a support 4 by a suitable adhesive. The
      adhesive is preferably applied to the support 4 in the form of an arcuate
      strip or arcuate series of adhesive dots 5 as clearly shown in FIG. 2.
PAR  Many persons will find that an applicator is a great help in applying an
      eyelash set to the person and therefor in accordance with a feature of the
      invention the eyelash sets are each mounted on a suitable applicator 6
      having a grip or handle portion 7 and an arcuate support 8 -- this is
      clearly seen from most of the accompanying drawings. With particular
      reference to FIGS. 3 and 4 it will be seen that the arcuate strip or
      arcuate series of adhesive dots 5 is disposed upon the arcuate support 8
      of each of the applicators and that the eyelash set mounted on an
      applicator is mounted such that in plan the base strand 2 of each set
      overlaps the applicator 6.
PAR  In a preferred embodiment we use a base member 4 shaped by means of scored
      or weakened lines 9 to provide two applicators 6 each adapted to support a
      single eyelash set as described above. Preferably the eyelash sets are
      mounted in a protective acetate or like transparent cover 10 and when it
      is desired to use the eyelash sets the applicators are removed from the
      base member 4 from the rear by tearing along the lines 9 to provide two
      applicators as illustrated in FIG. 4. To facilitate tearing it is
      preferable to allow the weakened lines 9 to extend to the sides of the
      base member 4. Preferably each eyelash set (FIG. 1) is coated along its
      base strand 2 with a self-adhesive.
PAR  As an alternative FIG. 5 illustrates an arrangement in which the base
      member 4 is provided with separate appplicators 6, the ends of the arcuate
      support 8 of each applicator being inserted into slots 11 in the base
      member 4.
PAR  In use applicators with eyelash sets already mounted thereon are removed
      from the pack either by tearing along the weakened lines 9 (FIG. 3) or by
      removing the applicator from retaining slots 11 (FIG. 5). The applicator
      is then moved to the eye of the user and the base strand 2 of the eyelash
      set applied to the user's eyelid. As the adhesive on the base strand 2 is
      much heavier and stronger than the adhesive by which the eyelash set is
      secured to the applicator the eyelash set is retained on the eyelid and
      the applicator may be removed: application of an eyelash set 1 mounted on
      an applicator is illustrated in FIG. 7.
PAR  Although the invention has been particularly described with the eyelashes
      attached to the applicators by a suitable adhesive it is understood that
      the eyelashes may be attached to the applicators in any other convenient
      manner e.g. the lashes may be secured to the applicators by a simple
      plastics or metal clip device which may be quickly released when so
      desired or they may be attached by a combination of adhesive and such a
      clip device.
PAR  We have therefore provided an improved way of fixing and presenting
      artificial eyelashes in which the eyelashes are mounted convex side
      downwards upon an arcuate shaped applicator including a grip or handle by
      means of which the eyelash set can be manipulated and a support to receive
      the eyelash set and having an arcuate strip or arcuate series of dots of
      adhesive to receive the eyelash set.
PAR  FIG. 6 illustrates a base member with applicators of a rather different
      shape as compared with those of FIG. 3 and FIG. 7 shows examples of
      different shapes in which applicators may be made.
PAR  Referring now to FIGS. 9, 10 and 11 an eyelash set 11 of arcuate side
      elevation has a base strand 12 and lashes 13 and is mounted with the
      convex side of the eyelash set removably secured to a support forming part
      of a base member 14 by a suitable adhesive. The adhesive is as before
      preferably applied to the support in the form of an arcuate strip or
      arcuate series of adhesive dots.
PAR  The eyelash sets 11 are each mounted on a suitable applicator 16 having a
      first part 17 and a second part 18, the second part 18 forming a grip or
      handle portion 19 and an arcuate support 20.
PAR  From the accompanying FIGS. 9 to 11 it will clearly be seen that the
      eyelashes are mounted upon the arcuate support 20 of the second part 18 of
      the applicator and are mounted in such a way that in plan the base strands
      12 overlap the applicator.
PAR  In the preferred embodiment the base member 14 is shaped by means of scored
      or weakened lines 21 to provide two applicators 16. Each applicator 16
      includes a further scored or weakened line 22 to divide the applicator 16
      into the two parts 17 and 18.
PAR  Preferably the eyelashes are mounted in a protective acetate or like
      transparent cover 23 and when it is desired to use the eyelashes the
      applicators are removed from the base member 14 from the rear by tearing
      along the lines 21 to provide two applicators as illustrated in FIG. 10.
      The second part 18 of the applicators is then separated from the first
      part 17 by tearing along the weakened line 22 (FIG. 3). On removal of the
      second part 18 from the first part 17 the second part 18 is moved to the
      eye of the user and the overlapping base strand 12 of the eyelash set,
      mounted on the second part, applied to the users' eyelid.
PAR  The eyelashes are only preferably removably secured to the applicators by
      adhesive and may be removably secured in any other convenient manner. The
      applicators are preferably made of cardboard material.
PAR  FIGS. 12 and 13 illustrate a further modification in which a base member 34
      includes two applicators 36 each including an elongated slender grip part
      39 and an arcuate support 40. Below the supports 40 the base member 34 is
      cut away to provide openings 42 to facilitate removal of the applicators
      from the base member. underneath the base member a tear away protective
      strip 44 is provided which covers the openings 42 and assists in holding
      the applicators in position.
PAR  In order to release the sets of lashes from the pack for use the following
      steps should be taken:
PAR  1. peel off the protective strip 44 in the manner indicated in FIG. 13
PAR  2. carefully remove the applicator and lash set for the right eye
PAR  3. hold the applicator level with the eyelid, look down into a mirror and
      place the lash set firmly into position on the centre of the eyelid
      immediately above the roots of the natural lashes
PAR  4. to dispose of the applicator use a slight wrist movement to tilt the
      applicator upwards to free the lash set. Once the applicator is
      disconnected from the lash set carefully withdraw the applicator in a
      downward direction leaving the lash set in position for final adjustment
PAR  5. repeat the process for the left eye.
CLMS
STM  I claim:
NUM  1.
PAR  1. An artificial eyelash set and applicator assembly wherein the eyelash
      set is convex in side elevation having a base strand and a plurality of
      lashes attached to the base strand and an applicator having a handle by
      means of which the applicator may be manipulated and a support upon which
      the eyelash set is mounted said eyelash set being removably secured along
      a tangent of the set with the convex side of the eyelash set in contact
      with and secured upon the support of the applicator so that the base
      strand is free of the applicator.
NUM  2.
PAR  2. An assembly according to claim 1 wherein the eyelash set is secured in
      position on the support by a suitable adhesive applied to the support in
      the form of an arcuate series of adhesive dots.
NUM  3.
PAR  3. An assembly according to claim 1 wherein the applicator is a removable
      part of a base member.
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ABST
PAL  A coin-moving member adjacent a coin-holding tube has a surface which can
      engage one part of the periphery of the end-most coin. Each endmost coin
      defines a plane perpendicular to the axis of the coinholding tube; and a
      connection between a coin-moving member and a source of motive power is
      intermediate that plane and the opposite end of the coin-holding tube. As
      the source of motive power moves the coin-moving member to dispense a
      coin, an axially-directed component of force will develop between the
      coin-engaging surface of the coin-moving member and the periphery of that
      coin; and that axially-directed component of force will be directed toward
      the opposite end of the coin-holding tube, and it will hold that
      coin-engaging surface in tight engagement with the periphery of that coin.
      During the returning movement of the coin-moving member, a spring causes a
      lever to apply a light pressure to the coin-moving member to urge the
      coin-engaging surface into engagement with the lower face of the
      next-to-be-dispensed coin; but that light pressure does not create much
      friction between that coin-engaging surface and that lower face.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  Where a source of power moves a coin-moving member to dispense coins from a
      coin-holding tube, it is desirable that an intimate engagement be provided
      and maintained between that coin-moving member and each moved coin during
      the coin-dispensing stroke of that coin-moving member, but that the
      coin-moving member apply only a very light pressure to the
      next-to-be-dispensed coin during the return stroke of that coin-moving
      member. By providing only a light pressure between that coin-moving member
      and the next-to-be-dispensed coin, during the return stroke of that
      coin-moving member, it is possible to reduce the force which is required
      to move that coin-moving member through its return stroke. By reducing
      that returning force, it is possible to reduce the amount of power which
      is required to actuate the source of motive power; and it also is possible
      to reduce the tendency of that coin-moving member to cock or tilt the
      endmost coin in the outlet end of the coin-holding tube.
PAR  Summary of the Invention: The present invention disposes a coin-moving
      member adjacent the outlet end of a coinholding tube, and it provides a
      source of motive power to move that coin-moving member transversely of the
      outlet end of the coin-holding tube. Each endmost coin which is disposed
      in that outlet end defines a plane which is perpendicular to the axis of
      the coin-holding tube; and a connection between the coin-moving member and
      the source of motive power is intermediate that plane and the opposite end
      of the coin-holding tube. As the source of motive power moves the
      coin-moving member to dispense a coin, an axially-directed component of
      force will develop between the coin-engaging surface of the coin-moving
      member and the periphery of that coin; and that axially-directed component
      of force will be directed toward the opposite end of the coin-holding
      tube, and it will hold that coin-engaging surface in tight engagement with
      the periphery of that coin. However, during the returning movement of the
      coin-moving member, an axially-directed component of force will be
      developed which will tend to move the coin-engaging surface away from the
      exposed surface of the next-to-be-dispensed coin. It is, therefore, an
      object of the present invention to provide a coin-moving member adjacent
      the outlet end of a coin-holding tube, a source of motive power to move
      the coin-moving member transversely of the outlet end of the coin-holding
      tube, and to provide a connection between the coin-moving member and the
      source of motive power which is intermediate the opposite end of the
      coin-holding tube and a plane which is defined by each endmost coin in the
      outlet end of the coin-holding tube, so an axially-directed component of
      force will develop between the coin-engaging surface of the coin-moving
      member and the periphery of that endmost coin which will hold that
      coin-engaging surface in tight engagement with the periphery of that coin
      while the coin-moving member moves that endmost coin to coin-dispensing
      position.
PAR  A lever applies a light pressure to the coin-moving member to urge the
      coin-engaging surface of that coin-moving member into register with the
      periphery of the next-to-be-dispensed coin after that coin-engaging
      surface has slid across the exposed face of that next-to-be-dispensed
      coin. However, that light pressure does not create much friction between
      that coin-engaging surface and that exposed face. Consequently, the amount
      of power required to dispense coins is substantially reduced without any
      risk of the coin-engaging surface slipping out of engagement with the
      endmost coin in the outlet end of the coin-holding tube. It is, therefore,
      an object of the present invention to provide a lever which applies a
      light pressure to the coin-moving member to urge the coin-engaging surface
      of that coin-moving member into register with the periphery of the
      next-to-be-dispensed coin after that coin-engaging surface has slid across
      the exposed face of that next-to-be-dispensed coin.
PAR  Other and further objects and advantages of the present invention should
      become apparent from an examination of the drawing and accompanying
      description.
PAR  In the drawing and accompanying description a preferred embodiment of the
      present invention is shown and described but it is to be understood that
      the drawing and accompanying description are for the purpose of
      illustration only and do not limit the invention and that the invention
      will be defined by the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing, FIG. 1 is an end elevational view of one preferred
      embodiment of coin-dispensing device that is made in accordance with the
      principles and teachings of the present invention,
PAR  FIG. 2 is a sectional view, on a larger scale, through part of the
      coin-dispensing device of FIG. 1, and it is taken along the broken plane
      indicated by the broken line 2--2 in FIG. 1,
PAR  FIG. 3 is a sectional view, on the scale of FIG. 2, through the
      coin-dispensing device of FIG. 1, and it is taken along the broken plane
      indicated by the broken line 2--2 in FIG. 1, but it shows the coin-moving
      member in coin-dispensing position,
PAR  FIG. 4 is a sectional view, on the scale of FIG. 2, through the
      coin-dispensing device of FIG. 1, and it is taken along the broken plane
      indicated by the broken line 4--4 in FIG. 2,
PAR  FIG. 5 is a sectional view, on the scale of FIG. 2, through the
      coin-dispensing device of FIG. 1, and it is taken along the broken plane
      indicated by the broken line 5--5 in FIG. 2,
PAR  FIG. 6 is a sectional view, on the scale of FIG. 2, through the
      coin-dispensing device of FIG. 1, and it is taken along the plane
      indicated by the line 6--6 in FIG. 3,
PAR  FIG. 7 is a sectional view, on the scale of FIG. 2, through the
      coin-dispensing device of FIG. 1, and it is taken along the plane
      indicated by the line 7--7 in FIG. 3,
PAR  FIG. 8 is a sectional view, on the scale of FIG. 2, through the
      coin-dispensing device of FIG. 1, and it is taken along the broken plane
      indicated by the broken line 8--8 in FIG. 3,
PAR  FIG. 9 is a bottom view, on the scale of FIG. 2, through the
      coin-dispensing device of FIG. 1,
PAR  FIG. 10 is a vector diagram of forces which are developed during the moving
      of the coin-moving member to coin-dispensing position, and
PAR  FIG. 11 is a plan view of a resilient collar for the coin-holding tube of
      the coin-dispensing device of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing in detail, the numeral 20 generally denotes a
      mounting which has the form of a horizontally-directed base with a
      vertically-upstanding annulus that defines a cylindrical passage 24. An
      annular recess 22 is provided in the upper end of that annulus to
      accommodate the lower end of a coin-holding tube 32. A shallow,
      horizontally-directed, rounded end recess 26 is formed in the lower
      surface of the mounting 20, as shown by FIGS. 2, 4 and 8; and that recess
      communicates with the cylindrical passage 24, as indicated by FIGS. 2 and
      3. A slot 28 in the base extends upwardly from the recess 26, as shown
      particularly by FIGS. 2-4; and the upper portion of that slot extends to
      the left-hand end of the mounting 20, as that mounting is viewed in FIGS.
      2 and 3. The lower portion of the left-hand end of the slot 28 is closed
      by a portion 27 of triangular cross section, as shown by FIG. 2. A shallow
      slot 33 is formed in the lower surface of the mounting 20, as shown
      particularly by FIGS. 2 and 3; and that slot extends between the recess 26
      and the right-hand end of that mounting. The numeral 30 denotes an
      inclined surface which defines the left-hand end of the recess 26, as that
      recess is viewed in FIGS. 2 and 3. The numeral 29 denotes a projection
      which extends upwardly from the upper surface of the mounting 20 and which
      is located adjacent the left-hand end of that mounting, as that mounting
      is viewed in FIGS. 2, 3, 5 and 8; and that projection is located at one
      side of the slot 28, as shown particularly by FIG. 5. The numeral 31
      denotes a cylindrical projection which extends upwardly from the upper
      surface of the mounting 20 and which is displaced from the projection 29
      by the slot 28; and that projection is shorter than the projection 29.
PAR  The numeral 34 denotes a vertically-directed slot in the upper portion of
      the wall of the coin-holding tube 32, as shown particularly by FIG. 2. The
      numeral 73 denotes a resilient collar which is telescoped downwardly over
      the upper end of that coin-holding tube; and that resilient collar holds a
      level-sensing device 38 in register with that slot. The numeral 39 denotes
      the actuator of that level-sensing device; and that actuator is biased for
      movement inwardly through the slot 34 into the interior of that
      coin-holding tube. However, that actuator can be moved outwardly of that
      coin-holding tube by coins which are stacked in vertical array within that
      coin-holding tube. The normal, unstressed inner diameter of the resilient
      collar 73 is less than the outer diameter of the coin-holding tube 32; but
      a U-shaped expansible portion 36 of that resilient collar permits that
      inner diameter to be increased sufficiently to enable that resilient
      collar to be telescoped downwardly over the upper end of that coin-holding
      tube. That U-shaped expansible portion will enable that resilient collar
      to be set, and thereafter to automatically maintain itself, in any desired
      position along the length of that coin-holding tube. Adjustment of the
      position occupied by the resilient collar 73 permits adjustment of the
      number of coins which must be present in the coin-holding tube 32 to keep
      the actuator 39 out of the interior of that coin-holding tube.
PAR  The numeral 40 denotes a supporting surface which is shown as a metal
      plate, and which has an upwardly-bent wall 42 adjacent the left-hand end
      of one side thereof, as that supporting surface is viewed in FIG. 5. The
      numeral 46 denotes a downwardly-bent flange on that same side of that
      supporting surface; and the numeral 44 denotes an elongated
      downwardly-bent flange on the opposite side of that supporting surface.
      The numeral 48 denotes a downwardly-bent flange at the right-hand end of
      the supporting surface 40, as that supporting surface is viewed in FIGS.
      2, 3, 5 and 9; and the numeral 50 denotes a downwardly-bent flange at the
      opposite end of that supporting surface. A slot 52, of constant width,
      extends inwardly from the downwardly-bent flange 48, as shown particularly
      by FIGS. 2, 3, 8 and 9; and a slot 54, of frustro-triangular form, extends
      inwardly from the flange 50, as shown particularly by FIG. 9. The slots 52
      and 54 are aligned; and they communicate with an opening 56 in the
      supporting surface 40 that has rounded ends and that defines an area which
      is larger than the area which is defined by the bottom of the cylindrical
      passage 24. The opening 56 is displaced from the cylindrical passage 24,
      as shown particularly by FIG. 9; and the portions of the supporting
      surface 40 which are adjacent the junction of slot 52 and the opening 56
      underlie that cylindrical passage. Those portions of that supporting
      surface normally support the lowermost coin 100 in the stack of coins
      within the coin-holding tube 32. A notch 58 is provided in the upper edge
      of the flange 50, as shown particularly by FIG. 1; and that notch helps
      define the outer end of the slot 54.
PAR  The numeral 60 denotes a ring-like coin-moving member which has an inner
      diameter that is approximately equal to the transverse dimension of the
      opening 56 in the supporting surface 40, as shown particularly by FIG. 8.
      The radius of either end of the opening 56 is approximately equal to the
      inner diameter of the coin-moving member 60. Actually, the inner surface
      of the ring-like coin-moving member 60 is generally frusto-conical, as
      shown by dotted lines in FIG. 7; and the upper end of the space which is
      defined by that member is larger than the lower end of that space.
      However, as indicated by FIG. 7, the smallest-diameter end of the space
      which is defined by the ring-like coin-moving member 60 is considerably
      larger than the diameter of the cylindrical passage 24 in the mounting 20.
PAR  A projection 62 extends upwardly from one side of the ring-like coin-moving
      member 60, as shown particularly by FIGS. 7 and 8; and a narrower
      coin-engaging surface 64 extends upwardly from the upper surface of that
      projection. That coin-engaging surface and that projection are arcuate in
      plan, as indicated by FIG. 8. The coin-engaging surface has a height which
      is slightly greater than the sum of the depth of the slot 33 and the
      thickness of the supporting surface 40. This means that when the upper
      face of the coin-engaging surface 64 is in engagement with the top of the
      slot 33, the upper surfaces of the projection 62 will be below, and out of
      engagement with, the under face of the supporting surface 40.
PAR  The numeral 66 denotes a downwardly-extending projection on the ring-like
      coin-moving member; and the numeral 68 denotes an ear which extends
      upwardly from that ring-like coin-moving member. The downwardly-extending
      projection 66 and the ear 68 are disposed at one side of the ring-like
      coin-moving member, and the upwardly-extending projection 62 and the
      coin-engaging surface 64 are disposed at the opposite side of that
      ring-like coin-moving member. The numeral 70 denotes an inclined inner
      face on the ear 68; and the numeral 72 denotes an opening in that ear. The
      ring-like coin-moving member 60, the projections 62 and 66 thereon, the
      coin-engaging surface 64, and the ear 68 preferably are molded as a unit.
PAR  The numeral 74 denotes an elongated pivot which is secured to the wall 42;
      and that pivot is disposed to the left of the coin-holding tube 32, as
      that coin-holding tube is viewed in FIG. 2. A bell crank lever 76 has the
      hub thereof telescoped over the pivot 74, and it has a slot 78 in the
      short arm thereof. The long arm of that bell crank lever extends
      downwardly toward the ear 68 of the coin-moving member 60; and a
      shouldered pin 80 pivotally secures that long arm to that ear. A stop 81
      is formed on the mounting 20 in register with the lower end of the bell
      crank lever 76; and that stop also is preferably formed as a unit with
      that mounting.
PAR  The numeral 82 denotes an elongated lever with the hub thereof telescoped
      over the pivot 74; and that lever has a toe-like projection 84 in register
      with the ear 68 on the coin-moving member 60. An ear 86 at the upper end
      of the lever 82 is below, but generally in register with, a screw 88 which
      extends forwardly from the wall 42. A helical extension spring 89 has the
      upper end thereof hooked around the screw 88, and has the lower end
      thereof hooked around the ear 86 on the lever 82. That spring biases the
      lever 82 for rotation in the counter-clockwise direction in FIG. 2; but,
      as shown by FIG. 3, that spring can yield to permit that lever to be
      rotated in the clockwise direction from the position of FIG. 2 to the
      position of FIG. 3.
PAR  The numeral 90 denotes a solenoid which is mounted on the wall 42 with its
      axis vertical; and the armature 92 of that solenoid has a leaf-type spring
      94 and an inverted U-shaped bracket 96 secured to the lower end thereof by
      a fastener 97. A pin 98 is held by the inverted U-shaped bracket 96; and
      that pin passes through the slot 78 in the short arm of the bell crank
      lever 76 to enable the armature 92 of the solenoid 90 to rotate that bell
      crank lever.
PAR  Standby condition of the Preferred Embodiment: Whenever the solenoid 90 is
      de-energized, there will be no upward force acting upon the armature 92;
      and, instead, the helical extension spring 89 and gravity will be urging
      that armature downwardly into the position of FIG. 2. Specifically, that
      helical extension spring will be applying an upwardly-directed force to
      the ear 86 of the lever 82, the toe 84 of that lever will be applying a
      force which will urge the coin-moving member 60 to the right as viewed in
      FIG. 2; and that coin-moving member will be acting through the pin 80 to
      urge the bell crank lever 76 into engagement with the stop 81, as shown by
      FIG. 2 -- with consequent holding of the pin 98 and, via the U-shaped
      bracket 96 and the fastener 97, of the armature 92 in the position of FIG.
      2. Consequently, whenever the solenoid 90 is de-energized, the coin-moving
      member 60 will have the ring-like portion thereof below, and concentric
      with the axis of, the coin-holding tube 32. At such time, the force which
      the toe 84 of the lever 82 applies to the ear 68 of that coin-moving
      member will develop a rotative moment which will cause the upper edge of
      the projection 64 to bear against the top of the slot 33 in the under
      surface of the mounting 20, as shown particularly by FIG. 2.
PAR  The slot 33 has a depth which is just slightly less than the thickness of a
      freshly-minted coin of the denomination of coin to be dispensed by the
      coin-dispensing device. Specifically, if pennies are to be dispensed from
      the coin-holding tube 32, the slot 33 will have a depth just slightly less
      than the thickness of a freshly-minted penny. Similarly, if the
      coin-holding tube 32 is to hold nickels, dimes, quarters or half-dollars,
      the depth of the slot 33 will be just slightly less than the thickness of
      a nickel, dime, quarter or half-dollar, respectively. This means that
      whenever the coin-holding tube 32 has freshly-minted coins therein, the
      top of the slot 33 will be just a short distance below a plane defined by
      the upper surface of the lowermost coin 100; and hence the top of the
      coin-engaging surface 64 also will be just a short distance below that
      plane. The pin 80 is, however, intermediate that plane and the opposite
      end of the coin-holding tube 32. As a result, whenever the coindispensing
      device is in its "standby" condition, an imaginary line which passes
      through the axis of the pin 80 and extends to the point of engagement
      between the periphery of the coin 100 and the adjacent face of the
      coin-actuating surface 64 will be coincident with the vector 101 in FIG.
      10. That imaginary line is displaced from the axis of the coin-holding
      tube 32 by a large acute angle.
PAR  Operation of the Preferred Embodiment: Whenever the solenoid 90 is
      energized, the armature 92 will be pulled upwardly; and it will act
      through fastener 97, bracket 96 and pin 98 to rotate the bell crank lever
      76 in the clockwise-direction in FIG. 2 -- thereby moving that bell crank
      lever, the lever 82, and the coin-moving member 60 from the positions of
      FIG. 2 to the positions of FIG. 3. During the movement of that coin-moving
      member from the position of FIG. 2 to the position of FIG. 3, the ear 68
      of that coin-moving member will bear against the toe 84 on the lever 82
      and will force that lever to rotate in the clockwise-direction; but the
      helical extension spring 89 will cause that toe to apply a force to that
      ear which is below the level of the axis of the pin 80. This means that a
      rotative moment will urge the upper face of the coin-engaging surface 64
      upwardly against the top of the slot 33, until that upper face has moved
      inwardly beyond the radially-inner end of that slot; and then that
      rotative moment will urge the upper face of that coin-engaging surface
      upwardly into engagement with the under surface of the
      next-to-be-dispensed coin.
PAR  As the bell crank lever 76 moves the coin-moving member 60 toward the
      position of FIG. 3, the ring-like portion of that coin-moving member will
      cause the coin-engaging surface 64 to move the coin 100 to the left in
      FIG. 2. Because the axis of the pin 80 is intermediate the plane of that
      coin and the upper end of the coin-holding tube 32, the force which the
      bell crank lever 76 applies to the coin-moving member 60 will develop the
      vector 101 within that coin-moving member. That vector has a
      vertically-directed component 103 and a horizontally-directed component
      105, as shown by FIG. 10. The horizontally-directed component 105 will
      cause the coin-moving member 60 to force the coin 100 to move to the left;
      and the vertically-directed component 103 will hold the coin-engaging
      surface 64 up in intimate engagement with the periphery of that coin. As a
      result, even though there is only a small area of engagement between the
      coin-actuating surface 64 and the periphery of the coin 100, that
      coin-engaging surface will not slip downwardly and out of engagement with
      that coin -- even if that coin is slightly bent or is slightly worn so the
      periphery of that coin is not parallel to the axis of the coin-holding
      tube 32.
PAR  In the event the coin 100 was an extremely thin, heavily-worn coin, the
      plane which was defined by the upper surface of that coin might be below
      the level of the top of the slot 33, and hence might be below the upper
      face of the coin-engaging surface 64. Consequently, the top of the inner
      face of that coin-engaging surface might be in register with the lowermost
      part of the periphery of the next-to-be-dispensed coin. In such event, the
      horizontally-directed component 105 would tend to cause the coin-moving
      member 60 to move the next-to-be-dispensed coin, as well as the coin 100,
      to the left. However, the lower edge of the cylindrical passage 24 within
      the mounting 20 would prevent movement of that next-to-be-dispensed coin
      to the left; and hence the top of the inner face of the coin-engaging
      surface 64 would have to move downwardly a few thousandths of an inch to
      be below, and out of register with, the periphery of that
      next-to-be-dispensed coin. Such downward movement can occur readily;
      because the edges of the coins within the coin-holding tube 32 will be
      slightly rounded, and those rounded edges will simulate inclined planes
      which can help guide the top of the coin-engaging surface 64 downwardly a
      few thousandths of an inch. Also, the rotative moment which the toe 84 of
      the lever 82, the pin 80, and the helical extension spring 89 develop for
      the coin-moving member 60 is sufficiently small to enable the top of the
      coin-engaging surface 64 to move downwardly below the plane of the lower
      surface of the next-to-be-dispensed coin. Specifically, the
      upwardly-directed force which the helical extension spring 89 develops for
      the coin-engaging surface 64 is equal to the force which the toe 84
      applies to the ear 68 multiplied by the ratio of the distance between the
      axis of pin 80 and that toe and the distance between that axis and that
      coin-engaging surface. Because the distance between the axis of pin 80 and
      the toe 84 is small compared to the distance between that axis and the
      coin-engaging surface 64, the upwardly-directed force which the helical
      extension spring 89 develops at that coin-engaging surface is large enough
      to hold the top of that coin-engaging surface against the top of the slot
      33 but is small enough to permit the top of that coin-engaging surface to
      move downwardly below the plane defined by the lower surface of any
      next-to-be-dispensed coin in the coin-holding tube 32. All of this means
      that even if the coin 100 is a well-worn coin, and that even though the
      helical extension spring 89 constantly applies upwardly-directed forces to
      the coin-engaging surface 64, the top of that coin-engaging surface can
      automatically move downwardly until it is able to pass below the lower
      face of the next-to-be-dispensed coin.
PAR  As the coin-engaging surface 64 forces the coin 100 to move to the left in
      FIGS. 2 and 3, the walls of the recess 26 in the under surface of the
      mounting 20 will guide that coin. In practice, the portions of that recess
      which are straight will coact with the coin-engaging surface 64 on the
      coin-moving member 60 to provide three points of guidance for that coin.
      During the movement of the coin 100 toward the left-hand end of the recess
      26, the leading edge of that coin will approach the inclined surface 30 at
      the under surface of that recess. Prior to the time the leading edge of
      that coin engages that inclined surface, the trailing edge of that coin
      will move to the left beyond the portions of the supporting surface which
      define the slot 52. At that time, gravity will tend to start moving that
      coin downwardly and out of the recess 26; but the coin-engaging surface 64
      will still be applying to that coin the horizontally-directed component of
      force represented by the vector 105. The resulting frictional engagement
      between that coin-engaging surface and the periphery of that coin will
      resist downward movement of the trailing edge of that coin. The speed at
      which the solenoid 90 will move the coin-moving member 60, and hence the
      coin 100, will be quite high; and hence the leading edge of that coin will
      not have moved downwardly very far, in response to gravity, before that
      leading edge engages the downwardly inclined surface 30. The engagement
      between the leading edge of the coin and that downwardly-inclined surface
      will, of course, force that leading edge downwardly, and hence toward the
      inclined surface 70 of the ear 68. The momentum within the coin 100 will
      tend to cause that coin to continue to move to the left, but the leading
      edge of that coin will strike the right-hand edge of the ear 68, and thus
      will be prevented from continuing to move to the left. As a result, that
      coin will drop downwardly; and the tapered inner surface of the ring-like
      portion of the coin-moving member 60 will coact with the large inner
      diameter of that ring-like portion to permit that coin to fall downwardly
      without any appreciable resistance to its downward fall. That coin then
      will pass to a coin-retrieving receptacle which is accessible to the
      person to whom that coin is to be dispensed.
PAR  As the trailing edge of the coin 100 was moved to the left beyond the
      underlying portions of the supporting surface 40, the weight of the
      remaining coins within the coin-holding tube 32 moved that coin and the
      coin-engaging surface 64 downwardly a distance equal to the thickness of
      that coin. However, as the next-to-be dispensed coin engaged, and became
      supported by, the supporting surface 40, the remaining coins within the
      coin-holding tube 32 were kept from applying further downwardly-directed
      forces to that coin. At such time, the under surface of the next-to-be
      dispensed coin engaged the top of the coinengaging surface 64; and the
      force applied by the helical extension spring 89 urged that top into
      engagement with that under surface. Because of the ratio of the moment
      arms of that coin-engaging surface and of the toe 84, relative to the axis
      of the pin 80, the upwardly-directed force which the top of that
      coin-actuating surface applies to that next-to-be-dispensed coin is small
      enough to avoid tilting, raising or cocking of that coin -- even if that
      coin is the last coin within the coin-holding tube 32. In this way, the
      present invention avoids needless service calls for the coin-dispensing
      device.
PAR  The coin-moving member 60 will remain in its lefthand position as long as
      the solenoid 90 is energized; but the helical extension spring 89 will act
      through the lever 82 to start moving that coin-moving member back to its
      "standby" position as soon as that solenoid is de-energized. In addition,
      that helical extension spring will continue to urge the coin-engaging
      surface 64 upwardly; but the top of that coin-engaging surface 64 will be
      underlying the next-to-be-dispensed coin, and the weight of that
      next-to-be-dispensed coin will prevent counter clockwise rotation of the
      coin-moving member 60. Consequently, the force which the toe 84 applies to
      the ear 68 will merely cause the coin-moving member 60 to move back to its
      "standby" position.
PAR  When the coin-engaging surface 64 has been moved beyond the right-hand edge
      of the next-to-be-dispensed coin, the force which is applied by the
      helical extension spring 89 will cause the top of that coin-engaging
      surface to move up into engagement with the top of the slot 33. At that
      time, the upper edge of the inner face of that coin-engaging surface will
      be in register with the periphery of that next-to-be-dispensed coin. This
      means that the coin-dispensing device will be in condition to dispense
      that next-to-be-dispensed coin when the solenoid 90 is again energized.
PAR  As the coin-moving member 60 approaches its "standby" position, the lower
      end of the bell crank lever 76 will move into engagement with the stop 81
      on the mounting 20. The engagement between the lower end of that bell
      crank lever and that stop will properly position the ring-like portion of
      that coin-moving member, relative to the bottom of the coin-holding tube
      32, without requiring any stopping or halting forces to be applied
      directly to that coin-moving member.
PAR  During the movement of the coin-moving member 60 between its "standby"
      position and the moved position of FIG. 3, the coin-engaging surface 64
      will remain within the slot 52 in the supporting surface 40. As a result,
      that coin-engaging surface will always be in alignment with the slot 33 in
      the under surface of the mounting 20; and hence that coin-engaging surface
      can move up into engagement with the top of that slot as the coin-moving
      member 60 moves back into its standby position.
PAR  It will be noted that the point of engagement between the toe 84 of the
      lever 82 and the ear 68 of the coin-moving member 60 is lower in FIG. 2
      than it is in FIG. 3. This is desirable, because it enables the
      restorative forces which the helical extension spring 89 applies to that
      coin-moving member to have a smaller moment arm in FIG. 3 than it has in
      FIG. 2. As a result, even though the value of the forces which that
      helical extension spring applies to the ear 68 is greater in FIG. 3 than
      it is in FIG. 2, there is not a corresponding one-to-one increase in the
      upwardly-directed force which the top of the coin-engaging surface 64
      applies to the under surface of the next-to-be-dispensed coin during the
      return stroke of the coin-moving member 60. This means that the
      spring-induced resistance to the return stroke of the coin-moving member
      60 is relatively small; and hence the helical extension spring 89 need not
      develop a strong returning force. Because that helical extension spring
      need not develop a strong returning force, the solenoid 90 does not have
      to overcome such a force; and hence that solenoid can be made so it does
      not require much power. As a result, by use of the present invention, it
      is possible to substantially reduce the power that is required to operate
      the solenoid 90. In the preferred embodiment of the present invention, the
      helical extension spring 89 causes the top of the coin-engaging surface 64
      to apply a force of only five grams in the under face of the
      next-to-be-dispensed coin during the returning stroke of the coin-moving
      member 60. Such a light force makes it possible to reduce the power
      required by the solenoid 90 by almost forty percent (40%).
PAR  The ear 68 on the ring-like coin-moving member 60 limits the extent to
      which dispensed coins can move to the left in FIG. 3. Also, that
      coin-moving member moves dispensed coins into an area which underlies the
      solenoid 90. The overall result is that the horizontal dimension of the
      coin-dispensing unit 38 is desirably small.
PAR  In the standby condition of the coin-dispensing device, the ear 68 on the
      coin-moving member 60 lies in the path of the coin 100. As a result, that
      ear will keep that coin from being released by that coin-dispensing
      device, even if extremely heavy horizontally-directed blows are applied to
      that coin-dispensing device with the intent of causing that coin to shift
      to the left from its position in FIG. 2.
PAR  Whenever the level of the coins in the coin-holding tube 32 is low enough
      to enable the actuator 39 of the level-sensing device 38 to move inwardly
      through the slot 34 in that coin-holding tube, that level-sensing device
      will develop a signal which can be applied to a suitable utilization
      device. However, whenever the coins within that coin-holding tube
      constitute a stack which is high enough to hold that actuator outwardly of
      the inner surface of that coin-holding tube, that level-sensing device
      will either provide no signal or will provide a distinctly-different
      signal. The level-sensing device 38 could be a switch with metallic
      contacts, could be a photo-coupler, or could be one of the standard
      level-sensing devices used in the coin-handling field.
PAR  The lever 82 is very useful and desirable; but, if desired, that lever
      could be eliminated. In such event, the lower end of the helical extension
      spring 89 would be connected directly to the bell crank lever 76; and a
      light weight spring would be used to urge the coin-engaging surface 64 in
      the coin-moving member 60 upwardly. That light weight spring would apply
      an upwardly-directed force to the coin-moving member 60 which was smaller
      than the horizontally-directed force which the bell crank lever 76 applied
      to that coin-moving member. As a result, the upwardly-directed and the
      horizontally-directed forces which the helical extension spring 89 and the
      light weight spring apply to the coin-moving member 60 will be comparable
      to the upwardly-directed and the horizontally-directed forces which the
      helical extension spring 89 of FIGS. 2-4 apply to that coin-moving member.
PAR  Whereas the drawing and accompanying description have shown and described a
      preferred embodiment of the present invention, it should be apparent to
      those skilled in the art that various changes may be made in the form of
      the invention without affecting the scope thereof.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A coin-dispensing device which comprises a coin-holding tube that has a
      first end and a second end, a holding surface adjacent said first end of
      said coin-holding tube which can help hold a coin adjacent said first end
      of said coin-holding tube, a coin-moving member movably mounted adjacent
      said first end of said coin-holding tube and adjacent said holding
      surface, means to move said coin-moving member transversely of said first
      end of said coin-holding tube, and a connection between said coin-moving
      member and said means for moving said coin-moving member between a first
      position and a second position adjacent said first end of said
      coin-holding tube, said connection interconnecting said coin-moving member
      and said means for moving said coin-moving member but permitting relative
      angular movement between said coin-moving member and said means for moving
      said coin-moving member, said coin-moving member having a coin-engaging
      surface thereon which is disposed radially outwardly of the inner
      periphery of said coin-holding tube whenever said coin-moving member is in
      said first position and is disposed radially inwardly of said inner
      periphery of said coin-holding tube whenever said coin-moving member is in
      said second position, said coin-engaging surface being disposed at one
      side of the axis of said coin-holding tube and said connection being
      disposed at the opposite side of said axis of said coin-holding tube
      whenever said coin-moving member is in said first position, said
      coin-engaging surface engaging a coin and responding to movement of said
      coin-moving member transversely of said first end of said coin-holding
      tube from said first position to said second position to pull said coin
      transversely away from said first end of said coin-holding tube, said coin
      defining two planes whenever it is held adjacent said first end of said
      coin-holding tube, one of said planes being closer to said second end of
      said coin-holding tube than is the other of said planes, said holding
      surface being disposed at that side of said one plane which is remote from
      said second end of said coin-holding tube, said connection always having
      all portions thereof wholly disposed intermediate said one plane and said
      second end of said coin-holding tube, whereby an imaginary line which
      extends between said coin-engaging surface and said connection always
      passes through said one plane, said connection and said coin-moving member
      coacting, during the movement of said coin-moving member from said first
      position to said second position to apply a pulling force along said
      imaginary line to said coin-engaging surface and thereby develop a
      component of force, at the point of engagement of said coin-engaging
      surface with said coin, which is axially directed toward said second end
      of said coin-holding tube, thereby enabling said coin-engaging surface to
      press tightly against, and to remain in contact with, said coin as said
      coin-moving member pulls said coin transversely away from said first end
      of said coin-holding tube, said coin-moving member having a
      force-transmitting portion which is disposed at that side of said holding
      surface which is remote from said second end of said coin-holding tube and
      extending from one side of said coin-holding tube to the other side of
      said coin-holding tube whenever said coin-moving member is in said first
      position, said coin-engaging surface being intermediate said holding
      surface and said second end of said coin-holding tube and being the free
      end of a projection which extends from said force-transmitting portion of
      said coin-moving member toward said second end of said coin-holding tube
      in a direction generally axially of said coin-holding tube, said holding
      surface having a slot therein which accommodates said projection on said
      force-transmitting portion of said coin-moving member, whereby said
      force-transmitting portion and said coin can be oppositely disposed of
      said holding surface but said coin-engaging surface can directly engage
      and move said coin, said component of force which is axially directed
      toward said second end of said coin-holding tube being a direct function
      of the application of said pulling force to said coin-engaging surface
      along said imaginary line, via said connection and said coin-moving
      member, as said means for moving said coin-moving member acts through said
      connection and said coin-moving member, to move said coin-moving member
      from said first position to said second position.
NUM  2.
PAR  2. A coin-dispensing device as claimed in claim 1 wherein said coin-moving
      member has a second surface thereon which is in register with but which is
      displaced from said coin-engaging surface by a distance greater than the
      inner diameter of said coin-holding tube, wherein said second surface on
      said coin-moving member is part of a second projection on said
      force-transmitting portion of said coin-moving member, and wherein said
      second surface will limit the extent of movement of said coin transversely
      away from said first end of said coin-holding tube as said coin is moved
      transversely away from said first end of said coin-holding tube, whereby
      said second projection performs the dual functions of helping transmit a
      pulling force from said connection to said coin-engaging surface and of
      limiting said extent of movement of said coin transversely away from said
      first end of said coinholding tube.
NUM  3.
PAR  3. A coin-dispensing device which comprises a coin-holding tube that has a
      first end and a second end, a holding surface adjacent said first end of
      said coin-holding tube which can help hold a coin adjacent said first end
      of said coin-holding tube, a coin-moving member movably mounted adjacent
      said first end of said coin-holding tube and adjacent said holding
      surface, means to move said coin-moving member transversely of said first
      end of said coin-holding tube, a connection between said coin-moving
      member and said means for moving said coin-moving member between a first
      position and a second position adjacent said first end of said
      coin-holding tube, said coin-moving member having a coin-engaging surface
      thereon which is disposed radially outwardly of the inner periphery of
      said coin-holding tube whenever said coin-moving member is in said first
      position and is disposed radially inwardly of said inner periphery of said
      coin-holding tube whenever said coin-moving member is in said second
      position, said coin-engaging surface being disposed at one side of the
      axis of said coin-holding tube and said connection being disposed at the
      opposite side of said axis of said coin-holding tube whenever said
      coin-moving member is in said first position, said coin-engaging surface
      engaging a coin and responding to movement of said coin-moving member
      transversely of said first end of said coin-holding tube from said first
      position to said second position to pull said coin transversely away from
      said first end of said coin-holding tube, said coin defining two planes
      whenever it is held adjacent said first end of said coin-holding tube, one
      of said planes being closer to said second end of said coin-holding tube
      than is the other of said planes, said holding surface being disposed at
      that side of said one plane which is remote from said second end of said
      coin-holding tube, said connection being disposed intermediate said one
      plane and said second end of said coin-holding tube, whereby an imaginary
      line which extends between said coin-engaging surface and said connection
      passes through said one plane, said connection and said coin-moving member
      coacting, during the movement of said coin-moving member from said first
      position to said second position to apply a pulling force along said
      imaginary line to said coin-engaging surface and thereby develop a
      component of force, at the point of engagement of said coin-engaging
      surface with said coin, which is axially directed toward said second end
      of said coin-holding tube, thereby enabling said coin-engaging surface to
      press tightly against, and to remain in contact with, said coin as said
      coin-moving member pulls said coin transversely away from said first end
      of said coin-holding tube, said coin-moving member having a
      force-transmitting portion which is disposed at that side of said holding
      surface which is remote from said second end of said coin-holding tube and
      extending from one side of said coin-holding tube to the other side of
      said coin-holding tube whenever said coin-moving member is in said first
      position, said coin-engaging surface being intermediate said holding
      surface and said second end of said coin-holding tube and being the free
      end of a projection which extends from said force-transmitting portion of
      said coin-moving member toward said second end of said coin-holding tube
      in a direction generally axially of said coin-holding tube, said holding
      surface having a slot therein which accommodates said projection on said
      force-transmitting portion of said coin-moving member, whereby said
      force-transmitting portion and said coin can be oppositely disposed of
      said holding surface but said coin-engaging surface can directly engage
      and move said coin, said force transmitting portion of said coin-moving
      member being a ring-like portion which is disposed wholly at that side of
      said holding surface which is remote from said second end of said
      coinholding tube, and the inner diameter of said ring-like portion being
      substantially larger than the inner diameter of said coin-holding tube.
NUM  4.
PAR  4. A coin-dispensing device which comprises a coin-holding tube, a holding
      surface adjacent one end of said coin-holding tube which can help hold a
      coin adjacent said one end of said coin-holding tube, a guiding member
      adjacent said one end of said coin-holding tube which can help guide a
      coin which is moved transversely away from said one end of said
      coin-holding tube, a coin-moving member movably mounted adjacent said one
      end of said coin-holding tube and adjacent said guiding member, means to
      move said coin-moving member transversely of said one end of said
      coin-holding tube, said coin-moving member having a ring-like portion with
      an inner diameter which is substantially larger than the inner diameter of
      said coin-holding tube, said ring-like portion of said coin-moving member
      and said one end of said coin-holding tube being oppositely disposed of
      said holding surface, said ring-like portion having a projection thereon
      which extends toward said one end of said coin-holding tube and which has
      a coin-engaging surface thereon which can engage said coin and which can
      respond to movement of said coin-moving member in one direction
      transversely of said one end of said coin-holding tube to move said coin
      transversely away from said one end of said coin-holding tube, a rigid and
      unyielding camming surface on said guiding member which is in the path of
      said coin and which will cam said coin away from said guiding member and
      toward said ring-like portion of said coin-moving member, whereby said
      coin will be cammed away from said guiding member for movement to and
      through said ring-like portion of said coin-moving member, and said
      camming surface being out of the path of said coin-moving member, whereby
      said coin-moving member can move relative to, but not strike or be
      deflected by, said camming surface.
NUM  5.
PAR  5. A coin-dispensing device which comprises a coin-holding tube that has a
      first end and a second end, a holding surface adjacent said first end of
      said coin-holding tube which can help hold a coin adjacent said first end
      of said coin-holding tube, a coin-moving member movably mounted adjacent
      said first end of said coin-holding tube and adjacent said holding
      surface, means to move said coin-moving member in one direction
      transversely of said first end of said coin-holding tube, further means
      for moving said coin-moving member in the opposite direction transversely
      of said first end of said coin-holding tube, said coin-moving member
      having a coin-engaging surface thereof disposed at one face of said
      holding surface and having a force-transmitting portion thereof displaced
      from said one face of said holding surface, said holding surface having a
      slot therein to accommodate said coin-engaging surface, said coin-engaging
      surface being engageable with said coin and responding to movement of said
      coin-moving member in said one direction transversely of said first end of
      said coin-holding tube to dispense said coin, said coin-engaging surface
      being movable within said slot in said holding surface in a direction
      axially relative to said coin-holding tube, said coin-engaging surface
      being biased for movement axially toward said second end of said
      coin-holding tube and responding to the dispensing of said coin to move
      axially toward and to engage the consequently-exposed face of the
      next-to-be-dispensed coin in said coin-holding tube, the bias on said
      coin-engaging surface being small enough to permit said
      next-to-be-dispensed coin to move said coin-engaging surface axially away
      from said first end of said coin-holding tube, said coin-engaging surface
      being movable far enough axially away from said first end of said
      coin-holding tube to enable said next-to-be-dispensed coin to engage and
      be held by said holding surface while said coin-engaging surface is in
      register with said coin-holding tube, said bias on said coin-engaging
      surface causing said coin-engaging surface to apply predetermined
      friction-inducing forces to said exposed face of said next-to-be-dispensed
      coin, said coin-engaging surface of said coin-moving member responding to
      movement of said coin-moving member in said opposite direction
      transversely of said first end of said coin-holding tube to engage and
      slide across said exposed face of said next-to-be-dispensed coin, said
      bias on said coin-engaging surface moving said coin-engaging surface
      axially toward said first end of said coin-holding tube and hence into
      register with a portion of the periphery of said next-to-be-dispensed coin
      as said coin-moving member is moved in said opposite direction to move
      said coin-engaging surface beyond said exposed face of said
      next-to-be-dispensed coin, the first said means being adapted to develop a
      force which is greater than the sum of said predetermined
      friction-inducing forces due to said bias on said coin-engaging surface
      and the force developed by said further means, and said predetermined
      friction-inducing forces due to said bias on said coin-engaging surface
      being smaller than said force developed by said further means, whereby
      said first said means can move said coin-moving member in said one
      direction transversely of said coin-holding tube despite said
      predetermined friction-inducing forces due to said bias on said
      coin-engaging surface and said force developed by said further means, and
      whereby said coin-engaging surface applies only predetermined
      friction-inducing forces to said exposed face of said next-to-be-dispensed
      coin as said coin-engaging surface slides across said exposed face of said
      next-to-be-dispensed coin.
NUM  6.
PAR  6. A coin-dispensing device which comprises a coin-holding tube that has a
      first end and a second end, a holding surface adjacent said first end of
      said coin-holding tube which can help hold a coin adjacent said first end
      of said coin-holding tube, a coin-moving member movably mounted adjacent
      said first end of said coin-holding tube, means to move said coin-moving
      member in one direction transversely of said first end of said
      coin-holding tube, a pivot between said coin-moving member and said means
      for moving said coin-moving member in said one direction transversely of
      said first end of said coin-holding tube, said coin-moving member having a
      coin-engaging surface thereon which can engage a coin held by said
      coin-holding tube and which can respond to movement of said coin-moving
      member in said one direction transversely of said first end of said
      coin-holding tube to move said coin transversely away from said first end
      of said coin-holding tube, said holding surface having a slot therein to
      accommodate said coin-engaging surface, said coin-moving member having a
      force-transmitting portion which is disposed at that side of said holding
      surface which is remote from said second end of said coin-holding tube,
      said coin-engaging surface being movable within said slot in said holding
      surface in a direction axially of said coin-holding tube, said coin-moving
      member having a connecting portion which extends between said
      force-transmitting portion and said pivot, and a biasing member which
      applies a force to said connecting portion of said coin-moving member at
      that side of said pivot which is remote from said second end of said
      coin-holding tube, said force coacting with said pivot to develop a
      rotative moment which can urge said coin-engaging surface on said
      coin-moving member axially toward said second end of said coin-holding
      tube, said rotative moment being small enough to enable the
      next-to-be-dispensed coin to move said coin-engaging surface far enough
      axially away from said first end of said coin-holding tube to enable said
      next-to-be-dispensed coin to engage and be held by said holding surface
      while said coin-engaging surface is in register with said coin-holding
      tube, said rotative moment moving said coin-engaging surface axially
      toward said first end of said coin-holding tube and hence into register
      with a portion of the periphery of said next-to-be-dispensed coin as said
      coin-moving member is moved in the opposite direction transversely of said
      coin-holding tube to move said coin-engaging surface beyond the exposed
      face of said next-to-be-dispensed coin, said pivot being closer, in the
      axial direction, to said second end of said coin-holding tube than is said
      coin-engaging surface, whereby forces which said means for moving said
      coin-moving member apply to said pivot will develop a component of force,
      at the point of engagement of said coin-engaging surface with a coin,
      which is axially directed toward said second end of said coin-holding
      tube, thereby causing said coin-engaging surface to press tightly against,
      and to remain in contact with, said coin as said coin-moving member moves
      said coin transversely away from said first and of said coin-holding tube,
      said component of force which is axially directed toward said second end
      of said coin-holding tube being a direct function of the application of
      said forces to said pivot by said means for moving said coin-moving
      member.
NUM  7.
PAR  7. A coin-dispensing device as claimed in claim 6 wherein a spring acts
      upon said biasing member to cause said biasing member to apply said force
      to said connecting portion of said coin-moving member, wherein said
      biasing member applies said force to said connecting portion of said
      coin-moving member in a direction that is transverse of the axis of said
      coinholding tube, and wherein said force also urges said coinmoving member
      for movement in the opposite direction transversely of said first end of
      said coin-holding tube.
NUM  8.
PAR  8. A coin-dispensing device which comprises a coin-holding tube that has a
      first end and a second end, a holding surface adjacent said first end of
      said coin-holding tube which can help hold a coin adjacent said first end
      of said coin-holding tube, a coin-moving member movably mounted adjacent
      said first end of said coin-holding tube, means to move said coin-moving
      member in one direction transversely of said first end of said
      coin-holding tube, a pivot between said coin-moving member and said means
      for moving said coin-moving member in said one direction transversely of
      said first end of said coin-holding tube, said coin-moving member having a
      coin-engaging surface thereon which can engage a coin held by said
      coin-holding tube and which can respond to movement of said coin-moving
      member in said one direction transversely of said first end of said
      coin-holding tube to move said coin transversely away from said first end
      of said coin-holding tube, said coin-moving member having a
      force-transmitting portion which is disposed at that side of said holding
      surface which is remote from said second end of said coin-holding tube,
      said coin-engaging surface being movable axially of said coin-holding
      tube, said coin-moving member having a connecting portion which extends
      between said force-transmitting portion and said pivot, a biasing member
      which applies a force to said connecting portion of said coin-moving
      member at that side of said pivot which is remote from said second end of
      said coin-holding tube, said force coacting with said pivot to develop a
      rotative moment which can urge said coin-engaging surface on said
      coin-moving member axially toward said second end of said coin-holding
      tube, a spring which acts upon said biasing member to cause said biasing
      member to apply said force to said connecting portion of said coin-moving
      member, a lever which is pivotally mounted on a second pivot and which
      connects said means for moving said coin-moving member to the first said
      pivot, and said biasing member being a second lever which is pivotally
      mounted on said second pivot.
NUM  9.
PAR  9. A coin-dispensing device which comprises a coin-holding tube that has a
      first end and a second end, a holding surface adjacent said first end of
      said coin-holding tube which can help hold a coin adjacent said first end
      of said coin-holding tube, a coin-moving member movably mounted adjacent
      said first end of said coin-holding tube, means to move said coin-moving
      member in one direction transversely of said first end of said
      coin-holding tube, a pivot between said coin-moving member and said means
      for moving said coin-moving member in said one direction transversely of
      said first end of said coin-holding tube, said coin-moving member having a
      coin-engaging surface thereon which can engage a coin held by said
      coin-holding tube and which can respond to movement of said coin-moving
      member in said one direction transversely of said first end of said
      coin-holding tube to move said coin transversely away from said first end
      of said coin-holding tube, said coin-moving member having a
      force-transmitting portion which is disposed at that side of said holding
      surface which is remote from said second end of said coin-holding tube,
      said coin-engaging surface being movable axially of said coin-holding
      tube, said coin-moving member having a connecting portion which extends
      between said force-transmitting portion and said pivot, a biasing member
      which applies a force to said connecting portion of said coin-moving
      member at that side of said pivot which is remote from said second end of
      said coin-holding tube, said force coacting with said pivot to develop a
      rotative moment which can urge said coin-engaging surface on said
      coin-moving member axially toward said second end of said coin-holding
      tube, a spring which acts upon said biasing member to cause said biasing
      member to apply said force to said connecting portion of said coin-moving
      member, a lever which is pivotally mounted on a second pivot and which
      connects said means for moving said coin-moving member to the first said
      pivot, said biasing member being a second lever which is pivotally mounted
      on said second pivot, and the moment arm of said biasing member being
      longer than the moment arm of the first said lever.
NUM  10.
PAR  10. A coin-dispensing device which comprises a coin-holding tube that has a
      first end and a second end, a holding surface adjacent said first end of
      said coin-holding tube which can help hold a coin adjacent said first end
      of said coin-holding tube, a coin-moving member movably mounted adjacent
      said first end of said coin-holding tube and adjacent said holding
      surface, means to move said coin-moving member transversely of said first
      end of said coin-holding tube, a pivot between said coin-moving member and
      said means for moving said coin-moving member transversely of said first
      end of said coin-holding tube, said coin-moving member having a
      force-transmitting portion which is disposed at that side of said holding
      surface which is remote from said second end of said coin-holding tube,
      said coin-moving member having a coin-engaging surface thereon which can
      engage a coin and which can respond to movement of said coin-moving member
      in one direction transversely of said first end of said coin-holding tube
      to move said coin transversely away from said first end of said
      coin-holding tube, said holding surface having a slot therein to
      accommodate said coin-engaging surface, said coin-engaging surface being
      at the free end of a projection which is on said force-transmitting
      portion of said coin-moving member and which extends through and is
      movable relative to said slot in said holding surface in a direction
      axially of said coin-holding tube to enable said coin-engaging surface to
      engage the next-to-be-dispensed coin held in said coin-holding tube, and
      said coin-engaging surface on said coin-moving member being biased for
      movement axially toward said first end of said coin-holding tube, said
      pivot and the bias on said coin-engaging surface on said coin-moving
      member coacting to always urge said coin-engaging surface toward a
      position in register with said next-to-be-dispensed coin held in said
      coin-holding tube, said coin-engaging surface on said coin-moving member
      being movable axially toward or away from said first end of said
      coin-holding tube, said coin-engaging surface being movable far enough
      axially away from said first end of said coin-holding tube to enable said
      next-to-be-dispensed coin to engage and be held by said holding surface
      while said coin-engaging surface is in register with said coin-holding
      tube, said bias on said coin-engaging surface moving said coin-engaging
      surface axially toward said first end of said coin-holding tube and hence
      into register with a portion of the periphery of said next-to-be-dispensed
      coin as said coin-moving member is moved in the opposite direction
      transversely of said coin-holding tube to move said coin-engaging surface
      beyond said exposed face of said next-to-be-dispensed coin.
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ABST
PAL  An umbrella assembly comprising a generally cylindrical housing, open at
      its top and closed at its bottom, a removable cover for closing the top of
      said housing, and a collapsible umbrella within said housing, said
      umbrella comprising a handle having extensible sections, the bottom of
      which is swivelly secured to the inner surface of the bottom wall of the
      housing, whereby when said umbrella is collapsed and the handle sections
      retracted the entire umbrella fits within said housing and when said cover
      is removed and said handle sections extended, the handle extends upwardly
      from said housing whereby when the umbrella is opened it is located
      substantially above the top edge of the housing, and means permanently
      securing the housing to any desired article, such as a chair or the like,
      whereby said assembly is permanently associated with said article so that
      the umbrella may be completely housed when not in use and may quickly and
      easily be set up to operative position whenever it is desired to use the
      umbrella in association with said article.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  It has been found desirable to permanently attach a selfcontained unit
      comprising a collapsible umbrella to any desired article, for example, an
      article of furniture such as a chair, love seat, table etc., although, not
      limited thereto, since the present invention is also applicable to
      combination with other articles, such as boats, bicycles, etc.
PAR  More specifically, where articles of furniture are designed for outdoor
      use, or where boats, bicycles, etc. are used, it frequently becomes
      desirable to have an umbrella readily accessible for protection against
      the sun, rain, etc. The problem that has been encountered in the past is
      that where the umbrella is not permanently secured to the article with
      which it is associated, the umbrella is frequently not readily available
      when it is needed, either because it has been stored at a remote location,
      has become misplaced, or the like.
PAR  Accordingly, one of the basic objects of the present invention is to
      permanently secure and associate an umbrella assembly with the article
      with which it is to be used.
PAR  The broad idea of associating an umbrella with an article such as a chair,
      a boat, or the like, is not new, and is shown, for example, in Ford, U.S.
      Pat. No. 309,451, dated Dec. 16, 1884, and in Riggs U.S. Pat. No.
      3,765,434, dated Oct. 16, 1973. In both of these cases, however, the
      umbrella assembly is readily removable from the article with which it is
      associated, thus presenting one of the problems which the present
      invention is designed to overcome. In addition, even if the umbrella
      assemblies shown in the Ford or Riggs patents were to be left mounted on
      the article with which the assembly is associated, there would be no means
      for housing or enclosing the umbrella during the periods which it is not
      in use, whereby the umbrella and its associated parts would be exposed to
      the elements and hence subject to deterioration, corrosion and the like.
PAR  It is therefore a further important object of the present invention to
      provide as an inseperable part of the umbrella assembly a housing or
      container within which the collapsed umbrella may be stored when the
      latter is not in use. In order to permit the housing or container to be of
      sufficiently small size so as not to interfere with normal use of the
      article with which the umbrella assembly is associated, the umbrella
      handle is made up of a plurality of extensible sections, which, when
      retracted, conveniently fit within the housing, it being understood that
      when it is desired to use the umbrella, the handle, which is secured to
      the interior of the housing, is extended so that it extends outwardly from
      the housing, after which the umbrella is conventionally opened for its
      intended use.
PAR  Other features of my invention comprise the fact that the bottom section of
      the umbrella handle is swivelly secured to the bottom wall of the housing,
      whereby the extended umbrella handle may be pivotally moved within the
      limits defined by the upper edge of the housing to permit some degree of
      adjustability with respect to the position of the umbrella when in use.
      Also, I have provided a unique arrangement whereby the mounting bracket
      which secures the bottom end of the housing to the article with which it
      is associated actually forms the bottom wall of the housing, there being
      means provided on said bottom wall for making its junction with the bottom
      edge of the housing substantially water tight.
PAR  Other objects, features and advantages of the invention shall become
      apparent as the description thereof proceeds when considered in connection
      with the accompanying illustrative drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing which illustrates the best mode presently contemplated for
      carrying out the present invention:
PAR  FIG. 1 is a side elevational view showing the present invention in
      combination with a chair and in operative position;
PAR  FIG. 2 is the assembly of FIG. 1 in non-operative position;
PAR  FIG. 3 is a sectional view on an enlarged scale of the umbrella assembly
      per se with the umbrella in non-operative position;
PAR  FIG. 4 is a fragmentary sectional view on an enlarged scale showing the
      swivel mounting of the umbrella handle at the bottom of the housing;
PAR  FIG. 5 is a fragmentary view showing the means for maintaining the umbrella
      in open position;
PAR  FIG. 6 is a fragmentary view showing the umbrella handle in extended
      position;
PAR  FIG. 7 shows the umbrella handle in retracted position;
PAR  FIG. 8 is an enlarged section taken on line 8--8 of FIG. 6;
PAR  FIG. 9 is an enlarged section taken on line 9--9 of FIG. 6; and
PAR  FIG. 10 is a fragmentary plan view showing the means for mounting the top
      of the housing to the associated article.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, there is shown generally at 10 an umbrella
      assembly comprising a generally cylindrical housing 12 preferably
      constructed of a light-weight metal, such as aluminum, so as to be
      rust-proof. The container 12 is open at its top end 14 but has a bottom
      wall 16 closing off the bottom end of the housing. For reasons hereinafter
      to become apparent, the housing 12 tapers outwardly a slight degree from
      bottom to top, as illustrated most clearly in FIGS. 1, 2 and 3. A
      removable cover 18, preferably constructed of the same light-weight metal
      as housing 12, is adapted to frictionally seat at the top end of the
      housing, whereby the housing may be closed, when desired. It will
      specifically be noted that the cover 18 is provided with a reduced
      marginal flange 20 defining a shoulder 22, said marginal flange being
      adapted to be snuggly received within the top edge of housing 12 until
      shoulder 22 abuts said top edge, thus providing a relatively secure,
      water-tight seal when the cover is in place. The cover 18 is provided with
      a small aperture 24 which is adapted to cooperate with a clip member 26
      secured to the outer surface of housing 12, as shown most clearly in FIG.
      3, whereby when cover 18 is removed it may be inverted and aperture 24
      receives clip member 26 to releasably maintain the cover as illustrated in
      FIG. 1 whereby the cover will always be accessible and the likelihood of
      the cover being misplaced when not in use is eliminated.
PAR  Referring now to FIG. 4, it will be seen that a bushing 28 is secured to
      the inner surface of said bottom wall by means of member 30 having a
      threaded stud 32 threadedly engaged with said bushing. The bushing 28 has
      a central seat 34 in which is positioned a coil spring 36, the upper end
      of which receives ball 38 secured to the bottom of shaft 40. As will be
      noted, bushing 28 is externally threaded as at 42, said external threads
      threadedly receiving a locking collar 44 having a central opening 46
      through which shaft 40 extends. It will therefore be seen that the
      cooperation between spring 36, ball 38 and locking collar 44 effects a
      swivel mounting for shaft 40, and as a result of the resilient bias of
      spring 36, a frictional drag will always oppose any movement of shaft 40
      whereby to releasably maintain the latter in any desired rotary or angular
      position.
PAR  Mounted to the interior of housing 12 is an umbrella 48 of conventional
      construction, said umbrella having a handle comprising extensible and
      retractable sections 50, 52, and 54, see FIGS. 6 and 7. As will be noted,
      section 54 telescopes within section 52, while section 52 telescopes
      within top section 50. Sections 50 and 52 each carry an inwardly extending
      pin 56 which slidably engages within longitudinally extending grooves 58
      provided in the outer surface of the cylindrical walls of sections 52 and
      54 to guide said sections as they extend and retract with respect to each
      other and to maintain said sections properly aligned and so that they
      cannot rotate with respect to each other. Sections 52 and 54 each carry
      outwardly extending pins 60, said pins being resiliently urged in an
      outward direction by means of springs 62. Sections 50 and 52 are each
      provided with openings 64 whereby when the sections are extended with
      respect to each other as illustrated in FIG. 6, the openings 64 are
      adapted to receive the pins 60 to maintain said sections in their extended
      position. When it is desired to retract the sections so that they may
      telescope within each other, the pins 60 are manually depressed, whereby
      said sections are then free to telescope and retract to the position
      illustrated in FIG. 7.
PAR  As will be seen most clearly in FIGS. 4 and 6, the bottom section 54 is
      secured to shaft 40 by means of pin 66, whereby the umbrella 48 is
      actually secured within housing 12. It will be understood that when
      sections 50, 52 and 54 are telescopingly retracted, as illustrated in FIG.
      7, and when umbrella 48 is closed or collapsed, the entire umbrella fits
      within housing 12, as shown in FIG. 3. Thus, the umbrella is entirely
      enclosed when cover 18 is secured in position at the top of housing 12.
      When it is desired to use the umbrella 48, cover 18 is removed and is
      hooked onto clip 26 so as to be suspended thereby as illustrated in FIG.
      1. The top of umbrella 48 is then grasped and pulled upwardly whereupon
      the handle sections extend and automatically lock in their extended
      position after which the umbrella is opened to assume the position
      illustrated in FIG. 1. Conventional spring locking means 68, shown in FIG.
      5, are associated with the umbrella to releasably maintain the latter in
      its open or operative position, but since these means are conventional and
      form no part of the present invention, no further description of same is
      deemed to be necessary at this time. It will be noted that at the upper
      extremity of section 50 there is provided a pivotally mounted bail 70
      which may be grasped to facilitate upward pulling movement of the umbrella
      when the latter is being extended upwardly from housing 12. Likewise, the
      umbrella 48 is provided with a conventional tie strap 72 having releasable
      fastening means to maintain the umbrella compactly bunched when the
      umbrella is in the closed position, as illustrated in FIG. 3.
PAR  The bottom wall 16 of housing 12 actually is an integral part of bracket
      74, said bracket having clamp means 76 at its free outer end for
      securement to an article with which umbrella assembly 10 is to be
      associated. More specifically, since a primary use of the instant
      invention is in association with a chair, such as a patio chair or the
      like, shown generally at 78, bracket 74 is preferably clamped to the rear
      cross bar 80 of seat 81 of said chair, whereby housing 12 is maintained in
      a substantially upright position, as illustrated in FIGS. 1 and 2. In
      order to maintain the joint between bottom wall 16 and the bottom edge of
      housing 12 substantially water-tight, bottom wall 16 is provided with an
      upstanding flange 82, see FIGS. 3 and 4, which extends around the
      periphery of wall 16, except, of course, for the portion from which
      bracket 74 extends. At this area, bottom wall 16 is provided with an
      integrally formed upwardly extending arcuate rib 84 whereby it will be
      seen that the entire periphery of wall 16 interfits within the bottom edge
      of housing 12 to effect a substantially water-tight seal. Wall 16, and
      hence bracket 74, is secured to housing 12 by any suitable means, such as
      screw 86 which interconnects the lower edge of housing 12 with flange 82.
PAR  The top edge of housing 12 is secured to the top of the back 88 of chair 78
      by an suitable means, such as bracket 90 (FIG. 10) which is secured to
      housing 12 by means of screws 92 and then is secured to the top of chair
      back 88 by means of screws 94.
PAR  When the umbrella 48 is not in use, it will be understood that the umbrella
      is collapsed as illustrated in FIG. 3, the tie strap 72 is secured around
      the collapsed umbrella to maintain it compactly folded. The handle
      sections 50, 52 and 54 are telescopingly retracted whereby the entire
      collapsed and retracted umbrella fits within container 12 and cover 18, as
      illustrated in FIG. 3. Since the container or housing 12 is substantially
      water-tight, deterioration of the umbrella due to moisture is prevented,
      this being important since the umbrella will normally be associated with
      an article that is used outdoors. As previously stated, the housing 12 and
      cover 18, as well as associated hardware, is preferably constructed of a
      relatively light-weight, rust-proof, metallic material, such as aluminum,
      for example. When it is desired to use the umbrella 48, cover 18 is
      manually removed and is hung on clip 26 so that it will be readily
      available when again needed. Bail 70 is then grasped and the umbrella is
      pulled upwardly whereupon the handle sections automatically extend and
      lock in their extended position. Tie strap 72 is then unfastened and the
      umbrella 48 opened in conventional fashion, as illustrated in FIG. 1. The
      swivel mounting at the bottom of the handle of the umbrella in combination
      with the tapered configuration of housing 12 permits the umbrella handle
      to be shifted within the housing, as illustrated by the broken lines in
      FIG. 1. This permits some degree of adjustment with respect to the
      position of the umbrella as it relates to the article with which it is
      associated, such as chair 78. As previously stated, the umbrella assembly
      10 need not necessarily be associated with a chair, but rather can be
      associated with any article adapted for outdoor use where the permanent
      presence of an umbrella would be desirable.
PAR  While there is shown and described herein certain specific structure
      embodying the invention, it will be manifest to those skilled in the art
      that various modifications and rearrangements of the parts may be made
      without departing from the spirit and scope of the underlying inventive
      concept and that the same is not limited to the particular forms herein
      shown and described except insofar as indicated by the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An umbrella assembly comprising an elongated generally cylindrical
      housing having a bottom end wall but open at its top end, a removable
      cover attachable to said top end for closing same, a collapsible umbrella
      mounted within said housing, said umbrella having a handle comprising a
      plurality of interconnected extensible sections, means swivelly securing
      the bottom one of said sections to said housing bottom wall, said sections
      being dimensioned whereby when they are retracted and the umbrella
      collapsed, the entire umbrella fits within said housing, and when said
      sections are extended and the umbrella opened, said handle extends
      outwardly from said top end of said housing for a substantial distance,
      said swivel means permitting the extended handle to pivot within said
      housing until the handle engages the top edge of the latter.
NUM  2.
PAR  2. In the assembly of claim 1, said swivel means having means associated
      therewith for imparting a frictional drag to the pivotal movement of said
      handle.
NUM  3.
PAR  3. In the assembly of claim 1, said housing tapering outward from bottom to
      top to increase the extent of pivotal movement of said handle within said
      housing.
NUM  4.
PAR  4. In the assembly of claim 1, said housing having a clip member secured to
      the outer surface thereof, said cover having means for detachably
      receiving said clip member whereby said cover may be removably attached to
      said housing after removal of the cover from the top of said housing.
NUM  5.
PAR  5. In the assembly of claim 1, the top most section of said handle having a
      pivotally mounted bail attached to the end thereof, whereby said bail may
      be grasped to facilitate removal and extension of said handle sections
      from said housing.
NUM  6.
PAR  6. In the assembly of claim 1, a mounting bracket secured at one end to the
      bottom of said housing and at its other end to an article with which said
      umbrella assembly is permanently associated.
NUM  7.
PAR  7. In the assembly of claim 6, said article comprising a furniture piece
      having a seat portion and a back portion, said bracket being secured to
      said furniture piece at an area adjacent the back edge of said seat
      portion, said housing being disposed in substantially vertical disposition
      with the top end of said housing being located adjacent the top edge of
      said back portion, and means securing said housing top end to said back
      portion top edge.
NUM  8.
PAR  8. In the assembly of claim 6, said bottom wall comprising an integral
      portion of said bracket, and means carried by said bottom wall cooperating
      with the lower end of said housing for maintaining the latter
      substantially water-tight.
NUM  9.
PAR  9. In the assembly of claim 8, said means comprising a generally circular,
      integrally formed, upward extension that fits snuggly within the bottom
      end of said housing.
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ABST
PAL  In a force balance transmitter having a base structure provided with
      passages therein and a secondary assembly attached thereto that includes a
      pneumatically operated relay module detachably secured to the secondary
      assembly and having passages therein, the improvement of a fluid transfer
      member being disposed between the module and the base structure while
      interconnecting the passages of the base structure respectively to the
      passages of the module, the fluid transfer member being carried by the
      secondary assembly and having means floatingly interconnecting with the
      passages of the base structure to tend to isolate motion of at least that
      part of the base structure from the module.
PARN
PAR  This is a continuation of application Ser. No. 331,337, filed Feb. 9, 1973
      now abandoned.
BSUM
PAR  This invention relates to improved manifolding means for the pneumatic flow
      in a force balance pneumatically operated transmitter or the like as well
      as to a method of making such a transmitter or the like.
PAR  It is well known that pneumatically operated force balance transmitters
      have been provided wherein each has structure for rebalancing a secondary
      lever of a secondary assembly that is moved in response to the changes in
      the operating conditions of a primary device, such as pressure changes in
      a pressure differential cell or in a differential pressure transmitter
      wherein the secondary lever is pivoted in proportion to the pressure
      differential of the cell or other operating device. Such rebalancing
      structure senses the pivotal movement of the secondary lever and through
      relay valve structure causes a rebalance bellows or member to act on the
      secondary lever to pivot the same back to its balanced condtion as well as
      supply a pressure signal indicating the force required to rebalance the
      secondary lever for recording purposes or the like whereby such secondary
      assembly is adapted to indicate at all times the pressure differential at
      the pressure differential cell or other operating device.
PAR  However, it was found according to the teachings of the copending patent
      application to Rosenfeld et al., Ser. No. 191,633, filed Oct. 22, 1971 now
      U.S. Pat. No. 3,749,109, which application is assigned to the same
      assignee to whom this application is assigned, that when such secondary
      assembly becomes defective in the field, a highly skilled technician must
      be utilized to individually test and replace the various parts of the
      secondary assembly, such as the pilot nozzle, the relay valve structure,
      and/or the force balancing structure in order to correct the failure
      thereof. In order to accomplish such repairs in the field, a relatively
      long "downtime" of this primary device is required because of the
      complicated and time consuming assembly and disassembly of the secondary
      assembly during the repair thereof. Alternately, such downtime is reduced
      by replacing the entire primary device as well as the secondary assembly
      during such repairs.
PAR  Thus, it is a feature of such copending patent application to provide a
      self-contained relay module unit that is adapted to be simply and readily
      attached to and detached from the primary device in a least-time-consuming
      manner while being adapted to accurately act on the secondary lever and
      rebalance the same.
PAR  The base structure of such a transmitter has passage defining means therein
      which must be interconnected to the passage defining means in the
      self-contained module and such means for interconnecting the passages of
      the base structure to the passages of the module must readily permit the
      module to be readily detached from and attached to the primary device in
      the aforementioned least-time-consuming manner while still being adapted
      to accurately act on the secondary lever and rebalance the same.
PAR  Accordingly, it is a feature of this invention to provide improved means
      for interconnecting the passage means of the base structure with the
      passage means of the module of the transmitter of the aforementioned
      application, as well as for other desired structure.
PAR  In particular, one embodiment of this invention provides a force balance
      transmitter having a base structure provided with passage means and a
      secondary assembly attached thereto that includes a pneumatically operated
      relay module detachably secured to the secondary assembly and having
      passage means. A fluid transfer member is disposed between the module and
      the base structure and interconnects the passage means of the base
      structure to the passage means of the module, the fluid transfer member
      being carried by the secondary assembly and having means floatingly
      interconnected with passage means of the base structure to tend to isolate
      motion of at least that part of the base structure from the module.
      However, the fluid transfer member is only disposed in abutting relation
      with the module in such a manner that the passage means of the fluid
      transfer member are in aligned relation with the passage means of the
      module and are sealed thereto by annular sealing means disposed in
      compressed relation between the module and the fluid transfer member
      whereby the relay module can still be readily removed for the
      aforementioned replacement purposes.
PAR  Accordingly, it is an object of this invention to provide an improved force
      balance transmitter or the like having one or more of the novel features
      set forth above or hereinafter shown or described.
PAR  Another object of this invention is to provide a method for making a
      transmitter or the like.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description which proceeds with reference to the
      accompanying drawings forming a part thereof and wherein:
PAR  FIG. 1 is a fragmentary, cross-sectional view with certain parts broken
      away of the improved pneumatically operated force balance transmitter of
      this invention.
PAR  FIG. 2 is a further broken away cross-sectional view of part of the
      transmitter of FIG. 1 and illustrates the rebalance bellows or member
      thereof.
PAR  FIG. 3 is a fragmentary, cross-sectional view taken substantially on line
      3--3 of FIG. 1.
PAR  FIG. 4 is a fragmentary, cross-sectional view taken substantially on line
      4--4 of FIG. 1.
PAR  FIG. 5 is a partial front exploded perspective view of certain parts of the
      manifold and braket means illustrated in FIG. 4.
PAR  FIG. 6 is a fragmentary, cross-sectional view taken substantially on line
      6--6 of FIG. 1 and illustrating the top of the main body of the base
      structure.
PAR  FIG. 7 is a fragmentary, cross-sectional view taken substantially on line
      7--7 of FIG. 1 and illustrating the top of the base of the base structure.
PAR  FIG. 8 is a fragmentary, cross-sectional view taken substantially on line
      8--8 of FIG. 1 and illustrating the top of the bracket assembly for the
      secondary assembly.
PAR  FIG. 9 is a front perspective view of the bracket assembly of FIG. 8.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted for providing a force balance
      pneumatically operated transmitter, it is to be understood that the
      various features of this invention can be utilized singly or in any
      combination thereof to provide other devices as desired.
PAR  Therefore, this invention is not to be limited to only the embodiment
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety and uses of this invention.
PAR  Referring now to FIG. 1, the improved pneumatically operated force balance
      transmitter of this invention is generally indicated by the reference
      numeral 10 and comprises a base structure that is generally indicated by
      the reference number 11 and includes a main body 12 having a plurality of
      housing parts 13, 14, 15 and 16 secured thereto for a purpose as will be
      apparent hereinafter and a base 17 that is fastened to the top surface 18
      of the main body 12 by threaded fastening members passing through openings
      19 in the base 17 and being respectively received in threaded openings 20
      formed in the top surface 18 of the main body 12.
PAR  A cover member or hood 21 is carried on the outer peripheral portion 22 of
      the base 17 and is sealed thereto by an annular sealing gasket 23 being
      received in an annular groove 24 in the top surface 25 of the base 17 as
      illustrated.
PAR  As is well known, a secondary lever 26 of the primary 12 is vertically
      suspended by a vertically disposed flexure leaf spring 27 and is adapted
      to pivot against an adjustable fulcrum member 28 carried on a rotatably
      mounted threaded rod 29 which is rotated to set the position of the
      fulcrum 28 relative to the secondary lever 26 so as to correlate the range
      of the pressure differential of the primary device 12 to the range of a
      pneumatically operated relay module 30 of the transmitter 10 that forms
      part of the secondary assembly thereof and is detachably secured in a
      manner hereinafter described to a bracket means 31 that also forms part of
      the secondary assembly and which is attached to the top surface 18 of the
      main body or primary 12 by threaded fastening members passing through
      opening 32 formed in bottom flange members 33 of the bracket 31 and being
      received in threaded opening 34 in the top surface 18 of the primary 12,
      such ears 33 fully fitting within a cutout 35 passing through the base 17
      so that the base 17 is isolated from the bracket 31 and, thus, from the
      relay module 30.
PAR  The primary device for the body 12 has a primary lever means 36 pivotally
      mounted at 37 so that a lower end 38 thereof is interconnected by tying
      means 39 to a flexible diaphragm 40 which moves to the right or left
      depending upon a change in pressure acting against the outboard diaphragms
      41 and 42 in a manner well known in the art.
PAR  The upper end 43 of the lever means 36 is interconnected by a tying means
      44 to the secondary lever 26 at the upper end thereof so that movement of
      the diaphragm 40 upon changes in the pressure differential across the
      diaphragms 41 and 42 will cause pivotal movement of the secondary lever 26
      about the fulcrum 28 with such pivotal movement of the secondary lever 26
      being subsequently rebalanced by the relay module unit 30 as fully
      described in the aforementioned copending patent application so that all
      of the details of the relay module 30 need not hereinafter be set forth
      other than the general structure thereof that is necesary to understand
      the features of this invention.
PAR  For example, should the pressure on the diaphragm 42 increase over the
      pressure on the diaphragm 41, such pressure differential will cause the
      diaphragm 40 to move to the left in FIG. 1 and thereby cause the lever
      means 36 to pivot about its axis 37 in a clockwise direction and thereby
      cause corresponding clockwise pivotal movement of the secondary lever 26
      about the fulcrum 28 so that the upper end 45 of the lever 26 causes a
      lever arrangement 46 to decrease the amount of fluid bleed through a pilot
      nozzle 47 so that the fluid pressure being delivered to a bellows chamber
      48 from a relay valve means 49 increases and thus acts on a balance
      bellows means or member 50 to cause the same to move to the right with a
      greater force to tend to pivot the secondary lever 26 in a counter
      clockwise direction so that when the force of the pressure fluid in the
      chamber 48 has increased an amount to return the lever 26 to a true
      balanced or vertical condition thereof as illustrated in FIG. 1, such
      increase in pressure in the chamber 50 is maintained and the new value of
      the pressure fluid in the chamber 50 is directed out of a signal passage
      51 of the module 30 to indicate that a new pressure differential condition
      is existing in the primary or main body 12. Conversely, a change in
      pressure differential causing the diaphragm 40 to move to the right in
      FIG. 1 and thereby pivot the lever means 36 in a counterclockwise
      direction and thus cause a counterclockwise pivoting of the secondary
      lever 26 and, thus, a greater opening of the pilot nozzle 47 to thereby
      cause a decrease in the pressure of the fluid in the loading chamber 48 of
      the bellows balance member 50 whereby the rebalance member 50 moves to the
      left to cause clockwise pivotal movement of the lever 26 interconnected
      thereto so that the lever 26 will be returned to its fully balanced or
      vertical condition. Such reduced pressure in the chamber 50 is now
      directed as a signal out of the outlet 51 to indicate the change in
      pressure differential now existing of the primary device 12.
PAR  As previously stated, the module 30 is adapted to be readily attached to
      and detached from the transmitter 10 by having threaded fastening members
      pass through suitable openings 52 and 53 in the housing means 54 of the
      module 30 and be received in threaded mating openings 55 and 56 formed
      respectively in ears 57 and 58 of the bracket means 31. Thus, when the
      module 30 is attached to the bracket means 31, the rebalance bellows
      members 50 will engage for securement purposes against the lower end 59 of
      the secondary lever 26 and the pilot nozzle 47 will be properly positioned
      against the lever arrangement 46 for the purpose previously described.
PAR  However, while the particular details of the module 30 for performing the
      rebalancing features previously set forth do not form a part of this
      invention, the means for supplying fluid pressure to an inlet passage 60
      of the module 30 and receiving the pneumatic signal from the signal
      passage 51 thereof does provide a feature of this invention and comprises
      a fluid transfer member 61 adapted to be detachably secured to a
      cross-plate 62 of the bracket means 31 by threaded fastening members 63
      passing through suitable openings 64 in the fluid transfer member 61 and
      being received in threaded openings 65 formed through the cross member 62
      of the bracket means 31.
PAR  In this manner, the fluid transfer member 61 is detachably secured to the
      bracket 31 and has a pair of passages 66 formed therein respectively
      leading from a pair of cylindrical bores 67 at the lower surface 68 of the
      fluid transfer member 61 to a pair of cylindrical projections 69 that are
      adapted to pass into cooperating openings 70 formed in the ears 58 of the
      bracket 31 below the openings 56 thereof so that the cylindrical portions
      69 are properly positioned by the ears 58 adjacent to the front surface 71
      of the module 30 in the manner illustrated in FIG. 1 to respectively
      fluidly connect the passages 66 of the fluid transfer member 61 with the
      inlet passage 60 and the outlet passage 51. A pair of annular O-rings or
      other flexible sealing members 72 are respectively disposed in the
      openings 70 of the ears 58 of the bracket member 31 to be compressed
      between the cylindrical parts 69 of the fluid transfer member 61 and the
      surface 71 of the module 30 to fluid seal the passages 66 of the fluid
      transfer member 61 with the passages 60 and 51 of the module 30 even
      though the fluid transfer member 61 is not fastened directly to the module
      30.
PAR  The base 17 has a pair of passages 73 provided therein and respectively
      leading from tubular projections 74 on the top surface 25 thereof to
      threaded ports 75 formed at the end 76 of the base 17 for attachment to
      suitable conduits and the like for respectively directing fluid pressure
      to and from the base 17 and, thus, to and from the module 30 through the
      fluid transfer member 61 in a manner now to be described.
PAR  A pair of tubular members 77 respectively have upper ends 78 provided with
      sealing O-rings 79 thereon and are slidingly disposed in the bores 67 in
      the lower surface 68 of the fluid transfer member 61 while the lower ends
      80 of each tubular member 77 has sealing O-ring 81 thereon and is
      slidingly disposed in a respective tubular member 74 of the base 17 as
      illustrated in FIG. 1.
PAR  In this manner, it can be seen that the tubular members 77 are respectively
      disposed in sliding and sealing relation with the passages 73 of the base
      17 and the passages 66 of the fluid transfer member 61 so that the fluid
      transfer member 61 is, in effect, floatingly interconnected to the base 17
      by the tubular members 77 so that such floating arrangement tends to
      isolate any motion of the base 17 from the module 30 so that the secondary
      assembly of the module 30 and bracket means 43 will be substantially
      uninfluenced by any motion of the base 17 during the operation of the
      transmitter 10.
PAR  Thus, it can be seen that a defective relay module 30 can be readily
      detached from the bracket means 31 and the fluid transfer member 61 will
      still remain attached to the bracket means 31 to permit another module 30
      to be secured to the bracket means 31 with the fluid transfer member 61
      providing the fluid interconnection means for transmitting fluid to and
      from the base 17 to the replacing module 30 in the manner previously
      described while the fluid transfer member remains floatingly
      interconnected to the base 17 to isolate motion of the base 17 from the
      new module 30.
PAR  In particular, it is well known that force balance transmitters are very
      sensitive to forces applied to the secondary frame as these forces cause
      deflections of the structure which generate unwanted output pressure
      changes and signals.  However, the tubular member 77 of the fluid transfer
      member 61 of this invention are free to slide and pivot in the base and
      fluid transfer member cavities to provide a certain degree of "universal
      joint" action and thereby prevent base deflections from being transferred
      to the fluid transfer member and, thus, to the module 30 and other parts
      of the secondary assembly.
PAR  Accordingly, the tubular connectors 77 and the fluid transfer member 61
      isolate the secondary assembly from deflections of the base, provide a
      tubeless means of making pneumatic connection, compensate for misalignment
      of base to secondary, and provide for automatic pneumatic connection of
      the relay module when it is attached to the secondary frame.
PAR  Thus, it can be seen that this invention provides an improved pneumatically
      operated force balance transmitter and method of making the same.
PAR  While the form and method of the invention now preferred have been
      described and illustrated as required by the Patent Statutes, it is to be
      understood that other forms and methods can be utilized and still come
      within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a force balance transmitter having a base structure provided with
      passage means and a secondary assembly attached thereto that includes a
      pneumatically operated relay module detachably secured to said secondary
      assembly and having passage means, the improvement comprising a fluid
      transfer member disposed between said module and said base structure and
      interconnecting said passage means of said base structure to said passage
      means of said module, said fluid transfer member being carried by said
      secondary assembly and being spaced from said base structure, said fluid
      transfer member having means floatingly interconnecting with said passage
      means of said base structure to tend to isolate motion of at least part of
      said base structure from said module, said fluid transfer member having
      passage means therein that interconnect said passage means of said base
      structure with said passage means of said module, said floating means of
      said fluid transfer member comprising tubular means slidingly disposed for
      axial and non-rotational movement in said passage means of said fluid
      transfer member and said passage means of said base structure whereby
      axial sliding movement can take place between said tubular means and said
      passage means of said fluid transfer member and said base member in the
      assembled relation of said force balance transmitter, said fluid transfer
      member being disposed in abutting relation with said module with said
      passage means of said fluid transfer member being in aligned relation with
      said passage means of said module, and annular sealing means being
      disposed in compressed relation between said module and said fluid
      transfer member to seal said passage means of said fluid transfer member
      to said passage means of said module, said secondary assembly including a
      bracket means and said base structure including a base and a main body,
      said bracket means and said base being mounted to said body, said base
      having said passage means of said base structure therein, said module and
      said fluid transfer member being detachably secured to said bracket means.
NUM  2.
PAR  2. In a force balance transmitter having a base structure provided with
      passage means and a secondary assembly attached thereto that includes a
      pneumatically operated relay module detachably secured to said secondary
      assembly and having passage means, the improvement comprising a fluid
      transfer member disposed between said module and said base structure and
      interconnecting said passage means of said base structure to said passage
      means of said module, said fluid transfer member being carried by said
      secondary assembly and being spaced from said base structure, said fluid
      transfer member having means floatingly interconnecting with said passage
      means of said base structure to tend to isolate motion of at least part of
      said base structure from said module, said fluid transfer member having
      passage means therein that interconnect said passage means of said base
      structure with said passage means of said module, said floating means of
      said fluid transfer member comprising tubular means slidingly disposed for
      axial and non-rotational movement in said passage means of said fluid
      transfer member and said passage means of said base structure whereby
      axial sliding movement can take place between said tubular means and said
      passage means of said fluid transfer member and said base member in the
      assembled relation of said force balance transmitter, said secondary
      assembly incuding a bracket means and said base structure including a base
      and a main body, said bracket means and said base being mounted to said
      body, said base having said passage means of said base structure therein,
      said module and said fluid transfer members being detachably secured to
      said bracket means.
NUM  3.
PAR  3. In a force balance transmitter as set forth in claim 2, the further
      improvement wherein said passage means of said base structure comprises a
      plurality of separate passages, said passage means of said module
      comprising a plurality of separate passages respectively interconnected to
      said passages of said base structure by said fluid transfer member.
NUM  4.
PAR  4. In a method of making a force balance transmitter having a base
      structure provided with passage means and a secondary assembly attached
      thereto that includes a pneumatically operated relay module detachably
      secured to said secondary assembly and having passage means, the
      improvement comprising the steps of disposing a fluid transfer member
      between said module and said base structure, interconnecting said passage
      means of said base structure to said passage means of said module with
      said fluid transfer member, attaching said fluid transfer member to said
      secondary assembly so that said fluid transfer member is spaced from said
      base structure, floatingly interconnecting means of said fluid transfer
      member to said passage means of said base structure to tend to isolate
      motion of at least part of said base structure from said module, said
      fluid transfer member having passage means therein that interconnect said
      passage means of said base structure with said passage means of said
      module, said step of floatingly interconnecting means of said fluid
      transfer member comprising the step of slidingly disposing tubular means
      for axial and non-rotational movement in said passage means of said fluid
      transfer member and said passage means of said base structure whereby
      axial sliding movement can take place between said tubular means and said
      passage means of said fluid transfer member and said base member in the
      assembled relation of said force balance transmitter, disposing said fluid
      transfer member in abutting relation with said module with said passage
      means of said fluid transfer member being in aligned relation with said
      passage means of said module, disposing annular sealing means in
      compressed relation between said module and said fluid transfer member to
      seal said passage means of said fluid transfer member to said passage
      means of said module, said secondary assembly including a bracket means
      and said base structure including a base and a main body, mounting said
      bracket means and said base to said body, and detachably securing said
      module and said fluid transfer member to said bracket means.
NUM  5.
PAR  5. In a method of making a force balance transmitter having a base
      structure provided with passage means and a secondary assembly attached
      thereto that includes a pneumatically operated relay module detachably
      secured to said secondary assembly and having passage means, the
      improvement comprising the steps of disposing a fluid transfer member
      between said module and said base structure, interconnecting said passage
      means of said base structure to said passage means of said module with
      said fluid transfer member, attaching said fluid transfer member to said
      secondary assembly so that said fluid transfer member is spaced from said
      base structure, floatingly interconnecting means of said fluid transfer
      member to said passage means of said base structure to tend to isolate
      motion of at least part of said base structure from said module, said
      fluid transfer member having passage means therein that interconnect said
      passage means of said base structure with said passage means of said
      module, said step of floatingly interconnecting means of said fluid
      transfer member comprising the step of slidingly disposing tubular means
      for axial and non-rotational movement in said passage means of said fluid
      transfer member and said passage means of said base structure whereby
      axial sliding movement can take place between said tubular means and said
      passage means of said fluid transfer member and said base member in the
      assembled relation of said force balance transmitter, said secondary
      assembly including a bracket means and said base structure including a
      base and a main body, mounting said bracket means and said base to said
      body, and detachably securing said module and said fluid transfer member
      to said bracket means.
NUM  6.
PAR  6. In a method of making a force balance transmitter as set forth in claim
      5, the further improvement comprising the steps of forming said passage
      means of said base structure from a plurality of separate passages, and
      forming said passage means of said module from a plurality of separate
      passages respectively interconnected to said passages of said base
      structure by said fluid transfer member.
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ABST
PAL  A device for detecting the presence of air bubbles within a fluid-carrying
      tube, for example a blood tube used in medical procedures. The tube is
      placed between a light source and an optical sensor which produces signals
      when bubbles pass through the tube. These signals are integrated and a
      switch changes state when the integration reaches a predetermined value.
      The detector thus responds to a predetermined quantity of air, either by a
      large air bubble or an accumulation of small air bubbles. In a preferred
      embodiment, the switch releases a springloaded clamp which pinches off the
      tube when an excessive amount of air is detected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains generally to the field of air leak detectors
      for sensing the presence of air bubbles in a fluid. Devices of this
      general type find an important use in the medical field where they are
      used for detecting the presence of air bubbles in a tube carrying blood.
      In many medical and surgical procedures, it is necessary for blood to be
      transported through tubing outside the patient's body. Examples include
      the connection of a patient to a heart-lung machine during surgery, or to
      an artificial kidney machine during hemodialysis.
PAR  In the case of hemodialysis, blood from the artery of a patient, usually in
      his arm, is conveyed through tubing to a dialyzer for purification by
      dialysis, and then through additional tubing back to the patient's vein.
      In addition to the dialyzer itself, the blood flow path may include
      additional elements such as a pump and a flow meter. The development of an
      air leak anywhere in the external blood flow path could be fatal to the
      patient, if a large air bubble is allowed to return with the blood to the
      patient's body. To prevent this a drip chamber is usually connected in the
      blood flow path to remove any air or other undissolved bubbles in the
      blood. Additionally, it is desirable to provide some type of air leak
      detector, preferably at the end of the blood flow path just before it
      returns to the patient's vein.
PAR  One type of prior art safety device intended to prevent return of air to
      the patient's blood comprises a device to sense the level of blood in the
      drip chamber. Such devices operate on the theory that so long as the blood
      level is high enough, no air will be drawn into the return line. However,
      this type of prior art device can be confused by the presence of foam, and
      it also suffers from the disadvantage of providing only indirect sensing,
      as it does not actually sense air bubbles in the return line directly to
      the patient.
PAR  Other types of prior art devices have been designed to sense the presence
      of an air bubble, and to provide an alarm signal in response thereto. Some
      of these devices operate by sensing the difference in optical properties
      between blood and air. Others operate by sensing differences in magnetic
      or ultrasonic properties of blood and an air bubble. One problem existing
      with these prior art devices is that they are subject to nuisance alarms.
      Because either a larger air bubble or a number of small air bubbles can
      present a dangerous situation to the patient, these prior art devices have
      been designed with high enough sensitivity to detect small bubbles.
      However, a few bubbles by themselves, if small enough, can be safely
      tolerated by the patient, but the prior art sensors will activate their
      alarms even for a single small bubble. Since these commonly occur from
      time to time, but represent no real threat to the patient, a number of
      unnecessary interruptions to the medical procedure result. The prior art
      systems have not been able to reduce their sensitivity to avoid triggering
      on small bubbles, since a larger number of small bubbles represents a
      dangerous condition which must be sensed.
PAR  Another problem with prior art air leak sensors is that while they may
      detect bubbles in blood, in general they are unable to detect air bubbles
      in the saline solution passed through the tubing during start-up
      procedures in hemodialysis. Accordingly, these devices provide no
      protection during the initial phases of a hemodialysis procedure.
PAR  The present invention provides an air leak detector which responds not only
      to the presence of an air bubble, but also to the total volume of the air
      bubbles detected in a given period of time. Thus, the present invention
      will trigger its alarm if a large air bubble or column should occur. It
      will also detect the presence of a small air bubble but instead of
      triggering its alarm, it will accumulate and keep track of the various
      volumes of bubbles detected. If the accumulated value exceeds the safe
      preset value during a given time period, the alarm will be activated.
PAR  It is also important that the air leak detecting device itself should be
      fail-safe in operation, so that a failure on the part of the detector will
      not put the patient in jeopardy. The present invention accomplishes this
      goal by providing a spring-loaded clamp for pinching off the blood tube
      and at the same time physically opening the switch for the blood pump. In
      normal operation, the clamp is held open by an electromagnet, to be
      released when an out-of-tolerance quantity of air is detected. However,
      should the power supply to the detector fail or should some of the
      circuitry in the detector itself fail, the cutting of power will result in
      stopping the blood flow to warn of inoperativeness of the detector, rather
      than allowing the procedure to continue without this important protection.
PAR  The present invention senses optical properties of the blood or other fluid
      in order to detect air bubbles or clots. The detector automatically and
      continuously adjusts itself for varying optical densities of the fluid
      being monitored. For example, the hemodialysis process is started with the
      dialyzer and external blood flow path filled with a saline solution. As
      the hemodialysis process gets underway, this saline solution is gradually
      replaced by the patient's blood flowing through the path. The tube
      carrying fluid to the patient's vein therefore initally contains saline
      solution, which is clear, then later contains blood which is optically
      much denser. Automatic circuitry within the present detector changes the
      operating point of the optical sensing means to accommodate the changing
      density of the fluid.
PAR  In addition, special circuitry enables the detector to respond to bubbles
      or objects in the fluid which have either greater or lessor light
      transmitting ability than the fluid. Thus, the detector responds to air
      bubbles in the saline solution, to air bubbles in blood, or to clots in
      the blood.
PAR  Another feature of the present invention allows it to respond not only to a
      large bubble or column of air in the tube, representing a gross leak, but
      also to a series of small micro bubbles. Micro bubbles above a very small
      minimum threshold size are measured and integrated over a period of time.
      When a predetermined volume of micro bubbles has been detected, the
      detector will so indicate. The sensitivity of the detector to different
      quantities of micro bubbles can easily be selected.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided apparatus for
      detecting the presence of air or other foreign particles in a fluid
      carrying tube. Optical sensing means placed adjacent the tube produce a
      signal when an air bubble or other foreign object passes through the tube.
      An integrator integrates the signals produced by the optical sensing
      means, and a switching means changes state when the output of the
      integrator reaches a predetermined value, thereby providing an indication
      of an out of tolerance condition.
PAR  In the preferred embodiment, a spring-loaded clamp adjacent the tube is
      held open by an electromechanical device. When the switching means changes
      states, indicating an excessive amount of air in the fluid, the
      electromechanical device releases the clamp which pinches off the tube
      thus stopping the flow.
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PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a view in perspective of an air leak detector according to the
      present invention;
PAR  FIG. 2 is a top view of the detector of FIG. 1, portions of which are
      broken away for purposes of clarity;
PAR  FIG. 3 is an electrical block diagram of the detection circuitry for the
      detector of FIGS. 1 and 2; and
PAR  FIG. 4 is an electrical block diagram of bubble accumulator circuitry which
      may be used with the circuitry of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, detector 10 has a housing 11 which has a well 12 near one end.
      The walls of the housing on either side of well 12 have a notch or channel
      13 for purposes of receiving the blood, or fluid, carrying tube 15.
      Positioned near the center of well 12 is a sensing block 16, which also
      contains a channel 17 through which the tube 15 passes. Block 16 contains
      a light source 18 and a photo detector 17 within bores, positioned on
      either side of tube 15. A door 22 is attached to the housing by a hinge
      23, and is designed to close over well 12 to hold tube 15 in place, and to
      exclude ambient light from the sensing block area. Magnetic latches 24 are
      provided for holding the door closed.
PAR  On the top of the housing is a control board 25, which contains the various
      indicator lights and control switches for operating the device. A pair of
      electrical power lines 26 and 27 connect to the side of the housing. These
      lines are for supplying electric power to the detector and for suppling
      electric power to a blood pump, as controlled by the detector.
PAR  Referring also now to FIG. 2, most of the top of the detector has been
      broken away, except for the sensing block 16, to reveal some internal
      components of the device. The entire detector housing can be clamped to a
      portion of the bed frame, or to any other suitable support, by means of an
      inverted U-framed channel 30, along the underside of the housing. In FIG.
      1, the detector is shown clamped to a portion of a bed frame 31. In FIG.
      2, the supporting screw clamps 32, and handles 33, for attaching the
      device to bed frame 31 are shown. The area between the clamps 32 may be
      used for mounting the electrical components as may be necessary, a
      transformer being shown for example in FIG. 2.
PAR  The actuating arm 34 is shown most clearly in FIG. 2. It is a generally
      L-shaped arm, pivoted at 35, and extending through an opening 38 at the
      side of the housing, to a tab portion 36. The other end of actuating arm
      34 is connected by a spring 37, whose other end is anchored to the
      housing. Spring 37 is in tension, thereby urging actuating arm 34 in a
      clockwise direction in FIG. 2.
PAR  Tube clamp 40 is seen in both FIGS. 1 and 2. In FIG. 2, the lower portion
      of the tube clamp is shown welded to the actuating arm 34, at 41. In FIG.
      1, the upper portion of tube clamp 40 is shown in alignment with a portion
      of the sensing block 16, but spaced apart therefrom across channel 17.
      Spring 37 tends to urge actuating arm 34 so that clamp 40 pinches tube 15
      off between clamp 40 and the portion of the sensing block 16. The clamp
      may be held in an open position by means of an electromagnet 42, which has
      a U-shaped core 43 and a pair of coils 44. Electromagnet 42 is held in
      place by a mounting bracket 45 so that the ends of core 43 will contact
      the actuating arm 34 when it is pulled back in a counter-clockwise
      direction against the spring 37. A stationary tab 46 is provided on the
      housing, projecting through the opening 38, so that the actuating arm can
      be set by pulling together the actuating arm tab 36 and the stationary tab
      46 with the thumb and fingers. Once the actuating arm is pulled against
      the electromagnet, and the electromagnet is energized, it has sufficient
      magnetic power to hold the actuating arm so the clamp is open.
PAR  In both FIGS. 1 and 2, the actuating arm is shown with the clamp in the
      open position. If an air bubble is detected, the power to the
      electromagnet 42 is shut off allowing spring 37 to move the actuating arm
      34 in the direction indicated by arrow 50, thereby bringing clamp 40
      against the sensing block 16 to pinch off the blood tube 15. The spring
      and actuating arm are preferably designed so as to provide a force of
      about 14 pounds at the clamp, to insure that no fluid continues to flow
      after the clamp has been released.
PAR  Referring now to FIG. 3, the operating circuit of the preferred embodiment
      will now be explained. In the preferred embodiment, the optical sensing
      means comprises a phototransistor 19 which receives light from a
      light-emitting diode 18 as transmitted through the blood carrying tube (15
      in FIG. 1). Current for operating the various circuits shown in FIG. 3 is
      provided by a suitable power supply, not shown, but indicated as +v. The
      power supply voltage is connected to the anode of light-emitting diode 18
      and the cathode is connected by a lead 60 to the collector of a transistor
      61, which serves as a current source. The emitter of this transistor
      connects through a resistor 62 to signal ground to complete the circuit.
      The amount of current drive supplied to diode 18 is controlled by
      transistor 61, as will be explained hereinafter.
PAR  The collector of phototransistor 19 connects to the power supply and its
      emitter connects through a resistor 63 to ground. The emitter of
      transistor 19 also connects to the input of an amplifier 64. In the
      preferred embodiment, this amplifier has a voltage gain of one and serves
      principally to provide load isolation between phototransistor 19 and the
      circuits which follow. The output of amplifier 64 connects to a full wave
      rectifier 65 and also to the input of an integrator 66. The output of
      integrator 66 connects to the input of an amplifier 67, which in the
      preferred embodiment has a voltage gain of one and serves mainly to match
      impedances and provide load isolation. The output of amplifier 67 connects
      to a lead 68, which connects to the inverting or minus input of
      differential amplifiers 70 and 71. The non-inverting input of amplifier 70
      is connected to a reference voltage and its output connects to the base of
      transistor 61. The reference voltage connected to amplifier 70, and the
      gain or amplifier 70, are selected to provide transistor 61 with the
      desired drive current to operate diode 18 with sufficient light output so
      that transistor 19 will be biased to operate somewhere near the midpoint
      of its conductive range.
PAR  Thus, the loop which includes integrator 66, amplifier 70 and transistor 61
      serves as an automatic gain control to automatically adjust the operating
      point of phototransistor 19. Integrator 66 tends to make the circuit
      respond to the average signal output of phototransistor 19 and does not
      respond fast enough to change the diode drive in response to individual
      micro bubbles being sensed. Rather, the gain circuit including integrator
      66 responds to the average level of illumination being received by
      phototransistor 19. Thus, when saline solution is being circulated through
      tube 15, a great deal of the light transmitted by diode 18 is received by
      phototransistor 19. This generally high level of illumination tends to
      create a larger signal in the feedback loop through amplifier 67. The
      inverting property of amplifier 70 is used to provide a decreasing drive
      to transistor 61, which then reduces the current to, and amount of light
      produced by, diode 18. On the other hand, when blood beings to replace the
      saline solution in tube 15, the general amount of illumination reaching
      phototransistor 19 will be decreased, because of the greater optical
      density of blood. This tends to create a decreasing signal through the
      loop up to the output of amplifier 67. Again the inverting property of
      amplifier 70 therefore increases the drive to transistor 61, to increase
      the amount of illumination being provided by transistor 18. This is
      necessary in order to prevent a state of operation in which
      phototransistor 19 might be either totally into saturation on the one
      hand, or into cutoff on the other, either of which would render it
      insensitive to changes in the illumination level caused by passage of
      bubbles.
PAR  The output signal from amplifier 64 is rectified by full wave rectifier 65,
      for reasons which will be explained hereinafter. The output of rectifier
      65 passes through a diode 72, a load resistor 73 to ground, and to the
      non-inverting input of differential amplifier 71. The output of this
      amplifier connects to a plurality of sensitivity scaling resistors 74, 75,
      76 and 77, which connect to terminals of a selector switch. The pole 78 of
      the switch connects to the input of an integrate and hold circuit 80.
PAR  The output of circuit 80 connects to the non-inverting of a comparator, or
      differential amplifier, 81. The inverting input of comparator 81 is
      connected to a reference voltage and its output connects to a lead 82.
PAR  A timer 83 is provided which, in the preferred embodiment, provides a
      timing pulse every sixty seconds. This timing circuit may be, for example,
      a unijunction timing circuit, or any other known type of timer. The output
      pulses from timer 83 are shaped and stretched as necessary by a
      wave-shaping circuit 84, then applied via lead 85 to a reset input of
      integrate and hold circuit 80. The timing pulses are also applied to a
      second waveshaping and pulse stretching circuit 86, which stretches the
      pulses to a duration of two seconds each. These lengthened pulses are then
      applied by lead 87 to one input of an AND gate 88. The other input of AND
      gate 88 is connected to a lead 90 which also connects to the reset input
      of a flip-flop circuit 91. Lead 90 also connects to one terminal of a
      control switch 92 whose pole is connected to a voltage source +v. The
      output of AND gate 88 connects to one input of an OR gate 93, whose output
      connects to an alarm buzzer 94.
PAR  Lead 82 from comparator 81 connects to the set input of flip-flop 91. The Q
      output from flip-flop 91 connects to a lead 95, which in turn connects to
      the other input of OR gate 93, and to the base of a PNP power darlington
      transistor pair 96. The collector of the transistor pair connects to
      ground, and the emitter connects through coil 44 of electromagnet 42 to
      +v.
PAR  The operation of the circuitry at detecting bubbles will now be explained.
      As previously indicated, the signal at the output of amplifier 64
      represents the immediate illumination level received by transistor 19
      while the signal at lead 68 represents the average illumination as
      integrated over a period of time by integrator 66. If an air bubble passes
      between the light source and transistor 19 during a blood flow, the
      greater light transmitting ability of the air will result in a positive
      going pulse, as indicated by wave form 100. This pulse is not immediately
      reflected at lead 68 because of the time integrating property of
      integrator 66. On the other hand, if a blood clot should pass through the
      tube, its greater optical density would result in a lessening of light
      intensity being received by transistor 19 and would result in a negative
      going pulse, indicated at 101. Similarly, if the tube were filled with
      saline solution, and an air bubble passed therethrough, the lesser light
      transmission of the air bubble would result in a negative going pulse, as
      indicated by wave form 101.
PAR  Full wave rectifier 65 is provided so that the circuit will respond in
      either case to clots or bubbles in blood, or to bubbles in saline.
      Negative pulses are rectified to positive pulses, then all pulses are
      passed through diode 72 which serves as a threshold setting device. Diode
      72 has a forward bias voltage drop of approximately 0.6 of a volt.
      Additional diodes or other types of voltage offset devices could be used
      to provide the threshold adjustment.
PAR  In normal operation, in the absence of an air bubble, the voltage at the
      immediate output of rectifier 65 and the voltage on lead 68 will be equal,
      since the instantaneous signal and the average signal will be the same.
      These two signals are fed into the differential amplifier 71 for
      comparison, except that the instantaneous signal is dropped across the 0.6
      volt threshold provided by diode 72. The result is that, in the absence of
      an air bubble, the voltage applied to the non-inverting input is slightly
      less than the voltage applied to the inverting input, resulting in a low
      output from amplifier 71. When an air bubble or clot is detected,
      resulting in a positive or negative pulse 100 or 101, the input to the
      non-inverting input of amplifier 71 will go positive, causing the output
      of differential amplifier 71 to go to a high value. It is apparent that
      the smallest bubble or other object to be detected is fixed by the offset
      voltage provided by diode 72, which effectively sets the threshold of the
      device. By way of example, in the preferred embodiment, the 0.6 voltage
      threshold corresponds to a minimum bubble size of 0.05 cubic centimeters
      of air, and this represents the lower response threshold of the system. If
      necessary, the response can be adjusted by changing the voltage offset.
PAR  Switch 78 selects one of the scaling resistors to determine the triggering
      sensitivity of the circuit. Preferably, this switch is operator adjustable
      from the front panel, and the resistance values are chosen to correspond
      to tolerance levels which will be acceptable in various common modes of
      operation. The output of amplifier 71, as scaled by one of resistors
      74-77, is applied to the integrate and hold circuit 80. This circuit
      integrates upwards when a signal is applied, at a rate determined by which
      of resistors 74-77 is selected, and to an extent corresponding to the
      duration of the pulse, i.e. the size of the bubble. In the absence of a
      signal, the value attained is held until eventually the circuit is reset
      by pulse from lead 85, at which time the integration cycle begins again.
PAR  Thus, if no bubbles at all are detected, no value is built up in integrator
      80, and its output remains low. However, if a series of very small micro
      bubbles are detected, the integrator will integrate upward a small amount
      of each bubble depending upon the size of the bubble and its duration in
      front of the phototransistor. A series of small micro bubbles is indicated
      by the lower portion of wave form 102 giving a stair-step effect. The
      upper portion of wave form 102 indicates the response to a large bubble or
      column of air, in which case the integrator integrates very rapidly up to
      a triggering value indicated by dotted line 103. This triggering value is
      set by the reference voltage applied to the inverting input of
      differential amplifier, or comparator, 81. This reference voltage is
      selected in terms of the permissible amount of micro bubble buildup in a
      one minute time period between successive resettings of the integrate and
      hold circuit. Of course, if a large bubble or column of air is
      encountered, the integrator will be dirven up to the trigger level very
      quickly to trigger the comparator. On the other hand, the number of micro
      bubbles detected in a one minute period which will result in triggering
      the alarm is determined by the value of reference voltage applied to
      amplifier 81, as well as the scaling resistors switched into the circuit.
      For example, the reference voltage and the scaling resistors may be
      selected in the preferred embodiment to give an adjustable triggering
      level corresponding to 0.1cc to 3cc total volume of air detected in a 1
      minute interval.
PAR  In the preferred embodiment, comparator 81 is an open loop operational
      amplifier so it effectively acts as a switching means to change states
      rapidly when the integrated signal from circuit 80 exceeds the reference
      voltage. When this happens, the voltage on lead 82 suddenly goes positive,
      thereby setting flip-flop 91. This causes the output of the flip-flop to
      go positive which activates alarm 94, and also turns off darlington
      transistor pair 96, allowing actuating arm 34 to fly away from the
      electromagnet and pinch off the tube.
PAR  At the same time the movement of actuating arm 34 opens a momentary contact
      switch 105, which is in contact with arm 34, as shown in FIGS. 2 and 3.
      This switch is used to control the operation of the blood pump located
      elsewhere in the blood flow path so that the pump will be stopped
      immediately when the clamp is applied.
PAR  The overall operation of the detector device will now be explained. The
      device is secured to a suitable support such as a bedpost very near the
      patient, so that it can monitor the very tail end of the external blood
      path just before the blood reenters the patient's vein. A tube containing
      the return blood flow to the vein is positioned within the tube-receiving
      channel 13 (FIG. 1) and 17, and the door 22 is closed to hold the tube in
      place, and to exclude extraneous light from the photosensor. The power to
      the detector is turned on and the blood pump which is used in the external
      path is connected via the power line 27 which connects to the switch 105
      so that the pump will be under control of the air leak detector. The
      operation is initiated by turning a front panel switch to bypass mode.
      With reference to FIG. 3, this switches, switch 92 to apply +v to lead 90,
      resetting flip-flop 91 and enabling AND gate 88. With AND gate 88 enabled,
      periodic pulses from timer 83 will be applied through OR gate 93 to the
      alarm buzzer 94. Thus, when the circuit is in bypass mode, a 2-second buzz
      will be sounded every minute, to indicate to the operating personnel that
      the air leak detector is not in operation but is being bypassed.
PAR  The resetting of flip-flop 91 puts ground or low signal on lead 95, turning
      on darlington pair 96 to energize electromagnet 42.
PAR  The operator then pulls the actuating arm tab 36 towards the stationary tab
      46 and the electromagnet latches and holds the actuating arm 34. At the
      same time, switch 105 is closed allowing the pump motor to start.
PAR  To test the operation of the detector circuit, a switch 106 is provided
      (FIG. 3). When moved to the test position, switch 106 switches a smaller
      resistor 107 in parallel with resistor 62, in connection to the emitter of
      transistor 61. Pushing switch 106 thus results in a sudden increase in
      current to LED 18, and a pulse of light to phototransistor 19. If the
      circuit is operating properly, the pulse propagates through the circuitry
      running up integrator 80 and triggering comparator 81. This causes
      flip-flop 91 to set, thus sounding alarm 94 and dropping out electromagnet
      42. This results in the motor being stopped and the tube being pinched
      off. With the test being completed, switch 106 is released, switch 92 is
      moved to the armed mode (as shown in FIG. 3), actuating arm tab is pulled
      back to the electromagnet again opening the clamp, and operation proceeds.
      If an air bubble in the saline solution, or an air bubble or clot in the
      blood is detected, the tube will be clamped off, the pump will be stopped,
      and the alarm will sound, as previously explained.
PAR  It may be desirable to provide another circuitry in addition to the sample
      and hold circuit 80 which responds to a count of the number of bubbles
      detected. This can be accomplished by counting or accumulating the number
      of pulses appearing at the output of comparator 71 in FIG. 3. Digital or
      analog techniques can be employed as desired for this purpose.
PAR  In FIG. 4, there is shown an analog accumulating circuit which responds to
      the number of bubbles counted by the detector during a given time
      interval. The circuitry of FIG. 4 is intended to be added to the circuitry
      previously described in FIG. 3. In FIG. 4, differential amplifier 71,
      comparator 81, and flip-flop 91 are the same components previously
      described with reference to FIG. 3. The additional circuitry comprises a
      standard pulse width circuit 111, a sensitivity adjusting means 112,
      another integrate and hold circuit 113, which is substantially identical
      to circuit 80 of FIG. 3, and another comparator 114 which is similar in
      operation to comparator 81 of FIG. 3. Output pulses from amplifier 71 may
      be fed not only to integrate and hold circuit 80 of FIG. 3, but also to
      the standard pulse width circuit 111 of FIG. 4. This circuit may be a one
      shot, or a simple differentiator, and its purpose is to produce a pulse of
      constant duration upon receipt of a pulse of variable duration from the
      output of amplifier 71. Circuit 111 thus removes the weighting effect of
      the duration of the pulses, so that the circuitry of FIG. 4 responds only
      to the number of the pulses.
PAR  Standardized pulses from circuit 111 pass through circuit 112 to integrate
      and hold circuit 113, which operates as previously described with respect
      to circuit 80. Sensitivity adjustment 112 may be an adjustable resistor,
      or it may be a selector switch similar to switch 78 of FIG. 3 and
      associated resistors. Comparator 114 connects to the output of circuit
      113, and compares the developed voltage against a reference voltage. Upon
      occurrence of each bubble, without regard to the size of the bubble, a
      given increment will be integrated upward and held in circuit 113. When a
      predetermined amount, determined by the reference voltage applies to
      comparator 114 is reached, the comparator will change states. The
      integrate and hold circuit 113 may be periodically reset by a pulse from
      lead 75, as in FIG. 3.
PAR  If the circuitry of FIG. 4 is to be used, it can be added into the
      circuitry of FIG. 3 by providing an additional AND gate 115 connected in
      lead 82 ahead of flip-flop 91. AND gate 115 would then receive as its
      input, the outputs of comparators 81 and 114. Thus, the alarm would be
      triggered either by build-up of an excessive volume of air or by an
      excessive number of small bubbles. Such a feature may be useful in some
      cases for detecting a large number of micro bubbles. While the embodiment
      shown in FIG. 4 is in analog form, the same function could easily be
      achieved by appropriate digital circuitry to count the pulses at the
      output of amplifier 71.
PAR  One of the safety features of the present invention will be apparent in
      that should the power supply to the detector fail, the tube will be
      clamped off and the pump will stop. Electrical power is used to hold the
      clamp open, but the more reliable spring power is used to pinch it off.
      Thus, in the event of the loss of electrical power to the detector it will
      deenergize in a safe condition.
PAR  In summary, the present invention provides a highly efficient and reliable
      air leak detector suitable for use in monitoring blood lines. The detector
      according to the present invention will not only respond to gross bubbles
      or air columns, but will also respond to a selectable build-up of micro
      bubbles over a given time interval. Further, the detector responds not
      only to bubbles in blood, but to bubbles in saline solution passed through
      the tube, and also to blood clots or other foreign bodies which may appear
      in the blood.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for detecting presence of air in a fluid carrying tube,
      comprising:
PA1  a. optical sensing means for producing a signal in response to an air
      bubble in the fluid carrying tube;
PA1  b. integrating means connected to receive signals from said optical sensing
      means and operable to integrate said signals; and
PA1  c. switching means connected to said integrating means, said switching
      means operable to change states when the integrated signal reaches a
      predetermined value, thereby providing an indication of excessive air in
      the fluid.
NUM  2.
PAR  2. Apparatus according to claim 1 further including clamp means connected
      to said switching means, said clamp means operable to clamp off flow in
      the tube when said switching means changes states, thereby preventing flow
      of fluid when excessive air is present.
NUM  3.
PAR  3. Apparatus according to claim 1 further including reset means connected
      to said integrating means for periodically resetting said integrating
      means, whereby said air detecting apparatus responds to the total volume
      of air detected during a measurement period.
NUM  4.
PAR  4. An air leak detector comprising:
PA1  a. a housing;
PA1  b. means in said housing defining a tube receiving channel for receiving a
      blood carrying tube;
PA1  c. tube clamp means positioned adjacent said channel;
PA1  d. an actuating arm movably mounted adjacent said channel opposite said
      tube clamp;
PA1  e. spring biasing means attached to said actuating arm for urging said arm
      toward said clamp across said channel;
PA1  f. electrically operated means for selectively holding said actuating arm
      away from said tube clamp;
PA1  g. optical sensing means mounted adjacent the channel for producing a
      signal in response to an air bubble in the blood carrying tube;
PA1  h. integrating means connected to receive signals from said optical sensing
      means and operable to integrate said signals; and
PA1  i. switching means connected to said integrating means and to said
      electrically operated means, for releasing said actuating arm to clamp the
      tube when the integrated signal reaches a predetermined value, indicating
      an excessive amount of air in the blood.
NUM  5.
PAR  5. Apparatus according to claim 4 further including a pump switch
      positioned on said housing adjacent said actuating arm for activation
      thereby, said pump switch being closed when said actuating arm is in its
      open position, and being opened when said actuating arm is closed against
      said tube clamp.
NUM  6.
PAR  6. Apparatus according to claim 4 further including a door pivotally
      mounted to said housing for closing over the tube receiving channel to
      hold the tube in place and shield the optical sensing means from stray
      light.
NUM  7.
PAR  7. Apparatus according to claim 4 further including alarm means connected
      to said switching means and operable to produce an alarm signal when the
      switching means changes states.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said optical sensing means
      comprises a light emitting diode positioned on one side of the tube
      receiving channel and a photo transistor positioned on the other side of
      the tube receiving channel in alignment with said light emitting diode.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein said optical sensing means
      further includes an automatic biasing circuit for supplying drive current
      to the light emitting diode according to the average illumination by the
      photo transistor.
NUM  10.
PAR  10. Apparatus according to claim 8 wherein said integrating means includes
      a signal scaling means for varying the sensitivity of the integrator,
      whereby the sensitivity of the air leak detector can be adjusted over a
      range of values.
NUM  11.
PAR  11. Apparatus according to claim 10 further including reset means connected
      to said integrating means for periodically reseting the integrating means.
NUM  12.
PAR  12. Apparatus for detecting presence of air in a fluid carrying tube,
      comprising:
PA1  a. sensing means for producing a signal in response to an air bubble in the
      fluid carrying tube;
PA1  b. integrating means connected to receive signals from said sensing means
      and operable to integrate said signals;
PA1  c. switching means connected to said integrating means, said switching
      means operable to change states when the integrated signal reaches a
      predetermined value, thereby providing an indication of excessive air in
      the fluid; and
PA1  d. clamp means connected to said switching means, said clamp means operable
      to clamp off flow in the tube when said switching means changes states,
      thereby preventing flow of fluid when excessive air is present.
NUM  13.
PAR  13. An air leak detector comprising:
PA1  a. a housing;
PA1  b. means in said housing defining a tube receiving channel for receiving a
      blood carrying tube;
PA1  c. tube clamp means positioned adjacent said channel;
PA1  d. an actuating arm movably mounted adjacent said channel opposite said
      tube clamp;
PA1  e. spring biasing means attached to said actuating arm for urging said arm
      toward said clamp across said channel;
PA1  f. electrically operated means for selectively holding said actuating arm
      away from said tube clamp;
PA1  g. sensing means mounted adjacent the channel for producing a signal in
      response to an air bubble in the blood carrying tube;
PA1  h. integrating means connected to receive signals from said sensing means
      and operable to integrate said signals; and
PA1  i. switching means connected to said integrating means and to said
      electrically operated means, for releasing said actuating arm to clamp the
      tube when the integrated signal reaches a predetermined value, indicating
      an excessive amount of air in the blood.
NUM  14.
PAR  14. Apparatus according to claim 13 further including a pump switch
      positioned on said housing adjacent said actuating arm for activation
      thereby, said pump switch being closed when said actuating arm is in its
      open position, and being opened when said actuating arm is closed against
      said tube clamp.
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ABST
PAL  A tamper-proof locking system for a standard fire hydrant, one embodiment
      of which includes a cap assembly that fits over the valve stem of the
      hydrant and is fastened thereto. The cap assembly cannot be turned to open
      the valve except by means of a special wrench which is adjustable to
      securely grip the assembly. In another embodiment, the system includes a
      cover assembly which replaces a standard hydrant port cover and cannot be
      taken off the nipple of the port except by the special wrench.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to protective locks for valves and other
      devices which are operated by means of wrenches, and more particularly to
      a tamper-proof locking system for a standard fire hydrant which precludes
      unauthorized use of the hydrant.
PAR  A hydrant is a connection incorporated in a water main to enable a hose to
      be attached and a continuous supply of water to be obtained for the
      purpose of extinguishing fires or washing down streets. The typical
      hydrant or fire plug is constituted by a discharge pipe coupled to the
      water main and provided with a spout and a control valve. The valve has an
      operating stem, usually in pentagonal form. To open the valve, the stem is
      engaged and turned by means of a standard wrench adapted to engage the
      same. Similar valves are often found on the sides of buildings to operate
      sprinkler systems installed in the hallways.
PAR  A very common and serious problem encountered in large municipalities
      having thousands of fire hydrants dispersed throughout the city is the
      unauthorized operation of the hydrants. The public has ready access to the
      hydrants, and it is a simple matter to open the valves, for all that is
      required is an ordinary wrench adapted to engage and turn the valve stem.
PAR  Such unauthorized use may be well-motivated, as when a hydrant is operated
      to create a play shower in the street on a hot summer day. But when this
      happens on a large scale throughout the city, the resultant drop in water
      pressure may have serious consequences should a fire break out. In other
      instances, the unauthorized use of the fire hydrant may be malicious or an
      act of sabotage, but whatever the intention, the fact remains that the
      loss in water pressure may create a hazardous condition.
PAR  Various attempts have heretofore been made to provide tamper-proof locks
      for fire hydrants which cannot be operated by standard wrenches. Among the
      various approaches to this problem are the arrangements disclosed in the
      Diaz U.S. Pat. No. 3,709,249, the Mihalich U.S. Pat. No. 3,456,463, the
      Adinolfi U.S. Pat. No. 3,453,897, the Smith U.S. Pat. No. 3,532,109, the
      Jester U.S. Pat. No. 3,070,115, the Sullivan U.S. Pat. No. 3,532,108 and
      the Quinones U.S. Pat. No. 3,626,961.
PAR  One problem with prior art locking arrangements is that in some instances a
      special type of hydrant is required so that it is not possible to apply
      the locking device to existing hydrants. The cost of manufacturing and
      installing special hydrants on a large scale is prohibitive. In other
      instances, the locking device is designed for a standard hydrant but
      because of its complexity, it is costly to make and difficult to operate.
      It must be borne in mind that when the need arises for water to quench a
      fire, time is of the essence and fire-fighting personnel must be in a
      position to operate the fire hydrant quickly and without difficulty.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is the main object of this invention to
      provide a lock system which is designed to withstand major abuse and
      tampering and which may be readily installed on a standard hydrant to
      prevent unauthorized operation thereof.
PAR  More particularly, it is an object of this invention to provide a system of
      the above-type constituted by a cap assembly which is readily fastened
      onto the stem of any existing hydrant or equivalent apparatus, the cap
      assembly precluding stem rotation by any conventional wrench or other tool
      other than a cap wrench specially adapted to engage the assembly.
PAR  Still another object of this invention is to provide a cover assembly which
      is designed to replace the existing cover on a hydrant post, the cover
      assembly being removable only by means of a special wrench.
PAR  Yet another object of the invention is to provide a low-cost, efficient and
      reliable tamper-proof lock system which is made up of a rugged group of
      components that are easily mounted within a matter of minutes on existing
      hardware.
PAR  Briefly stated, in one embodiment of the invention, these objects are
      attained in a system constituted by a cap assembly and a cooperating
      wrench, the assembly including a cap housing having an exposed array of
      sloped faces and an inner cavity dimensioned to receive and socket the
      stem of a standard hydrant whereby rotation of said housing causes
      rotation of said stem. The wrench is provided with at least two faces
      adapted to complement and engage corresponding faces in the array thereof
      on said cap housing, the wrench being adjustable to grip the cap housing
      whereby the wrench may be used to turn the housing and thereby turn the
      stem.
PAR  In another embodiment of the invention, the system is constituted by a
      cover assembly and a cooperating wrench, the assembly including a cover
      housing having an exposed array of sloped faces and an inner cavity
      dimensioned to be received on the nipple of a hydrant port, whereby by
      rotation of the housing, the housing may be removed from the nipple, such
      rotation being possible only by means of said wrench.
DRWD
PAC  OUTLINE OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      description to be read in conjunction with the accompanying drawing,
      wherein:
PAR  FIG. 1 is an exploded view of the components of a first embodiment of a
      tamper-proof locking assembly in accordance with the invention;
PAR  FIG. 2 is a perspective view of the assembly installed on a standard fire
      hydrant;
PAR  FIG. 3 is a section taken in the plane indicated by line 3--3 in FIG. 2;
PAR  FIG. 4 is a perspective view of the underside of a special wrench adopted
      to engage the locking assembly;
PAR  FIG. 5 is a perspective view of the wrench in engagement with the assembly;
PAR  FIG. 6 is a plan view of the wrench in engagement with the assembly;
PAR  FIG. 7 is a section taken in the plane indicated by lines 7--7 in FIG. 6;
PAR  FIG. 8 is an elevational view, partly in section of a second embodiment of
      a locking assembly in accordance with the invention; and
PAR  FIG. 9 is a plan view of said second embodiment.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAC  First Embodiment
PAR  A lock system in accordance with one embodiment of the invention is
      constituted by a cap assembly and a cooperating cap wrench. The cap
      assembly, as shown in FIGS. 1 and 2, is adapted to be installed on a
      standard fire hydrant 10 whose valve is provided with an exposed operating
      stem 11 having a pentagonal form. The cap assembly consists of four
      components: a cap housing 12, a Saturn ring 13, a split snap ring 14 and a
      dowel pin 15.
PAR  The cap assembly in an adapter which may be fastened to an existing fire
      hydrant stem, precluding its rotation by anything other than a cap wrench
      specially adapted to engage the assembly. The cap assembly cannot be
      operated by an ordinary wrench of the type used to engage the stem or by
      any other conventional tool.
PAR  The exposed head of cap housing 12 has a sloped, generally pentagonal male
      formation having five major faces A, B, C, D and E. The junctions of these
      faces are bevelled to define minor faces a, b, c, d, and e. The interior
      cavity 12A of the housing acts as a female socket to mate with stem 11 of
      the valve, and it therefore has a complementary pentagonal formation. It
      will be appreciated that the invention is not limited to this formation
      and that any other suitable multifaceted shape may be used. In a practical
      embodiment, the cap housing is made of extremely hard surface steel having
      a 3-inch diameter, the housing being 1 inch thick.
PAR  As shown in FIG. 3, cap housing 12 is provided with a peripheral groove 15'
      which accepts snap ring 14, the ring being preferably made of a hardened
      spring steel. Also provided is a transverse diagonal bore 18 which passes
      through groove 15' and is dimensioned to receive dowel pin 15. Snap ring
      14 is received within a circular groove 16 on the inner periphery of
      Saturn ring 13 at a position corresponding to that of the groove 15' on
      the cap housing, so that the snap ring is shared by and positions the
      Saturn ring. The Saturn ring is preferably of hardened steel, and is
      provided with six equi-spaced radial holes 17 intersecting inner groove
      16.
PAR  When mounting the cap assembly, the first step is to place cap housing 12
      over fire hydrant stem 11. Using transverse hole 18 in the cap housing as
      a guide, a hole 19 of the same diameter is drilled through hydrant stem
      11. This is the only modification necessary in the standard fire hydrant
      to adapt it to accept the cap assembly. The dowel pin 15 is then pressed
      into stem hole 19 and is symmetrically positioned therein so that its ends
      project into transverse hole 18 in the cap housing thereby securing the
      housing to the stem. The Saturn ring 13, with snap ring 14 preinstalled in
      inner groove 16, is then placed over cap housing 12 and pushed downward,
      this action expanding the split snap ring until it snaps into place in the
      mating groove 15' in the cap housing.
PAR  Should it be desired to thereafter remove the cap assembly from the
      hydrant, this may be done by means of a dismantling ring (not shown) which
      is dimensioned to fit concentrically over the Saturn ring. The dismantling
      ring is provided with six equi-spaced radially-mounted screws which are
      aligned with the six radial holes 17 in Saturn ring 13.
PAR  By tightening these screws so that they move inwardly to engage the snap
      ring, the snap ring is thereby compressed until it is retracted from
      groove 16 in the Saturn ring whereby the Saturn ring may then be
      withdrawn. With the Saturn ring removed, the snap ring is now free to
      expand, and thereby disengage itself from the groove 15' in the cap
      housing 12. The dowel pin 15 is now accessible and can be driven out,
      freeing the cap housing for removal from the fire hydrant stem.
PAR  The cap wrench, as shown in FIGS. 4 to 7, is adapted to cooperate with the
      cap assembly and is essentially a claw-shaped member preferably fabricated
      of tough, hardened steel. The wrench includes a fixed claw piece 20 at the
      end of a bifurcated frame 21 having a pair of faces X and Y, formed
      thereon which are sloped and shaped to complement and engage any two of
      the major faces (A to E) of the cap housing.
PAR  Shiftable within the arms of the bifurcated frame 21 is a movable claw
      piece 22 provided with a threaded bore which receives a threaded rod 23
      extending from the inner end of a handle 24. Upon rotation of the handle,
      movable claw piece 22 moves towards or away from fixed claw piece 20,
      depending on the direction of rotation. The wrench frame is also provided
      with a pentagonally shaped hole 25 so that the wrench may, if necessary,
      be applied to a standard fire hydrant stem which does not have a cap
      assembly fastened thereto.
PAR  The wrench, as will be evident in FIGS. 5 and 7, is fashioned to grip the
      underside of the Saturn ring, thereby to gain purchase and to engage two
      faces of the sloped pentagonal head of the cap housing. The wrench is
      adjustable to take up all clearances and to lock securely onto the cap
      assembly.
PAR  While the system is disclosed as it operates in conjunction with the valve
      stem of a fire hydrant, it is to be noted that the two spouts of the
      standard hydrant are provided with removable covers having stem-like
      extensions to facilitate removal of the covers by means of a standard
      wrench. Hence the typical hydrant has three stems, all of which are in
      need of protection.
PAR  The reason why the spout covers of the hydrant must be guarded against
      unauthorized removal is that it is not uncommon to find that foreign
      matter has been illicitly lodged in the spouts. This material may do
      damage to the associated fire engine pump system.
PAC  Second Embodiment
PAR  In the arrangement illustrated in FIGS. 1 to 7, the cap assembly is adapted
      to cooperate with the pentagonal stem on the fire hydrant valve, the cap
      assembly being attached to the stem such that when the assembly is turned
      by the special wrench the stem is also caused to turn to open the valve.
PAR  The same cap assembly may be used in conjunction with the stem-like
      extension on the cover of the fire hydrant spout or port which cover is
      threadably received on the nipple of the port, so that when the assembly
      is turned by the special wrench the cover and the assembly attached
      thereto may be removed from the nipple and replaced by the fireman's hose.
PAR  An alternative approach is shown in FIGS. 8 and 9 where the cover assembly
      operates on essentially the same principles as the cap assembly and also
      requires the same special wrench to turn, but differs from the cap
      assembly to the extent that it does not cooperate with a stem but serves
      to supplant the existing port cover. Hence the cover assembly itself
      functions as the cover to close off the port and one must remove the cover
      assembly from the port nipple with the special wrench before attaching a
      hose thereto.
PAR  The cover assembly includes a cover housing 26 whose function is generally
      similar to that of the conventional port cover it replaces on the hydrant,
      the housing having a multifaceted exposed head 27 having a generally
      pentagonal male formation identical to that on the cap assembly. Below the
      head is an enlarged cylindrical collar 28 whose internal cavity wall 28A
      is threaded to engage the threaded nipple (not shown) of the hydrant port.
      The housing, when on the nipple, is seated against the hydrant in the same
      manner as a conventional cover.
PAR  Surrounding housing 26 and having a complementary formation is a Saturn
      ring 29, the ring being rotatable about the housing so that should one
      turn the ring it will not at the same time turn the housing and uncover
      the port. As in the case of the cap housing, Saturn ring 29 is linked to
      the cover housing by means of a retaining ring 30 which fits into matching
      annular grooves in the housing and Saturn ring.
PAR  The Saturn ring in this embodiment is provided with a circular shoulder 29A
      below which is a constricted neck 29B, the shoulder and neck being
      engageable by the claws of the special wrench which is the same as in the
      first embodiment. Thus one can only attach the cover assembly or remove it
      from the hydrant port by means of the special wrench and unauthorized
      operation of the hydrant is prevented thereby.
PAR  The present invention provides in either embodiment, a lock system whose
      smooth hardened surfaces will defeat conventional tampering tools such as
      hacksaws, chisels, sledge hammers and wrenches. The locking system which
      includes the cap assembly is easily mounted in a matter of minutes on
      existing fire hydrants or equivalent apparatus having operating stems and
      in the case of the cover assembly, the assembly simply replaces existing
      port covers.
PAR  While there has been shown and described preferred embodiments of
      tamper-proof locking systems for fire hydrants, it will be appreciated
      that many changes and modifications may be made therein without, however,
      departing from the essential spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tamper-proof lock system for protecting the stem of a fire hydrant or
      similar apparatus against unauthorized turning thereof, said system
      comprising:
PA1  A. a cap assembly mountable on said stem and including a cap housing whose
      head has a circular array of sloped faces formed thereon, the housing
      having a central inner cavity dimensioned to receive and socket said stem
      whereby rotation of said housing causes rotation of said stem and a Saturn
      ring encircling said housing and linked thereto for relative rotation, and
PA1  B. a wrench cooperating with said cap assembly, said wrench having at least
      two sloped faces adapted to complement and engage corresponding faces in
      said array thereof on said cap housing, and a fixed claw cooperating with
      an adjustable claw to grip said Saturn ring to provide purchase.
NUM  2.
PAR  2. A system as set forth in claim 1, wherein said stem has a pentagonal
      shape and said cavity is likewise shaped.
NUM  3.
PAR  3. A system as set forth in claim 1, wherein said head array is composed of
      five major faces.
NUM  4.
PAR  4. A system as set forth in claim 1, wherein said cap assembly Saturn ring
      is linked to said housing by a snap ring which is received in
      complementary grooves formed in said housing and said Saturn ring.
NUM  5.
PAR  5. A system as set forth in claim 4, wherein said Saturn ring is provided
      with a set of radial holes to admit radially-advancing screws adapted to
      retract said snap ring from the groove in said Saturn ring to permit
      dismantling of the cap assembly.
NUM  6.
PAR  6. A system as set forth in claim 1, wherein said cap assembly further
      includes a dowel pin adapted to pass through a bore in said stem, the ends
      of said pin projecting into a diametrical hole in said housing, whereby
      said pin acts to fasten said housing to said stem.
NUM  7.
PAR  7. A system as set forth in claim 1, wherein said wrench is provided with a
      handle having a threaded rod entering into a threaded bore in said
      adjustable claw whereby rotation of said handle causes said claw to move
      toward or away from said fixed claw.
NUM  8.
PAR  8. A system as set forth in claim 7, wherein said wrench has an opening
      with a pentagonal formation to receive stems having a similar formation.
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ABST
PAL  An arrangement in a gully for draining water to prevent accumulation of
      snow and ice therein includes a substantially cup-shaped gully member,
      having a lower outlet socket for connection to a waste pipe and an upper
      circumferential support flange; and a clamping ring secured on the upper
      end of the gully member. A circular vertical flange on the clamping ring
      receives and guides an upper crown-shaped grate resting on the clamping
      ring and having an upper central opening. A bore through the wall of the
      cup-shaped member is supplied with heated air from a hot air pipe mounted
      in the bore in such a manner that the mouth of its free end opens into the
      gully member. A float valve controls the mouth of the hot air pipe, which
      is designed for adjustable dispersion of the airstream from the pipe mouth
      below the grate.
BSUM
PAR  The present invention relates to an arrangement in heat input to a gully
      for draining water in ordr to avoid accumulation of snow and ice therein
      which may clog the gully and interfere with the drainage. The invention is
      especially, but not exclusively, advantageous in connection with
      roof-gully in order to prevent stop up thereof and resulting in damage by
      water.
PAR  It is previously known in connection with a roof-gully, comprising a mainly
      cup-shaped gully member for mounting in a roof, having a lower outlet
      socket for connection to a waste pipe and an upper circumferential support
      flange with an above applied crown-grate, to provide the gully member with
      a bore through which is passed a conduct pipe for an electric cable to a
      joint box for electric heating elements applied above the gully.
PAR  The mounting, maintenance and operating of such electrical heating means
      are, however, troublesome and expensive and an object of the present
      invention is therefore to provide an arrangement for supplying heat to a
      gully which is effective, reasonable in mounting and operation and wholly
      fire-proof,  and the invention is characterized in that a pipe for supply
      of heated air is passed through a bore in the wall of said cup-shaped
      gully member with the mouth of its free end opening into said gully, means
      provided on said pipe for adjustable dispersion of the airstream from said
      pipe mount below said grate and a float valve controlling said mouth.
DRWD
PAR  An embodiment of the invention is illustrated as example in the
      accompanying drawing in which:
PAR  FIG. 1 is an axial cross-section through a roof-gully according to the
      present invention, and
PAR  FIG. 2 shows a part of a similar view of a somewhat modified embodiment.
DETD
PAR  In the drawing FIG. 1 shows a roof-gully comprising a mainly cup-shaped
      member 1 forming the passage through a roof and having an upper
      circumferential support flange 2 and a lower outlet socket 3 for
      connection to a drain pipe (not shown). A clamping ring 4 is secured to
      the upper end of the member 1 by means of screws 5 and has a vertical
      circular flange to receive and guide an upper crown-shaped grate 7 having
      a central upper opening 8.
PAR  The gully member 1 is inside provided with a radial rib-shaped thickening
      1a having two parallel throughgoing preferably threaded bores 9 and 10
      respectively, of which in the embodiment shown, bore 10 is closed by means
      of a screw plug 11.
PAR  To the inner end of the bore 9 is connected a blow pipe 12 by means of a
      threaded lower end which is screwn into said bore a length limited by a
      flange 13 on the pipe. The blow pipe 12 extends from the rib 1a in an
      upwardly inclined direction through the opening 8 of the grate 7 and has
      its free end portion 12a bent down so that the axis thereof substantially
      coincides with the axis of the gully with the mouth directed downwards.
      The end portion 12a of the pipe 12 is provided with an externally threaded
      flange 15 on which an adjustable regulating sleeve 16 is screwably
      mounted.
PAR  Heated air which is supplied to the gully through a pipe 14 connected to
      the outer end of the bore 9 flows through the pipe 12, 12a and is
      distributed by dispersion within the gully in such a manner that
      accumulation of snow and ice is effectively prevented. In using heated air
      as heating means the removal of snow may also take place by evaporation
      whereby formation of water is decreased.
PAR  By axial adjustment of the sleeve 16 the dispersion of the air stream from
      the pipe portion 12a may be regulated.
PAR  If of some reason the gully should stop up, possibly acccumulated water is
      prevented from streaming into the pipe 12 by means of a float valve 17
      which then closes the lower open end of the pipe portion portion 12a. Said
      float valve comprises a preferably cylindrical float body 17 placed
      vertically movable in a basket like guiding or holder 18 of wires secured
      on the pipe portion 12a, as shown. In order to ase the escape of the
      heated air and at the same time increase the closing effect of the float
      member the upper end thereof may be formed as an truncated cone having an
      upper surface of somewhat smaller diameter than that of the bore of the
      pipe portion 12a.
PAR  As heating air for the gully it is possible to use air ejecting from an
      accessible air-conditioning or hot air heating plant to the outlet of
      which he supply pipe 14 may be connected, and in this case the working
      expenses will be small, or from a separate heating chamber for pressurized
      air.
PAR  FIG. 2 shows a somewhat altered embodiment of the invention in which parts
      similar to those in FIG. 1 are indicated by similar reference numerals.
PAR  In this embodiment the blow pipe 12 is secured in the bore 10 while the
      bore 9 is closed by the screw plug 11. The pipe 12, extending upwards and
      inwards in direction towards thee centre of the opening 8 of the grate 7,
      has its end led through the bottom wall of a centrally in the grate 7
      positioned cup-shaped, upwardly open container 20, secured on the pipe
      between flanges 21 and 22 thereon. Through the bottom of the container 20
      and a tongue 22a projecting from the flange 22 is secured the lower end of
      a vertical screw 23, the axis of which coincides with the axis of the
      gully, and on which between securing nuts 24 is adjustably secured a
      downwardly arched cover 25 for cooperation with the container 20. Above
      the cover 25 is further on the screw 23 adjustably secured, also between
      nuts 26, a cupshaped container 27 having a downwardly directed cylindrical
      flange 27a.
PAR  The container 20 and cover 25 are each provided with an outer ringshaped
      circumferential flange, which flanges thus limit an adjustable circular
      slit 28 through which air from the pipe 12 flows into the gully. In order
      to regulate the direction and dispersion of the air streaming out through
      the slit 28 the container 27 may be adjusted vertically on the screw 23 to
      screen by means of the cylindrical flange 27a thereof, the slit 28 to a
      greater or smaller degree.
PAR  In this embodiment the float valve to prevent that possible accumulated
      water escapes through pipe 12 comprises a flap valve 29 swingably
      supported on a pivot 30 on the flange 22 and connected to a lever 31
      provided with a floating body 32, which in case of accumulation of water
      in the gully, in known manner is lifted and swings the valve 29 into
      closing position against the end of the pipe 12, prior to the water level
      reach the upper end of said pipe 12.
PAR  If desired one or more branch pipes 33 may be connected to the container 20
      through which heated air from the container may be reforwarded for
      exhausting upon the roof, for supplying a further gully or to another
      desired place.
CLMS
STM  I claim:
NUM  1.
PAR  1. Arrangement in a gully for draining water in order to avoid accumulation
      of snow and ice therein, comprising a mainly cup-shaped gully member,
      having lower outlet socket for connection to a waste pipe and an upper
      circumferential support flange, a clamping ring secured on the upper end
      of said member, a circular vertical flange on said clamping ring to
      receive and guide an upper crown-shaped grate resting on said clamping
      ring and having an upper central opening, a bore through the wall of said
      cup-shaped member, a pipe for supply of heated air mounted in said bore
      with the mouth of its free end opening into said gully, means provided on
      said pipe for adjustable dispersion of the airstream from said pipe mouth
      below said grate and a float valve controlling said mouth.
NUM  2.
PAR  2. Arrangement according to claim 1, in which a free end portion of the
      upwardly directed air supplying pipe is bent downwards substantially
      coinciding with the axis of said gully and provided with an external
      threaded flange on which a regulating sleeve is arranged axially
      screwable.
NUM  3.
PAR  3. Arrangement according to claim 2, in which the downwardly bent end of
      the supply pipe is provided with an axial wire basket adapted to contain a
      float body for closing of the open end of the pipe.
NUM  4.
PAR  4.  Arrangement according to claim 1, in which the end of the upwardly
      directed air supplying pipe opens into a cup-shaped inwardly open
      container secured on said pipe, a cover supported vertical adjustably
      above said container for regulation of a slit shaped exhaust opening
      between said container and cover.
NUM  5.
PAR  5. Arrangement according to claim 4, in which a flap valve is pivotally
      supported at the end of the supply pipe and provided with a projecting
      lever carrying a float body.
NUM  6.
PAR  6. Arrangement according to claim 4 in which a cup-shaped container having
      a downwardly directed cylindrical flange, is supported vertically
      adjustable above the container and cover forming said slitshaped exhaust
      opening so that the air ejecting from said opening may be regulated by
      means of said cylindrical flange.
NUM  7.
PAR  7. Arrangement according to claim 4, in which at least one branch pipe is
      connected to the cup-shaped container secured on the end at the supply
      pipe, for reforwarding heated air from said container.
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ABST
PAL  A hose reel device for fire extinguishing appliance of the type having a
      cabinet and a door swingable to be horizontally opened so as to provide a
      vertical rotational axis for the hose reel mounted on inside of the door
      in opened position. The device is accordingly adapted to the use in a
      highway tunnel so as to be recessed into a wall portion immediately over a
      pedestrian inspecting passageway and is intended to provide, in case of
      emergency, a better mode of opening the door and a convenient reach of the
      operator to the device even though remaining under the passageway while
      permitting the hose to be run out in any direction without any conscious
      effort of the operator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a hose reel device for fire extinguishing
      appliance, and particularly to a device of the type having a cabinet and a
      door which is swung about an axis horizontal and parallel to the front
      side of the cabinet to provide a vertical rotational axis for the hose
      reel mounted on inside of the door when the hose is unwound from the reel
      to direct the water jet to a base flame.
PAR  The purpose of the invention is to provide an everyway device which permits
      the hose to be run out in any direction, without any conscious effort of
      the operator, thereby eliminating any obstruction in winding onto or
      unwinding from the hose reel, particularly in a narrow way such as, for
      example, a highway tunnel passageway for a pedestrian inspector.
PAR  Along both sides of the road way in the highway tunnel, there is ordinarily
      provided the passageway adapted to the use of the pedestrian inspector of
      the highway. Such inspecting passageway is usually leveled by about half
      of a human body for safeguarding the inspector against the automobile
      vehicles travelling at a high speed on the road way. For normal
      maintenance purpose, the hose reel device is required to be recessed into
      the wall of a tunnel immediately over the passageway surface.
PAR  The invention therefore, further, contemplates to provide a device which
      permits operators to open the device door readily without stepping on the
      passageway, namely remaining under the passageway surface and to shift the
      reel into the convenient reach of the operator in case of emergency.
PAR  While various means have been employed for device which enables the
      operator to pull off the hose in any direction, none have proven, in our
      view point, to be entirely sufficient particularly in simplifying the
      device and accordingly in operation of the device.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the invention is to provide an improved hose reel
      device which enables the hose to be run out in any direction without
      necessity of any complicated swinging joints.
PAR  A further object of the invention is to ensure a vertical rotational axis
      for the reel and to keep the reel within convenient reach of the operator
      remaining on the road way, under affection of center of gravity of the
      device in the opened position thereof.
PAR  A still further object of the invention is to provide means to keep the
      hose ready for jetting water, the means normally connecting the hose to
      the water supply source through means of a pair of fluid-tight rotatable
      joints disposed at the front center of the reel and on the swinging axis
      of the door respectively.
PAR  Thus, in the disclosed embodiment, there are comprised a cabinet, a door
      hinged to the cabinet to be swung about an axis horizontal and parallel to
      the front side of the cabinet, a reel rotatably mounted on inside of the
      door and a pair of rotatable and fluid-tight tubular joints connecting the
      hose unwoundly wound on the reel to the water supply source, one of the
      joints being disposed at the front center of the reel and the other one on
      the swinging axis of the door respectively.
PAR  This invention embodies a simple reliable everyway device which enables the
      hose to be run out in any direction without any conscious effort of the
      operator by using no complicated swinging joint for the reel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of inside of the door of the cabinet of the device
      accoding to the invention;
PAR  FIG. 2 is a side view of the device of FIG. 1 shown fragmentally in which
      the door and the reel is shown additionally in dot and lines in a opened
      position;
PAR  FIG. 3 is a cross sectional side view taken along the line III--III in FIG.
      1; and
PAR  FIG. 4 is a cross sectional view of a tunnel for a highway to which the
      device of the invention is applied.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 2, the cabinet shown generally by the numeral 1 is of frame type
      and is formed of a pair of parallel bottom side members 2, a pair of
      pillars 3 each of which is normal to the corresponding one of the bottom
      members, a pair of top side members 4 each of which is normal to the
      corresponding one of the pillars and parallel to the bottom side members.
      A diagonal bar 5 is in addition framed into the cabinet on each side
      thereof by fastening at both ends to the pillar and the bottom side member
      to entirely strengthen the resulting cabinet.
PAR  It should be noted that both side bottom members are connected to each
      other by a horizontal and lateral bar member which does not appear in the
      view for the sake of draftsmanship covenience. The top side members 4 are
      also connected each other by a horizontal and lateral bar also not shown
      in the view. The square type cabinet is thus formed from such formation.
PAR  The cabinet 1 is in use generally recessed into the wall with only a trim
      projecting from the plaster of the wall so that the door panel lies in the
      same plane as that of the plaster when the door is closed.
PAR  The door is generally designated by the numeral 6 in FIG. 2 and has a panel
      7 at both sides of which is fastened a pair of brackets 8 as best shown in
      FIG. 1. Between the brackets 8 are spanned three parallel reinforcing
      beams 9 to 11. A hinge fitting 12 is fastened on each of the brackets 8 as
      best shown in FIG. 2 to provide an axis for the door by means of a pin 13.
      The pin 13 extends to be supported by the corresponding pillars 3. Both
      pins 13 are in aligned relation to each other and lie in an imaginary
      horizontal plane to provide a rotational axis for the door which is
      horizontal and parallel to the front side of the cabinet.
PAR  A damper 14 is pivotally connected at its both ends to a pin 15 on the
      pillar 3 and a pin 16 on the bracket 8 as best shown in FIG. 2. The damper
      14 is of usual type and is so conventional that further illustration will
      be abbreviated. The damper further provides a stopper means for the door
      when the door is opened as shown in dotted lines in FIG. 2 to ensure the
      horizontally opened position for the door. A vertical rotational axis is
      thus provided for a reel 20 by being affected by the center of gravity of
      the door. In order to ensure for the door a snap-acting swinging motion to
      safely occupy either the opened or closed position, the swinging axis of
      the door is so positioned that the center of gravity of the door may shift
      beyond an imaginary vertical plane in which lies the swinging axis by
      opening or closing the door. Such arrangement is effective to make any
      conscious effort unnecessary for the operator to lock the door in the
      opened or closed position.
PAR  The reel 20 has a pair of parallel doughnut shaped discs 21 and 22 as shown
      in FIG. 1. The discs are connected to each other by a plurality of bars 23
      disposed in a circle concentric to the rotational axis of the reel 20. For
      reinforcing purpose, both discs are peripherally flanged and have a
      plurality of radius rods 21a and 22a respectively. The bars form a core
      onto which a hose 24 is wound as shown in dotted lines in FIG. 2. A
      corresponding number of radial arms 25 connect the bars to a hub 26 as
      shown in FIG. 3. The hub 26 is secured to a sleeve 27 by means of a set
      screw 28. An elbow 29 is fluid-tightly connected to a flanged portion 30
      of the hub and in turn the hub is also fluid-tightly connected to sleeve
      27 so that the three parts provide a fluid-tight circuit associated by a
      provision of a seal 31. A pillow box 32 secured on inside of the door 6
      rotatably supports sleeve 27 by means of a pair of radial ball bearing 34
      and thrust ball bearing 33. The pillow box is carried by the door 6
      through means of bolts 35, base 36 of channel type form, bolts 37, base
      plate 38 and the reinforcing bar members 9 to 11.
PAR  The sleeve 27 is at its left end rotatably but fluid-tightly connected to a
      jointing bush 39 which is in turn fluid-tightly fastened to an elbow 40.
      The numeral 41 indicates a seal to prevent the water within the sleeve 27
      to escape.
PAR  From the foregoing, it will be apparent that the reel 20, elbow 29, and
      sleeve 27 rotate in unison, being supported for rotation by the radial and
      thrust ball bearing within the pillow box, while jointing bush 39 and
      elbow 40 remain stationary with the fluid-tight connection being
      maintained between both of the sleeve 27 and bush 39 by means of the seal
      41. The elbow 29 connects to a pipe 42 which in turn connects to hose 24
      wound on the core formed of the bars 23. The elbow 40 connects to a pipe
      43 suitably secured to the door 6.
PAR  Turning to FIG. 1, the pipe 43 is coonected through an elbow 44, pipe 45,
      elbow 46, valve 47, globe valve 48, pipe 49, elbow 50 and pipe 51 to an
      elbow 52. The pipe 51 and the elbow 52 are rotatably and fluid-tightly
      connected to provide a junction therebetween. The elbow 52 is in turn
      connected through a pipe 53 to a fluid supply source (not shown). The
      elbow 52 has a bearing 63 to receive therein the extending free end of the
      pin 13 so that alignment relationship is ensured in installation between
      the pipe 51 and the pin 13.
PAR  It should be noted that the rotatable and fluid-tight connection provided
      by the pipe 51 and elbow 52 otherwise may be replaced by an ordinary
      flexible and pressure-durable pipe in case where the device is applied
      under lower pressure of the water supply.
PAR  From the foregoing, it will be noted that the hose 24 wound on the reel 20
      is fluidly connected to the fluid supply source through such circuit
      formed of the above mentioned various parts, in any rotated positions of
      the reel and also in either of the opened or closed position of the door
      6.
PAR  The principal feature of the apparatus of the invention is based upon the
      fact that the door 6 is opened horizontally to have the reel on inside of
      the door shifted into a convenient reach of the operator and rotated
      around a vertical axis. The hose is accordingly enabled to be unwound by
      pulling in anyway without any conscious effort of the operator.
PAR  A pair of peripherally flanged cover plates 54 and 55 are suitably secured
      to the door 6 at the opposite sides of the reel 20 as seen in FIG. 2 and
      one of which is seen in the plan view of FIG. 1. The reel 20 is positioned
      between the cover plates with both discs thereof slightly spaced from the
      corresponding cover plates. Both cover plates are connected by an arcuate
      series of lateral bars 56 as best shown in FIG. 3. Each bar 56 rotatably
      carries thereon a tubular roller 57. The series of rollers 57 provide
      means to guide the hose for smoothly unwinding from and winding onto the
      reel 20.
PAR  Turning again to FIG. 1, the terminal end of the hose 24 is connected to a
      nozzle 58 which is in rest position releasably clamped by means of
      resiliently clamping means designated at 59 carried by the door.
PAR  In FIG. 4, half of a sectional view of the tunnel is shown. In the view,
      the numeral 70 designates the road way on which automobile vehicles travel
      as illustrated at 71. A road shoulder 72 is further stepped by a
      passageway 73 adapted to the pedestrian use for maintenance or inspection
      of the highway. The passageway 73 is higher than the shoulder 72 by about
      half of a human body. For maintenance purpose, the cabinet of the device
      is required to be recessed into the wall of the tunnel with a slight trim
      projecting from the plaster of the tunnel wall and with its bottom
      disposed on a level with the passageway 73 as shown in heavy lines,
      diagrammatically. From the installation, the operators are obliged in an
      emergency to operate the device on the road shoulder 72 as shown
      diagrammatically at 75. The door of horizontally opening character will
      effectively provide for the operator in case of an emergency a better mode
      of operation to open the door, while permitting him to remain on the road
      shoulder 72. Further, the operator is enabled to pull the hose out in any
      direction without any conscious effort.
PAR  To use the reel, the operator simply opens the door 6 and then opens the
      valve 47, releasing the nozzle 58 from the clamping device 59. The
      operator then draws off from the reel enough hose to enable himself to get
      within effective striking distance of the fire, and then on arrival at the
      outbreak directs the water jet to a base of flame. Although jetting of
      water is commenced from the nozzle 58 immediately after the valve 47 is
      opened, the present invention is not restricted to such embodiment. An
      ordinary rotary nozzle valve (not shown) may be additionally provided at
      the nozzle 58 so that the water jetting is restrained until the rotary
      valve is operated by the operator to commence the jetting.
PAR  Since the hose is normally ready for fluid flowing on the reel, it is
      unnecessary for the operator to run out complete length of the hose before
      the jetting is commenced. It is accordingly much simpler for an amateur to
      operate the device.
PAR  As shown in FIG. 2, at its upper portion, a stopper member 60 is provided
      to which the door abuts when the door is closed to hold the door in the
      closed position under the affection of center of gravity of the door. At a
      central portion of the outside of the door is secured a door handle 61 to
      provide pulling means for the operator to open the door.
PAR  Although the invention is illustrated and described as applied to the fire
      extinguishing appliance in the highway tunnel, the invention is apparently
      able to be applied to any other device installed within the scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hose reel device for fire extinguishing appliance of the type having a
      cabinet and a door, said device comprising hinge means to swingably
      connect the door to the cabinet for opening and closing the cabinet, said
      hinge means being mounted on the cabinet to provide for the door a
      swinging axis horizontal and parallel to the front side of the cabinet, a
      reel mounted on inside of the door and rotatable around an axis normal to
      the door, a hose wound onto the reel and fluidly connected to the water
      supply source and valve means controlling the water supply.
NUM  2.
PAR  2. A hose reel device as set forth in claim 1, wherein a pair of rotatable
      fluid-tight joints connecting the hose on the reel to the water supply
      source, one of said joints being disposed at the front center of the reel
      and the other one being disposed on said swinging axis of the door.
NUM  3.
PAR  3. A hose reel device as set forth in claim 1, wherein the reel has at its
      central portion a hub to permit the water to pass therethrough for jetting
      and said hub being secured on a sleeve rotatably supported, by means of a
      pair of radial and thrust bearings, on a pillow box secured on the inside
      of said door.
NUM  4.
PAR  4. A hose reel device as set forth in claim 1, wherein an arcuate series of
      freely rotatable guide rollers are provided adjacent the reel to guide the
      hose being wound onto or unwound from the reel.
NUM  5.
PAR  5. A hose reel device as set forth in claim 1, wherein the swinging axis of
      the door is so disposed that the center of gravity of the door is
      displaced by opening and closing thereof beyond the immaginary vertical
      plane in which lies the swinging axis of the door to thereby snap-actingly
      urge the door to either opened or closed position.
NUM  6.
PAR  6. A hose reel device for fire extinguishing appliance of the type having a
      cabinet and a door, said device comprising hinge means to swingably
      connect the door to the cabinet for opening and closing the cabinet, said
      hinge means being mounted on the cabinet to provide for the door a
      swinging axis horizontal and parallel to the front side of the cabinet, a
      reel mounted on inside of the door and rotatable around an axis normal to
      the door, a hose unwoundly wound onto the reel and fluidly connected to
      the water supply source, valve means controlling the water supply, a pair
      of rotatable fluid-tight joints for connecting the hose to the water
      supply source, one of said joints being disposed at the front center of
      the reel and the other one being disposed on said swinging axis of the
      door, said reel having at the central portion thereof a hub to permit the
      water supply to pass therethrough, said hub being secured on a sleeve
      rotatably supported by means of a pair of radial and thrust bearings, on a
      pillow box secured on the inside of said door; and an arcuate series of
      freely rotatable guide rollers arranged around the reel to guide the hose,
      the swinging axis of the door being so disposed that the center of gravity
      of the door is displaced by opening and closing the door beyond the
      imaginary vertical plane in which lies the swinging axis to thereby
      snap-actingly urge the door to either opened or closed position.
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ABST
PAL  A flow control device in a casing through which air passes comprises a
      baffle or threshold projecting from one inner wall of the casing toward an
      opposed wall and having an arcuate surface facing upstream, a plate or
      pressure plane disposed upstream of the threshold and mounted for rotation
      such that its downstream end moves parallel to the arcuate face of the
      threshold, and a hollow body disposed transversely of the casing and
      carried by the downstream end of the pressure plane for movement therewith
      so that the body serves as a closure member for the space between the free
      edge of the threshold and the opposed wall of the casing, the body having
      a transverse edge facing upstream and dividing the air flow into two
      streams one of which flows to an adjustable gap between the body and the
      opposed wall of the casing and the other of which flows to a fixed gap
      located between the body and the pressure plane.
BSUM
PAR  This invention relates to the reduction of disturbing noise in an air flow
      control device of the type that is adapted to maintain in a ventilation
      duct an adjustable air flow which is constant independent of the pressure
      upstream of the control device.
PAR  In particular, the invention relates to an improvement over the type of air
      flow control device disclosed in Swedish Pat. No. 362,490. Such a control
      device comprises a casing, which preferably constitutes a section of the
      ventilation duct and includes a plate-like pressure plane as a sensing
      member and an arc-shaped valve blade as a throttling member for the air
      flow. The pressure plane and the valve blade are assembled to a structural
      unit which is rotatably supported in a hub disposed perpendicular to the
      air flow direction. An arc-shaped stationary baffle or threshold projects
      from one wall of the casing in parallel with the arc-shaped valve blade in
      such a way that the hub together with the opposed wall of the casing form
      a fixed throttling gap for the air flow. The throttling member together
      with the stationary threshold and the opposed wall of the casing form a
      variable throttling gap for the air stream, whereas the pressure plane and
      the valve blade are oriented and connected in such a way that they form an
      open pocket turned towards the air streaming from the fixed gap to the
      variable throttling gap in the space above the pressure plane. A flow
      control device of this type is made with a fixed gap between the pressure
      plane and the lower edge of the valve blade for the compensation of
      leakage between said structural unit and the fixed threshold and for the
      equalization of the pressure on the edge of the valve blade that faces
      toward the throttling gap, by means of a corresponding pressure on the
      edge of the valve blade that faces toward the just-mentioned fixed gap.
PAR  The present invention is based on the realization that a reduction of
      disturbing noise due to air turbulence is possible in the practical use of
      mass-produced flow control devices of the type described above. A device
      in accordance with the present invention that complies with high demands
      to reduce the disturbing noise, is characterized by the fact that upstream
      of the arc-shaped valve blade there is provided a cylinder-sector-shaped,
      mainly hollow body having an edge which is pointed toward the air flow.
      The surfaces of the body adjacent the edge with the adjoining surface of
      the pressure plane and a wall of the casing, respectively, form inlet
      channels for two partial streams of the air flow. One stream passes to the
      throttling gap and the other to the gap between the pressure plane and the
      valve blade. These channels are made so that their sectional areas
      decrease in order to avoid turbulence and associated disturbing noise in
      said gaps. A suitable design of the device is characterized by the fact
      that the sector-shaped body consists of the valve blade, a mainly arcuate
      concave surface, a mainly flat surface and two side surfaces formed by the
      two arms or stay members of the moving unit. In a preferred design the
      mainly flat surface of the sector-shaped body has a dimension a along the
      flow direction, which is calculated to be 0.3-0.4 times the height H of
      the flow control device, H, (preferably 0.38 H), and the edge of the
      sector-shaped body is raised from a horizontal plane through the hub a
      distance b, which is 0.1-0.2 times the height of the flow control device,
      H, (preferably 0.135 H). In addition, the mainly circular concave surface
      is made with a radius of curvature that is 0.3-0.5 H, (preferably 0.42 H),
      while the valve blade has such large dimensions that its upper edge line
      coincides with the ceiling of the casing when the flow control device is
      closed. Further, the ceiling of the casing has such a length that its
      front edge line (seen in the flow direction) coincides with the upper edge
      line of the valve blade when the flow control device is closed.
DRWD
PAR  The invention is described in more detail below with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a longitudinal sectional view of a casing provided with a flow
      control device embodying the principles of the present invention; and
PAR  FIG. 2 is a perspective view of the cylinder-sector-shaped body that is an
      essential part of the flow control device of FIG. 1.
DETD
PAR  The different movable parts of the flow control device are enclosed in a
      casing 1. The upper wall of the casing is designated 1a and the
      corresponding lower wall is designated 1b. A stationary arc-shaped baffle
      or threshold 2 projects from the lower wall 1b. A structural movable unit
      4 comprises a plate-like pressure plane 7 serving as a sensing member and
      an arc-shaped valve blade 5 serving as a throttling member and spaced a
      small distance from the arc-shaped threshold 2. The space in front of
      (upstream of) the arc-shaped valve blade 5 forms a cylinder-sector-shaped,
      mainly hollow body designated by 20. The body 20 is attached at its ends
      to arm-like stay members 12 which are mounted to a hub 11 for rotation
      about an axle 13 which is disposed transversely to the direction of air
      flow through the casing 1. Preferably the stay members 12 and the pressure
      plane 7 are manufactured integrally by a single shaping operation carried
      out on a single metal plate.
PAR  In addition to the valve blade 5, the body 20 consists of a mainly circular
      concave surface 22 and a mainly flat surface 23. Since the hub 11 is
      placed in the center plane of the casing, there is formed an upper space
      designated by 8 and a lower space designated by 9. The hub 11 forms
      together with the upper wall 1a of the casing a fixed throttling gap 10,
      which can be varied by an adjustable damper rotatable about an axis 17. A
      variable throttling gap 6 is formed between the upper wall 1a of the
      casing and the rear (downstream) limiting surface of the sector-shaped
      body, i.e., the movable valve blade 5, the upper edge of which is
      designated by 5a. The edge 5a is formed by a lip on the surface 22 which
      is bent over the blade 5, and in the closed position of the flow control
      device the edge 5a bears precisely against the forward edge 24 of the
      casing wall 1a. An edge 21 of the cylinder-sector-shaped body 20 faces in
      a direction opposite to the direction of air flow.
PAR  In order to simplify the manufacture and mounting of the pressure plane 7,
      the body 20 and the threshold 2 it is preferred, instead of giving the gap
      between the valve blade 5 and threshold 2 a uniform narrow width, to place
      the threshold 2 at some distance from the valve blade 5 and to provide the
      upper edge of the threshold with a fold in the shape of a stiffening
      belled lip 2b. This provides a narrow gap 3 between the valve blade 5 and
      the upper edge of the stationary threshold 2. In addition the pressure
      plane 7 is provided with an extension 7a in order to provide a
      corresponding narrow gap 3a. A fixed gap 18 is provided between the
      pressure plane 7 and the lower edge of the valve blade 5, which according
      to a preferred embodiment has an area of the magnitude three times the
      area of each of the aforesaid gaps 3 and 3a respectively. It has been
      established that with this arrangement the control device can operate with
      necessary accuracy at all setting positions of the damper 16. The entirely
      open and, respectively, entirely closed position of the damper 16 has
      proved to correspond to a variation of the air amounts, which can be
      passed through the control device, between about 4:1, at unchanged
      starting pressure. In the illustrated embodiment the control device is
      provided with a counterweight 14 and a spring 15, which is wound around
      the axle 13. The flow control device may be provided with a cushioning
      means 19 of conventional type, for example a piston operating in a
      cylinder.
PAR  According to a preferred embodiment the flat surface 23 of the
      sector-shaped body 20 has a dimension a along the direction of the air
      flow which is 0.3-0.4 times the height H of the inlet of the flow control
      device. The edge 21 of the sector-shaped body 20 is preferably designed to
      be raised a distance b, which is 0.1-0.2 times the height H, above a
      horizontal plane through the hub 11. According to a preferred embodiment
      the radius of curvature of the circular, concave surface 22 of the body 20
      is 0.3-0.5 H, and the valve blade 5 which defines the rear limiting
      surface of the sector-shaped body 20 has dimensions such that its upper
      edge line 5a coincides with the corresponding end edge 24 of the upper
      wall 1a of the casing, when the flow control device is totally closed. The
      mounting of the valve blade 5 in its correct position is facilitated by
      the fact that the stay means 12 has a corner 26 located at the extension
      7a and its folded side 25, which is designed to catch the lower edge of
      the valve blade 5 into the correct position.
PAR  The upper edge 5a of the valve blade 5 is held rigid by the upper portion
      of the stays 12, and thereby the body 20 of cylinder-sector shape is held
      completely and accurately in relation to the pressure plane 7 and its
      lateral stays 12. This has been shown to be important for being able to
      meet the reproducibility requirement of the flow control device with good
      accuracy at the series production of the elements comprised therein. This
      design also ensures that the edge 7a is straight and rigid. The forward
      edge of the upper wall of the casing, that is the wall 1a, must not
      project beyond the edge 5a of the valve blade in the direction of the
      flow, if disturbing noise production is to be prevented. When the edge 24
      of the wall 1a projects beyond the upper edge 5a of the valve blade, it
      was found that at decreasing width of gap 6 -- due to pressure increase
      before the control device and resulting elevation of the pressure plane 7
      in order to keep the flow constant -- the edge 24 of the roof 1a will be
      subjected to an ever increasing blow of the air stream through the gap 6,
      with resulting heavy increase of noise production.
PAR  The stay means 12 and their extended parts 25 are, according to a preferred
      construction, positioned at such a distance from the sides of the casing 1
      that a gap of 0.5-5 mm (preferably in the range of H/100 mm, where H
      designates the said height of the flow control device) is provided between
      these sides and the body 20 supporting the movable unit 4.
PAR  The mode of operation of a flow control device of the above-mentioned type
      is as follows: The casing 1 is assumed to be positioned within or be
      connected to a ventilation duct by flanges 27. The air in the casing flows
      in the direction of the arrows. The air flow passes through the inlet in
      the fixed throttling gap 10 to the space 8 and leaves via the outlet in a
      variable throttling gap 6 to the subsequent part of the ventilation duct.
      The arrangement in the inlet 10 produces a static vacuum in the space 8 in
      relation to the space 9. Above the pressure plane 7, thus, a pressure
      difference arises, which produces a moment on the unit 4 about the axis 13
      tending to close the gap 6 with the valve blade 5. The unit 4, i.e., the
      pressure plane 7 and the body 20 with the valve blade 5, on the other
      hand, produces by its weight a moment in the opposite direction. The unit
      4 therefore assumes a position in which the two opposed moments neutralize
      each other. If the air flow tends to be changed by a pressure variation in
      the ventilation duct upstream or downstream of the flow control device,
      this change would affect the air rate above the inlet 10. This results, as
      described above, immediately in a new closing moment, which moves the
      pressure plane 7 and the body 20 with the valve blade 5 to a new position,
      where the two moments again compensate each other and thereby reestablish
      the rate above the inlet 10. By maintaining the air rate in the
      nonvariable inlet 10 constant, thus, the air flow through the air flow
      control device remains constant.
PAR  It will be seen from the drawings that the edge 21 of the body 20 divides
      the air flow into two partial streams flowing to the gaps 18 and 6,
      respectively, through channels the cross sectional areas of which
      gradually decrease. This arrangement is very important in avoiding
      turbulence and associated noise in the gaps 18 and 6.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a casing having walls defining an air passage a flow control assembly
      of the type including a baffle or threshold projecting into the air
      passage from one wall of said casing toward an opposed wall of said
      casing, said threshold having an arcuate concave surface facing upstream,
      a plate or pressure plane disposed upstream of said threshold and mounted
      for rotation about an axis transverse to the axis of the casing such that
      its downstream end moves parallel to said arcuate face of said threshold,
      an arcuate valve blade carried at the downstream end of said pressure
      plane for forming an adjustable throttling gap between said threshold and
      said opposed wall of said casing, there being a fixed gap between said
      valve blade and said pressure plane, the improvement comprising air
      guiding means disposed upstream of said arcuate valve blade forming
      separate first and second channels leading to said adjustable throttling
      gap and to said fixed gap, respectively, said channels having cross
      sectional areas which decrease in the direction of air flow whereby air
      turbulence and associated noise in said gaps are reduced.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein said air guiding means includes two
      surfaces diverging in a downstream direction from a common edge which
      extends transversely of the air passage whereby the first channel is
      formed in part by one of said diverging surfaces and said one wall of said
      casing and whereby the second channel is formed in part by the other
      diverging surface and said opposed wall of said casing.
NUM  3.
PAR  3. Apparatus as in claim 1 wherein said air guiding means includes a hollow
      body having an axis extending transversely to said air passage, said body
      comprising said arcuate valve blade as one of its walls and comprising two
      side surfaces diverging in a downstream direction from a common edge which
      extends transversely to said air passage.
NUM  4.
PAR  4. Apparatus as in claim 3 wherein said hollow body is provided with two
      end surfaces extending upstream of said two side surfaces.
NUM  5.
PAR  5. In a casing having walls defining an air passage a flow control assembly
      of the type including a baffle or threshold projecting into the air
      passage from a wall of said casing toward an opposed wall of said casing,
      said threshold having an arcuate surface facing upstream, a plate or
      pressure plane disposed upstream of said threshold and mounted for
      rotation such that its downstream end moves parallel to said arcuate face
      of said threshold, an arcuate valve blade carried at the downstream end of
      said pressure plane for forming an adjustable throttling gap between said
      threshold and said opposed wall of said casing, there being a fixed gap
      between said valve blade and said pressure plane, the improvement
      comprising air guiding means disposed upstream of said arcuate valve blade
      said air guiding means including a hollow body having an axis extending
      transversely to said air passage, said body comprising said arcuate valve
      blade as one of its walls and comprising two side surfaces diverging in a
      downstream direction from a common edge which extends transversely to said
      air passage, one side surface of said body facing said opposed wall of
      said casing and being concave and the other side surface of said body
      facing said pressure plane and being generally flat, said body forming
      separate channels leading to said adjustable throttling gap and to said
      fixed gap, respectively, said channels having cross sectional areas which
      decrease in the direction of air flow whereby air turbulence and
      associated noise in said gaps are reduced.
NUM  6.
PAR  6. Apparatus as in claim 5 wherein said generally flat surface has a
      dimension along the air flow direction which is about 0.3 to 0.4 times the
      dimension between said walls of said casing, wherein said edge formed by
      said body is disposed a distance above the axis of rotation of said
      pressure plane which is about 0.1 to 0.2 times said dimension between
      casing walls and wherein said concave side wall of said body has a radius
      of curvature which is about 0.3 to 0.5 times said dimension between said
      casing walls.
NUM  7.
PAR  7. Apparatus as in claim 5 wherein said opposed wall of said casing
      terminates in an edge which faces downstream and wherein said arcuate
      valve member has a free edge which engages said just mentioned edge in a
      closed position of said flow control assembly.
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ABST
PAL  An apparatus for steady-state volume rate flow control from a variable
      depth liquid having a floating weir assembly of the type with an inlet
      weir crest over which liquid may flow from said weir crest to a discharge
      opening through which liquid may flow from said weir. In one form, the
      weir assembly has a pressure responsive flow control means. When said
      pressure responsive flow control means is active, said means opposes the
      buoyancy of said floating weir to position said inlet crest of said weir
      at a selected distance below the surface of said variable depth liquid
      independent of the depth of said liquid to establish a steady-state volume
      rate of liquid flow from said weir. At other times, when said pressure
      responsive control means is inactive, the buoyancy of said floating weir
      positions said inlet crest of said weir above the surface of said variable
      depth liquid independent of the depth of said liquid to establish a zero
      rate of liquid flow from said weir. A preferred weir assembly has an
      open-topped circular weir crest, with its circular edge concentric with a
      first horizontal axis, and with the weir crest supported at one end of a
      vertically swinging support arm which has its other end arranged for
      support and swinging movement around a parallel second horizontal axis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the field of fluid flow, a weir is any dam or bulkhead over which a
      fluid may flow, or a bulkhead containing a notch through which a fluid may
      flow. Generally, a weir is useful for measuring the volume rate of fluid
      flow. Many types of weirs have been known and used in the past. Such weirs
      include sharp-crested and flat-crested, rectangular and V-notch,
      trapezoidal, broad-crested, circular and submerged. Various equations have
      been derived for the many types of weirs which exist. By measuring the
      physical characteristics of any particular weir and taking into account
      various flow impeding factors, it is possible to derive a volume rate of
      fluid flow equation for such weir. Once such an equation has been derived,
      it is then possible to use such weir to measure the volume rate of fluid
      flow by merely measuring the head of fluid over the inlet crest of such
      weir and placing the value thus obtained into the equation derived for
      such weir.
PAR  While prior art weirs have been found quite useful for measuring the volume
      rate of fluid flow, such weirs have generally not been suitable for
      providing and maintaining a selected steady-state volume rate of fluid
      flow from a variable depth fluid independent of the depth of the fluid.
      More particularly, prior art weirs have generally been of a fixed type.
      Accordingly, when the depth of the fluid would increase or decrease, the
      volume rate of fluid flow would undergo a corresponding increase or
      decrease. This can readily be understood since an increase or decrease in
      the depth of the fluid results in a corresponding increase or decrease of
      the head of fluid over the inlet crest of such fixed weirs. Therefore,
      while prior art weirs have been well-suited for measuring the volume rate
      of fluid flow, such weirs have not been suitable for applications which
      require maintaining a selected steady-state volume rate of fluid flow from
      a variable depth fluid independent of the depth of the fluid.
PAR  Various constant rate pumps have been developed to provide and maintain a
      selected steady-state volume rate of fluid flow from a variable depth
      liquid independent of the depth of the fluid. However, for many
      operations, constant rate pumps are simply not suitable. For instance,
      such pumps are not suitable for use in sewage treatment facilities since
      the fluids treated in such facilities are characterized by a presence of
      suspended solids and such fluids undergo variations in the rate of flow.
      Constant rate pumps cannot be adjusted to compensate for such variations
      in the flow rate of suspended solids composed in part of biological
      colonies called "floc". It is important that these colonies not be broken
      up. Most pumps, because of their high velocity impellers, will break up
      the biological floc and, therefore, are not desirable for this application
      in a sewage treatment facility. Finally, pumps are not suitable due to
      their high cost. Therefore, alternative means for providing and
      maintaining a steady-state volume rate of fluid flow for applications such
      as use in sewage treatment facilities have been sought.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is concerned with an improved apparatus for
      steady-state volume rate flow control from a variable depth liquid
      independent of the depth of the liquid. The present invention is also
      concerned with an improved apparatus for steady-state volume flow control
      which is accurate, reliable and durable for use in corrosive liquids or
      liquids characterized by a presence of suspended solids. Finally, the
      present invention is concerned with an improved apparatus for steady-state
      volume rate flow control which is mechanically simple and inexpensive.
PAR  The apparatus for steady-state volume rate flow control consists of a
      floating weir assembly having an inlet weir crest over which a variable
      depth liquid may flow when the weir is floated at a predetermined level
      therein. Also, the floating weir assembly has a discharge opening through
      which the variable depth liquid may flow from the weir. In one form, the
      weir assembly has a pressure responsive control means which is operatively
      connected to oppose the buoyancy of a flotation means which is part of the
      wier assembly. When the pressure responsive control means is active, the
      inlet crests of the floating weir can be positioned at a selected distance
      below the surface of the variable depth liquid independent of the depth of
      the liquid. In this manner, a selected head of liquid over the inlet crest
      of the floating wier is provided, and a desired steady-state volume rate
      of liquid flow is established. The pressure responsive control means
      maintains a desired pressure downwardly against the buoyancy of the weir
      throughout a desired range of vertical movement of the weir as the liquid
      level changes.
PAR  In operation, the buoyancy of the floating weir positions the inlet crests
      above the surface of the variable depth liquid when the pressure
      responsive control means is inactive. By activating the pressure
      responsive control means, the inlet crest of the floating weir can be
      positioned at a selected distance below the surface of the variable depth
      liquid. The selected distance defines the head of liquid over the inlet
      crest of the floating weir. The head of liquid over the inlet crest flows
      to the floating weir and through the discahrge opening from the floating
      wier. The liquid flow so established is a steady-state volume rate of
      liquid flow, and the flow remains steady-state independent of the depth of
      the variable depth liquid. Thus, by utilizing the pressure responsive
      control means to oppose the buoyancy of the floating weir, an apparatus
      for steady-state volume rate flow control from a variable depth liquid
      independent of the depth of the liquid is provided.
PAR  A preferred weir assembly has an open-topped circular weir crest, with its
      circular edge concentric with a first horizontal axis, and with the weir
      crest supported at one end of a vertically swinging support arm which has
      its other end arranged for support and swinging movement around a parallel
      second horizontal axis.
PAR  Various other features and object of the invention will be apparent from a
      consideration of the accompanying specifications, claims and drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top elevation of an apparatus for steady-state volume rate flow
      control; and
PAR  FIG. 2 is a side elevation of an apparatus for steady-state volume rate
      flow control showing the relation of the floating weir and the pressure
      responsive control means to a variable depth liquid in both a maximum and
      a minimum depth position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 2, the apparatus for steady-state volume rate flow
      control 10 is comprised of floating weir 11 and pressure responsive
      control means 43. Floating weir 11 has a base and generally C-shaped inlet
      crests 13 and 14. Generally C-shaped inlet crests 13 and 14 have their
      open portions upwardly concave and have upper and lower edges which define
      concentric upwardly concave arcs which are, in the preferred embodiment,
      circular. Generally C-shaped inlet crests 13 and 14 are substantially
      parallel and horizontally spaced along a first horizontal axis about which
      the circular arcs are concentric, and the base defines an upwardly concave
      arc concentric with the upwardly concave arcs defined by the upper and
      lower edges of generally C-shaped inlet crests 13 and 14. The manner in
      which the base is secured to generally C-shaped inlet crests 13 and 14
      will be described below.
PAR  Referring to FIG. 1, floating weir 11 is provided with flotation means. The
      flotation means includes a circular, concentric flotation chamber to
      provide a constant buoyant force independent of angular position, and it
      is preferred to construct floating weir 11 having a flotation chamber in a
      manner defining discharge opening 17 in the base. As a result, in the
      preferred embodiment of the present invention, the base of floating weir
      11 includes lower surface 12 secured to the lower edges of generally
      C-shaped inlet crests 13 and 14 and upper surfaces 16 and 15 secured to
      the upper edges of generally C-shaped inlet crests 13 and 14,
      respectively. Finally, a series of generally rectangular end surfaces 23,
      24, 25, 26, 27 and 28 are provided to complete the construction of
      floating weir 11 in a manner defining a circular, concentric flotation
      chamber therein. The flotation chamber so defined, of course, is sealed
      from communication with discharge opening 17 in the base by generally
      C-shaaped C-shaped walls 68 and 69 which are substantially identical to
      generally C-shaped inlet crests 13 and 14 and substantially parallel
      thereto and horizontally spaced therefrom. Generally C-shaped chamber
      walls 68 and 69 serve to define discharge opening 17 in the base of
      floating weir 11 since chamber wall 68 is secured to lower surface 12 and
      upper surface 15 of the base of floating weir 11, and chamber wall 69 is
      secured to lower surface 12 and upper surface 16 of the base of floating
      weir 11. Accordingly, generally C-shaped chamber walls 68 and 69 serve to
      seal discharge opening 17 so defined from communication with the flotation
      chamber.
PAR  In the preferred embodiment of floating weir 11, lower surface 12, upper
      surfaces 15 and 16, generally C-shaped inlet crests 13 and 14, end
      surfaces 23, 24, 25, 26, 27 and 28, and generally C-shaped chamber walls
      68 and 69 are constructed of molded polyvinylchloride, and the flotation
      chamber of floating weir 11 so defined is filled with polyurethane foam
      for better flotation. Of course, the polyvinylchloride is used for the
      construction of floating weir 11 to provide a material of high durability
      which is not affected by corrosive liquids or the presence of suspended
      solids. Furthermore, a material such as polyvinylchloride makes it
      possible to provide a floating weir 11 characterized by a simple,
      integrally molded construction which is inexpensive to manufacture.
PAR  Other features of the floating weir assembly include molded flanges 20 and
      21. As with the other portions of the construction of floating weir 11,
      molded flanges 20 and 21 are also preferably constructed of integrally
      molded polyvinylchloride. Secured to molded flanges 20 and 21 by rivets 22
      are weir rims 18 and 19, respectively. Weir rims 18 and 19 are preferably
      of corrosion-resistant materials. When pressure responsive control means
      43 is active and generally C-shaped inlet crests 13 and 14 weir rims 18
      and 19 are positioned at a selected distance below the surface of the
      variable depth liquid, an apparatus of a highly durable construction which
      is resistant to corrosive liquids or the presence of suspended solids is
      provided.
PAR  Discharge opening 17 in the base of floating weir 11 is formed with
      discharge adapter opening 29 therein. Discharge adapter opening 29 is
      provided in lower surface 12 of the base of floating weir 11, and,
      referring to FIG. 1, it can be seen that discharge opening 17 communicates
      directly with discharge adapter opening 29. Discharge adapter tube 30 is
      secured to the lower surface 12 of the base of floating weir 11 in
      communication with discharge adapter opening 29. Thus, any liquid flowing
      over generally C-shaped inlet crests 13 and 14 and weir rims 18 and 19 of
      floating weir 11 flows, in turn, through discharge opening 17 and
      discharge adapter opening 29 in the base of floating weir 11 into
      discharge adapter tube 30.
PAR  As previously noted, one end of discharge adapter tube 30 communicates with
      discharge adapter opening 29. The opposite end of discharge adapter tube
      30 is provided with discharge adapter tube collar 31. In addition,
      pivotally mounted discharge tube 33 is provided with pivoting discharge
      tube collar 32 at one end. Discharge adapter tube collar 31 can be
      removably engaged with pivoting discharge tube collar 32. Thus, should it
      become desirable to replace floating weir 11 of apparatus 10, such
      operation can easily be accomplished by simply removing discharge adapter
      tube collar 31 from engagement with pivoting discharge tube collar 32. In
      this manner, floating weir 11 and discharge adapter tube 30 can be removed
      from other portions of apparatus 10 for repair or replacement with a
      minimum of effort at any desired time. Discharge adapter tube collar 31
      and pivoting discharge tube collar 32 simply eliminate the necessity of
      removing the entire apparatus 10 to perform such functions.
PAR  Referring to FIG. 1, discharge tube 33 is pivotally mounted to apparatus
      support means 38 by pivotal connection means. More particularly, pivotal
      connection means for pivotally mounting discharge tube 33 to apparatus
      support means 38 includes pivotal shoulder 34. Pivotal shoulder 34 is
      comprised of fixed shoulder portion 36 and pivotal shoulder portion 35,
      both of which lie on a second horizontal axis spaced from and parallel to
      the first horizontal axis of the generally C-shaped inlet crests 13 and
      14. Fixed shoulder portion 36 is rigidly mounted to apparatus support
      means 38 and pivotal shoulder portion 35 is pivotally mounted to fixed
      shoulder portion 36 of pivotal shoulder 34 and rigidly mounted to
      pivotally mounted discharge tube 33. Thus, since pivotal shoulder portion
      35 is pivotally mounted to fixed shoulder portion 36, floating weir 11,
      discharge adapter tube 30 and pivotally mounted discharge tube 33 are free
      to pivot about fixed shoulder portion 36. Finally, fixed shoulder portion
      36 and pivotal shoulder portion 35 are adapted to facilitate communication
      of pivotally mounted discharge tube 33 through pivotal shoulder 34 to
      apparatus support means 38 and external receiver means 67, as will be more
      fully understood below. Other pivotal connections and joints, with or
      without seals, may be used.
PAR  Apparatus support means 38 rigidly supports floating weir 11, discharge
      adapter tube 30 and pivotally mounted discharge tube 33 with respect to a
      variable depth liquid. Apparatus support means 38 is comprised of wall
      support collar 39 rigidly mounted to wall 37, apparatus support collar 40
      removably engaged with wall support collar 39 and fixed discharge tube 41
      secured to and extending from apparatus support collar 40. Fixed discharge
      tube 41 communicates with external receiver means 67 through apparatus
      support collar 40 and wall support collar 39. Finally, fixed shoulder
      portion 36 of pivotal shoulder 34 is rigidly mounted to fixed discharge
      tube 41 of apparatus support means 38. Thus, a variable depth liquid may
      flow over generally C-shaped inlet crests 13 and 14 and weir rims 18 and
      19 through discharge opening 17 and discharge adapter opening 29 in the
      base of floating weir 11, along discharge adapter tube 30 and pivotally
      mounted discharge tube 33 into fixed discharge tube 41, and finally, into
      external receiver means 67. The precise operation of the present invention
      will be more fully understoood below.
PAR  Referring to FIG. 2, pressure responsive control means 43 can be
      understood. In the preferred embodiment, pressure responsive control means
      43 includes pressure regulator 44 to receive pressure from an external
      pressure source and pressure bleed 47. Pressure regulator 44 and pressure
      bleed 47 communicate with pressure gauge 45, flexible pressure line 46 and
      pressure port 63. In this manner, pressure from the external pressure
      source passes through pressure regulator 44, pressure gauge 45, flexible
      pressure line 46, pressure port 63 and into air cylinder 49. Of course,
      other pressure responsive control means such as a hydraulic cylinder can
      also be utilized. A pressure control bleed 48 is provided immediately
      adjacent pressure port 63 in flexible pressure line 46. The precise
      function of pressure control bleed 48 will be described below.
PAR  Air cylinder 49 of pressure responsive control means 43 is comprised of
      cylinder 50 and piston 51 which define pressure chamber 70. Rigidly
      mounted to piston 51 is connecting rod 52 provided to oppose the buoyancy
      of floating weir 11. In the preferred embodiment, connecting rod 52 is
      operatively connected to pivotally mounted discharge tube 33 by means of
      positioning bracket 53. Positioning bracket 53 is comprised of horizontal
      support pin 57 which is rigidly mounted to pivotally mounted discharge
      tube 33, substantially vertical pivoting support members 54 and 55 which
      are pivotally mounted to horizontal support pin 57 at their lower ends,
      and horizontal support member 56 which is rigidly mounted to substantially
      vertical pivoting support members 54 and 55 at their upper ends.
      Intermediate the length of horizontal support member 56 is internally
      threaded nut 58 rigidly secured thereto, and connecting rod 52 of pressure
      responsive control means 43 is threaded at its lower end and is
      operatively connected to positioning bracket 53 by being threadedly
      engaged with internally threaded nut 58 thereof.
PAR  Referring to FIG. 2, vertical support column 59 is provided to support
      pressure responsive control means 43. More particularly, vertical support
      column 59 is mounted on support column base 60. Suppport column base 60,
      in turn, is mounted on fixed discharge tube 41 of apparatus support means
      38. In this manner, vertical support column 59 is secured to and extends
      upward from apparatus support means 38 and pivot arm 62, as shown in FIG.
      1, extends horizontally from the upper end of vertical support column 59
      to pivotally support pressure responsive control means 43. Air cylinder
      mounting bracket 61, which is integral with the upper end of air cylinder
      49 of pressusre responsive control means 43, is pivotally mounted on pivot
      arm 62. Accordingly, air cylinder 49 is pivotally mounted to pivot arm 62.
PAR  Air cylinder 49 applies a constant force when the pressure directed thereto
      is constant. However, the torque on the portion of apparatus 10 comprised
      of floating weir 11, discharge adapter tube 30 and pivotally mounted
      discharge tube 33 varies with the angle of application of the force
      applied by air cylinder 49. But the effective weight of the liquid in the
      portion of apparatus 11 compound of these elements also varies with the
      angle of these elements. Thus, the precise geometrical relationship
      between the air cylinder 49 and the portion of apparatus 10 comprised of
      floating weir 11, discharge adapter tube 30 and pivotally mounted
      discharge tube 33 is chosen to compensate for the variation in effective
      weight of the liquid with change in regular position.
PAR  Finally, overflow tube 42 is provided. Overflow tube 42 is mounted to
      communicate with fixed discharge tube 41 and extends upward therefrom.
      Overflow tube 42 is provided so that the variable depth liquid can never
      reach a greater depth than the maximum desired depth. The length of
      overflow tube 42, of course, is dependent upon the maximum desired depth
      for the variable depth liquid. Under normal conditions, floating weir 11,
      discharge adapter tube 30 and pivotally mounted discharge tube 33 serve to
      provide a steady-state volume rate of flow from a variable depth liquid
      independent of the depth of the liquid to external receiver means 67.
      However, in some applications it may be necessary to prohibit the variable
      depth liquid from reaching a greater depth than the maximum desired depth.
      Thus, when the variable depth liquid reaches the maximum desired depth,
      such liquid will be drawn off by both floating weir 11 and oveflow tube 42
      to external receiver means 67 to assure that such variable depth liquid
      does not reach a greater depth than the maximum desired depth.
PAR  The present invention is particularly well adapted for use in sewage
      treatment facilities. In such facilities, sewage undergoes an initial
      treatment such as aeration in a channel provided for such purpose.
      However, sewage is received in aeration channels at non-uniform rates.
      More particularly, it is well-known that sewage is received by sewage
      treatment facilities at a high rate during peak flow periods and at a low
      rate during other periods. Thus, the depth of sewage in the aeration
      channels is variable. While such a variation in the depth of sewage in the
      aeration channels is acceptable, it is generally desirable for the final
      sedimentation tanks to receive only a uniform flow of aerated liquid. As a
      result, it is necessary to provide means by which aerated liquid may be
      removed from the aeration channels to the final sedimentation tanks at a
      steady-state volume rate of flow from the variable depth liquid
      independent of the depth of the liquid.
PAR  The present invention allows a sewage treatment facility to be operated by
      making a simple setting of the desired flow rate. The flow rate reaching
      the final sedimentation tanks remains uniform unless the aeration channels
      reach a greater depth than the maximum desired depth. When this occurs,
      the overflow tube, set at such level, carries the excessive flow directly
      from the aeration channel to the final sedimentation tanks. The overflow
      tube assures that the sewage within the aeration channel will not overflow
      onto the adjacent landscape.
PAR  When the apparatus for steady-state volume rate flow control is provided
      for use in sewage treatment facilities, it is normally mounted in a
      chamber adjacent to the channel aeration facility and directs a
      steady-state volume rate of flow from the variable depth liquid
      independent of the depth of the liquid to a bio-solids separation unit or
      final sedimentation tank. The distance which the generally C-shaped inlet
      crests and weir rims of the floating weir are positioned below the surface
      of the liquid, and thus the volume rate of flow is adjustable by means of
      a remote control panel including a calibrated, adjustable pressure
      regulator for infinitely variable adjustment. The pressure regulator
      directs pressure from an external pressure source to the air cylinder
      calibrated to correspond with expected sewage treatment facility flows.
PAR  In operation, the apparatus for steady-state volume rate flow control 10 is
      an integral unit mounted on wall 37 in communication with external
      receiver means 67. External receiver means 67 and apparatus support means
      38 are mounted at a minimum depth from which it is desired to remove
      liquid from the variable depth liquid. Such minimum depth is represented
      by surface level 64 of the variable depth liquid. When the variable depth
      is in this position, floating weir 11, discharge adapter tube 30 and
      pivotally mounted discharge tube 33 are substantially horizontal. If the
      variable depth liquid should have a lower surface level, the apparatus 10
      would have a zero volume rate of liquid flow. Since the floating weir 11,
      discharge adapter tube 30 and pivotally mounted discharge tube 33 would be
      positioned lower than the external receiver means 67, this result
      necessarily follows.
PAR  When the variable depth liquid is at greater than the minimum desired depth
      represented by surface level 64, pressure from the external pressure
      source can be directed to pressure regulator 44. Such pressure is, in
      turn, passed through pressure gauge 45 and flexible pressure line 46 from
      which it is directed to air cylinder 49 through pressure port 63. Pressure
      regulator 44 can be caliberated so that various settings will reflect
      various volume rates of liquid flow. When pressure regulator 44 is placed
      in a particular setting, the pressure directed through pressure port 63
      forces piston 51 downward in cylinder 50 to define pressure chamber 70.
      Piston 51, in turn, forces connecting rod 52 downward. Since connecting
      rod 52 is threadedly engaged with positioning bracket 53 mounted on
      pivotally mounted discharge tube 33, the portion of apparatus 10 comprised
      of floating weir 11, discharge adapter tube 30 and pivotally mounted
      discharge tube 33 is pivoted downward by such pressure about pivotal
      shoulder 34. The downward pivoting force opposes the buoyancy of the
      floating weir box, including a crest, a discharge opening and flotation,
      to position generally C-shaped inlet crests 13 and 14 and wier rims 18 and
      19 at a selected distance below the surface of the variable depth liquid.
      This, in turn, establishes desired steady-state volume rate of liquid flow
      through discharge opening 17 and ultimately to external receiver means 67.
      The volume rate of flow will be defined by the head of liquid over
      generally C-shaped inlet crests 13 and 14 and weir rims 18 and 19 of
      floating weir 11.
PAR  Referring to FIG. 2, surface level 64 and generally C-shaped inlet crests
      13 and 14 and weir rims 18 and 19 define a cross-section of liquid in the
      form of a circular arc. Also, since generally C-shaped inlet crests 13 and
      14 have their open portions upwardly concave and have upper edges defining
      upwardly concave circular arcs, the cross-section of liquid over generally
      C-shaped inlet crests 13 and 14 and weir rims 18 and 19 remains in the
      form of a circular arc independent of the pivoting of the portion of
      apparatus 10 comprised of floating weir 11, discharge adapter tube 30 and
      pivotally mounted discharge tube 3 about pivotal shoulder 34. Furthermore,
      the head of liquid in the cross-section in the form of a circular arc over
      generally C-shaped inlet crests 13 and 14 and weir rims 18 and 19 remains
      constant independent of the pivoting of the portion of apparatus 10
      comprised of these elements when pressure regulator 44 is placed in a
      particular setting.
PAR  These features of the present invention can be understood by referring to
      FIG. 2 where the portion of apparatus 10 comprised of floating weir 11,
      discharge adapter tube 30 and pivotally mounted discharge tube 33 is shown
      in a variable depth liquid at a minimum depth, represented by surface
      level 64. These features can further be understood by referring to FIG. 2
      where the portion of apparatus 10 comprised of these elements is shown in
      phantom lines, represented by reference numeral 65, in a variable depth
      liquid at a maximum depth, represented by surface level 66. As shown in
      FIG. 2, when pressure regulator 44 is placed in a particular setting, the
      cross-section of liquid over generally C-shaped inlet crests 13 and 14 and
      weir rims 18 and 19 remains in the form of a circular arc and the head of
      liquid in the cross-section remains constant independent of the pivoting
      of the portion of apparatus 10 comprised of floating weir 11, discharge
      adapter tube 30 and pivotally mounted discharge tube 33 about pivotal
      shoulder 34. As a result, as the depth of liquid in the variable depth
      liquid changes, for instance, from a minimum desired depth to a maximum
      desired depth with pressure regulator 44 placed in a particular setting,
      the buoyancy of floating wier 11 forces connecting rod 52 and piston 51
      upward into cylinder 50. Pressure control bleed 48 and pressure bleed 47
      serve to quickly relieve the increasing pressure in pressure chamber 70
      caused by the decreasing volume of pressure chamber 70 and serve to
      quickly stabilize the pressure in pressure chamber 70 at the desired
      setting. Accordingly, as the liquid in the variable depth liquid rises and
      as floating weir 11, discharge adapter tube 30 and pivotally mounted
      discharge tube 33 pivot upward about pivotal shoulder 34, the
      cross-section and head of liquid over generally C-shaped inlet crests 13
      and 14 and weir rims 18 and 119 remain substantially the same. This result
      follows, of course, because the downward force of pressure responsive
      control means 43 opposing the buoyancy of floating weir 11 remains
      substantially the same.
PAR  As the depth of liquid in the variable depth liquid changes, for instance,
      from a maximum depth to a minimum depth, the cross-section and head of
      liquid over generally C-shaped inlet crests 13 and 14 and weir rims 18 and
      19 remain substantially the same in a similar manner with piston 51 and
      connecting rod forced downward in cylinder 50. Pressure regulator 44
      serves to quickly supply pressure to pressure chamber 70 where the
      pressure is decreasing because of the increasing volume of pressure
      chamber 70 and serves to quickly stabilize the pressure in pressure
      chamber 70 at the desired setting. Therefor, as the variable depth liquid
      undergoes any change in depth, either increasing or decreasing between a
      minimum desired depth and a maximum desired depth, the apparatus for
      steady-state volume rate flow control from a variable depth liquid
      provides a desired steady-state volume rate of liquid flow independent of
      the depth of the liquid.
PAR  In order to calibrate pressure regulator 44, various equations have been
      developed for weirs of various shapes. Thus, an equation which has been
      developed for a head of liquid over a circular arc inlet crest can be used
      to calibrate pressure regulator 44. In the alternative, at various
      pressure settings, the volume rate of flow can be measured experimentally
      and calibration can be accomplished in this manner. In any event, with the
      external pressure source supplying pressure to pressure regulator 44 which
      is placed in a desired setting, a desired steady-state volume rate of
      liquid flow is established.
PAR  Referring to FIG. 2, the variable depth liquid represented by surface level
      66 is at a maximum depth in such position. If additional liquid should be
      introduced, such liquid would be drawn off into external receiver means 67
      by overflow tube 42. Of course, liquid would continue to flow through
      discharge opening 17 and ultimately into external receiver means 67 as
      well. However, in order to assure that the variable depth liquid does not
      reach a depth greater than the maximum desired depth, the flow through
      external receiver means 67 would no longer be a steady-state flow. On the
      other hand, once the variable depth liquid returns to a depth between its
      maximum desired depth and its minimum desired depth, as represented by
      liquid surfaces 66 and 65, respectively, a steady-state volume rate of
      liquid flow will once again be provided since there will be no liquid
      through overflow tube 42.
PAR  When it is desired to increase or decrease the volume rate of liquid flow,
      it is simply necessary to adjust the pressure regulator 44 to a pressure
      setting corresponding to the desired rate of liquid flow. When it is
      desired to increase the volume rate of liquid flow, the pressure is
      increased thereby quickly forcing piston 51 downward in cylinder 50. By
      forcing piston 51 downward, connecting rod 52 forces positioning bracket
      53 downward as well. This, in turn, forces pivotally mounted discharge
      tube 53, discharge adapter tube 30 and floating weir 11 to be pivoted
      downward about pivotal shoulder 34. As a result, generally C-shaped inlet
      crests 13 and 14 and weir rims 18 and 19 are positioned at a greater
      distance below the surface of the variable depth liquid. In this manner,
      an increased steady-state volume rate of liquid flow is quickly
      established since the head of liquid over generally C-shaped inlet crests
      13 and 14 and weir rims 18 and 19 is greater. Of course, to decrease the
      steady-state volume rate of liquid flow, the pressure is reduced and
      piston 51 is forced upward into cylinder 50 by the buoyancy of floating
      wier 11. Once again, air cylinder 49 responds quickly by reason of
      pressure bleed 47 and pressure control bleed 48. Since piston 51 is moved
      upward into cylinder 50, pressure responsive control means 43 provides a
      lesser force opposing the buoyancy of the floating weir 11, thus reducing
      the head of liquid flow. This, of course, quickly establishes a decreased
      steady-state volume rate of liquid flow.
PAR  If it becomes necessary during operation of the apparatus 10 to entirely
      stop the liquid flow, such liquid flow can be quickly stopped by simply
      setting pressure regulator 44 in an "off" position so that no pressure is
      supplied to air cylinder 49. With no pressure supplied to air cylinder 49,
      piston 51 is forced upward into cylinder 50 by the buoyancy of floating
      weir 11. With pressure regulator 44 in an "off" position, piston 51 is
      quickly forced upward into cylinder 50 to a position in which generally
      C-shaped inlet crests 13 and 14 and weir rims 18 and 19 of floating weir
      11 are positioned entirely above the surface of the variable depth liquid
      by the buoyancy of floating weir 11. The responsivenss of piston 51 to the
      buoyancy of floating weir 11 is facilitated by pressure bleed 47 and
      pressure control bleed 48. Thus, a zero volume rate of liquid flow will
      quickly be established when pressure responsive control means 43 is
      inactive.
PAR  With the present invention, an apparatus for steady-state volume rate flow
      control from a variable depth liquid is provided. The apparatus, except as
      set forth above, is constructed of materials having a corrosion-resistant
      finish. Accordingly, with the present invention, an apparatus for
      steady-state volume rate flow control which is accurate, reliable and
      durable for use in corrosive liquids characterized by a presence of
      suspended solids is provided. Finally, an apparatus for steady-state
      volume rate flow control which is mechanically simple and inexpensive is
      provided.
PAR  While the present application has shown a specific embodiment of the
      apparatus for steady-state volume rate flow control from a variable depth
      liquid for purposes of illustration only, it is to be understood that the
      invention is to be limited solely by the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for steady-state volume rate flow control from a variable
      depth liquid which comprises:
PA1  a floating weir having an inlet crest over which such liquid may flow when
      said weir is floated at a predetermined level therein and a discharge
      opening through which such liquid may flow from said weir; and
PA1  pressure responsive control means operatively connected to said floating
      weir for opposing the buoyancy of said weir to position said inlet crest
      of said weir at a selected distance below the surface of said variable
      depth liquid, thereby establishing a desired steady-state volume rate of
      liquid flow from said weir through said discharge opening.
PA1  said pressure responsive control means including an air cylinder member, a
      piston member relatively movable therein along an axis having a
      substantial vertical component and defining a pressure chamber therein,
      one of said piston and cylinder members operatively connected to said weir
      and the other of said piston and cylinder members having means for
      connection to a support, and means for applying pressure to said pressure
      chamber from an external pressure source,
PA1  said means for applying pressure to said pressure chamber from an external
      source including a pressure port communicating with said pressure chamber,
      a pressure regulator communicating with said pressure port for controlling
      the pressure applied to said pressure chamber, and a pressure control
      bleed for controlling the pressure in said pressure chamber independent of
      relative movement of said piston member in said cylinder member.
NUM  2.
PAR  2. An apparatus for steady-state volume rate flow control from a variable
      depth liquid which comprises:
PA1  a floating weir having an inlet crest over which such liquid may flow when
      said weir is floated at a predetermined level therein and a discharge
      opening which communicates with an external receiver means and through
      which such liquid may flow from said weir,
PA1  said apparatus including a discharge tube having a first end and a secnd
      end, said first end communicating with said discharge opening and said
      second end communicating with said external receiver means.
PA1  said apparatus also including an apparatus support means and wherein said
      second end of said discharge tube is pivotally mounted to said apparatus
      support means, and
PA1  pressure responsive control means operatively connected to said floating
      weir for opposing the buoyancy of said weir to position said inlet crest
      of said weir at a slected distance below the surface of said variable
      depth liquid, thereby establishing a desired steady-state volume rate of
      liquid flow from said weir through said discharge opening,
PA1  said floating weir having two substantially parallel and horizontally
      spaced generally C-shaped inlet crests, each having its open portion
      upwardly concave and wherein an upper edge and a lower edge of each
      generally C-shaped inlet crest define concentric, upwardly concave arcs,
      and wherein said floating weir has a base secured to said lower edges of
      said generally C-shaped inlet crests, said base defining an upwardly
      concave arc concentric with said upwardly concave arcs defined by said
      upper edges of said generally C-shaped inlet crests and concentric and
      coincident with said upwardly concave arcs defined by said lower edges of
      said generally C-shaped inlet crests.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said discharge opening of said floating
      weir is located in said base thereof.
NUM  4.
PAR  4. The apparatus of claim 3 wherein floating weir includes flotation means.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said flotation means includes a
      flotation chamber and wherein said base of said floating weir has a lower
      surface secured to said lower edges of said generally C-shaped inlet
      crests and wherein said base has an upper surface secured to said upper
      edges of said generally C-shaped inlet crests, said lower surface defining
      an upwardly concave arc concentric and coincident with said upwardly
      concave arcs defined by said lower edges and said upper surface defining
      an upwardly concave arc concentric and coincident with said upwardly
      concave arcs defined by said upper edges, said upper and lower surfaces of
      said base and said inlet crests forming said flotation chamber.
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ABST
PAL  An hydraulic system comprising a displacement-type hydraulic element in
      communication with a sealed reservoir tank for receiving hydraulic fluid
      from and returning hydraulic fluid to the reservoir, and a stabilizer for
      preventing excessive vacuum and pressure from forming within the reservoir
      as fluid is moved into and out of the same. The stabilizer is carried
      within the reservoir tank and has a bellows construction for compensating
      for change of volume in the reservoir as fluid changes take place therein,
      and the stabilizer is vented to the atmosphere through a breather system
      constructed to minimize entrance of dirt and the like within the
      stabilizer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a hydraulic tank reservoir pressure and
      vacuum stabilizer system, and more particularly to such an hydraulic
      system utilizing a displacement-type hydraulic element adapted to receive
      fluid from and return fluid to the reservoir.
PAR  Hydraulic tanks commonly have an air space provided therein to compensate
      for the changes in the volume of hydraulic fluid that occurs during
      operation. For example, when the hydraulic tanks are used with hydraulic
      jacks, the volume of fluid in the tank fluctuates as the jacks are
      retracted or extended.
PAR  In order to prevent pressure buildup or the creation of a vacuum within the
      tank, many of the earlier hydraulic systems had the air space
      communicating with the atmosphere through a vent or the like. However, one
      of the drawbacks of such vented systems was that the air moving in and out
      of the tank during operation carried in dust particles and water vapor,
      which materials became entrapped within the fluid. Even though a breather
      filter was used in certain systems, dust and water vapor still accumulated
      within the fluid. Accordingly, such systems have not been entirely
      satisfactory.
PAR  In order to prevent the contamination of the fluid by airborne particles,
      some of the recent hydraulic systems utilized a sealed hydraulic tank
      reservoir. However, tank size must be greatly increased to obtain adequate
      air volume so that the pressure differentials within the tank which occur
      during operation are minimized. The increased size of the tank takes up
      valuable space in the vehicle and frequently reduces operator visability.
      Thus, it is seen that an improved hydraulic tank is needed for use in a
      system having a displacement-type hydraulic element in communication with
      the tank, which will enable fluid to move into and out of the tank without
      substantially changing the air pressure therein, yet which has provision
      for positively preventing particle and water contamination of the
      hydraulic fluid.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, it is a primary object of the present invention to provide an
      improved hydraulic system utilizing a tank reservoir in combination with a
      displacement-type hydraulic element operating with fluid taken from said
      reservoir, together with a pressure stabilizer capable of maintaining the
      tank reservoir at near atmospheric pressures without unduly increasing the
      size or complexity of the structure.
PAR  The stabilizer is in the form of a variable volume container having common
      wall means with the tank reservoir so that changes in volume of the
      reservoir may be compensated by equal and opposite changes in volume in
      the stabilizer. In its broad aspect, the stabilizer simply needs to have
      one wall in common with the tank reservoir, but in the preferred form of
      the invention the stabilizer will be carried within the hydraulic tank
      reservoir and have a major portion of the stabilizer walls flexible. The
      hydraulic tank is then completely sealed so as to prevent unwanted foreign
      matter and water vapor from entering and contaminating the hydraulic
      fluid. The stabilizer, on the other hand, is vented to the atmosphere,
      preferably through a vertically extending breather which must move upward
      and downward and go through a typical air filter screen. In this way,
      changes in volume within the tank reservoir will cause corresponding
      movement of the flexible walls in stabilizer, and air will move into or
      out of the stabilizer as required.
PAR  Although the invention will be described in detail in connection with a
      hydraulic jack, it will be appreciated that any displacement-type
      hydraulic element will combine favorably in operation with the stabilizer
      of this invention. For example, typical vehicular hydraulic brake systems
      may have their reservoir tank equipped with a stabilizer so that the tank
      may be completely sealed. Thus, in its broad aspect, the the invention
      embraces such hydraulic brake units.
PAR  It will also be appreciated that multiple elements may operate from the
      same reservoir tank, and that such a system is still within the scope of
      the invention. For example, a plurality of hydraulic jacks could be used
      in combination with a single reservoir tank equipped with the stabilizer
      in accordance with this invention.
PAR  Another object of the invention is the provision of an hydraulic system
      having a stabilizer of the character described, which comprises an
      accordion-type flexible air bag disposed within the hydraulic tank and in
      communication with the atmosphere through a central rigid tube extending
      through a wall of the tank.
PAR  With this construction, the rigid tube will prevent complete collapse of
      the accordion-type air bag and maintain continuous venting with the
      atmosphere. In its preferred form, the rigid tube will extend through the
      top wall of the tank and be equipped with a cap element providing for a
      downwardly-extending exterior for the vent passage. This has the advantage
      of minimizing entry of foreign material into the stabilizer, although it
      will be appreciated that entry of water vapor and a minimum amount of dust
      and the like may enter the stabilizer without great harm. This is made
      practical by having the stabilizer in sealed relation to the reservoir
      tank.
PAR  A further object of the invention is to provide an hydraulic system having
      a stabilizer of the character described in which the stabilizer has
      sufficient resiliency to resist collapsing due to the pressure generated
      by the weight of the hydraulic fluid within the tank.
PAR  With this preferred construction, the tank may be filled and sealed by
      tightly closing the cap with the stabilizer in condition to take up any
      excess pressures that may occur during operation of the hydraulic system.
      In this way, the stabilizer will completely protect the tank, yet allow
      the tank to be sealed and be constructed of a relatively small size. In
      addition, filling may be achieved without retracting the hydraulic jacks
      or the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred form of the invention is illustrated in the accompanying
      drawing forming a part of this description, in which:
PAR  FIG. 1 is an elevational view of an hydraulic system constructed according
      to this invention in partly schematic form, but with the reservoir tank
      shown and with parts broken away to illustrate internal structure; and
PAR  FIG. 2 is an enlarged sectional view of the lower portion of the stabilizer
      shown partly in section.
PAR  While only the preferred form of the invention is shown, it should be
      understood that various changes or modifications may be made within the
      scope of the claims attached hereto without departing from the spirit of
      the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing in greater detail, there is shown in FIG. 1 an
      hydraulic system 10 comprising a reservoir tank 11, and a
      displacement-type hydraulic mechanism 12 in communication with said tank
      for receiving hydraulic fluid from and returning hydraulic fluid to said
      tank. In accordance with the invention, the tank 10 is equipped with a
      stabilizer 13, and, as here shown, the stabilizer is in the form of a
      flexible bag 14 carried completely within the hydraulic tank 11.
PAR  Referring again to the hydraulic system 12, as here shown, the system
      includes a pump 15 which draws fluid from the tank through a conduit 16
      and delivers pressurized fluid through a conduit 17 to a control valve 18.
      The control valve 18 is selectively actuable to direct the pressurized
      fluid to either the head end or the rod end of a hydraulic jack 19. In the
      neutral position shown, the fluid flow from the pump 15 is directed
      through a drain conduit 20 back to the tank 11. A relief valve 21 is
      interconnected between the conduits 17 and 20 for preventing excessive
      pressure buildup in the hydraulic system. It will be appreciated that the
      hydraulic mechanism shown is more or less conventional, and further
      description is considered unnecessary. It will also be appreciated that
      other displacement-type mechanisms may be substituted for that shown and
      still be within the scope of the present invention. In addition, although
      only a single control valve hydraulic jack is shown, a typical hydraulic
      system may have several hydraulic jacks controlled by a single control
      valve and/or several control valve and hydraulic jack combinations. Any of
      these systems will also be within the scope of the invention.
PAR  The hydraulic tank 11 is a closed container having a valve spout 22, which
      is normally sealingly closed by a removable cap 23. It is an important
      feature of this invention to provide a tank which is completely sealed
      from the atmosphere, and therefore there are not vents or other structures
      open to the air that might cause internal contamination.
PAR  The sealed tank is made large enough to provide sufficient hydraulic fluid
      for operation of the associated hydraulic equipment, but no extra size for
      an air dome is required, because substantially atmospheric pressure is
      maintained within the tank by operation of the stabilizer 13, which
      preferably comprises the flexible bag 14 as indicated above.
PAR  As here shown, the flexible bag 14 is an accordion-type air bag completely
      disposed within the reservoir tank 11, except for vent means 24. In order
      to provide for assembly and accomodate the air bag, an aperture 25 is
      provided in tank 11 for receipt of stabilizer 13. Vent means 24 is then
      provided at the upper end of an elongated tube 26, which is constructed
      for receipt of air bags 14. Thus, the tube 26 has its lower end nested
      within a circular cavity 27 formed in air bag 14, and with its upper end
      fitting through a neck portion 28 of bag 14. The bag is then secured to
      the tube 26 by means of a pair of hose clamps 29 and 30. The tube 26 has a
      plurality elongated slots 31 for effecting communication between the
      inside of the tube and the inside of the air bag 14. The upper end of tube
      26 extends through aperture 25 and communicates to the atmosphere through
      vent 24 for completing the communication between the atmosphere and the
      inside of air bag 14. The aperture 25 is sized large enough to insert the
      entire stabilizer 13 therethrough for assembly thereof. In order to secure
      the stabilizer sealingly within tank 11, tube 26 is provided with a
      mounting flange 32, and attached to a connecting plate 33 by means of
      bolts 34, with the plate being connected in turn to the tank 11 by means
      of bolts 35. In this way, the stabilizer 13 is easily inserted and
      attached in sealing relation within tank 11.
PAR  Breather 24 generally comprises a cap 36 adapted to fit over the top of
      tube 26 and protect the tube opening from entry of undue amounts of
      foreign material. In addition, the cap is formed to direct entering air
      upwards. If desired, cap 36 may be provided with a suitable screen or the
      like in order to further filter dust and the like from entering air at the
      opening thereof. However, it will be appreciated that certain amounts of
      dust and moisture may enter stabilizer 13 without in any way contaminating
      the hydraulic fluid, because the stabilizer interior is completely sealed
      from the general interior of the tank reservoir 11.
PAR  In operation, when the tank 11 is filled with hydraulic fluid, the
      hydraulic jack 19 is in its retracted positions. In the case of a multiple
      hydraulic jack arrangement, all of such jacks are retracted prior to
      filling the tank with hydraulic fluid. When the tank is completely filled,
      the cap 23 is sealingly secured to fill spout 22 in the usual manner.
PAR  During the filling process, the pressure generated by the weight of the oil
      will partially collapse or squeeze the bag so that a minimum of air is
      contained within the bag. Thereafter, extending the hydraulic jack 19
      during operation causes a predetermined volume of oil to be taken from the
      tank and tends to create a slight vacuum therein. However, with the tube
      26 and air bag 14 being open to the atmosphere, the bag will expand due to
      the differential in pressure to compensate for the volume of the fluid
      taken from the tank. The air bag is provided with a capacity sufficient
      that it exceeds the volume of fluid taken from the tank when the hydraulic
      jack or jacks are fully extended. When the hydraulic jack or jacks are
      again retracted, the increased volume of fluid again squeezes the air bag
      to its collapsed position. Since the inside of the air bag is sealingly
      separated from the hydraulic fluid, any air-borne particles or moisture
      drawn into the air bag during the exchange of air contained within the air
      bag cannot contaminate the hydraulic fluid.
PAR  In the operation just described, it is seen that the hydraulic jack or
      jacks should be in the retracted position during the filling of the
      reservoir. Since operators cannot be relied upon to observe such
      procedures, it is preferred to utilize a stabilizer which may be filled
      with a hydraulic jack fully extended. This may be achieved by providing an
      air bag having sufficient resiliency to resist collapsing due to the
      pressures exerted by the weight of the oil. In other words, the bag is
      allowed to collapse partially, but retains sufficient collapsing volume to
      compensate for the situation where the reservoir is filled with the
      hydraulic jack 19 fully extended. Thus when the jack is retracted, the
      increased volume of hydraulic fluid entering the tank generates a slight
      pressure sufficient to cause the air bag to collapse, expelling air from
      the bag. When the hydraulic jack is again extended and the volume of fluid
      within the tank decreases, the air bag will expand in direct proportion to
      the volume of fluid taken from the tank. With this form of the invention,
      it will be appreciated that the reservoir may be filled and designed to be
      operative in all cases, whether the hydraulic jack or jacks are fully
      extended or retracted upon filling the same.
PAR  From the foregoing description, it is seen that an improved hydraulic
      system is provided in which the fluid is completely protected from
      contamination by being carried in a sealed reservoir, yet which contains a
      stabilizer enabling the reservoir to be made with minimal size and yet be
      completely fool-proof in operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an hydraulic system comprising a sealed reservoir tank, and a
      displacement-type hydraulic element in communication with said tank for
      receiving hydraulic fluid from and returning hydraulic fluid to said
      sealed reservoir tank; a stabilizer means for changing the volume of the
      sealed reservoir tank in response to fluid requirements of the
      displacement type hydraulic element, the stabilizer means comprising an
      accordion type air bag having walls defining a variable volume chamber, at
      least one of said walls being movable and having its outer surface in
      communication with the interior of said sealed reservoir tank, said air
      bag being formed with sufficient resiliency to resist complete collapsing
      by the pressure generated from the weight of hydraulic fluid in the sealed
      reservoir when said sealed reservoir is filled, vent means for providing
      ingress and egress of ambient atmospheric air into and out of the variable
      volume chamber allowing substantially atmospheric pressure to be
      maintained in the sealed tank; the stabilizer means further comprising an
      elongated tube extending from the vent means, said tube being rigid and
      having one or more passages establishing communication between the inside
      of the tube and the inside of the variable volume chamber, said elongated
      tube having a portion thereof extending outwardly of said tank, roof means
      supported over said portion, said roof means being formed to direct air
      entering therein upwardly and then downwardly into said tube whereby
      movement of solid particles into the stabilizer means is minimized.
NUM  2.
PAR  2. An hydraulic system as defined in claim 1 wherein the roof means is
      secured to said tube portion.
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ABST
PAL  An apparatus for the rapid, accurate and sterile filling of unit dosage,
      injection syringes with medication from a bulk source container or for
      reconstituting vials of drugs. A clamping means is mounted to a support
      frame for releasably retaining the outer cylinder member of a disposable,
      relatively large-volume, pumping syringe against all movement relative to
      the support frame. A gripper means for removable attachment to the piston
      member of the pumping syringe is mounted to the frame for linear
      reciprocation along the axis of the pumping syringe. A crank means, which
      has an adjustable offset for selecting dosage volume, is drivingly
      connected to a motor drive means and an associated connecting rod links
      the crank means to the gripper means for reciprocally driving the piston
      member of the pumping syringe. A disposable, dual check valve, tee
      connector is connected to a mating connector on the pumping syringe. It
      has an inlet connected to the bulk source container and an outlet port
      formed into a female Luer connector for receipt of the injection syringe
      or other male Luer connector. The motor drive means is energized by a
      control circuit for driving the crank through a single rotation to
      complete one pump cycle and fill the unit dosage syringe in response to a
      depression of the foot pedal actuating switch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to an apparatus for use in a
      pharmacy and more particularly relates to a device for more rapidly,
      safely and conveniently transferring unit dosages of a medical fluid from
      a bulk container to smaller containers such as vials or unit dosage
      syringes.
PAR  Those pharmacies which service relatively large hospitals are often
      required to fill many disposable unit dosage syringes with identical
      quantities of an identical medical fluid. For example, a large hospital
      may need, on a routine daily basis, 100 syringes each filled with 2
      milliliters of a particular analgesic. Ordinarily, this work is performed
      in a laminar flow environment. It may be done entirely manually by
      piercing the needle of the unit dosage syringe through the resilient top
      of a vial and withdrawing the desired volume of the fluid.
PAR  Various other systems and associated apparatus have been devised for
      manually or semi-manually filling the dosage syringes. For example, a
      large syringe may be filled with the source fluid and used as the source.
      The smaller unit dosage syringes are consecutively connected in
      communication with the large syringe and manual depression of the plunger
      of the large syringe fills each smaller syringe. Other analogus hand pump
      systems have also been suggested.
PAR  The systems presently known suffer from one or more of several
      disadvantages. Those simple manual systems which require a minimum of
      equipment require tedious and extensive manual manipulation and depend
      upon a visual determination of the proper dosage volume. These systems are
      consequently very slow and require substantial human labor.
PAR  Those systems which utilize more elaborate mechanical equipment are often
      so bulky that they interrupt the laminar flow of the controlled
      environment so that it is no longer aseptic. Additionally and more
      importantly the fluid conducting elements of such equipment are designed
      for a unique mechanical function. They must be reused and require
      disassembly, thorough cleansing, sterilization and subsequent sterile
      reassembly. Some previously known mechanical devices expose the operator
      to dangerous moving mechanical parts. Some move or rock the syringe being
      filled making difficult the connection and disconnection of the syringe
      from the apparatus.
PAR  There is therefore a need for a compact apparatus for filling syringes and
      other relatively small medical fluid containers and which utilizes
      entirely disposable fluid conducting elements along its fluid path and
      which permits unit dosage syringes to be quickly, safely and easily
      connected to the apparatus, filled and then quickly disconnected to permit
      connection of the next syringe.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is an apparatus for filling injection syringes with medical
      fluid from a source container and includes a support frame for positioning
      the apparatus in a suitable work area and a motor drive means mounted to
      the support frame. The apparatus has a clamping means mounted to the frame
      for releasably retaining the outer cylinder member of a pumping syringe
      against all movement relative to the frame. A gripper means for removable
      attachment to the piston member of the pumping syringe is mounted to the
      frame for linear reciprocation along the axis of the pumping syringe. A
      crank means is drivingly connected to the motor drive means and has an
      associated connecting rod linking the crank means to the gripper means for
      reciprocally driving the piston member. A dual check valve tee connector,
      which is connected to a mating connector on the pumping syringe permits
      fluid to be drawn into and expelled from the pumping syringe. The tee
      connector has an inlet port for connection to a source container to permit
      withdrawal of the fluid from the container into the pump syringe and also
      has an exhaust port formed into a female Luer connector for receipt of an
      injection syringe and permitting fluid flow from the pumping syringe to
      the injection syringe.
PAR  Accordingly, it is an object of the invention to provide an improved
      syringe filling device which enables syringes to be filled more easily,
      safely and rapidly.
PAR  Another object of the invention is to provide a syringe filling apparatus
      which permits a multiplicity of syringes to be more accurately filled.
PAR  Still another object of the present invention is to provide an apparatus
      and procedures for improving the sterility of a large number of prefilled
      syringes.
PAR  Yet another object of the present invention is to provide a syringe filling
      apparatus which may additionally be utilized for other pharmaceutical
      operations involving the transfer of fluids from bulk containers to
      smaller containers.
PAR  Further objects and features of the invention will be apparent from the
      following specification and claims when considered in connection with the
      accompanying drawings illustrating the preferred embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of the preferred embodiment of the
      invention shown being utilized for the filling of syringes.
PAR  FIG. 2 is a view in front elevation of the preferred embodiment of the
      invention illustrated in FIG. 1.
PAR  FIG. 3 is a view in side elevation of the embodiment of the invention
      illustrated in FIG. 2.
PAR  FIG. 4 is a top plan view of the embodiment of the invention illustrated in
      FIG. 2.
PAR  FIG. 5 is a rear view of the embodiment of the invention illustrated in
      FIG. 2 with a portion of the cabinet enclosure broken away to expose its
      interior mechanisms.
PAR  FIG. 6 is a rear view illustrating the detail of the clamping means portion
      of the embodiment of the invention illustrated in FIG. 2.
PAR  FIG. 7 is a view in vertical section illustrating a dual check valve tee
      connector utilized in the preferred embodiment of the invention
      illustrated in FIG. 2.
PAR  FIG. 8 is a schematic diagram of the control circuit for the preferred
      embodiment of the invention.
PAR  In describing the preferred embodiment of the invention illustrated in the
      drawings, specific terminology will be resorted to for the sake of
      clarity. However, it is not intended to be limited to the specific terms
      so selected and it is to be understood that each specific term includes
      all technical equivalents which operate in a similar manner to accomplish
      a similar purpose.
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates an apparatus 10 embodying the present invention which is
      manually actuated by a foot pedal 17 for use in filling an injection
      syringe 12 with a medical fluid from a source container 14 which is
      hanging upon a stand 19. Electrical power is supplied to the apparatus 10
      by a power cord 11 which is fastened to the rear of the apparatus so that
      it will not interfere with the work of an operator.
PAR  Referring now to FIGS. 1-6, the preferred embodiment 10 of the invention
      has a support frame for positioning the apparatus in a suitable work area.
      The support frame includes a vertical bar 16 bolted at its lower end to a
      base plate 18 which forms a standard. Preferably, a plurality of rubber
      feet are mounted to the underside of the base plate 18 to provide a high
      friction, non-scratching material resting upon the work surface 20. A
      light may advantageously be mounted to the upper surface of the base plate
      18 to back light the syringe being filled so that it may easily be
      inspected for possible visible contaminants. A vertically oriented
      mounting plate 22 is bolted or equivalently fixed to the rear of the upper
      end of the vertical bar 16 with an interposed spacer 24.
PAR  An electric motor drive means 26 having a speed reduction transmission 24
      is mounted on the rearward surface of the mounting plate 22 and is
      enclosed by a louvered cabinet housing 30 screwed through its flanges 32
      to the rear surface of the mounting plate 22. Preferably the electric
      motor is of the type which has an automatic brake which brakes the motor
      whenever the motor is not energized. A handle 29 is attached to the top of
      the cabinet housing 30 to facilitate carrying of the apparatus.
PAR  A clamping means 36 is slidably mounted to the vertical bar 16 for
      releasably retaining the outer cylinder member 38 of a relatively large
      pumping syringe 40 against all movement relative to the support frame. The
      clamping means 36 is slidably adjustable along the vertical bar 16 and
      releasably fixable in any position by tightening of a wing screw 42
      against the rear surface of the vertical bar 16.
PAR  The clamping means also includes a pair of opposed, resiliently deflectable
      spring clips 44 having outwardly turned deflector guides 46 and 48 and
      cylindrically curved clamping portions, such as clamping portion 50 for
      conformingly seating against the outer surface of the pumping syringe 40.
PAR  A pair of lower retaining legs 52 and 54 extend forwardly on opposite sides
      of the pumping syringe 40 for supporting it against lateral movement. An
      upper pair of arms 56 and 58 extend forwardly immediately above the upper
      flange 60 of the cylinder member 38 of the pumping syringe 50 in order to
      retain the flange 60 between the spring clip 36 and the forwardly
      extending arms 56 and 58. This prevents vertical movement of the cylinder
      member 38 of the pumping syringe 40.
PAR  Thus, the upper arms 56 and 58, the spring clips and the lower arms 52 and
      54 form a clamping means 36 which is vertically slidable as a unitary
      assembly along the vertical bar 16 so that the apparatus of the invention
      can accommodate pumping syringes of various heights.
PAR  A gripper means 62 is also slidable along the vertical bar 16 and is
      removably attached to the piston member 64 of the pumping syringe 40. The
      gripper means 62 is mounted for linear reciprocation along the axis of the
      pumping syringe 40 and preferably is formed by a block 63 of wear
      resistant, anti-friction nylon having a rectangular slot mating with the
      vertical bar 16 and retained in position by a back plate 66 fastened to
      the nylon block behind the vertical bar 16. Alternatively, the nylon block
      could have a back plate portion formed or molded as a unitary part of the
      nylon block itself.
PAR  A pair of vertically aligned, horizontally spaced arms 68 and 70 are fixed
      to the nylon block 63 and formed with a pair of inwardly facing horizontal
      slots 72 and 74 for removable receipt of the top of the piston member 64.
      These vertical arms 68 and 70 may alternatively be pivoted near their
      upper end and resiliently biased inwardly to accommodate a wider range of
      piston member sizes.
PAR  Thus, the clamping means 36 and the gripper means 64 are formed so that the
      entire pumping syringe 40 may be easily slid into position by a rearward
      horizontal movement of the syringe 40 into releasable engagement on the
      apparatus.
PAR  A rotatably driven disk 76 is drivingly connected to the output drive shaft
      78 of the motor transmission 28 by means of meshing gears 80 and 82. The
      gear 82 is bolted to the circular disk 76 by means of four bolts, such as
      bolt 84, and interposed spacing tubes such as spacing tube 86. A forward
      protective housing 87 encircles the structures between the circular disk
      76 and the mounting plate 22 and abuts the rear perimeter of the circular
      disk 76.
PAR  The circular disk 76 is formed with a radial slot 88 having a pivot block
      90 releasably clamped in the slot 88. The pivot block 90 is releasable by
      unscrewing the knurled knob 92 and is formed with shoulders so that it
      travels along the slot 88 and may be releasably clamped in any selected
      position in the slot. A connecting rod 94 is pivotally connected at its
      upper end to the pivot block 90 and is pivotally connected to the gripper
      means 62 by a pivot pin 96 at its lower end.
PAR  Thus, the circular disk 76 and the adjustably slidable pivot block 90
      together form a crank means which is driven by the motor means 26. This
      effective crank means is linked to the gripper means 62 by the associated
      connecting rod 94 for reciprocally driving the piston member 64 of the
      pumping syringe 40. However, because the pivot block 90 is releasably
      fixable at any selected position along the radial slot 88, the offset of
      the crank means may be adjustable for controlling the displacement of the
      pumping syringe 40.
PAR  To facilitate this adjustment, a pointer 100 is fixed to protrude laterally
      from the pivot block 90. It registers with an associated scale 102 etched
      or painted for example, upon the circular disk 76. Multiple scales may be
      provided on the circular disk 76 each corresponding to a pumping syringe
      of a different size.
PAR  The gear 82 and therefore the circular disk 76 are fixed to an axle 104
      which rotates within a bearing 106 mounted to the rear of the mounting
      plate 22. Preferably, the axle 104, which forms the axis of rotation of
      the circular disk 76, is positioned immediately above the vertical bar 16
      so that the gripper means 62 and the clamping means 36 are aligned and
      movable along a radius of the axis of rotation of the disk 76.
PAR  A cam 110 is fixed to the rearward end of the axle 104 and cooperates with
      a microswitch 112 to form a switch means in operative association with the
      effective crank means for sensing the particular position of the crank
      means which corresponds to the uppermost travel of the piston member 64 of
      the pumping syringe 40.
PAR  This switch means senses the uppermost angular position of the effective
      crank means and is connected to a control circuit for driving the motor
      drive means 26. As explained in more detail below, the control circuit
      operates, in a preferred mode of operation, so that the circular disk 76
      and therefore the entire effective crank means will be driven through only
      one single rotation in response to one actuation of the foot pedal
      actuating switch 17.
PAR  A disposable, dual check valve, tee connector 120 is connected to a mating
      connector on the pumping syringe 40. This tee connector 120 has its check
      valves arranged to permit fluid to be drawn into the pumping syringe 40
      during its upward intake stroke and expelled from the pumping syringe
      during its downward exhaust stroke. The tee connector 120 has an inlet
      port 122 with an associated check valve to permit the withdrawal of fluid
      through the tubing 15 from the source container 14 and into the pumping
      syringe 40 but block flow in the reverse direction. It is also provided
      with an exhaust port 124 which is formed into a female Luer connector for
      receipt of an injection syringe 12. This exhaust port 124 also has an
      associated check valve for permitting fluid flow from the pumping syringe
      40 into the injection syringe 12 but blocking reverse flow.
PAR  Although many types of check valves are well known in the art and some
      disposable check valves are currently available, a particular check valve
      structure suitable for the present invention is illustrated in FIG. 7.
      This check valve has an inlet passage 128, an output passage 130 and a
      pumping syringe passage 132 in fluid communication with a central passage
      134. An inlet diaphragm 136 permits fluid flow through the inlet passage
      and into the pumping syringe passage 132, but blocks fluid flow in the
      reverse direction. An outlet diaphragm 138 similarly permits fluid flow
      from the pumping syringe through the pumping syringe passage 132 and out
      the exhaust passage 130 but blocks flow in the reverse direction. Thus the
      partial vacuum produced by the intake stroke of the pumping syringe draws
      fluid into the inlet port 132 and into the pumping syringe while seating
      the outlet diaphragm 138 to prevent fluid passage through the outlet port
      124. On the exhaust stroke the increased internal pressure relative to the
      atmosphere seats the diaphragm 136 to block passage out the intake port
      122 while forcing fluid out the exhaust port 124.
PAR  As will become apparent in the discussion of the operation of the preferred
      embodiment of the invention, it is important that the outlet port of the
      tee connector be formed as a female Luer connector so that individual unit
      dosage injection syringes may be easily and directly connected to the tee
      connector 120. However, it should be appreciated that equivalent operation
      would occur if the tee connector were effectively extended through the use
      of flexible tubing to a more remote female Luer connector. However, such
      distance is generally undesirable.
PAR  The illustrated embodiment of the invention is capable of various modes of
      cycling operation. For each mode, various control circuits can readily be
      designed by those skilled in the art. However, FIG. 8 illustrates one
      particular control circuit for a particular mode of operation. Power is
      supplied to the control circuit from a conventional male power connector
      140 through an on/off double pole, single throw toggle switch 142 mounted
      to the mounting panel 22 of the preferred embodiment of the invention.
      With the switch 142 actuated, power is supplied to illuminate the pilot
      light 144 also mounted to the mounting panel 22.
PAR  When the toggle switch 142 is turned on and the circuit is energized the
      circuit will normally be in its static state with the foot pedal 17 in its
      up position U and the cam 110 just having released the single pole, double
      throw microswitch 112. In this static state, the relay coil 146 is
      energized and contacts 148 and 150 are closed. Contacts 148 are latching
      contacts to retain the relay coil 146 energized when the foot pedal
      actuating switch 17 is depressed to the position D. Upon such depression,
      relay coil 152 is energized and its latching contacts 154 are closed to
      retain it in a latched position even if the foot pedal is then released.
      The energization of relay coil 152 also closes contacts 156 to supply
      power to the motor 158 and begin rotation of the circular disk 176. A
      single pumping cycle is thus initiated.
PAR  Rotation of the disk will continue until the cam 110 engages the
      microswitch 112. This engagement switches the microswitch 112 which opens
      the circuit to relay coils 146 and 152. This open circuit in turn opens
      all relay contacts but power continues to be supplied to motor 158 through
      microswitch 112. However, the instant microswitch 112 is disengaged by cam
      110, motor 158 is deenergized.
PAR  The embodiment of the invention is therefore preferably synchronized by
      angularly positioning the cam 110 on the axle 104 so that the cam
      disengages the microswitch 112 at the instant that the radial slot 188 is
      upwardly oriented.
PAR  The motor 158 will be deenergized and braked regardless of the position of
      the foot pedal actuation switch 117 because relay coils 146 and 152 are
      deenergized by the microswitch 112 upon contact thereof by the cam 110.
      Additionally, because relay contacts 150 are in series with relay coil
      152, it is apparent that relay coil 146 must first be energized in order
      to enable the initiation of a subsequent cycle of operation. However,
      relay coil 146 can be energized only if the foot pedal actuating switch
      117 is returned to its up position subsequent to release of the
      microswitch 112 by the cam 110.
PAR  The operation of the preferred embodiment of the invention begins with a
      determination by the pharmacist that a certain number of syringes need to
      be filled with an identical quantity of a particular medication for the
      use of the hospital during the coming days. The pharmacist withdraws a
      bulk container from a refrigerated or other suitable storage unit and
      brings it to the work surface 20. He then selects a suitable pumping
      syringe 40 which might, for example, be a 10 milliliter disposable
      syringe.
PAR  Next, a disposable dual check valve tee connector 120 is connected to the
      pumping syringe 40 and connected by suitable tubing 15 to the medical
      fluid source container 14 which is conveniently inverted upon the stand
      19.
PAR  The pharmacist conveniently purges air bubbles from the fluid conducting
      path by holding the pumping syringe 40 in an inverted position, pulling
      the plunger to draw fluid into the pumping syringe 40 and then pushing the
      plunger into the syringe until all air is exhausted and a few drops of
      liquid are emitted from the tee connector 120.
PAR  The pumping syringe 40 while remaining connected to the bulk container 14
      is installed in the clamping means by firmly pushing the syringe
      rearwardly between the spring clips 44 and sliding the top of the piston
      member 64 into the grooves 72 and 74. The wing screw 42 may be unscrewed
      so that the clamping means may be slid vertically to a position which
      permits the free movement of the piston member 64 and then retightened.
PAR  The knurled adjustment screw 92 may be loosened to permit the pivot block
      90 to be slid along the radial slot 88 so that the desired unit dosage may
      be selected. The proper position may be selected by aligning the pointer
      100 with the proper graduation on the scale 102. Alternatively, the
      graduations on the pumping syringe 40 may also be used to select the
      piston member displacement which gives the desired unit dosage. For
      example, the pivot block 90 may be moved until it is positioned coaxially
      with the axle 104 which forms the center of rotation of the circular disk
      76. The reading then viewed on the graduations of the pumping syringe can
      be subtracted from a reading when the pivot block is offset from center.
      The difference is multiplied by two, to give the displacement for a single
      pump cycle.
PAR  After the desired dosage is chosen, the machine operator then may switch
      the toggle switch 142 to the on position. It is at this point that the
      operator may now begin filling a series of unit dosage syringes and that
      the remarkable advantages of the present invention become apparent. The
      operator positions a syringe 12 in communication with the fluid system by
      simply slidably inserting the male Luer connecting tip of the injection
      syringe 12 into the mating female Luer connector at the outlet port 124.
      The foot pedal actuating switch 17 is depressed and the apparatus of the
      present invention cycles and pumps the precise dosage of fluid into the
      injection syringe 12. At the completion of the cycle of apparatus
      automatically stops until the foot pedal actuating switch 17 is again
      depressed. The filled syringe 12 is moved and a sterile Luer tip cover is
      placed over the male Luer connector at the top of the syringe 12. Then the
      filled syringe 12 is replaced on a tray 21 and the next syringe is
      inserted. Thus, the operator may insert the syringe and depress the foot
      pedal actuating switch 17 and when the apparatus comes to rest remove the
      syringe and replace it with the next syringe. Each syringe may in turn be
      filled in this manner. All that is required is a simple insertion, foot
      pedal depression, removal and insertion of the next syringe.
PAR  Alternatively, the machine may be operated by a more skilled operator by
      observing that the fluid is pumped from the pumping syringe 40 into the
      unit dosage syringe 12 during the first half of the cycle. This occurs as
      the radial groove 88 moves from the upper vertical position to the lower
      vertical position. The second half of the cycle in which the piston member
      64 is returned consists solely of drawing a new charge of fluid into the
      pumping syringe 40. Consequently, during this second half cycle the
      operator may withdraw the unit dosage syringe 12 and replace it with an
      empty syringe to be filled during the next cycle.
PAR  Other modes of operation also become readily apparent in view of the above
      disclosure. For example, it may that in some circumstances unit dosages
      are needed which are larger than the pumping syringe can deliver in a
      single cycle. For this purpose the circuitry may be modified by those
      skilled in the art so that multiple cycles of operation can be utilized
      for filling a unit dosage container. In this manner, the offset of the
      effective driving crank may be chosen so that the desired dosage is an
      integral multiple of the displacement of the pump syringe. The operator
      can therefore count the number of cycle of operation or alternatively
      suitable electronic circuitry can be utilized for counting and halting the
      continuous recycling after the selected number of cycles have occurred.
      The circuit may also be modified so that instead of cycling only once or a
      selected number of times for a single depression of the foot pedal
      actuating switch, it can be switched to operate continuously so long as
      the pedal is held depressed.
PAR  It is to be understood that while the detailed drawings and specific
      examples given describe preferred embodiments of the invention, they are
      for the purposes of illustration only that the apparatus of the invention
      is not limited to the precise details and conditions disclosed and that
      various changes may be made therein without departing from the spirit of
      the invention which is defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for filling injection syringes with medical fluid from a
      source container and including a support frame for positioning said
      apparatus in a suitable work area and a motor drive means mounted to said
      frame, the apparatus comprising:
PA1  a. a first pumping syringe;
PA1  b. a clamping means mounted to said frame releasably retaining the outer
      cylinder member of said pumping syringe against all movement relative to
      said frame;
PA1  c. gripper means for removable attachment to the piston member of said
      pumping syringe, said gripper means being mounted to said frame for linear
      reciprocation along the axis of said pumping syringe;
PA1  d. crank means drivingly connected to said motor drive means and an
      associated connecting rod linking said crank means to said gripper means
      for reciprocally driving said piston member; and
PA1  e. a dual check valve tee connector connected to a mating connector on said
      pumping syringe for permitting fluid to be drawn into and expelled from
      said pumping syringe, said tee connector having an input port for
      connection to said source container to permit the withdrawal of fluid from
      said container into said pumping syringe and also having an exhaust port
      formed into a female Luer connector for receipt of an injection syringe
      and permitting fluid flow from said pumping syringe to said injection
      syringe.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said crank means includes
      adjusting means for varying the offset of said crank means for controlling
      the displacement of said pumping syringe.
NUM  3.
PAR  3. An apparatus according to claim 2 wherein a pointer and scale means are
      associated with said adjusting means for indicating the displacement of
      said pump syringe.
NUM  4.
PAR  4. An apparatus according to claim 1 wherein said motor drive means is
      energized by a control circuit including an actuating switch for driving
      said crank through only one single rotation in response to one actuation
      of said actuating switch and a switch means is provided in operative
      association with said crank means for sensing an angular position of said
      crank means.
NUM  5.
PAR  5. An apparatus according to claim 1 wherein said crank means comprises a
      rotatably driven disk having a radial slot formed therein and having a
      pivot block travellable along and releasably clamped therein, said
      connecting rod being pivotally connected to said pivot block.
NUM  6.
PAR  6. An apparatus according to claim 5 wherein said crank means, said gripper
      means and said pumping syringe clamping means are vertically aligned and
      wherein said clamping means is slidable adjustable and releasably fixable
      along the axis of alignment for accommodating pumping syringes of various
      heights.
NUM  7.
PAR  7. An apparatus according to claim 6 wherein said support frame includes a
      vertical bar radially aligned with the axis of rotation of said crank
      means and wherein said gripper means and said clamping means are slidably
      mounted to said vertical bar.
NUM  8.
PAR  8. An apparatus according to claim 7 wherein said support frame includes a
      base plate fastened to a lower end of said vertical bar and formed into a
      standard; wherein a switch means is provided in operative association with
      said crank means for sensing a position of said crank means and wherein
      said motor drive means is energized by a control circuit including an
      actuating switch and circuit means for driving said crank through only one
      single rotation in response to one actuation of said actuating switch; and
      wherein said motor drive means, said switch means and said control circuit
      are contained in a housing mounted to the upper end of said vertical bar.
NUM  9.
PAR  9. An apparatus according to claim 8 wherein said switch means comprises a
      cam fixed relative to said crank for rotation therewith and a microswitch
      cooperatively associated with said cam for actuation thereby.
NUM  10.
PAR  10. An apparatus according to claim 9 wherein said gripper means includes a
      pair of vertically aligned, horizontally spaced arms formed with inwardly
      facing slots for removable receipt of a plunger of the piston member of
      the pumping syringe.
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ABST
PAL  A chromatographic column packing device comprising a drive plate for
      receiving column locating means, driving means slidably coupled to said
      drive plate through a drive shaft, cam following means carried by said
      drive plate cooperating with a supported climb-face cam, a rotatory member
      mounted on said drive shaft, a contact arm carried by said rotatory member
      and positioned for intermittent impact with a cooperating member mounted
      on a shaft supporting tappers, said tappers being resiliently biassed
      relative to a column, whereby a column may simultaneously be submitted to
      a vertical reciprocating motion combined with lateral vibration together
      with rotation.
PAL  The device is particularly suitable for packing high pressure liquid
      chromatographic columns.
BSUM
PAR  The present invention relates to a chromatography column packing device and
      in particular to a device for packing particulate support material within
      a high pressure liquid chromatography column.
PAR  It is already known that vertical bouncing and horizontal tapping of the
      column during the addition of the support material is recommended for the
      reproducible dry packing of chromatography columns. It has further been
      suggested that addition of the support material in a slow continuous
      stream with rotation of the column together with lateral tapping near the
      packing surface assist the uniformity of the packing and hence the
      reproducibility of the results obtained using such columns.
PAR  A simple column packing device has now been developed in which a high
      pressure liquid chromatography column may automatically be submitted to a
      vertical reciprocating motion combined with lateral vibration together
      with rotation, whilst the required amount of support material is added in
      a slow continuous stream. As used herein and throughout the specification
      the term "reciprocating" denotes a repeated motion comprising a slow lift
      and a sudden drop. The device may, furthermore, be applicable to the
      packing of columns for gas liquid chromatography.
PAR  According to the present invention there is provided a chromatographic
      column packing device which comprises a drive plate for receiving column
      locating means, which is slidably coupled through a drive-shaft to driving
      means and which carries cam following means cooperating with a supported
      climb-face cam, and a rotatory member mounted on the drive shaft and
      having a contact arm positioned for intermittent impact with a cooperating
      member on a shaft supporting tappers resiliently biassed relative to a
      column.
PAR  The column locating means comprises a unit having a collar at one end for
      receiving the column, which is secured by a nut and ferrule, and a
      threaded projection at the other end for fitting into the recessed drive
      plate. The unit is provided with a stainless steel grid to retain the
      support material in the column whilst allowing the passage of liquid. The
      plate is connected to the driving means, for example a motor, through a
      sliding coupling which advantageously consists of a sleeve depending from
      the plate and having a longitudinal slot for cooperating with a peg
      mounted on an extension of the drive shaft, which is slidably located
      within the sleeve. The cam following means comprises a member, preferably
      cylindrical, projecting radially from the side of the plate and may
      conveniently be a roller bearing.
PAR  The rotatory member, for instance a wheel, may advantageously carry more
      than one, and preferably five, contact arms extending radially around its
      circumference for intermittent and sequential impact with the cooperating
      member, which comprises an actuating arm coupled to the tapper shaft. The
      column tappers are biassed against the column by a spring interconnecting
      a fixed point on the cam support with the tapper shaft and are biassed
      away from and towards the column as the actuating arm respectively engages
      and disengages with the contact arm(s).
PAR  Although the height of the climb-face cam, the number of contact arms and
      the speed of the motor can be appropriately selected to achieve any
      desired degree of agitation of the column, for efficient packing of the
      column it is convenient to have a cam height of 2 cm, a motor speed of 60
      rev/min and five control arms, producing a vibration of 300 taps/min.
      Furthermore whilst the device is especially suitable for packing columns
      of length 0.5 m and external diameter 6 mm, it may readily be adapted for
      use with straight columns of other dimensions.
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PAR  An embodiment of the invention will now be described with reference to the
      accompanying drawings in which
PAR  FIG. 1 is a part-sectional side elevation of the packing device showing a
      column in position, but omitting the column locating means;
PAR  FIG. 2 is a section along the line A--A of FIG. 1, and
PAR  FIG. 3 is a section along the line B--B of FIG. 1.
DETD
PAR  Referring to the Figures the device comprises a column drive plate 1
      provided centrally with a threaded recess 2 for receiving a standard
      Perkin-Elmer column locating unit (not shown) fitting one end 3 of a
      commercial 0.5 m .times. 6 mm external diameter high pressure liquid
      chromatography column 4. The other end 5 of the colum 4 is connected to a
      Perkin-Elmer packing funnel 6 having a cylindrical inner surface, which
      assists introduction of the support material (not shown) into the column
      4. The column 4 is supported adjacent the funnel 6 by an adjustable clamp
      7 which permits free rotation and vertical movement of the column 4.
PAR  The plate 1 is connected to a Crouzet type 832 motor 8, seated on a heavy
      duty retort stand 9 acting as the main support for the column 4, through a
      sliding coupling 10 between an extension 14 rigidly attached to the motor
      drive shaft 11 and a sleeve 12 depending from the plate 1. The sleeve 12
      is provided with a longitudinal 21/2cm slot 15 which slides relative to a
      peg 13 located radially upon extension 14. A 270.degree. helical
      climb-face cam 16 of height 2 cm is mounted on a table 17 supported by
      stand 9 and a polytetrafluoroethylene roller bearing cam follower 18
      extending radially from the plate 1 follows the profile of the cam 16
      through the sliding coupling 10.
PAR  A capstan wheel 19 having five cylindrical arms 20 radially disposed
      therefrom regularly around its circumference, as shown in FIG. 3, is
      mounted on the drive shaft 11 for intermittent impact with an actuating
      arm 21 rigidly fixed by a cylindrical coupling member 22 to one end 23 of
      a tapper shaft 24. The tapper shaft 24 is supported in first and second
      polytetrafluoroethylene bearings 25 and 26, mounted respectively on the
      table 17 and an adjustable support 27 mounted on the stand 9. Five
      rod-shaped column tappers 28 attached at regular intervals along the
      length of the tapper shaft 24 are adjustable both vertically and
      horizontally to effect even tapping throughout the length of the column 4.
      The tappers 28 are biassed against the column 4 by an extension spring 29
      interconnecting the coupling member 22 to a fixed point 30 on the table
      17. An additional tapper 31 adjacent the end 32 of the tapper shaft 24
      remote from the motor 8 is positioned to vibrate an aluminium support
      material reservoir 33, including an outlet orifice 34 of 0.5 mm diameter
      bore, contained in a rubber sleeve 35 held in a Terry clip 36 mounted on
      an adjustable reservoir clamp 37 on the stand 9.
PAR  In operation of the column packing device the plate 1 is rotated at the
      speed of the motor 8 (60 rev/min) through the sliding coupling 10 and is
      simultaneously vertically reciprocated following the profile of the cam
      face (height 2 cm) at each rotation. As the wheel 19 is turned by the
      motor 8 one of the contact arms 20 engages with the actuating arm 21 every
      one-fifth of a second, such that the tappers 28 are thereby momentarily
      biassed away from the column 4 by the extension spring 29. After
      disengagement with the actuating arm 21 the force of the spring 29 returns
      the tappers 28 to their rest position whereby a tap is made on the surface
      of the column 4 300 times a minute.
PAR  The following example illustrates the operation of the device, but is in no
      way intended to limit the scope of the invention.
PAC  EXAMPLE
PAR  A standard high pressure liquid chromatography 0.5 m column, external
      diameter 6 mm, internal diameter 2.6 mm fitted with a column locating unit
      and a packing funnel was mounted in the device. Perkin-Elmer Sil-X support
      material (2g) having a particle diameter of 37-44 .mu.m was poured into a
      reservoir provided with a 0.5 mm bore outlet. The reservoir was positioned
      with its lower end within the packing funnel and the motor immediately
      started. After 15 minutes the reservoir had emptied and 5 minutes later
      the device was stopped and the column removed. The column contained 1.45g
      of support material, the remainder having been retained in the funnel.
PAR  The device is especially suitable for packing columns with support material
      of particle diameter 25 to 50.mu.m. The outlet bore of the reservoir must
      be such that a slow, continuous stream of support material issues into the
      column over a convenient length of time, and in practice a bore of 0.5 to
      1 mm has been found to produce the desired stream in about 20 to 30
      minutes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A chromatographic column packing device comprising a column drive plate,
      driving means slidably coupled to said drive plate for rotating said drive
      plate through a drive shaft, cam following means carried by said drive
      plate cooperating with a supported climb-face cam, a rotatory member
      mounted on said drive shaft, a contact arm carried by said rotatory member
      and positioned for intermittent impact with a cooperating member mounted
      on a shaft supporting tappers, said tappers being resiliently biassed
      relative to a column, whereby said drive plate may simultaneously be
      submitted to a vertical reciprocating motion while said shaft supporting
      said tappers may be intermittently rotated by said contact arm.
NUM  2.
PAR  2. A device as claimed in claim 1, in which said drive shaft or an
      extension thereof is slidably located within and cooperates with a sleeve
      depending from said drive plate.
NUM  3.
PAR  3. A device as claimed in claim 2, in which said sleeve includes means
      defining a longitudinal slot for cooperating with a peg mounted on said
      drive shaft or an extension thereof.
NUM  4.
PAR  4. A device as claimed in claim 1, in which the cam following means
      comprises a member projecting radially from a side of said drive plate.
NUM  5.
PAR  5. A device as claimed in claim 4, in which the cam following means
      comprises a roller bearing.
NUM  6.
PAR  6. A device as claimed in claim 1, in which the rotatory member carries at
      least two contact arms extending radially around its circumference for
      intermittent and sequential impact with said cooperating member.
NUM  7.
PAR  7. A device as claimed in claim 6, in which the rotatory member carries
      five contact arms regularly spaced around its circumference.
NUM  8.
PAR  8. A device as claimed in claim 1, in which the cooperating member
      comprises an actuating arm coupled to said shaft supporting tappers.
NUM  9.
PAR  9. A device as claimed in claim 8, in which said tappers are biassed away
      from and towards a column, received by said column locating means, as said
      actuating arm respectively engages and disengages with said contact arm.
NUM  10.
PAR  10. A device as claimed in claim 1, in which the tappers are biassed
      against a column by a spring interconnecting a fixed point on a cam
      support with said shaft supporting the tappers.
NUM  11.
PAR  11. A device as claimed in claim 1, in which a recess is provided in said
      drive plate.
NUM  12.
PAR  12. A device as claim in claim 11, in which the recess is threaded.
NUM  13.
PAR  13. In a chromatographic column packing machine which includes means for
      supporting a chromatographic column for rotating and vertical motion, the
      improvement of a chromatographic column drive plate, drive means for
      vertically moving and rotating said drive plate in order to rotate and
      vertically move the chromatographic column, and tapper means comprising a
      tapper shaft mounted for rotation and supporting a tapper member for
      impacting against said column, and means for intermittently rotating said
      tapper shaft in a first direction less than a complete revolution and
      thereafter releasing said tapper shaft to permit it to rotate in a
      direction opposite to said first direction.
NUM  14.
PAR  14. In the machine of claim 13 in which means is provided for causing said
      tapper shaft to rotate in said direction opposite to said first direction.
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ABST
PAL  A mechanism for feeding fluid into capsules in a capsule-filling machine
      embodying a cam-controlled roller movable into and out of squeezing
      relation to a flexible feed tube, and movable along the tube in a
      fluid-ejecting direction when disposed in such squeezing relation to the
      tube, with tube shut off means and ejector nozzle positioning means
      operable in timed relation to the actuation of the roller.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to capsule-filling machines, and, more particularly,
      to mechanisms for feeding fluid into capsules in such filling machines.
PAR  It is a primary object of the present invention to afford a novel machine
      for filling capsules, and the like.
PAR  Another object of the present invention is to afford a novel mechanism for
      feeding fluid in capsule-filling machines. Another object is to afford a
      novel pump for use in capsule-filling machines.
PAR  Another object of the present invention is to afford a novel machine for
      inserting fluid into capsules of the type known in the trade as "straws",
      and which embody openings extending longitudinally therethrough.
PAR  Yet another object of the present invention is to afford a novel pumping
      mechanism which is effective to pump an accurately measured amount of
      fluid into a capsule.
PAR  A further object of the present invention is to afford a novel
      capsule-filling machine which is effective to automatically, sequentially
      fill capsules fed through the machine.
PAR  Another object of the present invention is to afford a novel
      capsule-filling machine embodying parts constituted and arranged in a
      novel and expeditious manner whereby, in the event of a malfunction of the
      machine the flow of fluid through the machine is automatically stopped.
PAR  Another object of the present invention is to afford a novel
      capsule-filling machine of the aforementioned type which is practical and
      efficient in operation, and which may be readily and economically produced
      commercially.
PAR  Other and further objects of the present invention will be apparent from
      the following description and claims and are illustrated in the
      accompanying drawings which, by way of illustration, show the preferred
      embodiment of the present invention and the principles thereof, and what I
      now consider to be the best mode in which I have contemplated applying
      these principles. Other embodiments of the invention, embodying the same
      or equivalent principles may be used and structural changes made as
      desired by those skilled in the art without departing from the present
      invention and the purview of the appended claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a somewhat diagramatic, fragmentary, front elevational view of a
      machine embodying the principles of the present invention;
PAR  FIG. 2 is a fragmentary, top plan view of a portion of the machine shown in
      FIG. 1;
PAR  FIG. 3 is a fragmentary, detail sectional view taken substantially along
      the line 3--3 in FIG. 2;
PAR  FIG. 4 is a fragmentary, detail sectional view taken substantially along
      the line 4--4 in FIG. 2;
PAR  FIG. 5 is a fragmentary, detail sectional view taken substantially along
      the line 5--5 in FIG. 2;
PAR  FIG. 6 is a fragmentary, detail sectional view taken substantially along
      the line 6--6 in FIG. 2;
PAR  FIG. 7 is a fragmentary, detail sectional view taken substantially along
      the line 7--7 in FIG. 2;
PAR  FIG. 8 is a fragmentary, detail sectional view taken substantially along
      the line 8--8 in FIG. 2;
PAR  FIG. 9 is a fragmentary, detail sectional view taken substantially along
      the line 9--9 in FIG. 2;
PAR  FIG. 10-13 are somewhat diagramatic, fragmentary detail sectional views
      showing a portion of the pumping mechanism, embodied in the machine shown
      in FIG. 1, in different operative positions; and
PAR  FIG. 14 is a longitudinal, sectional view of a "straw" type capsule, which
      is of the type particularly well adapted for use in the machine shown in
      FIG. 1, showing the capsule in filled condition.
DETD
PAC  DESCRIPTION OF THE EMBODIMENT SHOWN HEREIN
PAR  A fluid-feeding mechanism 1 embodying the principles of the present
      invention, is shown in FIGS. 1-13 of the drawings to illustrate the
      presently preferred embodiment of the present invention.
PAR  The mechanism 1 is shown in FIGS. 1-3 in position to feed fluid into a
      capsule 2 disposed in fluid-receiving position in a capsule-filling
      machine 3, which is shown only fragmentarily. The capsule 2 is of the type
      commonly known in the trade as a "straw" and embodies an elongated,
      substantially straight tubular member 4. In its "filled" condition, the
      capsule 2 may contain a pre-determined amount of any suitable product 5,
      such as, for example, semen, as illustrated in FIG. 14. Preferably, prior
      to removal from the machine 3, the filled capsule 2 is plugged at both
      ends by any suitable means, such as, for example, by mechanisms of the
      type disclosed in my co-pending application for U.S. patent, Ser. No.
      388,185, filed Aug. 14, 1973.
PAR  The tubular member 4 may be made of any suitable material, but preferably
      is made of a suitable plastic material, such as, for example,
      polypropylene, and the tubular member 4 may be of any suitable size, such
      as, for example, having a length of 2.5 inches, a wall thickness of 0.020
      inch and an inside diameter of 0.105 inch. As will be appreciated by those
      skilled in the art, the capsule 2 is shown herein merely by way of
      illustration, and not by way of limitation, and other suitable sizes,
      types, and shapes of capsules may be used without departing from the
      purview of the broader aspects of the present invention.
PAR  The capsule-filling machine 3 embodies holding means 6, which are shown
      more or less diagramatically, FIGS. 1-3, and which may be of any suitable
      type for holding the tubular member 4 in the aforementioned
      fluid-receiving position in the machine 3.
PAR  The fluid-feeding mechanism 1 embodies, in general, FIGS. 2 and 3, a
      pumping mechanism 7 for feeding fluid from a suitable source of supply,
      such as, for example, a reservoir 8, through a suitable flexible,
      resilient tubular member, such as, for example, a flexible rubber or
      polypropylene tube 9, to an injection nozzle 10, from which it is fed into
      the capsule 2, the fluid-feeding mechanism 1 also embodying a flow-control
      mechanism 11, and a nozzle-control mechanism 12, for purposes which will
      be discussed in greater detail hereinafter.
PAR  One end of the tubular member 9 is operatively connected to the reservoir
      8, and the other end thereof is operatively connected to the nozzle 10
      through a coupling 13 embodied in the nozzle-control mechanism 12, FIG. 2.
      Between the reservoir 8 and the coupling 13 the tubular member 9 extends
      across the top of and is supported by a suitable supporting member 14
      disposed on the front face of the front wall W of the machine 3, the
      tubular member 9 being releasably held in operative position on the
      supporting member 14 by suitable means such as an inverted L-shaped
      bracket 15 releasably secured to the supporting member 14 in overlying
      relation to the tubular member 9 by a screw or bolt 16, FIGS. 2 and 5.
PAR  The pumping mechanism 7 embodies an abutment member in the form of a roller
      17 rotatably mounted on a shaft 18 disposed on one end portion of a lever
      19, FIGS. 2, 3, 6 and 7, the lever 19 being pivotally mounted at its
      midpoint on the upper end portion of an upright lever 20 by a pin 21,
      FIGS. 3 and 5. The lever 20 is pivotally mounted at its lower end portion
      in a suitable supporting bracket 22 stationarily mounted in the machine 3.
PAR  The end of the lever 19, remote from the end on which the roller 17 is
      mounted, is pivotally connected by a pin 23 to the upper end portion of a
      rod 24, FIGS. 3 and 4. The rod 24 is of the turnbuckle type, embodying a
      central portion 25 threadedly connected to the two end portions 26 and 27
      thereof for adjusting the latter axially toward and away from each other.
      The lower end portion 27 of the rod 24 is pivotally connected by a pin 28
      to an end face of a lever 29, which is pivotally mounted in a supporting
      bracket 30 by a horizontally extending pin 31, for vertical rocking
      movement around the pin 31, as viewed in FIG. 4.
PAR  A tension coil spring 32, FIGS. 2 and 3, is operatively connected between
      the lever 20 and a bracket 33 which is stationarily secured to the frame
      of the machine 3. A cam 34 is mounted on, and rotatable with a drive shaft
      35, FIGS. 2 and 3, which is journaled in suitable bearings 36 and 37 in
      the machine 3. During operation of the fluid-feeding mechanism 1, the
      drive shaft 35, preferably, is continuously rotated by any suitable means,
      such as, for example, a suitable motor, not shown. A cam follower 38,
      FIGS. 2, 3 and 5, is mounted on the lever 20 in position to be yieldingly
      held in engagement with the face 39 of the cam 34 by the spring 32. The
      rotation of the cam 34 with the drive shaft 35 is effective to cause the
      lever 20 to oscillate around its interconnection with the supporting
      bracket 22, and thereby cause the roller 17 to reciprocate left and right,
      as viewed in FIG. 2, longitudinally along the tubular member 9, for a
      purpose which will be discussed in greater detail presently.
PAR  Another cam 40, FIGS. 2 and 4, is mounted on the drive shaft 35 for
      rotation therewith. A cam follower 41 is mounted on the lever 29 at the
      same side of the pivot pin 31 as the interconnection of the lever 29 with
      the rod 24, and is engaged with the outer periphery of the cam 40. A
      tension coil spring 42, FIGS. 2 and 3, is operatively connected between
      the end portion of the lever 19 on which the roller 17 is mounted and a
      bracket 43, which is stationarily secured to the frame of the machine 3.
      The roller 17 is disposed in directly overlying relation to the tubular
      member 9 and it is so disposed that during a rotation of the drive shaft
      35, it is first moved by the urging of the spring 42, downwardly from the
      position shown in FIG. 10, wherein it is disposed in upwardly spaced,
      closely adjacent relation to the tubular member 9, into the position shown
      in FIG. 11, wherein it is disposed in position to firmly squeeze and clamp
      the tubular member 9 against the underlying supporting member 14, the cam
      follower 41 riding upwardly or inwardly along the cam 40, as viewed in
      FIG. 4, from the outermost dwell 44 to the innermost dwell 45, by reason
      of the urging of the spring 42 during this portion of the rotation of the
      cam 40 with the drive shaft 35. Preferably, the force with which the
      roller 17 squeezingly engages the tube 9 is such that it is effective to
      completely close the tube 9 directly under the roller 17. During this same
      portion of the rotation of the drive shaft 35, the cam follower 38 on the
      lever 20 rides along the outermost dwell 46 on the cam 34, so that the
      lever 20 is held against pivotal movement relative to supporting bracket
      22.
PAR  After the roller 17 has been moved into clamping engagement with the
      tubular member 9, as shown in FIG. 11, the cam follower 41 rides onto the
      dwell portion 45 of the cam 40 so that the roller 17 is yieldingly held in
      squeezing or clamping relation to the tubular member 9 by the spring 42.
      At this time, the cam follower 38 on the lever 20 rides inwardly along the
      cam surface 47, FIG. 3, from the outer dwell portion 46 onto the inner
      dwell portion 48 of the cam 34. During this movement of the cam follower
      38 along the cam surface 47, the spring 32 is effective to cause the lever
      20 to rotate in a counter-clockwise direction around the supporting
      bracket 22, as viewed in FIG. 3, to thereby move the roller 17 to the
      left, as viewed in FIG. 2, from the position shown in FIG. 11 to the
      position shown in FIG. 12. Such movement of the roller 17 is effective to
      force a pre-determined amount of fluid to the left, as viewed in FIG. 2,
      along tubular member 9, and thereby eject the predetermined amount of
      fluid outwardly through the nozzle 10, the amount of fluid so ejected
      through the nozzle 10 being determined by the length of stroke of the
      roller 17 along the tubular member 9.
PAR  The length of the path of movement of the roller 17 along the tubular
      member 9 may be determined by the positioning of an abutment member 49,
      FIG. 2, which is journaled on one end of an adjustment screw or feed screw
      50, which is rotatably mounted in and supported by a suitable internally
      threaded supporting member 51 mounted on the wall W, the abutment member
      49 being movable with the screw 50 during movement of the latter in a
      longitudinal direction through the supporting member 51. A suitable handle
      52 is mounted on the other end of the screw 50, and adjustment of the
      abutment member 49 to various positions along the tubular member 9 may be
      effected by rotation of the handle 52. The abutment member 49 extends
      inwardly toward the side wall W of the machine 3 from the feed screw 50
      into position to abuttingly engage an abutment member 53 mounted on the
      lever 20 on the side thereof remote from the cam follower 38, FIG. 5. The
      positioning of the feed screw 50, and, therefore, of the abutment member
      49, is effective to determine the length of stroke of the roller 17 along
      the tube 9, and thereby determines the amount of fluid ejected through the
      nozzle 10 during one movement of the roller 17 to the left, as viewed in
      FIG. 2, along the tube 9 during a pumping operation of the pumping
      mechanism 7.
PAR  Thereafter, during continued rotation of the drive shaft 35, the cam
      follower 41 rides outwardly or downwardly, as viewed in FIG. 4, from the
      inner dwell 45 to the outer dwell 44 on the cam 40 to thereby cause the
      lever 29 to rotate in a counter-clockwise direction, as viewed in FIG. 4.
      This rotation of the lever 29 is effective to pull the rod 24 downwardly
      and thus rotate the lever 19 in a clockwise direction, as viewed in FIG.
      3, and thereby move the roller 17 upwardly out of the squeezing engagement
      with the tubular member 9, illustrated in FIG. 12, to the position
      illustrated in FIG. 13, wherein the roller 17 again is disposed in
      outwardly spaced, but closely overlying relation to the tubular member 9.
PAR  During this outward movement of the roller 17 from the position shown in
      FIG. 12 to the position shown in FIG. 13, the cam follower 38 on the lever
      20 is riding along the innermost dwell 48 on the cam 34, so that the cam
      34 is ineffective to cause the lever 20 to move against the urging of the
      spring 32. After the roller 17 has been moved into the outer position
      shown in FIG. 13, the cam follower 38 moves outwardly along the cam
      surface 47a, FIG. 3, onto the outermost dwell 46 on the cam 34. During
      this movement of the cam follower 38 along the cam surface 53, the lever
      20 is caused to rotate around the hanger bracket 22 in a clockwise
      direction, as viewed in FIG. 3, against the urging of the spring 32. This
      movement of the lever 20 is effective to move the roller 17 to the right,
      as viewed in FIGS. 2, 10 and 13, from the position shown in FIG. 13 back
      to the initial starting position of the roller 17, as illustrated in FIG.
      10. The pumping mechanism 7 is then in condition to start the next pumping
      cycle of operation.
PAR  It will be remembered that, in addition to the pumping mechanism 7, the
      mechanism 1 for feeding fluid also embodies a flow-control mechanism 11.
      The latter embodies an elongated, upstanding lever 54, pivotally mounted
      at its lower end portion in a hanger bracket 55 by a pin 56, FIGS. 2 and
      3. An abutment member, in the form of a blade 57, is rigidly secured to
      the upper end portion of the lever 54, in immediately rearwardly disposed
      position relative to a portion of the tubular member 9, which is disposed
      in a housing 58, mounted on the supporting member 14, FIGS. 2 and 8. A
      slot 59 extends through the wall W between the blade 57 and the housing
      58, FIGS. 2 and 8, and the slot 59 is of such size that the blade 57, upon
      oscillation of the lever 54 around the pivot pin 56 may move outwardly and
      inwardly through the slot 59 into and out of engagement, respectively,
      with the portion of the tubular member 9 disposed in the housing 58.
PAR  Another cam 60 is mounted on and rotatable with the drive shaft 35, and the
      outer periphery thereof is disposed in engagement with a cam follower 61
      mounted on the lever 54, FIGS. 2, 3 and 8. The lever 54 includes a
      rearwardly projecting arm 62, FIG. 8, and a tension coil spring 63 is
      connected between the arm 62 and a bracket 64 stationarily mounted in the
      machine 3, in position to yieldingly urge the lever 54 in a clockwise
      direction around the pivot pin 56, as viewed in FIG. 8, to thereby
      yieldingly hold the cam follower 61 in engagement with the outer periphery
      of the cam 60.
PAR  During the initiation of a cycle of operation of the mechanism 1, wherein
      the roller 17 and the levers 19 and 20 are disposed in the aforementioned
      position shown in FIG. 10, the cam follower 61 is disposed in engagement
      with the outer dwell 65 on the cam 60 so that the latter is effective to
      hold the lever 54 in the position shown in broken lines in FIG. 8, wherein
      the blade 57 is effective to closingly clamp the tube 9 against the
      housing 58, to thereby prevent the flow of fluid from the reservoir 8 past
      the blade 57 toward the nozzle 10. During the movement of the roller 17
      into clamping or squeezing engagement with the tubular member 9, as shown
      in FIG. 11, the cam follower 61 rides along the cam surface 66 on the cam
      60, FIG. 8, onto the inner dwell 67, to thereby permit the lever 54 to be
      moved by the spring 63 into the position shown in solid lines in FIG. 8,
      wherein the blade 57 is disposed outwardly of but in closely adjacent
      relation to tubular member 9, to thus open the tubular member between the
      roller 17 and the nozzle 10 for the passage of fluid therethrough.
PAR  During continued rotation of the drive shaft 35, while the roller 17 moves
      along the tubular member 9 from the position shown in FIG. 11 to that
      shown in FIG. 12, the cam follower 61 rides along the inner dwell 67, so
      that the lever 54 is held in retracted position and the blade 57 is
      ineffective to close the tubular member 9, the roller 17, during this
      portion of the cycle of operation, being effective to cause fluid to be
      ejected from the nozzle 10, as previously described.
PAR  During the next portion of the cycle of operation, wherein the roller 17 is
      moved outwardly from the position shown in FIG. 12 to that shown in FIG.
      13, the cam follower 61 rides along the cam surface 68 back onto the outer
      dwell 65. During this movement of the cam follower 61, the lever 54 is
      again pressed inwardly by the cam 60 into the position shown in broken
      lines in FIG. 8 wherein the blade 57 is effective to again close the
      tubular member 9. Thus, during movement of the roller 17 into and out of
      closing relation to the tubular member 9, the blade 57 is moved in the
      reverse direction, so that it is moved out of and into closing relation to
      the tubular member 9, respectively.
PAR  The mechanism 1, embodied in the machine 3, also includes a nozzle-control
      mechanism 12. This includes an elongated slide member 69, one end of which
      carries the coupling 13 by which nozzle 10 is connected to the tubular
      member 9. The slide member 69 has an elongated slot 70 extending
      longitudinally through the end portion thereof remote from the coupling
      13, and a screw 71 extends through the slot 70 and is threadedly engaged
      in a supporting member 72 attached to and carried by the upper end portion
      of an elongated lever 73, FIGS. 2, 3 and 9. The lower end portion of the
      lever 73 is pivotally mounted in a supporting bracket 74 by a pin 74,
      FIGS. 3 and 9.
PAR  Another cam 76 is mounted on and rotatable with the drive shaft 35, FIGS.
      2, 3, and 9, and a cam follower 77, mounted on the lever 73, is engaged
      with the face 78 of the cam 76. A tension coil spring 79 is connected
      between the upper end portion of the lever 73 and a bracket 80
      stationarily mounted on the frame of the machine 3, and is effective to
      yieldingly hold the cam follower 77 in engagement with the face 78 of the
      cam 76.
PAR  The nozzle 10 is slidably mounted in a supporting member 81, which is
      disposed in the machine 3, FIGS. 2 and 3, the nozzle 10 being supported
      thereby in axially aligned relation to the position occupied by the
      capsules, such as the capsule 2, when the latter are disposed in operative
      position in machine 1, as shown in FIGS. 2 and 3. The position of the
      nozzle 10, axially, relative to the capsules 2 may be manually adjusted by
      loosening screw 71, and sliding the slide 70 to the left or right, as
      viewed in FIGS. 2 and 3, along the supporting member 72 and then again
      tightening the screw 71 to secure the slide 70 and the nozzle 10 in
      adjusted position.
PAR  At that portion of the cycle of operation of the mechanism 1, wherein the
      roller 17 and the levers 19 and 20 are disposed in the aforementioned
      position illustrated in FIG. 10, the nozzle 10 is disposed in outwardly
      spaced relation to capsule-filling position, as illustrated in FIGS. 1-3
      and 10. During this positioning of the nozzle 10, the cam follower 77 is
      disposed in engagement with the outer dwell portion 82 of the cam surface
      78, the cam 76 thus being effective to hold the lever 73 in the position
      shown in FIGS. 2 and 3, against the urging of the spring 79, to thereby
      hold the nozzle 10 in outwardly spaced relation to the capsule 2 disposed
      in operative position in the holding means 6.
PAR  Thereafter, while the roller 17 and the levers 19 and 20 are moving from
      the position illustrated in FIG. 10 into the position shown in FIG. 11,
      the cam follower 77 rides inwardly off from the outer dwell 82 of the cam
      surface 78 onto the inner dwell 83 thereof, to thereby permit the lever 73
      to be pivoted by the spring 79 around the pin 75 in a counter clockwise
      direction, as viewed in FIG. 3, and thus move the nozzle 10 into inserted
      engagement with the capsule 2 disposed in the supporting means 6, as
      illustrated in FIG. 11.
PAR  Thereafter, during a pumping operation of the pumping mechanism 7, wherein
      the roller 17 moves along the tubular member 9 from the position shown in
      FIG. 11 to the position shown in FIG. 12, the cam follower 77 rides along
      the inner dwell 83 of the cam 76 so that the nozzle 10 remains in inserted
      position in the capsule 2, wherein it is effective to discharge fluid, fed
      through the tubular member 9 by the pumping mechanism 7, into the body
      portion 4 of the capsule 2 disposed at the fluid-receiving station in the
      supporting means 6.
PAR  Next, during the portion of a cycle of operation wherein the roller 17 is
      moved outwardly from squeezing relation to the tubular member 9, as shown
      in FIG. 12, into the closely overlying relation thereto, as shown in FIG.
      13, the cam follower 77 again rides outwardly onto the outer dwell portion
      82 of the cam surface 78 to thereby force the lever 73 to pivot in a
      clockwise direction around the pin 75, as viewed in FIG. 3, and thereby
      retract the nozzle 10 into outwardly spaced relation to the filled capsule
      2, as shown in FIG. 13. During the remainder of the cycle of operation,
      during which the roller 17 and the levers 19 and 20 are again moved from
      the position shown in FIG. 13 back into the position shown in FIG. 10, the
      cam follower 77 remains in engagement with the outer dwell 82 of the cam
      surface 78 so that the nozzle 10 is retained in the aforementioned
      retracted position.
PAR  Thus, it will be seen that in each cycle of normal operation of the
      mechanism 1, the pumping mechanism 7, the flow-control mechanism 11 and
      the nozzle control mechanism 12 are all actuated in timed relation to each
      other, during a single rotation of the drive shaft 35, to thereby, first,
      simultaneously move the roller 17 into squeezing relation to the tube 9
      and move the blade 57 out of squeezing rotation thereto, while the nozzle
      10 is moving into inserted relation to the capsule 2; then move the roller
      17 along the tube 9 in a pumping stroke, to thereby feed fluid through the
      nozzle 10 into the capsule 2; thereafter, simultaneously, move the roller
      17 out of, and the blade 57 into squeezing relation to the tube 9, while
      retracting the nozzle 10 from the capsule 2; and then move the roller 17
      back along the tube 9 into its initial starting position, while
      maintaining the nozzle 10 in retracted position and maintaining the blade
      57 in squeezing relation to the tube 9.
PAR  In the preferred form of the mechanism 1 shown in the drawings a sensing
      device, which may be of any suitable type, such as, for example, a switch
      84, FIG. 2, is disposed at the fluid-receiving station for the capsules 2.
      The switch 84 is connected to a suitable source of power, not shown, and
      is connected by suitable conductors, not shown, to a solenoid 85 embodied
      in the flow-control mechanism 11, FIG. 2. The solenoid 85 is disposed in
      closely adjacent relation to the arm 62 on the lever 54, as shown in FIGS.
      2 and 3. It is so positioned relative to the arm 62 that when the blade 57
      on the lever 54 is disposed in clamping relation to the tubular member 9
      and the core 86 is disposed in extended position, as shown in broken lines
      in FIG. 2, the core 86 is disposed in underlying engagement with the arm
      62 so that the lever 54 can not be rotated around the pin 56 in a
      clockwise direction, and thus the blade 57 is positively held in clamping
      relation to the tubular member 9, in which position it is effective to
      close the latter against the flow of fluid therethrough. The
      aforementioned extended position of the core 86 is the normal position
      thereof, when the solenoid 85 is not electrically energized. This
      condition occurs, of course, when the switch 84 is in "open" condition.
PAR  The switch 84 is so constituted and arranged that, when a capsule, such as
      the capsule 2 shown in FIGS. 2 and 3, is disposed in the holding means 6
      in normal fluid-receiving position, the capsule 2 operatively engages the
      sensing portion 87 of the switch 84 to thereby close the switch 84 and
      thus energize the windings of the solenoid 85. This is effective to
      retract the core 86 and thus free the lever 54 for rotation in a clockwise
      direction, as viewed in FIG. 8, to permit the blade 57 to be retracted
      from clamping engagement with the tubular member 9. On the other hand, it
      will be observed that, in the event of a malfunction of the machine 1,
      wherein a capsule 2 is not fed into fluid-receiving position in the
      supporting means 6, the switch 84, upon completion of a cycle of operation
      of the mechanism 1 will remain open and thus cause the core 86 to remain
      in latching engagement with the arm 62 of the lever 54 so as to prevent
      the blade 57 from being retracted from clamping relation to the tube 9,
      and thus prevent fluid from flowing past the blade 57 in the tube 9. This,
      it will be seen, affords effective insurance against the wasting of fluid
      from the reservoir 8, by the discharge thereof from the nozzle 10 when a
      capsule, such as the capsule 2, is not disposed in fluid-receiving
      relation thereto.
PAR  From the foregoing it will be seen that the present invention affords a
      novel mechanism for feeding fluid in capsule-filling machines, and the
      like.
PAR  In addition, it will be seen that the present invention affords a novel
      pumping mechanism, which is particularly well-adapted for use in such
      machines.
PAR  Also, it will be seen that the present invention affords novel safety
      controls for insuring against accidental leakage or ejection of fluid from
      such a machine.
PAR  Also, it will be seen that the present invention affords a novel and
      practical mechanism for feeding fluid in capsule-filling machines, and the
      like, which mechanism is practical and efficient in construction and
      operation, and which may be readily and economically produced
      commercially.
PAR  Thus, while I have illustrated and described the preferred embodiment of my
      invention, it is to be understood that this is capable of variation and
      modification, and I therefore do not wish to be limited to the precise
      details set forth, but desire to avail myself of such changes and
      alterations as fall within the purview of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a capsule-filling machine embodying means for holding a capsule body
      portion in position to receive fluid therein,
PA1  a. a reservoir for holding a supply of such fluid.
PA1  b. a nozzle for feeding said fluid into a capsule body portion,
PA1  c. a flexible, resilient tubular member operatively connected between said
      reservoir and said nozzle for feeding such fluid there-between,
PA1  d. a drive shaft,
PA1  e. means for rotating said drive shaft,
PA1  f. means, including a cam mounted on said drive shaft, for pumping fluid
      through the tubular member from said reservoir to said nozzle,
PA1  g. means for moving said nozzle between
PAR  1. One position wherein it is disposed in operative position in said body
      portion, and
PA2  2. another position wherein it is disposed in outwardly spaced relation to
      said body portion,
PA1  h. said means for moving said nozzle comprising
PA2  1. a second cam mounted on said drive shaft and rotatable with said first
      mentioned cam, and
PA2  2. a cam follower connected to said nozzle and engaged with said second
      cam,
PA1  i. an abutment member
PA2  1. disposed between said pumping means and said nozzle, and
PA2  2. movable into and out of clamping engagement with said tubular member for
      closing and opening the latter, respectively,
PA1  j. means for moving said abutment member in timed relation to said pumping
      means, whereby
PA2  1. said abutment member is disposed out of said clamping engagement with
      said tubular member during pumping operation of said pumping means, and
PA2  2. said abutment member is disposed in said clamping engagement with said
      tubular member when said pumping means is not operating to pump fluid from
      said reservoir to said nozzle,
PA1  k. said means for moving said abutment member comprising a third cam
      mounted on said drive shaft and rotatable with said first mentioned cam
      and said second cam,
PA1  l. means for sensing whether a capsule body portion is disposed in said
      position to receive fluid therein, and
PA1  m. a solenoid operatively connected to said means for sensing, and
      controlled thereby, for rendering said abutment member inoperative to move
      out of said clamping engagement when a capsule body portion is not
      disposed in said position to receive fluid therein.
NUM  2.
PAR  2. The combination defined in claim 1, and in which
PA1  a. said means for moving said abutment member comprises
PA2  1. a third cam mounted on said drive shaft and rotatable with said first
      mentioned cam and said second cam for moving said abutment member into
      said clamping engagement with said tubular member, and
PA2  2. spring means operatively connected to said abutment member for
      yieldingly urging the latter out of said clamping engagement with said
      tubular member against the urging of said third cam.
NUM  3.
PAR  3. In a capsule-filling machine embodying means for holding a capsule body
      portion in horizontally extending position for receiving fluid therein,
PA1  a. a reservoir for holding a supply of such fluid,
PA1  b. an elongated nozzle for feeding such fluid into a capsule body portion,
PA1  c. stationary supporting means for slidably supporting said nozzle for
      longitudinal reciprocation in a horizontal direction,
PA1  d. a flexible, resilient tubular member operatively connected between said
      reservoir and said nozzle for feeding said fluid there-between,
PA1  e. a drive shaft,
PA1  f. means for rotating said drive shaft,
PA1  g. means, including a cam mounted on said drive shaft, for pumping fluid
      through the tubular member from said reservoir to said nozzle,
PA1  h. means for longitudinally moving said nozzle horizontally relative to
      said supporting means between
PA2  1. one position wherein it is disposed in operative position in said body
      portion, and
PAR  2. another position wherein it is disposed in outwardly spaced relation to
      said body portion,
PA1  i. said means for moving said nozzle comprising
PA2  1. a second cam mounted on said drive shaft and rotatable with said first
      mentioned cam, and
PA2  2. a cam follower connected to said nozzle and engaged with said second
      cam,
PA1  j. an abutment member
PA2  1. disposed between said pumping means and said nozzle, and
PA2  2. movable into and out of clamping engagement with said tubular member for
      closing and opening the latter, respectively,
PA1  k. means for moving said abutment member in timed relation to said pumping
      means, whereby
PA2  1. said abutment member is disposed out of said clamping engagement with
      said tubular member during pumping operation of said pumping means, and
PA2  2. said abutment member is disposed in said clamping engagement with said
      tubular member when said pumping means is not operating to pump fluid from
      said reservoir to said nozzle,
PA1  l. said means for moving said abutment member comprising a third cam
      mounted on said drive shaft and rotatable with said first mentioned cam
      and said second cam.
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ABST
PAL  This invention relates to a filler tube assembly for use in filling bottles
      with beverages and in which a fixed bottle centering housing has a flared
      lower end for receiving the tops of the empty bottles and in which the
      lower distal end of the filler tube is tapered and is provided with a
      circumferential groove having a number of filling holes.
BSUM
PAR  This invention relates to bottle filling machines and in particular to the
      bottle filling tube assemblies incorporated therewith.
PAR  Such assemblies usually consist of a valve adaptor having a depending
      bottle filling tube whose lower tip is provided with beverage filling
      apertures, and a bottle centering housing slidably disposed on the tube,
      all of such parts usually being of metal. In the conventional filling
      machine, the empty bottles travel around a carousel and, during this time,
      pass beneath the filling assemblies. In this position the filling tube of
      such an assembly commences to enter the bottle and, in consequence, the
      housing disposes itself about the top of the bottle. Simultaneously, the
      tube and the adaptor remain stationary and the bottle moves upwardly,
      whereupon the bottle strikes the top of the housing. Obviously, and
      because of the metal parts employed, rubber gaskets have been provided in
      order to cushion the force of the moving integers. Additionally, and often
      as not, the tops of the filling tube strike the tops of the bottles and
      chip or fracture the glass as said tubes attempt to enter the bottles.
      Alternatively, and owing to vibration set up by the high speeds at which
      such bottle filling machines normally operate, it has been known for the
      filler tubes to bend when striking the top of the bottle.
PAR  It is the object of the present invention to overcome the above
      disadvantages by providing an improved bottle filling tube assembly.
DRWD
PAR  The invention is illustrated in the accompanying drawings in which FIGS. 1
      and 2 are part sectional elevations of a conventional prior art type of
      filler tube assembly shown in an operative position and in relation to the
      top of the bottle; and
PAR  FIG. 3 is a part sectional elevation of the improved filler tube assembly
      constructed according to the present invention and shown in an operative
      position in relation to a bottle.
DETD
PAR  Referring to the drawings, and in particular to FIGS. 1 and 2, the
      conventional filler tube assembly shown therein is secured in position on
      the filling machine by means of a large metal nut 1 disposed about the
      usual valve adaptor 2. The adaptor 2 is centrally bored so as threadingly
      to receive and retain the upper end of a metal filler tube 3 having an
      enlarged lower tip 4 provided with circumferentially spaced filler holes
      5. The lower end of the adaptor 1 is provided with a circumferential
      groove 6 containing a rubber gasket 7.
PAR  Slidably disposed about the filler tube 3 is a metal bell-shaped bottle
      centering housing 8 which contains a metal bushing 9 the lower end of
      which has a rubber gasket 10.
PAR  In operation, bottles B to be filled with a beverage pass around a carousel
      located beneath a bottle filling machine. The latter usually consists of a
      rotatable member having a plurality of circumferentially spaced and
      depending bottle filling assemblies. Each filling tube of each such
      assembly commences sequentially to accept an ascending empty bottle as,
      simultaneously, the associated centering-bell positions itself about the
      open top of the bottle--such a position being shown in FIG. 1. It will be
      noted that in the position of the components shown in FIG. 1, the enlarged
      tip 4 of the filler tube 3 serves to limit the amount of downward movement
      of the bell 8 when the lower terminal end of said bushing 9 contacts the
      upper terminal end of said tip 4.
PAR  As the assembly continues its descent, the filler tube 3 projects into the
      interior of the bottle still further until all downward movement is
      prevented by the gasket 7 of the adaptor 2 striking the upper terminal end
      of the bell 8 -- such a position being shown in FIG. 2.
PAR  From the above description, it will be appreciated that such a hitherto
      known device has had a number of points of wear requiring frequent
      replacements of components such as the gaskets 6 and 10 and the bushing 9
      whilst still being adequate at speeds of 200-250 b.p.m. However, modern
      filling machines operate at far higher speeds such as, e.g. within the
      range of 725-750 b.p.m. Thus, replacements must be effected far more often
      than hitherto and this means, ignoring the cost of the maintenance of the
      parts which is no small factor, that the filling machines must be shut
      down far more frequently. The loss in production time is of some magnitude
      and, taken on an annual basis, can no longer be tolerated.
PAR  In addition, and because of the volumetric area of the flared portion of
      the bell 8, air pockets have formed therein as the bottles have engaged
      and disengaged the bells, it being well known that excess air reacts with
      bottled beer to cause, in time, a deleterious change in the product. Such
      a known filling device possesses many other disadvantages as will be
      enumerated later but those just described are the main disadvantageous
      features.
PAR  The improved filler tube assembly is shown in FIG. 3 where, insofar as
      possible, like references have been utilized. In particular, it will be
      seen that the flared portion of the bell-shaped bottle centering housing 8
      has a much smaller volumetric area and that the upper end of said housing
      8 is actually secured to the lower end of the adaptor 2 as a lock-tight
      press fit. Hence, said housing does not move on the filler tube and this
      obviates the provision of the prior art gasket 7 and any replacements
      thereof, as well as any replacement of the bushing 9.
PAR  In addition and because of the reduced volumetric area of the inside of the
      so-called flared portion of the bell 8, air pockets are inhibited during
      engagement and disengagement of the bottle B. The gasket 10 is of slightly
      different cross-section to that contained in the prior art device of FIGS.
      1 and 2.
PAR  The other important difference resides in the lower end of the filler tub
      per se. As will be seen from FIG. 3, the lower end of the tube 3 is
      provided with a peripheral groove 5' containing the circumferentially
      spaced filler holes 5. Such an arrangement obviates the use of the
      enlarged tip shown in FIGS. 1 and 2 inasmuch as there is now no longer any
      necessity for the upper terminal end of the tip to act as a stop to limit
      the amount of downward movement of the bell . . . because the latter does
      not move in the improved device.
PAR  In addition, the top 4 of the tube 3 is tapered at 30.degree. to the
      vertical axis of said tube. This has the advantage of guiding the tube
      into the bottle B in a more positive manner than heretofore and inhibiting
      chipping of the top of the bottle, adjacent the open mouth thereof, and
      also avoiding bending the tube 3.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bottle filler tube assembly including a valve adaptor serving as the
      mounting for the upper end of an axially bored liquid filling tube of
      elongated tubular configuration, a downwardly and outwardly flared bottle
      centering housing directly and fixedly secured to the lower end of said
      adaptor and through which said tube passes, a gasket within said housing
      adapted to contact the upper end of a bottle to be filled, the tip of said
      tube being closed and tapered at 30.degree. to the longitudinal axis of
      said tube, the lower end of said tube having a reduced diameter peripheral
      groove portion through which extend a plurality of circumferentially
      unobstructed spaced filler holes.
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ABST
PAL  A stump cutting machine includes a rotatable cutter disc having a plurality
      of cutter tools on opposite sides thereof, and each of the tools includes
      a bit holder having half sections for clamping the shank of a bit
      therebetween in aligned slots formed in the mating clamping faces of the
      half sections. The channel-shaped slots extend at an angle to the cutter
      disc and to the clamping faces of the half sections and thus position the
      bit at an angle to the cutter disc. The bit holder may be turned between
      two positions 180.degree. apart, and the bit will extend outwardly
      relative to the disc and inwardly relative to the disc in the other
      position. A pair of bolts extend through the holder half sections in the
      disc to connect the two holders on the disc on opposite sides thereof. The
      effective depth of the slot is less than the thickness of the bit shank to
      insure clamping action by the bottom walls of the slot when the half
      sections are drawn tightly together by the bolts.
BSUM
PAC  DESCRIPTION
PAR  Heretofore cutting discs for tree stumps or the like have required a
      plurality of different bit holders and differently shaped bits resulting
      in an expensive piece of equipment for which it is difficult to stock
      replacement parts, as a large supply is required where there are a large
      number of different parts required.
PAR  The tool holder of U.S. Pat. No. 3,797,544 has the problem of requiring
      special tooling to fabricate the half sections comprising the tool holder.
PAR  The cutter disc of this invention includes a plurality of cutter tools on
      opposite sides of the cutting disc arranged in a spiral fashion. Except
      for bits extending parallel to the plane of the disc, the other bits
      extend either inwardly or outwardly relative to the disc. These bits all
      use the same bit holder. It is only necessary to rotate the bit holder
      180.degree. about its own center axis to provide the desired angular
      position.
PAR  The versatility of this bit holder is the result of utilizing a bit holder
      having half sections which include aligned and mating channel-shaped slots
      in the clamping faces of each half section. The clamping action occurs as
      a result of the effective depth of the slot being less than the thickness
      of the bit shank, resulting in the base walls of the slots bearing against
      the adjacent shank surfaces.
PAR  A pair of bolts extend transversely through the half sections on opposite
      sides of the bit shank and extend through the disc to connect another bit
      holder onto the opposite side of the disc.
PAR  When utilizing the universal bit holder of this invention, it is not
      necessary to have a large variety of different bit holders or bits, since
      only one is required for the angularly-disposed bits. The bits which are
      positioned in a straight manner on the disc utilize a holder having a slot
      cut in one face to receive the bit shank, and the holder is then bolted
      onto the disc or onto a spacer between the holder and the disc. In all
      cases, the same bit is used.
PAR  Fabrication of the bit holder of this invention is particularly efficient
      and inexpensive due to the fact that bar stock may be used. The steps of
      fabrication include cutting the bar stock to length, placing the cut
      pieces in a jig at an appropriate angle such that the slots may be cut by
      the rotary cutter on a milling machine. Next, the pair of holes are
      drilled. One quarter of the half sections are provided with countersunk
      holes for the heads of the bolts, while another quarter are threaded. The
      remaining half of the half sections require no further machining.
DRWD
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims and illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a fragmentary side elevation view of a stump cutting machine
      employing the cutting disc of this invention.
PAR  FIG. 2 is an enlarged-in-scale side elevational view of the cutting disc.
PAR  FIG. 3 is a perspective view of the cutter tool.
PAR  FIG. 4 is a cross-sectional view taken along Line 4--4 in FIG. 2.
PAR  FIG. 5 is a cross-sectional view taken along line 5--5 in FIG. 2.
PAR  FIG. 6 is a cross-sectional view taken along Line 6--6 in FIG. 2.
PAR  FIG. 7 is a cross-sectional view taken along Line 7--7 in FIG. 2.
PAR  FIG. 8 is a cross-sectional view taken along Line 8--8 in FIG. 2.
PAR  FIG. 9 is a cross-sectional view taken along Line 9--9 in FIG. 2.
PAR  FIG. 10 is a cross-sectional view similar to FIG. 9 but includes a spacer
      on the right-hand side.
PAR  FIG. 11 is a cross-sectional view taken along Line 11--11 in FIG. 9.
PAR  FIG. 12 is a cross-sectional view taken along Line 12--12 in FIG. 11; and
PAR  FIG. 13 is a cross-sectional view taken along Line 13--13 in FIG. 2.
DETD
PAR  The cutter disc of this invention is referred to in FIG. 1 generally by the
      reference numeral 10 and is seen mounted on a stump cutting machine 12
      operating on a stump 13.
PAR  The disc 10 is circular in shape and includes a center axis of rotation 14
      through a center shaft 16. A plurality of cutter tools 18 are mounted on
      opposite sides 20 and 22 of the disc 10 as seen in FIGS. 3 and 7. The
      cutter tools on each side of the disc 10 define two spirals starting at
      the outer peripheral edge of the disc and ending adjacent and on opposite
      sides of the center rotational axis 14. Thus, it is seen that the disc 10
      is balanced on each of its sides, and one side is balanced relative to the
      opposite side.
PAR  The cutter tool 18, as seen in FIG. 3, includes a pair of inner and outer
      half sections 26 and 28 rectangular in cross section and having opposed
      mating faces 30 and 32 which are parallel to each other and parallel to
      the disc 10. A slot or U-shaped channel 34 having a bottom side wall 36
      and oppositely disposed parallel side wall surfaces 38 extends diagonally
      across the half section along the transverse center line thereof. The
      exterior end slots of the half sections 26 and 28 are identical and thus,
      the bottom walls of the slots are parallel to each other but extend at an
      angle to the disc and to the mating faces 30 and 32 of the half sections.
PAR  A bit 40 having a cutting head 42 and a shank 44 is positioned with the
      shank 44 in the slots 34. A pair of bolts 46 extend through the half
      sections 26 and 28 on opposite sides of the bit shank 44 and draw the half
      sections into clamping engagement with the shank 44 to hold it firmly in
      place. The shank 44 is rectangular in cross secton and has a thickness
      slightly greater than the effective depth of the slots 34 (measured
      perpendicularly to the bottom wall 36) such that clamping action results
      between the holder half sections 26 and 28 when drawn together by the
      bolts 46. It is further seen in FIG. 7 that the bolts 46 have heads
      received in countersunk holes 47 in half section 26 and then extend
      through a tool holder 18 on the opposite side of the disc 10 and
      threadably engage the openings 50 in the outer half section 26'. The half
      sections 26 and 26' differ only in that half sectiion 26 has countersunk
      openings for the bolt heads and the half section 26' has the threaded
      openings 50.
PAR  The bits 40 may be positioned on the disc 10 to extend inwardly towards the
      disc as seen in FIGS. 5 and 8, wherein the holders 18A position bits 40 to
      extend at an angle towards the disc 10. The same holder half sections 26
      and 28 are employed but the holder 18 is simply rotated 180 degrees about
      its own axis and the bit 40 is reinserted in the opposite end of the slot
      34.
PAR  In FIG. 12 it is seen that the thickness of the bit shank 44 is just
      sufficient to maintain a spacing 60 between the inner surfaces 30 and 32
      on the half sectons 26 and 28.
PAR  In order that complete cutting action of the stump 14 be provided, bits 40
      are positioned in a plane parallel to the disc 10. A holder 70 (FIG. 13)
      is utilized which is similar to the holder half section 26 and has an
      inner clamping face disposed in a plane parallel to the face 20 of the
      disc 10 and, accordingly, the slot 34 for the bit 40 is also arranged
      parallel to the disc face 20.
PAR  In FIGS. 9 and 10, the bits 40 arranged parallel to the disc 10 are spaced
      therefrom by a spacer 72 to give a more complete cutting action.
PAR  Thus, in operation it is seen that all of the cutter tools utilize the same
      bit 40 and all of the angularly disposed bits are held by a common holder
      including an outer half section 26 or 26' and an inner spacer half section
      28, whereas all bits that are arranged parallel to the disc 10 are held by
      a holder 70 and flat washer-like spacers 72 may or may not be utilized.
      All that is required to change the angle of the bit 40 from extending away
      from the disc 10 to an angle extending toward the disc 10 is to rotate the
      holder 18 180.degree. and reinsert the bit in the opposite end of the slot
      34. Accordingly, a minimum number of component parts need to be kept in
      stock for repair purposes, and when repair is needed a given bit may be
      easily replaced by loosening the two bolts 46 and allowing the bit to
      readily drop out of the slot 34. The cutting head on the bit functions as
      a depth limiting shoulder and is adapted to engage the outer edge of the
      holder whereby the bits may be positioned in the holders at a uniform
      depth.
PAR  The steps of fabrication for the bit holders in quantity includes taking
      bar stock material 1 .times. 13/4 inch and cutting it to a length of 23/4
      inches. The cut pieces, rectangular in cross section, are now put in jigs
      which hold them at an angle such that the rotary cutter of a milling
      machine passing over the cut pieces forms a slot on the transverse
      centerline of the pieces. The slot will extend diagonally across the cut
      pieces. Next, two mounting holes are drilled on opposite sides of the
      slots, and one quarter of the pieces are provided with threads, while
      another quarter are provided with countersunk holes for the heads of the
      mounting bolts. The remaining half of the tool holder half sections
      require no further machining. Thus, it is seen that the holders may be
      fabricated quickly and at a minimum cost, but yet will provide effective
      holding action for the bits on the cutter disc.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cutter disc, comprising,
PA1  a rotatable cutter disc having a center axis of rotation,
PA1  a plurality of cutter tools mounted on said disc radially outwardly of said
      center axis of rotation,
PA1  said cutter tools each including a holder and a bit, said bit having a
      cutting head and shank, said holder having a pair of half sections having
      mating faces parallel to said disc, said half sections having a slot
      formed in their mating faces and extending diagonally thereto with said
      bit shank positioned in said slot, and locking means interconnecting said
      half sections to hold said bit and secure said cutter tool to said disc
      with said bit extending at an acute angle to said disc.
NUM  2.
PAR  2. The structure of claim 1 wherein said cutter tools are mounted on
      opposite sides of said disc and said bits extend radially relative to said
      disc center axis of rotation.
NUM  3.
PAR  3. The structure of claim 1 wherein cutter tools include said holders
      positioned on said disc to provide at least one bit extending angularly
      outwardly of said disc and one bit extending angularly inwardly of said
      disc.
NUM  4.
PAR  4. The structure of claim 1 wherein said cutting head on said bit includes
      a depth limiting shoulder adapted to engage the outer edge of said holder
      whereby said bits may be positioned in said holders at a uniform depth.
NUM  5.
PAR  5. The structure of claim 1 wherein said slot in said mating faces has a
      depth which is less than the thickness of said bit shank and said holder
      half sections are drawn into clamping engagement with said bit shank by
      said locking means.
NUM  6.
PAR  6. The structure of claim 1 wherein said locking means includes a pair of
      bolts extending on opposite sides of said bit perpendicular to the plane
      of said disc.
NUM  7.
PAR  7. The structure of claim 1 wherein two of said cutter tools are disposed
      directly opposite each other on opposite sides of said disc and said
      locking means includes a pair of bolts on opposite sides of said pair of
      bits locking said two pairs of half sections to said disc.
NUM  8.
PAR  8. The structure of claim 1 wherein all of said cutter tool holders having
      bits extending at an acute angle to said disc are substantially identical
      and interchangeable.
NUM  9.
PAR  9. The structure of claim 1 wherein said slot includes a bottom wall and
      oppositely disposed perpendicular parallel side walls and said bit shank
      is rectangular in cross section to matingly engage said walls of said
      slot.
NUM  10.
PAR  10. The structure of claim 1 wherein said slot in the mating faces of said
      holder half sections is further defined as opposed diagonally extending
      slots in each of said mating faces having an effective depth of less than
      the thickness of said bit shanks such that the mating faces are in spaced
      relationship when said locking means clamps said bit in said slots in said
      faces.
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ABST
PAL  Veneer sheets produced by a cutting machine are arranged in groups which
      are stored. The sheets are subsequently fed from the groups to a drier.
      The groups are formed by rolls or stacks of sheets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the manufacture of veneer sheets.
PAR  2. Description of the Prior Art
PAR  In veneer works it is generally usual to feed cut veneer sheets directly
      into a drier from a cutting machine by way of conveyor belts.
PAR  A serious disadvantage of this procedure lies in the dependency of the
      output of the cut veneer sheets on the output or capacity of the drier.
      More particularly, the veneer sheets pass through the drier at a speed
      which is less than the maximum output speed of the cutting machine. The
      output speed of the cutting machine must therefore be adapted to the speed
      or output of the drier, whereby efficient use of the full output of the
      cutting machine necessarily becomes impossible.
PAR  Furthermore, during the functionally necessary stopping periods of the
      cutting machine, for instance during trunk changes, trunk turning and claw
      change, the drier is not supplied with veneer sheets and is therefore
      idle.
PAR  The dependency of the cutting machine and of the drier on one another thus
      produces on the one hand a decrease in the output of the cutting machine,
      because this machine can operate only at a speed adapted to the drier
      speed, and on the other hand a reduction in the output of the drier also,
      because while the cutting machine is stationary the drier cannot be
      supplied with veneer sheets and is therefore idle.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of the present invention, there is provided a
      method of manufacturing veneer sheets comprising the steps of cutting
      veneer sheets, arranging the cut sheets to form groups of cut sheets,
      storing, and feeding sheets from the groups to a drier at a rate dependent
      on the output of the drier.
PAR  According to another aspect of the invention, there is provided apparatus
      for manufacturing veneer sheets, cutter means for cutting veneer sheets,
      means for arranging the cut sheets to form groups of cut sheets, storage
      means for storing the groups of cut sheets, drier means, and means for
      feeding sheets from the storage means to the drier means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention will now be described, by way of example
      only, with reference to the accompanying drawings, the sole FIGURE of
      which is an elevation of apparatus for producing veneer sheets.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the drawing apparatus for producing veneer sheets comprises a
      cutting machine 1 which cuts veneer sheets and feeds the sheets at spaced
      intervals. These veneer sheets are supplied by way of a discharge
      apparatus 2 to a transfer apparatus. Both the discharge apparatus 2 and
      also the transfer apparatus are known per se, and will not be described in
      detail. The transfer apparatus 3 preferably comprises two conveyor belts
      located one above the other, which are guided over appropriate deflecting
      rollers or deflecting cylinders.
PAR  The transfer apparatus 3 now conveys the veneer sheets spaced at intervals
      from one another to a sheet arranging apparatus 4 where the veneer sheets
      are orientated and brought together so that the gaps between the
      individual veneer sheets, which remain unconnected, are taken up and the
      individual sheets collectively form a veneer strip which is discharged at
      the end of the sheet sheet arranging apparatus 4. The sheet arranging
      apparatus 4 is in the form of a conveyor, the speed of which is adjusted
      so as to cause the gaps between the individual sheets to be closed up.
      This conveyor also known per se and will not be described in detail.
PAR  Winding apparatus 5 is arranged adjacent the end of the snatch apparatus
      and winds the veneer strip formed by the individual veneer sheets onto a
      spool 6 so form a veneer roll 7.
PAR  The winding apparatus 5 is followed by a storage device 8 which receives
      the individual veneer rolls 7 one after another. In the apparatus shown in
      the drawing this storage device comprises a pair of co-operating guides
      extending in the longitudinal direction to receive the opposite end
      portions of the spools 6 of the veneer rolls 7.
PAR  The storage device 8 can be located laterally with respect to the winding
      apparatus 5, so that the storage device may occupy any vacant position in
      the veneer works.
PAR  Of the veneer rolls 7 located in the storage device 8, one roll 7 at a time
      passes to an unwinding apparatus 10 which in the embodiment illustrated
      comprises an adjustable withdrawal roller which introduces the individual
      veneer sheets between two intake belts 11 which co-operate with one
      another and are guided over rollers and the like; these belts feed the
      veneer sheets into the drier 12.
PAR  In an alternative arrangement the individual veneer sheets discharged by
      the sheet arranging apparatus are arranged in stacks, the stacks of veneer
      sheets are stored, and thereafter the stored veneer sheets are fed into
      the drier in accordance with the output capacity of the drier.
PAR  Thus in the apparatus particularly described, the output of the cutting
      machine is independent of that of the drier. The cutting machine and the
      drier can each be independently operated at maximum output. The veneer
      sheets cut by the cutting machine at maximum output are stored in stacks
      or rolls from which they are successively withdrawn according to
      requirements and to the possible output of the drier. Veneer sheets
      accumulated in eight hours may for instance be further processed in 16 or
      24 hours in the drier.
PAR  Moreover, the position of the cutting machine is not dependent on that of
      the drier, because the veneer sheets do not enter the drier directly but
      undergo intermediate storage. Further, existing apparatus can readily be
      modified to provide apparatus in accordance with the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of manufacturing veneer sheets comprising the steps of cutting
      a plurality of individual veneer sheets, arranging the cut sheets into an
      adjacent, aligned, relationship, winding the said cut sheets into a roll,
      conveying said roll of cut sheets to a storage device, and thereafter
      unwinding the sheets from said roll of cut sheets in said storage device,
      and feeding the sheets to a drier at a rate dependent on the output of the
      drier.
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ABST
PAL  A hand tool including a blade or tool part with a connected tang and a
      handle part with an aperture extending axially from one end for receiving
      the tang, a locking pin extending diametrically across the handle part and
      the tang being provided with a slot for the passage of said locking pin to
      a cross bore in the tang, the locking pin being rotatable or axially
      moveable to engage it with said cross bore.
BSUM
PAR  The invention relates to hand tools and has for its object to provide an
      improvement therein.
PAR  According to the invention, a hand tool includes a blade or tool part with
      a connected tang, a handle part with an aperture extending axially from
      one end for receiving the tang, and locking means for locking the handle
      part on said tang, said locking means being constituted by a locking pin
      extending diametrically across the handle part intermediate the ends of
      the aperture for receiving the tang, and the tang being provided with a
      slot opening from its free end for the passage of the locking pin along
      said slot to a cross bore in said tang as the latter is received in the
      aperture in the handle part, the locking pin being rotatable or axially
      movable to engage it with the cross bore in the tang when the tang has
      been fully inserted in said handle part. The locking pin may be provided
      with oppositely disposed flats so that it can only be passed along the
      slot in the tang when appropriately orientated and in this case will
      preferably be provided with a lever pivotally connected to it at one end.
      The arrangement will preferably be such that when the handle has been
      secured to the tang the lever can be at least partly located in an
      inoperative position in a recess formed in the side surface of the handle
      part. Also in this case the locking pin will preferably be retained in
      position in the handle part by means of a spring clip fitted at its end
      remote from the lever, the arrangement being such that the spring clip
      allows some slight cross-movement of the locking pin when lugs formed on
      said lever bear against the handle part, conveniently through the
      intermediary of a washer, as the lever is pivoted to an operative
      position, the return movement of the locking pin under the action of said
      spring clip when the lever is returned to its inoperative position causing
      said lever to be maintained in closed condition in the recess formed in
      the side surface of the handle part. On the other hand the locking pin may
      be axially movable against the force of a spring, the arrangement being
      such that when the tang has been inserted in the handle part and the
      locking pin is released the force of the spring imparts a cross-movement
      to the locking pin to bring an enlargement formed on said pin into
      engagement with the cross bore in the tang. The tang will preferably be of
      cylindrical form and a shoulder will preferably be provided against which
      the handle part can abut when the tang has been inserted fully in the
      axially extending aperture. The slot in the tang will preferably be
      provided with a chamfer forming a lead-in for the locking pin as the tang
      is entered into the aperture in the handle part.
DRWD
PAR  In order that the invention may be fully understood and readily carried
      into effect, the same will now be described, by way of example only, with
      reference to the accompanying drawings, of which:
PAR  FIG. 1 is a part-sectional view through a hand tool embodying the
      invention,
PAR  FIG. 2 is a view of the blade part thereof and a connected tang,
PAR  FIG. 3 is a side view of a handle part of the tool,
PAR  FIG. 4 is a side view of a locking pin for connecting the blade to the
      handle part,
PAR  FIG. 5 is a view in the direction of arrow 5 in FIG. 4,
PAR  FIG. 6 is a part-sectional view through a hand tool of modified
      construction, and
PAR  FIG. 7 is a sectional view on the line 7--7 in FIG. 6.
DETD
PAR  Referring now to FIGS. 1 to 5 of the drawings, the hand tool there
      illustrated includes a blade part 10 (in this case a blade) (blade) with
      an integral tang 12 of generally cylindrical form. A handle part 14 is
      provided with an aperture 16 extending axially from one end for receiving
      the tang. A bolster portion 17 which is formed integrally with the tang 12
      provides a shoulder 19 which abuts against the end of the handle part when
      the two components have been fitted together. The handle part is provided
      with a small hole 21 which allows the flow of air from within the aperture
      16 as the tang is received therein.
PAR  Locking means for locking the handle part on the tang of the blade part are
      constituted by a locking pin 18 with oppositely disposed flats 20, the
      locking pin extending diametrically across the handle part, as shown,
      intermediate the ends of the aperture 16. The tang 12 of the blade part is
      provided with a slot 22 opening from its free end for the passage of the
      locking pin, when appropriately orientated, along said slot to a cross
      bore 24 in said tang as the latter is received in the aperture in the
      handle part. The slot in the tang is provided with a generous chamfer 23
      forming a lead-in for the locking pin as the tang is entered into the
      aperture in the handle part.
PAR  The locking pin 18 is rotatably mounted in the handle part so that it can
      be turned through a right angle to engage it with the cross bore 24 in the
      tang when the tang has been fully inserted in said handle part. A lever 26
      is pivotally connected to one end of the locking pin for rotating the
      latter to engage it or disengage it with the cross bore in the tang, and
      the arrangement is such that, as shown in FIGS. 1 and 3, the lever can be
      partly located in an inoperative position in a recess 28 formed in the
      side surface of the handle part. The locking pin is retained in position
      in the handle part by means of a spring clip 30 fitted into a groove 32 at
      its end remote from the lever 26, and the arrangement is such that the
      spring clip allows some slight cross-movement of the locking pin when lugs
      34 formed on said lever bear against a washer 36 which is disposed between
      the lever and the side surface of the handle part, that is to say as the
      lever is pivoted to an operative position in line with the axis of the
      locking pin. The movement of the locking pin under the action of the
      spring clip when the lever is returned to its inoperative position causes
      the lever to be maintained in closed condition in the recess 28 in the
      side surface of the handle part.
PAR  Thus there is provided a hand tool the blade and handle part of which can
      very quickly and conveniently be fixed together or separated one from the
      other. Consequently, the construction of tang and co-operating handle is
      such that a set of blades or tools can be provided with a single handle
      for selective fitment to one of the blades or tools which it is desired to
      use.
PAR  Referring now to FIGS. 6 and 7, in a modification of the hand tool just
      described the locking means constituted by the locking pin 18 with
      oppositely disposed flats has been replaced by a locking pin 38 which is
      of cylindrical form throughout, that is to say having a cylindrical major
      length 40 longer than the diameter of the aperture 16 of the handle part,
      a head 42 at one end beneath which a spring 44 is held captive, and a
      cylindrical enlargement 46 at its other end which is provided with a
      groove 48 in which a retaining spring washer is fitted. The spring washer
      is provided, as shown, with a domed head 52 which encloses the end of the
      cylindrical enlargement 46. The arrangement is such that the blade
      provided with a tang identical to that illustrated in FIG. 2 can be
      connected to the handle part, the tang being entered into the aperture in
      the handle part when the head of the locking pin has been depressed
      against the force of the spring 44 to move the enlargement 46 clear of
      said aperture (that is to say the cylindrical major length 40 of the
      locking pin sliding along the slot in the tang as the latter is inserted
      in the handle part). When the head of the locking pin is then released,
      the force of the spring imparts a cross-movement of the locking pin to
      engage the enlargement 46 in the cross bore 24 of the tang. Of course it
      will be realised that in this case the cross bore 24 need not necessarily
      extend completely through the tang.
PAR  Various other modifications may of course be made without departing from
      the scope of the invention and it will be understood that although the
      blade part illustrated is that of a joiners chisel, numerous other kinds
      of hand tools or sets of hand tools may embody the invention, for example
      screwdrivers, painters and decorators tools and the like. Instead of the
      shoulder formed on the bolster abutting directly against the handle part
      there could be a thin shock washer (made for example of a synthetic
      plastics material) interposed between the two. It will also be understood
      that the manner in which the blade or tool and handle part are secured
      together permits a considerable amount of torque to be applied to the
      blade or tool, as for example to a screwdriver blade.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. In a hand tool including a tool part provided with a tang having an
      axially extending slot in its free end opening into a cross hole, the
      diameter of the cross hole being greater than the width of the slot, and
      including a handle part having an aperture extending axially into one end
      for receiving the tang; locking means for locking the handle part to the
      tang comprising a locking pin extending diametrically through the handle
      intermediately of the ends of the aperture and adapted to be rotated
      relative to the handle, the pin having a first narrow diametrical
      dimension allowing sliding reception of the pin down the slot into the
      cross hole and having perpendicular to the first dimension a second
      diametral dimension greater than the width of the slot allowing locking of
      the pin against escape from the slot when the pin is rotated to a locking
      position in which its greater diametral dimension extends crosswise to the
      slot, a lever for rotating the pin pivotally connected to an external end
      of the pin, a spring retainer clip fitted on an opposite external end of
      the pin urging the lever connected end of the pin inwardly of the handle,
      the lever being pivotable from an inoperative angular position in a side
      recess of the handle to an operative position in axial extension of the
      pin, the lever being formed with lugs at an inner end thereof having
      cooperation with a side area of the handle when the lever is pivoted to
      its operative position to draw the lever connected end of the pin slightly
      outwardly of the handle against the opposed urging of the spring, said
      lugs being adapted to allow return of the pin by the spring inwardly of
      the handle upon pivoting the lever back to its inoperative position, and
      the said urging of the spring serving to retain the lever in its
      inoperative position.
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ABST
PAL  The invention relates to a cover for a toilet tank which is both decorative
      and which effectively prevents or eliminates condensation on the exterior
      walls of the tank, the toilet tank cover being characterized by being made
      of textile material laminated to a vapor barrier material, the latter
      carrying adhesive on both faces thereof, one face being adhesively secured
      to the back side of the textile cover and the other face being covered by
      a peel-off type protective material so that said other face may be applied
      directly to the front and side walls of a toilet flush tank.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Where cold water is introduced into the tank of a toilet, the tank itself
      is cooled thereby and in periods of high humidity, such as summertime,
      water condenses on the exterior surfaces of the tank and may accumulate to
      the extent of dripping on the floor, which can be both unsightly and
      damaging.
PAR  A solution to the problem is shown in the patent to Armstrong, U.S. Pat.
      No. 2,652,874. That patent provided a textile cover for a toilet tank
      which, while not preventing condensation, acted to "blot up" the moisture
      condensing on the tank and thereby prevented dripping. During the night
      when the toilet was not used, the water in the tank would warm up and as a
      result, the moisture in the cover evaporated so that by the next morning
      it was dry, and ready to begin absorbing condensate.
PAR  A problem often encountered with the type of toilet tank cover shown in the
      Armstrong patent, was that of maintaining the cover in position on the
      toilet tank. As the cover absorbed moisture, it became heavier and often
      sagged in unsightly folds because of the weight, and sometimes because of
      the stretching of the textile material. Means such as sewing in elastic
      along the edges, etc., have been tried but were only partially successful
      in overcoming the problem.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a substantial improvement in covers for
      toilet flush tanks. The improvement is not only in the manner in which the
      cover is secured to the tank itself, but also by the very nature of the
      securing material the efficiency of the cover itself is improved.
      According to the present invention, the tank cover is made of a textile
      material, for example, chenille, which has a tufted face on one side and a
      relatively smooth face on the other. To the smooth back face of the
      textile there is laminated a vapor barrier comprising a sheet of plastic
      material carrying adhesive on both sides thereof. Thus, one side of the
      vapor barrier sheet is adhesively secured to the back or smooth side of
      the textile material, while the other side of the sheet which also carries
      an adhesive coating is covered by a peel-off type of protective film. When
      the cover is to be applied to a toilet tank, the protective film is peeled
      off by hand, exposing the adhesive face and the latter is applied directly
      to the toilet tank. The adhesion is complete over the entire area of the
      front and side walls of the tank from the bottom to above the water line
      therein, and the cover can easily be pressed into close conformity with
      the exterior walls of the tank even though they be decorative, i.e., be
      other than perfectly smooth in configuration.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a toilet tank and toilet having a cover
      made according to the present invention;
PAR  FIG. 2 is a rear view of the toilet tank of FIG. 1;
PAR  FIG. 3 is a vertical section along line 3--3 of FIG. 2;
PAR  FIG. 4 is a perspective view of the back side of the toilet tank cover
      showing the peelable protective film or sheet partially removed;
PAR  FIG. 5 is a vertical section taken along line 5--5 of FIG. 2; and
PAR  FIG. 6 is a horizontal section along line 6--6 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is shown a toilet 10 provided with a
      usual toilet tank 11 having a lid 12 and a handle 13 for operating the
      toilet. An inlet pipe 14 is provided for introducing water into the tank
      and an outlet pipe 15 delivers water from the tank into the toilet 10.
PAR  The toilet tank has a front wall 16 and side walls 17 and 18, these walls
      being generally rectangular in shape in the particular toilet tank chosen
      for purposes of illustration.
PAR  As shown in FIG. 4, the toilet tank cover 20 is in the form of a
      rectangular jacket of textile material, with the cover having a front
      portion 21 adapted to cover the front wall 16 of the tank, and two side
      portions 22 and 23 to cover the side walls 17 and 18 of the tank. In
      addition, the cover 20 is provided with a slit 24 to receive the handle 13
      of the tank.
PAR  A sheet 25 of vapor barrier material such as plastic is of the same size
      and shape as the cover 20. One side 26 of the sheet 25 carries an adhesive
      coating and is adhesively secured to the back side of the cover 20. The
      other side 27 of the sheet 25 also carries an adhesive coating but is
      normally covered by a sheet 28 of peel-off film material.
PAR  To apply the tank cover of the present invention to a toilet tank, the
      peel-off film 28 is removed thereby exposing the adhesive coating on the
      face 27 of the vapor barrier sheet. This face is applied to the toilet
      tank, first by placing the slit 24 in registry with the handle 13 so that
      the latter is on the outside of the cover, and then the front portion of
      the cover 21 is applied against the front wall 16 of the tank, and the
      side portions 22 and 23 are folded around the corners of the tank and
      adhered to the side walls 17 and 18.
PAR  The sheet material 25 is, as previously noted, a vapor barrier and because
      of its double-faced adhesive coating, the cover when once applied to the
      tank will remain in place without sagging or otherwise becoming unsightly
      even though the actual weight of the cover varies because of the
      accumulation of water therein and the subsequent evaporation of water
      therefrom.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cover for a toilet flush tank comprising a generally rectangular
      jacket of textile material, said jacket having a front portion to cover
      the front of the tank and side portions to cover the sides of the tank,
      said front portion having a width sufficient to cover the entire front of
      the flush tank and a height to extend from the bottom edge of the tank to
      above the normal level of water in the tank so that at least a major
      portion of the front wall of the tank is covered thereby, each of said
      side panels having a height equal to the front portion but having a
      narrower width to cover substantially the entire side of the tank, a
      substantially continuous sheet of vapor barrier material of the same size
      and shape as the jacket, said sheet having one side adhesively secured
      over substantially its entire area to the entire area of the back of said
      jacket and the other side of said sheet being provided with an adhesive
      coating over the entire surface thereof, and a layer of material covering
      the entire other side of said sheet and peelable therefrom to expose said
      adhesive coating whereby said material may be peeled from said other side
      of the sheet and said other side may be applied to the flush tank to cover
      substantially the entire front and side walls thereof in intimate contact
      throughout the entire covered area thereof.
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PAL  An auxiliary tire traction device for use with vehicle tires to provide
      increased traction when dictated by road or other conditions wherein the
      device may be detachably secured to the tire to increase contact and
      driving force for the vehicle.
BSUM
PAR  The present invention relates to an improved auxiliary tire traction device
      for use primarily with vehicle tires as a means for providing increased
      traction, when necessary, to facilitate movement of the vehicle along the
      ground, or other surface.
PAR  Many devices of various types have been devised for use with vehicles to
      increase the traction or driving contact of the vehicle with the ground.
      Tire chains, for example, would be a common example of such a device.
      Other similar examples may be readily identified. Generally, the devices
      developed in the past have involved the use of means temporarily affixed
      to the outer surface of the tire by actually fitting the device over the
      tire (as in the case of tire chains) or by clamping the device to the tire
      surface in some manner.
PAR  The device disclosed and claimed herein, in the various forms set forth,
      involves means which may be physically, rigidly secured with respect to
      the wheel of the vehicle rather than the tire to provide means for
      increased driving contact with the ground and to avoid physical contact
      with the tire to minimize possible danger to the tire itself.
PAR  The tire traction device disclosed herein consists of three basic
      components. The first component involves a clamping device mounted about
      the tire of the vehicle and having a gripping surface on the outer
      periphery thereof. The clamping device may be secured by various means to
      an adaptor plate which may be secured in some fashion to the wheel of the
      vehicle. In one embodiment of the concept, a third component would be
      provided with projections mountable on the adaptor to define the desired
      tread design for the tire traction device.
PAR  It should be noted that the tire traction device may be used in conjunction
      with any vehicle to provide means for auxiliary traction for that vehicle
      when it is stuck in mud, snow, sand, or other conditions which otherwise
      limit the traction of the vehicle in normal operation.
PAR  The auxiliary tire traction device described herein offers an advantage
      over other devices in that it will provide increased traction for the
      wheels of a motor vehicle so that the vehicle may move through soft or
      rough terrain without becoming mired. There are many different tire tread
      designs available at this time including those provided with cleats for
      use in mud or snow. However, except for those vehicle which are
      specifically designed for such applications, most tires are intended for
      use on smooth, hard surfaced roads. In such use, the conventional tire is
      not provided with means to provide proper traction in a soft surface
      condition and, accordingly, the vehicle will be unable to move when such
      surface conditions exist. The concept set forth herein is available for
      use with such vehicles and the tires of same to adapt the tires so that
      they would provide increased traction to permit the vehicle to move
      forward without difficulty.
PAR  It is, accordingly, a primary object of the present invention to provide an
      improved tire traction device for use with vehicles wherein the device may
      be secured to the wheel of the vehicle to provide for increased traction
      when dictated by road condtions and wherein the device may be detachably
      secured to the wheel to provide increased traction, as desired.
PAR  Other and further objects of the present invention reside in the provision
      of an improved tire traction device for use with the wheels of vehicles to
      provide for increased traction, as desired, wherein the device is
      economical to manufacture, durable in use, easy to use and adaptable for
      use with substantially any vehicle wheel or tire, which is economical in
      use, which may be readily maintained and repaired during use of the device
      and which may be modified for use in conjunction with any particular
      configuration.
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PAR  The novel features which are believed to be characteristic of the invention
      are set forth with particularity in the appended claims. The invention
      itself, however, together with further objects and advantages thereof will
      best be understood by reference to the following description taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a fragmentary schematic representation of the inventive concept
      set forth herein in one form thereof, showing the tire traction device
      used in combination with a vehicle wheel;
PAR  FIG. 2 is a schematic illustration of a modified form of the concept;
PAR  FIG. 3 is a fragmentary enlarged view of still another variation of the
      basic concept illustrating means for securing gripping means employed with
      the support elements;
PAR  FIG. 4 is an illustration of a modified form of the inventive concept
      wherein spike-like arms are employed in the assembly to define gripping
      means;
PAR  FIG. 5 is a schematic illustration of still another form of the inventive
      concept showing means for providing a support structure in the wheel of
      the vehicle;
PAR  FIG. 6 is another view of a form of the concept for use in conjunction with
      dual wheeled vehicles, for example;
PAR  FIG. 7 is an illustrative embodiment of a modified locking means for the
      support structure associated with the gripping means set forth herein; and
PAR  FIG. 8 is a fragmentary, enlarged view of a means for fastening gripping
      elements associated with the inventive concept.
DETD
PAR  The tire traction device disclosed herein may be employed in combination
      with any vehicle for use particularly when the vehicle is unable to move
      by reason of the fact that the driving wheels of the vehicle are lodged in
      mud, snow, sand, or some other similar unsuitable ground condition. The
      device disclosed herein is employed by mounting a support member on the
      wheels of the vehicle and then placing a clamp component over the tires to
      define increased traction means for the driving wheels of the vehicle.
      After the vehicle is removed from the mired ground condition, the traction
      device may be disassembled for conventional driving operation of the
      vehicle on stable ground.
PAR  Referring more particularly now to the drawings, one form of the inventive
      concept is set forth in FIG. 1 showing use of the tire traction device in
      combination with a vehicle wheel. The wheel 10 may be of any conventional
      form and may involve the metal support rim commonly associated with a
      vehicle. As schematically illustrated in the exploded view of FIG. 1 of
      the drawings, a mounting plate 12 is securely fastened to the wheel 10 by
      placing the openings 14 of the mounting plate 12 over the lugs 16 of the
      wheel 10 and subsequently fastening appropriate nuts (not shown) on the
      lugs 16 to rigidly secure the mounting plate 12 with respect to the wheel
      10. It can readily be seen that this relatively simple mode of assembly
      will permit a rigid assembly to be defined between the mounting plate 12
      and the wheel 10. The only factor to be taken into consideration resides
      in the provision of mating openings 14 which are adapted to be received
      over the projecting lug elements of the wheel 10. Since the weight and
      force components transmitted to the mounting plate 12 during use are
      distributed over a number of lug elements, it can readily be seen that the
      primary dimension of the mounting plate 12 need not be great.
PAR  The mounting plate 12 is defined by a base portion 18 within which the lug
      receiving openings 14 are defined and a hub portion 20 extending
      integrally from the base 18 of the mounting plate 12.
PAR  The hub portion 20 may be generally circular in configuration and contain a
      threaded portion 22 along a portion of the interior wall thereof.
PAR  The support assembly 24 for the gripping means (to be described herein) is
      defined by a first lug-containing or threaded portion 26 in the central
      area thereof. The assembly portion 26, noted above, is adapted to be
      received within the portion 22 defined in the hub 20 to releasably secure
      the portion 26, and associated structure, with respect to the mounting
      plate 12. A radially extending arm or disc portion 28 extends outwardly
      from the central assembly portion 26 and terminates in the tread gripping
      means receiving terminal 30 of the assembly.
PAR  As schematically represented in the drawing of FIG. 1, the gripping means
      receiving terminal 30 is provided with opposed threaded portions 32 and
      34. Gripping means 36 are adapted to be threadably received within the
      portions 32 and 34, as desired. As schematically represented in the
      drawing of FIG. 1, the gripping means 36 extend over the outer
      circumference of the tire 38, in one configuration and may, if desired,
      extend along an area spaced from the outer circumference of the tire if
      used to provide for distribution of gripping force over a substantially
      wide area to increase the traction available in driving of the vehicle
      through an unstable ground condition.
PAR  It can readily be seen from the fragmentary exploded view of FIG. 1 that
      the traction device disclosed herein is readily adaptable for use with
      substantially any vehicle by securing the mounting plate 12 to the lugs 16
      commonly associated with the wheel 10 of a vehicle and then securing the
      support assembly 24 to the mounting plate 12, as desired. The gripping
      means 36 subsequently may be secured to the support assembly when
      necessary in use to provide for increased traction as will be obvious from
      the drawings illustrating the concept disclosed and claimed herein.
PAR  A modified form of the inventive concept generally disclosed herein is set
      forth in the schematic illustration of FIG. 2 of the drawings. In that
      drawing, as illustrated, the tire 40 is mounted on a wheel (not shown) in
      a conventional manner in substantially the form as schematically
      illustrated in FIG. 1 of the drawings. A mounting plate 42 is rigidly
      secured to the wheel (not shown) by attaching the plate 42 to the lugs 44
      illustrated in FIG. 2 of the drawings. A fastening means may be secured
      over the lugs 44 to rigidly secure the mounting plate 42 with respect to
      the wheel (not shown) associated with the tire 40 of the vehicle.
PAR  The mounting plate 42 of the modified form of the inventive concept
      illustrated schematically in FIG. 2 of the drawings is provided with a
      center hub portion having a threaded configuration 46.
PAR  A support assembly indicated generally at 48 is adapted to be removably
      secured to the mounting plate 42 by threadably securing the central
      portion 50 of the support assembly 48 withing the threaded configuration
      46 of the mounting plate 42. It can readily be seen that the support
      assembly 48 is removably secured with respect to the mounting plate 42 by
      threaded insertion and removal of the portion 50 with respect to the
      threaded portion 56 of the mounting plate 42. The support assembly 48 is
      provided with radially extending arms or disc section 52 defined outwardly
      of the central portion integrally joined with the central threaded portion
      50 of the wupport assembly 48. The radially extending arms or disc portion
      52 of the support assembly 48 terminate in gripping extensions 54. In
      addition, an opening 54 is defined adjacent the outer periphery of the
      mounting plate 42 within which mounting extensions 56 of supplementary
      gripping elements 58 may be received to be rigidly secured with respect to
      the mounting plate 42 as schematically illustrated in FIG. 2. The
      supplementary gripping means 58 of the assembly are adapted to be received
      over the outer periphery of the tire 40 to provide additional means for
      traction for the driving wheels of the vehicle so that the vehicle may be
      moved from an unstable ground surface area to a stable ground surface area
      where the supplementary gripping elements may be removed to condition the
      vehicle for conventional travel over a stable ground surface.
PAR  Still another modified form of the inventive concept disclosed and claimed
      herein is illustrated in the fragmentary enlarged view of FIG. 3 of the
      drawings. In that form, the mounting plate 42 is secured to the wheel, as
      noted above in conjunction with specific discussion of the structure
      disclosed in FIGS. 1 and 2 of the drawings. The mounting plate 42 is
      provided with a threaded recessed portion 60, as illustrated.
      Supplementary gripping means 62 may be secured to the mounting plate 42 of
      the configuration illustrated in FIG. 3 of the drawings by fastening a
      threaded bolt member 64 through an opening 66 defined in a flange 68 of
      the gripping means 62. The bolt 64 is threadably extended into the
      threaded opening 60 of the mounting plate 42, as illustrated, to rigidly
      secure the gripping means 62 with respect to the mounting plate 42 of the
      assembly.
PAR  The gripping means 62 is provided, as in the other illustrative forms
      previously described, with serrated projections adapted to physically
      engage the ground surface to provide for increased traction with respect
      to the ground surface.
PAR  The gripping means 62 also defines an internally threaded portion 70
      adapted to receive the threaded portion 72 of auxiliary gripping means 74,
      as illustrated, to provide for still further traction for the driving
      wheels of a vehicle.
PAR  The modified form of the inventive concept generally illustrated in FIG. 4
      of the drawings involves a series of radially spaced apart projections 76
      terminating in gripping elements 78. The spike-like arm projections 76 of
      the form set forth in FIG. 4 of the drawings is adapted to be secured to
      the wheel 10 of the vehicle in substantially the same form as
      schematically described and illustrated in connection with a description
      of the forms set forth in FIGS. 1, 2 and 3 herein. Accordingly, a detailed
      description of the means of attachment of the gripping means will not
      again be set forth in connection with a description of the embodiment set
      forth in FIG. 4 of the drawings. The illustrative form schematically set
      forth in FIG. 4 is self-descriptive and involves another form of the
      inventive concept for providing increased traction for use in conjunction
      with a vehicle.
PAR  Still another form of the inventive embodiment disclosed and claimed herein
      is schematically illustrated in FIG. 5 of the drawings wherein the
      threaded hub portion 80 generally associated with the support assembly
      mounting means is illustrated as being integrally associated with the
      wheel assembly 10 of a vehicle (not shown). The hub portion 80 is provided
      with an internally threaded portion 82, as illustrated, in much the same
      manner as that illustrated in FIGS. 1-4 of the drawings herein. Lug bolt
      assemblies may be provided for use in conjunction with the wheel 10 as in
      a conventional wheel assembly and the lug bolts may be inserted through
      lug bolt openings 84 as schematically illustrated in FIG. 5.
PAR  The modified form of the inventive concept set forth in FIG. 6 hereof
      involves utilization of the device in combination with a dual wheeled
      vehicle such as a truck having such an assembly associated therewith. It
      can readily be seen from the illustrative drawing set forth in FIG. 6 that
      a mounting plate assembly 86 may be permanently associated with the hub
      assembly of the dual wheeled structure having tires 88 and 90 in the
      assembly. The mounting plate assembly 86 may be provided with locking
      means 92 associated therewith adapted to receive mating locking means 94
      associated with a gripping means 96. If the truck, or dual wheeled
      vehicle, becomes mired in an unstable ground condition the gripping means
      96 may be inserted into the locking means 92 of the mounting plate 86, as
      desired, and the vehicle then will be provided with auxiliary gripping
      means (96) to facilitate removal of the vehicle from the unstable ground
      condition to a stable ground condition for continued movement of the
      vehicle, as desired.
PAR  Still another form of the inventive embodiment set forth herein involves an
      improved locking assembly for mounting the mounting plate, defined herein
      above, in association with the wheel 10 of a vehicle with which the
      auxiliary gripping means disclosed and claimed herein is to be utilized.
PAR  The modified form of the inventive concept set forth in FIG. 7 of the
      drawings involves the use of a cam locking surface wherein the mounting
      plate 98 is adapted for insertion within mating recesses and camming
      surfaces of the wheel 100 of the vehicle and is adapted to be secured to
      the wheel 100 by rotation of the mounting plate 98 with respect to the
      wheel 100 in a direction to frictionally engage the mounting plate 98 with
      respect to the wheel 100 simply by rotation of one with respect to the
      other to wedge the interface together.
PAR  The illustrative embodiment set forth in FIG. 8 of the drawings involves a
      further modification wherein the gripping means 102 associated with the
      inventive concept disclosed and claimed herein is adapted to be secured to
      the mounting plate 104 through a mounting arm 106 associated with the
      assembly as illustratively set forth in the drawings of FIG. 8 herein.
PAR  While a specific embodiment of the present invention has been shown and
      described, it will, of course, be understood that other modifications and
      alternative constructions may be used without departing from the true
      spirit and scope of the invention. It therefore is intended by the
      appended claims to cover all such modifications and alternative
      constructions as fall within their true spirit and scope.
CLMS
STM  What is claimed, is:
NUM  1.
PAR  1. An improved tire traction device defining an auxiliary structure for use
      with wheeled vehicles with tires to privide for increased traction for the
      vehicle when it is moving over unstable ground, the improved device
      comprising, in combination:
PA1  a mounting plate adapted to be (removably) secured to the wheel of a
      vehicle, wherein the mounting plate is integrally defined with the wheel
      and adapted to removably receive a support assembly;
PA1  a support assembly adapted to be removably secured to the mounting plate
      and having means thereon to receive auxiliary gripping devices, the
      support assembly having a portion thereof extending radially from the
      mounting plate to substantially the outer periphery of the vehicle tire;
      and
PA1  gripping means adapted to be removably secured to the support assembly and
      defining spaced apart auxiliary traction means to define increased
      gripping action for the vehicle when moving over unstable ground wherein
      the gripping means are threadably received within the means provided on
      the support assembly and wherein the gripping means are secured to the
      support assembly such that they extend over the outer periphery of the
      tires of the vehicle in spaced apart relation about the periphery to
      define an increased traction means for the vehicle and extention, gripping
      means adapted to be mounted on the support assembly such that they extend
      laterally outwardly of the outer periphery of the tire to define increased
      traction area for the device thereby spreading the driving force over a
      larger area.
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PAL  A pneumatic tired wheel having excellent highspeed performance after
      puncture comprises a tubeless tire, a bead stopper and a rim. The tubeless
      tire comprises a pair of elastic reinforcements having a Shore A hardness
      of at least 47, the bead stopper comprises an independent air-tight
      chamber and a crown portion with at least one inextensible reinforcing
      layer. The crown portion has an outer diameter determined in connection
      with the outer diameters of the flange of the rim and the tread portion of
      the tire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a pneumatic tired wheel, and more
      particularly to a pneumatic tire assembly comprising a tubeless tire, an
      elastic bead stopper having an independent air-tight chamber inscribed
      within the bead portions of the tire and a rim, and having excellent
      highspeed performance for use in four-wheel vehicles.
PAR  2. Description of the Prior Art
PAR  Hitherto, as a tire or tire assembly in consideration of safety on puncture
      or burst, there have been usually proposed a double-separation type tire
      wherein a tubular body having another independent air-tight chamber is
      enclosed in the tire so as to bear a load after the puncture of the tire,
      a tire with a safety device wherein a supporting member made of an
      elastomeric material is arranged in the air-tight chamber of the tire, and
      a tire having a relatively thin reinforcing layer in the side wall
      thereof.
PAR  The double-separation type tire and the tire with the safety device,
      however, have common drawbacks that these tires are not suitable as a high
      speed running tire owing to the fact that the weight is considerably
      increased and that the cost becomes expensive. Especially, the former tire
      involves a fear of a so-called "double puncture," while the latter tire
      involves a fear of secondary trouble due to friction heat based on the
      difference of circumferential length between the supporting member and the
      inner surface of the tire. Therefore, these tires have not yet been put to
      practical use. On the other hand, the tires having the reinforced layer in
      the side wall thereof provide a rigidity required for running on rough
      roads to the side wall of the tire and prevent damage resulting from
      external cracks, but do not ensure the safe running after the puncture.
PAR  Moreover, provision has been made of a tubular body arranged in the tire so
      as to inscribe the bead portions and constituting an air-tight means when
      the tubeless tire is assembled with the rim having bead seats parallel to
      a rotation axis of tire (a so-called flat base rim), but this tubular body
      does not act as a bead stopper after the puncture of the tire.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an improved pneumatic
      tired wheel which ensures not only the same performance as that of the
      conventional tire in normal running but also excellent running performance
      after the puncture. For instance, when a passenger car provided with
      pneumatic tired wheels according to the present invention runs on an
      expressway at high speeds, even if puncture suddenly occurs and the
      internal pressure of the tire is rapidly released, the load can be born by
      the rigidity in the side portions of the tire without shifting the bead
      portions into the central concave part of the rim and the car can rapidly
      be moved to a safety place or repair shop while maintaining the high speed
      without giving unrest feeling to the driver.
PAR  A feature of the present invention is the provision of a pneumatic tired
      wheel having excellent high-speed performance, comprising a tubeless tire,
      an elastic bead stopper having an independent and annular air-tight
      chamber inscribed within the bead portions of the tire and a rim, said
      tubeless tire comprising a pair of side portions extending from said bead
      portions and a tread portion extending between said side portions and
      further comprising a pair of elastic reinforcements having a Shore A
      hardness of at least 47 and made integral with said side portions so as to
      reinforce a thin area from said bead portion to said tread portion, said
      elastic reinforcements having a thickness gradually decreasing toward the
      bead portions and toward the center of the tread portion and having a
      maximum thickness not more than 15 percent of the maximum width of the
      tire when it is subjected to the internal pressure, said bead stopper
      encircling said rim together with said bead portions while making contact
      with the inner surface of the bead portions and the rim and having a crown
      portion provided with at least one inextensible reinforcing layer
      substantially extending along the width of the tire up to the inner
      surface of the tire, the outer diameter of said crown portion being larger
      than the outer diameter of a flange of the rim but small enough to keep
      the crown portion of the bead stopper from contact with the inner surface
      of the tread portion during running under a punctured condition.
PAR  According to the present invention, the elastic reinforcement for the tire
      consists of rubber or a rubbery elastomeric material having a Shore A
      hardness of at least 47, preferably 63 to 94. The maximum thickness of the
      elastic reinforcement is not more than 15 percent, preferably 2 to 8
      percent of the maximum width of the tire taken when it is subjected to the
      internal pressure. Each of the elastic reinforcements is adhered to the
      inner surface of the tire or sandwitched between carcass plies or between
      the carcass and the outer rubber layer. The end of the elastic
      reinforcements directed toward the bead portion is overlapped with one end
      directed toward the side portion of a stiffener made of hard rubber or of
      an additional cord reinforced layer of the bead portion, said overlap
      being effected directly or through an intermediate layer such as carcass
      ply and the like. On the other hand, the end of the elastic reinforcements
      directed toward the tread portion is preferably overlapped with at least
      either side end of the reinforcing layer provided for the breaker of the
      tire directly or through the reinforcing layer such as carcass ply and the
      like.
PAR  The elastic reinforcements are, of course, endless in the circumferential
      direction of the tire. In the cross section of the tire, each elastic
      reinforcement extends from the position of the maximum width of the tire
      to a position close to the bead portion and to that position which is
      substantially located over the tread edge portion toward the center of the
      tread portion. It is preferable to make the elastic reinforcements
      integral with each other at the center of the tread portion and to extend
      the other ends of the elastic reinforcements up to the bead portions,
      respectively.
PAR  Further, the elastic reinforcements may be used together with a cord
      reinforced layer consisting of organic fibers such as nylon fiber, rayon
      fiber, polyester fiber, aromatic polyamide fiber and the like or metal
      wires, glass fibers or a canvas reinforced layer.
PAR  By such an arrangement, the inner periphery of the tread portion or the
      breaker is born at each opposite end of the elastic reinforcements, so
      that the separation of the central part of the tread portion from ground
      or the significant decrease of the pressure of ground contact is not only
      prevented by the rigidity of said reinforcements in a cross-sectional
      direction even after the puncture, but also the contact area increases as
      the reinforced shoulder portion of the tread portion comes into contact
      with ground, and consequently the cornering and stabilizing performance is
      not significantly lowered even if the inner pressure the tire is subjected
      to becomes zero.
PAR  The elastic reinforcement is preferably applied to radial tires having a
      rigidity which is made small from the shoulder portion to the side portion
      in view of the construction of the tire or applied to tires having a
      relatively round shoulder portion in view of the shape of the tire, that
      is, to round shoulder tires.
PAR  In order to improve the above described performance of the tire after the
      puncture, the bead portions of the tire are fixed firmly to the bead seats
      of the rim, because in the rim for four-wheel vehicles the bead seats are
      inclined with respect to the rotation axis of the tire toward the concave
      part in the central portion of the rim by an angle of about 5.degree.. As
      a result, the tire may be easily removed from the rim when the inner
      pressure is released. Accordingly, it is necessary to provide a reliable
      means for fixing the bead portions of the tire to the rim.
PAR  As such a fixing means, provision is made of a bead stopper which when used
      with the tire having excellent high-speed performance must satisfy the
      following requirements.
PA1  1. High reliability in performance. If the tire is punctured, it is
      necessary to firmly fix the bead portions of the tire to the bead seats of
      the rim in order to prevent a socalled double puncture.
PA1  2. Light in weight. The heavy weight causes not only an increase of moment
      of inertia of the wheel but also an unbalance in moment of rotation.
      Further, it increases the unsprung weight of the vehicle so that such
      heavy weight is not preferable in view of vibrations.
PA1  3. Easy in detachability. The bead stopper should be enclosed in a given
      space, so that the detachment must be easy.
PA1  4. Less expensive. Among automobile parts, the tire and rim are expensive,
      so that a significant increase of the cost of these parts is not
      desirable.
PAR  Taking the above requirements into consideration, the inventors have made
      various experimental studies with respect to the bead stopper having an
      independent air-tight chamber. The experimental tests have yielded an
      improved construction in which the bead stopper made of rubber or a
      rubbery elastomeric material is joined in an annular form along the bead
      portions of the tire and has a crown portion having an approximately equal
      thickness in a cross-sectional direction and a reinforcing layer composed
      of at least one inextensible cord selected from the group consisting of
      organic fibers such as rayon fiber, polyester fiber, nylon fiber, vinylon
      fiber and aromatic polyamide fibers and metallic and glass cords and
      arranged in the crown portion facing the inner surface of the tread
      portion, and the outer diameter of the central part of the crown portion
      is made larger than the outer diameter of the flange of the rim in order
      to facilitate the detachment of the bead stopper from the rim, is made
      smaller than a half of the height in the cross-section of the tire when
      the tire is subjected to the internal pressure, and is so small that the
      crown portion of the bead stopper does not come into contact with the
      inner surface of the tread portion even when the tire is punctured during
      the running, thereby preventing the double puncture.
PAR  When the bead portions of the tire are firmly fixed to the bead seats of
      the rim through the above described bead stopper, the rigidity of the bead
      portions is distributed to the side walls of the tire when it is
      punctured, so that a better synergistic effect is obtained in association
      with the reinforcing effect of the tire.
PAR  Moreover, as the reinforcing layer, use may be, of course, made of various
      short-fiber blended rubber or a hard rubber unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of an embodiment of the pneumatic tired
      wheel according to the present invention;
PAR  FIGS. 2 and 3 are cross-sectional views of examples of side reinforced tire
      to which the present invention is applicable, respectively;
PAR  FIG. 4 is an enlarged cross-sectional view of the elastic bead stopper
      according to the present invention;
PAR  FIG. 5 is a cross-sectional view of the pneumatic tired wheel according to
      the present invention when it is punctured; and
PAR  FIG. 6 is a graph showing pressure distribution of ground contact of the
      tire.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a pneumatic tired wheel according to the present invention
      comprising a tubeless tire, a bead stopper and a rim, in which a pair of
      elastic reinforcements are adhered to the inner surface of the tire and
      the bead stopper is arranged in a space between the bead portions of the
      tire.
PAR  Referring to FIG. 1, reference numeral 1 designates a tubeless tire, 2 a
      tread portion, 3 side portions and 4 bead portions. A carcass 6 consists
      of two reinforced cord layers inclined with respect to a center line C--C
      of the tire by an angle of about 90.degree. and is bent around a bead core
      5 and outwardly turned up, and fixed at one end thereof in the bead
      portion 4.
PAR  A breaker 8 consists of four reinforced cord layers each serving as a belt
      means and inclined with respect to the center line C--C outside the
      carcass ply 6 by an angle of about 15.degree. so as to strongly strengthen
      the tread portion 2.
PAR  The pair of elastic reinforcements S are symmetrically arranged in the
      inner surface of the tire 1 with respect to the center line C--C. The
      inside surface of the tire inclusive of the inner surfaces of the elastic
      reinforcements is covered with an inner liner 7. In this embodiment, the
      ends of the elastic reinforcements S near the tread portion are overlapped
      with the side ends of the breaker 8 through the carcass 6, while the ends
      of the reinforcements S near the bead portions are overlapped with ends of
      stiffeners S' each made of hard rubber near the side portions 3 through
      the carcass 6, respectively, whereby a relatively thinner portion of the
      side wall of the tire is strongly strengthened.
PAR  The tire 1 of such a construction is fitted into bead seats 22 of a rim 21
      and a bead stopper 11 is arranged in a space formed between the bead
      portions 4 and closed by the rim 21. The bead stopper 11 consists of a
      rubber tube 15, which constitutes an air-tight chamber independent of the
      tire, and a reinforcing layer 16 composed of two rubber coated cord layers
      16a and 16b and arranged circumferentially an and along the radially outer
      surface of the tube 15 wherein the two cord layers 16a and 16b cross each
      other at an angle of not more than 20.degree. with respect to the
      circumferential direction of the bead stopper 11. Reference numeral 12
      represents a crown portion consisting of the cord reinforced layer 16 and
      that wall portion of the tube 15 which makes contact with the inner
      surface of the layer 16. The substantially overall width of the crown
      portion 12 is covered with the cord reinforced layer 16. A space member 18
      of hard rubber having a Shore A hardness of at least 55 is arranged in a
      space defined by the end of the layer 16, a side portion 13 of the tube 15
      and the bead portion 4, whereby the rigidity of the outer area and side
      area in the circumferential direction of the bead stopper 11 is enhanced.
PAR  The bead stopper 11 is provided with a valve 31 common to both a space
      portion Eb of the bead stopper 11 and a space portion Ea of the tire and
      supplying internal pressures to these space portions. An air channel G
      communicating the space portion Ea with the valve 31 is formed in the
      outer surface of the side portion 13 by molding. As a result, the required
      internal pressure can be exactly established in both the space portions
      Ea, Eb with the aid of a two way adapter (not shown) for the valve 31.
      When the tube 15 is subjected to the internal pressure, the pressure is
      exerted to the bead portions 4 of the tire and to a concave part 24 of the
      rim 21, so that even if the inner pressure of the tire becomes zero by the
      puncture, the bead portions 4 are not removed from the bead seats 22 to
      the concave part 24 of the rim and the load is born by the rigidity of the
      tire itself, whereby the vehicle can be run safely.
PAR  That is, if the air in the space portion Ea is released by the puncture,
      the side portion 3 becomes widened somewhat in the width direction of the
      tire owing to the fact that the load is supported by the rigidity of the
      side portion 3 thereof. But, the lower end of the space member 18 is
      superimposed through the bead portion 4 upon the upper end of a flange 23
      of the rim 21 or approaches thereto. As a result, the side portions 13 of
      the tube 15 are caused to urge the bead portions 4 against the flanges 23
      due to the internal pressure of the space portion Eb, whereby the double
      puncture is prevented and the rim is made integral with the tire.
      Furthermore, as mentioned above, the lower end of the elastic
      reinforcement S overlaps the upper end of the stiffener S', so that the
      rigidity of the area near the bead portion 4 is effectively enhanced and
      consequently the reinforcing effect of the relatively small reinforcement
      can be unexpectedly increased. As a result, the load is born by the tire
      itself even after the puncture and the unexpectedly excellent running
      performance can be maintained as will be mentioned below.
PAR  FIG. 2 is a cross-sectional view of the tire to which the present invention
      is applicable.
PAR  In this embodiment, the elastic reinforcements S are arranged along all
      over the inner surface of the tire without using the inner liner 7 shown
      in FIG. 1. The elastic reinforcements S play the role of the inner liner
      7.
PAR  The thickness of the reinforcements S is maximum at a relatively higher
      position of the side portion 3 and gradually decreases in directions
      toward the center line C--C and toward the bead portions 4, respectively,
      and as a result, the side portions 3 whose thickness is thinnest in the
      cross-section of the tire can be strengthened by the elastic reinforcement
      S.
PAR  The ends of the elastic reinforcements S near the tread portion 2 are
      joined together at the center line C--C of the tread portion 2, while the
      other ends thereof terminate at the top of the bead portions 4,
      respectively. It is a matter of course that the elastic reinforcements S
      are endless in the circumferential direction of the tire.
PAR  In the above arrangement, it is important that the thickness of the
      reinforcements S at the center line C--C must not be made thick. If the
      thickness is too thick, the weight of the portion concerned of the
      reinforcements S is increased and the central part of the tread portion 2
      is pushed outwardly by a centrifugal force due to the rotation of the tire
      during its high-speed running. As a result, the width of ground contact of
      the tread portion is decreased and the pressure distribution of ground
      contact becomes ununiform and consequently the above described thickness
      is not favorable in view of the performance of the tire.
PAR  FIG. 3 shows another embodiment of the tire in which the elastic
      reinforcements S are extended from the vicinity of the end of the tread
      portion 2 to the vicinity of the upper part of the bead portions 4 and the
      inner liner 7 is adhered to the inner surface of the tire inclusive of the
      reinforcements. The elastic reinforcements S have a maximum thickness at a
      positions slightly near the bead portion 4 different from the tire shown
      in FIG. 2. The upper and lower ends of the reinforcements S overlap the
      ends of the tread portion 2 and the upper end of the stiffeners S',
      respectively, so that the thickness of the cross-section of the tire
      becomes approximately uniform from the tread portion 2 to the bead
      portions 4.
PAR  In the above, the fundamental examples of arranging the elastic
      reinforcements S in the inner surface of the tire have been described, but
      the reinforcements S may be arranged between the outer rubber layer 9 and
      the carcass 6 or in the inner portion of the carcass 6 (i.e. between plies
      of carcass in the tire having a plurality of carcass plies).
PAR  The above described arrangement may be applied to not only radial ply tires
      but also a so-called bias ply tires. However, a better result can be
      obtained by applying the said arrangement to radial ply tires whose
      rigidity of the side portion is smaller than that of the tread portion,
      and also is small if compared with that of the bias tires, and
      particularly to round shoulder tires having a roundshaped area from the
      tread portion to the shoulder portions.
PAR  Moreover, the following noteworthy points may be mentioned in the practice
      of the present invention.
PA1  1. The use of fiber or cord reinforced layer together with the elastic
      reinforcements does not interfere with the object of the present invention
      whatever is the manner of using them.
PA1  2. A plurality of elastic reinforcements may be arranged at the same or
      different position in the cross-section of the tire, but the total
      thickness of these reinforcements must be of a range not more than 15
      percent of the maximum width of the tire when it is subjected to the
      internal pressure.
PA1  3. In tires having a large ratio of the height of the cross-section of the
      tire to the maximum width of the tire, that is, tires having a large
      aspect ratio, it is necessary to make the maximum thickness of the elastic
      reinforcements S larger within the above range because the rigidity of the
      side portion in the tire is relatively small. In this case, as the elastic
      reinforcements S, materials having an excellent thermal conductivity may
      preferably be used.
PAR  FIG. 4 is a schematic detail view of the bead stopper 11 shown in FIG. 1
      before it is subjected to the internal pressure.
PAR  The bead stopper 11 has a trapezoidal cross-section defined by a crown
      portion 12, side portions 13 and a base portion 14 and consists mainly of
      a tube 15 having a relatively thin thickness and made of rubber or a
      rubbery elastomeric material. In the crown portion 12, cord reinforced
      layers 16a and 16b and further a rubber or rubbery elastomeric outer layer
      17 are superimposed one upon the other on the outer surface of the tube 15
      in the substantially overall width of the crown portion 12. Furthermore, a
      pair of space members 18 are provided on the areas connecting the crown
      portion 12 to the side portions 13 so as to strengthen these areas. The
      relationship of the bead stopper to the tire and the rim is selected in
      such a manner that the size of the bead stopper 11, before it is subjected
      to the internal pressure, is equal to or slightly smaller than the inner
      size of the tire after it is subjected to the internal pressure. If the
      size of the bead stopper 11 is larger than the inner size of the tire, the
      crown portion 12 is deformed or wrinkled when it is subjected to the
      internal pressure.
PAR  The cross-section of the crown portion 12 may preferably be made
      substantially flat or concave inwardly.
PAR  As the reinforcing layers 16a, 16b in the crown portion 12, cord materials
      may preferably be used and in this case these cord materials are arranged
      at an angle required for inhibiting the expansion of the crown portion 12
      in the circumferential direction, preferably a smaller angle. In this
      embodiment, the cord reinforced layer 16a is inclined with respect to the
      circumferential direction by an angle of 0.degree. and the cord reinforced
      layer 16b is inclined with respect to the circumferential direction by an
      angle of 90.degree.. However, the cord reinforced layers 16a and 16b may
      be, of course, inclined symmetrically with respect to the circumferential
      direction by a given angle or only one reinforced layer may be inclined
      with respect to the circumferential direction by an angle of 0.degree..
PAR  The side portions 13 and the base portion 14 are necessary to expand to a
      certain degree due to the internal pressure, so that no addition of
      reinforcing material is preferable. However, fiber or cord reinforcing
      materials may be added, if necessary.
PAR  The height in the cross-section of the bead stopper 11 is determined
      depending upon the degree of deformation of the tire after the puncture.
      The inventors have examined scrap tires on what length of a nail tends to
      thrust into tires for automobile vehicles. The thus obtained results are
      shown in the following Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Length of nail                                                            
                 Number of nails                                               
                                Ratio*                                         
     (mm)                       (%)                                            
     ______________________________________                                    
     &lt;30         109            70.0                                           
     45          20             12.8                                           
     60          24             15.4                                           
     90           2             1.2                                            
     &lt;150         1             0.6                                            
     Total       156            100.0                                          
     ______________________________________                                    
      * A ratio of number of nails thrust to total number of nails.            
PAR  From Table 1, it can be seen that the above ratio increases as the length
      of the nail becomes small and is equal to 70 percent in case of nails each
      having a length of not more than 30 mm. Furthermore, the nail hardly
      thrusts into the tire at an angle perpendicular to the width direction of
      the tread portion and the longer nail has a strong tendency to thrust into
      the tire at a small angle to the ground, mostly at an angle not more than
      45.degree.. Therefore, it has been found that even when the tire is
      deformed by the puncture during the running, if the bead stopper does not
      come into contact with the inner surface of the tread portion, the nail
      hardly reaches the bead stopper 11. Especially, in order that the nail
      does not reach the bead stopper 11 under the above described circumstance,
      it is preferable that the distance from the outer surface of the tread
      portion to the bead stopper 11 is more than 30 mm.
PAR  If the height in cross-section of the bead stopper is too small and the
      outer diameter of the crown portion 12 in the central part is smaller than
      the outer diameter of the flanges 23, it is difficult to house the bead
      stopper in the rim for automobile vehicle as shown in FIG. 1.
PAR  The invention will now be described with reference to the practical use of
      pneumatic tired wheel comprising a tubeless tire, a bead stopper and a
      rim.
PAR  As the tubeless tire 1, there was used a common radial ply tire suitable
      for use in high-speed running at a size of 185/70 HR13 and having two-ply
      nylon carcass and four-ply rayon breaker.
PAR  The elastic reinforcements were made of a hard rubber having a Shore A
      hardness of 83 and were applied on the inner surface of the tire in such a
      manner that the maximum thickness of the reinforcements S is arranged at
      the position slightly higher than the position of the maximum width of the
      tire as shown in FIG. 2. The maximum thickness of the elastic
      reinforcements S was 5.4 percent (10 mm) of the maximum width (185 mm) of
      the tire when it is subjected to the internal pressure.
PAR  The bead stopper 11 had a shape and structure as shown in FIG. 4. In this
      embodiment, the width of the crown portion (Wa) was 120 mm, the width of
      the base portion (Wb) was 60 mm, the outer and inner diameters (Ra, Rb)
      were 400 mm and 310 mm, respectively and the angle .alpha. of the base
      portion 14 to the side portion 13 was 50.degree..
PAR  The tube 15 and the outer rubber layer 17 were made of rubber having a
      Shore A hardness of 45 and usually used as an inner liner for a tubeless
      tire, and had thicknesses of 2.0 mm and 1.0 mm, respectively. The cord
      reinforced layers 16a and 16b, which are formed by 1,650 d/3 rayon cords
      in a number of 34.8 cords/50 mm and coated with rubber, were inclined with
      respect to the circumferential direction by angles of 90.degree. and
      0.degree., respectively. The widths of the cord reinforced layers 16a and
      16b were 110 mm and 116 mm, respectively and the thickness of these layers
      was 1 mm. Accordingly, the total thickness (t) of the crown portion was 5
      mm in this embodiment. The space member 18 was made of a relatively hard
      rubber having a Shore A hardness of 63 which was used as a rubber for the
      tread portion of tire.
PAR  The tubeless tire and the bead stopper were combined with a 5J-rim and then
      each of the space portions Ea and Eb are subjected to internal pressures
      through the common valve 31 shown in FIG. 1.
PAR  In this case, it is preferable that the internal pressure of the space
      portion Eb is slightly higher than that of the space portion Ea. Because,
      if the latter pressure is higher than the former pressure, the bead
      stopper is compressed by the internal pressure of the space portion Ea and
      cannot be maintained at the given shape.
PAR  When both the space portions are subjected to the internal pressure at 1.7
      Kg/cm.sup.2, the crown portion 12 was flat and the height (H) from the
      bead seats 22 to the crown portion 12 and the height (h) from the bead
      seats 22 to the flanges 23 were 40 mm and 16.8 mm, respectively. That is,
      the bead stopper was positioned upwardly from the flanges 23 by the
      distance of 23.2 mm.
PAR  The following comparative experiments were made with respect to the
      pneumatic tired wheel according to the present invention comprising the
      reinforced tubeless tire, the bead stoppper and the 5J-rim (hereinafter
      called to an assembly A) and a pneumatic tired wheel for comparison
      wherein the elastic reinforcements are not applied to the side portions of
      the tubeless tire (hereinafter called to an assembly B).
PAR  1. When the internal pressure of the tire was released by driving the nail
      of 30 mm length into the tread portion of the assembly A in a vertical
      direction and applying a static load of 400 Kg as shown in FIG. 5, the
      nail K did not reach the bead stopper. In this case, the internal pressure
      in the bead stopper was 1.7 Kg/cm.sup.2.
PAR  2. The pressure distribution of ground contact in the width direction of
      the tread portion under load was measured with respect to the assemblies A
      and B, when they are subjected to the internal pressure at 1.7
      Kg/cm.sup.2, respectively, or when the internal pressure was released, to
      obtain results as shown in FIG. 6. In this case, the static load was 400
      Kg.
PAR  When the assemblies A and B are subjected to the internal pressures,
      respectively, there was substantially no difference between both the
      assemblies in the pressure distribution of ground contact, so that such a
      pressure distribution was shown by AB in FIG. 6.
PAR  Regarding the assembly A in the released state of the internal pressure, it
      can be seen from FIG. 6 that the value of the pressure of ground contact
      at the central part of the tread portion decreases to about 1/3, but such
      a decrease of the pressure of ground contact is supplemented by contacting
      ground with the shoulder portion which does not contact with ground when
      it is subjected to the internal pressure.
PAR  On the contrary, the assembly B showed that when the internal pressure is
      released, the pressure concentrates only to the rib at the end of the
      tread portion and the side portions of the tire are completely buckled and
      as a result, the load is born only by the shoulder portion just below the
      flange. This fact has a serious influence on the cornering performance as
      will be mentioned below.
PAR  3. Under the above described item (2), the cornering power (indication of
      cornering performance) was measured when the tire is subjected to the
      internal pressure or when the internal pressure becomes zero assuming the
      puncture. As a result, the cornering power of the assembly A is superior
      by 10 percent to that of the assembly B when it is subjected to the
      internal pressure. At the internal pressure of zero, the assembly B did
      not produce the cornering power due to the fact that the bead portion is
      removed from the rim into the concave part thereof, while the assembly A
      still possessed 45 percent of the cornering power when it is subjected to
      the internal pressure.
PAR  4. The running test under the punctured condition was made with respect to
      the assemblies A and B using a passenger car wherein only the internal
      pressure of the tire at the right front wheel was zero. The car was run at
      a speed of 80 Km/h in a circuit course. As a result, the assembly A showed
      no change of tire even after the continuous running of 200 Km, while the
      assembly B showed that the bead portion is removed from the rim into the
      concave part thereof immediately after the start of running and the tire
      is broken only at the distance of 2 Km as the running was further
      continued.
PAR  Even if the pneumatic tired wheel according to the present invention is
      punctured during the running and the internal pressure becomes zero, the
      bead portion is not removed from the rim into the concave part thereof and
      also the rigidity of the side portion of the tire is effectively increased
      by the cooperation of the elastic reinforcements arranged at the side
      portions with the side portions of the tire and the bead stopper, so that
      the buckling due to the formation of wrinkles at the side portions is
      prevented. Thus, the increase of abnormal generation of heat is previously
      prevented even if the running is further continued. Furthermore, the area
      of ground contact serving effectively for the running is not decreased, so
      that the automobile vehicle after the puncture can be safely run up to a
      repair shop or a safety place of replacing the tire. This fact is an
      unexpected improvement of the conventional tires.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a pneumatic tired wheel including a tubeless tire having a relatively
      thick tread portion, a pair of side portions extending from said tread
      portion, a pair of bead portions extending from said side portions, a
      carcass embedded in said side portions across said bead portions, said
      bead portions being stiffened with at least one additional reinforcing
      layer disposed therein, an elastic bead stopper having an independent and
      air-tight chamber inscribed within said bead portions, a rim having a pair
      of flanges; the improvements comprising a pair of elastic reinforcements
      having a Shore A hardness of at least 47 and extending along said side
      portions and formed integral therewith, the thickness of said elastic
      reinforcements gradually decreasing toward their associated bead portions
      and toward the center of said tread portion, with the maximum thickness
      adjacent said side portions being from 3 to 15 percent of the maximum
      width of the tire when it is inflated, and each end portion of said
      elastic reinforcements overlapping said additional reinforcing layer in
      said bead portion and the thickened tread portion, thereby to supplement
      the thickness of said side portions and to enhance the inherent rigidity
      thereof so as to support a load even under a punctured condition, said
      bead stopper having a crown portion which is substantially flat in cross
      section and comprises at least one inextensible cord layer forming an
      angle of cords of not more than 20.degree. with respect to the
      circumferential direction, a pair of relatively thin and extensible side
      portions associated with the end portions of said crown portion comprised
      substantially of rubber material only and a pair of space members
      comprising a given volume of rubber having a Shore A hardness of at least
      55 and arranged between each end of said cord layer in end portions of
      said crown portion and its associated side portion of the bead stopper,
      the outer diameter of said crown portion being larger than the outer
      diameter of said rim flanges but small enough to keep said crown portion
      within a defined space between said bead portions of the tire, thereby
      each of said bead portions is locked tightly in place between each side
      portion of said bead stopper and each of said rim flanges.
NUM  2.
PAR  2. A pneumatic tired wheel as claimed in claim 1, wherein each of said
      elastic reinforcements has a maximum thickness within a range of 3 to 8
      percent of the maximum width of the tire when it is inflated and a Shore A
      hardness of 63 to 94 .
NUM  3.
PAR  3. A pneumatic tired wheel as claimed in claim 1, wherein said crown
      portion includes two rubber coated reinforcing layers of inextensible
      cords crossing each other at an angle of not more than 20.degree. with
      respect to the circumferential direction and extending substantially over
      the width of said crown portion.
NUM  4.
PAR  4. A pneumatic tired wheel as claimed in claim 1, wherein said crown
      portion includes two rubber coated reinforcing layers of inextensible
      cords crossing each other at angles of 0.degree. to 90.degree. with
      respect to the circumferential direction, respectively, and extending
      substantially over the width of said crown portion.
NUM  5.
PAR  5. A pneumatic tired wheel as claimed in claim 1, wherein said inextensible
      reinforcing layer in the crown portion of the bead stopper is made of a
      cord selected from the group consisting of a metal, glass and organic
      fibers such as rayon fiber, polyester fiber, nylon fiber, vinylon fiber,
      aromatic polyamide fiber and the like.
NUM  6.
PAR  6. A pneumatic tired wheel as claimed in claim 5, wherein rayon cord is
      used as said reinforcing cord for the crown portion of the bead stopper.
NUM  7.
PAR  7. A pneumatic tired wheel as claimed in claim 1, wherein said tire
      comprises a pair of round shoulders formed at end portions of said tread
      portion, a carcass having at least one inextensible cord layer inclined
      with respect to a center line of the tire by an angle of 90.degree. and a
      breaker disposed as a belt means outside said carcass in said tread
      portion, and each end portion of said elastic reinforcements directed in
      the center of the tread portion is overlapped with said breaker.
NUM  8.
PAR  8. A pneumatic tired wheel as claimed in claim 1, wherein said side
      portions of said bead stopper are composed of rubber material only.
NUM  9.
PAR  9. A pneumatic tired wheel as claimed in claim 8, wherein the inner
      circumferential end of said space members is substantially near the level
      of the outer circumferential end of said flanges when the tubeless tire
      and the bead stopper are combined with the rim.
NUM  10.
PAR  10. A pneumatic tired wheel as claimed in claim 1, wherein said bead
      stopper is provided with a common valve for applying the internal pressure
      to the space portion of both the bead stopper and the tire, and at least
      one air channel communicating said valve with the space portion of the
      tire is formed in the side portion of the bead stopper by molding.
NUM  11.
PAR  11. A pneumatic tired wheel as claimed in claim 1, wherein each of said
      elastic reinforcements is arranged between the inner liner and a carcass
      inside the tire.
NUM  12.
PAR  12. A pneumatic tired wheel as claimed in claim 1, wherein one end of said
      elastic reinforcements extends substantially up to the ends of the bead
      portions and the other ends thereof are joined together at the center
      position of the tread portion.
NUM  13.
PAR  13. A pneumatic tired wheel as claimed in claim 1, wherein each of said
      elastic reinforcements is arranged between the inner liner and a carcass
      inside the tire.
NUM  14.
PAR  14. A pneumatic tired wheel as claimed in claim 1, wherein each of said
      elastic reinforcements is arranged between the plies of carcass.
NUM  15.
PAR  15. A pneumatic tired wheel as claimed in claim 1, wherein each of said
      elastic reinforcements is arranged between a carcass and the outer rubber
      layer.
NUM  16.
PAR  16. A pneumatic tired wheel as claimed in claim 1, wherein each of said
      elastic reinforcements has a maximum thickness at a position of the side
      portions of the tire near the tread portion.
NUM  17.
PAR  17. A pneumatic tired wheel as claimed in claim 1, wherein the position of
      maximum thickness in each said elastic reinforcement is located at a
      substantially central position on the side portion of the tire having a
      thinnest gauge.
NUM  18.
PAR  18. A pneumatic tired wheel as claimed in claim 1, wherein said cord layer
      for the elastic reinforcements is made of a material selected from the
      group consisting of a metal, glass and organic fibers such as nylon fiber,
      rayon fiber, polyester fiber, aromatic polyamide fiber and the like.
NUM  19.
PAR  19. A pneumatic tired wheel as claimed in claim 2, wherein the portions of
      said bead stopper inclusive of said side portions which are held in
      contact with said bead portions of the tire and said rim are composed of
      rubber material only and a space member comprising a given volume of
      rubber having a Shore A hardness of at least 55 is arranged between one
      end of said at least one reinforcing layer and said portion of the bead
      stopper.
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PAL  A vehicle tire is disclosed having an internal circumferential layer of
      self-sealing composition on an internal surface, particularly behind the
      tire tread. The sealant layer is initially made up of the combination of
      specific quantities of a high molecular weight curable butyl rubber, a low
      molecular weight curable butyl rubber, a liquid polybutylene tackifier, a
      partially hydrogenated block copolymer of styrene and a conjugated diene,
      carbon black and suitable curing agents for the butyl rubber components.
      When cured, this sealant layer effectively heals most punctures
      one-quarter inch in diameter or less in a vehicle tire at temperatures
      over the range of about - 20.degree.  F. to 270.degree.  F. without
      significant loss of air.
BSUM
PAR  This invention relates to tubeless rubber tires constructed so as to be
      self-sealing with respect to small puncture holes. More particularly, this
      invention relates to a tire sealant composition for use on an internal
      surface of an automotive rubber tire which is capable of self-sealing
      puncture holes in the tread region when the tire is in use and at a
      temperature in the range of about -20.degree. F. to 270.degree. F.
PAR  Considerable effort has been expended to develop a rubber tire for
      automotive applications which is capable of self-healing puncture wounds
      while in operation. U.S. Pat. Nos. 2,756,801, 2,765,018 and 2,782,829
      disclose different approaches to this problem. The development of an
      effective self-sealing tire is very difficult because the operating tire
      may experience temperatures over a very wide range. Tires on vehicles
      standing outside in the wintertime may experience temperatures of
      -20.degree. F. or lower. On the other hand, the tires of a vehicle
      traveling for prolonged periods in summer weather at highway speeds may
      reach temperatures of 220.degree. F. or higher.  To be effective, the
      sealant portion of such a tire must be sufficiently tacky to stick to a
      puncturing object, or to itself if the puncturing object is removed, and
      have sufficient strength to seal the hole at any temperature in this broad
      range. Furthermore, the sealant must resist oxidative or thermal
      degradation when subjected to the air, which may become quite hot, filling
      the tire. None of the prior art compositions and approaches directed to
      self-sealing tires, that we are aware of, are effective under all of these
      conditions. Furthermore, in our experience, no currently available
      sealants effectively perform as a self-healing composition in vehicle
      tires under all the conditions that a tire can be expected to encounter.
PAR  Accordingly, it is an object of the present invention to provide a vehicle
      tire construction incorporating an inner circumferential layer of sealant
      composition that is effective to seal puncture holes up to about
      one-quarter inch or so in diameter when the tire is at a temperature in
      the range of below zero Fahrenheit to about 270.degree. F. The
      multicomponent composition of the sealant layer has the ability to
      immediately heal a newly formed puncture hole at a temperature in this
      wide range and sufficient strength to prevent significant loss of air
      pressure.
PAR  It is another object of the present invention to provide a tire sealant
      composition suitable upon curing for use in a conventional rubber tire.
      The composition is a specific combination of several ingredients which
      cooperate to provide the self-healing properties and the strength
      properties required for this demanding application.
PAR  In accordance with a preferred embodiment of our invention, these and other
      objects and advantages are accomplished by providing a circumferential
      layer of cured sealant composition on an internal surface of a vehicle
      tire, particularly in the region behind the tread stock. The sealant layer
      is formed by initially mixing specific quantities of a relatively high
      molecular weight curable polyisobutyleneisoprene copolymer, a relatively
      low molecular weight curable polyisobutylene-isoprene copolymer rubber, a
      liquid polybutylene tackifier, a partially hydrogenated block copolymer of
      styrene and isoprene, carbon black and a crosslinker and initiator to cure
      the butyl rubber components. For example, a preferred sealant may be
      prepared by initially mixing 15 parts by weight of a curable
      polyisobutylene-based copolymer having an average molecular weight in the
      range of about 100,000 to 300,000; 10 parts by weight of a curable
      polyisobutylene-based copolymer having an average molecular weight in the
      range of about 10,000 to 30,000; 65 parts by weight of a liquid
      polybutylene having an average molecular weight of about 500 to 5,000; 10
      parts by weight carbon black; and 5 parts by weight of a partially
      hydrogenated block copolymer of the A-B-A configuration wherein prior to
      hydrogenation each A is a polystyrene block and B is substantially a
      polyisoprene block, the total molecular weight of the block copolymer
      being about 100,000 and the polyisoprene making up about two-thirds by
      weight of the block copolymer.
PAR  A suitable solvent, such as toluene, for the polymeric components may be
      employed to assist in the mixing and handling of the composition. A small
      amount of a crosslinking agent, such as para-quinone dioxime, and a
      crosslinking initiator, such as benzoyl peroxide, are employed to cure the
      two polyisobutylene copolymer components.
PAR  Where it is desired to apply a sealant layer of the subject composition to
      a preformed tire, a toluene dispersion of the uncured composition may be
      sprayed onto the inside surface of the tire. For example, about 200 grams
      (on a solvent-free basis) of the above composition containing crosslinkers
      in air sprayed into a steel belted JR-78-15 tire preheated to 125.degree.
      F. The composition gels in about 2 to 5 minutes. The tire is then allowed
      to set at ambient temperature for one-half hour to allow for evaporation
      of excess toluene and then placed in an oven at 125.degree. F. for an
      additional one-half hour to preheat the tire for spraying of the second
      coat of sealant. This procedure is repeated after the second coat. Upon
      completion of the application of the third coat, the tire is again allowed
      to stand at room temperature for one-half hour and then placed in an oven
      at 125.degree. F. for sixteen hours for final curing. The thus formed
      sealant layer remains in its place in the tire despite normal usage
      thereof. Furthermore, it has the ability to fill and seal a puncture hole
      formed in the tire even at high speed and high temperature tire operation.
DRWD
PAR  Other advantages of our invention will become more apparent from a detailed
      description thereof which follows. Reference will be made to the drawings,
      in which:
PAR  FIG. 1 is a perspective view of a tire broken away to show the
      cross-sectional structure thereof and to display one embodiment of the
      invention in which the sealant layer is located on the innermost surface
      of the tire behind the tread; and
PAR  FIG. 2 is a perspective view of a tire broken away to show the
      cross-sectional structure of the tire and depicting another embodiment of
      the invention in which the subject sealing layer is located behind the
      tread and between an air impervious film conventionally employed in the
      tire and the carcass portion of the tire.
DETD
PAR  In FIG. 1 is depicted a tubeless tire 10 which comprises the tread portion
      12, carcass 14, and side walls 16. In tubeless tires it is generally
      desirable to employ a barrier layer or lining 18 which is impermeable to
      air. The air impermeable lining 18 extends typically over the entire inner
      surface of the tire from one bead portion to the other bead portion. In
      accordance with one embodiment of our invention a sealing layer 20 is
      placed on the inside of the tire against the air barrier layer 18. The
      sealant layer 20 is arranged and constructed to lie principally behind the
      tread of the tire because it is contemplated that the sealing layer will
      serve principally to seal punctures coming through the tread portion of
      the tire.
PAR  FIG. 2 depicts a tubeless tire 10 having parts similar to those depicted in
      FIG. 1 (and identified by like numerals), except that in this embodiment
      of our invention the sealing layer 20 is located between the carcass 14 of
      the tire and the air impermeable barrier layer 20.
PAR  In general, it is preferred that our sealant layer be formed and cured at
      the time the tire is being manufactured. Production economies can be
      realized, including the fact that the subject sealant layer can be cured
      at the higher temperatures (about 350.degree. F.) employed in curing the
      other tire rubber compositions. When this is done it is possible to locate
      the sealant layer either between the carcass 14 of the tire 10 and the air
      impermeable barrier layer 18 as shown in FIG. 2, or inside the air
      impermeable layer 18 as shown in FIG. 1. However, if the sealant layer is
      applied after the tire is manufactured, of course, it is only possible to
      place such layer inside the air impermeable barrier as shown in FIG. 1.
PAR  Our sealant layer 20 is a tacky, carbon-filled rubber material formed by
      curing a compound mixture of a high molecular weight and a low molecular
      weight butyl rubber. Incorporated with these rubber materials prior to
      curing is a tackifier and a thermoplastic elastomer block copolymer,
      preferably of polystyrene and polyisoprene, which significantly
      contributes to the strength and sealing capability of our sealing layer.
PAR  A better appreciation of our invention will be gained through specific
      examples which illustrate how the sealing composition is compounded,
      cured, applied and evaluated.
PAC  EXAMPLE 1
PAR  The screening of a number of commercial sealants had indicated that a
      curable butyl rubber sealant would be compatible with the rubber tires and
      might afford a good starting place for a self-sealing tire composition.
      However, the butyl rubber-based sealant by itself did not have sufficient
      strength at high temperatures nor sufficient tack to serve as a tire
      sealant composition.
PAR  A commercially available sealant composition was obtained having the
      following compositions.
TBL  ______________________________________                                    
     Ingredients         Parts by Weight                                       
     ______________________________________                                    
     High molecular weight,                                                    
      curable butyl rubber                                                     
                         60                                                    
     Low molecular weight,                                                     
      curable butyl rubber                                                     
                         40                                                    
     HAF carbon black    50                                                    
     SRF carbon black    25                                                    
     MT carbon black     25                                                    
     Tung oil            5                                                     
     Toluene             483.5                                                 
     Para-quinone dioxime                                                      
                         2.5                                                   
     ______________________________________                                    
PAL  The high molecular weight butyl rubber was a copolymer of 96% isobutylene
      and 4% isoprene. The average molecular weight of the polymer was in the
      range of 100,000 to 300,000. The low molecular weight butyl rubber was
      likewise a copolymer of 96% isobutylene and 4% isoprene. However, the
      molecular weight of this butyl rubber was in the range of 10,000 to
      30,000. These two butyl rubber components are curable because of the
      residual unsaturation provided by the small isoprene content. The carbon
      black filler contributes strength to the sealant. The tung oil component
      is a processing additive. Toluene is a solvent for the uncured butyl
      rubber components. The paraquinone dioxime is a crosslinking agent which
      has to be oxidized to para-dinitroso benzene with a suitable oxidant, such
      as lead dioxide or benzoyl peroxide, to initiate curing.
PAR  In making up the subject sealant, 35 parts by weight of the above
      commercial composition (on a solvent-free basis) was mixed with 60 parts
      by weight of a liquid polybutylene-based tackifier and 5 parts by weight
      of a partially hydrogenated block copolymer of styrene and isoprene, and
      the para-quinone dioxime was added. In this case an additional 1.5 parts
      of para-quinone dioxime per 100 parts of butyl rubber constituents were
      added. This made a total of 4 parts of the dioxime per 100 parts curable
      rubber. The additional dioxime crosslinker was employed to increase the
      crosslink density of the cured rubber and provide greater strength. These
      constituents were all dissolved or suspended in the toluene solvent.
PAR  The liquid tackifier was actually a copolymer of 98% butylene and 2%
      isobutylene. It had an average molecular weight in the range of 500 to
      5,000. It was a commercial product available under the trade name "Indopol
      H-300".
PAR  The block copolymer employed was of the A-B-A type wherein the A blocks
      were formed of polystyrene, the B blocks were polymeric segments of
      isoprene and some higher carbon chain length conjugated dienes. The block
      copolymer employed in the sealant of this example had an average molecular
      weight of about 100,000 and was made up of about 68% by weight
      polyisoprene. The block copolymer had been hydrogenated so that the
      polyisoprene segments were almost completely saturated. However, the
      polystyrene segments were not hydrogenated to any significant extent. The
      specific material used in this example was obtained under the trade
      designation "Kraton G-6500". Block copolymers of this type are described
      in U.S. Pat. No. 3,595,942.
PAR  New Uniroyal JR-78-15 steel belted radial tires were obtained to evaluate
      the subject sealant composition. It was noted that the tires had residual
      mold release agent on their internal surfaces. To remove the mold release
      agent, the tires were first counted on a rotator and then one-half gallon
      of a soap solution containing a 50 milliliter cup of Amway SA-8 soap
      powder was added to a tire. A steel rotary brush on a flexible cable was
      then used to brush the tire with the soap solution while the tire was
      rotating. The tire was then thoroughly rinsed out with tap water. The
      rinse water was then removed, followed by a vacuuming step to remove the
      remaining water. The tire was then dried at ambient prior to coating.
PAR  A tire was then preheated to 125.degree. F. A quantity of the subject
      sealant composition prepared as described above was provided. Ten parts of
      benzoyl peroxide per 100 parts of total curable butyl rubber constituents
      present were added to the mixture and thoroughly mixed therewith. The
      sealant composition dispersed in toluene was then sprayed onto the inner
      surface of a cleaned and preheated tire employing commercial air paint
      spray equipment. A pressure feed was employed and the sealant was sprayed
      using 50 psig compressed air, however, an airless spray system could also
      be used. The tire was rotated as the sealant was sprayed onto the internal
      surface and directed to the region behind the tread, as indicated at 20 in
      FIG. 1. Two hundred grams (on a solvent-free basis) of the subject sealant
      composition were applied. Some of the solvent evaporated during spraying
      and the applied composition gelled in the tire in about five minutes. The
      tire was then left at ambient temperature for a minimum of one-half hour
      to evaporate excess solvent and cure the sealant layer. One-half hour
      prior to the second coating the tire was placed in an oven at 125.degree.
      F.
PAR  The tire was removed from the oven and, while still warm, a second 200 gram
      layer (on a solvent-free basis) of sealant composition identical to that
      described was applied. Much of the toluene solvent evaporated upon
      spraying and the second layer was observed to quickly gel. The tire was
      set aside for one-half hour to allow much of the toluene to evaporate and
      returned to the oven for an additional one-half hour. The tire was then
      removed from the oven and a third 200 gram coating (solvent-free basis)
      was applied. The tire was returned to the oven as before and the third
      sealant layer cured at 125.degree. F. overnight.
PAR  The tire was then mounted on a wheel and inflated with air to 30 psig. The
      wheel was rotated and the tire was punctured with 0.200 and 0.250 inch
      diameter spikes at temperatures of -20.degree. F., ambient, and
      270.degree. F., and the spikes were removed. After puncturing at each
      temperature, each puncture was squirted with a commercial soapy leak
      detector called "Snoop" to observe if any leakage took place. In each
      instance the tire sealed itself without any significant leakage of air.
PAC  EXAMPLE 2
PAR  A second sealant composition was prepared. It was made up by mixing
      together 14.25 parts by weight of a curable high molecular weight butyl
      rubber having an average molecular weight in the range of 100,000 to
      300,000, 9.5 parts by weight of a curable butyl rubber having a molecular
      weight in the range of 10,000 to 30,000, 62 parts by weight of the
      polybutylene liquid tackifier, 9.5 parts by weight of an industrial carbon
      black, a furnace black with a surface area of 235 sq. meters/gm and a pH
      of 9.0, 4.75 parts by weight of a partially hydrogenated block copolymer
      of polystyrene and polyisoprene, and 2.5 parts by weight para-quinone
      dioxime per 100 parts total curable butyl rubber constituents. This
      mixture was dissolved in and suspended in 90 parts by weight of toluene.
      Just prior to usage, 10 parts by weight of benzoyl peroxide per 100 parts
      of butyl rubber components were dissolved in 60 parts of toluene and added
      to the curable rubber composition.
PAR  A number of Uniroyal JR-78-15 tires were cleaned with a soap-sodium
      metasilicate cleaning solution as described in Example 1. The tires were
      preheated to 125.degree. F. and each coated with three 200 gram layers
      (solvent-free basis) of the subject composition. Each layer was observed
      to gel within a period of a couple of minutes. After the application of
      the third layer the tire was then set aside for one hour to allow for most
      of the toluene to evaporate at ambient and then placed in the oven at
      125.degree. F., wherein solvent was evaporated and the sealing composition
      was cured over a sixteen hour period. The tires were then mounted on
      wheels and tested with nail punctures through the tread at temperatures
      from -20.degree. F., ambient, and 270.degree. F. as described in Example
      1. In each instance the sealant healed the puncture hole without
      significant loss of air. It has been noted that the healing occurs in the
      following manner. The sealant adheres to the nail when the nail is in the
      tire, and this sealant adhering to the nail is pulled into the puncture
      hole if the nail is removed. Air pressure helps to force sealant to the
      nail and also into the puncture hole. When a tire has been punctured and
      self-healed in accordance with the subject invention and then removed from
      its wheel and examined from the inside, it is usually very difficult to
      locate the puncture. The sealant is drawn or forced into the hole to very
      effectively heal it.
PAR  It has been found that the subject sealant composition must be formulated
      to contain certain specific constituents within narrow and definite
      composition ranges. The difficulty lies in providing a composition which
      has the ability to both re-heal any cut in the sealant caused by a
      puncture and seal a puncture hole at a temperature anywhere in the range
      from about -20.degree. F. to 270.degree. F. Once the hole has been filled
      (which must occur very rapidly), it is then necessary for the sealant to
      have sufficient strength to maintain air under pressures up to 30 to 40
      psig and higher while the tire is continually being flexed and stressed as
      it is in normal vehicle use. While the subject sealant has been tested and
      found effective at temperatures up to 270.degree. F. it is usually felt
      automotive tires in normal usage will not experience temperatures above
      about 220.degree. F.
PAR  The sealant composition is made up according to the following
      specification. Two curable butyl rubber components -- one a relatively
      high molecular weight constituent and the other a relatively low molecular
      weight constituent -- are employed in combination. Ten to fifteen parts of
      a polyisobutylene-based copolymer (preferably about 96% isobutylene -- 4%
      isoprene) having an average molecular weight in the range of about 100,000
      to 300,000 is employed in combination with 6 to 10 parts of a copolymer of
      96% polyisobutylene and 4% isoprene, having an average molecular weight in
      the range of about 10,000 to 30,000. Mixed with the curable butyl rubber
      constituents are 60 to 65 parts by weight of a liquid polybutylene (e.g.,
      98% butylene - 2% isobutylene) tackifier having an average molecular
      weight in the range of 500 to 5,000. This liquid saturated C.sub.4 polymer
      represents a major part of the total composition. It appears to be unique
      in its thermal stability and its contribution of stickiness and
      flowability over the wide temperature range in which the subject sealant
      must serve.
PAR  The other polymeric constituent of the subject sealant composition is a
      thermoplastic, elastomeric, hydrogenated block copolymer having the
      general configuration A-(B-A).sub.1.sub.-5. Four to ten parts of this
      hydrogenated block copolymer are employed in combination with the other
      constituents. If more than about 10% of the block copolymer is employed in
      the subject sealant (solvent-free and curing agent-free basis) the
      composition will not adequately self-heal. If the block copolymer content
      is less than 4% (on the same basis) the sealant does not have adequate
      strength, particularly at high temperatures.
PAR  Prior to hydrogenation each A (of the A-(B-A) block copolymer) is a
      thermoplastic monovinyl arene polymer block and each B is a conjugated
      diene polymer block. In accordance with our invention the monovinyl arene
      is preferably styrene, but may also be alpha methyl styrene, ring
      alkylated styrenes and the like as well as mixtures thereof. Furthermore,
      in accordance with our ivnention the B block(s) may be prepared from
      conjugated dienes having from 4 to 10 carbon atoms, but preferably 4, 5 or
      more carbon atoms per monomer molecule, including specifically isoprene.
      The elastomer polymerized conjugated diene component of the block
      copolymer typically makes up in total about two-thirds or more of the
      block copolymer with the thermoplastic polymer constituent making up the
      end groups and the balance of the copolymer. In accordance with our
      invention the average molecular weight of this block copolymer is suitably
      in the range of about 60,000 to 400,000 and preferably in the range of
      about 70,000 to 150,000. The composition is partially hydrogenated so that
      the conjugated diene block segment(s) are substantially fully saturated.
      However, the polystyrene segments are not appreciably hydrogenated.
      Copolymers which are not hydrogenated in this fashion are not suitably
      resistant to oxidation and degradation at the high temperature end of the
      operating environment of the tire, particularly considering that there is
      considerable oxygen in the tire.
PAR  Although the polystyrene-polydiene-polystryene block copolymer constituent
      is employed in relatively small amounts, we have found that it is
      absolutely essential that it be employed in the subject sealant
      composition if the sealant is to have suitable strength, particularly over
      the wide temperature range involved, to effectively retain the air under
      pressure in a punctured tire.
PAR  Carbon black filler in the amount of 5 to 17 parts by weight is also
      incorporated into the composition. A furnace black having a high surface
      area and a basic pH is preferred.
PAR  A solvent, such as toluene, for the polymeric components may be employed in
      the preparation and application of the sealant composition.
PAR  Also incorporated in the composition is a suitable crosslinker for the
      butyl rubber constituents. The preferred crosslinker for the butyl rubber
      constituents is para-quinone dioxime. However, other well known butyl
      rubber curing agents may be employed. At the time the curing is to take
      place it is also necessary to incorporate an oxidative initiator, such as
      benzoyl peroxide, to convert para-quinone dioxime to its crosslinking
      form, para-dinitroso benzene. Para-quinone dioxime and benzoyl peroxide
      are prefered for use in combination in the practice of our invention
      because they promote rapid gel times.
PAR  The embodiments of the invention described in the specific examples
      involved spraying the subject sealing composition into tires that had
      already been manufactured. In another embodiment the sealant composition
      is formed and cured in the form of sheets and applied to the inside of the
      tire, as desired, employing a suitable adhesive. However, in many
      instances it will be preferred to form and cure the sealant layer at the
      same time the tire is being manufactured. One practice would be to first
      lay up the butyl rubber-based inner liner. An uncured sealing layer of the
      subject composition would then be placed on the inner liner member. Then
      the uncured carcass portion of the tire, including its layers of
      reinforcing belting and the like, would be formed after the sealing layer
      had been laid up. Subsequently, the tread stock would be laid on the
      uncured carcass. The whole tire would then be cured at normal curing
      temperatures of the order of 350.degree. F., at which temperature the
      curing of the subject healing composition would be greatly accelerated and
      comparable in time to the curing of the other portions of the tire. When
      the butyl rubber portion of the subject sealant layer is cured at this
      high temperature, some modifications may be required in the type and
      amount of crosslinker and initiator employed as compared with the above
      examples.
PAR  Prior to the discovery of the subject composition a number of other known
      sealant and elastomeric materials were tested and evaluated as
      self-healing tire sealants. For example, other butyl rubber-containing
      compositions were tried but failed to be self-sealing over the wide
      temperature ranges involved. Also, ethylene-vinyl acetate copolymers were
      tested and found lacking. Urethane rubbers were also evaluated and it was
      found that they would not satisfactorily seal puncture holes over the wide
      temperature ranges involved. We have also found, as indicated above, that
      even when employing the specific constituents described as elements of the
      subject composition, a wide variation in their compositional ranges cannot
      be tolerated and still obtain the benefits of the subject invention.
PAR  While our invention has been described in terms of a few specific
      embodiments thereof, it will be appreciated that other forms could be
      adapted by one skilled in the art and, accordingly, our invention is to be
      considered limited only by the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sealant composition for use in a vehicle tire to seal punctures
      therein up to about one-quarter inch in diameter formed in the operation
      of said tire, said composition consisting essentially of, by weight,
PA1  10 to 15 parts of a butyl rubber having an average molecular weight in the
      range of about 100,000 to 300,000,
PA1  6 to 10 parts of a butyl rubber having an average molecular weight in the
      range of about 10,000 to 30,000,
PA1  60 to 65 parts of a liquid polybutylene having an average molecular weight
      of about 500 to 5,000,
PA1  5 parts of a partially hydrogenated thermoplastic elastomeric block
      copolymer having the general molecular configuration A-(B-A).sub.1.sub.-5
      wherein, prior to hydrogenation, each A is a monovinyl arene polymer block
      and each B is a conjugated diene polymer block, and only said diene
      block(s) are hydrogenated,
PA1  5 to 17 parts carbon black,
PA1  and small but suitable amounts of crosslinking agents suitable for curing
      butyl rubbers.
NUM  2.
PAR  2. A sealant composition for use in a vehicle tire to seal punctures
      therein up to about one-quarter inch in diameter formed in the operation
      of said tire, said composition consisting essentially of, by weight,
PA1  10 to 15 parts of a butyl rubber having an average molecular weight in the
      range of about 100,000 to 300,000,
PA1  6 to 10 parts of a butyl rubber having an average molecular weight in the
      range of about 10,000 to 30,000,
PA1  60 to 65 parts of a liquid polybutylene having an average molecular weight
      of about 500 to 5,000,
PA1  5 parts of a partially hydrogenated thermoplastic elastomeric block
      copolymer having the general molecular configuration A-(B-A).sub.1.sub.-5
      wherein, prior to hydrogenation, each A is a styrene polymer block and
      each B is a conjugated diene polymer block of a diene taken from the group
      consisting of butadiene and isoprene, and only said diene block(s) are
      hydrogenated, said copolymer having a molecular weight in the range of
      about 70,000 to 150,000,
PA1  5 to 17 parts carbon black,
PA1  and small but suitable amounts of crosslinking agents suitable for curing
      butyl rubbers.
NUM  3.
PAR  3. A self-sealing rubber tire comprising a tread portion, a carcass portion
      and a self-sealing layer inside of said carcass portion, said self-sealing
      layer consisting essentially of, by weight, a cured composition formed
      from:
PA1  10 to 15 parts of a butyl rubber having an average molecular weight in the
      range of about 100,000 to 300,000,
PA1  6 to 10 parts of a butyl rubber having an average molecular weight in the
      range of about 10,000 to 30,000,
PA1  60 to 65 parts of a liquid polybutylene having an average molecular weight
      of about 500 to 5,000,
PA1  5 parts of a partially hydrogenated thermoplastic elastomeric block
      copolymer having the general molecular configuration A-(B-A).sub.1.sub.-5
      wherein, prior to hydrogenation, each A is a monovinyl arene polymer block
      and each B is a conjugated diene polymer block, and only said diene
      block(s) are hydrogenated, and
PA1  5 to 17 parts carbon black.
NUM  4.
PAR  4. A self-sealing rubber tire comprising a tread portion, a carcass portion
      and a self-sealing layer inside of said carcass portion, said self-sealing
      layer consisting essentially of, by weight, a cured composition formed
      from:
PA1  10 to 15 parts of a butyl rubber having an average molecular weight in the
      range of about 100,000 to 300,000,
PA1  6to 10 parts of a butyl rubber having an average molecular weight in the
      range of about 10,000 to 30,000,
PA1  60 to 65 parts of a liquid polybutylene having an average molecular weight
      of about 500 to 5,000,
PA1  5 parts of a partially hydrogenated thermoplastic elastomeric block
      copolymer having the general configuration A-(B-A).sub.1.sub.-5 wherein,
      prior to hydrogenation, each A is a styrene polymer block and each B is a
      conjugated diene polymer block of a diene taken from the group consisting
      of butadiene and isoprene, and only said diene block(s) are hydrogenated,
      said copolymer having a molecular weight in the range of about 70,000 to
      150,000, and
PA1  5 to 17 parts carbon black.
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ABST
PAL  A tire of the type having a radial carcass formed of meridian arcs or hoops
      of individual cords in which the ends of the individual cords are bent in
      the area of each bead, and are extended by portions that are
      circumferentially directed and juxtaposed with the like circumferential
      portions of the adjoining hoop in the form of longitudinal bundles which
      make up the reinforcing structure of the beads.
BSUM
PAR  The present invention relates to tires of the type having a radial carcass,
      that is a carcass which is formed of transverse arcs or hoops of flexible
      cord which are oriented, at least in the zones of the flanks or sidewalls
      along the radial or meridian planes of the tire.
PAR  With the classical tire of this kind, the carcass is generally made from
      one or several layers or "plies" of flexible parallel cords coated with
      rubber. These layers or plies are individually laid over a drum of a tire
      building machine in order to form a tubular outline, the lateral parts of
      which are then turned around circular bead cores of steel thus forming the
      reinforced structure of the beads of the tire.
PAR  In the turned up layers of the lateral parts of the carcass, the cords are
      also radially oriented and the edges of these lateral parts are
      deliminated by the edges cut from the cords of the layers. It is known
      that these cut edges or ends form critical points, subject to loosening or
      detachment from the rubber during operation, especially when these edges
      are located in zones of the sidewalls of the tire being subjected to
      repeated deflections.
PAR  It has already been proposed to make the carcass of radial tires not out of
      calendered cord plies of cables, but of a continuous cord or cable that is
      laid to form spaced arcs or hoops (each in a meridian plane) connected by
      circumferential portions longitudinally extending along one or the other
      bead, whereby the circumferential portions of this cable are
      juxtapositioned with the circumferential portions of the adjoining arcs to
      form longitudinal bundles of cables which make up the reinforcing
      structure of the beads. See U.S. Pat. No. 3,815,652.
PAR  A tire made this way may be dispensed of any continuous circular bead core
      in its beads and the carcass does not have lateral parts turned up
      radially with the edges delimited by cut cables. Tires of this kind are
      extremely strong in the zones of the beads.
PAR  A primary object of the invention is to provide improvements in this type
      of tire and this objective is obtained by constructing the carcass not
      with only one continuous cord, but with individual cords for each arc or
      hoop in a meridian plane across the tire, with the ends of these
      individual cords being bent to extend by circumferential portions which
      juxtapose with the similar circumferential portions of the adjoining arcs
      to form the reinforced structure of the beads of this tire.
DRWD
PAR  The invention is herebelow described in more detail with reference to the
      accompanying drawings in which:
PAR  FIGS. 1, 2 and 3 show a view in cross-section, a partial view in elevation
      and a developed schematic planar view of carcass in a first embodiment of
      the tire of the invention;
PAR  FIG. 4 is a partial view in section showing the structure of a bead of the
      tire, shown in FIG. 1;
PAR  FIGS. 5 and 6 are partial views showing two other embodiments of the
      structures of beads;
PAR  FIGS. 7 and 8 are a partial view in elevation and a developed schematic
      planar view of a carcass in another embodiment;
PAR  FIGS. 9 and 10 show a developed schematic planar view of a carcass and a
      schematic view in cross-section of the contour of the carcass in another
      embodiment of the tire according to the invention;
PAR  FIG. 11 is a developed schematic view of still another carcass
      construction; and
PAR  FIGS. 12, 13 and 14 show a developed view of another carcass, a
      cross-section of the contour of this carcass and a partial view in
      elevation of another tire provided with this carcass.
DETD
PAR  In these drawings, the reinforcing cords or cables of the carcass of the
      various embodiments of the tire are shown more spaced for better clearness
      of the drawings, but it will be understood that in the practice a larger
      number of cords or cables exist and that these are more closely spaced.
PAR  In the embodiment of FIGS. 1, 2 and 3, the tire comprises a carcass 10
      constructed of adjoining meridian arcs or hoops of cord or cable contained
      in the same semi-toroidal surface. The portion of the tire above the
      carcass is reinforced by a belt 11 and the carcass is covered by the
      sidewall rubber strips 12 and the rubber tread 13. The lower edges of the
      carcass 10 are embedded into the beads 14 serving to seat the tire over
      the rim of the wheel.
PAR  The meridian hoops in the carcass are each formed of a flexible cord or
      cable, the ends of which are bent upon arriving into the beads in order to
      provide elongated portions extending circumferentially within the beads.
      In the illustrated embodiment, the carcass comprises two series of
      meridian hoops, 10a, 10b, 10c, etc. (shown in solid lines) and 10a', 10b',
      10c', etc. (shown in dotted lines); all the hoops are contained in the
      same surface of rotation of the carcass about the axis of rotation of the
      tire and the hoops of one series are alternating with the hoops of the
      other series. The ends 15a, 15b and 15c of the hoops of series 10a, 10b,
      and 10c are extending circumferentially in one direction and respectively
      end at a, b and c in the beads (FIG. 2).
PAR  The ends 15a', 15b' and 15c' of the hoops of the other series 10a', 10b'
      and 10c' are extending circumferentially in the opposite direction as can
      be seen from the view of FIG. 3, and they also end in the manner shown in
      a', b' and c' in the beads. The circumferential portions 15 of the
      adjoining hoops are located side by side along a certain length in the
      form of a longitudinal bundle of cords or cables thus making up the
      circumferential reinforced structure of each bead. FIG. 4 shows on large
      scale the structure of the beads 14; whereas in the body of the carcass
      10, the meridian hoops are located side by side in the same surface as the
      cables of the layer of cord, the lateral portions of the hoops somewhat
      spread out in the beads to allow the circumferential portions 15 to
      juxtapose in a bundle which fulfills the role of the normal reinforcing
      core of the bead. This bundle is embedded into the rubber of the bead
      assuring the lateral connection of the elements of this bundle. This
      rubber preferably has a high modulus of elasticity to reinforce the
      cohesion of the unit. In this assembly, the resistance in the
      circumferential direction depends partly on the length and of the number
      of the longitudinal portions being juxtaposed and connected with each
      other by the rubber. This length can, however, vary according to the
      tenacity of the cords or cables and the modulus of the connecting rubber.
      It has been considered in the meantime that the length of the longitudinal
      portions has to be equal to at least 8% of the circumference of the bead
      in order to have a sufficient length of juxtaposition. The arrangement of
      the longitudinal juxtaposed portions 15 can also vary somewhat. This
      arrangement can form a compact bundle or a bundle having a section
      elongated either in the vertical or horizontal direction. It can be
      completed by additional reinforcing elements such as thin strips or
      profiled rubber strips in order to give the bead an increased resistance
      or to provide the form of a particular section for the mounting and the
      seating on the rim on a wheel.
PAR  FIG. 5 shows an embodiment of another structure of a bead 14, where the
      bundle of the circumferentially arranged longitudinal portions 15 is
      additionally reinforced by a circumferential winding or coiling of a cable
      16 with several turns raising towards the flank beginning from the bundle
      of the portions 15, this winding being applied against the outside surface
      of the carcass 10. The winding is embedded into a hard rubber 17 flanked
      at the outside by a reinforced filler section 18, these two elements
      becoming thinner at the top to join each other gradually at the sidewall
      of the carcass 10. The unit is embedded in the rubber surrounded with the
      bead 14 and covered at the outside by the strip of the sidewall 12.
PAR  FIG. 6 shows a structure of a bead similar to the one in FIG. 5, but in
      which several circumferential windings of cords or cables are embedded in
      hard rubber 17 and are extended by a filling section 18. The winding 16
      can be obtained with the same cord or cable as the one used for the
      carcass 10 or with a cord or cable of different nature, for example of
      steel.
PAR  FIGS. 7 and 8 as illustrated in a manner similar to that in FIGS. 2 and 3,
      show a tire, in which the meridian arcs or hoops of the carcass 10 are
      connected to the circumferential justaposed portions 15 by oblique or
      slanting portions 19. In the finished carcass, these oblique portions
      cross each other in the transitional zones 20 located between the beads 14
      and the sidewalls of the carcass. By conveniently selecting the length and
      the inclination of these oblique portions 19, the height of these
      transitional zones 20 can be varied to give these parts of the carcass the
      resistance to stresses which they have to endure and especially the
      rotation torque. These oblique portions 19 which are oriented for instance
      between 10.degree. and 60.degree. with respect to the radial portions, can
      be replaced by curved connecting portions.
PAR  FIGS. 9 and 10 show schematically another embodiment of the invention in
      which the carcass 10 is formed of a single series of successive meridian
      arcs, the ends 15 of which are all bent in the same direction and
      juxtaposed under the form of lateral, flat bundles, that is the cords or
      cables are continuously disposed in a cylinder shaped arrangement. The
      ends 15 are obliquely curved or oriented in the zone AB, then bent
      following a second orientation in the zone BC in a way to form a very low
      angle E going so far to bring the connecting cords or cables into this
      zone. These flat bundles are then connected either on top of each other,
      or around an auxiliary bead core 21 placed in each bead 14 in a way that
      the portions 15 fold themselves around this core following a screw with an
      elongated thread. Preferably, the width of the flat, lateral bundles or
      cables is sufficiently narrow so that the edges delimited by the cut ends
      of cables remain at the level of the core 21; this means the ends are
      included in the bead 14 instead of extending into the zone of the
      sidewall.
PAR  Preferably, these cut ends of the cords or cables are connected until they
      rejoin the carcass in the neighborhood of point B (shown in FIG. 10). In
      this case the most suitable auxiliary core 21 presents an upper,
      slenderized portion. In this way, the ends of the cables are located in a
      neutral (motionless) zone of the tire, and the filler section presents at
      its lower part a slenderized shape, whereby this section is more suitable
      to endure the alternate deflections to which it is submitted, when the
      tire is in operation.
PAR  In the arrangement of the carcass according to FIG. 11 the carcass
      comprises two series of alternate cable hoops 10 and 10', like in the case
      of FIGS. 1-3, but the ends 15.sub.1 -15.sub.2 of the hoops of each series
      are bent in the opposite direction in a way that the cords or cables of
      the carcass have - in the developed stage of the carcass shown in FIG. 1
      -- an S or Z-shape. The ends 15.sub.1 -15.sub.2 cross each other very
      obliquely in the lateral bundles thereby forming two superimposed layers
      of cables. These flat, lateral bundles are then connected, either directly
      against the lower lateral parts of the carcass 10, or around an auxiliary
      bead core 21 surmounted by the rubber section 22, or else around a hard
      rubber section made more narrow towards the top.
PAR  The FIGS. 12, 13, 14 show another embodiment derived from the one of FIGS.
      9 and 10, in which the flat lateral bundles formed by the oblique
      juxtaposed portions 15 all being oriented in the same direction, are
      directly connected on top of each other to form a sort of twisted rod 23
      making up the reinforced structure of each bead 14. The so-connected
      bundles can still be reinforced by a continuous bead core 24 surmounted by
      a filler section of hard rubber 22.
PAR  The cords or cables used for constructing the carcass 10 and the other
      elements of the tire can obviously be one of the normal textile cords made
      from rayon, polyamide, polyester, etc., but preferably materials having a
      high modulus of elasticity would be used such as cables of glass, cables
      of carbon and metallic cables made from very thin elementary filaments or
      fibers having a high flexibility. These cables are generally treated with
      adhesive materials to enhance adherence to rubber and they can previously
      be coated with rubber solutions, or can be coated or wrapped with a cover
      of raw rubber obtained by letting the cable pass or run in a suitable
      extruding machine.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tire of the pneumatic type having a tread, sidewalls, a radial carcass
      within said sidewalls and extending under said tread, and beads at the rim
      engaging edges of said sidewalls, said carcass being formed of individual
      meridian arcs of reinforcing cords or cables with the ends of the
      individual cords or cables being bent in an area of each bead to provide
      cable portions that extend circumferentially in each bead, the
      circumferentially extending portions of one cord or cable being juxtaposed
      with respect to circumferentially extending portions of the adjoining
      cords or cables to form longitudinal bundles of cords or cables which make
      up a reinforcing structure of the beads.
NUM  2.
PAR  2. A tire according to claim 1, in which the carcass is formed by a first
      series of meridian arcs, the ends of which are bent and extended by the
      circumferentially directed portions in one direction, and by a second
      series of meridian arcs, the ends of which are bent and extended by the
      circumferentially directed portions in the opposite direction, whereby the
      hoops of the first series are alternating with the arcs of the second
      series.
NUM  3.
PAR  3. A tire according to claim 1, in which the meridian arcs are continuous
      and are disposed in the same semi-toroidal surface of the carcass of the
      tire.
NUM  4.
PAR  4. A tire according to claim 2, in which each of the meridian arcs are
      continuous and all the hoops are disposed in the same semi-toroidal
      surface of the carcass of the tire.
NUM  5.
PAR  5. A tire according to claim 1, in which the circumferential portions are
      extended a distance at least equal to 8% of the circumference of the
      beads.
NUM  6.
PAR  6. A tire according to claim 1, in which the meridian arcs are connected
      with the circumferential portions by oblique bands crossing each other in
      a transitional zone between the beads and the sidewalls in order to form a
      structure more resistant to rotation torque.
NUM  7.
PAR  7. A tire according to claim 1, in which the meridian arcs are connected
      with a circumferential portion by curved bends crossing each other in a
      transitional zone between the beads and the sidewalls in order to form a
      structure more resistant to rotation torque.
NUM  8.
PAR  8. A tire according to claim 1, in which the circumferential portions of
      the adjoining arcs are juxtaposed in the form of a flat bundle which is
      then folded on top of itself.
NUM  9.
PAR  9. A tire according to claim 1, in which the circumferential portions of
      the adjoining arcs are juxtaposed in the form of a flat bundle which is
      then folded around an auxiliary bead core.
NUM  10.
PAR  10. A tire according to claim 1, in which meridian hoops of individual
      cables are disposed closely spaced from each other throughout the carcass.
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ABST
PAL  The present invention relates to a continuous steel casting method for a
      casting capacity of more than 1.5 metric tons of steel per minute. In this
      method a vertically arranged, substantially rectangular mold is used, into
      which at least one steel stream containing inert gas is passed through a
      casting tube below the surface of the casting level in the mold. The
      casting tube is provided with lateral downwardly inclined outlet openings,
      whose axes lie in a vertical plane running through the larger transverse
      axis of the mold. The axes of the lateral outlet openings run at an angle
      which depends upon the perpendicular distance of the axes from the narrow
      side of the mold. The inert gas is supplied in an amount of 1 to 15
      Ncm.sup.3 /kg steel, preferably 3 to 8 Ncm.sup.3 /kg steel, to the steel
      stream over its entire cross section at the place of origin above the
      mold. The invention is of particular advantage for slabs wider than 800 mm
      of aluminum-containing steel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a continuous steel casting method for a casting
      capacity of more than 1.5 metric tons of steel per minute. The method uses
      a vertically arranged, substantially rectangular mold, into which at least
      one steel stream containing inert gas is passed through a casting tube
      below the surface of the casting level in the mold. The casting tube is
      provided with lateral outlet openings directed downward, whose axes lie in
      a vertical plane running through the bigger transverse axis of the mold.
PAR  It is known in continuous steel casting to provide a gas-permeable,
      ring-shaped disk of refractory material below the bottom opening of the
      tundish. Through this disk inert gas, preferably argon, is blown radially
      in the direction of the casting stream axis. Gas bubbles are carried
      downward together with the steel stream, then rise from the liquid phase
      in the continuous casting mold together with nonmetallic particles
      contained in the steel and wash these particles into a slag layer floating
      on the casting level in the mold (CONCAST NEWS, Vol. 10, 1/1971, p.4 and
      FIG. 11). The gas bubbles also cause a decrease of the penetration depth
      of the metal stream in the mold, which diminishes the danger of crack
      formation. The use of refractory, gas-permeable disks or other
      intermediate pieces has, however, the disadvantage that the gas has to be
      supplied under pressure. The control of the gas supply is also problematic
      and operationally unreliable due to the danger that the gas channels might
      become blocked. Moreover, a gas veil forms between the casting tube and
      the steel stream. Also it is not possible to supply the gas in such a way
      that its amount is distributed evenly over the entire stream cross
      section. It has therefore been proposed to provide in the tundish an
      outlet consisting of two parts, the outer part being formed by a highly
      gas-permeable material and the inner part by a less gas-permeable
      material, so that the inert gas can be carried both in the vertical
      direction upward, and radially and vertically in relation to the steel
      stream (German Utility Model No. 7.149.261). Course non-metallic
      inclusions are to be carried upward into the slag layer of the tundish
      before they enter the outlet, while the remaining gas quantity is carried
      downward through the casting tube, in order to brake or slow the casting
      stream. The construction of this known outlet is complicated, its
      production is expensive and its operational reliability is not sufficient.
      There is no guarantee that the gas supplied can be distributed evenly over
      the entire metal stream cross section. The same applies analogously to
      outlet stones i.e. refractory bricks that form part of the stopper for a
      ladle and have a passage for steel flow, having a lateral bore for the
      supply of a gas (German Utility Model No. 6,918,019).
PAR  In continuous steel casting it is essential that the strand be free from
      surface and inner cracks, since defects of this kind lead to material
      losses, because cracked strands have to be scarfed or even rejected. Since
      modern continuous casting plants are to work fully automatically, a
      further demand is that the safety precautions against breakthroughs of the
      molten steel through the solidified strand skin, be increased. The
      breakthroughs that hitherto occurred repeatedly in continuous casting
      plants led to severe damages of the plant and the production loss was
      considerable. However, practice has shown that these problems are
      relatively insignificant up to a casting capacity of 1.5 metric tons of
      steel per minute. If, however, one increases the casting capacity to more
      than 1.5 metric tons of steel per minute, it becomes apparent that the
      hitherto known technology is no longer sufficient. In rapid casting plants
      for slabs having a thickness of 150 to 250 mm and a width of 800 to 2500
      mm and more, the crack formation and the possibility of breakthroughs
      increases rapidly, as the casting velocity rises, because the steel flow
      causes cavitations in the range of the solidified strand skin, which are
      all the more critical, the thinner the strand skin. As is known, the
      thickness of the strand skin decreases, as the casting capacity increases.
      The steel flow in the liquid phase of the strand is substantially
      determined by the direction of the axes of the lateral openings of the
      casting tube. Normally refractory casting tubes having a closed bottom and
      two lateral openings inclined downward and directed toward the narrow
      sides of the mold are used. When the casting velocity is high, mainly edge
      cracks and breakthroughs in the range of the strand edges occur. If one
      casts with a casting stream directed exclusively vertically downward,
      longitudinal cracks at the broad side of the slabs may occur in that
      range, where the flow is strongest. Moreover, non-metallic inclusions are
      carried to a great depth in the liquid phase, since they have no
      opportunity to rise and to get into the slag floating on the surface of
      the molten steel (casting level). If in a casting tube having a closed
      bottom, the lateral outlets are directed steeply or perpendicularly
      upward, at a high casting velocity the casting level in the mold is
      agitated too strongly, which renders the slag practice in the mold more
      difficult.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to overcome these difficulties in the
      casting of steel slabs by means of rapid or high-capacity casting machines
      and to provide a method, in which slabs having a width of more than 800 mm
      can be cast at a capacity of more than 1.5 metric tons of steel per minute
      without cracks occurring and using simple and well proven operational
      facilities. These slabs are to be low in non-metallic inclusions and,
      furthermore, the danger of breakthroughs below the mold is to be reduced.
PAR  According to the invention this object is achieved in a continuous steel
      casting method of the above described type in that a casting tube is used,
      in which the axes of the lateral outlet openings run at an angle (.alpha.)
      dependent upon their perpendicular distance from the narrow side of the
      mold. This angle is 20.degree. to 50.degree., when the perpendicular
      distance is 40 to 120 cm. The inert gas is supplied according to the
      invention in the amount of 1 to 15 Ncm.sup.3 /kg steel, preferably 3 to 8
      Ncm.sup.3 /kg steel, to the steel stream over its entire cross section at
      the place of origin above the mold.
PAR  In order to achieve an optimum distribution of the inert gas over the
      entire cross section of the steel stream, the inert gas is, according to a
      further feature of the invention, supplied coaxially to the steel stream.
PAR  It is preferable that the inert gas be supplied through a refractory tube
      whose outlet is adjustable to particular distance above the bottom of a
      tundish, in which the casting tube is secured. This distance is preferably
      equal to or smaller than the diameter of the casting tube.
PAR  One can, however, also use a refractory tube for the gas supply, whose
      outer diameter is smaller than the inner diameter of the casting tube and
      whose outlet is adjustable to a distance below the bottom of a tundish, in
      which the casting tube is secured. This distance likewise is preferably
      equal to or smaller than the diameter of the casting tube.
PAR  The invention also comprises the use of a suitable slag or slag powder
      which is applied upon the casting level in the mold. This slag, which acts
      to receive the non-metallic particles from the steel, in particle
      aluminum-containing steel, is easily meltable, produced preferably
      synthetically and has the following composition:
PA1  20 to 50 percent fluxing agents of the group CaF.sub.2, Na.sub.2 O, K.sub.2
      O and B.sub.2 O.sub.3,
PA1  20 to 40 percent SiO.sub.2,
PA1  25 to 40 percent CaO,
PA1  less than 5 percent Al.sub.2 O.sub.3 and
PA1  0 to 10 percent oxides of iron, manganese and magnesium.
PAR  Particularly advantageous is the use of a slag having the following
      reference analysis:
PA1  about 12 percent CaF.sub.2,
PA1  about 8 percent Na.sub.2 O + K.sub.2 O,
PA1  about 10 percent B.sub.2 O.sub.3,
PA1  about 30 percent SiO.sub.2,
PA1  about 30 percent CaO,
PA1  less than about 2 percent Al.sub.2 O.sub.3,
PA1  about 4 percent FeO and
PA1  about 4 percent C.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further features and details of the invention will now be illustrated by
      way of examples with reference to the accompanying drawings in which:
PAR  FIG. 1 is a vertical section through the upper part of a continuous steel
      casting plant with a casting tube (schematically illustrated) that is to
      be used according to the invention;
PAR  FIG. 2 is a graph which shows the characteristic correlation between the
      inclination angle of the axes of the lateral casting tube openings and
      their perpendicular distance b from the narrow side of the mold;
PAR  FIG. 3 is part of FIG. 1 and shows a different arrangement of the
      refractory casting tube for the gas supply;
PAR  FIG. 4 is an illustration similar to FIG. 3 and shows a further embodiment
      of the invention; and
PAR  FIG. 5 is a horizontal section through a rectangular slab mold of
      particularly great width, in which two casting tubes are arranged side by
      side.
DETD
PAC  DESCRIPTION OF EXEMPLARY EMBODIMENTS
PAR  In FIG. 1, 1 denotes a pouring ladle, from which the steel flows
      continuously into a refractorily lined tundish 2, where a liquid phase 3
      forms, which is protected against the influence of the atmosphere by a
      slag layer 4. Reference number 5 denotes a bottom opening with the
      diameter d, through which the steel flows into a refractory casting tube 6
      and from there into a water-cooled straight vertically arranged
      oscillating mold 7. The casting tube 6 has a closed bottom and two lateral
      openings 8 lying opposite each other and being directed downward. The axes
      9 of the openings enclose an acute angle .alpha. with the casting tube
      axis or the vertical mold axis 10. Reference number 11 denotes the casting
      level in the mold 7 and reference number 12 indicates the flow direction
      of the steel below the casting level that is covered by a slag layer 13.
      The walls 14 are the narrow sides of the rectangular slab mold. The axes 9
      of the casting tube lie in a vertical plane laid through the bigger
      transverse axis of the mold, which plane corresponds to the plane of the
      drawing. The solidified skin 15 of the cast strand has a liquid core 16.
      Below the mold 7 rollers (not illustrated) for supporting and guiding the
      strand and cooling devices (not illustrated) for the secondary cooling of
      the strand are provided. Below the tundish 2 a sliding closure 17 can be
      provided, as known per se, to which the casting tube 6 is secured. Above
      the bottom opening 5 a refractory tube 18 is brought into position,
      through which tube an inert gas, e.g. argon, is supplied coaxially to the
      origin of the casting stream and is evenly distributed over the entire
      cross section of the stream. The outlet of the tube 18 is arranged at a
      distance a above the upper edge of the bottom opening 5, so that the brake
      effect of the gas occurs over the longest length possible of the casting
      stream. The distance a should preferably not be bigger than the diameter
      d, so that the gas is sucked in practically without pressure by the steel
      flow in the range of the bottom opening 5. If a is substantially bigger
      than d, the gas must be blown into the liquid steel phase under pressure,
      so that the entire gas quantity is passed through the casting tube 6 into
      the mold 7, i.e. so that it becomes fully effective. It is advantageous to
      supply 3 to 8 Ncm.sup.3 of gas per kg of steel, where Ncm.sup.3 means a
      cubic centimeter of gas at normal volume, i.e. the volume at 0.degree.C
      and 760 mm Hg. If the gas quantity falls below 1 Ncm.sup.3 per kg of
      steel, cracks may occur in the slabs and at a gas quantity of more than 15
      Ncm.sup.3 per kg steel the casting level 11 would bubble too strongly in
      the mold 7 thus disturbing the slag layer 13 and reducing its
      effectiveness. The tube 18 is liftable and lowerable in relation to the
      bottom 19 of the tundish 2, so that optimum conditions for the gas supply
      and gas distribution during operation can easily be adjusted, or adapted
      to each casting capacity.
PAR  From the graph in FIG. 2 it is evident that the method may advantageously
      be applied for rectangular molds whose larger transverse axis is bigger
      than 80 cm, i.e. the perpendicular distance b of the lateral openings 8 of
      the casting tube 6 from the walls 14 is to measure at least 40 cm. In such
      a case the acute angle .alpha. between the vertical mold axis 10 - the
      axis of the casting stream or of the casting tube - may lie in the range
      of 10.degree. to 20.degree.. When b increases, e.g. up to 120 cm, which
      corresponds to a length of the larger transverse axis of the mold of more
      than 240 cm .alpha. may increase up to a maximum of 50.degree..
      Operational conditions according to the invention are given, when the
      values for .alpha. lie in field A. When the angle .alpha. lies in field B
      of FIG. 2, one has to reckon with cracked slabs and with the danger of a
      steel breakthrough below the mold. Also the possibility of crack formation
      and the frequency of the breakthroughs increase as the casting capacity
      increases. It is a feature of the invention that the above mentioned
      correlation between the angle .alpha. and the perpendicular distance b in
      combination with the coaxial gas supply is maintained at the largest
      possible distance from the mold, i.e. at the place of origin of the
      casting stream, in order to produce steel strands of top quality in
      high-capacity casting plants with a casting output of more than 1.5 metric
      tons of steel per minute.
PAR  After the steel leaves the casting tube non-metallic particles in the steel
      are washed upward into the slag layer 13 by gas bubbles carried along in
      the steel stream, which are then rising, and these particles are then
      received by the slag layer. The inert gas used may also be nitrogen
      instead of argon.
PAR  FIG. 3 illustrates another embodiment of the invention, in which the inner
      diameter d of the casting tube 20 is much bigger than the outer diameter
      of the tube 18 for the gas supply, so that an annular gap, in which the
      flow of the metal is great, is formed at the bottom opening 5. Thereby a
      thorough mixing of steel and gas is achieved. The outlet of the tube 18
      lies beneath the bottom area 19 at a distance -a, wherein -a is to be
      equal to or smaller than d.
PAR  FIG. 4 shows a further embodiment, in which for closing the casting tube 20
      or for regulating the steel supply into the mold, a refractory plug 21
      with an axial bore 22 for the gas supply is provided. The mouth of the
      bore 22 is arranged above the bottom area 19 at a distance +a, so that,
      when a is not bigger than d, the gas may be sucked in without pressure
      through the shaft of the plug.
PAR  According to the embodiment illustrated in FIG. 5 two casting tubes (23 and
      24), whose openings are denoted with 25, are arranged in an extremely wide
      mold. The axes of the lateral openings 25 lie in a vertical plane laid
      through the larger transverse axis 26 of the mold, and the inclination of
      these axes in relation to the vertical axis 10 of the mold (FIG. 1) is
      determined according to the graph in FIG. 2 in correspondence with the
      smallest perpendicular distance b of the lateral openings 25 from the
      narrow side 14 of the mold 7.
PAR  The invention may be applied in continuous casting of all types of steel,
      yet its use is of particular advantage for wide slabs of
      aluminum-containing steel. In particular the method of the invention is to
      be recommended for aluminum-killed deep-drawing steels having the
      following composition:
PA1  C 0.03 to 0.07 percent
PA1  Si traces
PA1  Mn 0.30 to 0.45 percent
PA1  P max. 0.020 percent
PA1  S max. 0.020 percent and
PA1  Al 0.020 to 0.060 percent,
PAL  which steels are destined for the production of cold rolled sheets with
      maximum surface quality.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a continuous steel casting method for a casting capacity of more than
      1.5 metric tons of steel per minute, wherein at least one stream of molten
      steel is formed and cast into a vertically arranged, substantially
      rectangular mold, having a larger transverse axis and a smaller transverse
      axis, through a casting tube having a certain clear cross section and
      extending to below the level of molten steel in the mold, said casting
      tube having lateral, downwardly directed outlet openings whose axes lie in
      a vertical plane running through the larger transverse axis of the mold,
      the outlet openings having a certain perpendicular distance from a narrow
      side of the mold, and wherein said at least one stream of molten steel
      contains inert gas, the improvement comprising:
PA1  casting the at least one stream of molten steel, having a certain cross
      section, through a casting tube, in which the axes of the lateral outlet
      openings run at an angle dependent upon the perpendicular distance of said
      axes from the narrow side of the mold, this angle amounting maximally to
      20.degree. when the perpendicular distance is 40 cm and the maximum angle
      increasing linearly with respect to an increase in distance up to
      50.degree. at a distance of 120 cm; and
PA1  supplying the said inert gas to the said at least one stream of molten
      steel in an amount in the range of 1 to 15 Ncm.sup.3 /kg steel over the
      entire cross section of the stream of molten steel at the place of origin
      of said at least one stream of molten steel above the mold.
NUM  2.
PAR  2. A method according to claim 1, wherein the inert gas is supplied to the
      at least one stream of molten steel in an amount of 3 to 8 Ncm.sup.3 /kg
      steel.
NUM  3.
PAR  3. A method according to claim 1, wherein the inert gas is supplied to the
      at least one stream of molten steel coaxially.
NUM  4.
PAR  4. A method according to claim 1, wherein the at least one stream of molten
      steel is cast into the mold from a tundish, in whose bottom the casting
      tube is secured, and wherein the inert gas is supplied coaxially to the at
      least one stream of molten steel through a refractory tube, said
      refractory tube having an outlet adjustable at a certain distance above
      the bottom of the tundish.
NUM  5.
PAR  5. A method according to claim 4, wherein said distance is substantially
      equal to the width of the casting tube.
NUM  6.
PAR  6. A method according to claim 4, wherein said distance is somewhat smaller
      than the width of the casting tube.
NUM  7.
PAR  7. A method according to claim 1, wherein at least one stream of molten
      steel is cast into the mold from a tundish, in whose bottom the casting
      tube is secured, and wherein the inert gas is supplied coaxially to the at
      least one stream of molten steel through a refractory tube, said
      refractory tube having an outer cross section smaller than the inner cross
      section of the casting tube and an outlet adjustable at a certain distance
      below the bottom of the tundish.
NUM  8.
PAR  8. A method according to claim 7, wherein said distance is substantially
      equal to the width of the casting tube.
NUM  9.
PAR  9. A method according to claim 7, wherein said distance is smaller than the
      width of the casting tube.
NUM  10.
PAR  10. A method according to claim 1, wherein, for receiving non-metallic
      particles from the steel, in particular aluminum-containing steel, an
      easily melting slag having the following composition is used in the mold:
      20 to 50% fluxing agents of the group CaF.sub.2, Na.sub.2 O, K.sub.2 O and
      B.sub.2 O.sub.3,
PA1  20 to 40% SiO.sub.2,
PA1  25 to 40% CaO,
PA1  less than 5% Al.sub.2 O.sub.3 and
PA1  0 to 10% oxides of iron, manganese and magnesium.
NUM  11.
PAR  11. A method according to claim 10, wherein the slag is a synthetically
      produced slag.
NUM  12.
PAR  12. A method according to claim 10, wherein the slag has the following
      reference analysis:
PA1  about 12% CaF.sub.2,
PA1  about 8% Na.sub.2 O +K.sub.2 O,
PA1  about 10% B.sub.2 O.sub.3,
PA1  about 30% SiO.sub.2,
PA1  about 30% CaO,
PA1  less than about 2% Al.sub.2 O.sub.3,
PA1  about 4% FeO and
PA1  about 4% C.
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ABST
PAL  A method of cooling a continuously cast strand, particularly a steel
      strand, in a secondary cooling zone of a continuous casting plant wherein
      a spray nozzle disposed at the region of at least two consecutively spaced
      guiding means produces a spray pattern of liquid coolant, typically water,
      which impinges the surface of the cast strand with a substantially uniform
      distribution of the coolant and a substantially uniform impingement force
      at least over the major portion of the transverse width dimension of such
      cast strand. The invention further contemplates feeding the liquid coolant
      into the nozzle so as to flow initially essentially in the axial extent
      thereof and then to depart therefrom in a direction extending transversely
      with respect thereto to form such spray pattern of liquid coolant.
PARN
PAC  CROSS-REFERENCE TO RELATED CASE:
PAR  This is a divisional application of our commonly assigned, copending U.S.
      application Ser. No. 324,541, filed Jan. 16, 1973, now U.S. Pat. No.
      3,877,510, granted Apr. 15, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention of this divisional application relates to a new and improved
      method of cooling a continuously cast strand, particularly castings having
      a substantially rectangular cross-sectional configuration, and especially
      a steel strand.
PAR  Continuous casting operations employ the technique of casting liquid metal
      into a cooled open-end mold, also known in the art as a continuous casting
      mold, and the cast strand formed therein is continuously withdrawn
      therefrom. After the casting has been withdrawn from the continuous
      casting mold, it has not as yet completely solidified, therefore
      additional heat must be removed at a secondary cooling zone. During the
      casting of strands of rectangular cross-section, for example blooms or
      slabs, it is conventional practice to spray water, functioning as a liquid
      coolant, in the form of flat spray patterns or fans onto the surface of
      the continuously cast strand. A common practice in the art is to arrange a
      plurality of adjacently situated spray nozzles having a flat spraying
      characteristic in such a manner that the spray patterns or fans emanating
      from neighboring spray nozzles slightly overlap one another in order to
      strive to attain uniform cooling across the width of the continuously cast
      strand. This prior art arrangement of spray nozzles, which aims at
      providing a relatively uniform water distribution across the width of the
      continuously cast strand, can only operate over small transverse widths of
      the strand. As a result, only discrete surface portions across the width
      of the strand can be impinged by a single spray pattern or fan.
      Consequently, it is a requirement of this type of cooling system that a
      plurality of nozzles be arranged in respective rows across the width of
      the strand.
PAR  Another cooling arrangement of the state-of-the-art contemplates the use of
      only a single spray nozzle which is intended to spray the liquid coolant
      over the complete width of a slab. A decisive drawback of this arrangement
      resides in the fact that owing to the characteristics of the
      conventionally employed nozzles, the density of the spray water and thus
      the cooling effect at the central region of the slab is much greater than
      at the outer regions or portions. Additionally, the impingement forces are
      not uniform and the actual area of impingement by the spray pattern
      follows the course of a curved line or arc extending across the width of
      the slab. Moreover, the spray pattern or fan is not sharply defined, in
      fact, is unstable as the pressure varies. For these reasons, the
      succession of rollers which serve to guide and support the slab during its
      movement through the secondary cooling zone are detrimentally impinged by
      the spray patterns, causing uncontrollable cooling since a disturbing or
      interfering action is exerted upon the spray patterns. In an attempt to
      overcome these notable drawbacks, it has been proposed to provide a
      greater spacing between the successive guide rollers. As a practical
      matter, this is not readily possible because, due to the increased roller
      spacing and with casting conditions where high casting speeds are
      required, it has been found that the continuously cast strand, which has a
      relatively thin solidified outer layer around a liquid crater, tends to
      undesirably bulge.
PAR  A further drawback found to exist in the cooling systems heretofore
      proposed, resides in the tendency of the nozzles which were heretofore
      employed to become clogged due to the accumulation of particles which are
      present in the liquid coolant, typically cooling water. This again
      produces a non-uniform cooling effect upon the strand and also demands
      periodic cleaning of the nozzles, with the resultant undesirable downtime
      of the casting equipment and loss of production.
PAR  Modern steel casting plants must be extremely versatile in operation and
      capable of producing a wide range of slab sections and qualities which, in
      turn, requires variations of the casting speed. Metallurgical
      considerations make it incumbent to adapt the quantity of sprayed cooling
      water to the amount of heat intended to be removed within the secondary
      cooling zone, that is to say, as a function of the casting speed. The
      amount of cooling water is controlled by the water pressure prior to
      entering the relevant spray nozzle. It is also desirable to maintain the
      distribution of the spray water as constant as possible. The nozzles of
      conventional design heretofore employed in the cooling systems of the
      prior art continuous casting plants possess the drawback that as the
      pressure of the coolant varies, the spray water distribution also changes
      considerably and to a certain extent also the spray angle. Consequently,
      this again causes uncontrollable cooling of the continuously cast strand.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, in consideration of the foregoing drawbacks and limitations of
      the prior art proposals, it is an important object of the present
      invention to provide an improved method of cooling a continuously cast
      strand, wherein it is possible to promote essentially uniform cooling of
      the strand through the use of only a single spray pattern between two
      neighboring guide rolls and which extends across substantially the entire
      width of the strand, when desired, and further, wherein the density of the
      coolant and distribution thereof over the strand impingement area, is
      substantially uniform.
PAR  Another object of the present invention aims at simplifying the
      construction of a continuous casting plant by replacing the conventional
      design of plural spray nozzles arranged in respective rows across the
      strand transversely with respect to its longitudinal axis, by a single
      spray nozzle in each row.
PAR  A further object of the present invention is directed to the provision of
      an improved method of cooling a continuously cast strand by employing a
      novel cooling nozzle for a continuous casting plant, which is simple in
      construction and design, extremely effective in providing substantially
      uniform cooling of the cast strand, affording a relatively large spray
      angle, and providing substantially uniform distribution of the coolant and
      an essentially constant impingement force over at least the major part of
      the transverse width dimension of the strand.
PAR  It is also an object of this invention to provide a cooling method for cast
      strands employing a nozzle in the cooling system of a continuous casting
      plant, which nozzle is relatively simple in construction and design while
      its large opening avoids to a great extent clogging thereof, to thus
      improve the efficiency of the plant and the economies in operation.
PAR  Another object of this invention is related to the provision of a new and
      improved method of cooling a continuously cast strand with a cooling
      system of a continuous casting plant wherein there is provided a sharply
      defined spray pattern and impingement area therefor defined by
      substantially straight parallel lines and which impingement area extends
      extensively perpendicular to the lengthwise axis of the strand across the
      width thereof.
PAR  A further object of this invention contemplates the provision of a new and
      improved method of cooling a continuously cast strand by producing a
      substantially uniform distribution and a substantially constant spray
      angle of the spray water over a wide range of coolant pressures and an
      essentially stable spray pattern over a wide range of spray angles.
PAR  Yet a further object of the present invention relates to an improved method
      of cooling a continuously cast strand wherein the liquid coolant enters a
      cooling nozzle in one direction and departs therefrom as a spray pattern
      in another direction with respect to the incoming flow direction of the
      coolant, which spray pattern has a large width in the direction of the
      strand width, but a small and substantially uniform thickness in the
      direction of the longitudinal axis of the strand.
PAR  Now in order to implement these and still further objects, which will
      become more readily apparent as the description proceeds, the method of
      cooling a continuously cast strand, typically of rectangular
      cross-section, as contemplated by this development, entails arranging one
      spray nozzle for liquid coolant at the region of two consecutive guiding
      means for the cast strand moving along a predetermined path of travel, and
      moving the cast strand along the predetermined path of travel defined by
      the spaced guiding means. Liquid coolant is delivered to the spray nozzle
      and there is produced therefrom one substantially flat spray pattern which
      is directed towards the surface of the moving cast strand. The flat spray
      pattern of liquid coolant impinges the strand at an impingement area which
      extends transversely across the surface of the cast strand, and with
      essentially uniform distribution of the coolant across at least the major
      portion or extent of the width of the cast strand, in order to
      substantially uniformly cool the strand across its transverse width
      dimension or extent.
PAR  It is also within the contemplation of the invention to produce a
      substantially uniform impingement force for the liquid coolant at the
      surface of the strand, at least over the major transverse extent thereof.
      A further aspect of the invention infeeds the liquid coolant into the
      spray nozzle in a first direction and has it depart therefrom in a second
      direction which differs from said first direction, typically to infeed the
      coolant in the lengthwise or axial flow direction of the nozzle and to
      have the liquid coolant depart therefrom in a direction transversely with
      regard to such lengthwise direction. A still further aspect of the
      invention contemplates controlling the spray angle of the spray pattern or
      fan of coolant emerging from a single nozzle which acts across the
      transverse width of the strand.
PAR  The method aspects of this development have been found to afford
      essentially uniform cooling of the continuously cast strand, and
      importantly, with one and the same nozzle, it is possible to cool castings
      of various dimensions and qualities of metallurgical composition at
      different casting speeds because the distribution of the liquid coolant
      remains essentially uniform and the spray angle essentially constant
      throughout a wide range of coolant pressures.  Moreover, there is realized
      an essentially uniform spray water density producing an essentially
      uniform distribution of the liquid coolant and a substantially constant
      impingement force at least over the major extent of the transverse width
      dimension thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein essentially the same reference characters
      have been used throughout for the same components, and wherein:
PAR  FIG. 1 is a fragmentary top plan view of a cooling system or apparatus
      designed in accordance with the teachings of the present invention for
      substantially uniformly cooling the surface of a continuously cast strand;
PAR  FIG. 2 is a cross-sectional view of the embodiment depicted in FIG. 1,
      taken substantially along the line II--II thereof;
PAR  FIG. 3 is an end view of the arrangement of FIG. 1, looking from the left
      side thereof, and depicting the spray pattern or fan emanating from each
      spray nozzle;
PAR  FIG. 4 is a partial longitudinal sectional view of a first embodiment of
      nozzle construction for use for instance in the cooling system of FIGS.
      1-3 inclusive;
PAR  FIG. 5 is a cross-sectional view of the nozzle depicted in FIG. 4, taken
      substantially along the line V--V thereof;
PAR  FIG. 6 is a bottom view of the nozzle of FIG. 4, the showing of FIG. 6
      being turned 90.degree. in vertical direction to facilitate the
      illustration thereof;
PAR  FIG. 7 is a fragmentary longitudinal sectional view of another embodiment
      of nozzle equipped with a modified construction of its end wall or
      terminal portion for use for instance in the cooling system of FIGS. 1-3;
PAR  FIG. 8 is a fragmentary longitudinal sectional view of a variant
      construction of nozzle for use for instance in the cooling system of FIGS.
      1-3;
PAR  FIG. 9 illustrates a still further design of nozzle for use for instance in
      the cooling system of FIGS. 1-3; and
PAR  FIGS. 10 and 11 illustrate a still further embodiment of nozzle for use for
      instance in the cooling system of FIGS. 1 to 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and considering the invention in greater
      detail, it is to be remarked that only enough of a continuous casting
      plant has been depicted to enable those versed in the art to fully
      understand the significant concepts of this development. Hence, in FIGS. 1
      and 2, there is shown a portion of the secondary cooling zone of a
      continuous casting plant which incorporates longitudinally spaced guiding
      means, here in the form of guide rollers 1 which define a path of travel
      for a continuously cast strand 2 within such secondary cooling zone. As
      should be apparent to those familiar with this particular field of
      technology, the rollers 1 are typically located at opposite surfaces of
      the throughpassing continuously cast strand 2. In the exemplary embodiment
      of the invention there is arranged at the region of each two consecutive
      neighboring guide rollers 1 a single spray nozzle 5 from which emanates a
      spray fan or pattern 3 of liquid coolant, usually water, which is directed
      between the associated neighboring guide rollers 1, as best seen by
      referring to FIG. 3. Each such spray pattern impinges the confronting
      surface of the cast strand 2 at an impingement area 37 which is defined by
      substantially straight parallel lines and which impingement area extends
      essentially transversely across the strand and preferably covers the
      entire width thereof. Further, it should be recognized that each spray fan
      or pattern 3 extensively moves into the associated roller gap between
      consecutive guide rollers 1. The spray nozzles 5 which constitute an
      important part of the cooling system, and which will be disclosed in
      greater detail hereinafter in conjunction with FIGS. 4-11 inclusive, are
      connected in any convenient fashion, for instance through the use of
      coolant infeed conduits 8, with a common coolant feeder or distributor
      pipe 9, which, in turn, receives liquid coolant from a convenient supply
      source. Hence, the common feeder or distributor pipe 9 constitutes a
      convenient means for supplying and distributing the liquid coolant to the
      individual spray nozzles 5 through the agency of their associated conduits
      8. At this point, it should be remarked that for each given transversely
      extending portion of the cast strand intended to be impinged by the spray
      pattern, there advantageously only need be provided one spray nozzle 5
      capable of delivering a spray pattern over at least essentially the entire
      width of such cast strand.
PAR  Now the spray nozzles 5 are mounted at a certain distance, generally
      indicated by reference character 12 in FIG. 2, from the confronting
      surface of the cast strand 2, and this distance is selected as a function
      of the spray angle 13 so as to provide impingement of liquid coolant
      across the width of the strand. As also shown in FIG. 2, the coolant spray
      pattern which emanates from the spray nozzle 5 in each case possesses a
      beneficial flat characteristic, for instance as indicated by phantom line
      14 for the slab width 7, in other words, the density of the spray water
      and the distribution thereof at the impingement area of the cast strand is
      substantially uniform or constant at least over the major extent of the
      transverse width dimension thereof, and the strand is advantageously
      cooled in a uniform manner across its transverse width dimension. Further,
      it has been found that the spray nozzles tend to generally produce an
      impingement force which is also substantially constant over at least the
      major transverse width dimension of the cast strand.
PAR  The spray pattern or fan 3 which impinges the surface of the cast strand 2
      emerges from a slotted outlet opening of the associated spray nozzle 5
      which will be described in greater detail hereinafter. As will be apparent
      from the discussion to follow, this slotted outlet opening is located in a
      plane which extends across the width of the cast strand and perpendicular
      to the lengthwise axis of such cast strand.
PAR  If it is desired to cast a different strand, for instance a slab having a
      different width as indicated by reference character 7' in FIG. 2, then it
      is advantageously possible to still utilize the same cooling system and
      nozzles. Usually, a slab having a smaller cross-section but of the same
      chemical composition can be cast with a higher casting speed. In this case
      the amount of cooling water can be increased by appropriately adjusting
      the coolant or water pressure as is well known in this art. Purely by way
      of example it is here mentioned that the pressure of the coolant water has
      been adjusted over a range of approximately 10 psig to 150 psig. With the
      cooling method and cooling system of this development, it is possible to
      also uniformly cool a slab having a smaller width 7' across its
      impingement area, as indicated by the water distribution curve shown by
      the phantom line 14'. Once again, there is provided a substantially
      uniform distribution of the spray water across at least the major extent
      of the width of the slab and desirably also a substantially constant
      impingement force at least over the major extent of such slab width.
PAR  It is one of the advantages of this development that the spray
      characteristics do not essentially change throughout a relatively wide
      range of inlet water pressures, that is to say, the curve of the spray
      characteristics remains substantially rectangular over the width of the
      strand, wherefore it is possible to cool slabs of various cross-sections
      or chemical compositions with one and the same nozzle while producing
      substantially constant or uniform water distribution and substantially
      constant impingement force over at least the major extent of the
      transverse width of such slab.
PAR  Another benefit of notable distinction which can be realized with the
      invention, in contrast to the prior art cooling systems, is that it is
      possible to substitute a single nozzle for the heretofore used plural
      nozzles which spray coolant over the slab width. For instance, to cool a
      steel slab of 85 inches width approximately 10 nozzles arranged in a row
      across the wide faces of the slab were heretofore required with the
      conventional cooling equipment of the prior art casting plants. The
      reduction to a single nozzle for each transverse extending area of the
      slab brings with it obvious advantages merely in terms of the simplicity
      of design of the cooling system and the less expense associated therewith,
      but also for instance in operation, since less clogging of the nozzle
      occurs due to the larger size of the spray nozzle outlet opening,
      notwithstanding the other significant advantages, especially as concerns
      the essentially uniform cooling action to which the cast strand is
      exposed.
PAR  In order to avoid overspraying and therefore to save on the consumption of
      water, or other liquid coolant, it is of course possible to appropriately
      adjust the distance 12 between the nozzles 5 and the surface of the cast
      strand 2, and this can be done through the use of any suitable means, such
      as, for instance, of the type disclosed in U.S. Pat. No. 3,468,362. Hence,
      as shown in FIG. 3, the distributor infeed or supply pipe 9 together with
      the spray nozzles 5 can be selectively shifted towards or away from the
      surface of the continuously cast strand. In fact, in the showing of FIG.
      3, the distributor pipe 9 can be moved in both directions, as
      schematically indicated by the double-headed arrow 15 so as to assume a
      selectable spacing from the strand surface. Each spray pattern or fan is
      sharply defined and passes between the guide rollers 1 without impinging
      or essentially impinging upon the guide rollers or producing uneven
      cooling due to a disturbed spray pattern.
PAR  With the benefit of the foregoing discussion of the cooling system of this
      development, there will now be considered in detail in conjunction with
      FIGS. 4 to 9, different constructional embodiments of spray nozzles which
      can be used to advantage in such a cooling system.
PAR  Turning initially therefore to the showing of FIGS. 4 to 6 inclusive, there
      is depicted therein a first embodiment of spray nozzle 5 which can be
      incorporated in the cooling system of FIGS. 1 to 3 for carrying out the
      novel cooling technique of this invention. It will be understood that the
      spray nozzle 5 incorporates a nozzle body member 20, for instance in the
      form of a tubular portion or nipple 21 closed at one end by a fixed end
      wall 22 and provided at the other end with a threaded portion 23 adapted
      to be connected with an associated conduit, such as the conduit 8 for the
      liquid coolant, water for instance, which is supplied by the distributor
      pipe 9. In the embodiment under consideration, the end wall 22 is shown
      formed integral with the tubular portion 21 of the nozzle body member 20.
      At the opposite end of the nozzle body member 20 remote from the blind end
      of the nozzle defined by end wall 22, there is provided inflow means
      incorporating an inlet opening 24 which communicates with an axially
      directed flow passageway or passage 26 which extends to the region of the
      end wall 22. The axially directed flow passage 26 is bounded by the smooth
      inner wall 38 of the nozzle body member 20. Pressurized coolant is
      introduced through the inlet opening 24 and moves axially through the
      passage 26. The nozzle 5 is also provided with outflow means incorporating
      a slotted outlet opening 29. The tubular portion 21 is thus shown provided
      with a slotted outlet opening 29 which forms a discharge for the water
      emanating from the nozzle 5 in the form of a spray fan or pattern 3 having
      a large width in the direction of the strand width, but a small and
      uniform thickness in the direction of the longitudinal axis of the strand.
      The flow direction of the emerging water, as indicated by the arrow 30,
      will be recognized to be different from the flow direction 25 of the
      incoming water and its axial flow through the nozzle passage 26. In fact,
      the flow directions will be seen to be essentially mutually perpendicular
      to one another, the incoming water flowing axially through the tubular
      portion 21 and the outflowing water extending transversely with regard
      thereto, and specifically substantially radially with respect to the axial
      flow direction through the tubular portion 21.
PAR  In the embodiment under consideration, the outlet opening 29 has a
      substantially rectangular slot-like configuration and incorporates the
      wide boundary faces 31 and the narrow faces 32. The smallest mutual
      distance 33 between the narrow faces 32, as indicated in FIG. 5,
      determines the spray angle 13 of the spray pattern in a direction
      transversely with respect to the strand withdrawal direction. The nozzle
      is mounted in the cooling system in such a manner that the wide faces 31
      of the slotted outlet opening 29 are located essentially perpendicular to
      the lengthwise axis of the cast strand and similarly essentially
      perpendicular to the lengthwise axis 34 of the tubular portion 21. The
      spacing or distance 35 between the wide faces 31 defines the width or
      thickness 36 of the impingement area 37 of the spray pattern extending in
      the axial direction of the cast strand for a given spacing between the
      relevant nozzle and strand surface. The cross-section of the slotted
      outlet opening 29 is smaller than the cross-section of the inlet opening
      24. In order to obtain a sharply defined spray pattern, it is desired that
      the intersection of the narrow or small faces 32 of the slotted outlet
      opening 29 with the neighboring inner surface 38 of the tubular portion 21
      forms an angle 32' which is less than 90.degree. in order to produce the
      depicted confronting edges 27, as best shown in FIG. 5.
PAR  As discussed above, the tubular portion 21 of the nozzle body member 20 is
      closed at one end by a closure means, shown for instance in the form of
      the stationary or fixed end wall 22. The inner surface 42 of this end wall
      22 which comes into contact with the incoming water is spaced a certain
      distance, as indicated by reference character 43, from the slotted outlet
      opening 29 in order to form a cavity or chamber where there can occur a
      certain stowing or build-up and attendant deceleration of the water.
PAR  In FIG. 7 there is shown a somewhat modified construction of nozzle 5 from
      that depicted in FIGS. 4-6, wherein in this case the tubular portion 21 is
      closed by movable end cap 44 threaded thereon. By means of this end cap 44
      it is possible to vary the spacing 43 between the inner surface 42 of the
      closure means defined by such displaceable end cap and the slotted outlet
      opening 29. By varying such spacing, it is possible to appropriately
      incline the spray fan or pattern 3 with respect to the strand surface to a
      certain extent, if such is necessary. Hence, it will be recognized that
      while the embodiment of FIG. 7 essentially corresponds to that of FIGS.
      4-6, it differs to the extent that the closure means is in the form of an
      axially shiftable end cap 44.
PAR  An actual arrangement for cooling a slab of thickness 9 inches and width 36
      inches employed a spray nozzle 5 of the type depicted in FIG. 7, mounted
      at a distance 12 from the surface of the slab which amounted to 18 inches.
      This spray nozzle 5 was provided with a substantially rectangular slot or
      slotted outlet opening 29 which was milled or otherwise suitably formed at
      the nozzle body member consisting of a 1/2 inch nipple with an internal
      diameter of 0.625 inches. The depth 39 of the slotted outlet opening 29
      measured from the outer wall of the nozzle body member 20 amounted to
      0.256 inches. The slot width, in other words the spacing 35 between the
      wide faces 31 of the slotted outlet opening 29 amounted to 0.067 inches.
      This nozzle operated with a spray angle of about 90.degree.. The distance
      43 of the surface 42 of the end closure wall 22 to the slot 29 was 1 inch.
      The thickness 36 of the impingement area amounted to 3/4 inch. It was
      found that, in comparison to results which can be obtained with prior art
      constructions of nozzles, the water distribution and the impingement force
      were substantially quite uniform or constant at least over the major part
      of the transverse width dimension of the slab.
PAR  For instance, with a water pressure of 20 psig, corresponding to a water
      flow of about 6.7 U.S. gallons liquid per minute, the surface impingement
      force on a certain test area which was exposed to the spray and located at
      the center of the slab, amounted to about 0.030 lbs. and remained
      substantially constant at other locations across the major portion or part
      of the width of the slab. At a water pressure of 40 psig, corresponding to
      a water flow of about 8.7 U.S. gallons liquid per minute, the surface
      impingement force on the same area substantially amounted on the average
      to about 0.050 lbs. for location within the major portion of the
      transverse extent thereof and only at the end regions did such surface
      impingement force drop to about 0.015 lbs. With a water pressure of 60
      psig, corresponding to a water flow of about 11 U.S. gallons liquid per
      minute, the surface impingement force, again measured on the same area,
      amounted to about 0.080 lbs. and remained substantially constant at other
      locations over the major part or portion of the transverse extent of the
      slab and then only slightly dropped to about 0.070 lbs at the outer end
      regions thereof. By the same token, good results were attained with
      respect to substantially uniform water distribution at least over the
      major portion of the width of the slab.
PAR  If there is considered the really pronounced fluctuations in the water
      distribution and impingement forces which are present over the width of a
      strand when working with spray nozzles of the prior art cooling systems,
      then the above results, on a comparative basis, certainly would be
      considered by those skilled in the art to provide substantially uniform
      water distribution and substantially uniform impingement force
      characteristics, and particularly over at least the major portion of the
      transverse extent or width of the cast strand, which at least amounts to
      about 60 percent of such transverse width and in many instances a
      considerably greater proportion thereof. As a practical matter, it is not
      possible to obtain absolutely constant values because there always will be
      present certain manufacturing tolerances and errors at the spray nozzles,
      apart from certain fluctuations, even if slight, in the water pressure,
      and also the water itself may contain certain impurities which would have
      affect on its flow characteristics and thus such values. Still, in
      comparison to the results which can be attained with the prior art spray
      nozzles, the spray nozzles of this development can be considered to
      provide substantially uniform water distribution and impingement force at
      the surface of the slab or casting.
PAR  In FIG. 8 there is illustrated a further embodiment of spray nozzle 5 which
      to a large extent is similar to the construction of FIG. 7. However, in
      this case the movable end cap 44 of the embodiment of FIG. 7 is replaced
      by an axially shiftable pistonlike plug 44' inserted into opening 40 of
      the tubular portion 21. The plug 44' can be retained in desired position
      by any suitable fixing means, such as a screw 45. The impingement or inner
      surface 42 of the plug 44' is curved, as shown.
PAR  FIG. 9 illustrates a variant construction of spray nozzle 5 which can be
      utilized in conjunction with the exemplary illustrated casting cooling
      system. Here the nozzle 5 will be seen to again comprise a nozzle body
      member 20 in the form of a tubular portion or nipple 21 which is provided
      with a plug-like closure insert member 46. The plug-like closure insert
      member 46 is provided with a machined bore 47 defining an axially
      extending throughflow passage 48 between the inlet opening 24 and the
      inner surface 42 of the end wall 22. This plug-like closure insert member
      46 is also provided with an outlet opening 52 for the efflux of the liquid
      coolant. The tubular portion 21 of the nozzle surrounds the plug-like
      closure insert member 46 and such tubular portion 21 is provided with the
      slotted outlet opening 29 as above discussed. This tubular portion 21,
      which here is in the form of a nozzle sleeve, is in snug contact with the
      plug-like insert member 46. Further, it will be noted that the width 53 of
      the outlet opening 52 of the plug-like closure insert member 46 is greater
      in the axial extent thereof than the width 35 of the slotted outlet
      opening 29 of the tubular portion or nipple 21, for reasons to be
      explained more fully hereinafter. Furthermore, the angular extent or
      length of such outlet opening 52 also may be advantageously greater in the
      circumferential direction of the insert member 46 than the angular extent
      or length of the slotted outlet opening 29 in the circumferential
      direction of the tubular portion 21, again for reasons to be explained
      more fully hereinafter.
PAR  The aforedescribed construction of nozzle 5 of FIG. 9 offers a number of
      notable advantages. Firstly, owing to the aforementioned different widths
      53 and 35 of the openings 52 and 29 respectively, and by selectively
      axially shifting the tubular portion 21 in the direction of the lengthwise
      axis of the plug-like closure insert member 46, and relative to the outlet
      opening 52 thereof, it is possible to shift the pattern of the coolant
      spray so as to assume a desired position between the guide rollers 1 of
      the casting cooling system. In this way the coolant spray is directed at
      least for the most part into the intermediate space between each two
      neighboring guide rollers. Also with this arrangement, it is possible to
      rotate the sleeve-like tubular portion 21 about the lengthwise axis of the
      plug-like closure insert member 46 so as to positionally orient, as
      desired, the pattern of the coolant spray emanating from the nozzles 5
      across the width of the strand. Hence, this adjustment possibility
      afforded by the rotatable tubular portion 21 permits regulating the
      position of the pattern of the coolant spray over the transverse width of
      the strand. Moreover, through appropriate axial shifting or rotation of
      the tubular portion 21 relative to the closure insert member 46 it is also
      possible to close the outlet opening 29 and thus cut-off the outflow of
      liquid coolant. Finally, by providing a suitable sealing and mounting
      arrangement at the region of the inlet opening 24 where such plug-like
      closure insert member 46 is connected with the distributor or infeed pipe
      9, and which mounting allows for rotation of such closure insert member
      46, it is possible by carrying out a relative rotational movement between
      the insert member 46 and the sleeve-like tubular portion 21 to vary the
      effective size of the outlet opening 52 with respect to the slotted outlet
      opening 29 so as to vary the spray angle. The fixing means 45,
      conveniently shown in the form of a screw, can then be used to fix the
      adjusted position of the sleeve-like tubular portion 21 relative to the
      plug-like closure insert member 46.
PAR  Finally, in FIGS. 10 and 11 there is depicted a still further
      constructional embodiment of spray nozzle 5 which to a large extent is
      similar to the nozzle construction of FIG. 8. Here however the axially
      shiftable piston-like plug 44" is provided with a flat inner surface 42 as
      opposed to the curved inner surface of the plug 44' of the embodiment of
      FIG. 8. In all other respects, this embodiment of nozzle 5 is
      substantially identical to that discussed above with respect to FIG. 8,
      wherein however the fixing screw means 45 has been conveniently omitted
      from the showing of FIGS. 10 and 11 to simplify the illustration.
PAR  It has been found that the spacing or distance 43 between the inner surface
      42 and the slotted outlet opening 29 has a notable effect upon the spray
      fan or pattern 3, and this will be explained more fully in conjunction
      with the nozzle construction of FIGS. 10 and 11, although the remarks made
      with respect thereto are equally applicable for the other constructional
      embodiments of nozzles disclosed herein. It was found that with a 3/4 inch
      tubular portion or nipple 21, corresponding to an internal diameter of
      0.822 inches, and when operating for instance with a water pressure of 20
      psig and 40 psig and with a distance 12 of the slotted outlet opening 29
      to the surface of the strand which amounted to 191/2  inches and with the
      spacing or distance 43 of the lower end of the inner wall 42 from the
      slotted outlet opening 29 reduced to null, the spray makes a bow or, in
      other words, is arcuate and appreciably laterally deviates to one side
      from the plane 55 containing the central axis of the slotted outlet
      opening 29. While maintaining the same operating conditions but enlarging
      the spacing 43 to the order of 1/8 inch, it was found that the spray
      pattern 3 now is substantially linear i.e. bounded by substantially
      straight parallel lines but still appreciably laterally deviates or
      angles-off to one side of the plane 55 and the thickness 56 of the spray
      pattern in the lengthwise direction of the strand was exceedingly small.
      As this spacing 43 was increased to 1/4 inch, the aforementioned linear
      spray pattern 3 still predominantly deviated to one side of the central
      plane although a light coolant spray also appeared at the opposite side of
      such central plane 55. In this case the thickness 56 of the spray pattern
      3 increased but the predominant amount of coolant was heavy at one side of
      the plane 55 and light at the oposite side thereof. The same phenomenon
      was observed when the spacing 43 was increased to 3/8 of an inch. However,
      surprisingly it was found that when the spacing 43 amounted to 1/2 inch,
      the spray pattern 3 was substantially uniform to both sides of the central
      plane 55, in other words was substantially symmetrical to both sides
      thereof. It will thus be appreciated from the above comments that the
      spacing 43 plays a significant role not only upon the configuration of the
      spray pattern itself but also upon its spatial orientation and by
      maintaining such spacing so as to amount to at least 1/2 inch it is
      possible to produce a spray pattern which is substantially symmetrical
      with respect to the plane containing the central axis of the slotted
      outlet opening 29 and having a desired small and uniform thickness in the
      direction of the lengthwise or longitudinal axis of the casting.
PAR  The nozzle constructions depicted in FIGS. 7-11 afford the advantage that
      cleaning of such nozzles to free same, for instance, from mill scale,
      asbestos particles, or other foreign matter which might tend to collect,
      can be easily carried out since the closure member in each instance can be
      readily removed.
PAR  In the embodiments herein disclosed it is mentioned purely by way of
      illustration and not limitation, the nozzle body member may possess an
      internal diameter in the range of about 0.6 to 1.6 inches, a spacing 43
      between the outlet opening 29 and the end closure wall or inner surface 42
      of at least 1/2 inch, and typically in the range of about 1/2 to 4 inches,
      and a width 35 of the outlet opening 29 in the range of about 0.05 to 0.07
      inches. The spray angle 13 may be, for instance, in a range of 60.degree.
      to 120.degree..
PAR  Finally, it is mentioned that it is conceivable to even provide a spray
      nozzle arrangement formed from a pipe or conduit having a number of
      slotted outlet openings which are spaced in the direction of the
      longitudinal axis of the pipe or conduit.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. ACCORDINGLY,
CLMS
STM  We claim
NUM  1.
PAR  1. A method of cooling a continuously cast strand, particularly a steel
      strand, in a secondary cooling zone of a continuous casting plant,
      comprising the steps of arranging a spray nozzle at the region of at least
      two consecutively spaced guiding means for guiding the cast strand along a
      predetermined path of travel, moving the cast strand along said
      predetermined path of travel defined by said guiding means, feeding
      coolant into the nozzle to flow initially essentially in the axial extent
      thereof and then to depart therefrom in a direction extending transversely
      with respect to the axial flow of the coolant through the nozzle to
      thereby form a spray pattern of coolant, directing the spray pattern of
      coolant towards the surface of the cast strand to impinge thereat along an
      impingement area extending substantially transversely across the surface
      of the cast strand, producing a distribution of coolant at the impingement
      area of the strand which is substantially uniform at least over the major
      portion of the transverse width dimension thereof, said major portion of
      the transverse width dimension amounting to at least about 60 percent of
      said transverse width dimension of the strand, and substantially uniformly
      cooling the cast strand across its transverse width dimension by means of
      the impinging spray pattern of coolant.
NUM  2.
PAR  2. The method as defined in claim 1, further including the step of
      controlling the departure of the spray pattern of coolant from the nozzle
      to regulate the spray angle thereof.
NUM  3.
PAR  3. The method as defined in claim 1, including the step of forming a spray
      pattern having a relatively large width in the direction of the transverse
      width dimension of the strand and a relatively small and substantially
      uniform thickness in the direction of the longitudinal axis of the strand.
NUM  4.
PAR  4. The method as defined in claim 1, wherein the spray pattern emanating
      from the nozzle extends over the entire transverse width dimension of the
      cast strand.
NUM  5.
PAR  5. The method as defined in claim 1, further including the step of
      producing by means of said spray nozzle a spray pattern having an
      impingement force at the impingement area of the strand which is
      substantially constant at least over the major extent of the transverse
      width dimension thereof.
NUM  6.
PAR  6. The method as defined in claim 1, including the step of using only a
      single spray nozzle for cooling each transverse width dimensional extent
      of the cast strand.
NUM  7.
PAR  7. The method as defined in claim 1, wherein said major portion of the
      transverse width dimension amounts to at least 70 percent of the
      transverse width dimension of the strand.
NUM  8.
PAR  8. The method as defined in claim 1, wherein the step of substantially
      uniformly cooling the cast strand across its transverse width dimension by
      means of the impinging spray pattern of coolant includes removing
      substantially the same quantity of heat over said at least major portion
      of the transverse width dimension of the strand.
NUM  9.
PAR  9. A method of cooling a continuously cast strand in a secondary cooling
      zone of a continuous casting plant, comprising the steps of arranging a
      spray nozzle at the region of at least two consecutive spaced guiding
      means for guiding the cast strand along a predetermined path of travel,
      moving a cast strand along said predetermined path of travel defined by
      said spaced guiding means, feeding liquid coolant into the spray nozzle,
      forming from said liquid coolant a spray pattern which emanates from the
      spray nozzle and impinges the cast strand along an impingement area
      extending substantially transversely across the surface of the cast
      strand, and producing a distribution of liquid coolant over the
      impingement area of the strand which is substantially uniform at least
      over the major portion of the transverse width of the strand, in order to
      substantially uniformly cool the strand across its transverse width
      dimension, said major portion of the transverse width dimension amounting
      to at least about 60 percent of said transverse width dimension of the
      strand.
NUM  10.
PAR  10. The method as defined in claim 9, further including the step of
      producing by means of the liquid coolant a spray pattern which impinges
      the impingement area of the surface of the cast strand with an impingement
      force which is substantially constant at least over the major portion of
      the transverse width dimension thereof.
NUM  11.
PAR  11. The method as defined in claim 10, further including the step of
      delivering the liquid coolant to the spray nozzle so as to initially flow
      in the axial throughflow direction thereof and thereafter to depart
      therefrom in a direction transverse thereto.
NUM  12.
PAR  12. The method as defined in claim 11, wherein the departing direction of
      the liquid coolant from the spray nozzle in the form of a spray pattern is
      in a direction substantially radially with respect to the axial
      throughflow direction of the liquid coolant through the spray nozzle.
NUM  13.
PAR  13. The method as defined in claim 9, including the step of controlling the
      pressure of the liquid coolant to be in a range between 10 psig to 150
      psig.
NUM  14.
PAR  14. The method as defined in claim 9, including the step of producing a
      distribution of the liquid coolant which remains substantially uniform
      across the major extent of the impingement area of the strand throughout a
      range of spray angles of the spray pattern emanating from the nozzle which
      is between about 60.degree. to 120.degree..
NUM  15.
PAR  15. The method as defined in claim 9, especially for cooling cast strands
      of different rectangular cross-sections, further including the step of
      utilizing the same spray nozzle for cooling such different cast strands.
NUM  16.
PAR  16. The method as defined in claim 9, wherein the spray pattern extends
      essentially linearly across the transverse width dimension of the cast
      strand.
NUM  17.
PAR  17. The method as defined in claim 9, further including the step of
      controlling the spray pattern emanating from the spray nozzle to avoid any
      appreciable impingement with the associated guiding means for the cast
      strand so as to provide an essentially undisturbed spray pattern which
      impinges the surface of the cast strand.
NUM  18.
PAR  18. The method as defined in claim 9, further including the step of
      controlling the departure of the liquid coolant from the spray nozzle so
      as to selectively adjust the impingement area thereof at the strand with
      respect to the transverse width dimension of the strand.
NUM  19.
PAR  19. The method as defined in claim 9, especially for cooling cast strands
      of different chemical composition, further including the step of utilizing
      the same spray nozzle for cooling such different cast strands.
NUM  20.
PAR  20. The method as defined in claim 9, especially for cooling cast strands
      of different rectangular cross-sections and different chemical
      composition, further including the step of utilizing the same spray nozzle
      for cooling such different cast strands.
NUM  21.
PAR  21. The method as defined in claim 9, wherein said major portion of the
      transverse width dimension amounts to at least 70 percent of the
      transverse width dimension of the strand.
NUM  22.
PAR  22. The method as defined in claim 9, wherein the step of substantially
      uniformly cooling the cast strand across its transverse width dimension by
      means of the impinging spray pattern of coolant includes removing
      substantially the same quantity of heat over said at least major portion
      of the transverse width dimension of the strand.
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ABST
PAL  Method of solar heating and cooling in a building of the type having
      insulated opaque and vision glass areas, including orienting the vision
      glass so as to avoid solar exposure, while shading said vision glass with
      a series of heat collecting panels and circulating fluid in adsorbent
      communication with said collectors for use in winter heating and summer
      cooling systems. The method is distinguished both in its orienting of
      shading, according to latitude, as well as blocking or cutting off of
      circulating fluid from said collectors, except under conditions of solar
      exposure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Solar heating, particularly methods for collecting solar energy for heating
      an office building during the winter and cooling during the summer.
      Buildings have been designed to maximize shielding of vision areas from
      the sun's rays, while utilizing a series of collecting panels, exposed to
      the sun's rays to transfer solar energy to heating and cooling systems.
PAR  2. Description of the Prior Art
PAR  The prior art includes U.S. Pat. Nos.:
TBL          BREMSER   2,030,350                                               
             NEWTON    2,396,338                                               
             NEWTON    2,342,211                                               
             GAY       2,584,573                                               
             LOF       2,680,565                                               
             BENEDEK   2,933,885                                               
             HAY       3,450,192                                               
             HAY       3,563,305                                               
PAR  The Newton U.S. Pat. Nos. 2,342,211 and 2,396,338 disclose systems
      utilizing a radiation unit to transfer heat for desired heating and
      cooling purposes. Independent heat and cold storing means are heated and
      cooled by a single radiation device. Gay suggests storing heat in the
      earth or ground beneath a building for subsequent usage. Lof provides a
      solar heat trap containing a plurality of zones or passages within which a
      fluid is circulated to adsorb heat for subsequent transfer, and means are
      provided for limiting heat radiation within the confined zones and for
      storing excess heat released through the zones. Bremser discloses a solar
      operated refrigerating system illustrating a conventional absorption cycle
      type of cooling system, which itself is a per se known manner of effecting
      refrigeration from solar energy. Such a conventional absorption cycle may
      also be advantageously used within the teachings of the instant invention,
      along with any other known refrigeration cycle of the prior art. The Hay
      patents show a system wherein exterior insulation is moved over different
      liquid areas for the purpose of storing or rejecting solar energy. The
      Benedek patent discloses a heat storage accumulator system and equipment
      for operating the same.
PAC  SUMMARY OF THE INVENTION
PAR  Heat loss through the exterior walls is minimized by using maximum
      insulation in the opaque area and double glazing vision areas. Radiant
      energy is collected by means of a series of heat collectors prominently
      displayed on the east, west and southern facades of the building. Chilling
      loss during the summer months is minimized by orienting the vision glasses
      on the north side facade, northeasterly on the east facade and
      northwesterly on the west facade. On the south facade the vision glasses
      may be shaded by superposed heat collecting panels. A heat responsive
      fluid is circulated in radiant contact with the heat collector panels and
      thence to the desired heating and cooling systems. The circulating fluid
      is blocked sequentially in those areas where the adjacent panels are not
      exposed to the sun. The heat may be used to operate a low temperature
      absorption or other conventional type of refrigeration system, as well as
      a building heater. Forced air may also be preheated by means of the heated
      circulating fluid which may be stored wihin the building basement.
PAR  As a consequence, the system is a net exporter of heat throughout the year.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a proposed building, showing the southern
      and western facades with shading collecting panels exposed to the sun;
PAR  FIG. 2 is a perspective of the north and west facades, showing the vision
      glass oriented respectively north and northwesterly, the north facade
      being without heat collecting panels;
PAR  FIG. 3 is a fragmentary enlarged view of the west facade, showing angular
      orientation of the heating panels and north-northwesterly orientation of
      the double glazed vision areas;
PAR  FIG. 4 is an enlarged rear elevation, showing the south facade and adjacent
      west facade with opaque solar energy collecting panels used complementally
      as shading for the vision areas;
PAR  FIG. 5 is a top plan showing the northwesterly and northeasterly
      orientation of the west and east vision areas;
PAR  FIG. 6 is a fragmentary section taken along section line 6--6 of the south
      facade and showing the opaque roof-top heat collector, as well as lower
      collectors superposed at a 45.degree. angle as a shield or shade for the
      vision areas;
PAR  FIG. 7 is a fragmentary vertical section, taken along section line 7--7 of
      FIG. 5 and showing angular orientation of the heat collecting panels on
      the east facade, as well as the northeasterly orientation of the vision
      glass;
PAR  FIG. 8 is an enlarged transverse section taken along section line 8--8 of
      FIG. 7 and showing the positioning of the double vision glass, the
      collector plate and circulating liquid channels, as well as back-up
      insulation.
PAR  FIG. 9 is a schematic view of suggested building air and piping system;
PAR  FIG. 10 is a schematic view of suggested building condensor water system;
PAR  and FIG. 11 is a schematic view of a suggested building heat recovery and
      storage system.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In FIG. 1 a multi-story office building generally designated as 20 is
      illustrated as having inclined southern rooftop opaque collecting area 26,
      southern facade 25 and western facade 24. In FIG. 2 the building northern
      facade 28 is illustrated as having conventional double pane vision areas
      34 and opaque insulated panels 32.
PAR  In FIG. 4 the southern facade is further illustrated as having double pane
      horizontal vision areas 46 shaded by angularly superposed disposed opaque
      collector panels 44.
PAR  FIG. 5 the building layout is generally illustrated. West facade 24 has its
      vision areas 38, north-northwesterly disposed with adjacent opaque
      collector panels 36 exposed to the prevailing sun.
PAR  Similarly in the eastern facade 30 the vision areas 40 are
      north-northeasterly oriented intermediate opaque, angularly disposed or
      staggered collector panels 42. In the south facade vision areas 46 are
      shaded by horizontally disposed opaque collector panels 44. Manifestly,
      the angle of the windows on east and west facades, as well as the angle of
      the collector panels may be varied, according to the sun'latitude.
      Similarly, the angle of the shading collector panels 44 may be varied so
      as to prevent the winter sun exposure to the vision area.
PAR  FIG. 6 the rooftop collector panel 22 is illustrated fragmentarily and
      superposed with respect to collector panels 44 which shade the respective
      vision areas 46. The rooftop and east-west collector panels may be
      constructed similarly to include a clear and insulated clear glass cover
      51, a collector plate 52, with integral liquid channels 53 and a back-up
      insulation member 60. Insulation 48 may be interposed intermediate the
      bottom of the collector panel and the building wall, so as to enclose a
      circulating plenum or duct 50.
PAR  In FIG. 8 the east-west facade collector panel is illustrated in enlarged
      detail. The collector plate may have a selective surface coating and may
      be a flat metal plate clad with formed metal plate. Alternatively, the
      collector panel may include a flat metal plate with welded attached tubes
      or other combination.
PAR  In FIG. 7 the collector panels on the east facade are disposed at a
      30.degree. angle; however, this angle may be varied, according to
      latitude. The individual panels may have disconnect zones I, II, III or
      the like which may be circuited to cut out of the system when shaded from
      the sun.
PAR  In FIG. 9 the air and piping diagram is illustrated, as including
      individual air supply boxes 61 and 63, respectively representing a
      variable volume interior room air supplies as well as exterior room air
      supplies that are also illustrated for heat exchange as interposed between
      the low rise supply air conduit 58 and the reheat water supply 62 conduit
      and return 64. As illustrated in FIG. 9 air in the low rise supply conduit
      58, for example, is directed into interior supply 61 and also into the
      exterior room supply 63 with reheat exchange to reheat water from reheat
      coil pump 91. This air is schematically illustrated to return to the low
      rise air supply 72 through air return 59. As shown, the reheat water from
      63 is returned through 64 upwardly past all such reheat boxes 63 and
      finally returned by reheat water reverse line 71 to hot water storage tank
      86. A high rise air supply unit 70 and a low rise air supply unit 72 may
      be employed adjacent the reheat water reverse return conduit 71.
PAR  As illustrated in FIGS. 9 and 10, chilled water cooling coils 74 and 78 may
      be positioned above chilled water supply and return conduit 76
      communicating respectively with the storage tank 86 and chilled water
      pumps 84 chillers 82 and hot water pumps 80. Reheat coil pumps 91 may be
      positioned, so as to have access to storage tank 86 and the reheat water
      supply and return conduit 62, 64. Manifestly, a series of valves may be
      employed to block off circulation in vertical segments, of those panels on
      the southern facade, as well as lateral and vertical segments of those
      panels on the eastern and western facades. These valves to selectively
      control heat recovery by admitting the solar heated water supply, for
      example to certain liquid channels 53 in zones I, II, and III of FIG. 7
      are schematically illustrated as VI, VII and VIII.
PAR  In FIG. 10 a condensor water diagram is further illustrated as comprising
      chillers 82, condenser water supply 94 and condensor water reverse return
      92 communicant with condensor water pumps and an optional cooling tower 97
      with associated condenser water pumps 99 positioned in the building roof.
      Typical lighting fixtures 98 are illustrated as cooled by conduit 96
      leading from the condensor water supply. As illustrated in FIGS. 9 and 10
      taken together, the representation of "chiller" 82 is firstly schematic of
      a heat pump system wherein hot water pumps 80 supply an energy source to
      effect chilling of the chilled water return from 76. As hereinabove
      disclosed, any other type of thermodynamic heat removal may be used to
      supply chilled fluid to interior cooling coils 78. The cooling circuit
      from 84 together with the heated liquid at 80 also schematically
      illustrate interconnections such as are conventional in solar operated
      absorption refrigeration systems. In this respect the U.S. Pat. to
      Bremser, No. 2,030,350, herinabove incorporated, represents a conventional
      solar operated absorption circuit which may be the operative fluid circuit
      76 between a heat source at 80 and the cooling or evaporator coil at 78.
PAR  In FIG. 11 a heat recoverage and storage system is illustrated as including
      storage tank 86 having median baffle 88, heat recovery pumps 110 and
      auxilliary stand by heater 108, communicating with solar heating water
      return 106. The heat recovery pumps communicate with solar heating water
      supply 100, as well as solar heating water reverse return 102. An
      expansion tank 104 may be positioned at the building rooftop.
PAR  In a typical 35 story office building, a controlled interior climate may be
      achieved by the following:
PA1  1. Minimization of heating and air conditioning requirements by
      respectively minimizing heat loss in winter through the exterior wall by
      means of maximum insulation in opaque areas, double glazing in vision
      areas, and by minimizing solar heat gain in the summer by orienting vision
      glass to the north on the north facade, north-northwest on the west side,
      and completely shading vision glass on the south side by means of angled
      solar collectors and;
PA1  2. Collection of all solar energy striking the building facade and roof by
      means of double or triple glazed clear glass covered collectors made of
      coated copper or aluminum plates, with integral or attached fluid carrying
      channels, connected to pipes, containing a liquid (e.g., water or water
      and ethylene glycol) which is heated to optimum temperature, returned to a
      central location at the base of the building, then redistributed through
      the building where needed for heating in the winter, and used to operate
      an absorption cycle or other such known system operable upon heat exchange
      with a heated fluid, amply illustrated by the prior art for a
      refrigeration equipment in the summer. An insulated storage tank in the
      basement stores excess hot liquid for night time cooling or heating, any
      excess hot liquid can be sold to neighboring buildings;
PA1  3. The integration of the above two principles results in a novel design
      which, with the exception of energy for lighting, can be a net exporter of
      energy, meaning that the excess of solar energy collected on sunny and
      mildly overcast days vs. that needed for heating and cooling the subject
      building can be exported in a quantity greater than that needed to be
      imported (gas, oil, steam or electric backup) on a day or days when solar
      energy is not available in adequate quantities to heat or cool subject
      building.
PAR  As shown in FIGS. 9 and 10, the particular chillers 82 and 90,
      respectively, for air conditioning or cooling purposes may be a
      conventional low temperature (200.degree. to 245.degree.F) "water fired"
      unit such as that manufactured by Arkla-Servel and designated WF-1200.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method of solar heating and cooling in a building of the type having
      approximate north, east, west and south facades including insulated opaque
      areas and vision areas comprising:
PA1  A. orienting said vision areas, as follows:
PA2  i. north facade-north
PA2  ii. east facade-northeasterly
PA2  iii. west facade-northwesterly
PA2  iv. south facade-southerly;
PA1  B. shading said south facade vision area during summer months,
PA1  C. orienting heat collectors on said opaque areas as follows:
      east-southeasterly, west-southwesterly, south-southerly;
PA1  D. circulating heating and cooling fluid, so as to absorb heat of solar
      radiation from said collectors for purposes of winter heating and summer
      cooling, while
PA1  E. sequentially blocking circulating of said fluid in areas not exposed to
      the sun.
NUM  2.
PAR  2. Method of solar heating and cooling as in claim 1, wherein said summer
      cooling system is the absorption type.
NUM  3.
PAR  3. Method of solar heating and cooling as in claim 1, wherein said summer
      cooling system is a refrigeration type.
NUM  4.
PAR  4. Method of solar heating and cooling as in claim 1, wherein said fluid is
      an adsorbing liquid and including storing hot liquid within said building
      for nighttime use.
NUM  5.
PAR  5. Method of solar heating and cooling as in claim 4, including exporting
      from said building excess heat collected on sunny and mildly overcast
      days.
NUM  6.
PAR  6. Method of solar heating and cooling as in claim 5, including importing
      heat on overcast days when solar energy is not available in adequate
      quantities to heat said circulating fluid.
NUM  7.
PAR  7. Method of solar heating and cooling as in claim 2, including suspending
      said heat collectors as shading for said vision areas in east, west and
      south facades.
NUM  8.
PAR  8. Method of solar heating and cooling as in claim 7, wherein said heat
      collectors are horizontally superposed with respect to those south vision
      areas being shaded.
NUM  9.
PAR  9. Method of solar heating and cooling as in claim 7, including orienting
      the opaque areas on the east and west of said building as a function of
      latitude and the sun's movement so as to maximize solar exposure.
NUM  10.
PAR  10. Method of solar heating and cooling as in claim 8, wherein said heat
      collectors in east and west facades are vertically aligned and staggered
      with respect to said vision areas.
NUM  11.
PAR  11. Method of solar heating and cooling as in claim 9, including varying
      orienting of said vision glass in the east and west facades, according to
      latitude, so as to maximize shading during hours of solar exposure.
NUM  12.
PAR  12. Method of solar heating and cooling as in claim 7, wherein the angle of
      said shading is varied according to latitude.
NUM  13.
PAR  13. Method of solar heating and cooling as in claim 4, including chilling
      said circulating fluid in a cooling system circulated within said
      building.
NUM  14.
PAR  14. Method of solar heating and cooling as in claim 13, including tempering
      building electric light fixture heat by circulating chilled liquid
      adjacent lighting fixtures within said building.
NUM  15.
PAR  15. Method of solar heating and cooling as in claim 1, including blocking
      lateral and vertical segments of said circulating fluid, so as to regulate
      building temperature according to building activity, as well as solar
      exposure.
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ABST
PAL  A system for air-conditioning an installation having a number of rooms, the
      heat requirements of which are different and vary preferably with respect
      to time, which rooms are connected to a central air-conditioning unit.
      Light fixtures producing radiation heat are mounted in said rooms and are
      cooled in known manner by discharge air from the rooms to reduce the
      radiation heat. The temperature of the air from the central unit is
      maintained not higher than required for the room in the installation which
      has the greatest heat development, and the radiation heat from said light
      fittings is utilized and adjusted to additionally heat the rooms as
      described in U.S. Pat. No. 3,812,904. The adjustment provides maximum room
      heating by minimizing the cooling by the discharge air and minimum room
      heating by maximizing the cooling by the discharge air, minimum room
      ventilation flow being met when providing maximum heating and the flow
      increasing as heating is reduced.
BSUM
PAR  The present invention relates to an air-conditioning system which controls
      the heating effect of light fixtures by cooling the fixture with discharge
      air from the room.
PAR  In particular the invention is characterized primarily in that the air flow
      through a room is adjusted between a highest value adapted for the maximum
      cooling demand and a minimum value adapted for the necessary ventilation
      demand, in such a manner, that the discharge air is divided into a
      constant portion constituting the minimum flow for adequate ventilation
      and a second portion varying with the cooling demand, which is passed
      through or around the fluorescent tube fixtures. The variable portion of
      the discharge air is adjusted by a thermostat-controlled adjusting device
      between highest value and zero, in which latter position the electric
      effect supplied to the fixtures is utilized for room heating whereby the
      range of adjustability is increased, and that the supply air flow is
      varied by a thermostat-actuated adjusting device so as to be the total of
      said constant and said variable discharge air flow. An advantageous
      embodiment of the device is characterized in that the constant portion of
      the discharge air flow is passed through a by-pass duct. According to
      another preferred embodiment the constant portion of the discharge air
      flow is passed through a so-called discharge air window of a design known
      per se.
PAR  The device according to the invention, as is apparent from the following
      description of the figures, implies that the lighting and ventilation have
      been integrated in one unit, which results in a simpler and less expensive
      installation system and thereby renders it possible that this technically
      valuably ventilation system can be applied more widely.
PAR  The device being described here includes basic components of the same kind
      as set forth in U.S. Pat. No. 3,812,904. The further development lies in
      the feature that now the supply and discharge air flow is varied from
      maximum to minimum where the maximum total air flow is adjusted to
      correspond to maximum cooling demand in the room and the minimum air flow
      is adjusted to correspond to the air flow necessary for ventilation.
PAR  The invention has as its object to additionally increase the adjustability
      and to improve the operation economy to the highest possible degree. By
      reducing now the supply air and discharge air flow to a minimum value at
      the highest demand of heat radiation, the smallest amount of heat is
      discharged from the room via the discharge air. At low outdoor
      temperatures the supply air temperature is increased to a temperature
      immediately below the room temperature. If the heat demand in the room
      exceeds the heat emitted by the light fixtures or fittings in the room, it
      is possible to equip in a simple way the supply air device with an
      after-heating battery or heat exchanger. One difference compared with
      conventional systems operating with variable air flow is that both the
      supply air and discharge air flows are adjusted in each room and that the
      control device is assembled to one unit.
DRWD
PAR  The invention is described in greater detail in the following, with
      reference to the enclosed drawings, in which:
PAR  FIG. 1 is a longitudinal section through a room provided with window and
      light fixtures or fittings;
PAR  FIG. 2 is a longitudinal section through the control part of the device for
      adjustment of the supply air and discharge air; and
PAR  FIGS. 3 and 4 are sectional views taken on the line A--A B--B respectively
      of FIG. 2 and
PAR  FIG. 5 is a diagrammatic illustration of the control shown in FIG. 1
DETD
PAR  Pretreated air is supplied from a central unit (not shown) to the room via
      a supply air duct 7 and a supply air device 2. This supply air flow is
      varied in the control part 23 according to the cooling or heat demand of
      the room and controlled by a thermostat 3.
PAR  A constant air amount (smallest ventilation air amount) is sucked in
      through a slot 4 beneath the window 5 and passes between the inner panes
      where the discharge air takes up the solar radiation heat and prevents it
      from entering the room, at the same time as the transmission to and from
      the room is decreased. Upon the passage of the discharge air along the
      window the inner pane is heated and thereby prevents a sudden temperature
      drop. Therefore, no radiators must be installed beneath windows. From the
      discharge air window the air is passed through a duct 6, control part 23,
      connection piece 18 and discharge air duct 1 to a discharge air fan where
      the discharge air either is blown out into the free air or a certain
      portion of which is returned as return air to a central supply air unit.
PAR  Residual discharge air is evacuated through a discharge air opening 8 and
      passes through the light fixtures or fittings 9, which are connected by
      one or several intermediate parts 10 and form a "light ramp" in the room.
      When the discharge air is passing through the light fittings, a large part
      of the supplied electric heat effect is removed and, thus, the necessary
      cooling energy to be supplied to the room is reduced.
PAR  At decreasing temperature in the room, as indicated by the thermostat 3,
      the supply air, controlled by the thermostat, is successively decreased
      and at the same time the discharge air passing through the fittings is
      reduced in the same amount so that the cooling effect or ventilation
      degree through the fittings is lowered and more heat is supplied to the
      room. At minimum supply air flow no discharge air passes through the
      fittings 9, so that the entire electric effect supplied is delivered to
      the room and heats the same.
PAR  The control part 23 for adjusting the supply and discharge air is designed
      as shown in FIGS. 2 to 4 and operates as follows:
PAR  The pretreated supply air is delivered to the control part 23 through a
      connection piece 11 and passes through a control device 12, which is
      driven by a variable speed motor 13 (electric or pneumatic). The variable
      speed motor is controlled by the room thermostat 3 so that the supply air
      increases or decreases according to the prevailing cooling or heating
      demand in the room. The supply air is delivered into the room via the
      supply air device 2. The control part 23 can be provided, if necessary,
      with an electric afterheater 15, which also is controlled by the aforesaid
      room thermostat. Said afterheater is switched-in first after the supply
      air flow has been reduced to minimum. The discharge air having not passed
      through the fittings 9 is evacuated through the separate by-pass duct 6
      and passes through an adjusting device 17 at which constant air flow is
      set. The pressure drop above the device can be set between 10 and 25 mm
      WC. The discharge air is evacuated to the discharge air system, which is
      connected to the connection piece 18.
PAR  The discharge air passing through the discharge air opening 8 and the
      fittings 9 is evacuated via an adjusting device 19, which is controlled by
      a variable speed motor 20 of the same type as the variable speed motor 13.
      When 12 is at minimum value, 19 shall be at zero. Thus, at minimum supply
      air flow the adjusting means 19 is entirely closed and no discharge air
      can pass this way.
PAR  The adjusting devices 12 and 19 are controlled by the same room thermostat
      3.
PAR  The aforedescribed system can also be utilized for so-called inner zones,
      i.e. rooms without discharge air windows. In this case all discharge air
      passes through the fittings 9, but the adjustment in general takes place
      in the same way as in the alternative comprising exhaust windows.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for air-conditioning a number of rooms, the heat requirements
      of which are different and vary preferably with respect to time, which
      rooms are connected to a central air-conditioning unit, and light fixtures
      producing radiation heat are mounted in said rooms and cooled in known
      manner by discharge air from the rooms to reduce the radiation heat, the
      temperature of the air from the central unit being maintained not higher
      than required for the room in the installation which has the greatest heat
      development, and the radiation heat from said light fixtures being
      utilized and adjusted to additionally heat the rooms, characterized in
      that the air flow through a room is adjusted between a highest value
      adapted for the maximum cooling demand and a minimum value adapted for the
      necessary ventilation demand, in such a manner, that the discharge air is
      divided into a constant first portion constituting said minimum flow and a
      second portion varying with the cooling demand which is passed in heat
      exchange with the fixtures, that the variable portion of the discharge air
      is adjusted between highest value and zero, in which latter position the
      electric heating effect of the fixtures is utilized for room heating
      whereby the range of adjustability is increased, and that the supply air
      flow is varied so as to be the total of said constant and said variable
      discharge portions.
NUM  2.
PAR  2. An individual room control device in a system for air-conditioning a
      number of rooms comprising means to introduce a flow of central air into
      said individual room at a temperature below the desired room temperature,
      a light fixture to supply additional heat to said room, means to discharge
      a first constant flow of discharge air from said room, means to discharge
      a second flow of discharge air from said room into heat exchange relation
      with said fixture to reduce the heat supplied to said room by said
      fixture, a thermostat fan sensing the temperature of said room, a
      discharge control device controlled in response to said thermostat for
      varying said second flow between a minimum and a maximum, and an inlet
      control device controlled in response to thermostat to introduce central
      air in an amount corresponding to the sum of said first and second
      discharge flows.
NUM  3.
PAR  3. A device according to claim 2 wherein said second flow control device is
      regulated from zero flow to the maximum flow.
NUM  4.
PAR  4. A device according to claim 3 including a heat exchange device in said
      inlet controlled by said thermostat to heat said inlet air when said
      second discharge flow is reduced to zero.
NUM  5.
PAR  5. A device according to claim 2 for air-conditioning a number of rooms,
      characterized in that the constant portion of the discharge air flow is
      passed through a by-pass duct, and the variable portion is passed through
      the lighting fixture.
NUM  6.
PAR  6. A device according to claim 2 for air-conditioning a number of rooms,
      characterized in that the constant portion of the discharge air flow is
      passed through a discharge air window.
NUM  7.
PAR  7. A device according to claim 2 including a manually adjustable control
      for regulating said first constant flow to a value which provides the
      minimum necessary ventilating air for the room.
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ABST
PAL  The present invention relates to an integrated thermal energy control
      system for heating and cooling simultaneously or separately a plurality of
      hot or cool working units, the hot and cool working units corresponding to
      hot and cold appliances and energy units customarily performing a
      supporting fuction in a dwelling design or being an appliance customarily
      used in a structure or a household. To heat or cool these working units, a
      heat pump is provided and has associated therewith a primary fluid circuit
      means having a working fluid for heating and cooling a fluid contained in
      two heat exchangers, the heat exchangers being referred to as a hot heat
      exchanger or a heat transfer tank and a cool heat exchanger or a cool
      transfer tank. Each heat exchanger has associated therewith a secondary
      fluid circuit means that is operatively connected to respective working
      units, in one case the secondary fluid circuit associated with the hot
      heat exchanger is operatively connected to hot working units or appliances
      while in the other case the secondary fluid circuit associated with the
      cool heat exchanger is operatively connected to cool working units or
      appliances.
BSUM
PAR  The present invention relates to heating and cooling systems and more
      particularly to an integrated thermal energy control system for
      controlling a plurality of appliances or energy working units of both the
      hot and cold type with the system being particularly adapted to control
      the hot and cold units either simultaneously or separately.
PAC  BACKGROUND OF THE INVENTION
PAR  In homes and building structures of today, one typically finds such
      provided with a heating system adapted both to heat and cool the
      particular structure. In addition, especially in the case of a dwelling or
      home structure, it is quite common to have numerous hot and cold
      appliances or working units in the home. For example, one might find any
      one of the following appliances or working units in a household: water
      heater, room heater, freezer, air conditioner, clothes dryer, or
      refrigerator. In such appliances, one finds that they all are provided
      with their own heating or cooling mmeans. This, of course, means that such
      appliances or working units operate independently of other such appliances
      or working units and that substantial duplication exist relative to the
      numerous heating and cooling means.
PAR  At the present time, people are very energy conscious and there is
      considerable energy conservation movement here in the United States as
      well as all over the world. In providing a system where the individual hot
      and cold working units each have their own heating or cooling means, one
      finds that this type of system is inherently inefficient. This is because
      of the great amount of duplication presented by providing separate heating
      and cooling means for each working unit when all of the working units
      could be seved by a single central heat pump. In addition, in a system
      where the working units are independent of each other, there is no
      opportunity to harness and take advantage of the thermal energy given off
      as waste heat by the individual units. For example, in cooling, an air
      conditioner gives off heat that could be utilized by a hot appliance or
      working unit. Therefore, it is appreciated that if the individual hot and
      cold units were integrated into a single system that the thermal energy
      given off by each of the working units could be utilized by other working
      units of the system, thereby greatly increasing the overall efficiency of
      the total energy using system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention presents an integratead thermal energy control system
      having a plurality of appliances or working units incorporated therein,
      the appliances or working units being of both or either the hot and/or
      cold type. Thermal energy is transferred by a single heat pump which
      includes a primary fluid circuit associated therewith and operative to
      transfer heat with respect to both a hot and cold heat exchanger. Each
      heat exchanger has operatively associated therewith a secondary fluid
      circuit which has connected therein a plurality of individual appliances
      or working units, the hot appliances or working units being in the
      secondary fluid circuit associated with the hot heat exchanger while cold
      or cool appliances or working units are connected in the secondary fluid
      circuit associated with the cold or cool heat exchanger. Thermostatic
      control is provided between the central heat pump of the integrated
      thermal energy control system and each of the two heat exchangers for
      maintaining the heat exchangers at a desired and predetermined temperature
      level. In addition, thermostatic control means is operatively connected to
      each of the appliances or working units and to a pump in each respective
      secondary fluid circuit for controlling the operating temperature of each
      of the appliances or working units. Therefore, it is seen that the
      integrated thermal energy control system of the present invention is
      adapted to simultaneously or separately control a plurality of hot and
      cold appliances or working units. Also, it should be noted that the
      thermal energy control system of the present invention is an integrated
      system and is particularly adapted to utilize the thermal energy given off
      by various appliances or working units of the system, with the thermal
      energy given off being utilized by other appropriate working units or
      appliances.
PAR  There may be occasions where only the hot or cold portion of the integrated
      system is working, and it is advantageous to provide a heat balancing
      system for either adding heat to the working fluid of the primary circuit
      or exhausting heat from the working fluid of the primary circuit. In the
      present case, this is accomplished by the provision of two heat transfer
      duct assemblies, one duct assembly being referred to as a heat exhaust
      duct assembly while the other is referred to as a heat addition duct
      assembly. This enables the entire system to remain in balance and enables
      control to be precisely exercised over each of the heat transfer tanks
      associated with the primary fluid circuit means.
PAR  With respect to use, the thermal energy control system of the present
      invention cannot only be used in controlling temperatures within dwellings
      and other structures, but also has application in industrial uses having
      multiple working units wherein it is desired to provide thermal energy
      transfer to or from the working units and to provide high or low
      temperature control of each working unit.
PAR  It is, therefore, an object of the present invention to provide an
      efficient integrated thermal energy control system for controlling a
      plurality of both hot and cold appliances or working units within a single
      system.
PAR  A further object of the present invention is to provide a thermal control
      system for supplying and transferring energy in the form of heat to or
      from a plurality of appliances or working units operatively connected
      within the system, and wherein the thermal energy of the system is
      transferred by a heat pump.
PAR  Still a further object of the present invention is to provide a
      symmetrically balanced thermal energy control system for controlling
      simultaneously or separately a plurality of hot and cold appliances or
      working units.
PAR  A further object of the present invention is to provide an integrated
      thermal energy control system adapted to control a plurality of hot and
      cold appliances or working units, and to provide that integrated thermal
      energy control system with a control heat balancing system for adding or
      exhausting heat to or from a primary fluid circuit associated with the
      heat pump.
PAR  A further object of the present invention is to provide a thermal energy
      control system adapted to be used within a structure of family dwelling
      that gives the structure or dwelling flexibility in that various
      appliances or working unis may be integrated and placed into the total
      system as they become desired and available.
PAR  A further object of the present invention resides in the provision of an
      integrated thermal energy control system for controlling a plurality of
      both hot and/or cold appliances or working units wherein the appliances or
      working units may be centrally controlled by a simple control system.
PAR  A further object of the present invention resides in the provision of an
      integrated thermal control system that utilizes the energy given off by
      various appliances or working units within the system to effectively
      operate other appliances or working units within the same system.
PAR  Other objects and advantages of the present invention will become apparent
      from a study of the following description and the accompanying drawings
      which are merely illustative of the present invention.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of the thermal energy control system of
      the present invention particularly showing the thermal energy control
      system controlling a plurality of both hot and cold appliances or working
      units.
PAR  FIG. 2 is a schematic illustration of a particular secondary fluid circuit
      having associated therewith a plurality of appliances or working units
      with control means for controlling the operating temperature of each.
PAR  FIG. 3 is a schematic illustration of a room heating and cooling apparatus
      of the type adapted to be thermally controlled by the integrated thermal
      energy control system of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With further reference to the drawings, particularly FIG. 1, there is shown
      therein a schematic illustration of the integrated thermal energy control
      system of the present invention, the integrated thermal energy control
      system being referred to generally by the numeral 10. Viewing the
      integrated thermal energy control system 10 in greater detail, it is seen
      that the same comprises a central heat pump unit 12. Heat pump unit 12
      includes a motor and compressor unit 14 having a closed looped primary
      circuit 16 operatively connected thereto, the primary circuit 16 including
      a working fluid 18 contained therein.
PAR  Primary circuit 16 is coiled in two areas and each coiled area extends
      through one of two heat transfer or exchanger tanks 20 and 22, heat
      transfer tank 20 being referred to as a hot transfer tank while heat
      transfer tank 22 is referred to as a cold transfer tank. Each transfer
      tank 20, 22 contains a fluid which serves two purposes: (1) it facilitates
      heat transfer between primary and secondary circuits and (2) it provides a
      heat or cold storage capapcity so that the heat pump need not run
      continuously. There is provided in each heat transfer tank a thermostat
      (the thermostat in the hot tank is referred to by the numeral 24 while the
      thermostat in the cold tank is referred to by the numeral 26) which is
      operatively connected to the heat pump 12 and adapted to sense the
      temperature within the respective heat transfer tank and to control the
      heat pump 12 such that a predetermined temperature level is maintained in
      the respective heat transfer tank. The heat pump 12 will operate if either
      or both thermostats 24 or 26 is sending a signal to the heat pump. When
      both transfer tanks are at the proper temperature, no signal is sent to
      the heat pump, and it does not operate.
PAR  Also provided within the primary circuit 16 is a heat booster 28 which may
      be of the electric coil type or any other type which has the capability to
      add auxiliary heat to the working fluid 18 of the primary circuit 16. In
      this regard it will be appreciated by those skilled in the art that
      conventional heat pumps require such a heat booster when the outside or
      ambient temperature drops below a certain level and it is desired to
      maintain an inside warm or hot temperature with the heat pump.
PAR  A detailed discussion of the heat pump 12 is not presented herein because
      the structure thereof is well known to those skilled in the art and
      details of such is not material to the present invention. However, it is
      believed that a heat pump of the Stirling cycle type would be particularly
      desirable for the application suggested by the present invention due to
      the efficiency and capacity of the Stirling cycle heat pump.
PAR  Associated with the primary circuit 16 is a heat addition duct assembly 30
      and a heat exhaust duct assembly 32. The purpose of each of these duct
      assemblies is to add or exhaust heat from the primary fluid circuit 16 as
      necessary to control the temperature of either or both of the heat
      transfer tanks 20 and 22. In addition, the heat duct assemblies 30 and 32
      may be used for subcooling and superheating as is conventional in other
      types of heating and cooling systems. Viewing each duct assembly in
      greater detail, it is seen that the same comprises an air duct 36 having a
      coil 34 operatively connected to the fluid circuit 16 and extending
      through the duct 36 where the coil is disposed interiorly of the duct.
      Also provided is a fan 38 which is operatively connected to a thermostat
      control 40 provided between the coil 34 and the primary circuit 16. If
      heat is being transferred away from the hot transfer tank 20 to the
      associated secondary circuit, then because of the nature of the heat pump
      12 and its relationship with the integrated thermal energy control system
      10 of the present invention, heat is being simultaneously extracted and
      transferred from the cold transfer tank 22 to the primary circuit. As heat
      is continually transferred from the cold transfer tank 22, it follows that
      the fluid therein becomes cooler. Once a predetermined temperature is
      reached in the cold transfer tank 22, then the thermostat control 40 of
      the heat addition duct assembly 30 is actuated and the working fluid 18 is
      diverted through the coil 34 and since the fan is operated heat is added
      to the fluid passing therethrough to balance the system.
PAR  Conversely, if the cold heat transfer tank 22 is actively cooling the
      associated secondary circuit and the hot transfer tank 20 is not in use
      and is not actively heating the associated secondary circuit, then there
      is no need to exhaust this excess heat leaving the hot transfer tank 22 in
      order that the temperature in the hot transfer tank does not move above a
      predetermined temperature level. In such a case, the thermostatic control
      40 associated with the heat exhaust duct assembly 32 is actuated and the
      working fluid 18 of the primary circuit 16 is diverted through the coil 34
      within the duct 36. The fan thereof pulls a system of air through the duct
      36 and this system of air acts to cool and exhaust heat from the working
      fluid 18 passing through the coil 34. Consequently it is appreciated that
      heat exhaust duct assembly 32 acts as a part of the heat balancing system
      to maintain the hot heat transfer tank 20 at a predetermined temperature
      level.
PAR  Operatively associated with the hot and cold heat transfer tanks 20 and 22
      are a pair of secondary fluid circuits 42 and 44, respectively. Each of
      these secondary fluid circuits 42 and 44 is previously constructed of
      insulated tubing and includes a working fluid 46 incorporated therein and
      have a portion thereof coiled through the respective heat transfer tank
      associated therewith. In addition, each secondary fluid circuit includes a
      pump 48 operatively connected therein and adapted to pump the working
      fluid 46 therethrough. Each pump 48 is preferably of the variable flow
      type and is current responsive for controlling the flow of fluid through
      the particular secondary circuit in response to changes in the current
      from a power source 50.
PAR  Connected in parallel relationship in each of the secondary circuits 42 and
      44 is a plurality of hot appliances or working units 52 and cold
      appliances or working units 54. It is seen that the appliances or working
      units connected in the cold secondary fuid circuit 44 are of the type that
      requires cooling and include, for example, an air conditioner,
      refrigerator and freezer. On the other hand, connected in the hot
      secondary fluid circuit 42 are what are termed hot appliances or working
      units and include, for example, a hot water heater, clothes dryer and room
      heater.
PAR  Turning to FIG. 2, a secondary fluid circuit is illustrated therein and
      there is shown a series of appliances or working units with a control
      system for maintaining each appliance or working unit at a predetermined
      temperature level. In this regard, it is seen that in the case of each
      appliance or working unit, there is provided a solenoid valve 58
      operatively connected between a coil within the appliance or working unit
      system and the particular secondary fluid circuit. Operatively associated
      with the solenoid valve 58 is a thermostat 56 that is preset to maintain
      the particular appliance or working unit at a predetermined temperature
      level, the thermostat being operatively connected to the pump 48 within
      the secondary fluid circuit for actuating the same with respect to the
      preset temperature for that particular appliance or working unit. In
      operation, once the thermostat 56 senses the operating temperature of the
      appliance or working unit is above or below the preset temperature, the
      thermostat opens the solenoid valve 58 and also acts to actuate the pump
      48 of the pump is not already operating due to actuation by another
      thermostat of the integrated thermal energy control system. Therefore, the
      pump 48 serves to pump the working fluid 46 to the particular appliance or
      working unit and it follows that there is effectuated a heat transfer
      between that particular appliance and the particular heat transfer tank 20
      or 22 associated therewith. It also follows that from that particular heat
      transfer tank, that the thermal energy associated therewith is transferred
      between that same heat transfer tank and the primary fluid circuit 16. In
      addition, it is appreciated that because of the presence of the hot and
      cold portions of the integrated thermal energy control system 10 of the
      present invention that this total system acts to transfer energy between
      the hot and cold portions and the thermal energy given off by one portion
      thereof may be efficiently used by another portion of the same system.
PAR  In FIG. 3, there is a schematic illustration of a room heating and cooling
      apparatus which represents an appliance or working unit that is adapted to
      be integrated into the thermal energy control system 10 of the present
      invention. Viewing this structure in detail, it is seen that there is
      illustrated a pair of air ducts 60, with each air duct including a fan 61
      for generating a system of passing forced air within each air duct. This
      room heating and cooling system includes a hot working unit fluid circuit
      62 and a cold working unit fluid circuit 64.
PAR  The hot working unit fluid circuit includes a pair of hot coils 66 while
      the cold working unit fluid circuit includes a pair of cooling coils 68.
      The hot and cold working unit fluid circuits 62 and 64 are integrated for
      control purposes by a combination thermostat switch 70. It, of course, is
      seen that each of the working unit fluid circuits 62 and 64 are supplied
      by their respective secondary fluid circuits discussed hereinbefore. It
      also is seen that the closing of the combination thermostat 70 to the
      right (as viewed in FIG. 3) results in the hot coils of fluid circuit 62
      being actuated and since the fans 61 are simultaneously actuated, it is
      seen that this system produces heat that is exhausted through the ducts
      60. Likewise, the movement of the switching arm of the combination
      thermostat 70 to the left (as viewed in FIG. 3) results in the cool coils
      68 being actuated and the system producing a cool air system through the
      duct for air conditioning purposes.
PAR  Therefore, in summary, it is seen that the integrated thermal energy
      control system 10 of the present invention is adapted to control both a
      plurality of hot and cold appliances or working units with only a single
      thermal energy transfer means. Also, it is appreciated that the thermal
      energy given off by the various appliances or working units of the
      integrated thermal energy control system can be harnessed and used by
      other appliances or working units of the same system. Consequently, these
      two aspects of the present invention give rise to a very efficient thermal
      energy control system for transferring and delivering energy to various
      thermal energy consuming units within a dwelling or other type of
      structure.
PAR  It should be pointed out that individual appliances or working units could
      be provided with fans to further control the rate of heat transfer in the
      appliance. In addition, for defrost purposes, the various cold appliances
      could be provided with conventional electric heating wires and timing
      controls therefor.
PAR  For the purpose of simplicity the disclosure herein has dealt with only the
      vapor-condensation cycle heat pump. It is obvious to those skilled in the
      art that with a Stirling cycle heat pump or other device wherein the
      working fluid remains exclusively inside the machine, two separate primary
      circuits may be used - one connected to the hot side of the heat pump and
      one to the cold side. In such cover the flow pattern is otherwise the
      same, i.e., from the heat pump to the transfer tank and heat balancing
      duct back to the heat pump. It should also be noted that as used herein
      the reference to "heat pump" is intended to encompass and mean any device
      capable of producing temperature above and below ambient temperatures.
PAR  The present invention, of course, may be carried out in other specific ways
      than those herein set forth without departing from the spirit and
      essential characteristics of the invention. The present embodiments are,
      therefore, to be considered in all respects as illustrative and not
      restrictive, and all changes coming within the meaning and equivalency
      range are intended to be embraced herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An integrated thermal energy control system for thermally heating and
      cooling a plurality of independent cool and hot working units operatively
      connected within the system, said integrated thermal energy control system
      comprising:
PA1  a. a heat pump means for cooling and heating a working fluid;
PA1  b. said heat pump means having associated therewith a primary fluid circuit
      means having said working fluid contained therein;
PA1  c. a first relatively cool heat exchange means operatively associated with
      said primary circuit means;
PA1  d. a first temperature control means operatively interconnected between
      said heat pump means and first heat exchanger means for maintaining a
      relatively cool temperature within said first heat exchanger means;
PA1  e. a second relatively hot heat exchanger means operatively associated with
      said primary circuit means;
PA1  f. second temperature control means operatively interconnected between said
      heat pump means and said second heat exchanger means for maintaining a
      relatively hot temperature within said first heat exchanger means;
PA1  g. a first secondary cool fluid circuit means operatively associated with
      said first heat exchanger means independently of said primary fluid
      circuit for effectively transferring heat from said secondary cool circuit
      means to said first heat exchanger means such that the fluid within said
      secondary cool circuit means is cooled during the heat transfer process;
PA1  h. a plurality of independent cool working unit means operatively connected
      to said first secondary cool fuid circuit means for transferring heat
      thereto and being cooled in the process;
PA1  i. a second secondary hot fluid circuit means operatively associated with
      second heat exchanger means independently of said primary fluid circuit
      for receiving heat therefrom and consequently tending to cool said second
      heat exchanger means in the process;
PA1  j. a plurality of independent hot working unit means, completely
      independent of said cool working unit means, operatively connected to said
      secondary hot fluid circuit means for receiving heat therefrom;
PA1  k. control means associated with both said first and second secondary
      circuit means for enabling both said first and second secondary circuit
      means to function simultaneously and to simultaneously effectuate heat
      transfer between the two secondary circuits and respective independent
      cool and hot working unit means of the system, and control means including
      first secondary pump means and first control means operatively
      interconnected between at least one of said independent cool working unit
      means and said first secondary pump means for maintaining the working
      temperature of each respective cool working unit means at a desired level,
      said control means further including second secondary pump means and
      second control means operatively interconnected between at least one of
      said hot working unit means and said second secondary pump means for
      maintaining the working temperature of each respective hot working unit
      means at a desired level.
NUM  2.
PAR  2. The integrated thermal energy control system of claim 1 wherein said
      heat pump means includes a motor and compressor unit, and wherein said
      primary fluid circuit means is connected to said motor and compressor unit
      to form at least one closed loop system and wherein said primary fluid
      circuit means extends through both said cool heat exchanger means and said
      hot exchanger means and is operatively associated with each to effectuate
      heat transfer therebetween.
NUM  3.
PAR  3. The integrated thermal energy control system of claim 1 wherein said
      heat pump means includes an auxiliary heat booster means for increasing
      the heating capacity of said heat pump means.
NUM  4.
PAR  4. The integrated thermal energy control system of claim 1 including a heat
      balancing system for adding and exhausting heat to and from said primary
      fluid circuit means.
NUM  5.
PAR  5. The integrated thermal energy control system of claim 4 wherein said
      heat balancing system includes a heat exhaust duct assembly and a heat
      addition duct assembly, each duct assembly including a coil operatively
      connected to said primary fluid circuit means and a fan for generating and
      forcing a system of air over said coil.
NUM  6.
PAR  6. The integrated thermal energy control system of claim 5 wherein said
      heat exhaust duct assembly of said heat balancing system includes control
      means associated therewith responsive at least indirectly to the
      temperature in said hot heat exchanger means for actuating said heat
      exhaust duct assembly of said heat balancing system.
NUM  7.
PAR  7. The integrated thermal energy control system of claim 6 wherein said
      heat addition duct assembly of said heat balancing system includes control
      means responsive at least indirectly to the temperature in said cool heat
      exchanger means for actuating said heat addition duct assembly of said
      heat balancing system.
NUM  8.
PAR  8. The integrated thermal energy control system of claim 7 wherein said
      control means of said heat balancing system that is responsive to the
      temperature of said cool and hot heat exchanger means includes a
      thermostat control valve operatively interconnected between said primary
      fluid circuit means and the respective coils of said heat balancing
      system.
NUM  9.
PAR  9. The integrated thermal energy control system of claim 1 wherein said
      first and second control means operatively interconnected between said hot
      and cold working units and their respective secondary fluid circuit means
      comprises:
PA1  a. a pump associated with each secondary fluid circuit means for
      circulating a secondary working fluid therethrough;
PA1  b. valve means operatively interconnected between each working unit and the
      respective secondary fluid circuit means; and
PA1  c. control means operatively connected to each working unit for causing
      secondary fluid flow to said working units in response to the operation
      temperature of each working unit reaching a predetermined level.
NUM  10.
PAR  10. The integrated thermal energy control system of claim 9 wherein said
      valve means is of the solenoid type and wherein said control means
      includes a thermostat operatively connected to both said pump and said
      solenoid valve.
NUM  11.
PAR  11. The integrated thermal energy control system of claim 10 wherein said
      working units of each secondary fluid circuit means are operatively
      connected therein in parallel relationship.
NUM  12.
PAR  12. The integrated thermal energy control system of claim 11 wherein said
      heat pump means is of the Stirling cycle type.
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ABST
PAL  Structural support assembly for use in arctic and subarctic (permafrost)
      areas or in any areas where the upper ground layer is subject to a severe
      annual freeze-thaw cycle, including the cooperative combination of a
      support structure and a heat pipe element installed in generally frozen
      soil. The heat pipe is of a suitably complementary configuration and/or
      disposition with respect to the support structure to provide appropriate
      stabilization of the surrounding frozen soil. In one embodiment, the heat
      pipe element is disposed externally of the support structure and, in
      another embodiment, it is disposed internally of (and integrally combined
      with) such structure. The external embodiment further includes one version
      employing a linear (straight) heat pipe element and another version
      employing an angular (helical) element.
PARN
PAR  This is a division of application Ser. No. 174,687 filed Aug. 25, 1971 now
      U.S. Pat. No. 3,788,389.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  My invention relates generally to support structures and, more
      particularly, to a novel and useful structural support assembly for use in
      permafrost areas or in any areas having active ground layers subject to a
      severe annual freeze-thaw cycle.
PAR  Permafrost is material which is largely frozen permanently. It is usually a
      mixture of soil, rock and ice although it can be anything from solid rock
      to muddy ice. In the arctic regions, permafrost may extend from a few feet
      to hundreds of feet below the surface. The permafrost is separated from
      the surface by an upper layer (the tundra) and its surface vegetation. The
      upper layer or tundra serves as insulation to limit permafrost thaw in the
      summer but is subject to a seasonal freeze-thaw cycle. The permafrost thaw
      in the summer, however, can create an unstable condition for structures
      constructed in permafrost areas. This is, of course, more so in wet,
      ice-rich, permafrost areas than in dry, stable, permafrost areas of well
      drained soil or rock.
PAR  There are severe problems associated with support and stabilization of
      structures in the arctic regions where permafrost is prevalent. Alaskan
      railroads, for example, require the expenditure of thousands of dollars
      each year to repair soil slippages and track roughness resulting from the
      annual freeze-thaw cycle and disturbances of the ground cover by the
      intrusion of man and his machines. When the tundra is broken or removed,
      the permafrost looses its insulation and begins to melt and erode. Thus,
      tracks left by a tractor or caterpillar train can become a deep ditch and
      alter the surface drainage pattern over a wide area.
PAR  In cities and regions which overlay permafrost areas, a gravel insulating
      technique is generally used in construction over such areas. A raised
      gravel pad, for example, is ordinarily employed to provide a suitable
      support or work area on permafrost. Foundation structures embedded in
      permafrost are also commonly surrounded completely by a layer of
      insulating gravel. In areas of ice-rich permafrost and/or during a strong
      summer thaw, however, even the use of a relatively thick insulating gravel
      layer is inadequate to prevent some subsidence and possibly accompanying
      damage of the supported structure or apparatus. On the other hand, instead
      of subsiding, support posts or poles for arctic overhead communications
      and power lines have presented a particular problem with "pole jacking"
      wherein the annual seasonal uplift due to frost heave can actually lift
      the poles and their anchors completely out of the ground. The pole jacking
      problem has plagued all of the utility companies throughout vast areas of
      the subarctic regions, and is presently considered to have no reasonable
      economic solution.
PAR  The U.S. Pat. No. 3,217,791 of Erwin L. Long on Means for Maintaining
      Permafrost Foundations patented Nov. 16, 1965 discloses and claims a
      thermo-valve foundation system including a tubular container partially
      filled with a low boiling point liquid, either propane or carbon dioxide,
      and a layer of gravel completely surrounding its lower portion. The
      thermo-valve tubular container operates during periods of subfreezing
      temperatures to absorb heat from the adjoining permafrost, to freeze the
      adjacent unfrozen soil and increase its strength of adhesion to the
      foundation. The container itself serves as a foundation piling or support
      pole which is used with a gravel layer completely surrounding its lower
      portion. It is, however, not only costly but frequently impractical and
      infeasible to provide a sufficiently large and thick insulating gravel
      layer entirely around and below the lower portion of each pole to
      stabilize it. Moreover the metallic tubular container of the thermo-valve
      system is obviously limited by practical considerations in height or
      length and location whereas a wooden utility pole of any substantial
      height or length can be economically used in any location.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, and in general terms, my invention is preferably accomplished by
      providing a structural support assembly for use in arctic, subarctic and
      similar regions, including a cooperative combination of a support
      structure and a heat pipe element, which can be directly and easily
      installed in generally frozen soil to provide a stable support for various
      apparatus and structures. The heat pipe element is of suitably
      complementary configuration and/or disposition with respect to the support
      structure to provide appropriate stabilization of the surrounding frozen
      soil.
PAR  Where the support structure is of the form of a wooden utility pole, for
      example the heat pipe element can be of either a linear (straight)
      configuation or an angular (helical) one positioned adjacent to the
      surface of the lower embedded portion of the pole. Both straight and
      helical elements extend at least over the embedded length of their
      respective poles and protrude a predetermined distance linearly above the
      ground for heat exchange purposes. The heat pipe element broadly includes
      an elongated tubular container having a filling or charge of a suitable
      working fluid, and a heat exchanger (radiator) suitably coupled or
      integrally incorporated with the protruding upper portion of the tubular
      container. Means for attaching the lower embedded portion of the tubular
      container to the surface of the pole can be utilized where desired or
      required.
PAR  Each of the straight and helical heat pipe elements can be fabicated in a
      two-part assembly wherein the upper radiator section, located above the
      ground, can be readily separated an detached from the lower embedded
      section. In this instance, the upper and lower heat pipe sections are
      secured together in an overlapping joint. Heat transfer between the two
      parts is facilitated by, for example, a thermal paste used between the
      contiguous faces of the joined parts. While the heat removal rate with the
      two-part assembly is about 12% less than with a one-part assembly, the
      two-part assembly permits easy replacement of radiator that may be damaged
      by large animals (migrating caribou, bears, etc.) or by vandalism.
PAR  Where a wooden pole or piling cannot be used or is not desired, advantage
      can be taken of an integrally combined metallic support structure and heat
      pipe element assembly. This structural support member assembly includes a
      closed, elongated, tubular container having a filling or charge of a
      suitable working fluid, condensate flow directing and spreading means such
      as a helical wall fin protruding radially inwards from the internal
      surface of the tubular container, and a heat exchanger (radiator) suitably
      coupled or integrally incorporated with the upper portion of the tubular
      container. The lower portion of the tubular container is installed
      directly in permafrost to a depth such that the upper radiator portion is
      positioned above the ground with its upper end located at a desired height
      to provide support for associated apparatus or structure.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  My invention will be more fully understood, and other features and
      advantages thereof will become apparent, from the following description of
      certain exemplary embodiments of the invention. The description is to be
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a front elevational view, shown partially in section and in
      simplified form, of a test installation of different poles including
      control poles and those constructed according to this invention;
PAR  FIG. 2 is a front elevational view, shown partially in section and in
      fragments, of a linear (straight) heat pipe element that is normally
      attached to a wooden utility pole to stabilize the surrounding permafrost
      in which it is installed;
PAR  FIG. 3 is a fragmentary sectional view of a lower part of the linear heat
      pipe element as taken along the line 3--3 indicated in FIG. 2;
PAR  FIG. 4 is a side elevational view of a central part of the linear heat pipe
      element as taken along the line 4--4 indicated in FIG. 2;
PAR  FIG. 5 is a cross sectional view of an upper part of the linear heat pipe
      element taken along the line 5--5 indicated in FIG. 2;
PAR  FIG. 6 is a front elevational view, fragmentarily shown, of an angular
      (helical) heat pipe element that is normally attached to a wooden utility
      pole to stabilize the surrounding permafrost in which it is installed;
PAR  FIG. 7 is a side elevational view of a central part of the angular heat
      pipe element as taken along the line 7--7 indicated in FIG. 6;
PAR  FIG. 8 is a cross sectional view of the central part of the angular heat
      pipe element as taken along the line 8--8 indicated in FIG. 7;
PAR  FIG. 9 is a front elevational view, shown partially broken away, of a
      structural support assembly wherein a heat pipe element is constructed to
      serve simultaneously as the support structure;
PAR  FIG. 10 is a cross sectional view of a lower part of the support assembly
      as taken along the line 10--10 indicated in FIG. 9; and
PAR  FIG. 11 is a cross sectional view of an upper part of the support assembly
      as taken along the line 11--11 indicated in FIG. 9.
DETD
PAC  DESCRIPTION OF THE PRESENT EMBODIMENTS
PAR  In the accompanying drawings and following description of certain
      embodiments of my invention, some specific dimensions and types of
      materials are disclosed. It is to be understood, of course, that such
      dimensions and types of materials are given as examples only and are not
      intended to limit the scope of this invention in any manner.
PAR  FIG. 1 is a front elevational view, shown partially in section and in
      simplified form, of a test installation of a group of different poles
      including a regular power pole 20, a first control pole 22 set to simulate
      a typical utility pole installation, a second control pole 24 set with a
      type AM-9 chemical grout solution added to the backfill around the pole
      base, a utility pole 26 with a linear heat pipe element S attached to its
      lower embedded portion, and another utility pole 28 with an angular heat
      pipe element y attached to its lower embedded portion. The purpose of the
      chemical gout solution used in the backfill of the control pole 24 was to
      prevent water migration to the soil-pole interface. For clarity of
      illustration, the heat pipe elements S and y have been shown in
      considerably simplified forms. The heat pipe poles 26 and 28 were
      installed on either side of the first control pole 22.
PAR  The four poles 22, 24, 26 and 28 were installed to evaluate the magnitude
      of pole jacking and the preventive effects of the heat elements S and y.
      The poles 22, 24, 26 and 28 were installed at 30 feet spaceings in order
      that the poles can function independently but be comparable in movement.
      Thermocouples 30 and a frost tube 32 were installed adjacent to each pole
      for data comparison. A ground frost tube 34 was installed between the
      poles 22 and 26. A 24-inch auger unit was used to drill the installation
      holes and, as each hole was drilled, the ground conditions were observed
      and noted. In general, the test ground can be typified as peaty organic
      silt to a depth of 2 feet and clay silt to a depth of 8 feet. The
      permafrost level was at a depth of approximatly 6 feet.
PAR  Temperatures measured by the thermocouples 30 are suitably recorded and
      plotted. The frost tubes 32 suspend or permit the lowering therein of
      transparent containers of a (liquid) substance which generally changes
      from a green to red color as it changes from an unfrozen to frozen
      condition. Thus, the frost tubes 32 provide or permit the obtaining of
      visual indications of the (unfrozen or frozen) conditions of the soil
      adjacent to the poles 22, 24, 26 and 28. The ground frost tube 34 was used
      to provide or permit the obtaining of information on the extent of ground
      freezing between the poles 22 and 26.
PAR  The heat pipe elements S and y are designed especially to cause rapid
      freezing of the soil around a utility pole in a radial direction along the
      full embedded pole portion so that the pole is firmly anchored from the
      ground surface into the permafrost. Water migration and frost heave due to
      progression of freezing and adhesion to the pole from the ground surface
      downward are thus precluded. Since soil expansion occurs in the radial
      direction, the vertical forces acting on the poles are minimized. Of
      course, unfrozen soil can accommodate the radial expansion, and there are
      no appreciable detrimental forces acting to damage a heat pipe element in
      the ground.
PAR  The primary measure of the pole jacking is vertical movement throughout the
      year. Test results showed that the existing power pole 20 and its brace
      rose at a relatively rapid rate. Similarly, the plots for the first and
      second control poles 22 and 24 also showed that both moved upward at a
      comparable rate. Of interest the second control pole 24 with chemical
      grout added to its backfill, rose at a greater rate than any other pole.
      The pole 24 and stabilized soil surrounding it were apparently being
      jacked as a single unit. The poles 26 and 28 with their respective linear
      and angular heat pipe elements S and y, however, did not establish any
      definite trend of movement during the same period of time and the heat
      pipes definitely developed a full jacket of frozen soil around their poles
      from the ground surface to the permafrost. It appeared that this jacket is
      strong enough to prevent any future upward heave.
PAR  Also, the helical heat pipe element y definitely cooled the ground more
      rapidly than the straight heat pipe element S and created a larger frost
      jacket around its pole 28 but this additional freezing (above that offered
      by the straight heat pipe element) did not appear necessary to obtain an
      adequate frost anchor effective the year round. One linear element S
      appears to be adequate to anchor its pole 26 having a diameter of
      approximately 12 inches. For substantially larger diameter poles, two or
      more linear elements can be attached equiangularly spaced
      circumferentially about such poles. Alternatively, a single angular
      element y can be used instead on very large diameter poles.
PAR  FIG. 2 is a front elevational view, shown partially in section and in
      fragments, of the linear heat pipe element S which is normally attached to
      the wooden utility pole 26 (FIG. 1). The heat pipe element S generally
      includes a lower embedded portion 36, a central connecting tee portion 38,
      and an upper heat exchanger (radiator) portion 40. The lower portion 36 is
      preferably fabricated largely of a tubular (aluminum) extrusion 42 having
      a central bulbous tube 44 and side flanges or fins 46a and 46b. The lower
      portion 36 is, for example, about 96 inches long and can be conveniently
      fastened to the pole 26 by nails 42' and washers 44' located near the ends
      of flanges 46a and 46b, and at spacings of approximately 12 inches between
      the ends. The tube 44 has a circular inner diameter nominally of one-half
      inch, and is suitably sealed and covered by a cap 48 at its lower end.
      With an aluminum extrusion 42, selection and use of a suitable means of
      corrosion protection such as galvanic protection, for example, the
      sacrificial washers 44', or surface coating protection (organic film or
      chemical conversion film) is normally required. A conventional wall screen
      (wire mesh) wick is not used in the heat pipe element S although such
      means may be preferably used in the lower embedded portion 36 when it is
      very long (in one instance, 40 feet, for example).
PAR  FIG. 3 is a fragmentary sectional view of the lower end of the lower
      portion 36 of the linear heat pipe element S as taken along the line 3--3
      indicated in FIG. 2. A standard pinch-off end plug 50 is welded to the
      lower end of the tube 44. The heat pipe element S can be suitably loaded
      with a working fluid such as ammonia through the end plug 50, and then
      closed by pinch-off and seal welding. Approximately 48 grams of ammonia is
      used, for example, in this illustrative embodiment. The end plug 50 is
      covered by cap 48 which can be secured by epoxy cement to the lower end of
      the extrusion 42. Of course, any other suitable form of protective cover
      for the pinch-off and weld can be used.
PAR  FIG. 4 is a side elevational view of the central connecting tee portion 38
      of the linear heat pipe element S as taken along the line 4--4 indicated
      in FIG. 2. Referring to both FIGS. 2 and 4, it can be seen that the upper
      end of the tube 44 of extrusion 42 is joined to the lower end of the upper
      heat exchanger portion 40 by the central position 38. This central portion
      38 includes a tee 52, a lower tube 54, and left and right upper tubes 56
      and 58. The ends of the lower tube 54 extend approximately one-half inch
      into the upper end of tube 44 and lower passageway of tee 52,
      respectively, and are welded thereto. Similarly, the upper left and right
      tubes 56 and 58 connect the left and right passageways of the tee 52
      respectively to the lower ends of adapter plugs 60 and 62 mounted in left
      and right holes of a bottom support strap 64 as shown in FIG. 2. The upper
      ends of the hollow adapter plugs 60 and 62 are welded respectively to the
      lower tubular ends of passive radiators 66 and 68 of the upper heat
      exchanger portion 40. While two radiators 66 and 68 have been shown, only
      one or more than two radiators can be appropriately used.
PAR  FIG. 5 is a cross sectional view of the radiators 66 and 68 of the upper
      portion 40, as taken along the line 5--5 indicated in FIG. 2. Referring
      jointly to FIGS. 2 and 5, it can be seen that each of the radiators 66 and
      68 includes a central tubular body 70 and a plurality of radial fins 72.
      The fins 72 are circumferentially spaced equiangularly and protrude a
      slight distance (0.15 inch, for example) radially into the tubular body 70
      as indicated in FIG. 5. Two of the fins 72 of each radiator 66 and 68 are
      welded at their ends to channel members 74 which are, in turn, fastened to
      the utility pole 26 (FIG. 1) by lag screws 76 and washers 78. The upper
      end of the tubular body 70 of each of the radiators 66 and 68 is closed by
      a solid end plug 80 and sealed by welding. The upper ends of the plugs 80
      of the radiators 66 and 68 are respectively mounted in left and right
      holes of a top support strap 82 as shown in FIG. 2. Tubular body 70 is
      approximately 1 inch in diameter, and the fins 72 are approximately 2
      inches wide and 72 inches long, for example. Obviously, other techniques
      of attaching the radiators to the pole for support can be used, especially
      when only one radiator is employed.
PAR  FIG. 6 is a front elevational view, fragmentarily shown, of the angular
      (helical) heat pipe element y which is normally attached to the wooden
      utility pole 28 (FIG. 1). The heat pipe element y generally includes a
      lower embedded portion 84, a central connecting joint and tee portion 86,
      and an upper heat exchanger (radiator) portion 88. The lower portion 84 is
      fabricated largely of a tubular (aluminum) extrusion 90 having a central
      bulbous tube 92 and side flanges or fins 94a and 94b. The tube 92
      protrudes radially inwards from the flanges 94a and 94b, and the inner
      diameter of each coil is approximately 12.50 inches, to accommodate a
      utility pole 12 inches in diameter. The lower portion 84 can be, for
      example, about 72 to 96 inches long between the ends of the coiled
      section, with six equally spaced coils or a nominal 12 to 16 inches lead
      per coil. The deeper that the pole 28 and its element y are embedded in
      the ground, the less can be the number of coils since a deeper embedded
      length tends to offset the lifting of the pole.
PAR  The lower portion 84 can be conveniently fastened to the pole 28 by nails
      96 and washers 98 located near the ends of the coiled section along the
      flanges 94a and 94b, and at spacings of approximately 12 inches along the
      longitudinal length thereof. The lower end of the extrusion 90 of the
      lower portion 84 is sealed and capped in the same manner as in the linear
      heat pipe element S. The tee 100 and everything above it, including the
      heat exchanger 88 and its left and right radiators 102 and 104, can be
      identical to the tee 52 and heat exchanger portion 40 and its radiators 66
      and 68 of the linear heat pipe element S. The central portion 86 of the
      angular heat pipe element y includes an overlapping joint 106 which is not
      used in the central portion 38 of the linear heat pipe element S. It is
      noted, however, that a similar overlapping joint 106a (indicated in
      phantom lines in FIG. 4) can be readily incorporated and used in the
      linear pipe element S, if desired or required.
PAR  FIG. 7 is a side elevational view of the central portion 86 of the angular
      heat pipe element y, as taken along the line 7--7 indicated in FIG. 6.
      Referring to both FIGS. 6 and 7, it can be seen that the angular heat pipe
      element y is essentially a two-part assembly of a separate upper heat pipe
      section 108 and a separate lower heat pipe section 110 which are thermally
      joined or connected together by the overlapping joint 106. Thus, the upper
      heat pipe section can be readily separated and detached from the lower
      heat pipe section, so that it can be replaced when damaged without having
      to dig up the entire pole 28 and replacing an entire heat pipe element
      because of damage only to the upper radiator portion thereof. The heat
      removal rate with the two-part assembly as compared to a similar one-part
      assembly, is about 12 percent less than the latter.
PAR  FIG. 8 is a cross sectional view of the central portion 86 of the angular
      heat pipe element y, as taken along the line 8--8 indicated in FIG. 7.
      Referring jointly to FIGS. 7 and 8, it can be seen that the flanges 94a
      and 94b of each tubular extrusion 90 of the upper and lower heat pipe 108
      and 110 are fastened directly together by bolts 112 spaced along the
      length of the overlapping joint 116. A layer 114 of thermal paste (such as
      Dow Corning DC-340) can be used between the contiguous faces of the joined
      sections 108 and 110 to facilitate heat transfer between the sections. The
      length of the overlapping joint is, for example, approximately 2 feet. The
      lower end of the upper heat pipe section 108 and the upper end of the
      lower heat pipe section 110 are each closed by a pinch-off end plug 116.
      Ground level can be at a few inches or more below the end plug 116 of the
      upper heat pipe section 108.
PAR  FIG. 9 is a front elevational view, shown partially broken away, of a
      structural support assembly 118 wherein a heat pipe element is integrally
      combined with and constructed to serve simultaneously as a support
      structure. The assembly 118 includes a closed, elongated, tubular
      container 120 having a charge of a suitable working fluid (a small amount
      of liquid and remainder vapor) 122, condensate flow directing and
      spreading means as; and a helical wall fin 125 protruding radially inwards
      a short distance from the internal surface of the tubular container, and a
      heat exchanger (ambient air radiator) 126 suitably coupled or integrally
      incorporated with the upper portion of the tubular container. The assembly
      118 further includes a structural attachment means 128 located normally
      above radiator 126 although it can in certain applications be located on
      or below the radiator, and a layer 130 of thermal insulation applied in
      the annual freeze-thaw ground region or layer 132 (largely the tundra)
      about the tubular container 120.
PAR  FIG. 10 is a cross sectional view of a lower part of the support assembly
      118 as taken along the line 10--10 indicated in FIG. 9. This lower part of
      the assembly 118 includes the lower portion of the tubular container 120
      with its helical wall fin or condensate flow directing and spreading means
      124, and is embedded in permafrost 134. From FIGS. 9 and 10, it can be
      seen that as the condensate runs down the container 120 wall, the helical
      wall fin or flow means 124 ensures that the wall is wetted all the way
      around and down. The flow means 124 can be a narrow strip helical coil
      insert, a small diameter spring wire insert or a fine helical screw thread
      tapped in the tubular container wall, for example, each with a suitable
      pitch (which can be variable along the container length) between turns.
      Alternatively, a conventional wall screen (wire mesh) wick can be provided
      on the circumferential wall surfaces of the tubular container 120. It is
      noted that a helical wall fin or wall screen wick is not used in the
      linear or angular heat pipe elements S and y although such means can be
      used and may be desirable under certain conditions.
PAR  FIG. 11 is a cross sectional view of an upper part of the support assembly
      118 as taken along the line 11--11 indicated in FIG. 9. It can be seen
      that the heat exchanger 126 is a passive radiator including a plurality of
      vertical fins 136 which extend radially from the upper portion of the
      tubular container 120 and are equiangularly spaced circumferentially
      thereabout. Heat transfer is by way of the surfaces of the fins 136 to the
      ambient air. The tubular container 120 contains a suitable working fluid
      122 working fluid 122 (such as ammonia) which normally exists as a small
      quantity of liquid at the bottom end of the container, with saturated
      vapor filling the remainder thereof. This heat pipe device is highly
      effective, and the heat transfer process is fully operational with
      temperature drops of less than 1.degree.F in the working fluid 122.
PAR  Anytime that the (ambient air) radiator region of the tubular container 120
      becomes slightly (less than 1.degree. F) cooler than the lower portion of
      the container, some saturated vapor will condense in the radiator region,
      give up its latent heat and then return by gravity down the wall of the
      container to its lower end. The condensation of fluid 122 in the upper
      portion of the tubular container 120 tends to decrease the pressure in the
      container, causing more vapor to flow up it and causing some evaporation
      of liquid in the lower embedded portion of the container. The latent heat
      of evaporation is thus transported from the underground (embedded) region
      to the exposed (radiator) region by this very efficient refluxing process.
PAR  The process of evaporation is, of course, enhanced by the helical wall fin
      or flow means 125 condensate spreader. The complete underground (embedded)
      container portion acts to remove heat from the surrounding permafrost, and
      the heat is removed first and most rapidly from wherever the container
      temperature exceeds the ambient air temperature. That is, heat is removed
      most rapidly from the warmest part of the underground container portion
      and the device does not depend upon the entire embedded region being
      warmer than the ambient air before heat transportation begins.
PAR  The tubular container 120 is filled mostly with vapor and is, therefore,
      very light in weight for ease of handling and installation. Undesirable
      heat conduction downwards is nearly insignificant during "warm" weather
      for a structural support assembly 118 because the downward heat conduction
      (thermal conductivity) in the vapor is very low and the available metal
      cross section is small. The downward heat conduction is much greater, for
      example, in a thermo-valve device. The support assembly 118 (heat pipe
      element) can also function efficiently in nearly a horizontal position for
      stabilization or support of structure on relatively steep grades whereas a
      thermo-valve device is very inefficient or cannot function in such
      position or orientation.
PAR  The structural support assembly 118 need be constructed only heavy and
      sturdy enough to support the intended structure. Large diameters and thick
      walls for the tubular container 120 are not required for the necessary
      heat transfer function. The support assembly 118 can be used to support
      pipe lines, railway trusses, buildings, etc. in the arctic regions. Of
      course, the support assembly 118 need not be confined to the configuration
      shown, and can be suitably combined into an architectural design of a
      building or other structure so as not to be apparent. A number of
      different working gluids can be individually used efficiently in the
      support assembly 118. Thus, the materials of construction of the tubular
      container 120 can be readily selected to meet various soil conditions
      because a variety of working fluids are available to provide one which is
      compatible with any chosen tubular container material.
PAR  While certain exemplary embodiments of this invention have been described
      above and shown in the accompanying drawings, it is to be understood that
      such embodiments are merely illustrative of, and not restrictive on, the
      broad invention and that I do not desire to be limited in my invention to
      the details of construction or arrangements shown and described, for
      obvious modifications may occur to persons skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use in ground areas subject to an annual freeze-thaw cycle, a
      lightweight and stabilized structural support installation in a permafrost
      environment, comprising:
PA1  a unitary support member for installation in said permafrost environment
      which includes an annually active freeze-thaw upper ground region
      thickness of generally frozen soil, said support member including integral
      heat pipe means comprising
PA2  a cylindrical tubular container having a lower and an upper portion and
      constructed only heavy and sturdy enough to serve as said support member
      for supporting associated structure, said lower container portion being
      installed directly in said permafrost environment and having a nominal
      diameter sufficiently large to provide adequate radial freezing of
      adjacent soil to produce a full jacket of frozen soil around said lower
      container portion and firm anchoring thereof in said permafrost
      environment to support said associated structure, a passive radiator form
      of heat exchanger coupled to said upper container portion, a charge of
      working fluid in said container, said fluid normally existing as a small
      quantity of liquid in said container with saturated vapor filling the
      remainder thereof, and flow means of a helical configuration provided over
      the length of the interior longitudinal wall of said lower container
      portion for generally directing and spreading condensate return flow
      thereover;
PA1  a layer of thermal insulation of sufficient thickness applied about the
      exterior longitudinal wall of said lower container portion over the length
      in said annually active freeze-thaw upper ground region thickness of
      generally frozen soil to minimize any heat transfer between said container
      and said annually active freeze-thaw upper ground region, the entire
      cylindrical outer surface of said lower container portion below said
      annually active freeze-thaw upper ground region functioning as a direct
      heat transfer surface between said permafrost environment and said
      container; and
PA1  means for attaching the upper end of said container to said associated
      structure to be supported,
PA1  whereby heat picked up from said permafrost environment is transferred into
      said lower container portion and transported by said working fluid in
      vaporized form to said upper container portion coupled to said heat
      exchanger for transfer to a heat output environment accompanied with
      condensation of said vaporized working fluid for return to said lower
      container portion to repeat the cycle such that said soil adjacent thereto
      is stabilized in its frozen condition normally throughout the year by said
      integral heat pipe means of said support member.
NUM  2.
PAR  2. For use in ground areas subject to an annual freeze-thaw cycle, a
      lightweight and stabilized structural support installation in a permafrost
      environment, comprising:
PA1  a unitary support member for installation in said permafrost environment
      which includes an annually active freeze-thaw upper ground region
      thickness of generally frozen soil, said support member including integral
      heat pipe means comprising
PA2  a cylindrical tubular container having a lower and an upper portion and
      constructed only heavy and sturdy enough to serve as said support member
      for supporting associated structure, said lower container portion being
      installed directly in said permafrost environment and having a nominal
      diameter sufficiently large in the order of approximately six inches and
      larger to provide adequate radial freezing of adjacent soil to produce a
      full jacket of frozen soil around said lower container portion and firm
      anchoring thereof in said permafrost environment to support said
      associated structure, a passive radiator form of heat exchanger coupled to
      said upper container portion, a charge of working fluid in said container,
      said working fluid normally existing as a small quantity of liquid in said
      container with saturated vapor filling the remainder thereof, and a
      helical coil insert form of flow means provided over the length of the
      interior longitudinal wall of said lower container portion for generally
      directing and spreading condensate return flow thereover;
PA1  a layer of thermal insulation of sufficient thickness in the order of
      approximately two inches applied about the exterior longitudinal wall of
      said lower container portion over the length in said annually active
      freeze-thaw upper ground region thickness of generally frozen soil to
      minimize any heat transfer between said container and said annually active
      freeze-thaw ground region, the entire cylindrical outer surface of said
      lower container portion below said annually active freeze-thaw upper
      ground region functioning as a direct heat transfer surface between said
      permafrost environment and said container; and
PA1  means for attaching the upper end of said container to said associated
      structure to be supported,
PA1  whereby heat picked up from said permafrost environment is transferred into
      said lower container portion and transported by said working fluid in
      vaporized form to said upper container portion coupled to said heat
      exchanger for transfer to a heat output environment accompanied with
      condensation of said vaporized working fluid for return to said lower
      container portion to repeat the cycle such that said soil adjacent thereto
      is stabilized in its frozen condition normally throughout the year by said
      integral heat pipe means of said support member.
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PAL  An arcuate chamber, fitted against a portion of a replaceable fuel line
      filter for a diesel engine includes an inner high heat transfer material
      adjacent the filter element, inlet and outlet lines for the chamber for
      passing engine exhaust gases, an exhaust flow control valve, and a
      releasable fastener securing the chamber to a filter element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Cold weather prevents, or at least severely curtails, operation of outdoor
      equipment using diesel engines as the motivating power. As the ambient
      temperature drops below freezing, the diesel fuel thickens or jells,
      preventing a free flow of the fuel through the fuel system lines and
      prevents efficient operation of the engine. Most diesel fuel pumps are
      generally sufficiently powerful to pump the fuel even with extreme
      gelation, however, the fuel filter tends to retard and/or stop the flow,
      and the fuel jets of the engine tend to wear rapidly or plug under such
      extreme conditions. Gelation of the diesel fuel prevents the efficient
      flow of fuel through the injection jets of the cylinders and prevents
      optimum operation of the diesel engine.
PAR  Many attempts have been tried to solve the problem, but numerous factors
      have weighed against success of these previous attempts. Many such
      attempts involve changing the fuel system itself, adding units to the
      system which change fuel flow characteristics or introducing external
      agencies, such as electric heaters, for heating the incoming combustion
      air or the diesel fuel. Some attempts have been made to heat the fuel
      tank, while some have attempted to heat the fuel by insertion of heaters
      in the fuel line requiring a reconstruction of the fuel line. For example,
      in U.S. Pat. No. 3,209,816, issued Oct. 15, 1965, the existing fuel line
      of an engine is cut and a heater-separator is inserted into the fuel line.
      This requires cutting into the existing fuel lines, reconstructing the
      fuel system to accommodate an added heater-separator, and rearranging the
      system to include the added device under the hood for the engine. In U.S.
      Pat. No. 3,626,917, the fuel system is reconstructed to insert a
      self-contained heater which includes a combustion chamber separate from
      the engine and utilizing fuel from the diesel fuel tank to heat air for
      combustion in the engine. This system is primarily for starting the engine
      and has no effective utility for the engine after starting. U.S. Pat. No.
      3,699,938 shows a way to replumb the fuel lines of a diesel engine which
      includes an engine coolant liquid heater for incoming fuel to the engine.
      This system, of course, requires that the engine be started and all the
      engine coolant heated before the air heater is effective in heating the
      incoming fuel. U.S. Pat. No. 3,630,183 includes an elaborate air
      pre-heater for a diesel engine using a separate fuel burner to heat the
      incoming air for the diesel fuel for the engine.
PAR  Thus, the prior art shows numerous attempts to aid cold weather operation,
      but these have only been partially successful at best. Many such systems
      introduce another element of risk into the operation of the diesel, i.e.,
      separate burners, which only provides for heating air for the combustion
      of the engine.
PAC  SUMMARY OF THE INVENTION
PAR  The device of the present invention provides heat for the fuel filter of a
      diesel engine fuel line, which eliminates gelation of the diesel fuel
      going out of the fuel filter to the engine. This decreases the work from
      the fuel pump by eliminating gelation in probably the most constricted
      portion of the fuel line, i.e., the filter element, This, also, decreases
      wear and plugging of the jet orifices of the fuel injection system. A
      plenum chamber externally fastened to the filter element of the fuel
      filter uses hot exhaust gas to heat the filter. As soon as an engine is
      started, the exhaust gas is, of course, hot, and this hot gas is almost
      immediately used to heat the filter element. Thus the heat is applied to
      the fuel at the slowest flow volume in the fuel line (in the fuel filter
      element) and thus uses rapid heating of the fuel by the first hot exhaust
      gases coming from the engine and continue to heat the fuel filter element
      during engine operation. The fuel flow to the engine is accurately
      controlled and plugging of the filter and the fuel jets is eliminated,
      thus maintaining the efficiency of the engine during cold weather
      operation.
PAR  It is, therefore, an object and advantage of the invention to provide a
      diesel fuel heater for diesel fuel flowing to an engine. Another object of
      the invention is to provide a diesel fuel heater for a diesel fuel filter
      without change of the fuel line system.
PAR  Another object of the invention is to provide a diesel fuel heater for a
      diesel fuel filter which includes a simple and easy to install and remove
      heater for the fuel filter.
PAR  Still another object of the invention is to provide a diesel fuel heater
      for a diesel fuel filter which includes a plenum chamber easily and
      quickly attached to a diesel engine fuel filter for cold weather operation
      of the engine.
PAR  An additional object of the invention is to provide a diesel fuel heater
      for a diesel fuel line filter which is easily and accurately controlled in
      the amount of heating of the filter element and may be easily shut off to
      prevent further heating of the fuel filter for warmer temperature
      operation.
PAC  SPECIFIC DESCRIPTION OF THE INVENTION
DRWD
PAR  The above objects and advantages may be best and more fully understood by
      referring to the following description and appended illustrations in
      which:
PAR  FIG. 1 is a perspective view of a diesel fuel line filter heater according
      to the invention;
PAR  FIG. 2 is a side elevational view of a filter element heater according to
      the invention showing a schematic hook-up of the heater onto an existing
      diesel fuel line.
PAR  FIG. 3 is a top plan view of the heater of the invention for attachment to
      a filter element, and
PAR  FIG. 4 is an exploded view of the components of the filter of the invention
     .
DETD
PAR  In the device illustrated in the drawings, a plenum chamber is provided for
      temporary attachment to a fuel filter for a diesel engine and it includes
      an arcuate chamber 10, shown in FIG. 1, which includes an arcuate outer
      wall 12, an arcuate inner wall 14, and end walls 16 and 18. An exhaust
      inlet 20 is provided in the upper portion of one side of the chamber and
      an exhaust outlet 22 is provided in a lower portion of the opposite side
      of the chamber. As shown in FIG. 4, the sheet forming wall 12 is formed in
      an arcuate configuration having a slightly less radius of curvature than
      the inner wall 14 so as to provide, when fitted against the inner wall 14,
      a chamber therebetween. End walls 16 and 18 are welded to the rear wall
      12, and the arcuate inner wall is, likewise, welded or brazed to the inner
      edges of the U-shaped combined end walls and rear wall 12. An exhaust
      inlet 20 is welded into an opening 20a in the upper portion of one side of
      the chamber, and an exhaust outlet 22 is welded into the opening 22a on
      the opposite side of the rear wall but at a lower position. The back wall
      is preferably made of sheet steel, cut to size and rolled into an arcuate
      configuration. The end walls 16 and 18, made of the same material, may be
      cut to size as quarter moons and then welded along weldments 16a and 18a
      respectively to the wall 12. The inlet nipple 20 and the outlet nipple 22
      for the exhaust gas may be made of the same material as the wall and ends,
      or they may be made of copper or the like, as desired. The inner wall 14
      has an arcuate configuration arranged to fit over the opening of the
      cupped wall and the end pieces, and is preferably formed of copper so as
      to provide a high heat transfer material which will be adjacent the filter
      element of the fuel system of the diesel engine. This arcuate sheet is
      then brazed in the opening providing a closed plenum chamber with an inlet
      and outlet for the diesel exhaust gases. Any other high heat transfer
      material may be used for the inner wall 14, so long as it is durable to
      the hot exhaust gases.
PAR  As shown in FIG. 3, the plenum chamber may be provided with a band or strap
      30 having a take-up connector 32 for fastening the chamber to a filter
      element. The band 30 may be secured to the plenum chamber or may merely
      pass around the chamber for securing the same to a filter element. The
      plenum chamber should be closely adjacent to the filter element, and
      preferably with the inner wall conforming to the exterior of the filter
      element, and contacting the same.
PAR  As shown in FIG. 2, a fuel line 40, provided with a fuel pump 42, is
      arranged to pass fuel through the filter element of a filter 44 to a line
      46 which is directed to the injection system of a diesel engine. Such
      filters having removable filter elements for a fuel line is a common
      matter for both diesel fuels and gasoline fuels. Normally, such fuel
      filters include a replaceable element which is threaded into the filter
      head fitting which joins the two ends of the fuel line. The heater 10 is
      secured to the filter element of the filter 44 by means of the strap 30,
      and is held closely adjacent or contacting the filter element. Exhaust gas
      enters the heater from an exhaust line 48, which may be attached to the
      exhaust manifold of the engine, through a control valve 50 to the nipple
      20 of the heating chamber 10. The line 48 may be a copper line, or the
      like, from the exhaust manifold and it is connected by means of a sleeve
      connector 52 to the nipple 20. The exhaust gas passes through the plenum
      chamber out the outlet nipple 22 to an outline line 54 which is connected
      by a slip connector 56 to the nipple 22. The valve 50 provides means for
      controlling the flow of the exhaust gases through the chamber and thereby
      control the heating of the fuel in the fuel element of the filter.
PAR  With the plenum chamber secured to the filter element, the engine, to which
      it is attached, is started and the valve 50 is turned to wide open so that
      the first hot gases from the engine pass through the plenum chamber. The
      high heat transfer wall passes the heat to the filter element heating the
      same and heating the fuel that is in the element. The exhaust gases pass
      out through the nipple 22 into the line 54. The line 54 may be passed back
      into the diesel exhaust stack or it may be exhausted to the atmosphere. As
      soon as the hot exhaust gases reach the chamber 10, the filter element is
      started to heat and any gelation of the fuel therein is eliminated and
      free flowing fuel is passed through the line 45. The heater may be used as
      long as the weather is cold; however, as soon as the weather starts to
      warm up so that gelation is no longer a problem, the heater is easily
      stopped by merely turning the valve 50. For summer operation the heater
      may be easily and quickly removed by removing the slip connectors 52 and
      56 and the heater may be stored for the summer. It is then, of course,
      easily secured back onto the filter element by replacing it into the
      exhaust lines. Furthermore, it is noted that there is no change in the
      fuel system and since there is no additional elements placed in the fuel
      system the pressure drop and fuel flow through the fuel system will remain
      the same.
CLMS
STM  I claim:
NUM  1.
PAR  1. A heater to be mounted against a cylindrical side of a filter of a
      diesel fuel line comprising:
PA1  a. a metal arcuate backing member porportioned to extend around less than
      one-half of the circumference of the filter for a diesel fuel line and
      including quarter moon-shaped end closure members secured to the top and
      bottom ends of said arcuate backing member and forming therewith an inner,
      arcuate open side which is proportioned to lie against the cylindrical
      side of the filter.
PA1  b. a high heat transfer, arcuate metal sheet covering said inner open side,
      sealed to said end closure members and to the edges of said backing member
      forming a plenum chamber therewith, and having its inner surface
      approximately the same arcuate configuration as the filter so that said
      chamber fits closely to about one-half of the filter circumference and
      said backing member having a lesser radius of curvature to provide said
      plenum chamber with a thicker portion in the middle than at the ends;
PA1  c. an exhaust inlet means mounted in said backing member adjacent one edge
      and one end thereof, and an exhaust outlet mounted in said backing member
      adjacent the opposed edge and the opposite end thereof; and
PA1  d. means for securing said chamber to a filter member in a diesel fuel
      line.
NUM  2.
PAR  2. A heater according to claim 1 wherein said means for securing said
      chamber is strap means.
NUM  3.
PAR  3. A heater according to claim 1 wherein valve means is provided in one of
      said exhaust inlet and outlet means.
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PAL  Steam turbine power plants employ condensers for condensing the dead steam
      of the turbine. The required cooling in the condenser is obtained by
      cooling water which is, in case of dry cooling towers, injected into a
      mixing condenser. Recooling of the cooling water is obtained in surface
      heat exchangers of the dry cooling tower which carry off the heat by means
      of air.
PAL  Where the employment of such system is jeopardised by the hazards of
      climatic conditions, it is suggested to associate water cooled heat
      exchangers with the surface heat exchangers and the dry cooling tower of
      the system. Such water cooled heat exchangers serve as auxiliary means
      where the cooling effect of the surface heat exchangers of the dry cooling
      tower fails to ensure a desired low condensation temperature in the mixing
      condenser.
BSUM
PAR  This invention relates to condensation apparatus for steam turbine power
      plants.
PAR  It is known that efficiency of a turbine is the higher the lower is the
      condensation temperature of the exhausted steam withdrawing from the
      turbine. Condensers of steam turbine power plants are, as a rule, cooled
      by means of water or air. Cooling water will be taken from natural sources
      and discharged after traversing surface condensers of the turbine, or
      recirculated by a circulation pump. In the latter case, the water is
      cooled down in evaporation coolers such as cooling towers, spray apparatus
      or cooling lakes.
PAR  In the evaporation coolers one portion of the cooled-down water is
      evaporated while another portion thereof is carried off in the shape of
      droplets by the flowing air. In addition, a portion of the water is
      generally drained off in order to prevent an undesirable concentration of
      salt dissolved in the recirculated water. Such losses are made up by
      supplying water from natural sources into the cooling system.
PAR  Recently, air condensation apparatus (dry cooling towers) have considerably
      gained ground. Their cooling medium (a liquid) is recooled by air from the
      ambiency. Such apparatus comprises a mixing condenser into which a
      condensate is injected which previously was cooled down in surface heat
      exchangers by means of air. The surface heat exchangers, in turn, are
      built in in cooling towers and are operated with natural draught or with
      blowers (forced draught). Air condensation apparatus is, however, more
      expensive than systems cooled by water. In addition, in case of high
      ambient temperatures no sufficient efficiency of the turbine can be
      warranted. Their extended use is due to the lack of water at numerous
      places of the Earth.
PAR  On the other hand, with low air temperatures, the turbine efficiencies of
      air condensation systems yield exceedingly high turbine efficiencies.
PAR  Water shortages occur in certain years with little rainfall and in certain
      seasons with little precipitation. Such water shortages can become
      critical and depend on yearly or seasonal variations in the water flow.
PAR  Thus, for instance, the amount of water observable in rivers at medium
      degrees latitude during winter time increases suddenly in springtime and
      is maintained at a fairly high level during summer. It means that the
      water storage reservoirs will be filled up in springtime and during
      summer, and will, as a rule, hardly be used. During the hot seasons, the
      river beds are filled with water which originates from snow in the high
      mountains. In northern areas, on the other hand, numerous rivers will
      entirely freeze in winter time while the mightiest rivers yield but
      minimum amount of water. In contrast, during summer these rivers are
      exceedingly swollen. In such cases, it is economically preferably to cool
      the condensers of the turbine of power plants by air in winter time where
      the cold air permits to maintain a high turbine efficiency while, on the
      other hand, during summer, the condensers will be cooled, in addition to
      air, also by water at disposal. In the course of arid years where the
      amount of water at disposal is particularly little, it seems to be
      preferable to permit a slight decrease in the turbine efficiency and to
      use water only during hours in which the power plant has to yield a
      maximum performance and the temperature of the air is high.
PAR  Finally, it has been suggested to employ a surface condenser with a cooling
      tower the air inlet of which has pairs of superposed surface heat
      exchangers and open contact spray coolers arranged in it, wherein the
      water circulated through the surface condenser traverses first the surface
      heat exchanger and then the open contact spray cooler of each pair.
PAR  The above described combined systems require, wholly or partly, the
      employment of surface condensers made of expensive corrosion resistant
      materials in order to withstand various salts and oxygen contained in the
      water circulated therein since the condensate is liable to be contaminated
      in such condensers through sealings between pipe conduits and their
      armatures. This may have serious consequences. Moreover, condensers of
      this type have a considerable requirement of space whereby the outer
      dimensions of the machine halls of power plants become undesirably
      increased.
PAR  The first two of the aforesaid combined systems require at least four pipe
      conduits between the condenser and the cooling tower. Of these, two pipe
      conduits serve for supplying and withdrawing the cooling water while the
      other two pipe conduits are destined to conduct the condensate. Moreover,
      the pipe conduits are of considerable size while the pressure prevailing
      therein is smaller than the atmospheric pressure, whereby the danger of
      the condensate being contaminated is considerably increased.
PAR  The air inlet passages of the combined cooling tower have to be equipped
      with clumsy apparatus for adjusting the amount of air supplied through the
      surface heat exchangers and the contact spray coolers into the cooling
      tower. The dimensions of the cooling towers operated with natural draught
      or the performance of blowers arranged in cooling towers operated with
      forced draught have to be considerably greater and higher, respectively,
      than with conventional evaporation cooling towers since very large amounts
      of air are required for the cooling of surface heat exchangers by means of
      convection, in addition to the amounts of air by which the heat is
      withdrawn from the contact spray coolers by means of convection and
      evaporation.
PAR  The main object of the present invention is to obviate the deficiencies of
      the known systems. For this purpose, a mixing condenser is provided for
      the turbine and the condensate is cooled down by means of air cooled
      surface heat exchangers in a manner known per se. Such condensation
      apparatus is distinguished from the above described combined systems by
      that downstream of or in parallel connection to the air cooled surface
      heat exchangers, a water cooled condensate cooler is employed in the form
      of a surface heat exchanger in the pipes of which the cooling water is
      circulated while outside the pipes the condensate to be cooled down is
      passed.
PAR  The water cooled condensate cooler may be disposed e.g. within a cooling
      tower of natural draught.
PAR  The dimensions of the air operated cooler for the condensate, viz. the
      dimensions of the heat exchangers and the air supply means will preferably
      be selected so that in case of maximum performance of the power plant a
      suitably low condensation temperature may be maintained in winter time
      without the necessity of introducing cooling water operated cooler of the
      condensate. Since in case of air temperatures below zero a condiserable
      difference between the temperatures of the condensate and the air may be
      permitted in the range of 35.degree. to 45 .degree. centigrade, without
      decrease of the turbine performance, suitable dimensions of the air
      operated condensate cooler will be substantially smaller than in case of
      known air condensation apparatus which are sized, as a rule, for a yearly
      average air temperature.
PAR  Cooling water will be introduced into the water operated cooler of the
      condensate in case of higher air temperatures where the air operated
      cooler is unable to maintain a temperature suitably low for the
      condensation of exhaust steam withdrawing from the turbine. Water will not
      be used for cooling purposes even at air temperatures above zero is the
      power plant is operated at less than full load which is the case e.g.
      during night hours or days of rest.
PAR  The flow rate of the cooling water is adjusted automatically dependent on
      the temperature of the condensate or on the pressure prevailing in the
      condenser of the turbine of the power plant.
PAR  Thus, the condensation apparatus according to the invention permits to
      maintain high turbine efficiencies while using minimum amounts of cooling
      water the supply of which is adjusted and controlled in dependence on
      weather conditions and power plant loads.
PAR  Cooling water may be taken from external sources such as rivers, lakes,
      channels. If even in summer time no suitable amounts of cooling water may
      be taken from external sources, an evaporation water cooler apparatus such
      as a cooling tower, a contact spray basin or a cooling lake will be
      employed. The water supply of the water operated cooler for the condensate
      is controlled in accordance with the steam condensation temperature in
      dependence on weather conditions and power plant loads in such a manner
      that water losses in the evaporation cooler are possibly low while turbine
      efficiency is suitably high.
PAR  Furthermore, in accordance with the present invention, the contact spray
      apparatus or the evaporation water cooler as well as the surface heat
      exchanger of the air operated cooler for the condensate are disposed
      within the frame of a cooling tower of natural draught whereby both
      expenses and space requirement are suitably decreased.
DRWD
PAR  The invention will be described hereinafter in greater details by taking
      reference to the accompanying drawings which show, by way of example,
      connection diagrams of various embodiments of the condensation apparatus
      to the invention. In the drawings:
PAR  FIG. 1 is a diagrammatic view illustrating an embodiment of the
      condensation apparatus according to the invention;
PAR  FIG. 2 is a diagrammatic view illustrating a second embodiment according to
      the invention;
PAR  FIG. 3 is a diagrammatic view illustrating a third embodiment of the
      invention; and
PAR  FIG. 4 is a diagrammatic view illustrating a fourth embodiment of the
      invention.
PAR  Same reference characters refer to similar details throughout the drawings.
DETD
PAR  In the drawings, FIG. 1 represents an exemplified embodiment of the
      condensation apparatus according to the invention in which a steam turbine
      1 of a power plant is connected to a mixing condenser 2 which, in turn, is
      connected by means of a condensate conduit 9 with dry or air operated heat
      exchangers 4 connected in series with wet heat exchangers 6. The conduit 9
      comprises a circulation pump 3 by means of which condensate is circulated
      through the mixing condenser 2 and the series connections of dry heat
      exchangers 4 and wet heat exchangers 6.
PAR  Reference character 5 refers to a cooling tower operated with natural
      draught in a manner known per se, the dry heat exchangers 4 being located
      at the bottom of the cooling tower 5.
PAR  The wet heat exchanger 6 is operated by cooling water taken from an
      external source 8 of such water furnished by a circulation pump 7 through
      a valve 10 for controlling the flow rate of water through the wet heat
      exchanger 6.
PAR  In operation, dead steam coming from turbine 1 is supplied into mixing
      condenser 2 where it is condensed by injected condensate and pumped by
      circulation pump 3 along the condensate conduit 9 into the series
      connected heat exchangers 4 and 6, respectively. The recooled condensate
      flows back into the mixing condenser 2 through an unspecified control
      valve where it is injected in the form of a spray whereby the dead steam
      coming from the turbine 1 is condensed, and so on.
PAR  It will be apparent that wet heat exchanger 6 may be disconnected from the
      system whenever its services can be dispensed with as will be the case at
      very low air temperatures or with restricted loads of the power plant.
PAR  For intermediate loads and air temperatures, pressure sensor 14 in
      mixer-condensor 2 transmits the pressure reading through line 17 to
      controller 16, and temperature sensor 15 transmits the condensate
      temperature through line 18 to controller 16. Controller 16 is connected
      to adjustable valve 10 through line 19 to bring liquid-operated cooler 6
      into service, if necessary, and at the required rate of flow of cooling
      liquid, as determined by the information derived from said sensors.
PAR  FIG. 2 represents an embodiment by way of example in which the dry heat
      exchangers 4 and the wet heat exchangers 6 are arranged in parallel
      connection. A portion of the condensate flows here from the mixing
      condenser 2 through the heat exchangers 4 in which it is cooled by means
      of air flowing upwards in the cooling tower 5 as suggested by curved
      arrows. Another portion of the condensate is circulated through the wet
      heat exchangers 6 wherein it is cooled by the cooling water taken from the
      external source 8 as was the case with the previous embodiment.
      Subdivision of the water amount between the various heat exchangers is
      controlled by suitable valves not shown.
PAR  Again, it will be seen that the wet heat exchanger 6 may be disconnected
      from the system whenever its services may be dispensed with without the
      operation of the recooling system being impaired.
PAR  FIG. 3 represents an exemplified embodiment wherein the cooling water for
      the wet heat exchangers 6 is recooled by a further cooling tower 12.
PAR  Water losses in this tower caused by evaporation and by the air flow which
      carries away water particles are made up by taking water from an external
      water source not shown but indicated by an arrow. This external water
      source will serve also for making up water losses which will arise
      whenever the water is drained from the circulation system in order to
      prevent undesired increase of concentration in salts which are dissolved
      in the water.
PAR  In the instant case, a cooling tower 12 operated with natural draught has
      been shown. It will, however, be apparent that cooling towers with forced
      draught e.g. by means of blowers or ventilators or spray water basins and
      cooling lakes might be employed as well.
PAR  The exemplified embodiment shown in FIG. 4 differs from the previous one by
      that the water operated heat exchanger 6 has a contact spray cooler 13
      which is, together with the air operated heat exchanger 4 for the
      condensate disposed within the air inlet passage of the cooling tower 5 of
      natural draught, the air operated heat exchanger 4 being arranged above
      the contact spray cooler 13. Division of the air flow between the heat
      exchangers 4, 6 and the spray cooler 13 is obtained by means of flap
      valves louvers 11.
PAR  In operation, upon increase of the amount of water supplied into the
      contact spray cooler 13 the amount of air traversing the same is likewise
      increased while upon cutting off the water supply into the spray cooler
      also the air flow will be interrupted.
PAR  The exemplified embodiment of the invention shown in FIG. 5 illustrataes a
      condensation apparatus in which the contact spray cooler 13 of the water
      operated heat exchanger 6 is connected in series downstream the air
      operated heat exchanger 4 for the condensate as regards the air flow. With
      such embodiment, a control of the air flow may be dispensed with.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A condensation apparatus for steam turbine power plants comprising, in
      combination, a mixing condenser; a cooling system for cooling condensate
      withdrawn from said mixing condenser; first conduit means connecting said
      mixing condenser and said cooling system for flow of condensate from said
      condenser to said cooling system; second conduit means connecting said
      cooling system to said mixing condenser for flow of cooled condensate from
      said system to said condenser; first circulating pump means in one of said
      first and second conduits; said cooling system including an air-operated
      cooler incorporating a heat exchanger, an air supply means having an inlet
      passage, a liquid-operated cooler incorporating a heat exchanger, third
      conduit means connected for transferring condensate from said first
      conduit means through said air-operated cooler and said liquid-operated
      cooler to said second conduit means, and second circulating pump means for
      circulating coolant liquid from an outside source through said
      liquid-operated cooler; sensors for determining the condensate temperature
      and the pressure in said mixing condenser; an adjustable valve positioned
      for adjusting the flow of coolant liquid to said liquid-operated cooler;
      and control means for receiving information from said sensors and
      adjusting said valve for optimum flow of coolant liquid in accordance with
      the information received.
NUM  2.
PAR  2. A condensation apparatus as claimed in claim 1, wherein said air supply
      means is a cooling tower.
NUM  3.
PAR  3. A condensation apparatus as claimed in claim 2 wherein said cooling
      tower is arranged for natural draught.
NUM  4.
PAR  4. A condensation apparatus as claimed in claim 2 wherein said cooling
      tower is arranged for forced draught.
NUM  5.
PAR  5. A condensation apparatus as claimed in claim 1 the further improvement
      of the heat exchanger of the liquid operated cooler being provided with a
      contact spray cooler arranged below the heat exchangers of the air
      operated cooler in the air inlet passage of said air supply means, said
      air inlet being provided with control means for adjusting the rate of
      airflow therethrough.
NUM  6.
PAR  6. A condensation apparatus as claimed in claim 1 the further improvement
      said liquid operated cooler having contact liquid spray coolers associated
      with it, said contact liquid spray coolers and said heat exchangers of
      said air operated coolers being arranged behind one another in the air
      inlet passage of said air supply means.
NUM  7.
PAR  7. In a condensation apparatus as claimed in claim 1 the further
      improvement of said apparatus being provided with a control valve for
      adjusting and interrupting the introduced amount of cooling dependent on
      the condensate temperature and the pressure prevailing in said mixing
      condenser.
NUM  8.
PAR  8. The condensation apparatus as claimed in claim 1 further comprising a
      second air-operated cooler connected with said liquid-operated cooler for
      cooling said coolant liquid.
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ABST
PAL  A down-the-hole well tubing protective fluid system, with an injection
      valve in fluid communication with a ported nipple above a packer assembly,
      for introduction of protective fluid to the tubing bore. The system
      includes a concentric protective fluid flow path, extended for fluid flow
      to below the injection nose and through the bore of the packer, and packer
      tail pipe for introduction of protective fluid into the well-producing
      flow path below the packer, to provide protection for the packer assembly,
      inside and outside, below the packer seal, the injection nose, and the
      injection valve tail pipe. When the injection tail pipe nose is installed
      to extend below the lower end of the packer tail pipe, the turbulence
      caused by production fluid entering the tail pipe nose carries diluted
      chemical fluid mix up, and around, the outside of the packer tail pipe.
BSUM
PAR  This invention relates in general to systems for introducing protective
      fluid to a well tubing bore, and in particular, to a well tubing
      protective fluid injection system with a chemical fluid flow path through
      a passage between the bore of the packer and the packer tail pipe and the
      outside of an injection nose assembly, to below the injection nose.
PAR  Oil wells normally include a string of steel pipe, or casing, contained
      within the well bore and extending from the producing strata to the
      wellhead at the earth's surface. Space between the casing and the well
      bore is usually filled with cement, forming a sheath; and a string of
      tubing is generally suspended within the casing, from the wellhead--with
      the space between the casing and the tubing being called the casing
      annulus. The casing and cement sheath are generally perforated at a
      production zone to allow well production flow to the interior of the
      casing, below the well packer; a production packer assembly generally
      being used to seal off the casing annulus at a point close to, but above,
      the perforations.
PAR  Oil wells producing crude oil with highly corrosive fluids; for example,
      H.sub.2 S, and/or CO.sub.2, such as in sour crude, many times need to be
      treated by introducing, into the tubing bore, protective chemical fluids
      that inhibit or reduce the effect of the corrosive fluids. A protective
      chemical such as commercially available VESCO, is generally diluted with
      condensate or diesel oil and is pumped at the wellhead into the casing
      annulus. Thus the inside of the casing, and the outside of the tubing
      contained within the casing, are protected, with any other fluids
      previously present in the casing annulus being flushed out when the well
      is completed, by pumping in the protective fluid to provide a solid column
      of the protective fluid in the casing annulus above the packer assembly
      seal. In a previous approach to providing tubing bore protection, a ported
      nipple assembly is installed immediately above the well packer assembly,
      with a spring-biased check valve assembly inside the ported nipple
      assembly to prevent well fluids from causing back-flow contamination of
      the casing annulus. With this approach, as pump pressure is increased to
      protective fluid in the casing annulus, the valve spring force is overcome
      and the protective chemical fluid is injected into the well tubing bore
      where it mixes with, and is carried by, the well production fluid flowing
      upward through the tubing bore, to thereby provide protection for the
      tubing bore.
PAR  It should be noted that with such previous systems a particular
      disadvantage is that only tubing above the port in the ported nipple can
      be protected. This leaves the packer assembly body, and any associated
      tail pipe below the packer assembly, without protective chemical fluid
      contact, and susceptible, therefore, to corrosive attack.
PAR  It is therefore a principal object of this invention to provide well tubing
      protective fluid injection flow to below the ported nipple.
PAR  Another object is to provide such protective fluid injection flow, through
      a chemical fluid flow path that results in more complete chemical fluid
      contact with well tubing surfaces to be protected, than in prior art
      systems.
PAR  A further object is to provide such protective fluid injection with a
      spring valve in a flow path delivery system from casing annulus entry
      above the packer assembly, to final delivery at the packer tail pipe.
PAR  Features of this invention useful in accomplishing the above objects
      include, in a well tubing protective fluid injection system, a ported
      nipple assembly opening into the casing annulus, a spring-loaded check
      valve assembly, and an injection nose assembly in the vicinity of the
      packer tail pipe. Passages are provided for fluid flow from the casing
      annulus, through the check valve assembly, to the injection nose assembly,
      where the protective fluid is mixed with the production well fluid to coat
      and protect the packer assembly, as well as the tubing bore.
PAR  Specific embodiments representing what are presently regarded as the best
      modes of carrying out the invention are illustrated in the accompanying
      drawings.
DRWD
PAR  In the drawings:
PAR  FIGS. 1A and 1B, arranged with FIG. 1A above FIG. 1B, represent a partially
      broken away side view showing an illustrative embodiment of the invention
      as part of the production equipment of a well;
PAR  FIG. 2, an alternate positioning of the injection nose assembly according
      to this invention; and,
PAR  FIG. 3, a bottom view of the injection nose assembly according to this
      invention.
DETD
PAR  Referring to the drawings:
PAR  A casing 10 is shown suspended in a well bore 11, with cement sheath 12
      filling the annular space between casing 10 and well bore 11. A string of
      tubing 13 is suspended within casing 10 and a production packer assembly
      14, with an associated packer seal 14a, seals off the bottom end of casing
      annulus 15, the space between the outside of packer tail pipe 16, an
      extension of tubing 13, and the inside of casing 10. Packer tail pipe 16
      is open ended, to permit the flow of oil coming through perforations 17
      and 18, in cement sheath 12 and casing 10, respectively, to move upwardly
      toward the wellhead. Connecting tubing 13 with packer assembly 14, is a
      ported nipple assembly 19. Ported nipple assembly 19 allows the entry of
      protective fluid from casing annulus 15, through port 20, into the well
      tubing bore in a manner described hereinafter.
PAR  Nipple assembly 19 encloses a chemical injection valve assembly 21, and
      injection nose assembly 22 is positioned within packer assembly 14.
      Chemical injection valve assembly 21 includes two spring-loaded check
      valves 23 and 24, of conventional design, connected in series with valve
      24 in spaced relation above valve 23. A sleeve 25, inside the valve
      assembly 21, is spaced from valve assembly 21 to provide a passage 26
      therebetween. This passage is open at its upper end to valve 24 for fluid
      flow therefrom, and valve and nipple assembly 20 are so constructed that
      annulus 27 is formed therebetween, with a connection at its lower end, to
      port 20. Within valve assembly 21, passage 28 connects valves 23 and 24,
      and a passage 29 connects valve 23 to annulus 27, that is sealed at its
      lower end by V-seal 30, and at its upper end by V-seal 31. The outer
      diameter of injection nose assembly 22 and the inner diameter of tail pipe
      16 of packer assembly 14 are sized to form annular passage 32, having four
      lower end ports 33 and a narrow bottom end annular passage 34. Injection
      nose assembly 22 includes four bores 35, spaced as shown in FIG. 3, and
      formed with an intermediate throat constriction bores 36, of reduced
      diameter, leading thereabove to larger bores 37 that open into an enlarged
      mixing bore 38. Mixing bore 38 is in open fluid flow communication to the
      interior 39 of sleeve 25 that connects at its upper end to valve assembly
      21 for upward production flow through to tubing bore 40, and to the
      wellhead.
PAR  With well production flow operation, when it is desired to introduce the
      protective fluid from casing annulus 15 into the tubing bore, protective
      fluid pressure in annulus 15 is increased through fluid pumping at the
      wellhead. This forces protective fluid from annulus 15 through port 20
      into annulus 27 and thence into passage 29, increasing fluid valve opening
      pressure on spring-loaded check valve 23 sufficient to overcome the
      closing force provided by the spring in check valve 23. This allows
      protective fluid to flow through check valve 23 into passage 28 and apply
      pressure sufficient to open spring-loaded check valve 24. Then the fluid
      flows through check valve 24, enters passage 26, and flows on into passage
      32. Normally, natural underground pressure, in wells that would use this
      protective fluid equipment, is such that well fluid flows through
      perforations 17 and 18, in delivery to open end of packer tail pipe 16,
      and on through bores 35, throat 36, bore 37, bore 38, bore 39, and thence
      upward to the wellhead, through tubing bore 40. In keeping with the well
      known venturi principle that as the velocity of flow of a fluid increases
      in the throat, the pressure decreases, a relatively low fluid pressure
      area is formed in throat 36--helping to draw protective fluid from passage
      32, through ports 33, to bore opening throats 36, where it mixes with the
      well production fluid and travels up to the wellhead, thereby coating and
      protecting the interior of the packer assembly 14 and the tubing bore 40.
      Additional protective fluid is forced through annular passage 34, where it
      mixes with the well fluid at the open end of packer tail pipe 16 before
      being drawn into and through bore openings 35. Thus, it is seen that
      through the use of the illustrated embodiment, protective fluid is
      introduced into the production flow below the packer assembly, thereby
      providing protection for the packer assembly as well as for the tubing
      bore.
PAR  With the alternate injection nose assembly positioning shown in FIG. 2, a
      tail pipe 22 length is used in assembly, at the surface, to result in
      placement of the lower end of the injection nose assembly 22, below the
      lower end of the packer tail pipe 16. Fluid turbulence caused with
      production well fluid flow entering the packer tail pipe 16, results in
      protective fluid being carried up and around the outside of the packer
      tail pipe 16, in providing protection therefor and for the outside of
      packer assembly 14.
PAR  Whereas this invention is herein illustrated and described with respect to
      a specific embodiment thereof, it should be realized that various changes
      may be made without departing from the essential contributions to the art
      made by the teachings hereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A well tubing protective fluid injection system adapted for use in a
      well that is equipped with casing, tubing, and a packer assembly--a casing
      annulus being formed between the casing and the tubing; said system
      including: a nipple assembly intermediate said tubing and said packer
      assembly; said nipple assembly including an opening between the casing
      annulus and the interior of said nipple assembly; a valve assembly inside
      said nipple assembly forming an annular opening between the exterior of
      said valve assembly and the interior of said nipple assembly; said valve
      assembly comprising check valve means, open at one end to the interior of
      said valve assembly, and at the other end, to said annular opening; sleeve
      means inside said valve assembly, and spaced from said valve assembly to
      form a first passage therebetween; said first passage being connected to
      said one end of said check valve means, the interior of said sleeve means
      connecting in open fluid communication with the tubing bore; and an
      injection nose assembly supported within said packer assembly and
      dimensioned to form a second passage, a passage between the injection nose
      assembly and said packer assembly, connected in fluid communication with
      said first passage; and said injection nose assembly including bore means
      therein extending from the injection nose assembly bottom end to the
      interior of said sleeve means.
NUM  2.
PAR  2. The well tubing protective fluid injection system of claim 1, wherein
      said injection nose assembly extends below the packer tail pipe.
NUM  3.
PAR  3. The well tubing protective fluid injection system of claim 1, wherein
      said injection nose assembly includes, an injection nose tail pipe and
      injection nose head means; with said second passage longitudinally
      extended between the interior of said packer assembly and said injection
      nose tail pipe; and with said injection nose head means and said packer
      assembly tail pipe dimensioned to provide fluid flow passage means
      connecting said second passage in fluid communication to the bottom end
      production entry zone of said packer assembly tail pipe below said
      injection nose head means when the injection nose head means is positioned
      within said packer assembly tail pipe.
NUM  4.
PAR  4. The well tubing protective fluid injection system of claim 3, including
      protective fluid passage opening means interconnecting said second passage
      and said bore means; and, wherein said fluid flow passage means is
      dimensioned for less protective fluid through-flow than the protection
      fluid flow passing through said protective fluid passage means.
NUM  5.
PAR  5. The well tubing protective fluid injection system of claim 1, wherein
      said check valve means is spring-loaded check valve means.
NUM  6.
PAR  6. The well tubing protective fluid injection system of claim 5, wherein
      said spring-loaded check valve means comprises a plurality of individual
      spring-loaded check valves in spaced series relation to each other.
NUM  7.
PAR  7. The well tubing protective fluid injection system of claim 1, wherein
      said bore means includes throat constriction means; and said injection
      nose assembly includes opening means interconnecting said second passage
      to said throat constriction means.
NUM  8.
PAR  8. The well tubing protective fluid injection system of claim 7, wherein
      said bore means comprises a plurality of bore passageways; and said throat
      constriction means is a throat portion of reduced diameter in each of said
      plurality of bore passageways.
NUM  9.
PAR  9. The well tubing protective fluid injection system of claim 8, wherein
      said opening means interconnecting said second passage to said throat
      constriction means is a plurality of openings, each interconnecting said
      second passage to a throat portion in said plurality of bore passageways.
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ABST
PAL  A method and apparatus for harvesting and stacking sod is disclosed. A
      reciprocating cutter bar cuts strips of sod while a vertically moveable
      blade cuts these strips into blocks of the desired length. The blocks of
      sod are guided onto an inclined conveyor which carries them to the top of
      a sod stacker having a plurality of normally closed trap doors. The blocks
      of sod are guided onto the stacker in alignment with the trap doors and
      are moved across the upper surfaces of the doors by means of sod advancing
      chains until they are in position to be stacked. A trip mechanism responds
      to the position of the sod blocks to release the trap doors, causing the
      blocks to drop downwardly through the doors onto a pallet supported on a
      fork lift immediately below the trap doors. As the sod falls through the
      trap doors, a hydraulic lift recloses them for receipt of the next block.
      The pallet is adjustable to maintain the desired spacing between the top
      of the stack of sod and the trap doors and is removed from the stacker
      when full. In a preferred embodiment, the apparatus cuts and stacks three
      adjacent strips of sod, and means are provided at the stacker for securing
      the resulting three stacks together to retain them in position on the
      pallet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates, in general, to a method and apparatus for
      harvesting sod, and more particularly to a system for cutting sod into a
      plurality of side-by-side strips, cutting the strips transversely into
      predetermined lengths, or blocks, conveying the side-by-side blocks to the
      top of an automatic stacker, and periodically operating the stacker to
      deposit the blocks in corresponding stacks on a pallet.
PAR  The art of harvesting sod is well-developed, and numerous machines have
      been developed for this purpose. Typically, a sod harvesting machine
      includes a reciprocating or vibrating cutting bar which has a bottom
      horizontal blade designed to sever the sod from the ground at a selected
      depth, and two vertical side blades, one at each end of the horizontal
      blade, to cut the sod in a strip of the desired width. Such cutter bars
      are generally mounted on a suitable frame and are driven by a mechanical
      drive mechanism so that as the frame is advanced the bar reciprocates to
      undercut the sod. As illustrated in the copending application Ser. No.
      314,310 of Martin Beck, filed Dec. 12, 1972 and entitled "Ganged Sod
      Harvesting Apparatus", such a sod cutting mechanism may incorporate three
      cutting bars operable to produce three adjacent strips of sod.
PAR  The major problem encountered in sod harvesting systems, however, is in the
      handling of the sod strips after they have been cut. Conventionally, the
      strips of sod are cut into predetermined lengths by periodically
      downwardly driving a transverse cutting blade. These lengths of sod are
      picked up by an attendant following the harvesting machine, formed into a
      roll or folded in half, and manually stacked on a pallet for
      transportation to the place of use. Not only is this procedure inefficient
      and time-consuming, but the rising costs of labor dictate that it be
      automated to the greatest possible extent.
PAR  Various machines and methods have been developed to carry out this stacking
      procedure automatically. For example, a machine has been developed which
      automatically picks up the cut lengths of sod and rolls them into a
      bundle. An attendant standing behind the end of the conveyor-roller
      machine lifts each bundle off the conveyor and deposits it on a pallet
      which may be carried by a fork-lift device. Although this reduces the time
      and work involved in forming rolls of sod, it still requires the presence
      of an attandant to lift and stack each roll, and thus does not overcome
      the labor problem of the prior art. In copending application Ser. No.
      57,930 of Martin Beck, filed July 24, 1970 and entitled "Method and
      Apparatus for Sod Harvesting and Laying", a method and apparatus for
      rolling previously cut strips of sod onto a reel is disclosed, thereby
      eliminating the need for an attendant to manually lift each block of sod
      as it is cut. Various other machines for forming and stacking rolls of sod
      are known in the art. However, these prior devices do not take into
      account the fact that some types of sod cannot conveniently be formed into
      rolls, and further do not take into account the fact that many customers
      who purchase sod prefer to purchase it in an unrolled condition.
      Accordingly, there is a real need in the sod-harvesting art for a machine
      for automatically picking up strips of sod and stacking them on a pallet
      without the need for manual rolling, lifting, or other handling by an
      attendant. The present invention provides such a machine.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a sod
      harvesting apparatus which will automatically cut and stack strips of sod.
PAR  It is another object of the invention to provide a method of harvesting sod
      wherein said is cut transversely and into strips to form blocks of
      predetermined length, picked up from the ground and conveyed to a stacker,
      and automatically stacked on a pallet, without the need for manual
      handling of the sod.
PAR  It is a further object of the invention to provide an automatic sod stacker
      which receives cut lengths of sod and automatically deposits them
      sequentially in a stack.
PAR  It is further object of the invention to provide an automactic stacker
      which receives a plurality of blocks of sod and deposits them
      substantially simultaneously in corresponding stacks.
PAR  It is a further object of the invention to provide a sod stacker which
      receives lengths of sod and deposits them in one or more stacks on a
      pallet, whereby when the stacks are completed, they may be removed from
      the stacker and transported to a point of use without manual handling of
      the sod.
PAR  It is another object of the invention to provide a sod harvesting machine
      which includes means for cutting, conveying and stacking strips of sod
      automatically, efficiently and at a greater rate of speed than was
      heretofor possible.
PAR  Briefly, the harvester of the present invention includes a self-propelled
      framework which can be steered and operated by a driver, or, if desired, a
      framework which is adapted to be mounted on or towed by a conventional
      tractor or other drive vehicle. At the forward part of the framework,
      either formed as an integral part thereof or comprising a separate machine
      mounted by a conventional three-point hitch, is a sod-cutter mechanism
      which preferably is of the type described in my aforesaid patent
      application Ser. No. 314,310. Located immediately in front of the cutter
      mechanism is a vertically moveable cut-off blade which is driven to cut
      the strips produced by the cutter mechanism into blocks of desired
      lengths. The cutter mechanism incorporates reciprocating cutter bars which
      sever segments of sod from the ground. These segments of sod are directed
      onto a suitable conveyor mechanism, which is also carried by the machine
      frame, and are carried by the conveyor upwardly and rearwardly toward the
      top of a sod stacker mechanism which operates to stack the sod blocks on a
      pallet or similar carrier. In a preferred embodiment of the invention,
      three side-by-side strips of sod are produced by the cutter as the
      harvester advances, and accordingly three adjacent blocks are carried up
      the conveyor and substantially simultaneously positioned on the stacker.
PAR  At the upper end of the conveyor a sod puller, consisting of a plurality of
      chains having metal fingers extending therefrom to engage the upper
      surface of the sod, slides the lengths of sod across the upper surface of
      the sod stacker and into position over a stacking chute. As the blocks are
      positioned on the stacker, they strike corresponding tripper arms to
      operate trap door plates which pivot downwardly under the weight of the
      sod and allow the sod to drop down onto a pallet or other suitable
      receiver. The trip mechanism holds the doors open long enough to allow the
      blocks to clear the door plates, after which a hydraulically operated lift
      bar returns the plates to their horizontal positions where they are held
      to receive the next blocks of sod. A hydraulic fork lift mechanism mounted
      to the machine frame supports the pallet and adjusts its position so that
      the top of the sod stacks are just below the trap doors of the stacker,
      whereby the sod will fall only a short distance. As the blocks of sod
      accumulate, the pallet is lowered so that all blocks fall approximately
      the same distance, thereby assuring accurate stacking.
PAR  Since the sod blocks are formed in relatively narrow elongated strips, for
      example 12 and 16 inches wide, the resulting stacks may be unstable and
      difficult to handle; accordingly, the present invention contemplates the
      provision of means for tying the adjacent stacks together. This may be
      accomplished very simply by passing strings of twine across successive
      layers of sod, transversely to the lengths of strips. These lengths of
      twine may then be tied together to hold the stacks upright. More complex
      methods of tying together the side-by-side stacks may be provided, if
      desired. When full, the pallet may easily be removed from the machine by
      lowering the fork lift device to rest the pallet on the grond and
      advancing the harvester, or by transferring the pallet to a fork lift
      truck.
PAR  Thus, the present apparatus provides means whereby strips of sod may be
      stacked quickly and conveniently on a pallet, removed from the machine,
      and delivered to a point of use without any need for manual handling of
      the sod. The complete automation of this process eliminates the
      time-consuming hand-stacking of rolls or strips, enables larger and
      heavier strips to be easily stacked, reduces the work force required to
      produce the stacked sod, and thereby reduces the costs involved.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and additional object, features and advantages of the
      invention will become evident from a consideration of the following
      description of a preferred embodiment taken in conjunction with the
      accompanying drawings, in which:
PAR  FIGS. 1 and 2 provides a diagrammatic illustration in side view of a sod
      harvesting and stacking system in accordance with the present invention;
PAR  FIG. 3 is a top view of the sod stacker portion of the apparatus of FIG. 2;
PAR  FIG. 4 is a view of the sod stacker and pallet portion of the harvester
      apparatus taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a rear view of the sod stacker of FIG. 2; FIG. 6 is a partial
      view of the sod stacker portion of the harvester apparatus taken along
      line 6--6 of FIG. 2;
PAR  FIG. 7 is a partial diagrammatic illustration of the lift bar used in
      closing the sod chutes of the apparatus taken along line 7--7, of FIG. 6;
      and
PAR  FIG. 8 is a partial diagrammatic illustration of the sod stack tying
      mechanism, taken along lines 8--8 of FIG. 6.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Turning now to a more detailed consideration of the present invention,
      there is illustrated in FIGS. 1 and 2 in diagrammatic form a preferred
      embodiment of the sod harvesting and stacking system of the present
      invention and particularly illustrating the stacking unit which
      constitutes the primary features of the system. As illustrated in this
      figure, the system includes three general components which may be
      constructed as a single operating unit or which may be separate units
      interconnected so as to operate as a single unit and, in the preferred
      form, to be capable of being operated from a single power source. The
      forwardmost component of the harvester system is a cutter assembly
      generally indicated at 10, which is adapted to undercut the sod to free it
      from the underlying soil. The cutter includes a vertical cutting blade
      which cuts the sod tranversely before it is cut free from the soil, so
      that the resulting blocks of sod are of predetermined lengths for easier
      handling. The second component of the system is a conveyor assembly
      indicated generally at 12 and comprising power driven means for lifting
      the cut sod strips from the ground and transferring them to the third
      component of the system, which is a stacker assembly generally indicated
      at 14 and forming the rearward portion of the harvesting and stacking
      system.
PAR  It will be understood that the system as illustrated in the drawings is
      diagrammatic in form to demonstrate the relationship between the various
      components, and that modifications may be made depending upon the exact
      manner in which the system is to be operated to perform its harvesting and
      stacking functions. Thus, for example, if the system is to be mounted on
      or towed by a tractor which will serve to propel it across the sod which
      is to be cut, and which will provide driving power to the mechanism
      through a conventional power takeoff, the required support framing,
      support wheels, and the like will be of somewhat different construction
      than if the unit is to be self-contained. In the latter event, it will be
      apparent that the system will have to be provided with a suitable engine
      for providing the necessary motive power, and will as well require the
      provision of suitable running gear, steering mechanisms, and hydraulic
      systems for proper operation. Since such particulars are within the skill
      of the art, for clarity of illustration they are not shown in detail in
      the accompanying drawings; however, the drawings do illustrate in general
      a self-contained system.
PAR  The cutter assembly 10 is similar to the ganged sod harvesting apparatus
      illustrated in the aforementioned copending U.S. patent application Ser.
      No. 314,310, but modified so as to be securable to the harvesting
      apparatus by means of a conventional three-point hitch located at the
      front of the machine frame. The cutter, which may be operated from a
      hydraulically driven motor, from a rotary power take-off shaft or the
      like, comprises a suitable frame 16 formed, in the preferred embodiment,
      by three side-by-side sections ganged together. Each of the side-by-side
      sections carries a reciprocating cutter bar, such as cutter bars 18 and 20
      for the near section and center section, respectively, as viewed in FIG.
      1, the cutter bars being pivotally secured to the near, center and far
      sections by drive arms 22, 23 and 24, respectively and driven by
      corresponding rotary cam driven mechanisms, as illustrated in detail in
      application Ser. No. 314,310. The cam mechanisms are powered by a suitable
      motor, such as a hydraulic motor, by way of a drive shaft and chain drives
      (not shown). Each section of the cutter assembly is supported by a roller
      which immediately proceeds and provides a cutting depth guide for its
      corresponding cutter bar. Thus, roller 26 preceeds and guides cutter bar
      18, roller 28 preceeds and guides cutter bar 20, and a third roller (not
      shown) precedes and guides the cutter bar mounted on drive arm 24.
PAR  The central section of cutter assembly frame 16 carries a hitch attachment
      30 adapted to receive a stabilizer bar 32 pivotally secured to the main
      frame of the conveyor assembly 12. A pair of spaced lower hitch
      attachments (not shown) are adapted to receive lift bars also pivotally
      connected to the conveyor assembly frame and a suitable hydraulic lift
      cylinder 34, secured to the conveyor frame serves to move the lift bars in
      a vertical direction to raise and lower the the cutter assembly 10. As the
      cutter assembly 10 is advanced during operation of the harvester, its
      hydraulic motor is operated to drive the cutter bars 18 and 20 seen in
      FIG. 1, as well as the third cutter bar not shown, in a reciprocating
      motion, causing the bars to undercut three adjacent strips of sod. The
      thickness of the sod strips is controlled by the rollers 26 and 28, by the
      connection point of the cutter bars to frame 16, and by the hydraulic
      lifter 34, as described in the aforementioned application Ser. No.
      314,310.
PAR  The continuous strips of sod are cut into suitable lengths by means of a
      transverse cut-off blade 36 which may be secured to a forward vertical
      frame member 38 of the cutter assembly framework 16. The cutter blade 36
      is mounted on a blade support 40 which extends between and is secured to a
      pair of pivot arms, one of which is shown at 42, which are pivotally
      mounted on a transverse bar 44 which extends between and is journalled in
      vertical frame members or are otherwise secured by a suitable pivotal
      mounting arrangement on the cutter frame 16. The cutter blade 36 and its
      support 40 are biased into a generally vertical position by suitable
      biasing means, and are reciprocated vertically by means of a hydraulic
      cylinder 46 fixed at one end to the frame 38 by a bracket 48 and secured
      at its other end to arm 42.
PAR  In operation, the cutting and harvesting apparatus illustrated in FIGS. 1
      and 2 is advanced (toward the left as viewed in the Figures) and strips of
      sod are cut loose from the underlying soil by the reciprocating cutter
      blades, as explained in application Ser. No. 314,310. The hydraulic
      cylinder 46 is operated to normally hold the cutter blade 36 free of the
      sod and periodically to force it downwardly into the sod cutting the sod
      transversely to the direction of motion of the harvester. As the harvester
      continues to move forward, the cylinder 46 is operated to lift the blade
      free of the sod and position it for a subsequent cut. The motion of the
      hydraulic cylinder and the lever arms 42 are selected so that blade 50
      penetrates at least as far into the ground as the thickness of the sod
      layer being undercut by the cutting assembly 10. During this forward
      motion of the harvester, the drive arms 22, 23 and 24 are reciprocated to
      cut three side-by-side sod strips of predetermined width free of the soil
      each strip being of a length determined by the operation of the cutter bar
      36.
PAR  The conveyor assembly 12 may, in one embodiment, incorporate three
      conventional conveyor sections 49, 50 and 51 (see FIG. 3) suitably secured
      and journalled in a main frame assembly 52 for lifting sod from ground
      level to the top of stacker assembly 14; however, it will be apparent that
      a single wide conveyor section may be utilized, if desired, to carry the
      three side-by-side strips, with appropriate changes being made in the
      conveyor construction illustrated herein. The conveyor may be of any
      conventional type, and in particular may be of a chain-type construction
      similar to that illustrated in U.S. Pat. No. 3,509,944 to Brouwer et al or
      of a belt-type construction such as that illustrated herein. Thus, the
      conveyor may comprise a plurality of continuous belts 54-62 (see FIG. 3)
      arranged in side-by-side parallel relationship, the lower ends of the
      belts passing around the lower idler pulleys or sprockets, such as the
      sprocket 66, mounted in spaced relationship along a lower transverse shaft
      68. The shaft may be common to all three sections of the conveyor
      assembly, or may be in three parts, one for each section. The shaft, or
      shafts, may be journalled by means not shown in the conveyor frame 52, or
      may be otherwise supported to secure the lower end of the conveyor in
      position for receiving blocks of sod. The upper ends of the belts (FIG. 3)
      pass around corresponding drive sprockets 70-78, mounted in side-by-side
      spaced relation on upper drive shaft 80. The upper shaft 80 is powered
      through a drive chain 82 and sprocket 84 by means of a suitable hydraulic
      motor or other power source 86 and suitable gearing 88.
PAR  The power source 86, which may, for example, be a gasoline engine, is
      mounted on the main frame 52 and operates not only to drive the conveyor,
      but to provide hydraulic pressure, as by means of hydraulic pump 90, to
      operate the hydraulic cylinder 46 for the cut-off blade as well as other
      hydraulic equipment to be described. The power source also provides motive
      power for the harvesting machine by way of gear mechanism 88, drive
      sprocket 92, drive chain 94, and a second drive sprocket 96 on the rear
      wheel 98 which serves to support the rear of the machine and in particular
      the stacker section 14 (FIG. 2). The gearing ratios of the drive assembly
      for the conveyor 50 and for the main drive wheel 98 are so arranged that
      the linear speed of the conveyor is slightly greater than the forward
      speed of the harvesting machine, whereby blocks of sod picked up
      sequentially by the conveyor will be separated as they move onto the
      conveyor to provide sufficient time between successive strips of sod to
      permit stacking. The vertical reciprocation of the cutter blade 36 is
      synchronized with the forward movement of the harvesting machine to cut
      the blocks of sod to the desired lengths.
PAR  Secured at the lower end of conveyor section 49 and extending forwardly
      therefrom is a guide, or scoop-like attachment 100 (FIG. 1) which serves
      to pick up strips of sod which have been cut loose from the ground and to
      guide them onto the conveyor. A similar scoop is provided for each of the
      conveyor sections and is aligned with a corresponding one of the cutter
      bars of the cutting assembly 10, with the guide 100 being shown in
      conjunction with cutter bar 18 and the remaining guides not being shown.
      As illustrated, the guide extends to a point just behind the cutter bar
      assembly and may be lowered to a position just at ground level to lift up
      the sod which has been cut free so that the forward motion of the machine
      causes the sod to slide upwardly toward the conveyor.
PAR  Conveyor section 49 may be provided with side plates 102 and 104 which may
      surround the conveyor belts to prevent injury, and the guide 100 may be
      secured to the lower end of these plates. Alternate methods of mounting
      the guides when side plates are not provided will be apparent. The plates
      102 and 104 are secured to the main frame 52, with plate 104 serving, in
      the illustrated embodiment, to separate the three conveyor belts 54, 55
      and 56 from the belts of the adjacent conveyor section, thereby defining
      the section which is adapted to pick up and carry the strip of sod cut by
      the cutter bar 18. Of course, where a single conveyor belt is used to
      carry all three strips, such intermediate plates are not used. These
      plates may be limited to the lower end of the conveyor so as to shield and
      support the lower portion of the conveyor mechanism, or may extend the
      full length of the conveyor, as illustrated in FIGS. 1, 2 and 3,
      terminating at the upper end of the conveyor adjacent the stacking
      mechanism. It will be understood that each of the remaining two sections
      of the conveyor mechanism may similarly be shielded by side plates 106 and
      108 (FIG. 3) with the corresponding guides at their lower ends being
      arranged to cooperate with the remaining two cutter bars of the
      three-section cutting assembly.
PAR  To assist in drawing the sod blocks or strips onto the conveyor, a sod
      transporter, generally indicated at 110 for conveyor section 49, is
      provided at the lower end of each conveyor section or, where a single
      conveyor is provided, one transporter is provided for each strip of sod.
      The transporter 110 comprises an endless chain or belt 112 mounted on a
      series of three pulleys 114, 116 and a double pulley 118 journalled on
      corresponding shafts mounted between the side plates 102 and 104. The
      chain 112 preferably is driven by the conveyor drive mechanism through a
      belt 120 driven by a drive pulley 122 mounted on the conveyor shaft 68,
      and the second portion of pulley 118. As an alternative, the transporter
      may be driven by a follower wheel in contact with the ground so that as
      the harvesting machine moves in a forward direction (from right to left as
      viewed in FIG. 1), the wheel (not shown) would be rotated to drive the
      chain 112 through a suitable pulley and belt drive mechanism at a speed
      equal to or slightly greater than the linear forward speed of the machine.
      Chain 112 is provided with a series of spikes 126 which serve to engage
      strips of sod, such as the strip 128 illustrated in FIG. 1, and to carry
      the strips from the guide plate 100 to the upper run of the conveyor; i.e.
      onto the conveyor belts 54, 55 and 56 (FIG. 5). It will be understood that
      three such transporters are provided in the preferred embodiment of the
      harvester, one for each of the three side-by-side strips of sod being
      harvested and carried to the corresponding conveyor sections.
PAR  As diagrammetically illustrated in FIG. 1, the forward end of the
      harvesting machine may be supported on suitable wheels, such as the
      forward wheel 130, secured to the main frame 52 in known manner. These
      forward wheels may be steerable to control the direction of the machine
      during the harvesting operation. For this purpose, a conventional steering
      mechanism generally indicated at 132 may be provided at a suitable
      operator's location 133 on the main frame. Also at the operator's location
      are the various drive motor controls (not shown) as well as suitable
      hydraulic and electrical controls by means of which the machine operator
      can monitor and control the machine operation.
PAR  The three strips of sod cut by the cutter assembly delivered to the three
      conveyor sections 49, 50 and 51 by the respective sod transporter chains
      are carried upwardly by the conveyor and are delivered at the top end
      thereof to the stacking assembly generally indicated at 14 in FIG. 2. As
      shown in FIG. 3, three blocks of sod, generally indicated at 134, 135, and
      136, arrive at the top of the conveyor sections 49, 50 and 51,
      respectively at approximately the same time and are propelled onto the
      upper surface of the stacking assembly. As may be seen in FIG. 3, the top
      surface of the stacker is made up of three sets of hinged doors or panels,
      138--138', 139--139', and 140--140', with each pair of doors forming the
      top of a sod dropping chute. The sets of doors for each chute are normally
      held closed by a hydraulic lift bar, to be described, and are opened by an
      automatic trip mechanism when a strip of sod is in position on the top of
      each door to open and drop sod downwardly onto a pallet 142 located just
      below the doors. Although each set of doors may be operated independently
      by a corresponding tripping mechanism, in a preferred embodiment, a single
      trip mechanism operates when all of the sod strips are in position to drop
      them all at once. As seen in FIGS. 4 and 5, the pallet 142 is positioned
      within the stacker by a hydraulically operated fork lift, to be described,
      at a suitable distance below the trap doors and thus receives the sod
      strips 134', 135' and 136' and subsequent strips dropped through the trap
      doors.
PAR  The trap doors extend longitudinally along the stacker and are pivotally
      secured between forward and rearward transverse frame members 144 and 146,
      which members are, in turn, secured to longitudinal upper frame members
      148 and 150 (FIG. 3). The stacker frame members 148 and 150 may be formed
      as an extension of time frame work of the conveyor assembly or may be
      independent thereof, depending upon whether the stacker is an independent
      unit attached to and towed by the conveyor unit or is to be an integral
      part thereof. In the present embodiment, the stacker assembly 14 is shown
      as being an integral part of the harvester machine, but it should be
      recognized that it may be an independent component of the harvester.
PAR  The upper frame members 144, 146, 148 and 150 are supported by vertical
      frame members, or posts, such as the vertical corner posts 151, 152, 153
      and 154, illustrated in FIGS. 2, 3, 4, 5 and 6. These vertical posts are,
      in turn, carried by lower longitudinally extending frame members 155 and
      156, and a forward lower transverse frame member 157 of the assembly. It
      will be apparent that additional support posts, cross braces, and the
      like, will be utilized as required to provide a sturdy, stable unit
      capable of handling the weight of a large number of blocks of sod and of
      withstanding the stresses and strains of operation over uneven terrain. As
      indicated in the drawings, the stacker assembly may be supported by
      suitable wheels 98 and 160 (FIG. 5) mounted by means of axles 162 and 164,
      respectively, to suitable frame members 166 and 168. As illustrated, the
      wheels may be covered by fenders 170 and 172 secured to the stacker frame
      by suitable means such as the braces 174 and 176.
PAR  Secured to the upper frame members and supported above the trap doors 138,
      139 and 140 of the stacker assembly 14 is a sod puller generally indicated
      at 178 which is adapted to assist the conveyor sections 49, 50 and 51 in
      propelling the blocks of sod across the sod stacker and into position over
      the trap doors. The sod puller consists of three chains 180, 181 and 182
      aligned with the center of the conveyor sections 49, 50 and 51,
      respectively. The chains are mounted on pulleys carried by transversely
      extending shafts 183, 184 and 185 which are journalled in suitable bearing
      blocks mounted on the stacker frame. As may be seen in FIGS. 2, 3, 5 and
      6, the forward chain supporting shaft 183 is mounted on bearing blocks 186
      and 187. This shaft is driven by means of a pulley 188 which receives the
      drive belt 82 (FIG. 2), and carries drive sprockets 189, 190 and 191 on
      which the sod puller chains 180, 181 and 182, respectively, are mounted.
PAR  The intermediate idler shaft 184 is secured to the stacker frame by means
      of bearing blocks 192 and 194 supported on the frame by support posts such
      as that illustrated at 196 in FIG. 2. The height of the two shafts 183 and
      184 is such that the lower run of the sod puller chains between these
      shafts is parallel with the upper surface of the trap doors, so that the
      sod is pulled evenly and smoothly onto the stacker. Shaft 184 carries
      idler pulleys 198, 199 and 200 (FIG. 3) which engage chains 180, 181 and
      182, respectively.
PAR  The rear idler shaft 185 carries idler sprockets 202, 203 and 204 and is
      supported on the stacker frame by means of bearing blocks 206 and 207,
      carried on vertical posts 208 and 209. The posts are of sufficient height
      to raise shaft 185 above the level of shafts 183 and 184 so that the lower
      run of each of the sod puller chains moves away from the upper surface of
      the trap doors on the stacker after passing the idler pulleys on shaft
      184, as seen in FIG. 2.
PAR  Each of the puller chains is provided with a plurality of metal fingers or
      spikes, generally indicated at 211, 212 and 213 on chains 180, 181 and 182
      respectively, which spikes are spaced along the length of their
      corresponding chains at intervals of about 6 inches or more. These spikes
      are secured to the chain in such a way as to pass easily around the drive
      and idler sprockets and, as shown in FIG. 6, generally comprise a
      transverse bar portion which is secured at its center to the chain and
      carries at each end an outwardly directed spike, or finger, such as those
      indicated at 215 and 216 in FIG. 6. The finger portions 215 and 216 are
      arranged to face downwardly along the length of the lower horizontal run
      of the chain, and are sufficiently long to engage the blocks of sod as
      they arrive at the stacker from the conveyor. The sod puller chains 180,
      181 and 182 are driven from the same drive chain as the conveyor sections
      49, 50 and 51 and, therefore, operate at approximately the same speed so
      as to pull the strips of sod from the conveyor across the trap doors
      forming the upper surface of the stacker. It will be noted that the finger
      portions of the sod spikes extend over the trap doors rather than over the
      space between the doors, to prevent the pressure of the spikes from
      driving the sod down between the doors, which would prevent free movement
      of the sod onto the stacker.
PAR  As seen in FIG. 3, the three side-by-side blocks of sod 134, 135 and 136
      are delivered by the conveyor sections 49, 50 and 51, respectively, toward
      the stacker assembly 14 and are propelled by the combined action of the
      conveyor sections and the sod puller chains 180, 181 and 182 across the
      corresponding pairs of trap doors 138--138', 139--139', and 140--140',
      respectively. The sod puller chains move the blocks completely across the
      doors until the leading edge of each block of sod strikes a corresponding
      one of three sets of tripper bars 218-219, 220-221, 222-223. These three
      sets of tripper bars are secured to, and operate, a transversely extending
      tripper actuator rod 225 when a block of sod strikes one or more of the
      tripper bars. Actuation of rod 225 rotates a switch arm 226 associated
      with a switch 228 which serves to actuate the trap doors to allow the sod
      to drop down through the doors onto the pallet 142. Thus, when the sod
      strips are drawn into position on the stacker, one or more of the tripper
      bars 218 through 223 will serve to rotate actuator bar 225, thereby
      tripping switch 228 to activate the hydraulic system which controls the
      position of the doors. It will be noted that the actuator bar 225 is
      rotatively mounted on the stacker frame by means of vertically extending
      support brackets 230 and 231.
PAR  To insure that the strips of sod are disengaged from the sod spikes 211,
      212 and 213 carried by the sod puller, the end of the puller chains 180,
      181 and 182 are angled up away from the surface of the sod stacker, as
      illustrated in FIG. 2, between the idler shafts 184 and 185. This angle
      withdraws the spikes, or fingers from the sod and allows the leading edge
      of the sod to slide along the stacker and into contact with the tripper
      arms. To insure release of the sod, a plurality of sod removers 234
      through 239 are provided along the rear edge of the stacker. These
      removers, which may be of sheet metal or the like welded or bolted to the
      rear upper frame member 146, extend forwardly from the rear frame member
      and are angled upwardly toward the sod puller chains adjacent the path of
      the outwardly extending sod engaging fingers. These sod remover plates
      serve to strip the sod from the spikes to insure that the sod strips will
      lie on the trap door and will engage the tripper arms when properly
      positioned, thereby insuring proper stacking of the sod.
PAR  Each of the trap doors forming the upper surface of the stacker is mounted
      at one of its edges by means of a rotatable hinge bar which is journalled
      in the stacker frame, whereby when the tripper switch 228 is activated,
      and the door is released, they will pivot downwardly to form a chute
      through which the sod falls. After the sod has passed through the open
      doors, a hydraulically operated lifter bar engages angled lift arms
      attached to each of the doors to return them to their horizontal
      positions. As best seen in FIGS. 3 and 7, one end of trap door 138 is
      mounted to the stacker frame by means of a hinge bar 244, one end of which
      is journalled in a suitable bearing mounted in frame member 144 and the
      other end of which is secured as, by welding, to door 138. The opposite
      end of the door is secured to a corresponding hinge bar 244', the other
      end of which is, in turn, journalled in a bearing 245 secured to the frame
      member 146. Although the door 138 is shown as being supported by two
      relatively short hinge bars, it will be apparent that, if desired, a
      single bar may be used, with the bar extending the length of the door.
PAR  In similar manner, door 138' is mounted in frame member 144 by means of a
      hinge bar 246 and in frame member 146 by means of hinge bar 246'; door 139
      is secured to the stacker frame by means of hinge bars 248 and 248'; door
      139 is secured to the frame members by means of hinge bars 250 and 250';
      door 140 is mounted in the frame members 144 and 146 by means of hinge
      bars 252 and 252', respectively; and door 140' is mounted in the frame
      members by hinge bars 254 and 254'.
PAR  Secured to the end of each of the hinge bars 244, 246, 248, 250, 252 and
      254 which is journalled in frame member 144 is a corresponding door lift
      arm, which arms are identified in FIG. 6 at 256 through 261, respectively.
      Each lift arm is secured at one end of its corresponding hinge bar and
      carries at its free end a lift roller which is adapted to be engaged by a
      hydraulically actuated lift bar 262. The lift arms are secured to the
      hinge bars at an angle with respect to their corresponding door plates so
      that when the doors are in the horizontal, or closed position, the lift
      arms extend downwardly at a slight angle, as illustrated in FIG. 6, to
      contact the top of the lift bar 262. This construction is illustrated in
      more detail in FIG. 7, where it will be seen that the door section 138' is
      secured to the hinge bar 246 which is, in turn, journalled in the stacker
      frame member 144 by means of a suitable bearing 264 whereby the door is
      freely rotatable. The door preferably is of sheet metal and incorporates
      suitable angle braces to provide sufficient strength to enable the doors
      to withstand the weight of the sod strips and the forces applied in
      opening and closing the doors by means of a hydraulically actuated lift
      bar 262. As indicated in FIG. 7, the hinge bar 246 may be secured to a
      bracing element 266 in the door at one end, with the other end extending
      through bearing 264 to receive the lift arm 257. This arm is secured to
      the hinge bar for rotation therewith, and, as has been explained,
      incorporates a roller 268 at its lower end for engagement with the upper
      surface of the lift bar 262. It will also be noted with respect to FIG. 7
      that the upper surface of frame member 144 may carry a skid plate 270
      which may extend toward the conveyor 12 to facilitate transfer of the sod
      strips from the conveyor to the stacker 14.
PAR  The lift bar 262 is carried by an actuator rod 272 secured at its upper end
      to bar 262 and at its lower end to a hydraulic drive cylinder 274 which is
      actuable to control the position of the trap doors. The actuator rod 272
      passes through a sleeve 276 and a crossbrace 278 which is a part of the
      stacker frame and which serves to guide the actuator in a vertical path.
      Secured to the crossbrace adjacent its outer ends are a pair of vertical
      braces 280 and 282 which serve as guides for the lift bar 262 to prevent
      it from rotating out of position. The operation of the hydraulic cylinder
      274 is controlled, for example, by a solenoid valve 284 which is, in turn,
      regulated by the tripper switch 228. A timer, diagrammatically illustrated
      at 286, regulates the duration of cylinder operation so as to return the
      doors to their closed positions after a predetermined period of time. The
      cylinder 274 and valve 284 may conveniently be supported by means of a
      bracket 288 secured to crossbrace 278, or may otherwise be supported on
      the stacker frame.
PAR  In operation, when the sod is positioned on the trap doors, one or more of
      the trip arms 218 to 223 will be mechanically moved to actuate the tripper
      switch 228. This will operate the solenoid valve 284, causing cylinder 274
      to draw lift bar 262 downwardly, as viewed in FIG. 6, thereby allowing all
      of the trap doors to swing downwardly about the axes of their respective
      hinge bars to form three sod-stacking chutes. The sod positioned on the
      doors by the sod pullers 180, 181 and 182 drops downwardly through the
      chutes onto a pallet. The timer 286 holds the doors open for approximately
      0.2 seconds to allow the sod to clear the doors as it drops downwardly,
      and then causes the solenoid valve to reverse the operation of cylinder
      274, driving the lift bar 262 upwardly against the lever arms 256 through
      261, closing the doors to prepare the stacker to receive the next strips
      of sod.
PAR  The sod strip blocks which fall through the trap doors 138, 139 and 140 are
      directed onto the pallet 142 which is carried by a hydraulically actuated
      fork lift arrangement having a pair rearwardly extending lift tines 290
      and 292, illustrated in FIGS. 2, 4 and 5. The fork lift may be secured in
      the stacker in any suitable manner, as long as it does not interfere with
      the movement of the sod. In a typical arrangement, tines are secured to a
      transversely extending beam 294 which is, in turn, carried by a plurality
      of vertical lift rods 296 through 299. The lift rods are secured at their
      upper ends to a hydraulically actuated lift beam 300 which extends across
      the width of the stacker and is mounted at its outside ends to a pair of
      hydraulic lifters 302 and 304. The lower ends of lifters 302 and 304 are
      supported on the stacker frame, as by means of suitable brackets 306 and
      308, whereby actuation of the cylinders will raise the fork lift framework
      and thereby position pallet 142 at a desired level below the trapped doors
      138 through 140.
PAR  In order to secure acurate stacking of the sod on pallet 142 it is desired
      that each strip of sod fall the same distance from the trap door to the
      stack being formed on the pallet. For this purpose, the stacking platform
      must continually be adjusted to maintain a constant distance between the
      top of the stack and the doors. Thug, the empty pallet is raised by the
      fork lift arrangement to a position just below the hinged doors, and is
      gradually lowered as the stacks build up. When the pallet is full, the
      fork lift is lowered to place the pallet on the ground where it may be
      removed from the stacker either by advancing the stacker or by means of a
      conventional fork lift truck. Although a preferred fork lift arrangment
      has been diagrammetically illustrated, it has not been shown in detail for
      purposes of clarity; however, various arrangements may be used without the
      departing from the present invention.
PAR  It has been found that the stacks of sod formed on pallet 142 may be
      somewhat unstable when the harvester is moving across the uneven surface
      of a field during a harvesting operation, and thus the pallets are often
      difficult to handle. Accordingly, the stacks preferably are secured on the
      pallet to prevent them from falling over. This may be accomplished in one
      of several ways. For example, the pallet may periodically be rotated
      90.degree. so that at least some of the blocks of sod are arranged at
      right angles to the stacks on the pallet to provide an interlock. However,
      the provision of a mechanism to accomplish such an arrangement is unduly
      complex, and the alternative of placing the pallet on the ground, lifting
      it out of the machine with a fork lift truck, turning it 90.degree. and
      replacing it in the stacker is too time consuming. In accordance with a
      preferred embodiment of the invention, a much simplified arrangement for
      tying the stacks together has been provided. This arrangement incorporates
      a tie bar 310 on which is mounted a plurality of wound packages of twine
      312, 313 and 314 (FIG. 4). The end of each length of twine is secured to
      one edge of the pallet, and the twine is passed across the pallet to
      underlie the three stacks of sod. After several blocks of sod have been
      placed on each stack, the twine is passed across the top of the stacks and
      additional blocks are placed thereon. Again, after several more blocks
      have been placed on each stack, the twine is passed back across the stacks
      in the opposite direction, and the process continues so that the twine is
      interwoven with the blocks of sod and extends back and forth across the
      several stacks. When the stacks have been completed, the end of the twine
      are tied together to hold the stacks together and facilitate the handling
      of the pallet.
PAR  To simplify the interweaving of the twine, the tie bar 310 is mounted at
      one end to a transversely extending shaft 316 by means of a linear motion
      sleeve bearing 318. The shaft 316 is secured between the corner posts 151
      and 154 of the stacker frame by means of brackets 319 and 320 so that the
      tie bar 310 can be moved from one side of the pallet to the other by
      sliding the bearing along the length of shaft 316. The opposite, or free,
      end of the tie bar is provided with a notch which engages one or the other
      of a pair of studs 322 or 324, whereby the tie bar may be secured at
      either side of the stacker.
PAR  The system of the present invention thus provides a method and apparatus
      for automatically harvesting and stacking blocks of sod without the need
      for manual handling of the sod. Thus, the cutter assembly 10 includes
      means for undercutting three adjacent strips of sod as the harvester
      machine is driven forwardly either under its own power of by a suitable
      power source such as a tractor. The strips of sod are cut to the desired
      length by a cut off device mounted on the machine, the cut off device
      being coordinated with the motion of the machine so that the length of the
      sod strips is independent of variations in forward speed. The cut lengths
      of sod are picked up by a suitable scoop-like arrangement which guides the
      sod onto a conveyor assembly 12, and the sod is carried upwardly to a
      stacker assembly 14. A sod transporter which includes spikes mounted on an
      endless belt or chain assists in carrying the sod strips along the
      scoop-like arrangement onto the conveyor.
PAR  At the upper end of the conveyor assembly, the blocks of sod are engaged by
      a sod puller mechanism which slides the sod blocks across trap door plates
      which form the top surface of the stacker. The doors are held by a
      hydraulic lifter in a horizontal position until the sod is drawn by the
      sod puller into contact with a tripping arrangement which releases the
      doors by lowering the hydraulic lifter. The doors swing downwardly under
      the weight of the sod, dropping it down to corresponding stacks on a
      pallet located immediately below the doors and carried by a fork lift
      arrangement. As soon as the sod blocks clear the door plates, the
      hydraulic lifter is activated to engage lift arms secured to the doors to
      return the doors to their closed position in time to receive the next set
      of sod blocks. It will be noted that during this operation, the machine is
      continuously moving forward, and the location of the pallet with respect
      to the trap doors must be adjusted to take into account the forward motion
      of the machine as the sod drops down onto the pallet.
PAR  Thus, there has been described a new and improved method and apparatus for
      harvesting sod and automatically stacking it without the need for manual
      handling of the sod blocks. Although a preferred embodiment of the
      invention has been illustrated, it will be apparent that numerous
      modifications may be made without departing from the true spirit and scope
      thereof as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stacking apparatus for automatically and continuously harvesting and
      stacking blocks of sod, comprising:
PA1  cutter means for undercutting a continuous strip of sod for cutting said
      strip into blocks of sod;
PA1  conveyor means for sequentially picking up and transporting blocks of sod;
PA1  support means for receiving said blocks of sod from said conveyor, said
      support means including a normally closed, hinged door means adapted to
      pivot downwardly to an open position;
PA1  positioner means adjacent said support means for automatically positioning
      blocks of sod received from said conveyor on said hinged door means;
PA1  means for holding said door means in said closed position;
PA1  tripper means responsive to the presence of a block of sod on said door
      means for releasing said door, allowing said door means to open to drop
      said block of sod;
PA1  sod receiving means located beneath said support means, said receiving
      means including a platform vertically movable with respect to said door
      means to receive the block of sod released by the opening of said door
      means; and
PA1  reset means for returning said door means to its normally closed position
      after the block of sod has been dropped on said platform to prepare said
      door means to receive the next block of sod in sequence from said
      conveyor, whereby said blocks are sequentially dropped on said platform to
      form a stack.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said means for holding said door in
      said closed position comprises actuator means selectively movable to
      engage and to close and open said door, said actuator means being
      responsive to said tripper means to open said door.
NUM  3.
PAR  3. The apparatus of claim 2, wherein said reset means includes timer means
      for said actuator means for reclosing said door a preset time after it is
      opened.
NUM  4.
PAR  4. The apparatus of claim 1, wherein said platform comprises a removable
      pallet supported by a vertically adjustable fork lift means.
NUM  5.
PAR  5. The apparatus of claim 1, wherein said door means comprises a pair of
      hinged doors pivotally secured to said support means and normally closed
      to form a substantially horizontal surface for receiving said blocks of
      sod, said doors when opened forming a sod dropping chute for depositing
      blocks of sod on said platform.
NUM  6.
PAR  6. The apparatus of claim 5, wherein said means for holding said doors in
      said closed position comprises hydraulic actuator means selectively
      movable to engage and close said doors and to disengage and allow said
      doors to open, said actuator means being responsive to said tripper means
      to open said doors.
NUM  7.
PAR  7. The apparatus of claim 6, wherein said reset means comprises timer means
      for activating said hydraulic actuator means to urge said doors toward the
      closed position a predetermined time after said doors are opened.
NUM  8.
PAR  8. The apparatus of claim 1, wherein said positioner means comprises a sod
      puller chain extending between said conveyor means and said hinged door
      means for propelling each block of sod from said conveyor onto said door
      means.
NUM  9.
PAR  9. The apparatus of claim 8, wherein said sod puller chain is located above
      and closely adjacent said support means and includes a plurality of spikes
      adapted to engage the upper surface of said blocks of sod and to move each
      block of sod in turn across said door means and into contact with said
      tripper means.
NUM  10.
PAR  10. The apparatus of claim 1, wherein said positioner means comprises a sod
      puller for advancing said sod blocks onto said door means.
NUM  11.
PAR  11. The apparatus of claim 10, wherein said tripper means is located in the
      path of said sod blocks, so that when each block in turn is advanced
      completely onto said door means said tripper is activated to release said
      hinged doors.
NUM  12.
PAR  12. The apparatus of claim 11, wherein said door means, when open, form a
      sod dropping chute for directing said sod blocks onto said platform.
NUM  13.
PAR  13. The apparatus of claim 12, further including means for securing said
      stack of sod on said platform.
NUM  14.
PAR  14. The sod stacking apparatus of claim 1, wherein said cutter means
      undercuts a plurality of side-by-side continuous strips and cuts each said
      strip into a sequence of blocks, said conveyor means including means for
      picking up and transporting corresponding side-by-side blocks of sod to
      said support and positioner means, said support means including door means
      for each of said side-by-side blocks, whereby a plurality of side-by-side
      stacks of sod are formed on said sod receiving means.
NUM  15.
PAR  15. A method for automatically harvesting and stacking sod, comprising:
PA1  undercutting a continuous strip of sod;
PA1  cutting said strip into blocks of predetermined length;
PA1  sequentially and automatically picking up and continuously transporting
      said blocks of sod upwardly along a conveyor to a support surface;
PA1  sequentially propelling each of said blocks along said support surface and
      automatically locating each block on the upper surface of normally closed
      hinged door means to position said block for stacking;
PA1  automatically opening said hinged door means to form a sod dropping chute
      when said block is correctly positioned thereon;
PA1  depositing said block on a pallet located below said hinged door means;
PA1  automatically closing said hinged door means a predetermined time after it
      has opened to prepare for the receipt of the next block in said sequence;
      and
PA1  repetitively opening and closing said hinged door means upon receipt of
      said blocks of sod to stack said blocks automatically on said pallet.
NUM  16.
PAR  16. The method of claim 15, wherein a plurality of adjacent strips of sod
      are undercut and cut into a plurality of side-by-side blocks, further
      including;
PA1  conveying adjacent blocks side-by-side to said support surface;
PA1  locating said adjacent blocks corresponding, side-by-side hinged door
      means; and
PA1  automatically opening said side-by-side door means simultaneously to
      deposit said blocks in adjacent, corresponding stacks on said pallet.
PATN
WKU  039359050
SRC  5
APN  5121450
APT  1
ART  334
APD  19741004
TTL  Earth working gardening tool
ISD  19760203
NCL  11
ECL  1
EXP  Marlo; George J.
NDR  3
NFG  5
INVT
NAM  Chery; Francois
CTY  Colombes
CNT  FR
ASSG
NAM  Aciers et Outillage Peugeot
CTY  Audincourt
CNT  FR
COD  03
PRIR
CNT  FR
APD  19731005
APN  73.35626
CLAS
OCL  172 40
XCL  172 41
XCL  172102
EDF  2
ICL  A01B 3500
ICL  A01B 3532
FSC  172
FSS  40;102;41;44;125
UREF
PNO  2859676
ISD  19581100
NAM  Pottol et al.
OCL  172 40
UREF
PNO  3461969
ISD  19690800
NAM  Bodine
XCL  172 40
UREF
PNO  3710870
ISD  19730100
NAM  Pfeiffer
OCL  172 40
LREP
FR2  Schellin; Eric P.
ABST
PAL  Gardening tool. A blade adapted to work the ground constitutes one side of
      a frame which is pivotably mounted on the housing of the tool about a
      shaft forming the opposite side of the frame. Drive elements within the
      housing are connected to a third side of the frame through transmission
      elements within the housing so as to impart to the blade a continuous
      pivotal vibratory movement. A detachable handle connected to the housing
      enables the latter to be handled. A cooling fan in the housing discharges
      air through orifices in the upper end of the handle.
BSUM
PAR  The present invention relates to gardening tools and more particularly to
      such a tool for carrying out effortless gardening operations, such as
      aering the ground on the surface and the destruction of weeds.
PAR  According to the invention there is provided a gardening tool comprising a
      housing, a blade for working the ground, drive means disposed within the
      housing and connected to the blade through transmission means which are
      also disposed within the housing and adapted to impart to the blade a
      continuous vibratory movement, and handling means connected to the housing
      for handling the tool.
PAR  Further features and advantages of the invention will be apparent from the
      ensuing description with reference to the accompanying drawings given by
      way of example.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a sectional view of a gardening tool according to one embodiment
      of the invention;
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1;
PAR  FIGS. 3 and 4 are partial sectional views taken on lines 3--3 and 4--4
      respectively of FIG. 2, and
PAR  FIG. 5 is a partial plan view of the gardening tool on line 5--5 of FIG. 1.
DETD
PAR  FIGS. 1 to 5 show an embodiment of a gardening tool according to the
      invention which comprises a housing 1 preferably of plastics material and
      in two parts 2a and 2b which have a joint plane X--X which is vertical
      when the tool is in position for working the ground. The housing 1 has at
      the rear thereof means defining a cavity 3 for receiving a lower end
      portion 4 of a handle 5 which is also preferably of plastics material and
      permits the control and guiding of the gardening tool.
PAR  Note that this handle is detachable to facilitate the stowing away of the
      gardening tool.
PAR  As shown in particular in FIGS. 1 and 2, three main compartments 6, 7 and 8
      are defined in the housing 1, the compartment 6 being contained in the
      compartment 7 and the compartment 7 being contained in the compartment 8
      which is therefore the largest compartment.
PAR  The compartment 6 is arranged to receive an electric motor 9 which
      comprises a magnetic circuit 9a, an energizing coil 9b and a rotor 9c
      keyed on an output shaft 10. The latter is mounted in two bearings 11 and
      12 suitably disposed in the housing 1.
PAR  Formed in the lower part of the housing between lateral adjacent walls of
      the compartments 7 and 8, are two slots 13a and 13b which allow the
      passage of two vertically extending support sheets 14a and 14b which are
      secured to a pivot shaft 15 extending through the housing 1 throughout the
      width of the latter in a direction parallel to the shaft 10 of the
      electric motor 9. The support sheets 14a and 14b are adapted to support a
      work blade 16 having a horizontal portion 16a, on which are formed two
      cutting edges 16b, and two upwardly bent vertical portions 16c which are
      riveted to the corresponding support sheets 14a and 14b by rivets 17.
PAR  Note that a plurality of types of interchangeable blades may be employed,
      these blades having different shapes and being sharpened in different
      ways. In this case, the rivets 17 are advantageously replaced by
      detachable fixing means, for example including wing nuts or the like.
PAR  The shaft 15 is mounted in two bearings 18 and 19 which are suitably
      mounted in the compartment 8 of the housing 1. the shaft 15 has at both
      ends flat portions 15a (FIG. 3) which are introduced in rectangular
      apertures 20 provided respectively in the upper parts of the support
      sheets 14a and 14b. The assembly formed by the support sheets and blade 16
      thus rotates with the shaft 15. A strut 21 extends in a direction parallel
      to the blade 16 between the sheets 14a and 14b to reinforce the frame
      formed by the shaft 15, the support sheets 14a and 14b and the blade 16.
PAR  A U-shaped counterweight 22 is suspended by the ends of its branches from
      the shaft 15 so as to be freely pivotable about the latter. These ends are
      disposed laterally between the bearings 18 and 19 respectively and two
      spacer washers 23 against which washers the support sheets 14a and 14b are
      respectively applied, the assembly being held in position axially by
      welding at 24.
PAR  The shaft 10 of the motor has a toothed end portion 25 which meshes with an
      intermediate drive gear pinion 26 keyed on a shaft 27. The latter, mounted
      in bearings 28 and 29 received in the compartment 7 of the housing 1,
      comprises an eccentric 30 which is in one piece with the shaft (FIG. 4)
      and an eccentric bearing portion 31 also in one piece with the shaft (FIG.
      3). The eccentric 30 and the bearing portion 31 extend beyond the
      corresponding lateral wall of the compartment 7, the axes of the shaft 27,
      of the eccentric 30 and of the eccentric bearing portion 31 are designated
      in the drawings by the references O--O, P--P and Q--Q respectively.
PAR  It can be seen from FIG. 4 that the eccentric 30 is received in an aperture
      32 formed in the corresponding branch of the counterweight 32, this
      aperture having a width d.sub.1. The eccentricity OP determines the angle
      of movement .alpha..sub.1 of the balancing counterweight 22 on each side
      of the vertical plane X--X of the gardening tool.
PAR  A reinforcing plate 33 of oblong shape is riveted to the support sheet 14a
      and has a thickened centre portion 33a in which is formed an oblong
      aperture 34. The latter is adapted to receive a roller 35 which is freely
      rotatable on the eccentric bearing portion 31 of the shaft 27 whose
      eccentricity OQ determines the angle of movement .alpha..sub.2 of the
      support sheets 14a and 14b and consequently the travel of the blade 16 on
      each side of the vertical plane X--X. The width of the oblong aperture 34
      is d.sub.2.
PAR  In order to cool the electric driving motor 9, a fan 36 is keyed on the
      shaft 10 of the motor. This fan is placed in front of an opening 37 formed
      in the lateral wall of the compartment 6 so as to draw the air out of the
      latter. This air is blown outwardly through discharge orifices 38 provided
      in the outer wall of the compartment 7 (FIGS. 2 and 5). The compartment 6
      also has an air inlet opening 39 which puts this compartment in
      communication with a space 40 separated from the compartment 7 by a
      partition wall 41. This space 40 communicates with the cavity 3 through a
      mouth portion 42 formed in the part 2b of the housing (FIG. 1).
PAR  The handle 5 is constituted by a cylindrical tube which extends upwardly
      and obliquely, in the working position of the tool, and receives at its
      upper end a grip 43 which is shaped to facilitate the gripping of this
      grip. This grip 43 is fitted in a sealed manner on the tube 5 and has air
      intake orifices 44. Consequently the compartment 6 of the housing is
      connected to the air intake orifices 44 so that the air for ventilating
      the motor is not taken from near to the ground but in the vicinity of the
      hand of the user, which is about 80 to 120 cm above the ground.
PAR  In this way any dust raised by the blade 16 is precluded from entry in the
      housing.
PAR  The grip 43 also includes a control switch 45 which is inserted in one of
      the supply lines 46 of the electric motor 9, the latter being supplied
      with power through a mains cable 47 and an electric double-wire connecting
      line 48. The latter extends through the grip 43 and the tube 5 and issues
      from the latter through an opening 48 and terminates in a connecting plug
      49 which can be plugged into a socket (not shown) provided in the housing
      1. Only the two contacts 50a and 50b of this socket are shown in FIG. 2.
      The tube 5 is a force fit in the cavity 3 and may be separated from the
      housing 1 when stowing away the tool. When separating the tube and
      housing, the plug 49 must be disconnected.
PAR  It will be clear from the foregoing description of the gardening tool how
      the latter operates. When the switch 45 is actuated and the handle 5 and
      the plug 49 are in correct position the electric motor rotates the shaft
      27.
PAR  Consequently, the eccentric 30 and the eccentric bearing portion 31 are
      moved along the oblong apertures 32 and 34 respectively and cause the
      pivoting about the axis of the shaft 15 of, on one hand, the counterweight
      22 and, on the other, the support sheets 14a and 14b and blade 16. These
      pivoting movements are of course in opposite directions owing to the
      diametrally opposed disposition of the eccentric 30 and eccentric bearing
      portion 31. In this way a very satisfactory balancing of the tool is
      achieved.
PAR  Note that, depending on the inclination given to the handle 5, the blade 16
      operates on the surface or penetrates the ground. Thus it can break the
      surface crust of the earth and also cut the roots of harmful plants. As
      the blade 16 undergoes its pivotal movements in bearing against the
      ground, the user draws along the tool in a direction perpendicular to the
      blade by means of the handle 5.
PAR  Note that the electric motor 9 described hereinbefore may be replaced by
      any other type of motor, such as a heat engine, provided of course that
      the necessary adaptations are made.
CLMS
STM  Having now described my invention what I claim as new and desire to secure
      by Letters Patent is:
NUM  1.
PAR  1. A gardening tool comprising a housing, a substantially rectangular
      frame, a substantially flat blade defining two major parallel surfaces and
      said blade being mounted on the frame and constituting a first side of the
      frame for working the ground while said flat surfaces of said blade are
      substantially parallel with the ground surface, a shaft defining an axis
      and forming a second side of said frame opposite to the said first side
      thereof, bearing means provided in said housing for rotatably receiving
      said shaft thereby allowing pivotable movement of said frame about said
      axis, drive means disposed within the housing, transmission means also
      disposed within the housing and drivingly connecting the drive means to
      the frame to impart to the frame a continuous pivotal vibratory movement,
      and handling means connected to the housing for handling the tool.
NUM  2.
PAR  2. A tool as claimed in claim 1, wherein the frame has a third side which
      is connected to the transmission means.
NUM  3.
PAR  3. A tool as claimed in claim 2, wherein the transmission means comprise a
      transmission having an eccentric, and means defining an oblong aperture in
      said third side of the frame, the eccentric being engaged in the oblong
      aperture.
NUM  4.
PAR  4. A tool claimed in claim 3, wherein the drive means are enframed by said
      frame and comprise an output shaft having a toothed end portion, an
      intermediate shaft on which intermediate shaft the eccentric is fixed, and
      a gear pinion keyed on the intermediate shaft and meshed with the toothed
      end portion of the output shaft.
NUM  5.
PAR  5. A tool as claimed in claim 4, comprising a counterweight having a
      U-shape, the branches of which are pivotably mounted on said shaft, one of
      the branches of the U-shaped counterweight defining an oblong aperture, an
      eccentric which is part of the transmission means being engaged and
      movable in the oblong aperture in the counterweight branch, and the
      eccentric for the counterweight being provided on the intermediate shaft
      in a position which is diametrally opposed to the eccentric for the frame.
NUM  6.
PAR  6. A tool as claimed in claim 1, wherein the blade has edges which are
      parallel to the axis of said shaft and are sharpened so as to form cutting
      edges.
NUM  7.
PAR  7. A tool as claimed in claim 1, comprising a counterweight pivotably
      mounted in the housing and operatively connected to the transmission means
      so as to be pivoted in an opposite direction to the frame.
NUM  8.
PAR  8. A tool as claimed in claim 7, wherein the counterweight has a U shape
      and has a web portion terminating in two branches which branches are
      mounted adjacent their ends on said shaft, the web portion of the U-shaped
      counterweight being parallel to the axis of said shaft.
NUM  9.
PAR  9. A tool as claimed in claim 8, wherein one of the branches of the
      U-shaped counterweight defines an oblong aperture and an eccentric which
      is part of the transmission means is engaged and movable in the oblong
      aperture in the counterweight branch.
NUM  10.
PAR  10. A tool as claimed in claim 1, wherein the handling means comprise a
      tubular body connected to said housing and constituting a conduit and
      cooling air inlet orifices are formed in the tubular body near to an end
      of the tubular body remote from the housing, and the drive means are
      disposed in a compartment which is defined in the housing and communicates
      with the tubular body and with the remaining space of the housing through
      fan means which are drivingly connected to said drive means and discharge
      air into said remaining space, said remaining space communicating with the
      exterior of said housing.
NUM  11.
PAR  11. A gardening tool comprising a housing, a blade for working the ground
      mounted to be vibratable relative to the housing, drive means disposed
      within the housing, transmission means also disposed within the housing
      and drivingly connecting the drive means to the blade to impart to the
      blade a continuous vibratory movement, and handling means connected to the
      housing for handling the tool wherein the handling means comprise a
      tubular body connected to said housing and constituting a conduit and
      cooling air inlet orifices are formed in the tubular body near to an end
      of the tubular body remote from the housing, and the drive means are
      disposed in a compartment which is defined in the housing and communicates
      with the tubular body and with the remaining space of the housing through
      fan means which are drivingly connected to said drive means and discharge
      air into said remaining space, said remaining space communicating with the
      exterior of said housing.
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ABST
PAL  A soil conditioner for use in combination with a cultivating implement
      drawn behind a tractor to break up the soil and leave a prepared seedbed
      in a single operation. The conditioner is mounted to a framework extending
      rearwardly behind the cultivator. It comprises a set of reels each mounted
      to the framework for free rotation about a transverse axis. Two sets of
      axial blade members are provided about each reel. The blades are
      equiangularly spaced about the axis and are arranged so that each blade of
      one set is angularly spaced midway between adjacent blades of the other
      set. The first set of blades include ground-engaging edges spaced a first
      radius from the axis. The corresponding edges of the remaining set of
      blades are spaced a second radius from the axis that is less than the
      first radius. The different radii of the two sets of blades enable the
      conditioner to be towed through a field, with the freely-rotating blades
      breaking up clods of dirt left by the cultivator, without the blades
      becoming clogged with dirt. The conditioner also includes an adjustment
      structure for elevationally adjusting the blade edges relative to the
      cultivator. This adjustment structure includes adjustment brackets each
      connecting two portions of the soil conditioner frame. Each of these
      brackets is provided with a plurality of apertures. These apertures are
      selectively aligned with a set of corresponding apertures on one of the
      two portions of the soil conditioner frame. By placing bolts through the
      aligned apertures, the elevation of the blade edges is selectively
      adjusted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is related basically to farm implements for producing
      a finished or prepared seed bed after previous cultivating operations and
      more particularly to such implements utilized to prepare the seed bed
      simultaneously as the cultivating operation is taking place.
PAR  Present operations in preparing soil between spring crop or fall crop
      plantings involve the practice of loosening the ground with a disc harrow
      working at three to four inch depths. Following the discing operation,
      some other operation is performed to level the field and prepare it for
      planting. The problem with this operation is that the soil is tilled
      fairly shallow and is subject to erosion. If a chisel plow is utilized,
      the erosion problem can be substantially reduced. However, such chisel
      plows normally leave the ground with large clods of dirt that tend to seal
      off the surface and render it a difficult task to eventually work the
      rough soil into a prepared seed bed. Usually, several other steps are
      performed to bring the roughened soil into a prepared condition for
      planting. This process usually involves passing over the field several
      different times with different implements to break up the clods and level
      the soil for planting. If a substantial length of time passes between the
      initial cultivating operation and the final soil conditioning operation,
      the soil may dry or possibly become eroded, hampering the subsequent
      conditioning operations.
PAR  U.S. Pat. No. 2,200,631 to Merlich discloses a soil conditioner combined
      with a spring tooth harrow for loosening and preparing previously plowed
      ground for use as a seed bed. The device includes a reel rotatably mounted
      on a frame with axial blade members extending along the reel and spiraling
      partially about the reel axis. The blades are set to operate at a
      prescribed distance below the ground surface adjacent to a transverse
      knife carried below the blades. Therefore, as the apparatus is drawn along
      the ground, the reel rotates, bringing the blades into engagement with and
      penetrating the ground while moving past the relatively stationary knife
      to complete the soil conditioning operation. The edges of the blades are
      spaced at a fixed radius from the axis of the reel. We have found through
      experimentation that this arrangement tends to allow clogging of the
      adjacent blades with the compacted dirt. Further, the transverse knife
      that is carried below the blades increases the possibility of clogging.
PAR  U.S. Pat. No. 2,569,464 granted to Edwards et al. discloses an agricultural
      crust-busting implement. This implement is drawn behind a tractor in
      fields already having a crop growing therein. The implement also utilizes
      a spaced number of reels rotating about a transverse axis. The reels have
      ground-engaging axial blades thereon. These blades however, are also
      spaced at a fixed radius from the reel axis and will therefore become
      easily clogged with compacted dirt.
PAR  U.S. Pat. No. 3,692,120 to Cline discloses a tilling apparatus. This
      apparatus utilizes the combination of a chisel plow and a pulverizing reel
      behind the plow for breaking up clods created by the plow and a leveling
      blade mounted behind the pulverizing wheel for smoothing the soil surface.
      The Cline apparatus, like most of the above-cited arrangements, is
      comprised of a number of reels mounting a plurality of radially-extending
      blades thereon for rotation about a horizontal transverse axis. The blade
      edges are spaced a common fixed distance from the axis and will easily
      clog with hardened dirt clods tilled by the chisel plow.
PAR  It is the purpose of the present invention to provide a soil conditioning
      device in combination with a cultivating implement for efficiently
      producing a prepared seed bed behind the cultivator. This is accomplished
      by providing radial blades on a plurality of reels that are rotatable
      about a horizontal axis behind the cultivating implement. The blades are
      arranged on the reels in two sets, with each blade of one set being
      angularly located midway between adjacent blades of the other set. Both
      sets of blades include ground-engaging edges, with the edges of one set
      spaced at a first radius from the axis. The edges of the remaining set are
      spaced a second radius from the axis that is less than the first radius.
      With this arrangement, the condition will break up large dirt clods
      without becoming clogged with compacted soil between adjacent blades.
PAC  SUMMARY OF THE INVENTION
PAR  A soil conditioner is described in combination with a tractor-drawn
      cultivating implement, for following the implement along a selected path
      of travel and for conditioning and preparing a seed bed within the soil
      behind the implement. The conditioning device comprises a conditioner
      frame extending rearwardly from the cultivating implement with a reel
      rotatably mounted thereon for free rotation about an axis transverse to
      the path. A first set of blade members are mounted on the reel with
      elongated axial soil-engaging edges spaced from the axis by a first
      radius. A second set of blade members are also mounted on the reel. They
      are co-extensive in axial length with the first set and have elongated
      axial soil-engaging edges located at a second radius that is less than the
      first radius. The blades of the first and second sets are equiangularly
      arranged about the axis with each blade of one set being centered
      angularly between adjacent blades of the other set. Each blade further
      includes planar side surfaces extending radially inward from the edges
      toward the axis.
PAR  It is a first object of my invention to provide a soil conditioner that may
      be utilized in combination with a cultivator implement for tilling and
      producing a prepared seed bed in a single operation.
PAR  It is a further object to provide such a soil conditioner that may be
      selectively adjusted elevationally relative to the cultivator.
PAR  A yet further object is to provide such a soil conditioner that includes
      soil-engaging blade members spaced at different radii from a common
      rotational axis that will therefore not easily become compacted or clogged
      with dirt between adjacent blades.
PAR  It is a further object to provide such a device that is relatively simple
      in construction and therefore easy to maintain and operate.
PAR  These and other objects and advantages will become apparent upon reading
      the following disclosure which, taken with the accompanying drawings,
      discloses a preferred form of the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the combination cultivator and soil conditioner;
PAR  FIG. 2 is a side elevational view of the present invention;
PAR  FIG. 3 is a fragmentary pictorial view of a single reel of the present
      invention;
PAR  FIG. 4 is a sectional view taken along line 4--4 in FIG. 1;
PAR  FIG. 5 is a sectional view taken along line 5--5 in FIG. 3; and
PAR  FIG. 6 is a sectional view taken along line 6--6 in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The present invention is comprised of the combination of a soil conditioner
      and a cultivating implement drawn behind a tractor (not shown in the
      drawings) to cultivate soil and prepare a seed bed therein in a single
      operation. The cultivating implement is indicated generally in the
      drawings by the reference numeral 10. It may be comprised of a chisel
      plow, spring tooth harrow or disc harrow depending on the nature of the
      soil being worked and the discretion of the farmer using the equipment.
PAR  Cultivating implement 10 includes a framework 11 having a drawbar 12
      mounted thereon for attaching the implement to a tractor. The frame 11
      mounts a series of spring teeth 14 that depend from frame 11 to engage and
      till soil at a specified depth. It is intended that the implement be drawn
      along a path as indicated by the reference arrows 15 (FIGS. 1 and 2).
PAR  The primary feature of the present invention is a soil conditioner 17
      utilized in combination with cultivating implement 10 to prepare a final
      seed bed from the soil broken up by the spring tooth 14. The conditioner
      10 includes a conditioner framework 18 extending rigidly rearward from the
      cultivator framework 11. As shown in the drawings, framework 18 is an
      integral portion of the cultivator framework 11.
PAR  The conditioner frame 18 is comprised of rearwardly projecting bars 18a
      that rotatably support a plurality of transverse reels 20. Reels 20 are
      pivotably mounted on end hangers 21 that are fixed to a transverse bar 18b
      of conditioner frame 18 (FIGS. 2, 4 and 6). Bar 18b is suspended from
      frame bars 18a by a number of adjusting brackets 34.
PAR  Hangers 21 provide suitable bearings 22 in which axles 19 of reels 20 are
      journalled. Bearings 22 define a horizontal axis X--X (FIG. 1) that is
      transverse to the path of the implement.
PAR  Reels 20 may be elevationally adjusted relative to the cultivating
      implement teeth 14 by an adjustment means 23 provided between bar 18b and
      conditioner frame 18. The adjusting means is manually operable to
      selectively raise or lower the reels independently of the operating depth
      of teeth 14. The adjustment means 23 will be described in greater detail
      below.
PAR  Each reel 20 is supplied with a plurality of blades that extend transverse
      to the path of travel. The blades are divided into sets, a first set 24
      and second set 25. Both sets 24 and 25 are formed of elongated rectangular
      plates that are co-extensive axially along the axis X--X. The blades are
      mounted for rotation with the axles 19 by pentagonal support plates 27.
      Each support plate 27 is fixed on axle 19 perpendicular to the axis X--X.
      Plates 27 include two sets of radial brackets 28, 28a providing access by
      bolts 30 to hold the sets of blades 24 and 25 respectively, rigidly to
      plates 27.
PAR  Both sets of blades 24 and 25 include elongated outward edges 31, 31a
      respectively that are pointed to facilitate penetration of the rough soil
      tilled up by cultivating implement 10. Edges 31, 31a are parallel to axis
      X--X. It is conceivable, however, that edges 31, 31a could be arranged in
      a partial spiral orientation about axis X--X.
PAR  It may be noted, especially in FIG. 5, that the blades 25 of the second set
      include edges 31a that are spaced by a radius from axis X--X that is
      substantially less than the radius from the axis to the edges 31 of the
      first set of blades 24. This consideration is an important feature of the
      present invention in that it enables continuous use of conditioner 10
      without the adjacent blades becoming clogged with compacted dirt. This
      problem is prevalent in such apparatus wherein the edges are located at a
      single fixed radius from the rotating axis. The arrangement of the two
      sets of blades as shown in FIG. 5 is such that each blade of the second
      set 25 is located angularly midway between the adjacent blades of the
      first set 24. Both sets 24 and 25 are equiangularly positioned about the
      axis X--X.
PAR  Blades 24 and 25 each include planar sides 32, 32a respectively, that are
      parallel and arranged substantially radially with respect to axis X--X.
      The radial arrangement of sides 32, 32a provides a gap between adjacent
      blades to allow free passage of dirt therebetween. This is another feature
      that assists to prevent clogging of the areas between adjacent sides with
      compacted dirt.
PAR  Looking now at the adjustment means 23 in greater detail, reference will be
      made to FIGS. 4 and 6 in particular. The adjustment means 23 is partially
      comprised of adjusting brackets 34 mounted on one side of
      rearwardly-extending bars 18a and fixed to transverse support bar 18b of
      conditioner frame 18. The brackets are mounted to frame 18 by means of
      bolts 37 extending through brackets 34 and into frame bar 18a. Each
      adjustment bracket 34 is provided with four such bolts 37. Brackets 34 are
      also provided with a number of vertically aligned adjustment holes 35.
      When bolts 37 are disengaged from the frame and brackets, the brackets,
      along with bar 18b and reels 20, may be vertically moved relative to the
      frame to align a desired set of holes 35 with complementary holes in the
      frame bars 18a.
PAR  Movement of adjusting bracket 34 is accomplished by an adjusting mechanism
      comprised of a clamp bolt 40 and nut 40a, a bracket 41, and an adjustment
      bolt 43 (FIG. 6). Clamp bolts 40 extend through adjusting brackets 34
      within vertical slots 38 therein. The bolts 40 also extend through
      appropriate apetures in the frame bars 18a and through upright portions of
      brackets 41. Thus, when bolts 40 and nuts 40a are tightened, the bars 18a
      are clamped tightly between the brackets 41 and adjusting brackets 34 to
      prevent their vertical movement relative to the nut 40a and bolt 40.
PAR  Adjusting bolts 43 extend vertically through bracket 41 and downwardly to
      pads 42 on transverse support bar 18b of the conditioner framework 18.
      Bolts 43 are threadably engaged within brackets 41 through a threaded
      aperture therein. In order to adjust the operational height of blades 24
      and 25, the operator first lowers the reels into ground contact for weight
      support. He then simply removes bolts 37, loosens the nut of the nuts 40a
      on bolts 40 and raises or lowers frame 18 relative to the reels until a
      desired set of holes 35 are aligned with the complementary holes in frame
      bars 18a. He may then replace bolts 37 to secure the brackets 34 to the
      framework 18. After doing this he may again retighten nuts 40a on bolts
      40, clamping the plate to the frame member.
PAR  A wheel and wheel frame assembly is also provided to enable transportation
      of the apparatus on roadways or for lifting or lowering the
      ground-engaging elements thereof, relative to the support surface. The
      wheels 44 provided are rotatably mounted about horizontal axes on a wheel
      frame 45. The wheel frame 45 is pivoted at 46 to be selectively moved
      between an inoperative and operative position as shown in FIG. 2 by solid
      and dashed lines respectively. Pivotal movement of wheels 44 and wheel
      frame 45 is accomplished by a drive cylinder 47. Cylinder 47 is mounted
      between the framework 18 and a bracket 48 that extends rigidly from wheel
      frame 45. Extension of cylinder 47 forcibly pivots the wheel frame 45 and
      wheels 44 downwardly as shown by dashed lines in FIG. 2. Retraction of the
      cylinder ram serves to pivot the wheels upwardly away from engagement with
      the ground supporting surface and allow the soil-engaging elements of the
      implement to penetrate the ground.
PAR  In operation, we have found that it is preferable to adjust the operational
      cutting depth of the blade sets 24 and 25 relative to the teeth 14 of
      cultivating implement 10 so that there is a depth difference of
      approximately 5 to 6 inches with the blades 24 and 25 operating at a
      higher elevation than teeth 14. This distance is indicated by the
      reference character D in FIG. 2. The adjusting feature of the present
      invention however allows this dimension to be selectively changed to
      accommodate various soil conditions and ground conditioning operations.
PAR  When in operation, teeth 14 move through the ground and turn up relatively
      large clods of dirt. The reels 20 roll along frictionally behind teeth 14
      so the blades 24 and 25 operate to penetrate and break up the clods
      produced by spring teeth 14. Blades 24 and 25 operate to pulverize the
      clods of soil and produce a finished prepared seed bed that is then ready
      for planting. This single operation prevents or eliminates the need for
      going back over the field after harrowing to condition the soil and
      prepare a suitable seed bed.
PAR  It may have become obvious from the above description and accompanying
      drawings that various changes and modifications may be made therein
      without departing from the intended scope of my invention. Therefore, only
      the following claims are to be taken as definitions of this invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In combination with a tractor-driven cultivating implement, a soil
      conditioner for following the implement along a selected path of travel to
      condition the soil by breaking clods and prepare a seed bed within the
      soil behind the implement, said soil conditioner comprising:
PA1  a conditioner support frame extending rearwardly from said cultivating
      implement;
PA1  a transverse support bar extending transversly of said rearwardly extending
      support frame and supported thereby rearwardly of said cultivating
      implement;
PA1  an upright adjustable hanger member fixed to the transverse support bar and
      adjustably connected to the conditioner support frame for providing
      adjustable height support of said support bar relative to said support
      frame;
PA1  end hangers depending from the support bar;
PA1  a reel rotatably mounted on the end hangers and spaced from said support
      bar for free rotation about an axis transverse to said path;
PA1  adjusting means providing the adjustable connection between the upright
      adjustable hanger member and conditioner support frame comprising: a
      plurality of vertically spaced apertures formed through the hanger member
      with corresponding apertures formed through the conditioner support frame;
PA1  mounting nut and bolt assemblies extending through appropriate ones of said
      spaced apertures in the hanger member and aligned ones of said
      corresponding apertures in the support frame; and
PA1  upright adjusting bolt means operatively engaging the conditioner support
      frame and abutting the transverse support bar for raising and lowering the
      frame relative to the suport bar to bring selected ones of said spaced
      apertures of the hanger member into alignment with complementary one of
      said corresponding apertures in the conditioner support frame;
PA1  a first set of blade members mounted on said reel, having elongated axial
      soil-engaging edges parallel to said axis and spaced therefrom by a first
      radius;
PA1  a second set of blade members mounted on said reel having elongated axial
      soil-engaging edges parallel to said axis and spaced therefrom by a second
      radius that is less than the first radius;
PA1  wherein the blade members of the first and second sets are arranged
      equiangularly about the axis in alternating sequence with each blade
      member of the first set being centered angularly between a pair of
      adjacent ones of said blade members of the second set; and
PA1  planar side surfaces on each blade of both sets extending radially inwardly
      from said edge toward said axis.
NUM  2.
PAR  2. The combination set out by claim 1 wherein said cultivating implement is
      a spring tooth harrow, including a rigid harrow framework and wherein said
      conditioner support frame is a rigid rearward extension of said harrow
      framework.
NUM  3.
PAR  3. The combination set out in claim 2 further comprising:
PA1  a retractable wheel frame movably mounted to the conditioner support frame;
PA1  a pair of wheels mounted to the retractable wheel frame for free rotation
      about a common axis transverse to said path; and
PA1  means connecting the wheel frame to said conditioner support frame for
      selectively lowering the wheels into engagement with the ground and
      raising the harrow and both sets of blades above the ground surface for
      transporting purposes.
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ABST
PAL  A coupling assembly for interconnecting a pair of implements such as grain
      drills in end-to-end relation for towing behind a tractor for field
      operation and in an endwise direction for transport. The grain drills are
      connected to a tractor by conventional duplex hitch structure. The grain
      drills are connected to each other by a novel coupling assembly which in
      field operation permits the adjacent drills to move within limits toward
      and away from each other to accommodate ground level variations. The
      coupling assembly includes a latch unit positionable to lock the coupling
      assembly to thus retain the drills in fixed spaced relation to facilitate
      endwise transport of the drills.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  Application Ser. No. 105,191 filed Jan. 11, 1971 entitled IMPLEMENT
      TRANSPORT ATTACHMENT.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to coupling systems for multiple towed
      implements and more particularly to an assembly for interconnecting the
      implements for field operation and endwise transport.
PAR  2. Prior Art
PAR  The prior art is repleat with examples of systems for towing multiple
      implements in tandem relation for transport. The problem is that the
      minimum dimension for transport is determined by the length of the
      implement, which in the case of a grain drill for example may be
      significantly greater than the width. In such a case it would be desirable
      to transport the implements in the endwise direction to minimize the
      dimension to be accommodated through gates and along narrow roadways.
PAR  Since the ground to be worked by a system of multiple implements is never
      going to be perfectly level, it is necessary to interconnect the
      implements by means which will permit limited relative movement
      therebetween as the implements are towed in field operation. In other
      words the overall system must be flexible to accommodate uneven ground
      surfaces. A problem arises when it is desired to pull the implements in an
      endwise direction for transport. The very fact that the implements must be
      movably interconnected for operation causes the implements to become
      misaligned and track or trail improperly when towed in an endwise
      direction.
PAR  A further problem associated with systems for transitioning multiple
      implements between operative and transport modes resides in the
      considerable time and effort which is often required to make the
      conversion.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a coupling assembly for connecting adjacent
      implements in end-to-end relation for towing in both the forward direction
      for field operation and in an endwise direction for transport. The
      coupling assembly includes a latch means selectively positionable to
      permit limited relative movement between adjacent implements to
      accommodate ground level variations during operation and to prevent such
      movement during endwise transport.
PAR  The coupling assembly permits the multiple implements to trail or track
      properly during endwise transport by maintaining the implements in fixed
      spaced apart relation. The latch mechanism of the assembly is quickly and
      easily positionable so as to lock the assembly in fixed length
      automatically in response to pulling the implements in the endwise
      direction.
PAR  Briefly, the objects of the invention are to provide a coupling assembly
      which: interconnects adjacent implements for requisite limited relative
      movement during field operation; interconnects the implements for proper
      tracking or trailing during endwise transport; and is of relatively simple
      and inexpensive design and construction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a pair of grain drills coupled together for field
      operation;
PAR  FIG. 2 is a plan view of the grain drills of FIG. 1 connected for endwise
      transport;
PAR  FIG. 3 is a fragmentary elevation view taken generally in the direction of
      arrows 3--3 of FIG. 2 showing the implement coupling assembly of the
      invention; and
PAR  FIG. 4 is an enlarged fragmentary sectional view of the coupling assembly
      taken generally in the direction of arrows 4--4 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1 there is shown a pair of conventional grain
      drills 10 and 12 of the so-called "press" type used for seeding crops such
      as grain and the like. Each of the drills 10 and 12 includes a generally
      horizontally disposed framework 14 which supports a relatively long and
      narrow hopper 16 for gravity feeding of the seeds to suitable
      ground-opening and planting units suspended from the framework. Such
      drills normally include a footboard 18 disposed along the lower edge of
      the hopper to provide a work platform upon which an operator may stand
      when filling or checking the hopper. Each of the drills is movably
      supported by a forwardly and centrally disposed caster wheel 20 and a pair
      of press wheel gangs 22 and 24.
PAR  The drills are connected for towing behind a tractor 26 by a conventional
      duplex hitch assembly 28 which disposes the drills in end-to-end alignment
      transverse to the normal forward direction of field operation as shown in
      FIG. 1.
PAR  Each of the drills 10 and 12 is provided with a pair of transport units 30
      and 32 which may be constructed in accordance with the details of the
      transport units 36 and 38 shown in the above mentioned patent application.
      It will be understood that each of the transport units 30 and 32 includes
      a pair of caster wheels 34 and 36. The wheels 34 and 36 together with the
      front caster wheels 20 support the drills for transport when the wheels 34
      and 36 are disposed in ground engaging positions.
PAR  In accordance with the invention the drills 10 and 12 are interconnected by
      means which provide limited movement of the drills relative to each other
      as required in field operation, while also selectively retaining the
      drills in fixed spaced apart relation for endwise transport. A coupling
      assembly shown generally at 38 in FIG. 1 interconnects the adjacent ends
      of the drills 10 and 12 at points proximate to the rear of the drills as
      viewed in plan and to the respective frames above the level of the press
      wheels as shown in FIG. 3.
PAR  The coupling assembly 38 includes an elongated strap or bar 40 pivotally
      mounted at one end on a bolt 42 extending rearwardly from the drill 12. An
      elongated slot 44 is defined through the bar 40 proximate to the opposite
      end thereof. A bolt 46 extends rearwardly from the drill 10 and projects
      through the slot 44. It will thus be seen that the drills 10 and 12 can
      move endwise toward and away from each other a distance limited to the
      length of the slot 44.
PAR  The coupling assembly 38 further includes a latch member 48 pivotally
      mounted on the bolt 46 outboard of the bar 40. The latch member 48
      includes an integral lip portion 50 disposed laterally from an end
      thereof. The lip portion 50 is disposed a distance from the bolt 46
      sufficient to flank the upper edge of the bar 40 when the latch 48 is
      disposed in the vertical position shown in dotted lines in FIG. 3. It will
      also be seen that the lip portion 50 projects over the end of the bar 40
      when the latch 48 is pivoted to the horizontal position shown in solid
      lines in FIGS. 3 and 4.
PAR  The coupling assembly 38 includes means for retaining the latch member 48
      in its horizontal position and in addition for biasing the member 48
      toward the bar 40. A pin 52 is slidably mounted in a bracket 54 of channel
      shape mounted on the bolt 46 as shown in FIG. 4. A reduced-diameter end of
      the pin 52 projects into an opening 56 defined through the latch member 48
      to thus hold the latch member in the horizontal position. A coil spring 58
      is disposed over the pin 52 with one end seated against the bracket 54 and
      the other end against a washer 60 secured onto the pin 52. Accordingly the
      spring 58 is effective in compression to urge the pin 52 against the latch
      member 48.
PAR  In field operation (FIG. 1), traveling over irregularities in the ground
      surface will cause the adjacent drills to tend to move or shift toward and
      away from each other. With the latch member 48 disposed in the dotted line
      position of FIG. 3, it will be seen that the adjacent drills can shift
      relative to each other within the limits provided by the engagement of the
      bolt 46 against the respective opposite ends of the slot 44. It will of
      course be understood that the coupling assembly is dimensioned to prevent
      the drills from coming into interferring engagement and to prevent
      movement away from each other which would leave significant gaps between
      the areas being seeded by the drills.
PAR  When it is desired to convert from field operation to endwise transport
      shown in FIG. 2, the duplex hitch 28 is uncoupled from the tractor and
      swung upwardly toward generally vertical position as shown in FIG. 2. The
      tractor is then coupled to an auxiliary hitch 62 pivotally mounted on an
      end of the drill 12. The wheels 34 and 36 of the transport units are
      lowered into their ground engaging positions. The caster wheel 20 of the
      now-frontmost drill 12 may be locked in its endwise direction shown in
      FIG. 2.
PAR  The coupling assembly 38 is easily set for endwise transport. The pin 52 is
      pulled outwardly so that the latch member 48 may be pivoted to its
      horizontally disposed position. The reduced-diameter end of the pin 52 is
      received in the opening 56 to retain the latch member 48 in this position.
      The spring 58 is effective to urge the latch member 48 against the bar 40.
PAR  As the tractor 26 is driven forwardly the drill 12 and, of course, the bar
      40 are moved in the direction of arrow A in FIGS. 3 and 4. As shown in
      FIG. 4 the spring 58 acting on the pin 52 will move the latch member 48
      from the dotted line to the solid line position in response to movement of
      the end of the bar 40 past the lip portion 50. In this position the bar 40
      is held against movement relative to the drill 10 by virtue of the
      engagement of the end of the bar against the lip portion 50 and the
      engagement of the bolt 46 against the end of the slot 44. Accordingly the
      drills are retained in fixed spaced apart relation for endwise transport.
PAR  By the foregoing it will be seen that the coupling assembly of the
      invention provides a simple and effective means for intercoupling adjacent
      implements for both field operation and endwise transport.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coupling assembly for connecting adjacent implements in end-to-end
      relation for towing, comprising:
PA1  coupling means interconnecting the adjacent ends of adjacent implements for
      limited relative movement of the implements; and
PA1  means locking said coupling means against movement in response to movement
      of the implements away from each other to retain the adjacent implements
      in fixed spaced-apart relation.
NUM  2.
PAR  2. A coupling assembly for connecting adjacent implements in end-to-end
      relation for towing, comprising:
PA1  a bar having one end secured to an end of an implement;
PA1  connection means slidably connecting the opposite end of said bar to an
      adjacent end of an adjacent implement to permit longitudinal movement of
      the implements relative to each other; and
PA1  latch means selectively positionable to effect locking of said connection
      means in response to movement of an implement longitudinally away from the
      adjacent implement thereby preventing further longitudinal movement of the
      implements relative to each other.
NUM  3.
PAR  3. A coupling assembly for connecting adjacent implements in end-to-end
      relation for towing in an endwise direction for transport and a direction
      lateral to the endwise direction for operation, said coupling assembly
      comprising:
PA1  an elongated bar coupled at one end to a first implement and extending in
      an endwise direction across the space between the first implement and a
      second implement, said bar including an elongated slot defined
      therethrough in an end thereof disposed adjacent to said second implement;
PA1  a bolt secured to said second implement and projecting in the lateral
      direction through said slot thereby permitting endwise movement between
      said implements during towing in the lateral direction;
PA1  a latch member pivotally mounted on said bolt, said latch member having a
      laterally extending lip portion on an end thereof, said latch member being
      movable to a position wherein said lip portion engages said end of said
      bar adjacent to said second implement to lock said bar against movement
      relative to said second implement whereby said implements are retained in
      fixed spaced relation for endwise towing.
NUM  4.
PAR  4. The subject matter of claim 3, including means for biasing said latch
      member to said position.
NUM  5.
PAR  5. The subject matter of claim 3, wherein said bar includes a pair of edges
      flanking said slot in parallel relation, said lip portion of said latch
      member being spaced from said bolt a distance sufficient to flank either
      of said edges to thereby permit relative movement between said implements.
NUM  6.
PAR  6. A coupling assembly for a pair of implements coupled in end-to-end
      relation for towing in transport in an endwise direction and for towing in
      operation in a direction lateral with respect to the endwise direction,
      comprising:
PA1  an elongated bar interconnecting the implements means slidably
      interconnecting said bar to one of said implements to facilitate towing in
      operation; and
PA1  latch means selectively positionable to lock said bar against sliding
      movement relative to said one implement to maintain said implements in
      fixed spaced apart relation to facilitate towing in transport, said latch
      means including a latch member having a laterally disposed lip portion on
      an end thereof, said latch member being pivotable between a position
      wherein said lip portion engages an end of said bar to lock the same and a
      position wherein said lip portion is disposed in flanking relation to said
      bar to permit said sliding movement.
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ABST
PAL  Power hammers for driving piling, and the like, free of any complex valve
      mechanism likely to require attention and comprising a working cylinder
      having an anvil at the lower end thereof and a ram operative as a piston
      in the cylinder, cooperative with the anvil and surrounding walls of the
      cylinder to form an expansion chamber, the ram having a passage extending
      from an annular groove intermediate the ends of the ram, down through the
      lower end to the expansion chamber and the cylinder having pressure supply
      and exhaust ports to register with the passage and to be uncovered by the
      ram, in lower and upper positions of the ram in the cylinder, whereby the
      essential functions of the hammer are automatically effected in the normal
      operation of the ram. Pressure controlled valves may be added to
      automatically hold desired pressures and release opposing pressures on the
      ram.
PARN
PAR  This is a continuation-in-part of my earlier copending application, Ser.
      No. 251,785, filed May 9, 1972, now U.S. Pat. No. 3,838,741, dated Oct. 1,
      1974 and entitled "Pile Hammers".
BSUM
PAR  The present invention relates generally to power hammers and pertains, more
      specifically, to power hammers for driving piling and known as pile
      hammers.
PAR  Generally stated, objects of the invention are to provide a pile hammer of
      simple, sturdy construction, which could be produced at reasonably low
      cost, which would have greater power output and speed of action than pile
      hammers of conventional design, which would be controllable to meet
      existing operating conditions, and which would be practical in all
      respects.
DRWD
PAR  The accompanying drawing illustrates certain present practical embodiments
      of the invention, but the structure may be further modified and changed,
      as regards to the immediate illustration, all within the true intent and
      scope of the invention, as hereinafter defined and claimed. In the
      drawing:
PAR  FIG. 1 is a longitudinal cross-sectional view of one of the pile hammers
      constructed in accordance with the invention, with the ram shown at the
      bottom of its stroke, in engagement with the anvil and closing the exhaust
      port in the side of the cylinder;
PAR  FIG. 1A is a fragmentary view of the upper portion of an alternate cylinder
      construction;
PAR  FIG. 2 is a view similar to FIG. 1, but showing the ram at the top of its
      stroke, in position opening the exhaust port;
PAR  FIG. 3 is a longitudinal cross-sectional view of the ram;
PAR  FIG. 4 is a cross-sectional view of the ram taken along line 4--4 of FIG.
      3;
PAR  FIG. 4A is a cross-sectional view taken along line 4A--4A of FIG. 2;
PAR  FIG. 5 is a cross-sectional view similar to FIG. 1, showing automatic
      pressure control valves added at opposite ends of the cylinder;
PAR  FIG. 6 is a like cross-sectional view showing a pressure control valve
      seated in the upper end of the ram;
PAR  FIGS. 7 and 8 are enlarged fragmentary cross-sectional views of the upper
      and lower control valves shown in FIG. 5;
PAR  FIGS. 9 and 10 are cross-sectional views illustrating a "double-acting"
      pile hammer constructed in accordance with the invention;
PAR  FIG. 11 is a cross-sectional detail of a "choke" form of pressure control;
PAR  FIG. 12 is an enlarged cross-sectional detail of the piston valve appearing
      in FIGS. 9 and 10;
PAR  FIGS. 13 and 14 are cross-sectional views of a "compound" pile hammer
      constructed in accordance with the invention;
PAR  FIG. 14A is an enlarged detail of a control valve in the hammer of FIGS. 13
      and 14;
PAR  FIGS. 15 and 16 are longitudinal cross-sectional views of a convertible
      form of the pile hammer, designed to operate, for example, as a single
      action, 36 inch stroke, 80 blows per minute hammer, or as a double-acting
      18 inch stroke, 100 blows per minute hammer;
PAR  FIGS. 17 and 18 are longitudinal cross-sectional views of a "single-acting"
      pile hammer employing a control valve in the passage of the ram;
PAR  FIGS. 19 and 20 are longitudinal cross-sectional views of another
      single-acting pile hammer in which a choke control valve, similar to that
      of FIG. 11, is employed to cushion the drop of the ram; and
PAR  FIG. 21 is an enlarged fragmentary cross-sectional view of a valve element
      of the hammer of FIGS. 19 and 20.
DETD
PAR  FIGS. 1 to 4 show a pile hammer constructed in accordance with the
      invention and including a working cylinder 20 of uniform diameter, and a
      companion uniform diameter ram 21, operating as a piston therein, in
      cooperative relation with an anvil 22, closing the lower end of the
      cylinder.
PAR  The ram is specially designed to operate as a valve maintaining the
      essential functions or phases of the pile hammer. Thus, the ram is shown
      as having a central bore or passage 23, extending from the top, down
      through the bottom of the ram and a shallow annular groove 24, in the side
      of the ram, intermediate the ends thereof, in communication with the bore,
      by equally spaced radial ports 25. The bore may be a central or off-center
      passage, functioning as it does, as a conduit for the motive fluid which
      usually is steam or compressed air. The ram is shown in FIGS. 1 and 2,
      closed at the top by a cover plate 26. The ram and the anvil are sealed in
      the cylinder, as by piston rings, indicated at 27 and 28, forming
      cooperatively an expansion chamber 29, beneath the lower face of the ram.
PAR  Motive fluid is supplied under pressure from a chest 30, surrounding the
      cylinder, having a plurality of equally spaced ports 31, in the cylinder,
      placed to register with the groove in the side of the ram, when the ram is
      at or about the lower end of its stroke. An exhaust port 32, in the side
      of the cylinder, is positioned to be covered by the ram in the lower
      portion of its stroke, as indicated in FIG. 1.
PAR  In operation, motive fluid passes from supply chest 30, through ports 31,
      into the groove 24 in the ram, with the ram in the lower portion of its
      stroke, and thence through radial ports 25, into the passage 23, to the
      expansion chamber 29 beneath the ram, so as to raise the ram. Cutoff is
      determined by passage of the grooved portion of the ram above the inlet
      ports 31, as in FIG. 2, and exhaust is effected when the sealed lower end
      portion of the ram over-reaches the exhaust port 32 in the cylinder.
PAR  In the variation illustrated in FIG. 1A, upward movement of the ram is
      facilitated by ports 32' which are open to the ambient atmosphere and
      relieve any back pressure in the upper portion of the cylinder as the ram
      rises. These same ports 32' will prevent vacuum buildup and consequent
      retardation of the ram during the downstroke thereof.
PAR  In FIG. 5, the hammer is shown equipped with pressure-operated automatic
      valves 33 and 34, with connections 35, 36 to opposite ends of the
      cylinder. These valves are alike in that they are each spring-opened and
      pressure-closed. Thus the upper, upwardly faced valve 33, as shown in
      detail in FIG. 7, is in the nature of a one-way check valve or poppet
      valve, having a conical valve member or element 37, held seated in closing
      position by pressure in the cylinder connection 35 and sustained in open
      relation by spring 38.
PAR  The upper valve, shown in FIG. 7, will thus stand open to atmosphere on
      down travel of the ram to prevent vacuum buildup and retarding effect on
      downstroke of the ram and will remain thus open until pressure generated
      on return stroke of the ram becomes sufficient to overcome the
      valve-opening spring force. This vacuum relief valve thus promotes full
      live action of the ram and buildup of a cushion and pressure source at
      start of the downstroke.
PAR  The lower valve 34, as shown in FIG. 8, opens downwardly, with the spring
      39 holding it open to atmosphere to relieve back pressure on the
      downstroke of the ram. When sufficient pressure builds up beneath the ram,
      this valve closes, in readiness for the next upstroke of the ram. The
      release of pressure, upon opening of exhaust port 32, enables opening of
      the back pressure relief valve, as shown in FIG. 8, in proper timed
      sequence. These control valves facilitate and contribute to the full power
      development and speed of the hammer.
PAR  FIG. 6 shows how an automatic back pressure relief valve 40, similar to
      that shown in FIG. 8, may be incorporated in the head of the ram, seated
      in the upper end of the bore 23, left open in this case to receive the
      valve. Valve 40 closes upwardly by pressure admitted to the bore at start
      of the upstroke of the ram and opens to atmosphere to relieve back
      pressure on downstroke.
PAR  In the double-acting form of the hammer shown in FIGS. 9 and 10, a tube
      provides a valve inlet stem 41 and is supported in the head of the
      cylinder, stem 41 carrying piston valve elements 42, 43 spaced to register
      with the feed groove 24 in the ram, in the down (FIG. 9) and up (FIG. 10)
      positions of the ram. A back pressure relief valve 44, similar to that
      shown in FIG. 8, is provided in motive fluid connections 45, 46 to the
      lower portions of the cylinder. Thus, motive fluid enters stem 41 and
      passes through lower valve element 43 (also see FIG. 12) and motive fluid
      connections 45, 46 to the lower portion of the cylinder to raise the ram
      from the lower position, seen in FIG. 9, to the upper position, seen in
      FIG. 10. In the upper position, passage 23 of the ram seals the lower
      valve element 43 and motive fluid passes through upper valve element 42
      and into the upper portions of the cylinder to drive the ram downward.
PAR  FIG. 11 shows how a pivoted choke 47 may be incorporated in a control valve
      48, which is otherwise similar to that shown in FIG. 8, with a remote
      control operating piston 49. The purpose of this choke is to retard or
      vary energy output by increasing back pressure.
PAR  In the compound type of hammer shown in FIGS. 13 and 14, the ram 21 carries
      a larger diameter piston head 50 operating in a larger diameter cylinder
      extension 51. A control valve element 52 (also see FIG. 14A) is placed in
      the longitudinal passage 53 between opposite ends of the combined ram and
      piston head 50 and a valve 54, similar to that shown in FIG. 7, is
      connected with the upper end of the upper cylinder 51. Motive fluid passes
      from the chest 51' at the top of the cylinder extension 51 through tubular
      stem 41, valve element 52 and lateral ports 25 into the cylinder extension
      beneath piston head 50 to raise the piston head and the ram from the lower
      position, shown in FIG. 13, to the upper position, shown in FIG. 14. At
      the upper position, the valve element 52 is closed, but the partially
      expanded motive fluid passes from beneath the piston head 50 through the
      passage 53 into the cylinder extension above the piston head 50 to drive
      the piston head and ram downward. Valve 54 remains open by virtue of
      spring pressure during the upstroke and then closes, in response to the
      pressure of the motive fluid, for the downstroke. The valve element 52 has
      an extended sleeve 52' and sealing rings 52" which close and seal the
      passage 53 to the passage of motive fluid from beneath the piston head 50
      to above the piston head until the upstroke is nearly completed. Sealing
      rings 53' seal the motive fluid from passage 53.
PAR  It is noted that the higher pressure motive fluid beneath the piston head
      50 acts upon the smaller annular area of the piston head between the ram
      and the cylinder, while the lower pressure, partially expanded motive
      fluid acts upon the larger area of the top of the piston head. In this
      manner full advantage is taken of the ability of the motive fluid to
      expand as much as possible. Upon completion of the downstroke, the motive
      fluid is exhausted through port 32" and the cycle can be repeated. The
      location of chest 51' immediately above cylinder extension 51 enables heat
      from a heated motive fluid to maintain the cylinder extension at a higher
      temperature. The cylinderical portion 29' within which the striking
      portion of ram 21 operates is isolated from the working cylinder extension
      51 by piston rings 27 and 27', thereby enabling simplification of the
      design of the anvil area. The two-part ram 21 and head 50 enables
      economical manufacture, utilizing appropriate materials for each part.
      Thus, the head 50 can be fabricated of inexpensive cast metal while the
      smaller ram 21 can be made of high quality steel for withstanding the
      necessary striking forces. The separate parts are then joined into an
      integral ram, as by a press-fit at 21'.
PAR  FIGS. 15 and 16 show how the hammer may be built in a "convertible" form,
      to operate as a single-acting, slower and longer stroke hammer, or as a
      double-acting, faster and shorter stroke hammer.
PAR  A spring-loaded, normally open control valve 55, similar to that in FIG. 8,
      is connected with the expansion chamber 29 and a second exhaust port 56 is
      spaced above the first exhaust port 32, to be uncovered in the longer
      stroke operation of the ram.
PAR  The pressure supply line 57 is branched at 58 into the top of the cylinder
      above the ram and is provided with a pressure-regulating valve 59 and with
      an on and off ball valve or equivalent control 60 above valve 59. An upper
      cylinder vacuum relief valve 61, similar to that in FIG. 7, is connected
      into the upper end of the cylinder at 62'.
PAR  The lower short-stroke exhaust port 32 may be closed by insertion of a
      plug, or by closing off the port with a valve, when operating as a slower,
      longer stroke hammer, with the ball valve closed and using the upper
      exhaust port 56.
PAR  The convertible form of the hammer provides an extensive choice of speeds
      and energy output. Without an upper cylinder compression and vacuum relief
      valve 61, the hammer may operate, for example, with a 4-foot stroke and a
      speed of 50 to 55 blows per minute. With an upper cylinder compression
      holder and vacuum relief valve 61 in place, this hammer may, in the
      example, be run at a speed of 80 blows per minute on a 3-foot stroke, in
      the single-acting mode.
PAR  With the lower exhaust port 32 open to atmosphere, the ball valve open,
      inlet pressure at 100 psi, and a constant down pressure on the upper face
      of the ram reduced by regulating valve 59 to, say, 40 psi, the hammer will
      operate with an 18 inch stroke, at 100 blows per minute.
PAR  In FIGS. 17 and 18 there is illustrated a single-acting version of the
      hammer illustrated in FIGS. 9 and 10. Here, motive fluid is passed through
      tubular stem 41 and valve element 43 and then through motive fluid
      connections 45, 46 to expansion chamber 29 to raise the ram from the lower
      position, shown in FIG. 17, to the upper position, shown in FIG. 18. Upon
      opening of chamber 29 to atmosphere, through port 32, the ram will drop
      freely from the upper position to the lower position. Upward movement of
      the ram is facilitated by ports 32' which are open to the ambient
      atmosphere and relieve any back pressure in the upper portion of the
      cylinder as the ram rises. These same ports 32' will prevent vacuum
      buildup and consequent retardation of the ram during the downstroke
      thereof.
PAR  Turning now to FIGS. 19 through 21, another single-acting hammer is shown.
      Motive fluid is supplied from chest 30 and passes through valve element
      42, carried by stem 41, to the expansion chamber 29 to lift ram 21 from
      the lower position, shown in FIG. 19, to the upper position, shown in FIG.
      20. A back pressure valve 48, similar to that of FIG. 11, is affixed to
      the stem 41 and includes a choke for softening or cushioning the blow of
      the ram in the downward stroke, by virtue of the control of the back
      pressure which will build up beneath the ram during the downstroke.
      Alternately, a back pressure valve, similar to that of FIG. 8, can be
      placed in stem 41 in place of valve 48.
PAR  In all forms of the invention, ample clearance for the entering motive
      fluid is provided, assuring quick immediate action.
PAR  The lower face of the anvil is shown with cross V-grooves 62 (see FIG. 4A)
      providing instant access of entering live steam or compressed air to the
      lower lifting area of the ram.
PAR  By reversing the hammer, end for end, and providing pile attaching means,
      the hammer may be used as a pile extractor.
PAR  The choke added to the exhaust back pressure valve 48 in FIG. 11 is shown
      as a simple choke plate which can be closed by a compressed air or steam
      motor 49 to create back pressure in the lower cylinder for softening or
      cushioning the blow of the ram.
PAR  All forms of the hammer are of simple, sturdy, low-cost construction.
PAR  Clearance volume to provide room for air compressed ahead of the descending
      ram may be provided by closed end tubes connected with the expansion
      chamber as shown at 63 in FIG. 15 or by chest 64 surrounding the expansion
      chamber and open thereto by ports 65. No ports 65 are present in the
      hammer of FIGS. 19-21.
PAR  Rest position of the ram and start and finish of stroke may be governed to
      a desirable extent by the number of steel and shock absorbing spacing
      shims 66 used between the anvil and the end of the cylinder. No "cushion
      block" is required. The piston rings 27 located at opposite ends of
      annular groove 24 are spaced apart a sufficient distance to enable
      repositioning of the ram by the addition or subtraction of spacing shims
      66 to vary the start and finish of the stroke of the ram without changing
      the mode of operation of the hammer. Thus, the spacing shims 66 provide
      means for selectively varying the location of the lower position of the
      ram relative to the cylinder to control cutoff, or duration of motive
      fluid inlet. The more spacing shims 66 inserted, the longer the duration
      of inlet, the greater is the amount of motive fluid energy introduced into
      the expansion chamber and the higher the ram will be lifted. Such a means
      for control is advantageous in changing from one motive fluid to another.
      That is, different inlet durations should be used with heated air at
      different temperatures, while a still different duration would be more
      appropriate for saturated steam.
PAR  The hammer forms a compact unit free of objectionable valve or other
      projections and may be operated underwater as well as on dry land.
PAR  The hammer may be made self-stopping by lowering the anvil below the point
      of registration of ram inlet slots with the cylinder inlet ports.
PAR  The controls illustrated enable the hammer to be adjusted to meet many
      different or changing operating conditions.
PAR  It is to be understood that the above detailed description of an embodiment
      of the invention is provided by way of example only. Various details of
      design and construction may be modified without departing from the true
      spirit and scope of the invention as set forth in the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A power hammer comprising:
PA1  a normally upright cylinder having a top, an upper portion and a lower
      portion;
PA1  an anvil at the lower end of the cylinder, the anvil having an upper face;
PA1  a ram in said cylinder operating in cooperative relation with the anvil,
      said ram being movable longitudinally between a lower position, wherein
      the ram is against the anvil, and an upper position, wherein the ram is
      away from the anvil and adjacent the upper end of the cylinder;
PA1  the ram having an upper end and a lower end, an upper lateral surface
      adjacent the upper end and a lower lateral surface located intermediate
      the upper end and a lower lateral surface located intermediate the upper
      end and lower end of the ram;
PA1  a longitudinal passage in the ram passing through the upper end thereof and
      a lateral opening connecting the passage with the exterior of the ram
      below the lower lateral surface thereof;
PA1  a tube carrying a piston valve element positioned within the passage to
      register with the opening in the down position of the ram and enable
      communication between the interior of the tube and the lower portion of
      the cylinder at the lower lateral surface of the ram in the down position;
      and
PA1  sealing means on said tube for sealing said opening from said passage until
      the ram is adjacent the upper position thereof, wherein the opening
      communicates with the upper portion of the cylinder at the upper surface
      of the ram, through said passage while, at the same time, connecting the
      passage with the exterior of the ram below the lower lateral surface
      thereof;
PA1  said upper surface of the ram having a larger area than the lower surface
      of the ram.
NUM  2.
PAR  2. The invention of claim 1 wherein said sealing means include a sleeve and
      sealing rings on the tube.
NUM  3.
PAR  3. The invention of claim 1 wherein the tube is mounted in the top of the
      cylinder.
NUM  4.
PAR  4. The invention of claim 3 including a motive fluid chest at the top of
      the cylinder and wherein the tube communicates with the chest.
NUM  5.
PAR  5. The invention of claim 1 wherein the ram includes an upper head portion
      and a lower striking portion, the head portion having a larger diameter
      than the striking portion.
NUM  6.
PAR  6. The invention of claim 5 wherein the head portion and the striking
      portion are assembled from separate parts.
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ABST
PAL  An electric hand tool is disclosed which uses nickel-cadmium type cells to
      energize a small motor driving the tool. The speed of the motor is reduced
      by means of an epicyclic gear, requiring no increase in the diameter of
      the hand tool.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an electric hand tool and, more particularly, to
      an electric hand tool which is driven by a small motor through a planetary
      reduction gear mechanism and in which the motor is energized by
      nickel-cadmium type cells having each a relief valve for releasing gas
      when the cell is overcharged.
PAR  2. Description of the Prior Art
PAR  Electric hand tools such as electric hand drills which have been so far
      known include those of the dry cell driven type in which dry cells are
      used to energize a small driving motor with a chuck holder on its shaft to
      removably support a tool such as a drill. In such a type of electric hand
      tool, however, it is necessary to use a relatively big motor because not
      very much current may be drawn from the dry cells. Moreover, it requires
      at least UM1 type dry cells and hence a space sufficient to accommodate
      them. Therefore the diameter of the conventional electric hand tool can be
      no less than about 3.5 centimeter, which is too big for convenience of
      operation, especially operation with a single hand. Further more, the UM1
      type dry cell has the characteristic that its voltage decreases very
      largely during the earlier stages of its use and then decreases gradually;
      therefore the speed of rotation of the tool also decreases largely during
      the earlier time of the use of the cell. Another disadvantage of the dry
      cell type electric hand tool is that it requires high maintenance cost
      because the UM1 type dry cell is wasted after it has been used.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a powerful electric hand tool
      which uses nickel-cadmium cells and which, though small in size, attains a
      great reduction ratio by means of a planetary gear mechanism.
PAR  It is another object of the invention to provide an electric hand tool
      comprising a body case equipped with the motor and a cell case containing
      the electric cells, in which the electric supply circuit is opened or
      closed by rotating said cases relatively to each other whereby omitting a
      supply switch projecting outwardly beyond the surface of the tool.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view, in cross-section, of an electric hand tool embodying
      the invention,
PAR  FIG. 2 is a perspective view of the same showing how to mount a cell
      therein, and
PAR  FIG. 3 is a perspective view of the same showing how to use it.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENT
PAR  In the drawing, the reference numeral 1 shows a body case, and 2 a cell
      case holder. A small motor 3 is mounted inside of the body case 1, while a
      cell case 5 containing cells 4, 4 is held in the cell case holder 2.
PAR  The development of nickel-cadmium type cells is making progress and,
      particularly, there has been recently developed a nickel-cadmium type cell
      having a relief valve for releasing gas when it is overcharged. It has
      been ascertained that this cell has many advantages; for instance, it has
      an internal resistance small enough to afford a discharge current of as
      much as several amperes and, moreover, it may be charged in a few minutes
      even after it has been discharged so completely that its terminal voltage
      has become zero. Besides, this type of cell has the characteristics that
      its terminal voltage decreases little in the earlier stages of use and
      drops abruptly only at the end of its discharge. The cells 4, 4 used in
      the electric hand tool of the invention are nickel-cadmium cells of the
      type mentioned above having relief valves for releasing gas in the event
      of overcharging.
PAR  In the embodiment shown in FIG. 1, the motor 3 with its shaft 6 has its
      plus terminal connected to a capshaped part 7 and its minus terminal
      connected to a lug 8 supported along the peripheral inner wall of the body
      case 1 and fixed by being bent over the outer edge of the wall.
PAR  In the cell case 5 are placed cells 4, 4 as shown, with the negative
      electrode of the cell being connected through a spring 10 to a
      cell-negative-electrode lead 9. The cell-negative-electrode lead 9 goes
      along the inner wall of the cell case 5 toward its opening. The end of the
      lead 9 is secured to the peripheral outer edge of the cell case 5. The
      cell case 5 is fixed to the cell case holder 2 by means of screws 11.
PAR  When the body case 1 and the cell case holder 2 are fitted together
      integrally, the positive electrode of the cell 4 comes into electrical
      contact with said cap-shaped part 7. Under such circumstances, the
      relative rotation between the body case 1 and the cell case holder 2 will
      bring said lug 8 and cell-negative-electrode lead 9 into electrical
      contact with each other, whereby an electric circuit will be made for the
      motor 3 to be rotated.
PAR  On the shaft 6 of the motor is push fitted a pinion 12, with which is
      associated an epicyclic gear mechanism comprising a ring gear 13 and
      planetary gears 14. The numeral 15 shows a shaft carrying the planetary
      gears and supported in the body case 1 by a ball bearing 16 and a thrust
      bearing 17. The planetary gear shaft 15 is secured to the main shaft 18
      carrying a chuck holder 19 for holding a tool such as a drill 21 by means
      of a drill holder 20. The numeral 22 shows a chuck fastening hole and, in
      removing the drill, a thin pin is passed through said fastening hole 22 to
      stop the main shaft 18 and then the chuck holder 19 is turned. The numeral
      23 shows a ball bearing, and 24 shows projections serving to prevent the
      case body 1 from rolling as well as to indicate the switch position.
PAR  As shown in FIG. 2, the mounting and removal of the cells 4, 4 may be
      carried out by disengaging the body case 1 and the cell case holder 2 and
      separating them.
PAR  In operation the electric hand tool in accordance with the invention is
      held in a hand as shown in FIG. 3 and the cell case holder 2 is turned
      relative to the body case 1. Then, the motor 3 starts and the speed of its
      rotation is reduced through the epicyclic gear mechanism before it drives
      the drill 21. It is needless to say that grinding wheels of various shapes
      may be attached, instead of drills, as tools in the invention.
PAR  It is seen from the foregoing that the invention makes it possible to
      attain a great reduction ratio without increasing the outer diameter of
      the gear housing because of the use of a planetary gear. It also makes it
      possible to obtain a high speed of motor because it uses nickel-cadmium
      cells as mentioned before which are chargeable quickly and are of so small
      internal resistance as to present a large discharge current. Therefore, in
      accordance with the invention, a large driving torque can be obtained
      because said high speed rotation of the motor is reduced through an
      epicyclic gear enabling a large reduction ratio. The voltage across such
      nickel-cadmium type cells as mentioned above hardly decreases until just
      before they discharge completely. Therefore, the hand tool in accordance
      with invention can offer sufficiently large driving torque all the time
      during operation, as compared with conventional electric hand tools using
      UMI type dry cells in which the driving torque tends to fall largely with
      the consumption of the cells. Furthermore, in accordance with the
      invention, even after the cell has been discharged to its zero voltage, it
      may conveniently be charged up in a few minutes. Thus it is economical as
      compared with the conventional cell which is to be wasted after use. Also
      in accordance with the invention, it is possible to provide an electric
      hand tool having a diameter of about 2.5 cm, which is suitable for
      operation with a single hand, since it uses cells of small diameter
      (nearly equal in diameter to U3 type dry cells, but about 1/3 thereof in
      length) as well as a speed reduction by means of a epicyclic mechanism.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electric hand tool comprising a body case, a cell case coupled to
      said body case for relative rotation with respect thereto, a motor
      contained within said body case and including an output shaft,
      nickel-cadmium battery means contained within said cell case and adapted
      to energize said motor, contact means electrically coupled to said battery
      means, said contact means being movable between a circuit open position
      and a circuit closed position upon rotation of said cell case, a planetary
      gearing system having an input end coupled to the output shaft of said
      motor and an output end journalled in said body case, a tool holding chuck
      drivingly coupled to the output end of said planetary gearing system and
      means for selectively preventing rotation of the output end of said
      planetary gearing system when the tool holding chuck is to be opened for
      the removal of the tool.
NUM  2.
PAR  2. The electric hand tool according to claim 1, wherein said means for
      preventing rotation of said output end of said planetary gearing system
      comprises a slot formed in said body casing at the end thereof adjacent
      said tool holding chuck and a hole formed in the output end of said
      planetary gearing system whereby, when a pin is placed in said slot and in
      said hole, rotation of said output end of said planetary gearing system
      relative to said body case is prevented to thereby permit said tool
      holding chuck to be opened.
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ABST
PAL  In a method of drilling a bore-hole, the bore-hole is protected against
      caving in as the drilling proceeds by the simultaneous moulding of a
      tubing on the bore-hole wall immediately above the drill tool. Preferably
      a sleeve is first moulded onto the bore-hole wall and the tubing is
      moulded onto the sleeve.
BSUM
PAR  The present invention is concerned with bore hole drilling and in
      particular to the protection of the bore hole against caving in.
PAR  Known methods, in spite of the progress achieved, all have the common
      characteristic of protecting the drilled hole against caving in of the
      strata passed through by means of tubes which are sent down as the
      drilling descends. This type of protection which is costly, due both to
      the time required to place it in position and manhandling as well as due
      to the tubes used, is particularly troublesome in the case where drilling
      methods, known as rotary drilling methods are employed, because a loss of
      power, due to rubbing of the drilling tool drive shaft against the walls
      of the bore hole, is added to the said disadvantage. This loss of power
      may be considerable because this shaft may be as much as several miles in
      length. Furthermore, when the tools require changing it is necessary to
      raise the drive shaft, which comprises lengths of rod screwed one into the
      other, and unscrew it thus increasing the cost price for this type of
      protection.
PAR  The method of bore-hole drilling called "flexidrilling" achieves a net
      advance over rotary methods because the drive shaft is replaced by a
      flexible armoured hose for the tool driving motor and the said flexible
      hose can be wound up or unwound by means of a drum. In addition, the space
      taken up by the drilling platform can be reduced in size. However this
      method does not dispense with the necessity of protecting the drilled hole
      using steel tubes to prevent caving in of the strata. Furthermore, it is
      essential to ensure a perfect seal round the flexible hose so as to avoid
      the considerable danger if an eruption occurs.
PAR  According to this invention there is provided a method of bore-hole
      drilling characterized by the fact the drilled hole is protected against
      the caving in of strata and ingress of water by tubing which is moulded
      around the wall of the drilled strata.
PAR  Thus, on the surface, instead of having a large stock of pipes always
      available, which are assembled one to the other as drilling progresses, it
      is only necessary to have available a stock of moulding products which are
      tipped into appropriate tanks, from where the products are led into a tube
      former located at the bottom of the bore-hole and above the drilling tool.
PAR  Advantageously, tube moulding process proceeds as the drilling tool
      advances down through the strata.
PAR  This method is particularly advantageous because the strata can be
      supported immediately after drilling and all that is required is to
      connect the tube former and tool holder by any suitable means in order to
      use this method.
PAR  Preferably the portion of tube in the process of being moulded is protected
      from the drilled strata by a sleeve which is moulded below it.
PAR  It is interesting to note that use of this method thus enables the tube to
      be effectively protected during its moulding process because it is enough
      to ensure that the sleeve former and tool holder are effectively sealed
      for the tube former to be protected from the strata and, as a result, all
      water ingress.
DRWD
PAR  Other advantages and characteristics of the invention will become apparent
      during the course of the following description given with reference to the
      attached drawings, which illustrates an embodiment of the method and
      machine according to the invention.
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic view in cross section of the lower part of a
      tubing and the machine for making it,
PAR  FIG. 2 is a diagrammatic view in cross section of a part of the machine of
      FIG. 1,
PAR  FIGS. 3, 4 and 5 are diagrammatic illustrations of the means of advancing
      the tool in three different stages,
PAR  FIG. 6 is the diagrammatic illustration of the supply circuit for the
      materials used in moulding the tubing,
PAR  FIG. 7 is the diagrammatic illustration of the drilling mud circuit, and
PAR  FIG. 8 is the diagrammatic illustration of the main controls for
      controlling the descent of the drill.
DETD
PAR  Motor 1, in FIG. 1, driving a retractable drill tool 2, may be a turbine or
      an electric motor. It is lowered by means of a flexible hose 3 or similar
      means inside which are fitted all the circuits required to supply the
      motor, to supply the oil circuits controlling the progress of the drill
      and for mud circulation. In order not to uselessly overcrowd the drawing,
      only an oil feed channel 23, a mud circuit 4, a single material feed
      circuit 5 for moulding a sleeve 6 and a single material feed circuit 7 for
      moulding a tubing 8 are illustrated.
PAR  These various circuits are placed under the control of a control unit 9
      below which a body 10 is located carrying two inflatable sleeves 11 and
      12. Sleeve 11, fast with body 10, enables all the equipment illustrated to
      be supported after inflation whereas sleeve 12, fast with a cylinder 42,
      slides with the said cylinder up and down body 10 by means of sealing
      rings 13 and 14, thus enabling tool driving motor 1 and all the equipment
      to be moved after inflation of sleeve 12.
PAR  The equipment for making the tubing 6 and 8 comprises two tube formers 15
      and 16 provided with heating elements 17 and 18 and injection zones 19 and
      20 receiving respectively the materials for making the tubing 8 through
      circuit 7 and for making sleeve 6 through circuit 5.
PAR  The material which is used for making tubing 8 may be of the resin or
      cement type having, for example, a resistance to compression greater than
      2,500 bars and a resistance to traction greater than 700 bars over a
      temperature range of between 0.degree. and 150.degree.C, the viscosity
      being less than 70 poises.
PAR  As an example, tubing 8 may be made up of a polymerised epoxy resin. The
      thermohardening resin is injected at a pressure of approximately 30 bars
      above the pressure existing at the base of the drill. The resin is cooled
      by a ring 21, in which a cooling liquid, e.g., mud, circulates, thus
      preventing a risk of polymerisation in the injection zone 19. Heating
      elements 17 and 18, on the other hand, ensure polymerization of the
      injected material.
PAR  Sleeve 6, in the example chosen, is a silicone elastomer resin (trade name
      "Silastene") which is extruded and which possesses the characteristic of
      polymerising well in water. A retractable shield 22, consisting of an
      inflatable sleeve, which can be seen in the inflated position in FIG. 2,
      ensures protection of sleeve 6 during its formation by preventing
      fragments or rock particles from being included in the sleeve, which, if
      included, might well become water ingress points.
PAR  Tube formers 15 and 16 are units which are inflated in the same manner as
      shield 22 by the oil circuit 23. To raise the tool-tube former assembly
      all that is necessary is to slightly deflate units 15 and 16.
PAR  The resin supply circuits used to make the protective sleeve 6 and tubing 8
      are similar to those illustrated in FIG. 6. For each type of resin to suit
      respectively sleeve 6 or tube 8 there is on the surface one tank 24 used
      for the preparation of the basic material and one tank 25 used for the
      preparation of the hardener. A vacuum pressure device illustrated
      diagrammatically by pipe 26 ensures that fumes from the material are
      extracted. Mixer 27 is designed to homogenize the resin base assembly,
      heated by heating element 28. The base added to the resin is designed to
      increase the resin's mechanical properties and its thermal conductivity.
      It may be, for example, of a metallic nature.
PAR  Tank 25, used for the preparation of the hardener, comprises in the same
      manner a vacuum pressure device, not illustrated, connected to pipe 29 for
      hardener fume extraction, and a heating element 30.
PAR  Pumps 31 and 32 are metering pumps incorporated in resin hose 33 and in
      hardener hose 34. Safety valves 35 and 36, enabling a return to be made to
      tanks 24 and 25 respectively in the event of abnormal pressure in flexible
      hose 3, are adjusted to suit the drilling depth thus ensuring an injection
      pressure for the resins at formers 15 and 16 which is 30 bars higher than
      that at the bottom. Flexible hoses 33 and 34 are heated thus ensuring that
      the viscosity of the material is not lowered. A valve 37 enables the
      introduction of hardener into a static mixer 38 to be stopped. This allows
      static mixer 38 to be drained of hardener, in the event of a temporary
      stop in drilling, before valve 39, which controls the feed of resin to
      injection zones 19 or 20, according to whether tubing 8 or sleeve 6 is
      being made, is closed. It will be understood that two assemblies exit
      similar to that shown in FIG. 6, one for the sleeve 6, the other for the
      tubing 8.
PAR  Thus it will be understood that circuits 5 and 7, illustrated in FIG. 1,
      each comprise two channels, one for the resin and the other for the
      hardener, the channel for the latter being provided with a valve such as
      37 located on the inlet side of a static mixer such as 38. Likewise,
      valves such as 39 control the flow of each of the resins and they are
      located one in channel 7 near injection zone 19 and the other in channel 5
      near injection zone 20.
PAR  The advancement of drilling and the forming of tubing 8 and its sleeve 6
      are carried out as illustrated diagrammatically in FIGS. 3 to 5. In FIG.
      3, sleeves 11 and 12 are illustrated deflated and inflated respectively.
      Sleeve 11 is fast with body 10 and descends with body 10 as a result of
      oil pressure, in the general circuit 23, exerted on piston 40, fast with
      body 10, under the control of control unit 9 (FIG. 8). Oil entering the
      top part of cylinder 42 via circuit 41 pushes the piston down, sleeve 12
      remaining firmly applied against tubing 8 by previous inflation of the
      sleeve. Thus, as tool 2 progresses downwards, body 10 descends relative to
      sleeve 12. Formers 15 and 16 fast with body 10 also descend and, during
      this movement, a certain amount of resin is extruded in zone 20 to form
      sleeve 6, the resin for gradually polymerizing in the areas where heating
      elements 18 are inserted, whereas resin extruded in zone 19, the flow of
      which is different from the resin used in the making of sleeve 6,
      polymerizes near heating elements 17 to form tubing 8. It is of course
      understood that the quantities injected are in proportion to the downward
      progress of the tool and the thickness of the respective sleeve or tubing.
      For example, the sleeve 6 may be about 10 mm thick and the tubing 8 about
      50 mm thick. The control unit 9 controls the supply of resins.
PAR  The tool continues to advance downwards until piston 40 reaches the bottom
      of cylinder 42, FIG. 4. This leads to the immediate inflation of sleeve
      11, FIG. 5, which holds the body 10 while sleeve 12 is deflated to enable
      it to take up a lower position as the result of injection of oil into the
      part of cylinder 42 located below piston 40. The automatic inflation of
      sleeve 11 may be ensured by an electrical impulse from an end of stroke
      stop 58, the impulse being transmitted by wire 61 to control unit 9, FIG.
      8. As solenoid flap valve control circuits which control hydraulic feed to
      the hydraulic circuits are well known, details of the various circuits
      ensuring inflation and deflation of the sleeves have not been illustrated.
      Thus, during a period of time which may be very short, sleeve 12 moves
      down to a lower level so that when the top of cylinder 42 is close to
      piston 40, all that is necessary is to apply oil under pressure once again
      inside sleeve 12 and release the pressure inside sleeve 11 to return to
      the initial conditions illustrated in FIG. 3. For this purpose an end of
      stroke stop 59 may be used which sends a releasing impulse by wire 60 to
      control unit 9 (FIGS. 1 and 8). In FIG. 8, then, are found the oil circuit
      23, resin supply circuits 5 and 7 and mud circuit 4 comprising a down
      channel 4a and an up channel 4b in zone Z, FIG. 7.
PAR  A high pressure pump 45 supplies the oil necessary to inflate formers 15,
      16, shield 22 and sleeves 11 and 12. A first circuit 43 leads to controls
      C15, C16 and C22 for inflating formers 15, 16 and shield 22. In the same
      way a second circuit 44 leads to controls C11 and C12 for sleeves 11 and
      12. The assembly of circuits 48, 49 and 50 controlling controls C15, C16,
      and C22, and circuits 46 and 47 controlling controls C11 and C12 are
      placed under the control of the general control 51 for advancing or
      stopping the forming machine and in consequence piston 40, the movement of
      which depends on the oil fed via circuit 41. Circuit 41, serving channels
      C42a and C42b controlled by control channels 62 and 63 from the general
      control 51, enables, via channel C42a, the drill to advance downwards and
      the sleeve 6 and tubing 8 forming machine to descend simultaneously, and
      enables, via channel C42b, cylinder 42 to descend after deflation of
      sleeve 12. Wires 61 and 60 transmit the impulses sent out by the end of
      stroke stops 58 and 59 to the general control 51 in order to control the
      automatic setting in motion of the inflating and deflating operations for
      sleeves 11 and 12 via control channels 46 and 47. The mud circuit 4 is
      also placed under the control of controls CE, CF and CG for three valves
      E,F,G (FIG. 7), these controls being placed under the control of control
      unit 51 by channels 64, 65 and 66. Valves E and F may be closed in the
      event of the forming machine being stopped or due to detection of a high
      pressure zone by detector 53 coupled to control unit 51 by C53. In this
      illustration, the zone including the tube making machine, and the
      inflatable sleeves, has been indicated by the letter Z. The moulding zone
      has been indicated by the letter M. As far as the mud circuit is
      concerned, it is seen that it is fed in by flexible hose 3 and returned by
      channel 4b in annular section A. Supply circuits 5 and 7 for resins and
      hardeners are placed under the control of controls C35, C36 and C'35, C'36
      as well as controls C37 and C'37 controlling valves 37 for the hardener
      circuits and C39 and C'39 controlling valves 39 for the resins supply. A
      channel 54 connects control unit 51 to controls C35 to C'36 thus bringing
      the resin flow under a control relative to the speed of advance by any
      desired method, channel C53 also enabling this flow to be brought under a
      control relative to the pressure existing at the bottom of the drilling
      transmitted by pressure sensor 53 by any desired method. Control unit 51
      is operated consequently from the surface by line T.
PAR  In addition to these controls, a dotted line C'53 has been illustrated to
      show a special connection the object of which is to send a signal set in
      motion by very high pressure or an eruption. This signal, by means of
      connection 55, enables the flow of resins to be stopped and the heating of
      heating elements 17 and 18 of formers 15 and 16 to be switched off, by
      means of connection 56 for controlling the closure of the mud circuit
      valves E and F and by means of connection 57 for controlling the inflation
      of sleeves 11 and 12, with the object of locking the machine and
      proceeding to insert a cement plug.
PAR  As these various circuits can be of any form and as they are not part of
      the invention insofar as the application of the units, which can be
      obtained from trade sources, is concerned, it has not been deemed
      necessary to illustrate in detail each control, whose structure may take
      any form. The control of resin flow limits such flows to a rate of
      increase of 10%. Thus, even if the bore hole passes through an underground
      cavern which may be present in the strata, the increase in resin flow will
      only lead to a slight increase in sleeve and tubing thicknesses in the
      region of the cavern. Again it will be noted that although such caverns
      are usually filled with water, it is always possible to make the sleeve
      because the material thereof is selected to be able to polymerise in
      water. As the tubing is protected by the sleeve, the tubing can still be
      moulded normally.
PAR  If drilling must be interrupted, the flow of hardener is stopped by means
      of valves 37 and the resin circuits are drained of hardener. If drilling
      recommences, a start is made by machining the inner wall of the boottom
      part of the tubing a few yards above the bottom of the drilling. Thus the
      retractable tool 2, during its descent, advances its head gradually
      downwards in the tubing and cuts a wall in a truncated shape until meeting
      up with the protecting sleeve. This truncated shape cutting may
      alternatively be carried out by a boring sleeve, this sleeve being located
      just above the drilling tool. If a cement plug has been poured, it is
      broken up by means of the drilling tool, the pressure at the bottom being
      contained by the clamps on the machine in the conventional way. When
      former 15 reaches the point where the truncated portion commences, resin
      is injected without hardener thus forcing out the mud, then the controls
      are set for the feed of hardener and resin. While the machine is
      descending and as soon as former 16 reaches the bottom end of the
      truncated cone, the controls are set for forming the outer sleeve. In this
      manner a perfect joint is made between the earlier tubing and a new
      section of tubing, tthe end of the new sleeve being held between two
      truncated layers of tubing resin. Thus the machine constructed enables a
      perfect tubing joint to be made after an interruption.
PAR  It is self-evident that the thermohardening materials which may be used to
      form the sleeve and tubing can be of any sort provided that their
      mechanical properties are sufficient to take the place of conventional
      tubing. Thus the invention encompasses the case of forming a tubing 8
      without making a sleeve 6.
PAR  In addition to the above-mentioned applications, that is to say bore-hole
      drilling with simultaneous forming of tubing continuously, the stopping
      and the restarting of the downward advance, the machine can also be used
      to make the internal sleeving of the tubes even if filled with water or to
      make the internal sleeving of a punctured or completely oxidized tube.
PAR  Finally, the controls for advancing the tool downwards by means of sleeves
      11, 12 and cylinder 42, can be reversed to return the assembly to a
      desired depth, as for example when restarting the tubing process with the
      object of connecting it to the previously formed portion.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A machine for exploratory drilling comprising a drilling tool; a motor
      for rotating the tool; a supporting body, an inflatable sleeve former on
      said body for forming a sleeve, said sleeve former having heating elements
      and an injection zone at its lower end; an inflatable tubing former on
      said body disposed above said sleeve former, for forming a tubing, said
      tubing former having heating elements and an injection zone at its lower
      end; and feed circuits for feeding sleeve moulding material to the
      injection zone of the sleeve former and for feeding tubing moulding
      material to the injection zone of the tubing former, wherein said motor is
      mounted below said body.
NUM  2.
PAR  2. A machine according to claim 1, in which said body carries an inflatable
      annular shield around a lower portion immediately below the injection zone
      for the sleeve former.
NUM  3.
PAR  3. A machine according to claim 1 in which said tubing former includes
      cooling means between the injection zone and the heating elements.
NUM  4.
PAR  4. A machine for exploratory drilling comprising: a drilling tool; a
      supporting body for supporting said drilling tool; a motor for rotating
      the tool, said motor mounted below said supporting body; a tubing former
      on said body for forming a tubing, said former having an injection zone at
      its lower end; and feed circuits for feeding tubing moulding material to
      the injection zone, the feed circuits comprising a first channel for a
      thermohardening resin or cement and a second channel for a hardener, said
      channels feeding into a static mixer immediately upstream of the injection
      zone of said tubing former, a first valve controlling the supply of
      hardener to said static mixer and a second valve controlling the supply of
      the mixed materials to said injection zone.
NUM  5.
PAR  5. A machine for exploratory drilling comprising: a drilling tool; a
      supporting body for supporting said drilling tool; a motor for rotating
      the tool, said motor mounted below said supporting body; a first
      inflatable annular sleeve fixed to said body; a second inflatable annular
      sleeve movably attached to said body; a hydraulic jack to control the
      movement of the second annular sleeve with respect to said body; a tubing
      former on said body for forming a tubing, said former having an injection
      zone at its lower end; and feed circuits for feeding tubing moulding
      material to the injection zone of the tubing former.
NUM  6.
PAR  6. A machine according to claim 5 in which said second inflatable annular
      sleeve is mounted on a cylinder the ends of which have seals slidable on
      an external cylindrical portion of said body, the body having a ring
      thereon which divides the interior of said cylinder into two annular
      chambers, and inlet and outlet orifices for feeding oil to said chambers.
NUM  7.
PAR  7. A machine according to claim 6, in which a top part of said body
      includes control means for controlling mud circulation, operating oil
      circulation, moulding materials circulation and heating circuits.
NUM  8.
PAR  8. A machine according to claim 1 further including a pressure sensor which
      senses the pressure in the bottom of the drilling, and means connecting
      said pressure sensor to said control means to control the flow of moulding
      material when said pressure exceeds a predetermined value.
NUM  9.
PAR  9. A machine according to claim 8 in which said control means act on
      reception of an impulse from the pressure sensor such that, when the
      pressure exceeds a predetermined valve, said control means cause the
      delivery of mud to the drill tool to stop, both the first and second
      sleeves to inflate, hardener delivery valves to close, delivery valves for
      the moulding materials to close at the outlet from the static mixers once
      the said mixers have been drained of hardener, the switching off of the
      heating element circuits and a halt to the machine's progress downwards.
NUM  10.
PAR  10. A machine according to claim 8 in which said control means include
      means for automatically setting in motion the inflation of said first
      sleeve, deflation of said second sleeve and its descent under the control
      of a first end of stroke stop in said hydraulic jack, a second end of
      stroke stop being connected to means for setting in motion inflation of
      said second sleeve, deflation of said first sleeve and the filling of said
      other annular chamber in said hydraulic jack.
NUM  11.
PAR  11. A method of exploratory drilling utilizing a drilling tool supported by
      means having at least one expandable member located thereon comprising the
      steps of:
PA1  a. drilling a hole by passing the drilling tool downwardly through the
      earth;
PA1  b. moulding a tubing around the wall of the drilled hole simultaneously
      with the downward movement of the drilling tool, to prevent caving in of
      the strata and ingress of water;
PA1  c. expanding said expandable member laterally against the molded tubing so
      as to prevent relative movement between said expandable member and said
      tubing;
PA1  d. exerting a force between the stationary expandable member and the
      drilling tool to cause the drilling tool to progress downwardly.
NUM  12.
PAR  12. The method of claim 11 wherein the moulding comprises the further step
      of:
PA1  a. extruding the tubing material through an injection zone around the wall
      of the drilled hole; and
PA1  b. moving the injection zone downwardly through the hole parallel to the
      drilling axis.
NUM  13.
PAR  13. The method of claim 11 wherein the moulding comprises the further steps
      of:
PA1  a. extruding a flowable thermohardening material through an injection zone
      around the wall of the drilled hole;
PA1  b. moving the injection zone downwardly through the hole parallel to the
      drilling axis; and
PA1  c. heating the extruded thermohardening material to cause same to harden.
NUM  14.
PAR  14. The method of claim 13 comprising the further step of cooling the
      thermohardening material prior to heating the material to cause it to
      harden.
NUM  15.
PAR  15. The method of claim 11 comprising the additional step of moulding a
      sleeve directly against the wall of the drilled hole prior to the moulding
      of the tubing.
NUM  16.
PAR  16. The method of claim 15 wherein the moulding of the sleeve comprises the
      steps of:
PA1  a. extruding the sleeve material through an injection zone onto the wall of
      the drilled hole; and
PA1  b. heating the sleeve material after placing it onto the wall.
NUM  17.
PAR  17. The method of claim 15 including the additional step of erecting a
      shield between the drilling tool support means and the wall of the drilled
      hole prior to the moulding of said sleeve, to prevent water from
      contacting said moulded sleeve.
NUM  18.
PAR  18. The method of claim 15 including the additional step of erecting a
      shield between the drilling tool support means and the wall of the drilled
      hole prior to the moulding of said sleeve so as to exclude rock particles
      and fragments from the moulding of the sleeve.
NUM  19.
PAR  19. The method of claim 15 comprising the additional step of controlling
      the moulding of the sleeve and the tubing so as to maintain a constant
      thickness of both the sleeve and the tubing when passing through an
      underground cavern.
NUM  20.
PAR  20. A method according to claim 15, in which the material of said sleeve is
      such that polymerization of said sleeve takes place in the presence of
      water.
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ABST
PAL  The present invention provides a rotary rock bit with a heat pipe for
      conducting heat from the bit's bearings. The rotary rock bit includes a
      bit body with a connection for connecting the bit body to a rotary drill
      string. At least one arm extends from the bit body and a rotatable cutter
      is mounted on said arm. Bearing means are located between the rotatable
      cutter and the arm for promoting rotation of the cutter. A heat pipe is
      positioned in the bit body and the heat pipe extends into the arm. The
      heat pipe includes an evaporator section located near the bearings and a
      condenser section located near the external surface of the bit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the art of earth boring and more
      particularly to a rotary rock bit with means for conducting heat from the
      bearings between the rock bit body and a rotatable cutter mounted on the
      rock bit body.
PAR  A rotary rock bit, in general, consists of a main bit body adapted to be
      connected to a rotary drill string. The bit includes at least one
      rotatable cutter mounted upon a bearing shaft extending from the main bit
      body. Bearing systems are povided between the rotatable cutter and the
      bearing shaft to promote rotation of the cutter and means are provided on
      the outer surface of the cutter for disintegrating the earth formations as
      the bit and cutter are rotated.
PAR  The operating life of the bearing systems of the rock bit are frequently
      governed by the temperature reached at the bearing systems during
      drilling. High temperatures may be encountered in the borehole during the
      drilling operations and when this high-temperature environment is coupled
      with the heat generated by the rotation of the rock bit, the resulting
      temperature may cumulate in damage to the bearings. The temperature of the
      borehole will rise as the borehole penetrates deeper into the earth and
      temperatures in the range of 250.degree. F to 350.degree. F at 10,000 feet
      depth may be expected with even higher temperatures at greater depths.
      Deep wells now being drilled are expected to result in environmental
      temperatures of up to 400.degree. F and the drilling of steam wells
      results in environmental temperatures as high as 550.degree. F. As the bit
      is rotated and the rotatable cutters engage the formations, a large amount
      of heat is generated, causing the temperature at the bearing systems to
      rise.
PAR  In prior art rotary rock bits, the heat generated at the bearings would
      blow outward through the steel or other materials of the rock bit body or
      the cutter to the cooling drilling fluid being circulated through the
      borehole. Dissipation of heat in this way is inefficient and bearing
      failure due to overheating is frequent. It will, therefore, be appreciated
      that a need clearly exists for a rotary rock bit with means for conducting
      heat from the rock bit's bearings.
PAC  DESCRIPTION OF PRIOR ART
PAR  To the best of Applicant's knowledge, a rotary rock bit with means for
      conducting heat from the bearings has not previously been known or
      constructed. A general description of a rotary rock bit is set out in U.S.
      Pat. No. 3,735,825 to W. S. Keller, patented May 29, 1973.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a rotary rock bit with means for conducting
      heat from the rock bit's bearings. The rotary rock bit includes a bit body
      with a cutter rotatably mounted on said bit body. Bearing means are
      provided between said cutter and said bit body for promoting rotation of
      said cutter. A heat pipe means extends from proximate the bearing means to
      a location on the bit body spaced from the bearing means for conducting
      heat from the bearing means. The above and other features of the present
      invention will become apparent from a consideration of the following
      detailed description of the invention when taken in conjunction with the
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a three-cone rotary rock bit.
PAR  FIG. 2 is a sectional view of one arm of the rotary rock bit shown in FIG.
      1.
PAR  FIG. 3 is an enlarged sectional view of an element of the bit shown in
      FIGS. 1 and 2.
PAR  FIG. 4 illustrates a second embodiment of the present invention.
PAR  FIG. 5 illustrates another embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, and to FIG. 1 in particular, shown therein
      and generally designated by the reference number 10 is a three-cone
      sealed-bearing rotary rock bit. As illustrated, the bit 10 includes a bit
      body 11 including an upper threaded portion 12. The threaded portion 12
      allows the bit 10 to be connected to the lower end of a rotary drill
      string (not shown). Depending from the bit body 11 are three substantially
      identical arms with two of the arms 13 and 13' being shown in FIG. 1. The
      lower end of each of the arms is provided with an extended journal portion
      and the details of this journal portion will be discussed subsequently.
      Three rotary cone cutters 14, 14', and 14" are rotatably positioned on the
      three journal portions of the arms. Each of the cutters 14, 14', 14"
      includes cutting structure 15, 15', 15" on its outer surface adapted to
      disintegrate the formations as the bit 10 is rotated and moved downward.
      The cutting structure 15, 15', 15" is shown in the form of tungsten
      carbide inserts. However, it is to be understood that other cutting
      structures, such as steel teeth, may be used as the cutting structure on
      the cone cutter.
PAR  The bit 10 includes a central passageway 16 extending along the central
      axis of body 11 to allow drilling fluid to enter from the upper section of
      the drill string (not shown) immediately above and pass downward through
      three jet nozzles, one nozzle 17 being shown in FIG. 1, past the cutting
      structures 15, 15', 15" of the cone cutters 14, 14', 14". In use, the bit
      10 is connected as the lower member of a rotary drill string (not shown)
      and lowered into a well bore until the cone cutters engage the bottom of
      the well bore. Upon engagement with the bottom of the well bore, the drill
      string is rotated, rotating bit 10 therewith. Drilling fluid is forced
      down through the interior passage of the rotary drill string and continues
      through the central passageway 16 of bit 10 passing through the nozzles,
      past the cutting structure of the cutters to the bottom of the well bore,
      thence upward in the annulus between the rotary drill string and the wall
      of the well bore carrying with it the cuttings and debris from the
      drilling operation.
PAR  Referring now to FIG. 2, a sectional view shown. one arm 13 of the bit 10
      is shoen. It is to be understood that the structure of the other arms 13'
      and 13" are identical to the arm 13. The cutter 14 is rotatably positioned
      on the journal portion of the arm 13 and adapted to disintegrate the earth
      formations as the bit 10 is rotated. The cutting structure 15 on the
      surface of cutter 14 contacts and disintegrates the formations in a manner
      that is well known in the art. The journal portion of arm 13 consists of a
      bearing pin 18 upon which the cutter 14 is mounted. A plurality of bearing
      systems are located in the bearing area between the cutter 14 and the
      bearing pin 18. The bearing systems in the bearing area include an outer
      friction bearing 19, a series of ball bearings 20, an inner friction
      bearing 21, and a thrust button 22. An O-ring seal 23 is positioned
      between the cutter 14 and the bearing pin 18. This seal retains lubricant
      in the bearing area around the bearing systems and prevents any materials
      in the well bore from entering the bearing area. The O-ring seal prevents
      fluid flow in either direction.
PAR  A passageway 24 is provided to allow lubricant to be transmitted to the
      bearing systems. The passageway 24, as shown, also allows the balls that
      make up the ball bearing system 20 to be inserted into position after the
      cone cutter 14 is placed on the bearing pin 18. The series of ball
      bearings 20 serves to lock the cone cutter 14 on bearing pin 18. After the
      balls are in place, a plug 25 is inserted into the passageway 24 and
      welded therein by weld 26. Plug 25 has a reduced diameter throughout the
      major portion of its length to allow lubricant to be transmitted to the
      bearing area. Additional passageways 27, 28, and 29 extend from passageway
      24 to the bearing area to insure a sufficient supply of lubricant to
      bearings 19, 20, 21, and 22.
PAR  A bore 30 extends into the arm 13 from the surface of the bit body. A
      passage 31 extends from the bore 30 to the passageway 24. A lubricant
      reservoir 32 is located in the bore 30. The lubricant reservoir 32 is
      located between a flexible diaphragm 33 and a metal canister 24. An O-ring
      seal 35 prevents borehole fluid from by-passing the upper portion of the
      canister 34 and lubricant within the lubricant reservoir 32 from escaping
      into the borehole. The flexible diaphragm 33 prevents lubricant in the
      lubricant reservoir 32 from escaping into the bore 30 and fluid in the
      borehole and bore 30 from entering the lubricant reservoir 32. Lubricant
      within the lubricant reservoir 32 is channeled into the passage 31 and is
      directed to the bearings. A free-breathing porous filter plug 36 extends
      through the flexible diaphragm 33. The free-breathing porous filter plug
      36 provides fluid communication between lubricant in the lubricant
      reservoir 32 and fluid from the borehole that has entered the bore 30
      through passageway 37.
PAR  A heat pipe 38 fits within the passage 31 extending from the vicinity of
      the bearing systems 19, 20, 21, and 22 to a location proximate the outer
      surface of the bit 10. The heat pipe 38 fills only a portion of the
      passage 31, thereby allowing lubricant to be transmitted from the
      lubricant reservoir 32 to the bearing systems 19, 20, 21, and 22. The
      lower end 39 or evaporator section of the heat pipe 38 is located in the
      passageway 24 in a position to receive heat from the bearing systems 19,
      20, 21, and 22. The upper end 40 or condenser section of the heat pipe 38
      extends into a porous metal plug 41. The porous metal plug 41 is exposed
      to the cooling drilling fluid circulating through the borehole and allows
      heat to be dissipated to the cooling drilling fluid. The porous metal plug
      41 abuts against the metal canister 34 and a snap ring 42 secures the
      porous metal plug 41, metal canister 34, lubricant reservoir 32, flexible
      diaphragm and porous filter plug 36 in place in the bore 30.
PAR  Referring now to FIG. 3, an enlarged sectional view of the heat pipe 38 is
      shown. The heat pipe 38 consists of an outer metal shell 43. The metal
      shell 43 provides a gas-tight container which has been evacuated of all
      non-condensable gases. The inside of the shell 43 is lined with a
      capillary wick structure 44. The inner walls of the wick structure 44 form
      a cylindrical passageway 45. The heat pipe 38 contains a small amount of
      vaporizable fluid. The heat pipe 38 employs a boiling-condensing cycle and
      the capillary wick 44 pumps condensate to the lower end 39 or evaporator
      section of the heat pipe. Heat from the bearing systems 19, 20, 21, and 22
      is introduced to the heat pipe at the lower end 39 or evaporator section
      of the heat pipe 38 causing the liquid in the capillary wick 44 to boil
      into a gaseous state. The gas is carried to the upper end 40 or condenser
      section of the heat pipe 38 wherein it condenses releasing the heat to the
      porous metal plug 41 and the cooling drilling fluid circulating through
      the borehole. The heat pipe 38 dissipates a substantially greater amount
      of heat from the bearing systems to the borehole fluid than is dissipated
      by the elements of conventional rotary rock bits. The heat pipe 38
      utilizes the principle of transporting the heat as latent heat of
      vaporization.
PAR  The structural details of a rotary rock bit constructed in accordance with
      the present invention having been described, the operation of the bit will
      now be considered. The bit 10 is connected to the lower member of a rotary
      drill string and lowered into a well bore until the cutters 14, 14', 14"
      contact the earth formation at the bottom of the borehole. The bit 10 is
      rotated and the cutters 14, 14', 14" and cutting structures 15, 15', 15"
      contact and disintegrate the formations thereby extending the borehole
      deeper into the earth. The deeper the bit penetrates into the earth, the
      higher the temperatures become. The three heat pipes in the arms conduct
      the heat from the bearings. For example, heat in the bearing area is
      carried from the lower end 39 of the heat pipe 38 to the upper end 40 of
      the heat pipe 38 wherein the heat is dissipated to the drilling fluid
      circulating through the borehole. The porous metal plug 41 assists in
      dissipating the heat from the upper end 40 of the heat pipe 38. The
      lifetime of the bearings is extended and the bit can operate for a longer
      period of time resulting in a greater length of borehole being drilled.
PAR  Referring now to FIG. 4, a sectional view of one arm 46 of a rotary rock
      bit 47 is shown. It is to be understood that the structure of the other
      arms of the rotary rock bit 47 are identical to the arm 46. A cutter 48 is
      rotatably positioned on the journal portion of the arm 46 and adapted to
      disintegrate the earth formations as the bit 47 is rotated. The cutting
      structure 50 on the surface of cutter 48 contacts and disintegrates the
      formations in a manner that is well known in the art. The cutting
      structure 50 is shown in the form of tungsten carbide inserts. However, it
      is to be understood that other types of cutting structure could be
      utilized. The journal portion of the arm 46 consists of a bearing pin 49
      upon which the cutter 48 is mounted. A plurality of bearing systems are
      located in the bearing area between the cutter 48 and the bearing pin 49.
      The bearing systems in the bearing area include outer friction bearing 52,
      a series of ball bearings 53, an inner friction bearing 54, and a thrust
      button 55. An O-ring seal 51 is positioned between the cutter 48 and the
      bearing pin 49. This seal retains lubricant in the bearing area around the
      bearing systems and prevents any material in the well bore from entering
      the bearing area. The O-ring seal prevents fluid flow in either direction.
PAR  A bore 56 extends into the arm 46 from the surface of the bit 47. A bore 66
      extends from the bore 56 to a position proximate the bearing 52, 53, 54,
      and 55. A lubricant reservoir 57 is located in the bore 56. The lubricant
      reservoir 57 is located between a flexible diaphragm 58 and a metal
      canister 61. An O-ring seal 62 prevents borehole fluids from by-passing
      the upper portion of the canister 61 and lubricant within the lubricant
      reservoir 57 from escaping into the borehole. The flexible diaphragm 58
      prevents lubricant in the lubricant reservoir 57 from escaping in to the
      bore 56 and fluid in the borehole and bore 56 from entering the lubricant
      reservoir 57. A free-breathing porous filter plug 59 extends through the
      flexible diaphragm 58. The free-breathing porous filter plug 59 provides
      fluid communication between lubricant in the lubricant reservoir 57 and
      fluid from the borehole that has entered the bore 56 through passageway
      60.
PAR  A heat pipe 65 fits within the bore 66 extending from the vicinity of the
      bearing systems 52, 53, 54, and 55 to a location proximate the outer
      surface of the bit 47. The lower end 67 or evaporator section of the heat
      pipe 65 is located in the bore 66 in a position to receive heat from the
      bearing systems 52, 53, 54, and 55. The upper end 68 or condenser section
      of the heat pipe 65 extends into a porous metal plug 64. The porous metal
      plug 64 is exposed to the cooling drilling fluid circulating through the
      borehole and allows heat to be dissipated to the cooling drilling fluid.
      The porous metal plug 64 abuts against the metal canister 61 and a snap
      ring 63 secures the porous metal plug 64, metal canister 61, lubricant
      reservoir 57, flexible diaphragm 58 and porous filter plug 59 in place in
      the bore 56. The heat pipe 65 takes up only a portion of the bore 66
      allowing lubricant to be transmitted to the bearings through auxiliary
      passage (not shown).
PAR  The structural details of a rotary rock bit 47 constructed in accordance
      with the present invention having been described, the operation of the bit
      47 will now be considered. The bit 47 is connected to the lower member of
      a rotary drill string and lowered into a well bore until the cutters
      contact the earth formation at the bottom of the borehole. The bit is
      rotated and the cutters and cutting structure contact and disintegrate the
      formation thereby extending the borehole deeper into the earth. The deeper
      the bit penetrates into the earth, the higher the temperatures become. The
      three heat pipes in the arms conduct the heat from the bearings. For
      example, heat in the bearing area is carried from the lower end 67 of the
      heat pipe 65 to the upper end 68 of the heat pipe 66 wherein the heat is
      dissipated to the drilling fluid circulating through the borehole. The
      porous metal plug 64 assists in dissipating the heat from the upper end 68
      of the heat pipe 66. The lifetime of the bearings is extended and the bit
      can operate for a longer period of time resulting in a greater length of
      borehole being drilled.
PAR  Referring now to FIG. 5, a sectional view of one arm 72 of a rotary rock
      bit 69 is shown. It is to be understood that the other arms of the rotary
      rock bit 69 are identical to the arm 72. A cutter 76 is rotatably
      positioned on the journal portion of the arm 72 and adapted to
      disintegrate the earth formations as the bit 69 is rotated. The cutting
      structure 75 on the surface of cutter 76 contacts and disintegrates the
      earth formations in a manner that is well known in the art. The cutting
      structure 75 is shown in the form of tungsten carbide inserts; however, it
      is to be understood that other types of cutting structure could be
      utilized. The journal portion of the arm 72 consists of a bearing pin 77
      upon which the cutter 76 is mounted. A plurality of bearing systems are
      located in the bearing area between the cutter 76 and the bearing pin 77.
      The bearing system in the bearing area include outer friction bearing 74,
      a series of ball bearings 80, an inner friction bearing 78, and a thrust
      button 79. An O-ring seal 73 is positioned between the cutter 76 and the
      bearing pin 77. This seal retains lubricant in the bearing area around the
      bearing systems and prevents any material in the well bore from entering
      the bearing area. The O-ring seal prevents fluid flow in either direction.
PAR  A bore 70 extends into arm 72 from the surface of the bit 69. A heat pipe
      71 fits within the bore 70. The heat pipe 71 extends from the vicinity of
      the bearing systems 74, 78, 79, and 80 to a location proximate the outer
      surface of bit 69. The lower end 81, or evaporator section, of the heat
      pipe 71 is located in the bore 70 in a position to receive heat from the
      bearing systems 74, 78, 79, and 80. The upper end 82, or condenser
      section, of the heat pipe 71 is positioned proximate the outer surface of
      the bit 69. When the heat pipe 71 is positioned in the bore 70, it becomes
      slightly bent in order to follow the contour of the curve of the bore 70.
      This bend in the heat pipe 71 causes the heat pipe to be securely locked
      in position in the bit 69.
PAR  The structural details of a rotary rock bit 69 constructed in accordance
      with the present invention having been described, the operation of the bit
      69 will now be considered. The bit 69 is connected to the lower member of
      a rotary drill string and lowered into a well bore until the cutters
      contact the earth formation at the bottom of the borehole. The bit is
      rotated and the cutters and cutting structure contact and disintegrate the
      formation thereby extending the borehole deeper into the earth. The deeper
      the bit 69 penetrates into the earth, the higher the temperatures become.
      The three heat pipes in the arms conduct the heat from the bearings. For
      example, heat in the bearing area is carried from the lower end 81 of the
      heat pipe 71 to the upper end 82 of the heat pipe 71 wherein the heat is
      dissipated to the drilling fluid circulating through the borehole. The
      lifetime of the bearings is extended and the bit can operate for a longer
      period of time resulting in a greater length of borehole being drilled.
CLMS
STM  The embodiments of the invention in which an exclusive properly or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An earth boring bit for drilling under conditions that include heat
      being encountered in the bit during the drilling operation, comprising:
PA1  a bit body;
PA1  a cutter rotatably mounted on said bit body;
PA1  bearing means between said cutter and said bit body; and
PA1  heat pipe means extending from proximate said bearing means to a location
      on said bit body spaced from said bearing means for conducting heat from
      said bearing means, said heat pipe means comprising a gas tight container,
      a capillary wick within said container and a vaporizable fluid within said
      container.
NUM  2.
PAR  2. The earth boring bit of claim 1 including a heat dissipating element
      positioned in a bore in said bit body proximate said heat pipe means.
NUM  3.
PAR  3. A sealed bearing rotary rock bit adapted to operate under conditions
      wherein heat is encountered at the bit bearings, comprising:
PA1  a bit body;
PA1  a connection for connecting the bit body to a rotary drill string;
PA1  at least one arm extending from said bit body, said arm terminating in a
      bearing pin;
PA1  a rotatable cone cutter rotatably mounted upon said bearing pin;
PA1  bearing means between said rotatable cone cutter and said bearing pin for
      promoting rotation of said rotatable cone cutter;
PA1  a lubricant reservoir containing lubricant in said arms;
PA1  means for conducting lubricant from said lubricant reservoir to said
      bearing means;
PA1  seal means for providing a closure between said rotatable cone cutter and
      said bearing pin thereby retaining the lubricant inside of the bit and
      preventing fluid outside of the bit from entering the bit; and
PA1  a heat pipe in said bit body extending into said bearing pin, said heat
      pipe comprising a gas tight container, a capillary wick within said
      container and a vaporizable fluid within said container and having an
      evaporator section located near said bearing means and a condenser section
      spaced from said bearing means.
NUM  4.
PAR  4. The earth boring bit of claim 3 including a heat dissipating element
      positioned in a bore in said bit body proximate the condenser section of
      said heat pipe.
NUM  5.
PAR  5. An earth boring bit for drilling under conditions that include heat
      being encountered in the bit during the drilling operation, comprising:
PA1  a main body;
PA1  three individual arms extending from said bit body, each of said arms
      including a bearing pin;
PA1  a rotatable cone cutter mounted upon each of said bearing pins;
PA1  bearing means between each of said cone cutters and said bearing pins;
PA1  a seal between each of the cone cutters and said bearing pins;
PA1  a lubricant reservoir in each of said arms;
PA1  a lubricant passage in each of said arms extending from said lubricant
      reservoirs to said bearing means; and
PA1  heat pipe means in each of said arms extending from proximate said bearing
      means to locations on said bit body spaced from said bearing means for
      conducting heat from said bearing means, said heat pipe means comprising a
      gas tight container, a capillary wick within said container and a
      vaporizable fluid within said container.
NUM  6.
PAR  6. In a sealed bearing rotary rock bit including a bit body, a cutter
      rotatably mounted on said bit body and bearing means between said cutter
      and said bit body for drillling under conditions that include heat being
      encountered in the bit during the drilling operation, the improvement
      comprising:
PA1  a bore in said bit body, said bore extending proximate said bearing means;
      and
PA1  a heat pipe in said bore in bit body, said heat pipe comprising a gas tight
      container, a capillary wick within said container and a vaporizable fluid
      within said container with said heat pipe having an evaporator section
      located proximate said bearing means and a condenser section spaced from
      said bearing means.
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ABST
PAL  The present invention relates to an anchoring device which rigidly supports
      many kinds of standing objects in public works or in the construction
      industry and provides resistance to pulling loads exerted on the device,
      and also to a method for settling the device in the bottom of a deep shaft
      bored into the ground.
PARN
PAR  This is a continuation of application Ser. No. 350,841, filed Apr. 13,
      1973, and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The field of art to which the invention pertains includes the field of
      anchoring devices.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  It is necessary that an anchoring device settled in the ground be capable
      of bearing a pulling load as large as possible when it is adapted for
      supporting a standing object.
PAR  Therefore, it is an object of the present invention to provide a novel
      anchoring device capable of exhibiting an increased resistance to pulling
      loads exerted on the device on the surface of the ground, and a method for
      rigidly settling the device in the bottom of a deep shaft in the ground in
      a manner such that the settled device cannot be pulled out of the shaft.
PAR  It is another object of the present invention to provide a novel anchoring
      device provided with means for ascertaining that the device is
      appropriately settled in the ground.
PAR  It is still another object of the present invention to provide an anchoring
      device provided with means for bearing compression exerted on the device,
      and a method for settling the device in the ground so that the anchoring
      device can bear the compression applied from above the ground.
PAR  In accordance with one of the features of the present invention, an
      anchoring device comprises
PAR  A VERTICAL TUBULAR ROD; A PLURALITY OF SUPPORT ARMS, ONE END OF EACH
      SUPPORT ARM BEING CONNECTED WITH A LOWER PART OF THE TUBULAR ROD SO THAT
      SAID SUPPORT ARM IS TURNABLE ABOUT THE CONNECTED END IN A VERTICAL PLANE
      INCLUDING AN AXIS OF SAID TUBULAR ROD; A PLURALITY OF FLUKE BLADES ONE OF
      WHICH IS MOUNTED ON EACH SUPPORT ARM, TO CONSTITUTE CUTTING ARMS; MEANS
      FOR URGING SAID CUTTING ARMS TO OUTWARDLY TURN ABOUT SAID CONNECTED ENDS
      OF SAID SUPPORT ARMS FROM A FOLDED STATE IN WHICH SAID CUTTING ARMS ARE
      BROUGHT TOGETHER ABOUT SAID TUBULAR RODS; MEANS FOR STATIONARILY
      SUPPORTING ONE END OF SAID URGING MEANS ON A PART OF SAID TUBULAR ROD;
      HOLDING MEANS FOR RELEASABLY RESTRAINING SAID CUTTING ARMS IN THE FOLDED
      STATE, SAID HOLDING MEANS HAVING A LINE MEANS TO RELEASE THE RESTRAINT OF
      SAID CUTTING ARMS ABOVE THE GROUND SURFACE, AND; MEANS FOR LIMITING THE
      TURN OF SAID CUTTING ARMS TO A SELECTED AMOUNT OF ANGLES FROM SAID FOLDED
      STATE.
PAR  Further, in accordance with another feature of the present invention, a
      method for settling the anchoring device of the present invention into a
      shaft bored in the ground comprises at least the processes of:
PAR  I. FOLDING THE CUTTING ARMS BY MEANS OF THE HOLDING MEANS HAVING THE
      RELEASE LINE;
PAR  II. PULLING SAID RELEASE LINE OF SAID HOLDING MEANS WHEN SAID ANCHORING
      DEVICE REACHES A BOTTOM OF SAID SHAFT:
PAR  III. PROVIDING ROTATIONAL MOTION TO SAID CUTTING ARMS LYING AGAINST THE
      INNER WALL OF SAID SHAFT FROM ABOVE THE GROUND BY MEANS OF AN ORDINARY
      BORING MACHINE FOR A PREDETERMINED TIME, AND;
PAR  IV. LIFTING SAID ANCHORING DEVICE WHILE SAID CUTTING ARMS ROTATE AT A
      PRESELECTED HEIGHT SO THAT A CAVITY ENGAGEABLE WITH SAID CUTTING ARMS OF
      SAID ANCHORING DEVICE IS FORMED IN SAID BOTTOM OF SAID SHAFT.
PAR  The other features, and advantages of the present invention will be
      apparent from the ensuing description with reference to the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are respectively, a front view of an anchoring device with a
      part cut out, and a plan view along line II--II of FIG. 1, according to
      one embodiment of the present invention;
PAR  FIGS. 3A and 4 are respectively, a front view of an anchoring device with a
      part cut out, and a plan view along line IV--IV of FIG. 3, according to
      another embodiment of the present invention;
PAR  FIG. 3B is a front view of a modified anchoring device of FIGS. 3A and 4;
PAR  FIG. 5 is a perspective view of a holding band adapted for bundling the
      cutting arms of the anchoring devices shown in FIGS. 3A and 3B;
PAR  FIG. 6 is a partial front view of additional tubular rods adapted for use
      in extension of the length of the anchoring device shown in FIGS. 1
      through 5A, and couplings connecting between the tubular rods;
PAR  FIG. 7 is a diagrammatical view with a part sectioned, showing that the
      anchoring device is inserted into a shaft in the ground;
PAR  FIG. 8 is a diagrammatical view with a part sectioned, showing that the
      cutting arms of the anchoring device are completely opened while forming a
      cavity in the lower part of the shaft;
PAR  FIG. 9 is a front view, with a part sectioned, of a drop hammer used for
      settling the anchoring device of the present invention;
PAR  FIG. 10 is a diagrammatical view with a part sectioned, illustrating a
      rigid settling operation of the anchoring device, according to the present
      invention;
PAR  FIG. 11 is a front view of the anchoring device with a means for
      ascertaining the complete opening of the cutting arms of the device,
      according to the present invention, and;
PAR  FIG. 12 is a diagrammatical view of the anchoring device, which is
      completely settled in the ground, according to the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 and FIG. 2, a tubular rod 115 is provided with lugs 117
      radially projecting from the outer surface of the lower part of the
      tubular rod 115. On each of the lugs 117 one end of support arm 119 is
      mounted so that the support arm 119 may be turned about a pivot 123. A
      fluke blade 125 is supported on the upper surface of each support arm 119
      and thus, four equiangularly arranged cutting arms 127 are provided in
      this embodiment as shown in FIG. 2. At the back of each cutting arm 127, a
      spring pin 129 projects from the outermost portion of support arm 119.
      Also, spring pins 131 are provided on the outer surface of a bottom
      support 133, which is provided on the lowermost end of tubular rod 115. A
      spring 135 is connected with spring pin 122 at its one end with spring pin
      131 at the other end, so that spring 135 may always exert a force against
      each cutting arm 127 so as to urge cutting arm 127 to outwardly turn about
      pivot 123 from the closed state as shown in FIG. 1. The closed state of
      cutting arms 127 is held by a holding plate 141 against the force exerted
      by springs 135. The holding plate 141 is formed into a shallow cup having
      a circumferential wall 143 with which the front edge of each support arm
      119 is engaged so as to maintain the closed state of cutting arms 127 as
      shown in FIG. 1. The engagement between holding plate 141 and the outer
      edges of cutting arms 127 is released by upwardly pulling lines 151 which
      are connected to holding plate 141 at their lowermost end.
PAR  An opened state of four cutting arms 217 is shown in FIG. 2. When cutting
      arms 127 are turned outwardly by the force of springs 135, inner ends 137
      of support arms 119 will become engaged with the outer surface of tubular
      rod 115 and also with upper ends 139 of the bottom support 133. As a
      result, the turning motion of cutting arms 127 can be restricted to the
      amount of the preselected 75.degree., in order to provide appropriate
      operation of fluke blades 125.
PAR  At the top of tubular rod 115, an additional tubular rod 145 is connected
      by means of a bolt 147 and a nut 149. This additional tubular rod 145 is
      employed for the purpose of extending the length of the anchoring device
      so that the anchoring device may be applicable to a deep shaft in the
      ground.
PAR  Referring now to FIGS. 3A and 4, another embodiment of the anchoring device
      according to the present invention is shown. In this embodiment, there are
      provided three equiangularly arranged cutting arms 227 having cross arms
      241, the lower end 243 of which extend through slots 245 formed in fluke
      blades 225 and are connected with pivots 247 in bores 237 of support arms
      219 so as to be pivotal about the pivots 247. The upper end 249 of each
      cross arm 241 is connected so as to be pivotal with a pivot 255 mounted in
      an extension 253 which is provided on the lower end face of an annular
      flange member 251. The annular flange member 251 is mounted so as to be
      slidable on the tubular rod 215. Above the annular flange member 251, a
      stationary flange 257 is fixed on the tubular rod 215, and between the
      flange 257 and the upper flange of annular flange member 251, a strong
      coil spring 235 is provided on tubular rod 215. In FIG. 3A, it is shown
      that spring 235 is compressed between stationary flange 257 and movable
      annular flange member 251. Therefore, the annular flange member 251 is
      pushed downwardly by the compressed spring 235. When the member 251 moves
      downwardly, the lower flange of the members 251 pushes down each cross arm
      241 of cutting arms 227 which are in the closed state shown by the solid
      lines in FIG. 3A.
PAR  Thus, cross arms 241 moves downwardly while pivoting about pivots 237 and
      255 and, as a result, cutting arms 227 are opened to the state shown by
      dotted lines in FIG. 3A by turning about pivot 223 in the manner similar
      to the embodiment shown in FIGS. 1 and 2. The turning angle of each
      cutting arm 227 from the closed state to the opened state is preferably
      limited to 75 degrees similar to the embodiment of FIGS. 1 and 2. At the
      upper portion of tubular rod 215, a screw thread 259 is formed on the
      outer surface of tubular rod 215 so that additional tubular rod 601 shown
      in FIG. 6 may be connected to the anchoring device by forming a screw
      thread in the interanl surface of the additional tubular rod 601. The
      additional tubular rod 601 may be assembled by several tubular rod pieces
      by employing coupling means, such as screw couplings 603 as shown in FIG.
      6. Numeral 233 is a bottom support provided on the lower end part of the
      tubular rod 215.
PAR  FIG. 3B shows a further modification of the embodiment of FIGS. 3A and 4 in
      which openings 261 are provided in the lower end surface of tubular rod
      215 so as to be connected with the inner passage of the rod 215. The
      operation of these openings will be described later. The other elements of
      this modification are similar to the embodiment of FIGS. 3A and 4, and
      therefore, the elements are disignated by the same reference numerals.
PAR  Referring again to FIG. 3A, it will be understood that in the closed state
      of cutting arms 227, they are bound with a holding band 501 as shown by
      dotted lines in FIG. 3A. The holding band 501 is provided with a pulling
      line 503, and when the pulling line 503 is pulled upwardly, the holding
      band 501 is released, and the cutting arms 227 are opened in the manner as
      explained before.
PAR  FIG. 5 shows a preferred embodiment of the holding band 501. The holding
      band 501 consists of a band strip 509, a fastening button 505 provided on
      the strip 509, a button hole 507 formed in the strip 509, and a pulling
      line 503. As shown in FIG. 5, one end of the pulling line 503 is fixed to
      the end of band strip 509 and pulling the other end of the pulling line
      503 will cause releasing of the fastening between button 505 and button
      hole 507. Thus, when the anchoring device is thrown or inserted into a
      deep shaft in the ground so as to be settled in the bottom of the shaft,
      cutting arms 227 are preliminarily closed or folded, and are bound with
      holding band 501 on or above the ground so as to remain the closed state
      until the inserted anchoring device reaches to the bottom of the shaft.
PAR  The process of settling the anchoring device of the present invention in
      the ground will be explained referring to FIGS. 7 and 8.
PAR  When the anchoring device is to be settled in a position in the ground, a
      shaft is bored at the desired position by means of a boring machine 801 so
      that the diameter of the shaft will allow the free passage of the device
      in the closed state through the shaft. Also, the depth of the shaft is
      appropriately selected depending upon both the pulling load exerted on the
      device and the soil around the shaft. In order to insert the anchoring
      device into the bottom of the shaft, the length of the anchoring device is
      increased so as to correspond to the depth of the shaft by connecting the
      required additional tubular rods 601 to the anchoring device. It should be
      noted that the upper ends of the additional tubular rod 601 and the
      pulling line 503 must be brought above the surface of the ground through
      the opening of the shaft, when the anchoring device lays in the bottom of
      the shaft as shown in FIG. 7.
PAR  It will be seen from FIG. 7 that a later described ascertaining line 265
      with a weight 269 is also brought out of the shaft. When the inserting
      process is completed, folded cutting arms 227 are released by pulling the
      line 503 from above the ground and, as a result, cutting arms 227 open due
      to the force of spring 235 as explained before, until they come into
      contact with the wall of the shaft. In this state, of course, cutting arms
      227 will not completely open and, therefore, in order to rigidly fix the
      anchoring device in the shaft it is necessary to pull the device upwardly
      so that the open cutting arms 227 may catch in the inner wall of the
      bottom part of the shaft. However, with some kinds of soil in a shaft it
      may be difficult for the cutting arms 227 to catch in the wall. That is to
      say, the outer ends of the cutting arms 227 may slip on the surface of the
      wall and fail to completely catch in the soil of the wall. In order to
      overcome such failure, it is always necessary to completely open all
      cutting arms 227 over the above-mentioned 75 degrees. In accordance with
      one of the features of the present invention, the open cutting arms 227 of
      the anchoring device may be provided with rotational motion through
      rotation of the additional tubular rod 601 driven by the ordinary boring
      maching 801 as shown in FIG. 7. That is to say, the end of additional rod
      601 extending above from the shaft, is connected to the boring head 801a
      of the boring machine so that the rod 601 may be rotated by the boring
      machine 801. In accordance with the rotation of the anchoring device, the
      edge of fluke blades 225 (refer to FIG. 4) will cut out the soil around
      the shaft wall. Thus cutting arms 227 increase their opening angle due to
      the force of the spring 235 while expanding the bottom of the shaft. The
      rotating time of the anchoring device required for completely opening the
      cutting arms 227, can be appropriately selected, since the characteristics
      of the soil within the shaft will have been examined during boring of the
      shaft.
PAR  In order to aid cutting arms 227 to cut the soil of the shaft wall,
      pressured water may be supplied from the top of the additional tubular rod
      601. The pressured water introduced through the internal passageway of the
      rods 601 and 215, and jetting from the lowermost opening of the tubular
      rod 215 and from openings 261 of the rod 215, (refer to FIG. 3B), will cut
      out or soften the soil of the shaft wall due to its high pressure. Thus,
      since the cutting arms 227 catch in the wall of the shaft without failure.
      As a result, the anchoring device is fixed in the ground so that the
      device can support a standing object through engagement of the object with
      the top of the additional tubular rod 601 extending above the surface of
      the ground. The device can also resist pulling loads applied from above
      the ground.
PAR  In accordance with another feature of the present invention, while the
      anchoring device is rotated by the boring machine 801, the device is
      simultaneously given an uupward movement via the vertical movement of the
      boring head 801a. As a result, a cavity 807 shown in FIG. 8 is formed in
      the lower part of the shaft. In this case, the soil cut out from the shaft
      wall is fed out of the cavity through the shaft to the surface of the
      ground with the water which has jetted from the openings of the rod 215,
      as shown by arrows in FIG. 8. Upon completion of forming of the cavity
      807, the supply of pressured water into the shaft is stopped with the
      anchoring device continuing its rotation within the cavity 807.
      Subsequently, while the anchoring device is rotating, filling such as milk
      of cement containing calcium chloride, concrete, or cement mortar is
      filled into the cavity 807 and also up to the entrance of the shaft
      through the inner passageways of the tubular rods 601 and 215. Then,
      continuing the filling, appropriate aggregate is also thrown into the
      cavity 807.
PAR  Consequently, the filling and the aggregate will be mixed due to the
      rotation of the anchoring device. On the other hand, generation of the
      mixture will increase resistance to the rotating motion of the anchoring
      device and finally, it will become impossible to continue to rotate the
      device. When the anchoring device within the shaft reaches this state, it
      can be understood that the cutting arms of the anchoring device are
      completely encapsulated by the concrete within the cavity 807.
      Subsequently, the drive of the rotation of the anchoring device is
      stopped, and the boring machine 801 is displaced. Then, after further
      addition of an appropriate amount of aggregate into the shaft, a drop
      hammer 805 shown in FIG. 9 is located within the shaft. The drop hammer,
      as shown in FIG. 9, consists of: a hammering weight 813; a preselected
      number of unitary weights 815; connecting shafts 817 associated with the
      hammering weight 813 at their lowermost ends; hanging cables 821, the
      lower ends of which are associated with rings 819 provided on the tops of
      the connecting shafts 817, and the upper ends of which are associated with
      a winch 803 (refer to FIG. 10). Central bores 823 of the hammering weight
      813 and the respective unitary weights 815 are provided for passing
      therethrough the additional tubular rods 601. The number of unitary
      weights 815 may be selected depending on the scales of cutting arms 227
      and the length of the shaft in the ground. After location of the drop
      hammer 811, hammering action of the drop hammer 811 is repeated by means
      of the winch 803 in order to compact the filling and the aggregate within
      the shaft. Of course, it may be possible to repeat the addition of
      aggregate into the shaft, in order to reinforce rigidness of the settled
      anchoring device of the present invention. FIG. 10 shows the process
      during which compaction of the filling and the aggregate is carried out.
PAR  When the required compaction of the aggregate is obtained up to the
      entrance of the shaft, drop hammer 811 is removed and subsequently, the
      winch 803 is also displaced. Hence, the anchoring device which can no
      longer be taken out of the shaft, is prepared for supporting a standing
      object or for bearing pulling loads attached to the device on the surface
      of the ground. It will be easily understood that regardless of the soil
      around the shaft, rigid and reliable settlement of the anchoring device is
      achieved in order to bear large pulling loads attached to the device.
PAR  In FIGS. 9 and 10, a method for compacting the filling and the aggregate
      within the shaft by means of a drop hammer is explained. However, other
      methods, such as vibrating the anchoring device itself by means of an
      ordinary vertical type vibrator, vibrating the filling and the aggregate
      themselves, or transmitting vibrations from the exterior vibrator to the
      anchoring device via the additional tubular rods may be applied to provide
      a similar compacting effect.
PAR  From the foregoing descriptions, it will also be understood that complete
      opening of the cutting arms 127 or 227 of the anchoring device is critical
      to rigidness and reliability in settlement of the anchoring device. The
      complete opening of the cutting arms 127 or 227 of the anchoring device in
      the bottom of the shaft assures complete catching in the soil or the
      filling by the cutting arms.
PAR  FIG. 11 shows a preferred embodiment of an anchoring device provided with a
      detecting means to detect from the ground surface level how many degrees
      the cutting arms are open from the closed or folded state in the bottom of
      the shaft.
PAR  Referring to the anchoring device of FIG. 11 while comparing it with those
      of FIG. 3A and FIG. 3B, it will be seen that a detecting line 265
      consisting of flexible but less elastic material, such as a steel wire,
      runs along the rods 215 and 601. One end of the detecting line 265 is
      attached to the lower flange of the annular flange member 251 via a roller
      263a rotatably mounted on an attachment 263 of the bottom support 233. The
      other end of the detecting line 265 is connected to a free weight 269 via
      a roller 267a rotatably mounted on an attachment 267 which is fixed at an
      appropriate position of the additional rod 601 located above the ground.
      The detecting line 265, which runs along the rods 601 without slack due to
      provision of the weight 269, may be guided by suitable guide members
      provided on the rods 601 so that the detecting line 265 is in parallel
      with the axes of the tubular rods 215 and 601. Now, assuming that the
      cutting arms 227 are put in the folded state, as shown by phantom lines in
      FIG. 11, the annular flange member 251 and also, the weight 269 would be
      located at positions shown again by phantom lines. Then, while the cutting
      arms 227 are opening due to the spring force of the spring 235, extension
      of the spring 235 causes a downward movement of the annular flange member
      251 and accordingly, a drop of the weight 269 through the detecting line
      265. That is to say, complete extension H.sub.1 of the spring 235, which
      produces the complete opening of the cutting arms 227, can be detected by
      measuring the height of drop H.sub.2 of the weight 269. Since the
      extension of the spring 235 is always proportional to the opening angles
      of the cutting arms 227, detection of the height of drop of the weight 269
      permits detection of the opening angles of the cutting arm 227 of the
      anchoring device. Of course, the relationship between extension of the
      spring 235 and height of drop of the weight 269 should be calibrated
      before insertion of the anchoring device into the shaft.
PAR  In the embodiment of FIG. 11, the lower end of the line 265 is attached to
      the flange member 251 via the roller 263a. However, the same effect may be
      provided by directly attaching the end to a suitable position of one of
      cutting arms 227 and, as a result, the anchoring device of the type as
      shown in FIGS. 1 and 2 may also be provided with such type of detecting
      means. This provision of the detecting means permits not only detection of
      the complete opening of the cutting arms, but also can indicate when the
      pressure water should be supplied during forming the cavity 807 (refer to
      FIG. 8), since a slow drop of the weight 269 may be an indication of
      difficulty in forming of the cavity 807 by rotation of the anchoring
      device alone.
PAR  In order to easily detect the height of drop of the weight, scaling may be
      provided on the outer surface of the tubular rods 601 or on the detecting
      line itself.
PAR  Referring finally to FIG. 12, a cylindrical cage 271 made of steel rods is
      inserted so as to surround the tubular rods of the anchoring device. When
      the cage 271 is permanently settled, by means of the filling, in the shaft
      together with the anchoring device, the anchoring device may be used as a
      compression-proof pile in the construction industry. This is true since
      the arrangement of the cage 271 prevents the filling deforming due to a
      force transmitted from the rods 601 of the anchoring device and, thus,
      when the anchoring device together with the cage 271 is used as a pile, a
      stronger resistance to a compression applied from above the ground can be
      provided. That is to say, the cage 271 serves as a core for supporting
      concrete within the shaft and the cavity.
PAR  The present invention has been explained with several preferred
      embodiments. However, many changes and modification could be made in the
      disclosed embodiments without departing from the scope of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An anchoring device to be settled in a shaft in the ground for use in
      supporting a standing object on the ground, comprising:
PA1  a hollow vertical tubular rod open at its opposite ends along a central
      passageway therethrough;
PA1  a plurality of cutting arms, each comprising a support arm and a rigid
      fluke blade mounted thereon, the lowermost end of each support arm being
      pivotally connected with a first lower part of the tubular rod so that
      said support arm is turnable about the connected end in a vertical plane
      including an axis of said tubular rod;
PA1  spring means having an end stationarily secured respective said tubular rod
      and operable to urge said cutting arms to outwardly turn about said
      connected ends of said support arms from a folded state in which said
      cutting arms are brought together about said tubular rod with the outer
      ends of said fluke blades above the connected ends of said support arms;
PA1  means for stationarily securing one end of said urging means on an external
      part of said tubular rod;
PA1  holding means for releasably restraining said cutting arms in the folded
      state, said holding means having a line means to release the restraint of
      said cutting arms above the ground surface; and
PA1  means for limiting the turn of said cutting arms to a selected acute angle
      from said folded state.
NUM  2.
PAR  2. An anchoring device as claimed in claim 1, further comprising at least
      one elongated tubular rod to be associated with the top of said vertical
      tubular rod by means of a coupling means so that the anchoring device is
      extended in the vertical length thereof.
NUM  3.
PAR  3. An anchoring device as claimed in claim 2, wherein said elongated
      tubular rod includes a plurality of additional tubular rods to be coupled
      together corresponding to the depth of said shaft in the ground.
NUM  4.
PAR  4. An anchoring device as claimed in claim 2 wherein said coupling means
      are constituted by male screw threads formed in the uppermost part of said
      vertical tubular rod and female screw threads formed in the lowermost part
      of said elongated tubular rod so as to be engageable with said male screw
      threads of said vertical rod.
NUM  5.
PAR  5. An anchoring device as claimed in claim 1, further comprising a number
      of nozzle openings provided in the lowermost part of said vertical tubular
      rod, said nozzle openings being connected with the central passageway of
      said tubular rod.
NUM  6.
PAR  6. An anchoring device as claimed in claim 1, wherein said cutting arms are
      arranged equiangularly around said vertical tubular rod.
NUM  7.
PAR  7. An anchoring device as claimed in claim 1, wherein said selected acute
      angle is a maximum of seventy-five degrees from said folded state.
NUM  8.
PAR  8. An anchoring device to be settled in a shaft in the ground for use in
      supporting a standing object on the ground, comprising:
PA1  a hollow vertical tubular rod open at its opposite ends along a central
      passageway therethrough;
PA1  a plurality of cutting arms, each comprising a support arm and a fluke
      blade mounted thereon, the lowermost end of each support arm being
      connected with a first lower part of the tubular rod so that said support
      arm is turnable about the connected end in a vertical plane including an
      axis of said tubular rod;
PA1  means for continuously urging said cutting arms to outwardly turn about
      said connected ends of said support arms from a folded state in which
      cutting arms are brought together about said tubular rod with the outer
      ends of said fluke blades above the connected ends of said support arms,
      said urging means comprising a coil spring having upper and lower ends
      mounted on said vertical tubular rod, the upper end of said coil spring
      being stationary with respect to said vertical tubular rod, and an annular
      member slidably mounted on said vertical tubular rod and having upper and
      lower flanges at the opposite ends thereof, said upper flange being
      connected with the lower end of said coil spring;
PA1  means for stationarily securing one end of said urging means on an external
      part of said tubular rod;
PA1  holding means for releasably restraining said cutting arms in the folded
      state, said holding means having a line means to release the restraint of
      said cutting arms above the ground surface; and
PA1  means for limiting the turn of said cutting arms to a selected acute angle
      from said folded state.
NUM  9.
PAR  9. An anchoring device as claimed in claim 8, wherein said limiting means
      comprises a plurality of cross arms, one end of each cross arm being
      pivotably connected to an intermediate part of each said support arm and
      the other end of each cross arm being pivotably connected to said lower
      flange of said annular member.
NUM  10.
PAR  10. An anchoring device to be settled in a shaft in the ground for use in
      supporting a standing object on the ground, comprising:
PA1  a hollow vertical tubular rod open at its opposite ends along a central
      passageway therethrough;
PA1  a plurality of cutting arms, each comprising a support arm and a fluke
      blade mounted thereon, the lowermost end of each support arm being
      connected with a first lower part of the tubular rod so that said support
      arm is turnable about the connected end in a vertical plane including an
      axis of said tubular rod;
PA1  means for continuously urging said cutting arms to outwardly turn about
      said connected ends of said support arms from a folded state in which said
      cutting arms are brought together about said tubular rod with the outer
      ends of said fluke blades above the connected ends of said support arms;
PA1  means for stationarily securing one end of said urging means on an external
      part of said tubular rod;
PA1  holding means for releasably restraining said cutting arms in the folded
      state, said holding means having a line means to release the restraint of
      said cutting arms above the ground surface;
PA1  means for limiting the turn of said cutting arms to a selected acute angle
      from said folded state;
PA1  at least one elongated tubular rod associated with the top of said vertical
      tubular rod by coupling means whereby said anchoring device is extended in
      the vertical length thereof; and
PA1  a second line which is flexible but less elastic than said first named line
      means, said second line means running along said vertical tubular rod and
      said elongated tubular rod, one end of which is connected with a lower
      part of said anchoring device displaceable depending upon the turn of said
      cutting arms, and the other end of which is connected with a weight via a
      roller member rotatably mounted on said elongated tubular rod at a
      position appearing above the ground whereby the turn of said cutting arms
      causes displacement of said weight through vertical running motion of said
      line means.
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PAL  A platform weighing scale in which a reinforced load cell-supported
      platform structure has a framelike reinforcement cooperating with a
      load-receiving deck or platform to define a torsion box frame which
      resists load-induced deflection of the platform between spaced apart load
      cell support points.
PAC  FIELD OF INVENTION
PAR  This invention relates to platform weighing scales and is particularly
      concerned with platform structures which are especially suitably for low
      profile type platform scales.
PAC  BACKGROUND
PAR  Low profile platform scales for weighing relatively heavy loads are
      characterized by having a relatively small overall height as measured from
      the floor or other scale-support surface to the top of the load-receiving
      platform or deck. Scales of this type are especially suitable for weighing
      loads which are carted by such vehicles as tote bins, push carts, dollies,
      fork lift trucks and other usually relatively small motor vehicles.
PAR  Low profile type platform scales normally do not require installation in a
      pit to accommodate load-carrying vehicles and roll-on loads in general
      because the platform is relatively close to the floor surface and can
      easily be accessed by relatively short, gently sloped ramps. Thus, low
      profile type platform scales offer the significant advantage of pitless
      installation. On the other hand, in installations where it is desired to
      locate the platform flush with the floor surface, only a shallow pit is
      needed.
PAR  One of the stuctural features which contribute significantly to the
      floor-to-platform height of prior platform scales is the construction of
      the platform itself. Typically, the platform in prior scales is a
      relatively thick structural deck plate which is reinforced by several
      structural beams on the underside to minimize the deflection or sag of the
      platform under the influence of loads on the platform.
PAR  Load-induced deflection of the platform is objectionable in platform scales
      of the type in which the platform is supported on load cells because the
      deflection of the platform impairs the accuracy of weight measurements.
      When the platform deflects or sags under the influence of an applied load
      the supported corners of the platform curl up to effectively rotate over
      the load cells. As result, the force transferred by the platform to the
      load cell rotates away from a vertical line and out of axial alignment
      with the load cell. This force displacement results in the application of
      a horizontal force component to the load cell to side load the cell. Since
      load cells are usually incapable of measuring the horizontal component and
      since spurious output result from sideloading, the accuracy of the
      weight-indicating output voltage of the cell will be impaired to extent of
      the side loading.
PAR  The customary solution to this problem has been to make the deck plate
      thick enough and/or to make the deck plate reinforcement strong enough to
      minimize the deflection of the platform under the influence of applied
      loads. Such a solution, however, results in platform structures of
      increased height. It therefore is not compatible with the objective sought
      in low profile platform scales, namely the minimization of the height of
      the scale from the support floor to the load-receiving platform surface.
PAR  Another solution to the platform deflection problem is described in U.S.
      Pat. No. 3,587,761 which issued on June 28, 1971 to L. C. Merriam et al.
      This solution however, significantly increases the floor-to-platform
      height of the scale because it requires a special structure to be
      interposed between each load cell and the platform to avoid side loading
      of the cells.
PAR  The foregoing U.S. patent also illustrates a typical platform structure
      having a deck plate and reinforcing beams which are seated on the
      platform-supporting load cells. Other examples of prior weighing scales
      are shown in U.S. Pat. No. 3,103,984 which issued to C. L. Ellis et al on
      Sept. 17, 1963, U.S. Pat. No. 2,962,276 which issued to A. L. Thurston on
      Nov. 29, 1960, U.S. Pat. No. 3,679,011 which issued to I. M. Hawver on
      July 25, 1972 and U.S. Pat. No. 3,565,196 which issued to E. Laimins on
      Feb. 23, 1971.
PAC  SUMMARY & OBJECTS OF INVENTION
PAR  In the novel platform scale of this invention, the load-receiving platform
      structure is reinforced in such a manner that it has an extremely low
      overall height, but yet has a high degree of torsional rigidity to
      effectively resist load-induced deflection and rotation of the platform in
      the regions of the platform-supporting load cells without resorting to
      excessive deck plate thicknesses.
PAR  Accordingly, a major object of this invention is to provide a novel load
      cell platform scale in which the load-receiving platform or deck is
      reinforced in such a manner that it has an extremely low height, but yet
      affords a high degree of torsional rigidity to effectively resist
      load-induced deflection and rotation of the deck in the regions of the
      platform-supporting load cells.
PAR  Another important object of this invention is to provide a novel scale
      platform structure which is suitable for low profile platform scale
      applications and which is reinforced in such a manner to effectively
      resist deflection under the influence of an applied load.
PAR  In the illustrated embodiment of this invention, the foregoing objects are
      achieved by a horizontal framelike reinforcing structure which is
      positioned vertically below the load-receiving deck to underlie border
      regions of the deck and which is rigidly joined to the deck by reinforcing
      structural side members. This reinforcing structure cooperates with the
      deck to define in vertical cross section a torsion box arrangement which
      has a closed perimeter.
PAR  The upper and lower walls of the torsion box are spaced vertically apart
      and are respectively defined by the deck itself and the framelike
      reinforcing structure. The sides of the torsion box arrangement are closed
      by the above mentioned structural side members which are rigidly joined to
      the deck and to the framelike reinforcing structure.
PAR  With the foregoing construction, the internal shear flow developed by an
      applied load will be in opposite directions through the upper and lower
      walls of the closed box arrangement to create a torsion or twisting couple
      which resists load-induced deflection or sagging of the deck. In this way,
      curling and effective rotation of the corners of the deck in the regions
      of the load cells is resisted to minimize rotation of the load-induced
      forces which are transferred through the deck and applied to the load
      cells.
PAR  The maximum height of reinforced platform structure of this invention is
      from the bottom face of the framelike reinforcing structure to the upper
      load-receiving face of the deck. Since the deck and framelike reinforcing
      plate structure need only be spaced slightly apart to provide a torsion
      couple moment of sufficient magnitude, the overall height of the
      reinforced platform structure will be very small. The reinforced platform
      structure of this invention is therefore particularly suitable for low
      profile type platform scales.
PAR  Additionally, the arrangement of the reinforced platform structure with the
      platform-supporting load cells is such that the upper ends of the load
      cell force-receiving elements are each at a level which is higher than the
      lowest surface of the reinforcing structure. With this construction the
      overall height of the combined assembly of the load cells and the
      reinforced platform (as measured from the bottom faces of the load cells
      to the load-receiving deck surface) is less than the sum of the heights of
      the reinforced platform structure and one of the load cells.
PAR  With the foregoing in mind, a more specific object of this invention is to
      provide a novel combined load cell and reinforced load-receiving platform
      assembly wherein the load-receiving platform or deck is reinforced by a
      framelike structure which underlies border regions of the platform and
      which is rigidly joined to the platform by reinforcing structure to
      defined a box-like arrangement in vertical cross section.
PAR  Another more specific object of this invention resides in the provision of
      a combined load cell and reinforced load-receiving platform assembly in
      which a novel reinforcing structure cooperates with the load-receiving
      deck or platform to define a torsion box frame in which torsion or
      twisting couples are developed by an applied load to resist sagging or
      deflection of the reinforced platform between its load cell support
      points.
PAR  Further objects of this invention will appear as the description proceeds
      in connection with the appended claims and below-described drawings.
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PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a top plan view of a low profile type platform weighing scale
      incorporating the principles of this invention;
PAR  FIG. 2 is a side elevation of the platform weighing scale shown in FIG. 1;
PAR  FIG. 3 is a bottom plan view of the platform weighing scale shown in FIG.
      1;
PAR  FIG. 4 is a section taken substantially along lines 4--4 of FIG. 1;
PAR  FIG. 5 is a section taken substantially along lines 5--5 of FIG. 1; and
PAR  FIG. 6 is a section taken substantially along lines 6--6 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings and particularly to FIG. 1-3, a profile platform
      weighing scale incorporating the principles of this invention is generally
      indicated at 20 and comprises a reinforced load-receiving platform
      structure 22 and platform-supporting load cells 24, 25, 26 and 27.
      Platform structure 22 rests upon load cells 24-27 which are located at the
      platform corners. Cells 24-27 may be supported on a scale support floor
      surface 28.
PAR  Platform structure 22 comprises a rectangular load-receiving platform or
      deck 30 and a deck reinforcement which is generally indicated at 31. Deck
      30 is flat-sided and may be formed from structural plates which are welded
      or otherwise rigidly joined together. Although a rectangular deck is shown
      in the embodiment, it will be appreciated that the principles of this
      invention may be employed to reinforce other deck configurations if
      desired.
PAR  One or more unshown ramps may be employed to provide access to deck 30 from
      floor surface 28. Alternatively, scale 20 may be located in a shallow pit
      if it is desired to position the deck's load-receiving surface flush with
      floor surface 28.
PAR  As shown in FIGS. 1 and 3-5, the deck reinforcement comprises of a
      horizontal framelike plate reinforcing structure 32 and a series of
      structural members 33, 34, 35, 36, 37, 38, 39 and 40 which cooperate with
      deck 30 to define a reinforcing torsion box frame 41. In vertical cross
      section box frame 41 forms a rectangular torsion box arrangement 42 (see
      FIGS. 4 and 5) which has a closed perimeter. The framelike reinforcing
      structure 32 may be formed from flat-sided structural plates which are
      welded or otherwise rigidly joined together in the form of a frame of
      rectangular configuration as best shown in FIG. 3.
PAR  Reinforcing structure 32 underlies and is parallel with deck 30. The outer
      side edges of reinforcing structure 32 are essentially parallel with the
      adjacent edges of deck 30 as shown. Structure 32 borders or delimits an
      unobstructed rectangular opening 43 as shown. Additionally, reinforcing
      structure 32 is centered relative to deck 30 and has outer dimensions
      which are somewhat smaller than deck 30 so that it lies completely inboard
      of the deck in spaced relation thereto. With this arrangement, deck 30
      extends uniformly beyond reinforcing structure 32 along both of its sides
      and also uniformly beyond structure 32 along both of its ends.
PAR  As shown, box frame 41 has a framelike rectangular configuration in plan.
      In the vertical plane, the upper and lower parallel spaced apart walls of
      the closed torsion box arrangement 42 are respectively defined by deck 30
      and reinforcing structure 32.
PAR  The sides of the torsion box arrangement are closed by structural members
      33-40 which may be angle irons as shown or some other suitable structural
      configuration. Structural members 33-40 are rigidly joined, as by welding,
      to reinforcing structure 32 and to deck 30 on the underside thereof.
PAR  In the left-hand leg of box frame 41 as viewed from FIG. 1, the sides of
      the torsion box are closed by structural members 33 and 37 (see FIG. 4).
      In the right-hand leg of box frame 41 as viewed from FIG. 1, the sides of
      the torsion box are closed by structural members 34 and 38 (see FIG. 4).
      In one side leg of box frame 41, the sides of the torsion box are closed
      by structural members 35 and 39 as shown in FIG. 5, and in the other side
      leg of box frame 41, the sides of the torsion box are closed by structural
      members 36 and 40 as also shown in FIG. 5.
PAR  Referring back to FIGS. 1 and 3, structural members 33-36 are arranged with
      four load cell corner structures or retainers 46, 47, 48 and 49 to define
      an outer bordering frame 50 of rectangular configuration. Frame 50 extends
      around and is substantially contiguous with the outer edges of reinforcing
      structure 32 to define the outer side wall of box frame 41. Each of the
      retainers 46-49 may be a thick flat sided structural plate in block form.
PAR  As shown in FIG. 3, the ends of structural member 33 are rigidly joined, as
      by welding, to retainers 46 and 47, and the ends of structural member 34
      are rigidly joined, as by welding, to retainers 48 and 49. Similarly, the
      ends of structural member 35 are rigidly joined, as by welding, to
      retainers 47 and 48, and the ends of structural member 36 are rigidly
      joined, as by welding, to retainers 46 and 49. With this construction,
      retainers 46-49 define the corners of frame 50.
PAR  Structural members 37-40 are rigidly joined together, as by welding, to
      form a rigid inner bordering frame 52 of rectangular configuration which
      extends along and is contiguous with the inner edges of reinforcing
      structure 32. Frame 52 defines the inner side wall of box frame 41.
PAR  The assembly of reinforcing structure 32 and members 33-40 reinforces the
      border regions of deck 30. The central region of deck 30, which lies
      vertically above opening 43, may be stiffened by structural members 54, 55
      and 56. Members 54 and 55 extend perpendicularly between member 56 and
      side portions of frame 52. Members 54-56 are welded to the underside of
      deck 30 and are additionally rigidly joined, as by welding, to frame 52.
PAR  Retainers 46-49 are additionally rigidly fixed as by welding to deck 30 on
      the underside thereof and respectively overlie load cells 24-27. In this
      embodiment, retainers 46-49 have downwardly opening wells or holes which
      interfittingly receive and capture the force-receiving buttons of cells
      24-27 respectively as shown, by way of example, in FIG. 6. Thus, in this
      embodiment, load cells 24-27 are confinent against horizontal movement
      relative to deck 30 by retainers 46-49. If desired, the corners of deck 30
      may be noted out to receive retainers 46-49 in such a manner that the
      corners of the rectangular load-receiving deck surface are defined by the
      upper flat surfaces of retainers 46-49.
PAR  With the foregoing construction, platform structure 22 is supported on load
      cells 24-27. Cells 24-27 are positioned inboard and vertically beneath
      deck 30.
PAR  Cells 24-27 may be of any suitable conventional construction. For example,
      they may be of the low-profile pancake type as illustrated. Additionally,
      they may be hydraulic cells or electrical cells. In this embodiment, each
      of the load cells 24-27 is effective to produce a d.c. signal voltage
      whose magnitude is indicative of the load-induced force which is
      transferred through deck 30 and applied vertically to the load cells's
      force-receiving button in alignment with the load cell's longitudinal
      axis.
PAR  If the load applied to deck 30 causes platform structure 22 to deflect or
      sag between the load cell support points, the corners of platform
      structure 22 will curl up to cause the platform to effectively rotate
      about it regions of contact with the force-receiving buttons of the load
      cells. As a result, the force transferred to the load cell will rotate
      away from the load cell's vertical longitudinal axis by an angle which
      corresponds to the slope of the sagging or deflected platform structure.
      The rotated force, which is the true weight indication, will therefore
      have vertical and horizontal force components.
PAR  Conventional load cells of the type described herein are capable of
      measuring only those forces which are in alignment with the load cell's
      longitudinal axis. Therefore, cells 24-27 will each measure only the
      vertical component of the rotated force and not the horizontal force
      component which side loads the cell. Since the magnitude of the vertical
      force component is smaller than that of the rotated resultant force, the
      weight-indicating signal voltage supplied by the load cell will become
      smaller as the deck sags to provide an inaccurate weight measurement.
PAR  With this invention, however, box frame 41 provides platform structure 22
      with a high degree of torsional rigidity to resist and thereby minimize
      load-induced sagging or deflection of platform structure 22 between the
      load cell support points. In this invention, the internal shear flow
      developed by an applied load will be in opposite directions through the
      upper and lower walls of the torsion box frame 41 (as indicated by the
      arrows in FIG. 4) to create a torsion couple in the torsion box. This
      internal torsion couple resists deflection or sagging of platform
      structure 22 under the influence of a load applied to deck 30
      eccentrically of load cells 24-27. In this way effective rotation of the
      platform structure 22 in the regions of load cells 24-27 is resisted to
      minimize the rotation of the load-induced force which is transferred by
      deck 30 to each load cell.
PAR  The vertical spacing between deck 30 and reinforcing structure 32 and the
      thicknesses of deck 30 and structure 32 are not required to be very large
      in order to develop a torsion couple moment of adequate magnitude to
      effectively resist sagging or deflection of platform structure 22. In a
      15,000 pound capacity low profile scale, for example, the vertical spacing
      between deck 30 and reinforcing structure 32 need only be about one inch
      and thickness of the structural plates which form deck 30 and reinforcing
      structure 32 need only be about 1/2 inch to provide platform structure 22
      with enough torsional rigidity to minimize load-induced sagging or
      deflection of the platform.
PAR  Thus, the overall of maximum height of platform structure 22, which is
      measured from the bottom face of reinforcing structure 22 to the top
      load-receiving surface of deck 30 is relatively small. In the example of
      the 15,000 pound capacity scale mentioned above the overall or maximum
      height of platform structure 22 is only approximately 2 inches. The
      magnitude of the torsion couple moment developed in box frame 41 varies
      with the pre-selected vertical distance between deck 30 and reinforcing
      structure 22.
PAR  Additionally, the arrangement of load cells 24-27 with platform structure
      22 is such that the upper end of each load cell is at a level which is
      vertically above the bottom face of reinforcing structure 32. Thus, the
      vertical dimension of each load cell overlaps the vertical height of
      platform structure 22 so that the overall height of the combined assembly
      of cells 24-27 and platform structure 22 (as measured from the bottom
      faces of cells 24-27 to the top load-receiving surface of deck 30) is
      significantly smaller than the sum of the heights of platform structure 22
      and one of the load cells.
PAR  The present invention therefore provides a combined reinforced platform and
      load cell assembly which has a very low overall height for application in
      low profile type platform scales.
PAR  Although the reinforced platform structure of this invention is
      particularly suitable for low profile platform scales, it will be
      appreciated that it may be employed in other types of platform weighing
      scales.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiment is therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A platform weighing scale comprising a multiplicity of load cells and a
      reinforced platform structure supported at spaced apart regions on said
      load cells, said platform structure including a load-receiving deck and
      deck reinforcing means fixed to the underside of said deck and cooperating
      with said deck to define a torsion box frame which resists deflection of
      said platform structure between said spaced apart regions, said torsion
      box frame having a perimeter which is defined by a multiplicity of leg
      portions, and each leg portion having two pairs of walls in which the
      walls of each pair are spaced apart from each other to define a
      quadrangular configuration in vertical cross section.
NUM  2.
PAR  2. The platform weighing scale defined in claim 1 wherein one of the walls
      of one of said pairs of said walls is defined by said deck.
NUM  3.
PAR  3. A platform weighing scale comprising a series of load cells and a
      reinforced platform structure supported at spaced apart points on said
      load cells, said reinforced platform structure including a horizontal
      load-receiving deck and structural reinforcing means rigidly joined to
      said deck on the underside thereof and cooperating with border regions of
      said deck to define a torsion box frame which has a boxlike configuration
      in vertical cross section, said boxlike configuration having a closed
      perimeter and being delimited by vertically spaced apart upper and lower
      walls which are respectively defined by said deck and a horizontal
      framelike portion of said structural reinforcing means, the internal shear
      flow developed in said box frame by application of a load to said deck
      being in opposite directions through said upper and lower walls
      respectively to provide a torsion couple which resists deflection of said
      platform structure between said spaced apart points.
NUM  4.
PAR  4. The platform weighing scale defined in claim 3 wherein the lowest
      surface of said reinforcing means is defined by the bottom face of said
      framelike portion.
NUM  5.
PAR  5. The platform weighing scale defined in claim 3 wherein the lowest
      surface of said reinforcing means is defined by the bottom face of said
      framelike portion, and wherein the upper load-receiving ends of said load
      cells are each at a level which is higher than said lowest surface.
NUM  6.
PAR  6. The platform weighing scale defined in claim 5 wherein outer corners of
      said box frame are delimited by load cells retainers, each of said
      retainers being seated on the load-receiving element of one of said load
      cells to provide for the transfer of load-induced forces from said deck to
      said load cells.
NUM  7.
PAR  7. The platform weighing scale defined in claim 3 wherein said box frame
      has inner and outer side walls, wherein said framelike portion is a
      horizontal rectangular plate structure having a central rectangular
      opening underlying the central region of said deck, and wherein said
      structural reinforcing means further includes inner and outer structural
      bordering frames rigidly joined to said plate structure and to said deck
      and respectively defining said inner and outer side walls.
NUM  8.
PAR  8. The platform weighing scale defined in claim 7 wherein said inner and
      outer bordering frames are rectangular, and wherein the corners of said
      outer bordering frame are defined by corner structures, each corner
      structure being positioned over and seated on the force-receiving element
      of one of said load cells to provide for the transfer of load-induced
      forces from said deck to said load cells.
NUM  9.
PAR  9. The platform weighing scale defined in claim 8 wherein upper ends of the
      load-receiving elements are each at a level which is higher than the
      bottom face of said plate structure, and wherein the bottom face of said
      plate structure is the lowest surface of said reinforced platform
      structure.
NUM  10.
PAR  10. A platform weighing scale comprising a series of load cells and a
      reinforced platform structure supported on said load cells, said
      reinforced platform structure including a horizontal load-receiving deck,
      a horizontal reinforcing frame-like structure spaced vertically below said
      deck by a preselected distance, and reinforcing structural means located
      on the underside of said deck and rigidly joined to said deck and said
      framelike structure, said framelike structure cooperating with said
      structural means and border regions of said deck to define a boxlike
      arrangement in vertical cross section, said boxlike arrangement having a
      closed perimeter and being delimited by upper and lower vertically spaced
      apart walls which are joined by spaced apart side walls and which are
      respectively defined by said deck and said framelike structure, the
      internal shear flow developed by application of a load to said deck being
      in opposite directions through said upper and lower walls to resist
      load-induced deflection of said platform structure between the regions
      where it is supported on said load cells.
NUM  11.
PAR  11. The platform weighing scale defined in claim 10 wherein said structural
      means comprises inner and outer bordering frames which respectively define
      said side walls.
NUM  12.
PAR  12. The platform weighing scale defined in claim 11 wherein corners of said
      outer bordering frame are defined by structures which are fixed to said
      deck and which are seated one on each of the force-receiving elements of
      said load cells to provide for the transfer of load-induced forces from
      said deck to said load cells.
NUM  13.
PAR  13. The platform weighing scale defined in claim 12 wherein the lowest
      surface of said reinforced platform structure is defined by the bottom
      face of said framelike structure, and wherein the upper end of the
      force-receiving element of each load cell is at a level which is higher
      than said lowest surface.
NUM  14.
PAR  14. The platform weighing scale defined in claim 10 wherein the lowest
      surface of said reinforced platform structure is defined by the bottom
      face of said framelike structure.
NUM  15.
PAR  15. The platform weighing scale defined in claim 14 wherein the upper end
      of the load-receiving element of each load cell is at a level which is
      higher than said lowest surface.
NUM  16.
PAR  16. The platform weighing scale defined in claim 14 wherein said framelike
      structure is formed from at least one structural plate and defines an
      opening which underlies the central region of said deck.
NUM  17.
PAR  17. The platform weighing scale defined in claim 16 wherein said framelike
      structure, said deck and said opening are each rectangular in shape, and
      wherein said opening is unobstructed.
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ABST
PAL  A vehicle scale is disclosed having a weighbridge supported on a bed. It is
      characterized in that three load cells for sensing both upward and
      downward forces relative to the weighbridge at their opposite ends are
      secured between the weighbridge and the bed in such a manner that straight
      lines drawn from each load cell to each of the two remaining define a
      triangular surface whereby the weighbridge is able, together with the load
      cells, to respond not only to weight but also to the overturning moments
      which arise when the weight resultant of a vehicle standing on the
      weighbridge in order to be weighed lies outside the triangular surface.
BSUM
PAR  The present invention concerns a vehicle scale of a type which has a load
      carrying weighbridge supported on a bed and upon which the vehicle to be
      weighed can be wholly or partly driven.
PAR  In order to ensure the necessary weighting accuracy the known scales of
      this type are provided with a rigid bed which, on account of the very
      great weights and dimensions of the vehicles, is often so bulky that it
      usually takes the form of a concrete construction hidden in a pit in the
      ground. A number of sensing means for compressive forces, e.g. in the form
      of compressive force sensing load cells, are then arranged between the bed
      and the weighbridge, with the help of which the weights of the vehicles
      can be determined.
PAR  There are many disadvantages with the known vehicle scales of this kind,
      and the demand for rigidity, resulting in the volume and weight of the bed
      being large and expensive, has proved to be especially troublesome.
      Furthermore, the known constructions also require an unnecessarily great
      number of load sensing means which results in even more increases in the
      cost of the construction. The different disadvantages combined have
      therefore resulted in the fact that, in general, vehicle scales of the
      type in question have been erected as stationary constructions. This
      development has been very unfavourable since the outcome has been that the
      desired weighings have not been able to take place where it has been most
      suitable but it has been necessary to visit weighing stations lying in
      remote areas in order that weighing can take place.
PAR  The main object of the present invention is to dispose of the necessity of
      large and expensive beds for weighing bridges and to provide instead a
      vehicle scale of the type mentioned in the above introduction which does
      not call for a stationary installation but is transportable and able to be
      erected on practically any kind of ground surface which is moderately
      level and which has sufficient carrying capacity for the purpose. Despite
      the fact that the bed does not need to be rigid from the distortion point
      of view or extensive in dimension, the scale, according to the invention,
      shall also be able to offer weighing results which are sufficiently
      accurate for the purpose.
PAR  For this purpose a vehicle scale according to the invention and having a
      load carrying weighbridge supported on a bed is chiefly characterized in
      that three load cells for sensing both upward and downward forces relative
      to the weighbridge at their opposite ends are secured between the
      weighbridge and the bed in such a manner that straight lines drawn from
      each one to the other two define a triangular surface whereby the
      weighbridge is able, together with the load cells, to respond not only to
      weight but also to the overturning moments which arise when the weight
      resultant of a vehicle standing on the weighbridge in order to be weighed
      lies outside the triangular surface. As a result the loading conditions of
      the scale are statically determined despite however much the load carrying
      bed of the weighbridge distorts itself on poor ground.
PAR  In order not to be sensitive to interference and easily read with simple
      and reliable instruments, the load cells, in a specially advantageous
      embodiment of the scale according to the invention, are transverse force
      sensing and are of the load beam type. They are also preferably secured
      with their geometrical axes parallel to the plane of the weighbridge. The
      bed itself can preferably consist of a frame surrounding the weighbridge.
PAR  The following is a closer description of the invention with reference to
      the drawings enclosed showing an embodiment thereof.
DRWD
PAR  FIG. 1 is a schematic view in perspective of a suitable embodiment of a
      vehicle scale according to the invention which, in order to be more easily
      understood, is shown partly broken away in the region of a load cell
      secured therein, while
PAR  FIGS. 2 and 3 are sections along line 2--2 in FIG. 1 and line 3--3 in FIG.
      2, respectively, of this scale.
DETD
PAR  As can be seen from the drawings, the shown embodiment of a vehicle scale
      according to the invention consists of a weighbridge 1 which is supported
      by a bed 4. The weighbridge as well as the bed both mainly consist of a
      frame which is welded together of box girders 5 and 6,7, respectively,
      with rectangular cross sections. The bed surrounds the weighbridge and the
      top surface of the bed lies on a level with a platform consisting for
      example of box girders 8 which are placed in the frame of the weighbridge
      and form the surface of the bridge carrying the load or vehicle.
PAR  The bed 4, according to the invention, does not need to have any high
      degree of torsional resistance and when the scale is in use, it can
      therefore together with its weighbridge 1 be placed on any suitable ground
      surface which has sufficient carrying capacity for the purpose, is
      moderately level and does not slope too much. In order to facilitate the
      driving of the vehicle to be weighted up on and down off the weighbridge
      1, shingle or gravel 9 can be placed at a suitable height around the outer
      sides of the bed 4, which is specially illustrated on FIG. 2.
PAR  To support the weighbridge 1 in the bed 4, three load cells 10, for the
      sensing of both upward and downward forces relative to the weighbridge,
      are each at their opposite ends secured between the bridge and the bed
      bridging a gap 11 between the two. As illustrated by the dash-dotted lines
      12 in FIG. 1, the load cells 10 are so arranged that straight lines drawn
      from each cell to the remaining two define a triangular surface. Through
      this arrangement the weighbridge is always loaded in a statically
      determined manner whether the bed is subjected to torsion or not, and is
      at the same time, with the help of the load cells, able to record not only
      weight but also overturning moments which arise when the weight resultant
      of a vehicle, which for weighting is wholly or partly driven up on to the
      weighbridge, lies outside the triangular surface defined by the above-said
      straight lines.
PAR  The load cells 10 in the shown embodiment of the invention are transverse
      force sensing and are of the load beam type. They are preferably
      constructed in a conventional manner with wire strain gauges serving as
      transducers, and said gauges are intended as usual to be coupled to
      suitable electronic read-out devices for registering weighings.
PAR  In the shown embodiment of the invention, the load cells 10 are cylindrical
      and secured with their geometrical axes parallel to the plane of the
      weighbridge 1. At one end the cells are inserted into sockets 13 in the
      weighbridge 1, which sockets extend through the box girders 5 forming the
      frame and are welded to these, while the opposite ends of the cells which
      protrude from the bridge extend into a space 14 between the upright legs
      of U-shaped brackets 15 secured to the side of the frame girders 6 of the
      bed 4 facing the weighbridge, in which space they are retained with the
      help of clamps 16 which, for example by means of bolts, are fastened to
      the top ends of said legs and bridge the space 14, and thus the distance
      between the legs. The ends of the load cells 10, extending into the spaces
      14, rest against blocks 17 arranged in the bottoms of the spaces 14 by
      means of pressure transferring knobs 18 provided on said ends, the
      surfaces of said knobs contacting the cooperating blocks 17 being
      spherically formed for obvious reasons. The blocks 17 are held in place in
      the brackets 15 by insertion of their lower ends into recesses formed in
      the part of said brackets which is situated between the upright legs.
PAR  The invention is not limited to the embodiment described above and shown on
      the drawings but can be modified in many other ways within the scope of
      the claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Vehicle scale having a weighbridge supported on a bed, characterized in
      that three load cells for sensing both upward and downward forces relative
      to the weighbridge are at their opposite ends secured between the
      weighbridge and the bed in such a manner that straight lines drawn from
      each load cell to each of the two remaining, define a triangular surface
      whereby the weighbridge is able, together with the load cells, to respond
      not only to weight but also to the overturning moments which arise when
      the weight resultant of a vehicle standing on the weighbridge in order to
      be weighed lies outside the triangular surface.
NUM  2.
PAR  2. Vehicle scale as claimed in claim 1, characterized in that the load
      cells are transverse force sensing cells and are of the load beam type.
NUM  3.
PAR  3. Vehicle scale as claimed in claim 2, characterized in that the load
      cells are secured with their geometrical axes parallel to the plane of the
      weighbridge.
NUM  4.
PAR  4. Vehicle scale as claimed in claim 3 characterized in that the bed
      consists of a frame surrounding the weighbridge.
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ABST
PAL  A wheeled vehicle includes a wheel carrying axle upon which the weight of
      the vehicle and its load is carried through the intermediary of a spring.
      The spring is coupled to the axle by means of a mounting unit which
      includes a pair of spaced mounting plates and also a pair of spaced
      supporting plates which are disposed in spaced relationship relative to
      the mounting plates. Interposed between the support plates and mounting
      plates are sensing elements and the support plates and mounting plates are
      clamped together by means of bolts. The upper sensing elements are
      subjected to the clamping force together with the weight of the vehicle
      and its load, whilst the lower sensing elements are only subjected to the
      clamping force. The sensing elements are connected into a bridge circuit.
BSUM
PAR  This invention relates to a wheeled vehicle of the kind including a wheel
      carrying axle, the load carrying portion of the vehicle being carried by
      resilient or non-resilient supports which are clamped to the axle and
      there being interposed between the supports and the axle, force sensing
      elements operable to provide an electrical signal indicative of the load
      transmitted to the axle by the supports.
PAR  With the above arrangement, each element is subjected to the force arising
      due to the weight of the load carrying portion of the vehicle and its
      load, as well as the clamping force required to clamp the support to the
      axle. This latter force is substantial, and as a result the sensitivity of
      the sensing element to variations in the load carried by the load carrying
      portion of the vehicle is reduced.
PAR  The object of the invention is to provide a wheeled vehicle of the kind
      specified in a simple and convenient form.
PAR  According to the invention, in a vehicle of the kind specified there is
      provided in association with each support, a further force sensing element
      which is positioned so as to be subjected only to the clamping force
      clamping the support to the axle, the first mentioned element and the
      further element being electrically connected so that the resultant signal
      is dependent only upon the force transmitted to the axle by the support.
DRWD
PAR  Examples of wheeled vehicles in accordance with the invention will now be
      described with reference to the accompanying drawings which show a portion
      only of the vehicle, and in which;
PAR  FIG. 1 is a sectional side elevation taken through the vehicle axle of one
      example,
PAR  FIG. 2 shows a modification of the example shown in FIG. 2, the view being
      taken at right angles to that of FIG. 1,
PAR  FIG. 3 shows an electrical circuit diagram,
PAR  FIG. 4 is a plan view taken on the line 4--4 of FIG. 1, and
PAR  FIGS. 5-8 inclusive are views similar to FIG. 1 showing modifications.
DETD
PAR  Referring to FIG. 1 of the drawings, there is provided a multi-leaf vehicle
      spring 10 of conventional construction, and in addition an axle 11 having
      a hollow rectangular section. Upper and lower mounting plates 12, 13 are
      provided for engagement with the axle, and these are recessed in known
      manner to locate upon the axle. Also provided are substantially flat
      spacing plates 14, 15.
PAR  There is additionally provided a pair of U bolts 16, 17 the limbs of which
      extend through suitably positioned apertures in the spacing plates and
      mounting plates. The U bolts extend over the spring 10 and the free ends
      thereof are threaded and receive clamping nuts 18. Surrounding the limbs
      of the U bolts and interposed between the spacing plates and the mounting
      plates are sensing elements which are of annular form. The elements are
      referenced A, B, C, D, E, F, G and H. Each sensing element is provided
      with a resistive element, and the resistive elements are connected as seen
      in FIG. 3, in a bridge circuit. The resistive elements of the sensing
      elements between the spacing plate 14 and the mounting plate 12 and which
      are subjected to the load carried by the vehicle, the weight of the
      vehicle and the clamping force on the spring 10 are connected in opposite
      arms of the bridge circuit to the resistive elements of the sensing
      elements which are disposed between the spacing plate 15 and the mounting
      plate 13, the latter sensing elements only being subjected to the clamping
      force of the spring. As is the usual practice, the bridge circuit has a
      pair of electrical input terminals 19 which in use, are connected to a
      source of electric supply not shown and a pair of output terminals 20,
      which in use, are connected to an indicating instrument.
PAR  In the arrangement which is shown in FIG. 2, the U bolts 22 extend only so
      far as the upper spacer plate 21, and the latter together with the
      mounting plates and the lower spacer plate are connected by means of
      conventional bolts 23. In this arrangement therefore, the clamping force
      required to clamp the spring is not sensed by any one of the sensing
      elements. Nevertheless, the same arrangement of sensing element is used as
      in the example of FIG. 1 since it is obviously necessary to create a
      clamping force using the bolts 23 to secure the spring to the axle. The
      resistive elements of the sensing elements are connected in a bridge
      circuit in the same manner as with the example of FIG. 1.
PAR  Referring now to FIG. 5, the basic construction is identical to that of
      FIG. 1 with the exception that the sensing elements are now replaced by a
      pair of sensing rings 24, 25, these being disposed within annular recesses
      formed in the adjacent faces of the upper spacing plate and upper mounting
      plate and the lower spacing plate and the lower mounting plate. The
      sensing rings 24, 25 are provided with a plurality of resistive elements
      which are connected in a bridge circuit.
PAR  The arrangement shown in FIG. 6 eliminates the spacing plates and in this
      example, the sensing rings 24, 25 are disposed between the mounting plates
      and the axle. Annular recesses are formed in the axis to partially locate
      the sensing rings.
PAR  The arrangement shown in FIG. 7 is a modification of the arrangement shown
      in FIG. 5 and employs the same technique as the example shown in FIG. 2.
      That is to say that the clamping force required to clamp the spring is not
      applied through the sensing rings.
PAR  The arrangement shown in FIG. 8 is similar to the arrangement shown in FIG.
      6, but again in this example, the same technique as that used in the
      example of FIG. 2 is applied.
CLMS
STM  We claim:
NUM  1.
PAR  1. A wheeled vehicle of the kind including a wheel carrying axle, the load
      carrying portion of the vehicle being carried by supports which are
      clamped to the axle and there being interposed between the supports and
      the axle, annular force sensing elements operable to provide an electrical
      signal indicative of the load transmitted to the axle by the supports
      including the clamping force clamping the support to the axle, the vehicle
      including in association with each support a further annular force sensing
      element which is positioned so as to be subjected only to the clamping
      force clamping the support to the axle, the first mentioned element and
      the further element being electrically connected so that the resultant
      signal is independent of the clamping force and is dependent only upon the
      force transmitted to the axle by the support with the clamping force
      having been cancelled out electrically.
NUM  2.
PAR  2. A vehicle as claimed in claim 1 in which each support includes a pair of
      mounting plates which are disposed above and below the axle, said mounting
      plates being shaped to engage and locate on the axle, a pair of spacer
      plates disposed adjacent the mounting plates respectively, said force
      sensing elements being disposed between the spacer plates and mounting
      plates, and means clamping the spacer plates and mounting plates together
      to secure the mounting plates on the axle, said sensing elements being
      subjected to the clamping force, one of the sensing elements also being
      subjected to part of the weight of the load carried by the vehicle and to
      part of the weight of the vehicle.
NUM  3.
PAR  3. A vehicle as claimed in claim 2 in which the clamping of the plates is
      achieved by bolts extending through apertures in the plates.
NUM  4.
PAR  4. A vehicle as claimed in claim 3 in which said sensing elements are of
      annular form and one such element surrounds each bolt.
NUM  5.
PAR  5. A vehicle as claimed in claim 4 in which a leaf spring forming part of
      the vehicle suspension system is clamped to the upper spacer plate.
NUM  6.
PAR  6. A vehicle as claimed in claim 5 in which said bolts are extended over
      the spring in order to clamp the spring to the upper spacer plate.
NUM  7.
PAR  7. A vehicle as claimed in claim 5 in which additional bolts are provided
      to clamp the spring to the upper spacer plate.
NUM  8.
PAR  8. A vehicle as claimed in claim 3 in which said sensing elements are of
      annular form and are located within recesses defined in the adjacent faces
      of the mounting plates and support plates.
NUM  9.
PAR  9. A vehicle as claimed in claim 8 in which a leaf spring forming part of
      the vehicle suspension system is clamped to the upper spacer plate.
NUM  10.
PAR  10. A vehicle as claimed in claim 9 in which said bolts are extended over
      the spring in order to clamp the spring to the upper spacer plate.
NUM  11.
PAR  11. A vehicle as claimed in claim 9 in which additional bolts are provided
      to clamp the spring to the upper spacer plate.
NUM  12.
PAR  12. A vehicle as claimed in claim 1 in which each support includes a pair
      of mounting plates which are disposed above and below the axle, said
      mounting plates being shaped to engage and locate on the axle, the upper
      and lower faces of the axle and the adjacent faces of the mounting plates
      defining recesses in which are disposed sensing elements respectively and
      means clamping the mounting plates together to secure the mounting plates
      to the axle, said sensing elements being subjected to the clamping force,
      one of said sensing elements also being subjected to part of the weight of
      the load carried by the vehicle and to part of the weight of the vehicle.
NUM  13.
PAR  13. A vehicle as claimed in claim 12 in which the clamping of the plates is
      achieved by bolts which extend through apertures in the plates.
NUM  14.
PAR  14. A vehicle as claimed in claim 13 in which said bolts are extended
      around a spring forming part of the vehicle suspension system.
NUM  15.
PAR  15. A vehicle as claimed in claim 13 including additional bolts which serve
      to clamp the upper mounting plate to a spring forming part of the vehicle
      suspension system.
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ABST
PAL  A safety device particularly for motorcycle instructors having a rear seat
      braking control that can be operated independently of the main foot lever
      type motorcycle brake. In addition, a motor cut-off switch can be employed
      to operate simultaneously with the use of the auxiliary motorcycle brake
      in order to de-activate the motorcycle engine, and assist in the braking
      of the motorcycle. The auxiliary brake can be mounted on any motorcycle
      currently being manufactured and sold. The safety device takes a further
      form in which the instructor can steer, accelerate, and shift the
      motorcycle as well as braking and de-activating the engine.
PARN
PAR  This application is a continuation-in-part of my co-pending application
      Ser. No. 382,493, filed July 25, 1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Although dual control motor vehicles for driving instruction are well
      known, there is no safety device in existence for use by instructors
      teaching motorcycle operation.
PAR  With the great upsurge in the popularity of motorcycles, it becomes
      increasingly important to provide safety controls for the motorcycle
      instructor so that the instructor can ride in the seat behind the student
      motorcycle operator and be able to stop the motorcycle promptly in the
      event of an emergency.
PAR  It is desirable not only to brake the motorcycle in a potentially dangerous
      situation but also to be able to deactivate the motor and prevent the
      cycle from being under power after it is brought to a stop.
PAR  It is an object of the present invention to provide a safety auxiliary
      brake and motor control for a motorcycle which can be easily mounted on
      any standard motorcycle.
PAR  Another object of the present invention is to provide a detachable
      auxiliary brake control which has relatively few parts, yet effectively
      brakes the motorcycle when the same is foot-operated by the driving
      instructor.
PAR  A further object of the present invention is to provide a switch which is
      operated when the auxiliary brake pedal is depressed a given amount, the
      switch being capable of being reset only manually.
PAR  Another object of the present invention is to provide an adjustment means
      on the auxiliary brake cable for altering the braking response of the
      device.
PAR  A further object of the present invention is to provide a complete dual
      control motorcycle for instruction purposes in which the instructor cannot
      only brake the motorcycle and make the engine inoperative but may also
      steer, shift, and accelerate the vehicle.
PAR  Still another object of the present invention is to provide a separate seat
      for the motorcycle instructor that is elevated to an extent whereby the
      instructor's visibility is not impaired or prevented by the student seated
      forward of the instructor.
PAR  Another object of the present invention is to provide dual handlebars
      operatively connected to a common steering mechanism in which the motion
      transmitting means between the handlebars are elongated connecting rods
      that can be adjusted as to their effective length.
DRWD
PAR  The invention will now be more fully described with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a partial side elevational view of a motorcycle with the safety
      auxiliary braking device mounted thereon to the rear of the conventional
      motorcycle operator's brake;
PAR  FIG. 2 is a partial perspective view of the motorcycle brake having both
      the standard motorcycle brake cable and auxiliary brake cable;
PAR  FIG. 3 is a perspective view of the safety auxiliary brake assembly for a
      motorcycle constructed in accordance with the teachings of the present
      invention;
PAR  FIG. 4 is a side elevational view of the structure shown in FIG. 3;
PAR  FIG. 5 is an enlarged top plan view of the safety auxiliary brake assembly
      for a motorcycle shown in FIG. 4;
PAR  FIG. 6 is a perspective view of an alternative construction showing some of
      the essential elements of the auxiliary operating and control devices for
      an instructional motorcycle; and
PAR  FIG. 7 is a perspective view, on enlarged scale, of the clutch arrangement
      and associated structure constructed in accordance with the teachings of
      the alternative embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring to FIG. 1, a motorcycle, referred to generally by the numeral 10,
      is shown having a frame 12 and a rear wheel 14. A braking disc 16 is
      illustrated as mounted on the axle 18 of the rear wheel 14.
PAR  It will be noted that a standard motorcycle operator's brake pedal 20 is
      shown pivotally mounted at 22 to the frame 12. The pedal 20 is normally
      maintained in an inoperative position by means of a return spring 24. The
      pedal 20 is provided with an upstanding plate 26 having a hole 28 through
      which the main flexible brake cable 30 passes, having a headed end 32. The
      other end of brake cable 30, as seen in FIG. 2, is provided with a fitting
      34 which is pinned at 36 to the U-shaped brake actuator member 38.
PAR  Referring now to the inventive embodiment, a triangular-shaped mounting
      plate 40 is shown secured to the motorcycle frame 12 in any suitable
      manner. An auxiliary brake pedal 42 is swingably mounted on the plate 40
      by means of a pivot 44. A spring 46 bears lightly on the end 48 of the
      auxiliary brake assembly remote from the pedal 42 in order to gently force
      the pedal 42 upwardly and thereby maintain the latter in an inoperative
      position when not in use. The auxiliary pedal 42 is provided with an
      upstanding plate 50 and a reinforcing web 52. The plate 50 is provided
      with an opening 54 through which a normally slack, flexible auxiliary
      cable 56 passes. The end of the cable 56 adjacent to the plate 50 is
      provided with a headed member 58. Referring to FIG. 2, it will be noted
      that the other end of auxiliary brake cable 56 is provided with a locking
      cylinder 60 having a set screw 62 for selectively tightening or loosening
      the auxiliary cable 56.
PAR  A foot rest 63 is pivotally attached to the rear of the mounting plate 40,
      and as seen in FIG. 4, may be kicked upwards and out of the way when the
      motorcycle 10 is not being used.
PAR  As seen in FIGS. 4 and 5, a toggle switch 64 is shown which is operated by
      the undersurface of the auxiliary foot pedal 42 when the pedal is
      depressed a predetermined distance. The switch 64 is connected to the
      motor ignition in a manner well known in the art, and cuts off the
      ignition when depressed thereby rendering the motor inoperative,
      preventing an accidental start-up of the motorcycle engine after the
      machine has been braked by the auxiliary brake pedal 42. The switch 64
      will remain inoperative and must be manually reset. It should be apparent
      that although the use of an engine cut-off switch such as described
      hereinabove is desirable, it is not absolutely necessary to have the
      switch with the present novel auxiliary braking device.
PAR  Referring to FIG. 6, a construction is illustrated embodying the principles
      of the present invention in which a steering mechanism is shown and
      referred to generally by the numeral 100 having interconnected front and
      rear handlebars 105 and 105a, respectively, mounted on a frame 101. The
      front handlebars 105 are mounted by a pivot 104 on the frame 101. A front
      bracket 103 is welded or otherwise secured to the forks of the steering
      mechanism 100. A rear bracket 102 is also welded to the frame 101 and is
      provided with pivots 104 to which the handlebar assembly 105 is mounted.
      The rear handlebars 105 are connected to the steering mechanism 100 by
      means of a pair of elongated connecting rods 108 that are adjustable in
      length and are provided with ball swivel joints 107 at the ends thereof.
      The rear handlebar 105a is further provided with a reinforcing brace 106.
      Both the handlebars 105 and 105a additionally mount a clutch lever 109, a
      horn button 110, a signal light actuating button 111, a starter button
      112, and a control button 113 for the motorcycle lights, as well as an
      ignition cut-off switch button 116.
PAR  The throttle grip 114 is of the standard type and front brakes for the
      vehicle are controlled by hand levers 115 on both the front and rear
      handlebars. A clutch cable 117 is shown secured to the left hand handlebar
      grip of each handlebar while the brake cable 118 is affixed to the right
      hand handlebar grip of each handlebar.
PAR  Located to the rear of the motorcycle frame 101 is a seat bracket 120 to
      which is secured a separate instructor's seat 119 that is positioned at a
      higher elevation than the operator's seat. This elevated seat permits the
      instructor to observe the road ahead of the motorcycle without having his
      vision blocked by the student seated ahead of him.
PAR  As seen in FIG. 7, the clutch cables 117 pass into a clutch housing 130,
      and either of these cables operates the clutch (not shown) mounted in the
      housing 130. The reference numeral 131 shows the operator's shift lever
      and rod while the reference numeral 132 illustrates the additional shift,
      or the instructor's shift lever, which is interconnected to the operator's
      shift lever as well as the clutch itself through adjustable rods 138. The
      additional bracket 133 is secured to the part 135 of the frame 101. The
      shift foot levers 134 are pivoted about pivot points 137 when it is
      desired to upshift or downshift the motorcycle engine. Furthermore, foot
      rests 136 are fixed to additional brackets 133 and 133a that are rigidly
      connected to the motorcycle frame 101. In the usual manner, either of the
      clutch levers 109 are squeezed in order to engage the clutch when it is
      desired to shift, and either of the foot levers 134 are engaged by the
      foot of the operator or instructor in order to perform the desired
      shifting of the motorcycle engine.
PAR  The safety feature of the auxiliary braking device for motorcycles
      described above should be apparent and motorcycle instructors will now
      have the same measure of control over the motorcycle when instructing
      novice operators that automobile driving instructors have over their dual
      control automobiles when they are engaging in the teaching of new drivers
      in the techniques of driving. It will be noted from observing FIG. 6 that
      the instructor has full control of the motorcycle when teaching the
      student the fundamentals of operating the same, including the ability to
      steer the vehicle independent of the student, and to shift as well as to
      apply the brakes to the vehicle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a braking system and a motor control for a motorcycle having a main
      pedal operated brake assembly including a main brake cable or rod
      operatively connected to a rear wheel braking device; the invention
      comprising a combination auxiliary safety brake and a motor control
      device, said auxiliary safety brake including an auxiliary brake pedal
      mounted rearward of the main brake pedal and adapted to be operated by a
      rider sitting behind the motorcycle operator, an auxiliary brake cable
      having normally more slack than said main brake cable and being responsive
      to the movement of said auxiliary brake pedal and additionally operatively
      connected to said rear wheel braking device but being arranged to be
      inoperative when said main brake pedal is actuated and being operative
      when the rider presses down on the auxiliary brake pedal to pull the
      auxiliary brake cable thereby braking the motorcycle independently of the
      operation of the main brake pedal, means for adjusting the looseness of
      said auxiliary brake cable, and a resettable ignition switch for the
      motorcycle engine being mounted in the path of movement of said auxiliary
      brake pedal and capable of being reset only manually, said auxiliary brake
      pedal being so mounted and constructed to operate the switch and render
      said engine inoperative after the auxiliary brake pedal is pressed down a
      predetermined distance thereby stopping the operation of the engine.
NUM  2.
PAR  2. The invention as claimed in claim 1 wherein said ignition switch is a
      toggle switch.
NUM  3.
PAR  3. The invention as claimed in claim 1 wherein said auxiliary pedal is
      pivotally mounted to the motorcycle.
NUM  4.
PAR  4. The invention as claimed in claim 3 further comprising a mounting plate
      for said auxiliary brake pedal, a spring on said mounting plate for
      retaining the auxiliary brake pedal in a normal position in which the
      auxiliary brake cable is not pulled, the auxiliary brake pedal being
      pivotable downwardly against the force of said spring to thereby pull said
      auxiliary brake cable and brake said rear wheel.
NUM  5.
PAR  5. The invention as caimed in claim 1 further comprising a brake actuator
      member operatively connected to said rear wheel braking device, and both
      said main brake cable and auxiliary brake cable being connected to the
      brake actuator member.
NUM  6.
PAR  6. In a dual control system for a motorcycle having a steering mechanism, a
      front handlebar, a main brake assembly including a main brake means
      operatively connected to a rear wheel braking device, the invention
      comprising a rear handlebar, motion transmitting means permanently and
      operatively connecting the rear and front handlebars, an auxiliary safety
      brake including an auxiliary brake means and adapted to be operated by an
      instructor sitting behind the motorcycle operator, an auxiliary brake
      cable responsive to the movement of said auxiliary brake means and
      additionally operatively connected to said rear wheel braking device but
      being arranged to be inoperative when said main brake means is actuated
      and being operative when the instructor applies a force to the auxiliary
      brake means to cause movement of the auxiliary brake cable thereby braking
      the motorcycle independently of the operation of the main brake means,
      separate ignition cut-off switches operative by either operator or
      instructor to render the motor inoperative, an operator's seat and an
      additional rear seat, and means mounting said rear seat at an elevation
      sufficiently above the plane of said operator's seat to afford the
      instructor better visibility of the road ahead.
NUM  7.
PAR  7. The dual control system for a motorcycle as claimed in claim 6 wherein
      said motion transmitting means are a pair of elongated connecting rods,
      said rods being provided with means for changing the effective length
      thereof.
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ABST
PAL  The disclosure relates to a control system for hydraulic pumps driven by
      the engine of a vehicle or the like and used for operating an auxiliary
      mechanism such as a vehicle mounted implement, a power steering system or
      the like. The disclosed system includes means for interrupting the flow of
      operating fluid to the pump during periods of time when the output of the
      pump is not required. With the pump inlet closed, all of the hydraulic
      fluid on the suction side is immediately pumped out the pump discharge,
      leaving only a small amount of residual oil on the surface of the working
      parts to provide lubrication. A valve is provided to prevent fluid from
      returning to the pump because of downstream pressure in the circuit.
      Control means, utilizing pressure downstream from the pump, for operating
      the valve in the inlet of the pump are disclosed.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a hydraulic control system for fixed displacement
      hydraulic pumps and valve means for removing the pump from a hydraulic
      circuit when not required. More particularly, the invention provides for
      the interruption of the supply of hydraulic operating fluid to the pump so
      that when the pump is not required for the operation of auxiliary
      equipment, the pump runs in the absence of fluid, thereby consuming very
      little power and operating with minimal noise.
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  Examples of applications of the invention are found in hydraulically
      operated implement systems for earth moving equipment, in hydraulic
      systems for hydraulically operated dump truck mounted dumping mechanisms,
      packing mechanisms in refuse collection equipment and in auxiliary
      hydraulic systems for power steering units, brake systems and the like.
PAR  The invention provides a solution to the problems of noise and power loss
      in equipment of the kind described above. In such equipment it is
      customary and desirable practice that the hydraulic pumps for operating
      auxiliary equipment be driven by the same engine which provides the motive
      power for the vehicle. In many of the applications for such equipment,
      ample power is available for the hydraulic pump, because the requirements
      for use of the pump usually don't coincide with the requirements on the
      engine for driving the vehicle from place to place.
PAR  At typical vehicle running speeds however, unless means are provided for
      disengaging the pump from the engine, considerable engine horsepower is
      used by the pump in circulating hydraulic fluid through the hydraulic
      system. This wastes power and hence fuel and is a significant source of
      hydraulic noise since the noise level in hydraulic systems increases
      directly with pump speed.
PAR  As a means for solving the noise problem, it is known to use a large pump
      having sufficient capacity to operate the auxiliary equipment when the
      pump is operated at or near the idling speed of the vehicle engine. A
      clutch is provided so that when the vehicle is in motion, the operator can
      disengage the pump. According to one known solution employing a large
      capacity pump, a centrifugal clutch is used to disengage the pump at high
      running speeds where noise becomes objectionable. In addition, it is known
      to use multiple pumps and to divert part of the output of the pumps back
      to the fluid reservoir in the event of particular upper flow rates or
      pressure values as a means of minimizing noise.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  According to the invention, a system is provided which facilitates use of a
      large displacement pump of the fixed displacement type for operation of
      auxiliary equipment in a vehicle. The pump is driven by the prime mover of
      a vehicle and is capable of accomplishing its function in the lower range
      of operating speeds of the engine. In carrying out the invention, control
      means are provided including a valve in the pump suction for interrupting
      the fluid supply so that the pump simply runs as a gearbox at times when
      the pump is not needed, between work sites as for example when the vehicle
      is running at high speeds. At such times, minimal power is required to
      operate the pump since no fluid is being pumped. The need for a clutch to
      disengage the pump from the prime mover is eliminated. Preferably means
      are provided on the discharge side of the pump for preventing fluid from
      flowing back into the pump in the event of high downstream pressure in the
      circuit.
PAR  With the foregoing in view, an important object of the invention is the
      provision of a hydraulic control system for engine driven hydraulic pumps
      which is simple in design and leads to more efficient operation.
PAR  Another object of the invention is the provision, in a hydraulic control
      system for an engine driven hydraulic pump, of means for reducing fuel
      consumption when the hydraulic system is not in use.
PAR  Still another important object of the invention is the provision of an
      improved hydraulic control system for engine driven hydraulic pumps which
      leads to quieter overall operation of the hydraulic system than is
      possible when the pump is continuously running.
PAR  Still another object of the invention is the provision of a simplified
      hydraulic system for cutting out a hydraulic pump from the system when not
      in use.
DRWD
PAR  Turning now to the detailed description of the embodiments of the
      invention, reference is made to the accompanying drawings in which:
PAR  FIG. 1 is a view illustrating a gear hydraulic control system incorporating
      the principles of the invention;
PAR  FIG. 2 is a view of the system shown in FIG. 1, with the parts being shown
      in which the pump is activated;
PAR  FIG. 3 is still another view of the system of FIG. 1 with control valve
      parts in position to effect reactivation of the pump; and
PAR  FIG. 4 is a schematic rendering of a vehicle steering system incorporating
      principles of the present invention.
DETD
PAR  Turning to FIG. 1, the pump means preferably comprises a fixed displacement
      gear pump 10. Pump 10 is comprised of a housing 11, a suction or inlet
      cavity 12 and a discharge cavity 13. Fluid is drawn from suction and
      discharged under pressure by means of gears 14 and 15, which are mounted
      on shafts 16 and 17 respectively. The shafts are mounted for rotation
      within the cavity formed by the walls of the housing 11, with the gear
      teeth providing for the pumping of hydraulic fluid from the suction or
      inlet passageway through the housing to the discharge 13. The pump is
      driven by a drive means which in the illustrative embodiment of the
      invention comprises the vehicle prime mover or engine schematically
      represented at 18. A drive shaft schematically shown by the broken line 19
      interconnects the engine to shaft 16.
PAR  An inlet line 20 leads from reservoir 21 and provides for a supply of
      operating fluid for the hydraulic system. A first valve means, preferably
      in the form of a plug valve 22, described in more detail hereinafter, is
      provided in the inlet line at the opening into suction 12.
PAR  A second valve means comprising a check valve 22a is located in the pump
      discharge. Check valve 22a is spring loaded to the closed position to
      insure that flow of fluid back to the pump is prevented in the event of
      high downstream pressure. Pump pressure produced when the pump is in
      operation, causes spring 23 to be compressed, thereby opening the valve
      and permitting the flow of fluid to discharge line 24.
PAR  In the illustrative embodiment of the invention, flow regulator means
      comprising a flow regulator or priority valve 25 is located in the pump
      discharge line downstream from the check valve 22a. In its preferred form,
      flow regulator valve 25 comprises a housing 26 having primary passageway
      27 permitting the flow of fluid to the discharge line 24. A second
      passageway 28 branches from passageway 27 and provides communication with
      the reservoir, via a line schematically represented at 29.
PAR  The flow regulator valve further includes a spool 30 in which is secured an
      orifice plug 31. The spool is mounted for movement within the housing 26
      between a first position shown in the drawing and a second position in
      which it abuts against a retainer 32 which is positioned by a snap ring
      33. A spring 34 urges the spool to the first position. In this position,
      secondary passage 28 is blocked and fluid from the pump is directed
      through the primary passage 27. As the rate of flow through the orifice in
      plug 31 increases, a set point will be reached at which the differential
      pressure across the orifice causes the spool to shift to the second
      position. As passageway 28 is uncovered, fluid in excess of a particular
      value is diverted to the reservoir via the secondary passageway 28 and the
      line 29.
PAR  Pump discharge line 24 leads to an implement or other hydraulically
      operated auxiliary device schematically represented by the piston 36 via a
      valve 37. Valve 37 is also shown schematically and is a three position
      valve of known construction. As is shown, the valve is in an intermediate
      position in which all ports are connected together and fluid is diverted
      to the reservoir. In one extreme position of the valve 37, valve
      passageways 37a and 37b provide for moving the implement in one direction
      whereas in the other extreme position, ports 37c and 37d provide for
      movement of the implement in the opposite direction.
PAR  In either of the extreme positions, fluid flow from the pump moves the
      piston in a given direction, displacing fluid on the opposite side thereof
      through valve 37 to the reservoir 21.
PAR  According to one aspect of the invention, means are provided for operating
      the first valve means utilizing the pressure provided by the pump means.
      This is done in the embodiments of FIGS. 1-3 by means including a line 40,
      which leads from the discharge line 24 to a pilot valve schematically
      represented at 41.
PAR  In the embodiment of FIGS. 1-3, pilot valve 41 comprises a pair of
      interconnected spools 42 and 43 which are adapted to be shifted within a
      housing 44 by actuating means such as a solenoid 45 which may be
      selectively actuated, for instance by operation of a switch 46, located at
      a suitable place within the vehicle. A spring 47 urges the spools to the
      position illustrated in FIG. 3.
PAR  A check valve 48 is located in the line 40. Check valve 48 is of known
      construction and comprises a valve member 49, spring loaded by means of a
      spring 50 so as to permit the flow of fluid via the line 40 to the pilot
      valve while preventing the reverse flow of such fluid back through line
      40. An inlet to the pilot valve housing is provided when the spools 42 and
      43 are in the position shown in FIG. 1. In this position, flow is
      permitted through the pilot valve through a line 51 to a cavity 52 which
      is located adjacent the pump inlet passageway. A piston 53 is slidably
      mounted within the cavity 52. A spring 54 biases the piston 53 to the
      raised position. A spacer sleeve 55 limits the downward movement of the
      piston as the parts are illustrated in FIG. 1.
PAR  As mentioned above, the first valve means comprises a plug member 22 which
      is slidably mounted on a reduced end of a rod 56 which extends downwardly
      from the piston 53. A spring 57 biases the plug valve member 22 to a
      raised position shown in FIG. 2. The rod 56 is stepped as shown at 56a and
      in FIG. 2 the plug valve 22 is shown against the step 56a under the urging
      of spring 57.
PAR  A line 58 leading from the pilot valve housing is connected to supply
      passage 20 and provides for communication between the pilot valve and the
      underside of the piston 53, via the supply passageways 59. When the pilot
      valve is in the position shown in FIG. 1 in which the pump is deactivated,
      passageway 58 is blocked. Movement of the pilot valve under action of
      spring 47 establishes communication between the line 51 and the line 58.
PAR  In operation of the control system so far described, assume first that the
      pump is operating and that fluid is supplied through the inlet passageway
      20 through discharge line 24 and valve 37 to move piston 36 towards one of
      its limits of travel. Assume now that the solenoid 45 is energized by
      closure of the switch 46 so that the solenoid operated valve spools 42 and
      43 are raised to the position shown in FIGS. 1 and 2. When this occurs,
      fluid flows through line 40 through the check valve 48 out through line 51
      to the cavity 52. Check valve 48 prevents the fluid supplied from flowing
      back through line 40. The pressure causes the assembly comprising piston
      53 and rod 56 to start to move the first valve means comprising plug valve
      22 towards pump suction. As plug valve 22 approaches the inlet of the pump
      a vacuum is created in the cavity 10 causing the plug valve to seat
      tightly, completely stopping the flow of fluid to the pump. This is the
      position of the parts shown in FIG. 1. The vacuum in suction cavity 12
      maintains the plug valve 22 in the position shown in FIG. 1, thereby
      preventing the entry of any additional fluid. The fluid that was in the
      pump cavity when the plug valve closed is discharged through check valve
      22a.
PAR  It is pointed out that spring 54 urges piston 3 from the position shown in
      FIG. 1 to the position shown in FIG. 2 but is prevented from doing so when
      the spools are in the position shown in FIGS. 1 and 2 because of the
      operation of check valve 48 in preventing the flow of fluid in line 51
      back through line 40. The pump gears 14 and 15 continue to turn in a void
      and are lubricated by the fluid which remains on the walls of the housing
      11. Since the gears are not pumping any fluid, only enough power is
      required to overcome frictional forces, with the result that very little
      horsepower is used in driving the pump at vehicle operating speeds and
      very little heat is generated.
PAR  FIG. 3 shows the pilot valve 41 in the position in which the pump is
      reactivated. In this position, the spools 42 and 43 are shifted into
      position in which lines 51 and 58 are in communication. Since the supply
      line 20 is at low pressure, the pressure in cavity 52 drops and the spring
      54 pushes the piston 53 upwardly, expelling the fluid in cavity 52 via the
      lines 51 and 58 back to pump suction. As the piston 53 returns to the
      position of FIG. 2, plug valve 22 is retracted from the inlet of the pump
      and the vacuum in cavity 12 is broken. With the reduction in vacuum,
      spring 57 pushes the plug valve 22 up against the shoulder 56a and free
      flow into the pump inlet is again established.
PAR  FIG. 4 is a view showing an embodiment of the invention providing an
      auxiliary power source in a steering control system of the kind disclosed
      in Joyce U.S. Pat. No. 3,631,937 owned by the assignee of this
      application. In FIG. 4, pump 10 is an auxiliary pump which is preferably
      of the gear type and connected to a part of the drive train of the
      vehicle, being connected for example to the rear wheels, so that the pump
      is driven whenever the vehicle is in motion.
PAR  A reversing valve 65 of the kind shown in U.S. Pat. No. 3,631,937 is
      preferably provided for controlling fluid flow to and from the pump. Valve
      65 has first inlet port 65a through which fluid is received from a sump or
      reservoir 66 via line 67a, valve 22 and a line 68. A second port 65b is
      connected to one port of pump 10 via a line 69. A third valve port 65c
      connects with the other port of pump 10 via a line 70. The valve is also
      provided with an outlet port 65d. Port 65d leads to a vehicle steering
      valve 71 via a line 72. Check valve 73 prevents the return of fluid
      through line 72 to the valve 65. Valve 65 operates to deliver fluid from
      port 65a to port 65b or port 65c, depending upon the direction of rotation
      of pump 10. Thus, if pump 10 is operated so that line 69 is the suction
      side of the pump, fluid will flow from line 68, through port 65a, out
      through port 65b to line 65b. Fluid discharged from pump 10 flows through
      line 70, through port 65c, out through port 65d to line 72. If the pump is
      operated in the reverse sense, fluid flows to the pump from valve port 65c
      and returns from the pump through port 65b which connects to port 65d and
      to line 72.
PAR  A pump 74 driven by vehicle engine 75 provides power for the hydraulic
      steering system as required when the engine is in operation. The pump 74
      is in a circuit including reservoir 66, a pump inlet line 76 and outlet
      line 77, which ordinarily provides fluid under pressure to the steering
      system via valve 71. A check valve 78 in the line 77 prevents fluid from
      returning to the inlet of pump 74. A line 79 leads from the outlet of pump
      74 to piston 52 which controls valve 22. As in the embodiment of FIGS.
      1-3, piston 52 is biased to the raised position by means of a spring 54.
      Valve 22 is mounted on the reduced diameter portion of rod 56 which
      extends downwardly from the piston. Spring 56 urges the valve member 22 to
      the raised position against the shoulder on the rod 56.
PAR  Under conditions of normal operation when the vehicle engine 75 is running,
      pump 74 provides operating fluid through the valve 71 of the steering
      system to hydraulic steering rams, not shown. So long as the pump 74 is in
      operation, fluid is also delivered through line 79 to the upper side of
      piston 52. Due to the pressurized fluid, piston 52 is moved downwardly to
      a position in which valve 22 is closed and flow is blocked from the line
      67 through 68. Since pump 10 is in operation whenever the vehicle is in
      motion, there is a suction in line 68 which draws the plug 22 tightly into
      its seat.
PAR  In the event of engine failure at a time when the vehicle is in motion,
      pressure in line 79 drops as soon as the pump 74 stops operating. This
      permits piston 52a to rise under the urging of spring 54a and the line 67
      is connected with the line 68. This permits the flow of fluid to the inlet
      of pump 10 and fluid is pumped through valve outlet port 65d, through line
      72 to the power steering system 71.
PAR  The embodiment of the invention disclosed in FIG. 4 insures that the power
      steering system will always be supplied with fluid under pressure whenever
      the vehicle is in motion. An important advantage of the invention is the
      fact that the pump 10 does not use appreciable vehicle horsepower, since
      the supply of fluid for the pump is interrupted at all times when the pump
      74 is pumping fluid. If the entire engine stops and the vehicle continues
      to move during the power failure, as for example if it is rolling down
      hill, the pump is driven via the drive train and insures that the operator
      can remain in control of the vehicle until it can be brought to a stop.
PAR  In summary, the invention provides a simple and effective means of removing
      a pump from a hydraulic control system. The pump eliminates the need for a
      mechanical clutch and can be connected to the hydraulic control circuit on
      a failsafe basis. Since the pump is required to do no work when it is out
      of operation power loss is nominal.
CLMS
STM  We claim:
NUM  1.
PAR  1. In equipment having a variable speed motive power means for operation of
      a first mechanism throughout a range of speeds and a second mechanism
      which is fluid operated; a pump driven by said motive power means at all
      times when said power means is in operation, said pump having supply and
      discharge passages for delivering operating fluid from a fluid reservoir
      to said second mechanism; a control system for said pump comprising first
      valve means in the supply passage for said pump for interrupting the flow
      of operating fluid to said pump, second valve means in the discharge
      passage of said pump and operable to prevent the return of fluid to the
      pump and a control means for selectively operating said first valve means.
NUM  2.
PAR  2. Equipment according to claim 1 wherein said pump is a gear pump.
NUM  3.
PAR  3. Equipment according to claim 2 wherein said control system further
      includes selectively operable pilot valve means for operating said first
      valve means, said pilot valve means including a fluid inlet communicating
      with the pump discharge, an operating device for said first valve means
      and a means establishing a fluid communication between the pilot valve
      means and the operating device for opening said first valve means when the
      pilot valve is in one position and for closing the first valve means when
      the pilot valve means is in a second position.
NUM  4.
PAR  4. Apparatus according to claim 3 including operator controlled means for
      operating said pilot valve.
NUM  5.
PAR  5. Apparatus according to claim 3 further including means for biasing said
      first named valve means to the open position.
NUM  6.
PAR  6. Apparatus according to claim 3 wherein said first named valve means
      comprises a plug valve, means mounting the plug valve for movement between
      an inlet opening position and an inlet closing position, means biasing the
      plug valve to the inlet opening position, means for mounting said shaft
      for movement towards and away from the inlet, wherein said operating
      device includes a hydraulically actuated piston for moving said plug valve
      mounting means and a first passage communicating with said pilot valve for
      admitting fluid under pressure to said piston in a sense to effect
      movement of the mounting means in a direction which closes said inlet, and
      means operable when the pilot valve is moved to a second position for
      directing fluid under pressure to the other side of said piston whereby
      the mounting means is moved to inlet opening position.
NUM  7.
PAR  7. Apparatus according to claim 2 including a flow control means at the
      outlet of said pump for diverting fluid discharged from the pump in excess
      of a predetermined flow at times when the flow of fluid to the pump is not
      interrupted.
NUM  8.
PAR  8. Fluid operated apparatus for use in a reversibly operable vehicle having
      motive power means for driving the vehicle from place to place and further
      having a fluid operated control system with a source of operating fluid
      for operating equipment on said vehicle, said apparatus comprising a
      hydraulic pump adapted to be driven when the vehicle is in motion, said
      pump having inlet and outlet passages for delivery of operating fluid from
      a reservoir to said fluid operated equipment, a control system for said
      pump for interrupting the flow of operating fluid to said pump including
      first valve means for delivery of fluid to the pump inlet passage, second
      valve means in the discharge passage of the pump for preventing return of
      fluid to the pump and control means for the first valve means, said
      control means being operable to close the first valve means when the pump
      is not required to supply operating fluid to the fluid operated control
      system and for opening the first valve means when the pump is required to
      supply operating fluid to the fluid operated control system.
NUM  9.
PAR  9. Equipment according to claim 8 further including a second pump driven by
      said motive power means for delivery of operating fluid to said equipment
      and wherein said control means includes pressure operated means responsive
      to operation of said second pump for opening said first valve means in the
      absence of the delivery of fluid under pressure by said second pump.
NUM  10.
PAR  10. In a vehicle having a source of motive power and auxiliary equipment
      adapted to be fluid power operated a fluid delivery system for the
      auxiliary equipment including a gear pump having inlet and outlet passages
      for transmitting operating fluid from a reservoir to said auxiliary
      equipment, drive means interconnecting the pump with the motive power
      means whereby the pump is in operation when the motive power is in
      operation and valve means in the fluid delivery system operable to
      interrupt the flow of fluid to the pump whereby the pump will run in a
      starved condition when the auxiliary equipment is out of operation.
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ABST
PAL  A method and plural embodiments of apparatus for delivering a
      pressure-compensated supply of fluid to a hydraulic steering circuit,
      wherein first and second pumps are respectively operated by a vehicle
      engine and by a ground wheel when the vehicle is in motion, output fluid
      from the two pumps being simultaneously directed to the steering circuit
      by a control valve with inlet relief valve means modulating output
      pressure of the sources in response to operation of the control valve. One
      embodiment contemplates dual inlet relief valves for separately modulating
      output from the two pumps while another embodiment contemplates one of the
      pumps having a variable output.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a dual-source fluid supply system for a
      hydraulic circuit and more particularly to a steering system for a vehicle
      wherein two sources or pumps which deliver fluid under pressure to a
      steering circuit are driven by different elements of the vehicle to assure
      a continuous supply of fluid.
PAR  The prior art has recognized the need for auxiliary pumps to assure
      continuity of hydraulic pressure in vehicular steering circuits during
      emergency situations. A main or primary pump for supplying fluid under
      pressure to a vehicular steering circuit is commonly driven directly by
      the vehicle engine or prime mover. Accordingly, depressurization of the
      steering circuit may occur when the vehicle engine stops operating or when
      the primary engine-driven pump fails or becomes inoperative. A pressure
      failure in the steering circuit may have severe consequences, particularly
      upon large vehicles such as earth moving machinery where the size of the
      machinery makes manual steering difficult if not impossible.
PAR  Accordingly, it has become common, particularly for large machines, to
      provide a secondary or auxiliary pump for delivering fluid under pressure
      to the steering circuit in the event that the main pump fails or becomes
      inoperative for one reason or another. The auxiliary pump may be driven by
      rotation of a vehicle wheel, for example, through an output element of a
      vehicle transmission. Such auxiliary pumps are also commonly designed for
      reversible operation so that the pump will be capable of delivering fluid
      under pressure to the steering circuit regardless of the direction of
      vehicle operation.
PAR  Typical references disclosing the use of an auxiliary or secondary pump to
      provide fluid under pressure when a primary pump fails include U.S. Pat.
      Nos. 3,625,240; 3,407,894; 3,424,262; and 3,613,818, the last noted patent
      being assigned to the assignee of the present invention. U.S. Pat. No.
      3,566,749, also assigned to the assignee of the present invention, further
      discloses a manually operable, emergency pumping unit for use in the
      absence of output pressure from a main pump.
PAC  Summary of the Invention
PAR  The present invention has a basic purpose of employing a second pump to
      constantly deliver fluid under pressure to a hydraulic circuit such as the
      steering system referred to above in order to realize numerous advantages.
      For example, constant use of the second pump permits the primary pump to
      be reduced in size since it will normally not be required to supply the
      full fluid flow requirements for the hydraulic circuit. Additionally, as
      will be made apparent from the following description, the constant use of
      two pumps further assures continued pressurization within the hydraulic
      circuit even in the event that one pump fails while further enhancing or
      facilitating operation of the hydraulic circuit.
PAR  Accordingly, it is an object of the invention to provide a fluid supply
      system including two sources of fluid under pressure which are separately
      driven while being communicated in unison with a hydraulic circuit through
      a control valve associated with an inlet relief valve for modulating fluid
      pressure from the sources as required within the hydraulic circuit.
PAR  It is a further object of the invention to provide a method of supplying
      two sources of fluid under pressure and selectively communicating them at
      the same time to a hydraulic circuit while blocking cross-flow between the
      sources in the event one of the sources should fail and modulating fluid
      pressure from the sources for communication to the hydraulic circuit.
PAR  It is a further object of the invention to adapt both the apparatus and
      method referred to above for use in the steering circuit of a vehicle with
      the second pump being effectively driven by rotation of a vehicle wheel
      while the vehicle is in motion.
PAR  Additional objects and advantages of the present invention are made
      apparent in the following description having reference to the accompanying
      drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a dual-source, fluid supply system
      according to the present invention adapted for use in the steering system
      of a vehicle.
PAR  FIGS. 2 and 3 are similar schematic representations to illustrate
      additional embodiments of the dual-source, fluid supply system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The dual-source, fluid supply system of the present invention is
      contemplated for use in various hydraulic circuits. However, the invention
      is described below with particular reference to a steering system for a
      vehicle such as that indicated at 11 in FIG. 1. The vehicle includes
      articulated sections 12 and 13 each mounted upon ground engaging wheels 14
      and pivotably connected at an axis of articulation indicated at 16.
PAR  Steering is accomplished by operation of a pair of double-acting hydraulic
      jacks 17 and 18 which are pivotably interconnected between the articulated
      vehicle sections 12 and 13 in conventional fashion. A first hydraulic line
      19 is communicated to the head end of the jack 17 and the rod end of the
      jack 18 while another hydraulic line 21 is in communication with the head
      end of the jack 18 and the rod end of the jack 17. Accordingly, fluid
      pressure in the line 19 causes the vehicle to turn to the right as viewed
      in FIG. 1 while pressurization of the hydraulic line 21 causes the vehicle
      to turn to the left.
PAR  The vehicle is further of a type including a prime mover or engine 22 which
      is coupled to one or more of the ground engaging wheels, for example, by
      means of a drive train or transmission generally indicated at 23.
PAR  A fluid supply system provided by the present invention is indicated at 24
      and includes a first pump or source of fluid under pressure 26 which is
      driven by the vehicle engine 22. A second pump or source of fluid under
      pressure 27 is driven by rotation of one of the vehicle ground wheels 14,
      for example, by means of a final output drive member (not shown) within
      the drive train 23. The two pumps 26 and 27 are adapted to draw fluid from
      a common tank 28 and direct fluid under pressure through respective
      conduits 29 and 31 into a common fluid conduit 32. Each of the output
      conduits 29 and 31 for the respective pumps includes a separate one-way
      check valve 33 or 34 to prevent cross-flow between the pumps in the event
      that one of them should fail or become inoperable.
PAR  Fluid in the conduit 32 is directed toward a composite valve assembly
      indicated at 36 which comprises a steering control valve 37 and a fluid
      responsive, inlet relief valve 38. The steering control valve 37 is of a
      conventional type which is operated by rotation of a steering wheel (not
      shown) for the vehicle 11, for example, through a mechanical linkage such
      as that disclosed in U.S. Pat. No. 3,260,325, that patent also being
      signed to the assignee of the present invention. Alternatively, the
      steering control valve 37 could also be pilot-operated, again in a
      conventional fashion.
PAR  The steering control valve 37 includes a control spool 39 which is
      selectively movable in either direction from the neutral position
      illustrated in FIG. 1 to communicate its inlet conduit 32 with one of the
      hydraulic lines 19 and 21 which connect with the jacks 17 and 18. When the
      control valve 37 is positioned to direct pressurized fluid through either
      of the lines 19 and 21, the other line is communicated with the common
      drain 28 through a drain conduit 41.
PAR  The inlet relief valve 38 has an inlet conduit 42 in communication with the
      conduit 32 and an outlet conduit 43 in communication with the drain
      conduit 41. The inlet relief valve 38 is of a type tending to resist fluid
      communication from the conduit 42 to the outlet conduit 43 in response to
      action of a spring 44 and fluid pressure in a signal conduit 46. The
      signal conduit 46 is in selective communication with one of the hydraulic
      lines 19 and 21 depending upon the position of a ball resolver or
      shuttle-type valve indicated at 47. A restrictive orifice 48 in the
      conduit 46 serves to adjust the rate of pressure modulation accomplished
      within the conduit 32 by means of the valve 38. A conventional poppet
      relief valve 49 also communicates the signal conduit 46 with the drain
      conduit 41 in order to prevent excessive pressurization within the
      composite valve assembly 36.
PAR  In operation of the FIG. 1 embodiment, the engine driven pump 26 commences
      to deliver fluid under pressure to an inlet of the steering control valve
      37 through the conduits 29 and 32 after start up of the vehicle engine.
      The second pump 27 also commences to deliver fluid under pressure through
      the conduits 31 and 32 once the vehicle 11 is set in motion. Normally,
      fluid pressure developed within the conduit 32 by the pumps 26 and 27 is
      relieved to the drain 28 through the inlet relief valve 38 and the drain
      conduit 41.
PAR  When the steering control valve 37 is shifted in either direction, fluid
      from the conduit 32 is communicated into one of the conduits 19 and 21 to
      change direction of the vehicle 11. That pressure is communicated through
      the signal conduit 46 to condition the inlet relief valve 38 for
      increasing or modulating pressure within the conduit 32. Accordingly,
      fluid is delivered from the conduit 32 to the steering jacks 17 and 18 in
      pressure-compensated, flow controlled fashion across the steering control
      valve 37.
PAR  The pumps 26 and 27 are preferably sized or selected so that each provides
      a substantial portion of the fluid requirements for the steering jack 17
      and 18 at a predetermined, relatively low ground speed of the vehicle 11.
      Also, the spring 44 within the inlet relief valve 38 is selected along
      with fluid responsive characteristics of the inlet relief valve so that
      the valve 38 in combination with the two pumps 26 and 27, provides
      generally constant modulated fluid pressure to the steering control valve
      37 once the inlet relief valve 38 reaches an equilibrium condition in
      response to fluid pressure from the signal conduit 46.
PAR  The embodiment of FIG. 2 is similar to the embodiment of FIG. 1 as
      described above in many respects. Accordingly, similar primed numerical
      labels are employed to identify elements corresponding to those described
      above in connection with FIG. 1.
PAR  The embodiment of FIG. 2 differs primarily as to the manner in which fluid
      pressure is modulated within the inlet conduit 32' for the steering
      control valve 37'. Additionally, the wheel driven pump 27' has dual
      operating sections 51 and 52 which may be selectively operated in order to
      adapt their output to requirements of the steering jacks 17', 18', and
      operating characteristics of the vehicle 11 (see FIG. 1).
PAR  It is particularly contemplated that both of the pumps 51 and 52 are
      communicated with the conduit 31' by means of a cut-out valve 53. The
      valve 53 is of a conventional type and may be integrally formed together
      with the two pump sections 51 and 52 for the purpose of combining output
      flow from the two pumps until output flow from one of the pumps 52
      approaches a predetermined flow rate. At that time, the cut-out valve 53
      causes output fluid from the other pump section 51 to be directed back to
      the drain 28'. In this manner, the wheel driven pump assembly 27' provides
      increased fluid delivery at lower ground speeds of the vehicle in order to
      assure adequate operating pressure for the jacks 17' and 18'.
PAR  The cut-out valve 53 accomplishes its function by means of a restrictive
      orifice 54 which communicates fluid from the pump section 52 to the
      conduit 31'. Output fluid from the other pump section 51 is also in
      communication with the fluid responsive relief valve 56 which responds to
      a spring 57 and fluid pressure in a conduit 58 in order to direct fluid
      output from the pump section 51 into the conduit 31'. As ground speed of
      the vehicle and output pressure of the pump section 52 both increase, the
      restrictive orifice 54 causes a pressure rise which is communicated to the
      relief valve 56 through a conduit 59. Increased fluid pressure within the
      conduit 59 biases the relief valve 56 into an open position with output
      fluid from the pump section 51 returning to the common drain 28' through a
      drain conduit 61. Output fluid from the pump section 52 is prevented from
      entering the other pump section 51 by means of a check valve 62.
PAR  As noted above, a separate inlet relief valve 38' is separately associated
      with output fluid from the engine driven pump 26' and with the wheel
      driven pump assembly 27'. Associated elements such as the signal conduit
      46', the restrictive orifice 48' and the relief valve 49' are also
      provided in duplicate with the check valves 33' and 34' being relocated to
      block undesirable cross-flow between the inlet relief valves 38' as well
      as between the two pumps 26' and 27'.
PAR  With this arrangement, each inlet relief valve tends to separately regulate
      fluid communicated from the respective pump to the steering jack 17' and
      18' through the steering control valve 37'. Additionally, the duplicate
      inlet relief valves 38' together with the arrangement of the check valves
      33' and 34' provide an additional safety factor in the event that one of
      the inlet relief valves should happen to stick in an open position. With
      the arrangement illustrated in FIG. 2, the other inlet relief valve would
      continue to supply modulated fluid through the control valve 37' from its
      associated pump.
PAR  Finally, the embodiment of FIG. 3 is again very similar to the embodiment
      of FIG. 1. Accordingly, those elements of FIG. 3 which correspond with
      similar elements of FIG. 1 are labelled with similar, double primed
      numerical labels. Generally the FIG. 3 embodiment differs from the FIG. 1
      embodiment only in that the wheel driven pump 27 is replaced by a variable
      displacement pump 71. Associated control elements limit fluid flow from
      the variable displacement pump at a predetermined maximum level. For this
      purpose, the associated controls include a restrictive orifice 73
      communicating the pump 71 with the conduit 31" and a signal conduit 72
      communicating conduit 31" with a flow compensator 74. As output fluid flow
      from the pump 71 approaches the predetermined maximum level, the
      restrictive orifice 73 develops a sufficient pressure drop to cause flow
      compensator 74 to reduce the displacement of the pump to maintain a
      maximum output flow. A conduit 76 communicates with tank 28" to provide a
      pump case drain. A by-pass conduit 77 including a check valve 78 is
      conventionally communicated between the inlet and outlet sides of the pump
      71 to prevent cavitation during reverse operation of the vehicle 11 (See
      FIG. 1).
PAR  It will be obvious that in connection with any of the three embodiments
      described above, either of the two pumps or pump assemblies will continue
      to deliver fluid under pressure to the steering system of the vehicle 11
      through the steering control valve in the event that the other pump or
      pump assembly fails or becomes inoperable. Otherwise, both of the pumps or
      pump assemblies tend to be operable and each normally supplies a
      substantial portion of the fluid requirements for the steering system of
      the vehicle.
CLMS
STM  We claim:
NUM  1.
PAR  1. A steering system for a vehicle having a prime mover and wheels, one or
      more of the wheels being coupled with the prime mover through a suitable
      drive train, comprising
PA1  a hydraulic motor means for effecting vehicle steering,
PA1  a first hydraulic pump coupled for operation by the prime mover,
PA1  a second hydraulic pump effectively coupled for operation by rotation of
      one of the wheels,
PA1  a steering control valve having inlet means in communication with the two
      pumps and outlet means in communication with the steering motor means, the
      control valve being operable to selectively communicate both of the first
      and second pumps with the steering motor means, and
PA1  a fluid responsive inlet relief valve means communicating the inlet means
      of the control valve with a drain, the relief valve means being in
      communication with the outlet means of the control valve by a signal
      conduit, the relief valve means including means responsive to fluid
      pressure from the signal conduit for causing the relief valve means to
      selectively limit fluid communication from the inlet means to the drain.
NUM  2.
PAR  2. The steering system of claim 1 wherein the two pumps are selected to
      each provide a substantial portion of the fluid requirements for the
      steering motor means at a predetermined, relatively low ground speed of
      the vehicle.
NUM  3.
PAR  3. The steering system of claim 2 wherein the characteristics of the inlet
      relief valve means are selected in combination with the pumps to provide
      constant pressure within the control valve inlet means independent of
      engine speed and ground speed.
NUM  4.
PAR  4. The steering system of claim 1 further comprising check valve means
      communicating each pump with the steering control valve in order to block
      fluid flow between the pumps upon failure of one pump to operate.
NUM  5.
PAR  5. The steering system of claim 4 further comprising a shuttle-type valve
      for communicating the outlet means of the steering control valve with the
      signal conduit, the signal conduit including a restrictive orifice, a
      relief valve communicating a drain with the signal conduit between the
      orifice and inlet relief valve means.
NUM  6.
PAR  6. The steering system of claim 1 further comprising a separate inlet
      relief valve means in communication with the outlet of each pump in order
      to separately regulate fluid communicated from each pump to the steering
      motor means through the steering control valve.
NUM  7.
PAR  7. The steering system of claim 6 further comprising check valve means
      arranged between each inlet relief valve means and the steering control
      valve to prevent cross-flow between the two inlet relief valve means.
NUM  8.
PAR  8. The steering system of claim 1 further comprising an additional
      wheel-driven pump means being selectively operable to provide increased
      fluid flow at relatively low ground speeds.
NUM  9.
PAR  9. The steering system of claim 1 wherein the second pump is a variable
      displacement-type pump.
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PAL  There is provided an automatic seat belt locking system for a vehicle,
      e.g., an automobile whereby while in the normal condition the vehicle
      occupants are not restrained by their seat belts, the seat belts are
      automatically locked to secure and protect the occupants in the case of an
      emergency such as a collision. The system comprises a pair of
      acceleration/deceleration detectors which are composed for example of two
      different types of mercury switches and which are also adapted to
      respectively generate a first and second output signal when the
      acceleration or deceleration of the vehicle exceeds a first and second
      predetermined value, and absorbing means whereby transient accelerations
      greater than the first predetermined value and caused by disturbances are
      absorbed to render both of the detectors inoperative while the vehicle is
      running on an incomplete, rough road surface.
BSUM
PAR  The present invention relates generally to vehicle occupants constraining
      systems, and more particularly it relates to an automatic seat belt
      locking system for a vehicle, e.g., an automobile whereby while a vehicle
      occupant is not restrained by a seat belt in the normal condition, the
      seat belt is automatically locked in case of sudden necessity, as in a
      collision or on rapid braking of the vehicle.
DRWD
PAR  FIG. 1 is a wiring diagram of a prior art automatic seat belt locking
      system;
PAR  FIGS. 2 and 3 show respectively a cross-sectional view and a plan view of
      the seat belt locking mechanism in the prior art system of FIG. 1 which is
      also used in the system of this invention;
PAR  FIG. 4 is a wiring diagram showing an embodiment of an automatic seat belt
      locking system according to this invention;
PAR  FIG. 5 is a longitudinal sectional view of the acceleration/deceleration
      detecting means used in the embodiment of FIG. 4;
PAR  FIG. 6 is a wiring diagram showing another embodiment of the system
      according to this invention;
PAR  FIG. 7 is a wiring diagram showing still another embodiment of the system
      according to this invention;
PAR  FIG. 8 is a wiring diagram showing still another embodiment of the system
      according to this invention;
PAR  FIGS. 9 and 10 are longitudinal views showing respectively the normally
      closed acceleration/deceleration detector and the normally open
      acceleration/deceleration detector in the embodiment of FIG. 8; and
PAR  FIG. 11 is a wiring diagram showing still another embodiment of the system
      according to this invention. The same reference numerals designate the
      same or corresponding parts throughout the drawings.
DETD
PAR  Conventional automatic seat belt locking systems for vehicles are generally
      constructed as shown in FIG. 1 of the accompanying drawings, in which in
      case of sudden necessity, as when an acceleration or deceleration greater
      than a predetermined value occurs in a collision of a vehicle or when the
      vehicle is quickly braked, normally closed type acceleration/deceleration
      detecting means 1 is opened so that the supply of current from a power
      source 3 to a seat belt locking mechanism 2 is stopped, whereby a solenoid
      21 of the locking mechanism 2 is deenergized and a core 22 is returned to
      its initial position, thereby locking the seat belt and preventing the
      free movement of the seat belt to protect the occupant.
PAR  Consequently, while, in comparison with other types of systems using
      normally open type acceleration/deceleration detecting means, there is an
      advantage that the provision of the normally closed
      acceleration/deceleration detecting means 1 in the supply circuit from the
      power source 3 to the locking mechanism 2 enables the system to function
      as a fail safe system in that the locking mechanism 2 acts in a direction
      to lock the seat belt whenever there occurs any fault such as a contact
      fault or poor soldering of the connector in the supply circuit which tends
      to open the acceleration/deceleration detecting means 1, this must be
      offset by a disadvantage that when there occurs a fault which tends to
      keep the normally closed acceleration/deceleration detecting means 1 in
      the closed position, such as, the burned contacts due to the local heating
      of the contacts by the opening and closing of the normally closed
      acceleration/deceleration detecting means 1, in case of sudden necessity
      the seat belt cannot be locked to protect the vehicle occupant.
PAR  Referring first to FIGS. 1 through 3 showing the general construction of
      the previously mentioned prior art system, in the normal condition the
      locking solenoid 21 of the seat belt locking mechanism 2 is normally
      energized, since the acceleration/deceleration detecting means 1 has its
      contacts 1a and 1b normally closed. Consequently, the solenoid 21 attracts
      the core 22 thus holding a ratchet plate 23 in the position shown in FIG.
      2. In this condition, end edges 23c of the ratchet plate 23 are out of
      engagement with a ratchet wheel 25 and a seat belt 26 can be pulled out
      freely. On the other hand, when an acceleration or deceleration greater
      than a predetermined value occurs in case of an emergency of the vehicle,
      the contacts 1a and 1b of the acceleration/deceleration detecting means 1
      are opened and the locking solenoid 21 of the seat belt locking mechanism
      2 is deenergized causing the core 22 to be returned in the direction of an
      arrow A by the spring force of a coiled return spring 27. In this case,
      since the ratchet plate 23 is rotatably mounted in the mounting holes of a
      body portion 24 through its intermediate portion 23b, the movement of the
      core 22 in the direction of the arrow A causes the ratchet plate 23 to
      rotate about the intermediate portion 23b, so that the end edges 23c are
      moved in the direction of an arrow B into engagement with the teeth of the
      ratchet wheel 25 to prevent its rotation in the counterclockwise
      direction. This prevents further drawing movement of the seat belt 26 and
      protects the vehicle occupant.
PAR  With a view to overcoming the foregoing difficulty, it is an object of the
      present invention to provide an automatic seat belt locking system for a
      vehicle, in which there are provided acceleration/deceleration detecting
      means for controlling the operation of a seat belt locking mechanism in
      response to acceleration or deceleration exceeding first and second
      predetermined detection values, whereby the seat belt is quickly locked to
      protect the occupant in the case of a collision of the vehicle, while the
      seat belt is positively locked upon quick braking of the vehicle, and
      moreover the detectors exhibit insensitive characteristics against
      accelerations and decelerations due to the irregularities in a road
      surface to thereby prevent any undesired seat belt locking operations.
PAR  It is another object of the present invention to provide a fail safe type
      automatic seat belt locking system for a vehicle wherein the switching
      signals due to the on and off of acceleration/deceleration detecting means
      comprising a pair of parallel connected normally open mercury switches or
      acceleration/deceleration detectors, are inverted and supplied to a seat
      belt locking mechanism through a switching circuit, whereby in case of
      sudden necessity the supply of power to the seat belt locking mechanism is
      cut off to effect the locking of the seat belt, thereby enabling the
      system to operate on a safe side (in a direction which locks the seat
      belt) when there occurs an electric fault such as the breaking of a
      locking solenoid.
PAR  It is still another object of the present invention to provide such
      automatic seat belt locking system for a vehicle wherein the reliability
      of operation of acceleration/deceleration detecting means is improved by
      use of two mercury switches or acceleration/deceleration detectors in
      parallel arrangement.
PAR  It is still another object of the present invention to provide such
      automatic seat belt locking system for vehicles wherein when at least one
      of a normally open acceleration/deceleration detector and a normally
      closed acceleration/deceleration detector detects an acceleration or
      deceleration of the vehicle reaching a predetermined value, the seat belt
      is locked to protect the occupant, and moreover the system serves as a
      fail safe type which operates on a safe side when any of various electric
      faults occur in the circuitry, thereby highly improving the reliability of
      operation of the system.
PAR  The system according to this invention has among its remarkable advantages
      the fact that since it comprises a pair of acceleration/deceleration
      detectors composed of mercury switches and adapted to respectively
      generate a first and second output signal when an acceleration or
      deceleration of a vehicle exceeds a first and second predetermined value,
      respectively, and absorbing means for rendering the
      acceleration/deceleration detectors insensitive against transient
      accelerations and decelerations caused when the vehicle is running on a
      rough road surface, it is possible to eliminate such troubles as
      deteriorated durability, generation of intermittent operating sounds and
      operating troubles which will otherwise be caused when the vehicle is
      running on a rough road surface.
PAR  Another remarkable advantage of the system of this invention is that if any
      one of the acceleration/deceleration detectors becomes faulty by any
      chance, the seat belt can still be locked by the other
      acceleration/deceleration detector, thus enabling the system to serve as a
      fail safe type system which operates with a high degree of reliability.
PAR  Referring now to FIG. 4, there is illustrated a circuit diagram for an
      embodiment of the system of this invention. In FIG. 4, numeral 1
      designates acceleration/deceleration detecting means comprising a pair of
      normally open mercury switches or acceleration/deceleration detectors 1A
      and 1B connected in parallel arrangement and so constructed that the
      detector 1B generates a first detection signal when an acceleration or
      deceleration exceeds a first predetermined value and the detector 1A
      generates a second detection signal when the acceleration or deceleration
      exceeds a second predetermined value. The acceleration/deceleration
      detecting means 1 is mounted on the vehicle body at a suitable position
      such as on the bumper. The acceleration/deceleration detecting means 1 is
      not limited to a mercury switch. It is possible to use any other switch
      means for detecting the acceleration/deceleration. However, the
      description of the following embodiments will be made by exemplifying the
      mercury switch as the acceleration/deceleration detecting means 1. Numeral
      2 designates a seat belt locking mechanism, 21 a locking solenoid, 22 a
      core. The seat belt locking mechanism 2 of this embodiment may be of the
      same construction as that of the previously described prior art system
      shown in FIGS. 2 and 3 and therefore its detailed construction will not be
      described. Numeral 3 designates a power source comprising a battery
      installed in the vehicle, 4 a switching circuit by which the switching
      signals due to the on and off of the acceleration/deceleration detecting
      means 1 are inverted and which comprises a switching means, i.e., a
      transistor 41, a transistor base resistor 42 and a diode 43 for absorbing
      the counter electromotive force induced in the locking solenoid 21.
PAR  In FIG. 5, there is illustrated in detail the construction of the
      acceleration/deceleration detecting means 1 wherein the normally open
      mercury switches or acceleration/deceleration detectors 1A and 1B are
      housed in a case 101 made from a metallic plate, i.e., steel plate. The
      mercury switch or acceleration/deceleration detector 1A will be described
      first, in which numeral 102 designates mercury, 103 a container made from
      a metallic material, e.g., a steel plate, 104 a cylindrical member made
      from steel and normally in contact with the mercury 102. Numeral 105
      designates a cylindrical electrode made for example from iron-nickel alloy
      and positioned opposite to the surface of the mercury 102 with some
      intervening gap L therebetween. Numeral 106 designates a sealing member
      composed of glass for hermetically sealing the mercury 102, 107 a terminal
      secured to the electrode 105, 108 a lead wire connected to the other end
      of the terminal 107. The mercury switch 1A has the electrode 105 and the
      mercury 102 normally electrically disconnected from each other thus
      constituting a normally open type switch. A flow surface 102a for the
      mercury 102 in the mercury switch 1A stands substantially vertical to the
      surface of the mercury 102. The distance of the gap L in the normally open
      mercury switch 1A is selected greater than that in the mercury switch 1B
      that will be described later, so that it detects only such a second
      predetermined value of a large acceleration or deceleration as will occur
      in case of a collision, e.g., accelerations or decelerations greater than
      2.5 G (G is the acceleration by gravity). Further, a flow surface 102a for
      the mercury 102 in the mercury switch 1A is made into a flat and smooth
      surface so that the mercury having a low coefficient of viscosity can be
      quickly moved along the flow surface 102a with practically no resistance
      due to drift and viscosity and thus the working speed of the mercury
      switch 1A is made sufficiently high. For instance, the working speed is
      set so that in case of a collision the time required for the mercury 102
      to reach the electrode 105 is 10 ms.
PAR  Next, the mercury switch 1B will be described, in which numeral 109
      designates mercury, 110 a container made from a metallic material, e.g.,
      steel plate, 112 a cylindrical electrode made for example from ironnickel
      alloy, 113 a sealing member composed of glass for hermetically sealing the
      mercury 109. A projecting end 112a of the electrode 112 extends to the
      outside of the sealing member 113 and is connected to the other end of the
      lead wire 108. The projecting end 112a of the electrode 112 is also
      connected to an external connection terminal 115 through a lead wire 114.
      On the other hand, the metallic container 103 normally in contact with the
      mercury 102 and the metallic container 110 normally in contact with the
      mercury 109 are interconnected by a lead wire 116, and the metallic
      container 110 is connected to an external connection terminal 118 through
      a lead wire 117. Consequently, the two mercury switches or
      acceleration/deceleration detectors 1A and 1B are connected in parallel
      across the connection terminals 115 and 118. The connection terminals 115
      and 118 are electrically insulated from each other and supported in an
      insulating resin projection 119 which is integral with an insulating resin
      base 120. The insulating resin base 120 supports the metallic containers
      103 and 110 and the cylinders 104 and 111 as an integral unit. The
      insulating resin base 120 is made for example from a heat resisting ABS
      resin material. In the mercury switch 1B, the electrode 112 and the
      mercury 109 are normally electrically disconnected from each other and
      thus the mercury switch 1B constitutes a normally open switch. In the
      mercury switch 1B, a gap l between the electrode 112 and the mercury 109
      is selected to be smaller than the previously mentioned gap L in the
      mercury switch 1A and the lower surface of the sealing member 113 and the
      mercury flow surface of the container 110 are included to form conical
      surfaces to increase the distance of movement of the mercury 109 so that
      the mercury switch 1B detects such a first predetermined value of a
      relatively small acceleration or deceleration as will be caused on quickly
      braking a vehicle, i.e., one which is on the order of 0.7 G. While on the
      other hand projections 110a act as disturbance acceleration or
      deceleration absorbing means and are formed on the mercury flow surface of
      the container 110 to provide an increased frictional resistance to the
      movement of the mercury 109. By controlling random movements of the
      mercury 109 to same degree, the working speed of the mercury switch 1B is
      reduced to such an extent that it remains insensitive to intermittent
      accelerations and decelerations which may be caused by irregularities on a
      road surface on which a vehicle runs. To give an example, the working
      speed of the mercury switch 1B should preferably be selected so that on
      quick braking of a vehicle the electrode 112 comes into contact with the
      mercury 109 within 60 ms.
PAR  With the construction described above, the operation of the first
      embodiment is as follows. Under the normal driving conditions of a
      vehicle, the normally open mercury switches 1A and 1B in the
      acceleration/deceleration detecting means 1 are both open and hence a base
      current is supplied to the transistor 41 of the switching circuit 4
      through the resistor 42. Consequently, the locking solenoid 21 of the seat
      belt locking mechanism 2 is energized through the collector and emitter of
      the transistor 41 and it continues to attract the core 22. As a result, in
      the seat belt locking mechanism 2 the ratchet plate 23 is in the position
      shown in FIG. 2 and the end edges 23c of the ratchet plate 23 are out of
      engagement with the ratchet wheel 25, thus permitting the seat belt 26 to
      be freely pulled out.
PAR  Next, the operation of the system upon occurrence of a large acceleration
      or deceleration exceeding the second predetermined value as in the case of
      a collision will be described. In such a case, an acceleration or
      deceleration occurs which is much greater than the second predetermined
      value of 2.5 G or the predetermined detection value of the mercury switch
      1A and which tends to operate both of the mercury switches 1A and 1B. In
      this case, since the working speed of the mercury switch 1A is higher than
      that of the mercury switch 1B, the mercury switch 1A quickly operates
      first. In other words, since the mercury switch 1A is constructed so that
      it has a higher predetermined detection value and a sufficiently high
      working speed, the mercury switch 1A quickly comes into operation in case
      of a collision. This operation of the mercury switch 1A is effected when
      the mercury 102 is deformed as shown by the dotted line in FIG. 5 and
      establishes an electrical circuit between the electrode 105 and the
      mercury 102. The energization of the mercury switch 1A short-circuits the
      transistor 41 of the switching circuit 4 between the base and emitter
      thereof and the transistor 41 is cut off. Consequently, the locking
      solenoid 21 of the seat belt locking mechanism 2 is deenergized and the
      core 22 is returned in the direction of the arrow A in FIG. 2 by the
      spring force of the return spring 27. When this occurs, the ratchet plate
      23 is rotated about its intermediate portion 23b and the end edges 23c are
      moved in the direction of the arrow B into engagement with the teeth of
      the ratchet wheel 25. As a result, the counterclockwise rotation of the
      ratchet wheel 25 is prevented and the seat belt 26 is locked to secure the
      position of the vehicle occupant and protect him. This locking operation
      of the seat belt 26 on collision is effected by the mercury switch 1A
      which operates at the high working speed, and the occupant is positively
      protected.
PAR  Next, the operation of the system in a case where a relatively small
      acceleration or deceleration exceeding the first predetermined value
      occurs as in the case of quick braking will be described. In such a case,
      no acceleration or deceleration occurs which is greater than 2.5 G (the
      second predetermined value) or the predetermined detection value of the
      mercury switch or acceleration/deceleration detector 1A and thus the
      mercury switch 1A does not operate. However, since the predetermined
      detection value of the mercury switch or acceleration/deceleration
      detector 1B is low (e.g., the first predetermined value of 0.7 G), the
      mercury switch 1B comes into operation upon quick braking of the vehicle,
      so that the mercury 109 is deformed as shown by the dotted line in FIG. 5
      and establishes an electric circuit between the electrode 112 and the
      mercury 109. This short-circuits the transistor 41 of the switching
      circuit 4 between the base and emitter thereof and the transistor 41 is
      cut off. Consequently, the locking solenoid 21 of the seat belt locking
      mechanism 2 is deenergized so that in the similar manner as in the case of
      a collision, the seat belt 26 is locked to protect the occupant. While the
      working speed of the mercury switch 1B adapted to operate on quick braking
      is slightly lower than that of the mercury switch 1A, the seat belt
      locking operation required on quick braking needs not be so quick and
      therefore this gives rise to no operating difficulty.
PAR  Next, how the mercury switches or acceleration/deceleration detectors 1A
      and 1B can remain inoperative against accelerations and decelerations of a
      vehicle running on a rough road surface will be described. While the
      magnitude of accelerations and decelerations of a vehicle running on a
      rough road varies depending on the road surface conditions and vehicle
      speeds, it is for the most part smaller than 1.5 G. Therefore, although
      the working speed of the mercury switch 1A is selected high (in other
      words, it is so constructed that it is more liable to be operated by
      disturbances), the gap L between the mercury 102 and the electrode 105 is
      selected large and its predetermined detection value is selected greater
      than the previously mentioned magnitude of 1.5 G, whereby to render it
      inoperative against accelerations and decelerations due to rough road
      surfaces. On the other hand, since the predetermined detection value of
      the mercury switch 1B is selected 0.7 G, there are instances where it
      tends to be operated by accelerations and decelerations due to rough road
      surfaces. In fact, however, since the distance between the mercury surface
      and the electrode 112 is relatively large so that the working speed of the
      mercury switch 1B is made relatively slow, and since the random movement
      of the mercury 109 is controlled to some degree by the checking projection
      110a which serves as an absorbing means, the mercury 109 is prevented from
      reaching the electrode 112 in response to an intermittent acceleration or
      deceleration due to the rough road surface, and consequently the mercury
      switch 1B does not operate. Thus, both the mercury switches 1A and 1B
      remain inoperative against such accelerations and decelerations due to
      rough road surfaces, and the seat belt locking mechanism 2 is prevented
      from repeating its locking operation undesirably while the vehicle is
      running on the rough road surface.
PAR  FIG. 6 illustrates another embodiment of the present invention which is
      identical with the embodiment of FIG. 4 except that in the switching
      circuit 4 the diode 43 is replaced with a capacitor 44 to absorb the
      counter electromotive force induced in the locking solenoid 21.
PAR  FIG. 7 illustrates still another embodiment of the present invention which
      is identical with the embodiment of FIG. 4 except that the switching
      circuit 4 comprises a PNP transistor 41'.
PAR  It will thus be seen that the switching circuit 4 may be embodied in
      various forms.
PAR  FIG. 8 illustrates still another embodiment of this invention, in which
      numeral 201 designates a normally closed mercury switch constituting a
      normally closed acceleration/deceleration detector which detects only such
      a large acceleration or deceleration of a vehicle as will occur in a
      collision and which opens when such an acceleration or deceleration
      reaches a second predetermined value, but normally remains closed. Numeral
      202 designates a normally open mercury switch constituting a normally open
      acceleration/deceleration detector which detects a quick braking, quick
      turning or the like of a vehicle and which opens when the acceleration or
      deceleration of the vehicles reaches a first predetermined value which is
      lower than the second predetermined value, but it normally remains open.
      Numeral 41 designates a switching means, i.e., a transistor, 42 a base
      resistor, 44 a protective capacitor.
PAR  The construction of the normally closed mercury switch 201 and the normally
      open mercury switch 202 will be described in greater detail with reference
      to the sectional views of FIGS. 9 and 10. Referring first to FIG. 9
      showing the normally closed mercury switch 201, numeral 211 designates
      mercury, 212 a metallic container made for example from steel plate and
      connected to an electrode 212a, 213 a cylindrical member made from steel,
      214 an electrode made for example from an iron-nickel alloy and normally
      electrically conductively connected to the container 212 through the
      mercury 211 to constitute, along with the electrode 212a, a normally
      closed switch. Numeral 215 designates an electrode supporting insulator
      for electrically insulating the electrode 214 from the cylindrical member
      213, 216 a cover insulator enclosing the container 212 to electrically
      insulate it. Thus, the mercury switch 201 detects only such a large
      acceleration or deceleration of a vehicle as will occur in a collision or
      the like, e.g., one which is greater than 2.5 G corresponding to a second
      predetermined value. Further, in the mercury switch 201, a flow surface
      213a for the mercury 211 is made into a flat and smooth surface so that
      the mercury 211 may move quickly along the flow surface 213a with
      practically no resistance due to drift and viscosity of the mercury 211,
      and thus it has a sufficiently high response speed. In this way, when, for
      example, an acceleration or deceleration occurs which reaches the second
      predetermined value greater than 2.5 G as in a collision, the mercury 211
      can separate from the electrode 214 within a short period of 10 ms.
PAR  Referring now to FIG. 10 showing the normally open mercury switch or
      acceleration/deceleration detector 202, numeral 241 designates mercury,
      242 a metallic container made for example from steel plate and connected
      to an electrode 242a, 243 a cylindrical member made from steel. Numeral
      244 designates a cylindrical electrode made for example from an
      iron-nickel alloy and positioned opposite to the surface of the mercury
      241 with a certain intervening gap therebetween. The cylindrical electrode
      244 is electrically disconnected with the container 242 and it
      constitutes, along with the electrode 242a, a normally open switch.
      Numeral 245 designates a sealing member, i.e., a glass for hermetically
      sealing the member 241, 246 a cover insulator for enclosing the container
      242 to electrically insulate it. Thus, the mercury switch 202 detects such
      a relatively small acceleration or deceleration of a vehicle as will occur
      on quick braking or quick turning, that is, an acceleration or
      deceleration on the order of 0.7 G corresponding to a first predetermined
      value. Further, in the normally open mercury switch 202 the lower surface
      of the sealing member 245 and the mercury flow surface of the container
      242 are formed into a conical shape to increase the distance of movement
      of the mercury 241, and moreover checking projections 242b as disturbance
      acceleration or deceleration absorbing means are provided on the mercury
      flow surface of the container 242. By providing the projections 242b in
      the manner just described and controlling the random movement of the
      mercury 241 to some degree, the response time of the mercury switch 202 is
      decreased to such an extent that it is rendered insensitive to a
      transient, intermittent acceleration or deceleration of a vehicle caused
      by irregularities on a road surface on which it is running. For example,
      this response time is selected so that when the vehicle has an
      acceleration or deceleration as great as the first predetermined value of
      0.7 G as in the case of quick braking, the mercury 241 comes into contact
      with the electrode 244 within a time period of 60 ms.
PAR  With the construction described above, the embodiment of FIG. 8 operates as
      follows. Under normal driving conditions of the vehicle, the normally
      closed mercury switch 201 is closed and the normally open mercury switch
      202 is open, so that a base current flows to the transistor 41 through the
      base resistor 42 and renders it conductive. As a result, the solenoid 21
      of the seat belt locking mechanism 2 is energized through the collector
      and emitter of the transistor 41 and the normally open mercury switch 201
      to continuously attract the core 22 (FIGS. 2 and 3). In this condition,
      the ratchet plate 23 of the locking mechanism 2 is in the position shown
      in FIG. 2 and the upper ends 23c of the ratchet plate 23 are out of
      engagement with the ratchet wheel 25, thereby permitting the seat belt 26
      to be freely pulled out.
PAR  Next, the operation of the system when the vehicle has a large acceleration
      or deceleration as in a collision will be described. In such a case, the
      vehicle has an acceleration or deceleration much greater than 2.5 G or the
      second predetermined value of the normally closed mercury switch or
      acceleration/deceleration detector 201, and therefore both of the mercury
      switches 201 and 202 tend to operate. In fact, however, the normally
      closed mercury switch 201 quickly comes into operation earlier than the
      operation of the normally open mercury switch or acceleration/deceleration
      detector 202, since the response time of the latter is slower than the
      former. In other words, since the normally closed mercury switch 201 is
      constructed so that it has a high predetermined detection value and a
      sufficiently high response time, the normally closed mercury switch 201
      quickly comes into operation in case of a collision. In other words, the
      mercury 211 is deformed to separate from the electrode 214 and the
      electrodes 214 and 212a are electrically disconnected from each other to
      open a circuit therebetween. When the normally closed mercury switch 201
      opens, the supply of power to the locking mechanism 2 shown in FIGS. 2 and
      3 is cut off and the solenoid 21 of the locking mechanism 2 is deenergized
      irrespective of the conduction or nonconduction of the transistor 41,
      causing the core 22 to return by the spring force of the return spring 27.
      Consequently, the ratchet plate 23 is rotated about the intermediate
      portion 23b and the upper ends 23c are moved in the direction of the arrow
      B (FIGS. 2 and 3) into engagement with the teeth of the ratchet wheel 25.
      When this occurs, the counterclockwise rotation of the ratchet wheel 25 is
      prevented and the seat belt 26 is locked to secure the position of the
      occupant and protect him. This locking operation of the seat belt 26 on
      collision is quickly effected by the normally closed mercury switch 201
      operating at the high response speed, and the occupant is positively
      protected.
PAR  On the other hand, when the vehicle has a relatively small acceleration or
      deceleration as in the case of quick braking, quick turning or the like,
      the embodiment of FIG. 8 operates as follows. In this case, since no
      acceleration or deceleration occurs which is greater than 2.5 G or the
      second predetermined value of the normally closed mercury switch 201, the
      normally closed mercury switch 202 remains closed. On the other hand, the
      normally open mercury switch 202 comes into operation, since its first
      predetermined value is low (e.g., 0.7 G). Consequently, the transistor 41
      is short-circuited between the base and emitter thereof and it is switched
      to the off condition with the result that the solenoid 21 of the locking
      mechanism 2 (FIGS. 2 and 3) is deenergized and the core 22 is returned by
      the spring force of the return spring 27. Consequently, the ratchet plate
      23 is rotated about its intermediate 23b and the upper ends 23c are moved
      in the direction of the arrow B (FIGS. 2 and 3) into engagement with the
      teeth of the ratchet wheel 25. This prevents the counterclockwise rotation
      of the ratchet wheel 25 and the seat belt 26 is locked to secure the
      position of the occupant and protect him. In this case, while the response
      speed of the normally open mercury switch 202 adapted to operate for
      example on quick braking or quick turning is selected slightly lower than
      that of the normally closed mercury switch 201, the seat belt locking
      operation on quick braking or quick turning needs not be effected as
      quickly as in the case of a collision and there is thus no operating
      difficulty.
PAR  Next, how both the mercury switches 201 and 202 remain inoperative against
      the accelerations and decelerations of a vehicle running on a rough road
      surface will be described. In other words, while the accelerations and
      decelerations of a vehicle running on a rough road surface vary in
      accordance with the road surface conditions and vehicle speeds, the
      predetermined detection value of the normally closed mercury switch 201 is
      selected to be sufficiently high so that it remains inoperable against
      such accelerations and decelerations of the vehicle running on the rough
      road surface. On the other hand, since the predetermined detection value
      of the normally open mercury switch 202 is 0.7 G, there may be instances
      where it tends to operate in response to the accelerations and
      decelerations of the vehicle running on the rough road surface. In fact,
      however, the normally open mercury switch 202 has an increased distance of
      the flow of the mercury 241 and its response speed is also selected low.
      Thus, such transient, intermittent acceleration or deceleration of the
      vehicle running on the rough road surface cannot cause the mercury 241 to
      reach the electrode 244 and consequently the normally open mercury switch
      202 does not operate. Thus both the mercury switches 201 and 202 remain
      inoperative against the accelerations and decelerations of the vehicle
      running on the rough road surface and there is no danger of the locking
      mechanism 2 repeating undesired locking operations while the vehicle is
      running on the rough road surface.
PAR  FIG. 11 illustrates still another embodiment of the present invention. This
      embodiment differs from the previously described embodiments in that a
      flywheel diode 43 is connected in parallel with the solenoid 21 of the
      locking mechanism 2 to replace the protective capacitor 44 in the
      embodiment of FIG. 8, and the normally open acceleration/deceleration
      detector comprises a normally open mercury switch 202' of ordinary
      construction in place of the normally open mercury switch 202 used in the
      embodiment of FIG. 5 so as to prevent the occurrence of undesired locking
      operations due to the running on a rough road surface. The embodiment of
      FIG. 11 further includes noise absorbing means consisting of a low-pass
      filter. Namely, numeral 49a designates a reverse current blocking diode,
      49b a noise absorbing capacitor constituting the low-pass filter of the
      noise absorbing means, 49c and 49d shift levelling diodes. With this
      construction, no transient, intermittent closing of the normally open
      mercury switch 202' due to the running of a vehicle on a rough road
      surface causes the switching means, i.e., the transistor 41 to become
      nonconductive, since the transistor 41 is held in the conductive state
      owing to the action of the noise absorbing capacitor 49b. Consequently,
      the locking mechanism 2 does not operate. In this case, the noise
      absorbing capacitor 49b may of course be connected between the base and
      collector of the transistor 41. Further, the provision of the noise
      absorbing means makes it possible to use, in addition to the normally open
      mercury switch 202' of ordinary construction, many other types of
      acceleration/deceleration detecting means without employing the mercury
      switch as the normally open acceleration/deceleration detector.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An automatic seat belt locking system for a vehicle comprising:
PA1  first and second detectors for detecting an acceleration or deceleration of
      a vehicle whereby a first detection signal is generated by said first
      detector when said acceleration or deceleration is greater than a first
      predetermined value, and a second detection signal is generated by said
      second detector when said acceleration or deceleration is greater than a
      second predetermined value which is greater than said first predetermined
      value;
PA1  a switching circuit connected to said first and second detectors and being
      turned off when at least one of said first and second detector signals is
      received; and
PA1  a locking mechanism connected to said switching circuit for locking and
      preventing the movement of a seat belt securing a vehicle occupant when
      said switching circuit is turned off wherein said first detector includes
      absorbing means wherein a transient, intermittent, disturbance
      acceleration or deceleration greater than said first predetermined value
      is absorbed and said first detector is rendered insensitive to said
      disturbance acceleration or deceleration in accordance with said first
      predetermined value to thereby prevent the generation of said first
      detection signal.
NUM  2.
PAR  2. A system according to claim 1, wherein the flow of current to said
      locking mechanism is cut off by the turning off of said switching circuit
      to lock and prevent the movement of said seat belt.
NUM  3.
PAR  3. A system according to claim 2, wherein said first and second detectors
      comprise normally opened switches connected in parallel with each other.
NUM  4.
PAR  4. A system according to claim 1, wherein said first and second detectors
      comprise normally opened switches connected in parallel with each other.
NUM  5.
PAR  5. An automatic seat belt locking system for a vehicle comprising:
PA1  a normally open acceleration/deceleration detector adapted to close when an
      acceleration or deceleration of a vehicle is greater than a first
      predetermined value;
PA1  absorbing means provided in said normally open acceleration/deceleration
      detector whereby a transient, intermittent, disturbance acceleration or
      deceleration greater than said first predetermined value is absorbed to
      render said normally open acceleration detector insensitive to said
      disturbance acceleration or deceleration to thereby prevent the closing of
      said normally open acceleration/deceleration detector;
PA1  switching means adapted to be switched to a nonconductive condition in
      response to the closing of said normally open acceleration/deceleration
      detector;
PA1  a locking mechanism adapted to be deenergized by the switching of said
      switching means to said non-conductive condition to lock and prevent the
      movement of a seat belt securing a vehicle occupant; and
PA1  a normally closed acceleration/deceleration detector adapted to open and
      interrupt the flow of current to said locking mechanism when said
      acceleration or deceleration is greater than a second predetermined value
      which is larger than said first predetermined value.
NUM  6.
PAR  6. An automatic seat belt locking system for a vehicle comprising:
PA1  a normally open acceleration/deceleration detector adapted to close when an
      acceleration or deceleration of a vehicle is greater than a first
      predetermined value;
PA1  an absorbing means connected to said normally open
      acceleration/deceleration detector wherein when a transient intermittent
      disturbance acceleration or deceleration causes a transient, intermittent
      closing of said normally open acceleration/deceleration detector, a
      transient, intermittent output signal of said normally open
      acceleration/deceleration detector is absorbed;
PA1  switching means connected to said absorbing means adapted to be switched to
      a non-conductive condition when a closing signal of said normally open
      acceleration/deceleration detector generated by the closing thereof passes
      through said absorbing means and is conducted to said switching means;
PA1  a locking mechanism connected to said switching means and adapted to be
      energized to lock and prevent the movement of a seat belt securing a
      vehicle occupant; and
PA1  a normally closed acceleration/deceleration detector connected to said
      locking mechanism and adapted to open and interrupt the flow of current to
      said locking mechanism when said acceleration or deceleration is greater
      than a second predetermined value which is greater than said first
      predetermined value.
NUM  7.
PAR  7. The automatic seat belt locking system of claim 6 wherein said absorbing
      means comprises a low pass filter.
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ABST
PAL  A grille system for a tilt cab-over-engine truck includes a one-piece,
      rigid frame grille which extends above and below the cab pivot axis and
      has a width greater than the radiator tunnel opening. The grille is
      mounted for automatic swinging movement away from the radiator and front
      of the cab in a controlled path as the cab is tilted forward so that the
      grille does not obstruct the tilt path of the cab. The system should be
      automatic in order to maximize operator efficiency. Guide rods connected
      to the side of the grille control the path of the swinging movement to
      prevent the grille from swinging out in a random pattern as the cab is
      tilted forward, and these guide rods also guide the grille back into
      position and hold the grille against rubber stops to prevent vibration and
      bouncing of the grille when the truck is being driven.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a tilt cab-over-engine (C.O.E.) truck of the kind
      in which the cab is pivotally connected to the truck chassis for forward
      tilting about a cab pivot axis to provide access to the engine and
      radiator area. It relates particularly to a grille system for a tilt cab
      truck.
PAR  In the design of a tilt cab-over-engine truck it is desirable to maintain a
      minimum cab length and reasonable cab height while offering the maximum
      driver space possible. A clean appearing vehicle is also an important
      consideration.
PAR  To obtain a minimum cab length it is necessary to locate the cab directly
      over the engine and radiator with the engine and radiator as far forward
      under the cab as possible, practically right to the front of the cab. With
      this style of cab the driver position is above and to one side of the
      engine and radiator area.
PAR  In order to maintain reasonable cab height, the engine and radiator area
      extends up into the middle of the cab and is normally covered (in the cab
      up or driving position) by a cab tunnel which runs through the cab and
      goes over the radiator and engine. Since the cab tilts forward, the cab
      tunnel needs to be wide enough to clear the radiator. To provide maximum
      space within the cab for the driver, and possibly a passenger, the width
      of the cab tunnel needs to be kept to a minimum. With the radiator being
      wider than the engine, the cab tunnel width can be reduced after it clears
      the radiator area to provide adequate space to locate the driver and
      passenger.
PAR  The length of the radiator tunnel (the portion of the cab tunnel covering
      the radiator area) can be reduced and thus the intrusion of the radiator
      tunnel into the cab seating area and gear shifting area can be minimized
      by using a relatively high cab pivot. That is, a low cab pivot requires
      more swing of the cab to go past the radiator (and thus a longer cab
      tunnel) while a higher cab pivot requires less swing of the cab and
      therefore permits a shorter radiator tunnel.
PAR  When the cab pivot is raised sufficiently high as to permit the desired
      short length of radiator tunnel, the axis of the cab pivot is located
      above the bottom of the cab and up behind the grille. When the grille is
      designed so that the lower edge aligns with the bottom edge of the cab,
      the lower part of the grille extends down below the cab pivot axis. As a
      result, when the cab is tilted, the grille either has to move away from
      the cab or has to be split into two pieces so that the lower part of the
      grille does not swing back into the radiator.
PAR  The cab front also extends down below the pivot axis to minimize the gap
      above the bumper. The cab front can remain a singular structure without
      hinging or splitting the areas below the pivot axis, if an opening in the
      cab front is made wider than the truck chassis and its components. The
      lower cab front can then tilt rearwardly without interference. This
      opening should be covered by the grille and therefore establishes the
      grille width.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  It is a primary object of the present invention to construct a grille
      system for a tilt cab-over-engine truck of the kind described which
      automatically swings the grille forward in a controlled path away from the
      cab and radiator as the cab is tilted forward.
PAR  In a specific embodiment of the present invention a one-piece, rigid frame
      grille is connected to the cab by a hinge connection between the grille
      and the cab at the upper edge of the grille. The lower edge of the grille
      is held in position by guide rods, and these guide rods also control the
      swing of the grille about the upper hinge. Two guide rods are used, one at
      each side of the grille. Each guide rod has one end connected to the
      grille and an opposite end connected to the truck chassis. When the cab is
      tilted forward, the guide rods automatically move the grille out away from
      the front of the cab and prevent the grille from just swinging out in a
      random pattern and possibly swinging into an object that might be located
      on the ground and which could cause damage to the grille. When the cab is
      tilted back to its cab driving position, the rods perform the same
      function to guide the grille back into position. The guide rods hold the
      grille tight against rubber stops to keep the grille from vibrating and
      bouncing when the truck is being driven. The guide rods are located and
      dimensioned so that they tend to swing the lower end of the grille beyond
      the vertical and back toward the radiator to a position in which the
      grille would not lie in plane with the front of the cab in the cab driving
      position. However, the rubber stops engage the back of the grille to hold
      the grille in plane with the front of the cab against the force exerted by
      the guide rods.
PAR  Disconnects are provided between the guide rods and the grille for
      disconnecting the rods so that the grille can be swung open about the
      upper hinge for access to the radiator area.
PAR  Grille system apparatus and methods which incorporate the structure and
      techniques described above and which are effective to function as
      described above constitute specific objects of this invention.
PAR  Other objects, advantages and features of this invention will become
      apparent from the following detailed description of preferred embodiments
      taken with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side elevation view of a tilt cab-over-engine truck
      having a grille system constructed in accordance with one embodiment of
      the present invention. FIG. 1 shows in solid outline the locations of the
      grille system components in the cab driving position and shows in dashed
      outline the locations of the grille system components when the cab is
      tilted forward to the cab tilted position; some parts are broken away;
PAR  FIG. 2 is an enlarged side elevation view of the grille portion of FIG. 1;
PAR  FIG. 3 is a top plan view of the tilt cab-over-engine truck shown in FIG.
      1, with some parts broken away to show others; and
PAR  FIG. 4 is a front elevation view of the tilt cab-over-engine truck shown in
      FIG. 1, with some parts broken away to show others; the radiator is shown
      in broken lines.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIGS. 1-4 show a tilt cab-over-engine truck 10 having a grille system
      constructed in accordance with one embodiment of the present invention. A
      cab 14 is mounted for pivoting movement relative to the truck frame 11
      about a pivot axis 12 between a cab driving position (in which the grille
      system of the present invention is shown in solid outline) and a cab
      tilted position (in which the grille system of the present invention is
      shown in dashed outline). As illustrated in FIGS. 1, 3, and 4, the truck
      10 comprises a cab 14, a driver's seat 16, a steering wheel 18, a gear
      shift lever 20, foot operated controls 22, a passenger seat 24, and a cab
      tunnel 26.
PAR  The cab tunnel 26 extends over the radiator 28 and the engine (not shown)
      in the cab driving position in FIG. 1; and as the cab is tilted forward to
      the cab tilted position illustrated in phantom outline in FIG. 1, the cab
      tunnel 26 is swung up and forward to provide access to the engine and
      radiator area. In the particular truck shown, the radiator 28 is offset
      relatively to the centerline of the cab and truck. As illustrated in FIG.
      3, a relatively narrow width cab tunnel 26 allows more clearance for the
      shift lever 20, and also provides more seat room for the passenger. As
      also illustrated in FIG. 3, this cab tunnel 26 is preferably offset to the
      passenger side of the vehicle for optimum foot control space for the
      driver.
PAR  FIGS. 1 and 3 illustrate that a relatively short length cab can be
      obtained, while still providing adequate space for the driver and for the
      engine, if the intrusion of the wider radiator portion of the cab tunnel
      26 into the interior of the cab can be minimized. With a short length of
      the radiator portion of the cab tunnel 26, the driver and passenger can be
      located closer to the front, and the overall cab length can be reduced
      accordingly. The length of the radiator portion of cab tunnel 26 can be
      kept short if a relatively high location of the cab pivot axis 12 is used.
      The clearance radius for the cab tunnel must be large enough to let all
      parts of the cab tunnel 26 clear the top of the radiator 28. The clearance
      radius (and therefore the overall length of the radiator portion of cab
      tunnel 26) can be shortened by moving the pivot axis 12 up toward the top
      of the radiator 28.
PAR  Locating the cab pivot axis 12 in this way places the pivot axis up behind
      the grille 30. The lower part of the grille 30 thus extends downward below
      the level of the cab pivot axis 12.
PAR  This lower part of the grille either has to be moved away from the cab, as
      the cab is tilted forward, or has to be split from the rest of the grille
      so that this lower part of the grille does not swing back into the
      radiator 28 or into the bumper 32.
PAR  A rigid frame one-piece grille is preferable over a split grille for both
      aesthetic and functional reasons.
PAR  As best illustrated in FIG. 4, a rigid frame, one-piece grille, located
      symmetrically on the front of the truck cab, presents a clean appearance.
      FIG. 4 also illustrates how the grille 30 can be made oversize to cover
      the offset radiator, cab tunnel 26, and chassis components.
PAR  In accordance with the present invention the necessary clearance for the
      lower part of the grille 30 is provided by connecting the grille 30 to the
      cab by a hidden hinge connection 34 at the upper edge of the grille 30.
      This permits the grille to swing out and away from the radiator and bumper
      32, by rotation about the axis of the hinge 34, as the cab is tilted
      forward. This is illustrated in FIG. 1.
PAR  Also in the present invention, the path of the swinging movement of the
      grille 30 about the hinge connection 34 is controlled at all times. Two
      guide rods 36 control this swinging movement of the grille 30, one guide
      rod 36 being positioned on each side of the grille 30. As best shown in
      FIG. 2, the lower end of the guide rod 36 is connected to the truck
      chassis in a pivot connection 38, and the upper end of the guide rod 36 is
      connected to a side edge of the grille by a connection 40. The connection
      40 is a quick disconnect which permits the rods 36 to be disconnected from
      the grille so that the grille 30 can be swung open for access to the
      radiator area with the cab in the driving position.
PAR  A pair of rubber stops 42, one on each side, are located behind the grille
      30 in a position such that these rubber stops coact with a backwardly
      directed force exerted by the guide rods 36 to hold the grille in the
      desired upright position and also to prevent vibration and bouncing of the
      grille when the truck is being driven.
PAR  As illustrated in FIGS. 1 and 2, the guide rods 36 are bent at an angle (to
      provide a spring load closing force) and are located and dimensioned to
      swing the lower end of the grille beyond the vertical and back toward the
      radiator to a position in which the grille would not lie in plane with the
      front of the cab in the cab driving position. Because these guide rods 36
      are slightly bent, the engagement of the grille with the rubber stops 42
      is effective to hold the grille in plane with the front of the cab, while
      the bent guide rods flex (or straighten slightly) to accommodate this
      limitation on the grille movement which would otherwise be produced by
      these guide rods.
PAR  The present invention thus provides a rigid frame one-piece grille system
      for a tilt cab-over-engine truck having a pivot axis which is located
      higher than the lower edge of the grille. The grille is connected to the
      cab in a way that permits the lower end of the grille to be swung
      automatically out of the way so that it does not interfere with the
      forward tilting of the cab. The present invention also integrates the
      grille with the tilt cab-over-engine truck in a way which accommodates
      important design objectives of the cab.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. A grille system for a tilt cab-over-engine truck of the kind in which
      the cab is pivotally connected to the truck chassis for forward tilting
      about a cab pivot axis from a cab driving dposition to a cab tilted
      position to provide access to the engine and radiator area by raising a
      cab tunnel which normally covers the top of the engine and radiator area
      in said cab driving position, said grille system comprising,
PA1  a one-piece grille connected to the cab so as to be positioned upright in
      front of the radiator with the lower end of the grille extending downward
      below the cab pivot axis in the cab driving position,
PA1  and mounting means for automatically swinging the grille forward in a
      controlled path away from the cab and radiator as the cab is tilted to the
      cab tilted position,
PA1  said mounting means including a hinge connection between the grille and the
      cab at the upper edge of the grille and rigid guide rod means having one
      end connected to the grille and an opposite end connected to the truck
      chassis for controlling the path of travel of the grille in said swinging
      movement of the grille.
NUM  2.
PAR  2. The invention defined in claim 1 wherein the guide rod means includes
      means for swinging the lower end of the grille beyond the vertical and
      back toward the radiator to a position in which the grille would tilt
      inwardly from the plane of the front of the cab in the cab driving
      position, and resilient stop means for engaging the back of said grille to
      hold the grille in plane with the front of the cab against the force
      exerted by said guide rod means, thereby preventing unwanted swinging
      during operation of said truck and reducing vibrational noises.
NUM  3.
PAR  3. The invention defined in claim 1 including disconnect means between said
      guide rod means and the grille for disconnecting said guide rod means so
      that the grille can be swung open about the upper hinge for access to the
      radiator area.
NUM  4.
PAR  4. The invention defined in claim 1 wherein the one-piece grille is a rigid
      frame that exceeds the radiator tunnel width.
NUM  5.
PAR  5. A grille system for a tilt cab-over-engine truck of the kind in which
      the cab is pivotally connected to the truck chassis for forward tilting
      about a cab pivot axis from a cab driving position to a cab tilted
      position to provide access to the engine and radiator area by raising a
      cab tunnel which normally covers the top of the engine and radiator area
      in said cab driving position, said grille system comprising,
PA1  a one-piece grille connected to the cab so as to be positioned upright in
      front of the radiator with the lower end of the grille extending downward
      below the cab pivot axis in the cab driving position,
PA1  and mounting means for automatically swinging the grille forward in a
      controlled path away from the cab and radiator as the cab is tilted to the
      cab tilted position,
PA1  said mounting means including a hinge connection between the grille and the
      cab at the upper edge of the grille and guide rod means for controlling
      the path of travel of the grille in said swinging movement of the grille,
PA1  said guide rod means including a guide rod at each side of the grille with
      each guide rod having one end connected to the grille and an opposite end
      connected to the truck chassis.
NUM  6.
PAR  6. The invention defined in claim 5 wherein the guide rods are dimensioned
      and located to swing the lower end of the grille beyond the vertical and
      back toward the radiator to a position in which the grille would not lie
      in plane with the front of the cab in the cab driving position and
      including resilient stop means for engaging the back of the grille to hold
      the grille in plane with the front of the cab against the force exerted by
      the guide rods.
NUM  7.
PAR  7. The invention defined in claim 5 including disconnect means between each
      guide rod and the grille for disconnecting the rods so that the grille can
      be swung open about the upper hinge for access to the radiator area.
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ABST
PAL  An engine enclosure comprises a support frame having a pair of vertically
      disposed rear posts interconnected at their upper ends to a pair of
      vertically disposed center posts by tie rods. A counterweight mounting
      device is secured on the outside of the rear posts to form an integral
      part thereof.
PARN
PAR  This is a division of Ser. No. 326,996, filed Jan. 26, 1973, now U.S. Pat.
      No. 3,869,018.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  An enclosure normally covers and protects the engine, hydraulic pumps,
      valves and other working components of a hydraulic excavator. The engine
      may be mounted at the rear of the excavator's rotatable upper unit to aid
      in counter-balancing the boom and attached implement mounted on the front
      of the upper unit. Additional counterweights are oftentimes releasably
      attached on the rear of the upper frame to further aid in such
      counterbalancing during excavator operation.
PAR  A counterweight installation and removal device, such as the one disclosed
      in U.S. application Ser. No. 254,496, filed on May 18, 1972, by Stanley A.
      Jorgensen et al for "COUNTERWEIGHT SUSPENSION DEVICE", now U.S. Pat. No.
      3,795,330 and assigned to the assignee of this application, may be
      attached on the engine's enclosure to aid in the mounting and demounting
      of such counterweights. Heavy structural supports are normally required at
      the rear of the enclosure to accommodate the heavy loads imposed thereon
      by the counterweights. Such supports are bulky and unduly increase the
      complexity and overall length of the enclosure.
PAR  The standard enclosure normally comprises a frame structure having a
      plurality of panels removably secured thereon to provide access to the
      aforementioned working components disposed therein. A stack-up of
      manufacturing and assembly tolerances frequently results in the
      misalignment of attachment holes formed through the panels and in the
      underlying frame structure. Thus, new attachment holes compensating for
      such misalignment, must be formed through the panels or frame structure
      during assembly of the enclosure.
PAC  Summary of the Invention
PAR  An object of this invention is to overcome the above, briefly described
      problems by providing a non-complex and economical enclosure particularly
      adapted to protect working components of a vehicle, which exhibits a high
      degree of protection, structural integrity, and ability to be fabricated
      expeditiously. The enclosure comprises a frame structure which is adapted
      to accommodate heavy loads imposed thereon when a counterweight is
      attached on the rear of the vehicle, for example. The frame structure
      comprises pairs of longitudinally aligned center and rear posts secured to
      the vehicle's main frame and interconnected by force transmitting means to
      transmit loading forces to the center posts and main frame directly. The
      center posts each preferably have a substantially large base secured
      thereon to aid in such load transmitting desiderata.
PAR  In addition, each center post preferably has a mounting pad adjustably
      mounted thereon to compensate for the misalignment of attachment holes
      formed in the frame structure and through a top panel attached thereto. At
      least one side panel is preferably attached on the enclosure for
      adjustment to compensate for misalignment between the upper end thereof
      and a connected top panel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects of this invention will become apparent from the following
      description and accompanying drawings wherein:
PAR  FIG. 1 is an isometric view of an engine enclosure for the upper unit of a
      hydraulic excavator;
PAR  FIG. 2 is a top plan view of a frame structure employed in the enclosure;
PAR  FIG. 3 is an enlarged side elevational view of a portion of the frame
      structure, taken in the direction of arrows III--III in FIG. 2;
PAR  FIG. 4 is enlarged, top plan view of a mounting pad for mounting top panels
      of the enclosure on the frame structure;
PAR  FIG. 5 is a sectional view of the mounting pad, taken in the direction of
      arrows V--V in FIG. 4;
PAR  FIG. 6 is an enlarged sectional view of the enclosure, taken in the
      direction of arrows VI--VI in FIG. 1; and
PAR  FIG. 7 is a top plan view, taken in the direction of arrows VII--VII in
      FIG. 6 and rotated 90 degrees.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates an engine enclosure 10 and operator's cab 11 mounted on
      a rotatable upper unit 12 of a hydraulic excavator (not fully shown). As
      shown in FIG. 2, engine 13 is disposed in the enclosure to aid in
      counter-balancing a boom and attached implement (not shown) movably
      mounted on a front end of the upper unit in a conventional manner. The
      upper unit comprises a main support frame 14 having a plurality of
      rectangular top panels 15-21 secured thereon by fastening means such as
      bolts 22, each disposed at a corner of each panel.
PAR  A fuel tank 23, mounted at a front corner of the enclosure, is integrally
      secured to the main frame. A plurality of threaded attachment holes 24
      (FIG. 2) are formed in the frame members for receiving the threaded ends
      of bolts 22. A pair of laterally spaced and upright posts 25 and 26 each
      preferably comprise a U-shaped channel member 27 secured at its upper end
      to an L-shaped cross-bar 28, extending transversely the full width of the
      main frame (FIG. 3).
PAR  A counterweight mounting device 29, such as the type disclosed in above
      mentioned U.S. Pat. application Ser. No. 254,496, is secured on the
      outside of the rear posts to removably mount one or more counterweights 30
      thereon. The rear posts are further secured at their lower ends to a rear
      end of longitudinally disposed main frame members 31 by bolts 32. A pair
      of laterally spaced and upright center posts 33 each have a substantially
      large base or pedestal secured to its lower end and attached to members 31
      by bolts 34 and 35.
PAR  The center posts may each comprise a plurality of plates suitably welded
      together to form a box-section exhibiting a substantially higher
      structural rigidity and strength than a longitudinally aligned rear post.
      Force transmitting means, such as tie rods 36, interconnect the upper ends
      of the center and rear posts. Such construction increases the structural
      rigidity of the rear posts to accommodate the loads imposed thereon by
      counterweight 30.
PAR  Referring to FIGS. 3-5, each center post further comprises a forwardly
      extending and cantilevered section 37 having a pair of ear-like mounting
      brackets 38 extending laterally therefrom. Each bracket has a vertical
      bore 39 formed therethrough, as clearly shown in FIGS. 4 and 5. A mounting
      plate 40 is releasably attached on the brackets by a pair of bolts 41,
      extending through a retainer plate 42 disposed beneath the brackets. A
      spacer bushing 43, mounted on each bolt and disposed between the retainer
      and mounting plates, has a diameter which is substantially less than the
      diameter of circumventing bore 39 to provide limited horizontal adjustment
      of the mounting plate on the brackets. The mounting plate has a plurality
      of threaded attachment holes 44 formed therethrough, adapted to receive
      the threaded ends of bolts 22 therein.
PAR  Referring to FIGS. 6 and 7, enclosure 10 has a substantially vertical front
      panel 45 disposed centrally at the front thereof. One side of the panel is
      positioned adjacent to fuel tank 23 (FIG. 1) and one lower corner thereof
      is secured by fastening means, such as a bolt 46, to a support bracket 47
      extending laterally inwardly from the fuel tank. The opposite side of the
      panel is fastened intermediate to its upper and lower ends by a bolt 48 to
      a support bracket 49, extending laterally inwardly from the main frame.
PAR  A transversely disposed bracket 50 is integrally secured to the upper, back
      edge of front panel 45 and has a pair of threaded attachment holes 51
      formed therein and a cylindrical pin or rod 52 projecting outwardly from
      each lateral end thereof. A first member 53 extends laterally inwardly
      from the fuel tank and a second member 54 extends laterally inwardly from
      the support frame. Such members are in substantial alignment with bracket
      50 and each has a horizontally disposed and forwardly opening U-shaped
      slot 55 formed therein to receive rod 52 to provide a pin and slot
      connection thereat. During assembly of the enclosure, bolts 46 and 48 may
      be loosened to permit fore and aft adjustment of front panel 45 and
      bracket 50 to precisely align the mounting holes formed through panel 18
      with threaded attachment holes 51 of underlying bracket 50 for reception
      of bolts 22 therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. An enclosure comprising:
PA1  a horizontally disposed and longitudinally extending main frame,
PA1  at least one pair of upright rear posts secured at their lower ends on a
      rearward end of said frame,
PA1  at least one pair of upright center posts secured at their lower ends on
      said frame and spaced longitudinally forwardly from said rear posts
      intermediate forward and rearward ends thereof to extend upwardly
      therefrom,
PA1  force transmitting means interconnecting upper ends of each pair of said
      rear and center posts for transmitting loading forces imposed on said rear
      posts to said center posts and frame directly, and
PA1  a counterweight mounting device secured on the outside of said rear posts
      to form an integral part thereof for selectively mounting a counterweight
      thereon.
NUM  2.
PAR  2. The enclosure of claim 1 further comprising a counterweight removably
      mounted in a fixed position on a lower end of said counterweight mounting
      device.
NUM  3.
PAR  3. The enclosure of claim 1 further comprising an engine disposed therein
      to aid said counterweight in counter-balancing said enclosure when a load
      is imposed on a forward end thereof.
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ABST
PAL  A vehicle guidance mechanism for guiding a vehicle along a surface by means
      of an invisible guide line containing fluorescent material comprises an
      ultraviolet lamp that causes the guide line to fluoresce and emit visible
      light; photocell sensors mounted in the vehicle and adapted to sense the
      visible radiation and produce an error output signal proportional to the
      variation of vehicle position from a predetermined lateral position with
      respect to the guide line; and a control device in the vehicle adapted to
      steer the vehicle in response to the error signal so as to cause the
      vehicle to follow the guide line. An automatic contrast control circuit
      eliminates the effect of background illumination in the output signal and
      produces a constant closed loop gain with respect to the signal received
      from the guide line. Modulation circuitry and appropriate filters further
      reduce the effects of background illumination and improve the reliability
      and line detecting ability of the guide system. Line detection circuitry
      is employed to prevent operation of the automatic control device unless
      the vehicle is tracking a valid guide line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to line tracking systems for automatically directing
      a vehicle along a predetermined path and more particularly to a line
      tracking system capable of tracking an invisible guide line.
PAR  2. Description of the Prior Art
PAR  A variety of automatic control devices for vehicles have previously been
      developed. The principal use for such automatic guidance systems has been
      in connection with industrial vehicles of the type that perform delivery
      or work functions in an industrial or office facility. Systems also have
      been developed for automobile guidance on highways but no such systems
      have been implemented on a commercial basis.
PAR  The basic types of guidance systems previously used on unmanned industrial
      vehicles have been permanent tracks, buried wire, reflected light, and
      radio controlled.
PAR  Track vehicles are vehicles that ride along a fixed rail or a track and are
      guided by the contour of the track. These vehicles are used primarily for
      automated storage-retrieval systems such as lift trucks that move on
      tracks between many-leveled storage racks and stock or retrieve material
      under computer control. This technique is unacceptable for floor
      maintenance machines (i.e., machines that scrub, sweep, or vacuum a floor)
      or any other application except for highly structured environments, such
      as stadiums, theaters, or stairwells. The presence of a fixed or permanent
      track on many floor surfaces is aesthetically as well as physically
      undesirable, and the installation of such a track is a substantial
      expense. Further, when a permanent track is installed, it is difficult and
      expensive to change the location of the track, thereby reducing the
      flexibility of the system.
PAR  Buried wire guidance systems have been applied successfully to various
      material handling systems, including hospital food trays, office mail
      carts, and automotive parts for use on assembly lines. In such a system, a
      wire is buried in the floor along the track the vehicle is to follow, and
      both ends of the wire are terminated at an excitation source. The wire is
      excited with an alternating current (typically 10 kHz) and its radiation
      pattern is then detected by two sensing coils on the vehicle. The
      differential output of these coils is utilized to drive a steering
      mechanism so that the vehicle is steered to follow the buried wire. This
      technique has serious limitations, one of the principal limitations being
      that it is generally not practical to employ a buried wire system in an
      existing structure. To apply a buried wire system to an existing floor
      structure, it would be necessary to cut a long groove in the floor
      structure along the path the vehicle is to follow and lay a new floor
      surface over the wire after it is buried in the groove. Even if the
      expense of burying a wire in an existing floor structure could be
      justified for a given application, the system would lack flexibility
      because to change the position of any given line, it would be necessary to
      cut a new groove in the floor and lay a new wire in this groove, while at
      the same time disconnecting the old wire.
PAR  Other disadvantages with a buried wire system are that the materials are
      relatively expensive, as well as being difficult to install and remove,
      and interference problems could be encountered when a buried wire system
      is used in a floor that is heavily reinforced with metal reinforcing rods.
PAR  Buried wire guidance systems are not appropriate for floor care machines
      for all of these reasons--they are too expensive, and the system contains
      little flexibility with regard to changing the placement of the guide
      line.
PAR  In reflected light sensing systems, a brightly visible line that contrasts
      markedly with the surface of the floor is laid along a predetermined path
      to be followed by the vehicle. The vehicle includes a light source of
      visible light that shines on the floor and photocell sensors that detect
      the level of light reflected from the floor (i.e., both the background and
      guide line illumination). The sensors are connected to a differential
      output amplifier much in the manner of the sensing coils in the buried
      wire system. The differential output is connected to a servo drive
      mechanism, which steers the vehicle along the guide line as the vehicle
      moves along the floor. One of the problems with the reflected light system
      is that the background or spurious illumination from the floor also is
      received by the photocells, and this illumination impairs the ability of
      the system to detect the contrast between the guide line and the
      background illumination. With surfaces having different contrast levels,
      such as a tile surface employing black and white checkered tiles, accurate
      tracking with a reflected light sensing system is unreliable.
PAR  Indeed, reflected light guidance systems have been known to cause a vehicle
      to follow a beam of sunlight that is cast across a floor surface from a
      window. Such unreliability is a critical defect in automatic machines
      because unreliable machines require constant supervision (thus eliminating
      labor cost savings), and an unmanned machine out of control on a spurious
      or non-existent line can be extremely hazardous.
PAR  One of the positive attributes of a reflected light system is that an
      existing line can be removed or moved to a new location easily, thus
      defining a new guide line for the vehicle to follow. However, the very
      impermanence and visibility of such a guide line also has drawback. A
      visible and removable guide line invites vandalism, and such guide lines
      are aesthetically unappealing. The aesthetic unacceptability alone is
      fatal to the use of a reflected light system in many applications, one of
      which is in the floor care industry. It would be completely unacceptable
      to almost any operation to have a complete matrix of highly visible lines
      crisscrossing on a floor surface just so that a floor scrubber or a floor
      sweeper could be operated automatically.
PAR  Another problem with a reflected light tracking system is that such systems
      are effectively limited to use on hard, flat surfaces, such as concrete or
      tile. Problems with obtaining the necessary reflectance levels and with
      the aesthetic undesirability of a solid, bright visible line on a carpet
      would prevent the application of such a system in any such environment.
PAR  Notwithstanding the fact that the visible line system and the other systems
      designed above have been in existence for many years (visible line systems
      having been in existence since at least 1937) heretofore no system has
      been developed which obviates the disadvantages of the three systems
      discussed above and provides a suitable automatic guidance system for use
      in connection with floor care machinery or other types of machinery,
      wherein a high degree of system reliability is essential, and system
      flexibility for rerouting the guide path and line invisibility are at
      least desirable. It is a principal object of the present invention to
      provide an automatic guidance system for a vehicle that is highly
      reliable, and is capable of following a guide line that is substantially
      invisible under normal ambient lighting conditions, and can be applied and
      reapplied easily to the surface of an existing floor.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a vehicle guidance mechanism for guiding a
      vehicle along a surface by means of a guide line containing material which
      emits radiation in a first frequency range in response to stimulation by
      radiation in a second frequency range. The vehicle guidance system
      comprises a radiation source adapted to direct radiation in the second
      frequency range on the guide line so as to cause the guide line to emit
      radiation in the first frequency range. Sensor circuitry in the vehicle
      senses the first frequency radiation emitted by the guide line and
      generates an error signal proportion to the variation of the vehicle
      position from a predetermined lateral position with respect to the guide
      line. A control mechanism in the vehicle is adapted to steer the vehicle
      along the guide line in response to the error signal generated by the
      sensor mechanism.
PAR  In accordance with the present invention, the guide line comprises
      fluorescent material that emits visible radiation in the first frequency
      range in response to stimulation by invisible (ultraviolet) radiation in
      the second frequency range. The sensor mechanism is suitably filtered to
      be responsive to the visible light emitted by the guide line but to be
      substantially non-responsive to ultraviolet radiation. Similarly, the
      radiation source is filtered so as to emit only ultraviolet radiation.
PAR  One of the principal advantages of the present invention is that the
      tracing system is capable of following a line that is invisible under
      ordinary ambient lighting and only becomes visible upon stimulation by the
      invisible radiation (ultraviolet radiation) generated by the guidance
      system itself. Thus, the flexibility and low expense of a reflected light
      system are achieved, while at the same time obviating the long recognized
      problem associated with the visibility of a reflective line. Also because
      the radiation source produces stimulating radiation in the nonvisual
      spectrum and the sensing means are responsive principally to radiation in
      the visible frequency range, the present system reduces substantially the
      adverse effect caused by the reflection of source radiation from
      background surfaces. This is an important reason why the present guidance
      system is much more reliable than reflected light systems.
PAR  In order to improve the effectiveness and reliability of the guidance
      system of the present invention, several additional important features are
      incorporated in this system. These features include signal modulation
      circuitry for eliminating static background illumination; a closed loop
      contrast or gain control circuit that maintains a constant ratio between
      error output voltage and vehicle displacement from the center of the guide
      line regardless of the level of background illumination; a filter network
      for limiting guidance response to radiation emitted by the guide line; and
      an improved line detection circuit for preventing the tracking system from
      operation in the absence of a valid guide line. Also, automatic stop
      circuitry is included to stop the vehicle whenever the vehicle comes in
      contact with an obstacle in the path.
PAR  Each of the foregoing features is an important aspect of the present
      invention and provides substantial benefits in improving the reliability
      and line tracking ability of the present invention. These features
      minimize adverse effects caused by variations in background illumination,
      line brightness, contrast between guide line and background surfaces,
      variations in stimulation radiation levels, and other factors which may
      cause improper performance of an automatically controlled vehicle.
PAR  In order to guide a vehicle along a predetermined guide line, it is
      important that suitable mechanical feedback be provided from the control
      mechanism to the sensor mechanism to insure that the sensor mechanism is
      moved to a "no error" position when the vehicle is being steered properly
      along the guide line. One way to do this is to mount the sensor circuitry
      in a fixed position on the vehicle. However, the time response
      characteristics of this type of system are undesirably slow, and this
      impairs the tracking ability of the system. In accordance with the present
      invention, the sensor circuitry is mounted for pivotal movement along with
      the pivotable steering wheel of the vehicle, so that it is moved to a "no
      error" position by the proper pivoting of the steering wheel, even though
      the vehicle may not be returned immediately to its proper position by the
      steering action.
PAR  In a front steering vehicle, the sensor mechanism is mounted in front of
      the front wheel (or wheels) for pivotal movement along with the wheel.
      Thus, the movement of the steering wheel returns the sensor mechanism to
      its no error position immediately, before the vehicle is returned to a
      centered position over the guide line. With a rear steering vehicle where
      steering is effected by a pivotable rear wheel (or wheels), suitable
      mechanical linkage is employed to move the sensor circuitry in a direction
      opposite the direction of the pivotal movement of the rear wheel, because
      a rear steering wheel is pivoted in a direction opposite to the desired
      direction of the vehicle.
PAR  The guidance system of the present invention can be used advantageously in
      almost any type of vehicle that moves across a surface to which a
      predetermined line or path can be applied, including both solid surfaces
      and carpeted surfaces. The present invention is particularly adapted for
      use in connection with a wide variety of industrial delivery vehicles or
      with industrial vehicles that are used in floor maintenance applications,
      such as floor scrubbers, floor sweepers, vacuum cleaners, and the like.
      Typically, these floor maintenance vehicles are manually driven by an
      operator back and forth in rows across a floor surface in order to
      accomplish a scrubbing or sweeping function. At the present time, floor
      maintenance equipment is operated manually, and one of the most
      significant expenses in floor maintenance is the cost of labor involved in
      the constant attention of an operator during the entire course of floor
      maintenance operations. The present invention provides for the first time
      an automatic guidance mechanism that is highly reliable and is well suited
      for floor maintenance applications, thus permitting considerable cost
      savings in floor maintenance expense. With an automatic floor maintenance
      machine employing the tracking system of the present invention, a floor
      scrubber can be actuated by pressing a single button at the entranceway to
      a large convention hall, and the scrubber will automatically follow a
      predetermined yet invisible path back and forth across the entire
      convention hall floor and then turn itself off at the end of the job
      without the intervention of an operator for the entire process. The
      machine can be programmed to turn sharp corners, go around any obstacles,
      or take any other course or path that may be desired. The automatic stop
      circuitry automatically stops the vehicle when it comes in contact with
      physical obstruction (e.g., a wastebasket) placed in its way as it moves
      along the guide line.
PAR  These and other advantages and features of the present invention will
      hereinafter appear. For purposes of illustration, but not of limitation, a
      preferred embodiment of the present invention is described below and shown
      in the appended drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a vehicle, an automated floor scrubbing
      machine, embodying the guidance system of the present invention.
PAR  FIG. 2 is a schematic plan view of the floor scrubber shown in FIG. 1,
      showing the guidance system of the present invention in block form.
PAR  FIG. 3 is a schematic diagram showing the relative positions of the
      excitation lamp and photocell sensors employed in the guidance system of
      the present invention.
PAR  FIG. 4 is a schematic block diagram showing the interaction between the
      sensor circuitry of the present invention and the servo-operated steering
      mechanism of the vehicle.
PAR  FIG. 4a is a schematic block diagram showing the interconnection between
      the sensor circuitry and the steering control mechanism in a rear steering
      three-wheeled vehicle.
PAR  FIG. 5 is a block diagram showing a first embodiment of the sensor and line
      detection circuitry of the present invention.
PAR  FIG. 6 is a block diagram showing a second embodiment of the sensor and
      line detection circuitry of the present invention.
PAR  FIG. 7 is a schematic graph showing amplifier output wave forms at various
      points in the sensor circuitry.
PAR  FIG. 8 is a schematic graph showing sensor output voltage as a function of
      the displacement of the guide line away from a position directly below the
      center sensor.
PAR  FIG. 9 is a schematic block diagram showing the guidance and control
      circuitry of an automatic floor scrubber operated by the vehicle guidance
      system of the present invention.
PAR  FIG. 10 is a schematic circuit diagram of the power supply and lighting
      circuits of the present invention.
PAR  FIG. 11 is a schematic circuit diagram of the light detecting circuit of
      the present invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, a vehicle 10 in the nature of a floor
      maintenance machine designed for scrubbing and cleaning a floor is shown
      in FIG. 1. The principles of the guidance system of the present invention
      can be employed with any type of vehicle that is adapted to be steered
      along a path on a surface, but for exemplary purposes, the description
      herein will refer only to floor maintenance machinery, more particularly
      to a floor scrubber.
PAR  A schematic plan view of floor scrubber 10, showing the various components
      of the floor scrubber and an automatic vehicle guidance system 12
      constructed in accordance with the present invention, is shown in FIG. 2.
      The various components of the floor scrubber itself are conventional and
      are shown in block form for illustration purposes only.
PAR  The conventional aspects of floor scrubber 10 include a frame 14 that rests
      on a tricycle running gear comprising a pair of parallel, spaced rear
      wheels 16 and a pivotable front wheel 18. Each of these wheels may
      comprise a pair of closely spaced wheels (as shown in the drawing) instead
      of a single wheel. The vehicle is driven by means of a drive motor 20 that
      drives wheel 18 by a suitable chain drive mechanism or the like. Manual
      steering of the vehicle may be effected by an operator riding the vehicle
      who pivots wheel 18 about its vertical axis by means of a steering wheel
      and suitable gears (not shown).
PAR  For purposes of cleaning floors, floor scrubber 10 includes a solution feed
      mechanism 28 that feeds a detergent-containing solution to the floor, a
      brush mechanism 30 that scrubs the floor with the solution, a squeegee 32
      that wipes the cleaning solution from the floor after the brushes have
      scrubbed the floor, and a vacuum device 34 that sucks the dirty water from
      the floor and transports it to a suitable holding container.
PAC  Guide Line
PAR  In order to provide a suitable path for the automatic guidance system 12 of
      floor scrubber 10, a predetermined path preferably about an inch wide is
      described on a floor area 17 by means of a guide line 36. Because the
      present system does not operate from reflected radiation, guide line 36
      need not be formed of a material that forms a sharp visual contrast
      between the guide line and the surface of the floor to which the guide
      line is applied. In fact, guide line 36 desirably is virtually invisible
      under ambient lighting conditions. To provide a means for distinguishing
      between the guide line and the floor, guide line 36 includes a suitable
      amount of fluorescent material so that when the guide line is irradiated
      by ultraviolet light, the fluorescent material fluoresces so as to emit
      visible light in a predetermined frequency range. The preferred
      fluorescent material radiates visible light in the blue-green spectrum
      (approximately 450-500 nanometers) when stimulated by invisible
      ultraviolet radiation at about 360 nanometers. The visible light is then
      detected by the guidance system and effective controls are provided to
      steer the vehicle along the guide line.
PAC  Guidance Mechanism
PAR  The automatic guidance mechanism 12 employed in floor scrubber 10 comprises
      a position sensing unit 13 mounted by means of a suitable frame 38 or the
      like to the pivotal mounting mechanism for wheel 18. Position sensing unit
      13 is pivotally movable along with wheel 18 so that if the unit is
      maintained over the center of the guide line, wheel 18 is continuously
      placed in a direction such that the vehicle will follow the guide line.
PAR  Position sensing unit 13 is adapted to sense the position of the guidance
      mechanism with respect to the guide line and generate an error signal
      proportional to the variation of the position of the sensing unit with
      respect to a predetermined lateral position relative to the guide line. An
      error output voltage is generated by the sensing unit that is proportional
      to the displacement distance of the guide line away from the center of the
      sensing unit.
PAR  The error output signal produced by position sensing unit 13 is transmitted
      by means of lead 40 to automatic control apparatus 15 that steers the
      vehicle along the guide line in response to the error output signal.
      Automatic control apparatus 15 includes a servo-amplifier 42 that
      amplifies the signal from lead 40, and the servo-amplifier drives a
      reversible steering motor 22 to control the steering of the vehicle.
      Servo-amplifier 42 is connected to steering motor 22 by means of separate
      leads 44 and 46 for forward and reverse operation of steering motor 22.
      The steering motor is connected to pivotable wheel 18 to steer the vehicle
      by means of a suitable sprocket 24 and drive chain 26. Other types of
      drive trains could also be employed.
PAR  A schematic representation of the manner in which guidance mechanism 12
      effects the steering of vehicle 10 is shown in FIG. 4. In that figure,
      position sensing unit 13 is shown in position directly over guide line 36.
      Lead 40 is connected to servo-amplifier 42 and servo-amplifier 42 is
      connected by means of leads 44 and 46 to drive reversible motor 22. Dotted
      line 48 extends between position sensing unit 13 and motor 22 to show
      schematically that the steering action effected by the servo-motor
      maintains the position sensing unit over the center of the guide line.
PAR  Dotted line 48 represents an important feature of the present invention,
      namely, the mechanical feedback provided by the control mechanism to
      position sensing unit 13. In prior automatic guidance system, the position
      sensing apparatus has been mounted in a fixed position on the vehicle, so
      that the vehicle itself must return to a centered position over the guide
      line before a "no error" signal is produced by the sensing unit. The
      problem with this type of system is that the time response characteristics
      of the system are undesirably slow, and this impairs the ability of a
      vehicle to quickly and accurately trace a complex guide line.
PAR  In accordance with the present invention, mechanical feedback is provided
      not by the actual movement of the vehicle itself, but by the movement of
      pivotable steering wheel 18 to a proper steering position. An error signal
      generated by position sensing unit 13 causes wheel 18 to pivot so that the
      position sensing unit is maintained over the guide line, thus causing the
      wheel to continuously follow the position sensing unit along the guide
      line. By providing the feedback interconnection in the vehicle through the
      steering mechanism as opposed to vehicle position, the time response
      characteristics and, hence, the maneuverability and tracking ability of
      the vehicle are markedly improved.
PAR  In the exemplary embodiment described herein, a three wheeled vehicle with
      a single, front steering wheel 18 is disclosed. The same principles of
      operation would be employed in a vehicle having two front steering wheels,
      except that the position sensing unit could be suspended for transverse
      movement with the turning of the wheels by mechanical linkage
      interconnected between the mounting mechanisms for the two wheels.
PAR  In a rear steering vehicle, such as a vehicle having a tricycle running
      gear with a single pivotable wheel mounted in the rear and a pair of fixed
      wheels mounted in the front, the same basic principles apply, but
      additional mechanical linkage or gearing is necessary in order to
      compensate for the fact that a rear steering wheel is turned in a
      direction opposite to the desired direction of the vehicle. One possible
      interconnection is shown schematically in FIG. 4a, wherein the guidance
      system is shown in a rear steering three wheeled vehicle having front
      wheels 16' and a pivotable rear wheel 18'. Rear wheel 18' is connected to
      a gear 19, and gear 19 is drivingly connected to gear 21. Gear 21 is
      connected by a frame 23 to sensing unit 13'. When sensing unit 13' becomes
      displaced from guide line 36, an error displacement signal pivots rear
      wheel 18' and gear 19 in one direction (e.g., counterclockwise), and this
      moves gear 21 and sensing unit 13' in the opposite direction (e.g.,
      clockwise) until the sensing unit is again properly positioned over the
      guide line. Other types of mechanical linkages could be devised to
      accomplish the same purpose.
PAR  Considering the structure of position sensing unit 13 in more detail as
      shown in FIG. 2, this unit includes a radiation source 50 adapted to make
      guide line 36 fluoresce at a point immediately below the sensing unit and
      a sensor mechanism adapted to detect the visible radiation emitted from
      the guide line and produce an output signal proportional to the variation
      of the position of the sensing unit with regard to the guide line.
PAC  Radiation Source
PAR  Radiation source 50 comprises a conventional ultraviolet lamp that emits
      radiation principally in the ultraviolet frequency spectrum. Pure
      ultraviolet radiation is invisible to the eye, yet it causes fluorescent
      material to fluoresce and emit radiation of a frequency that is visible to
      the eye. As stated above, in the preferred embodiment of the present
      invention, the fluorescent material selected for use in connection with
      the guide line is the type of material that fluoresces in the blue-green
      region of the visible spectrum (approximately  450-500 nanometers). If
      ultraviolet lamp 50 radiates some visible light in the blue spectrum in
      addition to the invisible ultraviolet light, suitable filters 52 (FIG. 3)
      are employed in order to prevent the blue light from being reflected off
      of the floor and into the sensor means. Therefore, lamp 50 directs only
      invisible radiation onto the floor and only invisible radiation is
      reflected from the floor. The only visible radiation produced as a result
      of the radiation emitted from lamp 50 is fluorescent radiation emitted
      from fluorescent guide line 36.
PAR  This feature of the present invention provides an important advantage over
      prior art reflected radiation tracing systems, because in reflected
      radiation systems, the same radiation is reflected from both the
      background and the guide line being traced, and the radiation reflected
      from the background minimizes the distinctiveness and the contrast between
      the guide line and the background surface. This distinction is
      particularly troublesome when a bright background surface is employed.
      When a fluorescent system is used, the fluorescent material can be
      stimulated with invisible light of a second frequency range and the
      fluorescent material will in turn emit a visible light of a first
      frequency range. The sensor mechanism can be made selectively responsive
      to the particular frequency range of visible light emitted by the guide
      line, such that the sensor is responsive only to the visible radiation of
      the fluorescent guide line and is not responsive to invisible radiation
      reflected off the background surface. The contrast between the guide line
      and the background surface is therefore maximized, thereby providing a
      marked improvement in reliability over reflected light tracing systems.
PAC  Sensor Circuitry
PAR  Considering the structure of the sensor circuits in more detail, the
      sensing unit includes a left photocell 56, a right photocell 58, and a
      centerline photocell 60 mounted over the guide line. The system is
      designed so that centerline photocell 60 is positioned directly over guide
      line 36 and the left and right photocells are positioned equidistant on
      each side of the guide line. Preferably, the left and right photocells are
      each spaced about two inches from the centerline photocell and are
      inclined at an angle of about 15.degree.-18.degree. from a horizontal
      position. This insures a broad and continuous viewing area for tracking
      the guide line and provides additional advantages which are discussed
      below in connection with the AGC feedback circuits. Other positions and
      viewing angles could work satisfactorily, subject to the relative position
      requirements discussed in connection with the AGC feedback circuit.
PAR  The photocells employed in the preferred practice of the present invention
      are photoconductors having a relatively slow time constant and having a
      peak response frequency range that conforms with or at least overlaps the
      fluorescent guide line. Such photocells typically are slightly responsive
      to ultraviolet radiation, so filters 61 are employed to filter out
      ultraviolet radiation reflected from the background surface. Desirably,
      the photocells are selected so as to have a peak response in the frequency
      range of the light emitted by the fluorescing guide line, in order to
      enhance the line distinguishing abilities of the system.
PAR  In a first embodiment of the sensor circuitry shown in FIG. 5, the
      photocell signals are sensed as voltage signals across gain adjust
      resistors 55, 57, and 59 (which provide a means for compensating for gain
      variation in the photocells), with the voltage signals corresponding to
      the intensity of the visible light received from the floor. The photocell
      signals pass first through D.C. blocking capacitors and then are amplified
      through preamplifiers A1, A2, and A3, respectively. The respective signals
      then pass through signal demodulation and sample and hold circuits to
      eliminate the effect of static background illumination, and the remaining
      signals appear as photocell output signals in leads 62, 64, and 66 for the
      right, left, and centerline photocells, respectively. The photocell output
      signals for the right and left photocells are then subtracted in
      differential amplifier A8. The output of amplifier A8 passes through gain
      change amplifier A15 (which is discussed below), and this output serves as
      the error displacement output signal for operation of the steering
      servo-amplifier.
PAR  The basic differential circuit of FIG. 5 also is employed in the second
      embodiment of the sensor circuit shown in FIG. 6. For convenience,
      identical elements are given the same reference numbers in both
      embodiments.
PAC  Modulation Circuits
PAR  In order to maximize the effectiveness and reliability of the control
      apparatus of the present invention, it is important to be able to
      eliminate all effects of static ambient illumination from the photocell
      output signals appearing at leads 62, 64, and 66. In order to accomplish
      this result, the ultraviolet lamp is flashed on and off by power supply
      and lighting circuits 70 at a predetermined synchronized frequency rate.
      The photocell outputs are then passed through synchronized demodulators
      72, 73, and 74, which strip the lamp induced signals from the background
      signal and pass the lamp signals through sample and hold amplifiers A4,
      A5, and A6 to photocell output leads 62, 64, and 66, respectively.
PAR  The operation of this modulation circuitry is shown in FIG. 7, which shows
      the output wave forms at various points in the circuit as a function of
      time. In FIG. 7a, at the top of this graph, the wave form created by the
      flashing ultraviolet lamp is shown as a square wave. In the preferred
      embodiment of the present invention, the frequency of the flashing
      ultraviolet light is selected to be 144 Hz. This frequency is not critical
      but is selected at this value to minimize the harmonic overlap between the
      flashing of the ultraviolet light and the 120 Hz light component of
      conventional alternating current fluorescent lighting (which appears in
      background illumination).
PAR  Synchronized demodulators 72, 73, and 74 in conjunction with sample and
      hold amplifiers A4, A5, and A6 effectively measure the difference between
      the light levels during the time when the ultraviolet light is on and off,
      thus providing a measure of the increased light due to the fluorescence of
      the guide line. These differential signals appearing at the outputs of
      amplifiers A4, A5, and A6 (herein referred to as the photocell output
      signals) do not include the component of static background illumination.
      Without a modulation circuit of the type described, variations in the
      intensity of static background illumination, such as would occur in
      operating the system under varying lighting conditions or in tracing a
      line on a variable black and white checkered tile floor, could cause
      serious variation in the error output signal produced by the guidance
      system. This in turn would affect the stability and the accuracy of the
      steering mechanism.
PAR  The actual operation of the synchronized demodulators and the sample and
      hold circuits can best be described with reference to FIGS. 7b, 7c, and
      7d. FIG. 7b shows the decrease in the output voltage of preamplifiers A1,
      A2, and A3 as a function of time. When the ultraviolet light is flashed on
      and the guide line is caused to fluoresce, the photocells (which are
      photoconductors in the present invention) begin to decrease in resistance
      in accordance with the time constant of the photocells. This gradual
      decrease in resistance is shown at the output of the preamplifiers as a
      decreasing voltage level. The photocell time constants are slow enough so
      that the preamplifier outputs appear as gradually decreasing voltages.
PAR  As shown in FIGS. 5, 6, and 7c, the power supply and lighting circuits 70
      generate a series of strobe or synch pulses in synchronization with the
      flashing frequency of the lamp driver, with a first synch pulse being
      transmitted to the demodulators just after the start of each lamp flashing
      cycle by a lead 69 and a second synch pulse being transmitted to the
      demodulators just before the end of each lamp flashing cycle by a lead 71.
      The circuit details of power supply and lighting circuits 70 are shown in
      FIG. 10. The primary system operating voltage (36 Volts D.C.) appears
      across terminals 91 and is converted to 16 kHz A.C. by a 16 kHz inverter
      93 and power transformer 95. A diode bridge and filter capacitors 97
      rectify the A.C. voltage on the secondary of the power transformer, which
      then provides the plus and minus voltage supplies to operate the automatic
      system.
PAR  A high voltage winding 99 on the power transformer, in conjunction with a
      ballast 101, provides the proper conditions to illuminate the ultraviolet
      light 50 at 16 kHz. Relay 103 and associated drive transistor Q1 short the
      light for 7 seconds after power is applied in order to heat the light
      filaments and allow proper operation when relay 103 becomes de-energized.
PAR  A transistor Q2 and an associated diode bridge 105 and pulse transformer
      107 short out the lamp at a 144 Hz rate, as determined by a symetrical
      astable multivibrator 109 and a transistor Q3. This flashes the lamp
      on-and-off at 144 Hz.
PAR  A string of three monostable multivibrators 111, 113, and 115 (one shots)
      also are driven by the astable multivibrator and these elements provide
      the strobe or synch pulses to the synchronous demodulators. A first 0.4 ms
      pulse produced at the output of transistors Q4 by one-shot 111,
      initializes the demodulator when the lamp turns on, and a second 0.4 ms
      strobe pulse produced at the output of transistor Q5 transfers the sensor
      photocell data to the sample and hold amplifiers 3.0 ms later, just before
      the lamp turns off.
PAR  Each synchronized demodulator comprises a series capacitor 75 connected to
      a grounded field effect transistor ("FET") 77 and then to a series
      connected FET 79. FET 77 and FET 79 are both effectively normally open and
      become closed circuits upon receipt of synch pulses from leads 69 and 71,
      respectively. Each synchronized demodulator is connected to a grounded
      capacitor 81 and then to the input of its respective sample and hold
      amplifier.
PAR  The operation of the synchronized demodulation circuit is as follows: When
      both FETs are open, no signal is transmitted. When a first synch pulse is
      generated FET 77 is closed for the duration of the pulse (0.4 ms). This
      causes the output voltage of the photocell preamplifier to be impressed on
      capacitor 75 and held. When the second synch pulse is generated (3.0 ms
      after the start of the first pulse), FET 79 is closed, and this causes the
      difference between the voltage across capacitor 75 (i.e., the voltage at
      the time of the first synch pulse) and the voltage at the time of the
      second synch pulse to be registered across capacitor 81. This difference
      voltage is the input voltage for the sample and hold amplifier. This
      voltage is reflected at the output of the sample and hold amplifier as a
      constant D.C. voltage (FIG. 7d), with the D.C. voltage changing only when
      a subsequent pair of synch pulses cause a new differential voltage to be
      impressed on capacitor 81.
PAR  Although the flashing of the ultraviolet lamp is effective to eliminate
      virtually all static background illumination, a slight response may be
      passed through the synchronized demodulators as a result of the beat
      frequency between the 120 Hz fluorescent room lighting and the 144 Hz
      visible radiation emitted by the fluorescent line (24 Hz component). This
      is shown in FIG. 7e. The magnitude of this component, however, is
      relatively small compared to the amount of light effectively blocked out
      by the modulation circuitry. Further, the minor effect due to the 24 Hz
      component as a result of the fluorescent room lighting generally is
      balanced between the left and right photocells, so that the differential
      amplifier will remove this component from the error output voltage (as
      shown in FIG. 7f).
PAR  The same modulation circuitry is employed in the second embodiment of the
      sensor circuitry of the present invention shown in FIG. 6. Identical
      components employ the same reference numbers in both embodiments.
PAC  AGC Feedback Circuits
PAR  In addition to eliminating the effect of static background illumination by
      the use of modulation circuitry, additional feedback circuitry is employed
      in order to further enhance the stability of the system by maintaining a
      constant ratio between error output voltage versus displacement from the
      center of the guide line. To accomplish this effect an automatic gain
      control circuit ("AGC") is incorporated in the circuitry.
PAR  In the first embodiment of the present invention shown in FIG. 5, the AGC
      is designed to maintain a constant summation of the left and right
      photocell output signals. In order to accomplish this effect, the output
      voltage of the left and right photocells is fed back through a summation
      amplifier A9 and the sum of the right and left output signals is compared
      with a reference voltage in AGC amplifier A7, which is a high gain
      integrator. The difference between the summation voltage and the reference
      voltage is fed back through line 80 to the photocell input. This same
      differential input is fed by lead 82 through level detector amplifier A14
      and then by lead 83 to FET 85 in amplifier A15 in order to increase output
      gain for very dim lines. In a situation where the AGC level exceeds 2.5
      volts (i.e., a very dim line) amplifier A15 increases the output gain by a
      factor of 2 to help maintain a constant deviation gain.
PAR  The drawback with this type of circuit, however, is that when the sum of
      the left and right photocell outputs is maintained at a constant level,
      the closed loop signal gain varies with the level of fluorescent
      background illumination. When fluorescent background illumination is high,
      the feedback circuit lowers the gain, even though there may be no signal
      variation with respect to signal radiation. This alters the closed loop
      gain and adversely affects system stability.
PAR  In the context of the present invention, even with the benefit of a
      fluorescent guide line and modulation circuitry, varying fluorescent
      background illumination causes undesirable variation in the output gain in
      the system. In order to eliminate the effect of fluorescent background
      illumination in the signal feedback circuit, the improved feedback circuit
      shown in FIG. 6 was developed.
PAR  This improved feedback circuit maintains a constant difference between the
      centerline voltage (as modified herein) and the average of the left and
      right photocell outputs. When the positions of the photocells are adjusted
      so that they receive approximately the same amount of background
      illumination from the same viewing area, the difference function
      eliminates the background illumination component of the total signal and
      leaves a reference voltage that is dependent only on guide line signal
      strength.
PAR  In the improved feedback circuit, the average of the left and right
      photocell output signals is produced in summation amplifier A16 and is
      introduced into a differential amplifier A17. To produce the other input
      signal to differential amplifier A17, amplifiers A18 and A19 compute the
      absolute value of the error output signal (i.e., the difference between
      the right and left photocell signals), and this value is added to the
      output voltage of the centerline photocell in amplifier 24. This summation
      signal is introduced into amplifier A17 and the difference between this
      signal and the average output signal of the left and right photocells is
      compared with a reference voltage in AGC amplifier A20, which again is a
      high gain integrator. The difference is the AGC voltage signal, and this
      signal is fed back to the photocell inputs to maintain a constant closed
      loop signal gain in the system.
PAR  The significance of the improved AGC circuitry in the second embodiment of
      the present invention is shown in the graphs set forth in FIG. 8. In that
      figure, the left, right, and centerline photocell output signals are shown
      as functions of displacement of the guide line from a position immediately
      below the centerline photocell. Line 86 shows the average of the left and
      right photocell signals, and line 88 shows the error output signal (i.e.,
      the difference between the left and right photocell signals). The sum of
      the centerline photocell output signal and the error output signal 88 is
      shown by line 90. The difference between lines 90 and 86 represents the
      AGC voltage that is maintained as a constant in the present invention.
PAR  In order to maintain a constant closed loop gain with the improved AGC
      circuit without reference to background illumination, it is necessary that
      the centerline photocell be positioned such that the background
      illumination received by it is effectively the same as the background
      illumination received by the left and right photocells when the guide line
      is centered. Since the intensity of illumination received by a photocell
      is a function of the photocell viewing area from which the illumination is
      received and the effective distance through which the illumination passes
      before it is received by the photocell, the background illumination
      received by each photocell with the guide line immediately below the
      centerline photocell can be made equal by proper positioning of the
      photocells and, if necessary, by placing appropriate shields on the
      photocells. In the preferred embodiment of the present invention, the left
      and right photocells are each positioned about two inches away from the
      centerline photocell and the left and right photocells are inclined at an
      angle of about 15.degree.-18.degree. with respect to the horizontal. Some
      additional screening is necessary in order to achieve the desired effect
      of making the fields of view of the three sensors equal with respect to
      the background area when the guide line is positioned immediately below
      the center sensor.
PAR  With the photocells balanced in this manner, the difference between
      centerline photocell output and the average of the side photocells
      eliminates the effect of background illumination from the feedback signal
      when the guide line is approximately centered.
PAR  Although the use of a feedback signal comprising the difference between
      centerline output and the average of the side outputs is effective to
      maintain a constant closed loop signal gain without interference from
      background illumination, it can be observed from FIG. 8 that the signal
      gain will remain constant only as long as the guide line is approximately
      centered and the effective background illumination received by the
      photocells is equal. When the guide line is displaced to either side of
      center, the effective amount of background illumination received by each
      photocell is changed, thus permitting a component of background
      illumination to enter the feedback signal. Also, the difference between
      centerline voltage and the average of the side photocell output becomes
      smaller. The error introduced by displacement of the guide line can be
      avoided at least partially by making the time constant of the AGC circuit
      sufficiently slow and the reaction time and accuracy of the servo-control
      sufficiently slow and the reaction time and accuracy of the servo-control
      sufficiently high so that the vehicle will be returned to a zero error
      position before the AGC circuit reacts to change the feedback signal
      because of displacement.
PAR  In order to avoid closed loop gain variance due to the decreasing
      difference between centerline output and the average side photocell output
      with increasing displacements away from the centerline, the absolute value
      of the error output signal can be added to the centerline voltage before
      subtracting the average of the left and right photocells. As shown in FIG.
      8, by modifying the centerline signal in this manner, the AGC voltage can
      remain relatively constant even for substantial displacements of the guide
      line away from the centerline.
PAR  To summarize the object and effect of the improved AGC feedback signal on
      the present invention, if the centerline photocell is positioned so that
      it receives approximately the same background viewing illumination as the
      photocells on each side of it, and the centerline photocell output (as
      adjusted by adding to it the sum of the absolute value of the difference
      between the right and left photocells) is subtracted from the average
      value of the left and right photocell outputs, the differential is a
      relatively constant voltage that is independent of the level of background
      illumination present.
PAR  The importance of maintaining a relatively constant ratio between error
      output voltage and displacement is that the stability of the vehicle
      steering system is dependent upon the maintenance of the gain of the
      system at a relatively constant level in order to provide a quick steering
      response to directional variation. It is necessary that the gain of the
      servo-amplifier be maintained at a high level, yet this level cannot be
      too high or the steering response would be too quick and the system will
      oscillate. Oscillation might be observed in this system by the continuous
      wobbling or fluctuation of the vehicle back and forth across the guide
      line instead of stabilizing on the center of the guide line. On the other
      hand, if the gain is too low, the steering response may be too slow to
      bring the vehicle back into alignment with the guide line at all on sharp
      turns, with the result being that the vehicle may wander completely away
      from the guide line. To maintain the closed loop gain and the response of
      the servo-system at the proper level, it is necessary that the level of
      signal output versus displacement be maintained at a constant level.
PAR  The principal purpose of the feedback signal is to prevent variations in
      line brightness or contrast or fluctuation in the level of ultraviolet
      radiation from affecting output gain. Thus, when signal level drops, the
      AGC boosts gain and when the signal level rises, the AGC lowers gain. By
      making the feedback circuit independent of background illumination, gain
      control becomes responsive (as it should) only to changing conditions in
      the displacement error signals computed with the photocell output in
      response to guide line variations.
PAC  Line Detection Circuitry
PAR  Another important feature of the present invention is the incorporation of
      line detection circuitry to prevent the system from operating unless the
      vehicle and the vehicle guidance mechanism are placed over a valid guide
      line. If the system did not incorporate line detection circuitry, the
      automatic guidance system could operate the vehicle even if the vehicle
      were not on a valid guide line. Thus, there would be no directional
      control to the vehicle at all and the vehicle could wander away in any
      direction.
PAR  A first embodiment of a line detection system is shown in FIG. 5. In that
      embodiment a valid line is first indicated when the centerline photocell
      output is greater than both the left and right photocell outputs. In order
      to achieve this effect, the difference between the centerline output and
      the left output is computed in amplifier A10 and the difference between
      the centerline photocell output and the right photocell output is computed
      in amplifier A12. These differences voltages are applied to level detector
      amplifiers A11 and A13, wherein they are compared with a suitable
      reference voltage. To initially capture a line, the centerline output must
      be greater than both the left and right channels and the signal strength
      must be of sufficient strength to warrant a capture. This condition is
      transmitted to AND gate 102, which actuates a flip-fop 104 to produce a
      valid line output signal at terminal 106. This assures that the programmed
      line is bright enough and of proper width. This also prevents false line
      indication such as might be produced by a piece of paper or a black and
      white checkerboard tile pattern. Once the line has been captured, the
      logic reverts to the requirement that the centerline output be greater
      than either the left or right channel, as indicated by NOR gate 108. If
      this condition is not met, NOR gate 108 causes flip-flop 104 to indicate
      an invalid line.
PAR  The purpose of having separate logic conditions for initially capturing a
      line and indicating a valid line once the line has been captured is to
      increase the effective field of view once the line has been captured. This
      prevents the generation of a no-line indication in situations such as when
      the vehicle is traveling at a high speed and turning a sharp radius on a
      dim line.
PAR  As stated above, the difference between the centerline output and the left
      and right outputs are compared in level detectors A11 and A13 to a
      suitable reference voltage. This voltage, in ordinary circumstances, could
      be any predetermined voltage level which is chosen to satisfy the
      condition that the centerline output signal be sufficiently greater than
      the left and right output signals to warrant a positive output signal.
      However, on extremely bright lines, the difference between the centerline
      output and the output of the side sensors decreases because of the
      nonlinear response of the photocells. Under these conditions it is
      desirable to reduce the level detector trip point. Thus, the reference
      voltage employed is the AGC output signal through aan amplifier A21 and an
      associated limiter 107. These components effectively reduce the trip
      points for extremely bright lines.
PAR  Because of the different viewing angles of the center photocell with
      respect to the left and right photocells, the difference outputs from
      amplifiers A10 and A12 contain beat freguency interference from the 120 Hz
      room fluorescent lighting. To detect dim programmed lines, level detectors
      A11 and A13 must be set to detect small brightness differences. To prevent
      false line indications because of the 24 Hz beat frequency output caused
      by the 120 Hz fluorescent fixtures, resetable 120 ms time delays 112 and
      114 are used at the output of the level detectors to assure that the
      outputs remain valid for at least 120 milliseconds.
PAR  A second embodiment of a line detector system is shown in FIG. 6. In this
      embodiment, the AGC output signal is employed for the purpose of
      determining a valid line. It can be observed from the nature of the AGC
      function (i.e., to maintain a constant voltage differential between the
      centerline output voltage and the average output voltage of the side
      photocells) that if the AGC amplifier is working in its permissible
      dynamic range, a valid line must exist, because the difference between the
      centerline output and the side sensors can be maintained at a
      predetermined constant. Therefore, the presence of a valid line is
      detected by sensing the AGC voltage. If, on the other hand, there is no
      valid line to be detected, the AGC amplifier cannot maintain a constant
      voltage differential, and the amplifier rapidly becomes saturated.
PAR  In order to employ the AGC voltage as a valid line indicator, the output of
      the AGC voltage is connected to a level detector amplifier A22 and is
      compared therein to a reference voltage. The voltage is adjusted so that
      if the AGC amplifier output approaches saturation, level detector
      amplifier emits a negative line indication.
PAR  This negative line indication could itself be used as a control signal for
      controlling the operation of the automatic line follower. Alternatively,
      this output can be connected to an AND gate 109 along with appropriate
      circuitry for limiting the permissible displacement range for initial
      capture of a guide line. In the preferred system of the present invention,
      without additional limiting, the electronics can detect a valid line as
      far as 2-1/2 inches away from the desired centerline. This can cause a
      dramatic capturing reaction when the automatic control device initially
      engages the system. To prevent this from occurring, a displacement
      limiting device is incorporated into the line detection circuitry. This
      displacement limiting device employs the absolute difference between the
      right and left photocell outputs and compares this difference with a
      suitable reference voltage (e.g., 1 volt) in level detector amplifier A23.
      Whenever the difference between the right and left photocell outputs
      exceeds this predetermined reference voltage, a negative line signal is
      transmitted to AND gate 109 and a no-line output signal is produced. In
      the preferred practice of the present invention, the reference voltage for
      amplifier A23 is adjusted so that the displacement of the tracking
      mechanism must exceed about 1 inch on either side of the guide line before
      an invalid line will be indicated.
PAC  Automatic Scrubber Operation
PAR  In FIG. 9, a block diagram of the entire electrical circuitry of the
      automatic scrubber 10 is shown. Starting with a power source 118 shown in
      the upper right hand corner in this drawing, since this is a remote
      control, indoor, industrial vehicle, the power source is a series of DC
      batteries 120 connected in series in order to produce a 36 -volt power
      supply. A master switch 122 in series with the batteries controls the
      power supply to all elements of this system.
PAR  Starting at the left hand side of the drawing in describing the various
      elements of the system, lamp 50 is driven by means of power supply and
      lighting circuits 70, shown schematically in block form in FIG. 9 and
      shown in detail in FIG. 10. A lamp photocell 126 is employed in addition
      to the other photocells in order to indicate whether the lamp is on. If
      the lamp is not on, a light relay 128 connected to power supply 70 by lead
      125 breaks the circuit and prevents the system from operating.
PAR  The lamp detection circuit is shown as a portion of the schematic block
      diagram of the power supply and lighting circuits 70 in FIG. 9, and the
      details of this circuit are shown in FIG. 11. As shown in that FIG. 11,
      lamp photocell 126 is connected through transistors Q6 and Q7 to produce a
      logic signal output at terminal 127, wherein the transistor Q7 is turned
      off when there is no light and is turned on when the light is on.
PAR  Photocells 56, 58, and 60 comprising the guide line sensing mechanism of
      the present invention are connected to the sensor and line detector
      circuits which are shown in block form as element 130. The displacement
      error output signal (i.e., the output of differential amplifier A8 in FIGS
      5 and 6) is connected to servo-power amplifier 42 through a servo
      compensation amplifier 131, and this servo power amplifier drives steering
      motor 22 in either direction. The output of the line detection system, as
      indicated in FIGS. 5 or 6 to be the "line logic output" is fed through a
      300 millisecond time delay 132 to a line relay switch 134 which operates
      contacts 134a in line 135. Line relay switch 134 breaks the circuit
      connection in line 135 if an invalid line is indicated. The 300
      millisecond time delay prevents minor breaks in the line or minor voltage
      fluctuations from indicating a no-line situation.
PAR  Relay switches 134a and 128a are connected in series with an obstacle relay
      136. Obstacle relay 136 is deactuated by either stop switch 138 or by a
      bumper switch 140. Stop switch 138 is a manually operated stop switch
      which can be actuated by an operator in an emergency or similar situation.
      Bumper switch 140 is an electrical contact switch on the bumper or outer
      perimeter of the vehicle, which is actuated whenever the vehicle strikes
      an obstacle. Bumper switch 140 typically could be formed of a substance
      called "touch-tape," which is a tape material that can be applied to the
      exterior or a vehicle and which makes a contact between two terminals when
      pressure is applied to the tape. The purpose of bumper switch 140 is to
      effect the automatic deactuation of the control system and forward drive
      system whenever a vehicle comes in contact with an obstacle in the path of
      its guide line.
PAR  Line relay 134a and light relay contacts 128a are connected in series with
      obstacle relay contacts 136a, and these contacts are all connected in
      series with an auto engage and latch relay 142, and an auto engage
      momentary actuation switch 144, which is connected to a ground. When 36
      volts are applied to line 135 and the line relay, light relay, and
      obstacle relay switches are all closed, the automatic mode of the
      apparatus can be engaged by pressing the auto engage switch momentarily.
      This closes the contact and energizes auto engage and latch relay 142. The
      engagement of the relay 142 closes the associated relay switches 142a and
      142b. Since switch 142a is grounded, the release of auto engage switch 144
      does not break the circuit but leaves the coils in an energized state.
      Closing contacts 142b impresses 36 volts along lead 146 and this provides
      this operating voltage for the entire system.
PAR  Before contacts 142b can be closed, it is necessary first that the machine
      be placed in its automatic mode by means of mode selector switch 150. Mode
      selector switch 150 has two positions, an automatic mode position and a
      manual mode position (shown in FIG. 9). When in manual mode position, the
      operating voltage is connected through branch 152 to a brush motor 154,
      vacuum motor 156, and a solution feed valve 158, each of which is
      independently actuatable by manual switches 160, 162, and 164,
      respectively. A separate output lead 166 from mode selector switch 150
      leads to ground through a dynamic brake relay 168. When this relay switch
      is actuated by moving the mode selector switch to its manual position,
      contacts 168a move from a position wherein circuit 169 short circuits
      traverse motor 20 to a position wherein the motor may be driven by the
      36-volt power supply applied at terminal 172. The purpose of providing a
      short circuit for the traverse motor when the motor is to be deactuated is
      that the short circuit causes the motor to act as a generator and provides
      dynamic braking to bring the motor to a halt.
PAR  In order to complete the voltage connection between the power supply
      applied to terminal 172 and the traverse motor, it is necessary first to
      depress a foot pedal switch 174. The depression of this switch actuates
      relay 176 which closes contacts 176a, thus completing the circuit by
      connecting terminal 178 to ground.
PAR  In order to reverse the direction of the vehicle when the vehicle is in its
      manual mode, a foot pedal reverse switch 180 is depressed, and this
      actuates relay switch 182. This in turn switches the contacts 182a and
      182b of the relay switch to a position wherein the 36-volt power supply is
      applied to the traverse motor in an opposite direction.
PAR  When mode selector switch 150 is placed in automatic mode position, the 36
      volt source voltage is impressed upon the power supply and lighting
      circuit 70. This will effect the closing of line relay switch 134 and
      light relay switch 128 if a valid line is detected and if the light is not
      burned out. At this point, auto engage switch 144 can be engaged
      momentarily in order to close contacts 142a and 142b. This impresses 36
      volts in the circuit through lead 146. Once the auto engage switch has
      been depressed, power to the servo power amp is provided through lead 148,
      and voltage is applied to an audible alert signal 184 through a tone
      generator 186 in order to audibly indicate that the machine is in
      operation. Another safety device is a rotating beacon including a motor
      188 and light signal 190 in parallel. The rotating beacon also is actuated
      by depressing auto engage switch 144. Relay switch 176 and contacts 176a
      are actuated without the depression of foot pedal switch 174 by applying
      the voltage in line 146 to relay 176 through line 192. Similarly, the
      dynamic brake relay switch is actuated by applying the input voltage to
      the brake relay through lead 194. Diodes 196 and 198 are inserted in leads
      192 and 194 respectively in order to isolate these leads when the load
      selector switch is in its manual position.
PAR  When auto engage switch 144 is depressed, the 36-volt power supply is
      similarly connected through diode 200 to lead 152 which powers the brush
      motor, vacuum motor, and solution feed valve. Switches 160, 162, and 164
      still have to be manually actuated before these elements are placed into
      operation.
PAR  The operation of the apparatus of the present invention should be apparent
      from the foregoing description. Briefly summarizing this operation, when
      the floor scrubber is to be actuated manually, the operator places the
      mode selector switch in its manual position and mounts the floor scrubber.
      The traverse motor is actuated by depressing foot pedal switch 174 and the
      brush motor, vacuum motor, and solution feed valve are actuated manually.
      Steering is effected manually and none of the automatic systems are in
      operation. In order to switch the system to automatic mode, the mode
      selector switch is moved to its automatic mode position, and the auto
      engage button is depressed. The operator does not have to depress foot
      pedal switch 174, but he still must actuate the brush motor vacuum motor,
      and solution feed valve switches manually. In either case, master switch
      122 must be actuated before any power can be applied to the system,
      whether the system is in its manual or automatic mode.
PAR  When the system is operating in its automatic mode, the system will
      automatically shut down if a no-line indication is received by the line
      relay 134; if the light relay 128 indicates that the ultraviolet lamp is
      not lit; if the operator depresses a stop switch 138, or if the vehicle
      comes in contact with an obstruction. Suitable warning lights are employed
      in the system in order to indicate the reason why the system has shut
      down, and when this condition has been rectified, the system can be
      reactuated by simply depressing the auto engage switch a second time.
PAR  It should be understood that the foregoing embodiments of the present
      invention are merely exemplary and the preferred practice of the present
      invention and that various changes and modifications may be made in the
      arrangements and details of construction of the embodiments described
      herein without departing from the spirit and scope of the present
      invention.
CLMS
STM  The embodiment of the invention in which an exclusive property or privilege
      is claimed are defined as follows:
NUM  1.
PAR  1. Vehicle guidance means for guiding a vehicle along a surface, said
      guidance means comprising a guide line which is substantially invisible
      under ordinary ambient lighting conditions and which contains material
      that emits radiation in a first frequency range in response to stimulation
      by radiation in a second frequency range, said guidance means further
      comprising:
PA1  radiation means in the vehicle adapted to direct radiation in said second
      frequency range on the guide line so as to cause the guide line to emit
      said first frequency radiation;
PA1  sensor means mounted in the vehicle and adapted to sense the first
      frequency radiation emitted by the guide line and in response thereto to
      generate an error output signal representative of the variation of the
      vehicle position from a predetermined lateral position with respect to the
      guide line; and
PA1  control means in the vehicle adapted to steer the vehicle in response to
      the error signal generated by the sensor means so as to maintain the
      vehicle in said predetermined lateral position with respect to the guide
      line as the vehicle moves along the guide line.
NUM  2.
PAR  2. Vehicle guidance means for guiding a vehicle along a surface, said
      guidance means including a guide line which is substantially invisible
      under ordinary ambient lighting conditions and which contains a
      fluorescent material that emits radiation in a visible frequency range in
      response to stimulation by radiation in an invisible frequency range, said
      guidance means further comprising:
PA1  radiation means in the vehicle adapted to direct radiation in an invisible
      frequency range on the guide line so as to cause the guide line to emit a
      visible frequency radiation;
PA1  sensor means mounted in the vehicle and adapted to sense the visible
      frequency radiation emitted by the guide line and in response thereto to
      generate an error output signal representative of the variation of the
      vehicle position from a predetermined lateral position with respect to the
      guide line; and
PA1  control means in the vehicle adapted to steer the vehicle in response to
      the error signal generated by the sensor means so as to maintain the
      vehicle in said predetermined lateral position with respect to the guide
      line as the vehicle moves along the guide line.
NUM  3.
PAR  3. Vehicle guidance means as claimed in claim 2 wherein:
PA1  the radiation means is adapted to emit substantially no visible light; and
PA1  the sensor means is responsive to the visible radiation from the guide line
      but is adapted to be substantially nonresponsive to reflected invisible
      radiation generated by the radiation means.
NUM  4.
PAR  4. Vehicle guidance means as claimed in claim 3 wherein:
PA1  the fluorescent material in the guide line emits visible radiation in said
      first frequency range in response to stimulation by invisible ultraviolet
      radiation;
PA1  the radiation means comprises an ultraviolet lamp, with the second
      frequency range being ultraviolet radiation, the ultraviolet lamp being
      filtered to the extent necessary to prevent the radiation of the visible
      light from the lamp; and
PA1  the sensor means comprises photocell means capable of producing an output
      signal generally proportional to the intensity of visible light impinging
      thereon, said photocell means being responsive to visible light in the
      frequency range generated by the fluorescent guide line and including
      means to filter the light to the extent necessary so that the photocell
      means is substantially nonresponsive to ultraviolet radiation and other
      background radiation of a frequency substantially different from said
      first frequency range.
NUM  5.
PAR  5. Vehicle guidance means as claimed in claim 2 wherein:
PA1  the vehicle rides on rotatable wheels and is steered by pivoting at least
      one of said wheels, the vehicle being a rear-steering vehicle with at
      least one pivotable rear wheel and at least one non-pivotable front wheel;
PA1  the control means steer the vehicle by pivoting said rear wheel; and
PA1  the sensor means are movably mounted in the vehicle such that when the
      control means pivots the wheel sufficiently to steer the vehicle along the
      guide line, the sensor means are moved by the pivoting of said wheel to a
      position wherein a zero error output signal is generated by the sensor
      means, even though the vehicle itself may not have yet returned to said
      predetermined lateral position with respect to the guide line, the sensor
      means being movably mounted in the vehicle by mounting means adapted to
      move the sensor means in the opposite direction to the direction of
      movement of the rear pivotable wheel so as to cause the sensor means to
      follow the guide line in response to the steering of the vehicle, even
      though steering is effected by pivoting the rear wheel in a direction
      opposite to the desired direction of the vehicle.
NUM  6.
PAR  6. Vehicle guidance means for guiding a vehicle along a surface by means of
      a guide line containing material that emits radiation in a first frequency
      range in response to stimulation by radiation in a second frequency range,
      said guidance means comprising:
PA1  radiation means in the vehicle adapted to direct radiation in said second
      frequency range on the guide line so as to cause the guide line to emit
      said first frequency radiation;
PA1  sensor means mounted in the vehicle and adapted to sense the first
      frequency radiation emitted by the guide line and in response thereto to
      generate an error output signal representative of the variation of the
      vehicle position from a predetermined lateral position with respect to the
      guide line;
PA1  control means in the vehicle adapted to steer the vehicle in response to
      the error signal generated by the sensor means so as to maintain the
      vehicle in said predetermined lateral position with respect to the guide
      line as the vehicle moves along the guide line; and
PA1  modulation circuit means adapted to modulate the second frequency radiation
      emitted from the radiation means to effectively eliminate the effect the
      static and fluorescent background illumination from the error output
      signal, said modulation circuit means modulating the second frequency
      radiation at a predetermined frequency and including synchronized
      demodulation means for effectively limiting the error output signal to
      that portion of the sensor means output signal which is produced by
      radiation of said predetermined frequency.
NUM  7.
PAR  7. Vehicle guidance means as claimed in claim 6 wherein the modulation
      means comprises means for switching the radiation means on and off at
      synchronized intervals, synchronized demodulation means adapted to measure
      at each interval the effective difference in the output signal of the
      sensor means when the radiation means is on and off, and sample and hold
      amplifier means adapted to hold the value of the error output signal at a
      level equal to said difference until the value of the difference signal
      changes in a subsequent cycle.
NUM  8.
PAR  8. Vehicle guidance means as claimed in claim 7 wherein the radiation means
      is switched on and off at a rate of about 144 Hz.
NUM  9.
PAR  9. Vehicle guidance means as claimed in claim 7 wherein:
PA1  the change in value of the sensor means output signal lags the change in
      first frequency radiation received by the sensor means in accordance with
      the time constant of the sensor means; and
PA1  the demodulation means measures the difference between the sensor means
      output signals just after the radiation means has been switched on and
      just before the radiation means is switched off.
NUM  10.
PAR  10. Vehicle guidance means for guiding a vehicle along a surface by means
      of a guide line containing material that emits radiation in a first
      frequency range in response to stimulation by radiation in a second
      frequency range, said guidance means comprising:
PA1  radiation means in the vehicle adapted to direct radiation in said second
      frequency range on the guide line so as to cause the guide line to emit
      said first frequency radiation;
PA1  sensor means mounted in the vehicle and adapted to sense the first
      frequency radiation emitted by the guide line and in response thereto to
      generate an error output signal representative of the variation of the
      vehicle position from a predetermined lateral position with respect to the
      guide line;
PA1  control means in the vehicle adapted to steer the vehicle in response to
      the error signal generated by the sensor means so as to maintain the
      vehicle in said predetermined lateral position with respect to the guide
      line as the vehicle moves along the guide line; and
PA1  feed back means adapted to maintain a generally constant ratio between
      error output signal strength and displacement of the guide line from a
      predetermined centerline position, regardless of the strength of static or
      fluorescent background illumination as long as the vehicle is following
      the guide line and the guide line is brighter than the background when the
      radiation means is switched on.
NUM  11.
PAR  11. Vehicle guidance means as claimed in claim 10 wherein:
PA1  the sensor means comprises photocell means for sensing radiation from the
      guide line, said photocell means being adapted to produce separate output
      signals representative of radiation intensity at at least three different
      positions with respect to the guide line, said positions being on the left
      and right sides of the guide line and a center position over the guide
      line when the guide line is centered with respect to the sensor means;
PA1  the photocell means are positioned in the vehicle such that approximately
      the same amount of background illumination is received at all three
      positions when the guide line is centered with respect to the sensor
      means; and
PA1  the feedback means is adapted to maintain a constant difference between the
      output signal from the center position and the average of the output
      signals from left and right positions when the guide line is centered with
      respect to the sensor means.
NUM  12.
PAR  12. Vehicle guidance means as claimed in claim 11 wherein the feedback
      means is adapted to modify the output signal from the center position by
      adding to it the absolute value of the difference between the left and
      right position output signals, the difference between this modified center
      position output signal and the average of the left and right position
      output signals being the difference signal maintained at a substantially
      constant level by said feedback means.
NUM  13.
PAR  13. Vehicle guidance means as claimed in claim 12 wherein the photocell
      means comprise separate left, right, and center line photocells positioned
      to the left, right, and directly over the guide line, respectively, when
      the guide line is centered with respect to the sensor means.
NUM  14.
PAR  14. Vehicle guidance means as claimed in claim 11 wherein:
PA1  the feedback means maintains said constant difference signal by means of a
      feedback signal to the sensor means; and
PA1  the vehicle guidance means further comprises line detection means adapted
      to prevent the operation of the vehicle guidance means whenever the
      feedback signal exceeds a predetermined level.
NUM  15.
PAR  15. Vehicle guidance means as claimed in claim 14 wherein line detection
      means is further adapted to prevent operation of the vehicle guidance
      means if the absolute difference between the photocell means output
      signals at the left and right positions exceed a predetermined value.
NUM  16.
PAR  16. Vehicle guidance means for guiding a vehicle along a surface by means
      of a guide line containing material that emits radiation in a first
      frequency range in response to stimulation by radiation in a second
      frequency range, said guidance means comprising:
PA1  radiation means in the vehicle adapted to direct radiation in said second
      frequency range on the guide line so as to cause the guide line to emit
      said first frequency radiation;
PA1  sensor means mounted in the vehicle and adapted to sense the first
      frequency radiation emitted by the guide line and in response thereto to
      generate an error output signal representative of the variation of the
      vehicle position from a predetermined lateral position with respect to the
      guide line;
PA1  the sensor means comprises photocell means adapted to produce separate
      output signals from at least three positions with respect to the guide
      line, said positions being to the left, to the right, and centered over
      the guide line when the guide line is centered with respect to the sensor
      means;
PA1  control means in the vehicle adapted to steer the vehicle in response to
      the error signal generated by the sensor means so as to maintain the
      vehicle in said predetermined lateral position with respect to the guide
      line as the vehicle moves along the guide line; and
PA1  line detection means connected to the senosr means and adapted to prevent
      the vehicle guidance means from operating unless the sensor mechanism is
      positioned over a guide line, the line detection means being adapted to
      prevent the initiation of operation of the vehicle guidance means unless
      the output signal from the center position is greater than the output
      signals from both the left and right positions.
NUM  17.
PAR  17. Vehicle guidance means as claimed in claim 16 wherein the line
      detection means is adapted to cause a valid line indication to be
      maintained once captured unless the output signal from the center position
      drops below the level of the output signals from both the left and right
      positions.
NUM  18.
PAR  18. Vehicle guidance means as claimed in claim 17 wherein the output
      signals from the photocell means are produced by separate left, right, and
      centerline photocells corresponding to the left, right and center
      positions.
NUM  19.
PAR  19. Vehicle guidance means as claimed in claim 18 and further comprising
      limit means for preventing a valid line indication from being generated
      until the differences between the centerline photocell output signal and
      the respective left and right photocell output signals reaches a
      predetermined value, so as to insure tracking on a line of satisfactory
      strength.
NUM  20.
PAR  20. Vehicle guidance means as claimed in claim 19 wherein said limit means
      is adapted to lower the predetermined difference between centerline and
      left and right photocell signals in the presence of a bright line.
NUM  21.
PAR  21. Vehicle guidance means for guiding a vehicle along a surface by means
      of a guide line containing material that emits radiation in a first
      frequency range in response to stimulation by radiation in a second
      frequency range, said guidance means comprising:
PA1  radiation means in the vehicle adapted to direct radiation in said second
      frequency range on the guide line so as to cause the guide line to emit
      said first frequency radiation;
PA1  sensor means mounted in the vehicle and adapted to sense the first
      frequency radiation emitted by the guide line and in response thereto to
      generate an error output signal representative of the variation of the
      vehicle position from a predetermined lateral position with respect to the
      guide line;
PA1  control means in the vehicle adapted to steer the vehicle in response to
      the error signal generated by the sensor means so as to maintain the
      vehicle in said predetermined lateral position with respect to the guide
      line as the vehicle moves along the guide line;
PA1  feedback means adapted to maintain a generally constant ratio between error
      output signal strength and displacement of the guide line from a
      predetermined centerline position, regardless of the strength of static or
      fluorescent background illumination, as long as the vehicle is following
      the guide line and the guide line is brighter than the background when the
      radiation means is switched on, said feedback means producing an error
      indication when the vehicle is not following the guide line or when the
      guide line is not brighter than the background by a predetermined amount
      when the radiation means is switched on; and
PA1  line detection means responsive to said error indication and adapted to
      prevent operation of the vehicle guidance means when an error indication
      is received.
NUM  22.
PAR  22. Vehicle guidance means for guiding a vehicle along a surface by means
      of a guide line containing material that emits radiation in a first
      frequency range in response to stimulation by radiation in a second
      frequency range, said guidance means comprising:
PA1  radiation means in the vehicle adapted to direct radiation in said second
      frequency range on the guide line so as to cause the guide line to emit
      said first frequency radiation;
PA1  sensor means mounted in the vehicle and adapted to sense the first
      frequency emitted by the guide line and in response thereto to generate an
      error output signal representative of the variation of the vehicle
      position from a predetermined lateral position with respect to the guide
      line;
PA1  the sensor means comprises photocell means adapted to produce discreet
      output signals representative of radiation detected at at least three
      positions with respect to the guide line, two of said positions being to
      the left and right of the guide line and the third position being such
      that a predetermined relationship exists between the output representative
      of the third position and at least one of the other positions when the
      vehicle guidance means is positioned over the guide line;
PA1  control means in the vehicle adapted to steer the vehicle in response to
      the error signal generated by the sensor means so as to maintain the
      vehicle in said predetermined lateral position with respect to the guide
      line as the vehicle moves along the guide line; and
PA1  line detection means adapted to prevent the vehicle guidance mechanism from
      operating unless said predetermined relationship exists.
NUM  23.
PAR  23. Vehicle guidance means as claimed in claim 22 wherein said photocell
      means output signals also have a predetermined relationship when the
      brightness of the guide line is less than a predetermined minimum level,
      and the line detection means is adapted to prevent operation of the
      vehicle guidance means unless both predetermined relationships are in
      existence.
NUM  24.
PAR  24. Vehicle guidance means for guiding a vehicle along a surface by means
      of a guide line containing material that emits radiation in a first
      frequency range in response to stimulation by radiation in a second
      frequency range, said guidance means comprising:
PA1  radiation means in the vehicle adapted to direct radiation in said second
      frequency range on the guide line so as to cause the guide line to emit
      said first frequency radiation;
PA1  sensor means mounted in te vehicle and adapted to sense the first frequency
      radiation emitted by the guide line and in response thereto to generate an
      error output signal representative of the variation of the vehicle
      position from a predetermined lateral position with respect to the guide
      line;
PA1  means for rendering said sensor means substantially nonresponsive to
      reflected radiation in the second frequency range; and
PA1  control means in the vehicle adapted to steer the vehicle in response to
      the error signal generated by the sensor means so as to maintain the
      vehicle in said predetermined lateral position with respect to the guide
      line as the vehicle moves along the guide line.
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PAL  Inner and outer U-shaped enclosure segments are slidably mounted along
      tracks for movement with respect to one another in response to extension
      and retraction of an air cylinder. The enclosure is fabricated from sound
      insulating panels, with end walls being provided at the opposite ends of
      these tracks, and latching devices being provided for selectively securing
      the inner housing segment to one end wall and the other housing segment to
      the opposite end wall.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to sound insulating enclosures for use in
      reducing the noise pollution emanating from a machine tool or the like,
      and deals more particularly with a telescopic enclosure especially useful
      for enclosinig a cold forming machine.
PAR  In constructing an enclosure for use in reducing noise at its source in a
      modern manufacturing facility, the general approach has been to build an
      enclosure around each machine tool with access openings being provided to
      permit the operator to get to selected portions of the machine when he is
      setting up a particular job, or when he is otherwise making adjustments to
      an automatic machine such as a machine for cold forming parts of various
      type.
PAR  The present invention has for its principal aim the provision of an
      enclosure which permits access to a major portion of the machine when one
      segment of the enclosure occupies a particular position, and which also
      permits access to the remaining portion of the machine when another
      segment is moved to an alternative position.
PAR  The foregoing aim of the present invention is accomplished by providing
      inverted U-shaped enclosure segments so sized as to fit one within
      another, and providing end walls for these enclosure segments such that
      the machine tool is completely enclosed when these inner and outer
      enclosure segments are latched to their respective end walls. The U-shaped
      segments are fabricated from sound insulating panels of monocoque
      construction, and a pneumatic actuator has its cylinder portion attached
      to the outer housing and its normally movable actuator portion attached to
      the inner housing. Latching means is provided for releasably securing the
      inner and outer housings to one of the respective end walls. The actuator
      can therefore be used to move either the inner housing with respect to the
      outer housing, or the outer housing with respect to the inner housing
      depending upon which latching means is secured.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating the overall configuration of a
      telescopic enclosure incorporating the present invention, the movable
      housing segments thereof being shown in position for completely enclosing
      the machine tool or source of noise to be isolated.
PAR  FIG. 2 is a vertical sectional view taken generally on the line 2--2 of
      FIG. 3.
PAR  FIG. 3 is a vertical sectional view taken generally on the line 3--3 of
      FIG. 2 and shows the inner housing segment moved inside the outer segment.
PAR  FIG. 4 is a fragmentary view showing the outer housing segment moved to a
      position outside that of the inner housing segment to expose the opposite
      end of the machine tool from that end exposed in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Turning now to the drawing in greater detail, FIGS. 2, 3 and 4 show in
      phantom lines the general configuration of a machine tool 10, such as a
      conventional cold header. Such a machine may be quite noisy during its
      operation, and hence be a very significant contributing factor to the
      noise pollution in a manufacturing facility. While not necessarily so
      limited, the enclosure to be described is especially useful for isolating
      noise pollution originating from a machine tool of the cold header type;
      but, it will be obvious to those skilled in this art that the general
      concept disclosed herein might also be adapted to the construction of
      enclosures for other noisy machines.
PAR  It will be apparent that there is a need in many such machines for the
      operator to have access, not only to the portion of the machine indicated
      generally by reference numeral 10a, but also for the operator to have
      access to the opposite end portion of the machine tool, such as shown
      generally at reference numeral 10b in FIG. 4. FIG. 2 shows the
      cross-sectional configuration of the machine tool 10 in phantom lines, and
      also illustrates the general internal arrangement of the telescopic
      enclosure itself.
PAR  Still with reference to FIGS. 2 and 3, the various components of the
      telescopic enclosure which are to be described comprise hollow shell-like
      monocoque elements, that is, each element of the enclosure comprises a
      generally rectangular panel with inner and outer skins of sheet metal or
      the like, the interior of which panels is preferably filled with a sound
      insulating material, such as mineral wool or the like, with the result
      that when the enclosure segments are in the positions depcited in FIG. 1,
      the sound from the machine tool 10 will be significantly reduced outside
      of the enclosure. Additionally, the machine will be rendered much safer in
      operation, and it should be noted that an interlock system could be
      employed to render the machine operative unless limit switches associated
      with the enclosure components were activated to complete an enabling
      circuit associated with the machine's control circuit.
PAR  Turning next to a more detailed description of the enclosure itself, a
      generally rectangular base 12 is provided for the enclosure and includes
      longitudinally extending side rails or tracks 14 and 16 which extend along
      the side of the generally rectangular base 12 or frame. The shorter sides
      of the base, or frame, 12 provides a fixed support 18 for the rear end
      wall 22 and the opposite side 20 of the frame supports the front end wall
      24 as best shown in FIG. 3. In order to further aid in the support of
      these end walls 22 and 24 gusset plates or angle brackets 26 and 28 are
      provided to maintain these end walls 22 and 24 respectively in their
      upright configurations. Thus, the end walls 22 and 24 are rigidly secured
      to opposite end portions of the rail or track defining longitudinally
      extending parallel sides 14 and 16 of the base or frame 12.
PAR  The above-described components comprise the fixed structural portion of the
      enclosure, and the portion to be described comprises the movable elements
      or components thereof. Prior to describing these movable portions of the
      enclosure, however, it should perhaps be noted that the rectangular frame
      12 may or may not be required and that the longitudinally extending tracks
      or rails might instead be attached directly to a floor or the like upon
      which the machine tool 10 is already provided. It should also be noted
      that the gussets 28, 28 might be then provided so that the lower end
      portion thereof extends outwardly beyond the end wall 24, in which case
      the portion 28a required for spacing these gussets or braces 28, 28
      outwardly from the edge of the end wall 24 would not then be required.
      Instead, the rail or track 14 would be extended beyond the end wall 24,
      and the triangular element 28 would be oriented oppositely from the
      configuration shown in FIGS. 1 and 3.
PAR  In accordance with the present invention, the overall enclosure shown in
      FIG. 1 also includes inner and outer housing segments 30 and 32
      respectively each of which is of inverted U-shaped configuration having a
      top wall and generally vertically extending side walls connected to one
      another at right angles by any convenient means. The outer U-shaped
      housing 32 is of slightly larger size than the inner housing 30 so that
      the latter nests within the former at least when the housing members are
      placed in the positions shown for them in FIG. 3. In the FIG. 3 position,
      one half 10a of the machine tool 10 is exposed for set-up or for any
      purpose. FIG. 2 also shows the nesting arrangement for said U-shaped
      segments, and FIG. 4 shows the alternative limit position for each of
      these segments wherein the opposite end or half 10b of the machine tool is
      exposed.
PAR  The vertically extending side walls of each of the inverted U-shaped
      housings as well as the top walls thereof, and the end walls discussed
      previously are all fabricated from a sound insulating material preferably
      in a monocoque construction wherein each panel is provided with inner and
      outer metal sheaths, and wherein a suitable sound insulatory material such
      as mineral wool is provided therebetween. Other suitable insulating
      material might also be adapted for use in these panels, and the outer skin
      might comprise either galvanized steel or aluminum or some such similar
      substance.
PAR  In further accordance with the present invention, power means is preferably
      provided for movement of both housing segments between the limit positions
      shown for them in FIGS. 3 and 4 respectively. Preferably, said power means
      comprises a pneumatic actuator with its cylinder part carried by the outer
      housing segment 32, as best shown in FIGS. 1 and 3, and its normally
      movable part, or actuator rod connected to the inner housing segment 30 as
      shown generally at 40 in FIGS. 1 and 3. The pneumatic actuator comprises a
      conventional fluid motor having an elongated cylindrical portion 42, the
      opposite ends of which, 44 and 46, are connected to the top wall of the
      outer housing 32. A piston 46 is slidably received in the cylindrical
      housing 42, and the actuating rod 48 is movable in response to movement of
      the piston, thereby causing movement of the inner housing segment 30 with
      respect to the outer housing segment 32 in one and opposite direction.
      This movement is possible because both segments are slidably received on
      their associated tracks or slides 14 and 16. These housing segments 30 and
      32 are selectively movable, a rear pair of latches 50, 50 being adapted to
      be set as shown in FIGS. 1 and 3 and a front set of latches 52, 52 to be
      opened manually so as to permit fluid under pressure in line 54 to move
      the piston 46 toward the left as shown in FIG. 3 with the result that the
      inner housing segment 30 moves rearwardly underneath the outer housing,
      exposing the righthand portion 10a of the machine tool. On the other hand,
      and as suggested in FIG. 4, release of latches 50, 50 and setting of
      latches 52, 52 permit the outer housing to move with respect to the inner
      housing with the result that the left-hand portion 10b of the machine tool
      is exposed. The last mentioned movement of the outer housing 32 with
      respect to the inner housing 30 is accomplished by providing fluid under
      pressure in the same line 54, line 56 being provided to achieve return
      movement of the housing segments from the positions shown in FIGS. 3 and 4
      respectively toward their enclosure defining positions as depicted in FIG.
      1. In this FIG. 1 position, both sets of latches 50 and 52 are preferably
      set to prevent inadvertent movement of these housing segments 30 and 32.
PAR  In conclusion then the enclosure described herein is designed to reduce the
      noise levels of the machine housed therein, but other advantages also
      attach to this enclosure configuration. Perhaps most significant is the
      fact that this enclosure is designed to permit access to the entire
      machine merely by telescoping the enclosure segments. This feature
      obviously facilitates work set-up and maintenance work on the machine,
      reducing machine downtime below that possible with more conventional
      enclosures. Additionally, this enclosure configuration permits the machine
      to be freed from any prior art safety gate or cover, with its associated
      interlock system, provided only that the user fit a similar interlock
      system to this enclosure configuration. In so doing he will not only have
      a more effective system safety wise, but he will also have a quietor
      environment, a factor which itself contributes to the overall safety of
      his personnel generally.
CLMS
STM  I claim:
NUM  1.
PAR  1. An enclosure for reducing the noise pollution caused by a machine tool
      or the like, said enclosure comprising:
PA1  a. an outer housing of inverted U-shape configuration having a top wall and
      generally vertically extending side walls,
PA1  b. an inner housing also of inverted U-shaped configuration and also having
      a top wall and vertically extending side walls,
PA1  c. longitudinally extending inner and outer sets of tracks for slidably
      receiving said inner and outer housings such that said housings are
      movable with respect to one another between telescoped and extended
      positions,
PA1  d. end walls carried by said tracks for closing opposite ends of said inner
      and outer housings when each is in its extended position with respect to
      the other, whereby an enclosure is defined for the machine tool,
PA1  e. means for moving said housings with respect to one another and
      comprising a first part carried by said outer housing and a second part
      movable with respect to the first and carried by said inner housing, and
PA1  f. latching means for releasably securing said outer housing to one of said
      end walls and said inner housing to the other of said end walls.
NUM  2.
PAR  2. An enclosure for reducing the noise pollution caused by a machine tool
      or the like, said enclosure comprising:
PA1  a. an outer housing of inverted U-shape configuration having a top wall and
      generally vertically extending side walls,
PA1  b. an inner housing also of inverted U-shaped configuration and also having
      a top wall and vertically extending side walls,
PA1  c. longitudinally extending inner and outer sets of tracks for slidably
      receiving said inner and outer housings such that said housings are
      movable with respect to one another between telescoped and extended
      positions,
PA1  d. end walls carried by said tracks for closing opposite ends of said inner
      and outer housings when each is in its extended position with respect to
      the other, whereby an enclosure is defined for the machine tool,
PA1  e. power means for so moving said housings, said power means comprising a
      fluid motor with one part carried by said outer housing and a second part
      movable with respect to the first and carried by said inner housing.
NUM  3.
PAR  3. The enclosure of claim 2 wherein said tracks are floor mounted and each
      set thereof slidably receives the lower longitudinal edges of the side
      walls of said inner and outer housings.
NUM  4.
PAR  4. The enclosure of claim 2 wherein said end walls comprise vertically
      oriented rectangular panels, the lower edges of said panels being
      connected to said tracks, and at least one gusset bracket associated with
      each housing, one edge of each of said brackets being connected to one of
      said tracks and the other edge of said bracket being connected to said
      panel end wall.
NUM  5.
PAR  5. The enclosure of claim 4 wherein said top walls and said side walls of
      said inner and outer housings also comprise generally rectangular panels,
      all of said panels being of monocoque construction each having a hollow
      interior filled with sound absorbing material.
NUM  6.
PAR  6. The enclosure of claim 2 further characterized by first latching means
      for releasably securing said outer housing to one of said end walls.
NUM  7.
PAR  7. The enclosure of claim 6 further characterized by second latching means
      for releasably securing said inner housing to the other of said end walls.
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ABST
PAL  A vibratory plate of pulp and chopped carbon fibers mixed uniformly in the
      paper. The pulp is thoroughly beaten to a degree not higher than 300 cc.
      of Canadian standard freeness.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a vibratory plate used for an
      audio-electrical instrument.
PAR  It has heretofore been very difficult to regenerate evenly, with one
      speaker only, sound having a scope extending from low frequencies of 30 -
      50 Hz to high frequencies of 15000 - 20000 Hz or more. Yet such a
      frequency range is generally said to be necessary for high fidelity loud
      speakers.
PAR  Heretofore, so-called double cone-type loud speakers have been used for
      that purpose. These have combined a small diameter cone for high frequency
      sound reproduction with a large diameter cone for low frequency sound
      reproduction. Alternatively, a plurality of separate speakers consisting
      of a large diameter speaker for low frequencies and a small diameter
      speaker for high frequencies has been adopted. However, mutual
      interference often takes place in a connecting portion between the low
      frequency zone and the high frequency zone, causing large and small waves
      in the frequency characteristics. When a network is used for dividing
      frequencies, satisfactory damping of low frequencies cannot be obtained.
      When independent amplifiers are used for low and for high frequencies, the
      cost of the equipment rises substantially. Accordingly, there are many
      problems in use, design and manufacture.
PAR  An object of the present invention is to provide a vibratory plate which is
      capable of regenerating evenly a broad scope of frequency from low to high
      without using a plurality of vibratory plates.
PAR  Another object of the present invention is to provide a vibratory plate for
      an audio electrical instrument having a large .sqroot.E/.rho. and a proper
      value of internal loss which is one of the most important characteristics
      of vibratory plates.
PAR  Still another object of the present invention is to provide a vibratory
      plate for an audio-electrical instrument without creating large and small
      waves having frequency characteristics considered to be due to resonance,
      and which has excellent capability in separating sounds.
PAR  Still another object of the present invention is to provide a vibratory
      plate for an audio-electrical instrument which is unlikely to be subjected
      to strain at the time of its formation.
PAR  Other objects of the present invention will become apparent from the
      following description.
PAR  The present invention provides a vibratory plate for an audio-electrical
      instrument comprising paper made of pulp having a maximum beating degree
      of 300 cc of freeness when measured by the Canadian standard freeness
      test, and chopped carbon fibers having a Young's modulus of at least about
      8000 kg/mm.sup.2, said pulp and (chopped) carbon fibers being mixed evenly
      with each other.
PAR  The term "freeness" in this specification means Canadian standard freeness,
      measured by the method referred to as "Tappi Standard" T-227m-58, as
      designated by TAPPI (Technical Association of the Pulp and Paper Industry)
      of the United States of America.
DRWD
PAC  BRIEF EXPLANATION OF DRAWINGS
PAR  FIG. 1 is a graph showing the relationship between the degree of beating
      (freeness) of pulp and the internal loss or loss tangent (tan .delta.) of
      paper made from this pulp,
PAR  FIG. 2 is a graph showing the relationship between the degree of beating
      (freeness) of pulp and the Young's modulus of paper made from the pulp,
PAR  FIG. 3 is a graph showing the relationship between the Young's modulus of
      paper made from pulp mixed with 30% by weight of carbon fiber and the
      beating degree (freeness) of said pulp,
PAR  FIG. 4 is a graph showing the relation between the .sqroot.E/.rho. of paper
      made from pulp having a high beating degree mixed with carbon fibers, and
      the mix ratio of the carbon fibers,
PAR  FIG. 5 is a graph showing the relationship between the internal loss of
      paper made from pulp having a high beating degree mixed with carbon fibers
      and the mix ratio of the carbon fibers,
PAR  FIG. 6 is a graph showing the relationship between the freeness of the
      mixture of pulp having a high beating degree and carbon fibers and the mix
      ratio of the carbon fibers, and
PAR  FIG. 7 is a graph showing the relationship between the frequency and the
      response of an audio-electric speaker using a vibratory plate according to
      the present invention and an audio-electric speaker using a conventional
      vibratory plate,
PAR  FIG. 8 shows a vibratory plate shaped as a cone,
PAR  FIG. 9 shows a vibratory plate shaped as a dome, and
PAR  FIG. 10 shows a high fidelity speaker having a sound reproducing element in
      the form of a vibratory plate according to this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The resonance frequency fh of high frequency sound, expressing the
      regenerating limit of a high sound, may be expressed by the following
      equation:
EQU  fh = cos .theta./2 .pi. a .sqroot.E/.rho. .sqroot.1 + mc/mv,
PAL  where .theta. is one-half of the vertical angle of the cone, a is its
      radius, E is its Young's Modulus, mc is its mass, and mv is the mass of
      the voice coil.
PAR  Specifically, when the shape, mass and radius of the cone and the mass of
      the voice coil are constant, the resonance frequency of a high frequency
      sound fh is proportional to the .sqroot.E/.rho. of the cone. The
      .sqroot.E/.rho. shows the speed of propagation of a sound in the cone
      material. However, in a conventional cone, the magnitude of
      .sqroot.E/.rho. has a limit.
PAR  Regarding the material for conventional conic vibratory plates, fibrous
      materials and foam-containing resins have been used mainly, especially
      fibrous materials. Natural fibers such as cotton, silk, bamboo fiber,
      wooden pulp and paper pulp; inorganic fibers such as glass fibers and
      metal fibers; synthetic fibers such as polyvinyl alcohol, polyacryl and
      polyester fibers, and artificial fibers such as rayon are used.
PAR  Vibratory plates are usually produced by floating the fibers alone or as a
      mixture of fibers, on water or a proper medium, taking it up on a net mold
      to make a sheet, and drying the sheet.
PAR  The value of .sqroot.E/.rho. of a vibratory plate made of known materials
      is about 2000 - 2500 m/sec. Accordingly, insofar as a conventional
      vibratory plate is used, it is almost impossible to reproduce evenly a
      high frequency sound zone in the vicinity of 15000 Hz with a speaker
      having a diameter of, for instance, at least 25 cm.
PAR  In the present invention, the vibratory plate uses materials containing
      carbon fibers having a high Young's modulus of at least 8000 kg/mm.sup.2.
      These carbon fibers are made from precusor fibers such as cellulose,
      polyacrylonitrile, pitch and lignin. Known methods of fabrication are
      described in detail in U.S. Pat. Nos. 3,107,152 (cellulose), 3,285,696 and
      3,412,062 (polyacrylonitrile), 3,565,980 (pitch) and 3,461,082 (lignin).
      These carbon fibers are different from carbon powder or coal but are
      similar in some ways to cotton, silk, nylon, etc. Accordingly, the
      .sqroot.E/.rho. of the material per se is high, making it possible to
      provide a large .sqroot.E/.rho.  for the vibratory plate. However, even if
      the .sqroot.E/.rho. of the fiber material per se is high, when it is
      formed into a vibratory plate, the .sqroot.E/.rho. of the vibratory plate
      does not necessarily become large. In order to obtain a vibratory plate
      having a large .sqroot.E/.rho. by using a fiber material having a large
      .sqroot.E/.rho. the adhesion among the fiber materials must be good. This
      can be done by adding a synthetic or natural binder such as synthetic
      resin, synthetic rubber, synthetic fiber, glue or rosin. However, even if
      these conventional methods are applied to carbon fibers having a high
      Young's modulus it is not possible to provide a proper value of internal
      loss which is one of the most important characteristics as a vibratory
      plate, although there is an increase of the .sqroot.E/.rho. as a vibratory
      plate. Accordingly, the unusual peaks and dips in the frequency
      characteristics considered to be due to the phenomenon of resonance are
      brought about. As a result, separation and sharpness of sound are poor.
      This is a fatal defect in a vibratory plate.
PAR  The present invention eliminates this drawback by combining carbon fibers
      with pulp. Carbon fibers having a Young's modulus of at least 8000
      kg/mm.sup.2 are effective for increasing the resonance frequency of the
      high frequency sound fh of a vibratory plate. When the Young's modulus of
      the carbon fibers is 15000 kg/mm.sup.2, the plate is more effective.
      Carbon fibers having a filament diameter of 1 - 20 .mu. are preferred, and
      it is further preferable to provide a fine roughened surface which is
      formed by oxidation of the fiber surface, for improving adhesion. When the
      carbon fibers to be mixed are too short, the effect of improving the
      .sqroot.E/.rho. is small. On the other hand, if the fibers are too long,
      the miscibility and dispersion at the time of making paper are poor.
      Because of that, a fiber length range of about 0.5 - 20 mm is preferred.
PAR  Fine beating of pulp for manufacturing a vibratory plate, has been done
      before. It causes an internal fibrillation of pulp fibers, which means a
      loosening of the fine structure of the fibers. As a result, the fiber
      contains water and swells. Mechanical treatment also causes external
      fibrillation of pulp fibers, which means napping or branching of fibrils
      appearing on the surface of the fibers, formation of fine fibers when the
      fiber film of the outer layer disconnects from the fiber and fibrils, and
      shortening of fibers by cutting them in the direction of their length. By
      varying the degree of beating, it is possible to change the physical
      characteristics of the resulting paper. There is a close relationship
      among the degree of beating of pulp, the Young's modulus, the density and
      the internal loss of a vibratory plate.
PAR  FIG. 1 shows this relationship. As shown in FIG. 1 the internal loss (tan
      .delta.) decreases when the degree of beating of the pulp is increased. As
      mentioned above, the degree of beating has an effect upon the freeness of
      the pulp. When the degree of beating is high, freeness decreases.
PAR  And as shown in FIG. 2, when the beating degree of the pulp is increased,
      both the Young's modulus E and the density .rho. of the vibratory plate
      increase. Accordingly, upon manufacturing a vibratory plate from natural
      pulp, it is preferable to raise the beating degree of the pulp as much as
      possible for increasing the value of .sqroot.E/.rho.. However, on the
      other hand, when the beating degree is excessively great, the internal
      loss becomes too small to be desirable. Thus, there are two mutually
      opposing limitations. Accordingly, it has heretofore been normal to
      determine the beating degree so as to harmonize these limitations. For
      these reasons, the beating degree of pulp for a vibratory plate has
      heretofore provided a freeness of about 350 - 600 cc. only.
PAR  It is possible experimentally to test a natural pulp having a high beating
      degree. However, pulp having a high beating degree is not used
      commercially because it drains so poorly that it is difficult to make
      paper from such pulp, production is costly and its efficiency is poor.
PAR  The present invention is characterized by combining pulp having a beating
      degree of not higher than about 300 cc. of freeness, with carbon fibers
      having a Young's modulus of at least about 8000 kg/mm.sup.2.
PAR  The present invention makes it possible efficiently to obtain a vibratory
      plate having a large value of .sqroot.E/.rho. and a proper internal loss.
PAR  As mentioned above, natural pulp having a high beating degree is
      characterized by internal fibrillation of fibers, external fibrillation of
      fibers and formation of fine fibers. Such pulp functions very effectively
      as a binder for carbon fibers having a high Young's modulus. Especially,
      in the case of carbon fibers whose surfaces have been finely etched by an
      oxidation treatment, as by the method of U.S. Patent No. 3,476,703, for
      example, its effectiveness as an adhesive becomes very great.
PAR  FIG. 3 shows the relationship between the Young's modulus of paper made
      from natural pulp containing 30% by weight of carbon fibers having a
      Young's modulus of 20,000 kg/mm.sup.2 and the beating degree of the
      natural pulp that was used. FIG. 3 shows that, as the beating degree of
      the natural pulp increases (freeness decreases), the Young's modulus of
      the paper increases, which shows that natural pulp having a high beating
      degree works efficiently as a binder. It has been found that particularly
      pulp having a high beating degree of not higher than 300 cc. of freeness
      is effective.
PAR  FIG. 4 shows the relationship between the value of .sqroot.E/.rho. of paper
      made from a mixture of natural pulp having a high beating degree of 100
      cc. of freeness and carbon fibers having a Young's modulus of 20,000
      kg/mm.sup.2, illustrating the effect of various percentages of carbon
      fibers, and the content of carbon fibers. It is understood that since the
      natural pulp having a high beating degree works effectively as a binder,
      as the content of the carbon fibers increases, .sqroot.E/.rho. increases
      by which the paper has a value of .sqroot.E/.rho. which is greater than a
      conventional vibratory plate can have.
PAR  When the content of carbon fibers exceeds about 50% by weight, the
      .sqroot.E/.rho. decreases. This is considered to be due to the fact that
      the amount of natural pulp having a high beating degree decreases as
      compared with the amount of carbon fibers having a high Young's modulus
      and therefore, its adhering or binding effect decreases.
PAR  Since pulp having a high beating degree is a fine fibrous material, the
      internal loss of such pulp per se is great, as compared with those of
      conventional binders of the resin or rubber series. Accordingly, such pulp
      is effective as a binder and further the internal loss of paper made from
      a mixture of such pulp and carbon fibers has sufficient value as a
      vibratory plate for an audio-electrical instrument. Specifically, by the
      use of pulp having a high beating degree, a vibratory plate for an audio
      electrical instrument is obtained which has a high value of
      .sqroot.E/.rho. and also has a large internal loss, which has not
      heretofore been available using conventional adhesives of the resin or
      rubber series.
PAR  The internal loss of paper, which has been made of pulp having a high
      beating degree mixed with carbon fibers, increases as compared with that
      of paper made only of such pulp and containing no carbon fibers.
      Accordingly, natural pulp having a high beating degree of not higher than
      300 cc. of freeness, which has not been usable as pulp alone, has become
      available for use as a material for a paper vibratory plate for an
      audio-electrical instrument for the first time, by mixing with carbon
      fibers.
PAR  FIG. 5 represents one such example, showing that the internal loss of paper
      whose main component is natural pulp having a high beating degree of about
      100 cc. of freeness increases by mixing carbon fibers having a Young's
      modulus of 20,000 kg/mm.sup.2 with such pulp. For example, by mixing 10 -
      30% by weight of carbon fibers with such pulp, the resulting paper has an
      internal loss which is the same as or better than the internal loss of
      paper made only from natural pulp having a low beating degree of
      substantially 400 - 600 cc. of freeness.
PAR  Further, by mixing carbon fibers with pulp having a high beating degree,
      the drainage of such pulp is improved. Accordingly, natural pulp having a
      high beating degree which has heretofore been unavailable for use alone,
      due to poor drainage, is usable for making paper according to the present
      invention.
PAR  FIG. 6 shows that by mixing carbon fibers having a Young's modulus of
      20,000 kg/mm.sup.2 with natural pulp having a high beating degree, the
      drainage of paper made from such mixture is improved (its freeness
      increases). FIG. 6 shows that mixed fibers obtained by mixing 20 - 30% by
      weight of carbon fibers with natural pulp having a high beating degree of
      80 - 90 cc. of freeness has the same good drainage as that of natural pulp
      having a substantially low beating degree of 300 - 450 cc.
PAR  It will be observed, accordingly, that the percentage of carbon fibers may
      range from about 3% to about 75% by weight, preferably about 4% to about
      50% by weight, and still more preferably about 5% to about 35% by weight
      according to this invention.
PAR  Another advantage gained by mixing carbon fibers having a high Young's
      modulus with natural pulp having a high beating degree is that, strains or
      stresses are not caused in the drying step after molding the vibratory
      plate into a cone or dome. Usually, when a vibratory plate, composed only
      of paper made from natural pulp having a high beating degree, is dried by
      heating after molding, stresses or strains are present in the shape of the
      vibratory plate, which makes the subsequent pressing operation difficult.
      This trend becomes aggravated as the beating degree of the natural pulp
      increases. In the case of this invention, the subsequent pressing step is
      facilitated and may even be omitted in some cases.
PAR  According to this invention, the pulp functions as an effective binder for
      the carbon fibers and to reduce the decrease of the internal loss. On the
      other hand, the carbon fibers function to increase the internal loss and
      the apparent freeness and to improve the drainage of the natural pulp.
PAR  According to the present invention, it is possible to obtain a vibratory
      plate having a large value of .sqroot.E/.rho. and a suitable internal
      loss. This combination has not been attainable with the use of
      conventional methods.
PAR  Although the carbon fibers and natural pulp having a high beating degree
      used in the present invention may be selected from known materials,
      vibratory plates made by using either one of these materials alone is
      entirely unsatisfactory for use as vibratory plate for an audio-electrical
      instrument. By combining the two as in the present invention, it is
      possible for the first time to make up for the mutual drawbacks of the
      individual components and obtain an excellent product having unprecedented
      characteristics as a vibratory plate for an audio-electrical instrument,
      as compared to conventional vibratory plates.
PAR  According to the present invention, it is possible to provide a vibratory
      plate having a suitable internal loss and a value of .sqroot.E/.rho. which
      is very large in comparison to conventional vibratory plates. Accordingly,
      considering a cone made of the combination of this invention, even when
      the vertical angle 2 .theta. of the cone, the radius a of the cone, the
      mass mc of the cone and the mass mv of the voice coil are the same, the
      value of .sqroot.E/.rho. is large and it is accordingly possible to
      increase the value of fh in that proportion. Even in a large diameter
      speaker, it is possible to generate evenly a high frequency sound zone of
      10,000 - 20,000 Hz with excellent fidelity, which cannot be accomplished
      by a conventional speaker. Generation of a low frequency sound zone is
      made possible by adopting the well-known free edge construction made of
      soft leather, cotton cloth or synthetic rubber to the edge of the conic
      vibratory plate.
PAR  Although we have heretofore referred to the shape of the vibratory plate as
      a cone, other shapes such as domes, etc., may also be used as shown in
      FIGS. 8 and 9. The high fidelity speaker may have a frame 3, a shaped
      speaker vibratory element 6, and magnetic means supported by yoke 2 for
      vibrating said element 6 to convert electrical impulses to audio
      responses, as described in the patent to Shiga et al No. 3,717,218 and as
      shown in FIG. 10 of the drawings.
PAR  As mentioned above, according to the present invention, it is possible to
      generate evenly a frequency from a low value of 30 - 50 Hz to a high value
      of 15,000 - 20,000 Hz which has heretofore been virtually impossible when
      using only one vibratory plate. Moreover, since the vibratory plate
      according to the present invention has a suitable internal loss, it is
      possible to regenerate a sharper sound having excellent quality of
      separation of sounds and having an outstanding transient response.
      Further, the present invention enhances productivity and reduces the
      incidence of below-standard products in the production of vibratory
      plates.
PAR  The following example is illustrative of the invention:
PAR  To 22 grams of material pulp, enough water was added to make the weight of
      the mixture 150 grams. The pulp was beaten in a beating machine until a
      Canadian standard of freeness of 100 cc. was attained. The resulting pulp
      was mixed with 6 grams of surface-treated (oxidized) carbon fibers having
      a diameter of 8 .mu. and a length of 5 mm (density 1.73, Young's modulus
      20,000 kg/mm.sup.2) and the two were mixed for 1 - 2 minutes in a mixer.
      The resulting mixture was processed in a paper-making machine to make a
      paper cone having a diameter of 20 cm and an absolute dry weight of about
      2.1 grams. The paper cone was lightly dehydrated and pressed into the
      shape of a cone having a density (after drying) of 0.35 - 0.40
      gr/cm.sup.3. The resulting paper cone had an edge of cotton cloth adhered
      to it to make a free edge-style vibratory plate.
PAR  Next, using the same method, a cone-shaped paper vibratory plate having a
      weight of about 3.4 grams was made of natural pulp only, without
      containing carbon fibers. These two paper vibratory plates were
      incorporated into otherwise identical speakers, and the frequency
      characteristics of the speakers were measured. The results are shown in
      FIG. 7. Curve A in FIG. 7 corresponds to the speaker having a paper-carbon
      vibratory plate according to the present invention and curve B in FIG. 7
      was obtained from the speaker having a paper vibratory plate made of pulp
      without carbon fibers. As will be apparent from these curves, the
      vibratory plate according to the present invention has excellent
      properties in generating high frequency sound.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vibratory plate comprising a substantially uniform mixture of paper
      pulp having a maximum beating degree of about 300 cc. of Canadian standard
      freeness and carbon fibers having a Young's modulus of at least about 8000
      kg/mm.sup.2.
NUM  2.
PAR  2. The vibratory plate defined in claim 1, wherein the weight percentage of
      carbon fibers, based upon total weight of carbon fibers plus pulp, is in
      the range of about 3% to about 75%.
NUM  3.
PAR  3. The vibratory plate defined in claim 1, wherein said percentage is about
      4 - 50.
NUM  4.
PAR  4. The vibratory plate defined in claim 1, wherein said percentage is about
      5 - 35.
NUM  5.
PAR  5. A vibratory plate according to claim 2 for an audio electrical
      instrument, wherein said carbon fibers have a Young's modulus of at least
      about 15,000 kg/mm.sup.2.
NUM  6.
PAR  6. The vibratory plate according to claim 2, wherein said carbon fibers
      have an average diameter of about 1to 20 .mu..
NUM  7.
PAR  7. The vibratory plate according to claim 2, wherein said carbon fibers
      have an average length of about 0.5 to 20 mm.
NUM  8.
PAR  8. The vibratory plate according to claim 2, wherein said carbon fibers
      have a roughened surface.
NUM  9.
PAR  9. The vibratory plate defined in claim 2, wherein said surface is
      oxidized.
NUM  10.
PAR  10. The vibratory plate according to claim 2, wherein said vibratory plate
      is shaped as a cone.
NUM  11.
PAR  11. The vibratory plate according to claim 2, wherein said vibratory plate
      is shaped as a dome.
NUM  12.
PAR  12. A high fidelity speaker sound reproducing element comprising a shaped
      vibratory plate consisting essentially of
PA1  a. about 25% to about 97% by weight of paper pulp having a maximum beating
      degree of about 300 cc. of Canadian standard freeness, and
PA1  b. about 3% to about 75% by weight of carbon fibers having a minimum
      Young's modulus of about 8000 kg/mm.sup.2.
NUM  13.
PAR  13. The element defined in claim 12, wherein the carbon fibers have an
      average filament diameter of about 1 - 20 microns and an average filament
      length of about 5 - 20 millimeters, and wherein said Young's modulus is in
      the range of about 8000 to about 50,000 Kg/mm.sup.2.
NUM  14.
PAR  14. A high fidelity speaker having a frame, a shaped speaker vibratory
      element, and a magnetic means for vibrating said element to convert
      electrical impulses to audio responses, said element comprising the
      element of claim 12.
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ABST
PAL  A horn speaker having wide directional characteristics in accordance with
      the present invention provides a horn having a horn wall the shape of
      which is formed by connecting a plurality of curves having different
      flaring constants. The flaring constant of the curve forming a mouth
      portion of the horn wall is selected so as to be greater than that of the
      curve forming a throat portion thereof. The mouth portion of the horn wall
      is shaped so as to have a flaring angle which is formed by the curve at
      the mouth portion and has no abrupt variation of angle to a baffle plate.
      The curve at the mouth portion is connected with the curve at the horn
      wall nearer to the throat portion and having the flaring constant
      different therefrom at a point at which the differential coefficients of
      the respective curves substantially coincide with each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a horn speaker, and more particularly to a
      horn speaker having a horn wall the shape of which is improved so as to
      have wide directional characteristics.
PAR  2. Description of the Prior Art
PAR  In general, a horn speaker having a cut-off frequency is used over a
      frequency band given by the following expression
PAC  kR .gtoreq..sqroot.2                                       (1)
PAL  where k is the wavelength constant and R is the radius of the mouth portion
      of a horn, taking into account the fact that acoustic impedance as viewed
      from the throat portion of a horn must have a level great enough for a
      speaker. For this reason, it is known that an acoustic wave emitted from
      the horn has directional characteristics. Accordingly, the horn speaker
      indeed has the advantage of high efficiency as compared with a direct
      radiator loudspeaker, but is inferior thereto from the view-point of
      directional characteristics.
PAR  It is well known that the horn unit has its directional characteristics
      determined depending substantially on the mouth diameter thereof as in the
      direct radiator loud-speaker, therefore, wide directional characteristics
      are obtained by making the mouth diameter as small as possible. It is,
      however, necessary to provide the horn which discontinuously and abruptly
      varies in section to an area extending through free space because the
      decrease in mouth diameter requires the shortened horn and reduced flaring
      angle. For this reason reflections occur at the mouth portion of the horn,
      and this results in fluctuation of frequency characteristics of output
      acoustic pressure. Thus, the decrease in mouth diameter results in
      deterioration in characteristics of the output acoustic pressure, so that
      the consideration is to be given that a flaring angle at the mouth portion
      (hereinafter referred as to a flaring angle .theta..sub.M) is restricted
      to about 45.degree. when the horn is to be shortened and decreased in
      diameter. The reason is that the flaring angle .theta..sub.M above
      45.degree. usually leads to a reflection factor less than 10% at the mouth
      portion over the range of kR .gtoreq.2 in the example of an exponential
      horn in wide use on the assumption of
PAC  R = 2/m                                                    (2),
PAL  where R is the radius of the horn mouth and m is the flaring constant. It
      is, however, inevitable that when the flaring angle .theta..sub.M of
      45.degree. causes the cut-off frequency to take place at kR = 1, the
      directional characteristics is sharpened over a practical frequency band.
PAR  FIG. 1 is a typical cross-section showing a conventional horn. The
      conventional horn is designed so as to have the cross-section smoothly
      varied with a given function and is cut-off at a suitable distance at
      which an influence of reflection at the mouth portion thereon can be
      neglected. For example, in the exponential horn, the horn has the
      cross-section designed in accordance with a relation
PAC  S(x) = S.sub.o e.sup.mx                                    ( 3),
PAL  and the flaring angle .theta..sub.M is selected in proximity of 45.degree.,
      where S(x) is the sectional area of the horn measured at a distance of x,
      S.sub.o is the sectional area of the throat portion, e is the base of a
      natural logarithm, and m is the flaring constant.
PAR  FIG. 2 shows an equiphase surface and a constant acoustic pressure surface
      of the acoustic wave propagating in the exponential horn having the
      flaring angle .theta..sub.M of 45.degree.. These characteristics are
      symmetrical with respect to the central line, so that they are shown at
      only one side of the center. The equiphase surfaces a, b are shown by
      solid lines and the constant acoustic pressure surfaces a', b' are shown
      by dotted lines. The shape of the equiphase surface a substantially
      coincides with that of the constant acoustic pressure surface a within an
      area of the horn having the flaring angle of about 27.degree.. However, in
      the proximity of the mouth portion the shape of the equiphase surface b
      deviates greatly from that of the constant acoustic pressure b'. This
      shows that the acoustic wave is strongly emitted in the proximity of the
      center with the strong directional characteristics.
PAR  For improvement of such directional characteristics of the horn, there have
      conventionally been proposed widely used systems such as a multicellular
      horn in which several horns are arranged with suitable orientations or a
      system in which a diffuser (acoustic lens) is disposed in the front of the
      horn. These systems have the drawback that the speaker has its elements
      increased in number with high cost.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a novel and useful horn
      unit for use in a horn speaker.
PAR  Another object of the present invention is to provide a horn unit for use
      in a horn speaker having wide directional characteristics.
PAR  A further object of the present invention is to provide a horn unit which
      provides wide directional characteristics without using any accessories.
PAR  A still further object of the present invention is to provide a horn unit
      which provides a wide directional characteristics without disturbing
      output characteristics of acoustic pressure.
PAR  A horn unit according to the present invention is shaped to have a
      configuration not determined by a single function over an area extending
      from the throat portion to the mouth portion, but is shaped to be divided
      into configurations determined by a plurality of functions. The horn has
      its mouth portion shaped with a great curvature without making large the
      diameter of the throat portion so that a horn wall may be brought into
      smooth connection with a baffle plate.
PAR  The present invention is based on the fact that the acoustic wave
      propagating in the horn has not been found to be plane wave by actual
      measurement although assumed to be so in the theory of a speaker but found
      to be a wave front having a projection in the direction of the mouth
      portion and intersecting at right angles with the horn wall as the
      equiphase surface and the constant acoustic pressure surface of the
      acoustic wave intersect therewith.
PAR  The horn having the configuration according to the present invention
      provides the wide directional characteristics without disturbing any
      output characteristics of the acoustic pressure because the acoustic wave
      in the horn approaches a complete sphere. Accordingly, the horn according
      to the present invention improves the directional characteristics to a
      great extent as compared with the conventional horns only by altering the
      horn in shape without using any multicellular horn or diffuser.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-sectional view of a conventional horn.
PAR  FIG. 2 is a view showing the equiphase surface and constant acoustic
      pressure surface of an output acoustic wave in the conventional horn.
PAR  FIG. 3 is a cross-sectional view showing one embodiment of the present
      invention.
PAR  FIG. 4 is a view showing the equiphase surface and constant acoustic
      pressure surface of the output acoustic wave in the horn shown in FIG. 3.
PAR  FIG. 5 is a graph showing frequency characteristics of the output acoustic
      wave representative of directional characteristics of the conventional
      horn.
PAR  FIG. 6 is a graph showing frequency characteristics of the output acoustic
      wave representative of directional characteristics of the horn according
      to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 3 is a cross-sectional view showing an embodiment of the present
      invention.
PAR  In this embodiment, a horn unit is divided into two portions, a horn 1 and
      a horn 2. The horn 1 is shaped by a function and the range of the flaring
      angle at the connecting area is so selected that the equiphase surface and
      constant acoustic pressure surface of the acoustic wave propagating in the
      horn coincide substantially. That is, the flaring angle ranges within
      35.degree. and, for example, can be 30.degree. at the connecton with horn
      2. The horn 2 has a flaring constant much greater than the horn 1 and is
      arranged so that the tip end of the horn 1 is brought into smooth
      connection with the horn wall of the horn 2. In other words, the horns are
      connected with each other at a portion where the differential coefficient
      of a curve forming configuration of one horn at a point connecting with
      the other horn is equal to that of a curve forming configuration of the
      other horn. Further, the mouth portion of the horn 2 is shaped with the
      sufficiently great flaring angle .theta..sub.M above 60.degree. so as to
      be brought into relatively smooth connection with the baffle plate. This
      arrangement permits the reflection factor at the mouth portion of the horn
      2 to be reduced as compared with the conventional horns.
PAR  The horns 1 and 2 may be formed separately and then assembled, or may be
      formed integral with the configuration of the horn wall changed halfway.
PAR  FIG. 4 is a view showing one form of the equiphase surface and constant
      acoustic pressure surface in the horn unit according to the present
      invention. Symbols a, c indicate the equiphase surface and a', c' indicate
      the constant acoustic pressure surface. Within a position of the horn
      where the flaring angle is about 27.degree., the equiphase surface a and
      the constant acoustic pressure surface a' are the same as those shown in
      FIG. 2. At the mouth portion having the flaring angle of 80.degree., on
      the other hand, the equiphase surface c differs less from the constant
      acoustic pressure surface c' than that of the conventional horn. Further,
      the shape of the wave surface approaches the sphere without disturbance as
      compared with the conventional one.
PAR  In the conventional horn unit, the control of the wave surface was not
      taken into positive consideration from the viewpoint of the directional
      characteristics. The cutting of the horn at the flaring angle of about
      45.degree. led to the fact that the horn wall intersected at a great angle
      with the baffle plate with result of the disturbance of the equiphase
      surface and constant acoustic pressure surface at the mouth portion.
PAR  On the other hand, the horn unit according to the present invention
      includes the two horns having the different flaring constants, for
      example, with the flaring constant m in the exponential horn at a position
      extending from the throat portion to mouth portion as shown in FIG. 3. The
      wave surface positively approaches the sphere as it is propagated in the
      horn because the horn 2 located near the mouth portion has a greater
      flaring constant. The horn according to the present invention permits the
      flaring angle to be made large with the same diameter as that of the
      conventional horn with the result of the substantially negligible
      disturbance of the wave surface at the mouth portion as compared with the
      conventional horn.
PAR  An example of measurement of the directional characteristics in the horn
      according to the present invention is shown in FIGS. 5 and 6 in comparison
      with the conventional ones. FIG. 5 shows the result of measurement in the
      conventional exponential horn with the diameter of 6 centimeters and the
      flaring angle of 42.degree. while FIG. 6 shows the result of measurement
      in the horn unit according to the present invention with the diameter of 6
      centimeters and the flaring angle of 80.degree. in which the horns 1 and 2
      are made of the exponential horn. In FIGS. 5 and 6, the ordinate indicates
      the absolute value of the output acoustic pressure in terms of dB while
      the abscissa indicates the frequency in terms of kHz. The output acoustic
      pressures in the respective horns were measured at the position of
      0.degree. taken on the central line of the horn and at the positions of
      angle of 30.degree., 60.degree. taken relative to the central line, and
      the results of measurement are shown by three curves indicated by
      0.degree., 30.degree. and 60.degree.. Thus, the horn unit according to the
      present invention provides the wide directional characteristics
      irrespective of the diameter as great as 6 centimeters, the directional
      characteristics being as wide as those of the conventional horn having the
      small diameter of about 3.5 centimeters.
CLMS
STM  We claim:
NUM  1.
PAR  1. A horn unit for use in a speaker comprising a horn including a mouth, a
      throat, and a horn wall section connecting said throat and mouth, said
      horn wall section defining a linear longitudinal axis of the horn, said
      horn wall section having a continuous configuration which is formed in
      such a way that at least two curves having different flaring constants are
      connected with each other with the differential coefficients of the
      respective curves caused to substantially coincide with each other at the
      connecting point, and the curve near the mouth being so shaped that the
      flaring constant of the curve is greater than that of the curve near the
      throat, said curve at the mouth having a large flaring angle at least
      greater than 60.degree..
NUM  2.
PAR  2. A horn unit for use in a speaker comprising a horn including a throat, a
      mouth, and a horn wall section connecting said throat and mouth, said horn
      wall section defining a linear longitudinal axis of the horn, said horn
      wall section being shaped in such a way that a first curve forming the
      configuration of said horn wall section at a portion extending from the
      throat to an area having a flaring angle within a range up to 35.degree.
      is connected to a second curve forming the configuration of said horn wall
      section at a portion extending from the area having the flaring angle of
      up to 35.degree. to the mouth and said second curve having a flaring
      constant different from that of the first mentioned curve with the
      differential coefficients of the respective flaring constants
      substantially coinciding at a point of connection, and wherein the flaring
      constant of the second curve at the mouth is made greater than that of the
      first curve at the throat with the flaring angle above 60.degree. at the
      mouth.
NUM  3.
PAR  3. A horn structure for use in a speaker having wide directional
      characteristics comprising
PA1  a horn extending symmetrically along a linear longitudinal axis, said horn
      being formed with a throat portion and a mouth portion,
PA1  said throat portion extending from a throat end symmetrically along said
      longitudinal axis with a first wall configuration determined by a first
      function, said first function providing a first curved wall configuration
      having a first increasing flaring angle with respect to the distance along
      said axis,
PA1  said mouth portion extending to a mouth end symmetrically along said
      longitudinal axis with a second wall configuration determined by a second
      function, said second function providing a second curved wall
      configuration having a second increasing flaring angle with respect to the
      distance along said axis, said second increasing flaring angle being
      generally larger than said first increasing flaring angle, wherein said
      first and second increasing flaring angles are selected such that
      equiphase surfaces and constant acoustic pressure surfaces of an acoustic
      wave propagating along said axis are substantially matched,
PA1  said throat and mouth portions being joined at a point of said first and
      second wall configurations wherein said first and second increasing
      flaring angles are substantially equal, and
PA1  said mouth portion having a large flaring angle at said mouth end at least
      greater than 60.degree. such that the reflection factor of the horn at the
      mouth end is reduced.
NUM  4.
PAR  4. A horn structure according to claim 3, wherein said throat and mouth
      portions are separate portions being connected together at said point
      where said first and second increasing flaring angles are substantially
      equal.
NUM  5.
PAR  5. A horn structure according to claim 3, wherein said throat and mouth
      portions are integrally formed together.
NUM  6.
PAR  6. A horn structure according to claim 3, wherein said first increasing
      flaring angle ranges within 35.degree..
NUM  7.
PAR  7. A horn structure according to claim 3, wherein said second increasing
      flaring angle is about 80.degree. at said mouth end.
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ABST
PAL  An extension ladder including a base section and a fly section, each having
      a pair of side rails and including, mounted at the ends of each of the
      side rails, a guide unit interconnecting the adjacently sliding side rails
      of the fly and base section, said guide unit also including an integrally
      formed cut protector portion and slide pad.
BSUM
PAR  This invention relates to extension ladders and, more particularly, to
      guide means for interconnecting adjacently sliding side rails of the
      extension ladder portions.
PAR  In the past, guide units or guide flanges have been used to interconnect
      the ends of base and fly sections of extension ladders to guide the
      movement of one section with respect to the other. End caps also have been
      provided at the ends of such base and fly sections to protect a user
      against the sharp metal edges at the ends of the base and fly sections. In
      the past the guide unit has been a separate piece and the end cap has also
      been a separate piece. This, of course, requires initially that the pieces
      be separately manufactured. Then, when the pieces are assembled onto the
      base and fly sections of the ladder side rails, separate assembly
      operation is required for each of the two pieces. In some instances the
      end caps have been made of plastic or hard rubber. In order to overcome
      some of the disadvantages resting in the initial manufacture and in the
      subsequent assembly of these units, it has become appropriate to try to
      devise a structure which would incorporate both a guide unit and an end
      cap or cut protector, as it is sometimes referred to.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of this invention to provide a combination guide
      unit and cut protector unit for assembly onto the ends of side rails of
      extension ladders.
PAR  It is a further object of the invention to provide a guide unit which, when
      assembled to the side rail of an extension ladder, is effective to reduce
      the frictional contact between the flanges of adjacent side rails when the
      side rails are slid relatively to each other.
PAR  Another object of the invention is to provide an integral guide unit and
      cut protector which is easy to manufacture and simple to assemble onto a
      ladder side rail.
PAR  Another object of the invention is to provide an integral guide unit and
      cut protector unit which lessens the cost of manufacture and which, due to
      the ease of assembly on the ladder side rail, reduces the overall assembly
      cost.
PAR  Another object of the invention is to provide an integral guide unit and
      cut protector unit so designed as to limit by casting or secondary
      operations applied to the casting the amount of dead load deflection
      possible when the ladder including such units is extended to its maximum
      usable length.
PAR  Another object of the invention is to provide an integral guide unit and
      cut protector unit so designed as to distribute the tension loading of the
      hook area of the guide unit over approximately one-half the width of the
      hook portion.
PAR  By way of summary, it may be stated that this invention which relates
      particularly to divising a combination guide unit and cut protector unit
      made as a die cast alloy or other suitable materials allows easy and
      convenient attachment to the end of side rail units, thus guiding the side
      rail units with respect to each other and, at the same time, allowing
      movement of the side rails with respect to each other with a minimum of
      frictional resistance. This integral unit also provides means for
      protecting a ladder user against the dangers of being cut by the sharp
      metal edges of the ends of the ladder side rails.
PAR  Other objects and advantages of the invention will become more apparent
      from the following description and the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an extension ladder having a base section
      and a fly section and utilizing guide units in accordance with the
      invention herein;
PAR  FIG. 2 is a plan view taken at line 2--2 of FIG. 1, showing an
      interconnection of adjacent side rails of a fly and base section
      interconnected with the guide unit embodying the invention herein;
PAR  FIG. 3 is a view in elevation taken along line 3--3 of FIG. 1 showing a
      portion of adjacent side rails of fly and base sections of an extension
      ladder connected with the guide unit of the invention;
PAR  FIG. 3A is a partial view in elevation of a guide unit showing its upper
      face at an angle;
PAR  FIG. 4 is a plan view taken through the line 4--4 of FIG. 3;
PAR  FIG. 5 is an exploded view in perspective of the upper portion of a ladder
      side rail and the combined guide unit and cut protector which is adapted
      to be assembled thereto;
PAR  FIG. 6 is a perspective view of the end of a ladder side rail with the
      combined guide unit and cut protector of the invention assembled thereto;
PAR  FIG. 7 is a plan view in section taken along the line 7--7 of FIG. 6;
PAR  FIG. 8 is a view in elevation of a guide unit showing an angular formation
      on the hook portion;
PAR  FIG. 9 is a side view in elevation of a pair of interconnected ladders
      using the guide units herein extended to substantially their full length;
PAR  FIG. 10 is an enlarged view of a portion of FIG. 9 showing an
      interconnection between the guide unit on the upper end of the base
      section and the side rail of the fly section;
PAR  FIG. 11 is an enlarged view of a portion of FIG. 9 showing the engagement
      of a guide unit on the lower end of the fly section engaging a side rail
      of the base section.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings in which like parts are designated by like
      reference characters, thereis shown in FIG. 1 a perspective view of an
      extension ladder designated generally by the numeral 10. The extension
      ladder 10 comprises a fly section 11 and a base section 12. The fly
      section 11 comprises a pair of side rails 13 and 14 between which extend a
      plurality of ladder rungs 15. At the upper ends of the side rails 13 and
      14 of the fly section 11 there is arranged a pair of roller members 16,
      each mounted on brackets 17 attached to the respective side rails 13 and
      14. These rollers serve as a guide and rest against a building or house as
      the fly section of the ladder is raised with respect to the base section.
PAR  The base section 12 of the extension ladder 10 also comprises a pair of
      side rails 18 and 20. The side rails 18 and 20 are interconnected by
      transversely extending ladder rungs 21. The base section is also provided
      at its lower end with conventional foot pads 22 on each of the side rails
      18 and 20. Furthermore, conventional catch members 23 mounted on brackets
      24, secured to the fly section, are used in securing the fly section with
      respect to the base section and maintaining it in a desired position.
      These conventional catch members, of course, engage rungs 21 on the base
      section 12 when the fly section is hoisted by means of the rope and pulley
      arrangement 25. The side rails of the fly section, of course, slide
      adjacently to the side rails of the base section when the fly section is
      moved up and down.
PAR  As further seen in FIG. 1, a guide unit or guide bracket 30 is attached to
      the upper ends of each of the side rails 18 and 20 of the base section 12.
      It is a guide unit with a cut protector unit integrally formed thereon.
      Such a combined guide and cut protector unit is also attached to the
      bottom end of each of the side rails 13 and 14 of the fly section 11. Such
      a guide unit 30 is shown in perspective in FIGS. 5 and 6.
PAR  In FIG. 2 there is shown in cross section the side rail 14 of the fly
      section and the slide rail 20 of the base section disposed adjacently
      thereto. Interconnecting the two side rails is the guide unit 30. Such
      interrconnection is also shown in the elevation view of FIG. 3 and in the
      bottom plan view of FIG. 4.
PAR  The side rail 14 comprises a central web portion 31 at each longitudinal
      edge of which are connected transversely extending flanges 32 and 33,
      which extend in opposite directions from the points at which they join the
      web portion 31. An inturned lip portion 34 is formed on the free end of
      flange 32 and an inturned lip portion 35 is formed on the free end of
      flange 33.
PAR  The side rail 20 of the base section is similarly constructed, having a web
      portion 36 with flange portions 37 and 38 connected to opposite
      longitudinal edges of the web portion and extending transversely therefrom
      in opposite directions. Similarly, as with side rail 14 inturned lips 39
      and 40 are formed at the free ends of the flanges 37 and 38 respectively.
PAR  The combined guide and cut protector unit 30 which may be made of a die
      cast alloy comprises a substantially flat base section 41, a single hook
      portion 42 integrally formed with the base section 41, and a cut protector
      portion 43 formed integrally on one edge of the base section 41.
      Conceivably, this unit could also be molded of any material suitable to
      molding which would have sufficient physical properties such as a very
      durable plastic. In the ladder assembly, the guide unit 30 is fixed to a
      web of the side rails and, as shown in FIGS. 2, 3, 4 and 5 is attached to
      the web 36 by means of rivets 44. It will be observed from FIG. 2 as well
      as from FIG. 7 that the single hook portion 42 extends laterally from the
      base section 41 so that the mouth 45 of the single hook portion is adapted
      to fit over the flange of an adjacent side rail, in the case of FIG. 2
      that being over the flange 33 of the side rail 14 of the fly section 11.
PAR  From FIG. 5 it will be observed that a notch 46 substantially rectangular
      in shape is formed in the upper end of the side rail, considering that the
      side rail shown in FIG. 5 is the upper end of side rail 20 of the base
      section 12. The purpose of this notch is to permit the flat inner surface
      47 forming part of the mouth 45 of the single hook portion 42 of the guide
      unit 30 to project beyond the outer face 48 of the flange 37 by an amount
      which may be approximately one-sixteenth of an inch. Viewing FIGS. 4 and 7
      in particular, it will be observed that this extension beyond the outer
      surface 48 in effect forms an pad 49 upon which the flange 33 of the
      adjacent side rail of the fly section can ride. In other words, the flange
      33 of the fly section and the flange 37 of the base section do not ride
      upon each other. With four such guide units 30 connected respectively at
      the top ends of the base section side rails and the bottom ends of the fly
      section side rails, it will be appreciated that the side rails do not
      slide upon each other, but rather slide on the surfaces 47 of the pads 49.
      This, it will be appreciated, is effective to substantially reduce the
      frictional drag from the otherwise sliding contact that would occur
      between the full length of the side rails in their up and down movement
      with respect to each other. This obviously also saves wear and tear on the
      side rail flanges.
PAR  It will be apparent from the several views that the so-called cut protector
      portion 43 which is formed as an integral part of the guide unit 30 and in
      the form of a cap-like unit conveniently covers the ends of the side
      rails. It is a safety device to protect the ladder user against the
      normally sharp edges on the ends of the side rails. As a die cast piece
      the upper surface of the cut protector portion 43 is very smooth. The
      shape of the portion 30 is somewhat trapezoidal but this obviously could
      be varied depending on the cross-sectional configuration of side rail.
PAR  A rib 50 is formed on the underside of the cap-like portion and extends
      between the base section 41 and the overhanging flange 52, which depends
      from the upper surface of 52 of the cut protector portion 43. Utilizing
      this rib allows the cap-like portion to be made with a minimum wall
      thickness, thereby utilizing a minimum amount of material and presenting
      maximum cost savings. The rib 51, of course, adds structural strength to
      that portion of the combined guide unit and cut protector which covers the
      cross sectional end of the side rail.
PAR  The guide unit 30 may also have the upper forward surface 53 tapered at an
      angle of approximately 10.degree.-30.degree. as shown in FIG. 3A. This is
      in order to allow minimum surface for opposing side rail contact to
      further reduce the friction when there is movement between opposing side
      rail sections.
PAR  It should further be noted that when the base and fly sections are
      positioned with a maximum clearance with respect to each other (viewing
      FIG. 4, for example) the underside of flange 33 comes into contact with
      the hooked surface 54. This contact transmits all load stress to a point
      55 at the very end of the hook 54, that is, as close as possible with an
      imaginary perpendicular plane of the web 31. This allows minimum side rail
      flange thickness by moving the bending moment of flange 33 as close to its
      base of origin at the junction with web 31 as possible.
PAR  In FIG. 8 the hook portion of the guide unit 30 is shown as being formed
      with a slight taper running from the midpoint of its height to both the
      top and bottom of the hook portion to define slight angles designated as
      58. This angle 58 on the hook casting is designed to fit a mating side
      rail as seen in FIG. 11 to insure uniform loading of the load bearing
      surface on the hook when the ladder is extended and placed in use as seen
      in FIG. 9. This angle 58 is effective to distribute the tension load on
      the guide unit over one-half of the hook portion of the unit rather than
      concentrating the load on one corner of the guide unit if it were flat.
PAR  The dimension 59 on the guide unit 30 is cast to fit the thinnest mating
      side rail flange. As the side rail flange is increased this opening may be
      cast or milled wider by a secondary operation to create the proper gap and
      insure correct and acceptable load deflection requirements.
PAR  It will be appreciated that guide units of the type described are formed on
      right and left hand configurations for attachment to the appropriate right
      or left hand side rails of the base and fly sections.
PAR  It will be apparent that there has been advantageously provided by this
      invention an overall improved extension ladder combination utilizing an
      integral guide unit and cut protector unit attached to the ends of the
      side rails in such a manner that minimal surface contact takes place when
      the base and fly sections are slidingly moved with respect to each other.
      Furthermore, the attached guide unit has formed integral therewith a
      safety device in the nature of a cut protector. Since the cut protector
      and guide device are formed integrally, only one assembly operation is
      necessary in attaching same to the side rail. Furthermore, the entire
      guide and cut protector unit may be advantageously manufactured by a die
      cast molding process which reduces the overall manufacturing cost.
PAR  While a preferred embodiment of the invention has been disclosed, it will
      be appreciated that this has been shown by way of example only and the
      invention is not to be limited thereto as other variations probably will
      become apparent to those skilled in the art and the invention is to be
      given its fullest possible interpretation within the terms of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An extension ladder assembly including a pair of ladder sections
      including a base section and a fly section, each of said base and fly
      sections including a pair of side rails and a plurality of rungs
      interconnecting the side rails of each of the sections respectively, the
      side rails of said fly section and said base section being disposed
      adjacent each other, each of said side rails including a central web
      portion and a pair of flanges formed at opposite longitudinal edges of
      said web portion, a first pair of guide means fixedly attached at the
      upper end of the side rails of said base section and a second pair of
      guide means fixedly attached at the lower end of the side rails of said
      fly section, said guide means also including means for receiving therein
      the flange of the adjacent side rail, wherein the improvement comprises,
PA1  a guide means which includes a base portion for attaching to the web
      portion of a side rail and a pad means formed thereon so that in the
      extension ladder assembly said pad means will extend through a flange of a
      side rail to which it is attached and will slidingly engage the flange of
      an adjacent side rail to which said guide means is not fixedly attached.
NUM  2.
PAR  2. The extension ladder assembly of claim 1 wherein
PA1  said base portion of said guide means is attached to the inner face of said
      side rails.
NUM  3.
PAR  3. The extension ladder assembly of claim 1 wherein
PA1  each of said guide means includes a cut protector portion attahced thereto
      which overlies the end of the side rail to which said guide means is
      attached.
NUM  4.
PAR  4. The extension ladder assembly of claim 1 wherein
PA1  each of said guide means includes a cut protector portion formed integrally
      therewith and which overlies the end of the side rail to which said guide
      means is attached.
NUM  5.
PAR  5. The extension ladder assembly of claim 4 wherein
PA1  the forward face of said cut protector portion is formed at an angle with
      the plane of said pad means so that said forward face does not touch the
      flange of the adjacent side rail thereby further reducing the amount of
      surface available for frictional contact with the adjacent side rail.
NUM  6.
PAR  6. In an extension ladder having a pair of ladder sections including a base
      section and a fly section, said base section including a pair of side
      rails and a plurality of rungs interconnecting said side rails of said
      base section, each of said side rails being formed with a central web
      portion and a flange portion integrally formed on each of the
      longitudinally extending edges of said web portion, a first pair of guide
      means disposed at the upper end of the side rails of said base section,
      and a second pair of guide means disposed at the lower end of the side
      rails of said fly section, the improvement wherein
PA1  each of said guide means includes
PA2  a substantially flat base portion fixed to said central web section of said
      side rail, and
PA2  pad means integrally formed on the forward end of said base portion and
      extending through the flange of the side rail to which said guide means is
      attached whereby said pad means may ride on an adjacently disposed side
      rail of an adjacent ladder section.
NUM  7.
PAR  7. The extension ladder of claim 6 including
PA1  cut protector means integrally formed on the edge of said base portion,
      said last named edge extending substantially at right angles to said pad
      means.
NUM  8.
PAR  8. The extension ladder of claim 6 wherein
PA1  said guide means includes hook means for receiving the flange of an
      adjacent guide rail therein.
NUM  9.
PAR  9. The extension ladder of claim 6 including
PA1  cut protector means integrally formed on the edge of said base portion,
      said last named edge extending substantially at right angles to said pad
      means; and
PA1  said guide means includes hook means for receiving the flange of an
      adjacent guide rail therein.
NUM  10.
PAR  10. In an extension ladder having a pair of ladder sections including a
      base section and a fly section, said base section including a pair of side
      rails and a plurality of rungs interconnecting said side rails of said
      base section, each of said side rails being formed with a central web
      portion and a flange portion integrally formed on each of the
      longitudinally extending edges of said web portion, a first pair of guide
      means disposed at the upper end of the side rails of said base section,
      and a second pair of guide means disposed at the lower end of the side
      rails of said fly section, the improvement wherein
PA1  each of said guide means includes
PA2  a substantially flat base portion fixed to said central web section of said
      side rail,
PA2  a single hook portion integrally formed at one end of said base section of
      said guide means, the mouth of said single hook portion receiving the
      flange of an adjacent side rail, said single hook portion being formed
      with a substantially flat internal surface which also defines one end of
      said base section, and further including
PA1  means defining a substantially rectangular cutaway portion in the flange
      portion of the side rail through which said guide means extends so that
      said internal surface of said single hook portion extends slightly beyond
      the outer surface of said flange portion to form pad means whereby said
      pad means may ride on an adjacently disposed drag between the adjacent
      side rails.
NUM  11.
PAR  11. In the extension ladder of claim 10
PA1  each of said guide means also including a cut protector means integrally
      formed on the edge of said base portion, said last named edge extending
      substantially at right angles to said pad means.
NUM  12.
PAR  12. A combined guide unit and cut protector for attachment to the end of a
      ladder side rail comprising: a substantially flat base section adapted to
      be fixedly attached to a ladder side rail;
PA1  a single hook portion integrally formed on said base section and adapted to
      receive therein the side rail of an adjacent ladder section; and
PA1  a cut protector cap portion integrally formed on the edge of said flat base
      section and adapted to be seated on the end of a ladder side rail.
NUM  13.
PAR  13. The combined guide unit and cut protector of claim 12 including
PA1  pad means integrally formed on the forward end of said base portion and
      adapted to extend through the flange of the side rail to which said unit
      is to be attached whereby said pad means is adapted to ride on an
      adjacently disposed side rail of an adjacent ladder side rail.
NUM  14.
PAR  14. The unit of claim 13 wherein
PA1  said unit is made of a die cast alloy.
NUM  15.
PAR  15. The combined guide unit and cut protector of claim 13
PA1  said hook portion includes a face portion facing said pad means, and
PA1  means defining a pair of angular surfaces on said face portion extending
      from the midpoint of said face portion to the top and bottom of said hook
      portion.
NUM  16.
PAR  16. A guide unit for attachment to a ladder side rail comprising:
PA1  a substantially flat base section adapted to be fixedly attached to a
      ladder side rail;
PA1  a single hook portion integrally formed on said base section and adapted to
      receive therein the side rail of an adjacent ladder section;
PA1  pad means integrally formed on the forward end of said base portion and
      adapted to extend through the flange of the side rail to which said unit
      is to be attached whereby said pad means is adapted to ride on an
      adjacently disposed side rail of an adjacent ladder side rail;
PA1  said hook portion including a face portion facing said pad means; and
PA1  means defining a pair of angular surfaces on said face portion extending
      from the midpoint of said face portion to the top and bottom of said hook
      portion.
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ABST
PAL  A disc brake for use in a two-wheeled vehicle is disclosed, in which the
      position of an axle of the two-wheeled vehicle relative to the frame of
      vehicle is adjusted without changing the relative position in the radial
      direction of a caliper assembly to a brake disc. The disc brake for a
      two-wheeled vehicle of the present invention comprises an attaching
      bracket and a caliper assembly to be mounted on the attaching bracket, the
      attaching bracket having a hole provided in one end by which the bracket
      is pivotally mounted on an axle of a wheel coaxially therewith and the
      other end is provided with a hole, by which the bracket is pivotally
      mounted on another link member.
BSUM
PAC  BACKGROUND AND BRIEF DESCRIPTION OF THE INVENTION
PAR  This invention relates to a disc brake for use in a two-wheeled vehicle,
      and more particularly to a disc brake suited for a brake device for the
      rear wheel of a two-wheeled vehicle.
PAR  In general, in a two-wheeled vehicle, the axle of the rear wheel is
      shiftable frontwards or rearwards relative to the frame of vehicle for
      adjusting tension of the drive chain. Where a disc brake is employed as a
      brake device for a two-wheeled vehicle, if the caliper of a brake is
      rigidly mounted on the frame in a fixed position, the relative position in
      the radial direction, of the caliper to the brake disc will be changed
      upon respective adjustment of tension of a drive chain, resulting in the
      failure to effect a normal braking action. To cope with this problem, a
      device has been proposed, in which a holding member rotatable about an
      axle of a rear wheel is provided, independently of a brake assembly, so as
      to hold a caliper thereon. These conventional devices, however, are
      complex in construction and expensive to manufacture.
PAR  It is accordingly an object of the present invention to provide an improved
      disc brake for use in a two-wheeled vehicle, which is inexpensive to
      manufacture and in which adjustment of tension of a drive chain can be
      achieved without changing the relative position in the radial direction of
      a caliper to a brake disc. According to the present invention, there is
      provided a disc brake which comprises a caliper having a hole
      therethrough, and an attaching bracket adapted for mounting the caliper,
      on the attaching bracket having one portion pivotally mounted on an axle
      of a wheel and extending through the aforesaid hole of the caliper to the
      exterior of the caliper, and the other portion adapted to be attached to
      other member.
PAR  The object and features of the present invention will be apparent from a
      reading of the ensuing part of the specification in conjunction with
      drawings which show a preferred embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a side elevational view showing a preferred embodiment of the
      present invention;
PAR  FIG. 2 is a cross-sectional view taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along the line III--III of FIG. 2;
      and,
PAR  FIG. 4 is a side view of the disc brake according to the present invention,
      shown incorporated in the rear wheel of a two-wheeled vehicle.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION:
PAR  Referring to FIGS. 1 through 3, shown at 1 is a caliper assembly, at 2 an
      attaching bracket for mounting the caliper assembly 1 and mounting same on
      an axle of a rear wheel, the bracket 2 having at one end an attaching
      portion 3 provided with a projection and a hole, in which an axle of a
      wheel of the two-wheeled vehicle is to be rotatably mounted. The caliper 4
      is provided with a hole 5 through its top portion 4A, through which the
      attaching bracket 2 is inserted so as to extend outside the caliper. The
      extension 2a of bracket 2 has an attaching portion 6 provided with a hole
      and a projection. The attaching bracket 2 corresponds to a caliper holder
      of a general disc brake (for example, the disc brake used for a
      four-wheeled automobile) and acts to mount the caliper assembly 1 thereon.
      The way the bracket is mounted the caliper assembly 1 is no different from
      that in the conventional disc brake. Slidably disposed within a leg
      portion 4a of the caliper 4 is a piston 7, which is adapted to be pressed
      against a friction pad 8 slidably fitted in the attaching bracket 2. A
      friction pad 9 is positively attached to the other leg portion 4b of
      caliper 4 in opposed facing relation to the friction pad 8. A caliper axle
      10 is fixedly inserted transversely in both leg portions 4a and 4b of
      caliper 4 and is slidably fitted in a collar 11 having a groove, in which
      the bracket 2 is securely attached. Thus, the caliper 4 is mounted on the
      attaching bracket 2 in a manner so as to be shiftable in a direction
      perpendicular to the longitudinal axis of bracket 2. Since a brake disc 12
      rotatable together with the wheel is positioned between the friction pads
      8 and 9, if the piston 7 is pressed by means of hydraulic pressure against
      the side of brake disc 12 upon braking action, the friction pad 8 fitted
      in the attaching bracket 2 will be forced by the piston 7 against one face
      of brake disc 12. At the same time, a reacting force due to the pressing
      force of the piston acts on the caliper 4 so that the caliper 4 will shift
      in a direction opposite to the moving direction of the piston 7 under the
      guidance of the collar 11, whereby the friction pad 9 will be urged
      against the other face of brake disc 12, thereby achieving a braking
      action. In FIG. 2, shown at 13 is a boot for preventing dust from getting
      into the caliper, at 14 a retainer for boot, at 15 an O-ring, and at 16 a
      cap.
PAR  The brake device of the present invention having the construction described
      is attached to a two-wheeled vehicle in a manner as shown in FIG. 4. The
      attaching portion 3 of bracket 2 is pivotally mounted on the axle 18 of
      the wheel 17, with another attaching portion 6 of extending portion 2a of
      bracket 2 pivotally mounted on a shaft mounted in a drag link whose one
      end is pivotally mounted on a shaft of a frame 20 of the vehicle. Under
      the situation described, the brake disc 12 rotatable with the wheel 17
      stands in a position between the two friction pads 8 and 9. The axle 18 of
      wheel 17 is fitted in a slot 22 provided in the frame 20 of vehicle and
      adapted to slide through the slot. Although the positioning of the axle 18
      is effected by means of an adjusting nut 23 at the time of adjusting the
      tension of a drive chain (not shown), there is no risk that a relative
      position in the radial direction, of the caliper assembly 1 to the brake
      disc 12 will be changed due to the adjustment of tension of the drive
      chain, since the caliper assembly 1 is held in position by the attaching
      bracket 2 which is rotatable about the axle 18 of wheel 17. When
      adjustment of the tension of a drive chain is effected, the drag link 19
      alone rotates about the shaft, on which the same is mounted, to some
      extent corresponding to displacement of the axle 18. Thus, a normal
      braking action is achieved, without causing an abnormal braking action
      resulting from the tension adjustment of a drive chain. According to the
      present invention, the hole 5 is provided in the caliper 4, through which
      the attaching bracket 2 extends outside the caliper, so that dust or
      moisture which gets into the back portion of top portion 4a of caliper
      will be discharged through the hole outside the caliper. This assists in
      providing a normal braking action.
PAR  The above description is given for the case where the present invention is
      applied to the rear wheel of a two-wheeled vehicle, the axle of which is
      shifted upon adjustment of tension of a drive chain. It of course falls
      within the scope of invention to apply the disc brake to the front wheel
      of a two-wheeled vehicle.
PAR  As is apparent from the foregoing, there is obtained an improved disc brake
      for use in a two-wheeled vehicle, which is simple in construction and
      inexpensive to manufacture. The disc brake of the present invention is
      particularly useful as a brake device for the rear wheel of a two-wheeled
      vehicle having an axle displaceable upon adjustment of tension of a drive
      chain, since displacement in the radial direction, of a caliper with
      respect to a brake disc is avoided.
PAR  It is apparent that various modifications and changes may be made without
      departing from the spirit or scope of the invention and appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A disc brake particularly adapted for use in a two-wheeled vehicle,
      comprising:
PA1  a pair of friction pads;
PA1  a C-shaped caliper body having a hole therethrough in a top portion
      thereof, and having a cylinder in one leg portion thereof into which
      hydraulic pressure can be supplied, the other leg portion thereof having
      one of said friction pads thereon opposite said cylinder;
PA1  a piston having one end slidably inserted into said cylinder and to the
      other end of which is fixed the other friction pad;
PA1  a caliper axle fixed to said caliper and extending parallel with the axis
      of said cylinder;
PA1  a collar slidably mounted on said caliper axle; and
PA1  a supporting bracket comprising a flat plate extending through the central
      space of said caliper body with one end of said bracket extending through
      the hole in the top portion of said C-shaped caliper body and having a
      hole in said one end for pivotally mounting said bracket on the axis of a
      wheel coaxially therewith and having a hole in the other end for pivotally
      mounting said bracket to one end of a link member, a further hole between
      said two first-mentioned holes in which said collar is fixed, and a still
      further hole in which is slidably mounted the other friction pad;
PA1  whereby said bracket can be positioned with the one end pivoted on the axle
      of the wheel of the motor vehicle coaxially with a brake disc and with the
      other end pivotally connected to the link which is in turn pivoted to the
      vehicle frame, so that when the wheel is adjusted relative to the frame
      the relative position of the friction pads and the brake disc remain
      unchanged.
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ABST
PAL  In a brake of the single sided-reaction type friction members for
      engagement with opposite faces of a rotatable braking member are carried
      by a caliper or yoke and by an arm which are independently mounted for
      angular movement about separate pivots both lying adjacent to the face of
      the disc with which the friction member carried by the arm is engagable,
      and the friction members are applied to the braking member by an hydraulic
      piston working in a cylinder bore in the arm and acting directly on the
      caliper or yoke.
BSUM
PAR  This invention relates to improvements in brakes for vehicles of the kind
      in which friction members are adapted to be brought into engagement with
      opposed braking surfaces of a rotatable braking member, such as a disc or
      the flange of a drum, and the friction members are carried by separate
      members independently mounted for angular movement about separate pivots
      of which the pivots lie adjacent to one braking surface, the pivots being
      spaced circumferentially relative to the axis of the rotatable braking
      member and being constructed and arranged so that, when the brake is
      applied with the rotatable braking member rotating in its normal forward
      direction, the drag on the friction members produces a self-energising or
      servo effect to increase the force with which they are applied to the
      rotatable braking member, one of the members carrying a friction member
      for engagement with one braking surface comprising an arm mounted for
      angular movement about a pivot adjacent to that braking surface, and the
      other member carrying the other friction member for engagement with the
      other braking surface comprising a caliper or yoke which extends over the
      peripheral edge of the rotatable braking member, an hydraulic actuator
      acting between the arm and the caliper or yoke to apply the friction
      members to the rotatable braking member.
PAR  In one known brake of the kind set forth the hydraulic actuator comprises
      an hydraulic piston acting on the arm and working in a cylinder bore in
      the caliper or yoke. In such a construction the friction member carried by
      the arm is applied directly to the braking member by the piston and the
      other friction member is applied to the disc indirectly by the reaction on
      the caliper or yoke. In such a construction since the hydraulic actuator
      is provided within the caliper or yoke, in order to install the brake, the
      pivots have to be spaced from the braking member by a substantial
      distance. Although this has the advantage that the angle between the plane
      of the braking member and a line passing through the centre of pressure of
      a friction member and the pivot about which it is angularly movable is
      substantial and, as a consequence, the self-energising or servo-effect,
      excessive brake judder may be experienced and the members of the brake may
      be subjected to large deflections.
PAR  According to our present invention, in a brake of the kind set forth in
      vehicles the hydraulic actuator comprises an hydraulic piston working in a
      cylinder bore in the arm and acting directly on the caliper or yoke. Thus
      the friction member carried by the caliper or yoke is applied to the
      opposite side of the braking member by the force from the piston, and the
      other friction member carried by the arm is applied to the adjacent face
      of the braking member by the reaction on the arm.
PAR  This has the advantage that the pivots can be located closer to the disc.
      Although the selfenergising or servo-effect will be reduced, nevertheless
      such as arrangement has the advantage that excessive brake judder can be
      avoided and also deflection of the members at the brake can be reduced.
PAR  Preferably the friction members are tapered in thickness, the tapering
      being in a direction such that the backs of the friction members are
      initially parallel though at an angle to the braking member and they will
      remain parallel if the friction members wear at equal rates. This has the
      advantage that the friction members can be retained in the brake against
      movement in a radial direction by common pins extending over the
      peripheral edge of the braking member.
PAR  Preferably the pivots comprise pins which are received in a drag-taking
      member adapted to be secured to a fixed part adjacent to the said one
      braking surface. Conveniently the pins are parallel to each other and to
      the said one braking surface.
DRWD
PAR  One embodiment of our invention is illustrated in the accompanying drawings
      in which:
PAR  FIG. 1 is a plan view of an hydraulicallyoperated disc brake including a
      section through part of the actuator; and
PAR  FIG. 2 is an end elevation along the axis of the disc including a section
      substantially on the line 2--2 of FIG. 1.
DETD
PAR  In the hydraulically-operated disc brake illustrated in the drawings a
      stationary drag-taking member 1 of shallow U outline is secured to a fixed
      part adjacent to one face of a rotatable disc 2. Circumferentially spaced
      parallel openings 3 and 4 parallel and chordal with respect to the disc
      are provided on opposite ends of the stationary member 1. The opening 3
      receives a headed pin 5 forming a pivotal connection with the outer end of
      an arm 6 which extends circumferentially towards the opening 4. The arm 6
      is urged by means of a spring washer 7 into engagement with a flange 8 at
      the adjacent end of a bushing 9 in which the pin is journalled for
      rotation.
PAR  A first friction pad assembly 10 comprises a rigid backing plate 11
      carrying a friction pad 12 of tapered outline adapted to engage the face
      of the disc adjacent to the stationary member 1. Opposite ends of the
      backing plate 11 engage with opposite end faces 13 of a recess 14 in the
      arm in which the backing plate 11 is received with a portion of the pad 12
      which is of greatest thickness being located adjacent to the end of the
      recess 14 remote from the pin 5.
PAR  A second friction pad assembly 15 comprises a rigid backing plate 16
      carrying the friction pad 17 of tapered outline for engagement with the
      opposite face of the disc 2. The friction pad 17 is tapered in a direction
      opposite to that of the pad 12 so that the backing plates 11 and 16 are
      parallel.
PAR  The second friction pad assembly 15 is carried by a caliper or yoke 18
      comprising a metal pressing which extends over the peripheral edge of the
      disc and is provided with a central aperture 19 of substantial dimensions.
      The caliper or yoke 18 is connected to the upper end of a headed pin 20
      which is located in the opening 4 in the stationary member 1 with the
      caliper or yoke 18 being urged against the stationary member 1 by means of
      a spring washer 21.
PAR  A portion 22 of the edge of the aperture 19 at a point substantially
      opposite the pin 20 is of arcuate outline and is received within a notch
      23 at the outer end of the arm 6. The provision of the arcuate portion 22
      enables the arm 6 and the caliper or yoke 18 to move angularly about the
      pins 5 and 20 with respect to each other in opposite directions. The notch
      23 is of a depth slightly greater than the thickness of the caliper or
      yoke 18 and the caliper or yoke 18 is resiliently urged into engagement
      with the lower face 24 of the notch 23 by means of a resilient finger 25
      integral with the spring washer 7. This resists any tendency for the
      caliper or yoke 18 to move radially with respect to the stationary member
      1.
PAR  Opposite ends of the backing plate 16 engage with end faces 26 at opposite
      ends of a recess 27 in the caliper or yoke 18 in which the backing plate
      16 is received. The backing plates 16 and 11 are connected by
      circumferentially spaced pins 28 and 29 which also pass through aligned
      openings in a flange 30 which is unstanding from the plane of the caliper
      or yoke 18. The pins 28 and 29 retain the friction pad assemblies 10 and
      15 against movement with respect to the brake in a radial direction.
PAR  The friction pad assemblies 10 and 15 are adapted to be applied to opposite
      faces of the disc 2 by means of an hydraulic actuator comprising a
      cup-shaped hollow piston 31 working in an outwardly directed cylinder bore
      32 in the arm with the closed end of the piston adjacent to the inner
      closed end of the bore 32. The hollow interior of the piston 31
      accommodates a thrust block 33 having at least a circumferential dimension
      less than the diameter of the outer end of the piston 31. A concave recess
      34 in the outer end of the thrust block 33 receives a corresponding tongue
      35 on the caliper or yoke 18 which is of complementary convex outline.
PAR  When the hydraulic actuator is pressurised, the piston 31 acts on the
      caliper or yoke 18 through the thrust block 33 to urge the friction pad
      assembly 15 into engagement with the face of the disc 2 remote from the
      stationary member 1. The reaction on the cylinder bore 32 moves the arm 6
      in the opposite direction to urge the friction pad assembly 10 into
      engagement with the face of the disc 2 adjacent to the stationary member.
      Thus, the arms 6 and the caliper or yoke 18 move about the pins 8 and 20
      in opposite directions and this relative movement is accommodated by
      relative sliding between the block 33 and the piston, and a rocking or
      sliding engagement between the tongue 35 and the recess 34 in the thrust
      block 33.
PAR  When the disc is rotating in a normal forward direction as illustrated by
      the arrow in FIG. 1 of the drawings, when the brake is applied, frictional
      engagement between the pads 12 and 17 and the disc 2 causes the arm 6 and
      the caliper or yoke 18 to swing inwardly about the pins 5 and 20 towards
      the disc 2 to give a servo or self-energising action and so increase the
      force with which the pads are applied to the disc. The drag on the
      friction pad assemblies 10 and 15 is taken by the faces 13 and 26 at the
      inner ends of the recesses 14 and 28 and is transferred to the stationary
      member 1 through the arm 6 and the pin 8, and through the caliper or yoke
      18 and the pin 20. Thus, the transmission of the drag forces to the
      stationary member 1 enhances the force with which the friction pad
      assemblies 10 and 15 are applied to the disc 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. A brake for a vehicle comprising a rotatable braking member, opposite
      faces of said braking member defining opposed braking surfaces, first and
      second friction members for engagement with said braking surfaces, support
      members carrying said friction members, separate pivots lying adjacent to
      one of said braking surfaces and about which said support members are
      independently mounted for angular movement, said pivots being spaced
      circumferentially relative to the axis of said braking member and being so
      constructed and arranged that the drag on said friction members produces a
      self-energising effect to increase the force with which said friction
      members are applied to said braking member, wherein said support member
      carrying said first friction member for engagement with said one braking
      surface comprises an arm, said support member carrying said second
      friction member comprises a yoke which extends over said rotatable braking
      member, and an hydraulic actuator acts between said arm and said yoke to
      apply said friction members to said rotatable braking member, said
      hydraulic actuator comprising an hydraulic piston acting directly on said
      yoke and working in a cylinder bore in said arm, and wherein said pivots
      comprise spaced parallel pins received in a drag-taking member adjacent to
      the said one braking surface, and said piston has an outwardly directed
      hollow interior in which is slidably accommodated a thrust block having at
      least a circumferential dimension less than the dimension at the interior
      of the piston and an outwardly directed concave recess in which is
      received in rocking and sliding engagement a tongue on said yoke.
NUM  2.
PAR  2. A brake for a vehicle comprising a rotatable braking member, opposite
      faces of said braking member defining opposed braking surfaces, first and
      second friction members for engagement with said braking surfaces, support
      members carrying said friction members, separate pivots lying adjacent to
      one of said braking surfaces and about which said support members are
      independently mounted for angular movement, said pivots being spaced
      circumferentially relative to the axis of said braking member and being so
      constructed and arranged that the drag on said first members produces a
      self-energising effect to increase the force with which said friction
      members are applied to said braking member, wherein said support member
      carrying said first friction member for engagement with said one braking
      surface comprises an arm, said support member carrying said second
      friction member comprises a yoke which extends over said rotatable braking
      member, and an hydraulic actuator acts between said arm and said yoke to
      apply said friction members to said rotatable braking member, said
      hydraulic actuator comprising an hydraulic piston acting directly on said
      yoke and working in a cylinder bore in said arm, and wherein said yoke is
      provided with a central aperture of which a portion at the edge of the
      aperture at a point substantially opposite the pivot for said yoke is of
      arcuate outline and is received within a notch at the outer end of said
      arm remote from said friction member carried by said arm.
NUM  3.
PAR  3. A brake for a vehicle comprising a rotatable braking member, opposite
      faces of said braking member defining opposed braking surfaces, first and
      second friction members for engagement with said braking surfaces, support
      members carrying said friction members, separate pivots lying adjacent to
      one of said braking surfaces and about which said support members are
      independently mounted for angular movement, said pivots being spaced
      circumferentially relative to the axis of said braking member and being so
      constructed and arranged that the drag on said friction members produces a
      self-energising effect to increase the force with which said friction
      members are applied to said braking member, wherein said support member
      carrying said first friction member for engagement with said one braking
      surface comprises an arm, said support member carrying said second
      friction member comprises a yoke which extends over said rotatable braking
      member, and an hydraulic actuator acts between said arm and said yoke to
      apply said friction members to said rotatable braking member, said
      hydraulic actuator comprising an hydraulic piston working in a cylinder
      bore in said arm and a thrust block through which said piston acts on said
      yoke, said thrust block having a flat face for sliding engagement with
      said piston and an opposed concave face, said yoke including a part having
      rocking engagement with said concave face of said thrust block.
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ABST
PAL  An abutment assembly for an internal shoe drum brake, particularly a
      vehicle wheel brake, comprising opposed abutment members for engagement
      with respective brake shoes and an arrangement for transmitting forces
      between the abutment members. The arrangement comprises a deformable
      member contained within a recess in one abutment member and sandwiched
      between the abutment member and a piston in force transmitting relation
      with the other abutment member. The deformable member has different areas
      of engagement with the piston and the one abutment member so that only a
      part of the thrust applied to one abutment member is transmitted to the
      other abutment member.
BSUM
PAR  This invention relates to internal shoe drum brakes of the two leading shoe
      type.
PAR  The abutment load on the primary shoe if used directly to actuate the other
      shoe, may result in the secondary shoe being applied with greater pressure
      than is desirable, because of the servo-effect created by the rotation of
      the wheel.
PAR  In accordance with the invention, there is provided an abutment assembly
      for an internal shoe drum brake, comprising a pair of tappet assemblies
      having opposed first and second abutment members for engagement with the
      ends of respective brake shoes, and force-transmitting means for
      transmitting forces between the abutment members, said force-transmitting
      means including deformable means contained within a recess in the first
      abutment member and engaging on one side the first abutment member and on
      the other side a piston member in force transmitting relation with the
      second abutment member, the deformable means having different areas of
      engagement with the piston and the first abutment member so that only a
      part of the thrust applied to one abutment member is transmitted to the
      other abutment member.
PAR  By arranging the chamber within the first abutment member, rather than
      axially adjacent the member, more space is left within any given support
      structure, such as a cylinder body over which the abutment member may be
      externally supported. Adequate support for the member is, of course,
      important because of the substantial loads which it has to transmit and
      the present arrangement permits adequate support without unduly increasing
      the overall length of the assembly.
DRWD
PAR  An abutment assembly in accordance with the invention for an internal shoe
      vehicle drum brake will now be described by way of example, with reference
      to the accompanying drawing which shows an axial cross-section of the
      abutment assembly.
DETD
PAR  The abutment assembly is, in use, fastened to the brake back plate (not
      shown) between adjacent ends of a pair of brake shoes (not shown) of the
      drum brake, a double-ended hydraulic actuator (not shown) being positioned
      between the other two ends of the shoes.
PAR  The abutment assembly comprises a housing 1 having a bore 2 and an internal
      annular shoulder 3 intermediate its ends having abutment surfaces 4 and 5.
      A right-hand tappet assembly 6 and a left hand tappet assembly 7 are
      housed within the bore 2 on either side of the shoulder 3.
PAR  The right hand tappet assembly 6 comprises an abutment member 8 slidable
      within the bore and having an outer end which in use abuts an end of one
      of the brake shoes. At its inner end the abutment member 8 has a recess in
      the form of a blind bore 9 within which an elastically deformable member
      10 is contained. A sleeve 12 is arranged so that its inner end abuts the
      surface 4 of internal shoulder 3 and its outer end extends as a sliding
      fit within the blind bore 9. Slidable within the sleeve 12 is a piston 13
      having a hole 14 therethrough to release the air which would otherwise be
      trapped between the said piston and the member 10 during assembly. During
      operation the hole is covered by a plate 14A. It will be seen from the
      drawing that the piston 13, sleeve 12 and abutment member 9 define a
      chamber which is completetly filled by the elastically deformable member
      10, which has an end portion of one diameter and another end portion of
      larger diameter, the reduction in cross section being effected
      progressively and continuously and not by a single abrupt step.
PAR  The left-hand tappet assembly 7 comprises an abutment member 16 slidable in
      the bore 2, a spindle 15 having a threaded outer end portion 17 received
      in a correspondingly threaded blind bore 18 in the member 16. The spindle
      15 co-operates with a gear 20 of an adjuster mechanism and carries at its
      inner end a collar 19 which abuts the inner end of sleeve 12. The gear 20
      and spindle 15 are keyed together by a pin 15a so that they can move
      relatively axially of the adjuster.
PAR  Operation of the abutment assembly will now be described. When the brake
      drum is rotating in the forward direction (clockwise as seen in the
      drawing i.e. from right to left) and the brake is applied, an abutment
      load is applied to the abutment member 8 of the right hand tappet assembly
      by the trailing edge of the adjacent shoe. This load urges the abutment
      member 8 to the left as seen in the drawing and forces the deformable
      member 10 against the outer end of the sleeve 12 and into the sleeve,
      increasing the hydrostatic pressure of the member and pushing the piston
      13, the collar 19, the spindle 15 and the abutment member 16 to the left.
PAR  The force transmitted to the abutment member 16 is less than that applied
      to the abutment member 8 because of the force-reduction effect of
      squeezing the deformable member 10 into the sleeve 12, which is prevented
      from moving due to its abutment with the shoulder 3. When the brake is
      released the assembly returns to the condition shown in the drawing under
      the action of shoe return springs (not shown).
PAR  When the drum is rotating in the reverse direction and the brake is
      applied, the abutment force is transmitted through the abutment member 16
      from its adjacent shoe and through the spindle 15 to the collar 19 which
      engages a shoulder on the spindle. From the collar 19 the force is
      transmitted to the whole cross sectional area of the piston 13 and sleeve
      12, which moves from the shoulder 3, and to the abutment member 8. Thus
      the full abutment force is transmitted from the left hand shoe to the
      right hand shoe to give a true duo-servo effect.
PAR  Although the above-described abutment assembly permits force reduction in
      only one direction, it is possible to provide an assembly in which the
      force is reduced in each direction. This may be achieved by providing two
      deformable members at least one of which is housed within an abutment
      member.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An abutment assembly for an internal shoe drum brake, comprising a pair
      of tappet assemblies having opposed first and second abutment members for
      engagement with the ends of respective brake shoes, means defining a
      recess in said first abutment member, and force-transmitting means for
      transmitting forces between the abutment members, said force transmitting
      means including a sleeve member slideably received in said recess, a
      piston member slideably rceived in said sleeve member, one of said piston
      and sleeve members being in force transmitting relation with the second
      abutment member, and deformable means of elastomeric material contained
      within said recess in said first abutment member and engaging on one side
      the first abutment member, a part of the other side of the deformable
      means extending into said sleeve member and into engagement with said
      piston member therein, and the other part of said other side being in
      engagement with said sleeve member, the areas of engagement of the
      respective parts with said sleeve member and with said piston member being
      different from the area of the first side of the deformable means in
      engagement with said first abutment member, a fixed member engageable by
      one of said piston and sleeve members to retain said one of said piston
      and sleeve members stationary when a force is applied to said first
      abutment member to move it and the other of said piston and sleeve members
      relative to the one of said members and transmit to said second abutment
      member through said deformable means only a part of the thrust applied to
      said first abutment member.
NUM  2.
PAR  2. The abutment assembly according to claim 1 wherein said fixed member is
      engageable by said sleeve member to retain it stationary while said first
      abutment member and said piston member are moved by a thrust applied to
      said first abutment member relative to said sleeve member.
NUM  3.
PAR  3. An abutment asembly according to claim 1, wherein the recess is in the
      form of a blind bore formed in the first abutment member, and including a
      sleeve slidably received in the bore, said piston being slidable in said
      sleeve and said deformable means extending into said sleeve to that the
      difference in the areas of engagement of said deformable means with said
      first abutment member and with said piston if the cross-sectional area of
      said sleeve.
NUM  4.
PAR  4. An abutment assembly according to claim 3, wherein the reduction in
      cross-sectional area between said recess and the interior of said sleeve
      is progressive and continuous.
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ABST
PAL  A fluid pressure brake system for a bicycle or a motorcycle having a master
      cylinder which is provided with an excess portion extending from the end
      of the cylinder to have a given length more than a maximum pressure stroke
      of the piston of the master cylinder; this portion is provided internally
      thereof with an adjusting member controlling the inner volume thereof.
      Thus, the adjustment of the adjusting member keeps the brake action so as
      to be constantly responding to a predetermined swing of an operating lever
      at a handle bar despite leakage of fluid and wear of brake padding,
      thereby making it possible to perform consistent braking action.
BSUM
PAR  This invention relates to a fluid pressure brake system for a bicycle or a
      motorcycle and more particularly to a fluid pressure brake system for a
      bicycle or a motorcycle, which is so adapted that an operating lever
      mounted on a handlebar of a bicycle or a motorcycle actuates a piston of a
      master cylinder to act a braking mechanism at a wheel by means of the
      fluid pressure applied with the piston thereby acting the brake of the
      bicycle or the motorcycle.
PAR  Conventionally, a fluid pressure brake system has been used for a bicycle
      or a motorcycle, however, in the system of this kind the fluid filled
      therein has frequently leaked slightly from, for example, the joint of a
      master cylinder with a conduit resulting in the decrease of the fluid
      after long use. This resulted in the disadvantage that the pressure stroke
      of the piston of a slave cylinder at the braking mechanism was shortened
      with respect to a given motion of an operation lever so that the braking
      effect was impaired.
PAR  When a braking member, for example a padding used in the braking mechanism,
      is worn after a long use even with a constant pressure stroke of the
      piston, the braking action may not be sufficient to complete a desirable
      braking effect.
PAR  From this point of view, the present invention seeks to entirely eliminate
      the disadvantages caused by the reduced braking effect as the
      abovementioned, a main object being to provide a fluid pressure brake
      system which acts always exactly with a constant swing of an operating
      lever even though the supply of actuating fluid may be decreased by
      leakage from the brake system or wear of the padding of the braking
      member.
PAR  Another object of the invention is to provide a brake system which is
      simple in construction, easy to produce and adjustable by a simple
      operation thereof.
PAR  The invention will be described in details hereinafter and a novel
      characteristic thereof is that a master cylinder has a piston
      cooperatively movable with an operating lever motion. This lever extends
      from the end portion thereof to have a dimension longer than the maximum
      pressure stroke of the piston so as to form an excess chamber internally
      of the cylinder in which an adjusting member is provided for making it
      possible to change the inner volume of the extended portion of the
      cylinder by outer operation thereof.
DRWD
PAR  An embodiment of the invention will be described in detail in accordance
      with the accompanying drawings as follows, in which;
PAR  FIG. 1 is a longitudinal sectional view of a main body operable with an
      operating lever in an embodiment of the invention, and
PAR  FIG. 2 is a longitudinal sectional view of a braking mechanism thereof.
DETD
PAR  Referring to FIG. 1, a pressure fluid brake system in accordance with the
      present invention has a main body A at the operation side of the brake
      system, which comprises an operating lever 2 pivoted to a bracket member 1
      fixed to a bicycle frame, such as a handlebar. A master cylinder 4 having
      a piston 3 cooperates through a swing motion of the operating lever 2, to
      a braking mechanism mounted, as shown in FIG. 2, to a front or rear wheel
      of a bicycle.
PAR  The master cylinder 4 provided on the main body at the operating side of
      the fluid pressure brake system, is fixed to the bracket member 1. One end
      portion of the master cylinder is extended longitudinally thereof in a
      given length to form a reserve chamber 41 therein which is larger in
      dimension than the maximum pressure stroke 1 of the piston 3 co-operable
      with the operating lever 2. The reserve chamber 41 is internally provided
      with a volume-adjusting member 5 opposite to the piston 3 within the
      master cylinder 4.
PAR  The adjusting member 5 comprises a notched piston 51 having at the
      intermediate portion thereof a seal packing 6, and an adjusting screw bolt
      52 having one end thereof abutting against a concaved surface of the rear
      surface of the notched piston 51 and the other end thereof projecting
      outwardly of the distal end wall of the master cylinder 4.
PAR  The end of the adjusting screw bolt 52 abuts against the rear surface of
      the notched piston 51 as abovementioned, whereby screw operation of the
      bolt 52 permits the notched piston 51 to be moved toward the piston 3
      within the master cylinder 4.
PAR  In addition, a pressure fluid supply conduct 8 which has a pressure fluid
      therein and leads to the braking mechanism B is connected to the master
      cylinder 4 substantially at the intermediate portion thereof, and inclined
      toward the head surface of the piston 3 at the maximum pressure stroke
      position thereof.
PAR  As is clearly understood in FIG. 1, at the intermediate portion of the
      master cylinder there is provided a thick wall 4a  with a hole 4b )
      slantwise opening into the inside of master cylinder for communicating the
      conduct 8 with the master cylinder through a compression fitting 9. The
      conduit 8 is inserted into the communicating hole 4b with compression
      fitting 9 having at its end a conical seal 9a so as to be fixed to the
      master cylinder at the thick wall portion thereof.
PAR  Further, the abovementioned braking mechanism B has, as shown in FIG. 2, a
      disc brake mechanism having a padding 11 which is fixed thereto opposite
      to one face of a disc D of the axle of the rear wheel of the bicycle. A
      movable padding 12 rigidly connected with a piston 13. The piston 13 is
      provided internally of a slave cylinder 14 co-operable with the master
      cylinder and the conduit 8 is connected to the pressure chamber 14a of the
      slave cylinder 14 at the bottom thereof.
PAR  In FIG. 1, the numeral 21 denotes a rod connecting the operating lever 2
      with the piston 3, numeral 22 denotes a stop screw for the operating lever
      2 and 23 denotes a seal packing used in the piston 3. In FIG. 2, the
      numeral 15 denotes a bellows type seal, 16 denotes a check value, 17
      denotes an opening for filling pressure fluid into the brake system, 18
      denotes a packing used in the piston 13, 19 denotes a seal packing used in
      the check value 16, and 20 denotes a return coil spring for the piston 13.
PAR  Incidentally, when the pressure fluid brake means is used for a bicycle or
      a motorcycle, it is filled with pressure fluid mainly such as oil in a
      manner that the fluid flows into the master cylinder 4, the slave cylinder
      14 and the conduit 8 through the opening 17 under the condition that the
      pistons 3 and 13 are at the starting position thereof and the adjusting
      member 5 is at the position as illustrated in FIG. 1 respectively.
PAR  Accordingly, when the operating lever 2 acts to move the piston 3 from the
      starting position thereof, oil within the master cylinder 4 is exposed to
      pressure from the piston 3 and the pressure is transmitted through the
      conduit 8 to the slave cylinder 14 of the braking mechanism B so as to
      actuate the piston 13 force the padding 12 to be brought into contact with
      the disc D of the disc brake, thereby acting to stop the wheel of the
      bicycle from rotation. Further, when the operating lever 2 is restored to
      a normal position, the return stroke of the piston 3 discharges the fluid
      pressure and then the return force of a return spring 20 of braking
      mechanism B causes the piston 3 and 13 to be restored for releasing the
      brake action.
PAR  In the case that the fluid is reduced in quantity in use of the brake
      system as aforementioned, it is not necessary to refill the fluid to
      compensate for a reduction because the adjusting member 5 can be moved
      inwardly of the master cylinder in an axial direction thereof so as to
      offset the fluid reduction by reducing the volume of the reserve chamber
      41 of the master cylinder. The reduced quantity of the fluid permits the
      pressure stroke of piston 3 to be defined in a given length associated
      with the predetermined action of the operating lever 2 thereby making it
      possible to eliminate the deterioration of braking action of the braking
      mechanism B.
PAR  When the padding 11 and 12 of the braking mechanism is sufficiently worn,
      the braking action of the same becomes incomplete in spite of proper
      action of pressure fluid for transmitting the pressure applied thereon,
      namely, the movement of piston 3 and 13 properly responding to the
      operating lever action. In this case, the adjusting member 5 is screwably
      moved inwardly of the reserve chamber 41 of the extended portion of master
      cylinder for reducing the volume thereof so that the pressure fluid within
      the reserve chamber 41 is conveyed to the slave cylinder 14 of the braking
      mechanism B so as to move the piston 13 toward the disc D a distance
      corresponding to the reduction of thickness of the movable padding caused
      by wear thereof. Thus, such adjustment of the piston 13 associated with
      the padding 12 is compensated for so that the lever action of the disc
      brake can be again achieved.
PAR  As is clearly understood, the pressure fluid brake system in accordance
      with the present invention employs a single master cylinder of which the
      inner volume is variable to compensate for the reduction of pressure fluid
      or to complement the wear of the movable padding so that the braking
      mechanism does not experience deterioration of braking action caused by
      both reduced fluid and worn padding, thereby making it possible for the
      braking mechanism to properly respond to a constant lever action of the
      fluid pressure brake system.
PAR  Incidentally, the embodiment of the invention has been described regarding
      use for a bicycle, but a motorcycle use is also applicable. In addition, a
      disc brake is represented as the braking mechanism, however, it is
      contemplated to employ a calliper brake, a rim brake or a hand brake.
PAR  While an embodiment of the invention has been shown and described, the
      invention is not limited to the specific construction thereof but only by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure fluid brake system for a bicycle or a motorcycle, comprising;
PA1  a. an operating lever for a handlebar of said bicycle or motorcycle,
PA1  b. a master cylinder having a piston mounted for movement with and by said
      operating lever from one end thereof, said master cylinder being
      longitudinally extended at the other end thereof to a length greater than
      the pressure stroke of said piston so as to form a reserve chamber in said
      cylinder, said reserve chamber being at the other end portion of the
      cylinder,
PA1  c. an adjusting member in said reserve chamber for changing the volume of
      said reserve chamber, said adjusting member having a portion thereof
      projected outwardly of said extended portion so as to be operable from the
      outside of said reserve chamber,
PA1  d. a braking mechanism mounted on a wheel of the bicycle or motorcycle,
      said braking mechanism having a body with a slave cylinder having a piston
      mounted for movement co-operable with motion of the piston of said master
      cylinder,
PA1  e. a pressure fluid supply conduit connecting said master cylinder with
      said slave piston of the braking mechanism, said conduit opening into said
      master cylinder at a position intermediate the ends thereof, said conduit
      and said cylinders being filled with fluid such as oil,
PA1  f. said adjusting member which changes the volume of said reserve chamber
      being the only means compensating for leakage of fluid and wear of the
      braking mechanism, and
PA1  g. the piston in the master cylinder and the adjusting member being coaxial
      with the longitudinal axis of the master cylinder.
NUM  2.
PAR  2. The pressure fluid brake system as set forth in claim 1, wherein said
      adjusting member is a piston and a screw member, said piston having an
      outer diameter substantially equal to the inner diameter of said extended
      portion of the master cylinder, said screw member having one end abutting
      said piston at the rear surface thereof and the other end projecting
      outwardly of said master cylinder in an axial direction thereof thereby to
      be operable from the distal end of said projected portion.
NUM  3.
PAR  3. The pressure fluid brake system as set forth in in claim 1, wherein said
      reserve chamber of said master cylinder has an inner diameter at least
      equal to that of said master cylinder.
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ABST
PAL  The novel, knocked-down storage trunk comprising the present invention
      includes two rigid, molded plastic shells and pairs of side and end walls.
      In the assembled condition a first pair of lower, inner and outer,
      concentric clamp rings are used to secure the lower edge of the side and
      end walls to the lower shell. A second, upper pair of inner and outer
      concentric clamp rings are secured to the upper edges of the side and end
      walls. Mating inner and outer vertical corner members are secured to each
      other and are captured in the upper and lower pairs of concentric clamp
      rings. The upper shell is hingedly secured to the rear side wall and
      conventional locks extend between and serve to couple the upper shell and
      the front side wall. In the knocked-down condition the upper shell nests
      within the lower shell and the lower shell is seated within the lower
      concentric pair of clamp rings. The side and end walls may be loosely
      placed within either of the upper or lower shells so that the carton that
      is required to ship the storage trunk in the knocked-down condition is
      substantially smaller in volume than a carton that would be required if
      the trunk were of the conventional type that could not be knocked down.
      The clamp rings may be formed, such as by an extrusion process, with
      channels for receiving welts or ribs that are formed integrally with the
      longitudinal edge portions of the side and end walls for gripping the side
      and end walls in the assembled condition.
PAL  The aforementioned Abstract is neither intended to define the invention of
      the application which, of course, is measured by the claims, nor is it
      intended to be limiting as to the scope of the invention in any way.
BSUM
PAC  BACKGROUND OF THE INVENTION 1. Field of the Invention
PAR  This invention relates generally to storage trunks or the like and more
      particularly to a storage trunk that may be packaged and shipped and/or
      stored in the knocked-down condition.
PAR  2. Description of the Prior Art
PAR  For reasons which will become apparent from the following description,
      there has been a long-standing need for a rigid trunk which can be
      maintained in inventory and which can also be shipped and subsequently
      stored in a knocked-down condition. Concurrently there is an equally great
      need for a knocked-down storage trunk that may be readily assembled with
      only a minimum of skill and with the simplest of tools. The need for a
      knocked-down storage trunk having the above-noted characteristics may be
      most readily appreciated when it is realized that in many instances
      shipping costs are based on the volume of the material and not necessarily
      the weight. Since in the erected condition a trunk occupies a substantial
      volume, the shipping costs are unnecessarily high. It will be further
      appreciated that in storing a fully erected trunk a large volume is
      required whereas, if the trunk were capable of being readily dismantled
      and assembled, storage thereof in a knocked-down condition would require
      substantially smaller volumes. It follows of course that the handling and
      manipulation of a smaller volume, knocked-down trunk will be substantially
      easier than a fully erected trunk. In addition to meeting the requirement
      of reduced volume, a knocked-down trunk must be equally as rigid as a
      conventional trunk in order to achieve public acceptance. That there has
      been a long-standing need for a knocked-down storage trunk is evidenced by
      the fairly large volume of issued patents that are directed to this
      subject matter. However, a careful study of the issued patents reveals
      that, in each instance, there are one or more drawbacks to the
      construction disclosed which drawbacks overcome and negate any advantages
      that accrue to the patented construction. For example, U.S. Pat. Nos.
      350,883, 792,731 and 1,398,016 all disclose sectional trunk construction.
      In each of the aforementioned U.S. Patents a plurality of trunk sections
      are stacked one above the other and are suitably secured to each other by
      external latches or bands. While it is true that, in each of the
      aforementioned US Patents, the several sections can be separated from each
      other, it is impossible for the sections to nest one within the other to
      thereby provide a reduced volume of the entire trunk in the knocked-down
      condition as compared to the volume of the trunk in the erected condition.
      Furthermore, in each of the aforementioned US Patents each section is a
      separate entity in that the side and end wall of each section are not
      separable from the top and bottom walls. U.S. Pat. No. 695,149 discloses a
      traveling bag with the same concept of separable sections which, in a like
      manner, neither permits nesting of the sections nor provides a reduced
      total volume in the knocked-down condition.
PAR  U.S. Pat. No. 2,056,701 is another example of a prior art structure in this
      field. In this last mentioned patent means are provided for vertically
      expanding the trunk in order to increase the capacity thereof. To
      accomplish this a rectangular frame is provided in several sections.
      However, it will be appreciated, that the prior art trunk just described
      cannot be knocked down in order to provide a reduced volume even though
      the trunk is capable of assuming two different volumes. Another
      representative U.S. Pat. No. 1,080,056, teaches a similar concept in that,
      when two sections are used a trunk of a particular volume is provided but
      when a number of intermediate sections are added a larger volume trunk
      results. Neither of these last two mentioned US Patents provides the
      highly desirable feature of a reduced volume in the knocked-down
      condition.
PAR  Still other examples of the prior art are disclosed in U.S. Pat. Nos.
      1,319,072 and 3,814,220. In the second of these last two mentioned patents
      a collapsible suitcase is disclosed which can fold to a substantially flat
      condition when not in use. However, the construction is relatively costly
      since elongated piano hinges are required on four sides thereof in order
      to permit the flat folding. It will be appreciated that considerable
      difficulties and hence an increase cost is involved in assembling piano
      hinges. Moreover, because of the necessity of using piano hinges
      considerable rigidity must be lost, regardless of any subsequent bracing
      that is used. For reasons which will be more apparent hereinafter, these
      last two examples of the prior art exhibit inherent functional limitations
      since the several sections thereof are permanently secured to each other.
      That is, these last two examples of the prior art are not capable of
      interchangeability of the various sections so that should one panel be
      damaged during handling the entire trunk may be rendered unusable. SUMMARY
      OF THE INVENTION
PAR  The present invention provides an improved, knocked-down trunk that
      includes two free-form molded plastic shells. Reinforcing or stiffening
      ribs may be provided in each of the shells during the molding operation.
      In the knocked-down condition the two shells are arranged to nest in each
      other and the four panels that constitute the side and end walls may be
      placed loosely within one of the shells to thereby reduce the total volume
      of the trunk in the knocked-down condition. The side and end walls are
      secured to the lower shell by means of inner and outer concentric clamp
      rings that are secured to each other by any suitable fasteners. A second
      set of concentric inner and outer clamp rings are secured to the opposite
      longitudinal edges of the side and end walls in order to secure them to
      each other. Inner and outer corner braces are also provided and are
      secured to each other by the conventional fasteners. The inner and outer
      corner braces are also retained by the upper and lower sets of concentric
      inner and outer clamp rings. The upper shell is hinged to one of the two
      side walls and locks are provided for coupling the opposite side wall to
      the upper shell.
PAR  In one embodiment of the invention the upper and lower concentric clamp
      rings are secured to the side and end walls and to the lower shell by
      means of nuts that are captured in the concentric clamp rings and by
      fasteners that mate therewith. In this first embodiment the screws pass
      through suitably aligned holes in the side and end walls as well as in the
      concentric clamp rings in the lower shell. In an alternative embodiment of
      the present invention the side and end walls may be captured in channels
      formed integrally with the concentric clamp rings by means of ribs that
      are either formed integrally with the side walls or by means of welts that
      are secured thereto. If desired, the end walls may have the inner corner
      braces secured permanently thereto by means of rivets with the captive nut
      being positioned on the inner corner braces. Alternatively, either the
      side or end walls may have integrally molded corners.
PAR  Accordingly, it is an object of the present invention to provide an
      improved knocked-down trunk or the like that occupies a substantially
      smaller volume in the knocked-down condition than in the erected
      condition.
PAR  Another object of the present invention is to provide an improved
      knocked-down trunk, as described above, that includes molded plastic upper
      and lower shells, a pair of side walls and a pair of end walls and ring
      means for clamping the side and end walls to each other and to the lower
      shell.
PAR  A further object of the present invention is to provide an improved
      knocked-down trunk, as described above, wherein one of the two shells
      nests within the other in knocked-down condition and the remaining
      portions of the trunk fit within the total volume defined by the two
      nested shells.
PAR  These and other objects, features and advantages of the invention will, in
      part, be pointed out with particularity, and will, in part, become obvious
      from the following more detailed description of the invention, taken in
      conjunction with the accompanying drawing, which forms an intergral part
      thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the various figures of the drawing, like reference characters designate
      like parts. In the drawing:
PAR  FIG. 1 is a perspective view illustrating one embodiment of the
      knocked-down trunk comprising the present invention, together with a tray
      that is adapted to be positioned therein;
PAR  FIG. 2 is an exploded, perspective view illustratinig the various
      components of one embodiment of the knocked-down trunk comprising this
      invention;
PAR  FIG. 3 is a schematic elevational view, partially broken away, illustrating
      the trunk of this invention in the knocked-down condition and positioned
      within a carton which is shown in phantom outline;
PAR  FIGS. 4-7 illustrate in exploded, perspective form several of the steps
      required for assembling the various components of the knocked-down trunk
      comprising this invention;
PAR  FIG. 8 is a fragmentary, perspective view illustrating the step of securing
      one of the hinges required by the present invention;
PAR  FIG. 9 is a fragmentary, exploded view illustrating the method of
      assembling the stay linkages;
PAR  FIGS. 10 and 11 are fragmentary elevational views, in section, illustrating
      alternative means for securing the side and end walls and the lower shell
      to the inner and outer concentric clamp rings;
PAR  FIG. 12 is a fragmentary, perspective view illustrating an alternative
      construction for retaining the side and end walls and the lower shell in
      the concentric clamp rings; and
PAR  FIGS. 13 and 14 are fragmentary sectional plan views illustrating
      alternative embodiments for the corner configuration of either the side or
      end walls of the knocked-down trunk comprising this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1 there is shown a trunk 20 which constitutes the
      present invention. If desired, a tray 22, which is also shown in FIG. 1,
      may be positioned within the trunk 20. The tray 22 is supported on a
      plurality of clips 24 which are shown in FIG. 1 and which engage a
      downwardly curved peripheral lip 26 that extends about the upper edge of
      the tray 22.
PAR  Turning now to FIG. 2 it will be seen that the trunk 20 is comprised of
      upper and lower shells 28 and 30, respectively, as well as two opposed
      side walls 32 and 34 and two opposed end walls 36 and 38. In a manner to
      be described more fully hereinafter, a lower pair of inner and outer
      concentric clamp rings 40 and 42, respectively, are used to secure the
      lower, marginal edge of each of the walls 32, 34, 36 and 38 to the lower
      shell 30. Similarly, an upper pair of inner and outer concentric clamp
      rings 44 and 46, respectively, are used to secure the upper longitudinal
      edges of the side and end walls 32, 34, 36 and 38.
PAR  As shown in FIGS. 4-7 the trunk 20 is assembled by first placing the inner
      and outer lower concentric clamp rings 40 and 42 about the upper marginal
      edge of the lower shell 30. At this time it should be noted that the inner
      and outer, upper and lower concentric clamp rings 40, 42 and 44, 46 may be
      formed as extruded aluminum channels which will be described more fully
      hereinafter in connection with subsequent embodiments. In any event, after
      the corners of the clamp rings are formed the abutting ends thereof are
      secured to each other, by means of suitable fasteners and clip members,
      such as designated by the reference character 50 in FIG. 4. As will be
      seen in the drawings, a space is provided between opposite pairs of clamp
      rings 40, 42 and 44, 46 for receiving the longitudinal edges of the side
      and end walls 32, 34, 36 and 38 as well as the upper longitudinal edge of
      the lower shell 30. After the side and end walls 32, 34, 36 and 38 are
      secured to the lower shell 30, four pairs of inner and outer corner braces
      52 and 54, respectively, are secured to each other by means of suitable
      fasteners, such as screws and captive nuts, such as described hereinabove.
      It should be noted that the lower end of the inner and outer corner braces
      52 and 54 are received in suitably-shaped notches in the upper and lower
      clamp rings 40 and 42. Using preformed, aligned holes, the upper, inner
      and outer concentric clamp rings 44 and 46 are then secured to the side
      and end walls 32, 34, 36 and 38 by means of suitable fasteners, such as
      screws and captive nuts. The upper, concentric clamp rings 44 and 46 are
      also provided with notches for receiving the upper end of each of the
      inner and outer corner braces 52 and 54.
PAR  The upper shell 28, which may be provided with an integral, metallic rim
      56, is then seated on the upper concentric clamp rings 44 and 46. It
      should be noted at this time that the upper shell 56 has permanently
      secured thereto a pair of lock sections 58 which mate with lock sections
      60 that are rigidly secured to the side wall 34. Hinges 62 which are
      permanently secured to the upper shell 28 by means of rivets 64 are then
      secured to the side wall 32 by means of screws 66. In a like manner, a
      pair of stays, which are comprised of links 68 and 70 that are coupled to
      each other by a pivot pin 72, are permanently mounted on the upper shell
      28 and are secured to the end walls 36 and 38 by means of screws 74 and
      nuts 76.
PAR  As shown in FIG. 3 the trunk 20 comprising this invention can be packaged
      in the knocked-down condition in a carton C which is shown in phantom
      outline and which is of considerably smaller volume than would be required
      for the same trunk in the fully erected condition. For example, a trunk
      having the dimensions of 30 1/2 by 16 by 13 in the erected condition would
      have dimensions of 30 1/2 by 16 by 5 1/2 in the knocked-down condition. Of
      course other trunks having different dimensions, both larger and smaller,
      may be made by the teachings of this invention. It will be seen in FIG. 3
      that the upper shell 28 is inverted and nests within the lower shell 30.
      The side and end walls 32, 34, 36 and 38 are placed loosely within one of
      the shells. For convenience in shipping, the lower concentric clamp rings
      40 and 42 may be loosely secured by means of a single screw to the lower
      shell 30 while the upper concentric clamp rings 44 and 46 may be
      positioned about the tapered sides of the lower shell 30. Since both the
      upper and lower shells 28 and 30 have tapered sides they may be nested one
      within the other.
PAR  Typical construction for the upper and lower clamp rings 40, 42, and 44, 46
      is shown in FIG. 10 and in FIG. 11. Alternative means for securing any of
      the side and end walls 32, 34, 36 and 38 as well as the upper and lower
      shells 28 and 30 to the clamp rings 40, 42, 44 and 46 are also shown in
      FIG. 10 and in FIG. 11, as well as in FIG. 12.
PAR  Referring first to FIG. 10 it will be seen that the inner and outer, lower
      concentric clamp rings 40 and 42 (as well as the inner and outer upper
      concentric clamp rings 44 and 46) are each defined by a pair of
      longitudinally extending parallel channels 80 and 82 which are connected
      by a central web 84. In the FIG. 10 embodiment an elongated welt 86 is
      secured to the longitudinal edge of the side wall 32 and is positioned
      within the channel 80. The nut 88 is secured to one of the webs 84 and the
      fastener 90 extends through the other web 84 and mates with the nut 88. It
      is understood that the welt 86 is applied to the upper and lower
      longitudinal edges of the side and end walls 32, 34, 36 and 38 in order to
      prevent movement thereof in a direction perpendicular to the longitudinal
      axis of the channel 80. Similar welts 86 may also be applied to the upper
      longitudinal edge of the lower shell 30.
PAR  Alternatively the upper and lower edges of the side and end walls 32, 34,
      36 and 38, as well as the upper longitudinal edge of the lower shell 30,
      may be provided with an off-set lip 92 that is received in the channels 80
      and 82, such as shown in FIG. 11. This alternative construction will also
      prevent movement of the side and end walls 32, 34, 36 and 38 in a
      direction perpendicular to the longitudinal edges of the channels 80 and
      82.
PAR  In the embodiment shown in FIG. 12 the side and end walls 32, 34, 36 and 38
      are provided with integrally molded or otherwise suitably formed ribs 94
      that are adapted to be positioned within the channels 80 and 82 as
      described above. This last form of construction also prevents movement of
      the side and end walls 32, 34, 36 and 38, as well as the lower shell 30,
      in a direction perpendicular to the longitudinal axis of the channels 80
      and 82.
PAR  In FIGS. 13 and 14 there are shown alternative configurations for the
      corners of the side and end walls 32, 34, 36 and 38. In the FIG. 13
      construction, the inner corner brace 52 is permanently secured to the end
      wall sections 36 and 38 by means of rivets 96. The captive nut 88 is
      secured to the inner corner brace 52 in a conventional manner, as shown
      and described in connection with the previous embodiments. In the FIG. 14
      embodiment the inner and outer corner braces 52 and 54 are dispensed with
      and molded corner portions 98 are formed integrally with the end walls 36
      and 38. In this last mentioned embodiment the side walls 32 and 34 abut
      the molded corners 98.
PAR  From the foregoing it will be evident that an improved knocked-down trunk
      has been provided, which trunk occupies as substantially smaller volume in
      the knocked-down condition than in the erected condition. The several
      components of the trunk comprising this invention may be easily assembled
      and disassembled with a minimum of skill and with only the simplest tools.
      The molded plastic construction with the integrally formed stiffening ribs
      and corner braces provides for an extremely rigid, yet light-weight trunk.
      The provision of inner and outer clamp rings permit compact packaging and
      simplified assembly.
PAR  There has been disclosed heretofore the best embodiments of the invention
      presently contemplated. However, it is to be understood that various
      changes and modifications may be made thereto without departing from the
      spirit of the invention.
CLMS
STM  What I claim as new and desire to secure by the Letter Patent is:
NUM  1.
PAR  1. A trunk adapted to be erected from a knocked-down condition said trunk
      comprising:
PA1  a. a first, lower shell;
PA1  b. a second, uppershell that is at least partially nestable within said
      first, lower shell in the knocked-down condition of said trunk;
PA1  c. a pair of side walls and a pair of end walls that are loose in the
      knocked-down condition and which are constructed so that they are adapted
      to be positioned within one of said shells in the knocked-down condition
      of said trunk;
PA1  d. first removable clamping means for securing said side and said end walls
      to said first, lower shell, said first clamping means comprising inner and
      outer, ringshaped members to each other after said side and said end walls
      are positioned therebetween;
PA1  e. second removable clamping means for joining said side and said end walls
      to each other; and
PA1  f. hinge means for coupling said second, upper shell to one of said side
      walls.
NUM  2.
PAR  2. The trunk according the claim 1 wherein said side and said end walls
      include means for connecting said fastener means when said trunk is fully
      erected.
NUM  3.
PAR  3. The trunk according the claim 1 wherein said ringshaped members include
      elongated channels therein and wherein said fastener means further include
      elongated projections on said first, lower shell and said side and said
      end walls whereby said projections engage said channels and prevent
      movement of said side and said end walls in a direction perpendicular to
      the axis of said channels.
NUM  4.
PAR  4. The trunk according to claim 3 wherein said elongated projection is an
      offset lip.
NUM  5.
PAR  5. The trunk according to claim 3 wherein said elongated projection is an
      integral rib.
NUM  6.
PAR  6. The trunk according to claim 3 wherein said elongated projection is a
      welt that is rigidly attached to said member that is secured by said first
      clamping means.
NUM  7.
PAR  7. The trunk according to claim 1 wherein said second clamping means
      comprises inner and outer ring-shaped members and removable fastener means
      for securing said ring-shaped members to each other after said side and
      said end walls are positioned therebetween.
NUM  8.
PAR  8. The trunk according to claim 7 wherein said side and said end walls
      included means for connecting said fastener means when said trunk is fully
      erected.
NUM  9.
PAR  9. The trunk according to claim 7 wherein said ring-shaped members include
      elongated channels therein and wherein said fastener means further include
      elongated projections on said first, lower shell and said side and said
      end walls whereby said projections engage said channels and prevent
      movement of said side and said end walls in a direction perpendicular to
      the axis of said channels.
NUM  10.
PAR  10. The trunk according to claim 9 wherein said elongated projection is an
      offset lip.
NUM  11.
PAR  11. The trunk according to claim 9 wherein said elongated projection is an
      integral rib.
NUM  12.
PAR  12. The trunk according to claim 9 wherein said elongated projection is a
      welt that is rigidly attached to said member that is secured by said first
      clamping means.
NUM  13.
PAR  13. The trunk according to claim 1 wherein there is further included corner
      brace means at the juncture of each said side and said end wall.
NUM  14.
PAR  14. The trunk according to claim 13 wherein said corner brace means
      comprises inner and outer channels and fastener means for securing said
      inner and said outer channels to each other.
NUM  15.
PAR  15. The trunk according to claim 13 wherein said corner brace means extend
      between and are secured at the end thereof by said first and second
      clamping means.
NUM  16.
PAR  16. The trunk according to claim 1 wherein there is further included
      linkage means extending between said second shell and said side walls,
      said linkage means being adapted to maintain said trunk in the open
      condition when fully erected.
NUM  17.
PAR  17. The trunk according to claim 1 wherein there is further included a
      removable tray and means for supporting said tray internally of said trunk
      when said trunk is fully erected.
NUM  18.
PAR  18. The trunk according to claim 1 wherein there is further included lock
      means for securing said second, upper shell in the closed condition when
      said trunk is fully erected.
NUM  19.
PAR  19. The trunk according to claim 1 wherein at least one of said pair of end
      walls is at least partially curved at the end thereof to define the
      corners of said trunk in the erected condition.
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ABST
PAL  An agricultural tractor has individually operable near-side and off-side
      brakes with respective brake levers. Said levers are disposed one at each
      side of a master lever, the three levers being pivotable about a common
      axis and each provided with a foot pedal. The master lever carries a
      pivotally mounted cross-bar arranged to operate both of the brake levers
      with an equalising action when the master lever is operated. One of the
      two brake levers is fixed to a transversely extending horizontal shaft
      journalled in a sleeve which is mounted on the tractor and rotatably
      supports a clutch-operating lever.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The invention relates to brake operating systems for agricultural tractors
      and the like.
PAR  Such vehicles generally have individually operable near-side and off-side
      brakes to enable turns of very small radius to be made, and individual
      near-side and off-side brake pedals are therefore provided. When such a
      vehicle is driven on the road, it is necessary that both the near-side and
      the off-side brakes should operate together, each providing an equal share
      of the braking effort. This is particularly essential where certain types
      of brakes such as oil-immersed disc brakes are employed, as any tendency
      for one brake to provide more than its share of the braking effort results
      in a disproportionate temperature rise and consequential expansion within
      said one brake which then causes it to provide even more or all of said
      effort. In order to ensure that the braking effort is shared equally, it
      is known to provide a master pedal, or a latch for temporarily locking the
      two brake pedals together. The object of the present invention is to
      provide an improved brake operating system of the kind including a master
      pedal.
PAC  SUMMARY OF INVENTION
PAR  According to the invention, a brake operating system for an agricultural
      tractor comprises three levers pivotable side-by-side about a common axis
      and each carrying a foot pedal, one of the two outer levers being arranged
      to operate the brake on one side of the tractor, the other of the two
      outer levers being arranged to operate the brake on the other side of the
      tractor, and the middle lever constituting a master lever carrying a
      pivotally mounted cross-bar arranged to operate both of the outer levers
      with an equalising action when the master lever is operated.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  A preferred embodiment of the invention will now be described, by way of
      example only, with reference to the accompanying drawings of which:-
PAR  FIG. 1 is a front elevation of the brake and clutch lever assembly of an
      agricultural tractor;
PAR  FIG. 2 is a side elevation of the brake levers thereof; and
PAR  FIG. 3 is a view in the direction of the arrow 3 in FIG. 2.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, an agricultural tractor has conventional
      individually operable brakes for its near-side rear wheel and its off-side
      rear wheel respectively. A horizontal shaft 10 extends transversely of the
      tractor at the front of and approximately at the level of the driver's
      platform, and at the near side of the tractor said shaft has a pair of
      lugs 11 which are operatively connected to the near-side brake. The shaft
      10 is pivotable about its axis to apply said brake by the near-side one 12
      of three levers 12, 13 and 14 mounted side-by-side on the shaft 10 at the
      off side of the tractor and each carrying one of three foot pedals 15, 16
      and 17, said near-side lever 12 being rigidly secured to the shaft 10 by a
      mills pin 18 and the other two levers 13 and 14 being pivotable on the
      shaft 10 and retained thereon by a circlip 19. The off-side one 14 of the
      levers has a pair of lugs 20 which are operatively connected to the
      off-side brake so as to apply said brake when the off-side lever 14 is
      pivoted about the axis of the shaft 10. The middle lever 13 constitutes a
      master lever, and all three levers 12, 13 and 14 have respective portions
      21, 22 and 23 which extend on the opposite side of the shaft 10 to the
      pedals 15, 16 and 17. Said portion 22 of the master lever 13 is
      operatively connected to a hand brake linkage 24, and carries a pivot pin
      25 the axis of which lies in a plane perpendicular to the axis of the
      shaft 10 and extends parallel, or substantially so, to the adjacent
      portions 21 and 23 of the near-side and off-side levers 12 and 14. A
      cross-bar 26 is pivotally mounted on the pivot pin 25 and its ends extend
      below said portions 21 and 23 of the near-side and off-side levers 12 and
      14 respectively. Each end of the cross-bar 26 has a screw-threaded hole in
      which a screwed stud 27 is adjustably secured by a lock-nut 28, the heads
      29 of the studs 27 providing points of contact between the cross-bar 26
      and said portions 21 and 23 of the near-side and off-side levers 12 and 14
      respectively.
PAR  In agricultural tractors it is known to provide a clutch-operating lever
      carrying a foot pedal pivotable directly upon the transversely-extending
      horizontal shaft on which the brake-operating levers are mounted. However,
      we have found that when a master brake-operating lever is provided in the
      manner set out above, frictional drag between the shaft and the
      clutch-operating lever interferes with the brake-equalising action. We
      therefore provide a sleeve 30 mounted in the tractor's frame 31 and
      co-axially surrounding the shaft 10 between the near-side one 12 of the
      brake-operating levers and the vicinity of a boss 32 carrying the pair of
      lugs 11 at the near-side end of the shaft 10. Said shaft is journalled in
      plain bearings 33 in the sleeve 30. A clutch-operating lever 34 carrying a
      foot pedal 35 has a bore 36 enabling it to be pivotally mounted on the
      sleeve 30. The lever 34 projects slightly beyond the near-side end of the
      sleeve 30 and is retained thereon by abutting against the boss 32, and is
      prevented from moving along the sleeve 30 away from said boss by an
      internal circlip 37 which engages in a groove in the bore 36 of said lever
      and abuts against the near-side end of the sleeve 30. The lever 34 has a
      pair of lugs 38 which are operatively connected to the tractor's main
      power transmission clutch.
PAR  In operation, in the field, the near-side and off-side brake-operating
      levers 12 and 14 are operated individually to brake one or the other of
      the tractor's rear wheels when a turn of very small radius is required at
      a headland. On the road, however, operation of the master brake-operating
      lever 13 causes the pivoted cross-bar 26 to operate both of said near-side
      and off-side brake-operating levers together, with an equalising action
      which is not affected by the provision of the clutch-operating lever 34
      pivotable about the axis of the shaft 10.
PAR  In a modification, the three brake-operating levers 12, 13 and 14 do not
      have portions which extend on the opposite side of the shaft 10 to their
      pedals 15, 16 and 17, the pivot pin 25 for the cross-bar 26 being disposed
      between the shaft 10 and the pedal 16 on the master brake-operating lever
      13 and the ends of the cross-bar 26 extending above the adjacent parts of
      the near-side and off-side brake-operating levers 12 and 14 respectively.
      The master brake-operating lever 13 may, however, retain its portion 22
      for the connection thereto of the hand brake linkage 24.
CLMS
STM  I claim:
NUM  1.
PAR  1. A clutch and steering brake operating system for an agricultural tractor
      comprising four levers pivotable about a common axis and each carrying a
      foot pedal, three of said levers being brake levers disposed side-by-side
      and the remaining lever being a clutch-operating lever, one of the two
      outer brake levers being arranged to operate the brake on one side of the
      tractor, the other of the two outer brake levers being arranged to operate
      the brake on the other side of the tractor, and the middle brake lever
      constituting a master brake lever, a pivotally mounted cross-bar on said
      master brake lever arranged to operate both of said outer levers with an
      equalising action when the master brake lever is operated, a shaft mounted
      to rock about said axis and upon which one of said outer levers is rigidly
      secured and the two other brake levers are pivotally mounted, a sleeve
      mounted on the tractor and co-axially surrounding said shaft which extends
      relatively rotatably therethrough, and means pivotally mounting a
      clutch-operating lever on said sleeve.
NUM  2.
PAR  2. A brake operating system according to claim 1, wherein the cross-bar is
      pivotally mounted directly on the master lever.
NUM  3.
PAR  3. A brake operating system according to claim 1, wherein the cross-bar is
      pivotally mounted about an axis which lies in a plane perpendicular to the
      common axis and extends substantially parallel to the adjacent portions of
      the two outer levers.
NUM  4.
PAR  4. A brake operating system according to claim 1, wherein the cross-bar is
      located on the opposite side of the common axis to the pedals.
NUM  5.
PAR  5. A brake operating system according to claim 1, wherein the cross-bar
      contacts each of the outer levers by way of an adjustable stud.
NUM  6.
PAR  6. In the system defined in claim 1, spaced bearing means located
      respectively adjacent the brake levers and the clutch lever journalling
      said shaft on said sleeve.
NUM  7.
PAR  7. A brake operating system according to claim 1, wherein said shaft has a
      lug adapted to be connected to the brake on one side of the tractor, and
      the outer lever which is pivotally mounted on said shaft has a lug adapted
      to be connected to the brake on the other side of the tractor.
NUM  8.
PAR  8. A brake operating system according to claim 7, wherein the
      clutch-operating lever is disposed on said one side of the tractor
      adjacent the lug on the shaft.
NUM  9.
PAR  9. A brake operating system according to claim 1, wherein the
      clutch-operating lever has a lug adapted to be connected to the tractor's
      main power transmission clutch.
NUM  10.
PAR  10. A brake operating system according to claim 1, wherein a hand brake
      linkage is connected operatively to the master lever.
NUM  11.
PAR  11. In an agricultural tractor having a frame, a shaft, a sleeve
      surrounding a portion of said shaft and mounted on said frame, bearing
      means journalling said shaft on said sleeve, a group of three side by side
      independently operable brake levers mounted on a portion of said shaft not
      surrounded by said sleeve, one of the outer of said levers being fixed to
      the shaft and the other two being rotatably mounted on said shaft, a cross
      bar intermediately pivoted on the middle one of said levers and extending
      to operate the other two levers with a substantially equalising action
      when the middle lever is actuated, and a clutch operating lever pivotally
      mounted on said sleeve.
NUM  12.
PAR  12. In the tractor defined in claim 11, means for connecting the other of
      said outer brake actuating levers to the brake at one side of the tractor
      and means connecting said shaft directly to the brake at the other side of
      said tractor.
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ABST
PAL  An automatic article vending system in which a card is used to actuate the
      system. The card has a predetermined monetary value, which is decreased by
      the value of the article purchased with the card. A predetermined maximum
      value that can be spent at one time is set for the card. It is possible to
      purchase with the card an article having a value within the lower one of
      the present value of the card and the maximum spendable value. The card
      may be given an extra value added gratis to the value of the money paid by
      the owner of the card.
BSUM
PAR  This invention relates to an automatic article vending system in which a
      card is used to actuate the operation of the system.
PAR  In the card-actuated automatic vending system with which the invention is
      concerned, a "stored value card" is used on which various data such as the
      monetary value given to the card are recorded in both machine-readable and
      human-readable forms. When the card is used in the system to purchase an
      article therefrom, the price or value of the article purchased is
      subtracted from the value stored on the card, and the result of the
      subtraction is recorded on the card in place of the previously recorded
      value.
PAR  The card is issued to a customer in exchange for a certain amount of money
      paid by the customer. The card is given the value of the money paid, to
      which in some cases an extra value is added gratis on condition that the
      card is to be used in a particular vending machine.
PAR  Suppose that the extra value to be added gratis is 10 percent of the value
      actually paid. If the customer has paid $ 5, the card will be given the
      value of $ 5.5.
PAR  If all the value of the card has been spent within a short period of time,
      it will be unprofitable to the person who issued the card. In the above
      example, if the owner of the card having the value of $ 5.5 has spent all
      the value of $ 5.5 in one day, the gratis value must be borne at the rate
      of 50 cents per day, which is a considerably high rate.
PAR  However, if the owner of the card is allowed to spend only 50 cents per
      day, at least eleven days are required to spend the whole value of $ 5.5.
      In this case the gratis value of 50 cents is borne at the rate of 50 cents
      per eleven days, which is considerably lower than the previous rate of 50
      cents per day.
PAR  Therefore it is desirable to restrict the use of the card by, e.g.,
      predetermining the maximum value that can be spent at one time. It would
      be most desirable to set the maximum value that can be spent in one day.
      To this end, however, it would be required to record on the card the date
      on which the card is used and set the present date in the vending machine
      every day and compare the date set in the machine and the date read from
      the card used in the machine. This would require additional devices and
      control circuits, with resulting complication of the design and
      construction of the machine.
PAR  In order to set the maximum value that can be spent at one time, this
      maximum value is recorded on the card. The maximum value that can be spent
      at one time will be referred to as the maximum spendable value
      hereinafter. When the card is used in the machine, it is necessary to
      control the machine so that only an article having a lower value than the
      maximum spendable value can be purchased from the machine. However, when
      the remaining value of the card is less than the maximum spendable value,
      if an article having the maximum spendable value is vended, it would cause
      a loss to the owner of the vending machine.
PAR  Accordingly, the primary object of the invention is to provide an automatic
      vending system which is actuated by a stored value card, and wherein the
      card has recorded thereon the maximum value that can be spent at one time,
      and when the card is used in the system the remaining stored value of the
      card and the maximum spendable value are compared so as to permit vending
      of an article only within the lower one of the two values. In other words,
      if the remaining stored value of the card is greater than the maximum
      spendable value, an article within the maximum spendable value is sold,
      while if the remaining stored value is smaller than the maximum spendable
      value, an article within the remaining stored value is sold.
PAR  In one embodiment of the invention, the card has visibly recorded thereon
      the maximum spendable value so that the owner of the card can easily see
      the maximum value he can spend with the card at one time. Also the card
      has visibly recorded thereon a series of remaining values resulting from
      each purchase so that the owner of the card can easily see the value the
      card has at present.
PAR  In addition to the visible records, these values are recorded
      machine-readably, e.g., magnetically on the card. The magnetic record of
      the remaining stored value is rewritten at each purchase.
PAR  When the card is used in the vending machine, the magnetically recorded
      data are read and compared. If the maximum spendable value is smaller than
      the remaining stored value of the card, an article selection switch
      control circuit operates so as to permit vending of an article within the
      maximum spendable value. If the maximum spendable value is greater than
      the remaining stored value of the card, the control circuit operates so as
      to permit vending of an article within the remaining stored value of the
      card.
PAR  The vending machine is provided on, say, its front panel with an article
      selection switch board including a plurality of switches corresponding to
      different values or prices of articles on sale. The switch board is
      manipulated by purchasers. When the article selection switch control
      circuit operates in the above-mentioned manner, it renders operable those
      of the article selection switches which correspond to the articles the
      values of which are within the lower one of the maximum spendable value
      and the remaining stored value of the card used. When the customer presses
      one of those operable switches, the machine dispenses an article
      corresponding to the pressed switch.
PAR  At the same time, the value of the article vended is subtracted from the
      value which the card then has, so that the result of subtraction is
      recorded on the card visibly in addition to the previous visible records
      and also magnetically in place of the previous magnetic record. The card
      is then returned to its owner.
DRWD
PAR  The invention will be more clearly understood by reading the following
      detailed description of one embodiment thereof with reference to the
      accompanying drawings, wherein:
PAR  FIGS. 1A and 1B show the opposite side surfaces of a stored value card used
      in the automatic vending machine of the invention;
PAR  FIG. 2 is a schematic side view of the interior mechanism of the vending
      machine;
PAR  FIG. 3 is a block diagram of the electrical control circuit of the machine;
      and
PAR  FIG. 4 is a detailed diagram of a portion of FIG. 3.
DETD
PAR  The invention will be described as applied to an automatic railway ticket
      vending machine which vends railway tickets which can be used for a single
      ride on a train.
PAR  Referring in detail to the drawings, there is shown in FIG. 1 a stored
      value card 1 used in the system of the invention. The obverse and reverse
      sides of the card are indicated by A and B, respectively.
PAR  On the obverse side A the card has a magnetic stripe 2, on which various
      coded informations are magnetically recorded such as: the monetary value
      that can be spent with the card, that is, the sum of the fare which the
      owner of the card has paid to obtain the card and an extra value that has
      been added gratis or free of charge at a predetermined rate set for the
      fare paid; the maximum value that can be spent at one time; the card
      number; the date of issue; the code number of the office where the card
      was issued; and the like.
PAR  The card also has on its obverse side an area 3 where the maximum value
      that can be spent at one time, that is, the maximum spendable value is
      printed in visible figures. These figures are printed when the card is
      issued. Other visible informations such as an indication of which end of
      the card is to be inserted into the machine are also given on the obverse
      side of the card as at 3a.
PAR  On the reverse side B the card has an area 4 where the remaining values of
      the card are printed in visible figures. On the top end of the area the
      value that can be spent with the card, that is, the sum of the fare paid
      and the extra value added gratis is printed in visible figures. This value
      will be referred to as "the initial stored value"; and the value the card
      now has will be referred to as "the remaining value" or "the stored
      value."
PAR  Each time the card is used, the value of the article purchased is
      subtracted from the stored value of the card, and the result of the
      subtraction, that is, the remaining value is recorded in the stripe 2 and
      the area 4.
PAR  The card is provided with a hole 5 at the forward edge portion and at one
      side of the center line thereof. The hole is detected by a photoelectric
      switch in an automatic vending machine so as to determine whether the card
      has been introduced into the machine in the required direction and also
      with its obverse and reverse sides held properly.
PAR  FIG. 2 somewhat schematically shows the interior mechanism of an automatic
      ticket vending machine in which the card 1 can be used to purchase a
      ticket that can be used only once.
PAR  The card 1 is inserted through an inlet 6 into the machine. The inserted
      card is pulled inwardly by a pair of upper and lower rollers 7 and 7 onto
      a conveyor belt 8. As the card is conveyed by the belt 8, reading,
      recording and printing of required informations are conducted. After the
      required treatment is finished, the card is conveyed by a pair of conveyor
      belts 9, 9 and then 10, 10 onto an outlet tray 11.
PAR  The above-mentioned conveyor belt 8 runs around a spaced pair of pulleys 12
      and 13, with guide rollers 14 and 15 resting on the pulleys 12 and 13 at
      the starting and terminating ends of the span of the belt, respectively.
PAR  The belts 9, 9 run around the pulleys 13 and 16, and 17 and 18,
      respectively. A pulley 17 is provided intermediate the roller 15 and the
      pulley 13 so as to direct the card downwardly.
PAR  The pulley 17 is provided with a deflecting member 19 the forward edge of
      which is tiltable up and down. When the card has been found invalid, the
      edge of the member 19 is tilted downward so as to deflect the card upward.
PAR  The belts 10 and 10 run around the pulleys 16 and 20, and 18 and 21,
      respectively. At the front end of the belts 10 there is provided a
      photoelectric detector 22 which detects the card having passed onto the
      tray 11 to be returned to the owner.
PAR  Inside the card inlet 6 there are provided a pair of detectors 22 and 23.
      The former detector 22 detects the card introduced and produces a signal
      to actuate a ticket issuing device not shown in FIG. 2 but provided in the
      machine, and the latter detector 23 detects the hole 5 in the card so as
      to check if the card has been introduced in the proper direction. Both the
      detectors comprise a photoelectric switch.
PAR  On the upper side of the conveyor belt 8 there are provided along the
      direction of movement of the belt a magnetic reading head 25, a first
      stopper 26, a magnetic writing head 27, a dot printer 28, a second stopper
      29, and guide rollers 30, 31 and 32 in wide spaces therebetween.
PAR  Pressure rollers 33 and 34 are urged against the heads 25 and 27,
      respectively, from the undersides thereof for good contact of the card
      with the heads 25 and 27.
PAR  The reading head 25 reads the card information recorded in the stripe 2,
      that is, the stored value, the maximum spendable value, etc.
PAR  The writing head 27 writes on the card stripe the remaining value in
      machine-readable code after a ticket has been purchased.
PAR  The dot printer 28 prints the remaining value in human-readable figures in
      the area 4 of the card. To this end the dot printer 28 is designed to be
      laterally displaceable relative to the card so as to enable printing in
      the right or left column of the area 4.
PAR  An ink ribbon 35 is provided to face the dot printer 28, and the card
      passes between the printer 28 and the ribbon 35, with its reverse surface
      facing the ink ribbon.
PAR  The second stopper 29 defines the position or the line where the new
      remaining monetary value is to be printed on the basis of the position of
      the line where the previous value was printed. The stopper comprises a
      plurality of pins 36 the number of which corresponds to the number of the
      lines or rows in the card area 4 in which the remaining monetary value is
      to be printed, and the position at which the card is stopped by each of
      the pins 36 corresponds to one of the lines in which the monetary value is
      to be printed.
PAR  Thus the dot printer 28 selects the right or left side or column of the
      area 4 and the stopper determines the line where the printing is to be
      performed.
PAR  A selection switch board 37 comprises a plurality of push-button switches
      corresponding to the different fares of the tickets on sale.
PAR  A ticket issuing device 38 issues a ticket in accordance with the kind of
      the push-button pressed by the customer, and the ticket is delivered onto
      the tray 11.
PAR  The previously mentioned stopper 26 is actuated by a solenoid so as to be
      selectively projected above the conveyer belt 8 and withdrawn below the
      belt. When projected above the belt 8, the stopper temporarily stops the
      movement of the card 1 on the belt.
PAR  FIG. 3 shows a block diagram of the control circuit of the machine of the
      invention. The remaining value A of the card and the maximum spendable
      value B read by the reading head 25 are stored in a register 40 through a
      reading control circuit 39. The values stored in the register are applied
      to a comparing circuit 41 where the two values are compared. If the value
      A is greater than the value B, a gate 42 is opened to apply a signal to a
      ticket selection switch control circuit 43 to condition the switch board
      so that a ticket within the maximum value B will be issued. If the value A
      is smaller than or equal to the value B, a gate 42 is opened to apply a
      signal to the control circuit 43 to condition the switch board so that a
      ticket within the value A will be issued.
PAR  In the selection switch board 37 only those of the switches which have been
      controlled by control circuit 43 are operable, and when one of the
      operable switches is pressed by the purchaser, the value of the pressed
      switch is stored in a register 45 and on the basis of the stored
      information a ticket issuing device 38 issues a corresponding ticket.
PAR  FIG. 4 is a block diagram showing in further detail the above-mentioned
      control circuit 43, the selection switches 37, the register 45 and the
      ticket issuing device 38. As shown, the control circuit impresses a source
      voltage to only those of the switches 37 which have been rendered operable
      and those of the lamps 46 which correspond to the operable switches 37 are
      lighted so as to indicate to the customer that the corresponding switches
      only are operable.
PAR  The output from each of the switches 37 is applied to an OR element 47, the
      output of which is applied to the ticket issuing device 38 so as to render
      the device operable, and on the basis of the signal from the pressed
      switch 37 as stored in the register 45 the ticket issuing device 38 starts
      ticket issuing operation.
PAR  Returning to FIG. 3, the signal X from the pressed switch 37 as stored in
      the register 45 (which represents the monetary value or fare of the ticket
      to be purchased) is coded and applied to a subtraction circuit 48, which
      subtracts the value X from the above-mentioned remaining value A of the
      card as stored in the register 40 for calculation of the new remaining
      value of the card. The result of the subtraction is stored in a register
      49.
PAR  A writing control circuit 50 controls the writing head 27 so that the head
      magnetically records the value (A-X) on the stripe 2 of the card, while a
      printing control circuit 51 controls the dot printer 28 so that the
      printer prints the value (A-X) in the area 4 in visible figures.
PAR  Suppose, for example, that the customer has paid $ 5. If an extra value of
      50 cents has been added to $ 5, the card issued will have the stored value
      of $ 5.5, with the maximum spendable value having been set to 60 cents.
PAR  When the above card is inserted into the inlet 6 of the machine, the
      detector 23 detects the card and the detector 24 checks if the card has
      been inserted in the proper direction. The reading head 25 reads the value
      of $ 5.5 that can be spent with the card and the maximum spendable value
      of 60 cents from the card which has been temporarily stopped by the
      stopper 26. The data read are stored in the register 40.
PAR  The comparing circuit 41 compares the values of $ 5.5 and 60 cents, and
      since the value of $ 5.5 is greater than the value of 60 cents, the gate
      42 is opened to apply a signal to the selection switch control circuit 43
      so that a ticket within the value of 60 cents can be purchased.
PAR  When the remaining value of the card has become less than 60 cents, for
      example, 40 cents after the card has been used many times, the gate 44 is
      opened to apply a signal to the selection switch control circuit 43 so
      that a ticket within 40 cents can be purchased. Only those of the
      selection switches 37 which have been designated by the control circuit 43
      are operable and the corresponding lamps 46 are turned on.
PAR  When the owner of the card inserted presses a desired one of the switches
      37, the first stopper 26 is retracted so that the conveyor 8 carries the
      card farther inward. At the same time, the signal from the pressed switch
      is applied through the register 45 to the ticket issuing device 38, which
      issues a ticket in accordance with the signal. The ticket is then
      delivered out into the tray. At the same time, the signal stored in the
      register 45 is coded and applied to the subtraction circuit 48, which
      subtracts the value X of the ticket that has been purchased from the value
      of $ 5.5 that can be spent.
PAR  The resulting value ($ 5.5-X) is written by the writing head 27 on the
      magnetic stripe 2 of the card 1 and also printed by the dot printer 28 in
      the area 4 thereof, with one of the pins 36 of the second stopper 29
      defining the line in the area 4 in which the figures expressing the value
      are to be printed.
PAR  The card the value of which has now been rewritten is conveyed by the belts
      9, 9 and then 10, 10 onto the tray 11, with the detector 22 detecting the
      passing of the card to terminate the series of operations of the machine.
PAR  As described above, in accordance with the invention, the stored value of
      the card and the maximum spendable value are always compared by the
      comparing circuit, so that if the former value is less than the latter
      value, an article within the former value is vended, while if the latter
      value is less than the former value, an article within the latter value is
      vended. By the use of the stored value card which has an extra value added
      to the value of the money actually paid and which has a preset maximum
      value that can be spent at one time, it is possible to vend articles
      properly within the preset value, and without causing any undue economic
      loss to the owner of the vending machine.
CLMS
STM  What we claim are:
NUM  1.
PAR  1. An automatic article vending apparatus, comprising:
PA1  means for receiving a stored value card having recorded thereon a first
      monetary value corresponding to the remaining stored value of said card,
      said card also having recorded thereon a second monetary value which is
      less than said remaining stored value and corresponds to a predetermined
      monetary limit for a single purchase of articles from the apparatus by the
      customer;
PA1  means for reading said first and second monetary values;
PA1  means for entering into the apparatus a third monetary value corresponding
      to the value of an article selected by a customer;
PA1  means for comparing said first and second monetary values and for providing
      a comparator output signal indicative of the lower value therebetween;
PA1  means dispensing said selected article to the customer;
PA1  control means responsive to said comparator output signal and operative to
      control said dispensing means such that it dispenses said selected article
      to the customer only when said third monetary value is no greater than the
      lower of said first and second monetary values;
PA1  means for updating said first monetary value to substract said third
      monetary value; and,
PA1  means returning said card to the customer.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said second monetary value is
      substantially less than said initial stored value.
NUM  3.
PAR  3. The apparatus of claim 1, wherein said selected article is a transit
      ticket.
NUM  4.
PAR  4. The apparatus of claim 1, wherein said first and second monetary values
      recorded on said card take the form of symbols which are machine-readable.
NUM  5.
PAR  5. The apparatus of claim 4, wherein said first and second monetary values
      recorded on said card also take the form of symbols which are
      human-readable.
NUM  6.
PAR  6. The apparatus of claim 1, wherein said initial stored value is equal to
      the value paid by the customer for said card.
NUM  7.
PAR  7. The apparatus of claim 1, wherein said initial stored value is greater
      than the value paid by the customer for said card by a predetermined
      amount.
NUM  8.
PAR  8. The apparatus of claim 1, wherein said entering means includes a
      plurality of selection switches adapted to be operated by the customer,
      the operation of each of said plurality of selection switches resulting in
      an associated third monetary value corresponding to the value of the
      article selected by the customer being entered into said apparatus, and
      wherein said control means includes means for rendering operable only
      those selected ones of said plurality of selection switches having
      associated third monetary values which are no greater than the lower of
      said first and second monetary values.
NUM  9.
PAR  9. An apparatus of claim 8, wherein said control means includes means for
      impressing a voltage across said selected ones of said plurality of
      selection switches, said selected one thereby producing switch output
      signals, and further including an OR gate, responsive to said switch
      output signals to produce a control signal, and means applying said
      control signal to said article dispensing means.
NUM  10.
PAR  10. An automatic article vending apparatus, comprising:
PA1  means receiving a stored value card having recorded thereon a first
      monetary value corresponding to the remaining stored value of said card
      and a second monetary value corresponding to a predetermined monetary
      limit for a single purchase by a customer from the apparatus;
PA1  means for reading and storing said first and second monetary values
      recorded on said card;
PA1  means for comparing said first and second monetary values;
PA1  means for selecting articles of different monetary value, including means
      for entering into the apparatus a third monetary value corresponding to
      the value of a selected article, said selecting means including a
      plurality of switches adapted to be operated by the customer, the
      operation of each switch resulting in an associated third monetary value
      being entered into the apparatus;
PA1  control means responsive to said comparing means for rendering operable
      only those of said swtiches having associated third monetary values which
      are no greater than the lower of said first and second monetary values;
PA1  means responsive to said control means for dispensing said selected
      articles to the customer;
PA1  means for subtracting said third monetary value from said first monetary
      value to obtain a modified first monetary value;
PA1  means for recording said modified first monetary value on said card as an
      updated remaining stored value, and
PA1  means returning said card to the customer.
NUM  11.
PAR  11. An apparatus of claim 10, wherein said first, second and third monetary
      values recorded on said card take the form of symbols which are in
      machine-readable form.
NUM  12.
PAR  12. An apparatus of claim 10, wherein said first, second and third monetary
      values recorded on said card take the form of symbols which are in
      human-readable form.
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ABST
PAL  A releasable, self-locking axial clutch for firmly coupling two shafts
      having axially relatively movable end portions secured to their respective
      ends and an axially displaceable clutch piece between the end portions for
      transmitting a torque therebetween includes mating conical surfaces on the
      respective end portions and thus automatically provides mutual centering,
      parallelism and good fit of the end portions when drawn tightly together.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a releasable axial clutch for coupling
      together two shafts, preferably for large machines. The clutch comprises
      two parts, one from each shaft end, which parts are axially movable in
      relation to each other, and between the two parts there is an axially
      displaceable part for transmitting a torque between said two parts.
PAR  In axial clutches of this type the axially displaceable portion in the
      centre is normally provided with external gears which are in constant,
      displaceable mesh with internal gears in one clutch part and other
      external gears which, upon a displacement are brought to mesh with
      internal gears in the other clutch part. Further the clutch is designed so
      that the two parts of the clutch when being coupled together, are pressed
      tightly together, thus forming a firm, rigid unit.
PAR  The purpose of drawing the two clutch parts tightly together is to avoid
      any tendency to vibrations which would quickly destroy the clutch in the
      case of large machines, for example turbines and generators.
PAC  SUMMARY OF THE INVENTION
PAR  When the clutch parts are to be pressed tightly together it is important
      that the mutual centering of the two clutch parts should be correct, which
      may cause problems despite a good fit between the different parts. The
      object of the invention it to secure this mutual centering, which is
      performed by means of conical surfaces on the two clutch parts which then
      themselves try to find the correct centered position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The clutch is described more closely with reference to the accompanying
      drawings in which FIGS. 1 and 2 show a clutch according to the invention
      in disconnected and connected positions, respectively, whereas FIGS. 3 and
      4 show a few variants of the embodiment of the conical surfaces of the
      clutch parts. All figures show one half of an axial section through the
      clutch or a part thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 show the two shaft ends 11 and 12, each provided with a
      flange 1 and 3, respectively. At the outer edge the flange 1 ends in an
      annular part with internal gears 7. At the outer edge of flange 3 a
      cylindrical part 2 with internal gears 6 is bolted on. Between the two
      clutch parts 1 and 3 there is a clutch piece 4 which is provided with
      external gears 5 and 8 at the ends corresponding to the internal ones 6
      and 7, respectively, on the two clutch parts 1 and 2.
PAR  The teeth 6 and 5 are in permanent displaceable engagement by the fact that
      the teeth 6 have such a length that the piece 4 can be moved along these.
      Engagement between the two clutch parts is performed by the fact that the
      gears 7 and 8 engage with each other when the piece 4 is moved to the
      right. The guiding of the piece 4 is performed, for example, by means of
      bushings 15 and 16 on the piece 4 and the flange 1, respectively.
PAR  The shifting of the clutch piece 4 can be carried out in a manner not
      shown, for example hydraulically, pneumatically or electromagnetically.
      Often this form of movement is only intended to be a first shifting until
      the gears 7 and 8 start engaging with each other. If, thereafter, the
      teeth are assumed to be helical with a greater pitch of the tooth pair 5,
      6 than of the tooth pair 7, 8 and with such a bevelling that the torque
      between the clutch parts causes the parts to be screwed together, the
      clutch will be self-locking and the parts 1 and 2 are tightly pressed
      together. It is clear that it is sufficient for the tooth pair 7, 8 to be
      helical whereas the tooth pair 5, 6 may have straight teeth.
PAR  To secure the mutual centering of the two clutch parts, the flange 1 and
      the cylinder 2 have been provided with an outwardly and inwardly conical
      surface 10 and 9, respectively. In such a way the two clutch parts will
      automatically center in relation to each other, irrespective of the
      occurrence of any clearance between the clutch piece 4 and the other
      parts. If the conical surfaces 9 and 10 are made to be sufficiently
      obtuse, also a certain compensation for possible angular errors between
      the two parts can be obtained. The choice of the top angle for the conical
      surfaces will then be a compromise between the requirements for a good
      centering and good parallelism between the parts, and it must then be
      borne in mind that we are all the time concerned with attempts to
      compensate the small errors which are unavoidable in spite of good
      precision in the manufacture and which may involve severe wear considering
      the forces which will occur in large machines and with large dimensions.
PAR  The demands for simultaneous centering and parallelism can be satisfied by
      using the variants shown in FIGS. 3 and 4, where the conical surfaces 9
      and 10 are bordered by plane annular surfaces 13, 14 or 13', 14', facing
      each other.
PAR  It should be considered that in spite of close tolerances of manufacture it
      is normally not possible to achieve a simultaneous perfect contact between
      both the conical and the plane surfaces, and therefore it should be
      determined in advance which surfaces are to lie close to each other and
      which are to have a small clearance between them.
PAR  FIG. 3 shows, somewhat exaggeratedly, a play between the plane surfaces 13,
      14, whereas the conical surfaces 9, 10 make close contact with each other.
      In this way the best possible centering is achieved, whereas the maximum
      angular error is determined by the play between the surfaces 13 and 14 and
      the outer diameter by these surfaces. By choosing this diameter to be
      great and the play as small as possible for reasons of tolerance the
      angular error can be limited.
PAR  In FIG. 4 the plane surfaces 13', 14' are in close contact with each other,
      whereas the conical surfaces 9', 10' show some small clearance 15'. In
      this way angular errors are avoided, but a radial error limited by the
      clearance between the conical surfaces and their diameters can arise. In
      this case the diameter of the surfaces 9', 10', 13', 14' should be chosen
      small.
CLMS
STM  I claim:
NUM  1.
PAR  1. A releasable, self-locking axial clutch for firmly coupling together two
      shafts comprising:
PA1  two clutch portions each of which is secured to one shaft end and axially
      movable in relation to each other for pressing tightly together,
PA1  an axially displaceable clutch piece means provided between the two clutch
      portions for transmitting a torque therebetween,
PA1  the clutch piece means being in constant rotational engagement with one of
      the clutch portions and axially slidable in relation thereto,
PA1  the clutch piece means and the other of the clutch portions being provided
      with helical teeth means for selflocking engagement in dependence on the
      torque between the clutch portions resulting in drawing the portions
      together, and
PA1  the clutch portions being provided with complementary outwardly and
      inwardly conical surfaces, respectively, for mutual centering of the
      clutch portions when they are drawn tightly together.
NUM  2.
PAR  2. A releasable, self-locking axial clutch according to claim 1 wherein the
      conical surfaces on the two clutch portions are each bordered by a plane
      surface perpendicular to the axial direction of the coupling with the two
      plane surfaces facing each other.
NUM  3.
PAR  3. A releasable, self-locking clutch according to claim 2, wherein the two
      conical surfaces are arranged with such a mutual diametrical relation
      that, when the two clutch portions make perfect contact with each other,
      the two conical surfaces bear against each other whereas the two plane
      surfaces have a certain small clearance between them.
NUM  4.
PAR  4. A releasable, self-locking axial clutch according to claim 2, wherein
      the two conical surfaces are arranged with such a mutual relation that,
      when the two clutch portions make perfect contact with each other, the two
      plane surfaces bear against each other whereas the two conical surfaces
      have a certain small clearance between them.
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ABST
PAL  A coin operated lock includes a casing with collection box and a locking
      mechanism which is operated by a key. A coin in a receiving pocket of a
      sliding carriage, connects parts of the mechansim and allows a bolt to be
      reciprocated upon the rotation of a key. Normally, a spring-biased pawl
      with ratchet blocks movement of the bolt unless a coin link connection is
      established that enables the carriage to ride over the ratchet. Upon
      locking, the key can be removed and the ratchet locks the carriage in
      extended locked position. Upon turning the key from a locked condition,
      the pawl is guided to release the carriage and allow return of the
      carriage with bolt to an unlocked state. The pocket can be adjusted to
      accommodate any size coin or token. The coin falls by gravity from the
      pocket to the box which can be locked or latched. The entire device can be
      easily mounted on the front of most lockers to provide at least minimum
      security.
BSUM
PAR  This invention relates to a coin operated locking device of the type used
      on storage lockers wherein a key to the lock can be removed upon the
      deposit of a coin and when the lock is in locked condition. Upon return of
      the key and unlocking the lock, the coin is released to a collection box
      that can be made accessible for the return of the coin to the user or
      locked with a second lock requiring a different key.
PAR  There is a current need for a universal lock that can be fitted on existing
      lockers such as athletic lockers, storage lockers and other temporary
      facilities requiring at least minimum security. Examples of such need can
      be found in transportation terminals, recreation sites and particularly in
      stores or public areas where free or minimal checking services are
      provided.
PAR  Among the objectives met by the present invention are: the provision of an
      inexpensive lock that can be readily attached to existing standard
      lockers; a lock that can be set to accept coins of different diameters or
      tokens; a lock that has a self-contained coin collection box that can be
      either locked or left accessible to the user upon the unlocking of the
      lock and the return of the key.
DRWD
PAR  The above and other objects are achieved with the structure of the locking
      device disclosed herein and detailed in the drawings in which:
PAR  FIG. 1 is a perspective view of the front of the lock and its housing;
PAR  FIG. 2 is a side elevation of the inside of the lock showing the hinged
      collection box;
PAR  FIG. 3 is an exploded view of the parts of the lock;
PAR  FIG. 4 is an inside elevation of the lock with the bolt retracted;
PAR  FIG. 5 is an inside elevation of the lock with limited movement and without
      a coin inserted;
PAR  FIG. 6 is an inside elevation of the lock being locked after a coin is
      placed in the mechanism;
PAR  FIG. 7 is an inside elevation of the lock in locked condition;
PAR  FIG. 8 is an outside elevation of the lock, with parts removed, being
      operated; and
PAR  FIG. 9 is an outside elevation of the FIG. 8 lock with the coin set being
      changed.
DETD
PAR  In FIG. 1, the housing 1 has a coin slot S and a coin lock mechanism 3 with
      a further coin slot S' that registers with that of the housing 1 when the
      front cover 2 is secured to the housing with peripheral screws as seen in
      FIG. 2. The housing 1 includes a lower hinged portion 5 that forms a
      collection box for coins. A pivoted latching arm 7 with a bent over end
      stop 8 can be swung with the box 5 until the stop 8 catches on rim 9 of
      cover 2 providing access so that a coin can be removed from the box. A
      lock 6 at the side of the box 5 is also provided to retain the box 5 in
      locked condition until authorized collection. Lugs 11 are welded or
      otherwise affixed to the cover 2 to provide holes H so that the device can
      be affixed to a locker by means of special screws or rivets.
PAR  Basically, the coin mechanism 3 has a coin carriage assembly 80 that slides
      horizontally as a unit with bolt 30 until stop plate 40 is held by pawl 50
      (FIG. 5) preventing locking or until the bolt head 33 is extended to
      locked position (FIG. 7) after a coin C has been inserted and the lock
      plug 60 turned 180.degree. by key K.
PAR  The coin carriage assembly 80 has a flanged back plate 85 and a flanged
      front plate 86 with a spacer shim 84 secured by screws between the two
      plates to leave a coin pocket P that receives a coin C through slot S'.
      The back plate 85 has two grooved studs 83 and 87 that fit through angled
      slots 13 and 17 respectively in sliding plate 10. Stud 83 has a washer 16
      and circlip 18 to retain the assembly 80 to plate 10 and stud 87 extends
      through slot 17 of plate 10 as well as the lower aperture of setting lever
      20. Studs 83 and 87 secure assembly 80 to plate 10 and stud 87 is fitted
      with washer 19', circlip 16' and compression spring 21.
PAR  A screw 19 is loosely passed through the upper aperture of lever 20 and
      affixed in a screw threaded hole 27 so that pivoting lever 20 about screw
      19 moves assembly 80 relative to plate 10 and any one of three or more
      holes 29 in plate 10 receive stud 22 on arm 20 and afford settings for the
      assembly 80 which can be adjusted to accommodate coins of three or more
      different diameters. Unless lever 20 is pivoted, the plate 10 and assembly
      80 are moved together when the lock plug 60 is rotated in either
      direction.
PAR  Lock plug 60 has tenon 62 and is fitted in the hole 68 of lock plug housing
      39 which is supported on back cover 2 and held in place by a screw 65 on
      each side of plug 60. The bolt 30 has an enlarged opening 31 that receives
      the housing 39 so that the perimeter of opening 31 rides on the saddles 37
      provided above and below hole 68. Inner and outer shims 29a and 29b
      respectively, hold bolt 30 on housing 39, but allow the former to slide
      along saddles 37.
PAR  Tenon 62 extends through elongated slot 23 of plate 10, and slot 23 is
      oriented vertically. Rotating plug 60, and tenon 62, moves plate 10
      together with assembly 80, back and forth horizontally, whereupon bolt
      head 33 is placed in unlocked and locked positions accordingly with
      respect to rectangular bolt slot R of housing 1. The lock plug assembly
      includes plug 60, housing 39 with shims 29a and 29b, cover plate 75, pawl
      50 and their accompanying parts.
PAR  Plate 10 has a forward reduced portion that is slideably received in the
      recessed face of housing 39. By "forward," it is intended that the bolt 30
      with head 33 when extended to locked position is moved in a forward
      direction.
PAR  The coin pocket is defined by the opposing sides of plates 85 and 86, shim
      84 and a stop plate 40 (FIG. 8). The latter has a beaded head 41 against
      which a coin rim rests, and latching foot 45 of plate 40 has a notch 47
      that rides along the lower edge of elongated slot 13 in plate 10. Screw 49
      passes through side notch 48 and is threaded in the upper aperture at the
      side of bolt 30 to hold plate 40 and bolt 30 together. Compression spring
      32 is held in the lower aperture to bear on housing 39 and plate 40 and
      bias the latter towards shim 84 or the rim of a coin C in the pocket.
PAR  A cover plate 75 with a substantially semi-circular hole 77 is secured to
      the face of housing 39 by screws 74 allowing tenon 62 to extend through
      hole 77. The perimeter of hole 77 defines a path and stop surfaces for the
      tenon 62 when plug 60 is rotated by key K. Since tenon 62 also passes
      through slot 23, it will be appreciated that rotating plug 60 and tenon 62
      through an arc defined by the perimeter of hole 77, results in moving
      plate 10 together with assembly 80 horizontally. The perimeter of hole 77
      acts as a stop for tenon 62 in its extreme clockwise and counter clockwise
      positions.
PAR  Cover plate 75 has a pin 79 that affords a pivot about which pawl 50 turns.
      The pin 79 extends through hole 59 in pawl 50 and receives a spring 55
      with retaining circlip 57, the former being fitted to pivot the pawl 50
      and bias same about stud 79 counter clockwise as seen in FIGS. 4 - 7. A
      ratchet 51 on pawl 50 engages the foot 45 of stop plate 40 preventing the
      plate 10 from sliding beyond the point where foot 45 bears against the
      extreme left side of slot 13. This action is shown in FIG. 5 and takes
      place if the plug 60 is turned without a correct coin being inserted in
      the pocket.
PAR  Thus, the pawl 50 prevents plate 10 from sliding horizontally and because
      bolt 30 is fastened to stop plate 40 by screw 49, any movement of the bolt
      30 to a locked position is also arrested and bolt head 33 cannot be
      extended fully.
PAR  Upon depositing a coin or token of the correct diameter, the rim of the
      coin bears on the beaded head 41 of stop plate 40 and moves the foot 45 to
      the right under ratchet 51 as shown in FIGS. 6 and 8 before the same is
      pivoted clockwise to the FIG. 5 position. The movement of the tenon 62
      along the curved surface 58 of pawl 50 prevents the pawl from pivoting
      counter clockwise to any extent under the influence of spring 55 until the
      tenon 62 is substantially at the top of hole 77. If a coin is bearing on
      head 41, the foot 45 will have passed under ratchet 51 before allowing
      same to fall in the locked position of FIG. 7.
PAR  It will be appreciated that owing to the configuration of hole 77, lock
      plug 60 is rotatable substantially 180.degree. and key K can only be
      removed in extreme locked position. Thus, an operator can remove the key
      when the bolt 30 is in the full locked position of FIG. 7. The ratchet 51
      retains latching foot 45 as seen in FIG. 7 until the key K, plug 60 and
      tenon 62 are turned counter clockwise.
PAR  The counter clockwise movement of the tenon 62 moves plate 10 to the left
      while foot 45, held by pawl 50, slides within slot 13 until coin C falls
      by gravity out of the open bottom of the pocket. The sliding movement of
      the plate 10 is transmitted to move shim 84 of assembly 80 to the left to
      enlarge the pocket. Shim 84 normally bears on a coin rim opposite from
      beaded head 41 to retain the coin (FIG. 8) so that it can function as a
      link between assembly 80 and plate 40 with lock 30.
PAR  After the coin has dropped to box 5 and the plug 60 turned, tenon 62 swings
      in a counter clockwise arc to bear on curved surface 58 of pawl 50 and
      pivot same clockwise about stud 79 and against the bias of spring 55. This
      pivoting movement of pawl 50 and ratchet 51 releases foot 45, whereupon
      spring 32 urges bolt 30 to the left in FIGS. 4 - 7 and withdraws bolt head
      33 to the position of FIG. 4.
PAR  The coin setting lever 20 can be set with stud 22 in any one of the three
      or more holes 29 by lifting lever 20 against the bias of spring 21 which
      moves shim 84 towards stop plate 40 (FIG. 9). The hole at the extreme
      left, for example, can be for quarters, the hole at the extreme right for
      dimes and the intermediate hole can be for nickels. Obviously coins or
      tokens of any diameter can be accommodated merely by machining holes 29 at
      the required points in plate 10. A sticker can be affixed on the front of
      the device to indicate the appropriate coin or token.
PAR  If a coin larger than the setting is attempted to be inserted in slots S
      and S', the pawl foot 52 bearing on foot 45 as shown in FIG. 4, makes it
      impossible for the device to accept such a coin. A smaller coin than that
      of the setting would fall by gravity to box 5 making it impossible to lock
      the device and become captive or if box 5 is left unlocked, the coin could
      be retrieved.
PAR  It will be appreciated that the cover 2 is fastened to the back of a
      conventional locker door with the lock plug 60 exposed at the front of the
      door. The remainder of the lock, including the housing 1, is normally
      located within the locker so that an operator first opens an unlocked door
      to have access to the storage space, next a coin or token is deposited and
      the door is closed. The operator then turns and removes the key, locking
      the door until return.
PAR  The above description and drawings disclose several embodiments of the
      invention. Specific language has been employed in describing the several
      figures. Nevertheless, it is to be understood that no limitations of the
      scope of the invention is thereby contemplated for the various alterations
      and modifications may be made as may occur to one skilled in the art to
      which the invention relates.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coin operated lock device comprising a lock case and a bolt slideably
      mounted in said case between a sliding plate and a cover, said bolt being
      horizontally reciprocable to a forward locked direction and to a rear
      retracted direction responsive to the rotary movements of a lock plug of a
      lock plug assembly supported on said cover, said plug having a tenon and
      said tenon extending through slot means in said sliding plate, whereby the
      rotary movements of the tenon are transmitted to substantially horizontal
      movements of said plate, a spring-biased pawl being pivoted to said lock
      plug assembly and a coin carriage assembly being mounted on said sliding
      plate, a stop plate connected to said bolt and having a horizontal foot
      that is slideably received in an elongated slot of said sliding plate for
      limited movement therein, a coin receiving pocket being formed in said
      carriage assembly with said stop plate at the forward side of the pocket,
      said pawl having a ratchet that is biased to normally engage the foot of
      said stop plane and prevent horizontal movement of the stop plate together
      with the sliding plate and carriage assembly, the foot of said stop plate
      being positioned to allow said ratchet to ride over the foot when the edge
      of a coin in said pocket bears on said stop plate and urges same in the
      forward direction, the diameter of the rim of said coin comprising link
      means between said carriage and said stop plate, said link means being
      movable together with the stop plate carriage assembly and lock bolt to
      the latter's extended locked position in the forward direction by said
      tenon during rotation of said plug.
NUM  2.
PAR  2. The device of claim 1, wherein said coin carriage assembly includes a
      front plate, a back plate and a spacer shim between said front and back
      plates, said sliding plate having spaced apart oblique slots that receive
      corresponding studs of said carriage assembly, lever means pivoted to said
      sliding plate and said lever means being connected to one of said studs
      whereby pivoting the lever means moves said carriage assembly with respect
      to both said sliding plate and said stop plate, means for retaining said
      carriage assembly in any one of a plurality of settings whereby coins of
      different diameters are accepted in said pocket.
NUM  3.
PAR  3. The device of claim 1, wherein said lock case has a hinged box
      positioned below the coin pocket of said carriage assembly and said
      carriage is movable from a forward position to a retracted position
      allowing a coin in said pocket to fall by gravity to said box.
NUM  4.
PAR  4. The device of claim 3, wherein said stop plate has a beaded head that
      extends in said pocket to engage the rim of a coin and retain same in the
      pocket.
NUM  5.
PAR  5. The device of claim 1, wherein said lock plug assembly comprises a key
      receiving plug rotatably mounted in a locking plug housing which is
      affixed to said lock case.
NUM  6.
PAR  6. The device of claim 5, wherein a cover plate with a substantially
      semi-circular hole is affixed to said plug housing and said tenon is
      movable along a curved perimeter surrounding the hole in the cover plate
      when said plug is rotated, said perimeter affording stops that limit the
      rotations of the tenon and said plug to substantially 180.degree..
NUM  7.
PAR  7. The device of claim 6, wherein said cover plate has a pivot and said
      pawl is turnable on said pivot, said pawl having a curved surface that is
      engaged by said tenon during rotation of said plug, said pawl being spring
      biased and said ratchet being urged downwardly into latching engagement
      with said foot when the bolt is in either a retracted or locked position.
NUM  8.
PAR  8. The device of claim 5, wherein said bolt has an enlarged opening and
      said lock plug housing is fitted in said enlarged opening, said bolt being
      slideable on said housing to a forward locked position and to a rearward
      unlocked position.
NUM  9.
PAR  9. The device of claim 8, wherein compression spring means extends through
      one side of said bolt, said spring means bearing on said stop plate and
      said plug housing to urge the stop plate and bolt in a rearward retracted
      direction within said enlarged opening.
NUM  10.
PAR  10. A coin operated lock device comprising a lock case and a bolt slideably
      mounted in said case adjacent a sliding plate within said case, said bolt
      being horizontally movable to a forward locked direction and to a rear
      retracted direction responsive to the rotary movements of a lock plug
      assembly of said device, said plug having a tenon and said tenon extending
      through slot means in said sliding plate, whereby the rotary movements of
      the tenon are transmitted to substantially horizontal movements of said
      plate, a spring-biased pawl being pivoted to said lock plug assembly and a
      coin carriage assembly being mounted on said sliding plate, a stop plate
      connected to said bolt and having a horizontal foot that is slideably
      received in an elongated slot of said sliding plate for limited movement
      therein, a coin receiving pocket being formed in said carriage assembly
      with said stop plate at the forward side of the pocket, said pawl having a
      ratchet that is biased to normally engage the foot of said stop plate and
      prevent horizontal movement of the stop plate together with the sliding
      plate and carriage assembly, the foot of said stop plate being positioned
      to disengage with said ratchet and to avoid the foot when the edge of a
      coin in said pocket bears on said stop plate and urges same in the forward
      direction, the diameter of the rim of said coin comprising link means
      between said carriage and said stop plate, said link means being movable
      together with the stop plate, carriage assembly and lock bolt to the
      latter's extended locked position in the forward direction by said tenon
      during rotation of said plug.
NUM  11.
PAR  11. The device of claim 10, wherein the coin pocket is an elongated slot
      that extends substantially parallel to the direction of sliding movements
      of said bolt.
NUM  12.
PAR  12. The device of claim 11, wherein said casing includes a cover and a
      housing, said cover having means for attaching the device to a locker
      door, said housing having a coin slot opening positioned above and in
      substantial alignment with said pocket.
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ABST
PAL  In high-speed serial-type wire printer with platen for backing
      impression-receiving media and carriage for traversing print head having
      printing wires reciprocable at right angles to platen to effect
      impressions against media along a print line on platen; a print head
      mounted on the carriage for independent movement perpendicular to print
      line, biasing means urging print head away from platen, and a plurality of
      individually selected rotatable stop members on a shaft in a series
      extending for length of platen, the shaft being carried by adjustable
      bearings to insure its being axially parallel to platen, with each stop
      member comprising polyhedron presenting plurality of peripheral faces each
      differently spaced from shaft, and a roller on print head for engagement
      with stop member faces by the biasing means, the print head thereby being
      maintained a predetermined distance from the media during traversing of
      carriage regardless of the thickness of the media so as to accommodate
      media of different thicknesses. A pair of secondary rollers on carriage
      equidistantly spaced transversely on opposite sides of roller on print
      head are resiliently maintained in engagement with a rail on machine frame
      by the biasing means to stabilize and prevent canting of carriage and
      print head. Each stop member detented by spring pawl engaging in
      peripheral transverse slots separating faces of stop member, with a bail
      movable by any spring pawl not engaging a slot to open a control switch to
      prevent machine operation unless all stop members are in an operative
      position presenting one of their faces for engagement by the print head
      roller.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to high-speed serial-type wire printers,
      and more particularly to media thickness compensation means for insuring
      maintenance of the print head a predetermined distance from the
      impression-receiving media surface regardless of the thickness of the
      media.
PAR  2. Description of the Prior Art
PAR  Some high-speed serial-type wire printers are designed to accommodate
      different thicknesses of impression-receiving media either at different
      times or simultaneously, such as accounting machines for printing on a
      tally sheet and, as a part of the same operation, on a pass book. To
      accommodate such different thicknesses of media, the print head has been
      mounted on its carriage, which is movable transversely of the platen along
      a print line, for additional movement relative to the carriage
      perpendicular to the print line, and provided with spring means urging the
      print head toward the platen and sensing means for engaging the print or
      impression-receiving surfaces of the media that are backed by the platen.
      In one such machine, a roller is mounted on each side of the rear or
      printing end of the print head, but this results in inaccurate positioning
      of the printing ends of the wires for the lateral distance between the
      wires and the center of the roller on the advancing side of the print head
      and also causes lateral torque or bending forces being imposed on the
      print head whenever only one of the rollers is in engagement with the
      media.
PAR  Another prior art machine is that disclosed in U.S. Pat. No. 3,750,792
      which provides a flexible tape spring-urged into contact with the
      impression-receiving media that is backed by the platen, and a sensing
      finger on the rear or printing end of the print head which engages the
      tape. This results in an artificial gradual movement of the print head
      perpendicular to the print line rather than the actual abrupt transition
      between media of different thicknesses, due to the nature of the tape.
      Both of these prior art machines also are unsatisfactory because in being
      spring-urged into engagement with the impression-receiving surfaces of the
      media, the sensing rollers and finger cause streaking of the lower sheets
      of multiple sheet forms having carbon or other pressure-responsive
      reproducing means incorporated therein.
PAC  SUMMARY OF THE INVENTION
PAR  This invention eliminates the objectionable features of the prior art by
      providing media thickness compensation means which does not engage the
      impression-receiving media but comprises adjustable stop means mounted on
      a shaft parallel to the platen and spaced forwardly therefrom, and biasing
      means for resiliently uring the print head away from the platen and into
      engagement with the stop means. A roller is mounted on a vertical axis on
      the print head for such contact with the stop means, with that roller axis
      being laterally centrally aligned with the printing wires to effect sharp
      and accurate transitional movements of the print head perpendicular to the
      print line. In order to prevent canting or twisting in a horizontal plane
      of the carriage and the print head due to such sharp movements, a rail is
      mounted on the machine frame parallel to the platen, and a pair of
      secondary rollers are mounted on the carriage on opposite sides,
      respectively, from the print head roller which are resiliently maintained
      in engagement with the rail by the print head biasing means. The
      adjustable stop means comprises a shaft mounted on the frame by bearings
      adjustable to insure parallelism with the platen, and a plurality of
      individual stop members rotatable on the shaft in a series extending for
      the length of the platen, with each being a polyhedron presenting a
      plurality of peripheral faces each differently spaced from the shaft.
      Detenting means are provided for retaining each stop member in selected
      operative position, and a bail is mounted for actuation by any one of the
      detenting means which is not retaining its stop member in an operative
      position to open a normally closed control switch to automatically prevent
      machine operation unless all of the stop members are in an operative
      position.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a front elevation of media thickness compensation means embodying
      this invention, with parts of the machine frame in section;
PAR  FIG. 2 is a detail vertical section taken substantially on the line 2--2 of
      FIG. 1 on an enlarged scale and with parts broken away;
PAR  FIG. 3 is a detail plan view, with parts broken away, as seen from the line
      3--3 of FIG. 2; and
PAR  FIG. 4 is a detail vertical section taken substantially on the line 4--4 of
      FIG. 1 on an enlarged scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to FIG. 2, reference numeral 11 indicates in
      general a high-speed serial-type printer, preferably like that in
      copending application for U.S. pat. Ser. No. 313,248, filed Dec. 8, 1972,
      although any other wire printer such as that disclosed in U.S. Pat. No.
      3,750,792 may have the present invention incorporated in it. For purposes
      of the instant disclosure, the printer 11 includes a print head 12 mounted
      for horizontal front-to-rear movement on a carriage 13 that is movable
      transversely along a print line on a platen 14, the details of which form
      no part of this invention. The print head 12 includes printing wires
      reciprocable in a plane substantially at right angles to the surface of
      the platen 14 to effect impressions on media 15 shown in FIG. 2 as being
      backed by the platen. These several parts are mounted in well known manner
      on the machine frame, which is herein illustrated as including vertical
      side frame members 16, and secured in any desired manner to the frame
      members 16 is a transverse rail 17 which is parallel to the platen 14. As
      noted, the specific means for traversing carriage 13 and its print head 12
      along a print line defined by platen 14 and for actuating the printing
      wires longitudinally to effect impressions against media backed by the
      platen are not part of this invention so that they are not illustrated
      herein.
PAR  Means are provided, as previously indicated, for mounting the print head 12
      on the carriage 13 for movement relative thereto perpendicular to the
      print line on the platen 14 which comprises a suitable slide member 18
      depending from the print head and having a forward extension 19 with a
      central horizontal slot receiving a roller 21. The roller 21 extends
      forwardly (to the left in FIG. 2) beyond the front edge of the slide
      extension 19 and is rotatably mounted on a spindle 22 carried by the
      latter. Interposed between the slide extension 19 and the carriage 13, as
      best seen in FIG. 3, is a biasing means comprising a pair of coil springs
      23 having their ends housed in suitable guide apertures equidistantly
      spaced laterally from the axis of roller 21. If desired, additional guide
      means for sliding movements of the print head 12 relative to the carriage
      may take the form of pins 24 slidably received in suitable horizontal
      apertures in the adjacent portions of the carriage 13 and slide extension
      19. As seen in FIGS. 2 and 3, a pair of secondary rollers 25 are rotatably
      mounted in suitable slots in the carriage 13 to extend rearwardly
      therefrom for engagement with the rail 17. These secondary rollers 25 are
      equidistantly spaced transversely from, and on opposite sides of, the
      roller 22 and are resiliently maintained in engagement with the rail 17 by
      the biasing means 23. It thus will be seen that the biasing means 23
      resiliently urges the print head 12 forwardly away from the platen 14,
      such movement being limited by the roller 21 in a manner now to be
      described, and the biasing means also maintains guiding engagement of the
      rollers 25 with the rail 17.
PAR  Forward movements of the roller 21 by the biasing means 23 are limited to
      accommodate different thicknesses of impression-receiving media 15 by
      media thickness compensating means indicated generally in FIGS. 1 and 2 by
      reference numeral 26 and comprising adjustable stop means in the form of a
      plurality of individual stop members 27 rotatable on a shaft 28 in a
      series extending for the length of platen 14. It is essential that the
      print head 12 be held to extremely accurate positions relative to platen
      14 and, to this end, the shaft 28 must be mounted exactly parallel to the
      platen. This is accomplished by providing an adjustable bearing block 29
      secured in any suitable manner to each side frame member 16, with each
      block having a horizontally elongated aperture 31 (FIG. 4) engaging an end
      of shaft 28 and opposed screw means 32 engaging the shaft and adjustable
      to insure mounting of the shaft axially parallel to the platen.
PAR  Each individual stop member 27 (FIG. 2) is in the form of a polyhedron and
      comprises a cylindrical hub 33 rotatable on the shaft 28 and a web 34
      joining the hub and a plurality of peripheral faces 35, each differently
      spaced from the hub and, therefore, from the shaft 28. It is preferred
      that each stop member 27 be formed from a suitable plastic and, in the
      illustrated embodiment, with seven faces 35 and adjacent faces separated
      by transverse grooves 36. The face 35 engaged by roller 21, as shown in
      FIG. 2, is the only one on that stop member 27 that is in active position,
      and it is illustrated as maintaining the rear or right hand end of the
      print head 12 spaced from platen 14 the desired minimum distance to
      accommodate an impression-receiving media 15 of minimum thickness.
      Therefore, the radial distance of that active face 35 in FIG. 2 from the
      shaft 28 is the maximum, and the radial distance of each successive face
      35 therefrom in a counterclockwise direction decreases incrementally, with
      the seventh such face being the closest to the shaft so as to determine
      the position of the print head to be a maximum distance from the platen
      when that seventh face is in active position. To facilitate manual
      adjustment of the stop members 27, suitable identifying indicia 37 are
      inscribed on the several faces 35, preferably with 1 on that farthest from
      shaft 28 and successively around to 7 on the face spaced most closely to
      the shaft and adapted to permit the biasing means 23 to position the rear
      end of the print head 12 in proper cooperative relation to a maximum
      thickness of impression-receiving media 15 backed by platen 14. A specific
      arrangement found to be satisfactory for commercial usage is to provide
      for a range of print head movement of 0.024 inch between minimum and
      maximum spacing of the front end thereof from the platen. To attain this
      with the illustrated embodiment, the 2 face 35 of each stop member 27 is
      0.003 inch closer to shaft 28 than its 1 face 35, which is shown in FIG. 2
      in active position; the 3 face is 0.003 inch closer to the shaft than the
      2 face; the 4 face is 0.004 inch closer to the shaft than the 3 face; the
      5 face also is 0.004 inch closer than the 4 face; and the 6 and 7 faces 35
      are successively 0.005 inch closer to the shaft 28 than the respective
      preceding lower numbered face.
PAR  Thus, those stop members 27 that are aligned from front to rear of the
      machine with any impression-receiving media 15 backed in printing position
      by the platen 14 may be selectively adjusted rotatably on shaft 28 to
      dispose in active position their particular faces 35 which will insure
      proper positioning of the printing end of print head 12 relative to that
      specific media. It will be appreciated that media of different individual
      thicknesses may be mounted in the machine in different locations along the
      platen 14 at the same time, but so long as the stop members 27 that are
      aligned therewith are properly adjusted to dispose their faces 35 that are
      space-related to that particular media thickness in operative position,
      transverse movement of the carriage 13 will automatically be accompanied
      by proper movement of the print head 12 relative to the carriage
      perpendicular to the print line on the platen as the print head moves
      laterally from one media to that next adjacent to it. This will be a sharp
      movement of the print head toward or away from the platen to accurately
      accommodate media of different thicknesses, rather than the gradual
      movement obtained with the prior art means previously noted that prevents
      printing on marginal portions of the media. Incidentally, since the widths
      of most impression-receiving media are in whole or half inches, the
      individual stop members 27 preferably are one-half inch wide. And it will
      be appreciated that because the media thickness compensation is effected
      by rolling contact of the roller 21 with the stop member faces 35, there
      can never be any marking of, or damage to, the media.
PAR  Detent means are provided for retaining the stop members 27 in selected
      operative positions which comprises a spring pawl 38 for each stop member
      (FIG. 2) having one end secured to the machine frame and a free end
      engageable in the grooves 36 of the associated stop member. To facilitate
      manufacture and assembly, a plurality of the pawls 38 are formed as an
      integral stamping from a sheet of spring steel with the lower marginal
      edge (FIGS. 1 and 2) uncut and attached, as by screws or the like 39, to
      the upper face of a transversely extending bar 40 having downturned ends
      41 (FIG. 2) secured in any suitable manner to the side frame members 16.
PAR  A bail having legs 42 pivotally mounted at 43 in the side frame members 16
      and a transversely extending portion 44 is resiliently held in an upper,
      inoperative position (FIG. 2) by spring means 45 secured at their lower
      ends to the legs 42 and at their upper ends to the frame members 16. This
      bail 42, 44 also has a switch operating portion 46 overlying the actuating
      member of a normally closed control switch 47 mounted on one of the side
      frame members 16 and suitably connected in series with the machine motor
      (not shown). With such construction, whenever any detend pawl 38 is not
      engaging in one of the groves 36 to hold one of the faces 35 of its
      associated stop member 27 in operative position, its upper end will have
      been moved downwardly by its stop member to swing the bail 42, 44, 46
      against the spring means 45 to open the control switch 47. Damage to the
      parts of the machine which might occur because of inaccurate positioning
      of any of the selectively operable stop members 27 thus is prevented.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description, and it will be apparent that
      various changes may be made in the form, construction and arrangement of
      the parts without departing from the spirit and scope of the invention or
      sacrificing all of its material advantages, the form hereinbefore
      described being merely a preferred embodiment thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a high-speed serial-type wire printer having a frame, a platen
      mounted on said frame for backing impresseion-receiving media, a carriage
      movable transversely of said platen, a print head carried by said carriage
      with printing wires reciprocable in a plane substantially at right angles
      to the surface of said platen to effect impressions against said media
      during transverse movement of the print head by said carriage along a
      print line on said platen; media thickness compensation means for
      maintaining said print head a predetermined distance from said media
      regardless of the thickness of the latter to accommodate media of
      different thicknesses disposed along said print line, comprising means for
      mounting said print head on said carriage for movement relative thereto
      perpendicular to said print line, biasing means for resiliently urging
      said print head away from said platen, and adjustable stop means
      engageable by said print head in response to said biasing means, wherein
      said adjustable stop means comprises a shaft mounted on said frame axially
      parallel to said platen, and a plurality of individual stop members
      rotatable on said shaft in a series extending for the length of said
      platen, and wherein each said stop member comprises a polyhedron
      presenting a plurality of peripheral faces each differently spaced from
      said shaft.
NUM  2.
PAR  2. In a media thickness compensation means according to claim 1, a roller
      rotatably mounted on said print head for engagement with said stop member
      faces, said biasing means urging said roller into engagement with said
      stop member faces.
NUM  3.
PAR  3. In a media thickness compensation means according to claim 2, a rail
      secured to said frame parallel to said platen, and a pair of secondary
      rollers mounted on said carriage equidistantly spaced transversely on
      opposite side, respectively, from said roller and resiliently maintained
      in engagement with said rail by said biasing means.
NUM  4.
PAR  4. In a media thickness compensation means according to claim 1,
      identifying indicia on said face of each said stop member indicating a
      particular media thickness with which said print head will be properly
      positioned when that stop member face is in operative position.
NUM  5.
PAR  5. In a media thickness compensation means according to claim 1, wherein
      each said stop member is manually rotatable to position any selected said
      face in operative position relative to said print head, detent means for
      frictionally retaining said stop members in selected operative positions.
NUM  6.
PAR  6. A media thickness compensation means according to claim 5, wherein
      adjacent faces of each said stop member are separated by transverse
      grooves, and said detent means comprises a spring pawl for each said stop
      member having one end secured to said frame and a free end engageable in
      said grooves of the associated said stop member.
NUM  7.
PAR  7. In a media thickness compensation means according to claim 6, a normally
      closed control switch, a bail having legs pivotally mounted on said frame,
      a transversely extending portion engageable with said free ends of said
      pawls, and a switch operating portion, and spring means resiliently
      holding said bail in an inoperative position, whereby rotation of any stop
      member to any position in which none of its said faces is in operative
      position will move its associated said pawl to swing said bail against
      said spring means to open said control switch.
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ABST
PAL  A composite of several materials constructed to form a printing disc, of
      the type used in high speed printers. The printing disc is manufactured in
      separate stages in order to achieve characteristics within the final
      assembly that are necessary for high speed quality printing. The assembled
      printing disc comprises a disc shaped member of flexible plastic. The hub
      of the disc has radially extending arms which each unite with a print head
      character composed of a thin layer of powdered metal or plastic zinc
      plated with a layer of metal.
PARN
PAR  This is a division of application Ser. No. 413,782, filed Nov. 8, 1973, now
      U.S. Pat. No. 3,859,712.
BSUM
PAR  This invention pertains to a method of manufacturing a printing disc, to
      the finished printing disc article, and more particularly to a composite
      printing disc assembly that obtains the necessary characteristics for high
      speed quality printing.
PAC  BACKGROUND OF THE INVENTION
PAR  In order to achieve a high speed printing disc, it is necessary to make the
      arms of the disc very flexible and light in weight so as to accommodate
      rapid printing impacts. Many flexible and light weighted plastics are
      available for this purpose. However, if a high quality of printing is also
      a requirement, then it is necessary to have the character face of each arm
      of the disc composed of a material that is hard and durable.
PAR  Because the material requirements for high speed printing and quality
      printing are diametrically opposite, a compromise was originally sought
      for the disc material.
PAR  Many tests, however proved that no adequate compromise could be made.
      Neither was it found possible to plate over the character surface of the
      arms without substantially destroying the crispness of the character
      image.
PAR  Furthermore, the method of electroforming a metallic cover upon the
      flexible plastic character head was not entirely satisfactory, because
      serious cracking developed in the metal after a relatively small number of
      impacts.
PAR  A pure metal print head attached to the plastic arm was not satisfactory.
      The metal print head had the necessary structural strength, but weighed
      too much for high speed printing.
PAR  The present inventive composite printing disc assembly seeks to achieve the
      objective of providing a disc that can operate at high speeds and deliver
      a high quality of printing.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a plastic and metal composite assembly structured in a
      novel manner. The print disc hub with its radially extending arms is
      composed of a flexible plastic such as acetal homopolymer, acetal
      copolymer, or polypropylene. The printing characters are each composed of
      a thin layer of powdered metal or plated plastic zinc, which are fastened
      to the ends of the arms.
PAR  The aforementioned assembly is constructed by first making a disc or ring
      member containing a font of characters annularly arranged thereon. The
      disc of characters is made of powder metal or of plastic zinc. The
      character containing disc is machined to produce a double annular ring
      with individualized character segments disposed therebetween. Next, the
      inner ring of said double ring member is cut-off. A plastic disc hub with
      flexibly extending radial arms is injection molded of a flexible plastic
      such as acetal homopolymer, acetal copolymer, or polypropylene. The
      character segments are then placed upon the flexible arms and bonded
      thereto. To obtain a completed disc, the remaining annular ring is removed
      from the plastic-metal composite structure by a cutting operation.
PAR  It is an object of the invention to provide an improved printing disc;
PAR  It is another object of this invention to provide a novel compositely
      assembled printing disc, and a method of making same.
PAR  It is still a further object of the invention to provide a high speed
      printing disc providing a high quality of printing.
DRWD
PAR  These and other objects of this invention will become more apparent and
      will be better understood with reference to the following detailed
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a partial top view of a powdered metal disc having a font of
      characters arranged annularly thereon;
PAR  FIG. 2a is an enlarged sectional view of FIG. 1 taken along lines 2--2;
PAR  FIG. 2b is the enlarged sectional view of FIG. 2a showing a machined cut
      therein;
PAR  FIG. 2c is the enlarged sectional view of FIG. 2b showing an additional
      machined cut therein;
PAR  FIG. 3 is an enlarged perspective view of the disc of FIG. 1 after the
      machined cut of FIG. 2b;
PAR  FIG. 4 is a partial top view of a plastic disc having a plurality of
      flexible arms extending radially therefrom;
PAR  FIG. 5 is a partial enlarged perspective view of the proposed assembly of
      the structural members shown in FIGS. 2c and 4.
PAR  FIG. 6 is a partial top view of the assembled structural members of FIG. 5;
      and
PAR  FIG. 7 is a partial side view of the assembly of FIG. 6 with the outer ring
      section removed.
DETD
PAR  Now referring to FIG. 1, a powdered metal disc 10 is shown having a font of
      characters 9 annularly arranged about a peripheral portion thereof. The
      powdered metal disc is formed with two V-grooved slots 11 and 12,
      respectively, and with depressions 14 disposed between the characters 15.
      The depressions 14 between the characters 15 are grooved deeper into the
      metal of disc 10 than the V-grooves 11 and 12, as illustrated in FIG. 2a.
PAR  The disc 10 then has a section 16 machined from beneath the font of
      characters 9 (FIG. 2b) to provide the structural member shown in FIG. 3.
PAR  Because depressions 14 were deeper than grooves 11 and 12, (FIGS. 1 and 2a)
      the characters 15 have become individually separated from each other when
      section 16 is removed from disc 10 the characters 15 are now separated by
      channel 20 as illustrated in FIG. 3.
PAR  The removal of section 16 is accomplished by first partially machining the
      metal from under the font of characters, so that the full depth of section
      16 is not reached. The remaining metal is then hardened. The rest of
      section 16 is removed by electrical discharge machining methods.
PAR  Next, the inner disc structure 17 is removed from the disc along surface
      18, leaving the font of characters attached only to outer ring 19 as shown
      in FIG. 2c and as illustrated in the upper half of FIG. 5.
PAR  FIG. 4 depicts a molded disc 21 of flexible plastic. The disc 21 has a
      plurality of radially extending arms 22. The end portions 24 of the arms
      22 have a molded face 23 for receiving the characters 15 attached to ring
      19 (FIGS. 4 and 5).
PAR  FIG. 5 illustrates the joining (arrows 25) of a typical character 15 with a
      typical arm 22 about is end portion 24. Face 23 of end portion 24 acts as
      a seat for the back face 26 of character 15.
PAR  Tabs 27 and 28 of the character 15 nest within recesses 29 and 30,
      respectively, of portion 24.
PAR  The portion 24 has plastic toes 31, which are deformed over the respective
      tabs 27 and 28, by applying a heated forming tool thereto. This results in
      firmly achoring the tabs 27 and 28, and hence character 15, to said end
      portion 24 of arm 22 (see FIG. 7).
PAR  The resulting composite assembly of the joined structures 15 and 24 of FIG.
      5, is illustrated in FIG. 6. The metal characters 15 are now each
      "molded-in" with a corresponding end portion 24.
PAR  The last machining step necessary to provide a completed printing disc,
      requires the removal of outer ring 19. This is accomplished by cutting
      ring 19 from surfaces 32 at the crown of the end portion 24 (see FIG. 7).
PAR  FIG. 7 shows a typical character composite print head 33 with the character
      15 firmly secured to face 23 of end portion 24 of arm 22. Note that ring
      19 has been removed from surface 32.
PAR  The character disc or ring 10, can be manufactured according to powder
      metallurgical techniques or super plastic techniques as follows:
PAC  METHOD A - POWDER METALLURGICAL PROCESS
PAR  The character elements are produced by any suitable powder metal process
      (such as that shown in Standard R 3751 of Pitney-Bowes, Inc., Stamford,
      Connecticut) which includes the compression of metallic and nnon-shaped
      metallic powders, generally while confined in a die where a shape is
      formed and then bonded by heating (sintering) to produce structurally
      sound components. This process can accommodate a wide variety of
      materials, with high surface finishes and close tolerances. This will
      allow character elements, type, etc. produced by this method to have high
      precision and detail which will be compatible to post thermal treatments
      for increased surface and core properties or post coatings for increased
      surface properties. Post treatments will increase the performance of the
      character elements. Examples of materials which can be used are as
      follows:
PAR  A. O. Smith-Inland, Inc., Milwaukee, Wisconsin 46F2-50 Pre-Alloyed Powder
TBL  Chemical Analysis:                                                        
     ______________________________________                                    
     Fe                     Bal                                                
     Mn                     .50%                                               
     P                      .01%                                               
     S                      .02%                                               
     Mo                     .55%                                               
     C                      .50%                                               
     ______________________________________                                    
PAR  or
PAR  Hoeganaes, Corp., Subsidiary of Interlake Inc., Riverton, New Jersey
      Ancorsteel 4650v Powder
TBL  Fe               96.9%                                                    
     Ni               1.8%                                                     
     Mo               0.5%                                                     
     Mn               0.20%                                                    
     C                0.50%                                                    
     S                0.018%                                                   
     P                0.01                                                     
PA1  Density: Any density that would allow for a soundly sintered compact could
      be utilized. We recommend a density of 7.0 gm/cc so that the
      interconnected porosity is kept at a minimum, while retaining good detail
      of the character.
PA1  Thermal Treatment: Any suitable thermal treatment or hardening process such
      as that found in Pitney Bowes Standard D 1122 of Pitney Bowes, Inc.,
      Stamford, Connecticut.
PAR  This treatment or similar treatments will increase the core and surface
      hardness and mechanical properties.  This treatment will prevent the
      characters from peening or failing in compression, i.e., exceeding the
      compressive yield.
PA1  Post Coating: Any suitable post coating for further increasing the wear
      resistance is used, such as a Pitney Bowes Standard D 1322 "Chromium
      Plate-Wear Resistant" surface. A "Borkote" surface which will do the same
      as above. Borkote is a boride diffusion coating marketed by Kennametal
      Inc., Latrobe, Pennsylvania. When processed on iron, it produces an iron
      boride Fe B which has a hardness greater than 1500 DPH units or greater
      than 75 Rockwell C. This coating is a diffusion coating into the original
      surfaces and, therefore, offers good thermal and mechanical shock
      resistance, and vibration and fatigue resistance.
PAC  METHOD B: SUPERPLASTIC PROCESS
PAR  The superplastic process utilizing a thermal compression forming technique
      is capable of producing character with clear details.
PA1  Material: Superplastic zinc alloys produced by New Jersey Zinc. Specific
      alloys: SPZ 200, SPZ 300, SPZ 400, or Other superplastic alloys such as
      brass type, stainless steel type, etc.
PA1  Post Coating: Any suitable coating is applied to increase the mechanical
      wear, such as a Pitney Bowes Standard D 1322 "Chromium Plate-Wear
      Resistant:.
PAR  The spirit and scope of the invention should not be limited to any obvious
      changes or modifications which would occur to those skilled in the art.
      The invention should be interpreted with respect to the following appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A plastic and metal printing disc assembly constructed of a composite of
      structural members, said printing disc assembly comprising:
PA1  a plastic disc shaped member having a hub portion which supports a
      plurality of flexible arms radially extending outwardly from said hub
      portion, an outer end of each of said arms having an end portion for
      receiving a type character member upon a flat face of each of said end
      portions, said end portions each having four corners, each of which
      contains a toe, each said face having two sloping recesses, each recess
      being disposed between two toes; and
PA1  a plurality of metal type character members annularly arranged with respect
      to each other, and each having two oppositely extending tabs, each tab
      nesting within a sloping recess of a corresponding end portion, said toes
      of each end portion being formed over said tabs to provide composite
      individual type and arm structures, said metal type character members each
      having a coating to provide a wear resistant surface thereon.
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ABST
PAL  A line feed mechanism for use with high speed, lead screw driven printers,
      such as of the dot matrix type, utilizes a solenoid with a dual pivotal
      armature to effect the coupling of a uniquely mounted and eccentrically
      displaceable platen gear to a lead screw connected gear. As such, single
      or multiple platen controlled line feeding is effected in a manner which
      is correlated with the linear advancement of the carriage-mounted and lead
      screw-driven print head. The pivotal armature, when actuated, is also
      employed to hold a detent lever out of engagement with a ratchet wheel
      associated with the platen during multiple line feeding. This
      advantageously obviates the "clatter" sound otherwise generated, with but
      one solenoid being required for both variable line feeding and ratchet
      wheel release. As the stepping motor for the lead screw may be readily
      controlled for bi-directional rotation, so to may the silently operated
      platen be rotated, independently of carriage position, so as to allow
      various specialized printing and line scanning operations to be performed.
PARN
PAR  This application is a continuation of my copending application, Ser. No.
      468,048, filed May 8, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to printer apparatus and, more particularly,
      to a line feed mechanism therefor.
PAR  2. Description of the Prior Art
PAR  There have been a number of different types of automated line feed
      mechanisms proposed and/or employed heretofore to periodically rotate a
      typewriter or a printer platen and, thereby, through frictional (or
      sprocket wheel) contact with a worksheet (or roll of paper) advance the
      latter either one or a limited pre-set number of line spaces periodically,
      normally dependent on each return of the carriage to its "home" position.
      Such mechanisms, for example, have often employed a cam-actuated pawl and
      ratchet wheel assembly, which has relied on the inertia produced by either
      a spring or a power returned carriage, to effect incremental single up to
      triple print line rotation of the platen.
PAR  In still other prior line feed mechanisms, a laterally movable stop or
      detent, often supported on a reciprocally driven carriage, has been
      employed to trip or otherwise actuate either associated mechanical or
      electromechanical apparatus which, in turn, effects line feed rotation of
      the platen. In the latter case, the platen has generally been rotated by
      the use of either an actuated pawl-ratchet wheel assembly, or by an
      operable clutch that incorporates an axially displaceable and rotatably
      driven member.
PAR  In all of such prior line feed mechanisms, line feeding is obviously only
      initiated when the carriage passes or arrives at a given point along its
      path of travel, and even then, usually from only a given direction. Such a
      point of carriage initiated platen rotation is typically located at or
      near the first print column position of the printer. It is thus seen that
      many line feed mechanisms employed heretofore have not provided
      selectively controlled, multiple line feeding versatility, i.e., where a
      number of print line advancements of a print medium much greater than two
      or three, for example, may be selectively produced, even when dependent on
      a return of a carriage to its "home" or some other preselected position.
PAR  This deficiency in line feed versatility has been particularly evident in
      high speed printers of the dot matrix type. In such printers, a carriage
      mounted print head is either stepped or continuously driven at a
      relatively rapid rate from one side of the platen to the other during the
      printing of a given line and, thereafter, generally driven even more
      rapidly to its starting or "home" position to commence the printing of the
      next line of information. Because of the speed of such printers, they are
      often used as peripheral equipment in computer systems, or as part of
      terminal station apparatus and, hence, are often involved in printing
      applications where very rapid multiple line feeding would be a great
      advantage, such as in formating, vertical tabulating or editing
      operations.
PAR  Even if prior line feed mechanisms were modified in some way to effect
      variable multiple line feeding, another problem that would normally exist
      is the noise (or clatter) that would be generated by the ratchet-detent
      mechanism necessarily employed to accurately and firmly hold the platen
      (and paper) during the printing of each line. Such noise can become very
      pronounced and objectionable in high speed printers, such as of the dot
      matrix type. By reason of the nature and manner in which most prior line
      feed mechanisms operate, to also selectively bias the detent in question
      out of engagement with the ratchet wheel during multiple line feeding
      would normally require separate poweroperated apparatus, such as an
      operably coupled solenoid, which would not only increase the cost and
      space requirements of, but the power consumed by, the composite line feed
      mechanism.
PAR  An additional problem that would be encountered in any attempt to modify
      most prior line feed mechanisms for more versatile, automated single and
      multiple line feeding applications, is the fact that such apparatus in its
      present form has tended to be rather complex mechanically, expensive and
      bulky. Such apparatus therefore does not readily lend itself to further
      modification and/or the incorporation of additional apparatus to effect
      selectively controlled and quiet multiple line feeding, and still readily
      be accommodated within the very close fitting housings of most high speed
      printers today. Such compactness, of course, is attributable in large
      measure to the utilization of solid state logic circuitry to control the
      printing operations. It, of course, is recognized that optimum line feed
      versatility could be achieved by utilizing a separate stepping motor to
      selectively rotate the platen of a printer independently of the power
      driven carriage. The cost of an additional stepping motor, as well as the
      space requirements therefor, however, would normally rule out that
      solution to line feeding in the highly competative field of high speed,
      low cost and compact carriage driven printers.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, one object of the present invention is to provide an improved line
      feed mechanism in a printer having a rotatable drive gear. The feeder
      effects either single or multiple line feed modes of a platen in
      accordance with a line feed signal. The improved feeder includes a gear,
      the rotational axis of which is shiftable from a first normal position to
      a second position. In the first position the gear is concentric with the
      platen and out of engagement with the drive gear. In the second position
      the gear engages the drive gear and is eccentric to the platen. A modified
      Oldham coupler permits this eccentricity while continuously rotationally
      coupling the gear to the platen. An inhibitor normally prevents free
      rotation of the platen. A shifter shifts the gear axis to the second
      position to engage the drive gear and rotate the platen in response to a
      line feed signal. If the signal persists longer than is necessary to
      effect single line feed, facilities are provided to disable the inhibitor
      to permit free platen rotation until the line feed signal ceases.
PAR  It is a further object of the present invention to provide a versatile line
      feed mechanism for use in high speed printers that can be readily
      controlled to effect single or variable multiple line feeding in a manner
      that is correlated with the travel of an associated carriage, and with a
      very low degree of noise.
PAR  It is another object of the present invention to provide a versatile line
      feed mechanism not only of simplified, rugged and compact size, but which
      is of inexpensive design, minimizes power requirements and does not
      require any pre-set mechanical or electrical adjustments of apparatus at
      fixed positions along the path of travel of a carriage to effect line
      feeding.
PAR  In accordance with one preferred embodiment of the present invention, these
      and other objects are accomplished through the utilization of a solenoid
      with a dual pivotal armature and a uniquely mounted platen gear. More
      specifically, and with reference to use in one illustrative lead screw
      driven dot matrix printer, upon energization of the solenoid, the armature
      is pivoted from a first nonactuated position to a second position to
      effect the coupling of the platen gear to a drive gear coupled to the lead
      screw of the printer. Immediately thereafter, the armature of the still
      energized solenoid is pivoted from the second position to a third position
      so as to also hold a detent lever, after having been cammed out of
      engagement with a then rotated ratchet wheel (secured to the platen of the
      printer), in a non-contacting position until the solenoid is de-energized.
PAR  The platen gear comprises part of a modified "Oldham" coupling and, as
      such, may advantageously be eccentrically displaced, relative to the
      platen support shaft, into periodic engagement with an associated driving
      gear, while remaining continuously rotatably coupled to the platen shaft.
      The timing of such platen gear engagement is preferably correlated with a
      momentary pause or stepped advance of an associated carriage.
PAR  Such a line feed mechanism is thus seen to provide very quiet multiple line
      feeding which at all times is correlated with the travel of the carriage
      in either direction along a given print line. The present mechanism is
      also of simplified and inexpensive design, and consumes a minimum amount
      of power as only one non-power driving solenoid is required, that being to
      control two different operating functions in a very unique manner, namely,
      selective variable line feeding and ratchet wheel release. Further, as the
      stepping motor for the lead screw of the printer may be readily controlled
      for bi-directional rotation, so too may the silently operated platen be
      driven to accomplish more efficiently any one of a number of desired high
      speed line printing and scanning operations.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially broken away perspective view of an illustrative high
      speed dot matrix printer, with some parts being omitted for the purpose of
      illustrating a unique line feed mechanism embodying the principles of the
      present invention.
PAR  FIG. 2 is an enlarged representation of two typical dot matrix alphabetic
      characters as produced on a print medium by the printer of FIG. 1;
PAR  FIG. 3 is an enlarged, side elvational view of the line feed mechanism, and
      particularly illustrates the relative positions of the dual pivotal
      armature of the solenoid and the platen gear when not coupled through the
      intermediate gear to the lead screw of the printer of FIG. 1;
PAR  FIG. 4 is an enlarged, detail front elevational view, partially in section,
      taken along the line 4--4 of FIG. 3, of the main parts of the line feed
      mechanism;
PAR  FIG. 5 is an enlarged, detail view, partially in section, taken along the
      lines 5--5 of FIG. 4, illustrating the non-engaging and engaging (phantom
      line) positions of the platen gear relative both to the intermediate gear
      and platen support shaft;
PAR  FIG. 6 is an enlarged, side elevational view of the line feed mechanism
      embodied herein and illustrates in particular the relative positions of
      the dual pivotal armature of the solenoid and the platen gear when coupled
      to the intermediate gear to effect rotation of the platen;
PAR  FIGS. 7 and 8 are enlarged, fragmentary detail views, partially in section,
      taken along the line 7--7 of FIG. 4, with FIG. 7 illustrating the relative
      positions of a resilient locking pawl and platen ratchet wheel when no
      line feeding is taking place, and with FIG. 8 illustrating the relative
      positions of the same parts during multiple line feeding;
PAR  FIG. 9 is an enlarged, exploded perspective view of the main parts of the
      line feed mechanism that are mounted on and rotatable with the platen
      support shaft, including the eccentrically displaceable platen gear;
PAR  FIG. 10 is an enlarged, plan view of those parts of the line feed mechanism
      depicted in FIG. 9; and
PAR  FIG. 11 is a symbolic representation of the lead screw driven print head of
      the printer depicted in FIG. 1, and illustrates the period in time and the
      position of the print head when the line feed mechanism embodied herein is
      preferably operated to effect normal single line feeds.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  Background - Matrix Printer Construction
PAR  As previously mentioned, the line feed mechanism embodied herein has
      universal application, but for purposes of illustration, it is disclosed
      in connection with a high speed dot matrix printer 15 of the type depicted
      in FIG. 1, and disclosed in greater detail in a commonly assigned and
      concurrently filed copending application of J. L. DeBoo-E. C. Feldy-H. S.
      Grear, Ser. No. 468,046, herein incorporated by reference. Such a printer
      is of the class wherein a print head 16 is mounted on a carriage 17 for
      lateral reciprocal movement in a horizontal direction (X) in front of and
      across the width dimension of a web 18, such as paper in roll stock form,
      or any other suitable record medium on which printing is to take place.
PAR  The carriage 17 is driven along a pair of guide rods 19--19 by means of a
      reversible, rotatably driven lead screw 20 which is coupled to the
      carriage by any suitable means, such as a drive nut (not shown herein).
      For more details about one preferred drive nut-carriage assembly
      applicable for use with a lead screw operated matrix printer, reference is
      made to a commonly assigned and concurrently filed copending application
      of A. F. Lindberg, Ser. No. 468,047, herein incorporated by reference.
PAR  The lead screw 20 is suitably journalled at opposite ends in frame
      structure, such as side plates 21 (only one partially shown), for
      rotation, and is reversibly driven by a power source 22, such as a
      stepping motor, through a suitable drive train which, as depicted,
      comprises a belt-pulley assembly 23. It should be appreciated that as far
      as the present line feed mechanism embodied herein is concerned, the
      carriage mounted print head 16 may be stepped to each successive print
      column position during printing, or driven at a constant speed therealong,
      with the return of the print head to the "home" position being
      accomplished at the same or preferably at a faster speed.
PAR  In the present illustrative printer embodiment, the print head 16 includes
      a vertical column of typically seven print wires, only the bottom and top
      ones being respectively identified by the numerals 24 and 30 in FIGS. 1
      and 3, for use in a 5 .times. 7 dot matrix format (or nine wires in a 5
      .times. 9 matrix). The print wires are selectively actuated by a
      respectively associated electromagnetic actuator assembly, only the first
      and last of seven being respectively identified by the numerals 31 and 37
      in FIG. 1. These assemblies are arranged in a compact, horizontally spaced
      and vertically stepped array so as to correspondingly position the
      essentially horizontally disposed print wires 24-30 in a stepped and
      vertically stacked array as best seen in FIG. 3. For example, actuator
      assembly 31 is lowermost and is closest to a platen 39 (FIG. 1), whereas
      the actuator assembly 37 is uppermost and furthest from the platen.
PAR  As best seen in FIG. 3, each of the actuator assemblies 31-37 includes an
      associated one of a corresponding number of outwardly extending and
      pivotal flat-spring armatures, only the upper portions of each being
      shown, and only the first and last of which are respectively identified by
      the numerals 41 and 47. Each of the print wires 24-30 is connected to the
      upper end of the associated one of the armatures 41-47 in such a manner
      that the armatures alternately and selectively cock (or retract) the
      associated wires in a multi-bored guide block 49, supported on a face
      plate 51, and "fire" the print wires in the designated Z direction as
      required for printing.
PAR  Considered more specifically, each of the armatures 41-47, preferably in
      the form of a flat spring of ferromagnetic material, is affixed at its
      lower end (not shown) to the base of an associated one of a plurality of
      essentially triangularly shaped magnetic cores, only the first and last
      ones of seven being respectively identified by the numerals 61 and 67 in
      FIG. 1. The upwardly and inwardly extending leg portions of each core
      terminate so as to define a pair of spaced, free-ended pole faces which
      are positioned on the rear side of, and when not magnetized, spaced a
      short distance from the upper end of the particular armature associated
      therewith. With the armatures 41-47 and corresponding cores 61-67
      constructed and arranged as described, it is seen that the armatures are
      free to pivot or flex in an arcuate path toward or away from their
      respectively associated core pole faces, which direction depending on the
      presence or absence of a magnetizing force.
PAR  The requisite magnetizing force for attracting each of the armatures 41-47
      against its associated magnetic core pole faces is effected by an
      associated pair of series connected coils, only one coil of the first and
      last of seven pairs being respectively identified by the reference
      numerals 71 and 77 in FIG. 1. The coils of each pair are respectively
      co-axially mounted on the two upwardly and inwardly extending leg portions
      of each associated magnetic core, and when energized, such as by a
      suitable control pulse from a logic control circuit (not shown), cause the
      upper end of the particular one of armatures 41-47 associated therewith to
      be retracted or cocked, in a spring-biased manner, against the then
      magnetized pole faces of the associated core. The resulting spring-biased
      stored energy in each of the armatures 41-47 is thereafter utilized to
      "fire" the associated one of the print wires 24-30 coupled thereto in the
      Z direction during a printing operation. Such firing is preferably
      effected when a momentary release pulse of opposite polarity is applied to
      the pair of coils associated with the particular armature to be released.
PAR  To further assist in maintaining the print wires 24-30 in proper alignment
      during their selective retractable movement, the opening at the upper apex
      of each of the cores 61-67 accommodates an associated vertically extending
      wire guide member, only the first and last of seven being respectively
      identified by the numerals 81 and 87, with each having a wire slot formed
      therein, such as 81a seen in FIG. 1. With the wire guides arranged in such
      a stacked array, it is seen in FIG. 3 that while the lower print wire 24
      (nearest the platen) does not pass through the slot in any guide member,
      the top print wire 30 (furthest from the platen 39), passes through the
      respective slots in all seven guide members.
PAR  As far as understanding the line feed mechanism of the present invention is
      concerned, it will suffice to simply state at this point that in the case
      of a 5 .times. 7 dot matrix print head 16 of the type depicted in FIGS. 1
      and 3, the carriage 17 is stepped or displaced five horizontal dot
      positions for every character print column. During each such advancement,
      selected ones of the seven print wires 24-30 are actuated or "fired"
      on-the-fly so as to drive the ends thereof against an inked ribbon 92, and
      the latter against discrete portions of the paper 18, thereby effecting
      the printing of a dot matrix character corresponding to the actuated print
      wires. For example, and with reference to FIG. 2, it is seen that the top
      leg portion of the letter T in a 5 .times. 7 dot matrix format requires
      dots in all five possible horizontal dot positions identified a to e, and
      the center leg portion thereof requires dots in all seven possible
      vertical dot positions. Similarly, two vertical legs of seven dots and one
      horizontal leg of five dots are required for the letter H.
PAR  After a desired number of dot matrix characters have been printed in a
      given line, the carriage 17 is rapidly returned to a "home" position, to
      the left as viewed in FIGS. 1 and 11, at which time a line feed takes
      place, i.e., the paper 18 is stepped or advanced one or more line printing
      spaces in the Y direction, in preparation for printing a new line of
      character information. As will be described in greater detail hereinafter,
      it is advantageous to effect line feeding after the carriage and print
      head has been indexed at least one character column space to the left of
      the regular margin along which printing is to take place.
PAR  For a more detailed description of the abovedescribed print head, as well
      as suitable operating control circuitry for actuating the print wires,
      none of which is critical or important with respect to an understanding of
      the line feed mechanism of particular concern herein, reference is made to
      the aforementioned DeBoo et al. copending application, and to the patents
      of P. A. Brumbaugh et al., U.S. Pat. Nos. 3,672,482, A. S. Chou et al.,
      3,592,311 and R. S. Bradshaw, 3,217,640.
PAC  Line-Feed Mechanism
PAR  With the foregoing general description of the dot matrix printer as
      background, attention will now be directed to a new and improved line feed
      mechanism 95 for use therewith which embodies the principles of the
      present invention. With reference first to FIGS. 1 and 3, it is seen that
      the line feed mechanism 95 for periodically feeding the paper 18
      selectively one or more lines at a time includes a solenoid 97, with a
      dual pivotal armature 99, a platen gear 102, a pivotal lever 105, an
      intermediate gear 107, and a lead screw gear 109, all mounted directly or
      indirectly on the side frame member 21 (only partially shown) of the
      printer 15.
PAR  Considered more specifically, the intermediate gear 107 is rotatably
      mounted on a stub shaft 111, secured to the side frame member 21, and is
      positioned so as to be in continuously coupled engagement with the lead
      screw gear 109, mounted on one end of the lead screw 20. The solenoid 97
      is recessed within an accommodating opening 113 (FIGS. 3 and 6) of, and
      suitably secured by a bracket assembly 116 to, the side frame member 21.
PAR  As best seen in FIGS. 3 and 5-7, the platen gear lever 105 is pivotally
      supported on a stub shaft 118 secured to the side frame member 21 and, as
      best seen in FIG. 9, has an upper end formed with a hub 121 on which the
      apertured platen gear 102 is mounted for rotation. The hub 121 has an
      over-sized aperture 124, best seen in FIG. 5, which allows the hub and,
      thereby, the platen gear 102 mounted thereon, to move eccentrically (or
      essentially radially) relative to a support shaft 126 of the platen.
PAR  The lower end of the platen gear lever 105 is formed with a detent 128 that
      is continuously spring-biased against an upper end 99a of the dual pivotal
      armature 99, by means of a coil spring 131. The latter is connected at one
      end to a pin 133 suitably secured to the lever 105 and at the other end to
      an outwardly extending tab 99b  formed as an integral part of the armature
      99 (see FIGS. 3, 4, and 6).
PAR  As best seen in FIGS. 3, 6 and 7, the armature 99 has a lower end 99c
      formed with a flange 136. This flange is pivotally coupled by a pin 138 to
      one end of a detent lever 141 (best seen in FIGS. 7 and 8). The detent
      lever 141 is mounted for pivotal movement about a stub shaft 143 secured
      to the side frame member 21 of the printer, and is normally spring-biased
      against a ratchet wheel 144 by means of a coil spring 146. The latter
      spring is connected at one end to a pin 148, secured to an intermediate
      region of the detent lever 141, and at the other end to a pin 149 secured
      to the side frame member 21.
PAR  With the detent lever 141 mounted and biased in this manner, it normally
      resiliently holds the ratchet wheel 144 and, thereby, the platen 39, in a
      fixed rotational position during each line printing period defined between
      successive line feeds. As will presently be seen, and in accordance with
      the principles of the present invention, the detent lever 141 is readily
      held out of engagement with the ratchet wheel 144 whenever multiple line
      feeding is desired so as to eliminate the generation of an otherwise
      annoying "clatter" sound. With respect to the ratchet wheel 144, it may be
      either formed in a peripheral end region of the platen 39 as an integral
      part thereof, or secured thereto as illustrated, by any suitable fastening
      means.
PAR  Attention is now directed in greater detail to the manner in which the
      platen gear 102 is constructed, mounted and coupled for rotation relative
      to the support shaft 126 of the platen 39. With particular reference to
      FIG. 9, it is seen that the platen gear 102 actually forms part of a
      modified "Oldham" couplng, identified generally by the reference 155. As
      embodied in such a coupling, the platen gear 102 advantageously may be
      eccentrically displaced, relative to the platen shaft 126, into periodic
      engagement with the intermediate gear 107 (see the relative positions
      thereof in FIGS. 3 and 6), while remaining continuously rotatably coupled
      to the platen shaft. Such a uniquely operable platen gear greatly
      simplifies the construction of the line feed mechanism. More specifically,
      if that gear were rigidly secured to the platen shaft, then two additional
      gears, at least one of which would have to be mounted for operable
      displacement, would normally be required to couple the platen gear to the
      oppositely rotated intermediate gear 107.
PAR  The platen shaft 126, in addition to the platen gear 102 and the pivotal
      lever 105 on which the gear 102 is rotatably mounted, also includes an
      intermediate coupling member 156, a shaft locking member 157 and an outer
      shaft-coupled member 159. Considered more specifically, the platen gear
      102 has an outwardly protruding pair of diametrically disposed ribs 102a
      that nest within a pair of respectively aligned and accommodating recesses
      156a formed in the intermediate coupling member 156. Similarly, the outer
      coupling member 159 has a pair of diametrically disposed ribs 159a that
      are received within a pair of aligned and accommodating recesses 156b
      formed in the adjacent side of the intermediate coupling member 156.
PAR  As also best seen in FIG. 9, not only the central aperture 124 in the hub
      of the pivotal lever 105, but the central aperture in the intermediate
      coupling member 156 are oversized relative to the diameter of the platen
      shaft 126 so as to allow eccentric, or essentially radial, displacement of
      these parts relative to the platen shaft (see FIG. 5). The locking member
      157 has a rectangular central aperture 157a that allows that member to be
      mounted on the platen shaft 126 for engagement with complementarily shaped
      flat sides 126a of the shaft 126.
PAR  The pivotal lever 105, platen gear 102 and intermediate coupling member 156
      are all held in a stacked or sandwiched relationship between a C-ring 164,
      snapped onto a groove 126b formed in the platen shaft 126, and the locking
      member 157 by means of a support washer 166, a lock washer 167 and a shaft
      nut 168. The latter is threadably advanced along the threaded end of the
      support shaft 126 until it firmly biases the lock washer 167 against the
      adjacent surface of the support washer 166, and the latter against the
      locking member 157 (see FIGS. 4 and 9).
PAR  The outer coupling member 159 has a central aperture that allows that
      member to be coaxially mounted on the peripheral edge of the support
      washer 166. The member 159 is rigidly coupled to the platen support shaft
      126 for rotation therewith by means of a flat washer 169, two locker
      washers 171 and two respectively associated threaded screws 172. The
      screws respectively extend through aligned holes 169a formed in the flat
      washer 169 and aligned arcuate slots 159c formed in the outer coupling
      member 159, and terminate in aligned tapped holes 157b formed in the
      locking member 157. In order for the flat washer 169 to be biased firmly
      against the coupling member 159, the former has an oversized central
      aperture so as to accommodate the previously assembled shaft nut 168
      therewithin (see FIG. 6).
PAR  The arcuate slots 159c are employed to initially angularly orient the
      coupling member 159 and, as a result, also orient the intercoupled platen
      gear 102 such that the teeth in the latter will mate with the teeth in the
      intermediate gear 107 (see FIG. 6) at the same time that the pawl end 141a
      of the detent lever 141 is positioned between two adjacent teeth in the
      ratchet wheel 144 (see FIG. 7). As such, an initial angular phase
      adjustment may be readily made to correlate the linear position of the
      lead screw driven carriage 17 with the angular position of the platen 39
      relative not only to the first, but to each successive character print
      column position to which the carriage 17 is advanced thereafter.
PAR  From the foregoing, it is seen that structurally the line feed mechanism 95
      as embodied herein advantageously affords a number of significant
      advantages over prior line feed mechanisms in terms of simplicity, cost,
      compactness and positive gear-coupled reliability. In connection with cost
      and reliability, it should be appreciated that all of the main parts
      comprising the modified "Oldham" coupling 155, with the possible exception
      of the locking member 157, may advantageously be molded out of plastic,
      primarily because of the limited periods in which the composite coupling
      unit is actually rotated, and even then at relatively low speeds. As such,
      there is minimum wear of the moving parts of the line feed mechanism,
      whether made of metal or plastic and, hence, the mechanism provides long
      life reliability.
PAR  With the structural features of the line feed mechanism 95 having been
      fully described, attention will now be directed to the manner in which the
      mechanism operates, and to the significant benefits derived therefrom.
      Either single or multiple line feeding is readily accomplished by simply
      controlling the time during which the single, small, low-current rated
      solenoid 97 is energized. The solenoid may be of small size, of course,
      because it does not have to furnish any driving power to rotate the
      platen. Selective energization of the solenoid 97 is preferably
      accomplished by logic controlled pulses supplied from a pulse source 151
      (see FIG. 1), which may be of conventional design and operated either
      independently of or in consort with the logic control circuitry (not
      shown) for actuating the print wires, and for operating the stepping motor
      22 which, of course, controls the movements of the lead screw driven
      carriage 17. In any event, single or multiple line feeding may be readily
      initiated by simply applying a control pulse at the proper time, and for
      the necessary time period, to the solenoid 97.
PAR  When the solenoid 97 is energized, the armature 99 thereof is pivoted from
      the position depicted in FIG. 3 to the position depicted in FIG. 6. Such
      pivotal movement of the armature 99, in turn, causes the platen gear lever
      105, together with the platen gear 102 mounted on the hub 121 thereof (see
      FIG. 9), to be pivoted about the supporting stub shaft 118 from the
      position shown in FIG. 3 to that shown in FIG. 6, whereat the platen gear
      is in engagement with and rotated by the intermediate gear 107. Pivotal
      movement of the platen gear lever 105 is effected, of course, by the upper
      end 99a of the armature being cammed against the detent portion 128 of the
      lever 105, while the adjacent end of the armature is being pulled by
      magnetic attraction against the adjacent pole face 98a of the U-shaped
      solenoid core 98.
PAR  A very significant advantage derived from utilizing the solenoid-actuated
      and eccentrically displaceable platen gear 102 is that it may be brought
      into engagement with the lead screw driven intermediate gear 107 in a very
      rapid and positive manner at any time and, thus, need not be dependent on
      or controlled by the position or direction of movement of the carriage 17.
      However, in a preferred mode of operation, the platen 39 is normally
      rotated to effect line feeding only after the carriage has been
      momentarily stopped, such as after a stepped advancement thereof, with the
      number of line feeds thereafter preferably being correlated with the
      number of either stepped or constant speed character column advancements
      of the carriage 17 produced by the energized stepping motor. Operated in
      this manner, the normally non-rotating platen gear is never brought into
      engagement with the intermediate gear while the latter is rotating. As
      such, both gear-coupling timing problems and gear teeth wear are
      minimized.
PAR  Considering now the correlated movements of the platen and carriage more
      specifically, the gear ratio between the platen gear 102 and the lead
      screw gear 109 (best seen in FIGS. 1, 3 and 6) is preferably chosen so
      that for each character column advancement of the carriage 17 along the
      guide rods 19, the platen is rotated one line space. Accordingly, there
      may be as many line feed advancements of the paper 18 as there are
      character column advancements of the carriage. For example, if the control
      signal is applied to the stepping motor 22 for a period of time sufficient
      to advance the carriage 17 five charater column spaces, and if a pulse
      were simultaneously applied to the solenoid 97 for the same period of
      time, the line feed mechanism 95 would advance the paper 18 by five
      corresponding line spaces, as the two movements are always correlated and
      synchoronized.
PAR  Further contributing to the uniqueness of the present line feed mechanism
      95, as briefly touched upon hereinabove, is the fact that the dual pivotal
      armature 99 of the solenoid 97 also advantageously effects the release of
      the pivotal detent lever 141 from the ratchet wheel 144 after the
      commencement of each single line feed. In this manner, the platen is
      thereafter free to rotate for multiple line feeding, by simply maintaining
      the solenoid energized until the desired number of line feeds have been
      effected.
PAR  This detent lever release function is best illustrated in FIGS. 3, 7 and 8.
      With reference first to FIG. 3, it is seen that with the solenoid 97
      de-energized, both ends 99a and c of the armature are spaced from the
      respectively associated core pole faces 98a and b. Thus, when the solenoid
      is initially energized, the upper end 99a of the armature, as previously
      described, is pivoted by magnetic attraction against the adjacent core
      pole face 98a. This, of course, results in the lever 105 being pivoted
      about its support shaft 118 (FIG. 5) so as to move the platen gear 102,
      mounted on the hub 121 thereof, into engagement with the intermediate gear
      107. As a result, not only the platen 39 is rotated, but so is the ratchet
      wheel 144 secured thereto.
PAR  Upon the initial rotation of the ratchet wheel 144, the detent lever 141 is
      pivoted clockwise (as viewed in FIG. 7) about its support shaft 143. This
      is caused by the upper pawl end 141a of the detent lever being biased by
      the crest of the ratchet wheel tooth then in contact therewith. Such
      pivotal movement of the detent lever 141 causes the lower end 141b thereof
      to move the flange-coupled lower end 99c of the armature 99 into close
      proximity with the adjacent core pole face 98b.
PAR  At that point, the core pole face 98b of the then energized solenoid 97
      further pivots the armature 99, together with the coupled detent lever
      141, clockwise, by magnetic attraction, until the adjacent end 99c of the
      armature is rapidly drawn thereagainst, as illustrated in FIG. 8. In the
      latter position, it is seen that the upper pawl end 141a of the detent
      lever is positioned out of engagement with the teeth of the ratchet wheel
      144.
PAR  Of course, as soon as a control pulse is removed from the solenoid 97, the
      armature 99 is released from both of the previously mating core pole faces
      98a and b. As a result of the continuous counterclockwise directed
      spring-biased forces exerted against the platen gear lever 105 and detent
      lever 141, not only those parts, but the armature 99 and the platen gear
      102 are then moved back to their relative positions selectively depicted
      in FIGS. 3 and 7.
PAR  The above described controllable disengagement of the detent lever 141 from
      the ratched wheel, as previously mentioned, is very important if very
      quiet multiple line feeding is to be realized, particularly in high speed
      printers wherein editing, vertical tabulating and/or formating operations
      are required. If the detent lever 141 were not disengaged from the ratchet
      wheel 144 during such operations, a rather loud and irritating clattering
      sound would be generated by the continuously rotating ratchet teeth
      successively contacting the detent lever spring-biased thereagainst.
      Moreover, if it were not for the use of the uniquely coupled and operated
      dual pivotal armature 99, separate cam-actuated and/or electromechanically
      actuated mechanisms would normally have to be employed in order to effect
      both variable platen rotation and detent lever release.
PAR  From the foregoing description of how the detent lever 141 is released from
      the ratchet wheel 144, it should be readily apparent that the line feed
      mechanism 95 lends itself to an alternative mode of operation for
      releasing the detent lever. More specifically, the size of the solenoid 97
      could be chose, if desired, to produce a magnetic pull-in force at the
      pole face 98b (as well as at 98a) of sufficient magnitude to independently
      attract the lower end 99c of the armature thereagainst, i.e., from the
      position depicted in FIG. 7 to that in FIG. 8. As such, incremental
      rotation of the ratchet wheel would not even be required to initiate the
      clockwise pivotal movement of the detent lever 141 to the released
      position of FIG. 8.
PAR  This would normally not be a desired mode of operation because the coil
      spring 146 is necessarily chosen to produce a spring-biased force that
      causes the pawl end of the lever 141 to be firmly biased against the
      ratchet wheel 144 and, thereby, prevent platen rotation during line
      printing. Accordingly, the normal air gap that exists between the lower
      end 99c of the armature and the associated core pole face 98b (dependent
      in part on the root-to-crest-dimension of the ratchet teeth) would
      necessitate a rather large magnetizing force to overcome the spring-biased
      force, unless the air gap in question was partially reduced by the
      incremental rotation of the ratchet wheel.
PAR  Attention will now be directed to one preferred mode of operation of the
      line feed mechanism 95 embodied herein for a single line feed application.
      Assume initially that a given line of dot matrix characters have just been
      printed with the illustrative printer depicted in FIG. 1, and that the
      stepping motor 22 has been reversed, through suitable and conventional
      control circuitry (not shown), so as to drive the print head 16, through
      the lead screw coupled carriage 17, at a relatively high rate of speed to
      the left (X direction, as viewed in FIGS. 1 and 11) to the so-called
      "home" position. As depicted in FIG. 11, the "home" position is
      represented by the left-most line identified by the reference numeral 177,
      which position is chosen to be at least one character column space to the
      left of the normal print margin, represented by the line identified by the
      numeral 178.
PAR  Only after the print wires 24-30 of the print head 16 are positioned at
      this home position (line 177), is a control pulse applied to the solenoid
      97 from the source 151 and immediately followed by a new signal applied to
      the stepping motor 22. Thereafter, as the carriagemounted print head 16 is
      advanced into alignment with the first dot position of the first character
      column (line 178), the platen gear 102 is driven by the then rotating
      intermediate gear 107. As a result, the platen 39 is incrementally rotated
      by an amount necessary to advance the paper 18 by one line space during
      the one non-printing character space advancement of the print head 16.
PAR  Concomittantly, the one non-printing character space advancement of the
      print head also normally allows it to be accelerated up to the desired
      speed in printers operating at very high printing rates with a constant,
      high speed (as distinguished from stepped) carriage. Also during the
      initial advancement of such a driven carriage, any backlash that may exist
      between the carriage drive nut (not shown) and the lead screw 20 would
      normally have been compensated for prior to the commencement of printing.
      If more time is required for such purposes, of course, two or more
      additional non-printing character column spaces may be utilized to the
      left of the normal print margin.
PAR  For the single line feed mode of operation under discussion, the control
      pulse applied to the solenoid 97 is preferably removed shortly before or
      at least when the print head 16 arrives at the first dot position of the
      first character print column (line 177 in FIG. 11). With the solenoid 97
      then de-energized, the armature 99 thereof is released from magnetic
      attraction by the pole faces 98a and b of the core 98, and returned to the
      position depicted in FIG. 3. This results from the previously described
      spring-biased counterclockwise movements of the platen gear lever 105 and
      detent lever 141 to their respective non-actuated positions.
PAR  It is understood, of course, that after the single line feed control pulse
      has been removed from the solenoid 97, the control circuit for the printer
      would normally continue to apply either a continuous control signal (or
      pulsed signals) to the stepping motor 22, so as to either continuously
      drive or step the carriage-mounted print head 16 across the width
      dimension of the paper 18, until another carriage return signal is
      generated to effect the reversal of the motor. Such a signal is normally
      generated in conjunction with the input data signals processed for
      printing.
PAR  When more than one line feed advancement is required, the control pulse
      applied to the solenoid 97 is simply continued until the paper 18 has been
      advanced the desired number of line spaces. Advantageously, as previously
      pointed out, single or multiple line feeding may take place at any point
      along a given print line by simply energizing the solenoid 97 in a manner
      correlated with carriage advancement. In this connection, it should be
      readily appreciated that as the stepping motor 22 coupled to the lead
      screw 20 may be readily controlled by conventional circuitry for
      bi-directional rotation, so too may the quietly operated platen 39 be
      driven. As such, line feeding need not be dependent on either the position
      or the direction of travel of the carriage 17, or correlated in any manner
      with an end of line carriage return signal generated by associated control
      circuitry operating the print head.
PAR  To that end, it is obvious that the present line feed mechanism readily
      lends itself to high speed line feed applications wherein a sprocket feed
      (as distinguished from a frictional platen feed) is desired in order to
      effect, for example, "Form Out" and "Vertical Tab" functions, as well as
      other types of editing and/or printing functions, with precise line (and
      correlated character) space registration. As such, reference herein to a
      rotatably driven platen to effect line feeding is intended to encompass
      not only a frictionally engaging cylindrical platen per se, but also such
      a platen with one or more sprockets associated therewith for engaging and
      effecting the advancement of the print medium.
PAR  In summary, a unique line feed mechanism has been disclosed herein of
      compact, simplified, rugged and inexpensive design. This is made possible
      in large measure as a result of the peculiar use of and interrelationship
      between a line feed control solenoid with a dual pivotal armature and an
      operably responsive platen gear which forms part of a modified "Oldham"
      coupling. The present line feed mechanism also is designed to
      advantageously function in multiple and reversable line feed modes, and in
      a manner independent of carriage position, and with a very low degree of
      noise being generated.
PAR  In view of the foregoing, it is obvious that various modifications may be
      made to the present illustrative embodiment of the invention, and that a
      number of alternatives may be provided without departing from the spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a high speed printer wherein a rotatable shaft mounted platen
      controls the advancement of a print medium in a correlated manner with the
      lateral line printing movement of a print head, the improvement
      comprising:
PA1  a line feed mechanism for selectively effecting single and logic controlled
      multiple line feeding, said mechanism including:
PA1  coupling means including a platen gear coupled to the shaft of said
      rotatable platen of the printer, said platen gear being mounted for
      eccentric movement relative to the axis of said platen shaft, while
      remaining continuously rotatably coupled thereto;
PA1  drive means including a rotatably driven drive gear;
PA1  first controllably displaceable means for rotatably supporting said platen
      gear about said platen shaft;
PA1  ratchet means positioned near one end of and rotatable with said platen;
PA1  second controllably displaceable means mounted so as to selectively engage
      said ratchet means; and
PA1  operable line feed actuator means responsively coupled to both said first
      and second displaceable means, said actuator means when operated in a
      correlated manner with the lateral movement of the print head, causing
      said first means to be displaced from a first position whereat said platen
      gear is out of engagement with said drive gear to a second position
      whereat said gears are in coupling engagement, thereby causing said platen
      to rotate and advance a print medium engaged thereby, and said actuator
      means when operated further causing at least in part said second means to
      be displaced from a first position in resilient holding engagement with
      said ratchet means to a second position out of engagement with said
      ratchet means so as to release said platen for rotation.
NUM  2.
PAR  2. In a high speed printer in accordance with claim 1, said drive means
      further including:
PA1  a second rotatable gear adapted for coupling both to a lead screw
      associated with the printer and with said first mentioned drive gear.
NUM  3.
PAR  3. In a high speed printer in accordance with claim 1, said operable
      actuator means comprising a solenoid with a pivotal armature, the movement
      of said armature from a first position when the solenoid is de-energized
      to a second position when the solenoid is energized responsively causing
      at least said first means directly to be displaced from said first to said
      second position thereof.
NUM  4.
PAR  4. In a high speed printer in accordance with claim 3, said first
      displaceable means comprising a first lever supported on an intermediate
      pivot, said lever having one end formed with an axially apertured hub on
      which said platen gear is rotatably mounted, with the other end being
      spring-biased against and cam-actuated by an associated end of said
      pivotal armature, and said second displaceable means also comprising a
      second lever supported on an intermediate pivot, with one end thereof
      normally being in springbiased contact with teeth formed in the periphery
      of said ratchet means, and the other end being coupled to the end of said
      armature opposite the cam-actuated end thereof associated with said first
      lever, said second lever thereby being pivotally responsive to the
      rotational movement of said ratchet means and to the movement of said
      armature when said solenoid is energized.
NUM  5.
PAR  5. In a printer mechanism in accordance with claim 4, said coupling means,
      including the platen gear, comprising a modified Oldham coupling, and said
      ratchet means comprising a ratchet wheel secured to one end of the platen
      of the printer adjacent said platen gear.
NUM  6.
PAR  6. In a high speed printer mechanism wherein a carriage-mounted dot matrix
      print head; having a plurality of selectively actuable and logic
      controlled print wires, is reciprocally driven back and forth in close
      proximity to and successively along different line printing paths
      extending across the width dimension of a print medium which engages and
      is driven by a rotatable shaft mounted platen, and wherein a reversible
      inked ribbon is interposed between the print head and the print medium for
      transferring dot matrix character images to and imprinting them on said
      medium while the latter is drawn taut against said platen, said
      combination further comprising:
PA1  a rotatably driven and selectively reversible lead screw coupled to said
      carriage for driving said print head reciprocably across the width
      dimension of said medium; and
PA1  a line feed mechanism for periodically coupling said rotatable platen to
      said lead screw in a manner that correlates the lateral displacement of
      said carriage with both the angular displacement of said platen, and the
      linear advancement of said print medium engaged by and drawn over said
      platen, said line feed mechanism including:
PA1  coupling means including a platen gear coupled to the shaft of said
      rotatable platen of the printer, said platen gear being mounted for
      arcuate movement in a plane transverse to the axis of said platen shaft
      while remaining continuously rotatably coupled thereto;
PA1  drive means including a drive gear rotatably coupled to said lead screw and
      a second intermediate gear continuously coupled to said drive gear;
PA1  first controllably displaceable means for rotatably supporting said platen
      gear about said platen shaft;
PA1  ratchet means positioned near one end of and rotatable with said platen;
PA1  second controllably displaceable means mounted so as to selectively engage
      said ratchet means;
PA1  a selectively energizable solenoid having a dual pivotal armature, one end
      of said armature responsively engaging said first displaceable means and
      the opposite end of said armature being responsively coupled to said
      second displaceable means, said solenoid when energized in a correlated
      manner with the advancement of said carriage, causing said armature
      thereof to be displaced from a first to a second position and thereby
      causing said first means engaged therewith to be displaced from a first
      position whereat said platen gear mounted thereon is out of engagement
      with said intermediate gear to a second position whereat said gears are in
      coupling engagement, thus causing said platen to rotate with said drive
      and intermediate gears and advance the print medium engagingly drawn
      thereover, and the armature of said solenoid when energized further
      causing at least in part said second means coupled thereto to be displaced
      from a first position in engagement with said ratchet means to a second
      position out of engagement with said ratchet means so as to release said
      platen for rotation.
NUM  7.
PAR  7. In a high speed printer mechanism in accordance with claim 6, said first
      displaceable means comprising a first lever supported on an intermediate
      pivot, said lever having one end formed with an oversized axially
      apertured hub on which said platen gear is rotatably mounted, with the
      other end being spring-biased against and cam-actuated by an associated
      end of said pivotal armature, and said second displaceable means also
      comprising a second lever supported on an intermediate pivot, with one end
      thereof normally being in spring-biased contact with teeth formed in the
      periphery of said ratchet means, and the other end being pivotally
      connected to the end of said armature opposite the cam-actuated end
      thereof associated with said first lever, said second lever thereby being
      pivotally responsive to the rotational displacement of said ratchet means
      and to movement of said armature when said solenoid is energized, and
      wherein said ratchet means comprises a ratchet wheel secured to one end of
      the platen of the printer adjacent said platen gear.
NUM  8.
PAR  8. In a high speed printer in accordance with claim 6, said drive gear and
      platen gear being chosen to have diameters that result in said platen,
      when coupled to said lead screw, rotating by an amount which advances a
      print medium in contact therewith one line space for every character
      column advancement of said carriage, and wherein said lead screw has an
      axial length that allows said carriage to be advanced at least one
      character column space to the left of the normal first character print
      column of the printer, and wherein said solenoid is not energized on the
      return of said carriage until it is indexed said one space to the left of
      the first character print column, at which time the solenoid is energized
      to effect the rotation of said platen to advance said print medium by said
      one line space while said carriage advances said print head to the first
      dot position associated with the first dot matrix character print column.
NUM  9.
PAR  9. In a high speed printer mechanism in accordance with claim 7, said
      platen gear of said coupling means being formed with an outwardly
      protruding pair of diametrically disposed and aligned integral ribs formed
      on one side surface thereof, said coupling means further including a drive
      member secured to the shaft of said platen, and having an outwardly
      protruding pair of diametrically disposed and aligned ribs formed on the
      side thereof nearest said platen, said coupling means further including an
      intermediate member having an oversized aperture adapted for mounting said
      member about and for allowing eccentric displacement thereof relative to
      the axis of said platen shaft, said intermediate member having a pair of
      diametrically disposed and aligned recesses formed in each side surface
      thereof, with the two pairs of recesses being orthogonally disposed
      relative to each other, and dimensioned so as to receive the respectively
      adjacent pairs of ribs formed in said platen gear and drive member on
      opposite sides thereof.
NUM  10.
PAR  10. A compact, mechanically driven line feed printer mechanism for use in
      selectively rotating a platen to advance a print medium drawn thereover
      one or more line spaces at a time, said mechanism comprising:
PA1  coupling means including a platen gear adapted for coupling to an
      associated shaft of a platen, said platen gear being mounted for eccentric
      displacement relative to the axis of the platen shaft while remaining
      continuously coupled thereto;
PA1  drive means including a rotatably driven drive gear;
PA1  first controllably displaceable means for rotatably supporting said platen
      gear coaxially of said platen shaft;
PA1  ratchet means adapted for mounting on and rotation with the associated
      platen shaft;
PA1  second controllably displaceable means mounted so as to selectively engage
      said ratchet means; and
PA1  selectively energizable line feed actuator means responsively coupled to
      both said first and second displaceable means, said actuator means when
      energized in a correlated manner with said driven drive gear, causing said
      first means to be displaced from a first position whereat said platen gear
      is out of engagement with said drive gear to a second position whereat
      said gears are in coupling engagement, thereby imparting rotational
      movement to the associated platen then coupled thereto, and said actuator
      means when energized further causing at least in part said second means to
      be displaced from a first position in resiliently holding engagement with
      said ratchet means to a second position out of engagement with said
      ratchet means so as to release the associated platen for rotation.
NUM  11.
PAR  11. A line feed mechanism in accordance with claim 10 wherein said actuator
      means comprises a solenoid with a pivotal armature, the movement of said
      armature from a first position when the solenoid is de-energized to a
      second position when the solenoid is energized responsively causing at
      least said first means directly to be displaced from said first to said
      second position thereof.
NUM  12.
PAR  12. A line feed mechanism in accordance with claim 11 wherein said first
      displaceable means comprises a first lever supported on an intermediate
      pivot, said lever having one end formed with an oversized axially
      apertured hub on which said platen gear is rotatably mounted, with the
      other end being spring-biased against and cam-actuated by an associated
      end of said pivotal armature, wherein said second displaceable means also
      comprises a second lever supported on an intermediate pivot, with one end
      thereof normally being in spring-biased contact with teeth formed in the
      periphery of said ratchet means, and the other end being pivotally
      connected to the end of said armature opposite the cam-actuated end
      thereof associated with said first lever, said second lever thereby being
      pivotally responsive to the rotational movement of said ratchet means and
      to pivotal movement of said armature of said solenoid when energized, and
      wherein said ratchet means comprises a ratchet wheel.
NUM  13.
PAR  13. A line feed mechanism in accordance with claim 12 wherein said armature
      is mounted for controlled dual pivotal movement relative to two pole faces
      defined by the free ends of a U-shaped core of said solenoid, said
      solenoid when energized causing the cam-actuated end of said armature to
      be pivoted by magnetic attraction from a non-actuated position, spaced
      from an adjacent one of said pole faces, into a first pivoted position in
      contact with said one pole face, thereby causing said first lever to be
      displaced by cam-action from said first to said second position, to
      thereby effect the rotation of both said platen and said ratchet wheel
      when driven by said drive means, and said solenoid when energized, at
      least in cooperation with said ratchet wheel when rotated, further causing
      the coupled end of said armature to be pivoted, at least in part by
      magnetic attraction, from said first pivoted position, spaced from the
      other and adjacent pole face, into contact with said other pole face,
      whereby both pole faces are in contact with said armature, thereby,
      causing said second lever coupled to said armature to be displaced from
      said first to said second position.
NUM  14.
PAR  14. A line feed mechanism in accordance with claim 12, further comprising a
      second drive gear adapted for mounting on and rotation with an associated
      lead screw of a printer, said second drive gear being positioned so as to
      be in continuous coupling engagement with said first mentioned drive gear,
      and wherein said platen gear of said coupling means is formed with an
      outwardly protruding pair of diametrically disposed and aligned integral
      ribs formed on one side surface thereof, said coupling means further
      including an angularly adjustable drive member secured to the shaft of
      said platen, and having an outwardly protruding pair of diametrically
      disposed and aligned ribs formed on the side thereof nearest said platen,
      said coupling means further including an intermediate member having an
      oversized aperture adapted for mounting said member about and for allowing
      eccentric displacement thereof relative to the axis of said platen shaft,
      said intermediate member having a pair of diametrically disposed and
      aligned recesses formed in each side surface thereof, with the two pairs
      of recesses being orthogonally disposed relative to each other, and
      dimensioned so as to receive the respectively adjacent pairs of ribs
      formed in said platen gear and drive member on opposite sides thereof.
NUM  15.
PAR  15. In a printer having a rotatably driven drive gear, an improved line
      feed mechanism of the type responsive to a line feed signal for
      selectively effecting single or multiple line feed modes of a rotatable
      platen wherein the improvement comprises:
PA1  a rotatable gear, the axis of which is shiftable between first and second
      positions, the gear being normally out of engagement with the drive gear
      and generally concentric with the platen at the first axis position, and
      being in engagement with the drive gear and eccentric relative to the
      platen at the second axis position;
PA1  means for normally inhibiting free rotation of the platen;
PA1  coupling means for continuously coupling the gear to the platen for
      rotation therewith and for permitting the gear to rotate eccentrically
      relative to the platen;
PA1  means responsive to a line feed signal for shifting the gear axis to the
      second position to rotate the platen; and
PA1  means responsive to a line feed signal which persists for a time longer
      than that required to effect the single line feed mode of the platen for
      disabling the inhibiting means so that the platen may freely rotate in the
      multiple line feed mode until cessation of the line feed signal.
NUM  16.
PAR  16. The line feed mechanism of claim 15 wherein the shifting means
      comprises:
PA1  an armature one end of which is pivotable between first and second
      positions about a first pivot at its other end to move the gear axis
      between its respective first and second positions; and
PA1  electromagnetic means for attracting the one armature and to its second
      position in response to the line feed signal, the other armature end being
      normally unattracted by the electromagnetic means.
NUM  17.
PAR  17. The line feed mechanism of claim 16 wherein the inhibiting means and
      the disabling means comprise:
PA1  a lever pivotable on a fixed second pivot and pivotally connected at one
      end by the first pivot to the other of the armature, the other end of the
      lever normally resiliently and frictionally engaging the platen; and
PA1  means responsive to rotation of the platen for pivoting the lever on the
      second pivot to move the other armature end, the one lever end and the
      first pivot proximate the electromagnetic means for attraction thereby so
      that the other lever end is disengaged from the platen.
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ABST
PAL  A holding device for temporarily holding the free end of a typing or
      printing ribbon to permit it to be automatically wound around the core of
      a takeup reel in an automatic ribbon fastening system. The reel has one
      flange part provided with a threading slit whose width increases toward
      the outer edge of the flange part from an inwardly located ribbon-gripping
      portion. The holding device temporarily holds the free end stationary
      under slight tension so that the ribbon extends across the flange part. As
      the reel is rotated, the ribbon enters the threading slit and slides
      radially inwardly until it is gripped by the gripping portion. As the reel
      continues to rotate, the free end of the ribbon is pulled out of the
      holding device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the feeding of typing ribbons in
      typewriters and similar office machines, and particularly to the feeding
      of such ribbons onto the takeup reel of such machines.
PAR  During operation of a machine of the type indicated above, a carbon ribbon
      is drawn from a supply reel, passed one time through the printing station,
      and wound onto a takeup reel. Thus the ribbon must be exchanged relatively
      frequently. In this connection it is desirable to effect the exchange of
      ribbons simply, quickly and without soiling the fingers, if possible.
PAR  Threading and fastening of the leading end of such ribbon to the takeup
      reel in known devices, for example as disclosed in Austrian Pat. No.
      233,033, still requires considerable handling, which does not pose any
      significant difficulties to a user who is skilled in this respect.
      Nevertheless, the process is complicated enough that the machine must be
      shut off. The ribbon is here manually fastened to the core of the reel.
      This threading of the ribbon is thus rather cumbersome and soiling of the
      operator's fingers is likely.
PAR  German Auslegeschrift (Published Application) No. 2,002,703 discloses an
      apparatus for threading and fastening the carbon ribbon to the core of a
      takeup reel in which the ribbon is automatically pulled into a threading
      slit by a catching edge. In this case it is necessary to hold the ribbon
      during at least two revolutions of the reel. This threading also requires
      a certain dexterity on the part of the machine operator.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to avoid the above-noted
      drawbacks and to enable a single revolution of the takeup reel to effect
      automatic and dependable threading of the ribbon.
PAR  These and other objects according to the invention are achieved by the
      provision, in an automatic ribbon fastening system, of a holding device
      for resiliently holding the free end of such a ribbon to facilitate
      automatic fastening of such free end around the core of a takeup reel. The
      holding device is constructed to cooperate with a takeup reel of the type
      having two flange parts adjacent respective axial ends of the core. The
      system includes a guide member from which the ribbon is guided
      transversely across the edge of one of the reel flange parts for
      threading. This one flange part is formed to have a threading slit which
      increases in width in the direction from the reel core to the outer edge
      of the flange part, with the trailing edge of the slit, with respect to
      the direction of reel rotation, being inclined radially outwardly in the
      direction of rotation of the reel to constitute a catching edge along
      which the ribbon moves, as the reel rotates, to be gripped in the slit and
      wound around the reel core. The holding device is arranged to hold the
      free end of the ribbon under tension in an orientation such that the
      ribbon extends approximately diametrically across the one reel flange
      part, whereby upon rotation of the reel the ribbon is engaged by the
      catching edge of the threading slit and is pulled into the narrow end of
      the slit and out of the holding device.
PAR  The particular advantage of the present invention is that threading of the
      ribbon into the threading slit takes place automatically and no specially
      prepared ribbon ends are required, as is the case, for example, for the
      ribbon of German Auslegeschrift (Published Application) No. 1,193,711.
PAR  Trapping of the ribbon end is made even more dependable by imparting a
      wedge shape to the end of the threading slit which faces the core of the
      takeup reel.
PAR  The embodiment of the invention in which the holding device includes a
      resilient sheet metal part having a contact surface bearing against the
      case in which the takeup reel is disposed offers the advantage that the
      ribbon ends which protrude from the threading slit and through a recess in
      the case always have the same length. In contrast, in the invention
      arrangements disclosed in German Auslegeschrift No. 2,002,703 it is
      possible for the ribbon ends to become too long so that rotation of the
      takeup reel is impeded.
PAR  The present invention overall is distinguished by a simple and dependable
      configuration.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevational view of a preferred embodiment of the
      invention and shows the outer flange portion of the takeup reel and the
      outer side portion of its case.
PAR  FIG. 2 is a detail taken in the direction of arrow 2 of FIG. 1, FIG. 2
      being to a larger scale than FIG. 1.
PAR  FIG. 1a is a detail of the inner end of the threading slit in the form of a
      wedge-shaped blade.
PAR  FIG. 1b is a detail of the inner end of the threading slit in the form with
      serrations.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus shown in FIGS. 1 and 2 includes a case 1 fastened to the left
      side wall (not shown) of a typewriter or similar office machine. The case
      1 includes substantially two side portions 3 and 5 defining between them a
      ribbon receiving opening 7. Within case 1 a takeup reel 13, which includes
      two flange portions 9 and 11, is rotatably mounted and is driven by a
      friction coupling, e.g. a slip clutch, 12 and a motor 10. The right-hand
      flange portion 11 of the takeup reel 13, as viewed in the plane of FIG. 2,
      is provided with a threading slit 17 which becomes progressively wider
      from the region of reel core 15 to the outer periphery of flange part 11.
      Slit 17 is defined in part by a catching, or trapping, edge 19 which
      extends obliquely to the direction of rotation 57 of the takeup reel 13.
      More specifically, considered relative to a radial direction from the axis
      of rotation of reel 13, edge 19 is inclined in the direction of rotation
      57. The outer end 21 of this catching edge 19 protrudes beyond the outer
      periphery of flange part 11.
PAR  The outer diameter of the left-hand flange part 9 in the illustrated
      embodiment is larger than the diameter of the right-hand flange part 11,
      but both diameters may also by the same.
PAR  The inner end 23 of threading slit 17 which faces the reel core 15 is
      designed as a wedge-shaped blade. This blade is provided with serrations,
      which may be teeth or ribs 16, 18, in order to facilitate gripping the
      ribbon end.
PAR  The inner end 23 of the threading slit 17 is tapered in the shape of a
      wedge and is radially directed to the reel core 15.
PAR  The tapered end 23 of the threading slit 17 is smaller than the thickness
      of the ribbon 33, FIG. 1a.
PAR  The tapered end 23 of the threading slit 17 in FIG. 1 and FIG. 1a is
      provided with serrations, to perform a better suitable gripping function.
      The distance between the teeth 16 and 18 at the inner end 23 is smaller
      than the thickness of the ribbon 33, FIG. 1b.
PAR  The surface 25 defining the side of the catching slit 17 which faces the
      catching edge 19 is given a large intake radius. This large intake radius
      of the surface 25 provides for a suitable gripping and gliding of the
      ribbon 33 to the inner end 23 of the threading slit 17.
PAR  At the outer side portion 3 of case 1 a holding device is fastened. This
      device includes a resilient sheet metal part 27 which can be riveted to
      portion 3, for example, and whose contact surface 29 normally rests
      against the outer surface of side portion 3 of case 1 under light tension.
      This resilient sheet metal part 27 also has a toothed edge 31 along which
      the ribbon 33 can be torn off. In order to bring ribbon 33 more easily
      under the contact surface 29, a portion 35 sloped away from portion 3 is
      provided at the end of sheet metal part 27. With the aid of a further
      resilient arm 37 of sheet metal part 27 the takeup reel 13 is
      simultaneously locked in a mounting recess 39 in case 1, reel flange
      portion 11 preferably being provided with an axial pivot pin 11 having a
      flanged outer end to permit secure locking by arm 37.
PAR  Ribbon 33 is known to be brought from a supply reel (not shown) past the
      printing station to a switchable drive 41 composed of a driven drive wheel
      43 and a spring-biased pressure roller 45. Drive 41 transports the ribbon
      33, through a guide member 47 and a recess 49 in the outer side portion 3
      of the case 1, toward the holding device 27.
PAR  In the operation of the described device, once the supply reel then in use
      has become empty, the filled takeup reel 13 is taken out of case 1 and is
      discarded together with the used ribbon 33. The empty supply reel which in
      systems employing the invention, has exactly the same configuration as the
      takeup reel 13, is now used as the new takeup reel 13 and inserted into
      case 1. The free end of the ribbon 33 on a new full supply reel is
      inserted between pressure roller 45 and drive wheel 43 of the switchable
      drive 41, threaded through the illustrated slit 47' in guide member 47 and
      then through recess 49 and along the outer surface of side portion 3 of
      case 1.
PAR  Now the ribbon 33, which is being held by drive 41, is pushed or slid
      sideways under the contact surface 29 of the resilient sheet metal part 27
      to be gripped between surface 29 and the outer surface of casing portion
      3. Then the ribbon 33 is pulled in the direction of arrow 55 and the
      protruding end is torn off across toothed edge 31. This imparts a slight
      tension to the length of ribbon 33 between drive 41 and the contact
      surface 29 so that the ribbon 33 lightly contacts the edge of the
      right-hand flange part 11 of the takeup reel 13 and the edge 51 of casing
      portion 3 at recess 49.
PAR  If the takeup reel 13, which is driven by slip clutch 12, is rotated in the
      direction of rotation 57, the catching edge 19, 21 of threading slit 17
      will catch the ribbon 33 and automatically pull it into the wedge-shaped
      trapping or gripping edge of threading slit 17. This catching of the
      ribbon 33 is made possible by the short-term resilient gripping of the
      ribbon 33 by the contact surface 29 of sheet metal part 27 and by the
      ribbing in region 23 of threading slit 17. The ribbon 33 is then
      automatically wound onto the core 15 of the takeup reel 13. The ribbon 33,
      which is released during each printing process by drive 41, is then
      automatically wound onto the takeup reel 13 which is in continuous
      communication with slip clutch 12. The guide edge 51 at the outer side
      part 3 of case 1 prevents deflection of the ribbon 33 toward the side
      after it has been released by the resilient sheet metal part 27.
PAR  The automatic fastening device has been described in connection with a
      carbon ribbon device for a typewriter or a similar office machine; it is a
      matter of course that the device can be used for any instrument where the
      necessity exists to wind material onto a reel and to fasten it thereto
      quickly and without special skill.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system for the automatic fastening of the free end of a ribbon to
      the core of a takeup reel in an office machine in which such reel is
      driven by a friction coupling, the reel including two flange parts
      enclosing the core, and the system including a guide member from which the
      ribbon is guided transversely across the edge of one of the two flange
      parts of the takeup reel in order to thread the ribbon, the one flange
      part being provided with a threading slit which increases in width in the
      direction from the reel core to the outer edge of the one flange part,
      with one side of said slit being defined by a catching edge inclined
      obliquely to the direction of rotation of the reel, rotation of the reel
      causing the ribbon to be gripped through the slit, carried along by the
      reel and wound around the reel core, the improvement wherein said one
      flange part is formed such that the end of said threading slit which is
      adjacent said reel core is tapered in the shape of a wedge which narrows
      toward said reel core and is provided with serrations for gripping a
      ribbon inserted in said tapered end, and said system further comprises: a
      case for holding said reel and having two side parts each disposed to be
      adjacent a respective reel flange part; and a holding device composed of a
      resilient sheet metal part presenting a contact surface which presses
      against the outer surface of that side part of said case which is adjacent
      the one flange part for resiliently holding the free end of the ribbon, in
      a clamping manner, under tension between said sheet metal part and said
      outer surface of that side part adjacent the one flange part, in a
      position such that the ribbon extends approximately diametrically across
      said one flange part provided with the threading slit, whereby upon
      rotation of the takeup reel the ribbon is engaged by the catching edge and
      pulled out of said holding device into said threading slit.
NUM  2.
PAR  2. An arrangement as defined in claim 1 wherein the radially outermost end
      of said catching edge protrudes beyond the periphery of said one flange
      part and the side of said threading slit opposite said catching edge has a
      large intake radius.
NUM  3.
PAR  3. An arrangement as defined in claim 1 wherein said resilient sheet metal
      part is provided, adjacent said contact surface, with a portion inclined
      away from the associated side part of said case for facilitating insertion
      of the ribbon between said contact surface and said associated side part.
NUM  4.
PAR  4. An arrangement as defined in claim 1 wherein the system is part of an
      office machine having a slip clutch connected to impart rotational
      movement to the reel.
NUM  5.
PAR  5. In a system for the automatic fastening of the free end of a ribbon to
      the core of a takeup reel in an office machine in which such reel is
      driven by a friction coupling, the reel including two flange parts
      enclosing the core, and the system including a guide member from which the
      ribbon is guided transversely across the edge of one of the two flange
      parts of the takeup reel in order to thread the ribbon, the one flange
      part being provided with a threading slit which increases in width in the
      direction from the reel core to the outer edge of the one flange part,
      with one side of said slit being defined by a catching edge inclined
      obliquely to the direction of rotation of the reel, rotation of the reel
      causing the ribbon to be gripped through the slit, carried along by the
      reel and wound around the reel core, the improvement comprising: a case
      for holding said reel and having two side parts each disposed to be
      adjacent a respective reel flange part; and a holding device composed of a
      resilient sheet metal part presenting a contact surface which presses
      against the outer surface of that side part of said case which is adjacent
      the one flange part for resiliently holding the free end of the ribbon, in
      a clamping manner, under tension between said sheet metal part and said
      outer surface of that side part adjacent the one flange part, in a
      position such that the ribbon extends approximately diametrically across
      said one flange part provided with the threading slit, whereby upon
      rotation of the takeup reel the ribbon is engaged by the catching edge and
      pulled out of said holding device into said threading slit, and wherein
      said reilient sheet metal part is provided with a toothed edge for tearing
      off the portion of the ribbon which extends beyond said reel.
NUM  6.
PAR  6. An arrangement as defined in claim 5 wherein said one flange part is
      formed such that the end of said threading slit which is adjacent said
      reel core is tapered in the shape of a wedge which narrows toward said
      reel core.
NUM  7.
PAR  7. An arrangement as defined in claim 6 wherein said tapered end of said
      threading slit is provided with serrations.
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ABST
PAL  Articles are transferred from the delivery end of an input conveyor to a
      sorter conveyor for delivery to preselected destinations by a pair of
      rotor assemblies that are rotationally indexed between predetermined
      positions in sequential overlapping relation to each other. Rotation of
      the rotor assemblies are synchronized with operational conditions of the
      input and sorter conveyors.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 331,205,
      filed Feb. 9, 1973 now U.S. Pat. No. 3,871,511.
BSUM
PAR  This invention relates to the transfer or induction of hard to handle
      articles to a sorter conveyor.
PAC  BACKGROUND OF THE INVENTION
PAR  In connection with automated materials handling systems and equipment for
      warehouses, distribution centers, truck and airline terminals, and other
      industrial installations, troublesome problems arise with respect to
      relatively large and/or bulky articles such as mail sacks.
PAR  One particular source of trouble in such material handling systems occurs
      adjacent the receiving zone on the sorter conveyor through which coded
      articles are delivered to preselected destinations. At this location in
      the system, the motion of the articles must be variably controlled in
      accordance with various conditions both upstream and downstream along the
      path of travel as well as to accommodate time for entry of destination
      code data into a memory by personnel to control the sorter conveyor
      system. For proper transfer of the articles to the sorter conveyor, the
      massiveness of the articles, the wide variation in sizes thereof must also
      be dealt with.
PAR  It is, therefore, an important object of the present invention to provide
      apparatus for transferring hard to handle articles from the delivery end
      of a belt conveyor to a receiving zone on a sorter tray type conveyor in
      an automated materials handling system through which the articles are
      delivered to preselected destinations with sufficient pause in the travel
      of the articles to enable personnel to read coded information on the
      articles and enter the same into a memory. The foregoing objective is
      achieved with a maximum flow rate of articles and with minimum malfunction
      of the system by correlation of the transfer operation with upstream and
      downstream conditions along the path of travel.
PAR  In accordance with the present invention, the articles transferring
      apparatus includes one or more rotor assemblies which sequentially
      transports the articles to the sorter conveyor. Although adjacent rotors
      with article holding pockets for sequential transfer of articles are well
      known, they are generally operated continuously in a cyclically
      synchronized relationship. Contrary thereto, the rotor assemblies are
      controlled for intermittent operation in accordance with upstream and
      downstream conditions detected by photo-sensors, limit switches and
      malfunction sensing switches. The rotor assemblies are provided with vanes
      to interrupt gravitationally induced movement of the articles to
      sequentially effect pause in the travel of the articles, with an overlap
      in rotation of the rotors between indexed positions to obtain maximum flow
      density. The vanes on the rotors are axially elongated to accommodate
      articles of maximum length in a direction transverse to the direction of
      travel. Also, the vanes on at least one of the rotors adjacent the
      delivery end of the input conveyor form entrance and exit ramps in the
      indexed positions of the rotor to guide downward movement of the articles
      under gravitational inducement, movement being augmented by the vanes
      acting as paddles during rotation of the rotor between the indexed
      positions. Releasable disc brakes at opposite axial ends of the rotors
      hold the rotors against rotation in the indexed positions to absorb the
      impact of the massive articles against the vanes or paddles.
PAR  In one illustrated embodiment of the invention, a second rotor assembly
      adjacent the receiving zone of the sorter conveyor is provided with vanes
      that act as paddles instead of gates and are rotated in the same direction
      as the preceding rotor to handle articles such as mail bags that require
      additional inducement for movement onto the sorter conveyor.
PAR  The arrangement of a photo-sensing relay detecting articles on the entrance
      ramp vane of the rotor adjacent the input conveyor to initiate a
      sequential, overlapping rotational cycle of the rotors, renders the
      apparatus suitable for use with either a continuously operating or an
      intermittently operating input conveyor. Cam operated switches and
      additional photo-sensor actuated in response to rotation of the rotors
      provide input data for the sorter conveyor control system, produce the
      overlap in rotational movement of the rotors and correlate operation of
      the transfer apparatus with operating conditions of the input and sorter
      conveyors.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial side elevational view of the apparatus constructed in
      accordance with the present invention.
PAR  FIG. 2 is a partial side elevational view of the apparatus.
PAR  FIG. 3 is a wiring diagram of the control system.
DETD
PAC  DESCRIPTION
PAR  Referring now to the drawings in detail, FIGS. 1 and 2 illustrate the
      article transfer apparatus of the present invention generally referred to
      by reference numeral 10. The apparatus 10 is located between the delivery
      end 12 of a typical input conveyor 14 and the receiving zone of a sorter
      conveyor 16. The input conveyor is of the endless belt type provided with
      belt mounted flights 18 for movement of articles 20 at an upward incline
      toward the delivery end 12 from which the articles are dropped onto the
      transfer apparatus 10. The articles are discharged from the transfer
      apparatus onto a plurality of trays 22 of the sorter conveyor. A
      preselected number of trays 22, if necessary, to accommodate the maximum
      length of articles being handled, are operatively interconnected for
      receiving articles at the receiving zone along which the backstop 24 is
      located in order to deliver the articles to preselected destinations at
      which the interconnected trays are laterally tilted to unload the article
      in a manner well known to those skilled in the art. As shown in FIG. 1,
      the articles are conveyed by the sorter conveyor from the receiving zone
      in a direction perpendicular to the direction of travel of the articles
      from the input conveyor 14 through the transfer apparatus 10.
PAR  With continued reference to FIGS. 1 and 2, the transfer apparatus includes
      a frame assembly generally referred to by reference numeral 26 positioned
      between the conveyors 14 and 16 for rotatably supporting a pair of rotor
      assemblies generally referred to by reference numerals 28 and 30. The
      rotor assemblies are axially elongated to accommodate the maximum length
      of articles 20 to be handled. The rotor assembly 28 located adjacent the
      delivery end 12 of the input conveyor 14 is provided with vanes 32 that
      extend substantially the entire axial length of the rotor shaft 34 to
      which the vanes are connected. In the illustrated embodiment, there are
      four equiangularly spaced vanes 32. Also, as shown in FIG. 2, the vanes 32
      extend generally in radial relation to the rotational axis of the rotor
      shaft which is rotatably mounted by bearing assemblies 36 and 38 fixed to
      the frame assembly adjacent opposite axial ends of the shaft. The rotor
      assembly 28 is adapted to be rotationally indexed between predetermined
      angular positions so that a pair of diametrically opposite vanes 32 will
      form or act as downwardly inclined ramps to guide movement of the articles
      20 by gravitational inducement. The vane extending from the rotor assembly
      toward the delivery end of the conveyor forms an entrance ramp that may be
      bridged with the delivery end by a fixed ramp 40 as shown in FIG. 1. The
      opposite vane forms an exit ramp to guide movement of an article onto the
      trays 22.
PAR  In the illustrated embodiment, the rotor assembly 30 includes a rotor shaft
      44 rotatably mounted by a pair of bearing assemblies 46 and 48 adjacent
      opposite axial ends thereof. The rotational axis of the rotor shaft 44 is
      vertically spaced below that of the rotor shaft 34 so that vanes 50 may
      extend therefrom. Four vanes 50 are associated with the rotor assembly 30
      and extend generally in radial relation to the rotational axis of the
      rotor shaft 44 as shown in FIG. 1. The rotor assembly 30 is indexed
      90.degree. for each 90.degree. of angular movement of the rotor assembly
      28. The vanes 50 are rotated in a counterclockwise direction as indicated
      by arrows 52 in FIG. 1 for release of the articles and the rotor assembly
      28 is also rotatably indexed in a counterclockwise direction as indicated
      by the arrows 54. Each of vanes 32, 50 vertically displaces and
      centrifugally augments the gravitational induced movement of the articles
      from the input conveyor, the vanes acting as paddles during such indexing
      movement.
PAR  In each position of the first rotor 28 and second rotor 30, one of the
      vanes of the first rotor 28 is inclined to form an entrance ramp and
      another vane is inclined to form an exit ramp; and one vane of the second
      rotor 30 is inclined to form an entrance ramp aligned with the vane of the
      first rotor which forms an exit ramp and another vane of the second rotor
      is inclined to form an exit ramp to the sorter conveyor.
PAR  As more clearly seen in FIG. 2, the rotor assemblies 28 and 30 are
      respectively rotationally indexed by brake motor assemblies 56 and 58 that
      are drivingly connected to the respective rotor assemblies by sprocket
      gearing 60 and 62 at one axial end of each rotor assembly. There are also
      four brake discs 64, 66, 68 and 70 connected to the rotor shafts 34 and 44
      adjacent opposite axial ends. Each brake disc is normally engaged by a
      releasable brake mechanism 72, 74, 76 and 78. Brake assemblies are
      provided for both axial ends of each rotor assembly to not only firmly
      hold the rotor assembly in each of its indexed positions, but also to
      avoid twist of the rotor assembly in view of the large impact forces
      exerted thereon by the relatively massive articles being handled. Both
      brake devices for each rotor assembly are released simultaneously with the
      energization of the associated brake motor 56 and 58 by means of a fluid
      pressure control system. A pair of solenoid controlled valves control the
      engagement and disengagement of the brake devices.
PAR  FIG. 1 also illustrates the relative locations of the basic control
      components associated with the transfer apparatus 10. These control
      components include photosensing relay devices of the retro-reflective type
      for detecting the presence or absence of articles during travel from the
      delivery end of the input conveyor to the receiving zone on the sorter
      conveyor. The photo-sensing devices include an input sensor 90 located
      adjacent the delivery end of the input conveyor closely spaced above the
      fixed ramp 40 and a sensor 92 establishing a fixed sensing beam parallel
      to that of sensor 90 and extending parallel to the rotational axis of
      rotor shaft 34 closely spaced above the entrance ramp in the indexed
      position of the rotor assembly. Also, a sensor 94 is closely spaced ahead
      of the vane 50 while a sensor 96 is located at the receiving zone to
      establish a sensing beam across the sorter trays perpendicular to the
      sensing beams associated with the other sensors 90, 92 and 94. The sensor
      90 is operative to signal reception of an article in the transfer assembly
      while the sensor 96 will prevent operation of the rotor assembly 30 until
      a previously delivered article has cleared the receiving zone on the
      sorter conveyor. The rotor assembly 30 is conditioned for rotation when an
      article is detected by sensor 94 entering rotor assembly 30. The rotor
      assembly 28, on the other hand, is conditioned for rotation after an
      article is detected by sensor 92 entering rotor assembly 28.
PAR  Intermittent movement of the rotor assemblies are respectively controlled
      by actuation of limit switches 98 and 100 fixedly mounted on the frame for
      engagement by the cam lobes on the rotor vanes 32 and 50, respectively.
      Thus, the limit switches 98 and 100 are operative through the drive motors
      56 and 58 to rotationally index the rotor assemblies by 90.degree. by
      limiting rotational movement. Another limit switch 108 is fixedly mounted
      adjacent the brake disc 70 of rotor assembly 30 for engagement by cam
      lobes 112 mounted on the brake disc 70. A reset switch 114 is fixedly
      mounted by the frame below the lower flight of the input conveyor adjacent
      the delivery end of the input conveyor for engagement by the flights 18 in
      order to control recycling of a control system associated with the
      transfer apparatus 10.
PAR  The control system for the article transfer apparatus is associated with
      the sorter memory system aforementioned through which automated operation
      of the sorter conveyor is achieved. Operation of the input conveyor may
      also be controlled or automated by a system interconnected with the sorter
      memory system and with the transfer control system. The sorter memory
      system and input conveyor control system form no part of the present
      invention and are briefly described in the prior parent application Ser.
      No. 331,205. The sorter memory system and conveyor control system are of a
      type that enable an operator to preselect the destination to which
      articles are delivered by the sorter conveyor. The coded destination of
      each article which is placed on the input conveyor may be read by the
      operator at any convenient location prior to arrival of the article at the
      receiving zone of the sorter conveyor. The coded destination information
      is entered into the sorter memory by the operator through a keyboard. Only
      then will the article transfer apparatus be conditioned for operation by
      an output from the memory system applied to a synchronizing circuit
      section of the control system. The synchronizing circuit section is
      interconnected with the first rotor drive control circuit and the second
      rotor drive control circuit through which synchronized operation of the
      paddle and gate rotor assemblies 28 and 30 are effected. Power for
      rendering the apparatus operative is supplied to the control circuits
      through a start circuit which also energizes the article sensing circuits
      associated with the sensors 90, 92, 94 and 96 aforementioned. The
      synchronizing circuit is also interconnected with the article sensing
      circuits and the input conveyor control system to which outputs are also
      supplied from the article sensing circuits. Input data to the sorter
      memory system is derived from the limit switches aforementioned through
      the drive control circuits and from the article sensing circuits.
PAR  FIG. 3 illustrates the electrical wiring associated with the transfer
      control system with which the various limit switches and photo-sensing
      relays are associated. A start circuit, not shown, is also associated with
      a speed sensing control component through which operation of the transfer
      apparatus is prevented until the sorter conveyor has attained a proper
      operational speed. Air pressure for engagement of the brake devices must
      also be available before the transfer apparatus is operated. Accordingly,
      air pressure sensing control component is provided for this purpose to
      prevent operation of the transfer apparatus until sufficient operating
      pressure is available.
PAR  The destination code number on the article being conveyed by the input
      conveyor toward the paddle rotor 28 is read by the operator and entered
      into the memory. When the coded input is stored, the memory produces an
      output to energize the code storage relay coil M-1. Before the first
      paddle rotor 28 can rotate by energization of motor starter MS-1, the
      sensor 92 must sense an article entering paddle rotor 28 to actuate
      contact PC-1 and close contacts PC-1 in series with the coil of time delay
      relay TR-1. This time delay allows the articles to settle in the pocket of
      paddle rotor 28 before any action will occur. Relay CR-1 allows paddle
      rotor 28 to start its rotation to send an article to paddle rotor 30
      before paddle rotor 30 reaches its home position. Limit switch 108
      actuates relay CR-1. Time delay relay TR-2 allows the brake associated
      with paddle rotor 28 to release before starting the motor for rotating
      paddle 28. Limit switch 98 functions to reset the circuit when the paddle
      rotor 28 is returned to its home position. Time delay relay TR-3 permits a
      sufficient time delay to permit the article to settle in the paddle rotor
      30 before any action will occur. Before the second paddle rotor 30 can
      rotate, sensor 94 must sense an article entering the paddle rotor 30 to
      actuate control PC-2 and close contacts PC-2. Time delay relay TR-4 allows
      the brake associated with the paddle rotor 30 to release before starting
      the motor for rotating paddle 30. Limit switch 108 functions to reset the
      circuit when the paddle 30 is returned to its home position.
CLMS
STM  We claim:
NUM  1.
PAR  1. The combination comprising
PA1  an input conveyor,
PA1  a sorter conveyor having means along the path thereof for discharging
      articles from the conveyor to predetermined zones along the path of the
      conveyor,
PA1  and means for transferring articles from the input conveyor to the sorter
      conveyor comprising
PA1  first rotor means having a plurality of vanes defining article receiving
      pockets,
PA1  means for rotatably mounting said first rotor means between said input
      conveyor and said sorter conveyor about a generally horizontal axis
      parallel to a portion of the path of the sorter conveyor,
PA1  drive means operatively connected to said rotor means for intermittently
      rotating said first rotor means between successive indexed positions,
PA1  said successive indexed positions including a first position and a
      successive second position,
PA1  said first position being such that a vane of one pocket forms an inclined
      entrance ramp,
PA1  said second position being such that the adjacent vane of the same pocket
      defines an exit ramp,
PA1  second rotor means having a plurality of vanes defining article receiving
      pockets,
PA1  means for rotatably mounting said second rotor means between said first
      rotor means and said sorter conveyor about a generally horizontal axis
      parallel to a portion of said sorter conveyor and parallel to the axis of
      said motor means,
PA1  drive means operatively conneted to said second rotor means for
      intermittently rotating said second rotor means in the same direction as
      said first rotor means between successive indexed positions,
PA1  said second rotor means having vanes which successively cooperate with said
      receiving ramp to define a receiving pocket for an article transferred
      from said first rotor means,
PA1  said first position being such that a vane on one pocket is aligned with
      the exit ramp formed by the vane of said first pocket,
PA1  said second position of said second rotor means being such that the
      adjacent vane of the same pocket defines an exit ramp,
PA1  said drive means driving each said rotor means at a rate such that said
      vane forming an entrance ramp lifts an article being transferred from said
      first position to said second position and augments the gravitational
      movement of the article to said second position such that the article
      moves off of the vane that is acting as an exit ramp.
NUM  2.
PAR  2. The combination set forth in claim 1 including synchronizing means for
      stopping the input conveyor when a pocket of the first rotor means is not
      in the first position and is not empty for receiving an article from said
      input conveyor, for conditioning said first rotor means for rotation only
      when said pocket defined by said second rotor means and said receiving
      ramp is empty for receiving an article, and for conditioning said second
      rotor means for rotation only when a predetermined portion of the sorter
      conveyor is empty for receiving an article.
NUM  3.
PAR  3. The combination set forth in claim 2 including operational control means
      connected to the synchronizing means for producing overlapping motion of
      the rotor means and one of the conveyors to increase the flow rate of
      articles between said conveyors.
NUM  4.
PAR  4. The combination set forth in claim 1 including brake means on each said
      rotor means cooperating with said drive means for holding said rotor means
      in the aforementioned predetermined indexed positions.
NUM  5.
PAR  5. The combination comprising
PA1  an input conveyor,
PA1  a sorter conveyor having means along the path thereof for discharging
      articles from the conveyor to predetermined zones along the path of the
      conveyor,
PA1  and means for transferring articles from the input conveyor to the sorter
      conveyor comprising
PA1  first rotor means having four vanes defining article receiving pockets,
PA1  means for rotatably mounting said first rotor means between said input
      conveyor and said sorter conveyor about a generally horizontal axis
      parallel to a portion of the path of the sorter conveyor,
PA1  drive means operatively connected to said rotor means for intermittently
      rotating said first rotor means in one direction for bringing a pocket
      successively from a first to a second position, a third position and then
      the first position,
PA1  said first position being such that a vane of each pocket forms an inclined
      entrance ramp,
PA1  said second position being such that the adjacent vane of the same pocket
      defines an exit ramp,
PA1  second rotor means,
PA1  means for rotatably mounting said second rotor means between said first
      rotor means and said sorter conveyor about a generally horizontal axis
      parallel to a portion of said sorter conveyor and parallel to the axis of
      said rotor means,
PA1  drive means operatively connected to said second rotor means for
      intermittently rotating said second rotor means in the same direction as
      said first rotor means from a first to a second, a third and a fourth
      position,
PA1  said second rotor means having four diametrically opposed vanes which
      successively cooperate with said receiving ramp to define a receiving
      pocket for an article transferred from said first rotor means,
PA1  said first position of said second rotor means being such that a vane of
      each pocket thereof is aligned with the vane of said first rotor means
      forming an exit ramp,
PA1  said drive means driving each said rotor means at a rate such that said
      vane forming an entrance ramp lifts an article being tansferred from said
      first position to said second position and aguments the gravitational
      movement of the article to said second position such that the article
      moves off of the vane that is acting as an exit ramp,
PA1  said second position of said second rotor means being such that a vane of
      the same pocket defines an exit ramp.
NUM  6.
PAR  6. The combination set forth in claim 5 including synchronizing means for
      stopping said input conveyor when the pocket is not in the first position,
      is not empty for receiving an article from said input conveyor, for
      conditioning said first rotor means for rotation only when said pocket
      defined by said second rotor means and said receiving ramp is empty for
      receiving an article, and for conditioning said second rotor means for
      rotation only when a predetermined portion of the sorter conveyor is empty
      for receiving an article.
NUM  7.
PAR  7. The combination set forth in claim 6 including operational control means
      connected to the synchronizing means for producing overlapping motion of
      the rotor means and one of the conveyors to increase the flow rate of
      articles between said conveyors.
NUM  8.
PAR  8. The combination set forth in claim 5 including brake means on each said
      rotor means cooperating with said drive means for holding said rotor means
      in the aforementioned predetermined indexed positions.
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ABST
PAL  An adjustable belt conveyor assembly for the feeding of box panels into box
      making machinery where the friction track, i.e., the distance of
      advancement is adjustable as a result of a longitudinally adjustable
      intermediate belt loop in the run of an endless conveyor belt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAL  Field of the Invention
PAR  The present invention relates to belt conveyor assemblies, and in
      particular to adjustable belt conveyor assemblies such as may be employed
      in box making machinery where adjustability is required in the conveyor
      displacement for adaptation to boxes of different size.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention suggests an adjustable belt conveyor, especially for
      use in conjunction with box folding machinery, where the advancement of
      the box panels over a given distance into the folding station is obtained
      by means of a high-friction conveyor belt which engages the flat box panel
      against a low-friction stationary slide face, thereby advancing the box
      panel at the speed of belt motion as long as a portion of the box panel is
      confined between the belt and the slide face.
PAR  This length of belt run over which the belt and the slide face are
      contiguous, which will be referred to herein as friction track, is made
      adjustable by the present invention so that the end point of the friction
      track can be set in accordance with different sizes of box panels. This
      adjustability is obtained in a most simple manner by providing an
      intermediate belt loop as part of the endless belt conveyor, the belt loop
      being adjustable longitudinally so as to present belt strands of variable
      lengths in conjunction with the fixed belt rollers, one of these
      variable-length belt strands being used to provide the adjustability for
      the length of the friction track.
PAR  In the preferred embodiment the intermediate belt loop consists of a
      longitudinal support arm which carries a belt roller or loop roller on
      each end and which is horizontally adjustable in parallel to the friction
      track. The endless belt of the conveyor thus runs from a stationary drive
      wheel over the two loop rollers of the support arm and from there over a
      second stationary belt roller back to the drive wheel. The intermediate
      belt loop thus causes the belt to run in three substantially parallel
      strand portions, two of them running away from the drive wheel in the
      direction of advance, while one runs in the opposite direction. Thus, when
      the position of the support arm is longitudinally adjusted toward or away
      from the drive wheel, one of the two aforementioned belt strands is
      lengthened, while the other one is shortened by the same amount, without
      affecting the belt tension.
PAR  The support arm for the adjustable intermediate belt loop is preferably so
      arranged that it is horizontally adjustable along a rail profile by means
      of a pivot pin which is clampable in any adjustment position relative
      thereto.
PAR  A preferred embodiment of the invention further suggests that the contact
      pressure exerted by the belt strand and the slide face of the friction
      track against the box panel is provided by the weight of the support arm
      and/or by a downwardly directed force component of the belt tension on the
      strand between the two belt rollers of the intermediate loop, obtained as
      a result of a slight downward slant of that belt strand.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further special features and advantages of the invention will become
      apparent from the description following below, when taken together with
      the accompanying drawing which illustrates, by way of example, an
      embodiment of the invention, represented in the various figures as
      follows:
PAR  FIG. 1 shows in an elevational view an adjustable belt conveyor embodying
      the invention;
PAR  FIG. 2 shows the conveyor assembly of FIG. 1 in a plan view, representing
      one of several parallel operating conveyor segments and
PAR  FIG. 3 shows a modified portion of the conveyor of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 illustrate in elevation and plan view an endless belt
      conveyor assembly which is especially suitable for the feeding of box
      panels into paper folding machinery. It should be understood that FIG. 2
      only shows a single endless belt, and that two or more of these belts may
      be arranged in parallel in order to handle large box panels.
PAR  In FIG. 1 the belt assembly is shown to include a drive wheel 1 which
      advances an endless belt 9 with the assistance of a counter roller 3 which
      is arranged underneath the drive wheel 1. The counter roller is rotatably
      supported in the forked rear end of a horizontally extending guide profile
      2. The latter thus extends from underneath the drive wheel to a forward
      point on the machine in alignment with the vertical plane defined by the
      belt run. A rail profile 4 is arranged in parallel and laterally spaced
      from the guide profile and belt run, the rail profile 4 as well as the
      guide profile 2 being fixedly mounted to the machine frame (not shown).
      The rail profile 4 includes a horizontal slot 5 and carries at a distance
      from the drive wheel a roller block 6 which supports a stationary belt
      roller 8 by means of a trunnion 7. The roller block 6 is longitudinally
      adjustable for the purpose of setting the tension of the endless belt 9.
      As can be seen in FIG. 1, the stationary belt roller 8 is smaller and
      stationed higher than the drive wheel 1, in order to accommodate
      underneath it an intermediate belt loop, which will be described in more
      detail below.
PAR  The rail profile 4 carries on its vertical face an elongated support arm 10
      which is retained against the rail profile 4 by means of a pivot pin 11.
      The pivot pin 11 is arranged in the rear portion of the support arm 10 and
      engages the slot 5 of the rail profile against which it can be fixedly
      retained in any longitudinal position within the slot 5 by means of a
      clamping lever 12. The longitudinal position of the support arm 10 is thus
      adjustable within the range of slot 5 by shifting the position of its
      pivot pin 11. On the two ends of the support arm 10 are arranged belt
      rollers or loop rollers 13 and 14 in alignment with the belt run so as to
      form an intermediate loop in the belt run which is composed of a first
      advancing belt strand running at the bottom of the belt run between the
      drive wheel and the loop roller 14, an intermediate returning belt strand
      running between loop roller 14 and loop roller 13, a second advancing belt
      strand running between the loop roller 13 and the stationary belt roller
      8, and a returning belt strand running at the top of the belt run between
      the stationary belt roller 8 and the stationary drive wheel 1.
PAR  The guide profile 2 has a smooth horizontal upper slide face arranged in
      parallel to the bottom strand of the endless belt 9 so as to constitute a
      friction track for the box panel which is engaged between the low-friction
      slide face and the high-friction belt 9. The friction pressure is
      controlled by the vertical position of the front loop roller 14 on the
      support arm 10 and is determined, on the one hand, by the weight of the
      support 10 and loop roller 14 tending to push the latter downwardly in
      relation to the pivot pin 11, and on the other hand, by the direction of
      pull on the intermediate belt strand between the loop rollers 13 and 14
      which, in the case illustrated in FIG. 1, is slanted so as to produce an
      additional downward-directed force component. It should be understood that
      other means for controlling the friction pressure would likewise be
      suitable, such as resilient biasing means, like springs etc.
PAR  The horizontal adjustability of the support arm 10 and its loop rollers 13
      and 14 relative to the stationary rail profile 4 permits repositioning of
      the intermediate belt loop forwardly and backwardly in relation to the
      stationary belt roller 8 and drive wheel 1 without any change in the belt
      tension. This is made possible through the parallel arrangement of the
      advancing bottom strand with the likewise advancing intermediate belt
      strand between the rear loop roller 13 and the stationary belt roller 8.
      Thus, when the support arm 10 is shifted forwardly, the first advancing
      strand is lengthened while the second advancing strand is accordingly
      shortened. An adjustment of the support arm 10 away from the drive wheel 1
      thus increases the effective length of the friction track.
PAR  The guide profile 2 further includes in its upper portion a longitudinal
      groove 15 inside which is positioned a stop rod 16. The latter is so
      arranged that it forms a part of the slide face of the guide profile in
      cooperation with the bottom strand of belt 9. However, the stop rod 16
      extends forwardly a distance beyond the length of the guide profile 2 and
      includes at its forward extremity a positioning abutment (not shown) for
      the box panel in the folding station. This stop rod 16 is also
      longitudinally adjustable in relation to the stationary guide profile 2 so
      as to accommodate various sizes of box panels. The adjustment of the stop
      rod 16 is accomplished by means of a rod clamp with a clamping lever 17.
      The rod clamp is arranged at the rear end of the stop rod 16 and
      cooperates with a longitudinal slot in the guide profile 2.
PAR  Although the friction track of the preferred embodiment as illustrated and
      described above consists of a simple stationary slide face cooperating
      with the bottom strand of the endless belt, it should be obvious that a
      second endless belt may be arranged to run in parallel with the conveyor
      belt, as shown in FIG. 3, counter belt 19 is guided over the counter
      roller 3 and a similar roller 18 at the front end of the guide rail 2'. In
      this case the stop rod 1 is arranged elsewhere on the assembly.
PAR  It should be understood, of course, that the foregoing disclosure describes
      only a preferred embodiment of the invention and that it is intended to
      cover all changes and modifications of this example of the invention which
      fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adjustable belt conveyor assembly which is adapted for feeding flat
      workpieces to a forwardly and rearwardly adjustable position in a work
      station and especially for feeding box panels to the folding station of a
      box folding machine, the conveyor assembly comprising in combination:
PA1  an elongated stationary support structure which includes a guide profile
      defining a substantially horizontal conveying surface extending from a
      rearward point to a forward point on the assembly;
PA1  a first stationary belt roller arranged near the rear of the assembly;
PA1  a second stationary belt roller arranged near the front of the assembly;
PA1  a first intermediate loop roller arranged forward of said first stationary
      belt roller and having a smaller diameter than the latter;
PA1  a second intermediate loop roller arranged forward of the first
      intermediate loop roller, at a level below the second stationary belt
      roller;
PA1  an endless belt engaging said four rollers so as to form four consecutive
      belt strands as follows: an advancing bottom belt strand extending between
      the first belt roller and the second loop roller, at the lower side
      thereof and in parallel cooperative relationship with at least a portion
      of said conveying surface; a returning lower intermediate belt strand
      extending between the two loop rollers; an advancing upper intermediate
      belt strand extending between the first loop roller and the second
      stationary belt roller; and a returning top belt strand extending between
      the two stationary belt rollers; whereby said upper intermediate belt
      strand and said bottom belt strand are substantially parallel to one
      another;
PA1  means for driving the endless belt; and
PA1  means for simultaneously longitudinally adjusting the two intermediate loop
      rollers by equal increments, thereby lengthening or shortening said upper
      intermediate belt strand and correspondingly shortening or lengthening
      said bottom belt strand, the latter cooperating with the conveying surface
      of the stationary support to advance a workpiece therebetween to the
      adjusted position of the first intermediate loop roller; and wherein
PA1  the support structure further includes a rail profile having a longitudinal
      slot therein; and
PA1  the loop roller adjusting means includes an elongated support arm on which
      both intermediate loop rollers are mounted at a fixed horizontal spacing,
      and support arm attaching means extending through said slot for clamping
      said support arm to said rail profile in any one of the plurality of
      longitudinal adjustment positions.
NUM  2.
PAR  2. A conveyor assembly as defined in claim 1, wherein:
PA1  the conveying surface is an advancing horizontal upper strand of an endless
      counter belt, the guide profile including means for guiding said counter
      belt.
NUM  3.
PAR  3. A conveyor assembly as defined in claim 1, wherein:
PA1  the conveying surface is a smooth stationary slide face having a friction
      coefficient which is substantially lower than that of the cooperating side
      of the endless belt.
NUM  4.
PAR  4. A conveyor assembly as defined in claim 1, wherein:
PA1  the support arm attaching means is arranged in the rear portion of the
      support arm and includes a horizontal-axis pivot connection carrying the
      support arm, so as to render the first intermediate loop roller adjustable
      vertically about said pivot connection for an adjustment of the pressure
      exerted against the workpiece between the bottom belt strand and the
      conveying surface.
NUM  5.
PAR  5. A conveyor assembly as defined in claim 4, wherein:
PA1  the lower intermediate belt strand returns at a downward slant in relation
      to the bottom belt strand.
NUM  6.
PAR  6. A conveyor assembly as defined in claim 4, wherein:
PA1  the support arm carrying the two intermediate loop rollers includes means
      for biasing the first intermediate loop roller downwardly against the
      conveying surface.
NUM  7.
PAR  7. An adjustable belt conveyor assembly which is adapted for feeding flat
      workpieces to a forwardly and rearwardly adjustable position in a work
      station and especially for feeding box panels to the folding station of a
      box folding machine, the conveyor assembly comprising in combination:
PA1  an elongated stationary support structure which includes a guide profile
      defining a substantially horizontal conveying surface extending from a
      rearward point to a forward point on the assembly;
PA1  a first stationary belt roller arranged near the rear of the assembly;
PA1  a second stationary belt roller arranged near the front of the assembly;
PA1  a first intermediate loop roller arranged forward of said first stationary
      belt roller and having a smaller diameter than the latter;
PA1  a second intermediate loop roller arranged forward of the first
      intermediate loop roller, at a level below the second stationary belt
      roller;
PA1  an endless belt engaging said four rollers so as to form four consecutive
      belt strands as follows: an advancing bottom belt strand extending between
      the first belt roller and the second loop roller, at the lower side
      thereof and in parallel cooperative relationship with at least a portion
      of said conveying surface; a returning lower intermediate belt strand
      extending between the two loop rollers; an advancing upper intermediate
      belt strand extending between the first loop roller and the second
      stationary belt roller; and a returning top belt strand extending between
      the two stationary belt rollers; whereby said upper intermediate belt
      strand and said bottom belt strand are substantially parallel to one
      another;
PA1  means for driving the endless belt; and
PA1  means for simultaneously longitudinally adjusting the two intermediate loop
      rollers by equal increments, thereby lengthening or shortening said upper
      intermediate belt strand and correspondingly shortening or lengthening
      said bottom belt strand, the latter cooperating with the conveying surface
      of the stationary support to advance a workpiece therebetween to the
      adjusted position of the first intermediate loop roller; and wherein
PA1  the conveying surface is a smooth stationary slide face, having a friction
      coefficient which is substantially lower than that of the cooperating side
      of the endless belt; and
PA1  the guide profile includes a longitudinal groove in said slide face and a
      longitudinally adjustable rod received within the groove so as to be flush
      with the slide face and forming a longitudinal extension thereof.
NUM  8.
PAR  8. A conveyor assembly as defined in claim 7, wherein:
PA1  the adjustable rod includes a workpiece stop at its forward end and a
      fastening means near its rear end by which it is longitudinally retainable
      in the guide profile in any one of a plurality of longitudinal adjustment
      positions.
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ABST
PAL  Conveyor method and apparatus wherein there is provided a package carrying
      tray, a pair of endless control chains, a pair of endless load chains, and
      a motor and sprocket wheel-drive arrangement for rotating the chains in
      synchronism. The tray is so connected to points on the chains that the
      tray is maintained in substantially horizontal and vertical positions
      during portions of tray movement from and to package loading and unloading
      areas while compensating for changes in spacing between the points during
      movement from one position to the other. The connection involves providing
      a pair of pins each on an opposite side of one end of the tray, with each
      of the load chains secured to a pin at a point for pivotal movement. A
      pair of control arms are each secured to a pin at its end, and have a
      slide thereon which is fastened to a point on one of the control chains
      for pivotal movement. Fork assemblies, cooperable with the tray, provide
      for the loading and unloading of packages at designated stations.
PARN
PAR  This is a continuation of application Ser. No. 448,178 filed Mar. 4,1974,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to package conveying method and apparatus,
      and more particularly to package conveying method and apparatus employing
      chain suspended trays for transporting cargo as between ship deck levels,
      or between floors of a building.
PAR  Present elevator systems, particularly those provided with tray chain
      suspension and control tracks for shipboard applications, frequently
      suffer from distortion, misalignment, and thus possible jamming.
      Distortion of the elevator casing or misalignment of upper or lower chain
      sprockets can prevent free movement of cargo trays carried by the chains
      of such elevator systems. Also, jamming is apt to occur at upper and lower
      levels when cargo trays carried by the chains change travel direction.
PAR  Examples of prior art elevator systems are U.S. Pat. No. 3,184,039 to
      Czarnecki; U.S. Pat. No. 1,461,638 to Wells et al; and U.S. Pat. No.
      1,856,262 to Rebstock.
PAC  SUMMARY OF THE INVENTION
PAR  Package conveyor method and apparatus providing a casing, package carrying
      trays, pairs of spaced endless control and load chains, drive means
      interconnecting the control and load chains, and means connecting the
      trays to points on the chains for maintaining the trays substantially in a
      normal position with respect to the chains during a portion of tray travel
      and in a substantially parallel position with respect to the chains during
      another portion of tray travel, and for compensating for changes in
      spacing between the points during tray travel portions when the trays
      translate from one position to the other position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view, partially cut away, of the conveyor of the
      present invention;
PA1  Fig. 2 is a front elevation view of the conveyor of FIG. 1;
PAR  FIG. 3 is a plan view of the conveyor of FIG. 1;
PAR  FIG. 4 is a diagrammatic showing of the drive apparatus and chain assembly
      of the conveyor of the present invention.
PAR  FIG. 5 is another diagrammatic showing in perspective of the drive
      apparatus and chain assembly of FIG. 4;
PAR  FIG. 6 is a diagrammatic plan view showing of the tray assembly and upper
      sprockets of the drive assembly;
PAR  FIG. 7 is a diagrammatic plan view showing of the lower sprockets of the
      drive assembly;
PAR  FIG. 8 is a partial cross section taken along the lines 8-8 of FIG. 1
      showing details without the top fork and chain assemblies;
PAR  FIG. 9 is an enlarged portion of FIG. 8 showing mainly details of a chain
      attachment;
PAR  FIG. 10 is an enlarged portion of FIG. 8 showing details of a slide unit;
PAR  FIG. 11 is an elevation view of the upper fork and tray assemblies as seen
      through an open doorway of the casing;
PAR  FIG. 12 is a cross-sectional view taken along the lines 12--12 of FIG. 11;
PAR  FIG. 13 is a side elevation view of the locking mechanism showing details;
PAR  FIG. 14 is an elevation view of the lower fork assembly as seen through an
      open doorway of the casing;
PAR  FIG. 15 is a cross section taken along the lines 15--15 of FIG. 14 showing
      details of the lower fork assembly; and
PAR  FIG. 16 is a plan view of the lower fork assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, and as illustrated in FIGS. 1-3, the package
      conveyor 10 of the present invention includes a welded steel casing 12
      which is positioned in a first platform 14, and passes through main deck
      16 to first deck 18, as of a vessel (not shown). Doors 19 are provided for
      loading and unloading of cargo at platform 14 and deck 18, but the door
      (not shown) at deck 16 would be for unloading of cargo only. Numeral 22
      generally designates a drive apparatus which drives chain assembly 23.
      Chain assembly 23 carries trays 24 secured thereto by chain attachments
      25, and slide units 27. Control stations 28 with stop, start, up, and down
      direction control buttons are provided at each deck for controlling
      operation of drive apparatus 22. Top and bottom, fork assemblies 33 and 35
      are positioned at the platform and first level 14 and 18, respectively,
      for loading and unloading cargo from conveyor 10.
PAR  Reference is now made to FIGS. 1-8. Drive apparatus 22 consists of an
      electric motor 36 positioned in the upper portion of casing 12 and
      suitably connected to electric power supply equipment (not shown), and
      control stations 28. Motor 36 has a pulley 40 mounted on its shaft for
      driving a belt 42 and pulley 44 positioned on the input shaft of a gearbox
      46. A sprocket wheel 48 is mounted on the output shaft of gearbox 46. A
      chain 50 passes over sprocket 48, and a sprocket 52 mounted on a shaft 54.
      Also provided are a plurality of sprockets 60-71 within casing 12.
      Sprockets 61, 65, 68 and 70 are all mounted on shaft 54 for synchronous
      movement, and sprockets 60, 62, 63, 64, 66, 67, 69 and 71 are each mounted
      on an individual stub shaft (not shown).
PAR  Chain assembly 23 consists of four continuous chains 56-59. Chain 56, which
      is a load chain, passes around sprockets 60-63. Chain 57, which is also a
      load chain, passes around sprockets 64-67. Chain 58, which is a control
      chain, passes around sprockets 68 and 69. Chain 59, also a control chain,
      passes around sprockets 70 and 71.
PAR  Each tray 24 is a welded assembly, best shown in FIGS. 2, 4, 6, and 8, and
      consists of a plurality of parallel load support bars or fingers 72 open
      at each end in a fork type configuration. A pin 73 protrudes at right
      angles from each outside finger 72. Each outside finger 72 is wider than
      the other fingers, and carries a control or slide arm 74 secured at one
      end thereto as by a key 75. A cross bar or spine 77 is secured to the
      bottom of each of the support bars 72 and forms tray 24 into an integral
      unit.
PAR  Reference is now made to FIG. 9. Chain attachments 25 each consist of a
      pair of plate members 84 and 86, each secured at one end to chain 57 by
      means of chain pins 88. A chain attachment block 90 is secured between
      members 84 and 86, as by bolt 92, and self locking nut 94, allowing block
      90 to pivot thereabout. An opening through block 90 carries a bushing 96
      which accommodates pin 73 carried by tray 24.
PAR  Reference is now made to FIG. 10 wherein the details of one of the slide
      units 27 are revealed. Each slide unit 27 consists of a tubular member 100
      carrying a bushing insert 102 which slidingly accommodates control arm 74
      of tray 24. A pin 104 attached to the outer surface of member 100, is
      rotatively positioned within bushing 96 of attachment block 90 of chain
      attachment 25. Pin 104 is maintained in bushing 96 as by circlip 106
      carried around its end. Rotation between slide unit 27 and arm 74 is
      limited by the reaction set up between these two members, which prevents
      or frees chains 58 and 59 of lateral loading.
PAR  As illustrated in FIG. 8, trays 24 are also provided with rollers 108 which
      are positioned on pins 73 at opposite corners. On the other opposite
      corners of trays 24, a similar pair of rollers 110 are also provided.
      Rollers 108 and 110 serve to limit lateral movement of trays 24 when
      moving while positioned in the horizontal and vertical positions. No
      appreciable load exists on rollers 108 and 110. Rollers 108 rotate only
      when in contact with casing 12 or tray restraints 111 secured to the
      casing. Rollers 110 rotate when in contact with casing 12 or shield 80.
PAR  Shield 80 is a continuous U-shaped member, extending between upper
      sprockets 60, 61, 64 and 65 and lower sprockets 62, 63, 66 and 67, and
      serving to separate horizontally positioned moving trays 24 from chains 56
      and 57 and vertically positioned moving trays 24. Shield 80 thus forms a
      continuous smooth surface around horizontally positioned trays to ensure
      freedom from obstruction to movement of cargo.
PAR  Reference is made to FIGS. 11-16. Top and bottom fork assemblies 33 and 35
      are installed at first level 18 and first platform level 14, respectively,
      for loading and unloading of cargo. Assemblies 33 and 35 must be manually
      set to correct positions before a cargo transfer operation can be
      initiated. For strike-down operation, hereinafter to be more fully
      described, top fork assembly 33 must be horizontally positioned. FIG. 12,
      and bottom fork assembly 35, 30.degree. up from horizontal, FIG. 15. For
      strike-up operation, hereinafter to be more fully described, bottom fork
      assembly 35 must be horizontally positioned, and top fork assembly 33,
      30.degree. up from horizontal.
PAR  Top fork assembly 33, best shown in FIGS. 11 and 12, is provided with a
      plurality of U-shaped members 110, secured in parallel pairs, as by
      welding to rod member 112. Rod member 112 is positioned through members
      110 and is secured at each end to one of a pair of fork members 114. The
      longitudinal axis of rod 112 is substantially perpendicular to the center
      lines of members 110. A plurality of rows of rollers 116, 117, 119, and
      123 are individually mounted for rotation intermediate the members 110 of
      each pair. The axes of rotation of rollers 116 are coincident and
      substantially perpendicular to the center lines of members 110. The
      diameters of rollers 116 are such that their surfaces protrude
      equidistantly beyond both the upper and lower surfaces and ends of members
      110, best shown in FIG. 12. This enables cargo packages to run off rollers
      116 and slide on members 110 for unloading when fork assembly 33 is
      positioned in the dashed line position of FIG. 12 as will hereinafter be
      more fully described. Rollers 117, 119, and 123 are smaller in diameter
      than rollers 116 and have their axes of rotation off-set from the center
      lines such that their surfaces protrude the same distance beyond the upper
      surfaces of members 110 as the surfaces of rollers 116, but do not
      protrude beyond the lower surfaces of members 112. Rollers 123 also extend
      beyond the other ends of members 112. Rollers 117, 119, and 123 are
      positioned below the surfaces of members 112 to provide for clearance of
      tray spine 77 when fork assembly 33 is in the load position, as
      illustrated. Merely as an example, helpful to the understanding of the
      invention, say the height of tray fingers 72 is two inches and the
      distance between the bottom surfaces of members 110 and the top of the
      rollers is 15/8  inches. This dimensioning enables a tray 24 to pick up a
      cargo package with the leading edges of fingers 72, pull the package into
      the conveyor and lift the package clear of the fork 33. A clearance of
      one-eighth of an inch is thus maintained between the spine 77 and the
      bottom surfaces of members 110, allowing a quarter of an inch lift of the
      package.
PAR  It will be appreciated that all the rollers 116, 117, 119, and 123 could be
      positioned on members 110 to protrude above and below the top and bottom
      surfaces of these members. Merely as an example, rollers 116, 117, 119 and
      123 could protrude one-eighth of an inch beyond the top and bottom
      surfaces of members 110, by using rollers having 1 3/4 inch diameters
      positioned on the center lines of members 110, which are 1 1/2 inches in
      height. The heights of the fingers 72 would then be 2 1/2 inches to
      provide a clear pick-up of one-half inch above the rollers while
      maintaining a quarter inch clearance between the spine 77 of tray 24 and
      the surfaces of rollers 116, 117, 119 and 123 protruding from the lower
      surfaces of members 110. With the rollers thus positioned to extend above
      and below the members 110, packages being unloaded in an unloading
      operation will roll off fork assembly 33 on the rollers instead of sliding
      off on members 110 as wherein rollers 117, 119 and 123 protrude only above
      the surfaces of members 110.
PAR  Each fork 114 is pivotally mounted on one of a pair of stub shafts 118,
      oppositely positioned on frame 12. Thus, the fork assembly 33 can be swung
      from the horizontal position to a 30 degree up position for unloading, and
      held in position by a lock mechanism 120. An angle iron member 121 secured
      to casing 12 holds fork assembly 33 in a horizontal position.
PAR  Lock mechanism 120, best shown in FIG. 13, consists of a plate member 122,
      pivotally mounted, as by a screw 124 at one end to a member 126 that is
      attached to frame 12. Plate 122 has a notch 128 at the other end adapted
      to engage in locking position with a pin 130 carried by one outside
      U-shaped member 110. A slot, 127, formed in plate 122, has positioned
      therethrough a screw 129 which is positioned in member 126, allowing
      limited pivotal movement of plate 122 in either direction. Lock mechanism
      120 prevents fork assembly 33 from jumping up during an unloading
      operation.
PAR  Bottom fork 35 is a welded assembly, FIGS. 14-16, and consists of parallel
      bars 134, each of which is secured at one end to a transverse member 136.
      Member 136 carries parallel brackets 138, located one at each end, and
      generally extending in a direction perpendicular to the bars 134. Also
      carried by member 136 is a pair of parallel, U-shaped brackets 140,
      positioned intermediate the ends, and extending in a direction opposite to
      that of brackets 138.
PAR  Brackets 138 are provided with threaded holes which are adapted to accept
      threaded pins 142. Plate members 144 which are secured as by bolts 146 to
      the casing 12, are provided with slanted slots 148 for accepting the ends
      of pins 142 for pivotally mounting the fork assembly 35 at its top.
PAR  Brackets 140 each straddle a bracket 151, secured to the casing 12.
      Brackets 140 carry pins 152 slindingly engaging slots 154 provided in
      brackets 151. Fork assembly 35 can thus be positioned horizontally for
      strike-up operation by positioning the pins 152 in trough portions 156 of
      slots 154, or it can be swung upward 30.degree. for strike-down (i.e.
      unloading) operation, by positioning the pins 152 in trough portions 158
      located on the other ends of slots 154.
PAR  One mode of operating the conveyor 10 is to transfer packages from the
      first level 18 to the first platform level 14. A second operating mode is
      to strike-up packages from first platform 14 and deliver them to first
      level 18. A third mode of operation is the carrying of packages from first
      platform 14 to main deck 16. Whereas in the first two modes of operation,
      unloading is accomplished automatically by means of fork arrangements 33
      and 35, packages must be manually unloaded at main deck 16 level in the
      third mode of operation.
PAR  More specifically, in the package strike-down from the first level 18 to
      the first platform 14 mode of operation, first level 16 and first platform
      level 14 doors 19 are fully open, and door 19 of main deck 16 is fully
      closed. Lower fork assembly 35 is manually positioned until it is locked
      30.degree. up. Upper fork assembly 33 is moved to the horizontal position.
      The "down" push button at a control station 28 is pressed and conveyor
      motor 36 is brought into operation. Power is transmitted by drive chain 50
      to drive sprocket 52 on shaft 54 which drives the four sprockets 61, 65,
      68 and 70. Since sprockets 61, 65, 68 and 70 are all keyed to drive shaft
      54, the four chains 56, 57, 58 and 59 move in synchronism and carry trays
      24 in a counterclockwise direction. Packages can now be fed into conveyor
      10 at the first level 18 by means of the horizontally positioned fork
      assembly 33. Trays 24 travel upward to the first level 18 in a vertical
      position and then assume a horizontal position when level with fork
      assembly 33. At this point in time a package is pushed over rollers 116 on
      fork assembly 33 and on to tray 24 which is level with and just inboard of
      the fork assembly 33. When next tray 24 reaches the same position, another
      package is loaded on it in the same manner. Loaded trays 24 travel
      downward to first platform 14 and the packages slide off the bottom fork
      assembly 35, which is tilted  30.degree. up, and through door 19 opening.
      In doing so support bars 72 of trays 24 pass downward between the bars 134
      of fork assembly 35, which catch the packages. Each package is discharged
      through the first platform 14 door 19 opening, onto a conveyor (not
      shown), and empty tray 24 continues downward to the bottom portion of
      drive apparatus 23. At this point tray 24 pivots through 90.degree.. Each
      tray 24 then travels back up to the first level 18 in a vertical position.
PAR  During the period that a tray 24 translates from the horizontal to the
      vertical, or the vertical to the horizontal positions, sliding motion
      between control chain slide units 76 and control arms 78 of trays 24
      compensate for the shortening or lengthening of the spacings between chain
      attachments 72 connecting trays 24 to load chains 56 and 57, and chain
      attachments 72 connecting trays 24 to load chains 58 and 59.
PAR  Thus, it will be appreciated that any distortion to casing 12 or
      misalignment of any of the upper or lower sprockets will not affect the
      free movement of trays 24. Self-alignment is provided because trays 24 are
      not constrained by tracks to move in a predetermined path. Also, jamming
      at the first or platform levels 14 and 18 is eliminated by the sliding
      motion that exists between pivoted slide units 76 on control chains 58 and
      59 carrying control arms 78. This compensates for any mislignment or chain
      adjustment that has been made.
PAR  In the package strike-up from the first platform 14 to the first level 18
      mode of operation, the first level 18 and first platform 14 doors 19 are
      fully opened and the main deck 16 door 19 is fully closed. Upper fork
      assembly 33 is manually positioned until it is locked in a 30.degree. up
      position. Lower fork assembly 35 is moved to the horizontal position. In
      this mode of operation the "up" push button on controller 28 is pressed,
      and motor 36 is brought into operation. Packages are now fed on to the
      conveyor at the first platform level 14 by means of horizontally
      positioned bottom fork assembly 35. The operating cycle is similar to that
      previously described, except that trays 24 are carried around in the
      opposite or clockwise direction, and loaded at the opening of door 19 at
      first platform 14. This time the bars 72 of trays 24 pass upward between
      bars 134 of fork assembly 35 to pick up packages. After travelling upward
      in the horizontal position and over the top of the drive apparatus 23,
      packages are unloaded at the first level 18. Top fork assembly 33 is
      positioned in a 30.degree. up position, so that each package is picked up
      by the fork assembly 33 and slides off the rollers 16 on the fork
      assembly. Beyond this point trays 24 are turned to the vertical position
      and continue their downward travel to the bottom part of the drive
      apparatus 23. Each tray 24 pivots through 90 degrees so that it is in the
      horizontal position ready to receive the next package at the first
      platform 14 door 19 opening.
PAR  In the package strike-up from the first platform 14 to the main deck 16
      mode of operation, the first platform 14 and main deck 16 doors 19 are
      fully open, and the first level 18 door 19 fully closed. The lower fork
      assembly 35 is moved to the horizontal position for loading. Since there
      is no fork assembly at the main deck 16 location, the packages must be
      unloaded manually. When ready to transfer packages, the up push button on
      the controller 28 is pressed at either the first platform 14 or main deck
      16. The tray assemblies 24 begin to move upward. As trays 24 reach the
      main deck 16 level, the stop push button on control 28 is pressed to stop
      motor 36 and the package is then unloaded from the trays.
PAR  During the period in which trays 24 ascend or descend in the horizontal
      position their movement is restricted by chains 56-59 and the four rollers
      108 and 110 positioned at the corners of each tray, thus no track is
      required.
PAR  Shaft 54 has been illustrated as a one piece shaft, but could be split into
      three portions, flexibly secured to each other in axial alignent, which
      would further compensate for misalignment between the upper and lower
      sprockets. One end shaft portion would have the sprockets 52, 65 and 70
      secured thereon, and the other end shaft portion would have sprockets 60
      and 61 secured thereon, all the sprockets being positioned in spaced
      relationship with respect to each other, as illustrated positioned on
      shaft 54. The intermediate shaft portion would have secured thereon at
      each end, a circular flange. A plurality of bushings, fashioned from
      flexible material, would be inserted in circularly arranged openings
      through each flange, and carry the heads of fastening screws, which would
      be threadedly engaged with sprockets 61 and 65. The bushings would each
      have portions extending beyond their respective flange openings,
      intermediate the sprockets 61 and 65, and the respective opposing flanges
      thus providing flexible, spaced coupling therebetween.
PAR  While a specific embodiment of the invention has been illustrated and
      described, it is to be understood that it is provided by way of example
      only and the invention is not to be construed as being limited thereto,
      but only by the proper scope of the following claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A package conveyor comprising:
PA1  a casing;
PA1  a package carring, non-articulated, rigid tray;
PA1  a pair of spaced endless control chains mounted adjacent opposite walls of
      said casing;
PA1  a pair of spaced endless load chains mounted within said casing
      intermediate said endless control chains;
PA1  drive means, including chain sprocket members, interconnecting said control
      and load chains for rotating said chains in synchronism; and
PA1  means connecting said tray to points on said chains for maintaining said
      tray in substantially horizontal and vertical positions with respect to
      said chains during portions of tray travel while compensating for changes
      in spacing between the points during movement from one position to the
      other, one of said tray connecting means including means securing said
      tray to said chains for relative pivotal movement and the other of said
      tray connecting means including means securing said tray to said chains
      for relative pivotal and sliding movement.
NUM  2.
PAR  2. The package conveyor of claim 1 wherein said drive means comprises:
PA1  first and second pairs of vertically spaced sprockets, each pair of
      sprockets carrying one of said control chains, the lower sprocket of each
      pair of sprockets being mounted for independent rotation;
PA1  third and fourth pairs of vertically spaced sprockets carrying one of said
      load chains, the lower sprocket of said third pair of sprockets and the
      sprockets of said fourth pair of sprockets all being mounted for
      independent movement;
PA1  fifth and sixth pairs of vertically spaced sprockets carrying the other of
      said load chains, the lower sprocket of said fifth pair of sprockets and
      the sprockets of said sixth pair of sprockets all being mounted for
      independent rotation;
PA1  a shaft operatively mounted for rotation in said casing and carrying the
      upper sprockets of said first, second, third and fifth pairs of sprockets;
      and
PA1  a motor operatively connected to said shaft for rotating said upper
      sprockets.
NUM  3.
PAR  3. A package conveyor comprising:
PA1  a casing;
PA1  a package carrying tray;
PA1  a pair of spaced endless control chains mounted adjacent opposite walls of
      said casing;
PA1  a pair of spaced endless load chains mounted within said casing
      intermediate said endless control chains;
PA1  drive means, including chain sprocket members, interconnecting said control
      and load chains for rotating said chains in synchronism; and
PA1  means connecting said tray to points on said chains for maintaining said
      tray in substantially horizontal and vertical positions with respect to
      said chains during portions of tray travel while compensating for changes
      in spacing between the points during movement from one position to the
      other;
PA1  said tray connection means comprising;
PA2  a pair of pin members each secured on an opposite side of one end of said
      tray;
PA2  means securing each of said pin members to a point on a respective one of
      said load chains for pivotal movement; and
PA2  means securing each of said pin members to a point on a respective one of
      said control chains for rotative and translative movement.
NUM  4.
PAR  4. The package conveyor of claim 3 wherein said rotative and translative
      movement securing means comprises:
PA1  a pair of control arms each secured to one of said pin members at an end;
PA1  a pair of slide members each in sliding engagement with one of said control
      arms; and
PA1  means securing each of said slide members to a point on one of said control
      chains for pivotal movement.
NUM  5.
PAR  5. The package conveyor of claim 1 further comprising:
PA1  package handling means pivotally secured to the upper portion of said
      casing, said package handling means being cooperably positioned in
      substantially horizontal and angled positions with respect to said tray
      for loading and unloading packages, respectively, during tray travel.
NUM  6.
PAR  6. The package conveyor of claim 5 further comprising:
PA1  means carried by said casing and cooperable to lock said package handling
      means in the angled position.
NUM  7.
PAR  7. The package conveyor of claim 1 further comprising:
PA1  package handling means pivotally secured to the lower portion of said
      casing, said package handling means being cooperably positionable in
      substantially horizontal and angled positions with respect to said tray
      for loading and unloading packages, respectively, during tray travel.
NUM  8.
PAR  8. A package conveyor comprising:
PA1  a casing;
PA1  a package carrying tray;
PA1  a pair of spaced endless control chains mounted adjacent opposite walls of
      said casing;
PA1  a pair of spaced endless load chains mounted within said casing
      intermediate said endless control chains;
PA1  first and second pairs of vertically spaced sprockets, each pair of
      sprockets carrying one of said control chains, the lower sprocket of each
      pair of sprockets being mounted for independent rotation;
PA1  third and fourth pairs of vertically spaced sprockets carrying one of said
      load chains, the lower sprocket of said third pair of sprockets and the
      sprockets of said fourth pair of sprockets all being mounted for
      independent movement;
PA1  fifth and sixth pairs of vertically spaced sprockets carrying the other of
      said load chains, the lower sprocket of said fifth pair of sprockets and
      the sprockets of said sixth pair or sprockets all being mounted for
      independent rotation;
PA1  a shaft operatively mounted for rotation in said casing and carrying the
      upper sprockets of said first, second, third and fifth pairs of sprockets;
PA1  a motor operatively connected to said shaft for rotating said upper
      sprockets;
PA1  a pair of pin members each on an opposite side of one end of said tray and
      secured to a point on one of said load chains for pivotal movement;
PA1  a pair of control arms each secured to one of said pin membbers at an end;
PA1  a pair of slide members each in sliding engagement with one of said control
      arms; and
PA1  means securing each of said slide members to a point on one of said control
      chains for pivotal movement.
NUM  9.
PAR  9. A package conveyor comprising:
PA1  a casing;
PA1  a tray for carrying packages;
PA1  a first pair of spaced endless chains;
PA1  means mounting said fist pair of chains for movement within said casing;
PA1  a second pair of spaced endless chains;
PA1  means mounting said second pair of chains for movement in said casing
      adjacent said first pair of chains;
PA1  drive means connected to said first and second pairs of chains for rotating
      said chains in synchronism;
PA1  first securing means securing one end of said tray to said first pair of
      chains for pivotal movement relative thereto;
PA1  second securing means securing another end of said tray to said second pair
      of chains for pivotal movement relative thereto,
PA2  said first and second pairs of chains defining different paths of travel
      such that said tray travels on said first and second pairs of chains
      between horizontal and vertical positions while connected to said first
      and second pairs of chains,
PA2  said first and second securing means being arranged to continuously
      maintain said ends of said tray pivotally secured to both of said pairs of
      chains during movement of said tray on said first and second pairs of
      chains,
PA2  said paths of said first and second pairs of chains being arranged such
      that the relative spacing between said first and second pivotal securing
      means tends to change as said tray, while connected to said first and
      second pairs of chains, travels between said vertical and horizontal
      positions;
PA2  one of said first and second securing means comprising a slidable
      connection permitting relative sliding movement between said tray and the
      pair of chain means associated with said one mounting means, while
      maintaining said continuous pivotal securement therebetween, to compensate
      for said changes in spacing.
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ABST
PAL  A sealed carton containing lading assembled from a pair of cooperating
      sheet members comprising a body blank and a cover sheet. The body blank
      comprises a generally U-shaped formation formed from paperboard or like
      relatively rigid but foldable material. The cover member is formed from a
      continuous rectangular sheet member of lightweight, highly flexible
      material which is substantially thinner than the body blank materail. The
      body blank has a plurality of hingedly connected flanges folded to
      positions normal to the panels thereof and the sheet member is folded into
      a complementary U-formation and matingly engaged over the body blank with
      marginal edges of the sheet member adhesively secured to said flanges to
      form the sealed carton around the lading.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The subject matter of this application is related to subject matter
      disclosed in co-pending patent application, Ser. No. 285,211 filed Aug.
      31, 1972 for the invention entitled "METHOD FOR FORMING A PACKAGE" and
      co-pending Pat. application Ser. No. 446,124 filed Feb. 27, 1974, for the
      invention entitled "PACKAGING MACHINE USING TWO BLANK CARTON SYSTEM."
      These patent applications are owned by the same assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel sealed carton assembled from a pair of
      sheet members of substantially different physical character, the carton
      being of the type formed from a two-piece blank system as disclosed
      generally in said Pat. application Ser. No. 285,211, filed Aug. 31, 1972
      and in U.S. Pat. No. 3,622,063.
PAR  U.S. Pat. No. 3,622,063 discloses a sealed carton of the general type with
      which this invention is concerned formed of two pre-cut blanks of
      double-faced corrugated paperboard material. U.S. Pat. No. 3,704,823
      discloses a carton made from a single blank of double-faced corrugated
      paperboard having a crate-like shape, the top and ends thereof being open
      and having overlapping flanges to strengthen and rigidify the carton.
PAR  The carton system embodying this invention differs from the heretofore
      mentioned prior art. Said system utilizes only one blank made of
      corrugated paperboard and a cover member of lightweight, flexible sheet
      material substituted for the second blank of corrugated paperboard taught
      by the prior art. With this construction, a carton which is significantly
      reduced in weight and cost is obtained which provides unusual and
      unexpected strength and protection for lading sealed therein. Said carton
      system contemplates also the feasibility of using cover sheet materials of
      different character, such as kraft paper or transparent or translucent
      plastic which would enable a display carton to be realized within the
      purview of the invention, all without sacrificing desirable strength for
      shipping, storage and stacking purposes.
PAR  The sealed carton embodying the invention is further characterized by the
      use of two blank members formed of substantially different web materials
      which are suitable for use with automatic packaging machines which wrap
      the blank members around the lading to be packaged and discharge a sealed
      package or carton containing the lading. Thus, the unexpected strength,
      visual packaging features and material cost economies realized from the
      two-piece carton system embodying the invention are further enchanced in
      terms of marketability by the ability of said carton system to be used in
      automatic packaging machinery. Reference to U.S. Pat. Nos. 3,531,914 and
      3,665,675 is directed for examples of such automatic packaging machines.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided a sealed carton containing
      lading, said carton formed from a foldable paperboard body blank member
      and a cover sheet member, said body blank being rectangular and folded
      transverse to its longer dimension into a generally U-shaped formation
      defined by a center panel and alternate side panels having flanges along
      the longitudinal side edges and the transverse end edges of said blank,
      said lading being retained partially surrounded in said formation with the
      flanges folded inwardly to a position generally perpendicular to the
      respectively associated panels overlying said lading, and said cover sheet
      member being of a very thin, lightweight, flexible material folded into a
      complementary U-shaped formation secured to and overlying the flanges to
      form a sealed carton encasing said lading between said members.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of the sealed carton
      embodying the invention.
PAR  FIG. 2 is a perspective plan view of the body blank member employed in
      forming the carton of FIG. 1.
PAR  FIG. 3 is a perspective view of the body blank folded into a U-shaped
      formation partially surrounding lading to be packaged and a cover sheet
      member poised for securement to said formation preparatory to completing
      the carton of FIG. 1, and further, showing the cover sheet as having been
      stripped from a roll of sheet material.
PAR  FIG. 4 is a perspective view of a plurality of such sealed cartons inverted
      and stacked to display the unexpected and unusual strength of said carton.
PAR  FIG. 5 is a fragmentary perspective view of a corner of said carton of FIG.
      1 with portions broken away to show structural details.
PAR  FIG. 6 is a fragmentary sectional view taken along line 6--6 of FIG. 1 and
      in the general direction indicated.
PAR  FIG. 7 is a fragmentary sectional view taken along line 7--7 of the FIG. 1
      and in the general direction indicated.
PAR  FIG. 8 is a perspective view of the folded body blank of another embodiment
      of the sealed carton.
PAR  FIG. 9 is a fragmentary end view of the body blank shown in FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the sealed carton embodying the invention is
      designated generally by the reference numeral 10 and packets of goods or
      lading 11, 12, 13 and 14 are shown sealed in the carton 10. Said carton 10
      is formed from a two-piece system comprising a folded body blank 16 and a
      folded cover sheet 18 assembled and secured.
PAR  Prior to folding thereof, the blank 16 has a generally rectangular, flat
      configuration die-cut from a web of stock material, such as paperboard,
      corrugated paper or the like, as shown in FIG. 2. The blank 16 has a pair
      of transverse fold lines 19 and 20 which define three panels 21, 22, 23.
      Panel 22 forms a center panel and panels 21 and 23 are hingedly connected
      on opposite sides of panel 22 along said fold lines 19 and 20 to define
      alternate side panels. A plurality of flanges are hingedly connected along
      the perimeter of said blank 16. More specifically, along the opposing
      longitudinal side edges A of the blank 16 are three pairs of flanges 24,
      25 and 26 hingedly connected respectively along suitable fold lines B to
      panels 21, 22 and 23. Along the opposite transverse end edges C of the
      blank 16 are two end flanges hingedly connected respectively along
      suitable fold lines D to the panels 21 and 23.
PAR  Referring to FIG. 3 showing the manner of assembling the carton 10, the
      blank 16 preliminarily is folded into a generally U-shape formation 30
      partially around packets of lading 11 - 14 and flanges 24 - 27 are folded
      inwardly to a position generally perpendicular to the associated panel to
      which it is hingedly connected and overlying said packets. It will be
      noted that the thusly folded flanges 24 and 27 on one side of the
      formation 30 form two corners 31 and 32 at the top of the formation which
      enclose and protect top edges of the packets 13 and 14. Likewise, the
      thusly folded flanges 26 and 27 on the other side of the formation 30 form
      corners 33 and 34 which protect the top edges of the packets 11 and 12.
      Further, panels 21, 22 and 23 and flanges 24, 25 and 26 form bottom
      corners of formation 30, three corners 35, 36 and 37 being shown in FIG. 3
      which serve to protect packets 11 - 14. Thus, the formation 30 formed from
      the body blank 16 provides packet protection at all eight corners of the
      completed carton.
PAR  After the blank 16 has been folded into the formation 30 shown in FIG. 3, a
      cover sheet member 18 is poised above the formation 30 with its medial
      body area overlying the open top of said formation and aligned with the
      folded end flanges 27. Instead of positioning the cover sheet 18 poised
      above formation 30, the formation 30 can be moved into position below the
      cover sheet 18. The cover sheet 18 then is folded around formation 30 so
      that the inner-facing margin of sheet 18 is engaged in face-to-face
      contact with the outwardly facing surfaces of flanges 24 - 27 and
      adhesively secured thereto. For this purpose, adhesive can be applied
      either to the inner facing margin of cover sheet 18 or to the outwardly
      facing surfaces of flanges 24 - 27 prior to folding of cover sheet 18.
      During assembly of the carton 10, pressure preferably is applied at least
      against the sheet 18 to hold same against the flanges 24 - 27 while the
      adhesive therebetween sets.
PAR  In FIG. 3, the cover sheet 18 is shown as a transparent plastic film
      supplied from a roll 40 of the film. The cover sheet 18 can be kraft paper
      or other suitable thin, flexible lightweight sheet material which has been
      precut and dispensed from a magazine, as distinguished from the continuous
      web of material represented by roll 40. Kraft paper having a thickness of
      between 0.003 and 0.010 inches has been used successfully in making carton
      10. Other paper material having a thickness between 0.08 and 0.030 can
      also be used.
PAR  As shown in FIGS. 5, 6 and 7, the body blank 16 is made from double faced
      corrugated paper board. It is contemplated that chipboard or other
      foldable, paperboard material may be used.
PAR  The sealed carton 10 achieves significant savings in weight and cost of
      materials without sacrificing strength. Cover sheet 18 holds the flanges
      24 - 27 folded over into the position forming the corners 31 - 37 whereby
      the packets of lading are protected on all corners and on six out of eight
      edges of the carton 10. Moreover, when the cover sheet 18 comprises a
      transparent, plastic film, package 10 can function also as a display
      package which reveals the contents of the package. Additionally, it has
      been found that the stacking strength of carton is not impaired so that
      cartons 10 can be inverted from the orientation thereof shown in FIG. 1
      and stacked, as shown in FIG. 4.
PAR  In comparative tests made between a conventional wrap-around type package
      made from a single paperboard blank and a carton 10 of the same size and
      configuration, carton 10 used only 44 percent of the corrugated fibreboard
      material used in such conventional package and yet, had 66 percent of the
      compression strength of such conventional package. Also, carton 10, by
      reason of the corners 31 - 37, afforded edge drop protection equivalent to
      the protection obtained with a conventional package. Additionally, it was
      found that cartons 10 using cover sheets of kraft paper were stronger than
      cartons using cover sheets of polyethylene or similar plastic film. This
      is attributed to the lack of rigidity of the film, i.e., it has some
      elasticity, as opposed to the relative rigidity of the kraft paper after
      it is folded and secured in place on a formation 30.
PAR  An important feature of the invention resides in the ability to use
      automatic packaging machinery with the two-piece system of carton 10. The
      related patent application referenced herein discloses a method of forming
      a sealed carton by wrapping a blank, such as body blank 16, partially
      around lading when a U-shaped formation such as formation 30 is formed.
      Thereafter, the cover sheet 18 can be folded over the three open sides of
      the U-formation 30 to enclose the lading. Adhesively securing the cover
      sheet 30 to the flanges 24, 25, 26 and 27 forms the sealed carton 10 and
      this still can be done in automatic packaging equipment of the general
      type disclosed in said U.S. Pat. Nos. 3,531,914 and 3,665,675.
PAR  It will be noted that for a cubical carton the body blank 16 and cover
      sheet 18 are substantially equal in length so that their engagement one
      with the other to form carton 10 results in flush edges and no outwardly
      extending parts. The same width of sheet 18 and body blank 16, excluding
      the flanges, also contributes to this result. In all cases, the cover
      sheet, being highly flexible, can be tightly folded or wrapped around the
      formation 30 and secured to the flanges to form a neat, compact and tight
      package or carton 10.
PAR  Illustrated in FIGS. 8 and 9 is a modified body blank designated 116. Blank
      116 has side flanges 124 and 126, there being a pair of such side flanges
      for the body blank. These flanges 124 and 126 are shorter than the
      corresponding flanges 24 and 26 of the blank 16. Blank 116 also has a pair
      of end flanges 127 which connect with flanges 124 and 126, respectively.
      Each flange 124 and 126 has a step-shaped slit 128 extending from a free
      edge 129 thereof transverse to the length of the flange across its width
      to the fold line 130 which joins the flange to a panel 21 or 23 of the
      body blank. The slit 128 serves to separate each flange 124 and 126 into a
      pair of segments designated 124' and 124" and 126' and 126", respectively.
      As seen in FIG. 8, the segments 124" and 126" are the shorter of the two
      parts and are hinged to an end flange 127 along the fold line 132.
PAR  As seen in FIG. 8, slit 128 serves to provide an upwardly extending tab 140
      and a U-shaped notch 142 on each side flange. The segments 124" and 126"
      also have tabs 144 designed to engage in the notches 142 with tab 140
      accommodated in the notch 146. The corners 149 of the tabs 144 are rounded
      or have a radius for facilitating interengagement of tabs 144 in notches
      142.
PAR  Referring to FIG. 9, the segments 124" and 126" are shown frictionally
      engaged with the segments 124' and 126', respectively, to form the
      continuous side flanges 124 and 126. However, by forming side flanges 124
      and 126 in two segments, as discussed above, mating engagement of the
      segments 124' and 124" and 126' and 126" in a friction fit serves to
      prevent buckling or spreading outwardly of flanges 124 and 126 relative to
      the panels of the body blank. In other words, the flange construction
      described comprise tab lock means which serve to help maintain flanges 124
      and 126 normal to the panels of the body blank 116 for a sufficient time
      period so that the second blank can be installed. It seems that the
      engagement of side flanges 124 and 126 at the miter joint 150 seen in FIG.
      8 is not sufficient to maintain the desired orientation of the flanges 124
      and 126 normal to the body blank panels 21, 23 so that the second sheet
      member can be installed in automatic packaging equipment most efficiently
      and speedily.
PAR  It is emphasized that the slit 128 does give rise to a slight friction fit
      between segment 124' and 124" and 126' and 126" so as to hold side flanges
      124 and 126 normal to the side panels of the body blank as seen in FIG. 8.
      Although slit 128 has been illustrated as step-shaped, other
      configurations are suitable, although not optimum in character. A key-hole
      shaped slit formation was utilized with advantage, but was found not to be
      as convenient. The same applies to a tongue and groove arrangement and
      dovetail joint. The step-formation slit 128 was found to be the best.
PAR  It will be apparent to those skilled in the art that obvious modifications
      can be made to the package 10 without departing from the spirit or scope
      of the invention as defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A sealed carton containing lading and formed from a pair of
      cooperatively engaged members comprising, a pre-cut body blank member of
      foldable, paperboard material and a cover sheet member formed of a
      flexible, lightweight material, said body blank having a pair of spaced
      apart lines of fold transverse to the longitudinal axis of the blank to
      provide a center panel and a pair of side panels hingedly connected along
      a pair of opposite side edges of the center panel, said body blank being
      folded into an upwardly opening generally U-shaped formation, said panels
      having hinged flanges along the longitudinal side edges and transverse end
      edges thereof folded inwardly to a position normal to the plane of the
      respective panel to which they are hinged, said cover sheet being folded
      into a downwardly opening U-shaped formation complementary to the first
      mentioned formation and matingly engaged tightly thereover, said cover
      sheet being secured to said flanges along the length of said body blank to
      seal the lading in the thusly formed carton, each of said transverse end
      flanges having a flap extending outwardly from each side thereof and each
      of the side flanges hingedly connected to one of the side panels being
      shorter in length than the side panel to which it is connected, each flap
      being folded to extend downwardly into the space not occupied by the
      shorter flanges and the mating side edges of each flap and each side
      flange being irregular in shape and frictionally engaging each other
      thereby to inhibit outward movement of the shorter side flanges from the
      folded body blank prior to the folding of the cover sheet thereabout.
NUM  2.
PAR  2. The carton according to claim 1 wherein said cover sheet is made of
      kraft paper.
NUM  3.
PAR  3. The carton according to claim 1 wherein said cover sheet is made of a
      paper material having a thickness between 0.003 and 0.030 inches.
NUM  4.
PAR  4. The carton according to claim 1 wherein said cover sheet is made from a
      plastic film.
NUM  5.
PAR  5. The carton according to claim 1 wherein said cover sheet is made of
      polyethylene film.
NUM  6.
PAR  6. The carton according to claim 4 wherein said plastic film is
      transparent.
NUM  7.
PAR  7. The carton according to claim 1 wherein said irregular shape of each
      said mating flap edge and side flange edge is a step formation, the step
      formation on the side flange edge being defined by an upwardly extending
      tab spaced outwardly from the side panel to which said flange is attached
      with a notch formed therebetween and the step formation on the flap edge
      being defined by a tab and a shoulder, said tab of said flap having
      rounded corners, and said tab and shoulder of each flap engaging mating
      with said notch and tab of said side flange, respectively.
NUM  8.
PAR  8. A sealed carton containing lading and formed from a pair of
      cooperatively engaged members comprising, a pre-cut body blank member of
      foldable, structurally stable, load accommodating paperboard material and
      a cover sheet member formed of a flexible, very thin lightweight material
      capable of principally accommodating only tension stress in the plane
      thereof, said body blank having a pair of spaced apart lines of fold
      transverse to the longitudinal axis of the blank to provide a center panel
      and a pair of side panels hingedly connected along a pair of opposite side
      edges of the center panel, said body blank being folded into an upwardly
      opening generally U-shaped formation, each of said panels having hinged
      flanges along the opposite side edges thereof which are formed from the
      longitudinal edges of said body blank, the center panel flanges comprising
      end flanges, and said side panels additionally having outer transverse end
      edges with hinged flanges therealong, each flange being folded inwardly to
      a position normal to the plane of the respective panel to which it is
      hinged with the center panel flange ends abutting the contiguous side
      panel flange ends in cooperative supporting engagement, said lading being
      disposed on said center panel and having a configuration substantially
      filling said carton and supporting the side panels from the interior
      thereof, said cover sheet being folded into a downwardly opening U-shaped
      formation complementary to the first mentioned formation and matingly
      engaged tightly thereover, said cover sheet having its margin along
      opposite longitudinal edges coextensive with and adhesively secured in
      face-to-face overlying relation to those of said flanges which are
      connected to said side panels of said body blank to tie the side panels
      together in tension at their sides and across their transverse end edges,
      and the cover sheet also having its margin along its opposite end edges
      coextensive with and adhesively secured in face-to-face overlying relation
      to said end flanges of the center panel to dispose said flanges in
      supporting position between said side panels at the bottom ends thereof
      and to seal the lading in the thusly formed carton and retain the load
      accommodating body blank in the U-shaped formation.
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ABST
PAL  There is disclosed a package comprising a rack and a surrounding cover
      therefor. The rack has a top surface which slopes downwardly from front to
      rear. This top surface has a plurality of recesses or wells into which
      small receptacles may be inserted and thereby supported in the rack. The
      said receptacles are sufficiently large so that they visibly protrude from
      the rack. As a result of this protrusion of the receptacles the cover has
      a hood-like configuration to make allowance therefor. The rack also has a
      rearwardly positioned slot means to receive and support a diagnostic plate
      and a forwardly positioned trough to hold a tube member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A considerable number of new diagnostic tests have been developed recently
      for use in the clinical laboratory. These tests frequently require a
      number of pre-mixed reagents, applicators and diagnostic plates or slides.
      With the plethora of such tests, the number of pre-mixed reagents has also
      multiplied. Unfortunately, such reagent bottles for one test can become
      confused with the reagent bottles of one or more other tests. Heightening
      the difficulties is the fact that the reagent bottles are quite diminutive
      as it is frequently necessary to employ very small quantities of both
      to-be-analyzed sample and reagent. Moreover, if any of the components
      required for the diagnostic test are not readily at hand, delay in
      conducting the test will be caused. Consequently, a rack arrangement
      adapted for multiple uses to retain and visibly exhibit all of the means
      required for a specific test would indeed be useful.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is designed to ingeniously solve the aforementioned
      considerable problems. This is achieved by a rack arrangement having a
      downwardly sloping top surface from rear to front. This surface has
      positioned therein a number of wells or recesses. One of such recesses is
      an elongated trough across essentially the front facing portion of the top
      surface. This trough accommodates an elongated horizontally-disposed
      receptacle. Rearwardly and upwardly thereof is a plurality of additional
      recesses. The walls and bottom thereof have a cage-like configuration.
      Also, for wide adaptability, those wells not needed for a specific
      diagnostic test are covered with removable plates. A cover is also
      provided to enclose the entire rack except for the bottom. The cover is
      retained by suitable detent means and preferably is constructed of a
      transparent plastic material to permit visibility of the rack contents.
      Also the rack has a slot means rearward of the top surface to retain a
      diagnostic plate in upstanding position. In this manner, all of the
      necessary component parts of the reagent bottle, tube, applicator, and
      diagnostic plate, are kept in a convenient and visible manner and utilize
      a minimum of space.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the display package of the present
      invention.
PAR  FIG. 2 is a similar view as in FIG. 1 wherein the cover has been exploded
      therefrom.
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 1.
PAR  FIG. 4 is a perspective view of the rack portion of the display package of
      the present invention with knockouts being exploded therefrom.
PAR  FIG. 5 is a cross-sectional view taken along line 5--5 of FIG. 3.
PAR  FIG. 6 is a cross-sectional view taken along line 6--6 of FIG. 5.
PAR  FIG. 7 is a fragmentary cross-sectional view taken along line 7--7 of FIG.
      6.
PAR  FIG. 8 is a fragmentary cross-sectional view taken along line 8--8 of FIG.
      6.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Now, turning to the drawings for a detailed consideration of the invention,
      attention is directed to FIG. 1 from which the display package 11 of the
      present invention may be viewed. It will be readily seen that the display
      package 11 includes a rack 12 and a cover 13 therefor, the latter
      preferably being constructed of transparent plastic, for example, clear
      polystyrene.
PAR  The cover 13 comprises a back wall 14, two end walls, namely, a left-end
      wall 15 and a right-end wall 16. The cover also has a roof 17 and
      downwardly outwardly sloping therefrom between the said end walls a
      mansard front wall 18 terminating in a downwardly extending skirt 19. The
      cover, then, describes a complete housing, except that it is not supplied
      with a bottom. The bottom is seen to be supplied by the presence of the
      rack 12.
PAR  The rack 12 has a right-end wall 20 and a left-end wall 21. It has a
      sloping forwardly facing surface 22 terminating in a front wall 23. The
      surface 22 possesses a number of wells 24 each of which is adapted and
      constructed to retain a receptacle which may contain useful ingredients
      for performing a plurality of tests.
PAR  FIGS. 1 and 2 depict the fact that the rack 12 is provided with a row of
      wells 24 having rectangular openings and another well which is an
      elongated trough 29 positioned downwardly and forwardly therefrom. A
      plurality of wells 24 are square and contain square bottles having eye
      dropper caps therein. The square well and bottle shape constitutes holding
      means for opening and closing the reagent bottles without removal from the
      display package. One of wells 24 is rectangular and contains a small
      rectangular carton 26. This carton is adapted for holding a plurality of
      applicator sticks and can have a perforated opening for convenient
      dispensing. Elongated trough 29 is adapted for holding elongated tube 27
      having a cap 28. Turning to FIG. 4, it will be noted therefrom that
      elongated well 29 is provided with a rounded bottom for seating of the
      tube 27 and slot 30 to accommodate the cap 28 of the tube 27. As the rack
      12 is hollow, the slot 30 is nonsupporting for the cap 28, but this does
      not constitute a problem as adequate support is found in the remainder of
      the wall 29.
PAR  In back of well 29 are a plurality of rectangularly-shaped wells
      penetrating through the surface 22. Knock-out plates 31 cover these wells
      as shown in FIG. 4 where two plates 31 are exploded therefrom. FIGS. 6 and
      7 give a more succinct view of the knock-out plates 31 which have
      friction-engaging ribs 32 whereby they are retained in the openings of the
      wells.
PAR  The wells are constructed as a cage 33 having downwardly extending ribs to
      form the sides of the cage and normal thereto cross ribs to form the
      bottom thereof. The cages do not extend to the bottom of rack 12 but this
      is essentially merely a matter of choice. The openings provided by the
      cages 33 make it possible to forcibly dislodge the knock-out plates from
      the bottom thereof by an instrument poked through the cages. This may be
      accomplished through the back wall 34, as seen in FIG. 5, which describes
      an inverted U-shaped configuration.
PAR  Each of the end walls 20 and 21 have rearwardly extending portions
      constituting oppositely disposed vertical slots 35, each having a bottom
      36. These slots are adapted and constructed to carry a diagnostic plate 37
      as depicted in FIGS. 1 and 2 and shown by dotted lines in FIG. 3.
PAR  The cover 13 has a number of interesting features not heretofore discussed.
      For instance, it will be appreciated that the cover fits quite snugly
      about the rack 12. FIGS. 1, 3, 5 and 6 demonstrate this quite clearly. To
      further insure a good fit with a cover-retaining feature, a detent 38 is
      provided at the left and right-end walls of the rack 12. These detents
      accept small projection 39 as shown in detail in FIG. 8.
PAR  To provide ease in lifting or removing the cover 13, the back wall 14 and
      skirt 19 each possess a finger notch 40 whereby the rack 12 with its cover
      may be held in the palm of one hand. Finger notch 40 can be enlarged to
      accommodate several fingers. The rack is restrained from movement by
      grasping it through the just-mentioned notches while with the other hand
      the cover is removed, defeating the detent-holding means.
PAR  Internally of the front wall 18 of the cover is a triangularly-shaped rib
      41. This rib performs the useful function of assisting in retaining in
      place the tube 27, as more elucidated in FIG. 1.
PAR  Another ingenious feature to be found in the cover 13 are the corner ribs
      42 located in the corner of the cover where the left and right-end walls
      of the cover come together with the back wall 14 of the cover. The corner
      ribs 42 extend from the top of the cover to a point above the
      slot-carrying portion of the rack 12. The corner ribs act as rearward
      abutment means to prevent the cover 13 from being put on too far. Front
      abutment is determined by the height of front wall 23 of the rack 13 and
      the skirt 19 of the cover 13.
PAR  The display package of the present invention can be readily constructed of
      thermosetting resins, each portion, namely, the rack and cover can be
      integrally molded by suitable injection molding techniques. The knock-out
      plates can also be integrally molded, but they can be separately
      fabricated and assembled to cover the wells. By making the cover
      transparent as herein illustrated, the display package is not only
      attractive but permits ready identification of the ingredients of the
      package.
PAR  Representative of a complete diagnostic test which can be stored in the
      display package of this invention is a diagnostic test for infectious
      mononucleosis. Such tests and the reagents therefor are described, for
      example, in U.S. Pat. Nos. 3,426,123 and 3,708,572. In the present
      example, three glass reagent bottles 25 with dropper caps and one
      paperboard carton 26 containing 60 wooden applicator sticks are provided
      in a row of wells 24 in the rearward upper part of surface 22 of rack 12.
      One of these reagent bottles contains 2.5 ml. of a fixed horse erythrocyte
      suspension; a second reagent bottle contains 1.0 ml. of positive control
      serum which is a reactive human serum containing 0.1 percent sodium azide
      as a preservative; and the third reagent bottle contains 1.0 ml. of
      negative control serum which is normal human serum also containing 0.1
      percent sodium azide as a preservative. The fifth well 24 in this row will
      be capped with plate 31 as being not required for this test.
      Alternatively, the rack 12 can be molded with only four, instead of five,
      wells in this row. A capped tube 27 containing 50 capillary pipettes,
      0.053 inch I.D. .times. 3.940 inches length, is provided in an elongated
      trough 29 positioned in the lower, forward part of surface 22 of rack 12.
      A clear glass slide 37, 43/4 inches .times. 31/8 inches .times. 1 1/16
      inches diameter, is positioned upright in vertical slots 35*. The rack 12
      is covered with a rigid, transparent polystyrene cover 13. All of the
      components of the diagnostic test are thereby compactly contained in the
      display package. They are clearly visible to the laboratory technologist
      upon opening the refrigerator in which the display package is desirably
      stored for maintaining activity of the reagents. Sufficient test materials
      are supplied for sixty tests and the technologist can at any time readily
      ascertain the approximate number of tests remaining
FNT  *The symbol " represents inches. by rapid observation of the display
      package.
PAR  The diagnostic test in this example is carried out as follows:
PAR  1. The reagents are allowed to reach room temperature
      (20.degree.-25.degree. C).
PAR  2. A capillary pipette is used to deliver one drop of the patient's serum
      into the center of a well on the glass slide.
PAR  3. One drop each of the positive control serum and the negative control
      serum are placed into the center of separate wells on the same test slide.
PAR  4. One drop of the fixed horse erythrocyle suspension (thoroughly mixed) is
      added to each of the test wells.
PAR  5. The contents of each test well are mixed thoroughly with a separate
      applicator stick and each mixture is spread within the entire well area.
PAR  6. The slide is rotated from side to side by hand for two minutes and
      examined for macroscopic agglutination against a black background using
      indirect light.
PAR  7. The test specimen results are compared to the control serum results.
      Negative results are indicated by a smooth or finely granular suspension
      as shown by the negative control serum. Positive results are indicated by
      a strong macroscopic agglutination as shown by the positive control serum.
PAR  All of the test materials for the foregoing diagnostic test are thus built
      into a permanent polystyrene console that is a unified, functional working
      center. Everything required for the diagnostic test stays together whether
      in use or in storage. The technologist need never remove the reagent or
      controls from the display package. Set-up and storage are greatly
      simplified. The problems of spillage and misplaced components are
      virtually eliminated. The tough, clear console cover and the positioning
      of the components in the rack keeps everything clean, compact and visible.
PAR  It will be appreciated that the display package of the present invention is
      not limited to the components required in the foregoing diagnostic test
      but also is adaptable to other diagnostic tests, for example, diagnostic
      tests for HCG (human chorionic gonadotropin) and various latex diagnostic
      tests as described in U.S. Pat. No. 3,088,875 which require the use of
      glass slides, capillary pipettes, mixing means and a variety of reagents,
      depending upon the specific test.
PAR  Various other examples will be apparent to the person skilled in the art
      after reading the foregoing specification without departing from the
      spirit and scope of the invention. All such further examples are included
      within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A display package comprising a rack, said rack having a front wall, two
      end walls, and a top wall, said top wall sloping downwardly from rear to
      front, said top wall having a plurality of wells, each of said wells
      adapted and constructed to carry at least a portion of a receptacle, one
      of said wells being an elongated trough means positioned downwardly and
      forwardly of the other said wells, said end wells of said rack extending
      rearwardly and each having therein a slot in oppositely disposed
      relationship adapted and constructed to carry a plate upright
      therebetween, a cover, said cover having a top wall, back wall and end
      walls, said cover having a front wall sloping downwardly from rear to
      front terminating in a skirt means overlying the front wall of said rack,
      the dimensions of said cover being such as to essentially surround said
      rack.
NUM  2.
PAR  2. The display package of claim 1 wherein at least one of the said wells
      has foraminous walls and a bottom.
NUM  3.
PAR  3. The display package of claim 2 wherein at least one of said wells has a
      removable cover means.
NUM  4.
PAR  4. The display package of claim 3 wherein said cover is retained on said
      rack by a detent means.
NUM  5.
PAR  5. The display package of claim 4 wherein the sloping front wall of said
      cover has internally secured thereto rib means adapted and constructed to
      retain a receptacle in at least one of the said wells.
NUM  6.
PAR  6. The display package of claim 5 wherein the said cover has abutment means
      internally thereof adapted and constructed to abut against said rack.
NUM  7.
PAR  7. The display package of claim 1 wherein a plurality of wells are
      rectangular and adapted to hold rectangular shaped receptacles.
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ABST
PAL  A nail constructed with conventional heading equipment with an open-sided
      partially circular head having a recess along the open-sided edge thereof
      to permit burr growth without interfering with the interengagement of a
      downwardly facing abutment surface of the head with a mating top surface
      abutment area when a plurality of such nails is collated and secured in an
      angle stick package with the shanks and heads of adjacent nails in
      abutting relation.
BSUM
PAR  This invention relates to nails and more particularly to nails of the type
      individually manufactured on conventional mass production swaging or
      heading machines and subsequently collated and secured into abutting stick
      formation packages suitable for loading into and individual nail driving
      from a power actuated driving device.
PAR  Within the last two decades portable power operated fastener driving
      devices have come into widespread use, particularly pneumatically actuated
      devices of this type.
PAR  An inherent advantage of these devices which has been a significant factor
      in their acceptance is that they are capable of receiving a supply of
      fasteners in conveniently packaged form and to handle the same in a manner
      permitting successive individual fasteners to be driven in response to a
      simple manual actuating procedure such as pulling a trigger. The simplest
      fastener package and the one initially utilized consisted of a stick of
      staples quite similar to those utilized in conventional desk staplers.
      Fasteners such as staples and T-nails, because they are essentially
      constructed of uniform thickness, are easy to assemble in an abutting row
      formation, as by simple guides; easy to secure in such formation, as by an
      adhesive; easy to individually feed, as by a simple resilient bias of the
      stick in a direction to move a leading fastener into a drive track; and
      easy to drive, as by simply stripping the leading fastener from the stick
      by a driver.
PAR  Fasteners which varied in thickness, such as headed nails, required much
      more sophisticated package formation assembly, package securement and
      feeding and driving procedures. In general, it can be stated that stick
      packaging of full round head nails has not achieved any significant
      acceptance because of the excess spacing required between the shanks due
      to the existence of the lateral extension of the head throughout the
      entire peripheral extent of the shank. This spacing unfavorably affected
      the nail density of the packages, and presented severe securement
      difficulties. Consequently, coil formation packages of full round headed
      nails have achieved more widespread acceptance.
PAR  In recent years semi-circular head type nails, such as the so-called D-head
      nail or notched head nail have achieved increased acceptance as a
      desirable compromise in the known advantages and disadvantages between
      T-nails and full round head nails. In general, it can be stated that these
      nails achieve a measure of the head holding advantages which full headed
      nails have over T-nails and a measure of the packaging advantages which
      T-nails have over full headed nails. However, in achieving this balance of
      advantageous capabilities, there are also presented difficulties of a
      different nature resulting from the inherent non-symmetrical form of the
      head. These peculiar difficulties are encountered in the making of the
      nail, the assembly or collating of the nails after manufacture, the
      securement of the nails in stick formation after collation, the loading
      and feeding of the package in the device and the driving of individual
      nails from the package. Experience has shown that perhaps the most severe
      difficulty presented is the fact that all of these separately identifiable
      difficulties are inherently interrelated. All too often a proposed
      solution of one individual problem has resulted in aggravating another
      individual difficulty to the point of rendering the proposed solution
      unworkable.
PAR  For example, in U.S. Pat. Nos. 3,481,459 and 3,861,526 there are disclosed
      nails of this type in which the semi-round or open-sided head is generally
      formed of relatively small thickness measured in the direction of the
      shank axis. In conjunction with this generally thin head construction,
      there is provided on the underside of the head a depending integral
      formation which has a downwardly facing surface parallel with top surface
      of the head. In the earlier patent this formation assumed an interrupted
      collar configuration, while in the later patent the formation assumed an
      elongated ridge configuration extending along an axis bisecting the
      semi-round head. As indicated in these patents, the formations were
      provided for the purpose of enabling the heads of adjacent nails to abut
      one another, a functional attribute which materially assisted the
      collating procedures and enhanced the securement characteristics of the
      stick formation package. However, both of these patents are silent as to
      certain problems that arise when these configurations are actually
      manufactured on conventional nail heading equipment, which problem has
      serious deleterious effects on the very advantages attributable to the
      provision of the formations. This problem arises as a result of the
      parting line between the swaging tools of the heading equipment which
      occurs along the upper edge of the head defining the open side thereof. In
      actual practice the existence of the parting line results in the
      development of a slight burr at this edge which progressively grows in
      height as the swaging tools are worn by progressive use. The height of
      this burr at the point of the intersection of the edge with the shank can
      grow within the short time of one continuous production shift to an extent
      sufficient to completely distort the proper functioning of the depending
      formation of the head.
PAR  It will be understood that in both the interrupted collar configuration and
      the elongated ridge configuration the abutting contact area of the
      downwardly facing surface thereof with the top surface of the abutting
      head when in package row formation is a small area which extends inwardly
      from the central portion of the open-sided edge. Consequently, the
      aforesaid burr grows upwardly from the top surface of the head precisely
      within this area of contact. The result is that as production
      progressively advances the top of the burr becomes the contact point and
      the upward extent of the row formation gradually increases from the
      original desired angle to one which cannot be accommodated in the magazine
      of the device.
PAR  The economics of manufacture dictate a tool life which is at least one
      shift preferably considerably longer. The economics of manufacture further
      prohibit the cost of removing the burr before collation.
PAR  In U.S. Pat. No. 3,835,991 there is disclosed another configuration of
      depending formation in such a head which will accommodate the aforesaid
      burr growth. The depending formation in this patent is an abutment
      configuration spaced from the shank. While the aforementioned burr problem
      is not specifically mentioned in the patent, the spaced location of the
      abutment provides a contact area on the top surface of the adjacent nail
      head which is spaced from the area of burr growth thus permitting a
      satisfactory tool life. Whether or not the spaced position of the abutment
      of the patent was chosen to obviate the burr problem, the spaced position
      introduces other problems which make continuous production problematical.
      Specifically, since the material which forms the head comes from an end
      portion of shank stock, it becomes necessary in order to form the abutment
      to effectively change the direction of cold flow of the metal during the
      swaging action from radial to axial. This change is difficult to
      consistently achieve. Moreover, trapped air can present variations.
PAR  Even if these manufacturing difficulties can be overcome the finished nail
      will still present a head having a burr sticking up from the flat top
      surface thereof which is undesirable during the driving action due to the
      necessity to cam the nail head laterally with respect to the driver and
      after nailing where the burr may protrude above the workpiece.
PAR  Accordingly it is an object of the present invention to provide a nail head
      construction of the type described which overcomes the burr problem
      without the deleterious effects aforesaid. In accordance with the
      principles of the present invention this objective is obtained by forming
      a recess along the top surface of the open side of the head which extends
      inwardly from the top edge thereof. Such a recess can be provided by
      forming a corresponding projection in the swaging plunger tool which is so
      located as not to require a change in the direction of material flow
      during the swaging action. The recess thus formed permits burr growth
      which will not interfere with depending formations of the collar or ridge
      type which can be reliably formed without abrupt change in direction of
      the material flow. The resultant head, even as the burr is allowed to grow
      to secure sufficient tool life, still presents flat top surface without
      any metal projecting thereabove since all of the burr growth takes place
      within the recess. In the preferred embodiment trapping air during the
      formation of the recess is precluded by extending the recess beyond the
      central portion of the open sided edge in both directions to the adjacent
      periphery.
PAR  Another object of the present invention is the provision of a nail
      construction and stick package thereof which is simple in construction,
      economical to manufacture and effective in operation.
PAR  These and other objects of the present invention will become more apparent
      during the course of the following detailed description and appended
      claims.
DRWD
PAR  The invention can best be understood with reference to the accompanying
      drawings wherein an illustrative embodiment is shown.
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary side elevational view of a nail showing the
      improved head construction of the present invention;
PAR  FIG. 2 is an elevational view, partly broken away, of the nail shown in
      FIG. 1 looking toward the full side thereof;
PAR  FIG. 3 is a fragmentary top plan view of a nail stick package embodying the
      principles of the present invention, showing two abutting nails of the
      package; and
PAR  FIG. 4 is a view similar to FIG. 1 of the nail stick package of FIG. 3
      showing the upper head portions of three abutting nails of the package,
      with certain parts broken away to illustrate how the effects of burr
      growth are obviated by the recess configuration.
DETD
PAR  Referring now more particularly to the drawings, there is shown therein a
      nail, generally indicated at 10, which embodies the principles of the
      present invention. The nail 10 includes the usual shank 12, having a
      workpiece entering point construction 14 (see FIG. 2) formed on one end
      thereof and a head construction 16 formed on the other end thereof which
      embodies the improvements of the present invention.
PAR  It will be understood that the shank 12 may assume any desired conventional
      construction, the configuration shown in the drawings being cylindrical
      with a smooth periphery. Other cross-sectional configurations may be
      employed, as, for example, the square cross-section disclosed in U.S. Pat.
      No. 3,861,526 (FIG. 10) or the cylindrical configuration modified with
      flats disclosed in U.S. Pat. No. 3,481,459. Likewise, the periphery of the
      shank may assume known configurations other than the exemplary smooth
      configuration shown, such as a ringed configuration, a spiral fluted
      configuration or the like. The point construction 14 may likewise assume
      any known configuration as, for example, a diamond point configuration, a
      chisel point configuration, etc.
PAR  In accordance with the principles of the present invention, the head
      construction is basically of the semi-round or open-sided configuration.
      The preferred specific configuration shown is of the notched type,
      although it will be understood that the present invention likewise
      contemplates a D-configuration such as shown in U.S. Pat. No. 3,861,526
      (FIG. 10) as well. The preferred notched head configuration provides a
      generally partially circular peripheral edge 18 interconnected by an
      open-sided peripheral edge 20 which is concavely arcuate and extends
      inwardly in aligned tangential relation to an adjacent side of the shank.
      Formed in the upper portion of the head 16 is a recess 22 which extends
      along at least the central portion of the open-sided edge 20 in overlying
      relation to the portion of the shank 12 defining the aforesaid adjacent
      side thereof and preferably, as shown, throughout the entire extent of the
      edge 20.
PAR  As previously indicated, the recess is formed by providing a
      correspondingly shaped projection in the plunger swaging tool of the
      heading equipment and provides a space within which the aforesaid burr is
      allowed to grow. The recess 22 is preferably relatively shallow in depth
      and relatively thin in width, an exemplary dimension for a nail having a
      shank diameter of 0.105 inch being 0.020 inch deep and 0.030 inch wide.
PAR  The upper portion of the head 16 bounded by the inner edge of the recess 22
      and the partially circular peripheral edge 18 has a planar top surface 24
      which includes an abutment surface area extending inwardly from the
      central portion of the recess 22 to mate with an abutment surface 26
      formed on the lower portion of the head 16 bounded by the partially
      circular peripheral edge 18 and extending radially outwardly of the shank
      12. The abutment surface 26 may extend radially outwardly throughout the
      entire aforesaid lower portion of the head, however, it is preferable in
      order to save material and insure adequate material flow radially
      outwardly to the desired peripheral extent to provide the abutment surface
      26 on a relatively small formation 28 extending downwardly in depending
      relation to the remainder of the radially outwardly extending portion of
      the head. This formation, as shown, is in the ridge configuration such as
      illustrated in the aforesaid U.S. Pat. No. 3,861,526, the disclosure of
      which relating to the ridge configuration is hereby incorporated by
      reference into the present specification. It will be understood that other
      configurations may likewise be utilized.
PAR  FIGS. 3 and 4 illustrate the collation and securement of a plurality of
      nails 10 in an angled stick package. By providing an open-sided edge 20,
      an abutment surface 26 and a mating surface area in the top surface 24 of
      each nail 10 it becomes possible to collate a plurality of nails in a row
      formation with the shanks and heads of adjacent nails in abutting
      relation. This relationship enables the collating equipment to be run at
      maximum speeds since the interengagement of the mating abutment surfaces
      24 and 26 of the nails themselves automatically determines the proper
      angle to the row formation. Once collated the nails can be secured in the
      row formation in any conventional fashion. A preferred means for effecting
      securement is to weld a pair of parallel wires 30 to one side of the
      shanks in accordance with the teachings of U.S. Pat. No. 3,083,369 with
      the wire extending parallel with the angular extent of the row formation.
PAR  With reference to the broken-away portion of the right hand nail 10 shown
      in FIG. 4, it will be noted that when a burr 32 has grown to a
      considerable height within the recess 22 its upper surface does not reach
      the level of the top surface 24 which defines the mating abutment surface
      area engaged by the abutment surface 26 of the adjacent nail. The recess
      22 thus permits burr growth and the extended tool life attendant thereto
      without disrupting the abutting relationship of the surfaces provided to
      determine the proper angular relationship.
PAR  It thus will be seen that the objects of this invention have been fully and
      effectively accomplished. It will be realized, however, that the foregoing
      preferred specific embodiment has been shown and described for the purpose
      of illustrating the functional and structural principles of this invention
      and is subject to change without departure from such principles.
      Therefore, this invention includes all modifications encompassed within
      the spirit and scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nail including a shank provided by a length of metal strand material
      severed at one end from an end portion of a supply of such material and
      formed thereon with a workpiece entering configuration,
PA1  said shank having an integral enlargement on the opposite end portion
      thereof formed by surrounding the end portion with die means and impacting
      a mating plunger means longitudinally on the end surface thereof to cause
      the impacted material to cold flow in the die means, said enlargement
      defining a head configured to facilitate collation of said nail with
      similar nails in a row formation in which the shanks of adjacent nails are
      in abutting parallel relation and the heads of adjacent nails are in
      overlapping abutting relation,
PA1  said head extending radially outwardly from said shank substantially
      throughout the entire periphery thereof and terminating in a partially
      circular peripheral edge of greater than 180.degree. generally arcuate
      about the axis of said shank interconnected by an open-sided peripheral
      edge disposed in aligned relation at its central portion with an adjacent
      side of said shank,
PA1  the upper portion of said head having a recess therein which extends
      inwardly along at least the central portion of said open-sided edge in
      overlying relation to the portion of the shank defining said adjacent side
      thereof,
PA1  the lower portion of said head bounded by said partially circular
      peripheral edge and extending radially outwardly from said shank defining
      a downwardly facing abutment surface extending outwardly from the adjacent
      periphery of said shank toward said partially circular peripheral edge,
PA1  the upper portion of said head having a top surface including a mating
      upwardly facing abutment surface area extending inwardly of said recess,
PA1  the radially outward extent of said downwardly facing abutment surface
      being greater than the radially inward extent of said recess.
NUM  2.
PAR  2. A nail as defined in claim 1 wherein said recess extends inwardly along
      the entire open-sided peripheral edge.
NUM  3.
PAR  3. A nail as defined in claim 2 wherein said open-sided peripheral edge is
      concavely curved.
NUM  4.
PAR  4. A nail as defined in claim 3 wherein said downwardly facing surface is
      defined by a portion of said head which extends downwardly in depending
      relation with respect to the remaining radially outwardly extending
      portion of said head.
NUM  5.
PAR  5. A nail as defined in claim 1 in combination with a plurality of
      similarly constructed nails disposed in an angularly extending row
      formation with adjacent nails of the row having their shanks in abutting
      parallel relation and the mating surface areas of the heads thereof in
      abutting relation, and means for securing said nails in said row
      formation.
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ABST
PAL  A transparent, vertically disposed, upwardly opening, rigid container
      including a base, and a protective, elongated, tubular outer envelope of
      diamond-like mesh, one end of which extends across said base and the sides
      of which cover the outer surface of the rigid side walls of the container
      in close, yieldable engagement therewith. A longitudinal extension of said
      envelope, open at its end, extends over the upper edges of said side walls
      and into said container to its lower end providing a withdrawable liner.
PAL  Said side walls are tapered outwardly in an upward direction for nesting
      correspondingly mesh-covered containers one within the other, said
      envelope being inextensible longitudinally thereof and yieldably
      expandable transversely of its length for expansion of said liner portion
      to the inner surface of said side walls under the influence of a nested
      container upon said nesting of one container within the other, said
      extension being withdrawable for filling said container with the articles
      to be displayed when said containers are denested and contractible above
      such articles to provide a carrying handle projecting above said articles,
      which may be tied closed.
BSUM
PAC  SUMMARY
PAR  The use of display containers or packages that contain gifts has heretofore
      been mainly restricted to baskets, cans and cartons. These have the
      obvious disadvantage of being opaque thereby restricting the view of the
      articles. The use of transparent plastic containers has become more
      popular, as they permit a view of the articles and are attactive. Nestable
      containers are highly desirable from the standpoint of the supplier of the
      containers themselves, but heretofore considerable breakage and mutilation
      by scratches have occurred in shipping nested plastic containers to the
      maker and distributor or seller of the filled containers, as well as
      difficulty in denesting the containers.
PAR  The cost of material and labor involved in attempting to protect the
      containers has heretofore been objectionably high, and the protection
      provided has been uncertain.
PAR  Furthermore, heretofore, the assembler finally making up the final display
      package has had the problem of covering articles such as fruit heaped in a
      container, and protecting such fruit or articles against unauthorized
      removal or handling, while providing visibility of the articles from all
      sides and ventilation, including ventilation.
PAR  One of the objects of this invention is the provision of a combination that
      overcomes the above objections, and which combination is economical to
      make and results in a more attractive gift package than heretofore.
PAR  Another object of the invention is the provision of a rigid, transparent,
      display container and a flexible envelope therefore that permits full
      observation of contents of the container when finally filled and closed,
      and which envelope further provides the protective packing, closure, and
      carrying handle and is assembled with the container before the latter is
      filled, but may be removed after the container is emptied to provide a
      decorative and useful vessel for many purposes.
PAR  Other objects and advantages will appear in the description and drawings.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a side elevational view of the transparent rigid container.
PAR  FIG. 2 is a side elevational view of a collapsed, elongated, tubular,
      flexible envelope of resilient, plastic, diamond-mesh material.
PAR  FIG. 3 is a fragmentary, greatly enlarged view of the collapsed mesh
      material of the envelope of FIG. 2.
PAR  FIG. 4 is a fragmentary greatly enlarged view of the expanded mesh material
      of the envelope 1.
PAR  FIG. 5 is a side elevational view of the container of FIG. 1 within the
      envelope of FIG. 2, with an extension of the envelope extending into the
      container, indicated in broken lines.
PAR  FIG. 6 is a cross-sectional view of a pair of containers, such as shown in
      FIG. 5, one nested within the other.
PAR  FIG. 7 is a side elevational view of a filled display package in which the
      extension of the tubular envelope is extended above the contents of the
      container to extend over the contents and collapsed to provide a carrying
      handle.
DETD
PAC  DETAILED DESCRIPTION
PAR  The transparent container illustrated is circular in horizontal
      cross-sectional contour, having an upper main body portion 1 having
      generally cylindrical side walls 2, and a bottom wall 3. The side walls
      taper outwardly in an upward direction. A pedestal or base 4 is adapted to
      support the body portion 1, said base comprising a central substantially
      cylindrical hollow, short vertical stem 5 of substantially smaller
      diameter than the diameter of body 1, and an annular foot 6 coaxial with
      said stem extends radially outwardly from the lower edges of said stem,
      the outside diameter of which is approximately that of the outside
      diameter of the lower end of body 1. The lower end of stem 5 is open
      providing a central downwardly opening central recess in the pedestal 4.
PAR  The annular foot portion 6 is inclined downwardly in direction away from
      stem 5, and is formed with a plurality of equally spaced downwardly
      projecting ribs 8, the lower surfaces of which are horizontal and
      substantially coplanar with the under surface of the foot at its outer
      edge.
PAR  The tubular, flexible, resilient, plastic envelope is generally designated
      12 and is shown in collapsed position in FIG. 2. This envelope is of
      diamond-mesh construction known in industry under the name of VEXAR,
      comprising plastic filaments 13 (FIG. 3) fused together at spaced points
      at 14 along the lengths of said filaments, and at one end of the tubular
      envelope the filaments of the envelope are fused together to close the
      said one end, providing a relatively hard knob 15 at said closed end. The
      tubular envelope is open at its opposite end.
PAR  The envelope is inextensible in a direction longitudinally thereof, but is
      expandable transversely, as seen in FIG. 4 against the yieldable
      resistance tending to return it to collapsed position, and it is softer
      than the plastic of the container of FIG. 1.
PAR  The container of FIG. 1 and the envelope 12 are assembled by inserting the
      container, pedestal end foremost, into the envelope through the open end
      of the latter. When the base 6 reaches the closed end of the envelope 12,
      the knob 15 will be centrally below the recess 8 and the mesh will be
      progressively expanded from said knob to the edges of the foot 6, and will
      be uniformly expanded to approximately the degree shown in FIG. 4 over the
      outer surface of the wall 2.
PAR  The length of envelope 12 is such that, when enclosing the container, as
      seen in FIG. 5, an extension 16 is preferably slightly longer than
      sufficient to extend to the bottom 3 when the extension is positioned
      within the body 1.
PAR  After the container is in the envelope 12 with the lower portion of the
      latter extending horizontally below the base or foot 6, the extension 16
      will be inserted into the body 1 (FIG. 5) and in this position it will be
      in semi-collapsed form commencing where the envelope extends over the
      upper edges of body 1, assuming the tubular contour indicated in FIG. 5.
PAR  While it is not intended that this invention is limited to specific
      dimensions, in a container such as shown in FIG. 1 having a body 1 that is
      approximately 8 inches in diameter and approximately 7 inches in height,
      with an overall height of approximately 91/2  inches, the length of the
      collapsed envelope of FIG. 2 will be approximately three times said
      overall height. The lateral expansion of the envelope when enclosing the
      container substantially reduces its overall length, and as this expansion
      is against the yieldable resistance of the material, tending to return to
      collapsed position, the portion of the envelope covering the outer lateral
      surfaces of the body 1 and the foot 6 are yieldably held against said
      surfaces in close contact therewith.
PAR  The containers assembled in their envelops are nested in any practical
      number according to the size of the shipping carton, a pair being shown in
      FIG. 6. When so nested, the extensions 16 become liners and are expanded
      under the force of the nested container to extend over and be between the
      inner surface of the body 1 in which it is nested. Thus the liner 16 of
      one container and the exterior layer of mesh material of the nested
      container will form a protective layer between the two, as well as
      insuring against the nested containers sticking together.
PAR  The filaments 13 are of thread-like thickness, and the fused points 14 are
      of slightly greater thickness and much softer than the relatively hard
      material of the container, therefore there is no scratching of the
      surfaces that are in engagement with the material of the envelope, and
      there is sufficient flexibility between the nested containers to prevent
      development of breaking strains.
PAR  The extension 16 is drawn out of each body 1 when each container is to be
      filled, and the open end of the envelope can be readily folded back over
      the outside upper portion of the cylindrical side walls 2 and filled with
      articles 20 to provide a gift package. In FIG. 7, fruit is indicated,
      which may be heaped to a height above the upper level of the side walls.
PAR  After the container is filled, the extension 16 is drawn together above the
      contents 20, and tied closed by any suitable means, usually by a
      decorative tie 21 such as a ribbon, and the portion so drawn together will
      provide a handle 22 for grasping by the hand of a person to facilitate
      carrying the package.
PAR  As already explained, while the filaments 13 are of thread-like size, they
      are practically unbreakable under even extraordinary tension and abuse.
      Each of the mesh openings, when expanded, is over a half inch in diameter,
      hence the contents of the container can be readily seen from any side. The
      filled, and enclosed, container will be stable and firm on its foot 6
      inasmuch as the knob yieldably moves upwardly to prevent uneven seating of
      the foot 6. The contents are closed against removal or falling out, and
      are ventilated and are wrinkle-free up to substantially the point where
      the tie 21 closes, and substantially to the knob 15, thereby appearing to
      be integral with the container over the lateral outside surfaces of the
      latter and with the foot 6 when filled with objects to be displayed. Also
      no wrinkles are formed in the liner portion between the sides of the
      nested containers to prevent uniform compact nesting.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a display container, the combination comprising:
PA1  a. an upright container, nestable with another of corresponding shape and
      size, having upwardly and outwardly tapered, transparent, lateral side
      walls, with free terminal upper edges defining the outline of an open
      upper end and a horizontal bottom wall closing the lower end of said
      container;
PA1  b. an elongated, tubular envelope of open work, flexible, resilient,
      thread-like mesh material open at one end and closed at its other end
      resiliently expandable radially thereof from a normally radially
      contracted untensioned, wrinkle-free condition substantially less than the
      diameter of said container, to an expanded, raidally tensioned,
      wrinkle-free condition at least equal to the maximum outside diameter of
      said container;
PA1  c. said envelope enclosing said container with its closed end extending
      horizontally below said bottom wall and the remaining portions thereof, in
      succession from said closed end of said envelope, extending in said
      radially evenly expanded, tensioned, condition over and yieldably against
      the outer surface of said lateral side walls and said upper free edges,
      and then downwardly into said container in a progressively contracted, but
      yieldably radially expandable, condition with said open end of said
      envelope terminating adjacent the bottom of said container, whereby said
      portion extending downwardly into said container will be radially
      expandable under the influence of another container of corresponding shape
      and size being nested within a container enclosed by said envelope.
NUM  2.
PAR  2. The combination as defined in claim 1:
PA1  d. said tubular enclosure being approximately double the height of said
      container, and said portion thereof extending into said container in said
      retracted, untensioned condition being withdrawable to a progressively
      retracted condition in upward longitudinal extension of the expanded
      portion that is in yieldable engagement with the outer surface of said
      container, thereby providing an open-work portion adapted to extend over
      produce that may fill said container when said container is free for such
      withdrawal.
NUM  3.
PAR  3. The combination as defined claim 1, including;
PA1  d. a second container nested within the container enclosed by said
      envelope; and
PA1  e. said contracted portion of said envelope within the container enclosed
      by said envelope heing radially 16 expanded to wrinkle-free condition
      under tension against said second container.
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ABST
PAL  A magnetic separator includes a continuous belt revolving in a closed path
      in association with a supply conveyor carrying magnetic and non-magnetic
      refuse. A magnetic assembly at the belt includes, in the direction of belt
      travel, a pick-up magnet, a transfer magnet, and a discharge magnet. A
      curve is provided in the path of belt travel, other than at its head or
      end pulley, and the magnetic field is generated upstream and downstream of
      the belt curve and at the curve. The field from the pick-up magnet extends
      along the belt to the belt curve, the field from the transfer magnet is at
      the curve, and the discharge magnet is on the opposite side of the curve
      spaced from the transfer magnet to provide a gap in the magnetic field
      between the transfer and discharge magnet. Magnetic material from the
      burden on the supply conveyor is attracted to the belt and non-magnetic
      material falls away. The magnetic material so attracted travels with the
      belt into the gap in the magnetic field at which point it is released and
      falls away from the belt. The released magnetic material follows a
      trajectory which carries it into the field of the discharge magnet where
      it is again attracted to the belt. This release and re-attraction movement
      tends to dislodge any non-magnetic material initially drawn to the belt
      with the magnetics. In the area of the discharge magnet the magnetic
      material is moved completely out of the magnetic field whereupon it falls
      away from the belt for collection. The discharge magnet is adjustable
      relative to the transfer magnet in the direction of belt travel to vary
      the length of the gap.
PAL  The conveyor belt includes a plurality of cleats projecting from the belt
      surface and spaced along the belt length. Replaceable wear pads are
      attached to the belt surface and to the cleat surfaces facing in the
      direction of belt travel.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to magnetic separators and, more particularly, to
      magnetic separation of magnetic material in refuse.
PAR  With more and more emphasis being placed on recycling, it is becoming more
      desirable to recover salvageable articles from otherwise discarded
      material. Much of the metallic material discarded as refuse can generally
      be recycled for one purpose or another, provided it can be efficiently
      separated from the remainder of the refuse. The portions intended to be
      recaptured being metallic are generally also magnetic so that magnetic
      separation is a possibility for recapture. However, the remainder of the
      refuse, i.e. other than thet metallic articles, although generally not
      magnetic (e.g. paper), is usually light and tangled with the magnetic
      portions and thus subject to being carried along with the magnetic
      material making complete separation difficult, if not impossible. Also, in
      some cases it may be desired to separate the lighter material (e.g. paper)
      for recycling.
PAR  There are various designs of magnetic separators, none of which, to the
      inventor's knowledge, are well suited to this refuse separator problem
      because of an inability to insure thorough separation of magnetics from
      non-magnetics in that environment.
PAR  This invention is concerned with this problem and has as one of its objects
      the provision of effective separation of the magnetic portions of refuse
      from the non-magnetic portions thereof.
PAR  Another general object of this invention to account for is belt wear.
PAR  A patent filed by Newton I. Potter and William T. Barrett U.S. Pat. No.
      3,809,239 entitled "Magnetic Refuse Separator", and assigned to the
      assignee of this application, discloses and claims a magnetic separator
      which is also concerned with the problem of refuse separation.
PAC  SUMMARY OF THE INVENTION
PAR  For the achievement of these and other objects, this invention proposes a
      magnetic separator having a continuous belt moving through a magnetic
      field generated by a magnetic assembly. A gap is provided in the magnetic
      field so that magnetic material initially attracted to, and moving with,
      the belt is released at the gap, falls away from the belt, and then is
      re-attracted to the belt as it (the magnetic material) moves past the gap.
      This temporary release of the magnetic material agitates the material
      traveling with the belt to dislodge any non-magnetics being carried along
      with the magnetics. The magnetic field is generated by at least two
      separate magnetic assemblies, one of which is adjustable relative to the
      other to vary the length of the gap in the magnetic field.
PAR  In a preferred embodiment the belt is supported such that it has a curve in
      its path and the magnetic field is generated on both sides of the curve.
      Material attracted to the belt must negotiate the curve and some
      displacement, and thus agitation, will occur at the curve. Also, agitation
      is further enhanced by the magnetic assembly presenting alternating
      polarities to the belt and thus to the material attracted thereto.
PAR  Preferably, the belt on both of the upstream and downstream sides of the
      curve is disposed at an angle to the horizontal thereby taking better
      advantage of gravity, with the agitation, to achieve complete separation.
PAR  Also, in a preferred embodiment, replaceable wear pads made of generally
      flexible material are attached to the surface of the conveyor belt in the
      area most susceptible to wear. The belt is provided with cleats and
      removable wear pads are also attached to the cleat surfaces which are most
      susceptible to wear.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a combination supply conveyor and refuse separator
      partially in section;
PAR  FIG. 2 is a bottom view of a part of the refuse separator of FIG. 1 with
      the belt removed;
PAR  FIG. 3 is a perspective of a portion of the separator belt; and
PAR  FIGS. 4 and 5 illustrate alternative embodiments.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With particular reference to the drawings, a refuse separator 10 is
      illustrated in combination with a supply conveyor 12, receptacle 14 and a
      splitter baffle 16. The function of the receptacle and splitter baffle is
      to physically segregate separated magnetic and non-magnetic material,
      therefore no particular form of either is necessary. As will be discussed
      hereinafter, however, the location of the splitter is a factor to be
      considered in operation.
PAR  The refuse separator is intended to receive burden from supply conveyor 12
      and carry the magnetic portion of the burden over splitter baffle 16 while
      the non-magnetic material falls, by reason of gravity, into receptable 14.
      To this end, the separator includes belt 20 which travels in a
      counterclockwise manner around head and end pulleys 22 and 24 and idler
      roller 26 and has upper and lower generally horizontal extensions. Head
      pulley 24 is connected to drive motor 30 through a belt drive 32 so that
      the belt 20 is driven by the head pulley. In this manner, the belt travels
      in a continuous, closed path under the influence of drive pulley 24.
PAR  A magnetic arrangement is located within the area defined by belt 20 and
      includes a lead or pick-up magnet assembly 36 and a trailing or discharge
      magnet assembly 38 downstream of the lead magnet. The pick-up magnet 36 is
      in the form of an electromagnet 40 having a central core 42 surrounded by
      an electrical coil 44 and enclosed in housing 46 which is U-shaped in
      cross section. Core 42 engages the rear wall 48 of the housing which also
      functions as a magnetic backplate. This is a conventional electromagnet
      construction and when coil 44 is energized the end of core 42 adjacent
      belt 20 will assume one magnetic polarity, e.g. north, and the outer ends
      of housing sides 50 and 52 of the housing will assume an opposite magnetic
      polarity, south. This will be referred to as the pick-up magnet.
PAR  Immediately downstream of the pick-up magnet 40 is a transfer magnet
      assembly 52, also in the form of an electromagnet including a core 54
      surrounded by coil 56 and engaging rear wall 58 of housing 60. Rear wall
      58 provides a backplate connecting core 54 magnetically with housing sides
      62 and 64. When coil 56 is energized the core is magnetized and its outer
      end and the outer ends of sides 62 and 64 assume different magnetic
      polarities, north and south, respectively, as illustrated. This will be
      referred to as the transfer magnet.
PAR  Trailing magnetic assembly 38 is located further downstream and consists of
      a backplate 66 and three permanent magnetic stacks 68, 70, and 72
      projecting from the backplate 66 toward the belt. Each of the magnetic
      stacks can be made of permanent magnetic material such as barium titanate
      waffers, which are magnetized through their thickness dimension. i.e. at
      right angles to backplate 66, and stacked with the thickness dimension of
      each magnetic waffer in a stack 68, 70, or 72 extending in a common
      direction. By controlling the orientation of the magnetic waffers the
      magnetic polarity presented to the belt by each of the magnetic stacks can
      be controlled so that, for example, a north magnetic polarity is presented
      by each of stacks 68 and 72 and a south magnetic polarity is presented by
      stack 70. It will be noted that alternating polarity is maintained through
      the pick-up, transfer, and discharge magnetic assembly and the adjacent
      poles of transfer magnet 36 and discharge magnet 38 (side 62 and stack 68)
      present the same magnetic polarity to the belt. This will be referred to
      as the discharge magnet.
PAR  Presenting alternating magnetic polarities to the material attracted to the
      belt, either in the manner illustrated or otherwise, causes that material
      to roll around on the belt as it is being carried through the field. This
      agitation contributes to effective separation.
PAR  It will be appreciated further that the entire magnetic assembly could be
      made of electromagnets or permanent magnets as desired or as illustrated
      it can be a combination of permanent and electro. Electromagnets do afford
      a possible safety advantage when work must be done in the area of the
      separator in that they can be turned off and cleared of all material.
PAR  The idler roller and pulleys and head pulley 24 together with the magnetic
      assembly are all supported from a common frame structure 71, a portion of
      which is illustrated in FIG. 1. A complete showing of the structural
      framework of the refuse separator is not necessary to an understanding of
      this invention and a general description of the support structure is
      believed to be adequate. Also, the entire separator assembly can be
      mounted for horizontal movement to permit adjustment of its position
      relative to the end of conveyor 12. The details of this mounting and
      adjustment are not shown, if such details are desired reference may be had
      to the aforementioned co-pending application.
PAR  With reference to FIG. 1, the magnetic field generated by the overall
      magnet arrangement is illustrated by lines A and B which depict the field
      pattern. Preferably, the flux concentration and depth of field is greatest
      at pick-up magnet 40 thereby placing the strongest field at the discharge
      point of conveyor 12 where the greatest attractive force is required. The
      strength of the field, flux concentration and depth of field, is lesser in
      the area of transfer magnet 52 and discharge magnet 38 but is
      substantially equal as between those two areas. It will be noted that
      discharge magnet 38 is spaced from transfer magnet 52 relative to the
      direction of belt travel. This spacing creates a gap, area G, in the
      magnetic field. As illustrated, gap G is shown as being completely free of
      flux. In practice, there may be some leakage flux in the gap but it is
      still a gap in the field in that, in the gap, the attractive force tending
      to hold magnetic material on the belt is virtually zero. Therefore,
      reference to a gap in the magnetic field is used in the sense of zero flux
      or an inconsequential amount of stray flux being in the area, i.e.
      inconsequential in the sense that there is insufficient force acting on
      magnetic material in the gap to hold it onto the belt. Arranging magnets
      52 and 38 as illustrated, i.e. like poles adjacent each other contributes
      to providing a relatively flux-free gap. The flux from the adjacent south
      poles will tend to have a magnetic repelling effect reducing the stray
      flux in the gap; however, unlike poles could be placed adjacent each
      other.
PAR  In operation, conveyor 12 carries burden into the magnetic field and the
      magnetic material contained in the burden is attracted to the belt 20 in
      the area of pick-up magnet 40. The non-magnetic material such as paper,
      will fall by gravity into receptacle 14 and the magnetic material travels
      with belt 20 beyond splitter 16 where it is discharged on the side of the
      splitter baffle opposite to the receptacle. To take advantage of the fact
      that once the magnetics are attracted to the belt less magnetic force is
      required to hold them on the belt than to attract them initially, the
      magnet assemblies can be made to diminish in strength from pick-up magnet
      40 through the discharge magnet 38. However, the fields need not always
      diminish in strength in this manner as the deeper fields resulting of
      greater strength permit higher belt speeds which in some installations may
      be advantageous. For example, where industrial waste is being handled, a
      stronger discharge magnet may be desirable, i.e. perhaps stronger than the
      transfer magnet.
PAR  Paper and like non-magnetic material, being relatively light, is prone to
      being tangled with the magnetic material and carried along with it into
      engagement with belt 20 such that it cannot fall into receptacle 14. To
      provide means for dislodging this entrapped non-magnetic material, this
      invention intends to provide agitation of the burden carried by belt 20
      without losing the magnetic material. One means of achieving this
      agitation has already been mentioned, i.e. a field of alternating
      polarity. Agitation is also achieved by providing the gap G in the
      magnetic field and this has been found to be most effective in producing
      separation. More specifically, a can C, for example, is initially
      attracted to belt 20 in the area of pick-up magnet 40. The can moves with
      the belt past transfer magnet 52. Having passed the transfer magnet, the
      can leaves the field of the magnet, i.e. line A, and enters gap G. Since
      there is no attractive force in the gap holding the can on the belt, it
      will fall away due to gravity. But, because the can is traveling at belt
      speed when it starts to fall, it follows a trajectory illustrated by the
      dotted line. The can will separate from the belt but will not fall
      vertically a sufficient amount to pass outside of the field of discharge
      magnet 38. On the contrary, it will travel into field B whereupon it is
      again attracted to the belt for movement therewith. The can having
      separated from the belt, any paper or other non-magnetic material, which
      may have been pinched between the can and the belt, will be freed and
      drops into bin 14. It has been noted that the magnetic material, in many
      instances, tumbles as it passes through the gap and this further enhances
      freeing of non-magnetics. The can, or whatever magnetic article is
      involved, is ultimately dropped over the splitter 16 as described above.
PAR  Preferably, discharge magnet 38 is supported by rollers 74 connected to
      opposite sides of the magnet (only one side being illustrated) and
      engaging rails 76 which are part of the separator frame. The rails can be
      sections of conventional angle iron. An actuator 78 extends between
      pick-up magnet 40 and discharge magnet 38 and can be a conventional double
      acting hydraulic or pneumatic cylinder, or an electromechanical device.
      Operation of actuator 78 will either extend or retract rod 80 to move
      magnet 38 toward or away from magnet 52 to vary the length of gap G. Thus,
      the gap length is adjustable and the speed of the belt can be regulated by
      controlling the speed of motor 30 so that the different types or mix of
      refuse can be accommodated by regulating belt speed and adjusting gap
      length accordingly.
PAR  It will be readily appreciated that the distance between the transfer and
      discharge magnets, and correspondingly the gap length, is important to the
      effective separation. If too small, the metallic articles will not part
      from the belt and that agitation is lost. If too large, the metallic
      articles will be lost and re-attracted to the belt to be carried over the
      splitter 16. Other factors which must be considered are belt speed and
      gauss levels relative to the belt travel and also relative to each as
      between the pickup, transfer, and discharge magnets. Splitter position
      must also be considered, its horizontal location relative to the discharge
      magnet and its vertical position relative to the belt.
PAR  Excellent results have been achieved with normal municipal type refuse
      using a separator having a 60 inch wide belt and an overall separator
      length (drive to trailing pulley) of approximately 200 inches. The
      distance between the transfer and discharge magnets (the gap) was set at
      5.75 inches, the belt speed at approximately 375 fpm and at approximate
      gauss levels of from 1050-1300, 440-550, 370-460 for the pick-up,
      transfer, and discharge magnets, respectively. It will be appreciated,
      that these are examples of the parameters to be considered in an
      installation and their relative values. Gap distances from 51/2 inches up
      to 12 inches given satisfactory results, it being appreciated that the
      other discussed parameters also have to be considered.
PAR  As alluded to above splitter position must also be considered. For example,
      in an installation along the parameters just discussed, but with the
      discharge magnet and the lower belt extension at the discharge magnet
      horizontal, the splitter was spaced, relative to trailing edge 87 of the
      discharge magnet, toward leading edge 89 3 inches horizontally and
      vertically 211/2 inches below the belt. The splitter may have to be moved
      if the orientation of the discharge magnet is changed to that illustrated
      in FIG. 1, e.g. lowered and possibly moved to a position below trailing
      edge 87. Belt speed and the strength of the discharge magnet also have an
      effect on the final position of the splitter, as these factors determine
      the trajectory of metallic material leaving the belt at the discharge
      magnet. In this respect it may be advantageous that the discharge magnet
      be in the form of an electromagnet of the same construction as the pick-up
      magnet. The strength of the electromagnet at the discharge position can be
      controlled by connecting a conventional rheostat in the electrical circuit
      of the energizing coil of the electromagnet.
PAR  In the illustrated preferred embodiment the material attracted to the belt
      is further agitated by virtue of a curve 80 in the lower portion of the
      path of belt 20. The curve is provided at transfer magnet 52. With respect
      to the direction of travel of belt 20, the pick-up magnet is located
      upstream of curve 80 and the discharge magnet is located downstream of the
      curve. Material adhered to the belt must change direction at the curve and
      since the non-magnetic material does not have the magnetic attractive
      force to hold it on the belt, it tends, due to centrifugal force, to
      proceed in a straight line trajectory rather than make the curve. Also, it
      has been observed that, again due to centrifugal force, some physical
      separation of the magnetic material from the belt may occur at the curve
      but not completely from the magnetic field so that the magnetic material
      returns to the belt after the curve has been negotiated this causes
      agitation of the curve which further tends to dislodge the non-magnetic
      material.
PAR  Also, the preferred embodiment illustrated in FIG. 1 shows the upstream and
      downstream portions of the belt adjacent curve 80 both positioned at an
      angle to a horizontal plane, this arrangement makes maximum use of the
      force of gravity in separating the non-magnetics. This is, the turn at the
      curve utilized basic inertia and gravity to achieve some separation and
      the belt proceeding generally upward from the curve making most effective
      use of the pull of gravity on the non-magnetic material to enhance
      separation.
PAR  The alternating magnetic polarities along the path of travel of the belt
      provides agitation and further enhances separation. The magnetics being
      forced to pass through alternately different magnetic fields will, in
      effect, roll around and not hold a stationary position on the belt.
PAR  A number of idler rollers 82 are supported from frame work 84 at curve 80.
      Three such rollers being provided on each side of magnet assembly 52 so
      that the magnet actually overlies only the central position of the belt.
      The rollers are made of non-magnetic stainless steel and are capable of
      limited movement both vertical and horizontal.
PAR  It has been observed that in use, the refuse attracted to belt 20 tends to
      accumulate in the center of conveyor belt 20. It is believed that this is
      a natural tendency and also is possibly a result of the fact that core 42
      of the initial attracting magnet is centered on the belt. In any event, as
      a result of this location of the attractive material on the belt, there is
      a tendency for a high degree of wear in the central portion of the belt
      and the preferred embodiment of this invention proposes an arrangement
      recognizing this wear problem.
PAR  With reference to FIG. 3, belt 20 is provided with a series of replaceable
      wear pads 88 which are attached to the outer surface of the belt. The wear
      pads are made of a suitable, generally flexible material such as
      polyurethane.
PAR  As is conventional practice, belt 20 is provided with a series of cleats 86
      which project from the outer surface of the belt generally at right angles
      to the belt and extend across the belt perpendicular to the longitudinal
      axis of the belt. These cleats are generally made of the same material as
      the belt and are attached to the belt in a conventional manner (not
      shown). As illustrated, a wear pad 84 is bolted to the belt between each
      adjacent pairs of cleats. More specifically, a number of holes are
      provided in the belt between the cleats and the wear pads is positioned on
      the belt with an identical number of holes registered with the holes in
      the belt. Nuts and bolts 85 of non-magnetic material are used to affix the
      wear pads to the belt surface.
PAR  The wear pads are positioned in the center of the belt, more specifically,
      approximately the central 1/3 of the belt. With this arrangement the
      refuse will tend to accumulate on the wear pads so that the pads take the
      wear and the basic belt is relatively wear-free. When the pads have worn
      they are readily removed and replaced by new pads.
PAR  As is will known, in normal operation material attracted to the belt at
      magnet 40 is generally held by the magnet such that it resists movement
      with the belt. For this reason cleats 86 are provided. The cleats
      periodically come along and move material which would otherwise remain
      generally in the area of magnet 40 in the direction of the belt's travel.
      Therefore, the forwardly facing surface of the cleats, i.e. forwardly with
      respect to the direction of travel of the belt, are also a source of
      potential wear. To counteract this problem, wear plates 90 are attached to
      that face of the cleat. In this case the wear plates can be made of
      stainless steel since, unlike pads 84, they do not have to bend to go
      around the pulleys and again are connected to the cleats by bolts 92 which
      pass through registering holes in the wear plates 90 and each cleat 86 to
      provide a readily replaceable wear plate on the cleats which can be
      removed when worn.
PAR  Other magnet orientations and arrangements are possible and some examples
      are illustrated in FIGS. 4 and 5.
PAR  In FIGS. 4 and 5 the basic structure of the separators (i.e. drive, belt,
      frame pulleys) are virtually the same as that of the separator of FIGS.
      1-3.
PAR  One immediately discernable difference is the elimination of the curve from
      the lower portion of the belt path. In some applications it has been found
      that the agitation resulting from the gap, with or without the alternating
      field pattern, is sufficient to achieve acceptable separation.
PAR  In FIG. 4, pick-up magnet 100 is fixed relative to separator frame 102.
      Both transfer magnet 104 and discharge magnet 106 are supported on rails
      108 and 110, which are part of the overall frame, by rollers 112. Actuator
      114 extends between brackets 116 and 118 attached to the frame and the
      transfer magnet, respectively. Operation of actuator moves transfer magnet
      104 toward and away from pick-up magnet 100. Actuator 120 extends between
      brackets 122 and 124 attached to the frame and discharge magnet 106,
      respectively. Operation of actuator 120 moves the discharge magnet toward
      and away from transfer magnet 104. This provides virtually flux free G1
      and G2 in the magnetic field generated by the magnetic assemblies. The
      path of a tin can T (representative of the magnetic portion of the refuse
      being delivered to the separator) is illustrated, the can following a
      generally undulating path and separation thereof from the belt at the gaps
      providing the necessary agitation.
PAR  In FIG. 5, the separator includes only two magnet assemblies, pick-up
      magnet 126 and a downstream magnet 128 which can be viewed as the
      discharge magnet. The pick-up magnet is fixed to frame 130 whereas magnet
      128 is supported for movement relative to the frame and the pick-up magnet
      by rollers 132 engaged upon rails 134, again the rails being part of the
      frame. Actuator 136 extends between brackets 138 and 140 connected to the
      frame and discharge magnet, respectively. Operation of the actuator moves
      the discharge magnet toward and away from pick-up magnet. This again
      provides an adjustable gap G3 and the path of the tin can T1 is
      illustrated in association with the magnetic assembly. In this alternative
      one separation of the magnetic material from the belt occurs.
PAR  The supply conveyor and splitter can be arranged relative to the separator
      the same as discussed in connection with FIGS. 1-3.
PAR  Although but one embodiment of the present invention has been illustrated
      and described, it will be apparent to those skilled in the art that
      various changes and modifications may be made therein without departing
      from the spirit of the invention or from the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A magnetic separator comprising, in combination,
PA1  a belt,
PA1  means supporting said belt for movement around a closed path in continuous
      fashion, said path having upper and lower horizontal extensions,
PA1  a magnetic assembly supported adjacent said belt along a portion of the
      lower horizontal extension of said closed path to generate a magnetic
      field through which said belt moves,
PA1  means for moving said belt along said path,
PA1  and said magnetic assembly including a first magnetic field generating
      portion and a second magnetic field generating portion spaced a
      predetermined distance from said first field generating portion of the
      direction of the path of travel of said belt to provide a gap in the
      magnetic field generated by said magnetic assembly between said first and
      second field generating portions so that magnetic articles attracted to
      said belt in the area of said first field generating portion are released
      in said gap and fall away from said belt, the length of such gap being
      such that, together with the momentum imparted to said magnetic articles
      by the movement of said belt, said magnetic articles fall along a
      trajectory such that they are directed into the magnetic field generated
      by said second field generating portion and again attracted to said belt
      in the area of said second field generating portion and non-magnetics
      carried by said magnetic articles to said belt in the area of said first
      magnetic portion are dislodged in said gap and are thereby separated from
      said belt.
NUM  2.
PAR  2. The magnetic separator of claim 1 wherein
PA1  said means supporting said belt further supports said belt to define a
      curve in the lower horizontal extension of said closed path,
PA1  and, relative to the direction of travel of said belt, said first
      generating portion is located upstream of and extends to said curve and
      said second field generating portion is located downstream of said curve.
NUM  3.
PAR  3. The magnetic separator of claim 1
PA1  wherein said magnetic assembly includes a pick-up magnet, a transfer
      magnet, and a discharge magnet arranged, relative to the direction of
      travel of said belt with said discharge magnet downstream of said pick-up
      magnet and with said transfer magnet between said pick-up and discharge
      magnets,
PA1  and wherein said discharge magnet is spaced from said transfer magnet to
      provide said gap.
NUM  4.
PAR  4. A magnetic separator comprising, in combination,
PA1  a working member,
PA1  means supporting said working member for movement along a defined path,
PA1  means for moving said working member along said path,
PA1  a magnetic assembly supported adjacent said working member to generate a
      magnetic field through which said working member moves,
PA1  and said magnetic assembly including first and second magnetic field
      generating portions relatively spaced apart a predetermined distance in
      the direction of the path of travel of said working member to provide a
      magnetic field with a gap in the field between said first and second field
      generating portions so that magnetic articles attracted to said working
      member in the area of first field generating portion are released in said
      gap and fall away from said working member in the area of said gap, the
      length of such gap being such that, together with the momentum imparted to
      said magnetic articles by the movement of said belt, said magnetic
      articles fall along a trajectory such that they are directed into the
      magnetic field generated by said second field generating portion and are
      again attracted to said working member in the area of said second field
      generating portion and non-magnetics carried by said magnetic articles to
      said belt in the area of said first field generating portion are dislodged
      in said gap and are thereby separated from said belt.
NUM  5.
PAR  5. In a magnetic separator including a belt having inner and outer
      surfaces, means for moving said belt along a defined path and a magnetic
      assembly supported adjacent said belt at the inner surface thereof to
      generate a magnetic field through which said belt moves, the improvement
      comprising
PA1  a plurality of flexible wear pads,
PA1  means releasably connecting said wear pads to the outer surface of said
      belt generally in the central portion of said belt,
PA1  a plurality of cleats between adjacent wear pads and spaced along said belt
      in the direction of travel thereof, said cleats projecting outwardly from
      said belt and extending across said belt generally perpendicular to the
      direction of belt travel.
PA1  each of said flexible wear pads being of such area as to substantially
      cover the belt area between adjacent cleats,
PA1  a plurality of second wear pads positioned one at the surface of each of
      said cleats which faces in the direction of travel of said belt,
PA1  and means providing a releasable connection of said wear pads to said
      cleats.
NUM  6.
PAR  6. A magnetic separator comprising, in combination, a belt,
PA1  means supporting said belt for movement around a closed path in continuous
      fashion, said path having upper and lower horizontal extensions,
PA1  means for moving said belt along said path,
PA1  a magnetic assembly supported adjacent said belt along a portion of the
      lower horizontal extension of said closed path to generate a magnetic
      field through which said belt moves,
PA1  said magnetic assembly including a first magnetic field generating portion
      and a second magnetic field generating portion spaced from said first
      field generating portion in the direction of the path of travel of said
      belt providing a gap in the magnetic field generated by said magnetic
      assembly between said first and second field generating portions so that
      the magnetic articles attracted to said belt in the area of first field
      generating portion are released in said gap and fall away from said belt
      and are again attracted to said belt in the area of said second field
      generating portion,
PA1  means supporting one of said first and second field generating portions for
      movement in the direction of belt travel toward and away from the other of
      said first and second field generating portions,
PA1  and operating means connected to and operative to move said one of said
      first and second field generating portions toward and away from the other
      of said first and second field generating portions.
NUM  7.
PAR  7. The magnetic separator of claim 6 wherein
PA1  said means supporting said belt further supports said belt to define a
      curve in the lower horizontal extension of said closed path,
PA1  and, relative to the direction of travel of said belt, said first field
      generating portion is located upstream of and extends to said curve and
      said second field generating portion is located downstream of said curve.
NUM  8.
PAR  8. A magnetic separator comprising, in combination,
PA1  a belt,
PA1  means supporting said belt for movement around a closed path in continuous
      fashion, said path having upper and lower horizontal extensions,
PA1  means for moving said belt along said path,
PA1  a magnetic assembly supported adjacent said belt along a portion of the
      lower horizontal extention of said closed path to generate a magnetic
      field through which said belt moves,
PA1  said magnetic assembly including a first magnetic field generating portion
      and a second magnetic field generating portion spaced from said first
      field generating portion in the direction of the path of travel of said
      belt providing a gap in the magnetic field generated by said magnetic
      assembly between said first and second field generating portions so that
      magnetic articles attracted to said belt in the area of first field
      generating portion are released in said gap and fall away from said belt
      and are again attracted to said belt in the area of said second field
      generating portion,
PA1  and generally flexible wear pads positioned at the outer surface of said
      belt and means releasably connecting said wear pads to said belt.
NUM  9.
PAR  9. The magnetic separator of claim 8
PA1  wherein said belt includes a plurality of cleats spaced along said belt in
      the direction of travel thereof, and cleats projecting outwardly from said
      belt and extending across said belt generally perpendicular to the
      direction of belt travel,
PA1  a wear pad positioned at the surface of each of said cleats which faces in
      the direction of travel of said belt,
PA1  and means providing a releasable connection of said wear pads to said
      cleats.
NUM  10.
PAR  10. The magnetic separator of claim 8 wherein the wear pads attached to
      said belt surface are located generally in the central portion of said
      belt.
NUM  11.
PAR  11. A magnetic separator comprising, in combination,
PA1  a belt,
PA1  means supporting said belt for movement around a closed path in continuous
      fashion, said path having upper and lower horizontal extensions,
PA1  means for moving said belt along said path,
PA1  a magnetic assembly supported adjacent said belt along a portion of the
      lower horizontal extension of said closed path to generate a magnetic
      field through which said belt moves,
PA1  said magnetic assembly including a first magnetic field generating portion
      and a second magnetic field generating portion spaced from said first
      field generating portion in the direction of the path of travel of said
      belt providing a gap in the magnetic field generated by said magnetic
      assembly between said first and second field generating portions so that
      magnetic articles attracted to said belt in the area of first field
      generating portion are released in said gap and fall away from said belt
      and are again attracted to said belt in the area of said second field
      generating portion,
PA1  a supply conveyor for delivering a burden consisting of magnetic and
      non-magnetic material to said belt in the area of the magnetic field
      generated by said first field generating portion,
PA1  means for supporting said magnetic separator over a receptacle into which
      non-magnetic material falls,
PA1  and a splitter baffle located in the area of the downstream end of said
      second field generating portion so that magnetic material attracted to
      said belt travels with said belt up to said splitter baffle after which it
      leaves said magnetic field and falls from said belt.
NUM  12.
PAR  12. A magnetic separator comprising, in combination,
PA1  a belt,
PA1  means supporting said belt for movement around a closed path in continuous
      fashion, said path having upper and lower horizontal extensions,
PA1  means for moving said belt along said path,
PA1  a magnetic assembly supported adjacent said belt along a portion of the
      lower horizontal extension of said closed path to generate a magnetic
      field through which said belt moves,
PA1  said magnetic assembly including a pick-up magnet, a transfer magnet, and a
      discharge magnet arranged, relative to the direction of travel of said
      belt, with said discharge magnet downstream of said pick-up magnet and
      with said transfer magnet between said pick-up and discharge magnets, said
      discharge magnet being spaced from said transfer magnet in the direction
      of travel of said belt to provide a gap in the magnetic field generated by
      said magnetic assembly between said transfer and discharge magnets so that
      magnetic articles attracted to said belt in the area of said pick-up
      magnet are released in said gap and fall away from said belt and are again
      attracted to said belt in the area of said discharge magnet,
PA1  and means connected to said dishcarge magnet and operative to move said
      discharge magnet toward and away from said transfer magnet to vary the
      size of said gap.
NUM  13.
PAR  13. The magnetic separator of claim 12 wherein
PA1  said means supporting said belt further supports said belt to define a
      curve in the lower horizontal extension of said closed path,
PA1  and, relative to the direction of travel of said belt, said pick-up magnet
      is located upstream of said curve, said discharge magnet is located
      downstream of said curve, and said transfer magnet is located at said
      curve.
NUM  14.
PAR  14. The magnetic separator of claim 12
PA1  wherein said transfer magnet is spaced from said pick-up magnet to define a
      second gap in said magnetic field upstream of said first mentioned gap,
PA1  and further including means connected to said transfer magnet and operative
      to move said transfer magnet toward and away from said pick-up magnet to
      vary the size of said second gap.
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ABST
PAL  A rack for supporting unvulcanized pneumatic tires which rack includes a
      plurality of horizontally extending prongs, each having an arcuate upper
      surface when viewed in cross-sectional configuration and including an
      arcuate upper surface disposed intermediate the ends of the prong which is
      elevated with respect to the first-mentioned arcuate upper surface. A
      pneumatic tire is supported on the prong with the beads resting on the
      lower arcuate surface of the prong on opposite sides of the elevated
      surface and the elevated surface supporting the tread area.
BSUM
PAR  The foregoing abstract is not to be taken as limiting the invention of this
      application, and in order to understand the full nature and extent of the
      technical disclosure of this application, reference must be made to the
      accompanying drawings and the following detailed description.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of pneumatic tires and more
      particularly to a device for supporting an unvulcanized pneumatic tire.
PAR  In the manufacture of pneumatic tires the various components of the tire
      including various reinforcing components embedded in a matrix of
      unvulcanized rubber or other unvulcanized rubberlike material are
      assembled on a building form. The tire at this stage of manufacture
      comprises what is generally referred to as an unvulcanized tire carcass.
      For purposes of simplicity an unvulcanized tire carcass will be referred
      to hereinafter as a carcass. The carcass is then transferred to a shaping
      and vulcanizing press in which it is shaped to the final form and
      vulcanized. The unvulcanized tire, therefore, must be transported and
      stored for some period of time.
PAR  The present invention relates to the transportation and storage of
      carcasses between the building and vulcanizing stages. The carcass
      generally does not have enough strength or rigidity to maintain the shape
      in which it was built on the building form. Such carcasses, therefore,
      have a tendency to sag or droop under their own weight and become
      distorted. A distorted carcass can result in non-uniformities in the tire
      when it is shaped and vulcanized in a press.
PAR  This problem is more acute with respect to the socalled drum built or
      pulley band radial ply tires. These radial tires are characterized by the
      fact that they are completely built in a generally cylindrical
      configuration and only brought to the torus or tire shape in the curing
      press. Such a tire is disclosed in U.S. Pat. No. 3,409,492. These tires
      generally have even less rigidity in the unvulcanized state than do bias
      or bias belted tires, and, therefore, have a greater tendency to lose
      their shape due to sagging or drooping under their own weight during the
      transportation and storage process.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a device or means to support a carcass in
      which device a pair of spaced apart arcuate surfaces are provided to
      support the bead rings of the carcass and a second arcuate surface is
      provided between the pair of previously-mentioned arcuate surfaces and at
      a higher elevation with respect to the first pair of surfaces to support
      the central portion of the carcass.
PAR  A tapered or conical transition portion is provided intermediate each
      surface of the pair of surfaces which supports the beads and the elevated
      surface to facilitate placing the carcass on and removing the carcass from
      the support without damaging the carcass.
PAR  An object of the present invention is to provide a device for supporting an
      unvulcanized tire carcass in such a manner as to avoid significant
      distortion under its own weight. A further object is to provide such a
      device on which an unvulcanized tire can be conveniently placed and
      removed without the danger of causing damage to the tire.
PAR  Other objects will be in part apparent and in part pointed out more in
      detail hereinafter.
PAR  The invention accordingly consists in the features of construction,
      combination of elements and arrangement of parts which will be exemplified
      in the construction hereinafter set forth and the scope of the application
      of which will be indicated in the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary elevational view of an unvulcanized tire storage
      rack incorporating the present invention;
PAR  FIG. 2 is a fragmentary view of the storage rack of FIG. 1 taken
      substantially along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a view of a portion of the storage rack of FIG. 1 taken
      substantially along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a cross-sectional view of the storage rack of FIG. 1 taken
      substantially along line 4--4 of FIG. 3 and further illustrating a tire
      supported thereon; and
PAR  FIG. 5 is a cross-sectional view of the storage rack of FIG. 1 taken
      substantially along line 5--5 of FIG. 3 and illustrating the tire
      supported thereon.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to the drawings and in particular FIGS. 1 and 2 there is
      illustrated a portable tire storage rack 10 including a frame which in the
      embodiment illustrated comprises a horizontal base portion 12 supported on
      a series of rollers 14, and an upstanding pedestal or support 16 rigidly
      mounted on the base 12 which rigidly supports a plurality of horizontally
      extending arms 18. A plurality of horizontally extending prongs 19 which
      are generally parti-elliptical in cross-section extend perpendicularly
      from the arms 18 and are rigidly fixed thereto. For purposes of
      establishing a reference line, an axis 20 extending lengthwise of each
      prong 19 will be referred to as the long axis 20. Cross-sectional views
      will be those views taken in planes perpendicular to the long axis 20.
PAR  Each prong 19 has a pair of spaced apart profiled surfaces 21 and 22 which
      are of a similar parti-elliptical cross-sectional configuration and in
      axial alignment with respect to the long axis 20 of the prong 19. There is
      a third profiled surface 24 which is parti-elliptical and is disposed
      intermediate the surfaces 21 and 22. All three parti-elliptical surfaces
      21, 22 and 24 are axially aligned with respect to the long axis 20 of the
      prong 19 and have an arcuate upper surface 21', 22' and 24' for supporting
      a tire which is formed by a major arc of the elliptical contour.
PAR  In addition there are a pair of tapered surfaces 26 and 28 on axially
      opposite sides of the raised surface 24 which provide a smooth transition
      from the surface 24 to the pair of surfaces 21 and 22 on the opposite side
      thereof. These tapered surfaces make it easy to slip a tire over the prong
      and raise surface 24 without the danger of being damaged by corners or
      changes in elevation of the prong 19.
PAR  More particularly and with respect to FIGS. 3, 4 and 5, in the particular
      embodiment illustrated the surfaces 24, 26 and 28 are provided by the
      addition of an adapter 30 which is receivable on the prong 19. The adapter
      30 has an internal configuration or surface 32 which conforms to the outer
      surface 34 of the prong 19 such that it can be slipped neatly over the
      prong 19. The adapter 30 is fixed on the prong 19 by means of bolts 35 or
      other suitable means.
PAR  As seen in FIG. 4, the internal cross-sectional contour of both the adapter
      30 and the prong 19 are of a generally elliptical shape and thus the
      adapter 30 when slipped over the prong 19 is fixed relative to rotation
      about the long axis of the prong 19.
PAR  In the particular embodiment illustrated the adapter 30 is conveniently
      made of a plastic material and it includes an axial central portion 36 and
      a pair of tapered or parti-conical end portions 38 and 40. The end
      portions 38, 40 provide a smooth transition between the central portion 36
      and the surfaces 21, 22 and thus avoids the danger of damage to a carcass
      42 when putting it on and taking it off of the prong 19. The central
      portion 36 has a thickness T which substantially corresponds to the
      difference between the inside radius r.sub.1 of the tread portion and the
      inside radii r.sub.2 of the bead portions when the carcass 42 is in the
      configuration in which it was built. It will be appreciated, of course,
      that slight variations in the thickness T can be tolerated. However, the
      thickness T should be equal to within 10 percent of the difference between
      the inside bead radius r.sub.2 and the inside tread radius r.sub.1.
PAR  Particularly with reference to FIG. 4, the upper surface 24' of the adapter
      30 and the adjacent upper surfaces 21', 22' of the prong 19 each have a
      radius R.sub.1 and R.sub.2 respectively which approximate the radius of
      the respective internal surfaces of the central portion of the tread and
      bead portions of the carcass 42. These radii, however, need not be
      precisely the same as that of the tire. For example, the same prong and
      adapter arrangement can be used for 14- and 15-inch rim diameter tires.
      Thus, for example, the radius R.sub.2 of the upper surface of the prong 19
      would be 71/2 inches and would accommodate both the 14- and 15-inch
      diameter tires. Preferably, each radii of the respective upper surfaces
      21', 22' and 23' should be within 1 inch of the radius of the portion of
      the tire it is to support. Further, the radius R.sub.1 and R.sub.2 of the
      ellipse extends over an arc of at least 60.degree. and preferably at least
      85.degree. in order to provide a sufficient support area to maintain the
      proper curvature over a significant portion of the carcass 42.
PAR  The axial length L of the central, upper support surface 24' should be at
      least as great as the axial length L' of the tread portion of the carcass
      42. For purposes of determining the axial length L' of the tread the
      axially outer extremities 44 and 45 of the tread will be considered the
      points at which the thickness of the uncured tread rubber begins to
      decrease.
PAR  The bead and tread areas are thus supported over a substantial arc and in
      proper concentric positions with respect to each other and the tread area
      is supported throughout its axial length. Being so supported the carcass
      42 will remain substantially in the shape in which it was built and will
      not sag or droop excessively under its own weight.
PAR  In order to prevent the carcass from sticking to the adapter, the adapter
      may be provided with a release agent which prevents the adhesion of the
      uncured rubber to the surface thereof.
PAR  Further, while the specific embodiment illustrated included a rack 10 on
      which the prongs 19 were supported ultimately by a base portion on
      rollers, it will be appreciated that the prongs 19 could be supported by
      any other suitable means.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rack for supporting an unvulcanized pneumatic tire said rack
      comprising a frame, a horizontally extending prong having a long axis and
      supported at one end on said frame, said prong having a first upper
      surface which is generally elliptical in cross-sectional configuration, a
      pair of second upper surfaces each with a generally elliptical
      cross-sectional configuration disposed on opposite sides of said first
      upper surface and at a lower elevation with respect to said first upper
      surface, and a tapered surface on axially opposite sides of said first
      upper surface forming smooth transitions between said first upper surface
      and said second upper surfaces, all of said upper surfaces being arranged
      in axial alignment with respect to said prongs.
NUM  2.
PAR  2. A rack as claimed in claim 1 wherein the arc formed by the first and
      second upper surfaces extends over an arc of at least 60 degrees as viewed
      in sections perpendicular to the long axis and each arc has a radius of
      curvature equal to within one inch of the as-built radius of curvature of
      the respective portion of a tire to be supported by each major arc.
NUM  3.
PAR  3. A rack as claimed in claim 2 wherein said arc is at least 80.degree. and
      said first upper surface extends in axial directions for a distance at
      least equal to the axial length of the tread portion of the carcass to be
      supported on said prong.
NUM  4.
PAR  4. A rack as claimed in claim 3 wherein said first upper surface is
      elevated with respect to said second upper surface a distance equal to
      within 10 percent of the difference between the as-built inside radii of
      the bead portions and tread portion of the carcass to be supported on said
      prong.
NUM  5.
PAR  5. A rack for supporting an unvulcanized pneumatic tire said rack including
      a horizontally extending prong with a generally elliptical upper surface
      as viewed in cross-sections, the improvement comprising an adapter mounted
      on said prong and intermediate the ends thereof to provide an generally
      elliptical upper surface which is elevated with respect to the arcuate
      upper surfaces of said prong on axially opposite sides of said adapter
      said adapter including tapered end portions to provide a smooth transition
      between the upper surface of said prong and said adapter.
NUM  6.
PAR  6. The improvement as claimed in claim 3 wherein said arcuate upper surface
      of said adapter extends over an area of at least 60.degree. and has a
      radius of curvature equal to within one inch of the as-built radius of
      curvature of the central portion of the tire to be supported on said rack.
NUM  7.
PAR  7. The improvement as claimed in claim 6 wherein said arc is at least
      80.degree. and said arcuate upper surface of said adapter extends in axial
      directions for a distance at least equal to the axial length of the tread
      portion of the carcass to be supported on said prong.
NUM  8.
PAR  8. The improvement as claimed in claim 7 wherein said arcuate surface of
      said adapter is elevated with respect to the arcuate upper surface of said
      prong a distance equal to within 10 percent of the difference between the
      as-built inside radii of the bead portion and tread portions of the
      carcass to be supported on said prong.
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PAL  A device for positively locating a pivotal display hanger in a selected
      position of use on a support, said device having a base member that is
      fixed to the support and a locating member that is mounted on the end of
      the hanger and rotatable therewith, the locating member cooperating with
      the base member to provide for a step-by-step movement of the hanger when
      it is pivoted so that the hanger is locatable in a selected position of
      use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention has application to a display rack and to a hanger for
      use therewith, wherein an article is mounted for display on the hanger.
PAR  Although the rack for use with the invention as embodied herein has general
      application for the display of various articles such as clothing,
      wallpaper, rugs and other articles that can be displayed in a vertical
      position, the invention has particular application with a garment rack on
      which hangers are mounted for the display of various articles of clothing,
      the garment hangers being pivotally mounted on the rack.
PAR  In the display of garments such as trousers on a garment hanger as mounted
      on a display rack, the hanger normally includes a horizontal rod portion
      over which the trousers are draped for convenient inspection by a
      customer. In selecting a garment for closer inspection or for removal
      thereof from the hanger on which it is mounted, it is the usual practice
      to pivotally move the hangers adjacent to the one on which the selected
      garment is located so as to isolate the selected garment. Prior to the
      instant invention, garment hangers as mounted on a support or rack have
      been freely pivotal primarily along a vertical axis; and in most garment
      racks of this kind, selected hangers are isolated only after forcing the
      adjacent hangers away from the selected one and applying sufficient
      pressure on the adjacent hangers to maintain them in a position that will
      not interfere with inspection of the selected garment or the removal
      thereof from its hanger. Maintaining the garments in a compressed
      condition away from the selected hanger sometimes is inconvenient, and
      oftentimes the user will have to locate his body against the bank of
      hangers that have been pivoted away from the selected hanger, so as to
      free both hands for inspection of the selected garment or the removal
      thereof from its hanger. Sometimes when a garment rack is fully loaded
      with garments as mounted on the display hangers of the rack, moving the
      selected hanger to a convenient location for inspection of the garment
      thereon is a difficult task and is frustrating to a customer who is
      desirous of removing the garment from the hanger. Furthermore, replacement
      of the garment on the hanger is oftentimes difficult to achieve on a fully
      loaded rack, and quite frequently the garment as replaced on the hanger is
      not hung properly, which not only results in an unsightly display, but
      also wrinkles the garment.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a display rack and more particularly
      relates to a locating device for use with a display rack for positively
      locating a pivotal display hanger in a selected position of use on the
      rack.
PAR  In the preferred embodiment of the invention, the display rack on which the
      locating device of the present invention is mounted, includes a plurality
      of pivotally mounted hangers thereon. The hangers normally include a
      horizontal support rod on which the article to be displayed is mounted, a
      vertical portion of the hanger being joined to the horizontal portion
      thereof and defining the pivot axis of the hanger. The position locating
      device as embodied herein includes a base member that is fixed to the
      display rack and further includes a locating member that receives the
      vertical portion of the hanger therein. The locating member interfits with
      the base member and is rotatable relative thereto, detent means being
      formed on the base and locating member so as to provide for step-by-step
      rotation of the locating member and the hanger fixed thereto relative to
      the base member and the support or rack on which the base member is
      mounted. The step-by-step rotation of the locating member and the hanger
      to which it is secured provides for movement of the hanger to a selected
      position of use relative to the hangers mounted on the rack adjacent
      thereto.
PAR  Accordingly, it is an object of the present invention to provide a display
      rack having a plurality of hangers mounted thereon, each of which is
      movable to a selected position of use.
PAR  Another object of the invention is to provide a device for use in a display
      rack that positively locates a pivotal hanger in a selected position of
      use on the rack, the device enabling the hanger to be selectively moved in
      a manner that will locate it in spaced relation with respect to the
      adjacent hangers mounted on the rack.
PAR  Still another object is to provide a locating device for use with a hanger
      as mounted on a support, the locating device including a base member fixed
      to the support and a locating member fixed to the hanger, the locating
      member being interfitted in the base member and being movable in
      step-by-step relation relative thereto, thereby providing for step-by-step
      movement of the hanger to a selected position of use.
PAR  Other objects, features and advantages of the invention shall become
      apparent as the description thereof proceeds when considered in connection
      with the accompanying illustrative drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which illustrate the best mode presently contemplated for
      carrying out the present invention;
PAR  FIG. 1 is a perspective view showing a portion of a display rack having
      garment hangers mounted for pivotal movement thereon, each of the hangers
      being interfitted with a locating device as embodied in the present
      invention;
PAR  FIG. 2 is a sectional view of the locating device as embodied herein;
PAR  FIG. 3 is a sectional view of the locating device mounted on a support rail
      and receiving the end of a hanger therein;
PAR  FIG. 4 is a sectional view taken along line 4--4 in FIG. 2; and
PAR  FIG. 5 is an exploded perspective view of the locating device.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawing and particularly to FIG. 1, a portion of a
      display rack as embodied in the present invention is illustrated and is
      generally indicated at 10. As shown, the display rack 10 includes an upper
      horizontal rail 12 below which is spaced a corresponding lower horizontal
      rail 14. The rails 12 and 14 may be secured to a support or base of a
      display rack or may be directly mounted on a vertical surface thereby
      consituting the support structure of the rack. It is also understood that
      the rails 12 and 14 may be formed in a circular configuration, or any
      other known configuration normally used in display racks. As shown the
      rails 12 and 14 are fixed to a support structure or wall by convenient
      fastening means such as screws 15. As further illustrated in FIG. 1, the
      uppermost surface of the rail 12 is formed with a plurality of spaced
      openings 16 therein, the spacing and purpose of which will be described
      hereinafter. The lower surface of the rail 14 is formed with aligned
      corresponding openings therein which are located in approximately the same
      spaced relation as those openings 16 formed in the rail 12.
PAR  Formed as part of the display rack 10 and mounted for pivotal movement with
      respect to the rails 12 and 14 are a plurality of garment hangers 18. Each
      of the garment hangers 18 is of the two-point suspension type and includes
      a horizontal rod portion 20 to which is joined an inclined downwardly
      extending rod portion 22. A shortened rod 24 is secured to a portion that
      interconnects the horizontal rod portion 20 and the inclined rod portion
      22, and is designed to retain an article in place on the horizontal rod
      portion 20. As more clearly illustrated in FIG. 3, a downwardly extending
      upper vertical portion 26 is joined to the horizontal rod portion 20 of
      each hanger 18 and projects downwardly at right angles with respect
      thereto. A lower vertical portion 28 (FIG. 1) is also joined to the
      inclined portion 22 of each hanger 18 and cooperates with the upper
      vertical portion 26 to pivotally mount a hanger 18 in place on the rails
      12 and 14. For an additional description of the hanger 18 and the function
      and purpose thereof, reference is made to U.S. Pat. No. 2,944,675.
PAR  Although the two-point suspension hanger 18 is illustrated as used in
      connection with the locating device of the present invention, it will be
      understood from the following description that a single-point suspension
      hanger may be utilized with the locating device wherein the single-point
      suspension hanger would be mounted on a single upper rail 12 without
      departing from the spirit of the invention.
PAR  The purpose and main object of the invention is to provide for movement of
      the hangers 18 in a step-by-step motion to selectively locate any one of
      the hangers 18 in a desired position of use within the limits of the
      pivotal movement thereof. In order to accomplish this purpose, a locating
      device generally indicated at 30 in FIG. 5 is provided and includes a
      locating member generally indicated at 32 that interfits with a base
      member generally indicated at 34. The locating member 32 includes a
      disc-shaped head portion 36 on the undersurface of which a reduced
      diameter annular rim 38 is formed that defines a shoulder 39 with the
      periphery of the head portion 36. As illustrated in FIGS. 4 and 5, a
      plurality of rounded teeth 40 are formed on the peripheral edge of the
      annular rim 38; and as will be described, the teeth 40 provide for the
      step-by-step movement of the hanger 18. Formed centrally of the locating
      member 32 and projecting downwardly from the midpoint of the head 36 is a
      shank 42. Extending through the head 36 and into the shank 42 is a bore 44
      that receives the vertical portion 26 of the hanger 18 therein. The
      lowermost end of the shank 42 is provided with slits 46 that divide the
      shank into four resilient portions 48. The resilient portions 48 define an
      opening therebetween that represents a continuation of the bore 44, the
      resilient portions 48 yieldably spreading apart when the vertical portion
      26 of the hanger 18 passes through the opening as formed in the shank 42.
      As illustrated in FIG. 3, the vertical portion 26 of the hanger 18 extends
      completely through the head portion 36 and shank 42 for frictionally
      mounting the locating member 32 on the base member 34. Also formed in the
      head portion is a cross slot 49 that extends from the periphery of the
      head portion 36 to the bore 44. The bottom wall of the slot 49 is concave;
      and, as illustrated in FIG. 3, the horizontal rod portion 20 of the hanger
      18 is snugly received in the slot 49 to lock the locating member 32 on the
      hanger 18.
PAR  The base member 34 includes a square-shaped plate-like base 50 having a
      circular-shaped recess 52 formed therein, defined by a circular wall 53
      and a bottom wall 55. Formed on the wall 53 of the recess 52 at 90.degree.
      intervals are rounded projections 54 that cooperate with the rounded teeth
      40 as formed on the locating member 32 to provide for the step-by-step
      motion of the locating member 32 with respect to the base member 34. The
      diameter of the recess 52 is dimensioned for frictionally receiving the
      reduced diameter annular rim 38 of the locating member 32 therein. As
      illustrated in FIG. 3, the shoulder 39 engages the upper surface of the
      base 50 to provide for rotatable movement of the locating member 32 with
      respect to the base member 34. Thus, when the annular rim 38 is disposed
      in the recess 52, each of the projections 54 as formed on the wall of the
      recess 52 is located between a pair of the teeth 40 as formed on the
      annular rim 38.
PAR  In order to mount the base member 34 of the locating device in place on a
      rail, a plurality of tapered fingers 56 are provided; and as illustrated
      in FIG. 1, the fingers 56 which are spaced apart, generally define a
      truncated cone that is joined to the plate member 50 by reduced sections
      58.
PAR  The reduced sections 58 are connected to the bottom wall 55 of the recess
      by webs 57 that are joined to a circular web that defines an opening 60,
      the opening 60 being formed in the bottom wall 55 and communicating with
      the bore as defined between the split fingers 56. The split fingers 56 are
      flexible so as to provide for entry of the shank 42 and vertical portion
      26 therein when the locating member 32 and hanger 18 are mounted in place
      on the base member 34. In order to orient the base members 34 in place as
      mounted on the rails 12 and 14, the plate member 50 is formed with a notch
      62 on a side thereof and a corresponding projection 64 on the opposite
      side. As shown in FIG. 4, when the base members 34 are located in
      side-by-side relation, the adjacent notches 62 and projections 64 interfit
      to properly orient the base members. It is understood that the openings 16
      are appropriately spaced apart to accommodate the fingers 56 of the base
      members therein.
PAR  Both the locating member 32 and the base member 34 are molded in a
      one-piece construction of a plastic material. Any suitable plastic
      material may be used in molding the members, such as polyethylene,
      polypropylene, Delrin or ABS, the only requirement being that the finished
      members the sufficiently rigid to accommodate the hanger 18 and to be
      sufficiently flexible to enable the locating member 32 to be moved
      relative to the base member 34 for producing the step-by-step pivotal
      movement of the hanger 18 as will be described, and to provide the
      required flexibility for fingers 56 and shank 42.
PAR  In mounting the base members 34 on either of the rails 12 or 14, the
      fingers 56 of each base member 34, which as described have a truncated
      cone configuration, are received in an opening 16 as formed in a rail.
      Downward pressure on the base member 34 forces the fingers 56 inwardly of
      the opening 16 until the edge of the opening 16 snaps between the fingers
      56 and the underside of the bottom wall 56 of the recess 54, as defined by
      the reduced portions 58. As shown in FIG. 3, the base member 34 has been
      positively secured in place in the opening 16 by inserting the flexible
      fingers 56 therein and pressing downwardly on the plate member 50.
PAR  The locating element 32 and hanger 18 as mounted thereon are frictionally
      secured to the base member 34 by inserting the shank 42 into the opening
      58 and forcing the shank 42 downwardly between the fingers 56. As the
      vertical portion 26 of the hanger 18 is pushed between the resilient
      portion 48, these resilient portions are forced apart into contact with
      the fingers 56. The annular rim 38 of the head portion 36 in this position
      is received within the recess 52 of the base member 34, the teeth 40
      formed on the rim 38 straddling a projection 54 therebetween.
PAR  It is understood that locating devices 30 are positioned in both of the
      rails 12 and 14 in oppositely aligned relation, wherein the vertical
      portions 26 and 28 of the horizontal and inclined rod portions 20 and 22
      of each hanger 18 are received in a locating device in a manner as
      described above. As previously mentioned, only a single horizontal rod
      portion of a hanger need be utilized if for any reason single-suspension
      hangers are mounted on the rack.
PAR  Since the horizontal rod portion 20 of the hanger 18 is received in the
      slot 49 as formed in the head portion 36 of the locating member 32, and
      the vertical portion 26 extends through the shank 42 and between the
      fingers 56 of the base member 34, a pivotal movement of the hanger 18 will
      cause the locating member 32 to move therewith relative to the base member
      34. As the hanger 18 pivots in response to a force applied by a user, the
      locating member 32 rotates within the recess 52, the cooperation of the
      teeth 40 and the projections 54 that are frictionally engaged producing a
      step-by-step movement of the locating member 32 relative to the base
      member 34. It is seen that any one of the hangers 18 may be selectively
      moved to a desired position relative to the adjacent hangers, while the
      adjacent hangers may be movable away with respect to the selected hanger.
      The selected hanger will then remain in the isolated position of use as
      selected and because the locating device 30 will retain the hanger in its
      selected position, through the interaction of the teeth 40 and projections
      54, the user may inspect a garment on the hanger 18 or remove it therefrom
      without interference from the adjacent hangers and garments mounted
      thereon. Each hanger 18 can only be moved when a sufficient force is
      applied thereto to overcome the frictional resistance between the teeth 40
      and the projections 54.
PAR  While there is shown and described herein certain specific structure
      embodying the invention, it will be manifest to those skilled in the art
      that various modifications and rearrangements of the parts may be made
      without departing from the spirit and scope of the underlying inventive
      concept and that the same is not limited to the particular forms herein
      shown and described except insofar as indicated by the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for positively locating a pivotal display hanger in a selected
      position of use on a support, comprising a base member fixed to said
      support, a locating member mounted on an end of said hanger and rotatable
      therewith upon pivotal movement of said hanger, means formed on said
      locating member cooperating with means formed on said base member to
      provide for step-by-step pivotal movement of said hanger, wherein said
      hanger is positively locatable in the selected position of use, the means
      as formed on one of said members including a generally circular recess, on
      a wall of which at least one projection is formed, the means as formed on
      the other member including an annular portion that is receivable in said
      recess for rotation therein, a plurality of teeth formed on said annular
      portion that engage the projection in said recess to provide for the
      step-by-step movement of said hanger, said base member being formed with
      the generally circular recess therein, and said locating member being
      formed with the annular portion thereon, said base member having a central
      opening formed therein, said locating member having a central opening
      formed therein that is aligned with the opening in the base member when
      said members are interfitted, the end of said hanger being defined by a
      vertical rod portion that is received in the aligned openings of said
      members, and a slot formed in said locating member for receiving a
      horizontal portion of said hanger for positively locating said locating
      member on said hanger and providing for rotating movement of said locating
      member upon pivotal movement of said hanger, said base member including a
      plate-like portion in which said recess is formed, and a plurality of
      resilient fingers joined to said plate-like portion on the underside
      thereof and extending into an opening formed in said support for locating
      said base member on said support.
NUM  2.
PAR  2. A device as claimed in claim 1, each of said fingers having an upper
      undercut portion formed thereon adjacent to the underside of said
      plate-like portions wherein a generally annular reduced neck portion is
      defined by said fingers and plate-like portion, said reduced neck portion
      receiving the edges of the opening of the support therein to lock said
      base member on said support.
NUM  3.
PAR  3. A device as claimed in claim 2, said locating member including a central
      shank that depends centrally of said annular portion, said central shank
      having an opening extending therethrough through which the vertical
      portion of said hanger extends, and said shank and hanger extending
      therethrough being received between the fingers of said base member in
      friction locking relation.
NUM  4.
PAR  4. A device as claimed in claim 3, said base member having a notch formed
      in a side wall thereof and a projection formed on an opposite wall
      thereof, said notches and projections engaging corresponding projections
      and notches in adjacently located base members to orient said base members
      on a support.
NUM  5.
PAR  5. A device for positively locating a pivotal display hanger in a selected
      position of use on a support wherein said hanger includes a vertical
      portion about which the hanger is pivoted, comprising a base member fixed
      to said support, said base member having a central opening formed therein
      and having at least one projection formed thereon, a locating member
      having a central opening formed therein that receives the vertical portion
      of said hanger in friction fitting relation for fixedly mounting said
      locating member on said hanger, the vertical portion of the hanger
      extending into the central opening in said base member for rotatably
      mounting said locating member on said base member in operating position
      without the removal of engagement therewith, and a plurality of teeth
      formed on said locating member that are successively engageable with said
      projection upon rotating movement of said hanger and locating member
      mounted thereon, wherein said hanger and locating member are rotatably
      movable in a step-by-step motion with respect to said base member without
      removing the locating member from engagement with said base member.
NUM  6.
PAR  6. A device as claimed in claim 5, said base member having a generally
      circular recess formed therein on a wall of which said projection is
      formed, said locating member including an annular portion on which said
      teeth are formed that is receivable in said recess, wherein said teeth are
      successively engageable with the projection upon rotating movement of said
      hanger and the locating member mounted thereon.
NUM  7.
PAR  7. A device as claimed in claim 6, each of said teeth having a rounded
      configuration that provides for sliding frictional movement of said
      projection thereover to effect the step-by-step rotation of said hanger.
NUM  8.
PAR  8. A device as claimed in claim 7, said locating member having a slot
      formed in the upper surface that receives a horizontal portion of said
      hanger when the vertical portion of said hanger is fully inserted into the
      openings in said locating member and base member, wherein said hanger is
      positively locked to said locating member to effect a rotating movement
      thereof relative to said base member upon pivotal movement of said hanger.
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ABST
PAL  An industrial robot well suited for handling heavy work pieces comprises a
      base; a vertically oriented main support shaft rotatably mounted in the
      base on a radial thrust bearing; a support frame mounted on the support
      shaft; a flat-sided extendable main extend shaft mounted on the support
      frame; and a tooling assembly mounted on the outer end of the main extend
      shaft. The main extend shaft is a hollow, rectangular tubular member and
      rides on a simplified bearing assembly consisting of two sets of
      adjustable cam followers that ride on all four walls of the shaft. The
      tooling assembly comprises cam-operated, adjustable force grab jaws that
      hold the work piece; and separate means for raising and lowering and
      extending and retracting the grab jaws with respect to the main extend
      shaft. The whole system is operated hydraulically by solenoid actuated
      valves which control hydraulic motors or cylinders, with the cylinders
      functioning on a full extend or full retract basis. Limit switches and a
      programed sequence controller control the sequence and operation of the
      apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to an industrial robot and more
      particularly to a simplified industrial robot having a light weight
      rectangular main extend shaft that is mounted for longitudinal movement on
      a plurality of simple adjustable cam followers.
PAR  2. Description of the Prior Art
PAR  Industrial robot is a generic name for a mechanized apparatus that has the
      ability to pick up a work piece, perform a work function on the work piece
      and place the work piece down in a different position. An industrial robot
      is generally considered to be a more complex structure than a conventional
      material transfer device which merely picks up an object such as a can or
      the like by means of a suction cup or other such device and moves it from
      one location to another location, with the starting and ending locations
      usually being the same distance from a central pivot axis. Typically, an
      industrial robot, in addition to having the ability to pick up an object
      and move the object to a different position with respect to a vertical
      axis, also has the ability to move the object to a different radius with
      respect to the vertical axis by means of a horizontal extend cylinder
      pivoted about the vertical axis. Also, some industrial robots have the
      ability to tilt or raise and lower the main extend cylinder so as to raise
      and lower the work piece handling device at the end of the main extend
      cylinder.
PAR  Heretofore, industrial robots have been extremely complex and expensive
      pieces of machinery and have accordingly been too expensive to employ in
      many tedious or hazardous industrial operations where profit margins are
      not sufficient to sustain the overhead involved in the purchase of such a
      machine.
PAR  One of the principal expenses involved in prior industrial robots is the
      extendable shaft and bearing assembly for moving a work piece to different
      radial distances from the vertical axis of rotation of the industrial
      robot. Heretofore, the main extend shafts have been expensive, machined
      rods, and the bearing assemblies have been elaborate and complex bearing
      mechanisms specifically designed and fabricated for that use. Such extend
      shafts and bearing assemblies have been expensive and difficult to align
      and have provided little or no adjustment for wear or misalignment of the
      extend shaft.
PAR  Another problem with main extend shafts previously employed is that
      typically such shafts have been cylindrical in shape, with a circular
      cross-section. Although closer tolerences are sometimes possible with a
      shaft having a circular cross-section (this seems to be the reason for
      employing cylindrical shafts), an important drawback with such a shaft is
      that a cylindrical shaft by itself possesses no resistance to torsional
      stresses placed on the bar. To provide adequate torsional rigidity in an
      industrial robot employing a cylindrical extend shaft it has been
      necessary in previous apparatus to either employ a pair of parallel main
      extend shafts spaced apart on the apparatus or to fasten an outrigger or a
      flat strip or key along the outside surface of the shaft and constrain
      rotation of the shaft by cam followers bearing on the strip. These devices
      naturally increase the cost and alignment and adjustment problems of the
      apparatus.
PAR  A further problem with prior industrial robots is that most of these robots
      have employed unduly expensive and inaccurate drive and control
      mechanisms. In hydraulic control mechanisms heretofore used, most
      applications have employed electronic servo valve controls in order to
      provide continuous variation of the rotational and extension positions of
      the tooling assemblies of the industrial robots. These servo valve
      mechanisms require complex feedback controls in order to obtain accurate
      positioning, and even then the systems possess inaccuracies that are
      impossible to overcome entirely. This is particularly true when the system
      is bearing a heavy load and the moving members have developed considerable
      kinetic energy. In such a case, it is difficult to stop and accurately
      position the extendable arm of an industrial robot.
PAR  In systems that employ electric drive motors for rotating and extending the
      tooling assemblies of an industrial robot, the same type of feedback
      controls are necessary in order to achieve accurate positioning, and
      another drawback with this type of system is that considerably less power
      is available with a conventional electric motor than with hydraulic
      controls. In order to handle the heavy tooling assembly or heavy work
      piece, it would be necessary to employ an extremely large and cumbersome
      electric motor, whereas a simple 1 1/2 inch hydraulic cylinder will
      deliver the same power under the same situation. Accordingly, an
      electrically driven apparatus is inadequate for an industrial robot
      designed for heavy jobs.
PAR  With new federal safety standards being enacted every day, there is a need
      in the industrial trade for a simple and inexpensive industrial robot that
      can be used in hazardous material handling operations, where the use of
      manual labor might be unduly dangerous. Further, there is a general need
      for an industrial robot that can handle heavy loads and can position the
      loads accurately.
PAR  The present invention obviates the foregoing deficiencies of the prior art
      and provides a simple, inexpensive, heavy duty industrial robot that is
      capable of a wide variety of material handling needs.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an industrial robot for
      manipulating a work piece comprises a tooling assembly for handling the
      work piece mounted on a moveable manipulator. The manipulator comprises a
      base; a main support shaft pivotably mounted on a base for rotation about
      a substantially vertical axis; a support means including a support frame
      and bearing assembly mounted on the support shaft; and an extendable
      non-circular main extend shaft mounted on the support frame. The tooling
      assembly is mounted on the outer or front end of the main extend shaft.
      Selectively operable drive means rotate the main support shaft and extend
      and retract the main extend shaft. Control means selectively operate the
      drive means in proper sequence.
PAR  One of the important features of the present invention is that the main
      extend shaft comprises an inexpensive hollow tubular member having flat
      sides (preferably rectangular), and this shaft rides on a simple bearing
      assembly that supports the shaft at two separate points on the support
      frame. This bearing assembly comprises four cam followers that engage each
      of the four sides of the rectangular main extend shaft at each support
      point on the shaft. The hollow tube and cam followers are considerably
      cheaper than the expensive machined extend shafts and expensive bearing
      assemblies employed in the prior industrial robots, yet the positioning
      precision obtainable with the extend shaft and cam follower assembly of
      the present invention is as good or better than with the apparatus of the
      prior art.
PAR  A further advantage of the cam follower bearing assembly of the present
      invention is that the cam followers are eccentrically mounted on
      cantilevered axles, so that the positions of the cam followers with
      respect to the main extend shaft may be adjusted for wear and alignment.
      Also, the cam followers are mounted in open channel brackets that permit
      easy access to the cam followers for installation, adjustment, and
      replacement.
PAR  Another feature of the present invention is that all extendable parts are
      moved by means of hydraulic cylinders which move between their extreme
      extend and retract positions. Although this type of arrangement does not
      provide the complete intermediate positional flexibility of a servo valve
      system, the positional accuracy of this system is better than a servo
      system, particularly for heavy applications, and the present system is
      much less expensive than prior systems. Further, by using an additional
      extend and retract cylinder in connection with the tooling itself,
      additional positional flexibility is provided at little additional
      expense, without impairing the accuracy or simplicity of the apparatus.
      The hydraulic cylinders and motors are controlled by simple three
      position, four way spring centered valves and do not require expensive
      servo valves.
PAR  The industrial robot of the present invention is especially valuable for
      applications where heavy tooling or work pieces are to be manipulated. In
      order to overcome the heavy inertia forces developed by heavy work pieces
      or heavy tooling assemblies, the present invention incorporates hydraulic
      valves and control apparatus that cause the heavy elements to accelerate
      gradually as they start their movement and decelerate gradually as they
      approach their designated stopping positions. Cushioning apparatus in the
      form of shock absorbers are provided for safely positioning the equipment
      at the specific stopping locations desired in the event of a control
      failure.
PAR  The electrical controls employed with the present invention are likewise
      simple electrical controls and do not require the expensive feedback
      apparatus of prior systems. Simple limit switches and a programed sequence
      controller are employed to control the operation and sequence of all
      elements.
PAR  The tooling assembly mounted on the front end of the main extend shaft may
      be designed separately for each industrial application contemplated, and
      is easily removable for replacement or substitution. The tooling assembly
      of the present invention is designed as a general purpose tooling assembly
      for gripping and moving a work piece from one location to another. This
      tooling assembly comprises hydraulically operated gripping jaws which are
      actuated by a cam mechanism. This tooling assembly also includes separate
      vertical and horizontal extend and retract cylinders that raise and lower
      and extend and retract the tooling assembly itself with respect to the
      main extend shaft. It is an important feature that the vertical extend and
      retract cylinder is associated only with the tooling assembly because this
      means that only the grab jaws of the tooling assembly need be lowered for
      a desired work function, and extra energy need not be expended for raising
      and lowering the entire main extend shaft of the manipulator, a practice
      which occurred in some of the prior art industrial robots.
PAR  The use of a horizontal extend and retract cylinder in connection with the
      tooling assembly itself provides a similar advantage and also provides
      additional extension radius variation for the robot.
PAR  These and other advantages and features of the present invention will
      hereinafter appear, and for purposes of illustration, but not of
      limitation, a preferred embodiment of the present invention is described
      in detail below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the industrial robot of the present
      invention shown partially in section and partially broken away.
PAR  FIG. 2 is a top plan view of the industrial robot of the present invention,
      shown partially in section and partially broken away.
PAR  FIG. 3 is a front elevational view of the industrial robot of the present
      invention.
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 1.
PAR  FIG. 5 is a pictorial view of the diode pin control board of the programed
      sequence controller of the present invention.
PAR  FIG. 6 is a schematic graph of the acceleration-deceleration
      characteristics of the apparatus of the present invention.
PAR  FIG. 7a is a schematic plan view of a work operation that might be
      performed by the industrial robot of the present invention.
PAR  FIG. 7b is a schematic side elevational view of the industrial robot of the
      present invention, showing the various steps in the work operation
      depicted in FIG. 7a.
PAR  FIGS. 8a-d are schematic electrical circuits employed in the industrial
      robot of the present invention.
PAR  FIG. 9 is a schematic diagram of the hydraulic circuit of the industrial
      robot of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  An industrial robot 10 embodying the principal features of the present
      invention is shown in the drawings. Industrial robot 10 comprises two
      principal parts, namely, a manipulator 12 and a tooling assembly 14. The
      manipulator is identical in all operations employing the industrial robot
      of the present invention, but the tooling assembly is removable, and other
      types of tooling assemblies could be designed and used for other types of
      work operations.
PAR  Manipulator 12 comprises a base 16, a main support shaft 18, a support
      means 20 comprising a support frame 22 and a bearing assembly in the form
      of a cam follower mechanism 24 mounted on the upper end of the support
      shaft, and a main extend shaft 26 engaged, supported, and guided by the
      cam follower mechanism 24 for longitudinal movement in a generally
      horizontal direction. It would be possible to align the support frame and
      the cam follower mechanism at any angle desired in order to change the
      angle of inclination of the main extend tube, but for most industrial
      operations the main extend shaft is disposed in a generally horizontal
      direction. Main extend shaft 26 comprises a back end 28 and a front end 30
      comprising a mounting plate 32 for tool assembly 14.
PAR  Referring in more detail to the structure of manipulator 12, base 16
      comprises a bottom 34, a top 36, and vertical support members 38 and 40.
      Bottom 34 rests on a pair of rectangular tube members 42 and a leg 44.
PAR  Main support shaft 18 is a cylindrical shaft that extends upwardly from
      bottom 34 through top 36 and above the top of base 16. The lower end of
      main support shaft 18 is housed in a bearing assembly 46 which is bolted
      to bottom 34 by suitable fasteners 48. Bearing assembly 46 is designed
      principally for engaging and supporting main support shaft 18 for rotation
      about its vertical axis. This bearing assembly does not include a bearing
      for supporting the weight of the support shaft, which is a departure from
      the practice of the prior art, wherein it was customary to place a
      separate vertical thrust bearing assembly below this support shaft in
      order to rotatably suspend the support shaft for rotation with respect to
      the floor 34 of the base.
PAR  A separate vertical thrust bearing is not necessary in the present
      invention because of the use of the radial thrust bearing 50 at the upper
      portion of the shaft. Radial thrust bearing 50 rests on a yoke 52 which is
      bolted by simple fasteners 54 to top 36 of the base. Radial thrust bearing
      50 rests in an annular recess 56 in the top of the yoke. A radially
      extending collar 58 extends outwardly from main support shaft 18 at the
      top of the radial thrust bearing 50 and rests on the upper surface of the
      thrust bearing. The weight of the main support shaft and tooling mounted
      thereon is thus borne by the radial thrust bearing. The use of a radial
      thrust bearing thus provides a combination rotational bearing and vertical
      thrust bearing, without the necessity of a separate vertical thrust
      bearing at the bottom of the shaft. This contributes to the cost savings
      of the apparatus of the present invention, while still permitting the
      present invention to be used with heavier loads than industrial robots
      heretofore known.
PAR  An additional bearing assembly 60 is housed in a separate recess 62 in the
      bottom of yoke assembly 52 and provides an additional rotational bearing
      surface.
PAR  Main support shaft 18 is rotated by means of a main rotary drive motor 64
      which is mounted on upright structural number 40 of the base. Main rotary
      drive motor 64 could be any conventional type of motor, but since
      hydraulic power is used in all other applications in this apparatus, it is
      convenient and advantageous to use a hydraulic motor for this purpose. The
      hydraulic motor 64 rotates a drive gear 66, which in turn meshes with a
      driven gear 68, which is mounted on main support shaft 18. This affects
      the rotation of the main support shaft in either direction.
PAR  Hydraulic motor 64 is capable of rotating main support shaft 18 through a
      total angle of 240.degree. (see FIG. 5a). A paddle 82 (shown in FIG. 1) is
      bolted by means of fasteners 84 to main support shaft 18 and extends
      outwardly therefrom to a contact plate 86. Contact plate 86 contacts
      adjustable position limit switches 88, shown schematically in FIGS. 1 and
      2. These limit switches cause the deceleration and stoppage of the main
      support shaft at desired locations within the 240.degree. swing angle, in
      the manner discussed below.
PAR  Shock absorbers 78 are provided at the ends of the 240.degree. swing angle
      in order to provide a backup safety precaution in the event that the limit
      switches fail to deactivate the motor. Without a shock absorber, if there
      should be a malfunction in the limit switches, it is conceivable that the
      main support shaft could continue to rotate about the vertical axis
      without stopping. Since the apparatus of the present invention is driven
      by hydraulic cylinders, all of which require hydraulic feed lines,
      continuous rotation of the main support shaft would cause the feed lines
      to wrap around the support shaft and eventually rupture. Continuous
      rotation would also result in the continuous buildup of kinetic energy and
      possible damage to the apparatus. It is for these reasons that a separate
      shock absorber 78 is employed. If the limit switches should fail to
      operate, contact plate 86 would strike a plunger 90 on shock absorber 78
      and this would provide a soft stop for the main support shaft. A separate
      limit switch is incorporated into the shock absorber to effect an
      emergency disconnect of the hydraulic motor upon contacting the shock
      absorber. The shock absorber could be placed on an adjustable position
      track in order to serve as a hard stop at some point within the machine's
      240.degree. limit.
PAR  Limit switches 88 are moveably mounted on a circular guide rail 92, which
      is mounted on legs 94. Actuating arms 96 of the limit switches intersect
      the path of moving contact plate 86 for actuation of the limit switches.
PAR  One other component mounted on base 16 is a programed sequence controller
      98, which is shown in block form in FIG. 1. The controller used in the
      present invention is one of several possible commercially available units,
      and can be programed for any desired sequence of operation by means of
      diode pins inserted in matrix boards, a schematic diagram of which is
      shown in FIG. 5. In the preferred practice of the present invention, a
      unit available from the Square D Company has been found to be
      satisfactory. The operating details of this unit are disclosed in somewhat
      more detail below.
PAR  The heart of the manipulator of the present invention is main extend shaft
      26 and the bearing assembly or cam follower mechanism 24 by which it is
      mounted for longitudinal movement with respect to the support frame 22. As
      shown in more detail in FIG. 4, main extend shaft 26 is a hollow tubular
      steel member having a rectangular or preferably square cross-sectional
      area. Main extend shaft 26 comprises vertical sides 100 and 102, a top
      104, and a bottom 106. This is a conventionally available tube and need
      not be fabricated by any special machining process, contrary to the
      practice heretofore employed with industrial robots. It is necessary that
      the outer surfaces of this main extend shaft be machined to a smooth even
      surface, but this process is quite simple relative to fabrication of the
      entire main extend shaft by a machining process. The fact that the main
      extend shaft is a hollow tubular member makes the shaft light in weight
      and easy to handle and manipulate with the machine. This also increases
      the load capabilities of the machine.
PAR  An important feature of the main extend shaft of the present invention is
      that it is shaped so that a single shaft with no attachments or outriggers
      is sufficient to resist torsional stresses on the main extend shaft by an
      unbalanced tooling assembly or work piece. A rectangular shaft is
      particularly advantageous in combination with the cam follower mechanism
      of the present invention, but it is conceivable that other non-circular
      (e.g., triangular) shapes could be employed. A flat-sided shaft has the
      advantage of being commercially available and readily accommodates a
      bearing assembly of the cam follower type disclosed herein.
PAR  Cam follower mechanism 24 comprises a plurality of individual cam followers
      that are mounted at two separate positions in the support frame and engage
      and support the flat sides of the main extend shaft 26. These cam
      followers comprise a pair of vertical cam followers 108 and 110 and
      horizontal cam followers 122 and 124 at each end of the support frame.
      Vertical cam followers 108 and 110 engage the top and bottom,
      respectively, of the main extend shaft, and horizontal cam followers 122
      and 124 engage the opposite sides of the main extend shaft. These cam
      followers support and guide the main extend shaft for longitudinal
      movement along the support frame, while restraining the main extend shaft
      from vertical, pivotal, or twisting movement relative to the support
      frame. Vertical cam followers 108 and 110 comprise horizontal axles 112
      and 114 that are perpendicular to the longitudinal axis of the main extend
      shaft, and horizontal cam followers 122 and 124 comprise vertical axles
      126 and 128.
PAR  Preferably, these cam followers are mounted eccentrically on their axles
      and include an adjustment mechanism in order to permit variation of the
      position of the cam followers with respect to the main extend shaft. Cam
      followers having an adjustment mechanism of this type are available
      commercially and relatively inexpensively.
PAR  The axles of the vertical cam followers are mounted in open channel
      brackets 116 and 118, which are in turn mounted to side walls 120 of the
      support frame. The axles of horizontal cam followers are mounted in open
      channel brackets 130 and 132, which are mounted attached to side walls 120
      and bottom 134 of the support frame. The axles of the cam followers extend
      through the channel brackets and are bolted to the channel brackets by
      nuts that fit on threaded inside ends of the axles. The channel brackets
      provide easy access to these nuts for easy position adjustment or
      installation or removal of the cam followers.
PAR  All of the cam followers of the present invention are identical and all are
      commercially available. These cam followers are simply cantilevered
      bearings comprising wheels rotatably mounted on axles and the definition
      of the term cam followers herein is intended to encompass structures of
      this type whether called cam followers or not. Cam followers sold by
      McGill Company under the brand name "Camrols" are satisfactory for the
      purposes of the present invention, although other brands undoubtedly would
      also work.
PAR  The wheels of the cam followers have flat outer perifery that snugly engage
      the flat walls of the main extend shaft on all four sides thereof so as to
      provide both the support and accurate guidance for the extension and
      retraction of the main extend shaft. These cam followers are relatively
      inexpensive when compared to bearing assemblies used previously, but they
      are extremely accurate and extremely sturdy. In fact, the industrial robot
      of the present invention is designed to support a load of 4,000 foot
      pounds on the cam follower mechanism without injury to the mechanism.
PAR  Although cam followers of the type described herein are a highly desirable
      type of bearing because of their simplicity and inexpensiveness and their
      particular adaptability to a flat-sided main extend shaft, it is
      conceivable that other types of bearing assemblies such as needle or
      roller bearing assemblies could be adapted to support and guide the
      rectangular main extend shaft of the present invention by providing
      similar bearing surfaces on all four sides of the shaft at two different
      support points on the support frame.
PAR  The left hand end 28 of the main extend shaft 26 is provided with a stop
      plate 136 that extends outwardly therefrom. A travel adjustement screw 138
      is threaded into the end of stop plate 136 in alignment with a shock
      absorber 140 mounted on support frame 22. Shock absorber 140 comprises a
      plunger 142 that engages travel adjustment screw 138 upon the completion
      of the full extension of main extend shaft 26 and actuates a limit switch
      stopping the movement of the main extend shaft at substantially full
      extension. Travel adjustment screw 138 may be adjusted to provide minor
      distance adjustments in the stroke of the main extend cylinder.
PAR  Similar to the travel adjustment screw and stop plate on the left end of
      main extend shaft 26, a travel adjustment screw 144 is also provided in
      mounting plate 32 on the right hand or front end of the main extend shaft,
      and this screw is in alignment with a plunger 146 of a shock absorber 148
      mounted on the support frame. The engagement of plunger 146 also actuates
      a limit switch which cuts off the retraction of the main extend shaft at
      that substantially full retraction. Travel adjustment screw 144 may
      similarly be adjusted to provide some variation in the retraction stroke
      of the main extend cylinder, but the stroke is still substantially full
      extension and full retraction.
PAR  Main extend cylinder 26 is extended and retracted by means of a hydraulic
      main extend cylinder 150 which comprises an extendable shaft 152 extending
      therefrom into contact with the mounting plate at the front end of the
      main extend shaft. Hydraulic cylinder 150 is mounted to the support frame
      by means of brackets 154.
PAC  Tooling Assembly
PAR  Having thus described the basic structural features of the manipulator of
      the present invention, attention will now be directed toward the structure
      of the tooling assembly 14 of the present invention. For the present time,
      detailed discussion of the hydraulic and electrical drive and control
      mechanism are deferred until the structure of the apparatus has been fully
      described.
PAR  Tool assembly 14 comprises a mounting plate 156 rigidly fastened to the
      mounting plate 32 of the main extend shaft by means of suitable fasteners
      158 or the like. A support shaft 164 extends outwardly from mounting plate
      156 at one side thereof, and a guide rail 166 extends outwardly from the
      other side of the mounting plate.
PAR  A moveable carriage 160 is moveably mounted on mounting plate 156 for
      longitudinal movement away from the end of the main extend shaft.
PAR  Moveable carriage 160 comprises a rectangular base plate 161 having four
      vertical support beams 163 extending upwardly from the corners thereof to
      a top 165 mounted on the top of the supports. A back plate 169 extends
      between the two back vertical supports opposite mounting plate 156. A
      bearing sleeve 162 is mounted on back plate 169 at one side of the
      carriage and slideably fits over support shaft 164. A channel member 167
      runs laterally along the other side of the moveable carriage parallel to
      guide rail 166 on the mounting plate, and cam followers 168 are mounted on
      the outside of the channel member so as to ride on the top and bottom
      surfaces of the guide rail and thereby support that side of the moveable
      carriage.
PAR  The moveable carriage is slideable longitudinally outwardly along support
      shaft 164 and guide rail 166 by means of a hydraulic tooling extend
      cylinder 181 mounted on back plate 169. Tooling extend cylinder 181
      comprises a hydraulically operated extendable rod 183 that extends through
      the back plate and is attached to the mounting plate. Extension of this
      rod thus causes the carriage to move outwardly with respect to the
      mounting plate, while retraction of the rod causes the carriage to move
      inwardly with respect to the mounting plate.
PAR  Moveable carriage 160 includes a flat, horizontally disposed mounting plate
      170 fastened to the vertical supports at a point above the bottom of the
      carriage. A vertically disposed lift cylinder 172 is mounted on the top
      surface of the mounting plate and comprises an extendable rod 173 that
      extends downwardly from the cylinder through the mounting plate to a lower
      end positioned below the mounting plate. A bearing sleeve 174 and a guide
      bracket 176 comprising horizontally spaced cam followers 177 also are
      mounted on the top of the mounting plate.
PAR  The actual work contacting mechanism of the tooling assembly is a grab jaw
      mechanism 178 mounted under the lift cylinder mounting plate for vertical
      movement with respect to the moveable carriage. The grab jaw mechanism
      comprises a pair of opposed upper and lower jaws 180 and 182,
      respectively, that are pivotably mounted in a frame 179 and are opened and
      closed by a hydraulic cylinder 192.
PAR  Frame 179 comprises a base 171, which is attached to and suspended from the
      lower end of the extendable arm of the hydraulic tooling lift cylinder,
      and a vertical alignment shaft 183 that rides in sleeve 174. A vertical
      guide rod 212 also extends upwardly from the frame and rides between cam
      followers 177 on guide bracket 176. The alignment shaft and guide rod hold
      the grab jaws in vertical alignment even though a particular work piece
      lifted by the grab jaws may be unbalanced.
PAR  A rectangular vertical mounting plate 185 is attached to the front of base
      171 and extends downwardly therefrom. Upper and lower pairs of parallel
      grab jaw support arms 187 and 189 extend outwardly from plate 185 and
      pivotably support jaws 180 and 182 by means of axles 184 that extend
      between each pair of arms. Links 191 holds the outer ends of the support
      arms vertically apart. Axles 184 are horizontally disposed, so that the
      pivotal motion of the grab jaws is in a vertical plane.
PAR  Each jaw is pivoted at a point between the ends thereof, with a front
      portion of the jaws comprising gripping surfaces for holding a work piece
      and the back portion of the jaws comprising cam surfaces 186 and 188 that
      taper inwardly toward a point at the back of the grab jaws. An adjustable
      spring mechanism 190 shown in schematic form in the drawings is interposed
      between the two pivotable grab jaws behind axles 184, and this spring
      mechanism resiliently urges the grab jaws toward their closed positions,
      that is, the position where the grab jaws are clamped together on a work
      piece in holding position.
PAR  Grab jaw mechanism 178 is opened and closed by means of grab jaw cylinder
      192 mounted on the back side of vertical mounting plate 185 and comprising
      an extendable shaft 196 that extends rearwardly therefrom into contact
      with a vertical drive plate 198. Vertical drive plate 198 is in turn
      fastened to a horizontal support shaft 200. Horizontal support shaft 200
      is journaled in a bearing sleeve 202 attached to vertical mounting plate
      185 and extends through bearing sleeve 202 and plate 185 to vertical link
      204 adjacent the back end of the grab jaws. Arms 206 extend outwardly from
      the link, and cam followers 208 and 209 are mounted on the ends of these
      arms so as to contact cam surfaces 186 and 188, respectively, on the backs
      of jaw members 180 and 182.
PAR  When grab jaw cylinder 192 is retracted, so that extendable shaft 196 is
      retracted into the cylinder, horizontal support shaft 200 is moved to the
      right in a longitudinal direction with respect to the grab jaws, thus
      forcing cam followers 208 and 209 into engagement with cam surfaces 186
      and 188. This in turn causes the grab jaws to pivot to an open position.
      When the direction of the grab jaw cylinder is reversed and shaft 196 is
      extended, cam followers 208 move out of contact with the cam surfaces on
      the grab jaws and the grab jaws close automatically under the resilient
      force of the spring mechanism 190. Adjustment of spring mechanism 190 is
      desirable so that the force of the grab jaws on the work piece can be
      adjusted.
PAR  Upward and downward movement of the grab jaws is effected by lift cylinder
      172. Since the grab jaws are suspended from the end of extendable rod 173,
      the actuation of lift cylinder 172 and the extension and retraction of
      this extendable rod causes the grab jaw assembly to raise and lower with
      respect to the rest of the tooling assembly. The provision of a separate
      lift cylinder in the tooling assembly is an important advantage of the
      present invention, in that it permits the tooling to be raised and lowered
      with respect to a work piece without also raising the entire manipulator.
      Because it is not necessary to raise the entire manipulator, a smaller and
      more compact lift cylinder can be employed than would otherwise be
      required.
PAC  Controls
PAR  The complete range of functions available with the apparatus of the present
      invention are:
PAR  i. rotation of the vertical support shaft in both directions through an
      angle of 240.degree.;
PAR  ii. extension and retraction of the main extend cylinder;
PAR  iii. extension and retraction of the tooling extend cylinder;
PAR  iv. extension and retraction of the tooling lift cylinder (i.e., raising
      and lowering of the tooling); and
PAR  v. extension and retraction of the grab jaw cylinder (i.e., closing and
      opening the grab jaws).
PAR  In the present invention, all of these functions are performed by a
      hydraulic drive means, with the rotation of the vertical support shaft
      being accomplished by a hydraulic motor and the rest of the functions
      being accomplished by hydraulic cylinders. Each hydraulic drive means is
      operated by means of a simple solenoid operated four way, three position
      hydraulic valve, with the actuation of these valves being controlled by
      appropriate limit switches.
PAR  The hydraulic motor is adapted for rotation through an angle of
      240.degree., and the hydraulic cylinders are adapted to operate on a full
      extend and full retract basis. The full extend and full retract feature
      permits accurate positioning of the apparatus without the use of expensive
      servo valves.
PAR  For heavier components of the apparatus, namely, the rotary drive mechanism
      and the main extend shaft drive mechanism, appropriate hydraulic controls
      (described below) are employed to provide both acceleration and
      deceleration of these components, in order to avoid damage to the
      machinery or control mechanism by an abrupt change in kinetic energy of
      these components.
PAR  The operation of the industrial robot of the present invention may be
      performed in any order automatically by means of programed sequence
      controller 98. The preferred programed sequence controller employed in the
      present invention is available commercially from Square D Company, but
      several other types of units could be employed for this purpose, as well.
PAR  Programed sequence controller 98 receives input signals by means of
      appropriate starter buttons and limit switches connected to the industrial
      robot, and in response to these input signals, the controller generates
      output signals that effect the operation of the robot by means of the
      solenoid-operated hydraulic valves. The operation of the controller is
      effected by means of diode pins which are selectively placed in input and
      output matrices of a control board of the type shown schematically in FIG.
      5. In this figure, separate input and output matrices are provided for
      establishing the sequence and operation of the machine, and a skip control
      matrix is provided for skipping certain steps in various modes of
      operation that may be selected (e.g., automatic or semi-automatic
      operation). In the input control matrix, each horizontal row represents a
      separate step in the sequential operation of the industrial robot, while
      each vertical column represents a separate limit switch. The output matrix
      is similarly sub-divided, except that each vertical column represents a
      solenoid instead of a limit switch.
PAR  In programing the controller for operation, diode pins are first inserted
      in the first row of the input matrix for each limit switch that must be
      satisfied or actuated before the machine will operate. Diagramatically,
      the insertion of a diode pin in FIG. 5 is represented by an "X" in the
      appropriate matrix square. These limit switches, when satisfied, indicate
      that the machine is in its ready to run position.
PAR  After the machine is in its ready to run position, the machine will
      automatically perform the functions indicated in the second row of the
      output matrix, so the first step in programing the controller is to
      designate the first step to be performed by the machine by inserting diode
      pins in appropriate locations in the first row of the output matrix. This
      will effect actuation of designated solenoids.
PAR  The second step proceeds until limit switches indicated in the second row
      of the input matrix are satisfied, at which time the second output step is
      terminated and the controller automatically proceeds to the third output
      step. This procedure continues until the entire cycle has been completed,
      and then, if so programed, the cycle is automatically repeated.
PAR  In order to increase the versatility of the controller, means are provided
      to operate the controller in different modes of operation, wherein certain
      of the steps indicated in the input and output matrices may be skipped.
      This function is effected by means of a "skip control matrix", which is
      shown schematically in FIG. 5. Each row of this matrix represents
      individual steps or groups of steps, and each column represents a separate
      mode of operation. The insertion of a diode pin into any given step causes
      that step to be skipped in that mode, while the elimination of a diode pin
      causes that step to be included.
PAR  In the present invention, the robot may be operated in one of two modes,
      namely, automatic or simi-automatic. In automatic mode, all of the steps
      of a given sequence are performed and repeated automatically, while in the
      semi-automatic mode, certain of these steps must be performed manually
      (i.e., by manually actuating a solenoid to effect a given operation). The
      purpose of this semi-automatic mode is to enable an operator to place the
      machine in a ready to run position ss soon as possible after an
      interruption in the normal automatic mode of the machine, without having
      to first let the machine complete a full automatic cycle.
PAR  To exemplify the types of controls that might be employed in the present
      invention, the following input limit switches and output solenoids are
      employed in the exemplary lathe operation shown in FIGS. 7a and 7b:
TBL  Input Limit                                                               
     Switches        Function                                                  
     ______________________________________                                    
     LS 1            Rotary switch opposite pickup                             
                     point A.                                                  
     LS 2            Rotary switch at deceleration                             
                     point before lathe (point C).                             
     LS 3            Rotary switch opposite lathe                              
                     (point C).                                                
     LS 4            Rotary switch at deceleration                             
                     point before set down point D.                            
     LS 5            Rotary switch at set down point                           
                     D.                                                        
     LS 6            Rotary switch at deceleration                             
                     point before pickup point A.                              
     LS 7            Main extend cylinder switch                               
                     at full retract.                                          
     LS 8            Main extend cylinder switch                               
                     at deceleration point before                              
                     full retract.                                             
     LS 9            Main extend cylinder switch                               
                     at deceleration point before                              
                     full extend.                                              
      LS 10          Main extend cylinder switch                               
                     at full extension.                                        
      LS 11          Tooling extend cylinder at full                           
                     retract.                                                  
     Input Limit                                                               
     Switches        Function                                                  
     ______________________________________                                    
      LS 12          Tooling extend cylinder at full                           
                     extension.                                                
      LS 13          Tooling lift cylinder at full                             
                     retract (up position).                                    
      LS 14          Tooling lift cylinder switch at                           
                     full extension (down position).                           
      LS 15          Grab cylinder switch at full                              
                     retract (grab open).                                      
      LS 16          Grab cylinder switch at full                              
                     extend (grab closed).                                     
      LS 17          Lathe ready to operate.                                   
      LS 18          Work piece at pickup point.                               
     Output Solenoids                                                          
                     Function                                                  
     ______________________________________                                    
     SOL 1           Rotate main support shaft                                 
                     clockwise.                                                
     SOL 2           Rotate main support shaft                                 
                     counterclockwise.                                         
     SOL 3           Accelerate rotary movement                                
                     of main support shaft.                                    
     SOL 4           Extend main extend cylinder.                              
     SOL 5           Retract main extend cylinder.                             
     SOL 6           Accelerate main extend cylinder                           
                     movement.                                                 
     SOL 7           Extend tooling extend cylinder.                           
     SOL 8           Retract tooling extend cylinder.                          
     SOL 9           Retract tooling lift cylinder                             
                     (raise tooling).                                          
      SOL 10         Extend tooling lift cylinder                              
                     (lower tooling).                                          
      SOL 11         Extend grab cylinder (close                               
                     grab jaws).                                               
      SOL 12         Retract grab cylinder (open                               
                     grab jaws).                                               
      SOL 13         Ready signal to operate.                                  
     ______________________________________                                    
PAR  The placement and operation of each of the limit switches and solenoids is
      discussed in detail with the following descriptions of the operation of
      the robot of the present invention in these circumstances and the
      electrical and hydraulic circuits employed for this operation.
PAC  Exemplary Operation
PAR  An exemplary operation of the industrial robot of the present invention is
      shown in FIGS. 7a and 7b. FIG. 7a shows a top plan view of the rotary and
      extend movements of the apparatus, while FIG. 7b shows a schematic side
      view of the extend, lift, and grab operations of this apparatus. FIG. 7b
      includes a graph showing the positions of the main and tooling extend
      cylinders and the tooling lift cylinder at each position shown in FIG. 7a.
PAR  In FIG. 7a, the overall operation is to include: picking up a work piece
      220 at position A; moving the work piece past an obstruction or building
      structural member 222 at position B; inserting the work piece in a lathe
      224 at position C; removing the work piece from the lathe and placing it
      down on a set down block 226 at position D. The robot then returns to
      position A and starts over again.
PAR  At starting position A, the main and tooling extend cylinders are first in
      their retracted positions and the vertical lift cylinder is in its
      extended (lowered) position, and the grab jaws are open. This is the ready
      to operate position.
PAR  The first step is the extension of the tooling extend cylinder and the
      closing of the grab jaws on the work piece. This will actuate limit
      switches LS 12 and 16.
PAR  When these limit switches have been actuated, the work piece is lifted and
      the tooling extend cylinder is retracted. This will actuate limit switches
      LS 11 and 13.
PAR  The robot is then rotated to position C. As it commences movement from
      position A, hydraulic circuit means described below automatically
      accelerate the apparatus to a constant speed, and as the apparatus
      approaches position C, it first trips limit switch LS 2, which decelerates
      the apparatus, and then trips limit switch LS 3, which stops the apparatus
      opposite the lathe. A schematic graph of speed versus position, showing
      the acceleration-deceleration features of this invention, is shown in FIG.
      6.
PAR  At position C, the main and tooling extend cylinders are extended; then the
      work piece is lowered and the grab jaws released, dropping the part into
      the lathe. The tooling extend cylinder is then retracted to get the
      tooling out of the way during the lathe operation.
PAR  When the lathe operation is completed, the tooling extend cylinder is
      extended and the grab jaws are closed on the work piece. The work piece is
      then lifted out of the lathe, the tooling extend cylinder retracted, and
      the robot rotated to set down point D. At set down point D, the tooling is
      extended and lowered and the grab jaws opened, dropping the work piece at
      that point.
PAR  The tooling and main extend cylinders are retracted at that point and the
      robot rotated counterclockwise to original pick up point A. When limit
      switch LS 18 indicates that a new part is ready for operation, the cycle
      described above is repeated.
PAC  Electrical Circuit
PAR  The electrical controls for the operation described above are shown in
      FIGS. 8a-d.
PAR  In FIG. 8a, a conventional 460 volt, 3-phase, 60 hertz power supply 236 is
      connected through a ganged master switch 238 and fuses 240 to a
      transformer 242, which converts the voltage to conventional 115 volt,
      single phase voltage across terminals 244. Power source 236 is also
      connected through motor relay switches Mla and fuses 246 to hydraulic pump
      motor 74.
PAR  The 115 volt line voltage produced at the output terminals 244 of the
      transformer is connected through fuses 248 to lines 250 and 252. All of
      the components shown in FIGS. 8a-d are driven by this line voltage
      appearing across lines 250 and 252.
PAR  A first branch 254 connected across lines 250 and 252 comprises mode
      selection circuitry for selecting the mode to be followed by the programed
      sequence control 98 of the present invention. Line 254 includes an input
      signal converter 255 connected in parallel with a resistor 256. Input
      signal converter 255 is a solid state relay coil that is adapted to
      receive an input signal at line voltage (i.e., 115 volts) and transmit a
      corresponding 24 volt logic signal to the controller. Input signal
      converter 255, when actuated, transmits a signal to the controller and
      turns the controller on. Another signal converter 257 is connected in
      parallel with single converter 255, and an indicator ight 258 is connected
      in parallel with both of these elements. Signal converter 257 is called a
      "Reed relay" and actuates a holding contact 257a, described below. The
      light provides a visible indication that the controller is turned on.
PAR  Indicator light 258 and signal converters 255 and 257 are connected in
      series with a mode selection switch 259, which is moveable between three
      positions, namely, automatic, off, and semi-automatic, the operation of
      each mode being described in detail below. The mode selection switch
      includes a pair of contacts 259a in branch 254. A pair of controller power
      switches 261a and b, are connected in series with mode selection switch
      259, with one switch being mounted on the controller and the other switch
      being spaced apart from the controller for remote operation of the
      apparatus. Holding contact 257a actuated by input signal converter 257 is
      connected in parallel with these switches and holds the controller in
      operation after one of the controller power switches 261a or b has been
      actuated and the contact is broken. A pair of series connected emergency
      stop switches 263a and b complete branch 254, with separate switches being
      provided for local and remote control of the apparatus.
PAR  A second branch 260 connected across lines 250 and 252 is for actuating
      hydraulic motor 74 and comprises a motor relay M1 in series with a pair of
      hydraulic start switches 262a and 262b (one being for local and one for
      remote control operation), and two series connected hydraulic stop
      switches 264a and 264b, again for direct and remote control operation of
      the system. Branch 260 also includes in series a second set of contacts
      265a and b operatively connected to emergency stop switches 263a and b. A
      holding contact M1b actuated by motor relay M1 is connected across start
      switches 262a and b in order to hold the contacts in an "on" position
      after the switch contacts are broken. When motor relay M1 is actuated by
      depressing hydraulic start button 262a or b, contact M1b automatically
      closes and completes the circuit, even though start buttons after
      actuating the motor relay are returned to their unactuated positions.
PAR  A third branch 266 connected across lines 250 and 252 operates the
      semi-automatic skip control and includes an input signal converter 267 for
      actuating the input skip control and limit switches LS 14, LS 15, LS 7,
      and LS 11 connected in series. This branch also includes a switch 259b
      operated by mode control switch 259 in branch 254. This switch is open
      when the mode switch is in its automatic or off position and is closed
      when the mode switch is in its semi-automatic position, thus actuating the
      semi-automatic mode in the skip control matrix.
PAR  The next branch connected across lines 250 and 252 is a branch 268 which
      provides power to the manual controls that are operated in conjunction
      with the semi-automatic mode of the apparatus. Line 268 includes a control
      relay CR1 connected in series with normally open contacts for CR1a for
      control relay CR1. The branch also includes a switch 259c actuated by the
      mode control switch 259. Switch 259c is open and closed in the same
      sequence as switch 259b (i.e., open in the off and automatic position but
      closed in the semi-automatic position). A separate line 270 extends
      between lines 266 and 268 from a point between the limit switches and the
      input signal converter on line 266 to a point on line 268 between control
      relay CR1 and its contacts CR1a. Another line 272 extending from line 252
      to line 268 between switches 259c and CR1a includes relay CR2 and is
      adapted to provide power for the semi-automatic mode.
PAR  Another branch connected across lines 250 and 252 is a branch 274 which is
      designated to actuate the automatic sequence mode of the present
      invention. Branch 274 includes an input signal converter 275 for actuating
      the automatic mode of the sequence controller and a switch 259d, which is
      actuated by mode control switch 259 of branch 254. Switch 259d is closed
      when the switch is in its automatic mode and is open when the switch is in
      either its off or semi-automatic mode.
PAR  A final branch connected across lines 250 and 252 in FIG. 8a is branch 276
      which actuates a hydraulic power indicator light 278 when the hydraulics
      are turned on. Hydraulic indicator light 278 is in series with motor relay
      contacts M1c and is thus operated when the hydraulic motor relay M1 is
      actuated by pressing hydraulic start button 262 a or b.
PAR  All of the limit switches LS 1-18 of the present invention are also
      connected to the 115 volt line voltage present across lines 250 and 252.
      This configuration is shown in FIG. 8b. Each of the limit switches LS 1-18
      identified above in the foregoing chart is shown connected across lines
      250 and 252 in series with a corresponding input signal converter I 1-18.
      Whenever any one of these limit switches is closed, this actuates an input
      signal converter with the 115 volt line voltage. The input signal
      converter then generates a 24 volt logic signal in the controller
      corresponding to the actuated limit switch.
PAR  The output controls of the electrical circuitry of the present invention
      are shown in FIGS. 8c and 8d. The output solenoids of the present
      invention (i.e., the solenoids that actuate the various hydraulic valves
      of the industrial robot) are connected across lines 250 and 252 and are
      therefore driven by the 115 line voltage applied to the system. The
      solenoids are connected for automatic operation through appropriate output
      signal converters 0 1-13 to a line 284 that is connected to line 250
      through a normally closed pair of contacts CR2b that are operated by
      control relay CR2. The output signal converters are in effect relay
      switches that actuate elements in the 115 volt operation circuit in
      response to 24 volt logic signals received from the controller.
PAR  The solenoids are connected for manual operation through manually operable
      switches SW 1, 2, 4, 5, and 7-12 (each comprising a pair of parallel
      connected switches, one for local and one for remote control) to line 282.
      Line 282 is connected to line 250 by a line 278 that includes a
      semi-automatic actuation button 280 (comprising a main switch 280a and a
      remote control switch 280b ); a normally closed relay switch CR1c actuated
      by control relay CR1; and a normally open relay switch CR2a actuated by
      control relay CR2. A line 279, including relay switch CR1b (actuated by
      control relay CR1) extends between line 282 and line 284.
PAR  In order to actuate the solenoids by means of the output signal converters
      in an automatic mode, switch 259 is placed in its automatic mode, which
      closes switches 259a and 259d and leaves open switches 259b and 259c. This
      leaves control relays CR1 and CR2 in a de-actuated state. With control
      relays CR1 and CR2 in a de-actuated state, relay switch CR2a is left in a
      normally open position and a relay switch CR2b is left in a normally
      closed position, so line 250 is connected directly to line 284 and is
      isolated from line 282. Therefore, the line voltage appears between line
      284 and line 252, driving the operating solenoids of the apparatus by
      means of the output signal converters.
PAR  When the apparatus is to be driven in a semi-automatic mode, the mode
      switch 259 is turned to the semi-automatic position, wherein switches
      259a-c are closed and 259d is open. The closing of these switches
      automatically actuates control relay CR2, but the actuating of control
      relay CR1 is dependent upon the closing of limit switches LS 14, 15, 7,
      and 11, which are, respectively, the limit switches that indicate that the
      tooling lift cylinder is in its lowered position; that the grab cylinder
      is open; that the main extend cylinder is fully retracted; and that the
      tooling extend cylinder is fully retracted. If, at the outset, one or more
      of these limit switches is not closed, when mode switch 259 is placed in a
      semi-automatic position, only control relay CR2 is actuated. This opens
      switch CR2b and closes switch CR2a, thus connecting line 250 to line 282
      through switch 280 and disconnecting line 250 from line 284. With the
      circuitry in this state, the manual switches are enabled, and by
      depressing at the same time a manual switch and the semi-automatic mode
      actuation switch 280, individual solenoids can be actuated in order to
      place the apparatus in its ready to run position. When the manual switches
      have been actuated sufficiently in order to close limit switches LS 14,
      15, 7, and 11, control relay CR1 is closed and this closes control relay
      switch CR1a, CR1b and opens control relay switch CR1c. This action
      disconnects line 282 and connects line 284 to line 250 through
      semi-automatic actuation switch 280. With the switches in this position,
      when switch 280 is closed, the the automatic steps in the semi-automatic
      mode are automatically performed through designated output signal
      converters.
PAC  Hydraulic Circuits
PAR  The hydraulic circuitry of the present invention, as set up to perform the
      exemplary operation shown in FIG. 7, is shown in FIG. 9. Hydraulic drive
      mechanism 70 at the lower left hand corner of the drawing is connected
      through appropriate hydraulic valve mechanisms to actuate hydraulic motor
      64, main extend cylinder 150, tooling extend cylinder 181, tooling lift
      cylinder 172, and grab jaw cylinder 192. Each of the hydraulic operations
      performed by hydraulic drive mechanism 70 is connected in parallel across
      conduits 302 and 304, with conduit 302 being a supply conduit and conduit
      304 being a return conduit.
PAR  Starting at the lower left hand corner of the drawing, hydraulic fluid is
      withdrawn from reservoir 76 through inlet conduit 302. The hydraulic fluid
      passes through a filter 308 and is pumped by means of pumps 72a and 72b
      through a high-low pump control valve 310 to the hydraulic apparatus of
      the present invention. Motor 74 turns pumps 72a and 72b in parallel, with
      pump 72a being a relatively low power pump and pump 72b being a
      substantially more powerful pump. During operation of the hydraulic
      apparatus of the present invention under low load conditions, pump 72a
      does all of the pumping, while pump 72b is effectively free wheeling, thus
      conserving pump 72b for heavy load conditions.
PAR  A conduit 314 extends between the output of pump 72b and line 302 at the
      output of the high-low pump control valve through a check valve 312 that
      prevents fluid from passing from pump 72b to line 302 through the check
      valve. A line 316 extends between lines 302 and 314 and includes a pair of
      series connected, adjustable pressure sensitive valves 318 and 320. A
      conduit 322 for routing hydraulic fluid through a water cooler and back to
      the reservoir is connected to the high-low pump control valve between the
      pressure sensitive valves. Conduit 322 runs through a water cooler 324 and
      then is connected to return conduit 304 which leads back to reservoir 76.
      Water is provided to the water cooler through a water control valve 326
      from a water outlet tap 328. The water supply is regulated by a
      temperature sensor 330 that is actuated by a temperature probe 322 in the
      reservoir.
PAR  The operation of the high-low pump control valve in regulating pressure to
      the hydraulic system is as follows. When the hydraulic system is using
      only a small amount of hydraulic pressure, the main pump 72a is sufficient
      to provide all of the hydraulic pressure required for operation. The
      auxiliary pump 72b thus is in its free wheeling condition and requires no
      power for operation.
PAR  When the line pressure in conduit 302 drops below a predetermined value
      (e.g., 1,000 psi) upon placing a heavy hydraulic load on the system, valve
      320 causes the output of pump 72b to be connected to line 302 through line
      334. Thus, the output of pump 72a and 72b are joined and the full output
      of bothh pumps is connected to the hydraulic system. The advantage of this
      feature is that it is not necessary for a full power hydraulic pump to be
      operated at small load levels where the full pump capacity is not
      required. Rather, only the small pump need be operated for small loads and
      the full pumping capacity can be reserved for times when the full capacity
      is needed. This saves wear and tear on the system and conserves energy.
PAR  The output of the pump system is provided to the hydraulic apparatus of the
      system through conduit 302. Conduit 302 is connected to conventional
      four-way, three position, spring centered valves 336, 338, 340, 342, and
      344, all of which are connected in parallel across lines 302 and 304.
      These valves are actuated by solenoids SOL 1 and 2, 4 and 5, 7 and 8, 9
      and 10, and 11 and 12, respectively, in order to drive their respective
      hydraulic cylinders in either of two directions. These valves operate only
      for purposes of establishing the direction of movement of the hydraulic
      cylinder and have no effect on the rate of movement of the cylinder.
PAR  The operation of the rotary motor and the main extend cylinder both
      incorporate hydraulic apparatus for controlling the acceleration and
      deceleration of the apparatus, because of the fact that the apparatus is
      heavy and possesses a substantial amount of kinetic energy when moving.
      Accordingly, it is necessary to first decelerate the apparatus before
      stopping it in order to properly control the movement of the apparatus and
      prevent damage to the apparatus.
PAR  On the other hand, the tooling extend cylinder, the tooling lift cylinder,
      and the grab cylinder all operate relatively light weight components, and
      it is sufficient that these components be controlled by switching means
      that stop the cylinders when they reach their fully extended and fully
      retracted positions. Since the kinetic energy of the tooling controlled by
      these components is relatively small, it is not necessary to provide
      acceleration apparatus for these cylinders, Deceleration is provided by
      adjustable cushions at each end of each of cylinders 181, 172, 192.
PAR  The acceleration and deceleration apparatus of the motor and main extend
      cylinders are substantially the same, so the operation of only one of
      these cylinders, namely, the hydraulic drive motor, will be described in
      detail herein.
PAR  Whenever a solenoid such as SOL 1 (clockwise rotation) is actuated, fluid
      passes from line 302 through line 346 through valve 336 to the hydraulic
      control apparatus for the motor. Without any other controls being effected
      at the same time, the fluid will pass from line 346 through a flow control
      valve 348 consisting of a parallel connected adjustable throat valve and a
      check valve. The fluid will then pass to a conduit 350 leading to
      hydraulic motor 64 for rotating the motor in a clockwise direction. The
      motor actuates the various limit switches indicated in order to
      accelerate, decelerate and stop the motor at various positions. Without
      further controls, the amount of fluid flowing through flow control valve
      348 would be quite small so that the movement of the motor would be quite
      slow and at a constant velocity.
PAR  In order to provide for acceleration and deceleration of the motor to
      substantially higher velocities, flow control mechanism 352 is connected
      to the hydraulic motor and serves as a selective bypass for the check
      valves. Flow control mechanism 352 comprises a three position, spring
      centered, four way valve 354 connected across lines 302 and 304 by lines
      356 and 357. This valve includes a single driving solenoid SOL 3, as only
      a single direction of flow is necessary. Hydraulic pressure is received in
      this valve through line 356, and when the solenoid is inoperative, the
      pressure is blocked at the center of the solenoid. When the solenoid is
      actuated, fluid flows upwardly through the valve and through a flow
      control valve 358 to a spool valve 359, which has a tapered spool and is
      operated by receipt of hydraulic pressure in either end thereof. When the
      fluid is received through the left end of valve 359, the valve spool tends
      to move toward the right (FIG. 9 orientation); however, the movement to
      the right is controlled by means of a flow control valve 360 connected to
      the right hand end of valve 359. The fluid passes through control valve
      360 at a limited rate, so the spool moves only slowly to the right. The
      fluid passing through valve 360 then passes through valve 354 and back to
      return conduit 304 via conduit 357.
PAR  As the tapered spool in valve 359 moves to the right, the amount of flow of
      fluid through the valve in two directions is increased. Thus fluid coming
      to the pressure control valve through conduit 346 is permitted to pass
      through a separate conduit 362 through valve 359 and downwardly through
      conduit 350 to the hydraulic motor. Similarly, return fluid is permitted
      to flow from the other end of motor through conduit 364, through valve
      359, and back to return line 306 via line 361. As valve 359 moves to the
      right, the valve bypasses flow control valve 348 and thereby provides a
      continuously increasing flow of hydraulic fluid to the hydraulic motor.
      This acts as an acceleration device and provides both continuous
      acceleration of the motor until the spool in valve 359 is moved all the
      way over to the right, at which time the velocity becomes constant.
PAR  The output of hydraulic motor 64 also effects a check on the acceleration
      of the motor. The output of the motor is connected to conduit 364, and
      this conduit leads in one path 367 through valve 359 to conduit 366 that
      leads directly back through directional control valve 336 to return line
      304. Another branch 368 leads off conduit 364 through a separate flow
      control valve 370 into return line 366 leading back through valve 336.
      Thus, when the spool in valve 359 is in the position shown in FIG. 9, all
      return flow from hydraulic motor 64 must flow through flow control valve
      370, and this flow is sufficiently small to prevent rapid movement of the
      motor.
PAR  As the spool in valve 359 moves to the right, flow control valve 370 also
      is bypassed by means of valve 359 and this permits a greater return flow
      of hydraulic fluid through conduit 364 from the hydraulic motor. This
      provides additional acceleration of the hydraulic motor.
PAR  Deceleration of the motor before stopping the motor is accomplished in a
      similar manner. Solenoid SOL 3 is deactuated by limit switches LS 2, 4, or
      6 at any of the three deceleration positions in the operation described
      above. This causes the spool in solenoid SOL 3 to center, thus blocking
      further input through line 356. Valve 359 is a spring centered valve and
      attempts to center as soon as the driving pressure is removed from the
      ends thereof. The tapered spool in valve 359 thus begins to center when
      the power is withdrawn from solenoid SOL 3. The centering is not
      immediate, however, because of the back pressure created by flow control
      valves 358 and 360, which prevent rapid flows of hydraulic fluid to or
      away from valve 359. Thus, valve 359 centers slowly, gradually cutting off
      the bypass paths to and from the hydraulic motor. When the bypass path is
      completely cut off by the centering of valve 359, only the residual flow
      through control valves 348 and 370 operate the hydraulic motor. When the
      solenoid actuating valve 336 is deactuated, all flow to the rotary motor
      is cut off and the rotary motor is thus stopped.
PAR  The operation of the same device to effect counterclockwise rotation of the
      hydraulic motor is just the opposite of the operation for clockwise
      rotation.
PAR  The main extend cylinder is accelerated and decelerated in a similar manner
      to the rotary hydraulic motor.
PAR  The velocity of the main extend cylinder and the hydraulic motor are shown
      in relation to the position of the elements in a graph in FIG. 6. This
      graph shows a continuous rate of acceleration until full speed is reached,
      at which time the apparatus proceeds along at full speed until it reaches
      its deceleration point. A limit switch is tripped at the deceleration
      point, disconnecting solenoid SOL 3 and the hydraulic mechanism slows down
      until it reaches the constant level permitted by the flow control valves.
      The main directional control valve is then deactuated and the cylinder or
      motor is stopped.
PAR  The tooling extend cylinder, lift cylinders, and grab cylinders are all
      actuated in a similar manner, except that no acceleration apparatus is
      provided.
PAR  There are provided separate adjustable flow control valves 380, 382, and
      384 in the input and output lines in order to control the rate in which
      the various cylinders are extended or retracted. Limit switches at the
      extremities of the strokes of these cylinders operate to deactuate the
      directional control valves 340-344 when the cylinders reach the end of
      their strokes.
PAR  It should be understood that the embodiments disclosed herein are merely
      exemplary of the preferred practices of the present invention and that
      various modifications and changes may be made in the arrangements, details
      of construction, and operations of the apparatus of the present invention
      without departing from the spirit and scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In an industrial robot for manipulating a work piece, wherein a tooling
      assembly means for handling the work piece is mounted on a moveable
      manipulator, an improvement wherein the manipulator comprises:
PA1  a base;
PA1  a main support shaft pivotably mounted on the base for rotation about a
      substantially vertical axis;
PA1  a non-circular main extend shaft having front and rear ends, with the front
      end comprising tool mounting means thereon for holding the tooling
      assembly means;
PA1  support means including a support frame mounted on the support shaft and a
      bearing assembly means mounted on the support frame, said bearing assembly
      means being adapted to engage, support, and guide the main extend shaft
      for extension or retraction with respect to the support means in a
      generally horizontal, longitudinal direction, said bearing assembly means
      being further adapted to restrain the main extend shaft from vertical,
      lateral, or rotational movement with respect to the support frame, said
      bearing assembly means comprising a plurality of individual bearing means
      individually mounted in the support means and engaging the outer surface
      of the main extend shaft at a plurality of positions about the periphery
      of the main extend shaft, each said bearing means comprising a wheel
      rotatably mounted on an axle, with the axle being mounted in the support
      means such that the wheel engages the outer surface of the main extend
      shaft and rotates about an axis perpendicular to the longitudinal
      direction of movement of the main extend shaft, each said axle being
      eccentrically mounted in the support means with respect to the axis of
      rotation of the wheel and being selectively rotatable with respect to the
      support means, said selective rotation of the axle with respect to the
      support means serving to effect a position adjustment of the wheel with
      respect to the main extend shaft so as to adjust for wear and misalignment
      of the main extend shaft and bearing means;
PA1  selectively operable drive means adapted to rotate the support shaft and
      extend and retract the main extend shaft; and
PA1  control means adapted to selectively operate the drive means.
NUM  2.
PAR  2. An industrial robot as claimed in claim 1 wherein the main extend shaft
      conprises at least one flat surface that extends along the outside
      thereof, and the bearing assembly means engages said flat surface so as to
      provide resistance to torsional stresses placed on the main extend shaft.
NUM  3.
PAR  3. An industrial robot as claimed in claim 2 wherein the main extend shaft
      has a rectangular cross-section and the bearing assembly means comprises
      separate bearing mechanisms that engage each of the four sides of the main
      extend shaft at at least two separate points on the support frame.
NUM  4.
PAR  4. An industrial robot as claimed in claim 3 wherein the axles are mounted
      in the support frame by means of channel brackets on the support frame,
      said axles extending through the channel brackets to threaded inside ends
      thereof and being secured to the channel brackets by nuts that engage the
      threaded inside ends of the axle, each channel bracket having at least one
      open side thereof so as to permit easy access to the nuts for adjustment,
      installation, or removal of the bearing means.
NUM  5.
PAR  5. An industrial robot as claimed in claim 1 wherein:
PA1  the base comprises an annular yoke surrounding the main support shaft;
PA1  the main support shaft comprises a collar extending around the perifery
      thereof at a point above the yoke; and
PA1  radial thrust bearing means surrounding the main support shaft rest on top
      of the yoke and are positioned between the yoke and the collar so as to
      engage and provide vertical support for the main support shaft, while at
      the same time providing a horizontal rotational bearing for the main
      support shaft.
NUM  6.
PAR  6. An industrial robot as claimed in claim 1 wherein:
PA1  the drive means comprise drive motor means adapted to rotate the main
      support shaft in either direction and hydraulic main extend cylinder means
      adapted to extend and retract the main extend shaft; and
PA1  the control means comprise means for selectively actuating the drive motor
      means and the main extend cylinder means and limit switch means for
      deactuating the drive motor means and the main extend cylinder means, the
      limit switch means for the drive motor means being adjustable so as to
      permit deactuation of the motor at a variety of positions, the limit
      switch means for the main extend cylinder means being adapted to deactuate
      the main extend cylinder means at substantially full extend and
      substantially full retract.
NUM  7.
PAR  7. An industrial robot as claimed in claim 6 wherein:
PA1  the drive means are hydraulically operated and comprise speed control means
      adapted to cause the drive motor means and main extend cylinder means to
      accelerate gradually to a constant speed upon actuation thereof and to
      decelerate gradually from said constant speed upon deactuation thereof;
PA1  the control means are adapted to actuate the speed control means when the
      drive motor or main extend cylinder is first actuated and to deactuate the
      speed control means a predetermined distance before the drive motor or
      main extend cylinder is to be stopped.
NUM  8.
PAR  8. An industrial robot as claimed in claim 7 and further comprising shock
      absorber means adapted to stop the movement of the main extend shaft at
      the end of each full stroke and stop the main support shaft after a
      predetermined amount of rotary movement thereof.
NUM  9.
PAR  9. An industrial robot as claimed in claim 1 wherein the tooling assembly
      means comprises:
PA1  a grab jaw frame;
PA1  a pair of juxtaposed, elongated grab jaws mounted in the grab jaw frame at
      points intermediate the ends thereof for pivotal movement about parallel
      axles, the grab jaws having opposed gripping surfaces at a front end
      thereof and cam surfaces formed on a back end thereof so as to give the
      back end of the grab jaws an inwardly tapered contour, the grab jaws
      having an open position, wherein the gripping surfaces are closed on a
      work piece;
PA1  resilient biasing means connected to the grab jaws and adapted to urge the
      grab jaws toward their closed position;
PA1  cam follower means adapted to open and close the grab jaws by engagement
      and disengagement with the cam surfaces on the grab jaws; and
PA1  hydraulic grab jaw cylinder means mounted in the tooling assembly and
      selectively operable by the control means of the industrial robot to cause
      the cam follower means to move into and out of engagement with the cam
      surfaces so as to open and close the grab jaws.
NUM  10.
PAR  10. An industrial robot as claimed in claim 9 wherein:
PA1  the grab jaw frame is moveably mounted in the tooling assembly for vertical
      motion with respect to the tooling assembly; and
PA1  hydraulic lift cylinder means mounted in the moveable carriage are attached
      to the grab jaw frame and adapted to raise and lower the grab jaw frame
      and attached grab jaws, the operation of said lift cylinder means being
      controlled by the control means for the industrial robot.
NUM  11.
PAR  11. An industrial robot as claimed in claim 10 wherein:
PA1  the grab jaw frame is mounted in a moveable carriage moveably mounted on
      the front end of the main extend shaft for horizontal movement in a
      longitudinal direction with respect to the main extend shaft; and
PA1  hydraulic tooling extend cylinder means are attached to the moveable
      carriage and are adapted to move the moveable carriage inwardly and
      outwardly with respect to the end of the main extend shaft, the operation
      of said tooling extend cylinder being controlled by the control means for
      the industrial robot.
NUM  12.
PAR  12. An industrial robot for handling a work piece comprising:
PA1  a base;
PA1  a vertically disposed main support shaft mounted in the base;
PA1  a horizontally disposed main extend shaft having front and rear ends;
PA1  support means including a support frame and bearing assembly mounted on the
      main support shaft, said bearing assembly being adapted to engage and
      support the main extend shaft and guide the main extend shaft for
      longitudinal movement with respect to the support frame;
PA1  a tooling support mechanism mounted on the front end of the main extend
      shaft and extending horizontally outwardly therefrom;
PA1  a moveable carriage slidably mounted on the tooling support mechanism so as
      to be moveable in a longitudinal direction with respect to the main extend
      shaft;
PA1  a grab jaw frame mounted in the moveable carriage so as to be moveable in a
      vertical direction with respect to the moveable carriage;
PA1  a pair of opposed grab jaws pivotably mounted in the grab jaw frame, said
      grab jaws having an open and a closed position;
PA1  selectively operable drive means for rotating the main support shaft,
      extending and retracting the main extend shaft, extending and retracting
      the moveable carriage, raising and lowering the grab jaw frame, and
      opening and closing the grab jaws; and
PA1  control means for selectively operating the drive means.
NUM  13.
PAR  13. An industrial robot as claimed in claim 12 wherein the drive means
      comprises:
PA1  a motor drivingly connected to the main support shaft;
PA1  a hydraulic main extend cylinder mounted on the support frame and having an
      extendable rod extending from the main extend cylinder and being attached
      to the main extend shaft;
PA1  a hydraulic tooling extend cylinder having an extendable rod extending
      between the movable carriage and the main extend shaft;
PA1  a hydraulic tooling lift cylinder mounted on the moveable carriage and
      having an extendable rod extending between the moveable carriage and the
      grab jaw frame, the grab jaw frame being suspended from the extendable
      rod; and
PA1  a hydraulic grab jaw cylinder mounted on the grab jaw frame and having an
      extendable rod that is drivingly connected to the grab jaws to as to cause
      the grab jaws to open and close as the extendable rod is reciprocated in
      the grab jaw cylinder.
NUM  14.
PAR  14. An industrial robot as claimed in claim 13 wherein:
PA1  the grab jaws are juxtaposed elongated members pivotably mounted in the
      grab jaw frame at points between the ends thereof, with opposing surfaces
      on the front end of the grab jaws being gripping surfaces and with the
      back ends thereof comprising cam surface means, said cam surface means
      being adapted, upon engagement with a cam follower means, to cause the
      grab jaws to open and close; and
PA1  the grab jaw cylinder is drivingly connected to a cam follower means
      positioned adjacent the cam surface means, said cam follower means being
      adapted, upon reciprocation of the extendable rod of the grab jaw
      cylinder, to engage the cam surface means so as to cause the grab jaws to
      open and close.
NUM  15.
PAR  15. An industrial robot as claimed in claim 14 wherein:
PA1  the grab jaws are biased toward their closed position by a resilient
      biasing means connected to the grab jaws;
PA1  the cam surface means are adapted to cause the grab jaws to open when
      drivingly engaged by the cam follower means; and
PA1  the cam follower means are moved into and out of driving engagement with
      the cam surface means by reciprocation of the grab jaw cylinder, thereby
      causing the grab jaws to open and close, respectively.
NUM  16.
PAR  16. An industrial robot as claimed in claim 15 wherein the resilient
      biasing means is adjustable in order to adjust the gripping force exerted
      by the grab jaws on the work piece.
NUM  17.
PAR  17. An industrial robot for manipulating a work piece comprising:
PA1  a base;
PA1  a main support shaft pivotably mounted on the base for rotation about a
      substantially vertical axis;
PA1  a hollow, rectangular main extend shaft having front and rear ends;
PA1  a support frame mounted on the support shaft;
PA1  at least two separate sets of bearings engaging each of the four walls of
      the main extend shaft at separate points along the longitudinal axis of
      the main extend shaft, said bearings being mounted in open channel
      brackets in the support frame and being positioned so as to permit
      longitudinal movement of the main extend shaft but restrain the main
      extend shaft from vertical, lateral, or rotational movement with respect
      to the support frame, said bearings also comprising eccentric mounting
      means adapted to permit manual adjustment of the position of each of the
      bearings to compensate for wear or misalignment;
PA1  a moveable carriage mounted on the front end of the main extend shaft for
      longitudinal movement with respect to the main extend shaft;
PA1  a grab jaw frame moveably mounted in the moveable carriage for vertical
      motion with respect to the moveable carriage;
PA1  a pair of juxtaposed, elongated grab jaws mounted in the grab jaw frame at
      points intermediate the ends thereof for pivotable movement about parallel
      axes, the grab jaws having opposed gripping surfaces at a front end
      thereof so as to give the back end of the grab jaws an inwardly tapered
      contour, the grab jaws having an open position, wherein the gripping
      surfaces are separated, and a closed position, wherein the gripping
      surfaces are closed on a work piece;
PA1  resilient biasing means connected to the grab jaws and adapted to urge the
      grab jaws toward their closed position;
PA1  cam follower means adapted, upon actuation, to engage the cam surfaces on
      the grab jaws so as to cause the grab jaws to open;
PA1  hydraulic grab jaw cylinder means mounted in the tooling assembly and
      connected to the cam follower means, said grab jaw cylinder means being
      adapted to move the cam follower means into an out of driving engagement
      with the cam surfaces of the grab jaws in order to open and close the grab
      jaws;
PA1  hydraulic motor means for rotating the main support shaft in either
      direction;
PA1  hydraulic cylinder means operating on a full extend and full retract basis
      for extending and retracting the main extend cylinder;
PA1  hydraulic tooling extend cylinder means extending between the moveable
      carriage and the main extend cylinder and adapted to extend and retract
      the moveable carriage with respect to the main extend cylinder;
PA1  hydraulic lift cylinder means mounted in the moveable carriage and attached
      to the grab jaw frame, said hydraulic lift cylinder means being adapted to
      raise and lower the grab jaw frame and attached grab jaws;
PA1  control means adapted to control the direction of and actuate and deactuate
      the hydraulic motor and each of the hydraulic cylinder means, said control
      means being adapted to actuate the hydraulic motor and cylinder means by
      means of solenoid controlled hydraulic valves, and said control means
      being adapted to deactuate the hydraulic motor and hydraulic cylinders by
      means of limit switches, said control means including acceleration and
      deceleration hydraulic controls for causing gradual acceleration and
      deceleration of the main extend shaft and main support shaft.
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ABST
PAL  Tube bundles of heat exchangers are pulled and replaced by an apparatus
      that butts against the shell of the heat exchanger and draws out the tube
      bundles lengthwise. The device may be moved by a crane, and for this
      purpose has a single suspension point which can be moved lengthwise
      according to the altered position of the center of gravity depending on
      whether a tube bundle is supported thereon. A fixed support with a
      vertically movable cradle is provided adjacent the heat exchange casing
      and a horizontally movable support with a vertically movable cradle is
      provided remote from the casing, for supporting the tube bundle.
BSUM
PAR  The present invention relates to apparatus for withdrawing from heat
      exchange shells the bundles of heat exchange tubes therein.
PAR  In various processes in which fluids are heat exchanged against each other
      by the use of tubular heat exchangers, it is necessary from time to time
      to remove the tube bundle from the shell for cleaning, replacement or
      repair. As the bundles are heavy and cumbersome, they are lifted by means
      of a crane, a forklift or a winch. This operation as heretofore practiced,
      however, has been quite expensive and time consuming, especially in the
      case where a plurality of heat exchangers may be installed in a framework
      having a height of up to 100 feet.
PAR  Accordingly, it is an object of the present invention to provide apparatus
      for removing bundles of heat exchange tubing from the shells of heat
      exchangers, and for reintroducing such tubing into the shells, which
      avoids the imposition of undesirable horizontal forces on various parts of
      the heat exchanger.
PAR  Another object of the present invention is the provision of such apparatus,
      which supports the tubing at all stages of removal from the shell.
PAR  Finally, it is an object of the present invention to provide such
      apparatus, which will be relatively simple and inexpensive to manufacture,
      easy to install, maintain, operate and repair, and rugged and durable in
      use.
PAR  Briefly, the objects of the present invention are achieved by providing
      such apparatus comprising a support frame having hingedly connected
      thereto an abutment frame that contacts the flange of the heat exchange
      shell and so transmits the reactive forces uniformly to that shell and not
      to the base of the heat exchanger. The apparatus also comprises means that
      can be secured to the tube sheet and power means for horizontally
      reciprocating the same to move the tube bundle horizontally. A support
      with a vertically movable cradle is disposed in fixed horizontal position
      at the end of the frame adjacent the heat exchanger; while remote from the
      heat exchanger, a support and cradle are mounted for conjoint horizontal
      movement in supporting relationship to the emergent end of the tube
      bundle. A trolley movable horizontally lengthwise of the frame provides
      single point support for the frame so that the frame with or without a
      supported tube bundle can be moved in balanced relationship by a crane.
      The movement of the trolley along the frame makes it possible to balance
      the frame regardless of whether the frame supports an unbalanced load of
      heat exchange tubes.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from a consideration of the following description, taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a side elevational view, with parts broken away for clarity, of
      apparatus according to the present invention;
PAR  FIG. 2 is a plan view of FIG. 1;
PAR  FIG. 3 is a cross-sectional view on the line III--III of FIG. 1;
PAR  FIG. 4 is a fragmentary view in the direction of the arrow IV of FIG. 3;
PAR  FIG. 5 is a section along the line V--V of FIG. 1;
PAR  FIG. 6 is a section along the line VI--VI of FIG. 1; and
PAR  FIG. 7 is a section along the line VII--VII of FIG. 1.
DETD
PAR  Referring now to the drawings in greater detail, there is shown apparatus
      according to the present invention, comprising a frame 1 supporting
      thereon a motor-driven horizontally pushing and pulling device 2. A
      support 3 (see FIG. 5) is fixedly secured to the end of frame 1 adjacent
      the exchanger to be acted upon; while a support 4 (FIG. 3) is horizontally
      movable on and relative to frame 1.
PAR  The heat exchanger 5 whose tube bundle 6 is to be removed, is shown in FIG.
      1. An abutment frame 7 is designed to abut endwise against the shell 8 of
      exchanger 5 and is pivotally mounted for vertical swinging movement about
      a horizontal axis perpendicular to the common horizontal axis of frame 1
      and shell 8.
PAR  A carriage 10 rolls on rails 11 that extend lengthwise of frame 1 and are
      fixedly secured to the upper cross pieces 12 of frame 1. An endless chain
      13 causes trolley 10 to traverse along the length of frame 1; while at the
      end 14 of frame 1 from exchanger 5, an air motor 15 causes chain 13 to
      circulate. Trolley 10 can thus be moved lengthwise of frame 1 to overlie
      the center of center of gravity of frame 1 regardless of whether frame 1
      is loaded or not, so that a crane (not shown) can pick up the entire
      assembly by means of trolley 10 for transportation to another site.
PAR  A carriage 16 carries at its end facing the heat exchanger a plate 17 which
      can be removably secured as by bolting or screwing to a tube sheet 18 of
      bundle 6. Carriage 16 is reciprocable longitudinally of frame 1 between
      the two longitudinal sides 19 and 20 thereof, by two endless driving
      chains 20, 21 that are circulated by compressed air motors 23, 24 carried
      by frame 1. To this end, carriage 16 is suspended from a crosspiece 25
      that carries rollers 26 that ride on guide rails 27 of a subframe 28, 29
      of frame 1. The chains 21, 22 are attached to a transverse member 30
      carried by carriage 16.
PAR  Support 3 is on the end 31 of frame 1; while support 4 comprises a U-shaped
      frame 32 that supports a horizontal cradle 33 that is carried at its ends
      by upright screw-threaded spindles 34. Miter gearing 35 rotated by a crank
      handle 36 and a spindle 37, raises and lowers cradle 33 to support bundles
      6 of different diameters 38. Oblique plates 39, 40 carried by frame 32
      assist in centering the tube bundles.
PAR  Frame 32 also comprises uprights 41 that carry at their upper ends inwardly
      directed rollers 42 that roll on crosspiece 12 of frame 1 lengthwise of
      frame 1. Lateral traction rails 43, 44 (FIG. 2) support a towing
      crosspiece 45 (FIG. 7) which is attached to crosspiece 25 of carriage 16.
      The distance f between uprights 41 and member 45 is fixed by rails 43, 44.
PAR  At the other end 31 of frame 1, adjacent exchanger 5, the abutment frame 7
      is seen to carry a fastening device 48 connected to frame 1 by joints 46,
      47 (FIG. 2) including a frame 49 (FIG. 6) on whose periphery are arranged
      four clamps 50 for clamping a flange 51 on shell 8 of heat exchanger 5.
PAR  Frame 1 rests at its opposite ends on feet 52, 53, and means (not shown)
      are provided for vertically adjusting the height of frame 1 and hence the
      position of its horizontal axis 9, in the direction of the arrows a, b in
      FIG. 1.
PAR  In operation, frame 1 is moved by a crane (not shown), suspended from
      trolley 10 with trolley 10 above the center of gravity of empty frame 1,
      into the position shown in FIG. 1 adjacent the heat exchanger 5. Flange 51
      of the heat exchanger is clamped by clamps 50, in which clamped position
      the axes of the frame and the heat exchanger shell are coincident.
      Carriage 16 is then displaced in the direction of the arrow d and plate 17
      is clamped by bolting or screwing to tube sheet 18. Releaseable clamps
      (not shown) can be provided between rails 43, 44 and crosspiece 45 which
      are of course released to permit movement of carriage 16.
PAR  Then carriage 16 is displaced in the direction of the arrow c in FIG. 1,
      whereupon tube bundle 6 is pulled from shell 8 of exchanger 5.
PAR  After tube sheet 18 has emerged from exchanger 5, movable support 4 can be
      located thereunder and cradle 33 raised to support the lower edge of sheet
      18. Thereafter, support 4 moves to the left as seen in FIG. 1, with the
      emerging tube bundle. When the tube bundle has fully emerged, then the
      tube sheet at the other end of the bundle can be supported by the cradle
      33 of support 3. If rails 43 and 44 can be releaseably secured to
      crosspiece 45, then this is done so as to fix the position of the tube
      bundle relative to frame 1.
PAR  It will of course be appreciated that the transfer of support of the tube
      bundle 6 from exchanger 5 to frame 1 causes the center of gravity of the
      frame 1 to move from the vertical plane M of FIG. 1, first to the right to
      S', and then as the bundle emerges to the left to S, the planes M and S'
      being separated by a distance e. Therefore, to move the loaded frame 1,
      the trolley 10 should be positioned to be bisected by the vertical plane
      S. In that position of the parts, the clamps 50 are released from the
      flange 51 and a crane (not shown) can raise the loaded frame 1 by the
      trolley 10 for removal of the tube bundle to the location in which an
      operation such as cleaning, replacement or repair can be performed on it.
PAR  It will of course be understood that the reinsertion of tube bundle 6 into
      heat exchanger 5 is effected by the opposite sequence of steps.
PAR  It will also be understood that the clamping of frame 7 to shell 8 causes
      the reaction forces of the pulling of the tube bundle to be absorbed in
      compression lengthwise of shell 8 and be well distributed about the
      periphery of shell 8.
PAR  From a consideration of the foregoing disclosure, therefore, it will be
      evident that all of the initially recited objects of the present invention
      have been achieved.
PAR  Although the present invention has been described and illustrated in
      connection with a preferred embodiment, it is to be understood that
      modifications and variations may be resorted to without departing from the
      spirit of the invention, as those skilled in this art will readily
      understand. Such modifications and variations are considered to be within
      the purview and scope of the present invention as defined by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for the placement and removal of a tube bundle of a heat
      exchanger, comprising a first frame, means carried by said first frame for
      pulling or inserting a tube bundle from or into the shell of said heat
      exchanger in a horizontal direction, means carried by the first frame for
      supporting opposite ends of a said tube bundle, a second frame pivotally
      secured to said first frame, means for releasably securing said pivotable
      frame to one end of the shell of a said heat exchanger, means to suspend
      said first frame from a lifting device, and means mounting said suspending
      means for movement relative to the first frame over most of the length of
      said first frame in said horizontal direction for continuously adjusting
      said means to suspend said first frame according to the change of center
      of gravity of the overall apparatus and the part of said tube bundle
      supported thereby when said tube bundle is being removed from, or inserted
      into, said shell of a heat exchanger.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, said suspending means comprising a
      trolley running on rails mounted on said first frame in said horizontal
      direction, and power means for moving said trolley along said rails.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, said power means comprising an endless
      drive member secured to said trolley, said power means comprising a motor
      mounted on said first frame for circulating said endless drive member.
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ABST
PAL   A feed device for bulk material, placed in a silo in order to feed out the
      material stored in the silo. The feed device comprises reciprocally
      movable means in the form of steps and carrier elements in the form of
      risers with said steps leading downwards to at least two feeding-out
      openings. The steps are leading downwards in opposite direction from a
      highest level to a lowest level located at said openings.
BSUM
PAR  The present invention relates to a feed device for bulk material, intended
      to be placed by way of example in a silo in order to feed out the material
      stored in the silo.
PAR  It is an object of the present invention to provide a feed device of the
      kind mentioned above, the design of which makes it suitable for connection
      to a receptacle of cylindrical or semicylindrical shape, while known
      designs of the prior art are best suitable for connection to shafts
      exhibiting a rectangular bottom surface.
DRWD
PAR  The embodiments of the invention are illustrated in the accompanying
      drawings, in which
PAR  FIG. 1 is a partly broken perspective view showing a feed device according
      to a first embodiment,
PAR  FIG. 2 illustrates a vertical cross section through a device according to a
      second embodiment, and
PAR  FIG. 3 is a top view of a device according to a third embodiment.
DETD
PAR  The basic principle of the device according to the invention is a circular
      or semicircular disc or ring pivotably mounted round a vertical axis at
      the bottom of the shaft intended for storage. The disc has a stairlike top
      side with one or several elevated portions, from which the steps lead
      downwards towards lowered portions provided with openings. The stored
      material in the shaft, which extends upwards from the disc, rests on the
      substantially horizontal portions of the steps and is fed down into the
      opening connected with the lowest step or steps by the reciprocating
      pivoting movement of the disc around the axis pushing said material to
      said opening to be forwarded.
PAR  In the embodiment illustrated in FIG. 1 the feed device is installed in a
      circular silo 1 in the bottom of which a hopper 2 is arranged in order to
      reduce the dimensions of the feed device. The disc 3 of the feed device is
      arranged in connection with the lower edge of the hopper 2, and said disc
      has a number of steps extending from the highest level 4 down to the
      lowest level 5 with treads 6 and risers 7. A wing 8 projects from the
      hopper 2 in a radial direction to the center of the disc at the highest
      level 4 thereof, and the disc is journaled and driven to pivot back and
      forth around its center around a vertical axis. The bearing arrangement
      suitably comprises rollers (not shown) supported by a column 9, and the
      drive can be arranged by means of hydraulic power cylinders or connecting
      rods.
PAR  Right in front of the lowest level 5 of the disc 3 there is an opening in
      the hopper 2, which opening communicates with a collection trough 10 with
      a worm conveyor 11. Thus, the disc 3 inside its circular edge does not
      have any opening, as the material is intended to be let down over the edge
      of the disc into the trough 10 according to the indication of the arrow
      inserted in the figure. The feed motion is facilitated by the risers,
      which at the highest level 4 are substantially radial, but change to
      another pattern according to which they meet at an angle, each successive
      apex being located farther away from the center of the disc. This design
      is clearly evident from the FIG. 1.
PAR  In the embodiment according to FIG. 2 the storage shaft for the bulk
      material is formed by a circular silo 12 with an outer bottom hopper 13
      and inner cone 14 with its point turned upwards. Between the hopper 13 and
      the cone 14 an annular compartment is provided, in which the stairlike
      feed organ, an annular disc 15, is located. In similar manner to the disc
      3 of FIG. 1 the disc 15 is journaled and driven in order to perform its
      reciprocating pivoting movement. The disc 15 has two diametrically opposed
      lowest portions, from which the disc in stairlike form bends in both
      directions to two highest portions, placed right between the lowest
      portions. In each one of the lowest portions an opening is arranged.
PAR  The design of the disc also is evident from the FIG. 3. This figure to be
      sure shows in top view a ring, which only has an extension of 180.degree.,
      but if a doubling of this ring is imagined, the figure can also apply to
      the embodiment according to FIG. 2. Thus, at 16 the highest step is
      indicated and at 17 the lowest step, which in case of an entire ring would
      make a number of four. Two openings 18 are provided in the ring at the two
      lowest levels, and, as is evident from the figure, the risers 19 of the
      stairs extend in radial directions.
PAR  Below the openings 18 and unto the delivery station of the feed device a
      feed chute 20 extends, which here is illustrated as a shaking chute.
PAR  The embodiment of the feed device illustrated in FIG. 3 as to its design
      should be evident from the preceding description. This design is not very
      well suitable for a circular silo, but is suitably used in connection by
      way of example with material bins having a rear wall 21 and a bottom
      inclining against said wall.
PAR  During the feeding operation the disc, by means of the driving mechanism,
      is pivoting in a reciprocating movement, the pivoting angle of which
      suitably is smaller than the width of a step on the feed disc and smaller
      than the width of the step at the highest level 4 of the disc 3
      respectively. When the pivoting movement is taking place in one direction
      the risers 7, 19 feed the material in front of themselves towards the
      lowest level at the same time as a certain drag of the material, by way of
      example wood chips or coke, takes place by the friction against the treads
      6. During the retrograding phase of the pivoting movement only the last
      mentioned action takes place, and therefore the feed action strongly
      dominates in the intended direction down towards the lowest level for the
      feed-out into the trough 10 and through the openings 18 respectively. The
      action of the retrograde feed can be reduced, if the treads are given a
      slight inclination in the direction of feed, which, however, is not
      absolutely necessary. By the special angular arrangement of the lower
      steps of the disc 3 a certain outwardly directed feed is obtained in
      connection with them, something that facilitates the sweeping of the
      material over the edge of the disc and down into the trough 10. After the
      material has been fed down from the disc, it is taken by the worm conveyor
      11 and the shaking chute 20 respectively.
CLMS
STM  I claim:
NUM  1.
PAR  1. Feed device for the bottom of a silo or other relatively large
      receptacles for bulk material, for example wooden chips, said feed device
      comprising driven means movable in a reciprocal substantially horizontal
      motion and having a number of steps, carrier elements in the form of
      risers of said steps and at least two feeding-out openings, said steps
      being defined by a circular line, in which the center of curvature
      substantially corresponds to the center of motion, and said steps leading
      downwards in opposite directions from at least one point at a highest
      level to at least two points at a lowest level, located at said
      feeding-out openings.
NUM  2.
PAR  2. Feed device according to claim 1 wherein said movable means is a
      circular disc with one point at the highest level from which the steps
      lead downwards and at least two points at the lowest level located near to
      said feeding-out openings.
NUM  3.
PAR  3. Feed device according to claim 2, wherein the risers have a radial
      extension at said highest point but change to another pattern according to
      which they occur at an angle, the apex of each successive angle being
      located farther away from the center of said disc as the steps descend to
      said lowest point.
NUM  4.
PAR  4. Feed device according to claim 1, wherein said movable means has the
      configuration of a circular ring.
NUM  5.
PAR  5. Feed device according to claim 1, wherein said movable means has the
      configuration of one half of a circular ring.
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ABST
PAL  An earthworking vehicle, such as a wheel loader, comprises a pair of lift
      arms mounted on a forward end thereof. A tilt linkage is interconnected
      between each lift arm and a loader bucket for selectively moving the
      loader bucket relative to the lift arms. The tilt linkage comprises
      mounting means, including an over-center toggle mechanism, releasably
      attached to the loader bucket whereby various work implements may be
      substituted in lieu thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The versatility of certain earthworking vehicles, such as wheel loaders,
      has given rise to the need for quick disconnect and attachment mechanisms
      whereby various work implements may be attached to the vehicle. For
      example, the scope of work tasks performed by a wheel loader is greatly
      increased when it is adapted for use with a multiplicity of work
      implements. Typical vehicles of this type are disclosed in U.S. Pat. Nos.
      3,243,066; 3,417,886; 3,543,863; and 3,760,883.
PAR  The popularity of such vehicles is primarily due to the fact that they can
      be expeditiously transported between job sites for application of
      alternate work implements thereon. Such versatility greatly increases the
      overall utility and productivity of the vehicles to thus substantially
      increase their economic worth. Conventional disconnect and attachment
      mechanisms for such vehicles are normally complicated, require special
      tooling and skills and oftentimes further require additional frame
      structures which substantially increase the dead weight at the front of
      the vehicle.
PAC  SUMMARY OF THIS INVENTION
PAR  An object of this invention is to overcome the above, briefly described
      problems by providing an economical and non-complex mounting means for
      expeditiously changing work implements on a vehicle. The vehicle comprises
      a frame having implement support means, such as a pair of lift arms,
      mounted thereon. The mounting means includes at least one over-center
      toggle mechanism for releasably attaching a work implement on the support
      means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects of this invention will become apparent from the following
      description and accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of a front portion of a wheel loader
      employing the mounting means of this invention thereon;
PAR  FIG. 2 is a side elevational view of the mounting means, but showing it
      during release of a loader bucket therefrom;
PAR  FIG. 3 is a view similar to FIG. 2, but showing a toggle mechanism of the
      mounting means in its over-center position to attach the loader bucket
      thereon;
PAR  FIG. 4 is a back side elevational view, taken in the direction of arrows
      IV--IV in FIG. 1; and
PAR  FIG. 5 is an enlarged sectional view, taken in the direction of arrows V--V
      in FIG. 1 and further schematically showing a fluid control circuit
      associated therewith.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 partially illustrates an earthworking vehicle 10, such as a wheel
      loader, comprising a frame 11 having a pair of support means or lift arms
      12 (one shown) pivotally mounted on a forward end thereof. A double-acting
      hydraulic cylinder 13 is pivotally interconnected between the frame and
      each lift arm for selective raising and lowering purposes. A parallelogram
      type tilt linkage 14 is pivotally mounted on each lift arm and is adapted
      to be actuated by a double-acting hydraulic cylinder 15 pivotally
      interconnected between a bellcrank 16 of the tilt linkage and frame 11.
PAR  A work implement, such as a loader bucket 17, is mounted on the forward end
      of each lift arm by mounting means comprising the tilt linkage and an
      over-center toggle mechanism 18. The mechanism comprises a first link 19
      attached at its outer, bifurcated end (FIG. 4) to a rod 20 of the tilt
      linkage by a first pivot means or pin 21 and a second pair of links 22
      attached at their outer ends to a forward end of lift arm 12 by a second
      pivot means or pin 23. Each outer second link has a rearward extension 24
      formed integrally thereon and an aperture 25 is formed therethrough for
      purposes hereinafter explained.
PAR  As further shown in FIG. 1 and 4, the inner blade end of first link 19 is
      connected between the inner ends of second links 22 by a third pivot means
      or pin 26 which is shown as having its pivot axis P.sub.3 in over-center
      relationship with respect to an imaginary line L intersecting pivot axes
      P.sub.1 and P.sub.2 of pins 21 anad 23, respectively. The bucket has a
      pair of generally U-shaped brackets 27 secured on a back side thereof to
      accommodate expanded links 19 and 22 therein. In particular, an outer
      arcuate end 28 of first link 19 is locked into a like-shaped hook portion
      29 formed on an upper end of the bracket whereas outer arcuate ends 30 of
      second links 22 engage a like-shaped hook portion 31 formed on a lower end
      of the bracket. Each bracket preferably comprises a spring steel or like
      resilient material which will permit hook portions 29 and 31 to expand
      slightly to their respective 29' and 31' phantom line positions in FIG. 2
      when engaged by the over-centered toggle mechanism.
PAR  Referring to FIGS. 1 and 5, a remotely controlled locking mechanism 32 is
      mounted as a cartridge in a bore 33 formed in each lift arm. The locking
      mechanism comprises a piston-type detent 34 reciprocally mounted in a
      vented housing 35 thereof and normally spring-biased to a retracted
      position by a compression coil spring 36. As will be hereinafter more
      fully described, a closed actuating chamber 37, formed between the head
      end of the detent and a fluid inlet 38, is adapted to by pressurized with
      a fluid, such as air or oil, under the control of a three-way control
      valve 39 to selectively extend the detent into aperture 25 formed on an
      outer second link 22 (FIG. 2) to provide cooperative locking means
      therewith.
PAR  When it is desired to detach loader bucket 17 from the vehicle, cylinders
      15 are extended to position the loader bucket in its racked-back
      condition, illustrated in FIG. 3. Control valve 39 of the fluid pressure
      control means (FIG. 5) is then actuated to extend detents 34 into
      engagement with respective apertures 25. As shown in FIG. 2, a stationary
      block 40 may be positioned at a forward end of the bucket to aid in the
      bucket release function upon retraction of cylinders 15. With second links
      22 secured in place to the lift arms, each first link 19 will thus pivot
      clockwise about pin 26 to draw the toggle mechanism into an under-center
      condition wherein pivot axis P.sub.3 of pin 26 moves rearwardly of
      imaginary line L intersecting pivot axes P.sub.1 and P.sub.2 of pins 21
      and 23, respectively.
PAR  An alternate work implement (not shown) may then be substituted in lieu of
      loader bucket 17 by substantially reversing the above procedure. In
      particular, upper ends 28 of each of first links 19 would be first
      positioned to engage a hook portion of a respective bracket 27 secured on
      the alternate implement. Such position would be substantially that shown
      in FIG. 2. Control valve 39 (FIG. 5) would then be actuated to
      depressurize chambers 37 whereby coil springs 36 would function to retract
      detents 34 from apertures 25 of second links 22.
PAR  Retraction of cylinders 15 would then function to move the toggle
      mechanisms into their expanded and over-center FIG. 1 positions. Ends 28
      and 30 of links 19 and 22, respectively, would then firmly engage their
      respective hooked portions. As discussed above, the hooked portions are
      preferably forced apart slightly, due to their inherent resiliency, to
      clamp the alternate implement firmly in place.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle adapted to have a work implement releasably attached thereon
      comprising
PA1  a frame,
PA1  implement support means, including lift arm means and tilt linkage means,
      mounted on said frame, and
PA1  mounting means, including at least one over-center toggle mechanism,
      mounted on said support means and interconnected between the lift arm
      means and tilt linkage means thereof for releasably attaching a work
      implement on said support means, said toggle mechanism comprising a pair
      of first and second links pivotally connected together at inner ends
      thereof at a common pivot means, an outer end of said first link being
      pivotally connected to said tilt linkage means and an outer end of said
      second link being pivotally mounted on said lift arm means.
NUM  2.
PAR  2. The vehicle of claim 1 wherein said left arm means comprises a pair of
      laterally spaced lift arms pivotally mounted on said frame and means
      operatively interconnected between said frame and each of said lift arms
      for selectively raising and lowering said lift arms.
NUM  3.
PAR  3. The vehicle of claim 2 further comprising a work implement releasably
      attached to each of said lift arms by one of said mounting means.
NUM  4.
PAR  4. The vehicle of claim 3 wherein said work implement constitutes a loader
      bucket.
NUM  5.
PAR  5. The vehicle of claim 3 wherein said tilt linkage means comprises a tilt
      linkage mounted on each of said lift arms and means operatively connected
      between said frame and each of said tilt linkages for selectively tilting
      said work implement relative to said lift arms, one of said over-center
      toggle mechanisms pivotally interconnected between forward ends of a
      respective tilt linkage and lift arm.
NUM  6.
PAR  6. The vehicle of claim 5 wherein said work implement has a pair of
      generally U-shaped brackets secured on a backside thereof and wherein one
      of said toggle mechanisms is expanded into locked engagement with each one
      of said brackets.
NUM  7.
PAR  7. The vehicle of claim 1 further comprising cooperative locking means on
      said second link and on said implement support means for selectively
      locking said second link to said implement support means to prevent
      relative motion therebetween, whereby the toggle mechanism may be released
      by operating said tilt arm means in a dump direction.
NUM  8.
PAR  8. The vehicle of claim 7 wherein said locking means comprises an aperture
      formed in said second link and a detent reciprocally mounted on said
      implement support means.
NUM  9.
PAR  9. The vehicle of claim 8 further comprising means for selectively
      retracting or extending said detent into engagement with said aperture.
NUM  10.
PAR  10. The vehicle of claim 9 wherein said lastmentioned means comprises
      spring means engaging said detent for normally retracting the same and
      fluid pressure control means for selectively extending said detent.
NUM  11.
PAR  11. The vehicle of claim 1 further comprising a work implement and at least
      one generally U-shaped bracket secured on a back side of said work
      implement, said bracket having a hook portion formed on each end thereof,
      and wherein an outer end of each of said first and second links is
      disposed in locked engagement within a respective one of said hook
      portions.
NUM  12.
PAR  12. The vehicle of claim 1 wherein said tilt linkage means comprises a
      parallelogram-type tilt linkage and wherein said over-center toggle
      mechanism is operatively interconnected between said tilt linkage and said
      support means.
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ABST
PAL  A two-wheel type trailer having a forklift frame, pivotal about the axis of
      the trailer wheels, and a telescoping tongue means adapted to be connected
      with a prime mover. A hay bale is loaded on and unloaded from the forklift
      frame by pulling and pushing on the telescoping tongue by a prime mover.
      Remotely operated hydraulic control means "sets" the wheel brakes and
      unlocks latching means to permit the loading and unloading operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to farm implements and more particularly to a
      self-loading and transporting trailer-like device for jumbo size hay bales
      or the like.
PAR  Hay balers presently in use form relatively large compacted bales of hay
      which are generally cylindrical. These jumbo size hay bales are on the
      order of 6 or more feet in diameter and 5 or more feet long having a mass
      approximating one-half ton and are, therefore, difficult to move from the
      field to a place of storage or for feeding.
PAR  2. Description of the Prior Art
PAR  Prior patents disclosing hay pick up and transporting devices generally
      relate to a sweep rake and feature a windlass means for lifting hay
      supporting tangs, such as is disclosed by U.S. Pat. Nos. 2,271,591 and
      2,462,152. A skid-type elongated log loader, similarly using pulley means,
      is disclosed by U.S. Pat. No. 2,491,030. A conventional size rectangular
      hay bale pickup and transporting wagon is disclosed by U.S. Pat. No.
      2,848,127.
PAR  This invention is distinctive over these patents by the elimination of the
      windlass or pulley means or conveyors, as in U.S. Pat. No. 2,848,127,
      wherein the loading operation is accomplished by forward and rearward
      movement of a prime mover acting on a telescoping tongue member.
PAC  SUMMARY OF THE INVENTION
PAR  A two-wheel type trailer, having an axle portion journalling a pair of
      hydraulic brake equipped wheels at its respective ends, includes tongue
      guide means pivotally connected to the axle portion. A forklift frame is
      integrally mounted on the axle portion and includes a normally upright
      portion and a pair of normally horizontal tangs extending rearwardly in
      parallel spaced relation for vertical pivoting movement of the frame and
      axle portion about the axis of the wheels toward and away from the surface
      of the earth. An elongated tongue is provided with hitch means at its
      forward end for connection with a prime mover and is slidably supported,
      intermediate its ends, by the tongue guide means. A pair of links extend
      between and are connected, respectively, with the forward end portion of
      the tongue and upper limit of the frame for pivoting the frame about the
      axis of the wheels. Latch means connects the upper portion of the frame to
      the tongue guide means when the forklift is in loaded position and
      connects the rearward end portion of the tongue to the forklift frame when
      the latter is in travel or bale loading position. Remotely operated
      hydraulic means, including a lever actuated master cylinder is connected
      with the wheel brakes and latch means so that when the forklift tangs are
      disposed under a hay bale to be loaded the trailer brakes are then "set"
      by pulling on a flexible strand connected with the lever. The trailer
      tongue is then pulled forwardly by the prime mover wherein the pair of
      links pivot the forklift frame forwardly about the axis of the wheels to
      lift the tangs and the hay bale. The latching means maintains the forklift
      frame in bale loaded position.
PAR  The principal object of this invention is to provide a self-loading bale
      transport adapted to be connected with and operated by a prime mover
      acting on a telescoping tongue for pivoting a bale loading frame about the
      axis of the trailer wheels.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the device;
PAR  FIG. 2 is a top plan view;
PAR  FIG. 3 is a side elevational view, partially in section, taken along the
      line 3--3 of FIG. 2;
PAR  FIG. 4 is a rear end elevational view illustrating, by dotted lines, the
      relative position of a hay bale to be loaded;
PAR  FIG. 5 is a fragmentary side elevational view illustrating the device in
      bale loaded position;
PAR  FIG. 6 is a fragmentary perspective view, to a larger scale, illustrating
      the frame latch and release means;
PAR  FIG. 7 is a fragmentary perspective view, partially in section,
      illustrating additional details of the frame latch means;
PAR  FIG. 8 is a fragmentary perspective view illustrating the tongue latch
      means connecting the tongue to the forklift frame;
PAR  FIGS. 9 and 10 are fragmentary vertical cross sectional views, to a larger
      scale, taken substantially along the lines 9--9 and 10--10 of FIG. 8,
      respectively;
PAR  FIG. 11 is a fragmentary vertical cross sectional view, to a different
      scale, taken substantially along the line 11--11 of FIG. 8; and,
PAR  FIG. 12 is a schematic.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Like characters of reference designate like parts in those figures of the
      drawings in which they occur.
PAR  In the drawings:
PAR  Referring more particularly to FIG. 1, the reference numeral 15 indicates
      the device, as a whole, which is two-wheel trailer-like in general
      configuration comprising an axle portion 16 journalling a pair of wheels
      18 at its respective end portions and a forward tongue guide means 20
      pivotally connected with the axle portion 16 in the manner presently
      explained. A forklift frame 22, dimensioned to accommodate a bale to be
      supported, is integrally secured to the axle portion 16 and a tongue
      member 24 is slidably supported by the tongue guide means 20 with the
      forward end portion of the tongue 24 being provided with a hitch means 26
      for connecting the device 15 to a prime mover, such as a pickup truck, or
      the like, indicated at 28 (FIGS. 2 and 3).
PAR  The wheels 18 are provided with hydraulic cylinder operated brakes, not
      shown, contained by brake drums 30. The tongue guide means 20 comprises a
      pair of elongated braces 32 pivotally connected, at their respective
      rearward ends, by a shackle link 34 interposed between a pair of ear
      plates 36 (FIGS. 8 and 11) secured to respective end portions of the axle
      portion 16. The braces 32 project forwardly in converging relation and are
      connected to opposing sides of the rearward end portion of an elongated
      tubular housing 38 having its axis normal to the axis of the axle portion
      16. The tongue 24 is slidably received, intermediate its ends, by the
      housing 38 and extends rearwardly from the forward end thereof to the
      forward surface of the axle portion 16.
PAR  The hitch means 26 comprises an upright channel member 40 rigidly secured
      intermediate its ends to the forward end of the tongue 24 with the legs 42
      of the channel shape projecting forwardly. A hitch arm 44 is vertically
      adjustably secured by bolts 46 between the channel legs 42 and is provided
      at its forward end with a conventional trailer hitch socket 48 for
      receiving a trailer hitch ball 50 secured to the rearward end of the
      pickup truck 28. The vertically adjustable feature of the hitch arm 44 is
      for the purposes of compensating for the position of the trailer hitch
      ball 50 with respect to the surface of the earth 51 and dispose the tongue
      24 substantially horizontal.
PAR  The forklift frame 22 comprises a normally upright portion of generally
      inverted U-shape having its bight portion 52 horizontally disposed and its
      respective legs 54 rigidly secured, as by welding, to the axle portion 16
      at the position of the ear plates 36. A pair of normally horizontally
      disposed tangs 56 are respectively secured in rearwardly projecting
      parallel relation to the axle portion 16 below the frame legs 54. The
      frame 22 further includes an arm 58 secured at one end to the axle portion
      16 medially its ends in forwardly and upwardly inclined relation and is
      connected at its upper end portion by a normally horizontal arm brace 60
      extending between the arm 58 and the frame bight portion 52 medially the
      ends of the latter. The end of the arm 58, opposite the axle portion 16,
      is provided with a latch plate 62 having an inclined striker surface 64
      (FIG. 7) for the purposes presently explained.
PAR  A pair of elongated push-pull rods or links 66 extend between and are
      pivotally connected respectively to opposing sides of the depending end
      portion of the hitch channel 40 and end portion of the arm 58 adjacent the
      latch plate 62. The purpose of the links 66 is to pivot the frame 22 and
      axle portion 16 about the horizontal axis of the wheels 18 when the tongue
      24 is slidably moved forwardly with respect to the tongue guide means 20
      from the position shown in FIG. 1 to the position shown by FIG. 5 in the
      manner more fully explained hereinbelow.
PAR  Frame latch means 68 (FIGS. 6 and 7) is mounted on the upper surface of the
      tongue housing 38 and comprises a tube 70 longitudinally aligned with the
      axis of the housing and slidably receiving a latch 72 projecting
      rearwardly toward the axle portion 16. The latch 72 is provided with an
      upwardly and forwardly inclined striker surface 74 facing rearwardly for
      cooperative contact with the arm striker surface 64.
PAR  A spring 76, contained by the tube 70, normally biases the latch 72
      rearwardly into locking engagement with respect to the latch plate 62. A
      threaded screw 78, contained by the forward end portion of the tube 70,
      permits adjusting the distance of the latch 72 protruding rearwardly of
      the tube. The upwardly disposed surface of the latch 72 is provided with a
      rearwardly facing transverse shoulder 80 for the purposes presently
      explained.
PAR  The rearward end portion of the tongue 24 is provided with a transverse
      upwardly open recess 82 (FIGS. 8 and 9) for engagement with tongue latch
      means 84. The latch means 84 comprises a pair of elongated box members 86
      pivotally secured respectively, at one end portion, to opposing sides of
      the depending end portion of the arm 58 adjacent the axle portion 16 by a
      bolt 88. A latch pin 90 extends transversely between the other end portion
      of the box members 86, projecting forwardly of the axle portion 16, for
      entering the tongue recess 82. A pair of latch rods 92 have one of their
      respective end portions inserted through an aperture 94 formed in the
      upper surface of the respective box member 86 with the inserted end
      portion of each rod 92 arcuately curved, as at 96 (FIG. 10), for raising
      and lowering the box members 86 by axial movement of the rods 92. The rods
      92 extend longitudinally along opposing sides of the arm 58 beyond the
      latch plate 62 and are joined at their forward ends by a bight portion 98
      overlying the latch 72 when the arm 58 is disposed in the position shown
      by FIGS. 5, 6 and 7. When the latch 72 is engaged with the arm latch plate
      62, the rod bight portion 98 is normally disposed against the latch
      shoulder 80 for releasing the latch 72 as presently explained.
PAR  Referring also to FIG. 12, hydraulic control means 100 comprising a master
      cylinder 102, a slave cylinder 104 and hydraulic lines 106 is utilized to
      operate the device 15. The master cylinder 102 is substantially
      conventional and is mounted in horizontal vertical spaced relation above
      the forward end portion of the tongue 24 by a pair of arms 108 extending
      angularly downward and rearwardly from the upper end portion of the hitch
      channel 40. The piston rod 110 of the master cylinder is pivotally
      connected to the depending end portion of an elongated upright lever 112
      pivotally supported for vertical pivoting movement between the support
      arms 108. An elongated flexible strand, such as a rope 114, is connected
      with the upper limit of the lever 112 and extends forwardly to the
      position of the operator in the pickup truck 28. The slave cylinder 104 is
      mounted on the frame arm 58 near the arm brace 60 (FIGS. 3, 5 and 6) with
      the slave cylinder piston rod 116 projecting toward the arm brace 60 and
      bearing against an inverted U-shaped plate 118 extending transversely
      across the arm 58 and connected at its respective ends with the rods 92
      for the purpose of axially moving the rods 92 and moving the rod bight
      portion 98 in a direction away from the axle portion 16 and releasing the
      latch 72 and tongue 24, as explained in more detail hereinbelow.
PAR  Springs 120, extending between and connected with the plate 118 and slave
      cylinder 104, normally biases the rods 92 toward the axle portion 16 and
      retracts the slave cylinder piston rod 116.
PAC  OPERATION
PAR  A hay bale 125, to be transported, is normally disposed on the surface of
      the earth 51 with the axis of the bale parallel therewith. In travel and
      bale loading position the device 15, when connected with the pickup 28, is
      normally in the position shown by FIGS. 1 and 3 wherein the forklift tangs
      56 are horizontally disposed. The device 15 is backed toward one end of
      the hay bale 125 with the axis of the tongue 24 in substantial alginment
      with the axis of the hay bale wherein the tangs 56 each extend
      longitudinally adjacent an arc of the periphery of the bale near the
      earth's surface (FIG. 4) until the frame legs 54 and its bight portion 52
      contact the adjacent end surface of the hay bale. The operator then pivots
      the upper end portion of the lever 112 forwardly by the rope 114 to
      operate the master cylinder 102 and apply hydraulic fluid pressure to the
      wheel brakes via the lines 106 (FIG. 12) to set the brakes. Simultaneously
      the slave cylinder 104 moves the rods 92 in an axial direction to pivot
      the box members 86 to their dotted line tongue release position of FIG. 10
      while the pickup truck then moves forwardly to slidably extend the tongue
      forwardly with respect to the frame 22 and simultaneously the pair of
      links 66, pulling on the arm 58, pivots the frame 22 about the horizontal
      axis of the wheels 18 thus tilting the tangs 56 into engagement with and
      lifting the bale 125. Forward movement of the pickup and tongue 24
      continues until the arm latch plate striker surface 64 slidably contacts
      the latch striker surface 74 which locks the arm 58 adjacent the upper
      surface of the tongue housing 38 (FIGS. 5, 6 and 7). The rod bight portion
      98 then overlies the upper surface of the latch 72 forwardly of the latch
      shoulder 80, as shown by solid lines (FIG. 7). When the lever 112 is
      released the springs 120 biases the rods 92 toward the axle portion 16 so
      that the rod bight portion 98 abuts the latch shoulder 80. In this
      position the bale transporting position the center of gravity of the bale
      125 is disposed forwardly of the axis of the wheels 18, as shown in FIG.
      5. The bale 125 may then be moved by the pickup truck to a desired
      location in a trailer-like fashion.
PAR  The bale is unloaded by again pulling forwardly on the lever 112 which
      again sets the brakes and simultaneously the slave cylinder 104 forces the
      rod bight portion 98 against the latch shoulder 80 to move the frame latch
      72 out of engagement with the arm latch plate 62. The pickup is then
      backed toward the frame 22 so that as the tongue 24 slides within the
      tongue housing 38 toward the axle portion 16 the pair of links 66 pivots
      the arm 58 upwardly and rearwardly, by reason of the rearwardly connected
      end portion of the links being disposed upwardly with respect to a plane
      extending between the pivotal connection of the forward end portion of the
      links and the longitudinal axis of the axle portion 16, thus pivoting the
      tangs 56 toward the surface of the earth with the mass of the hay bale 125
      being controlled in the movement toward the surface of the earth by the
      mass and power of the pickup. With the frame 22 again disposed, as shown
      in FIGS. 1 to 4, the bale 125 is again resting on the surface of the earth
      and the rearward end portion of the tongue 24 is in contact with the
      adjacent surface of the axle portion 16. When the lever 112 is released
      the springs 120, retracting the rods 92, forces the box members 86
      downwardly and engages the latch pin 90 with the tongue recess 82 which
      prevents slidable extension of the forward end of the tongue 24 with
      respect to the tongue housing 38. The device 15 is now in unloaded travel
      position and may be pulled away from the new position of the bale 125.
PAR  Obviously the invention is susceptible to changes or alterations without
      defeating its practicability, therefore, we do not wish to be confined to
      the preferred embodiment shown in the drawings and described herein.
CLMS
STM  We claim:
NUM  1.
PAR  1. A self-loading bale transport, comprising:
PA1  a trailer having an axle portion journalling wheels;
PA1  tongue guide means pivotally connected with said axle portion,
PA2  said tongue guide means comprising a housing having an opening therethrough
      with the axis of the opening substantially normal to the longitudinal axis
      of said axle portion, and,
PA2  a pair of tongue braces projecting forwardly from said axle portion and
      connected with said housing,
PA2  said trailer having a sliding tongue slidably supported by said tongue
      guide means for movement toward and away from said axle portion;
PA1  hitch means connected with the forward end portion of said sliding tongue
      for connection with a prime mover;
PA1  a forklift frame mounted on said axle portion,
PA2  said frame including a normally upright inverted U-shaped portion having a
      bight portion and having a pair of normally horizontal tangs extending
      rearwardly in spaced relation;
PA1  forwardly projecting arm-brace means connected with said bight portion;
PA1  a latch plate secured to the forwardly projecting end portion of said
      arm-brace means;
PA1  at least one link extending between and connected at its respective ends
      with said arm-brace means and the forward end portion of said sliding
      tongue for vertical pivoting movement of said frame about the axis of said
      axle portion from a bale loading position to a bale transporting position
      in respone to sliding movement of said sliding tongue relative to said
      tongue guide means;
PA1  latch means connecting said frame with said sliding tongue and said tongue
      guide means; and,
PA1  remotely operated control means operatively connected with said wheels and
      said latch means for preventing rotation of said wheels during pivoting
      movement of said frame and releasing said latch means.
NUM  2.
PAR  2. The bale transport according to claim 1 in which the forklift frame
      inverted U-shape includes depending legs.
NUM  3.
PAR  3. The bale transport according to claim 2 wherein the arm-brace means is
      defined further to include:
PA1  an elongated arm, having one end connected to the axle portion generally
      between the ends of the axle portion, the arm being inclined upwardly and
      forwardly with respect to the vertical plane of the legs of the forklift
      frame,
PA2  said arm being movable with the upright portion of the forklift frame
      generally toward and generally away from the housing of the tongue guide
      means; and,
PA1  an arm-brace connecting the upper end portion of said arm with said bight
      portion.
NUM  4.
PAR  4. The bale transport according to claim 3 wherein the latch means
      includes:
PA1  a tube mounted on the housing of the tongue guide means;
PA1  a latch slidably disposed in the tube; and,
PA1  means biasing the latch in a direction for engaging the latch plate on the
      arm-brace means in the bale transporting position of the forklift frame,
      the engagement between the latch and the latch plate latching the forklift
      frame in the bale transporting position.
NUM  5.
PAR  5. The bale transport according to claim 4 wherein the tongue includes a
      recess formed in a portion thereof; and wherein the latch means is defined
      further to include:
PA1  a latch pin removably received in the recess formed in the tongue in the
      bale loading position of the forklift frame latching the forklift frame in
      the bale loading position when received in the recess in the tongue;
PA1  means connected to the latch pin for pivoting the latch pin into the recess
      in the tongue and for pivoting the latch pin from the recess in the
      tongue; and,
PA1  rod means for simultaneously releasing the engagement between the latch
      plate on the arm-brace means and the latch and the latch pin from the
      recess in the tongue.
NUM  6.
PAR  6. The bale transport according to claim 5 wherein the latch disposed in
      the tube includes a shoulder; and wherein the rod means includes:
PA1  at least one latch rod disposed near the arm, one end of the latch rod
      being connected to the means for pivoting the latch pin and the other end
      of the latch rod abutting the shoulder on the latch in the bale
      transporting position of the forklift frame;
PA1  a rod plate slidably supported on the arm and connected to the latch rod;
PA1  means acting on said plate and biasing said latch rod toward said axle
      portion, the movement of said latch rod away from said axle portion
      releasing the latch and the latch pin.
NUM  7.
PAR  7. The bale transport according to claim 6 wherein the wheels are provided
      with wheel brakes and wherein the means preventing rotation of the wheels
      and releasing the latch means is defined further to include:
PA1  a master cylinder;
PA1  lever means for operating said master cylinder;
PA1  a slave cylinder having a piston rod contacting said rod plate; and,
PA1  the master cylinder being connected to the slave cylinder and the wheel
      brakes.
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ABST
PAL  An improved bottom structure for plastic bottles of the type suitable for
      containing carbonated beverages. The outer surface of the bottom structure
      is formed with a central concave dome portion and a number of radial foot
      portions extending axially outwardly. The radial profile of each foot
      portion is a curve which merges with the dome portion and with the side
      wall of the container and which comprises a plurality of tangential arcs
      in series. Also disclosed is an improved mold for forming such bottom
      structures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to bottom structures for containers, and more
      particularly, to improved bottom structures for plastic bottles of the
      type suitable for containing effervescent or carbonated beverages.
PAR  The bottling of carbonated beverages in plastic presents a number of
      problems, many of which arise in connection with the base or bottom
      structure of the bottle. Mere duplication in plastic of traditional glass
      bottom configurations is unsatisfactory because of the tendency of
      plastics to creep or become distorted under pressure, especially in the
      presence of the elevated temperatures which may be encountered during
      shipment and storage. Such distortion may alter the shape and dimensions
      of traditional bottom configurations to the extent that the level of
      liquid within the bottom falls below the fill line, thereby threatening
      customer acceptance or satisfaction, and the bottle may become a so-called
      rocker; that is, it may become unstable on a horizontal surface, with the
      probability of similar adverse reaction on the part of the customer.
PAR  On the other hand, it is frequently desirable that the inner and outer
      shapes and dimensions of plastic bottles approximate those of glass
      bottles of the same capacity so that they may be handled by existing
      equipment and, in certain instances, assist customer identification of the
      particular product they contain. In any event, they should be
      aesthetically attractive.
PAR  A plastic bottle, when filled with a carbonated beverage and capped, must
      be able to withstand the impact of falling from at least a moderate height
      onto a hard surface, and the precipitous rise in internal pressure which
      accompanies the impact. While this requirement also affects selection of
      materials and bottleforming techniques, it is an extremely important
      consideration in the contemplation of bottom design.
PAR  Finally, the optimum bottom structure is one which not only meets the
      foregoing criteria but which may be readily formed with an economy of
      material, without unduly expensive or elaborate equipment, and without
      intricate or additional manufacturing steps.
PAR  The copending U.S. patent application Ser. No. 335,974, now U.S. Pat. No.
      3,871,541 filed Feb. 26, 1973 in the name of D. Adomaitis and assigned to
      the assignee of the present invention, discloses a container in which the
      outer surface of the bottom structure comprises, briefly, a central
      concave dome portion, a convex annular rim portion circumscribing the dome
      portion and merging therewith and with an adjacent cylindrical portion of
      the side wall of the container, and a radial array of convex foot portions
      extending axially outwardly of the rim portion. Each of the foot portions
      merges at its radially inner end with the dome portion, at its radially
      outer end with the side wall, and at its lateral margins with the rim
      portion to form a shallow rib portion between adjacent foot portions.
PAR  Noting that plastics are weakest in tension, such a construction exposes
      the dome portion to compressive stresses only, and among other advantages,
      arrests the tensile and flexural stresses at the base of the dome portion
      while permitting an economy of material in forming the bottom structure.
PAR  In the prior application, the dome portion is shown to be a segment of a
      sphere (the sphere being commonly recognized as the optimum
      pressure-bearing surface), whereby the radial profile of the outer surface
      of the dome portion comprises a concave arc having its center of curvature
      on the central axis of the bottle. The radial profile of the outer surface
      of each foot portion comprises a single convex outer arc tangential to the
      inner arc of the dome portion and to the cylindrical side wall portion.
      The axially outermost point of the latter arc comprises a support point
      for the bottle when it is at rest on a horizontal surface in an upright
      position. As is readily apparent, in order effectively to distribute and
      dissipate the forces arising from internal pressures and/or impact with a
      hard surface, curved surfaces are used virtually throughout the bottom
      structure, and to avoid undue stress concentrations, adjacent surface
      portions are smoothly merged or blended with each other.
PAR  It has been found that the stresses arising in such a bottom structure may
      be reduced by increasing the radius of curvature of the arc of the foot
      portion. However, as this radius is increased, the support point is moved
      inwardly toward the central axis of the bottle, and the bottle therefore
      tends to become less and less stable when supported on a horizontal
      surface. Upright stability is especially critical in the case of certain
      types of bottle conveying equipment presently in use.
PAR  If, on the other hand, the radius of the arc of the foot portion is made
      smaller to enhance stability, and the radius of the arc of the dome
      portion thereby increased, the material of the dome portion must be made
      thicker to avoid snap buckling; that is, the sudden eversion of the dome
      portion under pressure. A further problem arises in that the radially
      outer end of the foot portion becomes an increasingly sharp corner as the
      radius of the outer arc decreases in length. In blow-molding it becomes
      more and more difficult to fill the corresponding corner of the mold.
      Still further, capacity is reduced and more material is required, or still
      more material must be used to achieve similar capacity.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the profile of the outer surface
      of the foot portion comprises a curve tangent to the radial profile of the
      dome portion and to the profile of the side wall, the latter curve
      comprising a plurality of tangential arcs in series rather than the single
      convex outer arc of the aforementioned prior application.
PAR  Such a construction permits wide latitude in designing the bottom structure
      to meet the sometimes conflicting requirements discussed hereinabove while
      taking advantage of the beneficial properties inherent in the basic
      dome-and-foot configuration.
PAR  Specific objects, features and advantages of the invention will be apparent
      from the ensuring description taken in conjunction with the accompanying
      drawings.
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PAC  THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a side elevational view of a container comprising a bottle
      constructed generally in accordance with the invention;
PAR  FIG. 2 is a greatly enlarged bottom plan view of the bottle of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary sectional view of the bottle of FIG. 1
      taken along the line 3--3 thereof;
PAR  FIG. 4 is an enlarged fragmentary sectional view of the bottle of FIG. 1
      taken along the line 4--4 of FIG. 2;
PAR  FIG. 5 is a fragmentary, longitudinal sectional view of a mold suitable for
      use in forming the bottle of FIG. 1;
PAR  FIG. 6 is a diagrammatic representation of two radial profiles, one
      superimposed on the other, of a bottle bottom structure which comprises
      one embodiment of the invention; and
PAR  FIG. 7 is a diagrammatic illustration similar to FIG. 6 but representing a
      bottle bottom structure which comprises another embodiment of the
      invention.
DETD
PAC  THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 to 4, a container in the form of a bottle 10 is
      constructed generally in accordance with the invention and is preferably
      formed of a thermoplastic material having gas barrier properties to a
      degree such that the bottle will be suitable for containing an
      effervescent or carbonated beverage at least throughout expected shelf
      time; that is to say, the period from bottling to consumption. A number of
      materials of this type have been developed; among them, for example, are
      those identified by the trademarks "Cycopac 910", produced by Borg-Warner
      Corporation, and "Barex 210", produced by Vistron Corporation. The bottle
      is blow-molded from an extruded or injection-molded preform or parison and
      has preferably been so worked that the material is biaxially oriented.
PAR  Bottle 10 is provided with an upper neck portion 12 having any desired neck
      finish, such as the threaded finish shown. A side wall 14 of any suitable
      form extends from the neck portion to a bottom structure, indicated
      generally at 16, which closes the lower end of the side wall. An end
      portion 14a of the side wall adjacent to the bottom structure is
      preferably formed with a cylindrical outer surface, although other forms,
      generally symmetrical about the central upright axis of the bottle, may be
      substituted.
PAR  The outer surface 18 of bottom structure 16 includes a central concave dome
      portion 20 of substantially spherical form; that is, it conforms generally
      to a segment of a sphere. A convex annular rim portion 22 of surface 18
      circumscribes the dome portion, merging at its radially inner margin with
      the dome portion and at its radially outer margin with side wall portion
      14a.
PAR  A plurality of radially arrayed and oriented convex foot portions 24 extend
      axially outwardly of rim portion 22, as best viewed in FIG. 3. While 10
      such foot portions are shown (FIG. 2), the number may be as low as three
      (the minimum number which will provide stable support on a planar
      surface), and the maximum number is limited only by the overall dimensions
      and wall thickness of the bottom structure, the preferred range being from
      six to twelve, inclusive.
PAR  Each foot portion 24 has a relatively narrow radially inner end 26 merging
      with dome portion 20 and a relatively wide radially outer end 28 merging
      with side wall portion 14a. Each foot portion also has a pair of lateral
      margins 30,32 diverging radially outwardly and merging with rim portion 22
      to define an arched groove 33 (FIG. 1) between each pair of adjacent foot
      portions and to form a shallow reinforcing or stiffening rib portion 34
      therebetween. The rib portion at its radially inner end merges with dome
      portion 20 and at its radially outer end with side wall portion 14a.
PAR  An axially outermost point 36 (FIGS. 3 and 4) of each foot portion 24 lies
      in a plane common to the outermost points of the other foot portions, the
      plane being normal to the central axis of bottle 10, whereby the bottle
      may be supported at points 36 on a horizontal surface in an upright
      position.
PAR  The inner surface 38 of bottom structure 16 may take any suitable form and
      may be selected to provide variations in the thickness of the material
      forming the bottom structure; for example, in the manner disclosed and for
      the purposes explained in the aforementioned copending patent application.
PAR  Turning now to FIG. 5, there is shown a portion of a matrix in the form of
      a mold 40 suitable for use in blow-molding the bottle of FIGS. 1 to 4.
PAR  The body 42 of the mold may be made up of two or more separable elements
      and may take any one of a number of known forms adapted to facilitate the
      forming process and assist ready removal or ejection of the molded bottle.
      Mold inserts may be provided in known manner to achieve special or unusual
      side wall configurations and various neck finishes.
PAR  An interior surface of mold body 40 defines a female mold cavity 44 and is,
      obviously, complementary to the outer surface of the bottle to be molded.
      Mold cavity 44 is bounded in part by a side wall 46 of the interior
      surface and by a bottom surface portion 48 contiguous with the side wall
      at an adjacent end portion 46a thereof.
PAR  Bottom surface portion 48 includes a central convex dome portion 50 of
      substantially spherical form, and a concave annular rim portion 52 merging
      with the dome portion and with side wall portion 46a.
PAR  A plurality of concavities 54, corresponding to the foot portions 24 of
      bottle 10, extend axially outwardly of rim portion 52 in a radial array.
      As do foot portions 24 as viewed in FIG. 2, each concavity 54 has a
      relatively narrow radially inner end 56 merging with dome portion 50, a
      relatively wide radially outer end 58 merging with side wall portion 14a,
      and a pair of lateral margins 60,62 diverging radially outwardly and
      merging with rim portion 52 to form a rib portion 64 between each pair of
      concavities 54. Each rib portion so formed merges at its radially inner
      end with dome portion 50, and at its radially outer end with side wall
      portion 46a.
PAR  The axially outermost points 66 of the concavities 54 lie in a common plane
      normal to the longitudinal axis of mold cavity 44.
PAR  The use of female molds in the blow-molding of containers is well known.
      Briefly, a preform or parison at an appropriate temperature is received or
      enclosed in the mold cavity and expanded until its outer surface engages
      and conforms to the interior surface of the mold. Expansion is effected by
      creating an imbalance in the respective pressures acting on the inner and
      outer surfaces of the parison, as by introducing a gas under pressure to
      the interior of the parison or by drawing a vacuum about its exterior.
PAR  Bottom surface portion 48 of the mold may be defined in part by an end
      surface of a reciprocably movable piston or stem (not shown) which is
      actuated to enter the mold cavity when the parison is received or enclosed
      therein, the end surface of the piston engaging the nearest surface of the
      parison before and/or during expansion. An example of such an arrangement
      is disclosed in U.S. Pat. No. 3,412,186, issued Nov. 19, 1968 to T.
      Piotrowski. While the piston end surface may, if desired, be machined to
      conform to the configuration of mold dome portion 50, of which it forms a
      central element when the piston is fully withdrawn from the mold cavity,
      its use may result in small and centrally located deviations from the
      design configuration of bottle dome portion 20. Such deviations have
      negligible effect on the properties of the bottle and are well within the
      purview of the invention.
PAR  For any given bottle material and forming process, determination of a
      particular bottom configuration in accordance with the invention will be
      guided by desiderata affecting upright stability, impact strength,
      resistance to internal pressure, capacity, internal and external
      dimensions, aesthetic quality, economy of material, and adaptability to
      the forming process. Various considerations touching upon these
      characteristics are discussed hereinabove, FIGS. 6 and 7, together with
      the ensuing description, illustrate the flexibility which the invention
      affords the designer in deriving a satisfactory structure from the
      parameters selected.
PAR  It will be readily apparent that the profiles represented in FIGS. 6 and 7,
      while described with reference to the outer surface of the bottom
      structure of a bottle, are applicable to the interior bottom surface
      portion of the corresponding mold as well. However, the terms "convex" and
      "concave" will, of course, be reversed in the case of the mold.
PAR  FIG. 6 represents a specific embodiment of the invention in the form of two
      radial profiles of the outer surface of the bottom structure taken at
      separate angular locations. Also shown is a portion of the profile 14b of
      the outer surface of the adjacent side wall end portion.
PAR  More particularly, a first profile ACDE extends radially from the central
      upright axis 10a of the bottle through the axially outermost point D of
      one of the foot portions to side wall profile 14b, and is superimposed on
      a second profile ABF of one of the rib portions, the latter profile also
      extending radially from the axis to the side wall profile. An interrupted
      line 10b represents the plane which contains the axially outermost points
      of the foot portions and therefore intersects axis 10a at right angles
      therewith.
PAR  The central dome portion of the outer surface is preferably spherical,
      whereby its radial profile is a concave arc AB or AC normal to the axis at
      its point of intersection A therewith, and having its center of curvature
      G located on the axis. Point B is located on arc AC whereby arc AB is
      merely a segment of arc AC.
PAR  It is to be noted that the term "arc" is used throughout this specification
      in its special sense as meaning a continuous portion of a circle; that is,
      a curved line having a constant radius of curvature. The word "curve", on
      the other hand, is used as a generic term, and a curve may therefore
      consist of a single arc or a plurality of arcs arranged in a continuous
      tangential series and having radii of curvature of various lengths.
PAR  The radial profile of the foot portion comprises a curve CDE tangent to arc
      AC at point C and to side wall profile 14b at point E. Curve CDE, in turn,
      is formed by a pair of convex arcs CD and DE tangent to each other at
      point D and having centers of curvature H and I, respectively.
PAR  The radial profile of the rib portion comprises a curve BF tangent to arc
      AB at point B and to side wall profile 14b at point F. Curve BF is shown
      as a single convex arc having a center of curvature J, but may be formed
      of a plurality of arcs.
PAR  Side wall profiles 14b is shown as a straight vertical line, indicating
      that the side wall end portion is cylindrical in this instance.
PAR  In arriving at the particular bottom configuration represented in FIG. 6,
      upright stability was first considered. As is obvious, the greater the
      distance between axis 10a and point D, the greater will be the stability
      of the container when supported on a horizontal surface. When this
      distance has been selected, the length of radius R.sub.3 of arc DE is
      established as the distance between point D and side wall profile 14b when
      the latter is extended to plane 10b, and point I may be fixed in
      accordance with elementary and self-evident geometric methods. Similar
      methods will be equally self-evident in the placement of other points and
      in the construction of the various arcs represented in FIGS. 6 and 7.
PAR  It should be pointed out that while radius R.sub.3 may be quite small in
      accordance with the invention, if it is made too small, impact resistance
      in the vicinity of arc DE may be reduced to an unacceptable level.
PAR  As has been pointed out in connection with the aforementioned copending
      application, if the radial profile of the foot portion consists of a
      single arc, and the radius of the single arc is reduced to enhance
      stability, the material of the dome portion must be made thicker to
      preclude eversion under pressure, it becomes difficult to fill the
      corresponding sharp corner of the mold, capacity is reduced, and a greater
      amount of material is required. These disadvantages are eliminated in the
      construction of FIG. 6, in spite of the reduced length of radius R.sub.3,
      by including arc CD as a second arc in the profile of the foot portion and
      by fixing the length of its radius R.sub.2 at a value substantially
      greater than that of radius R.sub.3. Thus, the two arcs CD and DE
      respectively provide the advantages of a large radius and a small radius,
      a condition patently impossible to achieve if the foot portion profile
      consists of a single arc.
PAR  The length of radius R.sub.2 is selected to establish the depth of the rib
      portion; that is, the average distance between arc BF and curve CDE, at a
      value which will provide a substantial stiffening effect. Also, as the
      length of radius R.sub.2 is increased, the distance CE is increased,
      whereby the stiffening effect of the rib portion is applied over a greater
      area.
PAR  The length of radius R.sub.2 is dependent to some extent on the value
      selected for the maximum height H.sub.o of the dome portion above plane
      10b. As height H.sub.o decreases, the possibility of eversion is
      increased; as height H.sub.o increases, capacity decreases and more
      material is called for.
PAR  When height H.sub.o and radius R.sub.3 have been determined, the length of
      radius R.sub.1 of arc AC (and thus of its segment AB) and the location of
      its center of curvature G are established. Center of curvature H of arc CD
      is located on a line 10c which is parallel with axis 10a and which also
      includes point I. With this construction arcs CD and DE are tangent at the
      axially outermost point D of the foot portion, whereby to effect an
      economy of material for a given capacity without reduction of impact
      strength at the outermost point of the foot portion, this frequently being
      the point of impact.
PAR  The location of point F, the point of tangency of arc BF with side wall
      profile 14b, is based on two considerations: as it is placed higher on the
      side wall, aesthetic quality is lessened and capacity is reduced; as it is
      placed lower, the depth of the rib portion is reduced and its stiffening
      effect is diminished. When the location of point F has been selected, the
      length of radius R.sub.4 of arc BF and the location of its center of
      curvature J are established.
PAR  It is to be noted that in the construction of FIG. 6, the point of tangency
      C of arc AC with arc CD lies at a greater distance from axis 10a than the
      point of tangency B of arc AB with arc BF. This results in a relatively
      great effective length of the stiffening rib portion.
PAR  In FIG. 7, which represents an alternative embodiment of the invention, the
      reference characters 10a, 10b, 10c and H.sub.o identify elements and
      quantities similar to those identified by the same reference characters in
      FIG. 6.
PAR  Referring to FIG. 7, a first profile ABCDE of the outer surface of the
      bottom structure extends radially from axis 10a through the axially
      outermost point D of one of the foot portions to side wall profile 14b,
      and is superimposed on a similarly drawn second profile AFG through one of
      the rib portions. The central dome portion of the outer surface is
      preferably spherical, as in the embodiment of FIG. 6, whereby its radial
      profile is a concave arc AB or AF having its center of curvature H on axis
      10a. Point B is located on arc AF whereby arc AB is a segment of arc AF.
PAR  The radial profile of the foot portion comprises a curve BCDE tangent to
      arc AB at point B and to side wall profile 14b at point E. Curve BCDE is
      formed of three arcs in series, namely a concave arc BC and a pair of
      convex arcs CD and DE. Arcs BC and CD are tangent to each other at point
      C, and arcs CD and DE at point D. Arcs BC, CD and DE have centers of
      curvature I, J and K, respectively.
PAR  The radial profile of the rib portion comprises a curve FG tangent to arc
      AF at point F and to side wall profile 14b at point G. Curve FG is shown
      as a single convex arc having a center of curvature L, but may consist of
      a tangential series of arcs.
PAR  The configuration of the bottom structure represented  in FIG. 7 has been
      devised to provide relatively great resistance to impact and internal
      pressure, with an economy of material and at the expense of some degree of
      upright stability. Accordingly, the distance BE is made relatively large
      to reduce stresses and to enlarge the area subject to the stiffening
      effect of the rib portion. Dome height H.sub.o is reduced to conserve
      material (or to enlarge capacity), but the radius R.sub.1 of arc AF (and
      thus of arc AB) is lengthened considerably to provide a rib portion having
      substantial depth.
PAR  In order to achieve relatively large values for both the distance BE and
      the length of radius R.sub.1, the length of radius R.sub.4 of arc DE is
      made as large as is compatible with stability requirements, and the
      concave arc BC is included in the foot portion profile.
PAR  Maximum stresses can be expected to arise in the vicinity of point C;
      however, as the length of radius R.sub.3 of arc CD is made smaller, the
      height of point C above plane 10a is reduced, thus increasing the distance
      between point C and rib portion profile FG and, as a result, enhancing the
      stiffening effect of the rib portion in the high-stress area. It will be
      noted that in the construction of FIG. 7, radius R.sub.3 is smaller in
      length than radius R.sub.4. However, this relationship may be reversed; it
      may be particularly desirable to do so in the case of thin-walled
      containers formed of high-strength materials such as the metals mentioned
      hereinbelow.
PAR  The location of point G is selected not only on the basis of aesthetic
      considerations but is placed low enough on the side wall profile that flow
      of material to the foot portion is unimpeded during the blow-molding
      operation, yet high enough that the depth of the rib portion is
      substantial.
PAR  In the embodiment of FIG. 7, the point of tangency F of the dome arc AF
      with the rib portion arc FG lies at a greater radial distance from axis
      10a than the point of tangency B of the dome arc AB with the foot portion
      curve BCDE. With the construction shown, it will be apparent that the
      embodiment of FIG. 7 is useful in connection with a mold which is provided
      with the movable piston or stem mentioned hereinabove, since the large
      radius R.sub.1 of arc AB permits the piston end to be virtually planar
      without substantial departure from the configuration of the dome portion.
PAR  The following table provides exemplary data with respect to the bottom
      structure of a bottle having a capacity of 32 fluidounces and constructed
      in accordance with the embodiment of FIG. 7. In the system of coordinates
      employed, the x-axis and y-axis may be considered as coincident with
      interrupted lines 10b and 10a, respectively, and have a common origin at
      point 0. Radial lengths are stated in inches and coordinates are stated in
      inches from the origin.
TBL                TABLE                                                       
     ______________________________________                                    
     Point    Coordinates       Radius    Length                               
     ______________________________________                                    
              x          y                                                     
     A        0          0.422      R.sub.1 3.382                              
     B        0.375      0.401      R.sub.2 0.549                              
     C        0.772      0.158      R.sub.3 0.352                              
     D        1.066      0          R.sub.4 0.528                              
     E        1.594      0.528      R.sub.5 0.560                              
     F        0.887      0.304                                                 
     G        1.594      0.844                                                 
     H        0          -2.960                                                
     I        0.336      -0.141                                                
     J        1.066      0.352                                                 
     K        1.066      0.528                                                 
     L        1.034      0.844                                                 
     ______________________________________                                    
PAR  In some applications it may be desirable that the lengths of radii R.sub.3
      and R.sub.4 be equal, whereby the curve CDE would consist of a single arc.
      In such a case it will be apparent that the radial profile of the foot
      portion will consist of two arcs, namely a concave arc BC and a convex arc
      CDE, tangent to each other at a point removed from the axially outermost
      point of the foot portion.
PAR  The embodiments represented in FIGS. 6 and 7 are but two of many which may
      be realized in accordance with the invention and which may vary with
      variable requirements, various materials, and various forming processes
      and equipment. It will be recognized that design of specific bottom
      structures in accordance with the teaching of the invention is readily
      adaptable to well-known computer programming procedures.
PAR  Further, although the foregoing description is concerned with plastic
      containers, it will be apparent that the invention in its broader aspects
      may be applied with beneficial results to containers formed of other
      materials, metal cans for example, particularly those which are subject to
      internal pressures. Similarly, the invention is not practicable using only
      molds for blow-molding bottles but may be practiced as well in conjunction
      with other container-forming matrices such as the female dies employed in
      metal pressworking operations.
PAR  Accordingly, while the invention has been particularly described in
      connection with certain specific embodiments thereof, it is to be
      understood that this is by way of illustration and not by way of
      limitation, and the scope of the appended claims should be construed as
      broadly as the prior art will permit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a container having a side wall, at least an end portion of the side
      wall being generally symmetrical about a central axis of the container,
      and a bottom structure closing the container at the side wall end portion,
      the outer surface of the bottom structure comprising a central concave
      dome portion, a convex annular rim portion circumscribing the dome portion
      and merging therewith and with the side wall end portion, and a plurality
      of radially oriented foot portions extending axially outwardly of the rim
      portion, each foot portion having lateral margins merging with the rim
      portion to form a rib portion between each pair of adjacent foot portions,
      the radial profile of each foot portion comprising a curve tangent to the
      radial profile of the dome portion and to the profile of the side wall end
      portion, the improvement comprising the feature that the foot portion
      curve comprises a plurality of tangential arcs in series, the radii of
      curvature of adjacent ones of the lastmentioned arcs being unequal.
NUM  2.
PAR  2. In a container having a side wall, at least an end portion of the side
      wall being generally symmetrical about a central axis of the container,
      and a bottom structure closing the container at the side wall end portion,
      the outer surface of the bottom structure comprising a central concave
      dome portion, the radial profile of the outer surface of the dome portion
      comprising a first concave arc, a convex annular rim portion
      circumscribing the dome portion and merging therewith and with the side
      wall end portion, and a plurality of radially oriented foot portions
      extending axially outwardly of the rim portion, each foot portion having
      lateral margins merging with the rim portion to form a rib portion between
      each pair of adjacent foot portions, the radial profile of the rib portion
      comprising a first curve tangent to the first arc and to the profile of
      the side wall end portion, the radial profile of each foot portion
      comprising a second curve tangent to the first arc and to the profile of
      the side wall end portion, the improvement comprising the feature that the
      second curve comprises a plurality of tangential arcs in series, the radii
      of curvature of adjacent ones of the lastmentioned arcs being unequal.
NUM  3.
PAR  3. In a container according to claim 2, the further improvement comprising
      the feature that the radius of curvature of each of the last-mentioned
      arcs is smaller than the radius of curvature of the first arc.
NUM  4.
PAR  4. In a container having a side wall, at least an end portion of the side
      wall being generally symmetrical about a central axis of the container,
      and a bottom structure closing the container at the side wall end portion,
      the outer surface of the bottom surface comprising a central concave dome
      portion of substantially spherical form whereby the radial profile of the
      outer surface thereof comprises a first concave arc having its center of
      curvature on the axis, a convex annular rim portion circumscribing the
      dome portion and merging therewith and with the side wall end portion, and
      a plurality of radially oriented foot portions extending axially outwardly
      of the rim portion, each foot portion having a radially inner end portion
      merging with the dome portion, a radially outer end portion merging with
      the side wall end portion, and lateral margins merging with the rim
      portion to form a rib portion between each pair of adjacent foot portions,
      the radial profile of the rib portion comprising a first curve tangent to
      the first arc and to the profile of the side wall end portion, the radial
      profile of each foot portion comprising a second curve tangent to the
      first arc and to the profile of the side wall end portion, the improvement
      comprising the feature that the second curve comprises a second arc
      tangent to the first arc, and a third convex arc tangent to the second arc
      and to the profile of the side wall end portion, the radii of curvature of
      the second and third arcs being unequal.
NUM  5.
PAR  5. In a container according to claim 4, the further improvement comprising
      the feature that the second arc is convex.
NUM  6.
PAR  6. In a container according to claim 5, wherein the axially outermost point
      of the foot portions lies in a plane common to the outermost points of the
      other foot portions and normal to the central axis, the further
      improvement comprising the feature that the centers of curvature of the
      second and third arcs lie on a common line parallel with the axis, whereby
      said outermost point is the point of tangency of the second and third
      arcs.
NUM  7.
PAR  7. In a container according to claim 4, the further improvement comprising
      the feature that each of said radii of curvature is smaller than the
      radius of curvature of the first arc.
NUM  8.
PAR  8. In a container according to claim 4, the further improvement comprising
      the feature that the radius of curvature of the second arc is greater than
      the radius of curvature of the third arc.
NUM  9.
PAR  9. In a container according to claim 4, the further improvement comprising
      the feature that the point of tangency of the first arc with the second
      arc lies at a greater radial distance from the central axis than the point
      of tangency of the first arc with the rib portion curve.
NUM  10.
PAR  10. In a container having a side wall, at least an end portion of the side
      wall being generally symmetrical about a central axis of the container,
      and a bottom structure closing the container at the side wall end portion,
      the outer surface of the bottom structure comprising a central concave
      dome portion of substantially spherical form whereby the radial profile of
      the outer surface thereof comprises a first concave arc having its center
      of curvature on the axis, a convex annular rim portion circumscribing the
      dome portion and merging therewith and with the side wall end portion, and
      a plurality of radially oriented foot portions extending axially outwardly
      of the rim portion, each foot portion having a radially inner end portion
      merging with the dome portion, a radially outer end portion merging with
      the side wall end portion, and lateral margins merging with the rim
      portion to form a rib portion between each pair of adjacent foot portions,
      the radial profile of the rib portion comprising a first curve tangent to
      the first arc and to the profile of the side wall end portion, the radial
      profile of each foot portion comprising a second curve tangent to the
      first arc and to the profile of the side wall end portion, the improvement
      comprising the feature that the second curve comprises a second concave
      arc tangent to the first arc, a third convex arc tangent to the second
      arc, and a fourth convex arc tangent to the third arc and to the profile
      of the side wall end portion, the radii of curvature of the third and
      fourth arcs being unequal.
NUM  11.
PAR  11. In a container according to claim 10, the further improvement
      comprising the feature that each of the radii of curvature of the second,
      third and fourth arcs is smaller than the radius of curvature of the first
      arc.
NUM  12.
PAR  12. In a container according to claim 10, the further improvement
      comprising the feature that the radius of curvature of the fourth arc is
      greater than the radius of curvature of the third arc.
NUM  13.
PAR  13. In a container according to claim 10, wherein the axially outermost
      point of each of the foot portions lies in a plane common to the outermost
      points of the other foot portions and normal to the central axis, the
      further improvement comprising the feature that the centers of curvature
      of the third and fourth arcs lie on a common line parallel with the axis,
      whereby said outermost point is the point of tangency of the third and
      fourth arcs.
NUM  14.
PAR  14. In a container according to claim 10, the further improvement
      comprising the feature that the point of tangency of the first arc with
      the rib portion curve lies at a greater radial distance from the axis than
      the point of tangency of the first arc with the second arc.
NUM  15.
PAR  15. In a container having a side wall and a bottom structure closing the
      container at an end portion of the side wall, the outer surface of the
      bottom structure comprising a central concave dome portion, a convex
      annular rim portion circumscribing the dome portion and merging therewith
      and with the side wall end portion, and a plurality of radially oriented
      foot portions extending axially outwardly of the rim portion, each foot
      portion having lateral margins merging with the rim portion to form a rib
      portion between each pair of adjacent foot portions, the radial profile of
      each foot portion comprising a curve tangent to the radial profile of the
      dome portion and to the profile of the side wall end portion, the
      improvement comprising the feature that the foot portion curve comprises a
      plurality of tangential arcs in series, adjacent ones of the arcs having
      separate centers of curvature.
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ABST
PAL  A container and hanging device therefor is disclosed wherein the container
      has a support wall having the hanging device mounted thereon and a
      contiguous side wall extending from the support wall. The container is
      adapted to be supported on a support member, for example the inside of a
      toilet flush tank, by the hanging device, which consists of a generally
      U-shaped clip having a bight portion and a pair of spaced legs, which clip
      is pivotally mounted on the support wall of the container for movement
      between a storage position, wherein the bight portion of the clip is
      adjacent and parallel to the side wall of the container, and a support
      position, wherein the bight portion of the clip extends parallel to the
      support wall and at least a part of the bight portion extends beyond the
      container so that one of the legs of the clip is in spaced relation to the
      side wall of the container for receiving therebetween the support member
      or wall of the flush tank so as to suspend the container therefrom.
BSUM
PAR  The present invention relates to a combination container and hanging
      device, and more particularly to a container for use as a flush tank
      accessory.
PAR  There has recently developed a demand for dispensing devices which will
      dispense into the flush tank of a toilet a detergent or room freshener.
      Such dispensers are typically suspended in the flush tank by a clip
      arrangement which mounts the dispensing container on a wall of the tank.
      Since such dispensers are typically used by mechanically unskilled
      purchasers, such as housewives, it is extremely desirable that the hanging
      device therefor be easy to use. Obviously, the hanging device should also
      be relatively inexpensive so that the entire dispensing container and
      hanging device combination can be discarded when the detergent or room
      freshener in the container is depleted.
PAR  Although a number of hanging devices for dispensing containers of this type
      have previously been proposed, it has been found that they are not
      entirely satisfactory in use. Typically, the hanger consists of a thin
      metal sheet or tab, secured to the container, which can be easily bent or
      disformed, and which may not have sufficient strength to support a
      completely filled container in the flush tank. If these metal hanging
      devices become bent or disfigured, they may not be able to support the
      container in the desired predetermined operating position necessary to
      allow the dispensing valve or the like in the container to operate
      satisfactorily, and may even prevent the device from being suspended in
      the flush tank at all. Moreover, it is possible with these thin metal
      hanging devices that the user can become injured from sharp metal edges or
      burrs which may be formed thereon.
PAR  Accordingly, it is an object of the present invention to support a
      dispensing device in a flush tank by means of a relatively strong and safe
      hanging member or clip.
PAR  Another object of the present invention is to provide a hanging clip for a
      dispensing container which is relatively inexpensive and convenient to
      manufacture.
PAR  A further object of the present invention is to provide a combination
      container and hanging device therefor which can be easily used by the
      housewife.
PAR  A still further object of the present invention is to provide a container
      and hanging device therefor which is durable in use.
PAR  A still further object of the present invention is to provide a container
      and hanging device therefor, which hanging device has sufficient strength
      to support the container and is compact with the container so as to allow
      ready packaging thereof.
PAR  In accordance with an aspect of the present invention, a container and
      hanging device therefor are provided in which the container has a bottom
      wall and a side wall adjacent to and extending from the bottom wall, with
      the hanging device or clip being pivotally mounted on the bottom wall for
      engagement with a support member or wall of a flush tank from which the
      container can be suspended. The support clip has a generally U-shaped
      configuration and includes a pair of spaced legs and a bight portion which
      extends therebetween. Pivot means pivotally mount the clip on the bottom
      wall of the container adjacent the junction of the bottom wall with the
      side wall thereof to allow movement of the clip between a storage
      position, wherein the bight portion of the clip is adjacent and parallel
      to the side wall of the container in a compact arrangement, and a support
      position, wherein the bight portion of the clip extends parallel to the
      bottom wall of the container with at least a part of the bight portion
      extending beyond the side wall. In this position one leg of the clip is
      located in spaced relation to the side wall, thereby to allow the support
      member or wall of the flush tank to be received between the side wall and
      the leg of the clip so that the container can be suspended in the tank.
      The other leg of the clip overlies the bottom wall and prevents pivotal
      movement of the clip beyond the support position thereof so that the
      container is rigidly held in a fixed position in the tank.
DRWD
PAR  The above and other objects, features, and advantages of this invention
      will be apparent from the following detailed description of an
      illustrative embodiment thereof, which is to be read in connection with
      the accompanying drawing, wherein:
PAR  FIG. 1 is a perspective view of a container and hanging device combination
      constructed in accordance with the present invention;
PAR  FIG. 2 is a plan view of the bottom wall of the container and clip shown in
      FIG. 1, with the clip in its storage position;
PAR  FIG. 3 is a partial elevational view of the container and clip assembly of
      FIG. 1, with the clip in its support position;
PAR  FIG. 4 is a partial sectional view taken along line 4--4 of FIG. 1 showing
      in phantom lines portions of a flush tank in which the assembly can be
      mounted;
PAR  FIG. 5 is a partial elevational view, similar to FIG. 3, showing the side
      of the container opposite to that illustrated in FIG. 3.
DETD
PAR  Referring now to the drawings in detail, and particularly to FIG. 1
      thereof, it will be seen that container 10 constructed in accordance with
      the present invention includes hanging clip 12 mounted on bottom wall 14
      of the container in order to suspend or support the container on a wall of
      a flush tank. The container can be formed in any desirable shape, for
      example of a suitable plastic or glass material, and is provided with a
      plurality of side walls extending from bottom wall 14 thereof to neck 16.
      The neck of the container is closed by cap 18 which includes a suitable
      dispensing mechanism, of any convenient known construction, which will
      dispense a liquid detergent or room freshener from the container into the
      water of the flush tank. The specific dispensing arrangement in cap 18 can
      be of any of the dispensing arrangements known in the art: the dispensing
      mechanism, per se, does not form part of this invention.
PAR  Bottom wall 14 of container 10 has recess 20 formed therein which extends
      entirely across the bottom wall from rear wall 22 of the container to
      front wall 24 thereof. Recess 20 has a width that is slightly greater than
      that of clip 12, and includes base 26 and a pair of spaced side walls 28.
      Clip 12 is pivotally mounted in recess 20, as described more fully
      hereinafter, for movement from a first, storage position in FIG. 1 (also
      illustrated in phantom lines in FIG. 4) wherein it is located adjacent
      side wall 24 of the container to a second, support position in FIG. 3
      (illustrated in solid lines in FIG. 4) wherein it can engage a support
      member, e.g. side wall 30 of a flush tank for a toilet, in order to
      suspend the container within the flush tank.
PAR  Clip 12 is preferably formed of a plastic material and has a generally
      U-shaped configuration, in longitudinal section, including bight portion
      32 and a pair of spaced depending legs 36, 38 respectively. The clip is
      pivotally supported in recess 20 by pivot pin 40 which is integrally
      formed therewith on the end of third leg 42 located between the legs 36,
      38. Leg 42 and pivot pin 40 are preferentially located closer to leg 36 of
      the clip.
PAR  Pivot pin 40 has free ends 44 which are received in slots 46 formed in side
      wall 28 of recess 20. The slots 46 extend from rear wall 22 of container
      10 along side walls 28 to abutment end portions 48 which are located
      adjacent junction 50 between bottom wall 14 and side wall 24 of the
      container. By this arrangement, clip 12 is conveniently inserted by the
      manufacturer on container 10 by simply inserting ends 44 of the pivot pin
      in the opened ends of slots 46, adjacent the rear wall 22 of the
      container, and sliding the entire clip toward front wall 24 until the ends
      of the pivot pin engage abutment ends 48 of the slots.
PAR  In order to retain pivot pin 40 adjacent to the abutment ends of the slots,
      bottom wall 14 of container 10 is provided with boss or enlargement 52
      that extends across base 26 of recess 20, between slots 46, but in spaced
      relation to the abutment ends thereof. Since either or both of container
      10 and clip 12 are conveniently formed of a somewhat resilient plastic
      material, it will be apparent that as pivot pin 40 is inserted into
      container 10, it will move across boss 52 into the space between the boss
      abutment ends 48 of slots 46. Due to the cam shaped configuration of boss
      52, as seen in FIG. 4, it will be apparent that this movement will be
      accommodated by the boss, particularly because of the resilient materials
      of which the elements are formed, but that rearward movement of the pivot
      pin in the slot towards rear wall 22, after it has achieved the position
      in FIG. 4, will be prevented by the boss. Thus the clip is held in a fixed
      position in slots 46, but it is permitted to pivot therein.
PAR  Front wall 24 of container 10 has recess 54 formed therein which is
      substantially complementary to the configuration of clip 12. That is,
      recess 54 includes major indentation 56 which is adapted to receive leg 38
      of clip 12 when the clip is in its storage position (shown in phantom
      lines in FIG. 4), while the remainder of recess 56 receives the bight
      portion 32 of the clip so that the clip is substantially flush with the
      surface of side wall 24 when in its storage position.
PAR  Preferably the combination container and clip assembly of the present
      invention is packaged and shipped with clip 12 in the storage position,
      adjacent front wall 24 of the container. When the purchaser wishes to
      mount the container or dispensing device in a flush tank, clip 12 is
      pivoted in a generally clockwise direction, as seen in FIG. 4, from its
      storage position to its support position. Pivotal movement of the clip in
      this direction about pivot pin 40 is limited upon engagement of leg 36 of
      the clip with base 26 of slot 20. Thus leg 36 of the clip forms a stop
      means for the clip structure. In this position, a portion of bight 32 of
      the clip extends beyond container 10, so that leg 38 is located in spaced
      relation to the front wall 24 of the container. The clip is dimensioned so
      that the space between leg 34 and wall 24, in this position of the clip,
      is sufficient to accommodate the edge of wall 30 of a conventional flush
      tank therebetween. When the clip is placed on flush tank wall 30 in this
      manner, container 10 is rigidly supported in the tank by the engagement of
      pivot pin 40 in slots 46 and the engagement of leg 36 of the clip against
      the base of recess 20. Thereafter, the user can then replace top 60 of the
      flush tank on tank wall 30.
PAR  It will be appreciated that the invention provides a relatively simple
      hanging device and container structure for use as a dispenser in a flush
      tank. Hanging clip 12 of the invention provides a durable and sturdy
      support for the container which is safe to use and relatively inexpensive
      to manufacture. Since all that is required to place the clip in its
      operative position is a simple pivotal movement, the device is easily used
      by a housewife.
PAR  Although an illustrative embodiment of the present invention has been
      described herein with reference to the accompanying drawing, it is to be
      understood that this invention is not limited to that precise embodiment
      but that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An article of manufacture comprising, in combination, a hollow container
      having a support wall and a side wall extending angularly therefrom, a
      generally U-shaped clip having a bight portion and a pair of spaced legs;
      and means for pivotally mounting said clip on said support wall for
      movement between a storage position wherein the bight portion of the clip
      is adjacent and parallel to said side wall and a support position wherein
      the bight portion of the clip extends parallel to said support wall and at
      least part of said bight portion extends beyond the container for
      supportive engagement with a support member from which the container can
      be suspended; said pivotal mounting means being operatively connected to
      the bight portion of said clip between the legs thereof whereby, in said
      support position of the clip, one of said legs is located in spaced
      relation to the container and the free end of the other of said legs is
      engaged with said support wall, thereby to provide a stop limiting pivotal
      movement of the clip.
NUM  2.
PAR  2. The article as defined in claim 1 wherein said pivotal mounting means
      comprise a pivot pin integrally formed with said clip and means on said
      support wall for retaining the pivot pin thereon.
NUM  3.
PAR  3. The article as defined in claim 2 wherein said side wall has a recess
      formed therein for receiving the bight portion and said one leg of the
      clip in the storage position thereof with said bight portion extending
      substantially flush to said side wall.
NUM  4.
PAR  4. The article as defined in claim 1 wherein said side wall has a recess
      formed therein for receiving the bight portion and said one leg of the
      clip in the storage position thereof with said bight portion extending
      substantially flush to said side wall.
NUM  5.
PAR  5. The article as defined in claim 1 wherein said pivotal mounting means
      include a pivot pin operatively connected to said bight portion of the
      clip between the legs thereof and having a pair of spaced free end
      portions; said support wall having an elongated recess formed therein
      including a pair of spaced slots respectively receiving the free ends of
      said pivot pin, and means in said recess for maintaining said pivot pin in
      a relatively fixed position with respect to the recess while allowing
      pivotal movement thereof.
NUM  6.
PAR  6. The article as defined in claim 5 wherein said maintaining means
      comprise a boss extending upwardly from the base of said recess.
NUM  7.
PAR  7. An article of manufacture comprising a container having a bottom wall
      and a side wall adjacent to and extending angularly from said bottom wall,
      and a hanger clip pivotally mounted on the bottom wall of said container
      for engagement with a support member from which the container can be
      suspended; said support clip having a generally U-shaped configuration
      including a pair of spaced legs and a bight portion extending
      therebetween; and pivot means for pivotally mounting said clip on said
      bottom wall adjacent its junction with said side wall for movement between
      a storage position wherein the bight portion of the clip is adjacent and
      parallel to said side wall and a support position wherein the bight
      portion of the clip extends parallel to said bottom wall and at least a
      part of the bight portion extends beyond said side wall with one leg of
      said clip in spaced relation to the side wall to receive a support member
      therebetween whereby said container may be suspended from the support
      member; said pivot means comprising a pivot pin operatively connected to
      the bight portion of said clip between the legs thereof whereby, in the
      support position of the clip, the other of said clip legs is engaged with
      said bottom wall to provide a stop limiting pivotal movement of said clip
      beyond said support position.
NUM  8.
PAR  8. The article as defined in claim 7 wherein said pivot pin extends
      transversely of said bight portion of the clip and includes a pair of free
      ends; said bottom wall having a pair of elongated spaced slots formed
      therein including abutment end portions adjacent the junction of the
      bottom wall and the side wall; and means for retaining said pin in said
      slots adjacent the abutment end portions thereof.
NUM  9.
PAR  9. The article as defined in claim 8 wherein said slots extend across said
      bottom wall from their abutment ends to free open ends through which the
      ends of said pivot pin are inserted.
NUM  10.
PAR  10. The article as defined in claim 9 wherein said retaining means comprise
      a boss formed on said bottom wall between said slots adjacent to and
      spaced slightly rearward from the abutment ends thereof; at least one of
      said pivot pins and boss being formed of a resilient material, whereby the
      pivot pin can be moved in said slots across the boss into engagement with
      said abutment ends of the slots to be held there by the boss.
NUM  11.
PAR  11. The article as defined in claim 10 wherein said bottom wall has an
      elongated recess formed therein extending entirely across the bottom wall
      from said side wall and having a base and opposed parallel sides, said
      slots being formed in the sides of said recess and said boss being located
      in the base thereof.
NUM  12.
PAR  12. The article as defined in claim 11 wherein said slot has a depth
      substantially equal to the height of the clip legs, whereby in the support
      position of the clip the bight portion thereof is substantially flush with
      said bottom wall.
NUM  13.
PAR  13. The article as defined in claim 12 wherein said side wall has a recess
      formed therein for receiving the bight portion and said one leg of the
      clip in the storage position thereof with said bight portion extending
      substantially flush to said side wall.
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ABST
PAL  Thermal insulation material is affixed to the outer surface of the inner
      sidewall of a double walled storage tank but spaced from the outer
      sidewall to form a gaseous space therebetween and a blackish wall on the
      radially outer face of said insulating material faces said tank outer
      sidewall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the insulation of tanks adapted for storage of
      liquid cryogens, and more particularly to the sidewall insulation of
      dome-roofed cylindrical tanks in this service.
PAR  2. Description of the Prior Art
PAR  Storing non-condensing gases, such as natural gas, oxygen, ethylene gas, in
      liquid state at cryogenic temperature region has for long met industrial
      storage requirements. Normally, these gases are stored at nearly
      atmospheric pressure, and accordingly the storing temperatures are
      extremely low; hydrogen at -252.degree.C, oxygen at -183.degree.C, natural
      gas -162.degree.C, while the ambient temperature is usually around
      0.degree.C or higher.
PAR  The difference between the storing temperature of a liquified gas and the
      ambient temperature usually results in vaporization of the stored
      liquified gas, and the heat loss is always disadvantageous.
PAR  Therefore, one of designers biggest interests is how to minimize the
      vaporization loss. Usually, a cryogenic tank is designed to be of
      doublewall type, consisting of a metallic inner tank, an outer tank with
      dome roof, and cold insulation therebetween.
PAR  The inner tank is usually made of nine percent nickel steel, austenitic
      stainless steel or aluminium alloy, and usually consists of a cylindrical
      wall, which has sufficient strength to bear at least liquid head pressure.
      Further, the tank has a flat bottom, and a dome roof or a flat deck
      suspended from the outer roof.
PAR  The outer tank is usually made of carbon steel or concrete, and usually
      consists of a cylindrical wall, a flat bottom and a dome roof.
PAR  The insulation of the cryogenic tank is divided into three parts; the roof
      insulation, the bottom insulation, and the sidewall insulation. The roof
      insulating material is often fibrous, cellular, or granular. The roof
      insulation is installed between the inner roof and the outer roof, or on
      the roof deck when a suspended deck is employed.
PAR  The bottom insulating material is usually perlite mortar blocks, cellular
      glass blocks, or wooden panels. The bottom insulation must have enough
      strength to bear the weight of the inner tank, cryogenic liquid, etc.
PAR  The sidewall insulating material is in most cases granular perlite, which
      is filled in the gap between the outer cylindrical wall and inner
      cylindrical wall, and, sometimes, instead of granular perlite, a fibrous
      material, such as glass wool is used.
PAR  Perlite insulation is thought to be the most economical because granular
      perlite is cheap in comparison with other insulating materials and because
      granular perlite filling is rather easy which results in short-time
      installation.
PAR  However, in a cryogenic tank, a well-known phenomenon of perlite compaction
      is caused by the falling-down of perlite due to the differences in thermal
      and mechanical behavior between the inner tank and the outer tank during
      cool-down, operation, and warm-up. The perlite compaction results in
      lateral pressures acting on the tank walls, that is, internal pressure on
      the outer tank wall and external pressure on the inner tank wall, the
      latter of which might cause a disastrous collapse of the tank.
PAR  In order to minimize the lateral pressures, some measures have been devised
      and applied with good success so far. For example, the resilient blankets
      are installed on the tank walls to absorb the behavior differences between
      the inner and outer tanks, and to prevent the falling-down of perlite to
      some degree.
PAR  However, it is still evident that there can be no fundamental
      countermeasures to the perlite compaction, so far as perlite is filled in
      all of the gap between the inner and outer tanks.
PAR  When a fibrous material, such as glass wool, is filled in the gap between
      the inner and outer tanks, or when a cellular material, such as urethane
      foam, is filled in as well, the sidewall insulation can be installed in
      such a way that there occur no heavy lateral pressures on the tank walls.
      Differing from the perlite insulation, the cellular insulating material
      does not fall down in spite of the behavior differences between the inner
      and outer tanks.
PAR  However, in this case, perfect installation of the insulation is hardly
      possible, and in almost all cases imperfections of insulation will occur.
      Voids in materials, channels between materials are typical of these
      imperfections.
PAR  Once the imperfections appear, a certain amount of heat is transferred from
      the outer tank wall to the inner tank wall through them, and accordingly
      spots of the outer tank wall might be cooled down to such a critical low
      temperature where the outer tank material breaks due to low temperature
      brittleness.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, there is provided a sidewall insulation system
      for a double-walled cylindrical crogenic tank, which gives structural
      stability to the tank and insulation system it self, eliminates chances of
      cold spot occurrence, while still maintaining good insulating effects.
PAR  The invention will be illustrated and explained further in connection with
      the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of a sidewall tank insulation of this
      invention in one form.
PAR  FIG. 2 is a sectional view of another form of the sidewall tank insulation
      of this invention.
PAR  FIG. 3 is a sectional elevational view of another embodiment of the
      sidewall tank insulation of this invention.
PAR  FIG. 4 is a perspective view, partially broken away, of the detailed
      installation of the fibrous insulation scheme of FIG. 1.
PAR  FIG. 5 is a perspective view, partially broken away, of another form of the
      invention showing detailed installation of the cellular insulation.
PAR  FIG. 6 is a perspective view, partially broken away, of the detailed
      installation of granular insulation employing the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In all of the figures, like reference numerals designate like elements. An
      outer tank has a cylindrical sidewall 1, a dome-shaped roof 2, and a flat
      bottom 3. The inner tank has a cylindrical sidewall 4, an inner tank roof
      5, and at 6 is an inner tank flat bottom. The roof insulation is shown at
      7, the bottom insulation at 8. A gaseous space is identified at 9. 10 is
      fibrous insulating material, and 11 is a surface sealing sheet. 12
      comprises a vertical anti-convective barrier, and 13 a horizontal
      anti-convective barrier. 14 comprises cellular insulating material, and 15
      the black surface finish. Contraction joints 16 lie between cells. In
      FIGS. 3 and 6, granular insulating material is designated at 17 and at 18
      is black surface finish of the rigid partition plates 19. Plates 19 are
      coupled by way of supports 20 via pin junctures 21 and 22, juncture 21
      associated with vertical column 23. In FIG. 3, bottom plate 24 underlies
      the granular insulating material 17.
PAR  In FIGS. 1 and 4, the cryogenic tank is of the double wall type, consisting
      of a cylindrical outer tank with dome roof 2 and a cylindrical inner tank
      4 with dome roof or flat deck 6, which roof 5 and bottom 6 are insulated
      with conventional insulating materials. The roof 5 is insulated with
      granular or fibrous or cellular material, and the bottom 6 is insulated
      with cellular or wooden or concrete materials which have sufficient
      strengths to bear the inner tank and liquid weights; normally 10 to 50
      Kg/cm.sup.2 of allowable compressive strength for the annular part and 2
      to 5 Kg/cm.sup.2 for the part within the annular part.
PAR  The tank is erected on a foundation suitably protected from soilfreezing
      and is anchored stably.
PAR  The sidewall insulation consists of an insulating layer indicated generally
      at 25 on the outer surface of the inner tank sidewall 4, and a gaseous
      space 9.
PAR  The insulating layer is installed uniformly, closely as far as possible so
      that chances of cold path occurrence are minimized, and so that chances of
      voids in insulation are minimized, because any existence of cold paths or
      voids causes heat convection losses, and such decreases insulating
      effects.
PAR  The insulating layer 25 consists of layers of fibrous insulating material
      10, surface sealing sheets 11 colored black, vertical anti-convective
      barriers 12, and horizontal anti-convective barriers 13.
PAR  The fibrous material layers 10 are installed by suitable mechanical methods
      on the inner tank sidewall 4, with fiber direction horizontal so as to
      restrict the internal gas convection as little as possible. The pack
      density of the fibrous material is recommended to be 16 Kg/m.sup.3 or
      larger and the thermal conductivity to be 0.03 Kcal/m.sup.2 h or smaller.
PAR  The surface sealing sheets 11 are spread over the surface of the fibrous
      insulating layer, which prevent the mutual convection of gas between the
      insulating layer and the gaseous space 9. Once the said mutual convection
      of gas is allowed between them, the heat loss will increase to a great
      degree.
PAR  The top end of each surface sealing sheet 11 is provided with a horizontal
      gap 9b, which allows a slight transfer of gas so as to adjust the
      difference between the gas pressure in the gaseous space 9 and the gas
      pressure in the insulating material 10, the latter of which changes
      rapidly especially when the tank is cooled down at the start-up operation.
PAR  In spite of the said horizontal gaps 9b in the surface sealing sheets 11,
      the said mutual convection of gas is restricted to a small degree, for the
      surface sealing sheets are kept gas-tight. The surface sealing sheets 11
      are colored black, which accelerates the radiative heat transfer across
      the gaseous space 9 from the outer tank sidewall 1 to the insulating
      layer, and, on the contrary, diminishes the convective heat transfer.
PAR  The inner surface of the outer tank sidewall 1 should be colored black or
      blackish.
PAR  Simply speaking, the radiative heat transfer qr between the facing planes
      is given as, q.sub.r = 4.88/1/0.9 + 1/0.9 - 1 T.sub.1 /100 .sup.4 -
      T.sub.2 /100 .sup.4 (Kcal/m.sup.2 h)
PAR  Supposing that the radiative absorptivities of the both planes be 0.9,
      then; qr = 3.99 T1/100 .sup.4 - T2/100 .sup.4 (Kcal/m.sup.2 h) where; T1
      and T2 are the absolute temperatures (.degree.K) of the outer tank
      sidewall 1 and the sealing sheets 11, respectively.
PAR  If both facing planes are polished and their radiative absorptivities are
      0.1, the radiative heat transfer qr' will be, qr' = 0.257 T1'/100 .sup.4 -
      T2'/100 .sup.4 (Kcal/m.sup.2 h).
PAR  Then, as the maximum heat transfer q across the gaseous space 9 by
      radiation is decided depending on the thermal properties of the insulating
      layer, (T1 - T2) is much smaller than (T1' - T2').
PAR  Thus, by accelerating the radiation across the gaseous space 9, the
      difference of temperature between the outer tank sidewall 1 and the
      surface sealing sheets 11 can be made as small as possible, or, in other
      words, the convection in the gaseous space 9 can be restricted to a small
      degree, for example, less than 10% of total heat transfer.
PAR  This means that there occurs little temperature gradient in the gaseous
      space 9 in any vertical plane and that the lower parts of the outer tank
      side wall 1 gather no dew nor frost on its outer surface.
PAR  The layers of fibrous insulating material 10 are provided with vertical
      and/or horizontal anti-convective barriers 12, 13, which restrain internal
      gas convection in the fibrous material 10.
PAR  The heat transfer, or the heat loss in other words, will be increased by 10
      to 20 percent in case of 60,000 m.sup.3 LNG tank designed with the
      boil-off rate of 0.1 percent per day, unless any anti-convective barrier
      is provided.
PAR  The upper end of each vertical anti-convective barrier 12 is provided with
      a horizontal gap 9a, which allows a slight transfer of gas so as to adjust
      the pressure difference between inside and outside of the barrier 12
      itself.
PAR  The anti-convective barriers 12, 13 also can relax the temperature
      gradients in vertical planes in the fibrous insulating material 10, which
      will be, for example, 0.degree.C at the top and -100.degree.C or lower at
      the bottom, if there is no barrier, in the case of the before-mentioned
      60,000 m.sup.3 LNG tank.
PAR  The insulating layer is designed to follow the contracting changes of the
      inner tank sidewall 4 when cooled down. Therefore, if it is adequately
      installed, any defects will not be enlarged after cool-down, but rather
      slight channels or small voids will be eliminated after cool-down.
PAR  The gaseous space 9 separates the inner tank and the outer tank from each
      other. This helps in the safe tank design, for no load is transmitted from
      the outer tank to the inner tank.
PAR  No external lateral pressure, except a slight gas pressure, works on the
      inner tank sidewall 4 and roof 5, and there is no possibility of the inner
      tank buckling.
PAR  The existence of the gaseous space 9 is very effective in eliminating cold
      spots on the outer tank sidewall 1 and roof 2, for cold spots, if any, on
      the surface of the insulating layer can be diffused across the gaseous
      space 9. The gaseous space 9 is filled with dry inert gas or with
      vaporized gas of the stored liquid.
PAR  In case of fires in the neighboring area, the gaseous space works as a
      temporary barrier to protect the insulating layer.
PAR  The gaseous space can also be utilized as a working space when installing
      the insulating layer. Good installation and inspection will be possible.
PAR  In FIGS. 2 and 5, the tank is of the double wall type, and the roof, bottom
      insulations are as explained in FIGS. 1 and 4. The sidewall insulation 25'
      consists of an insulating layer on the outer surface of the inner tank
      sidewall 4 and a gaseous space 9. The insulating layer is installed
      uniformly. The insulating layer consists of blocks of cellular insulating
      material 14, black surface finish 15 and contraction joints 16. The
      cellular material blocks are installed, with resilient contraction joints
      16 both vertically and horizontally inserted, by suitable mechanical
      methods on the inner tank sidewall 4.
PAR  The contraction joints 15 are designed to absorb the vertical and
      horizontal thermal contraction of the inner tank sidewall 4 when
      cooled-down. The contraction joints can be of fibrous material.
PAR  The cellular insulating material blocks are designed to follow the
      contracting movements, both vertical and horizontal, of the inner tank
      side wall 4 when cooled down. Therefore, if they are suitably installed,
      any defects will not be enlarged after cool-down, but rather slight
      defects such as channels at joints, if any, will be eliminated after
      cool-down.
PAR  The surface 15 of the insulating layer is colored black, which accelerates
      the radiative heat transfer across the gaseous space 9 from the outer tank
      sidewall 1 to the insulating layer, and diminishes the convective heat
      transfer, to lessen the temperature gradient in the gaseous space 9 in any
      vertical plane and to eliminate any gathering of dew and frost on the
      outer tank sidewall.
PAR  The gaseous space 9 separates the inner tank and the outer tank from each
      other, and exerts the effects as explained in FIGS. 1 and 4.
PAR  In FIGS. 3 and 6, the tank is of the double wall type, and the roof and
      bottom insulation are as explained in FIGS. 1 and 4.
PAR  The sidewall insulation consists of an insulating layer on the outer
      surface of the inner tank sidewall 4 and a gaseous space 9. The insulating
      layer consists of granular insulating material 17, rigid partition plates
      19 with black surface finish 18, supports 20 and vertical columns 23 for
      the rigid partition plates, and the other accessories. The granular
      material 17 is filled in the space, the width of which is kept constant by
      the inner tank sidewall 4 and the rigid partition plates 19 with the help
      of the supports 20 and the columns 23. Thus, as the fallingdown of the
      granular material 17 can be prevented, almost no compaction of the
      granular material 17 will occur, in spite of the difference of behaviour
      of the inner and outer tanks.
PAR  The bottom end of the insulating layer is provided with circumferential
      bottom plates 24. The bottom plates 24, provided with circumferential
      contraction allowance, are fastened to the inner tank so that, when the
      inner tank is cooled down, they follow the thermal contraction of the
      inner tank.
PAR  The bottom plates 24, which are mechanically connected with the rigid
      partition plates 19, carry the whole insulating layer radially along with
      the inner tank when cooled down.
PAR  The vertical columns 23 and the rigid partition plates 19 are not clamped
      to each other, but they are designed to allow slight mutual movements so
      that, when the inner tank is cooled, the thermal contractions of the inner
      tank sidewall, both in vertical and circumferential directions can be
      absorbed. The plates are shown in FIG. 6 as vertically slidable within
      columns 23 which are H-shaped in horizontal cross-section.
PAR  The horizontal supports 20 are attached at intervals and hold the vertical
      columns 23 at a constant distance from the inner tank sidewall 4. The
      supports 20 are made of rigid materials of low thermal conductivity. The
      supports are connected with the vertical columns 23 and with the inner
      tank sidewall 4 by pin junctures 21 and 22.
PAR  The outer surfaces 18 of the rigid partition plates 19 are colored black,
      which accelerate the radiative heat transfer across the gaseous space 9
      from the outer tank sidewall 1 to the insulating layer, and diminish the
      convective heat transfer, to lessen the temperature gradient in the
      gaseous space 9 in any vertical plane and to eliminate the gathering of
      dew and frost on the outer tank sidewall 1.
PAR  The gaseous space 9 separates the inner tank and the outer tank from each
      other, and exerts the effects as explained in FIGS. 1 and 4.
PAR  If the insulating layer is installed on the inner surface of the outer tank
      sidewall 1, differing from this invention, and the gaseous space 9 is
      located between the inner tank sidewall 4 and the insulating layer, the
      insulating layer will be influenced by ambient conditions, such as wind,
      sunshine, fire, and possibilities of voids or channels in the insulating
      material near the inner surface will grow, for the outer tank sidewall 1
      does not contract while the inner surface of the insulating layer
      thermally contracts after cool-down.
PAR  Furthermore, in this case, it will lead to an enormous heat loss and an
      enormous evaporation loss of the stored liquid to send out or in the low
      temperature gas or warm gas, respectively, from or to the cryogenic
      gaseous space for adjusting the gas pressure between the inner and outer
      tanks.
PAR  In this invention, as the gaseous space 9 is located just inside the outer
      tank sidewall 1, where the gas temperature is always warm, the adjusting
      of the gas pressure does not cause any heat loss or any evaporation loss
      of the stored liquid.
PAR  The bottom of the gaseous space 9 may be filled with granular insulating
      material in order to prevent the annular part of the outer tank bottom 3
      from getting cooled to sub-zero temperature, in precaution of abnormal
      troubles of breaks of the insulating layer.
PAR  The top of the gaseous space 9 may be closed by any suitable horizontal
      partition in order to restrict the gas convection.
PAR  This invention can be applied, not only in the above-said double wall type
      tanks with dome roof or with flat deck, but also in spherical double shell
      tanks, or in spheroidal double shell tanks, or in any other double shell
      tanks.
PAR  In this invention, the outer tank and the inner tank are quite independent
      from each other, except for supporting parts such as the tank bottom 3, 6,
      and except for nozzle connections, and therefore structural stability is
      assured.
PAR  In this invention, the gaseous space 9 is located between the outer tank
      sidewall 1 and the insulating layer installed on the outer surface of the
      inner tank sidewall 4. This exerts good effects thermally and structurally
      as above explained.
PAR  In this invention, the outer surface of the insulating layer is colored
      black or blackish. This exerts good thermal effects as above-explained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a cryogenic storage tank or the like comprising spaced, sealed inner
      and outer tank sidewalls with insulation between respective sidewalls, the
      improvement wherein: said sidewall insulation comprises thermal insulation
      material on the outer surface of the inner tank sidewall and a gaseous
      space between said outer tank sidewall and said insulating material, and
      means forming a blackish surface on said insulating material facing the
      spaced outer tank sidewall.
NUM  2.
PAR  2. The tank as claimed in claim 1, wherein said thermal insulation
      comprises at least one layer of cellular insulating blocks having black
      surfaces thereon facing said outer sidewall.
NUM  3.
PAR  3. The tank as claimed in claim 1, wherein said thermal insulation
      comprises rigid partition plates spaced from said inner tank sidewall with
      the blackish outer surface of said plates facing said outer tank sidewall
      and said granular material being captured between said partition plates
      and said inner tank sidewall.
NUM  4.
PAR  4. The tank as claimed in claim 3, wherein a plurality of circumferentially
      spaced, vertical H-shaped columns extends vertically upwards between said
      inner and outer tank sidewalls and said rigid partition plates are
      slidably mounted within the channels formed by said columns in vertically
      stacked arrays to permit said rigid partition plates to shift vertically
      in response to temperature changes.
NUM  5.
PAR  5. The tank as claimed in claim 1, wherein said thermal insulation
      comprises at least one layer of fibrous insulation material and said means
      forming said blackish surface comprises black surface sealing sheet
      material on the surface of said fibrous insulation material facing said
      outer tank sidewall.
NUM  6.
PAR  6. The tank as claimed in claim 5, wherein said tanks are cylindrical and
      said thermal insulation comprises multiple radial and axial layers
      separated by vertical and horizontal anticonvection barriers.
NUM  7.
PAR  7. The tank as claimed in claim 5, wherein said thermal insulation material
      comprises vertically stacked blocks of fibrous material in multiple layers
      between said inner and outer tanks, and said tank further comprises
      vertical anti-conductive sheet barriers between said layers of blocks and
      horizontal anticonductive sheet barriers between vertically stacked
      blocks, said blocks and said vertical barriers are separated vertically,
      and black surface sealing sheet material is in the form of vertically
      spaced sheets conforming in height to said blocks and said vertical
      anti-convection sheet barriers to form vertically spaced, horizontal gaps
      leading from the vertical gap existing between the outer wall and said
      black surface sealing sheet material to said inner tank sidewall to permit
      limited transfer of gas to prevent gas pressure variance between said
      inner and outer tank sidewalls when the tank is cooled down during
      start-up operation.
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ABST
PAL  A foraminous basket is provided for use in washing and drying eating
      utensils in large volume dishwashers such as found in restaurants,
      institutions and the like. The basket is formed with a plurality of
      compartments for sorting the utensils prior to washing. Hinged covers are
      provided for closing the compartments and a handle is furnished on the
      covers for lifting the basket from a horizontal loading position to an
      upright washing position. Legs are provided for drainage purposes and for
      handle clearance when baskets are stacked on one another.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to dishwashing equipment and more
      particularly is directed towards a portable basket for pre-soaking and
      washing eating utensils in an institutional dishwashing machine.
PAR  2. Description of the Prior Art
PAR  Large volume dishwashing machines of the sort employed by restaurants,
      institutions and other eating facilities, usually involve a conveyor which
      carries dishes, pots, pans, utensils, etc., through various washing and
      drying stages on a continuous or batch basis. While the washing of dishes
      and similar large objects is generally satisfactory, the washing and
      handling of eating utensils heretofore has certain disadvantages. In
      practice, washing machines of this type are provided with a number of
      simple openwork baskets of plastic, stainless steel mesh or the like in
      which the utensils are placed in a somewhat random fashion. The baskets
      are usually carried through the machine in a horizontal position and, when
      they have gone through a washing and drying cycle, the utensils are picked
      individually from the basket and placed in separate receptacles ready for
      use. This practice and associated equipment has several drawbacks. First
      of all, simple shallow baskets do not support the utensils in a way that
      insures complete washing and drying of the utensils, particularly if a
      large number of utensils are in the basket. Secondly, if the utensils have
      been placed in the basket in a random fashion and subsequently sorted
      after having been cleaned, excessive handling of the utensils occurs when
      they are sorted. This, of course, is not desirable from the standpoint of
      cleanliness and is also time consumming.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved basket for washing eating utensils in institutional dishwashing
      machines. Another object of this invention is to provide a utensil basket
      for large volume dishwashers which provides pre-sorting of the utensils
      and supports the utensils in an upright position for optimum washing
      action.
PAC  SUMMARY OF THE INVENTION
PAR  This invention features a utensil basket for a commercial or institutional
      dishwasher, comprising a foraminous basket formed with a plurality of
      adjacent compartments for pre-sorting utensils when the basket is resting
      in a horizontal open position. Hinged doors are provided on the basket
      adapted to close the compartments prior to placing the basket in the
      washing machine. Once the basket is loaded, it is placed in an upright
      position so that the utensils will be carried vertically through the
      machine for optimum washing and drying action. Legs on the basket provide
      clearance with handles on the doors, whereby a number of baskets may be
      stacked one upon another for storage and transportation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of a utensil basket made according to the
      invention,
PAR  FIG. 2 is a view in end elevation thereof,
PAR  FIG. 3 is a view in perspective showing the basket with the doors open,
PAR  FIG. 4 is a view in side elevation showing the basket in a washing
      position, and,
PAR  FIG. 5 is a view in end elevation showing a plurality of stacked baskets.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the reference character 10 generally
      indicates a utensil basket having particular utility in pre-sorting and
      washing eating utensils in an institutional dishwashing machine. The
      basket is of openwork construction and may be fabricated from a variety of
      materials such as stainless steel wire mesh, for example, or it may be
      molded from a suitable high temperature plastic of foraminous
      configuration. The basket is portable and typically may be about 16 inches
      in length, perhaps 10 inches in width with a depth of perhaps 5 inches.
      Obviously the dimensions are only by way of example and may be varied as
      desired. The basket is provided with legs 12, one at each corner and of a
      length of perhaps 11/2  inches and together with handles 14 and 16 on the
      top thereof provide an overall height of perhaps 81/2  inches.
PAR  In the illustrated embodiment, the basket is fabricated from stainless
      steel 3/8 inch mesh and includes a frame formed by struts 18 and
      cross-pieces 20 welded or otherwise joined to the basket. The basket of
      the illustrated embodiment is formed with four adjacent compartments 22,
      24, 26 and 28 adapted to hold, respectively, forks, knives, teaspoons and
      soup spoons which are sorted by the bus boy, for example, prior to placing
      the basket in the washing machine. If a greater variety of utensils is
      being employed obviously the number of compartments may be increased. Each
      compartment typically is perhaps 4 inches wide and otherwise extends the
      length and depth of the basket. The compartments are open at their upper
      ends when the basket is in the horizontal loading position of FIG. 3. Each
      compartment is formed by side walls 30 and 32 which taper towards a
      rounded bottom wall 34 to define a wedge-shaped clearance 36 between
      adjacent compartments. The compartment walls are preferably of the same
      construction which in the illustrated embodiment is an open mesh stainless
      steel to allow water jets to pass freely through the basket for maximum
      washing action. The wedge-shaped clearance between adjacent baskets
      further enhances the movement of water jets amongst the utensils and also
      aids in the circulation of drying air during the drying cycle of the
      machine. The rounded bottom wall 34 facilitates removal of the utensils
      from the individual compartments after the utensils have been washed and
      dried.
PAR  The compartments are also formed with parallel end walls 38 and 40 which
      are substantially perpendicular to the open face and back wall of the
      basket. By forming the end walls 38 and 40 in this fashion, it is possible
      to stand the basket in the upright position of FIG. 4 for reasons that
      will presently appear.
PAR  The open compartments once loaded are closed by means of a pair of covers
      or doors 42 and 44 hinged to the end compartments as shown. Each cover
      typically is dimensioned to span two compartments so that, when closed,
      they will meet in the middle to fully close the basket and prevent
      utensils from falling out when the basket subequently is stood in the
      upright position of FIG. 4. The doors in the illustrated embodiments are
      formed by rectangular frames 46 to which is attached an openwork mesh
      panel 48 through which jets of water may freely pass. The frames 46 are
      attached to the body of the basket by means of a plurality of eyes 50
      attached along the upper outer edge of the end compartments. Each of the
      covers is provided with a handle 14 and 16 which come together in adjacent
      relation when the covers are closed, as best shown in FIGS. 1 and 2. The
      handles are provided to permit the operator, bus boy, waitress, or the
      like, to pick up the entire basket either to set it on edge as in FIG. 4
      when the basket is being delivered into a dishwasher or to transfer the
      basket to a waitress's station or other location once the utensils have
      been cleaned.
PAR  In the illustrated embodiment, the right-hand cover 44 is free to slide
      perhaps 1/2 inch in its hinged eyes 50 in order to lock and unlock the
      covers. The locking mechanism is comprised of a lug 52 located at the
      corner of the cover 44 along the handle edge thereof. The lug 52 is
      adapted to engage a loop 54 formed along the top center edge of the basket
      and projecting slightly above the open side of the basket, as shown. The
      lug 52 is also provided with a shoulder or lip 56 which extends over the
      upper edge of the cover 42 which is closed prior to the cover 44 in order
      that the locking of one cover will at the same time lock the other cover.
      The cover is locked by sliding the right-hand cover 44 transversely for
      1/2 inch and swinging it down shut against the top of the compartments and
      against the previously closed cover 42. The cover 44 then is slid in the
      opposite direction to engage the lug through the loop effectively locking
      both covers in closed position. The covers are opened by reversing these
      steps.
PAR  It will also be noted in FIG. 1 that the covers 42 and 44 are formed with
      solid inserts 58 at the outer corners thereof. The function of the solid
      inserts is to provide support for the legs 12 of other baskets when
      stacked upon one another as suggested in FIG. 5. In this fashion, a number
      of baskets may be stacked in order to allow utensils to be transported on
      carts or trucks, for example. This is particularly useful for catering
      operations and the like. It will be noted that when the baskets are
      stacked the legs 12 have sufficient length to provide clearance for the
      handles of underlying baskets. The legs also serve to maintain the basket
      in a raised position so that the utensils may drain more readily while
      resting on a counter, for example, either before or after being passed
      through a machine.
PAR  When the utensils have been pre-sorted and loaded in the compartments, the
      covers are closed and locked. The basket is then grasped by the handles
      and tilted into the upright position of FIG. 4. In this position, the
      utensils are not piled on one another and stand relatively loosely so that
      jets of water from the washer will produce a better cleaning action than
      if the utensils were lying flat and on top of one another. The drying
      action is also improved when the utensils are in the upright position
      since water will not collect in spoons but rather will drain freely. By
      providing the legs 12, which are flush with the end walls of the basket,
      an effectively wider base is provided to stabilize the basket when in the
      upright position of FIG. 4.
PAR  Once the basket has passed entirely through the machine, it is again
      grasped by the handle and tipped back to its horizontal position. It may
      then be stacked with other clean utensils or transported to a dispensing
      station. Once opened, the waitress can pick up individual knives, forks
      and spoons by the handles in order to maintain an essential sterile
      condition.
PAR  While the invention has been described with particular reference to the
      illustrated embodiment, numerous modifications will appear to those
      skilled in the art. For example, in place of the full doors illustrated,
      the doors may be partial so as to leave open the upper ends of the
      compartments and in this way, remove further obstructions to the flow of
      water against the most soiled portions of the utensils. Also, in place of
      the double cover arrangement, a single, larger cover may be employed.
      Various locking devices other than that illustrated may also be employed
      to advantage.
CLMS
STM  Having thus described the invention, what I claim and desire to obtain by
      Letters Patent of the United States is:
NUM  1.
PAR  1. Apparatus for use in washing eating utensils and the like, comprising:
PA1  a. a foraminous basket formed with a plurality of adjacent compartments
      open to one side of said basket for receiving utensils selectively placed
      therein,
PA1  b. foraminous cover means connected to said basket for movement from a
      closed position across said compartments to an open position, and,
PA1  c. locking means for securing said cover means to said basket,
PA1  d. said basket being formed with a back wall and at least one side wall
      substantially perpendicular to one another whereby said basket may be
      placed on said back wall in a horizontal position for loading and
      unloading said compartments and in an upright position on said one side
      wall for washing,
PA1  e. said cover means including a pair of panels hinged to opposite sides of
      said basket, one of said panels being free to reciprocate over a limited
      distance, said one panel being formed with a lug and a lip at the free
      edge thereof,
PA1  f. a loop formed in said basket in position to be in adjacent registration
      with said lug when said one panel is closed, said lug being engageable
      with said loop by reciprocation of said one panel, said lip extending in
      front of said other panel to lock said other panel in closed position.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said basket includes a plurality
      of legs extending substantially perpendicularly from said back wall at the
      corners thereof.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said cover means is formed with
      solid areas at the corners thereof in position to support the legs of
      another apparatus stacked thereon.
NUM  4.
PAR  4. Apparatus according to claim 2 wherein at least two of said legs are
      substantially co-planar with one of said side walls to stabilize said
      basket when in an upright position.
NUM  5.
PAR  5. Apparatus according to claim 2 including handle means on the side of
      said apparatus opposite said back wall said handle means being shorter
      then the said legs.
NUM  6.
PAR  6. Apparatus according to claim 1 including handle means on the side of
      said basket opposite said back wall.
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ABST
PAL  An apparatus for receiving a large quantity of green tobacco leaves in bulk
      form with an intermediate screen separating portions of the leaves along
      the entire length of the container and with a plurality of independent
      support rods for supporting the tobacco leaves in generally vertical
      position while the leaves are being cured. The tobacco container is open
      at one side only during filling and is open at the top and bottom only
      during the curing process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to apparatus for processing and curing
      tobacco leaves and relates particularly to a container which receives a
      large quantity of randomly oriented green tobacco leaves after which the
      leaves are secured in position and the container is placed in a tobacco
      barn for curing the tobacco.
PAR  2. Description of the Prior Art
PAR  In the past tobacco leaves originally were picked manually and a group of
      the leaves or a hand were oriented so that the stems were together and the
      leaves were all disposed in the same direction, after which the stems were
      lashed together and were hung over a tobacco stick. Subsequently a
      plurality of rows and columns of sticks were placed in a tobacco barn
      where they were treated by heat to cure the green tobacco leaves.
PAR  In order to reduce the tedious drudgery of tobacco harvesting and curing,
      tabacco harvesters were developed such as shown by the patents to Long
      U.S. Pat. Nos. 2,952,370 and 3,215,288 which transport workmen through a
      tobacco field so that such workmen can prime the tobacco plants manually
      and convey the leaves upwardly to a platform where other workmen orient
      the leaves and place the leaves on sticks for curing. In recent years
      several agricultural colleges and universities have conducted extensive
      experiments on the bulk curing of tobacco which included tobacco racks
      that received randomly oriented leaves and after the racks were filled
      such leaves were fixed in position by pin frames having a plurality of
      elongated slender rods to hold the tobacco leaves in position when the
      racks were rotated approximately 90.degree. when placed in a tobacco barn
      so that warm air could flow upwardly through the tobacco leaves for curing
      the same. These bulk tobacco racks had a width less than the length of a
      mature tobacco leaf and were of a size to receive approximately 100 to 150
      pounds of green tobacco leaves so that one or two workmen could place the
      racks in two or three vertically spaced tiers within a barn for curing the
      leaves.
PAR  Some effort has been made to provide a harvester for automatically
      defoliating some of the leaves of a tobacco plant within a predetermined
      range above the ground. Some examples of this type of tobacco harvester
      are the patents to Wilson U.S. Pat. Nos. 2,816,416, 2,834,173 and
      3,083,517; Suggs et al. U.S. Pat. No. 2,834,174; Splinter U.S. Pat. No.
      3,093,949; Pickett et al. U.S. Pat. No. 3,507,106; and Alphen et al. U.S.
      Pat. No. 3,695,014.
PAR  With the advent of the automatic defoliating tobacco harvester, additional
      efforts were made to advance the art of handling the tobacco leaves by
      providing larger racks which could accommodate a substantially increased
      capacity and which could utilize power equipment such as an overhead hoist
      for placing the racks within a barn for curing. An example of this type of
      apparauts is disclosed in the Long U.S. Pat. No. 3,834,137. This structure
      improved the bulk tobacco rack situation by providing an elongated rack
      which formed a column of leaves through which warm air passed to cure the
      leaves.
PAR  In the curing of tobacco leaves in large containers or racks, it is
      especially important to insure the proper airflow throughout the entire
      curing cycle. When the warm air moves upwardly through the column of
      leaves, the lowermost leaves cure first by giving up their water content
      which permits the air to move upwardly through the leaves more easily and
      progressively cure the upper leaves. However, the drying and shrinking of
      the lower leaves sometimes tends to open a passage for air through the
      side of the rack so that the air passes between adjacent racks with the
      result that some of the upper leaves are not fully treated. Additionally,
      as the leaves dry and give up their moisture, such leaves have a tendency
      to bend over or flop as space becomes available due to the shrinkage with
      the result that the bent leaves block the passage of air so that the air
      cannot pass through the upper leaves to cure the same.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied in a bulk tobacco rack or container of a
      large size which is capable of accommodating up to approximately 4,000
      pounds of green tobacco and which can be easily and quickly filled with
      randomly oriented tobacco leaves through an open side of the container.
      After the container is filled, the open side is closed and the leaves are
      pinned in position by a plurality of slender rods passing through one side
      and extending to the other side, and the rack is rotated substantially
      90.degree. to form an enclosed hollow tubular column which prevents the
      escape of air through the sides. In the filling position the container is
      open at one side only and in the curing position the top and bottom only
      of the container are open to permit passage of warm drying air through the
      tobacco leaves. The container is substantially wider than normal and at
      least one perforate partition or divider is provided to prevent the leaves
      from flopping over and attaining an attitude which would block the passage
      of air therethrough.
PAR  It is an object of the invention to provide a container for bulk tobacco
      which holds a large quantity of randomly oriented leaves and such
      container is open at one side only during the filling process and is open
      at the top and bottom only during the curing process.
PAR  Another object of the invention is to provide a large rectangular tubular
      container having at least one perforate partition to maintain the tobacco
      leaves in a generally vertical plane.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective illustrating the bulk tobacco container in position
      for receiving tobacco leaves.
PAR  FIG. 2 is an enlarged section on the line 2--2 of FIG. 1.
PAR  FIG. 3 is a section similar to FIG. 2 at a reduced scale illustrating the
      container partially filled.
PAR  FIG. 4 is a section similar to FIG. 3 after the first charge of material
      has been compacted.
PAR  FIG. 5 is a section similar to FIG. 4 illustrating the container
      substantially completely filled but with the side still open.
PAR  FIG. 6 is a perspective of one of the tobacco pins.
PAR  FIG. 7 is a perspective similar to FIG. 1 in which the container has been
      filled and the side of the container has been closed.
PAR  FIG. 8 is an enlarged fragmentary section of a filled container which has
      been rotated to a position for curing the tobacco leaves.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With continued reference to the drawings, a bulk tobacco curing container
      10 is provided having an imperforate wall 11 connected to a pair of
      imperforate end walls 12 and 13 disposed at right angles thereto. The
      corners of the end walls 12 and 13 remote from the side wall 11 are
      connected to each other by braces 14 and 15 to form a substantially rigid
      structure. The lower brace 15 rotatably supports one or more sleeves 16
      which are welded or otherwise attached to a lower side panel 17. The upper
      brace 14 rotatably supports one or more sleeves 18 which are welded or
      otherwise attached to an upper side panel 19.
PAR  Although the walls of the container may be of any desired size, it is
      preferred that the side wall 11 be approximately 9 feet 6 inches long and
      6 feet wide, while each of the end walls 12 and 13 is approximately 6 feet
      long by 3 feet 6 inches wide. The lower side panel 17 is of a length ot
      substantially fill the space between the end walls 12 and 13 and is
      approximately 3 feet 6 inches wide while the upper side panel 19 is of a
      length corresponding to the length of the lower side panel and is
      substantially 2 feet 6 inches wide. The side wall, the end walls and the
      side panels all are constructed of sheet material such as galvanized
      ferrous metal such as sheet steel or may be constructed of sheet aluminum
      or the like.
PAR  A reinforcing frame 20 is provided for supporting and rigidifying the walls
      of the container. A plurality of angle members 21 are provided which
      extend substantially the full length of the side wall 11 and such angle
      members have a first web which is welded or otherwise attached to the side
      wall 11 and a second web which extends outwardly substantially at right
      angles for a purpose which will be described later.
PAR  A cross rod 22 is located generally centrally of the upper edge of each of
      the end walls 12 and 13 and a perforate screen or divider 23 is mounted on
      such rod. If desired the cross rod 22 may be fixed to the end walls 12 and
      13 and the screen 23 can be swingably connected to the rod, or the screen
      23 may be fixed to the rod and the rod swingably connected to the end
      walls 12 and 13. Preferably the screen 23 is constructed of heavy duty
      open mesh material similar to a chain link fence and if desired the lower
      portion of the screen may be hingedly connected to the upper portion so
      that the screen may be easily bent intermediate its ends, as illustrated
      in FIGS. 1 and 2.
PAR  When an initial charge of material is being placed in the container, the
      screen 23 is moved to a position in which most of the screen is located
      exteriorly of the container, as illustrated in FIGS. 1 and 2. When the
      container is partially filled, the screen 23 is swung to a position within
      the container and overlying the initial charge of tobacco leaves, as
      illustrated in FIG. 3. When the screen is in this position, the tobacco
      leaves are compacted in any desired manner, as by one or more persons
      walking on the screen until the screen is substantially parallel with the
      side wall 11, as illustrated in FIG. 4. Thereafter a second charge of
      green tobacco leaves are piled on top of the screen 23, as illustrated in
      FIG. 5.
PAR  With particular reference to FIGS. 1-5, the side panels 17 and 19 are swung
      about the braces 14 and 15 so that the lower side panel closes the open
      bottom of the container while the upper side panel 19 substantially closes
      the open upper portion of the container while the container is being
      filled. In practice, the container normally is filled while the container
      is being carried by a wagon or other vehicle (not shown) and such wagon
      may have an upstanding baffle board which is substantially coextensive
      with the upper side panel 19 and closes the top of the container.
PAR  After the container has been filled, the side panels 17 and 19 are rotated
      approximately 270.degree. about the lower and upper braces 15 and 14,
      respectively, so that such panels are substantially in alignment with the
      edges closely adjacent to each other and close the open side of the
      container. In order to lock the side panels in this position, each of the
      corners of the lower and upper panels remote from the braces is provided
      with a latching mechanism such as a slide pin 24 which is slidably mounted
      within a pair of spaced sleeves 25 and such slide pin is adapted to be
      moved axially by a handle 26. A socket member 27 is mounted on each of the
      end walls 11 and 12 and such socket member has a pair of spaced openings
      28 of a size to receive the outer ends of the slide pins 24.
PAR  With particular reference to FIGS. 1 and 7, each of the side panels 17 and
      19 is provided with a plurality of rows and columns of openings 32
      arranged in such a manner that each row of openings is substantially
      opposite one of the angle members 21 carried by the side wall 11 when the
      side panels are in the position shown in FIG. 7. In this position a
      plurality of pins 33 are provided for holding the leaves of tobacco in
      fixed position within the container. Each of the pins 33 includes an
      elongated slender substantially straight body 34 having an operating
      handle 35 at one end and a penetrating portion 36 at the opposite end. The
      pins are of a size to pass through the openings 32 in the side panels and
      pass through the tobacco leaves and the screen 23 and terminate adjacent
      to and above the angle members 21 on the side wall 11 so that the pins
      support the weight of the green tobacco leaves when the container is
      rotated to an upright position. In the upright position the inner ends of
      the pins rest on the angle members 21 while the intermediate portions of
      the body 34 of the pins are supported by the screen 23 to prevent the pins
      from sagging under the weight of the tobacco leaves.
PAR  In order to handle the container with power lift equipment, each of the end
      walls 12 and 13 is provided with a pair of bosses 37 having hook or pin
      receiving openings or keyholes 38 for receiving the bridle of the power
      lift equipment. One of the bosses 37 of each of the end walls is located
      generally centrally of the edge adjacent to the side panels 17 and 19 so
      that the container can be lifted from the wagon or other supporting
      vehicle (not shown). The other boss is located generally centrally of the
      top of each end wall so that the power lift connecting member can be
      inserted in the openings for rotating the container substantially
      90.degree. to an upright position for insertion into a bulk tobacco barn.
      In order to assist in inserting the containers into the barn, the bottom
      of each of the end walls 11 and 12 is provided with a pair of spaced
      rotatably mounted wheels 39 for rolling the container along a floor or
      track into the barn.
PAR  In the operation of the device, the container 10 is placed on a supporting
      surface, such as a wagon or the like, with the side wall 11 resting on the
      supporting surface and with the side panels 17 and 19 being rotated
      outwardly to substantially close the top and bottom of the container. As
      illustrated in FIG. 1, when the container is in this position, the side
      wall 11 functions as a bottom and the end walls 12 and 13 and the side
      panels 17 and 19 provide generally vertical walls so that the container is
      open at the top only. Tobacco leaves which are harvested in the field are
      discharged randomly into the container with all of the leaves being
      substantially flat and with the stems of the leaves disposed in a
      multiplicity of directions. Preferably one or more workmen spread the
      first batch of leaves throughout the container and kept substantially
      level as the leaves are being discharged thereinto until the leaves reach
      a height substantially above the central horizontal plane of the
      container.
PAR  At this point the introduction of tobacco leaves into the container is
      interrupted and the screen 23 is rotated to a position overlying the batch
      of leaves. One or more workmen compress the batch in any desired manner,
      as by walking on the screen 23 until the entire screen is substantially
      parallel with the side wall 11, as illustrated in FIG. 4. Thereafter
      another batch of tobacco leaves are discharged into the container until
      the leaves are mounded up above the end walls and the braces 14 and 15 and
      kept substantially level. At this time the container is removed from the
      wagon and the side panels 17 and 19 are swung to a position overlying the
      mounted leaves after which the second batch of leaves are compacted until
      the side panels are substantially parallel with the side wall 11.
PAR  The slide pins 24 are moved outwardly into the openings 28 of the socket
      member 27 to lock the side panels in position. When the side panels are
      locked, the pins 33 are inserted through the openings 32 in the side
      panels and such pins are caused to penetrate the tobacco leaves and pass
      through the screen 23 to a position slightly above the angle members 21.
      When the pins 33 are in place, the container 10 is rotated substantially
      90.degree. onto the wheels 39 and the container is rolled into a bulk
      tobacco barn. In this position the top and bottom only of the container
      are open and the leaves of tobacco are supported by the pins 33 which in
      turn are supported by the angle members 21, screen 23, and the openings 32
      in the side panels 17 and 19. If desired, a resilient seal may be provided
      between adjacent containers so that all of the air within the barn is
      forced to move upwardly through the hollow rectangular tubular container.
      While the tobacco leaves are being dried and cured, the screen 23 prevents
      the leaves from flopping over and blocking the passage of air through the
      container.
CLMS
STM  I claim:
NUM  1.
PAR  1. Container apparatus for receiving and supporting sheet-like articles
      comprising an elongated side wall, an end wall connected to each end of
      said side wall, first and second side panels swingably supported by said
      end walls in spaced relationship with said side wall, said side wall being
      selectively locatable in a first generally horizontal position and a
      second generally vertical position, said side panels being selectively
      located in a first position for closing the top and bottom of the
      container apparatus and a second position for closing the side of said
      container apparatus opposite said side wall, said articles being
      introduced in a randomly oriented manner generally parallel with said side
      wall when said side wall is in said first generally horizontal position,
      means for holding said articles in substantially fixed position when said
      panels are in side closing position, whereby said articles are introduced
      into said container apparatus in said first generally horizontal position
      and are retained in the same relative position when said container
      apparatus is moved to said second generally vertical position.
NUM  2.
PAR  2. A container for receiving tobacco leaves in a first position while the
      leaves are being harvested and for holding the leaves in a second position
      while the leaves are being cured, said container comprising an elongated
      wall having a plane positioned generally horizontally while the container
      is being filled thereby providing a bottom wall, a pair of end walls
      connected to said elongated wall and extending outwardly therefrom, at
      least one partition selectively mounted within said container, said
      partition being carried by said end walls and disposed generally parallel
      with the plane of said elongated wall after a first batch of leaves less
      than the capacity of the container is introduced into the container in a
      randomly oriented haphazard manner with at least most of the leaves in
      generally horizontal planes, said partition substantially covering the
      first batch of leaves so that a second batch of leaves subsequently may be
      placed on said partition in a randomly oriented haphazard manner, and pin
      means engageable with said partition and extending through said first and
      second batches of leaves to hold the tobacco leaves within the container
      in fixed position, whereby when said container is filled it is rotated so
      that the plane of said elongated wall is positioned generally vertically
      thereby providing a side wall, said partition supports said pin means and
      said pin means supports the weight of the leaves while said partition
      maintains the leaves in position along generally vertical planes as the
      leaves are being cured by air passing therethrough.
NUM  3.
PAR  3. A container for receiving and treating bulk tobacco leaves comprising an
      elongated imperforate side wall having an imperforate end wall connected
      to each end thereof, a first side panel swingably supported on said end
      walls in spaced relationship to said imperforate side wall, a second side
      panel swingably supported on said end walls in spaced relationship with
      said imperforate side wall, said first and second side panels being
      movable to first positions substantially coextensive with each other and
      generally parallel with said imperforate side wall to provide a
      substantially hollow container which is open at the top and bottom, said
      first and second side panels being swingable to second positions to
      substantially close the top and bottom of the container and to open the
      side thereof for receiving bulk tobacco leaves with randomly oriented
      stems, each of said first and second side panels having a plurality of
      openings, and a plurality of independent pin means of a size to be
      inserted through the openings in said first and second panels to hold the
      tobacco leaves within the container in fixed position.
NUM  4.
PAR  4. The structure of claim 3 including lock means for securing said first
      and second panels in coextensive position to form one side of the
      container.
NUM  5.
PAR  5. The structure of claim 3 including flexible screen means located within
      said container to divide the tobacco leaves therein.
NUM  6.
PAR  6. The structure of claim 5 in which said flexible screen means is
      swingably supported by said end walls and movable from a position
      extending outwardly of said container to a position generally centrally
      thereof.
NUM  7.
PAR  7. The structure of claim 5 in which said screen means is perforated to
      permit said pins to pass therethrough in a manner that the screen means
      supports the intermediate portion of said pin means.
NUM  8.
PAR  8. The structure of claim 3 in which each of said pin means is of a length
      to extend through said first and second panels and entirely through the
      tobacco leaves contained therein to a position adjacent to said
      imperforate side wall, and support means on said imperforate side wall for
      supporting the ends of said pin means when the container is rotated
      substantially 90.degree. to an upright position.
NUM  9.
PAR  9. A container for receiving and treating bulk tobacco leaves comprising an
      elongated side wall having an end wall connected to each end thereof, a
      first side panel swingably supported on said end walls in spaced
      relationship to said side wall, a second side panel swingably supported on
      said end walls in spaced relationship with said side wall, said first and
      second side panels being movable to first positions substantially
      coextensive with each other and generally parallel with said side wall to
      provide a substantially hollow container which is open at the top and
      bottom, said first and second side panels being swingable to second
      positions to substantially close the top and bottom of the container and
      to open the side thereof for receiving bulk tobacco leaves with randomly
      oriented stems, and pin means to be inserted through said first and second
      panels to hold the tobacco leaves within the container in fixed position.
NUM  10.
PAR  10. Apparatus for receiving and treating bulk tobacco leaves comprising a
      container having an elongated imperforate side wall, imperforate end walls
      connected to opposite ends of said side wall and disposed generally normal
      thereto, upper and lower brace means connecting said end walls in spaced
      relationship with said side wall, an upper side panel swingably mounted on
      said upper brace means, a lower side panel swingably mounted on said lower
      brace means, said upper and lower side panels being movable to a first
      position substantially in coextensive abutting relationship and generally
      parallel with said side wall to provide a substantially hollow container
      which is open at the top and bottom, means for locking said upper and
      lower side panels in said first position, said side panels being movable
      to a second position substantially closing the top and bottom of said
      container and opening the side thereof for receiving bulk tobacco leaves
      which are disposed generally parallel with said side wall and have
      randomly oriented stems, each of said upper and lower side panels having a
      plurality of openings extending therethrough, a flexible perforate
      partition having one end swingably supported adjacent the top of said end
      walls, said partition being movable from a position extending outwardly of
      said container to a position generally centrally thereof and parallel with
      said side wall, a plurality of elongated pin means of a length to extend
      through the openings of said side panels and through the tobacco leaves
      and said partition and terminating adjacent to said imperforate side wall
      to hold the tobacco leaves within said container in fixed position when
      the container is rotated to upright position.
NUM  11.
PAR  11. A container for receiving tobacco leaves in a first position while the
      leaves are being harvested and for holding the leaves in a second position
      while the leaves are being cured, said container comprising an elongated
      first wall, a pair of end walls having side edges connected to opposite
      ends of said first wall, an elongated second wall selectively connected to
      the oppositely disposed side edge of each of said end walls and generally
      parallel with said first wall, the plane of said first wall being
      positioned generally horizontally and said second wall being moved out of
      parallel relationship with said first wall to provide an open top
      container while the container is being filled, at least one perforate
      partition, said partition being selectively disposed within said container
      intermediate said end walls and generally parallel with the plane of said
      first wall, said partition being placed within said container after a
      first batch of leaves which is less than the capacity of the container is
      introduced into the container in a randomly oriented haphazard manner with
      most of the leaves being disposed in a generally horizontal plane, said
      partition substantially covering the first batch of leaves so that a
      second batch of leaves subsequently may be placed on said partition in a
      randomly oriented haphazard manner, and a plurality of pin means of a size
      to be inserted through said second wall and through said batches of leaves
      and said partition to hold the tobacco leaves within the container in
      fixed position, whereby when said container is filled it is rotated so
      that the plane of said first wall is positioned generally vertically and
      said pin means support the weight of the leaves while said partition
      maintains the leaves in generally vertical planes as the leaves are being
      cured by air passing therethrough.
NUM  12.
PAR  12. The structure of claim 11 in which said second wall has a plurality of
      openings of a size to receive said pin means.
NUM  13.
PAR  13. The structure of claim 11 including support means on said first wall
      for supporting one end of said pin means.
NUM  14.
PAR  14. The structure of claim 10, including means on said elongated wall for
      engaging said pin means, thereby cooperating in supporting the weight of
      the leaves.
NUM  15.
PAR  15. The structure of claim 10 and an elongated second wall selectively
      connected to said end walls and generally parallel with said first
      mentioned elongated wall, and means on said first mentioned elongated wall
      for supporting one end of said pin means, whereby said pin means extend
      through said elongated second wall and said partition engages said pin
      support means on said first mentioned elongated wall, to support the
      leaves.
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ABST
PAL  An easy opening, hermetically sealed container with a preformed aperture is
      covered by a tape closure having on its outer surface an indicator layer
      which changes color when flexed, thereby indicating whether the closure
      has been handled or tampered with.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of copending patent application Ser. No.
      397,797, filed Sept. 17, 1973, now U.S. Pat. No. 3,896,965.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved tape container closure.
PAR  In recent years containers have been hermetically sealed with easily opened
      tape closures which are affixed over a hole, or aperture, in the container
      wall by heat sealing or a pressure-sensitive adhesive; see U.S. Pat. No.
      3,389,827. The closure has one free end which is easily gripped by fingers
      and pulled so as to separate it from the can. The contents, e.g. fruit
      juice, oil, salt, etc. can then be removed via the exposed aperture.
PAR  This closure provides a good, effective seal and has gained wide acceptance
      for sealing open cans. It is possible, however, to carefully break the
      seal, remove or adulterate the contents of the can, and then replace the
      tape closure, leaving no readily visible traces of the tampering.
PAR  A tape closure having a tamper indicator system which changes color when an
      attempt has been made to remove it with the aid of an organic solvents, is
      disclosed in U.S. Pat. No. 3,680,236. This indicator incorporates a layer
      containing a dye which dissolves and stains the backing when it is
      contacted with an organic solvent such as kerosene or toluene. Such an
      indicator will not function where the tape closure is removed by purely
      mechanical means.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention comprises a modification of tape closures such as those
      described in aforementioned U.S. Pat. No. 3,389,827, the disclosure of
      which is incorporated herein by reference.
PAR  The modified tape closure of this invention has on at least a portion of
      its exposed face an indicator layer comprising a strong, flexible binder
      matrix throughout which are dispersed a solid color-forming material and
      capsules filled with a liquid which includes a dye precursor reactable
      with the color-forming material. If the dye precursor is not itself a
      liquid, it can be dissolved in a suitable solvent. When the closure is
      flexed by force applied to the free end of the closure, the capsules
      rupture and the color-forming material reacts with the dye precursor to
      form a colored dye, indicating the can closure has been tampered with. At
      least a portion of the indicator layer lies in the area intermediate the
      free end of the closure and the near edge of the aperture so that an
      attempt to remove the closure causes a color change in the indicator strip
      before any portion of the aperture is exposed.
PAR  The indicator layer can either be formed as a strip of tape which is
      attached to the back of a conventional tape closure or as a sheet of
      material from which complete can closures are cut. Either embodiment
      allows the production of a convolutely wound roll of sheet material which
      can be subsequently cut into tape closures of any desired size or
      configuration.
PAR  An indicator strip can be formed from a polymeric film backing material,
      e.g., biaxially oriented polyethylene terephthalate film, normally having
      a thickness of about 1 to 3 mils. Other suitable backings include films of
      cellulose acetate, aluminum vapor-coated polyester, cellophane, polyvinyl
      chloride, metal foils, polyurethane-saturated flat stock paper, etc. The
      backing should be chosen so it is adhesive receptive but is not degraded
      or otherwise adversely affected by the binder or its solvents. A presently
      preferred backing material is biaxially oriented polyethylene
      terephthalate film.
PAR  The indicator strip is secured to the tape closure by an adhesive, such as
      an acrylate, rubber-resin or other adhesive commonly used in the
      pressure-sensitive tape art. Hot melt or solvent activated adhesives could
      be used but are more difficult to apply and pressure-sensitive adhesives
      are preferred because of their ease of application. The adhesive should
      bond the backing to the tap closure so that the indicator strip will not
      delaminate from the tape closure when the tape closure is flexed and any
      attempt to pull the indicator strip off the tape closure will activate the
      indicator strip.
PAR  On the exposed side of the backing, opposite the adhesive, is an indicator
      coating comprising a combination of binder resin, reactant materials, and
      perhaps fillers. If allowed to contact each other the reactant materials,
      which comprise (1) a liquid consisting essentially of a dye precursor and
      (2) a color-forming substance, will react to form a dye. The liquid dye
      precursor, however, is encapsulated and separated from the coreactant to
      prevent premature color development. Normally the color-forming substance
      is a finely dispersed solid material; however, it could also be an
      encapsulated liquid. The binder resin should have a high enough tensile or
      Young's modulus that the force exerted to flex the closure tab upon
      opening will rupture the enclosed capsules. Suitable binder resins can be
      selected from the acrylics, polystyrene, polyvinylchloride,
      polyvinylbutyral, polycarbonate, etc.
PAR  In order to provide a system which will insure rupture of the capsules, it
      has been determined empirically that the binder should have a minimum
      Young's modulus, measured at 2% elongation, of 125,000 psi. Binders having
      a significantly lower Young's modulus will deform when the tape closure is
      flexed, so that the capsules will not rupture to release the liquid, and
      hence satisfactory color change does not take place.
PAR  The binder resin is preferably pale or water white, but in any case, it
      should not have a distinct color which would block or otherwise obscure
      the color of the dye formed during flexing of the closures. The resin
      chosen should also be compatible with the backing on which it is coated.
PAR  When the closure is flexed, the capsules rupture, the encapsulated liquid
      is released, and the co-reactants form a dye. One example of a suitable
      color forming combination is nickel rosinate and dithiooxamid derivatives,
      both of which are initially colorless but which react to form a deep
      purple dye. A further example is triphenyl methane leuco and acidic clays,
      which react to form a blue to purple color. Also useful is leuco methyl
      violet, which reacts to form brown. The leuco form of "Malachite Green"
      reacts with tannic acid to form a deep green.
PAR  Suitable liquid-containing microcapsules may be produced by dispersing the
      liquid dye precursor as finely divided droplets in an aqueous,
      water-soluble urea-formaldehyde precondensate solution, and
      acid-catalyzing the precondensate to form urea-formaldehyde polymer,
      around the dispersed droplets. A process for making encapsulated liquid
      materials can be found in U.S. Pat. Nos. 3,516,846 and 3,516,941, the
      disclosures of which are incorporated herein by reference.
PAR  The capsules containing the liquid reactant will generally represent about
      1/3 to 1/2 by volume of the indicator layer. Above one-half by volume the
      capsules represent such a large portion of the indicator layer that it
      simply falls apart when the closure is flexed. As the percentage of
      capsules in the indicator layer is decreased substantially below about 1/3
      by volume, the intensity of the color formed by flexing the closures
      decreases, and removing the tape closure at shallow angles, e.g., about
      45.degree. to 60.degree., does not produce a deep color change. Thus,
      these closures would be subject to careful tampering and are not preferred
      for containers with food items. Such closures could be useful in less
      stringent applications, such as sealing oil containers, etc.
PAR  If desired, a pigment, such as titanium dioxide, may be added to the binder
      to provide a contrasting background and enhance the visibility of color
      changes, increasing the tamper indicator's sensitivity.
PAR  The indicator coating will generally be about 0.5 to 5 mils in thickness,
      preferably about 1 to 3 mils. Coating thicknesses below about 1 mil
      develop less color than heavier coatings when the closure is pulled off at
      a shallow angle. Coatings of 3 to 5 mils and greater are more difficult to
      apply and have a tendency to crack when sharply flexed, thereby reducing
      the intensity of the color change.
PAR  The indicator layer may be either a continuous film or in the form of a
      pattern, such as squares or dots. The indicator can also be applied in the
      shape of a word such as "opened", which would become highly colored when
      the closure is flexed and thereby emphasize that the seal had been
      tampered with.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A further understanding of the invention may be had by referring to the
      accompanying drawing in which like numbers refer to like parts in the
      several views and in which:
PAR  FIG. 1 is a top plan view of a can lid having an aperture covered by a tape
      closure of this invention;
PAR  FIG. 2 is a cross-sectional view of FIG. 1 taken along the section line
      2--2, looking in the direction of the arrows;
PAR  FIG. 3 is an enlarged cross-sectional view of another type of tape closure
      made in accordance with the invention; and
PAR  FIG. 4 is a perspective view of a roll of tape suitable for making can
      closures of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, and initially to FIGS. 1 and 2, can top 10 is
      provided with aperture 12, tape closure 14 overlying can top 10 and
      sealing aperture 12. Closure 14 comprises film backing sheet 26, adhesive
      20 being applied over the lower surface thereof and serving to bond
      closure 14, to can top 10. At the distal portion of closure 14, adhesive
      20 is covered by a small piece of film 19, thereby forming grip tap 18 to
      aid in removal.
PAR  On the upper surface of film backing layer 26 is a layer of binder material
      23, throughout which are dispersed capsules 24 filled with liquid dye
      precursor and finely divided particles of material capable of reacting
      with the dye precursor to form a dye.
PAR  When tab 18 is gripped and pulled upward to remove closure 14 from top 10,
      capsules 24 will rupture, thereby releasing their liquid contents, which
      will react with the solid coreactant to form a dye and thus show that
      closure 14 has been tampered with. Even if closure 14 is thereafter
      reapplied to can top 10, the evidence of the prior opening of the seal
      remains.
PAR  FIG. 3 shows another embodiment of this invention, where the indicator
      layer is incorporated as part of a separate tape construction 21. Layer
      22, comprising liquid-containing capsules 24 in binder 23, is coated on
      and bonded to film substrate 27 to form a laminate. The resulting laminate
      is then adhered to the top surface of film 26 by adhesive layer 28.
PAR  A roll 30 of material suitable for forming the can closure of this
      invention is shown in FIG. 4. A film 26 suitable for forming can closures
      has a strip of indicator material 16 longitudinally adhered to the film.
      Can closures having the desired configuration can be die-cut from roll 30
      and the resulting closure mounted on a can top as shown in FIGS. 1 or 2.
PAR  The invention is further described with reference to the following
      examples. All parts are by weight unless otherwise noted.
TBL                Example 1                                                   
     ______________________________________                                    
     A mixture comprising:                                                     
     ______________________________________                                    
     9.0 parts     of the condensed formaldehyde                               
                   capsules containing derivatives of                          
                   dithiooxamide described in U.S.                             
                   Pat. No. 3,516,941, Example 18,                             
                   having a diameter of about 15                               
                   microns;                                                    
     9.0 parts     nickel rosinate                                             
     13.2 parts    isophthalic-terephthalic acid/                              
                   ethylene glycol copolyester resin                           
                   having a ring and ball softening                            
                   point of 155.degree.C. ("Vitel" PE-200,                     
                   available from Goodyear Chemical                            
                   Co.), diluted to 40% solids with                            
                   a 1:2 toluol-methyl ethyl ketone                            
                   solvent;                                                    
     13.5 parts    methyl ethyl ketone                                         
     ______________________________________                                    
PAL  was gently blended, to prevent capsule rupture, to a uniform consistency
      with an air driven propeller mixer and knife coated at a wet thickness of
      3 mils on 1 mil biaxially oriented polyethylene terephthalate film. The
      coating was dried at 65.degree.C. for 20 minutes to form a dry indicator
      layer between 1 and 2 mils (0.025 - 0.05 mm.) thick.
PAR  A pressure sensitive adhesive was made by milling 100 parts "Kraton" 1101
      block copolymer (an ABA block copolymer where A is 15,000 molecular weight
      polystyrene and B is 30,000 molecular weight polybutadiene) and 85 parts
      "Hercules" S1010, a .beta.-terpene. The blend was diluted with toluene to
      40% solids and knife coated on the film surface opposite the dry indicator
      layer. The film was dried at 65.degree.C. for 20 minutes to evaporate the
      toluene, leaving 15 grains of adhesive per 24 square inches. The coated
      film was adhesively bonded to the upper surface of a can closure similar
      to that disclosed in Example II of U.S. Pat. No. 3,389,827. The indicator
      layer turned deep purple when the closure was removed from a can top even
      at shallow angles.
PAC  EXAMPLE 2
PAR  A closure like that of Example 1 was made using as the coating mixture 18
      parts of the capsules described in Example 1, 9 parts nickel rosinate,
      13.2 parts 40% solids "Vitel" PE200 in a 1:2 toluene:methyl ethyl ketone
      solvent, and 21.6 parts of methyl ethyl ketone.
PAR  The resulting indicator closures give a slightly deeper purple color than
      those of Example 1 when the closures were removed from can tops at shallow
      angles of about 45.degree..
PAC  EXAMPLE 3
PAR  A closure like that of Example 1 was made using a coating comprising
TBL  18  parts    capsules of Example 1                                        
     18  parts    nickel rosinate                                              
     15  parts    35% solids "Vitel" PE-200 in                                 
                  cyclohexanone; and                                           
     28.8 parts   cyclohexanone                                                
PAL  The resulting indicator closures changed color when removed from can lids.
      When the closures were removed at 45.degree., the color was light purple,
      lighter than in previous examples, although still acceptable.
PAC  EXAMPLE 4
PAR  A family of blends of "Vitel" PE200 and "Vitel" PE207 (the latter being an
      isophthalic-terephthalic acid/ethylene glycol copolymer having a ring and
      ball softening point of 127.degree.C.), each weighing 200 grams, were
      prepared by milling on a two roll rubber mill at about 310.degree.F. for
      about 10 minutes and allowed to cool. The blends were hot pressed at
      375.degree.F. between two sheets of release paper, using a force of 10,000
      pounds, to form sheets about 50 to 65 mils thick.
PAR  Test pieces, conforming to ASTM Test Standard D1708- 66, were stamped from
      the sheets using a standard die. The test pieces were dumbbell-shaped,
      approximately 1.5 inches long .times. 0.625 inch wide in their greatest
      dimension, with a reduced center section 0.876 inch long and 0.187 inch
      wide. Samples h - k were brittle and heated with a warm air gun until the
      polymer started to soften to facilitate stamping. The die-cut pieces were
      stress-relieved in a warm air oven at 150.degree.F., for a sufficient time
      to insure that no residual stress remained from stamping and then
      conditioned for 24 hours at 72.degree.F. and 50% relative humidity.
PAR  The samples were mounted in an "Instron" tensile machine and the jaws
      separated at a rate of 1 inch/minute until break or a 10% elongation was
      reached, whichever occurred first. The average Young's moduli of 3 tensile
      specimens of each blend are given in Table I.
PAR  Blends of resins, corresponding to the samples, were made and used in place
      of the "Vitel" PE200 as a binder resin in making tape closures which were
      otherwise identical to that of Example I. The resulting closures were
      mounted on can lids and removed at three different angles. First, the
      closures were pulled away at a shallow angle, where the angle between the
      adhesive-coated surface of the tape closure and the can lid was about
      45.degree.-60.degree.. Second, they were pulled vertically away from the
      can top at a removal angle of about 90.degree.. Third, the closures were
      doubled back upon theselves and pulled away at a removal angle of about
      180.degree..
TBL                TABLE I                                                     
     ______________________________________                                    
           %" Vitel" PE200                                                     
                       %" Vitel" PE207                                         
                                    Young's Mod. at 2%                         
     Sample                                                                    
           by Weight   by Weight    Elongation                                 
     ______________________________________                                    
     a      0          100            810                                      
     b     10          90            3,360                                     
     c     20          80           12,421                                     
     d     30          70           23,966                                     
     e     40          60           48,358                                     
     f     50          50           71,906                                     
     g     60          40           94,302                                     
     h     70          30           139,168                                    
     i     80          20           156,667                                    
     j     90          10           194,770                                    
     k     100          0           174,496                                    
     ______________________________________                                    
PAR  Closures made with binder compositions h - k produced a deep purple color
      change, even when removed at shallow angles. On the other hand, closures
      made with binder compositions a - g did not give an acceptable color
      change when removed even at angles of 90.degree.-180.degree..
PAR  Further testing of blends in the composition range lying between samples g
      and h established that a ratio of 2:1 "Vitel" PE200:PE207 gave a binder
      composition which gave a light color change when the tape closure was
      removed at a shallow angle and deeper color at 90.degree.-180.degree.
      removal angles. This blend corresponds to a binder having a Young's
      modulus at 2% of about 125,000 psi. Ratios of 3:1 gave a good color change
      even when removed at shallow angles and have a Young's modulus at 2% of
      about 150,000 psi.
PAC  EXAMPLE 5
PAR  Example 1 was repeated, employing the same amounts of capsules and nickel
      rosinate but varying the binder system.
PAR  Binders used were:
PA1  a. 31.5 parts of a 16.8 weight percent solids VYNS (polyvinylchloride
      available from Union Carbide) resin in methyl ethyl ketone, 6.0 parts MEK,
      having a Young's modulus of 280,000 psi;
PA1  b. 35.1 parts of 15 weight percent solids polyvinyl butyral in toluol
      (available as "Butvar" B-76 from Shawinigan Chemicals), 21 parts toluol
      and 6 parts methyl ethyl ketone, having a Young's modulus of 227,000 psi;
      and
PA1  c. 23.4 parts of 22.5 weight percent solids polycarbonate in
      dichloromethane (available as "Rowlux" from Rowland Products), and 18
      parts dichloromethane, having a Young's modulus of 207,000 psi.
PAR  Tape closures made with binders a and c produced a faint lavender when
      pulled from can tops at a shallow angle, the depth and amount of color
      increasing when the closure is pulled off at 90.degree. or more.
PAR  Tape closures made using binder b produced a light purple color when
      removed at 90.degree. and deep color when pulled back upon itself at
      180.degree..
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adhesive tape having particular utility in preparing a sealed
      container comprising in combination a sheet backing material to one face
      of which is firmly adherently bonded a smooth, uniform coating of normally
      tacky and pressure-sensitive adhesive and to the other face of which is
      firmly adhesively bonded an indicator layer comprising a strong flexible
      binder matrix having a Young's modulus at 2% elongation of at least about
      125,000 pounds per square inch, said binder containing dispersed
      throughout, a solid, color-forming substance and capsules containing a
      liquid dye precursor reactable with said color-forming substance.
NUM  2.
PAR  2. The tape of claim 1 where said color-forming solid reactant is nickel
      rosinate and said liquid color former is a dithiooxamide derivative.
NUM  3.
PAR  3. The tape of claim 1, where said binder contains titanium dioxide
      dispersed in the indicator layer.
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PAL  A unitary beverage container lid allows easy opening and drinking therefrom
      without the generation of removable parts. The lid, which may be
      integrally formed with the cylindrical sidewall of the container,
      incorporates a generally dome-shaped central portion incorporating a pair
      of radially projecting abutting ribs. The line defining the adjoining
      edges of these ribs is scored for easy tearing. The dome-shaped central
      portion terminates with a downwardly, inwardly projecting peripheral
      sidewall that is sealed to or integrally formed with the cylindrical
      sidewall of the container. An upstanding arcuate rib with tapered ends
      forms a portion of the terminating region between the central portion and
      the peripheral sidewall and is scored by an arcuate score line.
PAL  Initial depression of a centrally located button on the dome-shaped portion
      of the lid causes the tapered rib to tear from the sidewall of the lid,
      thereby initiating the separation of the two abutting ribs. Further
      depression of the button completes this tearing along the score line of
      the two abutting ribs and the tapered arcuate rib thereby generating a
      pie-shaped drinking orifice in the lid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is a new and useful beverage container lid that
      allows opening and drinking therefrom without the generation of removable
      parts and without the need for external opening devices. Since the time of
      widespread acceptance of the pull-tab for opening beverage containers,
      efforts have been made to solve the undesirable aspect of these pull-tab
      lids; specifically, in their generation of dangerous and unsightly tabs
      after opening the lids. These tabs have been found to cause widespread
      environmental hazards to wild animals as well as posing hazards to people
      when such items are stepped on by bare feet. However, people in general
      have been unwilling to accept the use of external tools to open beverage
      lids, such as the formerly widespread beer can opener and thus the need
      for a unitary beverage container lid with no removable parts and no need
      for external tools had remained unanswered. The present invention is the
      solution to this problem by providing such a lid that is inexpensive and
      simple to manufacture.
PAR  The prior art inventions, since the initial development of the pull-tab
      beverage container lid, have been directed at beverage container lids to
      improve upon this pull-tab arrangement. None of these prior art
      inventions, however, anticipate the present invention, since none of them
      teach the generation of a drinking orifice along a radially projecting
      score line in a dome-shaped region of a beverage container lid.
PAR  More specifically, U.S. Pat. No. 3,262,611, Palmer, teaches the generation
      of two openings in a can lid when the sidewall of the can is manually
      squeezed. By this patent's teachings, the lid is forced into a highly
      convex configuration in order to generate these openings in the can lid.
      The present invention, however, generates a unitary drinking orifice by
      depression of a generally dome-shaped lid into a generally concave
      configuration thereby causing the spreading apart of the lid along a
      radially projecting scored region. The present invention, therefore, does
      not require deformation of the sidewalls of the beverage container as
      taught by this prior art invention.
PAR  U.S. Pat. No. 3,307,746, Edwards, is another patent teaching the opening of
      a can lid without the generation of a removable part. However, this
      invention utilizes a generally rectangular indented central portion of a
      lid that is then raised above the surface of the remainder of the can lid
      to generate orifices in the can lid. This patent does not teach the
      present invention since it requires a pulling and not a pushing operation
      to generate the openings and also because the openings are not generated
      by the spreading apart of a radially projecting score line in a
      dome-shaped lid, but are generated by the rupture of wall seams connecting
      the generally rectangular indented portion of the lid to the remainder of
      the lid.
PAR  Other prior art patents, such as U.S. Pat. Nos. 3,227,324 and 3,246,791,
      both Asbury, and 3,334,775 and 3,779,417, both Klein, disclose a technique
      for generating at least one drinking orifice in a can lid by depression of
      a scored region in the can lid. In all of these patents, the drinking
      orifice, or orifices, in the can lid are pre-scored in the lid and are not
      generated by the spreading apart of a radially projecting score line in a
      dome-shaped lid. Furthermore, all these prior art inventions generate a
      removable part that must be discarded or pushed into the beverage
      container. Both of these alternatives are, of course, undersirable from an
      environmental standpoint. Furthermore, some of these lids are
      objectionable from a health standpoint since they require drinking a
      beverage with a portion of a lid immersed therein that was previously
      exposed to outside contamination.
PAR  Thus, the present invention is a new and useful beverage container lid that
      generates a drinking orifice without the generation of removable parts and
      without the need for external devices. The use of a dome-shaped lid with a
      radially projecting score line terminating with an arcuate score line at
      the region of a sidewall connecting the dome-shaped portion of the lid to
      the beverage container is not taught or suggested by the prior art
      patents. In addition, the use of a centrally located button for depression
      of the dome-shaped lid is not taught or suggested by the prior art
      patents. Furthermore, the use of a pair of radially projecting ribs along
      the radially projecting score line, an arcuate rib along the arcuate score
      line, and a U-shaped rib substantially diametrically opposed to the
      radially projecting pair of adjoining ribs to strengthen and facilitate
      the generation of a drinking orifice is not taught or suggested by the
      prior art patents.
PAC  SUMMARY OF THE INVENTION
PAR  The unitary beverage container lid of the present invention incorporates a
      generally dome-shaped central portion terminating with an inwardly and
      downwardly projecting peripheral sidewall. This peripheral sidewall
      terminates with one end of a cylindrically shaped beverage container and
      is either sealed thereto or integrally formed therewith.
PAR  The beverage container lids of the present invention also incorporate a
      pair of substantially radially projecting abutting ribs extending from the
      central portion of the dome-shaped portion of the lid to near one region
      of the peripheral sidewall of the lid. The region where the abutting ribs
      are joined is scored by a radially extending score line so as to provide
      easy tearing thereof. This score line extends to the peripheral sidewall.
      The dome-shaped lid also incorporates an arcuate rib adjacent to a portion
      of the terminating region between the central portion and the peripheral
      sidewall that perpendicularly joins with the abutting ribs. This arcuate
      rib is bisected by the radially extending score line. This arcuate rib is
      scored by an arcuate score line in the region where it joins with the
      peripheral sidewall.
PAR  Manual depression of a central button in the dome-shaped portion of the can
      lid causes the arcuate score line to rupture and tear. The button
      facilitates application of manual pressure to the lid's central region
      while the initial rupture and tearing of the arcuate score line allows for
      the escape of pressurized gas within the beverage container and also
      allows the radial score line to start tearing at its outward end. This
      tearing continues to radially spread inward along this radial score line.
      The inward projection of the peripheral sidewall also allows the outer
      ends of the abutting ribs to extend below the region of the peripheral
      sidewall as the abutting ribs are spreading apart to form a pie-shaped
      drinking orifice. This allowance of the outer ends of the abutting ribs to
      spread beneath the sidewall is necessitated by the planar radial extension
      of the dome-shaped lid as it is depressed from a dome-shaped configuration
      into a generally concave configuration.
PAR  Furthermore, the present invention incorporates a U-shaped rib extending
      from the central portion of the lid outward to the peripheral sidewall so
      as to provide structural rigidity to the region being manually depressed.
PAR  The combination of the above portions of the present invention forms a
      beverage container lid that is easily opened by manual depression without
      the need for external tools and which generates a well defined drinking
      region. In addition, the generation of the drinking region does not cause
      the formation of removable parts. Furthermore, the drinking orifice is
      safe to drink from due to the abutting ribs and the peripheral arcuate
      tapered rib defining a smooth surface in which to make oral contact.
PAC  OBJECTS OF THE INVENTION
PAR  Therefore, it is a principal object of the present invention to provide a
      unitary beverage container lid that is easy to manually open without the
      need for external tools and which does not generate any removable parts.
PAR  It is another object of the present invention to provide a beverage
      container lid of the above description that may be integrally formed with
      a cylindrical sidewall of a beverage container.
PAR  It is a further object of the present invention to provide a beverage
      container lid of the above character that generates a drinking orifice
      that is safe to drink from.
PAR  Another object of the present invention is to provide a beverage container
      lid of the above character that is inexpensive to manufacture.
PAR  Other objects of the present invention will in part be obvious and will in
      part appear hereinafter.
PAR  The invention accordingly comprises an article of manufacture possessing
      the features, properties, and the relation of elements which will be
      exemplified in the article hereinafter described, and the scope of the
      invention will be indicated in the claims.
DRWD
PAC  THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a top plan view of a unitary beverage container lid of the
      present invention in the closed configuration;
PAR  FIG. 2 is a cross-sectional side view of the unitary lid of FIG. 1 taken
      along line 2--2 of FIG. 1 showing the lid mounted to a beverage container;
PAR  FIG. 3 is a similar cross-sectional side view of the unitary lid as shown
      in FIG. 2, showing the deformation of the lid during opening thereof;
PAR  FIG. 4 is a similar cross-sectional side view of the unitary lid as shown
      in FIG. 2 showing the lid in the open configuration;
PAR  FIG. 5 is a top plan view of the unitary lid of FIG. 1 showing the lid in
      the open configuration;
PAR  FIG. 6 is a cross-sectional side view of a beverage container incorporating
      an alternate embodiment of the unitary lid of the present invention
      showing the integral fabrication of this lid with the sidewall of a
      beverage container;
PAR  FIG. 7 is a partially cut away side view of a beverage container of FIG. 6
      showing the crimping of the open end of the beverage container for receipt
      of a sealing end cap; and
PAR  FIG. 8 is a similar partially cut away side view of the beverage container
      shown in FIG. 7 showing the end cap mounted to the beverage container.
DETD
PAC  DETAILED DESCRIPTION
PAR  As may best be seen in FIGS. 1 and 2, the unitary beverage container lid 20
      of the present invention incorporates a downwardly and inwardly extending
      peripheral sidewall 22. This sidewall incorporates a peripheral rim 24 for
      securing the lid to a cylindrical sidewall 26 of a standard beverage
      container 27. However, as best seen in FIG. 6, the peripheral sidewall may
      be integrally formed with the cylindrical sidewall of a beverage container
      if the unitary lid of the present invention is formed with the cylindrical
      sidewall of the beverage container through use of the deep-drawn
      fabricating method.
PAR  The unitary beverage container lid of the present invention further
      incorporates a dome-shaped central portion 28 that terminates with the
      inner periphery of peripheral sidewall 22. This portion as well as the
      peripheral sidewall are preferably fabricated from metal having a
      thickness of from five to eight thousandths of an inch. The dome-shaped
      portion comprises two radially projecting upstanding abutting ribs 30 and
      32 and an upstanding arcuate tapered rib 34 that extends perpendicularly
      from the outer terminus of the abutting ribs along a portion of peripheral
      sidewall 22.
PAR  The outer edge of the rib terminates with a portion of the peripheral
      sidewall 22 forming an arcuate line 38 therebetween. This arcuate line is
      scored, preferably to two or three thousandths of an inch, so as to allow
      the tearing of this scored region from the peripheral sidewall during the
      opening operation.
PAR  Similarly, a radial line 39 defining the region where abutting ribs 30 and
      32 adjoin is scored. This score line has a linear extension 39a from the
      outward region where the abutting two ribs terminate with the arcuate rib
      out to a point 40 where the outer periphery of the arcuate rib adjoins the
      peripheral sidewall. Thus, at point 40, the arcuate score line 38 and the
      radial score line 39 meet.
PAR  Furthermore, the dome-shaped central portion 28 incorporates a centrally
      located button 42 providing a region in which to apply manual pressure to
      the lid. In addition, a generally U-shaped rib 44 extends from a
      peripheral portion of the button outward toward the peripheral sidewall of
      the present invention. This rib provides structural rigidity to the lid,
      especially during the opening operation.
PAR  The opening operation of the unitary beverage container lid 20 is best seen
      in FIGS. 2, 3, 4 and 5. As shown in FIG. 2 by arrow 46, manual force is
      exerted downward on button 42. This manual force has a vector component
      shown by arrow 47 extending along radial score line 39 that initially
      causes point 40 where score lines 38 and 39 meet to rupture. This
      rupturing thereby generates a region where pressurized gases within the
      beverage container may escape to the outside environment. This initial
      rupture of the junction of the two score lines is best seen in FIG. 3 with
      arrow 48 indicating the direction of escape of the pressurized gases
      within the beverage container to the outside world.
PAR  As also best seen in FIG. 3, the manual depression of button 42 causes the
      dome-shaped central portion to deform from its initial configuration. This
      deformation causes arcuate rib 34 to extend beneath the corresponding
      region in peripheral sidewall 22, which thus allows the planar radius of
      central portion 28 to increase. Since the planar radius of the dome
      portion increases while its area remains constant, an open region is
      necessarily generated. It is this area that defines a drinking orifice 50
      (see FIG. 5). It is thus this initial deformation that causes further
      tearing along score line 38 which in turn allows score line 39 to open
      radially inward. Therefore, as best seen in FIG. 4, continued depression
      of button 42 causes further tearing of tapered rib 34 from peripheral rim
      22 along arcuate score line 38.
PAR  As the arcuate rib tears from the peripheral rim, the radial score line 39
      defining the interface between abutting ribs 30 and 32 continues to tear
      apart starting at point 40 and continuing inwardly toward central button
      42. As best seen in FIG. 5, when the lid is in the configuration shown in
      FIG. 4, a pie-shaped drinking orifice 50 is created between abutting ribs
      30 and 32. This drinking orifice is ideal for drinking therefrom dur to
      its shape allowing the inflow of air at the apex of the pie-shaped orifice
      as well as the flow of beverage from the outer portion of this orifice.
PAR  Moreover, due to the smooth edges defined by the upstanding, inverted
      U-shaped abutting ribs 30 and 32, the drinking orifice 50 is very safe to
      drink from. There are no sharp edges to cause physical injury. It will
      thus be seen that the drinking orifice generated by the present invention
      is similar in shape to the orifice generated by present-day pull-tab lids
      but that the orifice of the present invention has smoother edges than the
      pull-tab lid while generating no removable parts. Thus, the present
      invention eliminates two significant problems with pull-tab lids.
PAR  It should also be noticed that the length of abutting ribs 30 and 32 that
      define drinking orifice 50 may be of different lengths than that shown in
      the preferred embodiment of this invention. Thus, by making these radial
      ribs somewhat shorter in length, a somewhat smaller drinking orifice 50
      could be generated. Furthermore, if more than one pair of abutting ribs
      are scored on central portion 28, two or more drinking orifices may be
      generated during depression of the lid from its normally dome-shaped
      configuration to the general concave configuration. When generating two or
      more drinking orifices, a first plurality of such orifices could define a
      drinking region while a second plurality could define a region for the
      inflow of air into the container during removel of the beverage from the
      container.
PAR  As best seen in FIGS. 6, 7, and 8, a beverage container 27 can be
      fabricated with an integral unitary beverage container lid 20 of the
      present invention. In order to fabricate such a beverage container, it is
      necessary that the unitary lid 20 be formed along with the cylindrical
      sidwall of container 26 in a deep-drawn fabricating process. At the
      present time, such deep-drawn beverage containers are generally
      manufactured from aluminum. This aluminum preferably has a thickness of
      from five to eight thousandths of an inch while the score lines 38 and 39
      of the unitary lid 20 have a thickness of from two to three thousandths of
      an inch.
PAR  As best seen in FIG. 6, the first step in the process of manufacturing such
      a beverage container is the deep-drawing of a piece of aluminum sheet to
      the shape shown in FIG. 6 with the unitary container lid 20 forming an
      integral end cover at one end of the cylindrical sidewall 26. As shown in
      FIGS. 7 and 8, the remaining end 54 is then crimped in order to allow an
      end cap 56 to be sealed thereto. The desired beverage is then placed
      within the open container. Thus, as best seen in FIG. 8, the end cap 56 is
      sealed to the open end of sidewall 26.
PAR  In this manner, a completely sealed and pressurized beverage container 27
      is generated with a unitary beverage lid 20 integrally formed at one end
      thereof. This fabrication technique is thus highly desirable due to the
      economies inherent in such a simple fabrication method.
PAR  Thus, what has been described is a unitary beverage container lid for the
      efficient storing of beverages whether pressurized or non-pressurized. The
      unitary beverage container lid is easily opened with manual pressure
      forming a drinking orifice that is easy and safe to drink from.
      Furthermore, the unitary beverage container lid of the present invention
      generates no removable parts after it is open. In addition, the unitary
      lid may be integrally formed in the fabrication of the beverage container
      and thus can greatly minimize the cost in fabricating such beverage
      containers. Although the lid is preferably fabricated from metal, such as
      aluminum, it should also be noted that it may be fabricated from other
      materials such as plastic. Such lids could be used with similarly
      fabricated beverage containers for storing beverages of a non-pressurized
      nature.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above article without departing
      from the scope of the invention, it is intended that all matter contained
      in the above description or shown in the accompanying drawings shall be
      interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  Having described in invention, what is claimed is:
NUM  1.
PAR  1. A unitary lid for a container having an open end, circular in
      cross-section, comprising:
PA1  A. a peripheral sidewall terminating with and extending downwardly and
      inwardly from the open end of said container;
PA1  B. a dome-shaped central portion, depressable from a first closed position
      to a second open position, terminating at its periphery with the
      peripheral sidewall, said portion incorporating:
PA2  1. at least one radially extending score line terminating at one end with
      said peripheral sidewall; and
PA2  2. at least one arcuate score line extending along a portion of the
      periphery of the central portion and substantially bisected by at least
      one radially extending score line;
PAL  whereby the lid closes the container when the dome-shaped portion is in the
      closed position and opens the container when said portion is depressed
      into said open position, thereby tearing the central portion along said
      score lines and thereby generating a pie-shaped orifice in the region of
      each radially extending score line.
NUM  2.
PAR  2. A unitary lid as defined in claim 1, wherein the central portion further
      comprising a pair of upstanding abutting ribs along each of said radially
      extending score lines whereby the edges of the pie-shaped orifices
      generated when said central portion is depressed into said open position
      have smooth edges for safe drinking therefrom.
NUM  3.
PAR  3. A unitary lid as defined in claim 1, wherein the dome-shaped central
      portion further comprises at least one upstanding arcuate rib adjacent to
      and terminating with one of said arcuate score lines and bisected by the
      corresponding radially extending score line.
NUM  4.
PAR  4. A unitary lid as defined in claim 3, wherein said arcuate rib further
      comprises two tapered ends.
NUM  5.
PAR  5. A unitary lid as defined in claim 1, wherein said central portion
      further comprises a centrally located button to facilitate manual
      depression of said central portion into said open position.
NUM  6.
PAR  6. A unitary lid as defined in claim 1, wherein said central portion
      further comprises a rib having a generally U-shaped extending
      approximately from the center of said central portion and terminating with
      said peripheral sidewall.
NUM  7.
PAR  7. A unitary lid for a beverage container having an open end, circular in
      cross-section, comprising:
PA1  A. a peripheral rim mounted to said open end;
PA1  B. an annular sidewall extending downwardly and inwardly from said
      peripheral rim; and
PA1  C. a dome-shaped central portion, depressable from a first closed position
      to a second open position, terminating at its periphery with the annular
      sidewall, said portion incorporating:
PA2  1. at least one radially extending score line terminating at one end with
      said annular sidewall; and
PA2  2. at least one arcuate score line extending along a portion of the
      periphery of the central portion and substantially bisected by a least one
      radially extending score line;
PAL  whereby the lid closes the container when the dome-shaped central portion
      is in the closed position and opens the container when said portion is
      depressed into a generally concave open position, thereby tearing the
      central portion along said score lines and thereby generating a pie-shaped
      orifice in the region of each radially extending score line.
NUM  8.
PAR  8. A unitary lid as defined in claim 7, wherein said central portion
      further comprises upstanding ribs extending along and adjacent to each
      side of at least one of said radially extending score lines.
NUM  9.
PAR  9. A unitary lid as defined in claim 8, wherein said central portion
      further comprises at least one upstanding rib extending along and adjacent
      to at least one arcuate score line.
NUM  10.
PAR  10. A unitary lid as defined in claim 8, wherein said central portion
      further comprises a centrally located button to facilitate manual
      depression of said central portion into said open position.
NUM  11.
PAR  11. A unitary lid as defined in claim 10, wherein said central portion
      further comprises a rib having a generally U-shape extending from said
      central button outwardly toward said annular sidewall.
NUM  12.
PAR  12. A unitary lid for a beverage container having a cylindrical sidewall,
      comprising:
PA1  A. a peripheral sidewall terminating with and extending downwardly and
      inwardly from a first end of the cylindrical sidewall;
PA1  B. a dome-shaped central portion, depressable from a first closed position
      to a second open position, terminating with the peripheral sidewall, said
      portion incorporating:
PA2  1. A centrally located button to facilitate manual depression of the
      central portion into said open position;
PA2  2. a radially extending score line terminating at one end with said button
      and at a second end with said peripheral sidewall;
PA2  3. U-shaped upstanding ribs radially extending along and adjacent to each
      side of said score line for providing a smooth edge on each side of the
      radially extending score line when the central portion is depressed into
      said open position;
PA2  4. an arcuate score line extending along a portion of the periphery of the
      central portion and substantially bisected by the radially extending score
      line; and
PA2  5. an upstanding arcuate rib adjacent to the arcuate score line and
      bisected by the radially extending score line;
PAL  whereby the lid closes the container when the dome-shaped portion is in the
      closed position and opens the container when said portion is depressed
      into the open position thereby tearing the central portion along said
      arcuate and radial score lines and thereby generating a pie-shaped orifice
      in the region of the radially extending score line.
NUM  13.
PAR  13. A unitary lid as defined in claim 12, wherein said central portion
      further comprises a generally U-shaped rib extending from said central
      button outwardly toward and terminating with said peripheral sidewall.
NUM  14.
PAR  14. A unitary lid as defined in claim 12, wherein said lid is integrally
      formed with said cylindrical sidewall of the beverage container.
NUM  15.
PAR  15. A lid comprising:
PA1  A. a peripheral rim having an outer depending sidewall;
PA1  B. an annular sidewall extending downwardly and inwardly from said
      peripheral rim; and
PA1  C. a dome-shaped central portion, depressable from a first closed position
      to a second, generally concave, open position, terminating at its
      periphery with the annular sidewall, said portion incorporating:
PAR  1.  at least one radially extending score line terminating at one end with
      said annular sidewall; and
PA2  2. at least one arcuate score line extending along a portion of the
      periphery of the central portion and substantially bisected by at least
      one radially extending score line;
PAL  whereby the lid is closed when the dome-shaped portion is in the first
      position, and is opened when said portion is depressed into a generally
      concave configuration, thereby tearing the central portion along said
      score lines and thereby generating a pie-shaped orifice in the region of
      each radially extending score line.
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ABST
PAL  Locking means for a deformable plastic container having a top and bottom,
      such as foamed plastic food containers, which provides a positive closure
      but which does not interfere with stacking of empty containers, said means
      comprising on one part (generally the top) a protruding edge or lip which
      can engage an opening in the second member (generally the bottom), said
      opening being located in an inwardly protruding surface in a sidewall.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Deformable plastic containers, generally foamed, are widely used in the
      food service field where containers are filled at one location and
      transmitted to another location. These normally are either two-piece
      containers where a lid and base member snap together or one-piece having a
      hinged common border and a snap-in feature at the other end.
PAR  Disclosed is an improvement in the locking means by which the top and
      bottom of the container are locked together.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Cyr et al, U.S. Pat. No. 3,633,785 (1972) discloses a foamed-plastic hot
      food container generally similar to one of the containers disclosed herein
      and said patent is incorporated herein by reference. In that patent the
      locking portion on the bottom has a Z-cross section incorporating a
      reverse-tapered sidewall which engages a lip on the top. While this is an
      effective locking system, the reverse-tapered sidewall does not interfere
      with the close stacking of empty containers.
PAR  Other containers of the prior art use "tab" type latching mechanisms.
      Containers having a folding or formed tab type closure can be made to have
      good stacking features, but generally require more time to close. This is
      disadvantageous in most situations, particularly in carry-out fast food
      operations where speed and efficiency are essential. Also, the presence of
      tabs can add to the material required to construct the container without
      adding to its carrying capacity. Furthermore, these tabs are structurally
      weak and vulnerable to being damaged during handling or upon opening and
      closing the containers.
PAR  Another type of container more closely resembling the container of this
      invention is illustrated in FIGS. 10-13. FIG. 10 is a fragmentary
      perspective view of the prior art closure means, viewed from the front of
      the container. Shown is the base 36 of the second member, a sidewall 32,
      the indentation 31 with the lip 34 of the first member engaged, the step
      configuration in the sidewall of the second member forming a rim 37, and a
      sidewall 39 of the first member. It should be noted that the indentation
      31 in the prior art container is located in the top member, whereas in the
      preferred embodiments of our invention the inwardly protruding surface is
      shown in the bottom member. For the sake of clarity, the member having the
      indentation or inwardly protruding surface will be referred to as the
      second member.
PAR  FIG. 11 is a fragmentary bottom view of the same container, also in a
      closed position, showing the base 40 of the first member, the sidewall 39
      of the first member, the lip 34 of the first member, and the indentation
      31 of the second member.
PAR  FIG. 12 is a sideview of the second member viewed from inside the container
      to illustrate the relation between the slot and the indentation. Shown is
      the base 36 of the second member, a sidewall 32, the straight slot 33, and
      the indentation 31.
PAR  FIG. 13 is a fragmentary section taken along line 13--13 in FIG. 12,
      further illustrating the relationship between the indentation, the slot,
      and the sidewall. Shown is the base 36 of the second member, the sidewall
      32, the straight slot 33, the innermost edge 38 of said slot, the rim 37
      formed by the step configuration in the sidewall, and the indentation 31.
PAR  The indentation 31 is generally rectangular in form, measuring
      approximately 0.85 inches in length (parallel to the edge of the second
      member), measuring approximately 0.25 inches in depth (along a line
      between the edge and the base 36), and protruding inwardly 0.13 inches
      (width). The width of the indentation (0.13 inches) measures the maximum
      amount of the indentation available to over-lap and engage the lip of the
      first member to maintain the closure. In other words, once the container
      is in the closed position, the lip of the first member need only be
      displaced inwardly a maximum of 0.13 inches before the container will
      open. Unfortunately, foamed plastic containers cannot always be formed
      with enough precision to take advantage of the entire 0.13 inches of
      overlap. In practice, the lip may only be engaged by one-half this amount
      due to distortion. This deficiency results in a closure which is unstable
      and prone to failure. Furthermore, the amount of overlap cannot be
      increased by increasing the width of the indentation without also making
      an unnecessarily large rim 37 on the second member, which would be
      wasteful of material and more costly. The reason for this is that the
      indentation 31 cannot be inwardly extended beyond the edge 38 of the slot
      33. Any indentation beyond the slot would prevent the container from being
      released from the mold due to the creation of an undercut. (See FIG. 13)
      To avoid this mold release problem, the prior art containers created a
      "step" configuration in the rim 37 of the second member to allow the
      indentation to extend inwardly as far as the "step" extends. (See FIGS. 10
      and 13). This is not a particularly satisfactory solution.
PAR  A further disadvantage of this type of closure is that the generally
      rectangular indentation creates mechanical stresses where the indentation
      merges with the sidewall. The rather well-defined edges and corners are
      structurally weakened and create the possibility of failure when the
      container is repeatedly opened and closed.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to provide a new and useful stackable
      container having a sturdy, secure, quick, and simple snap closure means.
PAR  Broadly, the invention resides in a deformable container comprising first
      and second members; wherein said first member has a protruding edge or
      lip; wherein said second member has a generally flat base and a sidewall
      which is outwardly inclined; and wherein said second member has at least
      one inwardly protruding surface, located on the outwardly inclined
      sidewall, having a void space within which is adapted to receive the
      protruding edge of the first member to effect a snap closure. The inwardly
      protruding surface may extend from the base of the second member to a
      point beyond the void space, which may be a slot, but it is preferred that
      the inwardly protruding surface be extended all the way to the upper edge
      of the sidewall. In this preferred embodiment the inwardly protruding
      surface merges with the upper edge of the sidewall via a generally flat
      surface which is generally parallel to the base of the second member. This
      flat slops gently toward the slot or void space, and provides the closure
      with structural stability as well as a means to guide the lip of the first
      member into the slot or void space.
PAR  More specifically, the inwardly protruding surface may be defined as a
      longitudinal segment of a parabolic cylinder, such that the intersection
      of the inwardly protruding surface with an imaginary plane parallel to the
      base results in a concave line. Similarly, the inwardly protruding surface
      may be defined as a longitudinal segment of a circular cylinder, such that
      the intersection of the inwardly protruding surface with an imaginary
      plane parallel to the base results in a concave line. The radius of
      curvature of the circularly cylindrical surface may range from 0.25 inches
      to 12 inches, depending upon the size of the container and the number of
      inwardly protruding surfaces.
PAR  Most specifically, the container may be produced from a continuous sheet of
      foamed polystyrene.
PAR  In a further aspect the invention resides in a deformable container
      comprising first and second members; wherein said first member has a
      protruding edge or lip; wherein said second member has a generally flat
      base and a sidewall which is outwardly inclined; and wherein said second
      member has at least one inwardly protruding surface, located in the
      outwardly inclined sidewall, having a non-rectangular slot within, said
      slot being able to accept the protruding edge of the first member to
      effect a snap closure.
PAR  More specifically, the slot may be generally concave in shape, such that
      the lip of the first member has initial frictional contact with the apex
      of the slot only, thus allowing the slot to engage the lip more easily and
      quickly.
PAR  More specifically, the inwardly protruding surface may extend from the edge
      of the sidewall of the second member to a point between the slot and the
      base, and gradually merge with the sidewall in such a manner that no
      undercut is present. This is accomplished when the surface of the inward
      protrusion is outwardly inclined at an angle less than that of the
      sidewall (said angle measured from the base of the second member).
PAR  Alternatively, the slot may be generally V-shaped with the point of the V
      (apex) pointing inward. This also will accomplish a quick and easy snap
      closure.
PAR  The advantages of this container over others in the prior art are several.
PAR  First, because the inwardly protruding surface does not create an undercut
      in the sidewall of the second member, the container is easily removed from
      the mold.
PAR  Second, because there are no reverse-tapered sections in the sidewall, the
      container stacks very well.
PAR  Third, because there is no limitation on the extent or width of the inward
      protrusion, the extent to which the slot overlaps the lip of the first
      member can be as great as is necessary to assure that the closure will not
      fail.
PAR  Fourth, because of the concave shape of the inward protrusion and the
      gently curving surfaces where the protrusion merges with the sidewall,
      there are no well-defined corners or edges which may be weakened by
      mechanical stresses. Coupled with the flat surface which merges the
      inwardly protruding surface with the upper edge of the sidewall, this
      design provides a sturdy and durable snap closure.
PAR  Fifth, because of the concave design, the lip of the first member is more
      easily engaged by the slot, resulting in a quicker and more reliable
      closure. As the container is being closed, the lip of the first member
      only makes contact with the apex of the curvature of the inwardly
      protruding surface. This reduces the likelihood of the container not
      closing quickly and easily since there are fewer friction points to
      prevent a proper closure. Once the lip has entered the apex of the slot,
      it simply slides in the rest of the way. This is to be contrasted with the
      rectangular protrusion and the Z-cross section closure means of the prior
      art, which require that the lip be properly aligned along the entire
      length of the slot before the lip will enter the slot.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a perspective view from the bottom of one form of container in
      the locked position.
PAR  FIG. 2 shows a fragmentary bottom view of the container of
PAR  FIG. 3 shows a fragmentary sectional view of the first and second members
      just before the first member "snaps" into the second member.
PAR  FIG. 4 shows the same fragmentary sectional view of FIG. 3, but with the
      first and second members locked in the closed position.
PAR  FIG. 5 shows a fragmentary top view of the container in FIG. 1. FIG. 6
      shows a perspective view of a hinged container using a single locking
      means on the sidewall opposite the hinge.
PAR  FIG. 7 shows a bottom view of the container in FIG. 6.
PAR  FIG. 8 shows a bottom view of a two-piece container having two locking
      means at opposite sides.
PAR  FIG. 9 shows a longitudinal cross-section of the container in FIG. 8.
PAR  FIGS. 10-13 show views of a prior art container. (See Description of the
      Prior Art on page 2).
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Directing attention to the drawings, our invention will be described in
      more detail. It is emphasized that since the essence of this invention
      lies in the snap closure device, the description has been generally
      limited to that portion of the containers illustrated. However, several
      different containers embodying this invention are shown to illustrate some
      of the more preferable possibilities.
PAR  FIG. 1 shows a perspective view of one preferred embodiment of a hinged
      container in the closed position. The hinge (not visible in this view) is
      molded into the container so that the first and second members actually
      leave the mold connected to each other by an integral hinge. Such a
      container is ideal for carrying a variety of foods simultaneously because
      of the compartmentalized second member. Specifically shown are an
      outwardly inclined sidewall 19 of the first (top) member and a protruding
      edge or lip 7 at the extremity of said sidewall. Also shown is the second
      (bottom) member having a generally flat base 1, four outwardly inclined
      sidewalls 2 (two not visible in this view), two inwardly protruding
      surfaces 5 located in an outwardly inclined sidewall, a void space or slot
      13 which engages the lip 7 of the first member to effect a snap closure,
      and a generally flat surface 21, which is generally parallel to base 1,
      which merges the inwardly protruding surface 5 with the upper edge 11 of
      the sidewall. A third inwardly protruding surface 9 provides a thumb grip
      which aides in opening the container, but this surface does not affect the
      functioning of the snap considerably and still be within the scope of this
      invention. It is preferable, however, that the surfaces have gently
      curving lines to prevent stresses from weakening the closure.
      Specifically, the inwardly protruding surface may be defined as a
      longitudinal segment of a parabolic cylinder where the cylinder has been
      segmented by a plane more or less parallel to the cylinder's axis, such
      that the intersection of the inwardly protruding surface with an imaginary
      plane parallel to the base 1 results in a concave line.
PAR  More specifically, the inwardly protruding surface may be defined as a
      longitudinal segment of a circular cylinder, such that the intersection of
      the inwardly protruding surface with an imaginary plane parallel to the
      base results in a concave line. In the preferred embodiments, the radius
      of curvature of the circular cylinder is approximately 1.5 inches. The
      surface protrudes inwardly 0.30 inches at its apex and measures 1.5 inches
      across at the slot (measured parallel to the edge of the sidewall). The
      length of the protrusion depends upon the depth of the container, but
      typically is 1.5 inches.
PAR  FIG. 2 is a fragmentary bottom view of the container in FIG. 1, showing the
      generally flat base 1 of the second member, three outwardly inclined
      sidewalls 2, two inwardly protruding surfaces 5 extending from the base 1
      to the upper edge 11 of the sidewall, the protruding lip 7 of the first
      member engaged by slots 13 in the inwardly protruding surfaces 5, the
      generally flat surfaces 21 which merge the inwardly protruding surfaces 5
      with the upper edge 11 of the sidewall.
PAR  FIG. 4 is a fragmentary section taken along line 4--4 of FIG. 2, which with
      FIG. 3 illustrates the operation of the snap closure. In FIG. 3, the lip
      of the first member is being pressed downward against the generally flat
      surface 21. As further pressure is applied, the lip 7 will force the
      inwardly protruding surface 5 in sidewall 2 outward until the lip reaches
      the slot 13. At this point, the sidewall snaps back to its normal position
      as the lip is thrust into the slot, effecting a snap closure. This closed
      position is illustrated in FIG. 4.
PAR  FIG. 5 is a fragmentary top view of the container of FIG. 1, showing a
      generally flat top surface 18 of the first member, outwardly inclined
      sidewalls 19, a protruding edge or lip 7, two inwardly protruding surfaces
      5, and the upper edge 11 of the sidewalls of the second member (bottom).
PAR  FIG. 6 shows a perspective view of a preferred embodiment having all the
      elements numbered in the previous figures, except only one inwardly
      protruding surface 5 is used as the closure means. This container also has
      an integral hinge along the edge opposite the sidewall having the snap
      closure. This container is ideal for food items such as hamburgers, and
      because of its small size, only one snap closure device is necessary. For
      some containers such as shown in FIG. 1, two or more snap closures are
      preferred. Although not shown, it is within the scope of this invention to
      place the inwardly protruding surfaces in the corners of the container.
      This would be ideal for generally square containers which contain a round
      item such as a hamburger. Such placement would provide maximum use of
      available space and result in a savings in materials.
PAR  FIG. 7 shows a bottom view of a container without a hinge having one snap
      closure on each of two opposite sidewalls of the container.
PAR  FIG. 8 shows a bottom view of a container similar to the container in FIG.
      7, except two snap closure means used on each of two opposite sidewalls.
      These would be necessary for larger containers having heavier loads.
PAR  FIG. 9 is a cross-sectional view along line 9--9 in FIG. 8, illustrating
      the snap closure as detailed in FIGS. 3 and 4. Even though this embodiment
      does not have a hinge, the snap closure operates in an identical manner.
PAR  It will be obvious to those skilled in the art that many variations may be
      made in the embodiments chosen for the purpose of illustrating the present
      invention without departing from the scope thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A deformable container comprising first and second members; wherein said
      first member has a protruding edge or lip; wherein said second member has
      a generally flat base and a sidewall which is outwardly inclined; and
      wherein said second member has at least one inwardly protuding surface,
      located on the outwardly inclined sidewall, having a void space within
      which passes therethrough and is adapted to receive the protruding edge of
      the first member to effect a snap closure.
NUM  2.
PAR  2. The container in claim 1 wherein each inwardly protruding surface
      extends from the base of the second member to a point beyond the void
      space.
NUM  3.
PAR  3. The container in claim 1 where each inwardly protruding surface extends
      from the base of the second member to the upper edge of the sidewall.
NUM  4.
PAR  4. The container in claim 3 where the inwardly protruding surface merges
      with the upper edge of the sidewall via a generally flat surface which is
      generally parallel to the base of the second member.
NUM  5.
PAR  5. The container in claim 4 wherein the inwardly protruding surface may be
      defined as a longitudinal segment of a parabolic cylinder, such that the
      intersection of the inwardly protruding surface with an imaginary plane
      parallel to the base results in a concave line.
NUM  6.
PAR  6. The container in claim 4 wherein the inwardly protruding surface may be
      defined as a longitudinal segment of a circular cylinder, such that the
      intersection of the inwardly protruding surface with an imaginary plane
      parallel to the base results in a concave line.
NUM  7.
PAR  7. The container in claim 6 wherein the radius of curvature of the inwardly
      protruding surface is at least 0.25 inches and not more than 12 inches.
NUM  8.
PAR  8. The container in claim 7 wherein the container is produced from a
      continuous sheet of foamed polystyrene.
NUM  9.
PAR  9. The container in claim 8 wherein there is one inwardly protruding
      surface located on a sidewall opposite an integral hinge joining the first
      and second members.
NUM  10.
PAR  10. The container in claim 8 wherein there is at least one inwardly
      protruding surface on opposite sides of the container.
NUM  11.
PAR  11. The container in claim 8 wherein there is one inwardly protruding
      surface located in each corner of the container.
NUM  12.
PAR  12. A deformable container comprising first and second members; wherein
      said first member has a protruding edge or lip; wherein said second member
      has a generally flat base and a sidewall which is outwardly inclined; and
      wherein said second member has at least one inwardly protruding surface,
      located on the outwardly inclined sidewall, having a non-rectangular slot
      within, said slot adapted to accept the protruding edge of the first
      member to effect a snap closure.
NUM  13.
PAR  13. The container in claim 12 wherein the non-rectangular slot has a
      V-shape, where the apex of the V points generally toward the inside of the
      container.
NUM  14.
PAR  14. The container in claim 12 wherein the non-rectangular slot is a concave
      slot.
NUM  15.
PAR  15. The container in claim 14 wherein the inwardly protruding surface
      extends from the edge of the sidewall of the second member to a point
      between the slot and the base; and wherein the inwardly protruding surface
      gradually merges with the sidewall in such a manner that no undercut is
      present.
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ABST
PAL  A cap locking member for locking a cap in a closed position relative to the
      neck or spout of the can or container to prevent removal or unscrewing of
      the cap by a child and providing a safety factor whereby only an adult can
      unscrew the cap by using both hands. The said cap locking member is
      secured to the top of the can or container and has an upwardly extending
      portion which has a notch or recess with the transversely extending front
      edge thereof engaging the underside of the cap whereby the front edge is
      imbedded into the underside of the cap in such a manner as to prevent
      counterrotation or unscrewing of the cap unless the container is held with
      one hand and with one of the fingers of that hand applying sufficient
      manual pressure to depress the manually engageable portion of the locking
      means to effect disengagement with the cap while simultaneously rotating
      the cap in a counterclockwise direction with the other hand to unscrew
      same. The cap locking member is formed essentially of a spring metal which
      is integrally formed and inexpensive to produce.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is well recognized that certain products are dangerous and harmful to
      children and that unless such products are contained in containers or cans
      with caps which are difficult if not impossible for children to remove
      that there is an ever-present danger that a child can unscrew the cap and
      gain access to the dangerous contents. It is one of the objects of this
      invention to provide locking means for readily locking the cap against
      unscrewing from the neck of the container unless the container is held
      with one hand and with one of the fingers of that hand applying sufficient
      manual pressure to depress the manually engageable portion of the locking
      means to effect disengagement with the cap while simultaneously rotating
      the cap in a counterclockwise direction with the other hand, thus
      requiring the use of two hands simultaneously and with sufficient strength
      applied thereto. With this invention it would be extremely difficult if
      not impossible for a child to operate the cap locking member.
PAR  Another object of this invention is to provide a cap locking member which
      is formed of a spring steel material and which can be readily associated
      with or connected to a conventional metal can or plastic container
      utilizing the conventional closure cap.
PAR  Another object of this invention is to provide a cap locking member which
      is formed of a single stamping and integrally formed, thus making it
      economical to produce, and which may be readily attached to a conventional
      metal or plastic can or container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a top plan view of a container and cap with my invention applied
      thereto.
PAR  FIG. 2 is a side elevational view with a portion of the can or container
      cut away and showing this invention in locking position with respect to
      the cap.
PAR  FIG. 3 is an enlarged top plan view of a portion of FIG. 1.
PAR  FIG. 4 is an enlarged elevational view looking at same from the inside and
      showing the cap in locked position by the cap locking member.
PAR  FIG. 5 is a view taken on line 5--5 of FIG. 3 but similar to FIG. 4,
      showing the cap locking member disengaged or unlocked from the cap.
PAR  FIG. 6 is a perspective view of the cap locking member.
PAR  FIG. 7 is an elevational view and partly in section with the cap locking
      member disengaged from the cap.
PAR  FIG. 8 is a perspective of the underside of the cap.
PAR  FIG. 9 is a perspective view of a modified cap locking member.
PAR  FIG. 10 is a top plan view showing the modified cap locking member in
      position around the neck of the container and in locking engagement with
      the underside of the cap.
PAR  FIG. 11 is a fragmentary view of the modified cap locking member in locking
      position with respect to the cap bead.
PAR  FIG. 12 is a view similar to FIG. 11 but showing the cap locking member in
      unlocked position with respect to the cap bead.
PAR  FIG. 13 is an exploded view partly in section showing the neck or spout of
      the container and the cap with the modified cap locking member surrounding
      the neck or spout and being secured thereto; and
PAR  FIG. 14 is a perspective of a conventional cap taken from the underside
      thereof which may be used with the structure of FIGS. 1 through 7 or FIGS.
      9 through 13.
DETD
PAC  FIGS. 1 TO 8 INCLUSIVE
PAR  FIGS. 1 to 8 inclusive will be first described. The container or can to
      which this invention applies is of conventional character and is formed of
      metal or plastic and is generally indicated at 20. It has the conventional
      body 22 and is closed at the top with a top closure wall 24, the outer
      edge of which is bent upwardly and then over and downwardly and crimped to
      the upper edge of the body 22 to form the conventional rim generally
      indicated at 26. The cap locking member as shown in FIGS. 1 through 8 is
      adapted to be crimped or otherwise permanently secured to the rim 26.
PAR  Extending upwardly of the top closure wall 24 is the conventional
      externally threaded neck or spout generally indicated at 28, which through
      the conventional opening is in communication with the interior of the body
      22. An internally threaded cap generally indicated at 30, made preferably
      of metal, engages the neck or spout 28 for closing same. The bottom of the
      cap terminates in an annular outwardly extending lip or cap bead 32, the
      underside of which has serrations 34, as best shown in FIG. 8.
PAR  The member for locking the cap 30 in closed position, herein referred to as
      the cap locking member, is generally indicated at 36 and is formed of a
      spring steel or spring metal and is shaped to provide a body portion
      generally indicated at 38 which has an outer end 39 which is bent upwardly
      as at 40 and then extends over the rim 26 of the can or container and then
      bend downwardly as at 42 to terminate in an inwardly extending lip 44. The
      portion which extends over the rim is of an inverted U-shaped
      configuration and is crimped to the rim 26 to form a permanent attachment
      thereto. The body portion 38 is substantially flat and rests against the
      top wall 24 of the container and extends inwardly of the rim toward the
      neck or spout of the container.
PAR  The inwardly extending body portion 38 has an inner arcuate-shaped edge 46
      which is concentric with the annular neck or spout 28 and said
      arcuate-shaped edge 46 abuts against the annular neck or spout. The body
      portion 38 has an upwardly extending portion 47 which then continues
      forwardly in a substantially horizontal portion 48, which horizontal
      portion is the manual engaging portion of the cap locking member. The
      horizontal portion 48 has a rounded outer edge 49 and an inner edge 50
      which continues laterally to form a transversely extending front edge 52
      having a pointed end 54. The transversely extending front edge 52 is
      inclined but is approximately at right angles to the longitudinal axis of
      the upwardly extending portion 47 and forms with the inner edge 50 a cap
      engaging notch or recess generally indicated at 56 which is adjacent the
      neck or spout of the container. A portion of the arcuate-shaped edge 46
      extends upwardly as it is part of the upwardly extending portion 47.
PAR  As the cap 30 is screw-threaded into engagement with the neck or spout 28
      of the container the lower lip or cap bead 32 of the cap rides in the
      notch or recess 56 of the cap locking member 36 and a portion of the
      transversely extending front edge 52 and pointed end 54 extend into the
      bottom of the cap and engage the underside of the lip or cap bead 32. As
      the cap is screwed down into sealing position, the upwardly extending
      portion 47 is slightly depressed and the front edge 52 imbeds itself into
      the underside of the cap and locks the cap in a closed position to prevent
      counterclockwise rotation of the cap. While the upwardly extending portion
      47 is slightly depressed it will exert an upward pressure sufficient for
      the front edge 52 to forcibly engage the underside of the lip or cap bead
      32 to firmly lock the cap to the cap locking member 36.
PAR  Before the cap can be unscrewed from the neck or spout, a person having
      sufficient manual strength must hold the container with one hand and with
      one of the fingers of that hand apply a downward pressure on the
      horizontal portion 48 of the cap locking member 36 so that the
      transversely extending front edge 52 and point 54 engaging the underside
      of the cap is disengaged from the underside of the cap, and with this
      downward manual pressure being held by finger of that one hand, the other
      hand is needed to rotate the cap in a counterclockwise rotation to unscrew
      the cap from the neck or spout end of the container. It thus requires the
      use of both hands and sufficient manual strength to accomplish this
      function, for the cap cannot be unscrewed with the cap locking member
      engaging the underside of the cap and locking the cap. After the cap has
      been unscrewed from the neck or spout and some of the contents used, the
      container or can may again be closed in the same manner as previously
      described, with the cap locked in a locking position. Therefore, until the
      entire contents of the container is used up the cap may be repeatedly
      locked and unlocked by the cap locking member.
PAR  To obtain a more positive locking, the underside of the lip or cap bead 32
      can have a serrated surface 34, such as shown in FIG. 8, in which case the
      front edge 52 of the notch or recess 56 of the cap locking member 36
      engages the serrated surface on the underside of the lip or cap bead 32 of
      the cap to make it still more difficult to rotate the cap in a
      counterclockwise rotation until such time as the horizontal portion 48 is
      depressed so that the front edge 52 on the notch disengages the
      serrations. As will be understood, when the cap is removed from engagement
      with the neck of the container the cap locking member assumes its original
      position.
PAC  FIGS. 9 TO 14 INCLUSIVE
PAR  The modified version is shown in FIGS. 9 to 14 inclusive. Instead of
      providing a cap locking member crimped to the rim of the container, as
      previously described, this cap locking member is positioned to extend
      around the spout or neck of the container and has means engaging the
      bottom of the neck of the container so that it remains attached to the can
      against removal therefrom. In this embodiment the container body has a top
      closure wall 60 which is crimped in the conventional manner to the body of
      the container and providing an upper rim 62 therefor. The container has
      the conventional externally threaded neck or spout 64 closed by the
      conventional metal cap 66. The cap has the conventional lip or cap bead
      68, the underside of which may if desired have a serrated surface, similar
      to that shown in FIG. 8, although the serrated surface is not necessary.
      The cap locking member generally indicated at 69 and clearly shown in FIG.
      9 has a flat body portion 70 having a curvilinear edge 72 at one end,
      spaced planar side edges 73 and 74 and a planar edge 75 opposite the
      curvilinear edge 72. The body portion 70 is provided with an annular
      opening 76 bounded by a plurality of spaced inwardly extending lugs 78
      spaced around the inner opening, with edges 80 to engage the neck or spout
      64 adjacent the bottom of the neck or spout. As best seen in FIG. 13, the
      lugs 78 are inclined upwardly at an angle to engage the bottom of the neck
      or spout and they thus anchor and secure the cap locking member 69 to the
      can or container against removal therefrom. Due to the shape of the flat
      portion 70, the curvilinear edge 72 and the planar side edges 73 and 74
      will be positioned against the inside of the rim 62, as best shown in FIG.
      10, and will be prevented from being rotated relative to the neck. The
      neck engaging surfaces or lugs 78 will prevent the cap locking member from
      being lifted upwardly of the neck or spout.
PAR  Formed as an integral part of said cap locking member is an upwardly
      inclined extending portion 82 which continues with a forwardly extending
      substantially horizontal portion 84, which horizontal portion is the
      manual engaging portion of the cap locking member. The horizontal portion
      has a rounded edge 86 which continues inwardly to form an inner edge 88.
      The upwardly extending portion 82 also has an inner edge 90. Between the
      front end of the inner edge 90 and the inner edge 88 there is a
      transversely extending front edge 92 which with the inner edge 88 forms a
      notch or recess 94. The outer end of the transversely extending front edge
      92 is somewhat pointed as at 96. When the cap is screwed onto the neck of
      the container the inner portion of the transversely extending front edge
      92 of the notch or recess 94 will be positioned under the lip or cap bead
      68 of the cap to ride therewithin, and as the cap is screwed into sealing
      position the upwardly extending portion 82 will be depressed and the
      transversely extending front edge 92 will tend to imbed itself into the
      underside of the lip or bead 68 of the cap, as best seen in FIG. 11, to
      lock it against counter-rotation.
PAR  To unscrew the cap, one hand is used to hold the container and one of the
      fingers of that hand applies a downward manual pressure against the top
      horizontal portion 84 to depress it, as shown in FIG. 12, thereby
      disengaging the transversely extending front edge 92 from the underside of
      the cap, and simultaneously with the other hand the cap is unscrewed while
      the transversely extending front edge 92 is being held in its disengaged
      position. Thus, as previously described, only a person who has sufficient
      manual strength and using both hands can unscrew the cap from the
      container.
PAR  To further enhance the positive locking, the underside of the lip or bead
      portion 68 of the cap can be serrated, as shown in FIG. 8, and this will
      create a more effective interlocking between the cap locking means and the
      cap.
PAR  The embodiment shown in this version is likewise made of spring steel and
      is integrally formed or stamped as an integral unit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cap locking member for locking a cap or closure in a closed position
      relative to the neck or spout of the container, which neck or spout
      extends upwardly of the top wall of the container and with a rim extending
      around and upwardly of the top wall of the container and around the neck
      or spout, said cap locking member formed of a spring metal and having a
      portion engaging a portion of the rim and extending inwardly thereof in
      the direction of the neck or spout, said inwardly extending portion
      extending upwardly of the plane of the top wall of the container, said
      upwardly extending portion having a cap engaging edge, said cap engaging
      edge positioned contiguous to the bottom edge of the cap and engaging the
      underside of the bottom edge so that said cap engaging edge locks said cap
      against counterrotation, said cap locking member having a manually
      engageable portion adapted to be manually engaged by one hand and when
      sufficient downward pressure is applied thereagainst the cap engaging edge
      is depressed and disengaged from the underside of the cap to permit
      rotation of the cap in a counterdirection by the other hand, said spring
      metal returning said cap engaging edge to its predepressed position when
      the manual engaging portion is manually released.
NUM  2.
PAR  2. A cap locking member as set forth in claim 1 in which the cap engaging
      edge extends transversely of the upwardly extending portion.
NUM  3.
PAR  3. A cap locking member as set forth in claim 1 in which the cap locking
      member has an inwardly facing edge below said cap engaging edge and in
      which said inwardly facing edge is positioned adjacent the neck or spout.
NUM  4.
PAR  4. A cap locking member as set forth in claim 2 in which the manually
      engageable portion extends forwardly of the transversely extending cap
      engaging edge.
NUM  5.
PAR  5. A cap locking member as set forth in claim 4 which is secured to the rim
      of the container against removal therefrom and which has a notch or recess
      formed between the transversely extending cap engaging edge and the
      manually engageable portion.
NUM  6.
PAR  6. A cap locking member as set forth in claim 5 which has means engaging
      the neck of the container to secure same against removal.
NUM  7.
PAR  7. A cap locking member as set forth in claim 3 in which the inwardly
      facing edge is in the upwardly extending portion and is curvilinear to
      conform to the curvature of the neck or spout against which it is
      positioned.
NUM  8.
PAR  8. A cap locking member as set forth in claim 1 which has a body portion
      which rests on the top wall of the container, which body portion is
      provided with an opening which surrounds the neck or spout and in which
      means are provided adjacent said opening which engage the neck or spout to
      prevent removal of said cap locking member.
NUM  9.
PAR  9. A cap locking member as set forth in claim 8 in which the body portion
      of the cap locking member is shaped so that certain of the outer edges of
      the body portion engage the sides of the rim to prevent rotation of the
      cap locking member relative to the neck or spout.
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ABST
PAL  A protector device for cans provided with a handle includes a pivoted cover
      member attached to a stationary support and movable to a substantially
      horizontal plane overlying the can. The cover member includes anchor means
      precluding horizontal displacement of the can as well as anchor means
      engageable with the can handle to prevent unwarranted vertical
      displacement between the cover member and can.
BSUM
PAR  This invention relates generally to protector means for receptacles and
      more particularly to an improved movable cover member adapted to cooperate
      with both a receptacle and its lid to securely retain the same.
PAR  Users of storage receptacles such as trash cans and the like will readily
      sympathize with the annoyance of having the contents thereof strewn along
      the ground due to removal of the lid or overturning of the can by either
      the elements or foraging animals. Many attempts have been made in the past
      to provide means specifically intended to assist in preventing this
      problem. U.S. Pat. Nos. 2,808,173 issued Oct. 1, 1957, and U.S. Pat. No.
      3,416,671, issued Dec. 17, 1968, are but two examples of earlier attempted
      solutions and disclose pivoted means mounted upon an upright support and
      adapted to either engage the lid of a container or overlie the top opening
      of a container for the purpose of either inhibiting the upset of the
      container or the accidental loss of the contents of the container. These
      earlier devices have been found to fall far short in providing the
      required security for a trash can when, for example, a large animal
      attempts to gain access thereto since, experience has shown that mere
      overlying means for a trash can lid is little obstacle for a large dog or
      bear which is capable of horizontally displacing the trash can proper to
      forcefully separate the can from its lid.
PAR  The present invention, on the other hand, provides an improved movable
      cover member adapted to overlie a can lid and includes means thereon
      cooperating with this lid to preclude horizontal displacement of a can and
      its lid and further includes anchor means carried by the cover member and
      engageable with handle means provided on the can itself to preclude
      vertical separation between the can and its lid such that a unitary
      assembly results with the cover member, can lid and can body becoming a
      single interlocked assembly.
PAR  Accordingly, one of the primary objects of the present invention is to
      provide an improved trash can protector including a movable cover member
      adapted to overlie a trash can lid and provided with anchor means
      engageable with a handle on the trash can body.
PAR  A further object of the present invention is to provide an improved trash
      can protector including a moveable cover member completely overlying a
      trash can having a lid and including anchor means formed in the cover
      member and engageable with the can lid to preclude horizontal displacement
      therebetween.
PAR  Still another object of the present invention is to provide an improved
      trash can protector including a movable cover member adapted to overlie a
      trash can having a lid and including means intermediate the edges of the
      cover member and engageable with a handle on the lid together with a
      flexible means carried by the cover member engageable with a handle on the
      can body.
PAR  With these and other objects in view which will more readily appear as the
      nature of the invention is better understood, the invention consists in
      the novel construction, combination and arrangement of parts hereinafter
      more fully described, illustrated and claimed.
DRWD
PAR  A preferred and practical embodiment of the invention is shown in the
      accompanying drawing, in which:
PAR  FIG. 1 is a side elevation of the trash can protector of the present
      invention and illustrates the movable cover member in alternate positions.
PAR  FIG. 2 is a top plan view of the structure shown in FIG. 1.
PAR  FIG. 3 is a fragmentary vertical sectional view taken along the line 3--3
      of FIG. 2.
PAR  FIG. 4 is a fragmentary side elevation of a further embodiment of the
      present invention.
PAR  Similar reference characters designate corresponding parts throughout the
      several figures of the drawing.
DETD
PAR  Referring now to the drawing, particularly FIG. 1, the present invention
      will be understood to comprise a substantially planar movable hold-down or
      cover member, generally designated 1, which is suitably secured such as by
      the hinge 2, to a relatively stationary component such as the upright
      support 3 which may be the wall of a building. The cover member 1 may be
      constructed of any suitable material such as metal or plastic sheeting,
      and is shown in the drawing as formed of corrugated material having
      alternate peaks 4 and valleys 5 extending longitudinally of the cover
      member. This construction offers obvious advantages, including ready
      availability, high strength-to-weight ratio and ease of utilization in
      constructing the present invention, yet it will be understood that any
      suitable alternate form of material may be considered which offers a
      substantially planar element and which may preferably be formed with an
      inner edge 6 to which the hinge 2 is attached and which is bounded by a
      pair of side edges 7 which in turn join with an outer edge 8, preferably
      parallel to the inner edge 6.
PAR  The hinge 2 is attached to the upright support 3 so that the inner edge 6
      of the cover member 1 will be disposed substantially adjacent the
      horizontal plane of the top 9 of a lid 10 when properly placed in the
      closed position upon a receptacle or can body 11. Many lids of trash cans
      are provided with a handle 12 projecting upwardly from the top 9 thereof
      in the center of the lid and this feature of construction is taken
      advantage of in providing horizontal anchor means in the present
      invention. As will be shown most clearly in FIGS. 2 and 3 of the drawing,
      the intermediate body portions of the cover member 1 is provided with an
      opening or cut-out 13 configured with a length and width slightly greater
      than the underlying corresponding dimensions of the handle 12 of the lid
      10. With the opening 13 extending longitudinally of the cover member and
      intermediate the inner edge 6 and outer edge 8 thereof, it will be
      observed that with the bottom 14 of the can 11 disposed upon the ground or
      base 15, the entire can 11 will be located significantly away from the
      upright support 3 since the length of the side edges 7 of the cover member
      is selected to ensure a dimension significantly greater than the diameter
      of the can and lid intended to be used therewith. In this manner, when
      properly positioned, adequate ventilation is provided between the can body
      and the upright support 3 and there is little likelihood of marring the
      finish of the support 3 during handling of the can body prior to its
      anchoring with respect to the instant trash can protector.
PAR  Carried by the body of the cover member 1, intermediate the opening 13 and
      the outer edge 8 thereof is a clamp element, generally designated 16,
      which may comprise any suitable flexible element such as a length of
      rubber or a metal spring. The upper end of the clamp element 16 is
      suitably attached to the cover member 1 by means of a fastener 17 while a
      catch 18, preferably of the hook type, is provided at the lower portion of
      the clamp element 16 as shown most clearly in FIG. 1 of the drawing. As
      previously described, the outer edge 8 of the cover member extends
      laterally beyond the edge of the can lid 10 and thus the cover member may
      be considered to include an overhanging outer portion 19 encompassing that
      portion of the cover member between the edge of the lid 10 and the outer
      edge 8.
PAR  The clamp element 16 is preferably attached so as to be suspended from the
      overhanging outer portion 19 such that when in the unstressed condition,
      the catch 18 thereof will be disposed substantially adjacent the periphery
      of the can body 11 in order to facilitate the subsequent stretching of its
      body and engagement of the catch 18 with the handle 20 as provided on the
      periphery of the can body 11. It will be understood that the size and
      positioning of the clamp element 16 is selected to ensure that the clamp
      element must be tensioned or stressed in order to engage the handle 20,
      and thereafter remains in the stressed condition when the trash can
      protector of the present invention is disposed as shown in FIG. 1 of the
      drawing, thereby securely interlocking the can body 11, lid 10 and cover
      member 1 as an integral assembly which is in turn anchored to the
      stationary upright support 3. With this relationship the cover member
      opening 13 cooperates with the can lid handle 12 to provide horizontal
      anchoring means while the clamp element 16, having its catch 18
      resiliently engaging the can handle 20, provides positive vertical
      anchoring means.
PAR  With the foregoing description in mind it will now be appreciated that even
      if a large animal or extremely strong wind were to laterally strike the
      can body 11 it would be highly improbable that any separation would occur
      between the can body and its lid.
PAR  The embodiment as illustrated in FIG. 4 of the drawing reflects an
      arrangement which may be provided to offer alternate horizontal anchoring
      means in the case of a can lid which does not have a handle provided on
      its top surface. In this instance, a handle 12' is shown projecting
      radially from the periphery of the lid 10' and, accordingly, a plurality
      of blocks 21 are attached to the undersurface of the cover member 1,
      preferably in an equi-spaced manner, each with its inner surface 22
      juxtaposed the periphery 10" of the lid 10' to preclude any lateral or
      horizontal displacement of the lid and its can when the cover member 1 is
      thus disposed. In this embodiment the same vertical anchoring means
      comprising the clamp element 16 as shown and described in connection with
      the structure of FIG. 1 may be employed.
PAR  Quite obviously, any number of cans 11 may be accommodated by a single
      cover member by providing a corresponding number of openings 13 and clamp
      elements 16 longitudinally aligned along the length of the cover member.
CLMS
STM  I claim:
NUM  1.
PAR  1. A protector device for a can having a peripheral handle, including, a
      cover member pivotally secured to a relatively stationary support and
      movable to a substantially horizontal plane engaging said can in an
      overlying manner, a can lid removably attached to the top of said can,
      said pivotally secured cover member provided with anchor means engaging
      said can lid only when said cover member is pivotally lowered to a
      horizontal plane overlying said can lid disposed upon said can to preclude
      horizontal displacement of said can lid, and flexible clamping means
      carried by said cover member engageable with said can peripheral handle to
      prevent relative vertical displacement between said can, can lid and
      pivotally secured cover member and to retain said can and overlying can
      lid as an assembled unit in fixed proximity to said stationary support by
      means of said pivotal cover member.
NUM  2.
PAR  2. A protector device according to claim 1 wherein, said can lid includes a
      handle projecting upwardly from its top surface and said cover member
      anchor means comprises an opening through said cover member within which
      said lid handle is disposed when said cover member is lowered to a
      horizontal plane.
NUM  3.
PAR  3. A protector device according to claim 1 including, a cover member having
      a plurality of said anchor means engageable with a corresponding number of
      said cans and can lids.
NUM  4.
PAR  4. A protector device according to claim 1 wherein, the lateral limits of
      said cover member project beyond the peripheral dimensions of said can and
      lid.
NUM  5.
PAR  5. A protector device according to claim 1 wherein, said anchor means
      precluding horizontal displacement includes a plurality of blocks attached
      to the undersurface to said cover member, said blocks each having an inner
      surface juxtaposed the periphery of said can lid.
NUM  6.
PAR  6. A protector device according to claim 1 wherein, said cover member
      comprises a corrugated sheet having alternate peaks and valleys.
NUM  7.
PAR  7. A protector device according to claim 6 wherein, said can lid includes a
      handle projecting upwardly from its top surface and said anchor means
      precluding horizontal displacement comprises an opening through said cover
      member within which said lid handle is disposed, and said opening is
      provided through one said valley.
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ABST
PAL  A toilet tissue dispenser for dispensing interfolded toilet tissue. The
      dispenser includes a casing having a narrow dispensing slot in the bottom
      surface. Connected to the slot is a finger hole or recess which extends
      forwardly of the slot and terminates in the front surface of the casing.
      The combination of the narrow slot and the finger hole provides easy
      starting of dispensing and prevents extraction of excessive quantities of
      tissue.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Interfolded toilet tissue is normally contained in a dispenser having a
      slot in its bottom surface for dispensing the tissue. With interfolded
      tissue, one end of each tissue is interfolded with the next tissue so that
      on removal of a tissue from the dispenser, the end of the next succeeding
      tissue will be drawn into the slot in position for subsequent removal.
      Occasionally the interfold between tissues is lost, with the result that
      it is neccesary for the user to insert a narrow instrument, such as a
      pencil or nail file, into the slot in an attempt to retrieve the tissue.
      Not only is it difficult to retrieve the tissue after the interfold is
      lost, but very often the tissues will be distorted or crushed so that they
      jam in the slot.
PAR  Increasing the width of the slot to enable the tissue to be more easily
      retrieved is not a solution, because the increased slot width will result
      in excessive quantities of tissue falling out of the dispenser when
      tissues at the end of the pack are being dispensed.
PAR  As a further problem, on replacement of a new pack of interfolded tissue in
      the dispenser, it is necessary for the attendant to interfold the starting
      tissue of the new pack with the trailing or last tissue of the old pack.
      It is difficult to interfold the tissues, and if they are not interfolded,
      no projecting end will be drawn out of the slot when the last tissue of
      the original pack is dispensed.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to an improved toilet tissue dispenser which combines
      easy start up of dispensing while preventing extraction of excessive
      quantities of tissue. In accordance with the invention, the dispenser
      includes a casing having a narrow dispensing slot in the bottom surface.
      Communicating with the slot is a finger hole or recess which extends
      forwardly of the slot along the bottom surface and terminates in the front
      surface of the casing. The edges bordering the finger hole are curved so
      that the finger hole flares into the slot.
PAR  The combination of the narrow slot with the finger hole insures proper
      dispensing of the interfolded tissue without tearing the tissue and
      prevents extraction of excessive quantities of the tissue. This not only
      provides economies in the quantity of tissue used, but decreases clean-up
      time in the lavatory area.
PAR  As a further advantage it is not necessary to interfold the bottom tissue
      of a new pack with the top tissue of the old pack, for the user, after the
      old pack has been completely dispensed, can readily retrieve the next
      tissue.
PAR  Other objects and advantages will appear in the course of the following
      description.
DETD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The drawings illustrate the best mode presently contemplated of carrying
      out the invention.
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of the toilet tissue dispenser of the
      invention and showing the end of a tissue projecting from the dispenser
      slot;
PAR  FIG. 2 is a bottom view of the dispenser without the tissue being shown;
PAR  FIG. 3 is a section taken along line 3--3 of FIG. 2; and
PAR  FIG. 4 is a section taken along line 4--4 of FIG. 2.
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The drawings illustrate a dispenser for dispensing interfolded toilet
      tissue with includes a housing 1, having an open front that is enclosed by
      a hinged cover 2.
PAR  The housing 1 includes a back surface 3, a pair of side surfaces 4, a top
      surface 5, and a bottom surface 6.
PAR  The cover 2, which encloses the open front of the housing 1, includes a
      front wall 7, a pair of side walls 8 which are joined to the side edges of
      the front wall and a bottom wall 9 which connects the side walls and front
      walls. The side walls 8 of the cover are hinged to the sides 4 of the
      housing at pivots 10, so that the cover 2 can be pivoted downwardly to
      provide for the insertion of new packs of interfolded tissue. The quantity
      of the toilet tissue within the dispenser can be viewed through a slot 11
      in the front wall 7 of the cover.
PAR  The interfolded toilet tissues 12 are adapted to be dispensed from the
      dispenser through a narrow slot 13 located between the bottom wall 6 and
      the bottom wall 9. The edge of the bottom wall 6 is formed with a
      downwardly extending lip 14 which borders the slot, and the bottom wall 9
      is formed with a pair of rolled or reversed edges 15 which also border the
      slot 13.
PAR  It has been found that the slot 13 should have a width of approximately
      3/16 inch. If the width of the slot is appreciably less than this value
      the tissue will not dispense properly, while if the width of the slot is
      substantially greater than 3/16 inch, excessive quantities of tissue may
      fall through the slot when dispensing the last portion of the pack.
PAR  In accordance with the invention, the narrow dispensing slot 13 is combined
      with a finger opening or recess 16 which extends forwardly from the slot
      13 along the bottom wall 9 and terminates in the front wall 7. As best
      shown in FIG. 2, the recess 16 is provided with curved side edges 17 which
      diverge outwardly in a rearward direction toward the slot, and the portion
      of the front wall 7 bordering the end of the slot is also curved as
      indicated by 18.
PAR  It has been found that the width of the recess 16 adjacent the forward edge
      of the bottom surface, as indicated by A in FIG. 2, should be
      approximately 3 to 5 times the width of the slot, as indicated by B.
PAR  The combination of the narrow dispensing slot 13 with the finger recess 16
      provides a definite improvement in dispensing of the interfolded toilet
      tissue. The narrow slot prevents excessive quantities of the tissue from
      falling from the dispenser when the last few tissues of a pack are being
      dispensed. As the tissue is less likely to fall from the dispenser because
      of the narrow slot, less tissue will be wasted, and clean-up of the
      lavatory area will be facilitated.
PAR  The finger recess 16 combines with the slot 13 to enable a user to readily
      retrieve the tissue in the event a fold is lost. As the recess 16 extends
      upwardly within the forward surface 7, the position of the recess is
      readily apparent to the user. The invention eliminates the need for the
      attendant to manually interfold the bottom tissue of a new pack with the
      upper tissue of the old pack, so that the time required for substituting a
      new pack of tissue is substantially reduced.
PAR  As the finger opening is provided with curved diverging edges, as indicated
      by 17, there is less likelihood of tearing of the tissue under normal
      dispensing procedures and yet the flare or curvature is such that
      excessive tissues will not be drawn out of the slot during normal usage.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dispenser for interfolded toilet tissue, a housing to contain the
      tissue and having a front surface, a bottom surface connected to the lower
      end of the front surface along a generally horizontal edge, and a pair of
      side surfaces connected to the side edges of the front surface and the
      bottom surface, said bottom surface having a slot extending in direction
      between said side surfaces and spaced rearwardly from said horizontal
      edge, said housing having a recess communicating with said slot and
      extending forwardly along the bottom surface to said horizontal edge and
      extending upwardly in said front surface, the portion of the recess in the
      bottom surface adjacent said horizontal edge having a substantially
      greater width than the width of said slot, the portion of the bottom
      surface disposed forwardly of the slot being located below the level of
      the portion of the bottom surface disposed to the rear of the slot,
      whereby the tissues supported on the bottom surface slop downwardly and
      forwardly, the edge of the bottom surface bordering the rear of the slot
      having a downwardly extending flange, and the edge of the bottom surface
      bordering the front of the slot being rounded and extending downwardly
      beneath the level of said flange, said interfolded tissue being dispensed
      by drawing the tissue downwardly from the slot and forwardly over the
      rounded edge of the bottom surface.
NUM  2.
PAR  2. The dispenser of claim 1, wherein the slot has a width of approximately
      3/16th inch.
NUM  3.
PAR  3. The dispenser of claim 1, wherein the edges of the recess converge in a
      direction from said slot towards said horizontal edge.
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ABST
PAL  A gum and mint delivery unit for a merchandising machine of the helical
      feed type in which a product separator extends axially through a helix
      mounted for rotary unit between the unit walls extending from front to
      back of a shelf of the machine to permit packets of gum or mints or the
      like to be arranged vertically between the turns of the helix on opposite
      sides of the separator and in which a motor rotates the helix through one
      half of a revolution on each operation of the unit to cause a cam formed
      on the front of the helix to deliver an article over the front edge of the
      shelf so that articles are alternately delivered from one side of the
      separator and the other side thereof on successive operations of the unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are known in the prior art merchandising machines of the helical feed
      type adapted to deliver articles in response to rotary movement of one or
      more helices between the turns of which articles to be dispensed are
      disposed. Most machines of this type are intended to deliver merchandise
      in bags such, for example, as bags of chips and the like. It is desirable
      that such a machine also have the capability of delivering other articles
      such, for example, as packets of gum or mints or the like. Some attempts
      have been made in the prior art to adapt the bagged merchandise delivery
      units to dispense articles such as packets of gum and mints. Adaptation of
      such a unit to the delivery of articles of the latter type in the prior
      art involves a number of drawbacks. First, and most important, the amount
      of space occupied by the unit is excessively large for the capacity
      thereof. In addition, machines of the prior art generally involve
      relatively complicated mechanism for selectively operating the units of
      the machine.
PAR  We have invented a delivery unit for a helical feed merchandising machine
      which unit is especially adapted to deliver articles such as packets of
      gum or mints or the like. Our unit has a large capacity relative to the
      space occupied in the machine. It is certain in operation. It is simple in
      construction.
PAC  SUMMARY OF THE INVENTION
PAR  One object of our invention is to provide a gum and mint delivery unit for
      a merchandising machine of the helical feed type.
PAR  Another object of our invention is to provide a gum and mint delivery unit
      for a helical feed merchandising machine which unit has a large capacity
      for the space occupied thereby.
PAR  A further object of our invention is to provide a gum and mint delivery
      unit for a helical feed merchandising machine which unit is certain in
      operation.
PAR  Yet another object of our invention is to provide a gum and mint delivery
      unit for helical feed merchandising machine which unit is simple in
      construction.
PAR  Other and further objects of our invention will appear from the following
      description.
PAR  In general, our invention contemplates the provision of a gum and mint
      delivery unit for a merchandising machine of the helical feed type in
      which unit a product separator extends axially through a helix mounted for
      rotary movement between the unit walls which extend from front to back of
      a shelf of the machine and in which drive means rotates the helix through
      one half of a revolution on each operation of the unit to cause a cam
      formed at the front of the helix to deliver an article over the front edge
      of the shelf so that articles are dispensed alternately from one side of
      the separator and the other side thereof on successive operations of the
      unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings which form part of the instant specification
      and which are to be read in conjunction therewith and in which like
      reference numerals are used to indicate like parts in the various views:
PAR  FIG. 1 is a front elevation of a merchandising machine of the helical feed
      type which is provided with our gum and mint delivery unit.
PAR  FIG. 2 is a sectional veiw through one shelf of the machine shown in FIG. 1
      illustrating our gum and mint delivery unit.
PAR  FIG. 3 is a fragmentary front elevation of a shelf of the machine shown in
      FIG. 1 illustrating two of our gum and mint delivery units with parts
      broken away and with other parts shown in section.
PAR  FIG. 4 is a fragmentary sectional view of the unit shown in FIG. 2 taken
      along the line 4--4 of FIG. 2.
PAR  FIG. 5 is a schematic view of one form of electrical circuit which may be
      used to control our gum and mint delivery units.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, a merchandising machine, indicated generally
      by the reference character 10, of the spiral feed type, includes a cabinet
      12, having a door 14 supported on the cabinet by means of hinges 16 and
      18. The machine 10 includes a window 20 in door 14 through which
      merchandise to be delivered can be viewed by the customer. We provide the
      main door 14 with a delivery door 22 adapted to be opened for access to
      merchandise delivered by one of the units to be described hereinbelow. A
      coin slot 24 in the door 14 permits coins to be introduced into the
      machine in anticipation of making a purchase. The buttons of an array 26
      of push buttons are adapted to be operated to permit the customer to
      select a desired article of merchandise. As is conventional, we provide
      the door 14 with a lock 28 adapted to secure the door in closed position
      on the cabinet 12. A coin return recess 30 permits the customer to receive
      change or to have his coins returned to him in the event that he does not
      wish to complete a purchase.
PAR  The particular embodiment of the machine 10 illustrated in the drawings
      includes four respective merchandising levels indicated generally by the
      reference characters 32, 34, 36 and 38. In this embodiment each of the
      levels 32, 34 and 36 is made up of a plurality of main merchandise
      delivery units each of which is indicated generally respectively by the
      reference character 40. These units 40 are adapted to deliver articles of
      bagged merchandise, for example. The construction and operation of these
      units are described more fully in our copending application Ser. No.
      454,118, filed Mar. 25, 1974, for "Helical Feed Merchandising Machine".
PAR  The lowest level 38 of the machine 10 includes a number of delivery units
      indicated generally by the reference character 42 which units are adapted
      to deliver articles of merchandise such, for example, as bars of candy.
      These units 42 are described in detail in our copending application Ser.
      No. 453,885, filed Mar. 25, 1974, for "Candy Bar Delivery Unit for Helical
      Feed Merchandising Machine". Also included in the level 38 are a number of
      our delivery units indicated generally by the reference character 44 which
      units 44 are adapted to deliver articles such, for example, as packets of
      gum or mints or the like.
PAR  The units 44 are supported on a shelf 46 of the level 38 of the
      merchandising machine. Shelf 46 is formed with a rear wall 48 carrying a
      rearwardly extending flange 50 along its upper edge. A plurality of
      partitions 52 secured to the shelf 46 by any suitable means divide the
      shelf into a number of compartments, each of which houses one of the units
      42 or 44. Each unit includes a helix, indicated generally by the reference
      character 54, which is provided with a pair of closely spaced turns 56 at
      the rear thereof. We so form the first 180.degree. at the front of the
      helix, identified by the reference character 58, as to have zero pitch.
      The next 90.degree. of the helix, identified by the reference character
      60, is formed with a greater pitch than the remainder of the helix so that
      the distance between the terminus of this 90.degree. section and a
      corresponding point on the preceding turn is one-and-a-half times the
      distance between corresponding points on adjacent normal turns of the
      helix. As will more fully be pointed out hereinbelow, this arrangement
      provides a cam at the front of the helix for ensuring that the frontmost
      article is delivered over the edge of the shelf 46 in response to one half
      of a revolution of the helix 54.
PAR  A spider, indicated generally by the reference character 62 at the rear of
      each of the units 44, has a hub 64 from which a plurality of resilient
      arms 66, 68, 70 and 72, extend to connectors 74 and 76 which respectively
      connect pairs of arms 64 and 66 and 68 and 70. We provide the connectors
      with pairs of fingers 78 having grooves therein for receiving the turns 56
      of the helix. A shaft 80, rotatably supported in the back 48, carries the
      spider 62 for rotation therewith. We form each helix 54 with a tail 81
      adapted to be engaged by the bend connecting the arm 66 to the connector
      74 of the spider 62 to ensure that the helix 54 turns with the spider and
      to prevent any slippage between the spider and the helix.
PAR  Each unit 44 includes an elongated product divider 82 having a rectangular
      cross sectional shape. We provide the base of each of the product dividers
      82 with a re-entrant slot 84. A front divider supporting clip 86 is formed
      with an insert portion 88 adapted to be inserted into the slot 84 in the
      base of the product divider. Each of the clips 86 is provided with a pair
      of resilient legs 90 and 92 and with a cover portion 94 extending upwardly
      so as to cover the front of the product divider 82. After the insert 88
      has been placed in the base slot 84, legs 90 and 92 are moved downwardly
      into an opening 96 in the shelf 46 and snapped in position therein
      securely to hold the front of the product divider 82 in position. It will
      be seen that the product divider 82 extends axially of the helix 54 and
      that the front turn of the helix is located between the base 46 and the
      portion of the clip 86 which is inserted into the product divider base
      slot. Thus, the front clip further serves to retain the helix in position
      in the unit.
PAR  Each of the units 44 includes a rear product divider support 98 formed with
      an insert portion 100 adapted to be received in the base slot 84 at the
      rear of the unit. The rear support 98 has a collar 102 adapted to be
      received by shaft 80.
PAR  We provide a respective motor and gearbox 104 for driving the shaft 80 of
      each of the units. Each of the motor and gearbox units 104 includes a cam
      106 which we have illustrated as being carried by the portion of shaft 80
      behind the back wall 48. Cam 106 is formed with a pair of detent recesses
      108 and 110 which are located at diametrically opposite positions around
      the periphery of the cam 106. A detent 112 is carried by a spring arm 114
      supported on the rear wall 48. Arm 114 normally urges the detent 112 into
      engagement with the cam 106. We select a relatively heavy spring material
      for the spring 114 so that the detent 112 exerts a positioning action on
      the helix 54 as it moves into one of the recesses 108 and 110. We also so
      arrange the detent and recesses that approximately 10.degree. of
      revolution of the shaft 80 is required before spring 114 strikes the
      actuator 118 of a switch 116 adapted to complete the circuit of the motor
      104 for the period of time during which the actuator is engaged by the
      spring arm. This prevents a dishonest person from momentarily closing a
      push button switch to be described hereinbelow to cause the unit to
      operate and, at the same time, receive his purchase price back.
PAR  We provide each of the units 44 with a price setting switch 120 adapted to
      be moved among four different positions to permit the merchandise to be
      sold at one of four prices as desired.
PAR  We provide each unit 42 and 44 with a flag 119 carrying selection and
      pricing information. Any suitable means such as a spring 121 or the like
      suspends the flag 119 in front of the unit. For purposes of simplicity not
      all of the flags are shown.
PAR  Referring now to FIG. 5, one form of control circuit which may be employed
      in a merchandising machine including our units 44 includes a transformer
      124 adapted to supply power to lines 126 and 128. We connect lines 126 and
      128 to a coin mechanism 130 of any suitable type known to the art adapted
      to energize lines 132, 134, 136 and 138 in response to the deposit therein
      of sums of money corresponding to four respective prices, for example. The
      coin mechanism 130 includes a coin return electromagnet 140. Each of the
      price setting switches 120a and 120b includes an arm 142a or 142b adapted
      selectively to be moved into engagement with one of four contacts in
      response to the positioning of the element 122a or 122b of the switch. We
      connect the respective contacts of each of the switches 120a and 120b to
      the four price lines 132, 134, 136 and 138 leading out of the coin
      mechanism 130. The moveable contacts 142a and 142b of the switches 120a
      and 120b are respectively connected to one terminal of the motors 104a and
      104b. The cycle switches 116a and 116b include respective moveable
      contacts 144a and 144b normally in engagement with upper contacts and
      adapted to be moved into engagement with lower contacts in response to the
      operation of the cam 100a and 100b. While we have shown a four price
      system it will be understood that we may provide as many prices as
      desired.
PAR  The control circuit includes a transfer relay TR which is normally
      energized to hold respective switches TR1 to TR5 in the positions shown.
      When winding TR drops out switches TR1 to TR5 move to alternate positions
      indicated in broken lines in FIG. 5. We connect the moveable contacts of
      switches TR1 to TR4 to the line 128. The moveable contact of switch TR5 is
      connected to the moveable contact of a push button switch PB2 of the array
      26 associated with the unit 44b. This moveable contact of switch PB2
      normally engages a contact connected to the moveable contact of a switch
      PB1 normally in engagement with the upper contact shown in FIG. 5. When
      either of the switches PB1 or PB2 is actuated, its moveable element
      engages a respective lower contact connected to the upper terminal of the
      motor 104a or 104b. We connect the normally engaged lower contact of
      switch TR4 to the coin return electromagnet 140 in the coin totalizer 130.
      The upper contacts of the respective switches TR1 to TR4 are connected to
      the price lines 138, 136, 134 and 132.
PAR  As can readily be seen from the arrangement shown in FIG. 5, with power on
      winding TR normally is energized through the cycle switches 116a and 116b.
      When a sum in coins or bills or the like sufficient to permit a purchase
      to be made has been inserted in the coin mechanism 130, a selection may be
      made. At the same time, the price lines 132, 134, 136 and 138 are
      energized in accordance with the sum which has been deposited in the coin
      mechanism 130. Under these conditions, when the customer makes a selection
      he pushes one of the push buttons PB1 or PB2 to complete the circuit of
      the associated motor 104a or 104b which drives the corresponding cam 106
      so that after a predetermined rotation of the cam the corresponding switch
      116a or 116b is actuated to move its contact arm 144a or 144b out of
      engagement with the upper contact and into engagement with the lower
      contact. As soon as the moveable contact 144a or 144b leaves the upper
      contact, winding TR is deenergized to permit the switches TR1 to TR5 to
      move to the broken line positions. When this occurs, electromagnet 140 is
      deenergized and the credit is removed from the credit line. The motor
      continues to rotate until the detent drops into the next recess.
PAR  In operation of our gum and mint unit for a helical feed merchandising
      machine, when the motor and gearbox unit 104a, for example, is activated
      in the manner described above, the associated helix 54a rotates in the
      direction of the arrow X in FIG. 3. Assuming that the packet of
      merchandise to the left of the axis of the helix is furthest forward as
      the helix rotates through 180.degree. it will be the first dispensed. For
      purposes of illustration we have illustrated this package in dot-dash
      lines and have identified it by the reference character A in FIG. 3. The
      package next furthest forward which is to the right of the helix as viewed
      in FIG. 3 has been indicated by the reference character B. As the helix
      travels through 180.degree., this packet B will be advanced to a position
      at which it will be the next dispensed upon the next operation of the unit
      in the course of which the helix rotates through 180.degree.. As can be
      seen by reference to FIG. 3, initially the helix 44a is in a position at
      which its forward end is approximately at the top center of the unit.
      Following the first operation thereof, the end will be adjacent the bottom
      center of the unit. By way of example, we have illustrated this position
      of the helix 44b. Further we have designated the next package behind
      package A by the reference character C. That is to say, the position of
      the helix 54a in FIG. 3 illustrates the condition of a unit before its
      first operation, while the position of the helix 54b indicates the
      condition of a unit after its first operation. It will readily be
      appreciated that after the second operation of the helix, it will return
      to the condition shown for the helix 54a in FIG. 3.
PAR  It will be seen that we have accomplished the objects of our invention. We
      have provided a delivery unit for a helical feed merchandising machine
      which unit is especially adapted to deliver articles of merchandise such
      as packets of gum or packets of mints or the like. Our unit has a very
      large capacity for the space occupied thereby. It is certain in operation.
      It is simple in construction.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of our
      claims. It is further obvious that various changes may be made in details
      within the scope of our claims without departing from the spirit of our
      invention. It is, therefore, to be understood that our invention is not to
      be limited to the specific details shown and described.
CLMS
STM  Having thus described our invention what we claim is:
NUM  1.
PAR  1. A delivery unit for feeding articles to the delivery area of a
      merchandising machine including in combination, a generally horizontally
      disposed shelf having a front edge, spaced side walls carried by said
      shelf, a helical delivery member formed with a plurality of turns, means
      rotatably mounting said delivery member between said side walls with said
      member extending from front to back of said shelf, an elongated article
      separator extending axially of said delivery member, said delivery member
      having a front terminus and a zero pitch portion for a predetermined
      angular extent from said terminus and a greater pitch portion disposed
      between said zero pitch portion and the remainder of said helical delivery
      member, said greater pitch portion forming a cam for delivering the
      leading article over the front edge of the shelf, and means for rotating
      said helical delivery member to deliver the leading article over the front
      edge of said shelf.
NUM  2.
PAR  2. A delivery unit as in claim 1 in which said rotating means comprises
      means for limiting the rotation of said delivery member to one half
      revolution on each operation of said machine.
NUM  3.
PAR  3. A delivery unit as in claim 1 in which said delivery member rotating
      means rotates said member through approximately 180.degree. on successive
      operations of said machine, said member having a first inactive position
      with said terminus adjacent to the top of said unit and a second inactive
      position with said terminus adjacent to the bottom of said unit, said
      member occupying said inactive positions respectively following successive
      operations of said machine.
NUM  4.
PAR  4. A delivery unit as in claim 3 in which said zero pitch portion extends
      for approximately 180.degree. from said terminus and in which said greater
      pitch portion extends from said zero pitch portion for approximately
      90.degree. to the remainder of said helical member.
NUM  5.
PAR  5. A delivery unit as in claim 1 in which said zero pitch portion extends
      through approximately 180.degree. and in which said greater pitch portion
      extends through approximately 90.degree..
NUM  6.
PAR  6. A delivery unit as in claim 5 in which said greater pitch portion has
      twice said normal pitch.
NUM  7.
PAR  7. A delivery unit as in claim 6 in which said terminus is adjacent to one
      of the top and bottom of said unit in the inactive condition of said
      member.
NUM  8.
PAR  8. A delivery unit as in claim 1 in which said article separator has an
      elongated cross-sectional shape in a plane perpendicular to the axis of
      said delivery member, said unit including means mounting said article
      separator within said helical delivery member with the longer
      cross-sectional dimension of the separator exending vertically to define
      article receiving spaces between said separator and said side walls and
      between adjacent turns of said helical delivery member for receiving small
      elongated articles on end.
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ABST
PAL  The invention disclosed is a machine for applying in series a molded
      plastic shell-like carrier over a pre-arranged grouping of containers,
      such as bottles. The machine includes a storage magazine turret supplying
      the carriers in nested fashion to a hopper device at a feeding station.
      The magazine turret indexes a magazine to the feeding station and a
      cam-operated device releases the nested carrier stack in a magazine to the
      underlying hopper. A carrier feed device continuously separates the
      lowermost carrier and drops it to an underlying carrier delivery conveyor.
      Bottles are advanced in parallel rows under the conveyor and past a
      carrier gate at the end of the carrier conveyor. First star wheel
      mechanism spaces the bottles on the conveyor to correspond as groups with
      compartment cavities in the carrier. Bottles moving through the first star
      wheel pull carriers from the feed gate; whereupon each such carrier falls
      over a group of bottles. A horizontal overhead guide rail holds down the
      carrier in a preliminary position of assembly whereat the bottles are each
      inserted into a compartment cavity of the carrier. The bottle conveyor
      moves bottles and carriers through a second star wheel device stabilizing
      the bottles under a rotary applicator wheel. The wheel has peripherally
      spaced pockets that coincide with the compartments of the carrier and the
      wheel, on a yieldable arm, bears against the carrier to seat the annular
      retaining bead in the carrier compartments over an enlarged end portion of
      the bottles. The grouping of bottles is held in the carrier as a packaged
      unit.
PARN
PAR  This is a division of application Ser. No. 416,733, filed Nov. 19, 1973 now
      U.S. Pat. No. 3,867,807.
BSUM
PAC  CARRIER APPLICATOR MACHINE FOR BOTTLES
PAR  There is devised a container carrier that is molded from plastic as a
      shell-like article having upstanding cells or compartments each provided
      with an internal annular bead or radial flange adapted to receive the neck
      and closure of a bottle product and retain the bottle in position in the
      compartment. Thusly, the group of product bottles comprise a carrier
      package. These carrier packages are often referred to as "six-paks" or
      "eight-paks", and most commonly used in the handling and marketing of
      carbonated beverages and beer products. This form of carrier is disclosed
      in U.S. Pat. No. 3,752,305 and copending application, Ser. No. 294,171 of
      J. Hatfield, filed Oct. 2, 1972, now U.S. Pat. No. 3,871,699 commonly
      owned with the present application.
PAR  The present invention provides a machine for the continuous assembly of a
      supply of containers or bottles into carrying packages with the
      aforementioned type of shell-like carrier.
PAR  The applicator machine provides a production capacity in fabricating and
      handling the assembled carrier packages. One sub-assembly of the machine
      provides for continuous supply of the plastic carriers that are stacked or
      nested in plural magazines. The several magazines are each on a radial arm
      of a turret that is indexed periodically about a vertical shaft. The
      turret is located at an upper level and the carriers are forced through
      the vertical magazines by gravity. At the bottom end of each magazine
      there are pivotally mounted carrier stack support bars. These are normally
      biased to close the lower end of the magazine and retain the stack of
      carriers in the magazine. By control system to the turret index drive, a
      magazine is advanced to a position at the carrier feed station. A full
      magazine, for example, is advanced into the feed station upon a photo beam
      signal that a prior magazine has been emptied of carriers, or is in fact
      empty. As the new magazine moves into place at the feed station by turret
      index, a cam follower of the carrier support arms (normally closed)
      engages a stationary cam on the frame of the machine in proximity of the
      feed station. The cam actuates the support bars to an "open" position, and
      a stack of carriers in this magazine is released for flow by gravity along
      the magazine vertical axis.
PAR  Underneath the magazine, just mentioned, is the feed station which is
      comprised of a hopper and the carrier feeder mechanism mounted in
      stationary position on the machine. The hopper receives the overhead stack
      of carriers and feeds carriers one at a time onto a carrier delivery belt.
      The belt single lines the carriers at a gate where each unit group of
      bottles passing through the machine picks up a carrier that is applied
      over the bottles. The carrier feeder includes the hopper comprised of a
      walled chute or box-like frame; and, four rotary feed worms are positioned
      at the corners along the bottom edge of the hopper frame. The feed worms
      are rotated in unison at a synchronous rate with carrier belt and bottle
      movement. Each of the wheels includes a helix land or surface engaging in
      succession the lower radial flange of the carriers in the stack. The helix
      surface is rotated such that it separates the lowermost carrier from the
      stack in the hopper and drops it from the lower, exit end of the feed
      chute onto the carrier delivery belt. The rest of the stack in the hopper
      is retained by the corner feed worms. The carriers in nested relationship
      as a stack in the hopper do have a tendency to stick together as a stack.
      The helical feed worms serve to separate the lowermost carrier from the
      stack, and then after such separation, drop the carrier out of the end of
      the carrier feed chute. The feed worms of the invention assure the
      individual separation of successive carriers and feeding them singly onto
      the moving carrier belt.
PAR  Just below the carrier feeder is a horizontal upper reach of an endless
      delivery belt followed by a downwardly inclined reach of the belt. The
      carriers drop from the feeder hopper by gravity onto this horizontal
      portion of the belt. This belt is timed in movement with rate function of
      the machine so as to receive the carriers from the feed device without
      interference or overlap and the carriers are laid in a single line on the
      belt. The carrier delivery belt, after traversing the horizontal span
      under the feeder worms, extends down the incline toward an end-turn and in
      a reversing direction. At the end of the inclined span of the belt, a pair
      of carrier retaining rods are fixed in position to normally prohibit
      carriers from falling from the end of the incline without further
      assistance, such as pulling them from the rods. Each carrier on the belt
      is held up by the retaining rods at this point until positively removed;
      which, in essence, defines the carrier gate at the end of the carrier
      delivery conveyor.
PAR  The bottle supply conveyor is positioned on the machine to extend under the
      carrier gate. The carrier delivery belt is operated at a linear speed to
      maintain a group of two or three carriers in end-to-end fashion backed up
      from the gate. In this manner, there is assured a carrier at the gate as
      the bottles in groups move along the path past the gate and just beneath
      it. There will be no gap between the carriers in this mode of operation.
PAR  Along either side of the bottle conveyor just before the point where the
      bottles enter into engagement with a carrier in the gate, there is a first
      set of pocketed star wheels. The set is comprised of a star wheel on
      either side of the conveyor so that the pockets engage the sides of the
      rows of bottles controlling their movement. The star wheels receive the
      bottles in the two rows and maintain their positioning in-line in the rows
      and laterally on the conveyor. The pockets of the star wheels further
      stabilize the bottles just prior to the carrier pick up from the gate. The
      set of star wheels are driven in synchronism one to the other and are
      driven at a rate compatible with the bottle conveyor.
PAR  As the leading pair of bottles in the two rows pass below the carrier gate,
      they engage the underside surface of a carrier protruding into the bottle
      path. The forward movement of the bottle group (six or eight) drags the
      carrier from the gate to fall over the top of the bottle group.
      Thereafter, the carrier moves with this bottle group.
PAR  Beyond the carrier gate there is an overhead horizontal guide bar supported
      on the machine frame and extending for a distance along the bottle
      conveyor. The guide bar assures that the carrier will remain in an
      initially assembled position over the bottle group until it passes through
      the rotary applicator wheel. The applicator wheel includes peripheral
      pockets spaced on radial centers of the wheel that correspond with
      center-to-center spacing of the compartments of the carrier. As the
      bottles move under the applicator wheel, a second set of opposed star
      wheels mesh with the rows of the bottle group to stabilize them in
      movement through the applicator wheel. The rolling action of the
      applicator wheel over the carrier top snaps the retaining bead in the
      compartments of the carrier over the enlargement on the top end of each
      bottle in the group to retain them in the carrier. The means of retaining
      the bottle in the carrier is set forth in detail in the aforementioned
      patent and application.
PAR  The invention therefore resides in the machine and its component parts for
      efficiently and economically packaging container articles in contoured
      shell-like carriers.
PAR  The invention further provides a machine that is capable of assembling
      containers in carriers to form assembled packs of containers for carrying
      and producing them at a high rate of production.
DRWD
PAR  Other aspects of the invention including further advantages provided
      thereby will become apparent from the following description of the
      exemplary form of the invention illustrated in the drawings, on which:
PAR  FIG. 1 is a side elevational view of the machine;
PAR  FIG. 2 is a top plan view of the carrier assembly station on the machine of
      FIG. 1;
PAR  FIG. 3 is a top plan view of the carrier supply turret and carrier feeding
      station on the machine;
PAR  FIG. 4 is a side perspective view of the carrier turret, feeding mechanism
      and carrier delivery belt of the machine;
PAR  FIG. 5 is a fragmentary sectional plan view of the carrier feeding worms
      shown in FIG. 3;
PAR  FIG. 6 is a partially sectioned, fragmentary view taken along line 6--6 on
      FIG. 5, illustrating one of the four corner feeding worms in engagement
      with the peripheral radial flange of a carrier;
PAR  FIG. 7 is a fragmentary, sectional view of the applicator wheel of the
      machine, shown seating the carrier sockets on the upper ends of containers
      advancing beneath the applicator wheel; and
PAR  FIG. 8 is a partially schematic and perspective view of the drive system
      for the machine showing the means for operation of various machine
      components simultaneously and synchronously by a single motor.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  On the drawings is shown a bottle carrier applicator machine which will
      automatically dispense and apply carriers for 6-pack or 8-pack bottle
      groupings at relatively high rates of production, i.e. on the order of 800
      bottles per minute.
PAC  The Carrier Applicator Machine
PAR  The supply of bottles 10 filled with product, such as carbonated beverage
      or beer, advances them in two parallel rows from the left-hand side of
      FIG. 1. The bottles 10 have a top closure 11 that provides a lip
      enlargement 12 (FIG. 7) at the top end. In one form of bottles 10 shown on
      FIG. 7, the major portion of the body side wall is covered with a layer of
      plastic 13 such as a shrunken sleeve of foamed polystyrene on the order of
      30-35 mils in thickness. This layer coupled with the carrier 9 after it is
      applied provided substantially total light protection and scratch
      resistance protection for the glass bottle. However, the invention is not
      limited by the type of bottle that is packed into the carrier 9, nor is
      the plastic layer 13 essential to the invention. The disclosed embodiment
      merely illustrates the versatility of the type of package that may be
      constructed using the invention.
PAR  Bottles 10 in one form or another are advanced by delivery conveyor
      equipment (not shown) onto the conveyor 14 (FIG. 1), which extends
      longitudinally through the Applicator Machine. Conveyor 14 is reeved over
      end pulleys 15 and 16 pivotally mounted on shafts 17 and 18, respectively,
      mounted for rotation in the machine frame structure 19. Shaft 18 at the
      exit end of the machine includes a sprocket 20 connected thereon for
      driving the conveyor. Power is transmitted to sprocket 20 by chain 21
      trained over drive gear 22 keyed on a horizontal shaft 23. Synchronized
      drive system for powering the conveyor and other assemblies will be
      described hereinafter.
PAR  The two lines of bottles are carried forward into engagement with a first
      set of opposed star wheels 24 and 25 (FIG. 2). Each star wheel 24 includes
      an upper star 24 and lower star 24a attached to a central hub 26 which
      vertically spaces the two stars. The pockets at the periphery of stars 24,
      24a are shaped to correspond to the size (diameter) and shape of the
      particular bottle in production. Similarly, star wheel 25 includes an
      upper star 25 and lower star 25a on a spacer-hub 27. The assemblies 24 and
      25 are therefore essentially duplicates, but will be driven in counter
      rotation to each other for controlled feeding of the bottles. The
      spacer-hubs 26 and 27 of the two star wheels each includes a vertical
      shaft which extends below the bottom star wheel, 24a and 25a,
      respectively. The shafts each include a timing sprocket keyed thereon for
      rotating the star wheels and this sprocket is connected through a drive
      train, such as a timing belt, (not shown) to a sprocket of a right angle
      gear box unit 28. The drive train between hub 26 and gear box 28 is
      enclosed by a guard 29. Gear box 28 has a vertical output shaft 30 and a
      lower horizontal power input shaft 31, the latter being driven by a
      sprocket 32 connected in the main drive system, to be described.
PAR  The pockets of the opposed star wheels are arranged in radial, angular
      spacing on the wheels 24 and 25 to receive the bottles and maintain
      precise center-to-center spacing of the bottles in each row and stabilize
      the bottles of the two rows prior to pick-up of the bottle carrier 9. The
      opposed stars 24 and 25 extend inwardly of the stationary side rail
      assemblies 33 and 34 mounted on frame 19 along the sides of conveyor 14
      and the pockets of the stars 24 and 25 mesh with the bottles to achieve
      this bottle spacing and stabilizing effect. The stars 24 and 25 are driven
      in opposite directions of rotation in synchronism with each other and with
      the line speed of the machine by the drive system.
PAR  The carriers 9 are advanced by the overhead carrier delivery belt 35 that
      is inclined downwardly at a carrier assembly gate (indicated generally at
      36) which comprises an inclined dead plate section 37 and overhead hold
      down guide 38. Guide 38 is pivotally mounted at 39 on the upper carrier
      feeding assembly, to be described presently in more detail, and is
      tensioned by spring means (not shown) normally tending to rotate hold down
      guide 38 clockwise on FIG. 1 into top engagement with a carrier 9. The
      guide 38 includes the upstream inclined segment attached to the pivot 39
      and a terminal segment that extends horizontally when engaging the carrier
      top on a bottle grouping. The lowermost corner of a carrier 9 extends
      beyond the forward edge of dead plate 37 in the path of an oncoming
      grouping of bottles 10 on conveyor 14 as the grouping is in mesh with the
      first star wheel means 24, 25 (FIG. 1). As this bottle grouping advances
      further, the front pair of bottles 10 thereof engages the front wall of
      this carrier 9 held in the carrier assembly gate 36 and pulls the carrier
      therefrom with the advance of the bottles. The trailing end of the carrier
      will leave the end of dead plate section 37 and rock down over the
      grouping of bottles 10 therebeneath assisted by hold down guide 38. One
      such carrier 9 is shown in place over the bottle grouping near the middle
      of FIG. 1. This performs the initial assembly function of the carrier on
      the bottles.
PAR  Thereafter, the bottle grouping and carrier advances by the conveyor 14
      toward final application of the carrier on the bottles. A spring-like hold
      down shoe 40 is mounted in relatively fixed position on the upper frame 41
      for the applicator wheel. This retains the carrier 9 in place over the
      bottle grouping during movement thereof into the applicator wheel 42.
PAR  Beneath and just ahead of the applicator wheel 42 there is a second star
      wheel means comprised of opposed star wheels 43 and 44. The star wheels in
      this second set are made up similar to the first set, described above. The
      star wheel (FIG. 1) includes an upper star 43 and a spaced lower star 43a
      separated by the spacer-hub 45. The pockets of the stars are shaped to
      conform to the bottles being processed, as were the star pockets of the
      first star wheel means described earlier herein. The star wheels 43 and 44
      are rotated in counter directions to maintain the bottle grouping in
      oriented position and advance them without undue bottle-to-bottle contact.
      The stars 43 and 44 are each on vertical shafts 46 and 47, respectively,
      and the lower end of shafts 46 and 47 are each connected with a timing
      sprocket that meshes with a timing belt 49 extending around drive sprocket
      50 on the upper end of vertical output shaft 51 of the right angle gear
      box 52. The horizontal input shaft 48 of the gear box 52 has a drive
      sprocket 53 keyed thereon which receives power from the drive system, to
      be presently described. The timing belt 49 is covered with a safety guard
      54.
PAR  The final application of carrier 9 to a bottle group is accomplished at the
      final assembly station located beneath applicator wheel 42 while the group
      of bottles is under guidance of the second star wheel means, and while the
      star pockets of stars 43 and 44 and the transverse rows of applicator
      wheel pockets 55 move in synchronism toward a diametric, vertical center
      plane of wheel 42. At this point, the carrier is fully on two bottles. The
      peripheral speed of applicator wheel 42 matches the linear speed of the
      bottles at this point resulting in a "roll-on" action of the carrier to
      the group of bottles.
PAR  Applicator wheel 42 is supported by a pair of bifurcated side arms 56 and
      57 integrally connected with the bearing trunion 58 that is rotatably
      supported at its ends in the upper frame 41. The trunion 58 is allowed to
      pivot and therefore the applicator wheel is allowed to yield vertically,
      so that the pockets 55 mesh with the cell tops of the of the carrier 9
      (FIG. 7). The hub 59 of wheel 42 is connected to horizontal shaft 60 that
      extends through side arm 57 and is rotated by a sprocket 61 keyed on the
      outer end thereof. A horizontal shaft 63 is rotatably mounted at one end
      in upper frame 41 and is rotatable in a bearing 64 on the frame near its
      other end. A sprocket 65 is keyed on the outer end of shaft 63. A drive
      chain 62 is on running engagement with sprocket 66 keyed on the opposite
      end of shaft 63 and sprocket 61 on applicator wheel shaft 60. The
      applicator wheel 42 is rotated counter clockwise on FIG. 1 by a chain 141
      of the drive system that passes through a slot 67 in the horizontal deck
      of frame 19. The drive system, as will be presently described, operates
      the applicator wheel 42 in synchronism with the lineal movement of
      conveyor 14 and star wheels 43 and 44.
PAR  In the event of any mis-alignment of the bottles and the applicator wheel
      pockets 55, the applicator wheel 42 will be free to lift as needed by the
      yieldable type of mounting support, thus preventing any bottle breakage.
PAR  The applicator wheel 42 is constructed with rubber inserts 68 held in the
      periphery of the wheel to define the wheel pockets 55. The inserts are
      preferably relatively soft and yieldable to prevent damage to the bottle
      carrier and bottles in the final assembly stage. The wheel 42 having a
      downward force component by its weight will exert a peripheral force
      downwardly at the base of each carrier cell neck to relatively nest the
      cells of the carrier in the pockets 55 and in turn snap on the cell of the
      carrier over the end enlargement 12 of the bottle and closure. The upper
      end of the carrier cells in a relaxed state contain the interior bead 9a
      that is of a lesser diameter than the bottle's enlarged diameter at the
      end section 12 (FIG. 7). Therefore, in pressing the carrier at the pocket
      55 the plastic of the carrier is enlarged in a force fit over the end
      section of the bottle until the carrier is in place on the bottle
      grouping. In such a position, the bottles are individually held in the
      carrier cells at the annular bead 9a of the carrier and a resulting
      carrying pack of bottled product is formed.
PAR  As shown on FIG. 1, the carrying pack of assembled bottles and carrier are
      moved beyond applicator wheel 42 by conveyor 14. At this point, the
      carrying packs of product may be oriented and fed into cases or pallet
      loads or both for subsequent handling.
PAC  The Automatic Carrier Feed Mechanism
PAR  Attached to operate in conjunction with the carrier applying machine, just
      described, is an automatic carrier supply and feed device.
PAR  Referring to FIGS. 1 and 3-6, the device is supported on an upright frame
      69 that is in part columnar in structure. The frame 69 may be connected to
      machine frame 19 or may be separated. The upper part of frame 69 provides
      a base for mounting rotary turret 70 by vertical pintle shaft 71. The
      shaft 71 is connected with the output shaft of an intermittently indexing
      drive means, generally shown on FIGS. 1 and 4. One such indexing drive
      means may be purchased from Commercial Cam and Machine Co., Chicago,
      Illinois, Model No. CC8H32-270. The detailed description of this drive
      means is shown and described in one or more of the following U.S. Pat.
      Nos.: 2,986,949; 3,282,387; 2,999,311; 3,525,268 and 3,049,017. The
      indexing drive includes an electric motor 72 operated by a controller to
      index the turret one-eighth revolution or one position at a time. In the
      turret of the present disclosure of the invention, one revolution is
      accomplished through 8 indexing movements; however, any number of indexes
      per revolution may be obtained by control of the motor drive 72. The motor
      controller is operated in response to a photocell 100 located just below
      the level of the magazine 79 of the mechanism. When the photo beam is
      interrupted, the controller keeps motor 72 in an inactive state. After the
      stack of carriers diminishes so as to project the light beam onto the
      photocell 100, the magazine turret 71 will index one station or one-eighth
      revolution. If the magazine at the next station is empty so that carriers
      do not interrupt the beam, the motor 72 is immediately energized to
      advance turret 71 another station, etc. until a loaded magazine is in
      position to interrupt the beam.
PAR  The motor 72 is connected to operate a gear reduction unit 73 having a
      drive sprocket 74. The input shaft 75 of the turret drive includes a
      sprocket 76 connected thereon and power is transmitted between sprockets
      74 and 76 by a drive chain 77. As is schematically indicated on FIG. 4,
      the input shaft 75 and turret shaft 71 are drivingly connected by the
      aforementioned indexing drive unit indicated generally at 78.
PAR  Referring to FIGS. 1 and 3, the turret 71 includes plural carrier magazines
      79 that are fastened to the turret at equal peripheral intervals thereon
      by the radial arms 80. In the example shown on the drawings (FIG. 3),
      there are eight identical magazines 79 on turret 71. For sake of
      simplicity on the drawings in FIGS. 1, 3 and 4, some of the magazines 79
      are omitted from the showing. Each magazine 79 is constructed as a
      vertical chute having upright and opposed wall members 81 and 82 that
      define a vertical opening for the passage of a stack of nested carriers 9.
      The wall members 81 and 82 are connected by lateral elements 83 and the
      box frame made by walls 81, 82 and elements 83 is fastened to a radial arm
      80 by vertically spaced brackets 152 and cross-pins 153 extending through
      brackets 152 and apertures in the outer end of radial arm 80.
PAR  Each magazine 79 will hold a stack of several nested carriers 9, say about
      80 such carriers to the stack. The stack is retained in the magazine by
      two pairs of rocker arms 84 and 85 that position two carrier stack support
      bars 86 and 87 across the lower end of the magazine chute. The support
      bars 86 and 87 are each end connected across the bottom end of the pairs
      of rocker arms 84 and 85, respectively. The first pair of rocker arms 84
      are pivotally connected on the vertical members 88 of the magazine
      mounting frame rigidly connected with the lateral elements 83 thereof by
      the rock shaft 89. Shaft 89 includes a crank arm 90 on the inner end
      thereof and on the outer end of arm 90 there is a rotatably connected cam
      follower 91 (see FIG. 4). Clockwise rotation (rocking movement) of arm 90
      moves the first pair of rocker arms 84 outwardly (FIG. 4) about pivot
      point 92 which in turn moves the stack support bar 86 out of its position
      for supporting carriers in the chute. The pair of rocker arms 85 are
      pivotally mounted at their upper end by a pivot pin 93 extending laterally
      across the opposite vertical members 94 of the magazine. The upper end of
      rocker arm 84 above pivot 92 on one side of the magazine is connected at
      the pin 95 to an intermediate point on the opposite rocker arm 85 by a rod
      96, whereby movement of arm 84 clockwise drives arm 85 counter clockwise
      about the pivot pin 93 and moves the second stack support bar 87 from its
      position for supporting the carriers in the chute. The bars 86 and 87 are
      moved in unison responsive to cam action between their "closed" and "open"
      positions with respect to the magazine chute. The cam follower 91 is
      carried by each of the magazines 79 in the path of a stationary plate cam
      97 mounted on the frame structure. The cam 97 is located to trip or raise
      each cam follower of the magazines at the time each magazine enters a
      carrier feeding station, indicated at 98 on FIGS. 3 and 4. The "open"
      position of the support bars 86, 87 is shown on FIG. 1 at station 98. The
      indexing drive 72, 73 is under control of an "electric eye" comprised of a
      light source and a photocell 100 (FIG. 3). Photocell 100 is in the control
      circuit for the motor 72. The light beam is transmitted across the feeding
      station 98 and if a stack of carriers extends above the level of the light
      beam so as to break it, as shown on FIG. 4, the drive for the turret 71
      remains de-energized. As soon as the level of the carrier stack at station
      98 descends below the light beam, the turret drive is energized to advance
      the next magazine 79 into the feeding station. As this next magazine
      arrives at station 98, cam 97 opens the lower end of the chute of the
      magazine by pivoting the support bars 86, 87 in the manner described. The
      stack of carriers in the magazine falls by gravity onto the carriers piled
      below at station 98.
PAR  The photocell level placement on the machine assures a stack of carriers in
      the hopper 117-119 above the feeder assembly to assure a supply or stack
      of carriers during the time it takes to index the next magazine 79 into
      position and "open" the support bars to release the next stack of carriers
      into the hopper.
PAR  The stack of carriers is now under control of the means for separating and
      feeding carriers onto the underlying carrier delivery belt 35. Dispensing
      of carriers from the stack to the underneath carrier delivery belt is
      accomplished by a worm feed that is timed to supply carriers per machine
      speed demand. The separating and feeding means comprises a cantilevered
      frame 101 extending across the feeding station 98. A center aperture 102
      in frame 101 provides a feed path for the stack of carriers. On the
      underside of frame 101 are mounted plural rotatable members 103 located at
      the corners of aperture 102. Each of the rotatable members 103 is
      constructed as shown on FIG. 6. A cylindrical barrel 104 is attached for
      rotation by the vertical shaft 105 and supported thereon by an adjusting
      collar 106. Barrel 104 includes a helical spline or groove 107 formed on
      its peripheral surface extending at least one full revolution on the
      barrel. As shown on FIG. 6, groove 107 extends approximately 360.degree.
      circumferentially on barrel 104 and travels axially approximately the
      height of barrel 104. The groove size or width is just slightly more than
      the thickness of the peripheral flange 9b of the plastic carrier 9. The
      stack of carriers rests at its four corners by the lateral flange surface
      at 9b which fits into an opening to the grooves 107 so as to initially
      rest upon the land surface at 108 on one side of the groove. The top open
      portion for entry of the flange into the four helical grooves 107 occurs
      for a short peripheral span, say 80.degree.-90.degree.. Thereafter, the
      helical groove 107 is made up of the two axially spaced, parallel side
      walls. (See FIG. 5) The stack of nested carriers is compacted, and, as
      such, the carriers tend to stick together as a body. To first separate the
      lowermost carrier slightly from the rest of the stack, and, secondly,
      discharge this separated lowermost carrier vertically downwardly by
      gravity is achieved by rotation of the four rotary feed members 103 in
      unison. On FIG. 5, members 103 are rotated counter clockwise.
PAR  The members 103 are driven by a link chain 109 reeved around a drive
      sprocket 110 and the four driven sprockets 111 each attached on the upper
      end of one of the shafts 105 of the rotary members 103. Drive sprocket 110
      is power rotated by a vertical shaft 112 supported in the sleeve bearing
      113. Shaft 112 is the output of a right angle gear box 114 fastened on
      frame 69 and having a power input sprocket 115 driven by a chain 116 (FIG.
      1), which is included in the synchronized drive system to be described
      presently. The drive shaft 112 is rotated continuously and for every
      revolution imparted to the rotary members 103 thereby, one carrier 9 is
      separated and fed from the bottom of the stack of carriers at the feeding
      station.
PAR  The stack of carriers is stabilized in the aperture by the hopper walls
      extending above the cantilever frame 101. The hopper is made of side wall
      plates 117 each flared outwardly at their upper ends and corner plates 118
      interleaved between wall plates 117. Corner plates 118 are likewise flared
      outwardly at their upper ends, the combined structure 117 and 118 forming
      a funnel-like entry to the hopper. Below the frame 101 there is a pair of
      opposite, spaced-apart guide plates 119, which assure the drop of each
      carrier onto the underlying carrier delivery belt 35.
PAR  Carriers 9 are dropped singly and in succession onto the top horizontal
      reach of the carrier delivery belt 35 which is guided around the end
      pulleys 120 and 121 and an intermediate idler 122 that serves as an
      adjustable belt tensioning device. The pulleys and idler are rotatable on
      horizontal shafts that are rotatably bearing mounted in the opposed side
      plates 123 and 124, the side plate 124 being supported by the column of
      frame 69. Extending interiorly laterally between plates 123, 124 is a bent
      upper belt guide plate 125 (FIG. 1) which provides a guide surface for
      defining a horizontal span and an adjacent downwardly inclined span of the
      belt 35 on the upper course of its closed path, the inclined span
      extending onto pulley 121. The plate 125 also serves as a structural
      member to unify the delivery belt frame. Carrier delivery belt 35 is
      driven in a clockwise path (FIGS. 1 and 4) by chain 116 that is drivingly
      engaged with an end sprocket 126 keyed on the end of the mounting shaft
      for the belt end pulley 120. The chain 116 is powered by the drive system,
      and the belt 35 and rotary feed screws 103 are operated synchronously with
      each other.
PAR  As the carriers 9 are moved down the inclined section of belt 35, they are
      subject to confinement in a path into the gate end of the mechanism by the
      spaced side guides 127 extending parallel and above the side of belt 35
      and the parallel, central top guide bar 128. Together, the inclined part
      of belt 35, guides 127 and 128 direct the carriers in a single line into
      carrier assembly gate 36, described earlier herein. The oncoming
      succession of bottles 10 processed into spaced, oriented groupings by the
      first star wheel means engages the forward edge of the carriers 9 by the
      front pair of bottles of the grouping and pulls them into a top assembly
      on the bottle grouping. The assembly of the carrier is performed by the
      applicator wheel 42 in the manner described earlier.
PAC  Drive System
PAR  The integrated drive system for the applicator machine and the carrier feed
      device is shown schematically on FIG. 8. All of the drive functions on the
      machine are integrally connected except for the indexing drive of magazine
      turret 70.
PAR  A main electric drive motor 129 is connected to drive a gear reduction unit
      130 that reduces shaft speed of motor 129 to a ratio of about 26 to 1. A
      11/2 hp motor (129) sold by Westinghouse Electric Corp., Pittsburgh,
      Pennsylvania, including an SCR drive that provides controlled acceleration
      and deceleration, overload protection, jog and variable speed control is
      preferred. The power shaft 131 of unit 130 includes two spaced-apart drive
      gears 132 and 133 on the power shaft.
PAR  The one drive sprocket 133 drives a chain 134 that meshes with a sprocket
      135 on shaft 23 and an idler gear 154, which operates bottle conveyor 14.
      The other drive sprocket 132 is operatively connected by chain 136 to
      input shaft of a geared transmission unit 137, such as sold by Eberhardt
      Denver Company, Model 2172.
PAR  Transmission 137 has two power output shafts 138 and 139. The first shaft
      138 drives sprocket 140 in running engagement with a chain 141 connected
      about sprocket 65 and an idler 142. The chain 141 drives applicator wheel
      42. A second sprocket 143 on shaft 138 is connected for driving a chain
      144 that is reeved about a first idler 145, sprocket 32, sprocket 53 and a
      second idler 146. The chain 144 drives both the first and second star
      wheel means 24-25 and 43-44. Thus, the applicator wheel and two star wheel
      means controlling bottle movement therebeneath are powered from the same
      shaft (138).
PAR  The second output shaft 139 of the transmission has its drive sprocket 148
      in running engagement with the chain 116 reeved about two idlers 149 and
      150, then end sprocket 126 for the carrier belt drive, then input sprocket
      115 for gear box 114, about an idler 151 and back to sprocket 148. The
      chain 116 drives the carrier delivery belt 35 and carrier feed screws 103
      in unison.
PAC  Adjustable Carrier Delivery Belt
PAR  As described earlier herein, the end pulley 121 for the delivery belt 35
      and the deadplate section 37 are mounted on the side plates 123 and 124.
      The vertical position of the carrier gate 36 is adjustable for various
      size or height of bottles 10 is acheived by the side plate extension 158
      being connected by a pivot pin 155 onto the side plates 123 and 124. The
      extensions 158 are fastened in place by a bolt 156 thruogh arcuate slot
      157. By unscrewing bolt 156, the side extension portions 158 carrying the
      shaft for the end roller 121 for the belt may be pivoted vertically up or
      down about the pin connection at 155 to adjust the height of end delivery
      of the conveyor for the carriers with relation to the bottles on the
      conveyor 14. The angular relation of side guides 127 and the central top
      guide bar 128 may be adjusted by set screw connections thereof on the
      frame in a manner well understood by those skilled in the art.
PAR  Although a specific emodiment has been shown and described, it is with full
      awaremess that many modifications thereof are possible within the skill of
      one versed in the art. The invention, therefore, is not to be restricted
      except insofar as is necessitated by the prior art and by the spirit and
      scope of the claims.
CLMS
STM  What is claimed as the invention is:
NUM  1.
PAR  1. Apparatus for feeding a stack of shell-like carrier articles having a
      peripheral out-turned flange means thereon comprising
PA1  a vertical chute defined by plural vertical walls, the interior perimeter
      of said chute being slightly larger than the perimeter of the articles
      permitting vertical flow of the articles therein,
PA1  plural rotary feed means rotatably connected to the bottom end of said
      vertical chute depending below said wall structure thereof, said feed
      means being rotatable about vertical axes and having a helical means on
      each of said rotary feed means,
PA1  a conveyor spaced vertically below the chute for receiving the articles fed
      from the chute comprising
PA1  an endless traveling conveyor surface adapted to travel along an upper
      horizontal conveying span for receiving the articles, thence along a
      downwardly inclined span, around an end turn and along an underside return
      span, and
PA1  a stationary assembly gate means mounted adjacent the end turn, said gate
      means adapted to receive carrier articles and arrest their movement on the
      traveling surface for dispensing them singly upon demand from the gate by
      a positive force applied to the carrier separate from the conveyor,
PA1  the gate means comprising a downwardly inclined dead plate section
      terminating in a forward edge,
PA1  an overhead hold down guide,
PA1  means for yieldably pivotally mounting said guide in vertically spaced
      relation to said dead plate section,
PA1  said yieldable means normally positioning the guide for engaging carriers
      moving onto said dead plate and holding them thereon whereby the front of
      the carrier extends beyond said forward edge, and
PA1  said guide including an inclined segment extending longitudinally over at
      least a portion of said dead plate section and beyond its said forward
      edge, and an adjacent, normally horizontal terminal segment extending
      longitudinally and forwardly beyond said forward edge of the dead plate,
PA1  drive means,
PA1  means connecting the drive means to said plural rotary feed means for
      rotating the latter in unison in one direction of rotation for feeding
      articles one at a time from the stack in the chute, the helical means
      thereon positively guiding the articles from the lower end of the chute,
      and
PA1  means connecting the drive means to said conveyor for moving the latter
      past the lower end of said chute and toward said gate means,
PA1  the drive means operating the feed means and conveyor at a synchronous
      speed, whereby the carrier articles are fed vertically onto said conveyor
      in a line and moved by the conveyor onto said inclined dead plate of the
      gate means.
NUM  2.
PAR  2. Apparatus for feeding a stack of shelllike articles having an out-turned
      peripheral flange thereon comprising
PA1  a horizontal frame having a substantially rectangular aperture therein
      providing a feed path for the articles,
PA1  four barrel members, each having a cylindrical body,
PA1  individual vertical shafts connected for rotating each of said barrel
      members, each barrel member having a helical spline extending along the
      length of the barrel cylinder and describing at least one revolution on
      the circumferential surface of said body, said spline being open at the
      top and bottom ends, respectively, to receive and eject the flange portion
      of the articles,
PA1  means for rotatably mounting said vertical shafts on the horizontal frame,
      each shaft being disposed adjacent a different corner of the frame
      aperture, whereby the barrel member engages the lowermost article of the
      stack and extends below the frame, said spline thereon supporting the
      lowermost article,
PA1  a driven sprocket on each of the vertical shafts for rotating the latter,
PA1  a drive shaft,
PA1  a drive sprocket on said shaft,
PA1  a flexible endless drive member in driving engagement with said drive
      sprocket and each said driven sprockets for rotating the latter in unison
      in one direction of rotation,
PA1  a drive means connected for rotating said drive shaft,
PA1  plural vertical wall plates fastened on the horizontal frame to extend
      vertically upwardly thereon and disposed adjacent the sides of said
      rectangular aperture in said frame, said plates collectively providing a
      funnel-like vertical chute permitting vertical flow by gravity of a stack
      of the articles contained therein,
PA1  the lowermost articles engaging the wall of the helical spline of said four
      barrel members in the article feed path, the rotation of the barrel
      members in unison positively separating the lowermost article from the
      stack of articles and discharging it in the feed path below the lower end
      of the barrel members,
PA1  a transverse conveyor spaced below the lower ends of said barrel members
      for receiving articles discharged from the stack comprising
PA1  an endless traveling conveyor surface adapted to travel along an upper
      generally horizontal span for receiving the articles, around an end turn
      and along an underside return span, and
PA1  a stationary gate means mounted adjacent the conveyor end turn, said gate
      means adapted to receive articles and arrest their movement on the
      traveling conveyor surface dispensing them singly upon demand from the
      gate, the gate means comprising
PA1  a downwardly inclined dead plate section terminating in a forward edge,
PA1  an overhead hold down member,
PA1  means for yieldably mounting said guide in vertically spaced relation to
      said dead plate section,
PA1  said yieldable means normally positioning said guide for engaging articles
      moving onto said dead plate and holding them thereon such that the front
      edge of the article extends beyond said forward edge of the dead plate,
      and
PA1  means connecting said drive means to the conveyor for moving the latter
      past said barrel members, said drive means operating the barrel members
      and the conveyor at a speed for depositing the articles from the stack in
      a spaced-apart, end-to-end relationship on the conveyor, the latter
      transporting them in a line away from the vertical feed path and toward
      said gate means.
NUM  3.
PAR  3. The apparatus defined in claim 2, wherein the underlying conveyor
      extends parallel with the horizontal frame, and including a pair of
      parallel lower vertical guide plates depending below said frame and
      connected to the horizontal frame adjacent two opposite sides of said
      aperture thereof disposed parallel with the path of said conveyor.
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ABST
PAL  A composite container structure for fluent materials such as a liquid which
      is composed of an external cylindrical sleeve made from a relatively rigid
      material and an internal cylindric liner of plastic material for receiving
      the liquid. The internal liner terminates in a hemi-spherical bottom
      within the sleeve and the upper portion of the liner which projects beyond
      the sleeve has a dome-shaped configuration which terminates in a central
      inturned threaded neck forming a filling and pouring opening that is
      closed by an externally threaded plug portion of a screw type cap.
BSUM
PAR  The present invention relates to a packing container for flowing or running
      fluid material, in particular fluid material under pressure, comprising on
      the one hand an inner lining of plastic material, which lining has a lower
      part with a cylindrical casing portion, whose one end is closed by a
      dished head, and an upper closing part, which is joined together with the
      said lower part, on the other hand an outer sleeve of a relatively rigid
      material, which sleeve is adapted so as to accomodate the lower part of
      the said lining and with a tight fit to join onto the casing portion of
      the lining, the said upper closing part being provided with a preferably
      centrally arranged filling and emptying hole, which is limited by a flange
      turned inwards belonging to the upper closing part, and that the emptying
      hole is designed so that it can be gas-tightly closed with the help of a
      cap part introduced into the emptying hole and/or covering the emptying
      hole.
PAR  Authorities and societies for the protection of the environment have raised
      more and more vigorously the demand that packing containers of glass and
      sheet-metal should be replaced by more ecologically acceptable material
      such as e.g. paper and other cellulose products and plastic material which
      can be burnt or, with the addition of chemical substances, made
      degradable.
PAR  Liquid materials of the type of beer, refreshing drinks and sparkling wines
      were packed previously mainly in packing containers of just glass or
      sheet-metal and the reason for this is that glass and sheetmetal have
      suitable strength and gas-tightness characteristics for the storage of
      pressurized liquids of the type of beer which contain a gas dissolved in
      the liquid, which in most cases is carbon dioxide (CO.sub.2). Carbon
      dioxide gas is liberated from the liquid if the latter is not kept under
      pressure, and in order to be able to maintain such a pressure it is
      necessary that the packing container should have sufficient strength to be
      able to absorb the stresses emanating from the liquid material and that
      the packing container is so gas-tight, that no substantial drop in
      pressure can occur owing to gas leaking from the container.
PAR  Another group of fluid materials which has to be packed in tight,
      pressure-resistant containers is e.g. ground coffee, which together with a
      protective gas, in particular carbon dioxide, is accomodated in the
      container, with the gas having a pressure which exceeds the atmospheric
      pressure. It is the intention that by means of the protective gas it
      should be prevented that the packed product comes into contact with
      oxygen, which latter gas strongly impairs the taste of the product.
PAR  In recent times it has been found that packing containers made of plastic
      material can also be used for the packing of fluid material of the
      abovementioned type. If such packing containers are made wholly of plastic
      material, that is to say if the material of an ordinary bottle is changed
      from glass to plastic, e.g. polyvinyl chloride plastic, it is certainly
      possible to obtain a plastic bottle of satisfactory functioning, but such
      a bottle will be unrealistically costly to manufacture and, owing to the
      large mass of plastic, it is hardly ecologically acceptable. Another and
      better manner of solving the problem is to manufacture packing containers
      with an inner, thin-walled lining of plastic material, e.g. polyvinyl
      chloride or acrylonitrile compounds (e.g. of the acrylonitrile compound
      which comes into the trade under the brand name of BAREX). This inner,
      thin-walled lining has a cylindrical casing part which is supported
      mechanically by an outer sleeve of a rigid and only to a limited extent
      stretchable material, e.g. paper or cardboard. The end openings of the
      part of the casing which is mechanically supported are closed on the one
      hand by a lower dished, preferably hemispherical, head, on the other hand
      by an upper closing part which may be conical or dished. The inner plastic
      lining is dimensioned so that the hemispherical head and the upper closing
      part can withstand the pressure emanating from the fluid material without
      being substantially deformed, whilst the cylindrical casing part, in which
      owing to known physical laws the stresses are greater than in the rest of
      the parts, must be supported by the outer sleeve so that the casing part
      should not be deformed.
PAR  The plastic material in these packing containers is degraded when it is
      exposed to solar radiation, but it is also possible to add to it, in a
      known manner, a chemical material, e.g. a benzophenone, which absorbs
      ultraviolet light radiation and which contributes to a more rapid
      degradation or biological destruction of the plastic material when the
      same is disposed of in nature and is exposed to solar radiation.
PAR  The abovementioned ecologically acceptable plastic packages have the
      disadvantage, however, that the caps or closing stoppers that are used for
      closing the emptying and filling openings present relatively great gas
      leakage, since it is difficult to achieve fully satisfactory contact
      between the cap and the emptying opening of the packing container. If the
      upper end closing part in the said packages is made too low in relation to
      the remainder of the package, that is to say if the package is provided
      with a relatively plane upper end wall and is thus given a drum-like
      character, the so-called plopping phenomenon arises when the liquid
      material is to be poured out, since the air cannot at the same time
      penetrate into the container and occupy the space represented by the
      amount of liquid material poured out. Since the liquid material is
      pressurized a relatively thick and expensive material is required in order
      to prevent a deformation of the package and to hinder such a deformation
      the upper, non-supported end surface of the package must be formed with
      such a convexity that the stresses in the material causing deformation are
      not too great.
PAR  Certain known packing containers of the abovementioned type are provided
      with an emptying opening which is surrounded by a flange directed outwards
      which is integral with the remainder of the end closure part, which flange
      is provided with a male screw thread which is adapted to the female screw
      thread of a closing cap. Screw closures of this type have the
      disadvantage, however, that they project relatively far from the surface
      of the upper end closure part, which entails inconveniences from the point
      of view of storage and of handling. For this reason it is advantageous if
      in cap devices of the screw type, instead the upper closing part is
      provided with a flange directed inwards, provided with female screw thread
      which defines the emptying opening of the package, which emptying opening
      can be closed by a stopper-like cap provided with screw thread, which need
      only have such a height above the surface of the upper closing part that a
      comfortable and safe finger grip can be applied around the handling part
      of the cap.
PAR  A package which in accordance with the invention is provided with a flange
      turned inwards around the emptying opening is difficult to empty
      completely according to experience, since the flange directed inwards
      forms a pocket around the emptying opening. The presence of the flange
      directed inwards also tends to increase the propensity for plopping of the
      package, since the flange directed inwards forms a barrier wall which
      prevents the air from getting into the packing container when the latter
      is inclined in connection with the emptying of the container.
PAR  The abovementioned inconveniences are overcome by a packing container in
      accordance with the invention, which is characterized in that the said
      flange turned inwards is provided with a number of holes perforating the
      flange which are located around the circumference of the flange in
      preferably uniform spacing.
DRWD
PAR  In the following will be described some suitable embodiments of the
      invention with reference to the enclosed schematic drawing, in which
PAR  FIG. 1 shows a partly sectional side view of a packing container in
      accordance with the invention.
PAR  FIG. 2 shows a perspective view of a finished package, and
PAR  FIGS. 3a, b, and c show different realizations of the emptying opening and
      its closing part.
DETD
PAR  In the partly sectional packing container shown in FIG. 1 the lower part of
      the plastic lining of the container is designated 2 and the upper closing
      part is designated 6. The lower part of the plastic lining consists of, on
      the one hand, a circular cylindrical casing part 5, on the other hand a
      dished head 3, and the lower part of the lining is joined to the upper
      closing part 6 along a connecting flange 7. The casing part 5 of the
      plastic lining is surrounded, with a tight fit, by an outer sleeve 4
      around the upper edge of which the said flange 7 is bent over, and the
      sleeve 4 is of such a length that its lower edge extends past the said
      dished head of the lining 2.
PAR  In the upper closing part 6 is provided an emptying opening 8 through which
      opening the liquid material intended for the package is also to be
      introduced in connection with the filling of the package. The emptying
      opening 8 is surrounded by a flange 9 turned inwards and joined to the
      upper closing part 6, whose inside can be provided with a screw thread 10.
      After the filling of the packing container, the emptying hole 8 is closed
      by means of a stopper-like cap 11, whose part 13 projecting into the
      emptying opening is provided with a male screw thread, which is matched
      with the screw thread 10 of the inwards turned flange 9. To achieve
      sufficient tightening between the cap 11 and the upper closing part 6 the
      cap 11 is provided with a sealing tongue 14, which, when the cap 11 is
      screwed into the opening, will be pressed against a seat in the upper part
      of the emptying opening with the intention of obtaining a gas-tight
      closure.
PAR  The construction of the emptying opening and different variations thereof
      will be described in more detail in connection with the description of
      FIG. 3.
PAR  In FIG. 2 is shown a perspective view of the packing container in
      accordance with the invention, and for the sake of clarity the same
      reference numbers have been used for the same parts which are shown in
      FIG. 1. The upper closing part 6 may be designed as a weakly dished head,
      but it can also be in the form of a hemisphere or as a cone of greater or
      lesser height. There is thus a considerable amount of freedom regarding
      the shape of the upper closing part, likewise of course the shape of the
      cap 11. However, the internal pressure prevailing in the package has to be
      taken into account in the dimensioning of the upper closing part 6 as well
      as of the cap 11.
PAR  In FIG. 3 are shown three different embodiments of the closing device of
      the packing container, but it is common to all three closing devices that
      the upper closing part 6 is provided with a flange 9 turned inwards and
      that the said flange 9 turned inwards is provided with a screw thread 10.
      Furthermore, it is common to all three versions that the emptying opening
      is intended to be closed by means of a stopper-like cap part 11, the part
      13 of which for introduction into the emptying opening is provided with a
      male screw thread which can co-operate with screw thread 10 of the flange
      9 turned inwards.
PAR  As mentioned earlier, the emptying openings with a flange turned inwards
      have the inconvenience that a portion of the liquid contents remains
      behind in the pocket 19 which is formed when the packing container is
      inclined in connection with the pouring out of the liquid material, and
      likewise the propensity for plopping of the packing container is increased
      since the flange turned inwards acts as a screen which prevents air from
      penetrating into the interior of the packing container and replacing the
      liquid material emptied out. As can be seen from FIG. 2 the versions of
      the emptying opening shown are provided with holes or ducts 15 which are
      arranged in the flange 9 turned inwards within the upper part of the
      emptying opening. The said holes or ducts 15 are arranged in uniform
      spacing around the emptying opening 8. In addition to it being made
      possible for the liquid material collected in the pocket 19 mentioned
      earlier to flow out through the ducts 15 in conjunction with the emptying
      of the packing container, air can pass in through the ducts 15, which
      means that the packing container during emptying can be inclined
      appreciably more than in the case where no ducts 15 are arranged in the
      flange 9 turned inwards, without any risk of plopping.
PAR  It is a pre-condition for the functioning of the closing device that the
      cap can close the emptying opening 8 tightly without there being any risk
      of the gas enclosed in the packing container under pressure leaking out,
      and this sealing can be achieved in a number of different ways.
PAR  In FIG. 3a is shown a closing device where the mouth of the emptying
      opening 8 has a seat 18 running around the mouth, which in the case shown
      consists of a conical surface. The mouth also has a relatively square
      cut-off pouring edge 20, over which the liquid material pouring out is
      allowed to flow. The holes 15 mentioned earlier through the flange 9
      turned inwards are located under the sealing seat 18 of the mouth and are
      distributed with preferably uniform spacing around the mouth. After the
      filling of the packing container, which if the material is beer has to
      take place at low temperature to avoid frothing, the cap 11 is screwed in
      by fitting the threads in the cap part 13 against the threads 10 in the
      flange 9 turned inwards. The cap 11 is provided with a sealing tongue 14
      which preferably has a triangular cross-section and extends around the cap
      as an annular ridge. When the cap 11 is screwed in into the emptying
      opening 8 the sealing tongue 14 will be pressed against the seat 18, with
      the front part of the sealing tongue being deformed so that a good seal is
      achieved between the sealing tongue 14 and the seat 18. The gas, which may
      be able to penetrate through the threads of the cap 11 and the flange 9
      turned inwards, will be effectively barred by the sealing tongue 14, and
      the pressure of the gas helps to achieve an even greater sealing effect,
      since the pressure thrusts the sealing tongue 14 harder against the
      conical seat 18.
PAR  When the packing container is to be opened, the cap is screwed off, whereby
      the pressure in the container is gradually equalized and it is so possible
      to avoid the violently explosive drop in pressure which occurs at the
      opening of beer bottles and refreshing drink bottles with known cap
      closures. As mentioned earlier, the packing container is emptied in known
      manner in that it is inclined towards the horizontal plane, when the
      liquid material will flow out through the emptying opening 8. Owing to the
      fact that the pouring opening ends in a square cut-off pouring edge 20, it
      is prevented that the liquid material might run along the upper end
      closing part 6 of the paccking container, but the jet of liquid material
      leaves the packing container at the pouring edge 20. The said pouring edge
      20 was covered during the transport and handling of the packing container
      by the cap 11, so that no dust or dirt was able to accumulate along the
      pouring surface. Owing to the presence of the holes 15 in the flange 9
      turned inwards air can penetrate into the packing container and replace
      the liquid material poured out although the packing container is inclined
      more than would be possible if there had been no holes present without a
      risk of plopping. As mentioned earlier, all the liquid material can
      moreover be emptied from the package. Since the liquid material which is
      collected in the pocket 19 when the package is turned up and down runs off
      through the holes 15. If the packing container is not completely emptied
      it can easily be re-closed with the help of the cap 11.
PAR  The closing device in accordance with FIG. 3b operates in the same way as
      the closing part shown in FIG. 3a, but with the difference that the
      sealing tongue 14 is replaced by a soft sealing washer 16, which is
      likewise provided with a relatively square cut-off pouring edge 21. The
      sealing washer 16 can be glued or welded to the upper closing part 6
      around the emptying hole 8, and the sealing effect between the sealing
      washer 16 and the sealing surface 22 of the cap directed towards the
      sealing washer is accomplished in the manner described above in that the
      cap 11 is screwed into the pouring opening 8, the flange 9 turned inwards
      being provided with a female screw thread 10. The pouring opening in
      accordance with FIG. 3b is provided in the manner described above with
      holes 15 penetrating the flange 9 around the emptying opening and the
      filling and emptying of the packing container is done in the manner as
      described in connection with FIG. 3a.
PAR  In FIG. 3c is shown a variant of the sealing device in accordance with FIG.
      3b. The sealing washer 16 in FIG. 3b has been substituted in FIG. 3c by a
      sealing ring 17, which is fitted into a groove in the cap 11. The sealing
      ring 17 may be a so-called O-ring, that is to say a sealing ring with
      circular cross-section, or else the sealing ring may also consist of
      sealing compound which is inserted into the said groove provided in the
      cap 11. In the manner described earlier sealing between the cap 11 and the
      upper closing part 6 of the packing container is achieved through that the
      cap 11 is screwed into the pouring opening 8, the flange 9 of which
      directed inwards is provided with a thread 10 which is matched to the
      screw thread of the cap 11.
PAR  To guarantee to the consumer who buys the package that the package has not
      been opened after the filling operation, it is appropriate to provide the
      cap 11 with some kind of seal, which may consist of a banderol over the
      cap 11 or else a plastic lug 23 attached to the cap, which in the manner
      as shown in FIG. 2 is heat-sealed along an easily breakable sealing area
      24 against the upper closing part 6 of the packing container. This is only
      one example as to how the sealing of the cap 11 may be solved, and there
      must be a large number of other equivalent manners for sealing the cap
      against the packing container in such a manner that the cap cannot be
      screwed off without any special sign thereof becoming unrecognizable.
PAR  The packing container is manufactured appropriately in a manner known in
      itself by deep-drawing of plastic material, e.g. PVC or BAREX, whereupon
      the deep-drawn parts are joined together along the sealing flange 7 and
      the plastic lining is joined to the outer sleeve 4. This can be done in
      known automatic packing machines in a rational manner and with a high
      capacity. The emptying hole in the packages, which are manufactured in the
      said automatic machines, is accomplished in that a circular blank is
      punched out of the upper closing part, which blank has to be disposed of
      as waste. In the present case, where the flange turned inwards is to be
      provided with screw threads it is necessary to accumulate relatively much
      material on the flange 9 turned inwards, since the latter, in view of the
      screw closure, has to have a relatively high mechanical stability. Instead
      of punching out the circular blank which is intended to form the emptying
      hole, the plastic material is redistributed through plastic deformation in
      warm condition, so that the quantity of plastic which has to be removed so
      as to form the emptying hole 8 in the upper closing part 6 is removed and
      redistributed to the flange 9 turned inwards so as to form the screw
      thread 10, which is manufactured by means of press moulding before the
      plastic material has become stablilized through cooling. The cap 11 may be
      manufactured of the same plastic material as the plastic lining, and for
      the manufacture of the cap 11 the unavoidable waste may be used which is
      produced when the lower and upper part, 2 and 6 respectively, of the
      plastic lining are deep-drawn from heated circular portions of a web.
PAR  In case the packing container is intended to be used for powdered contents,
      e.g. ground coffee, the emptying hole has to be made large enough for the
      contents to be readily poured out or taken out of the package with the
      help of e.g. a spoon, and in most cases it will be necessary to make the
      emptying hole so large that it occupies the greater part of the dished
      head.
CLMS
STM  I claim:
NUM  1.
PAR  1. A packing container for liquids comprising a container composed of
      plastic material and provided with a convex upper portion forming a dome
      and an inwardly turned flange element surrounding a pouring opening in the
      top of the convex upper portion, and a cap member releasably secured in
      the pouring opening for closing said container, said cap member having an
      outwardly and radially extending offset portion for sealingly engaging the
      rim of the pouring opening at the top of the convex upper portion when
      said cap member is secured in the pouring opening, the improvement wherein
      said inwardly turned flange element is provided with a plurality of spaced
      passages arranged circumferentially around and extending through the upper
      portion of the inwardly turned flange element from the upper portion of
      the pouring opening radially inwardly of the rim thereof and downwardly
      and radially outwardly into the top portion of the container adjacent the
      top of the dome formed by the convex upper portion whereby when the cap
      member is removed and the container is tilted for pouring the liquid
      contents therefrom, the uppermost passages permit the entrance of air into
      the container to permit even flow of the liquid from the container and the
      lowermost passages permit flow of liquid from the container into the
      liquid passing through the pouring opening and so that residual liquid
      which would normally be trapped in the convex upper portion when the
      container is almost empty will drain outwardly therethrough.
NUM  2.
PAR  2. A packing container as claimed in claim 1 and further comprising sealing
      means cooperating with the offset portion of said cap member for sealingly
      engaging the rim of the pouring opening.
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ABST
PAL  A bung screw-threadedly received in a receptacle has a plurality of flow
      openings therethrough disposed in a series about the axis of the bung, and
      an axially movable valve disc for simultaneously opening or closing all of
      the openings. Each opening has a thin penetrable closure which can be
      penetrated without disturbing any of the other closures. In this way, when
      the container is tilted to discharge the contents, only the closure of the
      flow opening which is lowermost need be broken. The disc can then be
      manipulated to open and close the bung, without the contents of the
      container flowing over the tools and the hands of the operator who opens
      and closes the disc.
BSUM
PAR  The present invention relates to bungs for containers, more particularly of
      the type having at least one opening therethrough and a disc or other
      valve member for opening and closing the flow opening while leaving the
      bung in the container.
PAR  Known bungs of this type are costly to produce. Moreover, when mounting the
      bung in the receptacle, it is necessary to make sure that the flow opening
      is at the bottom of the bung when the receptacle is tilted to empty the
      contents of the receptacle. Otherwise, the contents of the receptacle will
      pour out through the top of the bung, and will foul the tools and the
      hands of the operator who manipulates the bung to open and close it.
PAR  Another known bung of this type, shown in U.S. Pat. No. 2,946,491, is
      particularly adapted for small vacuum bottles and is shaped like a cup
      having a plurality of ports through the bottom thereof. A disc disposed
      below the bottom opens and closes all of the ports simultaneously.
      However, this device is not suitable for larger receptacles such as oil
      drums, as the contents of the drum would flow out through all the openings
      simultaneously, with the problem described above.
PAR  Accordingly, it is an object of the present invention to provide a bung of
      the type described, which need not be precisely positioned with respect to
      the container it closes.
PAR  Another object of the present invention is the provision of a bung which
      provides additional safety to the contents of the container before the
      bung is first used.
PAR  Still another object of the present invention is the provision of a bung
      which can be opened and closed without fouling the tools and hands of the
      operator.
PAR  Finally, it is an object of the present invention to provide a bung of the
      type described, which will be relatively simple and inexpensive to
      manufacture, easy to install and operate, and rugged and durable in use.
PAR  Briefly, the objects of this invention are attained by providing a bung
      having a plurality of flow openings therethrough arranged in a series
      about the axis of the bung, and a valve disc for simultaneously opening
      and closing all of the flow openings. Each flow opening has a thin
      penetrable closure which can be separately penetrated without disturbing
      any of the other closures. Only the closure which is lowermost when the
      container is tilted will be penetrated, so that only the contents of the
      container will leave through only the lowermost flow opening. Manipulation
      of the bung to open and close the disc can therefore be conducted entirely
      above the emergent stream of liquid, and the tools and hands of the
      operator will not become fouled with the contents of the container.
      Furthermore, the closures provide an auxiliary closure of the receptacle,
      in addition to the closure disc, prior to the rupture of any closure, so
      that even if the disc leaks, the bung will not.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from a consideration of the following description, taken in
      connection with the accompanying drawing, in which:
PAR  FIG. 1 is an axial cross-sectional view of a bung according to the present
      invention, on the line A-A of FIG. 2; and
PAR  FIG. 2 is a top plan view of the bung shown in FIG. 1.
DETD
PAR  Referring now to the drawing in greater detail, there is shown a bung 1
      which has external screw threads 2 and a peripheral flange 3, for
      screw-threaded attachment in the usual way within the screw-threaded
      opening of a container such as an oil drum. If bung 1 is of a synthetic
      resin which is somewhat deformable, then it will not be necessary to
      provide a packing ring beneath flange 3 to secure the bung fluidtightly to
      the container.
PAR  Bung 1 has a plurality of flow openings 4 therethrough, arranged as shown
      in FIG. 2 in a series about the axis of the bung. These may for example be
      four in number, so that no matter what the rotated position of the bung
      relative to the container, one opening 4 will always be beneath that
      midplane of the bung which is most nearly horizontal.
PAR  Each flow opening 4 is closed by a thin wall comprising a closure 5 which
      is readily penetrable and may for example be of heavy metal foil. Each
      closure 5 is independent of the other closures 5 so that the rupture of
      one closure 5 will not disturb the other closures 5.
PAR  A closure in the form of a valve disc 6 is carried by a screw 7 that has
      screw-threaded engagement with a central opening through the bung and
      which may be rotated to move disc 6 into and out of sealing engagement
      with all of the flow openings 4. The open condition is shown in FIG. 1;
      and in closed condition, the annular sealing surface 8 of the bung body is
      tightly contacted by the sealing ring 9. A washer 10 carried by a rivet 11
      at the end of screw 7 secures disc 6 thereto.
PAR  To use the bung of the present invention, it is screwed into the filled
      container and all of the closures 5 are maintained intact. When it is
      desired to dispense from the container, the container is tilted and one
      closure 5 is ruptured. The closure 5 selected for rupture is that which is
      lowermost in the tilted position of the container. The screw 7 can then be
      rotated to move disc 6 awway from its seat on the bung body, to the FIG. 1
      position, whereupon the contents of the container flow out through only
      the lowermost flow opening 4 with its ruptured closure 5. The intact
      closures 5 prevent the liquid from flowing out of any other flow opening.
PAR  When dispensing has been completed, the screw 7 can be rotated in the
      reverse direction to close disc 6 against the bung body to shut off the
      flow of liquid. As the screw 7 is axial of the bung and the open flow
      opening 4 is below that axis, the opening and closing of disc 6 can be
      performed with a tool such as a screwdriver without the contents of the
      container flowing over the tools or the hands of the operator.
PAR  If desired, the closures 5 can be rendered more readily frangible by
      providing weakening grooves along the edges thereof.
PAR  From a consideration of the foregoing disclosure, therefore, it will be
      evident that all of the initially recited objects of the present invention
      have been achieved.
PAR  Although the present invention has been described and illustrated in
      connection with preferred embodiments, it is to be understood that
      modifications and variations may be resorted to without departing from the
      spirit of the invention, as those skilled in this art will readily
      understand. Such modifications and variations are considered to be within
      the purview and scope of the present invention as defined by the appended
      claims.
CLMS
STM  Having described our invention, we claim:
NUM  1.
PAR  1. A bung for containers comprising an externally screw-threaded body
      having a plurality of flow openings therethrough arranged in a series
      about the axis of the bung, a valve for simultaneously opening and closing
      all of the flow openings, a thin penetrable closure closing each flow
      opening and being so disposed that the closure of any opening can be
      penetrated without penetrating the closure of any other opening, and a
      valve operator lying on the axis of said body and movable relative to said
      body to move said valve to open and close said flow openings, said flow
      openings surrounding said valve operator.
NUM  2.
PAR  2. A bung as claimed in claim 1, said valve being a disc and said valve
      operator carrying said disc.
NUM  3.
PAR  3. A bung as claimed in claim 2, said valve operator being a screw coaxial
      with said body.
NUM  4.
PAR  4. A bung as claimed in claim 1, said body being substantially thicker in
      an axial direction than said closures.
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ABST
PAL  A single length of insulated, stranded steel cable extends vertically
      through a bin or other material container and functions as a radiating
      antenna for an electrical signal transmitter. The reactance of the
      antenna, which varies as a function of the level of material in the
      container adjacent the antenna, is inductively linked to an oscillator
      circuit in the transmitter. The transmitter's signal which is altered in
      frequency with changes in the antenna's reactance is combined with that of
      a constant frequency reference signal. The frequency of the resulting
      difference signal is employed to form a remote indication of the material
      level and to provide control information for automatically maintaining or
      varying material levels.
PARN
PAR  This is a division of application Ser. No. 158,883, filed July 1, 1971, now
      U.S. Pat. No. 3,807,231.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to automatic means for measuring the vertical
      elevation of a mass of material with respect to a given reference point
      and for automatically controlling the supply or depletion of material
      within a given area to maintain a predetermined elevation in the mass.
PAR  In its presently contemplated preferred application, the invention relates
      to means for automatically measuring the level of grain, aggregate, fluids
      or other materials which are maintained within storage containers. The
      field of the invention also includes automatic control systems in whic
      material is added to or withdrawn from a container to maintain a
      predetermined level of material within the container.
PAR  2. Description of the Prior Art
PAR  A commonly employed technique for measuring material levels in bins
      includes the use of mechanically vibrated probes which extend into the
      bin. In such devices, the period of vibration of the probe is transduced
      into an electrical signal which in turn in converted into an output
      representation through a suitable analog transducer. Another prior art
      device includes a tap like probe which extends into a container holding
      fluid or other material. Elastic disturbances are induced in the probe and
      the delay time or amplitude of the reflected mechanical movement through
      the probe is transduced into an electrical signal to operate an analog
      output device which gives an indication of material depth.
PAR  Still another prior art device includes plural electrical lines which
      extend through the matter to be measured. The two lines function as an
      electrical delay line or transmission line through which electrical
      signals are introduced from a suitable signal source. The reflected
      signals in the line are timed or measured to produce an indication of the
      level of material within the container.
PAR  Other prior art designs include one or more probes which extend through the
      matter being measured and function as variable capacitors having a
      capacitive reactance which varies as a function of the level of the matter
      present in the area of the probes.
PAR  Another of the prior art systems known to the applicant herein employs a
      single or plural element, high frequency resonant probe which functions as
      an open ended resonant coaxial cavity. When the material level is
      sufficiently close to the probe, an oscillator circuit is loaded to
      terminate resonance and signal oscillation which then initiates operation
      of a control system.
PAR  In many of the prior art devices described herein, the probes are
      relatively delicate and are subject to breakage and wear. Such probes are
      generally not suited for use in material such as grain, aggregate and
      other relatively heavy abrasive solids.
PAR  Those prior art systems which employ mechanical oscillation or other
      physically movable probes require complex motion inducing means as well as
      elaborate electrical transducing and analyzing circuitry. Moreover, such
      systems are often unreliable and are difficult to install an maintain.
PAR  Various of the prior art systems described herein actually function
      exclusively as level monitors which are sensitive to only a few
      predetermined levels of material in a container. Such systems do not
      provide output represenations or displays which show a continnuous
      variation of level within the container.
PAR  Prior art probes which require more than a single element are also
      undesirable to the extent that the container is cluttered with additional
      equipment. Capacitive probes are often objectionable in that extraneous
      conditions not related to the level of the matter being measured may cause
      false readings. In addition, a large noise-to-signal ratio is often
      present in systems where capacitance is the variable electrical
      characteristic being monitored to provide a depth reading.
PAC  SUMMARY OF THE INVENTION
PAR  The system of the present invention employs an inexpensive, single element
      probe of extremely high mechanical strength which can withstand the high
      forces exerted by moving materials such as grain, gravel and other similar
      products. The system monitors all material levels along the entire length
      of the vertically disposed probe to provide a continuous indication of
      level.
PAR  The antenna is inductively coupled with an oscillator circuit in a
      transmitter so that a change in the antenna's inductive reactance caused
      by a change in the level of material adjacent the probe alters the
      oscillator's load impedance to cause a change in the frequency of the
      transmitter's signal. The transmitter signal generated on the probe
      oscillates at a high frequency so that relatively small changes in
      material level produce a relatively large change in the frequency of the
      signal generated by the transmitter to thereby improve resolution and
      system accuracy. The variable frequency transmitter signal is mixed with a
      constant, relatively high frequency signal provided by a reference
      oscillator in a converter circuit. The converter circuit forms a
      relatively low frequency difference signal having a frequency representing
      the frequency difference between the reference and the transmitter signal.
      The difference signal is rectified and integrated to provide an input to a
      remotely located analog transducer which forms a visible display
      continuously indicating the level of material in the container.
PAR  In a modified form, the difference signal is digitized by being converted
      into square wave signals having pulses of constant amplitude and width and
      a frequency which is a function of the difference signal frequency. The
      digitized signal may form the input to a counter or other digital device
      which transduces the electrical signal to provide a visible indication of
      the level of the container. An analog indication may be obtained by
      integrating the digitized signals to form an amplitude modulated signal
      which is input to an analog transducer. In both the preferred and modified
      forms, the system may be operated as a control system by employing the
      difference signal to regulate operation of automatic mechanisms which
      maintain a predetermined level of material within the container.
PAR  In many applications, the probe may be formed of an insulated cable which
      is employed to carry temperature sensitive thermocouples often used in
      conventional grain bins to monitor grain temperature. In such
      applications, the control and measuring capabilities of the present
      invention may be realized with only minor modification of existing
      equipment and without the need for inserting any additional probes or
      other equipment into the container.
PAR  The foregoing as well as other features and advantages of the present
      invention may be more readily appreciated from the following
      specification, drawings and related claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical cross-sectional view illustrating a material container
      equipped with the automatic sensing and control system of the present
      invention;
PAR  FIG. 2 is a horizontal cross section taken along the line 2--2 of FIG. 1
      illustrating details in the antenna element of the present invention;
PAR  FIG. 3 is a schematic diagram of the electrical circuitry employed in the
      preferred form of the present invention; and
PAR  FIG. 4 illustrates a modified, digital form of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 of the drawings, the preferred form of the invention indicated
      generally at 10 includes a material storage bin 11 which is partially
      filled with grain G. The bin is of conventional construction having a
      dispensing opening 12 at its lower end which is covered by a hinged door
      13. When the door 13 is moved into the dotted line position, the grain
      flows by gravity from the opening 12.
PAR  At the upper end of the bin, an automatic control system indicated
      generally at C is employed to add grain to the bin through a filling
      opening 14. The system C is schematically depicted and includes a conveyor
      belt 15 driven by an electric motor 16 which in turn is controlled through
      a line 16a by a motor control circuit 17. Operation of the control circuit
      17 and motor 16 is dependent upon operation of a level sensor circuit 18
      positioned at the top of the bin. The circuit 18 is electrically connected
      with a depth sensing antenna probe 19 which monitors the level of material
      in the bin. The antenna probe 19 is stretched vertically between insulated
      antenna supports 19a and 19b, connected respectively adjacent the upper
      and lower surfaces of the bin. The antenna is preferably spaced from the
      surrounding walls of the bin 11 so that the antenna may be completely
      surrounded with the material to be contained within the bin. The
      electrical output from the level sensing circuit 18 varies as a function
      of material level and provides inputs to the control circuit 17 and to an
      analog transducer indicated schematically at 20 to respectively regulate
      the adding of grain to the bin and to form a visible indication of the
      material level.
PAR  In operation, the arrangement of the invention indicated at FIG. 1
      automatically provides a continuous, visible indication on the analog
      transducer 20 showing the level of grain within the bin 11. When the grain
      level falls below a predetermined minimum level indicated for example by
      the dotted line 21, this information is communicated from the level sensor
      18 to the motor control circuit 17 to initiate operation of the conveyor
      belt 15 which adds grain to the bin until the grain level rises to a
      predetermined level indicated for example by the dotted line 22.
PAR  FIG. 2 of the drawing illustrates details in the construction of the
      preferred form of the antenna probe 19. The antenna includes a high
      density polyethylene or teflon insulating sleeve employed to surround a
      stranded, galvanized or stainless steel cable 19d. The metal cable
      provides extremely high mechanical strength which resists the large forces
      exerted by shifting material contained within the bin and the protective
      insulating coating provides an abrasion resistant electrically insulating
      coating for the cable core.
PAR  As illustrated in FIG. 3, the level sensing means of the present invention
      includes a transmitter circuit 18a which generates a high frequency signal
      on the antenna probe 19. The high frequency signal is provided by an
      amplifier oscillator circuit formed by a differential amplifier Q-1. The
      amplifier forms an output signal at output 25 which is fed back to a
      positive input at 26 through an L-C feedback circuit F-1. The load
      impedance of the feedback circuit F-1 is provided in part by an inductance
      formed by a primary transformer winding 27 in a transformer T-1. Winding
      27 is connected in parallel with a variable capacitor 28 to form an
      oscillator tank circuit. A direct current supply voltage B+ is connected
      to one end of capacitor 28 and winding 27 and the other end of each
      element is connected through a capacitor 29 to the positive amplifier
      input 26. A direct current supply voltage C+ is connected into the
      amplifier Q-1 through a negative input terminal 30. The supply voltage C+
      establishes a quiescent operating point for the amplifier-oscillator Q-1.
      An A.C. blocking inductor 31 connects the supply voltage to the positive
      input 26 so that both amplifier inputs are provided with the same D.C.
      bias.
PAR  The primary winding 27 is inductively coupled with a secondary winding 32
      which is connected between the antenna probe 19 and ground. A second
      secondary transformer winding 33 is connected at one end to ground and at
      its other end connects into a converter circuit 34. Because of the high
      frequencies involved, the inductors in the transmitter circuit 18a are
      preferably shielded to avoid cross talk with the rest of the system.
PAR  In operation, the reactance of the antenna probe 19 is altered by changes
      in the level of material adjacent the antenna element. The changes in
      material level affect the permativity and permeability of the spacial area
      into which the electromagnetic fields induced by the antenna signal are
      radiated. Inductive coupling exists between the antenna probe 19 and
      secondary winding 32 and the primary winding 27 included in the feedback
      circuit F-1. Because of the inductive coupling, any change in the
      inductive reactance of the antenna produces a change in the load impedance
      of the feedback circuit which in turn alters the oscillating frequency of
      the signal produced at amplifier output 25 and in winding 27. The new
      frequency of the signal is the resonant frequency established by the value
      of capacitor 28 and inductance 27. Secondary winding 33 is inductively
      coupled with winding 27 so that the frequency of the signal induced in
      winding 33 is the same as the frequency of the signal appearing at the
      output of the oscillator-amplifier Q-1.
PAR  The output signal from transmitter circuit 18a is fed through a coupling
      capacitor 35 into a current control node 36 in a differential amplifier
      depicted schematically at Q-2. Amplifier Q-2. and its associated circuitry
      function as an autodyne to trigonometrically sum the high frequency signal
      from transmitter circuit 18a with a high frequency reference signal and to
      convert the two signals into a single, relatively low frequency difference
      signal having a frequency which is a function of the transmitter signal
      frequency. Preferably, the difference signal has a frequency equal to the
      difference between the transmitter and reference signal frequencies. For
      this purpose, the amplifier Q-2 is equipped with positive and negative
      differential inputs 37 and 38, respectively, and differential outputs 39
      and 40. The input 36 regulates the current through the amplifier Q-2 as a
      function of the frequency of the signal output from the transmitter. A
      highly stable reference signal is obtained by feeding the output signal
      from output 40 back through an L-C feedback circuit F-2 to the positive
      input 37. Feedback circuit F-2 includes a fixed value capacitor 41 and a
      parallel connected circuit including inductor  42 and variable capacitor
      43 connected to a B+ supply voltage. The effective values for the
      inductive and capacitive components in the feedback circuit F-2 establish
      the frequency of the reference signal. A D.C. input bias is provided on
      both differential inputs from a C+ supply voltage which connects directly
      to the negative input 38 and connects through a blocking inductor 44 to
      the positive input 37. The difference signal is formed at output 39 and is
      input to a primary winding 45 of an iron core transformer T-2.
PAR  The difference signal formed across winding 45 is inductively coupled with
      a grounded secondary winding 46 of the transformer T-2 and communicated to
      a rectifying semi-conductor diode 47. The rectified signal transmitted
      through diode 47 is integrated to a smooth D.C. level by an RC circuit
      formed by a resistor 48 connected between two grounded capacitors 49 and
      50.
PAR  The D.C. output from the integrating circuit formed at A provides the input
      for the analog transducer 20. The signal at A also provides the input to
      the motor control circuit 17 which includes a differential amplifier Q-3
      employed as a comparator and relay driver. The signal at A is supplied to
      the negative input 52 of amplifier Q-3 which compares the signal with the
      constant level D.C. input appearing at the amplifier's positive input 53.
      The positive reference voltage provided at 53 is obtained from a voltage
      divider 54 provided by a resistance 55 extending between a source of D.C.
      power (D+) and ground. A movable tap 56 is employed to pick off a voltage
      between ground potential and the D+ level to provide the desired voltage
      level input at 53. When the signal at input 53 is more positive than that
      appearing at input 52, the amplifier provides an output signal at 57 which
      closes a relay 58 to provide electrical power from a D+ source over line
      16a to the motor 16.
PAR  In adjusting the circuitry of the present invention to provide the desired
      measuring and control functions, the system is initially calibrated with
      the pin 11 empty so that no material is in contact with the antenna probe
      19. Variable capacitor 28 is then adjusted until the reactance in feedback
      circuit F-1 causes the amplifier-oscillator circuit Q-1 to operate at a
      desired operating frequency. Variable capacitor 43 is then adjusted until
      the reference signal occurring at output 40 oscillates at the same
      frequency as that appearing at the output 25 of amplifier-oscillator Q-1.
      Under these conditions, no signal (or a D.C. level signal) is produced at
      the output 39 which in turn produces a zero level input to both diode 47
      and analog indicator 20.
PAR  In the control circuit 17, when the bin is empty, the signal appearing at A
      is essentially zero so that the negative input to amplifier 51 is also
      zero. The voltage at input 53 is initially selected to be greater than
      zero so that when input 53 is more positive than input 52, an output
      signal is formed at 57 which causes relay 58 to close to in turn energize
      the system supplying grain to the bin. As the level of material in the bin
      continues to rise, the frequency of the difference signal at the output 39
      continues to increase. When the magnitude of the filtered, integrated
      difference signal reaches the same value as the voltage level appearing at
      the positive input 53 to amplifier Q-3, the output signal from amplifier
      Q-3 is terminated to deenergize relay 58 which in turn stops the supply of
      material to the bin.
PAR  The signal generated by the transmitter 18a, may, within practical limits,
      have an operating frequency which is located within the range of
      approximately 200 KHz to 50 MHz. The preferred range of operation is
      between 600 KHz to 4 MHz. The frequency of the difference signal is
      substantially lower and would normally range from zero to 100 KHz. With
      regard to the construction of the circuitry illustrated in FIG. 3 of the
      drawings, conventional integrated circuit components are preferably
      employed for amplifiers Q-1, Q-2 and Q-3. However, any circuitry capable
      of performing the described system functions may be employed.
PAR  FIG. 4 is the drawings illustrates a modified form of the present invention
      which includes means for increasing the stability, linearity and accuracy
      of the system The circuitry illustrated in FIG. 4 also includes means for
      converting the difference signal into square wave pulses having constant
      amplitude and width and a frequency which is a function of the difference
      signal frequency. As illustrated in FIG. 4, the signal from transmitter
      circuit 18a is input to the positive input of a differential amplifier Q-4
      which functions as an autodyne. In general, amplifier Q-4 and its
      associated circuitry function in the manner previously described with
      reference to amplifier Q-2 in FIG. 3. In the circuitry illustrated in FIG.
      4, however, increased stability is provided by employing a separate
      reference signal oscillator. Amplifier Q-4 includes positive and negative
      differential inputs 60 and 61, respectively, and differential outputs 62
      and 63. The reference signal mixed with the transmitter signal is produced
      by an oscillator formed by a differential amplifier Q-5 employing a stable
      L-C feedback circuit F-3. A C+ input bias is supplied to the positive and
      negative inputs of amplifier Q-5 with the supply to the positive input
      being connected through an A.C. blocking inductor. The circuit F-3
      includes capacitor 64, inductor 65 and a variable capacitor 66. Inductor
      65 is the secondary of a transformer T-3 and is inductively coupled with
      the transformer's primary winding 67. The reference signal induced in
      winding 67 is transmitted through a coupling capacitor 68 to a current
      control input node 69 in the amplifier Q-4. The D.C. biasing voltage for
      the amplifier Q-4 is provided from a C+ source directly to negative input
      61, and through an alternating current blocking inductor 70 to the
      positive input 60.
PAR  The difference signal having a frequency representing the difference
      between the signal appearing at input terminals 60 and 69 is formed at
      outputs 62 and 63 across the primary winding 71 of an iron core
      transformer T-4. Complementary signals in push-pull phase relationship
      appear across conductor winding 71 and induce a corresponding output
      signal across winding 72 in the secondary of transformer T-4. The
      difference signal is coupled with a bistable latch squaring circuit 73
      through coupling capacitors 74 75. The squaring circuit includes two Nor
      gates 76 and 77, each of which has one of its inputs supplied by the
      difference signal and its second input provided by the output from the
      other gate to provide a bistable latch. The signal appearing at the output
      78 of Nor gate 76 and the output 79 of Nor gate 77 is in the form of a
      square wave pulse chain exhibiting the same frequency as the difference
      signal appearing at the input to the latch circuit. The signal at 78 is
      identical to that appearing at 79 except that the two signals are
      180.degree. out of phase. By thus converting the sinusoidally varying
      difference signal into a square wave pulse chain, the frequency
      information contained in the input signal is protected from external noise
      that may appear further down the system.
PAR  The output signals from gate 76 and gate 77 are conveyed along lines 78 and
      79, respectively, which represent a dual conductor, shielded transmission
      line. A repeated circuit 80 employs a second bistable latch with Nor gates
      81 and 82 which reshape the signal to compensate for any attenuation or
      distortion caused by line impedance or disturbance. The output from gate
      81 of the repeater circuit is provided at A in a digitized form comprising
      a square wave pulse chain having constant amplitude pulses which occur at
      the same frequency as the frequency of the difference signal appearing
      across the transformer winding 72. At this point in the circuit, pulse
      widths also vary with the frequency of the difference signal.
PAR  The digitized signal appearing at A may provide an input to an integrating
      digital counter 82. It will be appreciated that if desired, the digital
      signal at A may be employed for precision readout or signal interface for
      computer data acquisition. In the circuit of FIG. 4, the output signal
      appearing at A is also input through a coupling capacitor 84 to a
      discriminator circuit 85. The discriminator includes a monostable (one
      shot) multivibrator which converts the square wave signals at A to a train
      of pulses having equal pulse widths and equal amplitudes which appears at
      the pulse generator output 86. The monostable pulse generator includes two
      series connected Nor gates 87 and 88, series timing capacitor 89, a timing
      resistor 90 and an input resistor 91.
PAR  In operation, a B+ supply voltage is applied through the timing resistor 90
      to two inputs of Nor gate 88. With a "high" (equivalent to a logical one)
      level signal at both inputs to the Nor gate, the output at 86 is "low"
      (equivalent to a logical zero). The low at 86 is fed back to one of the
      inputs of gate 87 through feedback line 92. When a high is developed
      across input resistor 91, which provides the second input to Nor gate 87,
      the output of gate 87 is pulled low which initiates a charge on timing
      capacitor 58 and also reverses the input level of gate 88 to provide a
      high at the output 86. The output at 86 remains high until sufficient
      current flows through timing resistor 90 to charge capacitor 89 to the
      cut-in voltage of the two inputs of gate 87 to ground potential (low). By
      this means, it may be seen that the pulse width appearing at the output of
      discriminator 85 is controlled by the RC time constant of timing resistor
      59 and capacitor 89 and that the frequency of the output signal is a
      direct function of the frequency of the signal input to the discriminator.
PAR  The output signal at 86 is input to an integrator circuit 93 which forms
      part of the discriminator circuit. The circuit 93 integrates the area
      under the uniform pulses in the output pulse chain from discriminator 85
      by adding charges to a charging capacitor 94 through a current limiting
      resistor 95 and discharging the capacitor through the analog indicator 20.
      A semi-conductor diode 96 connected in series between the output of the
      discriminator and the integrator circuit prevents reverse current flow
      through gate 88. The voltage input to the indicator 20 is directly
      proportional to the difference signal appearing across winding 72 which in
      turn is directly proportional to the level of material adjacent the
      antenna probe 19.
PAR  Although grain level in a bin has been employed to describe the operation
      of the present invention, it will be understood that the present invention
      is capable of being employed with any material having a variable dimension
      in any given direction. While the most common applications of the present
      invention anticipate vertical fluctuations of material levels adjacent the
      antenna probe, it will be appreciated that the probe may be disposed in
      any direction including a horizontal direction to measure movement of
      materials in the direction of its alignment. Moreover, while the automatic
      control functions of the present invention is described with respect to
      maintaining a predetermined material level, it will also be appreciated
      that with simple design modifications, the system may function to increase
      or decrease material levels at a predetermined rate or according to given
      function. Additionally, although the invention is described specifically
      with reference to material quantities or dimensional measurements, it will
      also be understood that the probe may be sensitive to the type or quality
      of material adjacent the probe rather than the level of such material. In
      the latter circumstance, it will be apparent that the analog indicator can
      provide a continuous indication of type or quality, and if desired, the
      control mechanism may be operated to automatically alter the type or
      quality of material in the sensing area to conform it to a predetermined
      function or value. The foregoing disclosure and description of the
      invention is illustrative and explanatory thereof, and various changes in
      the size, shape and materials as well as in the details of the illustrated
      construction may be made within the scope of the appended claims without
      departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A measuring system for automatically measuring a variable quality or
      quantity of matter present within a sensing area and for providing a
      representation of the value of said quality or quantity, comprising:
PA1  a. sensing means including an elongate body of metallic material having
      first and second end means with said body extending between spaced points
      in said sensing area;
PA1  b. energizing means connected with said sensing means for electrically
      energizing said body;
PA1  c. electrical processing means connected with said sensing means and
      responsive to a change in one or more electrical characteristics of said
      body which vary in value as a function of the quality or quantity of the
      matter adjacent said body between said spaced points and for forming an
      output electrical signal dependent upon the value of said one or more
      electrical characteristics;
PA1  d. output means connected with said processing means and said output
      electrical signal for forming an output representative of the quality or
      quantity of the matter adjacent said body between said spaced points;
PA1  e. an enclosing structure extending about said sensing area for forming a
      container means, said container means including a filling opening and a
      dispensing opening for respectively inserting material into said container
      and dispensing material from said container;
PA1  f. securing means connected to said elongate body for mounting said body
      vertically within said enclosing structure, said securing means including
      first and second vertically spaced mounting members positioned
      substantially at the upper and lower ends of said container means with
      said elongate body connected to and extending linearly between said
      mounting members in touching engagement with matter contained within said
      container;
PA1  g. control means connected with and operated by said output means for
      automatically inserting material into said container to maintain a
      predetermined quantity of material said container; and
PA1  h. digitizing means included in said processing means for converting said
      difference signal into a square wave digitized signal having pulses of
      constant amplitude and width and a frequency which is a function of said
      difference signal frequency.
NUM  2.
PAR  2. A measuring system for automatically measuring a variable quality or
      quantity of matter present within a sensing area and for providing a
      representation of the value of said quality or quantity, comprising:
PA1  a. sensing means including an elongate body of a flexible metal cable means
      having first and second end means with said body extending between spaced
      points in said sensing area;
PA1  b. energizing means connected with said sensing means for electrically
      energizing said body, said energizing means including transmitting circuit
      means having a first oscillator circuit means for generating a variable
      frequency sensing signal, said elongate body being electrically coupled
      with said first oscillator circuit means and sensitive to the quality or
      quantity of matter in the area adjacent said body between said spaced
      points to change the load impedance of said first oscillator circuit means
      for causing a change in the frequency of said sensing signal;
PA1  c. electrical processing means connected with said sensing means and
      responsive to a change in one or more electrical characteristics of said
      body which vary in value as a function of the quality or quantity of the
      matter adjacent said body between said spaced points and for forming a
      first electrical signal dependent upon the value of said one or more
      electrical characteristics, said electrical processing means further
      including:
PA2  i. reference circuit means having a second oscillator circuit means for
      providing a substantially constant frequency reference signal;
PA2  ii. comparator means for combining said reference signal and said sensing
      signal to form a difference signal which is representative of the
      difference between said reference and sensing signals;
PA2  iii. digitizing means controlled by said difference signal for forming a
      square wave digitized output electrical signal having pulses occurring at
      a frequency which is a function of the value of said one or more
      electrical characteristics;
PA1  d. output means connected with said processing means and said output
      electrical signal for forming an output representative of the quality or
      quantity of the matter adjacent said body between said spaced points;
PA1  e. an enclosing structure extending about said sensing area for forming a
      container means, said container means including a filling opening and a
      dispensing opening for respectively inserting material into said container
      and dispensing material from said container;
PA1  f. securing means connected to said elongate body for mounting said body
      vertically within said enclosing structure, said securing means including
      first and second vertically spaced mounting members positioned
      substantially at the upper and lower ends of said container means with
      said elongate body connected to and extending linearly between said
      mounting members in touching engagement with matter contained within said
      container; and
PA1  g. control means connected with and operated by said output means for
      automatically inserting material into said container to maintain a
      predetermined quantity of material within said container.
NUM  3.
PAR  3. A measuring system as defined in claim 2 wherein said output means
      includes integrating circuit means for integrating said digitized signal
      to form an amplitude modulated signal for providing a visible output
      display in an analog indicator.
NUM  4.
PAR  4. A measuring system as defined in claim 2 wherein said output means
      includes counting means for counting said pulses to form a visible output
      display in a digital indicator.
NUM  5.
PAR  5. A measuring system for automatically measuring a variable quality or
      quantity of matter present within a sensing area for providing a
      representation of the value of said quality or quantity, comprising:
PA1  a. sensing means including an elongate body having first and second end
      means with said body extending between spaced points in said sensing area;
PA1  b. energizing means connected with said sensing means for electrically
      energizing said body, said energizing means including transmitting circuit
      means having a first oscillator circuit means for generating a variable
      frequency sensing signal, said elongate body being electrically coupled
      with said first oscillator circuit means and sensitive to the quality or
      quantity of matter in the area adjacent said body between said spaced
      points to change the load impedance of said first oscillator circuit for
      causing a change in the frequency of said sensing signal;
PA1  c. electrical processing means connected with said sensing means and
      responsive to a change in one or more electrical characteristics of said
      body which vary in value as a function of the quality or quantity of the
      matter adjacent said body between said spaced points and for forming an
      output electrical signal dependent upon the value of said one or more
      electrical characteristics, said electrical processing means including
      reference circuit means having a second oscillator circuit means for
      providing a substantially constant frequency reference signal and further
      including comparator means for combining said reference signal and said
      sensing signal to form a difference signal which is representative of the
      difference between said reference and sensing signals;
PA1  d. differential amplifier means included in said transmitting circuit means
      and employing a first inductive and capacitive feedback circuit to form
      said first oscillator circuit means, said elongate body being inductively
      coupled with the inductive reactance in said first feedback circuit for
      changing the inductive reactance in said first feedback circuit with
      changes in the reactance of said elongate body;
PA1  e. output means connected with said processing means and said output
      electrical signal for forming an output representative of the quality or
      quantity of the matter adjacent said body between said spaced points;
PA1  f. an enclosing structure extending about said sensing area for forming a
      container means, said container means including a filling opening and a
      dispensing opening for respectively inserting material into said container
      and dispensing material from said container;
PA1  g. securing means connected to said elongate body for mounting said body
      vertically within said enclosing structure, said securing means including
      first and second vertically spaced mounting members positioned
      substantially at the upper and lower ends of said container means with
      said elongate body connected to and extending linearly between said
      mounting members in touching engagement with matter contained within said
      container; and
PA1  h. control means connected with an operated by said output means for
      automatically inserting material into said container to maintain a
      predetermined quantity of material within said container.
NUM  6.
PAR  6. A measuring system as defined in claim 5 wherein said reference circuit
      means includes a differential amplifier employing a second inductive and
      capacitive feedback circuit to form said second oscillator circuit means.
NUM  7.
PAR  7. A measuring system as defined in claim 6 wherein:
PA1  a. said output electrical signal is inductively coupled with a rectifying,
      integrating circuit to form a direct current output signal; and
PA1  b. said output means includes display means responsive to said output
      electrical signal to form a visible representation of the quality or
      quantity of the matter adjacent said body between said spaced points.
NUM  8.
PAR  8. A measuring system as defined in claim 7 wherein said processing means
      includes digitizing means for converting said difference signal into a
      square wave digitized signal having pulses of constant amplitude and width
      and a frequency which is a function of said difference signal frequency.
NUM  9.
PAR  9. A measuring system for automatically measuring a variable quality or
      quantity of matter present within a sensing area and for providing a
      representation of the value of said quality or quantity, comprising:
PA1  a. sensing means including an elongate body having first and second end
      means with said body extending between spaced points in said sensing area;
PA1  b. energizing means connected with said sensing means for electrically
      energizing said body, said energizing means including transmitting circuit
      means having a first oscillator circuit means for generating a variable
      frequency sensing signal, said elongate body being electrically coupled
      with said first oscillator circuit means and sensitive to the quality or
      quantity of matter in the area adjacent said body between said spaced
      points to change the load impedance of said first oscillator circuit for
      causing a change in the frequency of said sensing signal;
PA1  c. electrical processing means connected with said sensing means and
      responsive to a change in one or more electrical characteristics of said
      body which vary in value as a function of the quality or quantity of the
      matter adjacent said body between said spaced points and for forming an
      output electrical signal dependent upon the value of said one or more
      electrical characteristics, -aid electrical processing means further
      including:
PA2  i. reference circuit means having a second oscillator circuit means for
      providing a substantially constant frequency reference signal;
PA2  ii. comparator means for combining said reference signal and said sensing
      signal to form a difference signal which is representative of the
      difference betw-en said reference and sensing signals;
PA2  iii. digitizing means for forming a square wave digitized signal having
      pulses o-curring at a frequency which is a function of the value of said
      one or more electrical characteristics;
PA1  d. output means connected with said processing means and said output
      electrical sigal for forming an output representative of the quality or
      quantity of the matter adjacent said body between said spaced points;
PA1  e. an enclosing structure extending about said sensing area for forming a
      container means, said container means including a filling opening and a
      dispensing opening for respectively inserting material into said container
      and dispensing material from said container;
PA1  f. securing means connected to said elongate body for mounting said body
      vertically within said enclosing structure, said securing means including
      first and second vertically spaced mounting members positioned
      substantially at the upper and lower ends of said container means with
      said elongate body connected to and extending linearly between said
      mounting members in touching engagement with matter contained within said
      container; and
PA1  g. control means connected with and operated by said output means for
      automatically inserting material into said container to maintain a
      predetermined guantity of material within said container.
NUM  10.
PAR  10. A measuring system as defined in claim 9 wherein said output means
      includes integrating circuit means for integrating said digitized signal
      to form an amplitude modulated signal for providing a visible output
      display in an analog indicator.
NUM  11.
PAR  11. A measuring system as defined in claim 10 wherein said output means
      includes counting means for counting said pulses to form a visible output
      display in a digital indicator.
NUM  12.
PAR  12. A measuring system for automatically measuring a variable quality or
      quantity of matter present within a sensing area and for providing a
      representation of the value of said quality or quantity, comprising:
PA1  a. sensing means including an elongate body of a flexible metal cable means
      having first and second end means with said body extending between spaced
      points in said sensing area;
PA1  b. energizing means connected with said sensing means for electrically
      energizing said body, said energizing means including transmitting circuit
      means having a first oscillator circuit means for generating a variable
      frequency sensing signal, said elongate body being electrically coupled
      with said first oscillator circuit means and sensitive to the quality or
      quantity of matter in the area adjacent said body between said spaced
      points to change the load impedance of said first oscillator circuit for
      causing a change in the frequency of said sensing signal;
PA1  c. electrical processing means connected with said sensing means and
      responsive to a change in one or more electrical characteristics of said
      body which vary in value as a function of the quality or quantity of the
      matter adjacent said body between said spaced points and for forming an
      output electrical signal dependent upon the value of said one or more
      electrical characteristics, said electrical processing means including
      reference circuit means having a second oscillator circuit means for
      providing a substantially constant frequency reference signal and further
      including comparator means for combining said reference signal and said
      sensing signal to form a difference signal which is representative of the
      difference between said reference and sensing signals;
PA1  d. differential amplifier means included in said transmitting circuit means
      and employing a first inductive and capacitive feedback circuit to form
      said first oscillator circuit means, said elongate body being inductively
      coupled with the inductive reactance in said first feedback circuit for
      changing the inductive reactance in said first feedback circuit with
      changes in the reactance of said elongate body;
PA1  e. output means connected with said processing means and said output
      electrical signal for forming an output representative of the quality or
      quantity of the matter adjacent said body between said spaced points;
PA1  f. an enclosing structure extending about said sensing area for forming a
      container means, said container means including a filling opening and a
      dispensing opening for respectively inserting material into said container
      and dispensing material from said container;
PA1  g. securing means connected to said elongate body for mounting said body
      vertically within said enclosing structure, said securing means including
      first and second vertically spaced mounting members positioned
      substantially at the upper and lower ends of said container means with
      said elongate body connected to and extending linearly between said
      mounting members in touching engagement with matter contained within said
      container; and
PA1  control means connected with and operated by said output means for
      automatically inserting material into said container to maintain a
      predetermined quantity of material within said container.
NUM  13.
PAR  13. A measuring system as defined in claim 12 wherein said reference
      circuit means includes a differential amplifier employing a second
      inductive and capacitive feedback circuit to form said second oscillator
      circuit means.
NUM  14.
PAR  14. A measuring system as defined in claim 13 wherein:
PA1  a. said output electrical signal is inductively coupled with a rectifying,
      integrating circuit to form a direct current output signal; and
PA1  b. said output means includes display means responsive to said output
      electrical signal to form a visible representation of the quality or
      quantity of the matter adjacent said body between said spaced points.
NUM  15.
PAR  15. A measuring system as defined in claim 14 wherein said processing means
      includes digitizing means for converting said difference signal into a
      square wave digitized signal having pulses of constant amplitude and width
      and a frequency which is a function of said difference signal frequency.
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ABST
PAL  A double pump device for mixing with variable ratios and concentrations two
      or more liquids, comprising in combination: a first peristaltic pump, and
      a second peristaltic pump, each of said pumps acting on a plurality of
      collapsible tubes, said pumps being operated by two electric motors,
      interdependant and preferably identical to each other, driven by an
      electronic circuit comprising as main elements a differential amplifier
      and circuitry means for adjusting the input voltage of the differential
      amplifier and for amplifying the output signals from the differential
      amplifier before their application to the two driving motors.
BSUM
PAR  The present invention relates to a double pump device for mixing and/or
      metering with variable relative ratios and concentrations two or more
      liquids.
PAR  More particularly, the present invention relates to a device comprising two
      interdependent peristaltic pumps, particularly suitable for producing
      solutions or suspensions of two liquids besides the relative solvent, so
      that it will be possible to adjust at will and independently not only the
      relative ratio between the two liquids, but also the concentration of the
      solution or dispersion.
PAR  Peristaltic pumps for the metered pumping of liquids are known in the art.
      Said pumps comprise, as essential components, a portion of collapsible
      tube subjected to a progressive squeezing action due to the action of a
      roller or a cam, so as to cause the forced forwards movement of the liquid
      contained in said portion of tube, which of course makes part of a
      complete circuit.
PAR  The main purpose of this invention is that of providing a unit including
      two peristaltic pumps, each of which operates on two or more collapsible
      tubes, controlled by an electronically adjusted driving system so that the
      two pumps will have pumping speed or rates of flow of the liquid
      continuously variable with an interdependence relation according to which
      while the speed of one of the pumps will be increased or decreased
      according to a certain rule, the speed of the other pump will be decreased
      or increased, respectively, according to the same rule.
PAR  As each pump can operate on two or more collapsible tubes, the device
      according to this invention allows one to draw by the single tubes
      different liquids and to obtain a mixture of the liquids according to
      desired ratios, or solutions wherein it will be possible to change
      continuously both the relative ratio(s) between the liquids and their
      concentration in the solution.
PAR  The operating system for the two peristaltic pumps comprises two
      interdependent electric motors the rotors of which are driven by a
      differential amplifier, one input of the differential amplifier being fed
      with a fixed reference potential and the other being fed with a
      potentiometer, the adjustment of which, determines thus the variation of
      the two outputs of the differential amplifier. It will be thus understood
      that by acting on the input adjusting potentiometer it will be possible to
      obtain the increase of the number of revolutions of one motor and the
      interdependent diminution of the number of revolutions of the other motor.
PAR  A further characteristic of this invention consists in that the course of
      the delivery ratio of the different liquids and/or of their concentration
      can be nonlinear. In fact, if the various collapsible tubes have different
      diameters, the behaviour of said parameters will no longer be linear, but
      will depend upon the ratios of the cross sections of the concerned tubes.
PAR  A further advantage of the present invention consists in that although a
      trimming potentiometer is provided, the device has a single adjusting
      member, and precisely a potentiometer as a function of the setting of
      which there are obtained the desired variations in the ratios between
      liquids and in their concentration.
PAR  In an embodiment at present preferred, which will be described hereinafter
      in detail, the present invention includes in combination two peristaltic
      pumps, each of which operates on two collapsible tubes having one a cross
      section double than the other, but equal two-by-two; said pumps being
      operated by two electric motors interdependent and alike, driven by an
      electronic circuit comprising as basic components a differential amplifier
      and a circuitry for the input adjustment of the differential amplifier and
      for amplifying the output signals from the differential amplifier to be
      applied to the two operating motors.
PAR  The differential amplifier is embodied by a double transistor to the first
      base of which is applied an adjustable input potential, to the second base
      of which a fixed potential is applied, and the cited means for controlling
      the input of the differential amplifier comprise a first potentiometer
      which supplies the adjustable potential to the first base of the double
      transistor and a second alignment potentiometer, in series with the first
      potentiometer. A transistor, acting as a constant current generator is
      connected to the emitters of the double transistor and has a potentiometer
      in the base biassing circuit for adjusting the operating point of the
      differential amplifier.
PAR  Further features and advantages of the present invention will appear
      clearly from the specification of a preferred embodiment thereof disclosed
      with reference to the attached drawings which are to be considered as
      exemplary rather than limitative.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic view of the double peristaltic pump device
      according to this invention;
PAR  FIG. 2 shows the variations of flow in a device like that of FIG. 1,
      wherein each of the two pumps acts on two collapsible tubes, one of said
      tubes having a cross section area double the cross sectional area of the
      other, the cross sectional areas being equal two by two;
PAR  FIG. 3 shows a curve showing the ratio between two liquids drawn with two
      tubes in an operating mode of the device according to this invention;
PAR  FIG. 4 shows the course of the ratio between two liquids pumped by the
      device in a different mode of operation.
PAR  FIG. 5 shows the variations of the flow of rate of two liquids in an
      operating mode of the device according to this invention, similar to the
      mode of operation shown in FIG. 2, in the case of step variations of the
      variable voltage on one of the inputs of the differential amplifier. In
      order to obtain this behaviour it will be assumed that the jumps will be
      effected at constant intervals of time; and
PAR  FIG. 6 shows the electric circuit for driving the double pump device.
PAR  FIG. 7 shows an exampling embodiment of a peristaltic pump operating
      according to the invention.
DETD
PAR  The device according to this invention will be first disclosed with
      reference to its mechanical aspect and then the electronic driving of the
      two motors therein used will be described.
PAR  As shown in FIG. 1, the device comprises two peristaltic pumps A and B,
      each of which operates on two collapsible tubes, and precisely: the pump A
      acts on the tubes 1 and 3 and the pump B acts on the tubes 2 and 4.
PAR  It is assumed that the structure in detail of the two peristaltic pumps A
      and B is known to a person skilled in the art, and therefore a detailed
      description thereof, from this standpoint is deemed unnecessary.
PAR  The operating principle is not bound to the cross sectional areas of the
      tubes 1, 2, 3 and 4, but in this embodiment it will be assumed that the
      tubes 3 and 2 have a cross sectional area double than the corresponding
      cross sectional areas of the tubes 1 and 4. The device comprises also a
      potentiometer P for adjusting the rates of flow; the operation of the
      potentiometer P causes, by means of the driving circuitry which will be
      described later on, the speed of a pump to be increased or decreased
      according to a certain rule, while the speed of the other pump will be
      decreased or increased by the same rule.
PAR  Therefore, while the rate of flow of the liquid through the independent
      tubes varies linearly from zero up to the maximum rated value,
      simultaneously the rate of the flow through the tubes 2 and 4 varies
      linearly from the maximum value, a function of the diameter of the tubes,
      down to zero. This has been shown in FIG. 2.
PAR  It will be understood that if the liquids of the tubes 1 and 2 and,
      separately the liquids of the tubes 3 and 4 are mixed at their outlet, the
      total rate of flow of the two tubes 1 and 2, and the total rate of flow of
      the two tubes 3 and 4 will remain constant over the range of adjustment of
      the potentiometer P; while the ratio between the amount of liquid pumped
      in a unit of time through the tube 1 and the amount pumped through the
      tube 2; can be varied. The same is true for the amounts of liquid pumped
      through the tubes 3 and 4.
PAR  It will also be understood that according to the electric characteristics
      of the controlling device, the rates of flow can be caused to vary in
      linear or non-linear mode, according to a pre-established rule, by
      manipulating the knob of the potentiometer.
PAR  Some modes of operation of the device will be now described, assuming the
      use of tubes having equal diameters.
PAR  MODE I.
PAR  If a liquid L1 is drawn by the tube 1, and by means of the tube 2 a
      suitable solvent will be drawn, after the mixing at the outlet, a solution
      will be obtained wherein the amount, namely the concentration of the
      liquid L1 is variable linearly from zero to 100%. Thus it will be possible
      to easily prepare a set of standard solutions. Graphically this mode of
      operation is shown in FIG. 2, considering only the pair of tubes 1 and 2
      or only the pair 3 and 4.
PAR  MODE II.
PAR  If by the tube 1 the liquid L1 is drawn, and by the tube 3 the liquid L2 is
      drawn, and by the tubes 2 and 4 a suitable solvent is drawn, after the
      mixing, a constant rate of flow system will be obtained, wherein the
      amounts, i.e. the concentrations of L1 and L2 respectively increase
      continuously although maintaining ulaltered their ratio, depending upon
      the cross sectional area of the tubes 1 and 3. Thus it will be possible to
      prepare standard solutions with variable concentrations of two compounds
      the mutual ratio of which, remains unaltered.
PAR  MODE III.
PAR  If by the tube 1 the liquid L1 will be drawn, and by the tube 2 the liquid
      L2 will be drawn a constant flow system will be arranged wherein by
      increasing the amount of L1 and decreasing likewise the amount of L2, the
      L1/L2 ratio varies from zero to infinite, with the course as shown in FIG.
      3.
PAR  MODE IV.
PAR  By the tube 1 the liquid L1 will be drawn, and by the tubes 2 and 3 the
      liquid L2 will be drawn, while by the tube 4 a solvent will be drawn, at
      the outlet a constant flow system will be obtained wherein as the amount
      of the liquid L2 remains constant and that of the liquid L1 varies from
      zero to a certain maximum value the ratio L1/L2 of the two liquids varies
      from zero to a finite value as shown in FIG. 4.
PAR  Implicitly, the assumption has been made up to now that the adjustment of
      the potentiometer P1 is made in a continuous mode. The operating
      principle, however, will not be altered if the adjustment of the
      potentiometer will be made in discontinuous way or anyway, nonlinearly. In
      FIG. 5 for instance it will be possible to observe how the curves of FIG.
      1 showing the rates of flow of the liquids L1 and L2 will be modified if
      the adjustment of the potentiometer, and therefore of the input voltage of
      the differential amplifier would occur by discrete steps.
PAR  The control device will be now described allowing one to adjust
      automatically one of the pumps as a function of the other, so that to a
      positive increment of the first pump an equal negative increment of the
      second pump will correspond and vice-versa.
PAR  The control device comprises a differential amplifier consisting of the
      double transistor TR1 and of two equal transistors TR2 the bases of which
      are respectively connected to the emitters of TR1 and the collectors are
      connected directly to the collectors of said double transistor TR1. The
      emitters of said transistors TR2 and TR1, are connected together in a
      common point and to the transistor TR10 acting as a constant current
      source. The adjustment of the operating point of the differential
      amplifier is obtained by varying the base biassing of the transistor TR10
      by means of a potentiometer P3.
PAR  The variable input of the transistor TR1 is taken out through a
      potentiometer P1 in series with which a potentiometer P2 acting as a
      trimming potentiometer is provided, the two potentiometers P1 and P2 being
      connected to the terminals of the voltage generator E1.
PAR  The trimming potentiometer P2 allows the speeds of the two motors operating
      the pumps A and B to be rendered equal, maintaining the potentiometer P1
      in a position approximately central so as to be able to effect any
      adjustment in either direction, of the relative speed of the two motors.
PAR  The outputs from the differential amplifier are applied directly through
      two Darlington amplifier circuits TD1, TD2 to the armatures of the two
      motors M1 and M2 having in parallel two diodes D1 and D2 respectively as
      protection against the back electromotive force.
PAR  The operative and circuitry details of the differential amplifier and of
      the Darlington amplifiers are not deemed necessary for understanding their
      operation, as said circuitry is well known in the art.
PAR  In FIG. 7 there is shown an exemplary embodiment of one of the peristaltic
      pumps useful for operating with the system according to the invention.
PAR  The pump (only one of them is shown, the other being identical), comprises
      a drum 111 rotatably mounted on a base 121, and driven by an electric
      motor not shown. The drum 111 carries a double crown of rollers 112, 113
      arranged for squeezing collapsible tubes housed in the grooves 105, 106 of
      the holding member 104. The holding member 104 is secured by means of a
      clamp comprising a "C" member 103 to which the holding member is fastened
      removably with the screws 101, 102.
PAR  The clamp 103 comprises grooves 103a, 103b mating with the dowels 107, 108
      whereon said clamp 103 is locked with thumbnuts 109, 110. On the base 120
      there is mounted a block 114, in closely spaced relationship with the drum
      111. The block 114 comprises stud bolts 117, 120 and centering pins 117a,
      117b and 120a, 120b nesting in corresponding holes machined in the clamp
      115 (only one shown). The clamp 115 comprises slots 118, 119 arranged for
      clamping without squeezing the collapsible tubes. The clamp 115 can be
      removably fastened with the thumbnut 116.
PAR  It will be clear that the construction of the pump as shown allows one to
      maintain an absolute cleanliness between experiments because the
      collapsible tubes may be disposable avoiding thus a cross contamination
      with residual materials from former operations.
PAR  The present invention has been described in one preferred embodiment
      thereof, but the persons skilled in the art will be able to effect
      modifications and changes in the constructive details without thereby
      departing from the scope of the appended claims.
CLMS
STM  Having thus described the present invention, what is claimed is:
NUM  1.
PAR  1. A double pump device for mixing with variable ratios and concentrations
      two or more liquids, comprising in combination: a first peristaltic pump,
      and a second peristaltic pump, each of said pumps acting on a plurality of
      collapsible tubes, some of said tubes having a crosssectional area
      different from others of said tubes, said pumps being operated by two
      electric motors, driven by an electronic circuit comprising as main
      elements a differential amplifier and circuitry means for adjusting the
      input voltage of the differential amplifier and for amplifying the output
      signals from the differential amplifier before their application to the
      two driving motors so that the speeds of the motors vary inversely to each
      other.
NUM  2.
PAR  2. A double pump device as claimed in claim 1 characterized in that said
      differential amplifier comprises a double transistor to one base of which
      a variable potential is applied, said variable potential being adjustable
      by said means for adjusting the input voltage, while to the second base, a
      fixed potential will be applied.
NUM  3.
PAR  3. A double pump device as claimed in claim 2, characterized in that the
      input adjusting means for the differential amplifier include a first
      potentiometer, supplying the variable voltage to the first base of the
      double transistor, and a second trimming potentiometer in series with the
      first cited potentiometer; the two potentiometers being connected to a
      voltage generator.
NUM  4.
PAR  4. A double pump device as claimed in claim 1, characterized in that for
      adjusting the operating point of the differential amplifier, a constant
      current generator is provided including a transistor with a potentiometer
      inserted into its base biassing circuit, said current generator being
      connected to the centre reference point of said differential amplifier.
NUM  5.
PAR  5. A double pump device as claimed in claim 1 characterized in that the
      means for amplifying the output voltages of the differential amplifier
      before their application to the pump operating motors, consist of
      Darlington amplifier circuits.
NUM  6.
PAR  6. A double pump device as claimed in claim 1 characterized in that means
      are provided for admixing liquid from at least one tube of one pump with
      liquid from at least one tube of the other pump.
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ABST
PAL  Provided is an injection unit for the hot runner molding including a
      heating cylinder having passageways for fused plastic longitudinally
      formed therethrough and a nozzle member attached to one end of the
      cylinder and having an injection nozzle. Within the cylinder is fixably
      disposed a torpedo, which has a central blind hole formed therethrough in
      a manner spaced from and parallel with said plastic passageways of the
      cylinder. Within the central blind hole is disposed a spring assembly,
      which always biases a pin member abutting against the spring assembly. The
      pin member is provided with a valve and both are integrally operated.
      Where a prescribed level of plastic pressure acts on the valve, the valve
      is separated from the nozzle member to permit the plastic to be injected
      through the injection nozzle. Where the prescribed plastic pressure does
      not act on the valve, the valve is made to abut the nozzle member by the
      bias force of the spring assembly to close the injection nozzle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an injection unit for injection molding, and more
      particularly to an injection unit for the hot runner molding.
PAR  Conventionally, for the purpose of maintaining, in the injection molding of
      plastic, a sprue and runner molded integrally with a plastic molding and
      disused after released therefrom in a fused condition to attain the
      effective utilization of plastic, the injection molding method using a hot
      runner is widely adopted. In the hot runner, there is known the type
      wherein, for the purpose of maintaining a resin within the runner in a
      fused condition, cartridge heaters are disposed surrounding the runner;
      and band heaters are mounted surrounding the nozzle portion of the runner
      connecting to the gate of the moldings. Such construction, however, has
      the drawback that a sufficient control can not be made of the plastic
      injection from the nozzle. For this reason, a large number of injection
      units adapted to close the injection nozzle using valve means have been
      proposed. But any of these injection units is complicated in construction
      and renders it difficult to control the injection with precision.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide a compact injection unit capable
      of performing a precise injection control.
PAR  For attaining the above object, the injection unit according to the
      invention includes a heating cylinder having passageways for fused plastic
      longitudinally formed therethrough and nozzle means having an injection
      nozzle communicating with plastic passageways of the cylinder and attached
      to one end of the cylinder. A torpedo having a central blind hole formed
      therethrough in a manner spaced from and parallel with said plastic
      passageways is fixably disposed within the cylinder. The injection unit
      further includes valve means having a pin member slidably disposed within
      the central blind hole and a valve member connected to the pin member and
      disposed within the nozzle means. Within the central hole is disposed
      resilient biasing means to bias the pin member and the valve member. Where
      a prescribed level of plastic pressure acts on the valve means, the valve
      member is released, due to the difference in pressure acting upon the
      valve means, from the injection nozzle to permit the plastic to be
      injected from the injection nozzle. Where the prescribed level of plastic
      pressure does not act on the valve means, the valve member is biased by
      the rosilient biasing means to close the injection nozzle thereby
      preventing the plastic injection.
PAR  Other objects, features and advantages of the invention will become
      apparent from the following detailed description and the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view illustrating an embodiment of the invention;
PAR  FIGS. 2 and 3 are longitudinal sectional views taken along line II--II and
      line III--III, respectively, of FIG. 1;
PAR  FIG. 4 is an enlarged view illustrating the operation of the valve member;
      and
PAR  FIG. 5 is a longitudinal sectional view illustrating a preferred example of
      the resilient biasing means.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  There will now be described a preferred embodiment of the invention by
      reference to the appended drawings.
PAR  In FIG. 1, a reference numeral 10 denotes a heating cylinder for
      maintaining plastic in a fused condition. The cylinder 10 has a body
      section 10a, a base end section 10b being in abutment with a runner plate
      1 (not shown) and a tip end section 10c facing a cavity (not shown). Two
      passageways 12 for fused plastic are formed through the body section 10a
      in a manner extending to the tip end section 10c and communicate with each
      other at the base end section 10b. The body section 10a is so formed as to
      have a polygonal for example, square cross section, and the cylinder 10
      therefore is prevented from being swung and therefore can be reliably
      positioned.
PAR  Two blind holes 14 for holding heater elements are formed at the
      equiangularly, for example, diagonally spaced positions of the base end
      section 10b of the cylinder 10 in a manner close to and parallel with the
      respective plastic passageways 12. These holding holes 14 respectively
      have slits 16 opened to the exterior through the end edge portions of the
      cylinder corners and extending parallel with the holding holes 14, and
      therefore are capable of being elastically wide opened.
PAR  Cartridge heaters 18 are respectively inserted under pressure into the
      holding holes 14. Accordingly, the cartridge heaters 18 are not only
      disposed in a manner close to and parallel with the respective plastic
      passageways 12 but are also held by the heater holding holes 14 in an
      always adhesive relation thereto. As a result, a plastic within the
      plastic passageway 12 can be effectively and uniformly heated by the
      cartridge heaters 18. Further, a thermocouple 20 is disposed in the base
      end section 10b so as to control the temperature of the plastic, so that
      the plastic within the plastic passageway 12 is always permitted to flow
      in an identical fused condition and is prevented from being solidified.
PAR  The slit 16 functions not only to facilitate insertion under pressure of
      the heater 18 into the holding hole 14 so as to permit the heater 18 to be
      held by the holding hole 14 in an always adhesive relation thereto as
      mentioned above, but also to prevent the cylinder 10, even where the
      heater 18 has been accidentally rapidly thermally expanded, from being
      destroyed. The slit 16 further functions to facilitate replacement of the
      heater 18.
PAR  As shown in FIG. 3, the body section 10a of the cylinder 10 is integrally
      formed with a torpedo 22, which has a central blind hole 24 opened at the
      tip end section 10c of the cylinder 10. An elongated hole 26 formed
      through the cylinder body section 10a perpendicularly to the central hole
      24 communicates with the central hole 24 at the closed end thereof.
PAR  Where, for example, a plurality of said cylinders 10 are operated in a
      juxtaposed condition, said elongated holes 26 can be utilized in inserting
      a connection rod (not shown) through said elongated holes so linearly
      arranged as to operate integrally said plurality of cylinders 10.
PAR  As shown in FIGS. 2 and 3, the tip end section 10c of the cylinder 10 is
      fitted by screw engagement with a nozzle member 28 having an injection
      nozzle 28a at the outer end portion. The nozzle member 28 is replaceable
      with other various nozzle members as required. The nozzle member 28 is
      formed interiorly with a taper surface whose diameter becomes smaller
      toward the nozzle 28a. The nozzle member 28 is held by a cavity plate 32
      in place through an adiabatic member 30. A reference numeral 33 designates
      a seal ring for sealing an interspace between the cylinder 10 and the
      nozzle member 28.
PAR  Within the nozzle member 28 is disposed a valve member 34, which is so
      formed as to have a frustoconical body portion 36 having four blades 36a
      each formed with an outer taper surface corresponding to the inner taper
      surface of the nozzle member 28, and column-shaped head portion 38 so
      integrally formed as to have a diameter large enough to close the
      injection nozzle 28a of the nozzle member 28. The taper angle of the outer
      taper surface of the body portion 36 is rendered smaller than that of the
      inner taper surface of the nozzle member 28. Further, as described later
      in detail, the large diameter end face 36b of the body portion 36 is
      slightly tapered, and therefore serves reliably to maintain the opening of
      the central hole 24 of the torpedo 22 in a fluid-tight condition.
PAR  Into the central hole 24 of the torpedo 22 is slidably inserted a pin
      member 40, which has a lot of small diameter stepped sections 40a equally
      spaced from one another. These stepped sections 40a serve as a fluid
      reservoir for preventing the plastic escaped through the sliding face into
      the central hole from being further carried thereinto. To the projecting
      end portion of the pin member 40 is connected said valve member 34, which
      therefore can be moved jointly with the pin member 40. The pin member 40
      and valve member 34 constitute valve means, and can of course be formed
      also in integrity.
PAR  The valve member 34 is so shaped that when a prescribed level of plastic
      pressure is applied to the valve member 34, a push force difference can be
      produced which causes the column-shaped head portion 38 to be spaced from
      the injection nozzle 28a thereby to release the closed condition. That is
      to say, the valve member is so formed that the difference between the
      upward and downward push forces resulting from said prescribed plastic
      pressure applied to the valve member 34 can become greater than a bias
      force applied to the valve member 34 by a later described resilient
      biasing means.
PAR  Where the prescribed plastic pressure acts on the valve member 34, the
      foregoing push force difference is rendered superior to the bias force of
      the resilient biasing means to cause the column-shaped head portion 38 of
      the valve member 34 to be separated from the injection nozzle 28a.
      Accordingly, the fused plastic is injected through the injection nozzle
      28a into the cavity (not shown). The large diameter end face 36b of the
      valve member 34 is so slightly tapered as to maintain the central hole 24
      of the cylinder 10 in a fluid-tight condition when the valve member 34 is
      separated from the injection nozzle 28a to abut against the tip end
      section 10c of the cylinder 10 as shown by two-dot chain lines of FIG. 4.
      This tapered end face 36b does not only permit valve member to reliably
      abut the tip end section 10c but also acts to gradually circumferentially
      outwardly remove the plastic existing in between the tapered end face and
      the tip end section 10c. For this reason, the tapered end face 36b is
      extremely effective in maintaining the central hole 24 in a fluid-tight
      condition.
PAR  A reference numeral 42 indicates the resilient biasing means, a preferred
      constructive example of which is illustrated in FIG. 5. This resilient
      biasing means 42 serves, where the plastic pressure is below a prescribed
      level, to permit the outer taper surface of the blades 36a of the valve
      member 34 to abut the inner surface of the nozzle member 34 and
      simultaneously to permit the column-shaped head portion 38 of the valve
      member 34 to be fitted into the injection nozzle 28a to prevent the
      plastic injection.
PAR  The resilient biasing means 42 is so formed as to permit the bias force
      thereof to become zero or a value approximate to zero under the closed
      condition of the injection nozzle 28a for the purpose of preventing the
      occurrence of fatigue where the injection nozzle 28a is maintained closed
      by the column-shaped head portion 38. As above described, if the bias
      force of the resilient biasing means is rendered zero under such closed
      condition of the injection nozzle 28a, the valve member 34 will be able to
      be quickly floated upwardly of the illustration, so that the injection
      operation can with precision be quickly carried out.
PAR  Referring to FIG. 5, the resilient biasing means 42 is formed into a leaf
      spring assembly. Intermediate members 46 are disposed between the end
      portions of leaf springs 44 arranged in a laminated state. Engagement
      members 48 abut against the central portions of the respective leaf
      springs 44. The flange portions at both ends of the two adjacent
      engagement members 48 position the respective intermediate member 46. When
      the central portions of the leaf springs 44 have been pressed by the pin
      member 40 and the engagement members 48, the leaf spring assembly is
      caused to produce a bias force. The magnitude of the bias force can
      readily be varied by adjusting the action length of the leaf spring 44 by
      the intermediate member 46 or by adjusting the number of the leaf spring
      sheets. A reference numeral 50 denotes a holding member being in abutment
      with the uppermost engagement member 48.
PAR  As above described, the injection unit of the invention is constructed such
      that the torpedo fixed within the heating cylinder is formed with the
      central blind hole spaced from and parallel with the plastic passageways;
      and by the resilient biasing means disposed within said hole the valve
      member is operated to close the injection nozzle. Accordingly, the present
      injection unit can make a sufficient and reliable control of the plastic
      injection in spite of its compact structure.
PAR  Further, the injection unit of the invention is suited for application to
      the hot runner molding, but it will be easily understood that it can be
      applied also to the injection mechanism of the injection molding machine.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An injection unit for a hot runner molding comprising a heating cylinder
      having plastic passageways formed therethrough in the longitudinal
      direction, a torpedo member having a central blind hole formed
      therethrough in a manner spaced from and parallel with said plastic
      passageways of the cylinder and disposed fixed within the cylinder, nozzle
      means attached to one end of said cylinder at the opening side of the
      central blind hole of the torpedo member and provided with an injection
      nozzle communicating with the plastic passageways of the cylinder, said
      heating cylinder having elastically wide operable blind heater holding
      holes bored at the other cylinder end in a manner substantially
      equiangularly spaced from one another, valve means having a slidable pin
      member disposed within the central hole of the torpedo and a valve member
      connected to the pin member and disposed within the nozzle means, and
      resilient biasing means so disposed within the central hole of the torpedo
      as to bias the pin member thereby causing the injection nozzle of the
      nozzle means to be closed by the valve member.
NUM  2.
PAR  2. An injection unit for a hot runner molding as set forth in claim 1
      wherein said heating cylinder further has slits respectively communicating
      between the heater holding holes and the outer surface of said heating
      cylinder and extending parallel with the heater hole whereby the heater
      holding hole is rendered elastically wide openable.
NUM  3.
PAR  3. An injection unit for a hot runner molding as set forth in claim 2
      further comprising cartridge heaters respectively detechably fitted into
      the heater holding holes of the cylinder.
NUM  4.
PAR  4. An injection unit for a hot runner molding as set forth in claim 2
      wherein said cylinder at least partially has a polygonal cross section to
      prevent rotation about its axis.
NUM  5.
PAR  5. An injection unit for a hot runner molding as set forth in claim 2
      wherein the valve member of said valve means has an end portion connected
      to said pin member whose diameter is larger than that of the pin member;
      and said end portion has a taper surface.
NUM  6.
PAR  6. An injection unit for a hot runner molding as set forth in claim 2
      wherein said nozzle means has at its inner wall a taper surface whose
      diameter becomes smaller toward the injection nozzle, and wherein the
      valve member of said valve means has engagement portions respectively
      formed with taper surfaces corresponding to said taper surface of said
      nozzle means.
NUM  7.
PAR  7. An injection unit for a hot runner molding as set forth in claim 1
      wherein said resilient biasing means has a bias force rendered
      substantially zero when said valve member closes said injection nozzle;
      said cylinder has at least partially a polygonal cross section; and said
      valve means has an end portion connected to said pin member whose diameter
      is larger than that of the pin member and said end portion has a taper
      surface.
NUM  8.
PAR  8. An injection unit for a hot runner molding as set forth in claim 1
      wherein said resilient biasing means has a bias force which is rendered
      substantially zero when the valve member closes the injection nozzle.
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PAL  A device for confining an aerosol spray containing a deodorant or
      antiperspirant to the axilla area, including a tubular shield which is
      separably coaxially coupled to the spray end of an aerosol container
      provided with an axially directed spray nozzle and a depressible valve
      actuating lever. An opening is formed in the proximate section of the
      shield to provide finger access to the valve actuator. The edge of the
      discharge end of the shield may be contoured to mate a corresponding
      border of the axilla area and the proximate borders of the shield may be
      shaped to engage aerosol containers of various configurations.
BSUM
PAR  The present invention relates generally to improvements in spray devices,
      and more particularly to an improved shield device for use with aerosol
      containers for confining the application of the dispensed material to a
      selected area.
PAR  It is a common practice to dispense many products from aerosol containers
      to facilitate application of the products. Among the products which can be
      so applied are, for example, antiperspirants and deodorants which are
      normally in a liquid or solid particulate state, and which are dissolved
      or dispersed in a finely divided condition in a highly volatile
      propellant, such as many of the fluorinated hydrocarbons as typified by
      the Freons. While the aerosol dispensing and the topical application of a
      product such as an antiperspirant or deodorant to parts of the body,
      particularly to the armpit or axilla, are highly convenient, with the
      usual aerosol method of topical application overspray generally occurs.
      This is both highly inefficient and wasteful. In addition, a proportion of
      the efficacy of the product may be lost due to "bounce-off."
PAR  Accordingly, among the principal objects of the present invention is to
      provide an improved, packaged aerosol container provided with a shield
      device for minimizing or obviating overspray.
PAR  Still another object of the present invention is to provide an improved
      shield device for use with conventional aerosol containers for confining
      the application of the sprayed product to a desired area.
PAR  A further object of the present invention is to provide an improved shield
      device for confining an aerosol spray to the axilla area.
PAR  Still a further object of the present invention is to provide a device of
      the above nature characterized by its high efficiency and reliability,
      ease and convenience of use and great versatility and adaptability.
PAR  The above and other objects of the present invention will become apparent
      from a reading of the following description taken in conjunction with the
      accompanying drawing which illustrates preferred embodiments thereof.
PAR  The present invention contemplates the provision of a combination including
      an aerosol container having an axially directed discharge nozzle and a
      valve actuating member, and a tubular shield supported by and extending
      coaxially from the container. The shield communicates with the nozzle and
      has a discharge opening at its distal end of greater diameter than the
      nozzle, the actuating element being accessible for finger operation in the
      presence of the shield.
PAR  In the preferred form of the shield, it is of cylindrical tubular
      configuration, is separably coupled to the nozzle end section of the
      container, and is provided in its proximate border with an opening
      affording finger access to the valve actuating member. Advantageously, the
      edge of the shield at its distal or spray discharge end is contoured to
      match a corresponding border area of the axilla. Where the aerosol
      container is of the type provided with a tapered upper peripheral wall,
      the tubular shield terminates in a depending sleeve which resiliently
      tightly engages the container cylindrical wall and includes an inwardly
      directed annular rib which rests on the container wall tapered section to
      prevent telescoping movement between the container and shield member after
      assembly. Where the container is of the type having an annular bead along
      the top edge of its peripheral wall, the shield member terminates at its
      proximate end in an outwardly offset depending curved lip which separably
      engages the bead outer periphery, or in an inwardly directed annular lip
      which releasably engages the inner under face of the bead.
PAR  The improved aerosol spray shield device is simple, rugged, convenient,
      inexpensive and of low cost, and is highly effective and efficient in
      restricting the incidence of an aerosol spray to a desired area and in
      minimizing overspray.
DRWD
PAR  In the drawings,
PAR  FIG. 1 is a fragmentary side elevational view, partially in section, of a
      preferred embodiment of the present invention;
PAR  FIG. 2 is a front perspective view of the spray shield member thereof;
PAR  FIG. 3 is a fragmentary view similar to FIG. 1 of another embodiment of the
      present invention;
PAR  FIG. 4 is a view similar to FIG. 3 of still another embodiment of the
      present invention; and
PAR  FIG. 5 is a fragmentary perspective view of the distal section of the
      shield member of a further embodiment of the present invention.
DETD
PAR  Referring now to the drawings, and particularly FIGS. 1 and 2 thereof which
      illustrate a preferred embodiment of the present invention, the reference
      numeral 10 generally designates the improved aerosol spray device which
      includes a shield member 11 and a loaded aerosol container 12 of
      substantially conventional construction. The aerosol container 12 is of
      the type which includes a cylindrical peripheral wall 13, the upper part
      14 of which is upwardly and inwardly tapered. Closing the top of the
      container 12 is an end wall on which is mounted an upwardly directed axial
      nozzle 16, which communicates in known fashion through a normally closed
      valve and tube with the bottom interior of the container 12. A valve
      actuating member or element in the form of a lever 17 extends radially
      from the aerosol valve, the depression of the outer end of the lever 17
      effecting the opening of the valve. The container 12 is charged with a
      highly volatile propellant, such as Freon, having dissolved or dispersed
      therein any suitable composition, such as an antiperspirant or deodorant.
PAR  The shield member 11 is of tubular configuration and is integrally formed
      of any suitable resilient material, preferably a synthetic organic
      polymeric resin, such as polyethylene, polypropylene, polyvinyl chloride
      or the like, and may be produced in any suitable manner, such as by
      injection molding. The upper wall or shield section 18 of shield member 11
      is advantageously of circular cylindrical configuration and of a diameter
      approximately equal to or slightly greater than that of the container wall
      13. Formed in the bottom border of cylindrical wall 18 is an annular,
      inwardly directed rib 19 having a bottom inside face 20 mating with the
      lower border of the tapered container wall 14. Depending from the bottom
      of the rib 19 is a cylindrical skirt wall 21 having an inside diameter
      approximating the outside diameter of container wall 13.
PAR  Formed in the lower part of the shield wall 18 is a rectangular opening of
      a size affording convenient finger access to the upper face of the valve
      actuator lever 17 when the shield member 11 and container 12 are in
      assembled condition. The upper or distal discharge end opening of shield
      18 is advantageously about 3 to 4 inches above the lever 17 when the
      device 10 is in assembled condition.
PAR  In employing the aerosol spray device, the shield member 11 is releasably
      coupled to the container 12 by axially sliding the lower part of the
      shield member 11 over the upper end of the container 12 until the rib
      underface 20 bears on the container tapered section 14, as shown in FIG.
      1, with the opening 22 medially registering with the actuator lever 17. In
      the above condition, the skirt wall 21 snugly, separably and slidably hugs
      the container wall 13.
PAR  The upper edge of the shield member is then pressed against the axilla
      surface to effect a close engagement therewith and the lever 17 is
      depressed by access through opening 22 so that an aerosol spray is axially
      directed from the nozzle 16 onto the axilla area. The shield member 11
      prevents or minimizes the dispersion of the propellant carried materials
      outside of the desired region, the evaporated propellant escaping through
      opening 22 or other small openings which optionally may be provided in the
      proximate end of shield wall 18, for example, in the upper section of rib
      19. By reason of the configuration of the aerosol spray, the wall
      attraction affect, and the pattern of the material carried by the
      propellant, the active ingredients concentrate in the area of the shield
      discharge opening and the expanded propellant escapes rearwardly
      substantially free of the carried material.
PAR  After use, the assembled device 10 may be stored as such, or it may be
      contracted by removing the shield member 11 from the container 12,
      inverting the shield member 11 and sliding it over the container 12 with
      the wall shield wall extending downwardly, the lever 17 being protected by
      the portion of the shield member projecting above the rib 19, including
      skirt wall 21.
PAR  The embodiments of the present invention shown in FIGS. 3 and 4 differ from
      that first described in the type of aerosol container employed and the
      corresponding modifications of the shield member to permit its separable
      coupling to the container. Specifically, in both embodiments, the aerosol
      container 23 is of the type including a cylindrical peripheral wall
      provided at its top with a peripheral bead 24.
PAR  In the embodiment illustrated in FIG. 3, the shield member 26 includes a
      cylindrical wall 27 corresponding to shield wall 18 and having an opening
      28 in its lower border providing access to the valve actuating lever 29 of
      the axially upwardly directed nozzle 30. Depending from the bottom edge of
      the cylindrical wall 27 is an outwardly offset annular lip 32, slightly
      concave on its inside face and having an inside diameter slightly less
      than the outside diameter of the bead 24. The lip 32 is delineated from
      the wall 27 by a downwardly facing annular shoulder.
PAR  The shield member 26 is coupled to the container 23 merely by snap fitting
      the lip 32 onto bead 24 and in all other respects and in operation the
      device 26 is similar to the device 10.
PAR  The embodiment shown in FIG. 4 differs from that shown in FIG. 3 only in
      that the coupling effected between the shield member and the aerosol
      container is by way of the inner under surface of aerosol container bead
      24. The shield member 33 is provided at its bottom with a depending
      inwardly offset coaxial annular flange 34 having a concave outer face and
      terminating at its bottom in an outwardly directed peripheral lip 36. In
      assembling the container 23 and the shield member 33, the shield member is
      coaxially pressed downwardly on the container 23, the upper inside face of
      the bead 24 cams the lip 36 inwardly until the lip is lowered below the
      inner periphery of the bead 24 and the lip 36 is then resiliently urged
      outwardly to firmly engage the underface of the inner section of the bead
      24.
PAR  While in the embodiments of the invention described above, the upper edge
      of the shield member surrounding the discharge opening is shown as
      circular and planar, such edge may advantageously be contoured to conform
      to or mate with the surface of the axilla along a line of intersection
      with the shield cylindrical wall, thereby providing a better seal between
      the shield member and the axilla surface with less pressure. Thus, for
      example, as shown in FIG. 5 of the drawing, the top edge 37 of the shield
      member 38 is of undulate configuration, the shield member 38 being
      otherwise of the same construction as the shield members earlier
      described. The undulate edge 37 is shown as including a first pair of
      diameterically opposite, relatively high curved ridges 39 and a second
      pair of relatively flat edges 40 arranged in quadrature with ridges 39 and
      being separated therefrom by intervening corners 41. The edges 37 are
      advantageously rounded and inwardly curved. The use of the aerosol spray
      device having the contoured edge 37 is similar to that of the earlier
      described devices except that the shield 38 should be properly oriented
      about its axis so that the edge 37 is in mating engagement around the
      axilla surface.
PAR  While there have been described and illustrated preferred embodiments of
      the present invention, it is apparent that numerous alterations, omissions
      and additions may be made without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, an aerosol container having a peripheral wall and an
      axially directed discharge nozzle and a valve actuating element comprising
      a lever extending radially from said valve at a common end of said
      container, said nozzle communicating with the bottom interior of said
      container through a normally closed valve and tube and a tubular shield
      supported by and extending coaxially from said container and separably
      coupled thereto and communicating at its proximate end with said nozzle,
      and having a discharge opening at its distal end of diameter approximately
      equal to or slightly greater than that of said container peripheral wall,
      said valve actuating element being accessible for finger operation by
      means of an opening formed in the lower part of said shield.
NUM  2.
PAR  2. The combination of claim 1 wherein the upper portion of the peripheral
      wall of said container is upwardly inwardly tapered and said shield is
      provided with an inwardly projecting ridge bearing on the tapered section
      of said container wall, and a depending sleeve extending below said
      tapered section tightly resiliently engaging the peripheral wall of said
      container.
NUM  3.
PAR  3. The combination of claim 1 wherein said peripheral wall is provided with
      an outwardly projecting upper annular bead and said shield terminates at
      its proximate end in a depending outwardly offset peripheral lip which
      tightly resiliently engages the outer periphery of said bead.
NUM  4.
PAR  4. The combination of claim 1 wherein said peripheral wall is provided with
      an upper annular bead having a downwardly facing inner shoulder and said
      shield terminates at its proximate end in an outwardly directed annular
      lip resiliently engaging said shoulder.
NUM  5.
PAR  5. The combination of claim 1 wherein the peripheral edge of the distal end
      of said shield has a contour complementary to that of the axilla
      delineated by the intersection of the axilla with said distal end of the
      shield.
NUM  6.
PAR  6. The combination of claim 5 wherein the peripheral edge of the distal end
      of said shield is of undulate configuration including a first pair of
      diametrically opposite, relatively high curved ridges and a second pair of
      relatively flat edges arranged in quadrature, said ridges being separated
      from said flat edges by intervening corners.
NUM  7.
PAR  7. In combination, an aerosol container having a peripheral wall and an
      axially directed discharge nozzle and a valve actuating element comprising
      a lever extending radially from said valve at a common end of said
      container, said nozzle communicating with the bottom interior of said
      container through a normally closed valve and tube, and a tubular shield
      supported by and extending coaxially from said container and separably
      coupled thereto and communicating at its proximate end with said nozzle
      and having a discharge opening at its distal end of diameter approximately
      equal to or slightly greater than that of said container peripheral wall,
      said valve actuating element being accessible for finger operation by
      means of an opening formed in the lower part of said shield, and wherein
      the upper portion of the peripheral wall of said container is upwardly,
      inwardly tapered, and said shield is provided with an inwardly projecting
      ridge bearing on the tapered section of said container wall and a
      depending sleeve extending below said tapered section tightly resiliently
      engaging the peripheral wall of said container.
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PAL  A spray confining aerosol dispensing device includes a pressurized aerosol
      container provided with an upwardly directed discharge tube coupled to a
      coaxial spray nozzle having a venturi shaped bore to effect the divergence
      of the spray. An axially movable spray confining tubular shield having an
      end discharge opening slightly greater than the spray pattern at such
      opening projects axially from the container, and axial depression of the
      shield effects the depression of the container valve actuator to open the
      valve. In one form the shield is alternatively movable to an extended
      operative position and to a contracted inoperative position with the
      container telescoping the shield and in another form the shield carries
      the venturi nozzle on a transverse wall so that the shield may be
      alternatively employed as a closure cap or a valve actuating spray
      confining shield.
BSUM
PAR  It is a principal object of the present invention to provide an improved
      spray device having a spray confining shield axially collapsible upon the
      device.
PAR  Another object of the present invention is to provide an improved aerosol
      spray device employing a pressurized aerosol container.
PAR  Still another object of the present invention is to provide an improved
      aerosol container spray device in which the spray is confined to a
      predetermined region.
PAR  A further object of the present invention is to provide an aerosol spray
      device of the above nature, characterized by its reliability, simplicity,
      ruggedness, low cost, convenience and great versatility and adaptability.
PAR  The above and other objects of the present invention will become apparent
      from a reading of the following description taken in conjunction with the
      accompanying drawings which illustrate preferred embodiments thereof.
PAR  In a sense, the present invention contemplates the provision of a spray
      device comprising an aerosol container including a normally closed valve
      and an axially directed discharge tube and an actuator coupled to the
      valve and movable between a valve open and a valve closed position, a
      tubular sleeve axially slideably engaging the container and projecting
      above the top thereof and terminating at its distal end as an applicator
      opening, a spray diverging nozzle having a venturi shaped bore coaxial and
      communicating with the discharge tube and means coupling the sleeve to the
      valve actuator so that the depression of the sleeve operates the actuator
      to open the valve.
PAR  According to a preferred form of the improved device as applied to an
      aerosol container provided with a main cylindrical wall having annular
      beads along its top and bottom edges, the valve actuator includes a pair
      of opposite radial arms projecting outwardly beyond the top bead. An
      inwardly directed peripheral bottom rib is formed on the bottom inside
      face of the sleeve and is movable with the raising and lowering of the
      sleeve into engagement with the top and bottom beads respectively, thereby
      limiting the axial movement of the sleeve. Extending upwardly from the
      bottom rib are a pair of short opposite ribs which extend peripherally
      about 90.degree., and located shortly above and peripherally and radially
      coextensive with the lower ribs are a pair of main ribs which extend to a
      point short of the upper edge of the sleeve. Another pair of relatively
      low ribs are located above and are radially and peripherally coextensive
      with the main ribs. The confronting end faces of the lower, main and top
      ribs delineate top and bottom 90.degree. peripheral passages which
      alternatively engage the valve actuator arms to permit their depression or
      their locking in a raised position.
PAR  An alternate form of the improved spray device includes a cap having a
      transverse wall spaced between the ends of the cap peripheral wall which
      has inwardly facing peripheral channels of different widths at opposite
      ends thereof. When the wider channel engages the top peripheral bead of
      the container it permits axial movement of the cap. An axial venturi
      nozzle is centrally located on the cap transverse wall and engages the
      discharge tube and bears on the valve actuator when the cap wide channel
      engages the container bead so depression of the shield defining cap opens
      the spray valve. When inverted the shield functions as a closure cap.
PAR  The improved spray devices are simple and inexpensive, are easy and
      convenient to use and confine the aerosol spray to the desired area of
      application.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view, partially in vertical medial section,
      of a preferred embodiment of the present invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 in FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 in FIG. 2;
PAR  FIG. 4 is a fragmentary elevational view, partially in section, of another
      embodiment of the present invention shown in an operative condition; and
PAR  FIG. 5 is a view similar to FIG. 4 but shown in an inoperative condition.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, particularly FIGS. 1 to 3 thereof which
      illustrate a preferred embodiment of the present invention, the reference
      numeral 10 generally designates the improved aerosol spray device which
      includes a pressurized aerosol spray container 11 and a valve actuator
      depressor and spray confining shield sleeve 12. The aerosol container 11
      is of conventional construction and includes a main cylindrical wall 13
      provided at its top and bottom edges with overhanging peripheral top and
      bottom beads 14 and 16 respectively.
PAR  The container 11 is provided with a domed top wall 17 on which is located a
      coaxial upwardly directed spray nozzle 18 which communicates with the
      bottom of container 11 through a normally closed valve which is opened
      with the depression of a valve actuator 19 provided with a pair of
      opposite radial arms 20 which project outwardly a short distance beyond
      the peripheral bead 14. The container 11 is loaded with a volatile
      propellant such as a Freon having uniformly admixed therewith any
      desirable composition, for example, an anti-perspirant or deodorant.
PAR  The sleeve member 12 is integrally formed as a unit of any suitable
      material, such as a synthetic organic polymeric resin, for example,
      polyethylene, polypropylene, polyvinyl chloride or the like, and includes
      a thin cylindrical outer wall 21 having an inside diameter greater than
      the outside diameter of peripheral bead 14. Projecting inwardly along the
      lower border of sleeve wall 21 and in sliding engagement with container
      wall 13, is an integrally formed peripheral rib or collar 22 having an
      annular upper shoulder which engages the lower face of bead 14 when sleeve
      12 is in its raised extended position and an annular bottom shoulder which
      engages the top face of bottom bead 16 when the sleeve 12 is in its
      lowered contracted position. The collar 22 and the corresponding lower
      border of wall 21 are advantageously provided with peripherally spaced
      vertical slits to facilitate the assembly of the container 11 and sleeve
      member 12.
PAR  Extending above the collar 22 and projecting inwardly from wall 21 are a
      pair of diametrically opposite ribs or projections 23 each of which
      extends peripherally for about 90.degree. and whose adjacent ends are
      spaced about 90.degree.. The distance between the top faces of ribs 23 and
      collar 22 is about equal to the distance between the underfaces of
      actuator arms 20 and upper bead 14 and the inside diameter of ribs 23 is
      slightly larger than the outside diameter of bead 14.
PAR  A pair of diametrically opposed 90.degree. peripherally extending ribs 24
      are located above ribs 23 and are peripherally and radially coextensive
      therewith and extend to points a short distance below the top edge of wall
      21. The confronting end faces of registering ribs 23 and 24 delineate
      peripheral tracks or passageways 26 and the corners of these faces are
      rounded, as at 27, to provide converging guide faces into the passageways
      26. It should be noted, that while the upper edge of sleeve member 12 is
      illustrated as being planar, it may be undulate to mate the corresponding
      contour of the axilla.
PAR  In order to effect a spray of optimum pattern, that is, a spray which
      diverges to approximately the shield exposed area to be treated, a spray
      diverging venturi nozzle 2 is coaxially positioned atop the valve actuator
      19 and may be integrally formed therewith. The nozzle 2 is provided with a
      venturi shaped axial bore including an enlarged portion 3 which is in
      coaxial registry and friction fit to valve stem 18, a restricting
      intermediate passageway 4, and an outer enlarged outlet section 6, the
      inlet section 3 intermediate restricted passageway 4 and the outlet
      section 6 are advantageously successively joined by smoothly curved
      converging and diverging bore faces respectively. The friction fit between
      the actuator and valve stem 18 may entirely encircle the valve stem or, as
      shown, may leave an opening for drawing in air.
PAR  In employing the spray device 10, the device 10 is held by pressing the
      container 11, with the upper edge of sleeve member 12 in its extended
      position as shown in FIG. 1, against the axilla with sufficient pressure
      to depress the actuator arms 20 and open the spray valve. An aerosol spray
      is thus axially emitted from the nozzle 18 and is confined by the shield
      sleeve 12 to impinge in the area delineated by the upper edge of the
      sleeve 12 and to thereby eliminate or minimize any overspray.
PAR  By reason of the spray effecting and control characteristics of the nozzle
      2, the aerolsol spray at the outlet applicator opening of sleeve shield 12
      covers an area corresponding to or slightly less than the area of the
      opening in the plane of the opening.
PAR  In storing the device 10 it is contracted by twisting the sleeve 12
      relative to the container 11 until the arms 20 are out of engagement with
      the passageways 26 and the sleeve 12 is then depressed to its contracted
      position with the collar 22 abutting the bottom bead 16. The sleeve 12 may
      then be turned to bring the arms 20 into engagement with passageways 29
      and thereby lock the actuator arms 20 against depression. The device 10
      may be extended for use in the above manner by reversing the contraction
      procedure.
PAR  Referring now to FIGS. 4 and 5 of the drawing which illustrate another
      embodiment of the present invention, the reference numeral 33 designates a
      pressurized aerosol spray container of conventional construction provided
      with an upper outwardly directed peripheral bead 34. An outlet or
      discharge tube 36 projects axially upwardly from the container 33 and
      communicates with the contents thereof by way of a normally closed valve
      which is opened by the depression of a circular cap shaped valve actuator
      37 which is coaxial with and a short distance below the top of discharge
      tube 36.
PAR  A shield member 38 includes a cylindrical sleeve or walls 39 of
      approximately the diameter of container 33 and formed along its upper
      border, when in an operative condition, an inwardly concave peripheral
      channel 40 adapted, when invented, to substantially mate the outer face of
      bead 34 and being adapted to releasably snap engage the bead 34. A
      relatively wide, peripherally extending, inwardly open channel 41, wider
      than the thickness of bead 34, is formed in the opposite end of sleeve 39
      and is likewise adapted to releasably engage bead 34 while permitting the
      axial movement of sleeve 39 on the container 33.
PAR  A transverse wall 42 is positioned in and preferably integrally formed with
      sleeve 39 and has a central opening formed therein. A nozzle 43, similar
      in construction to the nozzle 2 of the first described embodiment,
      coaxially engages the opening in wall 42 and is firmly affixed therein and
      projects to opposite sides of the transverse wall 42. Like the nozzle 2,
      the nozzle 43 has a venturi shaped axial bore, including an outwardly
      diverging outlet section 44, an outwardly diverging inlet section 46 and a
      restricted intermediate section 47. The axial distance between the outer
      end edge of channel 41 and the proximate end edge of nozzle 43 is about
      equal to or slightly greater than the axial distance between the top face
      of actuator 37 and the underface of bead 34, so that when the shield 38 is
      in its operative mounted position on container 33 with channel 41 engaging
      bead 34, as shown in FIG. 4, the end face of nozzle 43 engages, but does
      not depress, valve actuator 37. Depression of the shield 38 for the width
      of channel 41, or somewhat less, depresses actuator 37 sufficiently to
      open the spray valve.
PAR  The operation and application of the device last described, when the shield
      38 is in its operative condition as shown in FIG. 4, is similar to the
      first described embodiment. In the event it is desired to store the device
      while preventing actuating of the spray valve, the shield 38 with its
      assembled components, is detached and separated from the container 33,
      inverted and reapplied to the container 33 (as shown in FIG. 5) with the
      channel 40 snap engaging the bead 34. In the latter condition, the nozzle
      43 is spaced above actuator 37 and is prevented from bearing thereon.
PAR  While there have been described and illustrated preferred embodiments of
      the present invention, it is apparent that numerous alterations, additions
      and omissions may be made without departing from the spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spray device comprising an aerosol container including a normally
      closed valve and an axially directed discharge tube and an actuator
      coupled to said valve and movable between a valve open and a valve closed
      position, a tubular sleeve axially slideably engaging said container and
      projecting above the top thereof and terminating at its distal end in an
      opening a spray expanding nozzle having a venturi shaped bore coaxial and
      communicating with said discharge tube, means coupling said sleeve to said
      actuator whereby depression of said sleeve operates said actuator to open
      said valve, said sleeve being axially movable between a raised extended
      position projecting above said container and a lowered contracted position
      telescoped by said container and including an actuator member transversely
      outwardly directed from said valve actuator, said coupling means
      comprising an actuator depressor section located on and movable with said
      sleeve between a raised position with the extended position of said sleeve
      to release said actuator member to its valve open position and a depressed
      position urging said actuator member to a valve open position with the
      depression of said sleeve below its extended position.
NUM  2.
PAR  2. A spray device comprising an aerosol container including a normally
      closed valve and an axially directed discharge tube and an actuator
      coupled to said valve and moveable between a valve open and a valve closed
      position, a tubular sleeve axially slideably engaging said container and
      projecting above the top thereof and terminating at its distal end in an
      opening, a spray expanding nozzle having a venturi shaped bore coaxial and
      communicating with said discharge tube, means coupling said sleeve to said
      actuator whereby depression of said sleeve operates said actuator to open
      said valve, said sleeve being axially movable between a raised extended
      position projecting above said container and a lowered contracted position
      telescoped by said container and including an actuator member transversely
      outwardly directed from said valve actuator, said coupling means
      comprising an actuator depressor section located on and movalbe with said
      sleeve between a raised position with the extended position of said sleeve
      to release said actuator member to its valve open position and a depressed
      position urging said actuator member to a valve open position with the
      depression of said sleeve below its extended position, said sleeve being
      rotatable relative to said container and said actuator depressor section
      being rotatable with said sleeve into and out of engageable registry with
      said actuator member.
NUM  3.
PAR  3. A spray device comprising an aerosol container including a normally
      closed valve and an axially directed discharge tube and an actuator
      coupled to said valve and movable between a valve open and a valve closed
      position, a tubular sleeve axially slideably engaging said container and
      projecting above the top thereof and terminating at its distal end in an
      opening a spray expanding nozzle having a venturi shaped bore coaxial and
      communicating with said discharge tube, means coupling said sleeve to said
      actuator whereby depression of said sleeve operates said actuator to open
      said valve, said sleeve being axially movable between a raised extended
      position projecting above said container and a lowered contracted position
      telescoped by said container and including an actuator member transversely
      outwardly directed from said valve actuator, said coupling means
      comprising an actuator depressor section located on and movable with said
      sleeve between a raised position with the extended position of said sleeve
      to release said actuator member to its valve open position and a depressed
      position urging said actuator member to a valve open position with the
      depression of said sleeve below its extended position, said valve actuator
      member comprises an arm projecting radially beyond the periphery of said
      container and said actuator depressor section includes an inwardly
      directed shoulder member positioned on the lower inner border of said
      sleeve and projecting to a point between the outer periphery of said
      container and the outer end of said actuator arm, said shoulder member
      extending for less than the full periphery of said sleeve.
NUM  4.
PAR  4. A spray device comprising an aerosol container including a normally
      closed valve and an axially directed discharge tube and an actuator
      coupled to said valve and movable between a valve open and a valve closed
      position, a tubular sleeve axially slideably engaging said container and
      projecting above the top thereof and terminating at its distal end in an
      opening, a spray expanding nozzle having a venturi shaped bore coaxial and
      communicating with said discharge tube, means coupling said sleeve to said
      actuator whereby depression of said sleeve operates said actuator to open
      said valve, said sleeve being axially movable between a raised extended
      position projecting above said container and a lowered contracted position
      telescoped by said container and including an actuator member transversely
      outwardly directed  from said valve actuator, said coupling means
      comprising an actuator depressor section located on and movable with said
      sleeve between a raised position with the extended positon of said sleeve
      to release said actuator member to its valve open position and a depressed
      position urging said actuator member to a valve open position with the
      depression of said sleeve below its extended position, a transverse wall
      extending across and secured to said sleeve at a level spaced from a first
      end of said sleeve, said container having an outwardly directed peripheral
      bead along its upper edge, said sleeve having a peripherally extending
      inwardly open channel proximate said first end releasably engaging said
      bead for axial movement relative thereto, said spray nozzle being
      centrally supported by and projecting through said transverse wall and
      releasably axially engaging said discharge tube.
NUM  5.
PAR  5. The device of claim 4, including an axially bored cap mounted atop said
      discharge tube and axially releasably engaged by said discharge nozzle
      bore.
NUM  6.
PAR  6. The device of claim 4, wherein the end of said sleeve opposite said
      first end has a peripherally extending channel formed therein whereby said
      sleeve may be separated from said container reversed and applied to said
      container as a closure cap.
NUM  7.
PAR  7. The device of claim 4, wherein said transverse wall is positioned
      intermediate the ends of said sleeve.
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ABST
PAL  This invention is a seal for a moulded plastics container for pressurised
      fluid, consisting of a resilient flap normally held closing an opening in
      the container wall by its resilience and by pressure differential. The
      container can be made by a compression moulding process in which the
      moulds are progressively closed after the material is injected.
PARN
PAR  This is a continuation of co-pending application Ser. No. 107,286, filed
      Jan. 18, 1971, now abandoned.
BSUM
PAR  This invention relates to a closure for a sealed fluid container, for
      example for a carbonated drink, or a fluid to be stored, or for a paste or
      cream to be dispensed as from a tube.
PAR  According to the invention the closure comprises an opening in the
      container wall and a resilient flap member having a surface normally
      acting by its resilience to close the opening.
PAR  Once closed, the flap will be held sealing the opening by the pressure
      difference across it, whether the inside of the container is above or
      below atmospheric pressure. When the face of the flap covers, and is
      sealed to, a face surrounding the opening, there will also be an area
      differential assisting in retaining the seal.
PAR  The seal must be broken to open the opening and this could be by
      mechanically distorting the flap or the container wall around the flap is
      this wall is resilient. However when the opening is to be closed again,
      the resilience of the flap material will give a priming or initiating
      action which will be assisted by the pressure differential.
PAR  One illustration of the theory of the invention is shown in FIG. 16. The
      container wall is shown at 1 for a high internal pressure container and 2
      for a low internal pressure container. The opening 3 to be sealed is in a
      wall 4, and this wall is united with two opposed flaps 5, 6 of resilient
      material joined at the edges to form a tube. When closed at the inner end
      parts of the flaps overlap as shown at 7. Then the high pressure to the
      left acts on a larger area than the low pressure to the right to maintain
      a good seal. If a flap can be distorted to break the seal it is possible
      by further action to open the tube to permit the container to be filled,
      or to discharge fluid from the container.
PAR  After filling, closing action can be initiated by the resilience of the
      flaps tending to bring them together again.
PAR  FIG. 16 shows that there is a wide range of position of the connection 8
      about which the flaps can move as long as they are on one side of the
      perpendicular 9 to the sealing interface 10 at the sealing interface area.
DRWD
PAR  The invention may be carried into practice in various ways and certain
      embodiments will be described by way of example, with reference to the
      accompanying drawings, of which:
PAR  FIG. 1 shows the components of a beer container embodying the invention:
PAR  FIG. 2 is a section through the container of FIG. 1, in its condition for
      storage and transport;
PAR  FIG. 3 is a view similar to FIG. 2 showing beer being poured from the
      container;
PAR  FIG. 4 is a perspective view of a similar container with an alternative
      form of closure;
PAR  FIGS. 5, 6, 7, 8 and 9 are diagrams of alternative forms of closure;
PAR  FIG. 10 shows how the closure can be applied to a tube for tooth-paste or
      glue; and
PAR  FIGS. 11 to 15 are diagrams for illustrating the principles of operation of
      the various closures.
PAR  FIGS. 17 to 26 illustrate various stages of the process for producing the
      containers of the present invention.
DETD
PAR  FIG. 1 shows a beer container sealed by a closure embodying the invention.
      A container consists essentially of two moulded halves 11 and 12 of clear
      stiff resilient plastics material which may be polyvinylchloride but is
      preferably acrylonitrile methyl acrylate or methacrylonitrile co-polymer
      which has a very low permeability to gas. The two halves 11 and 12 are
      generally cylindrical with hemispherical ends and they are spin-welded
      together at 13 to form a closed container.
PAR  Prior to welding the halves together the closure is formed in the upper
      half 11 by cutting an arcuate slot 14 in the wall of the half close to the
      top of the cylindrical portion and by securing to the inside of the half
      and covering the slot 14 a flap 15 which is also of a stiff resilient
      plastics material. The slot 14 is cut during forming by pressing the wall
      of the half radially inwardly against an arcuate knife and then the flap
      is positioned as shown and is located at 16 as by a spot-weld or possibly
      by an adhesive. During the location heat applied and pressure applied to
      the flap 15 can make it conform closely to the inner surface of the half
      11.
PAR  The container can be filled with carbonated beer by applying inward
      pressure locally at 17 which may in fact be a spot marked on the container
      so that a part of the wall of the half 11 above the slot 14 is distorted
      inwardly as indicated in FIG. 3 carrying with it the flap 15 and
      permitting fluid to enter through the opening defined by the edges of the
      slot 14.
PAR  After filling (preferably up to a level above that of the flap 15 as
      indicated in FIG. 2) and release of the pressure at 17 the natural
      resilience of the half 11 causes it to resume its initial shape and the
      natural resilience of the flap 15 causes it to move back over the inside
      of the arcuate slot 14 in which position it is held firmly closing the
      opening by the pressure differential due to pressurised carbonated fluid
      inside as against the ordinary atmospheric pressure outside.
PAR  A paper-board sleeve 18 is slid over the container leaving a short portion
      protruding beyond each hemispherical end so that the container can be
      stood up-right. The hemispherical ends are an ideal shape for withstanding
      the internal pressure and the cardboard sleeve reinforces the cylindrical
      middle part of the container.
PAR  During transit and storage the opening is protected by the sleeve 18 but
      when the beer is to be drunk a perforated flap 19 is torn out of the
      sleeve 18 to give access to the spot 17 and the slot 14 so that with
      pressure on the spot 17 the beer can be poured out as shown in FIG. 3. It
      will be noted that manual pressure applied at 17 will be sufficient to
      move the flap 15 away from the back of the slot 14.
PAR  If all the beer is not used at one pouring, once pressure has been released
      from 17 the natural resilience restores the container to its original
      configuration and once again the pressure inside provides an effective
      seal against leakage.
PAR  The cardboard sleeve prevents pilfering and also can carry printed matter
      describing the contents of the container. It could in fact be closed at
      one end to define a cup into which the fluid can be poured.
PAR  Although the two halves 11 and 12 have been described as being partly
      cylindrical they could be slightly frusto-conical so that numbers of
      individual halves can be stacked together for transit or storage before
      the container is assembled, and then the sleeve would be correspondingly
      tapered.
PAR  The spin-welding, or possibly even ultra high frequency welding, of the two
      halves together may be through the means of co-operating internal or
      external flanges (not shown) on the two halves or even on beads formed at
      the co-operating edges of the two halves. It would also be possible to
      provide internal flange welding by purging the container of air using
      CO.sub.2 and putting the container in an evacuated chamber for the welding
      operation, during which the internal pressure will hold the two surfaces
      in contact.
PAR  It is preferred that a fluid sealant is used between the flap 15 and the
      corresponding part of the half 11 but this may in fact be the beer or
      other liquid itself or possibly an oil or wax coating could be applied to
      the flap when it is put in position, provided the oil or wax is edible and
      does not affect the beer.
PAR  FIG. 4 shows a different container in that one end 21 is frusto-conical and
      in this case there is an internal dimple 22 at the top of the cone, the
      sides of which lead into a closure consisting of two walls 23 united along
      their sides 24 but separate at the inner end 25. Normally the pressure
      differential between the interior and the chamber 22 will be sufficient to
      hold the two walls 23 firmly against one another to prevent leakage.
PAR  FIG. 5 has a similar closure embodied in a cap 27 for a bottle 28. The cap
      27 can be distorted to open the closure by separating the two walls which
      have again been given the numerals 23. A metal ring 29 is shown for
      holding the cap on the bottle.
PAR  FIG. 6 shows a different kind of closure for a bottle in which the central
      part 31 of the resilient plastics closure member 32 can be pressed
      inwardly to open the closure. However its natural resilience tends to
      cause it to go back to the position shown in FIG. 6 in which it acts
      against the internal wall of the neck of the bottle 33 and this closing
      feature is assisted by the pressure differential due to the high pressure
      within the bottle as indicated generally at 34.
PAR  A somewhat similar closure is shown in FIG. 7 where the resilient plastics
      closure 36 is held on the top of the bottle 37 by an annular washer 38, a
      protective disc 39 and a metal cap 41. The cap 41 has a central flap 42
      which can be pressed inwards to rupture the disc 39 and push a
      correspondingly shaped flap 43 forming part of the resilient plastics
      member 36 inwardly to open the bottle. Again, when pressure is released,
      the resilience of the material of the flap 43 tends to restore it to its
      position acting against the washer 38 to close the bottle and this force
      is assisted by the pressure differential.
PAR  FIG. 8 shows a container with a slot opening 45 and against the inner side
      of the wall a flap of resilient plastics material 46 is spot-welded along
      its two vertical edges as indicated at 47. Normally the pressure
      differential holds the flap firmly against the inside of the slot 45, but
      when the wall 48 is distorted the flap 46 can move away from the wall 48
      to allow passage of fluid.
PAR  FIG. 9 is for a similar arrangement but in which the flap--also indicated
      as 46--is welded at its vertical edges 47 to the outside of the wall 48.
      This is for a type of container in which the pressure differential acts
      inwardly, the pressure inside being normally less than atmospheric
      pressure.
PAR  An application of this type of closure is shown in FIG. 10 as a tube for
      glue which can be moulded in one piece to have an integral end as
      indicated at 51 which is very similar to the internal seal 24 of FIG. 4
      except that the opposed flat walls extend outwardly instead of inwardly as
      shown in that Figure. Pressure in the directions indicated by the arrows
      causes the resilient material to distort to open the mouth at the slot 52
      in the end of the nozzle. Material can then be squeezed from the tube, but
      when squeezing ceases, the walls 51 resile and move back together
      re-sealing the opening and preventing air entering the tube. Then the
      internal pressure is no more than atmospheric pressure and probably less,
      so that the effect of the differential internal and external pressures and
      areas together with the resilience of the material maintains a tight seal
      without having a cap or a pin.
PAR  The wall around the opening in any of the embodiments could incorporate, or
      be influenced by, a spring to assist the natural tendency of the opening
      to close itself.
PAR  The nature of the operation of the various seals can be appreciated from
      FIGS. 11 to 15.
PAR  FIG. 11 corresponds to FIG. 1 and shows how the arcuate slot opening 14 is
      normally closed by the flap 15 due to the high internal pressure acting on
      the whole of the internal area of the flap. The slot can only be opened by
      pressing the wall 11 adjacent the opening to force the flap away, and as
      soon as the pressure is removed, the resilience of the flap and the wall
      start a re-closing movement which is assisted by the internal pressure.
PAR  FIGS. 4 and 5 operate as shown in FIG. 12. The high internal pressure acts
      on a greater area of the walls 23 than the lower external pressure and
      assists the resilience of the walls in holding the opening 25 closed.
      Opening can only be by distorting the material to move one wall away from
      the other.
PAR  FIG. 13 shows how the flap 15 could effectively be constituted by an
      extension 15A of the wall 11. The action is the same as with FIG. 11.
PAR  FIG. 14 shows how the arrangement of FIG. 10 is rather similar to that of
      FIGS. 4 and 12 with the necessary modification of shape due the internal
      pressure being the lower pressure. Again the walls 51 have to be distorted
      to open the slot opening 52. Finally FIG. 15 corresponds to FIG. 8 and
      shows the slot 45 open due to distortion of the wall 48. Once the external
      distorting pressure is removed, resilience and pressure automatically
      re-seal the opening.
PAR  The containers may be made in various ways but a preferred method according
      to an aspect of the invention is shown in FIGS. 17-22 of the drawings
      which illustrate successive stages in the production of hollow containers;
PAR  FIG. 23 is a diagram showing how a tube formed by the method described with
      reference to FIGS. 17 to 22 can be subsequently moulded to a convoluted
      shape by compressed air;
PAR  FIGS. 24 and 25 are two enlarged end views of the female mould of FIGS. 17
      to 23 showing different arrangements of openings for introduction of the
      slug of plastics material for forming into the tube; and
PAR  FIG. 26 is a diagram showing how the male and female moulds can be profiled
      to give better distribution of fibres in the final material.
PAR  Moulding by the method shown with reference to FIGS. 17 to 22 is performed
      by discharging a slug of plastics material into a female mould 51 defined
      in the lower end of a block 52 which can slide vertically in a housing 53
      between an upper stop 54 and a lower stop 55, there being a compression
      spring 56 tending to urge the member 52 against its upper stop. The male
      mould 57 co-operates with and is closely spaced from the corresponding
      part of the female mould. These are an array of male moulds 57 which move
      into position in turn, an empty mould arriving, and then leaving carrying
      a formed container for a subsequent operation.
PAR  The charge of material is fed by a screw extruder 58 into a metering
      chamber 59 which can be closed off by a gate 61 when full, and the charge
      in the chamber is eventually pushed into an end of the female mould by
      means of a piston 62 which can slide within the block 52 between stops 63
      and 64 under the action of a compression spring 65. The gate 61 is
      operated by an integral boss 66 also slidable in the block 52 against a
      compression spring 67.
PAR  FIG. 17 shows the situation in which a reciprocating press tool 68 has just
      reached its lowest position so that the block 52, the piston 62 and the
      gate boss 66 are in their lowest positions and a tube like container 71
      has just been formed. The neck of the container has its shape defined by
      the co-operating parts of the male and female moulds 51 and 57, and
      dependent from the neck is a continuous cylindrical tube whose section is
      that of the lower end of the frusto-conical part of the male mould
      defining the neck of the container. This shape is achieved by having the
      lower end of the female mould open, and is suitable for making a container
      such as a toothpaste tube in which the lower end of the tube can be folded
      over after filling. However, for making an open-ended half bottle for
      welding to a similar half, the female mould would be extended downwards in
      sealing engagement around the male mould as indicated by 72 of FIG. 17A so
      that the complete shape of the moulded article would be defined within the
      moulds by the surfaces of one or both of them.
PAR  Referring now to FIG. 18 it will be seen that the press tool 68 has started
      to move upwards accompanied by the piston 62 and the gate boss 66 under
      the action of their springs. The block 52 cannot yet move upwards because
      of the charge of material in the chamber 59.
PAR  FIG. 19 shows that the tool 68 has moved further upwards and left the gate
      boss 66 as the latter has made contact with a stop 74 formed on the block
      52. The piston 62 has continued to move with the press tool 68 and has
      moved past the metering chamber 59 so that the material can flow into the
      bore 75 below the piston. This movement is induced by upward movement of
      the block 52 due to its spring 56 and FIG. 19 shows the material entering
      the bore 75. The gate 61 has now cut off the supply of moulding material
      from the screw extruder 58. Also the block 52 is moving clear of the
      moulded container 71 on the male mould 57.
PAR  FIG. 20 shows the press tool 68 at the top of its stroke, having left the
      piston 62 against its stop so that the piston 62, the gate boss 66, and
      the block 52, are all in their uppermost positions in the body 54, and the
      female mould 51 has cleared the moulded article 71 which is now removed by
      turning the mould 57 in the direction shown by the arrow 76 so that the
      container can be further processed. Also all the moulding material for the
      next container has been driven from the metering chamber into the bore 75.
PAR  The press tool 68 now starts to move down again as shown in FIG. 21, first
      moving the piston 62 to feed the slug 77 of material into the end of the
      female mould 51 in which condition it fills the opening. A different male
      mould 57 has now been moved into position ready for the next moulding.
PAR  As the press tool 68 moves further downwards as shown in FIG. 22 the piston
      gate boss, and block, all move downwards so that the mould cavity
      indicated generally at 78 is reduced towards its final shape with the
      consequence that the moulding material is compressed and forced to flow
      around the male mould and is eventually extruded as a formed continuous
      cylinder 71.
PAR  The compression and/or the friction as the material slides over the mould
      surfaces provides additional heating of the mould material to enable it to
      flow properly to be formed into a good article. It will be seen that in
      this position the lower end of the piston 62 forms the end of the female
      mould defining the top end of the container. It will also be seen from
      FIG. 22 that the metering chamber 59 has again become open to the extruder
      58 with the lowering of the gate 61 so that the charge of material for the
      next container is in the metering chamber.
PAR  Finally when the press tool 68 bottoms, the situation of FIG. 17 is again
      arrived at with the mould cavity fully reduced and the article 71 fully
      formed. At this stage cooling to freeze the article can be achieved by
      passing a liquid coolant through passages 79 formed in the block 52.
PAR  It is also possible to cool the cylindrical extrusion 71 by passing cooling
      liquid or coolant gas over its surfaces in the manner indicated at the
      right-hand side of FIG. 23 where the cylinder 71 can be seen around a
      channel 81 for cooling gas. Before this cooling it is possible to form the
      cylinder still further. Thus as shown in the left-hand side of FIG. 23,
      once a seal is made at 82, air pressure as indicated at 83 can be used to
      blow the cylinder 71 into contact with a female mould surface 84 where it
      will finally cool in contact with the cold mould surface. The top of the
      article will of course have been formed between the male and female
      moulds.
PAR  In some cases it is possible to get a stronger walled article by getting
      the material to flow in different directions as the mould cavity is
      reduced to produce a kind of lattice work of the fibres of the plastic.
      One way of doing this is to introduce the moulding material through a
      number of apertures 86 distributed around the end face of the female mould
      so that as material is forced outwards from each aperture, a cross lattice
      effect is achieved. An alternative arrangement is shown in FIG. 25 in
      which there is a single aperture 87 but it is of cruciform shape so that
      the material spreads in different directions as indicated.
PAR  It is possible to achieve a similar effect in a different way by forming
      the co-operating male and female mould surfaces 89 and 91 with arcuate
      convolutions as shown in FIG. 26, so that as the moulds finally move
      together in the step between FIGS. 22 and 17, the material is given a
      component of movement around the axis of the moulds. The two curves could
      be of the same or opposite hand. It is also possible to turn one or other
      of the moulds about its axis during this movement.
PAR  The apertures 86 or 87 can act as centres of resistance possibly to keep
      the male mould centred or even displace a little in a selected direction,
      for example if a slightly thicker wall is needed for local attachment of a
      handle.
PAR  If the article being moved, such as a half of the bottle indicated in FIG.
      1 but shaped with tapered sides as at 72 in FIG. 17A for nesting, then the
      correspondingly tapered mould surfaces to produce them will be reducingly
      spaced apart as the male and female moulds close the cavity.
PAR  The bottle indicated in FIG. 1 has hemispherical ends because if stress in
      the unsupported ends are to be tensile rather than bending and thereby
      resist internal pressure economically, then they must be radial about a
      centre of pressure which may be varied along an axis between the centre of
      the pressurized volume and a point radially central at the end of the
      portion which is supported by a surrounding cylindrical or frusto-conical
      paperboard reinforcement sleeve or sleeves.
PAR  Accordingly an aspect of the invention consists of a method of moulding a
      container in which a charge of moulding material is fed through an
      aperture in the mould into a position closing the aperture, components of
      the mould are then moved to reduce the mould cavity and cause the material
      to spread throughout the cavity, the material being heated due to
      compression and/or friction as it moves over the mould surfaces. The
      invention also includes a machine for such a method.
CLMS
STM  What I claim as my invention and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A closure for a sealed fluid container comprising:
PA1  an elastically resilient container wall;
PA1  an opening in said container wall;
PA1  an elastically resilient flap member having a sealing surface and
      resiliency for acting to cause said surface to normally lie in intimate
      overlapping sealing contact with said container wall so as to close said
      opening; and
PA1  a portion of said container wall immediately around said opening being
      capable of distortion to cause said sealing surface of said flap member to
      move away from said container wall to allow fluid to pass through said
      opening.
NUM  2.
PAR  2. A closure as claimed in claim 1 including a fluid sealant between the
      surface of the flap member and the wall.
NUM  3.
PAR  3. A closure as claimed in claim 1 in which the resilient flap member is
      part of the container wall.
NUM  4.
PAR  4. A closure as claimed in claim 1 including two separable walls lying one
      against the other, one of which constitutes the resilient flap member.
NUM  5.
PAR  5. A closure as claimed in claim 1 in combination with an enclosure of
      resilient plastics material for a drink, the closure closing an opening in
      the wall of the enclosure.
NUM  6.
PAR  6. In combination, a container for a drink consisting of two separately
      formed parts joined together, one of them having an opening, and a closure
      as claimed in claim 1 closing and sealing the opening.
NUM  7.
PAR  7. A container comprising a closure as claimed in claim 1 and a sleeve for
      giving support to the walls of the container.
NUM  8.
PAR  8. A container as claimed in claim 7 in which the sleeve covers the
      opening.
NUM  9.
PAR  9. A closure as claimed in claim 1 in which the surface of the flap member
      and the portion of the wall with which the latter cooperates are shaped
      for complemental engagement with one another.
NUM  10.
PAR  10. A closure for a sealed container of pressurized liquid comprising:
PA1  an elastically resilient container wall;
PA1  an opening in said container wall;
PA1  an elastically resilient flap forming a sealed interface with said wall and
      controlling flow from the container through said opening, a pressure
      differential between the internal substantially superatmospheric pressure
      and the absence of pressure between the sealed interface acting to prevent
      the flow and distortion of a part of said wall of the container adjacent
      the opening to move said flap permitting the flow; and
PA1  a relatively non-resilient cover surrounding said wall for preventing
      deformation of the latter due to internal pressure in the container, but
      providing access to the said part of said wall.
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ABST
PAL  A multiple garment support has a single handle and at least two generally
      triangular clothes hanger frames of wire construction; the two frames
      which define two planes and the handle are all pivotable relative to each
      other about a single axis at a hinge junction situated between the tops of
      the hanger frames and the bottom of the handle. In upright orientation of
      this device, the bottoms of the frames are horizontal rods that remain
      parallel to each other and to said pivot axis when either frame is pivoted
      relative to the other or to the handle; the top edges of the two frames
      remain a fixed distance apart while the bottom edges are pivotable away
      from each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is in the field of garment support devices, particularly
      clothes hangers for supporting a plurality of garments used in a garment
      or travel bag. The type of garment support under consideration typically
      has a single hook or handle part at the top, a central frame member, and
      two, three or more separate hanger parts. One common design objective in
      the prior art was to be able to hang numerous garments in a minimum of
      space; another design objective was - to provide apparatus which itself
      occupied minimum space, but was capable of carrying numerous garments;
      however with both of these objectives there is usually the drawback that
      clothing becomes wrinkled. While the hangers may lie close together, and
      in some cased lie within a single plane, suits of clothing on these same
      hangers cannot occupy so little space and consequently become cramped
      together and wrinkled. A totally different problem is a difficulty in
      getting clothing on or off the multiple hangers when other garments are
      already on. Solutions to the loading or to the space problem usually have
      produced apparatus that are basically larger to eliminate congestion and
      interference of parts and clothing, however such devices are not practical
      for use with a garment travel bag where smallness and compactness are the
      objectives.
PAR  In this field there are both wire and plastic hangers, the latter being
      injection molded pieces requiring large initial expense for a mold, and
      the use of specialized equipment with highly trained operators. Plastic
      hangers have another sever limitation, namely that the proprietor cannot
      make large or even small changes in shape of the product without a major
      expense in modifying the mold. Thus economy of manufacture often controls
      and limits the design of these hangers.
PAR  The above-described and other problems are particularly acute when thhe
      multiple hanger in question must be usable within a garment bag, and must
      be easily insertable and removable from such a bag, in both loaded and
      unloaded conditions. Facility of use is only one key objective; also of
      concern is avoidance of wrinkling the clothes, while in transit and while
      stationary. These and other problems have been overcome by the new
      invention described below.
PAC  SUMMARY OF THE NEW INVENTION
PAR  This invention is a multiple hanger apparatus that permits attachment and
      removal of garments with ease regardless of how many garments are already
      attached, and does not cramp or wrinkle hung garments, and which is
      extremely inexpensive and simple to make and use.
PAR  This new device is a wire construction having typically two
      triangular-shaped hangers attached to a single handle, these three parts
      being pivotal relative to each other. The tops of the two triangular
      hangers are neck parts which are pivotally connected but maintained a
      fixed distance apart; the bottom parts of the triangles, formed as
      straight wire segments, are movable toward and away from each other, while
      remaining essentially parallel. Preferably the handle is pivotally
      connected about the same axis.
PAR  For simplicity and economy of manufacture, each hanger comprises a single
      piece of wire bent into the generally triangular shape. The pivotal
      connection of one hanger to the other is made by bending wire of the neck
      part of one hanger over and around wire of the neck part of the other
      hanger. With this structure, very inexpensive wire may be used, with
      simple bending forms and equipment, and labor that is not technically
      trained. Also, it is feasible to alter the dimensions at very low expense
      as compared to the very high cost of altering an injection mold for
      plastic hangers.
PAR  In preferred embodiments the handle is positioned above one hanger and
      off-set from the other, such that the handle can be pivoted to form an
      approximately 100.degree. angle with the hanger below it; when such a
      garment support device is loaded within a garment travel bag, the whole
      package can be carried over one's shoulder with great ease and comfort
      because of the pivotal handle oriented as described.
PAR  The invention can be constructed in a variety of ways, including the
      possibility of using three, four, or more hangers with a single handle or
      with a plurality of handles. While it is not intended that the invention
      be limited to this, a preferred embodiment of the invention is shown in
      the Figures on the attached drawings and described in the paragraphs below
     .
DRWD
PAC  THE PREFERRED EMBODIMENT
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a front perspective view of the new folding hanger device;
PAR  FIG. 2 is an end perspective view thereof;
PAR  FIG. 2A is an end view thereof;
PAR  FIG. 3 is an enlarged, fragmentary view of the hinge junction of FIG. 2;
PAR  FIG. 4 is a front perspective view exploded of a first of the two hangers
      in FIG. 1;
PAR  FIG. 5 is a front elevation of FIG. 4;
PAR  FIG. 6 is an end elevation of FIG. 5;
PAR  FIG. 7 is a sectional view along lines 7--7 of FIG. 5;
PAR  FIG. 8 is a front perspective view exploded of the second hanger of the
      FIG. 1 device;
PAR  FIG. 9 is a front elevation view of FIG. 8;
PAR  FIG. 10 is an end elevation view of FIG. 9;
PAR  FIG. 11 is a sectional view along lines 11--11 of FIG. 9;
PAR  FIG. 12 is an end elevation view of the device in a garment bag,
PAR  FIG. 13 is an end elevation view of a prior art device in a garment bag;
PAR  FIG. 14 is a perspective view of another embodiment; and
PAR  FIG. 15 is a perspective view of a composite folding hanger of this
      invention, showing the first and second hangers of FIGS. 4 and 8
      respectively, as a completed assembly, as in FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The new clothes hanger is wire construction 10 of basically three parts
      permanently secured together, but hinged to pivot as shown in FIGS. 1-3.
      The handle 11 has length dimensions and curvature to fit comfortably in a
      person's hand, and also to hook over a rod or other suspension device. For
      further comfort to the user, a rubber or plastic tube 12, is secured about
      the curved part of the handle in the area it is grasped.
PAR  There are two hanger sections or frames 13 and 14, each having a generally
      triangular shape and formed of a single wire. The rear frame 13, shown as
      the left frame in FIGS. 2 and 3, has the sides 15,16 of the triangle
      converging to form a neck 17 and extending laterally as a loop 17a from
      the neck of the frame. The loop extends normal or transverse to the plane
      of the triangular frame, with the central part 18 of the loop being offset
      from said plane by a distance substantially greater than the diameter of
      the wire.
PAR  One method of manufacturing this rear frame 13 is to bend it to the shape
      shown in FIGS. 1-7, with the free ends 19, 19a of an originally straight
      wire, remaining neither joined nor welded. Then a snug-fitting rubber or
      plastic tube 20 is secured onto both ends, bridging the gap between them.
      This is a quick and easy technique, not requiring welding equipment, and
      not requiring highly trained personnel. The tube may have longitudinal
      ribs 21, to provide greater friction with the garment hung on this bottom,
      horizontal support part of the hanger, and to provide added strength to
      the tube.
PAR  The front hanger or frame 14 in FIG. 1, (right side hanger in FIGS. 2 and
      3), and also shown in FIGS. 8-11, is made slightly differently, but also
      from a single rod, originally straight. From neck part 24 of this hanger
      the wire extends upwards and terminates in loops 22,23; the base part 25
      is covered with a plastic or rubber tube 26 similar to tube 20 on hanger
      13 in FIG. 4. Such a tube may be slid into and positioned on the wire
      before it is bent into its final shape, or may be slit lengthwise and
      elastically expanded to fit securely on portion 25 of the hanger.
PAR  The connection of hanger 13 to hanger 14 is shown most clearly in FIG. 3
      where wire ends 22 and 23 are cured over and pivotally secured onto
      central part 18 of hanger 13 with parts 17a, 18, 22, and 23 comprising a
      coupling means. As seen in FIG. 2A, the coupling means part 17a length D
      which establishes a fixed distance D between the tops or neck parts of the
      two hangers 13 and 14. Accordingly, with the pivot connection 27, the two
      hangers always have a fixed distance between their necks and a variable
      distance between their respective bottom parts.
PAR  These two hangers, defined by two planes, are pivotable about said hinge
      connection or coupling, with said planes varying from being essentially
      parallel when the device is upright to being 180.degree. apart. When one
      hanger is "loaded" with a garment, and the other is pivoted by 45.degree.
      or 90.degree. for example, it is particularly easy to load the second
      hanger. When both hangers are loaded, the fixed distance between their
      neck parts prevents the garments from being too close together and thereby
      cramped or wrinkled.
PAR  The remaining key component of this new device is the handle; as shown in
      the preferred embodiment in FIGS. 1-3, this handle 11 is pivotable about
      an axis that is the same as the pivot axis between the two hangers. As
      shown in FIG. 2A the handle is directly above hanger 14, while being
      offset from hanger 13. This provides the very distinct advantage
      illustrated by FIGS. 12 and 13; specifically the hanger device 28, when
      loaded and encased in a travel bag 29 having top 30, aperture 31, bottom
      32, and sides 33, can be carried over a person's shoulder 34, with the
      handle 11 pivoted to approximately 90.degree. relative to the plane of
      hanger 14, which allows the travel bag and clothing contents to hang in
      the normal vertical position. It can be seen in FIGS. 2A and 12 that the
      support device 28, in upright position; has the necks 17, 24 and coupling
      means 17a, 27 establishing an elevation level, with only the handle 11
      above this level; in FIG. 12 the bag 29 has its top 30 closely adjacent
      this top level of the hanger necks and coupling means. FIG. 13 illustrates
      the usual prior art travel bag and hanger device with a rigidly connected
      handle; the user is forced to maintain the bag in an awkward position or
      else to thrust his hand over to the rear of his shoulder in order to grasp
      the handle while the bag remains vertical. Either is both incovenient and
      fatiguing, and is avoided by the new invention.
PAR  FIG. 14 illlustrates an embodiment having hangers similar to those in FIGS.
      1-3, but with a third hanger pivotally attached to the second hanger, as
      the second is attached to the first. FIG. 8 also shows the addition of a
      metal collar 35 clamped about the neck part 24 to stabilize and fix the
      positions of the wire ends 22 and 23, and thus greatly strengthen the
      whole hanger assembly.
CLMS
STM  I claim:
NUM  1.
PAR  1. A garment support device comprising generally similar first and second
      generally triangular-shaped hangers which are each formed of a strand of
      wire and which, when the device is upright, define generally parallel and
      vertical planes, each hanger having one side as a generally horizontal
      bottom edge and opposite this edge a top neck where the remaining two
      sides of the triangle coverge, coupling means extending laterally between
      and separating said necks a predetermined distance and permanently joining
      said necks in a pivotal relationship about a pivot axis generally parallel
      to said bottom edges, and a handle having a top part formed as a hook and
      a bottom part that is engaged to said coupling means and is pivotal about
      said pivot axis, said necks and said couling means establishing, when said
      device is upright, a predetermined elevation with said handle being
      substantially totally above said elevation.
NUM  2.
PAR  2. A device according to claim 1 wherein wire of said first hanger
      comprises ends and an intermediate part, the intermediate part forming a
      continuous loop as said neck of the hanger with ends of the wire forming
      part of said bottom edge, and wire of said second hanger comprises ends
      and an intermediate part, the intermediate part forming said bottom edge
      of the second hanger with ends of the wire forming said neck and extending
      laterally as said coupling means and engaging said loop part of said first
      hanger.
NUM  3.
PAR  3. A device according to claim 2 wherein said ends of the wire of the
      second hanger are in a generally coaxial and adjacent relationship, the
      device further comprising means maintaining said ends fixed in said
      relationship.
NUM  4.
PAR  4. A device according to claim 1 wherein said wore forming the hangers has
      a predetermined diameter, and said predetermined distance that the necks
      are spaced apart by the coupling means is substantially greater than said
      wire diameter.
NUM  5.
PAR  5. Apparatus according to claim 1 further comprising a third hanger similar
      to the second and pivotally attached to the second in the same manner as
      the second hanger is pivotally attached to the first hanger.
NUM  6.
PAR  6. A garment bag in combination with a garment support device, the bag
      having top, bottom, and sides, with an aperature in the top, the support
      device comprising generally similar first and second generally
      triangular-shaped hangers which are each formed of a strand of wire and
      which, when the device is upright, define generally parallel and vertical
      planes, each hanger having one side as a generally horiozontal bottom edge
      and opposite this edge a top neck where the remaining two sides of the
      triangle converge, coupling means extending laterally between and
      separating said necks a predetermined distance and permanently joining
      said necks in a pivotal relationship about a pivot axis generally parallel
      to said bottom edges, and a handle having a top part formed as a hook and
      a bottom part that is engaged to said coupling means and is pivotal about
      said pivot axis, said necks and said coupling means establishing, when
      said device is upright, a predetermined elevation with said handle being
      substantially totally above said elevation, said support device being
      positionable within said bag with the necks and coupling means of the
      hangers adjacent said top of the bag and the bottom edges of the hangers
      adjacent the bottom of the bag, and the handle of the device extending
      through said aperture outward of said bag.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein wire of said first hanger
      comprises ends and an intermediate part, the intermediate part forming a
      continuous loop as said neck of the hanger with ends of the wire forming
      part of said bottom edge, and wore of said second hanger comprises ends
      and an intermediate part, the intermediate part forming said bottom edge
      of the second hanger with ends of the wire forming said neck and extending
      laterally as said coupling means and engaging said loop part of said first
      hanger.
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ABST
PAL  A ski equipment securing and carrying device including a body portion
      having a pair of hingedly interconnected cover segments, each cover
      segment including a ski receiving portion and ski pole receiving portion
      provided with yieldable members for respective accommodation therewithin
      of skis of various widths and thicknesses and ski poles of various
      diameters, the cover segments being hingedly interconnected for closure
      together with the ski receiving portion and pole receiving portion of one
      confronting the respective ski receiving portion and pole receiving
      portion of the other in cooperative relationship for respective clamped
      engagement of skis and ski poles within the ski and ski pole cavities by
      the yieldable members thereof. The cover segments may include latch means
      for fastening them together in a manner to inhibit removal of skis and
      poles secured therewithin, and elongated fastening elements may be
      attached thereto for securement thereof to an immovable object such as a
      tree or ski rack. The ski equipment carrying device may have a one-piece
      molded body portion which may be formed of polypropylene.
BSUM
PAC  BACKGROUND, FIELD AND OBJECTIVES OF THE INVENTION
PAR  This invention generally relates to carriers designed to facilitate the
      portability of ski equipment by the owner thereof and which may also be
      employed as a ski equipment securing device to prevent the theft of ski
      equipment carried thereby.
PAR  Skis and ski poles are obviously somewhat unwieldy when they are carried
      loosely and may be extremely expensive pieces of equipment. Accordingly,
      the ski enthusiast not only seeks ways for him to carry his equipment with
      facility, but he also seeks to prevent the theft of his equipment. I
      recognize that various devices have been previously provided for carrying
      and securement of ski equipment. However, such previously provided devices
      have had various shortcomings, not the least of which is that they have
      usually included multiple separable parts, been extremely expensive, and
      have been subject to failure in the cold environment in which they are
      generally used.
PAR  This invention is designed to eliminate the undesirable aspects of such
      previously provided devices. It may, for instance, comprise an integral
      unit having a one-piece body portion, including a pair of hingedly
      interconnected polygonal cover segments, and may be molded from
      polypropylene. Each cover segment may include a ski receiving portion for
      carrying a single ski and a ski pole receiving portion for carrying a
      single pole, closure together of the cover segments providing for
      securement of the skis and ski poles therebetween. The cover segment
      preferably includes yieldable ski and ski pole retaining members to
      accommodate various sizes of skis and ski poles. An easily opened latch
      may be provided for securing the segments together for facile removal of
      the ski equipment therefrom and a lock to prevent such removal. The same
      may be provided to accommodate members for securing it to immovable
      objects such as trees and ski racks.
PAR  Other objects and advantages of the invention will become apparent during
      the following detailed description, taken in connection with the
      accompanying drawings, and in which drawings:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of my improved ski equipment carrier in its
      open position.
PAR  FIG. 2 is a perspective view of the carrier in closed position for carrying
      a pair of skis and a pair of ski poles.
PAR  FIG. 3 is a sectional view taken substantially along the line 3--3 of FIG.
      2.
PAR  FIG. 4 is a fragmentary sectional view taken substantially along the line
      4--4 of FIG. 2.
PAR  FIG. 5 is a perspective view of the carrier in association with a locking
      chain by which it could be secured to a ski rack.
PAR  FIG. 6 is a fragmentary sectional view showing a modified latch arrangement
      for securing the cover segments of the carrier in a closed together
      position.
PAR  FIG. 7 is a perspective view showing a modified ski equipment carrier and
      member for securing the same to such as a ski rack.
PAR  FIG. 8 is a perspective view showing still another modification of my ski
      equipment carrier and embodying another type of member for securing the
      same to such as a ski rack.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the drawings, wherein are shown preferred and modified forms of the
      invention and wherein similar reference characters designate corresponding
      parts throughout the several views, the letter A may designate my improved
      ski equipment securing and carrying device as shown in FIGS. 1-5; B the
      form as shown in FIG. 6; C the form as shown in FIG. 7; and D the form as
      shown in FIG. 8.
PAR  Ski equipment securing and carrying device A preferably includes a body
      portion 10 having cover segments 11 and 12 hingedly interconnected as by
      hinge portion 13. As shown, cover segments 11 and 12 and hinge portion 13
      may be formed as an integral unit providing a one-piece molded body
      portion. Body portion 10 may, for instance, be polypropylene, in which
      case hinge portion 13 forms what is referred to in the art as a "living
      hinge" in which repeated hinge action thereof seems to increase its life.
PAR  Each cover segment 11 and 12 preferably includes a ski receiving portion 16
      having a plurality of yieldable members 17 extending thereinto. Yieldable
      members 17 may comprise a plurality of flexible ribs 18 positioned to
      engage the sidewalls 19 and 20 of skis 21, as best shown in FIG. 3, and a
      plurality of flexible nibs 22 which are positioned to engage the innermost
      face of a ski 21 received within ski receiving portion 16. Since ribs 18
      and nibs 22 are flexible, skis of various thickness and width can be
      received and securely held within ski receiving portion 16.
PAR  Each cover segment 11 and 12 also preferably includes a pole receiving
      portion 24 having yieldable members 25 extending thereinto. Yieldable
      members 25 may comprise flexible flanges 26 which are positioned to engage
      and securely hold a ski pole 28 within ski pole receiving portion 24.
PAR  Since members 17 and 25 are yieldable, ski equipment carrying and securing
      device A can be shifted between the bindings of skis 21 received
      therewithin, for balance, and ski poles 38 may be adjusted longitudinally
      within pole receiving portions 24 to attain a still more particular
      balance.
PAR  Body portion 10 may include latch means 29 for securing cover segments 11
      and 12 together. In form A of the invention, latch means 29 may comprise a
      pair of tabs 30, mounted on cover segment 12, each of which includes an
      enlarged head portion 31 which may be snapped into a tab receiving
      aperture 32 provided in cover segment 11.
PAR  Lock means 40 may be provided for securely locking cover segments 11 and 12
      together to prevent removal of skis and ski poles from my improved ski
      equipment carrier. Lock means 40 may include a lock cylinder 41 mounted on
      cover segment 12, cover segment 11 having a lock receiving means 42
      comprising a cylindrical aperture 43 provided with slots 44 which may
      receive locking lugs 45 of lock cylinder 41.
PAR  To facilitate carrying, cover segments 11 and 12 may be respectively
      provided with a handle portion 50 and 51 which are designed so as to form
      a single unitary carrying means when the cover segments thereof are closed
      together.
PAR  Skiers frequently find it convenient to leave their ski equipment
      unattended when they enter a ski lodge. At such times it is desirable to
      secure the ski equipment to prevent theft thereof. As shown in FIG. 5, an
      elongated flexible member, which may comprise a chain 60, may be used for
      securing my improved ski equipment carrier to such as a ski rack 62 in a
      manner to prevent theft of ski equipment. The end links of chain 60 may be
      received over tabs 30 for attachment of chain 60 to the ski equipment
      carrier, areas 35 of cover segment 12 being excised adjacent each tab 30
      thereof for receiving chain 60 and facilitating tight closure together of
      cover segments 11 and 12.
PAR  The parts of Forms B, C and D of the invention which correspond to parts of
      Form A have been respectively designated in the various views by similar
      reference characters having prime characters b, c and d.
PAR  Form B of the invention shows a modified form of latch means 29.sup.b for
      securing cover segments 11.sup.b and 12.sup.b together. In this form of
      the invention, latch means 29.sup.b may include exterior tabs 62 having
      inturned outer flanges 63. As shown in FIG. 6, a tab 62 is preferably
      provided on each cover segment 11.sup.b and 12.sup.b, extending outwardly
      therefrom and positioned for engagement of lugs 63 thereof within a tab
      receiving aperture 64 provided in the other cover segment.
PAR  Form C of the invention, as shown in FIG. 7, is illustrative of another
      modified form of my improved ski equipment carrier, illustrating a
      construction in which lock means 40.sup.c is the only medium provided for
      securing cover segments 11.sup.c and 12.sup.c together. The area of the
      cover segments adjacent lock means 40.sup.c may also be modified for
      facile attachment thereto of an elongated flexible member 70. As shown,
      elongated flexible member 70 may be provided at each end thereof with
      connector members 71, each of which have a cylindrical aperture 72
      therethrough for receiving therewithin lock cylinder 41.sup.c in a manner
      to provide secure attachment of the ends of elongated flexible member 70
      to my improved ski equipment carrier. In order to facilitate reception of
      a connector member 71 by cover segments 11.sup.c and 12.sup.c, an area 75
      may be excised adjacent lock means 40.sup.c and an area 76 may be excised
      adjacent lock receiving means 42.sup.c ; and handle portions 50.sup.c and
      51.sup.c may be respectively provided with centrally disposed slots 78 and
      79 through which elongated flexible member 70 may extend. Elongated
      flexible member 70 may be thus attached about a ski rack 62.sup.c in a
      manner to prevent unauthorized use of the ski equipment received by my
      improved ski equipment carrier.
PAR  Form D of the invention is a still further modified form of the invention
      which shows that it is within the concept of my invention to provide a ski
      equipment carrier which need not unitarily include positive means for
      fastening the cover segments thereof together. However, as shown in FIG.
      8, if it is desired to secure ski equipment carrier D to such as a ski
      rack 62.sup.d, an endless elongated flexible member 80 may be looped
      through the ski receiving portion 16 of each cover segment 11.sup.d and
      12.sup.d, the respective cover segments then being closed together and
      secured in a closed together position by passing a chain or lock (not
      shown) about handle portions 50.sup.d and 51.sup.d thereof.
PAR  Various changes may be made to the forms of the invention herein shown and
      described without departing from the spirit of the invention or the scope
      of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A ski equipment securing and carrying device including a body portion
      having a pair of polygonal cover segments, each of said cover segments
      having a ski receiving portion and a pole receiving portion, each said ski
      receiving portion being shaped to receive a ski therewithin and each said
      pole receiving portion being shaped to receive a ski pole therewithin,
      each said ski receiving portion and said pole receiving portion including
      yieldable members for respectively engaging a ski and a ski pole, hinge
      means hingedly interconnecting said cover segments for juxtaposed closure
      thereof with said ski receiving portion and pole receiving portion of one
      of said cover segments confronting the ski receiving portion and pole
      receiving portion of the other of said cover segments in cooperative
      relationship for respective clamped engagement by said yieldable members
      of a ski and a ski pole in relatively fixed position within each said ski
      receiving portion and said pole receiving portion thereof, and latch means
      for securing said cover segments in a juxtaposed closed relationship, said
      latch means comprising tab means positioned interiorly within one of said
      cover segments and tab means receiving aperture means opening interiorly
      of the other of said cover segments.
NUM  2.
PAR  2. A ski equipment securing and carrying device as specified in claim 1
      including an elongated flexible member having apertured ends shaped to fit
      over said tab means.
NUM  3.
PAR  3. A ski equipment securing and carrying device including a body portion
      having a pair of polygonal cover segments, each of said cover segments
      having a ski receiving portion and a pole receiving portion, each said ski
      receiving portion being shaped to receive a ski therewithin and each said
      pole receiving portion being shaped to receive a ski pole therewithin,
      each said ski receiving portion and said pole receiving portion including
      yieldable members for respectively engaging a ski and a ski pole, hinge
      means hingedly interconnecting said cover segments for juxtaposed closure
      thereof with said ski receiving portion and pole receiving portion of one
      of said cover segments confronting the ski receiving portion and pole
      receiving portion of the other of said cover segments in cooperative
      relationship for respective clamp engagement by said yieldable members of
      a ski and a ski pole in relatively fixed position within each said ski
      receiving portion and said pole receiving portion thereof, latch means for
      securing said cover segments in a juxtaposed closed relationship, lock
      means mounted on and extending from one of said cover segments, the other
      of said cover segments having lock receiving means positioned for
      receiving said lock means therewithin in providing locked closure together
      of said cover segments, and an elongated flexible member having apertured
      ends shaped to fit over said lock means.
NUM  4.
PAR  4. A ski equipment securing and carrying device including a body portion
      having a pair of polygonal cover segments, each of said cover segments
      having a ski receiving portion and a pole receiving portion, each said ski
      receiving portion being shaped to receive a ski therewithin and each said
      pole receiving portion being shaped to receive a ski pole therewithin,
      each said ski receiving portion and said pole receiving portion including
      yieldable members for respectively engaging a ski and a ski pole, hinge
      means hingedly interconnecting said cover segments for juxtaposed closure
      thereof with said ski receiving portion and said pole receiving portion of
      one of said cover segments confronting the ski receiving portion and pole
      receiving portion of the other of said cover segments in cooperative
      relationship for respective clamp engagement by said yieldable members of
      a ski and a ski pole in relatively fixed position within each said ski
      receiving portion and said pole receiving portion thereof, latch means for
      securing said cover segments in a juxtaposed closed relationship, lock
      means mounted on and extending from one of said cover segments, the other
      of said cover segments having lock receiving means positioned for
      receiving said lock means therewithin in providing locked closure together
      of said cover segments, and an endless elongated flexible member, said
      endless flexible member being positioned to extend through a ski receiving
      portion of at least one of said cover segments and providing a loop
      extending outwardly from said body portion for securement thereof to such
      as at least relatively fixed objects as will inhibit portability of the
      ski equipment securing and carrying device.
NUM  5.
PAR  5. A ski equipment securing and carrying device comprising a one-piece
      molded body portion including: a pair of polygonal cover segments, each of
      said cover segments having a ski clamping portion, a ski pole clamping
      portion and a handle portion, each of said ski clamping portions
      comprising a ski receiving cavity having a plurality of flexible nibs
      extending thereinto in juxtaposition to engage a surface of the ski
      received therewithin, each said ski pole clamping portion comprising a
      pole receiving cavity having shaped pole engaging flanges extending
      thereinto and positioned to flexibly engage a ski pole, said handle
      portion of each said cover segments being shaped to form a single carrying
      means when said cover segments are closed together, and hinge means
      hingedly interconnecting said cover segments for juxtaposed closure
      thereof with said ski receiving portion and a pole receiving portion of
      one of said cover segments confronting the ski receiving portion and pole
      receiving portion of the other of said cover segments in cooperative
      relationship for securement therewithin of skis and ski poles.
NUM  6.
PAR  6. A ski equipment securing and carrying device as specified in claim 5
      wherein said body portion is formed of polypropylene.
NUM  7.
PAR  7. A ski equipment securing and carrying device including a body portion
      having a pair of substantially polygonal cover segments, each of said
      cover segments having a ski receiving recessed portion and a pole
      receiving recessed portion, each said ski receiving recessed portion being
      shaped to receive a ski therewithin and each said pole receiving recessed
      portion being shaped to receive a ski pole therewithin, each said ski
      receiving recessed portion including yieldable means positioned for
      engaging the side edges of a ski received within said ski receiving
      recessed portion in snug accommodation therewithin of skis of various
      width, each said pole receiving recessed portion including yieldable means
      for substantial clamping engagement therewithin of a ski pole, and hinge
      means hingedly interconnecting said cover segments for juxtaposed closure
      thereof with said ski receiving recessed portion and said pole receiving
      recessed portion of one of said cover segments confronting the ski
      receiving recessed portion and pole receiving recessed portion of the
      other of said cover segments, each said ski receiving recessed portion
      having yieldable members positioned therewith for engagement of a face of
      a ski on closure together of said cover segments in a cooperative
      relationship for clamped engagement by said yieldable members of a ski
      pole in relatively fixed position within said pole receiving recessed
      portion thereof and said yieldable members of each said ski receiving
      recessed portion each engage a face of a ski received therewithin so that
      skis of various thickness may be accommodated by the ski equipment
      securing and carrying device.
NUM  8.
PAR  8. A ski equipment securing and carrying device as specified in claim 7
      wherein said yieldable means of said ski receiving recessed portion
      comprises a plurality of ribs extending into said ski receiving recessed
      portion from opposed ends of said ski receiving recessed portion.
NUM  9.
PAR  9. A ski equipment securing and carrying device as specified in claim 7
      wherein said yieldable members of said ski receiving recessed portion
      comprises a plurality of flexible nibs extending into said ski receiving
      recessed cavity in juxtaposition to engage the face of a ski received
      therewithin.
NUM  10.
PAR  10. A ski equipment securing and carrying device as specified in claim 7
      wherein said yieldable means of said ski receiving recessed portion
      comprises a plurality of ribs extending into said ski receiving recessed
      portion from opposed ends of said ski receiving recessed portion and said
      member of said ski receiving recessed portion comprises a plurality of
      flexible nibs extending into said ski receiving recessed cavity in
      juxtaposition to engage the face of a ski received therewithin.
NUM  11.
PAR  11. A ski equipment securing and carrying device as specified in claim 7
      wherein said yieldable means of each said pole receiving recessed portion
      comprises shaped pole engaging flanges extending into said pole receiving
      recessed portion in juxtaposition to engage and clamp a ski pole received
      therewithin.
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ABST
PAL  A housing having its interior divided into a supply chamber for a folded
      row of connected tickets and a dispensing chamber, and providing a
      discharge opening at one end for delivery of tickets. A feeding element in
      the dispensing chamber is operated by an actuator to feed the row of
      tickets toward the discharge opening. The actuator is movable between
      spaced feeding and holding positions and has an edge portion that holds
      the row of coupons or tickets against discharge movements when the
      actuator is in its holding position. A retarding arrangement applies
      frictional effort against the row of tickets to prevent free movement of
      the tickets during a portion of the feeding movement of the feeding
      element, and lessens the frictional effort or drag on the tickets when the
      actuator is moved to its holding position. A locking device is operable to
      lock the housing against opening and to lock the actuator against ticket
      releasing movement and to unlock the same selectively; and an adjustable
      tear blade-equipped guide member provides a portion of the discharge
      opening.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the dispensing of tickets or coupons singly or in
      small quantities from a supply roll or stack of such articles, the tickets
      being connected in edge to edge relationship by perforated or otherwise
      weakened tear lines to provide an elongated row. When not disposed in
      rolls, the elongated rows are usually folded on given tear lines in
      accordian pleat fashion to provide a stack of superposed and connected
      rows, each row containing a predetermined number of tickets. The apparatus
      of this invention is adapted for use in dispensing lottery tickets or
      coupons such as are sold in several countries and in some States of this
      country.
PAC  SUMMARY OF THE INVENTION
PAR  An important object of this invention is the provision of an apparatus for
      dispensing tickets which simplifies the handling and dispensing of tickets
      and which holds a supply of tickets in orderly fashion.
PAR  Another object of this invention is the provision of a ticket dispensing
      apparatus which is simple and inexpensive to produce, which is highly
      efficient in its operation, and which may be easily adapted for use with
      tickets of various sizes.
PAR  To these and additional ends, which will hereinafter become apparent, we
      provide a housing which defines a supply chamber and a dispensing chamber
      spaced from the supply chamber and communicating with the exterior of the
      housing through a discharge opening. A ticket feeding element is pivotally
      mounted in the dispensing chamber for ticket feeding and return movements.
      An actuator is pivotally mounted in the dispensing chamber for movements
      in one direction to impart ticket feeding movement to the feeding element
      to feed the row of tickets toward the discharge opening, and in the
      opposite direction to impart return movements to the feeding element and
      to engage the row of tickets and hold the same against feeding movement to
      the discharge opening. A ticket feed retarder is movable within the
      housing to frictionally engage the row of tickets, and a spring is used
      with the feed retarder for imparting a yielding drag against feeding
      movement of the tickets outwardly through the discharge opening.
PAR  In a more specific sense, the invention includes a locking member movable
      between different positions to lock the housing against being opened, and
      selectively to lock the actuator against ticket feeding movements; and a
      guide member is removably and adjustably mounted in the housing, and
      defines portions of the discharge opening, the guide member including a
      cutting blade portion to aid in the severing of dispensed tickets from the
      row thereof.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of the ticket dispensing apparatus of this
      invention, some parts being broken away;
PAR  FIG. 2 is an enlarged view partly in side elevation and partly in section,
      taken generally on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary transverse section taken substantially on the line
      3--3 of FIG. 2;
PAR  FIG. 4 is a further enlarged fragmentary section taken on the line 4--4 of
      FIG. 3;
PAR  FIG. 5 is a view corresponding to a portion of FIG. 2, but showing a
      different position of some of the parts; and
PAR  FIG. 6 is a view partly in plan and partly in section, taken generally on
      the line 6--6 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus of this invention is intended for use by persons engaged in
      the vending of coupons or tickets, such as lottery or sweepstakes tickets,
      and includes a housing, indicated generally at 1, and preferably of such
      size as to be easily carried about or set on a table or counter when in
      use, and stored in a relatively small place when not in use. The housing 1
      comprises upper and lower housing sections 2 and 3 respectively, hinged
      together at one end, as indicated at 4. The upper housing section 2 is
      formed to provide relatively high and low top wall portions 5 and 6
      respectively, these being connected by an angular wall portion 7. Opposite
      their hinge connected ends, the sections 2 and 3 are formed with angular
      end wall portions 8 and 9 respectively, the sections 2 and 3 having
      marginal edges which abut on a straight line, indicated at 10. Adjacent
      the abutting line 10, the end wall portions 8 and 9 are formed to provide
      out-turned lips 11 and 12 respectively, which cooperate to provide a
      slot-like opening 13. Longitudinally inwardly of the end wall portion 9,
      the lower housing section 3 is formed to provide a transverse partition 14
      having a rounded top portion 15 disposed substantially at the level of the
      marginal edge of the lower housing section 3, see FIGS. 2 and 5. The
      partition 14 underlies the lower top wall 6 adjacent the connecting
      portion 7 thereof, and cooperates with the low top wall portion 6 to
      define a passageway 16. The parition 14 cooperates with the connecting
      wall portion 7 and that portion of the housing 1 therebetween and the
      hinged end 4 thereof to define a supply chamber 17; the partition 14 and
      that portion of the housing 1 therebetween and the end walls 8 and 9
      cooperating to define a dispensing chamber 18 that communicates with the
      supply chamber 17 throught the passageway 16. The dispensing chamber 18
      communicates with the exterior of the housing 1 by means of the slot-like
      opening 13.
PAR  The housing sections 2 and 3 are releasably locked in a closed position
      shown in the drawings by means of a conventional key operated cylinder
      lock 19 suitably mounted in the low top wall portion 6, the lock 19
      including a rotary spindle 20 and a plate-like bolt element 21 mounted on
      the spindle 20 for common rotary movement therewith. A strike element in
      the nature of an elongated pin or stud 22 is disposed in the upper portion
      of the dispensing chamber 18 and is supported therein, at one end, by a
      bracket 23 secured to and projecting upwardly from the lower housing
      section 3. The strike element 22 is disposed to have overlying engagement
      with the bolt element 21 to releasably lock the housing sections 2 and 3
      together in given position of rotary movement of the bolt element 21. As
      shown in FIG. 6, the bolt element has locking engagement with the strike
      element 22 in positions shown by full and dotted lines. In a position of
      the lock bolt element 21, shown by dash lines in FIG. 6, the lock bolt
      element 21 is out of engagement with the strike pin or stud 22, so that
      the housing may be opened.
PAR  A ticket feeding element 24 comprises a pair of laterally spaced parallel
      side portions 25 connected by upper and lower cross plates 26 and 27
      respectively. The side portions 25 are pivotally mounted on a pair of
      aligned stubshafts 28 that project laterally outwardly of opposite ends of
      the partition 14, see particularly FIG. 6. The ticket feeding element 24
      is movable between a lowered ticket release position shown in FIG. 2,
      wherein the outer edge of the lower cross plate 27 engages the end wall
      portion 9, and a raised ticket feeding position, as shown in FIG. 5,
      wherein the upper and lower cross plates are positioned upwardly and
      downwardly respectively of the line 10 of abutment between the housing
      sections 2 and 3. The feeding element 24 is preferably gravity biased
      toward its lower position of FIG. 2.
PAR  Means for raising the feeding element 24 to its ticket feeding or release
      position of FIG. 5 comprises an actuator 29 having a plate-like lower
      portion 30, an intermediate portion 31 and an upper handle portion 32. The
      intermediate portion 31 is formed to provide a pair of laterally spaced
      ears 33 that are pivotally mounted on a transverse shaft 34 secured at its
      opposite ends in opposite sides of the upper housing section 2. One of the
      ends of the shaft 34 is shown as being so mounted by dotted lines in FIG.
      6, and indicated at 35. The handle portion 32 projects outwardly through
      an opening 36 in the end wall portion 8 to be of easy access to the
      operator, so that the actuator 29 may be moved to a lower engaging and
      holding position shown in FIG. 2, and a raised position shown in FIG. 5
      wherein the actuator 29 has engaged the cross-plate 26 of the feeding
      element 24 and raised the same to its ticket feeding or release position.
      The intermediate actuator portion 31 is further formed to provide a pair
      of laterally spaced fingers 37 that are each connected to a different one
      of a pair of coil tension springs 38 which yieldingly urge the actuator 29
      toward its lowered ticket holding position of FIG. 2, as will hereinafter
      appear. The actuator 29 is further formed to provide a transverse lug 39
      that is disposed to underlie the bolt element 21 when the actuator 29 is
      in its ticket-holding position of FIG. 2, and when the bolt 21 is in its
      dotted line position of FIG. 6. In the dotted line position of the bolt
      21, the actuator 29 is positively held against movement away from its
      ticket-holding position, and the upper housing section is positively held
      against opening movement relative to the lower housing section 3. When the
      bolt element 21 is moved to its full line position of FIG. 6, the housing
      sections are still locked together, but the actuator lug 39 is released
      for swinging movement os the actuator between its lowered and raised
      positions.
PAR  A ticket retarding member 40 is disposed generally above the partition 14,
      and has a curved lower end portion 41 which overlies the arcuate upper end
      portion 15 of the partition 14. The member 40 further includes an upper
      end portion 42 that extends generally upwardly toward the top wall of the
      upper housing section 2. Intermediate its ends, the retarding member 40 is
      formed to provide a pair of elongated lugs 43 that extend generally toward
      the end wall portion 8 and which are journaled on a cross-shaft 44 that
      extends transversely of the housing and has its opposite ends mounted in
      the sidewalls of the upper housing section 2, as indicated at 45 in FIG.
      6. The coil tension springs 38 extend from the fingers 37 of the actuator
      29 and, as shown in FIGS. 2, 5 and 6, are connected to the free ends of
      the lugs 43. In this manner, the springs 38 not only yieldingly urge the
      actuator 29 toward its ticket holding position of FIG. 2 and toward
      engagement with the end wall portion 9 but also yieldingly urge the
      retarding member 40 toward engagement of the curved end portion 41 with
      the arcuate top portion 15 of the partition 14.
PAR  A plate-like guide member 46 is mounted in the opening 13 for movements in
      directions inwardly and outwardly of the opening 13, the guide member 46
      having laterally spaced slots 47 for reception of mounting screws 48 that
      are screw threaded into second portions 49 of the end wall portion 8, see
      particularly FIGS. 3, 4 and 6, to releasably hold the guide member 46 in
      adjusted set positions of movement thereof. Intermediate its ends, the
      guide member 46 is formed to provide a downwardly opening groove 50 that
      cooperates with the bottom surface of the opening 13, or the top surface
      of the lip 12 to define a slot-like discharge opening 51. At its outer
      longitudinal edge, the guide member 46 is beveled, as indicated at 52 to
      define a sharp tear blade for tickets being dispensed.
PAR  An elongated row of tickets 53, connected together in edge-to-edge
      relationship by weakened tear lines or perforations 54, is disposed in
      accordian folded relationship to provide a plurality of superimposed
      layers, there being a plurality of tickets 53 in each layer thereof. The
      superimposed layers are bent into generally U-shape and inserted into the
      supply chamber 17, as shown particularly in FIGS. 1 and 2. The tickets are
      fed from the innermost layer over the arcuate portion 15 of the partition
      14, between the cross plates 26 and 27 of the feeding element 24, and
      outwardly through the discharge opening 51, while the upper housing
      section 2 is in an open position. The upper housing section 2 is then
      closed and locked into place, the retarding member 40 engaging the row of
      tickets and pressing the same against the arcuate portion 15 of the
      partition 14, the plate-like portion 30 of the actuator 29 moving the
      underlying portion of the row of tickets 53 downwardly into engagement
      with the end wall portion 9 just above the cross-plate 27 of the feeding
      element 24. The lock 19 is manipulated to bring the bolt element 21 into
      underlying relationship with the strike pin 22, and into overlying
      relationship with the actuator lug 39 until such time as it is desired to
      dispense tickets 53 from the housing. At such time, the bolt element 21 is
      moved to its full line position of FIG. 6 after which the handle portion
      32 of the actuator 29 is manually moved from its position of FIG. 2 to its
      position of FIG. 5, the lower edge portion of the actuator 29 engaging the
      cross-plate 26 of the feeding element 24 and raising the same to its
      position of FIG. 5. During upward movement of the feeding element 24, the
      cross-plate 27 engages the overlying portion of the row of tickets 53 and
      feeds the same toward and outwardly through the discharge opening 12. It
      should be noted that, as the actuator is moved toward its feeding element
      raised position, the springs 38 become stretched to increase pressure of
      the retarding member 40 against the tickets overlying the curved portion
      15 of the partition 14, whereby to increase frictional drag on the tickets
      against outward movement through the discharge opening 51. The upward
      movement of the feeding element 24 is such that less than a full ticket is
      moved outwardly of the discharge opening 51. While holding the handle 32
      depressed, the operator pulls out one or more tickets according to the
      purchaser's desires, until a given perforated line becomes even with the
      edge of the cutting blade 52. The operator then releases the actuator
      handle to reduce tension of the springs 38 and permit the actuator 29 and
      feeding element 24 to return to their positions of FIG. 2, while holding
      the exposed tickets against return movement in the housing. During
      downward movement of the actuator and feeding element, the loosened
      tension of the springs 38 against the retarding member 40 permits the
      actuator to draw tickets from the supply chamber 17. The operator severs
      the exposed tickets 53 from the row thereof, against the cutting blade
      portion 52, and the apparatus is then ready to dispense other tickets.
PAR  While we have shown and described a preferred embodiment of our ticket
      dispensing apparatus, it will be understood that the same is capable of
      modification without departure from the spirit and scope of the invention,
      as defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Ticket dispensing apparatus comprising:
PA1  a. a housing defining a supply chamber for a folded elongated row of
      tickets connected together in edge-to-edge relationship, and a dispensing
      chamber communicating with said supply chamber and defining a discharge
      opening;
PA1  b. a ticket feeding element mounted in said dispensing chamber for movement
      in one direction to feed tickets toward said discharge opening and
      alternately in an opposite retracting direction out of operative
      engagement with said tickets;
PA1  c. an actuator mounted in the housing for movement in one direction toward
      a feeding position to engage said feeding element and impart ticket
      feeding movement thereto, and in the opposite direction to a ticket
      holding position in engagement with said row of tickets to hold the same
      against feeding movement when said feeding element is retracted;
PA1  d. retarding means engaging said row of tickets to frictionally hold said
      tickets against free feeding movement;
PA1  e. and yielding means urging said actuator toward holding engagement with
      said tickets.
NUM  2.
PAR  2. The apparatus defined in claim 1 in further combination with lock means
      for releasably locking said actuator in said ticket holding position
      thereof.
NUM  3.
PAR  3. The apparatus defined in claim 1 in which said housing and retarding
      means define a passageway for said row of tickets substantially in
      alignment with said discharge opening, said feeding element engaging said
      tickets to move the same toward a substantially straight line path of
      travel between said passageway and discharge opening when moved by said
      actuator in sdaid one direction of movement thereof.
NUM  4.
PAR  4. The apparatus defined in claim 3 in which said actuator comprises a
      plate-like portion for engagement with said feeding element to move the
      same in one direction of movement thereof, said plate-like portion having
      a ticket engaging edge for moving a portion of said row of tickets away
      from said substantially straight lines path of travel and into a bent
      position against a wall of said dispensing chamber angularly displaced
      from said path of travel when said actuator is moved to said ticket
      holding position thereof.
NUM  5.
PAR  5. The apparatus defined in claim 1 characterized by a guide member mounted
      in said housing and defining a portion of said discharge opening, said
      guide member being adjustably movable longitudinally of the direction of
      travel of said tickets and having a transverse outer edge outwardly of the
      housing and providing a tear blade for said tickets.
NUM  6.
PAR  6. The apparatus defined in claim 1 in which said housing comprises a pair
      of upper and lower housing sections hinged together for movements between
      open and closed positions relative to each other, said sections
      cooperating to define said supply and dispensing chambers and said
      discharge opening, characterized by lock means for releasably locking said
      sections in said closed positions thereof.
NUM  7.
PAR  7. The apparatus defined in claim 6 in which said retarding means comprises
      a ticket engaging element in one of said housing sections, the other of
      said housing sections having an internal surface portion cooperating with
      said ticket engaging element to define a passageway for said row of
      tickets substantially in alignment with said discharge opening, said
      ticket engaging element being yieldingly urged toward the row of tickets
      therebetween and said internal surface portion.
NUM  8.
PAR  8. The apparatus defined in claim 6 in which said ticket feeding element is
      pivotally mounted in said lower housing section for generally upward and
      downward movements toward and away from a generally straight line path of
      travel of said row of tickets between said supply chamber and said
      discharge opening, said actuator being pivotally mounted in said upper
      housing section on an axis parallel to the axis of pivotal movement of
      said coupon feeding element for movements between a position above said
      straight line path of travel and a ticket holding position wherein a
      ticket engaging portion of said actuator is disposed within said lower
      housing section, said lower housing section having a wall portion
      cooperating with said actuator portion to hold said row of tickets against
      discharge from the dispensing chamber.
NUM  9.
PAR  9. The apparatus defined in claim 8 in which said retarding means comprises
      a fixed portion of said lower housing section between said supply and
      dispensing chambers, and a ticket engaging element mounted in the upper
      housing section for movements toward and away from said fixed portion and
      cooperating therewith to define a passageway substantially in alignment
      with said discharge opening and in said path of travel of the tickets,
      said yielding means comprising a spring having opposite ends connected to
      said ticket engaging element and said actuator and yieldingly urging said
      ticket engaging element toward said portion of the housing and said
      actuator toward its ticket holding position.
NUM  10.
PAR  10. The apparatus defined in claim 9 in which said spring is so disposed
      relative to said actuator and said ticket engaging element that bias of
      the spring against said ticket engaging element is relatively greater when
      said ticket feeding element is moved to its feeding position by said
      actuator and relatively less when said actuator is moved to its ticket
      holding position.
NUM  11.
PAR  11. The apparatus defined in claim 6 in which said lock means comprises a
      key operated locking member mounted in one of said housing sections for
      movements between spaced positions in said dispensing chamber, the other
      one of said housing sections and said actuator each having portions
      disposed for locking engagement with said locking member selectively.
NUM  12.
PAR  12. The apparatus defined in claim 6 characterized by a guide member
      disposed in said upper housing section for movements longitudinally of the
      direction of movement of said row of tickets and having a channel defining
      portions of said discharge opening, and means for releasably locking the
      guide member in desired positions of said movements thereof, said guide
      member having an outer transverse edge providing a tear blade for said
      tickets.
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ABST
PAL  A web alignment apparatus for use with multi-level web material such as
      carpeting, tufted fabrics and the like having a backing web and a pile on
      the backing web inwardly of the side edge of the backing web. The web
      alignment apparatus senses the pile edge and operates to maintain the pile
      edge in a preselected course relative to an apparatus that operates on the
      web. The sensor includes a web engaging member movable in a first path
      generally paralling the plane of the web to sense lateral deviations of
      the pile edge from the desired course of travel and the web engaging
      member is also movable in a second path transverse to the plane of the web
      to sense if the web engaging member rides onto the pile material, and the
      sensor is arranged to produce a signal when moved in either the first or
      second paths to operate the web alignment apparatus accordingly to shift
      the web relative to the apparatus operating thereon in a direction to
      bring the pile edge to the desired course of travel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In web alignment apparatus for multi-level web material such as carpeting,
      tufted fabrics and the like having a backing web and pile on the backing
      web spaced inwardly from the edge of the backing web, it is frequently
      desirable to maintain the edge of the pile in a preselected relation to an
      apparatus which operates on the web, independent of the lateral position
      of the edge of the backing web. This necessitates sensing the line of
      juncture between the backing web and the pile edge and this poses some
      problem if the backing web is such that it is not possible to pass either
      an air stream or a light beam through the backing web to sense the edge of
      the superposed face web or pile.
PAR  The U.S. Pat. No. 3,244,428 to Henderson discloses an electrical pile edge
      sensing apparatus which utilizes a plurality of contact fingers, some of
      which normally rest on the pile and others of which normally rest on the
      backing adjacent the pile, and which contact fingers operate switches to
      control positioning of the pile edge in accordance with the relative
      positions of the contact fingers. Such a pile edge sensing apparatus,
      however, can only effect a step type control and the pile edge can shift
      laterally a significant distance before one of the contact fingers either
      rides onto or off of the pile to change the electrical signal.
PAR  Pneumatic type pile edge sensing apparatus have also been heretofore made
      utilizing a tightly coiled spring as an air bleeder valve. The tightly
      coiled spring was rigidly supported at one end with its axis inclined at
      an acute angle to a longitudinal plane through the edge of the pile on the
      web, and a web engaging member rigidly attached to the other end of the
      coil spring and arranged to engage the pile edge so that the convolutions
      of the coil spring were spearated to variably open the valve when the web
      engaging member was either moved laterally by the pile edge or the web
      engaging member rode onto the pile. However, the convolutions of the
      spring which formed the bleeder valve also controlled the pressure exerted
      by the web engaging member on the web and pile edge and some difficulties
      were encountered in sensing the pile edge on webs which did not have a
      firm and well defined pile edge, such as occurs when the pile is thin,
      soft or loose. The web engaging member of the sensor sometimes tends to
      ride on top of the pile instead of sensing the pile edge and the prior
      coil spring type pneumatic sensor was not always sensitive enough to sense
      and produce an appropriate correction signal when the web engaging member
      rode on top of a thin, soft or loose pile.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide a web alignment
      apparatus for multi-level web materials having an improved pile edge
      sensor which is sufficiently sensitive to use with a wide range of
      multi-level webs including those having relatively thin, soft or loose
      pile.
PAR  The web alignment apparatus of the present invention includes a gap-type
      pneumatic sensor having a sensing orifice at one side of the gap and a
      transmitting orifice at the other side of the gap for transmitting a
      stream of air toward the sensing orifice and a vane extending into the gap
      to variably interrupt the stream of air and thereby vary the pneumatic
      signal at the sensing orifice, together with a web engaging member that is
      adapted to engage the pile edge and which is mounted for movement in a
      first path crosswise of the course of travel of the pile edge and
      generally parallel to the plane of the web to sense lateral deviations of
      the course of travel of the pile edge from a preselected lateral position
      and also in a second path transverse to the plane of the web to sense if
      the web engaging member rides onto the pile, and the web engaging member
      is operatively connected to the vane to move the latter in the gap and
      variably interrupt the stream of air from the transmitting orifice to the
      sensing orifice in response to movement of the web engaging member along
      either its first or second paths. Power means responsive to variations in
      pressure of the sensing orifice produced by movement of the vane crosswise
      of the stream of air is provided for effecting relative shifting of the
      web and the device which operates on the web to maintain the pile edge in
      a preselected lateral position.
PAR  The optimum pressure which should be exerted by the web engaging member on
      the web and pile edge to cause the web engaging member to closely follow
      the pile edge will vary for different webs dependant on various factors
      including pile stiffness and density and speed of travel of the web.
      Accordingly, another object of this invention is to provide a pile edge
      sensor which enables adjustment of the lateral pressure exerted by the web
      engaging member on the pile edge and also enables independent adjustment
      of the pressure exerted by the web engaging member in a direction
      perpendicular to the web.
PAR  A seam in the web frequently produces a protuberance from the normal plane
      of the web backing material and which protuberance, when engaged by the
      web engaging member, would produce a signal similar to the signal produced
      by the web engaging member riding onto the pile, even though the pile edge
      at the seam was not actually misaligned. Another object of the invention
      is to provide a web sensing apparatus having means for sensing when the
      web engaging member contacts a seam and for preventing the power means
      from correcting the web position until after the seam is passed.
DRWD
PAR  These, together with other objects and advantages of the present invention
      will be more readily understood by reference to the following detailed
      description when taken in connection with the accompanying drawings
      wherein:
PAR  FIG. 1 is a diagrammatic view illustrating a web alignment apparatus for
      multi-level web material and embodying the improved pile edge sensing
      apparatus of the present invention;
PAR  FIG. 2 is a rear elevational view of the pile edge sensing apparatus taken
      on the plane 2--2 of FIG. 1 and illustrating the sensing apparatus on a
      larger scale than FIG. 1;
PAR  FIG. 3 is a side elevational view taken on the plane 3--3 of FIG. 1 and
      illustrating the pile edge sensing apparatus in a larger scale than FIG.
      1;
PAR  FIG. 4 is a fragmentary enlarged sectional view taken on the plane 4--4 of
      FIG. 2;
PAR  FIG. 5 is a rear elevational view illustrating the pile edge sensing
      apparatus in a moved position;
PAR  FIG. 6 is a schematic electrical circuit diagram of the web alignment
      apparatus; and
PAR  FIG. 7 is a chart illustrating variations in pressure produced by the pile
      edge sensing apparatus in response to movement of the web engaging member.
DETD
PAR  The web alignment apparatus is adapted for aligning multi-level web
      material W such as carpeting, tufted fabrics the the like wherein the face
      web W1 formed by the tufts or pile is spaced inwardly of the side edge of
      the backing web W2 and defines a discrete step or pile edge W3 at the line
      of juncture between the pile and backing webs. In the handling of such
      multi-level materials, it is frequently desired to maintain the pile edge
      W3 of the face web, that is the side edge of the line of pile in a carpet
      or the like, in a preselected course of travel relative to a device such
      as designated generally by the letter D which operates on the web. The web
      alignment apparatus may be arranged for operation as a web chasing system
      in which the alignment apparatus automatically shifts the device D
      laterally relative to the web W in a direction to maintain the device D in
      a preselected lateral position relative to the pile edge W3 or,
      alternatively, may be used in a web guiding system in which the web W is
      laterally shifted relative to the device D to maintain the pile edge W3 in
      a preselected position laterally relative to the device D. The web
      alignment apparatus is diagrammatically shown in FIG. 1 applied to a
      tenter frame of known construction. Such tenter frames in general include
      elongated chains designated 31 having means such as tenter clamps or pins
      31a for engaging the web edge. In FIG. 1, one tenter chain is shown for
      one side edge of the web W, it being understood that a similar tenter
      chain is also provided for the other side edge of the web. The inlet ends
      of the tenter chains are entrained over sprockets 32 which are rotatably
      driven by a suitable means (not shown), and which sprockets are rotatably
      supported on a movable support structure 33. The support structure is
      guided as by guideways 34 on a stationary support structure 35 for
      movement in a direction crosswise of the course of travel of the web,
      which course is designated by the arrow A. The web W, as it enters the
      tenter frame, is guided by an inlet guide plate 36 disposed at a level
      above the tops of the pins 31 on the tenter chains 31 and, after the web
      passes the inlet sprocket, it is pressed downwardly as by a roller or
      brush 37 onto the pins 31a. A means such as a guide plate 38 underlies the
      web W in the region where the web is pressed onto the tenter pins to
      support the web. As shown, the guide plate 38 and the roller 37 are
      conveniently supported on the movable structure 33 for movement therewith
      laterally of the web, and the inlet guide plate 36 is similarly mounted on
      the movable support structure 33 for movement therewith. While the web
      alignment apparatus as herein shown applied to a shiftable tenter frame,
      it is to be understood that the device D which operates on the web W can
      be of different forms and may, for example, be a laterally adjustable end
      wall in an ink dam utilized for dyeing carpeting, wherein the end wall is
      maintained in a preselected relation to the edge W3 of the carpet pile.
PAR  The web alignment apparatus in general includes a sensor 41 for sensing the
      lateral position of the pile edge or step W3 between the face W1 and the
      backing web W2; a control system 42 which responds to the signals produced
      by the sensor 41 and which reversably controls the application of power to
      an actuator 43 which operates to relatively shift the web W and the device
      D in a direction to maintain the pile edge in a preselected pass laterally
      relative to the device D.
PAR  The web edge sensor 41 is of a pneumatic type and includes a gap-type
      pneumatic sensor 51 having a transmitting orifice 51a in a leg at one side
      of the gap and a sensing orifice 51b in a leg at the other side of the gap
      and a vane 54 which is movable in the gap to variably interrupt the stream
      of air from the transmitting orifice to the sensing orifice and to vary
      the pressure conditions at the latter. A web engaging member 55 is adapted
      to engage the pile edge W3 on the web and is operatively connected to the
      vane 54 for moving the latter in the gap of the sensor 51. In accordance
      with the present invention, the web engaging member 55 is mounted for
      movement in a first path crosswise of the course of travel of the pile
      edge and generally parallel to the plane of the web to sense lateral
      deviations of the course of travel of the pile edge from a preselected
      lateral position and the web engaging member is also mounted for movement
      in a second path generally perpendicular to the plane of the web at the
      sensing location to sense when the web engaging member rides onto the
      pile. More particularly, the sensor includes a main support conveniently
      in the form of a plate 61 which is mounted as by a bracket 62 on a support
      bar 63. In the web chasing system illustrated, the support bar 63 is, in
      turn, mounted by a bracket 64 and post 65 (FIG. 1) on the movable support
      structure 33 for movement therewith so that the web sensor moves laterally
      with the device D that operates on the web. Alternatively, in a web
      guiding system wherein the device D that operates on the web is mounted at
      a laterally fixed location and the web is shifted laterally relative to
      the device D, then the support bar 63 would be similarly mounted at a
      laterally fixed location.
PAR  The web engaging member is mounted on the plate 61 by first and second
      support arms 68 and 71. The first support arm 68 is pivotly mounted on the
      plate for movement about a pivot axis 69 parallel to the pile edge W3 and
      spaced above and laterally offset from the sensing location. The arm 68
      extends generally parallel to the plane of the web W2 and the second
      support arm 71 is pivotly mounted on the first arm for movement relative
      thereto about a second pivot axis 72 disposed above and generally parallel
      to the course of travel of the pile edge W3. The web engaging member 55 is
      attached as by a rod 73 to the lower end of the second arm 71 and,
      advantageously, the rod 73 extends into the passage 71a in the support arm
      71 to allow limited vertical adjustment of the rod relative to the arm,
      and a means such as a thumb screw 75 is provided on the arm for locking
      the rod in adjusted position. The web engaging member 55 is thus supported
      for swinging movement about the pivot axis 72 so that the web engaging
      member can move in a path crosswise of the course of travel of the pile
      edge W3 and generally parallel to the plane of the web to sense lateral
      deviations of the course of tavel of the pile edge. Moreover, since the
      pivot axis 72 is mounted on the arm 68, the web egaging member can also
      move in a second path perpendicular to the plane of the web to sense if
      the web engaging member rides onto the pile W1. In order to assure
      movement of the web engaging member in a direction transverse to the web
      when it rides onto the pile, as contrasted to merely riding between
      adjacent rows of tufts on a web backing, the web engaging member is
      preferably formed with a relatively wide blade portion 55a disposed at a
      shallow angle with respect to the plane of the web and having a lengthwise
      extending edge 55b adapted to engage the pile edge adjacent its juncture
      with the backing web. The inlet end of the blade 55 is advantageously
      curved as shown at 55c (FIGS. 1 and 3) to guide the tufts or pile toward
      the lengthwise guide edge 55b.
PAR  Vane 54 is attached to the support arm 71 for movement therewith and, as
      previously described, extends into the gap between the transmitting and
      sensing orifice 51a and 51b to variably interrupt the stream of air from
      the transmitting to the sensing orifice. As best shown in FIGS. 2, 3 and
      5, the transmitting and sensing orifices 51a and 51b are preferably
      elongated in a direction transverse to the plane of the web and the vane
      54 is formed with leading edge 54a shaped to variably interrupt the stream
      of air from the transmitting orifice to the sensing orifice as the support
      arm 71 pivots about the axis 72 in response to movement of the web
      engaging member 55 laterally of the path of travel of the web edge. As
      will be appreciated, the shape of the edge 54a can be changed to change
      the rate at which the vane interrupts movement of the air stream and to
      thus change the sensitivity of the sensor. In addition, it will be seen
      that the vane also variably interrupts the air stream from the
      transmitting orifice to the sensing orifice in response to movement of the
      arm 71 in a direction transverse to the plane of the web, as would occur
      when the web engaging member rides onto the pile or engages a seam in the
      web. The vane is constructed and arranged in relation to the gap-type
      sensor so as to produce a similar change in the level of signal at the
      sensing orifice when the web engaging member is moved either laterally
      outwardly (to the right as viewed in FIG. 2) or when the web engaging
      member rides onto the web and moves the vane upwardly as shown in FIG. 5.
      As described more fully hereinafter, the change in the level of signal at
      the sensing orifice is arranged to operate the actuator 43 to relatively
      shift the web and the device that operates thereon to maintain the pile
      edge in a preselected lateral position relative to the device that
      operates on the web.
PAR  Provisions advantageously made for adjusting the lateral pressure exerted
      by the web engaging member on the pile edge and, as shown, counterbalance
      weights 81a and 81b are adjustably mounted as on screws 82a and 82b
      attached to the arm 71. The weights are adjustable along the screws and
      adapted to be locked into position as by lock nuts 84 to yieldably urge
      the web engaging member laterally into engagement with the pile edge.
      Alternatively a light spring or springs can be adjustably interposed
      between arm 71 and the base plate 61 and arranged to yieldably bias the
      arm in a direction to press the web engaging member against the pile edge.
      Provision is also advantageously made for adjusting the pressure exerted
      by the web engaging member on the web in a direction transverse to the
      plane of the web. As shown, a spring 86 is attached at one end to a
      bracket 87 on the outer end of the arm 68 and is attached at its other end
      to a bracket 88 which is adjustably secured as at 89 to the support plate
      61. Bracket 89 can be adjusted relative to the plate 81 to adjust the
      tension on the spring 88 and hence to adjustably counterbalance the weight
      of the arms 71 and 68 and the web engaging member, and thereby control the
      pressure exerted by the web engaging member in a direction transverse to
      the plane of the web. If the pile edge sensor is used with a vertically
      extending web, then spring 86 can be rearranged so as to pull the arm 68
      in a direction toward the web.
PAR  The control apparatus 42 can be of any suitable construction which is
      adapted to supply air to the transmitting orifice 51a of the sensor 51 and
      to respond to variations in pressure at the sensing orifice 51b to control
      the actuator 43. The control apparatus 42 diagrammatically shown in FIG. 1
      is conveniently of the type disclosed in the U.S. Pat. No. 3,407,706 to
      Robert W. Ott, Jr., dated Oct. 29, 1968. The control apparatus includes a
      means for supplying air at a substantially constant relatively low
      pressure, for example 6 to 8 inches of water column. In the embodiment
      shown, the means for supplying air at substantially constant pressure
      comprises a centrifugal blower 91 having an atmospheric air inlet 91a and
      an outlet 91b, and the blower is driven at a substantially constant speed,
      as by a belt drive 92 from a motor 90 so as to maintain the air pressure
      at the outlet 91b at a substantially constant value above atmospheric
      pressure determined by the speed and size and number of stages of the
      blower 91. The air from the blower 91 is delivered through a line 93 to a
      pressure chamber 93a and the transmitting orifice 51a is connected through
      a passage 52a (FIG. 3) and line 53a to the pressure chamber 93a so that
      air at a substantially constant pressure is supplied to the transmitting
      orifice.
PAR  The control means also includes a pressure responsive operator herein shown
      in the form of a diaphragm 101 which is arranged to sense changes in
      pressure at the sensing orifice 51b. As diagrammatically shown in FIG. 1,
      the diaphragm 101 is clamped between housing members 102 and 103 to define
      opposed chambers 104 and 105 at opposite sides of the diaphragm. One of
      the chambers such as 104 is vented to atmosphere as through a vent 106 and
      the other of the chambers 105 is connected as through a line 107 to an
      outlet chamber 108. The sensing orifice 51b of the gap-type sensor is
      connected as through passage 52b (FIG. 3), line 53b, and valve 111 to the
      outlet chamber 108 so that pressure variations at the sensing orifice are
      transmitted to chamber 105 and hence to the diaphragm 101. In order to
      inhibit ingestion of foreign material including dust and the like, the
      sensing orifice is preferably arranged so as to have a constant flow of
      air outwardly at a rate somewhat lower than the rate of flow of air from
      the transmitting orifice and, for this purpose, air under pressure from
      the conduit 93 is applied through a flow restrictor 113 and line 114 to
      the chamber 105 for flow through the chamber and through line 107, valve
      111 and line 53b to the sensing orifice. The flow restrictor 113 is sized
      to restrict the rate of flow therethrough and hence the rate of flow of
      air to the sensing orifice to a valve which is low as compared to the rate
      of flow to the transmitting orifice and just sufficient to prevent
      ingestion of foreign material at the sensing orifice.
PAR  The pressure responsive operator or diaphragm 101 operates a control valve
      for reversibly supplying fluid to the actuator 43. The control valve
      comprises a hydraulic four-way reversing valve including a casing 121
      having an inlet chamber 121a, first and second control chambers 121b and
      121c, and outlet chambers 121d and 121e that communicate with the
      reservoir R. Fluid under pressure is supplied to the inlet chamber 121a
      from a hydraulic pump 122 having its inlet connected through a line 123 to
      a reservoir R and its outlet connected through a line 124 to a valve inlet
      chamber 121a. A valve member 125 is connected to the pressure responsive
      operator 101 to reversibly control the flow of hydraulic fluid to the
      control chambers 121b and 121c and the valve as spaced valve elements 125b
      and 125c operative in the neutral position shown to close off
      communication between the control chambers and both inlet and outlet
      chambers. As the valve element moves upwardly, it allows the inlet chamber
      121a to communicate with a control chamber 121 b and simultaneously
      communicate the control chamber 121c with the outlet chamber 121e. Fluid
      under pressure is thus reversibly supplied to the control chamber 121b and
      121c and these chambers are connected through hydraulic lines 126 and 127
      to the double acting fluid actuator 43. As shown in FIG. 1, the actuator
      43 for moving the device D includes a cylinder 43a mounted as by a bracket
      128 on the stationary support structure 35 and a piston 43b in the
      cylinder having its rod operatively connected to the movable support
      structure 33 so as to laterally shift the device D. For reasons described
      hereinafter, an actuator control valve 128 is provided in the lines 126
      and 127 to control the application of fluid pressure to the fluid actuator
      43.
PAR  When the valve 54 is positioned out of the gap, the stream of air from the
      transmitting orifice 51a is directed at the sensing orifice and impedes
      the flow of air from the sensing orifice such that the pressure at the
      sensing orifice will then be at a maximum value. As the vane moves into
      the gap and variably interrupts the stream of air from the transmitting
      orifice, the pressure at the sensing orifice decreases and correspondingly
      decreases the pressure in the diaphragm chamber 105. Thus, as the vane 54
      moves from a position V.sub.1 in which it is entirely out of the gap,
      progressively into the gap, the pressure in the chamber 105 progressively
      decreases as shown by the chart of FIG. 7 from an upper value P.sub.1
      approximately the outlet pressure of the blower 91 to the minimum value
      P.sub.2 when the vane 54 is in a position V.sub.2 extending completely
      across the air stream from the transmitting orifice. In order to adapt the
      sensing apparatus to respond to both positive and negative deviations of
      the pile edge W3 from a desired path of travel, the pressure responsive
      diaphragm 101 is biased by a spring 100 and the spring pressure is
      adjusted by an adjusting screw so that the flow reversing valve 125 is
      biased to its midposition shown in FIG. 1 when the pressure in the chamber
      105 is at an intermediate pressure indicated at P.sub.x in FIG. 7 and
      which pressure is produced when the vane 54 is in position V.sub.x
      intermediate the positions V.sub.1 and V.sub.2 and in which the vane
      partially interrupts the stream of air from the transmitting orifice to
      the sensing orifice.
PAR  In use, the web edge sensor is adjusted in a direction perpendicular to the
      plane of the web to position the web engaging member 55 on the base web W2
      at a location where the base web is supported by the guide plate 36 to
      maintain the base web at a predetermined level. The sensor 41 is adjusted
      laterally along the rod 63 so that the web engaging member 54 contacts the
      pile edge W3 and moves the vane 54 to an intermediate position as shown in
      FIG. 2 and designated V.sub.x in FIG. 7, when the pile edge W3 is in the
      desired path of travel relative to the device D. If the pile edge W3
      shifts inwardly or outwardly from this desired path of travel, the web
      engaging member will move laterally of the path of travel to respectively
      increase or decrease the pressure at the sensing orifice. For example, if
      the pile edge moves laterally inwardly relative to the desired path of
      travel (to the left as viewed in FIG. 2), the vane will move from the
      position V.sub.x toward the position V.sub.1 and correspondingly increase
      in pressure in the chamber 105 of the pressure responsive operator 101
      above the value P.sub.x. This causes the control valve member 125 to move
      upwardly and supply fluid under pressure through line 126 to the outer end
      of the fluid actuator cylinder 43a to move the device D inwardly. In the
      web chasing system shown in FIG. 1, the web edge sensor 41 is mounted to
      follow movement of the device D and, as the device D moves inwardly, the
      web engaging member 55 contacts the pile edge W3 and moves the vane 48
      back until it reaches its intermediate position V.sub.x. Conversely, if
      the pile edge moves laterally outwardly relative to the desired path of
      travel, the web engaging member will move the vane 54 from the position
      V.sub.x toward the position V.sub.2. This produces a corresponding
      reduction in pressure in the chamber 105 and causes the flow reversing
      valve 125 to move downwardly and apply fluid pressure through line 127 to
      the actuator cylinder 43a to move the device D outwardly. The device D
      continues to move outwardly until the pile edge W3 again reaches the
      preset path of travel relative to the device D.
PAR  The web edge sensor is thus mounted for movement in a path crosswise of the
      path of travel of the pile edge and generally parallel to the plane of the
      web to sense lateral deviations of the pile edge W3 from the desired path
      of travel. However, the pile edge W3 in many tufted materials such as
      carpeting and other tufted fabrics is not a firm line and the pile edge
      sensor will sometimes ride onto some of the tufts and even onto the raised
      pile W1. Under these conditions the web engaging member ceases to
      accurately sense the lateral position of the pile edge. In order to
      correct this condition, the web engaging member and sensor are arranged so
      as to modulate the pressure at the sensing orifice and produce a pressure
      signal thereat when the web engaging member rides onto the pile, which
      pressure signal is similar to that produced when the pile edge moves
      toward the web engaging member, that is outwardly relative to the desired
      path of travel. More particularly, it will be seen that the vane 54 can be
      moved from its intermediate position V.sub.x shown in FIG. 2 toward a
      position further blocking flow from the transmitting orifice to the
      sensing orifice in response to either lateral movement at the pile edge in
      a direction outwardly of the web, or raising of the web engaging member as
      shown in FIG. 5, when the web engaging member rides onto the pile W1.
      Therefore, if the web engaging member rides onto the pile, the vane is
      moved to a position decreasing the flow of air from the transmitting
      orifice to the sensing orifice and thereby reducing the pressure in the
      chamber 105 of the pressure responsive operator to shift the actuator 43
      in a direction to move the device D outwardly. As the device D moves
      outwardly, the web engaging member can drop down alongside the pile edge
      W3 and the alignment apparatus will again operate to follow the pile edge
      W3.
PAR  There are sometimes irregular variations in thickness of the tufted fabrics
      such as carpeting due to transverse seams and the like. Since the sensing
      apparatus is arranged for operation by movement of the web engaging member
      55 either in a direction paralleling the plane of the web or in a
      direction transverse to the plane of the web, such irregular changes of
      thickness of the web could cause operation of the sensor 41 to move the
      device D outwardly when the pile edge was not, in fact, moving outwardly
      of the desired path of travel. Provision is advantageously made for
      locking the device D against movement when irregular change in the web
      thickness passes the sensor 41. As diagrammatically shown in FIG. 1, the
      actuator control valve 128 provided in the lines 126 and 127 is movable
      between an open position as shown to allow fluid flow from the lines 126
      and 127 to the actuator 43 and a closed position blocking flow from
      opposite ends of the actuator cylinder 43a to lock the actuator against
      movement. The valve 128 is operable under the control of an
      electroresponsive operator 128a between its open and closed positions and
      the valve is conveniently of the normally closed type which is actuated to
      its open position when the actuator 128a is energized. A switch 134,
      conveniently mounted on the support plate 61, is provided for controlling
      energization of the electroresponsive operator 128a. The switch has an
      actuator finger 134a which is engaged by a screw 135 adjustably carried by
      the arm 68 at a location spaced from the pivot axis 69. As shown in FIG.
      6, the switch 134 is of the normally closed type and the screw 135 is
      adjusted so as to actuate and open the normally closed switch 134 when the
      web engaging member 55 is moved to a level above the level indicative of
      riding on top of the pile, and such as would occur if the web engaging
      member engaged an abrupt seam. As diagrammatically shown in FIG. 6, the
      switch 134 is connected in series with the electroresponsive actuator 128a
      for the valve 128 and, when opened, de-energizes the valve actuator so as
      to allow the valve to move from its open position shown in FIG. 1 to a
      closed position to lock the actuator 43 in the position it assumed at the
      instant that the web engaging member engaged a seam. As soon as the seam
      or other irregularity passes the web engaging member, switch 134 is
      allowed to reclose to energize the valve to its open position and the
      system returns to normal with the sensor 41 operating to maintain the
      device D in preselected relation to the path of travel of the pile edge
      W3.
PAR  In seaming carpets, some lateral misalignment of the carpet sections
      sometimes occurs and when the following carpet section is offset outwardly
      a substantial distance from the immediately preceding carpet section, the
      web engaging member 55 will ride on top of the pile. Provision is made for
      rapidly retracting the web sensor outwardly under these conditions to move
      the web edge sensor to the edge of the pile. This is achieved by a second
      limit switch 141 conveniently mounted alongside switch 134 on the support
      plate 61 and arranged for actuation by a second screw 142 connected to the
      arm 68. As shown in FIG. 6, switch 142 is normally open and the screw 142
      is adjusted on arm 68 to actuate switch 142 to its closed position when
      the web engaging member 55 is moved a preselected distance above the
      normal level of the backing web W2, to a level indicative of the web
      engaging member riding on top of the pile and below the level at which the
      switch 134 is actuated by a seam. When switch 142 is closed, it energizes
      an electroresponsive actuator 143a of a normally closed air bleeder valve
      143. As shown in FIG. 1, air bleeder valve 143 is connected through a line
      144 to the outlet chamber 108 and is operative, when open, to reduce the
      pressure of the diaphragm chamber 105 and effect rapid retraction of the
      web sensor and the device D in a direction outwardly of the web.
PAR  An adjustable stop 146 is mounted on plate 61 to engage and prevent
      excessive downward movement of the arm 68 and adjustable stops 147, 148
      are mounted on plate 61 to engage and prevent lateral movement of the arm
      71.
PAR  Manually operable controls are also provided for operating the apparatus.
      As shown in FIG. 6, a manual-automatic switch 151 is provided and includes
      a contact member 151a operative in the automatic position shown and
      designated A, to complete a circuit to the electroresponsive actuator 94a
      for the valve 94 and a contact member 151b operative to complete a circuit
      through switch 134 to the actuator 128 for the control valve 128. The
      manual-automatic switch is movable to a manual position M in which contact
      151a interrupts the circuit to the valve actuator 111a and contact 151b
      interrupts the circuit to actuator 128. In the manual position, a contact
      151c on switch 151 establishes a circuit to normally open manually
      operable in and out switches 152 and 153. The in switch 152 is normally
      open and has a contact 152a operative, when closed, to complete a circuit
      through contact 151d on switch 151 to the valve actuator 128a for the
      valve 128 to energize the same to its open position. Since the valve 111a
      is de-energized and closed when the switch 151 is in its manual position,
      the pressure at the underside of the diaphragm will be above P.sub.x and
      cause the actuator to move the device D inwardly. When the manually
      operable out switch 153 is closed, contact 153a completes a circuit
      through contact 151d of switch 151 to the valve actuator 128a for the
      valve 128 to open the same and contact 153b also completes a circuit to
      the actuator 143a for the bleeder valve 143 to open the same and reduce
      the pressure at the underside of the diaphragm 101 and thereby cause the
      actuator 43 to move the device D outwardly.
PAR  From the foregoing it is thought that the operation and construction of the
      web alignment apparatus will be readily understood. The web engaging
      member 55 of the sensor 41 is movable from a normal position along a first
      path crosswise of the course of web travel at the sensing location and
      generally parallel to the path of the web to sense lateral deviations of
      the course of travel of the pile edge from the desired lateral position,
      and the web engaging member is also movable in a second path generally
      perpendicular to the plane of the web at the sensing location to sense if
      the web engaging member rides onto the pile. The web engaging member
      operates a vane in the gap-type sensor to modulate the pressure conditions
      at the sensing orifice when the web engaging member is moved in either the
      first or second paths. The pressure responsive actuator of the control
      system responds to the fluid pressure conditions at the sensing orifice
      and operates to shift the device D and the web relative to each other in a
      direction to correct lateral deviation of the pile edge relative to the
      device which operates on the web.
PAR  While a preferred embodiment of the present invention has been illustrated
      and described, this has been done by way of illustration and not
      limitation, and it is to be understood that various modifications in
      structure may be made within the scope of the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A web alignment apparatus for use with tufted webs and the like having a
      backing and a pile on the backing inwardly of the edge of the latter to
      maintain the pile edge in a preselected lateral position relative to a
      device which operates on the web, said web alignment apparatus including a
      gap-type pneumatic sensor having a sensing orifice at one side of the gap
      and a transmitting orifice at the other side of the gap for transmitting a
      stream of air toward the sensing orifice, vane means extending into the
      gap to variably interrupt the stream of air and thereby vary the pneumatic
      signal at the sensing orifice, a web engaging member adapted to engage the
      pile edge, means mounting said web engaging member for movement in a first
      path crosswise of the course of travel of the pile edge and generally
      parallel to the plane of the web to sense lateral deviations of the course
      of travel of the pile edge from said preselected lateral position and in a
      second path transverse to the plane of the web at the sensing location to
      sense if the web engaging member rides onto the pile, means operatively
      connecting said web engaging member to said vane means for moving the
      latter in the gap to variably interrupt the stream of air from the
      transmitting orifice in response to movement of the web engaging member
      along either said first or said second path, and power means responsive to
      variations in pressure at said sensing orifice produced by movement of
      said vane means crosswise of said stream of air for effecting relative
      shifting of said web and the device which operates on the web to maintain
      the pile edge in the preselected lateral position relative to the device
      which operates on the web.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said vane means is constructed
      and arranged in relation to said gap-type pneumatic sensor to produce a
      preselected signal level at said sensing orifice when said web engaging
      member engages the pile edge at said preselected lateral position and to
      change the level of the pneumatic signal at the sensing orifice in the
      same preselected direction when the web engaging member either rides onto
      said pile or is moved laterally outwardly from said preselected lateral
      position by the pile edge.
NUM  3.
PAR  3. An apparatus according to claim 2 including seam detecting means for
      preventing said power means from effecting relative shifting of said web
      and the device that operates on the web when the web engaging member
      engages a seam on the web.
NUM  4.
PAR  4. An apparatus according to claim 3 wherein said seam detecting means
      includes means actuated when the web engaging member is moved along said
      second path to a position above a position corresponding to that which
      occurs when the web engaging member rides onto the pile.
NUM  5.
PAR  5. An apparatus according to claim 1 including seam detection means
      operative when the web engaging member moves along said said second path
      to a position above a position corresponding to that which occurs when the
      web engaging member rides onto the pile for preventing said power means
      from effecting relative shifting of said web and the device which operates
      on the web.
NUM  6.
PAR  6. An apparatus according to claim 1 wherein said means mounting said web
      engaging member includes a support member extending transverse to the
      plane of the web at the sensing location and supported for swinging
      movement in a plane transverse to the web and also for limited endwise
      movement in a direction perpendicular to the plane of the web, said web
      engaging member being connected to said support member for moving the
      latter and said vane member being connected to said support member for
      movement therewith.
NUM  7.
PAR  7. An apparatus according to claim 6 including a second support member
      pivotally attached at one end to said first support member and extending
      transverse thereto and pivotally mounted adjacent its other end at a
      location fixed in relation to said preselected lateral position to thereby
      support said first support member by swinging movement and for limited
      lengthwise movement.
NUM  8.
PAR  8. An apparatus according to claim 1 including a first means for adjusting
      the pressure exerted by the web engaging member in a direction along said
      first path against the pile edge and a second means for adjusting the
      pressure exerted by the web engaging member along said second path against
      the web.
NUM  9.
PAR  9. In a web alignment apparatus for use with tufted webs and the like
      having a backing and a pile on the backing inwardly of the edge of the
      latter, pile edge sensing means for producing a pneumatic signal that
      varies in amplitude with the deviation of the pile edge from a preselected
      lateral position, and power means responsive to said pneumatic signal for
      relatively moving the web and a device that operates on the web to
      maintain the pile edge in a preselected lateral position relative to the
      device which operates on the web, the improvement comprising the pile edge
      sensing apparatus including a gap-type pneumatic sensor having a sensing
      orifice at one side of a gap and a transmitting orifice at the other side
      of the gap for transmitting a stream of air toward the sensing orifice and
      a vane extending into the gap to variably interrupt the stream from the
      transmitting orifice and thereby vary the pneumatic signal at the sensing
      orifice, a web engaging member adapted to engage the pile edge at a
      sensing location, a first support arm extending transverse to the plane of
      the web, a second arm extending transverse to the first arm, means
      mounting the second arm on a support for movement relative thereto about a
      second pivot axis that extends generally parallel to the pile edge of the
      web and having a preselected position relative to the sensing location,
      means pivotally mounting the first arm on the second arm for pivotal
      movement relative to the second arm about a first pivot axis that extends
      generally parallel to the pile edge of the web at the sensing location,
      means mounting said web engaging member on said first arm to effect
      swinging of said first arm about said first pivot axis relative to said
      second arm in response to movement in a path generally paralleling the
      plane of the web and laterally of the pile edge, said web engaging member
      being operative in response to movement thereof in a second path
      transverse to the plane of the web to move said first arm in a direction
      transverse to the plane of the web and thereby pivot said second arm about
      said second pivot axis relative to said support, means mounting said vane
      on said first arm for movement therewith, said vane being constructed and
      arranged with relation to said gap-type pneumatic sensor to vary the
      pneumatic signal at said sensing orifice in response to movement of said
      web engaging member along either said first or said second path.
NUM  10.
PAR  10. A web alignment apparatus according to claim 9 including seam detecting
      means for sensing when the web engaging member is moved in one direction
      along the second path and transverse to the plane of the web to a position
      higher than that which occurs when the web engaging member rides onto the
      pile, and means responsive to said seam detecting means for rendering said
      power means inoperative to relatively move the web and the device that
      operates thereon.
NUM  11.
PAR  11. A web alignment apparatus according to claim 10 wherein said seam
      detecting means includes means operated in response to movement of said
      second arm about said second pivot axis.
NUM  12.
PAR  12. A web alignment apparatus according to claim 9 including means operated
      in response to movement of said second arm about said second pivot axis
      for detecting when the web engaging member moves along said second path to
      a position above the position at which the web engaging member engages the
      web backing, and means responsive to said last mentioned detecting means
      for operating said power means to relatively move the web and the device
      that operates thereon in a direction laterally outwardly of the web.
NUM  13.
PAR  13. A web alignment apparatus according to claim 9 wherein said first arm
      extends generally upright, and weight means adjustably mounted on said
      first arm eccentric to said first pivot axis for yieldably urging said web
      engaging member against the pile edge.
NUM  14.
PAR  14. A web alignment apparatus according to claim 13 including means
      connected to said second arm for yieldably counterbalancing the weight of
      said first and second arms and to adjust the pressure exerted by the web
      engaging member in a direction transverse to the plane of the web.
NUM  15.
PAR  15. An apparatus according to claim 9 including a first means connected to
      said first arm for adjusting the lateral pressure applied by the web
      engaging member against the pile edge, and a second means connected to
      said second arm for adjusting the pressure applied by the web engaging
      member in a direction transverse to the plane of the web.
NUM  16.
PAR  16. In an apparatus for operating on a traveling multi-level web of the
      type having a first lengthwise extending face portion disposed at one
      level and a second lengthwise extending face portion projecting above the
      first level and defining a step between the first and second face
      portions, a control system including sensing means at a sensing location
      for sensing the step between the first and second face portions and power
      means actuated by the sensing means for relatively shifting the web and
      the apparatus that operates on the web in a direction crosswise of the
      course of web travel to maintain the step in the web in a preselected
      lateral position relative to apparatus that operates on the web, the
      improvement comprising:
PA1  said sensing apparatus including a gap-type pneumatic sensor having a
      sensing orifice at one side of the gap and a transmitting orifice at the
      other side of the gap for directing a stream of air toward the sensing
      orifice, vane means extending into the gap to variably interrupt the
      stream of air and thereby vary the pneumatic signal at the sensing
      orifice, a web engaging member adapted to engage the step in the web,
      means mounting said web engaging member for movement along a first path
      crosswise of the course of travel of the web at the sensing location and
      generally parallel to the plane of the web to sense lateral deviations of
      the course of travel of the step from said preselected lateral position
      and in a second path generally transverse to the plane of the web at said
      sensing location to sense when the web engaging member rides onto said
      second face portion, means operatively connecting said web engaging member
      to said vane means for moving the latter in the gap to variably interrupt
      the stream of air from the transmitting orifice in response to movement of
      the web engaging member along either said first or said second path, said
      power means including means responsive to the fluid pressure conditions at
      said sensing orifice for relatively shifting the web and the apparatus
      which operates thereon in a direction to correct lateral deviation of the
      position of the step relative to the apparatus which operates on the web.
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ABST
PAL  Continuous, uninterrupted paying of paper tape into a cable-making machine
      is made possible at high speed by an accumulating chamber for a folded
      supply of the tape. A pair of pinch rolls, one of which oscillates around
      the other, directs the paper to form uniform folds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the manufacture of articles of indefinite length such, for an important
      example, as electric cables it is required to pay a paper tape
      continuously into the manufacturing operation. The paper is supplied in
      packages, such as pads or pancakes of finite size so that when one pad is
      exhausted the leading end of the tape on a fresh pad must be spliced onto
      the trailing end of the exhausted pad. In the older methods of cable
      making utilizing braiding machines and the like, operating at relatively
      slow speed, there was ample time to make such a splice by using the last
      few turns of an exhausted pad, for slack. This is not possible, however,
      for present high speed extrusion operations, where economical manufacture
      demands long uninterrupted paying of one pad of tape after another into
      the extrusion machine. This problem exists also with fabric and plastic
      tapes but the fragility and lack of stretch of paper has made continuous
      paying out more difficult. It was recognized that if some method or
      apparatus were available for accumulating a large supply of paper tape, a
      fresh pad could be spliced in while the accumulated supply was being
      exhausted, but if the splices themselves were frequently to break, upon
      being paid from the accumulator, such apparatus would have little
      commercial value. What was needed was a tape accumulator offering no
      obstruction to the swift advance of the double tape thickness at the
      splice and no significant inertia to resist the rapid exhaustion of the
      accumulated supply of tape.
PAC  SUMMARY
PAR  We have invented an accumulator, for use in the continuous paying out of
      tape, comprising an upright rectangular chamber with two parallel side
      walls separating a width of the chamber to slightly exceed the width of
      the tape, forward and rearward end walls joining the side walls, and a
      horizontal partition defining a bottom passageway for the tape, with the
      partition being spaced from the rearward end wall. Our accumulator has
      means, such, for a preferred example, as a pair of driven pinch rolls, for
      continuously introducing the tape into the top of the chamber
      approximately midway between the end walls and arcuate guide means, such
      as a rotatable roll, for the tape, mounted between the rearward end wall
      and the partition, and an opening in the forward end wall communicating
      with the passageway for continuously paying out the tape.
PAR  We have invented an apparatus for piling folds of tape comprising a first
      roll mounted on a horizontal axis in the path of the tape and a second
      roll mounted on a horizontal axis so as to pinch the tape against the
      first roll. We provide means for oscillating the axis of the second roll
      in an arc around the first roll with the arc extending from an elevation
      higher to an elevation lower than the elevation of the axis of the first
      roll. Means may advantageously be included for driving the first roll.
PAR  We have invented apparatus for paying a continuous length of paper tape to
      an application station, from a plurality of pads of the tape, comprising
      means rotatably mounting first and second pads of tape on horizontal axes,
      a narrow chamber for accumulating folds of the tape, means guiding the
      withdrawal of the tape to the station from the bottom of the chamber and
      means selectively driving the tape from either of the pads into the
      chamber at a central overhead point, the driving means advancing the tape
      at a rate in excess of the rate of withdrawal, thereby accumulating tape
      in the chamber we provide means, such as a photocell, for sensing the
      quantity of tape in the chamber and means actuated by the sensing means
      for controlling the driving means. Advantageously our apparatus comprises
      driving means, such as endless belts, for the pads, controlled by means
      actuated by the sensing means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a side view, partially in section, of an apparatus of our
      invention.
PAR  FIG. 2 shows a pictorial view of the oscillating feature of our invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In the accumulating apparatus, indicated generally by the numeral 10 pads
      11, 12 of paper tape 13 being paid to an application station 14 are
      mounted in frames 16, 17 to rest on endless belts 18, 19 driven by a gear
      train 21 from a motor 22. As illustrated the pad 12 is being paid out
      while the pad 11 is standby. The pad 11 can be prevented from rotating
      either by disengaging the gearing to the belt 18 in a known manner or by
      locking an axis of a roller 23 in a raised position in slots 24 of the
      frame 16 by means of a pin 26 passed through apertures in flanges 25 of
      angles forming the frames. Tape 13 from the pad 12 pays directly over a
      pair of pinch rolls 27, 28 of which the roll 28 is mounted in a fixed
      position and is driven at the same speed as the belt 19 by an extension 29
      of the gear train 21. The roll 27 oscillates in an arc around the roll 28
      by a mechanism shown in detail in FIG. 2 to direct the tape into a chamber
      31 alternately toward a forward end wall 32 and a rearward end wall 33 of
      the chamber. Two side walls 34, 36 determine the width of the chamber 31
      which is slightly in excess of the width of the tape 13. In a particular
      commercially successful embodiment of our invention, where longitudinal
      paper of 2 or 21/2 inch tapes is applied at speeds up to 1500 feet per
      minute to a cable extrusion machine the width of the chamber 31 between
      the walls 34, 36 is 23/4 inches. In this embodiment the length of the
      chamber 31 is 52 inches and its height is 34 inches. A thousand feet of
      tape can be accumulated in an apparatus of these dimensions, providing
      ample time for splicing in a new pad, as shall be explained, even at the
      described high rate of paper feed. A horizontal partition 37 or false
      bottom extends between the walls 34, 36 but is spaced at 38 from the end
      wall 33. Folds 39 of the tape 13 are supported on this partition and pay
      through the space 38 over a roll 41 through a passageway 42 formed at the
      bottom of the accumulating chamber 31 by the partition 37 and a bottom
      member 35. An opening 43 in the wall 32 communicates with the passageway
      42 for feeding the tape, which passes under a guide roll 44 to the area of
      application 14, not shown. The motor 22 is set to drive the belt 19 and
      roll 28 at a surface speed about 0.2 percent faster than the extruder
      speed which determines the rate of paper pay-off, thus providing for an
      accumulation of tape that is seemingly slow but is actually more than
      sufficient to fill the accumulator before a fresh pad must be spliced in.
      To prevent excess accumulation, the walls 34, 36 have slots 46a, 46b so
      that photocells 47a, 47b can slow down or stop the motor 22 when the
      chamber 31 is full and restart it when space is available. A time delay in
      the motor control circuit is employed, in a manner known for such time
      delays, to prevent the circuit relays from being activated by the mere
      dropping of single strips of tape across the line of sight of the
      photocell. The pad 12 pays directly over the roll 27, and an idler roll 48
      is provided to guide a tape shown in phantom at 49 from the fresh pad 11
      when the pad 12 is exhausted.
PAR  By referring to FIG. 2 a mechanism for oscillating the roll 27 around the
      roll 28 can be understood. A wheel 51 mounted on a motor reducer 52 has an
      eccentric stub shaft 53 supporting a bearing 54 connected to a link 56
      pivoted to a crank 57. The crank 57 is slotted at 58 so that the radius
      arm of the link can be adjusted at a length exceeding the turning radius
      of the stub to provide a desired arc of oscillation. A second crank 59
      supporting the roll 27 is fixed to the end of a shaft 61 rotatably
      supported in crank arms 62, 63. The crank 57 is free to turn in bearings
      64, 66 moving an axis 67 of the roll 27 from an elevation, as shown above
      an axis 68 of the roll 28 to an elevation below that axis (shown in
      phantom at 69 of FIG. 1). The crank 59 is continuously urged clockwise (as
      seen in FIG. 2) by a tension spring 71 fastened between a pin 72 on the
      crank 57 and a lever arm 73 on the shaft 61, thus keeping the two rolls
      pressed together.
PAR  During each cycle of oscillation the tape is urged toward the rearward wall
      33 when the roll 27 is at the lower position and is urged toward the
      forward wall 32 when the roll 27 is at its upper position.
PAC  OPERATION
PAR  In the operation of our apparatus either or both of the pads 11, 12 can be
      mounted in its frame 16 or 17. Assuming the pad 11 is being paid off the
      tape 13 is threaded over the idler 48 and between the rolls 27, 28; over
      the roll 41, through the passageway 42 and opening 43, under the guide
      roll 44 to the station 14. For the purpose of stringing, the wall 36 of
      the chamber 31 is conveniently hinged by hinges 74, 76, so that it can be
      opened out of the way but other means of gaining access to the interior of
      the chamber 31 can be practiced, within the scope of our invention. The
      pad 12 is suspended in a raised position from the belt 19 and the motor 22
      is started, to feed tape into the chamber 31. The motor-reducer 52 is
      started, to oscillate the roll 27. It is a simplifying feature of our
      apparatus that we have found no fixed connection to be required between
      the motors 22 and 52. In the embodiment hereinabove described an
      oscillation speed of 20 cycles per minute resulted in full length folds
      and smooth pay off of the tape 13. Before the roll 11 is exhausted, enough
      paper will have accumulated in the chamber 31 to cause the photocell
      circuit to shut off the motor 22 possibly several times. Continued
      oscillation of the roll 27 during these brief periods does no harm so that
      the motor-reducer 52 is permitted to operate continuously. When the roll
      11 reaches a predetermined point close to exhaustion an audible signal is
      given by conventional means, not shown, the motors 22 and 52 are manually
      switched off, and the trailing end of the roll 11 is spliced to the
      leading end of the pad 12. The pins 26 are removed to lower the pad 12 to
      the belt 19 and the motors are started again. During the motor shutdown
      the accumulated folds of paper 39 have been used to supply the station 14
      without interruption. When the splices between the two pads is paid from
      the apparatus it is not subjected to any significant tension or forced to
      pass through any constriction that might cause it to tear apart. A fresh
      pad can now be mounted in the frame 16 and temporarily supported by pins
      26.
PAR  The foregoing description has been exemplary rather than definitive of our
      invention for which we desire an award of Letters Patent as defined in the
      following claims:
CLMS
STM  We claim:
NUM  1.
PAR  1. An accumulator, for use in the continuous paying out of tape,
      comprising:
PA1  A. an upright rectangular chamber comprising two parallel side walls
      defining a width to said chamber slightly exceeding the width of said
      tape, forward and rearward end walls joining said side walls, and a
      horizontal partition defining a bottom passageway for said tape, said
      partition being spaced from said rearward end wall,
PA1  B. drive means continuously introducing said tape into the top of said
      chamber approximately midway between said end walls and movable for
      producing folds in the tape such that the tape is storable in said chamber
      in an accordion fashion,
PA1  C. arcuate guide means for said tape, said guide means being mounted
      between said rearward end wall and said partition, and
PA1  D. an opening in said forward end wall communicating with said passageway
      for continuously paying out said tape.
NUM  2.
PAR  2. The accmulator of claim 1 wherein said arcuate means comprises a roll
      rotatably mounted between said side walls.
NUM  3.
PAR  3. The accumulator of claim 1 wherein said driving means comprises a pair
      of pinch rolls and means driving said rolls.
NUM  4.
PAR  4. The accumulator of claim 3 comprising means for moving the axis of one
      of said rolls in an arc extending to elevations above and below the axis
      of the other of said rolls thereby directing said tape alternately toward
      said forward and said rearward end walls.
NUM  5.
PAR  5. Apparatus for paying a continuous length of paper tape to an application
      station, from a plurality of pads of said tape, comprising:
PA1  A. means rotatably mounting first and second pads of said tape on
      horizontal axes,
PA1  B. a narrow chamber for accumulating folds of said tape,
PA1  C. means guiding the withdrawal of said tape to said station from the
      bottom of said chamber,
PA1  D. drive means selectively driving said tape from either of said pads into
      said chamber at a central overhead point, said driving means advancing
      said tape at a rate in excess of the rate of withdrawal of said tape and
      movable for producing folds in the tape such that said tape is enabled to
      be accumulated in an accordion fashion in said chamber,
PA1  E. means sensing the quantity of said tape in said chamber, and
PA1  F. means, actuated by said sensing means, for controlling said driving
      means.
NUM  6.
PAR  6. The apparatus of claim 5 comprising driving means for said pads, said
      pad driving means being controlled by means actuated by said sensing
      means.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said tape driving means comprises first
      and second pinch rolls and means oscillating the axis of said second roll
      in an arc around the axis of said first roll.
NUM  8.
PAR  8. The apparatus of claim 5 wherein said sensing means comprises a
      photocell.
NUM  9.
PAR  9. The apparatus of claim 6 comprising endless belts drivably supporting
      said pads.
PATN
WKU  039359816
SRC  5
APN  4765591
APT  1
ART  325
APD  19740605
TTL  Surgical apparatus for suturing organs and tissues with metal staples
ISD  19760203
NCL  6
ECL  1
EXP  Custer, Jr.; Granville Y.
NDR  2
NFG  8
INVT
NAM  Akopov; Ernest Mikhailovich
STR  Dubninskaya ulitsa, 61, kv. 88
CTY  Moscow
CNT  SU
INVT
NAM  Kapitanov; Nikolai Nikolaevich
STR  8 ULITSA Oktyabrskogo polya, 5, kv. 9
CTY  Moscow
CNT  SU
INVT
NAM  Strekopytov; Alexei Alexeevich
STR  ULITSA Vsevoloda Vishnevskogo, 10, kv. 67
CTY  Moscow
CNT  SU
INVT
NAM  Ogoltsova; Evgenia Sergeevna
STR  Rogozhsky val, 13, korpus 3, kv. 14
CTY  Moscow
CNT  SU
INVT
NAM  Paches; Alexandr Ilich
STR  Ulitsa Medvedeva, 12/6, Kv. 5
CTY  Moscow
CNT  SU
PRIR
CNT  SU
APD  19730731
APN  1955101
CLAS
OCL  227 19
EDF  2
ICL  B25C  502
FSC  227
FSS  19
UREF
PNO  2344071
ISD  19440300
NAM  Wilson et al.
XCL  227 19
UREF
PNO  3017637
ISD  19620100
NAM  Sampson
XCL  227 19
UREF
PNO  3692224
ISD  19720900
NAM  Astafiev et al.
OCL  227 19
LREP
FRM  Holman & Stern
ABST
PAL  A surgical apparatus for suturing organs and tissues with metal staples,
      comprising a frame provided with an opening and a clamp member having, on
      a side facing the frame opening, a flat portion provided with recesses for
      bending staples, a staple head with a staple holder and a staple pusher,
      both mounted on the frame for perpendicular travel relative to the clamp
      member, as well as drives for the staple head and pusher. The clamp member
      is releasable connected to part of the frame, which permits tissues being
      sutured being brought to the holder from the flat portion side of said
      clamp member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to medical equipment and more particularly to
      surgical apparatus for suturing organs and tissues with metal staples. The
      proposed apparatus can find application in oncology for suturing the walls
      of the pharynx in laryngectomy in case of cancer as well as for suturing
      organs and tissues in the chest or abdominal cavity, e.g., the tissues of
      lungs, the stump of the stomach, intestines, and other organs.
PAR  Known in the art is a surgical apparatus for suturing organs and tissues
      with metal staples this known apparatus comprises a hook-shaped frame with
      a clamp member rigidly connected to the other part of the frame and having
      on the side facing the frame opening, a flat portion on which are recesses
      for bending the staple legs. Mounted in the frame for perpendicular travel
      relative to the above clamp member is a staple head provided with a holder
      for staples and with a staple pusher. Said staple head and pusher are
      provided with corresponding drives for their travel relative to the clamp
      member.
PAR  The holder has through slots for accommodation of metal staples therein.
      Said slots accurately match the recesses provided on the clamp member of
      the frame. The pusher has lugs corresponding to the holder slots. With the
      pusher moving toward the clamp member of the frame, the pushing lugs fit
      into the holder slots and push staples out of them.
PAR  Inserted in the staples head is an arresting fork for preventing a tissue
      or an organ being sutured from slipping out of the apparatus.
PAR  When applying the surgical apparatus, a tissue or an organ to be sutured
      should be between the flat portion of the clamp member and the operating
      face of the holder opposing said flat portion.
PAR  In such a position, the tissue or organ being sutured is inserted through
      the open lateral mouth of the hooked frame; then the tissue or organ is
      fixed by the arresting fork. The surgeon actuates the drive of the staple
      head bringing it closer to the clamp member so that a clearance necessary
      for suturing is set between the flat portion of the clamp member and the
      operating face of the holder. Thereafter the suturing of tissues is done
      by actuating the pusher drive; the lugs of the pusher pass through the
      holder slots and push the staples thereout; on puncturing the tissues
      being sutured, the staple legs strike against the recesses provided on the
      flat portion of the clamp member and are bent, thus suturing the tissues.
      The tissue portion to be disposed of is cut off, the holder is withdrawn
      from the clamp member, and the whole apparatus is removed from the
      operation incision.
PAR  A disadvantage of the known apparatus is its limited maneuverability that
      restricts its application for suturing in areas difficult of access, or
      for suturing under peculiar conditions when the space is limited for
      manipulations necessary to prepare the apparatus for the operation. This
      disadvantage is due to the design of the hooked frame shaped as a hook
      which permits the positioning of the holder and the clamp member of said
      frame to tissues being sutured only through the lateral opening of the
      frame. Whenever such positioning is not possible at all, or involves
      intolerable injury to the tissues being sutured or to the environmental
      tissues or organs because of shortage of space required for unimpeded
      manipulation with the apparatus in the operation cut, the use of the
      apparatus is actually impossible. Thus, in laryngectomy in cases of cancer
      with the aid of the known apparatus, the positioning of the clamp member
      of the frame and the holder under the tumor being operated on is possible
      only from the side of the chin or the chest which are distant from the
      suturing site. This is fraught with awkward and complicated manipulations
      in a limited space between the cutoff tumor and the remaining organs and
      tissues of the head and neck of a patient, which, moreover, result in
      tissue injury.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a surgical apparatus for
      suturing organs and tissues with metal staples, the design of which would
      permit a traumatic positioning of the apparatus to tissues being sutured,
      as well as make it possible to suture not only organs of the chest and the
      abdominal cavity to which access is rather simple, but also organs and
      tissues which are difficult-of-access for the suturing operation; this
      extends the applications of this surgical apparatus.
PAR  The object of the invention is achieved in a surgical apparatus for
      suturing organs and tissues with metal staples, which comprises a frame
      with a clamp member being part of said frame and having, from the side of
      the frame opening, a flat portion made on which are recesses for bending
      the staple legs, a stapler head with a staple holder and a staple pusher
      fitted with corresponding drives and mounted on said frame for
      perpendicular travel relative to the flat portion of the clamp member,
      wherein, according to the invention, the clamp member is connected to the
      other part of the frame to facilitate the withdrawal of said clamp member
      so as to permit the positioning of tissues being sutured to the holder
      from the side of the clamp member.
PAR  It is expedient that the frame be made as a U-shaped brace with a clamp
      member attached to its ends, one end being hinged and the other being
      secured with a spring lock.
PAR  It is desirable that a spring lock be provided in the place where the clamp
      member is hinged to the U-shaped brace, as would hold the clamp member in
      a withdrawn position.
PAR  The spring lock may have a groove interacting with the end of the clamp
      member used to hold the clamp member in a partly withdrawn position.
PAR  The clamp member can be made as a U-shaped brace and secured on the other
      part of the frame, both of its ends being made disconnectable.
PAR  In this case, the clamp member can be held on the other part of the frame
      by means of channels provided on the ends of said member and inclined
      relative to the longitudinal axis of the frame as well as by means of
      joint pins secured on the frame to fit into these channels; moreover, the
      clamp member can be tightened by a spring available on the frame in a
      direction preventing the removal of the clamp member from said joint pins.
PAR  The proposed surgical apparatus features higher maneuverability and greater
      functional potentialities as compared with the known one, because it
      permits operations not only on organs of the chest or the abdominal
      cavity, but is found good for operations on other organs the access to
      which for suturing by known apparatuses is either difficult or practically
      impossible. Specifically, the proposed apparatus permits suturing of the
      walls of the pharynx in laryngectomy in case of cancer, the bringing of
      the clamp member of the frame, and the holder of the apparatus, to a
      suturing site being carried out laterally relative to the pharynx, which
      is much simpler and is not fraught with traumas to the pharynx and the
      remaining environmental tissues.
PAR  Unlike manual suturing of the pharynx walls employed presently in
      laryngectomy after cutting off the tumor being removed, the employment of
      the proposed apparatus helps to sharply reduce infection in the operation
      cut and in the pharynx by the content of the tumor being removed --as an
      initial operation involves suturing the pharynx walls, overlapping the
      opening of the portion being removed with the aid of a special clip, and
      subsequent cutting off of the tumor between the apparatus and a clip
      --improves the conditions for the regeneration of tissues, whose suturing
      is as a rule, effected after radiation therapy, and reduces appreciably
      the time required for suturing the pharynx and reduces post-operation
      effects.
PAR  The provision of the apparatus with a detachable clamp member according to
      the invention helps improve the maneuverability of the apparatus while its
      being brought to a suturing site in a tight and difficult-of-access
      cavity, because it permits initially placing of the detached clamp member
      under an organ being sutured and then attaching to said member to the
      other part of the apparatus, which is much bigger than the clamp member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will become more apparent from the description of exemplary
      embodiments and drawings, wherein:
PAR  FIG. 1 shows schematically a surgical apparatus for suturing organs and
      tissues with metal staples, according to the invention, with portions
      broken away and sectional;
PAR  FIG. 2 is a section on line II--II in FIG. 1;
PAR  FIG. 3 is an enlarged section on line III--III in FIG. 2;
PAR  FIG. 4 is a fragmentary elevation of the frame with a clamp member,
      according to the invention;
PAR  FIG. 5 is another embodiment of the frame with a clamp member, according to
      the invention;
PAR  FIG. 6 is a section on line VI--VI in FIG. 4;
PAR  FIG. 7 is a section on line VII--VII in FIG. 4;
PAR  FIG. 8 shows a detail taken, on arrow A in FIG. 4;
PAR  FIG. 9 is a section on line IX--IX in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The surgical apparatus for suturing tissues with staples comprises a frame
      1 (FIG. 1) provided with a clamp member 2 having an opening bracketed by a
      pair of parts, and , from the side of the opening of the frame 1, a flat
      portion 3 made on which are recesses R for bending the staple legs; see
      FIG. 2. Attached to the frame 1 is a staple head 4, and a holder 5 and a
      pusher 6 are inserted into head 4. The holder 5 has through slots 7 for
      the accommodation of staples therein and the pusher 6 has lugs 8 intended
      for pushing staples from said holder 5. The craters of the member 2, the
      slots 7 of the holder 5, and the lugs 8 of the pusher 6 are arranged to
      correspond to each other.
PAR  Coupled with the frame 1 is a stem 9 provided with a groove 10 arranged
      perpendicular to the flat portion 3 of the clamp member 2 of the frame 1.
      The staple head 4 has a rod 11, while the pusher 6 has a rod 12 (FIG. 2)
      provided in the groove 10 of the stem 9 of the frame 1. The rod 11 is made
      to have an exterior thread 13 at its end in order to accept a nut 14, and
      is provided with a threaded hole 15 inserted into which is a screw 16. The
      nut 14 is a drive of the staple head 4 and has a circular groove 17 for
      interacting with the stem 9 of the frame 1. The screw 16 is a drive for
      the pusher 6 and has a circular groove 18 (FIGS. 2 and 3) at one of its
      ends, coupled with which is a fork at the end of the rod 12 of the pusher
      6 (FIG. 2), while the other end has a hole 19 with grooves 20 (FIG. 1)
      inserted into which is a detachable handle 21 of the drive of the pusher 6
      with lugs 22 for interaction with the grooves 20. Connected rigidly with
      the stem 9 of the frame 1 is a handle 23 for holding the apparatus. The
      staple head 4 has lateral grooves 24 which interact, as said head 4 moves
      relative to the clamp member 2, with the lateral sides of the frame 1. The
      rod 11 of the staple head 4 is made to have lugs 25 for interacting with
      the corresponding grooves of the stem 9 of the frame 1.
PAR  The drawings of the invention show two exemplary embodiments of the frame 1
      (FIGS. 4 and 5). In both embodiments, the frame 1 is made closed, but, in
      principle, it can be made not closed too, as, e.g., in the form of a hook.
      What is important is that the clamp member 2 (FIG. 4) or 26 (FIG. 5)
      should be linked with the other portion of the frame. Further, member 2
      should have the capability of being withdrawn from the other frame portion
      so as to permit the holder 5 an access to tissues from the side of the
      clamp member 26 or 2 (FIG. 4).
PAR  In the first embodiment, shown in FIG. 4, the frame 1 is made as a U-shaped
      brace 27 secured to whose ends is a clamp member 2 in the form of a
      pivotal plate. One end 28 of the clamp member 2 is connected to the brace
      27 by means of a hinge 29 (FIGS. 4 and 6), while the other end 30 (FIG. 4)
      is connected to the same brace by means of a lock 31 which grips a pin 32
      (FIGS. 4 and 7) on the clamp member 2. Said lock 31 (FIG. 4) is arranged
      on a rocking bar 33 coupled with the brace 27 of the frame 1 by means of
      an axle 34, and is pressed against the pin 32 by a spring 35 secured on
      the rocking bar 33 and fixed in that position by means of a turnable cam
      36 provided with a lever 37. The lever 37 has a lug 38 (FIG. 8) adapted to
      act on the rocking bar 33 (FIG. 4) when the lever 37 turns toward the
      frame 1, this is necessary for disengaging the lock 31 from the pin 32 of
      the clamp member 2. The axle 34 and the cam 36 are secured on the brace 27
      with the aid of a detachable plate 39 (FIGS. 1 and 7).
PAR  Depending on the anatomic and topographic position of an organ being
      sutured and on an access to it, the clamp member 2 is expediently placed
      in a different initial position with respect to the brace 27 (FIG. 4) of
      the frame 1.
PAR  In the initial position, when the apparatus is brought to a portion being
      sutured, the clamp member 2 is withdrawn and set in a position 40, being
      an extension of the lateral side of the brace 27 of the frame 1. In such
      withdrawn position 40, the clamp member 2 is locked by a spring lock 41
      secured by one of its ends onto the lateral side of the brace 27. The lock
      41 is made with a groove 42 which interacts with the end 28 of the clamp
      member 2 and locks it in a position 43 at an angle 25.degree.-40.degree.
      to its working position. Thanks to the fact that the clamp member 2 is
      able to be set in the partly withdrawn position 43, convenient use is made
      for the apparatus to suture organs and tissues of the chest and the
      abdominal cavity being in the depth of an operating wound. When the clamp
      member 2 is set in its working position, the pin 32 acts on an inclined
      surface 44 of the lock 31.
PAR  In the second embodiment, the clamp member 26 (FIG. 5) of the frame 1 is
      made as a detachable part whose ends are releasably to the other part of
      the frame 1. The clamp member 26 in the embodiment shown in FIG. 5 is an
      U-shaped brace whose lateral sides have on their ends closed type slots 45
      inclined relative to the longitudinal axle of the frame 1 for connection
      with pins 46 (FIGS. 5 and 9) rigidly coupled with the other part of the
      frame 1.
PAR  The frame 1 (FIG. 5) is equipped with a spring 47 designed to press the
      walls of the slots 45 to the pins 46 and ensure the easy and dependable
      connection of the clamp member 26 with the rest of the frame 1.
PAR  The surgical apparatus with the clamp member 2 (FIG. 4) made as a
      folding-back plate operates in the following way:
PAR  For setting clamp member 2 into its initial position, it is necessary to
      press the lever 37 of the cam 36 against the frame 1. This is accomplished
      by pressing on the rocking bar 33; bar 33 thus turns to disengage the lock
      31 from the pin 32 of the clamp member 2; taking the end 30 of said clamp
      member 2 it is necessary to turn it until it stops in a position 40. In
      this position 40, the clamp member lies along the lateral side of the
      U-shaped brace 27 of the frame 1.
PAR  Then, for suturing, for instance, the walls of the pharynx, it is necessary
      to draw up the larynx prepared for a surgical removal as much as possible
      and to bring the apparatus from the side under the larynx (perpendicular
      to the mouth axis) so that the lateral sides of the opened frame 1 should
      pass under the dissected tissues near the tongue root and envelop the
      larynx portion being sutured from the side of the chest and the chin.
PAR  For connecting the clamp member 2 with the lock 31, it is necessary to turn
      the clamp member 2 around the hinge 29 until it rests against the frame 1,
      the lock 31 gripping, under the action of the spring 35 of the rocking bar
      33, the pin 32 of said member 2. By reversely turning the lever 37 up to
      the stop, the cam 36 is made to fix the bar 33 and the clamp member 2 in
      the operating position.
PAR  By turning the nut 14 (FIG. 1) of the staple head 4, the tissues between
      the clamp member 2 and the holdeer 5 are pressed and a suturing clearance
      is set, while the rotation of the handle 21 of the screw 16 of the pusher
      6 results in pushing staples out of the holder 5 and suturing.
PAR  A special clamp is put on the portion of the pharynx walls being removed
      for overlapping the opening of this portion and preventing the operation
      cut from infection, and the tissues between said clamp and the apparatus
      are dissected with scalpel thereafter. Once the portion of the pharynx and
      the larynx is removed, the holder 5 is brought away from the clamp member
      2 by turning the nut 14 of the staple head 4 in an opposite direction and
      the apparatus is withdrawn from the operation cut.
PAR  If it is necessary to place the clamp member 2 in an intermediate position
      43 (FIG. 4) for bringing it under the organ being sutured, which may be
      deep in the operation cut in the chest or abdominal cavity. The clamp
      member 2 should be turned, prior to the apparatus application, unless the
      end 28 of the clamp member 2 is locked by means of the groove 42 of the
      spring lock 41. The rest of the apparatus operations correspond to the
      phases considered for the case of the apparatus application for suturing
      the pharynx.
PAR  The apparatus with a detachable clamp member 26 (FIG. 5) operates in the
      following way.
PAR  By pressing on the clamp member 26 in the direction of a spring 47, the
      slots 45 are brought out of engagement with the pins 46 and the clamp
      member 26 is disconnected from the other part of the frame 1. Then said
      clamp member 26 is brought to a suturing site.
PAR  To arrange the tissues being sutured between the clamp member 26 and the
      holder, said clamp member 26 should be connected with the other part of
      the frame 1 by inserting pins 46 into closed-type sloped slots 45.
PAR  In doing so, one of the lateral sides of the brace of the clamp member 26
      should be arranged between the spring 47 and the pin 46 and both of the
      sides of the brace should be pressed against the other part of the frame
      1. Upon releasing the clamp member 26, the spring 47 biases the member 26
      onto the pins 46 of the frame 1. Thereafter the operation according to the
      second variant does not differ from the operation of the apparatus fitted
      with the clamp member 2 (FIG. 4) made as the folding back plate.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A surgical apparatus for suturing organs and tissues with metal staples,
      comprising, in combination:
PA1  a. a frame having an opening and including a pair of parts;
PA1  b. a clamp member mounted on one of the parts of said frame and releasably
      connected to the other part of the frame for permitting a free insertion
      of the organ being sutured into said opening of the frame after the clamp
      member has been displaced relative to the other part of the frame;
PA1  c. said clamp member including a flat portion having recess means for
      bending legs of staples;
PA1  d. a staple head mounted on the frame and including means for guiding the
      staple head in a path of perpendicular travel relative to said flat
      portion of the clamp member;
PA1  e. a drive connected to said staple head for causing its travel;
PA1  f. a holder on said frame spaced from said clamp member for metal staples
      inserted into the staple head, whereby tissues being sutured can be
      arranged between the clamp member and the holder;
PA1  g. a pusher for staples mounted on said frame for perpendicular travel
      relative to said clamp member for pushing staples from the holder, through
      the tissues and into engagement with the recess means of the flat portion
      of the clamp member; and
PA1  h. a drive on the frame connected to said pusher for operating the pusher
      in relation to the clamping member.
NUM  2.
PAR  2. A surgical apparatus as in claim 1, wherein said frame comprises a
      U-shaped member having a pair of ends, said clamp member having a pair of
      ends, one end hinged to one of the ends of said U-shaped member and the
      other end of said clamp member being releasably connected to the other of
      the ends of said U-shaped member by means of a spring lock.
NUM  3.
PAR  3. A surgical apparatus as set forth in claim 2, including a second spring
      lock engagable with said clamp member adjacent the hinge and including
      means for retaining the clamp member in different angular positions of
      adjustment.
NUM  4.
PAR  4. A surgical apparatus as set forth in claim 3, wherein said second spring
      lock comprises a groove in which said clamp member is pivoted, and a
      resilient element engagable on said clamp member for retaining it in its
      different angularly adjusted positions.
NUM  5.
PAR  5. A surgical apparatus as in claim 1, in which said clamp member is
      provided with slots on its ends which are inclined relative to the
      longitudinal axis of said frame; pins provided on said frame and fitted
      into said slots of the clamp member; and a spring secured on said frame
      and acting on said clamp member so as to prevent the removal of said clamp
      member from said slots.
NUM  6.
PAR  6. A surgical apparatus as set forth in claim 1, wherein said frame is
      U-shaped, and said frame and clamp member include cooperating connecting
      means at both ends of the clamp member whereby said clamp member can be
      removed in its entirety from said frame.
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PAL  An apparatus for inserting wire staples in tread rubber so that the
      positioning of the staples conforms to a particular tread design. The
      apparatus includes a supporting bench and drive rollers to move the tread
      rubber lengthwise along the bench. The tread rubber passes beneath a
      staple driver that is movable transversely with respect to the rubber.
      Mounted on the shaft of one of the drive rollers is a tread design cam
      that is constructed to coordinate with the particular tread design. A
      follower for this cam is operably connected to the staple driver whereby
      the positioning of the staples that are inserted conforms to the tread
      design.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to tire retreading, and has particular
      reference to a novel apparatus for inserting wire staples in tread rubber
      so that the positioning of the staples conforms to a particular tread
      design.
PAR  Heretofore, it has been relatively common practice to embed non-rubber
      materials in the tread portions of tires to improve traction, particularly
      where the tire is intended for winter driving. One of the materials that
      has been used most often is metal which is employed in the form of studs,
      continuous coils and in wool form.
PAR  Metal studs have the disadvantage of working their way out of the tires and
      of being noisy on dry pavement. Continuous coils and the like usually
      require a break-in period and when used in retreading are difficult to
      cut. The metal wool complicates the manufacture of tires; in addition,
      there is a question as to the degree of its effectiveness.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a relatively simple apparatus for inserting
      wire staples of a suitable gauge in tire tread rubber to improve its
      performance. Thus, the staples improve traction, improve heat dissipation
      and minimize the possibility of deep cuts. More particularly, the
      invention provides apparatus for inserting staples in tread rubber so that
      the positioning of the staples conforms to a particular tread design,
      i.e., the staples are inserted in the lands or raised areas of the tread
      rather than in the grooves.
PAR  The apparatus includes a supporting bench and drive rollers to move the
      tread rubber lengthwise along the bench. The tread rubber is fed under a
      staple driver that is movable transversely with respect to the rubber.
      Mounted on the shaft of one of the drive rollers is a preselected tread
      design cam that is constructed to coordinate with the particular tread
      design that is already in the tread rubber or will thereafter be molded
      into it. Associated with the tread design cam is a cam follower that is
      connected to the staple driver and controls its transverse movement
      whereby the positioning of the staples in the tread rubber conforms to the
      tread design.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a wire inserting apparatus embodying the
      invention;
PAR  FIG. 2 is a top plan view of the apparatus;
PAR  FIG. 3 is a horizontal section taken on line 3--3 of FIG. 1;
PAR  FIG. 4 is a vertical section taken on line 4--4 of FIG. 1;
PAR  FIG. 5 is a side elevation of a modified form of the primary drive roller;
      and
PAR  FIG. 6 is an enlarged top plan view of a piece of tread rubber in which
      staples have been inserted.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Having reference now to the drawings, the wire inserting apparatus includes
      a support for the tread rubber in the form of a table or bench 10 having a
      top 12 and legs 14. The tread rubber 16 is moved lengthwise along the
      table in the direction of arrows 18, FIGS. 2 and 3, by rollers 20 and 22.
      The primary drive roller 22, which also serves as an anvil, projects up
      through a cut-out 24, FIG. 3, in the table so that its circumference at
      the top is flush with the top of the table. Roller 22 is driven by any
      suitable means to advance the tread rubber at the speed desired. Roller 20
      is a spring or air loaded presser roller of conventional construction.
PAR  The shaft 25 for the drive roller 22 is journalled in a pair of upright
      support members 26 and 28 located as shown on opposite sides of the table
      10. Above the table, the members 26, 28 support a staple driver 30 on a
      pair of spaced, L-shaped tracks or guideways 32, the tracks being secured
      at their ends to the support members as best shown in FIGS. 2 and 4. The
      staple driver is adapted to have limited back and forth movement on the
      tracks 32 which movement is perpendicular to the direction of travel of
      the tread rubber 16.
PAR  The staple driver 30 includes a carriage 34 that rests on the tracks 32, a
      plurality of staple heads 36 and an air piston 38 for actuating the staple
      heads. The staple heads and staples used in the heads are commercially
      available items, as from Bostitch, and per se play no part of the
      invention. As best shown in FIG. 4, the staple heads 36 project down from
      the carriage and extend between the spaced tracks 32 to points just above
      the tread rubber 16.
PAR  The carriage 34 is constructed so that the number of staple heads 36 and
      the spacing between them can be varied as required for different tread
      designs. In this connection, reference is made to FIG. 6 showing a piece
      of tread rubber 16 that has three circumferential ribs 40 arranged in a
      zig-zag design. To insert a series of staples 41 in each rib or land 40,
      three staple heads 36 would be required as shown in FIG. 4 and the spacing
      between the heads would be adjusted so that the staples, which are
      preferably 14 or 16 gauge, are inserted wholly within the ribs,
      equidistant from the longitudinal edges thereof.
PAR  Since designs as shown in FIG. 6 are common in tire treads, it will be
      apparent that provision should be made to prevent parts of staples from
      being inserted in non-road engaging areas of the treads such as the
      grooves 42 that are disposed on opposite sides of the ribs 40. In accord
      with the invention, this is done by moving the staple driver 30 back and
      forth on the tracks 32 in a pattern that conforms to the tread design. To
      this end, a tread design cam 44 is provided for each different tread
      design in which staples may be inserted, and this controls the movement of
      the staple driver as will be explained.
PAR  The tread design cam 44 is fixed on the shaft 25 of the drive roller 22
      outside the support member 26. Thus, the cam is driven at the same speed
      as the roller. Cam 44 is a disc formed with an outwardly projecting
      annular flange 46 in which lobes and recesses are machined as indicated in
      FIGS. 2-4.
PAR  Coacting with the tread design cam 44 is a bent rod cam follower 48 that is
      secured at its upper end to the staple driver carriage 34, the follower
      passing with a free fit through an aperture 50, FIG. 1, in support member
      26. The lower, inwardly turned end 52 of the follower is smoothly rounded
      and bears against the machined surface of the cam flange 46, the follower
      being biased into engagement therewith by a compression spring 54, FIGS. 2
      and 4, that is mounted on the follower between support member 26 and the
      carriage 34. The pattern of lobes and recesses that is formed in each cam
      is such that as the cam rotates it, acting through the cam follower 48,
      causes the staple driver carriage to move back and forth in a pattern that
      conforms to a particular tread design whereby the staples are inserted in
      the rib or other raised portions of the tread and not in the groove areas.
PAR  The spacing of the staples in the tread rubber is controlled by a spacing
      cam 56 which, in the embodiment disclosed, is fixed on the drive roller
      shaft 25 inside the tread design cam 44, FIGS. 2-4. The spacing cam has a
      uniformly scalloped edge that is engaged by a follower 58 which acts in
      conjunction with a switch 60. Thus, each time the follower rides over a
      cam lobe it closes the switch and this in turn actuates a solenoid valve
      62 which causes the air piston 38 to actuate the staple heads 36. The
      electrical and fluid connections for the valve 62 and air piston are
      conventional and therefore not shown. As will be understood, different
      spacing cams will be provided for achieving different intervals of staple
      insertion.
PAR  The apparatus that has been described can be used for inserting staples in
      tread rubber before the tread design has been molded in the rubber. This
      only requires knowing in advance what the design is going to be and then
      using the tread design and spacing cams for that design. In such case,
      tread rubber in a semi-plastic state is fed through the apparatus and the
      staples are inserted as described above. After a predetermined length of
      the rubber has passed through the apparatus, it is cut and then placed in
      a heated mold and cured under pressure in a manner well known in the art.
PAR  The apparatus of the invention can also be utilized for inserting staples
      in pre-cured tread rubber which is tread rubber that has already been
      cured and has its tread design when purchased by the tire retreader. This
      is sometimes called "cold rubber" and the process of applying it to a
      prepared tire carcass is called "cold capping". In this case, the tread
      design and spacing cams for the particular design that is in the rubber
      are installed on the apparatus and the tread rubber with the tread design
      facing down, i.e. in contact with the table top, is fed through the
      apparatus.
PAR  While the apparatus is provided with adjustable guides 66 for properly
      locating the tread rubber transversely with respect to the staple driver
      30, still more precise registry with the staple inserting mechanism can be
      obtained with the modification shown in FIG. 5. This is for use with
      pre-cured tread rubber and comprises a sleeve 68 mounted on the drive
      roller 22, the sleeve having a design in relief that complements the
      particular tread rubber design. For a tread rubber design as shown in FIG.
      5, the sleeve 68 would have four narrow raised ribs 70 that would project
      above the table and into the tread grooves 42, the sleeve and tread design
      in effect "meshing" with one another to positively and precisely locate
      the tread rubber. Obviously, for each tread rubber design used it will be
      necessary to have a sleeve 68 with a complementary design.
PAR  From the foregoing description it will be apparent that the invention
      provides a novel and very advantageous apparatus for inserting wire
      elements in tread rubber thereby improving the performance of same. As
      will be understood by those familiar with the art, the invention may be
      embodied in other specific forms without departing from the spirit or
      essential characteristics thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for inserting wire elements in tread rubber, support
      means for the tread rubber, means to advance the tread rubber
      longitudinally along the support means, means spaced above the support
      means for driving the wire elements into the tread rubber as it advances,
      means to move the element driving means transversely with respect to the
      longitudinal axis of the tread rubber whereby the insertion of the wire
      elements can be coordinated with a particular tread design, and means
      cooperable with the element driving means to control the longitudinal
      spacing of the elements.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein the means to move the element
      driving means transversely includes a tread design cam and a cam follower
      operably connected to the element driving means.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein the element driving means
      includes a carriage movable in guideways disposed at right angles to the
      direction of travel of the tread rubber.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein the movable carriage supports a
      plurality of wire elements driving heads.
NUM  5.
PAR  5. An apparatus for inserting wire elements in tread rubber having a tread
      design, a bench for supporting the tread rubber, drive rollers for
      advancing the tread rubber longitudinally along the bench, means spaced
      above the bench for driving the wire elements into the tread rubber as it
      advances, said last-named means including a carriage movable in guideways
      disposed at right angles to the direction of travel of the tread rubber,
      means to move the carriage in a predetermined pattern in the guideways
      whereby the insertion of the wire elements can be coordinated with the
      tread design, and means cooperable with one of the drive rollers for
      controlling the spacing of the elements.
NUM  6.
PAR  6. Apparatus as defined in claim 5 wherein the means for moving the
      carriage in a predetermined pattern in the guideways includes a tread
      design cam operably connected to one of the drive rollers and a cam
      follower operably connected to the carriage.
NUM  7.
PAR  7. Apparatus as defined in claim 5 wherein the carriage supports a
      plurality of fluid operated wire element driving heads.
NUM  8.
PAR  8. Apparatus as defined in claim 5 wherein one of the drive rollers has
      extending about its circumference a design in relief that complements the
      design in the tread rubber, the two designs being adapted to mesh whereby
      the tread rubber is precisely positioned as it advances along the bench.
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PAL  A fluid power driven roof nailing machine which receives a roofing nail and
      a sealing disc and, keeping them axially aligned, drives the nail through
      the disc into a surface to be nailed. The machine includes an arm
      swingably driven by a fluid motor, a sealing disc holder fixedly carried
      by the free end of the arm, and a nail driver positioned at the free end
      of the arm and mounted for sliding movement relative to the disc holder. A
      method of attaching roofing using such a machine is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates generally to methods for attaching roofing and
      machines therefor and more particularly to portable fluid powered nailing
      machines.
PAR  2. Description of the Prior Art
PAR  While nailing machines and their use are known in the prior art (see, e.g.,
      U.S. Pats. Nos. 1,671,660; 3,023,413; and 3,619,895), certain
      disadvantages in their use and construction have become apparent.
PAR  Among these is the lack of a provision for machine positioning of sealing
      discs used in roofing applications.
PAR  Other disadvantages of the prior art devices are that they require the use
      of complex driving mechanisms and demand a relatively high input power to
      the nail driver.
PAC  SUMMARY OF INVENTION
PAR  The disadvantages of the prior art devices are overcome in the present
      invention by the provision of a simple, portable, fluid power driven roof
      nailing machine.
PAR  It is an object of the present invention to provide a simple portable
      nailing machine in which the nailing mechanism is constructed in a manner
      effective to augment the nailing power transmitted to the nailing surface.
PAR  It is another object of the present invention to provide a portable nailing
      machine in which a sealing disc is positioned on the nailing surface in
      the same stroking operation with the driving of the nail.
PAR  According to an important feature of the present invention, the nail driver
      is connected to the stroking member by a lost motion connection which
      allows the driver to move inertially relative to the stroking motion in
      response to contact of the stroking member with the nailing surface; the
      inertial movement of the driving member is utilized to drive the nail into
      the nailing surface.
PAR  According to a further feature of the invention, the stroking member
      comprises an arm mounted for pivotal movement about one end and carrying
      the nail driver at its free end. As the free end of the arm is swung
      downwardly into contact with the nailing surface, the driver moves through
      its inertial stroke to drive the nail into the nailing surface.
PAR  According to another feature of the invention, the nailing machine includes
      provision for positioning a nail on the leading surface of the driver and
      further includes provision for disposing a sealing disc in a position
      forwardly of the nail and in the path of inertial movement of the driver
      so that the nailing stroke operates to deposit the sealing disc on the
      roofing surface and instantaneously thereafter drive the nail through the
      sealing disc and into the nailing surface.
PAR  According to still another feature of the present invention roofing is
      attached by manual insertion of a nail and disc into a nailing machine,
      energization of the machine to drive the nail through the disc, and
      operation of the machine to return to a position for receiving another
      nail and disc.
PAR  These and other objects and features will become obvious to those skilled
      in the art upon reading the following detailed description with reference
      to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the nailing machine of the present
      invention.
PAR  FIG. 2 is a side elevational view of the nailing machine of the present
      invention illustrating the position in which a nail is driven.
PAR  FIG. 3 is a sectional view of the driver and disc holder of the present
      invention taken along line 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings the nailing machine 10 is illustrated as
      comprising a wheeled carriage 12 on which is carried a tubular frame 14
      which supports and encloses a nail driving mechanism 16.
PAR  In the illustrated embodiment the carriage 12 includes a support frame 18
      on which are mounted in a known manner relatively small steering wheels 20
      and relatively large non-steering wheels 22.
PAR  The tubular frame 14 is fixed to the carriage support frame 18 by suitable
      fastening means (not shown). It is illustrated as a box-like structure
      formed from suitably bent and welded tubing, three sides of which are
      enclosed by screening 24, typically, but not necessarily, formed from
      relatively heavy gauge metal. Handles 26 extend rearwardly from the upper
      side members of the frame 14. (Front and rear and upper and lower
      orientations are as indicated in FIG. 2, rear being to the right of the
      figure). Cross members 28 and 30 extend between upright sides of the frame
      14.
PAR  The nail driving mechanism 16 is illustrated as comprising a fluid power
      source 34, a directional control valve 36, a reversible fluid motor 38,
      pivotal actuation linkage 40, and a nail driving and disc holding assembly
      42.
PAR  The fluid power source 34 is illustrated here as an air compressor 44
      driven by an electric motor 46 and including a suitable pressure bearing
      tank or accumulator 48 and appropriate filters 50, but other fluid power
      sources including ones using different working fluids could likewise be
      chosen.
PAR  A discharge conduit 52 of the fluid power source 34 is in fluid
      communication with accumulator 48 and an inlet port 54 of the conventional
      designed directional control valve 36, which is biased to allow the free
      flow of fluid from the inlet port 54 to a first outlet port 56. A control,
      illustrated here as a manually actuated trigger button 58, is operative to
      prevent flow from the inlet port 54 to the first outlet port 56 and to
      allow the free flow of fluid from the inlet port 54 to a second outlet
      port 60.
PAR  The reversible fluid motor 38 is depicted here as a double acting
      piston-cylinder assembly of conventional design having first and second
      inlet ports 57 and 61 connected to control valve outlet ports 56 and 60
      respectively. It is trunnion mounted at one end to a stationary arm 62
      extending perpendicularly from cross member 28 and at the other end to the
      pivotal actuation linkage 40 through a crank 64 carried by a shaft 66
      supported by the carriage 12.
PAR  Also extending perpendicularly from the shaft 66 is an arm 68 on which is
      disposed a locking pin 70 having an undercut 71 disposed thereon extending
      perpendicularly rearward to engage a spring clip 72 mounted on a
      vertically extending member 74 projecting from cross member 28 as shown in
      FIG. 3 when the nailing machine 10 is in a rest position.
PAR  The nail driving and disc holding assembly 42 is carried at the free end of
      the arm 68. In the embodiment shown it is illustrated as comprising a pair
      of rods 76 suitably fixed at one end to the arm 68 as by nuts 78 and at
      the other end to a disc-like holding member 80 through which is formed a
      central aperture 82 and the thickness of which is approximately equal to
      the height of the head of a roofing nail. The leading face 84 holding
      member 80 is suitably formed to retain a roofing nail sealing disc 100 as
      by being formed from permanently magnetic material or by carrying a
      replaceable adhesive such as a pressure sensitive adhesive that can be
      renewed or replaced as required.
PAR  A driver 88 is carried between the arm 68 and the holding member 80 as may
      best be seen in FIG. 3. The driver 88 is substantially cylindrical and has
      holes 90 formed through it which slidingly receive rods 76 to allow
      movement of the driver 88 between the arm 68 and the holding member 80.
      The driver 88 is further illustrated as having disposed therein a central
      slot 86 extending inwardly from the end 94 of the driver 88 proximate to
      arm 68. The driver 88 is adapted to hold a roofing nail 98 in a manner
      similar to that employed in the holding member 80, that is by being formed
      from a permanently magnetic material or by carrying a replaceable adhesive
      such as a pressure sensitive adhesive that can be renewed or replaced as
      required, on its leading face 89.
PAC  OPERATION OF THE INVENTION NAILING MACHINE
PAR  To attach roofing with the invention nailing machine the machine 10, which
      is in the rest position shown in solid lines in FIG. 2 is wheeled to a
      position to be nailed; and the compressor 44 is energized. Relatively fine
      adjustment of this position may be accomplished by use of a suitable
      visual guide or sighting device (not shown) which may be carried with the
      wheeled carriage 12 or frame 14. The operator, standing at the rear of the
      nailing machine 10, takes a disc 100 from a storage box 99, which may be
      carried resting on the cross bar 30 of frame 14, and places it on the disc
      holding member 80. He also selects a nail 98 and places it on the driver
      88 pushing it against the arm 68. The trigger button 58 is then depressed
      and pressurized air is directed to the second inlet port 61 of fluid motor
      38. This tends to extend the output rod 39 of the fluid motor 38 to turn
      the crank 64 and thus rotate the shaft 66 and pivot the arm 68. Movement
      is resisted, however, by the retention of locking pin 70 by spring clip
      72. Differential pressure across the motor 38 builds up until the force
      exerted by spring clip 72 is overcome. The arm 68 then breaks away with
      relatively high acceleration since relatively little power is required to
      drive the rotating mass when free. The arm 68 continues to rotate until it
      is essentially horizontal at which point the disc holding member 80 places
      the disc 100 on the surface 96 to be nailed as it stops thereon; and the
      driver 88 carrying the nail 98 slides along the rods 76 causing the nail
      98 to pierce the disc 100 and thereby attach roofing to the surface.
      Release of the trigger button 58 returns the directional control 36 to its
      biased position, reversing the pressurization of the motor 38 to return
      the arm to the rest position shown in FIG. 2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nailing machine comprising:
PA1  a wheeled carriage adapted for movement on a surface to be nailed,
PA1  a frame mounted on said carriage,
PA1  force transmitting means including a stroking member,
PA1  means mounting said force transmitting means on said frame for movement of
      said stroking member through a nailing stroke,
PA1  a nail driver, and
PA1  means interconnecting said stroking member and said nail driver and
      including lost motion means operative to allow inertial movement of said
      nail driver from a rest position adjacent said stroking member to a
      working position remote from said stroking member in response to movement
      of said stroking member through its nailing stroke.
NUM  2.
PAR  2. A nail driving machine as defined in claim 1 and further including:
PA1  means on said to releasably retain a nail on the leading surface of the
      driver, and
PA1  means for releasably retaining a sealing disc in a position forward of the
      positioned nail and in the path of inertial movement of said driver so
      that the nailing stroke operates to deposit the sealing disc on the
      nailing surface and, instantaneously thereafter, drive the nail through
      the sealing disc and into the nailing surface.
NUM  3.
PAR  3. A nail driving machine as defined in claim 1 and further including
PA1  means on said to releasably retain a nail on the leading surface of the
      driver.
NUM  4.
PAR  4. The nailing machine is defined in claim 1 wherein said stroking member
      comprises:
PA1  an arm pivotally mounted adjacent one end on said frame for movement
      between a rest position in which the free end of said arm is remote from
      said nailing surface, and a working position in which said free end is
      adjacent to said nailing surface, and
PAL  said force transmitting means includes:
PA1  a source of motive power mounted on said frame, including means converting
      said power to rotary mechanical power, and operatively connected to pivot
      said arm, and
PAL  said nail driver is carried adjacent the free end of said arm.
NUM  5.
PAR  5. The nailing machine as defined in claim 4 wherein said source of motive
      power comprises:
PA1  a source of pressurized fluid;
PA1  a reversible fluid motor in fluid communication with said source of
      pressurized fluid and operatively connected to said arm.
NUM  6.
PAR  6. A nailing machine as defined in claim 5 and further comprising:
PA1  means for stopping the movement of said arm at said rest position; and
PA1  means for preventing movement of said arm away from said rest position
      until a predetermined differential pressure across said motor has been
      reached.
NUM  7.
PAR  7. The nailing machine as defined in claim 4 wherein said lost motion means
      comprises:
PA1  a plurality of rods extending perpendicularly from the longitudinal side of
      said arm confronting said nailing surface when said arm is in the working
      position;
PA1  bores formed through said nail driver and registering with said rods to
      allow sliding movement of said nail driver on said rods; and
PA1  means disposed on said rods for stopping movement of said nail driver at
      its remote working position.
NUM  8.
PAR  8. A nail driving machine as defined in claim 7 wherein said stopping means
      comprises:
PA1  a sealing disc holding member fixedly connected to the free ends of said
      rods and having formed therethrough a centrally located aperture spaced
      radially inwardly from said through bores in said nail driver.
NUM  9.
PAR  9. A nailing machine as defined in claim 8 wherein said disc holding member
      is generally ring shaped and includes a magnetic surface at the face
      thereof remote from said arm.
NUM  10.
PAR  10. A nailing machine as defined in claim 9, wherein said driver comprises
      a hammer member including a magnetic surface at the end thereof remote
      from said arm.
NUM  11.
PAR  11. A nailing machine as defined in claim 8 wherein said disc holding
      member is generally ring shaped and includes a replaceable adhesive
      surface at the face thereof remote from said arm.
NUM  12.
PAR  12. A nailing machine as defined in claim 8 wherein said nail driver
      comprises a hammer member including a magnetic surface at the end thereof
      remote from said arm.
NUM  13.
PAR  13. A nailing machine as defined in claim 8 wherein said driver comprises a
      hammer member including a replaceable adhesive surface at the end thereof
      remote from said arm.
NUM  14.
PAR  14. A nailing machine comprising:
PA1  a wheeled carriage adapted for movement over a surface to be nailed,
PA1  a frame mounted on said carriage,
PA1  a reciprocally rotatively actuated arm pivotally mounted on said frame, and
PA1  nail driving means carried on the free end of said arm and reciprocally
      rotatable therewith.
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ABST
PAL  An automatic cuff for use with blood pressure measuring apparatus includes
      a cylindrical member within which a person may position his arm. A
      flexible band is positioned circumferentially about the inner wall of the
      cylinder and connected to a cable extending from the cylinder such that
      pulling on the cable circumferentially contracts the band in the manner of
      a tightening spiral. The band supports an air chamber on its inner wall
      and after a person's arm is snugly engaged by the band, further
      contraction is stopped and fluid is pumped in the fluid chamber to provide
      additional force in closing off circulation. After the air pressure is
      gradually decreased, release of the person's arm is accomplished by
      releasing the pulling force on the cable so that the flexible band
      circumferentially expands under its own natural bias.
BSUM
PAR  This invention relates to automatic blood pressure measuring apparatus and
      more particularly to the cuff portion of such apparatus for temporarily
      closing off blood circulation in a portion of a person's body, for
      example, an arm or leg, in accord with sequencing steps in automatically
      taking a person's blood pressure.
PAC  BACKGROUND OF THE INVENTION
PAR  In copending patent applicaton Ser. No. 443,442 filed Feb. 19, 1974 and
      entitled "BLOOD PRESSURE MEASURING SYSTEM" there is disclosed a system for
      automatically taking a person's blood pressure. One of the steps involved
      in the process includes wrapping the person's arm in a cuff which includes
      a fluid chamber for temporarily cutting off blood flow circulation. While
      a conventional type cuff could be used with the apparatus described in the
      aforementioned application provided suitable fluid line connections were
      made to the apparatus as well as provision for a suitable acoustic pulse
      pick-up means, it would be desirable to provide a completely automatic
      arrangement for providing the necessary blood circulation cut off.
PAR  With such an automatic cuff applicator, consistent snug engagement of the
      person's arm could be realized all to the end that more consistent results
      can be realized. A desirable feature of any type of automatic cuff
      applicator would be the provision of suitable acoustic pulse detecting
      means for connection into the overall blood pressure measuring system.
PAR  A further desirable feature in such an automatic cuff applicator is to
      provide suitable support means to assure that a patient's arm or other
      portion of his body to which the cuff is applied remains relatively
      stationary during the blood pressure measuring operation. By providing for
      a stationary comfortable positioning of the arm or other portion, the risk
      of generation of undesirable artifacts resulting in erroneous signals in
      the system is minimized.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  With the foregoing in mind, the present invention contemplates an automatic
      cuff mechanism for use with an automatic blood pressure taking apparatus
      such as shown and described in the heretofore mentioned copending
      application, incorporating the aforementioned desirable features.
PAR  More particularly, in accord with the invention, the cuff mechanism
      includes a cylindrical member defining an opening for receiving a portion
      of a person's body such as his arm in which blood circulation is to be
      temporarily cut off. Mechanical contracting means are provided in the
      opening adapted upon operation to close about the patient's arm. The
      mechanical contracting apparatus is designed to incorporate means
      responsive to a given resistance force exerted by the patient's arm
      resisting further contraction of the contracting means to automatically
      terminate operation thereof so that the contracting means engages about
      the person's arm in a snug but comfortable manner. A flexible fluid
      chamber is supported by the contracting means in a position such that
      further pressure can be exerted on the patient's arm by filling the fluid
      chamber with fluid.
PAR  An important feature of this invention is the provision of an integrally
      built-in acoustic cavity formed in the exterior wall of the flexible fluid
      chamber. The arrangement and positioning is such that the acoustic cavity
      can seal about the portion of the person's arm so that with a passage
      extending from the completely closed acoustic cavity suitable acoustic
      pulses can be readily detected by a microphone exterior of the cylindrical
      member.
PAR  The mechanical contracting means as well as the flow of fluid into and out
      of the chamber are all sequentially controlled by the main blood pressure
      taking apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of this invention will be had by referring to a
      preferred embodiment thereof as illustrated in the accompanying drawings
      in which:
PAR  FIG. 1 is a perspective view of the cuff mechanism in conjunction with
      other components for automatically taking a person's blood pressure;
PAR  FIG. 2 is an enlarged fragmentary cross section of the cuff mechanism taken
      in the direction of the arrows 2--2 of FIG. 1 wherein certain operating
      components are shown schematically;
PAR  FIG. 3 is another fragmentary cross section of the cuff mechanism taken in
      the direction of the arrows 3--3 of FIG. 2; and,
PAR  FIG. 4 is a front cross section looking in the direction of the arrows 4--4
      of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, the cuff mechanism for the blood pressure
      measuring system includes a cylindrical member 10 defining an opening 11
      for receiving a portion of a person's body in which blood circulation is
      to be temporarily cut off. In the particular embodiment illustrated, a
      person's arm is illustrated in dotted lines at 12 positioned within the
      opening preparatory to having a blood pressure measurement made.
PAR  It is desirable that the person's arm in the system described remain
      stationary during the measuring process and towards this end, there is
      provided a forearm rest 13 defining a cradle 14 slidably mounted on a base
      plate 15. The cylindrical member 10 may conveniently be mounted on the
      forward portion of the base plate 15 and by providing a slidable
      arrangement such as tracks 16 for the forearm rest, it may be
      longitudinally adjusted relative to the exit end of the opening 11 all as
      indicated by the double-headed arrow 17.
PAR  In addition to the cuff mechanism generally described thus far, there is
      provided a controller 18 and a display means 19. If desired, there may
      also be included a mercury manometer 20 positioned on the controller 18
      for convenient viewing by a patient during the blood pressure measuring
      operation. However, it will be understood that the actual systolic and
      diastolic blood pressures will be indicated on the display 19 when the
      measuring has been completed and no manometer is necessary.
PAR  As shown in FIG. 1, the display means 19 may include a start push-button S
      or coin-operated starter, and a reset push-button R. The arrangement is
      such that after a patient has positioned his arm within the opening, by
      depressing the start button S, the various steps involved in making a
      blood pressure measurement are carried out completely automatically. When
      the measurement has been completed, the arm is automatically released from
      the cuff mechanism and operation of the reset button will remove the
      display on the screen of the final blood pressure and place the sytem in
      condition preparatory to making a subsequent blood pressure measurement.
PAR  As mentioned heretofore, the present invention is concerned with the cuff
      mechanism itself for use with the blood pressure measuring apparatus and
      thus a detailed description of the operation of making an actual blood
      pressure measurement need not be set forth. Reference is had to the
      heretofore mentioned copending application with respect to the sequential
      operation of making such blood pressure measurements and displaying the
      same.
PAR  Referring now to FIG. 2, further details of the cuff mechanism will be
      evident. As shown, a mechanical contracting means is provided within the
      cylindrical member 10 in the form of a flexible band 21 having one end
      secured at its outer corners to the inner wall of the cylindrical opening
      as indicated at 22. The band extends circumferentially about the interior
      of the opening in a spiral-like manner. A cable 23 connects to the band
      and in the particular embodiment disclosed preferably wraps about the
      exterior central portion of the band, the inner end of the cable being
      anchored at the same anchor point 22 for the inner end of the band.
PAR  As shown in FIG. 2, the cable 23 passes from the flexible band 21
      tangentially out the cylindrical member 10. With this arrangement, it will
      be evident that if a pulling force is applied to the cable 23, it will
      circumferentially contract the band in the manner of a tightening spiral.
      This action is illustrated by the dotted line position 21' of the band
      after the cable 23 has been pulled wherein it will be noted that the outer
      end of the band has passed between the securing portions 22 to pass about
      the inside periphery of the cylindrical member 10 all as shown by the
      dotted lines.
PAR  It should be understood that the tightening of the flexible band as
      described results in an action similar to wrapping a bandage about a
      person's arm. In other words, there is no relative motion between the band
      and the person's arm in a circumferential direction but rather only a
      successive radial engagement of the arm as the band is effectively wrapped
      about the arm. The process is substantially the same, as mentioned, as
      takes place when a bandage is wrapped about a person's arm or a
      conventional blood measuring cuff is wrapped about a person's arm.
PAR  Cooperating with the flexible band 21 is a fluid chamber 24 lying along a
      portion of the interior surface of the band. Fluid for filling the chamber
      is passed into the chamber through an inlet tube or line 25 under control
      of an inlet valve 26 the other side of which connects to a fluid pump 27.
      Releasing of fluid pressure from the fluid chamber 24 takes place through
      an outlet line or passage 28 through an outlet valve 29.
PAR  An important feature of this invention resides in the provision of an
      acoustic cavity formed in the exterior wall of the fluid chamber 24 as
      indicated at 30. This cavity is positioned to engage preferably over an
      artery of the person's arm within the opening of the cylindrical member in
      a sealing relationship when fluid has been pumped into the chamber. The
      acoustic cavity 30 is in communication through passage 31 with an
      exteriorally located microphone 32.
PAR  Referring now to the lower portion of FIG. 2, the outer end of the cable 23
      passes through an extension housing 33 integrally formed with the
      cylindrical member 10 as shown. This cable wraps about a drum 34 carrying
      on its shaft a gear 35. A drive gear 36 is arranged to be placed in
      engagement with a gear 35 to drive the drum 34 when it is desired to
      contract the flexible band. As shown, gear 36 is connected to the output
      of a gear reduction train 37 in turn connected to a motor 38. Ratchet
      means in the form of a ratchet gear 39 connected directly to the motor
      shaft and a cooperating pawl 40 prevent counter-rotation of the motor and
      thus counter-rotation of the gear 35 and drum 34 when the driving gear 36
      is in meshing engagement with the gear 35.
PAR  As shown in FIG. 2, the driving gear 36, gear reduction train 37, motor 38,
      and ratchet wheel and pawl mechanism 39 and 40 are all supported on a
      flexible flexure type mounting 41. A solenoid 42 is arranged to urge these
      components to the left as viewed in FIG. 2 when energized thereby causing
      engagement of the drive gear 36 with the gear 35.
PAR  The controller 18 described in FIG. 1 is shown in block form in FIG. 2 and
      includes outlet control lines connecting to the solenoid 42, motor 38,
      inlet valve 26, pump 27 and outlet valve 29. This controller also includes
      the various electrical components utilized in effecting a blood pressure
      measurement and towards this end is arranged to receive on line 43
      electrical pulse signals from the microphone 32, generated in response to
      the acoustic pulses from the acoustic cavity 30.
PAR  In the cross section of FIG. 3, the manner in which the inner end of the
      flexible band 21 is anchored to the cylindrical member 10 as at 22 will be
      clear. Thus, this inner end of the band includes a widened portion so that
      it will not interfere with the outer or free end of the band indicated in
      dotted lines at 21' from sliding upwardly as viewed in FIG. 3 when the
      spiral configuration is contracted.
PAR  Also in FIG. 3, the passage 31 from the acoustic cavity 30 is shown as
      integrally built into the exterior wall of the fluid member 24.
PAR  Finally, the central positioning of the cable 23 will be clear from the
      FIG. 3 showing, the outer end of the cable passing through the housing 33
      to connect to the drum 34 as described in FIG. 2.
PAR  The foregoing will become clearer by referring to the front cross section
      of FIG. 4 wherein the cable 23 is shown wrapped partially around and
      secured to the drum 34. When the drive gear 36 is separated or
      out-of-engagement with the gear 35, the gear reduction train 37, motor 38,
      ratchet gear 39 and pawl 40 are all in the solid lined positions shown.
      When the solenoid 42 is energized, it will urge the flexible mounting 41
      to the left as viewed in FIG. 4 so that the drive gear 36 and other
      components carried by the mounting 41 assume the dotted line positions
      such as illustrated at 36' wherein engagement takes place with the gear 35
      to thereby drive the drum 34.
PAR  The motor 38 described in FIGS. 2 and 4 is designed to exert a given
      torque. Any resistance force to rotation of the motor above a given value
      will thus result in the motor simply stopping since it is incapable of
      exceeding the designed-in torque.
PAC  OPERATION
PAR  With the foregoing description in mind, the operation of the cuff mechanism
      of this invention will be evident. Thus, with reference to FIG. 1 a
      patient or other person who wishes to have his blood pressure measured
      will initially insert his left arm into the opening 11 so that his forearm
      will rest in the cradle 14. Thereafter, he can simply depress the start
      button S in FIG. 1.
PAR  Referring to FIG. 2, operation of the start button initiates various
      sequences involved in taking the blood pressure. Initially, the solenoid
      42 will be operated simultaneously with starting of the motor 38 so that
      immediately the gear 35 will be driven by the gear 36 in a direction to
      pull the cable 23 to the right as viewed in FIG. 2. The gear reduction 37
      slows down considerably the rotary motion of the drum 34 relative to the
      speed of the motor 38 but nevertheless the circumferential contraction of
      the flexible band takes place relatively quickly until the fluid chamber
      and band are snugly wrapped about the patient's arm. The resistance
      exerted by the patient's arm to further contraction will automatically
      stop the motor 38 since, as mentioned, it is designed to only exert a
      given torque. The given torque is such as to assure that the flexible band
      snugly engages a person's arm but in a comfortable manner.
PAR  It will also be noted that as a consequence of the ratchet wheel 39 and
      pawl 40, counter-rotation of the motor and thus the various gears and drum
      is prevented so that the contracted band will remain in its final snug
      position about the patient's arm.
PAR  After the mechanical contraction of the band has been completed as
      described, fluid will then be pumped into the fluid chamber 24 by opening
      the inlet valve 26 which is under control of the controller 18. As the
      fluid pressure increases in successive steps, detection of acoustic pulses
      by the microphone 32 controls the controller in such a manner as to close
      off further fluid to the fluid chamber after assurance is had that the
      blood circulation is completely cut off.
PAR  After circulation has been cut off, the fluid in the chamber is then
      released very gradually by the outlet control valve 29 also under control
      of the controller 18 until such time as proper pulses are detected by the
      microphone as a consequence of the resumption of blood flow.
PAR  The manometer 20 shown in FIG. 1 may be connected directly to the fluid
      chamber 24 if desired simply to provide the patient with a visual
      indication of what is happening during the operation of the system. The
      actual determination of the direct systolic and diastolic blood pressures,
      however takes place in the controller and when the blood circulation has
      started to flow as a consequence of decreased fluid pressure in the fluid
      chamber, the computed blood pressure values will be displayed on the
      screen 19 of FIG. 1. Thereafter, the solenoid 42 will be automatically
      de-energized thereby releasing the drive gear 36 from the gear 35 and
      immediately permitting the flexible band 21 in the cylindrical member 10
      to circumferentially expand under its inherent bias. The patient's arm is
      thus released. The displayed blood pressures will remain on the display
      screen 19 until the reset button R in FIG. 1 is depressed. This action
      removes the displayed values and prepares the equipment for making a
      subsequent measurement.
PAR  Because of the flexure mounting of the motor drive arrangement for the drum
      34 and the requirement that the solenoid 42 be energized in order to cause
      engagement of the drive gear, the system is fail-safe in that should there
      occur a power failure, the solenoid is de-energized and disengagement
      takes place immediately permitting the band to open up completely and
      release the patient's arm.
PAR  Further, the feature of designing the electric motor 38 to exert only a
      given torque assures that regardless of a person's arm size, the same snug
      engaging pressure will always be applied.
PAR  While a cylinder has been shown for receiving the person's arm, a clam
      shell or equivalent enclosing member could be used.
PAR  From the foregoing description, it will be evident that an automatic cuff
      mechanism for use with automatic blood pressure measuring equipment has
      been provided.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic cuff mechanism for use with a blood pressure measuring
      system, comprising, in combination:
PA1  a. an enclosing member defining an opening for receiving a portion of a
      person's body in which blood circulation is to be temporarily cut off;
PA1  b. mechanical contracting means including a flexible band having one end
      secured to an inner wall portion of said opening in said enclosing member,
      said band passing circumferentially about the interior of said opening;
      and pulling means secured to said band and passing tangentially therefrom
      out said enclosing member such that a pulling force on said pulling means
      circumferentially contracts said band in a manner of a tightening spiral
      to close about said portion;
PA1  c. means responsive to a given resistance force exerted by said portion
      resisting further contraction of said contracting means to terminate
      operation thereof so that said contracting means engages about said
      portion in a snug manner; and
PA1  d. a flexible fluid chamber lying along a portion of the interior surface
      of said band, in a position between said flexible band and said portion of
      a person's body such that further pressure can be exerted on said portion
      by filling said flexible fluid chamber with fluid.
NUM  2.
PAR  2. The subject matter of claim 1 in which said means responsive to a given
      resistance force includes a motor having a drum connected to said pulling
      means and capable of exerting up to a given maximum torque on said drum as
      determined by said resistance force, whereby when said resistance force is
      reached, said motor stops; and ratchet means for preventing
      counter-rotation of said motor.
NUM  3.
PAR  3. The subject matter of claim 2, additionally including holding means for
      holding said motor in engagement with said drum so that upon deactuation
      of said holding means said motor disengages said drum and said band is
      free to circumferentially expand from its own inherent bias to thereby
      release its engagement with said portion of said person's body.
NUM  4.
PAR  4. The subject matter of claim 1, in which an exterior wall portion of said
      flexible fluid chamber is shaped to define an acoustic cavity juxtaposed
      to said portion of a person's body so that said cavity is sealed against
      said portion when said chamber is inflated with fluid; and a passage means
      in the wall of the cavity extending from said acoustic cavity for
      connection to a microphone.
NUM  5.
PAR  5. The subject matter of claim 1, in which said enclosing member comprises
      a cylindrical member; and a base plate mounting said cylindrical member at
      its forward portion; and a forearm rest adjacent to the exit end of said
      opening and slidably coupled to said base plate so that it may be adjusted
      to properly support the forearm of a person in proper relationship to the
      automatic cuff and acoustic cavity when said portion of said person's body
      is his arm.
PATN
WKU  039359859
SRC  5
APN  5455367
APT  1
ART  323
APD  19750130
TTL  Support for welding head carriage
ISD  19760203
NCL  16
ECL  1
EXA  Watson; Robert C.
EXP  Smith; Al Lawrence
NDR  5
NFG  8
INVT
NAM  Prudhomme; Alain
CTY  Meudon
CNT  FR
INVT
NAM  Kotcharian; Michel
CTY  Paris
CNT  FR
ASSG
NAM  BSL Bignier Schmid Laurent
CTY  Ivry-sur-Seine
CNT  FR
COD  03
PRIR
CNT  FR
APD  19740131
APN  74.03203
CLAS
OCL  228 45
XCL  228 49
XCL  269  1
XCL  269 21
EDF  2
ICL  B23K 3702
FSC  269
FSS  1;21;315;319
FSC   29
FSS  200 J;200 P
FSC  113
FSS  1 M
FSC  228
FSS  4;45;47;49
UREF
PNO  2773299
ISD  19561200
NAM  Mack
OCL  269315
UREF
PNO  2779360
ISD  19570100
NAM  Snow
OCL  269315
UREF
PNO  2935314
ISD  19600500
NAM  Ford
OCL  269  1
UREF
PNO  3324535
ISD  19670600
NAM  Johnson
OCL   29200J
UREF
PNO  3389724
ISD  19680600
NAM  Paul
OCL  269  1
UREF
PNO  3592095
ISD  19710700
NAM  Passa
OCL  269 21
UREF
PNO  3848323
ISD  19741100
NAM  Perger
OCL  113  1M
UREF
PNO  3848324
ISD  19741100
NAM  Perger
OCL  113  1M
LREP
FRM  O'Brien and Marks
ABST
PAL  A support for the carriage of a welding head intended for the automatic
      welding of metal plates comprising plane areas framed by corrugations
      running in two perpendicular directions and intersecting to form abutment
      surfaces at the ends of the corrugations. This support comprises a base
      equipped with means for fixing the base to one of the said plane areas,
      means for centering the base with respect to the corrugations surrounding
      the plane areas by contact with a plurality of the said abutment surfaces,
      and adjustable stops for defining the distance from the base to the plane
      area by contact with a plurality of the said corrugations, the said base
      including means for mounting on the base a guide bar designed to receive
      the said carriage translationally.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the automatic welding of metal plates.
PAR  More precisely, such metal plates include plane areas framed by
      corrugations running in two perpendicular directions and intersecting to
      form abutment surfaces at the ends of the corrugations.
PAR  These plates, which are obtained by bending and shaping initially plane
      plates by means of suitable stamps so as to obtain first the corrugations
      in one direction and then the corrugations in the other direction, are
      commonly called "waffle plates." At the meeting point of the corrugations,
      distortions of the corrugations are naturally formed, with folds or bends
      which constitute abutment surfaces at the ends of the corrugations.
PAR  By abutment surface it is intended to signify that by following the
      corrugations bordering the plane areas one abuts against the said surfaces
      at each end of the corrugations.
PAR  The automatic welding of such plates appears very attractive, especially in
      the case of the assembly of a large number of plates, for example for the
      constructions of tanks or reservoirs, and in particular on ships for
      transporting liquefied gas and for the storage of liquefied gases on land.
PAR  2. Description of the Prior Art
PAR  Welding apparatus are known which comprise a support designed to support
      the carriage of a welding head, but the known supports are not usable for
      the welding of waffle plates.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, the support comprises a base provided with
      means for removably fixing the base to one of the said plane areas, means
      for centering the base with respect to the corrugations surrounding the
      plane areas by contact with a plurality of said abutment surfaces, and
      depth stops for defining the distance from the base to the plane area by
      contact with a plurality of said corrugations, said base including
      mounting means for mounting on the base a guide bar designed to receive
      said carriage translationally.
PAR  In the preferred embodiment, the base comprises fixing means of suction-cup
      type for attaching itself to any one of the plane areas, centering stops
      adapted to come into contact with at least two of the four abutment
      surfaces located at the ends of two parallel corrugations defining the
      plane area, and depth stops adapted to come into contact with the tops of
      these two corrugations.
PAR  Preferably the depth stops are independent of the centering means.
PAR  The centering stops may be fixed with respect to the base; the depth stops
      are fixed or movable with respect to said base and are unadjustable or
      adjustable by translation in their direction of abutment or by
      substitution.
PAR  In the preferred embodiment, a means for mounting the guide bar on the base
      enables the guide bar to be fixed parallel to the corrugations.
PAR  A base of this kind can be manufactured in simple manner in the form of a
      metal sheet having lugs in the form of corner channels united angularly
      with the plate.
PAR  The underside of the metal sheet bears a seal closed on itself which
      co-operates with the plate to form a suction cup from which the air can be
      exhausted through a tube extending through the sheet to terminate in the
      space circumscribed by the seal, this tube being connected to a suitable
      suction device.
PAR  The lugs with which the sheet is provided bear on the one hand four stops
      of which at least two will be in simultaneous use by contact with two of
      the said abutment surfaces, and they bear on the other hand four stops
      designed to operate simultaneously, transversely of the first stops, by
      contact with the tops of two of the corrugations.
PAR  For mounting on the base the guide bar designed to receive the said
      carriage translationally, it is provided that there be used preferably a
      frame fixed to the base, for example a frame fixed to the said lugs and
      the sides of which are respectively parallel to the corrugations.
PAR  The guide bar which is mounted on the base to define the path of
      translation of the carriage bearing the welding head is a guide bar known
      per se which comprises two eccentrics pivoting on the base and serving to
      position the guide bar exactly parallel to the desired welding line, that
      is to say normally the edge of the plate to be welded is overlapping the
      plate bearing the base.
PAR  According to the invention, the guide bar is equipped with indicators
      coplanar with the pivots of the eccentrics, beyond the welding line to be
      produced, for defining and rendering visible the distance which should
      exist between the guide bar and the welding line.
PAR  The invention likewise recommends that the welding head be mounted so that
      it is translatable along its axis and that its axis be traanslatable in a
      direction parallel to the plane of the plates to be welded and
      perpendicular to the plane containing the theoretical welding line and
      perpendicular to the plane of the plates, in order to permit fine
      adjustment of the operating position of the heat.
PAR  These various translation means may be means known per se and it is
      recommended that the translational movements be controlled by means of
      micrometer screws for taking up of play.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of an apparatus according to the present invention will be
      described hereinafter with reference to the Figures of the accompanying
      drawing, in which:
PAR  FIG. 1 is a diagrammatic view of an apparatus according to the present
      invention;
PAR  FIGS. 2 and 3 are two perspective views of an embodiment of the apparatus;
PAR  FIGS. 4 and 5 are sections, in the plane IV--IV and the plane V--V,
      respectively, of FIG. 1, of one of the centring means and one of the depth
      means of the support;
PAR  FIG. 6 is a longitudinal section, in the plane VI--VI of FIG. 1, of one of
      the eccentrics of the guide bar with the indicator which is coplanar
      therewith;
PAR  FIG. 7 is a cross-section, in the plane VII--VII of FIG. 1, of the
      eccentric of FIG. 6; and
PAR  FIG. 8 is diagrammatic view illustrating the possibilities of adjusting the
      position of the welding head.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus comprises a fixed support 1 (in solid lines in FIG. 1) on
      which is mounted a fixed guide bar 2 (in broken lines in FIG. 1), this
      guide bar carrying slidably a carriage 3 (in broken lines in FIG. 1), this
      carriage bearing a welding head 4 for producing a weld line 5.
PAR  The support 1 is a one-piece body consisting of a metal sheet 6 integrated
      with a frame 7 through the medium of a plurality of lugs 8 and 8' obtained
      by cutting out and deforming the metal sheet (FIG. 2). The planes of the
      metal sheet and the frame are parallel.
PAR  Each of the lugs 8 and 8' carries a fixed lateral stop member 9 or 9'
      parallel to one of the sides of the frame and a threaded adjustable stop
      member 10 or 10' perpendicular to the plane of the frame.
PAR  The underside of the sheet 6 is equipped with a pressure seal 11
      surrounding a space 12 from which the air can be exhausted through a hose
      13 connected to the sheet 6 and opening into the space 12, so that a
      suction cup is formed.
PAR  The support is designed to be fixed by means of the suction cup to any one
      of the plane areas of the plates 22.
PAR  Lines 14, 14' and 15, 15' (FIG. 1) show diagrammatically the centers of the
      pairs of parallel corrugations which define the area of a plate 22 to
      which the sheet 6 is fixed.
PAR  Before exhausting the air to obtain the suction-cup effect, care is taken
      to arrange the support so that one of the lateral stops 9 and one of the
      lateral stops 9' are simultaneously in a position of abutment against
      certain of an abutment surfaces 17 and 17' which are located at the ends
      of currugations 14 and 14'.
PAR  In order to ensure adjustment of the height of the support with respect to
      the plane of the plate 22, the four adjustable stops 10 and 10' are then
      operated, these stops, in this example, being screw studs which bear on
      the tops of the corrugations 14 and 14'.
PAR  FIGS. 4 and 5 show the details of the mounting of a lateral stop 9 and an
      adjustable stop 10 on a lug of the support. The stop 9 is fixed by a bolt
      16 and the adjustable stop 10, which extends through the stop 9, is a
      milled head screw bearing on the top of the corrugation 14. The axial
      position of the stop 10 is adjusted by screwing or unscrewing a nut 24
      fixed to the lug 8.
PAR  The guide bar 2 is fixed to the frame 7 by any suitable means whatsoever
      which permits fixing parallel to two sides of the frame.
PAR  In the example shown, the frame 7 of the base has eight holes or seats 18,
      in four rows, parallel to the corrugations. The guide bar 2 is disposed
      above two of these holes, and connected to said holes by the two pivots 19
      of two eccentrics 20. The eccentrics are provided so that two indicators
      21 may be moved into position for the welding project and out of position
      for transporting purposes.
PAR  The two adjustable indicators serve to define and render visible the
      distance which should exist between the guide bar 2 and the welding line 5
      by extending out to the welding line and becoming adjacent the two plates
      22 and 23 as shown in FIG. 6.
PAR  The carriage 3 bearing the welding head 4 and conventional accessories is
      mounted on the guide bar for translational movement.
PAR  If we consider (FIG. 8) the plane A which contains theoretical welding line
      5 and which is perpendicular to the two plates to be welded, the line H
      located in the plane a is perpendicular to the weld, and the plane B which
      contains the axis 25 of the welding head 4 is inclined, in manner known
      per se, by a chosen angle .alpha..sub.1 with respect to the line H.
      Moreover the axis 25, in manner known per se, is inclined in the plane B
      by an angle .alpha..sub.2 with respect to the intersection of the two
      planes A and B.
PAR  According to the present invention, the means for mounting the head on the
      carriage are such that the head is movable by translation along its axis
      15 and this axis is itself movable by translation in the plane B, in a
      direction perpendicular to the plane A. These two directions of
      translation have been marked by arrows 26 and 27 in FIG. 8. This is a
      matter of translational movements for the fine adjustment of the operating
      position of the welding head.
PAR  There are many known means enabling these translational movements to be
      achieved and they do not need to be described in detail.
PAR  It may be pointed out, however, that to control these translational
      movements it is advisable to use micrometer screws, such as, for example,
      the screws 28 and 29 (FIGS. 2 and 3), which are arranged along the axes 26
      and 27, respectively, for controlling the corresponding translations.
PAR  Various changes can be made in the embodiment which has been disclosed
      above. Thus the fixing means can comprise magnetic means, the adjustable
      stops can be substituted with interchangeable stops of various sizes or
      the stops can be unadjustable with respect to the supports.
CLMS
STM  We claim:
NUM  1.
PAR  1. A support for the carriage of a welding head for the automatic welding
      of metal plates comprising
PA1  corrugated elements disposed in two peripendicular directions so as to
      intersect each other,
PA1  abutment surfaces at the ends of said corrugated elements at their
      intersections,
PA1  planar members surrounded by said corrugated elements and disposed between
      the intersections thereof,
PA1  a base adapted to be removably fixed to one of the planar members,
PA1  means for centering the base with respect to the corrugations surrounding
      the planar members by contact with a plurality of said abutment surfaces,
PA1  means defining the distance from the base to the planar member by contact
      with a plurality of said corrugations,
PA1  means for mounting a guide bar on said base parallel to at least one of
      said corrugations whereby the guide bar may receive the carriage in a
      translational manner, and
PA1  suction means for removably fixing the base to one of the planar members.
NUM  2.
PAR  2. A support according to claim 1 wherein the means defining the distance
      between the base and the plate area are independent of the centering
      means.
NUM  3.
PAR  3. A support according to claim 1 wherein the means defining the distance
      between the base and the plate area are contiguous with the tops of the
      two parallel corrugations.
NUM  4.
PAR  4. A support according to claim 3 wherein the means defining the distance
      between the base and the plate area are movable with respect to said base.
NUM  5.
PAR  5. A support according to claim 4 wherein the means defining the distance
      between the base and the plate area are adjustable by translation in the
      direction of the abutment.
NUM  6.
PAR  6. A support according to claim 4 wherein the means defining the distance
      between the base and the plate area are replacable by unadjustable means
      of different sizes.
NUM  7.
PAR  7. A support according to claim 3 wherein the means defining the distance
      between the base and the plate are fixed with respect to said base.
NUM  8.
PAR  8. A support according to claim 1 wherein the base comprises suction cup
      means for attaching itself solely to any one of the plane areas, centering
      stops adapted to come into contact with two of the four abutment surfaces
      located at the ends of two parallel corrugations defining the plane area,
      and means to define the distance between the base and the plate adapted to
      come into contact with the tops of these two corrugations.
NUM  9.
PAR  9. A support according to claim 1 wherein the base is a metal sheet having
      lugs in the form of corner channels united angularly with the sheet.
NUM  10.
PAR  10. A support according to claim 9 wherein the underside of the sheet bears
      a pressure seal closed on itself which cooperates with the plate to form a
      suction cup from which air can be exhausted through a tube extending
      through the sheet to terminate in the space circumscribed by the seal,
      said tube being connected to suction device.
NUM  11.
PAR  11. A support according to claim 9 wherein the lugs with which the plate is
      provided bear four fixed centering stops of which two will be in
      simultaneous use.
NUM  12.
PAR  12. A support according to claim 9 wherein the lugs with which the plate is
      provided bear means to define the distance between the base and the plate,
      of which four will operate simultaneously.
NUM  13.
PAR  13. A support according to claim 12 wherein the means for mounting the
      guide bar on the base are a frame fixed on said base.
NUM  14.
PAR  14. A support according to claim 13 wherein said frame for mounting the
      guide bar is fixed to said lugs.
NUM  15.
PAR  15. A support according to claim 1 wherein the guide bar comprises two
      eccentrics pivoting on the base and serving to position the guide bar
      parallel to the desired welding line and wherein the guide bar is provided
      with indicators coplanar with the pivots of the eccentrics, beyond the
      welding line to be produced, for defining the and rendering visible the
      distance which should exit between the guide bar and the welding line.
NUM  16.
PAR  16. A support according to claim 1 wherein the welding head is translatable
      along its axis and wherein the axis of the head is translatable in a
      direction parallel to the plane of the plates and perpendicular to the
      plane containing the theoretical welding line and which is perpendicular
      to the said plane of the metal sheet.
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ABST
PAL  A solid state bonding process of malleable metals employing the isothermal
      solidification of a liquid interface to overcome bonding problems inherent
      in certain material combinations especially when subjected to high
      annealing temperatures. The technique employs the use of a solid metal
      interliner clad between the two components to be bonded which has a lower
      melting point than the adjacent components, is diffusible into either one
      or both of the adjacent components and maintains ductility after alloying
      with the adjacent components. The composite material is then heat treated
      above the melting point of the interliner causing momentary liquifying of
      the interliner, diffusing the liquid metal into either one or both of the
      adjacent components thereby forming a progressively higher melting point
      alloy and subsequent isothermal solidification of the high melting alloy
      to securely bond the two components together.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a solid state bonding process of malleable metals
      and more particularly to a solid state bonding process of malleable metals
      employing the isothermal solidification of a liquid interface to provide a
      reliable bond with certain material combinations where unattainable in the
      past. The term metals as used herein includes alloys.
PAR  Some metal material combinations do not normally form a suitably stable
      solid state bond utilizing standard cold bonding techniques, especially
      when subsequent high temperature heat treating is required. The cladding
      of silver to copper or of some silver alloys to some copper alloys are
      examples of such combinations. The bond developed between these sets of
      materials may be successful but any attempt to heat them above
      800.degree.F after bonding most always results in severe bond blistering
      and delamination.
PAR  In many applications a desirable material combination is one which
      necessitates a post bonding anneal over 800.degree.F in order to possess
      certain properties. For example, a three layer composite of a silver or
      silver alloy bonded to a copper or copper alloy bonded to a high work
      hardening, high melting point backing material is especially useful as an
      electrical contact material. However, in order to achieve the necessary
      formability characteristics in the high work hardening layer of this
      aforementioned composite, a high temperature heat treatment is required.
      This heat treatment requirement prevents the use of the standard solid
      state cold bonding technique and thereby necessitates the use of a more
      costly alternate bonding method.
PAR  It is an object of the present invention to provide a method of solid state
      bonding of malleable metals which employs the isothermal solidification of
      a liquid interface. Another object of this invention is to provide a
      method of cold solid state bonding which creates a composite material of a
      silver or silver alloy, a copper or copper alloy, and a work hardening
      backing material which can be heat treated without deleterious effects to
      the bond integrity. Other objects and features will be in part apparent
      and in part pointed out hereinafter.
PAR  Briefly, the present invention comprises a solid state bonding process of
      malleable metals employing the isothermal solidification of a liquid
      interface to overcome bonding problems inherent in certain material
      combinations when subjected to post-bonding high annealing temperatures.
      The process employs the use of a solid metal interliner clad between the
      two components to be bonded which has a lower melting point than the
      adjacent components, is diffusible into either one or both of the adjacent
      components, and maintains ductility after alloying with the adjacent
      components. The composite is then further processed and heat treated at
      such a temperature to be above the melting temperature of the interliner.
      During this heat treating anneal, the interliner momentarily liquifies and
      then isothermally solidifies due to the diffusion of the liquid into
      either one or both of the adjacent components thereby forming a
      progressively higher melting point alloy. This new alloy at the bond
      interface supplies a strong intermediate layer between the two components
      which is strong and ductile.
DRWD
PAR  In the accompanying drawings, in which one of various possible embodiments
      of the invention is illustrated:
PAR  FIG. 1 is a cross-section view showing a two layer composite with an
      interliner which are bonded together to form strip material according to
      the invention before a subsequent anneal;
PAR  FIG. 2 is a cross-section view of a preferred three layer composite with
      the interliner in accordance with this invention before a subsequent
      anneal; and
PAR  FIG. 3 is a cross-section view of the preferred three layer composite of
      FIG. 2 after the subsequent anneal.
DETD
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings. The drawings are illustrative and not
      to scale.
PAR  Referring to the drawings, FIG. 1 depicts a typical two layer composite
      material 10 made in accordance with this invention. Composite material 10
      mas a first layer 12, a second layer 14 and an interliner 16 sandwiched
      between the first and second layers. First layer 12 and second layer 14
      come from a group of metallic materials that do not readily form a stable
      solid state bond together such as silver and copper, especially when
      subjected to a post bonding high temperature anneal.
PAR  Interliner 16 is a very thin metal layer bonded between layer 12 and layer
      14 which has three distinct properties. First, the melting point of the
      interliner is lower than the melting point of either of the two layers
      adjacent to it. In fact the melting point should be below that of the post
      bonding annealing temperature. Second, the interliner is diffusible into
      either one or both of the adjacent components. Third, the new alloy or
      alloys formed after diffusion with the adjacent component or components is
      ductile.
PAR  The three layers 12, 14, and 16 are cold solid state bonded together by
      conventional means yielding a composite material as shown in FIG. 1. It
      may be noted that all three layers are distinctly separate at this stage
      of the process. After further processing the material receives a
      post-bonding anneal in order to achieve a desired property such as
      hardness, grain size, formability, etc. Whatever the reason for the
      anneal, the temperature of the anneal is chosen to achieve the desired
      characteristic and also to be compatible with the interliner choice so as
      to be above the melting point of the interliner to produce an acceptable
      bond by the isothermal solidifying of the liquid interliner.
PAR  During the post bonding annealing process, interliner 16 reaches its
      melting point and consequently liquifies. The diffusion of this liquid at
      the interface into either one or both of its adjacent components forms a
      progressively higher melting point alloy which in turn causes the liquid
      interface to quickly isothermally solidify. The alloy or alloys caused by
      the diffusion serves as a ductile boundary area which holds the two
      components together. This diffusion process also produces an interface
      between the two components which possesses virtually the same properties
      as the adjacent components which is very important in certain
      applications. For example, the two components might be chosen for their
      electrical and thermal properties together as a composite and it would be
      harmful if the interliner significantly altered these properties of the
      composite.
PAR  There are numerous combinations where this solid state bonding technique
      overcomes bond reliability problems; however, it is appropriate at this
      point, for purposes of immediate illustration, to specify one frequently
      used material combination especially for electrical contact parts. A
      composite 20 as shown in FIGS. 2 and 3 comprises a silver layer 22, an
      interliner 24, a copper layer 26, a backing material 28. The relative
      thickness of the various components vary from application to application
      but typically copper layer 26 is the thickest and interliner 22 is by far
      the thinnest averaging less than .001 of an inch prior to the post bonding
      anneal. All four components are cleaned and then cold solid state bonded
      in a conventional manner yielding a composite as shown in FIG. 2.
PAR  The exact choice of backing material 26 is governed by such factors as
      cost, weldability, strength, thermal and electrical conductivity, and
      thermal expansion. Typical choices are LC steel, nickel, monel, and
      ferritic stainless steel.
PAR  The choice of interliner 24 also varies depending on the post bonding
      annealing temperature. A particularly useful interliner is an alloy with
      52 percent silver by weight, 16 percent copper by weight, 15.5 percent
      zinc by weight, and 16.5 percent cadmium by weight. The alloy has a
      melting point of 1160.degree.F and is therefore useful where the post
      bonding annealing temperature is from 1200.degree. to 1350.degree.F, which
      is a satisfactory annealing range for the backing material choices
      mentioned above.
PAR  After the solid state bonding operation and subsequent processing,
      composite 20 is annealed at 1200.degree. to 1350.degree.F wherein
      interliner 24 momentarily liquifies and isothermally solidifies by
      diffusing into both silver layer 22 and copper layer 26 creating higher
      melting temperature alloys with both. As shown by FIG. 3 interliner 24 is
      no longer a distinct layer between the silver and copper due to its
      diffusion into them. Interliner 24 is alloyed with the copper and silver
      producing ductile alloys at the bond interface of the silver layer and
      copper layer which will hold them together.
PAR  The annealing temperature of 1200.degree. to 1350.degree. will also be
      above the recrystallization temperature of the backing materials which
      will allow the desired formability for parts manufacture.
PAR  The above illustration describes only one small group of composites wherein
      the bonding technique of this invention overcomes prior solid state
      bonding problems. The process works equally well for overcoming bonding
      problems in joining high silver bearing alloys to high copper bearing
      alloys and silver to palladium. The choice of interliner is also only
      illustrative with many possible alternates possible so long as the
      interliner meets the three requirements. Below in Table I is a partial
      list of possible interliners for use with silver and copper alloys. It is
      good to note that the interliner most often is primarily made up of the
      two adjacent materials to the interliner to be bonded.
TBL                                    Table I                                 
     __________________________________________________________________________
                                         Melting                               
               Cu Wt %                                                         
                     Silver Wt %                                               
                             Zn Wt %                                           
                                   CO Wt %                                     
                                         Point .degree.F                       
     __________________________________________________________________________
     Interliner No. 1                                                          
               16    52      15.5  16.5  1160                                  
     Interliner No. 2                                                          
               28    72      0     0     1436                                  
     Interliner No. 3                                                          
               50    15.5    16.5  18    1175                                  
     Interliner No. 4                                                          
               30    70      0     0     1454                                  
     Interliner No. 5                                                          
               32    52      13    3     1330                                  
     __________________________________________________________________________
PAR  Factual matters herein stated, both with regard to the steps employed and
      the results obtained, are definite and realizable, regardless of theory.
      The theoretical explanations of the various results appear to be most
      reasonable, but we do not intend to be bound thereby because other
      theoretical explanations may be conceived.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  Since many changes could be made in the above process without departing
      from the scope of the invention, it is intended that all matter contained
      in the above description or shown in the accompanying drawings shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved system for bonding selected metals comprising:
PA1  arranging an interliner metal layer between a first and a second layer,
      said interliner layer having a lower initial melting temperature than
      either the first or second layers and being heat diffusible with at least
      one of said layers to form a ductile alloy having a relatively higher
      melting temperature.
PA1  solid state pressure bonding said interliner and said layers to form a
      composite material, and
PA1  post bond heating of said metal layers at a temperature above said initial
      melting temperature of said interliner layer and below said relatively
      higher melting temperature of said alloy for sufficient time to melt said
      interliner and initiate diffusion of said intermediate layer meterial with
      at least said one of the two layers to form a layer of said new alloy of
      higher melting point and to solidify said new alloy layer for securely
      bonding said first and second layers of metal together.
NUM  2.
PAR  2. An improved system for bonding as set forth in claim 1 wherein said
      first layer is silver or a high silver alloy and said second layer is
      copper or a high copper alloy.
NUM  3.
PAR  3. An improved system for bonding as set forth in claim 2 wherein the
      composition by weight of said interliner is 52 percent silver, 16 percent
      copper, 15.5 percent zinc, and 16.5 percent cadmium.
NUM  4.
PAR  4. An improved system for bonding as set forth in claim 2 wherein the
      composition by weight of said interliner is 72 percent silver and 28
      percent copper.
NUM  5.
PAR  5. An improved system for bonding a first layer of silver or silver alloy
      component to a second layer of copper or copper component to a third layer
      of a high work hardening component comprising:
PA1  arranging an interliner metal layer between the first and the second layer,
      said interliner layer having a lower initial melting temperature than any
      of the layers and being heat diffusible with at least one of said adjacent
      layers to form a ductile alloy having a relatively higher melting
      temperature,
PA1  solid state pressure bonding said interliner and said layers to form a
      composite material, and
PA1  post bond heating of said metal layers at a temperature above the
      recrystallization temperature of said high work hardening layer and
      initial melting temperature of said interliner layer and below said
      relatively higher melting temperature of said alloy for sufficient time to
      recrystallize said work hardening layer and to melt said interliner and
      initiate diffusion of said interliner layer material with at least one of
      the two adjacent layers to form a layer of said new alloy of higher
      melting point and to solidify said new alloy layer for securely bonding
      said layers of metal together.
NUM  6.
PAR  6. An improved system for bonding as set forth in claim 5 wherein the third
      layer of a high work hardening component is selected from a group
      cnsisting of low carbon steel, nickel, monel, and ferritic stainless
      steel.
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ABST
PAL  A method for facilitating the weldment of plates and stiffners which form a
      section of predetermined size with the least amount of handling. The
      method utilizes a fixture including a frame suitable to support the
      plates, holding devices to secure the plates to the frame, lifting
      mechanisms to lift the frame and plates for rotational purposes and a
      drive assembly to rotate the frame in an arc of 180.degree. to facilitate
      the weldment of the plates together to form a plate section. The fixture
      is designed for use as part of an in-line conveyor system.
PARN
PAR  This is a division of application Ser. No. 324,445, filed Jan. 17,1973, now
      U.S. Pat. No. 3,827,682.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional practice for weldment of plates of steel, other metal, plastic
      or other similar material for the purpose of forming sections to the
      required sizes, generally dictates the use of a trunnion, assisted by a
      crane, to rotate the section for the purpose of completing the weldment of
      the seams on the back sides of the plates which constitute the plate
      section. As an example steel will be used as the material to be welded in
      describing the depicted embodiment.
PAR  Rotation of the plates in this manner is cumbersome and time-consuming
      while requiring the costly use of crane service and manpower. A prime
      disadvantage is that of having prohibitive downtime of the automated
      welding equipment on stand-by time awaiting the plate section to be
      rotated thereby creating production delays. It would be extremely
      advantageous in the art to provide a device which eliminates the initial
      cost of overhead crane runways and cranes and which can be located
      anywhere in a welding fabrication line without extensive material and
      installation costs. It could be extremely advantageous to be able to weld
      plates and accessories in the form of sections of virtually any size
      within a designed framework with an effective increase in the volume of
      production.
PAC  SUMMARY OF THE INVENTION
PAR  With the above background in mind, it is among the primary objectives of
      the present invention to provide an apparatus and method for weldment of
      plates which meets the above suggested criteria and eliminates overhead
      crane runways and cranes and minimizes material and installation costs.
PAR  The present method and means improves the technique of the handling of
      steel plates which constitute a predetermined section of a ship,
      waterworks, bridge structure, building, or similar structures on a
      turnover frame which is capable of receiving the plates on a flat or
      curved horizontal position for weldment into a predetermined section. The
      system contemplates lifting of frame and steel section after weldment is
      complete, in a vertical direction by hydraulic lifts or other similar
      means for rotation purposes. The rotation is accomplished through an arc
      of 180.degree. with the section of plates being held to the frame by
      holding devices on the frame. This action permits and facilitates the
      weldment of seams on the opposite side of the section of plates.
      Thereafter, the frame and section of plates can be returned by rotation to
      the original horizontal position for removal of the section of plates from
      the apparatus to a roller assembly line for additional work.
PAR  More specifically, the procedural method commences with the arrangement of
      various steel plates which constitute a predetermined section on a
      conveyor assembly where the seams are aligned and tack welded together.
      With the completion of the tack welding, the steel section is moved along
      the conveyor assembly by rollers onto the rotation frame of the apparatus.
PAR  The steel section is then positioned and aligned and properly secured by
      holding devices to the rotation frame for the purpose of complete weldment
      of all seams on the exposed face of the steel section. The welding gantry,
      with automated welding equipment, moves into position and completes the
      weldment of the seams. Upon completion of the weldment of the seams, the
      frame and section is lifted vertically by a lifting mechanism to provide
      the necessary clearance for rotation of the frame and section. A drive
      gear assembly which rotates the frame is engaged and the frame and section
      are rotated through an arc of 180.degree. and then are lowered to the
      original position on the roller table assembly of the apparatus. Holding
      devices which secure the plate section to the rotation frame are released
      and the rotation frame is lifted to a predetermined height to provide
      clearance for the welding gantry to move into position and complete the
      weldment of seams on the newly exposed face of the steel section. With the
      weldment of seams completed, the rotation frame is lowered and the holding
      devices are again activated to secure the steel section to the frame.
      Frame and steel section are then lifted vertically and rotated through an
      arc of 180.degree.  and thereafter are returned to the original position.
      The holding devices are released and the steel section is moved from the
      rotation frame to the connecting roller conveyor assembly line for
      additional work.
PAR  In general, the apparatus needed to carry out the above described method
      for rotating steel plate sections composed of various plates welded
      together for the purpose of providing a more efficient method to increase
      productivity includes the following interconnected elements. A rotating
      frame is connected to a lift system for lifting the frame in a vertical
      direction to provide for the necessary clearance for rotation of the
      frame. Means are provided to secure the steel section to the frame by
      holding devices. Means are also provided for utilizing a drive assembly to
      rotate the frame in an arc 180.degree. and, furthermore, means are
      provided to control the braking of the frame during rotation.
PAR  The present apparatus is designed to minimize the steps required in the
      method for the fabrication of steel sections comprised of various plates
      which require the weldment of the seams, channels, beams or other metallic
      objects on both faces of the section as compared to conventional methods.
PAR  In conclusion, an apparatus and method are provided for facilitating the
      weldment of adjoining plates to form a plate section. The apparatus
      includes a supporting frame to hold the plates and means on the supporting
      frame to secure the plates thereto during weldment operations. Shifting
      means are provided to shift the frame holding the plates between an
      operative and an inoperative position. Finally, rotation means are
      provided to rotate the frame and plates between a first welding position
      and a second welding position when the frame is in the operative position
      to thereby facilitate access to the plates for substantially complete
      welding operations.
PAR  The general method steps include placing the plates on a supporting frame
      structure in an inoperative position and securing the plates on the
      supporting frame structure. Thereafter, the plates are partially welded
      together and the frame is then shifted to an operative position where the
      frame is rotated to a second welding position. Thereafter, the welding of
      the plates is completed and the frame is shifted to the inoperative
      position from which the plates are removed from the frame.
PAR  With the above discussed objectives, among others, in mind, reference is
      had to the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram of an in-line weldment production conveyor line
      with the apparatus of the invention located therein;
PAR  FIG. 2 is a top plan view of the apparatus of the invention;
PAR  FIG. 3 is a sectional elevation view thereof taken along the plane of line
      3--3 of FIG. 2;
PAR  FIG. 4 is a sectional end view thereof taken along the plane of line 4--4
      of FIG. 2 with arrows showing the direction of rotation of the frame
      portion thereof;
PAR  FIG. 5 is an enlarged fragmentary top plan view of the rotating mechanism
      portion of the apparatus of the invention; and
PAR  FIG. 6 is a sectional view thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As an operative example of the apparatus and method of the present
      invention, the depicted embodiment is shown in operation for welding
      plates such as steel plates together in shipbuilding operations. For
      instance, FIG. 1 shows an environmental view of apparatus 20 installed in
      a conveyor line 21 of that type. In operation, the plates would come from
      a blast cabinet 22 into a spray booth 23 and then into a oven 24.
PAR  Upon exit from the oven, the plates are placed in the welding line on the
      portion of the conveyor 25 where the plates are aligned and tack welded.
      The plates then progress to weldment apparatus 20 where the welding of
      both sides of the plates is accomplished. The plates are then removed from
      apparatus 20 onto a continuation portion 26 of the conveyor system where
      reeve preparation is accomplished along with weld inspection. Thereafter
      the welded section is conveyed to the reeving portion 27 of the conveyor
      and on down the line in a conventional fashion to a second directional
      welding portion 28. From then on, the welded section can be handled in any
      conventional manner (not shown).
PAR  Apparatus 20 is shown in detail in FIGS. 2 and 3 of the drawings. A frame
      29 is provided with a built-in central girder 30 which is designed to
      incorporate a steel shaft 31 at both ends of the girder. Shaft 31 is
      installed into a pillar box housing 32 located on platform 33. Hydraulic
      arm 34 located within a hydraulic lifting device 35 supports platform 33.
PAR  The force utilized for rotation of frame 29 is obtained from electric motor
      36 coupled to a small gear box 37. Coupled to gear box 37 is a larger gear
      box assembly 38 which drives pinion gear 39 thereby delivering the
      necessary torque to gear 40. Shaft 31 has gear 40 mounted thereon so that
      rotation of gear 40 rotates shaft 31 and, consequently, interconnected
      frame 29. Brake 41 provides for control of the rotation of the frame to
      its interconnection with motor 36. A plurality of electric magnets 42 are
      affixed to the cross members 43 of frame 29 in any desired arrangement and
      are exposed to the upper surface of the frame for engagement with plates
      to be welded. A separate control panel 44 interconnected with the frame
      assembly provides means for operating the electric magnets 42 and for
      rotating the frame. Additionally, controls for the hydraulic lift
      mechanism can also be incorporated in the central control panel 44 and
      connected in a conventional fashion to the hydraulic system 35 including
      the arm 34. It can be noted from the drawings that a separate drive
      assembly 45 for rotational purposes can be located on each side of frame
      29 with identical elements in each assembly. Similarly, a separate
      hydraulic lift assembly 35 can be located on each side of frame 29 to
      support and lift the frame and drive assembly in the same manner as the
      hydraulic assembly 35 on the opposite side of the frame.
PAR  To facilitate placement and removal of the cumbersome, heavy steel panels
      with respect to frame 29, a plurality of rollers 46 are mounted on the bed
      47 for the frame and extend upwardly therefrom so that when the frame is
      in the lower position, rollers 46 will extend upward through the openings
      between the cross bars of the frame. In this manner, rollers 46 form a
      bearing surface for sliding the plates on and off the frame 29 from an
      adjacent conveyor system. It should be kept in mind that the frame 29 is a
      grid-like structure with the cross members 43 having the electric magnets
      42 mounted at certain of the formed interstices. In general, frame 29 is
      open at the top and the bottom with the exception of the cross members 43
      and electric magnets 42.
PAR  FIG. 3 shows apparatus 20 in the raised position with the steel plates 48
      mounted thereon. In actual operation, as shown in general in FIG. 1, the
      steel plates are passed through the conveyor system 21 until they engage
      with rollers 46 and are positioned on frame 29. Control panel 44 is then
      activated to operate the electric magnets 42 in a conventional manner and
      secure the steel plates under the force of magnetism to frame 29. The
      control panel then is activated to conventionally cause hydraulic assembly
      35 to lift frame 29 along with the secure plates to the uppermost position
      as shown in FIG. 3. The force is applied on both sides of the frame
      through hydraulic arms 34 in engagement with platforms 33.
PAR  It should be kept in mind that while the frame is in the lower position and
      has the plates secured to the surface thereof, welding of the seams of one
      side of the plates 48 is accomplished. The object is to complete welding
      of the opposite side of the plates. Therefore, when apparatus 20 has frame
      29 with the partially welded plates 48 thereon in the upper position,
      control panel 44 is activated to operate motor 36. The shaft of motor 36
      is connected to gear boxes 37 and 38 and to pinion gear 39 so that pinion
      gear 39 is rotated as the motor shaft is rotated. Pinion gear 39 is
      engaged with rotational gear 40 on shaft 31 so that as pinion gear 39 is
      rotated gear 40, shaft 31 and the interconnected frame assembly 29 with
      the plates secured thereon by magnetism are also rotated. As shown in FIG.
      4, the rotation is accomplished through 180.degree. so that the
      undersurface of the partially welded plates 48 are then exposed for
      welding. Welding can take place at that time to complete the weldment of
      plates 48 into a plate section. Thereafter, control panel 44 can be
      operated to lower the hydraulic apparatus 35 and bring the frame downward
      to base 47. The electric magnets 42 are released and welded plates 48 are
      then removed from frame 29 with the assistance of rollers 46 for any
      desired purpose such as further treatment as shown in FIG. 1. Details of
      the rotational drive assembly 45 are shown in FIGS. 5 and 6.
PAR  An alternative operational method for the welding procedure which can be
      used similarly with the apparatus described in detail above includes
      bringing the plates to be welded on conveyor system 21 to station 25 where
      the seams are aligned and tack welded together. Upon completion of the
      tack welding, the plates are moved along the conveyor assembly with the
      assistance of rollers 46 onto frame 29.
PAR  The plates are then positioned and aligned and properly secured by means of
      magnets 42 to frame 29 for the purpose of complete weldment of all seams
      on the exposed face of the plates. A welding gantry (not shown), with
      automated welding equipment, moves into position and completes the
      weldment of the seams on one face of the plates. Thereupon, the frame and
      partially welded plates are lifted vertically by hydraulic lift assembly
      35 to provide the necessary clearance to rotate the frame and plates.
PAR  Drive gear assembly 45 which rotates the frame 29 is engaged and frame 29
      and partially welded plates 48 are rotated through an arc of 180.degree.
      and then are lowered to the original position on roller table or base 47
      of apparatus 20. The holding devices or magnets 42 which secure the plates
      48 to frame 29 are released and frame 29 is lifted to a predetermined
      height to provide clearance for the welding gantry to move into position
      and complete the weldment of the seams on the newly exposed face of the
      plates. With the weldment of seams completed, the rotation frame 29 is
      lowered and magnets 42 are activated which secure the welded plate section
      46 to the frame 29. Frame and welded section 48 are then lifted vertically
      and rotated through an arc of 180.degree. and returned to the initial
      position. The frame is then once again lowered by hydraulic means 35 and
      magnets 42 are released so that the welded section 48 can be moved from
      the rotation frame with the assistance of rollers 47 to the next receiving
      station 26 of conveyor system 21 for additional work.
PAR  It is contemplated that the present apparatus can incorporate other types
      of holding devices in place of magnets 42 such as clamps. Similarly, other
      conventional lifting means can be utilized in place of the hydraulic
      lifting device depicted and described above. It is also contemplated
      although not shown that both rotational apparatus 45 can be located on one
      side of frame 29 rather than on opposite sides of the frame and also a
      single rotational assembly 45 has been found to operate satisfactorily.
      Finally, motor 36 may either be an electric motor or a hydraulic motor to
      supply the power for rotation of frame 29. The present apparatus and
      method have been found effective for handling extremely large sized steel
      utilized in shipbuilding. For example, plates having dimensions of 38 by
      55 feet and weighing approximately 80 tons can be effectively welded.
PAR  Thus, the above discussed objectives of the present invention, among
      others, are effectively attained.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of facilitating the weldment of adjoining plates comprising:
PA1  locating a supporting frame structure intermediate an in line production
      conveying system for weldment and handling of plates in shipbuilding
      procedures;
PA1  providing conveying means positioned with respect to the supporting frame
      and extending upwardly therefrom so as to engage with the plates and in
      coordination and alignment with the in-line conveying system and to
      facilitate positioning and removal of the plates with respect to the frame
      during material handling activities;
PA1  conveying the plates onto the supporting frame structure in an inoperative
      position;
PA1  securing the plates on the supporting frame structure;
PA1  partially welding the plates together;
PA1  shifting the frame and secured plates to an operative position free of the
      conveying means;
PA1  rotating the frame and secured plates to a second welding position by
      controlled rotation of the frame and secured plates between a
      substantially horizontal normal first welding position and a second
      welding position sufficiently removed from the first welding position to
      facilitate access to both sides of the adjoining plates;
PA1  completing the welding of the plates;
PA1  shifting the frame and secured plates to the inoperative position and
      bringing the secured plates into engagement with the conveying means; and
PA1  conveying the plates in the second welding position from the frame by means
      of the conveying means in alignment and in coordination with the in-line
      conveying system.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein prior to placing the
      plates on the supporting frame structure the plates are positioned on a
      conveyor assembly where their seams are aligned and tack welded together,
      thereafter the section of plates is moved along the conveyor assembly onto
      the frame structure.
NUM  3.
PAR  3. The invention in accordance with claim 2 wherein the plates are steel
      and rollers are positioned in alignment with the frame to facilitate
      transfer of the tack welded section from the conveyor assembly to the
      frame structure.
NUM  4.
PAR  4. The invention in accordance with claim 1 wherein upon completion of
      partial welding of the plates, the frame and secured plates are shifted
      vertically by a lifting mechanism to provide necessary clearance for
      rotation of the frame and plates secured thereto.
NUM  5.
PAR  5. The invention in accordance with claim 1 wherein subsequent to shifting
      of the frame, the frame and plates thereon is rotated through an arc of
      180.degree. and is then shifted to its original position.
NUM  6.
PAR  6. A method of facilitating the weldment of adjoining plates comprising:
PA1  placing the plates on a supporting frame structure in an inoperative
      position;
PA1  securing the plates on the supporting frame structure;
PA1  partially welding the plates together;
PA1  shifting the frame and secured plates to an operative position;
PA1  rotating the frame and secured plates to a second welding position;
PA1  completing the welding of the plates;
PA1  shifting the frame and secured plates to the inoperative position;
PA1  removing the plates in the second welding position from the frame;
PA1  subsequent to shifting of the frame, the frame and plates thereon is
      rotated through an arc of 180.degree. and is then shifted to its original
      position; and
PA1  subsequent to shifting of the frame and plates to the original position,
      the plates are released from the secured engagement with the frame and
      thereafter the frame is shifted to a predetermined position to provide
      clearance for welding machinery to be moved into position and to complete
      weldment of the plates together.
NUM  7.
PAR  7. The invention in accordance with claim 6 wherein upon completion of the
      weldment of the plates, the frame is lowered and the plates once again
      secured to the frame whereupon the frame and secured plates are shifted,
      rotated through an arc of 180.degree. and returned to the original
      position.
NUM  8.
PAR  8. The invention in accordance with claim 6 wherein upon return to the
      original position, the welded plates are released from secured engagement
      with the frame and the welded plates are moved from the frame to a
      connected roller conveyor assembly line for additional work.
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PAL  A process for making a solderable composite body containing silver cadmium
      oxide comprising forming an assembly having an intermediate layer of a
      silver copper alloy located between a layer of a silver cadmium alloy and
      a layer of silver of silver alloy, welding the layers together, and
      subsequently oxidizing the cadmium.
BSUM
PAR  This invention relates to an improvement in or modification of the process
      of manufacturing a solderable composite body containing silver cadmium
      oxide described in applicant's U.S. Pat. No. 3,802,062 issued Apr. 9,
      1974. That Patent discloses a process of manufacturing a solderable
      composite body containing silver cadmium oxide comprising the steps of
      forming an assembly having an intermediate layer of a silver copper alloy
      located between and in contact with a layer of a silver cadmium alloy and
      a layer of silver or silver alloy, welding the layers together, and
      subsequently internally oxidising the cadmium, wherein the welding step
      comprises pressing the block at an elevated temperature until the silver
      copper alloy is transferred into a pasty S + .alpha. phase.
PAR  According to the present invention, in a process of manufacturing a
      solderable composite body containing silver cadmium oxide comprising the
      steps of forming an assembly having an intermediate layer of a silver
      copper alloy located between and in contact with a layer of a silver
      cadmium alloy and a layer of silver or silver alloy, welding the layers
      together, and subsequently internally oxidising the cadmium, the welding
      step comprises heating the assembly until the occurrence of a pasty S +
      .alpha. phase of the silver copper alloy.
PAR  It has been found by test that it is unnecessary to apply pressure to the
      assembly for welding: the layers can be welded simply by heating.
DETD
PAC  EXAMPLE 1
PAR  An AgCd alloy with a cadmium content of 13.4 percent by weight and a grain
      refining nickel additive of 0.2 percent by weight are melted, cast into a
      bar and rolled to a plate with the dimensions 190mm by 130mm by 50mm. The
      surface to be plated is brushed clean. On to this brushed surface, there
      is laid a plate of AgCu.sub.2 O 0.4mm thick, and upon this a silver plate
      7.5 mm thick. This assembly is heated in a retort furnace until the
      occurrence of a pasty (s + .alpha.) phase of the silver-copper alloy. It
      has been found that this heating step alone, is sufficient to provide a
      very satisfactory connection between the layers of the assembly, and there
      is no need for the application of pressure for welding of the assembly.
      The welded assembly is rolled down to 30mm, annealed in a salt bath, and
      rolled a further 50 percent until it reaches a thickness of 2mm. Plates
      are stamped out of the strip and internally oxidised at 800.degree.C at
      less than 3  Kilograms per square centimeter above atmospheric pressure
      for 15 hours. After internal oxidation, no bubbles are visible on the
      silver layer, and no oxide lines and concentrations in the plated zone. By
      a breakage test, it is shown that the silver layer cannot be drawn off.
PAC  EXAMPLE 2
PAR  A plate of AgCd 9 with 0.2 percent by weight of Ni, which plate has
      dimensions of 190mm be 130mm by 50mm, is brushed clean on one side, and a
      plate of AgCu 15 0.4mm thick is placed on the former, and on the AgCu side
      there is placed an Ag plate 5mm thick, thereupon an AgCu15 plate 0.4mm
      thick, and then a nickel plate 10mm thick. This packet of plates is heated
      in a protective gas until it reaches a pasty (s + .alpha.) phase of the
      silver-copper alloy. A satisfactory connection is obtained between the
      layers without the need for pressure. The welded plate packet is then
      hammered to 50mm thick and then rolled with additional intermediate
      annealings in a salt bath to a plate thickness of 2mm. The strip is
      internally oxidised at 800.degree.C at 3 Kilograms per square centimeter
      above atmospheric pressure for 10 hours.
PAR  The scale occurring on the nickel side is burned and ground off. In this
      way a solderable strip material is obtained which can be directly further
      processed, or out of which welding contacts can be stamped.
PAR  By way of explanation, the expression "S + .alpha. phase" referred to
      hereinbefore denotes a "pasty" state. The "S" comes from the German
      "Schmelze" meaning "melting". The ".alpha." has reference to the solid
      phase. Hence "S + .alpha. " is between molten and solid.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process of manufacturing a solderable composite body containing silver
      cadmium oxide comprising the steps of forming an assembly having an
      intermediate layer of a silver copper alloy located between and in contact
      with a layer of a silver cadmium alloy and a layer of silver or silver
      alloy, welding the layers together, and subsequently internally oxidizing
      the cadmium, wherein the welding step comprises heating the assembly until
      the occurrence of a pasty S + .alpha. phase of the silver-copper alloy.
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PAL  A foldable carton tray and a blank therefor which is formed with
      longitudinal and lateral fold lines parallel to the boundaries of the
      blank to delineate respectively side and end panels connected by corner
      panels and all surrounding a centre panel, each end panel having diagonal
      fold lines extending from the adjacent intersections of said longitudinal
      and lateral fold lines towards but stopping short of the edge of said
      panel to delineate a first trapezoidal shaped flap with a tongue extension
      formed by two cut extensions of said diagonal fold lines opening into said
      edge, and the centre panel having three cut lines near each end to
      delineate at each end a second trapezoidal shaped flap which has a common
      base with said first flap and is complementary to the latter.
PAL  The blank is preferably constructed so that at each end downward folding of
      said first trapezoidal shaped flap at 90.degree. to the centre panel
      causes the adjacent corner panels to swing round to the carton end and
      causes the second trapezoidal shaped flap to swing into a vertical
      position to complete the carton end wall.
BSUM
PAR  This invention relates to a foldable carton tray which can be quickly
      erected from a blank. The tray may be particularly suitable for
      shrink-wrapping of goods, placed in the tray, for example, light
      merchandise such as fruit and vegtables, but its use is not limited to
      this. The tray being erectable from a blank has the advantage that it can
      be delivered and stored in its flat state, thereby saving transport costs
      and storage space, and it can easily be erected by hand as an alternative
      to machine erection.
PAR  According to the invention there is provided a tray blank of cardboard or
      like sheet material which is formed with longitudinal and lateral fold
      lines parallel to the boundaries of the blank to delineate respectively
      side and end panels connected by corner panels and all surrounding a
      centre panel, each end panel having diagonal fold lines extending from the
      adjacent intersections of said longitudinal and lateral fold lines towards
      but stopping short of the edge of said panel to delineate a first
      trapezoidal shaped flap with a tongue extension formed by two cut
      extensions of said diagonal fold lines opening into said edge, and the
      centre panel having three cut lines near each end to delineate at each end
      a second trapozoidal shaped flap which has a common base with said first
      flap and is complementary to the latter.
DRWD
PAR  This blank being rectangular and not having any portions cut away can
      provide an economical production with no wastage of material and it can be
      erected and locked in its tray form quickly and easily as will now be
      explained with the aid of the accompanying drawings, wherein:
PAR  FIG. 1 shows by way of example one form of tray blank according to the
      invention;
PAR  FIG. 2 illustrates an intermediate stage in the erection of one end of a
      tray from the blank of FIG. 1; and
PAR  FIG. 3 illustrates the completely erected tray.
DETD
PAR  In the following description as well as in the preceding statement of
      invention and the ensuing Claims, it has been assumed that the blank has a
      greater longitudinal dimension than its lateral one, but a square blank
      can equally well be used and it is to be understood that a square blank is
      to be included within the scope of said Claims.
PAR  The blank shown in FIG. 1 has longitudinal and lateral scored lines 1, 2
      forming side and end panels 3, 4 and corner panels 5 around a centre panel
      6. In each end panel 4 diagonal scored lines 7 terminating in cuts 8
      opening into the edge of the panel form a flap A with a locking tongue AX.
      A complementary flap B is severed by cut lines 9 from each end of the body
      panel 6 but left attached to the adjacent end panel 4 along the scored
      line 2.
PAR  The method of erection is illustrated partly by FIG. 2 and finally by the
      finished tray in FIG. 3. First the side panels are folded up at right
      angles to the centre panel, then each end is dealt with separately, as
      follows. Flap A is folded down through 90.degree. swinging the corner
      panels round to the carton end and swinging flap B into a vertical
      position to complete the carton end wall with the corner panels. This
      position is almost reached in FIG. 2. Flap A is then folded through a
      further 90.degree. to occupy the spaced indicated by FIG. 2. by the shaded
      area B' in the centre panel vacated by flap B, the tongue AX being forced
      up to lie above the edge of the centre panel to thereby lock that end of
      the carton in its erected condition.
PAR  A similar operation at the other end completes the erection of the tray
      which has solid corners giving the tray considerable rigidity and
      rendering it very suitable for use in shrink-wrapping.
PAR  Of course, if erection of the tray is done by machine, the two ends could
      be dealt with simultaneously.
CLMS
STM  I claim:
NUM  1.
PAR  1. A carton tray blank of cardboard or like sheet material which is formed
      with longitudinal and lateral fold lines parallel to the boundaries of the
      blank to delineate respectively side and end panels connected by corner
      panels and all surrounding a centre panel, each end panel having diagonal
      fold lines extending from the adjacent intersections of said longitudinal
      and lateral fold lines towards but stopping short of the edge of said
      panel to delineate a first trapezoidal shaped flap with a tongue extension
      formed by two cut extensions of said diagonal fold lines opening into said
      edge, and the centre panel having three cut lines near each end to
      delineate at each end a second trapezoidal shaped flap which has a common
      base with said first flap and is complementary to the latter.
NUM  2.
PAR  2. A carton tray blank according to claim 1 and constructed so that, after
      folding the side panels up at 90.degree. to the centre panel, at each end
      downward folding of said first trapezoidal shaped flap at 90.degree. to
      the centre panel causes the adjacent corner panels to swing round to the
      carton end and causes the second trapezoidal shaped flap to swing into a
      vertical position to complete the carton end wall.
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PAL  A reinforced paperboard produce container having reinforcing end frames of
      molded thermosetting plastic or other suitably rigid construction secured
      to the outer sides of the end walls of a paperboard container body with
      edge flanges on the frames projecting inwardly over the upper end wall
      edges and under the bottom wall of the body to provide upper and lower
      stacking edges. The reinforced containers are of sufficient strength, and
      interfit in such manner, that a number of them may be stacked with ample
      strength and stability in vertical columns. The lower stacking edges are
      recessed or bevelled to permit lifting of the container by a clamp truck.
      The container has hinged lids or cover panels formed with tabs which
      engage with formations on the end frames to alternatively releasably lock
      the lids in closed, or open, folded away positions. The containers replace
      wood containers previously used, and incorporate useful arrangements for
      latching the lids closed, for shipment, or open, for display of the
      produce.
PARN
PAC  BACKGROUND OF THE INVENTION
PAC  Related Applications
PAR  This is a division of my co-pending application Ser. No. 307,962, filed
      Nov. 20, 1972, entitled PLASTIC REINFORCED PRODUCE CONTAINER, now U.S.
      Pat. No. 3,878,980, which in turn is a continuation in part of Ser. No.
      193,874, filed Oct. 29, 1971, Ser. No. 227,798, filed Feb. 22, 1972, and
      Ser. No. 238,320, filed Mar. 27, 1972, all now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to containers and more particularly
      to plastic end frames for box containers and also to such frames in
      combination with certain novel features of an improved container.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Produce, such as peaches, oranges, etc., is commonly packed for handling,
      storage, shipment and display in wooden or fiberboard box containers often
      referred to as trays or lugs. During storage and shipment, these
      containers are often stacked in vertical columns. Lately, some efforts
      have been made to construct such containers of less rigid material such as
      corrugated or other paperboard, sometimes with rigid plastic ends, but in
      all cases of which we are aware, these either have not attained sufficient
      strength to be reliable, or have been impractical for some other reason.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the prior art problems by the use of
      improved rigid plastic end frames for box containers, whereby the material
      of the container can be of a material having less strength and rigidity
      than wooden or fiberboard containers. The containers to which the present
      invention applies have a container body with a bottom wall bounded along
      its edges by upstanding side and end walls, together with lids hinged to
      the upper edges of its side walls.
PAR  Applied over the ends of the container are rigid reinforcing frames of open
      rectangular configuration which are preferably unitary molded plastic
      shapes. These frames have coplanar flanges which seat against the outer
      surfaces of the walls, and flanges perpendicular to the coplanar flanges
      which fit snugly, like caps, over narrow end portions of the container.
      The hinged lids remain outside these caps, and partly for this purpose and
      for another which will appear later, are unconnected with the side walls
      along the hinge lines for the distance from the vertical edges of the side
      walls to points just past or inside the perpendicular flanges of the end
      frames. In the preferred form of the invention, an important feature is
      that the end edges of the lids are offset from the vertical end edges of
      the side walls by this distance, so as to clear a later mentioned spacer
      on the end frame, excepting for a later described locking tab which
      interengages with this spacer. The upper and lower perpendicular frame
      flanges provide, or have thereon means providing, interengageable
      substantially horizontal stacking surfaces such that a number of the
      containers may be stacked, frame against frame, in vertical columns. The
      flanged construction of the plastic end frames provides the latter with
      sufficient strength and rigidity in their vertical edgewise directions to
      withstand, without buckling or collapsing, the maximum stacking loads
      normally encountered when the containers are stacked in their filled
      condition. A feature of the invention is that no loading is borne by the
      side or end walls of the container. The end walls of the container abut
      against the coplanar flanges of the end frames, and are strongly riveted
      together, contributing unusual strength at this juncture.
PAR  The upper and lower perpendicular frame flanges are relatively thin, and
      have, respectively, substantially horizontal upwardly and downwardly
      facing exterior side surfaces thereon. Extending vertically outward from
      the exterior side of one of these upper and lower perpendicular flanges,
      preferably the upper flange, is a spacer means, which has thereon one of
      said substantially horizontal stacking surfaces, (which may be in one or
      more coplanar sections) which is thus spaced outwardly from the
      correspondingly facing exterior side surface of the flange. The oppositely
      facing stacking surface is then the aforementioned substantially
      horizontal exterior surface on the other of these upper and lower
      perpendicular flanges.
PAR  The spacer means provide for air ventilation between stacked containers,
      and also provide space to receive the bottom walls of the containers when
      they sag under load. The much preferred arrangement is with the spacers
      rising above the upper perpendicular flanges, since the bottoms of the end
      frames and the containers can then be substantially coplanar, and can ride
      easily over roller conveyors.
PAR  Further features of the preferred form of the invention are that the end
      edges of the hinged lids have no portions which overlie the horizontal
      stacking surfaces on the spacers, but do have portions which overlie
      portions of the upwardly facing horizontal surface area of the upper
      perpendicular flanges, immediately inwardly of the spacers, and are
      received, in a lid-locking manner, in throats formed in said spacers. The
      result is that no edge portion of the lid can intervene between the
      elevated stacking surface on the end frame and the lower stacking surface
      on the end frame of the next container above.
PAR  It should be understood that where the container material is corrugated
      paperboard, it is subject to shrinkage in dry weather, swelling in moist
      weather, to crushing somewhat under heavy loading, etc., if plies of the
      paperboard intervene between stacking surfaces on adjacent end frames.
      Such intervening plies, of variable and uncertain thickness, would
      interfere with good stacking, particularly with stacks of eight or nine
      containers. Better stacking is thus obtained with the invention of the
      present application.
PAR  According to a further feature of the invention, the lower stacking edges
      are disposed a small distance below the bottom of the container body and
      are recessed at the bottom, or bevelled, to receive the blades of a clamp
      truck for convenient handling.
PAR  A further feature is that the volume of plastic material used is minimized
      for the strength obtained, and the cost of manufacture is thus minimized.
PAR  A further feature in the combination of end frame and container are score
      lines across the corners of the lids, whereby these corner portions bend
      to facilitate locking engagement of tabs on the lids into slots in the
      frame in either closed or open positions of the lids.
DRWD
PAR  The objects and advantages of the present invention will be best understood
      from the following description of the embodiments of the invention
      disclosed in the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of three stacked containers having the end
      frames of the present invention;
PAR  FIG. 2 is a perspective exploded view of an end frame which is to fit over
      a container end, showing the location of certain securing elements in a
      preferred form of the invention;
PAR  FIG. 3 is an enlarged detail section taken on the line 3--3 of FIG. 1;
PAR  FIG. 4 is an end elevational view of the assembled produce container;
PAR  FIG. 5 shows, to an enlarged scale, a portion of the underside of an end
      frame enclosed within the circle 5 of FIG. 4;
PAR  FIG. 6 is a detail section taken in accordance with the lines 6--6 of FIG.
      5;
PAR  FIG. 7 is a transverse sectional view of one of the ends of a container,
      showing a container immediately above about to be lowered on the first
      container;
PAR  FIG. 8 is an enlarged detail of the upper right hand corner portion of the
      container as seen in FIG. 4, with the lower right hand corner portion of a
      container immediately above shown thereon, parts being broken away to
      reveal underlying portions in section;
PAR  FIG. 9 is a detail section taken on line 9--9 of FIG. 8;
PAR  FIG. 10 is an enlarged detail section taken in accordance with the line
      10--10 of FIG. 1;
PAR  FIG. 11 is a view similar to FIG. 10, but showing a lid flap engaged in a
      slot in the container structure;
PAR  FIG. 12 is a section taken on line 12--12 of FIG. 2; and
PAR  FIG. 13 is a fragmentary perspective view showing a portion of a lid in
      course of being engaged with a holddown hook.
DETD
PAC  DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT
PAR  The reinforced paperboard container 10 has a body 12, and rigid reinforcing
      end frames 14 made of a molded thermoplastics material. Body 12 can be of
      any material, and can be less rigid than wood or fiberboard. Without
      limitation thereto, the invention will be described where the container is
      constructed from a blank 16 of corrugated paperboard or other suitable
      paperboard material. The blank 16 is folded in the manner illustrated in
      FIG. 2 to its final shape of FIG. 1. Plastic end frames 14 are then
      applied over and secured to the ends of the body, but with the presently
      mentioned hinged lids of the container outside the end frame.
PAR  Referring to FIG. 2, the container blank 16 has a rectangular bottom wall
      18 with end and side edges. Joined to these edges of the bottom wall along
      scored or creased fold lines 20 are end walls 22 and side walls 24. Joined
      to the ends of the end walls 22 along fold lines 26 are flaps 28. A pair
      of slots 21 intercept each fold line 20. Lids 30 are hinged to the upper
      edges of the side walls 24 along hinge lines 32. The end edges 33 of these
      lids are offset from the vertical end edges of the side walls 24 by a
      distance which is substantially equal to or slightly greater than the
      widths of the end frames 14. Thus, there are shoulders at 33c, which are
      substantially extensions of hinge line 32, though preferably with a slight
      downward slope, along which the lids 30 are unconnected with the side
      walls 24. At the swinging corners of the hinged lids are locking tabs 33a
      which may project substantially to the plane of the end walls of the
      container, forming locking shoulders 33b.
PAR  The container blank 16 is erected by folding the end walls 22 upwardly and
      folding the end wall flaps 28 inwardly normal to the end walls. The side
      walls 24 are then folded upwardly against and adhesively bonded to the
      inwardly folded flaps 28. The lids 30 are foldable on their hinge lines 32
      to closed positions over the open top of the container body.
PAR  Each end frame 14 comprises a rectangular integral structure embodying four
      coplanar flanges, an upper flange 34, a lower flange 35, and side flanges
      36, which overlie marginal portions of the end walls of the container, and
      engage flat thereagainst. In addition, the frames 14 include four flanges
      38, 39 and 40 extending perpendicularly from the outer edges of the
      flanges 34, 35 and 36, the flange 38 being an upper flange, flanges 39
      being side flanges, and flange 40 being a lower flange. These snugly fit
      on over limited end portions of the bottom and side walls of the
      container, and go on over the end walls 22, forming end caps. The lids 30
      remain outside.
PAR  The lower perpendicular flange 40 preferably is virtually flat throughout
      its length, so that the bottom of the container is substantially flat, and
      therefore capable of running on conventional roller type conveyors.
PAR  Centrally located on and extending vertically upward from a substantially
      horizontal upwardly facing exterior surface on the upper side of the upper
      perpendicular flange 38 of each end frame 14 is a spacer means 46 whose
      top forms a substantially horizontal, elevated stacking surface, and which
      is cored out to form a horizontally disposed recess 44. The recess opens
      outwardly and serves as a handle, giving proper room for the fingers. The
      spacer structure 46 is of the same width as the upper frame flange 38. Its
      top surface constitutes a support for the bottom perpendicular flange 40
      of the end frame 14 of the container just above in a vertical stack of
      such containers.
PAR  The aforementioned spacer 46 occupies a central position on top of the
      flange 38, extending for a distance as shown along the flange 38.
      Occupying opposite end portions of the flange 38, and spaced from opposite
      ends of the spacer 46, are elevated spacers 50, with flat horizontal tops
      forming substantially horizontal stacking surfaces coplanar with that at
      the top of spacer 46, and cored out, as seen in FIG. 2.
PAR  Thus, a given container, when stacked on a container below, will have the
      substantially horizontal lower exterior surface on the lower side of its
      lower flange 40 in engagement with and resting upon the three spacers 46
      and 50. It thus comprises the lower stacking surface of the end frame.
PAR  The weight of a stack of containers is thus transferred through the plastic
      end frames of the containers, specifically, from the bottom flange 40 of
      each container end frame to the spacers 46 and 50 on the top flange 38 of
      the end frame of the container immediately below. The plastic end frames
      of the invention as described possess very high strength in vertical
      compression, resulting in a correspondingly high stacking capacity.
PAR  The ends of the spacers 50 confronting the handle 44 have hook-forming
      projections 60, forming therebelow a tapered throat 61, which are adapted
      to engage over and receive the opposed shoulders 33b formed by locking
      tabs 33a, projecting laterally from the end edges 33 of cover panels 30.
      The end edges 33 extend alongside the spacers 50 to meet shoulders 33c
      which are approximately aligned with hinge line 32 and are formed along
      the top edge of each side wall 24 outwardly of the lids 30. The upper
      portions of the hook-forming projections 60 are tapered forwardly, as at
      62, to facilitate forcing of the cover panel tabs down to a position over
      the extremity of the projections 60, from where they are retracted back
      into the throat 61.
PAR  To facilitate engagement of said tabs into a retention slot in an alternate
      position of the lid, (FIGS. 1, 10 and 11), the corner portion 70 or each
      lid 30 is scored to form a score line 71 from a point a few inches inward
      along the longitudinal edge of the lid to the intersection of the lid edge
      33 with the shoulder 33c. This score line 71 is made on the underside, or
      reverse side, of the blank when the blank is viewed in the aspect of FIG.
      2. Considering the nearer lid 30 of the upper container, in the position
      of FIG. 1, the corner portion 70 then tends to bend downward and inward at
      the score line 71, toward the side of the container, so as to be capable
      of easy entry into the later described slots 80.
PAR  Now, when the lids or top panels are to be folded in and over a filled
      carton, the tab 33a of each corner portion 70 of the lid engages the
      tapered tip of the projection 60, and by pressing downwardly on the corner
      portion of the lid just outwardly thereof, the tab slides down the incline
      and into the throat 61. The side walls 32 are also manually flexed
      inwardly a short distance, and by the combination of these movements the
      tabs pass over and under the crest of the member 60, and, by release of
      the flexing pressure on the side wall of the box, the tabs 33a are drawn
      back into the tapered throats 61. By having the lids 30 unconnected from
      the side walls 24 along the shoulders 33c, the lid may be displaced
      laterally a little better and further while pulling it to engage the lid
      tabs 33a over the locking extremities of the spacers 50.
PAR  During filling of the lugs, and later while on market display, it is
      important to get the lids 30 out of the way. By the present invention, the
      lids are folded out and down, alongside the sides of the box, and the tabs
      33a are inserted in slots 80 positioned to receive them. To provide these
      slots, notches 80' are cut in the vertical edges of the side walls 24. The
      tabs 33a, helped by the bends at 71, are easily insertible in the slots
      80, and the side walls are thus held neatly and snugly against the sides
      of the container.
PAR  On each end frame, running entirely around the end flanges 34, 35 and 36,
      excepting at the location of the handle, is a rounded bead 86, which
      serves as a buffer against containers of an adjacent stack. The underside
      of the bead on the lowermost flange leads to a bevelled surface 87, which
      facilitates penetration by the blades of a conventional clamp truck by
      which a carton can be conveniently lifted from the floor, or from a pallet
      P such as shown in FIG. 1.
PAR  Projecting upwardly from each of the spacers 50 is a tapering positioning
      prong 88, adapted for reception, with small clearance, in an aperture 89
      formed in the lower flange 40 of an end frame immediately above. The
      paperboard box structure is apertured at 21 suitably to permit entrance of
      these prong structures.
PAR  An improved especially secure fastening means is provided for securing the
      coplanar flanges of the end frames 14 to the ends of the container body.
      Lugs or rivets 90, preferably in the form of slightly tapered projections,
      are formed integrally with and project inward from these coplanar flanges,
      and penetrate holes formed in the box ends. These are then heated and made
      plastic by a heating iron 91, which is then forced inwardly against the
      projection so as to form it with a head 92. A very secure fastening is
      thereby accomplished, and the container has improved rigidity.
PAR  One further improvement is made to prevent skidding of the containers when
      resting on a wooden pallet, floor, or the like. On the bottom flanges 40
      are formed sets of serrations 96, which, being hard, and relatively
      narrow, dig into a wooden or composition floor under the weight of a stack
      of containers sufficiently to prevent lateral displacement. On the top
      surfaces of the spacers 50, above these serrations, in a slightly
      depressed area 98, so that the serrations on the underside of one end
      frame will not dig into or engage the top surface of the spacer 50 of the
      end frame immediately below.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a generally rectangular container with rigid rectangular, reinforcing
      end frames at opposite ends thereof, the container having rectangular
      bottom, opposed side and end walls, and lids which are respectively hinged
      along longitudinal edges thereof to the upper edges of said opposed side
      walls, said lids having opposite longitudinal swinging edges, said
      rectangular end frames comprising integral, coplanar, upper, lower and
      side flanges parallel with the end walls of the container and lying
      thereadjacent, and rectangular integral upper, lower and side flanges,
      integral with and projecting perpendicularly from said coplanar flanges
      from the outer margins thereof, whereby to provide reinforcing caps
      receiving therein the corresponding end walls of the container and end
      portions of said bottom walls, with the perpendicular side flanges thereof
      lying closely adjacent said side walls of said container:
PA1  horizontal upwardly facing and downwardly facing surface areas formed on
      the exterior sides of said upper and lower perpendicular flanges,
PA1  the upwardly facing surface areas on said upper perpendicular flanges being
      at substantially the level of the underside of the hinged lids when said
      lids are closed,
PA1  said lids having transverse end edges, and substantially coplanar tabs
      projecting laterally therefrom from positions generally proximate to said
      longitudinal swinging edges of the lids, so as to be movable to positions
      overlying said upwardly facing surface area on said upper perpendicular
      flanges,
PA1  two catch means mounted on the upper perpendicular flange of each end
      frame, said tabs being cooperable with said catch means, one with each, to
      releasably catch said lids in said overlying positions,
PA1  said hinged lids having corner portions, including said tabs, scored across
      with crease lines which are on the undersides thereof when the hinged lids
      are folded out and downward, and the side walls of the container having
      slots located for reception of said tabs when the lids are bent outwardly
      and down alongside the side walls of the container,
PA1  said score lines enabling inward bending of said corner portions thereon
      and entry of said tabs into said slots.
NUM  2.
PAR  2. The subject matter of claim 1, wherein said crease lines extend
      generally diagonally across said corner portions of said lids.
NUM  3.
PAR  3. The subject matter of claim 2, wherein said catch means comprise hook
      means facing toward one another, and said tabs have edge shoulders
      engageable in the throats of said hooks.
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ABST
PAL  A reinforced paperboard produce container having reinforcing end frames of
      molded thermosetting plastic or other suitably rigid construction secured
      to the outer sides of the end walls of a paperboard container body with
      edge flanges on the frames projecting inwardly over the upper end wall
      edges and under the bottom wall of the body to provide upper and lower
      stacking edges. The reinforced containers are of sufficient strength, and
      interfit in such manner, that a number of them may be stacked with ample
      strength and stability in vertical columns. The lower stacking edges are
      recessed or bevelled to permit lifting of the container by a clamp truck.
      The container has hinged lids or cover panels formed with tabs which
      engage with formations on the end frames to alternatively releasably lock
      the lids in closed, or open, folded away positions. The containers replace
      wood containers previously used, and incorporate useful arrangements for
      latching the lids closed, for shipment, or open, for display of the
      produce.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a division of my co-pending application Ser. No. 307,962, filed
      Nov. 20, 1972, entitled PLASTIC REINFORCED PRODUCE CONTAINER, now U.S.
      Pat. No. 3,878,980, which in turn is a continuation-in-part of Ser. Nos.
      193,874, filed Oct. 29, 1971, 227,798, filed Feb. 22, 1972, and 238,320,
      filed Mar. 27, 1972, all now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to containers and more particularly
      to plastic end frames for box containers and also to such frames in
      combination with certain novel features of an improved container. 2.
      Description of the Prior Art
PAR  Produce, such as peaches, oranges, etc., is commonly packed for handling,
      storage, shipment and display in wooden or fiberboard box containers often
      referred to as trays or lugs. During storage and shipment, these
      containers are often stacked in vertical columns. Lately, some efforts
      have been made to construct such containers of less rigid material such as
      corrugated or other paperboard, sometimes with rigid plastic ends, but in
      all cases of which we are aware, these either have not attained sufficient
      strength to be reliable, or have been impractical for some other reason.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the prior art problems by the use of
      improved rigid plastic end frames for box containers, whereby the material
      of the container can be of a material having less strength and rigidity
      than wooden or fiberboard containers. The containers to which the present
      invention applies have a container body with a bottom wall bounded along
      its edges by upstanding side and end walls, together with lids hinged to
      the upper edges of its side walls.
PAR  Applied over the ends of the container are rigid reinforcing frames of open
      rectangular configuration which are preferably unitary molded plastic
      shapes. These frames have coplanar flanges which seat against the outer
      surfaces of the walls, and flanges perpendicular to the coplanar flanges
      which fit snugly, like caps, over narrow end portions of the container.
      The hinged lids remain outside these caps, and partly for this purpose and
      for another which will appear later, are unconnected with the side walls
      along the hinge lines for the distance from the vertical edges of the side
      walls to points just past or inside the perpendicular flanges of the end
      frames. In the preferred form of the invention, an important feature is
      that the end edges of the lids are offset from the vertical end edges of
      the side walls by this distance, so as to clear a later mentioned spacer
      on the end frame, excepting for a later described locking tab which
      interengages with this spacer. The upper and lower perpendicular frame
      flanges provide, or have thereon means providing, interengageable
      substantially horizontal stacking surfaces such that a number of the
      containers may be stacked, frame against frame, in vertical columns. The
      flanged construction of the plastic end frames provides the latter with
      sufficient strength and rigidity in their vertical edgewise directions to
      withstand, without buckling or collapsing, the maximum stacking loads
      normally encountered when the containers are stacked in their filled
      condition. A feature of the invention is that no loading is borne by the
      side or end walls of the container. The end walls of the container abut
      against the coplanar flanges of the end frames, and are strongly riveted
      together, contributing unusual strength at this juncture.
PAR  The upper and lower perpendicular frame flanges are relatively thin, and
      have, respectively, substantially horizontal upwardly and downwardly
      facing exterior side surfaces thereon. Extending vertically outward from
      the exterior side of one of these upper and lower perpendicular flanges,
      preferably the upper flange, is a spacer means, which has thereon one of
      said substantially horizontal stacking surfaces, (which may be in one or
      more coplanar sections) which is thus spaced outwardly from the
      correspondingly facing exterior side surface of the flange. The oppositely
      facing stacking surface is then the aforementioned substantially
      horizontal exterior surface on the other of these upper and lower
      perpendicular flanges.
PAR  The spacer means provide for air ventilation between stacked containers,
      and also provide space to receive the bottom walls of the containers when
      they sag under load. The much preferred arrangement is with the spacers
      rising above the upper perpendicular flanges, since the bottoms of the end
      frames and the containers can then be substantially coplanar, and can ride
      easily over roller conveyors.
PAR  Further features of the preferred form of the invention are that the end
      edges of the hinged lids have no portions which overlie the horizontal
      stacking surfaces on the spacers, but do have portions which overlie
      portions of the upwardly facing horizontal surface area of the upper
      perpendicular flanges, immediately inwardly of the spacers, and are
      received, in a lid-locking manner, in throats formed in said spacers. The
      result is that no edge portion of the lid can intervene between the
      elevated stacking surface on the end frame and the lower stacking surface
      on the end frame of the next container above.
PAR  It should be understood that where the container material is corrugated
      paperboard, it is subject to shrinkage in dry weather, swelling in moist
      weather, to crushing somewhat under heavy loading, etc., if plies of the
      paperboard intervene between stacking surfaces on adjacent end frames.
      Such intervening plies, of variable and uncertain thickness, would
      interfere with good stacking, particularly with stacks of eight or nine
      containers. Better stacking is thus obtained with the invention of the
      present application.
PAR  According to a further feature of the invention, the lower stacking edges
      are disposed a small distance below the bottom of the container body and
      are recessed at the bottom, or bevelled, to receive the blades of a clamp
      truck for convenient handling.
PAR  A further feature is that the volume of plastic material used is minimized
      for the strength obtained, and the cost of manufacture is thus minimized.
PAR  A further feature in the combination of end frame and container are score
      lines across the corners of the lids, whereby these corner portions bend
      to facilitate locking engagement of tabs on the lids into slots in the
      frame in either closed or open positions of the lids.
DRWD
PAR  The objects and advantages of the present invention will be best understood
      from the following description of the embodiments of the invention
      disclosed in the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of three stacked containers having the end
      frames of the present invention;
PAR  FIG. 2 is a perspective exploded view of an end frame which is to fit over
      a container end, showing the location of certain securing elements in a
      preferred form of the invention;
PAR  FIG. 3 is an enlarged detail section taken on the line 3--3 of FIG. 1;
PAR  FIG. 4 is an end elevational view of the assembled produce container;
PAR  FIG. 5 shows, to an enlarged scale, a portion of the underside of an end
      frame enclosed within the circle 5 of FIG. 4;
PAR  FIG. 6 is a detail section taken in accordance with the lines 6--6 of FIG.
      5;
PAR  FIG. 7 is a transverse sectional view of one of the ends of a container,
      showing a container immediately above about to be lowered on the first
      container;
PAR  FIG. 8 is an enlarged detail of the upper right hand corner portion of the
      container as seen in FIG. 4, with the lower right hand corner portion of a
      container immediately above shown thereon, parts being broken away to
      reveal underlying portions in section;
PAR  FIG. 9 is a detail section taken on line 9--9 of FIG. 8;
PAR  FIG. 10 is an enlarged detail section taken in accordance with the line
      10--10 of FIG. 1;
PAR  FIG. 11 is a view similar to FIG. 10, but showing a lid flap engaged in a
      slot in the container structure;
PAR  FIG. 12 is a section taken on line 12--12 of FIG. 2; and
PAR  FIG. 13 is a fragmentary perspective view showing a portion of a lid in
      course of being engaged with a holddown hook.
DETD
PAC  DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT
PAR  The reinforced paperboard container 10 has a body 12, and rigid reinforcing
      end frames 14 made of a molded thermoplastics material. Body 12 can be of
      any material, and can be less rigid than wood or fiberboard. Without
      limitation thereto, the invention will be described where the container is
      constructed from a blank 16 of corrugated paperboard or other suitable
      paperboard material. The blank 16 is folded in the manner illustrated in
      FIG. 2 to its final shape of FIG. 1. Plastic end frames 14 are then
      applied over and secured to the ends of the body, but with the presently
      mentioned hinged lids of the container outside the end frame.
PAR  Referring to FIG. 2, the container blank 16 has a rectangular bottom wall
      18 with end and side edges. Joined to these edges of the bottom wall along
      scored or creased fold lines 20 are end walls 22 and side walls 24. Joined
      to the ends of the end walls 22 along fold lines 26 are flaps 28. A pair
      of slots 21 intercept each fold line 20. Lids 30 are hinged to the upper
      edges of the side walls 24 along hinge lines 32. The end edges 33 of these
      lids are offset from the vertical end edges of the side walls 24 by a
      distance which is substantially equal to or slightly greater than the
      widths of the end frames 14. Thus, there are shoulders at 33c, which are
      substantially extensions of hinge line 32, though preferably with a slight
      downward slope, along which the lids 30 are unconnected with the side
      walls 24. At the swinging corners of the hinged lids are locking tabs 33a
      which may project substantially to the plane of the end walls of the
      container, forming locking shoulders 33b.
PAR  The container blank 16 is erected by folding the end walls 22 upwardly and
      folding the end wall flaps 28 inwardly normal to the end walls. The side
      walls 24 are then folded upwardly against and adhesively bonded to the
      inwardly folded flaps 28. The lids 30 are foldable on their hinge lines 32
      to closed positions over the open top of the container body.
PAR  Each end frame 14 comprises a rectangular integral structure embodying four
      coplanar flanges, an upper flange 34, a lower flange 35, and side flanges
      36, which overlie marginal portions of the end walls of the container, and
      engage flat thereagainst. In addition, the frames 14 include four flanges
      38, 39 and 40 extending perpendicularly from the outer edges of the
      flanges 34, 35 and 36, the flange 38 being an upper flange, flanges 39
      being side flanges, and flange 40 being a lower flange. These snugly fit
      on over limited end portions of the bottom and side walls of the
      container, and go on over the end walls 22, forming end caps. The lids 30
      remain outside.
PAR  The lower perpendicular flange 40 preferably is virtually flat throughout
      its length, so that the bottom of the container is substantially flat, and
      therefore capable of running on conventional roller type conveyors.
PAR  Centrally located on and extending vertically upward from a substantially
      horizontal upwardly facing exterior surface on the upper side of the upper
      perpendicular flange 38 of each end frame 14 is a spacer means 46 whose
      top forms a substantially horizontal, elevated stacking surface, and which
      is cored out to form a horizontally disposed recess 44. The recess opens
      outwardly and serves as a handle, giving proper room for the fingers. The
      spacer structure 46 is of the same width as the upper frame flange 38. Its
      top surface constitutes a support for the bottom perpendicular flange 40
      of the end frame 14 of the container just above in a vertical stack of
      such containers.
PAR  The aforementioned spacer 46 occupies a central position on top of the
      flange 38, extending for a distance as shown along the flange 38.
      Occupying opposite end portions of the flange 38, and spaced from opposite
      ends of the spacer 46, are elevated spacers 50, with flat horizontal tops
      forming substantially horizontal stacking surfaces coplanar with that at
      the top of spacer 46, and cored out, as seen in FIG. 2.
PAR  Thus, a given container, when stacked on a container below, will have the
      substantially horizontal lower exterior surface on the lower side of its
      lower flange 40 in engagement with and resting upon the three spacers 46
      and 50. It thus comprises the lower stacking surface of the end frame.
PAR  The weight of a stack of containers is thus transferred through the plastic
      end frames of the containers, specifically, from the bottom flange 40 of
      each container end frame to the spacers 46 and 50 on the top flange 38 of
      the end frame of the container immediately below. The plastic end frames
      of the invention as described possess very high strength in vertical
      compression, resulting in a correspondingly high stacking capacity.
PAR  The ends of the spacers 50 confronting the handle 44 have hook-forming
      projections 60, forming therebelow a tapered throat 61, which are adapted
      to engage over and receive the opposed shoulders 33b formed by locking
      tabs 33a, projecting laterally from the end edges 33 of cover panels 30.
      The end edges 33 extend alongside the spacers 50 to meet shoulders 33c
      which are approximately aligned with hinge line 32 and are formed along
      the top edge of each side wall 24 outwardly of the lids 30. The upper
      portions of the hook-forming projections 60 are tapered forwardly, as at
      62, to facilitate forcing of the cover panel tabs down to a position over
      the extremity of the projections 60, from where they are retracted back
      into the throat 61.
PAR  To facilitate engagement of said tabs into a retention slot in an alternate
      position of the lid, (FIGS. 1, 10 and 11), the corner portion 70 of each
      lid 30 is scored to form a score line 71 from a point a few inches inward
      along the longitudinal edge of the lid to the intersection of the lid edge
      33 with the shoulder 33c. This score line 71 is made on the underside, or
      reverse side, of the blank when the blank is viewed in the aspect of FIG.
      2. Considering the nearer lid 30 of the upper container, in the position
      of FIG. 1, the corner portion 70 then tends to bend downward and inward at
      the score line 71, toward the side of the container, so as to be capable
      of easy entry into the later described slots 80.
PAR  Now, when the lids or top panels are to be folded in and over a filled
      carton, the tab 33a of each corner portion 70 of the lid engages the
      tapered tip of the projection 60, and by pressing downwardly on the corner
      portion of the lid just outwardly thereof, the tab slides down the incline
      and into the throat 61. The side walls 32 are also manually flexed
      inwardly a short distance, and by the combination of these movements the
      tabs pass over and under the crest of the member 60, and, by release of
      the flexing pressure on the side wall of the box, the tabs 33a are drawn
      back into the tapered throats 61. By having the lids 30 unconnected from
      the side walls 24 along the shoulders 33c, the lid may be displaced
      laterally a little better and further while pulling it to engage the lid
      tabs 33a over the locking extremities of the spacers 50.
PAR  During filling of the lugs, and later while on market display, it is
      important to get the lids 30 out of the way. By the present invention, the
      lids are folded out and down, alongside the sides of the box, and the tabs
      33a are inserted in slots 80 positioned to receive them. To provide these
      slots, notches 80' are cut in the vertical edges of the side walls 24. The
      tabs 33a, helped by the bends at 71, are easily insertible in the slots
      80, and the side walls are thus held neatly and snugly against the sides
      of the container.
PAR  On each end frame, running entirely around the flanges 34, 35 and 36,
      excepting at the location of the handle, is a rounded bead 86, which
      serves as a buffer against containers of an adjacent stack. The underside
      of the bead on the lowermost flange leads to a bevelled surface 87, which
      facilitates penetration by the blades of a conventional clamp truck by
      which a carton can be conveniently lifted from the floor, or from a pallet
      P such as shown in FIG. 1.
PAR  Projecting upwardly from each of the spacers 50 is a tapering positioning
      prong 88, adapted for reception, with small clearance, in an aperture 89
      formed in the lower flange 40 of an end frame immediately above. The
      paperboard box structure is apertured at 21 suitably to permit entrance of
      these prong structures.
PAR  An improved especially secure fastening means is provided for securing the
      coplanar flanges of the end frames 14 to the ends of the container body.
      Lugs or rivets 90, preferably in the form of slightly tapered projections,
      are formed integrally with and project inward from these coplanar flanges,
      and penetrate holes formed in the box ends. These are then heated and made
      plastic by a heating iron 91, which is then forced inwardly against the
      projection so as to form it with a head 92. A very secure fastening is
      thereby accomplished, and the container has improved rigidity.
PAR  One further improvement is made to prevent skidding of the containers when
      resting on a wooden pallet, floor, or the like. On the bottom flanges 40
      are formed sets of serrations 96, which, being hard, and relatively
      narrow, dig into a wooden or composition floor under the weight of a stack
      of containers sufficiently to prevent lateral displacement. On the top
      surfaces of the spacers 50, above these serrations, is a slightly
      depressed area 98, so that the serrations on the underside of one end
      frame will not dig into or engage the top surface of the spacer 50 of the
      end frame immediately below.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a generally rectangular container with rigid rectangular, reinforcing
      end frames at opposite ends thereof, the container having rectangular
      bottom, opposed side and end walls, and lids which are respectively hinged
      to the upper edges of said opposed side walls, said rectangular end frames
      comprising integral, coplanar, upper, lower and side flanges parallel with
      the end walls of the container and lying thereadjacent, and rectangular
      integral upper, lower and side flanges, integral with and projecting
      perpendicularly from said coplanar flanges from the outer margins thereof,
      whereby to provide reinforcing caps receiving therein the corresponding
      end walls of the container and end portions of said bottom walls, with the
      perpendicular side flanges thereof lying closely adjacent said side walls
      of said container:
PA1  horizontal upwardly facing and downwardly facing surface areas formed on
      the exterior sides of said upper and lower perpendicular flanges,
PA1  the upwardly facing surface areas on said upper perpendicular flanges being
      at substantially the level of the underside of the hinged lids when said
      lids are closed, and
PA1  said lids having substantially coplanar tabs which project laterally and
      overlie said upwardly facing surface area on said upper perpendicular
      flanges,
PA1  two hooks mounted on the upper perpendicular flange of each end frame, said
      hooks facing toward one another, and
PA1  said laterally projecting tabs having edge shoulders facing generally in
      the direction of the hinge line of the corresponding lid and being adapted
      for engagement in the throats of said hooks, and said edge shoulders, when
      unengaged with said hooks, normally falling short of the forward
      extremities of said hooks, and thereafter recede into said throats by
      resilient return flexure of said side wall when said manual stress is
      relieved.
NUM  2.
PAR  2. The subject matter of claim 1, wherein:
PA1  said throats of said hooks taper inwardly and downwardly and lead to
      portions of said horizontal upwardly facing area on said upper
      perpendicular flange.
NUM  3.
PAR  3. The subject matter of claim 1, including:
PA1  tapered surfaces on the ends of said hooks, over said throats, to
      facilitate entry of said lid tabs downward and into said throats.
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PAL  A paper box which can be repeatedly used as a waste box etc. after it has
      been used as an ordinary container. Four lid members which are formed
      integrally with four sides of the box body, respectively are adapted to be
      inwardly turned down and to engage with each other through some means when
      the box is used as a waste box etc.
BSUM
PAR  The present invention relates to a box made of ordinary thick paper and
      corrugated cardboard or the like, and more particularly to a paper box of
      a size sufficient for encasing therein bottles, cans, etc. as in ordinary
      use, and more definitely speaking, said paper box is of a size as large as
      a waste box used in a room.
PAR  Boxes of the kind have been popularly used for transporting, storing, etc.
      of several kinds of goods. But under the present conditions almost all of
      these boxes are thrown away immediately after they have been used as
      ordinary containers. It is wasteful to use something only once and then
      throw it away, and therefore it is undesirable from an economical point of
      view.
PAR  It is also undesirable in view of the problem of refuse disposal to throw
      away empty boxes.
PAR  The present invention has been made in order to get all the use out of a
      paper box even after it has been used for the primary purpose.
PAR  It is an object of the present invention to provide a paper box which is
      adapted to be used as a waste box without losing its original function as
      a box.
PAR  It is another object of the present invention to provide a paper box which
      can be promptly modified into a waste box and handy to carry.
PAR  It is a further object of the present invention to provide a paper box used
      as a waste box, of which trash is difficult to get out even when said box
      tumbles down.
PAR  It is a still further object of the present invention to provide a paper
      box which can be repeatedly used.
PAR  It is a still further object of the present invention to provide a paper
      box which may be used as an advertising means.
PAR  According to the present invention, there is provided a paper box
      consisting essentially of a box body with a bottom; a first lid member one
      end of which is formed integrally with one side of the box body; a second
      lid member formed integrally with another side of the box body opposite to
      said first lid member; and third and fourth lid members formed opposite to
      each other and integrally with the other two sides of the box body, said
      third and fourth lid members each having slanting slots at both sides
      thereof for receiving both corner edges of said first lid member and said
      second lid member, respectively.
DRWD
PAR  The invention will be better understood from the following description
      taken in connection with the accompanying drawings in which:
PAR  FIG. 1 is a plan view of one form of a paper box of the present invention
      used as an ordinary box, with a first, a second, a third and a fourth lid
      members being open;
PAR  FIG. 2 is a plan view of the paper box of FIG. 1 when used as a waste box;
PAR  FIG. 3 is a side view of the paper box partially cut out along the line III
      -- III of FIG. 2;
PAR  FIG. 4 is a plan view of another form of a paper box of the present
      invention used as an ordinary box, with a first, a second, a third and a
      fourth lid members being open;
PAR  FIG. 5 is a side view partially cut out along the line V --V of FIG. 4;
PAR  FIG. 6 is a plan view of the box of FIG. 4 when used as a waste box;
PAR  FIG. 7 is a side view partially cut out along the line VII -- VII of FIG.
      6; and
PAR  FIG. 8 is a fragmentary sectional view of the paper box of FIG. 4 with lid
      members being folded.
DETD
PAR  Referring now to FIGS. 1 to 3, there is illustrated one form of a paper box
      according to the present invention.
PAR  Character a represents a box body made of thick paper, corrugated cardboard
      or the like. A bottom 1 is formed in a conventional manner, for example,
      as shown in FIGS. 1 and 2, four sheets are formed to engage with each
      other. A first lid member 2 is formed integrally with one side of the box
      body a at its one end. Numeral 3 designates a second lid member formed
      integrally with another side of the box body opposite to said first lid
      member 2, and numerals 4 and 4' designate a third lid member and a fourth
      lid member, respectively, formed opposite to each other and integrally
      with the other two sides of the box body. These first, second, third and
      fourth lid members each have a size about half as large as the mouth area
      of the box, and are employed as covering means when the box is used as an
      ordinary container, or as means for preventing trash getting out of the
      box when used as a waste box. Slanting slots 4a and 4b are formed at both
      sides of said third lid member 4, and slanting slots 4'a and 4'b are
      formed at both sides of said fourth lid member 4'.
PAR  With such construction as defined above, in case where the box is used as a
      container the third lid member 4 and the fourth lid member 4' are
      horizontally folded inwards and then the first and the second lid members
      are laid upon said third and fourth lid members.
PAR  The above box is re-formed to a waste box in such a manner as explained
      hereinbelow.
PAR  The third lid member 4 and the fourth lid member 4' are further folded down
      from the former position to the extent that said lid members may touch the
      sides 5 of the box body, respectively. Then, the first and the second lid
      members are also folded down. Both corner edges of the first lid member 2
      are inserted into the slanting slots 4a and 4'a, respectively, and both
      corner edges of the second lid member 3 are inserted into the slanting
      slots, 4b and 4'b, respectively.
PAR  When the lid members 2 and 3 are pulled up with a finger, the engagement is
      released and the box is used again as a container.
PAR  Referring to FIGS. 4 to 8, there is illustrated another form of a paper box
      according to the present invention.
PAR  In this embodiment a first lid member 2 is made as large as the mouth area
      of the box, and has an extension 2b through a crease 2a. Perforation 2c is
      perforated in said first lid member 2 at a portion between the end
      connected with the box body and the crease 2a, traversing said first lid
      member and substantially parallel with a forward end line of said
      extension 2b. A hole 2b.sub.1 is made in the extension 2b as shown in FIG.
      4.
PAR  A second lid member 3, a third lid member 4 and a fourth lid member 4' may
      have width narrower than those of FIG. 1 so far as they act as reinforcing
      means when the box is used as an ordinary container, or as means for
      preventing trash getting out of the box when used as a waste box. A hole
      3a  is made in said second lid member 3 and a hole 5a is made in the side
      5 of the box body with which said second lid member is connected, said
      holes 3a and 5a being made to communicate as depicted in FIGS. 5, 7 and 8.
      Like the former embodiment, slanting slots 4a and 4b are formed at both
      sides of said third lid member 4, respectively, and slanting slots 4'a and
      4'b are formed at both sides of said fourth lid member 4', respectively.
PAR  When the box is to be used as a container, as shown in FIG. 8, the second
      lid member 3 is inwardly turned down to the extent that said lid member 3
      may touch the side 5 of the box body, the third lid member 4 and the
      fourth lid member 4' are horizontally folded inwards, and then the first
      lid member 2 is laid upon said third and fourth lid members. In this
      instance the extension 2b is inserted into the box body. The hole 2b.sub.1
      exactly meets with said holes 3a and 5a so that the first lid member 2 can
      be easily opened by a finger.
PAR  Now, there will be explained hereinunder how to re-form a waste box from
      the above box.
PAR  A part of the first lid member 2 together with the extension 2b is cut off
      along the line made by the perforation 2c which traverses the first lid
      member and is substantially parallel with a forward end line of said
      extension 2b. A remaining portion 2d is still connected to the box body.
      The third lid member 4 and the fourth lid member 4' are further folded
      down from the position shown in FIG. 8 to the position shown in FIGS. 6
      and 7. Into the slanting slots 4a and 4'a  are inserted both corner edges
      of the remaining portion 2d of the first lid member 2, respectively, and
      into the slanting slots 4b and 4'b are inserted both corner edges of the
      second lid members 3, respectively. Owing to these four inwardly inclined
      members 2, 3, 4 and 4' which engage with each other, the box is handy to
      carry and trash in said waste box is difficult to get out therefrom even
      when the box tumbles down. As said third lid member 4 and the fourth lid
      member 4' are always inclined to be restored to the original state, a
      proper form of the box as a waste box is always maintained.
PAR  If outer surface of the box body is printed with some propaganda phrases or
      pictures, said box is also useful as an advertising means.
PAR  As mentioned above, accordingly to the present invention, there is provided
      a paper box which can be repeatedly used as a waste box etc. and which is
      very useful in view of various aspects.
PAR  It should be noted that the box thus modified can be used not only as a
      waste box but also for various purposes.
PAR  While I have shown and described certain preferred embodiments of the
      invention, it is to be understood that the invention is not limited
      thereto but may be otherwise variously embodied within the scope of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A box that functions both as an enclosed container and an open
      receptacle, comprising a bottom member, side wall members extending
      upwardly from said bottom member, lid members extending from said side
      wall members and being of the same uniform width as said side wall members
      from which they extend and being of sufficient length such that when all
      of said lid members are folded at the junctures of said lid members and
      said side wall members there is formed to top that effectively covers the
      box permitting same to function as an enclosed container, at least two of
      said lid members each being provided with two slotted openings spaced
      inwardly from the free edges thereof such that as said at least two of
      said lid members are folded inwardly and downwardly along their
      corresponding side wall members said slotted openings are thereby
      positioned to slope downwardly and inwardly from positions near the
      corners of the tops of their corresponding side wall members such that as
      at least two of the remaining of said lid members are folded inwardly and
      downwardly the edges thereof are positioned within said slotted openings
      to thus form an open receptacle.
NUM  2.
PAR  2. A box as in claim 1, wherein said bottom member, side wall members and
      lid members are paper.
NUM  3.
PAR  3. A box as in claim 2, wherein the free ends of said lid members that are
      located opposite the juncture of said lid members and their corresponding
      side wall members are parallel to the juncture of said lid members and
      their corresponding side wall members about which said lid members are
      folded such that the edges of said lid members form right angles, and
      wherein said slotted openings slope downwardly at 45.degree. angles with
      respect to the side wall members corresponding to said at least two of the
      remainder of said lid members.
NUM  4.
PAR  4. A box as in claim 3, wherein the width of each of said lid members is
      the same extending and approximately one-half of the width of the side
      walls.
NUM  5.
PAR  5. A box as in claim 1, wherein said at least two of the remainder of said
      lid members comprise a first member extending from its corresponding side
      wall member, a second member extending from the opposite side wall member,
      a third member extending from said second member and a fourth member
      extending from said third member and being of substantially the same shape
      and configuration as said first member, said second and third members
      being joined along a perforated line, such that said second and third
      members extend across the entire width of said box when said first and
      fourth members are folded inwardly within said box, while after said third
      and fourth members have been removed from said box by tearing along said
      perforation the edges of said first and second members are positioned
      within said slotted openings.
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PAL  A free-standing container has a pair of like coextensive and outwardly
      convex side walls whose opposite lateral edges are heat-sealed together
      along straight seams to form an upright tube whose top and bottom are
      closed by respective upper and lower end walls each formed with a fold
      extending between the lateral edges of the side walls and each having a
      periphery subdivided into a pair of like sections by the respective fold
      line. Each section is joined to a respective side panel along a
      nonstraight seam line. This seam may be curved, in which case the end wall
      panels have circular or oval shape, or may be formed of a plurality of
      longitudinally joined straight sections in which case the end wall has a
      polygonal shape. The wall panels are all formed of a thermoplastic
      synthetic resin.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a free-standing container.
PAC  BACKGROUND OF THE INVENTION
PAR  There is known a container having a pair of like joined-together side wall
      panels and a sole end panel bridging the two side panels and constituting
      the bottom wall of the container. This bottom wall lies generally
      transverse to the two side panels and the top of the container is closed
      by simply heat sealing together the side panels along their two upper
      edges. Thus the container is indeed relatively inexpensive to manufacture
      and quite sturdy. It can be folded flat and is readily filled.
PAR  The principal disadvantage of such a container is that it is impossible to
      use it for large and/or heavy loads. If any of the wall panels are made
      sufficiently rigid to support the heavy load it is virtually impossible to
      fold the container flat. Another disadvantage is that the conical or
      frustoconical shape of the container gives it a limited volume relative to
      the floor space it occupies. Another disadvantage in the manufacture and
      filling of such containers is a complicated and frequently expensive
      process.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      container.
PAR  Another object of this invention is the provision of a free-standing
      container which overcomes the above-given disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in a
      container formed entirely of thermoplastic synthetic resin sheet material
      and having two coextensive side panels and two like opposite end panels.
      The side walls have opposite parallel edges which are heat-sealed together
      to form a tube. The end panels are similarly identical to each other and
      each has a central fold subdividing its periphery into a pair of regions
      each joined to a respective side panel along a respective nonstraight
      seam. The seams are either curved or formed of a plurality of
      longitudinally joined straight line sections, the seam extends the full
      width of a respective side panel, between the lateral edges thereof. The
      seams both at the lateral edges of the side wall panels and at the
      nonstraight seams between the end wall panels and the side wall panels are
      all heat sealed.
PAR  The container so formed is symmetrical about a plane passing through the
      two fold lines in the two end wall panels. The container is therefore of
      uniform cross-sectional shape from its bottom to its top, and can be made
      of a stiff and relatively inflexible sheet material so that the container
      formed thereby can accommodate a relatively heavy load. Such a container
      is ideally suited for the storage and shipment of liquids such as milk,
      motor oil and the like, although it is possible to use it for fluent
      solids such as sand or grain.
PAR  In accordance with a further feature of this invention such containers are
      formed serially from a continuous tube of synthetic-resin material, such
      as polyethylene. This tube is of uniform cross section and is formed on
      its opposite longitudinal sides with inward folds. The tube is heat sealed
      along two transverse parallel lines which constitute the lateral edges of
      the side walls, and is heat sealed in the regions of the folds along
      nonstraight lines so as to form the end panels. These last-mentioned heat
      seals are nonstraight so that, when the container is filled, the fold
      opens out and allows a fluid to be introduced into the cavity between the
      side walls, thereby bulging same and giving them an outwardly convex
      shape. Thus one of the end walls constitutes the top of the container, the
      other end wall constitutes the bottom thereof.
PAR  According to a further feature of the present invention each end wall is
      generally lozenge shaped so that the seams between the periphery of this
      end wall and the side walls are curved. It is also within the scope of
      this invention to have polygonal end walls, in which case nonstraight
      seams between the end walls and the side walls are each formed of several
      longitudinally joined straight line sections.
PAR  According to another feature of the invention such containers are produced
      and filled continuously by leaving one of the seams partially open and
      injecting into the bags a fluid such as milk, and thereafter sealing the
      gap left in the seam in a subsequent operation. In this manner it is
      possible to produce a continuous series of filled bags. Since the side
      walls need only assume an arcuate shape, or fold along one or more lines,
      it is possible to make them of relatively rigid synthetic-resin material.
      Thus the container can accommodate relatively heavy loads without
      rupturing.
PAR  In other words, the container is made from a tube having edges which are
      W-shaped seen in transverse cross section. This tube therefore is formed
      at its longitudinal edges with an inward fold having a pair of flaps. A
      pair of longitudinally spaced heat-seal seams first define a region along
      the tube, then nonstraight heat-seal seams are formed extending between
      these transverse seams, each such nonstraight seam attaching a respective
      flap of a fold to a respective face of the tube. These seams together form
      a cavity which is filled with a liquid or fluent solid preferably before
      the tube is longitudinally subdivided into separate containers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the invention will
      become more readily apparent from the following description, reference
      being made to the accompanying drawing in which:
PAR  FIGS. 1, 2 and 3 are perspective, longitudinal sectional and
      cross-sectional views of a container according to the present invention;
PAR  FIGS. 4 and 5 are views corresponding to FIGS. 1 and 2 showing another
      container in accordance with this invention;
PAR  FIGS. 6, 7 and 8 are views corresponding to FIGS. 1, 2 and 3 showing yet
      another container in accordance with the present invention;
PAR  FIGS. 9 and 10 are cross-sectional views through another two types of
      containers of the invention;
PAR  FIG. 11 is a cross section through tube used to produce the container of
      FIGS. 1 through 3;
PAR  FIGS. 12 and 13 are longitudinal sections through unfilled containers
      according to the present invention; and
PAR  FIG. 14 is a perspective view in partially diagrammatic form illustrating
      the steps of forming, filling, and separating the containers.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  FIGS. 1 - 3 show the container 1 having a pair of light side walls 2 of
      rectangular shape and like end walls 3 and 4, the former being a bottom
      wall and the latter being a top wall, both being of generally elliptical
      shape. The side walls are joined together at seams 5 at their parallel
      lateral edges. Circularly arcuate seams 6 which are inwardly concave join
      the top wall 4 and the bottom wall 3 to the side wall 2, these seams 6
      being heat seal, extending between the two edges 5. Each of the end walls
      3 and 4 is formed with traverse straight folds 9 which each extend from
      one of the edges 5 to the other and bisects the respective end wall 3, 4
      into two like halves. Thus there is formed at the bottom of the container
      a recess 10 and at the top of the container a recess 12, both being
      outwardly open and being defined by the respective end wall 3, 4 and by
      that portion of the side walls 2 which project beyond the seam 6. It
      should be noted that further seams 7 and 8 are provided to reinforce the
      container. Such a container is very stable when stood on its end 3 as
      shown in FIG. 1. It can be filled with a liquid or a fluent solid readily
      and forms a very rugged receptacle. The walls 2, 3, and 4 are all formed
      of polyethylene which is readily thermally welded and inexpensive.
PAR  FIGS. 4 and 5 show a container 1e which is identical to the container 1 of
      FIGS. 1 - 3 with the exception that the upper end wall 4 is inwardly
      convex and outwardly concave, that is opposite to the wall 4 of the
      container 1 of FIGS. 1 through 3. This container is of slightly less
      volumetric capacity than the container of FIGS. 1 through 3, but has the
      advantage that removal of one of its corners 13 allows the contents to be
      poured readily. This corner 13 represents the junction between fold line
      9, seam 6 and side seam 5, and is the upper corner of the container 1a. In
      addition this upper wall of 4a is reinforced through extra seams 19, which
      do not materially reduce the volumetric capacity of the container 1a, but
      which rigidify it substantially.
PAR  FIGS. 6 to 8 show a container 1b which is substantially identical to the
      container of FIGS. 1 through 3 except that it has side walls 2b each
      formed with two parallel fold lines 14 extending parallel to its edges 5b
      and subdividing each of the side walls into three facets 15. This
      arrangement is advantageous in that when the upper edges of the container
      1b are pulled outwardly as indicated by arrows 16, and a region 11 is
      punched out it is possible to pour liquid from this container 1b
      pitcher-fashion. This container 1b is particularly suited for the
      distribution of milk and the like. FIG. 7 indicates how each of the seam
      lines 6 is subdivided into sections 6a extending at substantially
      45.degree. to the edges 5 and creases 14 and a central section 6b
      extending at a right angle to these regions. Their hexagonal shape,
      although it is possible to employ either a rhombus shape as shown in
      container 1c of FIG. 9 or a square shape as shown in container 1d of FIG.
      10, makes for a very rigid container. Indeed, the only place in which
      these containers 1b, 1c, and 1d need to bend is at the creases 14, seams
      5b, 6a, and 6b, and at fold lines 9b.
PAR  FIG. 11 is a cros section through the tube 17 used to form the containers 1
      shown in FIGS. 1 through 3. This tube 17 is heat sealed so that it has
      seams 5 - 8 as shown in FIGS. 1, 2 and 3 and may be provided at one of the
      seams 6 with a gap 20' allowing as shown in FIG. 12 for filling of the
      containers. Alternately it may be formed as four pieces as shown in FIG.
      14, two gusset-forming strips 24' and 24" and two side-forming strips 25'
      and 25" each coming from separate rolls, somewhat as described in U.S.
      Pat. No. 3,380,646 on April 30, 1968. The two gusset-forming sheets 24'
      and 24" are folded over by plates 26' and 26" which insert them and hold
      them in place between the sheets 25' and 25" at the longitudinal edges
      thereof, thereby forming a pair of flaps each juxtaposed to one side of
      each plate with a single side panel member 25' or 25".
PAR  To either side of the plates 26' and 26" there are provided guides 27' and
      27" which are heated and formed with ridges corresponding to the shape of
      the seams 6, 7 and 8. A supply 28 of milk has a valved outlet tube 22
      extending down through the tube 17 and lying between the sheets 25' and
      25". Downstream of dies 27' and 27" there is provided a pair of dies 30
      which are formed centrally with notches 31 which the tube 22 passes
      through and which forms gap 20 in side seams 5, as also shown in FIG. 13.
      Tube 22 terminates downstream of the dies 30 and upstream of another pair
      of dies 32 formed so as to complete the lateral seams 5, thereby closing
      the gap 20, also serving to subdivide the tube longitudinally by cutting
      across the tube at the seam 5 thereby separating the tube into individual
      containers 1. In step with the die pair 32 a valve 33 of tube 22 is
      actuated to introduce a quantity of liquid into the cavity between the
      lateral seams 5. Thus in one continuous operation four sheets are united
      into a single tube 17 as shown in FIG. 11, the cavities in this tube are
      automatically filled, and the tube is subdivided into separate containers.
PAR  A container according to the present invention can therefore be made
      rapidly and inexpensively. It is nonetheless extremely rigid and can carry
      relatively heavy loads. Relative to the floor space such a container
      occupies, it holds a large quantity of material so that such a container
      is an extremely efficient package.
CLMS
STM  We claim:
NUM  1.
PAR  1. A free-standing container comprising:
PA1  a pair of like coextensive, rectangular and outwardly convex side wall
      panels having rectilinear opposite parallel longitudinal edges seamed
      together by heat seals all along said edges;
PA1  a pair of like end wall panels each having a periphery and each formed with
      a fold extending between the seamed lateral edges and subdividing the
      periphery into a pair of like sections, all of said panels being formed of
      a thermoplastic synthetic resin; and
PA1  respective nonstraight seams of heat seals joining each of said sections to
      a respective side panel and extending between its lateral edges, one of
      said end wall panels constituting the bottom of said container and the
      other end wall panel constituting the cover thereof.
NUM  2.
PAR  2. The container defined in claim 1 wherein said nonstraight seams are
      arcuate.
NUM  3.
PAR  3. The container defined in claim 2 wherein said nonstraight seams are
      inwardly concave and said sections are arcuate.
NUM  4.
PAR  4. The container defined in claim 1 wherein said nonstraight seams are each
      formed of a plurality of rectilinear sections and each of said end walls
      is polygonal.
NUM  5.
PAR  5. The container defined in claim 4 wherein said side wall panels are
      rectangular and are formed with fold lines parallel to their lateral
      edges.
NUM  6.
PAR  6. The container defined in claim 2 wherein the upper and lower arcuate
      seams both have their concavities turned toward the interior.
NUM  7.
PAR  7. The container defined in claim 2 wherein the lower arcuate seam has its
      concavity turned toward the interior and the upper arcuate seam has the
      concavity turned toward the exterior.
NUM  8.
PAR  8. A free-standing container comprising a pair of vertically elongated
      coextensive synthetic resin foil rectangular side panels with adjoining
      opposite longitudinal edges; a pair of heat-seal seams joining
      corresponding longitudinal edges of said side panels all along said edges;
      a pair of identical end panels bridging said said panel at opposite ends
      of the container and including a lower end panel and an upper end panel of
      synthetic resin foil respectively, said end panels being each formed with
      a fold lying in the plane of said heat seal seams inwardly of the upper
      and lower ends of said side panels; respective end heat seal seams joining
      the upper and lower edges of each side panel to a respective edge of the
      respective end panels; a curvilinear heat-seal seam extending from the
      junction of each fold with the opposite edges of said side panels between
      each end panel and a respective side panel; and heat seals securing said
      end panels in the heat-seal seams along the longitudinal edges to said
      side panels between said folds and the respective end of the container.
NUM  9.
PAR  9. The container defined in claim 8 wherein said curvilinear seams are
      convex in opposite directions.
NUM  10.
PAR  10. The container defined in claim 8 wherein said curvilinear heat seal
      seams are convex in the same direction.
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ABST
PAL  A mailbox for the reception and protection of mail comprises a mail
      receptacle or container with a door, an alarm system control switch,
      responsive to the opening and closing of the mailbox door to activate an
      alarm when the door is open, illuminating means to light an area near the
      mailbox and intercommunication means for identification of and
      conversation with a caller or person using the mailbox. The mentioned
      security features of the mailbox are components of a pre-wired unit and
      installation is thereby greatly simplified and facilitated.
BSUM
PAR  This invention relates to a novel and useful security mailbox which
      provides a substantial convenience for the owner and legitimate users
      thereof while at the same time affording a high degree of protection for
      the mail deposited therein and additional protection for the home where it
      is installed, by providing a means for detecting and discouraging the
      presences of thieves, prowlers and unauthorized persons.
PAR  Mail thieves, prowlers and vandals are common problems for home and
      apartment dwellers in urban as well as suburban and rural communities.
      Various devices which activate alarms upon the openings of mailboxes are
      known. However, although such systems provide signals to notify the owner
      that the mailbox has been opened, they generally fail to provide a means
      for the identification of the user and thus do not provide for
      distinguishing between legitimate use of the mailbox, such as in the
      deposit of mail, and undesired use, such as by a prowler or thief.
      Furthermore, the mailbox alarm systems of the prior art do not provide
      illumination in the vicinity of the mailbox and means by which the owner
      may communicate from within his dwelling with a person who is opening the
      box or is in the vicinity thereof. If such systems or features are desired
      they are installed separately, presenting the problems of finding suitable
      locations on a dwelling outside wall for such installation and requiring
      additional installation expenses for labor and materials.
PAR  It is a primary object of the present invention to provide a security
      mailbox comprising a combination of features which provide convenience for
      the owner as well as legitimate users while at the same time providing a
      means for detecting and discouraging mail theft and the presence of
      prowlers or other undesirable persons on the premises. It is also an
      object to include such advantageous features in a unitary construction
      which is convenient and economical to install and is attractive in
      appearance. It is a further object to provide ample means for the
      protected temporary storage of mail and additional and separate means for
      holding magazines, newspapers, circulars and catalogs.
DRWD
PAR  Other objects, advantages and features of the present invention will become
      apparent to those skilled in the art from the following description, taken
      in conjunction with the accompanying drawing; in which
PAR  FIG. 1 is a partially cutaway perspective view of a security mailbox of
      this invention, mounted on an exterior wall of a dwelling;
PAR  FIG. 2 is a sectional elevation of the mailbox mounted on the wall, taken
      along plane 2--2 of FIG. 1; and
PAR  FIG. 3 is a schematic electrical diagram of a mode of the invention
      together with associated remote alarm, controls and power supply, wherein
      the illuminating means is controlled by a switch responsive to the opening
      of the mailbox door.
PAR  FIG. 4 is a schematic electrical diagram of another embodiment of the
      invention together with associated remote alarm, controls and power
      supply, wherein the illuminating means is controlled by a switch
      responsive to the opening of the mailbox door.
DETD
PAR  In FIG. 1, the mailbox unit 11 of the present invention is shown with
      hinged door 12 in a partly open position. A handle 31 is provided to
      facilitate opening of the door and catch means 32, cooperating with
      similar means on the door holds it closed until it is opened by
      application of the requisite force to the handle. A space is provided on
      the door or other front face part of the box for house numerals 37,
      occupant identification, etc. A switch 13, which may be a microswitch or
      other suitable switch of the normally closed type, is mounted in such a
      manner as to be responsive to the opening and closing of the door, closing
      a circuit when the door is opened. As will be apparent from FIG. 3, switch
      13 activates a remote audio, visual or other suitable type of alarm,
      usually located in the dwelling. However, it is within the invention to
      have the alarm located in or adjacent to the mailbox or to have a
      plurality of dwelling and/or mailbox alarms. In the interior of the
      mailbox under base or shelf 21 are located lamp socket 14 and light bulb
      15. They may be energized by pressing of pushbutton switch 16 mounted on
      the face of the box, or by actuation of another suitable switch, located
      in the dwelling or elsewhere. A transparent or translucent panel 17,
      preferably of a synthetic organic plastic, e.g., nylon, polystyrene,
      polyacrylate, polyethylene or polypropylene, or of glass, allows for
      transmission of light from light bulb 15 to the region around the mailbox.
      This light acts as a courtesy light, helping to illuminate the area about
      a dwelling entrance and helps to discourage prowlers or assists in their
      identification. The lighting means may be of the incandescent bulb or
      fluorescent tube type. The panel may be removable, for cleaning, bulb
      replacement or repairs. A pushbutton switch 18 for activation of a remote
      doorbell or other communication means may also be located in the mailbox
      or mounted on the box, suitably on the front panel thereof.
PAR  The front panel of the mailbox also provides a location for mounting of an
      intercommunication transmitter-speaker station 19, controllable from a
      remotely-located master station, not shown. In some cases it may be a
      master station, too.
PAR  The upper portion of the back of the mailbox may be recessed to provide a
      deposit space, as shown at 20, for newspapers and the like. A downwardly
      and inwardly sloping wall for it, extending downwardly for about half the
      height of the box, is preferred, as illustrated. In the cutaway portion at
      the left of the drawing of FIG. 1 and behind the open door is shown the
      base or shelf 21 of the mail storage area. Base 21 may be formed of the
      same material as the outside of the mailbox, for example, painted or
      unpainted metal or opaque synthetic organic polymeric plastic, wood, etc.,
      or may be made of a transparent or translucent material such as glass or a
      plastic like those previously mentioned for the panel 17. It will be
      apparent that if the shelf 21 is made of a transparent or translucent
      material or if openings are provided therein the courtesy light source 15
      may serve to illuminate the interior of the box as well as the exterior,
      thereby providing a greater degree of convenience to the authorized user.
PAR  Within the lower interior portion of the mailbox, space is provided for the
      optional installation of additional security devices. For example, in this
      region, designated 22, a detection unit of the ultrasonic, infrared,
      photoelectric or other suitable type for the detection of persons in the
      vicinity of the mailbox may be located. A sensor external part 33, e.g., a
      photoelectric cell part connected to the other parts of such a detection
      unit, may respond to interruption of a light beam directed onto it to
      signal the presence of a visitor, prowler or thief even before any
      physical contact is made by such person with the mailbox door.
PAR  In FIG. 2, typical installation of mailbox unit 11 on an outer wall 34 of a
      dwelling uses fastening means such as screws 24, nails, bolts or the like.
      Alternatively, a track or mounting bracket may be fastened to the dwelling
      wall and the mailbox may be mounted on it. In the drawing, the newspaper
      storage area 20 is bounded by the recessed portion of the back of the
      mailbox and the wall 34 of the house, thus providing a convenient
      repository for newspapers or other articles too bulky for deposit within
      the mailbox. The wirings for the alarm switch 13, light 15, and intercom
      19, are led through opening 35 in the box, which is aligned with bored
      hole 36 in the dwelling wall so that connections may be made to the power
      supply and signalling and other devices in the dwelling. Jacks and mating
      parts may be used to facilitate connections. It will be appreciated that
      the exact location of a wiring outlet or outlets on the mailbox is not
      critical and the most convenient location will usually be chosen. For this
      reason the wiring passages and the jack assembly 25 shown in FIG. 2, are
      intended to be illustrative but not limiting and terminal boards may be
      used instead, as illustrated in FIG. 1 at 38. In FIG. 3, a schematic
      diagram of the electrical features of one mode of the present invention
      are shown. Features and associated wiring that form a part of the mailbox
      unit are shown within the dashed lines and are electrically connected to a
      remotely located power supply 27, alarm bell 28, transformer 29, and
      intercom master station 19a. The intercom may be controlled at master
      station 19a and is activated by switch 19b from inside the dwelling.
      Electric light 15 may be activated either by means of switch 16 on the
      mailbox or remote switch 16a. It will be understood that in place of or in
      addition to the bell-type alarm 28 a visual alarm, such as an electric
      light, may be used. Light bulb 15 is also actuatable by switch 30 which is
      advantageously mounted on the box in such manner as to be responsive to
      the opening and closing of the mailbox door, or which may be replaced by
      switch 13 adapted to set off alarm 28 and light bulb 15 when the door is
      opened. Thus, the region in and around the mailbox may be illuminated when
      the door is opened. Again the dual purpose of convenience and protection
      is served. On opening the mailbox after dark, the illumination provides a
      convenience for the legitimate user of the mailbox and tends to discourage
      or frighten away a thief or prowler by illuminating his activities.
PAR  The various additional described devices may be similarly wired to be
      activated by single or several switches in accord with the previous
      instructions and code wiring practices.
PAR  In the illustrations switches 16 and 18 are of the pushbutton type.
      However, other switches such as toggle, mercury, radio-operated and knife
      switches, etc., may be employed. Similarly, although the electric light
      means 15 has been shown as an incandescent bulb, other lighting means,
      including electroluminescent devices, may be employed. In the diagram, the
      door-activated alarm switch utilizes the same alarm and circuitry as the
      door-bell. However it will be apparent that separate alarm means and
      circuits therefor can be employed if desired. Although the intercom device
      is shown as a wired system, it will be understood that other types of
      intercoms such as the wireless type may be employed.
PAR  Various modifications of the invention may be made, without departing from
      its basic concepts. Thus, lights and alarms or bells may be simultaneously
      activated or turned on by opening of the mailbox door or may be separately
      activated by mailbox switches or switches in the dwelling. Both may be on
      high voltage or low voltage or one on each of these. Similarly, the
      intercom may be operated on either voltage, as may be the no-touch prowler
      detection device. Shutoffs may be provided for inactivation of the various
      electrical parts of the mailbox unit, or for all of them when desired.
      With this teaching before him one of skill in the art will be able to
      design the circuits accordingly. Wiring locations may be varied and
      channels may be located in the box to provide wiring paths which do not
      interfere with mail insertion or removal and which facilitate making of
      repairs.
PAR  It will be apparent that the features of the present invention serve the
      dual purposes of convenience and protection. For example, the
      door-activated alarm system switch provides a convenience to the owner by
      alerting him or her, through audible or visible alarm means, that mail has
      been deposited. On the other hand, an unauthorized opening of the mailbox
      will also trigger the alarm and alert the owner. The intercom provides the
      convenience of allowing conversing with a visitor or the mailman from some
      remote location within the house or apartment. In addition, when an
      unauthorized opening of the mailbox is suspected, the intercom permits
      rapid questioning and identification of the caller while the owner may
      remain safe within the house. The light provides a convenience, especially
      at night, enabling a caller to find the doorbell, write a note if the
      occupant is not at home, etc. At the same time the light, which may be
      controlled from within the house, can serve to illuminate the area to
      frighten or discourage unauthorized persons from remaining in the area.
      The security mailbox provides its several conveniences and protection
      features as a single unit which may be manufactured at a lower cost than
      would be the case for the separate manufacture or construction of such
      features. Since the unit is pre-wired it may be installed at a house or
      apartment entrance with a minimum of effort, thus affording a saving of
      time, money or both to the purchaser or installer. The installed product
      also has the various communications and identification features at a
      single location, making these readily locatable for the convenience of the
      authorized visitor. If desired a "master" switch, not shown, may be opened
      to shut off all power to the box and prevent prankster operations.
PAR  In a modification of the mailbox it is equipped with an unlocking device in
      which, by pressing a button, the householder can open a lock on the door
      to permit access to the mailbox. Thus, the postman may deposit the mail
      and then close the box, causing it to be locked by any suitable or
      conventional mechanism, and preventing theft of the mail. The lock may be
      opened in some cases by a key or may be sprung by solenoid action in
      response to closing a circuit in response to pushbutton operation. The
      solenoid may be operated by high or low voltage and if of the latter type
      the tranformer for it (also useful for activating other security mailbox
      parts) may be located in the mailbox but preferably is in the dwelling. As
      with the other accessories connections to power supply, etc., may be by
      soldered joint, solderless connectors, jacks, junction blocks and terminal
      boards. Alternatively, a purely mechanical lock may be utilized but this
      is not usually preferred.
PAR  Of course, if a lock is employed there is less need for an alarm actuated
      by opening of the mailbox door, since said opening is usually prevented by
      the lock. Nevertheless, should the box not be locked, due to inadvertence
      or mistake or should the lock be picked, the alarm function will be
      useful. Also, in response to hearing or noting the alarm after deposit of
      mail by the postman the householder may actuate a locking mechanism to
      protect the mail until he or she is ready to remove it.
PAR  The described mailboxes may be made of various materials, shapes and
      designs to blend with the dwelling decor. Usually they are horizontally
      oblong with front opening doors but side and top doors are also
      acceptable. In some installations the mail may be removed from the box
      through an opening in the back of the box directly into the dwelling. In
      others a "peephole" device may be located in the box to allow one-way
      inspection of a "visitor." All such modifications are within the
      invention, as are other substitutes and equivalents that may be employed
      by one of skill in the art, after a reading of the description herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A security mailbox attachable to a wall of a dwelling, comprising a mail
      receptacle, door means mounted thereon for the deposit of mail into the
      receptacle and withdrawal therefrom, an activating switch mounted behind
      said door responsive to the opening of said door means for activating an
      alarm, a light transmitting shelf in the mail receptacle on which the
      deposited mail rests, a downwardly and inwardly angled light transmitting
      panel at a front bottom portion of the mailbox, illuminating means located
      within the box and below the shelf so that when activated it lights the
      box interior and the area about the mailbox at night, on the front of the
      box are mounted an intercommunication transmitter-speaker unit, a manually
      operable switch for turning on the illuminating means, and a manually
      operable switch for activating a bell, mounted within the box is a switch
      means for turning on the illuminating means in response to the opening of
      the door, and wiring means for transmitting electric power to the alarm
      switch, to the intercommunication transmitter-speaker unit, to the
      illuminating means and to the bell switch, which wiring means are
      communicable through an opening in a back wall of the mailbox with the
      interior of the dwelling to which the security mailbox is attachable.
NUM  2.
PAR  2. A security mailbox according to claim 1 in which the intercommunication
      transmitter-speaker unit is mounted on the front of the mailbox below the
      door means and shelf thereof, said wiring means being located beneath the
      shelf, except for such means communicating with the activating switch
      responsive to the opening of the door, said wiring means are pre-wired in
      the mailbox and are communicable with a source of power in the dwelling to
      which the mailbox is attachable, and the mailbox includes a back wall
      which is mountable on the wall of a dwelling on which the security mailbox
      is attachable and which has an opening therein through which the wiring
      means pass.
NUM  3.
PAR  3. A security mailbox according to claim 2 wherein the illuminating means
      is an electric lamp adapted to illuminate an exterior area about the
      mailbox and to illuminate the mailbox interior.
NUM  4.
PAR  4. A security mailbox according to claim 3 wherein the wiring means passes
      through a single opening in the back panel of the mailbox to communicate
      with a power source inside the dwelling through a connector in the back of
      the panel of the mailbox.
NUM  5.
PAR  5. A security mailbox according to claim 4 which has connected to it
      prowler detection means for the detection of persons in the vicinity of
      the mailbox, which means is connected via the wiring means to an alarm.
NUM  6.
PAR  6. A security mailbox according to claim 3 in which said back panel
      comprises an upper recessed panel portion which forms a storage space
      between the back panel and a dwelling wall when the mailbox is affixed to
      said dwelling wall suitable for holding newspapers, and lower panel below
      said recessed panel portion of the mailbox which is fastenable to the
      dwelling wall by fastening means which pass through said lower panel
      portion and through which the electrical wiring means pass.
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ABST
PAL  A swinging bucket centrifuge rotor has a plurality of peripheral cavities
      each adapted to seat a swinging bucket. Each cavity has a hanger which is
      slideably positioned in a receptacle in the rear of the cavity. The
      receptacle prevents rotation of the hanger about its path of movement. The
      extremity of the hanger forms a hook which is adapted to support a
      cross-pin located in the swinging bucket cap. The cross-pin is so
      positioned that the bucket must hang properly from the hook. In like
      manner the hook has an outwardly and downwardly sloping entrance opening
      which further aids in properly hanging a bucket.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to centrifuges and more particularly to swinging
      bucket type centrifuges.
PAR  Swinging bucket centrifuges typically include a rotor having a pluralilty
      of peripheral cavities therein. Each cavity houses a swinging member,
      usually referred to as a bucket, which holds the material to be
      centrifuged. The buckets are pivotally mounted in each cavity, such that
      they normally hang with a vertical orientation. As the rotor increases
      speed, the buckets, because of centrifugal force, swing outwardly and
      desirably assume a horizontal position. The pivotal mounting is provided
      with some means of flexure by which the buckets, under the influence of
      extreme centrifugal force at the higher speeds of rotation, are permitted
      to move radially outward until they are supported by or seated within the
      rotor cavity itself such that they are restrained from further outward
      movement. The reverse sequence occurs as the rotor is slowed down, i.e.,
      the buckets are retracted radially inward such that they unseat from the
      rotor cavity and are allowed to swing back down to a vertical orientation.
PAR  Among the early designs of these type of rotors, flexure was provided by
      elongated pins which extended through a section of the rotor.
      Unfortunately these pins required a relatively large amount of rotor space
      and severely limited the number of cavities and, hence, the number of
      buckets that could be positioned within one rotor.
PAR  An improvement over this design which permitted the use of more swinging
      buckets in a given rotor was provided by Galasso et al. in U. S. Pat. No.
      3,393,864, issued July 23, 1968. Galasso et al. taught that each of the
      buckets is supported by an independent bucket hanger assembly disposed
      with a cavity in the rotor. Each hanger assembly is spring biased in a
      radial direction towards the axis of rotation of the rotor and includes a
      separate pin member carried by the assembly from which a bucket can be
      suspended. While the Galasso et al. apparatus provided a vast improvement
      over the pin mountings, it unfortunately has many disadvantages. Among
      these disadvantages is that the hanger mounting screws can and do become
      loosened with use and vibration. In this event, the required precise
      positioning of that bucket is lost. The bucket hanger can then rotate
      which may cause the bucket to drop off or not seat properly. Either can
      result in an unbalanced rotor and cause possible rotor spin-off at high
      speed. The resulting damage can be very expensive.
PAR  Another swinging bucket rotor is described by Chulay, in U.S. Pat. No.
      3,752,390, issued Aug. 14, 1973. In Chulay, the rotor cavities each have a
      vertically positioned torsion bar extending downwardly through the rotor
      into the bucket cavity. A disadvantage of the Chulay assembly, as well as
      the Galasso et al. assembly, is that the bucket, which must be precisely
      mounted, can easily be mounted backwards by the careless user. This can
      result in rotor imbalance. Further the buckets can be improperly mounted
      such that they are not securely engaged by the hook support provided. In
      this case, the buckets may fly off as soon as the rotor begins operation.
PAR  Accordingly, it is an object of this invention to obviate many of the
      difficulties encountered in the prior art swinging bucket type
      centrifuges.
PAR  A further object of this invention is to provide a centrifuge rotor which
      has an improved bucket hanger assembly.
PAR  An additional object of this invention is to provide an improved swinging
      bucket centrifuge which facilitates the proper positioning of the buckets.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  According to a preferred embodiment of the invention, a swinging bucket
      centrifuge is constructed in which the rotor defines a plurality of
      peripheral cavities therein and is adapted to turn about its axis. Each of
      the cavities is configured to seat a swinging bucket in the outer or
      peripheral portions of the rotor cavity. Hanger means are provided in each
      cavity for pivotally supporting a bucket nominally in a vertical position
      and yet permitting the bucket to swing, under the influence of centrifugal
      force, to a horizontal position during operation. Each hanger means is
      capable of radial movement during centrifuging to facilitate seating the
      bucket within its cavity. A receptacle is provided radially contiguous to
      each cavity to slideably receive, along a radius of the rotor, at least a
      portion of the hanger means. Means are provided for preventing the
      rotation of the hanger about its path of movement.
PAR  In a particularly preferred embodiment each bucket has a cap which includes
      a tab on which is mounted a cross-pin adapted to pivotally engage an
      associated hanger means. Each hanger means includes a pair of spaced hooks
      defining a vertically disposed, U-shaped opening adapted to straddle the
      tab and engage the cross-pin. The entrance of opening of the hooks is
      sloped downwardly such that the pin must fully engage a hook or it will
      slip off during the mounting procedure. This prevents improper mounting.
      Further the pin is mounted off-center relative to the tab such that the
      bucket may engage the hook in only one sense, the proper sense. Rotor
      imbalance is thereby averted.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features of this invention as well as the invention itself, both
      as to its organization and method of operation, will best be understood
      from the following description, when read in connection with the
      accompanying drawing, in which like reference numerals refer to like
      parts, and in which:
PAR  FIG. 1 is an elevation view, partially cut away, of the rotor assembly of a
      swinging bucket type centrifuge depicting the manner of mounting the
      swinging buckets in accordance to this invention and showing a bucket in
      both vertical and horizontal orientation;
PAR  FIG. 2 is an end elevation view of the hanger illustrated in FIG. 1; and
PAR  FIG. 3 is a fragmentary section view of the rotor cavity illustrated in
      FIG. 1 depicting the rotor seated within the cavity under the influence of
      centrifugal force.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  There is seen in FIG. 1 an otherwise conventional centrifuge rotor 10. The
      rotor 10 is mounted on a drive shaft 12 which is driven by a suitable
      means, i.e., an electric motor, appropriate gears, base, and the like.
      Disposed about the peripheral portions of the rotor 10 are cavities 14
      only one of which is shown. There is positioned within each cavity a
      swinging member, usually referred to as a bucket 16, each of which has a
      plug or cap 18. Each bucket has a flanged collar or shoulder 24 which is
      adapted to seat within a seat 26 on the inner side of the peripheral
      portion of the cavity in which it is housed. The buckets containing the
      material or fluid which is to be centrifuged are usually constructed of a
      suitable lightweight metal, such as aluminum or titanium, capable of
      withstanding the large centrifugal forces that the bucket undergoes during
      the operation. They are pivotally hung from a hanger assembly 20
      constructed in accordance to this invention, as will be described.
PAR  The swinging buckets 16 are depicted in FIG. 1 as hanging downwardly in a
      vertical position which is their orientation when the rotor is at rest.
      When the rotor is in operation and spinning, the buckets swing outwardly
      to a horizontal position or orientation depicted by the dashed line 22 in
      FIG. 1. As the rotor spin speed increases, the centrifugal force is such
      that the buckets extend radially outwardly until their flanged collar or
      shoulder 24 engages the recess or shoulder seat 26 formed in the outer
      portion of the cavity 14. Thus when the bucket is horizontally oriented
      and subjected to extreme centrifugal forces, it seats within the shoulder
      seat 26, as is depicted particularly in FIG. 3.
PAR  In accordance with this invention, the bucket cap 18 includes an elongated
      tab 30, typically having a rectangular cross-section extending axially
      upwardly therefrom (FIG. 1). The tab is acentrically of the central axis
      29 (FIG. 3) of the bucket 16 and the upper portion therefrom has a
      cross-pin 32 secured therein as by a friction fit. The reason for this
      acentricity will be described hereinafter. The cross-pin is located
      somewhat off of the central axis of the bucket in the direction of the
      tab's acentricity. This locates the cross-pin slightly above the central
      axis 29 of the bucket when the bucket is in a horizontal position as
      depicted in FIG. 3. The reason for this slight acentricity is to enable
      the bucket to assume, as nearly as possible, a horizontal position.
      Without this acentricity, i.e., if the cross-pin were located precisely on
      the central axis 29 of the bucket, the bucket theoretically, because of
      gravity, could never assume an absolutely horizontal position. By way of
      example, this acentricity or offset distance 33 typically is selected to
      be about 20 mils for a bucket capable of holding 38.5 ml. of fluid and to
      be used in a rotor spinning at 27,000 rpm. Although preferred, this offset
      for the pin need not be used if desired and the cross-pin may be located
      on the bucket axis. Other offsets may be used according to the weight of
      the bucket and the angular spin rate of the rotor.
PAR  The hanger assembly 20 includes a hanger 34. The hanger 34 may be described
      as elongated and generally tubular having planar exterior surfaces 36, as
      is seen most clearly in FIG. 2, such that it has a generally square or
      rectangular exterior configuration when viewed from the end with rounded
      corners 38 and a cylindrical interior 39. The hanger 34 is adapted to have
      a sliding fit within a receptable 40 formed in the rotor itself such that
      the hanger is capable of a sliding movement along its axis and/or a radius
      of the rotor. The receptacle 40 also has a square or rectangular
      cross-section to prevent the hanger from rotating about its path of
      movement. The rear portion 42 of the hanger is of a reduced diameter to
      provide a sliding fit about a shoulder screw 44. The screw has an enlarged
      head 46 that fits within the hanger. A compression spring 48 fits over the
      screw and is compressed between the head 46 of the screw and the reduced
      diameter portion 42 of the hanger 34. The screw 44 is threaded into a bore
      50 in the rotor itself. In this manner the hanger 34 is capable of sliding
      axial movement radially outward of the rotor and is normally biased by the
      spring 48 inward towards the axis of rotation of the rotor.
PAR  The outer peripheral portion of the hanger 34 is split or forked so as to
      have a vertically opening, slotted portion 54 capable of accommodating the
      tab 30 of the swinging bucket. The slotted portion 54 of the hanger 34 is
      defined by a pair of spaced hooks 56 adapted to engage the cross-pin 32.
      The hoods both have a horizontal opening defined by a sloping surface 58
      which, when the hanger is mounted in the horizontal position illustrated,
      slopes downwardly and outwardly. In this manner, if cross-pin 32
      inadvertently is placed on the sloping portion during the time that the
      bucket is being mounted, it would slide off and not be permitted to remain
      in an unstable, improperly mounted position only to fly off when the rotor
      goes into operation as was possible with prior art rotors.
PAR  The tab 30 is mounted acentrically such that the greater distance from the
      cross-pin to the side of the tab, i.e., in the direction of acentricity is
      the offset distance 31. This offset distance 31, relative to the side of
      the tab 30, is greater than the axial depth of the open portion 54. The
      cross-pin thus cannot be mounted with the hook except in the one, correct
      position illustrated. Improper or backward mounting of the bucket assembly
      is virtually impossible.
PAR  In operation, as the rotor begins to spin, the normally vertically oriented
      buckets 16 (FIG. 1) gradually swing outwardly until they assume the
      position depicted by the dashed lines 22 (FIG. 1). As the speed continues
      to increase, the centrifugal force, acting against the bias of the spring
      48, causes the hanger 34 to withdraw axially along a radius of the rotor
      until the bucket flange 24 seats on the seat 26 of the rotor such that the
      bucket is properly seated.
PAR  This hanger 34 has the advantage that, because of its generally rectangular
      cross-section, it cannot rotate within the receptacle 40. Hence if the
      screw 44 loosens slightly during operation of the rotor, it cannot twist
      and thereby cause possible destruction of the rotor because the bucket
      becomes misaligned and causes rotor imbalance.
PAR  The swinging buckets may be mounted only in the proper position. Because of
      the width of the tab 30 with the cross-pin 32 acentrically mounted as
      described, the bucket may be mounted with the spaced hooks 56 only in the
      proper manner as illustrated. Furthermore, if the cross-pin is not
      introduced far enough into the hanger to properly engage the hooks, it
      will light upon the downwardly sloping surface 58 of the hanger 34 and
      immediately slide off. The operator thus has the opportunity to rehang the
      bucket. Because the cross-pin 32 is acentrically mounted, the bucket can
      only be hung with the cross-pin slightly above the axis 29 of the bucket
      when the bucket is horizontally oriented. Hence the bucket is able to
      assume the desired horizontal orientation.
PAR  It is thus apparent that the apparatus described offers a number of unique
      advantages not found in the prior art of swinging bucket rotors.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a swinging bucket centrifuge having a rotor which defines a plurality
      of peripheral cavities therein and is adapted to turn about its axis and
      hanger means in each said cavity for pivotally supporting a bucket
      nominally in a vertical orientation and yet permitting said bucket to
      swing under the influence of a centrifugal force to a horizontal
      orientation during operation, each said hanger means being capable of
      movement radially of said axis during operation to facilitate seating its
      said bucket in its said cavity, the improvement comprising:
PA1  a receptacle defined by said rotor radially contiguous each said cavity
      adapted to slideably receive along a radius of said rotor at least a
      portion of said hanger means, and
PA1  means in each said receptacle for preventing the rotation of a hanger means
      about its path of movement.
NUM  2.
PAR  2. A centrifuge according to claim 1 wherein each said bucket has a cap
      which includes a tab extending axially of said bucket, and
PA1  a cross-pin secured in said tab adapted to pivotally engage an associated
      said hanger means.
NUM  3.
PAR  3. A centrifuge according to claim 2 wherein each said hanger means
      includes a hook for pivotally engaging an associated said cross-pin.
NUM  4.
PAR  4. A centrifuge according to claim 2 wherein each said hanger means forms a
      pair of spaced hooks defining a U-shaped, vertical opening adapted to
      straddle said tab and pivotally engage said cross-pin.
NUM  5.
PAR  5. A centrifuge according to claim 4 wherein said tab is positioned
      acentrically of said cap such that the greater distance from said
      cross-pin to the side of said tab exceeds the depth of said U-shaped
      opening, whereby said bucket can only be positioned on said hanger in a
      first sense.
NUM  6.
PAR  6. A centrifuge according to claim 5 wherein said cross-pin is positioned
      acentrically of the axis of said bucket in the direction of said tab
      acentricity, thereby to facilitate said bucket assuming a horizontal
      orientation during operation.
NUM  7.
PAR  7. A centrifuge according to claim 6 wherein said hooks define a horizontal
      entry opening for said cross-pin having lower surfaces that slope
      downwardly and outwardly from said opening, thereby to prevent improper
      positioning of said pin.
NUM  8.
PAR  8. A centrifuge according to claim 2 wherein said hanger includes a hook
      which defines a horizontal entry opening for said cross-pin having lower
      surfaces that slope downwardly and outwardly from said opening, thereby to
      prevent improper positioning of said pin.
NUM  9.
PAR  9. A centrifuge according to claim 8 wherein said means for preventing
      rotation of said hanger means includes mating planar surfaces in said
      receptacles and on said hanger means.
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ABST
PAL  A counter mechanism for the digital measurement of increments of a selected
      physical quantity, such as distance travelled by a motor vehicle, includes
      a first set of numbered counting wheels rotatably mounted in sequence upon
      a driven shaft with gear means interconnecting said counting wheels one
      with another in a velocity ratio of 1 to 10, and a second set of numbered
      counting wheels similarly arranged on a second shaft driven from a
      predetermined one of said numbered counting wheels in said first set. The
      second set of counting wheels commences to count multiples of said
      increments when said predetermined one counting wheel commences to rotate.
      The second set of numbered counting wheels can be reset to zero by means
      of a ratchet resetting device without affecting the position of the first
      set of numbered counting wheels. Such a mechanism is useful as a mileage
      recorder in the speedometer of a motor vehicle, the second set of numbered
      counting wheels serving as a direct visual indication to an observer of
      the mechanism of an attainment of a predetermined number of miles covered
      by the vehicle, which predetermined number correlates to a mileage limit
      for servicing, for example, a catalytic exhaust gas system on the vehicle.
      Preferably electrical contact means on the second set of counting wheels
      actuates a visual or audible warning signal once said predetermined number
      of miles is reached. Once the vehicle has been reserviced, the second set
      of numbered counting wheels is returned to zero to start indicating the
      second corresponding mileage limit.
BSUM
PAR  The invention relates to a odometer-type counting mechanism for continuous
      measurements, particularly for measuring distances, and consisting of
      counting wheels of different unit values arranged on a drive shaft
      provided with a driving wheel, the wheels being rotatingly actuated,
      corresponding to their place value, through tangentially associated shift
      pinions, by way of the driving wheel.
PAR  The construction and function of an additive odometer-type counting
      mechanism are known. Such odometer-type counting mechanisms may be used
      for example as mileage recorders in motor vehicles and are often designed
      as multiple counting mechanisms, i.e. they have an integrated counting
      wheel assembly which measures the partial distance covered and serves as a
      so-called trip recorder.
PAR  The invention proceeds from the problem of making distance-dependent
      operating conditions more easily monitored, particularly in motor
      vehicles, and of indicating them to the driver of the vehicle.
PAR  According to the invention, this problem is solved with the aid of an
      odometer-type counting mechanism of the above-mentioned kind by arranging
      that, in a manner known per se, the odometer-type counting mechanism is in
      effective communication with a second resettable or returnable
      odometer-type counting mechanism, particularly for part-distance
      measurement, this second counting mechanism being positively connected by
      its driving wheel to a digit counting wheel of higher unit value of the
      first odometer-type mechanism, or to its shift pinion. Advantageously, in
      a manner known per se, the second odometer-type counting mechanism
      comprises digit counting wheels which are arranged on a second drive shaft
      rotatably mounted in end frames of the casing, parallel with the drive
      shaft of the first odometer-type mechanism, and which, also in a manner
      known per se, are rotatingly driven corresponding with their unit value,
      via the drive wheel, after the manner of a two-tooth gear, by tangentially
      associated pinions, whilst the drive wheel of the second odometer-type
      counting mechanism is positively coupled with the shift pinion of a digit
      counting wheel having units of the value "one thousand," and belonging to
      the first odometer-type counting mechanism.
PAR  The result is that an operating condition developing after a fairly high
      mileage, say 18,000 miles (30,000 kilometers), such as the limit of
      effectiveness of a catalytic exhaust gas system, can easily be indicated,
      and appropriate steps for servicing can be taken.
PAR  In a further advantageous embodiment of the invention, the second
      odometer-type counting mechanism can be made resettable or reversible in a
      manner known per se and is provided with a leadsealed actuating element
      for the resetting, so that, after completion of the maintenance by the
      indicated operating condition, the counting mechanism can be set back. For
      this purpose, advantageously a free end of the drive shaft of the second
      odometer-type counting mechanism is in effective communication with the
      actuating element, and is provided with an arresting device permitting a
      rotary movement in one direction of rotation only (i.e., the direction of
      rotation for resetting). Appropriately, this takes the form of a one-way
      ratchet device arranged at the other free end of the drive shaft.
PAR  A further advantageous formation resides in the fact that a contact tongue
      engages with the periphery of a digit counting wheel-particularly a higher
      one - belonging to the second odometer-type counting mechanism, the tongue
      carrying a contact which co-operates with another contact for completing
      an electrical circuit to release a visual or audible signal indication,
      upon attainment of a certain unit value on this digit counting wheel. Here
      it may be appropriate to arrange that the contact tongue is secured by its
      free end facing the contact, to the casing wall of the second
      odometer-type counting mechanism and is provided with a sensing member
      which engages with the digit counting wheel and which, within the unit
      value range of the digit counting wheel, rests in a cavity arranged on the
      periphery of the digit counting wheel, for the purpose of releasing and
      maintaining the signal indication.
PAR  As a preferred field of application of the invention, vehicles,
      particularly passenger vehicles, come into consideration. Here the
      odometer-type counting mechanism according to the invention can be
      employed advantageously as a mileage recorder in a speedometer instrument
      (tachometer). The digit counting wheel of higher place value of the second
      odometer-type counting mechanism closes the electric contact in the range
      of a unit value, say eighteen thousand miles (30,000 kilometers)
      corresponding to a limiting value or `life` of a vehicle component.
      Alternatively, in this range it is provided with a colour marking which
      can be seen in the field of vision of the speedometer. Such an application
      of the invention achieves the advantage that an odometer-type counting
      mechanism present in any case (usually integrated with a speedometer) may
      be employed to monitor and indicate distance-dependent operating
      conditions. Alternatively such an odometer-type counting mechanism can be
      additionally incorporated in the speedometer instrument without the
      creation of additional monitoring elements for such operating conditions
      being required.
DRWD
PAR  These and other features of the invention will be explained in greater
      detail below with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a front elevation of a speedometer instrument fitted with an
      odometer-type counting mechanism, but provided with a further
      adometer-type counting mechanism,
PAR  FIG. 2 is a plan view of the two odometer-type counting mechanisms,
      according to FIG. 1, on an enlarged scale,
PAR  FIG. 3 is a partial presentation of the further odometer-type counting
      mechanism according to FIG. 2, shown partially in section on line III--III
      in FIG. 2, on an enlarged scale,
PAR  FIG. 4 is a side elevation of the odometer-type counting mechanism seen in
      the arrowed direction IV in FIG. 2,
PAR  FIG. 5 is a side elevation of the odometer-type counting mechanism seen in
      the arrowed direction V in FIG. 2, and
PAR  FIG. 6 is a perspective presentation of the further odometer-type counting
      mechanism to an enlarged scale.
DETD
PAR  A speedometer designated in FIG. 1 with the general reference numeral 1,
      consists of an odometer-type counting mechanism 2 constructed as a
      distance recorder, and of a speedometer of usual design, but not shown in
      greater detail. Of this speedometer, the dial 3 with the pointer 5 mounted
      at 4 will be apparent. A further odometer-type counting mechanism 20 is in
      an effective geared connection with the odometer-type counting mechanism
      2, at 6.
PAR  The first odometer-type counting mechanism 2 (FIG. 2) includes a number of
      digit counting wheels 7, each provided with a set of figures from 1 to 9
      at the periphery thereof. These counting wheels are rotatably arranged on
      a shaft 11 mounted in end frames 10 and actuated from a speedometer worm
      gear 9 through a driving wheel 8. After the manner of a two-tooth
      transmission, the counting-wheels are provided with axially directed teeth
      12, 13 which are located at opposite peripheral faces and have in this
      instance, twenty teeth 12 and two teeth 13 respectively. Toothed pinions
      15 are mounted freely rotatable on a common shaft 14 and are engageable
      with these teeth. These pinions, every second tooth of which is shortened
      in the axial direction, actuate the digit counting wheels 7 through the
      driving wheel 8. In a manner known per se, the arrangement of the counting
      mechanism is conceived in such a way that, commencing from the drive wheel
      8, the numerical value indicated by each digit counting wheel increases
      tenfold that of the preceding digit counting wheel, i.e. each unit on the
      first digit counting wheel 7 directly adjacent the drive wheel 8 has the
      value 0.1 (kilometers), and each unit on the last digit counting wheel 7
      has the value 10.000 (kilometers).
PAR  The further odometer-type counting mechanism 20 is of a construction
      similar to the first counting mechanism 2, and consists of two reversible
      resettable digit counting wheels 21, 22 which are so arranged on a shaft
      24 rotatably mounted in end frames 23, 23' of the speedometer housing that
      they are freely rotatable in one direction of rotation but are arrested in
      the other direction of rotation. The gearing arrangement of the further
      odometer-type counting mechanism 20 with respect to the first counting
      mechanism 2 is so conceived that the drive for the further odometer-type
      counting mechanism is effective from that pinion 15 of the first counting
      mechanism which is assigned to the counting wheel 7 having units of the
      numerical value 1000 and which, at 15' (6 in FIG. 1) is in engagement with
      a driving pinion 25 of the counting mechanism 20. This pinion 25 is
      secured to a hollow shaft 26 rotatably mounted on shaft 24. The hollow
      shaft 26 provided with a flange-shaped end 26' by means of several lugs
      26" extending axially at its periphery (FIGS. 2,3) engages positively 2,
      3) axially extending peripheral teeth 27 of the digit counting wheel 21
      and drives the latter, via a directional ratchet gear, in synchronism with
      the rotary motion of the aforesaid digit counting wheel 7 of the first
      odometer-type counting mechanism 2 which has units of the numerical value
      1000. The drive from the digit counting wheel 21 to the digit counting
      wheel 22 also takes place in the same manner as with the first
      odometer-type counting mechanism. With the aid of two teeth 28 extending
      axially from the periphery of digit counting wheel 21, the drive is
      transmitted, via a pinion 30 rotatably mounted on a shaft 29 secured to
      the end frame 23', to axially extending peripheral teeth 27' on the digit
      counting wheel 22. Since each digit counting wheel is required to be
      resettable, said counting wheel consists of two parts which are rotatably
      movable with respect to each other. The construction of these counting
      wheels will be described below with reference to digit counting wheel 21
      shown in section in FIG. 3.
PAR  The digit counting wheel 21, provided with numbers on its periphery, has an
      annular cavity between its outer circumference and its hub 21' which hub
      is arranged rotationally movable on shaft 24. Engaging in this cavity,
      there is a toothed disc 21a which has the axially-extending teeth 27 at
      its outer periphery and is rotatably mounted on the hub 21'. This toothed
      disc is provided with an inner set of teeth 31 which, as a directional
      ratchet gear, cooperates with a pawl 32, mounted resiliently and pivotably
      movable on the digit counting wheel 21. At the same time a further pawl
      33, arranged inside the digit counting wheel 21 to be pivotally movable
      and diametrically opposite to pawl 32, passes through a cavity 34 in the
      hub 21' and resiliently engages in a longitudinal groove 24' of shaft 24.
      It cooperates with this groove in the manner of a further directional
      ratchet gear which operates in a contrary sense to the internally toothed
      ratchet gear 31 and pawl 32, so that the digit counting wheel 21 is freely
      rotatable solely in the forward shift direction. A third directional
      ratchet gear assigned to the odometer-type counting mechanism 20 is
      situated at the free end of shaft 24 adjacent the end frame 23. As will be
      seen from FIGS. 2 and 4, it consists of a ratchet wheel 35 fixed on the
      shaft, and of an arresting detent or pawl 39 which is pivotally mounted on
      the end frame 23 at 36. Under the action of a tension spring 38 secured to
      the end frame 23 at 37, this pawl engages in a notch in the ratchet wheel
      at 35' with a spring-loaded positive action.
PAR  Secured to the other end of shaft 24, there is a crown wheel 40 meshing
      with a toothed pinion 41 which is rotatably mounted in a plate 43
      projecting from and screwed on to the bearing end frame 23' at 42 (FIG.
      6), and is connected to a pin 44 accessible from outside the speedometer.
      At 44', the free extremity of the pin carries a normally lead-sealed screw
      45 in order that the crown wheel transmission (40, 41) may be rotated by
      means of a screwdriver for setting back the counting mechanism 20.
PAR  The counting mechanism 20 is further fitted with an electrical
      make-and-break arrangement consisting of a contact strip 46 secured to
      plate 43, and of a contact tongue 48 resiliently attached at 47 to a wall
      23" connecting the bearing end frames 23, 23'. A lug 48', bent over from
      the contact tongue approximately at right angles, lies against the
      periphery of the digit counting wheel 22, which periphery has a depression
      in a section 22' extending over a certain region of the periphery. The
      free bent-over end 48" of the contact tongue comes into electrical contact
      with the likewise bent-over resilient free end 46' of the contact strip 46
      when the lug 48' enters the depressed section 22' of the periphery of
      digit counting wheel 22. Via a cable 50, and a cable shoe 49, the
      establishment of this contact closes the circuit of an illuminable
      indicator 51 (FIG. 1).
PAR  The mode of operation of the arrangement is as follows:
PAR  At 15', the odometer-type counting mechanism 20 is driven from pinion 15 of
      the first counting mechanism 2 assigned to the digit counting wheel 7
      having units of numerical value 1000, so that digit counting wheel 21
      turns in synchronism with this digit counting wheel 7 of the first
      odometer-type counting mechanism, whilst the positive transmission of
      power to the digit counting wheel 21 from the driving pinion 25, and from
      the toothed disc 21a firmly firmly connected with it via the lugs 26",
      takes place by way of the ratchet gear 31, 32. With its set of teeth 28,
      and via pinion 30, this digit counting wheel 21 drives the succeeding
      digit counting wheel 22 in synchronism with the last digit counting wheel
      7 having units of value 10,000 in the first odometer-type counting
      mechanism 2. Assume for example that the depression 22' at the periphery
      of the digit counting wheel 22 commences in the region of the figure three
      on this digit counting wheel, i.e. corresponding to the unit value 30,000.
      This means that, upon attainment of a covered distance on the
      odometer-type counting mechanism, corresponding to the unit value 30,000,
      the contact tongue 48, first of all resting with its lug 48' against the
      periphery of the digit counting wheel 22, will drop into the depression
      22', the contacts 46' and 48" will close, and the illuminable indicator 51
      on the dial 3 will light up. Assume further that, at this moment, some
      operational condition has been reached, for example the possible limit of
      effectiveness of an exhaust gas catalyst in the vehicle. This has been
      signalled by the lighting up of the illuminable indicator 51, indicating
      that a renewal of the particular unit is required. When the renewal of the
      unit concerned with the operating condition has been completed, resetting
      of the odometer-type counting mechanism 20 is easily carried out with the
      aid of a screwdriver applied to the screw 45 (FIG. 3). It turns the crown
      wheel gear 40, 41 and therefore the shaft 24 in the forward shift
      direction. Here, by the positive locking of the directional ratchet gear
      24', 33 and and the free-wheel of the ratchet gear 31, 32 and of the
      ratchet gear 35, 39, the digit counting wheels 21, 22 are set back to a
      zero setting, without the odometer-type counting mechanism 2 being
      involved in this resetting.
CLMS
STM  I claim:
NUM  1.
PAR  1. A counting mechanism for the digital measurement of increments of a
      selected physical quantity, such as distance travelled by a motor vehicle,
      said counting mechanism comprising:
PA1  a first and a second odometer-type counting assembly, each having a
      plurality of counting wheels arranged side-by-side on a common shaft, each
      counting wheel bearing the numbers 0 - 9 on its periphery, said wheels
      being interconnected one with another so that the advancement of a wheel
      of one value by an amount corresponding to 10 digits produces an
      advancement of the adjacent wheel of the next highest value by an amount
      corresponding to one digit;
PA1  an input drive means to the mechanism, coupled to the common shaft of said
      first counting assembly;
PA1  a subsidiary drive means mechanically coupled between a predetermined one
      of said counting wheels in said first counting assembly and the common
      shaft of the second counting assembly so that the common shaft of the
      second counting assembly rotates in synchronism with said predetermined
      counting wheel;
PA1  and resetting means on said second counter assembly for resetting the
      counting wheels therein back to an indicated number value of zero;
PA1  whereby the number value indicated by the counting wheels of the second
      counting assembly is a direct visual indication to an observer of the
      mechanism of an attainment of a predetermined number of said increments of
      the selected physical quantity during a first period of time, and
      thereafter said counting assembly can be reset to zero to indicate said
      attainment during a second and subsequent periods of time.
NUM  2.
PAR  2. A counter mechanism according to claim 1, in which the subsidiary drive
      means is mechanically coupled to the counting wheel in the first counting
      assembly which bears on the periphery thereof numbers which represent
      units of the numerical value of a thousand of said increments.
NUM  3.
PAR  3. A counter mechanism for the digital measurement of increments of a
      selected physical quantity, such as distance travelled by a motor vehicle,
      said counting mechanism comprising:
PA1  a first and a second odometer-type counting assembly, each having a
      plurality of counting wheels arranged side-by-side on a common shaft, each
      counting wheel bearing the numbers 0 - 9 on its periphery, said wheels
      being interconnected one with another so that the advancement of a wheel
      of one value by an amount corresponding to 10 digits produces an
      advancement of the adjacent wheel of the next highest value by an amount
      corresponding to one digit;
PA1  an input drive means to the mechanism, coupled to the common shaft of said
      first counting assembly;
PA1  a subsidiary drive means mechanically coupled between a predetermined one
      of said counting wheels in said first counting assembly and the common
      shaft of the second counting assembly so that the common shaft of the
      second counting assembly rotates in synchronism with said predetermined
      counting wheel;
PA1  and resetting means on said second counter assembly for resetting the
      counting wheels therein back to an indicated number value of zero; said
      resetting means including an actuating means sealed with a removable seal
      to prevent the involuntary actuation thereof;
PA1  whereby the number value indicated by the counting wheels of the second
      assembly is a direct visual indication to an observer of the mechanism of
      an attainment of a predetermined number of said increments of the selected
      physical quantity during a first period of time, and thereafter said
      second counting assembly can be reset to zero to indicate said attainment
      during a second and subsequent periods of time.
NUM  4.
PAR  4. A counter mechanism for the digital measurement of increments of a
      selected physical quantity, such as distance travelled by a motor vehicle,
      said counting mechanism comprising:
PA1  a first and a second odometer-type counting assembly, each having a
      plurality of counting wheels arranged side-by-side on a common shaft, each
      counting wheel bearing the numbers 0 - 9 on its periphery, said wheels
      being interconnected one with another so that the advancement of a wheel
      of one value by an amount corresponding to 10 digits produces an
      advancement of the adjacent wheel of the next highest value by an amount
      corresponding to one digit;
PA1  an input drive means to the mechanism, coupled to the common shaft of said
      first counting assembly;
PA1  a subsidiary drive means mechanically coupled between a counting wheel in
      the first counting assembly which bears on the periphery thereof numbers
      which represent units of the numerical value of a thousand of said
      increments and the common shaft of the second counting assembly so that
      the common shaft of the second counting assembly rotates in synchronism
      with said predetermined counting wheel;
PA1  and resetting means on said second counter assembly for resetting the
      counting wheels therein back to an indicated number value of zero, said
      resetting means including first ratchet means on the common shaft of the
      second counting assembly and second ratchet means within each of the
      counting wheels in the second counting assembly;
PA1  whereby the number value indicated by the counting wheels of the second
      counting assembly is a direct visual indication to an observer of the
      mechanism of an attainment of a predetermined number of said increments of
      the selected physical quantity during a first period of time, and
      thereafter said second counting assembly can be reset to zero to indicate
      said attainment during a second and subsequent periods of time.
NUM  5.
PAR  5. A counter mechanism for the digital measurement of increments of a
      selected physical quantity, such as distance travelled by a motor vehicle,
      said counting mechanism comprising:
PA1  a first and second odometer-type counting assembly, each having a plurality
      of counting wheels arranged side-by-side on a common shaft, each counting
      wheel bearing the numbers 0 - 9 on its periphery, said wheels being
      interconnected one with another so that the advancement of a wheel of one
      value by an amount corresponding to 10 digits produces an advancement of
      the adjacent wheel of the next highest value by an amount corresponding to
      one digit;
PA1  an input drive means to the mechanism, coupled to the common shaft of said
      first counting assembly;
PA1  a subsidiary drive means mechanically coupled between a counting wheel in
      the first counting assembly which bears on the periphery thereof numbers
      which represent units of the numerical value of a thousand of said
      increments and the common shaft of the second assembly so that the common
      shaft of the second counting assembly rotates in synchronism with said
      predetermined counting wheel;
PA1  resetting means on said second counter assembly for resetting the counting
      wheels therein back to an indicated number value of zero; said resetting
      means including first ratchet means on the common shaft of the second
      counting assembly and second ratchet means within each of the counting
      wheels in the second counting assembly;
PA1  and electrical contact means on the periphery of a predetermined counting
      wheel in the second counting assembly for releasing a visual or audible
      signal when the number indicated by the counting wheels of the second
      counting assembly reaches a predetermined value;
PA1  whereby an observer of the mechanism is warned of the attainment of a
      predetermined number of said increments of the selected physical quantity
      during a first period of time, and thereafter said counting assembly can
      be reset to zero to indicate said attainment during a second and
      subsequent periods of time.
NUM  6.
PAR  6. A counter mechanism according to claim 5, in which the periphery of said
      predetermined counting wheel is provided with a depression therein, and
      the electrical contact means includes a movable contact which registers
      with, and is retained within, said depression to release said signal
      indication when said predetermined number value is reached, the peripheral
      length of said depression being such that the signal indication is
      maintained until the numerical value displayed by said predetermined
      counting wheel has increased by a predetermined amount.
NUM  7.
PAR  7. A speedometer for use in a motor vehicle equipped with a catalytic
      exhaust system requiring servicing after the motor vehicle has covered a
      predetermined distance, said speedometer including a counter mechanism for
      the digital measurement of increments of distance travelled by said motor
      vehicle, said counter mechanism comprising:
PA1  a first and a second odometer-type counting assembly, each having a
      plurality of counting wheels arranged side-by-side on a common shaft, each
      counting wheel bearing the numbers 0 - 9 on its periphery, said wheels
      being interconnected one with another so that the advancement of a wheel
      of one value by an amount corresponding to 10 digits produces an
      advancement of the adjacent wheel of the next highest value by an amount
      corresponding to one digit;
PA1  an input drive means to the mechanism, coupled to the common shaft of said
      first counting assembly;
PA1  a subsidiary drive means mechanically coupled between a counting wheel in
      the first counting assembly which bears on the periphery thereof numbers
      which represent units of the numerical value of a thousand of said
      increments and the common shaft of the second counting assembly so that
      the common shaft of the second counting assembly rotates in synchronism
      with said predetermined counting wheel;
PA1  resetting means on said second counter assembly for resetting the counting
      wheels therein back to an indicated number value of zero; said resetting
      means including first ratchet means on the common shaft of the second
      counting assembly and second ratchet means within each of the counting
      wheels in the second counting assembly;
PA1  and electrical contact means on the periphery of a predetermined counting
      wheel in the second counting assembly for releasing a visual or audible
      signal when the number value indicated by the counting wheels of the
      second counting assembly reaches a predetermined value corresponding to
      said predetermined distance, the periphery of said predetermined counting
      wheel being provided with a depression therein, and the electrical contact
      means including a movable contact which registers with, and is retained
      within, said depression to release said signal indication when said
      predetermined number value is reached, the peripheral length of said
      depression being such that the signal indication is maintained until the
      numerical value displayed by said predetermined counting wheel has
      increased by a predetermined amount;
PA1  whereby a driver of the vehicle is warned of the attainment of said
      predetermined distance after a first period of time, and thereafter said
      second counting assembly can be reset to zero to indicate said attainment
      after a second and subsequent periods of time.
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ABST
PAL  A sheet of pleated material is fed from a roll onto a moving belt. A guide
      means maintains the sheet in alignment. A light source is reflected off
      the pleats and the reflections from the peaks of the pleats are detected
      as pulses. These pulses are counted. When a predetermined number have been
      counted, the last pleat is marked and the counting is continued for
      another sequence.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the counting of corrugations in a
      material, and more particularly, to the counting of pleats in a flexible
      material.
PAR  2. Description of the Prior Art
PAR  A need has existed for an automatic machine for counting the number of
      pleats in a fabric material. Manual counting not only is time consuming,
      but is subject to error. The likelihood of such error is increased by the
      tedius nature of the job.
PAR  Problems have existed in the devising of an automatic means for counting
      pleats. The material is soft and flexible and not easy to handle for
      automated counting. Where photoelectric counting is considered, a problem
      exists in that different materials are of different texture and color,
      thereby varying widely in light reflective characteristics. As a result,
      some materials have such slight reflection capabilities that the
      difference in reflective nature between peaks and valleys can not readily
      be determined. Other materials are so reflective that the reflections from
      the valleys cannot be distinguished from the reflections from the peaks.
PAR  Still another problem is that the spacing between pleats is not uniform.
      The distance between peaks will vary depending on the heat utilized in
      their formation. A higher heat will result in more compressed pleats and a
      lower temperature in wider spacing between the pleats. This variance in
      spacing from roll to roll of pleated material presents a further problem
      in automating the counting process.
PAR  The need for fast and accurate counting is particularly important where the
      pleated material is to be used for lampshades.
PAR  Commercially, lampshades are manufactured from a continuous roll of pleated
      material. In assembling the lamp shade it is essential that the lamp shade
      have a predetermined number of pleats. For example, suppose a lampshade is
      to be tapered. The manufacturer calculates the number of pleats needed by
      taking into consideration the size of the shade and height of the pleat. A
      piece of material hopefully containing the desired number of pleats is cut
      from the roll. In assembly line practice this desired number was counted
      manually and marked at each interval where the desired number repeated on
      the roll. This material, once cut, is then glued and joined at its end to
      form a sleeve which is then slipped over the lampshade form. If the sleeve
      does not have the predetermined number of pleats a faulty lampshade will
      result. If the sleeve has too few pleats it will distort at the bottom
      thereby stretching the pleats and damaging the saleability of the shade,
      and thus of the lamp as well. If it has too many pleats, the sleeve
      becomes loose at the top either before purchase or shortly thereafter
      thereby resulting in a faulty product.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of the pleat counting apparatus of the present
      invention;
PAR  FIG. 2 is a top plan view of the pleat counting apparatus shown in FIG. 1;
PAR  FIG. 3 is a combination schematic and block diagram of the pleat counting
      system of the present invention;
PAR  FIG. 4 is a front elevational view of a typical counting device for use in
      the present invention;
PAR  FIG. 5 is an elevational view taken along the line 5--5 of FIG. 2; and
PAR  FIG. 6 is a schematic diagram of the pleat counting system of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The pleat counting apparatus of the present invention is illustrated,
      generally at 1 in FIG. 1, and is shown as including a support table 15 for
      supporting a sheet 5 of corrugated or pleated material thereon. In the
      form shown, a material supply mechanism 20 is located at one end of the
      table 15 and includes a supply spool 22 from which the pleated sheet 5 is
      fed. A material feed mechanism 40 is supported on the table 15 and
      includes an endless feed belt 45 which has its upper run, such as at 46
      supported for sliding movement on the table 15. A guide assembly 70
      directs the pleated sheet 5 from the supply spool 22 into frictional
      engagement with the feed belt 45 for movement along the table 15. The
      material feed assembly 40, is shown as including a motor 50 for driving
      the belt 45 in one direction, such as indicated by the arrow 53, for
      drawing the sheet 5 from the supply spool 20 and moving the sheet 5, and
      thus the pleats 6, in succession, past a sensing head assembly 90 of a
      peak detection, counting and control system assembly 2 which produces
      light to be reflected off the pleats 6. The light reflections are
      transmitted by a light transmitting device 132 to a detection system 140
      (FIG. 3) which detects only the reflections from the peaks 7 as the pleats
      6 pass by the sensing head 90. The counting and control system assembly 2
      further includes a presettable counter assembly 150 which is operably
      connected to the reflection detection system 140 to receive and count
      pulses representative of the number of pleats peaks as at 7, passing the
      sensing head assembly 90. When a predetermined number of pulses are
      counted, an interval initiator 154 causes the belt 45 to stop movement by
      disconnecting motor 50 from its source of power and applying dynamic brake
      205. A counter reset time delay 170 activates the resetting of the counter
      assembly 150, and a reset pulse timer 175 completes the resetting. An
      internal timer 165 then recommences the belt movement and the counting of
      the new group. In the interval where the belt is motionless, the last
      pleat of a group is manually marked. The counter pleats are moved to a
      storage location, such as into a container or bin 12 located at the end of
      the table 15, for future handling as required.
PAR  The sheet 5 may be made of any suitable flexible material, and the pleats 6
      may be formed in numerous configurations. In FIG. 1, the pleats 6 are
      shown as being generally sharp or V-shaped folds of generally uniform size
      and shape, and more particularly, are of the same or similar configuration
      as corrugations or pleats as one would find in material which is used in
      the making of pleated lamp shades.
PAR  The table 15 may be of any suitable construction including a top 16 which
      is supported on a framework 17. The table top 16 is shown as including a
      flat upper surface 18 on which the upper run 46 of the belt 45 is
      supported and along which the sheet 5 moves during the counting operation.
PAR  As can be seen in FIG. 2, the supply spool 22 is mounted for rotation on a
      pair of generally upright stanchions 27 and 28 and has its axis of
      rotation 26 extending transversely to the lengthwise direction of the
      table top 16 and the direction of feed of the sheet 5. The stanchions 27
      and 28 are adjustably mounted on the table 15 for movement toward and away
      from one another to enable the spool 22 to be removed and replaced after
      it has been emptied. As shown in FIG. 1, the stanchions 27 and 28 are
      attached at their lower end to an upper block 30 which is movably mounted
      on a lower block 31. The lower block 31 is fixedly connected to the table
      top 16, such as by screws 32 or the like. The upper block 30 may be
      slidably mounted on the lower block 31, such as by a dove-tail connection
      as at 34. The screws 32 may be countersunk in the lower block 31 to enable
      the upper block 30 to slide unobstructed therealong. A set screw 35 may be
      threadably inserted through the upper block 30 for engagement with the
      lower block 31 for locking the upper block in fixed relation on the lower
      block 31, and thus, lock the stanchion 27 in fixed position with respect
      to the stanchion 28. As shown in FIG. 2, each of the stanchions 27 and 28
      may include a cone-shaped support member, such as at 37 and 38,
      respectively, which is rotatably mounted thereon for engagement with the
      opposite sides of the reel 7. The support members 37 and 38 are axially
      aligned with one another for rotation about the rotational axis 26 of the
      reel 22. By this arrangement, the support member 37 can be shifted
      outwardly away from the support member 38 to provide sufficient clearance
      therebetween for the removal of the reel 22 from engagement with the
      support members 37 and 38.
PAR  In the form shown in FIGS. 1 and 2, the material feed assembly 40 includes
      a pair of pulleys or rollers, such as a drive roller 41 and a driven
      roller 42, which are mounted in laterally spaced relation along the table
      top 16 in the direction of travel of the belt 45. The drive roller 41 is
      shown mounted for rotation on a shaft 49 which is supported at one end of
      the table top 16 toward the supply spool 22, having its axis of rotation,
      such as at 43, extending generally parallel to the rotational axis 26 of
      the supply spool 22. The driven roller 42 is mounted for rotation on a
      shaft 44 which is supported outwardly from the opposite end of the table
      15 having its axis of rotation 47 extending generally parallel to the
      rotational axes 26 and 43. The shaft 43 has its opposite ends journaled
      for rotation in oppositely disposed brackets, only one being shown at 52,
      which depends downwardly from and is disposed in laterally spaced relation
      across the table top 16, being attached thereby by suitable fasteners 53,
      such as screws or the like. The shaft 44 may have its opposite ends
      journaled for rotation in brackets 58 and 59 which project outwardly from
      the end of the table top 16 in the direction of rotation of the belt 45.
      The belt 45 is wrapped in driving relation about the rollers 41 and 42 for
      movement as previously indicated upon actuation of the belt drive unit 60.
      The belt drive unit 60 is shown mounted on a shelf 19 of the frame 17
      below the table top 16. The drive unit 60 includes a drive motor 50 which
      is preferably of the adjustable speed type for controlling the rate of
      travel of the belt 45. More particularly, the drive motor 50 may be of the
      shunt wound D.C. type being arranged for connection to a suitable D.C.
      power supply as will be described more fully hereinafter. Varying the feed
      rate of the sheet 5 will be necessary, as the spacing between the
      respective pleats on different sheets may vary. In addition, the control
      of the speed rare is important in the sensing operation as well be
      explained more fully hereinafter. The drive motor 50 drives, through a
      speed reducer 51, a drive sprocket 54 which is mounted on a drive shaft 55
      of the speed reducer 51. The various components are selected to give the
      belt 45 a speed range of between 10 and 25 feet per minute. A driven
      sprocket 56 is rigidly connected to the shaft 43 for rotation about the
      axis 49. An endless drive element 57, such as a chain or the like, is
      engaged in driving relation about the sprockets 55 and 56 for imparting
      rotation to the roller 41. By this arrangement, actuation of the motor 50
      will cause the belt 45 to be moved, such as in the direction indicated by
      the arrow 53, along the table top 16.
PAR  The table top 16 may be made of any suitable substantially rigid material,
      such as metal or the like, and includes an opening or slot 14 disposed
      between its opposite ends. As shown, the slot 14 is disposed between the
      rollers 41 and 42, being adapted to receive the belt 45 therethrough and
      enable the belt 45 to pass from the underside to the top side of the table
      top 16. A guide roller 62 is mounted on the table top 16 within the slot
      14, being journaled for rotation adjacent its opposite ends in brackets 63
      attached to the underside of the table top 16. The roller 62 has its axis
      of rotation extending generally parallel to the rotational axis 49 of the
      roller 41, and has its outer periphery disposed generally tangentially to
      the general plane of the upper surface 18 of the table top 16. By this
      arrangement, the belt 45 will be driven by the roller 41 upward through
      the slot 14 and around the roller 62. As the roller 41 has its periphery
      disposed generally tangentially to the general plane of the upper surface
      18, the belt 45 will move off the roller 62 and onto the upper surface 18
      for sliding movement along the table top 16. The belt 45 will then move
      off of the end of the table 16 around the roller 42, and then back to the
      roller 41.
PAR  The guide assembly 70 includes a curved sheet or plate 65 which extends
      transversely of the table top 16. As shown in FIG. 1, the plate 65 is
      supported adjacent its opposite ends by brackets 68 and 69 in spaced
      relation above the upper surface 18 having one end, such as its lower end
      67 spaced above the upper surface 18 a distance approximately equal to the
      height of the pleat peaks 7 to enable the sheet 5 to pass thereunder. The
      plate 65 extends in one direction toward the feed roll 22, gradually
      curving upwardly away from the upper surface 18 presenting a curved guide
      surface 66 for engagement with the sheet 5 as it is drawn off of the feed
      roll 22 for directing the sheet 5 into engagement with the belt 45. The
      plate 65 may be any suitable material, such as metal, plastic or the like,
      which can be provided with a generally smooth surface to facilitate
      sliding movement of the sheet 5 therealong.
PAR  The guide assembly further includes a pair of stationary rollers 71 and 72
      (FIG. 2) which are rotatably mounted adjacent one side of the table 15 for
      engaging one edge, such as at 9, of the sheet 5 to position the sheet 5
      for movement past the sensing head assembly 90, and a pair of movable
      roller assemblies 80 and 85, having respective rollers 74 and 76, mounted
      on the opposite side of the table top 16 for engaging the opposite edge,
      such as at 11, of the sheet for biasing the sheet 5 into engagement with
      the stationary rollers 71 and 72. The movable rollers 74 and 76 are
      rotatably mounted on levers 83 and 84 which are pivotally mounted on posts
      73 and 79, respectively, which are supported on and extend upwardly from
      the table top 16. Each of the levers 83 and 84 includes an upwardly
      projecting pin 92 and 93 respectively, for engaging one end of springs 87
      and 88. The springs 87 and 88 may be disposed in encircling relation about
      the posts 73 and 79 having one end fixedly connected to the posts 73 and
      79 for causing the springs to be compressed when the levers move in a
      direction away from the sheet 5, and thus, cause the rollers 74 and 76 to
      urge the sheet 5 in a direction toward the rollers 71 and 72. As the sheet
      5 is generally made of light weight material, the force applied by the
      springs 87 and 88 need only be very small so as not to overcome the
      frictional force applied between the belt 45 and the sheet 5 and impede
      the movement of the sheet 5 along the table top 16.
PAR  Referring now to FIGS. 4 and 6, the counting of the pleats and the
      coordinated control of the feeding mechanism is accomplished by the peak
      detection counting and control system 2. The system 2 is supplied with
      electrical power from a D.C. power supply system 120. Reference numerals
      in FIG. 6 adjacent arrow-head-shaped terminals bear the number of the
      power supply tap from which the power for the various components is drawn.
      As shown in FIG. 6, such power is supplied from output taps 125, 126, 127,
      128 and 129, which supply D.C. voltages of 30 volts, 24 volts, 9 volts, 40
      volts and 115 volts respectively. Such D.C. output voltage is converted
      from A.C. line voltage by conventional full wave rectifiers 121. The
      output voltage for taps 125-128 is stepped down from line voltage by the
      transformers shown generally at 122; the voltage for taps 126 and 127 is
      regulated by a conventional voltage regulator 123; and the voltage for
      taps 125-128 is filtered as at 124.
PAR  Referring now to FIGS. 1, 2 and 5, the sensing head assembly 90 of the peak
      detection counting and control system 2 includes holder assembly 95, which
      supports the projecting-receiving end 134 of a light transmitting device
      132. As shown, the holder assembly 95 includes a holder plate 97 which is
      of a generally flat construction being arranged to ride on the peaks 7 of
      the pleats 6. The holder plate 97 may be made of any suitable material,
      such as stainless steel or the like, which has generally rigid
      characteristics and can be provided with a generally smooth finish to
      facilitate sliding contact with the peaks 7. The holder plate 97 is
      mounted on posts 91 and 92 for sliding movement upwardly and downwardly
      relative to the table top 16. The posts 91 and 92 may be secured to the
      table top 16 in any suitable manner, and in the form shown are held in
      position by nuts, such as at 93, which are threadably connected adjacent
      the lower end of the posts 91 and 92. Resilient members, such as helical
      springs 98 and 99, are disposed in encircling relation about the posts 91
      and 92 having their lower ends disposed in abutting engagement with the
      table top 18 and nuts 94 and 96 threadably secured adjacent the upper ends
      of the posts 91 and 92 for biasing the holder plate downwardly in a
      direction toward the table top 18. By this arrangement, the holder plate
      97 is forced downwardly and held against the sheet 5 by the force of the
      springs 98 and 99 for reasons which will become more apparent hereinafter.
      The lead end of the holder plate 97 is turned up, as at 103, so as to
      enable the sheet 5 to move freely and unobstructedly into engagement with
      and under the holder plate 97.
PAR  As shown in FIG. 5, the plate 97 includes an aperture 110 therein. A
      cylindrical sleeve 109 is affixedly connected, such as by welding or the
      like, to the holder plate 97 and projects upwardly therefrom. As shown
      best in FIG. 5, the opening or aperture 110 is disposed generally
      centrally in the holder plate 97, and the sleeve 109 is provided with a
      lengthwise extending bore 112 which is disposed in axial aligned relation
      with the aperture 110 so as to be in open communication thereto. The
      projecting-receiving end 134 of the light transmitting device 132 is held
      in bore 112 so as to project and receive light through the aperture 110.
PAR  A reflection generating and receiving system 130 which may be supported on
      the table in any suitable manner projects light through the transmitting
      device 132 into the pleats 6 and transmits the reflections therefrom to a
      detecting system 140. As shown schematically in FIG. 3, the reflection
      generating and receiving system 130 includes a light source 135 and the
      light transmitting device 132. The light transmitting device 132 may be of
      the fiber optic type such as model ET-636 as manufactured by Dolan-Jenner
      Industries of Melrose, Mass. which includes a first set of fibers 131 for
      transmitting light and a second set of fibers 133 for receiving reflected
      light. In such a device, the transmitting and receiving fibers 131 and 133
      are randomly bundled with each being clad to prevent interference with
      adjacent fibers. For best results, the end of the fibers adjacent the
      projecting-receiving end 134 should extend generally perpendicular to the
      general plane of the sheet 5 passing under the sensing head assembly 90.
      As previously stated, the projecting-receiving end 134 of the light
      transmitting device 132 is mounted in the bore 112 of the sleeve 109 so
      that one end of each fiber is exposed in open communciation with the
      aperture 110 in the holder plate 97. In such arrangement, the first set of
      fibers 131 transmits light in the direction of the arrows 136 from the
      light source 135 to the projecting-receiving end 134 of the device 132.
      The second set of fibers 133 receive the light reflected from the pleats 6
      and transmits it in the direction of the arrows 137 to the detecting end
      138 of the device 132.
PAR  The peak reflection detection system 140 (FIG. 3) of the system includes a
      photocell 145, a sensitivity adjuster 144, and an amplifier 146. The peak
      reflection detection system 140 detects the peak 7 of the material 5 as
      pulses of light are received from the light transmitting device 132. Since
      the sensing head assembly 90 is disposed above the pleated material, the
      degree of intensity of the reflected light transmitted to the detecting
      end 138 of the device 132 will depend on the difference in reflective
      quality between the peaks 7 (FIG. 1) and the valleys 8 of the pleats 6.
      Since the peaks of the pleats are closest to the projected light and are
      free of shadows, whereas the valleys are further away, and may be in
      shadow, the light reflected from the peaks 7, as the material moves past
      the aperture 110 of the sensing head assembly 90, will be greater than the
      light reflected from the valleys 8. As a result, the light reflections
      transmitted in the direction of arrows 137 (FIG. 3) of the light
      transmitting device 132 will be of alternating greater and lesser
      intensity. The reflections of lesser intensity which emanate from the
      valleys 8 are sufficiently disbursed or of such low magnitude that they
      are not sensed by the sensitivity regulated photocell 145 which is "tuned"
      to detect only the brighter reflections, as explained hereinafter. As a
      result of such light and dark alternation, a "pulse" of light is detected
      by the photocell 145 each time a peak passes under the sensing head
      assembly 90.
PAR  In achieving the desired reflections, the distance between the
      projecting-receiving end 134 of the light transmitting device 132 and the
      peaks 7 of the pleats 6 is critical. For example, where the aforesaid
      device is used in conjunction with a 9-volt focused bulb, as the light
      source, which draws 400 milliamperes and is powered by 9 volts regulated
      d.c. from the tap 127, the light transmitting device 132 should be
      positioned in the sleeve 109 so that the distance between the
      projecting-receiving end 134 of the light transmitting device 132 and the
      peaks 7 of the pleats 6 should be between 1/16 and 1/8 of an inch. A
      direct current source is used to prevent the reflection variations from
      being influenced by variations in the light source intensity.
PAR  In order to regulate the sensitivity of the photocell 145 to prevent the
      detection of any reflections from the valleys 8 of the pleats 6,
      sensitivity adjuster 144 is provided to reduce the light sensitivity of
      the photocell 145 to make it insensitive to reflections of the lesser
      magnitude of reflections from the valleys. This is especially important
      where the pleated material is of a highly reflective character. Such an
      adjustment is provided by a 1000 ohm linear type of adjustable
      potentiometer, shown generally at 142 (FIG. 6), having a movable
      potentiometer arm 143 connected in series with the photocell 145, and
      manually adjustable to vary the voltage across the photocell 145 until
      clear and distinct pulses are obtained from a test run of the material to
      be counted, as explained later. By such adjustment, only the reflections
      from the peaks 7 of the pleats 6 are sensed by the photocell 145, with the
      reflections from the valleys 8 being undetected, thereby resulting in a
      true count output from the photocell.
PAR  For these cases where the material to be counted is of low light reflective
      capability, a high gain amplifier 126 is provided. When the amplifier 126
      is connected across the photocell 145, it will magnify the reflections
      from the pleat peaks 7 sufficiently to provide the necessary pulses for
      accurate counting. By varying the gain of the amplifier 126 and the
      position of the potentiometer arm 143, the pleats 6 can be counted in
      material which has high, low or average reflectability characteristics.
PAR  The pulse counter assembly 150 of the system 2 includes a pulse shaper 151
      to sharpen the pulses, an impulse counter 152 to count the pulses, a
      preset interval initiator 154 to control the number of pulses counted in a
      group and to activate and deactivate the material feed mechanism 40, and a
      reset coil 56 to reset the counter 152 prior to the start of the counting
      for the next successive group.
PAR  The pulse shaper 151, in the form of a transistor static switch, converts
      the rounded off pulse outputs from the amplifier into square waves. By
      such means, sharp distinguishable pulses are provided as triggers for the
      counting stage.
PAR  The impulse counter 152 may be of the static type as manufactured by
      Hengstler of Germany and distributed in the United States by the Hecon
      Corporation of New Shrewsburg, N.J., and is shown only in block diagram in
      FIG. 6. In such a device, a voltage output is produced which is
      proportional to a continuous summation of the number of pulses counted.
      The counter also has two visual digital readouts, one of which
      progressively increases to provide a visual indication of the number of
      pulses counted, as at 157, and the other, such as at 158, of which is
      presettable at a selected number indicative of the number of pulses to be
      counted in a group, and which progressively decreases to indicate the
      number of pulses remaining to be counted in the group. Of the two visual
      readouts, one readout is a numerical readout of the number of pulses, and
      thus, the number of pleats counted for the group. The second readout is a
      subtracting one which commences at a preset number. The preset number is
      the total number expected to be counted (e.g. the total number of pleats
      to be on each lamp shade). This readout progressively reduces by one unit
      at a time until it reaches zero. At the completion of each group an
      operator can look at the total number counted, and if it exceeds the
      preset number, he can then manually count back the number of pleats and
      place an indicator, such as a paper clip, thereon to indicate, as well as,
      account for the error. The interval initiator switch 154 is shown
      schematically as a solenoid coil 153 and a normally-open, single-pole,
      double-throw switch 155.
PAR  The closing of the interval initiator switch 155 applies the dynamic brake
      205 for stopping the belt drive motor 50 in a manner to be described in
      more detail later. The closing of switch 155 also energizes the static
      switch interval timer 165 which includes a built-in timing mechanism (not
      shown) that causes the immediate closing of a static switch 164 to cut off
      the power to motor 50 which also will be described in more detail later.
      The timing mechanism also immediately closes a switch 166 to activate
      counter reset time delay relays 170 and 175. The timer portion of the
      interval timer 165 holds the switch 164 open and the switch 166 closed for
      a predetermined time period, such as 5 seconds, which is necessary for
      resetting the inpulse counter 150. The interval timer 165 is such that its
      activation depends merely on a momentary pulse.
PAR  The counter reset time delay 170 is a timing device which will close its
      contacts at the end of a delay, such as 21/2 seconds after the activation
      of the interval timer 165. Such delay prevents the resetting of the
      counter until after the drive motor 50 and belt have stopped. It is
      understood that each item to be counted will be spaced sufficiently apart
      from each other that the next item will not come under the aperture 110 of
      of the sensing assembly 90 within such 21/2 second period. Similarly, the
      speed of the belt and the braking ability must be adjusted so that the
      belt will come to a stop within such period. The counter reset time delay
      relay 170 is a normally-open, adjustable type to enable varying of the
      delay period. Upon completion of such preset delay time, the switch
      contacts close to complete the circuit. An example of such a switch is
      Model No. 2211 as manufactured by General Time Co., of Thomaston, Conn.
PAR  The delay relay is connected in the circuit with a second counter reset
      time delay relay, which for purposes of description will be referred to
      hereinafter as a reset pulse timer 175. The reset pulse timer 175
      determines the length of time that current will flow through the reset
      coil for the impulse counter 150. The reset pulse time 175 is normally
      biased closed and is set to open a predetermined time after it is
      actuated. Such switch may be set to open in 1/2 second after it is
      actuated. An example of such a switch is Model No. 2211 as manufactured by
      General Time Co., of Thomaston, Conn. The reset coil shown schematically
      at 156 is a conventional coil for resetting a static counting mechanism to
      zero. Such coil is made as an integral part of the impulse counter 152
      manufactured by Hengstler and referred to previously. Upon being connected
      to the source of power for the period of time determined by the reset
      pulse timer 175, the reset coil 156 causes a resetting of the impulse
      counter 152 as is known in the art. When the counter 152 resets, the
      voltage level across the coil 153 drops below the preset value and switch
      contacts 155 open to cut-out dynamic brake 205 from the motor winding
      circuit.
PAR  Upon completion of the preprogrammed five second built-in time delay of the
      interval timer 165, the timer closes the switch 64 and opens the switch
      166, thereby starting the motor 50 and deactivating the counter reset
      delay relay 170.
PAR  The speed of movement of the belt 45 must be regulated. It cannot be too
      slow or efficiency of operation is lost; it cannot be too fast or it will
      be moving faster than the photocell can react to the difference in light
      reflection. Similarly, the speed of the belt 45 must be regulated for the
      braking timing. To achieve such regulation of the speed of the belt 45,
      the drive motor 50 is preferably of the d.c. shunt-wound type having a
      field winding 191 and an armature winding 192, with the brake voltage
      across the armature and the speed of the motor being controlled by a speed
      regulator 210.
PAR  As shown in FIG. 6, the armature 192 is connected to the 115 volt
      unfiltered full wave rectified d.c. source at the tap 129 through SCR 195.
      Thus, the average voltage across armature 192, and thus the speed of the
      motor 50, is dependent on the timing of the firing of the SCR 195 in each
      cycle which, in turn, is determined by the timing of voltage impressed
      across the primary winding 197 of a transformer 196 which is coupled to
      the secondary winding 194 in the gate circuit of the SCR 195. The timing
      of the application of gating voltage to primary winding 197 to turn on SCR
      195 during each cycle is determined by an RC timing circuit of a variable
      resistor 214, a fixed resistor 217 and a capacitor 216. The variation of
      resistor 214 varies the rate of charging of the capacitor 216 and thus the
      timing of firing of the SCR 195. The resistor 214 may be varied by a speed
      control knob 219 in the face of the impulse counter 152 (FIG. 4) A zener
      effectively cuts off any gating pulse to the SCR 195 and thus, shuts off
      the motor 50 whenever the switching 164 is opened as previously described.
PAR  A dynamic brake 205 is provided in the form of a braking resistor 208 which
      is connected across the armature 192 by the closing of contacts 207 when
      the coil 206 is energized. Dynamic brake 205 slows the motor 50 rapidly to
      a stop when the motor 50 is cut off from its power source by the opening
      of the gating circuit of the SCR 195, as aforesaid. The energization of
      the coil 206, and the application of the braking resistor 208 is caused by
      the closing of the switch contacts 155 of the interval initiator 154, as
      previously described.
PAR  The control system can be turned on manually as by the switch 220 or by
      some form of automatic device, such as at 222, which is well-known in the
      art. In either event, contacts 226 and 228 are closed to energize the
      motor armature winding 192 and field winding 191. A pilot light 230 may be
      provided which indicates when the motor is "On." Similarly, the manual
      switch 232 connects the power supply 122 for all of the components to a
      suitable a.c. power source, such as 120 volts single phase, by a plug 134.
      Pilot lights 236 and 237 indicate that circuits connected to power taps
      125 and 126 are operating. The pilot light 179 indicates that the counter
      is being reset.
PAC  OPERATION
PAR  The first step in the operation, after turning on the power, is to set the
      adjustable components. This is done in conjunction with a preliminary run.
      The speed of the conveyor is preliminarily adjusted by placing
      potentiometer 214 at its mid-position so as to have the belt 45 moving at
      its mid-speed range of 18 feet per second.  The next preliminary step is
      to adjust the potentiometer 144 while observing the movement or appearance
      of the digits of the visual readouts on the counter 150. If the visual
      readout stays in a half-digit position or indicates only the first digit,
      the sensitivity is too high and a continuous reflection is being detected.
      In this event, the sensitivity must be lowered by adjusting the
      potentiometer 144 to decrease the amount of voltage across the photocell
      145 until the visual readout begins to indicate numbers greater than zero.
      The next step is to determine the optimum operating speed for the belt 45.
      This is accomplished by progressively increasing the speed of the belt 45
      until irregularities are noted in the appearance of the visual readout
      digits of the counter 150. Such irregularity, for example, would be where
      the digits do not appear in a constant or smooth frequency. The belt speed
      must then be slowed to a speed where the readout digits again begin to
      appear at a constant frequency. Before beginning the actual counting, the
      predetermined number of pleats to be counted should be preset by turning
      the preset knobs, as at 152, of the visual readouts 158 of the counter 150
      until the predetermined total number is reached. Similarly, the other
      visual readout 157 of the counter should be reset to zero by turning the
      reset knob 161 back to this figure. The machine is now set to
      automatically count the desired number of pleats.
PAR  In operation, the pleated material 5 is pulled from the supply spool 22 and
      under guide 70, and along the table 16 by the movement of the belt 45. As
      the web 5 of the pleated material passes under the sensing head 90, light
      is reflected off the pleats 6 and transmitted to the peak detection system
      140 by the reflection generation and transmitting system 130. The peak
      detection system 140 detects those reflections which come from the peaks 7
      of the pleats 6 and emits a pulse for each pleat passing the sensing head
      90. The impulse counter 152 counts these pulses until the number counted
      reaches the predetermined level to close the interval initiator switch
      contacts 155 to apply the dynamic brake 205 and to activate the interval
      timer 165. The activation of the interval timer 165 (1) commences the
      timing of the interval between the completion of the counting of one group
      of pleats and the start of the counting of the next one; (2) opens
      contacts 164 to disconnect the motor 50; and (3) closes contacts 166 to
      activate the counter reset delay relay 170 to commence the timing of the
      delay between the initiation of the stopping of the belt 45 and the start
      of the counter reset. In the interval between groups, the pleat just
      beyond the holder is marked in some fashion, such as by manually placing a
      paper clip thereon. Such mark indicates the completion of the counting of
      one group. Such mark could also be placed automatically by a device (not
      shown or described) and which is activated by the interval initiator. At
      the completion of the time delay, the contacts 164 close, thereby
      activating the reset pulse timer which supplies current to the reset coil
      of the counter for the necessary period of time to reset the number
      counter to zero and to reset the group total counter to the number of
      pleats to be counted. At the end of the interval between counting of the
      groups, the interval timer causes an opening of contacts and a closing of
      contacts to start the motor and to commence the counting for a new group.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for counting corrugations of any configuration in a sheet
      material, comprising
PA1  support means for supporting said sheet material thereon,
PA1  a corrugation detection assembly mounted on said support means in
      confronting relation to the peak of each corrugation and including,
PA2  light producing means including a light source on said support means for
      delivering light toward said sheet material for reflection therefrom,
PA2  light sensing means including a light sensitive element for sensing light
      of a predetermined level of intensity reflected from each corrugation and
      for producing a first output signal when light of said predetermined level
      of intensity is reflected from said material, and
PA2  commonly supported and directed light projecting and receiving means for
      projecting light from said light source and for receiving reflected light
      from said sheet material,
PA1  said light projecting and receiving means including transmitting means for
      directing light in one direction toward said sheet material and for
      receiving reflected light from said sheet material in a direction
      substantially opposite from and generally parallel to said one direction
      and generally perpendicular to said sheet material so that said reflected
      light from the corrugation being counted will not be obstructed by an
      adjacent corrugation to assure exposure of said receiving means to
      reflected light of said predetermined level of intensity from the
      corrugations being counted and to enable counting of corrugations of any
      generally similar configuration,
PA1  feed means mounted on said support means for moving said sheet material
      relative to said support means, and
PA1  pulse counting means for counting said first output signal to indicate the
      number of corrugations of any generally similar configuration moving
      relative to said corrugation detection assembly.
NUM  2.
PAR  2. An apparatus in accordance with claim 1, wherein
PA1  said light sensing means includes an adjustable sensitivity means for
      controlling the magnitude of said first output signal to establish said
      predetermined level of intensity.
NUM  3.
PAR  3. An apparatus in accordance with claim 1, wherein
PA1  said feed means includes an adjustable-speed drive means, and feed speed
      control means is operably connected to said drive means for adjusting the
      speed thereof and controlling the rate of movement of said sheet material
      relative to said light producing means to achieve an optimum operating
      speed.
NUM  4.
PAR  4. An apparatus in accordance with claim 3, wherein
PA1  said feed speed control means includes interval timing means for initiating
      and terminating movement of said sheet material,
PA1  said pulse counting means comprises an impulse counter for producing a
      second output signal after counting a predetermined number of pulses, and
PA1  said interval timing means is operably connected between said impulse
      counter and said drive means for receiving said second output signal to
      terminate movement of said sheet material.
NUM  5.
PAR  5. An apparatus in accordance with claim 4, wherein said impulse counter
      includes reset means for resetting the count thereon, and
PA1  said interval timing means includes a first time delay assembly
PA1  having a first time delay period to provide time for resetting said impulse
      counter while said sheet material is not moving.
NUM  6.
PAR  6. An apparatus in accordance with claim 5, wherein
PA1  said interval timing means includes another time delay assembly having
      another time delay, which is less than said first time delay period and
      commences after and terminates prior to said first time delay period to
      assure that said sheet material will not move while resetting said impulse
      counter.
NUM  7.
PAR  7. An apparatus in accordance with claim 1, wherein
PA1  said support means comprises a bench,
PA1  said feed means includes an endless belt supported for movement along said
      bench, and
PA1  drive means operably connected to said belt for moving said belt relative
      to said bench.
NUM  8.
PAR  8. An apparatus in accordance with claim 7, including
PA1  a roller assembly having a pair of roller members mounted for rotation on
      said bench,
PA1  said flat belt includes an upper run and a lower run,
PA1  said bench includes a top, and
PA1  said roller members are supported in laterally spaced relation adjacent
      said top for rollingly supporting said upper run for movement along the
      top of said bench.
NUM  9.
PAR  9. An apparatus in accordance with claim 8, wherein
PA1  said drive means is mounted on said bench below said top,
PA1  said top has an opening therein,
PA1  one of said roller members is mounted within said opening, and
PA1  said upper run extends from said one roller member and downward through
      said opening for connection to said drive means.
NUM  10.
PAR  10. An apparatus in accordance with claim 7, wherein
PA1  said drive means comprises an adjustable-speed motor.
NUM  11.
PAR  11. An apparatus in accordance with claim 8, including
PA1  material supply means mounted on said bench having a supply of sheet
      material thereon,
PA1  said material supply means including guide means for directing said sheet
      material toward said belt for movement along said top of said bench, and
PA1  said guide means includes a guide surface slidably engaging said sheet
      material and to urge said sheet material onto said belt.
NUM  12.
PAR  12. An apparatus in accordance with claim 8, including
PA1  a corrugation detection assembly mounted on said bench,
PA1  said corrugation detection assembly includes a detection head supported
      between said rollers in overlying relation with respect to said top, and
PA1  said detection head is movable relative to said top forming a space for
      receiving said sheet material therethrough.
NUM  13.
PAR  13. An apparatus for counting corrugations of any configuration in a sheet
      material, comprising
PA1  support means for supporting said sheet material thereon,
PA1  a corrugation detection assembly mounted on said support means in
      confronting relation to the peak of each corrugation and including,
PA2  light producing means including a light source on said support means for
      delivering light toward said sheet material for reflection therefrom,
PA2  light sensing means including a light sensitive element for sensing light
      of a predetermined level of intensity reflected from each corrugation and
      for producing a first output signal when light of said predetermined level
      of intensity is reflected from said sheet material, and
PA2  light projecting and receiving means for projecting light from said light
      source toward said sheet material and for receiving reflected light from
      said sheet material,
PA1  said light projecting and receiving means including transmitting means for
      directing light from said light source toward said sheet material and for
      directing reflected light from said sheet material to said light sensitive
      element,
PA1  said transmitting means comprising fiber optic strands including,
PA2  one set of strands having one end operably connected to said light source
      and the opposite end supported for projecting light onto said material,
      and
PA2  another set of strands having one end operably connected to said light
      sensitive element and the opposite end supported for receiving reflected
      light from said sheet material,
PA1  said opposite ends of said sets of strands being disposed in close
      proximity to one another for projecting and receiving light in a generally
      common path,
PA1  feed means mounted on said support means for moving said sheet material
      relative to said support means, and
PA1  pulse counting means for counting said first output signal to indicate the
      number of corrugations of any generally similar configuration moving
      relative to said corrugation detection assembly.
NUM  14.
PAR  14. An apparatus in accordance with claim 13, wherein said corrugation
      detection assembly includes a detection head having an aperture therein,
      and
PA1  said projecting and receiving means includes a common projecting and
      receiving end connected to said detection head in axial alignment with
      said aperture for positioning said projecting and receiving end in closer
      proximity to the peak of the corrugation being counted than the remainder
      of the sheet material for projecting and receiving light through said
      aperture to avoid obstruction of reflected light.
NUM  15.
PAR  15. An apparatus in accordance with claim 14, wherein
PA1  said detection head includes a contact surface,
PA1  said projecting and receiving end being positioned a predetermined distance
      from said contact surface, and
PA1  said contact surface is supported for contact with said sheet material in
      confronting relation to the peaks of said corrugations for positioning
      said projecting and receiving end within a predetermined distance in close
      proximity to said peaks for sensing light of said predetermined level of
      intensity when counting corrugations of varying height.
NUM  16.
PAR  16. An apparatus in accordance with claim 14, wherein
PA1  said detection head comprises a plate,
PA1  said projecting and receiving end is exposed to said space through said
      aperture for directing light onto and receiving reflected light from said
      sheet material through said aperture, and
PA1  said corrugation detection assembly includes a resilient means for biasing
      said plate into sliding engagement with said sheet material as it moves
      relative to said support means.
NUM  17.
PAR  17. An apparatus for counting corrugations of any configuration in a sheet
      material, comprising
PA1  support means for supporting said sheet material thereon,
PA1  a corrugation detection assembly mounted on said support means in
      confronting relation to the peak of each corrugation and including,
PA2  light producing means on said support for delivering light toward said
      sheet material for reflection therefrom,
PA2  light sensing means for sensing light of a predetermined level of intensity
      reflected from each corrugation and for producing a first output signal
      when light of said predetermined level of intensity is reflected from said
      material, and
PA2  light projecting and receiving means for projecting light from said light
      producing means in one direction toward said sheet material and for
      receiving reflected light from said sheet material in a direction
      substantially opposite to said one direction to assure exposure of said
      receiving means to reflected light of said predetermined level of
      intensity,
PA1  feed means mounted on said support means for moving said sheet material
      relative to said support means,
PA1  pulse counting means for counting said first output signal to indicate the
      number of corrugations of any configuration moving relative to said
      corrugation detection assembly,
PA1  said light producing means comprises a light source,
PA1  said light sensing means comprises a photocell,
PA1  said light projecting and receiving means comprises a bundle of fiber optic
      strands for transmitting light from said light source to said sheet
      material and for transmitting reflected light from said sheet material to
      said photocell, and
PA1  said bundle having a common projecting and receiving end for sensing light
      reflected in a direction substantially opposite to the direction in which
      it is projected.
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ABST
PAL  A three-way changeover valve construction having a housing means provided
      with an inlet and a pair of outlets. A pair of valve seats are carried by
      the housing for respectively controlling fluid flow from the inlet through
      the outlets. A pair of valve members are provided for respectively
      controlling the valve seats with the valve members being operatively
      associated together to move substantially in unison relative to the valve
      seats in response to a condition sensed by a condition responsive device.
      A changeover device is operatively associated with the valve members to
      position the same to act respectively on one side of the pair of valve
      seats or on the other side of the pair of valve seats to change the valve
      construction from a cooling function thereof to a heating function thereof
      in response to a temperature change in the flowing medium.
PARN
PAR  This is a division of copending application Ser. No. 290.558, filed Sept.
      20, 1972, now U.S. Pat. No. 3,818,981.
BSUM
PAR  This invention relates to an improved valve construction as well as to a
      system utilizing such a valve construction or the like.
PAR  It is well known that three-way valve constructions can be utilized in a
      heating-cooling system wherein the valve construction has one outlet
      thereof connected to the heat exchanger coil and another outlet thereof
      interconnected to a coil bypass while the single inlet thereof is adapted
      to be interconnected to a supply of water that is hot during the heating
      season and chilled during the cooling season. During the heating season, a
      drop in zone temperature causes the valve to increase the flow of hot
      water to the heat exchanger coil while in the cooling season a drop in
      zone temperature causes the valve to decrease the flow of chilled water to
      the heat exchanger coil.
PAR  In the past, valve constructions capable of accomplishing the above
      functions have been bulky, complicated and expensive.
PAR  Accordingly, it is a feature of this invention to provide a valve
      construction that is simple, compact, has relatively few parts which are
      easily assembled, and, accordingly, is relatively inexpensive.
PAR  It is also a feature of this invention to provide a valve construction that
      has the additional advantages of extreme flexibility wherein the inlets
      and outlets can be assembled in selected angular relation to each other so
      that the valve construction is easily adapted to any installation. This
      feature also provides for easy alteration of the angular relation of ports
      in the field.
PAR  In particular, one embodiment of this invention provides a valve
      construction comprising a housing means having an inlet and a pair of
      outlets. A pair of valve seat means are carried by the housing means for
      respectively controlling fluid flow from the inlet to the outlets. A pair
      of valve member means are provided for respectively controlling the valve
      seat means and the valve member means are operatively associated together
      to move substantially in unison with each other. Means are operatively
      associated with the valve member means to position the same to act
      respectively on one side of the pair of valve seat means for a cooling
      operation or on the other side of the pair of valve seat means for a
      heating operation. Such changeover means for so positioning the valve
      member means can comprise a temperature responsive device that is
      responsive to the temperature of the fluid being supplied to the inlet of
      the valve construction. Regardless of which side the valve member means
      are acting on the pair of valve seat means, a condition responsive device
      is carried by the housing means for causing modulation of the fluid flow
      through the valve seat means by moving the valve member means relative to
      the valve seat means in response to the condition being sensed, such as
      the temperature output effect of the heat exchanger coil being supplied
      heated or chilled water by the valve construction.
PAR  Accordingly, it is an object of this invention to provide an improved valve
      construction having one or more of the novel features set forth above or
      hereinafter shown or described.
PAR  Another object of this invention is to provide an improved control system
      utilizing such a valve construction or the like.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description, which proceeds with reference to the
      accompanying drawings forming a part thereof and wherein:
PAR  FIG. 1 is a cross-sectional view of the improved valve construction of this
      invention utilized in a cooling-heating system that is schematically
      illustrated in FIG. 1.
PAR  FIG. 2 is a view similar to FIg. 1 and illustrates the valve construction
      when changed over to the heating cycle thereof whereas FIG. 1 illustrates
      the valve construction in the cooling cycle thereof.
PAR  FIG. 3 is a view similar to FIG. 1 and illustrates another embodiment of
      the valve construction of this invention.
PAR  FIG. 4 is a fragmentary view of the top part of the valve construction of
      FIG. 3 with bellows assembly removed and replaced by an end cap.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adaptable for providing a valve
      contruction for controlling a heating-cooling system, it is to be
      understood that the various features of this invention can be utilized
      singly or in any combination thereof to provide a valve construction for
      other systems as desired.
PAR  Therefore, this invention is not to be limited to only the embodiment
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety of uses of this invention.
PAR  Referring now to FIG. 1, the improved valve construction of this invention
      is generally indicated by the reference numeral 10 and is illustrated as
      being utilized as a changeover valve for a heating-cooling system
      generally indicated by the reference numeral 11. The system 11 comprises a
      heat exchanger coil 12 which is adapted to have chilled water supplied
      therethrough from a supply conduit 13 through the valve construction 10 in
      a manner hereinafter described to provide a cooling operation and during
      the heating season is adapted to have hot water supplied therethrough from
      the supply conduit 13 through the valve construction 10 in a manner
      hereinafter described.
PAR  The valve construction 10 comprises a housing means that is generally
      indicated by the reference numeral 14 and is formed from a plurality of
      tubular sections 15, 16 and 17 generally disposed in stacked aligned
      relation and being compacted between end plate means 18 and 19 that are
      secured together by a plurality of screws or fastening members 20 passing
      through suitable openings in the upper end plate 18 and being threaded
      into suitable threaded openings in the lower end plate or yoke 19 as
      illustrated to secure the tubular sections 15, 16 and 17 together. The
      sections 15, 16 and 17 are adapted to be rotated in any rotational
      position relative to each other so as to respectively position coupling
      fittings 21, 22 and 23 carried thereby in the desired angular positions
      relative to each other as well as to the housing means 14 to facilitate
      the coupling of the fittings 21-23 in the control system 11 or other
      control system as desired.
PAR  The housing means 14 includes an end member 24 disposed between the upper
      end plate means 18 and the upper end of the tubular section 15 with such
      end member 24 closing off the upper open end of the tubular section 15
      while having a rubber gasket 25 disposed therebetween to provide a seal
      when the upper part of the device 10 is removed as will be apparent
      hereinafter.
PAR  Similarly, a resilient valve seat member 26 is adapted to be disposed
      between cooperating portions 27 and 28 of the tubular sections 15 and 16
      which thereby position and hold the resilient valve seat 26 within the
      housing means 14, which at the same time resilient valve seat member 26
      serves as a gasket preventing leakage between tubular sections 15 and 16.
PAR  Another valve seat member 29 is held between the lower and upper ends of
      the tubular sections 16 and 17 as illustrated, the valve seat member 29
      having a tubular part 30 extending therefrom and inwardly down the inside
      peripheral surface of the tubular section 17 to abut against another
      washer-like valve seat member 31 and hold the same against an annular
      shoulder 32 on the tubular section 17 as illustrated. Valve seat member 29
      is made of plastic or other suitable material such that it forms a gasket
      where it engages tubular sections 16 and 17 thus preventing leakage
      therefrom.
PAR  The two valve seat members 29 and 31 respectively have valve seats or valve
      ports 33 and 34 passing therethrough to be controlled in a manner to be
      hereinafter described, the valve seat members 29 and 31 cooperating
      together to define a lower valve seat means that is generally indicated by
      the reference numeral 35 in the housing means 14 while the valve seat
      member 26 defines upper valve seat means in the housing 14 and which is
      generally indicated by the reference numeral 36.
PAR  A valve member 37 is disposed in the housing means 14 and has a plurality
      of fins or guides 38 extending from the upper side 39 thereof and being
      disposed in sliding engagement with the internal peripheral surface of the
      tubular section 15 as illustrated, the valve member 37 having a stem 40
      extending from the other side 41 thereof and projecting toward the lower
      valve seat means 35.
PAR  Another valve member 42 is disposed intermediate the valve seats 33 and 34
      of the valve seat means 35 as illustrated in FIG. 1 and has a plurality of
      fin-like guides 43 extending from the upper side 44 thereof and passing
      through the valve seat 33 so as to guide movement of the valve member 42
      in its movement from the valve seat 33 to the valve seat 34 between the
      positions thereof illustrated in FIGS. 1 and 2. The side 44 of the valve
      member 42 has an opening 45 therein which receives the end 46 of the stem
      40 as illustrated. A compression spring 47 has one end 48 bearing against
      the end plate 19 and the other end 49 bearing against the valve member 42
      to tend to urge the valve member 42 into continuous engagement with the
      stem 40 of the valve member 37 so that the valve members 42 and 37 tend to
      move in unison relative to the housing means 14.
PAR  Another compression spring 50 has one end 51 bearing against the valve seat
      member 29 and the other end 52 thereof bearing against the valve member 37
      to tend to urge the valve member 37 upwardly in the drawings in the same
      direction that the other spring 47 is tending to urge the other member 42
      for a purpose hereinafter described.
PAR  A cap or cup-shaped member 53 has its open end 54 disposed over an upwardly
      directed projection 55 of the end member 24 and is secured thereto in any
      suitable manner, such as by a wire clip 56 as illustrated. A bellows 57 is
      disposed within the end cap 53 and has its lower open end 58
      interconnected to an annular plate 59 that is sealed in the open end 54 of
      the cup 53 while its upper closed end 60 is disposed within a chamber 61
      defined within the end cap 53.
PAR  An actuating pin 62 is disposed within the interior of the bellows 57 and
      has its upper end 63 bearing against the closed end 60 of the bellows 57
      while its lower end 64 passes through the annular washer 59 and a suitable
      opening 65 passing through the end member 24 and into the tubular housing
      section 15 as illustrated to bear against a flange or plate 66 carried at
      the upper end of a cylindrical cage 67. If desired, dynamic O-ring seals
      68 can be disposed within the opening 65 in the end member 24 and through
      which the actuating pin 62 passes in order to prevent any liquid from
      within the housing 14 from passing into the interior of the bellows 57. A
      snap ring 65' is carried by actuating pin 65 to prevent pin 62 from being
      removed or being blown out by pressure when the bellows 57 and its
      assembly is removed.
PAR  A flanged cup 69 is disposed within the cage 67 and is normally biased
      downwardly by a compression spring 70 that is disposed within the cage 67
      and has its upper end 71 bearing against an inwardly turned portion 72 of
      the cage 67 and its lower end 73 bearing against an outwardly turned
      flange 74 at the open end of the cup 69 as illustrated to tend to urge the
      cup 69 against a split washer 75 disposed in the bottom of the cage 67
      against an inwardly turned lower end 76 thereof as illustrated.
PAR  A thermal element 77 is disposed within the cup 69 and comprises a body or
      housing 78 having a piston rod 80 extending out of the upper end 79
      thereof. A large cylindrical lower part 81 of the body 78 of the thermal
      element 77 is received within suitable notches 82 formed in the guide fins
      38 of the valve member 37 as illustrated so as to tend to move in unison
      with the valve member 37. An intermediate reduced cylindrical part 83 of
      the body 78 of the thermal element 77 loosely passes through the washer 75
      of the cage 67 and positions a larger cylindrical upper part 84 of the
      body 78 of the thermal element 77 within the cup 69.
PAR  The thermal element 77 and cage 67 provide a length changeable link between
      the actuating pin 62 and the valve members 37 and 42 for changeover
      purposes hereinafter described.
PAR  The thermal element 77 contains a wax charge which will expand upon an
      increase in temperature to force the piston 80 out of the body 78 and upon
      cooling will contract and permit an external force on the piston 80 to
      force the piston 80 back into the body 78 as illustrated in FIG. 1.
PAR  A resulting shoulder 85 between the body parts 84 and 83 of the thermal
      element 77 is engageable with the lower washer 75 of the cage 67 to
      provide a stop for the thermal element 77 and accurately control the
      overall length of the cage structure between the actuating pin 62 and the
      valve member 37 as will be apparent hereinafter.
PAR  The details of the structure and operation of the thermal element 77 are
      well known and need not be further described in detail. HOwever, it has
      been found according to the teachings of this invention that such a
      thermal element 77 when utilizing an expanding charge to extend a piston
      has an inherent disadvantage when it is emersed in a liquid under high
      static pressure for extended periods with the charge contracted and no
      load on the piston thereof. Under these conditions, the liquid leaks along
      the piston and collects beneath it to change the effective stroke of the
      piston upon subsequent expansion of the charge. This leakage is not a
      problem when the charge is expanded andd exerting a force on the piston.
      Accordingly, this invention provides means for isolating the piston 80
      from the surrounding liguid when the charge in the terminal element 77 is
      contracted.
PAR  In particular, an annular gasket 86 is positioned in the closed end of the
      cup 69 and is engageable by the upper end of the body portion 84 of the
      thermal element 77 when the piston 80 is fully retracted as illustrated in
      FIG. 1 by the force of the compression spring 50 maintaining a positive
      seal against the closed end of the cup 69 against the annular gasket 86.
PAR  The fitting 22 of the tubular section 16 of the housing means 14 comprises
      an inlet for the valve construction 10 and is adapted to be coupled to the
      water supply conduit 13 in any suitable manner. The fitting 23 of the
      tubular section 17 of the housing 14 comprises an outlet of the valve
      construction 10 and is adapted to be coupled to the heat exchanger coil 12
      in any suitable manner to thereby direct fluid through the heat exchanger
      coil 12. The fitting 21 of the tubular section 17 of the housing 14
      comprises a by-pass outlet adapted to be interconnected to a coil by-pass
      conduit 87 in any suitable manner so that any fluid being directed out of
      the outlet 21 will by-pass the heat exchanger coil 12.
PAR  The interior chamber 61 of the upper cup or cap 53 of the housing means 14
      is adapted to be fluidly interconnected by a conduit means 88 to a
      temperature sensing bulb 89 positioned to sense the temperature of the
      space being controlled by the heat exchanger 12 so that the fluid in the
      chamber 61 acting on the bellows 57 expands upon a sensed increase in the
      output temperature effect of the coil 12 and contracts upon a sensed
      decrease in output temperature effect of the coil 12 for a purpose
      hereinafter described.
PAR  From the preceding description of the valve construction 10 and its
      interconnection in the system 11, it can be seen that the valve
      construction 10 can be formed of a plurality of relatively simple parts
      disposed in stacked and aligned relation in the housing means 14 with the
      inlet 22 and outlets 21 and 23 thereof adapted to be rotationally
      positioned relative to each other to provide different angles relative to
      the housing means 14 before the same are secured in place by the fastening
      members 20.
PAR  The operation of the valve construction 10 of this invention as utilized in
      the control system 11 will now be described.
PAR  When the system is set in the cooling mode as illustrated in FIg. 1,
      chilled water is supplied to the inlet 22 by the conduit means 13. The
      chilled water cools the body 78 of the thermal element 77 causing the wax
      charge therein to contract and position the piston 80 in the fully
      retracted position illustrated in FIG. 1. The relative position of the
      various parts of the cage 67 and thermal element 77 is such that the same
      is in its shortest linkage configuration between the actuating pin 62 and
      the valve member 37. Also, the parts illustrated in FIG. 1 are in the
      position when the system 11 is fully satified, i.e., the output
      temperature effect of the coil 12 is at or below desired cooling
      temperature effect thereof so that the fluid in the bulb 89, and thus, in
      the chamber 61 of the end cap 53 is in its most contracted condititon
      whereby the bellows 57 is in its most expanded condition and permits the
      spring means 50 and 47 to urge the valve members 42 and 37 upwardly until
      the valve member 42 fully seats against the valve seat 33 to prevent
      further upward movement thereof and the spring 50 has caused the valve
      member 37 to move upwardly to fully move the cage 67 to its uppermost
      position for the satisfied condition illustrated and maintain the seal
      around the piston 80 of the thermal element 77 for the purpose previously
      described.
PAR  Thus, with the valve member 42 fully seated on the valve seat 33, no
      chilled water from the inlet 22 is directed through the coil 12 as the
      entire amount of chilled water being supplied to the inlet 22 goes through
      the valve seat 26 to the by-pass outlet 21, the valve member 37 being so
      positioned in FIG. 1 that the same provides full flow through the by-pass
      valve seat 26 to the by-pass outlet 21.
PAR  However, an increase in temperature being sensed by the bulb 89 will cause
      expansion of the liquid charge therein and a flow of liquid into the
      chamber 61 to compress the bellows 57. This causes downward movement of
      the entire assembly of the actuator pin 62, cage 67 and thermal element 77
      which moves the valve disc 37 toward the valve seat 26 and the valve
      member or disc 42 away from the valve seat 33 a certain amount. This
      results in an increase in flow of chilled water through the outlet 23 to
      the coil 12 and a decrease in the flow of chilled water from the inlet 22
      to the by-pass outlet 21 to tend to lower the output temperature effect of
      the coil 12. However, a further temperature increase at the bulb 89 will
      move the valve disc 42 farther from the valve seat 33 and position the
      valve disc 37 closer to the by-pass valve seat 26 to increase the flow of
      chilled water to the coil 12 and decrease the flow of chilled water to the
      by-pass outlet 21. As the increase in output temperature effect of the
      coil 12 causes the valve member 37 to approach the valve seat 26, a
      fluid-tight seal is not effected between the valve disc 37 and the valve
      seat 26 but a slight leakage to the by-pass 21 has little effect on the
      operation of the system 11. However, an advantage of this slight leakage
      through the valve seat 26 at this time is that the thermal element 77 will
      always sense supply water temperature.
PAR  It can be seen that when the increase in temperature being sensed by the
      bulb 89 positions the upper valve member 37 to substantially close the
      valve seat 26, the valve member 42 has been moved away from the valve seat
      33 a distance sufficient to provide complete fluid flow therethrough as
      the valve member 42 is only intermediate the valve seats 33 and 34 so that
      the same does not cause the valve seat 34 to close during such full
      cooling operation of the valve construction 10. It can be seen that a
      further increase in temperature sensed at bulb 89 would cause valve member
      37 to go through valve seat 26 opening up the by-pass while valve member
      42 would proceed to restrict flow to the heat exchanger coil 12 by
      approaching valve seat 34 were it not for plate 66 of cage 67 engaging
      shoulder 66' at a proper position to prevent this from happening.
PAR  Conversely, a decrease in temperature at the bulb 89 will cause upward
      movement of the valve members 37 and 42 to decrease the flow of chilled
      water to the coil 12 and increase the flow of chilled water to the by-pass
      21.
PAR  Thus, it can be seen that during the cooling operation of the system 11
      with the valve construction 10 in the condition illustrated in FIG. 1, the
      bellows 57 and actuating pin 62 provides a condition responsive means
      responsive to the condition being sensed by the bulb 89 to cause movement
      of the valve members 37 andd 42 relative to the upper sides of the valve
      seat means 36 and 35 to control the flow of fluid from the inlet 22 to the
      outlets 21 and 23.
PAR  When the system 11 is changed over to the heating mode thereof, hot water
      is supplied to the inlet 22 by the conduit 13 and the hot water in the
      housing 14 heats the body 78 of the thermal element 77 to expand its wax
      charge and force the piston 80 to its extended position as illustrated in
      FIG. 2. Extension of the piston 80 causes downward movement of the body 78
      of the thermal element 77 until the shoulder 85 thereof seats on the split
      washer 75 because overrun spring 70 has a heavier load than the combined
      load of springs 47 and 50. Thereafter, further expansion of the piston 80
      causes the compression of spring 70 to the position illustrated in FIG. 2.
      Thus, the linkage provided by the cage 67 and the thermal element 77 is
      then at its maximum length between the actuating pin 62 and the valve
      member 37 with the relative position of the parts being as illustrated in
      FIG. 2.
PAR  During the changeover of the valve construction 10 from the cooling mode
      illustrated in FIG. 1 to the heating mode illustrated in FIG. 2, the valve
      element 37 is moved downwardly against the bias of the springs 50 and 47
      and passes through the resilient valve seat 26 and if the system 11 is
      fully satisfied as illustrated in FIG. 2, the valve member 42 bottoms out
      against the valve seat 34 to close the same while the valve member 37 is
      passed completely through the valve seat 26 to provide a position for full
      fluid flow therethrough.
PAR  With the system 11 fully satified in the heating mode illustrated in FIG.
      2, the temperature sensing bulb 89 is sensing an output temperature effect
      of the coil 12 at or above the desired temperature so that the fluid in
      the chamber 61 of the end cap 53 is at its maximum volume and has forced
      the bellows 57 downwardly and, thus, the actuating pin 62 downwardly to
      the position illustrated in FIG. 2 to maintain the valve member 42 against
      the valve seat 34 so that the entire flow of hot water from the inlet 22
      passes through the by-pass valve seat 26 to the by-pass outlet 21.
PAR  A decrease in output temperature at the bulb 89 below the desired output
      temperature effect will cause constriction of the liquid charge in the
      bulb 89 and, thus, expansion of the bellows 57 with a corresponding upward
      movement of the actuating pin 62, cage 67, thermal element 77 and the
      valve members 37 and 42 under the force of the compression springs 50 and
      47. This moves the valve disc 42 away from the valve seat 34 to permit
      some hot water to flow to the outlet 23 and, thus, to the coil 12 to tend
      to increase its output temperature effect while the valve disc 37 moves
      toward the by-pass valve seat 26 to reduce the flow of hot water to the
      by-pass outlet 21. Similar to the cooling situation, a further decrease in
      temperature sensed at bulb 89, FIG. 1, would throw the valve into reverse
      operation except that plate 66 engages gasket 25 at a position to prevent
      this from happening. A further decrease in output temperature effect moves
      the valve disc 42 upwardly farther from the seat 34 to increase the flow
      of hot water to the coil 12 and positions the valve disc 37 immediately
      adjacent the valve seat 26 to reduce the flow of hot water to the by-pass
      outlet 21 to a minimum. Conversely, an increase in temperature at the bulb
      89 will cause the bellows assembly 57 to move the valve element 42
      downward toward the valve seat 34 to reduce the flow of hot water to the
      coil 12 and increase the flow to the by-pass 21 by correspondingly moving
      the valve member 37 farther away from the valve seat 26.
PAR  When the system is again changed back to the cooling mode illustrated in
      FIG. 1, the chilled water supplied to the inlet 22 cools the body 78 of
      the thermal element 77 and causes contraction of its wax charge. This
      permits the springs 70 and 50 to compress the cage 67 and thermal element
      77 to its shortest dimension forcing the piston 80 into the body 78 and
      moving the valve disc 37 through the valve seat 26. With the parts in
      these positions, the end of the body 78 of the thermal element 77 is
      seated on the sealing gasket 86 to seal the piston 80 from the water in
      the system.
PAR  Thus, it can be seen that the valve construction 10 of this invention is
      readily adapted to control the heat exchanger system 11 and cause a
      changeover from the cooling cycle thereof to the heating cycle thereof
      with the valve members 37 and 42 acting on one side of the pair of valve
      seat means 36 and 35 for a cooling operation of the system 11 and acting
      on the other side of the valve seat means 36 and 35 for a heating cycle of
      operation of the system 11.
PAR  Also, it can be seen that the valve construction 10 of this invention is
      easily assembled as the assembly thereof merely amounts to a simple
      stacking of the parts together. In particular, the valve construction 10
      is assembled upside down starting with the bellows assembly 57 followed by
      the yoke or upper end plate 18, cap 53, actuating pin 62, washer 25,
      extensible linkage subassembly 67, 77, valve body section 15, valve
      element 37, valve seat 26, valve section 16, spring 50, valve seal member
      29, valve member 42, valve seat member 31, valve section 17, spring 47,
      end cap 19 and securing members 20.
PAR  Each of the three valve body sections 15, 16 and 17 can be positioned in
      any one of four angular positions between the securing members 20 to
      produce the desired body configuration and then the securing members 20
      can be installed to secure all of the parts in place as illustrated.
PAR  Thus, the valve body sections 15, 16 and 17 can be selectively positioned
      before the securing members 20 are installed. However, the valve body can
      be readily modified in the field by removing at least one fastening member
      20 and loosening the others so that the valve sections 15, 16 and 17 can
      be rotated to the desired position. Thereafter the securing members 20 are
      tightened.
PAR  It can be seen that in order to prevent the power element 77 from unloading
      when the bellows arrangement 57 cools sufficiently with cold water being
      supplied at inlet 22 for the valve member 42 to go against the upper seat
      33 as illustrated in FIG. 1, the spring 50 is adapted to act upwardly to
      maintain a load on the power element 77 to maintain the upper end thereof
      in sealing relation with the sealing gasket 86 so as to exclude water from
      the interior of the power element 77 when high static pressures are
      present.
PAR  Another valve construction of this invention is generally indicated by the
      reference numeral 10A in FIGS. 3 and 4 and parts thereof similar to the
      valve construction 10 are indicated by like reference numerals followed by
      the reference letter "A".
PAR  As illustrated in FIG. 3, the end wall member 24A of the housing means 14A
      of the valve construction 10A is modified from the form illustrated in
      FIGS. 1 and 2 so as to be provided with three depending guide legs 100
      extending within the tubular housing member 15A whereby the legs 100 guide
      reciprocal movement of the cage 67A of the change over assembly. Thus, the
      cage 67A does not carry the upper plate 66 as in the embodiment of FIGS. 1
      and 2 because other means are provided for controlling the movement of the
      cage 67A to prevent the valve construction 10 from going into a reverse
      operation on a heating or cooling cycle as was provided by the end plate
      66 and shoulder means 66' or gasket 25 as previously described.
PAR  The actuating pin 62A of the valve construction 10A is formed of two parts
      101 and 102 for a purpose hereinafter described with the parts 101 and 102
      being disposed in aligned abutting relation. An O-ring 103 is disposed
      about the lower end 104 of the lowermost part 102 to provide a back-seat
      against which the closed end 105 of the cage 67A will engage under the
      force of the compression spring 70A to prevent fluid leakage when the stem
      62A is removed for packing replacement purposes. For example, the end
      piece 24A has a chamber 106 provided therein and in which is disposed the
      sealing packing means 107.
PAR  The end plate member 24A has a part 108 thereof formed as a scraper to
      clean the stem part 102 as it moves back and forth in the end plate 24A
      whereby the scraper 108 continuously cleans the stem part 102 and thereby
      helps to prevent wear on the packing 107.
PAR  The packing 107 is confined within the chamber 106 of the end plate 24A by
      a retaining nut 109 that is threaded onto external threads 110 of an
      outwardly projecting portion 111 of the end plate member 24A as
      illustrated.
PAR  An adjustable heating and cooling stop assembly 112 is threaded within the
      retaining nut 109 and confines movement of the stem part 102 within the
      limits of a lower internal shoulder 113 thereof and an upper internal
      shoulder 114 thereof because the stem part 102 carries a snap ring 115
      disposed within the stop assembly 112. The distance between the internal
      faces or shoulder 113 and 114 of the stop assembly 112 is exactly
      calculated so that when the stop assembly 112 is properly adjusted to
      account for all tolerance variation in a particular valve assembly, face
      113 will prevent the valve construction 10A from going into reverse
      operation on the cooling cycle thereof and the face 114 will prevent the
      valve construction 10A from going into reverse operation on the heating
      cycle thereof.
PAR  In particular, the valve construction 10A illustrated in FIG. 3 is disposed
      in its cooling mode wherein chilled water is supplied to the inlet 22A and
      when the system is fully satisfied, as illustrated in FIG. 1, the output
      temperature of the heat exchanger is at or below the desired cooling
      temperature effect thereof so that the fluid in the chambers 61A of the
      end cap 53A is in its most contracted condition whereby the bellows 57A is
      in its most expanded condition and permits the spring means 50A and 47A to
      urge the valve members 42A and 37A upwardly until the valve member 42A
      fully seats against the valve seat 33A to prevent further upward movement
      thereof and the spring 50A has caused the valve member 37A to move
      upwardly to fully move the cage 67A to its uppermost position for a
      satisfied condition as illustrated and maintain the seal around the piston
      80A of the terminal element 77A for the purpose previously described.
PAR  Thus, with the valve member 42A fully seated on the valve seat 33A, no
      chilled water from the inlet 22A is directed to the heat exchanger as the
      entire amount of chilled water being supplied to inlet 22A goes through
      the valve seat 26A to the bypass outlet 21A, the valve member 37A being so
      positioned in FIG. 3 that the same provides full flow through the bypass
      valve 26A to the bypass outlet 21A.
PAR  However, an increase in temperature being sensed by the temperature sensing
      bulb will cause expansion of the liquid charge therein and a flow of
      liquid into the chamber 61A to contract the bellows 57A. This causes
      downward movement of the entire assembly of the actuator 62A, cage 67A and
      thermal element 77A which moves the valve disc 37A toward the valve seat
      26A and the valve member 42A away from the valve seat 33A a certain
      amount. As the increase in output temperature effect of the heat exchanger
      causes the valve member 37A to approach the valve seat 26A, further
      increase in temperature sensed by the bulb would cause the valve member
      37A to go through the valve seat 26A and open up the by-pass while the
      valve member 42A would approach the seat 34A to restrict the flow to the
      heat exchanger were it not for the snap ring 115 on the stem part 102
      engaging against the face of the stop assembly 112 to prevent this from
      happening.
PAR  Conversely, when the valve assembly 10A is in the heating mode thereof
      wherein the valve member 37A is on the lower side of the valve seat 26A in
      the same manner as the valve assembly 10 of FIG. 2, a decrease in sensed
      temperature would throw the valve into reverse operation by an attempt to
      move the valve member 37A through the valve seat 26A except for the fact
      that the snap ring 115 will engage against the upper face 114 of the stop
      assembly 112 to prevent the valve member 37A from passing through the
      valve seat 26A in the same manner as the plate 66 engages against the
      gasket 25 of the valve assembly 10 previously described to prevent such a
      reverse operation.
PAR  Thus, it can be seen that the stop assembly 112 within the retaining nut
      109 provides an adjustable stop means for the actuator pin 62A of the
      valve assembly 10A to prevent the same from going into reverse operation
      on both the cooling and heating cycles thereof.
PAR  Of course, the above term "reverse operation" refers to a reversal of
      normal flow response, not reverse in the sense of a "direct" or "reverse"
      acting valve as is commonly used.
PAR  The adjustable stop assembly 112 has a tubular guide 116 extending
      therefrom and is utilized to guide the lower end 117 of the upper stem
      part 101 into alignment with the upper part 118 of the lower stem part
      102. By having a two part actuating stem 62A, the valve assembly 10A can
      be shipped without the thermal system which includes the bellows assembly
      57A in the manner illustrated in FIG. 4 wherein it can be seen that a cap
      119 is threaded on external threads 120 of the retaining nut 109, the cap
      119 thus protecting the end of the valve assembly 10A and serving as a
      hand adjustment for use during the construction of building into which the
      valve construction 10A will be put and before the thermal systems have
      been installed. However, when the thermal system is to be installed, the
      cap 119 is removed and thrown away and the bellows arrangement 57A is
      provided thereon in the manner illustrated in FIG. 3 for the purpose
      previously described.
PAR  As illustrated in FIG. 3, the valve seat member 29A is provided with
      downwardly directed guide fins 121 which guide the movement of the valve
      member 42A between the valve seats 33A and 34A in the same manner that the
      guide means 43 on the valve member 42 of the valve assembly 10.
PAR  A guide washer 122 has been added to the valve stem 40A of the valve
      construction 10A and has a plurality of openings 123 passing therethrough,
      the guide washer 122 having its outer periphery 124 disposed in sliding
      relation with the internal peripheral surface 125 of the tubular housing
      section 16A while its inner periphery 126 is disposed about the stem 40A
      and is held upwardly against the same by the compression spring 50A. In
      this manner, the guide rings 33 of the valve stem 40 of the valve
      construction 10 of FIG. 1 can be eliminated.
PAR  If desired, suitable hex sections 127 can be added to the inlet 22A and
      outlet 21A and 23A fittings to facilitate tightening of mating nuts
      thereon.
PAR  Therefore, it can be seen that the valve construction 10A functions in
      substantially the same manner as the valve construction 10 previously
      described for the change over purpose and prevents adverse reversal of
      operation on heating and cooling cycles thereof through the use of the
      adjustable stop member 112.
PAR  While the form of the invention now preferred has been disclosed and
      described as required by the patent statute, other forms may be utilized
      and all come within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve construction comprising a housing means having an inlet and a
      pair of outlets, a pair of valve seat means carried by said housing means
      for respectively controlling fluid flow from said inlet to said outlets, a
      pair of valve member means for respectively controlling said valve seat
      means, said valve member means being operatively associated together to
      move substantially in unison, and means operatively associated with said
      valve member means to position the same to act respectively on one side of
      said pair of valve seat means or on the other side of said pair of valve
      seat means, said pair of valve member means being arranged relative to
      said valve seat means such that increasing the fluid flow to either of
      said outlets will decrease the fluid flow to the other of said outlets
      regardless of which side of said pair of valve seat means said pair of
      valve member means are acting, said means for positioning said valve
      member means to act respectively on said sides of said valve seat means
      comprising a temperature responsive device.
NUM  2.
PAR  2. A valve construction comprising a housing means having an inlet and a
      pair of outlets, a pair of valve seat means carried by said housing means
      for respectively controlling fluid flow from said inlet to said outlets, a
      pair of valve member means for respectively controlling said valve seat
      means, said valve member means being operatively associated together to
      move substantially in unison, means operatively associated with said valve
      member means to position the same to act respectively on one side of said
      pair of valve seat means or on the other side of said pair of valve seat
      means, and condition responsive means operatively associated with said
      valve member means to move the same in a modulating manner relative to
      said valve seat means in response to the condition being sensed regardless
      of which side of said valve seat means said valve member means have been
      positioned.
NUM  3.
PAR  3. A valve construction as set forth in claim 2 wherein said pair of valve
      seat means, said means to position said valve member means and said
      condition responsive means are disposed in axially aligned relation.
NUM  4.
PAR  4. A valve construction as set forth in claim 3 wherein said condition
      responsive means is disposed in fluid communication with said inlet to
      sense the temperature of the fluid passing from said inlet to either of
      said outlets.
NUM  5.
PAR  5. A valve construction comprising a housing means having an inlet and a
      pair of outlets, a pair of valve seat means carried by said housing means
      for respectively controlling fluid flow from said inlet to said outlets, a
      pair of valve member means for respectively controlling said valve seat
      means, said valve member means being operatively associated together to
      move substantially in unison, means operatively associated with said valve
      member means to position the same to act respectively on one side of said
      pair of valve seat means or on the other side of said pair of valve seat
      means, one of said valve seat means comprising a single valve seat, said
      valve member means controlling said single valve seat being movable
      through said single valve seat as said means positions said valve member
      means respectively between said one side of said pair of valve seat means
      and said other side of said pair of valve seat means, and condition
      responsive means operatively associated with said valve member means to
      move the same in a modulating manner relative to said valve seat means in
      response to the condition being sensed regardless of which side of said
      valve seat means said valve member means have been positioned.
NUM  6.
PAR  6. A valve construction as set forth in claim 5 wherein said condition
      responsive means has means for preventing movement of said valve member
      means through said single valve seat solely in response to the condition
      being sensed thereby and regardless of which side of said pair of valve
      seats said valve member means have been positioned by said positioning
      means.
NUM  7.
PAR  7. A valve construction as set forth in claim 6 wherein said means for
      preventing movement of said valve member means through said single valve
      seat comprises a pair of spaced stop means.
NUM  8.
PAR  8. A valve construction as set forth in claim 7 wherein said stop means is
      adjustable
NUM  9.
PAR  9. A valve construction comprising a housing means having an inlet and a
      pair of outlets, a pair of valve seat means carried by said housing means
      for respectively controlling fluid flow from said inlet to said outlets, a
      pair of valve member means for respectively controlling said valve seat
      means, said valve member means being operatively associated together to
      move substantially in unison, and means operatively associated with said
      valve member means to position the same to act respectively on one side of
      said pair of valve seat means or on the other side of said pair of valve
      seat means, said pair of valve member means when increasing the fluid flow
      to either of said outlets will decrease the fluid flow to the other of
      said outlets regardless of which side of said pair of valve seat means
      said pair of valve member means are acting, said means for positioning
      said valve member means to act respectively on said sides of said valve
      seat means comprising a temperature responsive device, said temperature
      responsive device being of the piston and cylinder type wherein a charge
      inside said cylinder expands upon an increase in temperature to cause said
      piston to extend from said cylinder and contracts upon a decrease in
      temperature to cause said piston to retract into said cylinder.
NUM  10.
PAR  10. A valve construction comprising a housing means having an inlet and a
      pair of outlets, a pair of valve seat means carried by said housing means
      for respectively controlling fluid flow from said inlet to said outlets, a
      pair of valve member means for respectively controlling said valve seat
      means, said valve member means being operatively associated together to
      move substantially in unison, means operatively associated with said valve
      member means to position the same to act respectively on one side of said
      pair of valve seat means or on the other side of said pair of valve seat
      means, said means for positioning said valve member means to act
      respectively on said sides of said valve seat means comprising a
      temperature responsive device of the piston and cylinder type wherein a
      charge inside said cylinder expands upon an increase in temperature to
      cause said piston to extend from said cylinder and contracts upon a
      decrease in temperature to cause said piston to retract into said
      cylinder, and a movable sealing member carried by said housing means and
      adapted to seal about said piston at said cylinder only when said piston
      is in its fully retracted position.
NUM  11.
PAR  11. A valve construction as set forth in claim 10 wherein a spring means is
      carried by said housing means for urging said sealing member against said
      cylinder for said sealing function thereof.
NUM  12.
PAR  12. A valve construction comprising a housing means having an inlet and a
      pair of outlets, a pair of valve seat means carried by said housing means
      for respectively controlling fluid flow from said inlet to said outlets, a
      pair of valve member means for respectively controlling said valve seat
      means, said valve member means being operatively associated together to
      move substantially in unison, means operatively associated with said valve
      member means to position the same to act respectively on one side of said
      pair of valve seat means or on the other side of said pair of valve seat
      means, said means for positioning said valve member means to act
      respectively on said sides of said valve seat means comprising a
      temperature responsive device of the piston and cylinder type wherein a
      charge inside said cylinder expands upon an increase in temperature to
      cause said piston to extend from said cylinder and contracts upon a
      decrease in temperatuure to cause said piston to retract into said
      cylinder, and movable means carried by said housing means for sealing said
      piston at said cylinder only when said piston is in its fully retracted
      position to prevent fluid from entering said cylinder at said piston
      thereof.
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ABST
PAL  A spray confining aerosol dispensing device, includes a pressurized aerosol
      container provided with an upwardly directed axial nozzle on its top wall
      and a valve actuator including a pair of depressible opposite radial arms
      extending beyond the container periphery. A shield sleeve slidably engages
      the container and is horizontally rotatable and vertically movable between
      upper and lower positions. A pair of peripherally spaced ribs are formed
      on the sleeve inside face and are above the actuator arm level when the
      sleeve is extended, so that the sleeve may be rotated to bring the ribs in
      vertical registry with the actuator arms. Depression of the sleeve when
      pressed against a surface to be sprayed, opens the spray valve and the
      spray is confined by the sleeve. Stop members are provided on the sleeve
      to limit its axial movement on the container.
BSUM
PAR  The present invention relates generally to improvements in spray devices
      and more particularly to an improved spray confining aerosol dispenser.
PAR  A widely used method of applying a material to a surface is by spraying the
      material, carried in a volatile carrier, onto the surface. A convenient
      device for producing such a spray is a pressurized aerosol container
      provided with a finger actuated, valved spray nozzle and loaded with a
      highly volatile propellant such as, for example, the fluorinated
      hydrocarbons, an example being the Freons. While the employment of a
      pressurized aerosol container for the application of an active material to
      a surface is highly convenient and possesses many advantages, when the
      spray is applied to the person, as where the spray contains an
      antiperspirant or deodorant for application to the axilla or arm pit,
      considerable overspray may be effected with the spray being incident on
      surfaces removed from the axilla, and some of the spray may be dispersed
      into the ambient atmosphere thereby resulting in wastage of product. In
      fact, as where light powder sprays are used, a proportion of the efficacy
      of the product may be lost due to "bounce-off".
PAR  It is a principal object of the present invention to provide an improved
      spray device having a spray confining shield axially collapsible upon the
      device.
PAR  Another object of the present invention is to provide an improved aerosol
      spray device employing a pressurized aerosol container.
PAR  Still another object of the present invention is to provide an improved
      aerosol container spray device in which the spray is confined to a
      predetermined region.
PAR  A further object of the present invention is to provide an aerosol spray
      device of the above nature, characterized by its reliability, simplicity,
      ruggedness, low cost, convenience and great versatility and adaptability.
PAR  The above and other objects of the present invention will become apparent
      from a reading of the following description taken in conjunction with the
      accompanying drawings which illustrate preferred embodiments thereof.
PAR  The present invention contemplates the provision of a spray confining
      aerosol spray device comprising a pressurized aerosol container, including
      a top wall on which is located a valve having an upwardly, axially
      directed spray nozzle having an outward extending valve actuator, a shield
      defining sleeve coaxial with and slidably engaging the container and
      provided on its lower inside face with a depressor member which may be
      positioned above and in vertical registry with the valve actuator, so that
      vertical downward pressure on the sleeve, or conversely upward pressure on
      the container, depresses the valve actuator to open the valve, whereby a
      spray is coaxially discharged from the nozzle and is confined by the
      sleeve.
PAR  According to a preferred form of the improved device as applied to an
      aerosol container provided with a main cylindrical wall having annular
      beads along its top and bottom edges, the valve actuator includes a pair
      of opposite radial arms projecting outwardly beyond the top bead. An
      inwardly directed peripheral bottom rib is formed on the bottom inside
      face of the sleeve and is movable with the raising and lowering of the
      sleeve into engagement with the top and bottom beads respectively, thereby
      limiting the axial movement of the sleeve. Extending upwardly from the
      bottom rib are a pair of short opposite ribs which extend peripherally
      about 90.degree., and located shortly above and peripherally and radially
      coextensive with the lower ribs are a pair of main ribs which extend to a
      point short of the upper edge of the sleeve. Another pair of relatively
      low ribs are located above and are radially and peripherally coextensive
      with the main ribs. The confronting end faces of the lower, main and top
      ribs delineate top and bottom 90.degree. peripheral passages which
      alternatively engage the valve actuator arms to permit their depression or
      their locking in a raised position.
PAR  An alternate form of the improved spray device as applied to an aerosol
      container which is provided at its top with a converging curved shoulder
      instead of a peripheral bead, includes an axially slidable sleeve provided
      along its bottom inside face with a rib which slidably and rotatably
      engages the container cylindrical wall. A pair of 90.degree. spaced
      90.degree. peripheral ribs are formed on the lower inside face of the
      sleeve shortly above the valve actuator arms when the sleeve is in its
      extended position, and a pair of opposite stop members project inwardly
      from the upper border of the sleeve and engage the container's curved
      upper shoulder when the sleeve is in its contracted position to restrict
      any further depression of the sleeve.
PAR  The improved spray devices are simple and inexpensive, are easy and
      convenient to use and confine the aerosol spray to the desired area of
      application.
DRWD
PAR  FIG. 1 is a front elevational view, partially in vertical medial section,
      of a preferred embodiment of the present invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 in FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 in FIG. 2;
PAR  FIG. 4 is a view similar to FIG. 1 of another embodiment of the present
      invention;
PAR  FIG. 5 is a sectional view taken along line 5--5 in FIG. 4; and
PAR  FIG. 6 is a sectional view taken along line 6--6 in FIG. 4.
DETD
PAR  Referring now to the drawings, particularly FIGS. 1 to 3 thereof which
      illustrate a preferred embodiment of the present invention, the reference
      numeral 10 generally designates the improved aerosol spray device which
      includes a pressurized aerosol spray container 11 and a valve actuator
      depressor and spray confining shield sleeve 12. The aerosol container 11
      is of conventional construction and includes a main cylindrical wall 13
      provided at its top and bottom edges with overhanging peripheral top and
      bottom beads 14 and 16 respectively.
PAR  The container 11 is provided with a domed top wall 17 on which is located a
      coaxial, upwardly directed spray nozzle 18 which communicates with the
      bottom of container 11 through a dip tube and a normally closed valve (not
      shown) which is opened by the depression of a valve actuator 19 provided
      with a pair of opposite radial arms 20 which project outwardly a short
      distance beyond the peripheral bead 14. The container 11 is loaded with a
      volatile propellant such as a Freon having uniformly admixed therewith any
      desirable composition, for example, an antiperspirant or deodorant.
PAR  The sleeve member 12 is integrally formed as a unit of any suitable
      material, such as a synthetic organic polymeric resin, for example,
      polyethylene, polypropylene, polyvinyl chloride or the like, and includes
      a thin cylindrical outer wall 21 having an inside diameter greater than
      the outside diameter of peripheral bead 14. Projecting inwardly along the
      lower border of sleeve wall 21, and in sliding engagement with container
      wall 13, is an integrally formed peripheral rib or collar 22 having an
      annular upper shoulder which engages the upper face of bead 14 when sleeve
      12 is in its raised extended position and an annular bottom shoulder which
      engages the top face of bottom bead 16 when the sleeve 12 is in its
      lowered contracted position. The collar 22 and the corresponding lower
      border of wall 21 are advantageously provided with peripherally spaced
      vertical slits (not shown) and chambered inner edge 21a to facilitate the
      assembly of the container 11 and sleeve member 12.
PAR  Extending above the collar 22 and projecting inwardly from wall 21 are a
      pair of diametrically opposite ribs or projections 23 each of which
      extends peripherally for about 90.degree. and whose adjacent ends are
      spaced about 90.degree.. The distance between the top faces of ribs 23 and
      collar 22 is about equal to the distance between the underfaces of
      actuator arms 20 and upper bead 14 and the inside diameter of ribs 23 is
      slightly larger than the outside diameter of bead 14.
PAR  A pair of diametrically opposed 90.degree. peripherally extending ribs 24
      are located above ribs 23 and are peripherally and radially coextensive
      therewith and extend to points a short distance below the top edge of wall
      21. The confronting end faces of registering ribs 23 and 24 delineate
      peripheral tracks or passageways 26 and the corners of these faces are
      rounded, as at 27, to provide converging guide faces into the passageways
      26. Formed at the top border of wall 21 are a pair of inwardly projecting
      low ribs 28 peripherally and radially coextensive with ribs 24 and
      delineating therewith passageways 29 similar to passageways 26 with
      converging end openings. The vertical distance between passageways 26 and
      29 is about equal to the distance between the confronting faces of beads
      14 and 16 less the height of collar 22. It should be noted, that while the
      upper edge of sleeve member 12 is illustrated as being planar, it may be
      undulate to mate the corresponding contour of the axilla.
PAR  In employing the spray device 10, the device 10 is held by holding the
      container 11 to position the upper edge of sleeve member 12, which is in
      its extended position as shown in FIG. 1, against the axilla. The
      container is then raised with sufficient pressure to depress the actuator
      arms 20 and open the spray valve. An aerosol spray is thus axially emitted
      from the nozzle 18 and is confined by the shield sleeve 12 to impinge in
      the area delineated by the upper edge of the sleeve 12 and to thereby
      eliminate or minimize any overspray.
PAR  In storing the device 10 it is contracted by twisting the sleeve 12
      relative to the container 11 until the arms 20 are out of engagement with
      passageways 26 and the sleeve 12 is then depressed to its contracted
      position with the collar 22 abutting the bottom bead 16. The sleeve 12 may
      then be turned to bring the arms 20 into engagement with passageways 29
      and thereby lock the actuator arms 20 against depression. The device 10
      may be extended for use in the above manner by reversing the contraction
      procedure.
PAR  In FIGS. 5 to 7 of the drawings there is illustrated another embodiment of
      the present invention which employs an aerosol container 32 differing from
      container 11 in that it lacks the top and bottom beads, the top peripheral
      wall of the container being inwardly curved to provide a converging,
      convex annular shoulder 33. As in the first embodiment, the aerosol
      container is provided with an upwardly directed spray nozzle and a pair of
      opposite radial depressible valve actuator arms 34 which project beyond
      the container peripheral wall.
PAR  Associated with the container 32 is a relatively slidable and rotatable
      actuating, depressing, and spray confining sleeve 36 which includes a
      cylindrical wall 37 of somewhat greater inside diameter than the outside
      diameter of the container 32. Formed on the inside lower border of wall 37
      is an oppositely split collar 38 which slidably and rotatably resiliently
      engages the cylindrical wall of container 32 to releasably, lightly, and
      frictionally maintain the sleeve 36 in a preset position. A pair of
      opposite stop members 39 are located on and project inwardly from the
      upper border of sleeve wall 37, the inner underface 40 of each stop member
      39 being downwardly outwardly inclined to substantially mate the contour
      of the upper border of container shoulder 33.
PAR  The vertical distance between stop members 39 and collar 38 is somewhat
      less than the height of container 32, so that in the contracted condition
      of sleeve 36 with the stop members 39 engaging shoulder 33 the collar 38
      is not completely below the bottom of container 32.
PAR  Integrally formed on the inside face of wall 37 above the collar 38 are a
      pair of inwardly directed opposite ribs 41, each of the ribs extending
      peripherally about 90.degree. and having their proximate ends spaced about
      90.degree.. The inside diameter of ribs 41 is about equal to or slightly
      greater than the outside diameter of the container cylindrical wall and
      somewhat less than the distance between the outer ends of actuator arms
      34. The spacing between collar 38 and ribs 41 is such that when collar 38
      engages the upper cylindrical section of the container wall, as shown in
      FIG. 5, the ribs 41 are immediately above the level of actuator arms 34.
      It is contemplated however, that in some embodiments it may, for greater
      stability, be desirable to space ribs 41 and 38 at a greater distance and
      to provide an additional set of ribs at the upper cylindrical section of
      the container wall. It should be noted that diametrically opposite
      longitudinal slots of widths greater than that of actuator arms 34 are
      formed in collar 38 to facilitate the assembly of sleeve 36 with container
      32.
PAR  The application and operation of the device last described is clear from
      the above and are similar to those of the device 10.
PAR  While there have been described and illustrated preferred embodiments of
      the present invention, it is apparent that numerous alterations, omissions
      and additions may be made without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aerosol spray device comprising a pressurized aerosol container
      including an axially directed spray nozzle and a transverse, outwardly
      directed, depressible valve actuator; a shield defining sleeve coaxial
      with and slidably engaging said container and movable between a raised
      extended position projecting above said container and a lower, contracted
      position telescoped onto said container; and actuator depressor means
      located on and movable with said sleeve and adapted to engage said valve
      actuator whereby to urge said actuator to a depressed, valve open position
      upon the depression of said sleeve below its extended position, said valve
      actuator including an arm projecting radially beyond the periphery of said
      container, and said actuator means includes an inwardly directed shoulder
      member positioned on the lower inner border of said sleeve and projecting
      to a point between the outer periphery of said container and the outer end
      of said actuator arm, said shoulder member extending for less than the
      full periphery of said sleeve.
NUM  2.
PAR  2. The device of claim 1 wherein said sleeve is rotatable relative to said
      container and said actuator depressor means is rotatable with said sleeve
      into and out of engageable registry with said actuator.
NUM  3.
PAR  3. An aerosol spray device comprising a pressurized aerosol container
      including an axially directed spray nozzle and a transverse, outwardly
      directed, depressible valve actuator; a shield defining sleeve coaxial
      with and slidably engaging said container and movable between a raised
      position projecting above said container and a lower, contracted position
      telescoped onto said container; and actuator depressor means located on
      and movable with said sleeve and adapted to engage said valve actuator
      whereby to urge said actuator to a depressed, valve open position upon the
      depression of said sleeve below its extended position, said container
      including a main peripheral wall provided with outwardly projecting
      annular beads along the top and bottom edges thereof and said sleeve
      including an inwardly projecting peripherally extending lip along its
      lower border movable into engagement with said top and bottom beads with
      the raising and lowering of said sleeve respectively.
NUM  4.
PAR  4. An aerosol spray device comprising a pressurized aerosol container
      including an axially directed spray nozzle and a transverse, outwardly
      directed, depressible valve actuator; a shield defining sleeve coaxial
      with and slidably engaging said container and movable between a raised
      extended position projecting above said container and a lower, contracted
      position telescoped onto said container; and actuator depressor means
      located on and movable with said sleeve and adapted to engage said valve
      actuator whereby to urge said actuator to a depressed, valve open position
      upon the depression of said sleeve below its extended position, said valve
      actuator including a pair of opposite radial arms projecting beyond the
      peripheral edge of said container, said sleeve having an inside diameter
      of greater diameter than that of said container, and said depressor means
      comprises a pair of peripherally spaced, peripherally extending opposite
      ribs formed on the inside face of said sleeve along its lower border and
      having downwardly facing shoulders shortly above the level of said
      actuator arms, when said sleeve is in its extended position.
NUM  5.
PAR  5. The device of claim 4 wherein said ribs extend upwardly to a point short
      of the upper edge of said sleeve and comprising a pair of oppoiste top
      ribs formed on the inside upper face of said sleeve spaced above and
      peripherally coextensive with said depressor ribs.
NUM  6.
PAR  6. The device of claim 4 including a peripherally extending lower rib
      formed on the inside face of said sleeve and delineating with said
      depressor ribs opposite, peripherally extending passageways for slidably
      engaging said actuator arms.
NUM  7.
PAR  7. The device of claim 4 including an inwardly directed stop member formed
      on the upper inside face of said sleeve.
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ABST
PAL  A shield device for restricting the spray from an aerosol container to a
      limited area used in applying an antiperspirant or deodorant to the
      axilla, which includes a sleeve releasably coupled to the top of and
      projecting above an aerosol container having an axial upwardly directed
      nozzle and a concentric depressible valve actuator. A frustoconical
      tubular shield member is coaxially supported by the sleeve for downward
      movement to depress the valve actuator, and projects above the sleeve and
      is releasably lockable in its raised position. By pressing the upper edge
      of the shield member against the axilla, the valve is depressed and
      opened.
BSUM
PAR  The present invention relates generally to improvements in aerosol spray
      devices, and more particularly to an improved device for use with a
      pressurized aerosol container provided with a valved nozzle, for confining
      the aerosol spray to a limited region, and for facilitating the actuation
      of the aerosol valve.
PAR  A widely employed and highly convenient procedure for applying a material
      to a surface is achieved by packaging the material in a liquid or finely
      divided state dissolved or dispersed in a highly volatile propellant, for
      example, the fluorinated hydrocarbons such as Freon, in a container having
      a valved spray nozzle. The nozzle is directed toward the surface to be
      treated and the valve opened to produce a spray of the propellant and
      material which deposits on the surface with the prompt evaporation of the
      propellant. While the above procedure has many advantages, when employed
      in applying a material to part of the person, as when an antiperspirant or
      deodorant is applied to the axilla or armpit with the use of the
      conventional aerosol spray devices, substantial overspray occurs, that is,
      a portion of the material bearing spray escapes into the surrounding
      atmosphere and deposits on surfaces remote from the axilla. This is both
      wasteful and inefficient.
PAR  Accordingly, among the principal objects of the present invention is to
      provide an improved spray device for confining an aerosol spray.
PAR  Still another object of the present invention is to provide an improved
      spray confining shield for use with a pressurized aerosol container.
PAR  A further object of the present invention is to provide an improved aerosol
      spray confining shield for use with pressurized aerosol containers which
      facilitate the actuation of the container valve attendent to the
      positioning of the device.
PAR  Still a further object of the present invention is to provide an improved
      aerosol spray confining shield for facilitating the application of the
      spray to the axilla.
PAR  Another object of the present invention is to provide a device of the above
      nature characterized by its simplicity, low cost, reliability, ease and
      convenience of use and high versatility and adaptability.
PAR  The above and other objects of the present invention will become apparent
      from a reading of the following description taken in conjunction with the
      accompanying drawing which illustrates preferred embodiments thereof.
PAR  The present invention contemplates the provision of an aerosol confining
      device for use with a pressurized aerosol container provided on its top
      wall with an axially, upwardly directed spray nozzle and a valve which is
      opened by the depression of a valve actuator located near the spray
      nozzle. The device comprises a longitudinally extending tubular shield
      member separably supported on the top of the aerosol container for
      longitudinal movement to an advanced position depressing the actuator to
      open the valve, and a retracted position releasing the actuator to close
      the valve.
PAR  According to a preferred form of the improved device, there is provided a
      sleeve member separably coupled to the upper part of the container. The
      shield member is of frustoconical configuration and coaxially registers
      with the sleeve with its upper end above the top of the sleeve and its
      lower, contracted end registering with the valve actuator which is of
      annular shape concentric with the spray nozzle. Guide means are provided
      on the inside face of the sleeve to maintain the sleeve and shield member
      in coaxial relationship, and cooperating means are located on the
      confronting faces of the shield member and sleeve for releasably locking
      the shield member in its retracted position.
PAR  The improved spray device is simple and convenient to use, is highly
      effective in confining the aerosol spray to the desired area and is
      employed to great advantage for application of antiperspirant and
      deodorant sprays to the axilla.
DRWD
PAR  In the drawings,
PAR  FIG. 1 is a fragmentary front elevational view partially in medial vertical
      section of a preferred embodiment of the present invention;
PAR  FIG. 2 is an enlarged sectional view taken along line 2--2 in FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 in FIG. 2;
PAR  FIG. 4 is a fragmentary vertical medial sectional view of a detail of
      another embodiment of the present invention;
PAR  FIG. 5 is a view similar to FIG. 1 of a further embodiment of the present
      invention, and
PAR  FIG. 6 is a view similar to FIG. 5 of a further embodiment of the present
      invention.
DETD
PAR  Referring now to the drawing, particularly FIGS. 1 to 3 thereof, which
      illustrate a preferred embodiment of the present invention, the reference
      numeral 10 generally designates the improved valve actuating and aerosol
      spray confining device illustrated as applied to an aerosol container 11.
      The aerosol container is of conventional construction and includes a
      cylindrical body 12 joining an upper portion 13 which is curved and
      converges to a top wall, and forms an upwardly and inwardly inclined
      shoulder. An upwardly directed spray nozzle is coaxially positioned on the
      container top wall and communicates by way of a spring closed valve with
      the bottom of the container 11 by way of a dip tube. Associated with the
      aerosol valve is an annular valve actuator 14 which may have a slightly
      upwardly convex top face 16 as shown. The depression of valve actuator 14
      by pressure on its top face 16 effects the opening of the spray valve. The
      container 11 is charged with any desirable material, for example, a
      suitable antiperspirant or deodorant composition carried in a Freon
      propellant.
PAR  The spray confining device 10 includes a container coupling and guide
      support sleeve 17 which is advantageously formed of a resilient organic
      polymeric resin, such as a polyolefin, for example, polyethylene or
      polypropylene, polyvinyl chloride or the like. The sleeve 17 is of
      approximately the diameter of the container 11 and is divided into an
      upper or main section 18 and a lower or coupling section 19 by an inwardly
      projecting annular ridge 20 having a downwardly facing inside shoulder 21
      complementing a portion of the container section 13. In the applied
      position, the sleeve coupling section 19 detachably and snugly engages
      container body 12 with the sleeve shoulder 21 bearing on container portion
      13, and the sleeve main section 18 projecting coaxially above the
      container 11.
PAR  Formed on the inside face of the upper border of sleeve 17 are a pair of
      similarly shaped, diametrically opposed, inwardly projecting, peripherally
      extending, locking and guide sections 27. Each of the sections 27
      comprises a peripheral wall which includes upper and lower horizontal
      parallel legs 22 and 23 respectively, the upper leg being longer than the
      lower leg, a long vertical end leg 24 and a short upper vertical end leg
      26, the proximate ends of legs 23 and 26 being joined by an angular leg
      27a provided with a lower inclined portion and an upper horizontal
      portion. The peripheral walls of the sections 27 each delineate a main
      enlarged recess 27b extending vertically and horizontally and joined at an
      upper corner by an upper horizontal passageway 28 provided, proximate its
      outer end, with a pair of opposing projections 29 which delineates a
      locking recess 30.
PAR  Coaxially registering with the upper sleeve section 18 is a frustoconical
      tubular shield member 32, which may be formed of the same material as
      sleeve 17, and which is open at its top and bottom. The upper or enlarged
      end of shield member 32 is above the level of sleeve 18, is of
      approximately the same diameter thereof, and is beaded or rounded as at
      33. The lower or reduced end of shield member 32 is of a diameter somewhat
      less than that of the valve actuator face 16 and is adapted to
      concentrically bear thereon. In order to maintain the shield member 32 and
      sleeve 17 coaxial, a plurality of circumferentially spaced, inwardly
      directed, radial vanes 34 project from the sleeve section 18 proximate the
      lower part of shield member 32 and terminate in inclined inner edges which
      are parallel to, and closely spaced from, the outer wall of shield member
      32.
PAR  A pair of diametrically opposing radial pins 37 project outwardly from
      shield member 32 into registry with recesses 27b and are of slightly less
      diameter than passageway 28. The pins 37, sections 27, sleeve 17, and
      shield member 32 are so dimensioned and related that when the device 10
      and container 11 are in assembled condition and the pins 37 register with
      recesses 27b, the section legs 23 permit the depression of the shield
      member 32 sufficiently to depress the actuator 14 to a valve open position
      and the legs 22 prevent the separation of shield member 32 from sleeve 17;
      and when the pins 37 engage passageways 28, the sleeve member 32 is
      prevented from depressing valve actuator 14.
PAR  Considering now the use and operation of the improved aerosol spray
      confining and valve actuating device 10, the coupling section 19 of sleeve
      17 is slipped over the nozzle end of container 11 until ridge shoulder 21
      bears on the container portion 13, as shown in FIG. 1. The shield member
      32 is then twisted counterclockwise in sleeve 17, as viewed from the top,
      to bring pins 37 into registry with recesses 27b and the device is now in
      condition for use.
PAR  The upper edge 33 of the shield member 32 is then pressed against the
      surface to be sprayed, for example, in the case of an antiperspirant or
      deodorant against the axilla surface, to confine a predetermined area of
      the surface and to depress the valve actuator 14 by reason of the pressure
      thereon by the bottom edge of shield member 32. The valve is consequently
      opened to release an aerosol spray which is confined to the axilla, or
      other, area. It should be noted that the shield upper edge 33 may be of
      undulate configuration to mate the corresponding contour of the axilla
      surface. Following the spraying of the axilla, and in order to store the
      assembly in a condition where the accidental opening of the valve is
      obviated, the raised shield 32 is turned clockwise in the sleeve 17 to
      urge the pins 37 along passageways 28 past the projections 29 and into
      engagement with the terminal recesses 30.
PAR  The embodiment of the present invention illustrated in FIG. 4 of the
      drawing differs from that first described in the structure which maintains
      the depressible shield member and sleeve in a coaxial relationship.
      Specifically, the mounting and coupling sleeve 38, which corresponds to
      sleeve 17 includes an upper portion 39 corresponding to sleeve portion 18.
      Instead of the vanes 34, there is provided on the lower inside face of
      sleeve portion 39 an annular member 40 integrally formed with sleeve 38
      and having a conical inner peripheral face 41 parallel to, and spaced
      from, the outer face of the frustoconical shield 42 which is axially,
      slidably supported by sleeve 38 in the manner of sleeve 17 and shield
      member 32. In all other respects, and in operation, the devices of FIGS. 1
      and 4 are similar.
PAR  In FIG. 5 of the drawing, there is illustrated another embodiment of the
      present invention which is modified for use with an aerosol container of
      different construction than that shown in FIG. 1. The spray confining
      device 43 is employed with an aerosol container 44 of cylindrical
      configuration and provided at its upper edge with a peripheral bead 46.
      The device 43 includes a sleeve 47 similar in construction to the upper
      section 18 of sleeve 17 and provided at its bottom with a slightly
      outwardly offset, inwardly concave, depending peripheral wall 48
      terminating in an inwardly, downwardly inclined lip 49. In other respects,
      the device 43, including the associated frustoconical shield 50 and the
      aerosol container 44 having an axial, upwardly directed nozzle and a
      concentric, valve actuating annulus 51 is similar to the device 10 and
      aerosol container 11 respectively, as described above. The bottom of cone
      50, however, is shown as having an inwardly directed flange 50a to assist
      in resting cone 50 onto annulus 51. Such provision, as well as the use of
      an outwardly directed flange, or both, can be used with any of the
      embodiments hereof. The device 43 is coupled to the container 44 merely by
      pressing sleeve 47 downwardly onto the container 44 until the curved
      peripheral wall 48 snaps into engagement with the outer periphery of bead
      46.
PAR  The embodiment shown in FIG. 6 differs from that shown in FIG. 5 only in
      that the coupling effected between the shield member and the aerosol
      container is by way of the inner under surface of the aerosol container
      bead 46. The sleeve 47 is provided at its bottom with a depending,
      inwardly offset, coaxial annular flange 52 having a concave outer face and
      terminating at its bottom in an outwardly directed peripheral lip 53. In
      assembling the container 44 and the sleeve 47, the sleeve is coaxially
      pressed downwardly on the container 44, the upper inside face of the bead
      46 cams the lip 53 inwardly until the lip is lowered below the inner
      periphery of the bead 46 and the lip 53, is then resiliently urged
      outwardly to firmly engage the underface of the inner section of the bead
      46.
PAR  While there have been described and illustrated preferred embodiments of
      the present invention, it is apparent that numerous additions, omissions,
      and alterations may be made without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aerosol spray confining device for use with a pressurized aerosol
      container provided on the top wall thereof with an axially directed spray
      nozzle, a valve, and a valve actuator which upon depression opens said
      valve, comprising a longitudinally extending tubular shield member and
      means for mounting said shield member on said container, in communication
      with said nozzle, for longitudinal movement between an advanced position
      engaging and depressing said valve actuator to open said valve and a
      retracted position releasing said actuator to a valve closed condition,
      said mounting means comprising a sleeve member having a lower end
      releasably engaging the upper end of said container and supporting said
      shield member coaxially with said container for movement between said
      advanced and retracted positions, said shield member projecting above said
      sleeve, said valve actuator including a depressible circular member
      coaxial with said nozzle and said shield member being of frustoconical
      configuration and coaxial with said sleeve with its reduced lower end
      registering with said valve actuator.
NUM  2.
PAR  2. An aerosol spray confining device for use with a pressurized aerosol
      container provided on the top wall thereof with an axially directed spray
      nozzle, a valve, and a valve actuator which upon depression opens said
      valve, comprising a longitudinally extending tubular shield member and
      means for mounting said shield member on said container, in communication
      with said nozzle, for longitudinal movement between an advanced position
      engaging and depressing said valve actuator to open said valve and a
      retracted position releasing said actuator to a valve closed condition,
      said shield member being of frustoconical configuration with its reduced
      lower end directed toward said actuator.
NUM  3.
PAR  3. The device of claim 1, including cooperative means in said shield member
      and sleeve for releasably locking said shield member in a retracted
      position.
NUM  4.
PAR  4. The device of claim 1, including guide means positioned in the inside
      face of said sleeve for restricting the transverse movement of said shield
      member.
NUM  5.
PAR  5. The device of claim 1, including means restraining the separation of
      said sleeve and said shield member.
NUM  6.
PAR  6. The device of claim 1, including means on said sleeve restricting the
      telescoping of said sleeve and container.
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ABST
PAL  An elongated shower pipe, extending across a paper stock treatment machine,
      such as a Fourdrinier, instead of being a uniformly simply supported span,
      is supported on brackets at each end designed to significantly reduce the
      deflection of the shower pipe. The brackets include fixed supports inboard
      of the ends and deflection means, outboard of the supports, which apply a
      moment of force in a direction opposite to the forces exerted by the
      gravity on the central span of the pipe. Threaded means adjusts the amount
      of anti-sag force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has long been a problem to properly support paper machine shower pipes,
      which may extend twenty or thirty feet across the Fourdrinier wire of a
      typical paper machine. Such pipes must usually be of greater diameter and
      greater wall thickness than necessary for hydraulic capacity in order to
      provide the necessary structural strength to avoid sag or breakage.
PAR  In U.S. Pat. No. 2,884,203 to Broughton of Apr. 28, 1959, sagging due to
      the weight of a shower pipe is countered by a pair of tension rods, or
      braces, anchored to the casting of the brackets and each extending out to
      the center of the pipe.
PAR  In U.S. Pat. No. 3,279,976 to Eagle of Oct. 18, 1966,  the shower pipe is
      given additional rigidity by a hollow hood extending across the machine
      above the pipe and fixed at each end to the end brackets.
PAR  In U.S. Pat. No. 3,161,125 to Hornboutel of Dec. 15, 1964, a hollow shell
      of a crown roll is given rigidity by an elongated shaft extending through
      the shell, the bearings for the opposite ends of the shaft tending to
      prevent sag of the shell by reason of an annular collar on the shaft
      supporting the shell against central deflection.
PAC  SUMMARY OF THE INVENTION
PAR  In this invention, a twenty or thirty foot long shower pipe, filled with
      showering liquid, is free of any tension rods, hollow beam attachments or
      the like in the central span portion. It is also free of any central
      concentric reinforcing shafts such as disclosed in the above-mentioned
      Witham patent.
PAR  The shower pipe of the invention is free of central deflection, sag or
      tendency to break under its own unsupported weight, and is capable of
      being of the reduced diameter and wall thickness required only for
      hydraulic capacity by reason of improved supporting brackets.
PAR  The improved brackets of the invention are fixed for example to the floor,
      base or machine frame and include pipe supports inboard of the ends and
      pipe deflectors outboard of the support for applying a moment of force on
      the other side of the supports to counter the moment of force exerted by
      gravity on the central, unsuported span of the pipe.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic view showing force exerted on a conventional
      shower pipe and the resulting deflection. In FIGS. 1, 2 and 3, F1
      represents the resultant of the uniformly distributed lead on the pipe;
PAR  FIG. 2 is a diagramatic view similar to FIG. 1, showing the same shower
      pipe with end moments (MO) applied outboard of the pipe supports. End
      moments applied in the direction shown tend tto cause a deflection
      opposite to that caused by F1.
PAR  FIG. 3 is a diagramatic view of the same shower pipe when the end moments
      of force are applied by the brackets of the invention;
PAR  FIG. 4 is an enlarged view showing a shower pipe supported in the anti-sag
      apparatus of the invention;
PAR  FIG. 5 is a view similar to FIG. 4 showing the anti-sag apparatus invented;
PAR  FIG. 6 is an end view on line 6--6 of FIG. 7; and
PAR  FIG. 7 is a top plan view of the anti-sag bracket of the invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, it is conventional practice to support paper machine
      shower pipes 20, in such a way that they are simply supported beams,
      uniformly loaded. As shower pipe length increases, for wider paper
      machines twenty or thirty feet in width, the diameter of the pipe and
      usually also the wall thickness must be correspondingly increased to
      increase the stiffness and thereby keep central deflection, or sag 21
      within tolerable limits. In FIG. 1, the elongated pipe 20, full of water
      22, is supported proximate each opposite end 23 or 24 by the supports 25
      and 26 which are fixed to the floor, base or machine frame 27 or 28.
PAR  It has been found that deflection below the normal centroidal axis 29, of
      the unsupported span 31 of pipe 20, between supports 25 and 26, can be
      reduced and even brought to zero, as shown in FIG. 2, by applying the end
      moments (MO) at each end of the pipe, outboard of the supports 25 and 26.
PAR  As shown in FIG. 3, in practice the commercial embodiment of the invention
      comprises the brackets 33 and 34, each having a support 25 or 26 inboard
      of the ends 23 or 24, and having a deflection element 35 or 36, outboard
      of the supports, for applying the moments of force F2 necessary to counter
      the force of gravity F1 exerted on the unsupported span 31. The force F2
      exerted in a direction opposite to the force F1, on the opposite side
      ofthe supports 25 and 26 permits the use of smaller diameter pipes 20,
      sized for hydraulic capacity rather than for structural stiffness.
PAR  The method and apparatus of the invention can beused in stationary,
      reciprocating or oscillating showers, so long as the brackets 33 and 34
      exert the counter force F2 in a direction opposite to gravity force F1.
PAR  A preferred embodiment of the invention is shown in FIGS. 4-7, wherein the
      pipe 20 is supported at each opposite end in brackets 33 and 34, each
      including a plate 37 or 38 to which a support 25 or 26 and a deflection
      element 35 or 36 is affixed. The plate 37 or 38 of each bracket is
      suitably affixed to the floor, base, or machine frame 27 or 28 under the
      ends 23 or 24 of pipe 20 by bolts 39. The term end is used although it
      will be understood that the pipe may continue on in one direction or the
      other to a liquid supply, or may reciprocate in the brackets, so that
      "end" is used in the sense of end of the unsupported span 31 of pipe 20.
PAR  Each support 25 or 26 preferably includes support means in the form of a
      U-shaped saddle 41, pivotable on pivot stub shafts 42 or 43 in a pair of
      posts 44 or 45 so that the saddle may be inverted to hold the pipe 20 in
      inverted position as shown in FIG. 2. If the pipe 20 is to reciprocate the
      saddle 41 will include suitable rollers, not shown. The posts 44 or 45 are
      welded or bolted to the plate in a well known manner. Each support means
      is fixed at a predetermined distance inboard of the ends 23 or 24 of pipe
      20, so that there will be an overhang 46 or 47 against which the downward
      deflection means 35 or 36 can operate.
PAR  Each deflection means 35 or 36 preferably includes a saddle 51 or 52 having
      flanges 53 and arranged to partially encircle an end 23 and 24 of pipe 20
      outboard of the support mean 25 or 26. A pair of threaded bolts 54 and 55,
      and a seet of threaded nuts 56 and 57 serve to hold down the saddles 51 or
      52 on the plate 37 or 38 to exert the moment of force F2 which counters
      the gravity force F1.
PAR  As shown in FIG. 4 if the pipe and brackets are to depend for example from
      a superstructure over the paper machine, the saddles 41 and 42 are
      inverted as are the saddles 51 and 52 to accomplish the counter force
      desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. Anti-sag apparatus for elongated shower pipes of the type extending
      across a paper stock treatment machine said apparatus comprising:
PA1  an elongated pipe of predetermined length and diameter having opposite
      ends;
PA1  a pair of brackets, each fixed under one of said ends and each having a
      support means thereon, fixed at a predetermined distance inboard of said
      end for supporting said pipe against downward movement and
PA1  each said bracket having downward deflection means, located at a
      predetermined distance outboard of one of said support means for holding
      down the adjacent end of said pipe
PA1  whereby the portion of said pipe, between said brackets, may be free of
      braces, tie rods and reinforcing structures, supported against sag and of
      a diameter and thickness required for hydraulic capacity rather than for
      structural stiffness.
NUM  2.
PAR  2. Anti-sag apparatus as specified in claim 1 wherein
PA1  said downward deflection means includes threaded elements, for adjusting
      the degree of deflection.
NUM  3.
PAR  3. Anti-sag apparatus as specified in claim 1 wherein said downward
      deflection means comprises a saddle extending around the upper portion of
      said pipe and a pair of threaded elements connecting each opposite end of
      said saddle to said brackets.
NUM  4.
PAR  4. Anti-sag apparatus as specified in claim 1 wherein,
PA1  each said bracket includes a plate,
PA1  said support means is a U-shaped saddle pivotally supported between two
      posts fixed to said plate and
PA1  said deflection means is an inverted U-shaped saddle, attached at each end
      to said plate by one of a pair of threaded bolts.
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ABST
PAL  An adjustable spray tip or nozzle is provided for a spray gun and like
      devices which are adapted to hydraulically atomize and spray liquids such
      as paint, said spray tip including means for adjusting the fan spray
      issuing therefrom. The adjusting means in the spray tip includes a valve
      for controlling the fluid passing through the spray opening.
BSUM
PAR  The present invention relates generally to spray guns and like devices for
      hydraulically atomizing and spraying liquids such as paint and, more
      particularly, it relates to such a device having a novel and improved
      spray tip which permits adjustment of the fan spray issuing from the spray
      opening.
PAR  Previously, the principal system employed in spraying paint onto a surface
      utilized high-pressure air escaping through a nozzle together with the
      liquid paint which was thereby atomized resulting in a fan spray. However,
      an alternative to this system was found necessary, first to provide a
      faster method of spraying paint, and second to eliminate much of the waste
      encountered due to the carrying away of paint and solvents by escaping
      air. Thus, the airless or hydraulic method of paint atomization was
      developed. In accordance with this method, a spray gun or other such
      device is provided, which includes a passageway adapted to be connected to
      a source of paint or other liquid under high pressure, a valve body having
      a valve port in the passageway with a valve member arranged to seat on the
      upstream side of the valve port to thereby interrupt the flow of paint,
      and a spray nozzle secured to the spray gun on the downstream side of the
      valve body. The valve port and all other passages upstream from the nozzle
      are maintained substantially larger than the nozzle opening in order to
      minimize pressure drop and flow restriction and to impose high pressure on
      the nozzle in an effort to attain atomization of the liquid being sprayed.
      The paint or other liquid reaches the nozzle under high pressure and with
      low velocity and is accelerated in the nozzle opening to the high velocity
      and low pressure of the fan spray.
PAR  This hydraulic atomization system of spraying insures that substantially
      all of the paint which is sprayed is applied to the surface being painted,
      thus greatly reducing paint losses. In addition, the paint is sprayed at a
      greater rate than with the high-pressure air system. However, along with
      these benefits certain disadvantages have become apparent. One such
      disadvantage relates to the inability or difficulty in adjusting the spray
      issuing from the nozzle of the spray gun. With the air atomization system,
      adjustability is accomplished by means of a tapering needle valve which
      controls the amount of liquid paint which comes into contact with and
      which is atomized by the high-pressure air passing through the nozzle. In
      the case of the hydraulic atomization system, if a similar means were
      employed to control the amount of fluid, excessive wear of the valve and
      needle would necessarily result since the orifices involved are smaller by
      a factor of about ten as compared to the pressurized air system resulting
      in greatly increased flow velocities. In addition, the use of such a valve
      system results in objectionable clogging at the valve port due to the
      small clearances available and the size of the paint particles involved.
PAR  Another disadvantage of the hydraulic atomization system is that the nozzle
      opening, because of its small dimension, is susceptible to clogging with
      the particles carried in the paint being sprayed. This is not a problem in
      the air spraying system since the nozzle opening in the spray tip is
      substantially larger than in the hydraulic atomization system. One system
      presently employed for clearing nozzles in hydraulic spray guns permits
      the nozzle to be revolved 180.degree. so that the forward part of the
      nozzle faces the high-pressure paint. This permits the paint to flow
      through the nozzle in a direction which is opposite to its normal flow to
      thereby dislodge the particle causing the blockage. However, this system
      of unclogging such nozzles is unattractive because of the numerous moving
      parts, which are subject to wear, and by the high cost. In addition, since
      the frontal face of the nozzle is turned toward the high-pressure paint,
      the paint issues from the rear of the nozzle in a stream rather than as a
      spray. Thus, is the spray gun is pointed at the surface being painted, a
      blob of paint will strike the surface causing the paint to run and
      resulting in an unsightly finish.
PAR  It is, therefore, a primary object of the present invention to provide a
      spray tip or nozzle for a spray gun or similar device, adapted to
      hydraulically atomize and spray liquids such as paint, which permits easy
      adjustment of the volume of liquid sprayed, and of the fan spray, and
      which is easily and simply cleared when clogged.
PAR  The above object, as well as others which will hereinafter become apparent,
      is accomplished in accordance with the present invention by the provision
      of an adjustable spray tip or nozzle for a spray gun and like devices
      which are adapted to hydraulically atomize and spray liquids. Briefly, the
      adjustable spray tip or nozzle of the present invention is mounted to a
      spray gun through which extends a passageway communicating with a source
      of liquid under pressure. The spray tip comprises a body portion, a valve
      bore extending partially through said body portion, a groove in the spray
      tip body intersecting said valve bore to thereby form a spray or nozzle
      opening, and a fluid bore in the body portion which communicates with the
      valve bore and with the passageway, thereby permitting pressurized liquid
      to be transferred from the source thereof to the valve bore. For the
      purpose of adjusting the spray issuing from the nozzle opening, a valve
      stem is provided whch is moveable in the valve bore to vary the nozzle
      opening thereby varying the volume of paint sprayed and, depending upon
      the shape of the nozzle opening, to simultaneously vary the width of the
      fan spray.
DRWD
PAR  The present invention will be described and understood more readily when
      considered together with the embodiments shown in the accompanying
      drawings, in which:
PAR  FIG. 1 is a side elevational view of a spray gun having a spray tip
      according to the present invention;
PAR  FIG. 2 is a cross-sectional view of a portion of the spray gun of FIG. 1
      showing primarily the spray tip according to the present invention;
PAR  FIG. 3 is a front elevational view of a portion of the spray gun of FIG. 1
      showing primarily the spray tip according to the present invention;
PAR  FIG. 4 is a broken-away portion of the spray tip according to the present
      invention as shown in FIG. 2;
PAR  FIG. 5 is a cross-sectional view of a portion of the spray tip taken along
      line 5-5 of FIG. 4;
PAR  FIG. 6 is an exploded view of the spray tip according to the present
      invention;
PAR  FIG. 7 is a cross-sectional view of another embodiment of the spray tip
      according to the present invention;
PAR  FIG. 8 is a front elevational view of the spray tip of FIG. 7;
PAR  FIG. 9 is a front elevational view of a portion of the adjustable valve of
      the spray tip shown in FIG. 7;
PAR  FIG. 10 is a cross-sectional view of the portion of the adjustable valve
      shown in FIG. 9;
PAR  FIG. 11 is a rear-elevational view of the portion of the adjustable valve
      shown in FIG. 9; and
PAR  FIG. 12 is a cross-sectional view of yet another embodiment of the spray
      tip according to the present invention.
DETD
PAR  Referring now to the drawings, there is shown in FIG. 1 a spray gun,
      generally designated 10, adapted for hydraulically atomizing and spraying
      paint. It is to be appreciated that the present invention may be utilized
      with spray devices other than spray guns, but for the sake of simplicity
      the present description will be confined to spray guns. Spray gun 10
      comprises a handle portion, generally designated 12, a body portion,
      designated 14, and a spray portion, designated 16. Spray portion 16
      includes spray tip 18 secured to body portion 14 by retaining nut 20, a
      conduit, generally designated 22, connected to a reservoir of paint (not
      shown) maintained under high pressure and, as seen in FIG. 2, a valve,
      generally designated 24. A fluid passage, designated 26, in spray portion
      16, connects valve 24 with conduit 22 so that passage 26 and conduit 22
      are always completely filled with paint under high pressure.
PAR  Valve 24 consists of a housing portion, generally designated 28, and a
      valve port, designated 30, which passes centrally through housing 28 and
      which communicates with the upstream side of spray tip 18. The port 30 of
      valve 24 is adapted to be closed on its upstream side by a ball or needle
      valve 32 carried on axially extending valve stem 34. Ball valve 32 is
      actuated by the movement of trigger 36 which is pivotally mounted at 38 to
      body 14 of spray gun 10 and which is adapted to axially move valve stem
      34. Ball valve 32 is maintained in the seated position on valve port 30 by
      resilient means (not shown) acting on valve stem 34, said resilient means
      being overcome by pressure applied to trigger 36 by the operator.
PAR  Spray tip 18 of the present invention is clearly depicted in FIGS. 2 to 6
      and basically comprises a spray tip housing, generally designated 40, and
      an adjustable spray valve, generally deignated 42. As is clearly seen in
      FIG. 6, adjustable spray valve 42 is comprised of a valve housing,
      designated 44, a preferably circular valve bore 46 extending therethrough,
      and an adjustable valve means 48 including a stem portion 50 extendable
      into bore 46. It has been found that for proper operation the clearance of
      stem 50 in bore 46 must be very close and preferably no greater than
      0.0004 inches. Housing 40 is provided at its forward or paint-exiting end
      with a bore, generally designated 52, which is substantially perpendicular
      to the horizontal plane of the axis of spray gun 10, and into which valve
      housing 44 is press fit. The upper portion of bore 52 is threaded at 54 to
      accept the threaded portion 56 of valve means 48. Valve means 48
      additionally includes adjusting knob 58 which, as clearly seen in FIG. 2,
      when turned will cause stem portion 50 of valve means 48 to move up or
      down as desired within valve bore 46. Knob 58 may be provided with
      graduations, as seen in the drawings, for the purpose of aiding the
      operator in adjusting the spray. It is to be understood that valve housing
      44 need not be a separate element from spray tip housing 40. The elements
      are separate and distinct only because they perform different functions
      resulting in differing material requirements. Thus, spray tip housing 40,
      because it is not subjected to erosion forces, may be formed of a
      relatively soft metal. Valve housing 44 as well as stem 50 on the other
      hand are subjected to substantial erosion forces and should be formed of
      an erosion-resistant material, such as tungsten carbide.
PAR  A groove, generally designated 60, is provided in valve housing 44 which
      intersects bore 46 thereby forming opening 62. Groove 60 is defined by
      upper and lower faces, designated 64 and 66, respectively. Spray tip
      housing 40 is additionally provided with a groove, designated 68, at its
      paint-exiting end which intersects bore 52 to form opening 70 and is
      defined by upper and lower faces 72 and 74, respectively. Valve housing 44
      is press fit into bore 52 so that groove 60, which forms opening 62,
      coincides with opening 70 which, as clearly seen in FIGS. 2, 3 and 4, is
      substantially larger than opening 62 so as not to interfere with the
      exiting fan spray. Thus, spray opening 76 is formed by the lower edge 78
      of opening 62 and the forward-facing edge of the bottom face 80 of valve
      stem 50.
PAR  Liquid paint under high pressure is supplied to valve bore 46 via fluid
      bore 82 which communicates at its upstream end with valve port 30 and at
      its downstream end with valve bore 46. Gasket 84 is provided between spray
      tip 18 and valve 24 in order to prevent leakage thereat. In the embodiment
      of FIGS. 1 to 6, fluid bore 82 is provided at its downstream end with a
      restricted bore 86 which communicates with bore 52 into which valve
      housing 44 is fitted. Valve housing 44 is provided with bore 88 which
      substantially coincides with bore 86, as clearly seen in FIGS. 2, 4 and 5.
      Preferably, fluid bore 82 intersects valve bore 46 via bore 88 in valve
      housing 44 opposite opening 62 to thereby direct the liquid paint so that
      it impinges on spray opening 76 in a substantially axial direction. In
      addition, it has been found that for proper operation, the cross-sectional
      areas of bores 82, 86, 88 and 26 and valve port 30 must be greater than
      opening 62 so that when spray opening 76 is open to its greatest extent,
      the fluid impinging on spray opening 76 embraces the entire opening. It is
      to be understood, however, that the basic requisite is to deliver the
      pressurized liquid paint to valve bore 46 so that it may be forced through
      spray opening 76. Thus, fluid bore 82 may be alternatively positioned
      without significantly affecting the operation of the present invention.
PAR  In order to prevent the operator from accidentally removing valve means 48
      from spray tip 18, a stop means, generally designated 90, is inserted into
      bore 92 in housing 40. Bore 92 is threaded at 94 and stop means 90 is
      threaded at 96 to that when stop means 90 is screwed into bore 92, stem 98
      is inserted into bore 52 above stop 99 on valve means 48. Stop 99 is
      positioned such that valve stem 50 may be retracted in valve bore 46 no
      further than to fully open spray opening 62, as clearly seen in FIGS. 2
      and 4.
PAR  In operation, the liquid paint under high pressure is introduced to spray
      gun 10 by means of conduit 22 and completely fills fluid passage 26 in
      spray portion 16. The operator selects the volume of paint desired to be
      sprayed by rotating knob 58, thereby retracting valve stem 50 in valve
      bore 46 from the closed position depicted in FIG. 2 to a partially open
      position, such as depicted in FIG. 4. As clearly seen in FIGS. 2, 4 and 6,
      groove 60 may be formed such that lower face 66 is angulated below the
      horizontal axis of spray gun 10 thereby resulting in lower edge 78 of
      opening 62 having a concave shape as seen in FIG. 3. Thus, in addition to
      adjusting or controlling the spray volume, the operator may also
      simultaneously control the spray width since, as stem 50 is moved upwardly
      in valve bore 46, the diameter of spray opening 76 is increased.
PAR  Once the operator has chosen the spray he wishes by adjusting spray opening
      76, he merely depresses trigger 36 which causes valve stem 34 to be moved
      axially rearwardly and away from valve 24, thereby unseating ball valve 32
      and opening valve port 30. Liquid paint under high pressure now enters
      spray tip 18 and completely fills liquid bore 82 and valve bore 46 below
      valve stem 50. As a result of the high pressure, the paint is forced
      through spray opening 76 and because of the pressure drop and the
      substantially sharp edges of opening 76 the liquid paint is atomized and
      exits from the spray tip at a high velocity. It has been found that in
      order to produce a fan spray which is substantially axial with respect to
      spray gun 10, upper face 64 of groove 60 should be in a horizontal plane
      parallel to the horizontal axis of the spray gun. It is believed that the
      spray exiting from spray opening 76 is given an upward direction because
      of the vertical inside wall at edge 78. Thus, as the upwardly directed
      spray strikes the horizontal surface of upper face 64 of groove 60, the
      spray is diverted to a substantially horizontal fan. In addition, it has
      been found that in order to create an acceptable fan spray, the outer edge
      of upper face 64 should be uniform, have a substantially sharp edge, and
      be rounded.
PAR  In the event that during operation a particle of paint is lodged in spray
      opening 76, it has been found that the operator may easily dislodge the
      particle and clear the tip in most cases without dismantling the spray
      tip. This is accomplished by opening spray opening 76 to its full extent
      which should, in most cases, permit the particle to pass through the
      opening because of the pressure in fluid bore 82 and valve bore 46. A
      benefit of the present invention which has been discovered is that during
      this clearing operation, the liquid which issues from spray opening 76
      does so in the form of a fan spray, thus not requiring the operator to
      re-direct the spray gun in order to avoid adulterating the paint finish.
PAR  It may be necessary at times to remove and replace valve means 48 due to
      excessive wear of valve stem 50. In such event, spray tip 18 is removed by
      the unscrewing of nut 20 and valve means 48 is easily removed by
      unscrewing it from housing 40 after withdrawing stem 98 of stop means 90.
      It is to be appreciated in this connection that when a new valve means 48
      is introduced, the upper edge of spray opening 76 is thereby renewed. In
      addition, as knob 58 is turned, a different portion of the edge of the
      bottom face 80 of valve stem 50 is presented as the upper edge of spray
      opening 76. Thus, it can be appreciated that the usable life of such a
      spray tip will be substantial.
PAR  Referring now to the embodiment depicted in FIGS. 7 to 11, there is shown a
      modified and preferred form of the invention described above. It has been
      found during operation of the spray tip according to FIGS. 1 to 6, wherein
      an axial fan spray is desired, and thus upper face 64 of groove 60 is
      horizontal, the quality of the spray is dependent on the condition of
      upper face 64 and edge 78 rather than the forward-facing edge of bottom
      face 80 of stem 50 and edge 78. Thus, great care is required in preparing
      upper face 64 to insure that there are no imperfections that would disturb
      the quality of the spray and cause the finish to be imperfect. In
      addition, it is necessary to maintain face 64 continuously free of paint
      build-up during use since this also tends to interfere with the quality of
      the spray. Thus, it was found that if certain adjustments or changes were
      made in the positioning of the adjustable valve, an axially directed fan
      spray would result without the exiting spray contacting the upper face 64
      of groove 60. In FIG. 7, there is shown a spray tip of the preferred form,
      designated 118, wherein the adjustable spray valve 142, rather than being
      positioned perpendicularly with respect to the horizontal axis of the
      spray gun, is angularly positioned so as to form an acute angle with
      respect to the forward direction of the axis of the spray gun. Thus, bore
      152, into which valve housing 144 is press fit, is formed in spray tip
      housing 140 near its forward face at an acute angle with respect to the
      axial direction of the spray gun. Grooves 160 and 168 are formed in valve
      housing 144 and the forward face of spray tip housing 140, respectively,
      and as clearly seen in FIG. 7, may be formed coincidentally with each
      other to result in opening 162 in valve bore 146.
PAR  In order to provide pressurized fluid to valve bore 146, a fluid bore 182
      is provided in spray tip housing 140 which communicates at its upstream
      end with valve port 130 and at its downstream end with restricted bore
      186. Restricted bore 186 in turn communicates at its downstream end with
      valve bore 146 by means of bore 188 in valve housing 144. Bore 188 is
      preferably provided opposite opening 162 in valve bore 146 so that
      pressurized fluid is supplied substantially axially to spray opening 176.
      Preferably, the cross-sectional areas of bores 182, 186, 188 and 126 and
      valve port 130 are greater than opening 162, as clearly seen in FIGS. 7,
      10 and 11, so that when spray opening 176 is open to its greatest extent,
      axially directed fluid in bore 188 impinges on face 180 of stem 150 and on
      valve bore 146 at edge 178 to thereby embrace the entirety of spray
      opening 176. It has also been found preferable to position lower face 166
      of groove 160 below the horizontal plane determined by the axis of the
      spray gun and upper face 164 above this plane. In this manner, paint
      build-up on these surfaces is substantially avoided.
PAR  It is believed that an axially directed fan spray results from this
      construction because of the directions imposed on the fluid at the spray
      opening 176. Turning to FIGS. 9, 10 and 11, it can be seen that a portion
      of the axially directed pressurized fluid in bore 188 of valve housing 144
      impinges on angulated face 180 of stem portion 150, thus giving this
      portion of the fluid a partial downward direction, and simultaneously a
      portion of the fluid impinges on the angulated portion of valve bore 146
      at edge 178 of spray opening 176, thus giving this portion of the fluid a
      partial upward direction. The result of these two partial directional
      attitudes imparted to the fluid at spray opening 176 is to cause the fluid
      exiting in the form of a fan spray to do so substantially axially with
      respect to the spray gun. It is to be appreciated that a number of factors
      are involved in determining the direction of the fan spray in addition to
      the particular angular attitude of adjustable spray valve 142. Thus, the
      particular configuration of groove 160 as well as the positioning of bore
      188 are additional determining factors.
PAR  The spray tip in FIG. 12, generally designated 218, is a further embodiment
      of the present invention and demonstrates how pressurized fluid may be
      delivered to valve bore 246 without the provision of a bore for that
      purpose in valve housing 244. Thus, fluid bore 282, instead of
      intersecting valve bore 246, is positioned so as to communicate with the
      lower portion of bore 252 below valve housing 244, thereby communicating
      with valve bore 246 and establishing a continuous fluid path. In this form
      it has been found necessary to angulate upper face 272 of groove 268 to a
      greater extent than upper face 264 of groove 260. This is necessitated
      because the fluid exiting from spray opening 276 does so in an upwardly
      direction to impinge upon upper face 264 of groove 260 which results in a
      substantially axial fan spray. If the fluid exiting from spray opening 276
      impinges on upper face 272, it has been found that the direction of the
      fan spray tends to vary during adjustment.
PAR  It is to be understood that the foregoing general and detailed descriptions
      are explanatory of the present invention and are not to be interpreted as
      restrictive of the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adjustable spray nozzle for use with a spray gun, said spray gun
      being adapted for hydraulically atomizing and spraying liquids and
      including conduit means communicating with a source of liquid under
      pressure, said adjustable spray nozzle comprising:
PA1  a. a spray tip housing including means for securing said housing to said
      spray gun;
PA1  b. a fluid bore in said housing communicating with said conduit means and
      terminating in a spray opening in said housing having substantially sharp
      edges to thereby permit the transference of pressurized liquid from said
      source to said spray opening; and
PA1  c. valve means included in said spray tip housing for varying the size of
      said spray opening from a closed position to a fully open position
      including all intermediate positions therebetween to thereby adjust the
      spray of liquid issuing from said spray opening.
NUM  2.
PAR  2. The adjustable spray nozzle as defined in claim 1 wherein the valve
      means for varying the size of the spray opening comprises a slide valve
      transversely movable in said spray opening and forming a part thereof.
NUM  3.
PAR  3. An adjustable spray nozzle for use with a spray gun, said spray gun
      being adapted for hydraulically atomizing and spraying liquids and
      including conduit means communicating with a source of liquid under
      pressure, said adjustable spray nozzle comprising:
PA1  a. a spray tip housing including means for securing said housing to said
      spray gun;
PA1  b. a valve bore extending partially through said housing;
PA1  c. a groove formed in said housing and intersecting the side wall of said
      valve bore to thereby form an opening therein having substantially sharp
      edges;
PA1  d. A fluid bore in said housing communicating with said conduit means and
      said valve bore to thereby permit the transference of pressurized liquid
      from said source to said valve bore;
PA1  e. a valve stem extendable into said valve bore and having a bottom face
      defining a substantially sharp edge with said stem; and
PA1  f. means for adjustably moving said valve stem in said valve bore to vary
      the opening in said valve bore and thereby defining a spray opening having
      substantially sharp edges.
NUM  4.
PAR  4. The adjustable spray nozzle as defined in claim 3 wherein the fluid bore
      in said housing communicates with said valve bore such that the
      pressurized liquid transferred to said valve bore inpinges upon said spray
      opening in a direction substantially parallel to the axis of said spray
      gun.
NUM  5.
PAR  5. The adjustable spray nozzle as defined in claim 4 wherein the fluid bore
      in said housing communicates with said valve bore by means of an opening
      in said valve bore oppositely positioned from said opening in said valve
      bore formed by said groove.
NUM  6.
PAR  6. The adjustable spray nozzle as defined in claim 5 wherein the opening in
      said valve bore with which the fluid bore communicates and the fluid bore
      have cross-sectional areas greater than the opening in said valve bore
      formed by the groove in said housing to thereby cause the liquid impinging
      on said spray opening in said valve bore to embrace the entirety of said
      spray opening.
NUM  7.
PAR  7. The adjustable spray nozzle as defined in claim 3 wherein said valve
      bore and said valve stem have elongated substantially circular
      configurations at said opening in said valve bore formed by the groove in
      said housing.
NUM  8.
PAR  8. The adjustable spray nozzle as defined in claim 7 wherein the means for
      adjustably moving said valve stem in said valve bore comprises a female
      screw thread in said valve bore near its open end and a male screw thread
      engageable therewith on the upper portion of said valve stem and further
      including means at the upper end of said valve stem for turning said valve
      stem.
NUM  9.
PAR  9. The adjustable spray nozzle as defined in claim 3 wherein the valve bore
      extending partially through said housing is substantially perpendicular to
      the plane of the horizontal axis of said spray gun.
NUM  10.
PAR  10. The adjustable spray nozzle as defined in claim 9 wherein the upper
      surface of the groove in said housing is in a horizontal plane parallel to
      the plane of the horizontal axis of the spray gun and is provided with a
      rounded forward edge.
NUM  11.
PAR  11. The adjustable spray nozzle as defined in claim 9 wherein the lower
      surface of the groove in said housing is in a plane angulated below the
      plane of the horizontal axis of said spray gun.
NUM  12.
PAR  12. The adjustable spray nozzle as defined in claim 3 wherein the valve
      bore extending partially through said housing is positioned in the plane
      of the vertical axis of the spray gun and forms an acute angle with the
      forward direction of the horizontal axis of the spray gun.
NUM  13.
PAR  13. The adjustable spray nozzle as defined in claim 12 wherein the upper
      surface of the groove in said housing is in a plane angulated slightly
      above the plane of the horizontal axis of the spray gun.
NUM  14.
PAR  14. The adjustable spray nozzle as defined in claim 8 which further
      comprises removable stop means in said housing engageable with stop means
      on said valve stem for limiting the travel of said valve stem in said
      valve bore between a position closing said spray opening and a position
      fully opening said spray opening.
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ABST
PAL  A burner for burning a mixture of a combustible gas and air including a
      curved wall member provided with a multiplicity of ports distributed
      throughout a substantial area of the wall. The ports are arranged in an
      ordered pattern such that every port, with the exception of a few along
      the edges of the burner, is surrounded by a plurality of closely adjacent
      ports. The size of each port and the distance between adjacent port edges
      are such that the jets of the gas-air mixture which issue from the ports
      merge into a common body of such mixture and form a closed lower pressure
      pocket around each port below such common body. The outer edges of such
      pocket are located above the minimum ignition level of each port and below
      the normal outer flame reach distance of the burner for the gas-air
      mixture supplied to the burner. As a result the flame produced by the
      burner may be stabilized in either of two regimes or in a combination of
      both depending upon the rate at which the mixture is supplied to the
      burner. One is in the form of a jet of flame adjacent each port stabilized
      by return eddies of hot gases into the pocket surrounding the jet. The
      other is in the form of a complex sheet of flame stabilized, at least in
      part, by a portion of the flame located at lower velocity regions between
      higher velocity jet regions.
PARN
PAR  This is a continuation of application Ser. No. 420,825 filed Dec. 3, 1973
      (now abandoned), which is a continuation of application Ser. No. 372,363
      filed June 21, 1973 (now abandoned), which is a continuation of
      application Ser. No. 215,656 filed Jan. 5, 1972 (now abandoned), which is
      a continuation of application Ser. No. 2,584 filed Jan. 13, 1970 (now
      abandoned), which is a continuation in part of application Ser. No.
      787,915 filed Dec. 30, 1968 (now abandoned).
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Multiple port burners for burning a mixture of hydrocarbon gas and air.
PAR  2. Description of the Prior Art
PAR  Most prior art gas-air mixture burners are of the type in which the flame
      produced is typical of the Bunsen Burner flame. Such a flame is produced
      by a substantial laminar jet of mixture issuing from a tube or port. As is
      well known, for each mixture of gas and air a flame is propagated in such
      mixture by a combustion wavefront progressing into the mixture at a
      velocity, usually designated as S.sub.u which, in the case of a laminar
      jet of a stoichiometric hydrocarbon gas-air mixture, is about 40 cm/sec.
      If the velocity conditions in the jet are such that there is a region
      close to the rim of the port at which the component of velocity of the jet
      in a direction away from the port is equal to S.sub.u for the instance
      involved, the base of the flame will stabilize at such location. If,
      however, the velocity of the jet issuing from the port is increased, a
      point is reached at which the gas velocity exceeds the burning velocity
      S.sub.u at every point and the combustion wave blows off, extinguishing
      the flame. Each individual port has a definite blow-off velocity for each
      gas-air mixture supplied to it. The term "blow-off velocity" as used in
      the specification and claims herein means that velocity at which, for the
      gas-air mixture involved and with an isolated port of a given size and
      with no auxiliary flame sustaining mechanism, the base of a flame at said
      port will move away from said port and extinguish such flame.
PAR  The above phenomenon has imposed a limit on the amount of heat energy which
      can be delivered by any Bunsen burner type of burner port. Typically such
      ports have been operated with maximum jet velocities of about two to four
      times the value of S.sub.u for the mixture supplied to the port. Where it
      is desired to supply more heat energy than is available from a single
      burner port, the prior art has produced burners with a multiplicity of
      such ports. However, the ports were arranged so as to retain essentially
      the characteristics of isolated ports of the nature already described. As
      a result, high energy level burners have been quite large. Also, they have
      had a tendency to be noisy and to generate appreciable quantities of CO in
      their combustion products.
PAR  Chapter 12 of Section 12 of the standard gas engineers handbook of the
      American Gas Association entitled GAS ENGINEERS HANDBOOK, published in
      1966 by The Industrial Press, 93 Worth Street, New York, New York, Library
      of Congress Catalog Card Number 65-17328, discloses that for stability
      multiport burners require either operation with primary air less than 100%
      of the air required for complete combustion, hence producing a secondary
      air requirement, or auxiliary flame reignition, for example by radiant
      energy or another jet at right angles to the main jet.
PAR  Recent developments of compact high efficiency heat transfer modules, such
      as those described in the copending application of William H. Hapgood,
      Ser. No. 737,135, Filed June 14, 1968 and now abandoned, have created the
      need for a similarly compact, highly efficient burner capable of handling
      fuel inputs of the order of up to 20,000 BTU per hour per square inch of
      burner surface or even higher. Prior art type burners have not been able
      to supply this need.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, the limitations of the prior art have been
      overcome by providing a curved wall member, preferably in the form of a
      cylinder, perforated by a multiplicity of small ports distributed in an
      ordered pattern throughout the entire wall member. Virtually every port is
      surrounded by a plurality of closely adjacent ports with the angular
      deviation between the center lines of adjacent ports being less than the
      characteristic jet angle of said ports. The ports are of such size and
      spacing and the porosity of the wall member is of such value that the
      burner is able to deliver very large amounts of heat energy with a high
      degree of stability with low noise and high efficiency. The burner is
      supplied with a predetermined mixture of a combustible gas and air at
      velocities through the ports at much higher multiples of the normal
      combustion wave velocity of the mixture than has been practicable in prior
      art devices.
PAR  Where the port pattern presents a higher spacing between adjacent port
      edges in one direction than in another, the direction of higher spacing is
      oriented along the direction of minimum curvature of the wall member. One
      end of the cylindrical burner is closed by a concave cap which avoids
      liftoff of the flame at said end.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the annexed drawings:
PAR  FIG. 1 is a vertical view, partly in section of a burner constructed in
      accordance with this invention;
PAR  FIG. 2 is a diagrammatic showing of the burner of FIG. 1 connected to a
      regulated supply of a gas-air mixture;
PAR  FIG. 3 is an enlarged view of a small portion of the side wall member of
      the burner of FIG. 1; and
PAR  FIG. 4 is a still further enlarged section taken along line 4--4 of FIG. 3
      and containing a diagrammatic representation of the nature of the flame
      structure adjacent each port of the burner.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The burner illustrated in FIG. 1 is constructed of a sheet 1 of a metal
      such as stainless steel rolled into a cylindrical configuration. A typical
      size of cylinder has been one having a diameter of 1.7 inches and a height
      of 4 inches resulting in a burner surface of 21.36 square inches capable
      of delivering heat energy at a rate in excess of 400,000 BTU per hour.
      Sheet 1 is provided with a multiplicity of perforations 2 which serve as
      ports through which gas to be burned issues. These ports are disposed in
      an ordered pattern throughout the sheet 1. The basic pattern illustrated
      in the drawings is a square, although other patterns such as a hexagon may
      be used. As will be described below, the characteristics of the burner is
      dependent in part on the spacing between the edges of adjacent ports and
      the angular divergence between jets of gas issuing from adjacent ports.
      Therefore, where the geometric pattern of the ports provides different
      spacing between such edges in different directions across the pattern,
      such pattern preferably is arranged with the direction of the greatest
      spacing between port edges along the direction of the minimum curvature of
      the burner wall. In the case of a square pattern, the diagonal of the
      square represents the direction of the greatest distance between adjacent
      port edges and so the pattern as shown in FIG. 1 and FIG. 3 is arranged
      with a diagonal disposed parallel to the vertical axis of the burner
      cylinder which is the direction of zero curvature.
PAR  An inlet conduit 3, through which a predetermined mixture of air and a
      hydrocarbon gas, such as natural gas, gasoline, methane or propane, may be
      supplied to the burner, is connected to one end of the cylindrical sheet
      1. The other end of said sheet is closed by a solid end plate 4. Plate 4
      is made slightly concave for a purpose to be described below.
PAR  As shown in FIG. 2, a blower-mixer 5 is connected to the outer end of
      conduit 3. The blower-mixer 5 receives air through an inlet passage 6 and
      the combustible gas, through an inlet pipe 7. The pipe 7 in turn is
      supplied with the gas from a regulator 8 which regulates the flow of gas,
      introduced through inlet 9 from a suitable gas supply. The regulator 8 is
      adjusted to control the flow of gas to a level at which it forms any
      desired proportion of the gas-air mixture flowing through conduit 3.
      Ideally, the mixture should consist of a stoichiometric mixture of gas and
      air, although for most purposes it is preferred to use an excess of air up
      to about 30% excess, so as to insure against the presence of CO in the
      combustion products of the burner. The speed of the blower-mixer 5 is
      controlled by a suitable speed regulator to select the velocity of the
      flow of the mixture through the ports of the burner. The components 5, 8
      and 10 may be any well known readily available commercial devices and,
      since their details are not part of the present invention, they will not
      be described in detail herein.
PAR  A critical aspect of this invention resides in the relationships between
      port size, port spacing, burner porosity and the curved nature of the
      burner wall. By the term "porosity", as used herein, is meant the
      percentage of any given area of burner which is occupied by the open areas
      of the ports in said given area. The above factors must be chosen in
      accordance with the criteria which will be explained below. However,
      typical examples of burners constructed in accordance with this invention
      have included port diameters in the range of about 0.02 inches to 0.04
      inches arranged in square or hexagonal patterns. Porosities have varied
      from about 15% to about 30%.
PAR  The blower-mixer 5 has been operated to supply the gas-air mixture through
      the ports 2 at velocities up to a value in excess of 1600 cm. per sec.
      which is forty times the normal combustion wave velocity for the mixture
      involved. This is about ten times the maximum jet velocities normally used
      in the Bunsen burner type of operation.
PAR  In FIG. 4, the dashed lines 11 represent the boundaries of jets of gas
      issuing through ports 2 which would ideally exist under constant
      temperature conditions. The angular spread of each such jet would be
      14.degree. so that in FIG. 4 the angle existing at the point of
      intersection between adjacent lines 11 is 14.degree.. Under operating
      conditions the temperature of each jet may rise sharply as it progresses
      from its port 2. This would tend to produce a more sharply diverging angle
      for each such jet. However, for the purpose of definiteness in specifying
      the critical criteria for the proper design of a burner according to this
      invention it is useful to use such value of 14.degree.. The term
      "characteristic jet angle" used herein means such angle at which a jet of
      gas issuing from such port would diverge under constant temperature
      conditions.
PAR  The boundaries 11 from adjacent ports intersect at a level A--A beyond the
      surface of sheet 1. This corresponds to the point A at which the dotted
      circles A and A2, drawn concentrically with the two ports shown in FIG. 4,
      touch each other. However, if instead of looking at the diagonal of the
      square pattern, we consider two adjacent ports along one side of the
      square pattern, it will be seen that two smaller circles B.sub.1 and
      B.sub.2 drawn concentrically with said ports will touch each other at a
      point B corresponding to the level B--B in FIG. 4. From this it will be
      seen that jets issuing at the characteristic jet angle from any given port
      2 and from the adjacent ports surrounding such port 2, will merge to
      define a closed ring-like pocket 12 of generally triangular cross-section
      and bring a maximum height at level A and a minimum height at level B.
      Pocket 12 represents a region lying outside the jet issuing from the port
      involved and when, during actual operation such a closed pocket is formed
      it constitutes a relatively low pressure region into return gas eddies 13
      from the higher pressure merged body 17 of gas above levels A--A and B--B
      may flow. Operation of a burner in accordance with this invention is
      dependent to a considerable degree upon the formation of such a closed
      pocket around substantially every port in the burner, except for those few
      ports which lie along the upper and lower boundaries of the perforated
      sheet 1.
PAR  In the case of a square pattern of 0.027 inch diameter ports with a density
      of 400 ports per square inch resulting in a porosity of about 22 percent,
      the maximum height of pocket 12 would be 0.27 inches and its minimum
      height would be 0.114 inches.
PAR  When the gas-air mixture is supplied to the burner, it is ignited by any
      well known ignition device which is not shown in the drawings. At the
      lowest level of input, individual tongues of flame 14 may be established
      adjacent each port 2. The combustion wavefront of each such flame 14 is
      shown in dotted lines in FIG. 4. The base of each such flame will be
      stabilized at a point 15 closely adjacent its port. Although the velocity
      of the jet issuing from each port 2 may be above the blow-off velocity of
      such port, nevertheless the base of flame 12 is reliably stabilized. It is
      believed that this is due to the fact that the high temperature burned
      gases which are produced in the combustion wave progress along the jet
      path until they converge at the various levels along the top of pocket 12
      into the merged body of gas 17. Whereas the jet flow of principally
      laminar, at the merger levels a moderate degree of turbulence 16 is set up
      immediately above the top of pocket 12. The pressure at such level is
      greater than the pressure existing in the pocket 12. As a result, return
      eddies 13 of hot gases flow from the merged body of gas 17 into the pocket
      12. It is these return eddies which are believed to furnish a constant
      supply of ignition energy to the base of each jet so as to insure the
      stability of the flame.
PAR  As the velocity of the jets is increased, the length of the flame 14
      increases. As the upper reaches of such flames extend further into the
      merged body of gas 17, a point is reached at which unburned gases escape
      into said merged body at which time the flame pattern is stabilized in a
      new regime. In this regime the flame appears as a continuous sheet of
      flame having a stable base level at a region generally designated at 18
      and concentrically surrounding the cylindrical sheet 1 at a level, which
      typically may be 1/4 inch to 1/2 inch away from the surface of said sheet.
      Region 18 may represent regions of moderate turbulence which established a
      combustion flame velocity in the direction of the surface of sheet 1 which
      matches the flow velocity of the expanding cylindrical merged body of gas.
      Due to the cylindrical symmetry of the system, the flow velocity is
      reduced with increasing distance from the surface of the burner. It is due
      to this factor that the combustion wave can find a stable position where
      the flow velocity and the burning velocity of the combustion wave are
      equal in magnitude. In addition to the region 18, higher velocity laminar
      jets 19 appear at many points throughout the sheet of flame. These are
      believed to be either individual higher velocity streams emanating from
      individual ports 2 or such higher velocity streams resulting from the
      merger of jets from two or more ports. The velocity gradients along the
      surface of the sheet of flame from the region 18 to the jets 19 are
      apparently quite small and the flame easily spreads from region 18 to the
      jets 19 so that the continuity of the combustion flame is never
      interrupted. The combustion wave is continuous and the heat release is
      remarkably constant in time. As a result, burners constructed in
      accordance with this invention are remarkably quiet, stable and efficient
      even at the highest heat release rates.
PAR  The above is only a general approximation of the phenomena which occurs in
      the present burner in which a very complex set of phenomena are present.
      Such approximation, however, is believed to be a useful tool in arriving
      at the criteria which should be satisfied in arriving at the proper design
      of burner according to this invention. There are a number of indications
      of the complexity which a complete explanation of the remarkable results
      achieved by the present invention would require. For example, it has been
      computed that, at the higher operating levels of a burner according to
      this invention, it would require a cylindrical surface about seven times
      that of the total surface of the burner sheet 1 to provide the 40
      centimeter per second flow velocity to match the usual 40 centimeter per
      second combustion wave velocity. Such a surface would presume that the
      flame would have to be stabilized along a cylindrical level having a
      diameter of about seven times that of the burner. Actually, however, the
      flame is stabilized at a fraction of such distance. It is believed that
      even in the case of the merged sheet of flame, return eddies 13 of hot
      gases still operate to supply heat energy into the jets of gas producing a
      preheating action which contributes to the establishment of the very
      compact and high density flame of this invention. Other phenomena are
      undoubtedly also present to contribute to such result.
PAR  Since the formation of the closed pockets 12 and the merged body 17 are of
      importance in the design of the present burner, it will be noted that such
      design should provide that the boundaries 11 of adjacent ports intersect.
      Since the ports which are spaced along the curvature of sheet 1 have their
      center lines diverging on an angle dependent on such curvature and on the
      spacing between the center of such ports, it should be noted that if such
      angular divergence equals or exceeds the characteristic jet angle of the
      ports, then boundaries 11 will never intersect. At the characteristic jet
      angle, two adjacent boundaries 11 will be parallel to each other and at
      greater angles they will diverge from each other. Therefore, one of the
      criteria to be observed is that the ports must be spread along any
      curvature of the burner surface so that the angular divergence between
      their center lines will be less than the characteristic jet angle of the
      ports.
PAR  Not only should the boundaries intersect to form the pockets 12, but the
      height of each pocket should be close enough to the surface of sheet 1 to
      insure that the return eddies 13 rapidly reach the base of the pocket with
      sufficiently high energy content to produce the effects described above.
      It is believed that this is related to the size of the port involved. The
      height of each pocket 12 is dependent, not only on the geometry of the
      characteristic jet angle, but also on the distance between the edges of
      adjacent ports. That distance is more readily under the control of the
      burner designer than is the characteristic jet angle. In general, it has
      been found that if the maximum distance between the edges of adjacent
      ports is of the order of the diameter of each such port or less, such
      design will be well within the limits imposed by the above requirement.
PAR  Another way of looking at the criteria of port size and spacing is by
      considering the porosity of the burner. A porosity of 18 percent is about
      in the middle of the desired range. The The porosity range of about 15
      percent to about 30 percent referred to above appears to be well within
      the acceptable range for this criterion.
PAR  As has been described, the curvature of the sheet 1 is of importance in the
      stabilizing of the base level 18 of the sheet of flame which occurs in the
      merged flame regime of the burner. As the radius of curvature becomes
      greater, there is a tendency for such sheet of flame to become unstable,
      which tendency becomes high in the case of a perfectly flat burner and
      becomes even worse as the burner surface becomes concave. This apparently
      is due to the fact that the velocity of the merged body does not fall off
      as it progresses continually from the surface of sheet 1 as it does with a
      convex-curved burner surface. Cylindrical burners having a diameter of the
      order of about 2 inches or less have curvatures which lie well within this
      aspect of the present invention.
PAR  One aspect of the present burner is that, although it delivers an
      extraordinary concentration of heat energy, the burner sheet remains
      relatively cool so that it is not deteriorated by any high temperature
      effects. This is partly due to the cooling effect of the large volume of
      the gas-air mixture flowing through the ports 2 during the normal
      operation of the burner. The lower limit of prior art burners is reached
      when the velocity of the issuing jet of gas is reduced to a level at which
      the normal combustion wave velocity exceeds the jet velocity at all points
      and therefore the flame travels to the edges of its port where it either
      flashes back into the port or is otherwise extinguished. In the present
      burner, the lower limit of operation is reached when the flames approach
      close enough to the burner surface to deliver heat to that surface in
      excess of the ability of the gas-air mixture to cool it to an acceptable
      level. Connection of the sheet 1 to the conduit 3 by a high thermally
      conductive joint enables the conduit 3 to contribute to the cooling of
      sheet 1 and thus reduces the acceptable lower limit of operation of this
      burner.
PAR  It will be noted that the topmost row of ports at the upper end of the
      burner in FIG. 1, necessarily have adjacent ports only below it.
      Therefore, these few end ports, as well as the corresponding ports at the
      lower end of the burner do not satisfy all of the criteria which the vast
      majority of the ports do satisfy. However, the effect of such vast
      majority predominates so that the end effects are minimal. Nevertheless,
      it is desirable that no additional adverse effects should exist at such
      ends. For this reason it is desirable that the velocity of the mixture
      which issues from the jets be substantially the same at the ends as
      throughout the rest of the burner. In the cylindrical configuration in
      FIG. 1, the lower end of the burner does not appear to present any problem
      in this area. However, there is a tendency for the velocity of the jets
      issuing from the ports at the upper end of the burner to be greater than
      the velocity of the rest of the jets. However, the simple expedient of
      making the end plate 4 slightly concave eliminates this tendency. In a
      typical case the depth of concavity is about 1/4 inch.
PAR  It is believed that the above effect is due to the following phenomena. As
      the gas-air mixture flows upwardly through the central portion of the
      burner, it reaches the upper end of the burner before its velocity drops
      to zero. Therefore, the stream possesses a substantial amount of kinetic
      energy and upon impinging on the closed end of the burner, such kinetic
      energy is converted into a substantial increase in pressure at that point.
      If the central area at which such increase in pressure occurs were to lie
      too close to the ports at the end of the burner, that pressure would not
      be able to decrease to the level which exists at all of the other ports,
      and flame at the end ports would tend to lift off. By depressing the
      central portion of the end plate 4, the distance between such increased
      pressure area and the periphery of the burner is increased sufficiently to
      allow the desired pressure equalization to take place.
PAR  Burners constructed in accordance with the principles of this invention as
      described above have proved to be capable of delivering enormous amounts
      of heat energy within a very small volume of space. At the same time, they
      are quiet and highly efficient. Their simplicity leads to economy of cost
      of production and to long life with a minimum of maintenance.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination:
PA1  a multiport burner wall member substantially surrounding a plenum;
PA1  said wall member having a plurality of circular ports having a diameter in
      the range of 0.02 in. to 0.04 in. distributed in a uniform pattern having
      a plurality of rows about the circumference of said wall and throughout a
      substantial portion of the height of said wall member;
PA1  said portion having a curved surface area;
PA1  each of said ports being adjacent to a plurality of other ports;
PA1  the total area of said ports being between 15% and 30% of said wall
      portion;
PA1  the angular divergence between the center lines of adjacent ports in said
      curved surface area being less than 14 degrees;
PA1  means for producing a flame front outside said plenum extending across the
      regions between adjacent jets and spaced from said wall member comprising
      a blower for supplying a fuel-air mixture to said plenum at a pressure
      producing jets of said fuel-air mixture through said ports having
      velocities substantially greater than the combustion wave velocity of said
      mixture; and
PA1  ignition of said fuel-air mixture within said plenum being prevented by
      said wall member.
NUM  2.
PAR  2. The combination in accordance with claim 1 wherein:
PA1  said fuel-air mixture has greater than 100% of the air required for
      complete combustion of said fuel.
NUM  3.
PAR  3. The combination in accordance with claim 1 wherein:
PA1  said wall member is substantially cylindrical.
NUM  4.
PAR  4. The combination in accordance with claim 1 wherein:
PA1  said curved surface area has a direction of minimum curvature; and
PA1  said ports are arranged in said pattern with a greater spacing between
      edges of adjacent ports along said direction of minimum curvature than in
      other directions.
NUM  5.
PAR  5. The combination in accordance with claim 1 wherein:
PA1  said means for supplying said fuel-air mixture to said plenum comprises a
      fuel regulator for supplying said fuel as a gas to the input of said
      blower at a predetermined pressure; and
PA1  said regulator varying the volume of said gas supplied to said blower
      substantially in proportion to the volume of said fuel-air mixture passing
      through said blower.
NUM  6.
PAR  6. The combination in accordance with claim 1 wherein:
PA1  said means for supplying said fuel-air mixture comprises means for
      supplying said fuel as a gas to the input of a blower.
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PAL  A material reducer for coal, lignite, ore, stone, rock, oil shale and the
      like which employs rotary hammers, bars or the like not only to crush the
      material but also to propel the crushed material upwardly along a confined
      or partially confined path or discharge chute which empties onto an output
      conveyor, a screen or other processing equipment. The chute is provided
      with means to reduce or eliminate clogging at the discharge port from the
      reducer. The input end of the reducer can be at a level sufficiently low
      to be supplied by mobile loading units such as front-end loaders,
      over-the-head loaders, and others. The center of gravity can also be
      substantially lowered, providing more stability without the normal
      cumbersome frame and support structure. Reducers constructed in accordance
      with the invention can be made far lighter and more mobile than existing
      mobile reducers with the same capacity, and therefore provide a practical
      way of eliminating the use of trucks, with their attendant noise, dust and
      pollution, to haul uncrushed minerals from the bottom of a mine or quarry
      to a stationary crusher at the surface.
PARN
PAC  Cross-Reference to Related Application
PAR  This application is a continuation-in-part of Serial No. 361,002 filed May
      16, 1973 by Carl R. Graf, a co-inventor herein, for the invention Material
      Reducer, the disclosure of which is hereby incorporated by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to methods and apparatus for crushing various
      materials. The invention is especially useful for reducing ore, rock,
      stone, coal, and the like. In mining or extraction, random size pieces of
      mineral material are produced, some too large to be carried out of the
      mine or quarry on conveyor belts of practical and economical width. Bucket
      or skiff conveyors have been tried, but have been expensive to build,
      operate and maintain. Thus, motor trucks have been used to carry uncrushed
      minerals from the bottom of mines or quarries to a distant or upper
      surface for crushing.
PAR  For various reasons, including perhaps the desire to provide reversible
      hammer rotation and design symmetry, the massive crushers most commonly
      used heretofore in the crushing of large chunks of heavy minerals have
      included a top inlet and bottom outlet. Positioning a conveyor belt below
      such a crusher to receive crushed material from the outlet involves
      elevating the crusher above ground on heavy supporting framework, or
      constructing a trench beneath it. This can raise the inlet to a difficult
      or prohibitive height for conventional mobile loaders or loading
      equipment, and/or makes the crusher considerably less mobile or less
      stable and more expensive to install.
PAR  In principle, mineral extraction costs can be reduced by crushing the large
      chunks to a convenient size in the quarry or at the mine face, and then
      carrying them to the surface by belt conveyors of practical size and
      width. However, under many circumstances, the above-described problems and
      the size and expense of available mobile crushers frustrate the use of
      this money-saving procedure.
PAC  Objects of the Invention
PAR  It is a primary object of the present invention to provide a relatively
      simple and inexpensive crusher which makes it unnecessary to truck mineral
      materials from the bottom of a mine or quarry.
PAR  Another object of the invention is to provide a crusher machine which
      effectively performs the necessary functions of far heavier and more
      expensive mobile crushers heretofore used.
PAR  Still another object is to provide crushing apparatus which can be
      conveniently operated in a mine or quarry and which may be used to crush
      moisture laden materials while reducing or eliminating clogging.
PAR  Yet another object is to provide a crusher which can be discharged directly
      to a conveyor, screen, or other transport and processing equipment and yet
      requires no high elevating framework or subjacent trench.
PAR  A further object is to provide crushing means which can be loaded directly
      by mobile loaders such as front-end or over-the-head loaders.
PAR  Another object is to provide crushing apparatus which can itself be readily
      constructed in a mobile form which is relatively stable against tipping,
      is relatively simple and light in weight, and yet provides a convenient
      discharge.
PAR  Another object is the provision of crusher machines having the aforesaid
      features which may be used to advantage in the crushing of coal, ores and
      other materials, but particularly in the crushing of coal or limestone.
PAR  Yet another object is to provide a method of impact crushing mineral
      materials which can significantly reduce problems heretofore associated
      with the transport of mineral materials from the floor or face of a mine
      or quarry.
PAR  Upon consideration of the summary and the various embodiments of the
      invention described below, it will be apparent that the invention can be
      embodied in forms which attain some or all of the above objects. Moreover,
      additional objects will occur to those skilled in the art. In any event,
      the practice of the present invention offers various significant
      advantages.
PAC  Summary of the Invention
PAR  The disclosed apparatus provides material reduction apparatus for mineral
      materials such as ore, rock, stone, oil shale, coal, lignite and the like.
      Such apparatus comprises a rotor having any suitable form of impact
      members mounted thereon, for instance, fixed or pivotable hammers or bars.
      These are arranged in spaced relationship about the rotor, and their
      peripheries define an impactor circle, of which there may be several.
PAR  The rotor is mounted for rotation in a housing having a curved, imperforate
      impact surface. "Imperforate" means that the surface is regular or
      irregular, but is for the most part free of "through" holes; for instance,
      if the surface is in the form of a plate punched with holes, this plate
      will normally be backed up by a blind plate which closes off all or most
      of the holes. On the other hand, the impact surface may be provided by
      filling the bottom of an enlarged housing with crushed mineral material,
      such as the material which is crushed in said apparatus, until the level
      of said crushed material reaches a level slightly below but adjacent to
      said impactor circle.
PAR  The aforesaid impact surface defines the outer perimeter of a reaction zone
      subtending an arc in said impactor circle which may include the lowest
      point in said impactor circle and extend upwardly on either side of said
      point. Within this zone, the rotor impact members, the material to be
      crushed and the impact surface interact to crush the material. In the case
      of a rotor having several circles of impact members, there may be several
      of such zones in which the zones themselves and/or the hammer circles may
      have different diameters or be physically separated from one another by
      members intermeshing with laterally adjacent impact members. Generally,
      the impact surface or surfaces are free of discontinuous components
      intermeshing with (or in the lateral space between) laterally adjacent
      pairs of impact members. "Discontinuous components" refers to a durable
      member or members providing a series of inward projections from the impact
      surface or teeth spaced peripherally about the impact surface and
      separated by gaps sufficiently large to momentarily catch, stop or reverse
      the direction of a significant proportion of the mineral material which
      enters the gaps and collides with the projections.
PAR  The apparatus includes an inlet duct for charging the material to the rotor
      housing. The inlet duct may open into the housing directly adjacent the
      reaction zone or at any other suitable location. For instance, the duct
      may open into the housing within the impactor circle or alongside it.
      Preferably, the inlet is open to the atmosphere, so that air may be drawn
      or forced into the housing as the feed material enters, and the air and
      feed may be caused to follow a common path through the apparatus until
      after they have both entered a discharge chute or duct. Also, the inlet
      may be connected with or include, any suitable means for controlled
      feeding of material into the housing in a predetermined range of mass
      rate, e.g., as by using an input conveyor means, including without
      limitation vibrating pan feeders (which are preferred), apron conveyors,
      table feeders and (where the feed material is in relatively small pieces)
      a belt conveyor.
PAR  The invention includes a discharge chute which at least partially encloses
      a reduced material departure path. The path includes a lower surface which
      extends longitudinally away from the rotor and into the material departure
      path to an extent sufficient to cause scouring of the lower surface by the
      discharged material, while preserving the major portion of the kinetic
      energy originally imparted to the material by the rotor, whereby clogging
      of the chute by the material is reduced or eliminated. In certain
      embodiments of the invention, the material departure path is generally
      elevated above a line tangent to the impact surface drawn from the
      downstream end of the reaction zone. In one embodiment, the lower surface
      of this chute is of flat, curved or involute form extending from the
      downstream end of the reaction zone at an angle above the tangent line
      just discussed. This orientation of the lower surface is important since
      it minimizes or eliminates the accumulation of fine particles of moist
      material at the lower end of the chute due to the scouring effect of
      heavier particles skimming along the elevated lower surface as they travel
      up the chute. The angled lower surface changes the direction of movement
      of material pieces and tends to absorb an initial and preferably minor
      portion of their energy; nonetheless, the discharge chute may be provided
      in addition with a direction changing and energy absorbing means which
      deflects the reduced material toward an adjacent conveyor or handling
      station, at the downstream end of the chute.
PAR  The additional direction changing and energy absorbing means may be of any
      type, including a rock box, chain curtain, angled metal surface or the
      like. It is connected with or placed beyond the discharge chute
      operationally, if not physically, and is oriented in the material
      departure path in position for receiving all -- or at least the larger --
      pieces thrown off by the rotor, for slowing such material by absorbing an
      additional and preferably major portion of the remaining kinetic energy
      thereof, and for discharging such material from the chute without
      recycling to the rotor. Such means may discharge the material which
      reaches it be causing it to descend either directly or through any
      suitable discharge means, preferably unobstructed, including a further
      chute to any suitable receiver. This may for instance be a vehicle, a
      conveyor, a screen, the inlet of an additional material reduction
      apparatus, or another transport or processing apparatus. In a preferred
      embodiment, the discharge chute and its angled direction changing and
      energy absorbing lower surface are arranged to convey the entire range of
      materials thrown off by the rotor to the additional direction changing and
      energy absorbing means, and from thence to a discharge outlet without
      separation of the pieces of differing particle size and without
      significant return of material from either direction changing and energy
      absorbing means to the rotor. This discharge outlet is more preferably at
      least partly and preferably completely at an elevation which is higher
      than the low point of the impactor circle and most preferably higher than
      the axis of the rotation of the rotor.
PAR  Also, it should be apparent that when ready for use, the apparatus will be
      provided with means for rotating the rotor with the periphery of the rotor
      adjacent the impact surface moving in the direction of said outlet channel
      and with sufficient speed to throw reduced material up the discharge chute
      to the additional energy absorbing and direction changing means.
PAR  In accordance with the method aspects of the present invention, air and
      mineral feed are introduced into a housing through an inlet opened to the
      atmosphere. The air and material feed are caused to flow along a common
      path from said inlet to a rotor in said housing. The feed material is
      contacted with rotating impact members on said rotor and with an impact
      surface in a reaction zone subtending an arc in said impactor circle which
      may include the lowest point in the circle described by the rotating
      impact members at their peripheries and extend upwardly on either side of
      said point. Material crushed by said rotor and impact surface is thrown
      upwardly and outwardly from the rotor along an at least partially confined
      discharge chute located above a tangent from the impact surface drawn from
      the downstream end of the reaction zone. Using the kinetic energy imparted
      thereto by said rotor, the crushed material is thrown to a level above the
      axis of rotation of the rotor. While the crushed material is still in
      flight, at least some of the pieces of crushed material are impinged
      against an angled lower surface of the discharge chute to scour that
      surface of agglomerated particles and then passed on upwardly to an
      additional energy absorbing and direction changing means. Then the crushed
      material is caused to descend from the additional energy absorbing and
      direction changing means and to discharge from the apparatus without
      further contact with said rotor.
PAR  With the aid of the drawings described below, a few illustrative
      embodiments of the appartus and the method of the present invention will
      now be described. A person skilled in the art will readily recognize that
      other embodiments are possible, and that the invention is not limited to
      the embodiments shown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view, partly in section, of a crushing machine
      embodying this invention.
PAR  FIG. 2 is a schematic illustration of an alternate form of crushing machine
      according to the present invention.
PAR  FIG. 3 is a sectional view of a preferred embodiment of the crushing
      machine of the present invention.
PAR  FIG. 4 is a schematic illustration of still another form of crushing
      machine embodying the invention.
PAR  FIGS. 5A to 5E each show a fragmentary sectional view of the lower wall of
      the discharge chute of the present invention, illustrating alternative
      shapes therefore.
DETD
PAC  DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS
PAR  There follows a detailed description of preferred embodiments of the
      invention, reference being had to the accompanying drawings, in which like
      reference numerals generally indicate like elements of structure in each
      of the several FIGURES.
PAR  A crusher 10 embodying the invention is shown schematically in FIG. 1. The
      crusher has a housing 12 with rotor shaft 14 mounted for rotation therein,
      in suitable bearings (not shown). A plurality of rotor discs 16 may be
      spaced axially on the rotor shaft 14, each carrying four hammer shafts 18,
      mounted at 90.degree. intervals near the peripheries of the rotor discs
      16. The discs 16 serve as pivotal mountings for four sets of impact
      members, e.g., hammers 20, including four hammers in each set which are
      laterally (or axially) spaced relative to each other. The hammers could be
      mounted at random spacings about the discs, as long as weight balance
      about the rotor shaft is maintained. On rotation of the rotor shaft 14,
      rotor discs 16 and hammer shafts 18, the outer peripheries of the hammers
      20 define an impactor or hammer circle 22.
PAR  The housing 12 includes a curved, imperforate impact surface or member 24.
      Surface 24 defines the periphery of a reaction zone subtending an arc
      alpha (a) in said impactor circle which may include the lowest point P in
      impactor circle 22 and extend upwardly on either side thereof. Within this
      zone, the impact members, the material to be crushed and the impact
      surface interact to crush the material.
PAR  While it is preferred that the impact surface be a fabricated member,
      preferably of highly wear resistant metal, the impact surface may be
      fabricated of other materials. For instance, it is contemplated that all
      or part of the fabricated impact surface 24 might be omitted, leaving the
      lower portion of the volume of housing 12 unoccupied. Upon the feeding of
      mineral material to the crusher machine, this open volume would become
      packed with crushed feed material, the level of which would rise in the
      housing to a level controlled by the rotation of the impact members and by
      the passage of additional feed material, and would thereby be formed into
      a curved impact surface.
PAR  The apparatus includes a discharge chute or duct 26 which at least
      partially encloses a reduced material departure path generally
      corresponding to the trajectory imparted to the material at the downstream
      end of the inter-reaction zone and generally indicated by arrows D. This
      channel may be a duct of tubular or other shape enclosed partially or
      completely throughout its length and circumference. It will however be
      sufficiently enclosed to confine or at least partially confine the reduced
      material proceeding along departure path D. The surfaces of this duct 26
      may be fabricated of metal, as shown, or may be provided with rock
      facings, e.g. rock boxes. In the preferred embodiment, the duct 26 has a
      lower surface or confining member 28 which has an upwardly sloping or
      curving surface extending from the downstream end of the impact surface 24
      along a path elevated above a line T tangent to the end of the essentially
      circular impact surface 24, as shown, Material exiting from the crusher
      will initially follow a trajectory which is parallel and closely adjacent
      to tangent line T, thus the upwardly sloping of curving surface of member
      28 lying above tangent T will be constantly struck and scoured by crushed
      material as it moves up discharge chute 26, thereby changing the direction
      of and absorbing some energy from the crushed material as it moves.
PAR  The surface of member 28 may also be coincident with tangent T to minimize
      impact by the passing crushed material; however, in this instance it has
      been found that fine particles in the moving crushed material tend to pile
      up at the lower end of member 28, especially when the material being
      crushed is somewhat moist. This piling up of moist, fine particles can
      cause clogging of the discharge chute, necessitating shutdown time for
      cleaning. To reduce or eliminate such clogging, an upwardly sloping or
      curving surface on member 28 is preferred, as discussed in greater detail
      with regard to FIG. 5. To permit adjustment in the amount of scouring
      received by the surface of member 28 and the extent that the direction and
      energy of the crushed material are altered, a hinge 29 may be provided to
      permit adjustment of the angle B between tangent line T and member 28,
      using appropriate adjustment means 30, such as a screw jack or similar
      device. Also, in the preferred embodiment, the upper surface 31 terminates
      in an additional direction changing and energy absorbing means 32, e.g. a
      rock box, chain curtain or fabricated metal impact surface, oriented in
      the material departure path D and positioned for slowing the material by
      absorbing a major portion of the kinetic energy thereof.
PAR  In this preferred embodiment, the energy absorbing and direction changing
      means 32 delivers all of the material received from the rotor means to a
      discharge outlet 34. The discharge outlet 34 is preferably entirely open
      or unobstructed, so that the entire quantity of reduced material which
      strikes the energy absorbing and direction changing means may descend
      therefrom to any suitable receiver. When the discharge outlet is at least
      partly, or preferably completely, at an elevation which is higher than the
      low point P of impactor circle 22, and, most preferably, higher than the
      axis of rotation of the rotor shaft 14, the output of crushed material
      from discharge outlet 34 may readily be fed directly onto a conveyor 36
      without placing the conveyor in a trench under the crushing apparatus
      and/or without elevating the crushing apparatus on a high framework with
      the conveyor running underneath. This also makes it possible to mount the
      crusher on simple transport means, such as skids 38, crawler tracks,
      walking mechanism, wheels or the like so that it may be moved to any
      desired location in a mine, quarry or other facilities.
PAR  Certain advantages may accrue from properly engaging the base, e.g. skids
      38, of the crusher with the ground surface, e.g. the bottom of a mine or
      quarry. This can be done for instance by interposing between the base and
      the ground surface a resilient sheet member which is free of attachment
      with the ground and which may be a durable porous synthetic and/or natural
      elastomer or blend thereof. The sheet will have a substantial thickness
      and resilience properties such that its upper and lower surfaces will
      deflect horizontally relative to one another in response to horizontal
      vibrations of the machine, while retaining frictional engagement with the
      machine and ground. The sheet may also undergo localized vertical
      deflection to accommodate irregularities in the ground surface. Thus, the
      sheet temporarily secures the machine at the desired location on the
      ground, permitting ready removal and at least partially reducing any
      tendency of the machine to creep. The machine may also be secured by a
      tether, if desired.
PAR  In view of the intended manner of operation of the apparatus, those skilled
      in the art will readily recognize from the foregoing description that the
      apparatus, when ready for use, will be provided with a means, such as
      electric motor 40 and drive belts 42, for rotating the rotor 14 with the
      periphery of the rotor adjacent the impact surface 24 moving in the
      direction of discharge chute 26 and with sufficient speed to throw reduced
      material up discharge chute 26 to the energy absorbing and direction
      changing means 32. Infeed conveyor 41 may be used to deliver material to
      be crushed to inlet opening 43.
PAR  In FIG. 2, the uncrushed ore or other material is delivered through a
      feed-in chute 44 into the axial center of a conventional cage mill 46
      which includes a pair of spaced-apart discs 48 (only one shown) which
      support there between a plurality of rods or bars 50 which crush the ore
      material and throw it upwardly into the discharge chute 52 and out the
      nozzle 54. Discharge chute 52 includes a lower confining member 56 which
      has an upwardly sloping or curving surface extending from the downstream
      end of impact surface 58 of cage mill 46, along a path elevated above a
      line T' tangent to the impact surface in a manner identical in principle
      to that discussed regarding the embodiment of FIG. 1. Though not
      illustrated, member 56 may also be hinged, if desired.
PAR  The presently preferred configuration of the apparatus shown in FIG. 3 has
      a housing 66 with rotor shaft 68 mounted for rotation in suitable bearings
      (not shown). Axially spaced rotor discs 70, carrying three hammer shafts
      72, are mounted on shaft 68 for rotation therewith. The hammer shafts 72,
      mounted at 120.degree. intervals near the peripheries of axially spaced
      rotor discs 70, serve as pivotal mountings for three axial rows of
      hammers, each row comprising one double width, two-shank hammer in the
      middle and a single width, one-shank hammer hammer arrangement are set
      forth in Ser. No. 361,002, previously discussed. The housing 66 includes
      side panels 76, the feed ramp 78, curved, imperforate impact member 80,
      inlet chute 81 and discharge chute 82, along with various other auxiliary
      equipment.
PAR  Inlet chute 81 is of the same width as the portion of the housing in which
      the hammers rotate, and it is defined by side walls 84, by downwardly and
      outwardly inclined end wall 86 and by downwardly and inclined end wall 88,
      as well as end wall supporting structures 90 and 92 which can be bolted to
      the housing at points 94 and 96 respectively. In the configuration shown,
      the inlet chute exhibits some tendency to urge incoming material from
      right to left generally in the direction of motion of the periphery of the
      downrunning rotor 68. However, the inlet chute end support members are so
      shaped that the chute can be unbolted and the positions of the ends
      reversed, so that the chute will then have a tendency to urge incoming
      material from left to right, generally in opposition to the direction of
      rotation of the hammers.
PAR  Upon entering the housing, incoming material may first encounter the
      hammers 74, or the housing side walls 76, or the feed ramp 78. This feed
      ramp has a replaceable wearing surface 98, held in place on a pivotally
      mounted platen 100 by mounting bolts 102. The platen pivot 104 is a
      horizontal bar extending between side walls 76 near the upper portion of
      the housing, spaced radially from the impactor circle. The lower end of
      the feed ramp is fitted with adjustable securing means 106, securing the
      lower end of platen 100 either closely adjacent to the impactor circle or
      at a plurality of positions at further radial spacings therefrom. For
      protection of the machine, the bar 106 may be of only limited strength so
      that it will break, allowing the feed ramp to swing down and "unload" the
      rotor, if the rotor encounters a large object that will not shatter, thus
      possibly averting self-destruction of the machine.
PAR  Imperforate impact member 80 also includes a plurality of replaceable wear
      surfaces 110, the first of which, 112, has corrugations formed therein.
      These wear surfaces are held in place on a curved base 114 by suitable
      mounting bolts 116. Impactor member 80 is also pivotally mounted on a
      fixed pivot 118. The cross bar 120 at the right or downstream side of the
      impact surface 80 can be secured to any suitable adjusting means, not
      shown, by means of which the right end of the base and associated wear
      surfaces can be moved radially closer or further from the impactor circle.
PAR  The discharge chute 82 has a lower or confining member 122 which comprises
      an upwardly sloping or curving surface extending from the right or
      downstream end of impact surface 80, along a path elevated above a line T"
      tangent to terminal lip 124 of impact surface 80. Lower surface 122, upper
      surface 126 and side panels 128 define a chute having a completely closed
      circumference. The orientation of the chute generally corresponds to the
      trajectory imparted to the material at the downstream end of the
      inter-reaction zone. As previously discussed, the angle of member 122 may
      be adjustable, if desired. The additional direction changing and energy
      absorbing means has been omitted from this view to permit showing the
      other parts of the apparatus on the largest scale possible, but it is
      understood that such means will be generally similar to that shown in the
      other figures and to that described above.
PAR  The following is a summary of parameters of a purely illustrative machine
      similar to that shown in FIG. 3, designed for crushing cement rock. It
      uses a rotor having a hammer circle of 60 inches, which clears the impact
      surface by about 1/2 to 3 inches or more. The hammers are approximately 18
      inches long and have a front face to back face width of about 9 inches.
      The single and double shank hammers have side to side widths of 12 and 24
      inches respectively and weight about 320 and 700 pounds, respectively. The
      entire rotating mass including hammers, rotor discs, shafts, flywheel and
      sheaves is about 20,000 pounds, and the machine as a whole weighs less
      than 100,000 pounds. It appears capable of doing the work of previously
      known mobile crushers weighing several times as much.
PAR  The rotor is designed to turn at about 480 to 700 RPM. The presence of some
      heavier multi-shank hammers on the rotor makes it possible to get
      equivalent or better crushing performance at lower rotor speed and
      therefore lower levels of machine vibration amplitude and creep, as
      compared to a larger number of single shank hammers of the same total
      mass, rotating faster. Thus, it could for instance be possible to provide
      the machine with hammers which extended the full available width of the
      housing and had three or more shanks.
PAR  Uncrushed minerals recovered at the mine face or in a quarry can be quite
      large, as indicated previously. It is not uncommon for the uncrushed
      material to include significant quantities, e.g. including 10% or more by
      weight, of pieces larger than 6 inches across in their smallest dimension,
      ranging up to so-called "coffin sizes."
PAR  FIG. 4 illustrates a crusher machine generally similar to that of FIGS. 1
      and 3, but in FIG. 4 classification is obtained between the lighter fines
      and the heavier, larger particles. Discharge conduit 26 is provided with
      two or more discharge nozzles 34A and 34B so that the lighter fines
      discharge through the nearer nozzle 34A and the heavier particles
      discharge through the more remote nozzle 34B. Two or more output conveyor
      belts 36A and 36B are provided for carrying away the fines and the larger
      particles, respectively.
PAR  The nozzles 34A and 34B may also be arranged to discharge both fine and
      heavier particles to the same conveyor belt. Heretofore, it has been
      conventional practice to charge a crusher from a scalping conveyor. Such
      conveyor discards fines and feeds larger particles into the inlet of the
      crusher. The output conveyor under the crusher passes first under the
      fines discharge outlet of the scalping conveyor, laying down a layer of
      fines thereon, and then passes under the discharge outlet of the crusher
      to receive the crushed product, including both large and small pieces. The
      previously placed layer of fines on the conveyor cushions the shock of the
      larger crushed pieces from the crusher, thus protecting and extending the
      life of the conveyor belt. In accordance with the present invention, it is
      not necessary to pass the conveyor belt under both a scalping conveyor and
      the bottom of the crusher. The nozzles 34A and B may be so oriented
      relative to their common output conveyor, so that nozzle 34A lays down a
      protective layer of fines on the belt upstream of nozzle 34B. Thus, a
      scalping conveyor is no longer required.
PAR  In the preferred means and method of operation corresponding to the FIG. 4
      embodiment, the rotor in the machine housing strikes, reduces and propels
      outwardly from the rotor a stream of solid material including lighter and
      heavier pieces. Means integral with and/or separate from the rotor are
      provided for generating a flow of air and for causing said stream and flow
      to enter discharge chute 26 together. The latter defines a first confined
      path away from the rotatable means for receiving the stream and causing it
      to continue in motion generally in the direction in which it is impelled
      by the blows of the impact members, at least until it passes beyond
      discharge nozzle 34A. Said nozzle defines a path diverging from the
      discharge chute 26, for diverting at least a portion of the air flow and
      at least a portion of the lighter pieces in the stream together from the
      discharge conduit. Discharge chute 26 may include a lower confining member
      28A which has an upwardly sloping or curving surface extending from the
      downstream end of impact surface 24, along a path elevated above a tangent
      line T", as discussed with regard to FIG. 1. If sufficient separation of
      fines is obtained at nozzle 34A, only a slight tendency for moist fines to
      accumulate on member 28A is found to exist on the upstream side of nozzle
      34A. Thus, the surface of member 28A may be dropped beyond nozzle 34A, if
      desired, to be coincident with tangent T" without danger of substantial
      clogging. In practice, it has been found expedient to continue the sloping
      or curving surface of member 28A all the way up the discharge chute.
PAR  The desired air flow can be generated by the rotating impact members
      themselves and/or by suitable fans. The heaviest pieces thrown off by the
      rotor will maintain their velocity in the direction in which they are
      propelled for a relatively long distance. The lighter pieces, having a
      lower mass-to-surface ratio, tend to lose their forward velocity more
      rapidly. Moreover, the flow of air departing through nozzle 34A effects a
      more efficient capture and separation of the lighter pieces. In order to
      insure that there is a sufficient flow of air into nozzle 34A, the nozzle
      34B may be fitted with an air lock, or the nozzle 34A may have an air
      tight connection with a suitable receptacle in which suction is generated
      by a fan or other means.
PAR  FIG. 5A shows an enlarged view of the lower surface or confining member of
      the discharge chute, identified as elements 28, 52, 122 and 28 in FIGS. 1
      to 4, respectively. A portion 24' of the impact surface identified as
      elements 24, 58 and 80 in FIGS. 1 to 4 is shown, along with tangent
      T.degree. extending from the downstream end of impact surface 24. As
      previously discussed, if lower surface member 28 is made coincident with
      tangent T.degree., clogging near end A of the discharge chute is
      frequently experienced. It has been found that elevating the lower surface
      of the discharge chute above the tangent T.degree. can reduce or
      substantially eliminate clogging at end A.
PAR  Element 28a may be a flat plate which is elevated relative to tangent
      T.degree. at an angle B, which is preferably between zero and
      approximately 10 degrees in magnitude, as shown in FIG. 5A. As pieces of
      crushed material are thrown out of the crusher by the impact members, many
      will follow paths generally parallel and closely adjacent to tangent line
      T.degree. and eventually glance off the surface of element 28a, as
      indicated. This repeated contact with the surface of element 28a scours
      the surface of fine particles as they settle, thus preventing clogging.
      The angle B sufficient to cause scouring, while preserving the major
      portion of the kinetic energy imparted to the material, will vary with
      operating conditions as will be understood by those in the art. The
      greater the elevation of element 28a relative to tangent T.degree., the
      greater will be the scouring effect; however, elevations between zero and
      approximately ten degrees are preferred. At higher elevations, the wear on
      surface 28a may become excessive; furthermore, a significant amount of
      material may tend to rebound into the crusher where its size is again
      reduced perhaps unnecessarily. Of course, where the tendency of a
      particular material to clog is high, the elevation of element 28a may have
      to be increased to obtain the desired scouring effect, with concomitant
      increases in wear and material rebound.
PAR  An alternative lower surface element 28b is shown in FIG. 5B. Element 28b
      is curved or involute in shape and extends from point A at the lower end
      of the discharge chute to point B at the upper end, so that the surfaces
      of both elements 28a and 28b begin and terminate in essentially the same
      locations. The more gradual upward rise of element 28b relative to element
      28a provides an adequate scouring effect to prevent clogging, yet
      minimizes both obstruction of flow up the discharge chute and wear on its
      lower surface. As shown in FIG. 5D, the surface of element 28d also may be
      a simple upward curve having a constant radius of curvature; however, an
      involute form as in FIG. 5B is preferred. By "involute" is meant simple
      that the radius of curvature of the surface is decreasing continuously
      from A to B. This changing curvature of the surface results in increased
      centripetal force acting on particles skimming along the curved surface
      even as their tangential velocity decreases, which increases the scouring
      effect and eliminates adhesion of the particles. Both the involute and
      constant radius surfaces may be made from a continuous plate of material,
      as shown in FIGS. 5B and 5D. Alternatively, they may be made from a series
      of flat plates of progressively greater pitch relative to T.degree. joined
      to approximate the involute or curved surfaces, without departing from the
      teachings of the invention, as shown in FIGS. 5C and 5E. It is
      contemplated that in the preferred embodiments, these types of lower
      surfaces for the discharge chute will substantially reduce or eliminate
      clogging or accumulataion of material at the discharge chute inlet;
      however, other variations may occur to one skilled in the art without
      departing from the scope of the invention.
PAR  Although practical difficulties have arisen in the past in respect to
      economically conveying such crushed materials to the surface or in
      crushing them economically and conveniently in the quarry or at the mine
      face, such difficulties should be reduced by the present invention. The
      present invention provides crushing apparatus which is simple, easy to
      load, potentially portable and not dependent on a high supporting frame or
      trench for discharging to a conveyor. The disclosed apparatus will crush
      and discharge moist minerals without significant clogging. Thus, it is now
      perfectly feasible to use a modestwidth belt conveyor, which is economical
      compared either to the use of trucks or the use of other kinds of
      conveyors previously considered necessary, to transport the crushed output
      directly from the crushing machine to the surface above or surrounding the
      mine or quarry. Thus, for instance, in the case of limestone, the crushed
      product may consist of particles of the order of 6 inches or less in their
      maximum dimension.
PAR  Based on the principles of the invention disclosed herein, those skilled in
      the art will readily develop other embodiments, all of which are intended
      to be protected by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of crushing massive, high density materials such as rock and
      coal, comprising the steps of:
PA1  introducing mineral feed into a housing through an inlet open to the
      atmosphere;
PA1  allowing the mineral feed to drop from said inlet into the impactor circle
      of a rotor rotating within said housing, said rotor having impact members
      defining said impactor circle;
PA1  impacting said feed material with said rotating impact members as said feed
      material drops into said impactor circle to crush said materials;
PA1  causing said reduced material to move into contact with an imperforate
      impact surface in a rotor-feed material-impact surface inter-reaction zone
      subtending an arc including and extending upwardly from either side of the
      lowest point of said impactor circle, to further crush said material;
PA1  throwing substantially all material crushed by said rotor and said
      imperforate impact surface upwardly and outwardly from said rotor at the
      downstream end of said impact surface on the side of said lowest point
      opposite to the side on which said energy imparted thereto by said rotor;
      and
PA1  impinging a portion of said material against the lower surface of an at
      least partially confined channel extending from said downstream end, said
      lower surface extending into the trajectory imparted to said material at
      said downstream end at an angle above a line tangent to said downstream
      end of said impact surface, said angle being sufficient to cause scouring
      of said lower surface by said material and to reduce clogging of said
      channel by said material.
NUM  2.
PAR  2. The method of claim 1 further including the step of, while the crushed
      material is still in flight, impinging at least the largest pieces thereof
      against an energy absorbing and direction changing means; and then causing
      the crushed material to descend from said energy absorbing and direction
      changing means to discharge from the apparatus without further contact
      with said rotor.
NUM  3.
PAR  3. Material reduction apparatus for mineral materials, comprising:
PA1  a. a rotor, having impact members mounted thereon, the periphery of which
      defines an impactor circle;
PA1  b. a housing for said rotor having a curved impact surface which defines
      the outer perimeter of a reaction zone in which said impact members, said
      mineral material and said impact surface interact, said reaction zone
      subtending an arc in said impactor circle, one end of the arc defining a
      downstream end of the impact surface and reaction zone; and
PA1  c. a discharge chute defining a reduced material departure path generally
      corresponding to the trajectory imparted to the material at said
      downstream end, said chute having a direction changing and energy
      absorbing lower surface means extending longitudinally away from said
      rotor into said material departure path, at an angle above a line tangent
      to said downstream end of said impact surface, said angle being sufficient
      for causing scouring of said lower surface by said reduced material and
      for reducing clogging of said chute by said reduced material.
NUM  4.
PAR  4. Apparatus in accordance with claim 3 wherein said impact members are a
      plurality of pivotable hammers.
NUM  5.
PAR  5. Apparatus in accordance with claim 3 further comprising an additional
      direction changing and energy absorbing means connected with said outlet
      duct and oriented in the material departure path in position for
      deflecting at least the larger pieces thrown off by the rotor, for slowing
      such pieces by absorbing a major portion of the remaining kinetic energy
      thereof, and for discharging such material from the duct without recycling
      to said rotor.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein the discharge chute, upstream of
      the additional direction changing and energy absorbing means, provides an
      open discharge path for the larger pieces thrown into the duct by the
      rotor.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said discharge path is higher
      than the axis of rotation of the rotor.
NUM  8.
PAR  8. Apparatus according to claim 5 wherein said additional direction
      changing and energy absorbing means is positioned at the outlet of said
      discharge chute for causing the material which strikes it to descend to a
      receiver.
NUM  9.
PAR  9. Apparatus according to claim 5, including means for rotating said rotor
      with the periphery of the rotor adjacent the impact surface moving in the
      direction of said discharge chute and with sufficient force to throw
      reduced material up the discharge chute and cause it to bounce from said
      additional direction changing and energy absorbing means to a discharge
      outlet.
NUM  10.
PAR  10. Apparatus in accordance with claim 3 wherein said impact members are a
      plurality of bars mounted in the rotor in a cage configuration.
NUM  11.
PAR  11. Apparatus according to claim 3 wherein said impact surface is a smooth,
      imperforate surface.
NUM  12.
PAR  12. Apparatus according to claim 3 wherein said housing includes an inlet
      duct which is open to the atmosphere, so that air may be drawn into the
      housing as the feed material enters, a common flow path through the
      housing being provided for both air and feed up until such point that both
      have entered said discharge chute.
NUM  13.
PAR  13. Apparatus according to claim 3 wherein an input conveyor is arranged to
      deliver feed material to said housing.
NUM  14.
PAR  14. Apparatus according to claim 3 wherein the discharge chute is at least
      partly at an elevation higher than the low point of the impactor circle.
NUM  15.
PAR  15. Apparatus in accordance with claim 3 wherein said lower surface extends
      at an angle of from 0.degree. to 10.degree. above a tangent drawn from
      said downstream end of said impact surface.
NUM  16.
PAR  16. Apparatus in accordance with claim 15, wherein said lower surface is
      flat.
NUM  17.
PAR  17. Apparatus in accordance with claim 15, wherein said lower surface is
      curved.
NUM  18.
PAR  18. Apparatus in accordance with claim 17, wherein said curved surface
      comprises a series of flat plates of progressively by greater pitch joined
      to approximate said curve.
NUM  19.
PAR  19. Apparatus in accordance with claim 15, wherein said lower surface is
      involute.
NUM  20.
PAR  20. Apparatus in accordance with claim 19, wherein said involute surface
      comprise a series of flat plates of progressively greater pitch joined to
      approximate said involute.
NUM  21.
PAR  21. Apparatus in accordance with claim 3 wherein said lower surface is
      flat.
NUM  22.
PAR  22. Apparatus in accordance with claim 3 wherein said lower surface is
      curved.
NUM  23.
PAR  23. Apparatus in accordance with claim 22, wherein said curved surface
      comprises a series of flat plates of progressively greater pitch joined to
      approximate said curve.
NUM  24.
PAR  24. Apparatus in accordance with claim 3 wherein said lower surface is
      involute.
NUM  25.
PAR  25. Apparatus in accordance with claim 24, wherein said involute surface
      comprises a series of flat plates of progressively greater pitch joined to
      approximate said involute.
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ABST
PAL  A plate for crushing machines comprises a circular perforated plate having
      a marginal annular area adjacent its periphery which includes a narrow
      strip which is not perforated and which is located at unequal radii from
      the center of the plate around its circumference. The non perforated zone
      comprises at least one narrow annular strip sector and one or more arched
      or loop like areas which extend outwardly at greater radii from the center
      of the axis than the sectors. The plate advantageously includes a central
      bore for facilitating its mounting in the crushing machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to the construction of crushing machines
      and in particular to a new and useful perforated plate for crushing
      machines.
PAR  2. Description of the Prior Art
PAR  The invention relates to a circular perforated plate having a
      non-perforated zone and which is to be mounted into a crushing machine.
      The non-perforated zone is intended for the reinforcement of the
      perforated plate. In the perforated plates known up to date, this zone is
      of circular shape. Because a wear of the cutters takes place only in zones
      of the perforated plate which are provided with holes, the play between
      cutter and non-perforated zone decreases gradually during the service time
      of the crushing machine and this produces an increased friction in this
      area. The result is that in the area of the non-perforated zone, the
      perforated plate is heated up much more than in the zone of the
      perforations. The heat development may finally increase to such an extent
      that cracks are formed or the plate even breaks. In such a case,
      considerable damages may be caused in the machine.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to the problem of avoiding or at least
      reducing the heat development and the heat accumulation in the
      non-perforated zone of the perforated plate of a crushing machine.
PAR  To solve the problem for a perforated plate of this type, the
      non-perforated zone is provided along a strip, in accordance with the
      invention, which extends at an unequal radial distance from the center of
      the perforated plate around its circumference. The result thereof is that
      some time or other, the cutters are moved with their whole width past
      perforations of the perforated plate and, consequently, worn off along
      their entire length. In this manner, the cutters are prevented from
      irregular wear and the increased friction with the resulting heat
      development is avoided.
PAR  A particularly preferred embodiment of the invention is characterized in
      that the non-perforated zone is formed by at least one annular sector or
      strip and one or more angular, arched, or look-like areas adjacent the
      ends of this annular sector or sectors, and that at least one hole is
      provided inwardly of the annular strip area. According to a further
      development of the invention, the annular section or sectors of the
      non-perforated zone are located at the inner circumference of the annular
      perforated plate and strip area or areas extend radially outwardly at the
      loops toward the outer circumference of the perforated plate.
PAR  Preferably, each hole situated inwardly of the loop of the non-perforated
      strip area has the same diameter as the perforations of the plate. In
      addition, it is particularly advantageous, if a plurality of holes is
      provided inwardly of each of the loop portions, to align the holes in a
      pattern corresponding to that of the plate perforations. The two
      last-named features make it possible to make all the perforations with the
      same tool.
PAR  In accordance with another feature of the invention there are provided two
      loop-like areas of the non-perforated zone which are offset relative to
      each other by 180.degree.. Finally, in view of the manufacture, it is very
      advantageous to provide that the widths of the loop-like areas are
      slightly larger than that of the remaining annular strip and particularly
      approximately corresponding to a spacing of the perforation pattern of the
      plate. The annular strip zones should be relatively narrow to permit the
      accommodation on the plate of as much perforations as possible. The actual
      width is determined by the strength requirements alone.
PAR  On the other hand, the loop-like areas of the non-perforated zone may be
      provided in a width such that, dependent on the diameter of the
      perforations, holes of two, or perhaps also more, perforation rows are
      left out in the respective area. It is further very advantageous, for
      reasons of manufacture, if a perforation pattern comprising aligned rows
      is chosen so that the holes situated inwardly of the loop area or areas
      are also aligned with the row or rows provided outside this area or areas.
PAR  Accordingly it is an object of the invention to provide a plate for
      circular crushing machines which includes a circular perforated plate
      having a marginal annular area adjacent its periphery which includes a
      narrow strip of said annular area which is non-perforated and which is
      spaced outwardly from the center of the perforated plate by unequal
      amounts around its circumference.
PAR  A further object of the invention is to provide a perforated plate for a
      crushing machine which is simple in design, rugged in construction and
      economical to manufacture.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of a typical embodiment thereof as
      illustrated in the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  The only FIGURE of the drawings is a top plan view of a plate constructed
      in accordance with the invention including three separate segmental
      portions having plate perforations of different diameters such as would
      normally be found in three distinct embodiments of the invention.
DETD
PAC  GENERAL DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to the drawings in particular there is provided a plate generally
      designated 1 which comprises an annular perforated marginal area 30 and a
      central bore 32 for facilitating the mounting of the plate on a crushing
      machine.
PAR  In accordance with the invention three separate plates are represented in a
      composite plate which includes annular sectors 1A, 2 and 3. Each sector
      portion 1A, 2 and 3 is designed to illustrate a separate embodiment of the
      complete plate each of which would have the overall configuration shown in
      the drawing. Thus, in respect to each embodiment only a third portion is
      shown in each case. The embodiment variations show coarse perforations 4
      for the plate 1, intermediate sized perforations 5 for the plate 2 and
      fine perforations 6 for the plate 3.
PAR  In accordance with the invention each plate is designed to have an outer
      periphery with two notches or circular recesses 7 and 8 which are offset
      by 180.degree. and which are provided for affixing the plate to a crushing
      machine (not shown).
PAR  In accordance with the plate it includes an annular narrow strip area 34
      which does not have any perforations and which is spaced outwardly from
      the center of the perforated plate by unequal amounts proceeding around
      its circumference.
PAR  The non-perforated annular narrow strip 34 advantageously includes an
      annular area 10 and 11 which is located at the interior of the hollow
      plate 1 at the inner boundary of the annular marginal area 30. The two
      annular areas 10 and 11 extend concentrically into the inner circumference
      9 of each perforated plate and the ends of these areas associated with
      each other are connected through a loop-like area 12 which extends
      radially outwardly from the center of the plate. In all embodiments of the
      plates the width of the loop like areas is larger than the remaining areas
      of the annular strip 34. A so-called clamping border or margin 13 is
      defined adjacent the outer periphery of the composite plate 1 is made of
      the same width as the non-perforated narrow strip 34. Ignoring the
      clamping border 13, the cutting operation will take place in dependence on
      the angular position of the cutter or cutters forming along with the
      perforated plate 1 a cutting set which extends over the whole width of the
      perforated plate. This is due to the fact that at least one hole is also
      provided in the areas of the perforated plate which are surrounded by the
      loop-like strips 12. The perforated plate 1A has two and the perforated
      plate 2 has 3 adjacent holes situated inwardly of the loop-like area 12.
      Perforated plate 3 has five such holes arranged in two adjacent rows. In
      the other areas of the perforated plate the perforations are made in
      uniformly spaced rows. The holes situated inwardly of the loop-like areas
      12 belong to one or more of the respective rows of the perforations 4, 5
      or 6 which are interrupted by the loop-like areas.
PAR  In the perforated plates 1a and 2 two such rows of the perforations are
      interrupted by the loop-like areas while in the perforated plate 3 three
      such rows are so interrupted. The perforations or holes of one of the rows
      of the perforated plate 1 are indicated by reference numeral 14. Not only
      the rows but also the individual perforations or holes are uniformly
      spaced from each other. Moreover, all of the holes of each of the
      perforated plates have the same diameter.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A plate for crushing machine, comprising a circular perforated
      ring-shaped plate having a central hole and an annular area surrounding
      the hole, said annular area having a narrow strip adjacent the hole which
      is not perforated and which is spaced outwardly from the center of the
      perforated plate by unequal amounts around its circumference, said
      non-perforated strip having at least one annular sector and at least one
      loop area and wherein at least one perforation is located with the loop
      area.
NUM  2.
PAR  2. A plate according to claim 1, wherein said annular sector is situated at
      the inner edge of said annular area.
NUM  3.
PAR  3. A plate for crushing machine, comprising a circular perforated
      ring-shaped plate having a central hole and an annular area surrounding
      the hole, said annular area having a narrow strip adjacent the hole which
      is not perforated and which is spaced outwardly from the center of the
      perforated plate by unequal amounts around its circumference, said narrow
      strip including radially outwardly extending loop areas having at least
      some of said perforations of said plate within said loop areas and some
      perforations extending outwardly of said narrow strip which are arranged
      in the same pattern as the perforations of said loop area.
NUM  4.
PAR  4. The plate according to claim 3, wherein said narrow strip comprises at
      least two radially outwardly extending loop areas offset by 180.degree..
NUM  5.
PAR  5. The plate according to claim 3, wherein the widths of the loop areas are
      larger than the width of the remaining portion of said narrow strip.
NUM  6.
PAR  6. A plate according to claim 5, including a second perforated annular
      strip which is located outwardly of said narrow strip and adjacent the
      outer edge of said annular area.
NUM  7.
PAR  7. A plate for a crushing machine, comprising a circular ring-shaped
      perforated plate having a central circular hole and an annular area
      surrounding the hole, said annular area having a narrow strip adjacent the
      inner edge of said plate and which is not perforated and which includes at
      least portions which extend radially outwardly toward the outer edge of
      the perforated plate, at least one of the perforations of said plate being
      located between the portions of said arrow strip which extend radially
      outwardly toward the outer edge of said plate and the inner edge of said
      plate.
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ABST
PAL  Package winding of textile strands uninterrupted by transfer from a full to
      an empty package is accomplished by delaying lateral transfer of the
      winding strand from a full to an empty package and by picking up a
      resulting transfer tail of the laterally transferring strand adjacent the
      end of the empty package. The transfer delay step utilizes a bistable
      inertial device located to intercept the laterally transferring strand and
      to be repositioned thereby and to release the strand after momentary
      inertia-induced delay during which the strand begins to wind onto the
      empty package. The pickup step utilizes rotary devices located at the
      spaced adjacent ends of spindles for the respective packages, such device
      on the spindle of the package to which the strand is transferring being
      adapted to engage and grip it. The strand is broken or otherwise severed
      between the pickup device and the full package, thereby enabling the
      strand to be traversed onto the empty package.
PARN
PAR  This invention relates to package winding of textile strands uninterrupted
      by transfer from a full to an empty package.
PAR  Modern machinery for package winding of textile strands usually provides
      for transfer of the strand being wound from winding onto one package to
      winding onto an adjacent package without interruption in the winding
      operation. This enables a full package to be doffed while the strand is
      being wound onto a new package. Various arrangements are known for
      rendering the strand transfer from one package to another more automatic
      than manual, but none that can be relied upon to the degree desired.
      Malfunction of automatic transfer from a full to an empty bobbin is
      wasteful and may necessitate shutting down the winding machine--an added
      unproductive expense.
PAR  A primary object of the present invention is positive transfer of a winding
      strand from one package to another while maintaining continuity of
      winding.
PAR  Another object of this invention is automatic provision and capture of a
      transfer tail of strand being transferred from winding onto a full package
      to being wound onto an empty package.
PAR  A further object is unaided breaking of the strand between packages during
      such transfer.
DRWD
PAR  Other objects of the present invention, together with means and methods of
      attaining the various objects, will be apparent from the following
      description and the accompanying diagrams of a preferred embodiment
      presented by way of example rather than limitation.
PAR  FIG. 1 is a plan view of strand-winding apparatus according to this
      invention;
PAR  FIG. 2 is an end elevation of the same apparatus, taken at II--II on FIG. 1
      and shown on an enlarged scale;
PAR  FIG. 3 is a plan view, on a further enlarged scale, of an apparatus
      component shown in the preceding views;
PAR  FIG. 4 is a front elevation of the apparatus of FIG. 3, taken at IV--IV
      thereon;
PAR  FIG. 5 is a side sectional elevation of the apparatus of FIGS. 3 and 4,
      taken at V--V of FIG. 4;
PAR  FIG. 6 is a fragmentary enlarged view, in either plan or elevation, of
      adjacent apparatus components shown in FIGS. 1 and 2;
PAR  FIG. 7 is an end elevation taken at VII--VII on FIG. 6, omitting apparatus
      more remote than the device nearest the viewer;
PAR  FIG. 8 is an end elevation similar to the preceding view but taken at
      VIII--VIII on FIG. 6;
PAR  FIG. 9 is a plan view similar to FIG. 1 but taken just after transfer of
      the strand from winding onto a full package to an empty package; and
PAR  FIG. 10 is an enlarged left side elevation corresponding to FIG. 9.
DETD
PAR  In general, the objects of the present invention are accomplished, in
      package winding of textile strands including transfer from winding onto a
      first package to winding onto a second package without interruption,
      wherein the packages are movable individually into and out of mutual axial
      alignment with their adjacent ends closely spaced and into and out of
      rotatively driven position, the degree of such alignment when one package
      is full and the other is empty, while both are being surface driven by a
      common roll, depending upon relative package size but being substantial;
      the strand being traversed along and winding onto the first package after
      passing through a remote guiding location temporarily fixed substantially
      midway and in advance of the winding surface of the package, is
      transferred to a new guiding location similarly related to the second
      package, whereupon the strand stops winding onto the first package and
      starts winding onto the second package without interruption in winding
      operations. More particularly, this is done by aligning a second package
      substantially coaxially with the first package and rotating the second
      package similarly to the first package, transferring the remote guiding
      location from an extended lateral bisector of the first package to an
      extended lateral bisector of the second package, then momentarily delaying
      the corresponding lateral transfer of the winding strand substantially
      midway thereof, rotatively gripping the laterally transferring strand at
      the end of the second package adjacent an end of the first package,
      whereupon continuing rotation or withdrawal of the first package is
      effective to cause the strand therebetween to tighten and break and the
      laterally transferring strand is wound onto a marginal surface portion of
      the second package during such delay and is traversed therealong
      subsequent to such delay.
PAR  This invention provides improved apparatus for uninterrupted package
      winding of textile strands including transfer from traverse winding onto a
      first package to traverse winding onto a second package substantially
      axially aligned therewith, the respective packages being carred upon
      respective spindles and individually movable into contact with rotative
      drive means with their adjacent ends closely spaced and out of mutual
      contact. Such apparatus comprises a strand quide locatable on an extended
      lateral bisector of either package, an inertial flip-flop device located
      between the respective extended lateral bisectors and adapted to be
      contacted by the laterally transferring strand when the strand guide is
      transferred from one extended lateral bisector to the other and thereby to
      delay the lateral transfer of the strand momentarily in alignment with a
      marginal portion of the second pacakge to wind thereon before engaging
      means for traversing the strand relative to the second package, and pickup
      means at the adjacent ends of the respective spindles for engaging and
      gripping strand being laterally transferred from the package on the
      opposite spindle.
PAR  The various views of the appended drawings illustrate the features of
      winding apparatus in which this invention is localized, without showing
      conventional driving, guiding, supporting, and supply elements, which
      would merely add distracting detail unnecessary to an understanding of the
      invention. Details of single-position package winding using a slotted
      traverse roll and an intermediate roll may be found in U.S. Pat. No.
      3,374,960 of one of the present inventors.
PAR  FIG. 1 shows in plan, and FIG. 2 in left side elevation, apparatus of this
      invention with left and right winding positions and strand being wound at
      the left position. Strand 10 proceeds from a source (not shown) at the
      left of the view (rear of the machine, from a machine operator's point of
      view) as indicated by an arrow. The strand proceeds through positionable
      eye guide 11, under guide bar 13, into (from the top) and through a slot
      in the surface of helically slotted traverse roll 15, under intermediate
      roll 17, and onto winding package 19--shown at an intermediate stage
      between empty and full.
PAR  Package 19 comprises bobbin 21a on spindle 20a supported on left swing arm
      22a. Right swing arm 22b (FIG. 2) supports spindle 20b, which carries
      empty bobbin 21b.  Traverse roll 15 has a pair of helical traverse slot
      patterns 18a and 18b, one centered relative to bobbin 21a and the other
      centered relative to bobbin 21b. Eye guide 11 is at the end of guide rod
      12, which is shown located on the lateral bisector of package 19, midway
      of left traverse pattern 182; it may be relocated on the lateral bisector
      of the package to be formed on the empty bobbin, as shown in a later view.
      Also visible in FIG. 1 are tail pickup devices 23a and 23b carried on
      adjacent ends of the respective bobbin spindles, as well as lateral
      transfer delay device 14 of bistable inertial type located midway from
      side to side and between guide bar 13 and traverse roll 15, details
      thereof being visible in subsequent views.
PAR  FIGS. 3, 4, and 5 show bistable inertial delay device 14 in plan and in
      front and side elevation, including mounting bracket 24 having a base with
      holes therein to receive suitable mounting means, and an upright part
      furnished with stop pins 25a and 25b at the left and right. Pivot pin 27
      is threaded horizontally into the lower part of the upright, on a vertical
      center line. Washer 29 on the latter pin is located between the bracket
      upright and the base portion of generally Y-shaped flip-flop 28 pivotably
      supported at its base on the pivot pin. Also vertically aligned is slot 36
      with retaining pin 26 extending therethrough and into a threaded bore in
      weight 30 retained thereby at adjustable height above the pivot pin.
PAR  The arms of the flip-flop extend upward to such an extent that, when it is
      tilted against a stop pin at one side, its arm on the opposite side is at
      a strand-engaging height, while the arm on the near side is below such
      height. The respective arms are located in perpendicular alignment with
      marginal portions of the respective bobbins offset laterally beyond the
      sweep of the respective traverse roll slotting. As shown, the flip-flop is
      tilted to the right, with the alternative left tilted position indicated
      in broken lines in FIG. 4 only. If desired, the flip-flop may be
      visualized as T-shaped with upwardly extending ears at the ends of its
      cross-bar, which has a somewhat convex upper surface therebetween.
PAR  FIGS. 6, 7 and 8 show strand pickup devices 31a and 31b secured,
      respectively, to the right end of left spindle 20a and to the left end of
      right spindle 20b as shown in the first of these views, and shown
      individually in respective FIGS. 7 and 8. Each such device is essentially
      a disc, generally S-shaped in flat view, and with the terminal portions or
      ears of the respective S's bent from about 10.degree. to 30.degree. out of
      the plane of their own disc and toward the opposite disc. The terminal
      portions are spaced from the body of the disc by slots that narrow inward.
      Thus, left pickup disc 31a has slots 32a and 34a, and bent ears 33a and
      35a, while right pickup disc 31b has slots 32b and 34b, and bent ears 33b
      and 35b. It will be understood that strand 10 is engaged and gripped in
      the slots between the ears and body of one or the other of the pickup
      discs at the time of lateral transfer, as described further below.
PAR  FIGS. 9 and 10 show the apparatus and strand in views similar to FIGS. 1
      and 2 but just after transfer from full package 19 wound on left bobbinn
      21a and before completion of transfer to winding onto empty bobbin 21b.
      With empty righthand bobbin 21b in surface contact with rotating
      intermediate roll 17, eye guide 11 is moved from its position on an
      extended lateral bisector of package 19 (FIG. 1) on bobbin 21a to a new
      position on a similarly extended lateral bisector (dot-dashed line) of
      bobbin 21b. The laterally moving strand ceases winding onto package 19 and
      "slides" off the end and toward the winding axis, where it encounters
      pickup device 23b on the adjacent end of spindle 20b. (The bulb of the
      package helps shield it from engaging pickup device 23a on package spindle
      20a). The slight lateral delay provides a semi-slack condition in the
      strand, which is still being fed at constant rate to the winding position,
      so that enough of it wraps as a transfer tail onto the pickup device to
      retain it. In being moved by the guide, strand 10 encounters flip-flop 28
      of inertial delay device 14, which temporarily delays the lateral transfer
      with the strand perpendicularly aligned with a marginal portion of the
      empty bobbin, (as indicated by a broken line) whereupon the strand
      "climbs" from its position of retention by the pickup device and over the
      end onto that marginal portion, being supplied thereto from the
      intermediate roll surface. Then the flip-flop tilts toward the lateral
      direction in which the strand is being moved, whereupon the strand
      disengages from the flip-flop and moves to the position shown in solid
      line. The transferred strand then falls into the slot of traverse roll 15
      and is traversed to and fro thereby along the surface of the empty bobbin
      to form a new package thereon.
PAR  Swing arm 22a mounting the full package spindle is swung outward, usually
      by the machine operator or tender, to lift the package away from the
      rotating intermediate roll. As shown at break 39 in FIGS. 9 and 10, the
      strand tautens between package 19 and pickup device 23b because of the
      continued rotation and/or the swinging away of the package to such an
      extent that it actually breaks. Alternatively, a severing device (not
      shown) of knife or scissors type may be actuated in unison with the swing
      arm to cut the strand at the indicated break location. The full package
      can then be doffed, and an empty bobbin substituted. Of course, when the
      forming righthand package becomes full, the strand is transferred
      laterally back to its initial position, thereby starting a new package on
      the empty bobbin substituted there.
PAR  The strand transfer provided according to this invention has proved to be
      very positive and to require no operator intervention to assure strand
      pickup and winding at the transferred location. Wastage of strand by
      reason of incomplete transfer is essentially eliminated. The resulting
      advantages and benefits are apparent.
PAR  Although a preferred embodiment has been illustrated and described,
      modifications may be made therein, as by adding, combining, or subdividing
      parts or steps, or substituting equivalents, while retaining significant
      advantages and benefits of the invention, which itself is defined in the
      following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In apparatus for uninterrupted package winding of textile strands
      including transfer from winding onto a first package to winding onto a
      second package axially aligned therewith, the respective packages being
      carried upon respective spindles individually movable into contact with
      rotative drive means with their adjacent ends closely spaced and out of
      mutual contact, improved mechanism for so transferring such a strand,
      comprising a strand guide locatable on an extended lateral bisector of
      either package, a bistable inertial device located between the respective
      extended lateral bisectors and bridging a parallel extension of the space
      between and including the respective adjacent spindle ends and being
      adapted in a stable strand-receiving position to be contacted by and to
      retain the laterally transferring strand while in that position when the
      strand guide is transferred from one extended lateral bisector to the
      other and further adapted to be switched by lateral force of the strand to
      an alternative stable strand-releasing position and to release the strand
      upon assuming that position and thereby to delay the lateral transfer of
      the strand, wherein the bistable inertial device comprises generally
      Y-shaped flip-flop means pivotably mounted at its base leg for limited
      tilting to either side and adapted to be tilted to the opposite side by
      contact of laterally transferring strand moving from the side to which
      already tilted, into contact with the raised arm of the device, thereby
      tilting the means to the opposite side, whereupon the engaged arm becomes
      lower and the strand is released therefrom after momentary delay involved
      in so tilting it.
NUM  2.
PAR  2. Strand winding apparatus according to claim 1, including means for
      traversing the strand along the package on whose extended lateral bisector
      the strand guide is located.
NUM  3.
PAR  3. Strand winding apparatus according to claim 2, wherein the traversing
      means comprises a slotted traverse roll, having a plurality of separate
      helical traverse patterns thereon, and including an intermediate roll in
      surface-driving contact with the traverse roll and a strand package when
      in winding position.
NUM  4.
PAR  4. Strand winding device according to claim 1, wherein the inertial device
      is located between the respective extended lateral bisectors with its
      respective arms in perpendicular alignment with marginal portions of the
      respective packages.
NUM  5.
PAR  5. Strand winding apparatus according to claim 1, including
      spindle-supported pickup means for the transferring strand at each
      adjacent spindle end having a generally S-shaped outline viewed along the
      spindle axis.
NUM  6.
PAR  6. Strand winding apparatus according to claim 5, wherein the S-shaped
      means is generally disc-shaped but with the ends of the S angled outwardly
      from the plane of the disc and on the same side thereof.
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ABST
PAL  A device for winding sheet material such as newspaper into a coil to form a
      combustible fireplace log comprising a base on which there is mounted a
      spindle for rotation parallel to the base and movement perpendicular
      thereto, springs opposing perpendicular movement of the spindle relative
      to the base, and a crank for effecting rotation of the spindle.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Apparatus for coiling newspapers and similar expendable sheet material to
      form fireplace logs is not new; however, that disclosed herein is
      considered to embody advantages in operation and construction over the
      prior art which constitute improvements in the art and in particular
      coiling of the sheet material in a tight coil for maximum long burn
      without pre-treatment of the sheet material and nesting of the dismantled
      parts for optimum packaging and shipment.
PAC  SUMMARY OF INVENTION
PAR  As herein illustrated the device comprises a spindle supported on a rigid
      base for rotation about its longitudinal axis parallel to the base and for
      movement perpendicular to the base, means yieldably opposing movement of
      the spindle perpendicular to the base, means on the spindle for connecting
      an end of sheet material to be coiled to the spindle and a crank at one
      end of the spindle to effect its rotation. The base has a flat top side
      and there are posts mounted to the top side at opposite ends. Bearing
      members are mounted on the posts for vertical sliding movement thereon
      perpendicular to the base, the bearing members containing openings and the
      spindle is rotatably mounted in the openings parallel to the base.
      Vertical movement of the bearing members is opposed by springs mounted on
      the posts with their lower ends engaged with the bearing members. The
      posts are provided with braces connected to their upper ends and at their
      lower ends to the base and are inclined relative to the base. The lower
      ends of the posts and braces are received in openings in the base and
      detachably connected to the base by screw bolts. The base has vertically
      arranged downwardly disposed side and end walls which define with the top
      a shallow receptacle and the legs, brace members, bearing members,
      springs, spindle and crank are designed to be stored in the receptacle
      provided by the base.
DRWD
PAR  The invention will now be described with reference to the accompanying
      drawings, wherein:
PAR  FIG. 1 is an elevation of the device;
PAR  FIG. 2 is a plan view of FIG. 1; and
PAR  FIG. 3 is a section taken on the line 3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary section taken on the line 4--4 of FIG. 3;
PAR  FIG. 5 is an elevation showing the position of the bearings when the coil
      is fully wound;
PAR  FIG. 6 shows a coil which has been wound, removed and tied;
PAR  FIG. 7 shows the component parts of the device nested in the base, and
PAR  FIG. 8 is a section taken on the line 8--8 of FIG. 4.
DETD
PAR  Referring to the drawings, the device comprises an oblong base 10, a
      spindle 12 on which sheet material is to be wound to form a tight coil and
      means 14--14 at opposite ends of the base for supporting the spindle for
      rotation about its longitudinal axis parallel to the top of the base and
      for movement perpendicular thereto.
PAR  The base 10 is of a length greater than the width of the sheet material
      which is to be formed into a coil, wide enough to afford stability during
      the winding operation, and has a flat top surface 16, and vertically
      disposed, downwardly extending side and end walls 18--18 and 20--20. At
      the lower edges of the end walls there are inwardly bent foot plates
      22--22 to which there are attached self-sticking resilient pads 24--24.
      The base is comprised of sheet metal and the top, side and end walls
      comprise a shallow receptacle 26 for receiving the component parts of the
      device as will appear hereinafter.
PAR  The spindle 12 comprises a rigid metal rod of circular cross section
      provided at one end with a crank 28. The crank 28 is detachably connected
      to the end of the spindle 12 by clamp members 30, 32 riveted to the
      spindle and bolted to the crank by means of screw bolts 34. The clamp 32
      has an integral extension 36 in the form of a tine which is parallel to
      the spindle and spaced therefrom to provide a narrow slot 38 for receiving
      an end of the sheet materials between it and the spindle which is to be
      wound to form a coil on the spindle. The tine 36 is lenticular in cross
      section FIG. 8, so that its inner sides conform substantially to the
      curvature of the spindle and its outer side is convex so as to be easily
      withdrawn from the inside of the coil after winding.
PAR  The means 14--14 for supporting the spindle for rotation and for vertical
      movement relative to the base comprises vertical posts 40--40 and braces
      42--42. The lower ends of the posts and braces are received in openings
      44, 46, FIG. 3, at the top of the base at opposite ends and detachably
      fastened to the side walls by screw bolts 48. The upper ends of the legs
      and braces are integrally joined. The braces are inclined to the base so
      as to provide rigid supporting structures for the upper ends of the posts.
PAR  Bearing members 50--50, FIGS. 3 and 5, are mounted on the posts for
      vertical sliding movement thereon, each of which is U-shaped and has
      spaced parallel leg portions 52--52 and a bight portion 54. The leg
      portions 52--52 contain vertically aligned openings 56--56 for slidingly
      receiving the posts and the bight portion 54 is of sufficient diameter to
      rotatably receive the spindle. The bearing members are yieldingly held
      against the top of the base by coil springs 58--58 mounted on the posts
      above them with their lower ends engaged with the upper leg portions
      56--56. The upper ends of the coil springs 58--58 are confined by
      engagement with portions of the upper ends of the springs with slots
      62--62. Leaf springs arranged to bear upon the upper side of the bearing
      members 50--50 may be employed in lieu of the coil springs 58--58.
PAR  Optionally, the base may contain openings 64--64, FIG. 2, for receiving
      bolts to attach it to a bench or the like. As thus constructed, the sheet
      material which is to be wound into the form of a coil is connected to the
      spindle by inserting its free end between the spindle and the tine and
      then rotating the spindle by means of the crank. As the coil builds up on
      the spindle the latter is permitted to rise in opposition to the spring
      pressure exerted by the coil springs on the posts so that the coil is
      wound tightly onto the spindle. When a coil sufficient size has been wound
      it is secured by suitable ties at one or more places lengthwise thereof
      whereupon the spindle is withdrawn axially from the coil and from its
      bearings so that the coil can be removed. A completed and tied coil C in
      the form of a fireplace log is shown in FIG. 6.
PAR  As previously related, the base provides a receptacle for the leg, brace
      members, spindle, crank, bearing members and springs which are so
      dimensioned that they can all be nested within the base as shown in FIG. 7
      to form a package of no greater dimensions than that of the base. This is
      especially desirable from the standpoint of packaging the device for
      shipment and sale.
PAR  It should be understood that the present disclosure is for the purpose of
      illustration only and includes all modifications or improvements which
      fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for coiling sheet material to form a combustible log,
      comprising a base having a top side, posts mounted to the top side of the
      base at opposite ends, bearing members mounted on the posts for vertical
      sliding movement thereon perpendicular to the base said bearing members
      containing bearing openings, a spindle rotatably mounted in said openings
      with its axis parallel to the base for rotation about an axis parallel to
      the base and for movement perpendicular to the base, spring means
      yieldably resisting movement of the bearing members perpendicular to the
      base, means on the spindle for connecting an end of the sheet to be coiled
      thereon to the spindle, and a crank at one end of the spindle for
      effecting rotation thereof.
NUM  2.
PAR  2. A device according to claim 1, wherein the posts are detachably secured
      at their lower ends to the base.
NUM  3.
PAR  3. A device according to claim 1, wherein the crank is detachably connected
      to the spindle.
NUM  4.
PAR  4. A device according to claim 1, wherein the spindle may be slidingly
      removed from the bearing members by axial movement relative thereto.
NUM  5.
PAR  5. A device for coiling sheet material to form a combustible log,
      comprising a rigid, substantially rectangular base having a top side, said
      base having at its top side at opposite ends transversely spaced openings,
      means at the opposite ends of the base comprising posts fixed at their
      lower ends in the openings at one side and brace members connected at one
      end to the upper ends of the posts and fixed at their other ends in the
      openings at the other side, said posts being perpendicular to the base,
      bearing members slidable vertically on the posts, coil springs mounted on
      the posts with their lower ends abutting the bearing members, means fixing
      the upper ends of the springs so that upward displacement of the bearing
      members is opposed, and a spindle rotatably mounted in the bearing members
      parallel to the base for rotation about its longitudinal axis to wind the
      sheet into a coil.
NUM  6.
PAR  6. A device according to claim 5, wherein the braces are inclined relative
      to the base.
NUM  7.
PAR  7. A device according to claim 5, wherein the upper ends of the legs and
      braces are integral.
NUM  8.
PAR  8. A device according to claim 5, wherein the lower ends of the legs and
      braces are detachably bolted to the base.
NUM  9.
PAR  9. A device according to claim 5, wherein a tine is mounted on the spindle
      in spaced parallel relation thereto for receiving an end of the sheet to
      be wound on the spindle.
NUM  10.
PAR  10. A device according to claim 5, wherein the bearing members are U-shaped
      having legs pierced to slidingly receive the posts and bight portions for
      rotatably receiving the spindle.
NUM  11.
PAR  11. A device according to claim 1, wherein the base has a flat top and
      perpendicularly disposed side and end walls which in conjunction with the
      top define a shallow receptable, and said legs, bearing members, springs,
      spindle and crank are designed to be stored within the receptacle provided
      for by the base.
NUM  12.
PAR  12. A device according to claim 11, wherein there are inwardly directed
      flanges at the lower ends of the end walls parallel to the top and
      resilient pads attached thereto.
PATN
WKU  039360083
SRC  5
APN  4849973
APT  1
ART  242
APD  19740701
TTL  Reel stand tension control system
ISD  19760203
NCL  15
ECL  1
EXA  Jillions; John M.
EXP  Gilreath; Stanley N.
NDR  2
NFG  4
INVT
NAM  Crum; James N.
CTY  Stonington
STA  CT
ASSG
NAM  Harris Corporation
CTY  Cleveland
STA  OH
COD  02
CLAS
OCL  242 7544
XCL  242 7551
EDF  2
ICL  B65H 2308
ICL  B65H 2522
FSC  242
FSS  75.44;75.43;75.47;75.51;189;190;75.45;75.52;75.53
FSC  318
FSS  6;7
UREF
PNO  2965326
ISD  19601200
NAM  Rockstrom
OCL  242 75.43
UREF
PNO  3031152
ISD  19620400
NAM  Cohen et al.
OCL  242 75.51
UREF
PNO  3497154
ISD  19700200
NAM  Lasarev et al.
OCL  242 75.44
UREF
PNO  3564219
ISD  19710200
NAM  Mutziger
UCL  242 75.51
UREF
PNO  3718289
ISD  19730200
NAM  Alaimo
XCL  242 75.51
UREF
PNO  3822838
ISD  19740700
NAM  Butler et al.
OCL  242 75.44
UREF
PNO  3834648
ISD  19740900
NAM  Rose et al.
XCL  242 75.51
ABST
PAL  A web tension control system for a reel stand used with a web-fed printing
      press in which web material is pulled into the press and unwound from a
      roll on a reel and having a dancer engaging a loop in the web material
      intermediate the roll and the press. The dancer applies a constant force
      to the web material at the loop irrespective of the position of the dancer
      within its range of travel. The reel is equipped with a friction brake
      whose retarding torque is controlled by a resultant control signal to
      which several signals contribute. A first signal contributing to the
      resultant control signal is proportional to the instantaneous radius of
      the roll of web material and is produced by digitally dividing the press
      speed by the angular speed of the reel. A second contributing signal is a
      negative feedback signal that is proportional both to the computed roll
      radius and to the dancer position. Torque applied by the brake in response
      to the resultant signal tends to maintain the dancer in a predetermined
      central position. When the press is coming to a stop a predetermined web
      tension is achieved by controlling the brake torque in proportion only to
      the first signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Paper to be printed by a web-fed printing press is usually supplied in a
      roll which is mounted on a reel stand at the input end of the press and
      the paper is unwound continuously from the rollas the press requires it.
      The web of paper is preferably maintained under a constant predetermined
      amount of tension between the roll and the printing press, because if the
      tension is too high the web breaks and if it is too low, the web wanders
      laterally in the press. The tension in the web must be prevented from
      exceeding its breaking tension when the press is being stopped also.
PAR  A variety of apparatus is used in the prior art to maintain constant
      tension in the web between the reel stand and the press. For example, the
      tension is sensed by strain gauges at the bearings of an idler roll over
      which the web passes to change direction, and the torque of a brake or
      motor at the reel stand is controlled in accordance with the strain gauge
      signal.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a web tension control system for a reel stand, for
      use with a web-fed printing press in which web material is pulled toward
      the press and unwound from a roll on the reel. A dancer engages the web of
      material and changes its direction; the dancer applies a transverse force
      to the web material that is substantially constant irrespective of the
      transverse position of the dancer within a range of positions. A means for
      applying mechanical torque, (for example, a pneumatically controlled or
      electrically controlled friction brake), is coupled to the reel. The
      torque applied to the reel is controlled in response to a signal that is
      produced by combining at least two contributing signals. One of the two
      contributing signals is proportional to the instantaneous radius of the
      progressively diminishing roll of material; this tends to produce constant
      tension in the web, and is the principle signal. A second signal that
      contributes to the resultant control signal is a negative feedback signal,
      whose magnitude and sign depend at least in part upon the position of the
      dancer, the second signal being of such sign as to tend to hold the dancer
      in a predetermined intermediate position in its range. If desired, the
      second signal may also be proportional to the radius of the material roll.
      When the press is to be stopped the torque device is switched so as to be
      responsive to a different signal to prevent breaking of the web.
PAR  The signal that is proportional to the radius of the material roll is
      produced in a specific embodiment of the invention by digital means that
      computes a ratio of press speed to the angular speed of the material roll.
      Other aspects and features of the invention are apparent in the
      specification and figures herein.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a schematic diagram of a printing press, a paper roll, and a
      tension control system made in accordance with the present invention;
PAR  FIG. 2 is a graph of a voltage produced by a transducer as a function of
      the position of a dancer which is a part of the tension control system of
      FIG. 1.
PAR  FIG. 3 is a fragmentary schematic diagram of a second embodiment of a brake
      control portion of the tension control system; and
PAR  FIG. 4 is a schematic block diagram of a second embodiment of a stopping
      torque portion of the tension control system of FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In a preferred embodiment of the invention illustrated in FIG. 1 a printing
      press 10 has rolls 12, 14 forming a nip at the input end of the press
      which pulls a web of paper 16 or other stock into the press under tension.
      The paper 16 is unwound from a roll 18 that is mounted on a reel stand
      (not shown). As the paper is unwound from the roll 18 the radius R of the
      roll of paper progressively decreases. A friction brake 22 is maintained
      in dragging engagement with a reel 20 upon which the roll 18 of paper is
      wrapped.
PAR  In order to maintain constant tension in the web between the roll 18 and
      the press 10 two direction changing idler rollers 24, 26 are provided,
      with a dancer 28 forming a loop in the web 16 between them. The dancer 28
      applies constant force transversely to the web 16 by means of an air
      cylinder 30, which is under air pressure from a pressure regulator 32. The
      air pressure is set to suit the web 16 by a knob 34, and a gauge 36
      indicates the pneumatic pressure setting, which is maintained constant
      thereafter by the regulator 32. The force applied by the dancer 28 to the
      web 16 is therefore maintained at a constant predetermined value
      irrespective of the position of the dancer, so long as the dancer does not
      bear upon either of two stops 38 that limit its range of travel. In normal
      running operation of the press the dancer is prevented from touching the
      stops 38 by varying the torque of the brake 22, as will be described more
      fully hereinafter. Because the force applied to the web 16 by the dancer
      28 is constant during running, the tension in the web is substantially
      constant.
PAR  The brake 22 is a pneumatically actuated friction brake which is controlled
      by a pneumatic servo valve 40. Air pressure is supplied to the servo valve
      40 from an air line 42 and through a constant pressure regulator 44. The
      servo valve 40 controls the amount of torque applied to the reel 20 by the
      brake 22 in accordance with an electrical control signal on a conductor
      46, which is connected to the servo valve 40.
PAR  The control signal for the servo valve 40 is selected by means of a "run
      relay" 48 having contacts 48R and 48S. A signal e.sub.3 is selected when
      the press is running routinely, (Run mode), and a signal e.sub.4 is
      selected for use when the press is coming to a stop, (Stop mode). The Run
      mode of press operation is described first. The contacts 48R are closed
      and the contacts 48S are open so that the voltage signal e.sub.3
      determines the amount of torque applied by the brake 22. The signal
      e.sub.3 is produced by adding together two principal input signals e.sub.1
      and e.sub.2 in a summing amplifier 50. Signal e.sub.1 is the main signal
      and e.sub.2 is a trimming signal provided by the dancer position, as will
      be described hereinbelow. The amplifier 50 also has an adjustable bias
      signal and a gain control which are not shown and which are conventional
      for summing amplifiers.
PAR  The signal e.sub.1 contributes (to the resultant control signal e.sub.3) a
      component of signal that is proportional to the radius of the roll 18 and
      also proportional to the tension to which the web is to be regulated. The
      signal e.sub.1 is a product of a voltage V.sub.R and the position of the
      armature of a potentiometer 54. The voltage V.sub.R, which stands at a
      terminal 52 to which one end of the potentiometer 54 is connected, is
      proportional to the radius R of the roll 18, as calculated by a digital
      electronic system to be described below. The position of the armature of
      the potentiometer 54 is controlled by the gauge 36 to be proportional to
      the tension setting of the dancer 28, as established by the setting of the
      knob 34 of the pressure regulator 32. The component of braking torque
      which results only from the signal component e.sub.1 tends to maintain a
      constant tension in the web 16, because a web under constant tension
      applies a pulling torque to the roll 18 which is proportional to the
      radius R. As the press operates, the radius R of the roll 18 diminishes,
      and as a result the torque applied to the roll 18 by the web 16, (whose
      tension is held approximately constant), diminishes progressively. To
      prevent the peripheral speed of the roll 18 from also diminishing, the
      torque applied by the brake 22 to the reel 20 is made to diminish
      progressively, by progressive reduction of the voltage V.sub.R  at the
      terminal 52.
PAR  The signal e.sub.2 is proportional to a product of the radius signal
      V.sub.R at the terminal 52 and the degree of imbalance of a strain gauge
      bridge 56, which senses the position of the dancer. Voltages at the bridge
      output terminals are connected to subtract, one from the other, in a
      differential amplifier 58, whose output signal is the signal e.sub.2. The
      differential amplifier 58 has conventional gain and offset controls that
      are not shown. The signal e.sub.2 can be either positive or negative in
      accordance with the sign of imbalance of the bridge 56. The strain gauge
      bridge 56 is mounted in a position 56a on a member that is actuated by a
      nonlinear cam 60 in response to the position of the dancer 28. The signal
      e.sub.2 is of the nature of an error signal for the position of the
      dancer, measured with respect to a predetermined "home" position
      intermediate the stops 38. As shown in FIG. 2, when the dancer 28 is at
      the home position the voltage e.sub.2 is zero and has a shallow slope,
      corresponding to low loop gain. At another position 62 of the dancer the
      voltage e.sub.2 is positive and the rate of change of voltage with respect
      to dancer position is greater, corresponding to greater loop gain. System
      stability is improved by reducing the system gain when the dancer is at
      and near its center position. Of course, other devices could be used to
      sense the dancer position, such as a differential transformer or a
      potentiometer.
PAR  The sign of the voltage e.sub.2 is such as to provide a negative feedback
      component of brake control signal that alters the friction applied by the
      brake 22 to bring the dancer back to the home position.
PAR  In a somewhat oversimplified view of the operation of the system the dancer
      28 maintains the web tension constant because the dancer force is held
      constant irrespective of dancer position; the brake 22 controls the amount
      of web material between the press 10 and the roll 18 so as to maintain the
      dancer in a central position away from both of its stops, to enable the
      dancer to perform its function of maintaining constant web tension.
PAR  It is possible to control web tension even with the dancer bottomed against
      a mechanical stop, by controlling the brake torque, but such a system
      would not be as precise when the press is in a Run mode. The negative
      feedback signal produced by the dancer operates on the reel brake to
      improve the accuracy of the system. Moreover, the dancer has a paper
      storage capability which, combined with its inertia properties, "filters
      out" high frequency tension variations produced by the reel which are
      beyond the response speed capability of the brake torque system alone.
PAR  Electronic equipment shown at the left side of FIG. 1 produces the signal
      V.sub.R, which is proportional to the radius R of the roll 18, by
      measuring and computing a ratio of printing press speed to the angular
      velocity of the roll 18. The speed of the printing press 10 is detected by
      a dc tachometer 62 that is coupled to the press. The voltage from the
      tachometer 62, which is proportional to press speed, is converted by a
      voltage-to-frequency converter 64 into a continuous train of pulses whose
      frequency is proportional to the speed of the press. The pulses thus
      produced are counted in a four digit decade counter 66, which for the
      moment is assumed to have been reset to 0 when the roll 18 was at a
      particular angular position, as will be described later. The data contents
      of the counter 66 progressively increase as the pulses received from the
      voltage-to-frequency converter 64 are counted.
PAR  Once per revolution of the roll 18 a magnetic pickup 68 located near the
      reel 20 detects the arrival of a protuberance such as a bolt on the reel
      20 at a particular angular position, in a conventional manner, to produce
      a pusle indictating that the reel has arrived at that particular angular
      position. The trailing edge of the pulse from the pickup 68 triggers a
      one-shot multivibrator 70, which in response thereto produces a single
      output pulse of normalized height and duration at a terminal 70a.
PAR  The leading edge of the pulse at the terminal 70a serves as a transfer
      command to transfer the instantaneous contents of the decade counter 66
      into a digital data storage register 72. A digital-to-analog converter 74
      of conventional design converts the digital data of the digital register
      72 into the analog signal V.sub.R at the terminal 52. The decade counter
      66 is then reset by a second one-shot multivibrator 76, which produces a
      reset pulse for the decade counter 66 upon the trailing edge of the pulse
      at the terminal 70a.
PAR  To summarize, the magnetic pickup 68 resets the decade counter 66 once for
      each revolution of the roll 18 and the decade counter 66 counts the press
      speed pulses that occur during each revolution of the roll 18. The data in
      the digital register 72 are updated once per revolution of the roll 18
      upon occurence of the transfer command pulse at the terminal 70a. The
      contents of the digital register 72, which represent the most recently
      measured radius value of the roll 18, are converted to the analog voltage
      V.sub.R and are also displayed in a digital display device 78 for the
      convenience of the operator.
PAR  The torque required at the brake is T.sub.R = T.sub.1 WR, where T.sub.R =
      Run brake torque in inch pounds, T.sub.1 = web tension in pounds per inch
      of web width, W = web width in inches, and R = roll radius in inches. The
      first component signal e.sub.1 is made approximately proportional to the
      required brake torque.
PAR  The following statements show that the signal V.sub.R is proportional to
      the radius R of the roll 18:
PAR  The frequency f.sub.1 of pulses from the press voltage-to-frequency
      converter 64 is proportional to press speed S. f.sub.1 = k.sub.1 S, where
      k.sub.1 is a constant. The magnetic pickup 68 produces pulses having a
      frequency f.sub.2, which is proportional to the angular velocity A of the
      roll 18. Thus f.sub.2 = k.sub.2 A, where k.sub.2 is a constant. The period
      of this second signal is a time t.sub.2, which is inversely proportional
      to the angular velocity A. Hence, t.sub.2 1/k.sub.2 A. The number of
      pulses N of frequency f.sub.1 which occur during a time t.sub.2 is N =
      f.sub.2.t.sub.2 = k.sub.1 S/k.sub.2 A. The radius R of the paper roll is
      related to S and A as follows: R = k.sub.3 S/A, where k.sub.3 is a
      constant. By setting the gains of the apparatus in such a way that k.sub.3
      =  k.sub.1 /k.sub.2, N is made equal to R, so that N is a digital
      measurement of the radius of the roll 18. The voltage V.sub.R at the
      terminal 52 is proportional to N, and hence is proportional to the roll
      radius R.
PAR  When the Run relay 48 is deenergized to stop the press, the contacts 48R
      open and the contacts 48S close, connecting the stop torque signal e.sub.4
      to the conductor 46 to control the servo valve 40 and hence the brake 22.
      The stop torque signal e.sub.4 is obtained from the armature of a stop
      torque adjustment potentiometer 80, whose overall excitation signal is the
      voltage V.sub.R at terminal 52, FIG. 1. Thus, for stopping purposes the
      torque applied by the brake 22 to the reel 20 is proportional by some
      manually selectable proportionality constant, to the radius R of the roll
      18, so that a constant tension is maintained in the web 16 during the
      stopping time interval. The potentiometer 80 is adjusted to produce a web
      tension below the value of tension at which the web 16 would break. The
      position of the dancer 28 during stopping is immaterial, but the dancer 28
      would ordinarily be pressed against one of the stops 38 while the press 10
      is coming to a stop.
PAR  A second embodiment of a portion of the system, that replaces the servo
      value 40 and the pressure regulator 42, is shown in FIG. 3. FIG. 3 has two
      motor-adjusted pressure regulators, namely a regulator 82 for use in the
      Run mode of the press and a regulator 84 for use when the press is
      stopping. A "three-way" solenoid valve 86 selects either regulator 82 or
      regulator 84 in response to a voltage V across contacts 48c which may form
      part of the relay 48 of FIG. 1.
PAR  The pressure of the pressure regulator 82, FIG. 3, is set by a servo
      system, which tracks the resultant run control signal e.sub.3 of the
      summing amplifier 50. A second summing amplifier 88 receives the signal
      e.sub.3 and subtracts from it a negative feedback signal (on a conductor
      90 from a potentiometer 94), which is proportional to the pressure of the
      regulator 82 as set by a motor 92.
PAR  An identical servo system utilizing an amplifier 96 causes the pressure of
      the regulator 84 to track the Stop torque signal e.sub.4 in the same way.
      The Stop torque signal e.sub.4 is obtained from the potentiometer 80, as
      shown in FIG. 1.
PAR  If preferred the potentiometer 80 can be replaced by a more complex Stop
      torque system, shown in FIG. 4, for different performance. It can be shown
      that the torque T.sub.S required to stop the roll 18 in a time t, when a
      small effect of the steel core of the roll is neglected, is T.sub.S 32
      WSR.sup.3 D.pi./(10gt), where T.sub.S = Stop brake torque in inch pounds;
      S = press speed in feet per minute; D = paper density in pounds per cubic
      inch; g = acceleration of gravity = 386.4 inches/sec.sup.2 ; and t =
      stopping time in seconds. The circuit of FIG. 4 produces a signal
      proportional to the variable components of the foregoing expression for
      T.sub.S. The fixed factors of the expression for T.sub.S are taken in
      account in the gain setting of the system.
PAR  In FIG. 4 the signal V.sub.R at the terminal 52 is applied to both of the
      input terminals of an analog multiplier 98 of conventional design, to
      produce an output signal at a conductor 100 that is proportional to
      V.sub.R.sup.2. The signal on conductor 100 is connected to one input of a
      second multiplier 101, whose other input receives the signal V.sub.R from
      terminal 52, so that the output of the multiplier 101 is a signal on a
      conductor 104 proportional to V.sub.R.sup.3.
PAR  The conductor 104 is connected to one input of another multiplier 106 whose
      second input terminal receives a voltage proportional to press speed from
      the press tachometer 62 of FIG. 1, so that the output of the multiplier
      106 is a voltage proportional to SV.sub.R.sup.3. The analog multipliers
      98, 101, 106 of FIG. 4 are commercially available from numerous sources,
      one of which is Burr-Brown Research Corporation of International Airport
      Industrial Park, Tucson, Arizona. The output voltage from the multiplier
      106 is applied overall to the potentiometer 80a, whose armature is
      adjusted for appropriate stopping torque to provide a stopping torque
      signal e.sub.4 ', which can be substituted in place of signal e.sub.4 of
      FIG. 1. In this way the stopping torque signal e.sub.4 ' is made
      proportional to Sv.sub.R.sup.3.
PAR  In still another embodiment, an electrically actuated brake is controlled
      directly by the Run signal e.sub.3 and the stop signal e.sub.4, without a
      pneumatic interface. The brake 22 could also be replaced by a motor or an
      electrical dynamic brake.
PAR  A web tension control system for a reel stand in which web material is
      unwound from a roll on the reel has been described, wherein a dancer
      applies a constant transverse force to the web of material and the dancer
      is maintained in an intermediate position by controlling the friction of a
      reel brake in accordance with a plurality of signals including at least a
      main signal that is digitally produced to be proportional to roll radius,
      and a trimming negative feedback signal that depends upon dancer position.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a web tension control system for a reel stand used with a web-fed
      printing press in which web material is pulled toward the press by a
      pulling means and unwound from a roll on a reel in which a dancer engages
      the web material between the roll and the pulling means for applying a
      transverse force to the web material that is substantially constant for
      all transverse positions within a range of positions and having means to
      apply torque to the reel in response to a control signal to control the
      length of said web material between the roll and the pulling means and
      thereby controlling the dancer's position, radius signal means for
      producing a radius signal which varies in accordance with the radius of
      the roll of web material, sensing means for sensing the position of said
      dancer, first circuit means coupled to said radius signal means and to
      said sensing means for providing a second signal which is in proportion to
      said radius signal and which varies in response to deviation of the
      position of said dancer from a predetermined position, signal combining
      means for producing said control signal, means coupling a first signal
      from said radius signal means to said signal combining means, means
      coupling said second signal to said signal combining means, and means
      coupling said control signal to control said means to apply torque to
      maintain said dancer in a predetermined intermediate position in said
      range to maintain web tension substantially constant.
NUM  2.
PAR  2. A web tension control system for a reel stand as defined in claim 1
      wherein said means coupling said first signal to said signal combining
      means further comprises means for providing a percentage of said radius
      signal and setting means for selecting the percentage in correspondence
      with a selected magnitude of said transverse force applied to said web.
NUM  3.
PAR  3. A web tension control system for a reel stand as defined in claim 1 and
      wherein said means for sensing the postion of said dancer comprises strain
      gauge means responsive to the position of said dancer to produce an
      electrical position signal.
NUM  4.
PAR  4. A web tension control system for a reel stand as defined in claim 1 and
      wherein said means for sensing the position of said dancer comprises
      nonlinear sensing means producing an output signal that responds
      relatively insensitively to variations in said dancer position for dancer
      positions close to said predetermined intermediate position and whose
      output signal responds relatively more sensitively to variations in dancer
      position for dancer positions farther from said predetermined intermediate
      position.
NUM  5.
PAR  5. A web tension control system for a reel stand as defined in claim 1
      wherein said sensing means comprises a dancer position transducer for
      producing a dancer position signal in response to said position, and means
      coupling said radius signal means to said position transducer, the output
      of said position transducer comprising said second signal whereby said
      means for generating a second signal comprises means for multiplying said
      radius signal by a value indicative of dancer position.
NUM  6.
PAR  6. A web tension control system for a reel stand as defined in claim 1 and
      further comprising means for producing a stopping signal, and means
      responsive to a stop command signal for transferring control of said
      torque applying means from said control signal to said stopping signal,
      said means for producing said stopping signal comprising means connected
      to receive said radius signal for making said stopping signal proportional
      to said radius signal and independent of said second signal.
NUM  7.
PAR  7. A web tension control system for a reel stand as defined in claim 6 and
      wherein said means for transferring control of said torque applying means
      comprises electrical switching means for selecting said control signal and
      said stopping signal.
NUM  8.
PAR  8. A web tension control system for a reel stand as defined in claim 6
      wherein said means applying torque to the reel in response to said control
      signal comprises a first controllable pressure regulator means for
      producing a fluid pressure signal responsive to said control signal, and
      second controllable pressure regulator means for producing a fluid
      pressure signal responsive to said stopping signal and wherein said means
      for transferring control of said torque applying means comprises fluid
      selector valve means connected for normally supplying said fluid pressure
      signal responsive to said control signal, said fluid selector valve being
      switchable in response to occurrence of a stop command signal to provide
      said fluid pressure signal responsive to said stopping signal.
NUM  9.
PAR  9. A web tension control system for a reel stand as defined in claim 1 and
      further comprising means for producing a stopping signal, and means
      responsive to a stop command signal for transferring control of said
      torque applying signal from said control signal to said stopping signal,
      said means for producing a stopping signal comprising means connected with
      said radius signal for computing a signal which is the cube of said radius
      signal, means connected with the press for producing a press signal
      responsive to press speed, and means for multiplying said cube signal and
      said press signal to produce said stopping signal.
NUM  10.
PAR  10. In a method of controlling web tension between a reel stand and web-fed
      printing press in which web material is pulled into the press and unwound
      from a roll on the reel comprising the steps of
PA1  applying a transverse force from a dancer to the web material between the
      roll and the press, said transverse force being substantially constant for
      all transverse positions of said dancer within a range of positions,
PA1  producing a radius signal indicative of the radius of the roll and,
PA1  sensing the position of the dancer with respect to a predetermined
      position, the improvement comprising:
PA1  producing a negative feedback signal in proportion to a said radius signal
      and varying said negative feedback signal in accordance with deviation of
      the dancer from said predetermined position, combining a plurality of
      signals including at least said negative feedback signal and said radius
      signal to produce a control signal, and utilizing said control signal to
      control a torque applied to the reel to maintain the dancer in an
      intermediate transverse position.
NUM  11.
PAR  11. A method of controlling web tension between a reel stand and a web-fed
      printing press in which web material is pulled into the press and unwound
      from a roll on the reel comprising the steps of
PA1  applying a transverse force from a dancer to the web material between the
      roll and the press, said transverse force being substantially constant for
      all transverse positions of said dancer within a range of positions,
PA1  producing a radius signal indicative of the radius of the roll and,
PA1  sensing the position of the dancer with respect to a predetermined
      position,
PA1  the improvement comprising:
PA1  producing a first signal which is a percentage of said radius signal,
PA1  producing a negative feedback second signal in proportion to said radius
      signal and varying said negative feedback signal in accordance with the
      deviation of said dancer from said predetermined position, combining a
      plurality of signls including at least said first and second signals to
      produce a control signal, and utilizing said control signal to control a
      torque applied to the reel to maintain the dancer in a predetermined
      intermediate transverse position.
NUM  12.
PAR  12. A method according to claim 1 wherein the step of producing said first
      signal further comprises setting said percentage in correspondence with
      the magnitude of said transverse force.
NUM  13.
PAR  13. A method according to claim 11 further comprising the steps of
      producing a stopping signal in proportion to said radius signal and
      transferring control of said torque applying means from said control
      signal to said stopping signal.
NUM  14.
PAR  14. In a web tension system wherein a mechanism operates to feed web
      material from a roll on a reel located at a location spaced from said
      mechanism and a dancer engaging said web material between said reel and
      said mechanism, said dancer varying in position in accordance with the
      length of material between said reel and said mechanism and maintaining
      substantially constant tension in said web material, means for providing a
      first signal which varies in accordance with radius of the roll, means for
      producing a second signal which varies as the product of the deviation of
      the dancer from a predetermined position and the radius of the roll, and
      means for combining said first and second signals to provide a control
      signal, a torque device for controlling the angular rotation of the reel
      to control the length of the web material between said reel and mechanism,
      and means for applying said control signal to said torque device to
      maintain the dancer roll in a substantially predetermined position.
NUM  15.
PAR  15. A web tension system according to claim 14 further comprising circuit
      means for producing a stopping signal in proportion to the radius of the
      roll and means responsive to a stop command signal for applying said
      stopping signal to said torque device and disconnecting said control
      signal from said torque device.
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ABST
PAL  Dye tube, for use with yarn wound therearound in stacked, end-to-end
      relationship with other such tubes on a perforated dyeing spindle,
      comprising a multiplicity of yarn-supporting rings spaced along an axis
      and a multiplicity of connectors spaced circumferentially about the tube
      and extending between adjacent rings, each said connector having its
      opposite ends respectively joined to adjacent rings and having a
      preferentially radially inwardly movable buckling portion between its
      ends, whereby, upon the application of axial force to the tube, its
      adjacent rings will approach each other while its connectors buckle toward
      the axis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to dye tubes of the general sort disclosed in U.S.
      Pat. No. 3,448,597 for carrying yarn wound therearound in a dyeing process
      in which the tubes are stacked end-to-end on a perforated spindle.
PAR  It has been found desirable to make such tubes compressible along their
      longitudinal axis, increasing the number of tubes which can be stacked on
      a given spindle. Examples of axially compressible tubes appear in U.S.
      Pat. Nos. 3,465,984; 3,561,696; 3,561,697; 3,563,491; 3,753,534;
      3,756,531; 3,756,532; and 3,759,461.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a dye tube which can be axially compressed without
      yarn waste due to pinching or snagging, particularly during winding off;
      which can accomodate itself to yarn shrinkage; which provides for uniform
      flow of dye fluid; which is easily handled and is self-centering on the
      dye spindle; and which is simple and inexpensive to manufacture.
PAR  In general, the invention features a dye tube, for use with yarn wound
      therearound in stacked, end-to-end relationship with other such tubes on a
      perforated dyeing spindle, comprising a multiplicity of yarn-supporting
      rings spaced along an axis and a multiplicity of connectors spaced
      circumferentially about the tube and extending between adjacent rings,
      each said connector having its opposite ends respectively joined to
      adjacent rings and having a preferentially radially inwardly movable
      buckling portion between its ends, whereby, upon the application of axial
      force to the tube, its adjacent rings will approach each other while its
      connectors buckle toward the axis. In preferred embodiments the connectors
      are strips with concavely curved outer surfaces and are generally parallel
      to the axis; the relationship of the length of the connectors and the
      inside diameter of the tube to the outside diameter of the spindle in such
      that, when the axial force is applied the connectors will contact the
      spindle, centering the tube thereon and limiting the buckling of the
      connectors to prevent pinching of the yarn; the length of the tube when
      the connectors touch the spindle is between 50% and 75% of the original
      length of the tube; and the spindle has an outside diameter of 1.315
      inches or 1.900 inches.
PAR  Other advantages and features of the invention will be apparent from the
      description and drawings herein of a preferred embodiment thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a dye tube embodying the invention, positioned on
      a spindle; and FIG. 2 is a side view similar to FIG. 1 but showing one
      tube and fragments of two others axially compressed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, one piece, molded plastic dye tube 10 has
      coaxial end rings 12, 14 and seven intermediate rings 16 spaced along axis
      18. Adjacent rings are connected to each other by six semi-flexible
      connector strips 20, each of which is designed to preferentially buckle
      inwardly upon axial compression by virtue of a concave or indented outer
      surface 22.
PAR  The tube is designed for use with others like it on a standard 1.315 inches
      or 1.900 inches O. D. perforated dye spindle 30, and in the embodiment
      shown has the following dimensions:
     length                6.75"                                               
     I.D. of rings 12, 14, and 16                                              
                           1.625"                                              
                                (or 2.5" for the                               
                           1.900"                                              
                                O.D. spindle)                                  
     width (along axis 18) of rings 16                                         
                           1/16"                                               
     width (along axis 18) of rings 12 and 14                                  
                           3/16"                                               
     thickness (perpendicular to axis 18)                                      
     of rings 12, 14, and 16                                                   
                           1/8"                                                
     thickness (perpendicular to axis 18)                                      
     of strips 20          1/8" at ends,                                       
                           1/16"                                               
                                at center                                      
     width (circumferentially of axis 18)                                      
     of strips 20          3/8"                                                
PAR  In use, yarn (not shown) is wound on the tubes, which are then stacked
      end-to-end on spindle 30 and compressed along axis 18. As the tubes are
      compressed strips 20 buckle inwardly, due to the indentations in surfaces
      22, and eventually contact the spindle, which acts as a stop to prevent
      further compression of the tube. The relationship of the diameters of tube
      and spindle and the length of strips 20 is such that the fully (i.e., to
      the extent permitted by the spindle) compressed tube is 50-75% (preferably
      about 60%) as long as when uncompressed, so that the yarn is not pinched
      by strips 20. The inward movement of strips 20 also avoids protrusion of
      any part of the dye tube beyond the original cylindrical envelope of the
      tube, so that yarn is not snagged and can be wound off smoothly. The
      contour of the tube provides for very uniform dye flow. Strips 20 also
      serve to center the compressed tubes on the spindle, ensuring alignment of
      end rings 12 and 14 of adjacent tubes, and hence tube-to-tube sealing
      (such sealing being explained in U.S. Pat. No. 3,448,597, the disclosure
      of which is hereby incorporated by reference).
PAR  Other embodiments are within the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system consisting of a perforated dyeing spindle and a plurality of
      dye tubes useful with yarn wound therearound, in stacked, end-to-end
      relationship on said spindle, that improvement consisting of an improved
      dye tube comprising,
PA1  a multiplicity of continuous yarn-supporting rings spaced along an axis,
      and
PA1  a multiplicity of connectors spaced circumferentially about said tube and
      extending between adjacent said rings,
PA1  each said connector having its opposite ends respectively joined to said
      adjacent rings and having an inherently preferentially radially inwardly
      movable buckling portion between said ends, whereby upon the application
      of axial force to said tube said adjacent rings will approach each other
      while said connectors buckle toward said axis.
NUM  2.
PAR  2. The tube of claim 1 wherein the said connectors are strips which, when
      said tube is axially fully extended, have outer surfaces with indentations
      extending circumferentially of said tube and across the full width of the
      connectors to create said buckling portions.
NUM  3.
PAR  3. The tube of claim 2 wherein said indentations are concavely curved
      portions of said outer surfaces.
NUM  4.
PAR  4. The tube of claim 1 wherein the relationship of the length of said
      connectors and the inside diameter of said tube to to the outside diameter
      of said spindle is such that, when said axial force is applied said
      connectors will contact said spindle, centering said tube thereon and
      limiting the buckling of said connectors to prevent pinching of said yarn.
NUM  5.
PAR  5. The tube of claim 4 wherein the length of said tube when said connectors
      touch said spindle is between 50 and 75% of the original length of said
      tube.
NUM  6.
PAR  6. The tube of claim 4 wherein said spindle has an outside diameter of
      1.315 inches.
NUM  7.
PAR  7. The tube of claim 4 wherein said spindle has an outside diameter of
      1.900 inches.
NUM  8.
PAR  8. The tube of claim 1 wherein said connectors are generally parallel to
      said axis.
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ABST
PAL  Cassette for film comprising a double-decked case having an upper half and
      a lower half compartment separated by a partition member therebetween, a
      supply reel and a take-up reel, each with a hub contained respectively
      within said upper and lower half compartments, said hubs being retained
      between projecting flanges forming hub tubes in the center of the upper
      half compartment, partition member and lower half compartment, and a
      plurality of guide rollers provided inside and at each corner of the
      cassette to orient the route of the film for advancing and rewinding
      between said reels, the arrangement being such that the double-decked
      formation substantially reduces the dimension lengthwise of a conventional
      cassette without reducing its capacity and preserving performance quality.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates generally to a cassette for film, and driving
      means therefor, and more particularly to a double-decked cassette for
      movie film which cuts down one half of the lengthwise dimension without
      reducing the ordinary cassette capacity. Driving means having dual shafts,
      one within the other, is devised for the novel type of cassette of the
      present invention.
PAC  BACKGROUND OF INVENTION
PAR  Modern movie projector tends to adopt cartridgized reels for the
      simplification of operation.
PAR  In the field of movie projection, many famous manufacturers such as Kodak,
      and Bell & Howell have cartridgized their small size films. Bolex even
      dramatized the effect by introducing a so called "Multi-cassette" system.
      Yet, each has the same disadvantage that at least one auxiliary spool is
      needed externally of the cartridge or cassette. One cannot remove the
      cartridge or cassette in the middle of projection but has to wait until
      the whole reel is finished running or rewinding. As for another brand
      "Technicolor", an endless cartridge has been offered to meet a different
      purpose such as displaying in exhibition or advertisement. The endless
      type doesn't give the possibility for fast forward and rewinding and hence
      offers less selectivity. Also, large intersurface friction causes damage
      to the film.
PAC  SUMMARY OF INVENTION
PAR  Therefore, the main object of the present invention is to provide a
      cassette for film that will not only reduce its size dimensionally, but
      also without jeopardizing its performance quality.
PAR  Another object of the present invention is to provide a cassette of
      double-decked construction whereby with the aid of a plurality of guide
      rollers, the route of the advancing or rewinding is made smooth to avoid
      the undesirable effect resulting from vibration.
PAR  Still another object of the present invention is to provide a suitable
      means for driving two reels stacked on the upper and lower decks through a
      dual spindle shaft, one within the other, to actuate the revolving of the
      reel hubs.
PAR  Other objects and features of the present invention will become apparent
      through the following detailed description to be taken in conjunction with
      the annexed drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is an exploded perspective view of a preferred embodiment of the
      cassette of the present invention applied to an 8 m/m film;
PAR  FIG. 2 is a top view of the above said embodiment with the top of the case
      removed to see the details inside the upper half;
PAR  FIG. 3 is a side cross-sectional view along line III--III in FIG. 2 showing
      the inclined routing of the film;
PAR  FIG. 4 is a side cross-sectional view along line IV--IV in FIG. 2 showing
      the positions of supply and take-up reels of the film;
PAR  FIG. 5 is a side cross-sectional view along V--V in FIG. 2 showing the
      inclined routing of the film;
PAR  FIG. 6 is a front cross-sectional view along line VI--VI in FIG. 2;
PAR  FIG. 7 is a front perspective view of the said cassette for film;
PAR  FIG. 8 is a perspective view showing the relative position of a cassette
      for film of the present invention with the film advancing mechanism and
      also the optical system;
PAR  FIG. 9 is an exploded perspective view of the driving system and the hubs
      of the film reels; and
PAR  FIG. 10 is a side cross-sectional view along line X--X in FIG. 7 with
      insertion of the driving system of FIG. 9.
DETD
PAC  DETAILED DESCRIPTION OF EMBODIMENTS
PAR  As shown in FIGS. 1-7, the cassette for film 10 of the present invention
      comprises an upper cassette half 11, a lower cassette half 13, a partition
      member 12, an upper reel hub 119, a lower reel hub 139, film 14, a
      plurality of film guide rollers 112A-D, a plurality of film-inclining and
      adjusting guide rollers 118A, 138A, cassette holding holes 134A, 134B,
      (114A) (114B) and window 111.
PAR  In FIG. 1 formation of a hub tube to support the upper and lower hubs are
      shown. This hub tube comprises flange rings 110 and 130 respectively at
      the centers of upper and lower halves 11 and 13, and the flange ring 120,
      that extends both upward and downward vertically to corresponding centers
      of the partition member 12.
PAR  Projection pins 132A-D are provided, respectively, at the four corners of
      the lower cassette half and their corresponding corners of the upper
      cassette half for insertion of the projecting pins 132A-D, so as to
      support pivotedly the tapered guide rollers 112A-112D upon the joining
      together of the upper and lower cassette halves.
PAR  In order to lead and guide the film smoothly from the lower reel hub 139 to
      the upper reel hub 119, or vice-versa, prior to taking up the film, the
      inclination of the film is oriented and corrected by guide rollers 118A,
      138A, supported by projecting pins 118, 138. For film slope orientation,
      said rollers 118A and 138A play an important role in this invention. The
      four guide rollers 112A-D lead the film winding in such a way that they
      provide the inclination of sections 141, 143 to enable film to wind from
      the lower cassette half to the upper cassette half and vice-versa. Rollers
      118A and 138A correct the film before it is wound on or released from the
      hubs. Thus rollers 118A and 138A prevent the film from being wound in an
      irregular manner. In addition, these two guide rollers function as a
      buffer in regulating the film speed.
PAR  Four fixing posts 133A-D, each with screw holes for securing both the upper
      and lower cassette halves, are provided, respectively, adjacent to the
      inner side in respect of said four pins 132A-D. The location of the posts
      133A-D correspond to the fixing holes 123A-D on the partition member 12 to
      combine the upper and lower cassette halves and eliminate need of any
      fasteners (see FIG. 4). Thus, the upper and lower cassette halves are
      joined together. The film section 140 of the film tape 14, wound on the
      film hub 139 in the lower cassette half (see FIG. 1) moves in an inclined
      manner at the film section 141 through the film guide roller 138A and the
      tapered guide 112A onto the tapered guide roller 112B (see FIGS. 1 and 5).
      It then passes again in a horizontal manner at the film section 142
      through gaps 145A-D onto the tapered guide roller 112C (see FIGS. 1 and
      2). At section 143 the film moves in an inclined manner through the
      tapered guide roller 112D and the guide roller 118A onto the hub 119 of
      the upper cassette half to complete a whole winding and taking-up process
      (see FIGS. 1 and 2). Hence, the cassette according to the present
      invention can position the film in the space between the two stacked
      decks, thereby reducing the dimension lengthwise considerably in
      comparison with that of the conventional cassette and without causing any
      reduction to the film capacity.
PAR  The recess 18 serves as a path way for film section 142 between gaps
      145A-D, and also facilitates the optical layout as shown in FIG. 8.
PAR  The drive means of the cassette according to the present invention is
      different from the conventional ones. As shown in FIGS. 8, 9 and 10, the
      driving system 15 is supported by a center rod 153. The center rod 153 is
      secured by boss 150B fixed at the lower chassis 180. Conventional
      transmission means (not shown in the drawing) may engage with an inner
      shaft 156 with a take-up reel table to accomplish the rotational
      operation, causing the take-up reel spindle 159 fixed thereon to rotate
      the upper reel hub 119. An outer spindle shaft 157 with a supply reel
      table is engaged with the inner spindle shaft 156 in a loose frictional
      relationship. Thus, when the inner spindle shaft 156 rotates, the outer
      spindle shaft 157 will rotate as well. In addition, as the dual drive
      shaft rotates in the same direction, it reduces the rotational load.
PAR  In FIG. 8, the relative position of a cassette for film of the present
      invention with the film advancing mechanism is shown. Cassette 10 has film
      section 142 passing across gaps 145A-D. On the path of section 142, a
      plate having gate 18A and slit 18B is disposed. Claw 80A of a conventional
      film advancing mechanism pulls through the slit 18B intermittently to
      advance the film at a predetermined speed. An optical system composed of a
      condenser 71, a reflecting means, such as a prism 81, and a projecting
      lens 91 are diposed as shown. The prism 81 is placed within the recess 18
      of the cassette 10 with condenser 71 and lens 91 at desired angles. The
      light path is in the sequence of condenser 71 - prism 81 - film 142 - gate
      18A - lens 91. The cassette is driven by the driving system 15.
PAR  The reel hubs of the cassette 10 are driven by driving means 15, details of
      which are shown in FIG. 9 and 10.
PAR  The above embodiment is given only for illustrative purposes and not by way
      of limitation, and modifications such as to be used in a similar manner in
      other related fields, will become evident to those skilled in the art
      which will fall within the scope of the attached claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cassette for film comprising a rectangular case including an upper and
      a lower compartment forming halves of said case, a partition plate
      disposed between the halves of the case, a supply reel and a take-up reel
      rotatably and coaxially mounted within each half of the case respectively
      on opposed sides of said partition plate, a plurality of tapered,
      rotatable guide rollers located substantially adjacent the corners of said
      case for successively receiving the film from one of said reels, for
      directing the film from the plane of said one reel toward a plane
      intermediate the planes of said reels, then in a plane parallel to and
      intermediate the planes of said reels, then in a direction toward the
      plane of the second of said reels and finally directing the film into the
      plane of said second of said reels, and a rotatable cylindrical correcting
      guide roller disposed between each of the first and last tapered guide
      rollers and the associated reel and adjacent said first and last tapered
      guide rollers respectively, whereby the film is always passed around the
      same circumferential distance of said first and last tapered guide rollers
      to provide a constant and uniform path for said film between said
      rotatable correcting guide rollers.
NUM  2.
PAR  2. A cassette as claimed in claim 1 and further comprising means for
      securing the two halves of said case together and for securing the
      partition plate therebetween.
NUM  3.
PAR  3. A cassette as claimed in claim 1 and further comprising driving means
      including dual concentric shafts and driving tables mounted thereon for
      frictionally driving said reels in the same direction to thereby reduce
      the load on said driving means and a center rod for supporting said
      driving means.
NUM  4.
PAR  4. A cassette as claimed in claim 1 wherein one corresponding side of each
      of the halves of said case have a recessed portion intermediate the ends
      of said corresponding side and provided with openings in the walls of said
      halves of said case facing the recessed portion for passage of the film
      therethrough when passing from one intermediate tapered guide roller to
      the next, whereby the film when passing across the recessed portion may be
      viewed or projected.
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ABST
PAL  Apparatus for transporting a tape cassette into engagement with the drive
      means of a recording and/or playback device. The transporting apparatus
      includes a movable housing which slidably receives a tape cassette and
      which is locked against attempts to engage the cassette with the tape
      drive mechanism unless the tape is properly oriented when inserted. The
      movable housing is capable of movement in two respectively transverse
      directions so as to first vertically align the cassette with the drive
      mechanism and thereafter to move the cassette into engagement with the
      drive mechanism.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the recording of information on and the
      playback of prerecorded information from recording media in strip form and
      particularly to the insertion of magnetic tape cartridges or cassettes
      onto a tape deck. More specifically, this invention is directed to
      apparatus which facilitates the loading and unloading of cassettes or
      cartridges, the cassettes or cartridges containing a medium on which
      information has been or may be stored, onto record/playback apparatus.
      Accordingly, the general objects of the present invention are to provide
      novel and improved methods and apparatus of such character.
PAR  2. Description of the Prior Art
PAR  While not limited thereto in its utility, the present invention has been
      found to be particularly well suited for use with magnetic tape recording
      and/or playback apparatus of the type which receives cartridges or
      cassettes of magnetic tape; the cassettes being of the type wherein the
      tape is unwound from one spool or reel and is wound up on another spool or
      reel after having passed in front of a recording or playback head. Some of
      the problems associated with the loading or insertion of tape cartridges
      into such recording equipment are discussed in U.S. Pat. 3,385,534 which
      is assigned to the assignee of the present invention.
PAR  To briefly summarize the operation of a cassette type tape deck, in order
      to load the apparatus a cartridge or cassette must be caused to move
      relative to the tape deck in a substantially perpendicular direction in
      order to engage the cassette with upstanding elements on the deck such as
      the capstan, the shafts of the unwinding spool and the winding spool,
      positioning rods, etc. This tape insertion operation requires, from the
      user or operator, a degree of manipulative care.
PAR  The trend in the art is to reduce, to the extent possible, the attention
      and care the operator must give to the cassette loading operation. Thus,
      by way of example, in tape decks intended for installation in motor
      vehicles it is desired to simplify the loading operation to the point
      where driver distraction is minimized. Thus, in present apparatus, tape
      cassette insertion has been reduced to the step of merely inserting the
      cassette into a housing by sliding it into a slot arranged for this
      purpose on the front of the apparatus.
PAR  Continuing with a discussion of previously available tape
      recording-playback apparatus of the cassette type, the housing into which
      the cassette is to be introduced by sliding generally comprises two rails
      in which the lateral edges of the cassette slide. This equipment,
      nevertheless, is susceptible to jamming and thus requires more than the
      desired minimum amount of operator attention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the above briefly discussed and other
      deficiencies and disadvantages of the prior art by providing a novel and
      improved transport device for a cartridge, for example a magnetic tape
      cassette, which permits the cartridge to be placed into the operative
      position with minimum attention and effort on the part of the operator.
      Thus, in accordance with the present invention means are provided for
      facilitating the loading or insertion of self-contained tape cartridges or
      cassettes, such cartridges or cassettes being of the type having openings
      in at least one surface for receiving tape reel drive means, onto a tape
      deck or equivalent apparatus. The present apparatus comprises a movable
      housing into which a cartridge may be slidably introduced. The present
      invention further includes guide means adapted to initially direct said
      movable housing in a first direction and, subsequently, in a direction
      substantially perpendicular to the first direction so that the openings in
      the surface of the cartridge will be vertically aligned with and
      thereafter engaged with the means for effecting control and driving of the
      tape.
PAR  In accordance with a preferred embodiment, the guide means for directing
      the movement of the movable cassette receiving housing comprises
      projections adapted to engage grooves or slots provided in oppositely
      disposed parallel sides of a frame. These grooves serve to guide the
      movable housing, during insertion, initially substantially parallel to and
      subsequently substantially perpendicular to the plane of sliding of the
      cassette during the initial step of the loading operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention may be better understood and its numerous objects and
      advantages will become apparent to those skilled in the art by reference
      to the accompanying drawing wherein like reference numerals refer to like
      elements in the several figures and in which:
PAR  FIG. 1 is a partial perspective view of a preferred embodiment of a
      cassette transporting means in accordance with the present invention;
PAR  FIGS. 2, 3 and 4 are side views illustrating the operation of the
      embodiment of FIG. 1 respectively from the introduction of a tape cassette
      to the unlocking of the movable housing and finally to the operative
      position; and
PAR  FIGS. 5 and 6 are front views of the embodiment of FIG. 1 showing
      respectively the introduction of and the operative position of a tape
      cartridge.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference now to the drawing, and particularly FIG. 1, apparatus in
      accordance with the present invention comprises a frame defined by a pair
      of oppositely disposed lateral sides 1 and 2. Sides 1 and 2 are
      interconnected at their front edges by a transverse bar member 3 and are
      interconnected at their opposite or rear edges by a transverse member 4.
      The frame is completed by a base member 5.
PAR  Disposed within the frame between the lateral sides 1 and 2, and movable
      with respect thereto, is a housing defined by a pair of oppositely
      disposed U-shaped channels 6 and 7 interconnected by a transversely
      extending plate 8. In the manner to be described in more detail below, the
      movable housing comprising channels 6 and 7 and plate 8 receives a
      self-contained tape cartridge or cassette 17; the cassette being shown in
      phantom in FIG. 1. The channel defining members 6 and 7 are each provided
      with a pair of projections, indicated at 9 and 10 for channel 6, which
      extend transversely to engage slots or grooves formed in the lateral sides
      1 and 2 of the frame. Each of the grooves or slots is of generally
      L-shaped configuration and is defined by connecting portions 11 and 12.
      The portions 11 of the grooves in sides of the frame cooperate with the
      projections on the movable housing channel members to enable the housing
      to slide parallel to a plane defined by the frame base member 5; this
      first direction of movement being the direction of insertion of the tape
      cartridge 17. When the limit of movement in the first direction is
      reached, the groove portions 12 cause the movable frame to be displaced in
      a direction perpendicular to the initial direction of motion.
PAR  A blocking member 14, which is in the form of a tongue, is pivotally
      mounted by means of hinges 13 on the upper part of rearwardly disposed
      member 4 of the frame. Blocking member 14 extends the entire width of the
      space between the lateral side walls 1 and 2 and carries, at its
      oppositely disposed ends, forwardly extending projections or feet 15. As
      may be seen from FIG. 1, these projections 15 of blocking member 14 are
      adapted to engage projecting portions 8.sup.1 of the transverse plate 8 of
      the movable frame. The projections on the blocking member 14 thus function
      as a stop to maintain the movable frame in the non-operative position of
      FIGS. 1, 2 and 5 until a tape is fully inserted therein. The blocking
      member 14 is biased toward its lowered or blocking position, as depicted
      in FIGS. 1 and 2, by a pair of springs 18 which extend between the frame
      member 4 and lugs 19 on the pivotal member 14. It is to be noted that
      different approaches to the manner of mounting the springs 18 have been
      shown in FIG. 1 and in FIGS. 2-4. At its center the member 14 is provided
      with a forwardly extending projection 16 which is bent into respective
      downwardly and upwardly inclined portions 16.sup.1 and 16.sup.2 so as to
      define a camming surface for the purpose to be described below.
PAR  The disclosed embodiment of the present invention, as may best be seen from
      FIG. 4, also includes springs 23, an actuating rod 26 and its associated
      push-button 27 and cam plates 28 with inclined edges 29. The positioning
      and functioning of these additional elements will be described below in a
      discussion of the operation of the apparatus.
PAR  With the device in the unloaded position of FIGS. 1 and 2, a tape cartridge
      17 will be introduced with its operative edge facing the projection 16 on
      blocking member 14. The tape cartridge will slide in the channels 6 and 7
      until the thickened portion 17.sup.1 of its operative edge engages the
      portion 16.sup.2 of projection 16. Upon engagement with the projection 16,
      the tape cartridge will cause the member 14 to pivot upwardly thus
      releasing the movable housing for further movement. The blocking member 14
      thus acts upon the movable housing to prevent displacement perpendicular
      to the direction of insertion of the tape cartridge prior to the full
      insertion of the tape cartridge. Thus, the tape cartridge 17 and the
      movable housing are first displaced parallel to the plane of insertion of
      the tape while being guided by the projections 9 and 10 in the portions 11
      of the grooves in the sides 1 and 2 of the frame. Thereafter, when the
      tape cartridge has caused the blocking member 14 to be cammed upwardly,
      the movement in the first direction will be completed and the movable
      housing and tape cartridge will be guided in a second direction
      perpendicular to the first direction; i.e., the second motion will be in a
      plane transverse to the initial insertion plane. The second step of motion
      of the housing results from cooperation of the projections 9 and 10 on the
      housing with the portions 12 of the grooves in the frame lateral sides.
      The tape cartridge will thus be lowered onto and inserted into the driving
      and controlling elements; i.e., the capstan 20 and the shafts 21 and 22 of
      the spools or reels as shown in FIGS. 2-6.
PAR  The tape cartridge 17 and the movable housing are assisted in their
      descending movement by springs 23 which are anchored at first ends to the
      sides 1 and 2 and connected at their opposite ends to the projections 10.
PAR  It is to be noted that the projection 16 will be contacted by the thickened
      portion 17.sup.1 of the operative edge of the tape cartridge only if the
      cartridge is properly oriented when introduced into the movable housing.
      Thus, the tape cartridge itself cooperates with the blocking bar 14 to
      perform a security function which prevents the lowering of the tape
      cartridge onto the drive and control mechanisms 20, 21 and 22 when the
      cartridge is improperly inserted.
PAR  Referring to FIG. 4, the tape cartridge 17 and the movable housing may be
      released from the operative position and returned to the position of FIG.
      3 and subsequently to the position of FIG. 2 with ejection of the tape
      cartridge, by means of a rod 26 actuated by a push-button 27. The rod 26
      carries a pair of camming plates or projections 28 which are provided with
      inclined edges 29. Movement of the rod 26 in the direction of a tape
      cassette insertion will thus cause the projections 9 and 10 to be forced
      upwardly to the top of the portions 12 of the grooves in the frame lateral
      sides by the inclined edges 29 of projections 28. The movable housing 10,
      of course, will move toward the front edge of the device only after it has
      been fully displaced perpendicularly. The final movement in the plane of
      insertion will take place under the action of the springs 23.
PAR  While a preferred embodiment has been shown and described, various
      modifications and substitutions may be made thereto without departing from
      the spirit and scope of the invention. Accordingly, it is to be understood
      that the present invention has been described by way of illustration and
      not limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for the recording and/or playback of information contained
      on a storage medium extending between feed and take-up reels in a
      cartridge, the cartridge having openings in at least one of its surfaces
      for receiving drive means for the reels, the improvement comprising:
PA1  a housing including a pair of opposed channel defining members, said
      channel defining members being spaced to slideably receive a storage
      medium containing cartridge within said housing, said housing and
      cartridge being movable bodily serially in two directions substantially
      perpendicular to each other to transport the received cartridge;
PA1  means for supporting said housing on the recording and/or playback
      apparatus; and
PA1  means for guiding the movements of said housing in said two directions,
      said movements in a cartridge loading operation consisting of initial
      movement of said housing and cartridge bodily in a direction to bring the
      cartridge drive means receiving openings into alignment with drive means
      on the recording and/or playback apparatus, and subsequent movement of
      said housing and cartridge bodily in a second direction to cause the
      cartridge to be engaged with the drive means;
PA1  and said movements of said housing and cartridge bodily in a cartridge
      releasing operation being the reverse of said movements in a cartridge
      loading operation to disengage the cartridge from the drive means and to
      eject the cartridge.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said guiding means comprises:
PA1  projections integral with said movable housing; and
PA1  grooves in said supporting means, said projections engaging said grooves.
NUM  3.
PAR  3. The apparatus of claim 2 further comprising:
PA1  cam means mounted on said supporting means for engaging said projections,
      said cam means being movable to cause said projections and housing to move
      away from the playback apparatus to disengage the cartridge from the drive
      means; and
PA1  means for resiliently biasing said housing into the cartridge-drive means
      engaging position, said resilient biasing means further urging said
      movable housing in a direction opposite to said initial direction of
      movement subsequent to disengagement of the cartridge from the drive means
      by said cam means.
NUM  4.
PAR  4. The apparatus of claim 1 further comprising:
PA1  cartridge responsive blocking means mounted on said support means, said
      blocking means limiting the motion of said housing in said initial
      direction only when a cartridge is not mounted thereon.
NUM  5.
PAR  5. In apparatus for the recording and/or playback of information contained
      on a storage medium extending between feed and take-up reels in a
      cartridge, the cartridge having openings in at least one of its surfaces
      for receiving drive means for the reels, the improvement comprising:
PA1  a housing, said housing slideably receiving a storage medium containing
      cartridge, said housing being movable to transport the received cartridge
      serially in two directions:
PA1  means for supporting said housing on the recording and/or playback
      apparatus;
PA1  means for guiding the movements of said housing in said two directions,
      said movements in a cartridge loading operation consisting of initial
      movement in a direction to bring the cartridge drive means receiving
      openings into vertical alignment with drive means on the recording and/or
      playback apparatus, the housing subsequently being guided in a second
      direction to cause the cartridge to be engaged with the drive means;
PA1  a blocking member pivotally mounted on said supporting means;
PA1  at least a first projection on said blocking member, said first projection
      normally engaging said housing and limiting movement thereof; and
PA1  a camming projection on said blocking member, said camming projection being
      adapted to be contacted by a cartridge whereby said blocking member will
      be pivoted to disengage said first projection from said housing when a
      cartridge is present in said housing.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said guiding means comprise:
PA1  projections integral with said movable housing; and
PA1  grooves in said supporting means, said projections engaging said grooves.
NUM  7.
PAR  7. The apparatus of claim 6 further comprising:
PA1  cam means mounted on said supporting means for engaging said projections,
      said cam means being movable to cause said projections and housing to move
      away from said recording apparatus to disengage the cartridge from the
      drive means; and
PA1  means for resiliently biasing said housing into the cartridge-drive means
      engaging position, said resilient biasing means further urging said
      movable housing in a direction opposite to said initial direction of
      movement subsequent to disengagement of the cartridge from the drive means
      by said cam means.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said camming projection on said
      blocking member is adapted to engage an indexing projection of a tape
      cartridge, the cartridge indexing projection being provided only on one
      edge of the cartridge.
NUM  9.
PAR  9. The apparatus of claim 5 further comprising:
PA1  means resiliently biasing said blocking member into the motion limiting
      position.
NUM  10.
PAR  10. The apparatus of claim 8 further comprising:
PA1  means resiliently biasing said blocking member into the motion limiting
      position.
NUM  11.
PAR  11. In apparatus for the recording and/or playback of information contained
      on a storage medium extending between feed and take-up reels in a
      cartridge, the cartridge having openings in at least one of its surfaces
      for receiving drive means for the reels, the improvement comprising:
PA1  a housing, said housing slideably receiving a storage medium containing
      cartridge, said housing being movable to transport the received cartridge
      serially in two directions;
PA1  means for supporting said housing on the recording and/or playback
      apparatus;
PA1  means for guiding the movements of said housing in said two directions,
      said movements in a cartridge loading operation consisting of initial
      movement in a direction to bring the cartridge drive means receiving
      openings into vertical alignment with drive means on the recording and/or
      playback apparatus, the housing subsequently being guided in a second
      direction to cause the cartridge to be engaged with the drive means;
PA1  a blocking member pivotally mounted on said supporting means;
PA1  at least a first projection on said blocking member, said first projection
      normally engaging said housing and limiting movement thereof; and
PA1  a camming projection on said blocking member, said camming projection being
      adapted to be contacted by a cartridge whereby said blocking member will
      be pivoted to disengage said first projection from said housing when a
      cartridge is present in said housing.
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ABST
PAL  A device capable of flight comprising a frame including first and second
      leading edte members, a keel interconnected to the leading edge members, a
      first cross member attached to the keel and to the first leading edge
      member, and a second cross member attached to the keel. The second cross
      member is attached to the second leading edge member by a collar slidably
      mounted on the second cross member. A sail of flexible material is
      attached to the frame. The position of the collar along the second cross
      member can be adjusted to vary the billow of the sail.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A hang glider typically includes a frame, a sail of flexible material
      attached to the frame, and a support attached to the frame. In use, the
      pilot holds the support and is able, by proper use of the hang glider, to
      soar through the air.
PAR  The frame of one hang glider includes leading edge members, a keel, and
      cross members attached to the keel and the leading edge members. Each of
      the cross members comprises telescoping tubes and one problem with this
      construction is that the telescoping tubes, for given metal thicknesses,
      are not as strong as desired. Moreover, the telescoping tubes inherently
      provide for some lack of rigidity of the cross members.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a hang glider which is much more versatile
      than prior art hang gliders and which has a significantly improved cross
      member construction. One feature of the present invention is the
      elimination of the telescoping tubes in favor of an integral cross member
      and a connector mounted for movement on the integral cross member. This
      increases the strength and rigidity of the cross member while simplifying
      construction. The connector is used, among other things, for attaching an
      associated leading edge member to the cross member.
PAR  One way in which the present invention increases versatility of the hang
      glider is that means is provided for adjusting the billow of the sail. A
      billow adjustment is desirable in order to permit the user to tailor the
      hang glider for different wind conditions. Billow adjustment can
      advantageously be obtained by providing means for retaining the connector
      at any one of a plurality of locations along the cross member. Thus, as
      the connector is moved along the cross member, the billow of the sail is
      changed.
PAR  The connector also provides versatility in that it permits adjustment of
      the dihedral, i.e., the angle formed by the cross member and a reference
      line. This can advantageously be accomplished by providing a flexible
      element coupled at one end to the support or to the frame. The other end
      of the flexible element is coupled to any one of a plurality of locations
      along the connector. Thus, by changing the location of the attachment of
      the flexible element to the connector, the dihedral can be adjusted.
PAR  Although the connector is used for obtaining both billow and dihedral
      adjustment, it is possible to change the billow while leaving the dihedral
      unchanged or to change the dihedral while leaving the billow unchanged.
      For example, if the connector is moved to a new location to adjust the
      billow, a corresponding change can be made with respect to the location of
      the attachment of the flexible element to the connector so as to maintain
      the same dihedral.
PAR  The present invention may also utilize a flexible element such as a cable
      to at least assist in supporting each of the cross members against
      downward bending loads. When this support system is used, one end of the
      cable is attached to a riser. The riser is in turn attached directly to
      the cross member and not to the leading edge member or to the connector.
      This provides several advantages. For example, with the riser connected to
      the cross member, the position of the connector along the cross member can
      be adjusted to adjust the billow, and this does not affect the position of
      the riser or the tension in the supporting cable. In other words,
      adjusting the billow has no effect on, nor does it require any changes in,
      the riser and associated cable system. In addition, a stronger frame is
      provided if the riser is attached directly to the cross member.
PAR  The slidable connector and the riser-cable system defined above coact to
      provide a further advantage. In collapsing the hang glider for transport
      and storage, the cross members are pivoted relative to the keel while the
      connectors move inwardly along their respective cross members toward the
      keel. The pivot arm formed by each of the cross members is of
      approximately the same length as the pivot arm formed by each of the
      cables connected to the risers. Thus, the cables remain relatively taut as
      the hang glider is being collapsed. Because the cables are maintained in a
      relatively taut condition during collapse of the hang glider, they are
      operative during the collapsing operation to support the associated cross
      members against downward bending loads which would be imposed by any down
      draft on the sail. Thus, the connector and riser coact to facilitate
      collapsing the hang glider under down draft conditions and guard against
      possible damage to the frame as a result of the down draft.
PAR  The connector can take different forms and may be mounted either externally
      or internally of the associated cross member. In a preferred construction,
      the connector is in the form of an axially short collar mounted externally
      of the cross member for sliding movement therealong. An appropriate
      bearing is carried by the collar and forms a portion thereof to facilitate
      the sliding motion of the collar.
PAR  The invention can best be understood by reference to the following
      description taken in connection with the accompanying illustrative drawing
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top plan view, with portions of the sail broken away, of a hang
      glider constructed in accordance with the teachings of this invention.
PAR  FIG. 2 is a sectional view taken generally along line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged, fragmentary, sectional view taken generally along
      line 3--3 of FIG. 1.
PAR  FIG. 4 is an elevational view partially in section illustrating on a larger
      scale the construction shown at the righthand end of FIG. 3.
PAR  FIG. 5 is a fragmentary, sectional view taken generally along line 5--5 of
      FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a hang glider 11 constructed in accordance with the teachings
      of this invention. The hang glider 11 generally includes a frame 13, a
      sail 15 of flexible material suitably carried by the frame, and a support
      in the form of a control bar 17 (FIGS. 2 and 3) pendulously mounted on the
      frame.
PAR  The frame 13 includes a keel 19, identical leading edge members 21 and 21a
      interconnected to the keel by a nose block 23, and identical cross members
      25 and 25a. The keel 19, the leading edge members 21 and 21a and the cross
      members 25 and 25a are preferably lightweight structural members and may
      be, for example, cylindrical tubing constructed of aluminum or an aluminum
      alloy.
PAR  The nose block 23 serves the function of pivotally interconnecting the keel
      19 and the leading edge members 21 and 21a. Although this function could
      be carried out in many different ways, in the embodiment illustrated, the
      nose block 23 is generally of channel-shaped cross section as shown in
      FIG. 2, and the keel 19 and the leading edge members 21 and 21a are
      pivotally attached to the flanges of the web-shaped cross section of the
      nose block 23 in any suitable manner such as by threaded fasteners 27. In
      this manner, the keel 19 and the leading edge members 21 and 21a are
      mounted for pivotal movement relative to each other in the same plane
      about parallel axes extending perpendicular to such plane.
PAR  The frame 13 also includes a cross member block 29 (FIGS. 1-3) suitably
      fixedly attached to the underside of the keel 19 as by bolts (not shown).
      The cross member block 29 serves to attach the control bar 17 and the
      cross members 25 and 25a to the keel 19. Although these functions can
      obviously be carried out in different ways, in the embodiment illustrated,
      the block 29 is of hollow rectangular cross section as shown in FIG. 2 and
      includes depending flanges 31 and oppositely extending lateral flanges 33
      and 33a. The control bar 17 is suitably pivotally attached to the flanges
      31 as by a threaded fastener 35 and the cross members 25 and 25a are
      suitably pivotally attached to the flanges 33 and 33a, respectively, by
      fasteners 37 and 37a to define pivot axes 38 and 38a (FIG. 3). The pivot
      axes 38 and 38a of the cross members 25 and 25a are generally parallel to
      the pivot axes defined by the fasteners 27 and transverse to the pivot
      axis for the control bar 17. The cross members 25 and 25a are relatively
      loosely attached to the flanges 33 and 33a,  respectively, to thereby
      permit some tilting of the cross members in a vertical plane as viewed in
      FIG. 3. The control bar 17 could be of various configurations; however, in
      the embodiment illustrated, it is of generally triangular configuration as
      shown in FIG. 3.
PAR  The leading edge members 21 and 21a are attached to the cross members 25
      and 25a, respectively, by identical connectors 39 and 39a. As the
      connectors 39 and 39a are identical, only the connector 39 is described in
      detail herein.
PAR  The connector 39 (FIGS. 3-5) can take various forms which are suitable for
      performing the functions noted herein. In one preferred form, the
      connector 39 is in the form of a collar and includes an outer sleeve 41
      and a sleeve bearing 43 attached to the outer sleeve and constructed of a
      suitable plastic material. The connector 39 is slidable along the cross
      member 25 between an extended position near the outer end of the cross
      member and a collapsed position adjacent the inner end of the cross member
      with the bearing 43 facilitating such sliding movement.
PAR  The precise location of the connector 39 in the extended position can be
      adjusted. Although this can be carried out in many different ways, in the
      embodiment illustrated, the connector 39 has three axially spaced pairs of
      apertures 45, 47, and 49 and the cross member 25 has one aligned pair of
      apertures 51 (FIG. 5). A stem 52 of tubular construction having aligned
      aperture 54 aligned with the apertures 51 is received within the cross
      member 25 for a purpose described below. The stem 52 is affixed to the
      cross member 25 by a bushing 56 which extends through the apertures 54 and
      into the aperture 51. A pin 53 extends through the apertures 49 and the
      bushing 56 to releasably retain the connector 39 in a selected one of the
      positions. Although the pin 53 may take different forms, in the embodiment
      illustrated, it includes a plunger 57 for operating detents 55 (FIG. 5) in
      a known manner. The detents 55 retain the pin 53 within the selected
      apertures. To change the position of the connector 39 along the cross
      member 25, the plunger 57 is actuated to release detents 55 to permit
      withdrawal of the pin 53. The connector 39 is then moved to bring the
      apertures 45 or 47 into registry with the bushing 56 whereupon the pin 53
      is reinserted to fix the connector in the newly selected position.
PAR  The leading edge member 21, in the embodiment illustrated, includes
      telescoped tubes 21' and 21" attached in any suitable way to each other
      and to the connector 39. In the embodiment illustrated, the connector 39
      includes a hollow section 58 (FIG. 5) and the tubes 21' and 21" of the
      leading edge member 21 are affixed to each other and to the hollow section
      by a threaded fastener 59.
PAR  The connector 39 also includes spaced parallel flanges 61 having aligned
      pairs of apertures 63 extending therethrough. A flexible element in the
      form of a cable 65 is attached at one end to the control bar 17 and at the
      other end to a detented cable pin 67 (FIG. 5) which may embody the same
      plunger actuator detent features as the pin 53. The cable pin 67 may be
      inserted through any one of the apertures 63 for a purpose described
      hereinbelow.
PAR  The said 15 is in the form of an appropriately configured sheet and may be
      constructed of any suitable flexible material commonly used for this
      purpose in devices of this kind. Similarly, the sail 15 may be attached to
      the frame 13 in any suitable manner. In the embodiment illustrated, the
      leading edges of the sail are formed into a loop 69 (FIG. 4) and the
      leading edge members 21 and 21a are inserted through the loop 69,
      respectively. The sail is suitably affixed to the keel 19. When mounted in
      this fashion, the sail 15 is loosely draped between each of the leading
      edge members 21 and 21a and the keel so that when the sail is exposed to
      the wind it can billow and form two arcuate panels.
PAR  Flexible elements in the form of cables 71 and 71a are used to support the
      cross members 25 and 25a, respectively, against bending loads. A mast 73
      is suitably pivotally connected to the keel 19 as by a bracket 75 and pin
      77 and the inner ends of the cables 71 and 71a are affixed to the upper
      end of the mast. The outer end of cable 71 is attached to a turnbuckle 79
      which in turn is pivotally attached to a curved riser 81 at any one of a
      plurality of apertures 82. A cutout section 82' of the riser 81 permits
      the turnbuckle 79 to be pivoted downwardly when the cable 71 is
      disconnected. The lower end of the riser 81 is pivotally attached to the
      outer end of the cross member 25 by a coupling 83 and has a curved radius
      84. In the embodiment illustrated, the coupling 83 includes the stem 52,
      the riser 81, and a channel section 87 having a web 88. The lower end of
      the riser 81 is pivotally attached to the channel section 87 by a bushing
      90 and a pin 89. The outer end of the cable 71 is attached to the cross
      member 25a in an identical manner.
PAR  The mast 73 also supports the inner ends of cables 93 and 95 (FIG. 2), and
      the outer ends of these cables are suitably attached to the keel 19
      adjacent the forward and rearward ends thereof. This supports the keel 19
      against downward bending loads.
PAR  The cables 65 and 65a support the cross members 25 and 25a, respectively,
      against upward bending loads. Cables 97 and 99 (FIG. 2) extend from the
      control bar 19 and are attached to the keel 19 adjacent the forward and
      aft ends thereof, respectively, to support the keel against upward bending
      loads. The cable 99 is attached to the keel 19 by a rear cable channel 101
      which permits the location of the attachment of the cable 99 to the keel
      19 to be adjusted longitudinally of the keel.
PAR  With the hang glider 11, the billow of the sail 15 may be either low as
      shown by the dashed lines in FIG. 3, normal as shown by the full lines in
      FIG. 3, or high as shown by the phantom lines in FIG. 3. For low billow,
      the pin 53 is removed and the connector 39 is moved outwardly on the cross
      member 25 until the apertures 45 are aligned with the apertures 51 and 54
      whereupon the pin 53 is inserted through these aligned apertures.
      Conversely, for high billow, the connector 39 is moved inwardly to align
      the apertures 47 with the apertures 51 and 54. Although three billow
      positions have been shown, obviously other numbers of billow positions may
      be provided, if desired.
PAR  The dihedral can be varied by changing the position of the attachment of
      the cable pin 67 to the connector 39. The dihedral is the angle between a
      reference line 103 and the axis of either of the cross members 25 or 25a.
      To change the dihedral, the cable pin 69 is moved to another one of the
      apertures 63.
PAR  It will be apparent that the dihedral can be changed without effecting any
      corresponding change in the billow. However, because changing the billow
      involves moving of the connector 39 along the cross member 25, any change
      in the billow will result in a corresponding change in the dihedral unless
      the cable pin 67 is moved to an appropriate new set of apertures 63.
PAR  The riser 81 is mounted directly on the cross member 25 by the coupling 83
      outboard of the connector 39.  The riser 81 supports the outer end of the
      cable 71 at a sufficient height so that even at high billow the sail 15
      does not contact the cable 71.
PAR  In the position shown in the drawings, the hang glider 11 is in an extended
      position ready for flight. However, the hang glider 11 can be collapsed
      for transport and storage. This can be accomplished by removing the pins
      53 of the connectors 39 and 39a and pivoting the leading edge members 21
      and 21a inwardly toward the keel. This in turn pivots the cross members 25
      and 25a counterclockwise and clockwise, respectively, as viewed in FIG. 1
      with the connectors 39 and 39a sliding inwardly toward the keel on their
      respective cross members.
PAR  The cables 71 and 71a are maintained in a relatively tight condition during
      the collapsing of the hang glider 11. In this connection, the cross member
      25 pivots about the axis 38 and the cable 71 pivots about an axis 107. As
      shown in FIG. 3, the axes 38 and 107, while not coincident, are very
      closely adjacent. Thus, as the riser 81 pivots with the cross member 25
      about the axis 38, the cable 71 is maintained relatively taut.
      Accordingly, it can support the cross member 25 against downward bending
      loads such as may result from a down draft on the sail 15 during the
      collapsing operation. The cable 71a functions in an identical manner
      during the collapsing operation. With the hang glider 11 collapsed, the
      radius 84 (FIG. 4) on the riser 81 permits the riser to be pivoted
      clockwise in channel section 87 until the lower end of the riser abuts the
      web 88. This occurs when the riser 81 has pivoted through about
      90.degree.. If the cable 93 is disconnected, the mast 73 may be pivoted to
      a collapsed position.
PAR  Although exemplary embodiments of this invention have been shown and
      described, many changes, modifications and substitutions may be made by
      those with ordinary skill in the art without necessarily departing from
      the spirit and scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device capable of flight comprising:
PA1  a frame including first and second leading edge members, a keel, and means
      for interconnecting said leading edge members to said keel in a manner to
      allow the leading edge members to be pivoted relative to said keel;
PA1  said frame including first and second cross members, means for attaching
      said first and second cross members to said keel to allow said cross
      members to pivot relative to said keel, and means for attaching the first
      leading edge member to the first cross member;
PA1  said second cross member being of integral construction;
PA1  said frame including connector means for coupling the second leading edge
      member to the second cross member;
PA1  said connector means being mounted for movement along said second cross
      member from an extended position toward the keel to facilitate at least
      partial collapse of the frame;
PA1  said second cross member extending beyond both ends of said connector means
      at least when the connector means is in the extended position;
PA1  means for retaining the cross member in said extended position; and
PA1  flexible material coupled to said leading edge members and forming a
      relatively broad surface to at least assist in supporting the device when
      the device is airborne.
NUM  2.
PAR  2. A device as defined in claim 1 including a riser coupled to said second
      cross member outboard of said connector means and means coupled to said
      riser for at least assisting in supporting said second cross member
      against predetermined bending loads.
NUM  3.
PAR  3. A device as defined in claim 1 wherein said extended position includes a
      plurality of positions along said second cross member and said retaining
      means retains said connector member in any one of said plurality of
      positions whereby the billow of the flexible material can be varied.
NUM  4.
PAR  4. A device as defined in claim 1 wherein said connector means includes a
      collar mounted on said second cross member for movement therealong, said
      collar including an outer sleeve to which the second leading edge member
      is attached and a bearing within said outer sleeve to facilitate movement
      of said collar along said second cross member.
NUM  5.
PAR  5. A device as defined in claim 4 including a riser coupled to said second
      cross member outboard of said collar and means coupled to said riser for
      at least assisting in supporting said second cross member against
      predetermined bending loads, said extended position includes a plurality
      of positions along said second cross member and said retaining means
      retains said collar in any one of said plurality of positions whereby the
      billow of the flexible material can be varied.
NUM  6.
PAR  6. A device capable of flight comprising:
PA1  a frame including first and second leading edge members, a keel, means for
      interconnecting said leading edge members to said keel so as to allow the
      leading edge members to be pivoted relative to said keel;
PA1  said frame including first and second cross members, means for attaching
      said first and second cross members to said keel to allow said cross
      members to pivot relative to said keel, and means for attaching the first
      leading edge member to the first cross member;
PA1  said frame including connector means for coupling the second leading edge
      member to the second cross member;
PA1  said connector means being mounted for movement along said second cross
      member from an extended position toward the keel to facilitate at least
      partial collapse of said frame;
PA1  flexible material coupled to said leading edge members and forming a
      relatively broad surface to at least assist in supporting the device when
      the device is airborne;
PA1  said extended position including a plurality of positions along said second
      cross member;
PA1  retaining means for fixedly retaining said connector means in any one of
      said plurality of positions whereby the billow of the flexible material
      can be selected; and
PA1  said connector means including a collar mounted for sliding movement along
      said second cross member, said second leading edge member being attached
      to said collar.
NUM  7.
PAR  7. A device as defined in claim 6 including means attached to said frame
      for at least assisting in supporting a human occupant of the device, a
      flexible element coupled to said last mentioned means, and means for
      coupling said flexible element to said connector means at any one of a
      plurality of locations along said connector means whereby the dihedral can
      be adjusted.
NUM  8.
PAR  8. A device as defined in claim 6 including a riser coupled to said second
      cross member outboard of said connector means and means coupled to said
      riser for at least assisting in supporting said second cross member
      against predetermined bending loads.
NUM  9.
PAR  9. A device capable of flight comprising:
PA1  a frame including first and second leading edge members, a keel, and means
      for interconnecting said leading edge members to said keel so as to allow
      the leading edge members to be pivoted relative to said keel;
PA1  said frame including first and second cross members, means for attaching
      said first and second cross members to said keel to allow said cross
      members to pivot relative to said keel, and means for attaching the first
      leading edge member to the first cross member;
PA1  said frame including a collar slidably mounted on said second cross member;
PA1  means for coupling the second leading edge member to the collar;
PA1  said collar being slidable along said second cross member from an extended
      position toward the keel to facilitate at least partial collapse of the
      frame;
PA1  means for retaining said collar in said extended position; and
PA1  flexible material coupled to said leading edge members and forming a
      relatively broad surface to at least assist in supporting the device when
      the device is airborne.
NUM  10.
PAR  10. A device capable of flight comprising:
PA1  a frame including first and second leading edge members, a keel, and means
      for interconnecting said leading edge members to said keel so as to allow
      the leading edge members to be pivoted relative to said keel;
PA1  said frame including first and second cross members, means for attaching
      said first and second cross members to said keel to allow said cross
      members to pivot relative to said keel, and means for attaching the first
      leading edge member to said first cross member;
PA1  a connector mounted on said second cross member for coupling the second
      leading edge member to the second cross member;
PA1  said connector being mounted for movement along said second cross member
      from an extended position toward the keel to facilitate at least partial
      collapse of said frame;
PA1  means for retaining said connector in said extended position;
PA1  a riser coupled to said second cross member outboard of said connector;
PA1  means coupled to said riser for at least assisting in supporting said
      second cross member against predetermined bending loads; and
PA1  flexible material coupled to said leading edge members and forming a
      relatively broad surface to at least assist in supporting the device when
      the device is airborne.
NUM  11.
PAR  11. A device as defined in claim 10 wherein said connector includes a
      collar slidably mounted on said second cross member.
NUM  12.
PAR  12. A device as defined in claim 10 wherein said last mentioned means
      includes a mast and a cable coupled to the mast and riser, said cable and
      said second cross member being pivotable about first and second axes,
      respectively, said first and second axes being closely adjacent.
NUM  13.
PAR  13. A device as defined in claim 9 including a mast attached to said keel,
      a flexible element having first and second spaced regions, said first
      region being attached to said mast, and means other than said second
      leading edge member for attaching the second region to the second cross
      member.
NUM  14.
PAR  14. A device capable of flight comprising:
PA1  a frame including first and second leading edge members, a keel, and means
      for interconnecting said leading edge members to said keel so as to allow
      the leading edge members to be pivoted relative to said keel;
PA1  said frame including first and second cross members, means for attaching
      said first and second cross members to said keel to allow said cross
      members to pivot relative to said keel, and means for attaching the first
      leading edge member to said first cross member;
PA1  a connector mounted on said second cross member for coupling the second
      leading edge member to the second cross member;
PA1  said connector being mounted for movement along said second cross member
      from an extended position toward the keel to facilitate at least partial
      collapse of said frame;
PA1  means for retaining said connector in said extended position;
PA1  a mast attached to said keel;
PA1  a flexible element having first and second spaced regions, said first
      region being attached to said mast;
PA1  means other than said second leading edge member for attaching said second
      region to the second cross member outboard of said connector; and
PA1  flexible material coupled to said leading edge members and forming a
      relatively broad surface to at least assist in supporting the device when
      the device is airborne.
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ABST
PAL  This invention is for wings of all types, such as fixed wings for aircraft
      and hydrofoil boats, and rotary blades (or wings) for helicopters and
      turbines, to be equipped with a slotted tube, or a tube with series of
      holes extending outwardly in the spanwise direction near the trailing edge
      of the wing tip for blowing jets of fluid (such as air or water) in the
      direction opposite to the lift of the wing, thereby achieving flow in the
      form of a jet sheet to abate, diffuse and break up the undesirable
      wing-tip or blade-tip vortices.
BSUM
PAC  SUMMARY OF INVENTION
PAR  This invention relates to vortex control devices for lifting surfaces of
      practically all types, particularly crafts with stationary wing such as
      airplanes, hydrofoil boats, amphibians, air cushion crafts, and the like
      for supporting, stablizing, and controlling the craft, and crafts with
      rotary wings or blades such as helicopters, propellers, turbines,
      compressors and the like for supporting, stabilizing, controlling and
      propelling the craft. The lifting surfaces include wing, flap, rudder,
      stabilizer, tab, rotating blade and the like. I define "wing" as a
      structural member of a vehicle or machine which moves relatively to a
      fluid such as air, exhaust gas and water hence a force, lift or thrust, is
      generated in the direction perpendicular to the fluid motion for
      supporting, stabilizing, and controlling the craft. By way of
      illustration, this invention will, however, be shown and described mostly
      as incorporated in an aircraft with suitably attached wings to which this
      invention has distinct advantage.
PAR  It is well known that every heavier-than-air craft generates wake
      turbulence in the form of a vortex trailing behind the lift surface of the
      craft or wing-tip vortices whenever its wings are generating lift. The
      strength of the vortices depends directly on the weight of the airplane
      that generates them, and the speed at which it is flying.
PAR  As the big jets approach or take off from airports, their wings leave
      behind two churning cylinders of air that some pilots say have the wallop
      of a cyclone. This swath of wind, called "wake turbulence," is posing
      frustrating problems for air safety officials.
PAR  Accident investigators have documented many cases in which a pilot lost
      control of his plane after encountering turbulence caused by a craft just
      ahead of him. They have also cited cases of crop-duster pilots crashing
      after running into wake turbulence from their own planes.
PAR  Safety experts say that the recent proliferation of large jets such as the
      Boeing 747, the DC-10 and the lockheed Tri-Star have increased the hazards
      substantially. The heavier a plane is, the greater the turbulance it
      creates.
PAR  Researchers have learned that the dual wakes from big jets are each usually
      eight to ten feet wide, tubular-shaped and counter-rotating at a velocity
      of 100 to 200 feet or more per second.
PAR  The same adverse situation occurs in water where the wing-tip vortices are
      generated, for example, by hydrofoil.
PAR  In the case of rotary-wing aircrafts, in addition to the above-mentioned
      disturbance, the following blade which passes over the vortices generated
      by the preceding blade undergoes a severe impulsive loading. This is one
      of the major sources of helicopter rotor noise which is often referred to
      as blade slap. In addition to the above-mentioned adverse aspects of
      wing-tip vortices, it also causes a reduction of lift per unit span due to
      tip loss.
PAR  In the past, the solution to the problems of wing-tip vortices hazard are
      merely wide aircraft separations in time and space; i.e., maintaining some
      two-minute or five-mile separation when following a heavy airplane on the
      same runway. Currently, the National Transportation Safety Board, after
      investigating last year's DC-9 crash in Texas, called for a minimum of at
      least three minutes, an equivalent of about seven miles. These
      restrictions would reduce the hourly flow of airplanes to runway by some
      15 percent, thereby severely limiting operation at major airports. Unless
      we solve the wake turbulence problem, with the trouble there has been in
      building new airports in the past few years, we are going to have serious
      problems of capacity in a few years.
PAR  The prior device (Yuan, U.S. Pat. No. 3,692,259) dealing with this problem
      consists of a round wing-tip provided with at least one slot in a conduit
      extending along the clockwise direction of the wing tip for blowing jets
      of air at pre-selected locations along well chosen directions, thereby
      achieving circulation to counterbalance the undesirable wing-tip vortices.
PAR  The present invention provides new and improved means for blowing jets to
      counterbalance the undesirable wing-tip vortices regardless of the shape
      and thickness of the wing tip.
PAR  For accomplishing the foregoing object, the invention contemplates the use
      of a wing tip which is provided with a slotted tube, or a tube with series
      of holes extending outwardly in the spanwise direction near the trailing
      edge of the wing tip for blowing jets of air along well chosen directions,
      thereby achieving flow in the form of a jet sheet to counterbalance and
      break up the undesirable wing-tip vortices.
PAR  Accordingly, an important object of the invention is to diminish or abate
      the above-described air or water disturbances, particularly vortices,
      created by moving wings in fluids.
PAR  Another object is to provide fixed- and rotary-wing aircrafts or other
      rotary machines with novel jet means to gain jet momentum and hence to
      increase the lift per unit span.
PAR  A further object is to provide, for a wing or a rotor-blade tip, blowing
      jets having control means for changing the magnitude of the jet momentum
      and thereby counterbalancing the variable strength of the undesirable
      wing-tip vortices.
PAR  A still further object is to provide at various locations behind the wing
      tip, generally in the regions of strong vortex strength, an extended tube
      for blowing jets for effectively breaking up the wing-tip vortex
      formation.
PAR  A still further object is to provide a new means for producing an
      intermittent tip blowing jet for effectively breaking up the wing-tip
      vortex formation and hence its strength.
PAR  Still another object is to provide a means for cyclically altering the tip
      jet momentum of rotor blades during the forward flight of a VTOL craft for
      counterbalancing the cyclically varying wing-tip vortices produced by the
      rotor blades.
PAR  Further objects and advantages of my invention will appear as the
      specification proceeds.
DRWD
PAC  REFERENCE TO DRAWINGS
PAR  The preferred forms of the invention are illustrated in the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagrammatic view of an aircraft and trailing wing-tip
      vortices;
PAR  FIG. 2 is a plan view (X-Z plane) of a wing tip or rotor-blade tip
      employing this invention;
PAR  FIG. 2A is an enlarged side sectional view taken on line 2A--2A of FIG. 2;
PAR  FIG. 3 is a rear view (X-Y plane) of wing tip or rotor-blade tip
      illustrating the counterbalance of blowing jets and wing-tip vortex flow;
PAR  FIG. 4 is a modified arrangement of an extended tube for blowing jet
      employing this invention;
PAR  FIG. 4A shows a control for rotating the angle of the jet;
PAR  FIG. 5 is a perspective view of a bottom portion of an extended tube having
      a series of holes for blowing jets.
PAR  FIG. 6 is a perspective view of a bottom portion of an extended tube having
      an infinite number of jet openings in the form of a continuous slot;
PAR  FIG. 7 shows a valve control for controlling an intermittent jet.
PAR  FIG. 8 is a top plan view of a rotor blade system without the main body
      portion and including symbols illustrating wing-tip vortices.
PAR  FIG. 9 is a fragmentary perspective view of a marine craft of the type
      utilizing lift foils.
DETD
PAR  Referring to FIG. 1, there is shown a wing 11 which is attached to a
      fuselage 12. When the airplane flies forward, lift is generated by the
      wing which sustains the weight of the airplane. The production of lift by
      the wing is the result of a strong positive pressure on the lower surface
      13 of the wing and a suction or negative pressure on the upper surface 14
      of the wing. Consequently, there is a difference in pressure between the
      two surfaces of the wing which results in a flow of air around the ends or
      tips 15 of the wing 11, from the region of higher pressure to the region
      of lower pressure. Through the motion of the air from the inner portion of
      the span 16 toward the tips 15 on the lower surface of the wing, and from
      the tip 15 toward the inner portion on the upper surface 17 of the wing,
      there are set up wing-tip vortices 18 aligned with the main stream of
      incoming flow. As the airplane moves forward the wing-tip vortices trail
      behind and remain in the air for an extended length of time which was
      previously mentioned.
PAR  According to this invention a wing-tip system (see FIGS. 2 and 2A) is
      provided with at least one extended tube 21 (in the X-direction) for
      blowing a jet of fluid through an orifice 22. The extended tube 21 is
      attached to wing 11 but, generally, the term "wing" does not include an
      extended tube for blowing a fluid jet. Fluid from a fluid source, such as
      a compressor or a compressed air reservoir (not shown) enters a conduit 23
      and ejects from an orifice opening 22 in a downward Y-direction (see FIG.
      3) As the airplane moves forward a vortex 24 generated at the right-hand
      side wing tip 15, in a counterclockwise direction, moves downstream
      (Z-direction) and passes a plane (X-Y plane) which contains the extended
      tube 21 and the downward fluid jets 25 ejected therefrom. The spacing and
      intensity of the blowing jets are so designed as to form a substantially
      jet sheet acting as a jet knife. In this manner the downward jet flow
      counterbalances and breaks up the counterclockwise upward flow of the
      wing-tip vortex. This phenomenum is illustrated in FIG. 3 which is a rear
      view (X-Y plane) of the wing-tip system. Thus, the present invention uses
      the jet flow system to abate the circulatory flow created near the wing
      tip and to alleviate the wing-tip vortices.
PAR  FIG. 4 is a modification of the wing-tip vortices control shown in FIGS. 2
      and 3. The modification involves placing the extended tube at a location
      behind the wing (in the Z-direction). Since the formation of the wing-tip
      vortex depends upon the geometrical shape of the wing planform the
      location of the extended tube for blowing jets must be designed according
      to the configuration of the wing planform. This allows the vortex control
      system of this invention to operate more efficiently for a given
      configuration of the wing.
PAR  In general, the effective length of the extended tube 21 is about 3 to 15
      percent of the semi-span length of the wing which may be placed near the
      trailing edge of the wing tip (see FIG. 2). The "span" of a wing is
      defined as its length from tip to tip and the semi-span length is the
      length from the root to the tip. For specific cases it may be desirable to
      place the extended tube downstream behind the wing tip (in the
      Z-direction) up to one wing-chord distance. In other words, 0.03
      .ltoreq.]l/s .ltoreq. 0.15 (FIG. 2) and 0 .ltoreq. d/c .ltoreq. 1.0 (FIG.
      4) or, for example, the dimension of l and d for a Boeing 747 transport is
      about 3 to 15  feet and zero to 30 feet, respectively. For special cases
      the extending tube may be attached to the wing tip at a location anywhere
      between leading and trailing edges.
PAR  The rotational velocity of the vortex is known to be inversely proportional
      to the radius of the vortex. In other words, the greatest rotational
      velocity is at the core of the vortex and it tends to zero at great
      distance from the center of the vortex core. Consequently, it is desirable
      to have jet mass flow along the extended tube varying in accordance with
      the vortex velocity variation, to improve the efficiency of fluid usage.
      There are several means to accomplish this variation of mass flow control,
      one of the simplest yet effective is to vary the jet orifice sizes from
      which fluid is emitted. FIG. 5 shows the bottom portion (X-Z plane) of the
      extended tube 21, attached to the wing tip in which the jet-orifice sizes
      decrease from the largest orifice 31 at one end of the tube to the
      smallest 32 near the other end of the tube according to the vortex
      velocity generated at the wing tip. In general, the jet emitted from the
      orifice of the extended tube is in the downard direction (Y-direction);
      however, the angle of the jet can be easily adjusted by rotating the tube
      (see FIG. 2A) before the flight. In FIG. 4A is shown a solid thin rod 26
      concentrically located with the extended tube. The rod is rigidly attached
      to the wing-tip structure 27 at one end and extended out through the tube
      at the other end 28. The end 28 of the rod is threaded to fit a lock nut.
      The tube 21 can be rotated with respect to the X-axis by adjusting the
      lock ring 30 to a required position and set firmly by tightening the lock
      ring and lock nut. In this manner, the angle of the jet can be pre-set
      relative to the Z-axis. It can also be adjusted during the flight (not
      shown).
PAR  FIG. 5 discloses a multiplicity of relatively closely spaced jet orifices.
      Such orifices, if increased to an infinite number, result in a slot 33 as
      shown in FIG. 6. The width of the slot 33 is made variable according to
      the variation of orifice size shown in FIG. 5.
PAR  In the above description air or gas supply for the fluid jets is made
      available from a suitable main source in the craft such as a compressor,
      (not shown) and is conveyed through a conduit to the extended tube near
      the wing tip. The mass flow of the jet 25 can be increased or decreased by
      a flow regulator (not shown); however, the maximum jet velocity is limited
      to sonic velocity because the orifices 22, 31, 32 or 33 are not
      convergent-divergent. In order to make the system operate more
      economically yet efficiently, an intermittent blowing jet is introduced. A
      simple device to accomplish this means is shown in FIG. 7 in which an
      electrically operated solenoid valve is at the closed position. When the
      coil 40 is energized by passing electric current, it draws a soft-iron
      plunger 41 up toward a central position in the coil which in turn lifts
      the valve to the open position. The fluid is isolated by a brass cup 42
      between the coil 40 and the plunger 41. The plunger is loosely attached to
      the valve stem 43 so this allows the plunger to acquire appreciable
      velocity before it engages the valve stem 43. When the coil is
      de-energized, the plunger and valve stem drop by gravity into closed
      position. Hence, the solenoid valve, illustrated in FIG. 7, is capable of
      open-and-closed operation at any specified intervals.
PAR  The control for the intermittent jet is made by properly regulating the
      motor speed which in turn regulates the electric switch. When the valve is
      at open position the air supply enters conduit 44 and emits through
      conduit 45 to the wing-tip extended tube 21. The jet flow is cut off when
      the valve is at closed position. In this manner desirable intermittent jet
      at jet orifice 22 is obtained.
PAR  The invention so far has been illustrated mostly in connection with
      wing-tip vortices control for an airplane. In the case of a marine craft
      moving in water, the hydrofoil generates very similar, if not identical,
      vortices at its tip. Furthermore, the marine propellers generate similar
      tip vortices. In a like manner, my invention described above can be used
      to alleviate these tip vortices occuring in these marine crafts.
PAR  Referring to FIG. 8, there is shown a top view of VTOL rotor with two
      blades attached. When the VTOL craft is hovering or in vertical ascent,
      the rotor blades act in a manner similar to that of propeller blades.
      During its rotation the blade 50 originally at position A moves to a
      position B, and the blade 51 originally at position C now moves to
      position D. It can be easily seen that, in the absence of the present
      invention, the blade 51 at position D encounters the region of vortices 52
      which were shed by the blade tip of blade 50. This causes a severe
      impulsive loading on the following blade 51 which is one of the major
      sources of VTOL rotor noise (often referred to as blade slap). Simiarly,
      blade 50 at position B is disturbed by the vortices 55 shed by blade 51.
      Similar or even worse situations occur for a three-or-more bladed rotor.
PAR  When the helicopter (or VTOL) is in hovering or vertical ascent flight
      condition, the alleviation of the blade-tip vortices can be made in a like
      manner by what has been disclosed above. This is because the blade
      sustains the same load at any azimuth position. Further, each of the two
      blades sustains exactly one-half of the gross weight of the craft. For
      forward flight the lift force on the blade varies as a harmonic function
      of the azimuth position. This, in turn, produces cyclical wing-tip
      vortices. In order to counterbalance the cyclical wing-tip vortices the
      air supply to the jet orifice of the extended tube 56 can be provided with
      regulating means (similar to the one shown in FIG. 9 of prior U.S. Pat.
      No. 3,446,288) for cyclically altering the jet mass flow during the
      rotation. This gives the desired amount of air flow to the respective jet
      orifices through pipes 53 and 54 in the blades 50 and 51, respectively, at
      any given azimuth position.
PAR  In FIG. 9, when the boat 64 is in forward motion, lift forces will be
      generated on the hydrofoils or lift foils 65 and 66 which in turn produce
      wing-tip vortices. Extended tubes 67, 68, and 69 are attached to the
      hydrofoil 65 and 66, respectively. Water supply to the jet orifice of the
      extended tubes 67, 68, and 69 can be produced with a jet pump (not shown)
      for providing jet mass flow. The function of the tubes for alleviating the
      wing-tip vortices on hydrofoils is identical to that described in
      connection with FIGS. 1, 2, 3 and 4 for the airplane wing.
PAR  The particular advantages of the wing-tip vortices control applied to
      aircraft, marine craft and turbomachinery are as follows:
PA1  1. To diminish or eliminate the wing-tip vortices in atmosphere and in
      water which could otherwise endanger other aircraft or marine craft as
      they enter the wake turbulence.
PA1  2. To alleviate the VTOL rotor noise due to blade slap which is one of the
      serious problems in noise pollution.
PA1  3. To reduce the noise and increase the efficiency of most
      turbo-machineries.
PAR  The above-mentioned important features of wing-tip vortices control readily
      identifies the uniqueness of my invention.
PAR  While only several specific embodiments are hereinafter illustrated and
      described, it is to be expressly understood that this invention is not
      intended to be limited to the exact formations, constructions, or
      arrangement of parts as illustrated and described, because various
      modifications may be developed in putting the invention to practice within
      the scope of the appended claims.
CLMS
STM  What the claim is:
NUM  1.
PAR  1. Apparatus for abating wing-tip vortices formed at the tips of a wing
      when it is in a fluid stream flowing relative to said wing, said vortices
      being formed as a result of a difference in fluid pressure on one side of
      the wing relative to the fluid pressure on the opposite side of the wing
      which causes a rush flow of fluid from the side of higher pressure to the
      side of lower pressure, said apparatus comprising a wing having at least a
      pair of wing tips, a source of pressurized fluid, a plurality of jetting
      means, and means connecting said jetting means to said source of
      pressurized fluid, each of said plurility of jetting means of being
      located outwardly of a respective one of said tips for simultaneously
      emmiting pressurized fluid from said jetting means in the direction toward
      said side of higher pressure and in a plane substantially perpendicular to
      the direction of flow of said fluid stream, said wing including a leading
      edge and a trailing edge, said fluid stream which flows relative to said
      wing passing from the leading edge toward said trailing edge, and said
      jetting means are located downstream of the position of the mid-chord of
      said tips which lies halfway between said leading and trailing edges.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said jetting means includes
      means for continuously emitting said pressurized fluid.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein said jetting means includes a
      tube having fluid port means formed therein for emitting said pressurized
      fluid, and said tube extends outwardly from a respective wing tip in the
      spanwise direction.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein said fluid port means extends in
      the spanwise direction and has a length between approximately 3 and 15
      percent of the semi-span length of said wing.
NUM  5.
PAR  5. Apparatus as defined in claim 3 wherein said fluid port means comprises
      a slot.
NUM  6.
PAR  6. Apparatus as defined in claim 3 wherein said fluid port means comprises
      a plurality of orifices extending in a line along said tube.
NUM  7.
PAR  7. Apparatus as defined in claim 3 wherein said tube is located downstream
      from said wing.
NUM  8.
PAR  8. Apparatus as defined in claim 1 wherein said jetting means includes a
      tube having fluid port means formed therein for emitting said pressurized
      fluid, and said tube is located downstream from said trailing edge up to a
      distance approximately equal to a length measured between said leading
      edge and said trailing edge.
NUM  9.
PAR  9. Apparatus as defined in claim 5 wherein said slot varies in width along
      said tube.
NUM  10.
PAR  10. Apparatus as defined in claim 6 wherein said plurality of orifices are
      of varying sizes.
NUM  11.
PAR  11. Apparatus as defined in claim 1 wherein said jetting means includes
      means for adjusting the angular direction of the emitted pressurized fluid
      with respect to a plane parallel to the wing planform.
NUM  12.
PAR  12. Apparatus as defined in claim 3 including means for rotating said tube
      about its longitudinal axis for adjusting the angular direction of the
      emitted pressurized fluid with respect to the direction of flow of said
      fluid stream.
NUM  13.
PAR  13. Apparatus as defined in claim 1 wherein said jetting means includes
      means for intermittently emitting said pressurized fluid according to a
      predetermined time sequence.
NUM  14.
PAR  14. Apparatus as defined in claim 1 wherein said wing is a portion of a
      fixed-wing aircraft, and said wing is attached to a fuselage of said
      aircraft.
NUM  15.
PAR  15. Apparatus as defined in claim 1 wherein said wing is a portion of a
      rotary-wing aircraft of the type including rotary blade means and said
      wing is said rotary blade means.
NUM  16.
PAR  16. Apparatus as defined in claim 1 wherein said wing is a portion of a
      boat of the type including a lift foil, and said wing is said lift foil.
NUM  17.
PAR  17. A method for abating wing-tip vortices formed at the tips of a wing
      when it is located in a fluid stream flowing relative to said wing, said
      vortices being formed as the wing which causes a rush flow of fluid from
      the side of higher pressure to the side of lower pressure, said method
      comprising the steps of providing a wing having at least a pair of wing
      tips, providing a supply of pressurized fluid, and simultaneously emitting
      a jet of said pressurized fluid from a region located adjacent to and
      outwardly of each of said wing tips in a direction toward said side of
      higher pressure and in a plane substantially perpendicular to the
      direction of flow of said fluid stream, said wing including a leading edge
      and a trailing edge and said fluid stream passes from the leading edge to
      the trailing edge, and said step of emitting a jet of pressurized fluid
      comprises emitting said jet at a location downstream of the position of
      the mid-chord of said tips which lies halfway between said leading and
      trailing edges.
NUM  18.
PAR  18. A method as defined in claim 17 wherein said pressurized fluid is
      emitted in the form of a jet sheet.
NUM  19.
PAR  19. A method as defined in claim 17 wherein said pressurized fluid is
      emitted in the form of a plurality of closely spaced discrete streams.
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ABST
PAL  Hand control apparatus for an aircraft usable by a person lacking use of
      his legs comprising a handle supported for three independent movements for
      respectively controlling the course of the aircraft, the throttle, and
      heating of the carburetor. The handle carries control buttons for
      controlling the operation of the alternator, the flaps, and the fuel pump.
      A second joy stick adjacent the conventional joy-stick serves for
      respectively operating the left, and right brakes.
BSUM
PAR  The invention relates to equipment for piloting an aircraft by persons who
      are handicapped in their lower limbs: handicapped persons of this type
      could naturally operate the conventional joy-stick, but could not operate
      the various conventional pedals. More precisely, it should be noted that
      it would not be sufficient to convert the said pedals into the same number
      of manual controls. It is necessary that the pilot has in his hand and in
      an uninterrupted manner, the various controls which require his permanent
      action and that he has at his finger tips, without relinquishing the
      aforesaid controls, the controls which have to be actuated solely when it
      is necessary to change their setting.
PAR  Briefly, according to the invention, with one hand, the handicapped pilot
      actuates a handle having three independent movements, respectively
      controlling the course, the gases, i.e. a throttle, and the re-heating of
      the carburetor and which is provided with buttons for controlling the
      apparatus to be regulated and, with the other hand, when in flight,
      operates the conventional joy-stick and, when on the ground, a second
      joy-stick located just in front of the first joy-stick and controlling the
      two brakes both together and separately.
PAR  The said three movements of said handle may be, for example, a
      forwards-rearwards sliding movement, a rotation about a longitudinal axis
      and rotation about itself. Said control buttons of said handle may be, for
      example, those of the alternator (transmission/reception), those of the
      split flaps, and of the fuel pump.
PAR  According to a preferred but not indispensable arrangement of the
      invention, when the said course control member approaches the end of its
      travel (to the right or left), it abuts (on the corresponding side)
      against said brake control member, which it actuates.
PAR  According to another preferred but not indispensable arrangement of the
      invention, the handle of the conventional joy-stick controls, for example,
      by rotating about itself, the trim tab which controls the reaction of the
      rudders and ailerons.
PAR  The invention relates both to a piloting station on the right (of the
      aircraft) and/or to a piloting station on the left. When applied to only
      one of the two stations, the other station remains conventional to
      facilitate piloting by a normal pilot, or by a flying instructor. When
      applied to the right hand station, it allows the handicapped person to
      reach his seat by an appliance which is known but exists solely for the
      right hand side of the aircraft.
DRWD
PAR  A preferred embodiment of the invention will now be described with
      reference to the following figures, given as non-limiting examples:
PAR  FIG. 1 is a perspective view of the plate supporting this embodiment;
PAR  FIG. 2 is an exploded perspective view of the steering-apparatus;
PAR  FIG. 3 is a perspective view of the brake-apparatus;
PAR  FIG. 4 is a perspective view of the handle and accompanying members;
PAR  FIG. 5 is a circuit diagram for controlling split flaps according to the
      invention; and
PAR  FIG. 6 is a sectional view of the conventional joy-stick modified according
      to the invention.
DETD
PAR  With reference to FIG. 1, therein is illustrated in perspective view, the
      lower plate 1 of the apparatus according to the invention. This plate 1 is
      provided with front attachment members 3, rear attachment members 5 and
      lateral attachment members 7 and attachment members 9 for a casing (not
      shown), towards the front and left, it is provided with a strong support
      11 for a transverse shaft and towards the rear and right, it is provided
      with a strong support 13 forming a vertical shaft and with four vertical
      members 15. This plate is provided for piloting the aircraft from the
      right hand side of the cockpit, for piloting from the left hand side, the
      plate would be symmetrical to that shown.
PAR  With reference to FIG. 2, therein is illustrated in exploded perspective
      view, the steering apparatus. A rocking lever 21 is mounted to oscillate
      (arrows F1) by double bearings on the support 13 of the plate 1. By two
      arms forming a slight dihedral angle, for example of 11.degree., this
      rocking lever 21 acts on two adjustable rods 23 and 25 (arrows F2), in
      turn acting on the two rudder-bars 27 and 29 (arrows F3), which are
      provided at their ends with abutments 31 and 33 fitted on a press. The
      rocking lever 21 is driven by a rod 35 (arrows F4) coming from the lower
      end of a vertical post 37 mounted to oscillate (arrows F5), in double
      bearings, in the support 11 of the plate 1.
PAR  With reference to FIG. 3, herein is illustrated in perspective view, the
      brake-apparatus which is mounted on a plate 41 by screws or bolts passing
      through five holes 43 and engaging support 13 and four members 15 of the
      plate 1. A second joy-stick 45 is mounted on plate 1 for longitudinal and
      transverse oscillatory movement (arrows F6), is kept centered in the
      inoperative position by a guide member 47 with a central recess 49. The
      joy-stick 45 pulls two cables 51 and 53 passing over two return pulleys 55
      and 57 and driving (arrows F7) two arms 59 and 61 oscillating on bearings
      63 and 65 (arrows F9) mounted on the plate 41. The arms 59 and 61 control
      hydraulic transmitters 67 and 69 for the right and left hand brakes. An
      end of travel beam 71 oscillates (arrows 11) in a support 73 at the front
      of the plate 41. It is provided with two adjustable abutments 75 and 77
      for the arms 59 and 61 of the brake-apparatus and two abutments 79 and 81
      for the abutments 31 and 33 of the rudder-bars 27 and 29, when one of them
      reaches the end of its travel.
PAR  With reference to FIG. 4, which is a perspective view of the handle and
      associated members, the handle 91 is mounted on a bracket of which one
      tubular arm 93 slides (arrows F12) in a ring 95 oscillating by means of
      two lugs 97 in the fixed structure of the aircraft (not shown). The front
      end of the tube 93 acts on the upper end of the post 37 (FIG. 2) by a
      fork-joint 99 comprising an aperture and the rear end of the tube 93 is
      integral with a vertical arm 101 supporting a socket 103. Able to rotate
      in double bearings (arrows F13) is an arm 105 having a longitudinal axis,
      at the end of which the handle 91 may rotate about itself (arrows F15).
      The sliding (F12) of the handle 91 thus controls the course. Its rotation
      (F13) controls the gases, via a flexible sheath (not shown), and its
      rotation about itself (F15) controls the re-heating of the carburetor
      (de-icing), via a flexible sheath (not shown). At a top of the handle 91,
      thus under the fingers of a pilot holding the handle 91 in his hand, are
      located the button 107 for controlling the alternator
      (transmission/reception), the three position switch 109 for controlling
      the split flaps (control described hereafter) and the button 111 for
      controlling the fuel pump. The electric wiring of these members and the
      said flexible sheaths may pass into the tube 105 and into the tube 93 and
      pass through the latter through windows 113.
PAR  With reference to FIG. 5, which is the circuit diagram of the control for
      the split flaps, the said switch 109 has three positions, namely the
      position R (flaps in), the position S (flaps out) and the position M
      between the two (flaps in the central position). These three positions are
      indicated by three signalling lamps 111 and three diodes 113 anticipate
      the appearance of false circuits. The switch 109 controls conventional
      input relay 115 and output relay 117 by means of four push-button contacts
      119, 121, 123, 125, which, for the sake of clarity of the drawing, have
      been shown as controlled by a frame 127 shown in full-lines for the
      central position and in broken-lines for the extreme positions (in fact
      this frame 127 may be constituted by as many straight or curved ramps as
      push-buttons). To put the switch 109 in position R (in), the relay 115
      (input) is supplied by the contact 119 to the "in" position in which the
      contact 119 is opened by the frame 127. To put the switch 109 in position
      M (central), the relay 117 (output) is supplied either by the contact 123
      if the flaps are in, or the relay 115 (input) if supplied by the contact
      121 if the flaps are out and this is as far as the central position in
      which 121 and 123 are both open.
PAR  With reference to FIG. 6, which is a section of the conventional joy-stick
      modified according to the invention, the joy-stick 131 is provided with a
      handle 133 which the pilot may rotate about itself. The handle 133 is
      integral with a screw 135 having a square thread engaging a roller 137
      mounted in a sleeve 139 integral with the joy-stick 131. By rotating about
      itself, the screw 135 thus slides vertically. This vertical sliding is
      transmitted by four lugs 141 to a slide 143 acting on the cable 145 of the
      trim tab. A key 147 of the slide 143 slides in a double window 149 in the
      sleeve 139, thus preventing the rotation of the slide and limiting its
      travel.
CLMS
STM  I claim:
NUM  1.
PAR  1. Hand control apparatus for the piloting of an aircraft by an-operator
      lacking use of his legs, the aircraft having means for controlling its
      course, means for controlling a throttle, means for heating a carburetor,
      a conventional joy-stick, and left and right brakes, said apparatus
      comprising a handle, means supporting said handle for three independent
      movements and means individually responsive to a respective movement of
      the handle for controlling the course control means, the throttle control
      means, and the carburetor heating means, hand-operated switch means
      carried by said handle for control of further elements of the aircraft, a
      second joy-stick, means coupled to said second joy stick for respectively
      operating the right and left brakes in accordance with the positioning of
      the second joy stick and a common support element on which said handle,
      said brake operating means and the means controlling the course control
      means are so assembled in operative position relative to one another and
      mutually coupled together for interrelated operation to allow complete
      manual control by the operator of the handle, and joy-sticks during
      respective flight and ground operations.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said handle is supported by the
      supporting means to effect said three movements respectively consisting of
      forward and rearward movement, lateral movement, and rotational movement
      about its own axis.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein said switch means on said handle
      include three buttons respectively controlling operation of the
      alternator, flaps and fuel pump.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein said means for controlling the
      course control means includes operating elements having end of travel
      positions which respectively act on the brake operating means for
      actuating the same.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 comprising means coupled to the
      conventional joy stick for controlling the trim tab of the aircraft by
      rotation of said conventional joy stick about the longitudinal axis of
      said conventional joy stick.
NUM  6.
PAR  6. Apparatus as claimed in claim 1, said support element comprising a lower
      plate, said means controlling the course control means comprising a
      steering rocking lever rotatably mounted on said plate, two adjustable
      rods coupled to said steering lever, two rudder bars coupled to said rods
      and operated thereby, a control rod coupled to said steering lever to
      operate said steering lever, a vertical post supported in said plate for
      horizontal rotatable movement and coupled at the lower end thereof to said
      control rod, a second plate mounted on said first plate at a location
      thereabove, said second joy-stick being mounted on said first plate for
      longitudinal and transverse oscillatory movement, means on said second
      plate engaging the second joy stick to hold the same in a biassed
      inoperative centered position, two cables coupled to said second joy-stick
      to follow the movement thereof, two arms pivotably mounted on said second
      plate and connected to a respective one of said cables and controlling
      operation of the brakes, an end of travel beam pivotably mounted on said
      second plate and including two abutments for said two arms and two further
      abutments for said rudder bars.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 comprising a bracket means supporting
      said handle including a tubular arm, a ring rotatable in fixed structure,
      and slidably receiving said tubular arm, a fork joint in said tubular arm
      and coupled to said vertical post at the upper end thereof, a vertical arm
      secured to said tubular arm, a socket mounted on said vertical arm, and a
      longitudinal arm carrying said handle and rotatable in said socket, said
      handle being mounted on said longitudinal arm for rotation about the
      longitudinal axis of said handle, said switch means comprising control
      buttons mounted on said handle.
NUM  8.
PAR  8. Apparatus as claimed in claim 3 wherein said button for control of said
      flaps comprises a switch having three positions corresponding to in, out
      and central flap positions, three warning lamps coupled to said switch,
      three non-return diodes connected to said switch, a first switch contact
      for the end of the inwards travel, a second switch contact for the end of
      outwards travel, a third switch contact closed in the central position of
      the three position switch, an inlet relay energized through said third
      switch contact when the flaps are slightly more than half way out, said
      second switch contact being closed in the central position of the three
      position switch, and an outlet relay energized through said second switch
      contact when the flaps are slightly more than half way in.
NUM  9.
PAR  9. Apparatus as claimed in claim 5 wherein said conventional joy-stick
      includes a rotatable handle, said means coupled to the joy-stick for
      controlling the trib tab comprising a screw integral with the handle of
      the conventional joy-stick, a roller threaded on said screw, a slide, lugs
      coupled to said screw and said slide to drive the latter for control of
      the trim tab, a sleeve receiving said roller and integral with said handle
      of the joy-stick and a key on said slide slidably mounted in a groove in
      said sleeve.
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ABST
PAL  Telescoping collective pitch stick assembly with a locking mechanism for
      securing extended position and permitting retraction of the stick to
      facilitate ingress and egress of a pilot from his seat in a helicopter.
      The locking mechanism has an index pin and cam arrangement having a slot
      with three interconnected areas.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder with the U.S. Army Aviation Systems
      Command.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to flight control systems for helicopters and more
      particularly to a collective pitch stick which can be telescopically
      retracted to permit a pilot to more easily climb into and get out of his
      seat in the cockpit.
PAR  2. Description of the Prior Art
PAR  The cockpits of aircraft are characteristically crowded with instruments
      and controls and not only is a pilot somewhat limited in movement while in
      his seat, but it can be particularly difficult for him to climb into or
      out of his seat. In addition to a cyclic pitch stick located between the
      pilot's legs as a typical airplane control stick is located, helicopters
      have a collective control stick located at the left side of the pilot.
      This stick is designed to be raised or lowered to control the collective
      pitch of the helicopter rotor blades. When the door to the cockpit is at
      the left side of the cockpit, the collective pitch stick even in its
      lowered position can be an impediment to getting into and out of the
      pilot's seat.
PAR  A curved airplane control stick to minimize interference with a pilot's
      body is taught in Henricksen U.S. Pat. No. 1,874,522. Further, for student
      pilot training, a collapsible airplane control stick is taught in Palmer
      U.S. Pat. No. 2,272,817 and a yieldable airplane control system is taught
      in Marte U.S. Pat. No. 3,633,851. The concept of preventing a collective
      pitch stick from interfering with the escape apparatus from a disabled
      helicopter is taught in Valentine U.S. Pat. No. 3,361,397.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an improved control system for a
      helicopter.
PAR  Another object of this invention is to provide a collective pitch control
      stick for a helicopter which minimizes interference with pilot ingress or
      egress from his seat in the cockpit.
PAR  Still another object of this invention is to provide a collective pitch
      control stick for a helicopter which stick has the capability of being
      telescopically retracted to a position out of the way of the pilot when
      getting into or out of the pilot's seat.
PAR  The foregoing and other objects, features and advantages of the invention
      become more apparent in the light of the following detailed description of
      a preferred embodiment thereof, as illustrated in the accompanying drawing
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic sectional view of a retractable collective pitch
      stick in accordance with this invention.
PAR  FIG. 2 is a section view along line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, telescoping pitch stick 10 comprises lower inner tube
      12 and upper outer tube 14 sized to slide over the inner tube. Slide 16,
      of a material like Teflon, attached to the interior of the outer tube
      separates the interior surface of the outer tube and the exterior surface
      of the inner tube. The slide is a guide and provides for relatively
      friction-free movement of the tubes with respect to each other during
      telescoping action. The bottom of the inner tube is pivotably mounted by
      means of plug 18 so that the pitch stick can rotate about pivot 20. The
      top of outer tube 14 has pilot grip 22 attached thereto on which is
      mounted switch box 24. Wire coil 26 extending along the interior of the
      pitch stick and through plug 18 connects switch box 24 to various
      helicopter controls, not shown.
PAR  Locking cam 28 surrounds a lower portion of outer tube 14 and is fixedly
      attached to the tube. The cam, as shown in FIG. 2, has arcuate slot 30
      over a portion of its surface. The cam is designed to receive one end of
      index pin 32, the other end of which is anchored by bracket 34 attached to
      the lower end of inner tube 12. The index pin has necked-down portion 36
      at its upper end for cooperative action with slot 30 for locking the pitch
      stick in its fully extended position and for permitting retraction or
      telescoping action. The index pin is surmounted by head portion 38, and it
      is preloaded with a light load tending to move the head end of the pin in
      a radial direction away from the pitch stick.
PAR  Slot 32 in locking cam 28 has inner wall 40 having a constant radius with
      respect to the axis of the pitch stick. The outer wall has a varying
      radius defining three general areas. As shown in FIG. 2, the left end of
      the slot has notch 42 into which necked-down portion 36 on index pin 32
      can move. When the pin is in this detent, which has a width slightly
      larger than the diameter of necked-down portion 36 but smaller than the
      diameter of the pin, the pitch stick is in its locked position since
      locking cam 28 and outer tube 14 cannot move in an axial direction with
      respect to the pin. The radial preload on the pin tends to keep the pin in
      the detent. Mid portion 44 of slot 30 is the narrowest area of the slot,
      being only slightly wider than the diameter of necked-down portion 36 on
      the pin. Axial movement of outer tube 14 is not possible when the pin is
      in slot mid portion 44. The right end of the slot has area 46 which is
      slightly wider than the diameter of index pin 32. When the pin is in this
      area of the slot, telescoping action of the pitch stick is possible since
      the pin can slide through the slot in the locking cam.
PAR  When pitch stick 10 is in its normal extended position, the pilot can
      retract it by first turning grip 22 in a clockwise direction. As outer
      tube 14 and cam plate 28 rotate, index pin 32 moves out of notch 42 in
      slot 30 and along mid portion 44 to area 46. The pilot then can cause
      outer tube 14 to telescope over inner tube 12 until the limit of axial
      motion is reached. The pitch stick has then been retracted to a position
      permitting easier egress from the pilot's seat. To extend the pitch stick
      to its operational position, grip 22 is moved to cause the outer tube to
      move axially away from pivot 20 until locking cam 28 contacts pin head
      portion 38. The grip is then turned in a counterclockwise direction and
      index pin will move through slot 30 until it enters notch 42. The pitch
      stick then will be in its locked, extended position.
PAR  Although the invention has been shown and described with respect to a
      preferred embodiment thereof, it should be understood by those skilled in
      the art that the foregoing and other changes and omissions in the form and
      detail thereof may be made therein without departing from the spirit and
      scope of the invention, which is to be limited and defined only as set
      forth in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A collective pitch stick for a helicopter including:
PA1  a first tube having a first end connected for rotational movement of the
      tube in one plane about said connection and a second end remote from said
      first end;
PA1  a second tube having an internal diameter slightly larger than the external
      diameter of said first tube so as to be axially slideable thereon;
PA1  said second tube having a first end normally surrounding the second end of
      said first tube;
PA1  locking cam means attached to said first end of said second tube; and
PA1  index pin means connected at one end to said first end of said first tube;
PA1  said index pin means having means adjacent its other end engaging with said
      locking cam means to maintain said tubes in a maximum length relationship;
PA1  said index pin means having a necked-down portion engaging said locking cam
      means;
PA1  said locking cam means having a slot through which said index pin extends;
PA1  said slot having three interconnected areas including;
PA1  a first area having a width slightly larger than the diameter of said index
      pin;
PA1  a second area having a width slightly larger than the diameter of the
      necked-down portion of said index pin; and
PA1  a third area being a detent having a width larger than the diameter of the
      necked-down portion but smaller than the diameter of said index pin;
PA1  said index pin being preloaded so as to urge it into the detent of said
      slot third area.
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ABST
PAL  A system for spinning up a nose wheel of an airplane equipped with a Fixed
      Slip Hydraulic Anti-Lock Braking System, incorporated in the airplane's
      anti-lock system. The system includes a main wheel pump coupled to a main
      wheel which is hydraulically coupled to a nose wheel pump-motor.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation in part of my parent copending
      application for a Fixed Slip Hydraulic Anti-Lock Braking System Ser. No.
      440,860 which was filed on Feb. 8, 1974, now U.S. Pat. No. 3,881,783 and
      which is hereby incorporated by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When an airplane is landing on a gravel runway it normally touches down
      first with its main wheels, and shortly thereafter with its nose wheel.
      When a stationary wheel contacts the gravel it "plows" for a short time
      until it is being spun-up by the contact with the ground. When such
      plowing occurs, stones and dirt are often being thrown upwards. Now, if
      the airplane happens to be equipped with jet engines which are stradle
      mounted on the rear portion of the fuselage, there is a real danger that
      the debris raised by the nose wheel will be sucked by the engines,
      potentially damaging their internal parts.
PAR  It has been established that the amounts of debris raised by the nose wheel
      can be minimized by spinning-up the nose wheel prior to its touch-down.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an airplane's landing gear, particularly
      to a tricycle type landing gear which is equipped with an anti-lock
      braking system of the type described in the parent application, wherein
      hydraulic pumps are coupled to the airplane's wheels.
PAR  The main object of the invention is to provide a wheel spin-up system at a
      minimum weight and cost penalty by designing it as a part of the anti-lock
      system, i.e., by utilizing the anti-lock system's pumps and plumbing.
PAR  In the first embodiment of the present invention the main wheels pumps are
      utilized as a power source to drive the nose wheel pumps (which, during
      the spin-up process operate as hydraulic motors, and therefore will be
      referred to, during the rest of this application as "pump-motor"), and
      thereby spin-up the nose wheel. This process starts at the moment that the
      main wheels touch down and continues until the nose wheel touches down.
      Thus according to the first embodiment of the present invention no
      external energy source is required.
PAR  A second embodiment of the present invention uses an external source of
      pressurized fluid and valving means to direct fluid to the nose wheel
      pump-motor, (or pump-motors), and optionaly also to the main wheels pumps,
      if spinning them up is also required.
PAR  At this point some of the practical consideration related to the first and
      second embodiments will be discussed; the first embodiment is simple and
      inexpensive, requiring a minimal amount of modification of an airplane
      having an anti-lock system of the type shown in the parent patent
      application. The limitation of this system stems from the fact that the
      system has a relatively short time to spin-up the nose wheel, which in
      turn may call for larger pumps and pump-motors to be able to accomplish
      the desired spin-up in this short a time. In an extreme case, where the
      landing is abnormal and the nose wheel touches down before the main wheels
      do, this embodiment does not get any chance to accomplish the spin-up.
PAR  The second embodiment uses an external source of pressurized fluid which is
      directed to the pump-motors and accomplishes the spin-up. This embodiment
      does not have the limitation discussed in connection with the first
      embodiment since the spin-up can be started several minutes before the
      touch down. If the airplane has an existing pressure source on board that
      can be tapped for this function, the second embodiment may be preferred.
      If a separate pressure source is required the first system may be given
      preference.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 shows a business type jet airplane having stradle mount jet engines
      attached to the rear sections of its fuselage, at the moment of touch
      down,
PAR  FIG. 2 shows an unmodified anti-lock system of the type described in my
      parent application,
PAR  FIG. 3 shows a schematic layout of the first embodiment of the present
      invention, and
PAR  FIG. 4 shows a schematic layout of the second embodiment of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE FIGURES
PAR  It may be noted that same numerals will be used to indicate same parts
      throughout the figures.
PAR  FIG. 1 shows a small jet plane 10 having two jet engines 11 (one shown)
      mounted on the rear section of its fuselage, at the instant of touch down
      on a runway 12. The airplane has two main wheels 13 (one shown) each
      driving a pump 14, and a nose wheel 15 coupled to a pump-motor 161.
PAR  FIG. 2 shows for reference and for the reader's convenience an unmodified
      Fixed Slip Hydraulic Anti-Lock Braking System of the type that is shown in
      the parent patent application. I will briefly describe this system and its
      operation:
PA0  the main wheel pump 14, which is coupled to the main wheel 13 by a shaft 17
      and has a suction port 18 and a discharge port 19,
PA0  the nose wheel pump 16 which is coupled to the wheel 15 by a shaft 20 and
      has an inlet port 21 and an outlet port 22,
PA0  a hydraulically actuated foundation brake 23 for braking the main wheel 13,
PA0  a slave relief valve 24 coupled hydraulically to a master-cylinder 25 by a
      line 26, for limiting the pressure generated by the anti-lock braking
      system in the foundation brake 23, and
PA0  conduit means 27, 28, 29 and 30 mutually connecting the discharge port 19,
      inlet port 21, foundation brake 23 and slave relief valve 24 one to the
      other. A portion of conduit means 30 indicated by numeral 31 is separated
      by a three way solenoid valve 32 which can alternatively connect conduit
      means 31 to a line 33.
PA0  Return lines 34 and 35 complete the hydraulic circuit and a line 36
      connects a reservoir 37 to conduit means 34. The reservoir 37 is connected
      as close as possible to the suction port 18 to minimize the tendency of
      the pump 14 to cavitate, by minimizing the length of the tube between the
      suction port 18 and the point along conduit 34 at which atmospheric
      pressure is introduced through the reservoir 37.
PAR  The pumps 14 and 16 are sized so that when the airplane rolls on the runway
      and its wheels roll without slip the pump 16 will suck only 80% of the
      hydraulic fluid that is discharged by the pump 14. The remaining 20%
      (which will be referred to as "differential pumping " from now on) will
      escape through the slave relief valve 24 to the return line 34. As the
      pilot increases his pressure on a brake pedal 38 of conventional
      master-cylinder 25 he proportionally increases the pressure that is
      required for the differential pumping to escape through the slave relief
      valve 24, which pressure also appears at the foundation brake 23
      decreasing the speed of the main wheel 13. Eventually, as the main wheel
      peripheral speed slows to approximately 20% below the peripheral speed of
      the nose wheel 15 the differential pumping disappears and a state of a
      dynamic equilibrium is established between the anti-lock system and the
      rolling braked wheel 13.
PAR  The solenoid valve 32 is shown in its energized position, energized by
      battery 40 through a switch 41 via wires 42, 43, 44 and a grounding wire
      45. When deenergized, the solenoid valve 32 blocks line 30 and connects
      the line 31 to the line 33 giving the pilot a direct manual control of the
      foundation brake 23. An excess pressure relief valve 52 prevents the
      pressure in the conduit means from exceeding a safe predetermined pressure
      at any time. FIG. 3 shows the anti-lock system of FIG. 2 modified to also
      spin-up the nose wheel according to the first embodiment of the present
      invention. The modifications are:
PA0  a. The pump 16 is replaced with a pump-motor 161 which is a unit which can
      operate either as a pump or as a hydraulic motor (such pump-motors are
      readily available commercially, and a number of ordinary gears or pistons
      pumps can operate as hydraulic motors).
PA0  b. A two way solenoid valve 46 is inserted into the line 29.
PA0  c. Additional control circuitry is added in the form of a switch 47 that,
      when closed, will automatically open the switch 41 through a mechanical
      link 48, which is made of an electrically isolating material and which is
      mechanically affixed to the switch 47 but not to the switch 41,
      consequentially the opening of the switch 41 will not effect the switch
      47.
PAR  Operation of the second embodiment is as follows; prior to landing the
      pilot closes the switch 47, thereby also opening the switch 41. The
      closure of the switch 47 energizes the solenoid valve 46 through wires 49,
      50 and a grounding wire 51, and the solenoid valve 46 then blocks the line
      29, as shown in FIG. 3. The opening of the switch 41, as explained before,
      connects the foundation brake 23 to the master-cylinder 25 as shown in
      FIG. 3. When the main wheel 13 touches the runway 12 it starts to rotate,
      causing therefor the rotation of the pump 14 which then forces fluid into
      the conduit means 27. Since the line 29 is blocked the fluid has to pass
      through the pump-motor 161 spinning it and spinning the nose wheel 15
      which is coupled to the pump-motor 161. The excess pressure relief valve
      52 prevents the pressure in the conduit means from exceeding a
      predetermined level. After the nose wheel also touches the ground the
      pilot may open the switch 47 to make the spin-up system inoperative and
      may also close the switch 41 to revert the system from a manual mode of
      operation to an anti-lock mode of operation. As the airplane slows down
      the pilot can reopen the switch 41 and revert the braking system back to
      the manual mode of operation which may be preferable at low speeds.
PAR  FIG. 4 shows how the second embodiment of the present invention is formed
      by modifying the system of FIG. 2. In this case the modifications include:
PA0  a. Inserting two three way solenoid valves 53 and 54 which are mutually
      synchronized by a mechanial link 55, into conduits 28 and line 34,
      respectively.
PA0  b. Adding a hydraulic source of pressurized fluid in the form of a pump 56
      driven by a motor 57 through a shaft 58, the pump's output being fed to
      the solenoid valve 53 and the pump's input being received from the
      solenoid valve 54 through a reservoir 59.
PA0  c. Adding a switch 47 and solenoid circuitry as in the first embodiment of
      FIG. 2, which in this embodiment energizes solenoid valves 53 and 54
      simultaneously (instead of energizing only the solenoid valve 46 of FIG.
      3).
PAR  To spin-up the wheels with the system as described in the second embodiment
      the pilot closes the switch 47 (as in the first embodiment) which in turn:
PA0  a. Energizes the solenoid valve 53 (as shown in FIG. 4) connecting a
      discharge line 60 of pump 56 to the inlet port 21 of pump-motor 161.
PA0  b. Energizes the solenoid valve 54 (as shown in FIG. 4) connecting a return
      line 61 leading to the reservoir 59 to outlet port 22 of pump-motor 161.
PA0  c. Energizes the motor 57 via a wire 62.
PAR  Consequentially, the pump 56 will force flow through the pump-motor 161 and
      thus spinning the nose wheel 15. The closing of the switch 47
      automatically opens the switch 41 (as in the case of the first embodiment)
      which in turn connects the foundation brake 23 to the master cylinder 25
      which serves as an alternate pressure generating means for actuating the
      foundation brake 23 during the spin-up.
PAR  A point that may be noted is; the sequence of opening the switch 47 and
      closing of the switch 41 may be tied, automatically, to the touch down of
      the nose wheel. This touch down may be sensed at the front wheel strut
      mechanism, in a conventional manner known and used in the art. The
      reopening of the switch 41 may be tied, automatically, to the ground speed
      of the airplane decreasing below a certain value as shown in detail in the
      parent application.
PAR  While the present invention has been illustrated by a limited number of
      embodiments, it will be appreciated that modifications and substitutions
      can be made by one skilled in the art without departing from the spirit of
      the invention and the scope of the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an airplane's landing gear, a hydraulic anti-lock braking and a nose
      wheel spin-up system comprising in combination;
PA1  a main wheel pump coupled to a main wheel and having a suction port and a
      discharge port,
PA1  a nose wheel pump-motor coupled to a nose wheel and having an inlet port
      and an outlet port,
PA1  conduit means connecting said discharge port to said inlet port, for
      hydraulically coupling said nose wheel to said main wheel so that said
      main wheel will spin up said nose wheel during the initial period of
      landing during which said main wheel is in contact with the ground and is
      rotating on it and said nose wheel is still air-borne.
NUM  2.
PAR  2. In an airplane's landing gear, a hydraulic anti-lock braking and a nose
      wheel spin-up system comprising in combination;
PA1  a main wheel pump coupled to a main wheel and having a suction port and a
      discharge port,
PA1  a nose wheel pump-motor coupled to a nose wheel and having an inlet port
      and an outlet port,
PA1  a hydraulically activated foundation brake for braking said main wheel,
PA1  a slave relief for limiting the pressure at the foundation brake,
PA1  conduit means mutually connecting said discharge port, said inlet port,
      said foundation brake and said slave relief valve one to the others, and
PA1  valve means for blocking said slave relief valve and said foundation brake
      from said conduit means so that said main wheel will spin up said nose
      wheel during the initial period of landing during which the main wheel is
      in contact with the ground and is rotating on it and said nose wheel is
      still air-borne.
NUM  3.
PAR  3. In an airplane's landing gear a hydraulic anti-lock braking and a nose
      wheel spin-up system comprising in combination;
PA1  a main wheel pump coupled to a main wheel and having a suction port and a
      discharge port,
PA1  a nose wheel pump coupled to a nose wheel and having an inlet port and an
      outlet port,
PA1  a hydraulically activated foundation brake for braking said main wheel,
PA1  a slave relief valve hydraulically coupled to a master-cylinder for
      limiting the pressure at the foundation brake,
PA1  conduit means mutually connecting said discharge port, said inlet port,
      said foundation brake and said slave relief valve one to the others, and
PA1  valve means for connecting said foundation brake to said master-cylinder
      and for blocking said foundation brake and said slave relief valve from
      said conduit means so that said main wheel will spin up said nose wheel
      during the initial period of landing during which the main wheel is in
      contact with the ground and is rotating on it, and said nose wheel is
      still air-borne, while at the same time giving the pilot a manual braking
      capability through said master-cylinder.
NUM  4.
PAR  4. In an airplane's landing gear, a hydraulic anti-lock braking and a nose
      wheel spin-up system comprising in combination;
PA1  a main wheel pump coupled to a main wheel and having a suction port and a
      discharge port,
PA1  a nose wheel pump-motor coupled to a nose wheel and having an inlet port
      and an outlet port,
PA1  a hydraulically activated foundation brake for
PA1  braking said main wheel,
PA1  conduit means mutually connecting said discharge port, said inlet port and
      said foundation brake,
PA1  a hydraulic source of pressurized fluid, and
PA1  valving means for disconnecting said inlet port from said conduit means and
      for connecting it to said hydraulic source for spinning up said nose
      wheel.
NUM  5.
PAR  5. The system of claim 4 wherein said valving means also connect said
      foundation brake to an alternate brake actuating pressure generator while
      said nose wheel is being spun-up.
NUM  6.
PAR  6. The system of claim 4 wherein said valving means also connect said
      outlet port by a return line to said hydraulic source of pressurized
      fluid.
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ABST
PAL  In an aircraft with a multi-engine configuration at the aft end of the
      fuselage the engines lie on top and on either side with their air intakes
      so positioned that downward and sideways noise shielding is provided by
      the fuselage and the wings, the wings having rearwardly extendible flaps
      to substantially close at take off and landing, gaps in the noise shield
      that would otherwise exist between the intakes and the unextended wing
      trailing edges. The engines exhaust into a noise shielding duct the bottom
      and side walls of which are provided respectively by a fixed-incidence
      portion of the tail plane and a pair of fins and rudders upstanding from
      the tailplane. Upward and downward thrust reversal passages are obtained
      by rocking back an aft end portion of each engine housing and
      simultaneously tilting a hingedly mounted forward section of said fixed
      incidence tail plane portion.
BSUM
PAR  This invention concerns improved noise suppression means for aircraft.
PAR  Low community noise is a major design consideration for new aircraft
      development, particularly in the commercial jet transport field. It is
      known to protect the community from noise emanating from the aircraft
      engines by suitably positioning them relatively to the airframe such that
      the airframe will constitute a shield either to absorb a percentage of the
      noise or deflect a substantial part of it away from the community. It is
      an object of the present invention to achieve this noise suppression
      requirement by improved means, in the form of a novel aircraft and
      engine-installation arrangement.
PAR  According to the invention, there is provided an aircraft with a fuselage
      at or near the rear end of which are located jet propulsion engines
      mounted on top of said fuselage and/or laterally disposed at opposite
      sides of its longitudinal axis, each engine air intake being located at a
      level above the aircraft wing trailing edge and not significantly aft of
      it such that the fuselage and wing surfaces provide a downward and partial
      sideways shield against noise emanating from the intakes.
PAR  Each engine is, for preference, partially recessed within the fuselage
      profile to provide an engine fairing or nacelle of reduced surface area
      for drag reduction and in addition an air intake and exhaust which may be
      of flattened form to increase noise shielding effectiveness. Also in the
      preferred arrangement, intake noise may be further shielded by the
      provision of flaps rearwardly extendible from the wing trailing edge in
      the take off and landing modes, permitting a reduction in nacelle length
      with associated reduction in surface area and in-cruise drag when noise
      shielding is of little consequence.
PAR  Each engine exhaust nozzle discharges into a common noise shielding duct or
      channel formed by a substantially horizontal structure and a pair of
      spaced-apart substantially vertical fins and rudders. The horizontal
      structure constitutes a fixed-incidence portion of the tailplane, while
      variable incidence portions lying outboard of the vertical fins are
      isolated by the fins from the effect of the engine exhausts and varying
      throttle settings.
PAR  In a preferred embodiment, an upstream portion of said fixed-incidence
      horizontal structure is deflectable in conjunction with a portion of the
      engine nacelle to form a thrust reverser common to all the engines. There
      is considerable advantage in this arrangement in that the reversed thrust
      exhausting close to the aircraft longitudinal axis will impart no
      significant asymmetric loadings to the aircraft in the event of an
      engine-out condition.
DRWD
PAR  One embodiment of the invention will now be described, by way of example,
      with reference to the accompanying drawings, in which
PAR  FIG. 1 is a plan view of an aircraft in accordance with the present
      invention,
PAR  FIG. 2 is a front view of the aircraft of FIG. 1,
PAR  FIG. 3 is a rear view of the aircraft of FIG. 1,
PAR  FIG. 4 is a longitudinal section through the aircraft rear end looking
      outboard,
PAR  FIG. 5 is a similar view to FIG. 4 but with the thrust reverser operative,
      and
PAR  FIG. 6 is a pictorial arrangement of the reverse thrust installation.
DETD
PAR  Referring to the drawings, in the aircraft configuration shown three jet
      propulsion engines are mounted upon and close to the rear end of a
      fuselage 1. A central engine 2 is mounted on top of the fuselage, the
      remaining pair 3 being disposed on either side of the aircraft
      longitudinal centre line such that their own longitudinal centre lines 4
      are rearwardly convergent.
PAR  The fuselage rear end profile 5 is such that each engine is, in effect,
      partially recessed within the basic fuselage profile 6. This permits the
      engine fairings 7 to be of reduced surface area and the air intakes 8 of
      flattened form, both of which features promote noise attenuation by
      increasing the ratio of the shielding length to the depth of the noise
      source.
PAR  Each engine fairing 7 extends forward of its respective engine, the outer
      two terminating when the air intake is just behind the trailing edge 9 of
      the wing 10; downward the sideways noise, emanating from the air intakes,
      is thus shielded by the fuselage and wing. This shielding may be further
      increased by the provision of flaps 11 rearwardly extendible in the
      take-off and landing modes from stowed positions within the wing trailing
      edge 9. This latter feature enables the engine fairing length to be
      suitably reduced, within the scope permitted by the extendible flaps. The
      flaps are slidably mounted at their ends on the fuselage sides and on
      faired cantilever beams 12 on the wing. This is both a weight saving
      arrangement and a means of reducing in-cruise drag.
PAR  The rearward convergence of the engine axes provides that the effluxes,
      exhausting through nozzle fairings 13 and 14, can discharge into a common
      noise shielding channel 15 formed by a horizontal structure 16 and a pair
      of spaced-apart substantially vertical fins 17 to provide both sideways
      and downwards shielding. A condition of efficient noise shielding is the
      combination of flattened nozzle depth with a maximum possible shielding
      length. This is further enhanced by providing each engine 2, 3 with a
      multi-lobe nozzle 18. It is known that this type of nozzle can reduce
      engine noise and fuel consumption. In relation to the present arrangement
      these nozzles provide increased noise shielding effectiveness. Since
      jetnoise emanates at a line source downstream of the nozzle, whereas other
      noise emanates from the nozzle itself, the use of multi-lobe nozzles to
      increase mixing of jet and by-pass air will reduce the jet noise content
      of the noise spectrum.
PAR  The horizontal structure 16, in addition to performing its noise shielding
      function, acts as a fixed-incidence portion of the tailplane; variable
      incidence portions 19 extend laterally outboard of the vertical fins 17.
      They are thus advantageously isolated from the effect of the engine
      exhausts and throttle variations.
PAR  A further advantage of this present arrangement resides in the provision of
      thrust reversal. It would be possible to apply conventional thrust
      reversers to the outer engines but with conventional arrangements the
      application of thrust reversal to a centre engine would normally be
      difficult to achieve. However, the horizontal structure 16 incorporates at
      its upstream end a flap 20 having pivotal attachment to the fixed
      structure at 21 and movable from a closed position as shown in FIGS. 4 and
      6 where it forms the forward upper surface of the horizontal structure 16
      to an open position as shown in FIG. 5 where it reveals a duct or ducts 22
      extending down between the vertical fins 17. The lower duct exit is
      similarly closed by movable lower flaps 23 when not in use, which flaps
      open in conjunction with upper flap 20 to lie substantially in alignment
      with or parallel to the flow direction through the duct 22. To complete
      the thrust reverser an upper rear portion 24 of the engine fairing rotates
      up and back to form in combination, with flaps 20 and 23, a
      multi-directional duct for thrust reversal upward and downward as
      indicated by the arrows 25 in FIG. 5. The thrust reverser assembly is
      acted simultaneously by two screw-jacks 26, operated by electrical
      actuators and which are pivotally mounted at 27 within the forward
      extensions of, and close to the base of, the fins 17. To allow for a
      failure condition the electrical actuators may be duplicated with an
      over-ride device. Alternatively, the thrust reverser system may be
      motivated by interconnected hydraulic jacks, for example, or pneumatic
      jacks by air bled from the engines and incorporating integral locks.
PAR  The jacks 26 operate directly on quadrants 28 through a pivotal connection
      29, the quadrants forming side supports for the upper rear portion 24 of
      the engine fairing and being pivotally mounting at 37 on the fixed
      aircraft structure. Adjustable struts 30 provide interconnection between
      the quadrants 28 and the flap 20, having pivotal attachments 31 and 32 to
      the quadrant and the flat, respectively, whilst adjustable struts 33 and
      34 have pivotal attachment to lever extensions 35 of the lower flaps 23
      and provide interconnection to lever extensions 36 of the quadrants 28.
      Therefore, actuation of the screwjacks simultaneously opens or closes the
      thrust reverser system as a whole to ensure substantially symmetrical flow
      upward and downward.
PAR  In this arrangement the thrust lines of the engines are biased nose down so
      that the thrust line passes near the Centre of Gravity. When the thrust
      reverser is extended the drag line is inclined slightly nose-up. This is
      sufficient to provide a down load on the main wheels to increase wheel
      braking efficiency, without offloading the nose wheel to an undesirable
      extent.
PAR  Other features may be provided to improve still further the noise shielding
      characteristics.
PAR  A sheet of low velocity air may be interposed between the engine exhausts
      and the structure. This air can be ducted from the boundary layer on top
      of the fuselage ahead of the engine intakes. Thus it acts as a boundary
      layer bleed energised by the engine exhausts. Such a downstream air sheet
      has the multiple effect of:
PA0  a. reducing scrubbing drag
PA0  b. reducing scrubbing noise
PA0  c. reducing temperature effects on the aircraft structure
PA0  d. reducing structural fatigue
PAR  The invention is not limited to three-engine designs. Noise shielding can
      be used either to reduce the overall noise nuisance experienced by the
      community to levels lower than otherwise possible with the same engines,
      or to make possible the use of inherently noisier engines, or to avoid the
      need for special acoustic treatment.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In an aircraft having a fuselage, wings, a tailplane and two laterally
      spaced fins above the tailplane, the provision of a plurality of jet
      propulsion engines mounted on said fuselage substantially above the level
      of said wings and generally aft thereof, an engine housing structure
      containing said engines, air intakes for said engines located forward of
      said engine housing structure at a level above said wings and not
      significantly aft of the trailing edges thereof such that the fuselage and
      wings provide a downward and partial sideways shield against noise
      emanating from said air intakes, and exhaust nozzles for said engines
      located to discharge into a common noise shielding duct defined at the
      sides by said fins and at the bottom by a fixed-incidence section of said
      tailplane between said fins, and wherein an upstream portion of said
      fixed-incidence tailplane section is deflectable in conjunction with a
      deflectable aft end portion of said engine housing structure to form a
      thrust reverser common to all engines, said deflectable portion of said
      fixed-incidence tailplane section being mounted to swing about a first
      transverse pivot axis intermediate the forward and aft ends of said
      tailplane section portion so that said forward end goes down and said aft
      end rises, and the deflectable aft end portion of the engine housing
      structure being mounted to rock up and back about a second transverse
      pivot axis until the aft end of said engine housing end portion
      substantially engages the up-tilted aft end region of the deflectable
      portion of said fixed-incidence tailplane section.
NUM  2.
PAR  2. An aircraft according to claim 1, wherein each engine is partially
      recessed within the fuselage and said air intakes and engine exhausts are
      of flattened form.
NUM  3.
PAR  3. An aircraft according to claim 1, wherein flaps are provided that are
      rearwardly extendible from the wing trailing edges at take off and landing
      to bridge at least in part a gap that would otherwise exist between the
      engine intakes and the unextended wing trailing edges.
NUM  4.
PAR  4. An aircraft according to claim 1, wherein the tailplane has variable
      incidence portions lying outboard of the fins and thereby shielded by said
      fins from the engine exhausts.
NUM  5.
PAR  5. An aircraft according to claim 1, wherein said deflectible portion of
      said fixed-incidence tailplane section lies at the upper end of a downward
      passage emerging at the underside of the fuselage, and at least one
      aft-end-pivoted door is provided for the lower end of said passage which
      door is swung down when said portion of said fixed-incidence tailplane
      section and said portion of said engine housing are deflected.
NUM  6.
PAR  6. An aircraft according to claim 1, having a three-engine configuration
      with one engine on top of the fuselage and the other two mounted one at
      each side of the fuselage.
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PAL  A spraying apparatus adapted for connection to a helicopter and including a
      tank for containing the fluid to be sprayed, a spray boom coupled to the
      tank, and a pump for pumping the fluid from the tank to the spray boom.
      The tank is releasably coupled to the aircraft. At least one boom support
      is coupled to the spray boom. The boom support is also releasably
      connected to the aircraft. The tank and the spray boom are readily
      releasable from the aircraft and are maintained in a substantially fixed
      orientation relative to the aircraft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to spraying apparatus and more
      specifically to spraying apparatus which can be carried by an aircraft.
PAR  2. Description of the Prior Art
PAR  In the past various spraying apparatuses have been carried by aircraft,
      such as helicopters, to spray fluids such as liquid fertilizer or
      insecticides over a relatively large area of vegetation. These spraying
      apparatuses have typically included a tank providing a reservoir for the
      fluid and a spray boom extending laterally of the tank to conduct fluid to
      the atmosphere. Boom support members have been used to aid in supporting
      the weight of the spray boom.
PAR  In one type of spraying apparatus, the tank is suspended far below the
      helicopter by a flexible cable which is releasably supported by a hook
      beneath the helicopter. Because the tank is far below the helicopter, it
      is difficult for the pilot to accurately determine the position of the
      tank. In other words, pilot depth perception problems are created. In
      addition the flexible cable permits the spraying apparatus to swing
      beneath the helicopter. This, of course, affects not only the stability of
      the helicopter but also the accuracy with which a given area can be
      sprayed.
PAR  One advantage of considerable importance, however, is that this type of
      spraying apparatus can be released even while the helicopter is in flight
      by merely opening the hook. This can be particularly desirable from a
      safety standpoint if the helicopter becomes endangered. A release
      capability is also desirable since it permits the helicopter to be flown
      separately of the spraying apparatus.
PAR  In another type of spraying apparatus, the tank is permanently fixed to the
      helicopter. The spray boom typically extends from the tank and the boom
      support members extend between the helicopter and the spray boom. This
      type of spraying apparatus has a fixed relationship with the helicopter
      when in flight and therefore does not have a particularly adverse affect
      upon the stability of the helicopter. One disadvantage of this type of
      spraying apparatus is that only the contents of the tank can be dumped and
      the spraying apparatus can not be jettisoned.  Thus, if the helicopter is
      "in trouble" the spraying apparatus imposes an undesirable weight penalty.
      In addition, if the helicopter must make a forced landing, the long,
      laterally extending booms prevent the helicopter from being landed in a
      relatively small area.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, the tank, spray boom, and support members have a
      substantially fixed relationship with the helicopter but are readily
      releasable to permit flight of the helicopter without the spraying
      apparatus. The release of the apparatus may be of the quick release or
      bomb release type so that the apparatus can be jettisoned by the pilot
      utilizing a suitable control within the aircraft. To prevent the
      helicopter from interfering with the release of the spraying apparatus, no
      portion of the helicopter extends into the path of the apparatus as it is
      dropped from the helicopter. In normal operation, the apparatus is
      attached to the helicopter by releasable means which may include, for
      example, a hook or bomb release which engages the tank. The hook is
      actuable to release the spraying apparatus even in flight. This enhances
      the safety of the helicopter and also facilitates easy mounting of the
      spraying apparatus.
PAR  To facilitate the obtaining of a substantially fixed relationship between
      the spraying apparatus and the helicopter and to eliminate the pilot depth
      problem referred to above, the spraying apparatus may be mounted closely
      adjacent the helicopter rather than being suspended from the helicopter by
      a long cable. However, this close relationship between the helicopter and
      the spraying apparatus must not interfere with release of the latter.
PAR  To achieve both of these desirable goals, i.e. a substantially fixed
      relationship and a release capability, the fluid tank may be releasably
      connected to the hook on the belly of the helicopter between the landing
      gear so that it is free to fall from the helicopter. Tank stability is
      achieved by the proximity of the tank to the belly of the helicopter, the
      hook, and adjustable stabilizing members.
PAR  The spray boom is coupled to the tank and extends generally laterally
      outwardly from the tank. The landing gear must not interfere with release
      of the spray boom. Frequently, helicopter landing gear take the form of a
      pair of skids which normally rest on a supporting surface when the
      helicopter is not in flight. In this event a plurality of pads may be used
      to elevate the skids above the supporting surface to provide clearance for
      the spray boom which extends beneath the skids. A central portion of the
      spray boom engages lateral portions of this spray boom at first couplings
      on either side of the helicopter.
PAR  The spray boom is supported in a substantially fixed relationship by the
      first couplings and a pair of boom support members which form a solid
      triangle with each of the lateral portions of the spray boom and which are
      connected to the helicopter at second couplings to provide for release of
      the spray boom. The second couplings permit movement of the boom support
      members in the downward direction; however, they resist bending loads
      imposed by the mass of the boom and any fluid therein. The first couplings
      inhibit movement of the spray boom in the downward direction. When the
      hook is actuated to release the tank, the first couplings move downwardly
      with the tank and the boom support members automatically disengage the
      second couplings so that the tank, spray boom and boom support members are
      free to fall clear of the helicopter.
PAR  These and other features and advantages of the present invention will
      become more apparent with a discussion of the preferred embodiments
      described with reference to the associated drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of one embodiment of the spraying
      apparatus of this invention mounted on a helicopter;
PAR  FIG. 2 is a front elevational view of the helicopter and a portion of the
      spraying apparatus including a fluid tank and one of a pair of spray booms
      and associated boom supports which extend laterally of the helicopter;
PAR  FIG. 3 is a bottom plan view of the helicopter illustrating a preferred
      disposition of the tank spray boom with respect to the landing gear of the
      helicopter;
PAR  FIG. 4 is a front elevational view of one embodiment of a coupling which
      connects the boom supports to the helicopter; and
PAR  FIG. 5 is a bottom plan view of stabilizing members which engage the tank
      to inhibit relative movement of the tank and the helicopter.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A helicopter is partially illustrated in FIG. 1 and designated by the
      reference numeral 11. The helicopter 11 includes a fuselage 13 which
      defines a cockpit 15 and has a belly shown generally at 17. Landing gear
      supports 19 extend from the fuselage 13 to support landing gear such as
      the skids 21. When the helicopter 11 is not in flight, the skids 21
      support the fuselage 13 at a convenient height above a supporting surface
      23.
PAR  A spraying apparatus 25 is attached to the helicopter. The spraying
      apparatus includes a tank 27 or other container which provides a reservoir
      for the fluid to be sprayed. As best illustrated in FIG. 3, a pump 29
      forces the fluid from the tank 27 through a valve 30 and a connection 32
      into a spray boom 31. In FIG. 2, a plurality of nozzles 33 provide
      openings from the spray boom 31 to the atmosphere to spray the fluid over
      a relatively large area. A gasoline engine 35 can provide a source of
      power for driving the pump 29. In this embodiment, the tank 27, the engine
      35, and the pump 29 have a generally fixed relationship.
PAR  The valve 30, which may be a solenoid valve, can be remotely controlled by
      the pilot from a control console shown schematically at 37 in the cockpit
      15. Electrical conductors 39 and 41 extend from the console 37 through a
      connector 43 to the valve 30 and the engine 25, respectively. The
      connector 43 is of the type which easily separates with tension on the
      conductors 39 and 41.
PAR  The engine 35 may be started before the helicopter 11 is airborne or a
      battery operated starter (not shown) may be used to start the engine after
      the helicopter is in flight. When the helicopter 11 reaches the area to be
      sprayed, the valve 30 is opened by the pilot utilizing the control console
      37.
PAR  The spray boom 31 can be any pipe or tube providing a path for the
      conduction of the fluid laterally of the helicopter 11. In a preferred
      embodiment, this spray boom 31 has a central portion 45 and a pair of
      lateral portions 47, which extend laterally from the sides of the
      helicopter 11. A connector or coupling 49, preferably of the quick
      disconnect type, provides a fluid connection between the central portion
      45 and each of the lateral portions 47.
PAR  The central portion 45 of the spray boom 31 can be maintained in a
      generally fixed relationship with the tank 27 by a pair of mounting
      brackets 51 attached as by welding to the tank and the central portion 45.
      It is of particular advantage that the central portion 45 of the boom 31
      extends beneath the skids 21.
PAR  A pair of boom support members 53 extend from a connector or fitting 55 on
      each of the lateral portions 47 of the spray boom 31 to the helicopter 11.
      A connecting apparatus or coupling shown generally at 57 is provided for
      each of the boom support members 53. Each of the connecting apparatus 57
      includes a special connector 59 which releasably couples the associated
      boom support member to the helicopter. A plurality of ribs 60 interconnect
      the boom 31 and the boom supports 53. A plurality of ribs 60a interconnect
      the boom supports 53. The pair of boom support members 53 and the
      associated lateral portion 47 of the spray boom 31 form the sides of a
      solid triangle having the connector 55 at the apex of the triangle. This
      construction provides a rigid structure for supporting the lateral
      portions 41 of the spray boom 31 against bending loads or loads which tend
      to pivot the lateral portions about the coupling 49.
PAR  When the spraying apparatus 25 is in normal operation, a hook 61 extends
      from the belly 17 of the fuselage 13 to engage the tank 27 and support the
      tank, the engine 35, the pump 29 and the central portion 45 of the spray
      boom 31. Each of the connectors 49 inhibits downward movement of the
      associated lateral portion 47 of the spray boom 31. As a result, the
      weight of the lateral portion 47 produces a turning moment about the
      connector 49. Since the connector 59 inhibits lateral movement of the
      associated boom support member 53, the connectors 59 tend to oppose the
      turning moment of the lateral portions 47. The connectors 59 in a
      preferred embodiment do not support any downward component of force
      resulting from the weight of the spray boom 31.
PAR  Each of the connecting apparatus is identical and a typical one of the
      connecting apparatus 57 and the associated connector 59 is shown in
      greater detail in FIG. 4. The connector 59 includes a projection 63 which
      can be welded to, and extend upwardly from, the boom support member 53. In
      a preferred embodiment, the projection 63 has an outer surface 64 with a
      cylindrical configuration. The connector 59 includes a female coupling
      section 65 having a recess which is supported at a generally fixed point
      with respect to the fuselage 13 of the helicopter 11. The section 65 is
      affixed to arms 66 which are attached to the fuselage by yokes or other
      suitable attaching means 66a, respectively. The female coupling section 65
      has an inner surface 67 which engages the outer surface 64 of the
      projection 63. In a preferred embodiment, to facilitate assembly, the
      inner surface 67 has a configuration of a cone which increases in diameter
      in the downward direction. If the surface 64 is provided with a
      cylindrical or conical configuration and the surface 67 is provided with a
      conical configuration, the connector 59 will inhibit movement of boom
      support members 53 in all but the downward direction.
PAR  It is of particular advantage that in this embodiment, the only support for
      the spraying apparatus in the downward direction is provided by the hook
      61. This hook 61 is conventional and is of the type commonly found on
      helicopters. The hook 61 can be opened by the pilot from the cockpit 15 to
      release the spraying apparatus. The hook 61 not only facilitates the
      mounting and dismounting of the spraying apparatus 25 but also permits the
      spraying apparatus 25 to be jettisoned under emergency conditions.
PAR  In this particular embodiment, no portion of the spraying apparatus 25 is
      obstructed by any portion of the helicopter 11, except the hook 61, in the
      downward direction. In other words, the fuselage 13 and the skids 21
      define in part a passageway through which the spraying apparatus 25 is
      free to fall when the hook 61 is opened. As used herein, the passageway
      includes any path through which any portion of the spray apparatus 25
      passes as it falls free of the helicopter 11 from a position supported by
      the hook 61. As the tank 27, engine 35, pump 29 and central portion 45
      descend through the passageway, downwardly of the belly 17, the connectors
      49 also descend. This moves the lateral portions 47 of the spray boom 31
      downwardly along with the boom support members 53. As the projections 63
      of the connectors 59 are carried downwardly by the boom support members
      53, they disengage the coupling section 65 of the connector 59. Thus the
      opening of the hook 61 also provides for the separation of the spray boom
      31 and boom support members 53 from the helicopter 11. The plug 43
      associated with the control console 37 separates automatically when the
      spraying apparatus 25 is disengaged.
PAR  To increase the stability of the spraying apparatus 25 when supported by
      the hook 61, a stabilizing apparatus 71 can extend from the helicopter 11
      to the tank 27. In a preferred embodiment, the stabilizing apparatus 71
      includes two identical stabilizing bars 73, each of which extends between
      and registers with an associated pair of the landing gear support members
      19 associated with one of the skids 21. The stabilizing bar 73 can be
      maintained in a substantially fixed relationship with the landing gear
      support members 19 by a pair of straps 75.
PAR  A plurality of stabilizing members 77, one of which is shown in FIG. 5,
      extend from each of the stabilizing bars 73 a variable distance to contact
      the surface of the tank 27. In the preferred embodiment, each of the
      stabilizing members 77 includes two nuts 79 and a bolt 81 which can be
      screwed through the nuts 79 to support a rubberlike pad 83 a variable
      distance from the stabilizing bar 73.
PAR  It is particularly desirable that the stabilizing members 77 be positioned
      so that they do not obstruct the passageway associated with the spraying
      apparatus. Since this passageway extends generally downwardly of the tank
      27, the stabilizing members are preferably disposed to contact top and
      side surfaces only. In a preferred embodiment, the stabilizing members 77
      contact the substantially vertical surfaces at the sides of the tank 27.
      Thus the stabilizing apparatus 71 inhibits movement of the spraying
      apparatus 25 laterally of the helicopter 11 while permitting downward
      movement of the spraying apparatus through the passageway. It will be
      apparent to those skilled in the art that the specific configuration of a
      stabilizing apparatus will depend primarily upon the configuration of the
      tank 27.
PAR  With the type of helicopter 11 illustrated in FIG. 1, it is generally
      desirable that the spray boom 31 extend beneath the skids 21. This will
      enable the spray boom 31 to fall free of the helicopter 11 when the hook
      61 is open. This desirable orientation of the spray boom 31 with respect
      to the skids 21 requires some modification since the skids 21 are designed
      to normally contact the supporting surface 23 along a pair of lines. Thus,
      anything extending beneath the skids 21 would necessarily support the
      weight of the helicopter 11 on the surface 23.
PAR  For these reasons, it is generally desirable to provide means for elevating
      each of the skids 21 a distance sufficient to provide clearance through
      which the spray boom 31 can extend beneath the skids 21. In a preferred
      embodiment, a pair of pads 81 are removably maintained in a fixed
      relationship with each of the skids 21 by a plurality of straps 83. With
      the clearance provided by the pads 81, the skid 21 and the associated pads
      81 define a recess or portion of the passageway through which the spraying
      apparatus is free to fall. Even though the spray boom 31 extends beneath
      the skids 21, the pads 81 permit the helicopter 11 to be landed on the
      supporting surface 23 without placing any weight on the spray boom 31.
PAR  The spraying apparatus of the present invention is of particular advantage
      for use with aircraft such as the helicopter 11. When mounted to the
      helicopter 11, the spraying apparatus 25 has a substantially fixed
      relationship with the helicopter 11 and is not free to swing. This
      increases the stability of the helicopter 11 when in flight and permits
      greater spraying accuracy. The weight of the spraying apparatus 25 can be
      supported primarily by the hook 61 which can be opened to permit ejection
      of the spraying apparatus 25. This is not only desirable from a safety
      standpoint, but also enhances the ease with which the spraying apparatus
      25 can be mounted to the helicopter 11. Special couplings associated with
      the spray booms 31 also enable these structural members to fall free of
      the aircraft when the hook 61 is opened.
PAR  Although the helicopter 11 and the spraying apparatus 25 have been
      described with reference to specific embodiments, it will be apparent that
      the invention can be otherwise embodied so that the scope of the invention
      should be ascertained only with reference to the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spraying apparatus for spraying a fluid, said spraying apparatus being
      adapted for connection to an aircraft having a fuselage and a landing
      gear, said spraying apparatus comprising:
PA1  a tank for containing the fluid to be sprayed;
PA1  first means for releasably coupling the tank to the aircraft with at least
      a portion of the tank being generally between the landing gear;
PA1  a spray boom having at least one opening through which the fluid can be
      discharged;
PA1  means for interconnecting the spray boom and the tank with the spray boom
      projecting laterally outwardly of the tank and with the spray boom being
      in fluid communication with the tank so that the spray boom can dispense
      the fluid;
PA1  pump means for pumping the fluid from the tank to the spray boom and
      through the opening whereby the fluid can be distributed;
PA1  at least one boom support coupled to the spray boom;
PA1  coupling means for releasably attaching the boom support to the aircraft so
      that the boom support can support the spray boom against forces tending to
      pivot the boom downwardly; and
PA1  at least said tank and said spray boom being releasable from the aircraft
      upon the release of said coupling means and said first means.
NUM  2.
PAR  2. A spraying apparatus as defined in claim 1 including means on said
      landing gear defining a downwardly opening recess, said spray boom
      extending laterally from said tank through said recess whereby said
      landing gear does not interfere with the release of the spray boom.
NUM  3.
PAR  3. The spraying apparatus recited in claim 1 including means extending from
      the aircraft toward the tank for stabilizing the tank with respect to the
      aircraft.
NUM  4.
PAR  4. A spraying apparatus for spraying a fluid and adapted to be connected to
      an aircraft having a fuselage and first and second laterally spaced
      landing gear members, said spraying apparatus comprising:
PA1  a tank for containing the fluid to be sprayed;
PA1  means for releasably coupling the tank to the aircraft with the tank lying
      generally between the landing gear members and closely adjacent to the
      fuselage;
PA1  a spray boom having at least one opening through which the fluid can be
      discharged;
PA1  means for interconnecting the spray boom and the tank so that the spray
      boom can receive the fluid from the tank;
PA1  pump means for pumping the fluid from the tank to the spray boom and
      through the opening thereof whereby such fluid can be distributed;
PA1  means on at least one of said landing gear members for defining a
      downwardly opening recess; and
PA1  said boom extending laterally from said tank toward said one landing gear
      member and through said recess whereby upon release of the releasable
      means the spray boom and the tank can be released from the aircraft
      without interference from said one landing gear member.
NUM  5.
PAR  5. A spraying apparatus for spraying a fluid, said spraying apparatus being
      adapted for connection to an aircraft having a fuselage and a landing
      gear, said spraying apparatus comprising:
PA1  a tank for containing the fluid to be sprayed;
PA1  first means operable when the aircraft is in flight for releasably coupling
      the tank to the aircraft with the tank being adjacent and beneath the
      fuselage;
PA1  a spray boom having at least one opening through which the fluid can be
      discharged;
PA1  means for interconnecting the spray boom and the tank with the spray boom
      projecting laterally outwardly of the tank along a path having a
      horizontal component and with said spray boom being in fluid communication
      with the tank so that said spray boom can dispense the fluid;
PA1  at least one boom support coupled to the spray boom;
PA1  coupling means other than said first means for releasably attaching the
      boom support to the aircraft so that the boom support an at least assist
      in supporting the spray boom, said coupling means being releasable with
      the aircraft in flight; and
PA1  at least said tank and said spray boom being releasable from the aircraft
      upon the release of said coupling means and said first means.
NUM  6.
PAR  6. A spraying apparatus as defined in claim 5 wherein said boom support
      includes an elongated boom support member attached to said boom at a
      location remote from said tank and to said coupling means, said coupling
      means being inboard of said location.
NUM  7.
PAR  7. A spraying apparatus for spraying a fluid, said spraying apparatus being
      adapted for connection to an aircraft having a fuselage and a landing
      gear, said spraying apparatus comprising:
PA1  a tank for containing the fluid to be sprayed;
PA1  first means operable by the pilot of the aircraft from the cockpit of the
      aircraft for releasably coupling the tank to the aircraft;
PA1  a spray boom having at least one opening through which the fluid can be
      discharged;
PA1  means for interconnecting the spray boom and the tank so that the spray
      boom can receive the fluid from the tank, said spray boom projecting
      outwardly of the tank along a path having a horizontal component;
PA1  at least one boom support coupled to the spray boom;
PA1  coupling means automatically releasable upon the release of said first
      means for releasably attaching the boom support to the aircraft so that
      the boom support assists in supporting the spray boom; and
PA1  at least said tank and said spray boom being releasable from the aircraft
      upon the release of said first means and said coupling means.
NUM  8.
PAR  8. A spraying apparatus as defined in claim 7 wherein said boom support
      includes an elongated boom support member attached to said boom at a
      location remote from said tank and to said coupling means, said coupling
      means being inboard of said location, said coupling means includes a
      projection coupled to one of said aircraft and said boom support member
      and means defining a recess, said recess defining means being coupled to
      the other of said coupling means and said aircraft, said projection being
      receivable within said recess and being freely withdrawable therefrom in a
      generally vertical direction.
NUM  9.
PAR  9. A spraying apparatus for spraying a fluid, said spraying apparatus being
      adapted for connection to an aircraft having a fuselage and and a landing
      gear, said spraying apparatus comprising:
PA1  a tank for containing the fluid to be sprayed;
PA1  first means for releasably coupling the tank to the aircraft with at least
      a portion of the tank being generally between the landing gear;
PA1  a spray boom having at least one opening through which the fluid can be
      discharged;
PA1  means for interconnecting the spray boom and the tank so that the spray
      boom can receive the fluid from the tank, said spray boom projecting
      outwardly of the tank;
PA1  pump means for pumping the fluid from the tank to the spray boom and
      through the opening whereby the fluid can be distributed;
PA1  at least one boom support coupled to the spray boom;
PA1  coupling means for releasably attaching the boom support to the aircraft so
      that the boom support can support the spray boom against forces tending to
      pivot the boom downwardly;
PA1  at least said tank and said spray boom being releasable from the aircraft
      upon the release of said coupling means and said first means; and
PA1  said coupling means including means for resisting movement of the boom
      support generally laterally away from the aircraft and means for
      permitting downward movement of the boom support at all times.
NUM  10.
PAR  10. A spraying apparatus as defined in claim 9 wherein said coupling means
      includes a projection coupled to one of said aircraft and said boom
      support and means defining a recess, said recess defining means being
      coupled to the other of said coupling means and said aircraft, said
      projection being receivable within said recess and being freely
      withdrawable therefrom in a generally vertical direction.
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ABST
PAL  This invention is concerned with an ejection release unit for releasing and
      projecting a store from an aircraft. The unit comprises a releasable
      latching mechanism for supporting the store, a pair of telescopic ejection
      guns for projecting the store from the aircraft, a breech for one or more
      cartridges which, on ignition, produce pressure gas which causes the
      latching mechanism to release the store and also acts on a piston which
      indirectly transmits the resultant force to a body of hydraulic fluid,
      which, in its turn, operates the ejection gun at each side. Preferably,
      there are two oppositely acting pistons, each of which pistons transmits
      pressure to a separate body of hydraulic fluid for operating a respective
      ejection gun. The breeches may be formed in a removable unit which also
      defines the cylinders within which the pistons work.
BSUM
PAR  This invention relates to ejector release units for releasing and
      projecting stores such as bombs and similar heavy objects from aircraft.
      Examples of such units are described in our prior British patent
      specifications Nos. 1,058,997 and 1,248,926 and comprise basically a
      releasable latching mechanism for holding the store and eventually
      releasing it and a pair of ejection guns for projecting the store from the
      aircraft. Both of these mechanisms are operated by high pressure gas from
      explosive cartridges and, in practice, two such cartridges are always
      fitted so as to overcome the risk of one cartridge misfiring.
PAR  Since one cartridge must be able to operate alone if the other misfires,
      the cartridges are fitted in breeches arranged side by side and, since the
      arrangement is a symmetrical one, the breeches are arranged approximately
      in the middle of the apparatus, that is to say equidistant from the two
      ejection guns. The connections to the latching mechanism are made
      mechanically and a piston for operating the mechanical linkage may thus be
      situated in a cylinder immediately adjacent the two breeches. On the other
      hand, since the two ejection guns are spaced away from the breeches by
      half the length of the apparatus as a whole, the gas from the cartridges
      must travel along a path of this length. Each path normally includes a
      throttling device as described in the above-mentioned specifications, and
      in addition the path inevitably includes corners and so forth which tend
      to collect a deposit of carbon and other small particles as a result of
      the firing of the cartridges. For example, small particles of explosive
      from the cartridges tend to be carried along with the gas stream and small
      particles of the cartridge cases may also be carried along the passage.
      Although it is possible to design a construction of cartridge holder by
      means of which the problem of free particles is greatly reduced, but there
      is still inevitably a deposit from the products of combustion.
      Consequently, thorough cleaning is necessary after every few operations of
      the unit.
PAR  According to the present invention, the gas pressure from the cartridges
      acts on a piston which indirectly transmits the resultant force to a body
      of hydraulic fluid, which, in its turn, operates the ejection gun at each
      side. As a result of this construction, the gas itself need travel only a
      very short distance to operate the piston, the necessary pressure for
      operating each ejection gun being transmitted for the remainder of the
      distance by the hydraulic fluid. Consequently, any deposit of particles
      and other dirt is localised in the immediate vicinity of the breech and
      since the remainder of the circuit is filled with hydraulic fluid, it
      requires no cleaning at all.
PAR  In order to provide a balanced assembly, two oppositely acting pistons may
      be used, each transmitting pressure to a separate body of hydraulic fluid
      for operating a respective ejection gun.
PAR  Preferably any cleaning which may be required is still further simplified
      by forming the breeches for the reception of the cartridges in a removable
      unit which also defines the cylinders within which the pistons work and
      which receive any deposit there may be from the combustion of the
      cartridges. When the cartridges are fired, the pistons are forced
      outwardly by the gas pressure and the resultant pressure transmitted
      through the hydraulic fluid then extends the ejection guns as previously
      described. After firing, the ejection guns remain in their extended
      position and the pistons also remain in their outermost position to which
      they have been moved by the gas pressure. The removable unit referred to
      above is preferably arranged to terminate at each side along a line
      defined by the end face of each piston. Consequently, when each piston is
      in its outermost position, the unit may be removed without difficulty. If
      the apparatus as a whole requires to be re-used at short notice, the
      complete removable unit may be replaced by a fresh, clean unit. Once the
      original removable unit has been cleaned and replaced or, alternatively, a
      new unit has been fitted in its place, the ejection guns can be restored
      to their normal retracted positions. The movement of the guns is
      transmitted through the hydraulic fluid to the two pistons which are
      thereby moved inwardly to their starting positions.
PAR  In the earlier constructions described in the above-mentioned
      specifications, throttle members are fitted in order to regulate the
      pressure of the gas for operating the ejection guns. In a construction in
      accordance with the present invention, similar throttles may be fitted so
      as to have a similar controlling effect on the hydraulic fluid rather than
      on the gas.
DRWD
PAR  The present invention will now be described more fully, by way of example
      only, with reference to the accompanying drawing, which is a sectional
      view of one side of an ejection release unit, the other side being of
      similar construction.
DETD
PAR  The unit includes a pair of ejection guns 1, each of which has a piston
      indicated generally at 2 which acts against the upper surface of a store
      carried by the unit. The store is held in position by a pair of latch
      members 3 which are pivoted about horizontal axes, the latch member shown
      in the accompanying drawing being pivoted about horizontal axis 4. In
      operation the guns 1 are fired simultaneously and the latch members 3 are
      moved towards one another simultaneously so as to release the store which
      is then ejected downwardly by the combined downward thrust of the guns 1.
PAR  The latch members 3 are controlled by a toggle linkage to which they are
      connected by rods 5 and 6. The toggle linkage consists of a lever 7
      pivoted at 8 about a horizontal axis and pivotally connected to the two
      rods 5 and 6 at 9 and 10 respectively. A compression spring 11 acts
      between the point 9 and the framework of the unit and retains the linkage
      in the position shown. The unit includes two breeches 12 for identical
      electrically ignited cartridges. When these cartridges are ignited, the
      resulting gas pressure acts against a piston 13 located in a cylinder 13A
      and forces the piston 13 downwardly against the bias of a compression
      spring 14. The piston 13 contacts the point 10 of the toggle linkage and
      if a safety pin 15 has been withdrawn, it pushes the linkage over centre.
      Once this has occurred, the downward force of the store carried by the
      unit turns the latch members 3 about their respective horizontal axes 4,
      and the rods 5 and 6 towards one another thus releasing itself. As this
      occurs, the point 9 moves over-centre whereupon the compression spring 11
      retains the linkage in the new position.
PAR  At the same time, the pressure gas passes from the cartridges to act
      against the pistons 16, only one of which is shown, as the other one is
      the same. The piston 16 transmits thrust to an auxiliary piston 16A and
      thus indirectly to a body of hydraulic fluid in chamber 17 which is thus
      forced through passages 18 and 19 to operate ejection gun 1. A throttling
      device 27 is located between passages 18 and 19, by means of which the
      pressure of the hydraulic fluid can be regulated as desired. After firing,
      the ejection guns remain in their extended position and the pistons 16,
      and 16A also remain in their outermost position to which they have been
      moved by the gas pressure. The section of the ejection release unit
      containing the breeches, the cylinder 13A, the pistons 16 and the
      cylinders 20, each of which contains the rear end of the auxiliary pistons
      16A before the cartridges are fired, comprises a removable unit. In the
      drawing, the piston 16A is shown with its rear end located in cylinder 20.
      However, when the piston is in its outermost position the removable unit
      indicated generally at 21 may be removed without difficulty, as the outer
      face of piston 16A is then flush with the intersection 28. As mentioned
      previously, any deposit from the cartridges is extremely localised and by
      the use of the removable unit 21 the parts of the apparatus carrying the
      deposit can be completely removed from the apparatus and either cleaned
      quite quickly or completely replaced. As the cylinder 13A is formed within
      the removable unit 21, the deposit within this cylinder can be removed at
      the same time as that within the cylinders 20 or, if a fresh unit is
      fitted, this will include a fresh piston and cylinder for operating the
      mechanical toggle linkage.
PAR  Over long periods there may be a small degree of leakage of hydraulic fluid
      and to counteract this a spring loaded piston 22 is fitted to each side so
      as to keep each volume of fluid under pressure at all times and also to
      allow for any changes of volume with temperature. This piston 22 is
      located in a short extension 23 of the horizontal path of fluid. The
      extension 23 defines a cylinder 24 within which the piston 22 slides and a
      compression spring 25 is mounted between the rear of the piston 22 and a
      valve 26 is fitted to the end of the extension 23. The spring 25 forces
      the piston 22 inwardly to compensate for any small leakage of hydraulic
      fluid and can yield in the event of expansion due to rise of temperature.
      The fluid in the extension 23 is not in direct communication with the main
      body of fluid in chamber 17, but a narrow passage 29 (shown in dotted
      line) runs along the thickness of the wall to connect the extension 23
      with a point just beyond the free end of the piston 16A. Prior to firing
      hydraulic fluid can flow freely along this passage in either direction,
      but immediately after firing movement of the piston 16A closes the end of
      the passage 29 so that the fluid in the extension 23 is automatically shut
      off from the sudden rise in pressure in the fluid, which is thus all
      available for operation of the ejection gun 1. The system may be
      periodically topped up with hydraulic fluid through the valve 26.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an ejector release unit for releasing and projecting a store from an
      aircraft,
PA1  a latching mechanism for projecting and releasing said store;
PA1  a pair of ejection guns for projecting said store from said aircraft;
PA1  a breech and firing contact for at least one cartridge, ignition of said at
      least one cartridge producing pressure gas;
PA1  the improvement comprising a cylinder and a piston mounted for
      reciprocatory movement within said cylinder, said cylinder being connected
      to said breech; and a chamber having fluid connections to each said
      ejection gun, a body of hydraulic fluid being contained within said
      chamber; and means capable of operation by said piston when said gas acts
      thereon to transmit the resultant force to said body of fluid whereby said
      fluid is caused to flow through said connections to operate said ejection
      guns.
NUM  2.
PAR  2. An ejection release unit according to claim 1, in which there are two
      oppositely acting pistons, each of which pistons transmits pressure to a
      separate body of hydraulic fluid for operating a respective ejection gun.
NUM  3.
PAR  3. An ejection release unit according to claim 2, in which the breeches are
      formed in a removable unit which also defines the cylinders within which
      the pistons work.
NUM  4.
PAR  4. An ejection release unit according to claim 3, in which the removable
      unit is arranged to terminate at each side along a line defined by the end
      face of each piston.
NUM  5.
PAR  5. An ejection release unit according to claim 1, in which throttling
      devices are fitted in order to regulate the pressure of the hydraulic
      fluid for operating the ejection guns.
NUM  6.
PAR  6. An ejection release unit according to claim 1, in which a spring loaded
      piston is fitted, the piston being located in a short extension of the
      unit, the extension defining a cylinder within which the piston slides and
      a compression spring being mounted between the rear of the piston and the
      end of the extension to force the piston inwardly to compensate for any
      small leakage of hydraulic fluid and to yield in the event of expansion
      due to rise of temperature, there being a small passage extending from the
      extension to a point just beyond the free end of the piston so that prior
      to firing, hydraulic fluid can flow freely along this passage in either
      direction, but immediately after firing movement of the piston closes the
      end of the passage so that fluid in the extension is automatically shut
      off from the sudden rise in pressure in the fluid.
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ABST
PAL  A highly aerodynamically stable kite having a flexible statically
      indeterminate face which during flight forms a curvilinear airfoil that is
      maintained in the center and top edges by rigid linear stiffeners
      removably retained in a novel nosepiece. The nosepiece is a rigid three
      dimensional structure formed by folding a thin flat pattern. A novel tail
      member aids kite stability by providing plural aerodynamically rotatable
      elements spacedly depending beneath the kite upon a common flexible line.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  A. Related Applications
PAR   There are no applications related hereto now filed in this or any foreign
      country.
PAR  B. Field of Invention
PAR  My invention relates generally to aerodynamically stable kites and more
      particularly a statically indeterminate kite structure stabilized by
      plural rotatable tail elements.
PAC  C. DESCRIPTION OF PRIOR ART
PAR  Kite art may be divided for convenient analysis into a first class of kites
      requiring no tail and a second class which utilizes a tail either as a
      primary stabilization device or secondarily to stabilize in conjunction
      with kite shape. This second class is distinguished into sub-groups: the
      first including those kites having flat aerodynamic surfaces such as box
      kites; the second including kites having airfoils of curvilinear
      cross-section which are pre-formed to shape -- generally as a single
      airfoil such as the common stressed "T" stick paper kite; and the third
      sub-group, and that in which this invention falls, including kites which
      provide a free form or statically indeterminate aerodynamic configuration.
PAR  The distinction between members of the different classes is obvious. Within
      its sub-class my kite provides a shape somewhat similar to prior art kites
      but somewhat longer and narrower as allowed by the inter-action of the
      tail members which provides stability not found in the prior art.
PAR  My kite differs from the prior art of its class primarily in tail design
      and in construction features of the kite itself. Rigid supporting
      framework normally used in kite construction provides taping or other
      similar joinder techniques at points of intersection of framework elements
      and for joinder of surface material to framework. My kite construction
      does not join supporting framework elements together per se and so
      eliminates these typically complex and weak intersections. I interweave
      the supporting framework into the surface material itself through
      appropriately spaced cuts therein to eliminate surface framework joinder
      problems. To accomplish this weaving the face material between alternate
      pairs of slits is positioned on the first side of a spar and the
      interweaving material on the opposite side of the spar as it is inserted
      into the slit group. I provide a nose-piece formed by folding a flat
      pattern into a rigid box-like structure having slotted openings to
      releasably receive the various framework elements positionally to support
      these elements while they at the same time support and maintain the
      nose-piece structure.
PAR  Kite tails of the prior art normally have provided an elongate, flexible
      depending element such as knotted cloth which stabilizes the kite it
      serves only by its mass. Some few prior art tails have provided a
      rotational element generally as an aesthetic or novelty feature, still
      however, stabilizing only because of their appropriately positioned mass
      and bulk. My tail, in counter-distinction, on the other hand, provides
      plural spaced rotatable propeller-like elements journaled on a flexible
      line depending from the kite to provide not only traditional mass
      stabilization but also additional aerodynamic drag which normally
      increases during period of kite instability caused by turbulance. My
      invention provides a flexible planar surface member of diamond shape
      having a plurality of lineally aligned spaced parallel cuts along the
      vertical center axis and inwardly adjacent each of the top edges. The
      rigid elongate support elements are joined to the top edges. The rigid
      elongate support elements are joined to the surface member by weaving
      through the relieved portion formed by the cuts. A rigid nose-piece is
      fabricated from flat material to provide a triangular box-like structure
      with slots to releasably receive and positionally maintain the support
      elements at their proximate ends so that the support elements are
      maintained as cantilevered beams positioned to maintain the kite surface
      nearly flat, but still allowing the face to deflect somewhat between
      adjacent sticks.
PAR  My tail provides a flexible elongate cord depending from the bottom of the
      center stick somewhat more than the height of the kite. Plural propeller
      elements are rotatably carried by this cord at spaced intervals along its
      length for rotation normal thereto.
PAR  In providing such a device, it is:
PAR  A principal object of my invention to create a kite having great inherent
      aerodynamic stability caused by the combination of a flexible statically
      indeterminate kite surface with a particular tail configuration.
PAR  A further object of my invention to provide such a kite with an elongate
      tail providing plural spaced rotatable propeller-like elements to provide
      a stabilizing force greater than its mass alone would provide and one that
      increases with turbulance.
PAR  A further object of my invention to provide such a kite that is easily
      assembled by releasable joinder of elements, from components that can be
      stored in a minimal area.
PAR  A still further object of my invention is to provide such a kite that is of
      new and novel design, of rugged and durable nature, of simple and economic
      manufacture and one otherwise well adapted to the uses and purposes for
      which it is intended.
PAR  Other and further objects of my invention will appear from the following
      specification and accompanying drawings which form a part hereof. In
      carrying out the object of my invention, however, it is to be understood
      that its essential features are susceptible to change in design and
      structural arrangement with only one preferred and practical embodiment
      being set forth in the accompanying drawings as required.
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In the accompanying drawings which form a part hereof and wherein like
      numbers of reference refer to similar parts throughout:
PAR  FIG. 1 is an orthographic plan view of the kite body of my invention
      showing its elements, their configuration and relationship.
PAR  FIG. 2 is an isometric view of the tail of my kite.
PAR  FIG. 3 is an orthographic plan view of the flat pattern of the nose-piece
      of my kite.
PAR  FIG. 4 is an isometric view of the nose-piece of FIG. 3 folded into its
      erected configuration.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in more detail it will be seen that my
      invention comprises generally a kite body having surface member 10 carried
      by support elements 11 which are positionally maintained in the nose-piece
      12 and carry depending tail member 13.
PAR  Surface member 10 provides a planar, generally quadrilateral element 14
      fabricated from a light weight flexible material having sufficient tear
      resistance to withstand unstable aerodynamic buffeting. Thin kraft-type
      paper or one of the poly-vinyl sheet plastic materials will serve well as
      surface material. In the embodiment illustrated the surface geometry is
      lozenge-like similar to standard kites commonly known in commerce.
PAR  The peripheral edge portion 14a of the surface member may be folded
      inwardly and fastened to provide a more finished edge of greater strength,
      especially where the upper edges are slit. Plural spaced parallel slits 15
      in surface 14 are formed linearly along the longitudinal axis between
      upper apex 16 and lower apex 17 and inwardly adjacent the upper sides 18
      of the surface element between upper apex 17 and lateral extremities 19.
      Slits of the center slit group 20 are aligned perpendicular to the kite's
      longitudinal axis and the slits of the side slit group 21 are aligned
      perpendicular the sides they are adjacent to. The size and location of
      these slits must be such to allow support spars to be woven therethrough
      but otherwise depends on the particular face geometry; strength of
      materials and support size. Those shown in the drawing are suggestive and
      not meant to be exclusive. The upper and lower apex of the kite surface
      are preferably truncated to facilitate joinder of the other elements as
      shown in FIG. 1.
PAR  Support elements 11 comprise elongate linear spars 22 of a size appropriate
      to be woven through slits 15. These members may be formed of any rigid
      material of sufficient strength to withstand dynamic pressure incurred in
      kite flight; wood or modern plastics serve my purposes well. In the
      embodiment shown, center spar 22ais of a length slightly longer than the
      longitudinal dimension of the kite and is joined thereto by weaving into
      the center slit. To accomplish this weaving the face material between
      alternate pairs of slits is positioned on the first side of a spar and the
      interweaving material on the opposite side of the spar as it in inserted
      into the slit group. The resultant joinder of spar and surface is
      maintained by friction engagement between the members and yet is easy to
      assemble or disassemble and requires no secondary fastening as by tying or
      stapling. Side spars 22b are slightly longer than upper edges 18 of the
      surface 14 and are installed and maintained in side slits 21 in a manner
      similar to that employed for the center spar. The particular support
      elements described in the specific embodiment are not meant to be limiting
      and other types or arrangements of support elements could be substituted
      therefore without altering the essence of this invention. For instance the
      spars well could be curvilinear and still allow a bellowing type of
      support for the kite surface or the kite surface could be differently
      shaped within limits of the construction described.
PAR  Nose-piece 12 is a triangular box-like structure which supports the spars
      22 in a radiating fashion as illustrated to provide the kite with its
      ultimate air foil shape and complete the upper portion of that shape. The
      nose-piece is constructed from the flat pattern element 26 shown in FIG.
      3, which in this instance is fabricated from medium weight laminated
      cardboard. Paired opposed spar orifices 27 are formed in the center
      portion and elongate slots 28 are formed inwardly adjacent the edge of
      each lateral portion 31, 34 as illustrated in FIG. 3. Orifices 29, of a
      configuration to frictionally receive spar elements 22 are positioned on
      the end flaps as shown. To form the erected nosepiece as shown in FIG. 4,
      flap 31 is folded downwardly (with reference to the positioning shown in
      the drawings) 90.degree. on a line A-B and end 32 is folded downward
      90.degree. on line A-C to bring corner 30 directly beneath corner 33.
      Similarly flap 34 is folded downward 90.degree. on line A-D and end 35 is
      folded downwardly 90.degree. on line A-E to bring corner 36 directly
      beneath corner 37 on flap 31 and corner 38 on front 39. Bottom 40 is then
      folded downward 90.degree.  and tab 41 is inserted into now aligned slots
      28 to secure the nose-piece in its folded position. Lip 42 is then folded
      upward along line F-G to a position adjacent bottom 40 to complete the
      nose-piece erection.
PAR  Tail member 13 provides elongate flexible line 43, in this instance
      constructed from round rope approximately the length of the longer kite
      dimension. Plural propeller-like elements 44, comprising substantially
      planar opposed symmetrical end portions 45 joined by narrower center
      portion 46 with hole 47 therein, are rotatably carried by plural spaced
      bearings 48 fixedly attached to line 43 to allow propeller rotation but
      provide longitudinal restraint. The bearings 48 are of the known simple
      bushing type with end restraints to maintain a propellor in rotatable
      position thereon. The propeller blades may be turned at an angle to the
      center part to give them an agle of attack to further aid their rotation.
      The uppermost portion of line 43 is attached to the lower end of spar 22a
      by known means such as tying to allow the remainder to depend therefrom.
PAR  Having thusly described my invention, its operation may now be understood.
PAR  Firstly a kite and tail assembly are formed according to the foregoing
      specification. It is to be noted that the particular shape of the kite is
      not essential though the configuration of the other elements do relate
      somewhat to the kite shape chosen.
PAR  To assemble the kite center spar 22a is inserted into holes 29 and side
      spars 22b are inserted into slits 27 of nose-piece 12 with a sufficient
      portion of the sticks extending into the nose to provide rigid support.
      Holes 29 and slits 27 are sized such that the spars must be inserted with
      some force so that they will thereafter be frictionally maintained. The
      nose-piece is constructed so that the spars extend therefrom in co-planar
      fashion with the side spars at similar acute angles to the center spar.
      This angle will be such that when the spars are inserted into the surface
      of the kite, the surface will not be taut but sufficiently loose to
      deflect somewhat between adjacent spars. In flight this deflected portion
      acts as an air foil to catch the wind and aid lift to a greater degree
      than with a planar face.
PAR  Each tail propeller 44 provides an increment of drag which tends to
      increase during periods of turbulence to give greater stability at such
      times. A substantial number of propellers may be provided on the tail line
      which is somewhat longer than normal to give an appropriate drag for
      stability to a kite of similar size. These rotational tail elements also
      provide a unique aesthetic appearance unavailable with known tails.
PAR  Flight is attained by joinder of the center spar, in its upper part, to an
      appropriate length of string and launching the kite into the wind as is
      normally done with present day kites of commerce. In flight the complex
      surface portion of my kite catches the wind to form air foils that provide
      more lift than a simple planar surface. The propeller elements provide
      drag to maintain the kite's angle of attack and provide additional
      sidewise stability against yawing that normally occur in flying prior art
      kites.
PAR  The foregoing description of my invention is necessarily of a detailed
      nature so that a specific embodiment of it might be set forth as required
      but it is to be understood that various modifications of detail,
      arrangement and multiplication of parts may be resorted to without
      departing from its spirit, essence or scope.
PAR  Having thus described my invention, what I desire to protect by Letters
      Patent, and
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A statically indeterminable kite, comprising in combination:
PA1  a thin surface element of flexible material of general lozenge-like shape
      having an axis of symmetry through the diagonal with at least a plurality
      of spaced parallel slits extending perpendicularly to and on both sides of
      the axis of symmetry and a plurality of spaced parallel slits lineally
      aligned substantially perpendicular to and immediately inwardly adjacent
      two adjacent sides that communicate with the diagonal coincident with the
      axis of symmetry, which cooperate to form the nose-piece of the kite;
PA1  elongated rigid support elements carried in each lineal array of slits by
      weaving therethrough with face material between the slits alternately on
      one side and then the other of each support element, each of said support
      elements being somewhat longer than the slit array to project slightly
      therebeyond at least at the nose-piece end; and
PA1  a three dimensional semi-rigid nose-piece having a plurality of positioned
      orifices therein to slideably receive and frictionally maintain the
      nose-piece ends of the support elements.
NUM  2.
PAR  2. The invention of claim 1 further characterized by a tail member:
PA1  depending from the end of the rigid support coincident with the axis of
      symmetry at its end opposite the nose-piece;
PA1  comprising an elongate flexible line having a plurality of propeller-like
      elements journaled thereon at spaced intervals for rotation.
NUM  3.
PAR  3. The invention of claim 1 wherein:
PA1  the rigid support elements are so positioned as to maintain the surface in
      a loose condition so that it may billow somewhat between supports during
      flight to create and maintain complex air foil configurations in the
      surface.
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ABST
PAL  A pipe support having a frame, a lever pivoted to the frame, elongated
      resilient means whose ends are engaged by first and second abutments
      respectively, the first abutment being pivoted to the frame, a draw bar
      slidably mounted in the first abutment and having its opposite ends
      connected to the lever and to the second abutment respectively and load
      attachment means for attaching a load to the lever. The load attachment
      means is connected to the lever in such a manner that when a load is
      supported the lever is urged in opposite directions about the lever pivot
      by the load and resilient means so that the load is supported by the
      resilient means, and complementary means are provided on the draw bar and
      the first abutment which can be engaged so that sliding movement of the
      draw bar relative to the first abutment is prevented and the draw bar is
      held in a selected one of a number of positions relative to the said first
      abutment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to spring supports suitable for supporting loads,
      e.g. pipes which move due, for example, to thermal expansion and
      contraction.
PAR  More particularly the invention is concerned with a support hereinafter
      referred to as being of the kind specified, which includes a frame, a
      lever pivoted to the frame, elongated resilient means whose ends are
      engaged by first and second abutments respectively, the first abutment
      being pivoted to the frame, a draw bar slidably mounted in the first
      abutment and having its opposite ends connected to the lever and to the
      second abutment respectively and load attachment means for attaching the
      load to the lever in such a manner that the resilient means and the load
      respectively urge the lever in opposite directions about its pivot so that
      the load is supported by the resilient means.
PAR  It is sometimes required to lock the lever relative to the frame, i.e. to
      prevent the lever pivoting relative to the frame. This is required when,
      for example, supported pipes are being subjected to a hydraulic test or
      are being cleaned with acid. Under these conditions the load on the
      support is greater than that for which the resilient means is designed and
      it is therefore necessary to lock the lever to the frame which takes the
      load.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a simple means for
      locking the lever to the frame.
PAR  According to the invention we provide a support of the kind specified
      including complementary means on the draw bar and the first abutment which
      can be engaged to prevent the draw bar sliding relative to the first
      abutment and to hold the draw bar in any one of a number of positions
      relative to the first abutment.
PAR  By preventing movement of the draw bar through the first abutment the lever
      is automatically locked relative to the frame since the first abutment is
      itself pivoted to the frame.
PAR  Preferably the complementary means have interengageable teeth. Thus there
      may be a series of teeth spaced apart along the draw bar and a toothed key
      slidably mounted on the first abutment so as to be movable into and out of
      engagement with the teeth on the draw bar.
PAR  There may be two such toothed keys arranged side by side in the direction
      of the length of the draw bar whereby the possible number of locked
      positions of the draw bar is increased as compared with a support where
      there is only one such key. The or each toothed key may be provided with a
      formation such as a hook portion whereby it may be levered out of
      engagement with the draw bar if necessary.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in detail by way of example with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a side view partly in section through a support embodying the
      invention;
PAR  FIG. 2 is a sectional view on the line B--B of FIG. 1, and
PAR  FIG. 3 is a sectional view on the line A--A of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the support comprises a frame indicated
      generally at 10 which includes two spaced side plates 11 which are held
      together by nut and bolt assemblies 9 and spacing tubes 8. Mounted between
      the side plates 11 is a lever indicated generally at 12. The lever is
      pivoted on pins 13 between the side plates 11 and the lever itself
      consists of two plates 14 which are held apart in spaced relation by a
      spacer 7.
PAR  Mounted between the plates 14 is a shaft 15 of square cross section which
      is provided with opposed grooves 16 in which are received guide blocks 17
      received in slots in the plates 14 and welded therein. Resilient means
      comprising a helical spring is indicated at 18 and has its ends engaged by
      first and second abutments 19 and 20. A draw bar 21 is slidably received
      in a sleeve 22 secured to the first abutment 19 and has one end 23 pivoted
      by pin 24 to the shaft 15 and thus to the lever 12. The other end 25 of
      the draw bar 21 is connected to the second abutment by a spring-loaded
      abutment cam 2 so that the spring 18 acting between the abutments 19 and
      20 urges the draw bar to the right as shown in the drawings.
PAR  A bolt 6 which is supported on a plinth 5 welded between the plates 14 is
      arranged to engage an internally screwthreaded bore 4 in the base of the
      shaft 15. The bolt is held in a fixed axial position on the plinth 5 by a
      thrust collar 3 which is welded to the bolt shank. Rotation of the bolt 6
      thus adjusts the vertical position of the draw bar pivot pin 24 relative
      to the lever pivot pins 13 and hence varies the moment arm of the spring
      18, and thus the load capacity of the support, in a manner known per se.
PAR  There are two guide blocks 17 provided on each side of the shaft 15 an
      aperture 65 being provided in each plate 14 intermediate each pair of
      blocks so that the pin 24 can be disengaged from the draw bar to allow
      removal of the spring 18 by aligning the pin 24 with the apertures 65 and
      punching the pin out of engagement with the draw bar.
PAR  The first abutment 19 is provided with two lugs 26 which are pivotally
      mounted on pivot pins 27 carried by wedge shaped blocks 28 which engage
      wedge shaped brackets 29 on the internal surfaces of the side plates 11. A
      set pin 30 passes through each side plate into the adjacent pivot pin 27.
      It will be noted that there is a lug 26 and block 28 on each side of the
      draw bar 21.
PAR  The draw bar is in the form of a member of generally rectangular cross
      section and has formed, in the upper edge thereof, a plurality of teeth,
      some of which are indicated at 31. The teeth are spaced apart lengthwise
      of the draw bar. Engageable with these teeth are two toothed keys
      indicated at 32 and 33 respectively. The key 32 has teeth 34 and the key
      33 has teeth 35. Between the teeth 34 is a recess 36 capable of receiving
      one of the teeth 31 and between the teeth 35 is a recess 37 also capable
      of receiving one of the teeth 31. The sliding movement of the draw bar
      within the sleeve 22 is guided by a block 46 which engages a slot 47 on
      the sleeve 22. This ensures that the teeth 31 do not contact the sleeve
      22. A pair of stops 48 welded one on each side of the draw bar also limit
      the movement of the draw bar to the right.
PAR  The keys 32 and 33 are slidably mounted for vertical movement in a bracket
      38 which is U-shaped in plan and which embraces the keys and is welded to
      the left hand surface of the abutment 19. The key 32 is associated with a
      locking pin 39 and the key 33 is associated with a locking pin 40. The
      keys are provided with apertures 41a, 41b and 42a, 42b respectively to
      take the pins 39 and 40. The bracket is also provided with two pairs of
      aligned apertures 43 and 44 respectively. Each key has a hook shaped upper
      portion 32a and 33a respectively to receive a wedge or other member
      whereby the key can be levered upwardly should it tend to stick.
PAR  The support is arranged to be hung from an overhead support structure (not
      shown) by nut and bolt assembles 49 which pass through bosses 50 welded to
      the inside of the plates 11. The load to be supported is arranged to be
      secured to the lever 12 by a pin 51 which extends through bosses 52 welded
      to the inside of the plates 14. In the arrangement shown in the drawings
      the load would be attached to the lever 12 by an eyebolt 53 and turnbuckle
      54. The downward movement of the eyebolt 53 is limited by lobes 55 formed
      on the plates 14 which, if the lever 12 is rotated sufficiently in an
      anticlockwise sense, engage the left hand spacing tube 8.
PAR  The support is also provided with three indicators; two identical
      indicators generally designated 56 which show the load capacity of the
      support in relation to the vertical position of the shaft 15 and a second
      indicator 57 which shows the proportion of the total travel of the lever
      12 which is taken up when supporting a given load.
PAR  The indicators 56 each comprise a load capacity scale 58 secured to one of
      the plates 14 and a pointer 59 secured to the shaft 15, the scale and
      point being visible through an aperture 60 provided in each plate 11.
PAR  The indicator 57 comprises a travel indicating scale 61 which is secured to
      the end of the pin 51 and a pointer 62 which is secured to one of the
      plates 11.
PAR  Returning to the manner in which the keys 32 lock the draw bar. The key 32
      is shown in FIG. 1 with its teeth in engagement with the teeth in the draw
      bar thus locking the draw bar relative to the first abutment 19. The key
      is held in this position by virtue of the pin 39 passing through the
      aperture 41a in the key and through the apertures 43 in the bracket. The
      key 33 is held with its teeth out of engagement with the teeth on the draw
      bar by virtue of the pin 40 passing through the aperture 42b in the key
      and through the apertures 44 in the bracket 38.
PAR  It will be appreciated that either of the keys 32, 33 may be engaged with
      any one of the teeth 31 on the draw bar so as to lock the draw bar in any
      one of a number of positions relative to the first abutment 19. When the
      draw bar is so locked the lever 12 is prevented from pivoting and thus a
      hydraulic load, for example, can be supported from load attachment means
      53 and 54.
PAR  By having two toothed keys 32 and 33 side by side the number of possible
      positions in which the draw bar can be locked is increased as compared
      with the number of positions which would be available if only one such key
      were provided. It is, however, within the scope of the invention to
      provide but a single key.
PAR  If desired, in order to cope with the high spring loads which may be
      encountered in large supports the keys may be provided with three or more
      teeth.
PAR  From the above description it will be seen that the invention provides a
      simple arrangement for locking the lever in a support of the kind
      specified.
CLMS
STM  I claim:
NUM  1.
PAR  1. A support comprising a frame, a lever pivoted to said frame, a first
      abutment pivoted to said frame, a draw bar slidably mounted in said first
      abutment and having one end connected to said lever, a second abutment
      connected to the other end of said draw bar, elongated resilient means
      acting between said first and second abutments, load attachment means for
      attaching a load to said lever, said load attachment means being connected
      to said lever in such a manner that when a load is supported the lever is
      urged in opposite directions about said lever pivot by said load and
      resilient means so that the load is supported by said resilient means, a
      series of teeth spaced along the said draw bar and two toothed keys
      slidably mounted on said first abutment in side by side relationship in
      the direction of the length of said draw bar, said keys being
      alternatively movable into and out of engagement with said teeth along
      said draw bar whereby said draw bar may be held in a selected one of a
      number of positions relative to said first abutment, said possible number
      of positions being increased compared with a support where only one
      toothed key is employed.
NUM  2.
PAR  2. A support comprising a frame, a lever pivoted to said frame, a first
      abutment pivoted to said frame, a draw bar slidable mounted in said first
      abutment and having one end connected to said frame, a second abutment
      connected to the other end of said draw bar, elongated resilient means
      acting between said second abutments, load attachment means for attaching
      a load to said lever, said load attachment means being connected to said
      lever in such a manner that when the load is supported the lever is urged
      in opposite directions about said lever pivot by said load and resilient
      means so that said load is supported by said resilient means, a series of
      teeth spaced along said draw bar, a bracket secured to said first
      abutment, a toothed key slidably mounted within said bracket so as to be
      movable into and out of engagement with said teeth on the draw bar, and a
      pin extending through cooperating apertures in said key and bracket to
      secure said key to said bracket, said key having alternative positions
      comprising an engaged position in which said teeth on said key are in
      engagement with said teeth on said draw bar and an unengaged position in
      which said teeth on said key are not in engagement with said teeth on said
      draw bar, whereby with the key in said engaged position said draw bar may
      be held in a selected one of a number of positions relative to said first
      abutments.
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ABST
PAL  An electric lantern and support structure therefor wherein the lantern has
      a housing having laterally spaced side walls and an end wall at one end
      and a reflector, bulb, and lens at the other end forming a closed
      substantially waterproof compartment therein for containing batteries and
      electrical circuiting. The support structure has a base portion and
      laterally spaced side arms extending from the base portion. The side arms
      each have an end portion or gudgeon pivotally supported in bearing and
      pivoting sockets of respective side walls. The arms are biased toward each
      other and have portions spaced from the gudgeon resiliently retained in
      frictional engagement with outstanding housing portions, such as
      longitudinally extending ribs, whereby the support structure and housing
      may be moved through a wide angle for any selected position and
      frictionally retained in the selected position and frictionally retained
      in the selected position including a latched position of said support
      structure for carrying of the lantern by its handle.
BSUM
PAR  The present invention relates to stands for articles and more particularly
      to a lantern and support structure therefor wherein the lantern or article
      may be moved to a selected position relative to the support structure and
      frictionally retained in any selected position.
PAR  The principal objects of the present invention are: to provide an article
      and a support structure therefor which holds the article stable in any
      selected position; to provide such an article and support structure
      therefor wherein the article has a housing having outstanding portions to
      be frictionally engaged by arms of the support structure to frictionally
      hold the housing in a selected position relative thereto; to provide such
      a combination wherein the outstanding portions are ribs and each have an
      end portion tapering toward one end of the housing to effect positive
      movement of the arms into engagement with the housing to hold the base of
      the support at the end of the housing for carrying the lantern or for
      positioning same in an upstanding position; to provide such a structure
      wherein the arms are biased toward each other and the normal spacing
      between the arms is less than the width of the housing at the outstanding
      portion thereof; to provide such a combination wherein the support
      structure is removably mounted on the housing; to provide such a
      combination wherein the support structure has spaced arms having trunnion
      or gudgeon ends received in respective recesses or sockets on the side
      walls of the housing and wherein the arms may have relative lateral
      movement and the ends are spaced from inner ends of the recesses or
      sockets when the arms engage a peripheral edge of respective ribs on the
      housing; and to provide such a lantern and support structure therefor
      which is attractive in appearance, positive in operation, durable in
      construction, and particularly well adapted for the proposed use.
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth, by way of illustration and example,
      certain embodiments of this invention.
DRWD
PAR  The drawings constitute a part of the specification and include an
      exemplary embodiment of the present invention and illustrate various
      objects and features of the lantern and support structure therefor.
PAR  FIG. 1 is a perspective view of a lantern and support structure therefor
      embodying features of the present invention.
PAR  FIG. 2 is a side elevational view of the lantern and support structure
      therefor with alternate positions of the lantern housing shown in broken
      lines.
PAR  FIG. 3 is a bottom plan view of the lantern housing.
PAR  FIG. 4 is an enlarged fragmentary transverse sectional view taken on line
      4--4, FIG. 2.
PAR  FIG. 5 is a side elevational view of the lantern with the support structure
      in storage or standing position.
DETD
PAR  Referring more in detail to the drawings:
PAR  As required, detailed embodiments of the present invention are disclosed
      herein, however, it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting but merely as a basis for the claims and
      as a representative basis for teaching one skilled in the art to variously
      employ the present invention in virtually any appropriately detailed
      structure.
PAR  In the disclosed embodiment of the present invention, the reference numeral
      1 generally designatres an article, such as a lantern, having a support
      structure 2 therefor which permits relative movement between the article 1
      and support structure 2 and retains the article 1 in a selected position.
      The lantern 1 has a housing 3 illustrated as having laterally spaced side
      walls 4 and 5 and an end wall 6 at one end and a lens 7, reflector 8, and
      bulb 9 at the other end forming a closed substantially waterproof
      compartment therein for containing a battery and electrical circuitry (not
      shown). The housing side walls 4 and 5 have outstanding portions 10 and 11
      respectively shown as ribs extending longitudinally from adjacent the
      housing end wall 6. The support structure 2 has a base portion 12 and
      laterally spaced side arms 14 and 15 extending from the base portion 12.
      The arms 14 and 15 have end portions or gudgeons or trunnions 16 and 17
      pivotally supported on the side walls 4 and 5 respectively, as later
      described. The arms 14 and 15 are resiliently retained in frictional
      engagement with the outstanding portions or ribs 10 and 11 respectively
      whereby the housing 3 may be moved to any selected position relative to
      the arms 14 and 15 and frictionally retained in the selected position
      until moved to a new position.
PAR  The housing 3 and support structure 2 may be any desired form wherein the
      support structure has inwardly biased arms with trunnions pivoted on the
      housing with outstanding portions thereof engaged by the arms to hold the
      support structure and housing in any selected position between certain
      pivoting limits. The illustrated housing 3 includes the side walls 4 and 5
      positioned in opposed and substantially parallel relation. A top wall 18
      and a bottom wall 19 each extend between the side walls 4 and 5 to define
      an elongated tubular housing closed at one end by the end wall 6. The
      illustrated article or lantern 1 is portable and preferably includes a
      handle 20 mounted on the top wall 18 of the housing 3 to permit easy
      carrying of the lantern 1. The handle 20 has an end portion engageable by
      the support structure 2, for a purpose later described.
PAR  The other end of the housing 3 has a side wall 21 defining a generally
      cylindrical bezel portion adapted to receive the reflector 8, bulb 9, and
      lens 7.
PAR  The ribs 10 and 11 extend outwardly from the side walls 4 and 5
      respectively and in the illustrated structure, the ribs 10 and 11 are
      coplanar with the bottom wall 19 of the housing 3 and have crests or edges
      22 and 23 respectively. The crests or edges 22 and 23 are spaced outwardly
      from the side walls 4 and 5 respectively. The end portions or trunnions 16
      and 17 of the arms 14 and 15 of the support structure 2 are pivotally
      supported on the side walls 4 and 5 of the housing 3. In the illustrated
      structure, the side walls 4 and 5 have bearing recesses or sockets 24 and
      25 therein to rotatably receive said end portions 16 and 17. The recesses
      24 and 25 are spaced from the ribs 10 and 11 and from the end wall 6. The
      recesses 24 and 25 extend transversely of the housing 3 and are axially
      aligned and each has a side surface 26 and an end surface 27 to thereby
      close the respective recess.
PAR  The support structure 2, as illustrated, is formed of heavy metal wire or
      rod and the base portion 12 has an end member 28 and laterally spaced side
      members 29 and 30 extending from opposite ends of the end member 29. The
      side members 29 and 30 have a greater spacing therebetween than the
      distance between the side walls 4 and 5 and crests or edges 22 and 23 to
      permit the end portion of the housing to move therebetween.
PAR  The side arms 14 and 15 extend from the side members 29 and 30 respectively
      and converge therefrom, but are substantially coplanar therewith when said
      arms engage the edges 22 and 23. This spreading of the arms provides the
      bias thereof and the frictional engagement with the ribs. The end portions
      or trunnions 16 and 17 of the side arms 14 and 15 are substantially normal
      to the major portion of the side arms 14 and 15 whereby the end portions
      16 and 17 are received in the recesses 24 and 25 respectively while the
      side arms 14 and 15 are spaced from and substantially parallel with the
      side walls 4 and 5 respectively of the housing 3. When the arms 14 and 15
      are in engagement with the edges 22 and 23 of the ribs 10 and 11
      respectively, the inner ends of the end portions 16 and 17 are each
      spaced, as at 31, from the respective end surface 27 of the recesses 24
      and 25. The length of the gudgeons or end portions 16 and 17 and depth of
      the recesses are such that suitable bearing support is maintained in all
      positions of the support structure and housing and always some space at 31
      to maintain the biased engagement of the arms with the outstanding
      portions of the housing.
PAR  The housing 3 may be formed of any suitable material adapted to have
      therein components of the lantern 1. The support structure 2 for the
      lantern 1 is formed of substantially rigid material having sufficient
      resiliency to maintain the arms 14 and 15 in engagement with the crests or
      edges 22 and 23 of the ribs 10 and 11 respectively to thereby frictionally
      maintain the housing 3 in any selected position. The support structure 2
      may be moved to a storage position wherein the arms 14 and 15 are moved
      along the edges 22 and 23 respectively and beyond end portions 32 and 33
      of the ribs 10 and 11 respectively. The end portions 32 and 33 are
      inclined or taper from the edges 22 and 23 respectively toward the side
      walls 4 and 5 and form shoulders engaged by the side arms. The side arms
      14 and 15 thereby are biased into engagement with adjacent portions of the
      side walls 4 and 5, or opposite edges of the end wall 6, to thereby
      clampingly engage the housing 3 and position the support structure in a
      storage position whereby the lantern 1 may be carried by the handle 20.
      The end member 28 of the base portion 12 is in engagement with the end
      portion of handle 20 when the support structure 2 is in the storage
      position.
PAR  The positioning of the support structure in the storage position also
      provides a support to stand the lantern on end, as shown in FIG. 5. From
      the standing position the support structure and housing may be relatively
      turned to swing the housing from one limit where the position is
      approximately 10.degree. from vertical in one direction past vertical to
      inclined positions in the other direction, as for example an angle as
      shown in FIG. 1. This movement may be continued to a limit wherein the
      side arms 14 and 15 engage the bezel portion wherein the lantern is
      inclined downwardly. The frictional engagement of the arms 14 and 15 with
      the rib edges is such that when the turning force stops, the support
      structure 2 and housing remain at that selected relative position until
      forcibly moved to another position.
PAR  It is to be understood that while I have illustrated and described one form
      of my invention, it is not to be limited to the specific form or
      arrangement of parts herein described and shown.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. An article and a support structure therefor and comprising:
PA1  a. an elongated housing having side walls and an end wall;
PA1  b. means on said side walls of said housing defining a pair of axially
      aligned recesses, said recesses extending transversely of said housing;
PA1  c. means on said side walls of said housing and extending outwardly
      therefrom to define a pair of opposed and aligned ribs each having an edge
      thereof spaced outwardly from said side walls;
PA1  d. a support structure for said housing and having a base portion and a
      pair of laterally spaced arms extending therefrom and each having an end
      portion thereof pivotally received in a respective one of said axially
      aligned recesses, said arms each being resiliently retained in frictional
      engagement with the edge of a respective one of said ribs whereby said
      housing may be moved to a selected position relative to said arms and
      frictionally retained in the selected position;
PA1  e. said means on said side walls defining each of said recesses include an
      end surface and a side surface; and
PA1  f. the end portion on each of said arms has an end spaced from the end
      surface of the respective recess when said arms are each in engagement
      with the edges of said respective ribs.
NUM  2.
PAR  2. In combination:
PA1  a. a housing having laterally spaced side walls and opposite ends;
PA1  b. an elongated outstanding portion on each of said side walls in opposed
      relation and each having a crest extending longitudinally of said housing;
PA1  c. a support structure for said housing and having a base portion and
      laterally spaced arms extending from said base portion, said arms each
      having a gudgeon thereon pivotally supported on a respective one of said
      side walls of said housing, said arms being resiliently retained in
      frictional engagement with said crests whereby said housing may be moved
      to a selected position relative to said arms and frictionally retained in
      the selected position;
PA1  d. said arms of said support structure are biased toward said respective
      side wall of said housing; and
PA1  e. said outstanding portions each have an end portion adjacent one of said
      opposite ends of said housing terminating in shoulders inclined toward
      said respective side wall, said shoulders being engaged by said arms when
      said base portion of said support structure is moved to a position in
      facing relation with said one end of said housing.
NUM  3.
PAR  3. In combination as set forth in claim 2 wherein:
PA1  a. said arms each have a portion thereof adjacent and substantially
      parallel with a respective one of said side walls;
PA1  b. the gudgeon of each of said arms is substantially normal to the crest
      engaging portion thereof; and
PA1  c. said side walls of said housing each have a bearing recess therein to
      rotatably receive the gudgeon of a respective one of said arms.
NUM  4.
PAR  4. In combination:
PA1  a. a housing having laterally spaced side walls and opposite ends;
PA1  b. an elongated outstanding portion on each of said side walls in opposed
      relation and each having a crest extending longitudinally of said housing;
PA1  c. a support structure for said housing and having a base portion and
      laterally spaced arms extending from said base portion, said arms each
      having a gudgeon thereon pivotally supported on a respective one of said
      side walls of said housing, said arms being resiliently retained in
      frictional engagement with said crests whereby said housing may be moved
      to a selected position relative to said arms and frictionally retained in
      the selected position;
PA1  d. said arms each have a portion thereof adjacent and substantially
      parallel with a respective one of said side walls;
PA1  e. the gudgeon of each of said arms is substantially normal to the crest
      engaging portion thereof;
PA1  f. said side walls of said housing each have a bearing recess therein to
      rotatably receive the gudgeon of a respective one of said arms;
PA1  g. each of said recesses are defined by an end surface and a side surface;
PA1  h. the gudgeon on said arms each engage the side surface of said repsective
      recess; and
PA1  i. the gudgeons on each of said arms has an end spaced from the end surface
      of said respective recess when said arms are in engagement with the crests
      of said outstanding portions.
NUM  5.
PAR  5. In combination:
PA1  a. a housing having laterally spaced side walls and opposite ends;
PA1  b. an elongated outstanding portion on each of said side walls in opposed
      relation and each having a crest extending longitudinally of said housing;
PA1  c. a support structure for said housing and having a base portion and
      laterally spaced arms extending from said base portion, said arms each
      having a gudgeon thereon pivotally supported on a respective one of said
      side walls of said housing, said arms being resiliently retained in
      frictional engagement with said crests whereby said housing may be moved
      to a selected position relative to said arms and frictionally retained in
      the selected position;
PA1  d. said base portion of said support structure has an end member and
      laterally spaced side members extending from said end member;
PA1  e. said arms each extend from a respective one of said side members of said
      base portion and are substantially coplanar therewith when engaged with
      said outstanding portions;
PA1  f. said arms are each biased toward said respective side wall of said
      housing;
PA1  g. said outstanding portions each have an end portion adjacent one of said
      opposite ends of said housing;
PA1  h. said end portion of each of said outstanding portions tapers between the
      crests thereof and said respective side wall whereby said one opposite end
      of said housing moves between said side members of said base portion and
      said arms of said support structure each engage said end portion of said
      outstanding portions of said housing when said base portion of said
      support structure is moved to a position in facing relation with said one
      end of said housing;
PA1  i. each of said side walls of said housing are substantially planar
      members;
PA1  j. said arms each have a portion thereof adjacent and substantially
      parallel with a respective one of said side walls;
PA1  j. the gudgeons are one end portion of each of said arms and are
      substantially normal to said parallel portions thereof; and
PA1  k. said side walls of said housing each have a recess therein to rotatably
      receive the one end portion of a respective one of said arms;
NUM  6.
PAR  6. In combination as set forth in claim 5 wherein:
PA1  a. each of said recesses are defined by an end surface and a side surface;
PA1  b. the one end portion of said arms each engage the side surface of said
      respective recess; and
PA1  c. the one end portion of each of said arms has an end spaced from the end
      surface of said respective recess when said arms are in engagement with
      the crests of said outstanding portions.
NUM  7.
PAR  7. An article and a support structure therefor and comprising:
PA1  a. an elongated housing having side walls and an end wall;
PA1  b. means on said side walls of said housing defining a pair of axially
      aligned recesses, said recesses extending transversely of said housing;
PA1  c. means on said side walls of said housing and extending outwardly
      therefrom to define a pair of opposed and aligned ribs each having an edge
      thereof spaced outwardly from said side walls;
PA1  d. a support structure for said housing and having a base portion and a
      pair of laterally spaced arms extending therefrom and each having an end
      portion thereof pivotally received in a respective one of said axially
      aligned recesses, said arms each being resiliently retained in frictional
      engagement with the edge of a respective one of said ribs whereby said
      housing may be moved to a selected position relative to said arms and
      frictionally retained in the selected position;
PA1  e. said arms of said support structure are each biased toward said side
      wall of said housing;
PA1  f. said ribs each have an end portion adjacent said end wall; and
PA1  g. said end portion of each of said ribs tapers between the edge of said
      ribs and said side wall of said housing whereby said arms of said support
      structure each engage an adjacent portion of said side wall when said base
      portion of said support structure is moved to a position in facing
      relation with said one end wall of said housing;
PA1  h. said means on said side wall defining each of said recesses includes an
      end surface and a side surface; and
PA1  i. the end portion of each of said arms has an end spaced from the end
      surface of said respective recess when said arms are each in engagement
      with the edges of said respective ribs.
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ABST
PAL  A light holder for releasable attachment to an overhead member, such as a
      rail associated with the grid system of a suspended ceiling. The light
      holder includes a pair of elongated support members which are fixed
      together adjacent corresponding one ends thereof. A pair of oppositely
      facing clips are provided adjacent said one ends of the support members,
      which clips are adapted to engage the flanges of an overhead rail. The
      support members are provided with a further pair of oppositely facing
      clips adjacent the opposite ends thereof. The opposite ends of the support
      members are normally positioned closely adjacent one another, but can be
      resiliently deflected outwardly to separate the further clips to permit
      positioning of an overhead rail therebetween. Release of the opposite ends
      of the support members, causes the further clips to be moved inwardly into
      clamping engagement with the flanges of the rail. A ring-like locking
      member is slidably mounted on the support members and is movable
      longitudinally therealong. When positioned adjacent the further clips, the
      locking member locks the clips in engagement with the rail. The support
      members also have a suitable mounting post or other structure associated
      therewith for permitting a conventional light to be fixedly but releasably
      attached thereto.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an improved light holder which can be releasably
      attached to an overhead rail, such as a rail associated with the grid
      system of a suspended ceiling, for permitting a light to be easily and
      releasably suspended therefrom.
PAC  BACKGROUND OF THE INVENTION
PAR  In most indoor video or photo projects, there is a need for a portable,
      rapidly mountable, yet accurate and safe, mounting for the lighting
      assemblies used to light the set. At the present time, this is normally
      done by using floor stands which have lights mounted adjacent the upper
      ends thereof. However, such stands are relatively unstable and are easily
      tipped over, thereby often resulting in damage to the light and, at the
      very least, breaking of the light bulb, which bulbs are expensive. The use
      of such stands also results in the electrical cables being run along the
      floor, which is hazardous and can result in tripping of personnel and
      possible tipping of the light stands.
PAR  In the more complete and larger studios, lighting is normally provided by a
      grid which is made from lightweight pipe and hung permanently from the
      ceiling, which grid supports thereon one or more lights supplied with
      electricity from an overhead arrangement. While these grids work
      satisfactorily, nevertheless they are restricted to use in studios and
      they can not readily be moved about. Such grids are relatively massive and
      expensive, and because they are not portable, they are not satisfactory
      for use in many situations.
PAR  Accordingly, it is an object of the present invention to provide an
      improved light holder which overcomes the above-mentioned disadvantages.
      Particularly, it is an object of the present invention to provide:
PA1  1. An improved light holder for mounting a light in an overhead manner,
      which holder is readily portable so as to be capable of being moved about
      at will.
PA1  2. A light holder, as aforesaid, which is suitable for use with ceilings
      which are of the conventional suspended type employing a plurality of
      panels supported on a grid-like frame, which ceilings are widely used in
      plants, factories, offices, studios and the like.
PA1  3. A light holder, as aforesaid, which can be readily attached to or
      removed from an overhead rail associated with the grid work of a suspended
      ceiling to permit a light to be suspended therefrom.
PA1  4. A light holder, as aforesaid, which enables both the light and the
      electrical cables to be suspended in an overhead manner so as not to
      interfere with the operating personnel located therebelow.
PA1  5. A light holder, as aforesaid, which can be readily attached to or
      removed from an overhead rail without requiring any tools, and which can
      be attached to or removed from the rail in a simple manner requiring very
      little time.
PA1  6. A light holder, as aforesaid, which is extremely light in weight, small
      in size, inexpensive to manufacture, durable in operation, and easy to
      handle and manipulate.
PAR  Other objects and advantages of the invention will become apparent to
      persons acquainted with devices of this general type upon reading the
      following specification and inspecting the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of an overhead suspended ceiling
      having a light suspended therefrom by means of an improved holder
      according to the present invention.
PAR  FIG. 2 is a perspective view of the improved holder according to the
      present invention, same being illustrated in an unmounted condition.
PAR  FIG. 3 is a perspective view of the holder clampingly engaged with an
      overhead rail.
PAR  FIG. 4 is a cross-sectional view taken substantially along the line IV--IV
      in FIG. 3.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and purposes of the present invention are met by providing a
      light holder having a pair of elongated plate-like support members
      disposed substantially in a side-by-side relationship with one another.
      The support members are fixedly connected together adjacent one end
      thereof, and the other ends are normally positioned closely adjacent one
      another but are capable of being resiliently deflected outwardly away from
      each other. The support members adjacent said other end are provided with
      a first pair of oppositely facing clips which are adapted to releasably
      engage an overhead rail, such as the flanges often inverted T-shaped rail.
      A second pair of oppositely facing clips are fixed to the support members
      adjacent said one end thereof, and are adapted to engage the rail at
      positions spaced along the rail from the first pair of clips. The support
      members also have light support means fixed thereto adjacent said one end
      thereof, which light support means is adapted to have a conventional
      photographic or video light releasably attached thereto. The light holder
      is positioned directly beneath a rail in substantially perpendicular
      relationship therewith and is then rotated horizontally so that the clips
      of the second pair engage the flanges of the rail, with the first pair of
      clips being disposed below the rail. The other ends of the support members
      are resiliently deflected apart and are then moved upwardly until the
      first pair of clips straddle the rail. The support members are then
      released, causing the first pair of clips to engage the rail. A locking
      member is slidably supported on the support members and is slidably
      movable from a position adjacent the second pair of clips toward the first
      pair of clips for locking the first pair of clips in engagement with the
      rail.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates therein a light holder 11 according to the present
      invention, same having a conventional photographic or video light 12
      releasably mounted thereon. The holder 11 is adapted to be releasably
      attached to an overhead rail 13 associated with the grid work of a
      conventional suspended ceiling 14.
PAR  The light holder 11, as illustrated in FIGS. 2-4, includes rail engaging
      means 16 which is adapted to be disposed directly beneath and extend along
      the rail 13. A light mounting means 17, here a post, is fixedly secured to
      the rail engaging means 16 adjacent one end thereof.
PAR  The rail 13, as is conventional, has an inverted T-shaped cross section and
      includes a central vertical web 18 which is interconnected to a ceiling
      disposed thereabove, such as by being suspended therefrom by a wire 19. A
      lower substantially horizontally extending flange 21 is secured to and
      extends along the lower edge of the central vertical web 18. The web 18
      engages the lower flange 21 substantially at the midpoint thereof so that
      the flang has portions 21A and 21B extending outwardly from the opposite
      sides thereof.
PAR  The rail engaging means 16 includes a pair of elongated plate-like support
      members 26 and 27 which are disposed substantially in side-by-side
      relationship with respect to one another. The support members 26 and 27
      are fixedly interconnected adjacent one end thereof, such as by rivets 28
      and 36, so as to be contiguous at that one end. A first substantially
      U-shaped clip 31 is fixedly secured, such as by the rivets 28, to the
      support members 26 and 27 adjacent said one end thereof. The clip 31, in
      the illustrated embodiment, has a plate-like mounting portion 32 fixedly
      secured to one of the edges thereof and positioned to overlie the adjacent
      face of the support member 27, whereupon the clip 31 is thus fixed to the
      support members by means of the rivets 28. A further U-shaped clip 33 is
      also provided in the vicinity of said clip 31, the clip 33 being provided
      with a plate-like mounting portion 34 which is disposed adjacent the
      exterior face of the support member 26. The clip 33 is secured to the
      support members by means of rivets 36.
PAR  As illustrated in FIG. 2, the clips 31 and 33 are disposed so that the
      U-shaped slots thereof open toward one another in oppositely facing
      relationship. However, the clips 31 and 33 are spaced a selected distance
      apart along the longitudinal direction of the support members 26 and 27.
      In the illustrated embodiment, the clip 31 is disposed directly adjacent
      the free ends of the support members, whereas the clip 33 is spaced
      intermediate the ends of the support members, being spaced about one-third
      of the overall length of the support members from the clip 31. Thus, the
      support members 26 and 27 are rigidly secured together in contiguous
      relationship between the clips 31 and 32.
PAR  A further pair of U-shaped clips 37 and 38 are fixedly secured to the
      support members 26 and 27, respectively, adjacent the other ends thereof.
      For this purpose, the clip 38 is provided with a plate-like mounting
      flange 39 which is disposed directly adjacent the external surface of the
      support member 26 and is fixed to the support member by means of rivets
      41. The clip 37 is fixedly connected to the support member 27 in a similar
      manner. The pair of clips 37 and 38 are disposed so that their U-shaped
      slots open toward one another. Further, the clips 37 and 38 are disposed
      directly opposite one another in the immediate vicinity of the free ends
      of the support members 26 and 27.
PAR  All of the clips 31, 33, 37 and 38 are disposed so that the lower leg
      thereof is positioned substantially flush with or slightly above the upper
      longitudinally extending edges of the support members 26 and 27. This thus
      positions the slot, formed between the vertically spaced legs of the
      individual clips, above the upper edges of the support members so as to be
      capable of receiving therein the flange portions 21A and 21B of the rail
      13, whereby the support members 26 and 27 are then positioned directly
      below and close to the lower surface of flange 21.
PAR  As illustrated in FIG. 2, the end portions 26A and 27A of the support
      members are normally positioned closely adjacent one another so that the
      spacing between the clips 37 and 38 is normally less than the width of the
      flange 21. However, the support members 26 and 27 are made of a material
      having adequate strength and resiliency, such as steel, so that said end
      portions 26A and 27A can be resiliently flexed outwardly away from one
      another so as to substantially increase the spacing between the clips 37
      and 38. The end portions 26A and 27A have sufficient resiliency so that
      they can be flexed outwardly, as by being manually pulled apart, by a
      sufficient distance so that the spacing between the clips 37 and 38 is
      greater than the width of the flange 21. However, the resiliency of the
      end portions 26A and 27A will cause them to automatically return to a
      position closely adjacent one another when the separating or flexing force
      is released.
PAR  To enable the end portions 26A and 27A to be locked together, there is
      provided a locking means in the form of a locking ring 42 which is
      slidably supported on the support members 26 and 27, between clip 33 and
      clips 37 and 38, and in closely surrounding relationship to the support
      members. The ring 42, when positioned adjacent the clip 33, permits the
      end portions 26A and 27A to be resiliently flexed outwardly in spaced
      relationship to one another. On the other hand, by slidably displacing the
      locking ring 42 longitudinally along the end portions 26A and 27A toward
      the clips 37 and 38, the end portions 26A and 27A can be locked together
      in their innermost positions. When the ring 42 is moved in the opposite
      direction, the end portions 26A and 27A are free to be manually flexed
      outwardly away from one another.
PAR  Considering now the light mounting means 17, same includes a substantially
      cylindrical post 46 which is fixedly secured to the rail engaging means 16
      and extends downwardly therefrom in a substantially vertical direction.
      For this purpose, the post 46 is provided with an elongated narrow slot 47
      formed in the upper end thereof, which slot snugly receives therein the
      superimposed support members 26 and 27, at a location disposed between the
      clips 31 and 33. The post 46 can be fixedly secured to the support members
      26 and 27 in any conventional manner, such as by welding, as by a press
      fit, or by means of a screw. The support spot 46 is provided with an
      annular undercut recess 48 adjacent the lower end thereof, and the post 46
      is also provided with a saftey hook 49 fixedly secured thereto. The
      purpose of these structures will be explained hereinafter.
PAR  The light 12 which is adapted to be mounted on the light mounting means 17
      can be of any conventional construction, and one such known construction
      is illustrated in FIG. 1. The known light 12 includes a conventional
      housing 51 which mounts therein a suitable bulb, which housing has
      adjustable reflectors 52 associated therewith. The housing 51 is pivotally
      supported on a yoke 53 which has a sleevelike hub 54 fixedly secured
      thereto. The hub 54 has a bore therein which is adapted to receive therein
      the downwardly extending post 46, and for this purpose the hub 54 has a
      manually rotatable locking screw 56 associated therewith which is adapted
      to extend into the recess 48 for securing the hub 54 to the post 46. The
      light 12 may also include a saftey rope 57 having one end thereof attached
      to the light and the other end thereof adapted to be hooked over the
      saftey hook 49. The electrical energy is supplied to the light 12 by means
      of a conventional cable or cord 58, which cord can be suspended along the
      ceiling by a plurality of detachable hooks 59 of any suitable
      construction.
PAC  OPERATION
PAR  To utilize the light holder 11, the locking ring 42 is located in its
      retracted position as illustrated in FIG. 2. The holder 11 is then
      positioned horizontally directly beneath the selected rail 13 so that the
      longitudinal direction of the support members 26 and 27 extends
      substantially at right angles to the longitudinal direction of the rail
      13. Further, the holder 11 is positioned such that the railing 13
      intersects the support members 26 and 27 in the region between the clips
      31 and 33, such as by positioning the post 46 substantially directly
      beneath the rail. When so positioned, the clips 31 and 33 are disposed on
      opposite sides of the rail.
PAR  With the light holder 11 positioned beneath the rail as described above,
      the holder 11 is then rotated horizontally through an angle of
      approximately 90.degree., which thus results in the clips 31 and 33 being
      moved into engagement with the opposed flange portions 21A and 21B,
      respectively, substantially as illustrated in FIG. 4. This rotation of the
      light holder 11 also results in the support members 26 and 27 being
      disposed directly under the rail 13 in substantial alignment therewith.
      Since the width of the slots defined by the clips 31 and 33 is slightly
      greater than the thickness of the flange portions 21A and 21B, this
      enables the light holder 11 to be slightly angularly titled relative to
      the rail whereby one of the clips 37 or 38 can pass under the rail 13.
      With the clips 31 and 33 engaged with the flange 21, and with the support
      members 26 and 27 disposed directly under the rail, the end portions 26A
      and 27A are then manually resiliently deflected outwardly away from one
      another so that the clips 37 and 38 are spaced from one another by a
      distance greater than the width of the rail. The holder 11 is then
      pivotally swung upwardly toward the rail so that the clips 37 and 38 pass
      upwardly on opposite sides of the flange portions 21A and 21B. After the
      clips 37 and 38 have been moved upwardly so as to be disposed outwardly on
      opposite sides of the flange 21, then the manual spreading force imposed
      on the leg portions 26A and 27A is relieved whereby the end portions 26A
      and 27A relatively move toward one another. This causes the clips 37 and
      38 to be moved toward one another into overlapping engagement with the
      flange portions 21A and 21B, respectively. The locking ring is then
      slidably moved into a position adjacent the clips 37 and 38 to thus lock
      the opposed pair of movable clips 37 and 38 in engagement with the flange
      21.
PAR  After the holder 11 has been mounted on the rail 13 as described above,
      then the light 12 can be mounted on the holder by sliding the hub 54
      upwardly onto the post 46 and by tightening the locking screw 56 so that
      same engages within the undercut recess 48. The electrical cable 58 can
      then be suspended along the ceiling by utilization of one or more
      releasable clips 59 which can be attached to the rail 13 at suitable
      locations.
PAR  When it is desired to remove the lighting assembly, the light 12 is removed
      from the holder 11 in the reverse manner to that described above. That is,
      the locking ring 42 is slidably returned to its position adjacent the clip
      33. The end portions 26A and 27A are then manually sprung outwardly with
      respect to one another, thus moving the clips 37 and 38 outwardly a
      sufficient distance to enable same to disengage the flange 21. This thus
      permits the clips 37 and 38 to be moved downwardly below the flange 21,
      whereupon the leg portions 26A and 27A can then be permitted to
      resiliently return to their inner positions wherein they are adjacent one
      another and the holder 11 can then be rotated horizontally through an
      angle of approximately 90.degree. to disengage the clips 31 and 33 from
      the flange 21.
PAR  As is readily apparent from the description set forth above, the improved
      holder 11 of the present invention can be readily attached to or detached
      from a rail associated with a suspended ceiling in an easy and economical
      manner without requiring elaborate tools or the like. Further, the
      attachment to the overhead rail can be accomplished without disturbing the
      ceiling panels. Still further, the structure of the holder is extremely
      simple and durable, and can be produced very economically.
PAR  While the light mounting means 17 has been disclosed as comprising a
      cylindrical post, it will be appreciated that the light mounting means 17
      may assume whatever configuration and structure desired in order to
      cooperate with a conventional light. Similarly, the manner in which the
      light is attached to the light mounting means can also be varied as
      desired in accordance with the type of conventional light utilized.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed above for illustrative purposes, it will be understood that
      variations or modifications thereof which lie within the scope of the
      appended claims are fully contemplated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A light holder adapted to be suspended from an elongated rail having
      oppositely extending lateral flanges, comprising:
PA1  a support portion having a first pair of oppositely-facing clips mounted
      thereon adapted for supporting engagement with said flanges, and light
      mounting means secured to said support portion for mounting a light
      thereon;
PA1  a pair of elongated members connected to said support portion and extending
      away therefrom in adjacent and substantially parallel relationship so that
      said elongated members are adapted to extend lengthwise of said rail, said
      members being relatively movable laterally toward and away from each
      other, a second pair of oppositely facing clips respectively mounted on
      said elongated members at locations spaced from said first pair of clips
      and adapted for supporting engagement with said flanges, said elongated
      members permitting relative lateral movement between the clips of said
      second pair so that at least one of the clips of said second pair can be
      moved laterally relative to said support portion into and out of
      supporting engagement with its associated flange of said rail.
NUM  2.
PAR  2. A light holder according to claim 1, wherein the clips of one pair are
      U-shaped in cross section and open toward one another.
NUM  3.
PAR  3. A light holder according to claim 2, wherein the clips of the other pair
      are also U-shaped in cross section and open toward one another.
NUM  4.
PAR  4. A light holder according to claim 1, wherein the clips of said first
      pair are spaced a predetermined distance apart in the longitudinally
      extending direction of the rail, and wherein the clips of the second pair
      are disposed substantially directly opposite one another.
NUM  5.
PAR  5. A light holder according to claim 1, wherein the clips of said second
      pair are respectively mounted on said elongated members adjacent the free
      ends thereof.
NUM  6.
PAR  6. A light holder according to claim 5 wherein the clips of said first pair
      are spaced apart with respect to one another along the longitudinally
      extending direction of the rail when the holder is mounted thereon.
NUM  7.
PAR  7. A light holder according to claim 5 wherein said members are normally
      positioned with the free ends thereof disposed closely adjacent one
      another; the free ends of said members being resiliently flexible so as to
      be movable outwardly relative to one another so that the clips of said
      second pair are spaced outwardly from one another by a sufficient distance
      to enable the flanges said rail to be inserted therebetween, the free ends
      of said members being normally resiliently urged inwardly toward one
      another for causing the clips of said second pair to be automatically
      moved toward one another to engage said flanges therebetween.
NUM  8.
PAR  8. A light holder according to claim 7 wherein a locking ring is disposed
      in surrounding relationship to said members and is slidable longitudinally
      therealong for locking the free ends of said members in a position closely
      adjacent one another for holding said second pair of clips in engagement
      with said flanges.
NUM  9.
PAR  9. A light holder according to claim 8, wherein the clips of said first
      pair are spaced a predetermined distance apart as viewed in the
      longitudinally extending direction of said rail when said holder is
      mounted thereon.
NUM  10.
PAR  10. A light holder according to claim 5, wherein the pair of elongated
      members can be elastically flexed relative to one another between a first
      position wherein the free ends thereof are positioned closely adjacent one
      another and a second position wherein the free ends thereof are spaced
      outwardly a substantial distance from one another, the clips of said
      second pair being spaced apart by a sufficient distance to enable the
      flanges of an elongated rail to be positioned therebetween when the free
      ends of said members are in said second position, and the clips of said
      second pair being positioned closely adjacent one another whereby they are
      capable of engaging the flanges of an elongated rail positioned
      therebetween when the free ends of said members are in said first
      position, the free ends of said members being continuously resiliently
      urged into one of said first and second positions.
NUM  11.
PAR  11. A light holder according to claim 10, wherein a locking ring is
      disposed in surrounding relationship to said members and is slidable
      longitudinally therealong for holding the free ends of said members in
      said first position when said locking ring is disposed closely adjacent
      said second pair of clips, said locking ring being slidably movable from a
      position adjacent said second pair of clips to a further position adjacent
      said first pair of clips, said locking ring when in said further position
      permitting the free ends of said members to be relatively moved outwardly
      into said second position.
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ABST
PAL  A carrying structure for supporting, for example, cable ducts, comprises
      vertical bearers from which project disengagable, horizontal bearer arms.
      Each bearer arm has at least two hooks adjacent one end thereof, which
      hooks, when inserted into corresponding holes of a vertical row of holes
      formed in a vertical bearer, engage the bearer arm with the vertical
      bearer. The hooks of an arm are integral therewith and project laterally
      of the arm surface which is in face to face relation with the
      hole-defining surface of the vertical bearer when the arm is engaged with
      the bearer. Each hook has on one of its side edges a lateral support
      surface above the vertical portion of the hook which engages the vertical
      bearer on its side opposite to the main body of the bearer arm. This
      support surface engages a vertical side of the hole in which the hook is
      inserted enabling the transmission between the bearer arm and vertical
      bearer of horizontal moments.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a carrying structure, in particular for cable
      ducts, comprising vertical bearers and horizontal bearer arms suspensible
      from the former at optional height in holes, at least one of the
      vertically extending surfaces of the vertical bearer comprising at least
      one vertical row of holes. The bearer arms serve the purpose of securing
      cable ducts.
PAR  2. Description of the Prior Art
PAR  In known carrying structures of this nature, the vertical bearers consist
      of rolled sections which are either T-section such that bearer arms may be
      fastened in a row of holes at selectible height on the central web by
      means of a plug-in bolt extending in each case through the bearer arm and
      through a hole, the bearer arm carrying load on its free extremity being
      supported on the transverse branch of the T-section, or which rolled
      sections may on the other hand also be of cruciform cross-section so that
      bearer arms may in accordance with the aforesaid structure be installed at
      two sides of a vertical bearer, the vertical bearers concomitantly and in
      any event being fastened to the ceiling or between the floor and the
      ceiling and act as a framework if it is impossible to make use of a
      wall-mounting method for bearer arms. The trough-like cable ducts which
      serve the purpose of laying cables running parallel to each other, are
      supported on the bearer arms.
PAR  The sections referred to above for the vertical bearer should be machined
      precisely so that the bearer arms may be installed, being relatively
      costly for this reason and having a considerable weight, moreover, which
      complicates assembling jobs. The object of the present invention consists
      in devising an advantageously costed carrying device, in particular for
      cable ducts, for which a lesser amount of material should be needed, so
      that they are lighter, and which imply a lesser degree of complexity in
      respect of their production as well as of their installation.
PAC  SUMMARY OF THE INVENTION
PAR  To accomplish this purpose, the carrying device comprises vertical bearers
      and horizontal bearer arms suspendible from the former in holes at
      selectible height, at least one of the vertically extending surfaces of
      the vertical bearer having at least one vertical row of holes, and is
      characterised in accordance with the invention, in that each bearer arm
      comprises at least two hooks intended to engage behind the vertical bearer
      in the area of the holes, which are situated close to the one extremity,
      project from its surface which is intended to be placed in contact with
      the perforated surface of the vertical bearer, and are spaced apart by a
      distance corresponding to the distance between the holes or to a multiple
      of the same, that the bearer arm and the hooks are in one piece, and that
      each hook has a lateral support surface intended to be placed in contact
      with a vertical hole surface in the vertical bearer for the purpose of
      transmitting the moment forces acting in horizontal direction on the
      bearer arm, and which lateral support surface is situated on one of the
      two lateral edges of the hook and above the hook portion intended to
      engage behind the vertical bearer. Preferably the bearer arm and the hook
      are appropriately constructed in such manner that each hook has two
      lateral edges of different length and at the side of the longer edge has a
      first shoulder slantingly pressed out of the bearer arm and comprising the
      support surface, which is followed as a second shoulder by the hook
      portion which projects further from the bearer arm and is intended to
      engage behind the vertical bearer. Moreover, the bearer arm is
      appropriately so formed that two hooks arranged one above the other with
      vertical spacing on the bearer arm have a support surface on their edges
      situated at opposite sides, in order to bear the moment forces acting in
      horizontal direction.
PAR  The vertical bearer preferably consists of a bearer of U-section in
      cross-section, whereof the middle web has at least one vertical row of
      holes. It is also possible to endow each of the two branches of the
      U-section bearer with a row of holes or to incorporate both possibilities
      together in an U-section bearer. The holes of the row of holes are
      appropriately rectangular or square.
PAR  A special advantage of the U-section bearer consists in that, except for
      the one or more rows of holes, there is no need to adhere to precise
      production tolerances, as had been required in the case of the sections
      used for this purpose until now. In the case of the rows of holes
      incorporated in the branches of the U-section bearer, it is possible
      moreover for the bearer arms overhanging at one side as well as at the
      other to be of identical structure, whereas these would have to be of
      inverted structure if they are hooked into the middle web of the U-section
      bearer.
PAR  The vertical bearer may advantageously also have a Z-section, whereof the
      application renders it possible for bearer arms overhanging at both sides
      to be of identical structure and to be suspensible at the same height from
      the vertical bearer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Examples of embodiments of the invention are described in particular in the
      following, with reference to the drawings. In these:
PAR  FIG. 1, shows the carrying device in elevation with a partially illustrated
      vertical bearer in the form of an U-section and with bearer arms hooked
      into the middle web of the same;
PAR  FIG. 2, shows the carrying device according to FIG. 1 in plan view;
PAR  FIG. 3, shows a detail A of FIG. 1 to enlarged scale, showing a part of the
      bearer arm with the lower hook;
PAR  FIG. 4, shows a modified embodiment of the carrying device, seen from above
      as in FIG. 2, with bearer arms hooked into the branches of the U-section;
PAR  FIG. 5, shows another form of embodiment of the carrying device comprising
      a vertical bearer in the form of a Z-section;
PAR  FIG. 6, shows the carrying device according to FIG. 5, in plan view.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The carrying device according to FIGS. 1 to 3 comprises a vertical bearer
      or vertical bearer member 1, with a number of said bearers being fastened
      to the ceiling or between the floor and ceiling of a room in manner not
      shown in detail, and moreover bearer arms 2 secured on the vertical
      bearer, which may be hooked into the latter so that they project outwards
      from the one side or from both sides of the vertical bearer. The cable
      ducts consisting of perforated sheets of metal shaped in trough form,
      which may be of different width and serve the purpose of laying the
      cables, are fastened on these bearer arms.
PAR  The vertical bearer 1 has an U-section with a middle web 3 and two lateral
      branches or branch portions 4. Two vertical rows of holes comprising
      rectangular or square holes or holes having rectangular and square
      configuration 5, are incorporated in the middle web 3, said rows of holes
      extending throughout the height of the vertical bearer.
PAR  Each bearer arm 2 is constructed in U form in cross-section, and the
      vertically directed middle web of this U-shaped bearer arm forms the
      surface 2a bearing against the middle web 3 of the U-shaped vertical
      bearer. The upper branch 2b of the U-shaped bearer arm 2 is wider than the
      lower branch 2c of the bearer arm, and serves the purpose of supporting
      and fastening the cable ducts which are illustrated, extend at right
      angles to the direction of the bearer arms and are supported on several
      bearer arms which are secured on a vertical bearer in each case. From the
      middle web 2a of the U-shaped bearer arm 2, which is in contact against
      the middle web 3 of the vertical bearer 1, two wall portions 6 close to
      the one bearer arm extremity are excised on three sides by punching cuts
      in each case, and are bent over into a hook 6, the vertical spacing
      between these hooks being equal to the vertical spacing between the holes
      5 in the vertical bearer 1.
PAR  The detail A of FIG. 1, consisting of a bearer arm portion and the lower
      hook, is illustrated in perspective to enlarged scale in FIG. 3. The hook
      portion intended to engage behind the vertical bearer, which is excised by
      cuts from the wall 2a of the bearer arm, extends at a distance from and
      parallel to the wall 2a, which distance corresponds approximately to the
      wall thickness of the middle web of the vertical bearer 1. It is clear
      that, in the case of a hook delimited by cut edges of identical length at
      both sides, a small area 7 only of the hook edge would be available which
      could be braced against the hole side of a hole 5 in the vertical bearer
      in order to transmit the horizontal forces. So that the considerable
      forces may be transmitted more adequately, each hook is delimited as
      apparent from FIG. 3 by two lateral edges of different length, whereof the
      longer edge is bent over twice, so that apart from the edge portion 7
      already referred to, the hook also bears against the vertical hole side of
      a hole in the vertical bearer with a support surface 8 present on a first
      shoulder which is slantingly pressed out of the bearer arm. Accordingly,
      and in accordance with FIG. 3, the first shoulder of the hook is pressed
      out of the bearer arm wall 2a only at the right-hand side, that is to say
      approximately to the extent of one wall thickness of the bearer arm. In
      FIG. 1, the hooks 6 are visible on the bearer arms which are hooked in
      from the rear side of the vertical bearer in the drawing.
PAR  It is shown in FIG. 4 that two bearer arms of indentical structure may also
      be hooked into an U-section bearer whilst projecting towards both sides,
      if at least one row of holes is incorporated in each of the two branches
      of the U-section. Identical bearer arms simplify the job of erection and
      render it possible to reduce investments in stock.
PAR  The vertical bearer 10 according to FIG. 5 has a Z-section, comprising a
      middle web 13 and two lateral swagedover flanges 14. Two vertical rows of
      holes comprising rectangular or square holes 5 are incorporated in the
      middle web 13, said holes corresponding to the holes in the bearer
      according to FIG. 1, which rows of holes extend throughout the height of
      the vertical bearer.
PAR  The bearer arms 2 which are to be hooked into the vertical bearer 10 have
      the same form as the previously described bearer arms for the vertical
      bearer 1 having an U-section. If use is made of the Z-section vertical
      bearer, the hooks 6 should be situated on the bearer arm 2 in such manner
      that the distance of the hooks 6 from the extremity of the bearer arm
      should be not greater than or equal to the distance between the two hole
      sides of the holes 5 in the two rows of holes which are internally
      situated with respect to the axis of longitudinal symmetry of the vertical
      bearer, so that two bearer arms hooked in at the same level from the front
      side and from the rear side of the vertical bearer overlap each other in
      the area between the two rows of holes, said area being marked X in FIG.
      6. In this arrangement, each bearer arm extremity is adjacently situated
      beside the hooks of the other corresponding bearer arm, so also apparent
      from FIG. 6.
PAR  The advantage of the Z-section for the vertical bearer emerges during
      comparison with the U-section, the latter allowing the bearer arms to be
      hooked in at the one side only of the bearer in view of the two branches
      of the U-section, and the rows of holes must also be set at a greater
      distance from each other so that two bearer arms maybe positioned at the
      same level. Accordingly, the Z-section renders it possible to keep the
      vertical bearer narrower as a whole and has the advantage moreover that
      the bearer arms alternately hooked in from the front side and from the
      rear side may all be identically constructed, whereas they must be made in
      laterally inverted form if use is made of an U-section, in order to be
      hooked into its middle web (FIG. 2).
PAR  The hooks 6 are visible in FIG. 5 on the bearer arms projecting towards the
      left-hand side, which are hooked in from the rear side of the vertical
      bearer, whereas only the wall excisions are visible in the bearer arm, in
      the case of the bearer arm projecting towards the right-hand side.
PAR  Apart from cable ducts, the carrying device may also be applied
      advantageously as a storage rack, for example for tube and bar stock. Its
      advantage is economic production and an assembling operation which may be
      performed very easily and rapidly.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Carrying device for supporting cable ducts and the like comprising: a
      vertical bearer member and horizontal bearer arms suspensible from the
      vertical bearer member at selectible height, said bearer member having at
      least one vertical row of spaced holes, each of said holes having a
      vertical side, characterized in that each bearer arm has two spaced hooks
      one above the other adjacent to one horizontal extremity of said arm, said
      hooks projecting from the bearer arm and adapted to pass through mating
      spaced holes in said vertical bearer member so that each of said hooks
      engages the vertical bearer member in the area of the hole, each of said
      hooks having two lateral edges of different length, the side of the longer
      edge having a first shoulder pressed out slantingly from the bearer arm in
      the form of a support surface adapted to abut against the vertical side of
      the hole, which first shoulder is followed by a second shoulder consisting
      of a hooking portion projecting farther from the bearer arm for engagement
      behind the vertical bearer member with said support surfaces positioned on
      opposite sides of said hooks, whereby the moment forces acting on the
      bearer arm are transmittable in a horizontal direction.
NUM  2.
PAR  2. Carrying device according to claim 1 in which the vertical bearer member
      has a U-shaped cross-section wherein the middle web thereof has at least
      one vertical row of holes.
NUM  3.
PAR  3. Carrying device according to claim 2 in which the bearer arms are of
      inverted identical construction and may be hooked into the middle web of
      the U-shaped vertical bearer member while projecting towards the one
      and/or the other side.
NUM  4.
PAR  4. Carrying device according to claim 1 in which the vertical bearer member
      has a U-shaped cross-section with each of the branch portions extending
      from the middle web and having a vertical row of holes.
NUM  5.
PAR  5. Carrying device according to claim 1 in which the vertical bearer member
      has a U-shaped cross-section with the middle web and each of the branch
      portions having a vertical row of holes.
NUM  6.
PAR  6. Carrying device according to claim 1 in which the holes defined by said
      rows of holes are rectangular in configuration.
NUM  7.
PAR  7. Carrying device according to claim 1 in which the vertical bearer member
      has a Z-shaped cross-section and its middle web has at least two rows of
      holes extending vertically and parallel to each other, into which bearer
      arms may be hooked into one row of holes from one side of the middle web
      and bearer arms may be hooked into the other side thereof while projecting
      outwards at the same leverl towards opposite sides from the vertical
      bearer member.
NUM  8.
PAR  8. Carrying device according to claim 1 in which the bearer arms are
      identically constructed and may, while projecting outwards towards the one
      and/or the other side, be hooked into the middle web of a Z-shaped
      cross-sectional vertical bearer member or into the branches of a U-shaped
      cross-sectional bearer member.
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ABST
PAL  The universal protector device herein is constituted of a unitary piece of
      soft, moldable, resilient material, and composed of two hingedly connected
      walls on one of which is provided an outer inwardly directed suction cup
      and an inner inwardly directed transverse cushioning rib and on the other
      wall of which are provided a plurality of inwardly directed longitudinally
      extending ribs. A substantially U-shaped inwardly directed rib extends
      along the side edges of said other wall and along the side and outer edges
      of said one wall.
BSUM
PAC  THE INVENTION
PAR  This invention relates generally to devices for protecting children and
      adults from serious injuries that might be occasioned by accidental
      contact with the sharp corners or edges of furniture.
PAR  The primary purpose of the instant invention is to provide an improved
      protective device of the indicated type having such universality that it
      can be inconspicuously mounted on all types of furniture to afford
      protection against straight edges, corners, and other types of accident
      prone design work found on furniture.
PAR  Another object of the invention is to provide an improved protective device
      of such configuration that the possibility of anyone falling against it
      suffering a serious or scarring injury either to the eye or any other
      parts of the body, is quite remote.
DRWD
PAR  Other objects of the invention as well as the advantages of the device
      thereof will appear from the following description, when read in
      connection with the accompanying drawings, in which
PAR  FIG. 1 is a perspective view illustrating how the device of the invention
      may be mounted on a corner and edge of a piece of furniture;
PAR  FIG. 2 is an elevational view of the side of the device shown in FIG. 1;
PAR  FIG. 3 is a vertical sectional view taken through the center of the device
      as shown in FIG. 2; and
PAR  FIG. 4 is an elevational view of the other side of the device as shown in
      FIG. 2.
PAR  The protective device shown in the drawing is constituted of a moldable
      soft, supple and resilient material such as the thermoplastic  resin
      polyvinylchloride so as to present no hazard to a person falling against
      it. Its special design protects children from harmful bumps and renders
      quite remote the likelihood of its penetrating the eye cavity of a person
      falling against. Its special design also enables the device of this
      invention to cover in addition to the usual furniture corners, the
      straight edges of furniture, as well as other different types of unusual
      shaped corners and edges.
PAR  The device is preferably injection molded to provide a unitary, one-piece
      article having a body composed of two integrally connected, angularly
      disposed, walls designated generally by the reference numerals 10 and 11.
      The two walls 10 and 11 are approximately 1/8 inch thick to assure the
      provision of sufficient of the rubber-like material in the device to
      produce the desired cushioning effect. At the juncture of the two walls,
      the inner faces thereof define an angle of at least 90.degree.. The outer
      surface 12 of the device along the line of juncture of such walls is
      rounded to minimize injury to the portion of a person's body that might
      accidently contact the same. In the use of the protection device the wall
      10 thereof is attached to a flat surface of the article so that the line
      of juncture of the walls 10 and 11 overlies the corner or the straight
      edge for which the device is to provide protection and with the wall 11 of
      the device freely overlying the meeting edges of the furniture surfaces
      forming the corner, or the other surface of the furniture forming such
      straight edge being protected, both of which methods of attachment are
      illustrated in FIG. 1 of the drawings.
PAR  To enable such attachment of the wall 10, it has integrally molded to its
      inner face adjacent to the free end thereof, a plastic suction cup 13
      configured to assure secure adhesion to any smooth, flat non-porous
      surface. The construction of the suction device is such that it is
      difficult for small children to remove the device once it has been
      attached to a piece of furniture. It will be noted from FIGS. 3 and 4 of
      the drawings, that the closed end of the suction cup 13 is formed by a
      portion 14 of the inner face of the wall 10. The base of the suction cup
      is frusto-conically shaped, and such base as well as the outer portion of
      the cup taper gradually to a relatively thin outer edge. Also integrally
      molded to the inner face of the wall 10 between the suction cup 13 and the
      joint between the two walls 10 and 11, is a projecting rib 15
      approximately 1/8 inch wide and 1/2 inch long. The rib 15 is disposed
      transversely to the length of the wall 10 and is in substantial
      parallelism to the joint between the walls 10 and 11. The height of the
      rib 15 is approximately 1/4 inch to enable its outer edge to contact the
      surface to which the suction cup 13 is adhered when the so secured wall 10
      is in substantial parallelism with such surface. The wall 10 has further
      integrally molded thereto an inwardly projecting, substantially U-shaped,
      peripheral rib 16 extending around the entire length of the side and end
      free edges of such wall. It will be noted that at the outer free end of
      the wall 10, the rib 16 is semi-circularly-shaped and has a radius
      slightly less than that of the suction cup 13 so that it overlies in
      spaced relation approximately 180.degree. of the outer edge portion of the
      suction cup. The depth of the rib 16 from the inner surface of the plate
      10 and the width thereof are each approximately 1/8 inch so that such rib
      has a substantially square cross-sectional area. The outer free edges of
      the wall 10 at their juncture with the outer side surfaces of the rib 16
      are rounded to provide a smooth protective edge 17.
PAR  It will be understood from the foregoing, that when the wall or plate 10 of
      the device is adhered to a furniture surface by the vacuum cup 13, such
      vacuum cup and the transverse rib 15 coact to provide a cushioning action
      against the blows that the plate 10 will receive as a result of a person
      falling against it. The soft rubber-like constitution of the material of
      such plate and the exterior rounded edges 12 and 17 around the entire
      perimeter of such plate minimize the possibility of any injury to the part
      of the persons body striking such plate 10. If the blow to the plate 10 is
      a slanting one or of unusual severity, the rib 16 around the edge of such
      plate will exercise a further cushioning action to soften the effects of
      such types of blows. In this manner, the device can protect a person
      against even very awkward and severe falls against the furniture piece on
      which the device is mounted.
PAR  The wall or plate 11 of the device has a thickness similar to that of the
      plate 10, i.e., about 1/8 inch thick. The side edges of the plate 11 are
      provided with inwardly directed straight ribs 20,20 which form
      continuations of the legs of the substantially U-shaped rib 16 on the
      plate 10. The outer side edges of the plate 11 at their juncture with the
      outer side surfaces of the ribs 20,20 are rounded to provide smooth
      protective side edges on such plate. Located between and extending in
      parallelism with the ribs 20,20 are two spaced ribs 21,21 projecting
      inwardly from the inner surface of plate 11. The ribs 21,21 have a width
      and depth similar to those of the ribs 16 and 20 and extend from the free
      end of plate 11 to the joint between the two plates 10 and 11. The inner
      ends of the ribs 21,21 are integrally formed with the interior surface of
      the plate 10. The ribs 21,21 are equally spaced from the ribs 20,20, and
      are spaced from each other a distance slightly greater than the length of
      the transverse rib 15 so that the latter can readily fit therebetween when
      the two plates or walls 10,10 are folded inwardly about the joint
      connecting them together.
PAR  It will be noted from FIG. 1 of the drawings, that when the device of this
      invention is mounted on a piece of furniture to protect a corner thereof,
      it is positioned on such furniture piece so that the corner thereof will
      be between the ribs 21,21. With the device so arranged thereon, the plates
      thereof will protect a person falling on or against such corner and the
      ribs 21,21 will coact with the furniture corner to maintain the device
      properly mounted on the furniture piece during such impact. When the
      device however, is mounted to protect a person against injury by a
      straight edge of the furniture both ribs 21,21 will cooperate with the
      side ribs 20,20 to provide a cushioning action against forces tending to
      crush the plate 11 against the flat surface of the furniture covered
      thereby. While the ribs 21,21 as a result of their connection at their
      inner ends tend to maintain the two plates or walls in angular relation
      they do not prevent flexture of such walls relative to each other to
      accommodate the device to different types of furniture surfacing. Thus,
      the free plate is connected in hinged relation to the anchored plate when
      the device is secured to a piece of furniture.
PAR  It is believed that it will be apparent from the above description that the
      device of the present invention is possessed of a universality which
      renders it equally effective to afford protection against possible injury
      from both the corners, the straight edges and any other types of sharp
      borders that may be provided on a piece of furniture. If desired a series
      of such devices can be arranged in side-by-side relation to afford
      protection against a long sharp edged section of a piece of furniture.
      Preferably, the device of this invention is made in a crystal clear
      transparent form so that it will be relatively inconspicuous on the
      portion of the piece of furniture it is affording protection against.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A unitary device universally adaptable as a protector against injury
      from corners, straight edges and other sharp borders of a piece of
      furniture, said device being formed of soft moldable resilient material
      and composed of two walls joined together at their inner edges to form an
      elongated joint adapted to lie across a corner or overlay a straight edge
      or other sharp border of a piece of furniture, said walls being disposed
      at approximately 90.degree., but capable of flexture relative to each
      other about said elongated joint, a first means provided on one of said
      walls for detachably securing such wall of the device to a surface of a
      piece of furniture with said elongated joint adapted to overlay a corner,
      straight edge or other sharp border of the furniture piece and the other
      of said walls adapted to overlay a part of the furniture piece disposed at
      an angle to such furniture surface, second means on said one wall between
      said securing means and said elongated joint adapted to engage said
      furniture surface when the device is attached thereto and to coact with
      said first securing means to exert a cushioning action against blows
      delivered to said one wall of the attached device, and third means on said
      other wall adapted to engage a part of the furniture piece and restrain
      displacement of said elongated joint relative to a furniture piece corner
      overlaid thereby under blows delivered to the device.
NUM  2.
PAR  2. A device as claimed in claim 1, in which said first securing means
      comprises a suction cup depending from said one wall and located adjacent
      to the outer edge of such one wall in spaced relation to said elongated
      joint, and in which said second means comprises a cushioning member
      depending from the inner surface of said one wall in the space between
      said vacuum cup and said elongated joint and spaced from said vacuum cup
      and elongated joint.
NUM  3.
PAR  3. A device as claimed in claim 1, in which said third means comprises a
      pair of spaced cushioning members projecting from the inner surface of
      said other wall and adapted to receive therebetween the part of the
      furniture engaged thereby.
NUM  4.
PAR  4. A device as claimed in claim 1, in which said device is composed of only
      two walls, said one and other walls hingedly connected by said elongated
      joint, and includes an inwardly directed peripheral cushioning rib
      extending around the side and outer edges of said one wall and along the
      side edges of said other wall.
NUM  5.
PAR  5. A device as claimed in claim 1, in which said device is composed of only
      two walls, said one and other walls hingedly connected by said elongated
      joint, in which said first securing means comprises a suction cup
      depending from said one wall and adapted to be compressed when attached to
      a furniture surface, in which said second means comprises a cushioning
      member depending from the inner surface of said one wall, in which said
      third means comprises a pair of spaced cushioning members projecting from
      the inner surface of said other wall and adapted to receive therebetween
      the part of the furniture engaged thereby, and including cushioning
      peripheral edge portions projecting inwardly from the peripheral edges of
      said one and other walls.
NUM  6.
PAR  6. A device as claimed in claim 5, in which said cushioning member
      constituting said second means projects from the inner surface of said one
      wall a distance approximating the height of said suction cup in the
      compressed attached condition thereof and greater than the distance of
      projection of said peripheral edge portions of said one wall, and in which
      said pair of cushioning members constituting said third means are composed
      of a pair of spaced ribs extending transversely to said elongated joint
      and located between and spaced from said peripheral edge portions of said
      other wall.
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ABST
PAL  A swivel base assembly for supporting a device such as a video display
      terminal (including a video monitor and a keyboard) and including means
      for rotating the device through a large angle, for example, 270.degree..
      The swivel base assembly includes a tray on which the device is positioned
      and a circular base member having a space for containing a circularly-
      wound data-carrying cable, such as a coaxial cable, for use by the device
      on the tray. The base member also includes a pair of upstanding spaced
      stop members formed therein and arranged to cooperate with a depressed
      stop member formed in the tray to establish the aforementioned 270.degree.
      range of angular rotation. The base member further includes a plurality of
      glide members inserted within vertical support columns therein for evenly
      distributing the weight of the tray and the device on the tray and also
      includes a depressed cable guide and strain relief member for use in
      arranging the data-carrying cable within the base member and also for
      providing strain relief for the data-carrying cable. Provision is also
      made in the various members of the swivel base assembly for the passage of
      an ac power cable to the device on the tray.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention related to a swivel base assembly and, more
      particularly, to a swivel base assembly for supporting a device thereon
      and including means for receiving and containing therein a
      circularly-wound electrical cable for use by the device. The device
      supported by the swivel base assembly is capable of being rotated through
      a large angle, for example, 270.degree..
PAR  Various swivel base assemblies for supporting and rotating devices are
      generally well known to those skilled in the art. By way of example,
      television receivers as commonly used in the travel and lodging industry
      are generally supported on swivel base assemblies and permitted to rotate
      through large angles to establish wide ranges of viewing for users of the
      receivers. Generally, the angles of rotation of television receivers
      supported on swivel base assemblies as mentioned above are limited by stop
      arrangements included in the swivel base assemblies, these stop
      arrangements generally limiting the angles of rotation to better than
      200.degree. but less than 360.degree.. Electrical operating power for the
      receivers is generally supplied by ac power cables which are normally
      connected directly from rear portions of the receivers to suitable sources
      of ac line voltage. While the swivel base assemblies as employed with
      television receivers as mentioned above operate in a generally
      satisfactory manner, they cannot be used satisfactorily with other kinds
      of devices, such as video display terminals, which require data carrying
      cables (e.g., coaxial cables) in addition to ac power cables.
PAR  Other well-known forms of rotatable swivel base assemblies, such as "lazy
      Susans," generally do not include stop arrangements and, insofar as is
      known, are not used with electrical devices (such as video display
      terminals) and cables associated with these electrical devices.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a swivel base assembly is
      provided which is particularly useful with a device such as a video
      display terminal.
PAR  The swivel base assembly of the invention generally includes a tray means
      having a top surface on which a device is adapted to be positioned, a base
      arrangement, and a swivel means interposed between the tray means and the
      base arrangement. The tray means further has a bottom surface and includes
      a stop means. The swivel means has a first section attached to the tray
      means and a second section attached to the base arrangement. The first
      section of the swivel means and the tray means attached thereto are
      capable of rotational movement with respect to the second section of the
      swivel means and the base arrangement to which the second section is
      attached.
PAR  The base arrangement generally includes a stop means, glide means and a
      cable-receiving portion. The stop means of the base arrangement cooperates
      with the stop means of the tray means to establish a predetermined angular
      range through which the tray means, a device on the tray means, and the
      first section of the swivel means to which the tray means is attached may
      rotate. The glide means of the base arrangement is adjacent to the
      periphery of the swivel means and bears against the bottom surface of the
      tray means to provide a bearing surface along which the tray means may
      glide when a rotational motion is imparted to the tray means with respect
      to the second section of the swivel means. The cable-receiving portion of
      the base arrangement defines a chamber and has a cable opening into the
      chamber. The chamber is arranged to receive a cable means via the cable
      opening to be used by a device on the tray means and has a capacity to
      permit the cable means to be wound therein in a generally circular
      pattern.
PAR  The aforedescribed tray means, swivel means and base arrangement each
      further have an opening therein by which one end of a cable means wound
      within the chamber of the base arrangement may be fed through the opening
      in the base arrangement, the opening in the swivel means, and the opening
      in the tray means to a device on the tray means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Various objects, features and advantages of a swivel base assembly in
      accordance with the present invention will be apparent from the following
      detailed discussion taken in conjunction with the accompanying drawing in
      which:
PAR  FIG. 1 is an exploded view of a swivel base assembly in accordance with the
      present invention;
PAR  FIG. 2 is a perspective view of the swivel base assembly of FIG. 1 in its
      completely assembled state and as employed to support thereon a video
      display terminal including a video monitor and a keyboard associated with
      the video monitor;
PAR  FIG. 3 is a cross-sectional view, taken along line A--A in FIG. 1,
      illustrating the swivel base assembly of FIG. 1 in its completely
      assembled state;
PAR  FIG. 4 is a bottom view of a circular base member of the swivel base
      assembly of FIGS. 1-3, illustrating the manner in which a coaxial cable is
      circularly wound therein; and
PAR  FIG. 5-7 are top, side and front views, respectively, of a glide member as
      employed with the base member of the swivel base assembly of the invention
     .
DETD
PAR  Referring now to FIGS. 1-4 there is shown a swivel base assembly 1 in
      accordance with the present invention. The swivel base assembly 1, an
      exploded view of which is shown in FIG. 1, generally includes a tray 3, a
      flat tray support plate 5, a swivel mechanism 7, a base member 9, and a
      flat bottom cover plate 11. The tray 3, as employed in accordance with the
      invention, is arranged to receive and support a device, such as a video
      display terminal (shown in FIG. 2), as desired to be employed by a user.
      The video display terminal shown in FIG. 2 includes a video monitor and an
      associated keyboard. As will be described hereinafter, the tray 3 is
      secured, via the tray support plate 5, to a flat rectangular top plate 7a
      of the swivel mechanism 7 and is rotatable with respect to a flat
      rectangular bottom plate 7b of the swivel mechanism 7 through a large
      angle, for example, 270.degree., to provide a large range through which
      the device (e.g., video display terminal) positioned on the tray 3 may be
      made accessible to the user. In the case where the device on the tray 3 is
      to be a video display terminal, as suggested above, the tray 3 is provided
      with a rear and side railing portion 3a around approximately half the
      periphery of the tray 3, as shown in FIG. 1, for containing the video
      monitor on the tray 3. The remaining portions of the sides of the tray 3
      are left open, as shown at 3b in FIG. 1, to accommodate the use of a
      keyboard (shown in FIG. 2) of any one of several possible widths, from
      narrow to wide, as required to be used with the video monitor. The
      keyboard itself is prevented from sliding off of the front side of the
      tray 3 by means of a front railing portion 3c.
PAR  The tray 3 further includes a central opening 3d, through which an ac power
      cable 12 and a data-carrying cable 20 may be fed to the device on the tray
      3, as required, and also includes a generally oblong-shaped stop 3e, in
      the form of a depression in the tray 3, for use in limiting the angular
      rotational movement of the tray 3, as will be described more fully
      hereinafter. The tray 3, as described hereinabove, may be fabricated from
      any one of several well-known materials, for example from ABS
      (acrylonitrile butadiene styrene), a well-known thermoplastic material
      having insulating properties.
PAR  The aforementioned tray support plate 5 is employed to strenghten and
      rigidify the tray 3, particularly if the tray 3 is fabricated of a
      lightweight plastic material such as ABS. The tray support plate 5 also
      serves to provide a smooth, hard bottom surface, indicated at 5a in FIG.
      1, capable of gliding across the bearing surfaces of a plurality of glide
      members 9a (only one of which is shown in FIG. 1) employed with the base
      member 9, as will be explained more fully hereinafter. The tray support
      plate 5 further has a central opening 5b therein, of the same size and
      aligned coaxially with the central opening 3d of the tray 3, for passage
      of the aforementioned cables 12 and 20 to the device on the tray, and
      further has an opening 5c adjacent to the opening 5b through which the
      depressed stop 3e in the tray 3 extends. The tray support plate 5 is
      attached to the tray 3 and also to the top plate 7a of the swivel
      mechanism 7 by means of a plurality of self-tapping screws 15 (only one of
      which is shown in FIG. 1) arranged to pass through corresponding openings
      3f provided in the tray 3, through corresponding openings 5e in the tray
      support plate 5, and through corresponding openings 7c in the corners of
      the top plate 7a of the swivel mechanism 7.
PAR  The tray support plate 5, as described hereinabove, may be constructed from
      any suitable material capable of strengthening and rigidifying the tray 3
      and which provides a smooth, hard bottom surface for use with the
      aforementioned glide members 9a, for example, a flat sheet of fibreboard
      material such as sold commercially under the trade name "Masonite." It
      will be appreciated that if the tray 3 is formed from a material having
      sufficient inherent strength and rigidity and provides the required
      smooth, hard bottom surface for use with the glide members 9a, the tray
      support plate 5 as described hereinabove may not be necessary and may be
      eliminated from the swivel base assembly 1.
PAR  The swivel mechanism 7, as employed in the invention, is of a standard
      metal ball-bearing race type wherein the top plate 7a thereof is capable
      of movement with respect to the bottom plate 7b thereof through the means
      of ball bearings held captive between the top and bottom plates. The
      swivel assembly 7 also has a central opening 7d therein, of the same size
      as and aligned coaxially with the openings 5b and 3d of the tray support
      plate 5 and the tray 3, respectively, for the passage of the
      aforementioned cables 12 and 20 to the device on the tray 3. The bottom
      plate 7b of the swivel assembly 7 further has a plurality of openings 7e
      in the corners thereof by which the plate 7b may be secured to the base
      member 9, specifically, by means of metal rivets 17 (only one of which is
      shown in FIG. 1) arranged to pass through corresponding openings 9b in the
      base member 9 and the openings 7e in the bottom plate 7b of the swivel
      assembly 7. The swivel assembly 7 as described above may have plates 7a
      and 7b of 6 inches square and is commercially available from Triangle
      Manufacturing Co., Oshkosh, Wisconsin.
PAR  The base member 9, on which the tray 3, the tray support plate 5 (if used)
      and the swivel assembly 7 are positioned, includes an upstanding main body
      portion 9c and a flange portion 9d integral with and surrounding the main
      body portion 9c.  The main body portion 9c further includes a pair of
      spaced stop members 9e and 9e', in the form of raised portions of the base
      member 9, and a generally oblong-shaped cable guide and strain relief
      member 9f, in the form of a downwardly-sloping depression in the base
      member 9. The stop members 9e and 9e' are positioned with respect to each
      other in the main body portion 9c of the base member 9 so that a pair of
      outer surfaces thereof, shown at 9g in FIG. 1, are angularly spaced from
      each other, specifically, by 270.degree., as shown in FIG. 1. This
      separation establishes the extent of rotation (270.degree.) of the tray 3
      with respect to the bottom plate 7b of the swivel assembly 7. More
      particularly, with the tray 3 secured to the top plate 7a of the swivel
      assembly 7, the depressed stop 3e in the tray 3 extends through the
      opening 5c in the tray support plate 5 and is capable of rotational
      circumferential movement between the outer surfaces 9g of the raised stop
      members 9e and 9e', the depressed stop member 3e in the tray 3 abutting
      against the outer surface 9g of one of the raised stop members at the
      0.degree. position and against the outer surface 9g of the other raised
      stop member at the 270.degree. position.
PAR  The aforementioned downwardly-sloping cable guide and strain relief member
      9f, to be described in greater detail hereinafter, is employed to
      establish the placement and orientation within the base member 9 of the
      data-carrying cable 20, such as a data-carrying coaxial cable, and also to
      provide strain relief protection for the cable 20. The cable 20, which is
      ordinarily used by a video monitor or other device positioned on the tray
      3 employing data signals, is caused to enter the base member 9 via a
      corresponding opening 9h provided in the main body portion 9c of the base
      member 9 and, after being circularly wound within the portion 9c of the
      base member 9, for reasons to be explained hereinafter, to exit the base
      member 9 via a central opening 9i in the main body portion 9c of the base
      member 9. The opening 9i is made to be the same size as and aligned
      coaxially with the aforementioned openings 7d, 5b and 3d of the members 7,
      5 and 3, respectively. The opening 9i is also used for the passage of the
      aforementioned ac power cable 12 to the device on the tray 3.
PAR  The base member 9 further includes a plurality of upstanding hollow support
      members or columns 9j formed intergrally with the main body portion 9c and
      the flange portion 9d of the base member 9 and spaced on the flange
      portion 9d around the periphery of the main body portion 9c. The vertical
      support columns 9j have associated glide members 9a (only one of which is
      shown in FIG. 1) inserted tightly within corresponding openings 9k in the
      columns 9j for establishing bearing surfaces across which the bottom
      surface 5a of the tray support plate 5 is able to glide as the tray 3 and
      the associated tray support plate 5 and the top plate 7a of the swivel
      base assembly 1 are caused to rotate with respect to the bottom plate 7b
      of the swivel assembly 7 and the base member 9. The glide members 9a also
      serve to evenly distribute the weight of a device positioned on the tray 3
      as well as the individual weights of the tray 3 and the tray support plate
      5. A suitable form of a glide member 9a as described above is shown in
      detail in FIGS. 5-7. As shown in these figures, the glide member 9a, which
      may be of plastic, includes a curved head portion 25 and a tapered shank
      portion 26 integral with the head portion 25, the tapered shank portion 26
      enabling the glide member 9a to fit tightly within an associated opening
      9k in the base member 9. The glide member 9a as shown in FIGS. 5.7 is
      commercially available from Eaton Corporation, Engineered Fasteners
      Division, Cleveland, Ohio. The base member 9 as described hereinabove may,
      as in the case of the tray 3, be conveniently fabricated from a plastic
      material such as ABS.
PAR  The final major component of the swivel base assembly 1, namely, the bottom
      cover plate 11, is attached to the base member 9 via the flange portion 9d
      thereof. This attachment operation is accomplished in a simple manner by
      inserting a plurality of self-tapping screws 30 (only one of which is
      shown in FIG. 1) within corresponding openings 11a in the bottom cover
      plate 11 and threading these screws into corresponding push-in nuts 32
      (only one of which is shown on FIG. 1) disposed tightly within
      corresponding openings 9m in the flange portion 9d of the base member 9.
      The bottom cover plate 11 further has a central opening 11c therein which
      is smaller than the other openings 9i, 7d, 5b and 3d but coaxially aligned
      with these openings. A bushing 34 is inserted within the opening 11c in
      the bottom cover plate 11 and the aforementioned ac power cable 12 is made
      to pass through this bushing and the other openings 9i, 7d, 5b and 3d to
      the device on the tray 3. To insure that the swivel base assembly 1 does
      not slide along the surface on which it is positioned, a plurality of
      rubber adhesive-backed feet 35 are secured at spaced locations on the
      bottom surface of the bottom cover plate 11. The bottom cover plate 11,
      like the tray support plate 5, may be conveniently fabricated from a
      material such as Masonite.
PAR  Referring now to FIG. 4, there is shown the manner in which the
      aforedescribed cable 20 (e.g., coaxial cable) is placed within the base
      member 9. As shown in FIG. 4, the cable 20 is inserted into the opening 9h
      in the base member 9 and caused to be routed in a clockwise direction
      around the cable guide and strain relief member 9f and through the central
      opening 9i in the base member 9. The circular routing of the cable 20 is
      required, especially when the cable 20 is a coaxial cable, to prevent
      sharp bends or "kinks" in the cable 20 which might impair its electrical
      characteristics. The above routing operation is performed only when the
      tray 3 and the associated elements 5 and 7a of the swivel assembly 1 have
      been rotated in a clock-wise direction so that the depressed stop member
      3e in the tray 3, shown in dotted outline in FIG. 4, abuts against the
      outer surface 9g of the raised stop member 9e. In this fashion, when the
      tray 3 and the associated elements 5 and 7a are rotated in the opposite
      (counterclockwise) direction, the cable 20 winds up tightly like a spring
      and, accordingly, remains confined within the base member 9. Thus, the
      rotation of the tray 3 and associated elements in opposite directions
      causes a winding and unwinding of the cable 20 within the base member 9.
      Also, by virtue of the fact that the cable is routed around the cable
      guide and strain relief member 9f so that the cable 20 makes physical
      contact with opposite sides of the member 9f, specifically, at 9n and 9p
      in FIG. 4, effective strain relief protection is provided for the cable 20
      and the cable 20 cannot be removed from the base member 9 by pulling on it
      at the point of entry into the base member 9, that is, at the opening 9h.
PAR  While there has been described what is considered to be a preferred
      embodiment of the invention, it will be obvious to those skilled in the
      art that various changes and modifications may be made therein without
      departing from the invention as called for in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A swivel base assembly comprising:
PA1  tray means having a top surface on which a device is adapted to be
      positioned, a bottom surface, and including stop means;
PA1  a base arrangement;
PA1  swivel means interposed between the tray means and the base arrangement and
      having a first section attached to the tray means and a second section
      attached to the base arrangement, said first section and the tray means
      attached thereto being capable of rotational movement with respect to the
      second section and the base arrangement to which the second section is
      attached;
PA1  said base arrangment including:
PA2  a. stop means cooperative with the stop means of the tray means to
      establish a predetermined angular range through which the tray means, a
      device on the tray means, and the first section of the swivel means to
      which the tray means is attached may rotate;
PA2  b. glide means adjacent to the periphery of the swivel means and bearing
      against the bottom surface of the tray means providing a bearing surface
      along which the tray means glides when a rotational motion is imparted to
      the tray means with respect to the second section of the swivel means; and
PA2  c. a cable-receiving portion defining a chamber and having a cable
      receiving opening into said chamber, said chamber being arranged to
      receive a cable means via the cable receiving opening to be used by a
      device on the tray means and having a capacity to permit said cable means
      to be wound therein in a generally circular pattern;
PA1  said tray means, swivel means and base arrangement each further having an
      opening therein by which one end of a cable means wound within the chamber
      of the base arrangement may be fed through the opening in the base
      arrangement, the opening in the swivel means and the opening in the tray
      means to a device on the tray means.
NUM  2.
PAR  2. A swivel base assembly in accordance with claim 1 wherein:
PA1  the base arrangement further includes a cable guide and strain relief
      member adjacent to the cable receiving opening therein and extending into
      the chamber therein, said cable guide and strain relief member having
      opposing surfaces against which a cable means may abut when the cable
      means is arranged in the chamber in a generally circular pattern, thereby
      providing strain relief protection for the cable means.
NUM  3.
PAR  3. A swivel base assembly in accordance with claim 1 wherein:
PA1  the cable-receiving portion of the base arrangement has a top surface;
PA1  the stop means of the tray means includes a single stop member extending
      downwardly with respect to the bottom surface of the tray means, said stop
      member being adjacent to the periphery of the swivel means; and
PA1  the stop means of the base arrangement includes a pair of spaced stop
      members extending upwardly with respect to the top surface of the
      cable-receiving portion of the base arrangement, said pair of stop members
      being adjacent to the periphery of the swivel means and each having an
      outer surface, said single stop member of the stop means of the tray means
      being capable of rotational movement between the outer surfaces of the
      pair of stop members of the stop means of the base arrangement when a
      rotational motion is imparted to the tray means, the distance between the
      outer surfaces of the pair of stop members thereby establishing the extent
      of angular rotation of the tray means.
NUM  4.
PAR  4. A swivel base assembly in accordance with claim 3 wherein:
PA1  the glide means comprises a plurality of upright equispaced columnar
      support members arranged around the periphery of the cable-receiving
      portion of the base arrangement, each of the columnar support members
      having an opening therein and a glide member within the opening and
      bearing against the bottom surface of the tray means, said glide members
      evenly distributing the weight of the tray means and a device adapted to
      be mounted thereon and further providing a plurality of glide surfaces
      along which the tray means may glide when a rotational motion is imparted
      to the tray means.
NUM  5.
PAR  5. A swivel base assembly in accordance with claim 4 wherein:
PA1  the tray means includes a rectangular tray having front, rear and first and
      second sides, said tray further having a first railing along the length of
      the rear side and along portions of the lengths of the first and second
      sides and a second railing along the length of the front side.
NUM  6.
PAR  6. A swivel base assembly in accordance with claim 4 wherein:
PA1  the base arrangement further includes a cable guide and strain relief
      member adjacent to the cable receiving opening therein and extending into
      the chamber therein, said cable guide and strain relief member having
      opposing surfaces against which a cable means may abut when the cable
      means is arranged in the chamber in a generally circular pattern, thereby
      providing strain relief protection for the cable means.
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PAL  An improved vibration isolator for reducing the transmission of vibrations
      between a supported body and a body suspended from the supporting body
      employs a pair of rotatable inertial masses that are coupled coaxially by
      an elastomeric spring. Suspension cables are wrapped around the rotatable
      masses and connect the masses with the supporting and the suspended body.
      The manner in which the cables wrap around the inertial masses causes the
      masses to roll back and forth along the cables when a vibratory load is
      applied to the cables from either one of the bodies. By appropriate tuning
      of the masses and elastomeric spring, the isolator can prevent the
      transmission of vibrations at a given frequency between the two bodies and
      thereby exhibits a zero impedance or transmissibility characteristic for
      isolating the bodies from one another insofar as the vibratory loads are
      concerned at the given or anti-resonant frequency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to tuned vibration isolators or decouplers
      which exhibit anti-resonant characteristics. More particularly, the
      present invention resides in an improved isolator having resiliently
      connected rotatable masses and tension or suspension cables for
      interconnecting two bodies which are to be vibrationally isolated or
      decoupled from one another.
PAR  Copending U.S. Pat. application Ser. No. 249,131 filed May 1, 1972 by
      William G. Flannelly now U.S. Pat. No. 3,829,052, and having the same
      assignee as the present application discloses a vibration isolator of the
      type to which the present invention relates. The isolator interconnects
      two bodies and exhibits anti-resonant characteristics such that vibrations
      at a given forcing frequency generated in one of the bodies are prevented
      from being transmitted to the other body. The transmissibility
      characteristics of the isolator are said to be of zero or low impedance
      because the isolator prevents or substantially reduces the level at which
      vibrations at the given forcing frequency are transmitted between the two
      bodies. The bodies are, therefore, effectively decoupled insofar as
      vibrations at the given frequency are concerned, but are otherwise
      interconnected by the isolator.
PAR  The isolator disclosed in FIG. 6 of the above referenced application
      employs two rotatable inertial masses that are resiliently coupled with
      the axis of rotation spaced in parallel relationship. Tension or
      suspension cables are wrapped around the rotatable masses in such manner
      that loads transmitted between the bodies interconnected by the cables
      cause the masses to roll along the cables. Vibratory loads applied in
      addition to the static load cause the masses to roll back and forth about
      a static position on the cables. If the masses and the resilient element
      or elements coupling the masses are properly tuned, vibrations at a given
      frequency are dissipated in the motions of the masses and are not
      transmitted between the bodies.
PAR  Vibration isolators or low impedance decouplers of this type are
      particularly useful in the aircraft field for suspending large bulky loads
      from helicopters. Stability problems associated with a suspended load, the
      load slings and the helicopter can result in dangerous situations with
      potentially catastrophic consequences if vibratory forces transmitted
      between the helicopter and a load reach resonance. Vertical bounce
      produced by such vibratory forces between a helicopter and a load is not
      desirable and an isolator which effectively decouples the helicopter and
      load in the resonant frequency band is highly desirable.
PAR  Passive vibration isolators, such as mass-spring isolators, are desirable
      for eliminating vertical bounce between a suspended load and a helicopter
      or between any other coupled bodies since they are self-contained and
      require no power input or feedback devices. An isolator of this type
      should be lightweight, small in size and effective regardless of the cargo
      weight, the helicopter weight and the dynamic characteristics of the
      slings and other equipment associated with the interconnected bodies. It
      is also desirable that the isolator be a low maintenance item which can be
      achieved by eliminating bearings, pivots, linkages and other parts having
      sliding or pivoting elements. It is also advantageous to eliminate
      fluid-operated elements which may require periodic fluid replenishment or
      recharging and replacement of fluid seals. It is accordingly a general
      object of the present invention to disclose an antiresonant vibration
      isolator of the type shown in the above-identified patent application and
      possessing the desirable characteristics described above.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in an improved vibration isolator for
      reducing or preventing the transmission of vibrations at a given frequency
      between a first body in which a vibratory excitation force may originate
      and a second body coupled to the first by the isolator.
PAR  The isolator of the present invention comprises first and second inertial
      members having a specific weight or mass and defining at least two
      cylindrical surfaces. The two surfaces on each member have different radii
      of curvature and are located on the members coaxially of axes of rotation
      of the members. The first and second members are resiliently
      interconnected so that the axes of rotation are coaxial and the resilient
      means interconnecting the coaxial members permits them to rotate in
      opposite directions about their axes relative to one another with
      resilient restraint. In the preferred embodiment of the invention, the
      resilient means is an elastomeric torsion spring having an annular
      configuration and is positioned so that the spring and the two inertial
      members are all coaxial.
PAR  First cable means is connected at one end to the first inertial member and
      extends from the member tangentially of one of the cylindrical surfaces
      having the larger radius of curvature to the first body connected with the
      isolator. Second cable means is connected at one end to the first inertial
      member and extends from the member tangentially of the other of the
      cylindrical surfaces having the smaller radius of curvature to the second
      body. The first and second cable means usually extend in opposite
      directions from the first member to the first and second bodies
      respectively.
PAR  In a similar manner, third and fourth cable means are connected to the
      second inertial member tangentially of the cylindrical surfaces having the
      larger and smaller radii of curvature respectively and connect with the
      first and second bodies respectively. The first and third cable means are
      tangent to the first and second inertial members respectively at points of
      tangency on diametrically opposite sides of the coaxially positioned
      members. The second and fourth cable means extended to the first and
      second bodies respectively from points of tangency on the same sides of
      the members as the first and third cables respectively. Such arrangement
      of the cables and the resilient means interconnecting the inertial members
      causes the inertial members to rotate in opposite directions about their
      axes with resilient restraint and to roll toward the first or second body
      by an amount proportional to the loads applied to the cables between the
      bodies. Static loads cause the inertial members to roll along the cable
      means to a given static position and vibratory loads superimposed on the
      static loads cause the inertial members to rotate and translate along the
      cables in an oscillatory motion about the static position. By tuning the
      resilient means and the inertial members to a specific anti-resonant
      frequency, the isolator effectively decouples the first and second bodies
      at that frequency.
PAR  The isolator carries no external power source nor a heat sink to dissipate
      energy. In contrast to the isolator disclosed in the above-identified
      application, the inertial members are interconnected by the resilient
      means in a coaxial configuration which insures a more precise response of
      the inertial members to vibratory excitation under various conditions. The
      present isolator also has a more compact configration and, can be tuned to
      various anti-resonant frequencies more easily.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the improved vibration isolator of the present invention
      between a helicopter and a suspended cargo load.
PAR  FIG. 2 is a perspective view showing the general configuration of the
      improved vibration isolator of the present invention in one embodiment.
PAR  FIG. 3 is a front elevation view of the improved isolator in FIG. 2.
PAR  FIG. 4 is a side elevation view of the isolator in FIG. 3.
PAR  FIG. 5 is a sectional view of the isolator as viewed along the sectioning
      line 5--5 in FIG. 4.
PAR  FIG. 6 is a perspective view of a dynamic model of the improved isolator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, the improved isolator of the present invention, generally
      designated 10, is shown installed between the cargo cable C of a
      helicopter H and the lifting sling S holding a load L in the form of a
      howitzer. Although this is a typical installation of the isolator, it can
      be used between other bodies which are interconnected by suspension cables
      or other members which are under continuous tension.
PAR  The isolator 10 has particular utility in the illustrated environment in
      view of its capability of preventing the transmission of vertical
      excitation forces between the helicopter H and suspended cargo load L.
      Most frequently, a helicopter generates vertical excitation forces at
      frequencies directly proportional to the rotor speed. These excitation
      frequencies characteristically lie in the range from 2 to 6 cps and within
      this range they pose a considerable threat to the interconnected
      helicopter and cargo load. An unstable condition in flight can produce
      excessive vertical bounce with potentially catastrophic results and may
      require that the suspended load be sacrificed by releasing it in order to
      save the helicopter and crew. It is, accordingly, highly desirable to
      utilize a vibration isolator of the type disclosed hereinafter which is
      substantially maintenancefree and completely self-contained to provide the
      necessary isolation between the helicopter and suspended load. The
      improved isolator of the present invention can be used either singly as
      illustrated in FIG. 1 or in parallel groupings.
PAR  FIGS. 2-5 illustrate the improved isolator of the present invention in
      greater detail. The isolator is comprised in part of two rotatable
      inertial masses 12 and 14 coaxially interconnected by means of an
      elastomeric torsional spring 16. The spring permits the masses to rotate
      relative to one another in opposite directions about their respective axes
      of rotation 18 and 20 shown most clearly in the sectional view of FIG. 5.
      Equal but opposite torques are applied to the masses 12 and 14 by means of
      a plurality of cables which extend tangentially of cylindrical surfaces on
      the masses to an upper coupling 24 and a lower coupling 26. The upper
      coupling is connected to the cargo cable C from the helicopter while the
      lower coupling 26 includes a cargo hook 28 for attaching the isolator 10
      to the sling S of the suspended load L as shown most clearly in FIG. 1.
      The cargo hook 28 includes a pivotable latch 30 actuated by a release
      cable (not shown) for locking and releasing a suspended load in the hook
      28.
PAR  The cables connected to the mass 12 include the cable 34 connected to the
      coupling 24 and cables 36 and 38 connected to the coupling 26. As seen
      most clearly in FIG. 3, the cable 34 extends tangentially of a cylindrical
      surface 40 on the mass 12 upwardly to the coupling 24 while the cable 36
      extends tangentially of a cylindrical surface 42 downwardly to the
      coupling 26. The cable 38 also extends downwardly from a cylindrical
      surface 44 shown in FIG. 5 having the same radius of curvature as the
      surface 42.
PAR  It will be observed that the cylindrical surfaces 40, 42 and 44 are located
      on the mass 12 coaxially of the axis 18 and that the radius of curvature
      of the surface 40 is slightly larger than that of the surfaces 42 and 44.
      Also, the surfaces 42 and 44 are disposed at axially opposite sides of the
      surface 40 in a symmetric arrangement. With such an arrangement and
      geometry, forces applied by the cables 34, 36 and 38 to the mass 12 when a
      load L is connected to the cargo hook 28 generate a torque upon the mass
      12 which rotates the mass in opposition to the elastomeric spring 16 in
      the clockwise direction as viewed in FIGS. 2 and 3 so that the mass
      assumes a rotationally displaced position such as shown in FIG. 2.
PAR  Another set of cables 50, 52 and 54 corresponding to the cables 34, 36 and
      38 respectively are connected between the mass 14 and the couplings 24 and
      26. The cable 50 extends tangentially from a cylindrical surface 56
      upwardly to the coupling 24 while the cables 52 and 54 extend tangentially
      of cylindrical surfaces 58 and 60 respectively downwardly to the coupling
      26. The cylindrical surfaces 56, 58 and 60 correspond respectively to the
      cylindrical surfaces 40, 42 and 44 on the mass 12 and are located on the
      mass 14 coaxially of the axis 20. The radius of curvature of the surface
      56 is the same as the radius of curvature of the cylindrical surface 40
      and the surfaces 58 and 60 have the same radius of curvature which is
      smaller than the radius of curvature of the surface 56 and equal to the
      radius of curvature of the surfaces 42 and 44.
PAR  Forces applied to the mass 14 by the cables 50, 52 and 54 generate a torque
      upon the mass in the same manner as the cables 34, 36 and 38 when a load
      is suspended from the cargo hook 28. Since the cables 50, 52 and 54 are
      disposed at one side of the coaxial axes 18 and 20 diametrically opposite
      the cables 34, 36 and 38 and since the radii of curvature of corresponding
      cylindrical surfaces on the masses are equal, the torque applied to the
      mass 14 by a suspended load will be equal but opposite that torque applied
      to the mass 12. Accordingly, the mass 14 is rotated in a counter-clockwise
      direction as viewed in FIGS. 2 and 3 about the axis 20 and the mass
      assumes a rotationally displaced position such as shown in FIG. 2 under
      static load.
PAR  The elastomeric spring 16 interconnecting the masses 12 and 14 inter-reacts
      the equal but opposite torques applied to the masses and limits the
      rotational displacements of the masses to amounts proportional to the
      torques. Since the cable 34 is disposed symmetrically between the cables
      36 and 38 and since the cable 50 is also disposed symmetrically between
      the cables 52 and 54, no bending moments are generated or transmitted from
      one mass to the other through the spring 16. The static tension loads
      applied to the respective masses by the cables are balanced and the
      torsional loading of the masses by the cables is balanced by the
      elastomeric spring 16. Accordingly, all static loads and torques on the
      masses 12 and 14 are balanced and result in equal but opposite rotations
      of the masses relative to one another about the axes 18 and 20. Such
      rotations result in simultaneous vertical displacements of the masses 12
      and 14 and the spring 16 downwardly when a cargo load is attached to the
      cargo hook 28 or upwardly when a load is released. The couplings 24 and
      26, correspondingly, move vertically relative to one another with the
      vertical and rotational motions of the masses.
PAR  Due to the simultaneous vertical motion of the masses 12 and 14 it is
      possible to mount the masses on a common shaft extending coaxially of the
      axes 18 and 20. Such a shaft, though not essential, insures coaxial
      alignment of the masses and also permits one of the cables 36 or 38 and
      one of the cables 52 or 54 to be eliminated if desired. The elimination of
      the cables introduces bending moments that would be transferred between
      the masses by the shaft, but would not otherwise interfere with the
      isolator operation.
PAR  The elastomer spring 16 is a body of revolution and has a toroidal or
      annular configuration formed by revolving a trapezoid about the collinear
      axes 18 and 20. The trapezoidal cross-section of the spring provides
      relatively constant shear stress at each radial of the spring and also
      provides the greatest cross-section of the spring and resistance to
      bending at the longest of the parallel sides of the trapezoid for holding
      the masses 12 and 14 in axial alignment. Of course, it is not essential
      that the elastomeric spring 16 have the illustrated cross-section and it
      is also contemplated that other resilient means may be utilized in place
      of the spring 16. The elastomeric spring is, however, preferred since it
      is a completely passive element and requires little or no maintenance.
      Also, the illustrated spring 16 is relatively easy to manufacture for
      attachment to the masses 12 and 14. The spring is formed in a curing mold
      and during the curing process, a pair of conical end plates 70 and 72 are
      bonded to the elastomeric material which is preferably a natural rubber of
      40 durometer. The mold and plates impart the annular configuration to the
      spring. Curing the spring in this fashion provides a high strength bond
      between the metal plates and the rubber so that the plates and rubber will
      not separate when placed in shear by the torsional forces applied to the
      masses 12 and 14. The plates are then bolted or otherwise connected to the
      masses to provide the required interconnection.
PAR  Inertial fly weights are also connected to the masses 12 and 14 to permit
      the anti-resonance characteristics of the isolator 10 to be adjusted. Fly
      weights 80 and 82 are connected to the mass 12 at positions diametrically
      opposite one another and symmetrically located about the axis 18 by means
      of side plates 84, 86 and 88 shown most clearly in FIG. 5. In a similar
      manner, fly weights 90 and 92 are connected to the mass 14 at positions
      diametrically opposite one another and symmetrically located about the
      axis 20 by means of side plates 94, 96 and 98. By appropriate selection of
      the masses 12 and 14, the spring 16 and the fly weights 80, 82, 90 and 92,
      the dynamic characteristics as well as the static characteristics of the
      isolator are determined. Of course, the dynamic characteristics are
      selected to decouple or isolate vibrational forces originating in either
      the load L or the helicopter H.
PAR  A brief analytical discussion of the isolator follows in conjunction with
      the dynamic model of the isolator shown in FIG. 6. For simplicity, the fly
      weights 80, 82, 90 and 92 are not illustrated and their dynamic parameters
      are considered to be included within the parameters for the masses 12 and
      14. Also, the dynamic components of the isolator 10 are illustrated in
      simplified forms for ease of understanding.
PAR  The steady state equation of motion for the interconnected helicopter H,
      isolator 10 and load L can be obtained be setting up the kinetic and
      potential energy equations for the system and by using Lagrange's
      equation. Vertical displacement transfer impedances through the isolator
      from the load to the helicopter and from the helicopter to the load or the
      ratios of the load and helicopter displacements are derived from the
      equations of motion and can be shown to be equal which indicates that the
      operation of the isolator is the same regardless of whether the source of
      a vibratory force is in the load or the helicopter. From the transfer
      impedances, it can be determined that the anti-resonant frequency of the
      isolator is given by the simplified expression:
      ##EQU1##
      wherein k = torsional spring rate of the elastomeric spring 16,
PA1  R = larger radius on the masses 12 and 14,
PA1  r = smaller radius on the masses 12 and 14,
PA1  M = total mass of masses 12 and 14, and
PA1  I = total moment of inertia of masses 12 and 14 about collinear axes 18 and
      20.
PAL  The antiresonant frequency is the forcing frequency at which the isolator
      in the absence of damping completely decouples the helicopter and load so
      that forces at the frequency will not be transmitted between the
      helicopter and load. By adjusting the above-identified parameters of the
      isolator 10 to decouple the load from the helicopter at that frequency,
      vertical bounce at the helicopter is eliminated. The adjustment of the
      parameters or tuning of the isolator for a particular frequency is, of
      course, made by varying the size and weight of the masses, including the
      fly weights, and the size and type of spring. Since the resonant frequency
      of the isolator occurs at a different point in the frequency spectrum from
      the anti-resonant frequency, consideration must be given to the effect
      that a parameter change will have on both frequencies. Adequate separation
      between the resonant and anti-resonant frequencies is desired.
PAR  Accordingly, the improved vibration isolator 10 has anti-resonant
      characteristics which make it useful in decoupling one body from another
      at a specific frequency to which the isolator is tuned. The isolator 10 is
      a passive device and it requires no external power source and there are no
      friction joints which require frequent service. The isolator components
      are also not seriously effected by environmental factors since they can be
      made of rubber, metal or other components that are capable of withstanding
      prolonged exposure to weather elements.
PAR  While the isolator 10 has been disclosed in a preferred embodiment it
      should be understood that numerous modifications and substitutions can be
      had to the isolator without departing from the spirit of the invention.
      For example, the cables 34, 36, 38, 50, 52 and 54 are illustrated as
      relatively flat, elongated members which may in fact be formed by a series
      of connected or separate cables or by straps. The term "cable" within the
      scope of the present invention is intended to include any elongated
      element having a relatively low bending modulus compared to its tensile
      strength so that it can bend freely over the curved surfaces of the masses
      12 and 14 and support high tensile loads imposed by the load L. The
      fastening of the cables to the masses and couplings may be by a suitable
      clamp or other device. Although the two sets of cables 34, 36, 38 and 50,
      52, 54 in effect provide limited redundancy through the isolator, it is
      also contemplated that auxiliary safety cables or straps may be connected
      directly between the couplings 24 and 26 in the event that the cables
      operating the masses 12 and 14 should fail. Of course, the auxiliary
      cables should have sufficient slack to allow the couplings 24 and 26 to
      move vertically relative to one another as the masses 12 and 14 rotate and
      the spring 16 flexes. Although the elastomeric spring is desirable, it is
      contemplated that hydraulic, pneumatic or mechanical springs may be
      utilized also. Accordingly, the present invention has been described in a
      preferred embodiment by way of illustration rather than limitation.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved vibration isolator for reducing the transmission of
      vibrations at a given frequency between a first and a second body joined
      together by the isolator comprising:
PA1  a first inertial member having a given mass and at least two cylindrical
      surfaces having two different radii of curvature respectively and
      positioned coaxially about an axis of the first member;
PA1  a second inertial member having a given mass and at least two cylindrical
      surfaces having two different radii of curvature respectively and
      positioned coaxially about an axis of the second member, the second member
      being coaxially positioned relative to the first member with said axes of
      the members collinear;
PA1  resilient means interconnecting the coaxially positioned first and second
      members and permitting the members to rotate in opposite directions about
      the collinear axes relative to one another with resilient restraint;
PA1  first cable means connected at one end to the first inertial member and
      extending from the member tangentially of the one of the cylindrical
      surfaces having the larger radius of curvature for connection with the
      first body;
PA1  second cable means connected at one end to the first member and extending
      from the member tangentially of the other of the cylindrical surfaces
      having the smaller radius of curvature for connection with the second
      body;
PA1  third cable means connected at one end to the second inertial member and
      extending from the member tangentially of the one of the cylindrical
      surfaces having the larger radius of curvature for connection with the
      first body; and
PA1  fourth cable means connected at one end to the second member and extending
      from the member tangentially of the other of the cylindrical surfaces
      having the smaller radius of curvature for connection with the second
      body;
PA1  said cable means being arranged relative to each other and to the inertial
      members to produce simultaneous translations of the members in the same
      direction along the cable means and rotations of the members in opposite
      directions about the collinear axes.
NUM  2.
PAR  2. The improved vibration isolator of claim 1 including:
PA1  a first coupler for connection with the first body;
PA1  a second coupler for connection with the second body; and wherein:
PA1  the first and third cable means are connected to the first coupler at the
      ends opposite the first and second members respectively; and
PA1  the second and fourth cable means are connected to the second coupler at
      the ends opposite the first and second members respectively.
NUM  3.
PAR  3. The vibration isolator of claim 1 wherein:
PA1  the first and second inertial members and the resilient means are tuned for
      anti-resonance at a given frequency.
NUM  4.
PAR  4. The improved vibration isolator of claim 1 wherein:
PA1  the first inertial member has three cylindrical surfaces positioned
      coaxially of the axis of the first member, two of the cylindrical surfaces
      having the same radius of curvature and the third cylindrical surface
      having a different radius of curvature and being interposed between the
      other two cylindrical surfaces;
PA1  the first and second cable means extend tangentially from two of the
      cylindrical surfaces respectively having different radii of curvature; and
PA1  fifth cable means is connected to the first inertial member and extends
      tangentially of the remaining cylindrical surface in the same manner as
      the cable means extending from the other cylindrical surface having the
      same radius of curvature.
NUM  5.
PAR  5. The improved vibration isolator of claim 4 wherein:
PA1  the second inertial member has three cylindrical surfaces with the same
      radii of curvature and relative positioning on the member as the
      cylindrical surfaces on the first inertial member;
PA1  the third and fourth cable means are connected to the second member and
      extend tangentially from two of the cylindrical surfaces respectively
      having different radii of curvature; and
PA1  sixth cable means connects with the second member and extends from the
      remaining cylindrical surface in the same manner as the cable means
      extending from the other cylindrical surface having the same radius of
      curvature.
NUM  6.
PAR  6. The improved vibration isolator of claim 1 wherein:
PA1  the first and second cable means extend tangentially from the cylindrical
      surfaces on the first inertial member at points of tangency on one side of
      the collinear axes of the members; and
PA1  the third and fourth cable means extend tangentially from the cylindrical
      surfaces of the second inertial member at points of tangency on the side
      of the collinear axes diametrically opposite said one side.
NUM  7.
PAR  7. An improved vibration isolator as defined in claim 1 wherein:
PA1  the resilient means comprises an elastomeric spring connected between the
      coaxial first and second inertial members.
NUM  8.
PAR  8. An improved vibration isolator as in claim 7 wherein the elastomeric
      spring is annular and is connected between the inertial members coaxially
      of the axes of the inertial members.
NUM  9.
PAR  9. The improved vibrator isolator of claim 1 wherein:
PA1  the first and second inertial members are similar in shape, and the radii
      of curvature of corresponding cylindrical surfaces on the members are
      respectively equal.
NUM  10.
PAR  10. An improved vibration isolator as in claim 1 wherein:
PA1  a first set of fly weights is mounted on the first inertial member; and
PA1  a second set of fly weights is mounted on the second inertial member.
NUM  11.
PAR  11. An improved vibration isolator as defined in claim 1 wherein:
PA1  the resilient means is an annular, elastomeric spring having a trapezoidal
      cross section, the spring being connected coaxially between the first and
      second inertial members with the longer parallel side of the trapezoid
      defined by the cross section being positioned farthest from and parallel
      with the axes of the coaxial inertial members, and the shorter parallel
      side positioned closest to and parallel with the axes of the inertial
      members.
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ABST
PAL  In one embodiment, a valve body contains a flexible valve sleeve between a
      fluid inlet and a fluid outlet, and an annular chamber around the sleeve
      connects with the inlet so that fluid pressure in the chamber normally
      compresses the sleeve to a closed position. A manually operated pilot
      valve reduces pressure in the chamber so that the sleeve is expanded by
      fluid pressure from the inlet to open the valve.
PAL  In another embodiment, a valve body contains a flexible diaphragm which
      normally closes an inlet valve port and defines a pressure chamber
      isolated from a fluid outlet. A manually operated pilot valve reduces
      pressure in the chamber so that the diaphragm is unseated from the inlet
      port by fluid pressure from the inlet to open the valve.
BSUM
PAR  This invention relates to new and useful improvements in flush valves or
      metering valves of the general type wherein fluid flow through the valve
      is normally blocked and commences upon manual actuation of a pilot valve,
      the flow then continuing for a desired period of time after actuation of
      the pilot valve ceases.
PAR  The principal object of the invention is to provide a flush valve of this
      type which is simple in construction, efficient in operation and capable
      of long service without requiring maintenance or replacement.
PAR  As such, one embodiment of the invention utilizes a valve body with a
      flexible valve sleeve therein, the sleeve being normally kept closed by
      fluid pressure in a chamber which surrounds the sleeve. However, the
      pressure in the chamber may be reduced by manual actuation of a pilot
      valve and fluid pressure at the inlet of the valve expands the flexible
      sleeve and fluid flows therethrough. After the pilot valve closes, the
      main fluid flow through the valve still continues until fluid pressure in
      the chamber gradually builds up to again close the valve sleeve.
PAR  A modified embodiment of the invention utilizes a flexible diaphragm in the
      valve body, normally covering an inlet port on one side, under the
      pressure of fluid in a chamber at the other side of the diaphragm. When
      pressure in the chamber is reduced by manual actuation of a pilot valve,
      the diaphragm is unseated by fluid pressure through the inlet port and
      fluid flows through the valve until after the pilot valve is closed and
      pressure in the chamber gradually builds up and the diaphragm again closes
      the inlet port.
DRWD
PAR  With the foregoing more important object and features in view and such
      other objects and features which may become apparent as this specification
      proceeds, the invention will be understood from the following description
      taken in conjunction with the accompanying drawings, wherein like
      characters of reference designate like parts and wherein:
PAR  FIG. 1 is a longitudinal sectional view showing the preferred embodiment of
      the invention;
PAR  FIG. 2 is a longitudinal sectional view of a modified embodiment; and
PAR  FIG. 3 is a longitudinal sectional view of another modified embodiment.
DETD
PAR  Referring now to the accompanying drawings in detail, more particularly to
      FIG. 1, the numeral 10 generally designates a flush valve or metering
      valve of the invention. The same comprises a valve body 11 having a fluid
      inlet 12 and a fluid outlet 13. Conveniently, the inlet 12 may be at one
      end of the valve body and the outlet 13 may project laterally from the
      other end portion of the body where the body is provided with a removable
      end wall 14 to facilitate assembly of the valve components hereinafter
      described.
PAR  The valve body 11 contains a flexible valve sleeve designated generally by
      the numeral 15. This is formed integrally from suitable elastomeric
      material and includes funnel-shaped inlet and outlet portions 15a, 15b,
      respectively, and a central valve portion 15c. The portions 15a, 15b merge
      longitudinally inwardly toward the center of the sleeve and the portion
      15c, which is a longitudinal continuation of the outlet portion 15b, is
      re-entrant in the inlet portion 15a, as will be apparent from the drawing.
      The central portion 15c is provided with a normally closed slit 16.
PAR  The ends of the sleeve portions 15a, 15b terminate in out-turned flanges
      17, 18 which overlap the ends of a spacer ring 19 and may be fastened
      thereto by suitable pins 20, 21. The ring 19 defines an annular chamber 22
      around the valve sleeve 15, and a duct 23 communicates this chamber with
      the fluid inlet 12. The duct 23 extends through the valve body, through
      the sleeve flange 17 and through the adjacent end of the ring 19, and an
      adjusting screw 24 regulates the flow of fluid through the duct.
PAR  The portion of the valve body downstream from the valve sleeve 15 contains
      an insert 25 having a chamber 26 therein which communicates with the
      chamber 22 through a passage 27. The passage 27 extends through the sleeve
      flange 18 and through the adjacent end of the spacer ring 19, and the pins
      21 which hold the flange 18 to the ring may also hold the ring 19 and the
      sleeve 15 to the insert 25, so that all these components may be unitarily
      inserted into the valve body during assembly, when the end wall 14 is not
      in place.
PAR  The insert 25 is provided with a pilot valve port 32 which is normally
      closed by a pilot valve member 28. The member 28 is rockable on the valve
      port and when it is unseated, the chamber 26 in the insert 25 communicates
      with the interior of the valve body downstream from the valve sleeve 15,
      that is, with the fluid outlet 13.
PAR  A suitable projection or baffle 31 may be provided at the inside of the
      insert 25 adjacent the pilot valve port 32 to act-as a flow divider, so
      that fluid passing through the valve sleeve 15 to the outlet 13 does not
      materially interfere with fluid flow from the chamber 26 through the port
      32 to the outlet 13.
PAR  The pilot valve member 28 is actuated manually by a push button 29 disposed
      outside of the body end wall 14. The button is carried by a shaft 30 which
      slides through the end wall 14 in a direction transverse to a stem 28a
      rigid with the valve member 28. The stem 28a projects through the valve
      port 32 for engagement by the inner end of the shaft 30, it being apparent
      that when the button 29 is depressed, the shaft 30 will tilt the stem 28a
      to rock the valve member 28 into a tilted position on the valve seat 27
      and thus open the pilot valve so that fluid may flow from the chamber 26
      to the outlet 13.
PAR  In operation, the valve is normally closed and flow of fluid from the inlet
      12 through the valve sleeve 15 is blocked. This is due to the fact that
      fluid pressure at the inlet 12 also exists in the annular chamber 22 and
      in the chamber 26 while the pilot valve member 28 is closed, and because
      the fluid under pressure in the annular chamber 22 engages a greater
      outside surface of the flexible valve sleeve 15 than is engaged by fluid
      within the inlet portion 15a of the sleeve, the sleeve is compressed by
      fluid pressure in the chamber 22 and the slit 16 in the sleeve portion 15c
      is closed to block fluid flow through the valve.
PAR  However, when the push button 29 is manually depressed to open the pilot
      valve member 28, fluid escapes from the chamber 22 and 26 through the port
      32 to the outlet 13 and the pressure of fluid in the chamber 22 is reduced
      to below that of the fluid in the inlet portion 15a of the valve sleeve.
      This causes the valve sleeve to expand and the slit 16 to become opened,
      so that fluid flows from the inlet 12 through the valve sleeve 15 to the
      outlet 13 and the valve is open.
PAR  When the push button 29 is released, the pilot valve member 28 again closes
      the valve port 32, but fluid flow through the valve sleeve 15 still
      continues until pressure in the annular chamber 22 builds up sufficiently
      to again compress and close the valve sleeve. The time interval required
      to do this, and consequently the amount of fluid which passes through the
      valve after releasing of the button 29, may be adjusted by means of the
      screw 24 which regulates the rate of fluid flow from the inlet 12 through
      the duct 23 into the chamber 22.
PAR  The modified embodiment of the valve shown in FIG. 2 and generally
      designated as 40 is very similar in operation to the embodiment 10 but has
      a different structural arrangement which, instead of the aforementioned
      flexible valve sleeve 15, utilizes a flexible diaphragm 41. In this
      instance the valve body 42 consists of two complemental sections 42a and
      42b which are separably held together and have the diaphragm 41 clamped
      therebetween. The body section 42a has a fluid inlet 43 and a fluid outlet
      44 at right angles to each other, and the inlet 43 defines a main valve
      port 45 which is normally closed by the diaphragm. On the other side of
      the diaphragm 41, a pressure chamber 46 exists in the body section 42b,
      the chamber 46 being isolated from the outlet 44, but communicating with
      the inlet 43 through a duct 47. A flow regulating screw 48 is provided in
      the duct, and it will be understood that the area of the diaphragm 41
      exposed to fluid pressure in the chamber 46 is greater than that exposed
      to the pressure in the inlet 43 at the port 45, so that the diaphragm is
      normally pressed against the port 45 and the valve is closed.
PAR  The body section 42b is also provided with a pilot valve chamber 49 which
      discharges to the outlet 44 through a duct or passage 50 and which
      communicates with the chamber 46 through a pilot valve port 51. The latter
      is normally closed by a pilot valve member 52 at one end of a stem 53, the
      other end of which is provided with an enlarged head 54.
PAR  A flexible seal or gasket 55 is secured to the head 54 by a screw 56 and
      washer 57, the peripheral portion of the gasket 55 being clamped in the
      body section 42b by a threaded sleeve or nut 58. The pilot valve actuating
      means comprise a tiltable lever 59 having a substantially semi-pherical
      inner portion 60 rockably diposed within the nut 58 and immediately
      adjacent the washer 57, so that when the lever 59 is tilted in any
      direction, the portion 60 presses against the washer 57 and slides the
      stem 53 inwardly to unseat the valve member 53 from the valve port 51.
PAR  When this occurs, fluid escapes from the pressure chamber 46 through the
      port 51 into the pilot valve chamber 49 and through the duct 50 to the
      outlet 44. The fluid pressure in the chamber 46 is thus reduced to a value
      below that in the inlet 43, and the inlet pressure acting on the diaphragm
      41 through the port 45 causes the diaphragm to become deflected from the
      port 45, thus opening the port and permitting fluid to flow from the inlet
      43 to the outlet 44 in the open position of the valve.
PAR  When the actuating lever 59 is released, fluid still continues to flow
      through the valve until pressure again builds up in the chamber 46 and the
      diaphragm 41 again closes the inlet port 45, the time interval required
      for this being adjustable by means of the flow regulating screw 48 in the
      duct 47.
PAR  It is particularly interesting to note that the valve 40 is easy to
      assemble and has a novel disposition of parts relative to each other in
      that there is an axial alignment of the inlet 43, inlet port 45, diaphragm
      41, chambers 46 and 49, pilot valve member 52 and the actuating lever 59.
      The pilot valve member 52 with its associated parts 53, 54, 55, 56 and 57
      may be readily installed in the body section 42b when the nut 58 is not in
      place. The lever portion 60 may then be inserted in the nut, and when the
      nut is applied to the body section 42b, the gasket 55 is automatically
      clamped in place and the various components are held in their proper
      position.
PAR  It may be also noted that in both embodiments of the invention it is not
      necessary to employ springs, or the like, to keep the valve normally
      closed, since this is done by the fluid pressure itself until such time as
      the pilot valve mechanism is manually actuated. Also, springs are not
      needed in the pilot valve mechanism. In the embodiment 10 of FIG. 1 the
      pilot valve member 28 is normally held against the seat 27 by fluid
      pressure in the chamber 26. In the embodiment of FIG. 2, the fluid
      pressure in the chamber 46 normally holds the pilot valve member 52
      against the seat 51.
PAR  FIG. 3 shows another modified embodiment which is designated by the general
      reference numeral 60. This embodiment is very similar to the embodiment 10
      of FIG. 1, but the pilot valve member is provided on the actuating shaft
      rather than being separate therefrom. To the extent that the embodiments
      10 and 60 are similar, the description of embodiment 60 need not be
      repeated in detail.
PAR  However, in general terms, it will be noted that the embodiment 60
      comprises a valve body 61 having a fluid inlet 62 and a fluid outlet 63,
      the outlet being located at one side of the body and the end of the body
      opposite from the inlet 62 being equipped with a removable end wall 64.
      The body 61 contains a flexible valve sleeve 65 of elastomeric material,
      including a central valve portion 65c, with a normally closed slit 66. A
      spacer ring 69 defines an annular chamber 72 around the sleeve 65. A duct
      73 communicates the chamber 72 with the fluid inlet 62 and a flow
      adjusting screw 74 is provided in the duct.
PAR  An insert 75 is provided in the valve body downstream from the sleeve 65
      and has a chamber 81 which communicates with the chamber 72 through
      passages 76, 77. The chamber 81 has a valve port 82 which is normally
      closed by a pilot valve member 78, but when the valve member is unseated,
      the chamber 81 communicates through the port 82 with the interior of the
      valve body downstream from the valve sleeve 65, that is, with the fluid
      outlet 63.
PAR  The pilot valve member 78 is actuated manually by a push button 79 disposed
      outside of the body end wall 64, the button having a shaft or stem 80 to
      which the valve member 78 is secured. It will be noted that the member 78,
      button 79 and shaft 80 are disposed coaxially on the longitudinal axis of
      the valve body, their sliding movement being in the direction of that
      axis. A spring seat 85 may be provided in the valve body inside of the end
      cap 64 and a compression spring 86 reacts between this seat and the button
      79 to bias the shaft 80 outwardly, thus normally urging the valve member
      78 to its closed position on the port 82. A flexible gasket 87 may be
      provided on the shaft 80 between the insert 75 and the spring seat 85 to
      prevent leakage, it being understood that the gasket is deflectable to
      facilitate sliding of the shaft 80 when the push button 79 is actuated.
PAR  Upon pushing the button 79 inwardly, the pilot valve member 78 is unseated
      from the port 82 so that fluid escapes from the chamber 72 through the
      passages 77, 76 into the chamber 81 and then through the open port 82 to
      the outlet 63. As in the embodiment 10, this causes the valve sleeve 65 to
      expand and the slit 66 to become opened, so that fluid flows from the
      inlet 62 to the outlet 63 in the open position of the valve.
PAR  When finger pressure on the push button 79 is removed, the spring 86
      returns the pilot valve member 78 to its closed position on the valve port
      82, so that fluid flow through the passages 77, 76 from the chamber 72
      into the chamber 81 is stopped. However, fluid flow through the valve
      sleeve 65 still continues until pressure in the chamber 72 builds up
      sufficiently to compress the sleeve 65 and close the flow through the
      valve, as already described in connection with embodiment 10.
PAR  Thus, in substance, the construction and operation of the embodiment 60 in
      FIG. 3 is the same as that of embodiment 10 of FIG. 1, the primary
      difference between the two being that in embodiment 10 the pilot valve
      member 28, 28a is separate from and disposed transversely to the push
      button shaft 30 and is rockable on the valve port 32. On the other hand,
      in embodiment 60, the pilot valve member 78 is carried by and coaxial with
      the push button shaft 80 and becomes opened or closed by axial movement in
      relation to the valve port 82.
PAR  While in the foregoing there have been described and shown three different
      embodiments of the invention, various modifications and equivalents may be
      resorted to within the spirit and scope of the invention as claimed.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A flush valve comprising a valve body having a fluid inlet and a fluid
      outlet, a flexible valve sleeve provided in said body between said inlet
      and outlet, said flexible valve sleeve being integrally formed and
      comprising funnel-shaped inlet and outlet portions merging longitudinally
      inwardly toward the center of the sleeve, and a central valve portion
      which constitutes a longitudinal continuation of said outlet portion and
      is re-entrant in the inlet portion, said central valve portion being
      provided with a normally closed slit, an annular chamber formed in said
      body around said sleeve, a duct communicating said annular chamber with
      said inlet whereby fluid pressure in said chamber may normally compress
      said sleeve to prevent fluid flow therethrough to said outlet, a secondary
      chamber provided in said body downstream from said sleeve and
      communicating with said annular chamber, said secondary chamber having a
      pilot valve port communicating with said fluid outlet, a normally closed
      pilot valve member cooperating with said pilot valve port, and actuating
      means operable from the exterior of said body to open said pilot valve
      member, whereby fluid pressure in said secondary chamber and said annular
      chamber may be reduced and said flexible valve sleeve may be expanded by
      fluid pressure from said inlet to facilitate fluid flow through the valve.
NUM  2.
PAR  2. The device as defined in claim 1 together with a flow regulating screw
      provided in said duct.
NUM  3.
PAR  3. The device as defined in claim 1 together with an insert positioned in
      said body downstream from said sleeve, said insert defining said secondary
      chamber.
NUM  4.
PAR  4. The device as defined in claim 1 wherein said pilot valve member is
      tiltable on said valve port and includes a stem projecting outwardly from
      said secondary chamber through said port, said actuating means including a
      shaft slidable through a wall of said body in a direction transverse to
      said stem and engageable with the stem for tilting said pilot valve
      member.
NUM  5.
PAR  5. The device as defined in claim 1 wherein said pilot valve member is
      slidable axially relative to said pilot valve port, said actuating means
      including a shaft slidable through a wall of said housing in a direction
      coaxial with the sliding movement of said pilot valve member and having
      the pilot valve member mounted thereon.
NUM  6.
PAR  6. The device as defined in claim 5 together with resilient means biasing
      said shaft in a direction to urge said pilot valve member to its closed
      position on said pilot valve port.
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ABST
PAL  The present invention relates to a pneumatic amplifier of the type having a
      main internal chamber with a thin imperviable member extending
      thereacross. The thin imperviable member responds to and amplifies a wide
      range of pressure input signals supplied to the main internal chamber of
      the pneumatic amplifier valve.
PAL  In effect, the imperviable member separates the main internal chamber into
      two compartments. The first compartment receives the pressure input
      signals which are to be amplified, and the other compartment on the
      opposite side of the imperviable member receives a steady flow of air from
      an air supply. Consequently, the imperviable member assumes an operative
      profile or contour due to the air pressure present in each of the two
      compartments.
PAL  A portion of the compartment channeling the air supply through the valve
      represents a positive and linear amplification of the particular pressure
      gain signal being applied to the valve. It was discovered that the
      particular gain of the pneumatic of the present invention could be varied
      and changed by effecting a change in the operative contour or profile of
      the imperviable member. To accomplish this, the pneumatic valve of the
      present invention includes a threaded shaft having a generally rounded
      head secured to the interior end thereof. By adjustably moving the
      threaded shaft, the generally rounded head engages the imperviable member
      and depresses or changes the contour of the valve to effectuate a change
      or varyance in gain.
BSUM
PAR  The present invention relates to fluid valves and controls therefor, and
      more particularly to valves of the pneumatic amplifier type.
PAC  BACKGROUND OF THE INVENTION
PAR  In U.S. Pat. Application Ser. No. 359,533, filed May 11, 1973, and entitled
      "FLUID VALVE HAVING A PRESSURE RESPONSIVE INTERNAL MEMBRANE", now U.S.
      Pat. No. 3,844,529, there is disclosed what may properly be termed a
      pneumatic amplifier or a differential pressure transmitter valve. This
      disclosure will hereafter be referred to as the basic Brandt disclosure.
      As will become apparent from a reading and study of the Brandt disclosure,
      the particular valve thereof is designed to positively and linearly
      amplify pressure input signals. Generally reviewing the structure of the
      amplifier valve and how amplification is accomplished, it is seen from a
      study of this disclosure that the valve structure includes an open main
      internal chamber. Supported about the outer portions thereof by the valve
      structure and extending across said main internal chamber is an
      imperviable membrane member which effectively divides the internal main
      chamber into two compartments. The first compartment is designed to
      receive pressure input signals, while the second compartment is designed
      and adapted to receive and channel a supply air therethrough.
      Consequently, it is seen that the imperviable membrane member lies between
      two pressure systems. Essentially, amplification of input pressure
      signals, is accomplished by the response of the imperviable membrane
      member responding to the particular input pressure signal and restricting
      the flow of supply air through the valve structure. This restriction
      results in a pressure differential within the compartment within the valve
      structure channeling the supply air, the higher pressure of the pressure
      differential being a linear amplification of the input pressure signal.
PAR  It has been found that the gain of a particular amplifier valve is constant
      and is independent of the pressure signal applied and the flow rate of air
      passing through the valve. However, the principle problem lies in
      producing an amplifier valve that will yield a specific predetermined
      gain. In the basic Brandt disclosure referred to above, it was determined
      analytically that the gain of the amplifier valve shown therein could be
      varied by changing various valve parameters, particularly the radial
      demensions of the inner and outer seats. In attempting to producce an
      amplifier valve with a specific gain by controlling the parameters of the
      valve, it was found that such was difficult, if not nearly impossible,
      because of production limitations and other unconsidered factors that
      influence the gain.
PAC  SUMMARY OF THE INVENTION
PAR  In an attempt to find some means for changing and varying the gain of the
      amplifier in order that the gain may be set at a specific level, it was
      found that the gain was influenced by the profile or contour of the
      imperviable member disposed across the main internal chamber of the valve.
      In view of this, the present invention presents a gain adjustment
      mechanism incorporated within the amplifier valve body structure that is
      adapted to engage and change the contour or profile of the imperviable
      member disposed within the internal main chamber of the valve.
PAR  Specifically, the gain adjust mechanism includes a threaded shaft disposed
      within a bore extending through the valve body structure and open to the
      main internal chamber. Fixed to the inner most end of the threaded shaft
      is a rounded head which normally engages the imperviable member within the
      valve. By screwing the threaded shaft, the rounded head can be moved with
      respect to the valve structure such that it engages and changes the
      contour or profile of the imperviable member, consequently resulting in a
      change in the gain of the valve.
PAR  It is, therefore, an object of the present invention to provide a gain
      adjustment for a fluid amplifier valve of the type having a main internal
      chamber, separated by an imperviable member.
PAR  A further object of the present invention is to provide a pneumatic
      amplifier valve with a readily accessible gain adjustment control
      mechanism incorporated therein that may be utilized to adjust and set the
      gain of said pneumatic amplifier valve.
PAR  Still a further object of the present invention lies in the provision of a
      pneumatic amplifier valve having a main internal chamber formed therein
      separated by an imperviable member, and wherein there is provided a gain
      adjustment mechanism incorporated into said valve structure for engaging
      and changing the profile or contour of said imperviable member of
      effectuate a change in the gain of said amplifier valve.
PAR  Another object of the present invention is to provide a gain adjustment
      mechanism for a pneumatic amplifier that is simple and easy to adjust and
      can be adjusted externally of the valve structure.
PAR  A further object of the present invention is to provide a stable gain
      adjustment that is movable through a bore formed within said valve body
      structure, but is tightly held within said bore in a sealed relationship
      with respect to said valve body structure and is not prone to vibrate
      within said bore.
PAR  Other objects and advantages of the present invention will become apparent
      from a study of the following description and the accompanying drawings
      which are merely illustrative of the present invention.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the fluid amplifier of the present
      invention having the gain adjustment mechanism incorporated therein.
PAR  FIG. 2 is a disassembled perspective view of the fluid amplifier
      illustrating basic components thereof.
PAR  FIG. 3 is an enlarged sectional view of the fluid amplifier of the present
      invention with the contour of the imperviable member being exaggerated to
      better illustrate its relationship with other components of the valve.
PAR  FIGS. 4-5 are schematic illustrations showing the gain adjustment mechanism
      in various positions with the contour of the imperviable membrane being
      changed accordingly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With further reference to the drawings, a fluid amplifying valve is shown
      therein and indicated generally by the numeral 10. Fluid amplifying valve
      10 is of the same basic type valve as shown and described in U.S. Pat.
      Application Ser. No. 359,533, referred to above. The complete disclosure
      of that application is herein incorporated by reference.
PAR  Reviewing fluid amplifying valve 10, it will be observed from the drawings,
      that the same comprises upper and lower plates 12 and 14, respectively,
      said plates being secured together in opposed relationship by such means
      as screws being screwed into threaded openings formed within the corner of
      the valve body. As best seen in FIGS. 2 and 3, the lower plate 14 is
      recessed to form a main internal chamber 16 within the valve. Thus, the
      internal chamber 16 is bounded above and below by the inner faces of the
      upper and lower plates 12 and 14, respectively.
PAR  Upper plate 12 has formed therein a pressure signal input opening 20 which
      extends completely through a side of the upper plate 12 and is open to the
      main internal chamber 16. Moreover, the pressure signal input opening 20
      is adapted to be connected to a pressure input signal, P.sub.H, and
      adapted to allow the pressure input signal to move therethrough into the
      main internal chamber 16.
PAR  Lower plate 14 has integrally formed along the outer portions thereof a
      circular elevated collar 28 which is elevated relative to an inwardly
      adjacent inner face are 14A of the lower plate 14. Disposed inwardly of
      the recess inner face 14A is an elevated circular valve seat indicated
      generally by the numeral 32. The valve seat 32 comprises a central
      elevated base 34 that is disposed slightly above the level of the adjacent
      inner face 14A. Surrounding the elevated base 34 is an inner valve seat or
      circuit fence 36. As seen in FIG. 3, the top portion of the circular fence
      36 is generally convex and extends above the elevated base 34 to form the
      inner valve seat.
PAR  The lower plate 14 of the fluid valve 10 also includes a pair of openings
      22 and 24 formed therein, each of said openings extending through the
      lower plate and open to the main internal chamber 16 formed between upper
      and lower plates 12 and 14, respectively. Opening 22 is referred to as a
      pressure supply inlet opening and as a pressure out chamber, P.sub.O. This
      double designation is appropriate since opening 22 is connected to a
      pressure supply, denoted P.sub.S, preferably through a flow restricting
      device not shown. Consequently, a supply of fluid (which is air in this
      case since the valve of the penumatic type) is channeled into the main
      internal chamber 16 of the valve through opening 22. Also, as is apparent
      from a study of the basic Brandt disclosure, the pressure in opening 22
      will under normal operating conditions be an amplification of the pressure
      input signal, P.sub.H, consequently opening 22 is termed a pressure out
      chamber, and as such, is denoted P.sub.O.
PAR  Separating the internal main chamber 16 into compartment 16a and 16b is
      generally relaxed imperviable membrane member 38. The membrane is held
      within the valve about the outer portions thereof between the collar 28 of
      the lower plate 14 and a generally circular resilient gasket 40 that is
      disposed between the membrane member and the outer portions of the inner
      face of the upper plate 12.
PAR  As particularly illustrated in FIG. 3, the imperviable membrane member 38
      normally assumes a concave convex shape within the main internal chamber
      16. It is appreciated that this particular shape or profile of the
      imperviable membrane member 38 is at least partially influenced by the
      pressure signal being applied into the main internal chamber of the valve,
      and the pressure supply of air that is being forced through supply inlet
      opening 22, through the main internal chamber 16 below the membrane member
      38, and out the supply exit opening 24. It should be pointed out that
      although the supply inlet opening 22 may enter the valve structure at
      various points, it is preferable that the interior end (i.e. the end
      opening into the internal chamber 16) of the supply opening 22 be
      centrally disposed and in the case of the present valve, it is preferable
      that the interior end extend up through the lower plate 14 in general
      co-axial relationship with the valve seat 32. This assures that the air
      being derived from the fluid pressure supply, P.sub.S, is emptied into the
      main internal chamber at a central point above the lower plate 14.
PAR  Turning to FIGS. 2 and 4-5, the gain adjustment mechanism for the valve 10
      is shown therein and indicated generally by the numeral 42. It is seen
      that the gain adjustment mechanism 42 is secured within a threaded bore 44
      that extends entirely through the upper plate 12 and is in general
      co-axial alignment with the interior end of opening 22 formed within the
      valve seat 36. Also, about the exterior surface of the upper plate 12, the
      top portion of the bore 44 includes a counter-sunken valve seat 46.
PAR  Threaded in the bore 44 is an elongated threaded shaft 48 that includes an
      Allen head 50 formed in the outer end thereof, the outer end referring to
      the end that normally lies outside of the valve structure.
PAR  Fixed to the inner end, the inner end referring to that end of the threaded
      shaft 48 that normally lies interiorly of the valve structure, is contact
      means 52 in the form of a rounded head.
PAR  Formed intermediately on said threaded shaft 48 is tapered seal 54 that is
      adapted to seat witin the countersunken valve seat 46 formed about the
      exterior end of the bore 44. Disposed adjacent said seal 54 and threaded
      on said threaded shaft 48 is a seal tightener 56 in the form of a nut.
PAR  In operation, the threaded shaft 48 is normally positioned to where the
      contact means or rounded head 52 is engaged with the imperviable member 38
      above the valve seat 36. In the case of the particular valve shown herein,
      that portion of the imperviable member 38 lying over the valve seat 36 and
      in the vicinity of contact means 52 generally convex shape. It was found,
      that the gain of the amplifier could be adjusted by depressing this convex
      area of the imperviable member 38.
PAR  As viewed in FIGS. 3-5, as the threaded shaft 48 is moved downwardly, i.e.,
      in the direction of the main internal chamber 16, the contact means 52
      engages the imperviable member 38. As illustrated in the drawings, as the
      threaded shaft 48 is continually moved downwardly the contact means 52
      depresses the imperviable member 38 and effectuates a change in the
      contour or profile of that imperviable member. As the shape, profile, or
      contour of the imperviable member is changed, the gain of the amplifier
      valve 10 is accordingly changed.
PAR  In view of the basic operating principles of the pneumatic amplifier shown
      herein, and as disclosed in the basic Brandt disclosure, it is appreciated
      that a depression of the imperviable member 38 downward toward the valve
      seat 36 has the general effect of increasing the air flow restriction
      across the valve seat 36. Consequently then, the downward depression of
      the imperviable member 38 increases the gain of the amplifier valve 10
      since the pressure of the fluid or air in opening 22 is an amplification
      of the pressure input signal P.sub.H, applied on the other side of the
      imperviable member 38.
PAR  In laboratory test, it was found that the gain adjustment mechanism 42
      discussed above enables the gain of the particular valves to be adjusted
      twenty-five to thirty (25 to 30) percent. Thus, by designing the amplifier
      valve of the present invention with the particular parameters preselected,
      a valve can be produced with a gain that falls within a predetermined
      range. Then with the gain adjustment mechnaism 42, the particular gain of
      the amplifier valve 10 can be adjusted to a predetermined specific level.
      Also if it is desired to change the sign of the amplifier 10 for a certain
      purpose or operation, it follows that this can be accomplished within the
      25 to 30  percent range by adjusting the threaded shaft 48 and contact
      means 52 accordingly.
PAR  It should be noted, that the bore 44 extends completely through the valve
      body structure and, therefore, it is important that the bore be sealed. To
      make sure that the bore 44 is sealed and that air cannot escape
      therethrough, the gain adjustment mechanism 42 includes the previously
      referred to seal 54 and seal tightener 56. The seal 54 is at least
      slightly deformable such that when the contact means 52 is stationed in
      the position desired, the seal tightener nut 56 can be turned towards said
      seal 54 for engagement therewith while the threaded shaft 48 is being held
      in a stationary position. The tightening of the seal tightener 56 against
      the seal 54 causes the seal to be pressed tightly downward within the
      countersunken valve seat 46 formed in the top portion of the bore 44. This
      seals the bore 44.
PAR  From the above specification, it is apparent that the gain adjustment
      mechanism of the present invention provides an easy, precise and
      convenient means for adjusting the gain of a fluid valve amplifier of the
      type disclosed herein. In addition, the gain adjustment mechanism 32 gives
      the valve flexibility in that the gain of the valve may be adjusted for
      various operations.
PAR  The present invention, of course, may be carried out in other specific ways
      than those herein set forth without departing from the spirit and
      essential characteristics of the invention. The present embodiments are,
      therefore, to be considered in all respects as illustrative and not
      restrictive, and all changes coming within the meaning and equivalency
      range are intended to be embraced herein.
PAR  The terms "upper", "lower", "forward", "reward", etc., have been used
      herein merely for the convenience of the foregoing specification and in
      the appended claims to described the PNEUMATIC AMPLIFIER HAVING A GAIN
      ADJUSTMENT MECHANISM INCORPORATED THEREIN and its parts as oriented in the
      drawings. It is to be understood, however, that these terms are in no way
      limiting to the invention since the PNEUMATIC AMPLIFIER HAVING A GAIN
      ADJUSTMENT MECHANISM INCORPORATED THEREIN may obviously be disposed in
      many different positions when in actual use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid amplifier valve having a gain adjustment mechanism incorporated
      therein for adjusting the gain of various input pressure signals received
      by the valve, said amplifier valve comprising:
PA1  a. a valve body structure having a main internal chamber formed therein;
PA1  b. a pressure signal opening means formed within said valve structure for
      enabling fluid pressure signals to be transmitted into said main internal
      chamber;
PA1  c. a fluid supply inlet opening means formed within said valve body for
      enabling fluid from a supply to be transmitted into said main internal
      valve chamber;
PA1  d. a fluid supply exit opening means formed within said valve body
      structure for enabling the fluid supply transmitted into said main
      internal chamber to exit therefrom;
PA1  e. a thin imperviable member extending across said main internal chamber
      and supported about the outer portions thereof by said valve body
      structure so as to separate the fluid of said pressure signal from the
      fluid supply passing through said main internal chamber;
PA1  f. mounting means movably mounted in said valve structure; and
PA1  g. contact means operatively connected to said movable mounting means for
      engaging said imperviable member extending across said main internal
      chamber and varying the gain of said amplifier valve, whereby the gain of
      said amplifier valve may be selectively adjusted by moving said contact
      means relative to said valve structure such that the shape of the
      imperviable member within said main internal chamber is influenced thereby
      enabling the gain of said fluid valve to be selectively varied and
      adjusted by moving said contact means in order that the shape or contour
      of said imperviable member may change relative to said valve structure and
      give rise to a change in gain.
NUM  2.
PAR  2. The fluid amplifier valve of claim 1 wherein said movable mounting means
      includes: a threaded shaft normally threaded into a bore formed in said
      valve structure and open to said main internal chamber, said bore being
      countersunk about the exterior of said valve structure and said threaded
      shaft having a seal formed intermediately thereon and adpated to rest
      adjacent the countersunken portion of said bore for sealing said bore; a
      seal tightener provided on said threaded shaft adjacent said seal for
      engaging said seal and tightening the same relative to said valve
      structure; and wherein said contact means includes a generally round
      headed ball fixed to the end of said threaded shaft normally disposed
      interiorly of the amplifier valve.
NUM  3.
PAR  3. The amplifier valve of claim 1 wherein said amplifier valve includes a
      central circular seat formed within said internal main chamber and wherein
      said movable mounting means and said contact means are axially aligned
      with said central circuit seat.
NUM  4.
PAR  4. The amplifier valve of claim 3 wherein said central circular seat
      extends around said fluid supply inlet opening means and is concentric
      therewith; and wherein said movable mounting means and said associated
      contact means are axially aligned with said fluid supply inlet opening
      means.
NUM  5.
PAR  5. The amplifier valve of claim 1 wherein said valve structure includes a
      threaded bore formed therein and open to said main internal chamber and
      adapted to receive said movable mounting means which includes a threaded
      shaft secured within said threaded bore, said threaded bore being provided
      with a countersunken seal seat about the outer portion thereof and said
      threaded shaft including a seal formed intermediately thereon and adapted
      to seat within said countersunken seal seat in order to seal said
      amplifier valve and prevent fluid flow from said internal main chamber
      through said threaded bore; and wherein said contact means includes a
      generally rounded head fixed to the end of said threaded shaft normally
      disposed interiorly of said valve structure, whereby said generally
      rounded head may engage and contact said imperviable member extending
      across said main internal chamber and wherein said head may be utilized to
      change the contour of said imperviable member by selectively screwing said
      threaded shaft and accordingly moving said rounded head relative to said
      valve body structure.
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ABST
PAL  An electromagnetic valve including a splined or other similar external
      adjustment member for setting a valve member location on the armature, or
      spring pressure on the armature.
PARN
PAR  This application is a division of copending parent application Ser. No.
      358,278 filed May 8, 1973, now U.S. Pat. No. 3,876,177. The benefit of the
      filing date of said copending application is, therefore, hereby claimed
      for this application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fluid flow control devices, and more
      particularly, to a solenoid valve or the like wherein the armature of an
      electromagnet, when energized, urges a valve member onto or off of a valve
      seat.
PAR  Prior art valves are often used in hydraulic device and pressure regulator
      applications. Using such devices, pressure regulation and flow rate
      control may be accomplished by controlling the voltage impressed across
      the electromagnetic winding. In contrast to other prior art are valves
      wherein the valve was separated from the electromagnet and a mechanical
      connection had to be first established by a resilient intermediary member,
      the said other prior art valves were integrally formed. This was true
      because the valve member formed a spacer between the armature and the
      yoke. The spacer established an air gap. It is true that this arrangement
      does not make maximum use of the force of the electromagnet. On the other
      hand, this method permits positive control of the discharge pressure or of
      the amount of discharge pressure medium, respectively, because it is by
      means of the high magnetic reluctance in the air gap that operation in the
      lower area of the electromagnet's travel/force characteristic is possible.
      Within the said lower area, the travel/force characteristic curve runs
      approximately in parallel to the travel axis. This results in always
      well-defined travel/force intersection points following each other in an
      almost linear sequence under varying degrees of energization of the
      electromagnet. This method also avoids the need for a spring between the
      armature and the valve member, required previously. In the said other
      valve, the pressure of the valve member bearing upon the valve seat was
      determined exclusively by the electromagnetic field strength. Thus, if the
      magnet were suitably designed, the said field strength varied in
      proportion to the voltage applied to the electromagnet.
PAR  When manufacturing the said other valves, there were only two points to be
      observed regarding the travel/force characteristic:
PA1  1. Observance of a given air gap; and
PA1  2. Adequate design of the electromagnet.
PAR  If the air gap were too small, the valve would operate within the range of
      an already considerably curved characteristic; and if it were too large,
      the electromagnetic force would not suffice to control the valve in accord
      with the given characteristic.
PAR  If the design of the electromagnet were inadequate, i.e. if the
      electromagnetic field were too strong, the valve would operate within the
      range of an already considerably curved characteristic, and if it were too
      weak, the electromagnetic forces would not be sufficient to control the
      valve.
PAR  A conventional electromagnetic valve may sometimes be designed without
      great difficulty; however, difficulties may arise when an attempt is made
      to fabricate a valve with an air gap defined between very close
      tolerances.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the device of the present invention, the abovedescribed
      and other disadvantages of the prior art are overcome by providing a valve
      by which the air gap can be adjusted.
PAR  The present invention thus avoids the necessity for high precision
      manufacture of the prior art electromagnetic valve, that is, for example,
      the fabrication of such a valve with a yoke-to-armature spacing between
      very close tolerances. It will be understood that with gap adjustment,
      neither manufacture nor operation is restricted.
PAR  According to the present invention, air gap adjustment is achieved by
      inserting the valve member into the armature via longitudinally adjustable
      members. In this case, the valve member is preferably inserted into a bore
      in one end of the armature and is longitudinally movable therein, a tapped
      hole with an adjusting screw engaging with the said bore from the end of
      the armature opposite the said one end thereof. The valve member is
      supported by the one end of the adjusting screw so that it is possible for
      the said screw to urge the valve member out of the armature.
PAR  If the armature of the electromagnetic valve of the present invention is
      constructed in the manner described, the valve member can be quickly
      inserted following armature manufacture and be adjusted outside the
      electromagnet later on.
PAR  The present invention also provides for an adjusting opening that can be
      closed in the cover of the electromagnet resting against the armature and
      through which opening an adjusting screw can be seized and turned.
PAR  It is also possible to provide in the electromagnet's cover resting against
      the armature a pin longitudinally movable and at one end being constructed
      in the form of a tool adapted to seize the adjusting screw and projecting
      into the tapped hole of the armature. This is an advantage in that the
      electromagnetic valve can be adjusted or readjusted, when pressure is
      applied, i.e. during operating conditions.
PAR  Prior art valves were troublesome in use because the valve member thereof
      often came loose and reduced the speed of response of the valve. The valve
      of the present invention also overcomes this problem because the valve
      member thereof is connected firmly although rotatably with the adjusting
      screw so as to enable the valve member to follow axial adjusting-screw
      movement.
PAR  To avoid turning of the armature when the adjusting screw is turned, the
      former is suitably secured. It is conventional practice in prior art
      electromagnetic valves to provide in the armature, with the armature
      chamber filled with fluid, a damp armature motion. In accordance with the
      valve of the present invention, a guide pin engaging with the said bore is
      inserted into the cover resting against the armature. This avoids the need
      for additional means or bores and provides a simple and inexpensive
      mechanism for preventing the armature from rotating.
PAR  The above-described and other advantages of the present invention will be
      better understood from the following detailed description when considered
      in connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which are to be regarded as merely illustrative:
PAR  FIG. 1 is a longitudinal sectional view through an electromagnetic valve
      constructed in accordance with the present invention.
PAR  FIG. 2 is a longitudinal sectional view through an armature of a second
      embodiment of the present invention; and
PAR  FIG. 3 is a longitudinal sectional view through a third embodiment of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, in FIG. 1, an electromagnetic valve, including an
      electromagnet 1, is illustrated including a hollow, cylindrical working
      chamber surrounding an armature 2 which may be filled with a fluid.
PAR  Armature 2 is longitudinally movable with a ball 3 serving as a valve
      member. Said working chamber also includes a valve body 4 with inlet 5 and
      exhausts 6. The exit portion of the inlet 5 where it leaves the valve body
      4 is constructed as a valve seat seating the ball 3 as the valve member
      when the valve is closed. On the other side, the working chamber of the
      electromagnet 1 is sealed by a cover 8 through which there is extending a
      pin 17. Mounted on the magnet is also a conventional plug-in unit 9 to
      supply current to the electromagnet 1.
PAR  The ball 3 is confined within a bore 10 of the armature 2. Said ball rests
      against the front end of an adjusting screw 11 containing a central tapped
      hole 12 of the armature 2. In engagement with said adjusting screw 11 is a
      leafshaped extension 13 of the pin 17 permitting the adjusting screw 11 to
      be turned from the outside through said pin 17. This results in the ball 3
      being forced out of or into the bore 10 in the armature 2 so that it is
      possible to adjust the air gap 14 between the front ends of the valve body
      4 serving as the yoke and the armature 2.
PAR  In order to always obtain a defined valve member position, the valve member
      is firmly, yet rotatably, connected with the adjusting screw 11. As shown
      in FIG. 2, this can be achieved by threading a bushing 15 into a ball 23
      serving as a valve member, with an adjusting screw 11' projecting into
      said bushing. The end of the adjusting screw 11' includes a collar 16
      behind which there are situated two slotted pins 18 passing through the
      bushing 15. In this case, the ball 23 is firmly connected with the
      adjusting screw 11' without, however, impairing its rotation.
PAR  Furthermore, FIG. 2 shows an eccentric bore 19 passing through the armature
      2 and containing a damping nozzle 20. A guide pin 21, e.g. press fit into
      the cover 8 projects into said eccentric bore 19 into which it is
      slidable. Guide pin 21 thus prevents an armature 2 from rotating when the
      adjusting screw is turned.
PAR  In contrast to the progressively acting electromagnetic valve shown in FIG.
      1, FIG. 3 shows a degressively acting electromagnetic valve where the
      valve will be opened when a voltage is applied to the electromagnet. This
      embodiment, too, permits adjustment of the air gap between a yoke 22 and
      an armature 2" in the previously described manner, i.e., by means of an
      adjusting screw 11". This embodiment does not require the valve member to
      be connected with the adjusting screw 11". In this embodiment, the valve
      member 3' will always be urged back onto the valve seat by the force of a
      spring 24. In the electromagnetic valve shown it is furthermore possible
      to change the contact pressure through a hexagon socket screw 25 in such a
      way that after removal of a sealing screw 27 in the cover 8, it will be
      possible to pass a tool through the opening thus created and through the
      bore 26 to permit turning of the adjusting screw 11". At the same time,
      the screw 25 can also be turned if so required, thus causing the contact
      pressure of the spring 24 bearing on the armature to be changed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve assembly comprising: first means defining a chamber; a
      ferromagnetic armature guided for movement in said chamber; a member in
      said chamber mounted on said armature, said member being adjustable in
      first and second directions to move said member in third and fourth
      directions, respectively, relative to said armature; a body mounted on
      said first means providing a valve seat having an inlet opening
      therethrough; a solenoid-like winding fixed relative to and around said
      first means in a position to cause, when energized, movement of said
      armature from a first position thereof to a second position thereof; and
      second means movable with said member to abut said valve seat and to close
      said inlet opening, abutment of said second means with said valve seat
      taking place when said member is in a predetermined position, the position
      of said armature relative to said valve seat when said abutment takes
      place being changeable by adjustment of said member, said first means
      defining a chamber which is cylindrical, said armature being cylindrical
      at least in part to slide in said cylindrical chamber, said member being
      one portion of a valve, said second means being integral with said member
      and being the remainder of said valve over said one portion thereof, said
      armature having at least a partially screw-threaded passageway, said
      passageway extending completely therethrough, said member including a set
      screw threaded into and rotatably in said passageway, said valve being
      located on said set screw at one end thereof near one end of said
      armature, the other end of said set screw having a construction for
      engagement with a first device to rotate the said set screw, said armature
      having a cylindrical axis, and third means pivoting said valve relative to
      and on said set screw about an axis approximately normal to said armature
      axis.
NUM  2.
PAR  2. A valve assembly comprising: first means defining a chamber; a
      ferromagnetic armature guided for movement in said chamber; a member in
      said chamber mounted on said armature, said member being adjustable in
      first and second directions to move said member in third and fourth
      directions, respectively, relative to said armature; a body mounted on
      said first means providing a valve seat having an inlet opening
      therethrough; a solenoid-like winding fixed relative to and around said
      first means in a position to cause, when energized, movement of said
      armature from a first position thereof to a second position thereof; and
      second means movable with said member to abut said valve seat and to close
      said inlet opening, abutment of said second means with said valve seat
      taking place when said member is in a predetermined position, the position
      of said armature relative to said valve seat when said abutment takes
      place being changeable by adjustment of said member, said first means
      defining a chamber which is cylindrical, said armature being cylindrical
      at least in part to slide in said cylindrical chamber, said member being
      one portion of a valve, said second means being integral with said member
      and being the remainder of said valve over said one portion thereof, said
      armature having at least a partially screw-threaded passageway, said
      passageway extending completely therethrough, said member including a set
      screw threaded into and rotatably in said passageway, said valve being
      located on said set screw at one end thereof near one end of said
      armature, the other end of said set screw having a construction for
      engagement with a first device to rotate the said set screw, said first
      means including a plate having a hole extending completely therethrough, a
      shaft rotatable in said plate hole having one end in engagement with said
      member to rotate the same therewith and to adjust the same by said
      rotation.
NUM  3.
PAR  3. The invention as defined in claim 2, wherein the other end of said shaft
      has a construction to permit engagement therewith by a tool adapted to
      rotate the same.
NUM  4.
PAR  4. A valve assembly comprising: first means defining a chamber; a
      ferromagnetic armature guided for movement in said chamber; a member in
      said chamber mounted in said armature, said member being adjustable in
      first and second directions to move said member in third and fourth
      directions, respectively, relative to said armature; a body mounted in
      said first means providing a valve seat having an inlet opening
      therethrough; a solenoid-like winding fixed relative to and around said
      first means in a position to cause, when energized, movement of said
      armature from a first position thereof to a second position thereof; and
      second means movable with said member to abut said valve seat and to close
      said inlet opening, abutment of said second means with said valve seat
      taking place when said member is in a predetermined position, the position
      of said armature relative to said valve seat when said abutment takes
      place being changeable by adjustment of said member, said first means
      defining a chamber which is cylindrical, said armature being cylindrical
      at least in part to slide in said cylindrical chamber, said member being
      one portion of a valve, said second means being integral with said member
      and being the remainder of said valve over said one portion thereof, said
      armature having at least a partially screw-threaded passageway, said
      passageway extending completely therethrough, said member including a set
      screw threaded into and rotatably in said passageway, said valve being
      located on said set screw at one end thereof near one end of said
      armature, the other end of said set screw having a construction for
      engagement with a first device to rotate the said set screw, said first
      means including a housing wall having a hole therethrough, and means
      extending through said hole in engagement with said member, said last
      named means being movable for adjustment of said member.
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PAL  A self-contained vacuum aspirator system is disclosed which comprises a
      container having a vacuum applied therein; a valve assembly secured to
      said container for selectively allowing the passage of fluid into said
      container; a curette in communication with an aperture in said valve
      assembly; and an air permeable collection means supported within said
      container by the aforementioned valve assembly in communication with an
      opening in said valve assembly for accumulating matter collected by said
      currette when the valve assembly is operating to establish communication
      between the aforementioned aperture and opening. The valve assembly
      includes a first member having the aforementioned aperture therethrough
      with the first member having a first surface on which is positioned first
      sealing means surrounding said aperture and second sealing means
      surrounding said first sealing means; and a second member secured to said
      first member with the second member having the aforementioned opening
      therethrough and a first surface on which is positioned third sealing
      means surrounding said opening and fourth sealing means surrounding said
      third sealing means; and a slide member having a passageway therethrough
      with the slide member being moveably mounted between said first surfaces
      of the first and second members and sealingly engaged on opposite sides
      thereof by the first, second, third and fourth sealing means, with the
      slide member being moveable between a first position which interrupts
      communication between said aperture and said opening and a second position
      in which the passageway through the slide member establishes communication
      between the aperture in the first member and the opening in the second
      member to permit flow through the valve assembly.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a self-contained vacuum aspirator system and in
      addition to an improved valve assembly utilized in such system.
PAC  BACKGROUND OF THE INVENTION
PAR  Vacuum curettage has received recent and extensive attention in the art as
      an improved means for pregnancy termination, endometrial biopsy, menstrual
      regulation, spontaneous incomplete abortion, and outpatient or office
      curettage, as well as other conditions. The vacuum procedure promises
      advantages over the conventional sharp curettage procedure in that more
      effective evacuation is obtained in a shorter time and with a lesser loss
      of blood. The art has come to recognize that there is a lesser likelihood
      of residual material remaining in the uterus after vacuum curettage than
      with sharp curettage.
PAR  In vacuum curettage, an elongated tube is used in which an aspiration inlet
      is provided at the front or proximal end, and to which a connecting vacuum
      end is joined to the rear or distal end. The normal procedure provides for
      dilating the cervix of the uterus to a size greater than the tube or
      curette so that the curette may be introduced into the uterus to the full
      depth of the endometrial cavity. The practitioner moves the front end of
      the curette over the surface of the uterus and suction induces the fetal
      or gestational tissue, or other biological material, through the
      aspiration inlet. This tissue is usually passed out of the curette into a
      communicating vacuum trap or container. A prior art vacuum curette system
      is disclosed, for example, in U.S. Pat. No. 3,542,031, in which a vacuum
      source is applied to a container to withdraw tissue collected by the
      curette through a stopper and into a tissue collection chamber. It will be
      appreciated, however, that the prior art as exemplified by the
      aforementioned U.S. Pat. No. 3,542,031, has inherent drawbacks which to a
      great extent limit its application.
PAR  For example, the system of the aforenoted patent requires the practitioner
      to have a vacuum pump at his disposal when employing the curette system
      described therein. Not only is this a relatively expensive item, but its
      operation requires additional specialized knowledge not necessarily
      possessed by the relatively large number of practitioners who are now
      employing such systems as a result of recent changes in the law with
      regard to the performance of abortions.
PAC  SUMMARY OF THE INVENTION
PAR  In contradistinction to the prior art, the instant invention provides for a
      self-contained vacuum aspirator system which employs a prepackaged
      container having a vacuum applied therein and a curette associated
      therewith by means of which a vacuum curettage abortion can be simply and
      easily effectuated without the need for a separate vacuum source. In
      furtherance of this broad aspect of the invention, a novel valve assembly
      is provided through which a vacuum can be applied in the factory to the
      container and thereafter the valve assembly operated to maintain the
      vacuum in the container. When it is desired to perform the abortion, the
      curette is introduced into the uterus and the valve assembly is operated
      so as to communicate the curette with the vacuum in the container to
      thereby draw the tissue collected by the curette into an air permeable
      collection trap supported within the container. Thereafter, the valve
      assembly may be removed from the container and the entire subassembly,
      including the curette and the valve assembly, disposed of.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the instant invention to provide a
      self-contained vacuum aspirator system by which a vacuum curettage
      procedure may be performed without the necessity of a supplemental vacuum
      source.
PAR  Another object of the instant invention is to provide such a prepackaged
      vacuum aspirator system in which a vacuum can be applied during
      manufacture and, thereafter, the system stored at the physician's office
      until the operation is performed.
PAR  Still another object of the instant invention is to provide such a system
      which includes a novel valve assembly for maintaining a vacuum which has
      been preapplied to the container thereof, thereby greatly increasing the
      "shelf life" of the entire system.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of the self-contained vacuum
      aspirator system of the instant invention.
PAR  FIG. 2 is a side elevational view of a portion of the valve assembly shown
      in FIG. 1.
PAR  FIG. 3 is a bottom view of the element shown in FIG. 2 taken along the
      arrows 3--3 thereof.
PAR  FIG. 4 is a side elevational view of another portion of the valve assembly
      shown in FIG. 1.
PAR  FIG. 5 is a planned view of the member shown in FIG. 4 taken along the
      arrows 4--4 thereof.
PAR  FIG. 6 is a side elevational view of another portion of the valve assembly
      shown in FIG. 1.
PAR  FIG. 7 is a planned view of the element shown in FIG. 6 taken along the
      arrows 7--7 thereof.
PAR  FIG. 8 is a side view of the assembled valve assembly comprising the
      elements shown in FIGS. 2 through 7.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning to the Figures, wherein like numerals represent like elements,
      there is shown in FIG. 1 the self-contained vacuum aspirator system 10 of
      the instant invention. Broadly speaking, the system includes a container
      12, which is preferably a glass jar, a valve assembly broadly designated
      14, a collection trap 16 supported by the valve assembly 14 within the
      container 12, and a conventional curette 18 connected by appropriate
      tubing 20 to the valve assembly 14 as will be described in greater detail.
PAR  The valve assembly 14 comprises a first member 22 (FIGS. 2 and 3) having an
      aperture 23 therethrough. An undersurface 24 of the first member 22
      includes a circular recess 26 which carries a circular "O-ring" sealing
      member 27 therein and a second generally oval recess 28 carrying a
      generally oval "O-ring" like sealing member 29 therein. It will be seen
      from FIG. 3, that the circular O-ring 27 immediately surrounds the
      aperture 23 while the oval O-ring like member 29, which is actually a
      circular "O"-ring placed in an oval recess, is relatively substantially
      larger than the circular O-ring 27 so as to provide a space 30 on the
      undersurface 24 which lies within the confine established by the inner and
      outer O-ring like members 27 and 29, respectively.
PAR  For purposes to be further described, the first member 22 further includes
      depending side portions 32 and 34 which establish a guide channel 36
      therebetween. The first member 22 further includes an integrally
      upstanding cylindrical receptacle 38 which includes an internally tapered
      passage 40 in communication with the aperture 23. As suggested in FIG. 1,
      the passage 40 receives in a press-fit fashion the externally tapered
      terminating portion 42 of the curette 18.
PAR  As best seen in FIGS. 6 and 7, the valve assembly 14 further comprises a
      second member 44 which may be removably secured with respect to the first
      member 22 by means of fasteners 46 (FIG. 1) which pass through the
      depending guide portions 32 of the first member 22 into engagement with
      the second member 44. The second member 44 includes an opening 48 having a
      circular recess 50 disposed thereabout and a generally oval recess 52
      located about the inner recess 50. As best seen in FIG. 7, the circular
      recess 50 receives a circular O-ring sealing member 54 while the oval
      recess 52 receives an oval "O-ring" like sealing member 56 which is
      actually a circular "O-ring" placed in an oval recess. As was the case for
      the sealing member 27 and 29 for the first member 22, the sealing member
      56 is substantially larger than the sealing member 54 to define a portion
      58 of the top surface 60 of the second member 44 which is confined by
      portions of the sealing members 54 and 56.
PAR  The undersurface of the second member 44 further includes an integrally
      depending cylindrical embossment 62 which is in communication with the
      opening 48. In accordance with this aspect of the invention, the
      collection trap 16, preferably an air permeable woven plastic bag-like
      element or a plastic vial, has a diameter approximately the same as the
      diameter of the embossment 62 whereby the collection trap 16 can be
      telescopically urged onto the embossment 62 for a frictional press fit
      therebetween.
PAR  The second member 44 is further provided with an annular downturned flange
      portion 64 by which the entire valve assembly 14 can be removably secured
      to the container 12, for example, by being provided with internal threads
      66 which may be received on an externally threaded neck portion 68 of the
      container 12.
PAR  Slideably mounted within the channel 36 established between the depending
      guide portions 32 and 34 of the first member 22 is a slide member 70
      (FIGS. 4 and 5) having a passageway 72 therethrough. As thus established,
      the slide member 70 is "sandwiched" between the undersurface 24 of the
      first member 22 and the upper surface 60 of the second member 44 and is
      sealingly engaged on opposite sides thereof by the O-ring like sealing
      members 27, 29 and 54, 56 (see FIG. 8).
PAR  The slide member 70 may be moved between a first position which interrupts
      fluid communication between aperture 23 in first member 22 and the opening
      48 in the second member 44 and a second position illustrated in FIG. 8 in
      which the passageway 72 establishes an unobstructed communication between
      aperture 23 and opening 48. It will be appreciated that when the slide
      member 70 is in its first blocking position, the slide member 70 would be
      moved to the right as viewed in FIG. 8, such that the passageway 72 would
      be situated between the confronting intermediate portions 30 and 58 of the
      surfaces 24 and 60, respectively, which are defined between the O-ring
      sealing members 27 and 29 on the first member 22 and the O-ring sealing
      members 54 and 56 on the second member 44. Thus, even when the slide
      member 70 is in its blocking position, the passageway 72 therethrough will
      be sealingly retained within a sealed enclosure. As will be described
      below, this is a particularly important aspect of the valve assembly 14
      since it prevents the loss of vacuum in the jar 12 when the system is "on
      the shelf" in a physician's office.
PAR  To uniquely establish the aforenoted first and second positions for the
      slide member 70, limit stops in the forms of depending flanges 76 and 78
      are provided at opposite ends of the slide member 70. Thus, if the
      operator slides the slide member 70 all the way to the left in FIG. 8 such
      that the depending flange 78 confronts the second member 44, the
      passageway 72 will be properly established in alignment with the aperture
      23 and the opening 48 in the first member 22 and second member 44,
      respectively. When the operator slides the slide member 70 all the way to
      the right, as viewed in FIG. 8, such that the depending flange 76
      confronts the second member 44, the passageway 72 will properly be located
      within the confines of the sealing members 27, 29 and 54, 56, as described
      above. As best seen in FIG. 1, a removable U-shaped channel member 80 may
      be frictionally secured on the slide member 70 to prevent accidental
      displacement of the slide member 70 from the first blocking position to
      the second communicating position.
PAR  In employing the system of the instant invention, the valve assembly 14 is
      secured to the container 12 and the slide member 70 moved to its second
      position in which the passageway 72 establishes communication between the
      aperture 23 and the opening 48. At this time, and preferably at the site
      of manufacture, a vacuum is applied through the aperture 23 to evacuate
      the container 12. When the proper vacuum has been achieved, the slide
      member 70 is slid to its blocking position and the U-shaped channel member
      80 slid onto the slide member 70 to prevent accidental displacement of the
      slide member. It will be apreciated that the vacuum will be held in the
      jar 12 by virtue of the fact that the passageway 72 in the slide member 70
      is retained as aforedescribed, within the confines of the sealing members
      27, 29 and 54, 56. The completely self-contained aspirator system may now
      be shipped to the physician or hospital and stored "on the shelf".
PAR  When it is desired to perform aspiration procedure, the end portion 42 of
      the curette 18 is press-fitted into the cylindrical receptacle 38 (or it
      could be assembled in this condition at the factory), the curette is
      introduced into the uterus, and, thereafter, the slide member 70 is moved
      to its second position in which the passageway 72 establishes unobstructed
      communication between the aperture 23 and the opening 48. The prepackaged
      vacuum in the jar 12 will induce a suction at the tip of the curette 18,
      thereby inducing the fetal or gestational tissue or other biological
      material through the aspiration inlet thereof, through the valve assembly
      14 and into the collection trap 16. When the operation is completed, the
      entire assembly may be used as a shipping container for sending the
      biological material to the pathology laboratory or the curette, valve
      assembly 14, and trap 16 may be completely disposed of and, for that
      matter, jar 12 can be disposed of if desired. Alternatively, the jar 12
      and valve assembly 14 can be washed, sterilized and recycled by the
      manufacturer. It will be appreciated that the parts of the valve assembly
      14 are manufactured of relatively inexpensive materials, thereby
      economically warranting their disposal.
PAR  Although this invention has been described with respect to its preferred
      embodiments, it should be understood that many variations and
      modifications will now be obvious to those skilled in the art, and it is
      preferred, therefore, that the scope of the invention be limited, not by
      the specific disclosure herein, only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve assembly for selectively allowing the passage of fluid
      therethrough; said valve assembly comprising
PA1  a first member having an aperture therethrough, said first member having a
      first surface on which is positioned first sealing means surrounding said
      aperture and second sealing means surrounding said first sealing means;
PA1  a second member secured to said first member, said second member having an
      opening therethrough and a first surface on which is positioned third
      sealing means surrounding said opening and fourth sealing means
      surrounding said third sealing means; and
PA1  a slide member having a passageway therethrough, said slide member being
      movably mounted between said first surfaces of said first and second
      members and sealingly engaged on opposite sides thereof by said first,
      second, third and fourth sealing means, said slide member being movable
      between a first position which interrupts communication between said
      aperture and said opening and a second position in which said passageway
      establishes communication between said aperture and said opening to permit
      flow through said valve assembly; and
PA1  wherein said first and second sealing means comprise first and second
      sealing members received in channels provided in said first surface of
      said first member, and said third and fourth sealing means comprises third
      and fourth sealing members received in channels provided in said first
      surface of said second member; and
PA1  wherein a portion of said second sealing member is spaced from a
      corresponding portion of said first sealing member by a distance greater
      than the diameter of said passageway through said slide member, and a
      portion of said fourth sealing member is spaced from a corresponding
      portion of said third sealing member by a distance greater than the
      diameter of said passageway, said passageway through said slide member
      being sealingly located between said respective portions of said first,
      second, third and fourth sealing members when said slide member is located
      in its said first position.
NUM  2.
PAR  2. The valve assembly of claim 1 wherein one of said first and second
      members includes guide portions spaced apart by a distance corresponding
      to the width of said slide member for guiding the movement thereof.
NUM  3.
PAR  3. The valve assembly of claim 1 wherein said slide member includes limit
      stop means for establishing said second position with said passageway
      aligned with said aperture and said opening and for establishing said
      first position with said passageway located between said respective
      portions of said first, second, third and fourth sealing members.
NUM  4.
PAR  4. The valve assembly of claim 3 and further including releasable blocking
      means for maintaining said slide member in its said second position.
NUM  5.
PAR  5. The valve assembly of claim 1 wherein a second surface of said second
      member includes a depending cylindrical portion extending therefrom and in
      communication with said opening for supporting collection means.
NUM  6.
PAR  6. The valve assembly of claim 5 wherein said second member includes a
      depending annular flange portion by which said valve assembly can be
      secured to a container.
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ABST
PAL  Apparatus with a platform or the like and a plurality of adjustable support
      legs extending through the platform. Each leg is provided with a device at
      the upperside of the platform which can effect relative displacement
      between the leg and the platform. Each of these devices takes the form of
      upstanding support members disposed around the leg and each having a foot
      plate which engages in a shoe on the platform. Each foot plate and its
      shoe have inter-engaging curved surfaces constituting spherical joints
      which permit the support members and hence the device as a whole to
      perform angular deviations from a vertical position.
PAL  Hydraulic rams are suspended from the upper ends of each of a pair of
      support members on diametrically opposite sides of the leg. These rams are
      interconnected by a carriage which supports a locking mechanism which has
      a plunger capable of engaging in one of a series of vertically-spaced
      recesses in a bar of each of the diametrically opposite sides of the leg.
      Further locking mechanisms also have plungers engageable in these recesses
      and each of these mechanisms has a carrier for the plunger mounted for
      displacement on brackets affixed to the associated support member. A motor
      coupled through gearing serves to move the carriers in relation to these
      brackets to control alignment between the plungers and the recesses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus with a working platform provided
      with adjustable legs. The term "platform" used throughout this
      specification and claims is intended to include pontoons and other like
      superstructures supported by legs and capable of being raised or lowered
      in relation to these legs for a variety of purposes.
PAR  Apparatus of the above mentioned kind is described in German patent
      specification No. 1107603. In this known apparatus the platform has
      openings therein and the legs, which can be raised or lowered in relation
      to the platform, extend through these openings. In order to raise or lower
      each leg and to raise or lower the platform, relative to all the legs,
      each leg is provided with a hoisting device which is capable of effecting
      relative movement between the leg and the platform. It is necessary with
      this apparatus to ensure that the legs are aligned correctly in relation
      to the hoisting devices. However, in practice, due to the clearance of the
      openings in the platform, the legs can deviate from vertical positions
      especially where there is unevenness in the ground surface supporting the
      legs. Even quite small angular deviations can cause problems and it is
      possible in adverse conditions for the legs to become jammed in the
      openings if serious misalignment occurs.
PAR  With regard to the foregoing a general object of this invention is to
      provide an improved apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided an apparatus comprising a
      platform, a plurality of legs capable of supporting the platform, each leg
      being operably associated with a device for effecting relative movement
      between the leg and the platform to raise or lower the platform or raise
      or lower the individual leg, said device being mounted on the platform so
      as to be movable to a limited extent as a whole in relation to the
      platform and the associated leg. The provision for movement of the devices
      associated with the legs can cope with any angular movement of a leg from
      a vertical position and can provide a uniform distribution of loading.
PAR  Preferably each device has a plurality of support members which are
      generally upstanding relative to the platform and there is provided means
      connecting the support members to the platform and permitting the support
      members to move angularly through an angle of about 3.degree.-5.degree. in
      relation to said platform to provide the mobility of the device as a
      whole.
PAR  The connecting means can take the form of a foot plate provided at a lower
      portion of each support member and engaging within a shoe affixed to the
      platform.
PAR  Preferably the foot plates and shoes have interengaging curved surfaces
      constituting spherical joints. These curved surfaces may diverge from the
      platform in a direction towards the associated leg and the centre of
      curvature of the surfaces preferably lies on the longitudinal axis of the
      leg and in a plane containing the undersurfaces of the platform.
PAR  Hydraulic rams may effect the relative movement between each leg and the
      platform and two such rams can be suspended from a traverse extending
      between the upper ends of two support members.
PAR  A locking mechanism capable of engaging with a leg to lock thereto can be
      supported by a carriage connected between the rams. Each leg may have one
      or more bars provided with vertically spaced recesses capable of receiving
      a displaceable element or plunger of the locking mechanism associated
      therewith. In this way each leg can be selectively locked to a movable
      part of the device associated therewith.
PAR  Preferably further separate locking mechanisms capable of selectively
      locking the legs to the platform are provided. The further locking
      mechanisms may each have a displaceable element or plunger supported by a
      carrier and also engageable in the recesses of the bar of the leg
      associated therewith. These carriers are preferably displaceably supported
      by brackets or the like affixed to the support members of the device.
      Means can then be provided to adjust the carriers in relation to the
      support members to ensure correct alignment between their plungers and the
      recesses of the bars. This adjustment means, which is independent of the
      rams, makes it possible to compensate for slight misalignment between the
      plungers and the recesses and can ensure a uniform load distribution to
      the legs. This adjustment means can be in the form of a motor, preferably
      a hydraulic motor, coupled via gears to threaded bushes which engage with
      spindles connected to the carriers of the further locking mechanisms of
      each leg.
PAR  The invention may be understood more readily and various other features of
      the invention may become apparent from consideration of the following
      description.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  An embodiment of the invention will now be described by way of example
      only, with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic part-sectional front view of part of an apparatus
      made in accordance with the invention;
PAR  FIG. 2 is a sectional plane view taken along the line II -- II of FIG. 1;
PAR  FIG. 3 is a part sectional end view taken in the direction of arrow A of
      FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The apparatus to which the invention relates has a working platform 10
      which is provided with a number of legs 11. Only part of the platform 10
      and part of one of these legs 11 is represented in the drawings. The legs
      11 which can be tubular extend through openings 12 in the platform 10 and
      the platform 10 can be raised or lowered in relation to the legs 11 or
      vice versa. The platform 10 may be the pontoon of hoisting apparatus
      disposed in water for example and, depending on the particular
      environment, the legs 11 may engage on a ground surface or on a bed under
      the water to support the platform.
PAR  Each leg 11 is operably associated with a device generally denoted by
      reference S. Each device S is adapted to effect selective movement between
      the associated leg 11 and the platform 10 to riase or lower either with
      respect to the other. Each leg 11 has upstanding bars 13 located
      diametrically opposite to one another. These bars 13 each have a series of
      vertically spaced recesses 14 which cooperate with the device S as
      described hereinafter. Each device S has four upstanding support members
      15, conveniently in the form of tubes, which are disposed as shown in FIG.
      2, on diametrically opposite sides of the associated leg 11 so that a pair
      of members 15 are disposed side-by-side in proximity to each of the bars
      13. The members 15 are connected to the platform 10 in such manner as to
      allow a limited amount of angular movement between each member 15, and
      hence between the device S as a whole, and the platform 10. More
      particularly, each member 15 has a locating foot plate 16 at its base
      portion. Each foot plate 16 has a curved surface 17 of convex form on its
      upper surface and extends generally tangentially of the associated member
      15. Each foot plate 16 is received within a box-like shoe 18 rigidly
      affixed as by bolts or welding to the platform 10. Each shoe 18 has a
      curved inner surface 19 of concave form which mates with the curved
      surface 17 of the associated foot plate 16. As shown in FIG. 1, the
      surface 17, 19 are also generally inclined in relation to the platform 10
      so as to diverge therefrom in a direction towards the associated leg 11.
      The centre of curvature of the surfaces 17, 19 is located on the axis of
      the associated leg 11, and preferably lie on a horizontal plane extending
      through the plane undersurface of the platform 10. It is feasible to have
      a concave surface on each foot plate 16 and a convex surface within each
      shoe 18. In any event the curved surfaces 17, 19 form spherical joints
      permitting the members 15 to perform limited angular displacements in all
      direction in relation to the platform 10 from a nominal position normal to
      the platform 10.
PAR  Preferably the angular displacement in any direction is about 3.degree. to
      5.degree. from the normal position.
PAR  Each pair of support members 15, located on the outerside of each bar 13,
      are interconnected at their upper ends by means of a traverse 20. Each
      support member 15 has a head portion which is pivotably connected to the
      associated traverse 20 with the aid of a pin 21. Each traverse 20 is
      connected near its ends to the piston rods 25 of two upstanding hydraulic
      double-acting rams 22. The piston rods 25 of the rams 22 are pivotably
      connected to the traverse 20 with the aid of a pin 26. The cylinders of
      these two rams 22 are also pivotably connected with the aid of pins 24 to
      a carriage 23. Each carriage 23 is generally U-shaped as shown in FIG. 1
      and has a central bridge portion which carries a locking mechanism 27.
      This locking mechanism 27 is selectively engageable with the recesses 14
      in the associated bar 13. Each locking mechanism 27 takes the form of a
      displaceable plunger 28 slidably mounted in a guide 29 affixed to the
      carriage 23. Means, in the form of a small hydraulic double-acting piston
      and cylinder unit 30, serves to displace the plunger 28 longitudinally to
      bring the latter into or out of one of the recesses 14 of the bar 13
      aligned therewith. An adjustable linkage 31 is coupled between the unit 30
      and the plunger 28. By means of the locking mechanisms 27 the carriages 23
      can be selectively connected to the legs 11 associated therewith.
PAR  Beneath each mechanism 27 there is further lower locking mechanism 32 which
      is also in the form of a plunger 34 slidably mounted in a sleeve bore of a
      carrier 33 and coupled through an adjustable linkage 36 to a hydraulic
      double-acting piston and cylinder unit 35. The carrier 33 is mounted on
      brackets 39 attached to the associated members 15 so as to be generally
      movable therewith with provision, as described hereinafter, for movement
      in relation to these brackets 39. The carrier 33 has support arms 37 which
      slidably engage on side flanges 38 of the bar 13 associated therewith to
      guide the mechanism 32 thereon. Similar support arms can be provided for
      the guide 29 of the upper locking mechanism 27.
PAR  Adjustment means is provided to compensate for the movement of the
      mechanisms 32 with the support members 15 and to thereby ensure that each
      of the plungers 34 thereof can be correctly aligned with a respective one
      of the recesses 14 of the bars 13. This adjustment means takes the form of
      a motor 40, preferably a hydraulic motor, carried on a bracket 41. The
      motor 40 has a drive shaft which carries sprocket wheels 42 which drivably
      engage endless chains 43 which are entrained around further sprocket
      wheels 44.
PAR  Each sprocket wheel 44 is carried by a shaft 45 which serves to drive a
      worm wheel 46 which is drivably coupled through gearwheels 47, 48 to a
      threaded bush 49 which is in screw-threaded engagement with an upstanding
      spindle 50. Each spindle 50 is affixed to the carrier 33 of the associated
      locking mechanism 32 and may be integral therewith. Each spindle 50 and
      its associated bush 49 are supported by a housing 51 connected to the
      brackets 39. The brackets 39 are provided with upstanding guide tracks 52
      and the carrier 33 of the associated locking mechanism 32 has further
      guide arms 53 which slidably locate on the tracks 52. By means of the
      motor 40 and the associated drive components it is thus possible to raise
      or lower the spindles 50 and hence the carriers 33 of the locking
      mechanisms 32 through a small controlled distance sufficient to cope with
      any angular displacement of the members 15.
PAR  The operation of the apparatus will now be described. In general, actuation
      of the rams 22 in conjunction with the locking mechanisms 27, 32 achieves
      relative displacement between the platform 10 and the legs 11. Dealing
      first with movement of the individual legs 11, assume that it is desired
      to raise one of the legs 11 relative to the platform 10. The locking
      mechanisms 27 associated with the leg 11 in question are then actuated to
      bring the plungers 28 thereof into respective openings 14 of the bars 13
      of the leg 11. The plungers 34 of the locking mechanisms 32 are in this
      case disengaged from the bars 13. The rams 22 are now subjected to
      pressure fluid to retract and since the piston rods 25 are secured to the
      members 15 via the traverses 20 the cylinders, and hence the carriages 23,
      will rise. Since the locking mechansisms 27 secure the carriages 23 to the
      leg 11 the latter will also be raised. Depending on the extent of the
      desired movement of the leg 11 it may be necessary to operate the rams 22
      a number of times. Thus when the rams 22 have been fully retracted the
      locking mechanisms 27 would be actuated to disengage the plungers 28 from
      the recesses 14 in the bars 13. The locking mechanisms 32 are now actuated
      to bring their plungers 34 into engagement with recesses 14 of the bars 13
      to support the leg 11. Any adjustment necessary to achieve this is
      effected by the motor 40 acting on the spindles 50. Thereafter the rams 22
      are subjected to pressure fluid to extend and then the locking mechanisms
      27 are re-actuated to bring their plungers 28 into recesses 14 in the bars
      13. The plungers 34 of the locking mechanisms 32 are now disengaged and
      the rams 22 retracted to again raise the leg 11 as before. This sequence
      can be repeated several times. To lower the leg 11 the rams 22 are
      conversely extended when the plungers 28 are engaged in the recesses 14
      and retracted when it is desired to relocate the plungers 28 in fresh
      recesses 14. It can be appreciated that this sequence is analogous to that
      carried out when raising the leg 11.
PAR  If it is desired to raise the platform 10 relative to all the legs 11 which
      may be supported on a ground surface then the plungers 28 of the locking
      mechanisms 27 associated with all the legs 11 are all engaged in the
      aligned recesses of the bars 13 of the legs 11 while the plungers 34 are
      released. All the rams 22 are then extended in unison in a similar manner
      as described to lower one of the legs 11, but here since the legs 11 are
      held firmly on a ground surface the cylinders of the rams 22 remain static
      and the piston rods 25 rise. Since these piston rods 25 are coupled to the
      support members 15 by the traverses 20 the support members 15 and hence
      the platform 10 locked thereto with the shoes 18 and the feet 16 will also
      rise. To lower the platform 10 the rams 22 are all retracted in unison, in
      similar manner as described to raise one of the legs 11.
PAR  When any of the legs 11 or the platform 10 has been moved to a new position
      as desired the plungers 34 of the locking mechansisms 32 would be engaged
      in the associated recesses 14 of the bars 13 so that the platform 10 and
      legs 11 are locked to one another.
PAR  The co-operation between the shoes 18 and the feet 16 of the support
      members 15, allowing angular displacement of the latter, enables the
      entire device S to move in relation to the platform 10 and more
      particularly to adjust itself to any deviation of the associated leg 11
      from a vertical disposition. Moreover this feature ensures that the forces
      produced by the rams 22 are directed essentially parallel to the leg 11
      and ensures that working loads are distributed uniformly.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus comprising a platform, a plurality of legs for supporting
      the platform, each leg having a series of vertically-spaced reception
      recesses, a device for each leg for effecting relative movement between
      the leg and the platform, each device comprising support members generally
      upstanding relative to the platform, means for selectively locking the
      support members to the leg, each support member locking means including a
      carrier and a plunger slidably mounted within the carrier, the plunger
      being selectively enngageable in the recess of the leg, the support
      members having bracket guideways for supporting the carrier, the carrier
      being movable substantially vertically to a limited extent with relation
      to the bracket guideways, a carriage, means for selectively locking the
      carriage to the leg, each carriage locking means including a plunger
      slidably mounted within the carriage, the plunger being selectively
      engageable in the recesses of the legs, ram means for effecting relative
      movement between the carriage and the support members in the direction of
      the longitudinal axes of the latter, and means for connecting the support
      members to the platform for accommodating limited universal angular
      movement of the support members and hence of the device as a whole in
      relation to the platform.
NUM  2.
PAR  2. Apparatus according to claim 1, further having means for adjusting the
      position of the carrier along the support member bracket guideways.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein the carrier position adjustment
      means includes a threaded spindle attached to the carrier, a threaded bush
      supportably engaging the spindle, and a motor drivably coupled to the
      threaded bush to vertically raise and lower the spindle and the attached
      carrier.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein a housing is provided for
      accommodating the spindle and bush, the housing being mounted on the
      bracket guideways.
NUM  5.
PAR  5. Apparatus according to claim 2, wherein each bracket guideway of the
      support members has guide tracks, and the associated carrier has flanges
      which slidably engage the guide tracks for movement thereon.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein four support members are
      provided for each leg, the four support members being arranged in two
      side-by-side pairs on diametrically opposite sides of the associated leg.
NUM  7.
PAR  7. Apparatus according to claim 1, wherein the connecting means comprises a
      foot plate provided at the lower portion of each support member, and a
      shoe affixed to the platform, the foot plate being engaged within the
      shoe.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein the foot plates and shoes have
      interengaging curved surfaces constituting spherical joints.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein the centre of curvature of said
      curved surfaces lies on the longitudinal axis of the associated leg.
NUM  10.
PAR  10. Apparatus according to claim 6, wherein the legs each have two bars
      containing the vertically-spaced recesses, the bars being affixed to the
      diametrically opposite sides of the leg, and the support member selective
      locking means being located between the support members of each pair of
      support members.
NUM  11.
PAR  11. Apparatus according to claim 1, wherein a traverse interconnects the
      upper ends of the support members and the upper ends of the ram means, the
      ram means being connected at its lower ends to the carriage.
NUM  12.
PAR  12. Apparatus of claim 11, wherein the piston rods of the ram means are
      pivotably connected to the traverse, and the cylinders of the ram means
      are pivotably connected to the carriage.
NUM  13.
PAR  13. Apparatus of claim 1, wherein the support member selective locking
      means includes a ram for driving the plunger into the leg recesses, and an
      adjustable linkage interconnecting the ram and the plunger.
NUM  14.
PAR  14. Apparatus of claim 10, wherein the carriage selective locking means is
      located between the support members of each pair of support members, the
      carriage locking means being vertically-spaced from the support member
      locking means.
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ABST
PAL  A hand winch for scaffolds including a pair of cable drums for separately
      winding a pair of cables used for simultaneously raising one end of a
      scaffold. A shaft carrying a spur gear is fixed to the winch frame and the
      cable drums are journalled on the fixed shaft. A planet gear carrier is
      secured to the cable drums and rotates therewith with one gear of each
      pair of planet gears meshing with the spur gear. A hand crank is
      journalled in the frame and on the fixed shaft and carries a member with
      an internal spur gear thereon which meshes with the other of the pair of
      planet gears so that the drive provides a 161/2 to 1 mechanical advantage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to hand winches for scaffolds.
PAR  2. Summary of the Invention
PAR  The present invention of a scaffold hand winch includes a winch frame in
      which a fixed shaft is mounted and in which a hand crank is journalled in
      the frame and journalled on the fixed shaft. A pair of cable drums are
      journalled on the shaft and have a planet carrier secured thereto. The
      planet gears are paired with one of the pair being meshed with a spur gear
      formed as part of the fixed shaft and the other being meshed with an
      internal spur gear forming a part of the hand crank. Rotation of the hand
      crank rotates the internal spur gear causing the planet gears to rotate
      and move about the fixed spur gear to drive the cable drums at greatly
      reduced speed to that of the hand crank.
PAR  The primary object of the invention is to provide a hand winch with
      sufficient power to raise a relatively heavy scaffold at one end thereof
      with the inner and outer sides of the scaffold being raised
      simultaneously.
PAR  Other objects and advantages will become apparent in the following
      specification when considered in light of the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the invention in use on a scaffold;
PAR  FIG. 2 is a front elevation of the invention in use showing one end of the
      scaffold being raised;
PAR  FIG. 3 is a view similar to FIG. 2 with the center portion of the scaffold
      being raised;
PAR  FIG. 4 is a view similar to FIG. 2 with the remaining end of the scaffold
      being raised;
PAR  FIG. 5 is a top plan view of the invention;
PAR  FIG. 6 is a side elevation of the invention;
PAR  FIG. 7 is an enlarged longitudinal sectional view taken on the line 7--7 of
      FIG. 5, looking in the direction of the arrows;
PAR  FIG. 8 is a vertical sectional view taken along the line 8--8 of FIG. 7,
      looking in the direction of the arrows;
PAR  FIG. 9 is a vertical sectional view taken along the line 9--9 of FIG. 7,
      looking in the direction of the arrows; and
PAR  FIG. 10 is a vertical sectional view taken along the line 10--10 of FIG. 6,
      looking in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, wherein like reference characters
      indicate like parts throughout the several figures, the reference numeral
      10 indicates generally a scaffold system incorporating the hand winch
      indicated generally at 11.
PAR  The hand winch 11 includes a base plate 12 having upstanding frame members
      13, 14 secured thereto in spaced apart parallel relation. A horizontal
      shaft 15 is mounted in the frame member 13 and is locked against rotation
      with respect to the frame member 13 by a key 16 engaging both the frame
      member and the shaft 15. The shaft 15 is secured to the frame 13 by a snap
      ring 17.
PAR  The fixed shaft 15 has an integral spur gear 18 formed thereon for reasons
      to be assigned. The shaft 15 has a axial extension 19 projecting outwardly
      from the spur gear 18.
PAR  A shaft 20 is journalled in the frame member 14 on needle bearings 21. An
      axial counter bore 22 of the shaft 20 extends over the extension 19 and is
      journalled thereon by needle bearings 23. A hand crank 24 is secured to
      the shaft 20 by a key 25.
PAR  A relatively large diameter disk 26 is integrally formed on the shaft 20
      and carries a flange 27 on the perimeter thereof. An internal spur gear 28
      is integrally formed with the flange 27 and is spaced from the disk 26 as
      can be clearly seen in FIG. 7.
PAR  A hollow shaft 29 is journalled on the fixed shaft 15 on needle bearings 30
      and has a pair of cable drums indicated generally at 31 and 32 integrally
      formed thereon. A generally triangular carrier plate 33 is fixedly secured
      to the shaft 29 to rotate therewith. A second generally triangular carrier
      plate 34 is arranged in spaced parallel relation to the carrier plate 33
      as can be seen in FIG. 7. Bolts 35 extend through the carrier plates 33,
      34 and have bearing spacers 36 mounted thereon. The bearing spacers 36
      engage between the spacer plates 33, 34 and with the bolts 35 maintain the
      spacer plates 33, 34 in fixed relation. Planet gear members 37 are
      journalled on the bearing spacer members 36 between the plates 33, 34 and
      include a spur gear member 38 and a second spur gear member 39 integral
      with the planet gear member 37. The gear member 38 meshes with the spur
      gear 18 and the gear members 39 mesh with the internal spur gear 28.
      Plates P extend between and are welded to the triangular plates 33 and 34
      to provide rigidness therebetween.
PAR  A spur gear 40 is keyed to the shaft 29 and a double pivoted pawl 41 is
      engaged therewith to prevent rotation of the shaft 29 in a reverse
      direction to that desired. An over center spring detent 42 is mounted on
      the frame 13 to resiliently support the pawl 41 in its locking position.
PAR  A cable 43 is wound on the drum 31 and a second cable 44 is wound on the
      drum 32. The cables 43, 44 are connected to the scaffold 10 in a
      conventional manner.
PAR  In the use and operation of the invention the pawl 41 is set to permit the
      spur gear 40 to rotate in a desired direction and the hand crank 24 is
      turned so as to rotate the internal spur gear 28. Rotation of the internal
      spur gear 28 rotates the planet gear member 37 through the gear member 39
      causing the gear member 38 to rotate about the fixed spur gear 18 to thus
      drive the carrier plates 33, 34 and rotate the cable drums 31, 32. The
      gear ratios between the internal spur gear 28 and the planet gears 37
      rotating on the fixed spur gear 18 are such that 161/2 revolutions of the
      shaft 20 cause one revolution of the shaft 29.
PAR  Having thus described the preferred embodiment of the invention it should
      be understood that numerous structural modifications and adaptations may
      be resorted to without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hand winch comprising a base plate, a pair of spaced apart parallel
      upright frame members secured to said base plate, a generally horizontal
      shaft fixedly secured to one of said frame members and extending through a
      bore in the other of said frame members, a second shaft axial to said
      first shaft and journalled in the bore in the other of said frame members
      and journalled on said fixed shaft, a hand crank fixedly secured to said
      second shaft for rotating said second shaft, a pair of cable drums mounted
      for rotation on said fixed shaft, planet gear means coupling said second
      shaft and said cable drums to rotate said cable drums upon rotation of
      said second shaft at a speed substantially less than the speed of rotation
      of said second shaft, and means on said cable drums cooperating with means
      on said one of said frame members for locking said cable drums against
      rotation in a pre-selected direction.
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ABST
PAL  The traveling block of the derrick mounted on a floating barge is connected
      in off-center relation with a load supporting motion compensator cylinder,
      the sheaves being located and strung asymmetrically with respect to the
      center line of the motion compensator cylinder. The crown block sheaves
      are rotatable on axes which are skewed to reduce fleet angle of the line.
      Different size sheaves are strung differently and different numbers of
      line runs are strung differently to equalize the forces about the center
      of gravity of the mass of the traveling block.
BSUM
PAR  In the operation of hoistline equipment, such as well drilling derricks and
      hoists in general employing multiple runs of a line between the sheaves of
      a fixed block and a traveling block, the forces are normally not equalized
      about the center of gravity of the mass of the traveling block due to the
      differences in the forces applied to the sheaves by the different line
      runs. A typical well drilling derrick has a number of crown block sheaves
      and the traveling block has a number of sheaves over which is strung a
      hoist line which is unwound from and wound on a drawworks drum, with the
      dead end of the line anchored to a dead man or "dead line" anchor. The
      line between the drawworks and the first crown block sheave is the "fast
      line." Under working conditions, the fast line exerts a greater force on
      the traveling block than does the dead line, and the intermediate lines
      exert forces on the traveling block proportional to their positions in the
      line system. Such unbalanced forces should be compensated for,
      particularly where heavy loads are involved, such as is the case with well
      drilling derricks.
PAR  The problem is aggravated in the case of well drilling derricks which are
      mounted on floating vessels or barges and have motion compensating means
      including a large cylinder integrated with the traveling block and
      extending vertically through the traveling block body and extending
      upwardly between sets of sheaves spaced at opposite sides of the cylinder,
      such traveling blocks being known as "split" traveling blocks. In the
      operation of such derricks, the motion compensating cylinder, at times
      when the traveling block is fully elevated, extends upwardly through the
      water table of the derrick and between the spaced sheaves of a split crown
      block. Such a derrick motion compensating cylinder and split traveling
      block, and split crown block is the subject of the pending application for
      United States Letters Patent Ser. No. 274,880, filed July 25, 1972, for
      "HYDRAULIC MOTION COMPENSATING APPARATUS."
PAR  With the axes of the spaced crown block sheaves aligned at opposite sides
      of the split crown block, the fleet angle of the lines when the traveling
      block is fully elevated can cause substantial friction and line wear which
      is costly and energy consuming.
PAR  The present invention provides balanced hoist apparatus which obviates the
      problems referred to above.
PAR  More particularly, the present invention provides a traveling block which
      is split and supports a motion compensating cylinder in off-center or
      asymmetrical relation to the traveling block sheaves to substantially
      equalize the forces about the center of gravity of the mass of the
      traveling block and compensator cylinder assembly, when the lines are
      strung asymmetrically and in various numbers in a manner related to the
      relative force applied to the traveling block sheaves, as referred to
      above, the greatest force being applied by the fast line and the least
      force being applied by the dead line.
PAR  In addition, the split crown block sheaves are rotatable on axes which are
      skewed, rather than aligned, and a crossover sheave is selected to
      minimize the fleet angle of the lines, thereby reducing line wear.
DRWD
PAR  This invention possesses many other advantages, and has other purposes
      which may be made more clearly apparent from a consideration of the forms
      in which it may be embodied. These forms are shown in the drawings
      accompanying and forming part of the present specification. They will now
      be described in detail, for the purpose of illustrating the general
      principals of the invention; but it is to be understood that such detailed
      descriptions are not to be taken in a limiting sense.
PAR  FIG. 1 is a perspective view schematically illustrating a derrick equipped
      with the balanced hoist apparatus of the invention;
PAR  FIG. 2 is a side elevation of the asymmetrical traveling block and motion
      compensating cylinder assembly of the invention;
PAR  FIG. 3 is a diagrammatic illustration showing the balanced hoist apparatus
      strung with eight lines between the crown block and traveling block
      sheaves with sheaves of one particular diameter.
PAR  FIG. 4 is a view generally corresponding to FIG. 3, but showing the sheaves
      strung with ten lines;
PAR  FIG. 5 is another view generally corresponding to FIG. 3, but showing the
      sheaves strung with 12 lines;
PAR  FIG. 6 is a diagrammatic top plan of the crown block strung as in FIG. 3,
      and taken on the line 6--6 of FIG. 3;
PAR  FIG. 7 is a diagrammatic top plan of the crown block strung as in FIG. 4,
      and taken on the line 7--7 of FIG. 4;
PAR  FIG. 8 is a diagrammatic top plan of the crown block strung as in FIG. 5,
      and taken on the line 8--8 of FIG. 5;
PAR  FIG. 9 is a diagrammatic illustration showing the balanced hoist apparatus
      strung with eight lines between the crown block and traveling block
      sheaves with sheaves of another particular diameter;
PAR  FIG. 10 is a view generally corresponding to FIG. 9, but showing the
      sheaves strung with ten lines;
PAR  FIG. 11 is another view generally corresponding to FIG. 9, but showing the
      sheaves strung with 12 lines;
PAR  FIG. 12 is a diagrammatic top plan of the crown block strung as in FIG. 9,
      and taken on the line 12--12 of FIG. 9;
PAR  FIg. 13 is a diagrammatic top plan of the crown block strung as in FIG. 10,
      and taken on the line 13--13 of FIG. 10; and
PAR  FIG. 14 is a diagrammatic top plan of the crown block strung as in FIG. 11,
      and taken on the line 14--4 of FIG. 11.
DETD
PAR  As seen in the drawings referring first to FIG. 1, the balanced hoist
      apparatus of the invention is shown as incorporated in a well drilling
      derrick D, the floor F of which may be on a floating vessel or barge for
      drilling wells, such as oil and gas wells, at offshore locations, where
      the vessel or barge is subject to motion caused by tide and wave action.
      The derrick has a drawworks DW adapted to pull in and pay out a cable or
      line L which is strung through a crown block C mounted on the water table
      W of the derrick and through a traveling block T from which depends a hook
      H adapted to support a load, such as a string of drill pipe, with the end
      of the line fixed to the derrick floor by an anchor or dead man A. When
      the line L is pulled in by the drawworks drum the hook H is elevated by
      the traveling block T, and conversely, when the line L is payed off by the
      drawworks drum, the hook H is lowered in the derrick. The line L which
      extends between the drawworks drum and the crown block is a "fast line"
      FL, and the line leading between the crown block and the anchor A is a
      "dead line" DL.
PAR  The crown block C as diagrammatically illustrated comprises a set or
      plurality of sheaves C1, C2, C3 and C4 mounted for rotation on a
      horizontal axis at one side of the crown block, and another set or
      plurality of sheaves C5, C6, C7 and C8 mounted for rotation on a
      horizontal axis at the other side of the crown block, as well as an
      intermediate crossover sheave C9 located between the sets of sheaves and
      on a horizontal axis at right angles to and spaced above the axes of the
      sheaves C1 through C8. Correspondingly, the traveling block T has at one
      side a set of sheaves T1, T2, T3 and T4 mounted for rotation on a
      horizontal axis at one side of the traveling block, and another set of
      sheaves T5, T6, T7 and T8 mounted for rotation on a horizontal axis at the
      other side of the traveling block. The line L is reaved about the selected
      sheaves of the crown block and about the selected sheaves of the traveling
      block, as will be later described.
PAR  As seen in FIG. 2, the traveling block has the set of sheaves T1 through T4
      mounted for rotation about a supporting shaft 10 which is suitably mounted
      in a left-hand supporting frame structure 11 including a vertical plate 12
      at the inner side of the sheaves, and correspondingly, the sheaves of the
      right-hand set of sheaves T5 through T8 are mounted on a shaft 14 carried
      by a right-hand supporting frame structure 15 including an inner
      supporting plate 16 which is disposed in laterally spaced relation to the
      plate 12. Extending horizontally between the plates 12 and 16 is an upper
      support member 17 and a lower support member 18 which interconnect the
      frame structures 11 and 15. Carried by the horizontal members 17 and 18 is
      the load supporting means including a motion compensating cylinder
      assembly comprising an elongated cylinder 19 extending upwardly above the
      top of the traveling block and extending downwardly between the plates 12
      and 16. Extending downwardly from the cylinder 19 is a piston rod 20 which
      is suitably connected at its lower end to the hook H in a well known
      manner not requiring illustration. The details of the motion compensating
      cylinder means are not germane to the present invention. Representative
      motion compensating means is more particularly disclosed in the aforesaid
      application for United States Letters Patent. As shown in that
      application, the motion compensator cylinder is mounted between the two
      side frame structures of the traveling block in a central location equally
      spaced from the sets of sheaves in the traveling block. In accordance with
      the present invention, the load supporting means, i.e., the cylinder 19
      and the piston rod 20 are off-set to one side of the center of the
      traveling block assembly so that the line L can be selectively strung
      about the crown and traveling block sheaves in such a manner, determined
      by the diameter of the sheaves and the number of lines which are to
      support the load, that the different forces applied to the respective
      traveling block sheaves do not cause an imbalance. Instead, the forces are
      substantially equalized about the center of gravity of the mass of the
      traveling block and load supporting motion compensating means.
PAR  The forces applied to the traveling block by the lines extending about the
      traveling block sheaves vary and are influenced by the following factors:
PA1  a. Static load
PA1  b. Dynamic (due to flexure of line)
PA1  c. Dynamic - acceleration
PAL  In the above case loads a and b are additive and their sign is always plus.
      Load c is additive but may be plus or minus depending on the direction of
      travel of the traveling block. In view of the above the spacing of the
      sheaves and the consequent reeving of the wire line is a matter of
      selecting the prevailing or morst significant operating mode.
PAR  As seen in FIG. 3, the line L is strung about the crown block and traveling
      block sheaves in the same manner generally seen in FIGS. 1 and 2, so that
      the load suspended by the load compensating means and the traveling block
      is supported by eight line runs extending between the crown block and
      traveling block. The manner in which the line is strung in FIG. 3 has been
      determined to produce the desired balancing result when the crown block
      and traveling block sheaves are 54 inches in diameter. In this form the
      fast line extends upwardly over the crown block sheave C2, downwardly
      about the traveling block sheave T2, thence upwardly and over the crown
      block sheave C3, and downwardly about the traveling block sheave T3, then
      upwardly about the crossover sheave C9 to the right-hand side of the crown
      block, downwardly about the inner traveling block sheave T5, upwardly over
      the crown block sheave C5, then downwardly about the traveling block
      sheave T6, upwardly about the crown block sheave C6, and then to the dead
      line anchor A. In this scheme, the load is supported by equal numbers of
      lines on sheaves T2 and T3, at the left-hand side of the load supporting
      means cylinder 19, and T5 and T6, at the right-hand side of the load
      supporting means cylinder 19, which are substantially equally laterally
      spaced from the center of the asymmetrically disposed load supporting
      means cylinder, so that the forces are substantially equalized about the
      center of gravity of the mass of the traveling block.
PAR  In order to minimize the fleet angle of the line running between the
      traveling block sheaves and the crossover sheave 9, the axes of the
      sheaves C1 through C4 and C5 through C8 are skewed in a horizontal plane,
      so that the plane of the respective crown block sheaves is not normal to
      the plane of the crossover sheave C9, but instead the crown block sheaves
      are at angles convergent in a direction away from the crossover sheave C9.
      In this form, with the apparatus strung with 8 lines between the traveling
      block and crown block sheaves, the axis A3 of the crossover sheave 9 is
      slightly off-set horizontally with respect to the center line of the
      motion compensating cylinder 19 in the direction of the right-hand set of
      crown block sheaves, as seen in FIG. 6, and the crossover sheave C9 is of
      a diameter such as to minimize fleet angle of the line, thereby minimizing
      line flexure.
PAR  As seen in FIGS. 4 and 7, the crown block and traveling block are strung
      with ten lines with the fast line FL extending upwardly over the next to
      the outermost crown block sheave C2, then around the next to the outermost
      traveling block sheave T2, and progressively about the next adjacent
      inwardly spaced sheaves C3, T3, C4 and T4, and then over the crossover
      sheave C9, downwardly to the next to the outermost traveling block sheave
      T7, then about the crown block sheave C7, the traveling block sheave T8,
      the crown block sheave C8, and then to the dead line anchor A. In this
      form with the line strung as just described, the axis A3 of the crossover
      sheave C9 is adjusted further to the right of the line intersecting the
      center of the motion compensating cylinder 19, as seen in FIG. 7, to
      minimize fleet angle and line flexure. In this scheme, with the load
      supported by ten lines, the lines are reeved first about the three
      innermost crown and traveling block sheaves, closest to the center of the
      load supporting means and from the crossover sheave about the two
      outermost crown block and traveling block sheaves most remote from the
      center of the load supporting means. Thus, as seen in FIG. 7, there is a
      difference in the moment arms at opposite sides of the center of the load
      supporting means cylinder 19 which tends to centralize or equalize the
      imbalanced forces about the center of gravity of the traveling block.
PAR  Referring to FIGS. 5 and 8, the 54 inch sheaves are shown as being strung
      with 12 load supporting lines between the crown block and traveling block
      sheaves, 6 lines being at each side of the load supporting compensating
      cylinder 19. In this form, the line L is strung about the three outermost
      crown block and traveling block sheaves at the left-hand side of the
      cylinder 19 which extend about the successive sheaves C1, T1, C2, T2, C3
      and T3, and over the crossover sheave C9 to the right-hand side of the
      cylinder 19, and then about the successive traveling block and crown block
      sheaves T5, C5, T6, C6, T7 and C7 nearest the center of the load
      supporting means and then to the anchor A. As seen in FIG. 8, in this
      form, where an equal number of lines are at each side of the crown block
      and traveling block sheaves, the axis A3 of the crossover sheave C9 is
      off-set to the right with respect to the center of the cylinder 19 to the
      same extent as it was off-set when the sheaves are strung with 8 lines, so
      as to minimize fleet angle and line flexure.
PAR  Referring to FIGS. 9 through 14, the traveling block and crown block
      sheaves of another specific size are shown as being strung respectively
      with 8 ines, 10 lines and 12 lines. In these views, the sheaves are
      representative of sheaves of a 60 inch diameter and the selected crossover
      sheave is of a 68 inch diameter.
PAR  As seen in FIGS. 9 and 12, the sheaves are strung with 8 lines, the line L
      being strung on the left-hand side about the two outermost sheaves of the
      crown and traveling blocks. It will be noted, however, that the fast line
      first extends about the crown block sheave C2, then about the traveling
      block sheave T2, to the outer crown block sheave C1, then about the outer
      traveling block sheave T1, and upwardly over the crossover sheave C9,
      downwardly about the traveling block sheave T7, upwardly about the crown
      block sheave C7, then downwardly and inwardly to the traveling block
      sheave T6, upwardly about the crown block sheave C6 and then to the anchor
      A. As seen in FIG. 12, the crossover sheave C9 substantially spans the
      distance between the outermost crown block sheaves C1 and C8, and the
      crossover sheave axis A3 is slightly off-set to the right of center of the
      cylinder 19. In addition, the axes of the sets of crossover sheaves are
      skewed in the opposite direction from the axis of the 54 inch sheaves
      previously described so that the crown block sheaves in this embodiment
      diverge with respect to the crossover sheave C9 to minimize fleet angle as
      is clearly illustrated in FIG. 12.
PAR  Referring to FIGS. 10 and 13, the 60 inch sheaves are shown as being strung
      with 10 lines between the crown and traveling blocks. At the left-hand
      side, six of the lines extend between the three innermost sheaves of the
      crown and traveling blocks, and at the right-hand side four of the lines
      extend about the outermost sheaves to substantially equalize the forces.
      In this scheme, the fast line FL first extends about the innermost crown
      block sheave C4, then progressively outwardly from the traveling block
      sheave T4 to the crown block sheaves C3, to the traveling block sheave T3,
      to the crown block sheave C2, to the traveling block sheave T2, and then
      upwardly over the crossover sheave C9, downwardly to the traveling block
      sheave T8, over the crown block sheave C8, then inwardly to the traveling
      block sheave T7 and to the crown block sheave C7 and then to the anchor A.
      Here again as seen in FIG. 13, since different numbers of lines are at the
      opposite sides of the center of the load, the axis A3 of the crossover
      sheave C9 is moved further to the right with respect to the center of the
      compensating cylinder 19 to minimize the fleet angle.
PAR  As seen in FIGS. 11 and 14, the 60 inch sheaves are strung with 12 lines.
      In this scheme, the lines are strung at the left-hand side about the three
      outermost crown and traveling block sheaves and at the right-hand side
      about the three innermost crown and traveling block sheaves. The fast line
      FL extends first about the innermost crown block sheave C3, progressively
      and outwardly about the traveling block sheave T3, to the crown block
      sheave C2, to the traveling block sheave T2, to the crown block sheave C1,
      to the traveling block sheave T1 and then upwardly over the crossover
      sheave C9 and to the traveling block sheave T7, then upwardly to the crown
      block sheave C7, downwardly about traveling block sheave T6, upwardly over
      the crown block sheave C6, downwardly about the traveling block sheave C5
      then upwardly over the crown block sheave C5, and then to the dead line
      anchor A. In this scheme, since the load is supported by an equal number
      of lines at opposite sides of the load the axis A3 of the crossover sheave
      C9 is set in the same relationship with respect to the cylinder 19 as was
      the case of the eight line string-up of FIGS. 9 and 12.
PAR  From the foregoing it will be apparent that the invention provides a
      balanced hoist apparatus of the type employing a split traveling block and
      load support assembly, wherein the load supporting means is off center and
      the crown and traveling block sheaves can be reeved in selected manners
      with different numbers of lines, so as to equalize the forces about the
      center of gravity of the mass of the traveling block and load supporting
      structure. While the cylinder 19 is a motion compensating cylinder it will
      also be appreciated that other load supporting means may be connected to
      the traveling block frame structure, so that the center of the load
      support is off-set.
CLMS
STM  I claim:
NUM  1.
PAR  1. In balanced hoist apparatus for raising and lowering a load in a
      derrick, crown block means at the top of the derrick and traveling block
      means, said block means comprising horizontally spaced sets of a plurality
      of crown block and traveling block sheaves at opposite sides of the center
      of said crown block means and said traveling block means, means supporting
      said sheaves for rotation about horizontal axes, said crown block means
      having a crossover sheave between its spaced sets of sheaves, and said
      traveling block means including frame means supporting said sets of
      sheaves of said traveling block means and having load supporting means
      supported by said frame means between its spaced sets of sheaves, said
      load supporting means being off-set to one side of the vertical center
      line of said traveling block means towards the set of sheaves at one side
      of said traveling block, drawworks means having a line extending
      therefrom, anchor means for the dead end of said line, said line being
      reeved from said drawworks about selected sheaves of the sets of sheaves
      at corresponding sides of said crown block means and traveling block
      means, about said crossover sheave and then about selected sheaves of the
      sets of sheaves at the corresponding other sides of said traveling block
      means and crown block means and supporting said traveling block means with
      the forces imposed on said traveling block means by said line
      substantially equalized about the center of gravity of the mass of said
      traveling block means and said load supporting means.
NUM  2.
PAR  2. In balanced hoist apparatus as defined in claim 1, said sets of sheaves
      of said crown block means being on horizontal axes skewed with respect to
      said crossover sheave to minimize fleet angle of said line.
NUM  3.
PAR  3. In balanced hoist apparatus as defined in claim 1, said sets of sheaves
      of said crown block means being on horizontal axes skewed with respect to
      said crossover sheave to minimize fleet angle of said line, and said
      crossover sheave being rotatable on a horizontal axis horizontally off-set
      with respect to the center of said stationary block means to minimize
      fleet angle.
NUM  4.
PAR  4. In balanced hoist apparatus as defined in claim 1, said line being
      reeved over equal numbers of said sets of sheaves of said crown block and
      traveling block means, with the line extending between sheaves of said
      crown block sheave sets and traveling block sheave sets at the near side
      of said load supporting means further spaced from the center of said
      traveling block means than the lines extending between sheaves of said
      crown block sheave sets and said traveling block sheave sets at the far
      side of said load supporting means.
NUM  5.
PAR  5. In balanced hoist apparatus as defined in claim 1, said line being
      reeved over equal numbers of said sets of sheaves of said crown block and
      traveling block means, with the line extending between sheaves of said
      crown block sheave sets and traveling block sheave sets at the near side
      of said load supporting means further spaced from the center of said
      traveling block means than the lines extending between sheaves of said
      crown block sheave sets and said traveling block sheave sets at the far
      side of said load supporting means, said line extending from said
      drawworks initially about said crown block sheave set and said traveling
      block sheave set at the near side of said load supporting means.
NUM  6.
PAR  6. In balanced hoist apparatus as defined in claim 1, said line being
      reeved over an odd number of sheaves of said sets of crown block and
      traveling block sheaves closest to said load supporting means at the near
      side of said load supporting means and being reeved over an even number of
      sheaves of said sets of crown block and traveling block sheaves farthest
      from said load supporting means at the far side of said load supporting
      means.
NUM  7.
PAR  7. In balanced hoist apparatus as defined in claim 1, said line being
      reeved over an odd number of sheaves of said sets of crown block and
      traveling block sheaves closest to said load supporting means at the near
      side of said load supporting means and being reeved over an even number of
      sheaves of said sets of crown block and traveling block sheaves farthest
      from said load supporting means at the far side of said load supporting
      means, said line extending from said drawworks initially about said crown
      block sheave set and said traveling block sheave set at the near side of
      said load supporting means.
NUM  8.
PAR  8. In balanced hoist apparatus as defined in claim 1, said line being
      reeved over equal numbers of said sets of sheaves of said crown block and
      traveling block means, with the line extending between sheaves of said
      crown block sheave sets and traveling block sheave sets at the near side
      of said load supporting means further spaced from the center of said
      traveling block means than the lines extending between sheaves of said
      crown block sheave sets and said traveling block sheave sets at the far
      side of said load supporting means, said sets of sheaves of said crown
      block means being on horizontal axes skewed with respect to said crossover
      sheave to minimize fleet angle of said line.
NUM  9.
PAR  9. In balanced hoist apparatus as defined in claim 1, said line being
      reeved over an odd number of sheaves of said sets of crown block and
      traveling block sheaves closest to said load supporting means at the near
      side of said load supporting means and being reeved over an even number of
      sheaves of said sets of crown block and traveling block sheaves farthest
      from said load supporting means at the far side of said load supporting
      means, said sets of sheaves of said crown block means being on horizontal
      axes skewed with respect to said crossover sheave to minimize fleet angle
      of said line.
NUM  10.
PAR  10. In balanced hoist apparatus as defined in claim 1, said line being
      reeved over equal numbers of said sets of sheaves of said crown block and
      traveling block means, with the line extending between sheaves of said
      crown block sheave sets and traveling block sheave sets at the near side
      of said load supporting means further spaced from the center of said
      traveling block means than the lines extending between sheaves of said
      crown block sheave sets and said traveling block sheave sets at the far
      side of said load supporting means, said sets of sheaves of said
      stationary block means being on horizontal axes skewed with respect to
      said crossover sheave to minimize fleet angle of said line, and said
      crossover sheave being rotatable on a horizontal axis horizontally off-set
      with respect to the center of said crown block means to minimize fleet
      angle.
NUM  11.
PAR  11. In balanced hoist apparatus as defined in claim 1, said line being
      reeved over an odd number of sheaves of said sets of crown block and
      traveling block sheaves closest to said load supporting means at the near
      side of said load supporting means and being reeved over an even number of
      sheaves of said sets of crown block and traveling block sheaves farthest
      from said load supporting means at the far side of said load supporting
      means, said sets of sheaves of said stationary block means being on
      horizontal axes skewed with respect to said crossover sheave to minimize
      fleet angle of said line, and said crossover sheave being rotatable on a
      horizontal axis horizontally off-set with respect to the center of said
      crown block means to minimize fleet angle.
NUM  12.
PAR  12. In balanced hoist apparatus as defined in claim 1, said load supporting
      means comprising an elongated cylinder extending vertically above said
      frame means.
NUM  13.
PAR  13. A traveling block for balanced hoist apparatus comprising a supporting
      frame structure, a set of a plurality of sheaves rotatably supported by
      said frame structure at one side of said supporting frame structure, a set
      of a plurality of sheaves by said frame structure at the being
      substantially spaced from the other of said plurality of sheaves and also
      being rotatably supported by said frame structure at the other side of
      said supporting frame structure, and load supporting means disposed
      between said sets of sheaves and carried by said frame structure in
      off-set relation to the center of said frame structure towards one of said
      sets of sheaves.
NUM  14.
PAR  14. A traveling block for balanced hoist apparatus comprising a supporting
      frame structure, a set of a plurality of sheaves rotatably supported at
      one side of said supporting frame structure, a set of a plurality of
      sheaves rotatably supported at the other side of said supporting frame
      structure, and load supporting means carried by said frame structure in
      off-set relation to the center of said frame structure towards one of said
      sets of sheaves, wherein said frame structure includes laterally spaced
      supporting members having shafts mounting the respective sets of sheaves,
      and transverse supporting means extending between and interconnecting said
      spaced supporting members, said load supporting means being carried by
      said transverse supporting means.
NUM  15.
PAR  15. A traveling block as defined in claim 14, said load supporting means
      including an elongated cylinder extending longitudinally beyond said frame
      structure.
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ABST
PAL  A sound damping curtain wall is disclosed having a plurality of generally
      parallel tubular damping elements arranged in side by side fashion. Each
      damping element is fabricated from thin flexible material and may include
      longitudinally extending corrugations. Each end of each damping element is
      provided with a recess having a cross-section that conforms to the
      cross-section of generally horizontally extending beams which are received
      therein. The beams are attached to generally vertical posts set in a
      suitable foundation. Each vertical post may be arranged inside a
      corresponding damping element. With the damping elements disposed between
      the generally horizontal beams and the vertical posts, each damping
      element is resiliently pressed against each adjacent damping element.
BSUM
PAR  The present invention relates to a sound damping curtain wall comprising a
      plurality of tubular parallel damping elements arranged side by side.
PAR  Such curtain walls are known for very special applications in acoustical
      damping for buildings, and are extremely heavy and unmanageable.
PAR  There is therefore a need for a more universally usable curtain wall, which
      is specially suited to placing along roads carrying heavy traffic going
      through densely built-up areas, but is also usable in other connections,
      e.g., large localities, and which can not only be arranged in a vertical
      position, but also in a sloping or even a horizontal position to obtain
      the best effect in different applications.
PAR  Such a curtain wall, has according to the invention, been obtained by the
      damping elements being formed with flexible walls and that the elements
      are joined together, preferably resiliently pressed against each other, by
      the use of attaching means extending along both the end portions of the
      elements, to which the end portions of the elements are connected. In
      principle, a curtain wall of this kind has double walls, between which a
      large volume of air is enclosed, which as is known creates good sound
      insulating properties. The curtain wall is furthermore easy to
      manufacture. Since the tubular damping elements have flexible walls, the
      appearance of cracks passing sound through thus being prevented in a
      simple manner.
PAR  The greatest and most important field of use for the curtain wall according
      to the invention is within traffic planning to protect housing areas from
      traffic noise from roads having heavy traffic. For this purpose the
      curtain wall according to the invention is suitably made so that the
      attaching means each comprises a beam arranged in recesses corresponding
      to the cross section of the beam, at the ends of the elements, said beams
      being rigidly connected to vertical posts set in a foundation. According
      to a preferred embodiment of the invention the tubular walls of the
      damping elements are longitudinally corrugated, so that the walls of the
      elements abutting each other will be in engagement with each other,
      whereby the damping elements are effectively prevented from movement
      between themselves. An especially attractive embodiment consists of the
      posts each being arranged inside a tubular damping element.
DRWD
PAR  The invention will now be described more closely in the following while
      referring to the attached drawing, on which
PAR  FIG. 1 diagrammatically and in perspective shows a curtain wall according
      to one embodiment of the invention set up along a road,
PAR  FIG. 2 is a plan view of a part of the curtain wall shown in FIG. 1,
PAR  FIG. 3 is a section along line III--III in FIG. 1 and,
PAR  FIG. 4 is a plan view of the terminating damping element in a curtain wall.
DETD
PAR  The curtain wall 1 shown on the drawing consists of a number of plastic
      coated steel sheet tubes 2, fastened between a lower beam 3 and an upper
      beam 4 which are fitted into recesses 5, 6 in the lower and upper ends
      respectively of tube 2. The beams 3 and 4 are attached by welding or by
      screws (not shown) into posts 7 which are cast into foundations 8 in the
      ground at equidistant intervals. The posts 7 are each situated within a
      tube 2 and are thus not visible from the outside.
PAR  Tubes 2 can for example be cylindrical as is shown for the sake of
      simplicity in FIG. 1, but are preferably longitudinally corrugated so that
      they thus have the cross section shown in FIG. 2 for example. As stated
      above, tubes 2 are resiliently attached between the outmost situated tubes
      of the curtain wall. To take up the compressive forces on the outmost
      situated tubes 2, these are, as is shown in FIG. 4, suitably provided with
      suitably fitted distance pieces 9, which are welded onto or otherwise
      attached between post 7 and tube 2, for providing the necessary
      compressive force. Such distance pieces can also be put in at intermediate
      posts where required.
PAR  The invention is naturally not limited to the embodiment shown on the
      drawing and described above, but can be modified in many ways within the
      scope of the invention defined by the claims. An exterior post
      construction can thus be alternatively used, as well as a cross section
      for the tubes 2 other than the one shown on the drawing. Instead of
      plastic coated steel sheet for tubes 2, plastic tubes or tubes from
      surface finished aluminium can be used for example.
CLMS
STM  We claim:
NUM  1.
PAR  1. A sound damping curtain wall comprising a plurality of separate
      substantially empty tubular parallel damping elements arranged side by
      side being operable to acoustically damp sound, each damping element
      having flexible walls and two end portions with recesses, means for
      resiliently pressing the damping elements laterally against each other
      including a pair of spaced-apart generally vertical posts, connecting
      means extending along and operably received by the recesses of the damping
      elements and attached to the generally vertical posts.
NUM  2.
PAR  2. A curtain wall according to claim 1, wherein the connecting means
      includes a beam, wherein the recesses correspond to the cross section of
      the beams and are located in the ends of the damping element, and wherein
      the beams are fixedly attached to vertical posts set in a foundation.
NUM  3.
PAR  3. A curtain wall according to claim 1, wherein the walls of the tubular
      damping elements are longitudinally corrugated and the corrugations of the
      walls in adjacent elements are in engagement with each other.
NUM  4.
PAR  4. A curtain wall according to claim 3, wherein the posts are each arranged
      inside its tubular damping element.
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ABST
PAL  A mixing device for mixing two or more, preferably liquid, components to
      form a synthetic, e.g. cell forming, material prior to molding, in which
      the components are directed into a mixing chamber at an angle to one
      another. The side of the chamber remote from the nozzle is tapered, so
      that the point of intersection of the axis of the nozzle lies within the
      chamber and the components thus mix with one another before striking the
      opposite wall.
BSUM
PAR  The invention relates to a mixing device for mixing a plurality of
      components e.g. two components, to form a synthetic material, such as a
      cell-forming material, prior to a shape-imparting process.
PAR  One form of such a device is described in German Offenlegungschrift No.
      2,112,535 in which the nozzles are arranged at a mutual angle of, for
      example, 60.degree. and offers considerable advantages over the mixing of
      the components which are to be processed and to form the synthetic
      material, realised by the principle of counter-current injection in
      another known mixing device having the same purpose. Apart from the risk
      of turbulence and the impairment of structure resulting therefrom, which
      risk is connected with the countercurrent injection, the mixing effect can
      be easily impaired by impurities and other influences effective in the
      sense of diverting the jets. The mixing device of the abovementioned
      Offenlegungsschrift does not suffer from these defects. But as a result of
      the experience gained in practice with this mixing device it appears to be
      desirable to improve it in various respects.
PAR  According to the present invention, there is provided a mixing device for
      mixing a plurality of components to provide a synthetic material, prior to
      a shape-imparting process, such device comprising a mixing chamber, a
      plurality of nozzles, for feeding the components into the mixing chamber,
      the nozzles being arranged so that their axes intersect at an angle, the
      point of intersection of said axes lying within the mixing chamber, and an
      outlet from said mixing chamber to conduct away the resulting synthetic
      material.
PAR  With such a construction it is possible to improve the mixing of the
      individual components, Secondly, it is possible to prevent the not yet
      mixed components depositing on the wall of the mixing chamber so that
      there is no necessity to clean the mixing device periodically.
PAR  In Offenlegungsschrift No. 2,112,535 the wall sections situated in jet
      direction form an obtuse angle between them, and are so arranged that the
      jets of material exiting from the nozzles impinge on the wall of the
      mixing chamber before they are mixed. At the points of impact films of
      liquid of the individual components are formed which, because of the
      inclination of the wall sections, flow towards one another and are then
      mixed.
PAR  In accordance with the invention, the mixing chamber extends beyond the
      intersection of the axes of the nozzle bores.
PAR  In order to nevertheless keep the volume of the mixing chamber as small as
      possible the region of the mixing chamber remote from the nozzle may
      constantly taper away from the nozzles. In this context it proves
      desirable for this region of the mixing chamber space to have a
      cross-sectional area lying in the plane of the nozzle axes when there are
      two nozzles, which area has the configuration of an isosceles triangle
      with its apex situated remote from the nozzles, the angle at the apex of
      the triangle corresponding to the angle between the nozzle axes. This
      angle advantageously lies between 50.degree. and 70.degree. , preferably
      at about 60.degree.. From the point of view of keeping the mixing chamber
      space small it is furthermore advantageous for the apex of the triangular
      cross-sectional area to be situated directly along the bisector of the
      axes of the nozzles.
PAR  In contrast to the conditions prevailing in the mixing chamber described in
      Offenlegungsschrift No. 2,112,535 the kinetic energy of the jets of
      material is fully or optimally utilised for mixing the components in the
      mixing chamber according to the invention. The invention effectively
      prevents not yet mixed components depositing on the wall of the mixing
      chamber, because the walls forming the side of the mixing chamber remote
      from the nozzles is very much more steeply inclined, as compared to the
      known mixing chamber. Any deviation of the jets from the axial direction
      of the nozzle bore, such as can result from impurities present in the
      material for example, is not accompanied in the mixing chamber by a
      significant reduction of the mixing effect, since an intersection of the
      jets can be formed in any event.
PAR  It is clear that with respect to the rest of the construction which has not
      been described in detail above, the mixing device according to the
      invention can conform to that described in the Offenlegungsschrift No.
      2,112,535 and can also be combined with the sprue device or feedhead
      described in detail therein. This especially applies to the design and
      actuation of the jet needles and to the mutual adaption of the mixing and
      sprue devices.
DRWD
PAR  In order that the invention will be fully understood, the following
      description is given, by way of example only, reference being made to the
      accompanying drawings, in which:
PAR  FIG. 1 is a vertical section through one embodiment of mixing device,
      according to the invention;
PAR  FIG. 2 shows on an enlarged scale essentially only that section of the
      device of FIG. 1 which embraces the mixing chamber, the collection space
      and the nozzle bore; and
PAR  FIG. 3 is a section taken along the line III--III of FIG. 2.
DETD
PAR  The mixing device shown in FIG. 1 is secured in known manner (cf. for
      exaple Offenlegungsschrift No. 2,112,535) to the moulding tool of an
      injection moulding machine. The liquid components which, by chemical
      reaction in the mould, form the synthetic material to be processed are fed
      to the mixing device via the lines 1 and 2 respectively, under pressure.
      They pass thence into the nozzle bodies, generally designated by the
      numerals 3 and 4 respectively, which advantageously lie in a common plane
      and are so arranged relative to one another that their axes form an angle.
      In the individual case this angle is so dimensioned that, despite the
      requirement stipulated by the invention that the mixing chamber space
      extend to beyond the intersection of the axes of the nozzle bores, the
      volume of the mixing chamber, generally designated by the numeral 5, is
      kept as small as possible. In the exemplary embodiment illustrated in the
      drawing this angle amounts to about 65.degree..
PAR  The mixing chamber 5 is formed of a first mixing space 5" and a second
      mixing space 5' which lie one above the other, the base planes of which
      face one another, and which in the plane of the axes a, b of the nozzle
      bodies have a cross-sectional area having the shape of an isosceles
      triangle. Thus the mixing spaces 5', 5" may be of conical or ridge-shaped
      form. In the embodiment illustrated, the base plane of the upper space 5"
      is larger than that of the lower space 5', so that the upper space 5"
      extends laterally beyond the lower space 5'. In the region of the
      resulting overlapping portion, there is located the outlet 6 for the
      liquid mixture formed in the chamber 5 to an annularly formed collection
      space 7 communicating with a sprue runner 8 (FIG. 3). The structural
      component 9 which accomodates the lower space 5' of the mixing chamber and
      the collection space 7 has the sprue runner formed therein. The upper
      space 5" of the mixing chamber and the remaining parts of the mixing
      device, especially the nozzle bodies and the arrangements necessary for
      driving and controlling the nozzle needles 10, 11, are situated in the
      structural component generally designated by the reference numeral 12.
      Thus the collection space 7 and the lower space 5' are formed as recesses
      in the upper face of the component 9 and the upper conical mixing space 5"
      is formed as a recess in the lower face of the structural component 12,
      these faces lying on the section line III--III traced in FIG. 2.
PAR  As can best be seen in FIG. 2 the lower conical space 5', of the mixing
      chamber extends sufficiently far downwardly or into the structural
      component 9 that the axes a and b of the nozzle bores 13, 14 still
      intersect within the mixing chamber (cf. intersection c). In order
      nevertheless to keep the volume of the mixing chamber as small as
      possible, the lowest point of the mixing chamber should be located only a
      little below the intersection c. So that as narrowly defined as possible a
      mixing zone should be formed at this intersection the aperture angle
      .beta. of the conically or frustoconically formed sections 13', 14' is
      kept as small as possible (the lower limit of the angle is chosen to
      prevent congestion), so that the jets of material issuing from the nozzles
      into the mixing chamber fan out as little as possible and a substantially
      laminar flow characteristic can develop in the jets of material. In the
      illustration of FIG. 2 the abovementioned angle .beta. amounts to about
      20.degree.. It is further apparent from FIG. 2 that the angle .alpha.
      between the nozzle axes a and b corresponds to the angle .alpha. at the
      bottom of the mixing chamber space 5'.
PAR  For the purpose of varying or setting the exit cross-sections of the jets
      into the mixing chamber 5 there is provided a continuously adjustable stop
      for the stroke of the nozzle needles 10 and 11 in the nozzle bodies 3, 4.
      Depending on the opening stroke there thus results a more or less large
      cross-sectional area of the conical gaps formed by the frustoconically
      designed sections 13', 14' of the nozzle bores 13, 14. By virtue of this
      setting arrangement, it is thus possible to adapt, in a simple manner, the
      exit pulses of the jets to the various delivery quantities and densities
      of the respective mixture components being used. It is possible to
      envisage a mechanical-electrical, mechanical-pneumatic or
      mechanical-hydraulic system for the respective setting of the respective
      cross-sectional area of the jet exit. In FIG. 1 there is employed, by way
      of example, a hydraulically actuated rocker arm system in which two rocker
      arms 15, 16 are pivotably mounted, at 17 and 18 respectively, on the
      substantially ridge-shaped surface of the structural component 12. The
      rocker arm 15 is then connected with the nozzle needle 10 of the nozzle
      body 3 via a plunger 19 while the other rocker arm 16 acts on the nozzle
      needle 11 of the nozzle body 4 via a plunger 20. The rocker arms 15, 16,
      and thus also the plungers 19, 20 and the needles 10, 11, are actuated by
      means of a piston 21 which is guided for vertical displacement in the
      structural component 12 of the mixing device, and can be pressurised via a
      line 22. Any quantities of mixture components which may leak back can be
      discharged via the lines 23, 24 from which they pass into the collecting
      vessels 25, 26.
PAR  The operating sequence of a working cycle is as follows:
PAR  Metering pumps (not shown) begin to feed and build up the pressure which is
      set at the pressure valve in the line system via the feed lines 1, 2 as
      far as the nozzle bores 13, 14. At this time the nozzle bores are still
      closed by the nozzle needles 10, 11. This is caused by the piston 21 being
      pressurised via the line 22 whereby the nozzle needles are sealingly urged
      against the nozzle bore sections 13', 14' via the rocker arms 15, 16 and
      the plungers 19, 20, During this phase the mixing chamber 5 is in open
      communication with the cavity of the moulding tool via the collection
      space 7 and the sprue runner 8. The shut-off slide valve (not shown)
      arranged in this line system is at this time, in its open position.
PAR  When the desired pressure of the individual components, has been built up
      in the pressure lines, the piston 21 is depressurised by a specific amount
      which can be set. Since both rocker arms 15, 16 are actuated by the piston
      21 the nozzle needles 10, 11 are opened simultaneously to the contemplated
      terminal position stroke by the pressure of the components. By virtue of
      the liquid components, flowing out of the nozzle bores 13, 14 into the
      mixing chamber 5 there now begins the actual mixing process which is
      advantageously limited by a timing circuit. The liquid mixture passes from
      the mixing chamber 5, via the collection passage 7 and the sprue runner 8,
      into the mould cavity. When the contemplated quantity of material is in
      the mould cavity, i.e., after the mixing and metering time has expired,
      then the shut-off slide valve is brought into its closing position while
      the nozzle needles 10, 11 of the nozzle bodies 3, 4 synchronously close.
      The metering pumps are also switched off at this moment and then relieved
      of pressure together with all material supply lines between the pumps and
      the mixing device.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mixing device for mixing a plurality of components to provide a
      synthetic material, prior to a shape-imparting process, said device
      comprising a mixing chamber having chamber walls, a plurality of nozzles
      for feeding the components into the mixing chamber, said mixing chamber
      comprising a portion remote from and tapering away from said nozzles and
      the chamber walls of said portion intersecting at the lowest point of the
      mixing chamber, the nozzles being arranged so that their axes intersect at
      an angle, the point of intersection of said axes lying within the mixing
      chamber whereby jets ejected from said nozzles impinge upon one another
      immediately above said lowest point of the mixing chamber, and an outlet
      from said mixing chamber to conduct away the resulting synthetic material.
NUM  2.
PAR  2. A mixing device as claimed in claim 1, wherein the nozzles each include
      coaxially tapering portions, whereby the jets of each of said components
      have a substantially laminar flow downstream of said nozzles.
NUM  3.
PAR  3. A mixing device as claimed in claim 2, wherein the apex angle of said
      conically tapering portions is between 15.degree. and 20.degree..
NUM  4.
PAR  4. A mixing device for mixing a plurality of components to provide a
      synthetic material, prior to a shape-imparting process, said device
      comprising a mixing chamber, a plurality of nozzles, for feeding the
      components into the mixing chamber, said mixing chamber comprising a first
      mixing space into which said nozzles open and a second mixing space remote
      from said nozzles, said second mixing space constantly tapering away from
      said nozzles, the nozzles being arranged so that their axes intersect at
      an angle, the point of intersection of said axes lying within the mixing
      chamber, and an outlet from said mixing chamber to conduct away the
      resulting synthetic material.
NUM  5.
PAR  5. A mixing device as claimed in claim 4, wherein there are two nozzles and
      the second mixing space has an isosceles triangle cross-section, lying in
      the plane of the axes of the nozzles, with the apex of the isosceles
      triangle lying on the side of the point of intersection of said axes
      remote from the first mixing space, and the angle at said apex being
      substantially equal to the angle between the nozzle axes.
NUM  6.
PAR  6. A mixing device as claimed in claim 5, wherein the apex of the isosceles
      triangle lies on the bisector of the angle between the nozzle axes.
NUM  7.
PAR  7. A mixing device as claimed in claim 4, wherein said outlet comprises an
      annular collecting space surrounding the second mixing space and opening
      into first mixing space and a sprue runner leading from said annular
      collecting space.
NUM  8.
PAR  8. A mixing device as claimed in claim 7, wherein the first mixing space
      extends laterally beyond the second mixing space, to enable the collecting
      space to open into the first mixing space.
NUM  9.
PAR  9. A mixing device as claimed in claim 8, wherein said mixing chamber
      comprises first and second structural parts, said first mixing space being
      formed as a recess in a face of said first structural part and said second
      mixing space and said annular collecting space being formed as recesses in
      an abutting face of said second structural part.
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ABST
PAL  A gravity blender that discharges particulate material into a pressurized
      conveying system is provided with a conduit to substantially alleviate
      differential pressures between the blend chamber and the interior of the
      blender supply bin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to gravity blenders and more particularly
      to improvements for gravity blenders which are connected to pressurized
      discharge systems.
PAR  In the past, it has been known to connect a gravity blender with a
      pressurized discharge system such as a fluid current conveyor. Fluid
      current conveyors quickly and efficiently move blended particulate
      material from the blender, where the material may be stored, to other
      areas of a plant for use or other processing.
PAR  Typically, the gravity blender includes an elongated bin having several
      conduits therein that convey particulate material downwardly from selected
      regions of the bin under the influence of gravity. These conduits normally
      discharge particulate material into a blending zone where the material is
      intermixed.
PAR  In applications where the blending zone empties particulate material into a
      pressurized discharge system, a pressure differential often occurs between
      the interior of the bin and the blending zone. Such pressure differentials
      are undesirable since they may cause pressure-induced holdup of the
      particulate material. The holdup results from a resistance to downward
      gravity-induced movement of particulate material which is generated by a
      high pressure from below that is opposed by a lower pressure from above.
PAR  In gravity blender applications where the discharge zone does not empty
      into a pressurized discharge system, a pressure-induced material holdup
      can also result simply from the displacement of particulate material from
      a closed bin. As particulate material leaves the bin the volume available
      to air trapped therein increases and causes a sub-atmospheric internal
      pressure. Thus material flowing by gravity from a closed bin to
      atmospheric pressure again may be resisted by a pressure differential.
PAR  The pressure-induced product holdup leads to intermittent or unsteady flow
      from the blender which makes volumetric flow rates from the blender
      difficult to accurately predict and control.
PAR  Further, with many finely divided particulate materials that are gravity
      blended and discharged to atmospheric systems, undesirable quantities of
      dust may escape causing both waste and pollution.
PAR  As a consequence, it would be desirable to have a gravity blender
      substantially free from the above undesirable characteristics. It is to be
      noted however, that indiscriminate positioning of apparatus within a
      gravity blender may result in substantially adverse effects on the
      operation thereof. Accordingly, this invention relates to a method and
      apparatus for solving the problems in a direct and efficient manner.
PAC  OBJECTS AND BRIEF SUMMARY OF THE INVENTION
PAR  A general object of this invention is to provide a novel gravity blender
      which substantially minimizes or reduces problems of the type mentioned
      above.
PAR  It is a particular object to provide a novel gravity blender having
      apparatus which eliminates pressure-induced product holdup in gravity
      blenders connected to a pressurized discharge system.
PAR  It is another object of this invention to provide a novel gravity blender
      in which pressure-induced flow irregularities are substantially reduced.
PAR  Still another object of this invention is to provide a gravity blender in
      which dust from the particulate material is recycled to the gravity
      blender bin by entrainment with pressure differential induced air flow.
PAR  Yet another object is to provide a novel gravity blender in which
      pressure-induced material holdup is eliminated with apparatus that may be
      readily and inexpensively incorporated in a gravity blender without major
      structural modifications.
PAR  Yet still another object is to provide a novel gravity blender wherein the
      volumetric rate of discharge is capable of consistently accurate
      determination.
PAR  These and many other objects will become apparent to those skilled in the
      art when the appended claims are considered in light of the detailed
      description and the drawings.
PAR  At least some of the foregoing objects are accomplished by a gravity
      blender comprising a bin and a pressurized discharge chamber having at
      least one hollow conduit to connect the blend chamber and the top of the
      bin for relief of pressure differences therebetween.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Although the specification concludes with claims which particularly point
      out and distinctly claim the subject described in the following detailed
      description which may be best understood when read in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is an elevational view in partial section of a gravity blender
      incorporating the instant invention;
PAR  FIG. 2 is a cross sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross sectional view taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is a partial cross sectional view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a cross sectional view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a pictorial representation of the vent opening of the present
      invention; and
PAR  FIG. 7 is a slightly modified illustration similar to FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, a gravity blender 20 is depicted as including a generally
      vertical bin, or container, 22 which discharges particulate material into
      a discharge zone, or blend chamber, 24 that is located vertically below
      the bin 22. The discharge zone 24 in turn is connected to a pressurized
      discharge system 26 which conveys blended particulate material for further
      use or processing.
PAR  The bin 22 may be provided with a generally conical top 28 which is
      securely attached to a circularly cylindrical wall 30 having a generally
      vertical orientation. Attached to the bottom of the cylindrical wall 30 is
      a generally conical bottom 32. The vertex of the conical bottom 32 is
      provided with a central opening 34 from which some particulate material
      may be removed from the bin 22.
PAR  The bin 22 defines a bin chamber 23 which includes an inverted chamber cone
      36 for directing particulate material while flowing downwardly from the
      bin 22 under the influence of gravity. The chamber cone 36 includes a
      bottom edge 38 and is coaxially positioned with respect to the conical
      bottom 32 of the bin 22. The bottom edge 38 of the chamber cone 36 and the
      sloping internal wall of the conical bottom 32 define an annular space 40
      therebetween.
PAR  Disposed within the bin chamber 23 are a plurality of peripheral downcomers
      42 and a plurality of central downcomers 44. Each of the downcomers 42, 44
      is provided with at least one lateral opening 43 in the bin chamber 23
      which admits particulate material from the bin chamber 23 and to convey it
      downwardly to the discharge zone 24. The lateral openings 43 of the
      downcomers 42, 44 are positioned such that particulate material is
      withdrawn from selected vertical and radial regions of the bin chamber 23.
PAR  The peripheral downcomers 42 are generally equiangularly spaced around the
      periphery of the cylindrical wall 30 of bin 22 as may be clearly seen from
      FIG. 2. Returning to FIG. 1, the top end 46 of each peripheral downcomer
      42 may be provided with a cap 48 threadably connected thereto in airtight
      relationship. Similarly, the top end 50 of each of the central downcomers
      44 may be provided with a cap 52 threadably connected thereto in airtight
      relationship. As most clearly seen from FIG. 1, the top end 46 of each of
      the peripheral downcomers 42 and the top end 50 of each of the central
      downcomers 44 projects through the conical top 28 of the bin 22. By
      permitting the downcomers 42, 44 to project through the conical top 28,
      the downcomers may be both positioned and supported at their top end by
      the conical top 28.
PAR  The conical top 28 also includes a filler opening 54 through which the bin
      chamber 23 may be filled with particulate material. The filler opening 54
      is provided with a cap 56 which may be secured thereto in airtight
      relationship.
PAR  Toward the bottom end of the central downcomers 44 a plurality of generally
      radial chamber cone supports 58 may be provided to position the chamber
      cone 36 with respect to the gravity blender bin 22 (see FIG. 2).
      Alternately, the chamber cone 36 may be supported directly by members that
      are attached to the interior of conical bottom 32.
PAR  The peripheral downcomers 42 and the central downcomers 44 are arranged
      within the chamber 23 such that their lower ends are interdigitated (see
      FIG. 2) and are positioned generally equiangularly within the annular
      space 40 to permit a generally uniform, but minimal, obstruction to the
      flow of particulate material through the annular space 40. The lower end
      60 of each of the downcomers 42, 44 projects through the conical bottom 32
      of the bin and extends into the discharge zone 24 (see FIG. 1 and 3).
      Accordingly, the central downcomers 44 are primarily positioned and
      retained in the chamber 23 by their connections with the conical top 28
      and the conical bottom 32 of the bin 22. The peripheral downcomers 42,
      likewise may be positioned and retained by their respective connections to
      the conical top 28 and the conical bottom 32, but may also be provided
      with additional supports 61 that are attached to the inside of cylindrical
      wall 30 (see FIG. 2).
PAR  Returning to FIG. 1, the discharge zone 24 is defined partially by a
      generally cylindrical wall 62 which depends downwardly from the conical
      bottom 32 of the bin and partially by a frustoconical bottom 64 which is
      attached to the bottom of cylindrical wall 62. The frustoconical bottom
      includes a discharge opening 66 at the lowermost end thereof. Coaxially
      disposed within the frustoconical bottom 64 is an inverted cone 68 which
      is supported relative to the frustoconical bottom 64 by a plurality of
      generally radially disposed cone supports 70. The apex of cone 68 is
      disposed adjacent the bottom opening 34 of bin 22 to uniformly spread
      particulate material flowing therethrough.
PAR  The discharge opening 66 may be connected to the pressurized discharge
      system 26 such as a fluid current conveyor which may comprise, for
      example, a pump 72 to supply a pressurized fluid current to a conduit 74
      with which the discharge opening 66 communicates. The pressurized fluid
      current flowing through the conduit 74 is suitable to convey blended
      particulate material from the discharge opening 66 to subsequent
      processing or use at a remote area schematically illustrated as 76.
PAR  The pressurized fluid in conduit 74 creates an internal pressure in the
      blend chamber 24 that exceeds the internal pressure of bin 22. In some
      applications, the blend chamber 24 may be pressurized directly by
      connection to pressurized processing apparatus. Where the blend chamber
      has a pressure which exceeds the pressure of the bin chamber 23, a
      pressure differential force results which opposes gravity movement of
      particulate material from the bin chamber 23 through the downcomers 42, 44
      and the bottom opening 34 into the blend chamber 24.
PAR  In accordance with the subject invention, this pressure differential force
      is obviated by pressure equalization means comprising a conduit 78 as best
      illustrated in FIG. 4. Among other alternatives, a hollow member such as a
      vent tube might also be used.
PAR  The conduit 78 is connected to both the chamber 23 of bin 22 and the
      discharge zone 24. The top end of the conduit 78 projects through the
      conical top 28 of bin 22 and is provided with a threadably secured cap 82
      which makes a preferably airtight connection. The bottom end 84 of the
      conduit 78 is open and projects through the cylindrical wall 62 of the
      discharge zone 24. The conduit 78 passes through the generally conical
      bottom 32 of bin 22 intermediate the ends of the conduit.
PAR  In the embodiment illustrated in FIG. 4, the conduit 78 passes through the
      conical bottom 32 at an opening 83 provided therefor adjacent to the
      cylindrical wall 30 of the bin 22. This construction is preferable in
      applications where it is highly desirable to provide the least obstruction
      to the flow of particulate material within the blend chamber 23. Where the
      movement of particulate material is not so critical, the conduit 78 may
      pass through the conical wall 32 at a point positioned closer to the
      discharge zone 24 according to an alternate embodiment of the invention as
      illustrated in FIG. 7.
PAR  To provide communication between the top of the bin chamber 23 and the
      discharge zone 24, the conduit 78 includes a notched opening 86 as
      illustrated in FIG. 4. From FIG. 5 it will be apparent that the notch 86
      does not completely sever the conduit 78 although it does provide fluid
      communication between the interior of the conduit 78 and the bin 23. In
      FIG. 6, the shape of the opening is illustrated isometrically as being
      formed by two intersecting planes 88 which cut through the cylindrical
      wall of the conduit 78.
PAR  The conduit 78 may be attached to the cylindrical wall 30 of the bin 22 and
      to the conical bottom 32 by means of a plurality of supports 85. The
      supports 85 give a secure and rigid connection which may easily be made.
      Where the conduit 78 is fabricated from a pipe, it is apparent that an
      inexpensive means of rendering pressure differential forces ineffective
      may be obtained which is easily adapted to existing gravity blenders.
PAR  In operation, the bin chamber 23 is filled with particulate material
      through the filler opening 54 in the conical top 28 of the bin 22. The
      particulate materials is collected into a plurality of discrete streams in
      the downcomers 42, 44 through the openings therein. The streams are
      conveyed downwardly under the influence of gravity through the
      peripherally disposed downcomers 42 and the centrally disposed downcomers
      44 through the spaced openings 43 provided therefor. A portion of the
      particulate material also passes downwardly under the influence of gravity
      through the annular space defined between the conical bottom 32 and the
      chamber cone 36. The particulate material is discharged into the blend
      chamber 24 from the lower ends 60 of the downcomers 42, 44 and from the
      bottom opening 34 of the conical bottom 32 of the bin 22. The blend
      chamber 24 is pressurized relative to the bin chamber 23 by connecting the
      blend chamber 24 to a pressurized discharge system 26 or from the
      expansion of air or gas within a closed bin chamber 23 to fill the space
      caused by gravity removal of particulate material.
PAR  The discharged particulate material is thereupon blended and intermixed
      while moving downwardly around the inverted cone 68 within the
      frustoconical portion 64 of the blend chamber 24. The blended particulate
      material is subsequently discharged from the discharge opening 66 into the
      pressurized discharge system 26. Alternatively, the blended particulate
      material could be discharged into a conveying system which operates at
      substantially atmospheric pressure.
PAR  While the particulate material moves from the bin chamber 23 to the
      discharge opening 66, the pressure differential forces opposing
      gravitational movement are relieved by venting the blend chamber 24 to the
      top of the bin chamber. The conduit 78 which communicates between the top
      of the blend chamber 90 and the top of the bin chamber 23 permits fluid
      communication therebetween that results in substantially similar internal
      pressures to minimize or eliminate the pressure differential forces.
PAR  Where the gravity blender bin 22 is not vented to the atmosphere and where
      the blender discharges to the atmosphere, a flow of air from the blend
      chamber 24 to the top of the chamber 23 will result from the discharge of
      particulate material. With particulate material that has fine, dust-like,
      components, the flow of air is useful to synergistically entrain a portion
      of the fine components and recycle them to the bin chamber 23 thereby
      reducing loss of material and atmospheric pollution.
PAC  SUMMARY OF MAJOR ADVANTAGES
PAR  It will now be apparent to those skilled in the art that the gravity
      blender according to this invention includes pressure equalization means
      which substantially eliminates pressure holdup of particulate materials
      discharged into a pressurized discharge system.
PAR  In addition, any gravity flow irregularities which might otherwise be
      present, are substantially reduced or eliminated as a result of the
      elimination of the pressure holdup.
PAR  Yet another advantage of this invention is a gravity blender which may be
      connected to a pressurized discharge system and still permit accurate
      volumetric flow rate determination.
PAR  Still another advantage of a gravity blender according to this invention is
      that the pressure equalization means presents a minimal obstruction to the
      conventional operation of a gravity blender.
PAR  Another feature of the gravity blender of this invention is that the vent
      means may be constructed from inexpensive materials and may be readily
      incorporated into existing gravity blenders without major structural
      modifications.
PAR  Thus it is apparent that there has been provided in accordance with the
      invention, a gravity blender that substantially satisfied the objects and
      advantages set forth above. Although the present invention has been
      described in conjunction with a specific embodiment thereof, it is evident
      that many alternatives, modifications, variations and equivalents will be
      apparent to those skilled in the art in light of the foregoing disclosure
      of the invention. Accordingly, it is expressly intended that all such
      alternatives, modifications, variations and equivalents which fall within
      the spirit and scope of the invention as defined by the appended claims be
      embraced thereby.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gravity blender for particulate materials comprising:
PA1  a container for the particulate materials, said container having a
      container wall and a closed top;
PA1  a plurality of conduits disposed substantially within said container and
      operable to convey particulate materials downward under the influence of
      gravity, each of said conduits having one end projecting downwardly
      through said container wall and each of said conduits being provided with
      at least one lateral opening operable to receive particulate materials
      from said container;
PA1  a blending chamber operable to receive particulate material from said
      projecting one ends of said plurality of particulate material conveying
      conduits, with
PA2  said projecting one ends of said plurality of particulate material
      conveying conduits projecting into a blending zone contained within the
      interior of said blending chamber and having material outlets operable to
      discharge particulate material thereinto, and
PA2  said blending zone being pressurized;
PA1  a pressurized discharge opening disposed below, and in fluid communicating
      relation with, said blending zone;
PA1  pressurized conveying means connected to said discharge opening for
      receiving particulate material therefrom; said pressurized blending zone,
      pressurized discharge opening, and pressurized conveying means being in
      mutual, fluid communicating relation;
PA1  said pressurized conveying means being operable to convey particulate
      material away from said pressurized discharge opening and transmit
      pressurized, particulate material conveying fluid therethrough operable to
      pressurize said pressurized discharge opening and said pressurized
      blending zone; and
PA1  pressure equalization means for relieving pressure differences between said
      blending zone and said container which oppose gravity movement of
      particulate materials through said plurality of particulate material
      conveying conduits;
PA1  said pressure equalization means being separate from and operationally
      independent of said plurality of particulate material conveying conduits
      and including
PA2  first opening means, separate from and independent of said plurality of
      particulate material conveying conduits, and communicating with a cavity
      located adjacent said closed top of said container and above a body of
      particulate material contained within said container, with downward
      movement of said body of particulate material, through said plurality of
      particulate material conveying conduits being operable, but for the
      operation of said pressure equalization means, to reduce the pressure of
      fluid in said cavity,
PA2  second opening means, separate from and independent of said plurality of
      particulate material conveying conduits, and communicating with said
      blending zone above said outlets of said first ends of said plurality of
      particulate material conveying conduits, and
PA2  pressure equalizing conduit means, separate from and independent of said
      plurality of particulate material conveying conduits, and providing
      continuous pressure equalizing communication between said first and second
      opening means with said continuous pressure equalizing communication being
      operable to release pressure differences between said blending zone and
      said cavity located above said body of particulate material.
NUM  2.
PAR  2. A method of gravity blending particulate materials, said method
      comprising:
PA1  providing a container for particulate materials, said container having a
      container wall and a closed top;
PA1  providing a plurality of conduits disposed substantially within said
      container and operable to convey particulate materials downward under the
      influence of gravity, with each of said conduits having one end projecting
      downwardly through said container wall and each of said conduits being
      provided with at least one lateral opening operable to receive particulate
      materials from said container; providing a blending chamber operable to
      receive particulate material from said projecting one ends of said
      plurality of particulate material conveying conduits, with
PA2  said projecting one ends of said plurality of particulate material
      conveying conduits projecting into a blending zone contained within the
      interior of said blending chamber and having material outlets operable to
      discharge particulate material thereinto, and
PA2  said blending zone being pressurized;
PA1  providing a pressurized discharge opening disposed below, and in fluid
      communicating relation with, said blending zone;
PA1  providing pressurized conveying means connected to said discharge opening
      for receiving particulate material therefrom;
PA1  maintaining said pressurized blending zone, pressurized discharge opening,
      and pressurized conveying means being in mutual, fluid communicating
      relation; causing said pressurized conveying means to convey particulate
      material away from said pressurized discharge opening and transmit
      pressurized, particulate material conveying fluid therethrough operable to
      pressurize said pressurized discharge opening and said pressurized
      blending zone; and
PA1  providing pressure equalization means for relieving pressure differences
      between said blending zone and said container which oppose gravity
      movement of particulate materials through said plurality of particulate
      material conveying conduits;
PA1  maintaining said pressure equalization means separate from and
      operationally independent of said plurality of pariculate material
      conveying conduits and including therein
PA2  first opening means, separate from and independent of said plurality of
      particulate material conveying conduits, and communicating with a cavity
      located adjacent said closed top of said container and above a body of
      particulate material contained within said container, with downward
      movement of said body of particulate material, through said plurality of
      particulate material conveying conduits being operable, but for the
      operation of said pressure equalization means, to reduce the pressure of
      fluid in said cavity,
PA2  second opening means, separate from and independent of said plurality of
      particulate material conveying conduits, and communicating with said
      blending zone above said outlets of said first ends of said plurality of
      particulate material conveying conduits, and
PA2  pressure equalizing conduit means, separate from and independent of said
      plurality of particulate material conveying conduits, and providing
      continuous pressure equalizing communication between said first and second
      opening means with said continuous pressure equalizing communication being
      operable to release pressure differences between said blending zone and
      said cavity located above said body of particulate material.
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PAL  A rotating feed screw in the barrel of an injection molding machine is
      fitted with a collar with peripheral grooves through which the plasticized
      material is fed into a charge forming chamber. The collar is held onto the
      end of the feed screw by an elongated torpedo body, which body has a first
      portion for receiving the annular collar, a second portion which defines a
      plurality of helically oriented crisscrossing grooves in its cylindrical
      surface, and a third axial portion which defines a raceway for a plurality
      of spherical roller elements. A nonreturn valve in the form of an annular
      shuttle is slidably received on the second axial portion, and also
      slidably received in the bore which rotatably receives the screw, so that
      the plasticized material is required to pass through the above mentioned
      grooves and around the ball elements. Thus, the ingredients are mixed in
      several stages prior to being injected through a nozzle provided in the
      head of the barrel, into the mold cavity.
BSUM
PAR  This invention relates generally to injection molding machines, and deals
      more particularly with that portion of such a machine wherein the charge
      of plasticized material is formed for injection into the mold cavity.
PAR  In a typical injection molding machine the thermoplastic material, usually
      in the form of pellets, together with any pigment material and softening
      agent is deposited in a hopper adjacent one end of the elongated barrel.
      The forward end of the barrel has an adapter or head which defines one end
      of a chamber into which the molten material is fed by a screw feeder
      located in the bore of the barrel. The screw is not only rotatable so as
      to feed material along the bore, but is also reciprocable so that its
      forward end acts as a piston or ram to force the plasticized material from
      the chamber through a nozzle in the adapter and thence into a mold cavity.
PAR  In order to prevent the pressurized material in this chamber from moving
      back past the piston end of the feed screw, a monreturn valve in the form
      of an annular sleeve or shuttle is slidably received in the barrel bore
      for limited axial movement adjacent the end of the screw. A diffuser or
      torpedo body is generally provided on the end of the screw, and defines a
      stop surface for determining the open position of the valve or shuttle.
      The rear end of the shuttle valve element is adapted to seat against a
      peripheral portion of the piston or ram, and thereby define the closed
      position of the valve. Thus, during the forward stroke of the screw
      thermoplastic material is forced from the chamber through the nozzle. The
      piston is provided with radially outwardly open circumaxially spaced
      grooves in its periphery, through which grooves the plastic material is
      forced during the rotation of the screw. These grooves or ports are closed
      by the shuttle valve when the material is being injected into the mold
      under pressure. These ports also serve to mix the plasticized material, an
      important consideration since such material usually includes not only the
      basic plastic pellets, but also includes softening agents and pigment
      material.
PAR  The general aim of the present invention is to provide a shuttle valve and
      torpedo shape which cooperate with one another to define unique flow
      dividing passageways designed to extend the mixing action beyond the
      piston or ram portion of the screw in order to increase the mixing action
      of these materials as they enter the chamber prior to being injected
      through the nozzle into the mold cavity.
DRWD
PAR  FIG. 1 is a vertical sectional view through the forward end portion of a
      barrel of the type used in an injection molding machine, and illustrates
      the screw conveyor at or near its forward limit of travel, and also shows
      the shuttle valve element in its open position. This would be the position
      of these components immediately following injection of a charge into the
      mold cavity (not shown), and as the screw feed starts to rotate in the
      process of forming a succeeding charge.
PAR  FIG. 2 is a sectional view taken generally on the line 2--2 of FIG. 1.
PAR  FIG. 3 is a sectional view taken generally on the line 3--3 of FIG. 1.
PAR  FIG. 4 is a sectional view taken generally on the line 4--4 of FIG. 1, and
PAR  FIG. 5 is a sectional view taken generally on the line 5--5 of FIG. 1.
DETD
PAR  Referring now to the drawings in greater detail, that portion of an
      injection molding machine in which the present invention resides is shown
      in FIG. 1 as comprising a fixed barrel 10 in which is defined a
      cylindrically shaped bore 12. Only the forward end of the barrel 10 is
      shown, and an adapter or head 14 is provided on this end of the barrel 10
      by circumaxially spaced screws 16 (one shown). A conventional nozzle 18 is
      provided in the adapter 14, and said nozzle communicates with the mold
      cavity defining portion of a plastic injection molding machine (not shown)
      in a conventional manner. Still with reference to the environment for the
      present invention, a typical injection molding machine usually includes a
      hopper adjacent the rear end of the barrel 10 (not shown) by means of
      which the material to be plasticized is inserted in the bore 12 so as to
      be fed in the forward direction (toward the left in FIG. 1) by a rotating
      screw 20. As mentioned previously, this material is usually provided in
      the form of pellets, and may also include pigment material for providing a
      product of predetermined color, and also may include softening agents for
      the purpose of facilitating the plasticizing of the thermoplastic pellets.
      Heaters are generally provided in or around the barrel 10, and it is also
      known to provide heaters in the screw 20. However, these details of
      construction are not specifically shown in the drawings since they involve
      conventional techniques in the fabrication of injection molding machines.
PAR  The screw 20 is rotatably mounted in the bore 12, and is adapted to be
      driven so as to feed the material longitudinally along the bore 12 and
      more particularly along the flute or flutes defined between the threads
      20a in the screw 20. This screw 20 is also reciprocable, and is adapted to
      being driven at least in the forward direction and to be returned from the
      position shown in a rearward direction primarily in response to the
      pressure generated by the plasticized material being fed into the chamber
      defined between the adapter head 14 and the nose 22 defined on an
      elongated torpedo body carried in the forward end of the screw 20. This
      pressure is generated by the rotating screw 20 as it feeds this material
      into the chamber along tortuous paths to be described more fully
      hereinafter. When the plasticized material has been fed into the chamber
      provided for this purpose in the bore 12, and when the screw 20 has
      retracted or moved in the rearward direction by a predetermined amount,
      the screw 20 is rammed forwardly so as to force the plasticized material
      through the nozzle 18 and thence into the mold cavity or cavities of the
      machine (not shown).
PAR  The present invention relates to the construction for the torpedo body
      (22-24) and particularly to the cooperation between the improved torpedo
      body and the nonreturn valve 34 which closes as the screw 20 is advanced
      in order to prevent the plasticized material in the above mentioned
      chamber from feeding back along the screw 20. The closed valve 34 assures
      that the plasticized material is fed forwardly through the nozzle 18 as
      the screw 20 is rammed forwardly.
PAR  Still with reference to FIG. 1, the torpedo body includes a threaded rear
      end portion 24 which is received in a tapped opening at the forward end of
      the screw 20. Preferably, the torpedo body is fabricated in two parts, an
      annular piston or collar part 26 being provided on the stepped portion of
      the torpedo body indicated generally at 28. This collar 26 has an outer
      diameter slightly smaller than that of the bore 12. A plurality of
      circumaxially spaced grooves or ports 30, 30 are provided in the periphery
      of the collar 26 for passing the plasticized material during rotational
      movement of the screw 20. The diameter of the collar may be significantly
      less than that of the bore when very viscous plastic material is being
      handled. The collar or annular piston 26 may be provided integrally with
      the screw 20, or may comprise a separate part associated with the torpedo
      body as shown in FIG. 1, but preferably said collar 26 defines a forwardly
      facing inclined valve seat 32 of annular configuration which seat 32 is
      adapted to mate with a rearwardly facing complementary surface on the rear
      end of the shuttle valve element 34.
PAR  This valve element 34 is of annular configuration, and has an inside
      cylindrical surface which is of at least approximately of the same
      diameter as that of the medial, or second portion of the torpedo body, as
      indicated generally at 36 in FIG. 1. This second or medial axial portion
      of the torpedo body defines crisscrossing, generally helically oriented
      grooves 36a, which grooves cooperate with the interior cylindrical surface
      of the shuttle valve element 34 to define a tortuous path for the
      plasticized material passing through the grooves 30, 30 described above
      and the opening between the rear face of the shuttle valve 34, and the
      seat 32 on the collar 26. More particularly, all of this plasticized
      material must of necessity pass through these grooves in order to reach
      the charge forming chamber described previously for accumulating the
      charge of plastic material for injection into the mold. Thus, the mixing
      of these materials is achieved not only at the periphery of the collar
      portion of the screw 20, but is also achieved in the crisscrossing
      passageways 36a defined by the medial or second axial portion 36 of the
      torpedo body. The plastic material must flow through these grooves, rather
      than through an annular opening as in most prior art configurations, with
      the result that the streams of material in these grooves is continuously
      divided and recombined in this portion of the device to provide a very
      efficient mixing action. Preferably, two series of helically shaped
      grooves 36a are provided, each series being opposite in hand to the other,
      and the pitch of these helices is such that the grooves in the opposite
      hand series cross each other to form a grid network of open end grooves in
      the second or medial portion of the torpedo body.
PAR  The generally annular valve element 34 also includes a generally forwardly
      facing annular surface or raceway 38 which in FIG. 1 is shown in
      engagement with the roller elements or balls 40, 40. These balls 40, 40
      best shown in FIG. 3 are loosely received in the space provided between
      such forwardly facing surface 38 of the valve element and a complementary
      shaped surface defined on a shoulder 42 of the torpedo body. This shoulder
      42, also shown in FIG. 3, entraps the roller elements 40, 40 in the space
      provided between it and the surface 38 of the shuttle valve element 34,
      and permits limited axial movement of the valve element 34 with respect to
      the torpedo body in order that it may engage and disengage the seat 32.
      Thus, the ball elements 40, 40 in conjunction with the shoulder defined
      surface 42, provide a rearwardly facing stop for the valve shuttle 34, to
      define its open position.
PAR  The valve element 34 is slidably received in the bore 12, its motion being
      limited both forwardly and rearwardly as described above. In addition,
      however, the device disclosed is so constructed and arranged that the
      balls 40, 40 comprise flow dividing or flow splitting elements which serve
      to further mix the material as it enters the chamber defined between the
      inside of the adapter head 14 and the nose 22 of the torpedo body. From
      FIG. 3 it will be apparent that the circumaxially spaced balls 40, 40
      define a plurality of circumaxially spaced passageways therebetween, and
      that the plasticized material flowing through this portion of the device
      is continuously divided and recombined to provide a further mixing stage
      to assure that the ingredients are very thoroughly mixed prior to arrival
      in the charge-forming chamber defined between the adapter 14 and the
      torpedo nose 22. The nose itself may have a nut defining series of flats
      to facilitate assembly with the screw 20, and a diffuser defining frusto
      conical nose as shown at 22.
PAR  The flow splitting elements 40, 40 are preferably balls, although other
      element shapes might be utilized to achieve this flow splitting function.
      The use of roller type elements such as the balls 40, 40 has the further
      advantage of allowing the torpedo body to freely rotate the inner annular
      valve shuttle 34 during the charge forming phase when the screw rotates
      and then retracts.
PAR  By way of summary, the charge of plasticized material is fed into the
      chamber by the rotating screw 20, which screw is moved rearwardly by an
      amount dictated by the size of the desired charge. As the material is fed
      between the screw thread 20a, and then through the grooves 30, 30 in the
      collar or piston 26, some mixing of the several ingredients will occur.
      However, further mixing will be achieved as a result of the material
      having to follow the generally helically oriented crisscrossing grooves
      36a, 36a defined in the torpedo body 36. The sleeve or shuttle valve
      element 34 has an inner diameter approximately equal to that of the medial
      or second axial portion 36 of such torpedo body to close these grooves and
      form tortuous passageways for mixing the plasticized material. Further
      mixing will occur as this material passes between the balls 40, 40 with
      the result that when this material reaches the chamber defined between the
      nose 22 of the torpedo body and the adapter 14 it will have been rendered
      substantially homogeneous. The achievement of such homogeneity is an
      especially important consideration when pigments are provided with the
      pellets in the hopper to provide an injection molded product of
      predetermined color. When the desired volume of charge has been formed in
      the chamber at the forward end of the barrel 10, the rotating screw 20 is
      rammed forwardly, under pressure, with the result that the charge itself
      is pressurized and the valve element 14 is moved rearwardly with respect
      to the torpedo body thereby seating against the annular seat 32 closing
      the valve opening. Further forward movement of the screw 20 forces the
      charge out of the chamber and through the nozzle 18 into the runners (not
      shown) or directly into the mold cavity.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for mixing the plasticized ingredients in a plastic injection
      molding machine, said device comprising a barrel with an elongated bore, a
      head for the forward end of said barrel and adapted to receive a nozzle, a
      screw conveyor slidably and rotatably mounted in said bore, a torpedo body
      carried at the forward end of said screw conveyor and having a first axial
      portion defining a collar which has a forwardly facing annular surface, a
      second axial portion of said torpedo body adjacent said first axial
      portion and located forwardly thereof, said second axial portion having a
      cylindrical external surface, an annular valve element slidably received
      in said bore and having a generally rearwardly facing annular valve
      surface, engageable with said annular forwardly facing surface to define a
      valve closed position, said internal cylindrical surface of said valve
      element providing a sliding fit with said cylindrical external surface of
      said second axial portion at least one of said cylindrical surfaces
      defining two series of criss-crossing generally helically configured
      grooves opposite in hand and providing a pattern of intersecting
      passageways in cooperation with the adjacent other cylindrical surface for
      dividing and recombining the flow of plasticized ingredients through said
      second axial portion, and means carried by said torpedo body for defining
      a stop for said valve element to define a valve open position.
NUM  2.
PAR  2. A device according to claim 1 wherein said intersecting grooves are
      defined on said second axial portion of said torpedo body, said internal
      cylindrical surface of said valve element comprising a surface of
      revolution having an axial extent at least approximately equal to that of
      said groove defining second axial portion of said torpedo body.
NUM  3.
PAR  3. A device according to claim 1 wherein said means for defining said stop
      for said valve element comprises a generally rearwardly facing annular
      shoulder on a third axial portion of said torpedo body, said valve element
      having a generally forwardly facing annular surface corresponding with
      said rearwardly facing shoulder to define a generally annular space
      therebetween, and said means further including flow dividing elements
      entrained in said annular space for mixing the flow of ingredients passing
      therethrough.
NUM  4.
PAR  4. A device according to claim 3 wherein said forwardly facing annular
      surface of said valve element and said rearwardly facing shoulder on said
      third axial body portion each define angularly related raceways, and
      wherein said flow dividing elements comprise circumaxially spaced roller
      elements which define circumaxially spaced openings therebetween for
      dividing and recombining the flow or plasticized ingredients.
NUM  5.
PAR  5. A device for mixing the plasticized ingredients in a plastic injection
      molding machine, said device comprising a barrel with an elongated bore, a
      head for the forward end of said barrel and adapted to receive a nozzle, a
      screw conveyor slidably and rotatably mounted in said bore, a torpedo body
      carried at the forward end of said screw conveyor and having a first axial
      portion defining a collar which has a forwardly facing annular surface, an
      annular valve element slidably received in said bore and having a
      generally rearwardly facing annular valve surface, engageable with said
      annular forwardly facing surface to define a valve closed position, a
      medial portion of said torpedo body cooperating with the internal surface
      of said valve element to define a path for the plasticized ingredients,
      and a third axial portion of said torpedo body having a shoulder which
      defines a generally rearwardly facing annular surface, said valve element
      having a generally forwardly facing annular surface spaced from said
      shoulder defined surface, and flow dividing elements loosely received in
      said annular space to provide circumaxially spaced openings therebetween
      for dividing and recombining the flow of plasticized ingredients, and said
      elements also providing a stop for said valve element in its open
      position.
NUM  6.
PAR  6. A device according to claim 5 wherein said annular space defining
      surfaces are raceways for said flow dividing elements, said elements
      comprising roller elements.
NUM  7.
PAR  7. A device according to claim 6 wherein said medial portion of said
      torpedo body has a generally cylindrical external surface of approximately
      the same diameter as that of said valve element internal surface, at least
      one of said last mentioned surfaces defining a pattern of intersecting
      grooves which cooperate with the adjacent other surface to provide
      passageways for dividing and recombining the flow of plasticized
      ingredients.
NUM  8.
PAR  8. A device according to claim 7 wherein said grooves are defined on said
      second axial portion of said torpedo body, said internal cylindrical
      surface of said valve element comprising a surface of revolution having an
      axial extent at least approximately equal to that of said groove defining
      second axial portion of said torpedo body.
NUM  9.
PAR  9. A device according to claim 8 wherein said pattern of intersecting
      grooves comprises at least two series of generally helical grooves
      opposite in hand, which crisscross one another along the axial extent of
      said second body portion.
NUM  10.
PAR  10. A device according to claim 1 wherein said collar has radially
      outwardly open parts through which the ingredients pass when said valve is
      open whereby a preliminary mixing is achieved.
NUM  11.
PAR  11. A device according to claim 5 wherein said collar has radially
      outwardly open parts through which the ingredients pass when said valve is
      open whereby a preliminary mixing is achieved.
PATN
WKU  039360393
SRC  5
APN  4818873
APT  1
ART  313
APD  19740621
TTL  Load-levelling shock absorber
ISD  19760203
NCL  15
ECL  1
EXP  Marbert; James B.
NDR  3
NFG  10
INVT
NAM  McKinnon; Paul G.
CTY  Brigham City
STA  UT
ASSG
NAM  Tropic Industries, Inc.
CTY  Salt Lake City
STA  UT
COD  02
CLAS
OCL  267 34
XCL  267 64R
EDF  2
ICL  B60G 1156
FSC  267
FSS  34;9;4;64 R
UREF
PNO  2918273
ISD  19591200
NAM  Whisler et al.
OCL  267 34
UREF
PNO  3332677
ISD  19670700
NAM  Long, Jr.
OCL  267 34
UREF
PNO  3353813
ISD  19671100
NAM  Erdmann et al.
OCL  267 34
LREP
FRM  Criddle & Thorpe
ABST
PAL  A load-levelling shock absorber unit including a guide piston and piston
      rod and a first surrounding ride control cylinder, one of which is adapted
      to be connected to a first sprung mass and the other of which is adapted
      to be connected to an unsprung mass; an oil reservoir cylinder surrounding
      the ride control cylinder; and an expansible lift cylinder. The ride
      control, oil reservoir and lift cylinders are all preferably
      concentrically arranged and are of the hydraulic type. The piston rod
      reciprocates within the ride control cylinder and, so long as the piston
      is centrally positioned within the first cylinder, a lagged control valve
      does not displace sufficiently to allow repositioning of the outer wall of
      the lift cylinder. Movement of the piston beyond a predetermined central
      portion for a predetermined time period will move the control valve such
      that further reciprocation of the piston rod will reposition the outer
      wall of the lift cylinder so that a spring attached thereto and to one of
      the masses is moved within the first cylinder, until the over-all shock
      absorber length is substantially re-established.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to direct acting shock absorbers of the type used on
      vehicles and the like, and particularly to such shock absorbers having
      automatic load levelling means associated therewith.
PAR  2. Prior Art
PAR  Vehicular shock absorbers have long been known, and shock absorbers and
      shock absorbing systems designed to maintain vehicle level under varying
      conditions of loading have been proposed in the past. It is well
      recognized that if a vehicle is maintained level, even under varying load
      conditions, the steering, riding, and braking characteristics of the
      vehicle are vastly improved. In the past, fluid systems have been proposed
      wherein motor driven pumps and sensing devices are used to maintain a
      vehicle level, or, as shown in U.S. Pat. No. 3,381,952, it has been
      proposed that shock absorbers be provided with the necessary pumping
      pistons and valves to automatically compensate for load variations placed
      on the shock absorber. These known systems and shock absorbers, while
      possibly being satisfactory in some respects, are not entirely
      satisfactory because of their costs and slow response time, or because
      they do not satisfactorily compensate in a satisfactory manner for extreme
      loading conditions encountered in use.
PAC  SUMMARY OF THE INVENTION
PAR  Principal objects of the present invention are to provide a reliable,
      low-cost, shock absorber that will automatically restore a desired vehicle
      level when the level has deviated beyond predetermined limits and for
      predetermined time periods.
PAR  Other objects are to provide a shock absorber that can be used in place of,
      or in conjunction with, conventional, non-self-levelling shock absorbers
      on vehicles, and that will provide vehicle levelling when needed, but that
      will not act so quickly as to cause undesired fluctuations in the vehicle
      level.
PAR  Principal features of the invention include a piston, operating in a
      hydraulic, ride control cylinder and having a movable component of a
      control valve connected thereto by a spring. Movement of the movable
      component of the control valve is regulated by the position of the piston
      in the ride control cylinder, the extent of compression or expansion of
      the spring, and a dashpot.
PAR  The position of the movable component of the control valve regulates flow
      to and from an oil reservoir, and an expansible lift cylinder. The
      cylinders and the reservoir are concentrically arranged and the cylinders
      are in communication through a check valve permitting flow from the ride
      control cylinder to the interior of the expansible cylinder, but
      preventing reverse flow. Other passages, controlled either by check valves
      or the control valve are provided between the ride control cylinder and
      the reservoir and between the lift cylinder and the reservoir.
PAR  A strong main spring extends between the outer movable wall of the lift
      cylinder and a spring retainer that may be slidable on a piston rod, but
      is movable with the piston in the ride control cylinder. Means are
      provided for connecting the piston rod to one of two masses between which
      shock absorbing action is desired. The housings of the ride control
      cylinder and the oil reservoir have means thereon whereby they can be
      connected to the other of the masses.
PAR  A control valve spring, interconnects the ride control piston and the
      movable component of a sleeved control valve. The movable component of the
      control valve reciprocates within the ride control cylinder and restricted
      flow through sintered metal filters and a small central orifice provides a
      dashpot action that regulates the rate of movement of the valve component.
      The rate of movement of the valve component is also regulated by the
      varying spring rate of the control spring as it is placed in tension and
      compression.
PAR  When the piston is reciprocated within a central portion, such as in
      response to axle undulations resulting from travel of a "normally loaded"
      vehicle to which the shock absorber is attached, the dashpot prevents free
      movement of the movable component of the control valve to a lowered
      position and flow is permitted between the reservoir and the ride control
      cylinder as the main spring compresses and expands in response to relative
      movement between the vehicle frame and a wheel.
PAR  If, however, a heavy load is placed on the vehicle and the mean length of
      the load levelling unit between masses is held in a compressed state for a
      sufficiently long time period, the control spring will also be compressed
      and will act on the movable component of the control valve to force fluid
      through the dashpot orifice as the control valve component is moved to a
      lowered position. As the ride control piston rod moves into the ride
      control cylinder it will displace fluid from the ride control cylinder,
      through the lowered control valve component and into the expanding lift
      cylinder at a location between a seal fixed to the ride control cylinder
      and a seal fixed to and movable with the outer wall of the expansible lift
      cylinder. This forces the expansible lift cylinder upwardly, carrying and
      compressing the main spring and carrying the piston therewith, until the
      ride control piston is in a mean central portion of the ride control
      cylinder. The over-all shock absorber length is then essentially the same
      as when the vehicle is in a "normal" load condition and the main spring is
      partially compressed and is carrying and supporting any load added to the
      vehicle. At this time, the control valve is again moved upwardly through
      the spring connecting it to the ride control piston and flow from the ride
      control cylinder to the expansible lift cylinder is cut-off.
PAR  When the overload is removed from the vehicle, the shock absorber main
      spring expands, raising the vehicle, and moving the ride control piston to
      an upper position in the ride control cylinder and moving the piston rod
      out of the ride control cylinder. Oil from the reservoir is pulled into
      the ride control cylinder as the piston rod is moved out and oil from the
      lift cylinder is moved into the reservoir, thereby allowing the outer wall
      of the lift cylinder and the spring carried thereby to drop until the
      over-all effective length of the load leveller is again "normal", i.e.,
      the same as the over-all length under the loading conditions for which the
      unit is designed.
PAR  A portion of the wall of the oil reservoir serves as a fixed inner wall for
      the expansible lift cylinder and the main spring at all times surrounds
      the outer movable wall of the lift cylinder and the portion of the oil
      reservoir wall that serves as an inner wall of the lift cylinder. The
      spring thus serves to protect the walls of the lift cylinder from damage
      due to rocks or other objects during use of the shock absorber. In
      addition, if desired, a flexible protective boot can be positioned between
      the main spring and the reservoir housing and lift cylinder outer housing.
      Road undulations occurring as the vehicle travels will pump oil from the
      ride control cylinder and from the expansible lift cylinder into the oil
      reservoir and from the reservoir to the ride control cylinder in response
      to movement of the piston rod in and out of the ride control cylinder.
      This allows the ride control piston to be held in a centered position when
      the over-all length of the shock absorber or load leveller corresponds to
      that obtained when the unit is in a "normal" loading condition.
PAR  Additional objects and features of the invention will become apparent from
      the following detailed description and drawings, disclosing what is
      presently contemplated as being the best mode of the invention.
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PAC  THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side elevation view of a load levelling shock absorber of the
      invention;
PAR  FIG. 2, an enlarged, vertical sectional view, taken on the line 2--2 of
      FIG. 1 and showing the load leveller in a "normal" load condition;
PAR  FIG. 3, a schematic view showing the load leveller in the "normal" load
      condition of FIG. 2;
PAR  FIG. 4, a view like that of FIG. 3, but showing the load leveller in a
      heavily loaded condition and before the load leveller has been operated to
      adjust for the heavily loaded condition;
PAR  FIG. 5, a view like that of FIG. 3, but showing the load leveller after it
      has adjusted for the heavily loaded condition;
PAR  FIG. 6, a view like that of FIG. 4, but showing the load leveller after the
      heavy load has been removed and before the load leveller has adjusted to
      the removal of the load;
PAR  FIG. 7, a perspective view of the spring retainer member surrounding the
      rod and closing off one end of the ride control cylinder, drawn to an
      enlarged scale;
PAR  FIG. 8, an exploded, perspective view of the oil-in valve components, drawn
      to the scale of FIG. 7;
PAR  FIG. 9, a top plan view of the spool valve body, partially cut away for
      clarity; and
PAR  FIG. 10, a view like that of FIG. 3, but showing another embodiment of the
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings:
PAR  In the illustrated embodiment, the load leveller of the invention, shown
      generally at 10, includes a ride control cylinder 11, with a ride control
      piston 12 therein. The ride control piston has a rod 13 projecting from
      one face thereof and extending through one end of the ride control
      cylinder.
PAR  A spring 15 is fixed to the other face of the ride control piston by a
      spring retainer 16 and nut 17 and the other end of the spring is connected
      to one side of a control valve, shown generally at 18.
PAR  A reservoir 22 formed in a tubular reservoir wall 22a surrounds the ride
      control cylinder 11, with one end of the reservoir wall closed by a valve
      assembly to be described and the cap 21. Rod 13 passes slidably through a
      seal 23 at the other end of the reservoir tube. The seal 23, which may be
      of Neoprene, or the like, is held against a flange 24 of a seal cap 25 by
      a spring 26. Spring 26 has one end seated on a restrictor bearing 27 that
      is fitted into the seal cap 25, surrounds the rod 13, and seats on the end
      of the ride control cylinder 11. The other end of the spring engages a
      washer 28 that is seated against the seal 23.
PAR  Restrictor bearing 27, (FIGS. 2 and 7) has an enlarged portion 27a forming
      a collar around the rod 13 and resting against and sealing the end of the
      ride control cylinder. A ring-shaped bead 27b extends slightly upward from
      a top surface of the enlarged portion 27a and notches 27c are formed in
      the periphery of the enlarged portion and through the bead 27b. The
      notches 27c thus form very small ports interconnecting the reservoir 22
      and the space between restrictor bearing 27 and the seal 23. A limited oil
      flow is thus permitted between the oil reservoir and the space between the
      retainer member and seal and that oil trapped within the space will
      thereafter serve as a liquid seal, as will be further explained.
PAR  The restrictor bearing 27 fits around the rod 13 tight enough to normally
      prevent oil flow therebetween while still allowing air movement
      therebetween. In addition, for air scavenging, a smaller portion 27d that
      extends into the end of the ride control cylinder 11 has notches 27e
      spaced around the periphery thereof and extending from the free end of the
      smaller portion to the enlarged portion and ports 27f that communicate the
      notches 27e with the center of the restrictor bearing.
PAR  During operation of the load leveller and movement of the ride control
      piston 12 into the ride control cylinder 11 some air is sucked into the
      ride control cylinder and, as the piston is moved out the air is
      displaced. Even if the load leveller is tipped so that the ride control
      cylinder is not vertical, and even though oil in the cylinder may then be
      blocking passage of air through the lower central portion of the spring
      retainer, one or more of the notches 27e will be opened to any accumulated
      air and the air can then escape through the notches 27e, ports 27f and the
      center of the restrictor bearing 27.
PAR  A filler passage 29 is provided through the seal cap 25 and a seat 30 is
      provided in the passage. A set screw 31 is threaded into the filler
      passage and has a tapered portion to cooperate with the seal in closing
      off flow into and out of the reservoir 32 formed between the reservoir
      tube 22a and the ride control cylinder 11. The screw is loosely enough
      threaded into the filler passage to allow air passage therethrough into
      and out of the passage and to filter out dirt particles, while preventing
      loss of liquid from the reservoir.
PAR  As is well known in the shock absorber art, the piston 12 has ports
      therethrough to allow controlled oil passage through the piston when
      predetermined pressure differentials are developed in response to piston
      movement. As best seen in FIG. 2, the piston head is recessed at 12a and
      ports 12b extend therethrough adjacent to the outer periphery of the
      recessed portion, while ports 12c extend therethrough inboard of the ports
      12b. A washer 12d is fixed to the piston rod 13 and a star shaped, dished
      spring 12e is positioned between the washer and a flexible flat valve 12f
      that overlies the outer ports 12b. The spring 12e thus biases the valve
      into a closed position over the ports 12b and the spring construction
      determines the pressure at which the valve will open to allow flow through
      the ports 12b when the piston rod 13 is moved into the ride control
      cylinder 11. Openings 12g are provided through the valve 12f and washer
      12d so that the valve and washer do not obstruct flow through the inner
      ports 12c.
PAR  Another flexible, flat valve 12h fits within the recessed portion 12a of
      piston 12 and inside the spaced ports 12b to cover the ports 12c. A
      backing member 12i rests against the valve 12f and presses it into sealing
      relationship over the ports 12c and a spring 12j acts between the nut 17
      and the backing member 12i to hold the backing member against the valve
      12h. It will be apparent that as the piston rod 13 is moved out of the
      ride control cylinder, oil can move through the piston 12 via ports 12b
      and 12c and that the construction of spring 12j will determine the
      pressure at which the valve 12h will open to allow flow therethrough.
PAR  A lift cylinder 35 is telescoped around the reservoir cylinder and a spring
      retainer 36 is held in place at one end thereof by a snap ring 37
      positioned in an encircling groove provided therefor in the lift cylinder
      wall. A lip 38 on the spring retainer engages the snap ring and one end of
      a main spring 40 seats in a groove 41 and on a shoulder 42 of the spring
      retainer. A ring-shaped bearing member 43 surrounds the reservoir tube 22a
      at the end of the lift cylinder and is held in place by a snap ring 44
      that is partially inserted into a groove 44a of the spring retainer. So
      arranged, the bearing member 43 is secured between the lift cylinder 35
      and the snap ring 44 and will slide along the outer wall of the reservoir
      cylinder as it moves with the lift cylinder.
PAR  The end of the lift cylinder 35 opposite to the bearing member has a pair
      of seal retainer grooves 45 and 46 formed therein. An O-ring seal 47 of
      Neoprene or the like, is provided in the groove 45 and a wiper seal 48, of
      felt material or the like, is provided in the groove 46. The seals 47 and
      48 both engage the outer surface of the reservoir cylinder and prevent
      fluid flow therepast from the space between the lift tube and the
      reservoir cylinder.
PAR  Another seal retainer groove 49 is fixed to and extends around the
      reservoir cylinder 22, a spaced distance away from the O-ring seal 47 and
      towards the bearing member 43. An O-ring seal 50 is provided in the groove
      49 to seal between the lift tube and the reservoir cylinder. The walls of
      the seal retainer grooves 45 and 49 will abut when the lift cylinder is in
      a retracted condition (to be further explained) to prevent engagement of
      the O-ring seals 47 and 50 and to allow liquid to enter and leave the lift
      cylinder between the O-rings, as will be further explained.
PAR  As previously noted, main spring 40 has one end seated on the spring
      retainer 36 which forms a base for the main spring and, the other end of
      the spring is held within a spring retainer 51, FIG. 1, at the end of the
      piston rod 13 projecting from the ride control cylinder.
PAR  A lift cylinder tube 52 is positioned within the reservoir cylinder and has
      one end connected to a main control valve body 53, and the other end
      fitting through an opening 54 in the wall of the reservoir cylinder.
PAR  As heretofore described, the walls of the seal retainer grooves 45 and 49
      abut when the lift cylinder is in a retracted condition. In this
      condition, fluid can move into and out of the lift cylinder through tube
      52 since the opening 54 is positioned at the point where the walls of the
      retainer grooves abut. It will be apparent that fluid under pressure,
      moving into the lift cylinder, will act against the O-ring seals 47 and 50
      to slidably move the seal 47, the lift cylinder 35 and the spring retainer
      36 along the outer wall of the reservoir cylinder. When the load leveller
      is arranged such that the spring retainer 51 is up, fluid, under pressure
      moving into the lift cylinder, will raise the spring retainer 36 to change
      the level of the base on which the main spring 40 is rested.
PAR  The main control valve body 53 fits within the reservoir tube 22a and at
      one end of the ride control cylinder 11. As will be further explained, the
      control valve includes a movable component or spool valve assembly that is
      addapted to reciprocate within the main control valve body 53.
PAR  A bore 55 (FIGS. 2-5) is provided in one side wall of the control valve
      body 53 and a passage 56 through the valve body communicates the bore 55
      with the reservoir 22. Another port 57 through the reservoir cylinder wall
      is adapted to communicate the bore 55 with the interior of the ride
      control tube, via the control valve spool assembly 18a. A cup-shaped, low
      pressure valve head 58 is positioned in bore 55 and is held in place,
      seated against and closing off the passage 56, by a low pressure spring 59
      that has one end in the cup-shaped valve head and the other end seated
      against the interior of the reservoir wall 22a.
PAR  The control valve body 53 is also provided with a high pressure port 60,
      FIGS. 3-5, therethrough. Port 60 extends through the interior side wall of
      the ride control cylinder and upwardly through the side wall to open into
      the reservoir 22. A high pressure valve, comprising a ball-type valve head
      61 and a spring 61a that biases the head against a valve seat 61b formed
      in the port 60 is provided to prevent flow through the port 60 unless a
      predetermined high pressure level is reached in the ride control cylinder.
      In addition, dump return ports 62 and 62a are provided through the control
      valve body 53, and when connected by a groove 62b in the valve spool
      assembly will establish communication between the ride control cylinder to
      the reservoir 22 via the lift cylinder tube 52.
PAR  A passage 63 through the main control valve body 53 interconnects the lift
      cylinder tube 52 and the interior of the ride control tube and a check
      valve 63a in the passage 63 allows flow from the ride control tube to the
      lift cylinder tube, but prevents reverse flow.
PAR  The control valve, shown generally at 18, includes the cup-shaped spool
      assembly 18a (FIG. 2) that fits tightly, but slidably within the main
      control valve body 53, below the ride control cylinder 11. A central port
      65 is provided through the body 18a and sintered metal filters 66 and 67,
      each of a generally truncated cone configuration, are positioned with
      their bases abutting and with the filter 67 extending through the port 65.
      A filter retainer 69 clamps the filter bases together and fits through the
      port 65 to be secured in place by a flange 70 at one side of the port 65
      and a crimped edge 71 at the other side of the port 65. So arranged, the
      only flow from one side of the body 64 to the other side is through the
      filters 66 and 67. The groove 62b partially encircles the body 64 and when
      the body is at a predetermined location within the main control valve body
      53 will communicate the dump ports 62 and 62a with the lift cylinder tube
      52, as has been previously described.
PAR  The end of spring 15 engaging the valve spool assembly 18 fits within the
      cup-shaped body and around the filters and filter retainer 69 and is
      anchored thereto. It will be apparent that when the spring is fully
      compressed it will fit within the body 18a. A scouring pin 72 is loosely
      positioned within the filters and is moved by flow through the filters to
      keep them clean.
PAR  The spring retainer 16, that secures the other end of spring 15 to the
      piston 12, is secured to the end of rod 13 by the nut 17 that is threaded
      onto the rod, as previously described.
PAR  An oil-in check valve assembly 73 rests on the main valve body 53 and
      sealingly receives the lower end of the ride control cylinder 11. The
      oil-in check valve assembly includes a ring shaped body 74 with ports 75
      extending inwardly and downwardly therethrough to communicate the oil
      reservoir with the interior of the lift cylinder. A band of mesh material
      76 surrounds the body 74 and the ports 75 and serves as a filter for
      liquid passed therethrough, and a ring-shaped, flat valve 77 is positioned
      to lie beneath and to cover the ports 75. A ring shaped Bell spring 78 is
      positioned between the valve body 53 and the flat valve 77 and has
      resilient fingers 78a that bias the flat valve into sealing engagement
      around the ports 75. The valve 77 thus serves as a check valve permitting
      flow from the reservoir to the interior of the ride control cylinder,
      while preventing reverse flow.
PAR  In use, the load leveller will normally be installed such that the piston
      rod 13 is connected to an unsprung mass such as an automobile frame by
      means of resilient washers 79 (FIG. 1), which are sandwiched between solid
      washers 80 that surround a threaded upper end of rod 13. The resilient
      washers are placed on opposite sides of a frame member 81 (shown
      fragmentarily), with a solid washer 80 engaging the spring retainer 51 and
      with a nut 82 threaded on the rod 13 to hold the assembly together. The
      end cap 21 is fixed to an unsprung mass, which may be a wheel of the
      automobile, by a ring 83, and the load leveller is ready for operation.
PAR  In operation, the load leveller 10 will normally be arranged such that the
      piston 12 is in an intermediate position within the ride control cylinder
      11. If the ride control cylinder is forced momentarily upwardly with
      respect to the piston, such as may occur when the wheel to which the
      cylinder is connected bounces sharply up, or when the vehicle is turned to
      place extra temporary loading downwardly on the piston rod the piston 12
      will move and, through the spring 15 will tend to move the control valve
      spool assembly 18a. However, since the central port 65 through the control
      valve spool assembly 18a is small, the control valve spool assembly will
      lag behind the piston 12 in movement. Thus, if the piston moves back to
      the intermediate position it was in before such momentary movement, the
      spool assembly will be moved back to its starting position before any
      change of the state of the load leveller can occur as a result of flow
      through the spool assembly. During the momentary up and down movement,
      i.e., undulating movement of the piston rod, downward travel of the piston
      rod will displace oil from the ride control cylinder 11 to the oil
      reservoir 22 through the low pressure valve 58 and movement of the piston
      rod out of the ride control cylinder will suck oil into the ride control
      cylinder 11 from the oil reservoir 22 through the oil-in check valve 73.
      If, however, the piston 12 is moved in response to movement of the rod 13
      in or out of the ride control cylinder and is held in a new position long
      enough for the spool assembly to fully move into a follower position,
      i.e., a position at which the flow path through the valve is changed,
      either above or below the position at which it is normally held by spring
      19, then the spring retainer 36 which serves as a base for the main spring
      40 will be repositioned.
PAR  When the spool assembly is moved to a lowered follower position, such as
      may occur when a more than normal load is placed on the rod 13 to move it
      downwardly into the ride control cylinder, and such load is not removed
      before the spool valve assembly moves to a follower position, the load
      leveller is in a "pump" condition. In this condition, port 57 is blocked
      off by the spool assembly and the oil displaced as the piston rod 13 moves
      into the ride control cylinder can no longer move through the low pressure
      valve but instead is forced through passage 63 and check valve 63a  into
      the lift cylinder, thereby raising the base of the main spring 40 and the
      load compressed main spring as has been previously described. The over-all
      length of the load leveller is thus reestablished to be about the same as
      it was prior to the placing of the increased load on the rod 13. If the
      outer wall of the lift cylinder has moved to the maximum extent possible
      and the loading on rod 13 acts through spring 15 to move the spool valve
      down high pressure relief valve 61 will open to allow oil from the ride
      control cylinder to be discharged into the oil reservoir. The high
      pressure relief valve 61 allows a pressure build up in the ride control
      cylinder that will serve as a cushion when the piston rod is moved into
      the cylinder and the lift cylinder is fully raised. Any movement of the
      rod out of the cylinder at this time will cause the oil-in check valve 73
      to open and oil to move from the reservoir 22 to the ride control piston.
PAR  If the rod 13 is moved out of the ride control cylinder 11 for an extended
      time period, such as may occur if an excess load acting through the rod is
      removed, the piston 12 will move towards the upper end of the ride control
      cylinder. As the piston 12 is moved upwardly by expansion of the unloaded
      main spring 40 as shown in FIG. 6, the spring 15 is placed in tension and
      the valve spool assembly is moved upwardly at a rate determined by the
      flow through the filters 66 and 67. During movement of the piston rod 13
      out of the housing, oil from the reservoir 22 moves into the ride control
      cylinder through the oil-in check valve 73 and, when the valve spool has
      moved to a raised follower position the groove 62b in the spool control
      valve will be in alignment with the ports 62 and 62a so that oil can move
      from within the lift cylinder 35 to the reservoir 22. The lift cylinder
      35, the spring retainer 36 carried thereby, the expanded main spring 40,
      the piston rod 13 and piston 12 can all then move downwardly, since there
      is no longer sufficient pressure in the lift cylinder to hold them up
      until such time as the control valve spool assembly 18a is moved and
      groove 62b is no longer in communication within ports 62 and 62a. At this
      time, the load leveller has again achieved its over-all "normal" length.
PAR  It will be apparent that the size of the port 65 will determine the speed
      with which the load leveller readjusts for changing load conditions.
      Normally the port 65 will be quite small so that the load leveller will
      not over-compensate and adjust during turns, normal road oscillations,
      etc., but so that it will properly compensate for load changes in the
      vehicle on which it is used.
PAR  As shown schematically in FIG. 10, it is also possible to use a time delay
      reset that will allow fluid discharge from beneath the valve spool
      assembly as it is moved down. The time delay reset comprises a passage 84
      interconnecting the ride control cylinder 11, beneath the valve spool 18
      and the oil reservoir 22. A check valve 85 in the passage allows flow from
      the ride control cylinder beneath the dashpot formed by the control valve
      spool assembly to the oil reservoir, but prevents reverse flow, thereby
      allowing the cup-shaped body to move further down within the control valve
      body 53.
PAR  The control valve spool assembly 18 can, of course, move more rapidly down
      in the ride control cylinder if part of the oil therebeneath is moved out
      through the check valve 85. By regulating the pressure at which the check
      valve 85 opens, either by spring selection or by setting an adjustable
      valve, the speed of movement of the control valve and therefore the
      response time of the load leveller can be varied.
PAR  A flexible boot 86, made of butyl rubber, or other suitable flexible
      material, is provided to cover the lift cylinder and the oil reservoir,
      beneath the main spring 40. The boot 86 fits tightly around the top of the
      oil reservoir 32, but does not block air flow past the screw 31 or around
      the piston rod 13. The boot is convoluted to the upper end of the lift
      cylinder 35 and then preferably has a straight wall extending to the
      spring retainer 36, where it is sealed to the lift cylinder wall. The
      convolute configuration allows the boot to expand and contract as the lift
      cylinder is raised and lowered along the reservoir.
PAR  With the construction shown, the boot provides an additional seal against
      entry of dirt or the like into the lift cylinder, and as a protector for
      the entire unit. As arranged, the main spring 40 will also serve to
      protect the lift cylinder and reservoir against damage from flying rocks
      and the like.
PAR  Although preferred forms of my invention have been herein disclosed, it is
      to be understood that the present disclosure is made by way of example and
      that variations are possible without departing from the subject matter
      coming within the scope of the following claims, which subject matter I
      regard as my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A load leveller for use with vehicles and the like comprising
PA1  a ride control cylinder;
PA1  an oil reservoir;
PA1  a lift cylinder having a seal member fixed relative to the oil reservoir
      and a movable seal member;
PA1  displacement means adapted to reciprocate into and out of said ride control
      cylinder;
PA1  a main spring having one end carried by the movable member of the lift
      cylinder and another end fixed to the displacement means exteriorly of the
      ride control cylinder; and
PA1  control valve means adapted to interconnect the oil reservoir with the lift
      cylinder between the fixed and movable seal members and with the ride
      control cylinder, said control valve means including a fixed body member
      and a movable spool valve member, means resiliently connecting the spool
      valve member to the displacement means, said spool valve member having a
      restriction therethrough whereby oil moves through said restriction as
      said spool valve member is moved in response to movement of the
      displacement means, said oil flow through said restriction regulating the
      speed of movement of the spool valve member and preventing corresponding
      travel of the displacement means and spool valve member.
NUM  2.
PAR  2. A load leveller as in claim 1, wherein
PA1  the oil reservoir surrounds the ride control cylinder
PA1  the lift cylinder is concentric with the oil reservoir and the main spring
      extends over the lift cylinder.
NUM  3.
PAR  3. A load leveller as in claim 2, wherein
PA1  an exterior wall of the oil reservoir forms an inner wall of the lift
      cylinder and carries the seal member fixed relative to the oil reservoir;
      and
PA1  an outer wall of the lift cylinder is spaced from and is slidable with
      respect to the inner wall and comprises a movable member of the lift
      cylinder, said outer wall carrying the movable seal member and means for
      anchoring one end of the main spring thereto.
NUM  4.
PAR  4. A load leveller as in claim 3, further including
PA1  a flexible, expansible boot sealingly connected to the oil reservoir and to
      the lift cylinder to seal the sliding connection therebetween.
NUM  5.
PAR  5. A load leveller as in claim 1, wherein
PA1  the displacement means comprises a piston rod extending into and out of the
      ride control cylinder and a piston in the cylinder on the end of the
      piston rod, said piston having passages therethrough and check valves
      allowing flow through said check valves in both directions of travel of
      the piston in the ride control cylinder.
NUM  6.
PAR  6. A load leveller as in claim 1, further including
PA1  filter means in the restriction of the spool valve member, through which
      oil is passed.
NUM  7.
PAR  7. A load leveller as in claim 6, wherein the filter means comprises
PA1  a pair of sintered metal filters having their bases clamped together and
      secured in said restrictions.
NUM  8.
PAR  8. A load leveller as in claim 1, wherein the means resiliently connecting
      the spool valve member to the displacement means comprises a spring.
NUM  9.
PAR  9. A load leveller as in claim 1, further including
PA1  a spring retainer fixed to and movable with the movable seal member of the
      lift cylinder to support the end of the main spring carried by said
      movable seal member.
NUM  10.
PAR  10. A load leveller as in claim 9, wherein
PA1  the movable seal member of the lift cylinder comprises a tube spaced from
      and surrounding a wall of the oil reservoir, said tube having the spring
      retainer carried by one end thereof, and seal means carried by the other
      end thereof, said seal means being adapted to seal against and slide on
      the wall of the reservoir, and wherein
PA1  the wall of the oil reservoir has a seal means thereon, sealingly and
      slidably engaging the movable member of the lift cylinder; and further
      including
PA1  passage means adapted to communicate the interior of the oil reservoir with
      a space between the seal means carried by the movable member and the seal
      means on the wall of the reservoir through the control valve means.
NUM  11.
PAR  11. A load leveller as in claim 10, further including
PA1  a bearing member fixed to one end of the lift cylinder by a snap ring
      inserted into and projecting from the spring retainer; and wherein
PA1  the spring retainer is fixed to the lift cylinder by a snap ring inserted
      into and projecting from the wall of the lift cylinder.
NUM  12.
PAR  12. A load leveller as in claim 1, wherein
PA1  the oil reservoir has an upper end thereof, a filler port through a wall at
      the said upper end and a screw loosely threaded into said filler opening
      to prevent passage of oil therethrough while allowing air to pass
      therethrough.
NUM  13.
PAR  13. A load leveller as in claim 12, wherein
PA1  a seal is provided between the oil reservoir upper wall and the
      displacement means, said seal allowing reciprocation of the displacement
      means therethrough and fitting tightly enough against the displacement
      means to prevent oil flow therebetween while allowing air passage
      therebetween.
NUM  14.
PAR  14. A load leveller as in claim 13, further including
PA1  a restrictor bearing in an upper end of the lift cylinder and surrounding
      the displacement means, said restrictor bearing having a small portion
      extending tightly into the lift cylinder and with small air passages at
      the periphery thereof extending through the small portion to intersect
      with radial ports extending from the center of the small portion, through
      which the displacement means passes, radially outwardly to the passages,
      and further having a larger portion with a shoulder thereof resting on and
      sealing the upper end of the lift cylinder and a peripheral bead extending
      upwardly therefrom to sealingly engage a shoulder of the oil reservoir,
      and small ports through said bead whereby a limited amount of oil from the
      reservoir can pass through the ports in the bead to accumulate as a liquid
      seal on the larger portion of the restrictor bearing, beneath the seal
      between the oil reservoir and the displacement means.
NUM  15.
PAR  15. A load leveller as in claim 1, wherein
PA1  the oil reservoir is formed by a cylindrical housing spaced from and
      surrounding the lift cylinder;
PA1  the lift cylinder comprises a tube spaced from and surrounding the oil
      reservoir; and
PA1  the main spring comprises a coiled spring surrounding the lift cylinder.
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ABST
PAL  A resilient bumper for protecting vehicles and stationary objects against
      collisions comprising a plurality of spaced, adjacent fins of flexible
      resilient material which are so spaced that the fins abut against each
      other progressively as the result of an impact and thus offer
      progressively higher resistance as each fin contacts an adjacent fin. The
      fins are preferably of tough rubber or plastic material having high
      ultimate elongation at low temperatures, high tear strength over a wide
      temperature range, and high abrasion resistance.
PAL  The fins may be disposed on corners of a vehicle or other objects to be
      protected or may be on flat, circular or other shapes. The fins may be of
      various shapes and may be offset or staggered relative to each other.
BSUM
PAR  This invention relates to a resilient bumper for protecting parts of a
      vehicle or other conveyance or of stationary objects subject to impact by
      vehicles or conveyances.
PAR  An outstanding disadvantage of resilient bumpers that have been used in the
      past is that they are designed to yield only upon attainment of a
      predetermined impact force, and suddenly, therefore giving uncomfortable
      jolts upon vehicular impact and minimum protection of the object on which
      the bumper is mounted.
PAR  Another disadvantage is that the materials used, usually rubber, do not
      withstand wide ranges of temperatures and usually become brittle with loss
      of flexibility and tear strength at very low temperatures, such as those
      below 0.degree. F.
PAR  An object of the present invention is to overcome the abovenamed
      disadvantages of prior resilient bumpers.
PAR  A more specific object of the present invention is to provide a novel
      resilient bumper offering progressively greater resistance to impact, even
      before the flexible portions are flexed to their limit, therefore giving
      progressive and a higher degree of cushioning and lesser shock than
      possible heretofore.
PAR  Another object of the invention is to provide a novel resilient bumper made
      of finned plastic material which withstands very wide ranges of
      temperatures, even those below 0.degree. F. without sacrificing
      resiliency, tear strength or other desirable characteristics.
DRWD
PAR  Other objects and advantages will become more apparent from a study of the
      following description, taken with the accompanying drawings wherein:
PAR  FIG. 1 is a top, perspective view of a resilient bumper embodying the
      present invention as applied to a flat surface;
PAR  FIG. 2 is a cross-sectional view taken along line II-II of FIG. 1;
PAR  FIG. 3 is a top, perspective view of a modification as applied to the
      perimeter of a round post;
PAR  FIGS. 4 and 5 are side and top views, respectively, with portions cut-away,
      illustrating the bumper as applied to the top of a round post;
PAR  FIG. 6 is a top, perspective view of a further modification of the bumper
      as applied to all four sides of a square post;
PAR  FIGS. 7 and 8 are top and bottom perspective views, respectively, of a
      further modification in the form of a corner bumper for protecting the
      corner of an object (not shown);
PAR  FIG. 9 is a plan view showing various shapes of fins that may be used;
PAR  FIG. 10 is a plan view showing a reinforced fin; and,
PAR  FIG. 11 is a cross-sectional view taken along line XI--XI of FIG. 10.
DETD
PAR  Referring more particularly to the drawings, FIGS. 1 and 2 show a resilient
      bumper adapted for use on a flat surface. The bumper comprises a base
      portion 1 having a plurality of upstanding, integral fins 2 of tough
      resilient material. More specifically, the material should have high
      ultimate elongation at low temperatures (that is, more than 300%
      elongation at 0.degree. F.); high tear strength over a wide temperature
      range (specically, a tear strength of more than 400 pounds per linear inch
      in the temperature range 0.degree. to 125.degree.F.); and, high abrasion
      resistance (the specifics here have to do with weight loss under a
      standard test).
PAR  Another suitable material is plastic, particularly urethane elastomers such
      as described in U.S. Pat. Nos. 2,778,810; 2,729,618; 2,621,166; and
      3,214,411. A particularly suitable material is that sold under the
      trademark TEXIN 591A by the Mobay Chemical Co., Division of Baychem
      Corporation of Pittsburgh, Pa. Such Texin urethane resin is a pelleted
      elastomeric urethane resin which can be processed as a thermoplastic. In
      molded sheet form, it has an ultimate tensile strength of 7700 psi;
      ultimate elongation of 540% elongation set of 65%; tensile modulus of 1250
      psi at 100% elongation, and 3000 at 300% elongation; a tear strength of
      650 pli and a shore hardness A scale of 91 plus or minus 3.
PAR  While FIG. 2 shows the fins 2 as extending vertically upwardly, they may be
      slanted either toward the right or left, depending upon the direction of
      the expected impact. The fins 2 are so spaced apart as to enable the outer
      portion of each fin to flex and abut against an outer portion of an
      adjoining fin which, in turn, abuts an outer portion of the next adjoining
      fin, etc. in the manner illustrated in FIG. 2 when an object 3 is moving
      to the right collides with the bumper. Thus the resistance to the object
      becomes progressively higher as more and more fins are bent until
      supported by an adjoining fin so as to provide progressively higher
      cushioning and elimination of sudden shock as usually occurs when hitting
      a conventional bumper. Even when all the fins are flexed into respective
      contact, the flexed assembly, as a whole, will still provide progressively
      higher resistance as the fins are forced against the base portion 1.
PAR  FIG. 3 shows a bumper of the construction shown in FIGS. 1 and 2 as applied
      around a round post 4 to give protection throughout the entire perimeter.
PAR  FIGS. 4 and 5 show the post as being protected on its rounded top end by a
      modified cluster of fins 6 which are disposed radially of the post and
      which are arcuate in shape as shown in FIG. 4 terminating just short of
      the axis of the post. Fins 6 are integrally attached to a substantially
      hemispherically shaped portion 7 which is fastened to the post by any
      suitable fastening means, such as by bolts 8.
PAR  FIG. 6 is a top, perspective view of still another modification of a bumper
      similar to that shown in FIG. 1 but wrapped around the four sides of a
      square post 9. The bumper may be fastened by bolts 10 extending through
      holes formed in the base 1 adjacent to corners and at other intermediate
      points if desired.
PAR  FIGS. 7 and 8 show a further modification which may be rigidly attached to
      the corner or corners of a truck cabin or the like to protect the cabin
      from injury as the result of a collision with stationary objects, such as
      the side of a wall or building serviced by the truck. The resilient bumper
      may also be used on the corners of a stationary object. It comprises two
      base portions 12 and 13 at right angles, from which base portions emerge a
      multiplicity of spaced adjacent or parallel fins 14 having ends which are
      offset relative to each other, coming to a peak 15 at the juncture of the
      two right angular base portions 12 and 13.
PAR  Integral with base portions 12 and 13 are right angular flanges 15 and 16
      from which emerge, at an angle of 45.degree., a multiplicity of
      continuations of said fins 14 so as to protect both sides and top of the
      truck cabin extending at right angles. Base portions 15 and 16 rest on top
      of the truck cabin and may be fastened thereto by bolts extending through
      holes 18.
PAR  FIG. 9 shows typical shapes for each fin. They may be substantially
      rectangular with rounded corners, as denoted by numeral 20, or they may be
      arcuate as shown by numeral 21, or triangular as shown by numeral 22, or
      of polygonal shape (not shown) or other desired shapes.
PAR  FIGS. 10 and 11 show a modification of any of the above described bumpers
      wherein reinforcement 21 of spring metal or other suitable hard material
      with an integral base 21a is integrally covered, such as by coating, by an
      outer covering 22 of tough rubber or plastic material, such as described
      above. Such reinforcement may be used to provide greater resistance
      against flexing or simply, by the use of spring metal reinforcement 21, to
      provide a filler for obtaining substantially the same resiliency but
      saving on the amount of rubber or plastic material required for the
      bumper.
PAR  Thus it will be seen that we have provided a highly efficient resilient
      bumper for use on corners of a truck cabin or on flat surfaces of vehicles
      or conveyances, such as boats, or on stationary objects, such as docks,
      posts, flat wall, etc. which are subject to collision with moving objects,
      such as vehicles; furthermore, we have provided a finned construction of
      such bumper that enables progressive contact of the respective fins to
      provide progressively higher resistance to flexing so as to avoid shocks,
      without minimizing the useful characteristics as a consequence of wide
      variations in temperatures, particularly those below 0.degree. F.
PAR  While we have illustrated and described several embodiments of our
      invention, it will be understood that these are by way of illustration
      only and that various changes and modifications may be contemplated in our
      invention and within the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A bumper for attachment to a surface to be protected against collision,
      comprising a base portion having two integral parts of substantially equal
      length extending at right angles to each other for attachment to a corner
      of an object to be protected and a plurality of integral upstanding fins
      which are parallel and which extend at an angle of less than 90.degree.
      from said base portion, also which fins are so closely spaced apart that
      an object colliding therewith will cause the fins to flex and to contact
      each other progressively so as to offer progressively greater resistance
      to collision, said base portion and fins being of resilient material.
NUM  2.
PAR  2. A bumper as recited in claim 1 wherein said resilient material is a
      urethane resin having an ultimate tensile strength of about 7700 psi, an
      ultimate elongation of about 540%, a tensile modulus of about 1250 psi at
      100% elongation, a tear strength of about 650 pli, and a shore hardness
      "A"  scale of about 91.
NUM  3.
PAR  3. A bumper as recited in claim 1 together with a metallic reinforcement
      for said base portion and for said fins, the reinforcement for said fins
      being of resilient material and integrally attached to said base portion
      metallic reinforcement.
NUM  4.
PAR  4. A bumper as recited in claim 1 wherein said fins are of substantially
      rectangular shape with rounded corners.
NUM  5.
PAR  5. A bumper as recited in claim 1 wherein said fins are of substantially
      semi-circular in shape.
NUM  6.
PAR  6. A bumper as recited in claim 1 wherein said fins are of substantially
      triangular shape.
NUM  7.
PAR  7. A bumper as recited in claim 1 wherein all said fins are of
      substantially equal height and are disposed at 45.degree. relative to said
      two integral parts of said base portion.
NUM  8.
PAR  8. A bumper as recited in claim 1 wherein integral fastening flanges extend
      at right angles from said two integral parts for resting on the top
      surface of a corner of an object to be protected and having holes through
      which fastening means may be extended into the object, all said fins
      integrally extending upwardly and parallely from said two integral parts
      so as to afford protection of the top portion of the object.
NUM  9.
PAR  9. A bumper as recited in claim 1 wherein said fins are of resilient
      material having more than 300% elongation at 0.degree. F., a tear strength
      of more than 400 lbs. per linear inch in the temperature range zero to
      125.degree.F. and high abrasion resistance.
NUM  10.
PAR  10. A bumper as recited in claim 9 wherein said fins are of urethane
      elastomer.
NUM  11.
PAR  11. A bumper as recited in claim 12 wherein the ends of said fins are
      disposed along a right angular path and wherein said resilient material is
      of rubber having relatively high tear strength.
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PAL  An automatic original document supply device for electronic copying
      apparatus including a detection and control system, interposed between the
      original supply roller system and the original conveying and holding belt,
      which detects the passing of the trailing end of an original and produces
      a signal in response thereto for stopping the belt with the first original
      disposed in a predetermined illumination position and stopping the supply
      roller system with the next following original in a standby position.
      Over-running clutch arrangements are also provided in the supply roller
      system to permit the imposition of differential conveying speeds on the
      originals while passing the detection and control system, and to
      facilitate the reverse removal of an original from the supply roller
      system after positioning in the standby position.
BSUM
PAR  This invention relates to an automatic original supply device for
      electronic copying apparatus.
PAR  An automatic original supply device is known in connection with copying
      apparatus whereby one or a plurality of copies may be automatically
      produced from each of a large number of original documents of the same
      size and type, e.g. promissory notes or checks. The automatic original
      supply device of this type such as shown in U.S. Pat. No. 3,829,083
      comprises (1) an original standby section including an original support
      tray and separation and supply means consisting of an original supply
      roller and a separation roller for supplying one original after another in
      sequence from a pile of originals on the original support tray; (2) an
      original conveying and holding section including a belt for conveying to a
      predetermined illumination position an original supplied by the original
      supply roller and the separation roller and holding the same in such
      position for illumination; and (3) an original ejection section including
      original delivery means for removing the original after the illumination
      step and an original receiving tray for receiving the original delivered
      by the delivery means. In the apparatus of this type, a pair of original
      feed rollers and original detection means are arranged between the
      separation and supply means and the conveying belt and cooperate with each
      other so that the next following original supplied by the separation and
      supply means will stand by till the preceding original disposed in the
      illumination position is processed through the illumination step.
PAR  This invention has for its object the provision of an automatic original
      supply device of the aforementioned type in which the construction is
      simplified and yet the same function can be performed.
PAR  The present invention dispenses with the original feed rollers of the prior
      art apparatus and provides an original detection system interposed between
      the separation and supply means and the conveying belt for detecting the
      passage of the trailing end of an original, which detection system
      provides appropriate signals for controlling the sequential operation of
      the copying apparatus. Timer means are provided which are actuated in
      response to the detection of the trailing end of an original for stopping
      the conveying belt after a predetermined lapse of time when the original
      reaches the predetermined illumination position.
PAR  The timer means generally have the following character. If the leading end
      of the next following original reaches the original detection means before
      the operation of the timer means comes to an end, the timer means will
      cease to perform their function, with a result that the timer means will
      continue to operate and the original supply roller will continue to
      rotate. Thus originals will be fed continuously without interruption. If
      this is the case, each original will not stop in the illumination position
      and exposing of a photosensitive sheet or sheets to an optical image of
      each original will be prevented. To obviate this drawback, it is essential
      that the leading end of the next following original be prevented from
      reaching the original detection means while the timer means are in
      operation or before the trailing end of the preceding original reaches the
      predetermined illumination position. In order to insure this, according to
      the invention, the spacing between the various means and the conveying
      velocities of the supply means and the conveying belt are arranged in a
      predetermined relationship.
PAR  The supply means is also provided with appropriate overrunning clutch means
      to accommodate for the differential conveying velocities and to permit
      reverse removal of an original from the supply means after it has reached
      the standby position.
DRWD
PAR  Other and additional objects and features of the invention will become
      evident from the description of an embodiment set forth hereinafter when
      considered in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic view of an automatic original supply device
      comprising one embodiment of the present invention attached to an
      electronic copying apparatus;
PAR  FIG. 2 is a view illustrating the drive system for the original supply
      roller;
PAR  FIG. 3 is a schematic view, on an enlarged scale, of the essential portions
      of the device according to the invention; and
PAR  FIG. 4 shows timer means having a usual circuit and used in this invention.
DETD
PAR  A preferred embodiment of the invention will now be described. Referring to
      FIG. 1, an electronic copying apparatus 1 is provided with an automatic
      original supply device 2 which comprises an original standby section 2A,
      an original conveying and holding section 2B, and an original section 2C.
      The original standby section 2A has mounted therein an original support
      tray 3 which is inclined so as to support thereon a pile of original
      documents 4 arranged in vertically stacked relation, with the leading
      edges of the upper originals being forwardly displaced as shown. The
      section 2A also has mounted therein an original supply roller 5 and a
      separation roller 5A against which the leading end of the uppermost
      original abuts when the pile of documents is moved downward into position
      for feeding. Rollers 5 and 5A supply the uppermost original of the pile of
      originals 4 one by one to the next operation step upon the actuation of an
      appropriate print control means. The first original thus supplied from the
      tray 3 moves through original detection means 6 comprising a lamp 6A
      serving as a light source and a light receiving detector 6B, and is held
      between a belt 7 trained over a drive roller 8 and guide rollers 9, 10, 11
      and 12 and an original supporting glass sheet 13 of the copying apparatus.
      Upon the original thus moving between the belt 7 and the glass sheet 13
      reaching an illumination position, the belt 7 is temporarily stopped to
      hold the original in such position. An optical system within the apparatus
      causes it to be illuminated so as to expose a photosensitive sheet or
      sheets to an optical image of the original. After illumination of the
      original the desired number of times, the belt 7 begins to move again, in
      response to appropriate control means, so as to move the original through
      a discharge roller 14 and a guide plate 15 and eject the same onto a
      original receiving tray 16.
PAR  Referring to FIG. 2, the original supply roller 5 is supported by a shaft
      17 which is driven to rotate by a drive motor 18 through a transmission
      system comprising a gear 19, mounted on a shaft of the motor 18, a gear 20
      in meshing engagement with gear 19, and a clutch 23. An overrunning clutch
      21 is mounted between the output side of the clutch 23 and the shaft 17
      while another overrunning clutch 22 is mounted between the shaft 17 and
      the original supply roller 5. Overrunning clutch 21 remains inoperative
      when the clutch 23 is driving the shaft 17, that is, when the shaft 17
      rotates together with the clutch 23. However, when the shaft 17 is rotated
      in a direction opposite to the direction of rotation of the clutch 23,
      overrunning clutch 21 becomes operative to permit such opposite rotation
      free of the action of clutch 23. Thus, when it is desired to return an
      original held between the original supply roller 5 and separation roller
      5A to its initial position because of jamming or for some other reason,
      the end can be attained by pulling back the original by hand, whereupon
      the original supply roller 5 and its shaft 17 will both rotate in the
      reverse direction by virtue of the action of overrunning clutch 21. In
      this way, the original can be readily restored to its initial position.
PAR  Overrunning clutch 22 operates such that it remains inoperative when the
      shaft 17 is driving the original supply roller 5, that is, when roller 5
      rotates together with the shaft 17, but when the roller 5 rotates at a
      higher rate than the shaft 17 overrunning clutch 22 is operative to allow
      the roller 5 to rotate at the higher rate free of the shaft 17.
PAR  Referring to FIG. 3, it will be seen that in operation the belt 7 of the
      original conveying and holding section 2B has a velocity V.sub.2 which is
      about twice as high as that of the peripheral velocity V.sub.1 of the feed
      roller 5. Thus, if a first original document 4 supplied by the original
      supply roller 5, in response to a print signal, has its leading end
      gripped by the belt 7, the original 4 will move thereafter at the same
      velocity V.sub.2 at which the belt 7 moves. This will cause the roller 5
      to rotate at a rate higher than the rate of rotation of the shaft 17 due
      to frictional dragging of the original 4 on the roller 5 which is
      permitted by virtue of the action of overrunning clutch 22.
PAR  Upon the trailing end of the original 4 being detected by the original
      detection means 6, the belt 7 will be stopped after the lapse of a
      predetermined time interval by the operation of timer means 25 having a
      usual structure and function, as is shown in FIG. 4. When the movement of
      the original 4 is interrupted, it will be disposed in the illumination
      position on the glass sheet 13, with its trailing end being disposed in
      the position indicated at 24 in FIG. 3.
PAR  Also, as soon as the trailing end of the first original 4 moves through the
      separation and supply means 5, 5A, the leading end of the next original in
      the pile slides forward and feeding of a second original is initiated.
      Since the second original is supplied at the lower velocity V.sub.1 of the
      original supply roller 5, and the first original is moved at the higher
      velocity V.sub.2 of the belt 7, the two originals are spaced apart a
      relatively long distance. Thus, when the movement of the first original is
      interrupted upon reaching the illumination position, the leading end of
      the second original does not reach the original detection means 6 yet.
PAR  Upon depression of a printing button, clutch means of the supply roller 5
      and the drive roller 8 are made operative by signals coming through a
      printing switch 26, an OR-circuit 27 and a flip-flop circuit 28, a brake
      means in the drive roller 8 being simultaneously disconnected by another
      signal from the flip-flop circuit 28. Thus the supply roller 5 will be
      actuated and will feed the first original standing by, at a velocity
      V.sub.1, past the detection means 6 to the belt 7, which has begun
      operation simultaneously with the supply roller 5. The leading end of the
      original will be gripped by the belt 7 causing the original to then be
      advanced at a velocity V.sub.2. The trailing end of the original, which is
      still gripped by roller 5, is permitted to advance at the increased
      velocity V.sub.2 by the action of overrunning clutch means 21. When the
      original detection means 6 detects the passing of the trailing end of the
      first original, it produces a signal which actuates timer means 25. The
      timer means 25 having transistors Tr.sub.1 and Tr.sub.2, RC circuit, SCR
      and the like, as is shown in FIG. 4, are set such that they will give a
      signal to the flip-flop circuit 28 after a predetermined time interval to
      make inoperative the clutch means of supply roller 5 and drive roller 8
      and to make operative the brake means in the drive roller 8, whereby the
      operation of the belt 7 is interrupted when the trailing end of the first
      original reaches the position at 24 and the rotation of the roller 5 also
      is interrupted to stop the next following original in the standby
      position. Exposing of the first original takes place a number of times
      corresponding to the number of copies to be produced, in accordance with
      repeat means setting the number of desired copies. When the desired number
      of copies have been produced from the first original, an exposure end
      signal is produced in a circuit 29 to actuate the OR-circuit 27 as in the
      case of the printing switch signal. The clutch means of rollers 5 and 8
      are again made operative and the brake means in the drive roller 8 are
      inoperative, the supply roller 5 and the belt 7 being again actuated. The
      second original disposed in the standby position will be moved in the
      manner of the first original to the illumination position. Successive
      operation of the apparatus in the manner described may continue until all
      of the originals on the rest tray are exhausted, whereupon the system may
      be automatically shut off.
PAR  In order to insure that the leading end of the next following original be
      prevented from reaching the original detection means 6, before the
      trailing end of the preceding original reaches the position 24, the
      following features may be incorporated in the device. As seen in FIG. 3,
      values for the distance l.sub.1, between the separation and supply means
      5, 5A and the original detection means 6, and the distance l.sub.2,
      between the original detection means 6 and the position 24 in which the
      trailing end of the original is adapted to be disposed, as well as the
      velocity V.sub.1 of the original supply roller 5 and the velocity V.sub.2
      of the belt 7 are selected such that the following relation holds:
      ##EQU1##
      The left term of the inequality represents the time interval in which the
      leading end of the next following original supplied by the roller 5 covers
      the distance l.sub., while the right term represents the time interval in
      which the trailing end of the preceding original covers the distance
      l.sub.1 + l.sub.2 at the rate of movement of the belt 7. This ensures that
      the leading end of the next following original reaches the original
      detection means 6 after the trailing end of the preceding original reaches
      the position 24.
PAR  From the foregoing description, it will be seen that the present invention
      dispenses with a pair of original feed rollers which have hitherto been
      provided between the separation and supply means and the belt in the prior
      art. This makes it possible to do without a drive mechanism for the pair
      of original feed rollers as well, thereby simplifying the construction.
      The absence of the pair of original feed rollers means that the
      possibility of damage to the orignals and their jamming can be reduced.
      Moreover, the rate of movement of the originals conveyed by the belt can
      be increased, so that the rate at which copying is effected can be
      increased.
PAR  Any adaptations of the main control system of the copying apparatus which
      are necessary to accommodate the present invention will be within the
      purview of those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. An automatic original supply device for electronic copying apparatus of
      the type comprising:
PA1  an original standby section including an original support tray and
      separation and supply means with a driven supply roller for supplying one
      original document after another from a pile of originals on said original
      support tray;
PA1  an original conveying and holding section including a belt for conveying to
      a predetermined illumination position an original supplied by the original
      separation and supply means and holding the same in said position; and
PA1  an original ejection section including original delivery means for removing
      the original processed through the illumination step;
PAL  wherein the improvement comprises:
PA1  original detection means interposed between the separation and supply means
      and said belt for detecting the passage of the trailing end of a first
      original;
PA1  timer means actuated in response to the detection of the trailing end of
      said first original for stopping said belt after a predetermined lapse of
      time such that said first original is in said predetermined illumination
      position and for interrupting the operation of said original separation
      and supply means to cause said next original to stand by;
PA1  overrunning clutch means for permitting said supply roller to rotate at a
      velocity higher than its driven velocity; and
PAL  wherein the following relations hold:
      ##EQU2##
      where V.sub.1 is the velocity at which each original is supplied by said
      supply roller, V.sub.2 is the velocity at which each original is conveyed
      by said belt, l.sub.1 is the distance between said supply roller and the
      original detection means, and l.sub.2 is the distance between the original
      detection means and the trailing end of an original disposed in the
      predetermined illumination position.
NUM  2.
PAR  2. A device as in claim 1 further comprising release clutch means for
      permitting said supply roller to rotate in the opposite direction from
      which it is driven.
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ABST
PAL  A sheet feeding mechanism for a reproduction machine has a plurality of
      trays for supporting sheets of various sizes which are to be fed into the
      machine. A baffle plate is provided for each tray for guiding the sheets
      from that tray upwardly to a sheet separating roller assembly associated
      only with that particular tray. All of the sheets from the various trays
      are fed to a common output.
BSUM
PAR  This invention relates to sheet feeding devices.
PAR  In apparatus such as described in British Patent Specification No.
      1,284,832, a copying machine receives sheets onto which copies of a
      document are to be transferred at an entry slot. When the copying machine
      is operated at high speed, it becomes impractical to feed copy sheets into
      the slot manually. In FIG. 20 of the earlier British Patent Specification,
      there is illustrated a feeding device for feeding sheets selected from
      stacks of sheets of different sizes into the copying machine. The present
      invention is concerned with an improvement of that apparatus, and can be
      used in the same way.
PAR  According to the invention there is provided a sheet feed device comprising
      a plurality of support surfaces each for supporting a stack of sheets, a
      sheet separating device for each support surface, a sheet forwarding
      device for each support surface for feeding the top sheet of the stack to
      the corresponding sheet separating device, a single sheet conveyor and
      guide means for guiding sheets from all the sheet separating devices to
      the single sheet conveyor.
PAR  In the earlier specification, sheet separation occurs by friction applied
      to the side of the stack from a pair of pressure pads, and no separate
      sheet separating device is provided downstream of the sheet forwarding
      device. Furthermore, the guides from the support surfaces for the stacks
      which lead to a common sheet feed path lead to a series of widely spaced
      grippers on a chain, so that the feeding of sheets from the support
      surfaces must be carefully synchronised with the movement of the chain so
      that the sheets can be conveyed out of the sheet feed device by the chain
      grippers. In one arrangement of the present invention, the sheet conveyor
      comprises a pair of pinch rolls which, when driven will convey a sheet
      onwards whenever it arrives at the pinch rolls.
DRWD
PAR  In the drawings, which show an example of the invention,
PAR  FIG. 1 is a perspective view of a sheet feed apparatus with some parts of
      its cabinet removed and some cabinet doors open;
PAR  FIG. 2 shows a control panel hidden in FIG. 1;
PAR  FIG. 3 is a side elevation of the left hand portion of the apparatus of
      FIG. 1;
PAR  FIG. 4 is a side elevation of a shaft from FIG. 3, showing the components
      mounted upon it;
PAR  FIG. 5 is a side elevation of another shaft from FIG. 3, showing the
      components mounted upon it;
PAR  FIG. 6 is a side elevation of a further shaft from FIG. 3, showing the
      components mounted upon it;
PAR  FIG. 7 is a perspective view of part of the apparatus of FIG. 3, with
      certain components removed for clarity;
PAR  FIG. 8 is a side elevation of part of the right hand portion of the
      apparatus of FIG. 1, and FIGS. 8A - 8C are schematic illustrations of the
      detail of FIG. 8 in various positions;
PAR  FIG. 9 is an end elevation of the apparatus of FIG. 7;
PAR  FIG. 10 is a schematic end elevation from the same position as FIG. 9 but
      showing paper trays in position;
PAR  FIG. 11 is a plan of a detail of FIG. 9;
PAR  FIGS. 12 and 13 are perspective views of a paper tray for use in the
      apparatus illustrated,
PAR  FIG. 14 is an underplan view of a detail of the apparatus; and
PAR  FIG. 15 shows the chain drives of the apparatus.
PAR  The sheet feeding apparatus shown in the drawings is intended for feeding
      cut sheets of different sizes into a main copying machine 21, which forms
      xerographic images of an original on the sheets. The apparatus is mounted
      on a wheeled frame 22 and is provided with buffers 23 which keep the
      apparatus from approaching the main copying machine too closely. A docking
      clamp and electrical connector (not shown) are provided between the
      apparatus and the main copying machine.
PAR  The central portion of the apparatus as seen in FIG. 1 contains three
      compartments 31, supporting paper trays 151 for three sizes of sheet. On
      the right hand side of the apparatus, there is a control and indicator
      panel 32, containing an "ON" button 33 with an associated indicator lamp
      34, an "OFF" button 35, a meter 36 to show the number of sheets fed with a
      reset button 37 and three indicator lamps 41, 42, 43 denoted "Register
      Tray" "Paper Jam" and "Add Paper" respectively.
PAR  The apparatus cabinet has three doors. One door not shown provides access
      to the left hand portion of the apparatus, and access is provided to the
      compartments 31 by two doors 44, 45 on horizontal hinges. The lower door
      45 opens downwards in front of the lower compartment, and the upper door
      44 opens upwards in front of the upper two compartments. On the front of
      the top cabinet door 44 there are further dials and switches shown in FIG.
      2. (The top door 44 is shown open in FIG. 1 so that the dials and switches
      are not visible in that figure). There is a three-way switch 46 for
      selecting one of the compartments 31 for use, and three panel lights 51,
      52, 53 indicate the compartment selected. The switch 46 selectively
      connects alarms (to be described later) in the compartments to the lamps
      41-43 described above and to a machine shut-down mechanism so that only an
      undesired event in the selected compartment will be indicated and will
      cause the machine to shut down. On the front of the top door 44 there are
      also two dials 54, 55 for setting the digits of the number of sheets to be
      fed (maximum 99), and buttons 56, 57 to start and stop the feeding
      operation and the subsequent printing operation in the main copying
      machine 21.
PAR  Interlock switches 58 are mounted adjacent the doors 44, 45 and are
      connected in the electrical supply to the apparatus so that the apparatus
      cannot be operated while any of the doors is open.
PAR  Inside the top of each paper tray compartment 31, there is provided a feed
      roller assembly. Each assembly comprises a pair of feed rollers 61 mounted
      on a shaft 62. This shaft is supported at the end of a hollow arm 63,
      whose other end is supported on an upper shaft 64 adjacent the roof of the
      compartment. The torque tube 65 is connected to the hollow arm and extends
      around said upper shaft from the arm towards the rear of the compartment.
      A lever 66 extends from the torque tube in the opposite direction to the
      hollow tube, and this lever is formed with two recesses 67, 68, whose
      function is described below.
PAR  The upper shaft 64 is driven on a sprocket 71 driven by a main drive chain
      72 of the apparatus through an electromagnetic clutch 73 controlled by the
      machine logic. The upper shaft 64 drives the feed rollers 61 by means of a
      belt and pulley drive (not visible) within the hollow arm 63. The feed
      rollers 61 are provided with overrunning clutches 74 to allow them to
      rotate in the clockwise direction as seen in FIG. 8 relative to the shaft
      62.
PAR  At the front of the compartment, there is provided a handle 75 mounted on a
      shaft 76 parallel and adjacent to said upper shaft 64, and provided at its
      rear end with a crank 77 which engages the recesses 67, 68 in the lever 66
      mounted on the torque tube 65. When the handle 75 is in the downward
      vertical position as shown in FIGS. 8 and 8C, the crank 77 is disengaged
      from the recesses 67, 68 in the lever 66 and the feed rollers 61 are free
      to drop towards the floor of the compartment as the hollow arm 63 rotates
      about the upper shaft 64. When it is required to remove the paper tray 101
      from its compartment, the handle is moved to a horizontal position
      anti-clockwise in FIG. 8. As the handle 75 is moved, the crank 77 engages
      the recess 67 nearer the upper shaft 64, depressing the lever 66 and thus
      raising the feed rollers 61 towards the roof of the compartment. As the
      handle 75 and the hollow arm 63 approach the horizontal position, the
      crank 77 moves from the first recess 67 on the left hand side of the
      handle shaft 76 (FIG. 8B) to the second recess 68 on the right hand side
      of the handle shaft 76 (FIG. 8A) so that the weight of the feed rollers
      now presses the handle 75 upwards against a stop not shown so that the
      feed rollers 61 and the handle 75 will remain in the horizontal positions
      until the handle 75 is depressed to move the crank 77 back into the left
      hand recess 67 when the feed rollers 61 are again lowered under the
      control of the handle 75.
PAR  A second electromagnetic clutch 78, which acts as a lift clutch, is
      provided between the drive shaft 64 and the torque tube 65. The clutch 78
      has its body 81 secured to the shaft 64, and its armature 82 secured to
      the torque tube 65 by means of couplings 83, so that the feed rollers 61
      can be removed from the apparatus easily. An overrunning clutch 84 mounted
      on the shaft 64 connected to a lift arm 85 pivoted for movement about the
      shaft 64. The free end of the arm 85 is secured to a lift solenoid 86. On
      energisation of the solenoid 86, the lift arm is rotated about the shaft
      64 to cause the overrunning clutch to lock so that a predetermined small
      angle of rotation is applied to the shaft 64.
PAR  The machine logic is arranged to energise the solenoid 86 and the lift
      clutch 78 together when the electromagnetic clutch 73 is de-energised.
      This arrangement ensures that the small angle of rotation is applied to
      the shaft 64 by means of the solenoid 86, the lift arm 85 and the clutch
      84, and the same angle of rotation is applied to the torque tube 65
      through the clutch 78. This arrangement provides that the feed rollers are
      lifted by a small predetermined amount whatever their position relative to
      the shaft 64, and are allowed to drop back by the small predetermined
      amount when the clutch 78 and the solenoid 86 are de-energised. With this
      arrangement, the chance of the feed rollers 61 disturbing the sheets of
      paper below them as they descend is reduced.
PAR  The selected feed roller assembly feeds sheets into the corresponding sheet
      feed path as shown in FIG. 3, commencing on the right hand side of the
      figure and ending at a common point for all three paths on the left hand
      side of the figure. The three paths corresponding to the three
      compartments 31 resemble each other, and only one will be described. The
      start of each path is formed by two baffle plates 91 and 92, whose spacing
      becomes progressively smaller as the distance from the right hand side of
      the figure increases. The baffle plates are formed with plane sections
      which are inclined to each other. All the sections of the lower plate 91
      are upwardly inclined in the direction of sheet travel and the sheet from
      the compartment will strike the lower plate 91 and be guided upwardly
      along the path by the lower plate 91. The baffle plates are fixed by means
      of brackets 87 to the side plates 88 of the apparatus.
PAR  The left hand end (as seen in FIG. 3) of each pair of baffle plates 91 and
      92 feeds into the nip of a separator roller assembly. The assembly
      comprises two pairs of knurled polyurethane surfaced rollers for high
      coefficient of friction, the upper roller 94 of each pair being mounted on
      a shaft 95 journalled in fixed bearings 96 in the side plates of the
      apparatus. The shaft 95 is driven from a sprocket 97 engaging the common
      drive chain 72 (FIG. 8) driven by a main drive motor 9B through an
      electromagnetic clutch 99 controlled by the machine logic. The connection
      of the motor 98 to the chain 72 will be described later. The rollers 94
      are driven in the clockwise direction seen in FIG. 3 by the shaft 95, but
      are provided with overrunning clutches 101 so that they can rotate
      clockwise as seen in FIG. 3, relative to the shaft. Over-running will
      occur when a sheet is pulled out faster than the rollers 94 are being
      driven.
PAR  The lower rollers 102 of the two pairs in the separator roller assembly are
      mounted opposite the respective upper roller on a shaft 103 for rotation
      therewith by a screw 104 engaging a recess 105 in the shaft 103. The shaft
      103 is journalled in bearings 106 mounted in slots 107 in the side plates
      of the apparatus, the slots being elongated along the line joining the two
      shafts 95, 103. The lower shaft 103 can therefore move towards and away
      from the upper shaft 95, but cannot move in the tangential direction. It
      can also move out of parallel to the shaft 95 if a different thickness of
      sheet appears between the two pairs of rollers or if the rollers 94 should
      be non-concentric with the shaft 95.
PAR  The lower roller shaft 103 is biased towards the upper roller shaft 95 by a
      biasing system acting on a ball race 111 at the centre of the lower shaft.
      The rollers 102 are equidistant from the ball race 111. The biasing system
      comprises a lever 112 extending from a square-section shaft 113 journalled
      in the side plates of the apparatus, a second lever 114 extending from the
      end of said shaft oppositely to the lever 112 and outside the side plate
      88. The lever 114 is provided with a series of annular recesses 115 along
      its length, and a spring 116 extends from one of the recesses to one of a
      series of holes 117 on a bracket 118 mounted on the outside of the side
      plate 88. The appropriate recess 115 and hole 117 are chosen for securing
      the ends of the spring 116 in order to provide a desired bias to the lower
      shaft 103.
PAR  The lower shaft 103 of the separator roller pair is anchored to the side
      plate 88 through a mechanical slip clutch 121. A frame anchor is provided
      by a plate 122 keyed to the clutch 121 and carrying an auxiliary roller
      123 movable in a narrow slot 124 extending from the lower end of the slot
      107 in the side plate in which the bearings 106 of the lower shaft 103
      move. The achoring roller 123 can therefore move towards and away from the
      upper shaft 95 with the lower shaft 103, but prevents the plate 122 from
      rotating relative to the side plate 88. The mechanical slip clutch 121 is
      set to slip at a predetermined torque.
PAR  In an alternative arrangement not shown, an electrical slip clutch is
      provided, which will slip at a torque determined by the current applied to
      the clutch. Adjustment of this clutch is by changing the current supplied
      to it, whereas adjustment of a mechanical slip clutch will require
      physical access of at least a tool to the slip clutch, which is often not
      possible in a compact machine without disassembly of several components. A
      sensing device (not illustrated), such as a microswitch, can be provided
      to operate the "paper jam" alarm and shut down the machine if the shaft
      103 is moved by an excessive amount away from the upper shaft 95, as when
      a very large number of sheets are fed simultaneously between the rollers
      94, 102 which might not be properly separated by the separator roller
      assembly.
PAR  On the left hand side of the separator roller sets (as seen in FIG. 3),
      further baffle plates 125 are provided with guide sheets from the three
      separator roller assemblies to a common drive roller assembly. The
      additional baffle plates 125 are slidably mounted on rails 126 secured
      between the side plates 88, and can be withdrawn through an aperture 127
      in the side plate by means of lugs 128 in order to clear a paper jam. The
      upper and lower baffle plates are slidably mounted at each side, but the
      central baffle plates are mounted on rails at their right hand ends only,
      as the sheet paths merge at their left hand ends and mounting rails would
      obstruct these paths. Instead the left hand ends of the baffles 125 are
      supported at their front and rear edges on brackets (not shown).
PAR  The lower roll 131 of the drive roll assembly is mounted on a shaft 132
      journalled as fixed positions in the side plates 88 of the apparatus. The
      shaft 132 is driven through an electromagnetic clutch 133 from a sprocket
      134 driven by the common drive system of the apparatus, and a mechanical
      overrunning clutch 135 is also mounted on the shaft 132 driven by a
      sprocket 136 of a slower speed drive system. The roll 131 is provided with
      a number of resilient bands 137 along its length in order to increase the
      driving power of the roller. The upper roll 138 of the assembly is mounted
      on a shaft 139 supported in vertically extending slots 141 in the side
      plates 88 above the drive roll 131 and is of metal with a smooth surface.
      The roll 138 presses down on to the bands 137 so that any sheet
      therebetween will be driven forward when the roll 131 is rotated. The
      weight of the roll 138 biases it towards the drive roll 131.
PAR  Two microswitches 142, 143 sense the passage of sheets through the
      apparatus of FIG. 3. An actuating arm 144 of the first microswitch 142 is
      located in the path of sheets emerging from the drive roller assembly. The
      second microswitch is located with its actuating arm 145 adjacent the exit
      from the top set of separating rollers only. Both microswitches are
      connected into the machine logic. The microswitch 142 on actuation causes
      the machine logic to de-energize the electromagnetic clutches 73, 99 of
      the separator roller assembly and feed rollers which had previously been
      energised. The microswitch 143 when actuated causes the machine logic to
      de-energize the electromagnetic clutch 73 in the drive to the feed rollers
      in the upper compartment only. The microswitch 143 is provided in the
      upper sheet feed path only, as this path is intended for short sheets
      whose trailing edge will have left the feed rollers 61 before the leading
      edge reaches the actuating arm 144 of microswitch 142. The microswitch 143
      on actuation also causes the machine logic to energise the lift clutch 78
      and energise the solenoid 86 so that the feed rollers 61 are lifted from
      the paper stack. This avoids overloading the separator roller 94 by the
      drag of the overrunning feed rollers 61 if they had been left in contact
      with the top sheet being fed after de-energisation of the clutch 73.
PAR  Referring to FIG. 15, the drive to the electromagnetic clutches 73, 99 and
      133 for the feed rollers, separator rollers, and drive roll originates
      from the motor 98. A sprocket 221 mounted on the output shaft 222 of the
      motor 98 and drives a first sprocket 223 on a layshaft 224 by means of a
      chain 225. A second sprocket 226 on the layshaft 224 drives a chain 227
      over two idler sprockets 228 and the sprocket 136 connected to the
      mechanical overrunning clutch of the drive roller shaft 132. A third
      sprocket 229 on the layshaft 224 drives the sprocket 97 on the separator
      roller shaft 95 for the central sheet feed path through a chain 231 which
      passes over an idler sprocket 232 located on the outside of the chain 231
      as seen in FIG. 15. This shaft 95 drives other chains for other parts of
      the apparatus. A second sprocket 233 on the central separator roller shaft
      95 drives the chain 72 which passes over sprockets 71, 97 driving the
      electromagnetic clutches of the three separator roller shafts, and of the
      three feed roller shafts. Idler sprockets 234 between the upper and middle
      sprockets 71 and 97 and below the lower sprockets 71 and 97 ensure that
      the chain 72 wraps over a sufficient fraction of the periphery of the
      sprockets of the central and lower shafts. A third sprocket 235 on the
      central separator roller shaft drives a chain 236 passing over two idler
      sprockets 237 and the sprocket 134 connected to the electromagnetic clutch
      133 on the drive roller assembly. The chain 236 drives the drive roller
      shaft 132 at a higher speed when energised, and the chain 227 otherwise
      drives it at a lower speed.
PAR  Referring to FIGS. 12 and 13, each paper tray 151 comprises a base plate
      152, with a front margin guide 153 which is fixed to the base plate. The
      rear margin guide 154 is movable relative to the base plate, and is
      mounted on two pins 155 passing through a slot 150 in the base and
      attached to a block 156 below the base plate. The rear edge margin guide
      154 is provided with a plate 157 which extends partially over the base,
      which together with the pins 155 and the block 156 provide a firm mounting
      for the rear edge margin guide on the base plate. The plate 157 is
      provided with an index 158 which moves relative to a scale 159 on the base
      plate 152 to indicate the separation of the rear guide 154 from the front
      guide 153.
PAR  There is no left hand margin guide, as sheets are to be fed off the stack
      to the left. However, the front and rear edge margin guides are provided
      with snubbers 161 at the left hand end of the tray. The snubbers are
      mounted on arms 162 pivotally mounted on the guides and having small
      brackets 163 of wire pivotally mounted on shafts 160 for engaging the two
      top left hand corners of the stack of sheets supported on the tray on the
      top and left hand surfaces of the stack. Springs (not shown) bias the
      brackets 163 to the position shown in FIG. 12 relative to the arms 162.
      The snubbers 161 obstruct the passage of the top sheet of the stack as it
      is fed to the left, causing the sheet to buckle in order to pass thus
      facilitating the separation of the top sheet of the stack from the
      remaining sheets. As the top level of the stack descends, the snubbers 161
      will descend accordingly, as their supporting arms 162 pivot about the
      front and rear guides of the tray. When a new stack of paper is placed on
      the tray, the snubber arms 162 are pulled up on to the top of the stack,
      the snubber brackets 163 pivoting forwardly on their shafts 160 as the
      brackets are pulled through the stack and springing back to the position
      illustrated in FIG. 12 when they clear the top of the stack. The snubbers
      then rest in the top of the stack as described above.
PAR  A right hand margin guide 164 is provided on the base plate mounted by
      means of two pins 165 and a block 166 for movement along a further slot
      167, similarly to the mounting of the rear edge margin guide 154. The
      right hand guide 164 is provided with an index 168 on its plate 169
      adjacent a scale 171 marked on the bases of the tray indicating the
      distance of the right hand edge of the stack from the snubbers 161. The
      right hand edge margin guide is provided with an overhanding lug 172 at
      its upper end to prevent an excessive height of stack being placed on the
      tray which might prevent the feed rollers 61 from working satisfactorily.
PAR  On the underside of the tray, there are two rows of rollers 175, mounted on
      axes extending parallel to the front and rear edge margin guides 153, 154.
      The left hand row of rollers co-operate with rails 176 formed on the floor
      177 of the compartments 31, and the right hand rollers rest on the floor
      of the compartments, so that the tray 151 can be rolled into and out of
      the compartment 31. The direction of movement of the tray is at right
      angles to the direction of the paper feed. The front margin guide is
      provided with a handle 178 on the outside for use when moving the tray in
      the compartment.
PAR  Since it is important that the sheets in the tray are fed forward without
      skewing along the centre line of the apparatus illustrated in FIG. 1, the
      tray 151 should be located such that the centre line of the sheets in the
      tray are located on a fixed line in the machine, whatever the position of
      the rear guide 154 of the tray. FIG. 10 shows in the top compartment 31 in
      full lines the position of the tray for narrow sheets of paper and in
      chain dotted lines the position of the tray for wider sheets of paper. It
      will be seen that the position of the front guide 153 and base 152 of the
      tray is different for the two widths of paper, and a locating device 179
      is provided for automatic location of the tray in its correct position,
      according to the relative position of the rear side of the tray.
PAR  On the underside of the tray, a link arm 181 is pivoted to the block 156
      about one pin 155 at one end, and is provided with a longitudinal slot 182
      at the other end through which extends a pivot pin 183 mounted on the
      underside of the tray. A lug 184 extends downwards from the link at a
      point equidistant from the mid point of the slot 182 in the arm, and from
      the pin 155 on the block 156. As the rear guide 154 of the tray moves
      relative to the remainder of the tray by a certain distance, the lug 184
      will therefore move by substantially half this distance, so that the lug
      184 will remain at a fixed distance from a line equidistant from the front
      and rear margin guides 153, 154. The lug 184 is located at a fixed
      position relative to the remainder of the apparatus in order to locate the
      tray 151 in the required position by engagement with the device 179 which
      comprises a lever formed with a recess 186 and mounted at the central rear
      portion of the compartment floor. As can be seen in FIG. 14, the lever 185
      is mounted for limited rotation about a pin 187, the rotation being
      limited by means of a stop pin 188 extending through an enlarged hole in
      the lever 185. This limited rotation accomodates some sideways movement of
      the trays 151 in their rails 176.
PAR  At the base of the recess 186, there is provided a spring loaded plunger
      191 engaging a microswitch 192 connected to the machine logic. At the side
      of the recess there is provided a spring latch 193 which biases the lug
      184 to remain within the recess 186 after entry.
PAR  The block 156 is provided with a spring located lug 201 extending from one
      side, which is adapted to engage a register bar 202 located on the
      underside of the paper tray 151. The register bar 202 is generally
      cylindrical, having two series of recesses 203, extending parallel to the
      axis of the bar along two opposed sides of the bar. The recesses merge
      smoothly into the cylindrical surface of the bar in the direction
      transverse to the axis of the bar. The recesses 203 are located to engage
      the spring loaded lug 201 of the block 156 at positions corresponding to
      the separation of the front and rear guides of the tray to accomodate
      standard size widths. One line of recesses is provided appropriate to
      English sizes, and the other line appropriate to metric sizes.
PAR  The register bar 202 is rotatable by means of a handle 204 on the front of
      the tray (see FIG. 12). A leaf spring 205 mounted on the under side of the
      tray engages a short square section portion 206 of the register bar 202 in
      order releasably to retain the bar in any one of four symetrically spaced
      positions, two opposed positions corresponding to the alignment of the two
      lines of recesses with the spring loaded lug 201. Symbols M and E are
      marked on the tray adjacent the handle, the appropriate one of which will
      be opposite a marker on the handle 204 when the corresponding series of
      metric or English size recesses 203 is located in line with the spring
      loaded plunger 191.
PAR  When it is required to adjust the position of the rear side 154 of the
      tray, the handle 204 is rotated through 90.degree. so that the spring
      loaded plunger 201 is ejected from a recess 203 by sliding up the boundary
      of the recess which merges smoothly into the generally cylindrical surface
      of the bar 202. The rear guide 154 of the tray is then moved to
      approximately the newly required position, the lug sliding along the
      cylindrical surface of the bar, after which the register bar 202 is turned
      so that the symbol on the handle is opposite the M or E on the tray. This
      rotation of the bar 202 will bring the appropriate set of recesses 203
      into line with the spring loaded lug 201. The rear guide 154 is now moved
      further towards its required position, at which the spring loaded lug 201
      will spring into the appropriate recess 203. This arrangement has the
      advantage that the separation of the front and rear guides 153, 154 of the
      tray is controlled, and (unless the operator homes in on the wrong recess)
      the stack of sheets in the tray cannot be left too loosely or too tightly
      in the tray, either of which conditions would adversely effect the
      accuracy of feeding of the sheets.
PAR  A similar register bar 207 is provided to control the location of the block
      of the right hand end guide. The guides can be located at other positions
      by leaving the bar 202 or 207 with its cylindrical surface opposite the
      lug 201, but in this case the accuracy of location is left to the operator
      who must line up the index 158 or 168 with the scale 159 or 171.
PAR  At the left hand edge of the tray, approximately in the centre, there is
      provided an elongated slot 211 at the inner end of which is mounted a leaf
      spring 212 on the underside of the tray. A pad 213 of high friction
      material is provided on either side of the slot 211 on the upper surface
      of the base plate 152. The normal position of the leaf spring 212 is
      extending through the slot 211 slightly above the upper surface of the
      base plate 152. However, when sheets are present on the base plate 152,
      the leaf spring 212 is depressed below the surface, being prevented from
      rising to its normal position by the weight of the sheets and the tension
      in the sheets which are pressed onto the floor of the tray by means of the
      two spaced feed rollers 61 and prevented by the friction between the
      rollers the sheets and the pad 213 from slipping under the feed rollers.
PAR  The free end of the leaf spring 212 is provided with a shoe 214 which
      engages, in the depressed position of the spring 212, a spring plunger 215
      mounted on the floor of the compartment adjacent the left hand rail 176.
      The rear end of the plunger 215 is provided with an elongated portion 216
      which is adapted to engage the actuating arm 217 of a microswitch 218
      connected to the machine logic. When any sheets remain on the paper tray
      with the feed rollers resting on them, the leaf spring 212 is depressed so
      that the spring loaded plunger 215 is retained in a position to the left
      of its fully extended position as shown in FIG. 9. As the last sheet is
      fed from the tray, the leaf spring 212 rises to its normal position and
      the shoe 214 releases the spring loaded plunger 215 so that its elongated
      portion 216 releases the actuating finger 217 of the microswitch 218. The
      actuation of the microswitch causes the machine logic to indicate that
      paper must be added to this tray (by illuminating the "Add Paper" lamp 43
      on the control panel), and to stop the continued operation of the
      apparatus. The paper tray 151 is then removed from its compartment 31 by
      opening the doors 44, 45 in from of the trays, rotating the handle 75 to
      its horizontal position to lift the feed rollers 61 from the paper tray
      and rolling the paper tray fowards out of the compartment. When the paper
      tray has been filled with paper, it is returned to the compartment. The
      leaf spring 212 in the tray will be depressed by the weight of the paper
      in the tray, so that the shoe 214 will engage the plunger 215 and depress
      it by an amount dependent on the setting of the rear guide 154 of the
      tray. The microswitch 218 will be actuated by the enlarged portion 216 of
      the plunger whatever the setting of the rear guide 154, so that a signal
      will be sent to the machine logic to cause the Add Paper lamp 43 to be
      extinguished (assuming this tray is still selected by the tray selector
      switch 46).
PAR  When the tray 151 is returned to the compartment, the left hand rollers 175
      engage the rails 176 and the link arm rollers roll on the floor 177 on the
      compartment 31, and the lug 184 on the underside of the tray 151 engages
      the locating device 179. When the lug 184 reaches the base of the recess
      186, the spring loaded lug 193 will latch the lug 184 in the recess 186,
      and the lug 184 will depress the plunger 191 to actuate the microswitch
      192. This microswitch 192 causes the machine logic to deactuate an alarm
      which indicates that the paper tray is not registered, and the machine
      logic will then allow the apparatus to continue feeding the sheets from
      the tray provided that there are no other abnormalities in the apparatus
      which have been sensed by the sensing devices for the machine logic. The
      paper feed rollers 61 are lowered onto the top sheet in the stack by
      moving the handle 75 to its downward position.
PAR  The logical circuitry of the apparatus causes energisation of the
      electromagnetic clutches 73, 99 and 133 according to the operation of the
      dials 54, 55, switch, 46, start and stop buttons 56, 57 and the
      microswitches 142, 143, 192 and 218. The logical circuitry is also
      responsive to the main copying machine 21, so that a sheet is only fed
      when the main copying machine is ready to receive it. This circuitry is of
      conventional form and is not specifically described or illustrated.
PAR  When the digit dials 54, 55 have been set to a non-zero figure, and the
      Start button 56 has been depressed, the machine logic will, if the main
      machine is ready, cause energization of the electromagnetic clutch 73
      connected to the shaft of the feed rollers in the compartment
      corresponding to the position of the three-way switch 46 through the
      microswitches 192, 218 of that compartment in the tray locating device and
      paper sensing device. Therefore, provided the selected tray 151 is in the
      correct position and at least one sheet is present on the tray with the
      feed rollers 61 pressing down, the feed rollers 61 will be driven forward
      by the common drive chain 72 of the apparatus and the top sheet from the
      stack will enter the appropriate path between the baffle plates 91 and 92
      opposite the compartment from which it started. The sheet will strike the
      lower plate which is inclined upwardly, so that the sheet will be guided
      upwards to the nip of the separator roller assembly facilitating the task
      of the separator roller assembly, since when two or more sheets are fed
      together, the upwards guiding will tend to cause the leading edge of the
      upper sheet to be in advance of the leading edges of the lower sheets.
PAR  The sheet will pass between the nip of the separator rollers 94, 102 and be
      guided by the baffle plates 125 between the nip of the drive rollers 131,
      130 and out of the left hand side of the apparatus shown in FIG. 1. As the
      leading edge of the sheet emerges from the drive roller assembly, it will
      actuate the finger 144 of microswitch 142, which will cause the machine
      logic to de-energize the electromagnetic clutches 73, 99 of the separator
      roller assembly and the feed rollers of the appropriate feed path which
      had previously been energized. Although the sheet may still be present
      under the feed rollers and between the rollers of the separator roller
      assembly, the drive will be taken over by the drive rollers alone, and the
      upper roller 94 of the separator roller assembly and the feed rollers 61
      will over run by virtue of their over running clutches 101, 74. As the
      sheet progresses past the left hand side of the apparatus in FIG. 3 it
      enters the main copying machine 21. The main copying machine 21 intended
      for use with the apparatus illustrated operates at a slower sheet feed
      speed than the present apparatus, and a correspondingly slower drive is
      applied to the roller 131 of the drive roller assembly through the
      sprocket 136 and over running clutch 135 described above. When the
      electromagnetic clutch 133 is energized, the shaft 132 over runs the
      sprocket 136 so that the slower speed drive is ineffective. A sheet
      sensing device (not shown) is provided at the entry to the main copying
      machine 21, which is connected to the machine logic of the present
      apparatus to cause the electromagnetic clutch 133 to be de-energized when
      a sheet enters the main machine.
PAR  The drive of the roller 131 is then taken over by the slower speed drive
      through the clutch 136 and the sheet is fed into the main copying machine
      21 at the speed at which the main copying machine is designed to operate.
      The same sheet sensing device in the main copying machine 21 is used in
      conjunction with a timer in the machine logic for operation of the paper
      jam alarm 42. Depression of the start button 56 carries the timer to
      start, and operation of the sheet sensing device resets the timer. If the
      timer is not reset after the normal time taken for a sheet to travel
      through the apparatus, the timer will cause the paper jam lamp 42 to light
      and the apparatus to shut down.
PAR  Since the speed of feed of the sheets through the present apparatus
      decreases as the leading edge of the sheet enters the main copying
      machine, it is important that the next sheet from the stack is not fed
      forward immediately the trailing edge of the first sheet passes under the
      feed rollers. It is for this reason that the microswitch 142 is connected
      to the machine logic to deenergize the electromagnetic clutch of the feed
      rollers until the trailing edge of the first sheet has passed the finger
      144 of the microswitch 142. This will avoid the next sheet colliding with
      the trailing edge of the first sheet and possibly causing a paper jam in
      the apparatus.
PAR  For short sheets, such as may be fed from the top compartment, it is
      possible that the trailing edge of the short sheet may pass from below the
      feed rollers before the leading edge reaches the finger of the microswitch
      142. For this reason the second microswitch 143 is provided with its
      finger 145 adjacent the nip of the separator rolls 94, 102 in the upper
      sheet feed path, the microswitch 143 being connected in the circuit to the
      electromagnetic clutch 73 of the feed rollers of the upper compartment in
      order to stop the feed rollers as soon as the leading edge of the sheet
      emerges from the nip of the separator roller assembly. Without this
      provision, the feed rollers would continue to rotate, thus feeding a
      second sheet immediately following the first sheet, possibly causing a
      paper jam. The drive of the sheet in the upper feed path then continues
      through the rollers 94 on the shaft 95 until the leading edge of the sheet
      reaches the microswitch 142, when the microswitch 142 de-energizes the
      electromagnetic clutch 99 and the drive is continued through the roller
      131 as described above. The microswitch 143 causes the feed rollers 61 to
      be raised off the paper in the top compartment only in the tray as
      described above in order to prevent excessive wear on the separator
      rollers 94 which might occur if the rollers 94 had the added load caused
      by the overrunning of the feed rollers 61 no longer driven through clutch
      73.
PAR  If two or more sheets should be fed forward by the feed rollers 61 in spite
      of the separating action of the snubbers 161 at the front corners of the
      stack, the separator rollers 94, 102 are designed to feed forward only the
      top sheet and to retain the second and any further sheets from proceeding
      beyond the separator rollers. The knurled texture of the polyurethane
      covering of the rollers 94 and 102 and the bias exerted by the spring 116
      to urge the rollers together is such that when no sheet or only one sheet
      is present between the rollers 94 and 102, the lower roller 102 is urged
      to rotate anti-clockwise as seen in FIG. 3 by friction between the rollers
      and the sheet if present. However, when two or more sheets are present
      between the rollers, the torque exerted on the lower roller 102 by the
      friction between the plurality of sheets present between the rollers is
      insufficient to cause the slip clutch 121 to slip. The lower roller 102
      and the sheet or sheets immediately adjacent to it therefore remain
      stationary, and only the sheet immediately adjacent the top roller 94
      proceeds forward. As soon as this forwarded sheet reaches the finger 144
      of microswitch 142, the drive to the roller 94 will be stopped so that the
      remaining sheet or sheets will remain between the separator roller
      assembly. The drive to the roller 94 will be continued after the trailing
      edge of the first sheet has passed the finger 144 of microswitch 142 and
      when the main copying machine 21 sends a signal to the machine logic that
      a further sheet is to be fed so that the sheet immediately adjacent to the
      roller 94 will be forwarded, and any remaining sheets will be retained as
      previously described. In the lower two compartments, the sheets retained
      at the separator roller assembly are long enough to extend under the feed
      rollers 61, so that when the separator rollers and the feed rollers are
      restarted when the machine 21 is ready after the trailing edge of the
      first sheet has passed the finger 144 of microswitch 142, no further
      sheets will be fed forward from the stack until all the multiply fed
      sheets have been cleared from the separator roller assembly. In the top
      feed path, the provision of microswitch 143 will prevent any further
      forwarding of sheets from the top of the stack by the feed rollers 61 in
      the top compartment.
PAR  The biasing arrangement of the spring 116 on the lower roller 102 allows
      the lower roller to move away from the upper roller 94 when a larger
      thickness of sheets passes between them. If this movement were not
      allowed, the reaction between the two rollers 94, 102 might increase on
      passage of multiple sheets to such an extent that the friction between
      adjacent sheets of the multiply fed sheets would be sufficient to exceed
      the macimum torque exerted by the slip clutch 121, so that sheets would
      then be fed forward together past the drive roller 121 and into the main
      copying machine 21 thus causing a paper jam.
PAR  When a paper jam is indicated by the lamp 142 on the control panel, the
      machine will shut down and cannot be restarted before depressing a button
      241 on the side plate 88 of the apparatus shown in FIG. 1. This button 241
      is connected to a two-unit solenoid device (not shown) in the machine
      logic, such that the solenoid must be re-set by depressing the button 241
      each time a jam is indicated before the machine can be re-started. In
      order to gain access to this button 241, the operator will have to open
      the door (not shown) in front of the plate 88, and will then be able to
      view the space on both sides of the separator rollers 94, 102. If the
      paper jam is visible on the left hand side of the separator rollers, the
      appropriate baffles 125 can be removed by sliding them forward through the
      aperture 127 in order to gain access to the jammed sheets and to remove
      them. The baffle plates 125 are then replaced, the button 241 depressed
      and the cabinet door closed before starting the apparatus again. If the
      jammed paper is seen to the right of the separator roller assemblies, the
      appropriate paper tray 151 will have to be withdrawn from its compartment
      31 in order to gain access to the space between the baffle plate pairs 91
      and 92. Thus, it is not possible for the operator merely to press the
      start button 56 again when the machine has shut down after a paper jam,
      but the cabinet door in front of the apparatus shown in FIG. 1 must first
      be opened to depress the button 241 which will make the possible places in
      which a jam might occur visible and so the jam is more likely to be
      cleared even by a careless operator.
PAR  The apparatus illustrated in the drawings has been designed to operate with
      sheets of sufficient length to reach from the feed rollers 61 to the drive
      roller 131 in the centre and bottom sheet feed paths, and from the feed
      rollers 61 to the separator roller 94 in the upper path. Where it was
      convenient to design a machine with greater separation between the various
      rollers, it would be possible to position the microswitches 142 and 143
      upstream of their present positions in order to stop the feed rollers 61
      and possibly lift them from the top of the stack before the trailing edge
      of the top sheet passed below them, and to provide additional sheet
      transport devices to continue the transport of the sheets to the separator
      and drive rollers.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A sheet feeding device comprising:
PA1  a plurality of support surfaces each for supporting a stack of sheets;
PA1  a sheet separating device for each support surface, the sheet separating
      device comprising a shaft, a plurality of first rollers mounted on the
      shaft symmetrically about the center of the shaft, a plurality of second
      rollers mounted opposite the first rollers for rotation about an axis
      substantially parallel to the shaft, means for supporting the shaft for
      movement towards and away from the axis, means acting on the center of the
      shaft for biasing the shaft toward the axis, and means for driving one of
      the plurality of rollers to forward a sheet between the nip of the roller;
PA1  means for each support surface for feeding the top sheet of the stack to
      the corresponding sheet separating device;
PA1  a single sheet conveyor;
PA1  guide means for guiding sheets from all the sheet separating devices to the
      single sheet conveyor; and,
PA1  sheet sensing means located downstream of the single sheet conveyor for
      stopping operation of the sheet separating device and the sheet forwarding
      device of one of the support surfaces during passage of a sheet past the
      sheet sensing means.
NUM  2.
PAR  2. A sheet feeding device as claimed in claim 1 including drive means for
      driving the first plurality of rollers in a forward feeding direction, a
      slip clutch having two members which will slip relative to each other when
      a torque greater than a predetermined value is applied between them, means
      for restraining one member of the slip clutch against rotation, the other
      member being connected for rotation with the plurality of second rollers.
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ABST
PAL  A case magazine and case stripper part of a case opening, loader sealer
      machine, including longitudinal case slide rails for supporting a vertical
      stack of unopened, horizontal, flat folded cases, lug devices mounted on a
      carriage that is longitudinally reciprocated by an endless chain drive to
      remove the lowermost case from the stack and push the lowermost case
      forwardly along the slide rails as the carriage moves forwardly, vertical
      stack support magazine brackets locates adjacent the corners of the stack
      extending upwardly from adjacent the elevation of the slide rails, and
      being mounted to be selectively adjustably positioned longitudinally and
      transverse relative one another, vacuum cup assemblies on opposite
      transverse sides of the slide rails for pivoting transversely opposite
      lowermost flaps about fold lines to a given angle of inclination and then
      release the flaps, spring hold down mechanism for retaining the flaps at
      said angle while permitting the flaps to be translated forwardly and
      control mechanism for the vacuum cup assemblies. The carriage mounts the
      gripper lug devices for engaging the inclined flaps and moving the
      lowermost case forwardly of the magazine brackets while the flaps are
      being retained at said angle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Case magazine and stripping mechanism for supporting a vertical stack of
      unopened, horizontal, flat folded cases, and removing the lowermost case,
      one at a time, from the bottom of the stack and conveying the case
      forwardly to a location to have another work operation performed thereon.
PAR  In the prior art it is old to provide case stripper mechanism that removes
      one case at a time from the bottom of a vertical stack of horizontally
      flat folded cases in a case magazine while the case body and flaps all are
      in a horizontal condition. However, with such prior art mechanism problems
      have been encountered in handling wrapped cases, and in handling square
      cases, special corner cutting has been required. In order to avoid or
      overcome problems such as the above, as well as provide other advantages,
      this invention has been made.
PAC  SUMMARY OF THE INVENTION
PAR  Case magazine and case stripper structure that includes horizontal slide
      rails, a case magazine retaining a stack of flat folded, horizontal cases
      in generally vertical alignment on the slide rails, case stripper
      mechanism for moving one case at a time from beneath the stack and along
      the slide rails, and flap pull down and retainer mechanism for pivoting
      transversely opposed lowermost flaps to given angles of inclination and
      retain the flaps at said angles to be subsequently engaged by the stripper
      mechanism for removing the lowermost case from the magazine.
PAR  One of the objects of this invention is to provide on a machine having a
      case magazine for retaining cases in a flat folded horizontal condition in
      vertical stacked relationship, new and novel mechanism for first moving
      opposed lowermost flaps of a case to extend downwardly and then retain
      said flaps in said condition as the case is stripped from the magazine.
      Another object of this invention is to provide new and novel spring
      retainer mechanism permitting transversely opposed case flaps being
      pivoted to given angles of inclination and retaining said flaps at said
      angles as the case is translated longitudinally forwardly. In furtherance
      of the last mentioned object, it is another object of this invention to
      provide new and novel flap pull down mechanism for moving said flaps to
      said given angles of inclination. An additional object of this invention
      is to provide new and novel case stripping mechanism for positively
      engaging case flaps including extending above and beneath portions of the
      flaps for moving the lowermost case in a vertical stack of cases forwardly
      of the magazine for said stack.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side rear view of the bag magazine and case
      stripping portion of a case opening, loader-sealer machine, including the
      mechanism for moving the bottom case forwardly from a vertical stack of
      unopened, horizontal, flat folded cases, various parts being broken away
      so as to more clearly show other parts of the structure of said portion
      and one vacuum control rod being shown in its datum position in solid
      lines and in its second position in dotted lines;
PAR  FIG. 2 is a fragmentary side view generally taken along the line and in the
      direction of the arrows 2--2 of FIG. 5 with a longitudinally intermediate
      portion broken away, said view showing the carriage in its rearward
      position;
PAR  FIG. 3 is an enlarged fragmentary plan view of the carriage and structure
      mounted thereon with the carriage in its forwardmost position;
PAR  FIG. 4 is an enlarged fragmentary transverse sectional view looking
      rearwardly to illustrate one of the lowermost case flaps being retained at
      a given angle of inclination by a spring hold down assembly and engaged by
      the gripper lug mechanism for pushing the case forwardly, the uppermost
      elevated position of a vacuum cup being illustrated in dotted lines;
PAR  FIG. 5 is a somewhat diagrammatic showing of the magazine vertical support
      brackets and the mounting thereof, various portions being broken away;
PAR  FIG. 6 is a fragmentary plan view to more clearly illustrate the mounting
      of a vacuum hose by an elevating plate; and
PAR  FIG. 7 is a simplified schematic showing of part of the controls of the
      machine.
DETD
PAR  The case opening, loader-sealer machine includes a frame, generally
      designated 11, that mounts an upstanding bracket 12 on a rear transverse
      frame member 14. A generally I-shaped track 13 that is longitudinally
      elongated is in part mounted by the bracket 12 and in part by a mounting
      bracket 16 that is mounted on a front transverse frame member (not shown).
      On one transverse side of the track 13, there is provided a longitudinally
      elongated, vertical drive plate 15 which is mounted by frame members 17.
      The drive plate rotatably mounts an idler sprocket (not shown) with the
      sprocket being transversely between the drive plate and the track. A
      substantial distance longitudinally rearwardly of the idler sprocket, the
      drive plate rotatably mounts a shaft 21 which has a drive sprocket 22
      keyed thereto to be located between the drive plate and the track. A drive
      connection 24 is provided from a motor 23 to shaft 21 for driving the
      shaft 21. A chain 26 is extended around the idler sprocket and the drive
      sprocket, the drive plate mounting an upper chain track 27 and a lower
      chain track 28 to aid in retaining the upper and lower runs of the chain
      in generally horizontal condition.
PAR  A carriage 30 is mounted on the track 13 for longitudinal reciprocal
      movement, the carriage having rollers 29 and 31 mounted for rotation about
      vertical and horizontal axes respectively for retaining the carriage on
      the track. On one side of the carriage, a control link 32 has one end
      pivotally connected thereto by a pivot 33 while the opposite end of the
      control link is pivotally connected to a link of the chain 26 by a pivot
      member 34. As a result, with the upper run of the chain moving in the
      direction of the arrow 35 and the link to which the pivot member 34 is
      attached is along the upper run, the carriage is moved in the direction of
      the arrow 35. However, when the chain link to which the pivot member 34 is
      connected is part of the lower run of the chain, the carriage is moved in
      the direction opposite the arrow 35.
PAR  A base plate 36 is bolted to the carriage at a higher elevation than the
      drive plate 15 to extend forwardly of the carriage. At one transverse side
      of the base plate there is bolted a first mounting plate 37 to extend
      transversely outwardly thereof. An adjustable mounting plate 38 has bolts
      40 extended through circular apertures of the edge portion adjacent plate
      37, through transversely elongated apertures 41 provided in the base
      plate, and through circular apertures in a retainer plate 39 that is
      located on the opposite side of the base plate from the mounting plate. By
      loosening the nuts on the bolts 40, the plate 38 may be moved in the
      direction of the arrow 42 to increase the spacing between plates 37, 38
      shown in FIG. 3, and then the nuts tightened for retaining plate 38 in a
      transversely adjusted position. The transversely remote edge portions of
      plates 37 and 38 respectively mount angle irons 43 and 44 to extend
      forwardly thereof. The forward end portion of each angle iron mounts a
      block 47, each block having top gripping lug 48, bottom gripping lug 49,
      and a spacer 50 bolted thereto with the spacer being located between the
      top and bottom gripping lugs and the bottom gripping lug being located
      between the spacer and the block 47. The top surfaces of the blocks 47 are
      planar and are inclined downwardly in transversely opposed directions at
      an angle of, for example, 30.degree.. Each set of lugs initially extend
      forwardly of the spacers to have adjacent surfaces parallel to one another
      and thence diverge from one another in a forward direction, and inclined
      transversely at the same angle as the top surface of the adjacent block
      47.
PAR  For supporting a plurality of unopened cases in vertical stacked,
      horizontal positions, there are provided a plurality of transversely
      spaced, longitudinally elongated case slide rails 53, 54 that at their one
      ends are secured to angle brackets 56 which in turn are dependingly
      mounted by rear transverse top frame member 55 and at their opposite ends
      by a frame member (not shown). The top edges of the case slide rails
      support the lowermost case in stack C at an elevation slightly above the
      uppermost part of gripper lugs 48. To be mentioned is that the slide rail
      54 is mounted in a manner that the transverse spacing thereof from rail 53
      may be adjusted.
PAR  The frame includes longitudinally elongated, parallel, top frame members 58
      and 59 that are located transversely outwardly of the case slide rails and
      have their top portions located at a substantially higher elevation than
      said rails. Each of the frame members 58, 59 mounts a longitudinally
      elongated angle bracket 60. The transversely elongated rear magazine rail
      62 has a slot at either end into which the horizontal leg of the adjacent
      angle bracket 60 extends whereby the rail is mounted by an angle bracket
      to be selectively adjustedly longitudinally positioned along the length
      thereof. Clamp bolts (not shown) are provided on the slotted end portions
      of the rail 62 for retaining the rail in selected longitudinally adjusted
      positions. Similarly, a front magazine rail 63 of the same construction as
      rail 62 is mounted by the angle brackets 60.
PAR  In order to retain the cases in the vertical stack relationship, the
      magazine portion includes four angle brackets 65, 66, 67 and 68
      respectively; each of which has a clamp member 64 secured to the lower end
      portion thereof (see FIG. 5). Angle brackets 65 and 66 are mounted on rail
      63 and 62 respectively to have their transverse legs adjacent and facing
      one another while their longitudinal legs extend more remotely from one
      another than the transverse legs, brackets 65, 66 being adjacent frame
      member 58. The angle brackets 68 and 67 are mounted by their clamp members
      on the rails 63 and 62 respectively adjacent frame member 59 to have the
      transverse legs face one another and more remotely positioned from one
      another than the longitudinal legs. Through the provision of the clamp
      members, the transverse spacing of angle irons 67, 68 relative angle irons
      65, 66 may be selectively varied and the clamp members tighten by
      conventional structure (not shown) for retaining the angle irons in their
      adjusted position. Further, due to the manner of mounting of the angle
      irons 65, 66, the cases in flat, folded condition may be moved inwardly
      therebetween in the direction of the arrow 42 while the longitudinally
      extending legs of angle irons 67, 68 limit the movement of the cases in
      the direction of the arrow 42. The angle irons 66, 67 extend to a lower
      elevation than the top edges of the case slide rails while the lower edges
      of at least the transverse legs of angle irons 65, 68 are located at an
      elevation that is at least the height of one case in flat, folded
      horizontal condition vertically above the top edges of the slide rails to
      permit the bottom case in the stack to be slid on the slide rails
      therebeneath. Preferably case lifter assemblies (not shown) such as fully
      described in copending application Ser. No. 422,308, filed Dec. 6, 1973,
      are mounted on the angle brackets 65-68 for elevating that part of the
      stack that is located vertically above the slide rails more than a
      preselected distance, and after the removal of a preselected number of
      cases from the magazine, automatically allowing the elevated part of the
      stack to bear against that part of the stack still supported by the slide
      rails, and thereafter elevate that part of the stack that is located more
      than a preselected distance above the slide rails.
PAR  Clamp members 72 are transversely adjustably positionable on the slide
      rails 63 and mount escape plates 71 at heights above the slide rails
      slightly greater than the thickness of one case in a flat, folded
      condition, but less than the thickness of two cases above said slide
      rails. For pulling the front flaps of the case on the slide rails to be
      inclined downwardly and transversely outwardly, there is provided a vacuum
      cup pull down assembly, generally designated 80, on transverse opposite
      sides of rails 53, 54. Each assembly 80 includes a two-way acting piston
      cylinder combination that includes a cylinder 81 bolted to a mounting
      plate 83 to depend thereform, and a piston rod 82 slidably extended
      through the mounting plate 83 and then secured to an elevating plate 84
      for moving the elevating plate therewith. Secured to the elevating plate
      to move therewith is a depending guide rod 85 which is slidably extended
      through a suitable aperture in the mounting plate 83. On each longitudinal
      side of the piston rod there is provided a pair of longitudinally spaced,
      transversely elongated rails 88. Above each pair of rails 88 there is
      provided a retainer plate 89, nuts and bolts 90 being provided for
      securing each retainer plate to the vertically adjacent edge portion of
      the mounting plate 83 while permitting transverse adjustment of the
      mounting plate along the length of the rails 88. The inner ends of the
      rails 88 are mounted by a bracket 91 which in turn is mounted by the frame
      while the transverse outer ends of the rails are mounted by a frame member
      (not shown).
PAR  Referring in particular to FIGS. 1 and 6, the discharged end of the vacuum
      hose 93 has the coil spring 95 coiled tightly therearound, the lower end
      portion of the coil spring and the radially adjacent part of the hose
      being clamped by the clamp 94 to the elevating plate 84 to move therewith.
      Extended into the upper end portion of the vacuum hose is a steel tube 96
      having a lower end that terminates a substantial distance above the
      elevating plate, the steel tube mounting a vacuum cup 97. As a result of
      the aforementioned mounting the steel tube usually extends substantially
      vertically, however the portion of the hose between the tube and the clamp
      in conjunction with the coil spring 95 permit sufficient flexing or
      bending of the hose so that the cup can perform the functions described
      hereinafter.
PAR  Referring to FIGS. 1, 2, and 4, a spring hold down assembly, generally
      designated 105 is mounted by each of the clamps 64 for angle irons 66 and
      68. Each hold down assembly includes a longitudinally elongated bar 106
      that is bolted to the respective clamp 64 to extend rearwardly thereof.
      The bars 106 are located on transversely remote sides of the clamps for
      angle brackets 66, 68. Further, each hold down assembly 105 includes a
      vertically elongated plate 107 that extends below and transversely
      outwardly of the respective bar 106. Each plate 107 includes an elongated
      slot 110 that is inclined downwardly and transversely inwardly to have
      bolts 109 extend therethrough for securing adjustment plate 108 to plate
      107 in selected vertical and transversely adjusted positions. Plate 108
      depends from plate 107 and mounts a switch 112, switch 112 including an
      operator shaft 112e that has a clamp block 112b secured thereto. Block
      112b mounts an operating rod 112c to extend upwardly and transversely
      inwardly, the datum position of the operating rod being shown in its solid
      lines in FIG. 1. The shaft 112e is resiliently retained in a position that
      rod 112c is in its datum position by a conventional spring 113 of the
      switch 112. Also mounted by plate 108 to extend longitudinally rearwardly
      thereof is a spring mounting plate 115. The rear end portion of plate 115
      mounts an elongated spring steel finger 116 to depend therefrom; finger
      116 having an upper part 116a that is of a substantially greater length
      than the lower part 116b. The upper part 116a is inclined downwardly in a
      transversely inwardly direction while part 116b also extends downwardly
      and transversely inwardly at a smaller angle relative the horizontal than
      part 116a. The lower portion of part 116b is provided with a cut out that
      forms a horizontal edge 116c against which the rod 112c abuts when the rod
      is in its datum position. As may be noted from FIG. 2, the vacuum cups 97
      are located longitudinally intermediate the spring fingers 116 and the
      gripper lugs 48, 49 when the carriage is in its rearwardmost datum
      position.
PAR  Referring to FIG. 7 there is a simplified showing of part of the control
      circuit of the machine wherein L.sub.1 and L.sub.2 are power lines having
      a normally closed flap down safety switch 126 and motor 23 connected in
      series thereacross. During a cycle of operation of the machine, switch 126
      is moved to and retained in an open position for a short interval through
      a cam 135 on shaft 24a that forms part of the drive connection 24.
PAR  Switches 112 respectively have first switch members 127 and 128 connected
      in series with one another across line L.sub.1 and the connection between
      switch 126 and motor 23; and second switch members 129 and 138
      respectively. Switch member 129 and the solenoid coil (not shown) of
      vacuum control valve 131 are connected in series across lines L.sub.1 and
      L.sub.2 as are switch member 138 and the solenoid coil (not shown) of
      vacuum control valve 132. The rod 112c of one switch 112 controls the
      switch member 129 and thereby the valve 131 that is in the vacuum line 93
      for the vacuum cup on the same transverse side of the machine, the other
      switch 112 similarly controlling valve 132 in the other vacuum line 93.
      The positions of the switch members of switch 112 are controlled by rods
      112c, switch members 127, 128 being open and switch members 129, 138 being
      closed when the rods are in their datum positions, and when the rods are
      in their second positions, members 127, 128 are closed and members 129,
      138 are open. When switch member 129, 138 are open, no vacuum is applied
      through the vacuum cups, the vacuum being applied through the valves when
      the valves are energized.
PAR  A double solenoid coil four-way valve 143 has one coil (not shown)
      connected in series with a switch 142 and a second coil (not shown)
      connected in series with switches 140, 141. Switches 140, 141 and the
      second coil are connected in series across lines L.sub.1 and L.sub.2, and
      switch 142 and the one coil are also connected in series across said
      lines. When both switches 140, 141 are closed, the valve member (not
      shown) of valve 143 is moved to a position that fluid under pressure is
      applied to the lower end of the elevating cylinders and remains in this
      position until switch 142 is closed, while when switch 142 is closed, the
      valve member of valve 143 is moved and remains in a position fluid under
      pressure is applied to the upper ends of the elevating cylinders. Switch
      140 is moved between opened and closed positions by a cam 139 on shaft
      24a, while switches 141 and 142 are moved together between opened and
      closed positions by a cam 136 on shaft 24a. Switch 141 is closed when
      switch 142 is opened.
PAR  Before describing the use of this invention, it will be mentioned that each
      case C in its flat folded condition in a position to be fed from the
      magazine is considered to have a body 119 and flaps extending transversely
      outwardly from either side of the body that include upper major flaps 120,
      upper minor flaps 121 that are longitudinally forwardly of the major flaps
      120, lower major flaps 122 and lower minor flaps 123 that are
      longitudinally rearwardly of flaps 122.
PAR  In using the apparatus of this invention, the transverse spacing of slide
      rail 54 from slide rail 53 is adjusted so that the slide rails bear
      against the body of the case just inwardly of and along the length of the
      junctures of the flaps to the body, and plate 38 is clamped in an adjusted
      position that the vertical leg of angle iron 44 is closely adjacent slide
      rail 54 but on the opposite side thereof from slide rail 53. The vertical
      leg of angle iron 43 is adjacent rail 53 and on the opposite side thereof
      from rail 54. Further, escape plates 71 are adjusted to be located
      vertically above the slide rails and spaced therefrom by an amount
      previously indicated. Additionally, the longitudinal spacing of transverse
      rails 62, 63 is adjusted, if necessary, so that the spacing of the
      transversely adjacent surfaces of the transverse legs of angle irons 65,
      66 is slightly greater than the longitudinal length of the flat case in a
      horizontal condition. Further, the transverse positions of the angle
      brackets 65-68 is adjusted, if necessary, so that the longitudinal edges
      of the flaps will be closely adjacent or abutting against the transverse
      inward surfaces of the longitudinal legs of brackets 67, 68 and just
      transversely inwardly of the longitudinal legs of brackets 65, 66, and the
      flaps are in a position relative the slide rails such as previously
      indicated. Also plates 108 are adjusted relative plates 107 by first
      loosening the nuts on bolts 109 and thence tightening the bolts so that
      when the lowermost major flaps are extended downwardly at a substantial
      angle relative the plane of the body, for example 30.degree., the flaps
      will first bend spring finger portions 116b transversely outwardly and
      engage rods 112c to move the rods from the solid line datum position of
      FIG. 1 to the dotted line second position thereof in a manner to be
      described in greater detail hereinafter. In addition the transverse
      spacing of the vacuum cups is adjusted by loosening the nuts on bolts 90
      and sliding the retainer plates 89 to the appropriate transverse positions
      and then tightening the nuts. The vacuum cups in the adjusted positions,
      when elevated, will engage the vertically adjacent, lowermost major flaps
      at locations transversely intermediate the slide rail and spring hold down
      assembly on the respective transverse side of the machine.
PAR  With the motor actuated and the carriage forwardly of the position
      illustrated in FIG. 1, but during the time it is being returned to the
      position in FIG. 1, the cam 139 moves switch 140 to a closed position for
      a short period of time to energize the one coil of valve 143 so that fluid
      under pressure is applied to the lower ends of cylinders 81 for elevating
      the vacuum cups to the dotted position of FIG. 4 wherein the vacuum cups
      abut against the lowermost major flaps, switch 141 being closed at this
      time. During the time the cups are being elevated switches 129, 138 are
      closed whereby vacuum is applied through hoses 85 so that upon the cups
      abutting against the flaps, the cups grippingly engage said flaps.
      Subsequent to the time the cups grippingly engaged the flaps, cam 136
      operates switches 141, 142 so that the one coil of valve 143 is
      deenergized, if not already deenergized, and the other coil energized for
      a short interval whereupon fluid under pressure is applied to the upper
      end of the cylinders, which results in the major flaps 122 having their
      transverse outer edge portions swung downwardly, i.e. the major flaps
      bending down relative the body at the slide rails.
PAR  The transverse outer edge portions of flaps 122 in pivoting downwardly
      about fold lines of flaps 122 abut against the respective spring finger
      and bend the parts 116b transversely outwardly so that the flaps can move
      to a lower elevation than the lower terminal edges of parts 116b. Upon the
      flap outer edge portions clearing the lower terminal edges of the spring
      fingers, parts 116b return to the datum position of FIG. 4 to extend above
      the flaps 122 outer edge portions and prevent the flaps 122 pivoting
      upwardly a significant amount. During the time the flaps 122 are moving to
      a position to clear the lower edges of the spring fingers, the flaps abut
      against rods 112c to pivot the rods to the dotted line position
      illustrated in FIG. 1, the rod and adjacent spring finger thence coacting
      to retain the respective flap at the given angle of inclination, but
      permitting the flap to be moved longitudinally forwardly.
PAR  Rods 112c in moving to the dotted line position operate switch members 129,
      138 for discontinuing the application of the vacuum to the vacuum cups and
      accordingly the cups release their gripping engagement with flaps and
      thence are returned to their datum position. Thereafter the carriage in
      advancing (direction of arrow 35) moves the gripper lugs adjacent the rear
      transversely extending edges of the major flaps 122. As the carriage moves
      further forwardly, the upper lugs 48 move above the adjacent top surface
      of the major flap transverse rear edge portions and the lower lugs move
      below the adjacent bottom surfaces of the flaps and thence spacers 50 are
      moved into abutting engagement with the flaps rear edges. Thereafter,
      further forward movement of the carriage results in the major flaps of the
      lowermost case being moved forwardly of the spring fingers; and
      subsequently the lowermost case being moved forwardly from beneath the
      stack to other part of the machine (not shown) whereat folding and other
      operations are carried out on the case to form a box. Upon the lower major
      flaps being moved forwardly of rods 112c, the rods resiliently return to
      their datum positions whereupon switch members 127, 128 open and switch
      members 129, 138 close so vacuum is again applied to the suction cups 97.
      Upon the carriage being moved to its forwardmost position, the case is
      moved forwardly by other parts of the machine, which are conventional; the
      flaps 123 being horizontal and at an elevation to clear the carriage and
      the structure mounted thereon as the case is moved out of the magazine.
      After the lowermost case has been moved completely forwardly of the escape
      plates, the pivot member 34 is moved by a chain downwardly around the
      idler sprocket and thence rearwardly to retract the carriage and the
      structure mounted thereon. The cycle of operation continues as described
      heretofore.
PAR  To be mentioned is that the flap down safety switch is normally retained in
      a closed position, but it is momentarily operated by the motor drive (cam
      135) to an open position during the initial increment of time that the
      rods 112c are supposed to be in their dotted line second position. In the
      event that one of the flaps 122 has not been pulled down, the switch
      member 127 or switch member 128 remains open (the respective one of rods
      112c remaining in a datum position), and accordingly upon the flap down
      safety switch opening, the motor is deenergized to stop the machine. This
      safety feature is provided to prevent the case being moved forwardly
      without having both its major flaps 122 pulled down to positions for being
      engaged by the lugs 48, 49 as described heretofore.
PAR  Even though the case has been described as having major and minor flaps, it
      is to be understood that the machine of this invention can be used with
      square cases wherein the major and minor flaps are of the same lengths.
PAR  With this invention, the major flaps 122 being pivoted downwardly to extend
      outwardly at inclined angles from the remainder of the case, provide
      positive targets for the gripper lugs; and the lugs in both overlapping
      and underlapping the adjacent areas of the flaps 122 retain the flaps in
      positions to be pushed forwardly by the structure mounted on the carriage.
      Additionally, due to the lower, forward flaps being pushed forwardly while
      extending at angles diverging from the upper forward flaps, no special
      cuts have to be made in square cases such as usually required with prior
      art machines.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For removing a case having a body and flaps extending transversely
      outwardly from opposite sides of the body and joined thereto along fold
      lines from a vertical stack of cases in horizontal, flat folded
      conditions, a frame, longitudinally elongated slide means on the frame for
      supporting the stack of cases at the bodies thereof, means mounted on the
      frame for retaining the cases in the stack in generally vertical alignment
      while permitting the lowermost case of the stack to be slid longitudinally
      forwardly along the slide means from beneath the stack, means mounted on
      the frame for bending the lower transversely opposite flaps of the
      lowermost case in the stack downwardly at a preselected angle on each side
      of the body relative the body and retaining the bent down flaps in the
      bent condition while permitting the lowermost case to be slide from
      beneath the stack along the slide means, the bending and retaining means
      including operable gripper means on each transverse side of the slide
      means for grippingly engaging the adjacent flap, thence bending the
      adjacent flap to a preselected angle relative the body, and then release
      the adjacent flap, means mounted on the frame for retaining the adjacent
      flaps that have been bent to the preselected angles by the gripper means
      at the preselected angles while permitting the bent flaps to move
      longitudinally forwardly relative thereto, stripper means movably mounted
      on the frame for moving the lowermost case along the slide means from
      beneath the stack after the lowermost flaps have been bent downwardly,
      said stripper means including means for abuttingly engaging the lowermost
      case and moving the lowermost case forwardly along the slide means, and
      means for operating the gripper means to grip the adjacent flaps, bend the
      flaps and thence release the bent flaps after the flaps have been bent to
      the preselected angles, and moving the stripper means to move the abutting
      means into abutting engagement with the lowermost case in the stack to
      move it forwardly after the gripper means has released the bent flaps.
NUM  2.
PAR  2. For removing a case having a body and flaps extending transversely
      outwardly from opposite sides of the body and joined thereto along fold
      lines from a vertical stack of cases in horizontal, flat folded
      conditions, a frame, longitudinally elongated slide means on the frame for
      supporting the stack of cases at the bodies thereof, means mounted on the
      frame for retaining the cases in the stack in generally vertical alignment
      while permitting the lowermost case of the stack to be slid longitudinally
      forwardly along the slide means from beneath the stack, means mounted on
      the frame for bending the lower transversely opposite flaps of the
      lowermost case in the stack downwardly at a preselected angle on each side
      of the body relative the body and retaining the bent down flaps in the
      bent condition while permitting the lowermost case to be slid from beneath
      the stack along the slide means, and stripper means mounted on the frame
      for moving the lowermost case along the slide means from beneath the stack
      after the lowermost flaps have been bent downwardly, said stripper means
      including a carriage mounted on the frame for longitudinal movement
      relative thereto and gripper means extendable in both under and
      overlapping relationship to the bent flaps transversely extending rear
      edge portions for pushing the lowermost case along the slide means, and
      means for mounting the gripper means on the carriage for movement
      therewith.
NUM  3.
PAR  3. The apparatus of claim 2 further characterized in that the gripper means
      includes on each transverse side of the slide means, upper and lower
      gripper lugs and a spacer portion between the upper and lower lugs, said
      upper and lower lugs extending in spaced relationship a substantial
      distance longitudinally forwardly of the spacers, and on the respective
      side of said slide means, and being transversely inclined at said
      pre-selected angle, respectively, relative the horizontal.
NUM  4.
PAR  4. The apparatus of claim 2 wherein the flaps for each case in the magazine
      includes on opposite sides of the body, lower minor flaps and lower major
      flaps longitudinally forwardly of the minor flaps, and the major flaps are
      bent to said preselected angles, further characterized in that the
      stripper means includes means on the frame for moving the carriage between
      a datum position at which the gripper means are located directly beneath
      the minor flaps and longitudinally rearwardly of the major flaps of a case
      in a flat, folded condition in the magazine, and a forward position a
      substantial distance longitudinally forwardly of the datum position.
NUM  5.
PAR  5. For removing a case having a body and flaps extending transversely
      outwardly from opposite sides of the body and joined thereto along fold
      lines from a vertical stack of cases in horizontal, flat folded conditions
      wherein said flaps have transversely outwardly longitudinally extending
      terminal edge portions, a frame, longitudinally elongated slide means on
      the frame for supporting the stack of cases at the bodies thereof, means
      mounted on the frame for retaining the cases in the stack in generally
      vertical alignment while permitting the lowermost case of the stack to be
      slid longitudinally forwardly along the slide means from beneath the
      stack, means mounted on the frame for bending the lower transversely
      opposite flaps of the lowermost case in the stack downwardly at a
      preselected angle on each side of the body relative the body and retaining
      the bent down flaps in the bent condition while permitting the lowermost
      case to be slid from beneath the stack along the slide means, and stripper
      means mounted on the frame for moving the lowermost case along the slide
      means from beneath the stack after the lowermost flaps have been bent
      downwardly, said bending and retaining means including means on the frame
      for gripping transversely opposite flaps and moving said flaps to extend
      downwardly and transversely outwardly relative the slide means at a
      preselected angle on either transverse side thereof and thence releasing
      the transversely opposite flaps, and flap hold-down means on the frame for
      retaining the transversely opposite flaps at said angles after being moved
      thereto by the gripping means, and permitting the case to be moved from
      beneath the stack by the stripper means while said transversely opposite
      flaps are being retained at said angles, said flap hold-down means
      including on each transverse side of the slide means a vertically
      elongated spring finger having a lower edge and means for dependingly
      mounting the finger in a datum position in the path of downward movement
      of the transverse outer edge portion of the respective one of the
      transversely opposite flaps to be moved by the edge portion out of the
      path of movement until the edge portion is below said lower edge of the
      spring finger and then permit the spring finger to move to its datum
      position in overlapping relationship to the edge of the spring finger
      portion to hold the flap down.
NUM  6.
PAR  6. The apparatus of claim 5 further characterized in that the hold-down
      means includes an elongated rod and means for mounting and resiliently
      retaining the rod in a datum position in abutting relationship to said
      lower edge while permitting the rod being moved to a second position where
      the transversely adjacent edge portion of the flap extends between the rod
      and lower edge when the respective one of the transversely opposite flaps
      is at said angle.
NUM  7.
PAR  7. The apparatus of claim 6 further characterized in that said gripper
      means includes on each transverse side of the slide means, vacuum cup
      means for grippingly engaging the adjacent flap, and means mounted on the
      frame for moving the vacuum cup means between a datum lowered position and
      an elevated position where the cup means is engagable with the last
      mentioned flap when it is extending generally horizontally outwardly from
      the body.
NUM  8.
PAR  8. The apparatus of claim 7 further characterized in that the gripper means
      includes a vacuum source and means, including an operable control valve,
      for connecting the vacuum source to the cup means.
NUM  9.
PAR  9. The apparatus of claim 7 further characterized in that the stripper
      means includes a carriage, means on the carriage for moving the lowermost
      case from the bottom of the stack when the carriage is moving in one
      direction, and driven means for reciprocally moving the carriage, that
      each of the rod and means for mounting the rod comprise a control switch,
      each control switch having a normally open first switch member that is
      moved to a closed position by the rod moving from its datum position to
      its second position, that there is provided a motor for driving said
      driven means, power lines, a normally closed flap down safety switch, said
      motor and safety switch being connected in series across said power lines,
      said first switch members being connected in parallel with the safety
      switch and in series with one another across the power line the safety
      switch is connected to and the connection between the motor and safety
      switch, and means for moving the safety switch to an open condition during
      an interval of time said first switch members are supposed to be closed
      whereby the motor is deenergized in the event at least one of the first
      switch members is open during the time the safety switch is open.
NUM  10.
PAR  10. The apparatus of claim 9 further characterized in that the gripper
      means includes a vacuum source and means, including a solenoid operated
      valve, for connecting the vacuum source to the cup means, that each of the
      control switches includes a normally closed second switch member that is
      moved to an open position by the rod moving from its datum position to its
      second position, one each of the second switch members and valves being
      connected in series across the power lines and each of the other of the
      second switch members and valves being connected in series across the
      power lines, each of said valves being of a construction to discontinue
      the application of vacuum to the respective cup means when the second
      switch member it is connected to is moved to an open position.
NUM  11.
PAR  11. For removing a case having a body and flaps extending transversely
      outwardly from opposite sides of the body and joined thereto along fold
      lines from a vertical stack of cases in horizontal, flat folded
      conditions, a frame, longitudinally elongated slide means on the frame for
      supporting the stack of cases at the bodies thereof, means mounted on the
      frame for retaining the cases in the stack in generally vertical alignment
      while permitting the lowermost case of the stack to be slid longitudinally
      forwardly along the slide means from beneath the stack, means mounted on
      the frame for bending the lower transversely opposite flaps of the
      lowermost case in the stack downwardly at a preselected angle on each side
      of the body relative the body and retaining the bent down flaps in the
      bent condition while permitting the lowermost case to be slid from beneath
      the stack along the slide means, and stripper means mounted on the frame
      for moving the lowermost case along the slide means from beneath the stack
      after the lowermost flaps have been bent downwardly, said bending and
      retaining means including operable means on each transverse side of the
      slide means for grippingly engaging the adjacent flap when it is in a
      generally horizontal position, bending the gripped flap to the preselected
      angle and then releasing the gripped flap, means on the frame for moving
      the gripping means between a gripping position and a position more remote
      from the gripping position than the release position, and means mounted on
      the frame for retaining the adjacent bent flap at the preselected angle
      while permitting it moving longitudinally forwardly relative thereto and
      operating the respective gripping means to its releasing condition upon
      said adjacent bent flap being moved to its preselected angle, the last
      mentioned retaining means including on each transverse side of the slide
      means, a spring finger having a lower edge and means for dependingly
      mounting the finger in a datum position in the path of movement of the
      adjacent flap to its preselected angle to be moved thereby out of the path
      of movement until said adjacent flap extends below the spring finger and
      then permit the spring finger to move into overlapping relationship to
      said adjacent flap to hold it down.
NUM  12.
PAR  12. The apparatus of claim 11 further characterized in that the last
      mentioned retaining means includes on each transverse side of the slide
      means, switch means mounted adjacent the spring finger on the same
      transverse side of the slide means for operating the respective gripping
      means to its release condition, each switch means including a switch
      member operated by the respective flap moving to its preselected angle,
      and means mounting the switch member for limited movement and in a
      position to coact with the adjacent spring finger to hold the respective
      flap at its preselected angle.
NUM  13.
PAR  13. The apparatus of claim 1 further characterized in that the abutting
      means comprises means for abuttingly engaging the bent flaps, and that the
      means for moving the stripper means comprises means for reciprocating the
      stripper means.
NUM  14.
PAR  14. For removing a case having a body and flaps extending transversely
      outwardly from opposite sides of the body and joined thereto along fold
      lines from a vertical stack of cases in horizontal, flat folded
      conditions, a frame, longitudinally elongated slide means on the frame for
      supporting the stack of cases at the bodies thereof, means mounted on the
      frame for retaining the cases in the stack in generally vertical alignment
      while permitting the lowermost case of the stack to be slid longitudinally
      forwardly along the slide means from beneath the stack, means mounted on
      the frame for bending the lower transversely opposite flaps of the
      lowermost case in the stack downwardly at a preselected angle on each side
      of the body relative the body and retaining the bent down flaps in the
      bent condition while permitting the lowermost case to be slid from beneath
      the stack along the slide means, the bending and retaining means including
      operable means on each transverse side of the slide means for grippingly
      engaging the adjacent flap when it is in a generally horizontal position,
      bending the gripped flap to the preselected angle and then releasing the
      gripped flap, means on the frame for moving the gripping means between a
      gripping position and a position more remote from the gripping position
      than the release position, and means mounted on the frame for retaining
      the adjacent bent flap at the preselected angle while permitting its
      moving longitudinally forwardly relative thereto and operating the
      respective gripping means to its releasing condition upon said adjacent
      bent flap being moved to its preselected angle, a motor, and stripper
      means mounted on the frame for moving the lowermost case along the slide
      means from beneath the stack after the lowermost flaps have been bent
      downwardly, the stripper means including a carriage, means on the carriage
      for moving the lowermost case from the bottom of the stack when the
      carriage is moving in one direction and means for drivably connecting the
      motor to the carriage for reciprocally moving the carriage, the means on
      the carriage including on either transverse side of the slide means, upper
      and lower gripper lugs and means mounting the lugs to extend above and
      below the respective flap at its preselected angle and means mounting the
      upper and lower lugs on the carriage to extend into overlapping and
      underlapping relationship respectively to the adjacent flap at its
      preselected angle and at a lower elevation than the uppermost part of the
      slide means.
NUM  15.
PAR  15. For removing a case having a body and flaps extending transversely
      outwardly from opposite sides of the body and joined thereto along fold
      lines from a vertical stack of cases in horizontal, flat folded
      conditions, a frame, longitudinally elongated slide means on the frame for
      supporting the stack of cases at the bodies thereof, means mounted on the
      frame for retaining the cases in the stack in generally vertical alignment
      while permitting the lowermost case of the stack to be slid longitudinally
      forwardly along the slide means from beneath the stack, means mounted on
      the frame for bending the lower transversely opposite flaps of the
      lowermost case in the stack downwardly at a preselected angle on each side
      of the body relative the body and retaining the bent down flaps in the
      bent condition while permitting the lowermost case to be slid from beneath
      the stack along the slide means, the bending and retaining means including
      operable means on each transverse side of the slide means for grippingly
      engaging the adjacent flap when it is in a generally horizontal position,
      bending the gripped flap to the preselected angle and then releasing the
      gripped flap, means on the frame for moving the gripping means between a
      gripping position and a position more remote from the gripping position
      than the release position, and means mounted on the frame for retaining
      the adjacent bent flap at the preselected angle while permitting it moving
      longitudinally forwardly relative thereto and operating the respective
      gripping means to its releasing condition upon said adjacent bent flap
      being moved to its preselected angle, a motor, and stripper means mounted
      on the frame for moving the lowermost case along the slide means from
      beneath the stack after the lowermost flaps have been bent downwardly, the
      stripper means including a carriage, means on the carriage for moving the
      lowermost case from the bottom of the stack when the carriage is moving in
      one direction, means for drivably connecting the motor to the carriage for
      reciprocally moving the carriage, and control means for the motor to
      deactivate the motor in the event that at least one of the flaps is at an
      angle other than the preselected angle after the gripper means has been
      moved past its flap release position and prior to the carriage being moved
      in said one direction.
NUM  16.
PAR  16. For removing a case having a body and flaps extending transversely
      outwardly from opposite sides of the body and joined thereto along fold
      lines from a vertical stack of cases in horizontal, flat folded
      conditions, a frame, longitudinally elongated slide means on the frame for
      supporting the stack of cases at the bodies thereof, means mounted on the
      frame for retaining the cases in the stack in generally vertical alignment
      while permitting the lowermost case of the stack to be slid longitudinally
      forwardly along the slide means from beneath the stack, means mounted on
      the frame for bending the lower transversely opposite flaps of the
      lowermost case in the stack downwardly at a preselected angle on each side
      of the body relative the body and retaining the bent down flaps in the
      bent condition while permitting the lowermost case to be slid from beneath
      the stack along the slide means, the bending and retaining means including
      operable means on each transverse side of the slide means for grippingly
      engaging the adjacent flap when it is in a generally horizontal position,
      bending the gripped flap to the preselected angle and then releasing the
      gripped flap, means on the frame for moving the gripping means between a
      gripping position and a position more remote from the gripping position
      than the release position, and means mounted on the frame for retaining
      the adjacent bent flap at the preselected angle while permitting the bent
      flap to move longitudinally forwardly relative thereto, and operating the
      respective gripping means to its releasing condition upon said adjacent
      bent flap being moved to its preselected angle, a motor, and stripper
      means mounted on the frame for moving the lowermost case along the slide
      means from beneath the stack after the lowermost flaps have been bent
      downwardly, the stripper means including a carriage, means on the carriage
      for moving the lowermost case from the bottom of the stack when the
      carriage is moving in one direction and means for drivably connecting the
      motor to the carriage for reciprocally moving the carriage, said gripper
      means including on each transverse side of the slide means, vacuum cup
      means for grippingly engaging the adjacent flap, and means mounted on the
      frame for moving the vacuum cup means between a datum lowered position and
      an elevated position where the cup means is engageable with the last
      mentioned flap when it is extending generally horizontally outwardly from
      the body, said gripper means also including a vacuum source and means,
      including an operable control valve, for connecting the vacuum source to
      each of the cup means, and said operating and retaining means including on
      each transverse side of the slide means, switch means operated by the
      adjacent flap being moved to its preselected angle for operating the
      control valve for the cup means on the same transverse side of the slide
      means to discontinue the application of vacuum to the last mentioned cup
      means whereby the gripped flap is released.
NUM  17.
PAR  17. For removing a case having a body and flaps extending transversely
      outwardly from opposite sides of the body and joined thereto along fold
      lines from a vertical stack of cases in horizontal, flat folded
      conditions, a frame, longitudinally elongated slide means on the frame for
      supporting the stack of cases at the bodies thereof, means mounted on the
      frame for retaining the cases in the stack in generally vertical alignment
      while permitting the lowermost case of the stack to be slid longitudinally
      forwardly along the slide means from beneath the stack, means mounted on
      the frame for bending the lower transversely opposite flaps of the
      lowermost case in the stack downwardly at a preselected angle on each side
      of the body relative the body and retaining the bent down flaps in the
      bent condition while permitting the lowermost case to be slid from beneath
      the stack along the slide means, the bending and retaining means including
      operable means on each transverse side of the slide means for grippingly
      engaging the adjacent flap when it is in a generally horizontal position,
      bending the gripped flap to the preselected angle and then releasing the
      gripped flap, means on the frame for moving the gripping means between a
      gripping position and a position more remote from the gripping position
      than the release position, and means mounted on the frame for abutting
      against the adjacent bent flap to retain the flap at the preselected angle
      prior to the gripping means releasing the gripper flap while permitting
      the flap to be moved longitudinally forwardly relative thereto, and
      operating the respective gripping means to its releasing condition upon
      said adjacent bent flap being moved to its preselected angle and prior to
      the lowermost case being moved forwardly relative the stack by the
      stripper means.
NUM  18.
PAR  18. The apparatus of claim 17 wherein the bent flaps have rear edge
      portion, further characterized in that the stripper means comprises means
      for abuttingly engaging the bent flaps rear edge portions to move the
      lowermost case in the stack forwardly.
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ABST
PAL  Adjustable guides for a sheet stack are frictionally secured to the stack
      support by bristle pads provided on each adjustable guide and on the stack
      support. Each pad has bristles inclined at an acute angle relative to the
      surface of the pad. Interleafing of the bristles on the guides and the
      stack support provides adjustable, frictional securement of the guides to
      the stack support.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a sheet feeding apparatus employed in
      an electrophotographic printing machine, and more particularly concerns an
      apparatus for aligning a stack of sheets disposed within the sheet feeding
      apparatus.
PAR  Generally, an electrophotographic printing machine is provided with a
      suitable sheet tray for supporting a stack of sheets arranged to be
      advanced in seriatim therefrom. The sheet tray may include a friction pad
      or side guide adapted to engage the side edge portions of a stack of
      sheets disposed therein. In this way, the guide engages and aligns the
      side edge of the stack. By way of example, U.S. Pat. No. 3,408,064 issued
      to Johnson et al. in 1968, U.S. Pat. No. 1,964,498 issued to Brasseru in
      1934, and U.S. Pat. No. 3,104,872 issued to Benson et al. in 1973 all
      discuss various types of devices arranged to engage the side edge portion
      of a stack of sheets for the alignment thereof.
PAR  However, a problem often encountered with such alignment devices is that
      the size of the sheets of support material varies. To this end, the guides
      are adapted to be moved to differing discrete positions corresponding to
      the nominal sizes of the sheets of support material employed in the
      electrophotographic printing machine. If non-standard size sheets of
      support material are employed, the guides will not generally contact the
      edge of the stack and the sheets therein may be misaligned.
PAR  Accordingly, it is a primary object of the present invention to improve the
      alignment device employed in sheet feeding apparatus by providing infinite
      adjustment therefore.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated and in accordance with the present invention there is
      provided an apparatus for aligning a stack of sheets.
PAR  Pursuant to the features of the present invention, the apparatus includes
      means for supporting the stack of sheets. Guide means, mounted movably on
      the supporting means, contact an opposed edge of the stack of sheets. This
      aligns the stack of sheets positioned on the supporting means. Frictional
      securing means maintain the guide means on the supporting means with the
      vertical surface thereof contacting the stack edge opposed therefrom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. 1 is a schematic perspective view depicting a color
      electrophotographic printing machine incorporating the features of the
      present invention therein;
PAR  FIG. 2 is a schematic perspective view showing the sheet feeding apparatus
      of the FIG. 1 printing machine;
PAR  FIG. 3 is an elevational view illustrating the frictional mechanism for
      securing the guide in contact with the edge of the stack of sheets on the
      tray of the FIG. 2 sheet feeding apparatus; and
PAR  FIG. 4 is an enlarged elevational view depicting the relationship between
      the feed roller, retard roller and stack of sheets in the FIG. 2 sheet
      feeding apparatus.
DETD
PAR  While the present invention will be described in connection with a
      preferred embodiment, it will be understood that it is not intended to
      limit the invention to that embodiment. On the contrary, it is intended to
      cover all alternatives, modifications and equivalents as may be included
      within the spirit and scope of the invention as defined by the appended
      claims.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a general understanding of an electrophotographic printing machine, in
      which the features of the present invention may be incorporated, reference
      is had to FIG. 1. FIG. 1 schematically illustrates the various components
      of an electrophotographic printing machine adapted to produce color copies
      from a colored original document. Continued reference will hereinafter be
      made to the drawings wherein like reference numerals have been used
      throughout to designate like elements. Although the sheet feeding
      apparatus of the present invention is particularly well adapted for use in
      an electrophotographic printing machine, it should become evident from the
      following discussion that it is equally well suited for use in a wide
      variety of machines and is not necessarily limited in its application to
      the particular embodiment shown herein.
PAR  The printing machine depicted in FIG. 1 employs a photoconductive member
      with a drum 10 having a photoconductive surface 12 entrained about and
      secured to the circumferential surface thereof. Drum 10 is mounted
      rotatably within the printing machine frame to rotate in the direction of
      arrow 14. A plurality of processing stations are disposed about the
      periphery of drum 10 and are sequentially actuated.
PAR  At charging station A, a corona generating device indicated generally at
      16, charges photoconductive surface 12 to a relatively high substantially
      uniform potential.
PAR  Thereafter, charged photoconductive surface 12 is rotated to exposure
      station B. At exposure station B, a color filtered light image of original
      document 18 irradiates charged photoconductive surface 12. Original
      document 18 is supported stationarily face down upon transparent viewing
      platen 20. A moving lens system, generally designated by the reference
      numeral 22, and a color filter mechanism, shown generally at 24, are
      employed to form single color light images. Successive incremental areas
      of original document 18 are scanned by lamp assembly 26 and lens system 22
      moving in timed relationship with drum 10. This scanning process produces
      a flowing light image which irradiates photoconductive surface 12. During
      exposure, filter mechanism 24 interposes selected color filters into the
      optical light path of lens 22. Each filter operates on the light rays
      passing through lens 22 to record an electrostatic latent image on
      photoconductive surface 12 corresponding to a pre-selected spectral region
      of the electromagnetic wave sprectrum, hereinafter referred to as a single
      color electrostatic latent image.
PAR  After the single color electrostatic latent image is recorded on
      photoconductive surface 12, drum 10 rotates to development station C. At
      development station C, three individual developer units, generally
      designated by the reference numerals 28, 30 and 32, respectively, render
      the single color electrostatic latent image visible. Each of the developer
      units employ a magnetic brush system having magnetizable developer mix of
      carrier granules and toner particles therein. The developer mix is
      continually brought through a directional flux field forming a brush
      thereof. Development is achieved by bringing the electrostatic latent
      image recorded on photoconductive surface 12 into contact with the
      developer mix brush. Each of the respective developer units, i.e. 28, 30
      and 32, contain discretely colored toner particles corresponding to the
      complement of the spectral region of the wave length of light transmitted
      through filter 24. For example, a green filtered electrostatic latent
      image is rendered visible by depositing green absorbing magenta toner
      particles thereon. Similarly, blue and red electrostatic latent images are
      developed with yellow and cyan toner particles, respectively.
PAR  After the electrostatic latent image is developed with the appropriately
      colored toner particles, drum 10 rotates the developed powder image to
      transfer station D. At transfer station D, the single color toner powder
      image adhering electrostatically to photoconductive surface 12 is
      transferred to a sheet of support material 34. A suitable sheet of support
      material may be plain paper or a thermoplastic sheet, amongst others. A
      transfer roll, shown generally at 36, recirculates support material 34 and
      is electrically biased to a potential of sufficient magnitude and polarity
      to electrostatically attract toner particles from photoconductive surface
      12 to sheet 34. Transfer roll 36 rotates in synchronism with drum 10, in
      the direction of arrow 38. Sheet 34 is secured releasably on transfer roll
      36. After successive single color powder images have been transferred to
      sheet 34, in registration with one another, support material 34 is
      separated therefrom.
PAR  Prior to proceeding with a description of the remaining process stations,
      the sheet feeding path will be briefly described.
PAR  Sheet 34 is advanced from stack 40 housed in the sheet feeding apparatus,
      indicated generally by the reference numeral 42, of the present invention.
      Sheet feeding apparatus 42 will hereinafter be discussed in greater detail
      with reference to FIGS. 2 through 4, inclusive. In general, sheet feeding
      apparatus 42 includes a support or tray 44 having a generally planar
      surface for supporting stack 40 thereon. Guides are provided for aligning
      the side and rear edges of the stack of sheet material. The guides include
      a side wall 46 having a generally planar vertical surface engaging one
      side edge of stack 40. Side wall 46 is movable relative to the tray 44.
      The other side edge of stack 40 engages stationary side wall 48. Movable
      rear wall 50 engages the rear edge of the stack aligning and positioning
      it in contact with feed roll 52 and retard roll 54. Feed roll 52
      cooperates with retard roll 54 to separate and advance successive
      uppermost sheets from stack 40. The advancing sheet moves in the direction
      of arrow 56 into chute 58 and is directed into the nip of register rolls
      60. Register rolls 60 align and forward sheet 34 to transfer roll 36 where
      gripper fingers 62 secure it thereto.
PAR  After a plurality of toner powder images have been transferred to support
      material 34, gripper fingers 62 spaces support material 34 from transfer
      roll 36 enabling stripper bar 64 to be interposed therebetween. Support
      material 34 is then transported on endless belt conveyor 66 to fixing
      station E. At fixing station E, a fuser, generally indicated by the
      reference numeral 68, heats the transferred toner powder images to
      permanently affix it to support material 34. After the toner powder image
      is permanently affixed to support material 34, support material 34 is
      advanced by endless belt connveyors 70 and 72 to catch tray 74 for
      subsequent removal therefrom by the machine operator.
PAR  Although a preponderance of the toner particles are transferred to support
      material 34, invariably some residual toner particles remain on
      photoconductive surface 12 after the transfer thereof. These residual
      toner particles are removed from drum 10 as it passes through cleaning
      station F. Initially, the toner particles are brought under the influence
      of a corona generating device adapted to neutralize the electrostatic
      charge remaining on photoconductive surface 12 and the residual toner
      particles. The neutralized toner particles are removed from
      photoconductive surface 12 by a rotatably mounted fibrous brush 76 in
      contact therewith.
PAR  It is believed that the foregoing description is sufficient for purposes of
      the present application to illustrate the general operation of an
      electrophotographic printing machine embodying the teachings of the
      present invention therein.
PAR  Turning now to FIG. 2, sheet feeding apparatus 42 will be described with
      reference thereto in greater detail. Sheet feeding apparatus 42 includes a
      frame 78 mounted movably in the printing machine. Tray 44 is mounted
      pivotably on frame 78 and pivots in a clockwise direction about shaft 80.
      In this manner, the leading marginal edge portion of uppermost sheet 82
      engages feed roller 52. A pair of springs 84 suitably attached to frame 78
      resiliently urge tray 44 to pivot in a clockwise direction. Tray 44 has a
      generally planar surface for supporting stack 40 thereon. Stack 40 is
      positioned both longitudinally and laterally on tray 44 by means of side
      walls 46 and 48 and rear wall 50. Side wall 48 is mounted stationarily on
      tray 44. Side wall 46 is mounted slidably on tray 44 moving in the
      direction of arrow 86 so as to be adjustable for various stack widths.
      Rear wall 50 is mounted slidably on tray 44. In this manner, rear wall 50
      is adapted to slide, in the direction of arrow 88, relative to tray 44 so
      as to be adjustable for varying size stack lengths. Side walls 46 and 48
      have a generally vertical planar surface for aligning the side edge
      portions of stack of support material disposed on tray 44. Similarly, rear
      wall 50 includes a generally vertical planar surface for aligning the rear
      or trailing edge portion of the stack of sheet material disposed on tray
      44. In addition, rear wall 50 prevents the stack from sliding away from
      the feed roll when the sheets therein are substantially depleted, i.e. at
      low stack heights. A friction pad 90 is secured to the underside of side
      wall 46. Friction pad 90 mates with a corresponding friction pad 92
      secured to tray 44. Friction pads 90 and 92 include a plurality of
      bristles 94 and 95 extending outwardly therefrom and arranged to be
      interleaved with one another. In this way, the interleaved bristles
      produce a frictional force of sufficient magnitude to maintain side wall
      46 in any selected position, i.e. in contact with the side edge of stack
      40. Pad 92 mounted on tray 44 has to be of sufficient length to provide
      the range necessary to move side wall 46. By way of example, pad 92 may
      extend about 4 inches in a direction substantially parallel to arrow 86.
      Thus, side wall 46 may be adjustable to account for varying width stacks
      of from 5 to 9 inches. Similarly, pad 96 having bristles 98 extending
      outwardly therefrom is mounted on rear wall 50. Bristles 98 of pad 96
      interleaf with bristles 100 extending outwardly from pad 102 mounted on
      tray 44. Once again, pad 102 must be of sufficient length to permit rear
      wall 50 to be adjusted for varying length stacks. Thus, if pad 102 is 8
      inches long rear wall 50 may be adjusted for stacks varying in length from
      6 to 14 inches. The foregoing arrangement provides for a wide range of
      adjustment which can be readily extended by selecting suitable length
      pads.
PAR  Turning now to FIG. 3, the orientation of the bristles for each of the
      mating pads will be disucssed in greater detail. The orientation of
      bristles 94 and 95 of pads 90 and 92, respectively, is substantially the
      same as the orientation of bristles 98 and 100 of pads 96 and 102,
      respectively. Accordingly, only the relationship of bristles 94 and 95 of
      pads 90 and 92 will be discussed. As shown in FIG. 3, bristles 94 extend
      in an upwardly direction from and at an acute angle relative to the
      surface of pad 90. Similarly, bristles 95 extend in an upwardly direction
      from pad 92 at an acute angle to the surface thereof. Bristles 94 extend
      in a direction substantially parallel to the direction of bristles 95.
      Thus, the bristles interleaf with one another so as to frictionally retard
      the movement of the side wall or rear wall relative to the tray member. By
      way of example, one material from which friction pads 90, 92, 96 and 102
      may be made is sold under the tradename Fibre-tran, and is manufactured by
      the Minnesota Mining and Manufacturing Co. However, any material having a
      high coefficient of friction with a plurality of bristles extending
      therefrom is suitable. For example, most materials utilized for automobile
      brake linings may be employed for friction pads. Bristles 94 and 95
      extending from pads 90 and 92, respectively, are adapted to be interleafed
      with one another so as to substantially increase the frictional force
      retarding the movement of side wall 46 relative to tray 44. In this way,
      the bristles produce a frictional force of sufficient magnitude to retard
      the relative movement therebetween and to insure that side wall 46 is
      maintained in contact with the side edge of stack 40, and rear wall 50
      contacts the rear edge of stack 40.
PAR  Referring now to FIG. 4, feed roller 52 is driven by a suitable motor (not
      shown) in the direction of arrow 104 to advance uppermost sheet 106 in the
      direction of arrow 56. Shaft 108 secures feed roller 52 fixedly to frame
      78. Feed roller 52 is, preferably, arranged to rotate in the direction of
      arrow 104, and engages the uppermost sheet of stack 40. Feed roller 52 has
      a first portion 110 of the circumferential surface thereof engaging retard
      roller 54, and a second portion 112 of the circumferential surface
      engaging sheet 106. As illustrated in FIG. 4, feed roller 52 has first
      portion 110 engaging retard roller 54 substantially simultaneously with
      second portion 112 engaging sheet 106. Retard roller 54 is mounted
      eccentrically of shaft 114. Shaft 114 is mounted rotatably on frame 78 and
      is adapted to pivot retard roller 54 from a position spaced from feed
      roller 52 to a position in engagement therewith. The cooperation between
      feed roller 52 and retard roller 54 is more fully discussed in co-pending
      application Ser. No. 304,032 filed in 1972, now U.S. Pat. No. 3,861,670
      the relevant portions of that disclosure being hereby incorporated into
      the present application.
PAR  From the foregoing it is apparent that the sheet feeding apparatus of the
      present invention has infinitely adjustable side and rear walls enabling
      differing size stacks of sheet material to be disposed therein. The
      foregoing is achieved by the utilization of pads having bristles extending
      outwardly therefrom. The bristles of the pads interleaf with one another
      to frictionally secure the side walls and rear walls in any desired
      position. In this way, any size stack of sheet material may be mounted
      within the sheet feeding apparatus.
PAR  Thus, it is apparent that there has been provided, in accordance with the
      present invention, a sheet feeding apparatus that fully satisfies the
      objects, aims and advantages set forth above. While this invention has
      been described in conjunction with a specific embodiment thereof, it is
      evident that many alternatives, modifications, and variations will be
      apparent to those skilled in the art in light of the foregoing
      description. Accordingly, it is intended to embrace all such alternatives,
      modifications and variations as fall within the spirit and broad scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for aligning a stack of sheets, including:
PA1  means for supporting the stack of sheets;
PA1  guide means mounted movably on said supporting means and having at least
      one generally planar, substantially vertical surface opposed from the edge
      of the stack of sheets;
PA1  a first pad secured to said supporting means, said first pad having a
      plurality of bristles extending in an outwardly direction defining an
      acute angle relative to the surface thereof; and
PA1  a second pad secured to said guide means, said second pad having a
      plurality of bristles extending in an outwardly direction defining an
      acute angle relative to the surface thereof in a direction substantially
      parallel to the bristles of said first pad so that the bristles of said
      first pad interleaf with the bristles of said second pad retarding
      frictionally the relative movement between said guide means and said
      supporting means.
NUM  2.
PAR  2. An apparatus as recited in claim 1, wherein said supporting means
      includes a tray member having a generally planar surface for supporting
      thereon a stack of sheets, said first pad being mounted on said tray
      member.
NUM  3.
PAR  3. An apparatus as recited in claim 2, wherein said guide means includes:
PA1  a first movable side wall having a generally planar surface adapted to
      engage an opposed side edge of the stack of sheets, said second pad being
      mounted on said first side wall with the bristles thereof interleafing
      with the bristles of said second pad mounted on said tray member; and
PA1  a second stationary side wall having a generally planar surface, said
      second side wall being opposed and spaced from said first side wall, said
      second side wall planar surface being adapted to engage the side edge of
      the stack opposed therefrom.
NUM  4.
PAR  4. An apparatus as recited in claim 3, further including:
PA1  a movable rear wall having a generally planar surface adapted to engage a
      rear edge of the stack opposed therefrom;
PA1  a third pad secured to said rear wall, said third pad having a plurality of
      bristles extending in an outwardly direction therefrom defining an acute
      angle relative to the surface of said third pad; and
PA1  a fourth pad secured to said tray member, said fourth pad having a
      plurality of bristles extending in an outwardly direction therefrom
      defining an acute angle relative to the surface of said fourth pad and
      extending in a parallel direction to the bristles of said third pad so
      that the bristles of said third pad interleaf with the bristles of said
      fourth pad retarding frictionally the relative movement between said rear
      wall and said tray member.
NUM  5.
PAR  5. A sheet feeding apparatus, including:
PA1  means for supporting a stack of sheets;
PA1  means for separating and advancing successive sheets from the stack
      disposed on said supporting means;
PA1  guide means mounted movably on said supporting means and having at least
      one generally planar, substantially vertical surface opposed from an edge
      of the stack of sheets;
PA1  a first pad secured to said supporting means, said first pad having a
      plurality of bristles extending in an outwardly direction defining an
      acute angle relative to the surface thereof; and
PA1  a second pad secured to said guide means, said second pad having a
      plurality of bristles extending in an outwardly direction defining an
      acute angle relative to the surface thereof in a direction substantially
      parallel to the bristles of said first pad so that the bristles of said
      first pad interleaf with the bristles of said second pad retarding
      frictionally the relative movement between said guide means and said
      supporting means.
NUM  6.
PAR  6. A sheet feeding apparatus as recited in claim 5, wherein said supporting
      means includes a tray member having a generally planar surface for
      supporting thereon a stack of sheets, said first pad being mounted on said
      tray member.
NUM  7.
PAR  7. A sheet feeding apparatus as recited in claim 6, wherein said guide
      means includes:
PA1  a first movable side wall having a generally planar surface adapted to
      engage an opposed side edge of the stack of sheets, said second pad being
      mounted on said first side wall with the bristles thereof interleafing
      with the bristles of said second pad mounted on said tray member; and
PA1  a second stationary side wall having a generally planar surface, said
      second side wall being opposed to and spaced from said first side wall,
      said second wall planar surface being adapted to engage the side edge of
      the stack opposed therefrom.
NUM  8.
PAR  8. A sheet feeding apparatus as recited in claim 7, further including:
PA1  a movable rear wall having a generally planar surface adapted to engage a
      rear edge of the stack opposed therefrom;
PA1  a third pad secured to said rear wall, said third pad having a plurality of
      bristles extending in an outwardly direction therefrom defining an acute
      angle relative to the surface of said third pad; and
PA1  a fourth pad secured to said tray member, said fourth pad having a
      plurality of bristles extending in an outwardly direction therefrom
      defining an acute angle relative to the surface of said fourth pad and
      extending in a direction parallel to the bristles of said third pad so
      that the bristles of said third pad interleaf with the bristles of said
      fourth pad retarding frictionally the relative movement between said rear
      wall and said tray member.
NUM  9.
PAR  9. A sheet feeding apparatus as recited in claim 5, wherein said separating
      and advancing means includes:
PA1  a retard roller mounted on said supporting means;
PA1  biasing means for resiliently urging said retard roller to pivot from an
      inoperative position spaced from one surface of the advancing sheet to an
      operative position in contact therewith; and
PA1  a rotary driven feed roller having a first portion of the circumferential
      surface thereof engaging the other surface of the sheet and a second
      portion of the circumferential surface engaging the circumference of said
      retard roller disposed in the operative position thereof prior to the
      advancing sheet being interposed therebetween, said feed roller advancing
      the sheet into the nip defined by said feed roller and said retard roller
      to prevent multiple sheet feeding.
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ABST
PAL  A device comprising a sheet pick-off member maintained in pressing
      engagement with one marginal portion of a specific zone of the peripheral
      surface of a drum with which one marginal portion of each copy sheet is
      adapted to be brought into engagement, and sheet guide means for guiding
      the leading end portion of each copy sheet to move away from the drum
      after being picked off the peripheral surface of the drum by the sheet
      pick-off member, so that each copy sheet adhering to the peripheral
      surface of the drum can be stripped. The device also comprises a sheet
      presser member arranged parallel to the sheet pick-off member and
      interposed between the sheet pick-off member and the other marginal
      portion of the peripheral surface of the drum so as to force against the
      peripheral surface of the drum the marginal portion of the sheet
      superposed on the sheet pick-off member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a sheet stripping device for stripping off the
      peripheral surface of a rotating drum a sheet which is maintained in
      intimate contact with a specific zone of the peripheral surface of the
      drum.
PAR  In one type of electrophotographic copying apparatus, the photosensitive
      layer made of a photoconductive material and provided on the peripheral
      surface of a drum is electrically charged in its entirety by a corona
      discharge, the charged photosensitive layer is exposed to an optical image
      of an original to be duplicated to form an electrostatic latent image
      thereon, and a visible toner image is formed by causing toner particles to
      adhere to the electrostatic latent image. A copy sheet is brought into
      pressing engagement with the peripheral surface of the drum to produce a
      duplicate of the visible toner image on such copy sheet by transfer
      printing, and the duplicate of the toner image is fixed so that a copy of
      the original can be produced.
PAR  In one method known in the art, the copy sheet brought into pressing
      engagement with the peripheral surface of the drum is stripped off the
      peripheral surface of the drum by blowing a stream of air between the copy
      sheet and the peripheral surface of the drum. This method has the
      disadvantage of the toner image formed on the copy sheet disintegrating
      because the toner particles are blown off the sheet by the air. In another
      method known in the art, sheet pick-off means comprising a plurality of
      sheet pick-off claws is actuated in synchronism with the rotation of the
      drum to bring the front ends of the claws into engagement with the
      peripheral surface of the drum when the leading end of each copy sheet
      adhering to the drum comes to a point at which the sheet is to be stripped
      off the drum. Some disadvantages are associated with this method. The
      copying apparatus must be additionally provided with a synchronizing
      device so as to actuate the sheet pick-off means synchronously with the
      drum. Since the sheet pick-off means is brought into engagement with the
      peripheral surface of the drum, the photosensitive layer on the latter
      tends to become damaged.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a sheet stripping device for copying
      apparatus which ensures that each copy sheet is stripped off the
      peripheral surface of a drum without damaging the photosensitive layer of
      the drum, and which operates independently of the rotation of the drum or
      feeding of copy sheets.
PAR  Another feature of the invention is the provision of a sheet stripping
      device for copying apparatus comprising a sheet pick-off member which
      never interferes with the duplication, on a copy sheet, of a toner image
      formed on the peripheral surface of the drum, and which is effective to
      prevent soiling or the developing of irregularities in color in one
      marginal portion of the copy sheet on which a toner image has been
      duplicated by transfer printing from the toner image on the peripheral
      surface of the drum.
PAR  An outstanding characteristic of the invention is that a sheet pick-off
      member in strip, claw or string form for picking a copy sheet off a
      specific zone of the peripheral surface of a rotating drum of a copying
      apparatus to which the sheet is fed is disposed in one marginal portion of
      the specific zone of the peripheral surface of the drum with which one
      marginal portion of each copy sheet is brought into engagement and
      maintained in pressing engagement with the peripheral surface of the drum
      so that each copy sheet can be positively picked off the drum, and sheet
      guide means is arranged in the vicinity of the peripheral surface of the
      drum to guide one marginal portion of the leading end portion of each copy
      sheet to move away from the drum after it is picked off the peripheral
      surface of the drum by the sheet pick-off member.
PAR  Another outstanding characteristic of the invention is that a sheet presser
      member is disposed parallel to the sheet pick-off member maintained in
      pressing engagement with one marginal portion of the specific zone of the
      peripheral surface of the drum and interposed between the sheet pick-off
      member and the other marginal portion of the peripheral surface of the
      drum so as to preclude the raising by the sheet pick-off member of each
      sheet from the peripheral surface of the drum more than is necessary.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a sheet stripping device comprising one embodiment
      of the invention;
PAR  FIG. 2 is a perspective view of one form of sheet guide means of the sheet
      stripping device shown in FIG. 1;
PAR  FIG. 3 is a side view of the sheet guide means of FIG. 2, showing one-way
      rotation clutch means mounted on a guide roller of the sheet guide means;
PAR  FIG. 4 is a fragmentary side view of a sheet stripping device comprising
      another embodiment of the invention;
PAR  FIG. 5 is a fragmentary view of a drum as seen from the underside of its
      peripheral surface to show the relative positions of the sheet pick-off
      member and one marginal portion of a specific zone of the peripheral
      surface of the drum;
PAR  FIG. 6 is a side view of the sheet stripping device comprising another
      embodiment of the invention;
PAR  FIG. 7 is a front view of a sheet pick-off member of the sheet stripping
      device shown in FIG. 6;
PAR  FIG. 8 is a perspective view of still another embodiment of the invention,
      showing essential portions alone of a sheet stripping device; and
PAR  FIG. 9 is a sectional view taken along the line 9--9 of FIG. 8.
DETD
PAC  DESCRIPTION OF EMBODIMENTS
PAR  In FIG. 1, there is shown a drum 1 adapted to rotate in the direction of an
      arrow 2 and formed on its peripheral surface with a photosensitive layer
      made of a photoconductive material for forming thereon a toner image (not
      shown) by a known method. A sheet pick-off member 3 which is in the form
      of a strip of small thickness is maintained in pressing engagement with
      one marginal portion of a specific zone of the peripheral surface of the
      drum 1 (See FIG. 5). The sheet pick-off member 3 includes a base secured
      to a shaft 4 supported by an immovable member (not shown) of the copying
      apparatus as shown in FIG. 1, and a forward end portion 3a which is spaced
      apart from the peripheral surface of the drum 1 as shown in the figure.
PAR  Disposed in the vicinity of the sheet pick-off member 3 are guide plates 5
      and 6 which function to guide a copy sheet 7 to move toward a specific
      zone of the peripheral surface of the drum 1. A charger 8 disposed above
      the guide plates 5 and 6 and in spaced juxtaposed relationship to the
      peripheral surface of the drum 1 performs the function of forming by
      transfer printing on the copy sheet 7 a duplicate of the toner image
      formed on the specific zone of the peripheral surface of the drum 1 and of
      bringing the copy sheet 7 into pressing engagement with the specific zone
      of the peripheral surface of the drum 1.
PAR  A roller 9 disposed above the charger 8 and in spaced juxtaposed
      relationship to the peripheral surface of the drum 1 is firmly secured to
      a shaft 11 supported by an immovable member (not shown) and adapted to
      rotate in the direction of an arrow 12 at substantially the same
      peripheral velocity as the drum 1. A plurality of conveyor belts 13, 13
      trained about the roller 9 are adapted to move in the direction of an
      arrow 14 as shown in FIG. 1 to move away from the peripheral surface of
      the drum 1 the copy sheet 7 which is stripped off the peripheral surface
      of the drum 1 as subsequently to be described.
PAR  A guide roller 9a is loosely mounted on the shaft 11 and disposed against
      one marginal portion of the specific zone of the peripheral surface of the
      roller 9 which is disposed nearer to the sheet pick-off member 3 than the
      other marginal portion thereof, as shown in FIG. 2, and adapted to rotate
      independently of the roller 9. One-way rotation clutch means 15 is mounted
      between the guide roller 9a and the shaft 11 as shown in FIG. 3. As shown,
      the one-way rotation clutch means 15 is of a known type and comprises a
      boss 16 affixed to the shaft 11, and a steel ball 17 and a spring 18
      mounted in a cutout formed in the inner periphery of the guide roller 9a.
      The one-way rotation clutch means 15 operates such that the rotational
      force of the shaft 11 is transmitted trough the one-way rotation clutch
      means 15 to the guide roller 9a, but, when it is desired to rotate the
      guide roller 9a clockwise with respect to shaft 11 in FIG. 3 from outside
      independently of the roller 9, the rotational force of the guide roller 9a
      is not transmitted to the shaft 11 to which the roller 9 is firmly
      secured. More specifically, when the roller 9 rotates in the direction of
      the arrow 12, the guide roller 9a rotates together with the roller 9 as a
      unit in the same direction. If the roller 9 remains stationary. however,
      it is possible to rotate the guide roller 9a alone clockwise from outside
      independently of the shaft 11 and roller 9.
PAR  An endless belt 21 for guiding the copy sheet is trained about a plurality
      of rollers 22, 23 and 24 as shown in FIG. 1 and FIG. 2, and a portion of
      the belt 21 is maintained in pressing engagement with the peripheral
      surface of the guide roller 9a. Rollers 22 and 23 are rotatably supported
      by shafts 26 and 27 respectively which are affixed to a support plate 25
      secured to an immovable member (not shown), while roller 24 is rotatably
      supported at a free end of a lever 28 pivotally supported at its base by
      shaft 26. The lever 28 is urged to move clockwise in FIG. 1 about shaft 26
      by the biasing force of a compression spring 29 mounted between the
      support plate 25 and the lever 28 so as to tension the endless belt 21.
PAR  Upon the copy sheet 7 being fed to the specific zone of the peripheral
      surface of the drum 1, the toner image already formed on the peripheral
      surface of the drum 1 is duplicated by transfer printing on the copy sheet
      7. One marginal portion of the copy sheet 7 on which the toner image is
      formed by transfer printing is picked off the peripheral surface of the
      drum 1 by the forward end portion 3a of the sheet pick-off member 3. That
      is, a marginal portion of the leading end portion of the copy sheet 7
      which rides on the forward end portion 3a of the sheet pick-off member 3
      is spaced apart from the peripheral surface of the drum 1, but the
      distance between the leading end portion of the copy sheet 7 and the
      peripheral surface of the drum 1 grows smaller in going from one marginal
      portion of the peripheral surface of the drum 1 at which the forward end
      portion 3a is disposed to the other marginal portion of the peripheral
      surface of the drum 1.
PAR  The marginal portion of the copy sheet 7 picked off the peripheral surface
      of the drum 1 by the pick-off member 3 is held between the endless belt 21
      and the guide roller 9a rotating together with the roller 9, so that the
      entire copy sheet 7 is stripped off the peripheral surface of the drum 1
      and conveyed by the conveyor belts 13 in the direction of the arrow 14.
      That is, the copy sheet 7 whose one marginal portion is picked off the
      peripheral surface of the drum 1 is moved away from the drum 1 by the
      conveyor belts 13 after the rest of the sheet 7 is stripped off the
      peripheral surface of the drum 1 by the belts 13. It should be noted that
      the static charge build-up formed in the copy sheet 7 by the charging
      action of the charger 8 facilitates the separation of the copy sheet 7
      from the peripheral surface of the drum 1 because the sheet 7 tends to
      adhere to the endless belts 13 by virtue of the static build-up
PAR  In FIG. 1, the charger 8 is shown as being used as a means for bringing the
      copy sheet 7 into intimate contact with the specific zone of the
      peripheral surface of the drum 1 and the sheet pick-off member 3 in strip
      form is shown as being used as a means for picking the sheet 7 off the
      peripheral surface of the drum 1. These functions may also be performed by
      mechanisms such as shown in FIG. 4. In the figure, the copy sheet 7 is
      maintained in pressing engagement with the peripheral surface of the drum
      1 by a hold-down roller 31 so that the toner image on the drum surface may
      be duplicated by transfer printing on the sheet. The hold down roller 31
      is constructed such that it is brought into pressing engagement with the
      peripheral surface of the drum 1 and rotates in the direction of an arrow
      in slaved relation to the drum 1 only when the copy sheet 7 is fed to the
      drum. However, the hold-down roller 31 is spaced apart from the drum 1
      when no copy sheet is fed to the latter. In FIG. 4, the sheet pick-off
      member 32 shown is in claw form and disposed in a position which is on one
      marginal position of a specific zone of the peripheral surface of the drum
      1 as is the case with the sheet pick-off member 3. The copy sheet 7 has
      one marginal portion of its leading end portion picked off the peripheral
      surface of the drum 1 by the pick-off member 32, and is stripped off the
      peripheral surface of the drum 1 as it is caught by the guide roller 9a
      and endless belt 21 as described previously.
PAR  FIG. 6 and FIG. 7 show another form of sheet pick-off member. As shown, the
      sheet pick-off member 35 is in the form of a string which may be made of
      any non-metallic resilient and insulating material. For example, a fishing
      line may be used as the sheet pick-off member 35. The sheet pick-off
      member 35 in string form which has its main portion maintained in
      engagement with one marginal portion of a specific zone of the peripheral
      surface of the drum is supported at its base by a free end of a supporter
      36 secured to the shaft 4. A forward end of the member 35 is secured to
      one end of a spring 38 connected at the other end to a pin 37, after a
      portion of the pick-off member 35 is brought into engagement with the
      roller 23 or the shaft 27 supporting the same as seen in FIG. 7.
PAR  The use of the member 35 offers many advantages. Since the sheet pick-off
      member 3 shown in FIG. 1 is in strip form, it is impossible to maintain
      the pick-off member 3 in intimate contact with the drum 1 in a stable
      manner because the member 3 may be released from engagement with the drum
      1 by vibration or the like. The use of the sheet pick-off member 35 in
      string form offers the advantage of being able to maintain the member 35
      positively in intimate engagement with the drum 1 at all times. Besides,
      since a string is smaller in width than a strip, the area of the copy
      sheet not available for copying can be reduced. Being made of a
      non-metallic material, the member 5 is impervious to the influences
      exerted by the charger 8. When it is desired to mount or remove the drum 1
      after the sheet pick-off member 35 is mounted, the mounting or removing
      operation can be readily performed if the supporter 36 is moved to a
      dash-and-dot line position 36A in FIG. 6 so as to thereby move the sheet
      pick-off member 35 away from the peripheral surface of the drum 1.
PAR  It will be seen that in both embodiments the endless belt 21 can be readily
      trained over the guide roller 9a and rollers 22, 23 and 24 by pushing and
      moving the lever 28 downwardly. The old belt 21 can be readily replaced by
      a new one by performing the operation described above. When the sheet 7
      gets stuck between the guide roller 9a and belt 21, the sheet 7 can be
      readily withdrawn from between the guide roller 9a and the belt 21 by
      pulling the sheet 7 in the direction of the arrow 14. If the guide roller
      9a were integral with the roller 9, it would be impossible to withdraw the
      jammed sheet 7 from between the guide roller 9a and the belt 21 and the
      belt 21 would be damaged if the sheet 7 were pulled in the direction of
      the arrow 14 after the roller 9 has become stationary, because it is
      impossible from outside to move the roller 9 which is connected to a drive
      (not shown).
PAR  The provision of the one-way rotation clutch means 15 permits the jammed
      copy sheet 7 to be readily withdrawn from between the guide roller 9a and
      the belt 21. The belt 21 is maintained in contact with the guide roller 9a
      which is loosely mounted on the shaft 11 through the one-way rotation
      clutch means 15. This arrangement permits the guide roller 9a to rotate
      independently of the roller 9 and enables the belt 21 to be moved by the
      rotation of the guide roller 9a if the jammed copy sheet 7 is pulled in
      the direction of the arrow 14 while maintaining the roller 9 stationary.
      Thus, the jammed copy sheet 7 can be readily withdrawn.
PAR  In FIG. 8, there is shown a sheet pick-off member 53 affixed at its base to
      a supporter 54 which is rotatably supported by a shaft 55 connected to an
      immovable member (not shown). The sheet pick-off member 55 is urged by the
      biasing force of a spring (not shown) into pressing engagement with a
      specific zone of the peripheral surface of the drum 1. A knob 56 is
      affixed to the supporter 54, so that when the knob 56 is turned it is
      possible manually to rotate the supporter 54 about the shaft 55 to release
      the sheet pick-off member 53 from engagement with the peripheral surface
      of the drum 1.
PAR  A mounting plate 57 is secured at its base to the supporter 54 by screws 58
      and has at its forward end a bent portion 57a to which a shaft 59 is
      affixed at its base. A presser member 60 is wound at its base on the shaft
      59 so that the base may act as a spring. Thus, the presser member 60 is
      brought into pressing engagement with the peripheral surface of the drum 1
      by the biasing force of the base of the presser member 60 serving as a
      spring. The presser member 60 includes a portion which is disposed
      parallel to the sheet pick-off member 53 and interposed between the member
      53 on one marginal portion of the specific zone of the peripheral surface
      of the drum 1 and the other marginal portion thereof. A thin plate 61
      which may be a polyester film is attached to the upper surface of the
      sheet pick-off member 53 and includes one marginal portion 61a which
      extends beyond an edge 53b of the sheet pick-off member 53.
PAR  As seen in FIG. 9a toner image 62 which has been formed in the specific
      zone of the peripheral surface of the drum 1 by electric charging,
      exposing to an optical image of an original and developing is duplicated
      by transfer printing on the surface of a copy sheet 63 fed to the drum 1
      as the copy sheet 63 is brought into pressing engagement with the specific
      zone of the peripheral surface of the drum by the charging device (See
      FIG. 1). During the time the copy sheet 63 is fed to the drum 1, one
      marginal portion 63a thereof (See FIG. 9) passes between the sheet
      pick-off member 53 and the shaft 59 (See FIG. 8). As a result, the outer
      edge of the marginal portion 63a of the copy sheet 63 rides on the sheet
      pick-off member 53 and a portion of the marginal portion 63a remote from
      the outer edge is forced by a side edge 60a of the presser member 60
      against the peripheral surface of the drum 1 as shown in FIG. 9. The
      marginal portion 63a of the sheet 63 is guided by a forward end portion
      53a of the sheet pick-off member 53 to move gradually away from the
      peripheral surface of the drum 1, and the sheet 63 is stripped off the
      drum 1 as the former is guided by suitable guide means, like the one
      previously described.
PAR  When the toner image 62 on the drum 1 is duplicated by transfer printing on
      the copy sheet 63, the marginal portion 63a of the latter tends to be
      raised from the peripheral surface of the drum 1 as it rides on the sheet
      pick-off member 53. However, since the marginal portion of the sheet 63 is
      forced against the peripheral surface of the drum 1 by the presser member
      60, irregularities of the toner image transferred from the drum 1 to the
      sheet 63 can be positively prevented from occurring in the marginal
      portion of the sheet 63 regardless of the thickness of the sheet used.
PAR  A developing liquid or toner solvent tends to be gradually collected around
      the sheet pick-off member 53 as it slides on the peripheral surface of the
      drum 1. However, since a duct is formed by the marginal portion 61a of the
      thin plate 61, the edge 53b of the sheet pick-off member 53 and the
      peripheral surface of the drum 1 as shown in FIG. 9, it is possible to
      keep the developing liquid or toner solvent from finding its way into the
      under surface of each sheet fed to the drum 1, thereby precluding the
      production of unacceptable copies.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sheet stripping device for copying apparatus provided with a drum
      adapted to rotate continuously in one direction, and a sheet feed device
      for feeding one copy sheet after another to a specific zone of the
      peripheral surface of the rotating drum, said sheet stripping device
      comprising the combination of:
PA1  a. a sheet pick-off member arranged near one marginal portion of the
      specific zone of the peripheral surface of the drum and including:
PA2  i. a base portion maintained in pressing engagement with said one marginal
      portion of said zone and with which one marginal portion of each copy
      sheet fed by said sheet feed device to the drum is brought into pressing
      engagement; and
PA2  ii. a forward end portion whose surface is increasingly spaced from the
      peripheral surface of the drum beyond said zone in the direction of drum
      rotation to pick off said marginal portions of said copy sheets from
      engagement with the drum surface beyond said zone;
PA1  b. sheet strip-off means disposed adjacent to and spaced from the surfaces
      of said drum and said sheet pickoff member for catching one marginal
      portion of the leading end portion of each copy sheet picked off the
      peripheral surface of the drum by said sheet pick-off member and for
      pulling the sheet away from the drum, said sheet strip-off means
      comprising:
PA2  i. a shaft disposed parallel to the center axis of said drum and adapted to
      rotate in a direction opposite to the direction of rotation of said drum;
PA2  ii. a guide roller supported on said shaft for rotation therewith; and
PA2  iii. an endless belt having one portion maintained in pressing engagement
      with a portion of the peripheral surface of the guide roller, said guide
      roller and said endless belt cooperating with each other to hold
      therebetween one marginal portion of the copy sheet; and
PA1  c. one-way rotation clutch means interposed between said guide roller of
      said sheet strip-off means and the shaft supporting said guide roller, for
      permitting said guide roller to rotate relative to said shaft in a
      direction in which each sheet moved by said guide roller is conveyed.
NUM  2.
PAR  2. A sheet stripping device according to claim 1 wherein said sheet
      pick-off member is a thin strip and includes a base supported by an
      immovable member of the copying apparatus.
NUM  3.
PAR  3. A sheet stripping device according to claim 1 wherein said sheet
      pick-off member is a thin string and includes a base supported by an
      immovable member of the copying apparatus to which the rear end of the
      string is connected and a spring connected to the forward end of the
      string to tension the sheet pick-off member.
NUM  4.
PAR  4. A sheet stripping device according to claim 1 further comprising a
      roller substantially of the same length as the drum firmly secured to said
      shaft supporting said guide roller, and a plurality of conveyor belts
      trained over said roller to move out of the copying apparatus the sheet
      delivered by said sheet strip off means.
NUM  5.
PAR  5. A sheet stripping device for copying apparatus provided with a drum
      adapted to rotate continuously in one direction, and a sheet feed device
      for feeding one copy sheet after another to a specific zone of the
      peripheral surface of the rotating drum wherein the improvement comprises
      the combination of:
PA1  a. a sheet pick-off member arranged on and maintained in pressing
      engagement with one marginal portion of the specific zone of the
      peripheral surface of said drum and with which one marginal portion of
      each copy sheet fed by said sheet feed device to the drum is brought into
      pressing engagement, said sheet pick-off member including a forward end
      portion whose surface is increasingly spaced apart from the peripheral
      surface of the drum in the direction of drum rotation to pick off said
      marginal portions of said copy sheets from pressing engagement with the
      peripheral surface of the drum;
PA1  b. sheet strip-off means spaced from the surfaces of said drum and said
      pick-off member for catching the leading end portion of each copy sheet
      and for pulling the copy sheet in a direction away from the drum after the
      copy sheet is picked off the drum by said sheet pick-off member; and
PA1  c. a sheet presser member disposed parallel to said sheet pick-off member
      and interposed between the sheet pick-off member and the other marginal
      portion of the peripheral surface of the drum so as to force against the
      peripheral surface of the drum a portion of said one marginal portion of
      the sheet superposed on the sheet pick-off member.
NUM  6.
PAR  6. A sheet stripping device according to claim 5 wherein said sheet presser
      member is a wire including a base supported by an immovable part of the
      copying apparatus.
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ABST
PAL  A sheet feeding device adapted to separate a single sheet from a stack of
      sheets and forward the separated sheet away from the stack for subsequent
      processing. The device is adapted to side-register the sheet as it is
      being drawn from the stack and to front-register the sheet by means of the
      sheet-forwarding mechanism of the sheet feeding device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In modern high speed sheet processing machines such as printers and
      xerographic reproduction machines, it is necessary to separate the blank
      copy sheet from a stack of sheets and forward the blank sheet to the
      processing stations of the machine in a predetermined timed relation. To
      provide accurate placement of the informational area on the blank sheet,
      it is also necessary that the sheet be deskewed or accurately registered
      both along the lead edge thereof and the side edge thereof. This is
      especially critical if the sheet feeding device is to be utilized in a
      multi-color process wherein the sheets are fed through the device a number
      of times to print the basic colors thereon, since mis-registration would
      cause the subsequent colors to be placed in the wrong area on the copy
      sheet. Numerous devices have been utilized in the past to register the
      front edge of the copy sheet such as registration gates movable into and
      out of the path of the sheet along a portion of its travel. Further, a
      number of devices have been utilized to assure side registration of the
      sheets along a portion of their travel path. However, the devices
      presently utilized are quite complex resulting in an expensive and
      possibly trouble-prone paper feeding and registration mechanism. It is
      therefore the object of the present invention to provide a sheet feeder
      adapted to front and side register copy sheet as it is fed into a sheet
      processing device such as a copy machine, which device requires no
      adjustment and is unaffected by wear or machine tolerances.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an apparatus for feeding and separating
      individual sheets from a stack of sheets including separating means
      disposed adjacent a forward and side edge of the sheet stack. The
      separating means are canted at a slight angle relative to the feed
      direction of the sheet to drive the sheet against a stationary register
      edge adjacent the side of the stack to provide side registration thereof.
      A plurality of take-away roll pairs downstream from the sheet separation
      means are provided to receive and register the sheets therefrom. The
      take-away roll pair immediately downstream from the separating means is
      located slightly in advance of the remainder of the take-away rolls to
      assure contact of the lead edge of the sheet downstream from the
      separating means in advance of the contact of the remainder of the
      take-away rolls with the lead edge of the sheet, thereby positively
      forcing the trailing edge of the sheet against the side registration guide
      to prevent inducement of skew by the take-away registration roll pairs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the sheet feeding and separating apparatus of the
      present invention;
PAR  FIG. 2 is an enlarged view of the feed belt-floating gate sub-assembly
      utilized in the sheet feeding apparatus of FIG. 1;
PAR  FIG. 3 is an enlarged view of the take-away rolls illustrated in FIG. 1;
      and
PAR  FIG. 4 is a top plan view of the sheet feeding and separating apparatus
      illustrated in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawings, there is illustrated a sheet feeding
      and separating apparatus 1 including a stationary sheet tray 3 adapted for
      receiving a stack of sheets therein. The tray is provided with a back wall
      5 and side walls 7 and 8 (FIG. 4). Wall 8 may be adjustable toward wall 7
      to compensate for sheets of varying widths. A sheet feeding and separating
      belt 9 mounted for movement about rolls 11 and 13 is mounted closely
      adjacent side wall 7 of the apparatus. The axis of rolls 11 and 13 may be
      slightly canted to provide a belt orientation running at a slight angle
      toward the side wall 7 for reasons to be hereinafter explained. It should
      be understood that while a belt-type feeder is illustrated, a single roll
      feeder having an axis at approximately the same location as the axis of
      roll 11 could also be utilized within the context of the present
      invention. In the illustrated embodiment, the rolls 11 and 13 are mounted
      on a suitable carriage 15 adapted for movement along a guide 17. The
      carriage is suitably counterbalanced by means of a cable 19 attached
      thereto adapted for cooperation with pulley 21 mounted on side wall 7
      above the carriage, the cable 19 being connected at its other end to a
      negator spring 23. The negator spring would be selected to compensate for
      the majority of the weight of the carriage 15, the non-compensated weight
      providing a slight downward pressure by feed belt 9 against the top sheet
      in the stack. As the stack of sheets is depleted, the weight of the
      carriage would allow the rolls 11, 13 and the belt 9 thereon to move
      downwardly and remain in contact with the top sheet in the stack. The use
      of a feed mechanism mounted on a "floating" carriage to follow the
      depletion of the stack is particularly suitable for use when "cassette"
      type sheet or paper trays are to be utilized. In the event that a large
      quantity of sheets are to be stacked, it may be desirable to provide a
      substantially stationary feed mechanism for use in conjunction with a
      paper stack elevator adapted to maintain the top sheet adjacent the feed
      mechanism as the stack is depleted. Further, the feed mechanism could be
      inverted and utilized as a bottom feeder to feed sheets from the bottom of
      a stack rather than the top as illustrated.
PAR  A floating gate separator 25 is biased upwardly into contact with belt 9 at
      the forward edge of the sheet stack by suitable spring means 27. Floating
      gate 25 is pivotally mounted on carriage 15 by means of a pivot pin 29 and
      a suitable fastener such as a snap ring 31. Floating gate separator 25 is
      formed of an extremely hard, wear resistant, low friction material and is
      provided with a relieved portion 33 for reasons to be hereinafter
      explained.
PAR  A plurality of take-away roller pairs 40, 41 and roller pair 40, 42 are
      provided immediately downstream from the feed belt 9 for receiving sheets
      separated from the stack and feeding the sheets into subsequent processing
      apparatus with which the sheet feeding and separating mechanism may be
      utilized. For purposes of illustration only, a sheet delivery tray 44 is
      illustrated immediately downstream from take-away roll pair 40, 42 to
      receive the sheets separated and fed by the apparatus 1, it being
      understood that in normal usage, the roll pairs 40, 41 and 40, 42 would
      feed the sheets to a downstream processor such as a xerographic copy
      machine. An upper guide grid 46 is pivotally mounted on the shaft that
      supports rolls 40. The guide grid is provided with a follower tab 48 to
      enable the guide 46 to pivot downwardly as the carriage 15 moves
      downwardly during depletion of the stack to provide an upper guide for
      directing the sheets from the separator mechanism to take-away rolls 40,
      41 and 40, 42. The rolls 40 and roll 13 may be driven by a suitable motor
      50 through a chain 52, sprockets 54, and clutches 56. Since roll 13 is
      adapted for movement with carriage 15 along guide 17, the sprocket 54 and
      clutch 56 associated therewith may be drivingly connected by means of a
      flexible drive shaft 57, although it should be understood that a separate
      drive motor could be utilized to drive the roll 13, the added weight of a
      separate drive motor, however, requiring a stronger negator spring 23 to
      counterbalance the carriage.
PAR  Referring to FIG. 3, which is a view taken along lines 3--3 of FIG. 4, it
      can be seen that the take-away idler roll 42 immediately downstream from
      the separator belt 9, is of a smaller diameter than the remainder of the
      take-away idler rolls 41. Further, by reference to FIG. 3, it can be seen
      that the smaller idler roll 42 is mounted on an axis a short distance in
      advance of the axis of the remainder of the idler rolls 41 for reasons to
      be hereinafter explained.
PAR  Considering the operation of the sheet feeding and separating apparatus,
      upon initial actuation of roller 13 and belt 9, the top sheet in the stack
      will be forced between belt 9 and floating gate separator 25. The upper
      right-hand corner of floating gate separator 25, as illustrated in FIG. 2,
      is provided with a slight bevel or chamfer to aid in directing the lead
      edge of the top sheet between gate 25 and belt 9. The edge 60 of gate 25
      will provide a stop for the remainder of the sheets in the stack and
      prevent more than one sheet from entering the nip between gate 25 and belt
      9. It should be understood that the sheets immediately beneath the top
      sheet being fed are prevented from being dragged along with the top sheet
      due to the forward edge 60 of the gate 25 and that the upper surface of
      gate 25 in contact with the lower surface of the sheet being fed does not
      act as a retard member since it is formed of an extremely hard, low
      friction material. However, the biasing force generated by spring 27 helps
      prevent multiple sheets from being dragged therebetween. Further, by
      providing a biased gate, belt run-out, belt wear, and changes in belt
      surface frictional characteristics have no effect on the ability of the
      floating gate to prevent multifeeds.
PAR  A special feature of the disclosed separating mechanism is the gentleness
      with which the sheets are separated. With normal retard type feeders, a
      substantial force must be exerted on the sheet being fed to overcome the
      drag produced thereon by the retard pad or roll. Further, the abrasive
      action of the retard mechanism does not allow common sheet separating
      devices to handle delicate materials such as film stock. Due to the
      gentleness with which the disclosed device can be handled thereby without
      scratching or marring the delicate film surface.
PAR  As an example of the minimal forces necessary in the operation of the
      disclosed device, excellent results have been obtained in tests wherein
      the normal force of belt 9 against the paper stack is approximately 0.2
      lbs, or less, the force of gate 25 against belt 9 is approximately 0.3
      lbs. or less, and the total driving force necessary to drive belt 9 is
      less than 0.3 in./lbs. torque. When examining these forces one can readily
      appreciate the gentleness of the disclosed separator.
PAR  In the event that it is desirable to provide spacing between individual
      sheets being fed by the appartus, the take-away rolls must be driven at a
      faster peripheral speed than the belt 9, and the roll 13 may be driven by
      means of a one-way clutch which will allow the belt 9 to speed up when the
      lead edge of the sheet is received in the nip of take-away rolls 40 and 41
      and accelerated thereby. Irrespective of the relative speed of the belt 9
      and take-away roll pairs 40, 41, and 40, 42 the disclosed sheet separating
      and feeding mechanism ordinarily would be operated by energizing both the
      belt 9 and the take-away rolls 40, 41 and 40, 42 substantially
      simultaneously to feed a sheet from the stack to the take-away rolls.
      After the lead edge reaches the take-away rolls 40, 41, and 40, 42 the
      belt 9 would be deactivated. If the take-away roll pairs 40, 41 and 40, 42
      are to be utilized as a registration station, they may also be deactivated
      at the same time. In any event, as the trailing edge of the sheet passes
      between belt 9 and the separator 25, the belt 9 will be moving either
      under the influence of its drive mechanism or due to the force exerted
      thereon by the sheet as the sheet is pulled forward by the take-away
      rolls. This will cause the succeeding sheet in the stack to follow the
      previous sheet into the nip between the separator and the feed roll. As
      the take-away rolls are moving the sheet away from the belt, once the
      trail edge of the forward sheet reaches the relieved portion of the
      separator, a drag force will no longer be exerted on the belt by the
      sheet, thereby allowing the belt to stop or if it is energized, to operate
      at its normally driven speed. Thus, if the feed belt is not energized, the
      succeeding sheet will only be dragged into the nip between the belt and
      the separator gate a distance equal to the unrelieved area of the
      separator in contact with the belt. This simplifies removal of the
      remainder of the sheets in the stack in the event the operator wishes to
      replace the sheets therein with a different type or size of sheet since
      the top sheet, which is automatically dragged into the nip irrespective of
      whether the belt is actuated or not, is only dragged a minimal distance
      into the nip and is therefore easily removed therefrom. Due to the slight
      angular orientation of the belt relative to side wall 7, and the location
      of the separator mechanism adjacent the side register edge or wall 8, the
      intial force on the lead corner of the sheet will cause the trail edge
      thereof to be swung into contact with wall 8. Further, the angular
      orientation of the belt will move the lead edge of the sheet forward and
      slightly sidewards into contact with wall 8 so that any skew which may be
      present in the paper is removed as the sheet is fed to the left against
      wall 7 by the angled belt 9.
PAR  To prevent the take-away rolls from inducing skew into the sheet,
      Applicants have provided a take-away roll arrangement whereby the
      take-away roll pair immediately downstream from belt 9 contacts the lead
      edge of the sheet slightly in advance of the remainder of the take-away
      rolls. This is accomplished by providing an axis for the idler roll 42
      downstream from belt 9 slightly in advance of the axis of the remainder of
      the idler rolls 41. Since the lead edge of the sheet if first contacted by
      the roll pair 40, 42 immediately in front of belt 9, there is a tendency
      for this roll pair to exert a force on that corner of the sheet tending to
      force the trail edge of the sheet against the side registration wall 7.
      Thus, the deskewing effect provided by driving the sheet against the wall
      by the angled feed belt 9 is further enhanced by the take-away roll pair
      40, 42 immedidately downstream therefrom.
PAR  For optimum registration accuracy, it is necessary to maintain the lead
      edge of the sheet in a planar condition. The idler roll 42 immediately
      downstream from the belt 9 is therefore of a smaller diameter than the
      remainder of the idler rolls to compensate for the advanced placement of
      the roll axis. Stated another way, as the lead edge of the sheet contacts
      the surface of the take-away idler rollers, due to the smaller diameter of
      the leading idler roller 42, the upper surfaces of all of the idler rolls
      first contacted by the lead edge of the sheet lie in a common plane even
      though the idler roll 42 downstream from belt 9 is of a smaller diameter
      and located on a different axis from the remainder of the idler rolls.
      Through this arrangement, skew of the sheet is eliminated. As such, if
      desired, take-away rolls may be utilized as a registration station for
      feeding the sheets in timed relation to the processing apparatus which
      would be located downstream therefrom. To accomplish this, sensors would
      be employed to sense the position of the lead edge of the sheet after
      engagement thereof by the take-away rolls to disengage the drive clutch
      therefrom and engage a brake 61 to stop the sheet therein. Subsequently,
      when it is desired to feed the sheet in timed relation to the sheet
      processing apparatus, the clutch would be energized, thus assuring that
      the sheet reaches the required processing station at the desired time.
PAR  The disclosed construction provides a very simple and versatile sheet
      feeder. By mounting the separator mechanism on wall 8, expensive yokes or
      other structure which would be required if the separator mechanism were
      mounted in the middle of the lead edge of the paper are unnecessary.
      Further, the unitary construction of the separator allows for mounting the
      entire structure on guide rails 62 to allow displacement thereof in a
      direction toward the left as viewed in FIG. 4 if the separator is mounted
      in a machine requiring front loading of sheets in the tray.
PAR  In the event it is necessary to center sheets of various sizes relative to
      the processing stations in the printer or copier in which the separator is
      utilized, detents or stops may be built into the guide rails to adjust the
      feeder to the left or right as viewed in FIG. 4 for proper alignment of
      the sheets fed by the separator with the processing stations of the
      printer or copier.
PAR  The novel sheet separating and feeding apparatus disclosed finds particular
      utility in printing machines or copy machines such as xerographic copiers,
      offset printers, etc. which would be located downstream from the take-away
      rolls.
PAR  While I have described a preferred embodiment of my invention, it should be
      understood that the invention is not limited thereto but may be otherwise
      embodied within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for feeding and separating individual sheets from a stack
      of sheets including:
PA1  separating means disposed adjacent the forward edge of the stack;
PA1  a side register edge adjacent the side of the stack extending forwardly
      thereof, said separating means being adapted to separate sheets seriatim
      from the stack and drive each separated sheet in a forward and sideward
      direction against said register edge to side register each sheet
      thereagainst; and
PA1  a plurality of take-away roll pairs disposed downstream of said separating
      means, each of said take-away roll pairs comprising a driven roll and an
      idler roll, all of said driven rolls of said roll pairs being mounted on a
      common drive shaft, said drive shaft being disposed perpendicular to the
      direction of sheet travel, the axis of the idler roll adjacent said side
      register edge being positioned in advance of the axes of the remaining
      idler rolls, said roll pairs being adapted for contacting the lead edge of
      each sheet for forwarding each sheet away from said separating means,
      positioning of the axis of the idler roll adjacent said side register edge
      in advance of the axes of the remaining idler rolls causing the roll pair
      adjacent said register edge to contact the lead edge of each sheet
      slightly in advance of the remainder of said take-away roll pairs, thereby
      positively forcing the trailing edge of the sheet against said side
      register edge to prevent inducement of skew by said take-away roll pairs.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said driven rolls are
      substantially the same size, said idler roll adjacent said side register
      edge having a diameter less than the diameter of the remainder of said
      idler rolls, the surfaces of the remainder of said idler rolls and the
      surface of said lesser diameter roll contacted by the lead edge of a sheet
      presented thereto lying in a common plane to maintain the lead edge of the
      sheet in a planar condition.
NUM  3.
PAR  3. An apparatus according to claim 2 wherein said separating means is
      positioned upstream of and in alignment with said take-away roll adjacent
      said side register edge.
NUM  4.
PAR  4. An apparatus according to claim 3, wherein said separating means
      comprises:
PA1  a first driven roll;
PA1  a second roll; and
PA1  belt means adapted for movement around said first and second rolls for
      contact with the sheets in said stack, movement of said belt causing the
      sheet in engagement therewith to be forwarded to said take-away rolls, the
      axes of said first and second rolls being disposed at an angle relative to
      said side register edge to move the sheets against said register edge as
      they are forwarded to said take-away rolls.
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ABST
PAL  A machine is equipped with a rotating support platform, which may have two
      distinct degrees of freedom or motion in the plane of said platform, which
      latter may be tilted at an angle to the horizontal. The body of a person
      mounting and bracing himself, or being placed on such platform is subject
      to downward as well as lateral gravitational forces as the platform
      rotates and/or translates. Muscular resistance to this pull produces an
      unusually effective and relatively effortless exercise and therapeutic
      effect. Angle of tilt and speed of rotation may be varied to suit the
      individual. When the body support function is combined with a two
      directional effect, the user can receive a direct indication of the
      sufficiency with which he is performing the exercising routine by means of
      suitably located indicating instruments.
PARN
PAR  This application is a division of our copending application, Ser. No.
      818,173 filed Mar. 24, 1969, and now U.S. Pat. No. 3,581,739.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known that the basic muscles of the human body which support the
      latter in the earth's gravitational field may be infrequently used in the
      normal course of our modern lives. These muscles known as "skeletal"
      muscles are about 600 in number in the human body and their proper
      exercising has been the subject of some research.
PAR  In a paper entitled "The Effects of Isometric and Isotonic Exercise on the
      Skeletal Muscles" by M. Maxim Asa published at Springfield College,
      Springfield, Mass. in 1959, a series of muscle tone experiments were
      reported. Two types of exercises were performed on over 200 subjects and
      described as "isometric" (exercises performed by contracting the muscle
      without moving the joint to which it is attached) and "isotonic"
      (exercises in which a part is moved by muscle contraction) respectively.
      The author found that a 6 second isometric contraction followed by a 20
      second relaxation repeated a few times per day, was the optimum method of
      strengthening the skeletal muscles.
PAR  It is also well known that strengthening the skeletal muscles reduces the
      surplus tissue or fat, especially around the waist and abdomen. Many
      previous devices built for purposes of weight reduction and muscle
      building have generally been self-propelled and, at best, supply
      uncontrolled exercise providing random physical exertion on the part of
      the user. The class of powered vibration machines, in general, provide a
      rather haphazard physical conditioning action. All existing devices have
      ignored the scientific approach of M. Maxim Asa indicated above.
PAC  SUMMARY
PAR  It is therefore a general object of our invention to provide a more
      efficient machine for body physical conditioning based upon the cylic
      contraction and relaxation principle outlined above.
PAR  It is a more specific object of our invention to provide a machine which
      would utilize the resistance of the human body to gravitational forces or
      components thereof in a novel manner to effect body physical conditioning.
PAR  It is another general object of our invention to provide a form of full
      body exercise which utilizes the reaction of the body against a spring
      force which can be used to effect weight reduction and muscle building in
      a zero-gravity or weightless environment in a manner which is essentially
      equivalent to the effects produced due to the body reacting to the
      gravitational component of weight on earth.
PAR  It is another general object of our invention to provide a method of weight
      reduction and muscle building which comprises rotating the human body
      about its vertical center line at an angle to the vertical so that the
      force of gravity is exerted in varying degrees on all the muscles in the
      body.
PAR  It is still another object of our invention to provide a body support
      platform which can translate with several degrees or directions of freedom
      with visual position indication so that the proper body muscle groups must
      be reacted to maintain the platform position and derive the maximum
      benefits from our invention.
PAR  It is yet another object of our invention to provide a body support
      platform which is snubbed or restrained by springs and can translate with
      visual position indication in several directions requiring the full body
      reaction of various muscle groups to maintain a given lateral platform
      deflection which does not necessarily require the pull of gravity.
PAR  It is an important object of our invention to provide a machine and method
      for physical conditioning of the human body of paraplegics and others not
      able to exercise by normal means.
PAR  We have discovered that by providing a machine whereby we utilize either
      the forces of gravity and/or suitable spring forces in a prescribed and
      regulated manner alone or in combination with lateral reaction forces to
      produce alternate muscular tension and relaxation in any desired part of
      the body, we are able to accomplish all of the objects enumerated above.
      Specifically, our machine is constructed to provide a rotating platform
      upon which the person stands, or is placed. Further provision is made for
      tilting the platform at an angle which may be variable or set to a
      predetermined value. The platform is then caused to rotate, thereby
      subjecting the body to cyclical action of the force of gravity. The person
      holds and braces himself, or is braced on the platform in the manner
      disclosed in more detail hereinbelow. The body of the person thus
      automatically resists the forces of gravity to a set degree and frequency
      according to a predetermined cycle. All parts of the body are thus given
      the benefit of the exercise and particularly the skeletal muscles in the
      isometric manner mentioned above and described in more detail below. We
      may provide also a translating platform with complete visual position
      indicator which may be used alone or in combination with the above to
      achieve beneficial results. Furthermore, the above platform may be used in
      conjunction with spring forces to effect the above described results in a
      zero-gravity environment.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of one embodiment of a machine utilizing the
      tilting and rotating platform of our invention.
PAR  FIG. 2 is an isometric view of another embodiment of a machine utilizing
      the tilting and rotating platform of our invention.
PAR  FIG. 3 is an isometric view of a two directional exercise platform
      representing another embodiment of our invention.
PAR  FIG. 4 is another embodiment of a two directional exercise platform of our
      invention.
PAR  FIG. 5 is an elevation showing an adaptation of a two directional exercise
      platform to a horizontal spring reaction force exercising machine.
PAR  FIG. 5a is an elevation showing an adaptation of a two directional exercise
      platform to an inclined exercising machine.
PAR  FIG. 6 is an isometric view showing a machine utilizing a combination of a
      tilting and rotating platform with a two directional platform.
PAR  FIG. 7 is a diagrammatic representation partly in section showing the
      construction and operation of a telemeter system and position indicator
      which may be used in the control of the operation of our invention.
DETD
PAC  DESCRIPTION OF VARIOUS PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and particularly to FIG. 1, there is seen
      first an A frame 1 which may be fabricated from pipe or other structural
      material. A hollow, tilting frame 2, which may be of generally rectangular
      construction, is pivotally mounted on frame 1 and arranged for tilting
      about a horizontal axis as described more fully below.
PAR  A rotating hollow frame 3 is mounted within frame 2 and arranged for
      rotation about a vertical axis.
PAR  A rotating platform 4 is mounted on the bottom of frame 3 which is equipped
      also with handles 5. Rotation of platform 4 and frame 3 is effected by
      geared head motor 6 which may be of any conventional type to effect
      rotation. We have found that the optimum speed in most instances lies
      between 3 to 10 RPM, although we do not limit ourselves to those values.
      Control of the speed of motor 6 is effected by means of a thumb control
      switch 7 positioned on one of the handles 5 and wired to the motor and
      power source in a conventional manner not shown.
PAR  The horizontal stub shafts or trunnions 8 positioned on a horizontal axis
      of frame 2 ride in bearings 9 which in turn are positioned on frame 1.
      Frame 2 may thus be tilted at any desired angle .alpha. to the vertical.
      The angle may be varied by means of a ratchet and pawl arrangement 10 to
      any desired value as described more fully below.
PAR  Frame 3 is properly journaled and rides in top vertical bearing 11 and
      bottom vertical thrust bearing 12, both of which may be of the
      anti-friction type.
PAR  For tilting frame 2 we may employ an electrical linear actuator and
      bell-crank arrangement (not shown) or we may employ a geared head tilting
      motor (not shown) mounted on frame 1 and coupled to trunnion 8 preferably
      outside of ratchet and pawl arrangement 10. In this variation, thumb
      switch 7 is provided with additional contacts wired to the power source
      and tilting motor. This permits the operator to vary the angle .alpha.
      automatically while standing on platform 4. In this manner the intensity
      of the exercising may be varied in small increments while it is in
      progress and to the precise extent desired by the person.
PAR  In the embodiment of FIG. 2, we utilize stationary side frame supports 21
      which may also be of pipe or other structural construction. Mounted on
      support frames 21 is hollow tilting frame 22 and within this is hollow
      rotating frame 23.
PAR  Rotating platform 24 is mounted on the bottom side of rotating frame 23 and
      is equipped with handles 25. Rotation of platform 24 and frame 23 is
      effected by geared head motor 26. Thumb control switch 27 positioned on
      one of the handles 24 controls the speed of motor 26 through
      interconnection to a power source not shown.
PAR  Trunnions 28 ride in horizontal bearings 29 positioned on side frames 21.
PAR  Top and bottom vertical bearings 31 and 32 respectively provide for
      rotation of frame 23 inside frame 22.
PAR  Up to this point the embodiment of FIG. 2 is very similar to that of FIG.
      1.
PAR  For tilting of frame 22 of FIG. 2 and holding platform 24 at a
      predetermined angle we provide a series of holes 30a through the top
      portion of side frames 21 spaced at regular intervals. Pins 30b which may
      be spring loaded are positioned on frame 22 and disposed to engage holes
      30a thereby holding frame 22 and platform 24 at the aforesaid
      predetermined angle.
PAR  We have discovered also that excellent results may be obtained by a number
      of variations and different embodiments of our basic invention described
      above. Referring now to FIG. 3, there is seen body support platform 31
      which is suspended from U-frame support 32 by means of suspension members
      33. Snubber springs 34 for resisting the motion of platform 31 are
      optional. When used, these are held in place by spring support 35 and the
      tension may be adjusted by means of adjusting screws 36. Only one of the
      latter combinations is shown in full, but it is evident that four of these
      may be used on all four sides of platform 31 if desired. The arrows 37
      indicate the directions in which the platform may be made to move during
      the operation of our machine.
PAR  Referring now to FIG. 4, there is seen an alternate embodiment of a two
      directional platform. This comprises body support platform 41 and base
      support 42. These are separated by ball bearing members 43 which may rest
      in suitable sockets on the under surface of support platform 41 and ride
      on the upper surface of support 42. Snubber springs 44, having spring
      support members 45 and adjusting screws 46, may likewise be utilized in a
      manner similar to that disclosed in FIG. 3. The arrows 47 here also
      indicate the direction of motion of support platform 41 when in operation.
PAR  In FIG. 5 there is seen a combination of either of the platform embodiments
      of FIG. 3 or FIG. 4 in combination with a horizontal exercising machine,
      which provides a suitable lateral force 47 proportional to the deflection
      of spring 44. In the illustration shown the embodiment of FIG. 4 is
      utilized, like numbers indicating like elements of the embodiment. In
      addition to this, the machine comprises side frames 51, handle for
      grasping 52, cable shield for the indicating device 53, and the indicator
      itself 54. The latter element is disclosed in detail in FIG. 7 and will be
      described more fully below.
PAR  In FIG. 5a there is shown one of our body support platforms in combination
      with an inclined machine, which provides a reactive force 47 proportional
      to the lateral component of body weight W and/or to the deflection of
      spring 44. Here the like numbers represent the corresponding parts of FIG.
      5 and FIG. 4. In addition there is shown a base support 55 and a hinge
      member 56 joining base support 42 with support member 55. A jack 57
      interposed at the opposite end of these two members makes it possible to
      change the angle .alpha. between these two members and thus get a
      variation in the gravitational forces on the person using the machine. The
      latter is illustrated by arrow W and shows two components acting on the
      body of the person exercising. Since the machine in this embodiment is
      non-rotational, the cyclic contraction-relaxation period is supplied by
      the user aided by a clock timer or other suitable instrument.
PAR  In FIG. 6 there is seen another embodiment of our invention. In this
      embodiment horizontal base 61 supports tilting base 62 through hinge or
      pivot member 63. Tilting jack 64 permits variation of the angle between
      these two members as previously described. Tilting base 62 contains a
      housing 65 in which is positioned rotating drive 66 and electrical
      controls. (The latter is not shown in detail.) Drive shaft 67 connects the
      driving motor 65 which may also be equipped with a reduction gear, not
      shown, to rotating coupling 68. The latter is secured to rotating platform
      69 in any desired manner. Rotating frames and hand holes 70 are positioned
      on this platform also in a manner similar to that disclosed for previous
      embodiments (FIG. 1 and FIG. 2.)
PAR  In this particular disclosure we show our exercising machine in combination
      with the two directional platform of FIG. 3, although it is evident that
      the embodiment of FIG. 4 may also be used. In the disclosure shown there
      is body support platform 71 which is suspended from U-frame support 72 by
      means of suspension member 73. The snubber springs are not shown on this
      Figure, but it is evident that they may be used here also if desired.
      Position indicator transmission cable shield 74 connects from platform 71
      to the indicator itself 75, as more fully described below.
PAR  FIG. 7 shows a preferred embodiment of our telemetering system and position
      indicator shown only schematically on FIG. 5a and FIG. 6. Inside of
      support platform 91 which may correspond to platform 31 of FIG. 3, 41 of
      FIG. 4, or 71 of FIG. 6 is located actuator support plate 92. Backward and
      forward actuator member is shown at 93 and sidewise acutator member at 94.
      These, of course, are fastened to the corresponding front and side edges
      of the support platform in any desired manner. Bearing 95 serves to
      support the backward and forward actuator while a four-bar linkage
      mechanism 96 serves the sidewise motion actuator. These in turn are acted
      upon by spring loaded plungers 97 and 98, supported by bearings 99 to
      permit transmission of the respective motions to transmission wires 100 in
      a manner well known to those skilled in the art for instrumentation of
      this type.
PAR  Transmission wires 100 are positioned inside of cable sheath 101 which may
      be of any type of flexible metallic or similar construction, also known to
      those skilled in the art.
PAR  Indicator housing 102 is fixedly positioned on hand grip support 112. In
      the embodiment shown on this Figure it may be supported on the
      corresponding structural element of any one of the other embodiments
      previously disclosed. It is preferred, of course, that the indicator face
      or dial 110 be visible to the person using the machine although when used
      for special therapy it may face the physician or physical therapist.
PAR  Inside the housing 102 is positioned vertical slide 103 which moves in a
      vertical direction on slide guides 104. Horizontal slide guide 105 in turn
      moves on horizontal slide guides 106. The transmission wires 100 connect
      from the backward and forward motion actuators and the sidewise motion
      actuators respectively to the vertical slide 103 and horizontal slide 105.
      In this case of the latter, we again utilize a four-bar linkage machanism
      105a in order to convert the motion of the transmisison wire 100 for the
      background and forward motion from a vertical to a horizontal direction.
      It will be readily seen from the Figure that vertical slide 103 is
      positioned upon horizontal slide 105 so that its motion represents a
      composite or an integration of the motion of both slides in either
      direction. A ball and socket joint 107 is consequently positioned on top
      of the horizontal slide 105 and connects through pivot or support point
      108 to pointer 109. Pointer 109 may be observed through a transparent
      indicator face 110 positioned on housing 102. The face 110 may serve also
      as a dial upon which there may be inscribed suitable graduations 111. In
      the embodiment shown there are seen a series of concentric circles divided
      into quadrants which correspond to four positional zones of the platform.
      These may be designed by letters or numerals such as I, II, III, and IV
      denoting quadrants starting at the upper right facing the dial and moving
      in a clockwise direction through 360.degree.. Thus I would represent a
      positional zone of the platform forward and to the right hand, II rearward
      and to the right hand, III rearward and to the left hand, and IV forward
      and to the left hand. The intensity of the exercising effect would be
      indicated by the concentric circles of increasing diameter on the face of
      the dial.
PAC  OPERATION OF ABOVE EMBODIMENTS
PAR  The operation herein described is directed to FIG. 1, although it will be
      evident that it applies also to FIGS. 2 and 6.
PAR  The person first sets the angle of tile .alpha. of frame 2 to a
      predetermined value. Upon the latter will depend the intensity of the
      muscular contractions produced. It may vary from a few degrees in the case
      of elderly or physically limited persons during their early usage of the
      device up to 45.degree. or more in the case of athletic persons requiring
      more strenous exercising. We have found that 30.degree. is a good angle
      for the average person. In the variation described above wherein a motor
      drive tilting arrangement is used, this may be varied to suit the person
      after he has mounted the platform and even while the platform is rotating.
PAR  The gravitational pull on the body will increase with increase of angle
      .alpha. and the resistance to the pull will be effected by all the
      muscles, particularly the skeletal muscles and most particularly those
      around the waist and abdomen. For this reason the ability to vary angle
      .alpha. forms an important feature of our invention.
PAR  After mounting platform 4, the person grasps handles 5 and depresses thumb
      switch 7 which starts rotation of platform 4.
PAR  The speed of rotation of platform 4 also forms an important feature of our
      invention. It governs the frequency of the exercise forces as
      distinguished from the intensity which is governed by the angle .alpha. as
      described above.
PAR  We have discovered that a speed of rotation of 3 to 10 RPM is very
      effective and this may be varied by proper arrangement within the control
      circuit between switch 7 and motor 6, as is known to those skilled in the
      art. At this range of speed of rotation we produce a muscular contraction
      of from 1 every 6 seconds to 1 every 20 seconds. We have found further
      that two exercises of 1 minute duration per day for as short a period as 2
      weeks on our machine produces excellent results.
PAR  It is thus seen that our device when operated as described herein, closely
      parallels the optimum discovered by Asa and described above.
PAR  We have discovered that when the above described device is used twice a day
      for a period of 1 minute at 12 hour intervals remarkable results in the
      matter of weight reduction and muscle building has been noted in a period
      of as little as 2 weeks.
PAR  As opposed to a cyclic contraction-relaxation period in the operation of
      embodiments 1 or to where muscle group intensity is proportional to the
      lateral component of gravity, the operator of FIG. 5 overcomes the
      platform reaction 47 caused by the deflection of spring 44. The operator
      causes a direct translation of the platform by means of exerting a
      combined force and moment upon the grips 52. Since the force of gravity is
      not a basic variable in this exercise, performance of it may be carried in
      a zero-gravity environment with complete equivalence to the other
      embodiments described herein. Since the platform is not rotating, the user
      regulates the exercise cycle by any suitable means as a clock timer. The
      intensity and extent of the exercise may be visually maintained at all
      times by use of the indicator 54 described above.
PAR  The primary difference between the embodiment of FIG. 5a and FIG. 5 is that
      the exercise intensity of FIG. 5a has been augmented by a lateral
      component of gravity due to the inclination of platform 42 to the
      horizontal. As in the previous exercise, the operator applies the
      prescribed force and moment to grips 52 which is transmitted through the
      arms and shoulders and conducted throughout the body where it is finally
      reacted by the feet upon platform 41. Repetition and cyclical control are
      supplied by the operator and visual indication of intensity and extent of
      the exercise is provided by indicator 54 described above.
PAR  Although the machines of FIG. 5 and FIG. 5a are essentially simpler than
      the machine of FIG. 6, we have found them to be quite suitable where
      intensive exercise is not desired or where the exercising is limited to
      certain particular muscles or areas of the body only.
PAR  In the operation of the machine of FIG. 6, of course, we are able to obtain
      all of the benefits of the previous embodiments, either alone or in
      combination. Thus when base 62 is lowered to a horizontal position and
      motor drive 66 is stopped, we may obtain the effects of operation of the
      machine of FIG. 5. When tilting base 62 is raised to an angle with the
      motor drive still stopped we get the effects of the operation of the
      machine of FIG. 5a. If now we start the motor drive 66 rotating platform
      69 rotates. If at the same time we set the snubber spring tension by means
      of adjusting screws 36, if the embodiment of FIG. 3 is used, or 46 if the
      embodiment of FIG. 4 is used, so that support platform 71 cannot move in
      either of the two horizontal directions, we get the effect of our basic
      invention shown in the embodiments of FIG. 1 and FIG. 2. If, however, we
      desire to get the greatest amount of flexibility and exercising effect, we
      adjust the latter springs to permit platform 71 to move in both horizontal
      directions while at the same time rotating around with platform 69, we are
      able to obtain a very thorough and comprehensive exercising effect upon
      the entire body and one whose overall salutary effect exceeds by far that
      of any known devices to date.
PAR  The force and moment exerted by the user on grip 70 to maintain the
      position indicator reading 75 in the prescribed manner is transmitted
      throughout the entire body to where it is eventually reacted by the feet
      against the platform 71.
PAR  By proper programming and use of the automatic regulation which we disclose
      above, we are ablve to adapt our invention to a wide variety of exercise
      cycles and hence serve a variety of exercising and muscle conditioning
      applications.
CLMS
STM  We claim:
NUM  1.
PAR  1. A body physical conditioning machine comprising:
PA1  an outer hollow frame pivotally mounted on a horizontal axis;
PA1  an inner hollow frame rotatably mounted within said outer frame so as to
      permit rotation about a vertial axis of said inner frame;
PA1  a platform mounted on said inner frame;
PA1  said platform being adapted to receive a person in a standing position over
      its vertical centroidal axis;
PA1  means independent of the body of said person for rotating said inner frame
      about its vertical centroidal axis.
NUM  2.
PAR  2. The machine of claim 1 including means for varying the speed of rotation
      of said inner frame.
NUM  3.
PAR  3. The machine of claim 1 including means for automatically varying the
      angle of said inner frame and said outer frame to the vertical.
NUM  4.
PAR  4. A body physical conditioning machine comprising:
PA1  a platform rotatable about a horizontal adapted to receive a person in a
      standing position over its vertical centroidal axis;
PA1  means for adjusting said platform to various set and predetermined angles
      to the horizontal;
PA1  means independent of the body of said person for rotating said platform at
      a predetermined speed about said vertical centroidal axis only, while said
      person is in said standing position.
NUM  5.
PAR  5. The machine of claim 4 including means for varying the speed of rotation
      of said platform.
NUM  6.
PAR  6. The machine of claim 4 including means for varying the angle of said
      platform to the horizontal.
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ABST
PAL  An improved "blow bottle" for forced expiration exercise wherein liquid is
      blown from a first compartment to a second compartment and then
      automatically returned to the first compartment by a specially designed
      siphon assembly.
BSUM
PAR  This invention relates to a device for respiratory exercise. More
      particularly, the invention pertains to an efficient and practical device
      wherein liquid is blown between interconnecting chambers by forced
      expiration to achieve respiratory stimulation.
PAR  In the treatment of certain pulmonary conditions it is often desirable for
      the patient to exercise his lungs by forced expiration against a known or
      controlled resistance to achieve respiratory stimulation and
      rehabilitation. Such stimulation is believed to develop and condition the
      muscles and tissues associated with the breathing process.
PAR  In the past, several types of devices, which are generally known in the art
      as "blow bottles", have been proposed for this purpose. For instance U.S.
      Pat. No. 3,811,671 discloses a side-by-side blow bottle arrangement where
      the tube connecting adjoining chambers has a restriction therein to
      prevent siphoning from one compartment to the other during the exercise
      process.
PAR  French Pat. Nos. 859,316 and 757,395 apparently disclose blow bottles
      wherein liquid is blown back and forth between interconnecting chambers
      through a complex network of interconnecting tubes.
PAR  British Pat. No. 685,815 shows a blow bottle wherein the patient blows
      water from a lower chamber to an upper chamber through a tube. The water
      immediately drains back to the lower chamber when the pressure is released
      from the blowing tube as occurs between breaths. This is inconvenient and
      causes a disruption in the exercise process.
PAR  U.S. Pat. No. 714,141 discloses a blow bottle wherein water is blown or
      sucked between adjoining side-by-side chambers through an inverted U-tube.
      This blow bottle is not vented during the exercise and the air confined in
      the chambers provides controlled resistance for the exercise.
PAR  The present invention represents an improvement over these early devices in
      providing a compact and efficient blow bottle which is easily used by the
      patient to blow liquid from a lower chamber to an upper chamber. When a
      predetermined volume of liquid has been transferred to the upper chamber,
      a siphoning mechanism is automatically actuated to siphon the liquid from
      the upper chamber to the lower chamber. Blowing is discontinued until the
      liquid is returned to the lower chamber. This sequence of operation is
      schematically shown in FIGS. 4a through 4d. The exercise procedure can
      then be repeated without adjusting the device, rearranging the tubing or
      other inconvenient preparatory procedures on the part of the patient. The
      device of invention is also adapted for a program of timed exercises in
      that it requires the transfer of a predetermined volume of liquid to
      activate the siphon and the time to accomplish the result can be easily
      measured.
DRWD
PAR  The present invention will be further illustrated in the drawings wherein:
PAR  FIG. 1 is a perspective view of a blow bottle of invention;
PAR  FIG. 2 is a view of the septum assembly of the blow bottle of FIG. 1;
PAR  FIG. 3 is an exploded view of the device of FIG. 1;
PAR  FIGS. 4a through 4d are a series of schematic representations illustrating
      the sequence of operation of the device of FIG. 1, and
PAR  FIG. 5 is a view of another embodiment of the present invention having a
      modified siphon arrangement and vent location.
DETD
PAR  In attaining the objectives of this invention, one feature resides in a
      blow bottle comprising a chamber partitioned by a septum into an upper
      compartment and a lower compartment, the upper compartment being vented to
      the ambient and the lower compartment being interconnected to an external
      blow tube. The compartments communicate with each other by means of a
      liquid transfer tube passing through the septum for transferring blown
      liquid from the lower compartment to the upper compartment. The transfer
      tube extends down to near the bottom of the lower compartment and up to
      near the top of the upper compartment. The compartments also communicate
      with each other by means of a siphon tube passing through the septum. The
      siphon tube has an inverted "U-bend" therein which is positioned in the
      upper compartment. The height of the inverted U-bend in the upper
      compartment is less than the height of the liquid transfer tube to permit
      the transfer of a sufficient head of liquid to prime the siphon. The
      siphon tube also has one-way check valve positioned therein to restrict
      fluid flow from the lower chamber to the upper chamber.
PAR  Referring now to FIG. 1 through 4, reference numeral 10 generally indicates
      a blow bottle of invention comprising a lower compartment or container 11
      and an upper compartment or container 12 both of which are in the form of
      self-supporting open-mouthed plastic containers of like configuration and
      volume capacity. It is, of course, understood that the containers can be
      of different sizes and shapes if this is desirable for certain
      applications. As best seen in FIG. 3, the mouths 13 and 14 of containers
      11 and 12 are provided with external screw threads 15 and 16. The capacity
      of the containers can be varied depending on the particular application,
      although a volume capacity for each container of about 1/2 liter to about
      1 liter are practical for most applications. Containers 11 and 12 are
      preferably transparent or translucent to facilitate observation. Mouths 15
      and 16 of containers 11 and 12 are adapted for liquid sealing engagement
      with septum assembly 22.
PAR  Septum assembly 22 comprises a rigid disc-shaped central partition 34
      having apertures 26, 31, 32, and 33 passing therethrough. The upper and
      lower peripheries of partition 34 are provided with rims 28 and 29 which
      are internally provided with screw threads 28a and 29a which are adapted
      for registry with screw threads 15 and 16.
PAR  Positioned in and passing through aperture 31 in partition 34 is liquid
      transfer tube 23 which extends in both directions so as to come within
      about 1 or 2 inches from the top of upper container 12 and bottom of lower
      container 11. Positioned in and passing through aperture 32 in partition
      34 is siphon tube 24 which has an inverted "U-bend" 24a. The inverted
      U-bend 24a of siphon tube 24 generally extends in an upward direction into
      upper container 12, but a lesser distance (i.e. a lower height) than
      liquid transfer tube 23 so that the inverted U-bend 24a will be filled
      with liquid and thereby "primed" during the exercise process. A height
      difference of about 1/4 inch to 1/2 inch between liquid transfer tube 25
      and the inverted U-bend 24a is adequate for most applications.
PAR  Siphon tube 24 also extends below partition 34 into lower container 11, and
      is provided with a check valve 24b in the form of a flexible flapper of
      rubber or like material. Other types of check valves such as a swing check
      valve can also be employed. Valve 24b is flattened on the end to restrict
      fluid flow to a downwardly direction through the valve while providing a
      seal against liquid or other fluid flow in an upwardly direction. The
      distance that siphon tube 24 extends into container 11 does not affect
      operation.
PAR  Positioned in and passing through aperture 26 in partition 34 is vent tube
      25 which communicates with the ambient. Vent tube 25 extends upwardly into
      container 12 to the height above liquid transfer tube 23 so that vent tube
      25 will not be covered with liquid at any stage of the exercise process.
PAR  Positioned in and passing through aperture 33 in partition 34 is blow tube
      30 equipped with mouth piece 35 through which the patient blows to
      pressurize lower container 11 and begin the exercise process.
PAR  The sequence of operation can best be seen from FIG. 4a, b, c, and d. In
      FIG. 4a lower container 11 is filled with a convenient liquid such as
      water 40 which can be colored for ease of viewing. The patient blows into
      blow tube 30 which causes an increase in pressure in lower container 11
      above water 40. Water 40 then begins to rise up the liquid transfer tube
      23 as shown by the arrows. This liquid transfer continues until it fills
      the inverted U-bend 24a in siphon tube 24 as shown in FIG. 4c. During this
      blowing process, the check valve 24b prevents liquid or air flow up
      through siphon tube 24. As water 40 fills upper container 12, the air
      displaced thereby is vented to the ambient through vent tube 25. The water
      40 then automatically siphons through siphon tube 24 to lower container 11
      as shown in FIG. 4d until the siphon action "breaks" due to a lower water
      level in container 12. This completes one unit of exercise.
PAR  In the sequence of operation shown in FIGS. 4a through 4d it is readily
      seen that the water cannot rise in upper chamber 12 above the level of the
      inverted U-bend because the siphoning action is automatically initiated.
      The short distance (e.g. about 1/4 inch to 1/2 inch) that the liquid
      transfer tube 23 extends above the height of the inverted U-bend 24a
      assures the complete filling of the siphon tube. Vent tube 25 is
      positioned above the height of the liquid transfer tube 23 a slight
      distance (e.g. about 1/4 inch) so that water cannot enter vent tube 25.
PAR  FIG. 5 shows another embodiment of a blow bottle 50 comprising lower
      container 51 and upper container 52 engaged to septum assembly 53 as
      described above except that upper container 52 is vented directly to the
      ambient through vent aperture 54 in container 52 rather than through a
      vent tube. The inverted U-bend 56 in siphon tube 55 is defined by the top
      of tube 55 and a weir 57 positioned in siphon tube 55. Liquid transfer
      tube 58 is equipped with a deflection shield 59 to direct the liquid away
      from vent aperture 54. Mouth piece 60 on blow tube 61 can be adapted to
      fit snugly into vent aperture 54 for the purpose of storage when not in
      use.
PAR  The device can be fabrication of conventional materials such as glass or
      plastic although plastic is preferred because of ease of formation of
      intricate parts. It is apparent that different details of construction and
      assembly of the containers and septum can be employed within the scope of
      the present invention depending on the economics of manufacture.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. In a device for forced expiration exercise wherein liquid is blown
      between interconnecting compartments to achieve respiratory stimulation,
      the improvement comprising:
PA1  a chamber partitioned by a septum into an upper compartment and a lower
      compartment said upper compartment being vented to the ambient and said
      lower compartment being interconnected to an external blow tube, said
      compartments communicating with each other by means of a liquid transfer
      tube passing through said septum for transferring blown liquid from said
      lower compartment to said upper compartment, said transfer tube extending
      to near the bottom of lower compartment and to near the top of said upper
      compartment; and
PA1  a siphon tube for siphoning liquid form said upper compartment to said
      lower compartment, passing through said septum, said siphon tube having an
      inverted U-bend therein which is positioned in said upper compartment and
      extends into said upper compartment a lesser distance than said liquid
      transfer tube, said siphon tube having a check valve therein to restrict
      fluid flow from the lower chamber to the upper chamber.
NUM  2.
PAR  2. The device of claim 1 wherein said check valve is a flexible flapper
      valve.
NUM  3.
PAR  3. The device of claim 1 wherein said upper compartment is vented through a
      vent tube communicating with the ambient through said septum.
NUM  4.
PAR  4. The device of claim 1 wherein said upper compartment is vented to the
      ambient through a vent aperture through the top of said compartment.
NUM  5.
PAR  5. The device of claim 1 wherein said upper and lower compartments are in
      the form of open-mouthed containers of like configuration and capacity.
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PAL  A table tennis net holder which includes a holding plate insertable into a
      transverse slot or gap of a sectional tennis table, and equipped with a
      post at its outer free end for connecting thereto one end of the tennis
      net. At least that inner portion of the holding plate which in mounted
      position of the holding plate is adjacent the tennis table is provided
      with a transverse web limiting the extent to which the holder can be
      slipped into the tennis table and has a T-profile, the vertical web of
      which is at its lower portion provided with clamping means, e.g. in the
      form of round elastic clamping members, on both sides of the vertical web.
      These clamping members are adjustable relative to the holding plate to
      take care of variations in the thickness of the tennis table to which the
      holder has to be fastened.
BSUM
PAR  The present invention relates to a table tennis net holder which comprises
      a holding plate adapted to be inserted into a transverse slot in the table
      or into the gap between the two tennis table plates of a two-sectional
      table plate, which holding plate is at its outer free end provided with a
      post for connecting the end of the net thereto and at least at the inner
      end within the region adjacent the table plate is provided with a
      transverse web limiting the extent to which the holder can be placed onto
      the table and which is provided with a T-profile. At the vertical central
      web of said T-profile, the net holder is equipped with a clamping device
      engaging the bottom side of the table plate for connecting said net holder
      to the table plate.
PAR  It is an object of the present invention to provide a table tennis net
      holder of the above mentioned type with a particularly simple connecting
      device and to provide possibilities which permit to employ one and the
      same net holder for table plates of different thicknesses.
DRWD
PAR  These objects and other objects and advantages of the invention will appear
      more clearly from the following specification, in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic side view of a net holder according to the present
      invention shown clamped onto the tennis table.
PAR  FIG. 2 is an end view of the net holder with a portion of the tennis table
      indicated in dot-dash lines.
DETD
PAR  The table tennis net holder according to the present invention is
      characterized primarily in that the central web of said tennis holder on a
      pin or shaft extending at both sides of the central web carries opposite
      the lateral web of the T-profile of the holding plate of said holder a
      clamping body while the central web for adaptation to different table
      plate thicknesses comprises a plurality of bores arranged at different
      distances from the lateral web of said T-profile, said shaft or pin being
      easily disconnectably connected to said central web.
PAR  Referring now to the drawings in detail, the table tennis net holder
      according to the invention comprises a longitudinally extending holding
      plate 1 having its outer free end provided with a post 2 to which one end
      of the table tennis net 6 can be connected in any convenient manner.
      Provided at the bottom side of the holding plate 1 there is a vertical
      central web 3 for the outer range of the net holder which is separated
      from the vertical web 4 at the inner range of the net holder by a
      transverse web 5. The transverse web 5 limits the extent to which the net
      holder can be pushed onto the table plate 30 shown in section in FIG. 1.
      The table plate 30 may be a single plate in which instance it would be
      equipped with a transverse slot for receiving the web 4. If the table
      plate is a two-sectional table plate, the web 4 may be received in the
      slot or gap between the two plate sections.
PAR  The table tennis net 6 which is provided with a loop-shaped rim 7 is held
      by an arm 8 which has an L-shaped form with the L occupying a position
      upside down. The long portion of the arm 8 extends through the loop-shaped
      portion 7 of the net 6 and at its lower end rests in a bore 11 of the
      holding plate 1. The short end of the L-shaped arm 8 rests in a transverse
      slot 10 of the post 2 and engages an axial bore 9 of post 2. By means of a
      screw 12 received by a bore 13, the lower end of the arm 8 may in
      conformity with the desired height of the upper edge of the net be moved
      upwardly and downwardly. The screw 12 provided with a knurled surface is
      located in a rectangular recess 14 of the web 3 so as to protrude from
      said recess whereby it can easily be grasped and operated between two
      fingers.
PAR  The additional tensioning of the net 6 is effected in a customary manner by
      means of a cord 15 which extends over the entire surface edge of the net 6
      and which rests on the arm 8 and in groove 10 and at its free end has
      chain links 16. The chain links 16 may be hooked onto a hook 17 which is
      located at the outside of the post 2. A longitudinal groove 18 in the
      holding plate 1 is adapted to receive the bottom edge of the net 6.
PAR  For purposes of connecting the net holder to the table plate 30 or to the
      table plate sections, there are provided clamping bodies 23a and 23b which
      preferably are designed as rubber rollers. The rubber rollers act like a
      cam and are supported by a screw bolt 21, the free end of which is
      provided with a nut 22 for axially compressing the rubber rollers 23a and
      23b.
PAR  As will be seen from FIG. 2, the outer end of the net holder has a
      T-profile which is formed by the two sections 1a and 1b of the holding
      plate and by the vertical central web 4. The central web 4 is within the
      region receiving the table plates 30 designed rather thin walled, but is
      somewhat thicker in the lower region at 19 so that the clamping rollers
      23a and 23b can be safely held in their respective position by the screw
      21. In order to be able to apply the net holder according to the present
      invention to table plates of different thicknesses, the central web 4 is,
      in its reinforced region 19, provided with a plurality of bores 20a, 20b,
      20c and 20d, which are differently spaced from the bottom side of the
      lateral webs 1a, 1b. Depending on the respective thickness of the table
      plate, the respective bores 20a, 20b, 20c and 20d are selected. By a mere
      disengaging of the screw connection 21, 22, the clamping rollers 23a and
      23b can quickly be changed as to their position and again by tightening
      the screw 21, 22 held in their respectively selected new position for
      tightening the net holder to the tennis table.
PAR  It is, of course, to be understood that the present invention is, by no
      menas, limited to the specific showing in the drawings, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A table tennis net holder for insertion into a transverse gap of a
      tennis table, which includes a longitudinally shaped holding plate having
      a top side and a bottom side and also having an outer section with an
      outer end face forming the outer end of said holding plate, a post
      extending upwardly from said top side near said outer end face for
      receiving and holding one end of the tennis net, said holding plate also
      having an inner section for extending across a portion of the width of a
      tennis table, abutment means arranged between said outer section and said
      inner section for abutment with one side of a tennis table to thereby
      limit the overlapping of a tennis table by said inner section, first and
      second web means respectively arranged below said outer and inner sections
      of said holding plate and extending at least approximately in a plane
      perpendicular thereto, supporting means extending through said second web
      means, and clamping means comprising at least one eccentrically operable
      member supported by said supporting means for pressing with camming action
      against an adjacent tennis table section when said holding plate occupies
      a desired effective position fastened on a tennis table.
NUM  2.
PAR  2. A table tennis net holder for insertion into a transverse gap of a
      tennis table, which includes a longitudinally shaped holding plate having
      a top side and a bottom side and also having an outer section with an
      outer end face forming the outer end of said holding plate, a post
      extending upwardly from said top side near said outer end face for
      receiving and holding one end of the tennis net, said holding plate also
      having an inner section for extending across a portion of the width of a
      tennis table, abutment means arranged between said outer section and said
      inner section for abutment with one side of a tennis table to thereby
      limit the overlapping of a tennis table by said inner section, first and
      second web means respectively arranged below said outer and inner sections
      of said holding plate and extending at least approximately in a plane
      perpendicular thereto, supporting means extending through said second web
      means, and clamping means for pressing against an adjacent tennis table
      section when said holding plate occupies a desired effective position,
      said second web means being provided with a plurality of transverse bores,
      and said supporting means comprising a pin selectivity insertable into any
      of said bores for supporting said clamping means at different distances
      from the bottom side of said inner section.
NUM  3.
PAR  3. A holder according to claim 2, in which said clamping means are designed
      as roller means.
NUM  4.
PAR  4. A holder according to claim 3, in which said roller means consist of
      elastic rubber material.
NUM  5.
PAR  5. A holder according to claim 2, in which said supporting means are
      designed as threaded bolts.
NUM  6.
PAR  6. A holder according to claim 2, in which that portion of said second web
      means which is intended to receive a portion of a tennis table has a
      thickness which is less than the thickness of at least a part of the
      remaining portion of said second web means.
NUM  7.
PAR  7. A holder according to claim 2, in which said holding plate has its top
      side provided with a longitudinal groove for receiving the lower rim
      portion of a tennis net to be held by said holder.
NUM  8.
PAR  8. A holder according to claim 2, which includes holding means adjacent to
      said post for engaging the tennis net to be mounted and holding it at the
      desired height.
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ABST
PAL  A tether ball game includes an upstanding pole having a ball connected
      thereto by a string. At least two movable contact members can be manually
      operated to hit the ball and to cause the ball and the string to wrap
      around the pole. The contact members are carried by mounting means which
      are horizontally movable toward and away from the pole and which are
      rotatable to hit the ball and propel the same in the desired direction.
BSUM
PAR  This invention relates to games or amusement devices and more particularly
      it relates to a game of the type where a ball is tethered to an upstanding
      pole and where two players or more try to hit the ball in opposite
      directions to cause the ball and its tethering string to wrap about the
      pole.
PAR  The ordinary tether ball game is played outdoors using a large pole with a
      full size ball tethered thereto. The players then use either rackets or
      their hands to hit the ball and to cause the same to wrap around a pole.
      The present invention is directed to an indoor type of tether ball game,
      using the same principles as the outdoor game, but capable of being played
      in a small area and by small children. The game of the present invention
      can be easily played by small children who would otherwise have difficulty
      in playing a full size tether ball game, and additionally, such small
      children will acquire the benefits of skill and coordination while at the
      same time engaging in an enjoyable contest.
PAR  It is accordingly, an object of the present invention to provide a new and
      improved form of game, in the nature of a tether ball game, which can be
      played by children or adults and which will provide enjoyment while
      improving coordinated skills.
PAR  Another object of the present invention is to provide a game which is
      simple in construction and operation, can be produced in a relatively
      inexpensive manner, yet which is capable of being played for extended
      periods of time without failure or breakage.
PAR  Other objects, advantages and salient features of the present invention
      will become apparent from the following detailed description, which, taken
      in conjunction with the annexed drawings, discloses two preferred
      embodiments.
PAR  The foregoing objects are attained generally by providing a central
      upstanding vertical pole having a ball tethered thereto by a string. A
      pair of horizontally extending opposed rods extend outwardly from the
      central pole. In the first embodiment of the invention, the horizontally
      extending rods carry a hollow tube which is slidably mountable on the
      rods. The tube itself carries both a handle and a contact member which is
      adapted to contact against and hence propel the tethered ball. The
      operator manually grasps the handle and slides the tube axially along the
      rod until the contact member is at the correct position to meet the
      swinging ball. Then, just as the ball is about to come into engagement
      with the contact member, the handle is rotated to cause the contact member
      to hit the ball and propel the same in either a clockwise or
      counterclockwise direction, with the objective being to wrap the ball and
      string about the pole. The opposing player, of course, tries to hit the
      ball in the opposite rotational direction. In the second embodiment of the
      invention, the contact member is carried by the rod itself. The rod is
      projected through transverse cross bar members at the outer end of the
      game and the projecting end of the rod is bent to form a handle which can
      be manually grasped for the axially slidable movement and the rotational
      movement. In this second embodiment, a game board with a groove therein
      extends under the rods and a guide member at the inner end of the rod
      slides in the groove to hence guide the movement of the rod.
DRWD
PAR  Referring now to the drawings wherein the invention is shown in further
      detail, which drawings form a part of this original disclosure:
PAR  FIG. 1 is a perspective view of a first embodiment of the present
      invention;
PAR  FIG. 2 is a perspective view of a second embodiment of the present
      invention;
PAR  FIG. 3 is a fragmentary perspective view showing a portion of the second
      embodiment; and
PAR  FIG. 4 is a side elevational view of a modified form of contact member.
DETD
PAR  Referring now to the drawings, the apparatus illustrated in FIG. 1
      comprises a tether ball game generally designated 10. It includes a
      central stand means 12 having a flat bottom surface 14 adapted to rest
      upon a horizontal supporting surface. The central stand means carries an
      upstanding pole 16 the lower end of which is mounted in an upstanding
      sleeve 18 on the central stand and the upper end of which carries a small
      ball 20. A string 22 is carried by the ball 20 at the upper end of the
      vertical pole 16 and at the opposite or outer end of the string 22 there
      is provided the ball 24 which forms the tether ball. The string or cable
      22 serves to tether the ball 24 to the upper end of the pole 16.
PAR  A pair of horizontally extending rods 26 project from opposite sides of the
      central stand 12 and extend horizontally outwardly therefrom. The inner
      end of each rod 26 is inserted frictionally into a receiving groove or
      channel 28 on the central stand. At the outer end of each rod 26, a
      pressure plate 30 is provided. This pressure plate 30 is adapted to be
      pressed manually against the supporting surface by one of the operator's
      hand, as designed Hl in FIG. 1. The thickness of each pressure plate 30 is
      such that the rod 26 is spaced slightly above the horizontal supporting
      surface upon which the game 10 rests.
PAR  In order to contact and hit the tethered ball 24, a pair of contact members
      32 are provided with each member having at least one flat side surface and
      preferably a pair of opposed flat side surfaces. The members 32 are
      carried by mounting means which are horizontally axially slidable toward
      and away from the pole 16 and which are also rotatable to accomplish a
      swinging motion of the contact members. In the embodiment of FIG. 1, the
      mounting means comprises a hollow tube 34 slidably mounted upon the
      horizontally extending rod 26. The outer diameter of each hollow tube 34
      is such that it will still be spaced slightly away from the supporting
      surface upon which the game rests so that the tube 34 and the contact
      member 32 is attached thereto can be slidably moved along the rod 26
      without frictional engagement against the supporting surface. The contact
      member 32 can be integrally formed with the tube 34 or can be removably
      attached thereto. In any event, as shown in FIG. 1, it is mounted near the
      inner end of the tube 34. Adjacent the outer end of the tube 34 there is
      provided an upstanding handle 36 which is capable of being grasped by the
      other of the operator's hands, designated H2 in FIG. 1. It will be noted
      that the contact member 32 and the handle 36 are substantially coplanar
      along the tube 34, and while this is not absolutely required, it does
      simplify operation of the device and playing of the game.
PAR  The various arrows shown in FIG. 1 designate the direction of movement of
      the various parts. Once the operator grasps the handle 36, he or she can
      move the same in a horizontal direction, axially of the rod 26, thereby
      moving the contact member 32 carried by the tube 34 toward or away from
      the upstanding vertical pole 16. The objective, of course, is to move the
      contact member to a position where the tethered ball 24, which is swinging
      rotationally about the pole 16 as a result of being hit by the opposing
      player, will come into contact with the contact member 32. Just as this
      contact between the member 32 and the ball 24 occurs, the operator rotates
      the handle 36, thereby rotating both the tube 34 and the contact member 32
      about the rod 26. This rotational movement will hit the ball 24 and will
      drive the same in an opposite rotational direction. The objective of the
      game, of course, is to see which of the players can first cause the ball
      and string to wrap completely about the pole 16. If desired, in the
      embodiment of FIG. 1, additional grooves 28 can be formed in the central
      stand and additional horizontal rods can be provided, extending
      approximately at right angles to the rods now illustrated. This would
      enable the game to be played by four players rather than two, but it has
      been found that two players provide an optimum number for playing tether
      ball.
PAR  Referring now to FIG. 2, there is illustrated therein a further embodiment
      of the present invention, this second embodiment being generally
      designated 40. In the second embodiment, a horizontal game board 42 is
      provided. A small central stand 44 is attached at the center of the board
      42 and it serves to mount an upstanding vertical pole 46 having a small
      ball 48 at the top thereof. A string 50 tethered to the upper end of the
      vertical pole 46 carries at the other end thereof a ball 52 which forms
      the tether ball of the second embodiment. A pair of cross bars 54 are
      provided at opposite ends of the board 42 to serve as part of the mounting
      means for the contact members 56. In this embodiment, the contact members
      are formed as simulations of a hand but they still have a flat surface on
      at least one side, and preferably both sides, thereof.
PAR  A pair of horizontally extending rods 58 are provided, with each rod
      projecting through the cross bar 54 and having formed at the end thereof,
      a right angle portion 60 which serves as the handle means. At the opposite
      end of the rod 58, there is mounted a guide member 62, which is shown in
      further detail in FIG. 3. The guide member 62 is adapted to slide in a
      horizontally extending groove 64 which extends along the board 42 from the
      cross bar to the center stand or support 44. It can thus be seen that the
      rod member 58 is supported at one end by the guide member 62 and is
      supported inwardly of its handle end by means of the cross bar 54. The
      contact member 56 can be attached to the horizontally extending rod 58 in
      any suitable manner, as for example, by providing small detents 66 as
      illustrated in FIG. 3. Each of these detents has a grove 68 formed therein
      into which the rod 58 can be frictionally engaged. In the embodiment of
      FIG. 2, only a single hand need be used to operate the device, such hand
      being designated H. The hand grasps the handle 60 and by pushing or
      pulling thereon, the operator axially and horizontally moves the contact
      member 56 toward or away from the pole 46. When the contact member reaches
      the correct position and when the ball 52 is about to come into engagement
      therewith, the operator simply rotates the handle 60, thus causing the
      contact member to strike against the ball 52 and wrap the same about the
      pole. The rod 58 is spaced a sufficient distance above the surface of the
      game board 42 to permit a significant amount of rotation of the contact
      member. Likewise, while the rod is engaged in the bearing member or guide
      member 62, such engagement is of the type which permits the rod to freely
      rotate therein. The guide member 62 merely serves to slide within the
      groove or slot 64 to assure that the rod 58 will stay in proper alignment.
PAR  Referring to FIG. 4, there is illustrated therein a contact member having
      imprinted thereon or otherwise applied thereto, decorative indicia in the
      form of a FIG. 70. It is contemplated that the contact members of the
      present invention can be in the form of a hand 56, plain or unadorned,
      decorated with indicia, or in the form of any other type of figure which
      might be visually attractive and interesting. The only real requirement is
      that at least one surface thereof be flat for engagement against and
      contact with the tethered ball.
PAR  After reading the foregoing detailed description, it should be apparent
      that the objects set forth at the outset thereof have been successfully
      achieved by the present invention. However, various changes apparent to
      those of ordinary skill in the art may be made without departing from the
      spirit and scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tether ball game comprising
PA1  a vertically upstanding pole;
PA1  a ball;
PA1  a string connected between said ball and the upper end of said pole;
PA1  a plurality of contact members each having at least one flat side surface;
PA1  mounting means for said contact members,
PA1  said mounting means being horizontally axially slidable toward and away
      from said pole to move said contact members to a position where the flat
      side surface thereof can contact against said ball,
PA1  said mounting means also being rotatable about said horizontal axes to
      swing said contact members until the flat side surfaces thereon contact
      said ball and propel the same in a rotary motion about said pole to cause
      said string to wrap around said pole,
PA1  said mounting means also being manually operable and includes a handle
      member which can be manually gripped to accomplish said axial sliding and
      said rotational movement about said horizontal axes,
PA1  rod means extending horizontally outward from said pole, said rod means
      serving as the said mounting means for said contact members; and
PA1  a planar board having cross bars at opposite ends thereof, said rod means
      projecting through apertures in said cross bars;
PA1  wherein that portion of said rod means projecting beyond said cross bars
      forms said handle member which can be manually gripped to accomplish said
      axial sliding and said rotational movement about said horizontal axes, and
PA1  wherein said planar board has groove means formed therein beneath said rod
      means and the inner end of each of said rod means carries a depending
      guide member slidable within said groove means.
NUM  2.
PAR  2. A tether ball game as defined in claim 1 wherein said contact members
      have detents thereon frictionally engageable with said rod means to mount
      said contact members on said rod means.
NUM  3.
PAR  3. A tether ball game as defined in claim 1 wherein each of said contact
      members simulates a hand.
NUM  4.
PAR  4. A tether ball game as defined in claim 1 wherein each of said contact
      members simulates a figure.
NUM  5.
PAR  5. A tether ball game comprising:
PA1  a vertically upstanding pole;
PA1  a ball;
PA1  a string connected between said ball and the upper end of said pole;
PA1  a plurality of contact members each having at least one flat side surface;
PA1  mounting means for said contact members,
PA1  said mounting means being horizontally axially slidable toward and away
      from said pole to move said contact members to a position where the flat
      side surfaces thereof can contact against said ball,
PA1  said mounting means also being rotatable about said horizontal axes to
      swing said contact members until the flat side surfaces thereon contact
      said ball and propel the same in a rotary motion about said pole to cause
      said string to wrap around said pole,
PA1  said mounting means also being manually operable and including a handle
      member which can be manually gripped to accomplish said axial sliding and
      said rotational movement about said horizontal axes;
PA1  rod means extending horizontally outward from said pole, said mounting
      means comprising hollow tube means slidably mounted upon said rod means,
PA1  each of said hollow tube means being axially elongated and carring said
      contact member at one end thereof and said handle member at the other end
      thereof;
PA1  a pressure member mounted at the outer end of each of said horizontally
      extending rod means, with the pressure member being manually pressed
      against a supporting surface by one of the operator's hands while the
      other of the operator's hands controls movement of said mounting means;
      and
PA1  a central stand means adapted to rest on a flat supporting surface, said
      pole member having its lower end mounted in said central stand means and
      said horizontally extending rod means having their inner ends mounted in
      said central stand means.
NUM  6.
PAR  6. A tether ball game as defined in claim 5 wherein the distance between
      said rod means and said supporting surface is greater than the wall
      thickness of said hollow tube means whereby said hollow tube means is
      freely slidable on said rod means without frictional engagement against
      the supporting surface.
NUM  7.
PAR  7. A tether ball game as defined in claim 5 wherein each of said contact
      members includes an upstanding planar surface having a simulation of a
      figure thereon.
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ABST
PAL  A tethered-ball game having a receptacles suspended between two players, or
      between one player and a stationary object, and a tossing member carried
      at the end of a tether, the tether being fixed to the receptacles.
BSUM
PAR  This invention relates to a tethered-ball game, and is more particularly
      concerned with a cup and tethered ball game wherein the cup is flexibly
      suspended from one or more players.
PAR  In the past, numerous tethered-ball or hip-toss games have been devised,
      these games normally taking the form of a substantaially rigid member
      attachable substantially to the hip region of a player and providing a
      tethered ball that is to be placed either within a cup or through a hole
      in one of the hip-mounted devices. The hip-toss games are normally
      characterized by a relatively freely movable tethered ball and a
      relatively rigid receiving member for the ball, the receiving member being
      relatively rigidly fixed to the hips of a player. With such an
      arrangement, the receiving member is relatively easily manipulable by a
      player so that such a game might be easily learned and quickly forgotten.
PAR  Unlike the prior art tethered-ball games, the game of the present invention
      comprises a receiving member that is flexibly suspended between two
      points, one or both of which may be the hip region or other area of a
      player, and a ball or other tossing member that is tethered to the
      receiving member. With this arrangement, it will be understood that
      neither the tossing member nor the receiving member is easily manipulable
      by a player since the receiving member is flexibly carried by one or more
      players and the tossing member is flexibly carried by the receiving
      member; therefore, great skill is required to manipulate the tossing
      member in proper fashion to place the tossing member into the receiving
      member. Further, the game can be made even more difficult through the use
      of one stationary object and one player for suspension of the receiving
      member which restricts the ability to manipulate the receiving member.
DRWD
PAR  These and other features and advantages of the present invention will
      become apparent from consideration of the following specification when
      taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view, partially broken away, illustrating one form
      of apparatus made in accordance with the present invention;
PAR  FIG. 2 is an illustration of the device shown in FIG. 1 being utilized with
      two players; and,
PAR  FIG. 3 is an illustration of the device shown in FIG. 1 being used by a
      single player.
DETD
PAR   Referring now more particularly to the drawings, and to that embodiment of
      the invention here chosen by way of illustration, it will be seen in FIG.
      1 that the apparatus includes a receiving member 10 that is substantially
      cylindrical. The receiving member 10 comprises generally a cup including a
      side wall 11 and a bottom 12. Affixed to the side wall 11 is a pair of
      eyelets 14 and 15. The eyelets 14 and 15 are here shown as substantially
      diametrically opposed to each other, and each eyelet 14 and 15 receives a
      suspension line such as the lines 16 and 18.
PAR  Each of the suspension lines 16 and 18 has its opposite end connected to a
      harness 19 or 20. The harnesses 19 and 20 are substantially identical so
      only the harness 19 will be described in detail, and the same numerals
      with primes added will be applied to the harness 20.
PAR  The harness 19 includes a belly plate 21 having a boss 22 affixed thereto.
      The boss 22 terminates in a ring 24 which receives the suspension line 16.
      At each opposite side of the belly plate 21, there is a slot 23 to receive
      a strap 25. The strap 25 passes through the slot 23 and is secured to the
      belly plate 21 by a brad 26 or the like. The straps 25 are long enough to
      reach around a player, e.g. around a player's hips, and the extending ends
      of the straps 25 are provided with snaps or other fasteners 28.
      Preferably, as here illustrated, there is a plurality of the fasteners 28,
      the arrangement being such that the straps 25 can be fastened together at
      any of a pluarlity of different effective lengths.
PAR  Returning now to receiving member 10, it will be seen that the bottom 12 of
      the receiving member 10 has an eye 30 secured thereto, the eye 30
      receiving a flexible tether 31; and, the opposite end of the tether 31
      carries the tossing member 32.
PAR  Though the tossing member 32 may be made of virtually any material, it is
      contemplated that the tossing member will be a rather elastic ball so that
      the tossing member 32 can bounce off the wall 11 of the receiving member
      10 during play. Alternatively, however, the tossing member 32 may be quite
      soft and inelastic, especially if the game is to be played by very young
      people. If the tossing member 32 is relatively inelastic, the game will be
      easier to play since the tossing member 32 will tend not to bounce off the
      wall 11 of the receiving member 10, but will tend to fall into the
      receiving member 10 more easily.
PAR  Referring now to FIG. 2 of the drawing, it will be seen that two players,
      here designated as A and B, have the harnesses 19 and 20 respectively
      secured about their hip regions with the belly plates 21 and 21',
      respectively, substantially at the lower abdomen of the players. The
      receiving member 10 is suspended between the players A and B by means of
      the suspension lines 16 and 18. Since the suspension lines 16 and 18 are
      flexible, it will be understood that the receiving member 10 is very
      unstable between the players A and B unless the players A and B move away
      from each other sufficiently that the suspension lines 16 and 18 are
      relatively taut; however, it will be understood that when the suspension
      lines 16 and 18 are relatively taut, the possible motion of the receiving
      member 10 is quite limited. In order to cause some motion of the receiving
      member 10, it will generally be necessary for the players A and B to move
      towards each other somewhat so that the suspension lines 16 and 18 become
      somewhat slack. In this position, the receiving member 10 can be caused to
      swing, and swinging of the receiving member 10 will cause the tossing
      member 32 to swing at the end of its tether 31. Both the tossing member 32
      and the receiving member 10 are therefore almost constantly in motion so
      that great skill will be required to bring the tossing member 32 and the
      receiving member 10 together so that the tossing member 32 will be
      received within the receiving member 10. At an appropriate time, the
      players A and B might move away from each other to render the suspension
      lines 16 and 18 relatively taut. By such a maneuver, the receiving member
      10 can perhaps be placed underneath the tossing member 32 after the
      tossing member 32 has been manipulated to elevate it sufficiently to be
      above the receiving member 10.
PAR  The use of the game as shown in FIG. 3 of the drawings utilizes only one
      player designated at C in conjunction with a fixed member designated at D.
      The fixed member D is here shown as a post, and for such a member the
      harness 19 can quite simply be placed around the post D in a manner
      similar to that previously described for a person. It should also be
      understood that other substantially stationary objects might be used in
      lieu of the post D, including such items as door knobs and the like.
PAR  With a stationary object such as the post D to receive the harness 19, it
      will be seen that the suspension line 16 cannot be manipulated to assist
      in playing the game; therefore, the player C will have to create all of
      the motion of the receiving member 10 and the suspended tossing member 32.
PAR  From the foregoing description it should be understood that numerous
      variations can be made in the apparatus herein disclosed to make the game
      either easier or more difficult to play. It will be seen that the
      stability of the cup that comprises the receiving member 10 depends on the
      placement of the eyelets 14 and 15 as well as the weight of the cup. By
      selection of the desired weight and location of eyelets the  receiving
      member 10 may be very stable, or almost freely rotatable. Also, the
      lengths of the suspension lines 16 and 18 will affect the stability of the
      receiving member 10, and make the receiving member 10 more or less
      difficult to control.
PAR  While the receiving member 10 is herein illustrated as cylindrical, it
      could easily be of any other desired shape, and the tossing member could
      remain spherical or could also be of some other shape. The tether 31 can
      be fixed to other portions of the receiving member 10 if desired, and the
      tether 31 can be lengthened or shortened for variety in the game.
PAR  Thus, the game of the present invention is quite versatile, having numerous
      easily exchanged parts that can be altered as desired to fit the
      particular players. The rules of a game to be played are also variable in
      that either one or two players can use the game, and the game can be
      scored on the basis of the time required for a player to put the tossing
      member into the receiving member or on the basis of the number of
      "catches" within a given playing time.
PAR  Therefore, it will be understood that numerous changes and modifications
      may be made in the embodiment of the invention here chosen by way of
      illustration without departing from the spirit or scope of the present
      invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tethered-ball game apparatus wherein two players are required to
      cooperate to achieve the object of the game, said apparatus including a
      receiving member comprising a cup having side walls and a bottom, a
      tossing member comprising a ball of such size as to be receivable within
      said receiving means, suspension means for suspending said receiving
      member between said two players, said suspension means comprising a first
      flexible suspension line having one of its ends fixed to one side of said
      receiving member above the center of gravity of said receiving member and
      the other of its ends releasibly fixed to one of said players, and a
      second flexible suspension line having one of its ends fixed to the
      opposite side of said receiving member above the center of gravity of said
      receiving member and the other of its ends releasibly fixed to the other
      of said players, and a flexible tether, one end of said flexible tether
      being fixed to said bottom of said receiving member, said tossing member
      being carried at the opposite end of said flexible tether, said flexible
      tether and said tossing member being so constructed and arranged that said
      tossing member will assume a pendulum-like motion upon swinging of said
      receiving member on said first suspension line and said second suspension
      line.
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ABST
PAL  An upstanding face member, having decorative indicia thereon in the form of
      a pirate ship, is provided with an aperture. A pair of projectile firing
      devices are positioned behind the face member, with the barrels from the
      firing devices extending through the face member to simulate guns. A
      plurality of pirate-simulating targets are rotatably mounted for movement
      from an upright position extending above the face member to a collapsed
      position. Such movement of the targets occurs when the targets are struck
      by projectiles fired from an opponent's firing device. A container is
      mounted behind the aperture and is movable between a closed
      object-containing position and an open position where objects are released
      through the aperture. A controlling member coacts with the targets and the
      container to retain the container in its closed position so long as at
      least one of the targets remains in its upright position. When all of the
      targets have been knocked down to their collapsed position, the
      controlling member releases the container which moves to its open position
      and releases the objects, which simulate treasure, through the aperture.
BSUM
PAR  This invention relates to amusement devices and more particularly it
      relates to an amusement device in the form of a simulated battle game in
      which a pair of players, each supplied with the same equipment, engage in
      mock battle with one another.
PAR  It is a known fact that children enjoy competitive games in which one
      player pits his skill against the opposing player. In recognition of this
      fact, there have been many forms of amusement devices in the form of
      competitive games, such as toy baseball, football, basketball, hockey and
      other forms of games. All such competitive games require a certain degree
      of skill on the part of the players and are hence entertaining to the
      children who play the games and are valuable for developing their skill
      and coordination.
PAR  It is also a known fact that children enjoy simulated battles. Thus, many
      children play guns cowboys and indians, usually simulating the sounds of
      battle without actually firing any projectiles at one another. The reason
      for this is that projectile firing apparatus has been considered to be
      dangerous and capable of being misused.
PAR  It is an object of the present invention to combine the best features of
      competitive type games with those of simulated battle to provide a new and
      unusual form of amusement device which is both entertaining and skill
      developing.
PAR  It is another object of the present invention to provide a competitive game
      capable of being played by two or more players wherein the more skillful
      of the players achieves a "reward."
PAR  It is another object of the present invention to provide an amusement
      device in the form of a game of skill incorporating projectile firing
      devices and knockdown targets whereby a player can fire projectiles to
      knock down his opponent's targets, and vice versa, and wherein certain
      objects are released when all of the targets have been knocked down.
PAR  It is another object of the present invention to provide an attractive,
      amusing game of skill and chance, which can be played by adults or
      children, and which is safe to use and enjoyable to play.
PAR  Another object of the present invention is to provide an amusement device
      in the form of a simulated battle game, which device is relatively simple
      in construction and is capable of extended play without failure or
      breakage, yet which incorporates many movable parts.
PAR  Other objects, advantages and salient features of the present invention
      will become apparent from the following detailed description, which, taken
      in conjunction with the annexed drawings, discloses a preferred embodiment
      thereof.
PAR  The foregoing objects are attained by providing a game wherein two or more
      players are each provided with an upstanding face member having decorative
      indicia thereon. In the preferred embodiment described herein, such
      decorative indicia makes the face member simulate a pirate ship, but, of
      course, the invention need not be limited to a game utilizing this
      particular form of indicia. A pair of projectile firing devices are
      positioned behind the face member, with each projectile firing device
      having an upstanding tube into which projectiles can be digitially loaded
      and a forwardly extending barrel which passes through the face member to
      simulate a gun barrel. A digitally operable trigger is spring biased
      forwardly and when such trigger is digitally retracted, a projectile from
      the open tube falls into alignment with the barrel. Hence, when the
      trigger is released, the projectile will be fired forwardly through the
      barrel and at corresponding equipment being played by an opposing player.
      The trigger mechanism for the firing device incorporates a projection
      which enters the barrel when the trigger is retracted, thereby preventing
      the players from loading any elongated projectiles such as pencils or the
      like into the barrel.
PAR  Each game incorporates a plurality of normally upstanding targets which
      either simulate or have indicia thereon simulating pirates. While these
      targets are normally upstanding, they can be knocked rearwardly to a
      downward or collapsed position when they are struck by a projectile fired
      from an opponent's projectile firing device. The face member includes an
      aperture therein and a container means is mounted behind the aperture and
      is adapted to contain suitable objects. In the preferred embodiment, the
      objects can take the form of simulated treasure. In the normal position,
      while the targets are in their upstanding or upright position, the
      container is in a closed position and the objects are hence retained
      therein. However, the container is also movable to an open position
      whereat the objects from the container means are released through the
      aperture in the face member.
PAR  Control means or control devices are provided to coact with the targets and
      the container means. The purpose for such control means is to assure that
      the container will remain in its closed position until all of the targets
      have been knocked down by projectiles fired from an opponent's gun. Once
      the last of the targets has been knocked down, the control means releases
      the container to permit it to move to its open position where the objects
      therein are discharged through the aperture in the face member.
PAR  The control means itself takes the form of a plurality of rotatably mounted
      members, each of which carries a fowardly extending arm and a depending
      spring finger. Each spring finger is fitted into a slot in a flange
      carried at the rear of the container means. The forwardly projecting arm
      has a notch adjacent the front thereof into which the bottom of the target
      normally fits. The arm also carries a rearwardly extending finger which
      ordinarily engages against the top of the container back wall, thus
      preventing the container from rotating to its open position. In the
      preferred embodiment, one control device is provided for each of the
      targets. As each target is knocked down by a projectile fired from an
      opponent's firing device, the bottom of that target is released from the
      notch in the associated arm. Because each control device is resilient, due
      to the urging of the spring finger, the arm itself will bias upwardly
      somewhat after the associated target has been knocked back. This upward
      biasing releases the finger from engagement with the container rear wall.
      Once the final target has been knocked down and the final finger released
      from engagement with the container rear wall, the container is no longer
      restrained and is hence free to rotate downwardly to its open position
      which discharges the objects through the aperture in the face member.
DRWD
PAR  Referring now to the drawings which form a part of this original
      disclosure:
PAR  FIG. 1 is a front elevational view of an amusement device in accordance
      with the principles of the present invention;
PAR  FIG. 2 is a top plan view of the amusement device of FIG. 1;
PAR  FIG. 3 is a sectional view taken along the lines 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 2;
PAR  FIG. 5 is a sectional view, similar to FIG. 4, but showing the container
      means moved to its open position; and
PAR  FIG. 6 is a rear elevational view of the amusement device.
DETD
PAR  Referring now to the drawings in further detail, there is illustrated in
      FIG. 1 an amusement device in accordance with the principles of the
      present invention, such device being generally designated 10. The
      amusement device includes an upstanding face member 12 in the form of a
      sheet of material such as wood, paper, plastic or the like. The sheet 12
      is provided with a flattened bottom 14 which enables the sheet to rest
      against the ground or a supporting surface for the amusement device. As
      shown in FIG. 1, the sheet 12 is configured in such a fashion as to
      simulate the appearance of a pirate ship. Decorative indicia 16 can be
      imprinted on the front surface to further simulate the appearance of a
      ship. Upstanding masts 18 carrying simulated sails 20 can be formed with
      or attached to the face member 12 for the purpose of further simulating
      the appearance of a ship. If desired, the masts 18 can be in the form of
      rods which fit into apertures 22 in the top surface of the face member 12,
      as illustrated in FIG. 2. A central aperture 24 having a rectangular
      configuration is provided through the face member 12 for purposes to be
      described hereinafter.
PAR  If attention is now directed to FIG. 3, there is illustrated therein a
      projectile firing device generally designated 26. Each projectile firing
      device includes a hollow lower portion 28 having a flat bottom 30 which is
      adapted to engage the ground or the supporting surface for the amusement
      device. The flat bottom 30 is preferably aligned with the flat bottom 14
      of the face member 12 and since two firing devices 26 are provided, as
      illustrated in FIG. 2, the flat bottom 30 on the firing devices and the
      flat bottom edge 14 on the face member serve to assure that the entire
      amusement device will freely stand in an upright fashion.
PAR  The firing device further includes an upstanding open topped loading tube
      32 which merges perpendicularly into a forwardly extending launching or
      firing barrel 34. The barrel itself carries a flange 36 which fits against
      the reverse side of the face member 12, as illustrated in FIG. 2. A
      projecting portion 38 along the barrel extends forwardly from the flange
      36 and fits through an aperture 40 in the face member. As such, the
      extending portion 38 serves to simulate a gun barrel through which a
      player's projectiles are fired or launched.
PAR  A digitally operable trigger mechanism generally designated 42 is provided
      within the firing device 26. The trigger mechanism includes an elongated
      central body portion 44 having a top surface 46 and having a somewhat
      smaller lower surface. A transverse pivot pin 48 mounts the trigger for
      rotational movement between the solid line retracted position of FIG. 3
      and the phantom line advanced position of FIG. 3. A biasing spring is
      mounted on a projection 50 extending from the lower portion of the trigger
      section 44 to normally urge the trigger to its forward position. The
      biasing spring includes a lower arm 52 which abuts against an inner
      projection 54 of the firing mechanism base portion 28. The biasing spring
      also includes an upper arm 56 which abuts against a projecting pin 58 on
      the trigger portion 44. A digitally engageable handle 60 extends from the
      lower portion of the trigger member 44 to enable the trigger to be
      digitally retracted through a slot 62 in the firing mechanism housing 64.
      An integral projection 66 extends forwardly and upwardly from the trigger
      portion 44 as illustrated in FIG. 3. Thus, when the trigger is in its
      fully retracted position as shown in solid lines in FIG. 3, the projection
      66 closes the barrel 34, thus preventing a player from introducing any
      elongated projectile such as a pencil into the barrel. When the trigger is
      released to move under the biasing force of the spring to its phantom line
      position of FIG. 3, the projection 66 is retracted so it no longer blocks
      the barrel.
PAR  Projectiles 68 in the form of foam plastic spheres are introduced into the
      firing device through the top of the tube 32. When the trigger is in its
      normal forward position, the lowermost projectile simply rests against the
      top portion 46 of the trigger. However, when the trigger is retracted to
      its solid line position of FIG. 3, the projectile can drop downwardly into
      the rear portion of the barrel 34, between the segment 44 and the
      projection 66. Then, when the trigger is released, the forward biasing
      force of the spring propels the projectile fowardly and out through the
      barrel 34. An internal slot 70 is provided through the central portion of
      the barrel and part of the housing 64 to facilitate passage of the trigger
      portions 44 and 66.
PAR  As shown in FIGS. 2 and 6, a pair of firing devices 26 are provided, with
      the firing devices being spaced apart one from the other. A rod 72 extends
      between these firing devices adjacent the top thereof to serve as a
      mounting means for the various targets.
PAR  As best shown in FIGS. 4 and 5, each target is generally designated 74. It
      includes a body portion 75 through which the rod 72 horizontally projects.
      Each target 74 is freely rotatable upon the rod 72, and, in the preferred
      embodiment, is slidable therealong to any desired lateral position. It is
      also possible to place cylindrical spacer tubes along the rod to thus
      predetermine the positions of the targets 74 and prevent them from being
      slidable along the rod 72 even though they must still remain rotatable
      about such rod. Each target 74 includes an elongated upper portion 76 in
      the form of a panel which projects above the top surface T of the face
      member 12 when the target is in the upright position as shown in FIG. 4
      and also as shown in FIG. 1. Decorative indicia 78 can be applied to the
      front of the panel 74 as illustrated in FIG. 1 so that each target panel
      resembles a pirate. As an acceptable alternative, the entire upper panel
      portion 76 can be configured to simulate the pirate and the indicia 78 can
      then be imprinted upon this figure. Each target 74 also includes a lower
      portion 80 which can also be called a lower edge portion and it is this
      lower portion 80 which cooperates with the control means in a manner to be
      described hereinafter to retain the targets in their upright position
      initially.
PAR  A container means generally designated 82 is provided behind the aperture
      24 and the face member 12. The container means 82 is itself rotatably
      mounted upon a transversely extending rod 84 which extends between the
      spaced projectile firing devices 26. The container means 82 includes a
      basewall 84 which perpendicularly intersects with an upstanding rear wall
      86. The basewall 84 includes a forward lip portion 88 which at least
      partially projects through the aperture 24 in the face member 12. The
      container means also includes a pair of spaced sidewalls 90, which, in
      conjunction with the basewall 84 and the rear wall 86 and the rear surface
      of the face member 12 serve to define a receptacle or chamber into which
      objects 92 can be introduced. The objects 92 in the preferred form of this
      invention are intended to simulate treasure, such as a pirate treasure,
      and hence they can be simulations of objects such as gold balls or bars or
      coins. The container means also includes a lower wall 94 which depends
      from the basewall 84 and which extends across the rear surface of the face
      member 12 to cover the aperture 24 when the container is in its closed
      position. A reinforcing web 96 can extend between the lower wall 94 and
      the basewall 84.
PAR  A rearwardly extending flange 98 extends from the back of the container
      rear wall 86. Sidewalls 100 extend between this flange 98 and the rear
      wall 86, and the rod 84 extends through these sidewalls 100 thereby
      rotatably mounting the container means 82. Slots or slot means 102 are
      formed in spaced relation along the flange 98 for the purpose of receiving
      a portion of the control means in a manner to be described hereinafter.
PAR  A further rod 104, as illustrated in FIGS. 4 and 5, is provided between the
      spaced firing devices 26 and this rod serves the purpose of mounting a
      control means or control devices generally designated 106. The control
      means consists of an elongated tubular body 108 through which the rod 104
      extends. An elongated central rib portion 110 is formed on the body and it
      carries an integral depending spring finger 112 which projects downwardly
      so that the lower end thereof fits into and through a slot 102 in the
      container flange 98. The control device further includes an arm 114 formed
      integrally with and extending forwardly from the rib 110 for the purpose
      of controlled engagement with both the container means and the targets.
      The arm 114 has a flat top surface 116, a sloped forward surface 118
      having a stepped portion or notch 120 formed therein and a small
      rearwardly extending integral finger 122, the end of which is engageable
      with the upper portion of the container rear wall 86 as illustrated in
      FIG. 4.
PAR  The entire control device 106 is somewhat resilient so that the arm 114 is
      normally biased upwardly somewhat under the urging influence of the spring
      112. However, when the target 74 is rotated so that the lower end 80
      thereof is engaged in the notch portion 120 of the arm, such engagement
      holds the arm downwardly against the biasing force of the spring finger
      and thus holds the rearwardly extending finger 122 in engagement with the
      container rear wall 86. This is illustrated in FIG. 4 wherein the target
      74 is shown in its upright position and the container 82 is shown in its
      closed position. The number of control devices 106 corresponds with the
      number of targets provided, which is three in the embodiment illustrated
      herein. Naturally, therefore, at least three slot means 102 must be
      provided in the container flange 98 so that each spring finger 112 can fit
      thereinto.
PAR  When the amusement device 10 is set up for playing, all of the targets 74
      are placed in their upright position, as shown in FIG. 1. Because of the
      engagement of the targets with the control arms 114, this assures that the
      container means 82 will be retained in its closed position. When the game
      commences, each of the players loads projectiles into the firing devices
      and digitally operates the firing trigger 60 to propel such projectiles
      outwardly through the firing barrels 34, 38. These projectiles are
      launched at the targets 74 carried on the opponent's amusement device and
      the purpose, of course, is to strike the targets with the projectiles. The
      devices 10 are laterally movable along the playing surface to bring the
      gun barrels 38 to a position where the projectiles launched therefrom will
      hit an opponent's targets. If desired, the entire device can be lifted
      from the playing surface.
PAR  During the play of the game, as soon as a projectile squarely strikes an
      opponent's target, this striking force will knock the target rearwardly to
      a collapsed position, as shown in FIG. 5. In such position, the rear
      surface of the upper target portion 76 falls back and abuts against the
      top surface 116 of the arm 114. This target is no longer visible above the
      top surface T of the face member 12. As soon as such a target is knocked
      back to its collapsed position, thus moving the lower edge section 80 out
      of engagement with the notch portion 120 in the associated arm 114, the
      arm 114 is resiliently biased upwardly slightly under the urging influence
      of its associated spring finger 112. This upward biasing is only a small
      increment of motion, sufficient only to raise the rearwardly extending
      finger 122 above the top edge of the container rear wall 86. The targets
      74 are, of course, knocked down one after the other. So long as at least
      one target remains upright, the control arm 114 associated with that
      target will remain down, thus assuring that the finger 122 on that arm
      remains in engagement with the container rear wall. As a result, so long
      as one target remains standing, the container means is still retained in
      its closed position as shown in FIG. 4. However, once the final target is
      knocked down and the control arm associated with that target resiliently
      raises somewhat, then the container means is no longer retained in its
      closed position, and instead, is free to rotate to its open position as
      shown in FIG. 5. When this occurs, the objects 92 forming the treasure can
      gravatationally discharge through the aperture 24 in the face member, thus
      signifying to the opposing player that he has won the game. That is, the
      game is won by knocking down all of the targets and causing the treasure
      in the container means to be released.
PAR  It will, of course, be obvious to those skilled in the art that the number
      of targets, firing devices and the like can be varied as desired.
      Likewise, while this game has been described in connection with a pirate
      ship and targets simulating pirates, the game is by no means limited to
      these particular simulations, and indeed, any suitable form of indicia and
      target means can be used. Various other changes, modifications and
      alterations apparent to those of ordinary skill in the art can be made
      without departing from the spirit and scope of the invention as defined in
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An amusement device comprising:
PA1  an upstanding member having an aperture formed therein;
PA1  container means movably mounted behind said upstanding member and being
      adapted to contain objects,
PA1  said container means being movable from a closed position where objects are
      retained therein to an open position where objects are released through
      said aperture in said upstanding member;
PA1  target means movably mounted adjacent to said upstanding member for
      movement from an upright position where said target means projects above
      said upstanding member to a collapsed position where said target means is
      no longer upright;
PA1  projectile firing means for launching projectiles at an opponent's target
      means to knock said target means from said upright position to said
      collapsed position; and
PA1  control means engageable with said target means and said container means;
PA1  said control means serving to retain said container means in said closed
      position while said target means is in said upright position;
PA1  said control means releasing said container means when said target means is
      moved to said collapsed position whereupon said container means moves to
      said open position and releases the objects therein through said aperture
      in said upstanding member, said target means including a plurality of
      targets and wherein said control means retains said container means in
      said closed position until all of said targets are moved to said collapsed
      position.
NUM  2.
PAR  2. An amusement device as defined in claim 1 wherein said control means
      comprises:
PA1  a rotatably mounted body;
PA1  a spring finger projecting from said body into engagement with said
      container means, and
PA1  an arm projecting from said body, said arm having a first portion
      engageable with said container means when said container means is in said
      closed position, said arm also having a second portion engageable with
      each target when said target is in said upright position.
NUM  3.
PAR  3. An amusement device as defined in claim 2 wherein said container means
      includes an upstanding rear wall, the upper portion of which engages with
      said arm first portion, and wherein said container means also includes a
      rear flange having slot means formed therein for reception of said spring
      finger.
NUM  4.
PAR  4. An amusement device as defined in claim 3 wherein said container means
      further includes a base wall and side walls, said base wall, side walls,
      rear wall and said upstanding member serving to define the receptacle in
      which said objects are retained.
NUM  5.
PAR  5. An amusement device as defined in claim 4 wherein said container means
      further includes a lower wall depending from said base wall, said lower
      wall serving to block said aperture in said upstanding member when said
      container means is in said closed position.
NUM  6.
PAR  6. An amusement device as defined in claim 2 wherein a plurality of control
      means are provided, with one control means being associated with each
      target.
NUM  7.
PAR  7. An amusement device as defined in claim 1 wherein said projectile firing
      means includes:
PA1  an upstanding open tube into which projectiles can be digitally inserted;
PA1  a forwardly extending barrel through which said projectiles can be
      launched; and
PA1  a spring biased digitally operable trigger which can be retracted to cause
      a projectile drop through said tube into alignment with said barrel and
      which can be released to launch said projectile through said barrel.
NUM  8.
PAR  8. An amusement device as defined in claim 7 wherein said projectile firing
      means is disposed behind said upstanding member and wherein said barrel
      projects through said upstanding member.
NUM  9.
PAR  9. An amusement device as defined in claim 7 wherein said trigger includes
      a projection which enters said barrel when said trigger is retracted to
      prevent a projectile loading through said barrel.
NUM  10.
PAR  10. An amusement device as defined in claim 1 wherein said upstanding
      member is a simulacrum of a pirate ship and wherein said target means are
      simulacrums of figures of pirates.
NUM  11.
PAR  11. In an amusement device, mechanism comprising:
PA1  a plurality of target means;
PA1  mounting means upon which said target means are rotatably mounted for
      movement from an upright position to a collapsed position;
PA1  container means movably mounted adjacent to said target means, said
      container means being movable between a closed position adapted to contain
      objects and an open position where said objects are released; and
PA1  control means coacting with said target means and said container means to
      retain said container means in closed position so long as at least one of
      said target means is in said upright position;
PA1  said control means releasing said container means when all of said target
      means are in said collapsed position whereupon said container means moves
      to said open position and said objects are released.
NUM  12.
PAR  12. Mechanism as defined in claim 11 wherein said control means comprises:
PA1  rotatably mounted body means;
PA1  spring finger means projecting from said body means into engagement with
      said container means; and
PA1  arm means projecting from said body having a first portion engageable with
      said container means when said container means is in closed position and
      having a second portion engageable with said target means when said target
      means is in said upright position.
NUM  13.
PAR  13. Mechanism as defined in claim 12 wherein said arm means includes:
PA1  a flat top surface;
PA1  a sloped forward surface having a notch therein which forms said second
      portion; and
PA1  a rearwardly extending lower finger, the end of which forms said first
      portion.
NUM  14.
PAR  14. Mechanism as defined in claim 13 wherein said target means has a lower
      edge which fits into said notch in said arm means when said target means
      is upright, said target means being rotatable to said collapsed position
      whereat said lower edge thereof is removed from said notch and wherein a
      portion of said target means rests against said flat top surface of said
      arm means.
NUM  15.
PAR  15. Mechanism as defined in claim 13 wherein said container means includes
      an upstanding rear wall and wherein the end of said lower finger on said
      arm means abuts against the top of said rear wall to retain said container
      means in said closed position.
NUM  16.
PAR  16. Mechanism as defined in claim 12 wherein said container means includes
      a rear flange having slot means therein and wherein said spring finger
      means fit within said slot means.
NUM  17.
PAR  17. An amusement device in the form of a simulated battle game, comprising:
PA1  an upstanding face member having decorative indicia thereon;
PA1  a pair of spaced projectile firing devices disposed behind said face
      member, each such projectile firing device including:
PA2  an upstanding loading tube,
PA2  a forwardly extending barrel through which projectiles can be launched, and
PA2  an operating trigger which can be digitally operated to propel a projectile
      through said barrel;
PA1  said barrels from said firing devices extending through said face member to
      simulate gun barrels from which said projectiles are launched;
PA1  a first rod extending between said spaced firing devices;
PA1  a plurality of targets rotatably mounted upon said first rod;
PA1  each of said targets including an upper portion which projects above said
      face member when said targets are in an upright position, said targets
      having decorative indicia on said upper portions and said upper portions
      serving as targets at which an opponent directs his projectiles;
PA1  each of said targets further including a lower edge portion;
PA1  a second rod extending between said spaced firing devices;
PA1  a container rotatably mounted upon said second rod;
PA1  said container including a base wall, an upstanding rear wall, spaced side
      walls and a rearwardly projecting flange;
PA1  said container base wall, rear wall, side walls and the reverse side of
      said face member serving to define a chamber in which objects can be
      contained while said container is in its closed position;
PA1  said face member having an aperture formed therein and the front of said
      base wall being substantially aligned with the top of said aperture when
      said container is in its closed position and being substantially aligned
      with the bottom of said aperture when said container moves to its open
      position;
PA1  said rearwardly projecting flange having a plurality of slots formed
      therein, with the number of slots at least corresponding with the number
      of targets so that each target has an associated slot;
PA1  a third rod extending between said spaced firing devices;
PA1  a plurality of control devices rotatably mounted on said third rod, with
      the number of control devices corresponding with the number of targets;
PA1  each of said control devices comprising:
PA2  a body having a transverse bore through which said third rod projects;
PA2  a spring finger projecting from said body and into one of said slots in
      said container flange; and
PA2  a forwardly projecting arm having a front portion with a notch therein and
      having a rearwardly extending lower finger;
PA1  said amusement device being initially set up with said target lower edge
      portions engaged in said notches and with said lower fingers abutting
      against the top portion of said container rear wall, whereby said targets
      are upright and said container is in its closed position;
PA1  said targets being rearwardly rotated when struck by a projectile launched
      from an opponent's firing device, said rearward rotation causing said
      target upper portion to rest upon the top of said target lower edge
      portion to be retracted from said notch;
PA1  said control devices being resiliently biased upward slightly by said
      spring fingers so that when a target lower edge portion is retracted from
      a notch, the arm will bias upwardly by a distance sufficient for the lower
      finger on that arm to raise above the top of the container rear wall;
PA1  said container being released by said control devices when the last of the
      targets has been rearwardly rotated, whereupon said container can rotate
      downwardly to its open position to cause the objects therein to be
      released through said aperture in said face member.
NUM  18.
PAR  18. An amusement device as defined in claim 17 wherein said firing device
      trigger is spring-biased forwardly to prevent a projectile inserted into
      said loading tube from dropping into alignment with said forwardly
      extending barrel, said trigger being digitally retractable to permit a
      projectile to drop into alignment with said barrel, said trigger being
      forwardly movable when digitally released, under said spring-biasing
      force, to propel said projectile forwardly through said barrel.
NUM  19.
PAR  19. An amusement device as defined in claim 18 wherein said trigger
      includes a projection which enters said barrel when said trigger is
      retracted to prevent projectiles from being effectively loaded through
      said barrel.
NUM  20.
PAR  20. An amusement device as defined in claim 17 wherein said container
      further includes a lower wall depending from the front portion of said
      basewall, said lower wall serving to block said aperture in said face
      member when said container is in said closed position.
NUM  21.
PAR  21. An amusement device as defined in claim 17 wherein said face member
      decorative indicia simulates a pirate ship and wherein said target
      decorative indicia simulates pirates.
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ABST
PAL  A toy vehicle target game including a propelling apparatus to propel a toy
      vehicle, as for example a miniature car, toward a selected target. The
      propelling apparatus employs a pneumatically operable ejector which
      propels the toy vehicle by pneumatic fluid under pressure, and includes an
      aiming device for directing the car from a ramp associated with the
      propelling apparatus toward the target.
BSUM
PAR  This invention relates in general to certain new and useful improvements in
      toy vehicle target games, and, more particularly, to toy vehicle target
      games where a toy vehicle is propelled by a propelling apparatus toward a
      remote target.
PAR  There have been a number of commercially available toy vehicle sets where a
      toy vehicle, such as a miniature car, is propelled by means of fluid flow,
      as for example air movement. In these conventional toy sets, the launcher
      is pneumatically operable and may include a bellows with some form of
      manually operable actuating member. Thus, the launcher may be provided
      with a handle to push down on the bellows and thereby move an air mass
      through a relatively long tube. The toy vehicle is operatively connected
      in removable fashion to the bellows so that the air will drive the
      vehicle. However, one of the interesting aspects of this form of toy is
      that air flow as opposed to air pressure created the driving force.
PAR  Another type of prior art toy vehicle set relied upon an air driven turbine
      which was operable by a hand pump. In this case, the toy vehicle was
      propped up on a flywheel and when the air driven turbine was pumped with
      the desired amount of pressure, the rear wheel of the toy vehicle was
      lowered to the ground or other supporting surface so that it was propelled
      through the action of the air driven turbine.
PAR  A further type of prior art toy set relied upon a water or other liquid
      exhaust. In this case, the toy vehicle was provided with a pump so that
      air pressure could be pumped against a diaphragm interface between a water
      chamber and an air chamber. After the air was pumped to a desired
      pressure, the air would force the water or other liquid out of a nozzle
      and thereby provide a liquid jet action to drive the toy vehicle.
PAR  The present invention obviates these and other problems associated with
      commercially available toy vehicle games by providing a toy vehicle in the
      form of a miniature car which is provided with a plug on one end thereof.
      The toy vehicle game also includes a propelling apparatus in the form of a
      cylinder having a central chamber for pressurizing air within the chamber
      by means of a manually operable piston. The vehicle is located in a
      guideway and the plug on the vehicle extends through a nozzle or fitting
      in the wall of the cylinder that communicates with the central chamber.
PAR  One of the major problems initially encountered in the toy vehicle set of
      the present invention is that the plug on the miniature car is not ideally
      retained within the aperture formed in the chamber. Thus, in some cases,
      the car would tend to be ejected prematurely, before the maximum amount of
      design pressure has been created in the chamber, which thereby propels the
      vehicle only over a relatively short path, or otherwise with a relatively
      slow speed, or both. In other cases, the plug may fit too tightly within
      the aperture communicating with the chamber such that the car would not be
      ejected when the desired threshold pressure level is achieved within the
      chamber.
PAR  The present invention overcomes this problem in that when the piston is
      pushed inwardly to compress air within the chamber, and at the end of its
      travel, it will engage a pivotally mounted ejector mechanism which
      mechanically engages the plug to initially break the seal between the
      nozzle and the plug. Thereafter, the pressurized air within the chamber
      will propel the car through the guideway toward a remote target. A
      sighting device may also be provided on the guideway to aim the miniature
      car toward a selected target.
PAR  It is, therefore, the primary object of the present invention to provide a
      toy vehicle target game which is designed to propel a toy vehicle from a
      propelling apparatus with a proper preselected amount of fluid under
      pressure.
PAR  It is another object of the present invention to provide a toy vehicle
      target game of the type stated which permits aiming of the vehicle and
      proper ejection of the vehicle toward the target.
PAR  It is a further object of the present invention to provide a toy vehicle
      target game of the type stated in which the target is remote from the
      propelling apparatus and the target and may adopt the form of various
      obstacles or stunts for the car to navigate and which thereby introduces
      an element of skill for the player.
PAR  It is also an object of the present invention to provide a toy vehicle
      target game of the type stated which is durable in its construction and
      capable of withstanding the abuse normally subjected by small children.
PAR  It is another salient object of the present invention to provide a toy
      vehicle target game of the type stated which is relatively safe and can be
      manufactured at a relatively low unit cost.
PAR  With the above and other objects in view, our invention resides in the
      novel features of form, construction, arrangement and combination of parts
      presently described and pointed out in the claims.
DRWD
PAR  Having thus described the invention in general terms, reference will now be
      made to the accompanying drawings in which:
PAR  FIG. 1 is a vertical sectional view showing the overall construction of a
      toy vehicle used in a toy vehicle target game of the present invention;
PAR  FIG. 2 is a side elevational view, partially broken away and in section, of
      a propelling apparatus used in the toy vehicle target game of the present
      invention;
PAR  FIG. 3 is an enlarged side elevational view, partially broken away and in
      section, and showing the connection of the toy vehicle to the propelling
      apparatus; and
PAR  FIG. 4 is a schematic top plan view showing the movement of a toy vehicle
      from the propelling apparatus toward a remote target.
DETD
PAR  Referring now in more detail and by reference characters to the drawings, A
      designates a toy vehicle, in the form of a miniature car, including a base
      frame 10 and a body 12 secured to the base frame. In this case, the body
      12 could be suitably designed with an outer appearance to resemble a toy
      racing vehicle or similar toy vehicle, as desired. The body 12 is secured
      to the base frame 10 by means of locking fit between forward and rearward
      upstanding flanges 14 and 16 integrally formed with the base frame 10.
PAR  The base frame 10 is also provided with a pair of transversely spaced
      apart, longitudinally extending, upwardly projected flanges 18, which are
      provided with forward and rearward grooves to accommodate and retentively
      hold a front axle 20 and a rear axle 22. Mounted on each of the ends of
      the front axle are a pair of front wheels 24, and similarly mounted on
      each of the opposite ends of the rear axle 22 are rear wheels 26. The
      actual mechanism used to secure the wheels 24 and 26 to the vehicle A can
      adopt any of a variety of forms, and the one form of construction shown
      herein, while preferred, is indeed not the only technique for rotatably
      mounting the wheels to the vehicle A.
PAR  Integrally formed with the rearward end of the body 10 is a rearwardly
      projecting hub 28 having an enlarged head 30. Fixedly mounted on the hub
      28 is a sleeve 32 which serves as a plug having a diametrally reduced
      inner flange 34 for locking about the enlarged head 30, and in the manner
      as illustrated in FIG. 1 of the drawings.
PAR  The various components of the toy vehicle A, with the exception of the plug
      32, can be formed of a number of known plastic materials, such as
      polyethylene, polystyrene, polybutadiene, any of a number of known
      vinyladiene copolymers, etc. These components can also be formed in any of
      a number of well known plastic-forming operations, including injection
      molding, blow molding, thermo-forming, etc. However, it should also be
      understood that other materials could be used in the formation of the
      vehicle A, including lightweight metals and the like.
PAR  The plug 32 may also be formed of any of a number of known plastic or
      similar forms of materials, the important criteria with respect to the
      plug 32 being that the plug must be somewhat resilient. In this case, the
      plug must be sufficiently resilient to literally serve as a sealing member
      in an air chamber, in a manner to be hereinafter described. One of the
      preferred materials used in the formation of the plug 32 is polyethylene.
      It also should be observed that the plug 32 is provided with a rearwardly
      and inwardly tapered outer wall 34, and is also slightly shorter in the
      axial dimension than the hub 28, so that the head 30 projects outwardly
      from the plug 32.
PAR  The toy vehicle target game of the present invention also provides a
      propelling apparatus P, which is more fully illustrated in FIGS. 2-4 of
      the drawings. The propelling apparatus P includes a base housing 40, which
      is integrally formed with a horizontally disposed, outwardly struck and
      peripherally extending base foot 42, for support on a floor or other
      similar form of supporting surface. The base 40 also includes a somewhat
      vertically disposed side wall 44, which integrally merges into one section
      of the base foot 42, a top wall 46, and an arcuately shaped side wall 48,
      which also integrally merges into another section of the peripherally
      extending base foot 42, for reasons which will presently more fully
      appear.
PAR  A pressurizing mechanism 50 is secured to the base housing 40 and includes
      a vertically disposed cylinder 52 which integrally merges at its lower end
      into an enlarged cap 54, the latter being fixedly retained on the base
      housing 40 in the manner as illustrated in FIG. 2 of the drawings. Any
      suitable mechanism of securing the cap to the base housing 40 may be used
      in accordance with the present invention. However, it can be observed that
      the arcuate side wall 48 and one portion of the cap 54 form a fluid
      chamber 56, also as more fully illustrated in FIG. 2 of the drawings.
PAR  Shiftably disposed within the cylinder 52, and also forming part of the
      pressurizing mechanism 50, is a vertically shiftable plunger 58 which
      functions as a piston. The piston 58 is provided at its upper end with an
      enlarged cap 60 which is capable of being engaged by the hand of the
      operator, namely a player of the game. Thus, when the operator wishes to
      compress a fluid, such as air under pressure in the chamber 56, the player
      of the game merely pushes downwardly on the cap 60, often referred to as
      the "handle."
PAR  As its lower end, the plunger 58 is provided with a piston head 62 which is
      formed of a fairly rigid member. Secured to the piston head, and extending
      downwardly therefrom, is a packing 64 in the form of a cylindrical sleeve
      which is formed of a fairly resilient material and is tapered downwardly
      and outwardly to engage the interiorly presented cylindrical surface of
      the cylinder 52. The packing 64 is provided with a recess 66 on its
      downwardly presented surface. In this way, when the plunger 58 is urged
      downwardly by manual pressure on the handle 60, air will force the
      lowermost end of the packing 64 outwardly in snug fitting, sealing
      engagement with the interiorly presented surface of the cylinder 52. In
      this way, a fairly effective fluid-tight seal is created between the
      packing 64, and hence the piston head 62, with respect to the interiorly
      presented side wall of the cylinder 52. Consequently, the air within the
      chamber 56 will become compressed as the plunger 58 is pushed downwardly.
PAR  Also secured to the handle 60 and extending axially within the plunger 58,
      is an actuating rod 68 which is fixed to the handle 60, and hence moves
      with the plunger 58. The actuating rod 68 is provided on its lower end
      with an enlarged head 70. By further reference to FIG. 2 of the drawings,
      it can be observed that the enlarged head 70 extends below the piston head
      62 so as to engage a pivotally movable, actuating member, or so-called
      "ejector" 72.
PAR  By further reference to FIG. 2, it can be observed that the ejector 72 is
      pivotally mounted on the cap 54 by means of a pivot pin 74, and is located
      within the chamber 56. The ejector 72 essentially comprises an arcuately
      shaped section and is reinforced by a stiffening rib 76. Furthermore, the
      ejector carries an enlarged boss 78 which is engageable by the enlarged
      head 70 in order to shift the ejector 72 about the pivot pin 74 when then
      plunger 58 reaches its lowermost position of travel. In this respect, and
      by further reference to FIG. 2, it can be observed that the piston or
      plunger 58 can be shifted from an initial position, that is an uppermost
      position, as schematically illustrated by the phantom lines in FIG. 2, to
      a lowermost position where the cap 60 engages the upper end of the
      cylinder 52, and in which latter position would constitute the lowermost
      position of the piston 58. In the same respect, it should be observed that
      the plunger 58 could be shifted for almost the entire vertical dimension
      of the cylinder 52 and will be limited at its uppermost end of travel by
      means of a plug 78 located at the upper end of the cylinder 52.
PAR  The ejector 72 also includes an ejector head 80 which is formed with an
      enlarged rearwardly presented flange 81. The cap 54 is provided with a
      nozzle 84 which is tapered rearwardly and inwardly, reference being made
      to FIG. 2 of the drawings. In this case, it can be observed that the
      enlarged ejector head 80 extends within the nozzle 82 and the movement
      thereof would be limited by the head flange 81. In addition, it can be
      observed that the nozzle 82 is sized and shaped to accommodate the plug 32
      on the vehicle A. Moreover, and by reference to FIG. 3 of the drawings, it
      can be observed that when the piston 58 reaches its lowermost limit of
      travel, the enlarged head 70 will engage the flange 78 and cause the
      actuator 72 to pivot about the pivot pin 74 in a clockwise direction. As
      this occurs, the enlarged ejector head 80 will engage the head 30 on the
      vehicle A and break the sealing engagement between the plug 32 and the
      nozzle 82. In this latter respect, it can be observed that the nozzle 82
      is formed by a cylindrical styrene tubular member 84 having an enlarged
      flange 86 which buts against the cap 54 and the base housing 40 in the
      manner as more fully illustrated in FIG. 3 of the drawings.
PAR  The base housing 40 is integrally provided with a forwardly extending
      guideway 88, which is provided with a horizontally disposed base
      supporting track 90 often referred to as a guideway. This guideway 90 is
      provided with a pair of upwardly extending guide flanges 92, extending
      along the opposite sides thereof. The left end, or forward end, of the
      guideway, reference here being made to FIG. 2, is open so that the vehicle
      A may be ejected outwardly from the guide track 90, which in this case is
      slightly tapered downwardly at its forwardmost end. In this respect, it
      can be observed that the guideway 90 integrally merges into a portion of
      the base flange 42, in the manner as more fully illustrated in FIGS. 2 and
      3 of the drawings.
PAR  Snap-fitted into the rearward end of the flanges 92 forming part of the
      guideway 88 is a bracket 94 having a sighting glass 96 disposed at
      approximately a 45.degree. angle with respect to the guideway 90. Located
      at the forward end of the guideway 88 is a bracket 98 having a bifurcated
      sighting element 100. The bracket 94 and the bracket 98 are both secured
      to the pair of opposed spaced apart flanges 92 by means of downwardly
      extending tabs 102 and 104, respectively, which fit within slots (not
      shown) within the flanges 92. In accordance with the above construction,
      it can be observed that the player of the game can observe the image in
      the sighting glass 96 which is located at a 45.degree. angle with respect
      to a remote target (hereinafter described) and locate the position of the
      propelling apparatus P and, hence, the automotive vehicle A with respect
      to the remote target through the sighting glass 96 and the sighting
      alignment element 100.
PAR  The vehicle A can be located within the guideway 88 and supported on the
      guide track 90, in the manner as illustrated in FIG. 4 of the drawings. In
      this respect, it should be observed that the guideway 88 is provided with
      a pair of inwardly extending guide flanges 106 at its forwardmost end to
      insure the proper propelling of the vehicle A in the selected direction
      and attitude. It can be observed that the vehicle A has its wheels 24 and
      26 located slightly outwardly of the body 12 so that they will very
      slightly, but nevertheless relatively frictionally free, engage the inner
      margins 108 of the flanges 106 to insure proper direction of the vehicle
      as it is propelled from the propelling apparatus P. In this respect, the
      wheels 24 and 26 could be located inwardly of the body 12 and the frame 10
      and could be substituted by means of guide flanges which extend outwardly
      from the body 12.
PAR  Located remotely from the guideway 88 is a ramp 110 which also includes a
      horizontally disposed ramp surface 112 and a pair of opposed, spaced apart
      and relatively parallel retaining flanges 114. This ramp 110, as well as a
      target element 116, constitute the total target. The target element 116,
      in this case, constitutes a plurality of barrels 118 retained by a pair of
      spaced apart and parallel retaining brackets 120.
PAR  The target 110 could adopt any form of element or remote target area in
      which the vehicle A is to be directed. Moreover, it should be understood
      that a plurality of targets 110 could be located in aligned arrangement
      and retained on a simple frame so that the player of the game could propel
      the vehicle A toward any of the selected target areas within the entire
      target, in order to maintain a selected score.
PAR  In use, it can be observed that the player of the toy vehicle set will
      locate the vehicle A in the guideway 88 so that the plug 28 extends into
      the nozzle 82 in snug, fluid-sealing engagement therewith. Thus, when the
      player of the game wishes to direct the vehicle A toward the target 110,
      the player will merely push downwardly on the handle 60 and force the
      piston 58 downwardly. As this occurs, the air in the chamber 56 will be
      pressurized. It can be observed that the vehicle will not be ejected until
      the the actuating head 82 actually engages the enlarged head 30 on the
      plug 34. Consequently, it should be recognized that the vehicle could be
      pushed rearwardly so that the plug 32 is inserted into the nozzle 84 with
      any desired amount of force. Nevertheless, the pressure which is created
      in the chamber 56 is not the initial release force to release the plug 32
      from the nozzle 82.
PAR  Actually, the enlarged head 80 on the ejector mechanism 72 engages the
      enlarged head 30 and physically urges the plug 32 outwardly of the nozzle
      82. As this occurs, the air under pressure within the chamber 56 will
      force the vehicle A away from the propelling apparatus P and through the
      guideway 88. Inasmuch as the player of the game will attempt to properly
      align the guideway 88 with respect to the remote target 110, the player
      can score points, or otherwise win the game, by properly directing the
      vehicle A over the ramp 112 and over the target elements 116.
PAR  Thus, there has been illustrated and described a unique and novel toy
      playing set which fulfills all of the objects and advantages sought
      therefor. It should be understood that many changes, modifications,
      variations, and other uses and applications could be made by those skilled
      in the art after considering this specification and the accompanying
      drawings. Therefore, any and all such changes, modifications, variations
      and other uses and applications which do not depart from the nature and
      principle of the invention are deemed to be covered by the invention which
      is limited only by the following claims.
CLMS
STM  Having thus described our invention, what we desire to claim and secure by
      letters patent is:
NUM  1.
PAR  1. A toy vehicle set comprising:
PA1  a. a toy vehicle comprised of:
PA2  1. frame means
PA2  2. a plurality of wheels operatively mounted on said frame means,
PA2  3. a plug operatively located with respect to said vehicle and being formed
      of a somewhat resilient material,
PA1  b. a propelling apparatus comprised of:
PA2  1. a fluid chamber,
PA2  2. piston means movable with respect to said chamber to compress a fluid in
      said chamber, and where said piston means moves from a first position
      where said fluid is uncompressed to a second position where said fluid is
      compressed,
PA2  3. a nozzle operatively communicating with said chamber and being sized to
      removably accept said plug in fluid-tight engagement,
PA2  4. shiftable actuating means operatively mounted in said chamber and being
      shiftable when said piston means shifts to the second position,
PA2  5. said actuating means being located to be shifted to engage said plug
      when said piston means reaches said second position and thereby break the
      seal between said plug and said nozzle to permit the compressed fluid to
      propel said vehicle.
NUM  2.
PAR  2. The toy vehicle set of claim 1 further characterized in that said plug
      is formed of a somewhat resilient seal-forming material.
NUM  3.
PAR  3. The toy vehicle set of claim 1 further characterized in that said fluid
      chamber is formed by a housing, a cylinder is connected to said housing in
      communication with said chamber and said fluid is air.
NUM  4.
PAR  4. The toy vehicle set of claim 3 further characterized in that said piston
      means is manually shiftable in said cylinder.
NUM  5.
PAR  5. The toy vehicle set of claim 1 further characterized in that said
      actuating means is a pivotal member engagable by said piston and said
      pivotal member having a projection on one side thereof which extends into
      said nozzle to engage said plug.
NUM  6.
PAR  6. The toy vehicle set of claim 1 further characterized in that a guideway
      extends from said chamber to guide said vehicle in a path when propelled
      by said propelling apparatus.
NUM  7.
PAR  7. The toy vehicle set of claim 6 further characterized in that sighting
      means is located with said guideway to sight the guideway and vehicle
      toward a remote target.
NUM  8.
PAR  8. A toy vehicle target game comprising:
PA1  a. a propelling apparatus comprised of:
PA2  1. a guideway
PA2  2. a pneumatically operable drive means located in relation to said
      guideway for driving a vehicle under pneumatic pressure,
PA2  3. sighting means disposed in operative relationship to said guideway to
      guide a vehicle toward a target,
PA2  4. mechanical release means for initially releasing said vehicle to enable
      said drive means to propel the aforesaid vehicle,
PA1  b. a movable vehicle disposable in said guideway and capable of being
      driven therefrom by the pneumatic pressure,
PA1  c. and a target remote from said vehicle toward which said vehicle is
      aimed.
NUM  9.
PAR  9. The toy vehicle target game of claim 8 further characterized in that
      said vehicle comprises a plug thereon, and said drive means comprising a
      movable actuating means which carries said mechanical release means and
      which engages said plug to initially release said vehicle.
NUM  10.
PAR  10. The toy vehicle target game of claim 8 further characterized in that
      said toy vehicle is a toy car.
NUM  11.
PAR  11. The toy vehicle target game of claim 8 further characterized in that
      said sighting means is a sighting glass on said guideway and a target
      alignment element on said guideway remote from said sighting glass.
NUM  12.
PAR  12. The toy vehicle target game of claim 8 further characterized in that
      said vehicle comprises a plug thereon, and said drive means comprises:
PA1  a. a fluid chamber,
PA1  b. piston means movable with respect to said chamber to compress a fluid in
      said chamber, and where said piston moves from a first end position where
      said fluid is uncompressed to a second end position where said fluid is
      fully compressed,
PA1  c. a nozzle operatively communicating with said chamber and being sized to
      removably accept said plug in fluid-tight engagement,
PA1  d. and shiftable actuating means operatively mounted in said chamber and
      being operatively engaged by said piston when said piston shifts to the
      second position.
NUM  13.
PAR  13. The toy vehicle target game of claim 12 further characterized in that
      said actuating means is located to be shifted to engage said plug when
      said actuating means is operatively engaged by said piston, and thereby
      break the seal between said plug and said nozzle to permit the compressed
      fluid to propel said vehicle.
NUM  14.
PAR  14. The toy vehicle target game of claim 8 further characterized in that
      said plug is formed of a somewhat resilient seal-forming material.
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PAL  A board game apparatus includes a playing board divided into a multiplicity
      of adjacent playing areas forming a main course. The main course includes
      a plurality of playing areas having penalties, rewards, instructions and
      numerical indicia thereon, all of which are randomly interposed. A
      plurality of secondary playing areas having consecutive numerical indicia
      thereon and two colored areas are disposed without the main playing
      course. In addition, the board includes a dial indicator which is adapted
      to rotate and indicate a numerical quantity of main course playing areas
      along which a player moves his distinctive token, subject to the
      instructions found thereon. Monetary tokens are used to comply with the
      penalty and reward requirements during the playing of the game. Wagering
      tokens adapted to be placed on the secondary playing and colored areas
      indicate the numbers and colors wagered on by the players. Two decks of
      cards are also provided; one deck has indicia thereon which provides the
      wagering instructions, the other deck has indicia thereon which provides
      the penalty and reward instructions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a board game apparatus, and more
      particularly to a board game apparatus of the type having a main course
      which includes a plurality of playing areas of substantially equal size
      along which player owned tokens are moved as determined by chance until a
      specified sum of money is acquired.
PAR  The type of game of the present invention is that type in which a
      substantially flat playing board is utilized, the upper surface of which
      is provided with suitable representations or markings indicating a main
      playing course which includes a plurality of generally equal playing
      areas. Secondary playing areas are also provided. These secondary areas
      include a plurality of equally sized areas having numerical indicia
      thereon aligned in double file in a straight line. Additionally, playing
      areas of first and second colors are provided.
PAR  During the play of the game, the playing pieces, one owned by each of the
      players, are moved along the main course complying with the instructions
      found on a plurality of playing areas. The main course playing areas which
      have instructions thereon are colored in one or more colors and are
      interposed between the areas having numerical indicia thereon. Each of the
      players moves his individual distinctive token around the main course path
      in accordance with the numerical indication obtained by rotating a dial
      indicator provided on the playing board. A player who lands on a playing
      area having the proper instructions thereon is then permitted to exercise
      his gambling instincts by placing a wager on numerical indicia and on a
      particular color. The player then attempts to have the selected number or
      color indicated by the dial indicator when it comes to rest after being
      rotated again. Each of the players utilizing skill and by the element of
      chance attempts to accumulate a prescribed amount of monetary tokens,
      e.g., $500,000 or $1,000,000 after which the game is terminated and the
      individual accumulating the specified sum of monetary tokens is declared
      the winner.
PAR  Many of the board games known in the prior art merely involve movement of
      the player's tokens around a playing path or course in a manner determined
      by chance in accordance with a means such as dice, dial indicator, or
      pointer arranged to be rotated, and the like. The prior art games
      frequently are thus reduced to games of chance with little skill involved.
      However, the present invention combines the elements of chance with some
      measure of skill, since a player must determine the amount of monetary
      tokens and the number of times he places wagers. Thus, the present
      invention requires the players to use skill and intelligence in acquiring
      the prescribed sum of money in order to be declared a winner.
PAR  Accordingly, the primary object of the present invention is to provide a
      novel and stimulating board game apparatus.
PAR  Another object of the present invention is to provide a game apparatus
      which requires players to exercise good judgment, skill and the like,
      during the competitive play so that the winning player will require more
      than just luck.
PAR  A further object of the present invention is to provide a new and improved
      game apparatus which is simple in construction, inexpensive to manufacture
      and provides excitement and enjoyment during the play of the game for the
      participating players.
PAR  A board game apparatus for a plurality of players, according to the
      principles of the present invention, comprises, in brief, a playing board
      having a continuous main course which is divided into a plurality of
      adjacent playing areas, a portion of the plurality of main course playing
      areas having penalties, rewards and instructions associated therewith to
      which the players must respond. The remaining portion of the plurality of
      main course playing areas are provided with numerical indicia thereon. The
      playing areas are randomly interposed and disposed to form the main
      course. The board further includes differently colored playing areas
      having consecutive numerical indicia thereon disposed separate from the
      main course on the board. Each of the secondary playing areas corresponds
      with a main course playing area having numerical indicia thereon. The
      playing board additionally includes a generally centrally disposed dial
      indicator rotatably affixed thereon and adapted to rotate and indicate a
      numerical quantity when coming to rest. Also included is a plurality of
      distinctive tokens constituting playing pieces. One of the tokens is
      utilized by each of the players in playing the game. Monetary tokens are
      provided for the payment of rewards and penalties by players whose tokens
      land on a main playing area having such instructions. Additionally
      included are wagering tokens for placement on the secondary areas and the
      different colored areas to indicate the areas selected and the amounts
      wagered. A plurality of cards having numerical indica thereon
      corresponding to the main path numerical indicia are provided. The cards
      with numerical indicia thereon are obtained by the players under
      prescribed conditions and ownership thereof provides rewards of monetary
      tokens under specific conditions. Two decks of cards are also provided;
      the cards of one of the decks have indicia thereon indicating wagering
      instructions, the cards of the other deck have indicia thereon indicating
      penalty or reward instructions. A player is directed to select a card from
      one of the decks of cards in accordance with the instructions provided on
      the main course playing areas.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and advantages of the present
      invention will become more apparent from the detailed description
      hereinafter considered in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a plan view of a playing board for a board game apparatus
      constructed in accordance with the present invention, portions of which
      are suitably colored according to the color symbols for draftsmen
      prescribed in 37 C.F.R. 3.61;
PAR  FIG. 2 is a cross-sectional view taken substantially along the line 2--2 in
      FIG. 1;
PAR  FIG. 3 is a pictorial representation of a typical assortment of distinctive
      tokens which may be utilized by the players during the play of the game;
PAR  FIG. 4 is a pictorial representation of monetary tokens or play money;
PAR  FIG. 5 is a pictorial representation of wagering tokens;
PAR  FIG. 6 is a pictorial representation of a plurality of cards, each card
      having a numerical indicia thereon corresponding to the main path
      numerical indicia;
PAR  FIG. 7 is a pictorial representation of a deck of cards, each card having
      the indicia thereon indicating wagering instructions;
PAR  FIG. 8 is a pictorial representation of a deck of cards, each card having
      the indicia thereon indicating penalty and reward instructions; and
PAR  FIG. 9 is a pictorial representation of a Goal Pass Card.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and to FIG. 1 in particular, the game
      apparatus 10 of the present invention includes a playing surface which is
      preferably in the form of a board 12. In the preferred embodiment, the
      board 12 is of substantially rectangular configuration, as shown, and
      contains an upper surface 14 on which is provided, by printing or the
      like, suitable indicia and graphic illustrations in accordance with the
      invention, as will be explained hereinafter. While any name suitable for
      the game apparatus of the present invention may be employed, the game is
      preferably referred to as "GAMBELOSO," a name which suggests the playing
      aspects of the game and in the preferred configuration may be played by up
      to thirteen players.
PAR  In order to provide a playing field for the players, a playing path or main
      course designated generally by the numeral 16 is divided into a
      multiplicity of playing areas 18. These areas are preferably formed by
      dividing the area provided by two concentric circles of different
      diameters (19 and 21) into equal subdivisions. In the preferred
      embodiment, main course 16 includes 36 of such playing areas 18. Of these
      main course playing areas 18, a plurality (18 in number) are provided with
      numerical indicia preferably ranging from the numeral 1 through and
      including the numeral 18. The remaining portion of the plurality of
      playing areas 18 includes thereon indicia which indicate penalties,
      rewards and instructions to which the players must respond. Typical
      instructions may include Safety Areas 20, directions to pick Gambling
      Cards 22, Gamble with a prescribed limit 24, Pay Bank a fixed sum 26,
      directions to pick Choice Cards 28, Collect a fixed sum 30, Choose Color
      32 and wager, and Goal 34. The function of each of these playing areas
      will be described hereinafter. The playing areas 18 which are provided
      with instructional indicia thereon are preferably colored for easy
      recognition and are randomly interposed between the playing areas provided
      with numerical indicia thereon.
PAR  The area 36 within the circle 21, in the preferred embodiment, is provided
      with secondary playing areas 38 which are generally equal in size and
      which are placed in a straight line in a double file. The areas 38 are
      provided with consecutive numerical indicia thereon. Each of said
      secondary areas corresponds with a main course playing area 18 having a
      numerical indicia thereon and which is accessible to all players. The area
      36 further includes differently colored playing areas such as areas 40 and
      42, which in the preferred embodiment, are green and red, respectively.
      The function of the secondary and colored playing areas will be discussed
      in detail hereinafter.
PAR  Additional rectangular shaped areas 44, 46 and 48 are provided on the
      surface 14 of board 12 disposed within area 36 and are utilized for
      placing the Gambling deck of cards 50, the Lucky Number Cards 52 and the
      Choice deck of cards 54, respectively.
PAR  In addition, centrally disposed within the area 36, is a dial indicator 56.
      The dial indicator 56 includes a rotatably mounted wheel 58 and an
      indexing post 60 shown in cross section in FIG. 2. The wheel 58 is
      preferably frustoconically shaped with sloped sidewalls 62 terminating in
      an annular shaped flange 64 which is preferably divided into equal areas
      66 having alternately disposed colors and numerical indicia thereon
      corresponding to the numerical indicia provided on the main playing areas
      18 plus the numeral 0. Centrally disposed within wheel 58 is a through
      aperture 68 which terminates in a larger diameter aperture 70 adapted to
      receive a shoulder bushing 72. A flat-head screw member 74 is adapted to
      be inserted through aperture 76 centrally provided in the playing board 12
      and then forceably receive a bushing 72 thereon so as to retain the screw
      member 74 in a vertical position in the board 12. Wheel 58 is then mounted
      on screw member 74 and rotatably retained thereon by a knob 78 threaded
      upon the threads 80 provided on screw member 74. Vertical post members 82
      are positioned on each boundary line 84 of the wheel areas 66. A clockwise
      or counterclockwise force exerted by a player on the vertical members 82
      causes the wheel 58 to rotate on the surface 86 of bushing 72. When wheel
      58 comes to rest, the extending pointer member 88 provided on the indexing
      post 60 will point to a wheel area 66 between two post members 82. A
      player may then move his distinctive token, a typical group of which is
      shown at 90, 91, 92, 93, 94 and 95 in FIG. 3., the number of playing areas
      18 indicated by the numeral indicia on the wheel area 66 appearing under
      the pointer member 88.
PAR  The monetary tokens, or play money 96, are provided in various
      denominations for the play of the game and a typical embodiment thereof is
      shown in FIG. 4. The money may be of any denominations and preferably is
      provided in denominations of $1,000, $5000, $10,000, $20,000, $50,000, and
      $100,000 bills as shown at 97, 98, 99, 100, 101 and 102, respectively.
PAR  Wagering tokens or chips 103 are also provided in various denominations for
      use during the play of the game and are shown in FIG. 5. The wagering
      tokens 103 are preferably provided in denominations of $1,000, $5,000, and
      $10,000 as shown at 104, 105 and 106, respectively, and are preferably
      colored white, blue and red, respectively, for easy recognition.
PAR  A plurality of cards 52, periodically referred to herein as Lucky Number
      Cards, are provided with numerical indicia thereon; one card corresponding
      to each of the numerical indicia provided on the main path playing areas
      18 and correspondingly to the numerical indicia provided on each of the
      wheel areas 66. The functioning of these cards is best described in the
      instructions for the play of the game. Suffice it to say that at this time
      ownership of a Lucky Number Card 52 will bring periodic monetary rewards.
      These cards may be kept in the area 46 provided on the surface 14 of
      playing board 12.
PAR  Two decks of cards are provided. A first deck of cards 50 is known as the
      Gambling Deck. The cards of this deck are provided with indicia thereon
      indicating wagering instructions, as for example, shown at 109, 110, 111
      and 112 of FIG. 7. A player is directed to pick one of these cards from
      the deck placed face down on the area provided at 44 on the surface 14 of
      the playing board 12 when his distinctive token lands on a main course
      playing area directing him thereto. The player may then gamble in
      accordance with the instructions found on the card.
PAR  A second deck of cards 54 is known as the Choice Cards. The cards of this
      deck are provided with indicia thereon indicating penalty or reward
      instructions, as for example, shown at 114 through 126 of FIG. 8. A player
      is directed to pick one of the Choice Cards from the deck placed face down
      in the area provided at 48 on the surface 14 of the playing board 12 when
      his distinctive token lands on a main course playing area directing him
      thereto. The player has the option of directing another player to comply
      with the instructions on the Choice Card or he may comply therewith
      himself, but, the decision must be made before the instructions on the
      card are exposed to view.
PAR  In addition, a Goal Pass Card 127, as shown in FIG. 9 is provided. The Goal
      Pass Card is presented to a player each time his distinctive token passes
      the goal playing area 34 on the main course 16. These cards may be bought
      and sold by the players for monetary tokens 96 and when a prescribed
      number of them are acquired by one of the players the game is ended, and
      the player that has acquired the largest total value of monetary tokens is
      declared the winner.
PAR  The quantity of each of the types of cards and tokens is shown in the table
      below:
     Type of Card                                                              
                 Indicia on Card   Quantity                                    
     ______________________________________                                    
     Lucky Number                                                              
                 1 through 18      1 each                                      
     Goal Pass   Goal Pass                                                     
                 Receive $20,000 from                                          
                                   100                                         
                 Bank                                                          
     Gambling    Pick 4 numbers                                                
                 Bank pays 50 to 1                                             
                 Limit $5,000      5                                           
     Gambling    Pick Color                                                    
                 Bank Pays 3 to 1                                              
                 Limit $25,000     5                                           
     Gambling    Pick 10 Numbers                                               
                 Bank Pays 20 to 1                                             
                 Limit $5,000      5                                           
     Gambling    Pick 8 Numbers                                                
                 Bank Pays 30 to 1                                             
                 Limit $10,000     5                                           
                                   Total 20                                    
     Choice      Collect $35,000   3                                           
     Choice      Spin the Wheel                                                
                 Collect 1,000 times                                           
                 the number shown  2                                           
     Choice      Pay $40,000       3                                           
     Choice      Collect $20,000                                               
                 from each player  2                                           
     Choice      Collect $15,000                                               
                 from each player  3                                           
     Choice      Pay $35,000       3                                           
     Choice      Pay $15,000 to player                                         
                 on your left      2                                           
     Choice      Take a Lucky Number Card                                      
                                   5                                           
     Choice      Collect $40,000   3                                           
     Choice      Spin the Wheel                                                
                 Pay 1,000 times                                               
                 the number shown  2                                           
     Choice      Pay $15,000 to                                                
                 each player       5                                           
     Choice      Pay $15,000 to player                                         
                 on your right     2                                           
     Choice      Pay $20,000 to each                                           
                 player            2                                           
                                   Total 37                                    
     Monetary Tokens                                                           
                 $1,000            75                                          
     Monetary Tokens                                                           
                 $5,000            75                                          
     Monetary Tokens                                                           
                 $10,000           60                                          
     Monetary Tokens                                                           
                 $20,000           50                                          
     Monetary Tokens                                                           
                 $50,000           50                                          
     Montary Tokens                                                            
                 $100,000          50                                          
     Wagering Tokens                                                           
                 $1,000 (white)    80                                          
     Wagering Tokens                                                           
                 $5,000 (blue)     40                                          
     Wagering Tokens                                                           
                 $10,000 (red)     40                                          
                                   Total 520                                   
     ______________________________________                                    
PAR  The principles of the game are best described by a complete presentation of
      the rules of the game with examples to explain certain rules or
      instructions which may appear ambiguous.
PAR  At the start of the play, a Banker is chosen from among one of the players.
      The Banker is the bank's representative and handles the bank's money
      separately from the players' money. The Banker is responsible for issuing
      to each player the sum of $50,000 in monetary tokens preferably as
      follows: one $20,000 bill, one $10,000 bill, three $5,000 bills and five
      $1,000 bills. ($50,000 and $100,000 bills are also available for use
      during the game). The bank controls all the monetary tokens except those
      that have been issued to, or won by, the players. All formal bets (in
      accordance with instructions) are against the bank. Side bets may be made
      among the players.
PAR  Everytime a player passes the Goal playing area space 34 during the regular
      course of play, he collects a Goal Pass Card. When a player has collected
      five Goal Pass Cards, he collects $100,000 from the Bank and the game is
      over. All wagering chips are cashed at the bank and each of the players
      counts his money. The player having the largest total value of monetary
      tokens 92 (money) wins. Goal Pass Cards may be sold to other players at a
      mutually agreeable price before the fifth Goal Pass Card is issued. The
      playing time of the game can be increased by the players deciding that a
      greater number of Goal Pass Cards must be obtained to end the game.
      (Example: The possession of 10  Goal Pass Cards may be considered a
      completed game instead of five (5)). One player should be designated "Goal
      Pass Distributor" and have the responsibility of issuing Goal Pass Cards
      as required.
PAR  The Lucky Number Cards 52 are distributed, one to each player at the
      beginning of the game, each player obtaining a differently numbered card
      determined by a spin of the wheel 58; and the rest of the cards are placed
      face down on the space 46 provided. Each time one of these Lucky Numbers
      comes up on the dial indicator 56 during the play of the game, the player
      who owns that Lucky Number Card collects $20,000 from the bank, regardless
      of who spins the wheel or for what purpose. Players retain their Lucky
      Number Cards throughout the game. If a player draws a Lucky Number Card by
      following directions on a Choice card, the game rules apply and he also
      collects $20,000 every time the new number comes up. He also retains the
      card throughout the game. If a player's distinctive token lands on a
      numbered playing area space for which another player owns the Lucky Number
      Card, the other player collects $20,000 from that player. If a player's
      distinctive token lands on his own Lucky Number playing area, he collects
      $20,000 from every player. It is up to the player who has the Lucky Number
      Card to do the collecting. A player cannot mention the fact that another
      player's token has landed on his own number; if he does, he must pay a
      $10,000 penalty to the bank.
PAR  When a player's distinctive token lands on a numbered playing area 18, he
      is said to be vulnerable. This means that if a second player's distinctive
      token lands on this same playing area while the first player's token is
      still on it, the second player collects $10,000 from the first player plus
      the first player has to bring his distinctive token all the way back to
      the Goal playing area 34 without collecting any premiums. At the same
      time, the second player also becomes vulnerable. A player whose token
      lands in a numbered playing area is allowed to gamble at 50 to 1 odds, but
      he may only bet on the number appearing on the playing area upon which his
      token has landed. There is a $2,000 betting limit and a bet may not be
      made on a color. A player becomes vulnerable only when his token lands on
      a numbered playing area.
PAR  Whenever a player's token lands "on" or "passes" the Goal playing area 34,
      the following occurs: 1. He collects $20,000 from the bank. 2. He has the
      right to buy wagering tokens 103. 3. He receives a Goal Pass Card from the
      person designated to distribute them. (Exception: when a vulnerable player
      has been sent back to the Goal playing area 34.)
PAR  All players are allowed to purchase wagering or gambling chips 103 from the
      bank at the beginning of the game. The denominations of the chips 103 are:
      $1,000 white, $5,000  blue and $10,000 red. The only other time a player
      is allowed to purchase gambling chips 103 is when he passes the Goal
      playing area 34. Chips must be bought immediately after reaching or
      passing the Goal playing area and before the wheel is spun again for the
      next player's turn; otherwise, the right to buy chips at this time is
      forfeited. Once a chip has been bought, it cannot be cashed in until the
      end of the game. Chips of one value may not be exchanged for chips of
      another value. (Example: if you only have one chip of $5,000 and wish to
      gamble $1,000, you cannot. You either gamble the $5,000 chip or wait until
      you reach the Goal playing area where you may but chips of lower values.)
      Any number of red chips ($10,000) may be used on each number or color you
      bet, provided they do not exceed the limit, but only two white ($1,000)
      chips and one blue chip ($5,000) may be bet on any one number. You may not
      use two blue chips for a $10,000  bet or five white chips for a $5,000
      bet. You may use only one blue chip and two white chips to equal $7,000;
      one red chip and two white chips to equal $12,000; one red chip, one blue
      chip and two white chips to equal $17,000; two red chips, one blue chip
      and two white chips to equal $27,000, etc., as long as the specified limit
      is not exceeded. One player may be made responsible for the distribution
      of the wagering chips 103.
PAR  When a player lands on a Gambling Card playing area 22, he takes a Gambling
      Card from the top of the Gambling Deck 50 and follows the directions
      thereon; he then returns the card, face up, to the bottom of the deck.
      When the last card is picked, the cards are reshuffled and placed face
      down, once again, on the board area 44.
PAR  When a player lands on a Gamble playing area 24, he may gamble up to the
      limit indicated on that area. A wager on a number pays 20 to 1 and a wager
      on a color pays two to one. He may choose up to five numbers and one
      color, but may not exceed the limit on each number or color that he
      chooses. (Example: If there is a $2,000 limit, he may bet $2,000 on each
      of the five numbers that he chooses plus $2,000 on one color for a total
      of $12,000.) Numbers wagered upon are indicated by placing chips on the
      numbers in the secondary playing area 38 provided on the board surface 14.
      Colors are chosen by placing chips on the green area 40 or red area 42
      also provided on the board surface 14. A player's token landing on a
      Gamble playing area will not make him vulnerable.
PAR  The rotatable wheel 58 includes the numbers 1 through 18 plus 0 thereon. If
      a player spins the wheel 58 and it stops on any number from 1 to 18, he
      moves his distinctive token that number of spaces. (The numbers on the
      spinning wheel do not necessarily correspond to the sequence of numbers on
      the playing board.) If a player spins a zero (0) he pays the Bank $10,000
      and loses that turn. If a player is gambling and spins a zero (0), he
      loses.
PAR  If a player spins the wheel 58 and obtains a 5, 10 or 15, he moves that
      number of playing areas and spins the wheel 58 again. If a player obtains
      any of these numbers three times in a row, he pays the Bank $10,000 and
      loses that turn. (Example: If a player spins 5, 5 and 10 or 5, 10, 15,
      etc.) Exception: When a player is gambling -- this applies only on a
      player's regular turn to move.
PAR  When a player lands on a Choice Card playing area 28, he has the option of
      choosing a card from the Choice deck 54 or giving it to another player,
      but he must decide before he looks at the card. (The player chosen "MUST"
      accept the card and is required to follow the directions thereon.) Choice
      Cards carry the greatest rewards and the largest penalties. There are more
      penalties than rewards. If a player's token lands on a Choice Card space,
      he does not become vulnerable. The Choice card is returned to the bottom
      of the deck 54 face up; when the last card is placed, the cards are
      reshuffled and placed face down once again on board area 48.
PAR  When a player's token lands on a Safety playing area 20, he is not eligible
      to gamble and he does not become vulnerable. A safety playing area is a
      resting space.
PAR  If a player's token lands on a Pay playing area 26, he pays the Bank the
      amount indicated. No gambling is allowed in Pay areas. A player's token
      landing on a Pay area does not cause the player to become vulnerable.
PAR  If a player's token lands on a Collect playing area 30, he collects the
      amount indicated from the Bank. No gambling is allowed on Collect playing
      areas. If a player's token lands on a Collect playing area the player does
      not become vulnerable.
PAR  All of the players are allowed to make side bets during the game regardless
      of the location of their tokens, such as for example: a Choice 28, Safety
      20, Pay 26 or Collect 30 playing area. They may bet on almost anything,
      such as for example, which player may be the first to reach the Goal, or
      the first to land on a Choice, Gambling Card, or Safety playing area. For
      this, the players may set up a kitty which is won by a player when his
      token arrives on the prescribed playing area.
PAR  A player is bankrupt when he loses all his money and chips, or when his
      money is invested in chips and he hasn't a sufficient amount thereto to
      pay a penalty or another player. He cannot borrow money from the Bank or
      from any other player. A bankrupt player must leave the game.
PAR  The game ends when either a player makes $500,000 (or any other amount
      specified at the beginning of the game), or a player obtains 5 Goal Pass
      Cards (or any other number of Goal Pass Cards specified at the beginning
      of the game). The player with the most money at the end of the game is
      declared the winner.
PAR  At the start of the game, each player picks a distinctive token to
      represent him and places it on the Goal playing area 34. The Gambling and
      Choice decks 50 and 54, respectively, are shuffled and placed face down on
      the boxes 44 and 48 provided on the game board. At this time the money is
      issued and all players are permitted to buy gambling chips 103 from the
      Chip Distributor. Thereafter, a player may purchase gambling chips only
      when he reaches or passes the Goal playing area as described earlier. Each
      player spins the wheel 58 for the right to start and choose a Lucky Number
      Card (it doesn't matter which player spins first). The player with the
      highest number starts the game and the player to his left is next, etc.
      The first player spins the wheel again. The number shown will be his Lucky
      Number for the rest of the game. A card with that Lucky Number is issued
      to him and he moves his distinctive token that number of spaces and not to
      the number shown on the wheel. The player to his left spins next; if his
      number is the same as the first player, he spins again until he gets a
      different number for which he will be given a Lucky Number Card; he also
      moves his distinctive token the number of spaces indicated by the wheel.
      Everytime a player's Lucky Number is indicated on the wheel, he gets
      $20,000 from the Bank. The next player spins and so on until each player
      has a Lucky Number Card and has moved the number of spaces indicated by
      the wheel. The first player spins again, etc. Lucky Numbers are only
      issued once except when obtaining a Choice Card with instructions thereon
      to obtain an additional Lucky Number Card 52.
PAR  To increase the game playing time, $100,000 may be issued to each player
      instead of $50,000. The number of Goal Passes to complete the game may be
      increased from 5 to 10 and the maximum amount of money to be acquired in
      order to win may be increased from $500,000 to $1,000,000.
PAR  It will be understood that various changes in the details, materials,
      arrangements of the playing areas, and the playing conditions for playing
      the game which have been herein described and illustrated in order to
      explain the nature of the invention, may be made by those skilled in the
      art within the principles and scope of the present invention.
PAR  Hereinbefore has been disclosed a board game apparatus which is adapted to
      provide enjoyment for children as well as adults. Although chance is a
      consideration in the game, a player with ability in money handling and
      wagering experience may readily accumulate the most money when the
      required number of Goal Pass Cards are acquired by one player to end the
      game.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A board game apparatus for a plurality of players comprising in
      combination
PA1  a playing board having a continuous main course, said main course being
      divided into a plurality of adjacent playing areas, a portion of said
      plurality of main course playing areas having penalties, rewards, and
      instructions associated therewith to which said players must respond, the
      remaining portion of said plurality of main course playing areas being
      provided with numerical indicia thereon, said playing areas being randomly
      arranged to form said main course, said board further including
      differently colored playing areas disposed without said main course, a
      plurality of secondary playing areas having consecutive numerical indicia
      thereon disposed without said main course, each said secondary playing
      area corresponding to one of said main course playing areas having
      numerical indicia thereon, said playing board additionally including a
      generally centrally disposed dial indicator rotatably affixed thereon,
PA1  said rotatable dial indicator having a plurality of areas, selected ones of
      which have numerical indicia thereon corresponding to the numerical
      indicia provided on said main course playing areas, said areas having
      colors corresponding to said differently colored playing areas,
PA1  said rotatable dial indicator being capable of rotating and indicating a
      chance selected one of a plurality of numerical quantities when coming to
      rest,
PA1  a plurality of distinctive tokens constituting playing pieces, one of said
      tokens being utilized by each of said players in playing said game,
PA1  monetary tokens for payment of rewards and penalties by players whose
      distinctive token lands on a main playing area having such instructions
      thereon,
PA1  wagering tokens for placement on said secondary playing areas and said
      colored areas to indicate the areas selected and the amount wagered,
PA1  a plurality of cards, each said card having a numerical indicia thereon
      corresponding to one of said main path numerical indicia, said cards being
      acquired by said players under prescribed conditions, ownership of said
      numerical cards providing rewards of said monetary tokens under specific
      conditions, and
PA1  two decks of cards, the cards of one of said decks of cards having indicia
      thereon indicating wagering instructions, the cards of the other of said
      decks of cards having indicia thereon indicating penalty or reward
      instructions, and a player being directed to select a card from one of
      said decks of cards by instructions provided on selected ones of said main
      course playing areas.
NUM  2.
PAR  2. A board game apparatus according to claim 1, wherein
PA1  said main course is generally disposed in a circular shaped path.
NUM  3.
PAR  3. A board game apparatus according to claim 1, wherein
PA1  said secondary playing areas are aligned in a straight line in double file
      and are generally equally accessible to all of said players.
NUM  4.
PAR  4. A board game apparatus according to claim 1, wherein
PA1  said dial indicator includes a rotatable wheel and a coacting indexing
      post,
PA1  said wheel being provided with a plurality of areas each having numerical
      indicia thereon corresponding to the numerical indicia provided on one of
      said main course playing areas, and
PA1  said wheel areas also being alternatively provided with said different
      colors.
NUM  5.
PAR  5. A board game apparatus according to claim 4, wherein
PA1  said wheel areas are substantially equal in size.
NUM  6.
PAR  6. A board game apparatus according to claim 4, wherein
PA1  said rotatable wheel includes a plurality of protrusion means for rotating
      said wheel.
NUM  7.
PAR  7. A board game apparatus according to claim 1, including
PA1  areas marked on said board for placing said decks of cards.
NUM  8.
PAR  8. A board game apparatus according to claim 1, including
PA1  an area marked on said board for placing said cards with numerical indicia
      thereon.
NUM  9.
PAR  9. A board game apparatus according to claim 1, wherein
PA1  each of said portions of said main course playing areas comprise one-half
      of the total number of said main course playing areas.
NUM  10.
PAR  10. A board game apparatus according to claim 1, wherein
PA1  two of said differently colored playing areas are provided.
NUM  11.
PAR  11. A board game apparatus according to claim 10, wherein
PA1  said differently colored playing areas are red and green.
NUM  12.
PAR  12. A board game apparatus according to claim 1, wherein
PA1  said main course playing areas are substantially of equal size.
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ABST
PAL  A golf shot practice stage comprising a frame having side panels which
      define "green" and "fairway" playing surfaces. The panels are positionable
      at different angles to the horizontal, supported by one or more angle
      defining wedges, to enable practice with different ball lies; and the
      stage is foldable into compact form for storage, with the wedges enclosed
      within the folded-up stage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention has to do with devices for off-course practice of golf
      shots. More particularly, the invention relates to a compact, portable and
      storable golf shot practice stage which unfolds for use in practice of
      "green" or "fairway" golf shots but which can be folded up into compact
      form and stored easily.
PAR  The pursuit of excellence and consistency is a never-ending challenge, and
      therein a source of delight, to the golfer, so much so that, however often
      a golfer plays the game, he requires, or desires additional practice time.
      It is also true that being an outdoor game the availability of courses is
      limited by darkness and inclement weather factors; and crowding is common
      at almost all links, further restricting real course play time.
PAR  There is accordingly a need for devices to facilitate the home or office
      play of "golf." These devices have, to my present knowledge, been limited
      to real ball putting simulators or whiffle ball "tees" and have been
      limited to one or perhaps two variations in elevation and pitch preventing
      the simulation of the many various real lies encountered in actual play.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an objective of the present invention to provide a golf
      shot practice device which is widely variable in lies and provides
      opportunity for both fairway and green type shots. Moreover, the device is
      compact and can be folded into an easily handled and stored form when not
      in use.
PAR  More particularly, the invention provides a portable, storable golf shot
      practice stage comprising a generally rectangular frame, a first side
      panel having a grass simulative playing surface, and a second side panel
      having a grass simulative playing surface. The first panel is suitably
      attached to the frame in out-folding relation to upwardly expose its
      playing surface in the playing configuration of the stage. The stage
      further comprises panel support means supporting the first or second panel
      in angled relation to the normally horizontal plane of the frame.
PAR  The first, outfolding side panel typically comprises plural individually
      angularly disposable sections articulated along lines extending
      transversely to its locus of attachment to the frame, the support means
      that being further separately engageable with the panel sections to
      independently define their angular disposition. This first panel is
      typically representative of a "green" or putting surface and for this
      purpose will be provided with a playing surface simulative of "green"
      grass in fineness, texture and depth e.g. like bent grass, and the panel
      may further be apertured beneath the playing surface with "holes" for ball
      reception, which holes may be selectively covered, e.g. with the "grass"
      surface covering or alternatively fitted with a true cup for ball
      collection.
PAR  The second of the mentioned side panels is typically rotatably attached at
      one edge margin to the frame e.g. with a loop or like hinges, whereby the
      second side panel may be disposed angularly relative to the normally
      horizontal plane of the frame, above the frame to provide an "uphill" or
      "downhill" lie, supported there by the panel support means described
      below. The second panel generally is provided with a grass simulative
      playing surface which resembles fairway grass in texture and depth e.g.
      similar to bermuda grass.
PAR  In preferred embodiments there is provided a third side panel
      perimetrically fixed to the frame and opposite to the first and second
      side panels above-mentioned. These side panels together cooperate to
      define with the frame a box-like cavity circumscribed by the frame and
      enclosed by the first and second side pane on one side and by the third
      side panel on the other side.
PAR  The panel support means typically comprise plural, thin, elongated,
      wedge-shaped members sized and adapted to interfit and be frictionally
      retained in retaining slots which as will be seen may be provided on the
      underside of the first panel, or certain of the first panel sections, or
      within the box-like cavity for use with the second panel, e.g. secured to
      the third panel, for the purpose of thereby defining the angular relation
      of the panel sections to the frame horizontal plane.
PAR  In particular embodiments, the golf shot practice stage includes a triptych
      first panel, i.e., a panel divided into three sections the outer, or
      outboard, of which are foldable onto the center section. Typically the
      outboard sections will carry the panel support retaining slots to vary the
      angular relation of the sections separately and relative to the center
      section of the panel, which lies generally in the horizontal plane of the
      frame, each of the outboard and center sections having a common playing
      surface e.g. simulative of "green" grass and "holes" therein distributed
      to give shot variety.
PAR  Returning to the second panel, as noted it may be rotatably attached to the
      frame along one edge margin thereof; there may further be provided means
      defining a retaining slot within the frame cavity sized to retain the
      wedge-shaped panel support means in rotated second panel supporting
      relation, the second panel again having a playing surface simulative of
      "fairway" grass.
PAR  Preferably the first and second side panels are hinged to one side of the
      frame and on opposite edges thereof, the first side panel sections folding
      on themselves to the size of the frame, to overlie the first side panel
      upon complete folding together of the stage, the wedge-shaped panel
      support members, which may vary among themselves in their base dimension
      to define varying angles of panel disposition when retained in the
      retaining slots, being enclosed within the cavity defined by the folded in
      panels and frame.
PAR  It is an important feature of the device, providing storability and
      portability, that the frame cavity is sized to contain for storage the
      wedge shaped members otherwise used for panel support, in the stored
      configuration of the stage, there being further provided latch means to
      secure the first and second panels folded against the frame, and a handle
      on the frame for carrying of the stage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be further described as to an illustrative embodiment
      thereof with reference to the attached drawings, in which:
PAR  FIG. 1 is a perspective view of the golf shot practice stage according to
      the invention in closed condition for storage;
PAR  FIG. 2 is a like view thereof partly opened out for practice of fairway
      shots;
PAR  FIG. 3 is a like view thereof fully opened out for practice of green or
      putting shots;
PAR  FIG. 4 is a view in section taken on line 4--4 in FIG. 1; and
PAR  FIG. 5 is a fragmentary view in transverse section taken on line 5--5 in
      FIG. 4.
PAR  FIG. 6 is a perspective view of a wedge-shaped member used with the golf
      shot practice stage.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, in FIG. 1 the golf shot practice
      stage is shown at 10 folded up for storage or transport. The stage frame
      12 is a square and comes hinged at the base extension 14 thereof opposite
      latch set 16 on panel lip 17, by piano hinge 18, a first side panel 20
      having plural folded sections indicated at 22 and a second side panel 24
      enclosed thereby, all of which parts are shown as well in FIGS. 2, 3, 4
      and 5.
PAR  In FIG. 2 the golf practice stage of the invention is depicted as set up
      for practice of "fairway" shots, suitably using a whiffle ball, not shown,
      on the somewhat coarse textured fairway grass simulative covering 26 on
      second side panel 24, the first side panel 20 having been folded out from
      the frame 12 on frame base extension 14 and hinge 18.
PAR  The sloped or tipped disposition of the second panel is shown in phantom at
      241 supported by wedge 281 as will be more fully described hereinafter,
      this cocked disposition relative to the normally horizontal plane of the
      frame 12 being for the purpose of simulating an uphill or downhill lie,
      and being realized by arcuate movement or rotation of the second panel 24
      (241) about piano hinge 30.
PAR  With reference now particularly to FIGS. 2, 3 and 5 the operation of the
      "green" portion of the golf shot practice stage 10 will be described. As
      best shown in FIG. 2 the first panel 20 is hinged to base extension 14 by
      piano hinge 18. Base extension 14 in turn is hinged by another piano hinge
      32 to the base 34 of frame 12. All hinges shown as piano hinges herein may
      be leather, plastic or wire loops or the like for lower cost.
PAR  The first panel 20 is folded out from the frame 12, the base extension 14
      rotating about its inner edge 36 and the first panel rotating about the
      outer edge 38 thereof on the aforementioned hinges 32 and 18 respectively.
      See FIG. 5.
PAR  In FIG. 3 the first panel 20 is shown fully outfolded from the frame 12 and
      opened laterally as well to expose its playing surface having a covering
      of relatively fine, dense matting 58 simulative of "green" grass,
      typically bent grass. The first panel 20 is shown to comprise a left
      outboard section 40, a center section 42 and a right outboard section 44,
      all sections being hinged together by piano hinges 46, 48 and the section
      44 being further medially hinged at 50 by piano hinge 52 into subsections
      54, 56 which are useful to obtain a "break" in the path toward "hole" 60
      containing cup 82, which is illustrative of a putting target. Other holes
      may be provided at various locations (see 62 in the drawing) covered over
      with the grass imitative surface covering. Upper and lower lips 17, 64 are
      provided on center section 42 against unwanted ball loss.
PAR  A third side panel 66 closes the frame 12 opposite the first and second
      side panels 20, 24 respectively and defines therewith a box-like cavity 68
      which serves to store wedges 70 not to be described. As has been mentioned
      and as illustrated in the drawings, an important feature of the present
      golf shot practice stage is its ability to provide undulating or at least
      pitched lies. This is realized by providing plural wedges 70 on the one
      hand, being thin, elongated wedge-shaped members as shown in FIG. 6 and
      retaining slots for the wedges on the other e.g. slots 72 within the
      cavity 68 which serve to hold wedges 281 in place to support panel 241 in
      inclined relation to the frame; slots 74 in first panel sections 40, 44
      and the slots 76 defined by the several piano hinge recesses 78. The slots
      72, 74, and 78 as will be observed can be carried by the playing surface
      defining panel e.g. panel 20 or its sections 40, 42, and 44, as with slots
      74 and 78 or by panel independent means such as rails 80 within cavity 68
      as in the case of slots 72.
PAR  When use of the stage is completed, the several panels fold together in the
      reverse of the opening procedure, after first having placed the wedges 70
      within the cavity, along with the practice cup 82, into the storage
      configuration best shown in FIGS. 1 and 4.
CLMS
STM  I claim:
NUM  1.
PAR  1. A portable, storable golf shot practice stage comprising a generally
      rectangular frame, a first side panel having a grass simulative playing
      surface, a second side panel having a grass simulative playing surface, a
      third side panel perimetrically fixed to one side of said frame and
      opposite said first and second panels, said first panel being attached to
      said frame in out-folding relation to upwardly expose its playing surface
      in the playing configuration of the stage; said second and third side
      panels cooperating to define with the frame a box-like cavity
      circumscribed by the frame, and enclosed by said second and third panels,
      and panel support means comprising plural thin, elongated, wedge-shaped
      members; said first side panel carrying retaining slots sized to
      frictionally retain said support members to thereby define the angular
      relation of said first panel to the frame horizontal plane.
NUM  2.
PAR  2. Golf shot practice stage according to claim 1, in which said first side
      panel comprises plural individually angularly disposable sections
      articulated along lines extending transversely to its locus of attachment
      to the frame, and said support means is separately engageable with said
      panel sections to independently define their angular dispositions.
NUM  3.
PAR  3. Golf shot practice stage according to claim 2 in which said first panel
      playing surface is fine textured to be simulative of "green" grass, and
      said panel is locally apertured to define a series of holes.
NUM  4.
PAR  4. Golf shot practice stage according to claim 1, in which said second side
      panel is rotatably attached at one edge margin to said frame.
NUM  5.
PAR  5. Golf shot practice stage according to claim 4, in which said second
      panel playing surface is coarse textured to be simulative of "fairway"
      grass.
NUM  6.
PAR  6. Golf shot practice stage according to claim 1 in which said first panel
      is triptych, the outboard sections thereof carrying said retaining slots
      to vary the angular relation of said sections separately and relative to
      the center section of said panel, said center section lying generally in
      the horizontal plane of said frame, and said outboard and center sections
      having a common playing surface fine textured to be simulative of "green"
      grass.
NUM  7.
PAR  7. Golf shot practice stage according to claim 6 in which said second panel
      is rotatably attached to said frame along one edge margin thereof, and
      including also means defining a retaining slot within said frame cavity
      sized to retain said wedge-shaped members in rotated second panel
      supporting relation, said second panel having a playing surface coarse
      textured to be simulative of "fairway" grass.
NUM  8.
PAR  8. Golf shot practice stage according to claim 7 in which said first and
      second side panels are hinged to one side of said frame and on opposite
      edges thereof, said first side panel sections fold on themselves to the
      size of said frame, and said folded first side panel sections overlie said
      second panel; and said wedge-shaped members vary in their base dimension
      to define varying angles of panel disposition when retained in said
      retaining slots.
NUM  9.
PAR  9. Golf shot practice stage according to claim 8 in which said frame cavity
      is sized to contain said wedge-shaped members in the stored configuration
      of the stage, and including also latch means to secure said first and
      second panel against the frame, and a handle on said frame.
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ABST
PAL  Spindle depress/brake apparatus in a disc dictation machine for depressing
      the record/playback spindle during a disc change cycle and for inhibiting
      rotational motion of the spindle after a new disc is loaded until the
      spindle properly engages a phasing slot in the disc. The apparatus
      includes a pivotally mounted bellcrank resiliently biased in a non-spindle
      depress direction. The bellcrank includes a Y-shaped first end engaging
      the spindle having a tooth for inhibiting rotation of the spindle and a
      second end which includes a cam surface, a mechanical latch and an
      adjustable stop. The spindle depress/brake apparatus is actuated by motion
      of the disc change loader carrier mechanism in the machine.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  U.S. Pat. application Ser. No. 423,029, filed Dec. 10, 1973, entitled "Head
      Drive Apparatus," having James D. Bruer, et al., as the inventor, now U.S.
      Pat. No. 3,867,724, issued Feb. 8, 1975, and assigned to the present
      assignee.
PAR  U.S. Pat. application Ser. No. 209,800, filed Dec. 20, 1971, entitled
      "Dictation Apparatus with Disc Loading, Feeding and Ejecting Feature", now
      U.S. Pat. No. 3,789,160, issued Jan. 29, 1974, to J. D. Bruer, D. L.
      Buddington and W. F. Klien and assigned to the instant assignee.
PAR   U.S. Pat. application Ser. No. 265,841, filed June 23, 1971, entitled
      "Recording Media Orientation," now U.S. Pat. No. 3,797,035 issued Mar. 12,
      1974 to R. E. Hunt and L. H. Robbins and assigned to the present assignee.
PAR   U.S. Pat. application Ser. No. 559,352, filed Mar. 17, 1975, entitled
      "Loader Carrier Mechanism" having J. D. Bruer as the inventor and assigned
      to the present assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to disc recording and transcribing apparatus, in
      general, and more specifically, to apparatus for depression of the spindle
      during a disc change cycle and inhibiting motion of the spindle during
      phasing of a loaded disc.
PAR  2. Description of the Prior Art
PAR  Representative of the prior art is U.S. Pat. No. 3,789,160 entitled
      "Dictation Apparatus with Disc Loading, Feeding and Ejecting Feature,"
      issued to J. D. Bruer, et al., Jan. 24, 1974, which discloses a disc
      dictation system featuring automatic loading, feeding and unloading
      operations wherein the spindle is depressed during a disc change cycle.
      The prior art spindle depress mechanism comprises a bellcrank pivotally
      mounted and having fingers engaging the depress surface of the spindle.
      The disc change loader carrier assembly includes a cam member which runs
      the length of the loader carrier and engages the spindle depress bellcrank
      for actuation thereof. The cam member comprises a short radius and a flat
      surface that runs the rest of the length of the loader carrier. As the
      loader carrier moves in a disc load direction, the spindle depress cam
      surface engages the bellcrank and rotates it to depress the spindle. The
      bellcrank rides on the cam surface during the entire disc change cycle.
PAR  Contact between the spindle depress bellcrank and the loader carrier
      spindle depress cam surface during the entire disc change cycle places a
      frictional "drag" on the loader carrier reducing its efficiency of
      operation. Furthermore, since the spindle is held down by contact between
      the bellcrank and the cam surface, the cam surface must be smooth or the
      spindle will vibrate up and down as the loader carrier moves through the
      load cycle producing a detrimental effect on the proper loading of the
      disc. Also, the constant frictional contact between the bellcrank and the
      cam surface results in wear of the surfaces requiring periodic
      readjustment of the mechanism to maintain a constant spindle depression
      height.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to eliminate frictional drag on
      the loader carrier by the spindle depress mechanism during the disc change
      cycle.
PAR  It is another object of the present invention to hold the spindle at a
      constant height during the disc change cycle.
PAR  It is a further object of the present invention to substantially eliminate
      the need for readjustment of the spindle because of wear of the spindle
      depress parts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an illustration of the spindle depress/brake mechanism of the
      present invention.
PAR  FIG. 2 is a side view showing the spindle depress/brake mechanism in the
      undepressed position.
PAR  FIG. 3 is a side view showing the spindle depress/brake mechanism in the
      depressed position.
PAR  FIG. 4 is a close up illustration engagement of the brake with the spindle
      during phasing of the disc.
PAR  FIG. 5 is a close up showing the position of the spindle depress/brake
      after phasing is completed.
PAR  FIG. 6 is a plan view of the dictation machine showing disc change motion.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates a spindle depress/brake mechanism for use in a disc
      dictation machine of the type disclosed in U.S. Pat. No. 3,789,160, having
      a load station, a record/playback station, and an unload (eject) station
      arranged in a linear arrangement to facilitate straight line feeding of
      disc record members during operation of the apparatus. As can be seen in
      FIG. 6, a loader carrier assembly 10 executes a disc change cycle by
      concurrently transferring a first disc from the record/playback station
      into the unload station and transferring a second disc from the load
      station into the record/playback station of the dictation machine. The
      spindle depress/brake mechanism operates in conjunction with motion of the
      loader carrier 10 which is fully disclosed in U.S. Pat. application Ser.
      No. 559,352, filed Mar. 17, 1975, by J. D. Bruer, and assigned to the
      instant assignee, to actuate a spindle of the type disclosed in U.S. Pat.
      No. 3,867,724, entitled "Head Drive Apparatus," issued to J. D. Bruer, et
      al., and assigned to the instant assignee, during loading and unloading of
      a disc of the type disclosed in U.S. Pat. No.  3,797,035, entitled
      "Recording Media Orientation," issued to R. E. Hunt, et al., and assigned
      to the instant assignee.
PAR  Still referring to FIG. 1, in the preferred embodiment, the spindle
      depress/brake includes a bell-crank 20 pivotally mounted with the fulcrum
      at stud 21. The right end of the bellcrank 20 extends into the
      record/playback station of the dictation machine and includes fingers 27
      and 28 which engage a depression flange 30 of the record/playback spindle
      31. The lower finger 28 terminates in a vertical tooth 29. A spring 22
      biases the bellcrank 20 in the counterclockwise direction to maintain the
      fingers 27 and 28 out of contact with the depression flange 30 of the
      spindle 31 during the normal record and playback operation. Spindle 31 is
      mounted on a tripod 91 whose legs extend into apertures in base plate 70.
      The tripod is biased by springs 90 and 93 which urge the spindle 31 upward
      as shown in FIG. 3.
PAR  The left end of the bellcrank 20 extends beneath the load station of the
      dictation machine. A mechanical latch 24 is rotatably attached to the left
      end of the bellcrank 20. The latch includes a spring actuation means 25.
      Surface 24b of latch 24 forms an arc which contacts baseplate 70. The
      arcuate surface 24b of latch 24 has an even-increasing radius so that the
      latch will lock in any position along the arcuate surface 24b to which
      surface 24b is rotated. Therefore, no adjustment is required for the
      locking motion of the latch 24. A cam surface 23 forms an integral part of
      the left end of the bellcrank 20. The cam surface 23 engages surface 10c
      of the loader carrier 10 to pivot the bellcrank 20 in the clockwise
      direction during movement of the loader carrier 10 from the leftmost home
      position toward the right. Adjustable stop 26 attached to the left end of
      bellcrank 20 is provided to adjust the height of fingers 27 and 28 so that
      they do not engage spindle 31 when the spindle depress/brake is in the
      undepressed position, as shown in FIG. 2.
PAR  Referring again to FIG. 1, surface 10b of the loader carrier 10 engages
      surface 24a of the latch 24 to unlock latch 24 when the loader carrier 10
      returns to the home position at the end of a disc change cycle. Unlocking
      the latch 24 allows the spring 22 to bias bellcrank 20 in the
      counterclockwise direction and release the spindle 31 so that springs 90
      and 93 can force it upward to engage a disc in the record/playback
      station.
PAC  OPERATION
PAR  Referring to FIG. 2, the spindle depress/brake mechanism is shown in the
      undepressed position. Latch 24 is in the unlatched position and spring 22
      biases bellcrank 20 in the counterclockwise direction. Stop 26 is adjusted
      such that fingers 27 and 28 of bellcrank 20 clear depression flange 30 of
      the spindle 31. When a disc change cycle is initiated, the loader carrier
      10 moves towards the right and surface 10c of the loader carrier 10
      engages cam member 23 of bellcrank 20 and pivots bellcrank 20 in the
      clockwise direction around fulcrum 21. Finger 27 of bellcrank 20 engage
      depression flange 30 of spindle 31 and pushes spindle 31 downwards
      distorting springs 90 and 93 and disengaging the disc. The rotational
      motion of the bellcrank 20 causes arcuate surface 24b of latch 24 to
      rotate against the base plate 70 as spring 25 pulls latch 24 into the lock
      position holding the spindle down. Loader carrier 10 continues its
      translation along guide shaft 12 and surface 10c clears the cam 23 of
      bellcrank 20 as shown in FIG. 3.
PAR  When the loader carrier 10 returns towards the home position after
      transferring a new disc to the record/playback station above the depressed
      spindle 31, surface 10b of the loader carrier 10 engages surface 24a of
      the latch 24 and rotates the latch in the clockwise direction unlocking it
      and stressing spring 25. Unlocking of the latch 24 permits bias spring 22
      to rotate the bellcrank 20 in the counterclockwise direction and allowing
      spindle 31 to rise under the force of springs 90 and 93. As the spindle
      rises, orientation member 35 comes into contact with the lower surface of
      the disc 300 and inhibits the upward motion of the spindle 31 until the
      orientation member 35 engages phasing slot 310 in the disc. If the
      orientation member 35 does not properly engage the phasing slot 310 in the
      disc, the counterclockwise bias on the bellcrank 20 will cause tooth 29 to
      engage lug 32 on the lower surface of depression flange 30 and inhibit
      rotational motion of the spindle 31. The disc 300 is rotated by a
      peripheral drive means (not shown) which engages the surface of the disc.
      As the disc 300 is rotated, the orientation member 35 engages the phasing
      slot 310 in the disc, permitting the spindle 31 to rise to its uppermost
      position. As shown in FIG. 5, when the orientation member 35 properly
      engages the disc the spindle 31 and the bellcrank 20 are in a relationship
      where the fingers of the bellcrank do not engage the depression flange 30
      permitting the spindle to rotate freely. This mechanism provides an
      economical and reliable means of (1) removing the spindle from a used disc
      in order that the disc might be removed from and another disc might be
      loaded into the record/playback station, (2) holding the spindle down
      during the loading and unloading of disc, (3) allowing the spindle to be
      inserted into the disc at the end of the change cycle, (4) holding the
      spindle stationary until the orientation member of the spindle finds the
      phasing slot in the disc, and (5) not restricting rotational motion of the
      spindle during record/playback functions on the dictation machine.
PAR  While the invention has been particularly shown and described with
      reference to a particular embodiment, it will be understood by those
      skilled in the art that various changes in form and detail may be made
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a disc dictation machine having a loader carrier for effecting a disc
      change cycle by ejecting a first disc from a record/playback station into
      an unload station and transferring a second disc from a load station into
      the record/playback station, apparatus for disengaging a disc in the
      record/playback station during the disc change cycle comprising:
PA1  a spindle;
PA1  a pivotally mounted bellcrank having one end thereof shaped for operatively
      engaging said spindle for depression thereof;
PA1  cam means integral with the second end of said bellcrank;
PA1  a first surface integral with said loader carrier for engaging said cam
      means and rotating said bellcrank to depress said spindle;
PA1  latch means connected to the second end of said bellcrank lever;
PA1  spring means connected to said latch means for actuation thereof to latch
      said bellcrank in the spindle position;
PA1  a second surface integral with said loader carrier for engaging said latch
      means for unlocking thereof to release said spindle;
PA1  spring means connected to said bellcrank lever for biasing said bellcrank
      lever out of contact with said spindle; and
PA1  adjustable stop means attached to said second end of said bellcrank lever
      for inhibiting the motion of said bellcrank lever at a preselected
      non-spindle depression position.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said spindle includes integral lugs and
      said first end of said bell-crank lever further includes an integral tooth
      for engaging said lugs on said spindle to inhibit rotational motion of
      said spindle during phasing of a disc loaded into the record/playback
      station.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said latch means includes an arcuate
      surface of increasing radius for locking said latch at any position
      thereon.
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ABST
PAL  A shaft seal of the kind in which at least two sealing rings are spaced
       at axially from one another on a rotatable shaft or on a bush fastened to
      the shaft is provided between the sealing rings with one or more
      deflectors which are spaced from the sealing rings and are engageable with
      the shaft or bush and act to deflect and whirl liquid lubricant
      circulating between the sealing rings so as to improve circulation of the
      lubricant and lengthen the life of the seals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in shaft seals of the kind in which
      at least two sealing rings spaced apart axially from one another act
      either on a rotating shaft or on a bush fastened to the shaft, the sealing
      rings preferably being in the form of lip type sealing rings.
PAR  2. Description of the Prior Art
PAR  For the purpose of cooling lubricants for shaft seals various kinds of
      devices are known in which an outlet and an inlet for liquid lubricant,
      for example oil, are provided in radially opposite positions, the outlet
      and inlet both being connected to a pressure vessel. Through the rotation
      of the shaft, or of the bush fastened to the shaft, lubricant is forced
      into the outlet pipe, cooled in the vessel by suitable cooling devices,
      and the cooled oil is returned into the inlet pipe of the seal.
PAR  In a modified arrangement it is also possible, particularly in the case of
      the so-called stern tube seals for sealing ship's shafts, to provide a
      special oil pump, which however is relatively expensive. In one known
      construction of seals of this kind the oil chamber is therefore disposed
      eccentrically in relation to the shaft, and through the resulting wedge
      action the oil is guided to a pressure vessel and away from the latter
      again, the inlet and outlet for the oil being disposed at an angle of
      about 30.degree. in relation to the shaft axis.
PAR  This construction however is comparatively sensitive, and disturbances may
      occur in the event of the displacement of the shaft. In practice it has
      been found that, despite such devices, by which a circulation of liquid
      lubricant is maintained, residues of lubricant are deposited on the
      sealing rings, so that precisely at these points, which are most exposed
      to friction, there is an undesirable rise in temperature and therefore
      premature wear of the sealing rings.
PAR  The problem underlying the invention consists in ensuring at low cost, in
      the case of shaft seals which have at least two sealing rings which are
      spaced apart axially and between which a quantity of liquid lubricant is
      disposed, that improved circulation of the lubricant in the chamber of the
      seal is achieved, particularly in the region of the sealing rings, which
      are preferably in the form of lip type sealing rings, together with
      accelerated removal of residues of lubricant and particles of dirt.
PAC  SUMMARY
PAR  According to the invention there is provided a device for improving
      circulation of liquid lubricant in a chamber formed between two axially
      spaced sealing rings mounted on a shaft or on a bush joined to the shaft,
      said device comprising a deflector element and a support therefor arranged
      to support the deflector element between the sealing rings in spaced
      relation therewith and with an inner end of the deflector element resting
      on the shaft or bush. The deflector element may co-operate with a cooling
      device and for this purpose at least one inlet and one outlet for the
      lubricant, which are in communication with a cooling device, may be
      disposed in the proximity of the deflector element. In another embodiment
      of the invention, however, it is also possible to dispense with the
      cooling device.
PAR  In a preferred embodiment of the invention the deflector element is formed
      as a kind of planar element between two sealing rings of the seal, which
      planar element may either extend along a radius of the shaft or may be
      disposed at an angle to a radius of the shaft. Instead of a deflector
      element in the form of a planar element resting obliquely on the shaft or
      bush, it is also possible to provide two planar elements disposed
      oppositely to one another.
PAR  The deflector element may be composed of a single or of a composite planar
      part.
PAR  According to another embodiment of the invention it is possible to provide
      in the body of the deflector element one or more channels for the passage
      of liquid lubricant, and these channels may be in the form of slots which
      are provided on the bottom edge, resting on the shaft or bush, of the
      planar element.
PAR  In another embodiment of the invention the deflector element may be
      adjustable in the radial direction in relation to the shaft, while it is
      also possible for the deflector element to be pushed resiliently by spring
      force, which may be adjustable, on to the periphery of the shaft or bush.
PAR  In another embodiment of the invention the deflector element or its support
      may be provided with a pipe which is in direct communication with a
      lubricant cooling device.
PAR  For practical reasons it is preferred to provide, on both sides of the
      deflector element only a single inlet pipe and outlet pipe leading to and
      from a cooling device, but a plurality of such inlet pipes and outlet
      pipes distributed over the periphery between two sealing rings, and united
      to form a common inlet pipe and outlet pipe, may be provided.
PAR  It is preferable for inlet and outlet pipes associated with the deflector
      element to extend in the radial direction in relation to the axis of the
      shaft; this however is not essential for the performance of the invention.
PAR  In another embodiment of the invention it is possible for the inlet and
      outlet pipes to extend in each case at an angle to a radius of the shaft,
      while it is also possible for the inlet and outlet pipes to extend
      tangentially to the shaft or bush.
PAR  Depending on requirements, a plurality of deflector elements with their
      associated parts may be distributed around the periphery of the shaft or
      bush.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic elevation of the device according to the
      invention, in conjunction with a cooling device,
PAR  FIG. 2 is a partial section, to an enlarged scale, through one embodiment
      of a deflector element which has an inlet pipe and an outlet pipe for the
      lubricant,
PAR  FIG. 3 is a partial section, to an enlarged scale, through another
      embodiment of a deflector element which has an inlet pipe and an outlet
      pipe for the lubricant,
PAR  FIG. 4 is a partial section, to an enlarged scale, through an embodiment of
      a deflector element which is modified in relation to FIG. 3 and which has
      an inlet pipe and an outlet pipe for the lubricant,
PAR  FIG. 5 diagrammatically shows a top plan view of a deflector element in
      which the deflector element, seen from above, has the shape of a hexagon,
PAR  FIG. 6 shows another example of a deflector element in which the deflector
      element, seen from above, has the shape of a parallelogram,
PAR  FIG. 7 shows a modified example of a deflector element in which the
      deflector element is circular in cross-section,
PAR  FIG. 8 shows another example of the invention in which two cooperating
      deflector elements are provided in which, seen from above, each are of
      triangular shape and are disposed at a distance from each other,
PAR  FIG. 9 shows another modified example in which the deflector element
      consists of two parts of rectangular cross-section disposed at a distance
      from one another with their longitudinal axes extending at an angle to one
      another,
PAR  FIG. 10 shows another modified example of a deflector element consisting of
      two parts in which each seen from above are of semicircular shape and are
      disposed at a distance from one another,
PAR  FIG. 11 is a diagrammatic cross-section through a shaft seal having a
      plurality of deflector elements distributed around the periphery of a
      shaft or bush, and
PAR  FIG. 12 is a cross-section of a shaft seal showing the device of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, a shaft 5, FIG. 1, is surrounded by a lubricant
      chamber 6.
PAR  A deflector element 7 rests on a shaft or bush 5 comprising a rotatable
      member and is associated with an inlet pipe 8 and an outlet pipe 9, each
      of which is in communication with a cooling device 10. FIG. 1 shows that
      the deflector element 7 may be connected by a direct pipe 11 to the
      cooling device 10, in order to discharge air collecting in the space
      between two sealing rings.
PAR  In the embodiment illustrated in FIG. 2, there is disposed in a sealing
      ring carrier 12 a deflector element 13 which is a planar element slightly
      tapered at its bottom, or inner, end and the inner end face of which rests
      on the periphery of the shaft or bush 5. The carrier 12 is also provided
      with a chamber 14 containing a spring 15 the force of which can be
      adjusted by means of a threaded cap 15a and which rests on the deflector
      element 13. The deflector element 13 is provided with a bore 16 which is
      in communication with the pipe 11, FIG. 1, leading to the cooling device
      10 and may be connected to a transverse bore (not shown).
PAR  The carrier 12 is provided with bores 17 and 18 disposed, considered in the
      direction of rotation, respectively in front of and behind the deflector
      element 13. Depending on the direction of rotation of the shaft 5, either
      the bore 17 or the bore 18, which are respectively connected by pipes 8
      and 9 to the cooling device 10, serves as an inlet or an outlet aperture
      for the lubricant.
PAR  In the embodiment shown in FIG. 3 the deflector element is a planar element
      20 which extends obliquely to a radius of the shaft 5 and which is mounted
      in the carrier 12 by means of a pivot 21 carried by a support 22. As
      indicated, depending on the direction of rotation of the shaft 5, the
      planar element 20 may be disposed in the position directed towards the
      right or in the position directed towards the left, as indicated at 20'.
      The planar element 20 is so constructed that on reversal of the direction
      of rotation of the shaft 5 the planar element 20 can swing into a position
      as indicated at 20' for clockwise rotation of the shaft 5. The support 22
      for the deflector element 20 may be provided with a bore 23 for
      discharging air or the like.
PAR  FIG. 4 shows an embodiment which is modified in relation to FIG. 3 in that
      the deflector element has resilient arms 24, 25 having the form of an
      inverted V, each of the arms of which extends at an angle to a radius of
      the shaft 5. The resilient arms 24, 25 are carried by a holder 26, which
      is disposed in a recess 27 in the carrier 12. With this arrangement
      swinging or tipping of the deflector element is not necessary because,
      depending on the direction of rotation of the shaft 5, either the arm 24
      or the arm 25 rests as a deflector element on the periphery of the shaft
      or bush 5.
PAR  It is advantageous for the deflector elements according to the invention to
      be made of a resilient material. As can be seen particularly in FIGS. 3
      and 4, for the purpose of supporting the deflector elements it is possible
      to provide enlarged portions 28 and 29 respectively which locate the
      deflector element in position in the carrier 12. In the embodiments
      illustrated in FIGS. 3 and 4 it is also possible, if necessary, to provide
      springs, not shown, for pressing the deflector element agains the
      periphery of the shaft or bush 5.
PAR  In the deflector element, for example as shown in FIG. 4, it is possible to
      provide channels 24a, 25a formed by one or more apertures, grooves, slots,
      or the like, for part of the flow of lubricant, and the channels may be
      provided on the end of the deflector element which rests on the shaft 5.
PAR  In the embodiment of the invention illustrated in FIG. 5 a deflector
      element 30, which is disposed between and spaced apart from two
      diagrammatically indicated sealing rings 31 and 32, has the general
      cross-sectional shape of a hexagon, the side walls being disposed at a
      distance from the sealing rings 31 and 32. In this figure the path of the
      circulation of the liquid lubricant is indicated by arrows.
PAR  In the embodiment shown in FIG. 6 a deflector element 33 has the general
      cross-sectional shape of a parallelogram, and this figure also shows
      approximately the flow of the lubricant.
PAR  In the embodiment illustrated in FIG. 7, a deflector element 34 has a
      generally circular cross-section. Here again the flow conditions are
      indicated.
PAR  In the embodiment illustrated in FIG. 8 two deflector elements 35 and 36
      are provided which have an approximately triangular cross-sectional shape,
      the flow conditions being indicated approximately in this figure. One side
      of each of the deflector elements 35 and 36 is disposed at a distance from
      the diagrammatically indicated sealing rings 31 and 32.
PAR  In the embodiment shown in FIG. 9 two deflector elements 37 and 38 have in
      each case the general cross-sectional shape of a rectangle, these
      rectangles being disposed at an angle to one another and at an angle to
      the axis of the lubricant chamber. The flow conditions are indicated
      diagrammatically.
PAR  In the embodiment illustrated in FIG. 10 two deflector elements 39 and 40
      have in each case the cross-sectional shape of a semicircle; a different
      curved shape may however also be selected. In these embodiments the
      lubricant driven by the rotation of the shaft 5 is partly dammed and
      partly deflected, whereby the intended accelerated removal of lubricant
      residues and particles of dirt is achieved. The deflector elements may
      taper conically upwards in their cross-section.
PAR  The deflector elements shown in FIGS. 5 to 10 may be supported by their
      supports in the carrier of the sealing rings in the manner shown in FIGS.
      2 to 4.
PAR  In the embodiment illustrated in FIG. 11 a bush 41 is mounted on the shaft
      5, and between the bush 41 and the carrier 12 for the sealing rings an
      annular lubricant chamber 42 is provided. As can be seen from the figure,
      a plurality of deflector elements 43 are distributed around the periphery
      of the bush 41, and these deflector elements may be constructed in
      accordance with any of the embodiments shown in FIGS. 2 to 10. Inlet and
      outlet pipes for the lubricant, leading to a cooling device, may be
      associated with the deflector elements or with some of the deflector
      elements, as can be seen from the diagrammatic illustration in FIG. 1.
PAR  FIG. 12 illustrates in cross-section, and in one view, two sealing rings
      31, 32, mounted on a rotatable member of shaft 5, a stationary deflector
      element such as element 20 having one end resting on the periphery of
      shaft 5, and a means or carrier 12 surrounding the shaft 5, and supporting
      the deflector element 20 between the sealing rings 31, 32.
PAR  The width of the deflector element or elements in a shaft seal is
      conveniently so selected that their end faces extend to a point near the
      sealing rings or, in the case of lip type sealing rings, to a point close
      to the lips of the sealing rings.
PAR  When the shaft 5 rotates in one direction or the other, it or the bush 41
      carries with it a determined amount of liquid lubricant (oil), which is
      deflected by striking against the deflector element or elements and is
      caused to perform a whirling movement, so that part of the lubricant may
      be guided through the bores 17 to 18 and the pipes 8 or 9 to the cooling
      device 10 and thence can flow back through the return pipe 9 or 8 into the
      lubricant chamber 6 between two sealing rings.
PAR  The lengthening of the life of the seal or of the sealing rings is
      dependent, among other factors, on adequate lubrication of the sealing
      lips. Oil residues and foreign bodies deposited under the sealing lips
      impair the functioning of the seals. Increased wear of the sealing rings
      and of the chrome-steel bush or shaft are the consequence. Oil residues
      are the consequence of higher operating temperatures. Particles of dirt
      are the cause of a further rise in temperature.
PAR  It is therefore important that the lubricant should be continuously
      replaced in the region of the sealing rings, so that the residues and
      particles of dirt accumulating under the sealing lips can be removed. This
      problem is solved by the invention. By deflecting and whirling the flow of
      lubricant rotating with the shaft or bush continuous replacement inside
      the seal between the two sealing rings is ensured. This operation takes
      place within a self-enclosed annular chamber.
PAR  Through the arrangement of the deflector element, particularly in the parts
      which lie near a sealing ring, a certain acceleration is brought about in
      the liquid lubricant driven by the shaft or bush, so that precisely in
      these parts the lubricant, for example oil, is removed more quickly and
      thus in these positions a particularly effective cleaning action is
      achieved. This results in excellent lubrication of the sealing rings, so
      that at the parts where the greatest friction occurs these rings are
      cleaned particularly effectively, and because of the removal of the
      particles of dirt and the more intensive cooling of the sealing lips as
      compared with known sealing rings they have a longer life.
PAR  The special advantages of a device according to the invention consist
      particularly in that through the simple association of the deflector
      element with a seal, preferably a stern tube seal, the entire device is
      made relatively simple and ensures effective cleaning of the sealing rings
      and accelerated removal of particles of dirt from the region of the
      sealing lips.
PAR  A device according to the invention provides the additional advantage that
      it can also be installed, without difficulty and without any considerable
      expense, in any existing seal of the kind described in the introduction to
      the specification.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for improving circulation of a liquid lubricant comprising:
PA1  a. a rotatable member;
PA1  b. two axially spaced sealing rings mounted on said rotatable member, said
      rotatable member and said sealing rings forming a chamber in which the
      lubricant flows;
PA1  c. a stationary deflector element having one end resting on the periphery
      of said rotatable member, said one end being positioned between and spaced
      apart from said sealing rings to provide a flow path for lubricant between
      said deflector element and said sealing rings; and
PA1  d. means, surrounding said rotatable member, for carrying said sealing
      rings and for supporting said deflector element between said sealing
      rings.
NUM  2.
PAR  2. A device according to claim 1, wherein the stationary deflector element
      is a planar element.
NUM  3.
PAR  3. A device according to claim 1, wherein the stationary deflector element
      comprises a plurality of separate juxtaposed planar elements.
NUM  4.
PAR  4. A device according to claim 1, wherein the stationary deflector element
      is arranged to form an angle with a radius of the rotatable member.
NUM  5.
PAR  5. A device according to claim 1, wherein the stationary deflector element
      includes a pair of arms in the form of an inverted V, each of the arms
      being arranged to form an angle with a radius of the rotatable member.
NUM  6.
PAR  6. A device according to claim 1, wherein the stationary deflector element
      is provided with channels for the passage of liquid lubricant.
NUM  7.
PAR  7. A device according to claim 1, wherein the channels are formed as
      grooves at the end of the stationary deflector element, contacting the
      rotatable member.
NUM  8.
PAR  8. A device according to claim 1, wherein the stationary deflector element
      is supported for adjustment in the radial direction in relation to the
      rotatable member.
NUM  9.
PAR  9. A device according to claim 1, wherein adjustable spring means is
      provided for urging the stationary deflector element against the periphery
      of the rotatable member.
NUM  10.
PAR  10. A device according to claim 1, wherein the stationary deflector element
      is of generally hexagonal cross-section.
NUM  11.
PAR  11. A device according to claim 1, wherein the stationary deflector element
      has a cross-section generally that of a parallelogram.
NUM  12.
PAR  12. A device according to claim 1, wherein the stationary deflector element
      is of generally circular cross-section.
NUM  13.
PAR  13. A device according to claim 1, wherein the statioary deflector element
      comprises at least two partial elements of triangular cross-section which
      are spaced apart from one another.
NUM  14.
PAR  14. A device according to claim 1, wherein the stationary deflector element
      comprises at least two partial elements of rectangular cross-section which
      are spaced apart from one another and which are disposed at an angle to
      one another.
NUM  15.
PAR  15. A device according to claim 11, wherein the stationary deflector
      element tapers from bottom to top in cross-section.
NUM  16.
PAR  16. A device according to claim 1, wherein the stationary deflector element
      comprises at least two partial elements of generally semicircular
      cross-section which are spaced apart from one another.
NUM  17.
PAR  17. A device according to claim 1, wherein the stationary deflector element
      itself is provided with a passage for connection to a cooling device.
NUM  18.
PAR  18. A device according to claim 1, wherein a plurality of stationary
      deflector elements are so supported as to be distributed around the
      periphery of the rotatable member between the sealing rings.
NUM  19.
PAR  19. A device according to claim 1, wherein the rotatable member comprises a
      shaft.
NUM  20.
PAR  20. A device according to claim 1, wherein the rotatable member comprises a
      shaft and a bush mounted on said shaft, said inner end of said deflector
      element resting on said bush.
NUM  21.
PAR  21. A device according to claim 1, wherein the stationary deflector element
      is of generally oval shape in cross-section.
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ABST
PAL  A universal joint permitting relative angular deflection of two members,
       vided with transverse stiffness augmentation means which minimize
      rotational performance penalties. One member contemplates a receptacle
      adapted to receive in spaced-apart relation therefrom an annular plug
      formed on the other member. A rolling seal is positioned between the
      receptacle and plug. Tabs, segments or rings are placed on the annular
      plug and/or the confronting wall of said one member to increase the
      transverse stiffness under all load conditions, particularly at angle
      orientations of the aforesaid two members.
BSUM
PAR  This invention comprises a transverse stiffness augmentation bearing for a
      universal joint which employs a fluid supported membrane as a deformable
      load-bearing member.
PAC  BACKGROUND OF THE INVENTION
PAR  The type of universal joint employing a fluid bearing with which the
      present invention is adapted to be used is described in LeFebre U.S. Pat.
      No. 3,698,192. Such a universal joint includes two members which are
      connected together in such a way that the relative angular orientation of
      the members with respect to each other can be varied. One of the members
      is provided with a receptacle means adapted to receive in spaced apart
      relation therefrom an annular plug element formed on the other member. A
      fluid supported membrane in the form of an annular tube or bladder filled
      with fluid acts as a rolling seal and is positioned between the periphery
      of the receptacle and the periphery of the plug. This fluid supported
      membrane enables the efficient use of the bearing under circumstances in
      which there is no axial load or in which there is an axial load component
      tending to move the two members apart or push them together. A
      characteristic of this type of universal joint is that a relatively low
      force is required to actuate the joint.
PAR  In the use of the foregoing type of universal joint, particularly when used
      as a load bearing joint and seal interposed between a movable nozzle and a
      fixed nozzle support in reaction motor systems employing movable nozzles
      for directional control, problems arise when changing axial movement to a
      side movement of the whole motor assembly. When the motor is turned, an
      angle orientation is effected which produces a tendency for the assembly
      to move sideways and pinch the bladder, which when repeated often enough,
      will destroy the bladder. This problem does not occur when the force is
      aligned axially.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  According to the invention, this problem is overcome by the use of
      segments, rings or tabs placed in mill slots on the circumference of the
      annular plug, either on the inner diameter and/or outer diameter of the
      annular plug and on the confronting surface, such that they rub on the
      rolling surfaces under all load conditions and maintain substantially
      uniform spacing between the two connected members, thereby preventing
      bladder pinching. The minimum rubbing loads occur at the unloaded or
      ambient conditions. As pressure (load) is increased, the bearings are
      placed in compression due to structural deformation causing increased
      friction and increased torque penalty (friction loss). When the movable
      part on nozzle is vectored, that is not at null, one-half of the tabs,
      segments or rings remains engaged at all times providing the minimum
      stiffness augmentation and minimum torque penalty. At null, corresponding
      to an angle orientation of zero degrees, the total number of tabs, rings
      or segments are engaged and provided maximum torque penalty.
PAR  Among the advantages of the invention are the following: 1. Variable
      stiffness augmentation is possible by varying the number, size and
      location of the tabs, rings or segments which in themselves constitute
      bearings; 2. The rotational torque penalty is minimized at large angles
      where other rotational components are maximum; 3. The device of the
      invention is inexpensive, reliable, and does not interfere with angular
      rotational motion; and 4. The invention does not compromise the design or
      the annulus type of bladder-type fluid bearing and can be added at any
      time it is necessary to increase transverse stiffness at any operating
      condition without reducing angular clearance between the rolling surfaces
      of the fluid supported bearing.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is an axial sectional view of the aft end of a movable nozzle rocket
      motor employing an embodiment of the invention; showing the orientation of
      the components with stiffness augmentation tabs positioned on one side of
      the annulus plug;
PAR  FIG. 2 is an axial sectional view similar to that of FIG. 1 but in a
      deflected position, showing how the stiffness augmentation tabs, segments
      or rings can be located on the other side of the annulus plug; and
PAR  FIG. 3 is a transverse sectional view of that portion of the bearing of
      FIG. 1 along line 3--3 which illustrates the location of the tabs,
      segments or rings of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The movable rocket motor nozzle of FIGS. 1 and 2 is generally described in
      the aforesaid U.S. Pat. No. 3,698,192 and includes a movable nozzle 32
      whose various positions can be adjusted through all quadrants as is known
      in the art by appropriate actuators actuating between the movable nozzle
      and a fixed nozzle support (end closure) 31. The particular method of
      actuating the movable nozzle is not critical with respect to this
      invention and may be any method for producing a relative angular
      deflection of the movable nozzle with respect to the case section,
      involving, by way of example, liquid injection of a fluid into the exhaust
      gas stream to cause a localized pressure gradient within the nozzle or the
      use of jet vanes or various types of hydraulic or mechanical or electrical
      actuators. By appropriate design it is possible to adjust the location of
      the pivot point of the movable nozzle, and as shown in FIG. 1 the pivot
      point P is located at the throat of the nozzle. This location of the pivot
      point substantially reduces the actuating forces required to move the
      nozzle 32 as explained in more detail in said aforesaid U.S. Pat. No.
      3,698,192.
PAR  The end closure shown generally as 31 is provided with an axial opening
      through which the nozzle assembly 32 passes. End closure 31 has an annular
      plug member 34 affixed thereto which is received in an annular recess 36
      formed in the movable nozzle assembly 32. In some previous embodiments,
      the plug and recess walls have had surfaces which were in the form of
      concentric cylinders. Such a structure is satisfactory if the degree of
      angular deflection is small or if the radial distance from the rolling
      seal means to the pivot point is large or if a self-restoring force is
      desired. FIG. 1 illustrates an embodiment in which the surfaces of the
      plug 34 and receptacle 36 are sections of concentric spheres centered at
      the pivot point P. This permits the seal to function with a lower
      actuating force. It should be noted, however, that as the diameter of seal
      increases, the functional difference between a spherical surface and a
      cylindrical surface may become sufficiently minor as not to warrant the
      increased fabrication costs. When spherical surfaces are employed, a
      liquid should be used as the fluid since a relatively constant volume
      within membrane 37 is required to prevent binding of the spherical
      surfaces.
PAR  Annular rolling seal means are provided by convoluted fluid supported
      membrane 37 which forms a rolling seal between the annular plug member 34
      and the walls of elements 38 and 39 which form recess 36. Membrane 37 is
      secured to plug 34 and element 39 by annular clamping plates 40 and 41,
      respectively, which are bolted as by bolt 42 to the structural members as
      shown. It is preferable that at least two diametrically opposite bolt
      holes in member 41 extend completely through member 41 to provide fluid
      communication with the inside of recess 36 to permit the filling of the
      recess with the fluid which is contained therein. After the volume within
      receptacle 36 is filled, the ports would be sealed prior to final
      assembly. To provide adequate thermal insulation for the joint structure,
      a conventional insulating liner 43 is applied to the internal portion of
      the end support structure 31 and insulation of the movable nozzle joint is
      provided by a high temperature resistant grease placed in the volumes 44,
      45 and 46 and maintained therein by means of flexible insulation such as
      graphite or silica cloths 47 and rubber sheets 48 respectively. Annular
      cap 50 is bolted to member 38 and is affixed to nozzle throat forming
      structure 51. It should be noted that insulation 47 and 48 does not act as
      the nozzle joint in the device shown but merely serves to provide a
      physical barrier to the heat generated in the combustion chamber.
PAR  The convoluted membrane 37 is an annular sealing means in the form of a
      fluid-filled bladder which in the space between plug 34 and the walls of
      elements 38 and 39 is convoluted to constitute a rolling seal means. The
      fluid supported membrane 37 acts as a deformable load-bearing member in a
      universal joint. Various fluids including gases, and liquids or
      combinations thereof will fill the volume in the bladder with the recess
      or receptacle 36. In applications where the operating conditions of
      temperature and pressure are precisely known and in which a lightweight
      seal is desirable, it may be preferable to utilize a gas as the fluid. A
      liquid, however, is usually preferred as the fluid since a given mass of a
      liquid has a relatively constant volume over substantial variations in
      temperature and pressure and the use of a liquid results in a substantial
      simplification in the design of the joint. Suitable liquids include water,
      alcohols such as aliphatic alcohols, and glycols, lubricating oils and
      greases of varying viscosities. Basically, almost any fluid can be used
      provided it is relatively stable and relatively nonreactive chemically
      with the other elements of the joint which may contact the fluid. The
      choice of a particular liquid should, of course, be consonant with the
      operating requirements of the device. Water, for example, would be
      suitable for a device which would not be subject to extremes of
      temperature. Low freezing and high boiling liquids such as ethylene glycol
      or various types of oils would be suitable where greater extremes of
      temperature are encountered. In addition, the viscosity of the fluid can
      be a parameter for selection; low viscosity liquids such as water or
      ethanol provide for easier actuation whereas higher viscosity liquids tend
      to provide an oscillation damping effect on the joint which may, in some
      cases, be desirable.
PAR  While the fluid support membrane bladder 37 may enclose the entire volume
      of the recess, the membrane 37 need not completely enclose the fluid. The
      only design requirement is that a sufficient amount of membrane be present
      to confine the fluid and to provide rolling seal means between the plug
      means and the receptacle means at all design extremes of angular
      deflection of the joint.
PAR  In order to maintain a predetermined spacing between the outer surfaces of
      the annulus plug and the surrounding annulus surfaces of the walls 38 and
      39 of the housing, which correspond to the rolling surfaces of the bearing
      between which the bladder is positioned, and without reducing design
      angular clearance to thereby prevent a change in the diameter of the
      bladder seal membrane 37 and consequent destruction thereof due to
      pinching caused by side movement of the plug (as a result of angular
      movement of the movable nozzle) there is provided according to the
      invention a series of spaced tabs 22 on the wall of the plug and a similar
      series of spaced tabs 24 on the adjacent wall of the housing positioned to
      one side of the bladder walls, as seen in FIGS. 1 and 2. The tabs of both
      series are interleaved in the manner shown in FIGS. 1, 2 and 3.
PAR  The tabs may be made of Teflon and constitute transverse stiffness
      elements. They have a flat end which is placed in milled slots on the
      circumference of the annular plug and on the confronting surfaces of walls
      38 and 39, either on the inner diameter and/or outer diameter of the plug
      and the walls of elements 38, 39 as shown in the drawings. The other end
      of the tabs is smoothly rounded to engage a confronting rolling surface
      with a minimum of friction therebetween. Screws 20 shown in the top view
      of FIG. 3 taken along line 3--3 of FIG. 1 or any suitable bonding agent
      affix the flat ends of the Teflon tabs to the peripheries of the rolling
      confronting surfaces of the plug and the walls of elements 38 and 39.
PAR  FIG. 1 shows the two series of interleaving tabs on one side of the annulus
      plug, while FIG. 2 shows the two series on the other side of the annulus
      plug. If desired, the series of tabs may be located on both sides of the
      annulus plug though this is not preferred because of the increase in
      torque penalty (friction loss) as the plug moves relative to its
      surrounding walls. A minimum number of spaced tabs is preferred to reduce
      this friction or rubbing loss.
PAR  The term "tabs" used herein and in the appended claims is deemed to include
      segments or rings for achieving the same results.
PAC  OPERATING CHARACTERISTICS
PAR  The stiffness augmentation desired is related to the geometry and material
      properties of the teflon tabs, segments, or rings as follows:
EQU  .DELTA.Ky = C.sub.1 E A/t
PAL  where
PA1  .DELTA.Ky is the stiffness augmentation
PA1  E is the compressive modulus of elasticity of the Teflon
PA1  A is the compressed area
PA1  t is the thickness of the pad
PA1  C.sub.1 is the circumferential distribution constant which is a function of
      the number and location of the tabs, segments, or rings.
PAR  The rotational torque penalty associated with the bearing is a function of
      the compression of the tabs, segment, or ring. In general, this
      compression is maximum at TECHROLL seal pressure equal to maximum expected
      operating pressure.
PAR  The torque penalty at maximum pressure is as follows:
EQU  .DELTA.T = C.sub.2 .mu..sub.c .sigma..sub.c A R
PAL  where
PA1  .DELTA.T is the increased torque
PA1  C.sub.2 is a moment arm distribution constant
PA1  .mu. is the friction coefficient between Teflon and the rubbing surface
PA1  .sigma..sub.c is the maximum compressive stress in the Teflon
PA1  A is the total area of the Teflon tabs, segments, or rings, in contact
PA1  R is the radius to the bearing from the TECHROLL seal axis of symmetry.
PAR  The tabs of the invention may be employed, by way of example only, in
      apparatus of the type described herein where the pivot point in nozzle
      throat area is employed as the nozzle joint and seal for a rocket motor. A
      rolling seal diaphram with an O.D. of 8.875 inches and a I.D. of 6.125
      inches and formed of rubber reinforced nylon fabric having a total
      thickness of 0.093 inches can be used. The width of each convolute may be
      approximately 0.33 inches. The fluid employed may be a silicone oil. The
      motor may be fired at 555 psi chamber pressure producing about 1,000
      pounds of thrust so as to deflect the nozzle in different directions uo to
      6.degree.. The pressure within the seal during operation could be about
      1075 psi which will be successfully resisted by the membrane.
PAR  The term "tab" as used in the appended claims is deemed to include any
      segment or abutment which limits the amount of movement between
      confronting relatively movable surfaces of a joint.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a universal joint having 2 spaced-apart members to be connected
      together for relative axial and angular movement, an annular plug affixed
      to one of said members, an annular fluid-filled flexible membrane in the
      space between said plug and the other member, means attaching the central
      wall portion of said membrane to said plug, whereby relative movement of
      said plug effects movement of said membrane to provide a fluid bearing
      rolling seal between said plug and the surface of said other member, the
      surfaces of said membrane defining convolute rolling surfaces, and spaced
      tabs affixed to said plug and acting as transverse stiffness augmentation
      bearings for maintaining a minimum distance between said annular plug and
      said other member.
NUM  2.
PAR  2. A universal joint according to claim 1, wherein spaced tabs are also
      affixed to said other member, and the tabs on said plug are interleaved
      with the tabs on said other member.
NUM  3.
PAR  3. A universal joint as defined in claim 1 wherein membrane is formed of
      rubber reinforced nylon with an outer diameter of approximately 8.875
      inches an inner diameter of approximately 6.125 inches and a total
      thickness of 0.093 inches, the fluid within said membrane being silicone
      oil.
NUM  4.
PAR  4. A universal joint having two spaced-apart surfaces defining a recess,
      annular rolling sealing means in the form of a convoluted fluid supported
      membrane between said surfaces and within said recess, and spaced
      interleaved tabs on and between said surfaces constituting transverse
      stiffness augmentation bearings.
NUM  5.
PAR  5. A joint comprising a receptacle formed by two spaced walls defining a
      recess, an annular plug extending between and spaced from said walls, a
      rolling seal in the form of a convoluted fluid supported membrane between
      said annular plug and said walls, means securing said plug to one portion
      of said membrane and said walls to an oppositely located portion of said
      membrane, and tabs affixed to one surface of said plug and an adjoining
      surface of one of said walls, said tabs being spaced apart and interleaved
      to constitute transverse stiffness augmentation bearings.
NUM  6.
PAR  6. In a movable nozzle reaction motor comprising a combustion chamber, a
      nozzle support structure, a movable nozzle assembly, joint means for
      supporting said movable nozzle assembly on said fixed nozzle support
      structure, and means for angularly deflecting the axis of said movable
      nozzle assembly with respect to said reaction motor, the improvement
      wherein said joint means comprises:
PA1  a. An annular plug formed on one of said nozzle support structure and
      movable assembly,
PA1  b. an annular receptacle formed on the other of said fixed nozzle support
      and movable nozzle assembly, said plug being received in said receptacle
      in spaced apart relationship therefrom,
PA1  c. convoluted rolling seal means disposed between said plug and annular
      receptacle and defining a volume therebetween,
PA1  d. a fluid filling said volume, and
PA1  e. spaced tabs affixed to said plug in a circumferential direction to
      maintain a predetermined spacing said plug and said fixed nozzle support.
NUM  7.
PAR  7. A universal joint having two spaced-apart surfaces defining a recess,
      annular rolling sealing means in the form of a convoluted fluid-supported
      membrane between said surfaces and within said recess, and spaced tabs
      between and affixed to at least one of said surfaces constituting
      transverse stiffness augmentation bearings.
NUM  8.
PAR  8. A joint comprising two surfaces spaced from and relatively movable with
      respect to each other, rolling means between said surfaces permitting
      relative angular deflection thereof, and a plurality of spaced tabs
      between said surfaces and affixed to at least one of said surfaces for
      limiting the extend of movement of said surfaces toward each other.
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ABST
PAL  A sealing boundary gasket for compression between flanged portions of two
      mating metal members each of which has two longitudinal flat side portions
      that lie in different planes from each other and end portions that join
      the side portions. A one-piece integrally molded elastomeric gasket is
      provided having two lengthwise strip portions that are generally planar
      and two end strip portions. Each bolt opening is encircled by a flexible
      gasket portion that extends inwardly from the longitudinal portions and is
      readily flexed to a different plane therefrom. Each opening is provided
      with a circular rib which, as seen in cross section, is wedge-shaped; for
      example, its thinnest portion may face the outside of the gasket and its
      thickest portion may face directly to the inside of the gasket.
      Preferably, one side of one surface of the gasket is flat and the other
      one is ribbed. In some form of the invention the end strip portions, as
      molded, are arcuate and match the arc of the arcuate end portions of the
      mating metal members between which they are to lie. The effect is to
      produce a much more exact sealing arrangement which is free from leakage
      of liquids.
PARN
PAR  This is a continuation, of application Ser. No. 402,994, filed Oct. 3, 1973
     .
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a boundary-sealing gasket which seals all around
      the periphery of a space which is generally rectangular in shape but which
      has the peculiarity that its long edges lie along different planes that
      are inclined to each other.
PAR  Such a gasket is encountered in some automobile engines at the valve rocker
      cover or camshaft cover. These valve rocker covers are typically stamped
      members, made to such shapes as are determined by the cylinder head or
      camshaft housing. However, although some valve rocker covers are
      completely flat and planar, others make a turn of as much as 90.degree.,
      which may be around arcuate end portions.
PAR  Heretofore, valve rocker cover gaskets have been made from cork composition
      or cork and rubber compositions that have been molded and skived into
      sheets and then cut out; the sheets are made completely flat or planar and
      of uniform thickness, typically about one-eighth inch thick. Such gaskets
      may be satisfactory for use in a joint with opposing flat faces, but have
      not proved satisfactory where the long edges lie in different planes,
      especially where the bolt openings lie in still different planes. Leakage
      has tended to develop around the bolts, with serious results, since the
      compression load has not held. Further complications have developed where
      there are arcuate end portions. In other words, the problem has been that,
      not being able to adapt exactly to configurations which lie out of a
      single plane, the gasket has tended to allow some leakage of liquids such
      as lubricating oils.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a sealing boundary gasket which is made of
      a flexible, rubber-like elastomer molded in one integral piece to a shape
      corresponding in general to that of the parts between which it is to fit.
      Thus, when there are two longitudinal portions, those longitudinal
      portions are molded to each lie substantially planar, but they also have a
      series of tab-like bolt-encircling portions that can readily be flexed to
      a different plane from that of the longitudinal portions. The longitudinal
      portions are joined together by a pair of end portions which are molded to
      match the configuration of the parts between which they are to serve as a
      gasket; for example, the end portions may have an arcuate configuration
      extending around such a length of arc as the two metal members describe,
      whether that be an arc of 30.degree., 45.degree., 60.degree. or
      90.degree., or something in between. Thus, in the first place, the present
      invention accomplishes an improved sealing arrangement by providing a
      gasket that is initially in the approximate shape which it will have to
      assume eventually, so that it does not need to accommodate and make major
      changes in shape. Also, it can flex around each bolt opening and can
      further compress locally and adapt itself to minor imperfections without
      having to take care of major shape differences.
PAR  A very important feature is that the gasket rings, integral with the
      gasket, which surround each of the several bolt openings can not only
      readily flex to lie in different planes, but also are each provided with a
      circular rib, which as seen in cross section is wedge-shaped. For example,
      it may be thinnest at the point near the longitudinal portion of the
      gasket, the one facing outwardly from the opening, and thickest at the
      inner portion. The shape of the wedge is made to compensate for the
      direction in which the bolts are inserted and provides good sealing around
      the bolts so that the gasket will not permit leakage through the bolt
      openings.
PAR  A further feature of the invention is the provision of ribs on one surface,
      preferably the upper surface of the gasket to improve the sealing against
      a member such as a valve rocker cover which is usually a relatively thin
      stamped member and which may tend to have a somewhat more irregular
      surface than the machined cast cylinder head below it.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a view in perspective of an integral molded gasket embodying the
      principles of the invention.
PAR  FIG. 2 is a view in end elevation of an installation incorporating the
      gasket of FIG. 1.
PAR  FIG. 3 is a greatly enlarged view in section taken along the line 3--3 in
      FIG. 1, at a bolt opening.
PAR  FIG. 4 is a fragmentary top plan view looking down on FIG. 3.
PAR  FIG. 5 is a greatly enlarged view in section taken along the line 5--5.
PAR  FIG. 6 is a view in end elevation of the gasket of FIG. 1.
PAR  FIG. 7 is a view in perspective of an installation, like that in FIG. 2,
      without the gasket in place and in open position.
PAR  FIG. 8 is an enlarged view in section taken along the line 8--8 in FIG. 7.
PAR  FIG. 9 is a further enlarged view of a portion of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A preferred embodiment of the invention for one particular camshaft cover
      installation is shown in FIG. 1 as a gasket 10. The gasket 10 has two
      longitudinal portions 11 and 12 which are flat, each being substantially
      planar, and it has two end portions 13 and 14 which are arcuate and which
      join the portions 11 and 12 together to completely enclose the periphery.
      This gasket 10 is characterized by being molded to this shape, so that it
      has the shape shown before it is to be put into an installation. By
      molding the gasket 10 with arcuate portions 13 and 14 there is no tendency
      for the end portions to have to creep or compress on themselves when
      installed, thereby causing wrinkles which tend to lead toward leakage.
      Instead, the gasket 10 is substantially uniform in its thickness when
      installed as well as before it is installed, and the arcuate members 13
      and 14 being made to the exact arc of the parts between which the gasket
      10 is to fit, can be very accurate. This is a substantial advance in
      itself over prior-art valve rocker cover or camshaft cover gaskets.
PAR  FIG. 2 shows an installation, in which there is a camshaft housing 15 and a
      camshaft cover 16. The two metal parts 15 and 16 thus comprise one cast
      machined part 15, such as a cylinder head, and one stamped metal part 16
      of lighter thickness such as a camshaft cover. The gasket 10 is placed
      between the metal parts 15 and 16, and a series of bolts 17 are then used
      to tighten the assembly together. As shown in FIGS. 1 and 5, the gasket 10
      is preferably made with its lower surface 20 completely flat and with its
      upper surface 21 ribbed as provided by the two peripheral ribs 22 and 23
      which go all the way around the gasket 10, including both longitudinal
      portions 11 and 12 and both arcuate portions 13 and 14. These relatively
      shallow projecting ribs 22,23 provide for exact sealing even where stamped
      member 16 may have some minor imperfections.
PAR  The gasket 10 is also provided with a series of ring gaskets 25 used to
      encircle each of the bolts 17 which is used to tighten the members 15, 10,
      and 16 together. In this instance, there are ten bolts 17, and the gasket
      10 has ten openings 26 that are spaced according to the location of the
      bolts which may or may not be an even spacing. In the instance shown, in
      fact, the spacing is somewhat uneven because that is the structure which
      was best for the installation as a whole. Each of the ring gaskets 25
      surrounding a bolt 17 is in itself a complete gasket around the bolt, but
      it is also integral with a longitudinal portion 11 or 12 of the gasket 10,
      so that a very good sealing arrangement is provided in one integral
      gasket. Yet it is flexible, so that it can flex to a different plane from
      the adjacent longitudinal portion. For example, FIGS. 7-9 show that the
      bolt seats 30 on the cylinder head 15 lie in a different plane from the
      rim 31. Similarly, the camshaft cover 16 has bolt seats 32 that lie in a
      different plane from the rim 33. The flexing of the tab-like ring gaskets
      25 accommodates this structure.
PAR  One feature is of particular significance in connection with these ring
      gaskets 25 which seal around the bolt. It is, of course, very important to
      seal around each bolt 17 because otherwise engine lubricant can leak out
      around the bolt 17. This is counteracted in this instance by the use of a
      rib 27 which is provided around each bolt opening and which is unique in
      that, as seen in cross section (see FIG. 3), it is wedgeshaped having a
      shallow portion 28 at its outer edge, that is the edge facing out from the
      enclosed space and therefore closest to the longitudinal portion 11 or 12
      of the gasket. The wedgeshaped rib 27 reaches its thickest at a portion
      29, where it is closest to the main cavity or closest to the opposite
      longitudinal member 12 or 11. The effect of this is that when the bolts 17
      are tightened, they press the cover 16 down against this rib 27 and seal
      very tightly around the bolts 17 at the place where that is necessary. In
      other words, the bolt shank is completely enclosed, and pressure is
      brought to bear in such a way that the angular insertion of the bolts 17
      (see FIG. 2) is compensated for directly in the gasket 10.
PAR  Thus, it will be seen that the camshaft cover gasket 10 acts to prevent the
      wrinkling around the arcuate ends, because the portions 13 and 14 are
      already arcuate. The gasket 10 acts further to prevent leakage by having
      the integral ribs 22 and 23 which bear against the stamped metal member
      16, which is more apt to be deformed or have defects, and it provides
      wedgeshaped ribs around each bolt opening to insure against leakage at the
      bolts.
PAR  Other forms of the invention are, of course, within the scope of the
      invention and within the scope of the claims so it is not really necessary
      to show other embodiments. There may be other three dimensional shapes
      that are not strictly arcuate or arcs that are larger or smaller, and the
      shape of the gasket may be substantially circular or oval, if that is
      desired with changes in the three-dimensional aspects compensated for by
      direct molding of the gasket. Also, the wedging of the bolt openings may
      be changed to other wedge types of configurations to compensate for a
      different pattern of insertion of the bolts themselves.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sealing boundary gasket for compression between flanged portions of
      two mating metal members each having two longitudinal side portions that
      are flat but lie in different planes and end portions that join said side
      portions, comprising
PA1  a one-piece integrally molded elastomeric configuration of homogeneous
      composition throughout having two lengthwise strip portions that are
      generally planar and two end strip portions,
PA1  said two longitudinal strip portions including, as integral portions
      thereof and of the same homogeneous composition, series of inwardly
      projecting flexible portions for fully encircling bolts and for lying in a
      different plane from their adjacent strip portion and gasketing around
      them, each said flexible portion having a bolt-encircling rib for each
      bolt completely surrounding a bolt opening and being wedge-shaped so that
      each bolt-encircling rib has a highest portion leading smoothly to a
      diametrically opposite lowest portion, so that the load is substantially
      uniform around each bolt-encircling rib.
NUM  2.
PAR  2. The gasket of claim 1 wherein said four strip portions are flat on one
      gasket surface and have a plurality of continuous ribs on the other gasket
      surface.
NUM  3.
PAR  3. The gasket of claim 1 wherein said end strip portions are, as molded,
      arcuate.
NUM  4.
PAR  4. A sealing boundary gasket for compression between flanged portions of
      two mating metal members each having two longitudinal side portions that
      are flat but lie in different planes and end portions that are arcuate and
      join said side portions, comprising
PA1  a one-piece integrally molded elastomeric configuration of uniform
      composition throughout having two lengthwise strip portions that are each
      generally planar and two end strip portions that, as molded, are arcuate
      to match the curve of the arcuate portions of said mating metal members
      between which they are to lie, said four strip portions having one gasket
      surface flat and the other gasket surface being provided with at least one
      continuous rib,
PA1  said two longitudinal strip portions including series of portions integral
      with said strip portions and of the same uniform composition for
      encircling bolts and gasketing around them, said ribbed surface including
      a bolt-encircling rib for each bolt completely surrounding a bolt opening
      and being wedge-shaped so that each bolt-encircling rib is highest where
      it is closest to the opposite longitudinal strip portion and lowest where
      it is farthest therefrom.
NUM  5.
PAR  5. A sealing boundary gasket for compression between flanged portions of
      two mating metal members each having two longitudinal side portions that
      are flat but lie in different planes and end portions that join said side
      portions, comprising
PA1  a one-piece integrally molded elastomeric configuration of homogeneous
      composition throughout having two lengthwise strip portions that are
      generally planar and two end strip portions,
PA1  said two longitudinal strip portions including, as integral portions
      thereof and of the same homogeneous composition, a series of flexible
      portions for fully encircling bolts and gasketing around them, each said
      flexible portion having a bolt-encircling rib for each bolt completely
      surrounding a bolt opening and being wedge-shaped so that each
      bolt-encircling rib has a highest portion leading smoothly to a
      diametrically opposite lowest portion, so that the load is substantially
      uniform around each bolt-encircling rib.
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ABST
PAL  A means for detecting the degree of opening of claws of an electrically
      driven chuck in which the jaws are driven by an electric motor, is
      disclosed which includes a first detecting station having a. cam plate
      secured to the shaft of the motor and a plurality of switch means adapted
      for detecting the revolutions of the cam plate, a second detecting station
      including another a second cam plate fixed to a main power shaft of a
      machine tool in which said chuck is incorporated and another plurality of
      switch means adapted for detecting the revolutions of the another second
      cam plate, and a present counter adapted for emitting a signal
      representing the actual opening degree upon comparing two input signals
      delivered from the respective detecting stations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to numerically controlled machine tools, and
      more particularly to a means for detecting the degree of opening of the
      jaws of an electrically driven chuck on a numerically controlled machine
      tool.
PAR  In recent years, remarkable progress has been made in the automation of
      machine tools, especially in the field of numerically controlled machine
      tools which are controlled in accordance with programs in tapes or other
      input mediums.
PAR  This progress given rise to a requirement to adapt a numerically controlled
      machine tool for the production of different shapes and sizes, each
      article being few in quantity.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a means for detecting the degree of opening
      of the jaws of an electrically driven chuck.
PAR  It is an object of the present invention to provide an electrically driven
      chuck which is capable of being incorporated in the control system in such
      a manner that a desired opening is preset numerically in accordance with
      diameter of the workpiece to be held in the chuck, a signal is delivered
      to a driving unit for opening or closing the chuck, while another signal
      is transmitted from the detector which represents the actual degree of
      opening to be compared with the preset value in the control system, so
      that the signal to the chuck driving unit is stopped when the desired
      opening is detected by the detector.
PAR  The present invention is based on the use of a chuck in which there exists
      a constant ratio between the distance traveled by the jaws, and the
      difference between the revolutions of a chuck driving torque shaft and a
      main power shaft of the machine tool. It is to be appreciated that, owing
      to this feature, the position of the jaws can be detected by counting the
      respective revolutions of these two shafts.
PAR  Due to above features, the present invention provides good reproducibility
      of the position which is essential for the automatic control, and at the
      same time, enable the chuck to be interlocked or to cooperate with
      associated automatically operated parts by utilizing the signal
      representing the actual degree of an opening of the claws.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal sectional view of a portion of a machine tool for
      operating a chuck incorporating a detecting means of the present
      invention.
PAR  FIG. 2 is a schematic block diagram showing the arrangement of the
      detecting means of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Generally, an electrically driven machine tool has the structure wherein a
      motor shaft 25 is supported by shaft bearings 91 of a driving motor 84. A
      chuck 88 is connected to driving motor 84 by torque shaft 86 and speed
      reduction device 85. The chuck 88 is of the type wherein the radial
      position of the jaws 89 can be varied by rotating the torque shaft 86. A
      typical chuck is shown in U.S. Pat. No. 3,499,657. The chuck 88 is also
      connected to main shaft 86 which is rotated by V-belts 90 by another power
      source (not shown). The rotation of main shaft 86 causes the entire chuck
      assembly 88 to rotate.
PAR  As will be explained hereinafter, the present invention is to detect the
      degree of opening of claws by detecting the relative rotation between the
      main shaft, i.e., the location of the outer frame system of the chuck
      device 88, and the motor shaft 25, i.e., the location of the claw 89 of
      chuck device, in the electrically driven chuck.
PAR  Referring to FIG. 1, the sleeve 70 is mounted on a motor shaft 25, and is
      secured thereto by means of stop ring 71 which is adapted to prevent any
      axial movement of the sleeve with respect to the shaft.
PAR  This sleeve 70, and a cam plate 69 are fixed to the motor shaft 25
      concentrically and for rotary motion therewith.
PAR  A carrier plate 29 is fixed to a shield 28 attached to motor 84, which is
      near to the shaft bearing, while the carrier plate 29, in turn, carries a
      first access switch support plate 73 and a second access switch support
      plate 74. These two support plates are arranged in such a manner that
      there is a phase difference angle of 90.degree. therebetween.
PAR  A first access switch 75 and a second access switch 76 are carried by the
      first support plate 73 and the second support plate 74, respectively, and
      are so positioned as to be able to generate signals representing the
      revolution of the shaft 25 as the cam plate 69 rotates to close the
      switches 75, 76. Switches 75,76 and the cam plate 69 form a first
      detecting station. Another cam plate 81 is mounted on a flange 50
      cencentrically with the latter. The flange 50 is rigidly connected to the
      main shaft 86 of the machine tool.
PAR  A third access switch 79 and a fourth access switch 80 are secured to an
      adapter 82 of the chuck driving motor, through respective support plates
      77 and 78, so as to form therebetween a phase differencial angle of
      270.degree. measured in the direction of rotaion of the main shaft 86. The
      adapter 82 is secured to the body of the machine tool. The third and the
      fourth switch, in combination with the cam plate 81, constitute a second
      detecting station. The first and second detecting stations are
      electrically connected to a preset counter 83, as shown in FIG. 2, which
      is capable of discriminating the direction of the rotation of each shaft
      and of calculating the difference between the revolutions of the shafts,
      upon receipt of signals from the first and the second detecting stations.
PAR  The means for detecting the opening degree of the jaws as explained above
      can be used in combination with an electrically drived chuck in which the
      radial adjustment of the chuck jaws is directly proportional to the
      difference of the revolutions between the motor shaft 25 and the main
      shaft 86 of the machine tool.
PAR  In such an electrically driven chuck, the construction is such that the
      motor shaft 25 and the main shaft 86 rotate at the same speed when the
      main shaft 86 is driven. Therefore, there is no differential revolutions
      between the cam plate 69 and the cam plate 81 when the main shaft of the
      machine tool is rotating, and accordingly, there is no radial travel of
      the jaws in the chuck.
PAR  However, when it is required to change the opening degree of the jaws, the
      main shaft 86 is stopped and the motor for driving the chuck is energized
      upon receipt of a signal from a control system, so that the cam plate 69
      is rotated independently of the cam plate 81, in one direction or the
      other, depending on whether the opening of the jaws is to be increased or
      to be decreased.
PAR  As the cam plate 69 rotates to close the first and the second access
      switches 75 and 76, these switches deliver signals to the present counter
      83 which then discriminates the direction of rotation of the cam plate 69
      and counts the revolutions of the cam plate 69. It will be understood that
      the counted revolutions and the direction of rotation of the cam plate 69
      and, also that of the motor shaft, exactly represents the opening degree
      of the jaws because the opening degree is directly proportional to the
      difference between the counted revolutions of the motor shaft 25 and the
      counted revolutions of the main shaft 86, and because the difference is
      equal to the counted revolutions of the motor shaft when the main shaft is
      kept stationary.
PAR  The present counter 83 then compares the delivered signals representing the
      actual position with a preset signal which corresponds to the desired
      opening degree, and delivers a signal to go on with the energization of
      the motor until the value of the detected signal is the same as by the
      present value, i.e., until the jaws are opened or closed to the desired
      position.
PAR  At the time when the preset value is reached by the detected value, the
      output from the preset counter goes to zero and the motor 84 is
      de-energized to hold the jaws at that position.
PAR  It is to be noted that the detection of the position of the jaws can be
      detected, even when the main shaft 25 is merely rotating due to its
      inertia, since the output from the preset counter corresponds to the
      difference of the revolutions between the cam plate 69 and the cam plate
      81, as accurately as is the case where the main shaft is stopped.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a machine tool having a chuck with radially adjustable jaws, a main
      shaft connected to said chuck to rotate same, a torque shaft connected to
      said chuck so as to adjust the radial position of said jaws, a motor
      having an output shaft and operatively connected to said torque shaft to
      cause same to rotate with respect to said chuck to cause the movement of
      said jaws so as to adjust the clamping diameter of the jaws, the improved
      means for detecting the degree of opening of said jaws comprising:
PA1  a. a first detecting means operated by said motor output shaft for
      detecting the number of revolutions and direction of rotation of said
      motor output shaft;
PA1  b. a second detecting means operated by said main shaft for detecting the
      number of revolutions and direction of rotation of said main shaft;
PA1  c. counting means connected to said first and second detecting means to
      compare the difference between the number of revolutions of said motor
      output shaft and said main shaft, with a preset value and generate an
      output signal when said difference is not equal to said preset value; and
PA1  d. means connecting said counting means output signal to said motor such
      that said motor adjusts said chuck jaws whenever said counting means
      generates an output signal.
NUM  2.
PAR  2. The improved detecting means of claim 1 wherein said first detecting
      means comprises:
PA1  a. a cam plate attached to said motor output shaft so as to rotate
      therewith:
PA1  b. a plurality of electrical switch means disposed circumferentially about
      said motor output shaft such that rotation of said cam plate causes said
      switch means to sequentially open and close; and
PA1  c. means electrically connecting said switch means to said counting means.
NUM  3.
PAR  3. The improved detecting means of claim 2 wherein two switch means are
      disposed circumferentially about said motor output shaft, said switch
      means being located 90.degree. apart.
NUM  4.
PAR  4. The improved detecting means of claim 1 wherein said second detecting
      means comprises:
PA1  a. a cam plate attached to said main shaft so as to rotate therewith;
PA1  b. a plurality of electrical switch means disposed circumferentially about
      said main shaft such that rotation of said cam plate causes said switch
      means to sequentially open and close; and
PA1  c. means electrically connecting said switch means to said counting means.
NUM  5.
PAR  5. The improved detecting means of claim 4 wherein two switch means are
      disposed circumferentially about said main shaft, said switch means
      disposed 270.degree. from each other measured in the direction of rotation
      of said main shaft.
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ABST
PAL  A roller skate, of the type of two-rollers, wherein two substantially
      spherical rotary elements are rotatably mounted on a support or chassis
      along its longitudinal axis, to give the feeling of ice skating to users.
BSUM
PAR  The present invention relates to a roller skate, and more particularly to a
      type having only two rollers or rotary elements for each support chassis.
PAR  The roller skates hither to generally marketed and used are all of the
      four-roller type. Although they have been varying designs, all of them are
      provided with two pairs of rollers, each rotatably mounted on a support at
      front and rear portions thereof, each of which rollers is of cylindrical
      configuration of small diameter and width. Due to such configuration,
      number and arrangement of the rollers or the rotary elements, skating
      according to such conventional roller skates might be stable, but it is
      difficult for the skater to sharply turn and do perform intricate
      movements as in ice skating. This means, on the one hand, that a
      relatively vast space is required for enjoying skating with the
      conventional four-roller skates. This limitation possibly constitutes one
      of the problems which have prevented the spread of the roller skating,
      particularly in cities. On the other hand, difficulty or rather
      impossibility of making intricate movements might not have attracted elder
      youths or adults.
PAR  The rotary element for the skates has been made of cast iron or steel, but
      recently a synthetic resin has been used so as to decrease noise. Despite
      that, due to configuration of the narrow width and small diameter cylinder
      and number of the rollers which cause increase of the contact area with
      the skating floor, such noise is still inevitable. This noise problem also
      would have been an obstacle to making roller skating an attractive sport
      like ice skating.
PAR  For similar reasons, there is the problem of vibration transmitted to the
      feet of the skater with the conventional four-roller skates. It might be
      possible and actually has been proposed that such vibration be eliminated
      by interposing an elastically buffering piece between each of the roller
      members and the support, but this would cause further increase of the
      parts to be assembled which requires more labor and raises cost.
PAR  In the conventional four-roller skates, special shoes have often been used,
      each of which is generally attached to the support chassis, for instance,
      by means of screws. There has also been known another type of four-roller
      skates provided with belt means for readily binding ordinary shoes to be
      attached to each of the supports. Due to configuration, number and
      arrangement of the rollers referred to above, when the skater intends to
      make a sharp turn using such skates, a fairly large force is to imparted
      to said binding means, which imparts shock to ankle or other portions of
      the foot where said belt means bind the shoe to the skate and loosens said
      binding, which in turn makes a quick change of the skating direction more
      difficult.
PAR  The object of the present invention is to provide a new type of roller
      skate which overcomes and obviates the difficulties inevitable with the
      conventional four-roller skates as referred to above.
PAR  Another object is to provide roller skate capable of giving to the skater
      feelings similar to ice skating.
PAR  An additional object of the present invention is to provide skates of
      simple construction and consequently easily assembled.
PAR  A further object is to provide skates with which the skater may sharply
      turn and make intricate movements as in ice skating.
PAR  Still another object is to provide skates to which the ordinary shoe may be
      bindingly attached so that the skater may always skate holding perfect
      attachment of the shoe to the skates.
PAR  The above and other objects as well as various advantages to be understood
      by reading through the specification can be attained according to the
      present invention by providing a roller skate which comprises a support
      chassis, two rotary elements each of which is of substantially spherical
      configuration, and means for rotatably mounting each of said rotary
      elements on said support chassis so as to be arranged along its
      longitudinal axis, whereby the rotary elements contact the skating surface
      over a fairly narrow area.
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PAR  The present invention will now be further explained in more detail with
      reference to some embodiments illustrated, as mere examples, in the
      drawings.
PAR  FIG. 1 shows a plan view of a roller skate in accordance with the present
      invention;
PAR  FIG. 2 shows an enlarged partial cross section of the roller skate in FIG.
      1, to show the structure of a rotary element;
PAR  FIG. 3 shows another type rotary element and means for attaching the
      element to the support or chassis for the roller skate as shown in FIG. 1;
PAR  FIG. 4 is an exploded perspective view of another embodiment of the roller
      skate according to the present invention;
PAR  FIG. 5 is a bottom view of the roller skate shown in FIG. 4, to especially
      show size adjusting members therefor;
PAR  FIGS. 6 and 7 show enlarged partial sections of other types of rotary or
      running element, which may be employed for the roller skate shown in FIG.
      4;
PAR  FIG. 8 shows a perspective view of another embodiment of the roller skate
      in accordance with the present invention; and
PAR  FIG. 9 shows a perspective view of a another embodiment of the roller skate
      in accordance with the present invention.
DETD
PAR  In the drawings, FIGS. 1 and 2 show a basic embodiment of the roller skate
      in accordance with the present invention. A roller skate body 10, which
      should be secured to a bottom of shoes expressly provided therefor (not
      shown) by means of suitable attaching means, comprises a support or
      chassis 12, two rotary elements 14 and means 16 for rotatably mounting
      each element 14 on the chassis 12. The chassis 12 which may be made of
      steel or rigid material comprises a front section 121 to which a stopping
      element (not shown), for instance, a rubber block, may be secured by means
      of a suitable securing means, a front rotary element accomodating section
      122 which has a pair of curved descending side walls 122a, a rear rotary
      element accomodating section 123 which has a pair of curved descending
      side walls 123a, and a middle section 124 for integrally connecting the
      two accomodating sections 122 and 123 together. In the chassis, there are
      provided apertures or openings 125 in each of which a bolt (not shown) may
      be inserted and secured with a nut to connect or incorporate the chassis
      to the shoes for exclusive use and to mount the stopping element to the
      front end of the chassis. To decrease the weight of the chassis 12, an
      opening or openings 126 may be formed at suitable portions thereof, for
      instance, central portions of the accomodating sections 122, 123, as long
      as the required strength of the chassis can be maintained. At the
      connecting section 124 which may be made narrower than the other sections
      to decrease the weight of the chassis, an elongated cavity 124a may be
      formed through its whole length to provide strength.
PAR  As shown in FIG. 2, the rotary element 14 has a spherical or semi-spherical
      appearance and comprises a body 141 with a central bore 141a, which is
      made of an elastic and relatively hard material with anti-frictional
      properties and resistance to abrasion, such as a synthetic plastic
      material, for instance, Nylon or EVA (ethylene-vinylacetate copolymer)
      resin, or a synthetic hard rubber, a collar or sleeve 142 inserted in the
      bore 141a and made of a hard material, for instance, Nylon or ABS
      (acrylonitrile-butadienestyrene copolymer) resin, and an oilless bearing
      143 inserted in the sleeve 142 and made of a graphite-containing alloy,
      for instance, consisting of 89% copper, 9.75% tin and 1.25% graphite. Each
      of the elements 14 is rotatably mounted on a bolt 161 which is inserted
      through an opening 122a' formed in the curved wall 122a at a portion near
      the free end thereof and fixedly supported by the curved wall with the aid
      of a nut 162. Between the inner surface of the curved wall 122a and the
      outer end surface of the bearing 143, O-rings 18 as spacers are mounted on
      the bolt 161. The outer curved surface 141b  as running surface of the
      substantially spherical element body 141 makes contact with the skating
      floor over a relatively small area during skating and thus the skating
      resistance of the roller skate according to the present invention is quite
      low, in comparison with the conventional one of four rollers each of which
      is a short cylinder so that the contact area is relatively large. In order
      to reduce the skating resistance, however, an annular ridge (not shown)
      may be formed at the top or center portion of the curved surface 141a.
PAR  FIG. 3 shows another embodiment of the rotary element and means for
      attaching the element to the chassis as shown in FIG. 1. The attaching
      means 16 and O-rings 18 as spacers are the same as those illustrated in
      FIG. 2. The element 14' comprises a body 141' with a central bore 141a'
      and two bearings 143' which are oilless as illustrated and stated above in
      connection with FIG. 2. The body 141' consists of an outer member 141b'
      made of EVA resin or a synthetic rubber and an inner member 141c' which
      combines two cup-like members connectable to each other by means of
      several projections 141c" formed on one of the cup member and of blind
      bores 141c'" formed in the other cup member, said cup members being made
      of a hard synthetic resin, such as ABS, polypropylene or polyethylene
      resin.
PAR  The element 14' may be manufactured in a manner as shown in the following.
      In the first place, two cup members with the bearings are manufactured by
      injection moulding ABS resin at a temperature higher than 250.degree.C.
      The resulting cup members are then combined by inserting the projections
      formed on one of the cup members into the bores formed in the other cup
      member. For the combined cup member, a melted polymer solution for
      synthetic rubber is supplied by injection, by using the combined cup
      member as the insert, and then leaving it for cooling to manufacture the
      element.
PAR  FIG. 4 shows a second embodiment of the roller skate in accordance with the
      present invention, which may be used for skating with ordinary shoes or
      without any shoes. The roller skate generally designated by reference
      numeral 20 comprises a chassis or support 22, band means 24 secured to the
      chassis 22 to put on the roller skate 20, a stopper 26 such as a rubber
      block to be mounted on the chassis 20 at front end, and two roller members
      28 to be secured to the chassis 22. The band means 24 consists of a first
      member with a string 241 and two sheet members 242 connectable to each
      other by the string 241 to support an instep of the foot and a second
      member with a main part 243, a buckle 244, a member 245 for connecting the
      buckle 244 to the main part 243 and a strip 246 having a large number of
      holes 247 and to be secured to the main part 243, to support an ankle. The
      chassis 22 comprises a first section 221 to which the first band member
      and one of the roller members 28 are secured, a second section 222 to
      which the main part 243 of the second band member and the other roller
      member are secured, two U-shaped rods 223, 224 each of which is inserted
      in the first section 221 or second section 222, respectively and
      interposed between the first section 221 or second section 222 and one of
      the roller members 28, and means 225, 226 for stably securing the rods
      223, 224 to the first and second sections 221, 222.
PAR  As evident from FIGS. 4 and 5, the first and second band members are
      secured to the side portion of the first and second sections 221, 222 of
      the chassis 22, respectively, by means of screws 248, 249. The stopper 26
      is secured to the free end of the first section 221, by means of a screw
      261. Each roller member 28 is secured on the bottom side of the first and
      second sections 221, 222, respectively, by means of screws 221a, 222a. In
      the first section 221, one of the U-shaped rod 223 is accomodated, while
      the other U-shaped rod 224 is accomodated in the second section 222. Note
      that, at this constructing step, the roller skate 20 consists of two
      separate members, a front part 201 and a rear part 202.
PAR  Both parts 201 and 202 can be securely connected by using the securing
      means 225, 226, screws 227, 228 and a nut 229, after the space between the
      first and second sections 221, 222 has been slidingly adjusted. The screw
      227 extends through a hole 221b formed in the first section, a space
      defined by the oppositely arranged U-shape rods 223, 224, and a opening
      225a formed in one of the securing means 225 and is secured by the nut
      229. The securing means 225 presses the rod 224 toward the bottom side of
      the first section 221, by means of the screw-nut assembly 227, 229. The
      other securing means 226 is secured to the second section 222 by the
      screws 228, through the rods 223, 224, to press the rods toward the bottom
      side of the second section 222. The roller member 28 will be explained
      hereinafter, with reference to FIG. 6.
PAR  The roller skate 20 shown in FIGS. 4 and 5 has advantages in that no
      special shoes are required to make the enjoyment of skating easy and that
      the size of the roller skate can be changed freely by use of a common
      tool, for instance, a screwdriver to release and tighten the screws 228.
      The first and second sections 221 and 222 as well as the rods 223, 224
      will be manufactured using a metallic rigid material, such as steel, cast
      iron or iron containing alloy, but if its strength allows, a synthetic
      plastic material may be employed, for reinforcing the same, if necessary.
PAR  FIG. 6 shows a roller member 28 which may be employed for the roller skate
      shown in FIGS. 4 and 5. The roller member 28 comprises a cover member 281,
      a rotary or running element 282, and a support 283 to rotatably connect
      the element 282 to the cover member 281. The cover member 281 made of a
      metallic material or a synthetic plastic material with high strength, for
      instance ABS resin, covers the upper portion of the element 282 and has
      two ridged portions 281a which fit into cavities formed in the bottom side
      of the first section 221 or the second section 222 of the chassis 22
      (FIGS. 4 and 5), a threaded hole 281b which is located between the ridges
      281a and accomodates the screw 221a (FIG. 4) to secure the cover member
      281 to the first section, and two threaded holes 281c which face each
      other at portions near the free end of the cover member 281 to accomodate
      the support 283. The support 283 consists of three members of a
      cylindrical lid 283a with an outer thread and inner cavity, a ball 283b
      and a truncated cone-like member 283c with an outer cavity and located in
      a corresponding truncated cone-like cavity 282a formed in the rotary
      element 282. The members 283a, 283b and 283c can be manufactured from a
      metallic material but, if the cover member 281 and the element 282 are
      manufactured from the synthetic plastic material, the members may also be
      made of a synthetic plastic material with a relatively high impact
      strength, such as Nylon resin. The rotary element 282 may be made of a
      hard synthetic or natural rubber, EVA or other synthetic resin, or the
      like.
PAR  FIG. 7 shows a modification of the roller member shown in FIG. 6. The
      roller member 28' shown in FIG. 7 is different from that in FIG. 6 in that
      the lid member 283a shown in FIG. 6 is separated into two members of a lid
      283a' with an outer thread mating with the internal thread of the hole
      281c formed in the cover member 281 and a holding member 283a" with an
      inner cavity, and that a cavity 282a' which corresponds to the cavity 282a
      formed in the rotary element 282 and accomodates the truncated cone-like
      member 283c in FIG. 6 has a stepped portion 282a". Due to the presence of
      the stepped portion 282a", the diameter of the open end area of the cavity
      282a' is made larger than that of the larger end area of the truncated
      cone-like member 283c. This means that, during roller skating, especially
      in turning, the member 283c can somewhat singularly move to make the
      required minimum radius of rotation as short as possible.
PAR  FIGS. 8 and 9 show the third and fourth embodiments of the roller skate
      according to the present invention. The roller skates 30 and 40 may be
      adjusted in size, in accordance with the foot size of the user.
PAR  The roller skate 30 shown in FIG. 8 comprises a band means 32 with two
      parts 321 and 322, a chassis 34, a stopper 36 secured at the front end of
      the chassis 34, and two roller members 38 secured at the bottom side of
      the chassis 34. The chassis 36 is similar to that shown in FIGS. 4 and 5
      but different in that a plate-like member 343 with several threaded holes
      343a arranged along the longitudinal center line of the plate member 343
      is provided in lieu of the U-shape rods 223, 224 to detachably connect a
      first section 341 to a second section 342. Each of the roller members 38
      comprises a cover member 381, a rotary or running element 382 and a means
      383 for rotatably mounting the element 382 to the cover member 381. The
      roller member 38 may have a structure similar to the roller member 28
      (FIG. 6) or 28' (FIG. 7), but the rotary element 382 and the element
      mounting means 383 thereof may be those illustrated and designated by
      reference numerals 14, 16 in FIG. 2 or 14', 16 in FIG. 3.
PAR  The roller members 38, especially cover members thereof are secured to the
      first and second sections 341, 342, respectively, using fastening means
      means 341a, 342a, such as screws. One end of the plate member 343 is
      releasably connected to the second section 342 by means of the fastening
      means 342a. The plate 343 is slidably accomodated in the first section 341
      and can be detachably connected thereto by another fastening means 341b
      which may consist of a screw passing through the first section 341 and one
      of the threaded holes 343a and a nut engagable with the screw. If the
      screw-nut assembly is employed for the fastening means 341b, the holes
      343a must not be threaded but mere drill holes for accommodating the
      screw.
PAR  The roller skate 40 shown in FIG. 9 is substantially that in FIG. 8, except
      that the cover member 381 and plate member 343 as shown in FIG. 8 are
      included in a first section 421 and a second section 422 of a chassis 42.
      In other words, each rotary or running element 44 is mounted on a
      fastening means 46 supported at a descending wall portion 421a or 422a of
      the first or second section 421 or 422. The front portion of the second
      section may slidingly be accomodated in the rear portion of the first
      section 421 and releasably connected by a fastening means 421b which may
      be the same as the fastening means 341b for the embodiment shown in FIG.
      8.
PAR  While the forms or designs of the roller skates described hereinbefore
      constitute preferred embodiments of the invention, it is to be understood
      that the invention is not limited to these precise forms of the device,
      and that changes may be made therein without departing from the scope of
      the invention which is defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A roller skate, comprising a support, two rotary elements each having a
      substantially spherical configuration, means for rotatably mounting each
      of said elements on said support along the longitudinal axis of said
      support, said mounting means comprising a bolt-nut assembly and each of
      said rotary elements having a central through bore, the bolt of said
      bolt-nut assembly extending through said bore to rotatably mount each of
      said elements, each of said rotary elements comprising a substantially
      spherical body formed with said central bore and bearing means inserted in
      said bore, said body comprising a synthetic material and said bearing
      means being comprised of an oilless graphite-containing alloy, said body
      being laminated and having an inner layer comprised of ABS resin and an
      outer layer comprised of rubber means.
NUM  2.
PAR  2. A roller skate claimed in claim 1, including band means for placing on
      the roller skate without use of shoes.
NUM  3.
PAR  3. A roller skate, comprising a support having a descending skirt portion
      formed with apertures; two rotary bodies, each having a substantially
      spherical configuration and having a laminated structure formed with a
      central through bore; bearing means inserted in said bore of said bodies;
      and a bolt-nut assembly for rotatably connecting each of said bodies to
      said support, said bodies being arranged on the underside of said support
      along a longitudinal central axis thereof, by inserting the bolt through
      said apertures formed in said skirt portion of said support and the bore
      formed in each of said body, said body having an inner hollow core member
      made of a ABS resin and an outer rubber member molded on said core member.
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ABST
PAL  Safety ski binding. A safety ski binding is provided by providing a
      longitudinally aligned through opening in the sole of the ski boot
      substantially on the centerline thereof and positioning a rod reciprocably
      therein. Suitable attaching means are mounted on the ski adjacent the toe
      and heel positions of the ski boot. Resilient means normally hold said rod
      entirely or substantially within the boot sole but one end thereof, when
      moved against said resilience, projects from the boot sole and is
      detachably engageable with one of said fittings, such as the heel fitting.
      The other attachment, such as the toe attachment, when the boot is
      connected to the ski, is received into the other end of said toe opening
      to engage the adjacent end of said rod and urge it against said resilience
      to extend the first-mentioned end thereof as above described to enable it
      to engage the first-mentioned attachment. Various modifications of this
      arrangement are also suggested.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a ski binding comprising at least one fitting
      provided on the sole of the boot and one binding part which engages the
      fitting through spring-loaded holding means.
PAC  BACKGROUND OF THE INVENTION
PAR  Such fittings, when not associated with the binding, are always exposed to
      outside influences, like ice, snow, dirt or the like, for example, during
      walking. Further the fittings can be damaged during walking or during a
      fall when the ski boot is released from the ski. When such occurs, it may
      no longer be possible to effect a proper fastening of the ski boot onto
      the ski.
PAC  SUMMARY OF THE INVENTION
PAR  The invention accordingly endeavors to avoid these disadvantages and is
      characterized in that the fitting is arranged on a push rod which is
      supported movably in the ski boot sole against the force of a spring and
      wherein the fitting normally lies in a non-use position within the ski
      boot sole. Thus the fitting, when not in use, no longer projects beyond
      the edge of the ski boot sole and is accordingly substantially protected
      against outside influences, especially the possibilities of damage above
      mentioned.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The subject matter of the invention is illustrated exemplarily in several
      embodiments in the drawings, in which:
PAR  FIG. 1 illustrates a ski boot,
PAR  FIG. 2 illustrates the ski boot with fastening mechanisms on the ski,
PAR  FIG. 3 is a top view of the rear holding means,
PAR  FIG. 4 is a cross-sectional view along the line IV--IV of FIG. 3,
PAR  FIg. 5 illustrates the same cross-sectional view as FIG. 4 with the binding
      parts slightly opened,
PAR  FIG. 6 is a top view of a position during a lateral twisting release, and
PAR  FIG. 7 is a cross-sectional view of a ski boot sole.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in FIGS. 1 and 2, a push rod 17 carries the fitting 5 on one end,
      here the heel end, and is supported reciprocably in a hole 20 in the ski
      boot sole 6. The push rod 17 has at the other end, here the toe end, an
      enlarged head 18 on which a spring 19 is supported and which is guided in
      an enlargement 21 of the hole 20. The spring 19 urges the push rod
      forwardly so that the fitting 5 is retracted into the recess 22 of the
      hole 20. Thus during walking, storing, etc., no parts project from the ski
      boot sole 6 which could be damaged during walking, transporting, storage,
      etc.
PAR  For skiing, the ski boot is moved with the tip against an attachment 24
      with the heel lifted slightly above the ski. The ball-shaped attachment 24
      contacts the enlarged head 18 and moves same, together with the push rod
      17 and the fitting 5, backwardly against the force of the spring 19. This
      movement is limited by the end of the enlarged opening 21 against which
      end the enlarged head 18 abuts. The fitting 5 now projects over the rear
      part of the ski boot sole 6 and the heel can be lowered. The rear binding
      part 25 engages the fitting 5 and thus holds the ski boot on the ski 23.
      The ball-shaped attachment 24 prevents lifting of the ski boot tip and
      permits the rear part of the ski boot to swing upwardly and sidewardly if
      an overload causes the rear binding part 25 to release the fitting 5. As
      soon as the fitting 5 is free from the rear binding part 25, the ski boot
      can move from the attachment 24 and the spring 19 then automatically
      retracts the fitting 5 so that in this construction even after a fall, the
      danger of damage to the fitting is avoided.
PAR  Various suitable known bindings can be used as the rear binding part 25. An
      exemplary construction consists, according to FIGS. 3 to 6, substantially
      of two levers 1, 2 which are loaded by the springs 3, 4 and which with
      their bent ends grip the boot fitting 5 both from the side and from above.
      The springs 3, 4 resiliently hold the levers 1, 2 on two pins 7, 8 which
      are fixed onto the base plate 9. In order to prevent a lifting of the
      entire binding, a disk 10 is secured on the upper end of the pins 7, 8.
      The springs 3, 4 are held in and by the ends of support arms 11, 12 which
      are supported with their other ends on the levers 1, 2. The support arms
      11, 12 are mounted at central portions thereof by the screw 14 and the nut
      13 onto the levers 1, 2.
PAR  The upper release edges of the levers 1, 2 define a trough-shaped
      enlargement 15 in the zone where they grip over the boot fitting 5. When
      the user steps into the binding, the boot is first placed in such a manner
      that the fitting is caused to lie above this trough-shaped enlargement 15
      and then the boot is moved down. This causes the levers 1, 2 to be pressed
      apart, as illustrated in FIG. 5, and the fitting then reaches the holding
      position, as shown in FIGS. 3 and 4. Further, the levers 1, 2 also form a
      receiving means 16 for the ski pole. If the ski pole is introduced into
      this receiving means, the levers 1, 2 can be pressed apart and the fitting
      released from the binding. The user can then easily step out.
PAR  If a twisting fall occurs, the boot sole 6 moves to the side and the levers
      1, 2 are correspondingly displaced. They are supported on the pins 7, 8
      and are pressed apart against the force of the springs 3, 4, as best shown
      in FIG. 6, which illustrates the moment of release. If a force occurs in
      upward direction, for example due to a fall forwardly, then the fitting 5
      is moved upwardly and the two levers 1, 2 are also pressed apart, as shown
      in FIG. 5, which illustrates the moment of the release upwardly. The
      trough-shaped enlargement 15 also helps during the release to assure that
      the fitting is released in that when same has moved upward a given
      distance, it is then actually urged upwardly by the edges of the
      trough-shaped enlargement.
PAR  In the construction of FIG. 7 two fittings 5 are provided which can be
      respectively engaged by binding parts which are mounted on the ski both in
      front of and behind the ski boot sole. Each of the fittings 5 is arranged
      retractably on a push rod 26 positioned at least partially within the
      sleeves 29 which are embedded in the ski boot sole 6. The push rods 26 are
      urged by springs 19 against a cam plate 27 which is supported rotatably
      approximately in the center of the ski boot sole 6. The springs 19 are
      here supported each on an enlarged head 18 of the push rods 26.
PAR  In the illustrated position the two fittings 5 are retracted, so that no
      parts which project beyond the ski boot sole are exposed to any outside
      influences, damage or the like. By shifting the lever 28, the cam plate 27
      is rotated which moves the push rods 26 outwardly against the force of the
      springs 19. The fittings 5 project in this position beyond the ski boot
      sole 6 and can be engaged by appropriate binding means. To limit the
      extension of the fittings 5 from the sleeves 29, the enlarged head 18 of
      each push rod 26 abuts the end of the enlarged bore 21.
PAR  The invention is not limited to the illustrated exemplary embodiments but
      instead further possible embodiments exist which lie within the scope of
      the invention. The fittings may have various suitable shapes and may
      cooperate with correspondingly associated binding parts. For example, it
      is possible to provide in place of a ball-shaped attachment in FIG. 2, a
      conical attachment which also makes possible a swivelling motion about the
      attachment at least up to the point of release by the rear binding part.
      Further, the forward and rearward positioning of the parts shown in FIGS.
      1 and 2 may be reversed, if desired.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed above for illustrative purposes, it will be understood that
      variations or modifications thereof which lie within the scope of the
      appended claims are fully contemplated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a ski binding arrangement having at least one fitting on a ski boot
      sole and one binding part having spring-loaded holding parts mounted on a
      ski and adapted to engage said fitting, the improvement comprising a push
      rod reciprocally mounted in said ski boot sole, said fitting being mounted
      on said push rod, resilient means for resiliently biasing said fitting
      into a retracted non-use position in said ski boot sole when said ski boot
      sole is free of engagement with said ski so that said fitting will not be
      extended from said ski boot sole during a use of the ski boot away from
      said ski, and attachment means mounted on said ski and spaced from said
      binding part for pushing said push rod against the urging of said
      resilient means to push said fitting out from said ski boot sole to a
      position of use when said ski boot sole engages said ski between said
      attachment means and said binding part.
NUM  2.
PAR  2. An improved ski binding according to claim 1, wherein an end of said
      push rod remote from said fitting engages said attachment means secured on
      said ski, said attachment means, when said ski boot sole is in a position
      of use, being at the end of said ski boot sole remote from said binding
      part, said end of said push rod being pushed inwardly of said ski boot
      sole by said attachment means to effect an ejection of said fitting from
      within said ski boot sole.
NUM  3.
PAR  3. An improved ski binding according to claim 1, wherein said attachment
      means is constructed ball-shaped and is received in a recess in said ski
      boot sole to hold one end of said ski boot sole remote from said binding
      part to said ski.
NUM  4.
PAR  4. In a ski binding arrangement having a fitting on each end of a ski boot
      sole and binding parts having spring-loaded holding parts mounted on a ski
      and adapted to engage said fittings, the improvement comprising a push rod
      attached to each fitting and being reciprocally mounted in said ski boot
      sole, resilient means for resiliently biasing each of said fittings into a
      retracted non-use position in said ski boot sole when said ski boot sole
      is free of engagement with said ski so that said fittings will not be
      extended from said ski boot sole during a use of the ski boot away from
      said ski, and a rotatably supported cam plate on said ski boot engaging
      said inner ends of each of said push rods so that a rotation of said cam
      plate will effect a projection of said fittings from said ski boot sole
      against said biasing of said resilient means.
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ABST
PAL  A retaining mechanism for ski bindings with a curved retaining member,
      retaining tightener or the like serving for the retention of the boot,
      which is adapted to be inserted into lateral cross bores of a sole plate
      or a similar part arranged on the ski by means of inwardly directed pin
      portions; the cross bores are provided both with an internal thread for
      receiving pin portions provided with corresponding external threads and
      with bayonet-like grooves for pin portions provided with elements to be
      coupled with the grooves in a bayonet-like manner.
BSUM
PAR  The present invention relates to a retaining mechanism for ski bindings
      with a curved retaining member, retaining tighteners or the like serving
      for the retention of the boot, which is adapted to be inserted into
      lateral cross bores of a sole plate or of a similar part arranged at the
      ski by means of inwardly directed pin portions.
PAR  It is known to connect such curved retaining members or holding tighteners,
      for example, by means of a cable element or spring elements placed about
      the heel, with the ski or with a fitting secured on the ski in that they
      are screwed with their pin-like ends by means of a thread into the cross
      bores of the ski or of the fitting provided with a corresponding thread.
PAR  A bayonet-like connection is also known, in which the pin-like ends of the
      holding tighteners are inserted into the cross bores in a non-use-pivot
      position of the tightener and are locked therein bayonet-like by pivoting
      the tightener into the use position. However, with such constructions one
      is tied to the use of retaining or holding elements which are provided
      either with a corresponding thread or with corresponding elements to be
      locked bayonet-like.
PAR  The present invention is concerned with the task to enable a more universal
      useability of the ski or of the sole plate with arcuate retaining members,
      retaining tighteners or similar holding devices which are constructed
      differently or are to be coupled differently. Accordingly, the present
      invention essentially consists in that the cross bores are provided both
      with a thread for the accommodation of pin portions provided with a
      corresponding counter thread and with bayonet-like grooves for the
      accommodation of pin portions of the arcuate retaining members, retaining
      tighteners or the like provided with corresponding elements to be coupled
      with the grooves in a bayonet-like manner.
DRWD
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a cross-sectional view through a ski or sole plate with a curved
      retaining member according to the present invention, and more particularly
      with a bayonet-like connection in the right half and with a threaded
      connection in the left half;
PAR  FIG. 2 is a partial cross-sectional view, on an enlarged scale,
      illustrating the detail indicated by the circle 2 of FIG. 1, however, with
      the curved retaining member removed for the sake of clarity;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a partial elevational view of the end of a curved retaining
      member for a bayonet-like coupling with the ski or the sole plate; and
PAR  FIG. 5 is a partial elevational view of an end of a curved retaining member
      with a threaded connection.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, an arcuate retaining
      member generally designated by reference numeral 11 is connected with a
      sole plate 10 or with a corresponding part (under certain circumstances,
      with the ski itself). The arcuate retaining member 11 is subdivided into a
      center, preferably flexible U-shaped part 12 and into angularly shaped,
      inwardly bent leg end parts 13a and 13b which are connected with the
      center part 12 by coupling devices, for example, by threaded connections
      14 with sleeve nut or the like.
PAR  The sole plate 10 is provided at both longitudinal sides with cross bores
      15 which, as illustrated in particular in FIGS. 2 and 3, are provided both
      with an internal thread 16 and with grooves 17 and 18 arranged
      bayonet-like. The groove 17 extends in the longitudinal direction of the
      bore 15 whereas the grooves 18 branch off from the longitudinal groove 17
      as ring-shaped cross grooves. In lieu of extending over the entire
      circumference of the circle, the grooves 18 may possibly extend only over
      a part of the circumference of the bore 15.
PAR  In the right half of FIG. 1, the leg end part 13b is bent into a pin-like
      cylindrical end 19 which is constructed with a lateral pin 20 as shown in
      particular in FIG. 4. The pin 20 serves as counter element for the
      bayonet-like grooves 17 and 18. For purposes of coupling the arcuate
      retaining member 11 or the end parts 13b of the arcuate retaining member
      13 with the ski or the sole plate 10, the pin-like cylindrical ends 19
      whose diameter corresponds approximately to the inner diameter of the
      cross bores 16 provided with a thread, are inserted with the pins 20 in
      such a rotational position 20' (FIGS. 3 and 4) that they are aligned with
      the longitudinal grooves 17 and within these grooves can be displaced
      inwardly until they are rotatable in one of the cross grooves 18 and
      assume the position illustrated in FIGS. 1, 3 and 4. It is achieved by the
      position of the longitudinal groove, illustrated in particular in FIG. 3,
      that the arcuate retaining member 11 cannot become disconnected by itself
      when no boot is clamped in.
PAR  The left side of FIG. 1 shows the coupling of an arcuate retaining member
      11 by means of a leg end part 13a whose inwardly bent pin-like end 21 is
      provided with an external thread 22 which is adapted to be screwed-in
      fittingly into the internal thread 16 of the threaded bore 15.
PAR  The advantage of the present invention resides in particular in that by the
      construction of the cross bores both with a thread 16 and with grooves 17
      and 18 arranged bayonet-like, the retaining member 11 can be connected
      with the sole plate 10 or with another part with the use of the leg end
      parts 13a by means of a threaded connection and with the use of the leg
      end parts 13b by means of bayonet connections. The latter type of
      connection is required especially in the ski rental business.
PAR  Preferably, several cross bores 15 are arranged one behind the other in the
      sole plate 10 so that the arcuate retaining member or the corresponding
      holding device can be adjusted in the ski longitudinal direction depending
      on the boot size. Furthermore, as shown in FIG. 2, several circumferential
      cross grooves 18 are provided disposed one behind the other along the
      groove 17 with a predetermined mutual spacing so that a certain
      adjustability is also provided by the existence of these grooves.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A retaining mechanism for ski bindings with a retaining means serving
      for retaining a ski boot, said retaining means being adapted to be
      inserted by means of inwardly directed pin portions into lateral cross
      bores provided on a relatively fixed part, the cross bores being provided
      with a thread for the accommodation of pin portions provided with
      corresponding counter threads and with bayonet-like grooves for the
      accommodation of pin portions provided with corresponding elements to be
      coupled bayonet-like with said grooves, whereby retaining means with pin
      portions having either bayonet-like or threaded ends may alternatively be
      utilized with the same cross bores.
NUM  2.
PAR  2. A retaining mechanism according to claim 1, wherein said fixed part is a
      sole plate.
NUM  3.
PAR  3. A retaining mechanism according to claim 1, wherein said retaining means
      includes a curved center portion, said pin portions being threadedly
      coupled to said center portion.
NUM  4.
PAR  4. A retaining mechanism according to claim 1, wherein said bayonet-like
      grooves include longitudinal and cross grooves, several cross grooves
      being provided in the direction of the longitudinal groove for the
      bayonet-like connection.
NUM  5.
PAR  5. A retaining mechanism according to claim 1, wherein several cross bores
      are provided along the sides of the fixed part which are spaced from each
      other by a predetermined amount, each of said cross bores being provided
      with a thread and with the bayonet-like grooves.
NUM  6.
PAR  6. A retaining mechanism according to claim 5, wherein several cross
      grooves are provided disposed one behind the other in the direction of a
      corresponding longitudinal groove of the respective cross bore.
NUM  7.
PAR  7. A retaining mechanism according to claim 8, wherein said fixed part is a
      sole plate.
NUM  8.
PAR  8. A retaining mechanism according to claim 6, wherein said retaining means
      includes a curved center portion, said pin portion being threadably
      coupled to said center portion.
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ABST
PAL  A safety ski binding wherein the boot is releasably mounted on a sole plate
      which in turn is releasably secured to the ski so as to be released
      therefrom upon the application of forces of predetermined magnitude and
      direction. The sole plate may be mounted on the ski by two pairs of
      mounting elements, one of said mounting elements in each pair being
      carried by said sole plate, the other mounting element in each said pair
      being adapted for mounting on said ski. Said pairs of mounting means may
      be positioned in fixed spaced relation on opposite sides of the
      longitudinal center of said sole plate. One or both of said pairs of
      mounting elements may include a plunger of low profile not projecting
      above the upper surface of the sole plate. One or both of said low profile
      plungers may be positioned below said upper surface of said sole plate.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our co-pending application
      Ser. No. 121,422, filed Mar. 5, 1971, now U.S. Pat. No. 3,838,866.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to ski bindings adapted to permit release
      of the skier from the skis under certain conditions to avoid injury to the
      skier under such conditions. Such bindings must not only serve as a
      release system, but must provide firm communication between the foot of
      the skier and the ski for the displacement of the ski during use. In the
      art, a number of releasable ski binding arrangements are known. However,
      with the known ski binding arrangements, it has proved difficult to
      adequately perform both the force transmission function and the safety
      release function with a single binding, thereby resulting in compromises
      to the detriment of one or the other of these functions. Further,
      installation of the known ski binding arrangements requires the fitting of
      the binding, selected according to the size of the skier, to the ski. This
      has proved a laborious process frequently resulting in error and increased
      cost to the skier and the seller of skiing supplies. By the novel ski
      binding arrangement according to the invention, the foregoing difficulties
      in the prior art have been overcome.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, a safety binding for
      releasably securing a boot to a ski is provided including a sole plate,
      first mounting means on said sole plate for releasably securing said boot
      to said sole plate and second mounting means for releasably securing said
      sole plate to said ski. The first mounting means may be adjustable to
      accommodate boots of a range of sizes while said second mounting means may
      include at least two pairs of mounting elements spaced longitudinally
      along said sole plate and ski on opposite sides of the longitudinal center
      of said plate in a single fixed relation for said range of sizes. The
      second mounting means are adapted for automatically releasing said sole
      plate from said ski on application of forces of predetermined magnitude
      and directions thereto.
PAR  Said second mounting means includes first and second sets of mounting
      elements, at least one element of each set being mounted on each of the
      sole plate and ski, at least one of said mounting elements including a
      plunger means for binding said sets of mounting elements in cooperative
      engagement. Said plunger may have a relatively low profile and may be
      mounted beneath the upper surface of the sole plate. If said plunger means
      is mounted on said ski adjacent said sole plate, at least the portion
      thereof adjacent said sole plate would not project from said ski beyond
      the length of said sole plate. Each of said sets of mounting elements may
      include a plunger means mounted below the surface of said sole plates. On
      the latter embodiment, said two plunger means may be formed integral with
      said sole plate having displaceable plunger portions thereof projecting
      forwardly and rearwardly, respectively, of said sole plate.
PAR  The mounting elements of both of said sets respectively define a socket and
      a plunger shaped to engage the sole plate against the ski and to laterally
      position the sole plate relative to the axis of the ski while permitting
      release of said sole plate from said ski at either set in either the
      upwardly direction relative to said ski, laterally relative to said ski or
      a combination thereof. Said sets of mounting elements are respectively
      positioned forwardly and rearwardly of the lateral centerline of said ski.
      Said plunger means may include means for selectively adjusting the bias
      force thereof.
PAR  Template means may be provided for application to said ski for indicating
      the position of the mounting elements on the ski. A portion of the
      mounting elements on the ski may be mounted integral with the ski during
      the formation thereof.
PAR  The first mounting means may include a rear retaining lever supported on
      said sole plate by cable means for engaging the rear of a user's boot to
      retain the boot against the sole plate. Said rear retaining lever may be
      formed with at least two spaced slots for releasably receiving said cable
      means so as to define two different pivot points for the mounting of said
      retaining lever, whereby, by selection of the slot in which the cable
      means is mounted, different shaped boots can be securely accommodated.
PAR  Accordingly, it is an object of this invention to provide a safety ski
      binding which readily transmits force to ths ski, while releasing the
      skier from the ski when the forces exceed a predetermined amount.
PAR  Another object of the invention is to provide a safety ski binding which
      may be utilized for a wide range of sizes while permitting a single
      positioning of the mounting elements on the ski.
PAR  A further object of the invention is to provide a safety ski binding
      wherein the boot may be mounted on a sole plate, said sole plate being
      adjustable to permit mounting of boots of a wide range of sizes.
PAR  Still another object of the invention is to provide a safety ski binding
      wherein the mounting elements secured to the ski may be mounted on the ski
      integral therewith during the formation of said ski.
PAR  Still another object of the invention is to provide a safety ski binding
      wherein the release mechanism is in the form of a biased plunger mounted
      beneath the sole plate or to the rear thereof.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the constructions hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a side elevational view of a ski boot and ski joined by the
      safety ski binding according to the invention;
PAR  FIG. 2 is an expanded top plan view of the ski of FIG. 1 showing the
      mounting elements of the safety ski binding according to the invention
      mounted thereon;
PAR  FIG. 3 is an expanded bottom plan view of the sole plate of the safety ski
      binding of FIG. 1;
PAR  FIGS. 4 and 5 are expanded sectional views taken along lines 4--4 and 5--5
      of FIG. 1;
PAR  FIG. 6 is a partial sectional view taken along lines 6--6 of FIG. 4.
PAR  FIG. 7 is a partial sectional view taken along lines 7--7 of FIG. 5;
PAR  FIG. 8 is a partial sectional view taken along lines 8--8 of FIG. 3;
PAR  FIG. 9 is a side elevational view of a boot and ski joined by a second
      embodiment of the safety ski binding according to the invention;
PAR  FIG. 10 is an expanded top plan view of the sole plate of the safety ski
      binding of FIG. 9;
PAR  FIGS. 11 and 12 are partial sectional views taken along lines 11--11 and
      12--12 of FIG. 10;
PAR  FIG. 13 is an expanded partial sectional view taken along lines 13--13 of
      FIG. 9;
PAR  FIG. 14 is a side elevational view of a boot and ski joined by a third
      embodiment of the safety ski binding according to the invention;
PAR  FIG. 15 is an expanded sectional view taken along lines 15--15 of FIG. 14;
PAR  FIGS. 16 and 17 are sectional views taken along lines 6--16 and 17--17 of
      FIG. 15;
PAR  FIG. 18 is a sectional view corresponding to FIG. 17 showing an alternate
      embodiment of the safety ski binding according to the invention.
PAR  FIG. 19 is a side elevational view of a boot and ski joined by a fourth
      embodiment of the safety ski binding according to the invention;
PAR  FIGS. 20 and 21 are expanded partial sectional views taken along lines
      20--20 and 21--21 respectively of FIG. 19;
PAR  FIG. 22 is an expanded partial sectional view taken along lines 22--22 of
      FIG. 21;
PAR  FIG. 23 is an expanded top plan view of a plunger housing constructed in
      accordance with an alternative embodiment of the instant invention;
PAR  FIG. 24 is a sectional view taken along line 24--24 of FIG. 23;
PAR  FIG. 25 is a perspective view of an alternative embodiment of the retaining
      lever illustrated in FIG. 5;
PAR  FIG. 26 is a sectional view of an alternative embodiment of the safety ski
      binding according to the invention; and
PAR  FIG. 27 is a sectional view taken along line 27--27 of FIG. 26.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1-8, a first embodiment 10 of the safety ski binding
      according to the invention is depicted joining a ski boot 12 to a ski 14.
      The sole 16 of boot 12 rests on a sole plate 18 more particularly shown in
      FIG. 3. Said sole plate is releasably retained on the boot by front and
      rear boot securing means.
PAR  The rear boot securing means, as shown more particularly in FIGS. 3, 5, 7
      and 8, includes a pivot block 20 mounted by means of screws 22 in a groove
      24 on the bottom surface 26 of sole plate 18. Each end of pivot block 20
      is formed with a threaded aperture 28 therein. An L-shaped pivot arm 30 is
      mounted by means of a threaded end 32 thereof in each of apertures 28. As
      shown in FIG. 8, pivot arms 30 are not completely screwed into threaded
      apertures 28 to permit the pivoting thereof. As shown in FIG. 5, the other
      end 34 of each of said L-shaped pivot arms is also threaded and received
      within a sleeve 36. A cable 38 extends between the two sleeves 36 and is
      received within said sleeves so as to permit the free rotation of said
      sleeves while the ends of said cable are firmly retained within said
      sleeves. In the foregoing arrangement, the length of the loop defined by
      L-shaped pivot arms 30, sleeves 36 and cable 38 may be adjusted by
      rotating the sleeves so as to thread more or less of end 34 of said
      L-shaped pivot arms into said sleeves. As shown in FIG. 7, cable 38 is
      preferably formed of a central core of braided wires 40 having a single
      wire 42 helically wound thereabout.
PAR  Cable 38 passes through an aperture 44 in a retaining lever 46. Said
      retaining lever is pivotable about said cable and is depicted in the
      locked position. In said position, one arm 48 thereof rests against the
      heel of boot sole 16, while the other arm 50 thereof engages against the
      rear of the upper portion of the boot 12. When so positioned, cable 38 is
      kept in tension and the release of the boot requires the application of
      substantial pressure to pivot retaining lever 46 in the clockwise
      direction as viewed in FIG. 7 about a fulcrum defined by the end of arm 48
      of said lever. The retaining lever is put back into place in like manner,
      by resting the end of arm 48 against the heel of boot sole 16 and rotating
      the retaining lever in the counter clockwise direction as viewed in FIG.
      7.
PAR  Referring now to FIG. 25, retaining lever 46" is shown formed with at least
      two elongated slots 44' traversing the width of said retaining lever 46"
      for securing cable 38' in the manner hereinabove discussed. The elongated
      slots permit the retaining lever 46' to be vertically adjusted to better
      conform to the different boots to be secured thereby. Further, the
      distance between the pivot axis defined by the slot receiving the cable
      38' and the fulcrum defined by arm 48 of the lever is adjusted to insure
      that the lever cannot be accidentally displaced to free the boot when used
      with boots of a novelty of shapes. The helical wire 42' wound about
      braided wires 40 has a portion removed in the region of a portion of slots
      44' so that repositioning of the cable in the other slot 44' is readily
      achieved by pulling one end of helical wire 42' free of the slot and
      removing the cable by passing the braided wires 40 through the narrow
      opening in the slot. The cable is inserted by reversing the process.
PAR  The front boot securing means is best shown in FIGS. 3, 4 and 6. A
      longitudinally extending channel 54 is formed on each side of surface 26
      of sole plate 18. Said channels extend from the front end of said sole
      plate to a point spaced therefrom selected to permit the desired number of
      incremental step adjustments as described below. Longitudinally spaced
      apertures 56 extend through said sole plate in the region of said
      channels. The apertures through each channel are in substantial lateral
      alignment. A pair of laterally extending cable retaining members 58 are
      received in channels 54 in registration with a pair of said aligned
      apertures and are retained in position by bolts 60. A cable 62,
      dimensioned to be received about the front portion of sole 16 or toe of
      boot 12, extends between tubular portions 64 of said retaining members.
      Cable 62 is fixed at its ends in retaining member portions 64 and is
      formed from braided strands of wire 66 having a single strand of wire 68
      helically wrapped therearound. The boot is inserted in the front boot
      securing means by slipping the toe of the boot under the loop formed by
      cable 62. The rear boot securing means would be connected in the manner
      described above.
PAR  In order to permit the accommodation of boots over a wide range of sizes,
      retaining members 58 may be positioned in any one of the pairs of aligned
      apertures depending on the size, and therefore the length of said boot.
PAR  Sole plate 18 is mounted to ski 14 by means of front and rear mounting
      elements. The front mounting elements consist of a pair of cam buttons 70
      mounted in side-by-side relation to bottom surface 26 of said sole plate
      by means of bolts 72. The cam buttons are circular and have a camming
      surface 74, best shown in FIG. 4, in the shape of a truncated cone having
      a reentrant incline toward bottom surface 26 of said sole plate.
PAR  Cam button 74 defines a socket which receives a mating cam button 76 which
      is mounted on a support plate 78 by bolt 80, said support plate being in
      turn mounted through template 82 to ski 14 by bolts 84, as shown in FIGS.
      2 and 6. The camming surface 86 of cam button 76 is also in the form of a
      truncated cone defining a reentrant inclined surface which mates with and
      engages against each of camming surfaces 74 of cam button 70 along a
      substantially line contact. The top surface 88 of cam button 76 engages
      against the bottom surface of sole plate 18 and supports said sole plates
      so that a space is defined between the surface of template 82 and cam
      button 74.
PAR  Spaced longitudinally along ski 14 from cam button 76 is plunger means 90,
      as more particularly shown in FIGS. 2 and 7. Said plunger means consists
      of a housing 92 having a pair of flanges 93 projectng on either side
      thereof. Each of said flanges is formed with a pair of apertures
      therethrough to permit securing of said housing to template 82 and ski 14
      by means of bolts 95. Housing 92 is formed with an aperture 94 in one end
      wall thereof and an aperture 96 in the other end wall thereof. Extending
      through aperture 96, which is threaded, is adjusting member 98 formed with
      a knurled knob portion 100 mounted on one end of a correspondingly
      threaded shaft 102 and a plate member 104 mounted on the other end of said
      shaft. A plunger 106 extends through aperture 94, said plunger being
      formed with a plate portion 108 on the inner end thereof. A coil spring
      110 is mounted within the housing between plate portions 108 and 104 to
      bias plunger 106 to the left, as viewed in FIG. 7. The end 112 of plunger
      106 is rounded to define a rounded solid, i.e. a hemisphere. Said end
      rests in a socket 114 formed in a molded socket member 116 mounted to the
      rear edge of sole plate 18 by bolts 118. The rear surface 120 of socket
      member 116 is formed, not only with the depression defining socket 114,
      but with a pair of grooved paths 122 extending laterally from socket 114
      and a grooved path 124 extending downwardly from said socket.
PAR  The above described coupling between sole plate 18 and ski 14 operates as
      follows. The tension on spring 110 is adjusted by rotating adjusting
      member 98 so that a force in excess of a predetermined magnitude on sole
      plate 18 will longitudinally displace plunger 106 to permit the
      disengagement of the sole plate from the ski. The force required to effect
      such disengagement is the force required to displace plunger 106 a
      distance sufficient to permit the end 112 of said plunger to pass from
      socket 114 into one of paths 122 and 124. If the force applied on the sole
      plate is such that the heel moves to the left or right, the entire sole
      plate twists using the camming surface between cam button 70 and 76 as a
      pivot point until plunger 106 is free of socket 114 and one of paths 122.
      If the force on the sole plate is such as to lift said sole plate, the
      plunger rides in path 124 in socket member 116 and, again, the front
      coupling is released by the camming displacement of cam button 76 relative
      to cam buttons 70. With the plunger means 90 mounted to the rear of sole
      plate 18, said plunger is proximate to the natural pivot point of the
      boot-sole plate assembly, namely the extension of the axis defined by the
      lower leg of the skier. The principal purpose of the release feature of
      the safety ski binding according to the invention is the avoidance of
      injury to the bones and joints of the leg of the skier due to excessive
      stress applied thereto. The positioning of plunger means 90 adjacent said
      point of stress, renders said plunger means particularly sensitive to the
      stresses sought to be avoided.
PAR  In this embodiment, the boot and sole plate are supported on template 82
      and ski 14 by cam button 76, which engages bottom surface 26 of said sole
      plate, and by socket member 116 which rests on said template. The top
      surface of said cam button and the bottom surface of said socket member
      would be designed to minimize frictional resistance during release.
PAR  Template 82 serves to position the mounting elements defined by plunger
      means 90 and cam button 76 on ski 14. Said template would preferably be
      predrilled with suitable apertures whereby the positioning of said
      template on the ski will automatically position said mounting elements on
      said ski. If desired, template 82 may be dispensed with, a master or other
      template merely being utilized to mark the suitable locations for
      apertures to be drilled in ski 14 for the positioning of said mounting
      elements thereon. One advantage of the arrangement according to the
      invention is that the spacing between plunger means 90 and cam button 76
      may be maintained fixed over a wide range of boot sizes. Thus, for
      example, a single binding 10 may accommodate boots of men's sizes ranging
      from 8 to 13. An even wider range may be utilized if desired, but it is
      preferable to have a second binding configuration sized to accommodate
      sizes 5 to 8. Thus, a single binding configuration positioned in a single
      location on the ski can accommodate a wide range of sizes, with the ski
      mounting technique being uniform over said range of sizes.
PAR  A second embodiment of the arrangement according to the invention is
      depicted in FIGS. 9-13. Like reference numerals are utilized to identify
      like elements previously discussed in connection with FIGS. 1-8. In the
      embodiment of FIGS. 9-13, boot 12 is mounted on a sole plate 18' by means
      of front and rear boot securing means. The front boot securing means,
      shown more particularly in FIG. 12 is fixed longitudinally relative to
      plate 18' and consists of an upstanding toe member 130 projecting normally
      from the top surface 132 of said sole plate and secured thereto by means
      of bolts 134. A vertically displaceable toe gripper member 136 is mounted
      for vertical displacement relative to toe member 130. The facing surfaces
      of tow member 130 and toe gripper member 136 are provided with mated
      serrations so that, upon the tightening of bolt 138 which extends through
      an aperture 140 in toe gripper member 136 into a threaded bore 142 in tow
      member 130, said toe member and toe gripper member are effectively locked
      in a selected vertical position. Toe gripper member 136 is formed with a
      U-shaped gripper portion 144 which extends around the toe of boot 12 and
      engages against the top surface of sole 16 of said boot to retain said toe
      in place. By selectively adjusting toe gripper member 136 relative to toe
      member 130, the front boot securing means may be adjusted to accommodate
      boots having soles of varying thicknesses.
PAR  While in the embodiment of FIGS. 1-8, the front boot securing means is
      longitudinally variable, in the embodiment of FIGS. 9-13, the rear boot
      securing means is longitudinally variable, as more particularly shown in
      FIGS. 11 and 12. Specifically, in place of a single pivot block, sole
      plate 18'  is formed with a plurality of laterally extending projections
      146 extending from surface 26' thereof. Each of said projections is
      formed, on the opposed sides thereof, with a threaded aperture 148
      corresponding to the threaded apertures 28 in pivot block 20 of the first
      embodiment. L-shaped pivot arms 30 are received within apertures 148, the
      balance of the rear boot securing means being substantially identical to
      the structure of the first embodiment as described above. By selectively
      mounting pivot arms 30 in one of the pairs of apertures 148, the sole
      plate 18' may be adapted to receive boots of a wide range of sizes.
PAR  The mounting means between sole plate 18' and ski 14 of the embodiment of
      FIGS. 9-13 is substantially identical to that of the embodiment of FIGS.
      1-8, except that template 82 is omitted as described above, and cam button
      76 is replaced by a pie-shaped camming member 150 mounted on ski 14 by
      means of bolts 152. Said pie-shaped camming member is formed with a curved
      camming surface 154 defining a segment of the surface of a truncated cone
      and having a reentrant inclined surface which mates with the reentrant
      inclined surface of cam button 70'. The later camming buttons are thicker
      than camming button 70 and serve to provide part of the support for sole
      plate 18' on ski 14. Said sole plate is also supported by socket member
      116, as in the previous embodiment.
PAR  Turning now to FIGS. 14-17, a third embodiment of the safety ski binding
      according to the invention is depicted. By way of example, boot 12 may be
      mounted on a sole plate 18" which is provided with front and rear securing
      means which are longitudinally fixed on said sole plate. However, the
      longitudinally displaceable front sole securing means of the embodiment of
      FIGS. 1-8 or the longitudinally displaceable rear sole securing means of
      the embodiment of FIGS. 9-13, or both said embodiments may be incorporated
      in the embodiment of FIGS. 14-17. Said embodiment differs from the
      previously described embodiments in the mounting means between sole plate
      18" and template 82' and ski 14. While the front coupling means consisting
      of cam buttons 70 and 76 are substantially identical to the previous
      embodiments the plunger means and socket member have been dispensed with
      and replaced by a plunger means 160 and a pair of camming buttons 162.
PAR  Plunger means 160 includes a housing 164 mounted on the bottom surface of
      sole plate 18". Received within said housing and projecting through an
      aperture in an end wall thereof is a tongue shaped plunger 168 having a
      laterally extending portion 170 within said housing. An adjusting means is
      provided consisting of a threaded shaft 172 projecting through an aperture
      174 in the other end wall of said housing, a knurled knob 176 mounted on
      the outer end of shaft 172, and a laterally extending member 178 mounted
      on the inner end of said shaft so that said shaft may freely rotate
      relative to said laterally extending member but carry said laterally
      extending member during the longitudinal displacement of said shaft.
      Aperture 174 in housing 164 is threaded so that the rotation of knurled
      knob 176 results in the longitudinal displacement in said housing of
      laterally extending portion 178 of the adjusting means. A plurality of
      coil springs 180, are shown by way of example, as a biasing means between
      the laterally extending portion of the adjusting means and the laterally
      extending portion 170 of plunger 168. Said springs serve to bias plunger
      168 against cam buttons 162. The outer end of plunger 168 is formed with
      an inclined curved surface 182 which engages along a substantially line
      contact with the camming surfaces 184 of cam buttons 162. As in the
      previous embodiments, camming surfaces 184 are truncated cones defining
      reentrant inclined surfaces. Said camming buttons are secured to template
      82' and ski 14 by bolts 186.
PAR  The plunger means 160 is specifically designed to have a low profile so as
      to fit under sole plate 18" without engaging template 82'. Said sole plate
      is supported by cam buttons 70' and 162. The operation of the embodiment
      of the safety ski binding according to the invention shown in FIGS. 14-17
      is similar to the operation of the previous embodiments except that the
      camming surface 182 of plunger 168 rides upwardly or sidewardly on the
      camming surfaces of cam buttons 162. If desired, plunger means 160 may be
      mounted on ski 14, in which case cam buttons 162 would be mounted on sole
      plate 18".
PAR  The point of contact between camming surface 182 of plunger 168 and cam
      buttons 162 is preferably located in a region defined by an extension of
      the longitudinal axis of the skier's lower leg in the various positions
      assumed by said lower leg. When so positioned, the point of contact is
      precisely at the critical point of stress, as described above, and is
      optimally sensitive to the stresses applied to the legs and ankles of the
      skier. Further, the front coupling defined by cam buttons 70' and 76 is
      preferably positioned at or forward of the ball of the foot of the wearer.
      Experimentation has found that the variation between the ankle line
      relative to the heel or the ball of the foot is relatively slight over a
      range of sizes extending from mens sizes 8-13. Accordingly, a single
      positioning of the mounting means between the sole plate and the ski can
      serve said wide range of sizes while providing nearly optimum performance
      characteristics for each of said sizes. This is particularly true where
      the heel of the boot is fixed and the front boot securing means is
      longitudinally varied as shown in the first embodiment of FIGS. 1-8.
PAR  Turning now to FIG. 18, an alternate embodiment for securing the mounting
      elements to the ski is depicted. In said embodiment, a cam button 190 is
      embedded in the material of ski 14' during the forming processes of said
      ski. Cam button 190 is provided with a peripheral ridge portion 192 which
      coacts with the material of ski 14' to retain said cam button in position.
      This mounting approach, which is also applicable to the housing 92 of
      plunger means 90 of the embodiment of FIGS. 1-8, is particularly usable
      where the ski is formed of a plastic material. This arrangement is
      possible principally because of the fixed spacial relationship between the
      mounting elements on the ski binding according to the invention. Because
      of this fixed spacial relationship, it is economical to secure the
      mounting elements according to the invention in the ski, since the ski
      would still be usable with a wide range of boot sizes.
PAR  FIGS. 19-22 depict a fourth embodiment of the ski binding according to the
      invention wherein like reference numerals have been utilized to identify
      like components in the above-described embodiments. In said fourth
      embodiment, boot 12 is secured to a sole plate 170 by a fixed front boot
      securing means and a displaceable rear boot securing means. Said front
      boot securing means utilizes a cable 62 similar to the cable of the
      embodiment of FIG. 1, but said cable is fixedly secured to sole plate 170
      by end members 172. The front end of sole plate 170 is formed with
      laterally extending wing portions 174 adapted to extend laterally relative
      to the sole 16 of the boot, whereby said end members may be readily
      secured to said sole plate. The rear boot securing means is similar in
      construction to the rear boot securing means depicted in the embodiment of
      FIGS. 9-13. However, the embodiment of FIGS. 19-22 differs in that sole
      plate 170 is formed with a thickened region 176 having a plurality of
      laterally extending apertures 178 therethrough, said apertures being
      spaced longitudinally along said sole plate. A keyway slot 180 is formed
      in the inner surface of said apertures. L-shaped pivot arms 182 are
      provided, similar in construction to L-shaped pivot arms 30 of the
      above-described embodiments, except that end 134 thereof is not threaded,
      but rather, is smooth and provided with a key 186 at the end thereof
      dimensioned to be received in keyway slot 180. The other end of L-shaped
      pivot arm 182 is received within sleeve 36 in the manner described above.
      The bottom surface 188 of sole plate 170 is formed with a pair of outer
      longitudinally extending channels 190 and a pair of inner longitudinally
      extending channels 192 dimensioned to intersect laterally extending
      apertures 178 and to receive key 186 when said key is aligned therewith
      and L-shaped pivot arms 182 are pivoted.
PAR  The foregoing construction permits the quick insertion and removal of pivot
      arms 182, and also permits a lateral size adjustment. Thus, to insert the
      pivot arms, it is necessary merely to align end 184 of said pivot arms so
      that key 186 aligns with keyhole slot 180, slide said pivot arm end into
      an aperture until said key is aligned with one of the channels 190 and 192
      and pivot said L-shaped pivot arm. After pivoting, said pivot arm is
      locked in position. By aligning keys 186 with channels 192, as opposed to
      channels 190, the rear boot securing means can firmly retain a narrower
      boot.
PAR  The boot securing means of the embodiment of FIGS. 19-22 also differs in
      that the retaining lever 46' thereof is formed with a pair of parallel
      slot apertures 194 through the arm 50' thereof. A strap 196 is threaded
      through said slot apertures, extends about boot 12, and is secured at the
      front of said boot by buckle 198. Strap 196 servies to provide an
      affirmative retaining means for retaining lever 46' to prevent the
      inadvertent releasing thereof during skiing. An anti-runaway strap 200 is
      also provided having a first loop 202 at one end through which strap 196
      is threaded and a second loop 204 at the other end thereof through which
      is threaded wire retainer 206. Said wire retainer is received in a pair of
      opposed apertures formed in the side of housing 92' of plunger means 90'.
      Said anti-runaway strap is provided with sufficient slack so as not to
      interfere with the release of sole plate 170 from ski 14. However, upon
      such release, said anti-runaway strap prevents the ski from passing out of
      the reach of the skier.
PAR  Plunger means 90' is in other respects similar in construction to the
      plunger means depicted in FIGS. 1-8 except that the portion of the
      threaded shaft 102' of adjusting member 98' is formed with a series of
      longitudinally spaced index lines 208 which provide a means whereby the
      skier can judge the force required to release the ski binding according to
      the invention.
PAR  Referring now to FIGS. 23 and 24, plunger means 90" is illustrated which
      plunger means is in other respects similar in construction to the plunger
      means depicted in FIGS. 19 through 22 except that the housing 93' is
      formed with a low profile. Specifically, the portion of the housing 93'
      near the plunger and socket means is formed with a height lower than that
      of the sole plate 170' and the socket means 116' disposed on the end of
      said sole plate. The forming of housing 93' with a height lower than the
      sole plate provides a clearance of the boot 12 over the housing 93'
      whereby the plunger 90' can be utilized with any sized boot. The forming
      of housing 93' with a height lower than the sole plate, permits the heel
      of the boot to project rearwardly beyond the rear end of the sole plate
      and overlap the plunger means, an arrangement impossible where the plunger
      means is shaped as depicted in FIGS. 1, 9 and 19. The embodiment of FIGS.
      23 and 24 permits a sole plate having a fixed front securing means as
      depicted in FIG. 19 to accommodate a wider range of boot sizes without
      interfering with the rear plunger means. The low profile is achieved by
      providing a plurality of parallel springs 180', as illustrated in plunger
      means 160 of FIG. 15, in place of the single large spring of FIG. 7.
PAR  Referring now to FIGS. 20-22, it is seen that the top surface 210 of sole
      plate 170 is formed with a series of longitudinally extending ridges 212
      projecting therefrom. Said ridges serve to support the sole 16 of boot 12
      in spaced relation to surface 210 of sole plate 170 so as to permit space
      for the clearance of snow and ice therebetween to insure a firm engagement
      between said boot and said sole plate.
PAR  The embodiment of FIGS. 19-21 also differs in the front coupling between
      sole plate 170 and ski 14 as more particularly shown in FIG. 21. This
      feature of this embodiment is similar in construction to the embodiment of
      FIGS. 9-14 except that buttons 70" are laterally spaced on said sole
      plate, although they cooperatively engage with pie shaped camming member
      150 in the manner described above. Further, instead of resting directly on
      ski 14, buttons 70" rest on a friction plate 214 mounted directly to ski
      14. Such a friction plate would be used when the material of ski 14 was
      not sufficiently strong to bear the frictional displacement of buttons
      70".
PAR  The various features of each of the above-described embodiments of the ski
      binding according to the invention may be applied to other embodiments of
      said ski binding to produce still further embodiments incorporating
      various combinations of features according to the invention. Thus, the
      rear boot securing means of the embodiment of FIGS. 19-21 may be applied
      to any of the embodiments of FIGS. 1-18.
PAR  In each of the above-described embodiments, the coupling means between the
      sole plate and the ski includes two pairs of mounting elements which
      cooperate at contact points. In each of said embodiments, the contact
      point between the front pair of contact elements is positioned under the
      sole plate between the end of said sole plate and the longitudinal center
      line thereof. In the embodiment of FIGS. 1-13 and 19-22, the contact point
      between the rear mounting elements is positioned rearwardly of the sole
      plate and of said sole plate center line. On the other hand, in the
      embodiment of FIGS. 14-17, the contact point between the front mounting
      elements is positioned as described above, while the contact point between
      the rear mounting elements is positioned under the sole plate on the
      opposite side of said center line. The latter construction offers the
      advantage of positioning all of the mounting elements under this sole
      plate so that said mounting elements do not affect the swing weight of the
      ski. In other words, the ski binding of FIGS. 14-17 adds no additional
      weight to the ski outside the perimeter of the ski boot so that the
      balance of the ski may be maintained if the binding is properly mounted on
      said ski.
PAR  Each of the foregoing arrangements incorporates a coupling defined by a
      pair of adjacent cam buttons. Said pair of adjacent cam buttons can be
      replaced by a unitary cam member, if desired, but the base of the socket
      defined in said cam member should be opened to permit the clearance of
      snow therethrough, so as to permit the reapplying of the sole plate to the
      ski after release while on the ski slope.
PAR  Still another embodiment is depicted in FIG. 26, wherein the sole plate
      18"" forms a housing for a double plunger mechanism. Said sole plate is
      defined by a base member 230 and a cover portion 232 (FIG. 27) held to
      said base portion by rivet 234. Base 230 is formed with an internal wall
      236 defining chambers for receiving said double plunger mechanism and for
      limiting the displacement of the respective components thereof. Said
      double plunger mechanism consists of a front plunger 168' and a rear
      plunger 168" projecting forwardly and rearwardly respectively of sole
      plate 18"". The inner ends of plungers 168' and 168" are respectively
      formed with a laterally projecting flange portion 238' and 238" which
      respectively ride in chambers 240' and 240" to limit the traverse of the
      respective plungers.
PAR  The plunger mechanism includes a central turnbuckle 242 which projects into
      and is accessible through an opening 244 in base 230. The turnbuckle is
      formed with a plurality of slots 224 therethrough to permit rotation
      thereof from outside of the sole plate. Threaded into turnbuckle 242 are a
      pair of threaded shafts 246' and 246". At the end of each of said shafts
      is an end plate 248' and 248" respectively. A single front coil spring 250
      is engaged between plate 248' and flange 238' to bias plunger 168' in the
      forwardly direction. A pair of coil springs 252 are compressed between end
      plate 248" and flange 238" to bias plunger 168" in the rearwardly
      direction. The bias force applied to the respective plungers is
      coordinately adjusted through the rotation of turnbuckle 242.
PAR  The sole plate is held on ski 14 by a front socket member 254 and a rear
      socket member 256 shaped to define camming surfaces for cooperation with
      the sculptured tongues defining the outer ends of plungers 168' and 168"
      respectively. The camming surfaces on the respective socket members and
      plungers are shaped to define paths for the separation of the sole plate
      from the ski from either the front or the rear in both lateral directions
      relative to the ski as well as the separation of the sole plate upwardly
      from the ski. At least the rear socket member is provided with a camming
      surface 258 on the upper edge thereof for engagement against the lower
      camming surface of plunger 168" during mounting of the sole plate on the
      ski.
PAR  The sole plate preferably engages against the front socket member 254 to
      prevent displacement during skiing.
PAR  The sole plate is formed with a plurality of bores 262 in the side wall
      thereof corresponding to apertures 148 in the embodiment of FIG. 9 for
      receiving pivot arms such as pivot arms 30 to hold the rear of the boot on
      the sole plate. The pivot arms would be formed with projections, bores 262
      would be formed with keyhole slots, and enlarged regions 264 at the end of
      each bore are provided to receive the projections on pivot arms 30 and to
      permit the pivoting of said pivot arms.
PAR  While in the embodiment depicted, the rear plunger is biased by two
      springs, any combination of springs biasing the front and rear plunger may
      be provided was desired by the design of the specific binding. The cover
      and base of the sole plate may be joined by welding or other appropriate
      means. The sole plate may be formed from plastic material. While the
      embodiment depicted in the drawings provides the socket mounted to the ski
      and the plunger being provided with a tongue for receipt in the socket,
      the socket could be mounted on the plunger, a member provided with a
      projecting tongue being fixedly mounted on the ski.
PAR  It will thus be seen that the objects set forth above, and those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety binding for releasably securing a boot having a sole formed
      with a lower surface to a ski, comprising a sole plate having an upper
      surface substantially defining a plane supporting said boot lower surface;
      means for releasably securing said boot to said sole plate; and first and
      second sets of means for releasably affixing said sole plate to said ski
      positioned respectively forwardly and rearwardly of a line intermediate to
      the ends of and normal to the long axis of said sole plate, said sets of
      means being shaped to permit both relative lateral and relative normal
      displacement of said ski and sole plate at both sets thereof, both of said
      sets of means including cooperative interengaging surfaces defining a
      pocket and a projection into said pocket, one of each of which surfaces is
      positioned on said ski and the other of each of which surfaces is
      positioned on said plate and the surfaces of each of which sets of means
      contact each other along an interface shaped to cause said plate to be
      impelled toward said ski and to laterally position said plate relative to
      said ski in the region of both of said sets of means as said cooperating
      interengaging surfaces of each such set are concurrently impelled toward
      each other; and means for impelling said surfaces in each of said sets
      toward each other concurrently, which impelling means is sufficiently
      yielding to permit said cooperating interengaging surfaces of either of
      said sets of means to become disengaged from each other through relative
      displacement by motion having an axial component and either a lateral
      component, a normal component, or a combination of lateral and normal
      components due to the application of force moments counter-directional to
      the force moments imparted to said cooperating interengaging surfaces by
      said impelling means, said impelling means including at least one plunger
      means displaceable substantially axially relative to said ski and bearing
      at one end thereof one of said interengaging surfaces of the rearwardly of
      said sets of means, at least the portion of said plunger means bearing
      said one interengaging surface and the other interengaging surface of said
      rearwardly set of means being positioned below the plane defined by said
      upper surface of said sole plate, the forwardly of said set of means being
      positioned beneath said sole plate.
NUM  2.
PAR  2. In a safety binding for releasably securing a boot to a ski including a
      sole plate, first mounting means on said sole plate for securing said boot
      to said sole plate, said first mounting means permitting the selective
      release of said sole plate from said boot; and second mounting means on
      said sole plate and ski securing said sole plate to said ski, said second
      mounting means being adapted for automatically releasing said sole plate
      from said ski upon the application of forces of predetermined magnitude
      and direction thereto, the improvement which comprises said first mounting
      means including rear mounting means having cable means, means for securing
      said cable means to said sole plate and lever means for engaging against
      the rear of said boot, said lever means being formed with at least two
      spaced elongated slots for receiving said cable means to define
      alternative pivoting axes for said lever, whereby said lever, by selection
      of the slot in which said cable means is received, may engage and hold the
      rear of boots of different configurations.
NUM  3.
PAR  3. A safety binding for releasably securing a boot having a sole formed
      with a lower surface to a ski comprising a sole plate having an upper
      surface substantially defining a plane supporting said boot lower surface;
      first mounting means on said sole plate for releasably securing said boot
      to said sole plate; and second mounting means for releasably securing said
      sole plate to said ski including longitudinally displaceable plunger means
      mounted on said ski rearwardly of said sole plate; means defining at least
      two cooperative interengaging surfaces defining a pocket and a projection
      into said pocket, one of which surfaces is positioned on the rear end of
      said sole plate and the other of said surfaces is positioned at the end of
      said plunger means facing said sole plate, means for biasing said plunger
      to engage together said interengaging surfaces while permitting
      longitudinal displacement of said plunger to permit separation of said
      pocket and projection upon the application of forces of predetermined
      magnitude and direction to said sole plate, and at least a pair of
      coupling means positioned beneath said sole plate forward of said
      interengaging surfaces, one of each pair of coupling means being mounted
      on each of said sole plate and ski, said coupling means being provided
      with camming surfaces for the relative displacement thereof during release
      of said sole plate from said ski, at least a portion of said plunger means
      bearing an interengaging surface and the other of said interengaging
      surfaces being positioned below the plane defined by said upper surface of
      said sole plate, whereby the rearwardly portion of said boot may project
      rearwardly from said sole plate without interfering with the operation of
      said plunger means.
NUM  4.
PAR  4. A safety binding as recited in claim 3, said first mounting means being
      adjustable to accommodate boots of a range of sizes, said first mounting
      means including rear mounting means having cable means, means for
      releasably securing said cable means to said sole plate at a plurality of
      positions spaced along the axis of said ski and lever means for engaging
      against the rear of said boot, said lever means being formed with at least
      two spaced elongated slots for receiving said cable means to define
      alternative pivoting axes for said lever, whereby said lever, by selection
      of the slot in which said cable means is received, may engage and hold the
      rear of boots of different configurations.
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PAL  A safety ski binding for securing a ski boot to a ski having a medium plane
      extending longitudinally along the center of the ski and perpendicular to
      the ski comprises a toe boot element on the toe of the ski boot, a heel
      boot element on the heel of the ski boot, respective toe and heel ski
      elements secured to the ski at the median plane thereof and lockingly
      engageable with the toe and heel boot elements, and means for urging one
      of ski elements along the plane towards the other ski element. One of the
      toe elements comprises a pair of generally cylindrical and parallel pins
      flanking the median plane and the other one of the heel elements is a
      generally cylindrical body lying substantially perpendicular to the plane
      and formed at the plane with a circumferencial groove and the other heel
      element is a profiled button lying on said plane and engageable in the
      groove. The means for urging comprises a piston displaceable along the ski
      relative to an abutment by a spring braced between the abutment and the
      piston. The toe and heel elements may be carried on a separate sole plate
      releasably secured to the bottom of the ski boot, and the toe ski element
      may be carried on a pivotal support so as to allow the skier readily to
      release the ski boot from the ski. The spring is biased against the heel
      ski element so that when the boot is twisted or the toe of the boot is
      lifted this boot is displaced backwardly against the spring force allowing
      the toe to free itself from the binding. When the heel of the boot is
      lifted the grooved cylindrical body compresses the spring and allows the
      heel to pull free from the heel ski element.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to my copending patent applications Ser. Nos.
      418,822 (U.S. Pat. No. 3,873,110) and 480,202 (U.S. Pat. No. 3,892,421)
      filed on Nov. 26, 1973 and June 17, 1974, respectively.
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a safety ski binding. More particularly
      this invention concerns such a ski binding which automatically releases
      the ski boot of the skier when this boot is twisted relative to the ski or
      tipped on the ski with a force exceeding a predetermined maximum safe
      force.
PAC  BACKGROUND OF THE INVENTION
PAR  A ski binding for securing a ski boot to a ski usually comprises a toe
      holddown and a heel holddown. Typically the toe holddown is constructed to
      pivot to the side and release the front of the skier's boot when this boot
      is twisted with a torsional force exceeding a maximum safe limit. The heel
      holddown, on the contrary, is adapted to release the heel of the skier's
      boot when this heel is lifted up with a force exceeding a predetermined
      maximum force.
PAR  Thus there is associated with each of these holddowns a respective biasing
      means which must be independently adjusted to control its respective
      function. The bindings so made are therefore relatively expensive as they
      are complicated. In addition little protection is provided for a fall
      backward, as the toe clamp is frequently only arranged to release the toe
      of the ski boot when this ski boot is twisted on the ski.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      ski binding.
PAR  Another object of this invention is the provision of such a binding which
      is relatively inexpensive to manufacture.
PAR  Yet another object is to provide a ski binding which releases the ski boot
      from the ski when this boot is twisted on the ski or when either the heel
      or toe of the ski boot is raised from the ski with a force exceeding a
      predetermined maximum safe force.
PAR  A further object is to provide such a ski binding which is of relatively
      simple construction so as to be adaptable to virtually any type of ski
      boot, and which can readily be adjusted.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in a safety
      ski binding for securing a ski boot to a ski having a median plane
      extending longitudinally along the center of the ski and perpendicular to
      the ski. This binding comprises a toe boot element on the toe of the ski
      boot, a heel boot element on the heel of the ski boot, a toe ski element
      secured to the ski at the median plane and lockingly engageable with the
      toe boot element, a heel ski element secured to the ski at the median
      plane and lockingly engageable with the heel boot element, and means for
      urging one of ski elements along the plane towards the other ski element.
      One of the toe elements in accordance with the present invention comprises
      a pair of generally cylindrical parallel pins flanking the median plane
      and the other of the toe elements is a profiled button lying on the plane
      and engageable between the pins. One of the heel elements according to
      this invention is a generally cylindrical body lying substantially
      perpendicular to the plane and formed at the plane with a circumferential
      groove, and the other heel element is a profiled button lying on the plane
      and engageable in the groove.
PAR  Thus in accordance with the present invention a single biasing means is
      provided which controls the release of the ski boot from the ski both when
      this ski boot is twisted relative to the ski about an axis lying generally
      in the ski median plane and perpendicular to the ski, and to release the
      ski boot when it is tipped either forward or backward relative to the ski.
PAR  According to yet another feature of this invention both of the buttons have
      rounded heads formed as bodies of revolution with a common axis lying in
      the ski median plane. Thus if the ski is twisted the rounded heat at the
      toe presses against the two cylindrical pins so as to force that one ski
      element connected to the urging means away from the ski boot and allow
      release of the ski. Similarly upward tipping of the heel will similarly
      tend to displace the ski boot in the median plane and allow this boot to
      be released.
PAR  According to another feature of the present invention a fork pivotal about
      an axis perpendicular to the median plane carries the toe ski element
      itself provided with a catch that holds the fork in a position not pivotal
      about its axis so as to hold the ski boot in place. Release of this catch
      by the skier allows him to free his boot from the ski.
PAR  According to yet another feature of this invention the toe and heel boot
      elements are carried on a sole plate which is releasably attached to the
      ski boot. A cable and toggle catch arrangement allows this sole plate to
      be attached to virtually any type of ski boot so as to allow the ski
      binding according to the present invention to be adapted to various
      different boot styles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages will be more readily
      apparent from the following, reference being made to the accompanying
      drawing in which:
PAR  FIG. 1 is a vertical section taken along the median plane of a ski binding
      according to the present invention;
PAR  FIG. 1A is a large-scale sectional view of a detail of the ski binding of
      the present invention;
PAR  FIG. 2 is a section taken along line II--II of FIG. 1;
PAR  FIG. 3 is a detail view of the toe holddown of the binding shown in FIGS. 1
      and 2, in the release position;
PAR  FIG. 4 is a side view of another arrangement in accordance with this
      invention using a separate sole plate;
PAR  FIG. 5 is a side view of the arrangement shown in FIG. 4 here installed in
      a binding as shown in FIGS. 1-3;
PAR  FIG. 6 is a top view of the sole plate shown in FIGS. 4 and 5;
PAR  FIG. 7 is a cross section taken along line VII--VII of FIG. 6;
PAR  FIG. 8 is a view similar to FIG. 1 of another ski binding according to the
      present invention;
PAR  FIG. 9 is a section taken along line IX--IX of FIG. 8; and
PAR  FIG. 10 is a side view of the binding shown in FIGS. 8 and 9, with the ski
      boot lifted partially free of the ski.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIGS. 1 and 2 a ski 11 having a median plane P is secured to a
      ski boot 3 by a toe holddown 1 and a heel holddown 2. A heel holddown
      button 5 slidable like a piston in a fixed support 18 and urged in the
      direction of plane P and parallel to the ski by a spring 6 bearing against
      an abutment plug 7 screwed into the support cylinder 18. Similarly a toe
      button 4 threaded into a plug 13 axially slidable in a support 21 secured
      to the ski 11 has a radially projecting locking lever 8 displaceable in an
      L-shaped groove 9 having a portion 10 extending perpendicular to the plane
      P and a portion 12 extending parallel to the plane P. FIG. 1 shows how
      with lever 8 in the portion 10 the button 4 is pressed against the front
      of the ski boot 3 whereas when retracted in the section 12 this button 4
      is out of contact with the ski boot.
PAR  The ski boot 3 carries at its toe an anchor block 15 in which are secured a
      pair of identical pins 14 flanking the plane P and between which engages
      the conical point of the button 4. The lower edge of the anchor block 15
      at the front is formed with a camming surface 16 transverse to the plane P
      and inclined upwardly and backwardly away from the toe holddown 1.
PAR  Another anchor block 18' at the heel of the boot 3 is provided with a
      generally cylindrical roller 17 formed with a circumferencial groove 19'
      lying at the plane P so as to give it a generally hyperboloidal shape. The
      end of the button 5 lies in this groove 19' above the transverse axis of
      the roller 17.
PAR  Thus the ski boot 3 is held securely in place on the ski 11 by the front
      button 4 engaging between the pins 14 and the rear button 5 engaging over
      the roller 17.
PAR  When the ski boot 3 is subjected to a twist, with the sole of the boot
      lying in contact with the ski 11, the conical end of the button 4 will
      press against one of the pins 14 and thereby force the boot 3 back against
      the button 5 thereby compressing the spring 6. If sufficient torsional
      force is exerted in either direction the ski boot 3 will be able to move
      back against the force of spring 6 sufficiently to free the pins 14 from
      the button 4 and allow the boot to come away from the ski 11. Similarly if
      the toe of the boot 3 is lifted the camming surface 16 will again drive
      the boot back against the force of spring 6 and, if the lifting force is
      sufficient, will allow the toe of the boot 3 to pull upwardly away from
      the toe holddown 1. If the skier falls forward so as to apply a lifting
      force at the heel of the ski the button 5 will be driven back against the
      spring 6 by the roller 17 and, if the force is sufficient, this roller 17
      will pull free of the button 5 and allow the boot 3 to come away from the
      ski. Thus the setting of the plug 7 determines the breakaway force
      excersisable by the ski boot both in torsion and in lift of either the toe
      or heel.
PAR  The device of FIG. 1-3 can also be used with a sole plate 19 as shown in
      FIGS. 4-7. This plate 19 has at its front end a toe clip 20 formed as a
      fork with a pair of arms 22 adapted to engage over the toe of a ski boot
      3'. This plate 19 is also formed with an anchor region 15' carrying a pair
      of pins 14' identical to the pins 14 of the FIGS. 1-3. At its rear end the
      plate 19 carries a roller 17' identical to the roller 17 of FIGS. 1-3.
PAR  This plate 19 is secured to the boot 3' by means of a toggle-type locking
      arrangement comprising a holddown 24 on which is pivoted a toggle lever 25
      through which is passed a cable 23 attached at its two ends to pins 27
      received in bores 26 in the plate 19. A row of such holes 26 is provided
      along each side of the plate 19 so as to allow the pins 27 to be secured
      in that hole giving the best fit of the block 24 atop of the heel part of
      the sole of the ski boot 3'. To this end the pins 27 are formed with
      circumferencial grooves 28 in which engage leaf springs 29 when these pins
      27 are inserted in the holes 26. Thus it is possible to secure the plate
      19 to a boot of virtually any size and allow it thereafter to be readily
      used with the improved ski binding according to the present invention by
      simply snapping the pins 27 in the proper holes 26.
PAR  The arrangement shown in FIGS. 8-10 has a pair of coaxial buttons 34 and 35
      mounted respectively in the toe and heel of a ski boot 3". These buttons
      may be readily fitted to virtually any type of ski boot, it merely being
      necessary to drill in-line holes in the toe and heel and screw the
      threaded shank of the buttons 34 and 35 into these holes. The toe holddown
      1" here comprises a support 36 pivotal about an axis 37 perpendicular to
      plane P and parallel to the upper surface of the ski 11. A pair of pins 38
      identical to the pins 14 are mounted on this pivotal support 36 and the
      upper lip 39 of this support is formed as an inclined camming surface
      identically shaped to the camming surface 16. A locking dog 40 pivotal on
      the base 33 of the toe holddown 1" about an axis 42 parallel to the axis
      37 has a rear edge 43 which engages the forward edge of the pivotal
      support 36 and prevents this support from moving from the position
      illustrated in FIG. 8. A spring 45 holds the locking dog 40 in the
      illustrated position, but a deflection of this dog 40 down as shown in
      FIG. 10 allows the support 36 to pivot backwardly and release the toe
      button 34.
PAR  The heel button 35 is engaged by a hyperboloidal roller 52 carried on a
      piston 48 slidable in a cylinder 31 carried on a support 46 displaceable
      along a base 47 by means of a screw 51. A threaded plug 50 is screwed into
      the rear end of the cylinder 31 allow adjustment of the spring force at
      the heel holddown 2". This apparatus functions identically to that of
      FIGS. 1-3, with the camming surface 39 taking the place of the camming
      surface 16.
PAR  The ski binding according to the present invention is relatively simple and
      can be produced at extremely low cost. At the same time it can be adjusted
      simply by means of rotating a single screw or plug. The binding will
      release the ski boot when this boot is twisted on the ski when the skier
      falls backward so as to raise the toe, or when the skier falls forward so
      as to raise the heel. Thus a truly efficient safety binding is provided.
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety ski binding for securing a ski boot to a ski having a median
      plane extending along the center of the ski and perpendicular to the ski,
      said binding comprising:
PA1  a toe boot element on the toe of said ski boot;
PA1  a heel boot element on the heel of said ski boot;
PA1  a toe ski element secured to said ski at said median plane and lockingly
      engageable with said toe boot element, one of said toe elements comprising
      a pair of generally cylindrical and parallel pins flanking said median
      plane and the other of said toe elements being a profiled button lying in
      said plane and engageable between said pins;
PA1  means coacting between said toe elements for resisting vertical release of
      the boot from the ski;
PA1  a heel ski element secured to said ski at said median plane, and lockingly
      engageable with said heel boot element, one of said heel elements being a
      generally cylindrical body having an axis lying substantially
      perpendicular to said plane and being formed at said plane with a
      circumferential groove and the other heel element being a profiled button
      lying in said plane and engaging in said groove in force-transmitting
      relationship in said plane along said ski; and
PA1  means for urging one of said ski elements along said plane toward the other
      ski element whereby a biasing force is applied through said boot elements
      to said other ski element.
NUM  2.
PAR  2. The ski binding defined in claim 1 wherein both of said buttons have
      heads formed as bodies of revolution with a common axis in said plane.
NUM  3.
PAR  3. The ski binding defined in claim 2 wherein said means for urging
      includes an abutment fixed on said ski, a piston displaceable along said
      abutment in said plane toward the other ski element and carrying said one
      ski element, and a spring between said piston and said abutment.
NUM  4.
PAR  4. The ski binding defined in claim 3 wherein said heel ski element is
      carried on said piston.
NUM  5.
PAR  5. The ski binding defined in claim 4 wherein said one toe element is
      formed with a camming surface transverse to said plane and inclined
      upwardly from said ski toward the other toe element, whereby lifting of
      the toe of said boot forces said other toe element up against said camming
      surfaces and drives said boot back against said heel ski element.
NUM  6.
PAR  6. The ski binding defined in claim 5, further comprising a fork pivotal
      about an axis perpendicular to said plane and carrying said toe ski
      element, and catch means for holding said fork in a position nonpivotal
      about its axis.
NUM  7.
PAR  7. The ski binding defined in claim 6 wherein said toe ski element
      comprises said pair of pins.
NUM  8.
PAR  8. The ski binding defined in claim 4, further comprising a sole plate
      carrying said heel and toe boot elements, and means for securing said
      plate to the underside of said ski boot.
NUM  9.
PAR  9. The ski binding defined in claim 8 wherein said means for securing
      includes a flexible cable having both ends attached to said plate and a
      toggle catch engaging said cable intermediate said ends and lockingly
      engageable over said boot.
NUM  10.
PAR  10. The ski binding defined in claim 4, further comprising means for
      displacing said toe ski element between a first position pressing against
      said to boot element and forcing said heel boot element against said heel
      ski element and a second position spaced from said toe boot element and
      for locking said toe ski element alternately in either of said positions.
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ABST
PAL  A safety ski binding with a rigid base plate arranged between the ski boot
      and the ski. The ski boot is detachably fastened by hand to the base
      plate. The base plate is permanently connected with the ski by means of
      two steel cables which are anchored inside of the base plate by springs so
      as to yield elastically in case of a fall of the skier.
BSUM
PAR  The present invention relates to a safety ski binding which automatically
      interrupts the firm connection between the skier's leg and the ski when
      excessive holding forces are generated typically during a fall.
PAR  Safety ski bindings are known which comprise a base plate between the ski
      and the ski boot. These are the so-called plate bindings. The ski boot is
      fastened in such manner to the base plate that it can only be released
      intentionally by the skier. To connect the base plate with the ski, for
      instance, two locking means or catch devices are provided sunk in the base
      plate. They each comprise a catch element such as a ball or roll
      cooperating with a socket member at a holder means on the ski associated
      with the respective catch device. When the holding force effective between
      the ski and the ski boot surpasses a certain threshold value which can be
      fixed either by adjustment or by design of the catch device, the catch
      element will be released from the socket member so that the ski boot
      together with the base plate will be completely freed from the ski.
PAR  The safety ski binding described permits very good accuracy in keeping the
      threshold values of the holding force under the various operating
      conditions, which values are decisive for the different typical types of
      falls (head-on fall, twist fall) and should be set in each individual case
      in accordance with the load that might cause bone fracture of the
      respective skier. Yet this is possible only at the price of a very
      complicated structural design and only with very accurate manufacture of
      the two catch devices and also of the associated holder means. In
      addition, a suspension means or catching string is needed to keep a loose
      connection between the ski boot and the ski released upon actuation of the
      binding so that the ski will not be lost. Furthermore, the catch devices
      require special measures so that the skier can reset the safety ski
      binding lock again as easily as possible after an automatic release.
PAR  Finally, there is the problem of variation of the spacing between the front
      and rear holder means on the ski in dependence on the respective
      deflection of the same under load. Due to this circumstance the release
      characteristics of the binding depend to a certain extent on the
      instantaneous dynamic loads on the ski during skiing. Here, too, remedial
      measures are feasible by a suitable, yet more expensive design of the
      safety ski binding, especially by locating the automatic release between
      the base plate and the ski boot and instead designing the base plate such
      that it is to be fastened releasably by hand at the ski. This, however,
      requires a specifically adapted ski boot so that the usual ski boots
      cannot be used.
PAR  It is an object of the present invention to provide a safety ski binding of
      simple design, which, although being inexpensive to manufacture, provides
      a sufficient degree of safety to the average skier.
PAR  IT IS ALSO AN OBJECT OF THE INVENTION TO PROVIDE A SAFETY SKI BINDING WHICH
      IS EASY TO HANDLE.
PAR  It is another object of the invention to provide a safety ski binding which
      can be used with ordinary ski boots.
PAR  These and other objects which will become apparent from the description
      below are met by the invention in that it provides a safety ski binding,
      comprising a rigid base plate arranged between the sole of the ski boot
      and the ski for detachable fastening by hand of the ski boot, said base
      plate including two release devices which establish an automatically
      releasable connection between the base plate and the ski, the automatic
      release being effected upon occurrence of an excessive holding force, each
      of said release devices being provided with a cable means anchored at the
      base plate by at least one spring means so as to yield elastically and
      fixed to the ski by a free section passed out of said base plate.
PAR  The novel safety ski binding is based on the conception of completely
      dispensing with catch means and the respective total liberation of the ski
      as certain holding forces are surpassed and instead providing an
      elastically yielding connection between the ski boot, or rather the base
      plate fastened to the ski boot, and the ski, a connection which will
      always remain intact, even upon falls. It was discovered that a safety ski
      binding operating according to this principle, on the one hand, affords
      sufficient protection for the average skier against the risk of bone
      fracture and, on the other hand, satisfies the demands by average skiers
      as to the running behavior of a binding, in particular the rigidity of the
      connection between the ski boot and the ski.
PAR  With the safety ski binding according to the invention the permanent
      elastically yielding connection between the base plate and the ski is
      effected in the simplest manner by two cables anchored for elastic
      yielding in the base plate. This provides a very simple structure not
      requiring any particular manufacturing precision and thus being
      inexpensive. The bias imparted to the cables by a spring or springs
      associated with each of them in unreleased condition of the binding
      determines the threshold value of the holding force, upon the surpassing
      of which the base plate begins to come loose from the ski because part of
      the cable of at least one of the two release devices is pulled out against
      the force of the supporting spring or springs. This length of cable is
      sufficient to reduce the dangerous leverage of the ski on the skier's leg
      to such an extent that bone fracture is avoided. The action of the safety
      ski binding is adapted in a known manner to the different types of falls
      by respective selection of the spring rate for the front and rear release
      devices. It is a particular advantage of the safety ski binding according
      to the invention that no special measures are needed to reestablish the
      connection between the ski boot and the ski after a fall. Rather, when the
      holding force diminishes, the ski is automatically pulled back by the
      cables into the proper position at the base plate which is fixed to the
      ski boot. This requires no particular cooperation by the skier. Even false
      releases caused by brief dynamic overloads can no longer occur. Instead,
      such overloads are automatically accomodated elastically. It is another
      advantage of the safety ski binding according to the invention that its
      release characteristics are practically independent of the respective
      operating conditions, especially temperature and the influences of snow
      and water. Also, deflections of the ski during skiing have no noticeable
      influence on the release behavior. Any ordinary ski boot may be used with
      the novel safety ski binding. The fastening by hand to the base plate of
      the safety ski binding is done in the usual manner, for instance, by means
      of a hook engaging over the front edge of the sole of the ski boot and a
      closure strap for engagement with the heel.
PAR  A greater length of cable can be drawn out of the release devices and thus
      a greater degree of freedom obtained between the ski and base plate or ski
      boot in case of a fall by use of a tackle-type arrangement utilizing a
      movable guide roller for the cable. If the cable of only one release
      device is guided in such manner, it is preferable to choose the front one.
      It is there that, with a twist fall, a greater length of cable is needed
      more than with the rear release device which mainly becomes effective with
      head-on falls.
PAR  The preferred embodiment of the novel safety ski binding comprises a base
      plate in the form of two dish-shaped halves or shell halves. The two
      halves are moldable from plastic material in a very uncomplicated process
      step and may simply be joined by screws after having been provided with
      the respective springs and rollers to present the two release devices. The
      shell construction or semi-monocoque construction still provides a stable
      base plate. The fixing of the cables at the ski is best effected by two
      holder means disposed on the ski in front of and behind the base plate and
      preferably also made from plastics. By these overall measures a very
      inexpensive and light-weight safety ski binding is obtained.
DRWD
PAR  In order that the invention may be clearly understood and readily carried
      into effect an embodiment thereof will now be described by way of example
      with reference to the accompanying drawing, in which:
PAR  FIG. 1 is a partly sectional side elevation of a safety ski binding
      according to the invention;
PAR  FIG. 2 is a partly sectional plan view of the safety ski binding shown in
      FIG. 1;
PAR  FIG. 3 is a sectional view taken along lines 3--3 of FIG. 2.
DETD
PAR  With reference to the drawings, the safety ski binding according to the
      invention is shown in normal condition, i.e. unreleased and mounted on a
      ski 1. The safety ski binding comprises a rigid base plate 2 and a front
      and rear retaining means or holder 3 and 4, respectively. The two holders,
      preferably made from polyamide, are secured to the ski 1 by screws 5 at
      such spacing that there is just enough room between them for the length of
      the base plate 2. The two holders 3 and 4 each include an integral support
      face 7 and 8 on which the base plate 2 rests in normal condition, leaving
      a slight clearance between it and the surface of the ski 1. In the
      direction of the width of the ski the front holder 3 is curved about a
      center of curvature located in the area of the heel of the base plate 2 or
      rather of the boot placed on the base plate, and it has a guide face 9
      formed in accordance with this curvature, facing the base plate 2, and
      rising at an inclination rearwardly away from the ski 1. The base plate 2
      has a front face 11 formed complementary to the guide face 9 and abutting
      the same under normal conditions so as to prevent any lifting of the base
      plate 2 from the holder 3.
PAR  A ski boot (not shown) can be fastened releasably by hand on the base plate
      2. To this end the base plate 2 is provided at its front end with a
      conventional hook 13 which extends across the full width of the base plate
      and is adapted to the curvature of the front face 11 of the base plate 2.
      The hook 13 is adapted to engage over the front edge of the sole of the
      ski boot. The base plate 2 is provided at its rear end with a closure
      strap 14 shown only diagrammatically and operable in the usual manner by
      hand. When closed, the strap 14 holds the ski boot against the base plate
      2 in the area of the heel and presses it under the hook 13 at the front
      end.
PAR  Two release devices 15 and 16 are inserted or sunk in the base plate 2 to
      establish an automatically releasable connection between the base plate
      with the ski boot fastened to it on the one hand and the ski 1 with the
      holders 3 and 4 secured to it on the other hand, the automatic release
      being effected upon application of an excessive holding force. As both
      release devices have the same structure, only the front release device 15
      will be described in detail.
PAR  The release device 15 comprises four helical compression springs 17 in
      parallel side-by-side arrangement in the longitudinal direction of the
      base plate. The compression springs 17 are disposed in pairs symmetrically
      at either side of the longitudinal axis, leaving a greater transverse
      spacing between the two inner springs 17a. The compression springs are
      firmly supported at their front ends, as seen in the skiing direction. A
      bearing pin 19 extending transversely on the base plate 2 abuts against
      the rear ends of the compression springs. A guide roller 21 is supported
      for rotation on the bearing pin in the middle between the inner
      compression springs 17a. The bearing pin is movable in a direction
      transversely of its longitudinal extension, i.e. in longitudinal direction
      of the base plate 2 against the force of the compression springs 17.
PAR  A steel cable 23 is firmly anchored by means of a retaining pin 25 in the
      middle of the base plate 2 just behind the front face 11 thereof and in
      the lower zone adjacent the ski 1. The steel cable 23 is passed between
      the two inner compression springs 17a, from below around the guide roller
      21, and back to an opening 27 in the front face 11 of the base plate 2.
      The opening 27 is located in the middle of the front face 11 above the
      retaining pin 25 and extends at an inclination downwardly from the inside
      to the outside, in other words downwards in the running direction of the
      ski 1, flaring outwardly with rounded edges. The steel cable 23 issuing
      from the base plate 2 is passed out of the opening 27 and anchored by its
      free end section in the middle of the front holder 3 in an opening 29
      disposed directly opposite the opening 27 when the safety ski binding is
      in its normal condition. The opening 29 is formed in the holder 3 from the
      bottom surface thereof which is covered by the ski 1. It converges
      rearwardly towards the base plate 2, the steel cable 23 being fixed in the
      opening 29 by a suitable thickened end portion 31. The compression springs
      17 bias the steel cable 23 such that, under normal conditions, it effects
      the close abutment of the front face 11 of the base plate 2 against the
      guide face 9 of the holder 3.
PAR  For the rear release device 16, having the same structure as the front
      release device, corresponding elements are provided with corresponding
      even reference numerals, each increased by one. The rear release device 16
      is mounted in the base plate 2 rotated through 180.degree. as compared to
      the front release device so that the steel cable 24 thereof is passed out
      of the base plate 2 at the rear face 12 thereof towards the rear holder 4.
      The compression springs 18 of the rear release device are much stronger
      than those of the front release device in correspondence with the
      considerably greater holding forces required in the heel zone as compared
      to the holding forces needed in the area of the toes.
PAR  The base plate 2 is composed of two flat dish-shaped halves or shell halves
      41 and 42 made from plastic material, such as polyamide, placed against
      each other in the middle of the base plate in a contact plane extending
      parallel to the ski 1, and joined together by screws 43. In the respective
      contact plane both halves are formed with corresponding recesses to house
      the respective individual elements of the two release devices 15 and 16.
      During assembly this permits the individual elements to be simply placed,
      for instance, in the recesses of the lower half 42. They will be held
      against accidental removal upon fastening of the upper half 41 by the
      screws.
PAR  In particular, each half 41 and 42 is formed with a recess of semicircular
      cross-sectional shape for each of the compression springs 17 and 18, as
      may be seen from FIG. 3 which relates to the front release device 15 but
      is applicable to the rear release device as well. Between the recesses 45
      and 46, respectively, there are webs or lands 47 and 48, respectively,
      each ending slightly below the mutual contact plane of the two halves 41
      and 42, so that upon joining of the halves, slots 49 will be formed
      between opposed lands extending parallel to the recesses 45 and 46. The
      height of the slots 49 is designed to correspond to the diameter of the
      bearing pin 19 and 20, respectively, for the guide roller 21 and 22,
      respectively, so that the bearing pin is guided for movement in the slots
      49, as described above. In the middle between the semicircular recesses 45
      and 46 each half is formed with a recess 51 and 52, respectively, of
      rectangular cross-sectional shape permitting movement of the guide roller
      21 and 22, respectively.
PAR  In operation the ski boot of a skier is fastened to the base plate 2 by
      means of the hook 13 and the strap 14, and the base plate 2 in turn is
      secured to the holders 3 and 4 and thus to the ski 1 by means of the
      biased steel cables 23 and 24 thus adopting the normal condition shown
      during normal skiing. However, if excessive holding forces are generated,
      especially during a fall, at least one of the steel cables will be drawn
      out of the base plate 2 against the force of the compression springs 17 or
      18 so that the ski with its holders will be freed from the base plate 2
      and thus from the ski boot and therefore can no longer harm the skier's
      leg by its leverage. In case of a so-called head-on fall, it is primarily
      the rear release device 16 which comes into action, whereas with a
      so-called twist fall mainly the front release device is actuated. When the
      excessive holding forces have ceased to exist, the ski is automatically
      pulled into the proper position toward the base plate 2 by the forces
      exerted by the compression springs 17 and 18 on the steel cables 23, and
      24, respectively. If the safety ski binding is to be opened voluntarily,
      for instance, to take off the ski, the strap 14 is actuated once more by
      hand.
PAR  The invention may be embodied in other forms without departing from the
      spirit or essential characteristics thereof. The present embodiment is
      therefore to be considered as in all respects illustrative and not
      restrictive, the scope of the invention being indicated by the appended
      claims, and all changes which come within the meaning and range of
      equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety ski binding comprising a rigid base plate arranged for
      detachable fastening to a ski boot, said base plate including two spaced
      release devices for establishing automatically releasable connections
      between the base plate and the ski, the automatic release being effected
      upon occurrence of an excessive force tending to separate said base plate
      and ski at the location of a release device, said release devices each
      including at least one guide roller mounted for movement along said base
      plate transversely of the roller axis, cable means fixed at one end to
      said base plate and passing over said guide roller and outwardly of said
      base plate for attachment to the ski, and spring means biasing said guide
      roller along its path of movement for applying tension to said cable means
      and permitting it to be drawn a distance from said base plate greater than
      said guide roller moves in response thereto.
NUM  2.
PAR  2. A safety ski binding as claimed in claim 1, wherein said guide roller is
      supported on a bearing member which is displaceable longitudinally of said
      base plate and which engages the ends of compression springs compressible
      longitudinally of said base plate.
NUM  3.
PAR  3. A safety ski binding as claimed in claim 2, wherein said base plate
      comprises two superimposed shell halves providing inner recesses in which
      the guide roller, compression springs, and the larger portion of the cable
      means are disposed.
NUM  4.
PAR  4. The safety ski binding as claimed in claim 3 wherein each shell half
      includes similar recesses, said recesses including longitudinal portions
      shaped to house each said compression spring with a slot left between said
      portions to provide a longitudinal guide for the bearing member for said
      guide roller.
NUM  5.
PAR  5. A safety ski binding as claimed in claim 1, wherein said cable means
      pass out of said base plate through openings flaring outwardly with
      rounded edges and provided in the front and rear end faces of the base
      plate at a downward inclination of the ski from inside to outside.
NUM  6.
PAR  6. A safety ski binding as claimed in claim 1, wherein the portions of said
      cable means passing outwardly of said base plate are attached to holder
      means secured to the ski at the front and rear end, respectively, of said
      base plate.
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PAL  A clamp for holding a pair of skis in joined relation has an integral body
      with outwardly extending arms joined by a generally U-shaped neck portion,
      the arms and neck portion are resilient to accommodate flexing of the arms
      in a parting direction such that the arms will exert clamping force
      against a pair of skis fitted face to face between the arms. Each arm has
      a tip part including a shoulder facing inwardly of said clamp toward said
      neck portion so as to engage around an edge of a ski, and an outwardly
      extending ramp portion which will cause said arms to spread when the clamp
      is pushed lengthwise against an edge of the skis. The clamp also has a
      retainer section formed as part of the body of opposed ribs forming a pole
      receptacle which is generally parallel to said arms of the clamp.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This application relates to a clamp or clip for holding a pair of skis for
      the purpose of storing and/or transporting them. Various types of such
      clamps have been suggested, most of them made of some form of metal, some
      rather complicated in structure, and difficult to manipulate.
PAR  By way of example, Norwegian Pat. No. 54,032 dislcoses various forms of
      clamps built from a strip of metal, some forms including loops which can
      also be used to embrace one or both ski poles to group the poles with the
      skis. German Pat. No. 458,728 discloses a similar, but simpler form of
      sheet metal clamp which is adjustable in width. U.S. Pat. No. 3,564,667
      discloses sheet metal clamps in which the ends of the clamps form
      complementary parts of the pole holding loops, and these are overlapped
      such that insertion of the poles operates to hold the clamp in its closed
      position. German Pat. No. 473,301 discloses another form of sheet metal
      clamp with an internal spring for holding the skis in position within the
      clamp, with a hinged latch, and with pole holding loops riveted to the
      clamp. U.S. Pat. No. 3,683,462 discloses a clamp or clip which is
      basically molded of a thick rubber-like material, having metal reinforcing
      members or stiffening members molded into the clamp.
PAR  Somewhat more complex clamps or holder arrangements are dislcosed in U.S.
      Pat. No. 2,562,178, which utilizes two sheet metal holding members joined
      by springs. U.S. Pat. No. 3,626,553 discloses a clamp or clip which
      extends both between and around the skis, and includes a projection having
      arms between which the poles may be retained. U.S. Pat. No. 3,737,956
      discloses a similar form of clamp where the skis are separated by a
      portion of the clamp body, and elastic cords are used to hold the poles in
      outwardly extending arm poritions, spaced on opposite sides of the joined
      skis. U.S. Pat. No. 3,486,672 discloses a flexible strap-like device which
      includes an auxiliary strap for holding the poles, together with
      appropriate buckles for each, or alternate apertures for receiving the
      poles.
PAR  In actual practice, the most widely seen form of clamp is simply an
      adjustable binding strap which is fitted around the skis and cinched
      tight, in some cases incorporating the poles within the loop of the strap.
PAR  All of these prior art devices have a common deficiency, namely there is no
      convenient way to store the clamps or clips when the skis are being used.
      Either the clamps are too bulky to be dropped into the skier's pocket, or
      if they do not fit within the pocket, they tend to become lost, or their
      buckles, etc., become clogged with snow and ice. In addition, they are
      difficult to manipulate, particularly so if the skier is wearing a pair of
      mittens.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a simple clamp for holding a pair of skis in
      paired relation for the purpose of storage and/or transportation. It is of
      simple construction which can readily be manufactured inexpensively, in
      large quantities, and which is sufficiently resilient even when exposed to
      cold weather or to relatively great temperature changes, to exert adequate
      clamping pressure to hold the skis together. The clamp provided by the
      present invention is generally U-shaped, and is provided with a
      reinforcing external rib which contributes to the resiliency and strength
      of the clamp, and the ends of the arms of the clamp terminate in edges
      which taper to a relatively sharp edge. These tapered end portions permit
      the clamp to be pushed with a wedging or cam-like action around a pair of
      skis placed in face to face contact, and the clamp end portions include
      shoulders which lock around the edges of the skis, once the clamp is fully
      in position, to prevent accidental dislodging of the clamp. This action
      can be accomplished easily, even with one hand, and while wearing mittens
      or the like since little or no dexterity is required to apply the clamp,
      or to remove it.
PAR  Along one arm of the clamp there is a holder in the form of outwardly
      extending ribs which define somewhat more than half of a cylinder, being
      arranged to fit or snap partially around a ski pole. The longitudinal axis
      of the holder is essentially parallel to the arm of the clamp, hence the
      clamp when not in use can be attached to a ski pole, and the body of the
      clamp extends parallel to the pole, out of the way where it is unlikely to
      become dislodged, and unlikely to interfere with the use of the pole.
      These clamps can readily be molded of suitable plastic materials, and they
      are sufficiently light in weight that, when stored on the pole, they do
      not add noticeably to the weight of the pole. Yet, they provide a
      convenient way of clamping skis together for storage or transporting.
PAR  The primary object of the invention, therefore, is to provide a novel clamp
      for joining a pair of skis, including a holder by which the clamp can be
      stored on a ski pole extending parallel to the shaft of the pole where the
      clamp is out of the way of the skier and yet quickly available for use; to
      provide such a clamp can be manufactured inexpensively in relatively large
      quantities; and to provide such a clamp which is easy to manipulate, which
      is capable of withstanding severe cold and wetness, and large temperature
      changes, while retaining its resilience and clamping strength.
PAR  Other objects and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view showing the clamps used to retain a pair of skis in
      carrying position, with the central section of the skis broken away to
      shorten the drawing;
PAR  FIG. 2 is an enlarged view looking from the top of one of the clamps, with
      segments of the pair of skis shown engaged by the clamp;
PAR  FIG. 3 is a view taken along lines 3--3 in FIG. 2, with the skis shown in
      cross-section;
PAR  FIG. 4 is a view of the clamp alone, showing a portion of one arm of the
      clamp broken away and in cross-section;
PAR  FIG. 5 is a fragmentary view showing the entrance ends of the clamp arms
      spread apart in the act of engaging around a pair of skis;
PAR  FIG. 6 is a view showing the upper end of a ski pole with one of the clamps
      in stored position thereon;
PAR  FIG. 7 is a cross-sectional view taken on lines 7--7 in FIG. 6;
PAR  FIG. 8 is a view showing the clamps used for out of use storage of a pair
      of skis; and
PAR  FIG. 9 is a view, partly in cross-section, showing engagement of a clamp
      with a storage holder.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a pair of skis 11 and 12 are shown held in face to
      face carrying position by a pair of clamps provided by the invention, each
      indicated by the general reference numeral 15. For purposes of
      illustration the clamps are shown engaged oppositely across the pair of
      skis, although this orientation of the clamp is entirely optional with the
      user.
PAR  Referring specifically to FIGS. 3 and 4, the clamp is constructed of an
      integral molded part having arms 20 and 21 joined by a neck portion 22,
      and a reinforcing or strengthening rib 23 is preferably formed extending
      entirely around the arms and neck portion, essentially from one tip or
      entrance part to the other. The clamp entrance parts or tips 25 and 26
      preferably are symmetrical in configuration, and extend from the ends of
      the arms 20 and 21 as shown. Each tip or entrance portion has a shoulder
      28 (FIG. 4) formed at its interior edge, and includes a tapered outwardly
      extending ramp part 30 which terminates in a relatively thin or sharp
      outer edge 31.
PAR  Extending laterally from arm 20 is a U-shaped retainer section 35 formed of
      opposed ribs 36 and 37 (FIG. 7) which are shaped interiorly into a
      configuration which approximates a portion of a cylindrical surface. These
      surfaces are dimensioned so as to engage snugly around a pole, as
      hereafter described.
PAR  The interior dimension of the clamp, from the retaining edges or shoulder
      28 to the inside of the neck portion 22 is sufficiently long to encompass
      a pair of skis, as will be apparent from FIGS. 2 and 3. The arms and
      reinforcing rib portion are so designed that in the normal unflexed state
      the end portions 25 and 26 are either engaged, or in closely spaced
      relationship, to each other. The natural resilience of the clamp is
      sufficient that when these skis are placed in face to face carrying or
      storage position, the clamp may be pushed with a lengthwise motion over
      the edges of the skis, as illustrated in FIG. 5, and the tapered ramp
      parts 30 function as a cam arrangement to cause the arms to spread and
      engage around the skis. Further thrust against the clamp moves it across
      the skis into the position shown in FIG. 3, where the shoulders drop
      around the opposite edges of the skis, and trap them within the confines
      of the clamp. If necessary, the clamp may then be moved longitudinally of
      the skis, either to the region where the ski bodies are thicker, or toward
      the tips where the pair of skis bend away from each other, in order to
      promote sufficient frictional engagement between the skis and the clamp to
      resist further longitudinal movement of the clamps lengthwise of the skis.
PAR  When the skis are to be used, the clamps are easily removed by grasping the
      end portions 25 and 26 and spreading them sufficiently to permit the clamp
      to be withdrawn. The clamps then store conveniently on the ski poles, by
      merely pushing the retainer 35 against the pole, below the handle of the
      pole, as shown in FIG. 6. The arms of the clamp extend lengthwise of the
      pole, and thus are so located that they do not interfere with the use of
      the pole. The clamps are light in weight, for example in the order of one
      ounce each, so they do not add any noticeable weight to the poles.
PAR  The clamps are so designed that they can be conveniently manufactured in
      large quantity by various molding processes, such as injection molding
      with suitable thermoplastic material. Various materials have been found
      suitable, for example, various forms of nylon used in such molding
      processes; however, a preferred material from the standpoint of continued
      clamping strength and resistance to substantial temperature variations,
      particularly very cold temperatures, is a fiber-filled cycolac material
      available under the trade name Carbasar-JS 4-10. Other suitable materials
      will suggest themselves to persons skilled in the art of such molded
      parts.
PAR  In addition to use as a clamp, and convenience in temporary storage while
      the skis are not in use, the clamps also provide a handy scraper for
      removing packed snow, ice, mud, etc., from the boots of a user,
      particularly before inserting the boots in the ski binding. The relatively
      sharp edges 31 have been found particularly advantageous in this respect,
      and the clamp can easily be grasped by the hand of the user, while wearing
      a mitten, to utilize these edges in such scraping activity.
PAR  As will be noted from FIG. 4, in its unstressed position the clamp has its
      tip parts close to or contacting each other. Thus, the clamp will also
      encompass and retain a single ski. For off-season storage the pair of
      clamps used to hold together a pair of skis (FIG. 1) can be used
      separately as a convenient storage aid.
PAR  Thus, as shown in FIG. 8, a small shelf or plate 40 can be mounted to
      support the heel end of each ski on a flat surface such as a wall, closet
      door, or the like. Each of the clamps 15 is fitted around one of the skis
      with the retainer section 35 oriented toward the wall surface. The
      retainer section is fitted to a holder 45 which has a bar-like body 46 and
      an outwardly extending rod-like member 47 dimensioned to fit snugly within
      the clamp retainer section, as shown in FIG. 9. The holder 45 may be
      secured to the surface, at an appropriate distance above shelf 40, by a
      pair of screws 48. The entire holder 45 may also readily be manufactured
      as a simple molded part of plastic material, and a pair of holders may be
      supplied with each pair of clamps.
PAR  While the form of apparatus herein described constitutes a preferred
      embodiment of this invention, it is to be understood that the invention is
      not limited to this precise form of apparatus, and that changes may be
      made therein without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A clamp for use in holding a pair of skis, said clamp comprising
PA1  an integral body having outwardly extending arms joined by a generally
      U-shaped neck portion,
PA1  said arms and neck portion being sufficiently resilient to accommodate
      flexing of said arms in a parting direction whereby said arms will exert
      clamping force against a pair of skis fitted between said arms,
PA1  tip parts on each of said arms,
PA1  at least one of said tip parts including a shoulder facing inwardly of said
      clamp toward said neck portion so as to engage around an edge of a ski, at
      least one of said tip parts having a ramp portion extending divergently
      toward its end from the other tip part so as to cause said arms to spread
      when the clamp is pushed along the length of said arms against an edge of
      the skis,
PA1  and a retainer section formed as part of said body and including opposed
      resilient ribs forming a pole receptacle the axis of which is generally
      parallel to the outwardly extending direction of said arms of the clamp.
NUM  2.
PAR  2. A clamp as defined in claim 1 wherein said body includes a continuous
      reinforcing rib extending around the exterior of said neck portion and
      along said arms.
NUM  3.
PAR  3. A clamp as defined in claim 1 wherein each of said tip parts includes an
      inwardly facing shoulder, the shoulders being aligned with each other,
PA1  and each of said tip parts is provided with a ramp portion.
NUM  4.
PAR  4. A clamp for use in holding a pair of skis face to face, said clamp
      comprising
PA1  an integral body of molded plastic material having outwardly extending arms
      with flat internal surfaces and joined by a generally U-shaped neck
      portion, which is a continuation of said arms,
PA1  said arms and neck portion being stiff but sufficiently resilient to
      accommodate flexing of said arms in a parting direction whereby said arms
      will exert clamping force against skis fitted between said arms,
PA1  tip parts on each of said arms,
PA1  each said tip part including a shoulder facing inwardly of said clamp
      toward said neck portion so as to engage around an edge of a ski,
PA1  at least one of said tip parts having a ramp portion extending divergently
      toward its end from the other tip part for causing said arms to spread
      when the clamp is pused along the length of said arms lengthwise against
      an edge of the skis,
PA1  and a retainer section formed of opposed resilient ribs extending as an
      integral part of one of said arms about an axis which is generally
      parallel to the outwardly extending direction of said one arm providing a
      receptacle of part circular configuration adapted to attach to a ski pole.
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PAL  A carrier is provided which is readily loaded with ground-borne refuse, and
      which is of adjustable width to enable convenient storage and optimal
      adaptation to specific uses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In an effort to maintain his premises in a neat, attractive and safe
      condition, the typical homeowner spends considerable amounts of time and
      effort in the gathering and subsequent disposal of leaves, grass cuttings,
      and the like. Moreover, in recent years the disposal operation has become
      increasingly burdensome due to ecologically-imposed bans on open burning
      of such ground-borne refuse, which bans have been widely adopted.
PAR  Although a variety of vacuum machines, blowers sweepers and similar
      grounds-keeping implements are available, factors such as expense and
      storage space demands have tended to limit public acceptance of such
      equipment. Many municipalities now provide for the curb-side pick-up of
      ground refuse at appropriate times during the year, but this does not, of
      course, relieve the resident of the responsibility for delivery of the
      refuse to curb side. Therefore, many people still have to rake large
      quantities of debris, often over considerable distances, and/or deposit
      the debris in bags, which typically are flimsy and difficult to load.
PAR  Accordingly, it is an object of the present invention to provide a novel
      refuse carrier which is facile to load and, dispite having a relatively
      large capacity, may conveniently be stored in a relatively small space.
PAR  It is also an object of the invention to provide such a carrier in which
      conventional refuse bags may be supported for facile loading thereof.
PAR  Another object is to provide such a carrier which is simple and economical
      to manufacture.
PAC  SUMMARY OF THE DISCLOSURE
PAR  It has now been found that the foregoing and related objects of the
      invention are readily attained in refuse carrier comprised of a chassis
      and at least one wheel on which the chassis is mounted. The chassis has
      opposed sidewall portions, rearwardly-disposed handle means for
      manipulating the carrier, and disengagable means for maintaining lateral
      spacing between the sidewall portions. The disengagable means serves to at
      least in part define a front wall portion of the chassis which extends, in
      the normal transport position of the carrier, generally upwardly from
      adjacent the wheel, and which terminates in a relatively thin foward edge.
      A normally upwardly-opening cavity is defined within the chassis by
      cooperation of the sidewall and front wall portions. The chassis is
      pivotable in a vertical plane about the wheel from a normal transport
      position of the carrier, to a forwardly-tipped position in which the
      chassis rests upon its forward edge and the opening of its cavity is
      generally forwardly disposed.
PAR  The disengagable means may comprise a plurality of elongated members which
      extend between the sidewall portions of the chassis; in certain
      embodiments, such members will be disengagable from at least one of the
      sidewall portions. The elongated members may include a plurality of
      sections, which are disengagably joined to one another to permit variation
      of the effective length of the members. In the latter instance, the
      sections are desirably engagable with one another in a plurality of
      relative positions, and this may readily be achieved by using tubular
      sections, one of which is telescopically received in another one thereof.
PAR  In the preferred embodiments, the chassis will be comprised of a
      multiplicity of elongated members which are joined to one another to
      provide a liner-supporting framework; generally, such a carrier will
      include a liner which is dimensioned and configured to conform generally
      to the cavity of the chassis, and which is supported by the framework
      thereof. Each of the sidewall portions may be a unified assembly of the
      elongated members, with other such members extending therebetween to
      provide the disengagable means of the chassis.
PAR  In certain embodiments, the carrier includes a bag that is received in the
      foward portion of the cavity of the chassis, which bag has a mouth that is
      of lesser dimensions than the cavity opening. The carrier also includes
      support means on the chassis adjacent its cavity opening and extending
      thereacross, with the support means and the front wall portion of the
      chassis cooperatively supporting the bag with the mouth thereof in a
      relatively open disposition. Finally, the carrier of the invention may
      include means for maintaining it in its forwardly-tipped position, and
      that means will generally be a ground-engaging member attached to the
      chassis.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded isometric view of a carrier embodying the present
      invention;
PAR  FIG. 2 is an isometric view of the carrier of FIG. 1, with a cavity liner
      installed and with the chassis in position for loading;
PAR  FIG. 3 is an isometric view of the carrier of FIG. 1 in a laterally
      contracted configuration and in position for loading, with a refuse bag
      and support plate added thereto; and
PAR  FIG. 4 is an isometric view, to an enlarged scale, of a detent-locked,
      expanding telescopic crossbar, which is suitable for use as a frame member
      of the carriers of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Turning now in detail to FIG. 1 of the appended drawings, therein
      illustrated is a carrier embodying the present invention, and consisting
      of a frame or chassis, generally designated by the numeral 10, mounted
      upon a pair of wheels 12, which are secured thereto by welded stub axles
      14 and end fasteners 15. The frame 10 includes a pair of laterally-spaced
      sidewall portions, each of which consists of an upper member 16 and a
      V-shaped lower member 18; corresponding upper and lower members 16, 18 are
      joined at their foward ends by fittings 20 and at their rearward ends by
      T-shaped fittings 32, one leg 21 of which is collapsed for that purpose.
      Rear end portions 22 of the upper frame members 16 are configured to
      provide handles, and caps 24 are furnished on the ends thereof for reasons
      of safety and appearance. The fittings 20 have inwardly-directed short
      sleeve portions 25, which have small holes 26 formed therethrough for a
      purpose to be discussed hereinafter.
PAR  A straight crossbar 28 provides one of the frame members that maintain the
      lateral spacing between the sidewall portions; it also cooperates in
      defining the front wall portion of the frame, and provides a relatively
      thin, rectilinear forward edge thereof. As will be noted, each end of the
      crossbar 28 has a spring-loaded ball detent 30 mounted therein, and it
      will be appreciated that these detents 30 engage the holes 26 to afford
      disengageable seating of the ends of the crossbar 28 within the sleeve
      portions 25 of the fittings 20. Two additional T-shaped fittings 32 are
      provided on each lower frame member 18, and all fittings 32 have their
      stems inwardly directed to provide facing sleeve portions 33. A small hole
      34 is formed through the sleeve portions 33 of each fixture 32, thus
      enabling disengageable seating therein of the ends of the crossbars 36,
      each of which has a spring-loaded ball detent 38 mounted therein for that
      purpose. Accordingly, it will be evident that the upper frame members 16
      and lower frame members 18 may be permanently preassembled to provide
      unified sidewall portions which can, in turn, be disengageably assembled
      with the crossbars 28, 36 to provide the carrier frame 10. It will also be
      evident that the width of the frame 10 can be readily varied to provide
      configurations that are optimal for specific uses, by substituting
      crossbars of different length for those illustrated, and that the use of
      relatively short crossbars or the complete disassembly of the crossbars
      from the sidewall portions will greatly facilitate storage of the carrier.
PAR  As shown in FIG. 2, the frame 10 is adapted to receive a conforming liner
      44, which may be secured therein simply by wrapping the forward marginal
      area about the crossbar 28, and securing a rearward marginal area about
      the rearmost crossbar 36. The carrier is in its forwardly-tipped position
      wherein the forward edge (crossbar 28) rests upon the ground to permit
      ground-borne refuse to be readily loaded into the liner 44, and it is
      securely supported in that position by the prop or stake 40. The stake 40
      is pivotably affixed at one end to the collar 42 which, in turn, is
      rotatably mounted on one of the V-shaped lower frame members 18 of the
      frame 10. Hence, when the stake 40 is not in ground-engageing use, as
      shown in FIG. 2, it may be turned inwardly to rest upon the intermediate
      crossbar 36, as shown in FIGS. 1 and 3; the free end of the stake 40 may
      be configured to optimize ground engagement, if so desired.
PAR  Turning now specifically to FIG. 3, the crossbars 28, 36 of FIGS. 1 and 2
      have been replaced by the crossbars 46, which are of the same construction
      but are considerably shorter in length. In addition, an elongated plate 48
      is affixed in an upright position between the upper frame members 16, to
      which it is secured by the clips 50 provided on the opposite ends thereof.
      A refuse bag 52 of conventional construction (e.g., made of polyolefin
      film) is placed within the cavity of the frame 10 so that it rests upon
      the forward wall portion thereof. The marginal areas defining the mouth of
      the bag 52 are folded over the forwardmost crossbar 46 and wrapped about
      the plate 48 to further support the bag 52 and maintain its mouth in a
      relatively open disposition. As will be readily appreciated, the carrier
      of FIG. 3 is tipped forwardly to permit direct loading of the bag 52 (at
      the ground level), following which the bag may be closed and transported,
      on the carrier, to the desired location. Thus, the carrier serves not only
      as a means for transporting the refuse from place to place, but also as a
      supporting frame for the bag 52, so that it may be filled conveniently and
      without the need of lifting the refuse from ground level.
PAR  Finally, FIG. 4 illustrates one type of adjustable crossbar member,
      generally designated 54, which can be substituted for the crossbar members
      described in connection with the preceeding figures. It consists of an
      outer tubular section 56, in which is formed three small holes 58, and an
      inner tubular section 60, which is telescopically received within the
      outer section 56 and has a spring-loaded ball detent mounted adjacent its
      inner end, the detent being designated 62. The advantage of the crossbar
      54 resides primarily in its ability to be locked in any of several
      positions, thereby enabling its use in place of plural sets of the
      non-expandable crossbars previously described. Although another advantage
      of such a variable-length crossbar is that it permits width adjustments to
      be made without disconnection of the sidewall portions, they too may have
      detent or other temporary locking means in their end portions to afford
      such disconnection, if so desired.
PAR  While it has not been specifically mentioned heretofore, it will be
      appreciated that the frame members of the instant carrier are
      advantageously of tubular metal stock; however, as will be appreciated by
      those skilled in the art, many variations in the basic structure as well
      as in the auxiliary features are possible within the scope of the
      invention. Thus, wheel locks, or other frame-mounted members, may be used
      in place of the ground-engaging stake shown in FIGS. 1 and 2, for the
      purpose of securing the carrier in its forwardly-tipped position. Indeed,
      as is suggested by FIG. 3, such position-maintaining means may be
      dispensed with entirely, with the weight distribution of the carrier
      itself being relied upon to maintain it in the loading position.
      Similarly, the mechanism for spacing-apart the sidewall portions may
      deviate considerably from those which are illustrated and, for example,
      folding members may be employed. It should be appreciated that, as used
      herein, the phrase "disengagable means" is intended to include members
      that are completely disengagable from the sidewall portions, as well as
      elements or sections that are disengagable from one another; the
      significant characteristic of such means is that it be adapted to permit
      changes in sidewall portion spacing (i.e., width variations) to be made,
      and complete separation or disconnection is not necessarily implicit in
      the phrase.
PAR  The liner employed will generally be made of canvas or other durable
      fabric, although tough plastic sheet and other materials of construction
      may prove to be preferable in some instances. Moreover, while relatively
      supple or flexible liners will normally facilitate the discharge of the
      collected refuse from the carrier, rigid or semi-rigid inserts may be
      used. The means by which the liner is attached to the frame will depend
      largely upon the nature of the liner itself, and upon the degree of
      permanency of attachment that is desired; any conventional means (e.g.,
      hemming, snapping, threading, pinning, buttoning, hooking, etc.) may be
      used for that purpose, and the most appropriate choice will readily occur
      to those skilled in the art.
PAR  Similarly, although the upright, cavity-spanning plate shown in FIG. 3 may
      be a preferred type of bag-support member, it is merely exemplary of the
      various means that may be used for that purpose. For example, one of a
      pair of clips may instead be provided on each of the upper frame members
      to grip the bag and support it in the desired manner, albeit with lesser
      assurance that the mouth of the bag will be held in a fully open
      disposition. The several crossbars of the illustrated embodiments serve
      not only as structural frame members, but also as supports for the liner
      or for the bag, as the case may be. Nevertheless, it may be desirable to
      provide added underlying support, and particularly so for the typically
      flaccid plastic film bags which, in the absence of such support, would
      tend to droop through the frame and drag upon the ground. A panel, screen,
      or the like may be installed upon the foward wall of the carrier for that
      purpose, if so desired; alternatively, the liner may be designed to
      accommodate a narrowed configuration of the carrier (or it may be
      distorted to do so), in which event the liner may afford any additional
      support that may be needed for the bag. Finally, it will be appreciated
      that the overall configuration of the carrier may deviate greatly from
      that which is depicted in the drawing, it being only for the purpose of
      illustrating the invention, and not being intended to constitute a
      limitation upon the scope thereof. For example, the chassis may have a
      triangular (rather than rectangular) cross section, with the sidewall
      portions hingedly joined at the rear, thereby eliminating the rear wall
      portion depicted in the drawing.
PAR  Thus, it can be seen that the present invention provides a novel refuse
      carrier which is facile to load and which, despite having a relatively
      large capacity (by virtue of a width across its foward edge that may
      exceed six feet), is conveniently stored in a relatively small space. The
      carrier may be used to support conventional refuse bags for facile loading
      thereof, and it may be of simple and economical manufacture.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. A refuse carrier comprised of a chassis and at least one wheel on which
      said chassis is mounted, said chassis having opposed sidewall portions,
      rearwardly-disposed handle means for manipulating said carrier, and
      readily and substantially nonobstructively disengageable means for
      temporarily maintaining lateral spacing between said sidewall portions and
      permitting, upon disengagement of said spacing means, movement of said
      sidewall portions laterally with respect to one another, said spacing
      means at least in part defining a front wall portion of said chassis which
      extends, in the normal transport position of said carrier, generally
      upwardly from adjacent said wheel and terminates in a relatively thin
      forward edge, and said sidewall and front wall portions cooperatively
      defining a normally upwardly opening cavity within said chassis, said
      chassis being pivotable in a vertical plane about the axis of said wheel
      from a normal transport position of said carrier to a forwardly-tipped
      position in which said chassis rests upon said forward edge and said
      wheel, and the opening of the cavity thereof is generally forwardly
      disposed, said chassis and said wheel being so dimensioned and disposed,
      relative to one another, that the center of gravity of said chassis is
      located rearwardly of said forward edge in the forwardly-tipped position
      of said carrier, to afford stable resting on said edge.
NUM  2.
PAR  2. The carrier of claim 1 wherein said spacing means comprises a plurality
      of elongated members extending between said sidewall portions of said
      chassis.
NUM  3.
PAR  3. The carrier of claim 2 wherein said elongated members are disengageable
      from at least one of said sidewall portions.
NUM  4.
PAR  4. The carrier of claim 2 wherein each of said elongated members includes a
      plurality of sections, said sections being disengagably joined to one
      another to permit variation of the effective length of said members.
NUM  5.
PAR  5. The carrier of claim 4 wherein said sections of said members are
      engagable with one another in a plurality of relative positions, the
      spacing between said sidewall portions being different in each of said
      relative positions of said sections.
NUM  6.
PAR  6. The carrier of claim 5 wherein said sections are tubular, and wherein at
      least one section of each of said members is telescopically received
      within another one thereof.
NUM  7.
PAR  7. The carrier of claim 1 wherein said chassis is comprised of a
      multiplicity of elongated members joined to one another to provide a
      liner-supporting framework.
NUM  8.
PAR  8. The carrier of claim 7 additionally including a liner supported by said
      framework and dimensioned and configured to conform generally to said
      cavity of said chassis.
NUM  9.
PAR  9. The carrier of claim 7 wherein each of said sidewall portions is a
      unified assembly of said elongated members, and wherein a plurality of
      said elongated members extend between said sidewall portions to provide
      said disengagable means of said chassis.
NUM  10.
PAR  10. The carrier of claim 1 wherein each of said sidewall portions has a
      rigid upper edge portion spaced substantially above said wheel and
      extending from front to rear along said sidewall portion, and wherein said
      carrier additionally includes support means affixed to said upper edge
      portions and spaced rearwardly from said forward edge for supporting, in
      cooperation with said front wall portion, a bag having a mouth of lesser
      dimensions than said opening of said cavity and received within the
      forward portion thereof.
NUM  11.
PAR  11. The carrier of claim 10 wherein said support means extends across said
      cavity.
NUM  12.
PAR  12. The carrier of claim 10 additionally including a bag having a mouth of
      lesser dimensions than said opening of said cavity and received within the
      forward portion thereof.
NUM  13.
PAR  13. The carrier of claim 1 additionally including means for preventing
      rearward pivoting, and thereby maintaining said carrier in said
      forwardly-tipped position thereof.
NUM  14.
PAR  14. The carrier of claim 13 wherein said position-maintaining means is a
      ground-engageing member attached to said chassis.
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ABST
PAL  Collapsible baby stroller having a seat member, wheels for moving the
      stroller on the ground, a handle member for carrying and pushing the
      stroller and an articulated lever system cooperating in supporting the
      seat member and the wheels. The configuration of the lever system is
      transformable from a collapsed configuration into an unfolded
      configuration and vice versa. The stroller has a control rod for the lever
      system, a rigid supporting body structure slidingly supporting the control
      rod shiftable with respect to the supporting body structure. The control
      rod causes the articulated lever system and the seat member and wheels
      carried by it to assume a collapsed configuration when the control rod is
      shifted into one position thereof and it also causes the articulated lever
      system and the seat member and wheels carried by it to assume an unfolded
      configuration when the control rod is shifted in another position thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a collapsible baby stroller.
PAR  Attempts have been made to provide baby strollers of variable dimensions,
      which are conveniently carried in the manner of a walking stick even on
      buses or analogous transport means when in the maximum folding or
      collapsed position.
PAR  These strollers are formed by a number of mutually articulated tubular rod
      elements, which provide both the wheel supports, the handgrips and the
      seat attachments. A feature of these tubular elements is that their
      folding and unfolding movement is performed in a manner similar to the
      opening of a book or compass. In fact the articulated rod system of these
      strollers is such that substantially two groups of articulated rods are
      provided which in folded configuration are approximately coplanar. These
      coplanar groups of rods are arranged rotatable about an axis extending
      approximately breadthwise with respect to the overall extension of the
      stroller, so that a book like or compass like unfolding and folding may be
      obtained about the said axis. The said articulated rods are furthermore
      mutually interconnected so that their reciprocal distances vary with the
      degree of opening of the actual stroller. Transversely, that is
      width-wise, these types of strollers have the characteristic of expanding
      or narrowing through the action of diagonally arranged cross-pieces
      interconnecting in an articulated fashion the non-corresponding rods of
      the two sides. In other words the diagonal cross-pieces vary their
      reciprocal angles and can gain or lose transversely the space respectively
      lost or gained longitudinally because of the variations in the mutual
      positioning of said side tubes during the book-like opening or closing of
      the stroller.
PAR  Evidently such strollers require numerous component parts such as tubular
      elements and links and remarkable care in the study of the kinematic
      movements thereof. Moreover it is necessary to form a large number of
      articulations to interconnect the tubular elements. These articulations
      are costly and are in addition the cause of possible breakages and
      bindings. On the whole therefore the structure of these previous strollers
      are relatively complex and costly, as well as rather cumbersome. This last
      drawback is particularly annoying since manoeuvrability should be the
      basic characteristic of these strollers.
PAR  It should be observed that these previous strollers have a relatively short
      span between the sides when in a position of maximum opening, so that the
      baby seated therein is in a rather uncomfortable position. This drawback
      is a direct result of the above described structure, in that the maximum
      possible expansion of the strollers in a transversal sense is a
      characteristic depending directly on the overall dimensions of the actual
      stroller, the positions of complete opening and closure in a longitudinal
      sense being substantially constrained and unmodifiable, for reasons of
      encumbrance and ease of handling. The same applies in respect of the
      change of configuration in the transversal sense for the position of
      maximum closure. It therefore happens that in practice, since the stroller
      must not be too large and heavy, its maximum transverse dimension must be
      kept within narrow limits and in some cases insufficient.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a baby stroller whose
      structure is such that it overcomes the above specified inconveniences, by
      having a framework with a reduced number of components, structurally
      simple and economical, as well as being light and having an ample span
      between the sides of the seat element in working or unfolded position, and
      finally collapsible with one simple operation which does not require
      bending down or particular physical exertions.
PAR  These and other objects, which will be more evident hereinafter, are
      attained by the collapsible baby stroller according to the invention,
      having at least one seat member, wheels for moving the stroller on the
      ground, at least one handle member for carrying and pushing the stroller
      and an articulated lever system cooperating in supporting said seat member
      and said wheels, the configuration of said lever system being
      transformable from a collapsed configuration into an unfolded
      configuration and vice versa, characterized in that the stroller further
      comprises a control rod for said lever system, a rigid supporting body
      structure slidingly supporting said control rod shiftable with respect to
      said supporting body structure from at least one position thereof into at
      least another position thereof, said articulated lever system which
      cooperates in supporting said seat member and said wheels having a first
      group of articulated component members linked to said rigid supporting
      body structure and a second group of articulated component members linked
      to said control rod, said control rod causing said articulated lever
      system and said seat member and wheels carried by it to assume a collapsed
      configuration when the control rod is shifted into said one position
      thereof and causing said articulated lever system and said seat member and
      wheels carried by it to assume an unfolded configuration when the control
      rod is shifted into said other position thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further characteristics and advantages of the invention will be more
      evident from the description of a preferred but not exclusive embodiment
      of the stroller, illustrated by way of a non-limiting example in the
      accompanying drawings in which:
PAR  FIG. 1 is a rear view of the stroller according to the invention in open
      position;
PAR  FIG. 2 is a lateral view of the stroller illustrated in FIG. 1;
PAR  FIGS. 2a and 2b show details of pivot elements in perspective views;
PAR  FIG. 3 shows the movements of a few mobile parts of the stroller, seen
      laterally, while being folded;
PAR  FIG. 4 is a lateral view of the stroller in folded or collapsed position or
      configuration;
PAR  FIG. 5 is a rear view of the stroller in folded or collapsed position;
PAR  FIG. 6 shows the structure of the stroller from underneath in open position
      or configuration;
PAR  FIG. 7 is a view from underneath of the stroller similar to the one shown
      in the preceding figure but with the stroller in folded or collapsed
      position;
PAR  FIG. 8 shows a structural detail of the stroller according to the
      invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  With reference to the above Figures, the stroller comprises a rigid
      supporting body structure with a prevalently longitudinal extension
      consisting of a back rest portion 1 having a flat structure, preferably
      made of sufficiently rigid plastics material, with weight reducing holes
      101 and hollow stiffening ribs 201 on the rear side. The lower end of the
      back rest 1 extends at an angle with respect to the back rest to form a
      seat supporting shell formation 1a on the upper side of which an arcuated
      plate 1b is fixed by non visible rivets to provide a smooth resting
      surface for the flexible bag-like seat member 21, as best visible in FIG.
      2. On the rear side of the seat supporting shell formation 1a there is
      provided, as an integral part of the supporting body structure, a
      monoblock formation 301. This monoblock structure 301 may also be made as
      a separate piece fixed to the lower end of the back rest portion 1 and in
      such case the monoblock structure is preferably made of metal. As best
      visible in FIG. 8 the monoblock formation has on its rear downwardly
      facing side, channel shaped supports 2, 3, 4 and 5 for the stroller's
      foldable legs 6, 7, 8 and 9, respectively (FIG. 6). The longitudinal
      center lines of the channel shaped supports all diverge downwardly with
      respect to the rod 28 which will be described later. The center lines of
      the channel shaped supports 4 and 5 extend transverse to the back rest
      portion 1 and diverge symmetrically with respect to an immaginary vertical
      plane containing the center-line of rod 28, whereas the center lines of
      the channel shaped supports 2 and 3 extend symmetrically with respect to
      the said vertical plane and substantially tangentially to the seat
      supporting shell formation 1a as best visible in FIG. 2, taking into
      account that in this Figure the center lines of the legs 6 and 9 coincide
      with the center lines of the channel supports 2 and 5 when the legs are in
      working or unfolded position. The legs 6, 7, 8 and 9, which have a hollow
      rectangular cross-section are hinged with one end thereof in the channel
      shaped supports 2, 3, 4 and 5, respectively, by means of pivots supported
      in bush-like holes of the channel shaped supports, of which only holes 3',
      4' and 5' and the pivot 7' of leg 7 are visible in FIG. 8.
PAR  The legs 6 and 7 are of the same length and are provided at their
      extremities with the front wheels 400 independent from one another. Also
      the legs 8 and 9 are of the same length which is however shorter than the
      preceding length. The legs 8 and 9 are provided at their extremities with
      the rear wheels 401 also independent from one another. When the stroller
      is in working or unfolded position, the hinged ends of the legs 6, 7, 8
      and 9 rest against the bases or bottom walls of the respective channel
      supports 2, 3, 4 and 5 and are prevented by the flanges or side walls of
      these latter from carrying out undesirable swinging or bending movements.
PAR  The sidewalls of the channel shaped supports 2 through 5 may have such an
      orientation, that the articulation pivots for the legs secured therein are
      all parallel to the horizontal plane or the plane on which the wheels of
      the stroller rest on the ground when the stroller is in unfolded or
      working or operative position. However, advantageously the said channel
      shaped supports may have also such an orientation that the said
      articulation pins are more or less inclined to the said resting or
      horizontal plane. They are necessarily perpendicular to the converging
      planes of symmetry of the channel shaped supports. These converging planes
      of symmetry may be vertical or inclined with respect to the vertical. In
      this latter preferable case during the folding and unfolding movement of
      the legs 6, 7, 8 and 9 the legs and their wheels 400 and 401 will perform
      a rotatory movement having a component effecting an angular movement also
      about a vertical axis as visible when comparing the angular positions of
      the wheels 400 and 401 shown in FIGS. 6 and 7. By virtue of this angular
      motion the wheels may be moved still closer to each other in the collapsed
      or folded position of the stroller, without mutual interference, as
      visible in FIG. 7.
PAR  Furthermore, since the front legs 6, 7 have a greater length than the rear
      legs 8, 9 in folded position wheels 401 are arranged above wheels 400
      thereby further reducing the occupied space.
PAR  Articulated tie-rods 23, 24, 25 and 26 have each one extremity thereof
      hinged to respective lugs of a block 27 and the other extremity thereof
      hinged to the legs 6, 7, 9 and 8 in an intermediate point thereof,
      respectively. The block 27 is attached by not shown rivets to the lower
      end of the aforementioned rectilinear tubular control rod 28 which is
      preferably rectangular in cross-section and which is supported in an
      axially slidable manner in aligned sleeve like guide seats provided in the
      members 301, 29 and 20 arranged at a distance from each other on the rear
      side of the back rest portion 1 of the rigid supporting body structure as
      an integral part thereof. As visible in FIG. 6, the ends of the tie rods
      23, 24, 25 and 26 are bent to form pivot-like extensions perpendicular
      thereto and journalled in bush-like holes provided in the respective legs
      and in the lugs of the block 27. The pivot-like ends of each tie rod are
      parallel to each other and to the hinge axis of the hinge connection
      between the respective leg and the monoblock structure. Thus for example
      the two opposite pivot-like ends of the tie-rod 24 are parallel to each
      other and to the hinge axis defined by the pivot 7' of the monoblock
      structure 301 on which leg 7 is hinged. The same considerations are valid
      for the other tie-rods and respective legs. In this way the legs and the
      tie rods may be rotated in planes perpendicular to the hinge axes of the
      legs, such as the aforementioned planes of symmetry of the channel shaped
      supports 2 through 5, which are preferably slightly inclined to the
      vertical and mutually convergent.
PAR  It will be appreciated that in this way part of an articulated lever system
      is obtained by means of which the legs 6, 7, 8 and 9 may be folded and
      unfolded in an umbrella like manner by axially shifting the control rod
      28.
PAR  The stroller comprises further component parts of the lever system designed
      to support in a collapsible manner the bag like seat member thereof. These
      additional component parts comprise lateral bars 12 and 13 symmetrically
      arranged at both lateral sides of the rigid back rest 1.
PAR  At the upper end thereof, the bars 12 and 13 are linked to the previously
      described foldable lever system by U-shaped links 16 and 17 each hinged
      with one arm 16', 17' thereof to the upper ends of bars 12 and 13
      respectively and with the other arm 16", 17" thereof to the lug member 20
      provided near the upper end of the rigid back rest 1 and cast integral
      therewith. The arms 16' and 16" are both perpendicular to the connecting
      portion 16a thereof, but are inclined with respect to each other as best
      visible in FIG. 2a. In this way bar 12 may perform a combined swinging
      movement both about the arm 16' and 16". The same considerations apply for
      arms 17' and 17" and bar 13. In fact arms 16', 16", 17' and 17" act each
      as pivots received in bush-like holes provided for the purpose in bars 12,
      13 and the lug member 20.
PAR  At the lower end thereof the bars 12 and 13 are linked to the legs 6 and 7,
      near the lower ends thereof, through L-shaped pivots 10 and 11. The
      L-shaped pivot 10 is illustrated in FIG. 2b. Pivot 11 is similar in
      structure. In this way bar 12 may perform a relative swinging movement
      with respect to the leg 6 both about the pivot arm 10' and the pivot arm
      10" of the pivot 10 while leg 6 is swung about its hinge support 2. In
      other words the hinge connections defined by L-shaped pivot 10 and
      U-shaped pivot 16 are such as to allow the bar 12 to follow the movement
      of leg 6. The illustrated mutual relationship between the hinge axes and
      their angular position are such that during the unfolding swinging
      movement of leg 6 durich which wheel 400 of leg 6 is moved away from the
      control rod 28 in an approximately radial manner, also the bar 12 follows
      approximately this movement by moving away from the control rod 28 both
      widthwise and breadthwise i.e. in a direction parallel to the flat back
      rest member 1 and in a direction transverse thereto. During the folding
      movement the opposite occurs. The same considerations apply also for bar
      13 and leg 7 so that an umbrella like unfolding and folding action is
      obtained for the system containing legs 6 through 9 and bars 12 and 13.
      Thus not only the wheel carrying ends of the legs 6-9 are moved
      approximately radially towards and away from the control rod 28, but also
      the bars 12 and 13 are moved towards and away with respect to each other
      and with respect to the immaginary plane defined by the back rest
      structure thereby forming in unfolded position foldable armrests for the
      baby. It will be further noted that bar 12, the rigid body structure 1,
      the link 16 and the leg 6 form a kind of articulated stereoquadrilateral.
      The same considerations apply also for bar 13, rigid body structure 1,
      link 17 and leg 7.
PAR  The seat member consists of a pocket 21 of flexible material with suitable
      padding. It is fixed to the front side of the back 1 and also to the bars
      12 and 13 so as to provide the side and sitting portions of the seat as
      well as a lining for the back rest 1. A flexible band 22 acting as
      foot-rest is attached by its ends to the lower portion of the bars 12 and
      13.
PAR  The rod 28 projects not only from below but also from above the back rest 1
      where its extremity is rigidly provided with a support 31 preferably made
      of plastics material wherein two handgrips 32 in the shape of umbrella
      handles can rotate and which serve to push or pull the stroller.
PAR  Means for blocking the sliding axial movement of the rod 28 with respect to
      the back 1 are also provided. Said means consist of a handle 20 rigid to
      the back 1, on its upper rear portion, and provided with a mobile lever
      element 14 having a pin 15 insertable within appropriate holes provided in
      succession along the rod 28. This insertion is aided by the presence of a
      compression spring situated between the portion 14 of the handle and the
      fixed portion of the handle 20.
PAR  To improve the stability of the stroller when in maximum open position,
      there is provided a foldable cross-piece 150 arranged between and
      articulated with its opposite ends onto the bars 12 and 13. The
      cross-piece 150 is made of two sections pivoted in articulated fashion on
      a connection element 151 at the center of the cross-piece. The articulated
      cross-piece 150 is arranged substantially rectilinearly when the bars 12
      and 13 are at their maximum mutual distance. In folded position the
      articulated cross-piece 150 is folded to form an acute angle with its
      sections at the connection element 151. In order to aid the opening and
      closing movements of the articulated cross-piece 150, two forks 152 are
      provided, whose diverging extremities engage in unfolded position the
      articulated cross-piece 150 in an intermediate position thereof. The
      opposite estremity of each fork 152 is rigid to the respective tie-rod 23
      or 24 of which they are substantially an extension past the pivot point of
      the tie-rods themselves with the legs 6 and 7 (FIG. 2).
PAR  In folded position the forks 152 are moved away from the cross-piece 50.
PAR  The operation of the stroller is the following.
PAR  To fold the stroller, the handgrips 32 are rotated to project forwardly
      until they are mutually juxtaposed (FIGS. 2, 4 and 5) and then the handle
      20 and the handgrips 32 are grasped. The lever element 14 is pressed
      thereby freeing the pin 15 from the hole of the rod 28 to allow the rod 28
      to move axially in its guide sleeves. The stroller must be kept raised
      from the ground or resting on its rear or front wheels. At this point the
      rod 28 is pushed downwardly so that the block 27 rigid therewith is moved
      downwardly away from the monoblock structure 301, entraining therewith the
      articulated lever system linked thereto in a manner best visible when
      comparing FIG. 2 showing the unfolded position of the stroller with FIG. 3
      showing an intermediate folded position thereof. The opposite occurs when
      the rod 28 is moved from the folded position upwards thereby entraining
      the block 27 rigid therewith towards the monoblock structure 301.
PAR  During the indicated folding and unfolding movement the already described
      approximately radial movement of wheel carrying ends of the legs 6-9 and
      the swinging movement of the bars 12 and 13 occur. It will be appreciated
      that the articulated lever system comprising the tie-rods 23-26 and the
      legs 6-9 has a dead point in the sense that the movement in any direction
      of the control rod 28 beyond this dead point will cause the legs 6-9 to
      fold or move towards the control rod 28. The dimensions of the component
      parts of this articulated lever system is so selected that in the unfolded
      position as shown in FIG. 2 the control rod is positioned slightly beyond
      the dead point upwards. In this way there is a tendency of the lever
      system when under the action of the load to attain its maximum expanded
      position i.e. to urge the lever system in the dead point position of the
      rod 28. In a similar manner, when the control rod 28 is pushed past the
      dead point position the maximum tensioning of the component parts of the
      lever system occurs which generates an elastic resistance against the
      pushing action which abruptly disappears as soon as the dead point
      position is overcome. Thus a snap action behaviour of the system occurs
      when passing beyond the dead point into the unfolded configuration
      thereof.
PAR  It will be further appreciated that in the unfolded position the fork 152
      is urged to press its upper fork prong downwardly against the cross-piece
      150 as shown in FIG. 2. In this way the unfolded configuration is locked.
      In addition in the unfolded position pin 15 reaches the lower hole of the
      rod 28 and is automatically inserted therein thereby additionally locking
      the system in its unfolded position. At the beginning of the folding
      action, after having disengaged the pin 15 from its hole on the rod 28
      when rod 28 is downwardly pushed, the fork 152 is rotated clockwise as
      shown in FIG. 2 so that the lower prong of fork 152 reaches the
      cross-piece 150 and pushes it upwardly thereby causing the two sections of
      the cross-piece 150 to fold and disengage from the fork 152. It will be
      thus understood that under the action of the load or if the bars 12 and 13
      were simply pushed one towards the other, the articulated cross-piece
      would prevent any movement. Once the stroller is in the folded position
      indicated in FIGS. 4 and 5, it is prevented from opening under the stress
      of its frame when carried by its handles 32, by inserting the pin 15 of
      the handle 20 in a hole provided in the rod 28 which is thus blocked in
      its guide channel 29.
PAR  The invention attains the proposed objects. In fact the tubular elements
      are reduced to a minimum indispensable number, and practically limited to
      the lateral rods, the legs and the longitudinal rod. The number of
      articulations employed are therefore also reduced and the kinematics is
      much more simple. Consequently the stroller is lighter than present day
      ones and less costly. Furthermore the opening and closing thereof do not
      require bending down or physical exertions and the elements to be grasped,
      such as the handles and handgrips, are arranged close to each other and
      within reach of the hands on the upper portion of the stroller.
PAR  A very advantageous characteristic of the stroller is the fact that the
      lateral rods are capable of acquiring a remarkable mutual transverse
      distance, since the dimensions of the third levers 16 and 17, of the
      articulations 10 and 11, and the degree of opening of the legs 6 and 7 may
      be provided as desired without influencing the overall dimensions of the
      stroller, in collapsed condition.
PAR  The invention thus conceived is susceptible to numerous modifications and
      variations, all falling within the scope of the inventive idea.
      Furthermore all the details may be substituted by technically equivalent
      elements.
PAR  In practice the materials employed, as well as the dimensions may be any as
      required.
CLMS
STM  I claim:
NUM  1.
PAR  1. A collapsible baby stroller having at least one seat member, wheels for
      moving the stroller on the ground, at least one handle member for carrying
      and pushing the stroller and an articulated lever system cooperating in
      supporting said seat member and said wheels, the configuration of said
      lever system being transformable from a collapsed configuration into an
      unfolded configuration and vice versa, characterized in that the stroller
      further comprises a control rod for said lever system, a rigid supporting
      body structure slidingly suporting said control rod shiftable with respect
      to said supporting body structure from at least one position thereof into
      at least another position thereof, said articulated lever system which
      cooperates in supporting said seat member and said wheels having a first
      group of articulated component members linked to said rigid supporting
      body structure and a second group of articulated component members linked
      to said control rod, said control rod causing said articulated lever
      system and said seat member and wheels carried by it to assume a collapsed
      configuration when the control rod is shifted into said one position
      thereof and causing said articulated lever system and said seat member and
      wheels carried by it to assume an unfolded configuration when the control
      rod is shifted into said other position thereof.
NUM  2.
PAR  2. A collapsible baby stroller according to claim 1, characterized in that
      said rigid supporting body structure has an elongated substantially flat
      extension and has on one side thereof a surface forming the back rest of
      the stroller and on the other side thereof means for slidably supporting
      said control rod, said means allowing a slidable movement of said rod in
      the longitudinal direction thereof.
NUM  3.
PAR  3. A collapsible baby stroller according to claim 1, characterized in that
      said first group of articulated component members of the lever system
      comprises a number of legs having one end thereof hinged to said
      supporting body structure near the lower end thereof, said legs having
      wheels attached to the other end thereof, a pair of linking rod-like
      elements hinged with one end thereof to said rigid supporting body
      structure near the upper end thereof laterally at a distance from one
      another, a pair of lateral bars having one end thereof hinged to the other
      end of said pair of linking rod-like elements, said lateral bars having
      the other end thereof hinged to a pair of said legs near the wheel
      supporting ends thereof, and characterized in that said second group of
      articulated component members comprises tie rod members hinged with one
      end thereof to the lower end of said control rod and with the other end
      thereof to each of said legs in an intermediate point thereof.
NUM  4.
PAR  4. A collapsible baby stroller according to claim 3, wherein said pair of
      lateral bars, said pair of legs, said pair of linking rod-like elements
      and said rigid supporting body structure form on each lateral sides of
      said rigid supporting body structure an articulated quadrilateral whose
      members are movable in planes converging towards a zone close to said
      control rod.
NUM  5.
PAR  5. A collapsible baby stroller according to claim 4, characterized in that
      said pair of lateral bars form arm rests in the unfolded position of the
      quadrilateral and wherein said seat member is in the form of a flexible
      spreadable pocket having its lateral margins attached to said bars and
      having its intermediate portion leaning partially against said back rest
      surface and partially against a seat supporting extension thereof, at
      least in the unfolded position of the stroller.
NUM  6.
PAR  6. A collapsible baby stroller according to claim 3, characterized in that
      said legs and said tie rods articulated therewith extend in immaginary
      planes converging towards a zone close to said control rod.
NUM  7.
PAR  7. A collapsible baby stroller according to claim 3, characterized in that
      said pair of legs are arranged in front of the immaginary center line
      plane defined by said supporting body structure and the legs of said pair
      of legs having a length greater than the length of the remaining legs.
NUM  8.
PAR  8. A collapsible baby stroller according to claim 3, characterized in that
      the legs have pivots with which the legs are hinged to said supporting
      body structure said pivots being perpendicular to vertical planes
      converging towards a zone close to said control rod.
NUM  9.
PAR  9. A collapsible baby stroller according to claim 3, characterized in that
      the legs have pivots with which the legs are hinged to said supporting
      body structure said pivots being perpendicular to planes converging
      towards a zone close to said control rod, said planes being slightly
      inclined to the vertical.
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ABST
PAL  A cart-like vehicle has a symmetric concave body portion which is pivoted
      on a frame on a tilt axis above the axis of the wheels so that the cart
      may be tilted in one longitudinal direction to serve as a personnel
      conveyance, or may be loaded with its carrying compartment upright and
      unloaded by merely tilting the body in a second longitudinal direction to
      a dumping position. The body portion is substantially wedge-shaped, with
      its tilt axis closer to the top than to the bottom, so the body may be
      readily pivoted in either longitudinal direction. Both of said axes lie
      substantially in the transverse, vertical mid-plane of the body when said
      body is upright. Means are provided to support a seat for using the cart
      as a passenger vehicle when tilted in one direction, and the cart also
      includes means for supporting a cover or shelves when the cart is used to
      convey liquids or as a free-standing serving cart. Adjustable stabilizing
      means are provided to stabilize the body in its various pivoted positions
      relative to the frame. When tilted longitudinally to a dumping position,
      the upper edge of one of the two converging, fore-and-aft, walls can be
      swung down to be adjacent to the vehicle-supporting surface. A canopy is
      mountable over the carrying compartment, when desired, and the cart's
      frame is adapted for moving the vehicle and may also be used to mount
      various accessories such as spraying equipment, lawn rollers and the like
      to further diversify the purposes for which the cart may be used.
PARN
PAR  This is a continuation of Ser. No. 154,504, filed June 18, 1971, and now
      abandoned.
BSUM
PAC  BACKGROUND
PAR  This invention relates generally to vehicles and is more particularly
      directed to the type of vehicle normally used to contain and/or transport
      loads, commonly referred to as carts.
PAR  Garden-type carts or pieces of lawn furniture in some respects similar to
      the instant invention are known. In general, the heretofore known devices
      of this type include a receptacle body part that is fixedly secured to its
      frame so that, in order to unload the device, the entire device must be
      tilted, or a tail-gate or similar unloading means provided, whereby the
      loading and unloading cycles of these devices are time consuming and
      sometimes physically difficult tasks. Prior devices having tailgates and
      the like cannot be used to transport liquids because such devices tend to
      leak. Moreover, the versatility of such devices is limited to a great
      extent by the inability of the body portion to assume more than one
      operative position relative to its supporting frame.
PAR  Some heretofore known devices of the general type contemplated by the
      present invention have a body portion pivotally mounted to a frame.
      However, the body portions of these devices have generally been asymmetric
      and the pivoting axis disposed so that the body portion can pivot to only
      a limited extent relative to the supporting frame. Asymmetric body
      portions undesirably prevent such carts from having a balanced loading
      characteristic, and the limited number of operative positions that the
      body portions of such carts may assume relative to their frames inherently
      limits the number of purposes and functions which such carts may perform.
PAC  Summary of the Invention
PAR  In accordance with the present invention, a cart is provided with a
      symmetric body portion that is pivotally mounted to a wheeled supporting
      frame about a pivoting axis above that of the frame wheels. To provide the
      cart with a balanced loading characteristic, the body portion pivoting
      axis perferably is located substantially in a mid-plane about which the
      body portion is symmetric. To further enhance its balanced characteristic,
      the axis of the frame wheels preferably also falls substantially with the
      body portion mid-plane when the mid-plane is vertically disposed These
      various features combine to balance the cart when loaded so that a minimum
      of stabilizing structure need be provided to prevent undesired movement of
      the body relative to the frame.
PAR  The body portion preferably includes two walls symmetrically disposed on
      opposite sides of the mid-plane which slope upwardly and outwardly from
      the bottom of the cart's carrying compartment bottom to provide a
      wedge-shaped configuration to the body. The optimum angular relationship
      between these walls and the mid-plane is about 45.degree., so that these
      walls form about a 90.degree. angle with respect to each other. These
      features enable the body portion to be pivoted in either direction to form
      a flat-bed conveyance, and means are preferably provided to support a
      seating member so that the cart may also be used as a passenger vehicle
      when the body portion is so disposed. The invention preferably includes
      means for locking or stabilizing the body portion to the frame in its
      various pivoted positions.
PAR  The preferred frame of the invention includes parallel frame legs having at
      one end thereof upwardly extending body support struts and being closed at
      the other end by a closing member. A multitude of auxiliary equipment may
      be mounted to the frame to easily adapt the cart for use as a sprayer, a
      lawn roller and other purposes.
PAR  In its preferred form, the body portion is integrally formed of a two ply
      plastic construction and most of the frame members are formed from a
      single piece of framing material. These features provide the cart with a
      lightweight yet strong and durable construction.
PAR  It is, therefore, an object of the invention to provide a cart with a
      symmetric body portion pivotally mounted to a frame so that the body may
      be pivoted to assume a number of operative positions relative to its
      frame.
PAR  Another object of the invention is to provide a cart with a pivoted,
      symmetric body portion that has a balanced loading characteristic.
PAR  A further object of the invention is to provide a cart which may be used as
      a receptacle load carrier, a flat-bed carrier, and a passenger vehicle.
PAR  It is a still further object of the invention to provide a cart that is
      readily adaptable for use with auxiliary appliances such as spraying
      equipment and lawn rollers.
PAR  These and further objects, features and advantages of the invention will
      become more apparent as the following detailed description of the
      preferred embodiment thereof proceeds with continued reference to the
      accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in side elevation, partially broken away, of a cart in
      accordance with the preferred embodiment of the invention with the body
      portion disposed in its normal load-carrying position.
PAR  FIG. 1A is a fragmentary sectional view of the preferred stabilizing means
      according to the invention.
PAR  FIG. 2 is a diagrammatic view in side elevation of the cart depicted in
      FIG. 1 with the body portion pivoted to its rear dumping or loading
      position.
PAR  FIG. 3 is a side elevational view in section of the preferred embodiment
      with the body portion in its front or surrey position.
PAR  FIG. 4 is a perspective view of the cart depicted in FIG. 1 with the body
      portion pivoted to its front or surrey position.
PAR  FIG. 5 is a perspective view of the frame of the cart shown in FIG. 1.
PAR  FIG. 6 is a front elevational view, partially broken away, of the cart
      shown in FIG. 1.
PAR  FIG. 7 is a diagrammatic view in side elevation of the cart depicted in
      FIG. 1 showing a roller attached to its frame.
PAR  FIG. 8 is a diagrammatic side elevational view showing spraying equipment
      installed on the cart.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As used in the following description and in the claims appended hereto, the
      term "longitudinal" designates a direction which is substantially parallel
      to the direction of normal movement of the cart, and the term "transverse"
      is used to designate directions which are substantially perpendicular to
      the direction of movement of the cart.
PAR  With reference now to the drawings, the detailed construction of a cart
      generally designated by the reference numeral 10 is best seen in FIGS. 1,
      3 and 6 as consisting generally of a body portion 12 and a frame 14. The
      body portion 12 includes walls which define a carrying compartment 16. In
      the preferred embodiment shown, the wall means are first and second
      transverse side walls 18 and 20, respectively, and first and second
      longitudinal side walls 22 and 24, respectively. The side walls 18, 20, 22
      and 24, together with a bottom wall 26, combine to define the carrying
      compartment 16.
PAR  The carrying compartment 16 is substantially symmetric about a transverse
      mid-plane indicated at 28 which bisects the carrying compartment 16 into
      two symmetrical portions. The transverse walls 18 and 20 comprise a pair
      of walls symmetrically disposed on opposite sides of the mid-plane 28,
      which are formed to slope generally upwardly from the bottom 26 on both
      sides of the transverse mid-plane 28 and form substantially equal acute
      angles 30 and 32 with the mid-plane 28. Preferably the angles 30.degree.
      and 32.degree. are about 45.degree., so that the walls 18 and 20 form
      about a 90.degree. angle with each other. This configuration results in a
      generally wedge-shaped carrying compartment 16 wherein the bottom area 26
      of the compartment is less than the opening area defined by the upper lip
      of the walls 18, 20, 22 and 24.
PAR  The walls 18, 20, 22, 24 and 26 are preferably fabricated from strong,
      liquid impermeable material. To that end, these walls are preferably
      formed from more than one ply of plastic material sealed together at
      predetermined points of contact to form a lightweight yet strong
      structure. As illustrated in FIG. 1, the wall 20 comprises an inner ply 34
      and an outer ply 36. The outer ply 36 is formed with a plurality of
      triangular shaped steps, while the inner ply 34 is for the most part flat
      so that the two plys are sealed together only at predetermined lines of
      contact. This wall construction, which applies as well to walls 18, 22 and
      24, as shown in FIGS. 3 and 6, provides a lightweight, strong, and
      watertight structure. This manner of fabricating structures of this type
      is generally disclosed in U.S. Pat. No. 3,250,660, 3,242,245 and
      3,383,720.
PAR  In order to pivotally mount the body portion 12 about a transverse
      horizontal pivoting axis 38, pivot plates 40, including integral outwardly
      extending pivot pins 42, are symmetrically attached to the longitudinal
      walls 22 and 24 by conventional fastening means, such as, for example,
      bolts 44, so that the pivoting axis 38 defined by pivot pins 42 is located
      substantially within the body portion transverse mid-plane 28. The pivot
      pins 42 cooperate with corresponding apertures 46 formed in the upper
      portion of body portion support struts 48 and 50, which struts form part
      of frame 14.
PAR  The remainder of frame 14 (as best seen in FIG. 5) comprises two generally
      longitudinally extending, substantially parallel frame legs 52 and 54 to
      one end of which the lower ends of body portion support struts 48 and 50
      are fixedly secured. The other ends of legs 52 and 54 are interconnected
      by a transverse frame closing member 56. This arrangement of legs 52 and
      54 and frame closing member 56 produces a generally U-shaped configuration
      for the frame 14. In its preferred form, frame legs 52 and 54, closing
      member 56, and support struts 48 and 50 are a single elongated piece of
      material bent into the appropriate configuration to provide the frame 14
      with optimum strength and to minimize manufacturing expense. A
      longitudinally disposed member 58 is connected by conventional means such
      as, for example, boolts 59 to the frame closing member 56 and axle 64
      (described below) intermediate the legs 52 and 54 so as to extend
      longitudinally away from the body portion 12 for connection with any
      desired type of towing means.
PAR  In order to provide the cart 10 with mobility, wheel means such as the
      wheels 60 and 62 are rotatably mounted by conventional means on a
      transversely extending axle 64 which is affixed to the frame 14 by
      conventional means, such as, for example, by welding, near the junction
      between body portion support struts 48 and 50 and frame legs 54 and 52 so
      that axle 64 is approximately vertically below the pivoting axis 38. The
      bottom of bottom wall 26 is positioned sufficiently above the axle 64 so
      that the body portion 12 may pivot freely about its axis 38 without
      interference between the body portion and any part of the frame 14.
PAR  In view of the foregoing, it should be apparent that in accordance with the
      preferred embodiment of the invention, the body portion pivoting axis 38
      is disposed above and parallel to the wheel means axis defined by axle 64.
      Moreover, in accordance with the preferred embodiment, both of these axes
      38 and 64 fall substantially within the body transverse mid-plane 28 when
      the body portion 12 is positioned (as shown in FIG. 1) in what may be
      termed its normal carrying position, i.e., when the carrying compartment
      16 forms a receptacle and the transverse mid-plane 28 is substantially
      vertically disposed so that the maximum carrying surfaces of the walls 18,
      20, 22, 24 and 26 are presented for supporting the desired load. These
      features contribute significantly to balancing properties of the cart 10,
      whereby the loads in the carrying compartment 16 will be substantially
      equally distributed on both sides of the mid-plane 28, the pivoting axis
      38, and the wheel axis 64 when the cart 10 is towed horizontally. Thus the
      cart 10 is essentially self-balancing and a minimum of restraint need be
      used to prevent undesired movement of the body portion. This balancing
      characteristic is enhanced as the vertical distance between the pivoting
      axis 38 and the bottom 26 of the body portion 12 increases consistent with
      ease of dumping, and it is preferred that this distance be at least equal
      to and preferably (as shown) greater than the vertical distance from the
      top of the body portion 12 to the pivoting axis 38 to optimize the
      balancing characteristic of the cart 10.
PAR  The walls 18, 20, 22, 24 and 26 are preferably fabricated of liquid
      impermeable material such as, for example, polyethilene, so that the cart
      10 is capable of holding and transporting liquid and powdered materials as
      well as solid materials. To facilitate use of the cart 10 with liquids,
      the cart 10 has liquid discharging means generally indicated at 66
      comprising a liquid discharge aperture 68 formed in the carrying
      compartment defining wall 20 near the bottom of the compartment and a
      removable discharge aperture covering member 70, so that the aperture 68
      may be covered to prevent liquid discharge when desired, and may be
      uncovered to discharge liquid when desired. As shown, the discharge
      aperture 68 has an externally threaded portion which corresponds to
      internal threads provided on the aperture cover 70 to allow for removal of
      the cover 70 as desired. Liquid level marks 69 (see FIG. 6) on wall 18
      facilitate use of the cart 10 with liquids and the like.
PAR  In order to stabilize the body portion 12 in the many positions it may
      assume with respect to the frame 14 as the body portion is pivoted about
      the pivoting axis 38, the cart 10 preferably includes adjustable
      stabilizing means 72 which interconnects the body portion 12 and the frame
      14. In the preferred embodiment 10, the stabilizing means 72 (FIGS. 1 and
      1A) comprises an elongated, telescopically adjustable rigid member or bar
      74 consisting of at least two telescopically engaged members 76 and 78.
      Telescoping member 76 is a hollow tube having a bore slightly larger than
      the outer diameter of the rod-like telescoping member 78. One end of the
      telescoping bar 74 is pivotally connected to the towing member 58 of frame
      14 by a conventional pivotal connection designated at 82. The other end of
      the telescoping bar 74 is pivotally connected to the body portion 12 by a
      similar conventional pivotal connection designated 84 located at the
      transverse center of the upper lip of transverse wall 18. A radially
      extending pin 79 is affixed to the lower end of the rod-like inner
      telescoping member 78, and the inner diameter of the tube 76 is large
      enough to allow the tube 76 to pass over the pin 79. The open end of tube
      76 is flared outwardly so that the tube 76 passes over the pin 79 as the
      members 76, 78 are telescopically engaged. A pin receiving aperture 80 is
      formed in tube 76 to receive the pin 79 and the rod 78 is bent slightly to
      force the pin 79 into aperture 80 when these two elements are registered
      to prevent longitudinal movement between members 76 and 78. The pin 79 and
      aperture 80 are positioned to stabilize or lock the body portion 12 in its
      normal load carrying position relative to the frame 14 as shown in FIG. 1.
      A pin receiving aperture 81 is formed near the other end of the rod-like
      member 78 to register with tube aperture 80 to receive a pin or the like
      to increase the length of the telescoping member 74 to stabilize the body
      portion 12 in its rear loading position where rear wall 20 is
      approximately horizontal and preferably forms about a positive 10.degree.
      angle with the horizontal as described below wth reference to FIG. 3, so
      that the cart 10 may be used as a passenger vehicle or flat-bed conveyance
      in its rear position.
PAR  Obviously further pairs of registering apertures similar to apertures 80
      and 81 could be provided to adjustably stabilize the body portion 12
      relative to the frame 14 at any other desired position.
PAR  The cart 10 preferably includes means for positioning a flat member within
      the carrying compartment 16 when the body portion 12 is disposed as shown
      in FIG. 1. Thus, the preferred embodiment 10 includes inwardly extending
      shoulders 86 formed in the walls 18, 20, 22 and 24, which shoulders are
      disposed to define a support surface substantially perpendicular to the
      body portion transverse mid-plane 28 to provide a supporting surface for
      flat members such as a cover to prevent splashing of liquids in the
      carrying compartment 16 during transportation, or to support shelves, such
      as shelf 87, upon which to place desired objects. Although only one level
      of shoulders 86 is shown, it should be readily apparent that a plurality
      of such shoulders could be provided at various levels within the
      compartment 16 to afford the cart greater versatility without departing
      from the invention.
PAR  The foregoing description has focused primarily upon the functioning of the
      cart 10 when the body portion 12 assumes the normal cart loading position
      wherein the transverse mid-plane 28 is substantially vertical. The
      description will now proceed to the instances wherein the body portion 12
      is pivoted about its axis 38 to assume alternate positions which afford
      much of the versatility of the invention. For example, the body portion 12
      may be pivoted approximately 45.degree. in a counterclockwise direction
      toward the frame 14 from its FIG. 1 position to assume the position shown
      in FIGS. 3 and 4. In the latter position, the flat inner surface of the
      first transverse wall 18 is approximately horizontal so that the cart 10
      may be used as a flat bed conveyance. In order to prevent articles carried
      on the flat inner surface of the wall 18 from bouncing out of the carrying
      compartment 16 when the cart is being towed over rough terrain, it is
      preferred that the wall 18 be canted at a positive angle of about
      10.degree.  from the horizontal. By positive angle it is meant that the
      lip of the wall 18 be somewhat higher than the bottom portion of the wall
      18.
PAR  The invention also contemplates that the cart 10 may be used as a passenger
      conveyance when the body portion is positioned so that one of the
      transverse walls 18 or 20 assumes a substantially horizontal position
      while the other transverse wall 20 or 18 assumes a generally vertical
      position. To that end, the body portion 12 includes means for supporting a
      seat member 90 (FIG. 3) in a generally horizontal position adjacent the
      vertically disposed transverse wall. In the preferred embodiment of the
      cart 10, seat supporting shoulders 88 are formed on the inner surface of
      the longitudinal walls 22 and 24 so as to present supporting surfaces
      which are disposed substantially perpendicularly to the transverse walls
      adjacent the shoulders 88.
PAR  In FIGS. 3 and 4, a seat member 90 is positioned on the seat supporting
      shoulders 88 adjacent transverse wall 20 so that passengers may sit on the
      seat 90 with their backs supported by the wall 20 and with their feet
      resting on transverse wall 18. Similarly, the cart 10 may be used as a
      passenger conveyance when the body portion 12 is rotated approximately
      90.degree. in a clockwise direction from the position shown in FIGS. 3 and
      4 by mounting the seat 90 on the seat supporting shoulders 88 adjacent the
      transverse wall 18 so that, when the body portion is rotated to the latter
      position, the passengers may sit with their backs against the first
      transverse wall 18 with their feet resting on the now approximately
      horizontally disposed second transverse wall 20.
PAR  In order to securely position the body portion 12 in its relative position
      to the frame 14 wherein the first transverse wall 18 is approximately
      horizontal, it is preferred to provide locking means 92 to lock the
      transverse wall 18 to the frame 14. The frame closing member 56 is
      preferably located remotely from the body pivot axis 38 at a distance
      selected so that the upper lip of the first transverse wall 18 when
      rotated toward the frame 14 is adjacent the closing member 56. As shown in
      FIG. 3, the locking means 92 comprises a locking strap 94 mounted to a bar
      95 fastened to the lip of front wall 18, which strap extends outwardly
      from the wall 18 and has a locking aperture 96 formed therein. An L-shaped
      locking member 98 is secured to the frame closing member 56 so as to
      extend upwardly therefrom, and the strap aperture 96 receives the top of
      the L-shaped member 98 to prevent adverse pivoting of the body portion 12.
      The length of the locking strap 94 is preferably selected so as to lock
      the first transverse wall 18 at a positive position of about 10.degree.
      with respect to the horizontal, for the reasons discussed above.
PAR  The cart 10 may be towed by any desired means, such as, for example, by
      hand or by a conventional garden tractor. In order to facilitate
      attachment to a towing means, the outer end of the towing member 56 shown
      in FIG. 1 includes two spaced plates 100 in which are formed aligned
      apertures 102 adapted to be connected to the desired towing means. A
      conventional garden tractor may be connected to the cart 10 by inserting
      the tractor's towing tongue between the plates 100 until the tongue
      apertures and plate apertures 102 are aligned, and then merely inserting a
      pin or similar device for connection. Should it be desired to tow the cart
      by hand, the invention provides a towing handle 104 adapted to be readily
      inserted into the towing apertures 102.
PAR  Further in accordance with the preferred embodiment of the invention, means
      are provided for rapidly and easily mounting a canopy to the body portion.
      As shown in FIGS. 1 and 6, the upper portions of the body walls, 18, 20,
      22 and 24 include upwardly opening canopy post receiving sockets.
      Preferably four canopy post receiving sockets 106 are provided adjacent
      the four corners defined by the upper lips of the walls 18, 20, 22 and 24.
      Canopy support posts 108 can thus be mounted in the appropriate post
      sockets 106 so that the posts 108 are disposed parallel to the body
      vertical mid-plane 28. A canopy 110 to be mounted on the support posts 108
      is preferably adaptable for mounting above the carrying disposition (FIG.
      1) wherein the vertical mid-plane 28 is substantially vertical or in its
      surrey position (FIGS. 3 and 4). The canopy 110 has four canopy post
      receiving fixtures 112 registered with the body canopy post sockets 106 so
      that four support posts 108 will position the canopy directly above the
      carrying compartment when it is in its normal carrying position. The
      canopy 110 preferably has a second set of canopy post receiving fixtures
      114 positioned centrally within the canopy and disposed at about
      45.degree. with respect to the plane of the canopy so that the canopy 110
      may be mounted above the carrying compartment 16 when the body portion is
      pivoted to its forward surrey position as shown in FIGS. 3 and 4, or when
      the body portion is pivoted to a rear surrey position wherein the rear
      wall 20 is approximately horizontal.
PAR  The U-shaped configuration of the frame 14 enables a variety of auxiliary
      pieces of equipment to be mounted to the cart 10 to further diversify the
      uses to which it can be put. For example, as shown in FIG. 8, a spraying
      unit 116 is mounted on the frame 14. The sprayig unit includes a motor or
      engine, high pressure pump and spray gun and is fluidly connected with the
      carrying compartment 16 by hose 118 connected to the liquid discharge
      aperture 66. Thus, the cart 10 may be used as a compact, high-volume
      spraying device which operates completely independently of other
      equipment.
PAR  A further use of the cart 10 is shown diagrammatically in FIG. 7 wherein a
      roller 120 is mounted on the frame 14. The weight of the rolling device
      may be conveniently increased by filling the carrying compartment 16 with
      a dense substance such as water to render its operation more efficient.
PAR  Having thus described the preferred embodiment of the invention, the
      advantages achieved thereby will be briefly reviewed By providing a cart
      10 with a symmetric receptacle portion 12 preferably pivotally mounted in
      a balanced relationship to the supporting frame 14, the invention
      minimizes the chances of inadvertent spillage of the cart's contents and
      obviates the need for complex stabilizing frame work.
PAR  The wedge-shaped body portion 12, together with the ability of the body
      portion 12 to pivot freely in relation to the frame, enables the cart 10
      to be used as: a conventional load carrier which may be easily loaded or
      unloaded by simply pivoting the balanced body portion to the desired
      position; a flat-bed conveyance in either a forward or rear position, a
      passenger vehicle in either a forward or rear position by mounting a seat
      90 on the shoulders 88; and a free-standing serving cart or the like by
      mounting shelves 87 on shoulders 86. Moreover, a plurality of associated
      equipment, as illustrated by the spraying equipment 116 and roller 120,
      may be mounted to the frame 14 to adapt the cart 10 for a variety of other
      purposes.
PAR  In view of this description a number of modifications and equivalents of
      this invention may become apparent to those skilled in the art. It is,
      therefore, my intention to cover all modifications and equivalents which
      do not depart from the spirit and scope of the invention as defined by the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cart-like vehicle, having a primary utility either as a conveyance for
      personnel or in the transport and dumping of loads, comprising: a tiltable
      body including pairs of opposed walls defining a concave carrying
      compartment, one pair being end walls which are sloped inwardly and
      downwardly toward the compartment bottom and being disposed generally
      symmetrically with respect to a transverse mid-plane bisecting said
      compartment; elongated main framing having portions disposed below the
      level of said body, at least when the latter is in an upright position,
      and having wheels mounted for rotation about axle means carried by a
      portion of said framing which is disposed subjacent a generally central
      portion of the length of said body, said framing further having a
      projecting end portion extending longitudinally of said body, and adapted
      for moving said vehicle; and means mounting said body upon said framing
      with freedom for tilting movements, with respect to said framing, from a
      central load-carrying position, in which the compartment concavity faces
      upwardly and said mid-plane extends generally vertically above said
      wheels, to a first, longitudinally-tilted conveyance position in which one
      of said end walls is approximately horizontal and the concavity faces in
      the direction of extension of said end portion of said framing, and to a
      second, longitudinally-tilted load-dumping position in which said
      concavity faces generally oppositely as compared with the first direction
      of tilt and in which dumping position the other of said end walls of said
      body may extend downwardly to a position where its extreme edge is closely
      adjacent to a surface on which said wheels ride, said mounting means
      further comprising structure upstanding from said main framing, and
      including pivot means coupled to said body in an intermediate region of
      body height, and defining an axis of pivotation lying substantially in
      said mid-plane, said axis being generally parallel with and disposed
      substantially vertically above, said axle means.
NUM  2.
PAR  2. A vehicle according to claim 1, and further including readily releasable
      stay means for securing said body in any of said three positions.
NUM  3.
PAR  3. A cart according to claim 2 wherein said stay means comprises an
      elongated telescopically-adjustable rigid member, one end of which is
      pivotally connected to said framing and the other end of which is
      pivotally connected to said body.
NUM  4.
PAR  4. A vehicle according to claim 1, and in which said body includes means
      for supporting a seat member within said concavity, said means being so
      configurated and disposed as to support such seat member in a generally
      horizontal position when said body is in said first tilted position.
NUM  5.
PAR  5. A cart comprising an elongated, concave body portion forming a carrying
      compartment normally disposed in a first position with its concavity
      facing upwardly, a pair of wheels, and means associating said body portion
      and wheels, and including framing having means defining a first axis about
      which said wheels may rotate, and means defining a second axis parallel to
      and disposed generally vertically above said first axis, said latter means
      being coupled to said body portion in a region intermediate both its
      length and its height and providing for pivotation of said body portion,
      about said second axis, between a pair of opposed positions in each of
      which said concavity faces longitudinally, said body having two sloping
      end walls similar in length and in slope with relation to an upright plane
      containing said two axes when the concavity faces directly upwardly, and
      the angle between said two walls being such that in one of said opposed
      positions one such wall will be in a position close to the horizontal and
      in the other of said opposed positions, the extreme edge of the other such
      wall will be in close proximity to a surface on which said wheels ride.
NUM  6.
PAR  6. A cart according to claim 5 wherein the sloping walls of said pair are
      substantially symmetrically disposed on opposite sides of the transverse
      vertical mid-plane of the body portion, the said pair of walls sloping
      upwardly and outwardly from the bottom of the carrying compartment so as
      to form substantially equal acute angles with said body portion mid-plane,
      whereby said body portion has a generally wedged-shaped configuration.
NUM  7.
PAR  7. A cart according to claim 6 which further comprises means for locking
      said body portion to said framing when said body portion is pivoted so
      that a first said opposed angularly disposed body wall is approximately
      horizontal and the other said opposed, angularly disposed body wall is
      approximately vertically disposed above said first transverse wall.
NUM  8.
PAR  8. A cart according to claim 5 which further comprises a roller rotatably
      mounted on said framing, spaced from said wheel axis.
NUM  9.
PAR  9. A cart according to claim 5 wherein said body portion walls are
      fabricated of a plurality of plies of plastic material, one of which is
      ridged.
NUM  10.
PAR  10. A cart according to claim 9 wherein there is a drain device accessible
      from the outside of the outer of the plies of plastic material, and
      adapted to drain liquid from the carrying compartment.
NUM  11.
PAR  11. A cart according to claim 5 which further includes means adapted to
      mount a canopy in a generally horizontal position over said carrying
      compartment, in at least two of the operating positions of said
      compartment.
NUM  12.
PAR  12. A cart comprising: a body portion including walls defining a carrying
      compartment which is substantially symmetrically disposed about a
      mid-plane bisecting said body portion, said body portion walls including a
      pair of walls disposed on opposite sides of said body portion mid-plane
      and sloping upwardly and outwardly from the bottom of said carrying
      compartment so as to form substantially equal acute angles with said body
      portion mid-plane; so as to have a generally wedge-shaped configuration; a
      frame; means for pivotally mounting said body portion to said frame about
      a horizontal pivoting axis; means for locking said body portion to said
      frame when said body portion is pivoted so that a first of said pair of
      opposed angularly disposed body walls is approximately horizontal and the
      other of said pair of opposed, angularly disposed body walls is
      approximately vertically disposed above said first angularly disposed
      wall; shoulders on the interiors of said body walls adjacent and
      perpendicular horizontal seat member within the carrying compartment; and
      wheel means mounted to said frame for rotation about a horizontal
      transverse axis located below said body portion pivoting axis.
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ABST
PAL  Procedure and apparatus for monitoring the lash and the toe-in of a vehicle
      steering system by comparing the angular position of the vehicle's
      steering wheel as the front wheel spindles pass through preselected
      reference positions during tuning maneuvers. For example, an angular
      position transducer at one front wheel determines the instant at which
      that wheel spindle crosses the reference position in one direction and
      gates the output of an angular position transducer of the steering wheel
      to a comparator which stores the signal corresponding to the instantaneous
      angular position of the steering wheel. When that wheel spindle next
      crosses the reference position in the opposite direction the instantaneous
      output of the steering wheel angular position transducer is again gated to
      the comparator which then compares the two signals and generates a
      proportional output signal which is transmitted to a display means which
      functions to display an improper lash condition warning when the
      comparator output signal achieves a preselected magnitude.
BSUM
PAR  This invention relates generally to the steering system of an automative
      vehicle and more particularly to a procedure and apparatus for
      diagnostically monitoring various characteristics of the system.
PAR  A typical automative vehicle steering system includes a pair of steerable
      road wheels rotatably supported on respective ones of a pair of spindles.
      Each spindle is part of or attached to a steering knuckle which, in turn,
      is supported on the vehicle for rotation about a corresponding one of a
      pair of generally vertical steering axes. Steering linkage is disposed on
      the vehicle between each of the steering knuckles and a steering gear
      assembly and a steering column or shaft is connected to the steering gear
      assembly and rotatable relative to the vehicle. Finally, a steering
      handwheel is rigidly attached to the steering shaft so that manual torque
      applied at the handwheel is transferred through the steering shaft to the
      steering gear assembly wherein it is multiplied and then applied to the
      steering knuckles through the steering linkage to effect rotation of the
      knuckles about the steering axes. With respect to such systems, automative
      engineers use the term "lash" to describe the lost motion or "play"
      between the handwheel and the steering knuckles which is virtually
      unavoidable in any practical system. Thus, when the operator applies
      torque at the handwheel, there is a momentary and substantially
      imperceptible delay between the instant the handwheel begins turning and
      the instant the steering knuckles begin pivoting about the steering axes.
      This delay results from the fact that the lash in the system must be taken
      up before the steering knuckles begin pivoting. The novel steering system
      monitoring procedure and apparatus according to this invention function to
      continuously monitor the magnitude of the lash in the steering system for
      the purpose of alerting the operator or service technician when an excess
      lash condition exists.
PAR  Another characteristic of the steering system which automative engineers
      are concerned with is wheel alignment and, in particular, the
      characteristic referred to as "toe-in". For various, well-known reasons,
      it has been found advantageous to orient the vehicle's steerable wheels
      such that when the hand wheel is in a position corresponding to straight
      ahead travel the axes of the wheel spindles form small acute angles with
      respect to a transverse axis of the vehicle. Thus, the steerable road
      wheels are normally toed-in or directed slightly inwardly. The novel
      steering system monitoring procedure and apparatus according to this
      invention also function to monitor the toe-in characteristic of the
      steering system for the purpose of alerting the operator or service
      technician of an improper toe-in condition.
PAR  Accordingly, the primary feature of this invention is that it provides a
      novel procedure for monitoring related characteristics of a vehicle
      steering system and novel apparatus for carrying out the procedure.
      Another feature of this invention is that it provides a novel procedure
      and novel apparatus for monitoring, in particular, the lash in the
      steering system and the toe-in condition of the steerable wheels. Yet
      another feature of this invention is that it provides a novel steering
      system monitoring procedure wherein a reference position for each wheel
      spindle is selected, normally the straight-ahead position, and the angle
      of the steering handwheel is monitored at the instant the spindles pass
      through the reference position so that by comparing the handwheel angles
      when the spindles sequentially pass through the reference position in
      opposite directions the system lash can be determined and by comparing the
      handwheel angles corresponding to the instance at which the spindles
      passed through their respective reference positions in the same direction
      of movement the wheel toe-in condition can be determined. A still further
      feature of this invention resides in the provision of novel apparatus
      including a pair of angular position transducers for monitoring each wheel
      spindle, an angular position transducer for monitoring the instantaneous
      angular position of the steering handwheel, a comparator connected to the
      handwheel transducer for comparing the various instantaneous outputs
      thereof, and electronic gating circuitry for controlling the inputs to the
      comparator in accordance with the outputs of the spindle transducers.
DRWD
PAR  These and other feature of this invention will be readily apparent from the
      following specification and from the drawings wherein:
PAR  FIG. 1 is an exploded perspective view of a typical automobile steering
      system, the lash and toe-in of which are to be monitored by a procedure
      and apparatus according to this invention;
PAR  FIG. 2 is a schematic plan view of the steering system shown in FIG. 1;
PAR  FIG. 3 is a schematic plan view showing a part of the wheel spindle angle
      monitoring portion of the apparatus according to this invention;
PAR  FIG. 4 is a schematic view of a part of the steering wheel angle monitoring
      portion of the apparatus according to this invention;
PAR  FIG. 5 is a diagram depicting the electrical output signals generated by
      the steering wheel angle monitoring portion of the apparatus according to
      this invention; and
PAR  FIG. 6 is a schematic diagram showing the electrical circuit portion of the
      apparatus according to this invention.
DETD
PAR  Referring now to the drawings, FIG. 1 depicts in exploded perspective
      fashion a typical automobile steering system which normally is supported
      on a frame portion 10 of the vehicle. The frame portion includes a left
      side rail 12 and a right side rail 14 interconnected at the forward end of
      the vehicle by a cross member 16. Conventional suspension components such
      as upper and lower A-frame type control arms, 15 and 17 pivotally attached
      to each of the right and left side rails support respective ones of a pair
      of steering knuckles 18 and 20, FIGS. 1 and 2, for generally vertical
      jounce and rebound deflection. The left steering knuckle 18 includes a
      wheel spindle 22 and a forwardly projecting arm 24. Similarly, the right
      steering knuckle 20 includes a wheel spindle 26 and a forwardly projecting
      arm 28. As is conventional, the upper and lower A-frame type control arms
      are connected to the corresponding one of the steering knuckles 18 and 20
      through ball joint or like connections which define a generally vertical
      left steering axis 30 and a generally vertical right steering axis 32
      about which the respective steering knuckles pivot. Each of the wheel
      spindles 22 and 26 rotatably supports through a conventional wheel bearing
      arrangement, not shown, one of a pair of steerable road wheels 34, FIG. 2.
PAR  Referring again to FIGS. 1 and 2, one end of a left tie rod assembly 36 is
      pivotally connected to the distal end of projecting arm 24 on the steering
      knuckle 18 through a ball joint or like connection 38 while one end of a
      similar, right tie rod assembly 40 is pivotally connected to the distal
      end of projecting arm 28 by a ball joint or like connection 42. The
      inboard end of the tie rod assembly 36 is pivotally connected at 44 to a
      drag link or relay rod 46 and the inboard end of the tie rod assembly 40
      is pivotally connected at 48 to the relay rod 46. An idler arm 50 is
      disposed on a support 52 rigidly attached to the frame rail 14 for pivotal
      movement about an axis defined by the support. The distal end of the idler
      arm is pivotally connected to the right end of the relay rod 46 at 54. The
      left end of the relay rod is pivotally attached at 56 to one end of a
      pitman arm 58, the other end of the pitman arm being rigidly attached to a
      pitman shaft 60 projecting from a steering gear assembly 62. The steering
      gear assembly is rigidly attached to the inboard side of the frame rail 12
      and includes an input shaft 64 which carries a flexible connector 66.
PAR  The steering system thus described is conventional and functions in
      well-known manner to transform a rotary input at the input shaft 64 into
      pivotal movement of the wheels 34 about corresponding ones of the steering
      axes 30 and 32. More particularly, rotation of the flexible connector 66
      effects concurrent rotation of the pitman shaft 60 and attached pitman arm
      58. The pivot connection 56 transforms the pivotal motion of the pitman
      shaft into lateral bodily shiftable motion of the relay rod 46. The motion
      of the relay rod is transferred directly to the tie rod assemblies 36 and
      40 which thus move transversely relative to the frame 10. The pivot joints
      38 and 42 at the distal ends of the tie rod assemblies 36 and 40,
      respectively, function to convert the transverse bodily shiftable movement
      of the tie rod assemblies into pivotal movement of the corresponding one
      of the steering knuckles 18 and 20 about the steering axes 30 and 32,
      respectively.
PAR  Referring again to FIGS. 1 and 2, the steering system further includes a
      steering column assembly designated generally 68 having an upper mast
      jacket section 70 and a lower mast jacket section 72. The mast jackets are
      rigidly supported on the body portion of the vehicle, now shown, and
      cooperate in rotatably supporting therewithin a steering shaft 74, the
      lower end of which rigidly attaches to the coupling 66 on the input shaft
      64. A hand wheel or steering wheel 76 is rigidly attached to the upper end
      of the steering shaft 74 and is adapted in well-known manner for manual
      manipulation by an operator seated within the vehicle body. Accordingly,
      when the steering wheel 76 is manually rotated the steering gear input
      shaft experiences concurrent rotation and effects, as described
      hereinbefore, pivotal movement of the wheels 34 about corresponding ones
      of the steering axes.
PAR  In the steering system described, the phenomenon known as "lash" can be
      observed. Generally speaking, lash is the lost motion within the system
      which must be taken up before the steering knuckles 18 and 20 begin to
      pivot in response to rotation of the steering wheel. Such lost motion is
      the result of a number of causes including, for example, manufacturing
      tolerances and normal wear between parts. Thus, when lash is present in
      the system, initial rotation of the steering wheel 76 functions only to
      take up the lash without effecting concurrent pivotal movement of the
      steering knuckles. When all the lash in the steering system is completely
      taken up, the steering knuckles begin to pivot about the steering axes.
      For purposes of the present discussion, the lash of the entire steering
      system is defined as the included angle through which the steering wheel
      76 is turned before pivotal movement of the steering knuckles is initiated
      and it is this included angle which is continuously monitored by the
      procedure and apparatus according to this invention.
PAR  Another characteristic of the steering system which is advantageously
      monitored by the procedure and apparatus according to this invention is
      "toe-in". Toe-in, for purposes of the present discussion, is defined as
      the included angles .theta., FIG. 2, between a transverse axis 78 of the
      vehicle extending perpendicular to the longitudinal plane of symmetry of
      the latter and the axes of the wheel spindles 22 and 26 when the steering
      wheel 76 is in a predetermined reference position corresponding to
      straight-ahead movement of the vehicle. Thus, for example, if the wheel
      spindles project exactly perpendicular to the longitudinal plane of
      symmetry of the vehicle, when the steering wheel is in the reference
      position, the toe-in is zero. In actual practice, however, the wheels 34
      point slightly toward the center of the vehicle and are, thus, toed in as
      shown in exaggerated fashion in FIG. 2. Each of the spindles 22 and 26
      thus defines an angle .theta. with respect to the transverse axis 78 in
      the reference position of the steering wheel 76.
PAR  Referring now to FIGS. 3 and 4, the lash and toe-in characteristics of the
      steering system are continuously monitored by a pair of angular position
      transducers disposed at each steering knuckle 18 and 20 and by an angular
      positioned transducer disposed on the steering column assembly 68. More
      particularly, as seen best in the schematic representation of FIG. 3,
      there is associated with each of the steering knuckles identical angular
      positioned transducers, only right side transducer 80 being shown
      schematically in FIG. 3 and described hereinafter. The transducer 80
      includes a target sector 82 rigidly connected to the steering knuckle 20
      and adapted for rotation as a unit with the latter about the steering axis
      32. The target sector 82 includes a first arcuate surface 84 disposed at a
      distance R.sub.1 from the steering axis 32 and a second arcuate surface 86
      disposed at a distance R.sub.2 from the steering axis 32, R.sub.2 being
      greater than R.sub.1 and the surfaces 84 and 86 being interconnected by a
      radially extending shoulder 88..
PAR  Referring again to FIG. 3, the angular position transducer 80 further
      includes a proximity sensor unit 90 rigidly attached to a convenient
      portion of the vehicle adjacent the target sector 82 so that the target
      sector is pivotable relative to the sensor during steering maneuvers. The
      sensor 90 is generally conventional in construction and includes a sensing
      area 96 disposed on the order of 0.015 and 0.030 inches from the second
      arcuate surface 86. As described more fully hereinafter, the sensor 90 is
      adapted to generate an output voltage or signal of given magnitude when
      the second arcuate surface 86 is located adjacent the sensing area 91 and
      another, lower output voltage or signal when the first arcuate surface 84
      is located adjacent the sensing area. The target sector 82 is oriented on
      the steering knuckle 20 such that when the spindle 26 is aligned on the
      transverse axis 78, the radially extending shoulder 88 is aligned with the
      sensing area so that as the spindle 26 crosses from one side of the
      transverse axis 78 to the other, the output signal of the sensor 90
      changes from the high to the low voltage or vice versa.
PAR  As seen best in FIG. 4, a third angular position transducer shown
      schematically in FIG. 4 and designated generally 92 is disposed on the
      steering column assembly 68 and functions to monitor the angular position
      of the steering wheel 76 with respect to the preselected reference
      position. As noted hereinbefore, the reference position is assumed to be
      that position of the steering wheel 76 corresponding to exact straight
      ahead movement of the vehicle. The reference position is shown
      schematically in FIG. 2. The third transducer 92 includes an annular code
      ring 94 having four raised segments 96, 98, 102, 104 with the angular
      relationships shown in FIG. 4. The code ring surrounds the steering shaft
      74 and is rigidly attached to the latter for rotation as a unit therewith
      within the upper mast jacket 70. The third transducer 92 further includes
      three proximity sensors similar to the sensor 90 described hereinbefore.
      For purposes of discussion and referring to FIG. 4, the three sensors are
      identified schematically as point locations 106, 108 and 110. In practice,
      the sensors are rigidly attached to the steering column assembly; for
      example, within the upper mast jacket 70, at 120.degree. angular intervals
      relative to each other. The sensors are intended to detect the presence of
      the raised segments 96, 98, 102 and 104 adjacent or in proximity to the
      location designated by the points 106, 108 and 110. Accordingly, the
      sensors 106, 108 and 110 are supported on the steering column assembly in
      a plane parallel to the plane of the code ring 94 and each generates or
      transmits a characteristic constant low or high output voltage or signal
      corresponding to whether or not one of the raised segments 96, 98, 102 or
      104 is disposed adjacent one of the locations designated 106, 108 and 110.
      The high output voltage corresponds to the presence of a raised segment
      while the low output voltage corresponds to the absence of a raised
      segment.
PAR  The code ring 94 is, of course, rotatable relative to the three proximity
      sensors 106, 108 and 110. When the steering shaft and attached code ring
      are in the positions corresponding to the aforementioned reference
      position of the steering wheel, the raised segments 96, 98, 102 and 104
      assume predetermined angular relationships relative to the three sensors
      106, 108 and 110 as shown in FIG. 4. The significance of these angular
      relationships will become apparent hereinafter.
PAR  Referring particularly to FIG. 5 now, the three curves labeled 106', 108'
      and 110' represent a plot of the output voltage signal of each of the
      sensors 106, 108 and 110, respectively, as a function of the angular
      position of the steering wheel 76. The vertical line designated "REF"
      represents the preselected reference position of the steering wheel 76
      corresponding to straight-ahead driving while each of the broken vertical
      lines represents a 7.5.degree. angular increment, the increments being
      numbered 1 through 7. The first increment begins at 26.25.degree. on the
      counterclockwise side of the reference position while the seventh
      increment ends at 26.25.degree. on the opposite or clockwise side of the
      reference position. The area designated "O" represents all other angular
      positions of the steering wheel 76. It will be seen in FIG. 5 that the
      output voltage signal of only one of the three sensors 106, 108 and 110
      changes as the steering wheel passes from one 7.5.degree. increment to
      another so that for each angular increment there is only one combination
      of output voltage signals from the three proximity sensors 106, 108 and
      110.
PAR  Referring to FIGS. 4 and 5, it will be observed that when the steering
      wheel is in the reference position, FIG. 4, the sensors 108 and 110
      generate high voltage output signals while sensor 106 generates a low
      voltage output signal. This particular combination of output signals
      remains constant as long as the steering wheel remains within 3.75.degree.
      of the reference position in either the clockwise or counterclockwise
      direction, or, in other words, in the fourth increment. If the steering
      wheel, and hence the code ring 94, are rotated clockwise, FIG. 4, from the
      reference position through an included angle of between 3.75.degree. and
      11.25.degree. then the voltage output signal of the sensor 106 changes
      from the low level to the high level while the output signals of the
      sensors 108 and 110 remain unchanged at the high level. Accordingly,
      whenever all three sensors are generating high voltage output signals, the
      steering wheel is in the fifth increment. This same analysis, of course,
      holds true for each of the other increments and it will be apparent to one
      skilled in the art, from analysis of the angular relationships of FIG. 4,
      that for every angular position of the steering wheel 76 there is only one
      particular combination of sensor output signals.
PAR  Referring to FIG. 6 and describing the electronic circuit portion of the
      monitoring apparatus, the angular position transducers at each steering
      knuckle and the angular position transducer on the steering column
      assembly are integrated into an electronic circuit including a processing
      logic, the function of which will become apparent hereinafter. More
      particularly, an oscillator 112 supplies AC voltage to the proximity
      sensor 90 at the right steering knuckle 20 and to an identical proximity
      sensor 114 at the left steering knuckle 18 and also to each of the
      proximity sensors 106, 108 and 110 on the steering column assembly. In
      addition, the output of the oscillator 112 is fed through a half-wave
      rectifier and filter 116 to a plurality of comparators 118, 120, 122, 124
      and 126, the rectified voltage applied to the comparators being a
      reference voltage. The output signal of the proximity sensor 90, being an
      AC voltage, is fed through a half-wave rectifier 128 to the comparator
      118. Similarly, the AC output voltage signals of the proximity sensor 114
      and the proximity sensors 106, 108 and 110 are fed, respectively, through
      a plurality of half-wave rectifiers 130, 132 134, 136 to corresponding
      ones of the comparators 120, 126, 122 and 124. The comparators function to
      compare the output signal of the corresponding one of the proximity
      sensors with the reference signal supplied by the oscillator 112 by
      determining the difference between the two. In effect, when the output
      signal of any one of the proximity sensors is at its low level,
      substantially no output signal is transmitted by the corresponding
      comparator. Conversely, when a proximity sensor output signal is at its
      high level, the corresponding comparator transmits a similar, high output
      signal. The output of each of the comparators 118, 120, 122, 124 and 126
      is fed to a corresponding number of identical, signal monitoring modules
      designated 138, 140, 142, 144 and 146. Describing in detail only the
      module 146, the latter includes a toggle flip-flop 148, a pair of
      monostables 150 and 152, and an OR gate 154. When the output signal of the
      comparator 126 is low, the toggle flip-flop 148 is not energized. When the
      comparator 126 output signal is high, however, the toggle flip-flop 148 is
      triggered and the latter then generates two exactly opposite square wave
      output voltages which are fed to the monostables 150 and 152. The
      monostables are connected to the OR gate 154 and have different time
      constants so that a substantially constant voltage is always applied at
      the OR gate by one or the other of the monostables whenever the toggle
      flip-flop 148 is energized. The OR gate 154, of course, produces a
      predetermined output signal whenever it is energized by one or the other
      of the monostables 150 and 152 and this output signal is the output signal
      of the monitoring module 146.
PAR  Referring again to FIG. 6, each of the monitoring modules 142, 144 and 146
      has associated therewith a set of D-type flip-flops designated generally
      156, 158 and 160, respectively. Within each set there are four individual
      D-type flip-flops which will be identified by the numeral designating the
      set followed by either a, b, c or d. Each D-type flip-flop has a pair of
      input terminals and a single output terminal. The output voltage of the
      monitoring module 142 is applied to one input terminal of each of the
      D-type flip-flops 156 a, b, c, and d in the set 156. Similarly, the output
      voltages of the monitoring modules 144 and 146 are applied, respectively,
      to the input terminals of each D-type flip-flop in the sets 158 and 160.
      The D-type flip-flops function as gates which block further passage of the
      applied voltage signal unless externally triggered.
PAR  The output voltage of the monitoring module 138 associated with the
      proximity sensor 90 is applied directly to the available input terminal on
      each of the D-type flip-flops 156d, 158d and 160d in the sets 156, 158 and
      160, respectively. The output voltage of the monitoring module 138 is also
      fed through an inverter 162 and then to the available input terminal on
      each of the D-type flip-flops 156c, 158c and 160c in the sets 156, 158 and
      160, respectively. Similarly, the output voltage of the monitoring module
      140 associated with the proximity sensor 114 is fed directly to the D-type
      flip-flops 156b, 158b and 160b in the sets 156, 158 and 160, respectively,
      and through an inverter 164 to the D-type flip-flops 156a, 158a and 160a
      in the sets 156, 158 and 160, respectively.
PAR  The D-type flip-flops shown in the preferred embodiment are all identical
      and are energized or triggered by an increase in voltage applied at their
      respective input terminals. The proximity sensors at the steering
      knuckles, of course, generage alternate increases and decreases in output
      voltage as the wheel spindles 22 and 26 pass back and forth across the
      transverse axis 78 which increases and decreases are reflected by
      corresponding increases and decreases in voltage at the outputs of the
      monitoring modules 140 and 138, respectively. Since the D-type flip-flops
      are energized or triggered only by increases in voltage, an increase in
      the output voltage of the modules 138 and 140 directly energizes D-type
      flip-flops 156d, 158d and 160d and 156b, 158b and 160b, respectively.
      Conversely, when the output voltage of either of the monitoring modules
      138 and 140 decreases, that decrease is inverted by the inverters 162 and
      164, respectively, and then applied to the D-type flip-flops 156c, 158c
      and 160c and 156a, 158a and 160a which are thereby energized or triggered.
      Accordingly, it will be readily appreciated that each time the spindles 22
      and 26 cross the transverse axis 78, regardless of direction, one D-type
      flip-flop in each of the sets 156, 158 and 160 is triggered.
PAR  Referring to FIGS. 3 and 6 the D-type flip-flops 156d, 158d and 160d are
      each triggered when the right spindle 26 crosses the transverse axis 78 in
      a clockwise direction, FIG. 3. The output of each of the D-type flip-flops
      156d, 158d and 160d is fed to a memory register 166 operative to store the
      corresponding signal from each of the proximity sensors 106, 108 and 110
      as transmitted through the modules 146, 142 and 144 and gated by the
      D-type flip-flops. Similarly, the D-type flip-flops 156c, 158c and 160c
      are each triggered when the right spindle 26 crosses the transverse axis
      in a counterclockwise direction. The output of each of the D-type
      flip-flops 156c, 158c, and 160c is fed to a second memory register 168,
      also operative to store the corresponding signal from each of the
      proximity sensors 106, 108 and 110.
PAR  With respect to the left spindle 22, the D-type flip-flops 156b, 158b and
      160b and 156a, 158a and 160a are triggered, respectively, when the left
      spindle crosses the transverse axis 78 in the clockwise direction and in
      the counter-clockwise direction. The output of the D-type flip-flops 156b,
      158b and 160b is fed to a third memory register 170 and the output of the
      D-type flip-flops 156a, 158a and 160a is fed to a fourth memory register
      172. The memory registers 170 and 172 are, of course, also operative to
      store the output signals of the proximity sensors 106, 108 and 110 as the
      signals are transferred by the monitoring modules 142, 144 and 146 and
      gated by the D-type flip-flop sets 156, 158 and 160.
PAR  Finally, a first lash comparator 174 is connected to each of the memory
      registers 166 and 168. A second lash comparator 176 is connected to each
      of the memory registers 170 and 172. A first toe-in comparator 178 is
      connected to each of the memory registers 166 and 170. A second toe-in
      comparator 180 is connected to each of the memory registers 168 and 182.
      Each of the comparators 174, 176, 178 and 180 is operative to compare the
      last encoded and memorized signals in the corresponding memory registers
      and to energize an appropriate display if the comparison exceeds a
      preselected limit.
PAR  It will be apparent from the foregoing description that during vehicle
      operation the proximity sensors 106, 108 and 110 continuously monitors the
      angular position of the steering wheel 76 in terms of the eight possible
      incremental positions shown in FIG. 5. It will be further apparent that
      the function of the signal monitoring modules 142, 144 and 146 and the
      D-type flip-flop sets 156, 158 and 160 is to amplify and channel the
      output signals of the proximity sensors 106, 108 and 110 to an appropriate
      one of the memory registers 166, 168, 170 and 172, the sole function of
      the memory registers being to store the signals so that appropriate
      comparisons can be made by the comparators 174, 176, 178 and 180.
PAR  Before describing the monitoring procedure according to this invention it
      is first necessary to describe in somewhat more detail the lash phenomena.
      When the steering wheel 76 is rotated in the direction corresponding to a
      left turn, all the lash is taken up before the wheel spindles begin to
      pivot in the corresponding direction. When the left turn maneuver is
      completed a restoring torque on each steering knuckle functions to return
      the knuckles to a straight-ahead position, even in the absence of manual
      effort at the steering wheel, the restoring torque being the result,
      primarily of the caster angles of the steering axes. The lash in the
      system, of course, does not reappear until the restoring torque on the
      steering knuckles disappears which, theoretically, occurs when the wheels
      are once again oriented in a straight-ahead direction.
PAR  In practice, however, the instant at which the restoring torque disappears
      varies continuously as a result of several factors including the amount of
      crown on the road being traversed. Accordingly, in left turn situations,
      there will be occasions when the system lash is completely taken up before
      the left wheel spindle crosses 22 the transverse axis 78 in the
      counter-clockwise, FIG. 2, or left turn direction and does not reappear
      until after the left wheel spindle recrosses the transverse axis 78 in the
      opposite direction. In this situation, the angle of the steering wheel
      relative to the reference position at both instants in time when the left
      wheel spindle crossed the transverse axis in opposite directions is
      unchanged, thus indicating a zero lash condition. There will also be
      occasions when the restoring torque disappears and the lash reappears
      before the left wheel spindle recrosses the transverse axis in the
      clockwise direction. In this situation, during the next succeeding right
      turn maneuver when the system lash is taken up in the opposite direction,
      the angle of the steering wheel relative to the reference position at the
      instant the left wheel spindle recrosses the transverse axis 78 in the
      clockwise, FIG. 2, or right turn direction is different from the angle at
      the instant of the preceding crossing in the left turn direction. The
      difference between these two steering wheel angles is a measure of the
      total lash in the steering system. It will, of course, be apparent that
      this same analysis applies for the right wheel spindle 26.
PAR  Referring particularly to FIG. 6 and describing the procedure according to
      this invention for monitoring total lash in the steering system during,
      for example, a left turn maneuver, the proximity sensors 106, 108 and 110
      provide continuous output signals to the D-type flip-flop sets through
      corresponding ones of the monitoring modules 146, 142 and 144. The D-type
      flip-flops prevent transmission of the signals until triggered by the
      proximity sensors 90 and 114. In the example left turn situation, when the
      left spindle 22 crosses the transverse axis 78 moving in the left turn or
      counter-clockwise direction, FIG. 2, the proximity sensor 114 adjacent the
      left steering knuckle 18 energizes or triggers D-type flip-flops 156b,
      158b and 160b which thereupon pass the instantaneous output signals of the
      proximity sensors 108, 110 and 106, respectively, to the memory register
      170 where the signals are stored. The stored signals, of course, represent
      the instantaneous angular position of the steering wheel in terms of the
      seven increments shown in FIG. 5 when the left spindle crossed the
      transverse axis 78.
PAR  When the left spindle 22 next crosses the transverse axis 78 in the
      opposite or clockwise direction, FIG. 2, the proximity sensor 114 triggers
      or energizes the D-type flip-flops 156a, 158a and 160a through the
      inverter 164. The flip-flops 156a, 158a and 160a thereupon pass the
      instantaneous output signals of the proximity sensors 108, 110 and 106,
      respectively, to the memory register 172 where the signals are stored. The
      signals thus stored in the memory register 172 represent the angular
      position of the steering wheel at the instant the left wheel spindle 22
      next crossed the transverse axis 78 in the clockwise or right turn
      direction. The comparator 176 then compares the two stored angular
      representations, and, if a preselected angle is exceeded, energizes a
      display indicating the presence of excess lash in the system. While only
      the left spindle measurement has been described, it will be apparent that
      the same analysis holds true for the right spindle.
PAR  With respect to monitoring of the toe-in condition of the system, it will
      be apparent to those skilled in the art from the foregoing description
      that this condition also can be determined in terms of steering wheel
      angle. More particularly, if we assume no lash in the system and zero
      toe-in conditions, then in the reference position of the steering wheel
      76, both spindles 22 and 26 would be aligned on the transverse axis 78.
      Similarly, as the wheels 34 pivot back and forth across the straight-ahead
      positions, as during turning maneuver, the spindles 22 and 26 would always
      cross the axis 78 at the same instant since no lash is present in the
      assumed system. Therefore, if the steering wheel angles were noted and
      compared at the instant each of the spindles crossed the transverse axis
      78, while pivoting in the same direction, as would occur, for example,
      when a right turn is executed immediately after a left turn, there would
      be no difference. If a positive difference did exist it would indicate the
      existence of an improper toe-in condition in the system since the latter
      was assumed to have zero toe-in.
PAR  In actual practice, of course, lash does exist in all steering systems.
      However, a lash-free system is approximated in a situation where the
      operater turns the steering wheel to manually take up the lash before the
      wheels 34 cross the straight-ahead position. This situation would occur,
      for example, if the operator begins turning the wheel to effect a right
      turn while the wheels 34 are still directed in a left-turn direction.
      Thus, it is only necessary to determine the angle of the steering wheel 76
      at the instant spindle 22 crosses the axis 78 and at the instant spindle
      26 crosses the axis 78. These two angles will have a predetermined maximum
      difference which depends upon the permissible toe-in of the wheels and if
      the difference exceeds the maximum, an improper toe-in condition exists.
PAR  Referring to FIGS. 2 and 6 and assuming a positive sweep of the wheels 34
      from a full left turn position to a full right turn position, to remove or
      take up all lash, the right spindle 26 will normally cross the transverse
      axis 78 in the clockwise direction first. At this instant, the proximity
      sensor 90 triggers or energizes the D-type flip-flops 156d, 158d and 160d
      which thereupon pass the instantaneous output signals of the proximity
      sensors 108, 110 and 106, respectively, to the memory register 166 where
      the signals are stored. These stored signals represent the instantaneous
      angular position of the steering wheel 76 at the instant right spindle 26
      crossed the transverse axis 78.
PAR  As the positive sweep from left to right continues, the left spindle 22
      crosses the transverse axis 78. At the instant of crossing the proximity
      sensor 114 energizes or triggers the D-type flip-flops 156b, 158b and
      160b, respectively. These D-type flip-flops then pass or gate the
      instantaneous output signals of the proximity sensors 108, 110 and 106 to
      the memory register 170 where they are stored. The signals thus stored
      represent the instantaneous angular position of the steering wheel 76 at
      the instant the left spindle 22 crossed the transverse axis 78.
PAR  The signals thus stored in the memory registers 166 and 170 are compared by
      the toe-in comparator 178 and if a predetermined difference is exceeded,
      the comparator energizes a display indicating excess or improper toe-in.
      While toe-in measurement in a left to right sweep has been described, it
      will be apparent that the same analysis holds true for toe-in measurement
      in a right to left sweep.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A procedure for monitoring lash in the steering system of a vehicle,
      said steering system including a wheel spindle supported on the vehicle
      for pivotal movement in two opposite directions about a steering axis of
      said vehicle, a steering handwheel rotatably supported on said vehicle for
      manual manipulation, and gear and linkage means disposed between said
      spindle and said handwheel for effecting pivotal movement of said spindle
      in response to rotation of said handwheel, comprising the steps of
      continuously monitoring the angular position of said handwheel with an
      angular position transducer operative to generate an electrical signal
      corresponding to the instantaneous angular position of said handwheel,
      detecting the passage of said spindle through a preselected reference
      position in one of said two opposite directions of movement, electrically
      gating the output of said angular position transducer at the instant said
      spindle passes through said reference position to a comparator operative
      to determine the difference between two electrical input signals and to
      generate an output signal proportional to the difference between the two
      input signals, detecting the next sequential passage of said spindle
      through said reference position in the other said two opposite directions,
      electrically gating the output of said angular position transducer at the
      instant said spindle next sequentially passes through said reference
      position in said other direction to said comparator, said comparator
      generating an output signal proportional to the difference between said
      two sequentially gated signals from said angular position transducer, and
      conducting said comparator output signal to a display means for warning of
      improper lash condition when said comparator output signal achieves a
      preselected magnitude.
NUM  2.
PAR  2. A procedure for monitoring the toe-in condition of the steering system
      of a vehicle, said steering system including a pair of wheel spindles
      supported on said vehicle for pivotal movement in two opposite directions
      about respective ones of a pair of steering axes of said vehicle, a
      steering handwheel rotatably supported on said vehicle for manual
      manipulation, and steering gear and linkage means disposed between said
      handwheel and each of said spindles for effecting pivotal movement of the
      latter in response to rotation of the former, comprising the steps of,
      continuously monitoring the angular position of said handwheel with an
      angular position transducer operative to generate an electrical signal
      corresponding to the instantaneous angular position of said handwheel,
      detecting the passage of one of said two spindles through a preselected
      reference position in one of said two opposite directions, electrically
      gating the output of said angular position transducer at the instant said
      one spindle passes through said reference position in said one direction
      to a comparator operative to determine the difference between electrical
      input signals and to generate an output signal proportional to the
      difference between the two input signals, detecting the passage of the
      other of said two spindles through a corresponding preselected reference
      position in said one direction, electrically gating the output of said
      angular position transducer at the instant said other spindle passes
      through said corresponding reference position in said one direction to
      said comparator, said comparator generating an output signal proportional
      to the difference between the two gated input signals from said angular
      position transducer, and conducting said comparator output signal to a
      display means for warning of improper toe-in condition when said
      comparator output signal achieves a preselected magnitude.
NUM  3.
PAR  3. In combination with the steering system of a vehicle, said steering
      system including a wheel spindle supported on said vehicle for pivotal
      movement in two opposite directions about a steering axis of said vehicle,
      a steering handwheel rotatably supported on said vehicle for manual
      manipulation, and steering gear and linkage means disposed between said
      spindle and said handwheel for effecting pivotal movement of said spindle
      about said steering axis in response to rotation of said handwheel,
      apparatus for monitoring the lash condition of said steering system
      comprising, a first angular position transducer disposed between said
      vehicle and said spindle for detecting passage of said spindle through a
      preselected reference position in each of said two opposite directions,
      electronic circuit means associated with said first transducer for
      generating a pair of output signals corresponding to passage of said
      spindle through said reference position in each of said two opposite
      directions, a second angular position transducer disposed between said
      vehicle and said handwheel operative to generate an electrical output
      signal corresponding to the instantaneous angular position of said
      handwheel, comparator means operative to compare a pair of electrical
      input signals and generate an output signal proportional to the magnitude
      of the difference between said input signals, electrical gating means
      between said comparator means and said second angular position transducer
      responsive to said pair of output signals of said first angular position
      transducer for sequentially gating the instantaneous output signal of said
      second angular position transducer to said comparator means as said
      spindle passes through said reference position in each of said two
      opposite directions, said comparator means generating an electrical output
      signal proportional to the difference between said two gated input
      signals, display means associated with said comparator and operative to
      warn of an improper lash condition when said comparator output signal
      achieves a preselected magnitude.
NUM  4.
PAR  4. In combination with the steering system of a vehicle, said steering
      system including a pair of wheel spindles disposed on said vehicle for
      pivotal movement about respective ones of a pair of steering axes of said
      vehicle, in two opposite directions, a steering handwheel rotatably
      supported on said vehicle for manual manipulation, and steering gear and
      linkage means disposed between said handwheel and each of said spindles
      for effecting concurrent pivotal movement of said spindles about said
      steering axes in response to rotation of said handwheel, apparatus for
      monitoring the toe-in condition of said steering system comprising, a
      first angular position transducer disposed between said vehicle and one of
      said spindles, a second angular position transducer disposed between said
      vehicle and the other said spindles, each of said first and said second
      angular position transducers being operative to generate an electrical
      output signal corresponding to passage of each of said first and said
      second spindles through respective ones of a pair of preselected reference
      positions in the same one of said two opposite directions, a third angular
      position transducer disposed between said vehicle and said handwheel
      operative to generate an electrical output signal corresponding to the
      instantaneous angular position of said handwheel, a comparator operative
      to compare a pair of electrical input signals and generate an output
      signal proportional to the magnitude of the difference between the input
      signals, gating means disposed between said comparator and said third
      transducer responsive to said output signals of each of said first and
      said second transducers for sequentially gating the instantaneous output
      of said third transducer to said comparator means as each of said first
      and said second spindles passes through the corresponding one of said
      reference positions in the same direction of movement, said comparator
      means generating an electrical output signal proportional to the
      difference between said two gated input signals, and display means
      associated with said comparator means and operative to warn of an improper
      toe-in condition when said comparator output signal achieves a preselected
      magnitude.
NUM  5.
PAR  5. In combination with the steering system of a vehicle, said steering
      system including a pair of wheel spindles disposed on said vehicle for
      pivotal movement about respective ones of a pair of steering axes of said
      vehicle in two opposite directions, a steering handwheel rotatably
      supported on said vehicle for manual manipulation, and steering gear and
      linkage means disposed between said handwheel and each of said spindles
      for effecting concurrent pivotal movement of said spindles about said
      steering axes in response to rotation of said handwheel, apparatus for
      monitoring the condition of said steering system comprising, a first
      angular position transducer disposed between said vehicle and one of said
      spindles, a second angular position transducer disposed between said
      vehicle and the other of said spindles, each of said first and said second
      angular position transducers being operative to generate a pair of
      electrical output signals corresponding to passage of each of said first
      and said second spindles through respective ones of a pair of preselected
      reference positions in each of said two opposite directions, a third
      angular position transducer disposed between said vehicle and said
      handwheel operative to generate an electrical output signal corresponding
      to the instantaneous angular position of said handwheel, a first
      comparator means, a second comparator means, each of said first and said
      second comparator means being operative to compare a pair of electrical
      input signals and to generate an output signal proportional to the
      magnitude of the difference between the input signals, first electrical
      gating means disposed between said first comparator and said third
      transducer and responsive to one of said two output signals of each of
      said first and said second transducer for sequentially gating the
      instantaneous output of said third transducer to said comparator means as
      each of said first and said second spindles passes through the
      corresponding one of said reference positions in the same direction of
      movement, said first comparator means generating an electrical output
      signal proportional to the difference between said two gated input
      signals, first display means associated with said first comparator means
      and operative to warn of an improper toe-in condition when said first
      comparator output signal achieves a preselected magnitude, second
      electrical gating means between said third transducer and said second
      comparator means being responsive to said output signals of each of said
      first and said second transducers for instantaneously gating the output
      signal of said third transducer to said second comparator as each of said
      first and second spindles passes through the corresponding one of said
      reference positions in the same one of said two opposite direction, said
      second comparator means being operative to generate an output signal
      proportional to the differences between the gated input signals, and a
      second display means associated with said second comparator means and
      operative to warn of an improper lash condition when said second
      comparator output signal achieves a preselected magnitude.
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ABST
PAL  A lift structure for attachment to the frame of a truck fitted with a
      tandem axle assembly, one of the axles being a drive axle. The structure
      comprises a pair of spaced pivotally mounted bell-cranks adapted to reach
      under the trailing axle of the tandem axle assembly and hydraulic
      cylinders for rotating the bell-cranks to lift the rear axle when it is
      unnecessary to use the additional load-bearing axle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a structure for lifting one axle of a tandem
      load-bearing axle assembly when the load does not require the additional
      axle for support on the roadway.
PAR  2. Description of the Prior Art
PAR  The use of auxiliary axles on trucks for providing additional load-bearing
      wheels is well known in the art and additionally, it is common to
      hydraulically lift the additional wheels from the road surface when the
      load is light and the additional load-bearing wheels are not required to
      meet the axle or load limits. The prior art discloses axles which may be
      lifted by fluid means acting through the shock dampening support means for
      the auxiliary axle and other auxiliary road wheel assemblies and lift
      mechanisms are known in the patent art.
PAR  Of the known patents utilizing an auxiliary road wheel structure, in U.S.A.
      Pat. No. 2,902,289, issued Sept. 1, 1959 to O. G. North. This patent
      discloses the use of independent wheel structures mounted one on each side
      of a truck frame. Each independent wheel structure comprises a axle for
      supporting dual tires and a hydraulic lift mechanism using a bell-crank
      for forcing the wheels into engagement with the roadway and for lifting
      the wheels from the roadway. In this structure the hydraulic cylinder is
      mounted between the bell-crank and a compression spring structure for
      absorbing road shocks when the wheels are forced into engagement with the
      roadway. In each structure illustrated in this patent the auxiliary wheels
      are positioned forwardly of the conventional axle on either the tractor 10
      or on the trailer 11. In such a structure it is noted that the cylinders
      must be active at all times to maintain the wheels in engagement or to
      lift the wheels. In contrast, in the present structure the fluid pressure
      is used only when carrying the wheels in a raised position. The special
      wheel structures illustrated do not anticipate the present invention which
      is directed to a device for use with trucks having tandem axle structures
      and which is added to lift the trailing axle to avoid the additional wear
      on the tires of the auxiliary axle when the load does not require the
      extra load-bearing wheels.
PAR  It should be further pointed out that there are other teachings of lifting
      wheels which are normally support wheels, out of engagement with a road
      bed, such as in the structures illustrated in U.S.A. Pat. No. 2,953,390,
      issued Sept. 20, 1960, to J. H. Hogstrom and U.S.A. Pat. No. 3,235,285,
      issued Sept. 15, 1966 to P. Tenebaum et al. These patents fail however to
      anticipate the teaching of the present invention.
PAR  The patent to Hogstrom discloses a trailer construction having a tandem
      axle structure to support the trailer. When the load is delivered the
      crowned axle support members permit one set of wheels to be lifted and
      held by the tow chains which can be passed through a hook or loop 65. Such
      a structure would not be suitable on more conventional tandem assemblies.
      The patent to Tenebaum et al dislcoses a single axle wheeled unit utilized
      to raise the conventional tandem wheels from the ground to adjust the
      height of a trailer to the height of a dock. These structures fail to
      anticipate the structure of the present invention.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a remote operated lift mechanism for a
      tandem axle to lift the wheels supported by the axle from engagement with
      the roadway when the load is sufficiently light that the additional
      support wheels are unnecessary. This permits truckers to save wear on the
      tires and yet permits him to utilize the additional wheels when carrying
      heavy loads to distribute the load over more tire surface, thus reducing
      damage to the roadways.
PAR  The present invention affords a truck axle lift structure for a trailing
      axle of a tandem truck axle assembly. Generally the forward axle of a dual
      axle or tandem axle assembly is driven and the present invention permits
      one to raise the trailing axle of the dual axle assembly. The present
      invention may also be applied to some trailer tandem axle structures.
PAR  The present invention comprises support means adapted for mounting on a
      truck frame which support means will define a pivot axis, a pair of
      bell-cranks are carried by said support means in transversely spaced
      relationship relative to the truck frame. Each bell-crank has a pair of
      legs, one of which is formed with a cam surface spaced from the support,
      which cam surface is adapted to slidably engage the undersurface of the
      trailing axle. The opposite leg of the bell-crank is provided with means
      for pivotally attaching the bell-crank to a power cylinder. Bracket means
      are provided for attachment of the power cylinder to the truck frame and
      the cylinders thus extend longitudinally of the truck frame between the
      bell-crank and bracket means to lift the axle by the bell-crank upon
      actuation of the cylinder. The bell-cranks are preferably fixed to a
      support sleeve rotatably mounted on the transverse shaft on the frame of
      the tandem axle assembly which is fixed to the truck frame.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The present invention will be further understood after reading the
      following detailed description which refers to the accompanying drawing
      wherein like parts are referred to by the same reference numeral and
      wherein:
PAR  FIG. 1 is a side elevational view of a truck frame partly in section
      illustrating a known type of tandem axle structure and a lift structure
      according to the present invention;
PAR  FIG. 2 is a fragmentary perspective view of a truck frame including the
      lift structure of the present invention;
PAR  FIG. 3 is a perspective detailed view of the bellcrank lift arms and
      support.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing there is illustrated in FIG. 1 a truck
      structure comprising a truck frame 10 supported by a rear drive axle 11
      supported beneath the frame by a set of conventional leaf springs 12. The
      drive shaft from the truck extends to the differential of the axle 11. The
      spring 12 is supported on the frame by a shackle 16 in the front thereof.
      A tandem axle structure generally designated 17 is positioned rearward of
      the drive axle 11. This tandem axle structure 17 is supported beneath the
      frame 10 by a pair of fixed hangers 18 depending from the truck frame. The
      hangers 18 support a shaft cross 20 upon which are mounted a pair of
      longitudinally extending arm members 21. The forward end of each of the
      arm members 21 is provided with a shackle 22 which is fixed thereto and
      which is fixed to the spring 12 at the location of the normal shackle for
      the spring. The opposite end of the arms 21 support an axle housing 24
      which comprises the opposite brake drums and spindles on which the dual
      wheels 25 are journalled. This axle structure 24 is a common commercial
      axle structure afforded for providing a tandem axle on truck assemblies
      normally not provided with the tandem axle.
PAR  The present invention provides a system whereby the axle structure 17 may
      be raised to lift the wheels from the ground when it is unnecessary to use
      the tandem axle because of the lightness of the load. The present
      invention comprises a support means which includes a shaft 26. The shaft
      26 is a hollow sleeve which is large enough to fit over the shaft 20
      extending between the hangers 18 fixed to the truck frame. Transversely
      spaced on the sleeve 26 are bell-cranks 27 and 28 each having two arms.
      One arm is formed with a cam surface 30 which is adapted to engage the
      underportion of the axle housing 24 between the arms 21. The other arm of
      the bell-cranks is provided with an opening affording means for securing
      the bell-cranks to a power cylinder. An angle brace 32 is fixed to the
      frame forwardly of the hangers 18 supporting the tandem axle. This angle
      brace 32 supports a pair of ears formed to support power cylinders 34 and
      35 which provide the force for moving the bell-cranks about their support
      to afford a raising and lowering of the axle structure. The cylinders 34
      and 35 may be operated hydraulically or by compressed air which is
      available in the truck for use with other auxiliary equipment such as a
      bed hoist, steering system, or brakes. A valve in the truck cab will
      afford a remote operator for directing fluid into the cylinders 34 and 35
      to cause the piston and rod thereof to move and to move the bell-cranks.
PAR  As illustrated in FIG. 1 in the solid line position the arms of the power
      cylinder may be extended to allow the tandem wheels 25 to engage the
      ground and aid to support the load on the truck frame 10. The cylinders 34
      and 35 are connected in parallel to the source of fluid pressure so the
      cylinders will operate in unison. A raising of the axle four to eight
      inches provides sufficient clearance for the wheels.
CLMS
STM  Having thus described my invention with reference to the preferred
      embodiment, it shall be understood that minor changes may be made without
      departing from the invention claimed in the appended claims:
NUM  1.
PAR  1. A truck axle lift structure for a trailing axle of a tandem axle
      structure which trailing axle is supported pivotally on fixed brackets
      beneath the truck frame supporting a cross shaft, said structure
      comprising
PA1  support means for mounting on a truck frame to afford a pivot axis, said
      support means including a hollow shaft adapted to receive said cross
      shaft,
PA1  a pair of bell-cranks carried by said support means in transversely spaced
      relationship, each said bell-crank comprising a cam surface spaced from
      said support means on one arm of said bell-cranks and adapted to slidably
      engage the undersurface of an axle,
PA1  bracket means for attachment to a truck frame, and
PA1  a pair of power cylinders each connected to a different one of said
      bell-cranks and to said bracket means for moving said bell-cranks and
      support means to afford lifting movement of the axle.
NUM  2.
PAR  2. In combination,
PA1  a vehicle frame,
PA1  a spring supported set of wheels mounted on said frame,
PA1  a tandem axle structure mounted on said frame and including arms secured to
      the spring supporting said set of wheels,
PA1  support means on said frame for defining a pivot axis between said set of
      wheels and said tandem axle,
PA1  a pair of bell-cranks carried by said support means in transversely spaced
      relationship, each said bell-crank comprising a cam surface on one arm of
      each said bell-crank spaced from said support means and positioned beneath
      said tandem axle to slidably engage the undersurface of said tandem axle,
      the other arm of said bellcranks extending radially from said pivot axis
      and generally normal to said one arm,
PA1  bracket means on said truck frame positioned nearer said set of wheels than
      said support means for supporting one end of a power cylinder, and
PA1  a pair of power cylinders each connected to a different one of said bell
      cranks and to said bracket means for moving said bell cranks about said
      pivot axis to afford lifting movement of said tandem axle toward and away
      from said frame.
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ABST
PAL  In a friction-free vehicle suspension having axle ends pivotally connected
      by side walking beams, which are journalled on the ends of a cross rod,
      the improvement resides in the mounting, arrangement and proportioning of
      both helical compression springs and rectilinear movement shear rubber
      springs to support the vehicle frame on the ends of the cross rod. This is
      done in such manner as to achieve the maximum advantages from the
      distinctive characteristics of each type. The helical springs, which
      provide, in a very small space, a very large amount of resilient support,
      but no lateral control, are located inboard along the cross rod. The shear
      rubber springs are so mounted outboard along the cross rod to be fully
      effective in providing adequate resilient control of axle movement both
      laterally and longitudinally of the line of vehicle movement, as well as
      vertically, and also to provide high and wide stable spring centers for
      sidesway control. As a result in the very limited space available, a
      lighter, lower cost suspension is provided in which the ride
      characteristics can readily be adapted to the service without sacrifice of
      friction-free and full lateral sidesway control.
BSUM
PAR  An important object is to provide in a substantially friction-free heavy
      duty tandem axle suspension, the suspension illustrated being entirely
      friction-free, adequate lateral and sidesway control with fewer, lighter
      and more compact springs supporting shorter and lighter cross members,
      thereby to provide a suspension which is lighter in weight in both
      unsprung and sprung components.
PAR  Another object is to provide such a suspension which is of simplified
      construction and fully accessible.
PAR  Another object is to provide such a suspension which is materially less
      costly as compared with suspensions of comparable performance.
PAR  Another object is to provide such a suspension which will permit a large
      amount of vertical axle movement to provide a verticle ride as soft as
      load heights will allow and at a low frequency.
PAR  Another object is to provide such a suspension in which lateral and
      vertical movement of the unsprung components as well as slight movement
      thereof length of the line of vehicle travel are permitted and resiliently
      resisted, the lateral and vertical resilience being sufficient, both when
      the vehicle is loaded and unloaded, to absorb thrust of the axles
      laterally of the vehicle, particularly resulting from one wheel moving up
      and down with reference to the other, thereby to provide increased safety,
      tire wear, gasoline mileage and stability.
PAR  Another object is to provide such a tandem axle suspension which can have
      softer springs than those now on the market for equivalent duty and at the
      same time have greater sidesway control through high and wide spring
      mountings.
PAR  Another object is to provide such a suspension which can have many years
      and hundreds of thousands of miles of carefree operation without repairs
      or service.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      following description and drawings in which
PAR  FIG. 1 is a fragmentary vertical section taken on line 1--1, FIG. 2 and
      showing the suspension embodying the present invention in side elevation,
      the opposite side of the suspension being identical in construction. The
      vehicle frame is shown in broken lines.
PAR  FIG. 2 is a fragmentary top plan view of the suspension embodying the
      present invention and again showing the main frame of a vehicle in broken
      lines.
PAR  FIGS. 3 and 4 are enlarged vertical transverse sections taken on the
      correspondingly numbered lines of FIG. 2.
PAR  FIG. 5 is a fragmentary vertical section taken on line 5--5, FIG. 4.
PAR  FIG. 6 is an enlarged fragmentary vertical section taken on line 6--6, FIG.
      2.
PAR  FIG. 7 is a fragmentary vertical section taken on line 7--7, FIG. 2.
DETD
PAR  The invention is illustrated as being in the form of a tandem axle
      suspension adapted for a trailer, the main longitudinal side frame beams
      10 being shown in broken lines in FIGS. 1 and 2. These main longitudinal
      side beams of the frame are shown as supported by a pair of tandem axles,
      the front tandem axle being designated at 12 and the rear tandem axle
      being designated at 13 and each of which in turn is supported at its
      opposite ends by wheels 14, these wheels being suitably secured on these
      axles and each including a rubber tire 15.
PAR  The construction of the tandem axle spring suspension at the right hand
      side of the frame is substantially the same as the construction at the
      left hand side of the frame and hence a description of the spring
      suspension at one side of the frame will be deemed to apply to both sides,
      the same reference numerals being employed.
PAR  Each end of each of the axles is connected by a rubber bushed bearing
      indicated generally at 20, to one end of a horizontal walking beam 21,
      these rubber bushed bearings being arranged adjacent the inner faces of
      the tires 15. Each walking beam 21 is arranged under a companion main
      longitudinal side frame beam 10 and is preferably of rectangular tubular
      form in cross section having vertical side walls connected by top and
      bottom walls. While each rubber bushed bearing 20 can be of any suitable
      construction, each is shown as comprising a pair of spaced end abutment
      rings 22 welded to each end of each axle and confining between them a
      rubber bushing 23 which embraces the axle. The bottom of the periphery of
      each rubber bushing is compressively embraced by a semicylindrical metal
      lower half bearing clamping member 24 and the top of the periphery of each
      rubber bushing is compressively embraced by a semicylindrical upper half
      bearing clamping member 25, these half bearing clamping members 24, 25
      having outwardly projecting flanges along their opposite longitudinal
      edges and which flanges are secured together by bolts 28 so as to compress
      the rubber bushing 23 between the half bearing clamping members 24, 25. In
      order to accommodate the displacement of the rubber of the bushings,
      resulting from such compression, the semicircular end edges of these half
      bearing clamping members 24, 25 are in spaced relation to the abutment
      rings 22 welded to the axle end.
PAR  The upper half bearing clamping member 25 is welded to the corresponding
      end of the walking beam 21. Additionally, reinforcing plates 31 can be
      welded to the top of each upper half bearing clamping member 25 and to the
      top of the corresponding walking beam 21.
PAR  At its center, each walking beam 21 is connected by a rubber bushed
      bearing, indicated generally at 35, to a cylindrical cross rod in the form
      of a cylindrical tube 36.
PAR  While each rubber bushed bearing 35 can be of any suitable construction, as
      best shown in FIGS. 4 and 5, each comprises a pair of spaced end abutment
      rings 38 welded to each end of the cross rod 36 and confining between them
      a rubber bushing 39 which embraces the cross rod. The bottom of the
      periphery of each rubber bushing is compressively embraced by a
      semicylindrical metal lower half bearing clamping member 40 and the top of
      the periphery of each rubber bushing is compressively embraced by a
      semicylindrical upper half bearing clamping member 41, these half bearing
      clamping members 40, 41 having horizontally outwardly projecting flanges
      42 along their opposite longitudinal edges and which flanges are secured
      together by bolts 43 so as to compress the rubber bushing 39 between the
      half bearing clamping members 41, 42. In order to accommodate the
      displacement of the rubber of the bushings 39 resulting from such
      compression, the opposite semicircular ends of the half bearing clamping
      members 40, 41 are in spaced relation to the abutment rings 38 welded to
      the cross tube end. Each lower half bearing clamping member 40 is set into
      and welded, as indicated at 44, to the center of its companion walking
      beam 21.
PAR  The opposite ends of the cross rod 36 resiliently support the opposite ends
      of a subframe structure, indicated generally at 50, which in turn is
      bolted or otherwise secured to the main longitudinal side frame bars 10 of
      the vehicle frame. This subframe structure comprises a pair of
      transversely spaced cross bars 51 which are preferably of rectangular
      tubular form in cross section, as best shown in FIG. 5, and arranged
      equidistant from and in a horizontal plane above the cross rod 36. These
      cross bars are removably connected to the main longitudinal side frame
      bars by frame brackets (not shown).
PAR  The invention is embodied in a combined helical or coil compression spring
      and rectilinear movement shear rubber spring connection between each end
      of the cross rod 36 and the cross bars 51 of the subframe structure 50. To
      this end, at each side of the trailer, a pair of upright, rectangular face
      plates 55 are welded, in opposing relation to each other, to the opposing
      faces of the cross bars 51, as indicated at 56, FIG. 5. To the upper ends
      of the outer vertical edges of each pair of these face plates 55 is welded
      a horizontal channel plate 58, the flanges of which project outwardly and
      the ends of which project beyond the face plates 55. Below each channel
      58, a keystone-shaped upright face plate 59 is welded to the outer
      vertical edges of each pair of these plates 55, these keystone-shaped face
      plates covering the ends of the cross bars 51. Above each cross bar 51 an
      upright rectangular flange plate 60 projects outwardly from the edge of
      each face plate 55 closest to the vehicle frame and an upright triangular
      flange plate 61 projects outwardly therefrom below each cross bar 51.
PAR  Each set of plates 55-61 thereby forms a structure fixed to each pair of
      ends of the horizontal spaced cross bars 51 and forms a chamber 62 which
      is open at the side facing the vehicle frame and which houses the
      corresponding end of the cross rod 36. Within each chamber 62 a pair of
      upright rectangular plates 63 are welded to the opposite sides of the
      cross rod 36 in spaced, parallel relation to the upright face plates 55.
      These plates 63 are internally reinforced and connected together along
      their upright edges by an upper pair of upright cross plates 64 and a
      lower pair of upright cross plates 65.
PAR  Within each chamber 62 a small upright rectangular plate 66 is welded to
      and rises from the center of the cross rod 36 in line with its axis. Each
      plate 66 abuts and is welded to the adjacent plate 64 and abutment ring 38
      of a rubber bushed bearing 35. Each plate 66 supports a horizontal
      pedestal plate 68 which in turn supports an upright helical compression
      spring 69. Each of these springs supports a top header or plate 70, and is
      retained in position by internal opposing tubular projections 71 from the
      pedestal 68 and header 70. Each header 70 support s a horizontal channel
      72 having upright end walls 73 secured by bolts 74 to upright channels 75
      which extend downwardly along the opposing faces of the cross bars 51 to
      which they are welded.
PAR  These helical compression springs provide frictionfree resilient support
      for the cross bars 51 and vehicle frame bars 10 on the ends of the cross
      rod 36 but would not control horizontal movement of the vehicle frame on
      this cross rod. To provide such control and also greater resilient support
      for the frame on the axle, a rectilinear movement shear rubber spring 76
      is interposed between the opposing faces of each face plate 55 and
      companion plate 63 welded to the end of the cross rod 36. Each shear
      rubber spring comprises a pair of rectangular metal plates 78, 79 to the
      opposing faces of which is vulcanized a rubber body 80 which is generally
      rectangular in planes parallel with these plates. Bolts 81, 82 secure the
      corners of the plates 78, 79, respectively, to the opposing faces of each
      pair of plates 55, 63.
PAR  The suspension is also shown as having torque arms 83 in the form of tubes
      which are square in cross section and each of which is welded at one end
      to the center of a corresponding axle 12, 13 to project horizontally
      toward the cross tube 36. Each is joined to this cross tube by a flexible
      joint 84. This joint can be of any suitable construction, being shown as
      comprising a horizontal ear 85 projecting radially from each side of the
      cross tube 36. This is flanked by a pair of torus or doughnut-shaped
      resilient rubber bodies 86. Each ear, its rubber bodies, the end of a
      corresponding torque arm 83, and a third resilient rubber torus body on
      the opposite side of the torque arm are penetrated and joined together by
      a bolt 88.
PAR  While not needed in regular single tractor trailer usage, a lateral radius
      rod 89 is desirable in the event the operator should couple two or more
      trailers in tandem. Such radius rod is centered over the axis of the cross
      tube 36 and joins it to the cross bars 51. To this end a pair of ears 90
      are shown as welded to the fore-and-aft sides of the cross tube 36 to rise
      therefrom. These ears carry a tubular cross tube 91 bushed with a rubber
      bushing 92. This is compressed between two half bearing bushings 93. These
      are joined by a pair of links 94 to a similar pair of half bearing
      bushings 95 which compress a rubber bushing 96 around a tubular cross pin
      98. This cross pin bridges the space between and is connected to the cross
      bars 51.
PAR  Suitable telescopic shock absorbers 99 can be interposed between each end
      of each cross bar 51 and the companion end of a walking beam 21, as best
      shown in FIGS. 1 and 2.
PAC  OPERATION
PAR  In the operation of the suspension the upward movement of one end of, say,
      the front tandem axle 12 through the corresponding rubber bushed bearing
      20 effects upward movement of the forward end of the corresponding walking
      beam 21.
PAR  This upward movement of the forward end of this walking beam 21 raises its
      rock sleeve 40, 41 (FIGS. 1 and 4), and the corresponding end of the cross
      rod 36, at the center of the walking beam and which is journalled through
      the rubber bushing 39 on the corresponding end of the cross rod 36. This
      rubber bushing 39 is of sufficient radial thickness to permit the required
      rocking of the walking beam 21 and provides a frictionless bearing which
      is free from lubrication requirements. The two rubber bushings 39 hold the
      walking beams at the outer ends of the cross rod 36, but in the event of
      extreme horizontal lateral force against the vehicle body, as when two
      trailers are coupled together the radius rod 89 between the cross rod 36
      and the cross bars 51 fixed to the vehicle frame provide a positive stop
      in the event of such extreme conditions.
PAR  This upward movement of one end of the cross rod 36 raises the
      corresponding pedestal 68 (FIG. 4) to distort upwardly its helical
      compression spring 69. This force is transmitted to the vehicle frame
      through the header 70, cross channel 72, upright channels 75 (FIG. 5) to
      the cross bars 51 secured to the vehicle frame 10.
PAR  This upward movement of one end of the cross rod 36 also raises the
      corresponding pair of upright plates 63 (FIG. 5) fixed to this end of the
      cross rod. This raises the upright side plates 79 of the rectilinear
      movement shear rubber springs 76 thereby to distort upwardly the opposing
      sides of the corresponding pair of rubber bodies 80. Accordingly this
      force is transmitted, via the upright face plates 78 of these springs, to
      the upright plates 55 and thence to the cross bars 51 secured to the
      vehicle frame. The rubber bodies 80 of these rectilinear movement shear
      rubber springs 76 are thereby also distorted to provide resilient support
      for the frame 10.
PAR  The rebound force of the helical compression springs 69 (FIG. 4) and of the
      rectilinear movement shear rubber springs 76 (FIG. 5), of course, restores
      the forward wheel to its original position and in this rebound action the
      corresponding shock absorber 99 is effective to retard such rebound
      action.
PAR  An important general feature of the suspension is that it is friction-free.
      Thus, the bearings are all thickly rubber bushed to permit friction-free
      wind-up and turning and the principal resilient support is provided by the
      friction-free helical compression springs 69 and shear rubber springs 76.
      Another important general feature is that adequate lateral control,
      particularly of sidesway and tipping, is provided by the high and wide
      pivot points provided by the shear rubber springs 76.
PAR  A specific feature of the invention is that such adequate lateral control,
      even with heavy duty trailers, is provided by a very large reduction in
      the size and/or number of such shear rubber springs 76. In the suspension
      as shown the shear rubber springs 76 are proportioned to provide less than
      about half of the resilient support for the frame, the balance being
      supplied by the helical compression springs 69 which, however, contribute
      nothing to lateral control.
PAR  Such adequate lateral control and adequate resilient support using both
      shear rubber and helical springs is achieved in a lighter, more compact
      and less expensive suspension as compared with a suspension employing only
      helical compression springs or shear rubber springs. This is achieved by
      utilizing and arranging the two types of springs to take full advantage of
      their distinctly different characteristics.
PAR  Thus, with steel helical compression springs 68, a great deal of resilient
      resistance can be put in a very small space as compared with rubber. Such
      helical compression springs obviously have no lateral control at all.
      However, a helical spring 69 of, say, 10,000 to 20,000 pounds capacity (to
      work with a companion pair of shear rubber springs 76 having, jointly, a
      25,000 pound capacity) can be provided by a 6 inch outside diameter steel
      spring. Such a spring can be accommodated in a 61/2 inch space,
      horizontally, between the fram 10 and each pair of shear rubber springs
      69. This permits each pair of shear rubber springs 69 to be located within
      61/2 inches, horizontally, from the frame 10. This reduces (a) the length,
      size and weight of the pair of square cross tubes 51 which carry the load
      to the frame, (b) the length, size and weight of the cross tube 36 and (c)
      the size and weight of the frame bracket 52. A weight saving of 100 pounds
      or more can be made.
PAR  The helical compression springs 69 can provide support for up to about 50%
      of the loaded body. If they provide more support they reduce the lateral
      or horizontal control ability of the shear rubber springs 76 to less than
      50% of their ability. Hence there is a limitation on how big a percentage
      of the overall load can be taken by the helical compression springs
      without harmful reduction of stability of the spring suspension.
PAR  It will be noted that such further inward location of the pairs of shear
      rubber springs 76 is achieved without sacrifice of stability. Of course
      closer arrangement of these shear rubber springs 76 results in narrower
      effective spring centers. However, the shear rubber springs 76 have been
      arranged higher, extending up to the horizontal plane of the tops of the
      tire treads. This raises the lateral control pivot points provided by the
      shear rubber springs 76 to increase the lateral and sidesway stability of
      the system thereby to permit the shear rubber springs 76 to be located
      further inboard, with shorter and lighter cross members, without sacrifice
      of lateral stability.
PAR  For heavy duty work, four shear rubber springs 76 were required at each
      side of the vehicle to carry the entire load. In the present suspension oa
      single helical compression spring 69 replaced two such shear rubber
      springs at each side of the vehicle. This reduces the space required
      between each pair of wheels to permit shortening of each working beam 21
      or to accommodate the shock absorbers 99.
PAR  As a substitute for the helical springs 69, compression rubber springs
      would be impracticable. They would necessarily be too massive horizontally
      and would not provide so good a ride as with the combination of constant
      rate shear rubber and metal coil springs of the present invention.
PAR  As previously indicated, the lateral control radius rod 89 is only needed
      to permit trouble-free hauling of two or more trailers in tandem. Their
      rubber bushings 92, 95 provide lateral resiliency in the suspension.
PAR  By "rubber" as used in the accompanying claims is meant natural rubber,
      synthetic rubber, or mixtures thereof, and by "wheels" is meant the ground
      engaging means 14, 15 whether in the form of the single wheels shown, or
      dual wheels. By "spring pivot points" is meant the generally horizontal
      axis, lengthwise of the line of vehicle travel, which each rubber body 80
      tends to twist when its wheel 14 rises with reference to the opposite
      wheel. A feature of the suspension is that these spring pivot points are
      high and wise to provide adequate lateral control to reduce sidesway and
      the danger of tipover, as well as to reduce the vertical movement of each
      side of the vehicle with reference to the vertical movement of its wheel.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tandem axle spring suspension adapted to be interposed between a
      vehicle frame and a pair of tandem axles having rubber tired wheels
      journalled at the ends thereof, having a walking beam arranged at each of
      said frame and extending lengthwise thereof close to the inner vertical
      faces of the corresponding pair of tires, a horizontal cross rod extending
      transversely of said frame toward the space between said tires at each
      side of said vehicle and with its ends arranged adjacent the central parts
      of said walking beams, a pair of bearings journalling said cross rod near
      the ends thereof on said central parts of said walking beams, and means
      movably connecting each end of each walking beam with a corresponding axle
      end wherein the improvement comprises means resiliently supporting
      opposite sides of said frame on the ends of said cross rod, comprising a
      pedestal mounted on each cross rod end adjacent the outboard part of the
      corresponding one of said bearings, a metal helical compression spring
      mounted on each pedestal, means supported on top of each metal helical
      compression spring and supporting the corresponding side of said frame,
      and means providing high and widely spaced spring pivot points for said
      frame on the opposite ends of said cross rod and also providing a large
      proportion of the resilient support for said frame on said cross rod in
      addition to said metal helical compression springs, comprising at least
      one upright first plate secured to each cross rod end outboard from the
      corresponding metal helical compression spring, a resilient rubber body
      fixed to one face of said upright plate, a second upright plate fixed to
      the opposite side of said flexible rubber body in generally parallel
      relation to said first plate, and means securing said second plate to said
      frame.
NUM  2.
PAR  2. A tandem axle spring suspension as set forth in claim 1 wherein a part
      of each bearing is arranged below the corresponding metal helical
      compression spring.
NUM  3.
PAR  3. A tandem axle spring suspension as set forth in claim 1 wherein each
      pedestal comprises a plate arranged directly above and fixed to the
      corresponding axle end.
NUM  4.
PAR  4. A tandem axle spring suspension as set forth in claim 3 wherein each
      pedestal plate projects over the corresponding bearing.
NUM  5.
PAR  5. A tandem axle spring suspension as set forth in claim 1 wherein said
      means supported on top of each metal helical compression spring and
      supporting the corresponding side of said frame comprises a horizontal
      cross member engaging the top of each metal helical compression spring, a
      pair of upright members secured at their upper ends to each horizontal
      member and extending downwardly in closely spaced relation to the
      fore-and-aft sides of the corresponding metal helical compression spring,
      and means securing the lower parts of said upright members to said frame.
NUM  6.
PAR  6. A tandem axle spring suspension as set forth in claim 5 wherein said
      last named means comprises the corresponding ends of a pair of spaced
      horizontal cross bars adapted to be secured to said frame with their ends
      projecting from the opposite sides of the frame.
NUM  7.
PAR  7. A tandem axle spring suspension as set forth in claim 6 wherein
      extensions of said ends of said pair of spaced horizontal cross bars
      comprise a part of said means securing said second metal plate to said
      frame.
NUM  8.
PAR  8. A tandem axle spring suspension as set forth in claim 1 wherein two of
      said upright first plates are provided and are secured to opposite sides
      of each cross rod end in generally parallel relation to the axis thereof.
NUM  9.
PAR  9. A tandem axle spring suspension as set forth in claim 1 wherein said
      resilient rubber bodies provide at least half the resilient support for
      said frame on said cross rod.
NUM  10.
PAR  10. A tandem axle spring suspension adapted to be interposed between a
      vehicle frame and a pair of tandem axles having rubber tired wheels
      journalled at the ends thereof, and having a walking beam arranged at each
      side of said frame and extending lengthwise thereof close to the inner
      vertical faces of the corresponding pair of tires, a horizontal cross rod
      extending transversely of said frame into the space between said tires at
      each side of said vehicle and with its ends arranged adjacent the central
      parts of said walking beams, a bearing journalling said cross rod near
      each end thereof on said central parts of said walking beams, and means
      movably connecting each end of each walking beam with the corresponding
      axle end, wherein the improvement comprises means resiliently supporting
      opposite sides of said frame on the ends of said cross rod, comprising a
      pair of spaced horizontal cross bars adapted to be secured to said frame,
      fore-and-aft of said cross rod, with their ends projecting from opposite
      sides of said frame, a pedestal carried by each cross rod end adjacent the
      outboard part of the corresponding one of said bearings, a metal helical
      compression spring mounted on each pedestal, a horizontal cross member
      engaging the top of each metal helical compression spring, a pair of
      upright members secured to each horizontal cross member and extending
      downwardly fore-and-aft of the corresponding metal helical compression
      spring, means securing the lower parts of said upright members to the
      corresponding ends of said cross bars, and means providing high and widely
      spaced spring pivot points for said frame on the opposite ends of said
      cross rod and also providing a large proportion of the resilient support
      for said frame on said cross rod in addition to said metal helical
      compression springs, comprsing a pair of upright plates fixed to the
      fore-and-aft sides of each cross rod end to have upright faces facing
      forwardly and rearwardly away from the cross rod, a rubber body secured at
      one side to each of said last named upright faces, and means connecting
      the opposite side of each rubber body to the corresponding cross bar end,
      said rubber bodies being distorted in upright rectilinear shear to provide
      at least half the resilient support for said frame on said cross rod.
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ABST
PAL  A polygonal chassis for a vehicle, having wheels or tracks, particularly
      intended for travel over rough terrain. The chassis preferably polygonal
      has peripheral members provided with journals for an inner or an outer
      train bearing and driving means. The chassis is made of sections joined by
      articulated flexible couplings in the corners of the perimeter of the
      frame. A second set of such couplings is provided optionally at the
      junction of a rigid brace with the frame. A first species of the invention
      teaches the use of rigid girders as the frame brace, with each girder
      connected with the outside of the frame by articulate couplings, or the
      girders are crossing each other and connect to the opposite periphery of
      the frame by articulate or flexible couplings and in the alternative a
      rigid bracing of inner longitudinal girders is joined by the same type of
      couplings to the opposite portions of the frame.
PAL  A second species of the invention discloses bracing for the frame in the
      form of wire ropes with adjustable initial tension. As an improvement on
      this two diagonals of wire ropes are provided with means to adjust their
      tension.
PAL  A further improvement disclosed is a crossing.
PAL  An improvement over the basic disclosure teaches the joining of a plurality
      of frames, selected among the first and second species thereof, and
      conventional prior art frames, by the inventive improvements of this
      invention, either side-by-side or tandem and if more than two frames are
      to be joined by a tandem arrangement.
PARN
PAC  CROSSREFERENCE TO A RELATED APPLICATION
PAR  This is a Continuation-In-Part application to the pending U.S. Pat.
      application, Ser. No. 322,604, now abandoned, filed on Dec. 16, 1971, of
      the same inventor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a chassis member for use with vehicles and has
      particular, but not exclusive, use with wheel or track vehicles intended
      for use over uneven or rough terrain. (Class 280. Subclass 106).
PAR  2. Description of the Prior Art
PAR  It is known that rigid chassis members for wheeled vehicles require
      independent springs associated with each wheel and preferably independent
      suspension and shock absorbers. Similarly, on track vehicles each track
      must have independent springs and possibly independent shock absorbers.
      Such springs and shock absorbers are usually associated with the front and
      rear portions of the track although springs and shock absorbers may be
      disposed intermediate the end portions of the track.
PAR  While such prior art devices have maintained the base of the vehicle in a
      substantially undeformed state, the space required for springs and shock
      absorbers has been excessive and has reduced ground clearance.
PAR  The prior art is represented by U.S. Pat. No. 985,361 to McCauley, dated
      Feb. 28, 1911, who discloses a frame comprising a plurality of cast
      sections, rigidly interconnected with bracings in various arrangements.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of the invention are
PA1  To provide a chassis of the type described, which:
PA1  Is flexible and suitable for vehicles, used with wheel and track vehicles
      traversing rough or uneven ground;
PA1  Reduces the space required for springs and shock absorbers and reduces the
      ground clearance; and
PA1  Which by virtue of its relatively free twisting at its couplings, gives
      utmost adaptability to and contact with the ground of the train of wheels,
      whilst the whole weight of the chasis is reduced to a minimum. Other
      objects and many of the attendant advantages of the invention will become
      apparent to those skilled in the art from the accompanying description and
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of an embodiment having end frame members integral
      with diagonally disposed bracing elements.
PAR  FIG. 2 is a plan view of an embodiment wherein the frame members are braced
      by wire ropes.
PAR  FIG. 3 is a plan view of an embodiment wherein central longitudinal and
      central lateral members form rigid bracing elements, and
PAR  FIG. 4 is a plan view of an embodiment wherein the end members are joined
      with a central longitudinal rigid member.
PAR  FIGS. 5a and 5b are cross-sectional views of the chassis of the invention
      depicted in operational engagement with a rough convex and concave
      terrain, respectively.
DETD
PAR  Same reference characters denote same or equivalent parts in the several
      views shown and repetition of indication of parts common to the various
      views are omitted for purposes of brevity.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The chassis members per se, of the present invention may constitute the
      primary springing for the vehicle by utilizing selected ones, of a
      plurality of frame members, as torsion or flexible elements.
PAR  According to the invention, a polygonal chasis, for instance a quadrangular
      frame, on which may be mounted a power plant and steerage- and control
      means, and whose peripheral members are provided with journals for an
      inner or outer train of bearing-and-driving, pneumatic-tired or tracked
      wheels. The chassis is preferably made of sections, joined by means of
      articulated or elastic flexible couplings, as for example ball-and-socket
      joints or elastomeric elements.
PAR  According to a first embodiment of the invention, articulated couplings are
      applied in the corner of the perimeter of the frame.
PAR  An improvement on this embodiment provides articulated couplings also at
      the junction of a rigid bracing member with said frame.
PAR  A second embodiment of the invention provides bracing of a frame by rigid
      girders, whereby each girder connects through an articulate or elastic
      coupling to an outer side member of the frame, the said girders preferably
      parallel to each other.
PAR  An improvement on the second embodiment of the invention provides rigid
      bracing for the frame consisting of a cross of girders connecting together
      on each girder to opposite peripheral members of the frame through
      articulate or elastic flexible couplings.
PAR  Another improvement on the second embodiment of the invention provides
      rigid bracing consisting of an inner longitudinal, preferably central
      girder, which joins through articulate or elastic flexible couplings to
      opposite peripheral members of the frame, preferably two opposite cross
      members of the frame.
PAR  A third embodiment of the invention provides bracing for the frame
      consisting of wire ropes whose initial tension is adjustable.
PAR  In an improvement on the third embodiment of the invention the bracing
      consists of two diagonals of wire ropes which are each initially
      preregulated in tension.
PAR  FIGS. 5a and 5b demonstrate the advantages of the invention, showing
      variations in the tumble of the frame in actual field relationships to a
      rough convex and concave terrain, respectively.
PAR  A last embodiment of the invention provides for joining two or more frames,
      either conventional or according to the invention either side by side or
      in tandem, as well as, if more than two frames are to be joined to one
      another, by side by side and arrangement in tandem.
PAR  Referring to FIG. 1, the frame shown comprises a pair of side members 3
      which include transverse apertures 1a and 1b.
PAR  The apertures may be fitted with elastic torsional couplings formed of
      rubber or plastic material. The ends of the side members 3 are spanned by
      end members 4. A pair of diagonal members 2a are rigidly joined at one end
      thereof to one end of each of an associated end member 4 and the members
      2a extend to the opposite side member to engage therein an aperture 1b
      which is fitted with an elastic torsional coupling.
PAR  In FIG. 2, the structure comprises a pair of side members 3 the extremities
      of the ends thereof being provided with elastic torsional couplings which
      receive end members 4. Opposed corners of the defined frame are joined by
      diagonally disposed wire ropes, the tension in each rope being adjusted by
      means of a turnbuckle. The wire ropes extend between the corners of the
      defined frame and could also extend if desired, at intermediate points
      along the opposite side members. Further, in this embodiment the frame
      defined by members 3 and 4 may be held together by a trellis of stretched
      wire ropes. The frame according to FIG. 2 may be constructed without
      bracing, as the couplings at the corners are inwardly stable enough to
      limit the twist of the articulated chassis.
PAR  In FIG. 3, each of the side members 3 and the end members 4 are provided
      with elastic torsional couplings to receive lateral and longitudinal cross
      girders 2c. The cross girders 2c, in this embodiment, should be relatively
      rigid.
PAR  In the embodiment shown in FIG. 4 the end members 4 are both provided, at
      the extremities thereof, with elastic torsional couplings to receive the
      ends of the side members 3. The end members 4 are further provided with
      torsional elastic couplings, disposed at the longitudinal centre thereof,
      to receive a central longitudinal girder 2d.
PAR  The chassis according to the invention has the novel advantage that its set
      of wheels or tracks adapts itself completely to the uneven ground, both
      lengthwise and with transverse direction to the vehicle. The twist of the
      articulated chassis permits a limited oscillation of the wheels in both
      senses. The result is an optimal adhesion to the ground.
PAR  In the embodiments thus described the frames are free to yield in response
      to uneven terrain.
PAR  It is to be understood that all the embodiments described show frames that
      have a rectangular configuration, however, the frame may have any
      quadrilateral configuration to suit the geometry of the associated
      vehicle.
PAR  It is to be further understood that the elastic torsional couplings may be
      replaced by ball-and-socket joints to provide the desired articulation.
      Further, the entire vehicle chassis may comprise a plurality of frames
      joined together in series, parallel, or series-parallel arrangement. As
      with single frames the compound frame will conform to uneven terrain
      without overstressing of individual elements of the frame.
PAR  For claim purpose "Couplings" defines elastic couplings, elastic torsional
      couplings and articulate joints.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A vehicle chassis for a vehicle comprising:
PA1  a frame composed of four rigid frame members, said frame members being one
      pair of side members and one pair of end members in a rectangular
      arrangement, and elastic torsional coupling means connecting the adjoining
      ends of at least two of said frame members for limited swinging movements
      between them in all directions.
NUM  2.
PAR  2. A vehicle chassis for a vehicle as claimed in claim 1, further
      comprising:
PA1  at least one bracing member;
PA1  two of the opposite frame members being interconnected for limited swinging
      movements in all directions by said bracing member.
NUM  3.
PAR  3. A vehicle chassis for a vehicle as claimed in claim 2, the said two
      frame members each being interconnected by coupling means with both ends
      of said bracing member for limited movements in all directions.
NUM  4.
PAR  4. A vehicle chassis for a vehicle as claimed in claim 2, said at least one
      bracing member being interconnected with at least one of its ends by
      coupling means with two frame members.
NUM  5.
PAR  5. A vehicle chassis for a vehicle as claimed in claim 4, said at least one
      bracing member being two bracing members located parallel to each other,
      each connected with one end to the end of one frame member and with its
      other end to the adjacent frame member at an intermediate point thereof.
NUM  6.
PAR  6. A vehicle chassis as claimed in claim 2, said at least one bracing
      member comprising a pair of diagonally disposed pre-tensioned bracing
      wires extending between an end of a side member to the opposite end of the
      opposed side member.
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ABST
PAL  The present invention relates to a device for protecting pregnant women
      drivers or passengers from injury to the abdomen during sudden or
      unexpected braking of a moving vehicle. The device in one form is a dome
      shaped shield of rigid plastics material, which is adapted to fit over the
      protuberant abdomen.
BSUM
PAR  The present invention relates to protective devices, and more particularly
      to a means of protecting pregnant women drivers or passengers during
      sudden or unexpected braking of a moving vehicle.
PAR  Pregnant women be they drivers or passengers of a vehicle are relatively
      vulnerable to injury whilst using conventional safety belts when they are
      subjected to sudden or unexpected braking especially in road traffic
      accidents. In the latter stages of pregnancy, a woman driver is sitting
      with a large soft uterus in her lap, which is totally unsuited to
      withstand a direct violent impact. If a safety belt is not worn in a road
      traffic accident, the woman is in great danger of sustaining an injury,
      say from the steering wheel. While, if she wears a safety belt, a sudden
      deceleration force will cause the relatively narrow belts to cut into the
      uterine wall, with a real risk of either an immediate or delayed rupturing
      of the uterus, and consequential damage to both the mother and child.
PAR  An object of the present invention is to provide a means of substantially
      reducing the risk to the mother and the unborn child in an accident.
PAR  The invention in one general form is a device for protecting the
      protuberant abdomen of a pregnant woman while in a posture for movement in
      a vehicle, the device comprising shielding means, which is sized, shaped
      and adapted to fit over the protuberant abdomen.
DRWD
PAR  A preferred embodiment of the invention will now be described by way of
      example with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of a protector device according to the present
      invention; and
PAR  FIG. 2 is a side elevation of the protector device.
DETD
PAR  The protector device 3 as illustrated in FIGS. 1 and 2, is formed to
      correspond with the actual shape of an abdomen of a pregnant woman, when
      sitting in a driving position. The shape is complex and very "droopy". A
      plaster cast of the abdomen of a pregnant woman is taken from below the
      rib cage to above the groin, to reproduce the shape, and from which a dome
      is made. The dome is fabricated in a rigid material, such as high impact
      fibre-glass or other suitable material. The edges of the protective dome
      are trimmed with protective rubber U-shaped strips and the concave or
      inner surface of the dome is lined and padded with a soft material, such
      as foam rubber or plastic. An adjustable webbing belt 4 may be provided if
      required, the belt being attached to the sides of the dome. In use the
      belt 4 is passed around the woman and fastened with a side buckle to
      secure the protector device in position to cover the front of the abdomen.
PAR  When conventional safety belts are worn in conjunction with a protector
      device according to the present invention, the safety belts lie across the
      dome covering the abdomen. In this instance the adjustable securing belt 4
      of the protector is not essential as the safety belts will hold the
      protector in position.
PAR  Lugs 5 (shown in FIG. 2 but not in FIG. 1) may be fitted on the convex or
      outside surface of the dome, into which the existing car safety belt may
      be slotted to prevent their sliding off on an impact. A plurality of dome
      sizes may be provided to fit different sizes of person.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A device for protecting the protuberant abdomen of a pregnant woman, the
      device comprising a substantially rigid dome, and lugs located on and
      secured to an outside surface of the dome, said dome being shaped to
      correspond substantially with the shape of the protuberant abdomen of the
      pregnant woman in a sitting posture in a vehicle and being sized to fit
      over and cover the protuberant abdomen, said dome being capable of being
      fitted between a conventional vehicle safety belt and the protuberant
      abdomen such that in use the safety belt lies across the dome and thereby
      holds the device in position, and the lugs being adapted to permit the
      vehicle safety belt to be held therein, thereby preventing the safety belt
      from slipping off the dome.
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ABST
PAL  A shock absorber for use in combination with either or both a seat post and
      front wheel fork of bicycles and the like. The shock absorber includes a
      pair of elongated tubes adapted to fit together in a telescopic fashion.
      The wall of each tube has a pair of slots on opposite sides of the tube so
      that when the tubes are fitted together, the slots are in general
      alignment. Plugs are fitted in each tube to compress therebetween a
      resilient wire mesh pad. A tab is fitted in the slots to keep the tubes
      together and to enable the tab to slide in the slots of the interior tube
      as the tubes slide relative to each other. The wire mesh pad serves to
      absorb vibrations and shocks applied to either tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to shock absorbers and more particularly to a shock
      absorber construction especially suitable for bicycles and the like.
PAR  Shock absorbers and cushioning arrangements heretofore suggested for
      bicycles and other lightweight cycles have typically employed rather
      complicated coil spring configurations and in some instances pneumatic
      apparatus. Although such arrangements have been found generally acceptable
      for cushioning vibrations, etc., the complexity of construction made such
      configurations undesirable from a manufacturing cost standpoint.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a simple, easy to
      construct and yet effective shock absorber for use with bicycles and the
      like.
PAR  It is also an object of the present invention to provide such a shock
      absorber having relatively few component parts.
PAR  It is another object of the present invention to provide such a shock
      absorber which is light in weight and yet rugged.
PAR  It is still another object of the present invention to provide such a shock
      absorber which rapidly dampens vibrations of substantially any magnitude.
PAR  The above and other objects of the present invention are realized in an
      illustrative embodiment which includes first and second elongated tubes
      fitted together in a telescopic fashion, each tube having a pair of slots
      located on opposite sides of the tube. The slots in the interior tube are
      longer than the slots of the exterior tube but are generally aligned
      therewith. A plug is positioned in the end of the interior tube and
      another plug is positioned some distance from the end of the exterior
      tube. A compressable wire mesh pad is disposed in the exterior tube
      between the two plugs so as to be compressed therebetween. A tab extends
      between the slots in the exterior tube through the slots in the interior
      tube to prevent rotational movement of one tube relative to the other
      while allowing linear movement of the tubes with respect to each other.
      That is, upon linear movement of one tube with respect to the other, the
      tab will reciprocate within the slot of the interior tube.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects, features and advantages of the present
      invention will become apparent from the following detailed description
      presented in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a side cross-sectional view of a shock absorber made in
      accordance with the principles of the present invention and incorporated
      in a tubular steering head of a bicycle;
PAR  FIG. 2 is an exploded view of the shock abosorber of FIG. 1; and
PAR  FIG. 3 is a side cross-sectional view of a shock absorber made in
      accordance with the principles of the present invention and incorporated
      in the seat post of a bicycle.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 there is shown a cross-sectional view of one embodiment
      of the shock absorber of the present invention mounted in a tubular
      steering head 2 of a bicycle frame. The shock absorber includes an
      exterior elongated tube 4, the upper end of which is coupled to a bicycle
      handlebar support 6. The tube 4 is maintained within the steering head 2
      by a collar 8 integrally formed in the lower part of the tube 4 and a
      locking nut 10 fitted onto the upper threaded portion of the tube 4.
      Bearing cups 12 and 14 are fitted between the top of the steering head 2
      and the locking nut 10 to define a race for ball bearings 16. Bearing cups
      18 and 19 and ball bearings 20 are fitted in a similar fashion between the
      bottom of the steering head 2 and the collar 8. As can be seen from FIG.
      1, when the locking nut 10 is secured in place about the tube 4, the tube
      4 is secured within the steering head 2 but may be rotated therein. The
      particular structure for mounting the shock absorber of the present
      invention in the steering head of a bicycle is not of concern and the
      particular structure described is provided only for purposes of
      illustration.
PAR  The shock absorber of FIG. 1 further includes an interior tube 24, one end
      of which is slidably fitted within the tube 4 in a telescopic fashion. The
      lower end of the tube 24 is attached to a conventional front fork 28 of a
      bicycle. The exterior tube 4 includes a pair of slots 30 positioned on
      either side of the tube (i.e., 180.degree. apart). The interior tube 24
      similarly includes a pair of slots 32 disposed on opposite sides of the
      tube. The slots 32 of the tube 24 are longer than the slots in the tube 4
      for reasons which will become clear momentarily.
PAR  A plug 36 is secured in the tube 4 a certain distance above the slot 30 and
      a plug 38 is secured in the upper end of the tube 24. These plugs are
      simply round, generally flat discs welded or soldered in place in the
      respective tubes. A pair of wire mesh pads 40, formed into discs, are
      placed in the exterior tube 4 between the two plugs 36 and 38 as generally
      shown in FIG. 1. The wire mesh pads might illustratively be made of
      stainless steel wire woven into a mesh, crimped and then rolled into pads.
      The use of wire mesh material for shock absorbing purposes has been
      described in A. M. Goodloe, U.S. Pat. No. 2,462,316.
PAR  A tab or key 42 (FIG. 2) is inserted in the slots 30 and 32 of both tubes 4
      and 24 to extend between the slots 30 and through the slots 32. The tab 42
      is dimensioned to snuggly fit in the slots 30 and to be slidable in the
      slots 32 so that when the tubes 4 and 24 move linearly with respect to
      each other, the tab 42 slides in the slots 32. The tab 42 would
      illustratively be soldered into the slots 30 of the tube 4.
PAR  The slots 30 and 32 are positioned such that the tab 42 cannot be inserted
      into the slots until the wire mesh pads 40 have been compressed (for
      example to a pressure of 110 p.s.i.) between the plugs 36 and 38. The pads
      40 thereby bias the tube 24 downwardly of the tube 4.
PAR  Forces delivered upwardly against the tube 24 will cause the tube to move
      upwardly within the tube 4 so that the slots 32 slide longitudinally of
      the tab 42. The wire mesh pads 40 are further compressed as the tube 24 is
      moved upwardly but the resiliency of the pads will cause the tube 24 to
      again move downwardly. In this manner, the tube 24 will reciprocate within
      the tube 4 to absorb and cushion shocks and jolts of the front wheel of a
      bicycle or like apparatus.
PAR  FIG. 3 shows the shock absorber of the present invention embodied in a seat
      post structure of a bicycle. In this embodiment, one end of an interior
      tube 50 is attached to and supports a bicycle seat 52 and the other end of
      the tube 50 is fitted within an exterior tube 54. Again, a plug 56 is
      secured in the end of the interior tube 50 and a plug 58 is secured in the
      exterior tube 54 at a point some distance from the end of the tube. Wire
      mesh pads 60 are positioned between the plugs 56 and 58 to cushion and
      absorb the shocks transmitted, for example, by a bicycle rider to the seat
      52 of the bicycle.
PAR  The shock absorber shown and described is simple in construction, having
      few component parts, and yet suitably functions to absorb and dampen
      shocks. The tubes can move longitudinally relative to each other to
      compress and allow expansion of the wire mesh pads, but the tab prevents
      rotation of the tubes relative to each other. By using the shock absorber
      on bicycles as shown and described to dampen vibrations, bicycle frames
      and forks may be constructed to have a higher flexual stiffness (without
      increasing the discomfort to the rider) to improve the bicycles handling,
      braking and accelerating qualities.
PAR  It is to be understood that the above-described arrangement is only
      illustrative of the application of the principles of the present
      invention. Numerous other modifications and alternative arrangements may
      be devised by those skilled in the art without departing from the spirit
      and scope of the present invention and the appended claims are intended to
      cover such modifications and arrangements. One such arrangement might
      include providing two pairs of slots positioned side by side and two tabs
      in the telescoped tubes. This construction would afford a reliability
      advantage since if one tab wore out, the other tab would continue to
      prevent rotation of the tubes relative to each other while at the same
      time allowing linear movement therebetween. Another arrangement might
      include providing only a single slot in the interior tube and a tab
      extending from the inner wall of the exterior tube into the slot to slide
      therewithin.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shock absorber comprising
PA1  a first elongated tube having a first pair of slots on opposite sides of
      the tube near one end thereof,
PA1  a second elongated tube, one end of which slidably fits in said one end of
      the first tube, said second tube having a second pair of slots on opposite
      sides and extending lengthwise of the second tube and generally aligned
      with the first pair of slots, the second pair of slots being longer than
      the first pair,
PA1  a first plug secured in said first tube between the first pair of slots and
      the other end of the tube,
PA1  a second plug secured in said second tube at said one end,
PA1  at least one resilient wire mesh pad disposed in said first tube between
      said first and second plugs and partly compressed therebetween, and
PA1  a tab secured in and extending between the first pair of slots through the
      second pair of slots such that the tab slides in the second pair of slots
      as the first and second tubes move relative to each other.
NUM  2.
PAR  2. A shock absorber as in claim 1 wherein said first elongated tube is
      disposed in a tubular steering head of a cycle and is coupled to the
      handlebars of the cycle, and wherein the second elongated tube is coupled
      to the front fork of the cycle.
NUM  3.
PAR  3. A shock absorber as in claim 1 wherein said first elongated tube is
      mounted on a cycle frame, and wherein said second elongated tube is
      attached to a cycle seat.
NUM  4.
PAR  4. A shock absorber for use in bicycles and the like comprising
PA1  an exterior tube having a pair of oppositely disposed slots in the walls
      thereof,
PA1  an interior tube, one end of which is fitted into one end of the exterior
      tube, said interior tube having a pair of oppositely disposed slots in the
      walls thereof, the slots in said interior tube being generally aligned
      with the slots in the exterior tube,
PA1  a first plug fixed in said exterior tube above the slots,
PA1  a second plug fixed in the interior tube at said one end thereof,
PA1  at least one resilient wire mesh pad positioned in the exterior tube
      between the first and second plugs to be partly compressed therebetween,
      and
PA1  a tab extending between the slots of the exterior tube and through the
      slots of the interior tube and slidable longitudinally in the slots of the
      interior tube as the exterior and interior tubes move relative to each
      other.
NUM  5.
PAR  5. A shock absorber comprising
PA1  an exterior tube having a tab extending inwardly from the inner wall of the
      tube,
PA1  an interior tube, one end of which is fitted into one end of the exterior
      tube, said interior tube having at least one slot in the wall thereof for
      receiving said tab,
PA1  a first plug fixed in said exterior tube between the tab and the end of the
      tube opposite said one end,
PA1  a second plug fixed in the interior tube at said one end thereof,
PA1  at least one resilient wire mesh pad positioned in the exterior tube
      between the first and second plugs, and
PA1  said tab preventing rotation of either tube relative to the other while
      being slidable in said slot as said tubes are moved longitudinally of each
      other.
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ABST
PAL  A tonneau cover for a fifth wheel camper truck is disclosed comprising a
      supporting frame which is secured to the upper ends of the wall members of
      the truck box and having a cover extending thereover. The supporting frame
      comprises a pair of side frame members which are positioned on the upper
      ends of the side walls of the box, a front frame member extending between
      the forward ends of the side frame members and a back frame member which
      extends between the rearward ends of the side frame members. A plurality
      of spaced apart cross members extend between the side frame members and
      are arched so that the centers dwell in a plane above the ends thereof.
      The cover is secured at its periphery to the side frame members by snaps
      or the like and has an opening formed in the central portion thereof
      positioned above the fifth wheel mounted in the truck box so that the king
      pin of a trailer may extend downwardly therethrough. A cap is detachably
      secured to the cover so as to close the opening during the time that the
      truck is not being used to pull a trailer. A zipper extends from the
      rearward end of the cover to the opening so that the cover may be
      installed on the truck or removed therefrom without disconnecting the
      truck from the trailer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a tonneau cover and more particularly to a
      tonneau cover for use on fifth wheel camper trucks.
PAR  Fifth wheel camper trucks are becoming more and more popular due to the
      expansion of the recreational vehicle industry. The fifth wheel camper
      trucks ordinarily have a fifth wheel positioned in the box while the
      trailer has a king pin extending downwardly from the forward end thereof
      which is connected to the fifth wheel.
PAR  Since the truck box is not covered in conventional fifth wheel camper
      trucks, light objects will be blown therefrom or will become wet if it
      should rain. Further, wind resistance builds up in the truck box which
      decreases gas mileage.
PAR  Therefore, it is a principal object of this invention to provide a tonneau
      cover for fifth wheel camper trucks.
PAR  A further object of the invention is to provide a tonneau cover for fifth
      wheel camper trucks which includes a supporting frame secured to the truck
      box.
PAR  A further object of the invention is to provide a tonneau cover for a fifth
      wheel camper truck which prevents objects in the truck from being blown
      therefrom or becoming wet.
PAR  A further object of the invention is to provide a tonneau cover for fifth
      wheel camper trucks including means for closing the opening through which
      the king pin of the trailer normally extends.
PAR  A further object of the invention is to provide a tonneau cover for fifth
      wheel camper trucks which may be removed from the truck or installed
      thereon without disconnecting the truck from the trailer.
PAR  A further object of the invention is to provide a tonneau cover for fifth
      wheel camper trucks which is economical of manufacture and durable in use
      and refined in appearance.
PAR  These and other objects will be apparent to those skilled in the art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a side view of a conventional fifth wheel camper truck pulling a
      trailer:
PAR  FIG. 2. is an exploded perspective view of the tonneau cover of this
      invention:
PAR  FIG. 3 is an enlarged fragmentary sectional view seen on lines 3--3 of FIG.
      2; and
PAR  FIG. 4 is an exploded perspective view of the supporting frame for the
      tonneau cover and its relationship with the truck box.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The numeral 10 refers generally to a fifth wheel trailer having a king pin
      12 extending downwardly from the lower forward end thereof. The numeral 14
      refers to a conventional fifth wheel camper truck generally including a
      box 16 and a fifth wheel mechanism 18 mounted therein. Box 16 comprises a
      pair of spaced apart side walls 20 and 22, front wall 24 and tail gate 26.
PAR  The tonneau cover of this invention is referred to generally by the
      reference number 28 and includes the supporting frame 30 seen in FIG. 4.
      Support frame 30 comprises a pair of side frame members 32 and 34 having a
      front frame member 36 secured to and extending between the forward ends
      thereof. A rear frame member 38 is detachably secured to the rearward ends
      of the side frame members 32 and 34 by means of pins 40 as illustrated in
      FIG. 4. A plurality of cross frame members 42 are secured to and extend
      between the side frame members 32 and 34 by any conventional means. As
      seen in the drawings, the cross frame members are arched so that the
      centers dwell in a plane above the ends to aid in draining water from the
      cover. The supporting frame 30 is provided with a plurality of snap
      fasteners 44 as seen in FIG. 4 to permit the cover 28 to be secured
      thereto. Supporting frame 30 is secured to the box 16 by means of bolts 46
      as illustrated in FIG. 4.
PAR  Cover 28 is preferably constructed of a vinyl material with twill backing
      so as to achieve the necessary flexibility and strength. Cover 28 is
      provided with downwardly extending flap portions 48 provided at the
      periphery thereof including snap fasteners 50 adapted to be secured to the
      snap fasteners 44. As seen in FIG. 2, the flap portions are provided with
      end portions 52 which may be secured to the adjacent flap portion to
      affect a water tight seal at the corners of the cover.
PAR  Cover 28 is provided with an opening 54 as illustrated in FIG. 2. The
      numeral 56 refers to an upstanding support in the form of belting or the
      like which is secured to the cover and which extends around the opening 54
      as illustrated in the drawings. A plurality of snap fasteners 58 are
      provided on the upstanding member 56 to permit the cap 60 to be secured
      thereto by means of the snap fastners 62 provided thereon. As seen in FIG.
      3, cap 60 is provided with downwardly extending side portions which
      receive the upstanding support 56. A zipper extends from the opening 54 to
      the rearward end of the cover for a purpose to be described in more detail
      hereinafter.
PAR  The supporting frame 30 is installed on the vehicle as previously
      described. As also previously described, frame member 38 is detachably
      connected to the side frame members 32 and 34 and it is preferred that the
      two cross frame members 42 at the rear of the supporting frame 30 also be
      quickly detachably connected to the side frame members 32 and 34 so that
      the supporting frame 30 can be mounted on the box without the necessity of
      disconnecting the trailer from a truck. In other words, the supporting
      frame 30 could be slipped beneath the forward end of the trailer and
      positioned on the box with the two rear cross frame members 42 and the
      rear frame member 38 then being connected to the supporting frame.
PAR  Cover 28 is simply secured to the supporting frame 30 by means of the snap
      fasteners as previously described. If the trailer is connected to the
      truck, zipper 64 is opened to permit the cover to be slipped around the
      downwardly extending king pin 12. The upstanding member 56 is closely
      positioned beneath the lower forward portion of the trailer and prevents
      moisture from entering the box. When the trailer is not connected to the
      truck, the cap 60 may be secured to the upstanding members 56 to seal the
      opening 54.
PAR  Thus it can be seen that a unique tonneau cover has been provided for a
      fifth wheel camper truck which prevents objects in the truck box from
      becoming wet or from becoming blown therefrom. The tonneau cover of this
      invention also prevents wind resistance from building up in the truck box.
      Thus it can be seen that the tonneau cover of this invention accomplishes
      at leat all of its stated objectives.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a truck having a box defined by upstanding walls and
      a fifth wheel means positioned in said box, comprising,
PA1  a flexible tonneau cover,
PA1  and fastening means operatively securing the periphery of said cover to
      said walls so that said cover extends thereover,
PA1  said cover having an opening formed therein above said fifth wheel means so
      that the king pin of a trailer means may extend downwardly through said
      cover and downwardly into said box to said fifth wheel means,
PA1  said opening being positioned at the longitudinal center line of said box
      when said cover is mounted on said walls.
NUM  2.
PAR  2. The combination of claim 1 wherein a cover supporting frame is secured
      to the upper ends of said walls, said cover being secured to said
      supporting frame.
NUM  3.
PAR  3. The combination of claim 1 wherein a cap means is selectively detachably
      secured to said cover so as to close said opening at times.
NUM  4.
PAR  4. In combination with a truck having a box defined by upstanding walls and
      a fifth wheel means positioned in said box, comprising,
PA1  a flexible tonneau cover,
PA1  fastening means operatively securing the periphery of said cover to said
      walls so that said cover extends thereover,
PA1  said cover having an opening formed therein above said fifth wheel means so
      that the king pin of a trailer means may extend downwardly to said fifth
      wheel means,
PA1  a cover supporting frame secured to the upper ends of said walls, said
      cover being secured to said supporting frame,
PA1  said walls comprising front, back and spaced apart side wall members, said
      supporting frame comprising a pair of side frame members which are
      detachably mounted on the upper ends of said side wall members, said frame
      members having rearward and forward ends, a front frame member secured to
      and extending between the front ends of said side frame members, a rear
      frame member secured to and extending between the rearward ends of said
      side frame members, and a plurality of spaced apart cross frame members
      secured to and extending between said side frame members.
NUM  5.
PAR  5. The combination of claim 4 wherein said rear frame member is detachably
      secured to said side frame members.
NUM  6.
PAR  6. The combination of claim 4 wherein said cross frame members are arched
      so that centers thereof dwell in a plane above the ends thereof.
NUM  7.
PAR  7. The combination of claim 5 wherein at least some of said cross frame
      members at the rear end of said supporting frame are detachably secured to
      said side frame members.
NUM  8.
PAR  8. In combination with a truck having a box defined by upstanding walls and
      a fifth wheel means positioned in said box, comprising,  a flexible
      tonneau cover,
PA1  fastening means operatively securing the periphery of said cover to said
      walls so that said cover extends thereover,
PA1  said cover having an opening formed therein above said fifth wheel means so
      that the king pin of a trailer means may extend downwardly to said fifth
      wheel means,
PA1  a cap means selectively detachably secured to said cover so as to close
      said opening at times,
PA1  an upstanding support secured to said cover adjacent said opening, said cap
      means being detachably secured to said upstanding support.
NUM  9.
PAR  9. In combination with a truck having a box defined by upstanding walls and
      a fifth wheel means positioned in said box, comprising,
PA1  a flexible tonneau cover,
PA1  fastening means operatively securing the periphery of said cover to said
      walls so that said cover extends thereover,
PA1  said cover having an opening formed therein above said fifth wheel means so
      that the king pin of a trailer means may extend downwardly to said fifth
      wheel means,
PA1  said cover having an elongated slit formed therein extending from said
      opening to one of its sides so that said cover may be installed on said
      truck or removed therefrom without disconnecting the trailer from the
      truck.
NUM  10.
PAR  10. The combination of claim 9 wherein a zipper means is provided on said
      cover for closing said elongated slit.
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ABST
PAL  The invention relates to a damping device which comprises an elastic sleeve
      over-moulded on two coupling end members provided with transverse grooves
      for the anchorage of this latter, the transverse grooves opening into a
      section of the internal bore of each end member having a diameter greater
      than the diameter of the remainder of said bore.
BSUM
PAR  A damping device suitable for coupling together two lengths of piping
      intended to permit the conveyance of a fluid under pressure is already
      known, this damping device comprising two tubular end members which are
      suitable spaced apart from each other for coupling to the said lengths of
      piping, and which comprise on their periphery a number of transverse
      grooves, the said transverse grooves opening into the internal bores of
      the said end-members, an elastic sleeve moulded on the exterior of the
      said end-members, and a tubular covering jacket which encloses the said
      sleeve and which is immobilized axially on the sleeve.
PAR  Damping devices of this kind advantageously interrupt the metallic
      continuity of the piping systems on which they are fitted, by dividing
      these piping systems into lengths elastically isolated from each other, so
      that the noises due to shocks or the like which are produced on such
      piping systems are no longer necessarily transmitted along these pipes.
PAR  In addition, damping devices of this kind, due to the elastic sleeve with
      which they are provided, advantageously absorb any possible expansion of
      the piping systems which they couple together.
PAR  The present invention has for its objects various improvements in such
      damping devices over the arrangement shown in French Pat. No. 7,222,499.
PAR  According to a first improvement, the internal bore of each tubular
      end-member of a damping device of the type briefly described above
      comprises two sections successively spaced apart axially from the exterior
      towards the interior, namely a first section having a diameter equal to
      that of the internal bore of the elastic sleeve with which it is provided,
      and a second section having a diameter greater than that preceding, and
      the transverse grooves provided on this tubular end-member open into the
      said second section of larger diameter of the said bore, in such manner
      that the material of the said elastic sleeve forms an internal sheath for
      the said second section of the said bore in a circularly-continuous
      manner.
PAR  By virtue of this arrangement, the anchorage of the elastic sleeve on the
      tubular end-members is improved, and the damping device thus improved is
      capable of withstanding with complete fluid-tightness, stresses much
      greater than those applied under the same conditions to comparable damping
      devices at present known.
PAR  The anchorage of the elastic sleeve on the tubular end-members is improved
      by forming longitudinally in the internal bore of these members, slots
      intersecting their transverse grooves, but on the one hand such slots do
      not improve the anchorage of the sleeve, except in a discontinuous manner
      and not in a circularly-continuous manner, and on the other hand the
      machining of such slots is substantially more difficult to effect than the
      simple excess bore necessary for carrying out the improvement according to
      the invention, as described above.
PAR  According to a second improvement forming the object of the present
      invention, at least one of the transverse grooves of a tubular end-member
      is angularly displaced with respect to the others about the axis of the
      said end-member.
PAR  This results axially in a baffle effect which still further improves the
      anchorage of the elastic sleeve on the tubular end-members, and also the
      fluid-tightness of such an anchorage.
PAR  This second improvement, which may be utilized independently of the first
      improvement described above, can be advantageously combined however with
      the latter, since the angular displacement of the transverse grooves of an
      end-member would, if there were associated with them slots formed
      longitudinally in the internal bore of these end-members, lead to a
      multiplication of these slots and these latter would then become difficult
      or even impossible to carry out, and in any case they would be expensive.
PAR  According to a third improvement forming the object of the present
      invention, which may be utilized independently of the improvements
      previously described, or conjointly therewith, the tubular covering jacket
      provided on the damping device carries fixing means intended to permit the
      adaptation of this latter on a support of any kind.
PAR  Thus, a damping device of this kind can advantageously serve in itself for
      fixing the piping systems on which it is fitted.
PAR  A fixation of this kind is usually effected by means of conventional
      devices, collars or flanges for example, which are directly fixed in the
      supporting surface on which the piping systems concerned are to be fixed.
PAR  These fixing devices unfortunately form vibration-conducting bridges which
      thus also conduct noises between the piping systems thus fixed and the
      said supporting surface, such bridges then forming with the said surface
      branch passages with respect to the damping devices coupling together the
      successive sections of these piping systems, to the prejudice of the
      effectiveness of the damping devices.
PAR  In order to overcome this drawback, it is known to provide these fixing
      devices with special anti-vibration means, this solution having the
      disadvantage of very connsiderably increasing the cost of erection of the
      piping systems.
PAR  In this respect, the invention makes it possible to eliminate economically
      the need for special anti-vibration devices, and to simplify the erection.
PAR  In all cases, the elastic sleeve preferably comprises depressions on its
      outer surface and in the central zone of this surface, forming between
      them ribs intended to be supported against the internal wall of the
      tubular covering jacket.
PAR  These depressions advantageously permit temporary deformation of the
      sleeve, for example as a result of momentary overpressures of the
      water-hammer type in the piping systems which it couples together, or
      alternatively of an expansion of these pipes. It thus enables the
      elasticity of the constituent material of such a sleeve to take effect, in
      spite of the tubular covering jacket enclosing this sleeve. This also
      results in an improvement in the damping of vibrations.
PAR  In all cases also, this tubular covering jacket is provided at its
      extremities with transverse edges directed radially in the direction of
      its axis, the said edges partly covering the corresponding extremeties of
      the elastic sleeve.
PAR  Thus, these edges advantageously insure conjointly, on the one hand the
      axial immobilization of the tubular covering jacket with respect to the
      elastic sleeve which it encloses, and on the other hand an axial retention
      of this elastic sleeve in both directions, capable of preventing
      undesirable axial elongation which may be the origin of the leakages.
PAR  In all cases, the tubular end-members are preferably cut-off from hollow
      rods with a polygonal external section, hexagonal for example, so that
      when an elastic sleeve is overmoulded on these tubular end-members, this
      sleeve is fixed to the said end-members both axially, due inter alia to
      the transverse grooves formed for that purpose on the said end-members,
      and transversely by reason of the polygonal external section of these
      end-members.
PAR  Preferably, and according to another improvement forming the object of the
      present invention, level with the transverse edges formed on the covering
      jacket at its extremities, the tubular end-members are provided
      peripherally with a transverse slot at each of the angles of their
      external polygonal section.
PAR  The result is that the thickness of elastic material interposed between the
      tubular end-members and the tubular associated covering jacket, along the
      edges of the said end-members, is increased level with the transverse
      end-edges of the said covering jacket.
PAR  Finally, the damping devices according to the invention offer numerous
      advantages as compared with similar devices known at the present time.
PAR  In fact, it is possible to couple together piping systems by means of these
      damping devices, permitting simultaneously:
PAR  The conveyance of fluid at high pressures, such as necessitated for example
      in constructions of great height, and this especially by virtue of the
      tubular covering jacket;
PAR  expansion of these piping systems, and this especially by virtue of the
      depressions of the elastic sleeve which permit temporary deformations of
      this latter in spite of the tubular covering jacket in which it is
      enclosed;
PAR  effective isolation of the successive sections of these pipes, and this by
      virtue of the elastic sleeve, which is anchored with certainty and
      fluid-tightness on the tubular coupling end-members which it joins
      together.
DRWD
PAR  The characteristic features and advantages of the invention will
      furthermore be brought out in the description which follows below, given
      by way of example, reference being made to the accompanying diagrammatic
      drawings, in which:
PAR  FIG. 1 is a view in axial cross-section of a damping device according to
      the invention, taken along the line I--I of FIG. 2, one of the tubular
      end-members of this damping device being shown in section and the other in
      elevation;
PAR  FIG. 2 is an end view of this damping device taken along the line II--II of
      FIG. 1;
PAR  FIG. 3 is another view in axial section of this damping device, taken along
      the line III--III of FIG. 4;
PAR  FIGS. 4 and 5 are views in axial section of this damping device taken
      respectively along the lines IV--IV of FIG. 3 and V--V of FIG. 1;
PAR  FIG. 6 is a perspective view to a different scale, with parts broken away,
      of a tubular end-member employed in a damping device of this kind;
PAR  FIG. 7 is a perspective view similar to FIG. 6, and relates to an
      alternative form of construction;
PAR  FIG. 8 is a partial view in axial section and relates to another
      alternative form of construction;
PAR  FIGS. 9 and 10 are respectively similar to FIGS. 1 and 2 and are concerned
      with another alternative form of construction;
PAR  FIG. 11 is a partial view similar to FIG. 10, and illustrates an
      altternative method of use of the form of the embodiment shown in FIG. 10;
PAR  FIG. 12 is a partial view similar to FIG. 10, and relates to another
      alternative form of construction.
DETD
PAR  Generally, the damping device according to the invention, which is intended
      for coupling together two lengths of piping (not shown) comprises
      essentially an elastic coupling sleeve 10 having an internal axial bore 11
      receiving at its end portions tubular end-members 12, 13, of which the
      opposite faces 14, 15 are spaced apart from each other by a predetermined
      distance E, the elastic sleeve 10 being surrounded by a tubular covering
      jacket indicated as a whole by the reference 16.
PAR  As can be seen from FIG. 6, on which the tubular end-member 13 is shown
      separately, such a tubular end-member is produced from a rod with a
      polygonal external section, hexagonal in the example shown, this
      end-member being cut-off from the said rod; the tubular end-member 12 is
      constituted in a similar manner.
PAR  In the example shown, the tubular end-members 12, 13 project from the
      elastic sleeve 10 which couples them together, at the extremities of this
      sleeve.
PAR  Internally, each tubular end-member 12, 13 comprises successively, spaced
      apart axially from the exterior towards the interior, a bore 18 threaded
      at its free end portion and then a smooth bore formed successively by a
      first section 19 of diameter D equal to the diameter of the bore 11 of the
      elastic sleeve 10, and a second section 20 having a diameter D' greater
      than the previous diameter D.
PAR  This second section 20 of the internal bore of an end-member 12, 13 may
      easily be formed by a larger internal bore of such an end-member.
PAR  For the purpose of anchorage of the elastic sleeve 10 on the end-members
      12, 13, there is formed in these latter, level with the second section 20
      of their smooth internal bore, a plurality of axially displaced transverse
      grooves.
PAR  In the example shown in FIGS. 1 to 6, such transverse grooves are formed
      symmetrically on each side of a plane X passing through the axis of the
      corresponding end-member.
PAR  In the example shown, three grooves S on the one hand and S.sub.1 on the
      other are thus formed on each side of the plane X referred to above, level
      with the second section 20 of the smooth internal bore of each end-member
      12, 13.
PAR  These grooves S, S.sub.1 have sufficient depth to be able to open at S' and
      S.sub.1 ' respectively into the second section 20 of the smooth internal
      bore of each end-member 12, 13.
PAR  Furthermore, the tubular covering jacket 16 which surrounds the elastic
      sleeve 10 is provided at its extremities with transverse edges 22, 23,
      directed substantially radially in the direction of its axis, the said
      edges partly covering the corresponding extremities of the said elastic
      sleeve 10.
PAR  The damping device according to the invention can easily be effected by
      over-moulding the elastic sleeve 10 on the end-members 12, 13, the latter
      being suitably engaged on an internal core N, as shown diagrammatically in
      broken lines in FIG. 1.
PAR  During this over-moulding process, the rubber intended to form the elastic
      sleeve 10 penetrates and follows the profile of the grooves S and S.sub.1
      of each tubular end-member 12, 13, and beyond these grooves it forms an
      internal sheath in a continuously circular manner for the second section
      20 of the smooth internal bore of these end-members.
PAR  During the moulding of the elastic sleeve 10, there is preferably provided
      a formation on the external surface of this sleeve and in its central zone
      of depressions 30, angularly distributed along a circle and forming
      between them ribs 31 adapted to support the internal wall of the
      associated tubular covering jacket 16.
PAR  This latter is then placed in position on the elastic sleeve 10, and after
      this positioning, the formation at its extremities of the transverse edges
      22, 23 provided in these positions is effected by a simple rolling
      operation.
PAR  The threaded bore 18 of the tubular end-members 12, 13 permits the coupling
      of these end-members to the lengths of piping to be joined together, but
      other coupling arrangements may however be envisaged.
PAR  In particular, it may be advantageous to associate with each of these
      end-members a coupling of the type similar to those sold commercially
      under the name "UNION", which renders the damping device, according to the
      invention, readily removable, and which enables possible errors in length
      to be compensated on the sections of piping which it couples together.
PAR  As will have been understood, the depressions 30 permit deformation of the
      sleeve as indicated in broken lines 32 and thus enable the elasticity of
      such a sleeve to come into play in spite of the tubular covering jacket
      which encloses it.
PAR  According to the alternative form of construction illustrated by FIG. 7,
      the transverse grooves S and S.sub.1 of an end-member 12, 13 are angularly
      displaced with respect to each other about the axis of such an end-member.
PAR  In the case illustrated of an end-member having a hexagonal external
      section, this angular displacement is 60.degree. from one groove to the
      next.
PAR  It will be understood that the transverse grooves are not necessarily all
      angularly displaced with respect to each other; in fact, it is only
      necessary to displace one or more of them in order to obtain a baffle
      effect.
PAR  As will also have been understood, the transverse extremity edges 22 and 23
      of the tubular covering jacket 16 insure conjointly, on the one hand the
      axial immobilization of this tubular covering jacket with respect to the
      elastic sleeve 10, and on the other hand an axial retention of this
      latter.
PAR  According to the alternative form of construction illustrated by FIGS. 8
      and 9, level with the transverse edges 22, 23, formed at the extremities
      of the tubular covering jacket 16, the tubular end-members 12, 13 are
      provided with a peripheral slot 35 at each of the angles of their external
      polygonal section.
PAR  During the over-moulding of the elastic sleeve 10, the constituent material
      of this sleeve also fills these slots 35, which increases at the level of
      the edges of the end-members 12, 13, the thickness of elastic material
      separating such end-members from the transverse edges 22, 23 of the
      tubular covering jacket 16.
PAR  According to a development of the invention, and as illustrated in FIG. 10,
      the tubular covering jacket 16 is provided externally with fixing means
      which are integral with it and which are adapted to permit the fitting of
      the damping device according to the invention on a support of any kind.
PAR  In the example shown in full lines in this FIG. 10, these fixing means
      comprise a fixing plate 36 added tangentially, for example by welding, on
      the tubular covering jacket 16, and extending on each side of the zone 37
      by which it is thus fixed on the tubular covering jacket 16.
PAR  This fixing plate 36 is provided at each of its extremities with at least
      one passage 38, and this passage 38 preferably forms an elongated slot
      opening freely to the exterior.
PAR  The fixing plate 36 provides in itself a direct fixing of the damping
      device according to the invention, on any supporting surface 39, as
      illustrated by FIG. 10.
PAR  This fixing is effected by means of tie-rods 40 which may be threaded, and
      the elongated slots 38 of the fixing plate 36 provide an adjustment of the
      position of the damping device parallel to the supporing surface 39 and
      perpendicularly to the axis of the device, as shown diagrammatically by
      the double arrow F.
PAR  Spacing washers 45 may be inserted between the fixing plate 36 and the
      stirrup 42 for adjustment perpendicularly to the supporting surface.
PAR  Thus, the damping device according to the invention is capable of serving
      in itself for fixing to any support the lengths of piping which it joins
      together, and this fixing may be effected in an adjustable manner with
      respect to this support, which enables any possible defects of alignment
      of these lengths of piping and/or any possible defects of flatness of this
      support to be compensated.
PAR  It will be understood that a plurality of fixing plates may be provided, or
      these latter may be replaced by a sole-plate.
PAR  According to the alternative form construction illustrated by FIG. 12, a
      single fixing plate 46 is provided and this plate extends radially with
      respect to the tubular covering jacket 16 which carries it. This fixing
      plate is intended to cooperate with any auxiliary fixing member 47, a
      corner-plate for example, having preferably an elongated slot 48 crossed
      at right-angles by a slot 49 in the fixing plate 46.
PAR  It will of course be understood that the present invention is not limited
      to the forms of embodiment described and illustrated, but includes any
      alternative form of construction and/or of combination of their various
      parts.
PAR  In particular, the number of sides of the external geometrical section of
      the tubular end-members, and/or the number of transverse grooves which
      they comprise, may be different from those indicated above.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A damping device for coupling together two lengths of pipe to permit the
      conveyance of fluid under pressure from one length to the other,
      comprising two tubular end members, polygonal in transverse section,
      spaced apart from each other, said end members including a plurality of
      transverse grooves extending through from the peripheries to the bores of
      said members, said members each having in addition, a continuous
      peripheral groove spaced closer to the extremities of said device than
      said first mentioned grooves, said peripheral groove extending partially
      into the body of said members, an elastic sleeve over-molded on said end
      members and including components extending into said grooves, a tubular
      covering jacket surrounding said sleeve, said jacket being provided at its
      extremities with transverse inturned edges directed substantially radially
      in the direction of the axis of said members, said edges partially
      covering the corresponding extremities of said sleeve, said edges being
      disposed in alignment with said continuous grooves in said members, and
      fixation means rigidly connected to said jacket for mounting said device
      to a support.
NUM  2.
PAR  2. A shock absorbing damping device for coupling two lengths of piping to
      permit the conveyance of fluid under pressure from one said length to the
      other, comprising two tubular end members in spaced relation, a plurality
      of transverse grooves formed in said end members, said grooves extending
      entirely through said members from the periphery to the internal bores
      thereof, an elastic sleeve molded over said end members and including
      components extending through said transverse grooves, and a tubular
      covering jacket surrounding said sleeve, portions of said sleeve, in the
      area between said end members, being radially inwardly spaced from said
      jacket to define at least one cavity whereby portions of said sleeve may
      expand into said cavity responsive to pressures of a predetermined
      magnitude in said bore.
NUM  3.
PAR  3. A damping device for coupling two lengths of piping comprising a pair of
      tubular end members spaced from each other, said end members including a
      plurality of transverse grooves extending through said members from the
      periphery to the internal bore thereof, an elastic sleeve over-molded on
      said end members and including portions extending into said grooves, said
      sleeve including at its terminal edge shoulder portions spaced outwardly
      from the periphery of said end members, and a tubular covering jacket
      surrounding said sleeve,
PA1  said jacket including inturned portions outwardly lapping the terminal ends
      of said sleeve to immobilize said jacket against axial movement relative
      to said sleeve, and fixation means rigidly carried by said jacket for
      mounting said device to a support.
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ABST
PAL  A coupling unit insertable between a first and a second pipeline, flexible
      or hose pipe or the like. Said coupling unit allows relative movement
      between the pipelines and comprises an outer part or conduit member
      serving as a muff and attachable to the first pipeline. A suitably tubular
      shaped inner part or conduit member is attachable at its one end,
      attachable to the second pipeline and at its other end carries a first
      surface, which by coaction with a second surface inside the outer part can
      limit a separating movement of the parts. A sealing device is arranged to
      prevent the medium in the pipeline from leaking between the parts. The
      sealing device comprises first sealing means coming into action when the
      inner part at said surfaces is pressed towards the outer part at a given
      pressure in the medium. The sealing device further includes a second
      sealing means placed behind the first sealing means. Said second sealing
      means being arranged resiliently in the axial direction of the parts for
      momentary high pressures occurring in the medium and passing the first
      sealing means.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention is primarily intended to be used for pipelines,
      flexible pipes, hose pipes or the like, and relates in particular to a
      coupling unit for insertion between a first and a second pipeline to
      permit relative movement between the pipelines.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Coupling units are known which comprise an outer part, serving as a muff
      and attachable to the first pipeline, a tubular inner part, one end of
      which is adapted for attachment to the second pipeline, and the other end
      having a first surface which, by engagement with a second surface inside
      the outer part, can limit the separating movement of the parts, and a
      sealing device for preventing leakage of medium from the pipelines.
PAR  While the following discussion primarily deals with the invention in
      conjunction with problems occurring in a hydraulic system, this does not
      exclude the use of the invention in other fields where corresponding
      problems occur, and where other than a hydraulic medium is employed.
PAR  The coupling unit according to the present invention is particularly useful
      in hydraulics, amongst other things, for making possible the transference
      of pressure to power converting means, where there is the requirement of
      arranging hydraulic pipelines at movable booms, rods, links etc., e.g.,
      for different kinds of working machines, industrial machines, etc. In this
      connection it is of great importance that the coupling unit permits common
      displacement and twisting movement so that the stresses in the pipelines
      and their unions are limited. As a result of this it is necessary that,
      for example, the inner portion can make certain sliding movements along
      and twisting movements about its centre line.
PAR  Due to the high pressure of up to 300 kiloponds/cm.sup. 2 and more which is
      generally used in the pipelines, it has been found difficult to retain
      relative movability in coupling units known earlier, especially in the
      upper pressure range, which has meant that large torsion and tension
      stresses have, amongst other things, resulted in the unions of the
      coupling units to the pipelines. It has furthermore been found difficult
      to obtain satisfactory sealing between the parts, which has caused
      considerable leakage in the previously known coupling units, after a
      period of use.
PAC  OBJECTS OF THE PRESENT INVENTION
PAR  An object of the present invention is to provide a coupling unit which
      solves the above-mentioned problem and which retains the desired turning
      ability between the parts while resisting considerable momentary pressure
      impulses over the whole of the pressure range. Another object of the
      invention is to provide a coupling unit which, in addition to having good
      functional qualities, is of a simple construction requiring comparatively
      few parts.
PAR  According to the present invention, in a coupling unit of the kind
      described above, the sealing device comprises first sealing means arranged
      for effecting sealing when the inner part, at said surfaces, is pressed
      towards the outer part at a given pressure of the medium, and second
      sealing means located to be downstream of the first sealing means for
      effecting sealing if pressure occurs in the medium and passes the first
      sealing means, said second sealing means being arranged to be resilient in
      the axial direction of the parts and thereby yield to effect sealing in
      the event of high pressures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be readily understood one embodiment of a
      coupling unit in accordance therewith will now be described by way of
      example, with reference to the accompanying drawing where
PAR  FIG. 1 shows a vertical elevation and a partial cross-section of a unit,
PAR  FIG. 2 shows in an enlarged scale parts of the unit according to FIG. 1 in
      a first position, corresponding to the position shown in FIG. 1 and
PAR  FIG. 3 shows the parts in FIG. 2 in a second position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the Figures an outer part or conduit member designated with the numeral
      1 serves as a muff and is attachable to a first or conduit element or
      hydraulic pipeline, as a flexible or hose pipe or the like, symbolically
      shown by L1. The outer part is attachable to the first pipeline via an
      attaching union provided with a hexagonal nut 2 and a threaded portion 3,
      on which the outer part is screwed fast by a thread provided in it, and
      sealed with a sealing ring 4. The attaching union used may be a standard
      component having a 3/4 inch thread for example. The attaching union is
      made with a through bore, and attachment to the first pipeline is via the
      hexagonal nut.
PAR  The coupling unit also includes a suitably shaped conduit member or tubular
      part 5, attachable via its one end to a second conduit element, as a
      pipeline, flexible or hose, pipe or the like, symbolically shown by L2.
      Attachment is made to an attaching union 6 (a nut) which in its turn is
      connectible to said second pipeline. The attaching union 6 is provided
      with a recess corresponding to the shape of the one end of the conduit
      member or inner part 5. The inner part is made with a peripheral groove 7
      directly opposite a groove in part 6. Said grooves coincide to form a
      closed channel, continuing tangentially to the outside of part 6, so that
      a locking wire can be driven into said channel from the outer surface of
      part 6 to form a locking ring 8. Parts 5 and 6 also have through bores
      through them so that the pipelines joined to the coupling unit are
      internally connected with each other. The seal at parts 5 and 6 is
      obtained through a conically or spherically shaped portion 9 at the one
      end of part 5, which portion 9 co-acts with a corresponding surface on a
      part, not shown, which can be screwed home in nut 6.
PAR  At its other end, the inner part 5 is provided with a projecting flange 10,
      having on its lower side a first surface 11, engagable with a second
      surface 12, on the inside of the outer part. Said second surface 12 is
      situated on the upper side of an inwardly directed flange 13. On said
      upper side of the inwardly directed flange there is a recess for the first
      sealing means in the form of a ring 14. The inwardly directed flange also
      carries a guiding surface 15 for the inner part. The first sealing ring 14
      is made of a material having a low coefficient of friction and high
      wearing strength. The material can be some suitable plastic, e.g.,
      polyacetal, polyamide, etc. The first sealing ring 14 coacts with a
      portion of the lower side of the flange provided on the inner part 5, when
      the inner part is pressed towards the second surface 12. In a non-actuated
      position first sealing ring 14 projects somewhat above second surface 12
      as in FIG. 3, as about 0.20-0.5 mm. The recess can limit the compression
      of the first sealing ring in some cases.
PAR  A second sealing means in the form of a ring 16 is applied to the lower
      side of the inwardly directed flange, and consists of a sealing element
      known per se, and made of silicon rubber, polyurethane, etc. In the shown
      embodiment, the second sealing means is provided with an essentially
      quadratic or rectangular cross-section, but naturally other
      cross-sectional configurations are usuable in this application.
PAR  The second sealing means is continuously acted on by a spring means,
      comprising an upper metal ring 17, bearing against the second sealing
      means, a lower metal ring 18 fixedly positioned in relation to the outer
      part 1, and spring washers 19 known per se placed between said rings, the
      washers 19 being two in number in the present embodiment. The lower ring
      18 can be fixed relative to the outer part 1 with a wire in a way
      corresponding to the fixation of parts 5 and 6 to each other, the locking
      ring thus formed in this case has been given the reference number 20. The
      second sealing ring 16 is provided on its inside with a third sealing ring
      21, coacting with the upper inner surface of said metal ring 17. Third
      sealing ring 21 is made in a stronger material than the rest of the second
      sealing ring 16, e.g., polyacetal of polyamide. The upper and lower metal
      rings are provided with ridges 22 and 23, respectively, directed towards
      each other, said ridges being designed to limit the maximum spring
      compression movement of the means, thereby protecting the spring washers
      19 against mechanical overload. The spring washers are guided via their
      peripheries and the inner diameters of the washers exceed the outer
      diameter of part 5 with a good margin.
PAR  The pressure used in the hydraulic pipelines, flexible or hose pipes or the
      like, is here assumed to vary between 0 - 300 kp/cm.sup.2. the inner part
      thereby having its flange made to give a surface exposed to the pressure
      in the medium causing the inner part normally to be pressed towards the
      second surface 12 and the first sealing ring 14 at a pressure of between 5
      and 10 kp/cm.sup.2, so that the latter comes into operation and prevents
      the pressure spreading downwards to the second sealing means. However, if
      the inner part takes up a position (caused by outer forces on the pipeline
      L2) where the first sealing ring 14 is not actuated (see FIG. 3), and if a
      momentary pressure is occurring, the inner part cannot manage to close the
      passage to the second sealing means 16 immediately by means of first
      sealing ring 14, and at least a part of said momentary pressure will be
      spread to the second sealing means 16. If the momentary pressure then is
      high, the second sealing means will more or less yield axially, due to the
      spring means. When the pressure diminishes and the passage at the first
      sealing ring is reopened, due to the inner part altering its axial
      position, the spring means will move back again.
PAR  FIG. 2 shows the same position for the part 5 as FIG. 1 does. FIG. 3 shows
      the case in which a comparatively very high momentary pressure is occuring
      in the medium and the part 5 by outer forces on said second line L2 is
      pressed inwards so the sealing ring 14 is non-activated. Said high
      pressure is assumed to enable the spring means so ridges 22 and 23 contact
      each other before the part 5 by said high pressure is forced against the
      surface 12 and the sealing ring 14 is activated. When said high pressure
      disappears, compensation of pressure can take place as soon as the part 5
      moves axially and thereby cause spring means to move back again, and so
      on. The maximum resilient movement of the washers is about 1.2 mm in this
      particular embodiment. A certain resilient movement will also take place
      the second sealing ring 16 in itself. The conditions of the coupling unit
      in practice should be such that said maximum movement seldom will be used.
      From a general point of view it seems to be suitable to use maximum
      resilient movements of 1-2 mm.
PAR  Through the illustrated construction, an effective seal is obtained which
      is also gentle towards the sealing means, even at high momentary pressures
      arising in the system. Furthermore, continuous lubrication by the oil in
      the system is obtained for the portions coacting with the surfaces of the
      inner part, which means reduced wear and facilitation of rotatability of
      the inner part in the outer part, or vice versa.
PAR  Practical tests have shown that the desired rotatability between the parts
      is obtained even within the high pressure range, which depends on the fact
      that said parts 1 and 5 do not become jammed against each other via the
      second sealing ring 16.
PAR  Assembling the coupling unit itself becomes extremely simple thanks to the
      few components which are simple to put together. The first sealing ring 14
      and the inner coupling member or part 5 are first mounted on outer
      coupling member or part 1 which is thereafter attached to portion 3 and
      nut 2. Next, the second sealing ring 16 with associated ring 21 are
      assembled in place, followed by the metal ring 17, spring washers and
      metal ring 18, whereafter the latter is fixed in position relative to the
      outer part 1 by locking ring wire 20, and part 6 is fixed relative to part
      5 in a corresponding manner by locking ring wire 8.
PAR  The invention is not limited to the embodiment illustrated above, which is
      only an example, and may be subjected to modifications within the scope of
      the following claims. The engagement and bearing surfaces can for example
      be varied without departing from the scope of the invention, the same
      thing applying to the design and positioning of the seals and the spring
      means. Neither is the inner part tied against the illustrated tubular form
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coupling for joining conduit elements subject to relative swiveling
      movements comprising:
PA1  an outer conduit member including an end portion adapted to engage one
      conduit element and a radially inwardly extending flange displaced from
      said end portion for providing a first annular surface,
PA1  an inner conduit member including an end portion adapted to extend through
      said outer conduit member and an opposite end portion with a radially
      outwardly extending flange providing a second annular surface facing said
      first annular surface and capable of limiting the movement of said inner
      conduit member relative to said outer conduit member,
PA1  a first sealing ring of low friction material between said annular surfaces
      for sealing said conduit members against fluid leakage when said surfaces
      are urged toward each other by a predetermined pressure acting on the
      radially outwardly extending flange of the inner conduit member and
      resulting from the fluid pressure and external forces on the conduit
      members,
PA1  an annular sealing compartment being defined between the inner surface of
      said outer conduit member and the outer surface of said inner conduit
      member in the leakage path between said conduit members downstream of said
      first sealing ring, and
PA1  sealing means in said compartment including a second sealing ring backed up
      by axially resilient spring means, said second sealing ring normally
      sealing said passage against leakage at fluid pressures less than said
      predetermined pressure and said spring means acting to absorb energy upon
      imposition to the second sealing ring of fluid pressure exceeding said
      predetermined pressure  pg,11 to allow the second sealing ring to seal
      said passage without causing binding of said conduit members together when
      the facing surfaces of said members are displaced from sealing position
      due to external forces exerted on the conduit members.
NUM  2.
PAR  2. A coupling as defined in claim 1 wherein the first sealing ring is of a
      firm material requiring a relatively high pressure for deformation and the
      second sealing ring is of a less firm material deformable by a
      substantially lower pressure.
NUM  3.
PAR  3. A coupling as defined in claim 1 wherein said annular sealing
      compartment is defined at its upstream end by the side of said flange on
      said outer conduit member opposite said first annular surface, and said
      sealing means in said compartment includes a first ring fixed relative to
      said outer conduit member, a second ring engaging the downstream side of
      said second sealing ring, and said axially resilient spring means
      constitutes spring washers disposed between said rings to bias said second
      sealing ring toward said oppostie side of said flange on said outer
      conduit member.
NUM  4.
PAR  4. A coupling as defined in claim 1 wherein said first annular surface is
      provided with an annular groove for receiving said sealing ring, the depth
      of said groove being less than the depth of said sealing ring.
NUM  5.
PAR  5. A coupling for joining conduit elements subject to relative lateral and
      swiveling movements comprising:
PA1  an outer conduit member including an end portion adapted to engage a
      conduit element and an inner flange spaced from said end portion for
      providing a first annular surface,
PA1  an inner conduit member including an end portion adapted to extend through
      said outer conduit member for engagement with a second conduit element and
      an opposite end portion with an outwardly extending flange providing a
      second annular surface facing said first annular surface and capable of
      limiting movement of said inner member relative to said outer conduit
      member,
PA1  a first sealing ring of low friction material between said annular surfaces
      for sealing the fluid leakage path when said surfaces are urged toward
      each other with at least a predetermined pressure,
PA1  an annular sealing compartment being defined between the inner surface of
      said outer conduit member and the outer surface of said inner conduit
      member downstream of said first sealing ring,
PA1  a second sealing ring operable at a lower pressure than said first sealing
      ring in said annular sealing compartment,
PA1  a first additional ring in said annular sealing compartment downstream of
      said second sealing ring,
PA1  a second additional ring in said sealing compartment downstream of said
      first additional ring in a relatively fixed position to said outer member,
PA1  spring washer biasing means between said rings,
PA1  and means on at least one of said additional rings projecting toward the
      other of said additional rings for limiting the maximum compression of
      said spring washer means.
NUM  6.
PAR  6. A coupling as defined in claim 5 wherein said spring washer biasing
      means comprises at least two oppositely biased spring washers, and said
      means for limiting compression of the spring washer means includes opposed
      ridges on said additional rings.
NUM  7.
PAR  7. A coupling as recited in claim 5 wherein an end wall of said sealing
      compartment is defined by a surface of the flange of said outer conduit
      member opposite said first annular surface.
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PAL  A pipeline expansion joint having a smooth bore, for use with pipelines
      into which flow slurries containing solids in suspension, comprises a
      first sleeve open at both ends and having a tapered portion formed in the
      inner wall of one of its ends extending at a small angle with the axis of
      the first sleeve and over a substantial portion of the length of the first
      sleeve from its inside diameter to substantially its outside diameter, and
      a second sleeve also open at both ends and having a first portion of
      substantially the same inner diameter as the outer diameter of the first
      sleeve and telescopically mounted on the above-mentioned one end of the
      first sleeve, a second portion of the same diameter as the first sleeve,
      and an intermediate portion expanded at a small angle with the axis of the
      second sleeve over a substantial portion of its length from the second to
      the first portion of such second sleeve. The above expansion joint has a
      smooth bore throughout with no area of abrupt changes in order to prevent
      turbulence and the resulting wear due to the solids in suspension in the
      slurries.
BSUM
PAR  This invention relates to a pipeline expansion joint having a smooth bore
      for use more particularly with pipelines into which flow slurries
      containing solids in liquid suspension.
PAR  The expansion joints available on the market consist of rubber bellows or
      of telescopically mounted sleeves sealed by O rings or similar sealing
      methods. These joints all present abrupt diameter changes located either
      in the annular cavities of the bellow portion of the joints or at the
      junction of the sleeves for the joints using telescopically mounted
      sleeves. Such abrupt changes in diameter create turbulation which causes
      wear of the expansion joint within a short period of time. It will be
      appreciated that the solid material in suspension acts as a grinding wheel
      which soon punctures the joint.
PAR  It is therefore the object of the present invention to provide an expansion
      joint having a smooth bore throughout with no area of abrupt changes so as
      to prevent turbulence.
PAR  The expansion joint, in accordance with the invention, comprises a first
      sleeve open at both ends and having a tapered portion formed in the inner
      wall of one of its ends extending at a small angle with the axis of the
      sleeve and over a substantial portion of its length from its inside
      diameter to substantially its outside diameter, and a second sleeve having
      a first portion of substantially the same inner diameter as the outer
      diameter of the first sleeve and telescopically mounted on the
      above-mentioned one end of the first sleeve, a second portion of the same
      diameter as the first sleeve, and an intermediate portion expanded at a
      small angle with the axis of the second sleeve over a substantial portion
      of its length from such second portion to the first portion of the second
      sleeve.
PAR  The annular expansion of the second sleeve may be substantially equal to
      the angular taper of the first sleeve. Such angular expansion and taper
      may vary from 1.degree. to 30.degree. depending on the expansion joint
      diameter, but preferably from 1.degree. to 15.degree..
PAR  In order to seal the expansion joint, at least one annular groove may be
      formed in the inner wall of the first portion of the second sleeve and an
      O ring mounted within such groove and in contact with the outer wall of
      the first sleeve.
PAR  There must not be any abrupt changes in the connection of the expansion
      joint to the adjacent pipes and any type of joints may be used for that
      purpose.
DRWD
PAR  The invention will now be disclosed, by way of example, with reference to a
      preferred embodiment thereof illustrated in the accompanying drawings in
      which:
PAR  FIG. 1 illustrates a known expansion joint of the bellow type;
PAR  FIG. 2 illustrates a known expansion joint made of telescopically mounted
      sleeves;
PAR  FIG. 3 illustrates an expansion joint in accordance with the invention; and
PAR  FIGS. 4-7 illustrate a method of making the expansion joint of FIG. 3.
DETD
PAR  Referring to FIG. 1, there is shown a well known rubber joint 10 having a
      bellow portion 12 which absorbs the variations in the length of the line
      due to temperature changes. It will be understood that such variations may
      be appreciable when the pipeline is made of thermoplastic material. The
      bellow portion 12 forms a cavity 14 wherein turbulation is created as
      indicated by the arrows 16. When the liquid flowing in the pipe carries
      solids in suspension, such as slurries, the solids in suspension cause
      quick wear of the expansion joint at point 12. Indeed, the solids in
      suspension act as a grinding wheel which soon punctures the expansion
      joint.
PAR  Another known expansion joint is shown in FIG. 2 of the drawings and
      consists of a first sleeve 20 having an outer sleeve 22 welded or glued
      thereto depending as to whether the joint is made of metal or
      thermoplastic material. Another sleeve 24 of the same diameter as sleeve
      20 is telescopically mounted within outer sleeve 22 and so absorbs the
      variations in the length of the line due to temperature variations. The
      outer sleeve is provided with at least one groove 26 wherein an O ring or
      similar seal is located for sealing the sleeves 22 and 24. The above joint
      also presents abrupt changes in diameter which cause turbulation as
      indicated by arrows 28. This type of expansion joint is thus also subject
      to wear and would not be suitable.
PAR  Referring now to FIG. 3, there is shown an expansion joint in accordance
      with the invention. The joint includes a first sleeve 30 having a tapered
      portion 32 formed in the inner wall of one of its ends and extending at a
      small angle .alpha. with the axis of sleeve 30 over a substantial portion
      a of its length from its inside diameter to substantially its outside
      diameter, and a second sleeve 34 provided with a first portion 36 which is
      telescopically mounted on the first sleeve 30, a second portion 38 which
      is of the same nominal diameter as the first sleeve 30 and an intermediate
      portion 40 extending at an angle .beta. with the axis of sleeve 34 over a
      substantial portion b of its length from the second portion 38 to the
      first portion 36 of the second sleeve 34. Preferably, the angular taper
      .alpha. is identical to the angular expansion .beta. and, consequently,
      the lengths a and b are the same. With pipes varying in diameter from 3 to
      6 inches such angles .alpha. or .beta. may vary between 1 and 30 degrees
      but preferably between 1.degree. and 15.degree.. It will be appreciated
      that this expansion joint has a smooth bore throughout and that
      practically no turbulation will be created as there are no abrupt changes
      in the diameter of the joint. A joint as disclosed above has been placed
      under experimental testing and showed no appreciable wear after more than
      three quarters million tons of slurry had passed through.
PAR  The second sleeve 34 is provided with at least one angular groove 42
      wherein is located an O ring for sealing the space between the two sleeves
      30 and 34. It will be understood that the groove may be located in the
      inner sleeve 30 instead of being placed in the outer sleeve portion 36. It
      will also be understood that any other type of seals may be used.
PAR  The expansion joint may be joined to adjacent pipes of the same diameter by
      means of any known adapters but it is important that there be no abrupt
      changes in the diameter from the joint to the pipe so as to prevent
      turbulence. One known adapter consists of annular sleeves 44 which are
      welded or glued to the end of the pipe adjacent to the joint and to the
      end of the joint itself. A clip 46 having inward projections 48 adapted to
      fit into grooves 50 of the sleeves 44 are used to secure the expansion
      joint to the end of the pipe. It will be understood that a similar
      arrangement is used at the other end of the expansion joint to connect it
      to the following pipe.
PAR  One method of manufacturing a smooth flow expansion joint using
      thermoplastic material would be to expand a sleeve 60 of thermoplastic
      material by an angle .alpha. over a length a as illustrated in FIG. 4 of
      the drawings. The outside wall of the sleeve 60 is then machined off to
      give constant outside diameter as illustrated in FIG. 5 of the drawings so
      as to form the tapered portion 32 illustrated in FIG. 3. It will be
      understood that the angular taper .alpha. must be small so as to provide a
      smooth change in the diameter of the sleeve 60.
PAR  As illustrated in FIG. 7, a second sleeve 70 of the same diameter as sleeve
      60 is then expanded using a suitable die to form the portion 72 adapted to
      telescopically slide over inner sleeve 60 and an intermediate portion 74
      which is expanded by an angle .beta. over a length b of the sleeve 70. The
      angular grooves 76 are then machined into the end of the expanded portion
      72 of the sleeve so as to permit to insert O rings therein as illustrated
      in FIG. 7.
PAR  The above disclosed method is particularly suitable for manufacturing
      expansion joints using thermoplastic materials. Other materials such as
      metal may require total machining or molding.
PAR  Although the invention has been disclosed with reference to a preferred
      embodiment thereof, it is to be understood that the invention is not to be
      limited to such embodiment but by the claims only. For example, the
      angular expansion of the outer sleeve need not be equal to the angular
      taper of the inner sleeve. However, such angular expansion and taper must
      provide a smooth change in the diameter of the expansion joint to prevent
      turbulence. Also, the seal between the inner sleeve and the expanded
      portion of the outer sleeve may vary. Furthermore, any type of line joints
      may be used for connecting the expansion joint to the pipe provided that
      there is no abrupt change from the expansion joint to the pipe which would
      cause turbulence.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pipeline expansion joint having a smooth bore for use with pipelines
      into which flow slurries containing solids in suspension comprising:
PA1  a. a first sleeve open at both ends and having a tapered portion formed in
      the inner wall of one of its ends extending at a small angle with the axis
      of the first sleeve and over a substantial portion of its length from its
      inside diameter to substantially its outside diameter; and
PA1  b. a second sleeve also open at both ends and having a first portion of
      substantially the same inner diameter as the outer diameter of said first
      sleeve and telescopically mounted on said one end of the first sleeve, a
      second portion of substantially the same inside diameter as that of said
      first sleeve, and an intermediate portion expanded at a small angle with
      the axis of the second sleeve over a substantial portion of its length
      from said second portion to said first portion of the second sleeve,
      thereby providing a smooth bore throughout the expansion joint with no
      area of abrupt changes in order to prevent turbulence and the resulting
      wear of the expansion joint by the solids in suspension in the slurries;
      and
PA1  wherein the small angle of taper in said first sleeve is substantially the
      same as the small angle of expansion in said second sleeve.
NUM  2.
PAR  2. A pipeline expansion joint as defined in claim 1, wherein said angular
      expansion and taper varies from 1.degree. to 30.degree. depending on the
      expansion joint diameter.
NUM  3.
PAR  3. A pipeline expansion joint as defined in claim 1, wherein said angular
      expansion and taper varies from 1.degree. to 15.degree..
NUM  4.
PAR  4. A pipeline expansion joint as defined in claim 1, further comprising at
      least one annular groove formed in the inner wall of the first portion of
      said second sleeve and an O ring mounted within said groove and in contact
      with the outer wall of said first sleeve so as to perfectly seal the
      expansion joint.
NUM  5.
PAR  5. A pipeline expansion joint as defined in claim 1, further comprising
      line joint adapters mounted on both ends of said expansion joint for
      joining the end of the expansion joint to a line having the same diameter
      as the expansion joint.
NUM  6.
PAR  6. A pipeline expansion joint as defined in claim 1, wherein the angular
      taper of the first sleeve and the angular expansion of the second sleeve
      are adjacent one another and are oppositely directed.
NUM  7.
PAR  7. For use with pipelines into which flow slurries containing solids in
      suspension, a pipeline expansion joint having a smooth bore on the
      interior thereof, and comprising:
PA1  an inlet for introducing slurries containing abrasive solids in suspension,
      to the interior of said expansion joint;
PA1  an outlet for expelling said slurries from the interior of said expansion
      joint;
PA1  a first sleve open at both ends and having a smoothly tapering portion
      formed in the inner wall of one of its ends, the taper gradually extending
      at a first small angle with the axis of the first sleeve and over a
      substantial portion of its length from its inside diameter to
      substantially its outside diameter; and
PA1  a second sleeve also open at both ends and having a first enlarged portion
      of substantially the same inner diameter as the outer diameter of said
      first sleeve and telescopically mounted on said one end of the first
      sleeve, a second portion of substantially the same inside diameter as that
      of said first sleeve, and an elongated intermediate portion gradually
      expanding at a second small angle with the axis of the second sleeve over
      a substantial portion of its length from said second portion to said first
      portion of the second sleeve, the interior of said expansion joint between
      said inlet and said outlet thereby comprising a smooth bore throughout,
      with no area of abrupt changes thereby preventing turbulence of said
      slurries in the interior of said expansion joint and wear of the expansion
      joint from turbulent solids in suspension in the slurries; and wherein
      said first small angle is substantially the same as said second small
      angle.
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ABST
PAL  A pipe joint and method of making a pipe joint are disclosed, the pipe
      joint being suitable for formation on a pipe fitting and a pipe and
      comprising an enlarged annular socket, a first lip projecting toward the
      open end of the socket cooperating with a second lip formed on an annular
      retaining ring to hold an annular seal ring therebetween, the retaining
      ring being locked in place by deforming the outer end of the pipe member
      radially inwardly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to pipe couplings and, more particularly, to an
      improved method for forming a low pressure pipe coupling and the method of
      making the improved pipe joint.
PAR  There is a continued desire and effort to reduce the cost and increase the
      reliability of pipe joints. Since pipes are joined to other pipes and to
      pipe fittings, such as elbows, tees, etc., it is both practically and
      economically desirable to utilize a joint of common physical configuration
      for both pipe-to-pipe and pipe-to-fitting joints. Many joint failures
      presently occur due to two primary reasons. In an improperly designed
      joint employing an elastomeric seal ring, the seal ring often becomes
      dislodged during insertion of the pipe end into the female member of the
      joint or socket. To prevent this dislodgement, positive means must be
      employed to hold the seal ring in place. One common positive means
      presently employed is to provide a recess or groove into which the seal
      ring is fitted; however, these grooves are usually formed by machining or
      through the use of heat forming. Both of these methods increase the
      manufacturing costs and tooling costs. A second cause for joint failure,
      particularly in certain environments such as laying sewer pipes in earthen
      trenches, is the relatively common occurrence of a rigid member, (for
      example, sand or pebbles) becoming lodged between the elastomeric seal and
      the outer shell of the socket creating open leakage paths around the seal
      ring.
PAR  Accordingly, it is an objective of this invention to provide a new and
      improved pipe joint suitable for use on the end of a pipe for a
      pipe-to-pipe joint and on a pipe fitting for a pipe-to-fitting joint and
      which can be economically manufactured and assembled.
PAR  It is a further objective of this invention to provide an improved and
      relatively inexpensive method for making a pipe joint which provides a
      reliable low pressure seal and which is suitable for use in forming a
      joint on a pipe end or on a fitting.
PAR  Additional objectives and advantages of the invention will be set forth in
      part in the description which follows, and in part will be obvious from
      the description, or may be learned by practice of the invention. The
      objectives and advantages of the invention may be realized and attained by
      means of the instrumentalities and combinations particularly pointed out
      in the appended claims.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  To achieve the foregoing objectives and in accordance with the purpose of
      the invention, as embodied and broadly described herein, the pipe joint of
      this invention comprises a pipe fitting member having an enlarged annular
      socket, a first lip spaced radially inwardly from the interior surface of
      the socket and extending toward an open end of the socket, an annular
      retaining ring within the socket and having a second lip extending toward
      and spaced from the first lip, the second lip being spaced radially from
      the interior surface of the socket, an annular seal ring between the first
      and second lips and in contact therewith, the seal ring cross-sectional
      dimension at the mean diameter of the seal ring being larger than the
      spacing between the first and second lips and being located radially
      between the interior surface of the socket and the first and second lips,
      and means for locking the retaining ring within the socket. Preferably,
      the retaining ring locking means is a third lip formed on the pipe fitting
      member and extending generally radially inwardly.
PAR  The invention also comprises the method of making a pipe joint comprising
      the steps of forming an enlarged cylindrical socket at the end of a pipe
      body, providing a first lip spaced radially inwardly from the socket and
      axially from the open end of the pipe body and projecting toward the open
      end forming an annular groove, inserting an annular seal ring into the
      cylindrical socket in contact with the first lip, the mean diameter of the
      seal ring being located radially outwardly from the first lip, inserting
      an annular retaining ring having a second lip spaced radially inwardly
      from the outer surface thereof and extending transversely therefrom so
      that the second lip contacts the seal ring radially inwardly from the mean
      diameter of the seal ring, and locking the seal ring within the
      cylindrical socket, such as by deforming a portion of the cylindrical
      section adjacent to the open end radially inwardly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention consists of the novel parts, constructions, arrangements,
      combinations and improvements shown and described. The accompanying
      drawing, which is incorporated in and constitutes a part of the
      specification, illustrates one embodiment of this invention and, together
      with the description, serves to explain the principles of the invention.
PAR  In the drawing:
PAR  FIG. 1 is a partial sectional view of a pipe fitting having a pipe joint
      formed in accordance with this invention;
PAR  FIG. 2 is a sectional view of the pipe fitting of FIG. 1 illustrating the
      first step in the method of forming a pipe joint in accordance with this
      invention;
PAR  FIG. 3 is a sectional view of the pipe fitting of FIG. 2 illustrating
      partial completion of the pipe joint:
PAR  FIG. 4 is a sectional view of the pipe fitting of FIG. 2 illustrating the
      completed pipe joint; and
PAR  FIG. 5 is a partial sectional view of a pipe having a pipe joint formed at
      one end thereof in accordance with the second embodiment of this
      invention.
DETD
PAC  DETAILED DESCRIPTION OF A PIPE FITTING SOCKET
PAR  Reference will now be made in detail to the present preferred embodiment of
      the invention, an example of which is illustrated in FIGS. 1 through 4.
PAR  In accordance with the invention, a pipe fitting 10 is provided with a pipe
      joint for sealingly receiving a pipe, the pipe joint being formed by a
      socket having an annular elastomeric seal ring and means for locking the
      seal ring within the socket to prevent dislodgement thereof. As here
      embodied, a socket or female member 12 is formed at the end of a fitting
      10 and includes an annular wall 14 having a cylindrical bore 15 of larger
      inside diameter than the bore 16 of the fitting arm 17 on which it is
      formed. The socket 12 is provided with a forwardly extending lip 18
      projecting toward the open end of the socket from the generally radial
      wall 20 joining the annular wall 14 of the socket 12 with the fitting arm
      17.
PAR  Further in accordance with this invention, an annular elastomeric seal ring
      22 is mounted in the socket 12 in contact with the forwardly extending lip
      18 and is held in place by an annular retaining ring 24 having a lip 25
      projecting toward the lip 18. The retaining ring 24 also contacts the seal
      22. Both the forwardly extending lip 18 and the retaining ring lip 25
      contact the annular seal ring 22 below the mean diameter of the seal ring
      in order to insure that the seal ring remains in place within the socket
      12 and does not become dislodged when a pipe to be joined to the fitting
      10 is inserted through the end of the fitting. The retaining ring 24 is
      locked in position within the socket 12 by a radially inwardly projecting
      external lip 26 formed at the open end of the fitting 10.
PAR  As can be seen in FIG. 1 the lip 18, radially directed wall 20, the
      cylindrical wall 14 of the socket 12 and the annular seal ring 22 together
      define a clearance 30 into which the seal ring 22 expands when the seal
      ring is compressed radially by the insertion of a pipe 31 into the socket
      12. Similarly, a clearance 32 is defined by the annular retaining ring 24,
      the wall 14 and the seal ring 22. The continuous positive contact of the
      lips 18 and 25 with the annular seal ring 22 eliminates any path through
      which dirt particles might enter the socket 12 and lodge behind the seal
      ring 22 to establish a leakage path.
PAR  The pipe joint of this invention facilitates economical tooling and
      manufacturing. In accordance with this invention, with reference to FIGS.
      2, 3 and 4, a plastic pipe fitting 10 having the female joint member or
      socket 12 of the invention may be initially formed by injection molding.
      The cylindrical bore 15 permits linear withdrawal of the core of an
      injection mold. Furthermore, an annular recess or groove 36 may also be
      molded directly into the end wall 20 of the socket 12 to form the
      forwardly protruding lip 18 and to provide the clearance 30 for
      facilitating the lateral expansion of the annular seal ring 22 as
      described above. The socket may also be molded with a forwardly projecting
      external lip 26 as can be seen in FIG. 2. This simplified molding with a
      linearly withdrawable core eliminates the need to machine or otherwise
      form seal ring receiving grooves.
PAR  Turning now to FIG. 3, the seal ring 22 is shown as having a simple round
      cross-section which contributes to the reduced manufacturing costs. The
      seal ring 22 is inserted in the socket 12 until it contacts the lip 18 and
      a moldable annular ring 24 is easily placed into the socket 12 through the
      open end. The protruding lip of the retaining ring 24 contacts the seal
      ring 22. The lips 18 and 24 contact the seal ring below the seal ring's
      mean diameter thereby making the seal ring captive in its finally
      assembled position.
PAR  The external lip 26 on the socket is then deformed, such as by cold
      rolling, to a radially inwardly directed position as can be seen in FIG. 4
      wherein it prevents removal of the retaining ring 24 and seal ring 22.
      Alternatively, in place of deforming the external lip 26, the retaining
      ring can be locked in position by other suitable means, such as thermal or
      solvent welding in the case of plastic pipe. It should be noted that in
      its fully assembled position the annular seal ring 22 projects radially
      inwardly beyond the cylindrical wall defining the bore 16 of the fitting
      10 and beyond the retaining ring 24 in order to forcibly contact the pipe
      31 which is inserted within the socket 12. However, because the annular
      seal ring is trapped in place by the lips 18 and 25, the pressure applied
      by the inserted pipe 31 will not dislodge the seal ring 22 and, therefore,
      will not result in a defective joint.
PAC  Pipe-to-Pipe Joint
PAR  Referring now to FIG. 5, in accordance with the invention a pipe joint may
      be formed at the end of a pipe and provide the same reliable seal as
      described above with respect to a fitting. As here embodied, a bell or
      socket 50 is formed at the end of a pipe 52 by conventional means, such as
      by insertion of a forming plug (not shown) into the end thereof. An easily
      molded annular filler ring 54 is then inserted into the enlarged bell or
      socket 50 until a forced contact with the socket end wall 56 is effected.
      The annular filler ring 54 is formed with a greatly axially projecting lip
      58 which is spaced radially inwardly from the radially outer surface 60 of
      the filler ring. An annular elastomeric seal ring 62 is then inserted
      within the socket 50 and a retaining ring 64 having a generally axially
      projecting lip 66 is inserted into the socket 50 so that the lip 66
      contacts the seal ring 62 and forces the seal ring against the lip 58 of
      the filler ring 54. The end of the socket 50 is then deformed radially
      inwardly, as shown at 68 to trap the retaining ring 64, the seal ring 62
      and the filler ring 64 in position. The design of the filler ring 54 and
      retaining ring 64 together with the seal ring 62 provide the clearances 70
      and 72 which permit the lateral expansion of the seal ring 62 when a
      mating pipe is inserted within the socket 50.
PAR  While the seal ring 62 could be formed with a circular cross-section
      because of the simplicity and economical advantage in this shape, other
      cross-sectional shapes, such as the trapezoidal shape shown, could also be
      used provided that the cross-section dimension of the seal ring at a
      position above the aligned lips is greater than the spacing between the
      lips in order to insure trapping the seal ring in place.
PAR  The seal ring must be flexible and resilient and may be made out of any
      suitable elastomeric material which is compatible with the atmosphere in
      which the pipe is to be used. For example, in normal water and sewage use
      the sealing ring can be formed of natural or synthetic rubber. The pipe,
      retaining ring and filler ring may be made of relatively rigid material,
      for example metal or thermoplastics such as polyvinyl chloride,
      polypropylene or other similar plastics. If the retaining ring is to be
      trapped within the socket by deforming such as cold rolling the end of the
      socket then the material used must be ductil, however, other rigid
      nonductil materials can be employed if the retaining ring is to be affixed
      in the socket by welding or other means.
PAC  SUMMARY
PAR  As can be seen, an effective reliable pipe joint is provided which can be
      manufactured and assembled at reduced manufacturing and tooling costs and
      which is suitable for use both with fittings and pipes to obtain
      additional economic efficiencies. Furthermore, the joint is particularly
      suited for use in unclean environments wherein dirt particles commonly
      appear since the firm and effective contact between the sealing ring and
      the lips holding the ring in place prevent dirt particles from entering
      the clearance around the sealing ring and prevent sucn particles from
      becoming lodged under the sealing ring and causing a leakage path.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pipe joint including an annular wall having an inwardly extending
      shoulder spaced axially from an open end thereof; said annular wall and
      said shoulder defining a socket, a first lip extending from said shoulder
      toward said open end and spaced radially from said annular wall; an
      annular retaining ring wholly within said socket adjacent to said open end
      and spaced axially from said first lip, a second lip spaced from said
      first lip extending from said retaining ring toward said first lip; an
      annular seal ring between and in contact with said first and second lips,
      the seal ring cross-sectional dimension at the mean diameter of said seal
      ring being larger than the spacing between said first and second lips and
      residing radially between said annular wall and said first and second
      lips; said seal ring, said annular wall, said shoulder and said first lip
      defining a first clearance and said seal ring, said annular wall, said
      retaining ring and said second lip defining a second clearance, said first
      and second clearances permitting said seal ring to be deformed when
      compressed radially by insertion of a pipe into said socket and in contact
      with said seal ring, and means within said socket for locking said
      retaining ring within said annular wall.
NUM  2.
PAR  2. A pipe joint as defined in claim 1 wherein said seal ring has a circular
      cross-section and protrudes radially inwardly beyond said retaining ring
      and said first lip.
NUM  3.
PAR  3. A pipe joint as defined in claim 1 wherein in said seal ring is
      elastomeric and said annular wall, said first lip and said retaining ring
      are relatively rigid.
NUM  4.
PAR  4. A pipe joint as defined in claim 3 wherein said means for locking said
      retaining ring within said socket is a third lip extending radially
      inwardly from said annular wall adjacent to said one end.
NUM  5.
PAR  5. A pipe fitting comprising a primary fitting having:
PA1  a. an enlarged generally cylindrical socket integrally molded as a part
      thereof, said socket having an open end to receive a male pipe member and
      a socket end wall spaced axially from said open end;
PA1  b. a first lip extending generally axially from said socket end wall toward
      said open end and defining an annular groove between said socket and said
      first lip, said first lip being molded as an integral part of said socket
      end wall;
PA1  c. an annular retaining ring wholly within said socket adjacent to said
      open end and having a second lip extending generally axially toward said
      first lip and spaced therefrom;
PA1  d. an annular seal ring between and in contact with said first and second
      lips, the seal ring cross-sectional dimension at the mean diameter of said
      seal ring being located radially between said socket and said first and
      second lips, a first clearance being formed between said seal ring and
      said socket end wall radially outwardly from said first lip and a second
      clearance being formed between said seal ring and said retaining ring
      radially outwardly from said second lip; said first and second clearances
      permitting said seal ring to be deformed when compressed radially by
      insertion of a pipe into said socket and in contact with said seal ring,
      and
PA1  e. means within said socket for locking said retaining ring within said
      socket.
NUM  6.
PAR  6. A pipe fitting as defined in claim 5 wherein said means for locking said
      retaining ring is a third lip extending radially inwardly from said open
      end of said socket.
NUM  7.
PAR  7. A pipe fitting as defined in claim 5 wherein the exterior surface of
      said primary fitting is of constant diameter from a position radially
      aligned with said first lip to said open end.
NUM  8.
PAR  8. A method of making a pipe joint for a pipe fitting comprising the steps
      of:
PA1  a. molding said fitting with an enlarged cylindrical socket at an end
      thereof;
PA1  b. molding an annular groove into an annular end wall of said socket spaced
      from said end thereby forming a first lip spaced radially inwardly from
      said socket and axially from said end;
PA1  c. inserting an annular seal ring into said cylindrical socket in contact
      with said first lip, the mean diameter of said seal ring being located
      radially outwardly from said first lip;
PA1  d. inserting an annular retaining ring wholly within said socket, said
      retaining ring having a second lip spaced radially inwardly from the outer
      surface thereof and extending transversely therefrom so that said second
      lip contacts said seal ring radially inwardly from said mean diameter of
      said seal ring; and
PA1  e. locking said retaining ring wholly within said cylindrical socket by
      means which are located within said socket.
PATN
WKU  039360822
SRC  5
APN  5142008
APT  1
ART  351
APD  19741011
TTL  Catch with anti-release latch
ISD  19760203
NCL  38
ECL  1
EXP  Wolfe; Robert L.
NDR  2
NFG  11
INVT
NAM  Swanson; Gunnar E.
CTY  Middletown
STA  CT
ASSG
NAM  The Nielsen Hardware Corporation
CTY  Hartford
STA  CT
COD  02
CLAS
OCL  292113
XCL  292106
XCL  292247
XCL  292DIG31
XCL  292DIG49
EDF  2
ICL  E05C  500
FSC  292
FSS  113;114;247;DIG. 31;DIG. 49;106;108
UREF
PNO  2951722
ISD  19600900
NAM  Swanson
OCL  292247
UREF
PNO  3384402
ISD  19680500
NAM  Swanson
OCL  292113
LREP
FRM  McCormick, Paulding & Huber
ABST
PAL  A catch for releasably securing together two separable parts and comprising
      a base member mounted on one of the parts, an operating lever pivotally
      supported on the base member, an adjustable draw bar carried by the
      operating lever and movable into and out of connected relation with an
      associated strike mounted on the other of the parts, and a control lever
      assembly carried by the operating lever for cooperating with the base
      member to releasably latch the operating lever in a closed position to
      maintain the draw bar in connected relation with the strike. Compound
      movement of the control lever assembly is required to effect release of
      the operating lever from its closed position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to a catch of the type operative to
      secure together two separable panels for quick release, as for example,
      the body and cover of a container or the like, and deals more particularly
      with an improved catch of toggle action type which includes an
      anti-accidental release latching mechanism.
PAR  The general aim of the present invention is to provide an improved catch of
      the aforedescribed general type which may be operated with one hand and
      which includes an anti-release latching mechanism which will not
      accidentally release even under severe conditions of shock or vibration. A
      further aim of the invention is to provide a low profile catch having
      great strength and structural integrity and which may include an
      adjustable draw bar.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an improved catch for releasably
      securing together two separable parts is provided which comprises a base
      member, an operating lever pivotally supported on the base member for
      movement between open and closed positions, a draw bar, and means
      connecting the draw bar to the operating lever for movement therewith from
      a released position to a position of holding engagement with a strike in
      response to movement of the operating lever to its closed position. A
      control assembly carried by the operating lever and movable therewith and
      relative thereto includes a control member supported on the operating
      lever and a latch element supported for movement with the control member
      and relative thereto between latching and releasing positions. The latch
      element in its latching position cooperates with the control member and
      with the base member to releasably retain the operative lever in its
      closed position. Means is provided to move the latch element relative to
      the control member and the base member and to its releasing position in
      response to movement of the control member relative to the operating lever
      and the base member. The draw bar connecting means may be adjustable.
      Means may also be provided for releasably retaining the draw bar in
      preselected position relative to the operating lever.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a catch embodying the invention and
      shown in closed position.
PAR  FIG. 2 is a side elevational view of the catch of FIG. 1.
PAR  FIG. 3 is similar to FIG. 2, but shows the catch in an open or released
      position.
PAR  FIG. 4 is a somewhat enlarged sectional view taken generally along the line
      4--4 of FIG. 1.
PAR  FIG. 5 is a sectional view taken along the line 5--5 of FIG. 4.
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 4.
PAR  FIG. 7 is a fragmentary sectional view taken generally along the line 7--7
      of FIG. 6, but shows the control assembly in a partially released
      position.
PAR  FIG. 8 is generally similar to FIG. 7 but shows a further position of the
      control member assembly.
PAR  FIG. 9 is similar to FIG. 7 but shows the control lever assembly in a fully
      released position and the operating lever in an open position.
PAR  FIG. 10 is a somewhat enlarged frontal view of a connecting link.
PAR  FIG. 11 is a side elevational view of the link of FIG. 10.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the drawings, and referring first particularly to FIGS. 1-3,
      a toggle catch embodying the present invention is designated generally by
      the reference numeral 10. The catch 10 is particularly adapted to
      releasably secure together two separable panels 12 and 14, which may, for
      example, respectively comprise the body and cover of a container or the
      like. The catch is shown mounted on the panel 12 and includes a base
      member 16, a connecting member or draw bar 18 and an operating lever 20
      pivotally connected to the draw bar and to the base member for moving the
      draw bar into and out of connected engagement with a strike 22 mounted on
      the panel 14 in alignment with the catch 10. A control assembly indicated
      generally at 24 and carried by the operating lever 20 cooperates with the
      operating lever and the base member to releasably retain the catch 10 in
      its closed position, as it appears in full lines in FIGS. 1 and 2.
PAR  Considering now the catch structure in further detail and referring to the
      catch in its closed or holding position, the base member 16 is adapted to
      be mounted on a flat surface, such as the surface of the panel 12, and
      includes two transversely spaced and forwardly extending flanges 26, 26.
      Each flange 26 has a downwardly projecting ear at its forward end which
      defines a rearwardly facing abutment surface 28. Each ear further defines
      a forwardly and upwardly inclined cam surface 29. The operating lever 20
      comprises an elongated hollow channel member formed from flat metal and
      has a pair of transversely spaced side walls 30, 30 connected by an
      integral transversely extending central web 32 which defines a downwardly
      facing abutment surface 33. The operating lever 20 further includes a pair
      of opposing front flanges 31, 31 and a pair of opposing rear flanges 34,
      34 which respectively project inwardly from the side walls 30, 30 to
      further define the lever channel which is indicated by the numeral 35, as
      best shown in FIG. 5. Each side wall 30 has a cam slot 36 formed near its
      lower end. The upper portion of each slot 36 is generally aligned with the
      longitudinal axis of the operating lever 20 whereas the lower rear portion
      of each slot defines a downwardly and forwardly inclined cam surface, as
      most clearly shown in FIG. 3. The operating lever 20 further includes a
      support member 38 held in assembly by staked tabs 39, 39 which project
      rearwardly from the lower ends of the side walls 30, 30. The support
      member extends transversely between the side walls 30, 30 and further
      defines the lower end of the lever channel 35. A lower edge of the support
      member 38 is bent forwardly to form a generally upwardly facing abutment
      surface 40 at the lower end of the operating lever channel 35. At its
      upper end the support member 38 has a central spring retaining tab 42
      disposed within the lever channel 35 and forwardly and upwardly inclined,
      as best shown in FIGS. 7-9. The operating lever 20 is received between the
      base flanges 26, 26 and supported for pivotal movement relative to the
      base member 16 by a pair of pivot rivets 44, 44 carried by the base
      flanges 26, 26.
PAR  The draw bar or claw 18 is formed from flat metal and is preferably
      adjustably connected to the operating lever 20. It has a hook or claw at
      its upper end for connecting engagement with the strike 22 and a pair of
      rearwardly extending apertured flanges 46, 46 at its lower end. Adjustable
      connection between the operating member 20 and the claw 18 is provided by
      an adjustment block 48, a pivot block 50 and a pair of connecting links
      52, 52. The adjustment block 48 is preferably formed from high strength
      sintered steel and retained in fixed position within a central portion of
      the lever channel 35 by a pair of retaining pins 54, 54. Each pin 54
      extends through an aperture in an associated lever side member 30 and is
      driven into an associated side of the adjustment block 48. The adjustment
      block 48 has an upwardly facing shoulder 55 at its forward end which
      engages the downwardly facing abutment surface 33 to resist upward
      movement of the block 48 within the channel 35 in response to upward force
      exerted by the draw bar 18. Recesses 56, 56 are formed in the adjustment
      block 48 at opposite sides thereof. Each recess 56 opens downwardly and
      outwardly through an associated side of the block and is partially defined
      by a generally downwardly facing and rearwardly and downwardly inclined
      cam surface 58, as best shown in FIGS. 7-9. The pivot block 50 is also
      preferably made from high strength sintered steel and slidably received in
      the upper end of the lever channel 35. It comprises a generally
      rectangular block which has a pair of transversely spaced apart and
      upwardly opening slots 59, 59 extending therethrough for receiving the
      links 52, 52. Each slot is partially defined by a forwardly and downwardly
      inclined bottom wall 60, shown in FIG. 4.
PAR  The links 52, 52 are made from resilient material, such as steel, and are
      of opposite hand. Each link 52 is twisted about its longitudinal axis so
      that one end portion is out of the plane of the opposite end portion
      thereof. In FIGS. 9 and 10, a typical right-hand link is shown. The
      left-hand link is substantially identical, but twisted in the opposite
      direction about its longitudinal axis. The lower end of each link is
      received in an associated slot 59 and is retained therein by an associated
      pivot pin 62. The links 52, 52 are assembled with the pivot block 50
      before the block is inserted into the lever channel 35. Thus, the lever
      side walls 30, 30 serve to retain the pins 62, 62 in the pivot block 50.
      The upper ends of the links 52, 52 are connected to the claw flanges 46,
      46 by a pivot rivet 64 which extends through the links and the apertured
      flanges 46, 46 and through a tubular sleeve 65 disposed between the
      flanges 46, 46 as best shown in FIG. 1. The rivet 64 is headed after the
      links 52, 52 have been assembled with the pivot block 50 whereby to exert
      torque on each of the links 52, 52 and establish frictional binding
      relation between the upper ends of the links 52, 52 and the claw flanges
      46, 46. Frictional binding engagement is also established between the
      lower end of each link 52 and the walls of the slot 59 in which it is
      received. Thus, the claw 18 is arranged for pivotal movement relative to
      the operating lever 20 and tends to remain in any selected position in
      which it is placed.
PAR  As previously noted, the position of the claw 18 is adjustable relative to
      the strike 22. An adjustment screw 66 passes downwardly through an
      aperture in the pivot block 50 and threadably engages the adjustment block
      48, as best shown in FIG. 5. The adjustment screw 66 preferably comprises
      a LONG-LOK socket head screw which has an axially extending nylon insert
      therein for frictional binding engagement in the threaded opening in the
      block 48, whereby to releasably retain the adjustment screw 66 in any
      predetermined position of adjustment.
PAR  Referring now particularly to FIGS. 4 and 6, the control assembly 24
      comprises a control member or lever 68 and a latch element 69 which
      includes a latch pin 70 and a latch pin plate 72. The control lever 68 is
      preferably formed from flat metal and has a central web 73 which provides
      transverse connection between a pair of integral flanges 74, 74 which
      extend rearwardly therefrom. Each flange 74 has a guide slot 76 formed
      therein which is generally parallel to the longitudinal axis of the lever
      and generally vertically disposed when the control lever 68 is in its
      closed or holding position as it appears in FIG. 4. A notch formed at the
      lower rear end portion of each flange 74 defines a generally downwardly
      facing abutment surface 78. Each flange 74 has an upwardly opening slot 80
      formed therein and partially defined by the rear surface of the central
      web 73. The control lever 68 is received between the operating lever side
      members 30, 30 and is retained in assembly with the operating lever 20 by
      the latch pin 70, the respective end portions of which extend transversely
      outwardly through the guide slots 76, 76 in the control lever 68 and
      through and beyond the cam slots 36, 36 and the operating lever 20. The
      latch-pin plate 72 carries the latch pin 70 and is supported for movement
      with and relative to the control lever 68. It is positioned rearwardly of
      the central web 73 and extends generally between the flanges 74, 74 as
      best shown in FIG. 6. Tabs 84 and 86, 86 formed at the lower end of the
      latch-pin 72 are bent around the latch pin 70 to retain it in assembly
      with the plate. A pair of integral cam tabs 88, 88 extend upwardly at
      opposite sides of the plate 72, each tab 88 being disposed within an
      associated recess 56. Each tab 88 has a cam surface on its upper end for
      coengagement with an associated cam surface 58 on the adjustment block and
      is partially disposed within an associated slot 80. Thus, the slots 80, 80
      which receive the tabs 88, 88 and the slots 76, 76 which receive the pin
      70 therethrough cooperate to retain the latch element 69 for limited
      movement longitudinally of the control lever 68. The latch-pin plate 72
      also has a spring retaining tab 90, struck from its central portion, which
      extends rearwardly and downwardly into the lever channel 35. A spring 92
      retained on the tabs 90 and 42 acts between the operating lever 20 and the
      latch-pin plate 72 to bias latch element 69 and the control lever upwardly
      in the direction of the claw 18.
PAR  Considering now the operation of the catch, when the catch 10 is latched in
      its closed or holding position, as it appears in FIG. 1 and in full lines
      in FIG. 2, the latch element 69 is biased upwardly by the spring 92 so
      that the latch-pin 70 is disposed in the upper portions of the guide slots
      76, 76 and the cam slots 36, 36. When the latch element 69 is in the
      latter position, the free end portions of the pin 70 are located rearward
      of the abutment surfaces 28, 28 on the base member 16. Thus, the pin 70
      cooperates with the base member 16 to prevent the operating lever 20 from
      being pivoted in a forward direction and away from the base member toward
      its open position.
PAR  The words "PRESS"  -- "THEN LIFT" imprinted on the frontal surface of the
      control lever 68, as shown in FIG. 1, constitute operating instructions
      for the catch 10. To open the catch 10 pressure is first applied in a
      rearward direction to the upper end portion of the control lever 68, as
      for example, by applying thumb pressure thereto as generally indicated in
      FIG. 7. This applied pressure results in a compound motion which includes
      simultaneous pivotal movement of the control lever 68 and the latch
      element 69 and longitudinal movement of the latch element 69 relative to
      the control lever 68. More specifically, when pressure is applied to the
      upper end portion of the control lever 68, as shown in FIG. 7, the control
      lever pivots in a clockwise direction which causes the cam tabs 88, 88 to
      move in coengagement with the respectively associated cam surfaces 58, 58
      on the adjustment block 48. The resulting initial movement of the latch
      element 69 causes the pin 70 to move downward to the lower end of the
      guide slots 76, 76 and toward the lower end portions of the cam slots 36,
      36 and to the position generally shown in FIG. 7. Thereafter, further
      pressure on the upper end of the control lever 68 causes the control lever
      68 and latch element 69 to move in unison, urged downward by coengagement
      of the tabs 88, 88 and the cam surfaces 58, 58. When the end portions of
      the latch-pin 70 respectively engage the cam surfaces on the lower rear
      portions of the cam slots 36, 36, the downwardly moving latch-pin 70 is
      cammed in a forwardly direction thereby causing the downwardly facing stop
      or abutment surfaces 78, 78 on the control lever 68 to move out of
      vertical alignment with the upwardly facing stop or abutment surface 40 on
      the support member 38. When the ends of the pin 70 respectively reach the
      lower ends of the cam slots 36, 36 it will be noted that the pin 70 has
      advanced to a position below and slightly forwardly of the abutment
      surfaces 28, 28, as best shown in FIG. 7. Due to the cooperative action of
      the latch-pin 70 and the cam slots 36, 36, when the control assembly 24 is
      pivoted to its position in FIG. 8, as by pressing on the upper end of the
      control lever 68, the lower end of the control lever is cammed in a
      forward direction to a position a substantial distance from the face or
      mounting surface of the panel 14. This camming action provides for finger
      clearance between the rear surface of the control lever and the mounting
      surface. When the control lever 68 reaches the position shown in FIG. 8,
      the upper rear portions of the control lever flanges 74, 74 respectively
      engage the associated rear flanges 34, 34 on the operating lever 20 so
      that further clockwise rotation of the control lever 68 from the position
      shown in FIG. 8 causes the control assembly 24 and the operating lever 20
      to move together. The catch 10 may now be opened to release the claw 18
      from the strike 22 by lifting the lower end of the control lever 68, as
      shown in FIG. 9, wherein lifting pressure is shown being applied to the
      lower end of the control lever by an index finger inserted behind the
      control lever. When the control lever 68 is released after the catch 10
      has been opened, biasing force exerted by the compression spring 92 causes
      the control lever 68 to return to its normal position of longitudinal
      alignment with the operating member 20, as it appears in FIG. 3.
PAR  The catch 10 may be returned to its closed or holding position by aligning
      the claw 18 with the strike 22 and then rotating the operating lever 20 in
      counterclockwise direction from its position in FIG. 3. As the operating
      lever approaches its closed or holding position, the free ends of the
      latch-pin 70 engage the cam surfaces 29, 29 to urge the latch-pin in a
      generally downward direction until it attains its latched position
      rearward of the abutment surfaces 28, 28.
PAR  It will now be evident that a compound motion is required to release the
      catch 10 when it is latched in its holding position. Thus, if the catch 10
      is subjected to severe shock or vibrational force which tends to move both
      the control lever 68 and the latch element 69 in only a longitudinal
      direction relative to the operating lever, the abutment surfaces 78, 78
      will engage the abutment surface 40 before the latch-pin 70 can move
      downwardly beyond the abutment surfaces 28, 28. Thus, the catch 10 will
      resist accidental release even when subjected to severe shock or
      vibrational force.
PAR  Utilization of a channel shaped operating lever facilitates the provision
      of an adjustable toggle catch of low profile which possesses great
      strength and integrity. The use of a channel shaped operating lever and
      adjustment and pivot blocks which are slidably received within the
      operating lever channel aid in assembly of the catch. The arrangement of
      the link connection between the operating lever 20 and the claw 18
      facilitates placement and retention of the claw in convenient preselected
      position. Referring to FIG. 5 it will be noted that the links 52, 52 are
      shaped to cooperate with the inclined surfaces 60, 60 on the pivot block
      so that the claw 18 may swing through an arc of 180.degree. to a position
      in closely spaced relation to the frontal surface of the operating lever
      20. Due to the frictional binding engagement of the links 52, 52 with the
      claw 18 and the pivot block 50, the claw will resist movement from any
      preselected position in which it is placed relative to the operating lever
      20.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a catch for releasably securing one part to another part carrying a
      strike, the catch having a base member adapted to be attached in fixed
      position to the one part, an operating lever, means connecting said
      operating lever to said base member for pivotal movement relative thereto
      between open and closed position, a drawbar, means connecting said drawbar
      to said operating lever for movement therewith into and out of connected
      engagement with the strike, said operating lever being operable upon
      movement to its closed position to move said drawbar into and retain it in
      connected engagement with the strike, a control assembly including a
      control member and a latch element, and means supporting said control
      assembly on said operating lever for movement relative thereto and to said
      base member between latching and releasing positions and for movement with
      said operating lever between its open and closed positions, said control
      member being supported for movement with said operating lever and relative
      thereto, said latch element being supported for movement with said control
      member and relative thereto and cooperating with said base member in said
      latching position to releasably retain said operating lever in its closed
      position, the improvement comprising first means for moving said latch
      element relative to said control member, relative to said operating lever
      and relative to said base member during one portion of the travel of said
      control assembly from its latching toward its releasing position, and
      second means for moving said latch element and control member in unison
      and relative to said operating lever and said base member during another
      portion of the travel of said control assembly from its latching toward
      its releasing position to move said latching means out of latching
      engagement with said base member in response to movement of said control
      assembly from its latching toward its releasing position.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein said latching means
      comprises said supporting means.
NUM  3.
PAR  3. The combination as set forth in claim 1 including stop means for
      limiting movement of said control member in a longitudinal direction
      relative to said operating lever when said operating lever is in its
      closed position and said control assembly is in its latching position to
      prevent said latching means from moving out of latching engagement with
      said base member in response to movement of said control member in only
      said longitudinal direction relative to said operating member.
NUM  4.
PAR  4. The combination as set forth in claim 3 wherein said stop means
      comprises coengageable abutment surfaces on said operating lever and said
      control member.
NUM  5.
PAR  5. The combination as set forth in claim 1 including means for biasing said
      latch element toward its latching position.
NUM  6.
PAR  6. The combination as set forth in claim 5 wherein said spring acts between
      said latch element and said operating lever.
NUM  7.
PAR  7. The combination as set forth in claim 1 wherein said control member
      comprises a control lever, said first means comprises means for moving
      said latch element in a direction parallel to the longitudinal axis of
      said control lever, and said second means comprises means for moving said
      latch element and said control lever in unison and in a direction inclined
      to the longitudinal axis of said operating lever.
NUM  8.
PAR  8. The combination as set forth in claim 7 wherein said latch element
      comprises said supporting means and defines the pivotal axis of said
      control assembly and said means for moving said latch element comprises
      means for moving said pivotal axis of said control assembly relative to
      said operating lever.
NUM  9.
PAR  9. The combination as set forth in claim 8 wherein said pivotal axis of
      said control member is generally parallel to the pivotal axis of said
      operating lever.
NUM  10.
PAR  10. The combination as set forth in claim 7 wherein said latch element
      includes a pin disposed in a slot in said control lever and disposed in
      another slot in said operating lever.
NUM  11.
PAR  11. The combination as set forth in claim 10 wherein said first means
      comprises a cam surface defining a portion of said slot in said control
      lever and said second means comprises another cam surface defining a
      portion of said other slot.
NUM  12.
PAR  12. The combination as set forth in claim 11 wherein said latch element
      includes a plate which carries said pin and said first and second means
      includes a cam surface on said operating lever engaging said plate.
NUM  13.
PAR  13. The combination as set forth in claim 12 wherein said pin comprises
      said latching means.
NUM  14.
PAR  14. The combination as set forth in claim 13 wherein said base member has
      an abutment surface and said pin latchingly engages said abutment surface
      in said latching position.
NUM  15.
PAR  15. In a catch for releasably securing one part to another part carrying a
      strike, the catch having a base member adapted to be attached in fixed
      position to the one part, an operating lever, means connecting said
      operating lever to said base member for pivotal movement relative thereto
      between open and closed position, a drawbar, means connecting said drawbar
      to said operating lever for movement therewith into and out of connected
      engagement with the strike, said operating lever being operable upon
      movement to its closed position to move said drawbar into and retain it in
      connected engagement with the strike, a control assembly, and means
      supporting said control assembly on said operating lever for movement
      relative thereto and to said base member between latching and releasing
      positions and for movement with said operating member between its open and
      closed positions, said control assembly cooperating with said base member
      in said latching position to releasably retain said operating lever in its
      closed position, the improvement comprising said control assembly
      including a control member supported for movement with said operating
      lever and relative thereto, a latch element having a latch-pin for
      latching engagement with said base member in said latching position, said
      latch-pin comprising said means supporting said control assembly and
      supporting said control member on said operating lever for movement
      relative thereto, said latch-pin further supporting said latch element on
      said control member for movement therewith and relative thereto, and means
      for moving said latch-pin out of latching engagement with said base member
      in response to movement of said control assembly from its latching toward
      its releasing position.
NUM  16.
PAR  16. The combination as set forth in claim 15 wherein said latch-pin is
      disposed within a pair of slots in said operating lever and within another
      pair of slots in said control member.
NUM  17.
PAR  17. The combination as set forth in claim 16 wherein said means for moving
      said latch-pin out of latching engagement comprises cam means defined by
      said slots in said operating lever.
NUM  18.
PAR  18. The combination as set forth in claim 17 wherein said means for moving
      said latch-pin out of latching engagement further includes coengaging cam
      surfaces on said operating lever and said latch element.
NUM  19.
PAR  19. In a catch for releasably securing one part to another part upwardly
      separable from the one part and carrying a strike, the catch having a base
      member adapted to be attached in fixed position to the one part below the
      strike, an operating lever, means connecting said operating lever to said
      base member for pivotal movement about a fixed horizontal axis relative to
      said base between open and closed position, a drawbar, means connecting
      said drawbar to said operating lever for movement therewith into and out
      of connected engagement with the strike, said operating lever being
      operable upon pivotal movement in a rearward direction toward said base to
      its closed position to move said drawbar downward into and retain it in
      connected engagement with the strike, a control assembly including a
      control lever and a latch element, and means supporting said control
      assembly on said operating lever for movement relative thereto and to said
      base member between latching and releasing positions and for pivotal
      movement with said operating lever between its open and closed positions,
      said control assembly cooperating with said base member in said latching
      position to releasably retain said operating lever in its closed position,
      the improvement comprising said operating lever having a generally
      downwardly facing cam surface thereon downwardly and rearwardly inclined
      in the direction of said base member when said operating lever is in its
      closed position, said latch element latchingly engaging said base member
      in said latching position and including a plate having a cam at its upper
      end engaging said cam surface, said latch element having a pin secured to
      said plate below said cam, said pin supporting said latch element on said
      control lever for pivotal movement with said control lever and for
      movement generally longitudinally of said control lever and comprising
      said means supporting said control assembly on said operating lever, said
      cam cooperating with said cam surface to move said latch element generally
      downwardly and out of latching engagement with said base in response to
      movement of said control assembly from its latching toward its releasing
      position.
NUM  20.
PAR  20. The combination as set forth in claim 19 wherein said latch element is
      supported for movement in a downward direction generally longitudinally of
      said operating member and said control lever during an initial portion of
      the travel of said control assembly from its latching to its releasing
      position and with said control lever and in a generally downwardly and
      forwardly inclined direction relative to the longitudinal axis of said
      operating lever during said another portion of the travel of said control
      assembly from its latching toward its releasing position.
NUM  21.
PAR  21. The combination as set forth in claim 20 wherein said pin is disposed
      in a slot in said control lever and in another slot in said operating
      lever and said other slot defines a cam surface for cooperating with said
      pin to move said latch element with said control lever during said other
      portion of the travel of said control assembly from its latching toward
      its releasing position.
NUM  22.
PAR  22. In a catch for releasably securing one part to another part carrying a
      strike, the catch having a base member adapted to be attached in fixed
      position to the one part, an operating lever, means connecting said
      operating lever to said base member for pivotal movement relative thereto
      between open and closed position, a drawbar, means connecting said drawbar
      to said operating lever for movement therewith into and out of connected
      engagement with the strike, said operating lever being operable upon
      movement to its closed position to move said drawbar into and retain it in
      connected engagement with the strike, a control assembly including a
      control lever and a latch element, and means supporting said control
      assembly on said operating lever for pivotal movement relative thereto and
      to said base member between latching and releasing positions and for
      movement in a longitudinal direction relative to said operating lever and
      with said operating lever between its open and closed positions, said
      control assembly cooperating with said base member in said latching
      position to releasably retain said operating lever in its closed position,
      the improvement comprising said control lever being supported for pivotal
      movement with said operating lever and relative thereto and for movement
      in a generally longitudinal direction relative to said operating lever,
      said latch element being supported for movement with said control lever
      and in a generally longitudinal direction relative thereto, said latch
      element including a latch plate and a latch pin carried by said latch
      plate and disposed in a slot in said control lever and in another slot in
      said operating lever, said latch pin being engageable with said base in
      said latching position to releasably retain said operating member in its
      closed position, means for moving said latch element relative to said
      control lever, relative to said operating lever and relative to said base
      member during one portion of the travel of said control assembly from its
      latching toward its releasing position, and means for moving said latch
      element and control lever in unison and relative to said operating lever
      and said base member during another portion of the travel of said control
      assembly from its latching toward its releasing position to move said
      latching means out of latching engagement with said base member in
      response to movement of said control assembly from its latching toward its
      releasing position, said means for moving said latch element comprising
      cam means defined by said other slot for engaging said latch pin and a cam
      surface on said operating lever engaging said plate.
NUM  23.
PAR  23. In a catch for releasably securing one part to another part carrying a
      strike, the catch having a base member adapted to be attached in fixed
      position to the one part, an operating lever, means connecting said
      operating lever to said base member for pivotal movement relative thereto
      between open and closed position, a drawbar, means connecting said drawbar
      to said operating lever for movement therewith into and out of connected
      engagement with the strike, said operating lever being operable upon
      movement to its closed position to move said drawbar into and retain it in
      connected engagement with the strike, a control assembly including a
      control member and a latch element, and means supporting said control
      assembly on said operating lever for movement relative thereto and to said
      base member between latching and releasing positions and for movement with
      said operating lever between its open and closed positions, said control
      assembly cooperating with said base member in said latching position to
      releasably retain said operating lever in its closed position, the
      improvement comprising said latch element having a latch pin supporting
      said control member for movement with said operating lever and relative
      thereto and supporting said latch element for movement with said control
      member and relative thereto, said latch pin being engageable with said
      base member in said latching position, means for moving said latch element
      relative to said control member, relative to said operating lever and
      relative to said base member during one portion of the travel of said
      control assembly from its latching toward its releasing position, and
      means for moving said latch element and control member in unison and
      relative to said operating lever and said base member during another
      portion of the travel of said control assembly from its latching toward
      its releasing position to move said latch pin out of latching engagement
      with said base member in response to movement of said control assembly
      from its latching toward its releasing position.
NUM  24.
PAR  24. In a catch for releasably securing one part to another part carrying a
      strike, the catch having a base member adapted to be attached in fixed
      position to the one part, an operating lever, means connecting said
      operating lever to said base member for pivotal movement relative thereto
      between open and closed position, a drawbar, means connecting said drawbar
      to said operating lever for movement therewith into and out of connected
      engagement with the strike, said operating lever being operable upon
      movement to its closed position to move said drawbar into and retain it in
      connected engagement with the strike, a control assembly including a
      control member and a latch element, and means supporting said control
      assembly on said operating lever for movement relative thereto and to said
      base member between latching and releasing positions and for movement with
      said operating lever between its open and closed positions, said control
      assembly cooperating with said base member in said latching position to
      releasably retain said operating lever in its closed position, the
      improvement comprising said control member being supported for movement
      with said operating lever and relative thereto, said latch element having
      a latch pin supporting said control member for movement with said
      operating lever and supporting said latch element for movement with said
      control member and relative thereto, said latch pin being operable with
      said base in said latching position to releasably retain said operating
      member in its closed position, and co-engaging cam surfaces on said
      operating lever and said latch element for moving said latch element
      relative to said control member, relative to said operating lever and
      relative to said base member during one portion of the travel of said
      control assembly from its latching toward its releasing position and for
      moving said latch element and control member in unison and relative to
      said operating lever and said base member during another portion of the
      travel of said control assembly from its latching toward its releasing
      position to move said latch pin out of latching engagement with said base
      member in response to movement of said control assembly from its latching
      toward its releasing position.
NUM  25.
PAR  25. The combination as set forth in claim 24 wherein said means for moving
      said latch element includes cam means on said operating lever engageable
      with said pin.
NUM  26.
PAR  26. The combination as set forth in claim 24 wherein said latch element
      includes a plate, said pin is carried by said plate, and said cam surfaces
      include one cam surface on said operating lever for cammingly engaging
      said plate and another cam surface of said operating lever for cammingly
      engaging said pin.
NUM  27.
PAR  27. In a catch for releasably securing one part to another part carrying a
      strike, the catch having a base member adapted to be attached in fixed
      position to the one part, an operating lever, means connecting said
      operating lever to said base member for pivotal movement relative thereto
      between open and closed position, a drawbar, means connecting said drawbar
      to said operating lever for movement therewitn into and out of connected
      engagement with the strike, said operating lever being operable upon
      movement to its closed position to move said drawbar into and retain it in
      connected engagement with the strike, a control assembly including a
      control member and a latch element, and means supporting said control
      assembly on said operating lever for movement relative thereto and to said
      base member between latching and releasing positions and for movement with
      said operating lever between its open and closed positions, said latch
      element having latching means cooperating with said base member in said
      latching position to releasably retain said operating lever in its closed
      position, the improvement comprising said latch element having a pin
      comprising said supporting means, said control member being supported for
      movement with said operating lever and relative thereto, said latch
      element being supported for movement with said control member and relative
      thereto, means for moving said latch element relative to said control
      member, relative to said operating lever and relative to said base member
      during one portion of the travel of said control assembly from its
      latching toward its releasing position, means for moving said latch
      element and control member in unison and relative to said operating lever
      and said base member during another portion of the travel of said control
      assembly from its latching toward its releasing position to move said pin
      out of latching engagement with said base member in response to movement
      of said control assembly from its latching toward its releasing position,
      and a cam surface on said base member for engaging said pin to move said
      latch element relative to said control member in response to movement of
      said control assembly from a releasing position to its latching position
      when said operating lever is moved to its closed position to move said
      latching means into latching engagement with said base member.
NUM  28.
PAR  28. The combination as set forth in claim 27 wherein said pin comprises
      said latching means.
NUM  29.
PAR  29. In a catch for releasably securing one part to another part carrying a
      strike, the catch having a base member adapted to be attached in fixed
      position to the one part, an operating lever, means connecting the
      operating lever to said base member for pivotal movement relative thereto
      between open and closed positions, a drawbar, means connecting said
      drawbar to said operating lever for movement therewith into and out of
      connected engagement with the strike, said operating lever being operable
      upon movement to its closed position to move said drawbar into and retain
      it in connected engagement with the strike, a control assembly, and means
      supporting said control assembly on said operating lever for movement
      relative thereto and to said base member between latching and releasing
      positions and for movement with said operating member between its open and
      closed positions, the improvement wherein said operating lever comprises a
      hollow lever having a channel extending longitudinally therethrough and an
      adjustment block mounted in fixed position in said channel and having a
      cam surface thereon, said means connecting said drawbar comprises a pivot
      block slidably received in said channel, means connecting said drawbar to
      said pivot block, and an adjustment screw acting between said pivot block
      and said adjustment block for adjusting the position of said pivot block
      relative to said operating lever, and said control assembly includes a
      control member supported for movement with said operating lever and
      relative thereto, and a latch element supported by said control member for
      movement therewith and relative thereto and having latching means for
      latching engagement with said base member in said latching position, said
      latching element having a cam thereon for cammingly engaging said cam
      surface to move said latching means out of latching engagement with said
      base member in response to movement of said control assembly from its
      latching toward its releasing position.
NUM  30.
PAR  30. In a catch of releasably securing one part to another part upwardly
      separable from the one part and carrying a strike, the catch having a base
      member adapted to be attached in fixed position to the one part below the
      strike, an operating lever, means connecting said operating lever to said
      base member for pivotal movement about a fixed horizontal axis relative to
      said base between open and closed position, a drawbar, means connecting
      said drawbar to said operating lever for movement therewith into and out
      of connected engagement with the strike, said operating lever being
      operable upon pivotal movement in a rearward direction toward said base to
      its closed position to move said drawbar downward into and retain it in
      connected engagement with the strike, a control assembly including a
      control lever and a latch element, and means supporting said control
      assembly on said operating lever for movement relative thereto and to said
      base member between latching and releasing positions and for pivotal
      movement with said operating lever between its open and closed positions,
      said control assembly cooperating with said base member in said latching
      position to releasably retain said operating lever in its closed position,
      the improvement comprising said operating lever having a pair of
      transversely spaced longitudinally extending side walls, a pair of
      opposing transversely spaced and longitudinally extending integral rear
      flanges projecting inwardly from said side walls at the rear ends thereof,
      a pair of opposing transversely spaced and longitudinally extending
      integral front flanges projecting inwardly from said side walls at the
      forward ends thereof, and an integral transversely extending web generally
      centrally connecting said front flanges and defining a downwardly facing
      abutment surface, said side walls, said flanges and said central web
      cooperating to generally define longitudinally extending lever channeling,
      an adjustment block slidably received in said lever channeling and mounted
      in fixed position therein, said adjustment block having a downwardly
      facing cam surface and including an upwardly facing shoulder at its
      forward end engaging said downwardly facing abutment surface to resist
      upward movement of said adjustment block within said channeling, said
      means connecting said drawbar comprising a pivot block slidably received
      in said channeling above said adjustment block and having a pair of
      transversely spaced upwardly opening slots, a pair of connecting links,
      each of said links received in an associated one of said slots, means for
      retaining said links in said slots for pivotal movement relative to said
      pivot block, and an adjustment screw extending through one of the blocks
      and threadably engaging the other of said blocks for adjusting the
      position of the pivot block relative to the operating lever, said control
      assembly including a control lever supported for pivotal movement with
      said operating lever and relative thereto and a latch element supported by
      said control member for movement therewith and relative thereto and having
      latching means for latching engagement with said base member in said
      latching position, said latch element having a cam thereon for cammingly
      engaging said cam surface to move said latching means out of latching
      engagement with said base member in response to movement of said control
      assembly from its latching position toward its releasing position.
NUM  31.
PAR  31. The combination as set forth in claim 30 wherein each of said blocks
      has a cross sectional configuration substantially complementing the cross
      sectional configuration of an associated portion of said channeling and a
      major portion having front-to-rear dimension substantially equal to the
      overall front-to-rear dimension of the side walls.
NUM  32.
PAR  32. The combination as set forth in claim 30 wherein said control lever is
      pivotally supported intermediate its ends on said operating lever.
NUM  33.
PAR  33. The combination as set forth in claim 30 wherein said means retaining
      said links comprises a pair of pins slidably received in said pivot block,
      each of said pins retaining as associated one of said links, said pins
      retained in assembly with said pivot block by said side walls.
NUM  34.
PAR  34. The combination as set forth in claim 30 wherein said control lever is
      engagable with said front and rear flanges to limit pivotal movement of
      said control assembly.
NUM  35.
PAR  35. The combination as set forth in claim 30 wherein said operating lever
      includes a support member connecting said walls and extending transversely
      therebetween at the lower ends thereof.
NUM  36.
PAR  36. The combination as set forth in claim 35 wherein said support member
      has an upwardly facing abutment surface and said operating lever has a
      downwardly facing abutment surface for engagement with said upwardly
      facing abutment surface on said support member when said operating lever
      is in its closed position and said control assembly is in its latching
      position to prevent said latching means from moving out of latching
      engagement with said base in response to movement of said control member
      in only said longitudinal direction relative to said operating lever.
NUM  37.
PAR  37. The combination as set forth in claim 35 wherein said support member
      has a spring retaining tab and said catch includes a spring retained on
      said tab and acting between said support member and said control member.
NUM  38.
PAR  38. The combination as set forth in claim 7 wherein said control member
      comprises a control lever supported intermediate its ends to pivot about
      an axis extending transversely of said operating lever and said second
      means comprises means for camming said pivot axis away from said base
      member in response to pressure applied to one end of said control lever in
      the direction of said base member to move the other end of said control
      lever away from said base member whereby to provide finger clearance
      between said other end and said base member.
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PAL  A safety lock for enclosures having a first lock portion attached to the
      first of two members to be locked together. This lock portion includes a
      bolt rotatable for accomplishing a locking function. The bolt has a head
      of non-conventional shape. A second lock portion is attached to the other
      of the members to be locked together and is engageable by the bolt. The
      first lock portion includes a protective wall peripherally surrounding the
      bolt head and open at its outer end. The surrounding wall defines a socket
      which is at least as deep as the thickness of the bolt head to prevent
      side engagement of the bolt head and which is of greater diameter than the
      bolt head to permit removal of the bolt by a special wrench inserted
      through the open end of the protective wall. The second lock portion in
      one embodiment includes a pin having a radial notch intermediate its ends
      engageable by the bolt to provide a more positive lock. Also, in some
      embodiments, the pin projects beyond the first lock portion and receives a
      padlock or the end of the pin may project into a socket member to conceal
      the end thereof. A further locking feature may employ a spring acting on
      one of the lock portions with a force great enough to prevent children
      from opening the lock even though other fastening means of the lock are
      released.
PARN
PAC  REFERENCE TO PRIOR APPLICATIONS
PAR  This application is a division of application Ser. No. 230,223, filed Feb.
      29, 1972, for Safety Lock For Enclosures, now U.S. Pat. No. 3,791,683,
      issued Feb. 12, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful improvements in safety locks for
      enclosures.
PAR  Various types of locking means have been proposed for preventing
      unauthorized access to enclosures for electrical equipment and other types
      of enclosures. However, conventional locks can be knocked off or
      conventional fasteners can be opened with conventional tools. When the
      enclosure contains dangerous equipment or the like, such unauthorized
      tampering may expose the person to injury. In some instances, the
      unauthorized personnel may be children who do not understand the danger
      involved or who are not responsible for their actions. Thus, lock means
      are now demanded in the trade which provide a margin of safety against
      entrance into enclosures which contain dangerous equipment even though
      entrance may be sought by unauthorized personnel.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention and forming a primary objective thereof,
      lock means are provided for enclosures utilizing specially shaped bolt
      means which cannot be opened by conventional tools but which require
      special tools, whereby a child or other unauthorized person who may tamper
      with the lock means cannot ordinarily gain access to the enclosures.
PAR  A more particular object of the present invention is to provide lock means
      of the type described including a bolt having a head of non-conventional
      shape for requiring a special tool and also including a protective wall
      for the head of the bolt which prevents the bolt head from being engaged
      from the side, the protective wall being of greater diameter than the bolt
      head to permit such head to be engaged endwise by a special socket wrench
      corresponding in shape to the shape of the bolt head.
PAR  It is another object to provide in an embodiment of the invention, a
      combination of said bolt lock means and a locking latch or pin adapted to
      receive a padlock, thus providing a double locking feature. Further, the
      latch may be spring loaded with a force such that even though the double
      lock means is released, a child could still not operate the latch.
PAR  A further object is to provide in another embodiment of the invention a
      combination of said bolt lock means and a locking pin having a radial
      notch engageable by the locking bolt to provide a more positive lock, and
      further yet to provide a locking pin of a length to project through a lock
      portion and be engaged in a socket which conceals the end of the pin to
      prevent the pin from being driven out.
PAR  Still another object is to provide lock means on a double door enclosure,
      with each door having a locking arrangement utilizing a bolt with a head
      of non-conventional shape and a protective wall for such bolt head.
PAR  The invention will be better understood and additional objects and
      advantages will become apparent from the following description taken in
      connection with the accompanying drawings which illustrate preferred forms
      of the device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view, partly broken away, of an enclosure
      utilizing lock means of the present invention;
PAR  FIG. 2 is an enlarged vertical fragmentary sectional view taken on line
      2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged horizontal fragmentary sectional view taken on the
      line 3--3 of FIG. 1;
PAR  FIG. 4 is an elevational view of a second form of enclosure with which the
      present invention may be used;
PAR  FIG. 5 is an enlarged vertical fragmentary sectional view taken on the line
      5--5 of FIG. 4;
PAR  FIG. 6 is a vertical sectional view through another form of lock embodying
      features of the present invention,
PAR  FIG. 7 is a fragmentary elevational of still another form of lock of the
      invention; and
PAR  FIG. 8 is a sectional view taken on the line 8--8 of FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 4 illustrate two forms of enclosures with which the present
      locking means may be employed. It is to be understood, however, that the
      enclosures shown are merely exemplary and that the present invention may
      be employed with many other types of enclosures. With reference first to
      FIGS. 1, 2 and 3 the numeral 10 designates an enclosure for electrical
      equipment or the like having an outer door 12 and an inner door 14. The
      front wall 16 has an inwardly offset portion 18 which receives the inner
      and outer doors to make a substantially flush front surface for the
      enclosure. The door opening 20 is provided in the inwardly offset portion
      18, and each of the doors 12 and 14 has bottom tongues which fit in cutout
      portions 24, FIG. 1, at the bottom portion of the opening so that in order
      to open either of the doors they first must be swung out from the top and
      then lifted up. For maximum safety against unauthorized access, both doors
      have safety locks, now to be described.
PAR  With particular reference to FIGS. 1 and 2, the safety lock means for the
      outer door comprises a right angle lock portion 26 secured to the front
      wall of the enclosure immediately above the inwardly offset portion 18.
      The securement of the lock portion 26 to the housing is accomplished by
      suitable tamperproof means 28 such as rivets. Secured to the door 12 is
      another lock portion 30. This latter lock portion is secured to the upper
      portion of the door by suitable fastening means 32 extending from the
      inner side of the door and engaging the rear portion of said lock portion.
      Lock portion 30 is aligned vertically with the lock portion 26, and the
      two lock portions have bores 34 and 36, respectively, in vertical
      alignment for receiving a lock pin 38 having a head 40 at its upper end
      and an aperture 42 at its lower end. The aperture 42 is arranged to
      receive a padlock 44, and it is apparent that with the padlock in place,
      the pin cannot be removed. The door 12 is thus securely locked.
PAR  To provide a double locking feature, a bolt or setscrew 46 is threadedly
      engaged in a threaded bore 48 which extends transversely in from the front
      of the lock portion 30 and intersects the bore 36. The bolt 46 has end
      abutment with the side surface of the pin 38 to lock the pin securely
      against longitudinal movement. Bolt 46 has a head 50 received in a
      counterbore or socket portion 54 communicating with the bore 48. Socket 52
      has a greater depth than the thickness of the head 50 so that the head 50
      cannot be engaged laterally by a wrench or other tool.
PAR  The head 50 is of unconventional shape so that wrenches or other tools
      marketed through normal channels cannot obtain a grip thereon. One such
      shaped head would be five sided or pentagonal shape which as is well known
      cannot be engaged endwise by wrenches which are in normal use. Operating
      personnel would of course have special socket wrenches for engaging the
      head 50. Unauthorized personnel would be discouraged because of the
      tamper-proof nature of the lock. The diameter of the socket 52 is
      sufficiently greater than the outer diameter of the head 50 to allow the
      special wrench to be engaged endwise with the head.
PAR  The locking pin 38 has a peripheral notch 54 in the area in which it is
      engaged by the end of bolt 45. Such notched engagement of the lock pin 38
      provides a more positive connection in a case where the padlock may have
      been knocked off since the pin cannot be pounded out, at least with any
      facility. The inner end of bolt 46 terminates in an enlargement or swedged
      portion 55 to prevent removal of the bolt 50 so that it will not become
      lost. The enlarged end 55 operates in a counterbore 56 of bore 48 so that
      the bolt can be backed out a sufficient distance to allow the pin 38 to be
      removed.
PAR  Thus, according to the structure thus far described, not only is the bolt
      head of unconventional shape and difficult to rotate but also it is
      countersunk so that it cannot be engaged laterally. Such locking
      arrangement which prevents unauthorized removal of locking pin 38 is in
      addition to the padlock.
PAR  FIGS. 1 and 3 show lock means for the inner door 14. To illustrate such
      lock means, the inner door has offset portions 57 at the sides which
      engage a portion of offset 18 of the front wall of the enclosure so that
      the main portion of the door 14 is substantially flush with the inner
      vertical plane of offset 18. Two individual locks are provided, one on
      each side. Each of the lock means comprises a front clamp plate 58 and a
      rear clamp plate 60 which extends beyond the front clamp plate at one
      side, namely, that side adjacent to the outer edge of the door. These
      clamp plates are adapted to be clamped securely against opposite sides of
      the door 14 for secured positioning but also are adapted to be unclamped
      for movement to an unlocked position. Such is accomplished by a bolt or
      screw 62 passing freely through an aperture 63 in clamp plate 58 and
      threadably engaged in a threaded boss 64 on the rear side of clamp plate
      60. The bolt 62 extends freely through a laterally elongated slot 66 in
      wall 14 arranged such that upon loosening the bolt, both plates 58 and 60
      in the pair are slidable laterally. In the laterally outward or locking
      position of the clamp plates, the clamp plate 60 extends behind the offset
      portion 18 so that the door is held closed. On the other hand, if the
      clamp plates are moved to the right as shown in phantom lines in FIG. 3,
      the clamp plate 60 clears the inner edge of opening 20 so that the door
      can be opened.
PAR  As in the structure of FIG. 2, the locking bolts 62 have odd shaped heads
      68, such as pentagonal shape, and are surrounded by peripheral walls 70
      which prevent lateral engagement of the heads 68 by a wrench. The walls 70
      have diameters larger than the heads 68 so that a socket wrench can engage
      the heads endwise. The ends of bolts 62 are swedged at 71 to prevent the
      bolts from being completely removed and possibly lost.
PAR  Clamp plates 60 have integral pins 72 which project through slots 66 in the
      door 14 and through openings 74 in clamp plates 58. These pins hold the
      two clamp plates in the pairs in parallel relation.
PAR  The structure described with relation to FIGS. 2 and 3 will thus provide
      door means which are almost impossible to open except of course by
      authorized personnel. Even though the outer door could be broken off, the
      inner door is still intact.
PAR  FIGS. 4 and 5 show the application of principles of the present invention
      to an enclosure having a housing base portion 76 permanently attached to a
      ground supporting post 78. An enclosure 80 is supported on the base
      portion 76, such enclosure having a tongue engagement 82 with the base
      portion 76 such that to remove the enclosure, it must be lifted upwardly.
      The post 78 extends upwardly above the base portion 76 and the enclosure
      has an eye member 84 secured thereto, this eye member projecting through
      an opening 86 in the post 78 and receiving a padlock 88 for providing a
      first lock.
PAR  To provide a safety lock, and utilizing the principles of the present
      invention, a bolt 90 passes freely through an aperture 87 in the post 78
      and is engaged with a threaded portion 92, such as a nut, secured to the
      inside of the enclosure 80. Bolt 90 has an odd shaped head 94 as in the
      other embodiments for engagement by a special wrench, and such head is
      protected by a peripheral wall 96 which prevents lateral engagement of the
      head by a wrench. Upon removing the bolt 90, and the padlock 88, the
      enclosure 80 can be tilted slightly away from the post and then lifted
      away from the tonque engagement 82 for removal from its base 76.
PAR  In FIG. 6, which shows another embodiment of the invention, a pair of
      members to be locked together are designated by the numerals 100 and 102.
      A lock portion 104 is secured to the member 100 by fastening means 106
      extending from the inside of the enclosure and has a vertical bore 108 for
      receiving a locking pin 110. A lock bolt or setscrew 112 is threadedly
      mounted in a threaded bore 114 extending in from the front of the lock
      portion 104 and is adapted to engage the lock pin 110 for holding it in
      place, the lock pin having a peripheral notch 116 in the area of
      engagement by the lock 112. Bolt 112 has an odd shaped head 118 as in the
      other embodiments and the lock portion 104 has a socket 120 which
      surrounds the head 118 to prevent it from being engaged laterally by a
      wrench. Bolt 112 also has an enlarged inner end 119 to prevent complete
      withdrawal of the bolt, such enlarged end operating in a counterbore 121
      of bore 114 to permit removal of pin 110.
PAR  The locking pin 110 projects beyond the bottom of lock portion 104 and
      extends into an upwardly opening socket portion 122 of another lock
      portion or protector member 124 secured to the member 102 by fastening
      means 126 extending from the inside of the member 102. The socket 122 is
      closed at the bottom to prevent unauthorized persons from driving the pin
      up. When it is desired to open the member 102 relative to the member 100,
      the bolt 112 is backed off and the pin 110 raised sufficiently to clear
      the top of the member 124. The parts 100 and 102 can then be separated.
PAR  In a preferred arrangement, the peripheral notch 116 is provided adjacent
      to the upper end of the pin 110 and the portion of the opening 108 which
      receives such upper portion of the pin is smaller in diameter than the
      portion which receives the lower portion of the pin so that even though
      the pin can be raised sufficiently to be released from the block 124, it
      cannot be completely displaced from the hasp member, thus preventing the
      pin from becoming lost. The upper end of bore 108 terminates in a
      counterbore 128 to partially receive the head of lock pin 110 so that it
      is impossible for an unauthorized person to engage the underside of the
      pin with a prying tool.
PAR  FIGS. 7 and 8 show another arrangement of the invention wherein a pair of
      members to be locked together are designated by the numerals 130 and 132.
      A lock portion 134 is secured to member 130 by fastening means 136
      extending from the inside of member 130. This lock portion has an inner
      longitudinal slot 138 for slidably receiving a latch member or bolt 140. A
      compression spring 142 is housed in the inner end of slot 138 and urges
      the latch member outwardly into locked relation with another lock portion
      144 secured to member 132 as by fastening means 146. To release the latch
      member 140 from lock portion 144, it must be retracted against the force
      of spring 142 which according to the invention is of sufficient strength
      that a child could not operate the latch member in its opening movement.
PAR  The embodiment of FIGS. 7 and 8 has double lock means in addition to the
      safety locking feature resulting from spring 142. One such lock means
      comprises a lock bolt or screw 148 threadedly engaged in a bore 150 in
      lock portion 134. The lock bolt 148 is adapted to engage the latch member
      140 for holding it in place, the latch member having a recess or socket
      152 engageable by the end of the bolt to prevent forced movement thereof.
      Bolt 148 has an odd shaped head 154 as in the other embodiments, and the
      lock portion 134 has a socket 156 which surrounds the head 154 to prevent
      it from being engaged laterally by a wrench. Bolt 148 has an enlarged
      inner end 158 to prevent complete withdrawal thereof.
PAR  Another lock means in the embodiment of FIGS. 7 and 8 comprises an eye
      member 160 forming an integral part of latch member 140 and projecting
      through a slot 162 in lock portion 134. The eye member 160 is arranged to
      receive a padlock, not shown, which prevents opening movement of the latch
      member. The structure just described thus has two locking functions, as
      well as the spring loaded feature of the latch member 140 for added
      safety.
PAR  It is to be understood that the forms of my invention herein shown and
      described are to be taken as preferred examples of the same and that
      various changes in the shape, size and arrangement of parts may be
      resorted to without departing from the spirit of my invention or the scope
      of the subjoined claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A safety lock for enclosures of the type having a wall with a door
      therein, comprising:
PA1  a. a first lock portion arranged to be secured to one of said door and wall
      means,
PA1  b. said first lock portion having a bore therethrough,
PA1  c. a bolt threadedly mounted in said first lock portion for axial
      adjustment and having an end portion capable of being moved laterally into
      said bore upon selected adjustment of said bolt,
PA1  d. said bolt having a head of non-conventional shape whereby to be capable
      of rotation only by a special tool and thus non-removable by unauthorized
      persons,
PA1  e. said first lock portion including a protective wall portion peripherally
      surrounding said bolt head and open at its outer end,
PA1  f. said wall portion defining a socket which is at least as deep as the
      thickness of the bolt head to prevent side engagement of the bolt head by
      unauthorized persons and which is of greater diameter than said bolt head
      to permit removal of the bolt by a special tool inserted through the open
      end of the protective wall portion,
PA1  g. a lock pin slidably disposed in said bore and being engageable by the
      end portion of said bolt in a locking function,
PA1  h. said lock pin having a length sufficient to project at one end beyond
      said lock portion and having a head at the end opposite from its
      projecting end,
PA1  i. said lock portion having a recess receiving said lock pin head,
PA1  j. said recess being approximately the same diameter as said head and
      preventing unauthorized prying engagement on the underside of said head,
PA1  k. means defining a peripheral notch in said lock pin having association
      with said bolt whereby the latter upon being retracted allows a sliding
      unlocking function of said lock pin and upon being inwardly turned locks
      said lock pin in a set position,
PA1  l. said bore in the area of the notch having a narrowed portion of lesser
      diameter than the unnotched portion to confine the lock pin slidably
      therein,
PA1  m. and a second lock portion arranged to be secured to the other of said
      door and wall means,
PA1  n. said second lock portion including socket means aligned with the bore in
      said first lock portion and closed at its bottom end for receiving the
      projecting end of said lock pin and providing protection for said
      projecting end.
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ABST
PAL  A plastic privacy lock for recreation vehicles and the like includes an
      outside handle portion for the outside of a door and an inside portion for
      the inside of a door. The outside portion includes an outside handle
      having a rotatable outside latch lever to operate a bolt on the inside
      portion. The inside portion includes a handle and a housing with the bolt
      in the housing. The bolt and an inside bolt actuator are formed as a
      single integral molded plastic part positioned within the housing. To move
      the bolt out of engagement with a strike from the inside, manual operation
      of the molded plastic bolt against the force of a biasing spring is
      required. A locking bar or dog having a locked and unlocked detent
      position is also provided in the housing. The locking bar is accessible
      from the inside portion of the lock. In locked position, the locking bar
      holds a bolt shifter connected to the outside latch lever to prevent
      rotation and operation of the lock. When the locking bar is disengaged
      from the shifter, the latch may be opened from either side. Manual
      movement of the bolt will automatically transfer the locking bar from the
      locked to the unlocked position. An access opening to the locking bar is
      provided in order to unlock the latching bar from the outside of the lock.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a principle aspect, the present invention relates to an improved privacy
      lock especially useful for recreational vehicles and the like. The lock is
      preferably fabricated from molded plastic material.
PAR  A privacy door lock of low cost, lightweight construction and simple design
      in a desirable item, particularly for use with recreational vehicles. Such
      a privacy lock can, for example, be utilized on the bathroom door of a
      house trailer. As such, the lock will provide a normal spring biased bolt
      action. Additionally, such a lock includes a locking feature whereby the
      door may be locked from the inside to prevent unwanted access. It is also
      desirable that such a lock will automatically unlock upon movement of the
      bolt out of engagement with the strike by operation of a bolt actuator
      from the inside. Finally, such a lock will incorporate a safety feature
      whereby access to a locked room may be obtained from the outside by means
      of an instrument such as a rod or a wire to disengage the locking
      mechanism.
PAR  In the past, the concept of a privacy lock having the above features has
      been provided by many alternative designs. A typical design incorporates
      knobs which are rotatable by manual operation. A button in the center of
      one knob may be depressed to lock the knob and its attached bolt from the
      inside. Rotation of the knob from the inside will release the locking
      button. U.S. Pat. No. 2,644,704 shows such a design.
PAR  Such constructions, though quite satisfactory in their function and
      operation, are generally fabricated from metal. Additionally, such
      structures usually require a multiplicity of part. Consequently
      manufacturing costs for labor and materials may be relatively high.
      Nonetheless, recreational vehicles and the like require such locks.
      Compactness, low cost and simplicity of design are therefore essential
      features for an improved privacy lock construction for recreational
      vehicles. The structure of the present invention provides such features.
PAC  SUMMARY OF THE INVENTION
PAR  The privacy lock of the present invention is comprised generally of a
      housing for attachment to the inside of a door or panel. Positioned within
      the housing is a spring biased bolt adapted to project into engagement
      with a strike on a door frame. The bolt includes a portion which extends
      outwardly from the housing transverse to the direction of bolt movement.
      The projecting portion is provided for manual operation of the bolt.
PAR  A handle and drive knob are positioned on the opposite side of the door
      panel. The drive knob engages a shifter within the housing that in turn
      moves the bolt to a retracted position upon rotation of the shifter.
PAR  A locking bar or catch is also provided in the housing on the inside of the
      lock. The catch includes first and second detent positions corresponding
      respectively to the locked and unlocked position of the privacy lock. When
      in the locked detent position, the locking catch engages the shifter
      preventing rotation thereof. The bolt can be moved to engage the locking
      catch and drive the catch transversely out of engagement with the shifter
      in order to shift the locking catch from the locked to the unlocked
      position. Access to a cam surface on the locking lever is provided through
      an opening in the shifter drive knob. The locking catch may be moved to
      the unlocked position by engaging the cam surface with a rod or probe.
PAR  It is thus an object of the present invention to provide an improved
      compact privacy lock construction.
PAR  It is a further object of the present invention to provide a privacy
      locking construction which may be fabricated from molded plastic
      materials.
PAR  One further object of the present invention is to provide a privacy lock
      construction wherein the bolt mechanism includes a bolt actuator operable
      to disengage the bolt from the strike as well as deactivate the locking
      mechanism.
PAR  Another object of the present invention is to provide a privacy lock
      construction comprised of a unique combination of elements and parts
      cooperative to provide various functions hereinafter described in greater
      detail. These and other objects, advantages, and features of the invention
      will be set forth in greater detail in the description which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the detailed description which follows, reference will be made to the
      drawing comprised of the following figures:
PAR  FIG. 1 is a perspective view of the improved lock of the present invention
      as it would be incorporated on a door or panel;
PAR  FIG. 2 is a side view of the improved lock of the present invention;
PAR  FIG. 3 is a plan view of the inside or bolt side of the lock of the present
      invention taken along the line 3--3 in FIG. 2;
PAR  FIG. 4 is a plan view of the outside of the lock of the present invention
      taken along the line 4--4 in FIG. 2;
PAR  FIG. 5 is a cross-sectional view taken substantially along the line 5--5 in
      FIG. 2;
PAR  FIG. 6 is a cross-sectional view of the lock mechanism of the present
      invention taken substantially along the line 6--6 in FIG. 3;
PAR  FIG. 7 is a plan view of the internal mechanism of the lock of the present
      invention with the housing removed;
PAR  FIG. 8 is a view similar to FIG. 7 wherein the shifter has been manually
      rotated to disengage the bolt from a strike;
PAR  FIG. 9 is a cross-sectional view similar to FIG. 6 wherein the lock in the
      position illustrated in FIG. 8;
PAR  FIG. 10 is a cross-sectional view similar to FIG. 6 wherein the locking
      lever has been moved to the locked position;
PAR  FIG. 11 is a plan view similar to FIG. 7 showing the lock in the position
      illustrated by FIG. 10;
PAR  FIG. 12 is a cross-sectional view of the lock mechanism of the present
      invention transverse to FIGS. 9 and 10; and
PAR  FIG. 13 is a cross-sectional view taken along the line 12--12 in FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the following description, like numbers are used on like parts in all of
      the figures. Referring therefore to the figures, the privacy lock of the
      present invention is comprised of an inside assembly 10, an outside
      assembly 12 and a strike 14. As shown in FIGS. 1 and 2, the inside
      assembly 10 is attached, for example, to the inside of a bathroom door or
      panel. A bolt 16 projecting from the inside assembly 10 is normally biased
      to engage the strike 14 thereby holding the panel 18 in a closed position.
      To open the panel 18 from the inside, the bolt 16 is manually displaced
      out of engagement with the strike 14. To open the panel 18 from the
      outside, a rotatable drive knob 20 is operated to disengage the bolt 16
      from the strike 14.
PAC  THE INSIDE ASSEMBLY
PAR  The inside assembly 10 includes a housing 22 to retain the mechanism for
      locking and operating the bolt 16. The particular shape of the housing is
      not of critical significance, although the preferable shape is
      substantially rectangular. The housing 22 and a bottom retainer 62
      cooperate to form an enclosure for the operating mechanism of the
      assembly. The housing 22 thus includes a pair of opposed side walls 24 and
      26 and spaced interconnecting walls 28 and 30. A top wall 31 connects all
      the other walls 24, 26, 28 and 30 to complete the housing enclosure. A
      handle 32 is integrally molded with the housing 22. The housing 22 and, in
      fact, all of the major parts of the lock of the present invention are
      preferably manufactured from a molded plastic material.
PAR  A slot 40 is formed in the mid-part of the top wall 31 and connects with a
      bolt opening 34 in wall 30, Slot 40 and opening 34 are formed to receive
      and cooperate with bolt 16. Slot 40 thus extends about half the distance
      between walls 28 and 30. Opening 34 extends about half the distance
      through wall 30. Thus an outside surface land 33 of wall 31 and the bottom
      surface 35 of opening 34 cooperate with bolt 16 to position and guide the
      bolt 16.
PAR  The bolt 16 thus includes a forwardly extending strike engaging portion 36
      and an upwardly extending thumb engagement portion 38. The thumb portion
      38 projects above the top wall 31 of the housing 22 in a direction
      perpendicular to the normal direction of travel of the bolt 16. Movement
      of the thumb portion 38 by manual operation of the bolt 16 thus causes
      relocation of the entire bolt 16.
PAR  The portion 38 extends through the slot 40 defined in top wall 31. A flange
      portion 39 of the bolt 16 extends from the thumb portion 38 to maintain
      the bolt 16 in housing 22 even when bolt 16 is extended as in FIG. 3.
      Flange portion 39 thus cooperates with surface land 33.
PAR  The remaining portion of the bolt 16 is defined by a pair of bifurcated
      arms 42 and 44 in the enclosure of housing 22. The structure of these arms
      42 and 44 is illustrated in greater detail in FIGS. 7, 8 and 11. The arms
      42 and 44 are separated so that a locking catch or bar 46 may slide freely
      therebetween. The arms 42 and 44 each include leading shoulder surfaces 48
      and 50, respectively, which are adapted to cooperate with wall 30 and
      limit the travel of the bolt 16 in response to biasing force of a spring
      52. Spring 52 is positioned intermediate bolt 16 and the middle of wall 30
      in a pocket defined by the thumb portion 38 and arms 42, 44.
PAR  At the end of each bifurcated arm 42 and 44 opposite the shoulders 48 and
      50, respectively, the arms 42 and 44 terminate with upwardly extending
      projections 54 and 56. The projections 54 and 56 cooperate with a radial
      flange 58 on a shifter 60. Shifter 60 is mounted within the housing 22 for
      rotation about an axis perpendicular to the direction of bolt travel. The
      travel of the bolt 16 in response to rotation of the shifter 60 is thus
      dependent upon the radial distance between the point flange 53 of shifter
      60 engages projections 54 and/or 56 of bolt 16 and the axis of rotation of
      shifter 60. By adjusting the particular radial distance, it is possible to
      adjust the amount of travel imparted by shifter 60 to the bolt 16.
PAR  The shifter 60 is retained within the housing 22 by means of the bottom
      retainer 62 as shown in FIGS. 6, 9, 10 and 12. That is, the bottom
      retainer 62 includes an opening 64 therethrough. The opening 64 defines a
      flange cooperative with an annular ridge 66 adjacent flange 58 to thereby
      maintain the shifter 60 in rigid communication with shifter sliding or
      bearing surfaces 43 and 45 defined on the arms 42 and 44, respectively, of
      the bolt 16. A four-sided port 63 projects from the shifter 60 outwardly
      from the plane defined by ridge 66 and retainer 62.
PAR  The shifter 60 includes a radial slot 68 in its bottom surface through
      flange 58. When shifter 60 is in position for free movement by rotation
      thereof, the slot 68 does not receive any member or other projection.
      However, when the locking catch 46, positioned intermediate the shifter 60
      and the bolt 16, is transported to its locking position as illustrated in
      FIG. 10, a locking projection 69 is likewise transported into the slot 68.
      This prevents rotation of the shifter 60 and operation of the bolt 16 by
      shifter 60.
PAR  Simultaneous with transfer of the locking catch 46 to the locking position
      illustrated by FIG. 10, the locking catch 46 which also includes a forward
      end projection 70, is positioned intermediate the bifurcated arms 42 and
      44. The end projection 70 engages inner shoulders 72 and 74 defined on
      arms 42 and 44 respectively. Thus, though the locking catch 46 is shifted
      to the locked position as illustrated for example in FIG. 11, the bolt 16
      may be manually displaced toward the unlocked or strike non-engagment
      position. Simultaneously, the locking catch 46 is transported toward the
      unlocked position by cooperation of shoulders 72, 74 and projection 70
      thereby disengaging the sliding member 69 from the slot 68.
PAR  A spring biased detent ball 76 biased by spring 78 is retained in the thick
      mid-part of wall 30. Ball 76 cooperates with detent openings 79 or 80 of
      catch 46 to retain the locking catch 46 in the unlocked or locked
      positions respectively. The unlocked position is thus illustrated in FIG.
      9. The locked position is illustrated in FIG. 10.
PAR  An alternative method for release of the locking catch 46 is illustrated in
      FIGS. 5, 11 and 12. There an access opening 82 is provided through the
      shifter 60. When the locking catch 46 is in the locked position as shown
      in FIG. 12, a rod or probe (not shown) may be directed through the access
      opening 82 to engage a cam surface 84 on catch 46 and drive the locking
      catch 46 to the right as illustrated in FIG. 11. The catch 46 thus
      releases the shifter 60 for rotation.
PAC  THE OUTSIDE ASSEMBLY
PAR  The outside assembly 12 includes a handle 86 which extends from a panel
      attachment section 86. Screw fasteners 88 and 89 extending through
      openings in housing 22 and the bottom retainer 62 of the inside assembly
      10 are threadably received by the section 87. In this manner, both the
      inside assembly 10 and outside assembly 12 are retained together in fixed
      position on the panel 18.
PAR  The outside assembly 12 includes a shifter drive knob 92 mounted in an
      opening 95 in panel section 87. The drive knob 92 includes an extension 94
      keyed to the port 63 extending from the shifter 62. In this manner,
      rotation of the drive knob 92 effects a like rotation of the shifter 62.
      The panel section 87 thus includes a flange 96 about opening 95 which
      cooperates with a circular complementary flange 98 of the shifter drive
      knob 92. In this manner, the shifter drive knob 92 is retained in position
      against panel 18.
PAR  The recess in panel section 87 defined by the flange 96 is not precisely
      circular as illustrated in FIG. 13. Stops 102 and 104 are included. Also,
      the flange 98 includes a projection 100. Projection 100 cooperates with
      stops 102 and 104, thereby limiting the travel of the shifter drive knob
      92 and the consequent amount of rotation which may be imparted to the
      shifter 60 by the knob 92. Finally, knob 92 includes an access opening 85
      normally aligned with opening 82 for access by a probe to cam surface 84
      as previously described. The locking lever 46 may thus be unlocked from
      the outside of the door or panel 18.
PAC  OPERATION
PAR  Thus, it can be seen that the structure of the present invention provides
      for a bolt 16 normally biased outwardly for engagement with a strike 14.
      Locking the door or panel 18 from the inside is effected by movement of
      the locking bar or catch 46 to prevent rotation of shifter 60. Unlocking
      of the locking catch 46 may be effected manually by moving the bolt 16,
      i.e., thumb projection 38, or by driving the cam surface 84 through access
      opening 82 and corresponding access opening 85 in the knob 92.
PAR  The amount of rotation of the shifter 60 is limited by cooperation of the
      knob projection 100 and stops 102, 104. The bolt 16 cooperates with the
      housing 22 to insure retention thereby. The locking catch 46 cooperates
      with the bifurcated arms 42, 44 of the bolt 16 to maintain proper
      alignment of the bolt 16 and the locking catch 46. Additionally, the
      locking catch 46, when in the locked position, includes projection 69 that
      engages the shifter slot 68 and prevents rotation of shifter 60,
      consequently preventing operation of the bolt 16 by rotation of the knob
      92.
PAR  The particular structure of the invention is especially compact and may be
      easily fabricated from plastic material thereby making it a desirable
      product for use in recreational vehicles and the like. However, the
      invention is not limited to a plastic component structure. Other materials
      may be used in the fabrication of the device. The invention is therefore
      to be limited only by the following claims and their equivalents.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved privacy lock construction comprising, in combination;
PA1  a housing for attachment to a panel, said housing including a bolt opening
      at one side;
PA1  a bolt projecting from said housing through said opening for cooperation
      with a strike, said bolt including a manual engagement portion external
      the housing on another side of said housing, said bolt also including
      bifurcated, separated arms extending within the housing opposite the
      direction of projected bolt travel, toward the strike, each of said arms
      including engagement means;
PA1  biasing means in said housing engaging said bolt and biasing said bolt
      toward the projected position;
PA1  rotatable shifter means rotatable substantially about an axis normal to the
      direction of bolt travel, said shifter means extending from within said
      housing intermediate said bolt arms, said shifter means including a post
      extending along the axis of rotation for connection with shifter drive
      means on the opposite side of said panel from said housing, said shifter
      means including radial projecting means for engaging said engagement means
      of said bolt and for driving said bolt against the biasing means upon
      rotation of said shifter means in either direction; and
PA1  a fixed, outside handle for attachment to the panel on the opposite side
      from said housing, said handle including an opening therethrough including
      an overlying flange for retaining shifter drive means against the panel.
NUM  2.
PAR  2. The improved lock of claim 1 wherein said outside handle includes a
      recess and wherein said shifter drive means includes a cooperating tab
      within said recess, said tab engageable with the edges of said recess to
      limit the rotation of said shifter drive means and the attached shifter
      means.
NUM  3.
PAR  3. The lock of claim 1 including a locking catch projecting into said
      housing and manually engageable to be positioned in a bolt lock and
      unlocked position, said catch including a projection member slidably
      receivable by said shifter whenever said locking catch is moved to the
      locked position.
NUM  4.
PAR  4. The improved privacy lock of claim 3 wherein said locking catch includes
      a leading edge section slidably received between the bifurcated arms of
      said bolt, said bolt and said locking catch being directly engaged along
      the line of bolt travel whenever said catch is in the locked position and
      separated whenever said catch is in the unlocked position, said bolt being
      manually transportable against said locking catch to disengage said
      locking catch from the locked position.
NUM  5.
PAR  5. The improved privacy lock of claim 3 including detent means for
      maintaining said locking catch in the locked or unlocked position.
NUM  6.
PAR  6. The improved privacy lock of claim 3 including an access opening defined
      in said lock from the side of the panel opposite the housing, said access
      opening positioned over a cam surface defined on said locking catch
      whenever said locking catch is in the locked position whereby a probe may
      be inserted through said opening to engage the cam surface and move said
      locking catch from the locked position.
NUM  7.
PAR  7. The improved privacy lock of claim 1 wherein said bolt includes a
      projection extending transverse to the direction of normal bolt travel
      from said housing, said projection being manually responsive, said
      projection also cooperative with said housing to engage and be stopped
      against said housing whenever said bolt is moved to the bolt unlocked
      position.
NUM  8.
PAR  8. An improved privacy lock comprising, in combination: a housing having a
      biased bolt projecting therefrom for engagement with a strike, a shifter
      mounted in said housing for rotation about an axis substantially normal to
      the direction of bolt movement, said shifter cooperatively engaging said
      bolt upon rotation of said shifter to cause movement of said bolt against
      the biasing force thereon, said shifter cooperable with manually operated
      drive means, and a locking catch having a locked and an unlocked position
      and cooperable with said shifter to prevent rotation thereof whenever said
      locking catch is in the locked position, said shifter including a slot,
      said slot extending in a plane substantially perpendicular to the axis of
      rotation of said shifter, said locking catch including a member for
      engagement with said slot whenever said locking catch is positioned in the
      locked position to thereby prevent rotation of said shifter and actuation
      of said bolt by the shifter drive means; and said bolt further including
      an external projection for manual operation of said bolt, said locking
      catch including a forward projection for cooperation with said bolt
      whenever said bolt is in the extended position and said catch is in the
      locked position, whereby manual operation of said bolt against the biasing
      force thereon disengages said locking catch from said shifter.
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ABST
PAL  A lock protector for wooden doors equipped with both the usual bolt or
      latch lock and the common safety chain, consisting of a strong metal door
      plate of U-form adapted to bridge the free edge portion of a door at the
      lock and apertured to pass the lock bolt, and a chain plate adapted to be
      strongly affixed to the door frame, the safety chain being permanently
      affixed to the door plate and detachably connected to the chain plate.
      Strong affixation of the plates to the door and door frame resists tearing
      out the chain connections by kicks, blows, or pressure applied to the
      door, and the form of the door plate offers similar protection to the bolt
      assembly. Additionally, the chain plate is specially formed to prevent the
      common type of break-in known as "credit card" entry.
BSUM
PAR  This invention relates to new and useful improvements in door hardware, and
      has as its principal object the provision of protecting means greatly
      strengthening a locked door against being broken open forcibly by kicks or
      shoulder blows applied thereto by would-be burglars or other intruders.
PAR  Many wooden doors are easily broken open by blows as described above, due
      in part to the fact that the bolt portion of the lock assembly, which
      projects outwardly through a bore in the free edge of the door for
      engagement in a striker plate fixed to the door frame, usually has a
      thickness, normally to the door plane, constituting a major portion of the
      door thickness, so that the bolt assembly is supported normally to the
      door plane only by quite thin sections of wood which may be broken away
      easily by blows on the outer surface of the door. Also, the present door
      constructions most commonly used are structurally quite weak, doors often
      being of hollow-core construction consisting of veneer panels separated
      only by edge strips of solid wood, and even so-called solid-core doors
      often consist only of thin veneer face panels with a core of pressed wood,
      which is formed of wood chips more or less solidly bonded together. Such
      pressed wood, while satisfactorily strong in large pieces when a load is
      applied over a large area thereof, is nevertheless very weak against
      localized stresses, and cannot supply a firm anchor even for a wood screw.
      With either of the door constructions described, the type of breakage
      described is still more easily accomplished. Also, pressed wood boards as
      described are often used in door frames.
PAR  If a door is equipped with a common safety chain, which permits the door to
      be opened to a slight degree while it is still secured against full
      opening by the chain, very similar problems are encountered, due to the
      virtual impossibility of providing suitably secure mounting of the end
      fittings of the chain on the door and door frame respectively. The small
      screws commonly used for securing these fittings to the door and door
      frame are completely inadequate to prevent opening of the door by ripping
      one end or the other of the chain free with a kick on the door. Also, if
      the lock bolt is of the spring loaded type rather than a dead-bolt, it
      usually can be retracted by a credit card or other thin member properly
      inserted between the door and door frame. As a result of all of these
      factors, many doors may be so easily forced open as to render the use of
      high quality lock hardware rather pointless, leading only to a sense of
      false security.
PAR  The present invention contemplates the provision of a lock protector
      assembly which largely solves all of the above enumerated problems in a
      satisfactory manner. The assembly includes a strong, U-shaped metal plate
      adapted to bridge the thickness of the door, around its free edge, and
      extending well above and below the lock bolt, the connecting portion of
      said door plate being apertured to pass the bolt and the plate being
      rigidly affixable to the door. The door plate in effect renders the entire
      thickness of the door, in the region of the lock, a solid, strong unitary
      structure, so that break-in by blows would require the forcible removal of
      a large section of the entire thickness of the door, rather than merely
      breakage of a thin wood section, often no more than one-quarter inch
      thick, at one face of the door. This door plate also serves as an anchor
      for one end of the safety chain. The assembly also includes a strong metal
      chain plate, to which the opposite end of the safety chain is detachably
      secured, and which is formed to be securely affixed to the door frame by a
      plurality of long screws extending at right angles to each other into the
      base structure of the door frame, not merely its surface members, so as to
      remain secure against any force ordinarily deliverable by physical means.
      The chain plate is also specially formed to bar the "credit card" type of
      entry. The assembly of course will not defeat a determined professional
      burglar, nothing will, but it will prevent entry by the more or less
      "amateur" or casual burglars who are apparently multiplying at an alarming
      rate. Hotel and apartment house operators report a radical rise in this
      type break-in. The present device will effectively prevent this type of
      entry by any single person not equipped with special tools.
PAR  Other objects are simplicity and economy of construction, efficiency and
      dependability of operation, and the provision of a lock protector which
      may be used either in conjunction with the existing lock hardware already
      installed in a door, or, with minor changes, supplied as original
      equipment by the lock manufacturer.
DRWD
PAR  With these objects in view, as well as other objects which will appear in
      the course of the specification, reference will be had to the accompanying
      drawing, wherein:
PAR  FIG. 1 is a fragmentary inside elevational view of a door and door frame,
      showing the lock and adjacent portions of the door and frame, and
      including a lock protector embodying the present invention,
PAR  FIG. 2 is a fragmentary elevational view of the face of the door frame
      confronting the free edge of the door,
PAR  FIG. 3 is a fragmentary elevational view of the free edge of the door,
PAR  FIG. 4 is a slightly irregular fragmentary sectional view taken on line
      IV--IV of FIG. 1,
PAR  FIG. 5 is a slightly irregular sectional view taken on line V--V of FIG. 4,
PAR  FIG. 6 is a perspective view of the chain plate portion of the lock
      protector, and
PAR  FIG. 7 is a perspective view of the door plate portion of the lock
      protector.
DETD
PAR  Like reference numerals apply to similar parts throughout the several
      views, and the numeral 2 applies generally to a wooden door of a type
      commonly used for dwellings, apartments and the like. The door is of
      course essentially a planar slab, and the particular door shown is of the
      so-called solid core type, consisting of spaced apart parallel sheets 4 of
      finish veneer with the space between said panels occupied by a filler core
      6 which is often merely pressed wood, or wood chips bonded together, and
      to panels 4, by a suitable adhesive. As previously noted, such doors are
      structurally very weak, and provide no secure anchorage for wood screws.
      Another door in common usage is the hollow-core door, in which the space
      between panels 4 is hollow except for spacer boards at the edges of the
      door. This type of door is structurally even weaker than the solid-core
      door shown. The free vertical edge of the door cooperates with a door
      frame 8 in the usual manner, the door frame including a door post formed
      by two vertical 2 .times. 4 boards 10, a frame facing board 12 affixed to
      the side of the post confronting the free edge of the door, and wall
      boards 14 and 16 (or frame trim boards) affixed respectively to the outer
      and inner faces of the post. The door closes against a stop strip 18
      nailed to frame facing board 12, as clearly shown in FIG. 4.
PAR  The door lock mechanism, many of the details of which are not pertinent to
      the present invention, includes a bolt 20 which projects horizontally
      outwardly through the free edge of the door for engagement in a hole 22
      formed therefor in a striker plate 24 securely affixed to facing board 12
      of the door frame by screws 26. Said striker plate is mortised into said
      facing board to lie flush with the exposed surface thereof. The bolt is
      slidable in a barrel 28 inserted inwardly into a bore 30 formed therefor
      in door core 6, and the barrel is provided with a face plate 32 affixed
      thereto, said face plate normally being mortised into the door to lie
      flush with the free edge surface of the door, and secured thereby screws
      34. However, this mounting of the bolt is not normally secure, due to the
      fact that door core 6 is locally quite fragile, and provides only poor
      anchorage for screws 34. The bolt is spring loaded outwardly in barrel 28,
      and its outer end is bevelled as indicated at 36 so that it will be cammed
      inwardly by striker plate 24 to permit closure of the door, but will then
      spring outwardly into hole 22 of the striker plate to prevent opening of
      the door until retracted by other means.
PAR  The bolt may be retracted from the striker plate against its spring by the
      turning of a bushing 38 carried rotatably, on an axis normal to the door
      plane, in an inward extension 40 of bolt barrel 28, said bushing being
      disposed within a bore 42 formed through the door normally to its plane.
      The mechanism within the barrel and its extension by which retraction of
      the bolt is accomplished by turning bushing 38 is common and well known in
      the art, and is not shown. The bushing is turned by rotation of a flat,
      elongated blade 44 also extending normally to the door plane, and
      extending non-rotatably through said bushing. At the outer face of the
      door, the blade engages a key mechanism 46 mounted externally of the door,
      and having a reduced base 48 engaged in bore 42 of the door, so that the
      blade may be turned to retract the bolt only by insertion of the proper
      key in a keyhole (not shown) of the key mechanism. At the inner face of
      the door, the blade engages a knob mechanism 50 also mounted externally of
      the door and having a reduced base portion 52 engaged in door bore 42, and
      including a manually operable knob 54 by means of which the blade may be
      turned without the necessity of a key. Obviously both the key mechanism
      and the knob mechanism may include standard doorknobs of ordinary design,
      but of course the knob of the lock mechanism could not be turned except
      when the proper key was inserted. The key and knob mechanisms both overlap
      the outer surfaces of the door adjacent bore 42, and are secured in place
      by a pair of screws 56 inserted outwardly of the door through the base
      portion of the knob mechanism and engaged in internally threaded bosses 58
      carried by the base portion of the key mechanism.
PAR  The structure thus far described is common in the art, but permits
      unauthorized entry by a sharp kick or shoulder blow to the outer surface
      of the door. As a result of such a blow, the bolt itself being restrained
      by striker plate 24, the bolt barrel 28 tends to break through the outer
      surface of the door as the door moves inwardly, by fracturing and tearing
      out of the door core 6 and veneer panel 4 directly adjacent the barrel,
      and the door is forced open. This can be done especially easily if the
      door core is pressed wood or other similarly fragile material, but is not
      difficult even if the door is a solid plank, since the diameter of the
      barrel is often nearly as great as the door thickness, leaving only thin
      sections of wood between said barrel and the door faces. If the door bolt
      is released but the door is equipped with a safety chain lock, it may
      still be forced easily by a sharp kick or blow, due to the difficulty of
      obtaining secure anchorage for the chain ends on the door and door frame.
      Such safety chains are ordinarily equipped with end fittings adapted to be
      affixed to the door and door frame by small wood screws. These provide
      little security if the door or door frame are formed of material which
      does not provide good anchorage for screws, and the door can still be
      kicked open.
PAR  The present lock protector has been designed to prevent or at least
      seriously inhibit these occurrences, as well as the common "credit card"
      type of break-in, in which stop strip 18 is pried away from the facing
      board 12 of the door frame, and a credit card or other slender object
      passed therebetween to engage the bevelled end 36 of the bolt to cam it
      free of striker plate 24. The present lock protector basically includes a
      door plate 60, a safety chain 62, and a chain plate 64, all as clearly
      shown in FIGS. 6 and 7.
PAR  Door plate 60 is formed of strong sheet metal, such as 16 gauge sheet
      steel, and is bent into a U-form as indicated in FIG. 7, in order to be
      adapted to be fitted snugly about the free edge portion of the door as
      best shown in FIG. 4, in the region of the lock mechanism. It includes a
      pair of spaced apart, parallel planar legs 66 which lie snugly against the
      inner and outer faces of the door, and a connecting portion 68 which
      bridges the free edge of the door. Legs 66 each have an aperture 70, which
      register with bore 42 of the door and receive the base portions 48 and 52
      of the key and knob mechanisms respectively therein. The screws 56
      securing the key and knob mechanisms thus also secure the door plate 60
      rigidly to the door. Connecting portion 68 is preferably mortised into the
      free edge of the door to lie flush therewith, which may be accomplished by
      merely enlarging the mortise originally formed for face plate 32 of bolt
      barrel 28. Said connecting portion is provided with an aperture 72 for
      accomodating face plate 32, and may also be provided with apertures 74 for
      receiving screws 76 for further securing the door plate to the door, but
      these screws provide little holding power if the door core is of pressed
      wood or the like, and may be omitted if desired. In the leg 66 at the
      inner face of the door is affixed a headed rivet 78 on which is
      permanently engaged one end link of safety chain 62. The rivet head at the
      inner surface of the associated leg 66 is accomodated by a cut-out 80
      formed in the mating surface of the door (see FIG. 4). The opposite end
      link of the safety chain has permanently mounted therein a stud 82 having
      a cylindrical head 84 with a peripheral groove 86 formed therein. Said
      stud is adapted to be engaged releasably in chain plate 64, as will
      appear.
PAR  Chain plate 64 is of dog-leg form as best shown in FIG. 6. It includes a
      central portion 88 adapted to lie flat against the exposed surface of
      facing board 12 of the door frame, substantially in registry with
      connecting portion 68 of the door plate. Its central portion is cut out,
      as indicated at 90, to accomodate striker plate 24, and it is preferably
      mortised into the facing board to lie flush therewith, and with the
      striker plate. Central portion 88 also has apertures 92 formed therein for
      receiving a plurality of long wood screws 94 adapted to extend well into
      the door post formed by 2 .times. 4 boards 10. Central portion 88 of the
      chain plate extends outwardly of the door to stop strip 18, and is
      provided at this vertical edge with a leg 96 overlying the inner edge of
      said stop strip. This leg is preferably mortised into the stop strip, but
      is not affixed thereto in any way. It is also provided with a lip 98, (see
      FIGS. 4 and 6), which extends to the full depth of the mortise formed in
      facing board 12 for the striker plate and for central portion 88 of the
      chain plate. Central portion 88 of the chain plate extends inwardly of the
      door frame beyond the inner vertical edge of frame facing board 12, and
      beyond the inner wall board 16, and is provided at this vertical edge
      thereof with a right-angled leg 100 which is spaced horizontally apart
      from said facing and wall boards. Leg 100 engages a trim strip 102 nailed
      to the associated wall board, and is provided with apertures 104 for
      receiving a plurality of long wood screws 106 which extend through leg
      100, trim strip 102, wall board 16, and well into the 2 .times. 4 boards
      of the door post. These screws are of course at right angles to screws 94.
      Also formed in leg 100 of the chain plate, adjacent the angle between said
      leg and central portion 88, is a vertical keyhole slot 108. The upper end
      of said slot is circularly enlarged as indicated at 110 to a diameter
      sufficient to receive head 84 of stud 82 therein, but its lower portion is
      sufficiently narrow to engage in groove 86 of said stud head when said
      stud is lowered, whereby to secure said stud in engagement. Trim strip 102
      is bevelled as shown or cut-out behind leg 100 of the chain plate, to
      permit insertion of the stud.
PAR  Operation of the lock protector is believed to be self-evident. If a kick
      or heavy blow is delivered to the outer surface of the door, it will tend
      to move the bolt barrel 28 outwardly relative to the door, but this
      movement will be resisted by outer leg 66 of the door plate, and the force
      on this leg will be transmitted by connecting portion 68 of the door plate
      to inner leg 66, which distributes the load over a large area of the inner
      surface of the door. Thus, for the door to yield, it is necessary not
      merely that a thin section of wood at the side of barrel 28 be broken out,
      but that a section of the entire thickness of the door, at least as great
      in area as the legs 66 of the door plate, be broken out. The area of these
      plate legs may be as great as desired, and this renders what was
      previously the weakest portion of the door its strongest portion, and
      places this type of breakin well beyond the physical strength of an
      ordinary man working without special tools. It will be apparent that much
      of the door strengthening effect provided by the door plate results from
      connecting portion 68 of said plate, which transfers load from one leg to
      the other of the plate, and could not be provided by the already well
      known practice of overlying the respective faces of the door, in the
      region of the lock, with separate metal plates affixed to the door, but
      not to each other as in the present concept.
PAR  Of course, when a blow of the type described is delivered to the door,
      striker plate 24 and its screws 26 are also subjected to heavy stress.
      These members may be strengthened or made heavier if desired, but it has
      been demonstrated in practice that it is nearly always the door which
      yields, not the door frame.
PAR  If lock bolt 20 is unlatched and the door opened slightly, but safety chain
      62 is engaged, doors are still often forced by kicking or the like as
      already described. The chain itself may readily be sufficiently strong to
      prevent this type of entry, but the end fittings of the chain are rather
      easily torn loose from the door or door frame when they are mounted in the
      usual manner, consisting usually of small screws engaged in wood. The
      present device also offers protection in this respect. The door end of the
      chain is solidly connected to door plate 60, which as previously described
      cannot yield without breaking out a large area of the entire thickness of
      the door, so this end of the chain cannot be disconnected from the door by
      any physical means within the strength of an ordinary man. The opposite
      end of the chain is engaged directly in chain plate 64, which in turn is
      secured by screws 94 and 106 to the door post itself, not merely to
      surface or trim boards. Since screws 94 and 106 are at right angles to
      each other, separation of the chain plate from the door frame by force
      would require strong pulling force in two directions at the same time,
      longitudinally of both sets of screws. This would require an extreme
      force, causing virtual demolition of the door frame, and is well beyond
      the physical strength of any ordinary man.
PAR  Perhaps the commonest type of illegal entry, at least where a door is
      equipped with a spring bolt and not a dead bolt, is the "credit card"
      entry, in which stop strip 18 is pried away from facing board 12 of the
      door frame, this being easy since the stop board is usually secured only
      by small nails, and a credit card or other thin, stiff member inserted
      therebetween and extended to engage the bevelled end 36 of bolt 20 and cam
      it out of engagement in the striker plate against its spring. The present
      device also offers protection against this type of entry. If the stop
      strip is pried out and the card inserted, it encounters only the leg 96 of
      the chain plate, and is blocked thereby against access to the bolt. Lip 98
      of this leg, which extends to the bottom of the striker plate mortise,
      prevents any tool from being inserted to pry leg 96 outwardly from the
      door frame. Said leg, not being connected to the stop strip in any way, is
      not pried outwardly with the stop strip.
PAR  Finally, it will be noted that while the door and chain plates are shown as
      apertured to accomodate the barrel face plate of the door lock and the
      striker plate of the door frame, it would also be possible to form the
      face plate and striker plate as integral portions of the door plate and
      chain plate respectively. In that case, the bolt barrel 28 would be
      affixed directly to connecting portion 68 of the door plate, which would
      then be apertured only to pass bolt 20 itself, and the striker plate
      aperture 22 would be formed directly in central portion 88 of the chain
      plate. This modification would offer a somewhat still greater strength, in
      that the holding force would then be completely independent of any
      connection of the striker plate and the barrel face plate to the door
      frame and door respectively, and would also better adapt the device for
      use as original equipment to be supplied by the manufacturer of the lock
      mechanism itself. As shown, the device is intended primarily for use on
      doors having previously installed lock mechanisms.
PAR  While I have shown and described a specific embodiment of my invention, it
      will be readily apparent that many minor changes of structure and
      operation could be made without departing from the spirit of the invention
     .
CLMS
STM  What I claim as new and desire to protect by Letters Patent is:
NUM  1.
PAR  1. In combination with a wooden door having opposite vertical faces and
      opposite vertical edge surfaces, a door frame to which one vertical edge
      of said door is hinged, and a lock mechanism including a bolt carried in
      said door and extendable from the free edge of said door, and a striker
      plate carried by said door frame and engageable by said bolt, a lock
      protector comprising:
PA1  a. a chain plate of right-angled form, a first leg of which overlies the
      face of said door frame confronting the free edge surface of said door,
      and the second leg of which overlies the face of said door frame toward
      which said door opens,
PA1  b. means affixing both legs of said chain plate rigidly to said door frame,
PA1  c. a safety chain, and
PA1  d. means attaching the respective ends of said safety chain to said door
      adjacent the free vertical edge thereof, and to said chain plate, one of
      said attaching means being readily detachable, said means attaching one
      end of said chain to said door comprising a strong, U-shaped metal door
      plate adapted to enclose the free edge portion of said door with its
      parallel legs overlying the faces of said door and the connecting portion
      thereof bridging the free edge surface of said door, one end of said chain
      being attached to said door plate, and means rigidly affixing said door
      plate to said door.
NUM  2.
PAR  2. A lock protector as recited in claim 1 wherein said means affixing said
      door plate to said door comprises:
PA1  a. abutment members overlying the respective parallel legs of said door
      plate at the outer surfaces thereof, and
PA1  b. tensile members extending through said door normally to the plane
      thereof and rigidly interconnecting said abutment members.
NUM  3.
PAR  3. A lock protector as recited in claim 1 wherein said door plate extends
      well above and below the bolt of the lock mechanism, and wherein its
      connecting portion is apertured to pass said bolt.
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ABST
PAL  The present invention provides a safety striker mechanism available and
      accessible from within an enclosure that is normally locked by means of a
      door-mounted latch. A freezer or refrigerator door, for example, may be
      provided with a door latch which is capable of being locked with a key.
      The door latch cooperatively engages a safety striker mechanism according
      to the invention which may be independently actuated from within the
      enclosure such that the striker member is disengaged from contact with and
      out of the path of the associated latch member. The result is the ability
      of a person otherwise trapped within the enclosure to reach safety. A
      novel linkage-type of mechanism having a plurality of pivot points
      translates rectilinear actuating movement into an arcuate movement of the
      striker member.
PARN
PAR  This application is a continuation-in-part patent application of my
      copending application Ser. No. 477,259 filed June 7, 1974.
BSUM
PAR  This invention relates generally to door latch and striker devices, and
      more particularly to an improved safety striker assembly for refrigerator
      and other doors which can be easily and conveniently mounted on a door
      jamb, such that persons caught inside the structure containing the door
      may simply and quickly open the door.
PAR  A number of persons every year are locked and trapped inside coldrooms,
      such as commercial freezers and refrigerators. Some die of the cold and
      many are terrorized by their inability to escape or manifest their
      presence inside the room. Many coldroom door latches may be locked by key,
      and since the very thick doors usually associated with coldrooms have a
      very high sound insulation, the risks of a locked-in person being unable
      to make his presence in a large coldroom known to others outside the
      coldroom is quite high.
PAR  On the other hand, there is often good reason for having a coldroom door
      latch that may be locked by key. Security and inventory-control measures
      often justify the use of locking means. There is, therefore, a growing
      need for a latch-striker cooperative assembly that possesses both primary
      features of being securely lockable as well as being safe. The latter
      feature is thought by many to be the paramount feature.
PAR  Many efforts to solve these problems have been made and are known to the
      art. A search of U.S. Patent Office records will reveal a host of prior
      art patents which specifically deal with mechanical means for preventing
      the entrapment of children in household and discarded refrigerators. Some,
      for example, utilize the child's weight to trigger a door-releasing
      device. Most are quite complicated, mechanically speaking, and their
      reliability leaves much to be desired.
PAR  Let us look now at certain prior art patents which, while not anticipatory
      of the present invention, disclose representative examples of previous or
      known efforts to solve some of the structural problems associated with the
      art embodying this invention. U.S. Pat. No. 3,346,288 to Cosentino
      discloses a safety lock device which provides for the opening of a lock
      from inside or outside of a locked structure. FIG. 3 of this patent
      illustrates a schematic representation of what is believed to be a rather
      unreliable linkage-type of mechanism. A lever 12 formed with a hooked end
      18 extends into a door 82 such that hooked end 18 engages portion 92 of a
      latch element. This engagement between the lever and latch element is
      supposed to prevent the opening of door 82. However, from the drawing a
      question is raised as to the effectiveness of the very lock itself. In
      order to utilize the Cosentino apparatus from inside the chamber 44 with
      which this mechanism is used, lever 12 is pivoted by means of the linkage
      and in response to a depression of pedal 68 such that hooked portion 18
      rises in an arcuate motion about the pivot point represented by a rivet 16
      until the hooked end portion 18 biases the latch portion 92 against the
      force of a spring 95 until this latch is pivoted and held by means of the
      same spring in a position illustrated in FIG. 4. In other words, in order
      to escape from the enclosure 44 utilizing the Cosentino discosure, it is
      necessary to manipulate and work the inner latch mechanism associated with
      latch handle 96. A considerable amount of movement, relatively speaking,
      is required since it is necessary to move spring 95 off center such that
      it is biasing latch element 88 in a clockwise direction, as opposed to the
      normally locked counterclockwise direction. The counterclockwise direction
      is best illustrated in FIG. 3, while the clockwise biasing is best
      illustrated in FIG. 4.
PAR  U.S. Pat. No. 3,412,586 to Sterner similarly discloses a safety lock for
      coldrooms and the like wherein a rotatable keeper for use with a locking
      bolt is formed with a notch occupying a portion of the cross section of
      this keeper. During the normal locked position, this bolt 3 is shown in
      FIG. 3 of this patent to engage and interfere with the rectilinear
      retraction of keeper 9, which has a generally cylindrical shape. However,
      upon rotation of keeper 9 to a position illustrated in FIG. 7, for
      example, the bolt is forced to assume a position in which it bears against
      the unnotched part of the keeper in a configuration which will enable the
      opening of the door from inside the room closed by this door without the
      use of a key.
PAR  Again, as in the case of the Cosentino patent, the Sterner mechanism
      requires a manipulation of the latch mechanism - in this case the bolt
      against the normally downward biasing force of spring 4.
PAR  U.S. Pat. No. 2,772,110 to Petrochko discloses a safety striking plate for
      use with door locks and illustrates the use of a retractable bolt member
      normally seated within a socket of the keeper member to prevent the keeper
      from pivoting. FIG. 6 of the Petrochko patent illustrates the retracted
      bolt, but also illustrates the need for interfering pivotal movement of
      the keeper in order for the latch to move to an open position.
PAR  While I do not wish to minimize the inventiveness and efforts of the
      inventors associated with the aforesaid three prior art patents, and while
      these people may be attempting to solve a problem that is similar to one
      of the problems solved by the present invention, it is worth mentioning a
      couple of representative drawbacks of these mechanisms. Firstly, if we are
      to provide a person locked in a coldroom with a reliable and easy means of
      escape through a door which is locked by a locked latch assembly, it is
      imperative that the structure provided for this purpose be quite highly
      reliable and devoid of unnecessary interactions with the locked latch
      assembly itself. In all three of these patents the reader will see that it
      is necessary in one way or another to influence inner latch elements that
      are normally locked. None of these patents disclose means which bypass
      entirely the locked latch such that it is unnecessary to move or
      manipulate elements that have been set in locked positions. Not only does
      this manipulation that is required in these three patents necessitate
      forces capable of overcoming the biasing forces of springs in each case,
      but should for any reason the latch that is locked malfunction or freeze,
      the locked-in person is simply not provided with independent means of
      disengaging the latch from the striker. In this way, the extra forces
      normally or conventionally required to overcome the spring forces in the
      locked latch assembly are simply not required and the task of the
      locked-in person seeking to extricate himself is made quite a bit easier.
PAR  Accordingly, it is an object of the present invention to provide a safety
      striker mechanism that can be used with a variety of latch assemblies of
      the locking type, and which will provide a safe and rapid means of escape
      from an otherwise locked enclosure.
PAR  Another object of this invention is to provide a combination latch and
      striker assembly capable of performing the above-mentioned functions.
PAR  Yet another object of this invention is to provide a safety striker
      mechanism which may be disengaged from within its associated enclosure
      without influencing or moving the locking mechanism of its associated
      latch assembly.
PAR  A further object of this invention is to provide a safety striker mechanism
      capable of being manipulated from within an enclosure and which is
      independent of the latch assembly with which it is normally associated
      when the latter is locked.
PAR  Another object of this invention is to provide a safety striker mechanism
      which provides the user with the security associated with a locked latch
      and striker assembly combination, but which further provides the user with
      the aforementioned safety features.
PAR  Still another object of this invention is to provide a novel mechanism for
      use with a safety striker mechanism, and which is relatively simple in
      design, relatively economical to produce, and highly reliable under
      repeated use.
PAR  According to one aspect of the present invention, the novel means and steps
      which are employed to overcome the disadvantages of prior art solution
      associated with the problems sought to be overcome by this invention
      include a safety striker mechanism for use with enclosure door latches or
      the like. The door latches referred to may be of the type having a movable
      keeper latch member adapted to releasably engage and be captively held by
      a stationary striker member when in a locked condition. According to this
      invention, a safety striker mechanism employs a movable striker member
      formed with surfaces normally disposed in the path of and capable of
      holding said latch member when its associated door latch is in a locked
      condition. However, safey release means which may be actuated
      independently of said door latch and which are accessible from within an
      enclosure locked by said door latch, may urge said striker member out of
      the path of the latch member, thereby unlocking the door and permitting
      ingress to and egress from said enclosure without manipulating, moving or
      influencing the mechanism associated with the latch member.
DRWD
PAR  My invention will be more clearly understood from the following description
      of a specific embodiment of the invention, together with the accompanying
      drawings, wherein similar reference characters denote similar elements
      throughout the several views, and in which:
PAR  FIG. 1 is a fragmentary perspective view shown in exploded form and which
      illustrates the interrelationship between the safety striker assembly
      according to this invention and its associated lockable latch assembly;
PAR  FIG. 2 is a fragmentary sectional elevational view of a portion of the
      strike assembly shown in FIG. 1;
PAR  FIG. 3 is a fragmentary sectional elevational view looking along line 3--3
      of FIG. 2, and illustrates the novel mechanism associated with the safety
      strike assembly of this invention;
PAR  FIG. 4 is a fragmentary sectional elevational view similar to that of FIG.
      3 but illustrating the interrelationships of moving parts of the mechanism
      according to this invention;
PAR  FIG. 5 is yet another fragmentary sectional elevational view similar to
      FIGS. 3 and 4 but further illustrating the safety strike assembly
      according to this invention in a position in which it is unlatched; and
PAR  FIG. 6 is a fragmentary sectional elevational view similar to that depicted
      in FIG. 3, illustrating a preferred commercial embodiment of the present
      invention which utilizes a latch assembly having a roller tongue assembly.
DETD
PAR  Referring now in more detail to the drawings, it must be emphasized here
      that a number of terms and expressions used throughout this specification
      to designate elements and assemblies of elements of the present invention
      have been chosen merely as a matter of convenience for the reader. It must
      also be emphasized here that the latch and lock arts contain many
      expressions and terms which often delineate and describe the same element
      for a combination of elements. Therefore, I have chosen to designate by
      the term "latch" that portion of the overall door-locking assembly which
      is mounted on the door and is most easily recognized in FIG. 1 by its
      associated upstanding handle. The cooperative jambmounted assembly which
      forms a significant part of the present invention has been generally
      designated a "strike assembly" in order to clearly distinguish between the
      cooperative but structurally independent mechanisms.
PAR  In FIG. 1, a latch assembly 10 and a strike assembly 11 are shown in an
      exploded illustration spaced from one another. My use of the word
      "strike", as opposed the word "striker", to describe strike assembly 11
      has been done without any intention of altering the conventional meaning
      of these somewhat synonymous words.
PAR  Latch assembly 10 is easily mounted on the edge of a door and, as shown in
      FIG. 1, may be mounted flush with the surface of the door to eliminate all
      hazards of protruding hardware. The body or housing 12 of latch assembly
      10 is preferably made of high-pressure zinc die-casting, while the
      upstanding handle 13 is preferably brass. Highly polished chromium plating
      is preferably used as a finish on these parts, although the present
      invention contemplates using comparable and equivalent materials other
      than zinc and brass.
PAR  Latch assembly 10 is shown in FIG. 1 mounted upon the edge of a door 14
      equipped with a gasket 15 of a conventional type. For purposes of
      illustration, door 14 will be described as the door of a coldroom or
      refrigerator of the type which may be entered by personnel. Since the
      coldroom, refrigerator or freezer with which the present invention may be
      used does not, itself, constitute a part of this invention, there has been
      no effort to specifically illustrate such an enclosure.
PAR  FIGS. 3, 4 and 5 further and perhaps better illustrate a portion of the
      inner mechanism of latch assembly 10. For example, a handle insert 16 is
      shown pivotally supported upon a pin 17 which, in turn, is supported by
      the walls of latch assembly housing 12. Handle 13 is mounted for pivotal
      movement in much the same manner upon pin 18 which, likewise, extends
      through the walls of latch assembly housing 10. Ends of pins 17 and 18 are
      illustrated as extending through housing 12 in FIG. 1.
PAR  A curved slot 19 formed in the base of latch assembly handle 13
      accommodates pin 17 during times when handle 13 is pulled by the user to
      open the door. In a preferred embodiment of this invention, the walls of
      handle 13 defining the extremity of slot 19 may serve as a positive stop
      which limits this operational movement of handle 13 by coming into bearing
      contact with the surfaces of pin 17. Handle 13 is further formed with a
      chamfer or flat 20 above slot 19 which joins the edges of slot 19 with
      vertical wall 21 of handle 13. A recess 22 is defined by substantially
      vertical surface 23 and lower surface 24 of handle 13, this recess
      providing operational clearance for portions of handle insert 16, as will
      be more apparent from the description below. Of course, the outer surfaces
      and gripping portion of handle 13 are highly polished, smooth and have no
      sharp edges or burs that would interfere with the intended comfortable and
      relatively easy manipulation of this handle.
PAR  Handle insert 16 in this specification is shown as being of a friction-type
      catch, as opposed to a rollertype catch. This invention contemplates the
      use of any number of different types of handle shapes and handle insert
      types and shapes without departing from the scope and spirit of the
      invention. Handle insert or catch 16 includes a depending leg 25 which is
      integrally formed with a hooked portion 26 defining a recess 27
      therebetween. The boundary of recess 27 farthest from pin 17 is defined by
      bearing surface 28 of hooked portion 26.
PAR  An intermediate portion 29 formed with an upper surface 30 joins depending
      leg 25 with hooked portion 26 to form an integral structure.
PAR  Handle insert 16 is capable of pivoting between two extreme positions, one
      of which is shown in FIG. 3, for example. From the position shown in FIG.
      3, handle insert 16 is capable of pivoting clockwise about the axis of pin
      17 to a position where upper surface 30 of intermediate portion 29 comes
      to bear against the surfaces of chamfer 20 of handle 13. Thus, when door
      14 is closed by a person holding handle 13, the latching action afforded
      by handle insert 16 is capable of working independently of the handle
      itself such that the operator will not experience handle-jolt when he
      slams door 14 shut.
PAR  It has already been stated that the present invention contemplates
      utilizing a novel safety striker or strike assembly with any number of
      types of latch assemblies. For purposes of illlustration here, latch
      assembly 10 has been shown as being a type which possesses a cylinder lock
      assembly 31 which is capable of being locked and unlocked with a key (not
      shown). By inserting and turning a key within cylinder body 32 of lock
      assembly 31, the user is able to lock or prevent pivotal movement of
      handle 13 via the upward disposition of a locking plate 33, which is
      cooperatively supported by the cylinder body 32. In FIG. 3, for example,
      locking plate 33 is shown in its locked position whereby counterclockwise
      movement of handle 13 about the axis of pin 18 is interfered with by the
      presence of locking plate 33 in the path of the lowermost inner portions
      of the handle. If a user were to pull outwardly on handle 13, the
      lowermost portions of this handle would strike locking plate 33 and would
      thereby prevent the counterclockwise pivotal movement of handle insert 16
      necessary to disengage same from the strike insert, which is described in
      detail below. Likewise, by turning the key in the opposite direction,
      locking plate 33 may be dropped such that a user on the outside of the
      enclosure closed by door 14 may gain access to the enclosure. It is
      important here to re-emphasize the fact that strike assembly 11 may be
      used with other types of lockable latch assemblies, such as those capable
      of accommodating a padlock, for example. In many such cases provision is
      made in or on the handle of the latch assembly for attaching a padlock.
PAR  Let us now turn our attention to strike assembly 11 which interacts with
      latch assembly 10 in the preferred embodiment being described herein.
      Strike assembly 11 may be mounted any number of ways such that it is
      supported by a relatively stationary door jamb, generally designated
      reference character 34 in the drawings. With varying types of coldroom or
      refrigerator structures, the structural makeup of the coldroom walls
      and/or door jambs will vary. This invention contemplates using strike
      assembly 11 in a manner in which it is mounted directly through the door
      jamb or coldroom wall, or, in the alternative, supported by a separate
      bracket structure in instances where that is either necessary or more
      desirable. Strike assembly 11 is of a type which may be used to replace
      existing strike assemblies which do not afford the safety features
      hereindescribed. Only for purposes of illustration, FIG. 3, for example,
      illustrates the jamb structure 34 as being a composite of insulating
      material 35 to which a metallic covering or face plate 36 is integrally
      secured. It is cover material 36 against which gasket 15 comes to rest to
      provide a reliable substantially air-tight seal.
PAR  Strike assembly 11 comprises a mechanism housing 37 formed with outwardly
      extending flanges 38 and 39 which, in turn, bear against the peripheral
      face portions of cover material 36 adjacent an opening 40 formed in door
      jamb 34. Opening 40 may be of any configuration which will accommodate the
      shape of strike assembly housing 37. Housing 37 is secured to door jamb 34
      by means of flat-head bolts 41 which extend from countersunk openings in
      flanges 38 and 39 through cover material 36, thereafter through insulation
      material 35, through inwardly directed flanges 42 and 43 of bracket
      assembly 44, and finally into threaded engagement with their respective
      nuts 45. Bracket assembly 44 serves to support the rearward end of strike
      assembly 11 by providing at its rearward wall 46 an opening 47
      therethrough which accommodates a rod 48 of the strike assembly. Mounting
      plate 49 is secured to rearward wall 46 by means of fasteners or bolts 50
      which extend through the mounting plate 49 to threaded engagement with
      wall 46. Mounting plate 49 provides a bearing surface against which
      helical compression spring 51 comes to bear at one end thereof. At its
      opposite end, spring 51 bears against the hub 52 of knob 53 which, in
      turn, is secured by means of a rollpin 54 to rod 48. It is knob 53 that is
      utilized by a lock-in person to actuate the safety strike assembly 11, as
      will become more apparent from the following description.
PAR  Strike assembly housing 37 supports pins 55 and 56, which extend
      therethrough. Pin 55 may be a rollpin or other suitable solid
      configuration, while pin 56 is preferably a solid cylindrical member. A
      lever member 57 is mounted for pivotal movement upon pin 55 and is
      disposed within what can be described as an internal hollow 58 defined by
      the walls of housing 37. Hollow 58 terminates at its upper extremity in an
      elongated slot 59 formed with a generally cylindrical groove 60 at a
      rearward end thereof. Slot 59 and groove 60 enable the rather easy and
      inexpensive assembly of the strike assembly components located within
      hollow 58 during use.
PAR  Lever member 57 is generally elongated with a depending mounting hub 61
      integrally secured to a tail portion 62 at one end thereof, and a
      depending finger 63 at its opposite end. Tail portion 62 extends into
      rearward hole 64 of housing 37 such that counterclockwise movement of
      lever member 57 is limited by the abutment of tail portion 62 against the
      upper surfaces of rearward hole 64. Lever member 57 is normally biased in
      a counterclockwise direction about the axis of pin 55 by means of helical
      compression spring 65. The vertical width of rearward hole or slot 64 is
      sufficiently large to enable noninterfering clockwise movement of tail
      portion 62 about the axis of pin 55.
PAR  A bar member 66 is formed with a mounting hub or boss 67 which is pivotally
      secured to pin 56, such that bar member 66 is free to pivotally rotate in
      limited amounts about the axis of pin 56. Approximately midlength along
      bar member 66 and substantially vertically above pin 56. A roll pin 68 is
      secured to and extends between flanges 69 forming an integral part of bar
      member 66. Pin 68 provides the means of support for a link member 70
      which, in turn, is pivotally supported at its forward end upon pin 68.
      Before describing link member 70 in a bit more detail, let us remain with
      bar member 66 so that its structure is clearly defined.
PAR  Bar member 66, along its other uses, provides the means of support of
      strike insert 71. It is strike insert 71 which coacts cooperatively with
      handle insert 16 to provide the locking arrangement between the latch
      assembly 10 and strike assembly 11. An L-shaped bracket 72 formed with a
      vertical leg 73 and a shorter horizontal leg 74 interconnects strike
      insert 71 and its basic supporting member, bar member 66. Elongated
      vertical leg 73 of bracket 72 is secured to bar member 66 by means of
      fasteners or bolts 75. By providing slotted openings through leg 73 to
      accommodate bolt 75, vertical adjustment of strike assembly 71 is
      facilitated. Similarly, a bolt 76 extends through a slotted hole formed in
      leg 74 of bracket 72 and into threaded engagement with strike insert 71,
      to provide vertical adjustability of the strike insert 71 with respect to
      strike assembly 11.
PAR  Looking now at link member 70, its shape and configuration is somewhat
      unique and critical to the novel interrelated movement between these
      various inner components housed within housing 37. Link member 70 includes
      an upstanding finger 77 which, when strike assembly 11 is in its
      non-actuated state, bears against finger 63 of lever member 57, thereby
      preventing movement of link member 70 to the left as viewed in FIG. 3.
      Link member 70 is further formed with an irregular body portion 78 which
      defines an elongated slot 79 therethrough. Slot 79 extends for a short
      distance in a horizontal direction and thereafter extends upwardly at an
      obtuse angle with respect to its substantially horizontal extension. A pin
      80 which is secured to the forward end of rod 48 extends through the
      horizontal extension of slot 79 and is biased by means of helical
      compression spring 51 rearwardly against the extremity of this horizontal
      extension of slot 79.
PAR  Looking now at the cooperation and interraction between the several
      elements of safety strike assembly 11, it should first be noted that the
      interfering bearing action between finger 63 of lever member 57 and finger
      77 of link member 70 normally prevents the counterclockwise rotation or
      pivotal movement of bar member 66 about the axis of pin 56. In this way, a
      positive locking is achieved between strike insert 71 and hook portion 26
      of handle insert 16. In cases where cylinder lock assembly 31 is in a
      locked condition with locking plate 33 preventing the pivotal movement of
      handle 13 from being completed, a party outside door 14 is unable to gain
      access to the enclosure which is sealed by door 14. If this party pulls on
      handle 13 he will realize it is locked relatively immediately. In cases
      where cylinder lock assembly 31 is not locked, or is unlocked by the
      holder of a key compatible with this locking assembly, handle 13 may be
      pulled and rotated counterclockwise about the axis of pin 18 such that
      handle insert 16 will rotate about the axis of its pin 17 until hook
      portion 26 clears the normally stationary strike insert 71.
PAR  The descriptions of the operation of handle 13 and latch assembly 10 in the
      previous paragraph is of interest, but does not help a locked-in party who
      has been entrapped within the coldroom sealed by door 14. It should be
      emphasized here that the danger of entrapment of individuals or personnel
      within a coldroom or walk-in cooler has always been a concern of the
      industry. Such entrapments may occur accidentally, or may result from the
      malicious conduct of another party. Evidence of governmental concern about
      this issue can be found in the enactment of state safety laws which
      require safety latches for walk-in boxes. The state of California, for
      example, has enacted such laws. Other governmental agencies, such as the
      U.S. Army Quartermaster Division and the Veterans Administration expressly
      specify safety-type latches for their equipment.
PAR  According to the present invention, if we look at FIGS. 3, 4 and 5, it can
      be seen that an entrapped or locked-in party who cannot receive help from
      outside the coldroom locked by latch assembly 10 is able to push knob 53
      against the compressive forces of helical spring 51 to the left, as shown
      in FIG. 3, or toward door 14. As knob 53 is pushed by the entrapped
      person, rod 48 and its pin 80 likewise move such that pin 80 rides forward
      in slot 79 toward bar member 66. During initial movement in this
      direction, pin 80 freely moves without engaging any interfering surfaces.
      However, once pin 80 has moved a sufficient distance to engage wall 81
      which defines the leftmost boundary of slot 79, pin 80 is urged against
      wall 81 by the force of the entrapped party pushing upon knob 53. The
      result is an eccentric force applied on wall 81 and displaced an eccentric
      or offset distance below the axis of pin 68. A moment or pivotal force is
      thus created such that link member 70 pivots in a clockwise direction
      about the axis of pin 68 to a position better illustrated in FIG. 4. Of
      course, link member 70 need not be forced to this extreme position shown
      in FIG. 4 and may assume any number of noninterfering positions once same
      has been rotated about the axis of pin 68 to a point where fingers 63 and
      77 are no longer in contact with one another.
PAR  Yet further pushing upon knob 53 during one complete stroke by the
      locked-in or entrapped party results in yet another moment or eccentric
      force. This second or additional moment which occurs subsequently to the
      moment or pivoting of link member about the exis of pin 68 comprises a
      force which is eccentric and above the axis of pin 56. More simply stated,
      pin 80 which is pushed against wall 81 of link member 70 now causes forces
      to be transmitted from wall 81, through link member 70 and into pin 68,
      such that a substantially horizontal force caused by the force transmitted
      through rod 48, and which is eccentric initially at a distance between the
      axes of pins 56 and 68, causes bar member 66 and the elements which bar
      members 66 carry, to pivot in a counterclockwise direction about the axis
      of pin 56. This counterclockwise pivoting of bar member 66 about the axis
      of pin 56 is facilitated by the initial pivoting of link member 70 out of
      interfering relationship with lever member 57. FIG. 5 illustrates the
      pivoting of bar member 66, bracket 72 and strike insert 71 in a
      counterclockwise direction about the axis of pin 56. It should be noted
      that strike insert 71 is actually pivoting out of the locked and
      interfering relationship with hook portion 26 of handle insert 16 during
      actuation and operation of safety strike assembly 11. Strike insert 71
      simply bears against depending leg 25 and gently urges door 14 open to a
      position shown in FIG. 5, without requiring the otherwise counterclockwise
      pivoting of handle insert 16 about its pin 17. Thus, movement or
      manipulation of handle insert 16 and the components of cylinder lock
      assembly 31 are simply not at all required with the present invention,
      since the entrapped party's pushing upon knob 53 pivots strike insert 71
      out of the otherwise interfering path of hook portion 26 of handle insert
      16. There is, therefore, no need for bearing or interaction between strike
      insert 71 and the bearing surfaces 28 of hook portion 26.
PAR  I wish to emphasize here that the relative sizes and protruding links of
      fingers 63 and 77 are predetermined and may vary. Thus, the present
      invention contemplates the double pivoting action described above and
      illustrated in FIGS. 4 and 5 without the displacement of lever member 57
      about the axis of its pin 55. In other cases which reflect a matter of
      mere choice of design, finger 77 of link member 70 may slightly engage the
      end of finger 63, such that lever member 57 is pivoted in a clockwise
      direction about the axis of pin 55 against the biasing compressive forces
      of spring 65. I wish to further emphasize here that the pivotal movement
      of lever member 57 just described is not at all necessary for the present
      invention to function according to its intended purposes. It may, for
      example, be desired to minimize the forces required on the part of the
      entrapped party against knob 53 and, in such cases, the less interference
      between the elements comprising safety strike assembly 11, the better.
PAR  Before concluding this specification, a number of comments are worth
      setting forth here. Firstly, the shapes and structural configurations of
      many of the elements of safety strike assembly 11 may be varied without
      departing from the spirit of this invention. Substitutions may be made in
      the structures used, and, as already emphasized, safety strike assembly 11
      may be used with any one of a number of varieties of latch assemblies. For
      example, it is contemplated that safety strike assembly 11 be used with a
      latch assembly incorporating a roller catch, which will act smoothly and
      silently. In all cases, the cooperation between latch and strike
      assemblies 10 and 11, respectively, will provide relatively easy action
      for opening and closing doors. The latch is released from inside or
      outside with a minimum pressure or pulling. In all cases, the latch will
      provide a positive air-tight closure with each simple operation. Should
      the coldroom door become frosted, it is possible to utilize the handle of
      latch assembly 10 as a "frostbreaker", wherein the exertion of lever
      pressure against the striker will open the frozen door relatively easily.
      From a security standpoint, it is important to reemphasize that,
      notwithstanding the ability of an entrapped person to extricate himself
      from the closure sealed by door 14, the overall combination of latch and
      striker assemblies 10 and 11 provide a fool-proof, pilfer-proof mechanism.
      Thus, the latch cannot be jimmied open nor can the tongue be forced to
      release the latch.
PAR  The attention of the reader of this specification is now directed to FIG. 6
      wherein latch and strike assemblies 10' and 11' are illustrated in a
      fragmentary sectional elevational view. For purposes of illustration, FIG.
      6 has been added to the other drawings to illustrate the use of a
      preferred alternative commercial embodiment of a strike assembly 11' with
      a latch assembly 10' wherein a latch roller and tongue assembly
      combination is utilized. It should be noted that I have added a prime (')
      adjacent every element of strike assembly 11' which corresponds to the
      identical reference character previously described above for strike
      assembly 11. In this way the reader is not burdened with redundancy and it
      must be emphasized that the operation of strike assemblies 11 and 11' are
      substantially identical.
PAR  It has already been stated above that strike assembly 11, and also strike
      assembly 11', may be used with any number of different types of latch
      assemblies. It is, however, more desirable to utilize strike assemblies 11
      and 11' with certain types of latch assemblies in order to achieve the
      most favorable and optimum results, even though the use of alternative
      types of latch assemblies will provide satisfactory and novel results.
PAR  In FIG. 6, I have utilized a prime (') adjacent each reference character
      corresponding to the reference characters of latch assembly 10. However,
      latch assembly 10' employs a tongue assembly 86 through which pins 87 and
      88 extend. Pin 87 provides means for the pivotal support of tongue
      assembly 86 about the axis of pin 87. Pin 88 provides the rotary support
      of latch roller 84, which engages strike insert 71 or 71' during the
      locked condition of strike assembly 11'. Latch roller 84 functions in a
      manner equivalent and corresponding to handle insert 16 already described
      above for FIGS. 1-5.
PAR  The use of helical spring 83 supported upon spring support rod 82
      facilitates the clockwise-biased pivotal rotation of tongue assembly 86
      against the progressively increasing spring force of leaf-type spring 85.
PAR  Again, the operation of strike assembly 11' is substantially identical to
      the operation of strike assembly 11 and the entrapped or locked-in person
      within a coldroom will be able to extricate himself via the operation of
      these novel means.
PAR  The embodiment of the invention particularly disclosed and described
      hereinabove is presented merely as an example of the invention. Other
      embodiments, forms and modifications of the invention coming within the
      proper scope and spirit of the appended claims will, of course, readily
      suggest themselves to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety striker mechanism for use with enclosure door latches or the
      like of the type having a movable keeper latch member adapted to
      releasably engage and be captively held by a stationary striker member
      when in a locked condition, said safety striker mechanism comprising, in
      combination, a striker member having surfaces disposed in the path of and
      capable of holding a latch member associated with a door latch in a locked
      condition, and safety release means actuated independently of said door
      latch and accessible from within an enclosure locked by said door latch
      for urging said striker member out of the path of said latch member
      thereby unlocking said door and permitting ingress to and egress from said
      enclosure without substantially moving said latch member, said safety
      release means comprising a bar member supporting said striker member and
      itself supported for pivotal movement about a first axis, a link member
      supported by said bar member for pivotal movement about a second axis, a
      lever member cooperative with said link member and supported for pivotal
      movement about a third axis, and actuating means cooperative with said
      link member for first causing pivotal movement thereof about said second
      axis and only thereafter causing pivotal movement of the combination of
      said link member, said bar member and said striker member about said first
      axis, said lever member preventing said pivotal movement of said striker
      member during normal times when said actuating means is in a locked
      position, said lever member engaging and preventing pivotal movement of
      said link member about said first axis during said normal times.
NUM  2.
PAR  2. A safety striker mechanism according to claim 1, wherein said safety
      release means is inaccessible from without said enclosure.
NUM  3.
PAR  3. A safety striker mechanism according to claim 1, wherein said actuating
      means includes an elongated rod supported for substantially rectilinear
      reciprocatory movement between locked and unlocked positions, said
      pivotally supported bar and link members providing means for translating
      said rectilinear movement of the rod into arcuate movement of said striker
      member.
NUM  4.
PAR  4. A safety striker mechanism according to claim 3, wherein said link
      member is formed with a non-axial slot, said acuating means further
      including a pin member carried by said rod and movably disposed within
      said slot, whereby movement of said rod toward said unlocked position from
      said locked position will cause said pin to bear against link member
      surfaces defining said slot, thereby positively causing pivotal movements
      of said link and bar members, respectively.
NUM  5.
PAR  5. A safety striker mechanism according to claim 4, wherein said link
      member is further formed with a sloped bearing surface adapted to engage
      said lever member during movement of said rod from said unlocked position,
      thereby urging said lever member about said third axis against the biasing
      force of its associated spring to permit said link member to return to a
      restrained position occupied by it during said normal times.
NUM  6.
PAR  6. A safety striker mechanism according to claim 1, wherein said lever
      member is spring biased toward said link member about said third axis.
NUM  7.
PAR  7. A safety striker mechanism according to claim 1, wherein said actuating
      means rod is spring biased toward said locked position along an axis
      spaced eccentrically from both said first and second axes.
NUM  8.
PAR  8. A safety method of unlocking a door to an enclosure from within the
      enclosure, said door carrying a door latch having a movable keeper latch
      member adapted to releasably engage and be captively held by a stationary
      striker member when in a locked condition, the method comprising the steps
      of: urging a safety striker mechanism actuating member substantially
      rectilinearly from a locked position to an unlocked position, translating
      said rectilinear movement of said actuating member into arcuate movement
      of a link member which is normally engaged and restrained by a lever
      member about a second axis, said lever member normally preventing said
      arcuate link member movement during times when said actuating member is in
      said locked position, said step of translating further causing movement of
      said link member out of said engagement with said lever member, further
      and subsequently pivotally moving said link member, said bar member and a
      striker member integral with said bar member about an axis, said step of
      further and subsequent movement causing movement of said striker member
      out of the path of a door latch member, thereby unlocking a door carrying
      the latch and permitting ingress to and egress from an enclosure normally
      closed by said door without substantially moving said latch member.
NUM  9.
PAR  9. A safety striker mechanism for use with latches or the like of the type
      having a movable keeper latch member adapted to releasably engage and be
      captively held by a striker member, said safety striker mechanism
      comprising, in combination: a striker member having surfaces disposed in
      the path of a latch member and being capable of holding said latch member,
      a bar portion integral with said striker member and supported for pivotal
      movement about a first axis, actuating means cooperative with said bar
      portion and movable by a user between locked and unlocked positions for
      causing movement of said striker member out of said path of said latch
      member, link means carried by said bar portion and supported thereby for
      pivotal movement about a second axis for interconnecting said actuating
      means and said bar portions, and lever means cooperative with said link
      means for preventing pivotal movement of said link means about said second
      axis during times when said actuating means is disposed in said locked
      position.
NUM  10.
PAR  10. A safety striker mechanism according to claim 9, wherein said actuating
      means is inaccessible from without an enclosure normally locked by
      cooperation between said striker member and said latch member, said
      actuating means being accessible to a party within the enclosure seeking
      egress.
NUM  11.
PAR  11. A safety striker mechanism according to claim 9, wherein movement of
      said actuating means from said locked position to said unlocked position
      first causes pivotal movement of said link means about said second axis
      and thereafter causes pivotal movement of the combination of said link
      means and said bar portion about said first axis.
NUM  12.
PAR  12. A safety striker mechanism according to claim 9, wherein said actuating
      means includes an elongated rod supported for substantially rectilinear
      reciprocatory movement between locked and unlocked positions, said
      pivotally supported bar portion and link means providing means for
      translating said rectilinear movement of the rod into arcuate movement of
      said striker member.
NUM  13.
PAR  13. A safety striker mechanism according to claim 9, wherein said lever
      means comprises a lever member which is springbiased toward said link
      means about a third axis.
NUM  14.
PAR  14. A safety striker mechanism according to claim 13, wherein said
      actuating means comprises an actuating member which is spring-biased
      toward said locked position along an axis spaced eccentrically from both
      said first and second axes.
NUM  15.
PAR  15. A safety striker mechanism according to claim 9, wherein said link
      means comprises a link member formed with a non-axial slot, said actuating
      means including a pin member carried by an actuating member, said pin
      member being movably disposed within said slot, whereby movement of said
      actuating member toward said unlocked position from said locked position
      will cause said pin to bear against link member surfaces defining said
      slot, thereby positively causing pivotal movements of said link member and
      said bar portion, respectively.
NUM  16.
PAR  16. A safety striker mechansim according to claim 15, wherein said link
      member is further formed with a sloped bearing surface adapted to engage
      said lever means during movement of said actuating means from said
      unlocked position, thereby urging said lever means about a third axis
      against the biasing force of spring means associated with said lever means
      to permit said link member to return to a restrained position occupied by
      it during normal times.
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ABST
PAL  A collection receptacle for gathering leaves, twigs and the like for use
      with a plastic bag which includes an open cylindrical base having a
      scraper tray attached thereto and extending therefrom with integral
      handles and with a handle mounted to the base opposite the tray. A plastic
      bag is carried outside the cylindrical base and is retained thereon by
      frictional engagement between the handle and base and tray and base. The
      receptacle is preferably formed of three pieces of sheet plastic
      preferably retained in assembled condition by pins or a suitable adhesive,
      the nature of the securing determining the capability of disassembly for
      storage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a collection receptable of the open end
      collapsible type for use with plastic collection bags.
PAR  2. Description of the Prior Art
PAR  Many receptacles or carriers have been provided for use with plastic bags
      for collecting of leaves, twigs or other debris. Most of the receptacles
      presently available suspend the plastic bag from its open end, require the
      user to lift the debris into the bag and do not protect the bag from
      damage while loading and carrying.
PAR  The receptacle of my invention can be used as desired and as required in
      either a vertical or in a horizontal position, protects the bag during
      filling and carrying, and provides many other advantages not available in
      previously available receptacles.
PAC  SUMMARY OF THE INVENTION
PAR  A receptacle for the collection of debris in combination with a plastic bag
      which includes a cylindrical base open at the ends with a scraper tray
      affixed to and extending from the cylindrical base, the tray having hand
      hold openings and a hand hold opening for the base carried by a stiffener
      rib portion opposite the tray, with a bag locking action provided between
      the base and the tray and the stiffener rib portion and base to retain a
      plastic bag thereon during pick up and transportation of debris.
PAR  The principal object of the invention is to provide a receptacle that is
      simple to use and is labor saving.
PAR  A further object of the invention is to provide a receptacle that can be
      shipped in unassembled condition, easily assembled by the user and
      disassembled for storage.
PAR  A further object of the invention is to provide a receptacle that can be
      used with different sizes of bags.
PAR  A further object of the invention is to provide a receptacle that is simple
      to fabricate but is durable and of long service life.
PAR  Other objects and advantageous features of the invention will be apparent
      from the description and claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The nature and characteristic features of the invention will be more
      readily understood from the following description taken in connection with
      the accompanying drawings forming part hereof, in which:
PAR  FIG. 1 is a perspective view of the receptacle of the invention with a bag
      thereon in position for debris loading;
PAR  FIG. 2 is an exploded perspective view illustrating the component parts of
      the receptacle;
PAR  FIG. 3 is a perspective view illustrating the component parts of the
      receptacle ready for shipping or storage;
PAR  FIG. 4 is a vertical sectional view, enlarged taken approximately on the
      line 4--4 of FIG. 1, and
PAR  FIG. 5 is a fragmentary horizontal sectional view, still further enlarged,
      taken approximately on the line 5--5 of FIG. 4.
PAR  It should, of course, be understood that the description and drawings
      herein are illustrative merely and that various modifications and changes
      can be made in the structure disclosed without departing from the spirit
      of the invention.
PAR  Like numerals refer to like parts throughout the several views.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now more particularly to the drawings the collection receptacle
      10 is illustrated in FIG. 1 with a leaf and garden bag 11 engaged
      therewith. The bag used with the collection receptable, in a preferred
      embodiment, is of three mil thick vinyl plastic with a circumference of 66
      inches and a height of 48 inches. Large bags of 72 inches circumference
      are also popular and can be used with the same size receptacle. Other bags
      11 capable of assembly to the collection receptacle 10 as herein described
      can also be employed.
PAR  The collection receptacle 10 in unassembled condition as shown in FIG. 2
      has a base portion 14 of generally rectangular shape with top and bottom
      edges 16 and 17 and side edges 18 and 19. A row of holes 20 is provided
      adjacent the top edge 16, and rows of holes 21 adjacent the side edges 18
      and 19 are provided.
PAR  A stiffener rib portion 25 is provided of generally rectangular shape in
      flat unassembled condition as shown in FIG. 2 which includes a cut out 26
      to form a hand hold opening 27 above its top edge 28. The stiffener rib
      portion 25 is advantageously of a thicker gauge material than the base 14
      and in a preferred embodiment may have a thickness twice that of the base
      portion 14.
PAR  A scraper tray 30 is also illustrated in FIG. 2 preferably of rectangular
      or square configuration in flat unassembled condition with top and bottom
      edges 31 and 32 and side edges 33 and 34.
PAR  A row of holes 35 may be provided adjacent the bottom edges 32.
PAR  The scraper tray 30 has its edges 31, 33 and 34 rolled back to provide a
      stiffening action to resist cracking and tearing along the edges.
PAR  Openings 38 are provided adjacent the edges 31, 33 and 34 providing hand
      holds 39 for facilitating movement of the tray 30 by the user.
PAR  The base 14, rib portion 25 and the tray 30, in a preferred embodiment, are
      formed of polyethlene sheet material of well known type. Other suitable
      materials resistant to moisture and to handling and of adequate strength
      can be used if desired.
PAR  Referring now to FIGS. 1, 4 and 5 the receptacle 10 is shown in assembled
      condition. The base 14 is shown as having been unrolled and the holes 21
      adjacent side edges 18 and 19 aligned and clips 40 have been inserted into
      the holes 21 to retain the base 14 together and form a cylinder open at
      the ends. If it is not desired to disassemble the base 14 a band of
      adhesive may be substituted for the clips 40 adjacent the edges 18 and 19
      to hold the edges in permanent secured relation.
PAR  The rib portion 25 has a band of adhesive 41 applied thereto adjacent its
      bottom edge and the rib 25 is bent and forced down inside the base 14
      until the edge 28 is even with the top edge 16 of base 14. The rib portion
      25 can be secured to the inside of base 14 along the line of adhesive 41
      or can be held with clips 40.
PAR  The scraper tray 30 is bent and inserted into the base 14 until holes 35
      are aligned with the holes 20 in base 14, and clips 40 are then inserted
      into holes 20 and 35 to retain the tray 30 in assembled relation to base
      14.
PAR  If desired, where disassembly is not required, a band of adhesive may be
      substituted for the clips 40 adjacent the holes and no higher than a line
      extending around the base 14 at the height of holes 20. The edges 18 and
      19 of the tray 30 meet the ends of the rib portion 25.
PAR  In use, a plastic bag 11 is pulled up over the outside of cylindrical base
      14 until it reaches the top of handle 27. The free end of the bag 11 is
      then folded over the top edge 16 of the base 14 and inserted between the
      tray 30 and the rib portion 25 where it is retained by the pressure
      exerted by the base 14, rib 25 and tray 30. The user can then place the
      tray 30 in a horizontal disposition on the ground and rake or shovel
      debris into the tray 30 and base 14. The debris can be settled in the bag
      11 by lifting the tray 30 and base 14 to a vertical position by the hand
      hold openings 39 which causes the debris to pack down inside the base 14
      and bag 11.
PAR  If desired, the receptacle 10 can be lifted and transported by use of the
      hand hold openings 27 or 39. When the base 14 is full of debris or when
      desired the receptacle 10 can be lifted to a vertical position, the end of
      bag 11 can be withdrawn from its engagement between tray 30 and base 14
      and rib portion 25 and base 14, and disposed of as desired. A new bag 11
      can be placed on base 14 as before and the operation repeated as
      described.
PAR  It should be noted that during use the bags 11 are securely retained on the
      base 14 and that no contact is made with the bag 11 (except at the bottom)
      while loading which considerably reduces the likelihood of damage to the
      bag.
PAR  It will thus be seen that a collection receptacle has been provided with
      which the objects of the invention are attained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A collection receptacle for use with a plastic bag which comprises
PA1  a semi-rigid self-supporting base open at its ends formed of a sheet of
      flexible material rolled and detachably secured together along its length
      to form a cylinder,
PA1  a scraper tray carried by said base and extending from one end thereof,
PA1  hand hold means on said receptacle, and
PA1  bag holding means comprising overlapped portions of said hand hold means
      and said scraper tray with said base for reception of an end portion of
      said bag in assembled relation of said bag with respect to said base.
NUM  2.
PAR  2. A collection receptacle as defined in claim 1 in which
PA1  said hand hold means includes a rib portion engaged with said base which
      provides additional stiffening action to retain the base in a cylindrical
      configuration in loading position.
NUM  3.
PAR  3. A collection receptacle as defined in claim 1 in which
PA1  said receptacle is composed of a plurality of assembled components,
PA1  one of said components being said cylindrical base comprised of a
      rectangular sheet of flexible material secured together along a pair of
      opposite edges, and
PA1  another of said components in said scraper tray comprised of a
      substantially rectangular sheet of flexible material secured to and
      extending from said base in a hemi-cylindrical shape.
NUM  4.
PAR  4. A collection receptacle as defined in claim 2 in which
PA1  said bag holding means comprises a bag end receiving and retaining space
      between said base and said tray at the end of said base adjacent said
      scraper tray.
NUM  5.
PAR  5. A collection receptacle as defined in claim 2 in which
PA1  said bag holding means comprises a bag end receiving and retaining space
      between said base and said rib portion at the end of said base adjacent
      said scraper tray.
NUM  6.
PAR  6. A collection receptacle as defined in claim 5 in which
PA1  another of said components is comprised of a stiffening rib secured to said
      base at the end adjacent said scraper tray.
PATN
WKU  039360881
SRC  5
APN  4848934
APT  1
ART  313
APD  19740701
TTL  Flexible tarpaulin handling device
ISD  19760203
NCL  4
ECL  1
EXA  Cherry; Johnny D.
EXP  Blunk; Evon C.
NDR  1
NFG  4
INVT
NAM  Williams; Charles Samuel
STR  4013 - 49TH St.
CTY  Lubbock
STA  TX
ZIP  79413
CLAS
OCL  294 19R
XCL  294 24
XCL  294 26
EDF  2
ICL  A47F 1306
FSC  294
FSS  2;10;19 R;22;24;26;23;66 R
FSC    7
FSS  12;14.3
FSC   49
FSS  461
FSC  114
FSS  221 R;230
FSC  254
FSS  131;133 R;134.3 R;134.3 PA
UREF
PNO  78844
ISD  18680600
NAM  Tobey
OCL   49461
UREF
PNO  457219
ISD  18910800
NAM  Sanford
OCL  294 19R
UREF
PNO  693200
ISD  19020200
NAM  Wilkin
OCL  294 23
UREF
PNO  824968
ISD  19060700
NAM  Wright
OCL  294 19R
UREF
PNO  981857
ISD  19710100
NAM  Hubbard et al.
XCL  294 19R
UREF
PNO  1045679
ISD  19121100
NAM  Cronin
XCL  294 19R
UREF
PNO  1217680
ISD  19170200
NAM  Bagby
OCL  294 24
UREF
PNO  1512315
ISD  19241000
NAM  Sandford
OCL  294 24
UREF
PNO  2291593
ISD  19420700
NAM  Hubbard
OCL  294 19R
LREP
FRM  Pollock, Vande Sande & Priddy
ABST
PAL  A flexible tarpaulin handling device is disclosed for the remote handling
      of tarpaulins arranged over the top of a truck or other vehicle. A tarp
      hook is securely attached to an elongated handle. The tarp hook defines an
      upwardly extending downwardly curving hook portion for pulling the
      tarpaulin downwardly, and a downwardly extending upwardly curved hook
      portion for raising the tarpaulin. Either hook may be used for laterally
      shifting the tarpaulin. The hook portions are laterally opposed to one
      another and are mounted to a central interconnecting portion which is in
      turn securely mounted to a bifurcated tang. The bifurcated tang is riveted
      on the elongated handle. The truck operator is thereby able to shift the
      tarpaulin to align it with the appropriate securing means while standing
      on the ground.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a tarpaulin hook for the remote handling
      of a tarpaulin arranged over the top of a truck or tractor/trailer unit.
      The tarpaulins disposed over the tops of these vehicles are frequently 10
      to 12 feet above the ground, and the arrangement of the tarpaulin and
      securing it to the trailer can be hazardous if the operator is forced to
      climb on the side of the truck. If ladders or separate scaffolding is used
      for arranging the tarpaulin, the operation becomes time-consuming and
      expensive.
PAR  In the prior art, when a truck covered with a tarpaulin is unloaded, the
      truck must first be backed to the unloading dock, and the operator undoes
      the tarpaulin and moves it over the rear doors of the vehicle. After this
      operation is completed, the truck must then be moved out so that the rear
      doors may be opened, and then backed again into the loading dock area.
PAR  The present invention eliminates the necessity for backing into the dock
      twice. With the remote tarpaulin handling device, the operator may remove
      the tarpaulin from over the doors and roll it back over the rear portion
      of the vehicle so that the doors may be opened before the truck is backed
      into the loading dock.
PAR  The present invention also assists the operator in initially arranging the
      tarpaulin whereby the tarpaulin is unrolled or unfurled from the forward
      portion of the vehicle to the rear portion. The operator is able to stand
      on the ground and manipulate the implement to move the tarpaulin into
      position.
PAR  The present invention is equipped with a double ended hook member mounted
      on an extension handle. The hook member has a first upwardly extending
      downwardly curving hook portion, and a laterally opposed downwardly
      extending upwardly curving hook portion. These two hooks are formed with a
      central interconnecting member which is in turn welded or otherwise
      mounted on a bifurcated tang. The bifurcated tang is securely attached to
      an extension handle by rivets or other means. The first upwardly extending
      downwardly curving hook portion is used for pulling the tarpaulin down
      into place, while the downwardly extending upwardly curving hook portion
      is used for lifting or removing the tarpaulin. Both hooks are useful in
      the lateral adjustment of the tarpaulin along the side of the trailer.
PAR  It is another object of the present invention to provide a remote tarpaulin
      handling device which will engage eyelets or grommets formed in the sides
      of the tarpaulin and thereby move the tarpaulin into position from a
      remote location. The present invention is also intended to provide a
      remote tarpaulin handling device which is simple in design, inexpensive to
      manufacture, rugged in construction, easy to use and efficient in
      operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the present invention illustrating the flexible
      tarpaulin handling device and its extension handle.
PAR  FIG. 2 is an isometric drawing illustrating the manner in which the present
      invention is used.
PAR  FIG. 3 is a side view of the present invention illustrating the upwardly
      extending downwardly curving hook portion and the downwardly extending
      upwardly curving hook portion.
PAR  FIG. 4 is a side view of the present invention as illustrated in FIG. 3
      with the handle turned approximately 90.degree..
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED embodiment
PAR  As illustrated in FIG. 1, the remote flexible tarpaulin handling device is
      equipped with an elongated handle portion 10 which has a grasping portion
      11 formed at one end thereof. This grasping portion as illustrated in FIG.
      1 is equipped with a polygonal cross section, but may also be knurled or
      otherwise roughened to assist the operator of a motor vehicle in securely
      and firmly grasping the device. In the preferred embodiment, it is shaped
      with an octagonal cross section. The extension handle 10 also defines at
      an opposite end a tang portion 12 which is adapted to cooperate with a
      bifurcated tang portion formed on the tarpaulin handling device. In the
      preferred embodiment of the invention, the handle device 10 is formed of
      wood, but it would also be possible to form the extension of tubular
      aluminum or plastic, providing the structure is light in weight and
      sufficiently strong to prevent collapse in operation.
PAR  In the preferred embodiment of the invention, extension handle 10 is
      approximately 8 feet long. This enables the operator to reach to the top
      of a truck or tractor/trailer unit easily and conveniently. The 8-foot
      pole may be carried on the exterior of the "yard tractor" found in most
      large truck terminals. A short length of pipe, two to three feet long,
      with an end cap provides a convenient holder for the device.
PAR  Alternately, the handle member 10 may be hinged, as indicated at 10a and
      10b, to allow the operator of the truck or tractor/trailer to carry the
      tarp hook with him inside the cab. Lock means 10c and 10d secure the
      handle in its extended position after it has been unfolded. Alternately,
      if the handle is made of tubular aluminum, the handle could be formed of
      telescoping tubing with friction locks in place of hinges 10a and 10b.
PAR  As illustrated in FIGS. 3 and 4, the handling device is equipped with a
      bifurcated tang portion having first 13 and second 14 downwardly extending
      tangs which are secured to the handle member 10. In the preferred
      embodiment of the invention, the tang defines a first 15-16 and second
      17-18 set of openings which correspond with the first 19 and second 20
      openings defined by the handle member. The tang is securely fastened to
      the handle by first 21 and second 22 rivets which extend through the
      respective first and second openings to secure said tang to said handle.
      Alternately, bolts or pegs could be used in securing the tang to the
      handle.
PAR  The device is also equipped with a double ended hook member mounted on said
      bifurcated tang. The hook member defines a first upwardly extending
      downwardly curving hook portion 23 and a laterally opposed downwardly
      extending upwardly curving hook portion 24 which are attached to a central
      interconnecting portion 25. The first hook defines three separate
      portions, a first upwardly extending portion 26, a downwardly curving hook
      portion 27 which extends through at least 90.degree. of arc to end in a
      downwardly extending terminal portion 28. This upwardly extending hook is
      particularly adapted to engage an eyelet or other opening defined by a
      flexible tarpaulin to thereby assist the operator of the device in pulling
      the tarpaulin in a downward direction, or for laterally shifting the
      tarpaulin after the hook member has been engaged.
PAR  The laterally opposed hook member is equipped with a downwardly extending
      portion 29 and an upwardly curving hook 30 which extends through at least
      90.degree. of arc to end in an upwardly extending terminal portion 31.
PAR  In the preferred embodiment of the invention, the double ended hook member
      is formed from a steel rod which is welded to the tang member along the
      interconnecting portion 25. Alternately, the entire assembly could be
      forged into a single piece of metallic structure.
PAC  OPERATION
PAR  The operation of the present invention is illustrated in FIG. 2. It is
      common practice in unloading trucks equipped with a flexible tarpaulin to
      back the trailer or truck body into the loading dock, and then climb to
      the top of the loading dock to undo tarpaulin which covers the truck.
      After the tarpaulin has been undone and lifted over the doors, the truck
      is then pulled away from the loading dock to open the doors, and then
      backed into the loading dock space.
PAR  The present invention makes this first "docking" unnecessary. The operator
      merely stands on the ground as illustrated in FIG. 2 and is able to engage
      the flexible tarpaulin 40 with the tarp hook as illustrated in FIG. 2. The
      tarpaulin 40 is normally equipped with a plurality of grommets or eyelets
      41-48 which are arranged around the outer periphery of the tarpaulin. It
      is customary to secure the tarpaulin to the truck body 50 by means of a
      plurality of flexible lines indicated at 51-56 which are in turn secured
      to tie bars 57-58 arranged around the outer periphery of the vehicle.
      Since the tarpaulin is disposed some 10 to 12 feet about the ground, it is
      not possible to maneuver the tarpaulin by hand without a ladder or other
      scaffolding. Since moving a ladder is extremely time-consuming, the
      operator will often attempt to maneuver the tarpaulin from the side of the
      vehicle by standing on the tie bars 57-58. This presents a definite safety
      hazard to the operator since the exterior surface of most vans or trucks
      is extremely smooth, and does not afford provisions for the safe
      traversing of the side of the vehicle. With the present invention,
      however, the operator is able to maneuver the tarpaulin from the ground as
      illustrated in FIG. 2. As illustrated in FIG. 2, the operator could be
      either completing the loading of the trailer, or beginning the unloading.
      In the final loading of the vehicle, the exterior edge of the tarpaulin
      40a must be lifted while the doors 60 and 61 are closed. After the doors
      are closed and locked in place the rearward portion 40a of the tarpaulin
      is then lowered over the back of the vehicle and secured by means of
      tie-lines 51-56.
PAR  In unloading the vehicle, the tie-lines 51-56 are disengaged, and the
      terminal portion of the tarpaulin 40a is lifted upwardly over the doors as
      previously described with respect to FIG. 2 so that the doors 60 and 61
      may be opened, before the truck is backed into the loading dock.
PAR  The remote tarpaulin handling device may also be used to arrange the
      tarpaulin 40 after the truck is loaded. In many trucks, the tarpaulin is
      stored at the forward portion of the vehicle, and after the vehicle is
      loaded it is unrolled rearwardly to cover the top of the vehicle. The tarp
      hook will assist the operator in unrolling the tarpaulin. As illustrated
      in FIGS. 3 and 4, each of the tarp hooks is equipped with a hook for
      pulling downwardly, and a hook for lifting upwardly. The terminal ends 28
      and 31 engage the grommets or eyelets 41-48 thereby assisting in moving
      the tarpaulin. Each of the curving portions 27 and 30 curves through
      approximately 120.degree. of arc as illustrated in FIGS. 3 and 4. If the
      arc is too great, the operator will have trouble freeing the hook after
      the tarpaulin has been pulled into place, while if the arc is too small,
      the tarpaulin will slip from the hook when pressure is applied to move the
      tarpaulin. The configuration illustrated in FIGS. 3 and 4 enables the
      operator to firmly engage the tarpaulin, while allowing for easy
      disengagement.
PAR  While the foregoing description has set forth the preferred embodiment of
      the invention, various modifications may become apparent to those skilled
      in the art to which this invention relates. Accordingly, all such
      modifications are included within the intended scope of the present
      invention as recited in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A flexible tarpaulin handling device for maneuvering tarpaulins equipped
      with grommets or eyelets, said device comprising the combination of:
PA1  a. An elongated handle member, said handle having a grasping portion at one
      end thereof, said portion having a polygonal cross section to assist in
      positively gripping the device, said handle member also defining a shank
      portion on the opposite end of said handle, said shank portion being
      adapted to receive a bifurcated tang portion of a tarp hook,
PA1  b. A tarp hook having a bifurcated tang portion adapted to cooperate with
      said handle portion in securing said hook to said handle and
PA1  c. A double ended integrally formed tarp hook member mounted on said
      bifurcated tang portion, said member having a first upwardly extending
      downwardly curving hook portion, a laterally opposed downwardly extending
      upwardly curving hook portion and a central interconnecting portion, said
      first upwardly extending hook portion defining a hook which first extends
      upwardly from said interconnecting portion and then curves downwardly
      through at least 90 degrees of arc to end in a downwardly extending
      terminal portion, said upwardly extending hook being adapted to engage an
      eyelet or other opening defined by said flexible tarpaulin to thereby hook
      said tarpaulin for pulling in a downward direction; said laterally opposed
      downwardly extending portion extending downwardly from said
      interconnecting portion and then curving upwardly through at least 90
      degrees of arc to end in an upwardly extending terminal portion, each of
      said hook portions defining substantially the same radius of curvature,
      said interconnecting portion being fixably attached to said bifurcated
      tang portion.
NUM  2.
PAR  2. A tarp hook device as claimed in claim 1 wherein said polygonal cross
      section defines an octagon along substantially the entire length of the
      handle.
NUM  3.
PAR  3. A tarp hook device as claimed in claim 1 wherein said tang defines a
      first and second set of openings which correspond with first and second
      openings defined by said handle member, said tang being securely attached
      to said handle by first and second rivets which extend through their
      respective first and second openings.
NUM  4.
PAR  4. A tarp hook device as claimed in claim 1 wherein said elongated handle
      is formed of a plurality of sections which may be extended and locked in
      place.
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ABST
PAL  A gripping device, especially for use for depositing and withdrawing fuel
      elements and control rods in a nuclear reactor, in which the gripping
      device has an upper body part connected to a hoisting and transporting
      mechanism and a lower part reciprocably suspended on the upper part. The
      lower part at the bottom has gripping means for engaging a gripping tool
      which, in turn, has gripping means for engaging a fuel element or a
      control rod. The lower part of the body has a power operable device for
      each of the gripping means and each power operable device is spring urged
      toward coupling position. A locking device pivotally mounted in the lower
      part of the body is actuated into locking position by upward movement of
      the upper part on the lower part and when in locking position locks the
      power operable device in coupling position.
BSUM
PAR  The invention relates to a gripping device of a lifting mechanism for
      longitudinal bodies which pertain to at least two different groups with
      different functions, especially in a core reactor for depositing and
      picking up fuel elements and control rods with a gripping body adapted to
      be lifted and lowered. With the gripping device according to the present
      invention, only one of the various gripping tools, each of which is
      determined for a group of longitudinally extending bodies, is adapted to
      be coupled with the gripping body while the latter comprises a power
      operable device for operating all gripping tools.
PAR  With the gripping device according to the invention, the coupling of one of
      the gripping tools each to the gripping body is effected, for instance, in
      such a way that a collar extending from the gripping body in downward
      direction immerses into a bore of the gripping tool until it hits an
      abutment while balls located in radial bores of the collar enter into an
      annular groove in said bore and are prevented from leaving the bore by a
      slide. The slide is adapted to be lifted and lowered by another power
      operable device arranged above the first power operable device and within
      the gripping body. Both power operable devices have pistons acted upon by
      pressure springs with downwardly directed forces which pressure springs
      are respectively arranged in the pertaining cylinders and have the
      tendency to couple a control rod head or a fuel element head to a gripping
      tool, in other words, to couple the tool to the gripping body. The pistons
      of the two power operable devices are adapted to be acted upon by
      compressed air from below in order to disengage the coupling devices.
PAR  It is an object of the present invention further to improve the conditions
      of operation for a gripping device of the above mentioned type.
PAR  It is another object of this invention so to design the gripping device
      that the springs pertaining to the two power operable devices can be
      easier checked and will be better accessible so that the exchange of the
      spring will be facilitated.
PAR  Still another object of this invention consists in providing more favorable
      conditions for the mounting of a blocking device which will prevent the
      pistons of the power operable devices from moving upwardly by compressed
      air into disengaging positions as long as the gripping tool and as the
      case may be a fuel element or bundle of control rods coupled thereto is by
      said lifting device held in suspension.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification, in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 illustrates an axial section through the lower portion of a gripping
      device according to the invention and through a fuel element head, said
      section being taken along the line I--I of FIG. 3.
PAR  FIG. 2 is a section through the gripping device and the fuel element head
      in the lower portion along the line II--II of FIG. 3 and in the upper
      portion along the line IIa--IIa of FIG. 3.
PAR  FIG. 3 shows in the left part thereof a view looking in the direction of
      the arrow A in FIG. 1, and on the right-hand side shows a section taken
      along the line III--III of FIG. 1.
PAR  FIG. 4 illustrates the lower portion of the gripping device with another
      gripping tool and a control rod head in an axial section similar to the
      section of FIG. 1.
PAR  FIG. 5 is a cutout of FIG. 1, but on a considerably larger scale than that
      of FIG. 1.
PAR  One of the primary features of the present invention consists in that the
      springs of the two power operable devices above the upper power operable
      device are arranged one above the other between counterbearings on the
      gripping body and on rods extending from the pistons in upward direction
      while one rod is by the piston of the lower power operable device passed
      through a bore of the other rod.
DETD
PAR  Referring now to the drawings in detail, a gripping body is by means of
      rollers slidably vertically guided within the nonillustrated guiding post
      which extends downwardly from the frame of a loading device. The gripping
      body comprises a longer upper section 1 and a lower shorter section 2. The
      section 1 is by means of cables suspended on a nonillustrated lifting
      mechanism which is located on the loading device. The two sections 1, 2
      represent hollow bodies of square-shaped cross section and are
      telescopically guided one within the other. The upper section 1 of the
      gripping body has its lower portion end in a box 3 which opens downwardly.
      This box 3 has its upper side provided with a collar 4 which by means of a
      flange is screwed onto the upwardly following portion 5 of the upper
      section 1 of the gripping body.
PAR  The lower section 2 of the gripping body has an intermediate bottom 6. From
      this bottom, walls 7 extend upwardly which extend around a chamber open at
      the top and slidably engage the inner surfaces of the walls of said box.
PAR  The walls of box 3 have vertical slots 8 which are closed at the top and at
      the bottom. These slots 8 are engaged by heads 9 of screws which are
      located in the walls 7. As a result thereof, the movement of the lower
      section 2 of the gripping body relative to the upper section 1 is limited
      in downward direction, as will be evident from FIG. 1. In the lowermost
      position of section 2 of the gripping body, the screws 9 engage the lower
      confining surfaces of the slots 8. The movement of the lower section 2 in
      upward direction is limited due to the fact that the upper end faces 10 of
      the wall 7 engage an annular surface 11 on the bottom side of a shoulder
      of said box 3. The stroke thus made possible is characterized by the
      distance h. In the interior of box 3 and within the space confined by the
      wall 7 there is provided a helical pressure spring 12 which in downward
      direction rests against the intermediate bottom 6 and in upward direction
      rests against the annular surface 11.
PAR  The lower portion 2 of the gripping body has a cylindrical collar 13 which
      extends from the intermediate bottom 6 in downward direction. The
      cylindrical circumferential surface 14 of collar 13 continues in upward
      direction as a conically widening surface 15 and extends to a flange 16
      whereas said cylindrical circumferential surface 14 tapers at the lower
      end of the collar 13. The collar 13 serves to establish a positive
      coupling connection between the lower section 2 of the gripping body and a
      gripping tool. All gripping tools have the same square-shaped cross
      section as the box 3 and the portion 5 of the upper section 1 of the
      gripping body. All gripping tools also have the same height and, with
      regard to the design of their upper sections for coupling to the gripping
      bodies, are of the same construction. The upper portion of all gripping
      tools is provided with wide bores 17 of the same diameter and the same
      depth. Fitting into the bore 17 of each gripping tool is the
      circumferential surface of the collar 13 of the lower section 2 of the
      gripping body. FIGS. 1, 2 and 4 show that the collar 13 has been inserted
      into the bore 17 of a gripping tool until its flange 16 engages the upper
      rim portion of the gripping tool. The conical surface 15 engages a
      corresponding surface with which the bore 17 widens in upward direction. A
      bottom 18 which closes the collar 13 at the lower end is spaced from the
      bottom 19 of the gripping tool, which bottom closes the lower end of bore
      17. In radial bores located in the collar 13 at approximately half the
      height there are provided balls 20, the diameter of which nearly equals
      the diameter of the bores and is somewhat greater than the thickness of
      the collar 13. In the illustrated coupling condition, the balls engage an
      annular groove 21 in bore 17. The balls 20 are prevented from leaving said
      annular groove by a pot-shaped slide 22 which opens in downward direction
      and which within the collar 13 is slidably guided and in the illustrated
      lowermost position closes the radial bores toward the interior. In this
      way the gripping tool is coupled to the lower section 2 of the gripping
      body. The gripping tool is arranged relative to the box 3 in such a way
      that its lateral surfaces are flush with the lateral surfaces of the box.
      This is effected by means of a pivot 23 which fits into a slot that is
      open toward the top and located in a wall of the gripping tool.
PAR  FIGS. 1, 2 and 3 show that a fuel element-gripping tool 24 is coupled to
      the gripping body. This tool 24 is on each side provided with a downwardly
      extending forked finger 25, said fingers having their inner surfaces
      engaging fingers 27 which from the fuel element head 26 extend upwardly.
      The fuel element-gripping tool 24 rests by means of a shoulder surface 28
      on the upper end face of said fingers 27. The lower tapering ends of the
      fingers 25 extend to nearly over the shoulder surfaces 29 of the fuel
      head. This head is, between the upwardly extending fingers 27, provided
      with walls 30 with two windows 31 each having an approximately rectangular
      contour. As will be evident from FIG. 2, the lower hook-shaped ends of the
      gripping pawls 32 are adapted to engage two pairs of oppositely located
      windows 31. These pawls 32 are pivotally journaled by horizontally
      arranged bolts 33 in the fuel element-gripping tool 24 close below the
      bottom 19. Each two gripping pawls 32 located opposite to each other are
      interconnected by an elbow lever linkage system. This linkage system has
      two identical linkage members 34 which on one hand, by means of bolts 35
      engage the gripping pawls 32 closely below the pivot bolts 33, and on the
      other hand are connected to the lower end of a rod 37 by a common joint
      bolt 36. Rod 37 is in vertical direction slidably guided in a bushing 38
      which extends from the bottom 19 in downward direction.
PAR  The two rods 37 respectively pertaining to a pair of gripping pawls 32 are
      by means of the upper end through a yoke plate 39 above the bottom 19
      connected to each other. In the center of the gripping tool 24 there is
      provided a pressure spring 41 which is located in a socket 40 which
      extends in downward direction from the bottom 19.
PAR  For purposes of actuating the gripping pawls 32 there is provided a
      pneumatic power operable device with a cylinder 42 which is mounted on the
      bottom 18 and comprises a piston 43. A punch 44 mounted on the piston 43
      is passed through a bore in the bottom 18 and closes the cylinder 42 at
      its lower end, said punch 44 resting on the yoke plate 39. Punch 44 is
      continued upwardly by a piston rod 45 which passes upwardly through a bore
      in a cover 46 closing off the upper portion of cylinder 42.
PAR  A further similar pneumatic power operable device for lifting and lowering
      the pot-shaped slide 22 is arranged within the lower portion 2 of the
      gripping body above the other power operable device. Its cylinder 47 is
      located on the intermediate bottom 6. From the pertaining piston 48, a
      hollow piston rod 49 extends downwardly through a bore of the intermediate
      bottom 6. The pot-shaped slide 22 is connected to the lower end of the
      piston rod 49. In upward direction, the hollow piston rod 49 is passed
      through a bore provided in a cover 50 which closes off the cylinder 47.
      Above the cover 50 there is an annular disc 51 mounted on the hollow
      piston rod 49 which annular disc serves as lower counterbearing for a
      helical pressure spring 52.
PAR  This spring on one hand rests against a lock or latch 53 in a mounting 54
      which is located on the cover 50.
PAR  This piston rod 45 extends through a bore in the latch or lock 53 and
      beyond said latch 53 and at its upper end carries an annular disc 55 which
      serves as lower counterbearing for a helical pressure spring 56. This
      spring rests in upward direction against an additional latch 57 of the
      mounting 54.
PAR  The piston rod 45 has a bore therethrough throughout its length. In this
      bore, a feeler rod 58 is slidably guided. The feeler rod 58 has that end
      thereof which projects beyond the latch 57 provided with a cam piston 59.
      A helical pressure spring 60 which rests in upward direction against an
      additional latch 61 of the mounting 54 with a downwardly directed force
      acts upon the cam piston 59. A limit feeler 62 rests against the cam
      piston 59 and by a signaling conductor is connected to an indicating
      instrument provided in the control panel of the loading device.
PAR  Connected to each of the two cylinders 42, 47 below and above the pistons
      43 and 48 respectively is an air-conveying conduit 63, 64, 65, 66. The
      hose couplings 67 are closed after having been assembled.
PAR  The following locking device is provided for the helical pressure springs
      52 and 56. On the mounting 54 there is mounted a two-arm lever 72 which is
      adapted to be pivoted about a horizontal axis 73. One lever arm of this
      lever is provided with a pin 74 which with play passes through an opening
      in the collar 4.
PAR  The lower end of the other lever arm has a rounded edge 75 serving as
      deflector. Above said edge 75, said lever arm has a nose 76. Two flat bars
      77, 78 are pivotally mounted on extensions of the annular discs 51 and 55.
      These flat bars are laterally displaced relative to each other. The flat
      bar 77 is more than twice as long as the flat bar 78. These flat bars are
      by leaf springs 150, 151 held with their upper ends in engagement with the
      end of the two-arm lever 72 which end comprises the edge 75 and the nose
      76.
PAR  The walls of the box 3 as well as the walls 7 guided therein have
      perforations 80, 81 which partially overlap each other.
PAR  FIG. 4 shows a control rod-gripping tool 82 which in the same manner as the
      fuel element-gripping tool 24 is by means of the balls 20 coupled to the
      lower section 2 of the gripping body. The tool 82 has the same fingers 25
      as the fuel element-gripping tool 24 and is mounted in the same manner as
      the gripping tool 24 on a fuel element head 26. Control bars 83 are from
      above inserted into the bores of the pertaining fuel element. Their ends,
      which project considerably beyond the fuel element are at the top
      connected to each other by a rod head 84. Centrally located in said rod
      head 84 is a sleeve which is continued below the rod head 84 in the form
      of a collar 85. This collar 85 immerses in the position shown in FIG. 4
      into a bore of a sleeve 86 which extends from the lower plate 87 of the
      fuel element head 26 in upward direction and contains an annular groove
      into which balls 91 may enter from radial bores of the collar 85. The rod
      head 84 rests upon the upper end face of the sleeve 86 through the
      intervention of a ring 88 which surrounds the collar 85. A control bar 89
      is slidably guided in a central bore of the sleeve. The sliding movements
      are limited by a horizontal bolt 90 which with its two ends is firmly
      located in the bores of the ring 88 and of the collar 85 and extends
      through a slot in the control bar 89. Below said slot, the control bar 89
      has a groove 92. This sleeve extends from the bar head 84 in upward
      direction. The respective sleeve part 93 has a widened bore within which
      the control bar 89 is guided by means of a piston 94. A pressure spring 95
      acts upon said piston 94 from below.
PAR  A collar 96 fittingly immerses into the bore of the sleeve part 93. The
      collar 96 extends from the bottom 19 of the bar gripping tool 82 in upward
      direction. In radial bores of this collar 96 there are located balls 97
      which with the coupling position shown in FIG. 4 extend into an annular
      groove of the sleeve part 93. The balls 97 are prevented from leaving the
      annular groove by means of a bolt 98 which is vertically slidably guided
      in a bore of the collar 96. That end of bolt 98 which projects beyond the
      bottom 19 is connected to a yoke plate 99. Helical springs with their
      force directed upwardly act upon the two ends of the yoke plate 99, said
      helical springs being arranged in sockets extending downwardly from the
      bottom 19. In the illustrated position, the punch 44 of the pertaining
      power operable device rests on the yoke plate 99.
PAR  According to the illustration in FIGS. 1, 2 and 3, the fuel
      element-gripping tool 24 is in the described manner by means of balls 20
      coupled to the lower section 2 of the gripping body. This tool is located
      on the fuel element head 26. The gripping pawls 32 are in conformity with
      the illustration occupying their closing position indicated by full lines
      in FIG. 2. Their hook-shaped ends thus extend through the windows 31. In
      conformity with this closing position, the piston 43 of the lower power
      operable device is by the upper pressure helical spring 56 moved into the
      lower end position. Accordingly, the punch 44 will through the yoke plate
      39 press the bars 37 downwardly which corresponds to the closing position
      of the gripping pawls 32. Consequently, the annular disc 55 occupies its
      lower end position. From this position, the annular disc 55 cannot be
      lifted because the upper section 1 of the gripping body is relative to the
      lower section 2 moved upwardly by the stroke h so that the two-arm lever
      72 is shifted in clockwise direction into the position shown in FIGS. 1
      and 5 and is held fast in this position. In this position, the nose 76
      rests upon the upper ends of the flat bars 77, 78 so that the annular
      discs 51 and 55 are held in their lower positions, consequently it is not
      possible to move upwardly the pistons 43 and 48 by compressed air which
      could possibly be introduced into the lower chambers of the cylinders 42
      and 47, and consequently it is not possible to compress the helical
      pressure springs 52 and 56, respectively. In this way the coupling between
      the fuel element-gripping tool 24 and the fuel element head 26 is assured
      by means of the gripping pawls 32, and also the coupling between the lower
      section 2 of the gripping body and the fuel element gripping tool 24 is
      assured by the balls 20. Consequently, when by lifting the gripping body
      1, 2, the fuel element has been pulled out of its position bearing, there
      does not exist the danger that in view of a loosening of one of the two
      couplings the fuel element will drop out.
PAR  When the fuel element head 26 is to be disengaged from the fuel
      element-gripping tool 24 the fuel element is lowered into a position
      bearing so that the fuel element-gripping tool 24 and the lower section 2
      of the gripping body cannot further move upwardly. When subsequently the
      upper section 1 of the gripping body is further lowered, it moves
      downwardly until the annular surface 11 is seated upon the upper end face
      10 of the walls 7. In this connection, the helical pressure spring 12 has
      been compressed by the distance h which brings about a cushioning of the
      shock when said gripping tool touches ground. In this way the two-arm
      lever 72 is turned in counterclockwise direction into the disengaging
      position which is shown in FIGS. 1 and 5 with dot-dash lines. The edge 75
      will as deflector move the flat bars 77, 78 against the thrust or
      resistance of the leaf springs 150, 151 from the coupling positions
      illustrated in full lines in FIG. 5 into coupling ready positions while
      the upper ends of the flat bars 77, 78 protrude beyond the reach of the
      nose 76. Thereupon, for purposes of disengaging the fuel element 26
      compressed air is passed through the conduit 63 below the piston 43, as a
      result of which, the conduit 64 air escapes from the cylinder 42.
      Consequently, the piston 43 is by compressing the spring 56 moved upwardly
      whereby the gripping pawls 32 are under the influence of spring 41 pivoted
      into the release position. During the movement of the piston 43 in upward
      direction, the flat bar 78 which takes part in this movement is pushed
      along the edge 75 so that its upper end is pivoted into FIG. 5 position
      illustrated in dot-dash lines which represents the release position.
      However, the flat bar 77 remains in its coupling-ready position. The noses
      100 located at the lower ends of the gripping pawls are freed from the
      upper edges of the respective windows 31 because the fuel element -
      gripping tool 24 by a setting down onto fuel element 26 placed upon the
      position bearing has been lowered relative to said head 26 by a distance
      which is slightly greater than the height of the noses 100. When now the
      upper section 1 of the gripping body is lifted, it first moves relative to
      the standing still lower section 2 by the stroke h.
PAR  In this way the two-arm lever 72 is turned in clockwise direction into its
      blocking position. In this connection, the nose 76 moves past the upper
      end of the flat bar 78 so that the piston 43 remains in its upper position
      due to the effect of the compressed air which means that the gripping
      pawls 32 retain their spread position. Consequently, when the gripping
      body 1, 2 is lifted further, the fuel element head 26 is not taken along.
      Only when the gripping tool 24 is withdrawn from said head 26, will the
      compressed air be discharged from below the piston 43. Consequently, due
      to the effect of spring 56, the piston 43 and with the same the flat bar
      78 move downwardly. The upper end of bar 78 slides along the nose 76 and
      when the piston 43 has reached its lower end position will under the
      pressure exerted by spring 151 enter its coupling position in which its
      upper end is located below the nose 76. As a result thereof, the gripping
      pawls 32 are moved into closing position and are locked in the latter. The
      flat bar 77 on the other hand has during the lifting of the upper section
      2 of the gripping body moved out of its coupling-ready position and
      immediately into the coupling position in which its upper end is located
      below the nose 76. Consequently, the piston 48 is secured in its lower
      position so that the coupling connection between the gripping tool 24 and
      the lower section 2 of the gripping body cannot be disengaged.
PAR  The disengaging of the fuel element-gripping tool 24 from the lower section
      2 of the gripping body is effected in a corresponding manner. To this end
      it is necessary that the fuel element-gripping tool 24 is placed upon a
      support so that during a further downward movement of the upper section 1
      of the gripping body, the latter will relative to the lower section 2
      which is not further moved downwardly, be moved downwardly. Consequently,
      the two-arm lever 72 is, in counterclockwise direction, turned into the
      disengaging position so that the flat bars 77, 78 are by means of the edge
      75 tilted into the coupling-ready position. Thereupon, the piston 48 is
      lifted by compressed air from conduit 65 while the spring 52 is compressed
      so that the slide 22 is lifted into the release position, and the balls 20
      can leave the annular groove 21. In this connection, the flat bar 77 is
      moved along the edge 75 upwardly into the free position. When subsequently
      the upper section 1 of the gripping body is lifted and moves relative to
      the lower section by the stroke h, the two-arm lever 72 reaches its
      blocking position without the flat bar 77 being taken along in downward
      direction by the nose 76. Therefore, the piston 48 remains in its upper
      position. Only when, after the sleeve 13 has been pulled out of the bore
      17, the compressed air below the piston 48 has been discharged, will the
      piston 48 drop to its lower position so that the balls 20 move out of the
      radial bores of sleeve 13. In this connection, the flat bar 77 is by the
      leaf spring 150 pressed into coupling position so that the piston 48 is
      blocked.
PAR  When a gripping tool -- this applies to the fuel element-gripping tool 24
      as well as to the control bar - gripping tool 82 -- is to be coupled to
      the lower section 2 of the gripping body, the section 2 is first lowered
      to such an extent that the balls 20 which protrude outwardly set down onto
      the conical surface 15.
PAR  Consequently, the upper section 1 of the gripping body will during a
      further downward movement move downwardly by the stroke h so that the
      locking of the annular discs 51 and 55 is made ineffective. Now the slide
      22 is lifted by compressed air conveyed below the piston 48. Consequently,
      the balls 20 are by the inclined surface 15 pressed inwardly so that the
      collar 13 can enter into the bore 17 until the flange 16 rests upon the
      upper end face of the tool. In this connection, the balls 20 enter the
      annular groove 21 when the slide 22 is moved downwardly into the position
      shown in FIGS. 1, 2 and 4. This occurs when the compressed air is
      discharged from the cylinder chamber below the piston 48 due to the effect
      of the helical compression spring 52 and as the case may be aided by
      compressed air from the conduit 66. During the following lifting of the
      upper section 1 of the gripping body, the latter moves relative to the
      lower section 2 upwardly again by the stroke h so that the locking of both
      power operable devices is again established.
PAR  The coupling of the bar head 84 to the control bar-gripping tool 82 is
      effected by a downward movement of the punch 44 in the manner shown in
      FIG. 4, and more specifically, under the influence of the spring 56, when
      the compressed air is discharged from below the piston 43. Consequently,
      the bolt 98 moves behind the balls 97 so that the balls must remain in the
      annular groove of the sleeve part 93. Simultaneously, by means of the bolt
      98, the control bar 89 is moved into the position shown in FIG. 4 so that
      the balls 91 enter the groove 92 which means that the bar head 84 is
      disengaged from the sleeve 86 of the fuel element-head 26.
PAR  When consequently by lifting the gripping body, the control bars 83 are
      being pulled out from their position bores in floating condition are
      conveyed further, the coupling between the control bar-gripping tool 82
      and the lower section 2 of the gripping body as well as the coupling
      between the bar head 84 and the control bar-gripping tool 82 remains
      secured because the pistons 43 and 48 are secured in their lower end
      positions by the flat bars 77 and 78 through the intervention of the
      two-arm lever 72 which due to the upward pulling of the upper section 1 of
      the gripping housing is pivoted relative to the lower section 2 in
      clockwise direction.
PAR  The uncoupling of the bar head 84 from the control bar-gripping tool 82 can
      be effected only when the control bars 83 have moved into their position
      bores and therefore the bar head 84 cannot move downwardly further. In
      this connection, by a further downward movement of the upper section 1 of
      the gripping body relative to the lower section 2 standing still, the
      locking is made ineffective in conformity with the pivoting of the two-arm
      lever 72 in counterclockwise direction so that the piston 43 can by
      compressed air be moved into the release position in upward direction
      against the resistance of the spring 56, of the balls 97, and move out of
      the annular groove of sleeve 93. In this position the piston 43 remains,
      also if subsequently the upper section 1 of the gripping body has been
      lifted by the stroke h relative to the lower section 2 and if the two-arm
      lever 72 is turned into its blocking position. It will be appreciated that
      in this connection the lifted upper end of the flat bar 78 has been
      brought into the free position.
PAR  Only when the collar 96 has been pulled out of the sleeve 93 will the
      compressed air be discharged from below the piston 43 so that the balls 97
      will again move into blocking position. In this connection, the flat bar
      78 lowered together with the piston 43 will engage the coupling position
      below the nose 76.
PAR  The perforations 80 and 81 will in all conditions of the gripping device
      permit a relatively easy observation of the parts in the interior of the
      box 3, especially of the helical pressure springs 52 and 56. Also an
      exchange of these parts will consequently be relatively easy.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a gripping device adapted for cooperation with gripping tools
      constructed for releasable engagement with longitudinally extending
      bodies; said device comprising a body adapted for suspension from a
      lifting and transporting mechanism, said body including an upper part and
      a lower part in telescopic reciprocable engagement, upper and lower power
      operable devices in said lower part, gripping means carried by said lower
      part for coupling the lower part to a gripping tool and connected to said
      upper power operable device, said lower power operable device adapted for
      actuating the gripping tool connected to said lower part for coupling the
      gripping tool to a body to be lifted thereby, respective spring means
      biasing said power operable devices in coupling direction, a sleeve
      connected to each power operable device and extending upwardly therefrom,
      said sleeves being in slidable telescopic engagement, said springs
      surrounding said sleeves and at one end bearing on a support stationary
      with said second part and at the other end bearing on a plate connected to
      the respective sleeve.
NUM  2.
PAR  2. A gripping device according to claim 1 which includes a locking
      mechanism operable to lock said power operable devices in coupling
      position, said locking mechanism being carried by said parts of said
      gripping body and moved thereby into locking position in response to
      upward movement of said upper part on said lower part.
NUM  3.
PAR  3. A gripping device according to claim 2 in which said locking mechanism
      includes respective rods connected to said plates on said sleeves and a
      blocking lever for locking engagement with said rods, said lever being
      moved into locking position by upward movement of said upper part of said
      body on the lower part thereof and when in locking position engaging said
      rods when the respective power operable devices are in coupling position,
      each said rod being biased toward locking lever engaging position.
NUM  4.
PAR  4. A gripping device according to claim 2 in which said locking mechanism
      includes a rod connected to each said plate and extending axially upwardly
      therefrom and a locking lever pivoted on said lower part of the body and
      having one end engaged by said upper part of the body, the other end of
      said lever having a ledge region which engages the upper ends of said rods
      when the power operable devices are in coupling position and said lever is
      moved into locking position by upward movement of said upper part on said
      lower part, said lever having a deflecting region which engages said rods
      and moves the rods out of the range of said ledge region when the lever is
      pivoted to unlocking position by downward movement of said upper part on
      said lower part.
NUM  5.
PAR  5. A gripping device according to claim 4 in which each rod at the lower
      end is pivotally connected to the respective plate, said rods being
      laterally offset from each other, and a spring for each rod biasing the
      upper end of the rod toward the said other end of said locking lever.
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ABST
PAL  Inner and outer reinforcing and shock absorbing members are mounted on the
      inner panel of a vehicle door. The inner member is designed to provide
      only low resistance to a lateral impact force caused by a lateral
      collision and the outer member is designed to provide high compression
      resistance in a fore-and-aft collision of a vehicle.
BSUM
PAR  The present invention relates in general to a body construction of vehicles
      such as automobiles. More particularly, this invention is concerned with a
      door reinforcing and shock absorbing construction which is specifically
      designed for absorbing impact forces of a collision, and for effectively
      preventing deformation of the passenger cabin of an automobile.
PAR  When an automobile collides with another one running in an opposite
      direction or with one parked on the road, shock or impact forces occur
      which are applied to various sections of the body. For coping with such a
      collision, there have been proposed and developed many shock absorbing
      constructions and devices which are intended somehow to absorb and/or pass
      away such shock or impact forces protecting the passengers of an
      automobile in such collision. Such constructions and devices are generally
      classified into one group of devices which are designed to cushion out the
      above-mentioned shocks of collision by way of self-deformation or shock
      absorbing motion, for instance, such as a bumper, etc., and another group
      of constructions which are designed to absorb or pass away such impact
      energy by way of specific elastic or rigid constructions. In actual
      designs of an automobile, such constructions and devices are naturally
      compatible and incorporated in combination for assured effects and
      function against a collision.
PAR  In general, the design strength of an automobile's body may be shared to a
      small extent by the ceiling and the center pillar of the body, however,
      the body is constructed in such fashion that the major part of such
      strength is carried by the chassis. In this respect, when there is
      provided some stiffeners or reinforcement for providing additional
      strength in the longitudinal and lateral directions of the body above the
      seat level it is practically possible to substantially improve the safety
      factor of the body since the impact energies produced at an instance of a
      collision, head-on or rear end and/or lateral, of the automobile may be
      effectively absorbed or passed away.
PAR  In a design study of absorbing or passing away the impact energies produced
      at an instance of a collision by way of deformation and/or buckling of the
      constructional members, one of the most significant viewpoints should be
      directed to prevent injury or even death due to such deformation or
      buckling of an automobile body. In order to prevent such accidental injury
      or death of the passengers of an automobile, it is necessary to prevent a
      substantial deformation of the passenger cabin. As means for preventing
      such deformation, it is most effective to reinforce the door construction.
PAR  However, the reinforcing or shock absorbing constructions of automobile
      doors proposed thus far tend to be too heavy or too thick which in turn
      leads to a substantial increase of constructional or economical burden in
      the entire construction of the body, thus resulting in a high cost.
      Alternatively, there would be such a disadvantage that the lateral space
      of the passenger cabin is reduced due to an increase in the thickness of
      such door construction, as the outside width of the body is limited by
      traffic laws or regulations of each country.
PAR  In consideration of the above described drawbacks as well as inconveniences
      in the existing reinforcing construction and/or devices of automobile
      doors, it would be greatly advantageous to provide such an improved and
      useful reinforcing and shock absorbing construction for the automobile
      door which comprises an outer member and an inner member, wherein the
      former provides a large compression strength against impact forces applied
      in the longitudinal direction of the automobile body (hereinafter simply
      referred to as "the longitudinal direction") without affecting the lateral
      interior space of the passenger cabin, while the latter provides a
      relatively small compression strength against impact forces applied in the
      lateral direction of the body (hereinafter referred to as "the lateral
      direction") without sacrificing the function of the conventional safety
      pad, whereby a deformation and/or a damage of the passenger cabin is
      effectively prevented in an emergency of a head-on or rear end collision,
      while the passenger is assuredly protected from lateral shocks in a
      lateral collision.
PAR  It is therefore a primary object of the present invention to provide an
      improved reinforcing construction of an automobile door which has a
      constructional strength enough to absorb and/or pass away a deformation
      stress produced by impact forces applied in the longitudinal direction in
      a head-on or rear end collision.
PAR  It is another object of this invention to provide an improved reinforcing
      and shock absorbing construction of an automobile door which is capable of
      effectively absorbing lateral shocks produced in a lateral collision.
PAR  It is still another object of this invention to provide an improved
      reinforcing and shock absorbing construction of an automobile door of a
      thickness which does not sacrifice the interior width of the passenger
      cabin and does not spoil the appearance nor the practical utility of the
      interior gears of the passenger cabin.
PAR  According to this invention, there is provided an improved reinforcing and
      shock absorbing construction of an automobile door, which comprises an
      outer reinforcing member of box construction disposed in the vicinity of
      the upper end of and on the outer surface of an inner panel of the
      automobile door and having a large compression strength against impact
      forces applied in the longitudinal direction, an inner reinforcing and
      shock absorbing member of generally U-shape in cross section disposed in
      the vicinity of the upper end of and on the inner surface of an inner
      panel of the automobile door and having a relatively large compression
      strength against impact forces applied in the longitudinal direction and a
      relatively small compression strength against impact forces applied in the
      lateral direction, the inner reinforcing and shock-absorbing member having
      at least one shouldered portion in each leg thereof, and an elastomeric
      member disposed on the outer surface of the above-mentioned inner
      reinforcing and shock absorbing member and adapted for cushioning the
      lateral impact forces applied in the lateral direction.
PAR  The above and other objects, and features of the present invention, will
      become more apparent from the following detailed description with respect
      to preferred embodiments of the invention when read in conjunction with
      the accompanying drawings, in which like parts are designated by like
      reference numerals.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 is a schematic partly cutaway view of an interior of a door
      arrangement in the passenger cabin of an automobile;
PAR  FIG. 2 is a perspective cross section view, taken along the plane
      designated by the line A--A in FIG. 1, showing a cross-sectional
      construction of an automobile door according to the prior art;
PAR  FIG. 3 is a perspective cross section view, taken along the plane
      designated by the line A--A in FIG. 1, showing a cross-sectional
      construction of an automobile door according to the present invention;
PAR  FIG. 4 is an enlarged part cross section view, showing detailed arrangement
      of door reinforcement constructional members according to this invention
      installed on both sides of a door inner panel;
PAR  FIGS. 5a through 5e are part cross section views, showing a variety of
      embodiments of inner reinforcing members of this invention;
PAR  FIGS. 6a and 6b are graphic representations of relationships between impact
      forces applied to a lateral shock absorbing member or an automobile door
      construction and the disposition of such impact forces, wherein FIG. 6a
      illustrates the relationship in the case of prior art, while FIG. 6b
      illustrates the relationship in the case of the door construction
      according to this invention; and
PAR  FIGS. 7a through 7d are perspective views of a variety of embodiments of
      outer reinforcing members of this invention.
DETD
PAR  Referring now to FIG. 1, there is shown a general door arrangement of an
      automobile viewed from the inside of the passenger cabin, and FIG. 2 is a
      perspective part view of a cross section of a door constructed as to the
      prior art, which is taken along the line A--A in FIG. 1, wherein there are
      shown a door outer panel 10, a door inner panel 12, an outer reinforcing
      member 14, and a lateral shock absorbing pad 16. FIG. 3 shows a first
      preferred embodiment of a reinforcing construction of an automobile door
      according to this invention, wherein an outer member is designated at 14
      for reinforcing and absorbing impact forces applied in the longitudinal
      direction indicated by the arrow B, an inner member 16 for absorbing
      impact forces applied in the lateral direction indicated by the arrow C,
      and a lateral shock absorbing pad is designated by 18.
PAR  Referring now to FIG. 4, there is shown in detail the first embodiment of
      the door reinforcing and shock absorbing construction of this invention
      illustrating an outer member 14, an inner member 16, and a lateral shock
      absorbing pad 18, as well as a window panel 26. The outer member 14 is a
      reinforcement of box construction constituting an upper edge configuration
      of the door inner panel 12 and disposed in the vicinity of the upper end
      of and on the outer surface of the door inner panel 12, which is designed
      to provide a considerable compression resistance against impact energies
      in the longitudinal direction in an instance of a head-on or rear end
      collision of the automobile. The inner member 16 is generally U-shaped in
      cross section and disposed in the vicinity of the upper end of and on the
      opposite side or inner surface of the door inner panel 12. The inner
      member 16 has a pair of leg portions which are firmly mounted on a back
      portion of the outer member 14 through a pair of flat portions 24. Each of
      the leg portions is formed with a pair of outwardly extending channel
      portions 17 which are parallely arranged with respect to the outer member
      14. Therefore, the inner 16 has a relatively large compression resistance
      against impact forces applied in the longitudinal direction while it has a
      relatively low compression resistance against impact forces applied in the
      lateral direction. The above-mentioned lateral shock absorbing pad 18 is
      of elastomeric material and is installed in a position on the outer
      surface of the inner reinforcing member 16 for cushioning lateral shocks
      and preventing them from directly being transmitted to the passengers of
      the automobile.
PAR  In the conventional design and construction of the automobile door,
      particularly in an event of highspeed and head-on rear end collision,
      substantial buckling of the door or the doors due to great impact forces
      produced in the longitudinal direction result in a significant collapse of
      the passenger cabin causing injuries and even death to the occupants.
PAR  The outer reinforcing member 14 of this invention is, as described
      hereinbefore, of a box construction having a large compression resistance
      along the longitudinal direction, and by installing this construction in
      the upper edge of and on the outer surface of the door inner panel, in a
      head-on or rear end collision of the automobile, it effectively absorbs
      such great forces produced in the longitudinal direction and thus prevents
      or diminishes the parallelogrammic deformation or damage of the door or
      doors, or subsequently the entire passenger cabin. The deformation
      preventing function of this outer reinforcing member 14 of the door
      guarantees a survival space for the passenger to a greatly appreciable
      extent particularly in a serious head-on collision, etc.
PAR  The cross-sectional shape of this outer reinforcing member 14 may be varied
      and modified as shown in the following embodiments of this invention. FIG.
      5a shows a second embodiment of the outer member 14 installed on the outer
      side of the conventional door inner panel 12. In this embodiment, as this
      member 14 is disposed on the outer side of the inner panel 12, it may be
      of any profile having as large as possible compression resistance in the
      longitudinal direction free from any constructional requirement on the
      part of the door inner panel, and furthermore it may be made free from any
      requirement for the surface finishing as a part of the inner panel.
      Incidentally, in this embodiment there may occur some additional
      reinforcing function by the inner panel to the strength of the outer
      reinforcing member 14 by virtue of the configuration of the inner panel
      per se.
PAR  FIG. 5b shows a third embodiment of this invention, wherein the reinforcing
      member 14 comprises a channel section 14 and a plate 14a, the plate 14a
      being made of a sheet metal having the same material specifications as the
      door outer panel 10 and the door inner panel 12. This channel type
      reinforcing member 14 may be designed with a further larger bending
      strength than the foregoing embodiments.
PAR  FIG. 5c shows a fourth embodiment of the outer reinforcing member of this
      invention, which may be considered a combination of the reinforcing member
      of channel type in the third embodiment and the member 14 of an upper end
      flanged configuration of the inner panel in the first embodiment of this
      invention, whereby there is naturally available a largest compression
      resistances in both longitudinal and lateral directions of the embodiments
      of this invention.
PAR  FIGS. 5d and 5e show further embodiments of the outer reinforcing member 14
      of this invention, wherein the reinforcing member is welded or otherwise
      fixed onto the outer surface of the door inner panel 12 except for the
      upper end flanged area 28 thereof. In this embodiment, as it is not
      necessary to weld or otherwise fix reinforcing the member 14 in the upper
      end flanged area 28 of the inner panel 12, it would be easier to maintain
      the precision in the finish work of the interior members of the passenger
      cabin.
PAR  In such a manner, by introducing such specific construction into the
      constitutional member of the automobile door, it is now practically
      possible to provide substantially additional compression resistance in the
      longitudinal direction to the door without affecting the thickness of the
      door construction by utilizing an interior space left in the vicinity of
      the upper end of the door inner panel, or the door well.
PAR  Next, in the following is described typical embodiments of the inner member
      16 for absorbing lateral shock loads according to this invention, which
      may be applied in fully interchangeable combination with the
      above-mentioned outer reinforcing member. Referring back to FIG. 4, this
      member 16 is a reinforcing member formed in a generally U-shape in cross
      section from sheet material with the leg portions thereof formed with of
      least one corrugation or shoulder 22, the end flat portions 24 of which
      leg portions are available for being installed into position on the upper
      edge of and on the inner side of the door inner panel, or in the opposite
      position to the above-mentioned outer reinforcing member 14. Around the
      outer surface of the member 16 there is positioned in wrapping relation a
      lateral shock absorbing pad 18, while the interior space thereof is kept
      vacant. The pad 18 in such an application may be thinner than the
      conventional shock absorbing pad.
PAR  This inner reinforcing member 16 and the lateral shock absorbing pad 18
      are, as described above, mutually connected resulting in a compact
      configuration as a whole. Therefore, if the thus composed inner
      reinforcing member and lateral shock absorbing pad are installed in the
      vicinity of the upper edge of the door inner panel in the conventional
      manner, they do not extrude so long into the lateral interior space of the
      passenger cabin, as experienced in the conventional shock absorbing pad,
      thus preventing the interior lateral space of the cabin from being reduced
      since the cross section of the inner reinforcing member 16 is of a shape
      providing a high compression resistance in the longitudinal direction
      thereof and at the same time a relatively low compression resistance in
      the direction in which both leg portions 20 thereof extend (in the
      direction of the arrow C in FIG. 4). When the thus obtained inner
      reinforcing member is installed in position in the vicinity of the upper
      edge of and on the inner side of the door inner panel, with the lateral
      shock absorbing pad wrapping therearound, this inner reinforcing member 16
      is capable to provide a relatively high compression resistance, in
      collaboration with the above-mentioned outer reinforcing member 14, to the
      entire door construction against impact forces applied in the longitudinal
      direction (in the direction of the arrow B in FIG. 4), thus partly
      absorbing and/or passing away shock forces produced in the longitudinal
      direction in an instance of a head-on or rear end collision of the
      automobile and consequently preventing a parallelogrammic deformation of
      the door or subsequently the passenger cabin. On the other hand, in case
      of a lateral collision of the automobile this inner reinforcing member 16
      can, by virtue of its relatively low compression resistance in the lateral
      direction thereof obtained by its specific cross-sectional shape, be
      collapsed to a substantial extent under impact forces applied in the
      lateral direction so as to effectively absorb such impact forces, thus
      safely preventing the lateral shock forces from being transmitted directly
      to the passengers in the cabin together with the lateral shock absorbing
      safety pad 18 which elastically contracts to cushion out the shock forces
      in the lateral direction.
PAR  In the various typical embodiments of this invention described hereinbefore
      in conjunction with the accompanying drawings, although the lateral shock
      absorbing pad 18 is disposed around the outer surface of the inner
      reinforcing member 16 in a wrapping relation therewith, the compression
      resistance of the inner reinforcing member 16 may be designed to be
      further appropriately smaller so as to provide more buckling capability or
      contractibility under a given lateral impact force by way of optionally
      selecting the configuration, thickness, material, etc., thereof, the
      lateral shock absorbing pad 18 may be omitted.
PAR  FIGS. 6a and 6b are graphic representation of relationships between impact
      loads applied to a lateral shock absorbing member in the door construction
      and the disposition thereof under such impact forces, wherein FIG. 6a
      gives the relationship in the case of the prior art, while FIG. 6b
      illustrates the relationship in the door construction according to this
      invention. As shown in FIG. 6b, it is clear that the disposition of the
      shock absorbing member of this invention can occur relatively easily or
      effectively under a given shock force, which means a relatively effective
      shock absorbing function of the member.
PAR  In FIGS. 7a through 7d, there are shown some typical exemplary embodiments
      of the inner reinforcing member 16 according to this invention, with a
      variety of cross sections providing optionally different yet
      advantageously low compression resistance in the direction shown by the
      arrow C in FIG. 4, respectively, thus resulting in an effective
      contractibility or shock absorbing capability against the lateral shock
      forces produced in an instance of lateral collision of the automobile.
PAR  For further details, in FIG. 7a shown is the inner reinforcing and shock
      absorbing member 16 by way of a second exemplary embodiment wherein there
      is provided one recess or U-channel in each leg portion thereof to obtain
      an effectively low compression resistance in the direction shown by the
      arrow C in FIG. 4. The inner member 16 referred to in FIG. 7b is a third
      embodiment thereof wherein there are in contrast provided two recesses
      U-channels, in each leg, thus effectively providing a further lower
      compression resistance in the direction shown by the arrow C in FIG. 4.
      FIG. 7c, shows a fourth embodiment of the inner member 16 having in cross
      section thereof one shoulder in each leg to realize an effectively low
      compression resistance in the direction of the arrow C in FIG. 4.
      Referring to FIG. 7d there is shown a fifth embodiment of the inner member
      16 having in cross section thereof two shoulders in each leg, consequently
      effectively providing a still lower compression resistance in the same
      direction.
PAR  As fully described in the above embodiments, this invention is intended for
      providing reinforcing and shock absorbing members for the door
      construction of the upper edge portion of and on both sides of the door
      inner panel, and this reinforcing and shock absorbing members can provide
      such advantages and effects as stated in the following: in a head-on
      and/or rear end collision, the outer reinforcing member can, in
      collaboration with the inner reinforcing and shock absorbing member,
      effectively absorb the impact forces produced in the longitudinal
      direction and subsequently pass away or transmit the impact forces between
      the fore part and the rear part of the automobile, thus substantially
      increasing the strength of the entire vehicle construction and
      consequently preventing a serious deformation of the passenger cabin so as
      to provide a survival space for the passengers, while in a lateral
      collision the inner reinforcing and shock absorbing member can, together
      with the lateral shock absorbing member, effectively absorb or diminish
      the impact forces produced in the lateral direction, and subsequently
      protect the passengers in the cabin from such lateral shock loads, thus
      guaranteeing the safety of the automobile occupants, and at the same time
      providing a good appearance and comfort in the interior of the passenger
      cabin without sacrifice in the lateral interior space of the cabin.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Reinforcing and shock absorbing members in combination for a vehicle
      door having a door inner panel, comprising:
PA1  an outer member including an elongated first member having generally a
      C-shaped cross section, and an elongated second member of a flat sheet,
      said first and second member being made of metals and being united at the
      edges thereof to constitute a box construction, said outer member being
      securely connected to said inner panel in such a manner that said first
      member forms a desired profile of the upper edge portion of said door
      inner panel;
PA1  an elongated inner member made of a metal and having generally a U-shaped
      cross section with a pair of leg portions terminating at an open end
      thereof, said pair of leg portions being firmly mounted, at the open end
      of said inner member, on the back portion of the first member so that the
      elongated inner member is arranged in parallel with said outer member and
      the open end of said inner member is closed by said elongated first member
      of said outer member, and each of said leg portions having a pair of
      outwardly extending channel portions which are arranged in parallel with
      said outer member; and
PA1  an elastomeric member wrapping said elongated inner member and being firmly
      mounted on the said elongated first member.
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ABST
PAL  An adjustable headrest for use with the dental chairs and the like which
      can be tilted forward or backward with respect to the backrest of the
      chair. The headrest is adjusted with one hand by vertically pulling a
      lever to disengage a clutch mechanism while simultaneously moving the
      headrest to the selected inclination.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an adjustable headrest for dental chairs
      and more specifically to such a headrest which can be operated with one
      hand.
PAR  Most present type adjustable headrests known in the art need both hands to
      operate, one hand to hold the headrest in a selected position and the
      other hand to operate the locking mechanism. For various reasons it is
      advantageous to have the headrest operable with one hand so that the
      dentist will have one hand free to hold an instrument, the head of the
      patient or for various other purposes.
PAR  Headrests are known, which are operable with one hand, as for example the
      headrest shown in U.S. Pat. No. 3,817,576. One drawback of such a headrest
      of the prior art is that a pawl mechanism used to lock the headrest limits
      positioning to a relatively few predetermined positions throughout the
      range of movement. Also, the headrest and the lever for operating the lock
      mechanisms are pivotable about different points which results in a
      relative movement between the headrest and lever during repositioning. In
      some instances this relative movement makes the headrest awkward to
      operate.
PAR  In the presently available headrests, the pivot point of the headrest is
      close to the joint between the patient's head and neck, that is near the
      plane of the oral cavity. As a result, when the headrest is rotated, the
      head simply rotates on the neck column. Since the radius length defined by
      the distance between the pivot point of the headrest and the oral cavity
      is relatively short, the position of the patient's oral cavity does not
      significantly change.
PAR  In the articulated headrest of the present invention the lock mechanism for
      operation is contained in the headrest. Disengagement of the lock and
      repositioning the headrest is accomplished by operating a bar at the back
      of the headrest with the fingers of one hand while articulating the
      headrest with the same hand up or down to get the desired position.
      Releasing the bar then locks the headrest in that particular position. The
      locking mechanism used in the present invention not only permits a greater
      freedom in positioning of the headrest within its range of movement but
      also is readily accessible to both the dentist or hygienist regardless of
      whether the patient is in a supine or upright position and regardless of
      whether the dentist or hygienist is at the left or right side of the
      dental chair.
PAR  Further, in the present invention, the pivot point of the headrest is
      located not near the patient's mouth but well below the patient's
      occipital such that it closely coincides with the actual pivot point of a
      patient's neck. As a result, when the headrest is articulated, the
      patient's entire neck column is bent. Since the radius length defined by
      the distance between the pivot point of the headrest and the oral cavity
      is now relatively long, the patient's oral cavity tends to rotate a
      greater distance for better visibility to the dentist.
PAR  As an added feature, the headrest includes a bracket which can be used to
      hold instruments and their accessories.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, the headrest is journaled to a tang which in turn
      can be inserted into the backrest of a dental chair, a lock mechanism
      within the headrest includes a first toothed clutch member fixed to a
      tang, coaxial with a headrest journal, and a manually movable bracket
      which is slidably mounted within the headrest for movement in a direction
      normal to the axis of the journal, the bracket having a cam slot. A lever
      arm is pivoted intermediate its ends to the headrest, the lever arm
      carrying a second toothed clutch member at one end and a cam follower at
      its other end riding in the bracket cam slot. A bias means urges the
      toothed clutch members together for locking the headrest in position, the
      clutch members being disengaged by manually moving the bracket upwardly
      which causes the cam slot-cam follower connection to pivot the lever arm
      and move the second clutch member away from the first.
PAR  When used in combination with a dental chair having its back rest provided
      with a cut out portion to receive the tang, the articulation point of the
      headrest can be located well below the end surface of the backrest so that
      the articulation of the headrest produces the dual movement of bending the
      patient's neck column and rotating the head on the neck column as opposed
      to headrests of the prior art which merely rotate the head.
PAR  As an added feature, the top section of the headrest contains a sleeve
      adapted to receive an instrument parking bracket inserted into the sleeve
      from either side of the headrest for temporarily supporting various dental
      instruments such as drills, syringes and the like.
PAC  OBJECTS OF THE PRESENT INVENTION
PAR  One object of the present invention is to provide an articulated headrest
      for dental chairs and the like wherein the mechanism for locking the
      headrest in the desired position is wholly contained within the headrest.
PAR  Another object of the present invention is to provide an articulated
      headrest for dental chairs and the like which allows free movement in an
      upward direction and automatically locks the headrest against downward
      pressure.
PAR  A further object of the present invention is to provide an articulated
      headrest which can be easily operated by one hand.
PAR  A still further object of the present invention is to provide a locking
      mechanism for an articulated headrest and the like which allows adjustment
      to a relatively large number of positions over the range of movement of
      the articulated headrest.
PAR  Another object of the invention is to provide a headrest which incorporates
      an instrument parking bracket to hold instruments so designed as not to
      interfere with the dentist's legs when operating upon a patient resting in
      supine position.
PAR  It is still another object of the invention to provide a headrest in which
      there is no relative movement between the headrest and operating lever
      when the headrest is adjusted.
PAR  Yet another object of the invention to provide a headrest which maintains a
      patient's head in one orientation without varying the position of his oral
      cavity.
PAR  The invention will be better understood and additional objects thereof will
      become more apparent from the accompanying specification and claims
      considered together with the accompanying drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the headrest assembly, with a portion of the
      cushion material removed to show the internal locking mechanism; and
PAR  FIG. 2 is a side view of the headrest assembly including a section taken
      along lines 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  Referring to the drawing, FIG. 1 shows a headrest 10 having a rear panel
      12. The upholstery material, a portion of which is shown at 13, has been
      removed from the headrest to expose the internal components of the
      headrest. The headrest is journaled to a tang 14 by means of an axle pin
      16 so that the headrest can articulate about the tang. The tang is in turn
      inserted into a backrest 2 of a dental chair. The backrest 2 has a cut-out
      portion 4 so that the axle pin is located well below the patient's
      shoulder height as defined by the upper surface 6 of the backrest. With
      this arrangement then, the headrest can articulate about pin 16 with
      respect to the dental chair at a point below the patient's occipital and
      close to the actual pivot point of the patient's neck.
PAR  In order to limit the articulation of the headrest, a stop dog 17 fixed to
      the tang is adapted to engage either of the two stop pins 15. As best seen
      in FIG. 2 the limits of articulation are thus defined by the engagement of
      one or another of stop pins 15 against dog 17.
PAR  Fixed to the tang coaxially with pin 16 is a fixed toothed clutch member
      18. A second toothed clutch member 20 slidably mounted on axle pin 16 is
      normally urged into engagement with the fixed clutch member by a spring 22
      disposed about the pin and biased between the tang and the second clutch
      member 20. The teeth of the clutch members are so oriented as to permit
      free rotation of the second clutch member over the first in one direction
      while preventing such rotation in the other direction. This permits the
      headrest to be freely movable counter clock-wise about axle pin 16 as
      viewed in FIG. 2 while locking the headrest against clockwise movement.
PAR  Second clutch member 20 is carried on one end of a lever arm 24 wherein
      connection pins 21 couple the clutch member to the lever arm. The lever
      arm is pivoted intermediate its ends to a pivot pin 26 fixed to rear panel
      12, the pivot pin passing through an elongated slot 28 in the lever arm.
      Fixed to the other end of lever arm 24 is a cam follower 30.
PAR  Cam follower 30 in turn rides in a cam slot 32 formed in an actuating
      member 34. The actuating member is slidably mounted to rear panel 12 by
      means of three guide pins 36 fixed to the rear panel which extend through
      three parallel elongated slots 38 formed in the actuating member.
PAR  As best shown in FIG. 2, the actuating member is also provided with a
      depending hand grip 40 which extends through an opening 42 in the rear
      panel. With this arrangement, the operator can grasp the hand grip 40 and
      move the actuating member towards the top of the headrest. A pair of
      springs 44 between actuater member 34 and two of the guide pins 36 moves
      the actuator towards the bottom of the headrest that is towards the tang,
      when the hand grip is released.
PAR  In operation, and in particular, to move the headrest clockwise about axle
      pin 16 as viewed in FIG. 2, hand grip 40 is grasped with two or three
      fingers while keeping the palm on the upper end of the headrest with the
      thumb over the top of the headrest. With a grasping or hand closing motion
      the headrest is grasped and the hand grip and therefor actuating member 24
      is pulled towards the top of the headrests against the bias of springs 44.
      As the actuating member moves upwardly cam slot 32 displaces cam follower
      30 to the left as viewed in FIG. 1. This causes a counter clock-wise
      movement of lever arm 24 which in turn carries the second clutch member
      out of engagement with the fixed clutch member 18. Because axle pin 16
      permits only axial movement of clutch member 20, lever arm 24 slides
      slightly on pivot pin 26 when clutch member 20 is moved towards or away
      from fixed clutch member 18. Furthermore, the loose connection between
      clutch member 20 and pins 21 allows the clutch member to move axially on
      axle pin 16 as the lever arm pivots slightly.
PAR  In any event, when actuating member 24 is moved upwards and held, clutch
      members 18 and 20 are disengaged and the headrest can be freely tilted
      downward or clockwise as viewed in FIG. 2, to any desired position.
PAR  When hand grip 40 is released, spring 22 will urge the clutch members back
      into engagement to lock the headrest at the adjusted position. At the same
      time, springs 44 will also move the actuating member towards the tang or
      bottom of the headrest so as to restore the position of the components to
      that shown in the Figures.
PAR  As the headrest is articulated, the relatively long pivot
      point-to-occipital distance results in a relative motion between the
      patient's head and the headrest. That is, as the headrest is rotated
      clockwise as viewed in FIG. 2, the patient's head tends to slide downward
      along the headrest and the opposite movement occurs when the headrest is
      rotated counterclockwise. In order to compensate for this relative
      movement, the headrest should be moved farther into the backrest or
      extended from the backrest as the headrest is rotated respectively
      clockwise and counterclockwise.
PAR  To provide for this movement while maintaining one hand operation, a simple
      cam friction lock is used. In this respect FIG. 1 shows a lock member 3
      slidably pinned to the dental chair backrest 2. The lock member is biased
      by a spring 5 against tang 14. With the friction lock properly adjusted,
      the entire headrest can be pushed into or pulled from the backrest with
      one hand as the headrest is articulated. The manner of operating the lock
      to articulate the headrest, that is grasping the operating lever on the
      undersurface with the fingers while the thumb is disposed over the
      cushioned surface, allows the operator to grasp the headrest for pulling
      it from or pushing it into the backrest.
PAR  As an added feature the headrest is also provided with a sleeve 50 adjacent
      to its top end. The sleeve is oriented across the headrest and is adapted
      to receive an instrument parking bracket 48 inserted into the sleeve
      through an opening 52 at the side of the headrest. As one opening 52 is
      provided at each side of the headrest, the parking bracket can be inserted
      from either the left or right side of the headrest.
PAR  The parking bracket 48 contains one or more nests 54 for receiving,
      temporarily, any instrument which the dentist or his assistant needs to
      perform a particular operation.
PAR  Thus, it should be appreciated that the present invention accomplishes its
      intended objects in providing an articulated headrest which has low pivot
      point which provides for a wider range of movement of the oral cavity.
      Further, the headrest is easily operated with one hand and can be both
      articulated and moved into or out of the backrest with a minimum of
      effort. Not only is the headrest securely locked at the set position the
      toothed clutch used to lock the headrest in position also allows the
      positioning of the headrest at any point over its entire range of motion
      thus offering the dentist a wide range of set positions.
PAR  It should be appreciated that while a preferred embodiment has been
      described, various modifications will be obvious to one skilled in the
      art. For example, if pin 16 does not pass through clutch member 20, the
      clutch member will be free to move in an arc and out of engagement with
      the fixed clutch member so that elongated slot 28 can be eliminated.
      Further it is within the skill of the art to put cam follower 30 on
      actuator 34 and cam slot 32 on the lever arm. Further, while the friction
      lock 3 may be replaced by a manually operated lock this would detract
      somewhat from the one hand operation of the headrest.
CLMS
STM  Having thus described the invention in detail, what is claimed as new is:
NUM  1.
PAR  1. A headrest for dental chairs and the like comprising:
PA1  a. a tang adapted for attachment to a dental chair;
PA1  b. a headrest journaled to said tang, said headrest including a rear panel
      having an opening therethrough;
PA1  c. an actuating member slidably mounted in said headrest to said rear
      panel, said member having a manually engageable portion extending through
      said opening;
PA1  d. a lever arm pivoted intermediate its ends within said headrest to said
      rear panel;
PA1  e. a pair of axially aligned clutch members within said headrest frame, one
      of said clutch members being fixed to said tang at said journal and a
      second of said clutch members being attached to said lever arm;
PA1  f. bias means, normally urging said clutch members into engagement to lock
      said headrest in position; and
PA1  g. cam means on said actuating member and lever arm member cooperating to
      pivot said lever arm responsive to the manual movement of said actuating
      member for moving said second clutch member against said bias and out of
      engagement with said first member to unlock said headrest.
NUM  2.
PAR  2. A headrest as in claim 1 including second bias means for urging said
      actuating member towards said journal so as to automatically return said
      actuating member to a headrest locking position when released.
NUM  3.
PAR  3. A headrest as in claim 1 wherein said actuating member is slidably
      mounted to said rear panel by means of a plurality of parallel guide pins
      projecting through a plurality of elongated slots in said actuating
      member.
NUM  4.
PAR  4. A headrest as in claim 3, wherein said second bias means are springs
      attached to said guide pins and said actuating means so as to urge said
      actuating means towards said tang.
NUM  5.
PAR  5. A headrest as set forth in claim 1 wherein said journal includes an axle
      pin, said second clutch member being slidably mounted on the said axle
      pin.
NUM  6.
PAR  6. A headrest as set forth in claim 1 wherein said second clutch member is
      carried on one end of said lever arm and said cam means is carried on the
      other end of said lever arm.
NUM  7.
PAR  7. A headrest as in claim 1 wherein said cam means comprises cam slot on
      one of said actuating member and lever arm and a cam follower on the
      other.
NUM  8.
PAR  8. A headrest as in claim 7 wherein said cam slot is on said actuating
      member and said cam follower is on one end of said lever arm.
NUM  9.
PAR  9. A headrest as in claim 1 wherein said bias means is a coil spring about
      said axle pin and biased between said second clutch member and said tang.
NUM  10.
PAR  10. A headrest as in claim 1 including a sleeve within said headrest
      adjacent to the top thereof adapted to slidably receive an instrument
      parking bracket, said headrest having openings at the sides thereof to
      permit passage of said parking bracket into said sleeve.
NUM  11.
PAR  11. A headrest-backrest combination for dental chairs and the like
      comprising:
PA1  a. a backrest provided with a cut-out portion extending inward into said
      backrest from an upper end surface thereof;
PA1  b. a tang adapted to slidably extend into said cut-out;
PA1  c. a headrest journaled for articulation about said tang, said journal
      being located within said cut-out and below said backrest upper end
      surface so that the articulation of said headrest about said tang occurs
      at a point spaced from the occipital of a patient's head resting on said
      headrest;
PA1  d. a friction lock means on said backrest and engaging said tang, for
      maintaining said headrest at an adjusted spaced distance from said
      backrest upper end surface;
PA1  e. positive lock means within said headrest for locking said headrest at an
      adjusted articulated position; and
PA1  f. one hand operative means for operating said positive and friction lock
      means to move said headrest to an adjusted articulated and spaced position
      with respect to said backrest.
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ABST
PAL  Safety harness comprising a waistband to be wrapped around a person,
      shoulder suspenders projecting from the top of the waistband and means for
      coupling the waistband to a supportive body, such as an automobile; the
      coupling means comprises two separate belts joining opposite sides of the
      waistband to the supportive body; an openable coupling in each belt, which
      coupling includes a swivelable lock handle, which is adapted to be
      swiveled substantially simultaneously with the grasping and removal of the
      person from the supportive body; in additional embodiments, means connect
      the swivelable handles for both belt couplings so that swivel of one
      handle also swivels the other and releases the waistband.
PARN
PAR  This is a continuation-in-part of application Ser. No. 416,079, filed Nov.
      15, 1973, now abandoned.
BSUM
PAR  This invention concerns safety equipment particularly useful for children.
      In particular, it concerns a safety harness for use in automobiles, or the
      like. A harness holds the child's body and is removably coupled to the
      automobile body.
PAR  A variety of adult automobile safety belts have been developed. But belts
      designed for children have remained relatively unexplored. It was
      originally believed that adult safety belts could serve children when
      adjusted to a smaller scale. However, practical tests have shown that
      adult safety belts on the proper scale for children do not work.
PAR  The still supple body of a child is not adequately restrained by the
      preferred triangular or three point form safety belt. The belt easily
      slips over the child so that he loses the basic favorable position with
      respect to known safety belts and he may eventually become free of the
      safety belt. A safety belt generally cannot be tightened to the same
      extent with a child as with an adult. A child needs more freedom of
      movement than an adult, especially for longer automobile rides.
PAR  Furthermore, in most emergencies, adults who have not lost consciousness
      are able to release themselves from safety belts. This usually does not
      occur with small children and may not be possible with older children. A
      nearby adult must be able to free the belted child rapidly in an emergency
      and should preferably be able to seize, release from restraint and carry
      the child to safety, all with only one hand.
PAR  A child wearing a harness is in an upright sitting position. To some
      extent, he should have freedom of forward movement.
PAR  The invention solves the foregoing problems. To the body holding harness
      are attached fastening belts that are attached to the supportive body,
      such as an automobile. Each belt includes within itself a coupling means
      which can be easily coupled or uncoupled by a handle located in proximity
      to the harness. The separation of the holding belts from the harness
      enables removal of the child without impediment from belts or other
      remaining gear. The handles are arranged so that uncoupling of the
      coupling means is accomplished by a sideward movement of a hand in the
      direction of the instinctive movement of an adult seizing a belted child.
      This would save critical time in freeing the child, also without damaging
      the child or his clothing. The disengagement direction of the swivel
      handles is easily recognized by the adult who uses the invention. This is
      important because adults often may not have confidence that there will be
      the necessary quick release.
PAR  There is a further advantage when the handles are placed to face toward the
      lower side of the child's body below the harness. An adult would normally
      grasp a child below the safety harness and this is where the handles are.
PAR  As a further improvement, the swivel handles of the belt coupling means are
      tied together for simultaneous movement in the proper opening direction.
      Preferably, only a one hand movement should be required to release both
      belt coupling means at the same time. This is especially advantageous when
      the person seizing the child has only one hand free to do so, e.g. because
      the other arm is injured. The swivel handles can be tied together so that
      the user can release the child using either hand and operating either
      swivel handle.
PAR  With the invention, the child's body need not be held by a single thin
      width belt but may instead be held by a belt that is quite wide. This is
      accomplished by incorporating vest-type or wide waistband harnesses.
PAR  A still further improvement involves the vest or waistband portion having
      its forward facing side continuous and without breaks as it must be strong
      to absorb the emergency stop stresses, which might occur in an accident.
PAR  The vest or waistband has a closing means at its back part. This closing
      means should be constructed to enable selection of different lengths for
      the belt. This closing means should also be slipless when closed.
PAR  The application of the safety arrangements is simplified by using a
      differently colored waistband, shoulder harness and, possibly, fastening
      belts. This is particularly useful when similar types of belts are
      involved so that the different kinds of belts can be easily distinguished
      from each other. The manipulation of the safety equipment is greatly
      simplified.
DRWD
PAR  Embodiments of the invention are shown in the drawings.
PAR  FIG. 1 is a front view of a safety arrangement for children in accordance
      with the invention;
PAR  FIG. 2 is a top view of the arrangement of FIG. 1, with the body belt open;
PAR  FIGS. 3 and 4 each show a fragment of the front view of respective further
      design of the safety arrangement;
PAR  FIG. 5 is an elevational view of a swivel handle of the belt in the belt
      locked condition;
PAR  FIG. 6 shows the handle swiveled to the unlocked condition; and
PAR  FIG. 7 shows the waistband uncoupled from the belt.
DETD
PAR  Turning to the drawings, FIG. 1 shows a vest-type safety arrangement having
      attached to each side of the waistband or vest a coupling means 2. Greater
      detail of means 2 is shown in FIGS. 5-7. Through coupling means 2 the
      waistband is attached to belt 3. End 4 of belt 3 is attached (by means not
      shown) to an automobile (not shown). The vest type portion 1 is comprised
      of a waistband 5 which has substantial height, as viewed in FIG. 1, as
      compared to other safety arrangements. Waistband 5 has a vest like
      character. Waistband 5 can encircle and be closed around the body of the
      child. The waistband extends in front of the child and fastens behind him.
      The free ends of the waistband may be held by a flat zipper.
      Alternatively, the free end portions of waistband 5, as shown in FIG. 2,
      are provided with waistband fastening means, like engageable fastening
      surfaces 6. One example of fastening means is a non-slip, flat material
      surface lock. This might, for instance, be the hook and loop surface lock
      identified as Velcro, or it might be adhesive surfaces. It is a matter of
      choice as to which end or surface 6 carries the one of the fastening
      surfaces and which carries the other. A flat grappler lock is quite easily
      and rapidly closed and opened. Also, flat engaging panels 6 enable the
      length of waistband 5 to be adjusted with ease for different size children
      and different degrees of tightness. The locking force of the flat
      grappling lock is sufficient under both ordinary and extreme conditions.
      Also, ease and efficiency of use in waistband 5 is assured.
PAR  Two shoulder straps 7 are attached to waistband 5. Straps 7 are illustrated
      as being parallel and as not crossing each other. The lengths of shoulder
      straps 7 are adjustable by their buckles 8, so that the location of
      waistband 5 can be chosen to best accommodate the size of the child.
PAR  Waistband 5 is attached to the automobile by holding belts 3 and 11 and by
      intermediate coupling means 2, which is illustrated as being a hook
      coupling. The hook coupling is comprised of one coupling means element, a
      latching element, which is comprised of a double armed swivel handle 9
      which is pivotally attached at 16 to support plate 10, which is, in turn,
      attached to fastening belt 11 secured to waistband 5. The hook closure of
      handle 9 would have a safety catch (not shown), e.g. a transverse bolt
      that is passed through one of the cooperating elements of the swivel
      handle when the coupling means 2 is closed. The bolt is carried by a ring
      and is supported by holding belt 3.
PAR  It is significant that the hook closures are openable from the underside of
      the harness and that the coupling means 2 are near waistband 5. It is thus
      possible with a minimal number of movements to grasp the child and
      simultaneously release coupling means 2. Swivel handle 9 is pivotally
      mounted at pivot connection 16 to its support plate 10. Pivot connection
      16 is oriented to enable handle 9 to swivel in a plane generally parallel
      to the plane of belt 3 between its upper and lower edges and at the
      position of swivel 16 along belt 3. As viewed in the drawing, handle 9 can
      pivot clockwise and counterclockwise about its pivot. Leaf spring 17
      engages at one end in opening 18 in plate 10 and at the opposite end
      against abutment 19 on handle 9 and the spring normally biases handle 9
      counterclockwise toward its position of FIG. 5.
PAR  Handle 9 includes a locking slot 21 extending in from a side edge. The slot
      has a lower lip 22 and an upper lip 23. Plate 10 is shaped to define
      depending tab 24. As shown in FIG. 5, tab 24 cooperates with lower lip 22
      to hold below described pin 30 in slot 21.
PAR  To be coupled to plate section 10 is the belt coupling part 12 which
      carries projecting from it the other coupling means element, the latch
      element comprised of coupling pin 30. In the start position illustrated in
      FIG. 5, pin 30 is in slot 21 and is held therein by lower lip 22 and plate
      tab 24.
PAR  Turning to FIG. 6, as handle 9 is pivoted clockwise, its upper lip 23 moves
      to align with tab 24, and its lower lip 22 moves out of the way of pin 30.
      Now pin 30 can slip out of slot 21. Such motion of handle 9 is
      accomplished by manually contacting handle 9 at its bottom section 25 and
      pressing it clockwise.
PAR  Once the pin 30 is able to be freed from the slot 21, the center waistband
      portion of the belt is free and the person wearing the waistband can be
      freely lifted away from the remaining portion of the belt without any
      interference.
PAR  Normally, one grasps a child using both hands applied to the child's sides
      below the waistband. In moving to grasp the child (in the directions of
      the arrows in FIG. 1), the upper edges of the grasper's hands engage the
      double armed swivel handle 9. This natural hand movement opens the hooking
      mechanism, handle 9 swivels free of coupling part 12 of belt 11 (FIG. 6),
      and the belt falls away (FIG. 7). Holding belt 3 is released from the
      waistband. The simultaneous grasping of the child and releasing of the
      coupling is particularly important in case of an emergency, so that the
      child can be rapidly taken out of the automobile.
PAR  As shown in FIG. 2, fastening belt 3, coupling arrangement 2 and the
      forward part of waistband 5 form one unit, even though the elements can be
      released. The entire system is so strongly built that even large and/or
      bouncing children can be securely held.
PAR  In the arrangement of FIGS. 1 and 2, both hands are required to release
      coupling arrangements 2 and waistband 5. With the below described safety
      arrangements of FIGS. 3 and 4, the child can be freed and brought out of
      the automobile to safety by a rescuer using only one hand. This is
      desirable especially when the person seizing the child has only one hand
      available, e.g. because the other hand is hurt or is needed for supporting
      oneself.
PAR  In the embodiment of FIG. 3, the double armed swivel handles 9 are
      connected together by a linking means so that both locks are released when
      only one handle is engaged. One end of a Bowden type, or a relatively
      rigid or a motion transmitting wire 13 is attached to the under part of
      one double armed swivel handle 9 at one side of the arrangement. The other
      end of the wire is attached to the upper part of the other double armed
      swivel handle 9. The wire serves as the main feature of the linking means.
      When either swivel handle 9 is moved to open the closing mechanism, this
      automatically releases the other swivel handle 9. The casing of this
      Bowden type wire 13 is attached to waistband 5 by a long constructed loop
      14.
PAR  FIG. 4 shows a further variation of the safety arrangement of FIG. 3. Both
      swivel handles 9 are connected on their under sides by a linking means,
      comprising tie line 15, which runs lengthwise over waistband 5. Tie line
      15 may be completely free or be removably attached to waistband 5. To open
      the locking mechanism, tie-line 15 might be pulled upon across its
      direction of extension. This pulls on both handles 9 and tie-line 15 moves
      both handles 9 in the opening direction.
PAR  Although the present invention has been described in connection with
      preferred embodiments thereof, many variations and modifications will now
      become apparent to those skilled in the art. It is preferred, therefore,
      that the present invention be limited not by the specific disclosure
      herein, but only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety harness arrangement for restraining a person, comprising:
PA1  a waistband to be secured to the person to be restrained; said waistband
      having a forward portion in front of the person and having sides at the
      sides of said forward portion;
PA1  at least one belt connected to one said waistband sides for joining said
      waistband to a support, said belt has a top edge and a bottom edge when
      said belt is attached to said waistband;
PA1  coupling means in said belt, said coupling means being separable to
      separate said waistband from said belt; said coupling means comprising a
      first coupling element connected to said waistband and a second coupling
      element connected to the separable part of said belt; one of said first
      and second coupling elements comprising a latching means and the other of
      said first and second coupling elements comprising a latch element that is
      to be latched onto by said latching means and that is to be released from
      latching by said latching means;
PA1  said latching means including a mechanism for engaging said latch element;
      a handle connected to said latching means mechanism; said handle being
      swivelingly connected to a swivel on the one of said belt and said
      waistband to which said handle is connected;
PA1  said latching means mechanism, said latch element and said handle being so
      shaped and located that upon swiveling of said handle in the direction
      toward said waistband, said latching means is uncoupled from said latch
      element, said handle and its said swivel being oriented and adapted to
      enable said handle to swivel in a plane generally parallel to the plane
      joining said belt top and bottom edges at the position of said swivel
      along said belt; said handle projecting beyond one of said edges of said
      belt, such that contact with said handle beyond that said one edge of said
      belt by motion in the direction toward said waistband swivels said handle
      to open said latching means.
NUM  2.
PAR  2. The safety harness arrangement of claim 1, wherein said handle projects
      below said belt bottom edge.
NUM  3.
PAR  3. The safety harness arrangement of claim 2, wherein said latch element
      comprises a post and said latching means mechanism is adapted to engage
      said post in a manner that precludes separation of said belt from said
      waistband, and is adapted to be uncoupled from said post by swiveling of
      said handle.
NUM  4.
PAR  4. The safety harness arrangement of claim 3, wherein said post is said
      first coupling element and said latching means is said second coupling
      element.
NUM  5.
PAR  5. The safety harness arrangement of claim 1, wherein there are at least
      two said belts, one said belt being fastened to one of said sides of said
      waistband and the other said belt being fastened to the other of said
      sides of said waistband; a respective said coupling means in each said
      belt.
NUM  6.
PAR  6. The safety harness of claim 5, further comprising means linking said
      handles of said coupling means to shift together such that swiveling
      movement of one said handle toward said waistband causes simultaneous
      swiveling movement of the other said handle toward said waistband.
NUM  7.
PAR  7. The safety harness of claim 6, wherein said linking means comprises a
      tie connected to and extending between the side of one said handle above
      its respective said swivel with the side of the other said handle below
      its respective said swivel, such that swiveling of one said handle through
      said tie swivels the other said handle.
NUM  8.
PAR  8. The safety harness of claim 6, wherein said linking means comprises a
      tie connected to and extending between the same side of each said handle
      with respect to their respective said swivels, such that pulling said tie
      swivels both said handles toward said waistband.
NUM  9.
PAR  9. The safety harness of claim 5, wherein said waistband is of sufficient
      length to wrap about the person wearing it and is adjustable in length.
NUM  10.
PAR  10. The safety harness of claim 9, wherein said waistband has substantially
      greater height along the body of the wearer than said belts thereby to
      provide a supporting vest for the wearer.
NUM  11.
PAR  11. The safety harness of claim 9, wherein said waistband forward portion
      is positioned in front of the person wearing it and is between said belts;
      said waistband forward portion and said belts with their said coupling
      means comprises a single normally unitary separable unit.
NUM  12.
PAR  12. The safety harness of claim 9, wherein said waistband is defined by a
      length of material having end portions which are brought together when
      said waistband is wrapped about a wearer; at said end portions are
      fastening means for holding said waistband closed around the wearer.
NUM  13.
PAR  13. The safety harness of claim 12, wherein said waistband fastening means
      are adjustable to permit adjustment of the length of said waistband.
NUM  14.
PAR  14. The safety harness of claim 13, wherein said fastening means comprise a
      slipless flat locking mechanism comprised of panels with joinable
      surfaces, with one said surface on each said end portion.
NUM  15.
PAR  15. The safety harness arrangement of claim 1, wherein said latching means
      mechanism comprises a latching element engaging tab; said handle having a
      lip facing away from said waistband for engaging said latching element and
      said lip and said tab being so positioned that said latching element is
      held between them; said handle lip being so placed with respect to said
      swivel that upon swiveling of said handle toward said waistband said lip
      moves away from and thereby releases said latching element.
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ABST
PAL  A footrest plate member is attached to two laterally spaced apart
      telescoping tube members that are pivotally attached to the upper
      underside portion of seat unit framing such that the lowered, pulled-out
      location of the footrest plate can be adjusted to suit a passenger in a
      next rearward seating unit. Push-button operated latching means is
      provided at the rear of a seating unit and is designed and arranged to
      provide for the stowing and releasing of the footrest assembly by a person
      located to the rear of the supporting and stowing seating unit.
BSUM
PAR  The present invention is directed to a special footrest assembly which is
      readily stowable under the seat framing of a vehicle seat and which can
      also be pulled out to a location that will be the most comfortable for a
      passenger in a next rearward seating unit.
PAR  In order to provide fore and aft adjustability, the present improved form
      of assembly has the footrest plate member connective to the rearward end
      portions of two spaced apart telescoping tube support members that have
      their frontal ends pivotally connected to the seat framing such that the
      footrest portion may be lowered and pulled out to any desired distance to
      suit the passenger who will be using the footrest. The pivot connection
      for the ends of the support tubes also permits the assembly to be readily
      swung upwardly to an out-of-the-way stowed position.
PAR  It is realized that there are many forms and types of footrests that are in
      use with passenger vehicle seating units. It is further known and realized
      that various footrest constructions provide for lifting or tipping a
      footrest member such that it will be off the floor and, at least to some
      degree, out of the way of the extended foot room for a passenger seated to
      the rear of the seating unit which is supporting the particular footrest
      member. However, most footrest units do not provide for fore and aft
      adjustment to accommodate different leg lengths for the persons to be
      using the footrest. Also, most assemblies are not made liftable and
      stowable under the seating section to the same degree as made possible by
      the present improved construction and arrangement.
PAR  In connection with airplane seating, it has been the general custom to
      provide no footrest means whatever, other than perhaps to have a rear
      transverse beam located close to the floor of the plane, with the beam
      being used primarily to attach the seating units to the floor tracks built
      into the floor of the aircraft. Generally, footrest means have been looked
      upon as adding extra weight to each seating unit, as well as taking up
      room under a seat so as to preclude the storage of luggage under the
      seats. However, with the present design and stowage arrangement, it is
      possible to lift and stow the footrest assembly well above the floor such
      that there is no blockage of floor space for long-legged passengers nor
      little, if any, interference with baggage stowage under the seating units.
PAR  In one aspect, it may be considered a principal object of the present
      invention to provide a lightweight form of adjustable and liftable
      footrest assembly which can be stowed out of the way under the seating
      portion of a vehicle seat so as to provide an arrangement of particular
      advantage for aircraft seating.
PAR  It is another object of the invention to use lightweight telescoping and
      front pivoting support tubes such that the footrest plate can be readily
      adjusted along the floor to the most desirable and comfortable location
      for the passenger using the footrest. Also, with the present footrest
      being supported from the vehicle floor when it is pulled out and in use,
      there are no undesired bending forces and jarring that will carry through
      into the supporting seating unit, such as can happen with cantilevered
      types of footrest units.
PAR  As still another object of the invention, there is provision to have the
      latching and unlatching means located on or adjacent the back of a seating
      unit such that the lowering and pulling out of a footrest, as well as the
      stowage thereof, can be easily carried out by the passenger to the rear of
      a seat which has the attached footrest.
PAR  In a broad embodiment, the invention covers a stowable, pulldown footrest
      assembly that is adapted to be connected to and stowed under the seat
      framing of a vehicle seating unit, which comprises in combination: (a) a
      pair of telescoping-tube footrest support members that are spaced apart
      laterally and each have their forward end portions pivotally connected to
      the upper front part of the framing below the seating level of said
      seating unit; (b) a footrest plate member connecting across the rear
      portions of said telescoping-tube support members, such that after said
      footrest plate member is lowered from a stowed position along with the
      tube support member there can be the extension of said telescoping tube
      members along and above the vehicle floor to reach a desired pulled-out,
      footrest location for the accommodation of a passenger seated in a next
      rearward seating unit; (c) a movable latching member attached to the seat
      framing and a latch engagement member provided as a part of the rearward
      end portion of the footrest assembly are in a connective association with
      one another such that said footrest assembly may be retained in a stowed
      location and alternatively released for use responsive to the movement of
      said latching member; and (d) means to move said latching member being
      connected to the rear of said vehicle seating unit.
PAR  Preferably, the telescoping-form of support tubes will be of lightweight
      aluminum tubing or of lightweight plastic tubing in order to minimize the
      weight of the entire assembly. Also the footrest plate member should be of
      lightweight material such as of thin cast aluminum or of lightweight rigid
      foam material. The latter may be of advantage in that a self-skinning
      surface may be provided on the foam in a desired pattern and preclude the
      necessity of any other covering material.
PAR  A latching arrangement which will hold the footrest assembly in an
      elevated, stowed position will preferably be operated from the back of the
      seating unit which is holding the particular footrest assembly. For
      example, a push-button extended cable arrangement can be used to operate a
      movable pin member or rod which, in turn, can move a latch arm to effect
      the unseating or unlatching of the rearward end portion of the footrest
      assembly such that the footrest section can pivot downwardly and be pulled
      down to a desired location. Various types of push-button means and remote
      control cable means, spring wire means, or hydraulic-operated means, may
      be utilized to effect the necessary movement of a spring biased latching
      member and it is not intended to limit the present invention to any one
      type of remote control operating means. There may also be provided a
      compression spring within the far end, i.e. or pivot end portion, of the
      telescoping tube arrangement such that there may be a spring biased
      initial extension of the concentric telescoping tube members and a
      resulting mechanical assist in unseating the footrest assembly from its
      stowed position.
DRWD
PAR  Reference to the accompanying drawing and the following description thereof
      will serve to illustrate one embodiment of the improved form of footrest
      assembly, as well as show how the assembly may be stowed and released from
      under a vehicle passenger seating arrangement.
PAR  FIG. 1 of the drawing is a front-to-rear sectional elevational view
      indicating how the pivoted footrest assembly may be stowed and released
      from below the seating level of a vehicular seating unit.
PAR  FIG. 2 of the drawing illustrates in a diagrammatic rear view manner how
      the footrest assembly may be stowed under the seating portion of a
      vehicular seating unit and be held in such position, as well as released
      by push-button means in the rear of a seating unit so as to permit use by
      an occupant which will be seated to the rear of such unit.
PAR  FIG. 3 of the drawing is a diagrammatic and enlarged sectional elevational
      view showing the telescoping tubular support arrangement as well as a side
      view of a pivoting, hook-form of latching member to be used for holding
      the footrest assembly in an upward stowed position.
PAR  FIG. 4 of the drawing, as indicated by the line 4--4 in FIG. 3, provides a
      partial rear elevational view of a pivoting, spring biased, latching
      member as well as show a portion of remotely controlled push-button means
      to effect the movement of the pivoting latching member.
PAR  FIG. 5 of the drawing is a partial sectional view through the footrest
      plate portion, as indicated by the line 5--5 in FIG. 3.
DETD
PAR  Referring now particularly to FIGS. 1 and 2 of the drawing, there is
      illustrated diagrammatically (in dashed lines) a seating unit 1 such as
      may be utilized in a passenger carrying vehicle. It is, of course, not
      intended to limit the present footrest construction and arrangement for
      use with any one type of seat or support framing; however, the particular
      seating unit illustrated is indicated as having lower seat support framing
      which will include a rear transverse tubular beam member 2, an upper rear
      transverse tubular-form beam member 3, an upper front transverse member 4
      and a lower transverse front stretcher beam 5. Both the front and rear
      transverse beams, as used in connection with airplane seating
      arrangements, will typically have adjustably positioned connecting pin
      members 6 and 7 which in turn can be utilized to attach a seating unit to
      track means (not shown) that is embedded in the floor of the aircraft. As
      best shown in FIG. 2, each footrest assembly will have a pair of spaced
      apart telescoping tube members 8 which will be utilized to support a
      rearward transverse footrest plate member 9. The latter, as shown in FIG.
      1, will be attached to the rearward end portions of merely one of the
      telescoping tube members in each set of such members such that after the
      footrest member 9 is lowered from the upper stowed position there can be
      an extension of the telescoping tube support members and the footrest
      member 9 brought to any desired location along the floor of the vehicle
      (as shown by the dashed line location for the tubular members 8 as well as
      for footrest plate 9).
PAR  The forward end portions of each of the telescoping tube members 8 will be
      pivotally connected at 10 to the upper portion of the seat support framing
      but below the seating level, such that the tubular members as well as the
      footrest plate 9 can swing through an arc about connection points 10 when
      being placed in the upper stowed position or, alternatively, released and
      permitted to be lowered to the floor level. Preferably, the connections
      for the pivot points 10 will be maintained as high as possible so as to
      provide as much luggage storage space as possible, as well as foot room,
      when the footrest assembly is lifted and latched into the stowed position.
PAR  FIG. 2 of the drawing illustrates diagrammatically the use of a push-button
      11 in an upper portion of the back of a seating unit 1 and extended tube
      or cable means 12 connecting to a spring biased movable pin means at 13
      which can contact latching means 14 mounted on a rearward portion of the
      seating unit 1. There is also indicated an extended side pin or rod means
      15 from a portion of the footrest plate 9, or its attachment means, such
      that there may be a fixed pin or latching member to be used in cooperation
      with the movable latching means 14. One illustrative arrangement is better
      shown and described in connection with the hereinafter set forth
      descriptions relating to FIGS. 3 and 4 of the drawing.
PAR  Referring now particularly to FIGS. 3 and 4, there is shown the telescoping
      tubular member 8 as having an outer tubular member 8' that is pin
      connected at 10 to a support plate 16, which in turn is illustrated as
      being connective with transverse front tube member 4 so as to provide a
      desired elevated, frontal pivot point for the entire footrest assembly.
      There is also indicated the use of an internal tubular member 8" which has
      its rearward end portion pin connected to bracket means 17 in turn
      connecting to footrest plate member 9. Each tube member 8" is free to
      slide back and forth within the outer tubular member 8' for each of the
      pair of telescoping tube support members 8 such that there can be the
      desired fore and aft adjustment for the positioning of the footrest member
      9 to suit a passenger, as well as the inward telescoping of the tubular
      members to permit the stowage of the entire assembly under the seating
      level of a particular seating unit. The present embodiment also
      illustrates the use of a compression spring 18 internally between the
      attachment pin means 10 and an inner end pad member 19 on tube 8" such
      that when the tubes are fully collapsed and footrest member 9 is in the
      upper stowed position there is a slight compressive action on spring 18.
      This spring biasing in turn provides for a slight initial extension of
      telescoping tubing members as the latching means becomes disengaged for
      lowering the footrest assembly from a stowed position.
PAR  In connection with the illustrated latching means for the footrest
      assembly, there is shown a fixed pin member 20, extending from the side
      portion of connecting bracket 17, which is adapted for engagement with a
      pivoting latching hook-like member 21 of a latching unit 14. The latter,
      in turn, also has a tubular member 22 having an arm member 23 adapted to
      be moved by push rod means 24. The hollow tubular section 22 is
      illustrated as being mounted over a rod or shaft member 25 which extends
      from a fixed vertical bracket plate 26 which can be suitably attached to a
      portion of the seating unit framing. As best shown in FIG. 3, a shelf-like
      bracket 26 is bolted at 27 to a rear portion of a seat pan 28 which is
      typically provided as the underlying support for the bottom seat cushion
      of a vehicle seat. As best shown in FIG. 4, the tubular member 22 together
      with the extension arm 23 will be spring biased by contact with a spring
      means 29 positioned around an inner portion of support rod 25 such that
      the hook portion 21 of latching unit 14 will, in turn, be biased to move
      in a "closed" position where there can be an automatic engagement with the
      pin means 20 from the footrest portion 9 as the latter is lifted upwardly
      and around the outer end portion of the hook-form latch member 21. The
      movable pin or rod portion 24, which is mounted in a position to move the
      latch arm 23, passes through and is fixedly connected to a horizontal
      portion of the bracket 26, as shown in both FIGS. 3 and 4, and typically
      will have extended wire or cable in a tube means 12 to permit operation
      from a push-button means, such as illustrated diagrammatically in FIG. 2.
      Also, the movable pin or rod means 24 will typically be spring biased to
      hold it in an upward, non-extended position such that when a passenger
      desires to make use of the footrest member there can be a pushing of the
      button 11 and the movement of rod member 24 to push lever arm 23
      downwardly and cause latch hook member 21 to unseat itself around the
      extended arm member 20 from the footrest assembly and thus let the latter
      down for passenger usage.
PAR  When it is desired to stow the assembly, the inner telescoping tube 8" will
      be pushed forwardly within outer tubular member 8' and the entire assembly
      lifted upward under the stowing seat until there is contact with the
      latching member 21 and then a further lifting and pushing inward will
      provide that the holding member 20 will pass over and around the top
      portion of latching member 21 to be held thereby in the fixed stowed
      position. FIG. 3 of the drawing also diagrammatically illustrates the use
      of a small shelf member 30 as being attached to the rear upper tubular
      member 3 such that there may be the holding of the front portion of the
      footrest plate member 9 while the latter is in the upper stowed position.
      On the other hand, when the assembly is being released from the stowed
      position by the action of the push-button means operating rod 24 and latch
      arm 23 such that the movable hook latch from member 21 drops down and away
      from the fixed pin 20 on the footrest assembly, then the latter would be
      pushed rearwardly a slight amount by virtue of the action of compression
      springs 18 in the front ends of the telescoping tube support members 8 and
      the forward edge of footrest plate 9 will pass down and around the edge of
      the support shelf 30 such that the entire footrest assembly may then be
      lowered in an arcuate manner to the floor level for use by the passenger
      to the rear, as illustrated in the dashed line positioning in FIG. 1.
      There is, of course, fore and aft adjustment as to the location of
      footrest plate member 9 by virtue of the telescoping tube arrangement
      between tubular members 8' and 8".
PAR  As best shown in FIG. 5, there is provided the use of a stiff tie rod
      member 31 between outer tube members 8' of the pair of telescoping tubes
      such that there is a connection and rigidity provided between the rearward
      portions of support tubes 8 in addition to the transverse connection
      provided by the footrest plate member 9 through bracket means 17 to the
      inner tube members 8". Where desired, additional transverse tube members,
      such as 31, may be used between the tube means 8' at the frontal end
      portions of the assembly as well as along intermediate portions thereof in
      order to provide a fairly rigid type of assembly. As best shown in FIG. 4
      of the drawing, each of the side bracket means 17 from footrest plate
      member 9 is shown as having a curved lowered end portion 17' which wraps
      substantially completely around the rearward end portion of tubular means
      8" and is connected thereto by pin or bolt means 32 such that there is a
      rigid connection between the footrest member 9 and the telescoping tubular
      members.
PAR  It is to be understood that there may be various modifications as to detail
      in the connection of the members to the framing as well as the connections
      between various portions of the footrest assembly. In addition, various
      equivalent latching arrangements may be provided in lieu of that
      illustrated. However, for purposes of readily stowing and releasing the
      footrest assembly from the upper stowed position of a seating unit, a
      desired form of latching arrangement will be such as to have at least one
      movable latching member which can be operated responsive to suitable
      push-button means in turn mounted such that a passenger to the rear of the
      seating unit can readily operate the entire assembly to effect its
      lowering, as well as its lifting and storing. For example, in lieu of a
      rotatable hook-form latching member, there may be utilized a spring biased
      movable pin as the latching member which would move under a shoulder
      means, or into a slot, associated with the support portion for the
      footrest member and the push-button means will be engageable with the pin
      member to push or pull it out of engagement with the footrest assembly so
      as to let such assembly be released from the stowed position.
PAR  With respect to seat support framing or structure, it is again to be noted
      that the present type of pull-down footrest assembly can be used with
      various types of seating units and support systems and there is no intent
      to limit its use to airplane seating nor to use with multiple seat support
      means such as with the illustrated embodiment having the transverse beam
      type of seat support structure.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A stowable, pull-down footrest assembly that is adapted to be connected
      to and stowed under the seat framing of a vehicle seating unit, which
      comprises in combination:
PA1  a. a pair of telescoping-tube footrest support members that are spaced
      apart laterally each of said members having their forward end portions
      pivotally connected to the upper front part of the framing below the
      seating level of said seating unit,
PA1  b. a footrest plate member connecting across the rear portions of said
      telescoping tube support members, such that after said footrest plate
      member is lowered from a stowed position along with the tube support
      member there can be the extension of said telescoping tube members along
      and above the vehicle floor to reach a desired pulled-out, footrest
      location for the accommodation of a passenger seated in a next rearward
      seating unit,
PA1  c. a movable latching member attached to the seat framing and a latch
      engagement member provided as a part of the rearward end portion of the
      footrest assembly that are in a connective association with one another
      such that said footrest assembly may be retained in a stowed location and
      alternatively released for use responsive to the movement of said latching
      member, and
PA1  d. means remote from said latching member to move said latching member,
      said means being connected to the rear of said vehicle seating unit.
NUM  2.
PAR  2. The footrest assembly of claim 1 further characterized in that there is
      a compression spring means provided in the end of the telescoping tube
      support members whereby there will be an initial slight extension between
      the two members when they are released from a locked position.
NUM  3.
PAR  3. The footrest assembly of claim 1 further characterized in that spring
      biased latching means is provided to hold the rear portion of the footrest
      assembly in an upper stowed position and said latching means is releasable
      from engagement with said associated engagement member responsive to
      movement of a portion of the latching means, and said means to move said
      latching member will be push-button operated from the rear of said vehicle
      seating unit.
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ABST
PAL  A tiltable chair has a frictional resistance to tilting, and locking means
      releasably securing the erect position of the seat. Resistance to tilt
      preferably decreases with increased tilt angle, and is generated by the
      resilient engagement of bearing members acting against opposite surfaces
      for lateral neutralization of forces. The locking means is released in
      response to pressure on the chair seat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Chairs in which the seat and back tilt as a unit usually include a base
      providing a fulcrum for the seat-back unit, and some sort of spring
      mechanism tending to bring the chair into erect position. This mechanism
      opposes the tilt with a progressively increasing force as the tilt angle
      increases. The fulcrum axis is normally underneath the seat, which brings
      the center of gravity of the occupant progressively to the rear as the
      tilt angle develops. This type of mechanism is frequently found in office
      swivel chairs, but is also appearing with greater frequency in residence
      furniture.
PAR  Spring-action chair mechanisms tend to become noisy with wear, or to become
      quite costly if sufficiently well built to reduce this tendency. The
      characteristic increasing resistance to tilt also requires the occupant of
      the chair to continually provide some degree of force against the floor,
      or against some other object, in order to maintain a tilted position. Over
      long periods of time, the resulting muscle strain becomes particularly
      noticeable. On release of this holding force, the occupant is immediately
      thrown forward as a result of the spring action.
PAR  A tilting mechanism that does not use a return spring is shown in my U.S.
      Pat. No. 3,227,491. A frictional resistance is substituted for the spring
      action, and the degree of resistance is preferably controlled so that it
      decreases with an increased angle of tilt. In the preferred form of the
      invention disclosed in that patent, this resistance gradient is
      accomplished by the use of an arcuate braking surface which is slightly
      eccentric to the axis of the fulcrum. A spring driving a plunger against
      the braking surface is progressively compressed as the chair approaches
      the erect position, and is extended as the chair tilts backward. The
      degree of resistance is sufficient to maintain the position of the
      occupant under normal conditions, and yet is free enough so that he can
      move back to erect position by slightly shifting his position. The tilt
      position is therefore a function of resistance and balance.
PAR  A chair of the type shown in U.S. Pat. No. 3,227,491, has an objectionable
      tendency to assume an angle of tilt when unoccupied. This is due primarily
      to the absence of any automatic return system, such as is present in the
      usual spring machanism. An accidental brushing against the chair, or an
      attempt to pull the chair across the floor by grasping the back, will
      inevitably produce a degree of tilt and affect the appearance of the
      chair. The type of mechanism shown in that patent has also been somewhat
      difficult to incorporate in certain designs of furniture without
      presenting some degree of distortion of the lines of design.
PAC  SUMMARY OF THE INVENTION
PAR  A tiltable support for a chair seat has a frictional resistance to tilting
      generated by the pressure of bearing members mounted either on the seat or
      on the fixed part of a mechanism frame acting in conjunction with opposed
      bearing surfaces mounted on the other of these components. Preferably, the
      bearing surfaces are on the opposite sides of a projection secured to the
      underside of the seat of the chair, and which enter between opposed
      bearing plungers acting under spring pressure. A progressively decreasing
      resistance to tilt is obtained by tapering the projection to reduced width
      in a direction downward from the seat of the chair. Tilting of the seat
      when it is unoccupied is prevented by the presence of a locking mechanism
      that secures the upright position of the seat until pressure on the seat
      releases the locking mechanism.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a chair incorporating the present
      invention, shown in the tilted position.
PAR  FIG. 2 is a perspective view of the underside of the chair shown in FIG. 1.
PAR  FIG. 3 is a sectional view on a vertical plane generally parallel to the
      front of the chair, and taken through the center of the
      friction-generating system with the chair in the upright position.
PAR  FIG. 4 is a view similar to FIG. 3, showing the relative position of the
      components with the chair in the tilted position.
PAR  FIG. 5 is a section on the plane 5--5 of FIG. 3.
PAR  FIG. 6 is a section on the plane 6--6 of FIG. 4.
PAR  FIG. 7 is a perspective view showing the friction-generating projection
      secured to the underside of the seat.
PAR  FIG. 8 is a rear view of the components shown in FIG. 7.
PAR  FIG. 9 is a section on the plane 9--9 of FIG. 7.
PAR  FIG. 10 is a top view of the unit as shown in FIG. 8.
PAR  FIG. 11 is a view of a modified form of the actuating mechanism for
      controlling the lock.
PAR  FIG. 12 shows a further modification in the mechanism for actuating the
      lock.
PAR  FIG. 13 illustrates the application of the invention to a modified form of
      seat construction, with the components in the position they would be with
      the seat unoccupied.
PAR  FIG. 14 is a view similar to FIG. 13, showing the relationship of the
      components with pressure present in the seat.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the illustrated chair includes a base 20 and a
      seat-back unit indicated generally at 21. This unit is tiltably mounted on
      the mechanism 22 secured to the base 20. In FIG. 1, the seat 21 is not
      adapted to swivel, while FIG. 2 illustrates an arrangement in which the
      mechanism 22 can as well be mounted on a shaft 23 incorporated in a swivel
      mechanism. In either case, the tiltable system will be as shown in FIGS. 5
      and 6.
PAR  The frame of the seat will normally include a peripheral structural member
      24 composed of one or more pieces, together with the dish-shaped member
      24a preferably adhesively secured to the peripheral member 24 to form a
      solid structure. The member 24a may be made in the illustrated offset
      position providing a central recess by the use of molding techniques
      involving synthetic, or semi-synthetic materials. The central recess
      receives upholstering material such as a layer of foam rubber 26, which is
      also preferably secured in place with adhesive. FIGS. 5 and 6 are drawn
      with the upper cushioning material 27 removed from the area immediately
      above the pivot mechanism for clarity. A cover 28 of any selected material
      will normally be installed according to conventional upholstery
      procedures.
PAR  A hinge 29 has one leaf 30 secured to a box-like frame 31 of the mechanism
      22, and the opposite leaf 32 secured in any convenient manner to the plate
      25, to which the member 24a is secured by conventional fastenings or
      adhesive. The hinge 29 thus becomes a fulcrum for the tilting of the
      seat-back unit 21 with respect to the base 20.
PAR  A resistance to the tilting action is provided by the projection 33 as it
      enters between the spring-loaded plungers 34 and 35, appearing best in
      FIGS. 3 and 4. The springs 36 and 37 drive these plungers, respectively,
      against the side surfaces of the projection 33, which are formed by layers
      of material 38 and 39 generally similar to automotive brake lining. It is
      obvious that the tapered configuration of the projection 33, proceeding to
      increased width in a direction toward the seat will generate a wedging
      action tending to separate the plungers 34 and 35 against the action of
      the springs 36 and 37 as the chair seat moves from the tilted position
      shown in FIGS. 1 and 4 to the erect position illustrated in FIG. 3. The
      degree of taper of the projection 33 should be selected with consideration
      of the materials of the surfaces 38 and 39 of the projection, and the
      bearing surfaces 40 and 41 of the plungers, so that the slope will not
      exceed the coefficient of friction between these materials. In other
      words, there should not be a tendency for the spring pressure to squeeze
      the seat into a tilted condition. The degree of frictional resistance
      should preferably exceed the upward force vector resulting from the
      angularity of the surfaces of the projection 33. This angularity should,
      of course, be matched by the path of travel of the plungers 34 and 35 so
      that the surface materials 38 and 39 are engaged from a perpendicular
      direction. The path of travel of the plungers 34 and 35 is determined by
      the orientation of the appropriate receptacle holes drilled in the blocks
      42 and 43 secured to the frame 31.
PAR  To prevent a tendency for the chair to assume a tilted position when
      unoccupied, as shown in FIG. 1, a locking device is incorporated in the
      mechanism to maintain the erect position. This lock includes the bolt 44
      slidably mounted in the projection 33 for engagement with the keeper
      aperture 45 in the frame 31 of the mechanism. Pressure on the cover
      surface 46 is transferred through the cushion material 27 to the panel 47
      hinged at 48 to the seat structure. The leaf 50 is attached by any
      convenient means to the seat member 24a, and the opposite leaf 49 is
      attached to the panel 47. This transferred pressure is correspondingly
      transferred to the lower cushioning material 26, which yields into the
      position illustrated in FIG. 6, and causes the actuator 51 to move
      downward and deflect the tension member 52 from a position initially
      approaching a straight line. This deflection withdraws the bolt 44, as
      shown in FIG. 6. The tension member extends from the bolt to the terminal
      53 mounted on the plate 25, and also rides over the guide 54 secured to
      the projection 33 to eliminate a tendency to pull the bolt 44 sideways,
      and thus interfere with its free movement against the action of the spring
      55. Movement of the actuator 51 directly with the panel 47 is assured by
      the attachment of the base flange 56 to the panel with screws as shown at
      57 and 58. The member 24a and the cushioning material 26 have aligned
      apertures providing clearance for this movement of the actuator 51.
PAR  The bar 59 is secured to the wood block forming the projection 33 by a
      screw or screws 60, and contains a hole reinforcing the entrance to the
      bore carrying the sliding locking bolt 44. At the lower extremity of the
      bar 59, a flange 61 is bent forward for interengagement with the
      reinforcement 62 around the keeper opening 45 to form a limit stop to the
      tilting action of the seat. This condition is illustrated in FIG. 6. At
      the opposite end of the bar 59, a flange 63 is bent over to conform to the
      top of the projection 33 to supplement the effect of the screw 60 in
      maintaining the relative placement of the bar and the wood block.
PAR  FIGS. 11 and 12 illustrate alternative forms of actuating the locking bar
      44 to release position. In FIG. 11, the link 64 is connected to the bolt
      44 and to the crank 65 pivotally mounted on the bracket 66 secured to the
      plate 25. The actuator 51 engages the arm 67 of the crank 65, and induces
      a clockwise rotation causing the link 64 to withdraw the bolt 44. In FIG.
      12, the actuator 51 bears against a leaf spring 68 functioning in the same
      manner as the cord tension member 52. The right end of the spring 68 is
      formed into a coil 69 which hooks through the bracket 70 to form a hinge
      connection.
PAR  Referring to FIGS. 13 and 14, an alternative construction is shown which is
      usable in seats having a considerable degree of curvature from side to
      side. In this arrangment, the lower cushioning material 26 is eliminated.
      The panel 71 merely bridges across the curved member 24b constituting the
      seat structure, so that the application of pressure to the seat deflects
      the panel into conformity with the surface 72 of the member 24b, and thus
      lowers the actuating member 51 in the same manner as is shown in FIG. 6.
      It may be desirable to locate the deflecting panel 71 laterally by
      abutments around its periphery, or the panel 71 can be located through
      adhesive adherence of the cushioning material above it, which is itself
      laterally located by adhesive, and by the attachment of the cover. It is
      preferable to locate this panel at least in a front-rear direction, which
      can be done by securing it to a convenient block interposed between the
      panel and the seat at the front central area.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tiltable support for a chair seat, said support including a base
      structure, fulcrum means secured to said base structure and adapted to be
      secured to said seat to establish a pivot axis, and brake means having one
      portion fixed with respect to said base structure, and another portion
      normally secured to said seat, said brake means being operable to
      establish resistance to tilting movement of said seat with respect to said
      base structure, wherein the improvement comprises:
PA1  a member having opposite surfaces, included in one of said brake means
      portions and extending transversely with respect to said pivot axis; and
PA1  friction-generating means mounted on the other of said brake means portions
      for movement along paths generally perpendicular toward and away from said
      opposite surfaces, respectively, and adapted to bear resiliently on said
      opposite surfaces, said opposite surfaces converging in a direction to
      induce maximum displacement of said friction-generating means in the erect
      position of said seat.
NUM  2.
PAR  2. A support as defined in claim 1, additionally including releasable
      locking means interengageable between components fixed with respect to
      said seat and said base structure, respectively, to secure the erect
      position of said seat.
NUM  3.
PAR  3. A support as defined in claim 1, wherein said surfaces converge in a
      direction away from said seat, and said member is normally mounted on said
      seat.
NUM  4.
PAR  4. A support as defined in claim 3 wherein said surfaces converge at an
      angle to the path of movement thereof, the coefficient of friction between
      said surfaces and said friction-generating means being sufficient to
      overcome any tendency for the seat to be squeezed into a tilted condition.
NUM  5.
PAR  5. A support as defined in claim 3, wherein said opposite surfaces are
      spaced in a direction parallel to the axis of said fulcrum means.
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ABST
PAL  A vehicular skid control system for relieving the brake pressure when an
      incipient skid condition is sensed. The system includes a combined check
      and bleed valve that controls the flow of hydraulic actuating fluid from a
      master cylinder to the wheel brakes. An expansion chamber is positioned in
      the fluid circuit between the check and bleed valve and the wheel brakes.
      An ancillary source of fluid pressure, such as a power steering pump,
      normally holds the expansion chamber at a minimum volume condition and
      holds the check and bleed valve open for normal brake operation. When an
      incipient skid condition is sensed, the expansion chamber is permitted to
      increase in volume and the combination check and bleed valve is closed.
      Closure of the check and bleed valve isolates the master cylinder from the
      wheel brakes and prevents the application of further pressure to the wheel
      brakes. Expansion of the expansion chamber relieves the existing pressure
      in the wheel brakes to prevent skidding. A regulator is provided in the
      circuit connecting the source of ancillary fluid with the expansion
      chamber for maintaining at least a predetermined pressure in the circuit.
      The pressure maintained by the regulator is dependent upon the pressure in
      the brake circuit. A fail safe device is provided that provides an
      actuating circuit from the master cylinder to the wheel brake in the event
      of failure of the ancillary pressure source to provide sufficient pressure
      to hold the check and bleed valve in the normal braking position. An
      indicator is provided that is responsive to the pressures at the master
      cylinder and wheel cylinder for indicating if a failure has occurred in
      the system. Certain of the elements are spring biased in opposition to the
      bias exerted by the source of ancillary fluid pressure so that these
      elements may be automatically cycled each time the vehicle engine is
      started and stopped.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to vehicular skid control systems and more
      particularly to an improved indicator device for indicating certain
      functional failures in such a system.
PAR  Skid control systems generally provide a mechanism' for automatically
      relieving the brake pressure during an incipient skid condition to prevent
      skidding and loss of vehicular control. These systems are, for the most
      part, fully automatic and require no pumping of the brakes by the vehicle
      operator.' In fact, most commercial systems anticipate that the vehicle
      operator will maintain brake pressure during the incipient skid condition.
      Since the device is fully automatic the operator may not even sense its
      operation. Thus, it may be difficult for the vehicle operator to tell when
      the skid control system is inoperative. In the absence of some indication
      of this malfunction, control of the vehicle may be lost during braking.
PAR  It is, therefore, a principal object of this invention to provide a skid
      control system incorporating an indicating device for indicating
      malfunctioning of the skid control system.
PAR  It is another object of the invention to provide an improved and simplified
      fail safe indicator for a vehicular skid control system.
PAR  In certain types of skid control systems a bypass arrangement may be
      provided for bypassing the modulator in the event of a failure condition.
      It has been proposed to provide an indication of failure when the bypass
      system goes into its failure mode. However, such a system is not
      completely indicative of a failure in the overall brake circuit. For
      example, even though the system goes into a failure mode the master
      cylinder may still provide sufficient actuating pressure for the brakes.
PAR  It is, therefore, a further object of this invention to provide a skid
      control system embodying a failure indicator that provides an indication
      to the vehicle operator when the master cylinder is actuated and actuating
      pressure is not transmitted to the wheel cylinders.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is adapted to be embodied in a vehicular skid control system
      that includes an operator controlled source of actuating fluid, a brake
      actuating circuit for delivering fluid pressure from said source to at
      least one wheel brake for selectively actuating the brake and modulator
      means interposed in the actuating circuit for altering the fluid pressure
      transmitted from the source to the one wheel brake in response to a
      predetermined signal. Means are provided that are responsive to the
      pressure differential in the actuating circuit on opposite sides of the
      modulator means for providing a signal when the pressure differential
      exceeds a predetermined value thus providing a failure indication.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE of the drawing illustrates, in part schematically, a skid
      control system embodying this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A vehicle braking system including a skid control system incorporating this
      invention is identified generally by the reference numeral 11. The braking
      system includes a master cylinder, of the dual type, 12 having independent
      output circuits 13 and 14. The circuit 13 serves the brake cylinders 15
      and 16 of the front wheel brakes, which may be of the disk or drum type.
      The circuit 14 serves the wheel cylinders 17 and 18 of the rear wheel
      brakes via a skid control modulator, indicated generally by the reference
      numeral 19, and conduit 21. The rear wheel brakes also may be of either
      the drum or disk type. In the illustrated embodiment, the skid control
      modulator 19 acts only on the brake circuit serving the rear wheels and
      controls both of the wheel cylinders 17 and 18 simultaneously. It is to be
      understood that it is within the purview of the invention to provide a
      similar skid control modulator for the front wheel brakes or to provide
      independent control for each wheel cylinder 15, 16, 17 and 18. Such
      modifications are deemed to be within the scope of those skilled in the
      art and for that reason will not be described.
PAR  Wheel speed sensors 22 and 23 are associated with each of the rear wheels
      and provide electric signals via conduits 24 and 25 to an electrical
      module 26. In the event of an incipient skid condition, which may be
      sensed in any of a variety of known manners, the module 26 provides a
      signal to the modulator 19 via a conductor indicated schematically at 27.
PAR  Referring now specifically to the modulator 19, the master cylinder conduit
      14 delivers fluid to a chamber 28 in which a combined check and bleed
      valve, indicated generally by the reference numeral 29, is positioned. The
      check and bleed valve 29 is of the construction described in U.S. Pat. No.
      3,486,800, entitled "Skid Control System Including Hydraulic Modulating
      Valve", issued Dec. 30, 1969 in the name of David T. Ayers, Jr. Reference
      may be had to that patent for a description of the complete structure and
      operation of the valve 29. Basically, the valve 29 includes a first
      plunger 31 that directly actuates a valve 32 for controlling the flow from
      the chamber 28 into a conduit 33. A second plunger 34 is slidably
      supported by the first plunger 31 and has a head 35 that is movable into
      engagement with the first plunger 31 for controlling the flow through a
      restricted path from the chamber 28 into the conduit 33. The plunger 34 is
      longer than the plunger 31 so that on reapplication of the brakes, as will
      become more apparent, initial flow from the master cylinder 12 to the
      wheel cylinders 17 and 18 will take place through this restricted path.
PAR  At the mouth of the conduit 33 an enlarged diameter chamber 36 is provided.
      The chamber 36 has slidably supported within it an expansion chamber
      plunger 37. In the normal braking position, as shown in the FIGURE, the
      plunger 37 is held at a minimum volume condition and engages the plungers
      31 and 34 to hold the combination check and bleed valve in a fully open
      condition against the bias of valve springs 38 and 39.
PAR  At the base of the chamber 36 a further, larger diameter chamber 41 is
      provided. Within the chamber 41 is slidably supported a power piston 42.
      Power piston 42 is formed with a concentric bore 43. Slidable within the
      bore 43 is a cylindrical extension 44 of the expansion chamber plunger 37.
      Facing shoulders 45 and 46 of the expansion chamber plunger 37 and power
      piston 42 are normally held in abutment. A coil compression spring 47
      encirles an extension 48 of the power piston 42 and normally urges the
      piston 42 toward the left as viewed in the FIGURE.
PAR  A source of ancillary fluid pressure is provided for maintaining the power
      piston 42, expansion chamber plunger 37 and check and bleed valve 29 in
      the normal braking position, as shown in the FIGURE, in opposition to the
      action of the springs 47, 38 and 39. The term ancillary fluid refers
      herein to a fluid pressure source other than the brake pressure. In the
      illustrated embodiment, this ancillary fluid pressure source is provided
      by an engine driven pump 49 which may be the vehicle power steering pump.
      The pump 49 draws fluid from a sump 51 through a conduit 52 and discharges
      it under pressure into a conduit 53. The pressure in the conduit 53 is
      controlled by a regulator, indicated generally by the reference numeral
      54, in a manner which will become more apparent as this description
      proceeds.
PAR  The conduit 53 serves the power steering gear of the vehicle, indicated
      schematically at 55, via the regulator 54 and a conduit 56. A conduit 57
      returns the fluid from the power steering gear 55 to the sump 51.
PAR  A valve, indicated generally by the reference numeral 58 controls the flow
      of the ancillary fluid from the conduit 53 to the power piston chamber 41.
      The valve 58 is fed via a conduit 59 which terminates at a valve seat 61.
      Juxtaposed to the valve seat 61 is a valve plate 62 that is normally
      biased by a spring 63 to an opened position. In this position, the power
      steering fluid may flow from the conduit 59 into a valve chamber 64. The
      valve chamber is ported, as at 65, to the chamber 41.
PAR  A solenoid winding 66 is positioned in the valve housing and, when
      actuated, draws the valve plate 62 downwardly into a closed relationship
      with the valve seat 61. Simultaneously, a valve seat 67 that is directly
      opposite to the valve seat 61 is opened. The power steering fluid may then
      be displaced, in a manner to be described, from the chamber 41, port 65
      and chamber 64 back to the sump 51 via a return conduit 68.
PAR  The regulator 54 includes a plunger 71 having a portion that is slidably
      supported in a bore 72. The plunger 71 has a projection 73 that cooperates
      with a counterbore 74 that terminates in the conduit 56 so as to regulate
      the pressure drop and, accordingly, the pressure in the conduit 53.
PAR  A coil spring 76 encircles an extension 77 of the plunger 71 to provide a
      preselected bias on the plunger 71. In addition, a second plunger 78 has a
      bore 79 that receives a projection 81 of the plunger portion 77. The
      second plunger 78 is supported in a bore 82 that experiences the pressure
      in the braking circuit and particularly that in the conduit 14 through a
      conduit 83. As the brake pressure from the master cylinder to the rear
      wheel brakes is increased, the plunger 78 will bias the plunger 71 to a
      direction that increases the pressure in the conduit 53.
PAR  As is common with many forms of skid control systems, actuation of the skid
      control modulator 19 causes the check and bleed valve 29 to close and
      isolate the rear wheel brake cylinders 17 and 18 from the master cylinder
      supply conduit 14. At the same time, the expansion chamber plunger 37 is
      permitted to regress against the bias of the power piston 42 to relieve
      the pressure in the rear wheel brake cylinders 17 and 18.
PAR  The source of ancillary fluid, the power steering pump 49, is utilized to
      hold the check and bleed valve 29 open and to hold the expansion chamber
      plunger 37 in its minimum volume condition. In the event of failure of the
      power steering pump 49 or bursting of any of the conduits 53, 59 or 56, a
      fail safe device, indicated generally by the reference numeral 84, is
      provided with delivering the brake fluid directly from the master cylinder
      conduit 14 to the rear wheel brake cylinders 17 and 18 independently of
      the chamber 36. This will prevent the loss of actuating fluid and will
      permit normal brake operation albeit without the skid control function.
PAR  The fail safe device 84 includes an isolation valve 85 that is carried by a
      plunger 86. The plunger 86 has a bypass valve end portion 87 that controls
      the flow through a port 88 formed at the end of a conduit 89. The conduit
      89 extends from the chamber 28 to a chamber 91 in which the isolation
      valve 85 is located. A coil spring 92 encircles the plunger 86 and
      normally biases the isolation valve 85 toward a closed position, with a
      port which will be described, and the bypass valve portion 87 to an open
      position.
PAR  The plunger 86 extends through a transverse passage 93 that interconnects
      the chamber 91 with a conduit 94 that extends to the expansion chamber 36.
      The isolation valve 85 normally controls the flow through the conduit 94
      and passage 93. When this passage is open, brake fluid can flow from the
      master cylinder past the check and bleed valve 29 through the expansion
      chamber 36 and on to the chamber 91 via conduit 94 and passage 93. The
      brake fluid is then delivered to the conduit 21 in a manner to be
      described.
PAR  The isolation valve 85 is normally held in its opened position by means
      including a plunger 96 that is slidably supported in a stepped bore 97 and
      which has an end portion 98 that engages the plunger 86. The plunger 96
      has its opposite end bored as at 99 to receive a cylindrical extension 101
      of a fail safe piston 102. The piston 102 is slidably supported in a bore
      103 that experiences the pressure in the conduit 53 via a conduit 104. A
      coil spring 105 encircles the plunger 96 and bears against a shoulder 106
      to act in opposition to the pressure in the bore 103.
PAR  The chamber 91 of the fail safe device 84 is in fluid communication with a
      conduit 107 that extends into a bore 108 of an indicator device, indicated
      generally by the reference numeral 109. The bore 108 is also in fluid
      communication with a conduit 111 that extends to the conduit 21 of the
      brake cylinders 17 and 18.
PAR  An indicator plunger, 112 has a larger diameter portion 113 that is
      slidably supported in the bore 108. The indicator plunger 112 also has a
      reduced diameter portion 114 that is slidably supported in a smaller
      diameter bore 115 formed at one end of the bore 108. A necked down portion
      116 of the plunger 112 is interposed between the portions 113 and 114.
PAR  The head of the portion 114 and bore 115 are exposed to master cylinder
      pressure by means of a conduit 117 that extends from the conduit 89 to the
      bore 115. Thus, the opposite ends of the indicator plunger 112 are exposed
      to the master cylinder pressure and wheel cylinder pressures,
      respectively. The area of the plunger portion 113 is larger than the area
      of the plunger portion 114 for a reason which will become apparent as this
      description proceeds. A coil compression spring 118 may be provided to act
      on the plunger portion 113 to urge the plunger 112 to a normal braking
      position as shown in the FIGURE.
PAR  An indicator switch, 119 has a plunger portion 121 that is received in the
      necked down portion 116 and which will be actuated by an inclined ramp 122
      formed at the side of the necked down portion 116. The indicator switch
      119 is in a circuit with a suitably positioned indicator light (not shown)
      in the driver's compartment of the associated vehicle. In addition, this
      circuit is appropriately connected to the control module 26 so that the
      indicator light will be disabled when the skid control system is in its
      pressure relief mode. The reason for this will also become apparent as
      this description proceeds.
PAR  The plunger 112 has a small diameter cylindrical extension 123 that is
      encircled by the spring 118 and which is permitted to engage a shoulder
      124 at the end of the bore 108 so that the plunger portion 113 will not
      interfere with communication between the passages 107 and 111 even when in
      its extreme left-hand position.
PAC  OPERATION
PAR  As has been noted, the FIGURE illustrates the system as it appears when in
      condition for normal brake operation. The power steering pump 49 is
      generating pressure in the conduit 53 at an amount determined by the
      position of the regulator 54 which is determined in this condition by the
      preload on the spring 76. At least the predetermined pressure will be
      maintained regardless of the demands of the power steering gear 55. This
      pressure is transmitted through the conduit 59 and normally open valve 58
      to the chamber 41 to hold the power piston 42 in a position so as to
      maintain a minimum volume in the chamber 36 and to hold the check and
      bleed valve 29 in its open position. Simultaneously, the pump pressure is
      transmitted through the conduit 104 to act on the fail safe piston 102 and
      hold the bypass valve 85 in its opened position and the plunger end 87 in
      its closed position. The indicator plunger 112 is also held in its normal
      position by the bias of the spring 118.
PAR  Upon actuation of the master cylinder 12, pressure will be exerted through
      the circuit 13 to the front wheel brake cylinders 15 and 16. Pressure will
      be transmitted through the conduit 14 to the chamber 28. This fluid flows
      past the open check valve 32, through the passage 33 into the expansion
      chamber 36. The pressure acting on the power piston 42 holds the expansion
      chamber plunger 37 in the illustrated position and brake fluid passes from
      the chamber 36 into the conduit 94. From the conduit 94 brake fluid flows
      through passage 93 to chamber 91 past the open bypass valve 85. Fluid
      leaves the chamber 91, passes to conduit 107 through bore 108 and conduit
      111 to conduit 21 to actuate the rear wheel cylinders 17 and 18.
PAR  During normal actuation of the vehicle brakes, master cylinder pressure
      will be transmitted from the chamber 28 through conduits 89 and 117 into
      the bore 115 on the indicator plunger portion 112. The pressure in the
      wheel cylinders 17 and 18 will be experienced in the bore 108 on the
      plunger portion 113. As has been noted, the area of the portion 113 is
      greater than the area of the portion 114 and this area difference coupled
      with the action of the spring 118 will hold the indicator plunger 112 in
      its normal position during brake operation.
PAR  The master cylinder pressure is also transmitted from the chamber 28
      through the conduit 83 on to the smaller plunger 78 of the regulator 54.
      This will create a bias on the plunger 71 to the left to restrict the flow
      through the counterbore 74 and raise pressure in the conduit 53 in
      proportion to the master cylinder pressure exerted on the conduit 14.
      Hence, further pressure will be exerted on the power piston 42 to resist
      movement of the expansion chamber plunger 37 and to resist closure of the
      check and bleed valve 29. Because of this regulation in proportion to
      master cylinder pressure, it is possible to actuate the system at a lower
      net pressure. Said another way, if the regulator 54 was not responsive to
      the pressure in the brake conduit 14, the power piston 42 and pressure in
      the conduit 53 would have to be set sufficiently to overcome the maximum
      anticipated pressure in the conduit 14. As a result, it would not be
      possible to obtain as smoothly a modulated operation.
PAR  It should be noted that the ratio of the area of the plunger 71 exposed to
      the pressure in the chamber 72 to the area of the plunger 78 exposed to
      the pressure in the chamber 82 is less than the corresponding ratio of the
      area of the power piston 42 exposed to the pressure in the chamber 41 to
      the area of the expansion chamber plunger 37 exposed to the pressure in
      the expansion chamber 36. Thus, as the pressure increases in the brake
      conduit 14, the regulator 54 will maintain an increased pressure on the
      power piston 42 and expansion chamber plunger 37 somewhat in excess of
      that needed to maintain the check and bleed valve 29 in its opened
      position.
PAR  The indicator 119 will provide a visual indication to the vehicle operator
      in the event that master cylinder pressure from the cylinder 12 is not
      communicated to the wheel cylinders 17 and 18 due to some malfunction of
      the modulator 19. Such malfunctions could occur if the power piston 42
      becomes seized in the bore 41 in its skid control position or if the
      expansion chamber plunger 37 becomes seized in the chamber 36 in its skid
      control position. Either malfunction would cause the check and bleed valve
      29 to remain closed at a time when the fail safe device 84 is in its
      normal, operative position. Closure of the check and bleed valve 29 under
      this condition would block the master cylinder 12 from communicating with
      the wheel cylinders 17 and 18. When this happens, the master cylinder
      pressure will be transmitted through the conduit 89 to the plunger portion
      114 and this pressure will not be resisted by a corresponding pressure in
      the bore 108. The indicator plunger 112 will then shuttle to the left and
      operate the switch 119 to provide the visual indication.
PAR  Similar indications would be provided in the event the passage 59 were to
      become blocked and cut off the flow of actuating fluid to the power piston
      42. At this time, the bleed and check valve 29 would again be permitted to
      close, even though the fail safe device 84 would be held in its normal
      braking condition. A substantial leak past the valve seat 67 would cause a
      similar malfunction. The operator would be warned of this malfunction by
      closure of the switch 119 in the manner previously described.
PAR  In the event an incipient skid condition is sensed by the electric module
      26, a signal will be sent via the conductor 27 to the valve 58. The
      solenoid winding 66 will be energized to draw the valve plate 62
      downwardly against the bias of the spring 63. The valve seat 61 will then
      be closed to isolate the power piston chamber 41 from the pump supply
      conduit 53. Simultaneously, the pressure in the chamber 41 will be dumped
      to the sump 51 via the open valve seat 67 and conduit 68. The spring 47
      will then urge the power piston 42 to the left. The springs 38 and 39
      will, at this time, close the combined check and bleed valve 29 cutting
      off the communication between the master cylinder conduit 14 and the wheel
      cylinder conduit 21. The pressure acting in the expansion chamber 36 will,
      at this time, be sufficient to cause the expansion chamber plunger 37 to
      move to the left and increase the volume in the expansion chamber 36. This
      increase in volume relieves the pressure on the wheel cylinders 17 and 18
      and, in effect, will release the brakes. It should be noted that at this
      time the expansion chamber plunger 37 will have moved away from the
      plungers 33 and 34 of the check and bleed valve 29.
PAR  During the relief of brake pressure by the skid control modulator 19, the
      pressure in the chamber 36 and in all conduits downstream of it will be
      reduced. Hence, the pressure in the bore 108 will be reduced and the
      master cylinder pressure acting in the bore 112 will cause the indicator
      plunger 112 to shuttle to the left. As has been noted, the projection 123
      of this plunger will preclude the plunger from blocking communication
      between the conduits 107 and 111. Since the plunger 112 shuttles to the
      left, the switch 119 will be actuated. To prevent inadvertent indication
      to the vehicle operator of brake failure, the switch 119 is in suitable
      circuit with the control 26 so as to block the indicating signal provided
      by the switch 119. This may be done by providing a disabling circuit
      responsive to actuation of the solenoid winding 66.
PAR  At a predetermined condition, the electric module 26 will send a signal to
      cause reapplication of the brakes. In the illustrated embodiment this is
      done by discontinuing the electric current flow to the solenoid winding
      66. The valve plate 62 is then urged upwardly by the spring 63 to close
      the valve seat 67 and open the valve seat 61. Power steering pump pressure
      will then be reapplied to the power piston 42 which, in turn, urges the
      expansion chamber plunger 37 to the right to decrease the volume in the
      expansion chamber 36. At this time, the combined check and bleed valve 29
      will still be closed. Thus, the wheel cylinders 17 and 18 are gradually
      reapplied first by the action of the expansion chamber plunger 37. It
      should be noted that, unless the operator has removed his foot from the
      brake pedal, wheel master cylinder pressure will still be experienced in
      the conduit 14 and chamber 28.
PAR  After the expansion chamber plunger 37 has moved sufficiently it will
      engage the bleed valve plunger 34 to open it from its engagement with the
      seat 36. Master cylinder pressure will, then, be similarly reapplied
      through the small clearance volume. Upon continued movement, the plunger
      31 will be engaged to open the check valve 32 and permit free
      communication between the conduit 14 and the wheel cylinders 17 and 18. As
      the pressure in the chamber 36 is increased, the pressure in the bore 108
      will rise and cause the indicator 112 to shuttle back to its normal
      braking position.
PAR  It will be noted that pressure of the power steering pump 49 is required to
      hold the check and bleed valve 29 and expansion chamber plunger 37 in
      their normal braking positions. In the event of failure of the pump 49 or
      rupturing of any of the conduits 53, 56, 59, 104 or other fluid leakages,
      there will be insufficient pressure to resist the brake pressure that
      tends to cause the check and bleed valve 29 and expansion chamber plunger
      37 to move to their skid control positions. However, under this
      circumstance there will be insufficient pressure acting on the fail safe
      piston 102 to resist the action of the springs 105 and 92. Thus, the
      plungers 96 and 86 will shuttle to the left. This movement will first
      cause opening of the communication of the conduit 89 with the chamber 91
      through opening of the bypass valve portion 87 and subsequently closing of
      the isolation valve 85. Thus, a bypass conduit is open to permit brake
      pressure to be exerted from the master cylinder to the wheel cylinders 17
      and 18. The brake pressure flows from the conduit 14 and chamber 28 into
      the conduit 89. This fluid can then flow through the conduit 95 and
      conduit 21 to the brake cylinders 17 and 18 to effect actuation. This is
      accomplished without significant loss of actuating fluid. Some small
      amount of fluid will be lost, however, due to the movement of the check
      and bleed valve 29 to its closed position. This amount of fluid is
      relatively insignificant.
PAR  It has already been noted that the indicator device 109 will provide a
      visual indication to the vehicle operator during unmodulated braking
      operation if certain types of failures occur so as to prevent
      communication of the master cylinder 12 with the wheel cylinders 17 and
      18. It has also been noted that this indication is disabled during the
      skid control cycle.
PAR  In addition to providing a visual indication of certain types of failure
      during unmodulated braking operation, the indicator 109 will provide a
      failure indication under certain instances when the pump 49 is not
      operative. Normally, under this condition the bypass device 84 should
      shuttle to the left to provide communication between the master cylinder
      12 and the wheel cylinders 17 and 18 independently of the expansion
      chamber 36. However, in the event the fail safe device 84 does not operate
      due to seizure of any of its components in their respective portions,
      pressure in the bore 108 of the indicator 109 will not rise in accordance
      with pressure in the bore 115. The indicator plunger 113 will then shuttle
      to the left and actuate the switch 119 to again provide failure
      indication.
PAR  In vehicular operation the skid control modulator 19 may not be called upon
      to function for long periods of time. That is, an incipient skid condition
      may not occur for a considerable time period. It is, therefore, desirable
      to periodically cycle certain of the elements to insure that they will not
      stick or otherwise bind in their normal positions. The construction of
      certain elements of the modulator 19 is such that this automatic cycling
      will occur each time the vehicle engine is started and stopped. As has
      been noted, the pump 49 is driven by the vehicle engine. Thus, each time
      the engine stops the pump 49 will not exert pressure in the conduits 53,
      59 and 104. Accordingly, the spring 76 will move the regulator plunger 79
      to an extreme left-hand position each time the engine stops. In a like
      manner, the spring 47 will urge the power piston 42 to an extreme
      left-hand position. The spring 105 will cause a similar action on the
      plunger 96 and piston 102. The spring 92 will also move the fail safe
      valve 84 to its closed position and the associated plunger to its opened
      position. Upon restarting of the vehicle engine, each one of the
      aforenoted elements will be moved back to the normal braking positions.
PAR  The ratio of the area of the fail safe plunger 102 exposed to the pressure
      in the chamber 103 to the portion exposed to the pressure at the
      termination of the conduit 94 is less than the corresponding ratio of area
      of the power piston 42 and expansion chamber plunger 37. Thus, in the
      event of pressure failure the fail safe device will shuttle before the
      expansion chamber plunger. The aforementioned ratio of area of the fail
      safe device is greater than the corresponding area ratio of the regulator
      54.
PAR  It is to be understood that the foregoing description is that of a
      preferred embodiment of the invention. In the preferred embodiment, the
      modulator 19 included the pressure regulator 54. In certain instances,
      such as where the skid control system is integrated with a hydraulically
      assisted brake system, the regulator may be eliminated. In such an
      embodiment, pressure in the conduit 53 would be generated directly by the
      hydraulic booster of the brake system. Various other changes and
      modifications may be made without departing from the spirit and scope of
      the invention as defined by the appended claims.
CLMS
NUM  1.
PAR  1.  A vehicular skid control system comprising an operator controlled
      source of actuating fluid, a brake actuating circuit for delivering fluid
      pressure from said source to at least one wheel brake for selectively
      actuating said wheel brake, modulator means having a fluid input in
      communication with the operator controlled source of actuating fluid and a
      fluid output in communication with the one wheel brake, said modulator
      means being interposed in said actuating circuit for altering the fluid
      pressure transmitted from said source to said one wheel brake in response
      to a predetermined signal for preventing a skid condition, means
      responsive to the instantaneous pressure differential in said actuating
      circuit between said fluid input and said fluid output of said modulator
      means for providing a signal when the pressure differential exceeds a
      predetermined value, and bypass valve means for providing a path of
      actuating fluid from said source to the one wheel brake in response to the
      failure of said modulator means.
NUM  2.
PAR  2. A vehicular skid control system as set forth in claim 1 further
      including means for disabling the signal of the last named means upon the
      actuation of the modulator means to its skid control mode.
NUM  3.
PAR  3. A vehicular skid control system as set forth in claim 1 wherein the
      means responsive to the pressure differential is responsive to the
      pressure downstream of the bypass valve means.
NUM  4.
PAR  4. A vehicular skid control system as set forth in claim 3 further
      including means for disabling the signal of the last named means upon the
      actuation of the modulator means to its skid control mode.
NUM  5.
PAR  5. A vehicular skid control system as set forth in claim 1 wherein the
      modulator means comprises a control valve for controlling the flow of
      actuating fluid from the source to the one wheel brake and an expandable
      chamber device interposed between the control valve and the one wheel
      brake and means for moving the control valve to a closed position and for
      permitting the expandable chamber device to increase in volume to relieve
      pressure in the one wheel brake in response to the predetermined signal.
NUM  6.
PAR  6. A vehicular skid control system as set forth in claim 5 further
      including means for disabling the signal of the means responsive to the
      pressure differential in response to operation of the modulation means to
      its skid control position.
NUM  7.
PAR  7. A vehicular skid control system as set forth in claim 5 wherein the
      means responsive to the pressure differential is responsive to the
      pressure downstream of the bypass valve means.
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ABST
PAL  An axle assembly, drive or non-driving, steerable or non-steerable, which
      is a self-contained unit which can be installed on a vehicle and provide
      anti-wheel lock braking operation.
PARN
PAR  This is a continuation of application Ser. No. 214,784 filed Jan. 3, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Anti-wheel lock systems in general provide wheel speed sensing devices, a
      brake pressure modulating valve and a data processing device or computer
      which provides an output controlling the actuation of the modulating valve
      in response to sensed changes in wheel speed to inhibit wheel lock with
      its resultant loss of lateral stability of the vehicle and increased
      stopping distance. Heretofore these systems have been available as a group
      of components which the vehicle manufacturer has had to install on each
      vehicle. These components were, at a minimum, the computer and the control
      valve and normally also included the wheel speed sensors. Once installed,
      the computer is then connected electrically to the sensors and to the
      valve and the vehicle power supply and the control valve is fluid
      connected to the brake chambers to the fluid reservoir and the operator
      modulated brake pressure source.
PAC  SUMMARY OF THE INVENTION
PAR  The axle assembly of the present invention is a unitary assembly in which
      the control valve and data processing unit or computer are mounted on the
      axle (preferably being a unitary sub-assembly as disclosed herein) in
      which the axle outer ends are provided with wheel speed sensors
      electrically connected to the computer and in which the control valve
      outlets are connected to the brake actuators. As a result, the axle
      assembly of the present invention can be used to easily retrofit existing
      vehicles which don't have anti-wheel lock systems, as replacement
      assemblies and by original equipment manufacturers, the axle assembly of
      the present invention merely requiring mechanical connection to the
      vehicle suspension in the usual manner, fluid connection to the fluid
      reservoir and the treadle valve outlets in the usual manner, and the
      single electrical connection to the stop light circuit as a source of
      electrical power.
PAR  While mounting the computer and control valve subassembly on the axle
      subjects it to greater vibration than if it is mounted on the vehicle
      chassis where it is protected from vibration by the vehicle suspension,
      mounting on the axle avoids continual flexing of the electrical
      connections between the computer and the wheel speed sensors as the
      vehicle chassis moves relative to the axle and, by use of integrated
      circuits in the computer as described herein, a reliable antiwheel lock
      system equipped axle assembly is provided.
PAR  Additional advantages and objects will become apparent as the description
      proceeds.
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PAC  THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of a typical installation of the
      control valve of the present invention;
PAR  FIG. 2 is a central vertical section illustrating details of construction
      of one embodiment of the valve of the present invention;
PAR  FIG. 3 is a fragmentary section showing components of the valve of FIG. 2
      in a different operating position;
PAR  FIG. 4 is a vertical section showing details of another embodiment of the
      valve of the present invention;
PAR  FIG. 5 is a vertical section rotated 90.degree. from the section of FIG. 4
      and showing components of the valve in a different operating position; and
PAR  FIG. 6 is a chart illustrating time -- pressure curves under typical
      conditions.
DETD
PAR  Referring now more particularly to FIG. 1, in the present invention a
      single control valve is preferably utilized to control the brakes on all
      wheels mounted on one axle. In the illustrated embodiment, one of the
      control valve assemblies, indicated generally at 20, controls the
      operation of the paired actuators 22-23 and 24-25 associated with brake
      mechanisms 26 and 27 of the wheels on the front axle 28. An identical
      control valve assembly 20' controls the paired actuators 29-30 and 31-32
      associated with the brake mechanisms 33 and 34 on the rear vehicle axle
      35. Valve assemblies 20 and 20' are mounted on the axles 28 and 35 by
      brackets (not shown).
PAR  The remainder of the brake system, which is essentially conventional,
      includes the usual compressor 36 which delivers air under pressure to a
      supply reservoir 37 and thence to series connected service reservoirs 38
      and 39, the former being connected to supply air under service pressure,
      for example, 100 psi, through line 41 to the control valve 20 associated
      with the front axle and the latter being connected to supply service air
      through line 41' to the control valve 20' associated with the rear axle.
PAR  The service reservoir 38 is also connected to supply air under pressure to
      the usual treadle valve 40. When the operator depresses the treadle valve
      40, air under the selected pressure is delivered to the control chambers
      of the control valves 20 and 20' through lines 42 and 42', respectively,
      as explained in detail below. When the treadle valve is released it vents
      the pressure in the control chamber.
PAR  The electrical control system, which controls the action of the valves 20
      and 20', is preferably of the form disclosed in U.S. Pat. No. 3,790,227,
      issued Feb. 5, 1974. Briefly, the system includes sensors 44 mounted on
      the axles 28 and 35 adjacent notched discs 46 rotatable with each of the
      wheels, the sensors 44 generating signals indicative of the angular
      velocity of the wheels. These signals from the sensors 44 for each axle
      are supplied to a computer unit carried by the housing of the valves 20
      and 20' for that axle. The velocity signals are processed and under
      certain conditions actuate the valves to modify the brake pressure applied
      by the operator through the treadle valve 40 in a manner explained in
      greater detail below.
PAR  Referring now more particularly to FIG. 2, the valve assembly 20 includes a
      main generally cylindrical body member 52 having an inlet opening 54 to
      which air is supplied from the reservoirs 38 or 39 through line 41 or 41'
      and having one or more outlet openings 56 (one shown) for supplying air to
      the brake actuators through the lines 57 or 57'. The housing also has a
      pair of vent openings 58 and 60, the former covered by a filter 62 and the
      latter being formed in a fitting 64 threaded into the base of the main
      housing 52.
PAR  Secured to the upper end of the main housing 52 by a plurality of bolts
      (not shown) is an upper housing 66 having a laterally extending cavity 68
      which houses a solenoid coil 70 and is closed by an end cover plate 72. A
      housing 73 detachably secured to the lower end of main housing 52 encloses
      and supports a computer 75 which processes the signals from the sensors 44
      and controls the solenoid 70 as more fully explained in the aforesaid Pat.
      No. 3,790,227.
PAR  Clamped between the main housing 52 and the upper housing 66 is a flexible
      diaphragm 74 which separates the main flow chamber 76 in the housing 52
      from a control chamber 78 in the upper housing 66. The diaphragm 74 also
      acts as a valve member selectively connecting and disconnecting the flow
      chamber 76 and an annular chamber 80 communicating with the vent passage
      58.
PAR  The lower surface of diaphragm 74 is supported on the upper surface of a
      piston 82 mounted for limited vertical reciprocation in the flow chamber
      76. The piston 82 is slidably mounted on the upper end of a stem 84, the
      lower portion of which carries a valve member 86 having an annular sealing
      member 88 adapted to engage an annular seat 90 to selectively open and
      close a passage 92 connecting the inlet 54 with the flow chamber 76.
PAR  The lower portion of the valve member 86 is slidably received in a fitting
      96 threaded into the valve body 52. A spring 96 compressed between the
      fitting 94 and the valve 86 urges the latter toward closed position. To
      permit free movement of the valve 86 in the fitting 94, the internal space
      between the parts is vented through a stem passage 98. To facilitate
      installation and removal of the fitting and valve body 86 as a unit the
      parts are preferably held in assembled relation by a lock ring 100.
PAR  The flow chamber 76 is connected to a quick release valve chamber 102
      through a passage 104. A quick release valve assembly comprises a valve
      plate 106 urged by spring 108 to the position shown to open the vent
      passsage 60, thus venting the brake actuators. When the brakes are
      applied, the pressure developed in chambers 76 and 102 moves the valve
      plate 106 downwardly from the position shown to close the vent opening 60
      and permit free communication between the flow chamber 76 and the brake
      actuators.
PAR  The pressure in control chamber 78 is regulated by a shuttle valve or
      plunger 110 slidably received in a fitting 112, an extension of which
      passes through the central aperture of the solenoid coil 70. The shuttle
      valve 110 is normally biased to the left by spring 114 to close a vent
      port 116 as shown in FIG. 2. When the shuttle valve is in the position air
      from the treadle valve 40 passes through a central aperture 118 in fitting
      120 and along flutes 121 in the valves plunger 110 into passage 122, then
      into the control chamber 78. When the solenoid 70 is energized the valve
      plunger 110 is magnetically attracted and thus moves to its opposite limit
      position, closing the end of passage 118 and connecting the control
      chamber 78 to the atmosphere through the passage 122 and the vent port 116
      as shown in FIG. 3.
PAR  The valve is shown in FIG. 2 in its brake OFF position. Air under full
      service pressure, for example, 100 psi, is supplied to the upstream side
      of the valve 86, which maintains the port or passage 92 closed because of
      the pressure differential across the valve augmented by the action of the
      spring 96. Accordingly, all other portions of the valve are under
      essentially atmospheric pressure and the brakes are fully released. When
      the operator actuates the treadle valve 40, air under pressure determined
      by the operator selected position of the treadle valve is supplied through
      line 42 or 42' to the control chamber 78. The establishment of the
      selected pressure in the control chamber 78 depresses diaphragm 74 and
      piston 82 to open valve 86, permitting air to flow from the inlet port 54
      through the port 92 and the passage 104 to move the valve plate 106
      downwardly to its seated position permitting the passage of air through
      the port 56 to the brake actuators. At this time the pressure differential
      across the diaphragm also maintains the annular exhaust chamber 80
      isolated from the flow chamber 76.
PAR  As soon as the brakes are seated the pressure in the brake line and the
      flow chamber 76 rapidly increases until the pressure differential across
      the diaphragm 74 is eliminated thus restoring the piston 82 and the
      diaphragm to their original neutral or balanced positions, permitting
      valve 86 to close, thus establishing the pressure at the brake actuators
      in accordance with that selected by the operator. When the operator
      releases the treadle valve 40 the pressure in the supply lines 42, 42' and
      the pressure in control chamber 78 is reduced to atmospheric. The pressure
      in flow chamber 76 is supplied to the underside of the diaphragm 74
      through one or more vent openings 123 which lifts the diaphragm off the
      annular seat 124 to connect the control chamber and the space above the
      valve plate 106 to atmosphere through the vent port 58 as shown in FIG. 3.
      The valve plate 106 is immediately lifted from its seat by spring 108,
      venting the brake actuators.
PAR  The operation of the valve thus far described assumes that the operator did
      not supply sufficient brake pressure to cause the wheels to exceed
      acceptable slip. When excessive slip occurs, the control system (including
      sensors 44 and computer 75) with which the valve is associated generates
      two types of signals. The first signal calls for complete brake release to
      permit the wheels to regain synchronous speed. The control system also
      generates signals calling for partial brake application pressure after the
      wheels begin to accelerate. The brake OFF signal energizes the solenoid 70
      and maintains the solenoid energized so long as the signal persists. The
      partial brake pressure signal, on the other hand, rapidly cycles the
      solenoid on and off.
PAR  When the brakes are applied initially the valve will function in the manner
      thus far described until the brake OFF signal is generated. When this
      occurs, the energization of the solenoid 70 will shift the plunger 110 to
      the right, (FIG. 3) closing the inner end of port 118 and opening the vent
      port 116. This reduces the pressure in control chamber 78 essentially to
      atmospheric pressure and the consequent action of the valve is the same as
      if the treadle valve had been released, producing essentially immediate
      release of the brakes.
PAR  If the brake OFF signal is discontinued, the solenoid 70 is deenergized,
      permitting the plunger 110 to move to the left as viewed in FIG. 2 under
      the influence of fluid pressure differential and force of the spring 114,
      closing the vent port 116, opening the inlet port 118 and permitting the
      development in the control chamber 78 of the pressure signalled by the
      vehicle operator, thus again placing the brakes under full operator
      control.
PAR  Usually the control system described in the aforementioned U.S. Pat. No.
      3,790,227 is effective, upon the detection of an actual or incipient skid
      condition, to produce a signal calling for brake release followed by a
      signal calling for partial brake application at a preselected level or a
      series of preselected levels. The signal is such as to control the duty
      cycle of the solenoid 70. More specifically, the signal controls the ratio
      of solenoid ON time to solenoid OFF time in a series of relatively short
      discrete time intervals. In a typical case the basic cycle time is 40
      msec. To establish the desired level of brake pressure the control system
      energizes the solenoid 70 during a predetermined fraction of each 40 msec
      period. As the ratio of ON time to OFF time in each cycle period is
      increased the brake pressure is reduced.
PAR  The rapid cycling of the solenoid places the plunger 110 in what may be
      called a "dithering" mode, in which the plunger rapidly moves between the
      limit positions shown in FIGS. 2 and 3 in which the control chamber 78 is
      connected to pressure and to exhaust, respectively.
PAR  The performance of the control valve under these conditions is illustrated
      by the graph FIG. 6. In this example it is assumed that a brake OFF signal
      has been generated reducing the pressure in control chamber 78 and the
      pressure in the brake actuators essentially to atmospheric, that the
      service pressure supplied to the inlet port 118 through the lines 42 or
      42' is 100 psi and that it is desired to establish a duty cycle for the
      solenoid 70 such that the ratio of On time to OFF time is 3:1, that is,
      OFF time is twenty-five percent of the total cycle time.
PAR  In the first 40 msec interval the pressure in control chamber 78 will rise
      relatively rapidly because of the high pressure differential between the
      pressure existing at inlet opening 118 and the pressure then existing in
      control chamber 78. During the solenoid ON time the control chamber 78 is
      vented but the pressure decay rate is relatively small because of the
      relatively low pressure differential between the control chamber and the
      atmosphere. In the succeeding cycles the rate of pressure increase during
      each solenoid OFF period will decrease and the rate of pressure decay
      during each solenoid ON period will decrease. As the pressure differential
      between the inlet opening 118 and the control chamber decreases and the
      pressure differential between the pressure in the control chamber 78 and
      atmosphere increases, eventually the pressure in control chamber will
      reach equilibrium value at approximately 25 psi. The pressure in flow
      chamber 76 and the pressure to brake actuators will follow the pressure in
      control chamber 78 as explained above.
PAR  It will be apparent that by increasing the ratio of ON time to OFF time the
      system will reach equilibrium at a lower pressure and conversely by
      decreasing the ratio of ON time to OFF time the system will reach
      equilibrium at a higher pressure.
PAR  FIGS. 4 and 5, to which detailed reference will now be made, illustrate
      another embodiment of the valve in accordance with the present invention,
      the action of which is essentially the same as the embodiment described
      above.
PAR  The main valve body 130 has an inlet opening 132 for connection to the
      service reservoirs 38 or 39 through line 41 or 41' and an outlet opening
      134 connected to the brake actuators through lines 57 or 57'. The
      periphery of a diaphragm 136 is clamped between the upper surface of the
      body 130 and a top cover 138. The inner periphery of the diaphragm is
      clamped between a retainer ring 140 and an annular flange 142 on a sleeve
      144 received for vertical reciprocation in a cylindrical boss 146 formed
      integrally with the top cover 138. The diaphragm 136 divides the valve
      into a control chamber 148 and a flow chamber 150.
PAR  A double valve assembly 152 is mounted for vertical reciprocation on a
      fixed stem 154 carried by a bottom cover plate 156 suitably secured to the
      valve body 130. The valve has an upper seal 158 adapted to engage an
      annular seat 160 formed on the sleeve 144 and a lower seal 162 adapted to
      engage an annular seat 164 formed on a sleeve 166, the lower end of which
      is clamped against the body 130 by the bottom cover plate 156.
PAR  The stem 154 has a series of longitudinally extending flutes or serrations
      167 to connect the space below the valve assembly 152 with the interior of
      the sleeve 144 and the boss 146, the upper end of which is vented to the
      atmosphere through a filter 168 and a protective cover plate 170.
PAR  The cover plate 138 is provided with a laterally projecting housing 172
      containing a solenoid 174 and a plunger 176 which is biased by spring 178
      to the position shown to block a vent port 180 leading to the interior of
      the boss 146 and to permit the flow of air under pressure from the treadle
      valve through inlet port 182 and passage 184 into the control chamber 148.
PAR  When the solenoid 174 is energized the plunger 176 moves to its opposite
      limit position to block the inlet port 182 and connect the control chamber
      to atmosphere through the port 180 as in the previously described
      embodiment.
PAR  As shown in FIG. 5, the cover 138 is provided with a second housing 186
      circumferentially spaced from the housing 172. The housing 186 which is
      closed by a removable cover plate 188 houses the computer 190 which
      receives the signals from the sensors 44 and controls the solenoid 174.
PAR  The computer 190 is powered by an electrical connection (not shown) from
      the stop light circuit of the vehicle. Accordingly, whenever the vehicle
      brake pedal or treadle is depressed to apply the vehicle brakes, the
      application of voltage to the stop light will also apply voltage and power
      to the computer 190. Being a completely integrated and transistorized
      circuit, it is instantaneously operative.
PAR  In addition, the computer 190 is connected to each of the wheel speed
      sensors 44 and to ground. The wheel speed sensors 44 provide the computer
      with a fluctuating signal, the instantaneous frequency of which is
      directly proportional to the instantaneous velocity of the wheel at that
      time.
PAR  In summary, therefore, there are but four electrical connections or leads
      from computer 190 which are external of the complete valve assembly 20. In
      addition, there is an internal output connection from computer 190 to the
      solenoid coil 70.
PAR  The opposite sides of the solenoid coil 70 and the sensors 44 are of course
      electrically grounded to complete the circuits.
PAR  The heart of the computer 190 is a MOS chip which contains all of the
      integrated logic circuitry of the digital computer. In addition, computer
      190 contains an electrical power supply, a solenoid driver circuit and
      auxiliary protective circuits to prevent potential damage to the
      components as the result of varying polarity of the power supply from
      vehicle to vehicle as is possible when a trailer is connected to different
      tractors, and to check the proper functioning of the electrical circuitry.
PAR  Accordingly, the present invention provides a completely self-contained
      anti-wheel lock axle assembly requiring electrically only an external
      power source and providing fluid pressure control to the brakes which is
      effective to inhibit wheel lock with resultant loss of lateral stability
      of the vehicle and increased stopping distance during braking which would
      otherwise result as the wheels approach incipient skid condition.
PAR  The valve is illustrated in FIG. 4 in the brake OFF position. The flow of
      air under pressure into the valve is blocked by the engagement of seal 162
      with the seat 164. The flow chamber 150 and the control chamber 148 are
      under atmospheric pressure. During normal brake application air under
      pressure is transmitted through the treadle valve 40 directly to the
      control chamber through lines 42 or 42' to inlet passage 182 and passage
      184. The pressure differential across the diaphragm 136 will depress the
      diaphragm tightly engaging seal 158 and seat 160 moving the valve assembly
      152 downwardly against the action of spring 192 to permit air under
      pressure to enter flow chamber 150 and pass through the opening 194 and
      through the outlet port 134 to the brake actuators. As soon as the
      pressure in the flow chamber 150 euals the pressure in the control chamber
      148 the components of the valve will resume the neutral or balanced
      position shown in FIG. 4. When the operator discontinues the application
      of brakes at the treadle valve 40, the pressure in the control chamber 148
      is rapidly reduced to atmospheric and the resulting upwardly acting
      pressure differential across the diaphragm 136 will lift the diaphragm and
      move the valve seat 160 away from seal 158 as shown in FIG. 5, thus
      connecting chamber 150, port 134 and the brake actuators to exhaust
      through the passage in the boss 146.
PAR  The action of the solenoid 174 in releasing the brakes when energized or in
      establishing a partial brake pressure when cyclically energized and
      deenergized is the same as in the previously described embodiment.
PAR  For trailer hollow axles, the interiors of axles 28 and 35 can provide
      sealed chambers which form the service reservoirs 38 and 39 so that the
      only required fluid connection to the axle assemblies are from supply
      reservoir 37, the treadle valve 40 and the only required electrical
      connection is from the valve assembly 20 to a power source such as the
      stop light circuit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An anti-wheel lock vehicle axle assembly comprising an axle; a wheel hub
      rotatably mounted on each end of said axle and adapted to have a ground
      engaging wheel mounted thereon; a fluid powered brake mechanism mounted to
      said axle at each end thereof; each said brake mechanism being adjacent
      one of said wheel hubs and operative when actuated to restrain rotation of
      said wheel hub and any wheel mounted thereon; a sensor mounted on said
      axle adjacent each said wheel hub and adapted to generate electrical
      signals indicative of the angular velocity of said wheel hub and any wheel
      mounted thereon, a brake control valve assembly mounted on said axle and
      including a valve for selectively modulating the flow of brake actuating
      fluid from a source to each of said fluid powered only, a mechanisms
      only,a solenoid in said valve assembly for controlling the operation of
      said valve, and a computer in said valve assembly electrically connected
      to said sensors for processing the electrical signals from said sensors
      and connected to said solenoid, said computer having means for delivering
      an output signal to successively energize and deenergize said solenoid
      during each of a series of discrete time intervals to respectively
      disconnect and connect each of said brake mechanisms to said source of
      brake actuating fluid upon detection of an actual or incipient skid
      condition, and said computer also having means for varying the ratio of
      solenoid ON time to solenoid OFF time during each of said time intervals.
NUM  2.
PAR  2. The axle assembly defined by claim 1 wherein said axle is a hollow
      trailer axle providing a sealed fluid chamber in its interior, said
      chamber having an inlet connectable to a source of super atmospheric
      pressure and an outlet connected to said valve whereby said chamber forms
      said source of brake actuating fluid, the only required electrical
      connection to said axle assembly is a power connection to said computer
      and the only required fluid connections to said axle assembly are
      connections to said source of super atmospheric pressure and to a vehicle
      operator controlled valve.
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PAL  A combined load-sensing proportion and relay valve for an air brake system
      including a valve disk which has an exhaust passage in its axial center
      and is adapted to hold the valve in normally closed position, and a
      control piston unit which is actuated by an indicated pressure from a
      brake valve to move the valve disk and open the valve. The control piston
      unit includes a first pressure-sensing piston for controlling the
      valve-opening action of the valve disk and a second pressure-sensing
      piston coaxially connected to the first piston via a spring therebetween.
      A stroke adjusting device is provided to control the axial movement of the
      second piston correspondingly to the payload of the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel relay valve combined with a load-sensing
      proportion valve, and more specifically to a combined load-sensing
      proportion and relay valve capable of automatically adjusting the pressure
      applicable to the power chambers of brake actuators.
PAR  Rapid development of commercial transport by such large motor vehicles as
      trailer-trucks in recent years has been coupled with the introduction of
      faster cars to cause more and more serious traffic jams on roads. In view
      of this, greater safety of the vehicles, that is, a braking system more
      reliable in action and more stable in performance than ever, is being
      called for.
PAR  With these heavy-duty vehicles, service brakes of the pneumatic type
      prevail in which indicated braking pressure from the brake valve is
      conducted to the relay valve so that compressed air corresponding to the
      indicated pressure is supplied to the brake actuators via the relay valve.
      Since the axle-to-axle load ratio can vary largely according to whether
      the vehicle is empty or loaded, the air brake system is designed to
      control the indicated pressure according to the movable load the vehicle
      carries, or the distance between the upper portion and lower portion of
      the spring of the suspension and thereby adequately proportion the braking
      forces applicable to the individual axles, avoiding any unbalanced braking
      action, such as partial locking of any axle alone. In order to obtain the
      indicated pressure corresponding to the payload as described above, a
      conventional brake circuit as schematically shown in FIG. 1 (I) has,
      between the brake valve a and the relay valve b, a load-sensing proportion
      valve c which regulates the indicated pressure from the brake valve before
      the pressure is delivered to the relay valve. Also included in the circuit
      is a reservoir d, a power chamber e, and a slack adjuster f. However,
      installing the load-sensing proportion valve in the line accordingly
      increases the amount of air retained in the line and, inasmuch as air is a
      compressible medium itself, the increased air volume in the line
      inevitably causes a lag in response of the brake actuators to the
      instruction from the brake valve.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide a novel relay
      valve that combines the features and functions of both a load-sensing
      proportion valve and a relay valve, so that the transmission velocity of
      indicated pressure is increased and quick brake response is ensured.
PAR  The relay valve according to the invention, as schematically shown in FIG.
      1 (II), combines the loadsensing proportion valve c' and the relay valve b
      of FIG. 1 (I) in an integral unit.
PAR  In an ordinary air brake circuit, the load-sensing proportion valve c' and
      the relay valve b are arranged in series, and two hystereses of output
      pressures of said two valves corresponding to the indicated pressure are
      added to each other. Consequently, the output pressure the power chamber e
      eventually receives deviates to a considerable degree from the value
      indicated by the brake valve a. The valve according to the invention,
      which combines the two existing valves in a unitary structure, exhibits a
      hysteresis substantially equal to that of a conventional relay valve.
PAR  It is therefore another object of the invention to provide a relay valve
      with minimized hysteresis for positive braking action without any time lag
      in response to the indicated braking pressure.
PAR  The relay valve according to this invention, which replaces both the
      load-sensing proportion valve and the relay valve in an ordinary braking
      circuit, simplifies the air brake system and reduces the assembling cost
      of the system. Still another object of the invention, therefore, is to
      provide an air brake circuit which is made more reliable and less costly
      than existing ones by the use of the relay valve according to this
      invention.
PAR  In order to realize the foregoing objects, the relay valve according to the
      invention has the following construction. Like its counterpart in the
      conventional relay valves, the valve disk of the valve for opening and
      closing the brake circuit has an axial center hole as an exhaust passage
      and is spring-biased to a normally closed position; it is opened when
      pressed down against the spring. Coaxially with the valve disk, there is
      installed a control piston unit for opening the valve by actuating the
      valve disk with the indicated pressure from the brake valve. The control
      piston unit comprises a first pressure-sensing piston for directly moving
      the valve disk to open the valve, and a second pressure-sensing piston
      engaged with the first piston via a spring, and is equipped with adjusting
      means for adjusting the position and limiting the stroke of the second
      piston depending upon the movable load the vehicle carries.
PAR  It is often the case with such large motor vehicles as trucks, buses, and
      trailer-vehicle which have special body constructions that, for some
      reason or other, their suspension springs are compressed more than the
      amount of compression they are normally subjected to when the vehicle
      carries a movable load, or are elongated more than when the vehicle is
      empty. The compression or elongation may be quite outside the normal
      deflection range of the suspension springs under no-load and loaded
      conditions. It is objectionable that such excessive or insufficient
      displacement of the suspension acts on the relay valve.
PAR  A further object of the invention is, therefore, to provide a combined
      load-sensing proportion and relay valve wherein any excessive or
      insufficient deflection of the suspension outside the range corresponding
      to the usual load condition is absorbed by control cam means associated
      with linkage so that the service brake pressure is always adequately
      controlled correspondingly to the movable load of the vehicle.
PAR  The above object is realized by a combined loadsensing proportion and relay
      valve of the following construction. In the relay valve of the character
      described, there is provided a control cam integral with a lever which is
      turnable about a pivot pin, and the cam face consists of an actuating cam
      face section for imparting a sliding motion to stroke adjusting means,
      such as a tappet or thrust rod, in engagement with the cam face to cover
      the usual deflection range of the suspension springs, and an idle cam face
      section for imparting no sliding motion to the tappet or thrust rod in the
      case of any excessive or too small deflection. In this way any deflection
      of the suspension which is too large or too small is absorbed and not
      transmitted to the relay valve body.
PAR  Other objects and advantages of the invention will become apparent from the
      following description of embodiments with reference to the accompanying
      drawings, wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 (I) is a schematic diagram of an air brake system equipped with a
      conventional load-sensing proportion valve;
PAR  FIG. 1 (II) is a schematic diagram of an air brake system using a combined
      load-sensing proportion and relay valve of the invention;
PAR  FIG. 2 is a vertical sectional view of a combined valve embodying the
      invention;
PAR  FIG. 3 is a graph representing the characteristics of the valve shown in
      FIG. 2;
PAR  FIG. 4 is a vertical sectional view of another embodiment of the invention;
PAR  FIG. 5 is a vertical sectional view of still another embodiment of the
      invention;
PAR  FIG. 6 is a transverse or radial sectional view taken along line A-A of
      FIG. 5;
PAR  FIG. 7 is a vertical sectional view of a further embodiment of the
      invention;
PAR  FIG. 8 is a vertical sectional view of a modification of the embodiment
      shown in FIG. 7;
PAR  FIG. 9 is a fragmentary sectional view showing a modified form of
      connection between first and second pressure-sensing pistons;
PAR  FIG. 10 is a vertical sectional view of a combined load-sensing proportion
      and relay valve equipped with control cam means;
PAR  FIG. 11 is an enlarged view of a control cam assembly, showing the
      positional relations among its component parts when the associated
      suspension spring is within a normal range of deflection;
PAR  FIG. 12 is a view similar to FIG. 11 but when the deflection of the
      suspension spring is far less than the normal range;
PAR  FIG. 13 is a view similar to FIG. 11 but when the suspending spring has
      been subjected to an unusual compressive deflection;
PAR  FIG. 14 is an enlarged view of a mechanism using a control cam of the type
      having a cam slot in which an engaging pin on a rod as the
      stroke-adjusting means for the second pressure-sensing piston is fitted to
      actuate the cam;
PAR  FIG. 15 is an enlarged sectional view of a mechanism incorporating another
      form of control cam; and
PAR  FIG. 16 is a vertical sectional view showing the construction of a
      load-sensing proportion valve according to the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIG. 2 schematically shows the construction of a typical relay valve
      according to this invention, as comprising a valve disk 1, a valve body 2
      accommodating the disk, and a valve bonnet 3 enclosing a control piston
      unit located coaxially with the valve disk 1. The disk has an axial center
      hole as an exhaust passage 4. The control piston unit consists of a first
      pressure-sensing piston 5, a second pressure-sensing piston 6, and a
      spring 7 extended between the two pistons. The first pressure-sensing
      piston 5 takes the form of a stepped double piston consisting of a large
      piston part 5' with a diameter A and a small piston part 5" with a
      diameter B. Its pressure-receiving area is, therefore, the annular zone
      defined between the two diameters A and B. The first piston 5 has on its
      underside a downward extension 8, which in turn is formed with a valve
      seat 9 at its lower end adapted to contact a valve seat 10 attached to the
      upper surface of the valve disk 1. This arrangement permits the downward
      motion of the first piston 5 to be transmitted to the valve disk 1 via the
      extension 8 and the valve seats 9, 10, so as to depress the valve disk 1
      and open the valve. On the other hand, the second pressure-sensing piston
      6 has the same diameter B as the small piston part 5", with an indicated
      pressure applicable on the entire area having the diameter B, and its
      downward motion is transmitted to the first piston through the spring 7,
      until it reaches a limit set by a stroke adjuster consisting of a
      vertically set rod 11 extended slidably through the second piston and a
      stopper 12 formed at the lower end of the rod. The rod 11 has at its upper
      end a horizontally protruding pin 13 through which to engage a lever 14,
      and is moved, together with the stopper 12, upward and downward by the
      lever. For example, if the lever 14 in the position shown is turned
      clockwise about a pivot 15, the stopper 12 will be moved from the position
      a to b and thence to c. The left end of the lever 14 is engaged, for
      example, with the underside of a suspension spring (not shown), in such a
      way that the lever senses a change in the height of the vehicle with the
      load it carries and transmits the signal to the stroke adjuster.
PAR  With the construction so far described, the combined load-sensing
      proportion and relay valve according to the invention operates in the
      following manner.
PAR  If it is assumed that the stopper 12 is in the position a as shown in FIG.
      2, an indicated pressure Pi from a brake valve (not shown) is led into the
      valve through a port 16 and exerted on the annular pressure-receiving
      surface of the first pressure-sensing piston 5 and the pressure-receiving
      surface of the second pressure-sensing piston 6. The second piston 6 is
      kept from moving downward by the stopper 12, whereas the first piston 5 is
      forced downward by the indicated pressure Pi applied on its annular
      pressure-receiving surface. This causes the extension 8 of the first
      piston to contact and depress the valve seat 10, with the result that the
      valve disk 1 is forced down to open the valve and admit compressed air
      supply pressure Pt from an inlet port 17 to a chamber 18. While the
      indicated pressure Pi is exerted on the annular surface of the first
      piston 5, an output pressure Po acts on the other side of the piston
      facing the chamber 18. The relation between the indicated pressure Pi and
      the output pressure Po based on the difference between the
      pressure-receiving areas on the both sides of the first piston is
      represented by a full line O-A in the graph of FIG. 3 which gives typical
      characteristic curves of the relay valve according to the present
      invention.
PAR  When the stopper 12 of the stroke adjuster has assumed the position b in
      FIG. 2, the indicated pressure Pi is again exerted on the annular
      pressure-receiving surface of the first pressure-sensing piston 5 and on
      the second pressure-sensing piston 6. In this case the second piston 6
      transmits the pressure it receives to the first piston 5 via the spring 7,
      until its further downward motion is prevented by the stopper 12. This
      means that the first piston 5 is subjected not only to the indicated
      pressure Pi on its annular surface but also to the pressure that the
      second piston 6 receives and transmits to the first piston via the spring
      7. Meanwhile, the output pressure Po acts on the other side of the first
      piston 5. Thus, the balance between the forces exerted on the both sides
      of the first pressure-receiving piston is plotted in FIG. 3, wherein the
      relationship between the indicated pressure Pi and the output pressure Po
      is represented by a full line O-B. The point where the second piston is
      stopped by the stopper 12 is indicated at B in FIG. 3.
PAR  With a further rise of the indicated pressure Pi; the pressure increment
      acts only upon the annular pressurereceiving surface of the first
      pressure-sensing piston 5. The increment of the pressure against the
      second pressuresensing piston 6 is borne by the stopper 12 and does not
      contribute to an increase in the downward force of the first piston 5. The
      characteristic is represented by the full line B-C in FIG. 3. Thus, the
      valve disk 1 is pressed down, opening the valve, and compressed air
      supplied at the pressure Pt through the inlet port 17 passes through the
      space formed above the valve disk 1 and goes to the power chamber of a
      brake actuator (not shown) at the output pressure Po via the outlet port
      19.
PAR  The shifting point B can be changed as desired by the positional adjustment
      of the stroke adjuster. Further, the ratio of the indicated pressure Pi to
      the output pressure Po can also be changed, as indicated by broken lines
      and alternate long and short dashes lines in FIG. 3, by varying the area
      ratio of the annular pressure-receiving surface of the first
      pressure-receiving piston to the surface of the same piston that receives
      the output pressure, or the area ratio of the sum of the surfaces of the
      first and second pistons that are subjected to the indicated pressure Pi
      to the surface of the first piston that receives the output pressure Po.
PAR  Should the function of the stroke adjuster to hold the second
      pressure-sensing piston 6 be lost on account of a break of the pin 13,
      lever 14, or pivot 15, the indicated pressure for the second piston 6 will
      be directly transmitted to the first pressure-sensing piston 5 through the
      spring 7. Here the relationship between the indicated pressure Pi and the
      output pressure Po will be as indicated by the line O-B-D in FIG. 3. The
      valve operation in this case is similar to that of a conventional relay
      valve. Thus, despite a failure of the stroke adjuster, the valve according
      to the invention will effect the necessary braking action with no danger
      of insufficient braking force.
PAR  When the brake valve has closed and the indicated pressure released, the
      control piston unit comprising the first and second pressure-sensing
      pistons is forced upward by a spring 20, with the extension 8 away from
      the valve seat 10. At the same time, the valve disk 1 is lifted, too, by a
      spring 21 until the valve seat 10 comes into contact with a valve seat 22
      formed on the valve body to cut off the flow of the supply pressure. The
      compressed air in the line leading from the outlet port 19 to the brake
      actuator is discharged by way of the exhaust passage 4. In this way the
      valve action for controlling the actuator for service brake is released.
PAR  FIG. 4 illustrates another embodiment of the invention, in which the parts
      like those in the embodiment of FIG. 2 are designated by like reference
      numerals. In this embodiment, the stroke adjuster consists of a rod 11
      held upright by suitable guide means (not shown) from the lower end of the
      valve body 2 and through the valve disk 1 and the first pressure-sensing
      piston 5, and a stopper 12 attached to the upper end of the rod 11. The
      stroke adjuster is moved upward and downward (to one of the positions a,
      b, and c) by a lever 14 supported at a pivoted pin 15. In the same manner
      as in the embodiment of FIG. 1, the lever 14 is connected to a suitable
      point of a car body component, such as a suspension spring, the level of
      which changes with the payload of the vehicle. It will be readily
      appreciated upon comparison of FIGS. 2 and 4 that this embodiment of relay
      valve is exactly same in construction and operation as the preceding
      embodiment except that the rod 11 for moving the stopper is inserted into
      the valve body 2 from its lower end instead of from the upper end.
PAR  In FIGS. 5 and 6 is shown another embodiment of the invention. The movement
      of the second pressure-sensing piston 6 in this embodiment is restricted
      by a lever 25, which is inserted into the valve through the bonnet wall to
      swing up and down about a pivot 23 secured to an intermediate height of
      the side wall of the bonnet 3, with the right portion of the lever 25 as
      viewed in the figures having a semicircular bifurcation 24. The left end
      of the lever 25 is usually connected to a suitable point of the lower part
      of a suspension spring, in such manner that a change in the level of the
      vehicle body is diminished by the leverage and converted to the up-down
      movement of a pad 26 at the front of the bifurcation 24, whereby the
      second pressure-sensing piston 6 is controlled according to the height or
      payload of the vehicle. The functions of other components and the
      operation of the assembly as a relay valve are the same as those of the
      two preceding embodiments.
PAR  FIG. 7 represents still another embodiment of the invention, in which the
      second pressure-sensing piston 6 is located under the valve disk 1, and
      the indicated pressure Pi from the brake valve is led via a port 16 to the
      pressure-receiving surface of the first piston 5 and also led via another
      port 27 to the pressure-receiving surface of the second piston 6.
PAR  The first pressure-sensing piston 5 is connected to the second piston 6 via
      a rod 28, a retainer 29, and spring 7, and the motion of the second piston
      is controlled by a tappet 31 that is actuated by a lever 14, through a
      cover 30 that encloses the spring 7 and a retainer 29. Vent holes 40, 40',
      40" are formed in the bonnet and the cover, the body respectively.
PAR  FIG. 8 shows a modification of the embodiment given in FIG. 7. The rod 28,
      retainer 29, and spring 7 used in connecting the both pressure-sensing
      pistons in FIG. 7 are replaced by a single spring 34 stretched between
      pins 32, 33 on the inner walls of the both pistons. Thus the modification
      is featured by a smaller number of components required.
PAR  FIG. 9 shows another modification of the mechanism for connecting the two
      pressure-sensing pistons. A spring 7 is held between the second
      pressure-sensing piston 6 and a retainer 36, and a rodlike upward
      extension 37 of the second piston is engaged with a lever 14 by a pin 13.
      In addition, the second piston has a rodlike downward extension 38 which
      is slidably inserted into a retainer 36 and is fastened at its threaded
      lower end with a nut 39 to keep the retainer 36 from dropping off from the
      downward extension 38.
PAR  Shown in FIG. 10 is a combined load-sensing proportion and relay valve
      equipped with control cam means according to this invention. Generally the
      embodiment comprises a valve body 103 accommodating a valve disk 102
      formed with an axial center hole as exhaust passage 101, and a valve
      bonnet 107 enclosing a control piston unit which consists of a first
      pressure-sensing piston 104, a spring 105, and a second pressure-sensing
      piston 106. A bracket 108 is formed on an upper portion of the bonnet 107,
      and a connector 110 pivotally supported at one end by a pin 109 on the
      bracket. The other end of the connector 110 is connected by a pin 111 to a
      link 113 formed integrally with a cam 112. The link 113 is pivotally
      connected by a pin 114 at its left end with a tension rod 115, which in
      turn is engaged at its lower end (not shown) with a suitable point of the
      lower portion of each suspension spring.
PAR  The control cam 112 has an actuating cam face 118 for moving the rod 117
      upward and downward via a pin 116, and an idle cam face 119 forming an arc
      with a radius R centered in the pin 111 and contiguous to the actuating
      cam face 118. The deflection of the suspension spring within the usual
      range under empty and loaded vehicle conditions is covered by the
      actuating cam face 118, and the region of excess deflection is covered by
      the idle cam face 119.
PAR  An indicated braking pressure Pi from the brake valve opened by the
      foot-pedal operation enters the pressure chamber 121 of the control piston
      unit through a port 120, and acts on both the first pressure-sensing
      piston 104 and the second pressure-sensing piston 106 connected to the
      first piston by the spring 105. The first piston 104 is forced down by the
      indicated pressure to open the valve disk 102 by means of its downward
      extension 122. Consequently a supply pressure Pt is admitted from an inlet
      port 123 to the space formed along the valve disk 102, and leaves an
      output port 124 as the service braking pressure. The output pressure Po is
      then supplied to the pressure chamber of the brake actuator not shown. The
      second piston 106 too is brought down by the indicated pressure to depress
      the first piston 104 via the spring 105 but, beyond a certain indicated
      pressure, its downward movement is restricted by a stopper 125 attached to
      the lower end of the rod 117. From then on the first piston 104 takes over
      the control of the valve disk 102 to open the valve. With this embodiment,
      a deflection of each suspension spring is transmitted with a reduction in
      degree via the rod 115, link 113, and cam 112, the position of the rod 117
      is set by the cam 112, and the valve disk 102 is actuated to open the
      valve according to the payload of the vehicle. In the manner described the
      service brake pressure is controlled depending upon the movable load.
PAR  In the embodiment being described, the lower end of the actuating cam face
      118 of the cam 112 corresponds to the loaded condition, and the other end
      of the face that adjoins the idle cam face 119 corresponds to the empty
      condition. The actuating cam face 118 is shaped to a suitable curvature to
      attain desired characteristics in relation to the indicated pressure and
      braking output pressure involved. The idle cam face 119 that has the
      radius R effects no displacement as long as the pin 116 on the rod 117
      remains in contact with the idle cam face 119. The arcuate length of the
      idle cam face 119 is so chosen as to correspond to the maximum deflection
      minus the deflection in the loaded condition of the associated suspension
      spring.
PAR  As stated, the tip of the actuating cam 118 corresponding to the deflected
      position of the associated suspension spring of the vehicle in the loaded
      condition, must be positioned to engage the pin 116 when the rod 117 is in
      its lowermost position. In the initial position setting, the inclinaton of
      the connector 110 is suitably adjusted by turning a screw 126 and thereby
      adjusting the position of the pin 111.
PAR  FIGS. 11, 12 and 13 are details illustrating the positional relationship of
      the control cam 112 and related components in respect of the connected
      suspension spring deflected within the normal range, and deflected
      excessively and insufficiently, respectively. FIG. 11 shows the working
      position the control cam assumes when the vehicle carries a moderate load.
      The cam-follower pin 116 is in contact with an intermediate point of the
      actuating cam face 118, and the rod 117 is in a slightly lifted position.
PAR  Now if the particular wheel drops in a depression of a road, the suspension
      spring will be momentarily relieved of the weight of the vehicle and set
      free from the compression under load. The spring deflection will be far
      less than the normal range. As a result, the tension rod 115 is sharply
      pulled downward, turning the lever 113 and control cam 112
      counter-clockwise. This enables the pin 116 to move past the actuating cam
      face 118 onto the idle cam face 119. FIG. 12 shows the relationship of the
      control cam and the associated parts when the deflection of the suspension
      spring is unusually small. Since the idle cam face 119 is arcuately shaped
      with the radius R, the rod 117 remains lifted in the uppermost position as
      long as the pin 116 is in contact with the cam face 119.
PAR  Next, it is assumed that the same wheel of the vehicle has rolled over a
      bump on a road. The suspension spring is unusually compressed to absorb
      the inertial energy of the body, and the compressive deflection of the
      spring far exceeds the normal deflection range. Contrary to the case above
      described, the tension rod 115 is sharply pulled up, and the lever 113 and
      control cam 112 turn together clockwise, moving the tip of the control cam
      away from the pin 116 as shown in FIG. 13. However, because the stroke of
      the rod 117 is limited by the upper stopper 127 that is seated on the
      upper surface of the bonnet 107, the rod 117 can maintain its lowermost
      position under normally loaded condition despite the unusual deflection of
      the suspension spring.
PAR  In the embodiment shown in FIGS. 10 through 13, the rod 117 is kept
      depressed and there is no possibility of the pin 116 being disengaged from
      the control cam 112. However, in the case where the rod is not always
      forced downward, it is impossible to have the pin engaged always on its
      underside with the cam.
PAR  FIG. 14 shows the pin 116 engaged with the control cam 112 through a slot
      128 formed in the cam plate. The cam slot 128 consists of an actuating cam
      slot portion 129 and idle cam slot portions 130, 131 formed in the front
      and rear of the actuating slot portion in continuatioon thereof. The idle
      cam slot portion 130 corresponds to the excessive deflection range of the
      suspension spring, and the other idle slot portion 131 to the range of
      insufficient deflection. The former is arcuately shaped with radii R.sub.2
      and R'.sub.2, and the latter with raddi R.sub.1 and R'.sub.1. Thus, while
      the cam-follower pin 116 slides within either idle slot portion, the rod
      117 will maintain its uppermost or lowermost position, as the case may be,
      in the same manner as in the immediately preceding embodiment.
PAR  FIG. 15 shows the control cam 112 and the related components with a rod 117
      constantly urged upward, contrary to the arrangement in the embodiment of
      FIGS. 10 to 13. The tappet 117 is in contact at the upper end of its pin
      116 with the control cam 112, and the position of the rod 117 is set
      depending on the position where the control cam 112 turns, or according to
      the deflection of the suspension spring. The control cam consists of the
      combination of an actuating cam face 132, an idle cam face 133 having a
      radius R.sub.1, and another idle cam face 134 having a radius R.sub.2,
      said idle cam faces adjoining to the front and rear ends, respectively, of
      the actuating cam face in the center. The idle cam face 133 corresponds to
      the range of excessive deflection of the suspension spring, and the other
      cam face 134 corresponds to the range of insufficient deflection.
PAR  In the valve of the invention as embodied here, the first and second
      pressure-sensing pistons 104, 106 are separated by the valve disk 102
      located therebetween in a vertical arrangement. The two pistons are
      connected together by a rod 135 set upright through the valve disk 102.
      The indicated pressure is then admitted from upper and lower ports
      120.sub.1, 120.sub.2 into the respective pressure chambers. The mechanical
      function of the valve disk 102 to open the valve according to the loaded
      condition of the vehicle is the same as that which has been described in
      connection with FIG. 10, and therefore the explanation is omitted.
PAR  FIG. 16 shows an ordinary load-sensing proportion valve incorporating the
      present invention. As shown a control cam 112 is mounted swingably about a
      pin 136 provided on a boss on the right side wall of the valve body, and a
      rod 137 is connected to a lug extending from the lower right part of the
      cam. A cam-follower pin 138 fitted in the cam slot enables a control rod
      142 to slide horizontally. The control cam 112 is formed of an actuating
      cam slot portion 139 corresponding to the normal deflection range of the
      suspension spring, and idle cam slot portions 140, 141 adjoined to the
      front and rear ends, respectively, of the actuating cam slot portion. The
      cam slot portion 140, which consists of an arc having radii R.sub.1 and
      R'.sub.1, covers the excessive deflection range of the suspension spring,
      and the cam slot portion 141, which consists of an arc having radii
      R.sub.2 and R'.sub.2, covers the range of insufficient deflection. As long
      as the pin 138 remains within the cam range of either cam slot portion 140
      or 141 upon the vertical movement of the rod 137, no thrust is given to
      the control rod 142. Only when the pin 138 resides in the actuating cam
      slot portion 139, or while the suspension spring is within the normal
      deflection range, the control rod 142 slides to adjust the indicated
      pressure according to the payload that is being transmitted to the relay
      valve connected by piping in series to the load-sensing proportion valve.
PAR  As has been described above in the form of preferred embodiments thereof,
      the combined load-sensing proportion and relay valve in conformity with
      the present invention permits braking operation best suited to the axle
      static and dynamic loads of the vehicle regardless of the road or driving
      condition. The invention therefore greatly contributes to the safe
      operation of large over-the-road vehicles, such as trucks, buses, and
      tractor-trailer systems.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the invention is not limited thereto but numerous
      changes and variations may be made without departing from the spirit and
      scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure control-type relay valve comprising:
PA1  a valve body having an inlet port and outlet port for compressed fluid and
      an internal chamber, said body including a closeable passageway extending
      from said inlet port and through said chamber to said outlet port;
PA1  a valve disk being interposed in said passageway and cooperating with a
      valve seat formed on said body for opening and closing said passageway,
      said valve disk having an exhaust hole in its axial direction and being
      normally biased to close said passageway;
PA1  a valve bonnet connected to said valve body said bonnet including a control
      inlet port; and
PA1  a control piston unit provided within said bonnet and responsive to
      pressure applied through said control inlet port, said control piston unit
      including a first pressure-sensing piston for governing the valve-open
      actuation of said valve disk, a second pressure-sensing piston coaxially
      connected and resiliently coupled with said first pressure-sensing piston
      and stroke adjusting means for controlling the axial movement of said
      second pressure-sensing piston corresponding to the load of a vehicle,
      said first pressure-sensing piston being formed as a stepped piston having
      a large diameter portion and a small diameter portion.
NUM  2.
PAR  2. A valve as claimed in claim 1 wherein the stroke adjusting means
      comprises a rod extending through the valve bonnet and the second
      pressure-sensing piston and provided with a stopper at its inner end, and
      a lever engaged at one end with the outer end of the rod and pivotally
      supported by the valve bonnet.
NUM  3.
PAR  3. A valve as claimed in claim 1 wherein the adjusting means comprises a
      rod extending through the valve member and the exhaust passage of the
      first pressure-sensing piston and provided with a stopper at its inner
      end, and a lever engaged at one end with the outer end of the rod and
      pivotally supported by the valve bonnet.
NUM  4.
PAR  4. A valve as claimed in claim 1 wherein the second pressure-sensing piston
      is located under the valve disk and seat, the first and second
      pressure-sensing pistons being engaged with each other by a stoppered rod
      which extends through the first piston and the exhaust passage of the
      valve member, a retainer secured to the lower end of the rod, and a spring
      interposed between the retainer and the second piston, and the stroke
      adjusting means including a lever pivotally supported by the lower portion
      of the valve body, and a tappet adapted to be actuated by the lever.
NUM  5.
PAR  5. A valve as claimed in claim 4 wherein the means for connecting the first
      and second pressure-sensing pistons is a spring disposed between and
      connected to the both.
NUM  6.
PAR  6. A valve as claimed in claim 1 wherein the stroke adjusting means
      comprises an upward extension formed on the second pressure-sensing
      piston, a lever engaged with the upper end of the extension and pivotally
      supported by the valve bonnet, a downward extension from the second
      piston, and a stopper engaged with the first pressure-sensing piston.
NUM  7.
PAR  7. A pressure control-type relay valve for an air brake system for a
      vehicle comprising:
PA1  a valve body having an inlet port and an outlet port for compressed fluid
      and an internal chamber, said body including a closeable passageway
      extending from said inlet port through said chamber to said outlet port;
PA1  a valve disk being interposed in said passageway and cooperating with a
      valve seat formed on said body for opening and closing said passageway,
      said valve disk being normally biased to close said passageway and
      including an exhaust hole in its axial direction;
PA1  a valve bonnet connected to said valve body and having a control inlet
      port, said bonnet also including an internal stepped portion;
PA1  a control piston unit provided with said bonnet and including
PA2  a. a first pressure-sensing piston responsive to fluid pressure applied
      through said control inlet port, said first piston having a portion for
      bearing on the valve disk for opening said disk, said first piston being
      stepped for cooperating with said stepped portion of said bonnet, said
      lower portion being normally resiliently urged away from said valve and
      limited in movement by the stepped portions of said bonnet and first
      piston,
PA2  b. a second pressure-sensing piston responsive to fluid pressure applied
      through said control inlet port, said second piston being coaxially
      connected and resiliently coupled with said first pressure-sensing piston,
      and
PA2  c. stroke adjusting means for controlling the axial movement of said second
      pressure-sensing piston corresponding to the load of the vehicle.
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ABST
PAL  A drive and bearing assembly for a converter construction has a fixed
      bearing and an expansion bearing. The expansion bearing comprises a
      bushing with recesses of semi-circular cross-section, into which bushing
      an axially movable trunnion with corresponding recesses of semi-circular
      cross-section protrudes. The trunnion is connected to or forms part of a
      driving toothed wheel. Crown rollers are inserted in the mutually
      supplementing recesses of the bushing and the trunnion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a drive and a bearing assembly for a converter, in
      particular for a converter with a carrying ring, containing a fixed
      bearing and an expansion bearing, and a carrying trunnion mounted in the
      fixed bearing.
PAR  In the fields of general engineering and gear making, respectively, it is
      customary to mount a shaft in a fixed bearing on one side and in an
      expansion bearing on the other side in order to accommodate thermal
      expansions and assembly deficiencies, respectively, and to guarantee
      smooth operation.
PAR  In a converter plant, too, it is customary to mount the converter carrying
      ring in a fixed bearing with one carrying trunnion and in an expansion
      bearing with the other carrying trunnion. Special care has to be taken
      with regard to the axial movement and the angular displacement of the
      expansion bearing. In known constructions the angular displacement is
      accommodated by the bearing inset. For the axial movement a separate
      machine element, e.g. a linear bearing or a slide bushing, is necessary.
      However, the accommodation of the displacement by a bearing inset, e.g. a
      pendulum roller bearing, has the disadvantage that the point of
      displacement is moved outward to a considerable degree from the place,
      where the displacement actually occurs, thus lengthening the paths of
      displacement and causing the converter to be moved with greater radial
      eccentricity during tilting.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the invention to avoid these difficulties and to
      provide only a single machine element for accommodating angular
      displacement and axial movement and at the same time to locate the point
      of displacement as near to the center of the carrying ring profile as
      possible.
PAR  In the present invention this object is achieved in that the expansion
      bearing comprises a bushing, having recesses of semi-circular
      cross-section, which is inserted into the converter wall or into the
      converter carrying ring, and an axially movable trunnion, having
      corresponding recesses of semi1circular cross-section, which is connected
      to the driving toothed wheel or forms a part thereof and which protrudes
      into the bushing. Crowned rollers are inserted in the mutually
      supplementing recesses of the bushing and the trunnion for transmitting
      the torque.
PAR  According to a further feature of the invention the toothed wheel forming a
      one-piece unit with the trunnion consists of quenched and subsequently
      tempered steel or the toothed wheel is mounted on a shaft of quenched and
      tempered steel.
PAR  The use of quenched and tempered steel for the trunnion solves another
      problem which often occurred in converter bearing constructions. Hitherto
      it has been difficult to bind a forged, quenched and tempered converter
      carrying trunnion into a welded carrying ring, because heating up is
      necessary. Therefore, for the trunnions steels with a hot yield point of
      up to 25 kp/mm.sup.2 have been used which need not be heated up and it has
      been necessary to put up with trunnions of a wider diameter than would
      have been necessary when using quenched and subsequently tempered steels.
PAR  The present invention enables the use of quenched and subsequently tempered
      materials for the trunnion of the driving toothed wheel without taking
      special measures, since here no welding problem is present.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be more fully understood, an embodiment
      thereof will now be described by way of example, with reference to the
      accompanying drawings in which;
PAR  FIG. 1 shows a general view of a converter plant;
PA1  Figs. 2 and 3 show plan and side views, respectively;
PAR  FIG. 4 shows a section along line IV--IV of FIG. 3;
PAR  FIG. 5 shows a section along line V--V of FIG. 4.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the drawings the converter is denoted with 1, the carrying ring with 2,
      the fixed bearing trunnion with 3, the fixed bearing housing with 4, the
      fixed bearing stand with 5, and the base on the side of the fixed bearing
      with 6. The expansion bearing which, according to the invention, is
      combined with the drive construction, is generally denoted with 7, and the
      base on the side of the drive construction is denoted with 8.
PAR  According to FIG. 4 a bushing 9 is welded into the carrying ring 2, which
      is closed on the side of the converter with a lid 10. On the side of the
      gear a lid 11 is provided through which the trunnion 12 passes. Seals are
      denoted with 13. On the inside of the bushing 9 recesses 14 of
      semi-circular cross-section are provided which extend over the whole depth
      of the bushing. The part of the trunnion 12 projecting into the bushing is
      also provided with recesses 15 of semi-circular cross-section which
      correspond with the recesses 14, so that the recesses lying opposite each
      other supplement one another to form a circle in cross-section as shown in
      FIG. 5. On the side of the converter the trunnion recesses are limited by
      a distance disc 16 and on the side of the drive by a divided adjusting
      ring 17. Into the recesses 14, 15, crowned rollers 18 are inserted which
      serve for transmitting the torque. The trunnion 12 forms a one-piece unit
      with the driving toothed wheel 19 and consists of quenched and
      subsequently tempered steel, in particular cast steel. The toothed wheel
      is enclosed in a housing 20 and mounted in bearings 21, 22, one of which
      serves as a fixed bearing and the other one as an expansion bearing. The
      housing 20 is secured to the base 8, thus making an additional torque
      support unnecessary. The bearings 21, 22 can be slide, articulation, or
      ball and roller bearings. Pinions 23 mesh with the outer toothing of the
      toothed wheel, which may be herringbone-toothed or straight toothed. Four
      pinions together with their intermediate gears and motors are flanged to
      the housing (see FIG. 3), and preferably one or more slip-on gears are
      flanged to the housing.
PAR  The construction according to the invention enables the accommodation of
      angular displacements of .+-..alpha. up to a few degrees, as suggested in
      FIG. 4. Also, a major axial movement is possible due to the sliding of the
      rollers 18 in the recesses 14 of the bushing. The axial way of movement is
      denoted with S in FIG. 4. The construction according to the invention is
      simple, has little weight and is much less complicated and less expensive
      than, for instance, pendulum roller bearings with cast housing; due to the
      width of the carrying ring a longer way is available for the axial
      movement. Furthermore, according to the invention it is possible to
      accommodate the axial movement and the angular displacement at the place
      where they arise. The points of displacement are near the center of the
      carrying ring profile; therefore, these displacements have no or only a
      very slight influence on an eccentric movement of the converter during
      tilting.
PAR  Although in the drawing the embodiment of the invention was explained in
      greater detail for a converter with a carrying ring, it is clear for those
      skilled in the art that the invention can also be realised in converters
      without carrying rings, in which case the bushing for transmitting the
      torque is introduced into the converter wall itself.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a drive and bearing assembly for a converter construction with a
      fixed bearing having a carrying trunnion supported therein and an
      expansion bearing, the improvement comprising:
PA1  a bushing forming the expansion bearing with recesses of semi-circular
      cross-section therein;
PA1  an axially movable trunnion supported in said bushing and having recesses
      of semi-circular cross-section therein, the recesses in the bushing and
      the recesses in the trunnion complementing one another to form circular
      spaces;
PA1  torque transmitting crowned rollers being located in the circular spaces
      formed by the recesses; and
PA1  a driving toothed wheel being connected to said axially movable trunnion.
NUM  2.
PAR  2. A drive and bearing assembly as set forth in claim 1, wherein the
      converter construction comprises a converter carrying ring and wherein the
      bushing is inserted in said converter carrying ring.
NUM  3.
PAR  3. A drive and bearing assembly as set forth in claim 1, wherein the
      bushing is inserted in the converter wall.
NUM  4.
PAR  4. A drive and bearing assembly as set forth in claim 1, wherein the
      axially movable trunnion forms a one-piece unit with the driving toothed
      wheel and consists of quenched and subsequently tempered steel.
NUM  5.
PAR  5. A drive and bearing assembly as set forth in claim 1, comprising a shaft
      of quenched and subsequently tempered steel for mounting the driving
      toothed wheel.
NUM  6.
PAR  6. A drive and bearing assembly as set forth in claim 1, further comprising
      a base-supported drive housing enclosing the driving toothed wheel.
NUM  7.
PAR  7. A drive and bearing assembly as set forth in claim 6, wherein at least
      one slip-on gear is flanged to the drive housing.
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ABST
PAL  Two shell sections are injection molded of synthetic plastic material
      having high compression strength, to provide a housing for an outer race
      surface of a ball bearing or roller bearing. When the two sections are
      combined, inner surfaces of the housing provided thereby accurately fit
      bearing race surfaces to be held therein without machining or finishing
      these surfaces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a bearing box which provides a housing for thrust
      bearings, radial bearings, self-aligning bearings and other types of
      bearings, the bearing box being formed of a plurality of shell sections
      which can be fitted together to provide a housing for the bearing.
PAR  In the construction of ball bearings, roller bearings and the like, which
      have bearing races with intermediate bearing means therebetween, mainly
      for rapidly rotating shafts, it is generally usual to make the bearing
      boxes of cast iron, particularly gray iron, by casting, machining,
      finishing and combining two iron shell sections which jointly embrace an
      outer bearing race surface. The shell sections are generally held together
      by outer housings, which also are commonly made of cast iron.
PAR  In addition to a recess which fits an outer bearing race surface, such
      bearing boxes generally have sealing recesses for sealing rings. They also
      have additional recesses for interconnecting elements such as snap rings,
      lubricant channels, centering provisions and the like. All these are
      usually formed by machining and finishing operations, with removal of
      metal chips, after the metal-casting process. Similarly, the outer
      housings are generally provided with smooth and properly dimensioned inner
      surfaces, as well as bolt holes and the like, by separate machining and
      finishing.
PAR  Due to these machining and finishing operations, the production of the
      usual bearing boxes is rather expensive. Also, with the conventional ball
      and roller bearings, each dimension of the shaft or other rotor therein
      requires different bearing shells.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to reduce the costs indicated above.
PAR  It is a further object to provide a bearing box which is substantially
      finished by injection molding and which thereby substantially eliminates
      the cost of machining and finishing.
PAR  It is a further object to construct shell sections which can easily be
      adapted to different purposes, such as cooperation with thrust bearings,
      radial bearings and other types of bearings.
PAR  Still another object is to arrange the shell sections so that only a few
      manual operations are needed to adapt a bearing box to a variety of uses
      of the indicated type and also to a variety of shaft dimensions.
PAR  Generally, it is an object of the invention to substantially reduce the
      manufacturing cost of bearing boxes and also at the same time to reduce
      the cost of storage of elements for bearing boxes.
PAR  For these purposes a bearing box is made of a synthetic plastic having
      sufficient compression strength, for example of a polyvinylchloride or
      polyamide. The sections are made by injection molding, complete with all
      recesses therein, and so that the sections can be utilized without any
      machining or finishing.
PAR  It has been known for a long time to journal slowly rotating shafts and
      other rotors directly in frictional bearing sleeves made from
      polytetrafluoroethylene (sometimes called Teflon) or of other synthetic
      plastic materials having high compression strength. On the other hand, it
      has been axiomatic to persons skilled in the art of machine construction
      that synthetic plastics are not to be used as shell sections for bearing
      race means of ball bearings and roller bearings; particularly not for use
      with rapidly rotating shafts. It was universally believed that such
      bearing boxes made of plastic materials would be subject to strong
      vibrations, would become too hot, and would not have the required
      compression strength. It was said that the temperatures developing in
      synthetic plastic bearing materials, due to vibration of the bearing
      races, would approach the softening point of the synthetic plastic
      materials, whereupon the compression strength of this plastic material
      would be reduced to practically nil.
PAR  This opinion cannot be maintained with respect to a bearing box according
      to the present invention. As pointed out in greater detail hereinafter,
      the invention contemplates the use of polyvinylchloride, polyamide or
      polyethylene, and the use of such materials in fact is less conducive to
      vibrations than is the use of bearing boxes of identical shape made of
      cast gray iron. It will be shown that such materials have allowable
      compression characteristics which are entirely sufficient to support the
      allowable load of bearing race means for ball bearings and roller bearings
      therein.
PAR  The synthetic plastic bearing box has only low oscillation and vibration,
      or almost none, when it accurately encloses and holds the bearing races.
      Preferred forms of construction for this purpose will be described
      hereinafter. Fewer oscillations occur in a bearing box or housing of
      synthetic material than in one of cast iron, under otherwise equal
      conditions, and for this reason less heat is generated in a bearing box
      and housing of synthetic plastic material than in one of cast iron. In any
      event, the temperature prevailing in a bearing box unit according to the
      invention remains far below the softening point of the plastic material,
      even after weeks of uninterrupted service under unfavorable conditions.
PAR  The new method of fabrication wherein injection molding of synthetic
      plastic material is used allows the provision of breaking off elements and
      breaking off margins, by virtue of which it becomes possible to manually
      break off certain parts of a bearing box unit, which parts are not to be
      used in a particular bearing box. Such parts may for example comprise half
      discs for dust covers, one on each shell section of the bearing box. If
      the bearing box shall have a shaft projecting from it only toward one
      side, the half discs on that side are broken off, while the other side has
      a cover sealing the bearing against dust. Similarly, it is possible to
      break off other parts of a bearing box, for example, parts of smaller
      clear diameter than the remaining parts. It is also possible by virtue of
      the invention to construct a bearing box in a form which allows selective
      use of insert rings or outer housings, in such a way that the same
      injection molded bearing box can hold a self-aligning bearing or a
      prealigned bearing, which can be a thrust bearing, a radial bearing or a
      bearing of other design. The cost of producing and of storing bearing box
      elements is thereby materially reduced.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a sectional view of a first embodiment of the invention taken on
      line X--X in FIG. 2;
PAR  FIG. 2 is a front view of this embodiment;
PAR  FIG. 3 is an exploded perspective view of a detail of this embodiment;
PAR  FIG. 4 is an assembled perspective view of the same embodiment;
PAR  FIG. 5 is a sectional view of a second embodiment taken on line Y--Y in
      FIG. 6;
PAR  FIG. 6 is a front view of the embodiment of FIG. 5;
PAR  FIG. 7 is a sectional view of a third embodiment taken on line Z--Z in FIG.
      8;
PAR  FIG. 8 is a front view of the embodiment of FIG. 7;
PAR  FIG. 9 is a sectional view of a fourth embodiment taken on line U--U in
      FIG. 10;
PAR  FIG. 10 is a front view of the embodiment of FIG. 9;
PAR  FIG. 11 is an enlarged sectional view of a detail Q in FIG. 9;
PAR  FIG. 12 is a sectional view through a fifth embodiment taken on line W--W
      in FIG. 13;
PAR  FIG. 13 is a perspective view of a detail of FIG. 12;
PAR  FIG. 14 is an enlarged sectional view taken on line W--W in FIG. 13 and
      showing the detail A of FIG. 12;
PAR  FIG. 15 is an enlarged sectional view showing the detail C of FIG. 7;
PAR  FIG. 16 substantially shows the embodiment of FIG. 7 in a modified
      orientation and arrangement;
PAR  FIG. 17 shows a detail of FIG. 12 in a modified form; and
PAR  FIG. 18 shows this detail by itself.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1 to 4, an outer housing element 1 will be seen to
      have flanges thereon for mounting this element on a vertical surface, not
      shown, by bolting the element to said surface with the aid of bolts which
      are received in bolt holes 7, 8. According to the invention, two molded
      shell sections 2 and 3, both having generally semicylindrical form and
      jointly providing a bearing box, are inserted in housing 1 with a snug fit
      therein. They are held against axial displacement by a snap ring 4 which
      fits into a groove 401 around the outer semicircular surfaces of shell
      sections 2 and 3, and also fits into a groove 9 in an inner circular
      surface of the housing 1. In order to also prevent circumferential
      displacement of the bearing box relative to the housing, one of the shell
      sections, in the drawing the upper section 2, has a stop cam 5 radially
      projecting therefrom and received in a correspondingly formed recess 6 in
      an inner surface of housing 1. These cam and recess elements additionally
      serve to make sure that the bearing shells are inserted in housing 1 in
      the proper orientation and arrangement.
PAR  The housing 1 and the shell sections 2 and 3 as shown consist of synthetic
      plastic material and are produced in finished form, so that substantially
      no machining or machine finishing is required to provide the mating inner
      surface in housing 1 and the outer surfaces on shell sections 2 and 3; the
      flat mounting surface on housing 1; the bolt holes 7 and 8; the annular
      grooves 9 and 401 for snap ring 4; semicircular seal recesses 13 and 13a
      at both ends of the upper shell 2; corresponding recesses 14 of the lower
      shell; semicylindrical recesses 15, 16 in the upper and lower shells 2 and
      3 respectively for shaft 11 which is guided by ball bearing 12; and mainly
      the generally semicircular recesses 10 and 11 in shells 2 and 3, which
      jointly fit an outer bearing race surface 12a of ball bearings 12.
PAR  In further accordance with the invention the shell section 2 has at both
      ends thereof a half disc 18, 19, while section 3 similarly has half discs
      20, 21. The half discs extend across the semicylindrical recesses 15, 16,
      and have outer peripheral portions of substantially reduced thickness, as
      best shown in FIG. 14 at A. By manually gripping diametrical opposite edge
      portions 181 of such a half disc 18 and pressing the same outwardly as
      indicated by the curved arrows in FIGS. 13 and 14, the half disc can be
      removed by breaking it off. For example, in order to provide the bearing
      of FIG. 1, all four of the half discs 18 and 21 are so removed; however,
      as will be noted presently, one set of half discs can be left in place
      when the shell sections are used in the construction of a different type
      of bearing.
PAR  Referring to FIGS. 5 and 6, it will be noted that upper and lower shell
      sections 22, 23 are here constructed to jointly form a pillow block for
      the same ball bearing race means which have been shown in FIG. 1 to 4. The
      shell sections are again injection molded, for example from
      polyvinylchloride. The are here held together by a pair of bolts 24, 25,
      and the lower shell section 23 is secured to a base surface by two further
      bolts 26, 27; both shell sections are formed with flanges thereon to
      provide mounting surfaces for these bolts 24 to 27. In addition to the
      aforementioned surfaces and recesses formed by molding the inner surface
      portions of the shell sections, this embodiment also includes additional
      recess means 28 for guiding lubricant to the ball bearing. While again
      four half discs 18 to 21 are provided as part of the molded sections 22
      and 23, only one pair of such discs, namely 18 and 20, is removed to allow
      for introduction of the shaft 117. The other pair of half discs 19, 21 in
      this case remains in place, as indicated in FIG. 5, at right. As further
      indicated in FIG. 14, upper and lower half discs of such remaining pair of
      half discs can be interengaged by tongue and key elements 181, 201, shown
      as having wedge-like cross section. Thus the access of dust to the ball
      bearing is prevented, at the right-hand end of FIG. 5, by the interengaged
      half discs 19 and 21 and at the left-hand end by seal rings lodged in seal
      chambers 13 and 14.
PAR  As further shown in FIG. 5, shaft 117 has a reduced end portion whereon the
      inner race of the illustrated, radial ball bearing is mounted, the
      diameter of shaft 117 being larger than that of the reduced portion. As
      also shown, the bearing of FIG. 5 has seal rings 13a, 14a installed in the
      right ends of its shell sections 22 and 23 which are of smaller diameter
      than the seal rings 13, 14 in the left end of the bearing box. Thus it
      becomes possible to use the same bearing box 22, 23 for shafts of
      different diameter by breaking off the dust-cover half discs 19 and 21
      instead of the dust-cover half discs 18 and 20.
PAR  Various types of bearing units with various shaft diameters can be
      constructed by means of the third embodiment of the invention shown in
      FIGS. 7 and 8. In these Figures, shell sections 29, 30 are shown which
      provide a longer pillow block bearing box than the one of FIG. 5. Upper
      and lower shell sections 29 and 30, as shown in FIGS. 7 and 8, are held
      together by a housing 31 at one of their ends and by a housing 32 at the
      other end, these housings being mounted on a horizontal mounting surface
      by means of bolts 33, 34. Half-cylindrical recesses for a shaft 217 or
      217' are shown here at 35 and 36, in addition to seal ring chambers 13,
      14, bearing race receiving chambers 10 and 11 and dust-cover half discs 18
      to 21. The two shells 29, 30 and the two housings 31, 32 again are
      injection molded of synthetic plastic material. As in FIG. 5, two
      different shafts 217, 217' of different diameters can be employed, or it
      is possible to mount ball bearings 12 on a shoulder between a shaft
      portion 217 of larger diameter, and a reduced-diameter portion 217' of the
      same shaft, as indicated. Additionally, it is possible in this embodiment
      to provide for breaking off of a bearing box portion, for example portion
      30ashown at the right end, by use of reduced thicknesses of material in
      annular areas 37, 38 thereof, as best shown in FIG. 15, thereby removing
      not only one pair of dustcover half discs 19, 21 (FIG. 7) but also the
      bearing box portion 30a which has the seal ring recesses 14a formed
      therein. Inner dust-cover half discs 39, 40 are provided in order to make
      it possible to seal the right hand end of the bearing box after removal of
      its terminal portion 30a. Alternatively, both outer and inner half discs
      19, 21 and 39, 40 can be removed while portion 30a remains in place; the
      latter half discs can then be broken off with the aid of a screw driver or
      the like. This can also be done if the unit of FIG. 7 is initially used
      with end section 30a thereon and is later to be used without this end
      section, or in any case without half discs 39, 40. The break zones of
      these half discs are indicated by circles A, B and D, while the break zone
      for portion 30a is indicated by circle C.
PAR  A self-aligning radial bearing unit according to the invention is
      illustrated in FIGS. 9 to 11. Here an outer housing 41 is provided which
      is generally similar to housing 1 of FIG. 1 but has a spherically-shaped
      surface 412 therein. Correspondingly, outer surface portions of shell
      sections 42, 43 are shaped in convex hemispherical forms. Again, all
      surfaces can be produced and finished by injection molding of synthetic
      plastic material. Incident to pivoting of shaft 17, spherical surface 412
      and the mating outer surfaces of the shell sections, all being plastic,
      slide on one another, thereby making sure that a minimum of oscillation is
      generated by the pivoting movement.
PAR  Shells 42, 43 are, in this embodiment, inserted in housing 41 by axial
      movement, preferably from the left side as shown in FIG. 9 and in
      direction towards the right side. A housing portion 412 projecting toward
      the left side from the flanges 413 is then subjected to slight elastic
      yielding, which is possible by virtue of the use of synthetic plastic
      material. The insertion of the shell sections is further facilitated by
      forming small annular grooves 411 in the left end portion of the inner
      surface 412. It will be understood that the illustration of this
      embodiment, as well as the entire drawing, is purely schematic and is not
      intended to show actual dimensions or proportions.
PAR  It is also possible, as shown in FIG. 12, to modify the construction of the
      self-aligning bearing. In this event the upper and lower shell sections
      have semicylindrical outer surfaces 345 and hemispherical inner surfaces
      346. Interengagement of synthetic plastic and steel surfaces is provided
      on the latter surfaces. The construction and assembling of the unit in
      accordance with this modification is, in many cases, simpler than the one
      according to FIG. 9 as all parts can be assembled without the use of
      pressure and elastic yielding. It is also possible to utilize a complete
      cylindrical shell 52 (FIG. 18) instead of the half shells 344, 345, and to
      make this shell 52 elastic enough to facilitate insertion of the outer
      bearing race surface portions with the suitable axial pressure.
PAR  In lieu of the bearing shell 52 with an inner spherical surface, as shown
      in FIG. 18, it is of course possible to use a bearing shell 51 with
      cylindrical outer and inner surfaces, as shown in FIG. 17.
PAR  The possibilities of providing large numbers of variants of bearing units
      by means of a limited number of embodiments of the invention can be
      explained further by reference to FIG. 16. Here, the shell sections are
      identified as 48 and 49 with bearing chamber 50. This chamber can have
      mounted therein a ring insert 51 with exterior and interior cylindrical
      surfaces for the construction of prealigned bearings, or a ring insert 52
      with a concave spherical inner surface (FIG. 18) for the construction of a
      self-aligning bearing. It is also possible to break off the half discs 53
      and 54, or 55 and 56, or both sets, or the corresponding half discs 58, 59
      and/or 60, 61 at the opposite end of the unit, depending on whether the
      bearing unit shall guide a shaft of large diameter projecting toward one
      side, or toward the other side, or a shaft of two different diameters
      projecting toward both sides. The bearing shells can be mounted in a
      flanged housing 1 or in pillow block housings 31, 32. By these
      modifications of a single embodiment of the invention as shown in FIG. 16
      (and essentially also in FIG. 7, the cost of construction and storage of
      bearing elements is very materially reduced.
PAR  It will be appreciated in view of the foregoing explanations that pursuant
      to the invention, the opinion thus far held by persons skilled in the art
      regarding the limited applicability of synthetic plastic materials for
      bearings can no longer be maintained. In addition to the plastic bearings
      for relatively slowly rotating shafts, used up to now, bearing boxes can
      hold the ball bearings and roller bearings of rapidly rotatable shafts in
      accordance with the invention. Long term tests have shown that the new
      bearing boxes have considerably lower oscillation than the usual cast
      metal bearing boxes, so that their temperature rises considerably less by
      virtue of the use of proper plastic material. As mentioned initially,
      these two characteristics depend on one another. Oscillations generate
      heat and the heat generated by oscillations is greater than the heat
      generated by friction under otherwide equal conditions.
PAR  It has previously been believed that bearing boxes consisting of synthetic
      plastic material do not have the required compression strength. This
      opinion has been based on the assumption that the plastic bearing box
      would heat up to a high degree in continued use. As has been noted, this
      is not the case. It can be shown that the compression strength of a
      bearing box made of synthetic plastic is entirely sufficient to withstand
      the allowable maximum load of commercially used ball bearings. A shaft of
      20-mm diameter corresponds to a bearing surface of 5.2 square centimeters
      in a bearing of the usual length. The allowable compression load of
      suitable synthetic plastic materials--such as polyvinylchloride of the
      type "NP" made by Farbwerke Hochst, Frankfurt, Germany, and polyamide of
      the type known as "Durethan-BK" made by BASF in Ludwigshafen, Germany--is
      390 kiloponds per square centimeter and 440 kp/cm.sup.2, respectively.
      Admittedly, this is less than the admissible load for cast gray iron of
      type 26, which is 750 kp/cm.sup.2. However, the compression strength of
      the aforementioned synthetic plastics in a bearing having 5.2 cm.sup.2 of
      surface amounts to 5.2 .times. 390 = 2328 kp and 5.2 .times. 440 = 2300 kp
      for the said polyvinylchloride and polyamide, respectively. The maximum
      allowable load for the corresponding ball bearing is 1000 kp. Thus the
      aforementioned materials provide two times or more than two times the
      allowable strength. Even if cast iron provides about four times the
      allowable strength, it is in many instances technically preferable to use
      the synthetic plastic bearing boxes according to the invention, in view of
      their considerable advantages as to vibratory characteristics and as to
      manufacturing costs.
PAR  The cost of injection molding in the production of the synthetic plastic
      shell sections and housings in accordance with the invention is minimal.
      This is due to the fact that the more or less complex inner surfaces of
      the shell sections and housings are open toward one side or one end. No
      trouble is encountered in producing the illustrated cavities, break-off
      portions and other parts. By means of the resulting truly universal
      bearing boxes and housings, units can be provided in standardized form,
      which are easily adapted to each use by breaking off superfluous parts
      interfering with the individual use of the unit. In most instances, all
      machining and machine finishing operations can be omitted in the use of
      the new bearing box and housing in marked contrast to the conventional
      bearing boxes and housings of cast metal, such as cast gray iron.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      bearing boxes differing from the type described.
PAR  While the invention has been illustrated and described as embodied in a
      construction of bearing boxes, it is not intended to be limited to the
      details shown, since various modifications and structural changes may be
      made without departing in any way from the spirit of the present
      invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can be applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, farily constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A bearing box comprising a plurality of shell sections substantially
      consisting of synthetic plastic material and jointly defining a recess for
      fitting bearing race means therein, and additional recesses coaxial with
      said recess for said bearing race means; and seal ring means in said
      additional recesses.
NUM  2.
PAR  2. A bearing box comprising a plurality of shell sections substantially
      consisting of synthetic plastic material and jointly defining a recess for
      fitting bearing race means therein, at least one of said shell sections
      have additional recess means for guiding lubricant fluid to said bearing
      race means.
NUM  3.
PAR  3. A bearing box as defined in claim 2 wherein said portion is a half disc
      for sealing the bearing recess against dust.
NUM  4.
PAR  4. A bearing box as defined in claim 3 wherein one of said sections has
      diametric groove means fitting a diametric edge of said half disc.
NUM  5.
PAR  5. A bearing box comprising a plurality of shell sections substantially
      consisting of synthetic plastic material and jointly defining a recess for
      fitting bearing race means therein, each of said sections having a portion
      fitting one type of bearing race means such as the outer race of a thrust
      bearing, said portion having a thin peripheral element connecting said
      portions to another part of the section to permit breaking off of said
      portion so that said other part fits another type of bearing race means
      such as the outer race of a radial bearing.
NUM  6.
PAR  6. A bearing box comprising a plurality of shell sections substantially
      consisting of synthetic plastic material and jointly defining a recess for
      fitting bearing race means therein; and annular inset means in said recess
      and having a spherically curved inner surface to fit self-aligning bearing
      race means.
NUM  7.
PAR  7. A bearing box comprising a plurality of shell sections substantially
      consisting of synthetic plastic material and jointly defining a recess for
      fitting bearing race means therein; and annular inset means in said recess
      and having a cylindrically curved inner surface to fit preadjusted bearing
      race means.
NUM  8.
PAR  8. A bearing box comprising a plurality of shell sections substantially
      consisting of synthetic plastic material and jointly defining a recess for
      fitting bearing race means therein; a housing surrounding said shell
      sections and holding the same so that they jointly define said recess,
      said housing having a spherically curved inner surface and said shell
      sections having spherically curved outer surfaces for self-alignment of
      said bearing race means.
NUM  9.
PAR  9. A bearing box comprising a plurality of shell sections substantially
      consisting of synthetic plastic material and jointly defining a recess for
      fitting bearing race means therein; a housing surrounding said shell
      sections and holding the same so that they jointly define said recess,
      said housing and one of said shell sections having key and groove means
      for holding said sections against displacement relative to said housing.
NUM  10.
PAR  10. A bearing box as defined in claim 9 including a housing surrounding
      said shell sections and holding them so that they jointly define said
      recess.
NUM  11.
PAR  11. A bearing box as defined in claim 10 wherein said housing substantially
      consists of synthetic plastic material.
NUM  12.
PAR  12. A bearing box as defined in claim 9 wherein said material is a
      polyvinylchloride.
NUM  13.
PAR  13. A bearing box as defined in claim 9 wherein said material is a
      polyamide.
NUM  14.
PAR  14. A bearing box as defined in claim 9 wherein said material is a
      polyethylene.
NUM  15.
PAR  15. A bearing box as defined in claim 9 wherein said shell sections are
      injection molded to provide said shape and dimensions.
NUM  16.
PAR  16. A bearing box comprising a plurality of shell sections substantially
      consisting of synthetic plastic material having a compression strength of
      at least about 390 kiloponds per square centimeter and jointly defining a
      recess for fitting bearing race means therein.
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ABST
PAL  A system for mounting two bearings on a single shaft to achieve
      self-alignment without spherical bearings. The invention system comprises
      a cast-in convex curved seat which cooperates with resilient hold down
      means, whereby the bearings are protected from damage by the force of
      assembly while the system is substantially self aligning.
BSUM
PAR  This invention pertains to an improved method of mounting bearings. More in
      particular, the invention pertains to such a system for use where two
      bearings on a single shaft are to be mounted on or in a housing or the
      like having cast or otherwise integrally formed bosses on which the
      bearings are to be located.
PAR  Prior to the invention, the mounting of a system wherein two bearings are
      on one shaft in such an environment was a complicated and costly process.
      The bosses were frequently machined in order to accurately locate the two
      bearing seats in proper alignment. The hold down means often comprised
      other castings which were machined in a complementary manner so as to
      enclose the bearing to hold it in place in the housing. Such prior systems
      often included an insert positioned around the bearing and in suitably
      formed grooves in the boss and in the hold down member, or else included
      an integral outer race of the bearing to perform the function. This insert
      or race had a spherical outer surface, and the complementary parts had
      mating spherical complementary surfaces so that some spherical adjustment
      was possible to facilitate the aligning of the bearings and the shaft in
      the housing. In order to allow the shaft to move about its axis to achieve
      such alignment, the spherical surfaces were male or convex on the outside
      of the bearing insert and were mating concave or female on the boss and
      the hold down member.
PAR  These systems are well-developed and quite satisfactory when considered
      solely from a performance standpoint. Their primary disadvantage is the
      relatively high cost engendered by the extensive machining and number of
      parts required, as well as the assembly time sometimes required to get the
      shaft with its two bearings properly aligned.
PAR  The present invention provides a simple system which permits the mounting
      of a shaft with two bearings on bosses in an extremely simple
      straightforward manner. The invention achieves the advantages of enormous
      cost savings compared to the prior art. The invention permits the use of
      unmachined surfaces on the bosses to locate the bearings. The cast or
      otherwise formed bearing seat, in accordance with the invention,
      preferably comprises a curved cross-sectional shape. However, a shape
      could be used so as to make an essentially line contact against the
      bearing. That is, where the load is exceptionally light, even a sharp
      edge, or a narrow plateau, could be used. The flat cylindrical outside
      surface of the bearing, in cooperation with this "line," or toroidal, or
      other surface, produces the full effect of the prior spherical alignment
      means. That is, by casting the line contact surface into the support, the
      effect of the prior separate insert is achieved at enormous cost
      reduction, at least for relatively small misalignments. Conceptually, the
      invention turns the prior system "upside-down," that is, the convex or
      other line contact support surface is now provided on bosses and cast
      therein rather than being on a separate insert or bearing race.
      Theoretically, a line contact is formed between the preferred toroidal
      shaped seat and the bearing outer race.
PAR  The invention system further comprises a hold down strap formed of steel or
      other yielding material. In the present commercial embodiment of the
      invention, heat treated spring steel is used because  it is elastic enough
      to conform to the bearing, and has a high yield strength to give good
      holding qualities. The strap is prefabricated so that it will stretch or
      yield slightly during assembly, but will always provide sufficient elastic
      force to snugly secure the bearing onto the seat while at the same time
      aligning the bearings. Depending on other conditions, the strap could be
      stretched to more or less than its elastic limit. Thus, some of the work
      and force used in assembly is absorbed by the straps rather than by the
      bearings, and the bearings and the shaft are saved from distortion. The
      hold down force is distributed evenly over the bearings. Since the straps
      yield in assembly, the tolerances on their manufacture are greatly
      relaxed, thus enhancing the cost reduction effect of the invention.
PAR  In regard to the hold down means, the invention includes any other
      resilient means which will absorb and distribute the energy imparted by
      assembly. For example, a more conventional cast hold down member, modified
      by the inclusion of one or more resilient inserts to absorb the assembly
      force could just as well be used within the teaching of the invention in
      cooperation with the formed bearing seat. This particular modification
      also lends itself to use with a "clam shell" type of housing, i.e., one in
      which the two halves of the housing come together and thereby form both
      parts of the bearing seats. In such case, it is conceivable for the
      bearing seat to be formed in one half, and the resilient means to hold the
      bearings therein to be provided in the other half, thereby further
      achieving cost savings by eliminating the strap or other hold down means
      and the corresponding assembly operations.
DRWD
PAR  The above and other advantages of the invention will be pointed out or will
      become evident in the following detailed description and claims, and in
      the accompanying drawing also forming a part of the disclosure in which:
PAR  FIG. 1 is a prospective and exploded view of a bearing mounting system in
      accordance with the invention;
PAR  FIG. 2 is an elevational view partly in cross-section showing one of the
      bearings of the system of FIG. 1 in assembled condition;
PAR  FIGS. 3 and 4 are views similar to FIG. 2 showing two modifications of the
      invention system; and
PAR  FIG. 5 is a front elevational view of a modified form of hold down member.
DETD
PAR  Referring now to FIG. 1, there is shown a shaft 10 carrying a pair of
      bearings 12 which are to be mounted on a pair of uprights or supports 14.
      The supports 14 are advantageously cast-in bosses or the like in a housing
      in which the shaft 10 is to rotate. The parts 10, 12 and 14 comprise the
      general environment in which the invention may be used. As is clear to
      those skilled in the pertinent arts, this environment is extremely broad
      and could include many areas, tools generally such as grinders, drills,
      and all sorts of portable electric tools. The invention is currently being
      used to mount the armature shaft of a grinding machine in its housing. The
      invention could be used in other areas unrelated to tools such as pumps,
      office equipment, appliances, and the like.
PAR  The bearings 12 can be of any conventional variety, such as sleeve
      bearings, ball bearings, needle bearings, roller bearings, and the like.
      As shown best in FIGS. 2, 3 and 4, the bearing has a flat outer
      cylindrical surface for cooperation with the formed bearing seat 16 of the
      invention. Since the bearing seat is preferably rounded in planes
      containing the shaft axis, and since the bearing has a cylindrical outer
      surface, a line contact is formed therebetween. The seat need not
      necessarily be rounded. The essential requirement is that an essentially
      line contact be made between bearing and seat so that the bearing can
      align itself. This requirement could be met in other environment by, for
      example, a relatively narrow flat plateau, as on the edge of a sheet metal
      stamped support; or by a point-like cross-sectional shape, or by a cast-in
      narrow flat. Such other shapes would be used where needed dependent upon
      the load on the bearings, manufacturing requirements, and the like.
PAR  The invention system further comprises resilient yieldable hold down means
      shown in FIGS. 1, 2 and 3 as the strap 20. Strap 20 is a simple steel
      stamping, and is so configured that it will stretch slightly in response
      to the assembly force applied via the screws 22 in order to snugly hold
      the bearing 12 against the seat 16, to thereby provide an aligned bearing,
      while simultaneously absorbing some of the force of the assembly operation
      to protect the bearing against distortion. Screws 22 pass through suitable
      openings in the end legs of the bearing strap 20 and are received in
      suitably threaded openings in the thickened portions of the supports 14.
      Other equivalent securing means could be used, as is well known to those
      skilled in the art.
PAR  The embodiment shown in FIGS. 1 and 2 has very little resistance to axial
      thrust. That is, in the event of a relatively large unplanned load on the
      shaft 10 along its axis, or even generally along its axis, then the
      bearings 12 could be misaligned, or could be knocked entirely off of the
      bearing seats 16. FIGS. 3 and 4 show modified structure to accommodate an
      axial load. FIG. 3 shows the same strap 20 of FIG. 2 plus a modified
      bearing seat 24 which comprises a rounded portion 26, analogous to the
      bearing seat 16 of FIG. 2, plus an outrigger portion 28 to bear against
      the side of the bearing 12 in the event the bearing should be displaced in
      that direction. Another modification, not shown, would be to provide a
      central bearing seat member 26 with outriggers 28 on both sides to thereby
      guard against Axial thrust in both directions.
PAR  FIG. 4 shows another embodiment of means to accommodate axial thrust. This
      embodiment comprises the same bearing seat 16 of FIGS. 1 and 2, but a
      modified strap 30 which includes a main portion 32, analogous to the bulk
      of the strap 20, plus a radially extending flange 34 which serves the
      function of the outrigger 28 of FIG. 3.
PAR  FIG. 5 shows a modified hold down member 36 in the form of a metal casting
      or machined part. Member 36 achieves the same advantages as the other
      forms of the invention by virtue of the plurality of inserts 38 in the
      form of small cylinders or balls glued or otherwise secured to the inside
      of the hold down member to contact the top of the bearing. Thus, the
      resiliency and yielding which achieves the self aligning and protects the
      bearing against distortion provided by the stretching of the material of
      the strap in the other embodiments is provided by the resiliency of the
      rubber or other such material from which the inserts 38 are formed. One or
      more inserts could be used depending upon the environment, and other kinds
      of resilient means could be used, such as plastic inserts, or a wavy
      spring metal part, or a flat inlaid band of rubber or the like, or other
      resilient means.
PAR  The shaft 10 shown in the drawings is highly representative of many
      different shafts with which the invention may be used. For example, the
      shaft could be tubular, or could have steps, or could have a fan or other
      member mounted thereon, such as a motor armature, or the like. The
      relatively small space provided between the outriggers and the outer
      bearing race is only a manufacturing convenience. There could be contact
      or clearance at that point, as long as shaft rotation is not disturbed.
PAR  The retainer 36 could also be integral with half of a clam shell type of
      housing for a tool or the like. In such case, the alignment or fastening
      bosses shown on the sides of the semi-circular portion could be omitted,
      the parts being integrally cast into a lid or other clam shell half of the
      housing.
PAR  It is best if the distance between the bearings is long compared to the
      diameter of the bearings because irregularities and differences in the
      bearing seats will have a greater effect on the shaft if the seats are
      closer together. The bearing seat need not be continuous under the
      bearing. For example, the invention would still operate even if the seat
      were notched or partly cut-away if needed to fulfill some other
      requirement of a particular application. Carried to an extreme, and
      considering the invention's use of a line contact, in the case of a very
      lightly loaded bearing, the seat could comprise two or more posts or
      uprights with their ends touching the bearing to thereby define the line
      of contact between the bearing and the support means.
PAR  It will of course be understood that various combinations of the various
      embodiments of the invention could be used. For example, either the FIG. 3
      or FIG. 4 structure could be used in place of one of the supports 14 or
      straps 20 of FIG. 1. In a particularly demanding environment, both FIG. 3
      and FIG. 4 structures could be used together. Similarly, the FIG. 5 hold
      down member could be used in combination with any of the other structures.
PAR  While the invention has been described in detail above, it is to be
      understood that this detailed description is by way of example only, and
      the protection granted is to be limited only within the spirit of the
      invention and the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for mounting a pair of bearings which are on a common shaft,
      each of said bearings having an outer cylindrical surface, the combination
      comprising a bearing seat for each of said bearings, each of said bearing
      seats comprising means to form a substantially line contact with said
      bearing outer cylindrical surface, and resilient hold down means
      cooperable with said bearing seats to resiliently secure each of said
      bearings between its respective seat and said hold down means.
NUM  2.
PAR  2. The combination of claim 1, each of said bearing seats being formed in a
      support member, and said contact means comprising a cast convex
      cross-sectional surface adapted to contact approximately half of said
      outer cylindrical surface of said bearings.
NUM  3.
PAR  3. The combination of claim 1, and means to prevent axial thrust which
      might act upon said bearings from displacing said bearings out of their
      secured positions between said bearing seats and said hold down means.
NUM  4.
PAR  4. The combination of claim 3, said preventing means comprising a flange
      portion of said resilient hold down means adapted to contact the side of
      at least one of said bearings inwardly of said cylindrical surface.
NUM  5.
PAR  5. The combination of claim 3, said bearing seats being formed in a
      supporting member for said bearings, said preventing means comprising an
      outrigger portion formed on said supporting member and adapted to contact
      the side of at least one of said bearings inwardly of said cylindrical
      surface.
NUM  6.
PAR  6. The combination of claim 1, said resilient hold down means comprising a
      strap for each of said bearings consisting of steel and adapted to be
      stretched in assembling said bearings on said seats.
NUM  7.
PAR  7. The combination of claim 1, said resilient hold down means comprising a
      hold down member, and resilient means interposed between said hold down
      member and said bearing.
NUM  8.
PAR  8. The combination of claim 7, said resilient means comprising a band
      consisting of rubber or a rubber-like material.
NUM  9.
PAR  9. The combination of claim 7, said resilient means comprising a plurality
      of individual plugs consisting of rubber or a rubber-like material.
NUM  10.
PAR  10. A system for mounting a pair of bearings on a common shaft on a pair of
      supporting members adapted to contact the outside of said bearings, the
      combination comprising a bearing seat having a convex cross-sectional
      bearing contact surface formed in said support members and resilient hold
      down means cooperable with said bearing seat and said support member to
      hold said bearing against said seat, whereby an essentially line contact
      is made between each said bearing and its bearing seat, and whereby said
      pair of bearings on said shaft align themselves as said hold down means
      are secured to said support members.
NUM  11.
PAR  11. The combination of claim 10, said resilient hold down means comprising
      a strap consisting of steel and adapted to be stretched in assembling said
      bearing on said seat.
NUM  12.
PAR  12. The combination of claim 10, said resilient hold down means comprising
      a hold down member adapted to be secured to said support member and
      opposite said bearing seat, and resilient means interposed between said
      hold down member and said bearing.
NUM  13.
PAR  13. The combination of claim 12, said resilient means comprising a band
      consisting of rubber or a rubber-like material.
NUM  14.
PAR  14. The combination of claim 12, said resilient means comprising a
      plurality of individual plugs consisting of rubber or a rubber-like
      material.
NUM  15.
PAR  15. The combination of claim 10, said shaft comprising the armature shaft
      of the electric motor in a grinding machine with the armature mounted on
      said shaft between said bearings, and said supporting members comprising
      part of the housing of said grinding machine.
NUM  16.
PAR  16. The combination of claim 10, said bearing comprising a ball bearing
      having an outer race having an outer cylindrical surface.
NUM  17.
PAR  17. The combination of claim 10, and means cooperable with at least one of
      said bearings to prevent axial thrust on said shaft from displacing said
      at least one bearing off of its bearing seat.
NUM  18.
PAR  18. The combination of claim 17, said axial thrust preventing means
      comprising an outrigger portion formed on said supporting member adapted
      to contact the side of said at least one bearing.
NUM  19.
PAR  19. The combination of claim 17, said axial thrust preventing means
      comprising a flange portion of said resilient hold down means adapted to
      contact the side of said at least one bearing.
NUM  20.
PAR  20. A grinding machine having a housing, an electric motor in said housing,
      a shaft carrying the electric motor armature, a bearing located at each
      end of said armature, each of said bearings having an outer cylindrical
      surface, integral bearing seats in said housing for said bearings, said
      seats each having convex cross-sectional configuration forming line
      contact against said outer cylindrical surfaces of said bearings, and
      resilient hold down means adapted to secure said bearings in said seats.
NUM  21.
PAR  21. The combination of claim 20, said resilient hold down means comprising
      a strap for each of said bearings consisting of steel and adapted to be
      stretched in assembling said bearings on said seats.
NUM  22.
PAR  22. A system for mounting a pair of bearings on a common shaft on a pair of
      support members adapted to contact the outside of said bearings, the
      combination comprising bearing seats each having a convex cross-sectional
      bearing contact surface formed in said support members, hold down means
      securable to said support members and cooperable with said bearing seats
      to hold said bearings against said seats, whereby essentially line contact
      is made between each said bearing and its bearing seat, and whereby said
      pair of bearings on said shaft align themselves as said hold down means is
      secured to said support members, means cooperable with at least one of
      said bearings to prevent axial thrust on said shaft from displacing said
      at least one bearing off of its bearing seat, said axial thrust preventing
      means comprising flange means on said hold down means adapted to contact
      the side of at least one said bearing.
NUM  23.
PAR  23. A system for mounting a pair of bearings on a common shaft on a pair of
      support members adapted to contact the outside of said bearings, the
      combination comprising bearing seats each having a convex cross-sectional
      bearing contact surface formed in said support members, hold down means
      securable to said support members and cooperable with said bearing seats
      to hold said bearings against said seats, whereby essentially line contact
      is made between each said bearing and its bearing seat, and whereby said
      pair of bearings on said shaft align themselves as said hold down means is
      secured to said support members, means cooperable with at least one of
      said bearings to prevent axial thrust on said shaft from displacing said
      at least one bearing off of its bearing seat, said axial thrust preventing
      means comprising flange means formed on one of said hold down means and
      said support member associated with said at least one bearing, said flange
      means contacting the side of said at least one bearing.
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ABST
PAL  The invention described includes a resilient support sleeve mounted on a
      tubular liner which is located within a tubular outer casing. The support
      sleeve includes a centre portion dimensioned to make a firm fit with the
      liner, and opposite end portions dimensioned to make a firm fit with the
      outer casing. The regions of the support sleeve between the centre and end
      portions are of reduced thickness thereby making the support sleeve
      distortable to accommodate slight angular misalignment and changes in
      dimension of the liner and outer casing.
BSUM
PAR  The present invention relates to a composite bearing assembly, and
      particularly to a composite bearing assembly which can be included in the
      steering assembly of a vehicle.
PAR  Two generally known types of steering assembly are the rack and pinion type
      in which two members are located in sliding engagement, and the rotatable
      type in which an inner rod-like member carrying the steering wheel is
      rotatably mounted in a tubular outer casing connected to a support
      structure of the vehicle body.
PAR  When designing the components for a vehicle steering assembly, difficulties
      arise in allowing for differences in, or changes in, the dimensions of the
      relatively movable parts of the assembly. For example, the components may
      have dimensions slightly different from that specified due to unavoidable
      manufacturing tolerances, and these components may alter in size due to
      wear and tear, or to temperature increase during operation.
PAR  It is an aim of the invention to produce a composite bearing assembly which
      can at least reduce the above-mentioned difficulties in producing a
      vehicle steering assembly; and accordingly the present invention provides
      a composite bearing assembly comprising a hollow elongated outer member, a
      hollow elongated inner member located within said outer member generally
      in axial alignment with said outer member, said inner member having its
      outer wall spaced from the inner wall of said outer member, and resilient
      means located between and in contact with said inner and outer walls, said
      resilient means having a first part bearing on one of said walls, and
      second and third parts bearing on the other of said walls, said second and
      third parts being located one on each side of said first part along the
      axis of the bearing assembly.
PAR  In a preferred arrangement, the resilient member may be a generally tubular
      sleeve having end portions to fit said outer member, and a central portion
      to fit said inner member and sections of reduced transverse cross-section
      connecting said central and end portions.
PAR  The sleeve may define a longitudinal slit extending along its length to
      enable the sleeve to be opened out to receive the inner member after which
      the sleeve is allowed to close so that the closed sleeve effectively
      constitutes a solid component. The sleeve may be provided with stop
      members to locate the inner member axially in the sleeve. These stop
      members may for example constitute inwardly extending end walls of the
      sleeve.
PAR  Another aim of the invention is to provide a composite bearing assembly
      comprising a housing, a shaft or inner rod rotatably supported within the
      housing; the housing having a bore, and the shaft being carried generally
      coaxially within the bore; a sleeve having an outer surface and closely
      fitting on the shaft, the outer diameter of the sleeve being less than the
      inner diameter of the bore thereby defining an annular clearance space
      between the outer surface of the sleeve and the inner surface of the bore;
      an annular resilient sleevelike support member located in the annular
      space; at least three annular portions or lands formed on the support
      member and axially spaced from each other, two of the lands being
      respectively located adjacent the ends of the support member and
      circumferentially engaging one of the two surfaces while the third of the
      lands is located intermediate the other two lands and circumferentially
      engages the other of the two surfaces, the annular regions of the support
      member intermediate the lands being of reduced wall thickness and
      providing clearance from at least one of the two surfaces; the resilient
      support member being supportable to accomodate deviations from strict
      axial alignment between the shaft and the associated sleeve on the one
      hand, and the bore in the housing on the other hand, without inhibiting
      relative rotation between the shaft and the bore.
PAR  The shaft is rockably supported within the housing, by which is meant that
      deviations from strict axial alignment between the shaft and the
      associated sleeve on the one hand, and the bore in the housing on the
      other hand may take place without inhibiting relative rotation between the
      shaft and the bore. The bore is preferably cylindrical and the sleeve
      preferably has a cylindrical outer surface.
DRWD
PAR  One embodiment of the invention will now be described by way of example
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation in section of one composite bearing assembly of
      the invention,
PAR  FIG. 2 is an end view of a sleeve forming part of the composite bearing
      assembly of FIG. 1.
PAR  FIG. 3 is a side elevation in section of the support sleeve of FIG. 2.
DETD
PAR  Referring to the drawings, one composite bearing of the invention is
      included in a rotatable steering assembly on a motor vehicle. The
      composite bearing includes a tubular inner liner or sleeve 2 of metal or
      hard plastics which is mounted in a support sleeve 4 made of material such
      as rubber, plastics or polyurethane which is more resilient than the
      material of the liner 2.
PAR  The sleeve 4 provides an annular, resilient sleeve-like support member and
      comprises a centre portion 6, two opposite end portions 8, two
      intermediate sections 10 connecting the centre and end portions, and two
      inwardly extending end rims 12. The centre and end portions 6 and 8 are
      dimensioned and arranged so that the centre portion 6 makes a firm fit
      with the liner 2, and the end portions 8 make a firm fit with a tubular
      outer casing 14 of the steering assembly. The inner rod or shaft 16 (shown
      in dot-dash outline in FIG. 1 only) of the steering assembly passes
      through the inner liner 2 which acts as a bearing for this inner rod.
PAR  The support sleeve 4 is slit along a line 16 which extends longitudinally
      along the length of the sleeve. The slit 16 enables the sleeve to be
      opened out to receive the liner 2, and when the liner is in position the
      slit 16 is allowed to close so that the sleeve effectively constitutes a
      solid component. The intermediate sections 10 are of thinner transverse
      cross-section than the centre portion 6 and end portions 8. This sleeve
      construction enables the sleeve to adjust its shape to accommodate to the
      external dimensions of the liner 2 and the internal dimensions of the
      outer casing 14. Outer casing 14 is seen to comprise a hollow elongated
      outer member or housing, within which a cylinder bore 18 is defined. The
      sleeve 4 will also adjust to accommodate any changes in the dimensions of
      the liner 2 and outer casing 14 which might occur during operation, due
      for example to localised heating in the vehicle. The end rims 12, axially
      locate the liner 2 in the sleeve 4.
PAR  It will be appreciated that the sleeve 4 can accommodate any changes in the
      dimensions of the liner 2 and the outer casing 14 which might occur either
      during manufacture or operation. In addition, slight angular misalignment
      or translational eccentricity between the inner rod or shaft 16 and outer
      casing 14 can be accommodated by the sleeve without seriously affecting
      the coupling of the inner rod and outer casing 14.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composite bearing assembly comprising a hollow elongated outer member,
      a hollow elongated inner member located within said outer member generally
      in axial alignment with said outer member, said inner member having its
      outer wall spaced from the inner wall of said outer member, and resilient
      means located between and in contact with said inner and outer walls, said
      resilient means having a first part bearing on one of said walls, and
      second and third parts bearing on the other said wall, said second and
      third parts being located one on each side of said first part along the
      axis of the bearing assembly.
NUM  2.
PAR  2. A composite bearing assembly as claimed in claim 1, in which said
      resilient means is a generally tubular sleeve having end portions within
      said outer member, a central portion to fit said inner member, and
      sections of reduced transverse cross-section connecting said central and
      end portions.
NUM  3.
PAR  3. A composite bearing assembly as claimed in claim 2, in which said sleeve
      defines a longitudinal slit extending along its length.
NUM  4.
PAR  4. A composite bearing assembly as claimed in claim 2, in which said sleeve
      includes stop members adapted to locate said inner member axially in said
      sleeve.
NUM  5.
PAR  5. A composite bearing assembly as claimed in claim 4, in which said stop
      members are inwardly extending end walls of said sleeve.
NUM  6.
PAR  6. A composite bearing assembly comprising a housing, a shaft rotatably
      supported within said housing; said housing having a bore, and said shaft
      being carried generally coaxially within said bore; a sleeve having an
      outer surface and closely fitting on said shaft, the outer diameter of
      sleeve being less than the inner diameter of said bore thereby defining an
      annular clearance space between said outer surface of said sleeve and the
      inner surface of said bore; an annular resilient sleeve-like support
      member located in said annular space; at least three annular lands formed
      on said support member and axially spaced from each other, two of said
      lands being respectively located adjacent the ends of said support member
      and circumferentially engaging one of said two surfaces while the third of
      said lands is located intermediate said other two lands and
      circumferentially engages the other of said surfaces, the annular regions
      of said support member intermediate said lands being of reduced wall
      thickness and providing clearance from at least one of said surfaces; said
      resilient support member being distortable to accommodate deviations from
      strict axial alignment between said shaft and associated sleeve on the one
      hand and said bore in said housing on the other hand without inhibiting
      relative rotation between said shaft and said bore.
NUM  7.
PAR  7. The composite bearing assembly of claim 6 wherein said bore is a
      cylindrical bore and said sleeve has a cylindrical outer surface.
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ABST
PAL  A bearing assembly for accommodating angular displacements in
      torque-transmitting trunnions, has a spherical-face-shaped hub on the
      trunnion and a trunnion receiving bushing, both with toothings meshing
      with one another. A bearing comprised of inner rings and outer rings is
      inserted between the bushing and the trunnion. The bearing assembly is
      particularly suited for a tiltable converter with a carrying ring, in
      which the bushing is inserted into the carrying ring and the trunnion of
      the driving toothed wheel protrudes into the bushing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a bearing assembly for accommodating angular
      displacements in torgue-transmitting trunnions, such as converter carrying
      trunnions.
PAR  In the field of general engineering it is customary to mount a shaft in a
      fixed bearing on one side, and in an expansion bearing on the other side
      in order to accommodate thermal expansions and assembly deficiencies,
      respectively, and to guarantee smooth operation. Also in a converter plant
      it is customary to mount a converter carrying ring in a fixed bearing with
      one carrying trunnion and in an expansion bearing with the other carrying
      trunnion. These known constructions have, however, the disadvantage that
      between the converter carrying ring and the actual drive, which comprises
      a spur gear wheel, an intermediate gear and a motor, a separate bearing
      support construction which requires an adequate amount of space, is
      necessary. This is especially unfavorable when already existent converter
      plants, e.g. in the course of capacity expansions, are reconstructed and
      must be built into already existent hall constructions. A further
      disadvantage is that for accommodating displacements that occur, separate
      machine elements, such as pendulum roller bearings, have to be provided.
      These elements are comparatively far away from the middle of the carrying
      ring profile and, consequently, considerable eccentric paths have to be
      covered during the tilting of the converter. Finally, in known converter
      bearing constructions difficulties occur when the trunnion is bound into
      the carrying ring by welding, if quenched and subsequently tempered
      materials, which would be preferred for their strength are used.
      Therefore, quenched and subsequently tempered materials are not ordinarily
      used; but, instead steels with a hot yield point of up to 25 kp/mm.sup.2
      are used because they need not be heated up during welding. Therefore, it
      is necessary to put up with an over-dimensioning of the trunnions.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the invention to avoid these disadvantages and
      difficulties and to create a bearing assembly, especially a fixed bearing
      assembly for converters, in which the points of displacement are near the
      places in which they occur, i.e. very near to the middle of the carrying
      ring profile or trunnion axis.
PAR  Thus in a bearing for accommodating angular displacements in torque
      transmitting trunnions, such as converter carrying trunnions, the
      invention comprises applying a spherical-zone-shaped hub, with an external
      toothing following the spherical face, to the trunnion protruding into a
      bushing of the driving or driven machine part. The external toothing
      meshes with a straight counter toothing of the bushing. Also, a bearing
      comprised of inner rings and outer rings is located between the bushing
      and the trunnion and its mutual running faces are in the form of spherical
      faces with a common center.
PAR  A preferred field of application of the invention is a fixed bearing
      assembly for a converter, wherein a bushing is inserted into the carrying
      ring of the converter. Into this bushing the trunnion of a driving toothed
      wheel protrudes so that the external toothing on the spherical-zone-shaped
      hub of the trunnion meshes with a counter toothing provided on the inside
      of the bushing.
PAR  Advantageously, play is provided between the top circle of the external
      toothing and the root circle of the internal toothing, so as to free the
      toothing from load.
PAR  Suitably, the driving toothed wheel is enclosed in a housing secured to the
      base without a separate torque support.
PAR  The invention makes it possible to produce the trunnion of quenched and
      subsequently tempered steel and to dimension it according to the expected
      wear, i.e. to make full use of the strength properties of the quenched and
      subsequently tempered steel without overdimensioning the trunnion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be more fully understood, an embodiment
      thereof will now be described by way of example, with reference to the
      accompanying drawings in which:
PAR  FIG. 1 shows a general view of a converter plant,
PAR  FIGS. 2 and 3 show the corresponding plan and side views, respectively, and
PAR  FIG. 4 shows an example for the fixed bearing construction of a converter
      in a section along IV-IV of FIG. 3.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In the drawings the converter is denoted with 1, the carrying ring with 2,
      the expansion bearing trunnion with 3, the expansion bearing housing with
      4, the expansion bearing stand with 5, and the base on the side of the
      expansion bearing with 6. The converter drive is generally denoted with 7
      and the base on the side of the drive with 8.
PAR  As can be seen in FIG. 4, a bushing 9 is welded into the carrying ring 2 on
      the fixed bearing side. The inner side of the bushing has a straight
      toothing 10. The outer rings 17 of the bearing according to the invention
      have spherical running faces 12 and are secured to the bushing. Into the
      bushing a trunnion 13 protrudes which forms a one-piece unit with the
      driving toothed wheel 14. On the part of the trunnion protruding into the
      bushing, a spherical-zone-shaped hub 15 is provided. This hub has an
      arcuate toothing 16 that meshes with the counter toothing 10. On both
      sides of the hub, inner rings 11 of the bearing, also having spherical
      running faces 12, are provided on the trunnion and enclose the toothings
      of the trunnion and the bushing. The spherical faces 12 of the rings 11
      and 17 and the arcuate toothing 16 have a common center M lying in the
      trunnion axis. The bearing is dimensioned in such a way that between the
      top circle of the toothing 16 and the root circle of the toothing 10 a
      slight play 18 is provided which frees the toothings from load. It is
      understandable that during a displacement the outer rings and inner rings
      of the bearing pivot against one another and thus angular displacements of
      .+-..alpha. can be accommodated.
PAR  On the side of the converter an end lid 19 is provided on the bearing and
      braces the bearing against the shoulder-like step 20 of the trunnion. On
      the side of the drive there is a closing ring 21 which provides for a
      sealing toward the trunnion with seals 22. The toothed wheel 14 is
      inserted in a housing 23 secured to the base 8. Since the housing is
      secured to the base, a separate torque support becomes superfluous.
      Reference numbers 24 and 25 denote slide, articulation, or ball and roller
      bearings, one of which acts as a fixed bearing and the other one as an
      expansion bearing. Furthermore, four pinions 26 are flanged to the
      housing, together with intermediate gearing 27 and motors 28, as can be
      seen in FIGS. 2 and 3 in greater detail. According to the invention a
      quenched and subsequently tempered steel can be used for the trunnion 13,
      since it is not welded into the carrying ring and thus no problems occur
      due to pre-heating. Therefore, the trunnion can be constructed according
      to the wear and stresses and can be optimally dimensioned, i.e. it need
      not be overdimensioned.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A bearing assembly for accommodating angular displacements in a
      torque-transmitting trunnion, such as a converter-carrying trunnion,
      comprising
PA1  - a hub with a spherical face provided on the trunnion and having an
      external toothing following the spherical face,
PA1  - a trunnion-receiving bushing having a straight counter toothing meshing
      with the outer toothing of the hub, and
PA1  - a bearing container inner rings and outer rings provided between the
      bushing and the trunnion and having spherical faces acting as mutual
      running faces, which running faces have a common center.
NUM  2.
PAR  2. A bearing assembly according to claim 1 to be used as a fixed bearing
      for a tiltable converter further comprising a driving toothed wheel
      connected with the trunnion, wherein the trunnion-receiving bushing is
      inserted into the carrying ring of the tiltable converter.
NUM  3.
PAR  3. A bearing assembly according to claim 1 to be used as a fixed bearing,
      wherein, for freeing the toothings from load, the external toothing has a
      top circle arranged with play relative to the counter toothing root
      circle.
NUM  4.
PAR  4. A fixed bearing according to claim 2, comprising a base-secured housing
      accommodating the driving toothed wheel without a separate torque-support.
NUM  5.
PAR  5. A fixed bearing according to claim 4, wherein at least one pinion
      together with intermediate gearing and motors is flanged to the
      base-secured housing.
NUM  6.
PAR  6. A bearing assembly according to claim 1, wherein the trunnion consists
      of quenched and subsequently tempered steel.
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ABST
PAL  A tilt shoe bearing assembly wherein each shoe in the assembly is provided
      with complete freedom to automatically adjust its position under various
      running conditions to offset critical running speeds by maintaining a
      fluid wedge between the shoe and the shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a tilt shoe bearing and, in particular, to a
      bearing assembly which provides the individual shoes complete freedom to
      accommodate the shaft of a high-speed machine such as a turbine,
      compressor, or the like.
PAR  It is commonly known in the art that a tilt shoe bearing provides excellent
      hydrodynamic support to a rotor shaft when the shaft is turning at most
      shaft speeds. This type of bearing is most effective in reducing
      vibrations at speeds above the first critical shaft speed by stiffening
      the hydrodynamic fluid film maintained between the bearing and the shaft
      thus minimizing the effect of fluid film whirl. However, lightly loaded
      bearings operating below the first critical speed can experience fluid
      film instability which results in excessive vibrations. Similarly, tilt
      shoe bearings are known to experience other harmful effects, which are
      also associated with shaft speeds, leading to unwanted vibrations being
      set up in the system.
PAR  It has been long known that the effects of these harmful forces can be
      minimized or considerably reduced in a hydrodynamic or multiple shoe
      bearing assembly by allowing the individual shoes to adjust their relative
      positions in relation to the shaft when the shaft undergoes deflections or
      vibrations whereby an optimum fluid wedge is maintained between the shoes
      and the shaft. As exemplified in U.S. Pat. Nos. 3,022,123 and 3,297,371,
      it has been heretofore conventional in the art to pivotally mount each
      shoe in assembly to permit the shoe to roll in the direction of shaft
      rotation. Further means are also provided to enable the individual shoes
      to pitch in an axial direction while the shoe rolls in the direction of
      shaft rotation. Although these devices, which provide the individual shoes
      with two degrees of freedom, considerably reduce the adverse effects of
      load induced forces, it has nevertheless been found that a greater degree
      of freedom must be provided to the shoes to more efficiently dampen out
      the effects of shaft deflections and vibrations.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to improve tilt shoe
      bearings.
PAR  A further object of the present invention is to improve the dampening
      qualities of a tilt shoe bearing.
PAR  A still further object of the present invention is to provide the
      individual shoes in a tilt shoe bearing assembly with sufficient freedom
      of movement so that each shoe can automatically adjust its relative
      position both in regard to the shaft and in regard to the other shoes so
      as to accommodate the shaft as it undergoes vibrations or deflections.
PAR  These and other objects of the present invention are attained by means of a
      tilt shoe bearing assembly having an annular cylindrical housing, a
      backing ring mounted within the housing and arranged to encompass a rotary
      shaft, the ring further containing a radially extended rib and an axially
      extended seat for receiving a plurality of tilt shoes thereon, each shoe
      having a contact surface for acting against the ring seat and a slotted
      opening therein for loosely receiving the rib section of said ring, the
      clearance maintained between the rib and the slotted opening being greater
      than the minimum design allowance between the shaft and shoe whereby each
      shoe is free to adjust its relative position upon the seat under load
      conditions in response to shaft vibrations and deflections.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial exploded view in perspective showing one tilt shoe of
      the assembly and the backing ring embodying the teachings of the present
      invention;
PAR  FIG. 2 is a partial end view of a tilt shoe operatively positioned in
      regard to a shaft;
PAR  FIG. 3 is a section taken along line 3--3 as illustrated in FIG. 2; and
PAR  FIG. 4 is a schematic representation of the tilt shoe assembly of the
      present invention showing the positioning of the shoes under a critical
      operating load.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As conventionally known in the art, a hydrodynamic or multiple shoe bearing
      relies upon the formation of a hydrodynamic fluid film between the
      individual shoes and the rotating shaft to support and center the shaft as
      it is turning. Ideally, each shoe should have the ability to automatically
      shift its relative position in response to the shaft deflections or
      induced vibrations so as to maintain an optimum fluid wedge between the
      shoes and the shaft. As pointed out above, it has been conventional to
      provide each shoe with two degrees of freedom, typically by pivoting the
      shoe to allow it to roll in the direction of shaft rotation while at the
      same time providing further means to permit the shoe to pitch axially with
      the shaft. However, it has been found that in order to maintain a truly
      optimum fluid wedge during periods when a shaft is exposed to vibrations
      or load induced deflections, the shoe must be granted an even greater
      degree of freedom. The apparatus of the present invention provides this
      type of freedom and thus considerably minimizes the effects of
      unavoidable, but potentially harmful, forces encountered at critical
      running speeds.
PAR  Referring now more specifically to FIGS. 1-3, there is illustrated
      generally a hydrodynamic bearing assembly 10 including a cylindrical
      housing 11 encompassing shaft 12 of a rotary machine such as a turbine or
      a compressor. As is well known in the art, a lubricant such as oil is
      delivered under pressure into the assembly through an inlet passage 14 and
      then passed between the shaft 12 and the individual shoes 15. Under the
      influence of the rotating shaft, a hydrodynamic film is established
      between the shaft and the shoes which serves to support and center the
      shaft within the assembly. The fluid moves across the housing and is
      ultimately discharged therefrom via outlet 17. As best seen in FIG. 3, a
      discharge control plate 18 is secured in the outlet passage by means of a
      cover 19 which is secured to the housing by cap screw 20. The plate has a
      series of orifices 21 formed therein which function to regulate the rate
      of flow of fluid across the housing.
PAR  Mounted within internal cavity 23, formed within the housing, is an annular
      backing ring 25. The ring is carried within a complementary circular
      groove machined or otherwise formed in the internal wall of the cavity. It
      should be noted that when the ring is positioned in the groove, the
      internal surface 26 of the ring protrudes radially some distance from the
      inner cavity wall. As will be explained in greater detail below, surface
      26 provides a seat against which the individual shoes act when the fluid
      wedge or hydrodynamic film is established between the shaft and the shoes.
      A centrally located annular rib 27 extends inwardly in a radial direction
      from the ring seat towards the shaft 12.
PAR  As best seen in FIG. 2, a plurality of tilt shoes are mounted about the
      shaft within the housing. Although any number of shoes can be employed in
      the practice of the present invention, it is preferred that an even number
      of shoes be herein utilized in order to more evenly distribute the forces
      involved when adverse loading conditions are encountered. Each shoe has an
      arcuate-shaped slot 28 radially formed therein for loosely receiving the
      extended rib of the backing ring. A torque pin 30 is mounted within a hole
      31 that passes coaxially through each shoe and the rib. It should be noted
      at this point that the pin is not employed as a pivot as conventionally
      found in most tilt shoe assemblies and that the pin merely functions to
      resist the torque generated in the shoe by the rotating shaft. In
      practice, the pin is loosely fitted within the hole to allow the shoe to
      float in respect to the rib.
PAR  Each shoe in the assembly has an extended bearing surface 32 arranged to
      confront the shaft and complement the outer periphery thereof. The body of
      the shoe is tapered toward a narrow elongated surface 35. Surface 35 is
      interrupted by the radially aligned slot 28 formed therein and contains
      two slightly raised contact pads 36 located on either side of the slotted
      opening. The pads are adapted to ride in contact against the ring seat 26
      when a hydrodynamic wedge is generated between the shaft and the shoe. The
      contact pads have a crowned working surface which rides against the ring
      seat and permits the shoe to freely move upon the seat. It should be also
      noted that the axial length of the shoe measured along the surface 35 is
      substantially greater than the axial length of the ring support seat.
      Preferably, the axial length of the shoe should be equal to or greater
      than twice the axial length of the ring seat. By providing a greater axial
      length to the shoe, the ring seat acts as a fulcrum in regard to the
      crowned surface of the contact pads whereby the shoes readily respond to
      changes in the shaft position to maintain an optimum fluid wedge. In
      practice, the clearance between the shoe and the backing ring rib, as well
      as the clearance between the shoe and the torque pin, is greater than the
      allowance between the shoe bearing surface and the shaft. As a result, the
      shoe is provided sufficient freedom of movement upon the ring seat in any
      direction to accommodate the shaft during periods when the shaft is
      deflected or experiencing vibrations.
PAR  As should be evidenced from the discussion above, the individual bearing
      shoes of the present assembly are loosely mounted within the housing so
      that the individual shoes can freely move in any direction. As a
      consequence, each shoe will adjust its position in relation to the shaft
      so as to maintain an optimum fluid wedge therebetween for all operating
      conditions. FIG. 4 schematically illustrates, although in a slightly
      exaggerated form, this particular feature of the bearing assembly. As
      illustrated, the shaft is being deflected some distance (a) from the
      normal center line 40 of the machine. As can be seen, the bearing housing
      10, which is secured in the main machine frame, retains its original
      position in relation to the center line 40 during this critical period.
      The bearing shoes 15 of the present invention, however, respond to this
      adverse running condition by automatically adjusting their relative
      positions in regard to the shaft to maintain an optimum hydrodynamic wedge
      therebetween. In order to accomplish this result, the top shoe in the
      assembly, as illustrated, must move rearwardly while at the same time
      pivoting upwardly to accommodate the shaft and thus preserve the integrity
      of the system. Similarly, the lower shoe must also adjust its position in
      the opposite direction. At the same time, the centrally located shoe
      shifts obliquely from its original position to the position shown.
PAR  While this invention has been described with reference to the structure
      herein disclosed, it is not necessarily confined to the details as set
      forth and this application is intended to cover any modifications or
      changes as may come within the scope of the following claims.
CLMS
STM  What is claim is:
NUM  1.
PAR  1. A tilt shoe bearing assembly for establishing a hydrodynamic wedge
      between the shoes and a shaft, for rotatably supporting the shaft,
      including
PA1  a housing having an annular opening through which the shaft passes,
PA1  a stationary backing ring mounted within the housing opening encompassing
      the shaft, the inner surface of said ring forming a circular seat
      uniformly disposed about the shaft and having a centrally located annular
      rib radially extended toward the shaft,
PA1  a plurality of tilt shoe members circumferentially spaced within the ring,
      each shoe having a circumferential slot formed in the body thereof for
      loosely receiving said rib,
PA1  a pair of rocker pads formed upon the outer periphery of each shoe member
      positioned on either side of said slot and being arranged to ride in
      contact with the ring seat, the axial width of each pad being
      substantially less than the axial width of the shoe surface confronting
      the shaft with each pad being contoured to permit the shoe to move upon
      the seat in any direction,
PA1  a torque pin axially aligned with the shaft supported within the body of
      each tilt shoe and being arranged to pass through an opening formed in the
      annular rib whereby the shoe is prevented from moving with the shaft in
      the direction of shaft rotation, and
PA1  the rib and the circumferential slot formed in the shoe, and the pin and
      the opening formed in the rib, having a clearance therebewteen that is at
      least greater than the width of the hydrodynamic wedge whereby each shoe
      is free to adjust its relative position in regard to the shaft to
      accommodate the shaft as it deflects under load.
NUM  2.
PAR  2. The assembly of claim 1 wherein the body of the shoe is tapered
      circumferentially from a greater dimension at the shaft's confronting
      surface to a lesser dimension at the contoured rocker pads.
NUM  3.
PAR  3. The assembly of claim 2 wherein the axial length of the shoe surface
      confronting the shaft is greater than twice the axial length of the ring
      seat.
NUM  4.
PAR  4. The assembly of claim 3 wherein the rocker pads formed upon each shoe
      have a crowned surface.
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ABST
PAL  The assembly includes an outer race secured in one of the spindle bores in
      the revolving head of an automatic screw machine, and an inner race or
      sleeve which is adjustably secured to the associated work spindle. A
      plurality of roller bearing elements mounted in the outer race roll on the
      periphery of the sleeve to rotatably journal the forward end on the
      spindle in the head. The sleeve has a tapered, truncated-conical bore
      which mates with a complimentary taper formed on the outer periphery of
      the spindle. By rotating an adjusting nut on the spindle, the sleeve can
      be driven axially on the spindle in a direction which causes it to be
      slightly expanded radially to take up any undesirable radial play in the
      bearing assembly.
BSUM
PAR  This invention relates to automatic screw machines, and more particularly
      to a machine having an adjustable bearing assembly for removing excess
      play from bearings in which the machine's work spindles are journaled.
PAR  The rotating work spindles of an automatic screw machine must be carefully
      mounted if they are to provide the accuracy desired during machine
      operation. Of particular importance is the front spindle bearing, which
      journals the forward or collet-operating end of the spindle in the
      revolving, work-indexing head on the machine. If there is any undesirable
      play in this bearing, the associated spindle, and the work chucked
      therein, will not be held accurately during a machining operation.
PAR  It is an object of this invention to provide improved means for journaling
      the work spindles in the indexing head of an automatic screw machine,
      thereby to eliminate undesirable runout or play.
PAR  Another object of this invention is to provide relatively simple and
      accurate take-up means for removing undesirable play from the front end
      work spindle bearings of automatic screw machines.
PAR  A more specific object of this invention is to provide a novel bearing
      assembly which is adjustable to take up or remove any undesirable radial
      play present in bearings of the needle type used to journal work spindles
      of an automatic screw machine.
DRWD
PAR  Other objects of the invention will be apparent hereinafter from the
      specification and from the recital of the appended claims, particularly
      when read in conjunction with the accompanying drawing.
PAR  In the drawing:
PAR  FIG. 1 is a fragmentary, axial sectional view of a screw machine work
      spindle and an adjustable bearing mount therefor made according to one
      embodiment of this invention, a portion of the spindle being shown in
      full; and
PAR  FIG. 2 is a fragmentary sectional view taken along the line 2--2 in FIG. 1
      looking in the direction of the arrows.
DETD
PAR  Referring now to the drawing by numerals of reference, 10 denotes the
      revolving head of a multi-spindle automatic screw machine, which is
      mounted in known manner for rotary indexible motion between the stationary
      head cap 11 and the machine bed (not illustrated). Head 10 carries a
      plurality of parallel work spindles, each of which projects at its forward
      end through one of a plurality of circular bores 12 (only one of which is
      shown in FIG. 1), which are arranged in equi-angularly spaced relation
      around the axis of rotation of the head.
PAR  Each of the work spindles comprises an inner spindle 14 for housing the
      feed finger (not illustrated) which operates in known manner to shift a
      bar of stock progressively and intermittently to the tools (not
      illustrated) in the machine. Threaded onto the forward end of this inner
      spindle is a flexible, collet-type guiding and gripping chuck 15. The
      chuck 15 is slotted in the usual manner to form on its front end a
      plurality of gripping fingers 16 for gripping and centering the bar stock
      during machining operations thereon.
PAR  The inner spindle 14 is mounted coaxially within an outer spindle or
      collet-closing sleeve 18, which has an internal conical surface 19 at its
      forward end to cooperate with the external conical surfaces 20 formed on
      the collet fingers 16, so that when the sleeve 18 is moved forwardly on
      spindle 14, as noted hereinafter, the fingers 16 are compressed on the bar
      of stock to grip the work in the spindle.
PAR  Adjacent its forward end the sleeve 18 has in its outer periphery a pair of
      axially spaced annular, grooves 22 and 23, which are located at opposite
      sides, respectively, of the head 10. Between these two grooves the portion
      24 of the outer periphery of spindle 18 in truncated conical in
      configuration, such that its outer diameter decreases slightly and
      progressively from front groove 23 to rear groove 22.
PAR  Surrounding the tapered surface 24 on spindle 18 is a metal sleeve or inner
      race 26, which together with the outer race or sleeve 29 forms part of a
      roller bearing unit that supports the forward end of the spindle 18 in the
      head 10. The outer surface of sleeve 26 is cylindrical; and its inner
      peripherial surface 27 has a truncated conical configuration complementary
      to the tapered surface 24 on spindle 18. Two sets of roller bearings 28,
      which are mounted to roll between the inner and outer races 26 and 29, are
      guided for rolling movement between annular thrust lips 31 formed on the
      inner periphery of the outer race 29.
PAR  Race 29 is mounted coaxially in the bore 12 in the head 10 so that a
      circumferential flange 30 on its right end, or forward end as illustrated
      in FIG. 1, overlies the face of head 10 around its bore 12. The race 29 is
      secured against axial movement in bore 12 by at least one pin 32, which
      projects from a boss 33 formed on a plate 34 that is attached to the head
      10 beneath the forward end of spindle 18. A set screw 35, which is
      threaded into the boss 33, urges the pin 32 axially against the forward
      end of race 29 to secure its flange 30 against the face of head 10.
PAR  The race 29 is held against rotation in bore 12 by the head of a screw 37,
      which threads into the face of head 10. The head of the screw 37 engages
      in an arcuate notch 38, which is formed in the periphery of the flange 30
      on race 29.
PAR  Surrounding the spindle 18 rearwardly (to the left in FIG. 1) of the head
      10 is an externally threaded adjusting ring 41, which has a reduced
      diameter portion 44 projecting from its forward end (FIG. 1) into
      engagement with the rear (left) end of sleeve 26. Ring 41 is held against
      rotation on the spindle 18 by a pin or key 42, which is secured at one end
      in the spindle 18, and which projects at its opposite end slidably into an
      axially extending slot or way 43 formed in the inner periphery of ring 42.
      Threaded onto the ring 42 is an externally slotted adjusting nut 45, the
      rear side of which is engaged slidably with an annular stop 47, which is
      secured on the spindle 18 coaxially thereof by three set screws, one of
      which is denoted at 48.
PAR  To assure accuracy during the operation of the screw machine, it is
      essential that the spindle 18 revolve coaxially about its axial center
      line, so that the work held in its chuck 15 will likewise be revolved
      about its axis. At the outset, therefore, when the spindle and its roller
      bearing assembly are mounted in the head 10, the nut 45 is rotated in a
      direction to cause the adjusting ring 41 to be shifted axially forward,
      this axial movement being permitted by the key and way connection 42, 43.
      The rear face of the nut 45 abuts the stop 47, which is fixed to the
      spindle 18, so that as the ring 41 moves forward it drives the sleeve 26
      forward on the tapered surface 24 of the spindle. Because of the
      complimentary tapered surface 27 on the sleeve 26, the sleeve is expanded
      radially by this movement, thereby reducing or eliminating any undesirable
      radial play or slack which might otherwise exist between the sleeve 26 and
      the surrounding needle bearings. Since the cooperating tapered and
      truncated conical surfaces 24 and 27 mate with one another, the radial
      stresses developed in the sleeve 26 will be uniform along its length, and
      will maintain the inner and outer surfaces of the sleeve 26 in coaxial
      relation to the spindle axis.
PAR  To get maximum thrust on the race 27, the ring 41 is provided with a
      buttressed thread the flat faces of which face rearwardly.
PAR  The spindle 18 is shiftable axially by a conventional yoke mechanism (not
      illustrated), or the like, effect the opening or closing of the collet
      fingers 16 relative to the work. Since the outer peripheral surface of the
      sleeve 26 is cylindrical, it can shift axially with the spindle 18 for the
      slight distance necessary to effect the opening or closing of the collet
      fingers, without creating any relative movement between the sleeve 26 and
      the spindle 18. During this axial movement of sleeve 26, the rollers 28
      are held against axial movement by the thrust lips 31 formed on race 29.
PAR  From the foregoing it will be apparent that the instant invention provides
      relatively simple and inexpensive means to increase the accuracy of
      machining operations performed by automatic screw machines. By slight
      adjustment of the nut 45 the inner bearing sleeve 26 can be shifted
      axially on the tapered surface 24 on spindle 18 substantially to eliminate
      all undesirable radial slack or play in the bearing assembly. By way of
      example, the cooperating tapers on the surfaces 24 and 27 are selected so
      that, when the sleeve 26 is shifted axially on the spindle 18
      approximately 0.125 inches, it will be radially expanded approximately
      0.006 inches.
PAR  While only one work spindle and bearing assembly therefor have been
      illustrated and described in detail herein, it will be apparent that each
      work spindle in a screw machine may be journaled in bearing assemblies of
      the type described. Moreover, it is possible for the invention to be
      applied to any type of rotating shaft or spindle where it is desired to
      minimize undesirable run-out.
PAR  Although only one embodiment of the invention has been described in detail
      herein, it will be apparent that this application is intended to cover any
      further modifications of the invention which may fall within the scope of
      one skilled in the art, or the purview of the appended claims.
CLMS
STM  Having thus described my invention, what I claim is:
NUM  1.
PAR  1. An adjustable bearing assembly for rotatably journaling a spindle in a
      support, comprising
PA1  a first sleeve surrounding said spindle,
PA1  a second sleeve surrounding said first sleeve and secured in a bore in said
      support,
PA1  a plurality of bearing elements mounted for rolling movement between the
      confronting peripheral surfaces of said sleeves,
PA1  the inner peripheral surface of said first sleeve being truncated conical
      in configuration and being engaged with a complimentary truncated conical
      surface formed on the outer periphery of said spindle, and
PA1  means on said spindle operable to shift said first sleeve axially on said
      spindle in a direction to cause said cooperating truncated surfaces to
      effect a slight radial expansion of said first sleeve.
NUM  2.
PAR  2. An adjustable bearing assembly as defined in claim 1, including
PA1  means on one of said confronting peripheral surfaces operative to hold said
      bearing elements against axial movement relative to said one peripheral
      surface, and
PA1  said other of said confronting surfaces being cylindrical in configuration
      and slidable axially relative to said elements to enable slight axial
      movement of said spindle relative to said support.
NUM  3.
PAR  3. An adjustable bearing assembly as defined in claim 1, wherein the tapers
      formed on said first sleeve and said spindle by said truncated conical
      surfaces are selected to effect a radial expansion in said first sleeve of
      approximately 0.006 per 0.125 inch of axial travel thereof on said
      spindle.
NUM  4.
PAR  4. In an automatic screw machine wherein an axially shiftable work spindle
      projects through a bore in a revolving head of the machine, means for
      rotatably journaling said spindle in said bore, comprising
PA1  a sleeve adjustably secured on said spindle coaxially thereof and disposed
      in the bore in said head,
PA1  an annular bearing race surrounding said sleeve in radially spaced relation
      thereto,
PA1  means for securing said race in said bore in said head coaxially thereof,
PA1  a plurality of bearing elements mounted to have rolling movement in the
      space between said race and said sleeve, and operative rotatably to
      support said sleeve in said race coaxially thereof, and
PA1  means for adjusting the axial position of said sleeve on said spindle,
PA1  said spindle and said sleeve having thereon cooperating surfaces operative
      to effect a slight radial expansion of said sleeve, when the sleeve is
      shifted axially in one direction on said spindle.
NUM  5.
PAR  5. In an automatic screw machine as defined in claim 4, where
PA1  the inner peripheral surface of said sleeve, and the part of the outer
      peripheral surface of said spindle surrounded by said sleeve, are
      truncated conical in configuration and are disposed in complimentary
      engagement with each other to define said cooperating surfaces which can
      effect radial expansion of said sleeve, and
PA1  said means for adjusting the axial position of said sleeve comprises an
      adjusting member mounted for axial sliding movement on said spindle and
      engaged at one end with one end of said sleeve, and
PA1  a manually operable member on said spindle drivingly engaged with said
      adjusting member and movable in one direction to drive said adjusting
      member toward said sleeve.
NUM  6.
PAR  6. In an automatic screw machine as defined in claim 4, where said means
      for securing said race in said bore comprises
PA1  a circumferential flange integral with one end of said race and overlying
      the face of said head at one end of said bore,
PA1  means holding said flange against said face of the head to secure said race
      against axial movement in said bore, and
PA1  a member projecting from the face of said head and into a notch in said
      flange to hold said race against rotation in said bore.
NUM  7.
PAR  7. In an automatic screw machine as defined in claim 4, where
PA1  the outer peripheral surface of said sleeve is cylindrical in configuration
      and projects beyond one end of said race,
PA1  said bearing elements are parallel rollers having their axes disposed
      parallel to the axis of said spindle, and
PA1  a plurality of annular thrust lips project from the bore in said race at
      opposite ends of said rollers to prevent axial movement of said rollers
      relative to said race during axial adjustment of said spindle.
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ABST
PAL  A bearing is provided with an inner and an outer ring, at least the
      innerring forming an integral part of a fixing or supporting flange, and
      rolling elements, arranged between the rings in a bearing-cage. Sealing
      elements prevent the penetration of dust, dirt and the like, while on the
      other hand retain the lubricant between the rings. The sealing element
      further includes a relatively rigid fixing part, the size thereof in
      radial direction being determined by the maximum eccentric or radial
      displacement of the rings with regard to one another during the assembly.
BSUM
PAR  The invention relates to a bearing, having an inner and an outer ring, with
      at least the inner ring forming an integral part of a fixing or supporting
      flange. The rolling element is arranged in the bearing cage between the
      rings, and includes further a sealing element preventing penetration of
      dust, dirt and the like, while retaining the lubricant between the rings.
      Such a bearing is exemplified in the magazine "Machine Design" Nr. 19,
      Aug. 10, 1972.
PAR  Flange shaped bearing rings present special problems, and this invention
      provides a bearing of the indicated type, whereby the mounting or
      assembing of the bearing parts into the said bearing -- is improved and
      simplified. To this end, the sealing element, in addition to its sealing
      effect, will also have an active function during mounting or assembling of
      the bearing parts. According to the invention a sealing element comprises
      a relatively rigid fixing part, the size thereof in radial direction being
      determined by the maximum eccentric or radial displacement of the rings
      with regard to one another during the assembly. Up till now sealing
      elements of known type had to be composed completely of a resilient
      material, safe sealing in addition requiring a complicated shaped seal as
      well. Such a seal is shown on page 32 of the magazine "Machine Design" No.
      19 of August 1972. Consequently, such sealing elements are relatively
      expensive.
PAR  Due to the provisions of the invention it is possible to make the
      composition, shape and material choice of the sealing element largely
      dependent, for example on the application of the bearing or the special
      conditions under which it has to operate.
PAR  According to another aspect of the invention the sealing element can now
      serve, at least during assembling or mounting of the bearing parts, as a
      mounting member, especially for the bearing cage. This is realised by the
      fact that the sealing element is designed such that by removing a part of
      it in the axial direction, a snap-type bearing cage will be pressed around
      the rolling elements.
DRWD
PAR  The invention will now be described in detail, with reference to the
      drawing attached, making more apparent various advantages and features
      thereof.
PAR  FIG. 1 is an axial cross-section of the bearing according to the invention.
PAR  FIGS. 2 and 3 represent, on an enlarged scale, the fixing of the sealing
      element to the bearing according to FIG. 1.
PAR  FIG. 4 is also an axial cross-section of a part of the bearing provided
      with other sealing elements.
PAR  FIGS. 5 and 6 represent, on an enlarged scale, the fixing of the sealing
      element, mounted in the bearing according to FIG. 4.
PAR  FIG. 7 shows a part of an axial cross-section of another embodiment of a
      bearing comprising a bent, flange-shaped ring.
PAR  FIGS. 8 and 9 represent on an enlarged scale the connection of sealing
      elements in the bearing shown in FIG. 7. FIGS. 10 and 11 show axial
      cross-sections of a part of a bearing representing in particular the
      extended application of a sealing element.
DETD
PAR  According to FIG. 1 the bearing 1 comprises an inner ring 2 and an outer
      ring 3, both rings passing over into flanges 4 and 5, respectively. The
      flanges form a fixing or supporting member and are provided for this
      purpose with openings 6 and 7, resp., the flanges 4 and 5 are suitable for
      bolt connection. Between the inner and the outer ring 2 and 3 rolling
      elements 8 are arranged which are spaced-off from one another by a bearing
      cage 9. The bearing 1 comprises the sealing elements 10 and 11, which are
      made of a resilient and wear-resistant material. In this preferred
      embodiment of the invention the sealing element 10 is made of a material
      of especially high wear-resistance, which, on the other hand is resilient
      such that it can ensure an effective sealing for the part 10 A, leaning on
      the side-wall 2A. This embodiment has the advantage that no special
      provisions have to be made, such as grooves, edges, ground in a particular
      manner, etc. in the inner ring 2, because the slightly widening end part
      10A abuts under a slight pressure against the flat side surface 2A of the
      ring.
PAR  It will be noted that in the following description identical parts will be
      indicated by identical reference numbers.
PAR  The sealing element 11 comprises two sealing lips 11A and 11B, abutting
      with their free ends against the flange wall 4A, thereby constituting a
      safe sealing. The sealing element 11 is already arranged before the
      assembly of the bearing in the side-wall 12 of the outer ring 3, such that
      the sealing elements 11A and 11B can lean against the flange wall 4A,
      while permitting the axial and radial displacement of the bearing ring.
PAR  The sealing element 11 furthermore comprises a non-yielding or rigid fixing
      member 13, for example an annular, widened part, which fits under slight
      tension in a recess of the side-wall 12 of the outer ring 3. In the
      sliding face of the inner and outer rings the rolling elements 8 are
      arranged which are separated from one another by a "ridge" or "dam" 14,
      15, of the inner ring 2 and outer ring 3, respectively. It is known that
      upon assembling or mounting such type of bearing, one of the rings, as a
      rule the innerring 2, has to be displaced radially or eccentrically with
      regard to a center line 16 of the outer ring 3, respectively. In such a
      way that the required number of rolling elements 8 can be introduced
      between the rings. This eccentrical displacement of one of the rings
      necessary for "filling" the bearing is determined by the distance of the
      "ridge" 14, 15 from the rings 2 and 3, respectively. The special form and
      arrangement of the sealing element 11, according to the invention permits
      an unimpeded eccentrical or radial movement of the rings with regard to
      one another; the sealing element 11, introduced beforehand between the
      flange-shaped rings 2 and 3, respectively does not limit axial and radial
      displacements. Thus, displacements within the form-limits of the rings are
      possible, in spite of the fact that a sealing element provided with a
      rigid part 22 (see FIG. 3) has been arranged therebetween earlier. The
      sealing element 10 is mounted as a last part of the bearing assembled.
PAR  FIGS. 2 and 3 represent the fixing of the sealing elements 17 and 18, which
      comprise only one sealing lip in this case. The lip 17 is directed towards
      the outer edge of the flange 4, the lip 18 (See FIG. 3) being directed
      towards the inner side of the flange 4 or the rolling elements 8 of the
      bearing 1. The sealing lips 17, 18 form preferably an acute angle with the
      flange wall 4A of the flange-shaped inner ring 2.
PAR  The fixing lips 17 and 18 are provided with a widened resilient fastening
      part 19 and 20, respectively which fits under slight tension in the recess
      21 of the outer ring 3. If necessary a supporting or clamping member 22
      can be applied around the end part 19 or 20, whereafter the arrangement is
      introduced in the recess 21 in such a way that the extremities of this
      member do not extend beyond the ridge or dam 15. (See the dotted border
      line p in FIG. 3). The member 22 should preferably be made of thin
      stainless and resilient metal. Thus the sealing elements 17 and 18 are
      always so stabilised in the bearing that the maximum eccentrical and
      radial displacement of the inner ring 2 with regard to the outer ring 3 is
      not reduced at any time, since neither the widened fastening part 19 and
      20, respectively, nor the supporting member 22 will hinder such
      displacements.
PAR  According to the invention the sealing elements 11, 17 and 18 form also
      holding means for the rolling elements 8. During the introduction of the
      rolling elements between the rings 2, 3, which are in their extreme
      eccentric position, it could happen that one or more rolling elements 8
      roll in between the rings, making the assembly or mounting procedures much
      more difficult. This drawback is now eliminated, since in any deviating
      position of one of both rings with regard to the central line 16, the
      space between the flange wall 4A and the side-wall 12 of the inner and
      outer ring, respectively is covered by the sealing element 11, 17 or 18.
PAR  FIG. 4 represents a part of the axial cross-section of a bearing according
      to the invention, whereby the sealing element 23, positioned between the
      inner ring 2 and the outer ring 3, is executed in bent form and fastened
      to the lower side of the outer ring 3. The bent end part 24 is arranged
      approximately in the transition sector of the rolling surface of the
      innerring 2 towards the flange 4.
PAR  The sealing element 23 comprises a widened end part 23B as well, which
      fits, under slight tension, in a recess 25 of the outer ring 3. The
      fastening of this sealing element is represented in FIGS. 5 and 6 on a
      somewhat enlarged scale. According to the view of FIG. 5, an annular
      recess 27 is provided in the proximity of the sliding face 26 of the ring
      3, the widened end part 28B of the sealing element 28 fitting into the
      recess. A strip or clamp 29 or the like is arranged in the recess 27, for
      ensuring a reliable support or guiding for the said end part (see also
      FIG. 6), the said supporting member extending beyond the edge 3A for the
      optimum support of the sealing element, the widened end part 28B or the
      supporting member 29 thereby extending beyond the edge 3A only to such an
      extent that the maximum eccentric displacement of the rings 2 and 3 is not
      prevented. The dotted line in the extension of the ridge or dam 15
      represents the border line of displacement.
PAR  FIG. 6 represents the fixing of a sealing element 31, that is provided with
      two sealing lips 31A and 31B, leaning against the flatly arranged
      transition sector from the sliding face to the flange of the ring 2, while
      forming an advantageous combination of double sealing and flexible
      displacement. The ring 3 is fixed in this embodiment similarly to the
      fixing arrangement shown in FIG. 5. The bent form of the sealing elements
      23, 28 and 31 also facilitates the eccentric displacement of the bearing
      parts.
PAR  FIG. 7 represents a part of axial cross-section of a bearing 32 in
      accordance with the invention, the flange-shaped inner ring 33 displaying
      in this case a bent or curved flange-part 34. The bearing 32 is provided
      with a sealing element 35, the form of which is adjusted to the
      flange-form. The element 35 fits in the fixing part 36, both being
      inserted in a groove of the outer ring 37.
PAR  The element 35 is also provided with two sealing lips 35A and 35B, which
      have a bent form as well. The lip 35A is directed towards the outer side
      of the flange 34, the sealing lip 35B being directed towards the inner
      side of the flange or the rolling elements 8. The fixing of the end part
      36 in the outer ring 37 is effected in the same manner as in case of the
      bearing represented in FIGS. 1-3. A supporting or clamping member,
      consisting of a metal strip or a resilient holder 39 can be applied as
      well. The bent or curved sealing lips 35A and 35B, following a part of the
      flange wall and leaning towards it, not only ensure a completely free
      axial and radial displacement of these kind of rings, but also ensure an
      optimum sealing effect.
PAR  FIGS. 8 and 9 represent embodiments of sealing elements, which are adjusted
      to a bent flange-shaped ring, the sealing elements consisting of a single
      sealing lip. The view of FIG. 8 represents on an enlarged scale the fixing
      of the sealing element 40, composed of a single sealing lip, turned with
      the free end part 40A towards the outer side of the flange 34. The other
      end part 40B can be provided with a supporting metal holder 39 in the form
      of a strip, arranged in the side surface 37A of the outer ring 37. Part
      40B is made of a different material than part 40A.
PAR  FIG. 9 represents a sealing element 41, displaying a single sealing lip
      which has a bent form as well, while the free sealing end part 41A thereof
      is directed towards the inner side of the flange 34 or the rolling
      elements 8. The further details of the fastening of this sealing element
      are similar to those of the sealing element shown in FIGS. 7 or 8.
PAR  It has to be emphasised that the invention is not limited to the
      embodiments of the sealing elements described herein, but that all kinds
      of sealing elements can be applied, provided they comply with the basic
      requirement, that the maximum eccentric or radial displacement of the
      flange-shaped rings will not be hindered and that the said sealing
      elements are capable of functioning as a mounting device for the rolling
      elements at the same time.
PAR  FIGS. 10 and 11 represent embodiments of a bearing according to the
      invention, wherein the sealing element has an additional function. FIG. 10
      is a schematic illustration of the bearing in the state of mounting,
      wherein the flange-shaped rings 42 and 43 and the rolling elements 8 are
      already assembled. A sealing element 44 abuts against the inner wall of a
      flange-shaped ring 42, at least the end part 44A of the element 44 being
      made of a resilient material. The other parts 44B and 44C in connection
      therewith can be made of a material of lower resilience. Part 44C is
      provided with a reinforcing rib 45, fitting into the recess 46. The length
      of the middle part 44B extends somewhat farther, in the radial direction
      of the bearing, to the sliding face of the ring 42. In addition the
      bearing comprises a bearing-cage 47, preferably of the type known as the
      "snape-cage" type. The end part 48 thereof leans against the middle part
      44B of the sealing element 44, while the bearing-cage encloses only partly
      the rolling elements 8. In the represented state of assembly the
      bearing-cage 47 can easily be arranged around the rolling elements, by
      means of the sealing element 44, through the maximum displacement of part
      44B of the said sealing element. At the same time, the fixing of the
      sealing element is effected in the ring 43, by introducing part 45 into
      the recess 46. The final assembly of the bearing, provided with two
      sealing elements 44 and 49, is shown in FIG. 11. The sealing element 44
      also has two linear contacts with the flange-shaped ring 42, which assure
      a safe sealing.
PAR  It should be observed that instead of the mechanical fastening of the
      sealing element in the bearing, as represented in the embodiments of FIGS.
      1 to 11, the sealing element can be fixed, in special cases, to the inner
      or outer ring, by an adhesive connection with one of the rings. A
      combination of both kinds of fastenings is also advantageous. It is also
      pointed out that the invention can be applied, in a particularly
      advantageous manner, to rolling bearings, having flange-shaped rings and
      displaying good quality and also the advantage, that they need be filled
      with lubricant only once, during the mounting or assembly of the bearing.
      A very special advantage of the invention is that the entire procedure of
      assembling or mounting the bearing parts into a bearing can be carried out
      automatically. It means that assembling seals and cages of bearings, for
      instance according to FIGS. 10 and 11, now can be carried out by apparatus
      such that the axial movement of the seal 44 by which the cage 47 is
      snapped on the balls 9 is always carried out under the same conditions.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bearing comprising an inner ring and an outer ring, at least said
      inner ring formed as part of a flange member, a plurality of rolling
      elements, said inner and outer rings being proportioned to have a maximum
      displacement with respect to each other for insertion of said rolling
      elements therebetween during assembly of said bearing, a bearing cage for
      caging said rolling elements between said inner and outer rings, and first
      and second sealing means for sealing first and second sides of said
      rolling elements for retaining lubricant between said rings and inhibiting
      penetration of foreign particles, said first sealing means being in place
      during insertion of said roller elements and including a relatively rigid
      portion and a relatively resilient portion, said rigid portion radially
      extending between said inner and outer rings over a distance not exceeding
      said maximum displacement, said resilient portion completing said first
      sealing means between said inner and outer ring.
NUM  2.
PAR  2. The bearing of claim 1, wherein said rolling elements are paired and
      ride about a ridge therebetween on the raceways of said inner and outer
      rings, said resilient portion of said first sealing means extending from
      said inner ring to a point on said outer ring at about the same height of
      said ridge.
NUM  3.
PAR  3. Bearing according to claim 1, wherein said first sealing means comprises
      a single sealing lip directed towards the rolling elements.
NUM  4.
PAR  4. Bearing according to claim 1, wherein said first sealing means comprises
      two lips extending from the rigid seal portion, one of which is directed
      towards the open end side of the flange, while the other lip is directed
      towards the rolling elements.
NUM  5.
PAR  5. Bearing according to claim 1, wherein, in the axial cross-section of the
      bearing, said first sealing means develops into a bent lip-end portion
      which end portion leans against the flange-shaped inner ring, in the
      proximity of the rolling surface.
NUM  6.
PAR  6. Bearing according to claim 5, when said first sealing means displays two
      bends, each terminating against said flange shaped inner ring.
NUM  7.
PAR  7. Bearing according to claim 5 wherein said first sealing means displays
      two separate sealing lips leaning, in the proximity of the rolling surface
      of a ring, against said ring.
NUM  8.
PAR  8. Bearing according to claim 1, wherein the connection of a sealing means
      is found in the proximity of the lower side of the outerring.
NUM  9.
PAR  9. A bearing comprising an inner ring and an outer ring, at least said
      inner ring formed as part of a flange member, a plurality of rolling
      elements, said inner and outer rings being proportioned to have a maximum
      displacement with respect to each other for insertion of said rolling
      elements therebetween during assembly of said bearing, a bearing cage for
      caging said rolling elements between said inner and outer rings, and first
      and second sealing means for sealing first and second sides of said
      rolling elements for retaining lubricant between said rings and inhibiting
      penetration of foreign particles, said first sealing means being in place
      during insertion of said roller elements and including a relatively rigid
      portion and a relatively resilient portion, said rigid portion radially
      extending between said inner and outer rings over a distance not exceeding
      said maximum displacement, said first sealing means forming an active
      mounting member for containing said rolling elements and bearing cage
      during insertion of said roller elements during assembly of said bearing,
      said resilient portion completing said first sealing means between said
      inner and outer rings.
NUM  10.
PAR  10. Bearing according to claim 9, wherein connection of said sealing means
      on a ring is effected by means of an adhesive.
NUM  11.
PAR  11. Bearing according to claim 10, wherein said first sealing means
      comprises three parts, each of said parts being successively connected to
      form a complete seal.
NUM  12.
PAR  12. Bearing according to claim 11, wherein a first of said parts is
      connectable to the outer ring, axial movement changing said first part
      into a radially directed middle part that passes into an opposite directed
      third part which partly leans against the inner bearing ring flange.
NUM  13.
PAR  13. Bearing according to claim 12, wherein a snap-cage is provided for
      separating the rolling elements, said cage being arranged around the
      rolling elements by the axial movement of said middle seal-part of said
      first sealing means.
NUM  14.
PAR  14. Bearing according to claim 10, wherein said bearing-ring includes an
      annular groove proximate its flange for the connection of said first
      sealing means.
NUM  15.
PAR  15. Bearing according to claim 10, wherein connection of said sealing means
      on a ring is effected by means of a resilient inserting member (mechanical
      connection).
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ABST
PAL  A combination home stereo entertainment center and bar includes slidable
      supports for the stereo system to provide access to the stereo components
      from an open rear bar section. The system is supported independently of
      the bar itself to prevent motion of the bar from being transmitted to the
      stereo system. Rollable supports are provided to maintain the stereo
      system level while it is in a withdrawn position relative to the bar. A
      window may be provided in the front of the bar for viewing and
      highlighting the stereo system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years stereo sound systems have become increasingly popular as
      home entertainment devices. Such systems typically may include an
      amplifier, tape player, record player or turntable, and speakers. The
      stereo components may be in the form of separate units or they may be
      included in a single cabinet. Turntables are particularly sensitive to
      vibrations and are preferably placed in a steady, vibration free location.
      Stereo components are also the object of curious youngsters' attention and
      are best placed in a location which is secure from young fingers. Home
      bars have also become popular, however, the combination of a bar and
      stereo system in one unit has not been practical since activity around a
      bar would generally result in jolts to the stereo system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention combines a bar and stereo sound system by providing
      independent supporting structures for a bar and a stereo system to prevent
      shocks and jolts to the bar from being transmitted to the stereo. The bar
      serves as a protective enclosure for the stereo system and sliding
      supports enable the stereo to be withdrawn from the bar for easy
      accessibility.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a stereo system-bar combination according to the
      invention;
PAR  FIG. 2 is a side view of the combination shown in FIG. 1;
PAR  FIG. 3 is a rear view of the combination shown in FIG. 1;
PAR  FIG. 4 is a view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a view taken along line 5--5 of FIG. 3; and
PAR  FIG. 6 is a view taken along line 6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1-3, the invention generally comprises an upstanding bar
      10 having a front wall 11, and side walls 12 and 13 supported on a base
      15, and an open back 14. A stereo system 18 is located within the bar 10
      and is supported on a separate base section 20. Stereo system 18 may
      comprise various individual components 18a-18d mounted on shelf unit 21 or
      they may be contained in a separate cabinet (not shown).
PAR  With reference to FIGS. 3-6, the support structure for the stereo system 18
      is shown. The base 15 of bar 10 has a generally U-shaped cutout 25 and the
      stereo support base 20 has a similar but slightly smaller U-shaped
      configuration which rests in a spaced relationship within cutout 25.
      Horizontally extending, parallel track assemblies 26 are mounted on the
      legs of base 20 and extend rearwardly from bar 10 perpendicular to front
      wall 11. The track assemblies each comprise a fixed track member 27
      affixed to base 20 and a sliding member 28 which extends outwardly from
      the rear of bar 10. A ball type caster 29 is affixed to the extension of
      each sliding member 28 and rests on the floor upon which the bases 15 and
      20 rest. The sliding members 28 may be rollingly supported on bearings 30
      within the track members 27 at their inner ends. Two or more parallel
      frame members 32 may be affixed to the tops of sliding members 28 in a
      crosswise direction and the shelf unit 21 may be fixedly mounted thereon.
      Stops 33 may be provided in tracks 27 to limit the rearward travel of the
      sliding member 28.
PAR  As seen in FIGS. 1 and 3, the front of bar 10 may include a clear acrylic
      window 36 to enable the stereo system 18 to be seen. To highlight the
      stereo system 19, lights 37 may be provided adjacent the interior of
      window 36. Additionally, similar windows 40 may be provided in the side
      walls 12 and 13 to permit viewing of the contents of drawers 41 as seen in
      FIGS. 2 and 3.
PAR  While one embodiment of the invention has been described, it will be
      apparent that other variations are possible without departing from the
      inventive concept. While the stereo system 18 has been shown on shelf unit
      21, the system could be contained in its own cabinet slidably supported on
      base 20. The components 18a-d have been illustrated as facing the front of
      bar 10 which prevents tampering with their controls after adjustment.
      Naturally they could also be placed in a rearward direction eliminating
      the need or value of window 36. Additionally, the components 18a-d could
      also be individually mounted on slidable shelves of the shelf unit 21 to
      facillitate individual access. The wiring for stereo system 18 and lights
      37 has not been shown and may be of any conventional design or
      arrangement. The stereo speakers may also be provided as an integral part
      of bar 10 or as separately located items. Finally, although a stereo
      system has been depicted, any similar sound system such as a high fidelity
      system could be used.
PAR  Having thus described a preferred embodiment, the scope of the invention is
      not intended to be limited thereby, but is to be taken solely from an
      interpretation of the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a bar having a first support base, substantially vertical front and
      side walls and an open back, the improvement comprising:
PA1  second support base means adapted to fit substantially within said walls
      and within an opening in said first support base whereby said second
      support base means is isolated relative to said first support base and
      vibrations of said first support base will not be transmitted to said
      second support means,
PA1  sliding means mounted on said second support means for slidably supporting
      a sound system within said bar, said means being adapted to permit
      movement of said sound system between a first position within said walls
      and a second position outside of said bar,
PA1  said bar having a transparent window in at least one wall for viewing said
      sound system, and
PA1  illuminating means mounted on said bar for accentuating said sound system.
NUM  2.
PAR  2. The invention set forth in claim 1 wherein:
PA1  said sliding means comprise at least one track member affixed to said
      second support means and a sliding member bilaterally movably mounted in
      said track member,
PA1  said sound system being mounted on said sliding member.
NUM  3.
PAR  3. In a bar having a first support base, substantially vertical front and
      side walls and an open back, the improvement comprising:
PA1  second support base means adapted to fit substantially within said walls
      and within an opening in said second support base means whereby said
      second support base means is isolated relative to said first support base
      and vibrations of said first support base will not be transmitted to said
      second support means,
PA1  sliding means mounted on said second support means for slidably supporting
      a sound system within said bar, said sliding means being adapted to permit
      movement of said sound system between a first position within said walls
      and a second position outside of said bar, said sliding means comprising
      at least one track member affixed to said second support means and a
      sliding member bilaterally movably mounted in said track member,
PA1  said sound system being mounted on said sliding member,
PA1  said sliding member having one end extending from said bar,
PA1  means for rollably supporting said one end during movement along said track
      member,
PA1  said bar having a transparent window in at least one wall for viewing said
      sound system, and
PA1  illuminating means mounted on said bar for accentuating said sound system.
PATN
WKU  039361071
SRC  5
APN  5061830
APT  1
ART  355
APD  19740916
TTL  Door construction
ISD  19760203
NCL  18
ECL  1
EXA  Holko; Thomas J.
EXP  Schultz; William H.
NDR  1
NFG  7
INVT
NAM  Gourdeau; William F.
CTY  St. Joseph
STA  MI
INVT
NAM  Hahn; Ronald E.
CTY  St. Joseph
STA  MI
ASSG
NAM  Whirlpool Corporation
CTY  Benton Harbor
STA  MI
COD  02
CLAS
OCL  312138R
XCL   52627
XCL  126200
XCL  312204
XCL  312257A
EDF  2
ICL  A47B 4700
FSC  312
FSS  195;138 R;204;214;257 A
FSC   52
FSS  311;476;511;512;618;624;627;625;718
FSC   40
FSS  63 R
FSC  161
FSS  18;43
FSC  126
FSS  200
FSC  134
FSS  57 D;58 D;200
UREF
PNO  2572164
ISD  19511000
NAM  Rogers et al.
XCL   52476
UREF
PNO  2580957
ISD  19520100
NAM  Reeves
OCL  126200
UREF
PNO  2623249
ISD  19521200
NAM  Miller
OCL   52476
UREF
PNO  2859843
ISD  19581100
NAM  Allen
OCL   52512
UREF
PNO  3024074
ISD  19620300
NAM  Jacobs et al.
XCL  134200
UREF
PNO  3149624
ISD  19640900
NAM  Reeves
XCL  126190
UREF
PNO  3294461
ISD  19661200
NAM  Barnard et al.
XCL  312204
UREF
PNO  3328927
ISD  19670700
NAM  Kades
XCL   52311
UREF
PNO  3525190
ISD  19700800
NAM  Saunders et al.
OCL   52624
UREF
PNO  3773399
ISD  19731100
NAM  Sulcek
OCL  312204
FREF
PNO  451,051
ISD  19480900
CNT  CA
OCL  312214
FREF
PNO  541,733
ISD  19411200
CNT  UK
OCL   52627
LREP
FRM  Wegner, Stellman, McCord, Wiles & Wood
ABST
PAL  A door construction arranged to permit interchangeable disposition of a
      selected panel face of any one of a plurality of different panels having
      different appearances. The door construction may include a fire wall panel
      forwardly of electrical control wiring therein and an interchangeable
      decorative panel assembly may be removably installed forwardly of the fire
      wall panel. The decorative panel assembly has a thickness similar to that
      of conventional wood paneling, thus permitting substitution of wood
      paneling in the door construction as desired. The door construction is
      arranged to permit facilitated changing of the exposed panel face at any
      time. The fire wall panel is electrically conductive and grounded and the
      decorative panel assembly is spaced forwardly of the fire wall panel. A
      control console at the top of the door construction is recessed to receive
      an upper edge portion of the decorative panel assembly for facilitated
      installation and removal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to door constructions and in particular to door
      constructions for use in electrical appliances such as dishwashers and the
      like.
PAR  2. Description of the Prior Art
PAR  A number of different door constructions have been provided for use in
      closing the front of an open cabinet. Illustratively, in Melvin A. Jung
      U.S. Pat. No. 3,105,726, a desk is provided with interchangeable panels
      which are effectively hung by means of upper brackets from an upper hanger
      and securing screws extending through a lower support of the desk into a
      lower flange of the panels.
PAR  In U.S. Pat. No. 3,294,461 of Walter C. Barnard et al, owned by the
      assignee hereof, a dishwasher door construction is shown having a panel
      arrangement permitting the selective disposition of different decorative
      panels.
PAR  In Raymond C. Sandin U.S. Pat. No. 3,313,065, a cabinet door is disclosed
      utilizing trim strips to frame and retain a rectangular panel against an
      outer wall of the door. The trim strips are removably secured to the door
      so as to permit substitution of different panels.
PAR  In Jay F. Kates U.S. Pat. No. 3,328,927, a panel for use in elevator cabs
      is disclosed permitting substitution of different decorative panels by a
      pivoting of a mounting board.
PAR  In Charles A. Wilcox et al. U.S. Pat. No. 3,501,186, a trim mounting strip
      is provided wherein a replaceable front panel is retained.
PAR  In Orson V. Saunders et al. U.S. Pat. No. 3,525,190, a door construction is
      disclosed wherein replacement of the front panel may be effected by
      removal of a top horizontal trim member.
PAR  In Charles E. Sulcek U.S. Pat. No. 3,773,399, owned by the assignee hereof,
      an interchangeable front panel means for a refuse compactor drawer is
      disclosed.
PAR  Thus, the prior art shows a number of different structural arrangements for
      use in providing interchangeability of door panels in door constructions
      for use in appliances and the like.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved door construction providing
      further facilitated interchangeability of a plurality of decorative
      panels. A plurality of decorative panels are facially juxtaposed and
      installed as an assembly in the door construction with a selected face of
      a selected panel thereof forwardmost to provide a desired aesthetic
      effect. The door construction is arranged to permit facilitated
      interchangeability of the panel faces by means of a facilitated removal,
      rearrangement and reinstallation of the rearranged panel assembly.
PAR  More specifically, the door construction includes a fire wall panel
      extending substantially across the space defined by the door frame with
      the electrical control and wiring carried by the door rearwardly of the
      fire wall panel. The fire wall panel may be formed of an electrically
      conductive material, such as metal, and is preferably grounded.
PAR  The decorative panels may comprise metal-faced sheets suitably painted in
      different colors and the assembly may include a rear, waxed corrugated
      sheet confronting the fire wall panel.
PAR  The assembly may be biased forwardly away from the fire wall panel by
      resilient biasing means which, in the illustrated embodiment, comprise
      spring clips engaging the opposite side portions of the panel assembly.
      The spring clips may further define the means for securing the fire wall
      panel to the frame.
PAR  The door construction may include a console enclosure housing the
      electrical control at the top of the door construction. The enclosure may
      define a downwardly opening recess receiving the top edge portion of the
      panel assembly. The lower edge portion of the panel assembly may be
      provided with a U-shaped channel. The channel embraces the lower edge of
      the panel assembly and the panel and lower portion of the frame may be
      provided with cooperating releasable securing means for holding the lower
      edge portion of the panel assembly against movement forwardly from the
      door construction. In the illustrated embodiment, the holding means
      comprises cooperating male and female elements permitting the panel
      assembly to be moved upwardly into the console recess sufficiently to
      effect disengagement of the holding means and permit the panel assembly to
      be moved downwardly and forwardly from the recess and from the door
      construction. The panel assembly with the selected decorative panel face
      outermost, may be reinstalled by a simple reverse procedure.
PAR  The edge portions of the panel assembly may be retained against forward
      movement by removable trim strips along the side edges of the frame.
PAR  Thus, the door construction of the present invention is extremely simple
      and economical of construction while yet providing facilitated
      interchangeability of the decorative panel surfaces.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a perspective view of a counter having a dishwasher provided with
      a door construction embodying the invention;
PAR  FIG. 2 is a perspective view of the door construction illustrating the
      removal of the trim strips therefrom in a first step in the removal of the
      decorative panel assembly from the door construction;
PAR  FIG. 3 is a perspective view showing a further step in the removal of the
      panel assembly;
PAR  FIG. 4 is a perspective view showing the door construction with the panel
      assembly removed;
PAR  FIG. 5 is a fragmentary enlarged vertical section taken substantially along
      the line 5--5 of FIG. 2;
PAR  FIG. 6 is a fragmentary enlarged vertical section taken substantially along
      line 6--6 of FIG. 2; and
PAR  FIG. 7 is a fragmentary horizontal section taken substantially along the
      line 7--7 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing, a
      dishwasher generally designated 10, illustratively adapted to be mounted
      in a conventional kitchen counter 11 is provided with an improved door
      construction generally designated 12 embodying the invention.
PAR  Door construction 12 is provided with an improved decorative panel means 13
      permitting interchangeability of a plurality of decorative services with
      the interchanging thereof effected in a novel and simple manner.
PAR  More specifically, as shown in FIG. 2, the door construction includes a
      frame 14 and having side portions 15 and 16, a bottom portion 17, and a
      top console enclosure 18 defining a space 19 across which the panel means
      13 extends in the assembled arrangement of the door. Console 18 carries
      suitable control elements 20 for use with a manual control knob 21 in
      effecting operation of the dishwasher. Wiring 22 to the control 20 extends
      downwardly through the rear of space 19 for suitable interconnection with
      other electrical components of the dishwasher (not shown).
PAR  As illustrated in FIG. 2, the door includes channel-shaped trim strips 23
      embracing the side portions 15 and 16 of the frame and removable therefrom
      upon release of suitable detent means 24 as by insertion of a knife blade
      between the lower end of the trim strip and the door frame. The released
      trim strip is moved downwardly to permit the rear portion thereof to clear
      a plurality of projecting portions 25 on the rear of the frame portions 15
      and 16 and permit the trim to be turned free of the frame portions 15 and
      16.
PAR  Panel assembly 13 is defined by a plurality of decorative panels 26 and 27
      and a corrugated protective panel 28. The assembly is maintained as a
      panel pack at the lower edge portion 29 thereof by a U-shaped channel 30.
      As shown in FIG. 3, the channel embraces the lower edge portion 29 and is
      provided with a plurality of downwardly projecting tabs 31 adapted to be
      received in complementary slots 32 in the bottom frame element 17. As
      shown in FIG. 5, the upper edge portion 33 of decorative panel pack 13 is
      received in a recess 34 defined by console enclosure 18. Sufficient
      clearance is provided above the panel pack 13 to permit the pack to be
      upwardly moved slightly to disengage tabs 31 from slots 32 when it is
      desired to move the pack from the door construction. With the side trim
      strips 23 removed, the pack may be swung outwardly to permit the entire
      pack to be removed from the door construction by a forward and downward
      movement in the direction of the arrow 35, as shown in FIG. 3.
PAR  Recess 34 may be defined in part by a frame element 36, as shown in FIG. 5,
      having a downturned mid-portion 37.
PAR  A metal fire wall panel, or barrier panel, 38 extends across the rear of
      space 19. The upper edge portion 39 of the barrier panel is facially
      juxtaposed to the frame portion 37, as shown in FIG. 5, and the lower edge
      portion 40 is positively secured to a downturned flange 41 of the door
      frame by suitable electrically conducting fastening means, such as metal
      screw 42, which serves to electrically ground the panel 38 to the door
      frame 14 which is of metal, and which is electrically grounded on
      installation of the dishwasher to eliminate electrical shock hazard.
PAR  The side portions 43 of the barrier panel are retained to the door frame by
      a pair of spring clips 44 at the opposite sides of space 19. Each spring
      clip includes a tongue portion 45 extending resiliently forwardly into
      space 19 to engage the protective panel 28 at the rear of the decorative
      panel pack and urge the pack forwardly against an inturned flange 46 of
      the trim strips 23 and a depending flange 47 defining the forward end of
      recess 34. As shown in FIGS. 5-7, the spring clips resultingly dispose the
      decorative panel pack in forwardly spaced relationship to the barrier
      wall. The biasing of the clips maintains the several elements of the
      decorative panel pack against movement and eliminates undesirable noise
      and rattling in the dishwasher during operation.
PAR  As indicated above, panel pack 13 may include at least two decorative
      panels and a protective panel. Each decorative panel may have its opposite
      faces differently decorated and, thus, four different decorative surfaces
      may be utilized as the front surface of the door construction by simple
      interchanging of the panels. More specifically, panel 26 may define a
      first face 48 and a second face 49. Second decorative panel 27 may define
      a first face 50 and a second face 51. In one commercial version of the
      door construction, the panels 26 and 27 comprise painted steel panels with
      surface 48 painted harvest gold, surface 49 painted avocado, surface 50
      painted coppertone, and surface 51 painted white. Any of the surfaces may
      be selected as the decorative face of the door construction by simply
      disposing the panel with the selected face forwardmost in the pack
      assembly and reinstallation of the channel 30 in embracing relationship to
      the bottom edge thereof. The thusly selectively re-arranged pack is then
      reinstalled in the door construction by reversely installing the upper
      edge portion in the recess 34 and swinging the lower edge portion into the
      lower portion of the space 19, thereby permitting the tabs 31 to seat in
      the slots 32 with the upper portion of the pack being biased forwardly
      against flange 47 of the console by the spring clips 44. The side trim
      strips 23 are reinstalled and locked into place to complete the
      installation with the flange portions 46 thereof further serving to retain
      the decorative panel pack against movement forwardly from the space 19, as
      shown in FIG. 7.
PAR  Barrier panel 38 is preferably formed of metal and defines a flame-proof
      shield between the electrical wiring 22 and control 20 and any flammable
      material on the front of the door. In the illustrated embodiment, the
      protective panel 28 comprises a waxed corrugated board panel which is
      thusly protected by the barrier panel 38.
PAR  The thickness of the decorative panel assembly is preferably approximately
      1/4 inch so as to be generally similar to the thickness of conventional
      wood paneling permitting the installation of a 1/4 inch thick wood panel
      such as one matching the cabinetry wood of the cabinets in the kitchen in
      which the dishwasher 10 may be installed as an alternative decorative
      panel in the door construction. The wood panel is retained in the door
      construction in the same manner as the decorative panel assembly with the
      channel 30 being disposed in embracing relationship to the lower end of
      the wood panel in the same manner.
PAR  As no screws are utilized in securing the interchangeable decorative panel
      assembly in the door construction, the selective interchanging of panel
      surfaces may be effected quickly and simply within a matter of a few
      minutes. Further, a single door construction may be utilized in
      combination with any one of four differently colored appliances
      corresponding to the four different colors of the surfaces of the two
      decorative panels, thereby facilitating stocking and minimizing inventory
      costs. While the panels are readily interchangeable, the panel assembly is
      effectively held against rattling and noise during operation of the
      dishwasher by the resiliently biasing spring clips.
PAR  In the illustrated embodiment, the decorative panels comprise metal panels
      having a thickness of 0.021 inch and the protective panel 28 comprises a
      3/16 inch Kraft paper waxed corrugated board. Where a 1/4 inch thick wood
      panel is utilized, the spring clips function similarly in retaining it
      against rattling and noise in the operation of the dishwasher.
PAR  The metal barrier panel 38 is used with either of the painted metal panel
      or the decorative wood panel arrangements and since it is positively
      electrically grounded to the dishwasher 10 via the screw 42 associated
      with the dishwasher door frame 14 the door elements are positively
      electrically grounded regardless of the front panel arrangement selected.
      Additionally, the metal barrier panel 38 provides a flameproof shield
      between the electrical components and wiring 22 in the door 12 and any
      flammable elements of the exterior decorative panel structure.
PAR  In either the painted metal panel arrangement or the decorative wood panel
      arrangement, end or tongue portions 45 of the spring steel clips 44 bear
      against either the back of the protective panel or spacer 28 in the panel
      pack or the back of the wood panel to resiliently urge the front panel
      forward against the door frame and the inturned edges of the side trim
      strips 23.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. In a door construction for an electrically operable appliance, having a
      peripheral frame defining an opening, and electrical control means carried
      by said frame including wiring extending at the rear of said opening, the
      improvement comprising: a console enclosure carried at the top of said
      frame for enclosing the control means and defining a downwardly opening
      recess extending substantially fully across said opening; a fire wall
      panel extending fully across said opening to close said opening forwardly
      of said control means and wiring; a plurality of decorative panels
      removably installed as an assembly in said frame across said opening
      spaced forwardly of said fire wall panel, said decorative panel assembly
      defining an upper edge portion received in said recess and a lower edge
      portion; cooperating male and female securing means on said frame and
      decorative panel assembly for securing said lower edge portion of the
      decorative panel assembly removably to said frame against movement
      forwardly from said space in an engaged disposition thereof; and biasing
      means for yieldably retaining said decorative panels in facial abutment in
      said assembly while permitting limited movement of said decorative panel
      assembly vertically from said engaged disposition to permit said lower
      edge portion to be moved forwardly from said space and thereby permit said
      upper edge portion to be moved downwardly from said recess to remove said
      decorative panel assembly from said door construction, and permit
      installation of said decorative panel assembly by a reverse procedure,
      said biasing means being spaced substantially from said lower edge to
      maintain facial abutment while being disposed to urge said decorative
      panel assembly from said frame upon movement of said lower edge portion
      from said engaged disposition.
NUM  2.
PAR  2. The door construction of claim 1 wherein said securing means comprises a
      U-shaped element embracing said lower edge portion of the decorative panel
      assembly and said cooperating male and female connector means is provided
      on said U-shaped element and frame.
NUM  3.
PAR  3. The door construction of claim 1 wherein said securing means includes
      means for securing said plurality of panels together at said lower edge
      portion.
NUM  4.
PAR  4. The door construction of claim 1 wherein said securing means includes
      U-shaped channel means for securing said plurality of panels together at
      said lower edge portion.
NUM  5.
PAR  5. The door construction of claim 1 wherein said decorative panel assembly
      defines side edge portions and flange means are removably secured to said
      frame for forwardly overlying the side edge portion of said decorative
      panel means.
NUM  6.
PAR  6. The door construction of claim 1 wherein said fire wall panel and frame
      are formed of metal.
NUM  7.
PAR  7. The door construction of claim 1 wherein said fire wall panel is formed
      of metal and electrically conducting fastening means are provided for
      securing and grounding the fire wall panel to the frame of the appliance.
NUM  8.
PAR  8. In a door construction for an electrically operable appliance, having a
      peripheral frame defining an opening, and electrical control means carried
      by said frame including wiring extending at the rear of said opening, the
      improvement comprising: a console enclosure carried at the top of said
      frame for enclosing the control means and defining a downwardly opening
      recess extending substantially fully across said opening; a fire wall
      panel extending fully across said opening to close said opening forwardly
      of said control means and wiring; a plurality of decorative panels
      removably installed as an assembly in said frame across said opening
      spaced forwardly of said fire wall panel, said decorative panel assembly
      defining an upper edge portion received in said recess, side edge
      portions, and a lower edge portion; cooperating male and female securing
      means on said frame and decorative panel assembly for securing said lower
      edge portion of the decorative panel assembly removably to said frame
      against movement forwardly from said space in an engaged disposition
      thereof while permitting limited movement of said decorative panel
      assembly vertically from said engaged disposition to permit said lower
      edge portion to be moved forwardly from said space and thereby permit said
      upper edge portion to be moved downwardly from said recess to remove said
      decorative panel assembly from said door construction, and permit
      installation of said decorative panel assembly by a reverse procedure;
      flange means removably mounted on said frame defining formed, inturned
      flanges forwardly overlying said side edge portions of the decorative
      panel assembly; and biasing means for biasing said decorative panel
      assembly against said inturned flanges to retain said decorative panels in
      facial abutment in said assembly while permitting limited movement of said
      decorative panel assembly vertically from said engaged disposition to
      permit said lower edge portion to be moved forwardly from said space and
      thereby permit said upper edge portion to be moved downwardly from said
      recess to remove said decorative panel assembly from said door
      construction, and permit installation of said decorative panel assembly by
      a reverse procedure, said biasing means being spaced substantially from
      said lower edge to maintain facial abutment while being disposed to urge
      said decorative panel assembly from said frame upon movement of said lower
      edge portion from said engaged disposition.
NUM  9.
PAR  9. The door construction of claim 8 wherein said decorative panel assembly
      is spaced forwardly of said fire wall panel by said biasing means.
NUM  10.
PAR  10. The door construction of claim 8 wherein said biasing means comprises
      resilient means engaging an upper portion of the decorative panel
      assembly.
NUM  11.
PAR  11. The door construction of claim 8 wherein said biasing means comprises a
      pair of spring clips carried by said frame one each at opposite sides of
      said decorative panel assembly and engaging an upper portion of the
      decorative panel assembly to space said decorative panel assembly
      forwardly of said fire wall panel.
NUM  12.
PAR  12. The door construction of claim 8 wherein said decorative panel assembly
      includes a protective panel at the rear of said plurality of decorative
      panels.
NUM  13.
PAR  13. The door construction of claim 12 wherein said biasing means engages
      said protective panel.
NUM  14.
PAR  14. The door construction of claim 12 wherein said biasing means comprises
      spring clips on said frame engaging said protective panel and urging said
      upper edge portion of the decorative panel assembly forwardly.
NUM  15.
PAR  15. The door construction of claim 8 wherein said decorative panel assembly
      has a thickness of approximately 1/4 inch.
NUM  16.
PAR  16. The door construction of claim 8 wherein each of said decorative panels
      comprises a painted panel.
NUM  17.
PAR  17. In a door construction for an electrically operable appliance, having a
      peripheral frame defining an opening, and electrical control means carried
      by said frame including wiring extending at the rear of said opening, the
      improvement comprising: a console enclosure carried at the top of said
      frame for enclosing the control means and defining a downwardly opening
      recess extending substantially fully across said opening; a fire wall
      panel extending across said opening and forwardly of said control means
      and wiring; decorative panel means removably installed in said frame
      across said opening forwardly of said fire wall panel, said decorative
      panel means defining an upper edge portion received in said recess, side
      edge portions, and a lower edge portion; securing means for securing said
      lower edge portion against movement forwardly from said space in an
      engaged disposition thereof while permitting limited movement of said
      decorative panel means vertically from said engaged disposition to permit
      said lower edge portion to be moved forwardly from said space and thereby
      permit said upper edge portion to be moved downwardly from said recess to
      remove said decorative panel means from said door construction, and permit
      installation of said decorative panel means by a reverse procedure, said
      biasing means comprising spring clip means, said spring clip means further
      defining means for securing said fire wall panel to said frame.
NUM  18.
PAR  18. In a door construction for an electrically operable appliance, having a
      peripheral frame defining an opening, and electrical control means carried
      by said frame including wiring extending at the rear of said opening, the
      improvement comprising: a console enclosure carried at the top of said
      frame for enclosing the control means and defining a downwardly opening
      recess extending substantially fully across said opening; decorative panel
      means removably installed in said frame across said opening, said
      decorative panel means defining an upper edge portion received in said
      recess and a lower edge portion, said decorative panel means including a
      plurality of facially juxtaposed decorative panels having differently
      appearing faces interchangeably disposed with a selected face of a
      selected panel forwardmost to be viewed from the front of the door
      construction to provide any one of a plurality of different panel
      appearances therein; and securing means for securing said lower edge
      portion against movement forwardly from said space in an engaged
      disposition thereof while permitting limited movement of said decorative
      panel means vertically from said engaged disposition to permit said lower
      edge portion to be moved forwardly from said space and thereby permit said
      upper edge portion to be moved downwardly from said recess to remove said
      decorative panel means from said door construction, and permit
      installation of said decorative panel means by a reverse procedure, said
      decorative panel means further including a protective panel at the rear of
      said plurality of decorative panels formed of wax impregnated corrugated
      fiber panels.
PATN
WKU  039361080
SRC  5
APN  5521041
APT  1
ART  351
APD  19750224
TTL  File cabinet drawer locking mechanism
ISD  19760203
NCL  9
ECL  1
EXA  Pietruszka; Carl F.
EXP  Gilliam; Paul R.
NDR  2
NFG  5
INVT
NAM  Chitester; John Alvin
CTY  Long Beach
STA  NY
ASSG
NAM  Oxford Pendaflex Corporation
CTY  Garden City
STA  NY
COD  02
CLAS
OCL  312217
XCL   70 82
XCL  312219
EDF  2
ICL  E05B 6546
FSC   70
FSS  82;84-86
FSC  292
FSS  98-99;102;106;127;129
FSC  312
FSS  216;219;217
UREF
PNO  2091382
ISD  19370800
NAM  Swimmer
OCL   70182
UREF
PNO  3883200
ISD  19750500
NAM  Latham
OCL  312216
UREF
PNO  3888558
ISD  19750600
NAM  Himsl
OCL  312216
LREP
FRM  Darby & Darby
ABST
PAL  A locking mechanism for file cabinet drawers having a receding front wall
      includes a vertically movable elongated rod with horizontally extending
      projections which is positioned adjacent the side walls of the drawers on
      one side of the file cabinet; a rotatable shaft supported beneath the
      bottom wall of each drawer and extending beyond the side walls of each
      drawer; and a locking member mounted on the shaft between each drawer side
      wall and the file cabinet casing. A camming surface on the locking member
      on the side of the cabinet adjacent the rod is engaged by the projection
      on the upwardly moving rod causing the shaft to rotate and thereby
      actuating both locking members into engagement with both sides of the
      receding drawer front wall. The locking member on the other side of the
      cabinet also engages a retainer element attached to the file cabinet
      casing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  File cabinets may be generally characterized as having either rigid drawer
      fronts or receding drawer fronts or a combination of the two. The receding
      drawer front file cabinets may be either shelf-type cabinets or the
      pullout drawer-type cabinets. This invention particularly relates to
      pullout drawer-type file cabinets having receding drawer fronts.
PAR  In rigid drawer front file cabinets, it is conventional to provide a
      vertically movable elongated rod or locking bar which permits all of the
      drawers in the file cabinet to be locked by a key. Generally speaking, the
      locking bar extends the height of the file cabinet and has horizontally
      projecting members which can be moved into the path of travel of
      corresponding tabs or projections on the file cabinet drawers to prevent
      the opening of these drawers when the rod is in a locked position.
      However, this locking mechanism is not satisfactory for receding drawer
      front file cabinets in which the drawer pulls out and, in addition, the
      drawer front recedes.
PAR  Another problem in providing a satisfactory locking mechanism for a
      receding drawer front file cabinet is that the receding drawer front is
      usually extremely flexible so that if only one side of the receding drawer
      front is locked, it is still possible to pull back the other side of the
      receding drawer front when a pulling force is applied to the handle
      located in the middle of the receding drawer front.
PAC  SUMMARY OF THE INVENTION
PAR  The locking mechanism of this invention overcomes the above-mentioned
      difficulty and provides a positive locking mechanism for both sides of the
      receding drawer front which prevents the receding drawer front from being
      opened, and also prevents the file cabinet drawer from being pulled out.
PAR  Briefly stated, the locking mechanism of this invention includes a
      vertically movable elongated rod having a plurality of horizontally
      extending projections which is mounted in one side of the file cabinet
      causing adjacent the side walls of the file cabinet drawers; a rotatable
      shaft which is supported beneath the bottom wall of each of the drawers; a
      pair of locking members mounted on each end of the rod; and a retaining
      element which is attached to the other side of the file cabinet casing.
PAR  In operation, when it is desired to lock the file cabinet drawers, a key or
      other mechanism is used to lift the elongated bar into its locked position
      so that the horizontal projections on the bar are positioned in the path
      of travel of corresponding projections or tabs on the horizontally
      extending file drawers. As the rod moves upwardly, each projection engages
      a camming surface on the locking member nearest to the rod causing the
      shaft on which the locking member is mounted to rotate so that the locking
      portions of both locking members rotate into engagement with the rear
      surface of the receding drawer front. Also, the locking member farthest
      from the rod engages a retaining element which is mounted on the filing
      cabinet casing wall farthest from the rod so that that side of the
      receding drawer front is also positively locked.
DRWD
PAR  Structural features of the invention and the complete nature thereof will
      become increasingly apparent following a consideration of the ensuing
      specification and the appended claims in which the invention is defined,
      particularly when taken in conjunction with the accompanying illustrative
      drawings which set forth a preferred embodiment of the invention.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one drawer of a receding drawer front file
      cabinet with parts broken away;
PAR  FIG. 2 is a cross-sectional view of a portion of the locking mechanism of
      this invention taken along the lines 2--2 in FIG. 1;
PAR  FIG. 3 is a cross-sectional view of a portion of the locking mechanism
      illustrated in FIG. 2 taken along the lines 3--3;
PAR  FIG. 4 is a cross-sectional view of the locking mechanism illustrated in
      FIG. 1 taken along the lines 4--4; and
PAR  FIG. 5 is a view similar to FIG. 2 showing a portion of the locking
      mechanism illustrated in FIG. 1 in an unlatched position.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the three basic parts of the file cabinet 10
      consist of the file cabinet outer casing 12, the file cabinet drawer 14,
      and the receding drawer front 16. The receding drawer front 16 is
      pivotally mounted on a pair of spaced rails 18 (only the right-hand rail
      is shown in the drawings, the left-hand rail being a mirror image of the
      right-hand rail) which is attached to the file cabinet outer casing 12.
      The receding drawer front 16 pivots about a laterally extending axis
      generally coincident with the top edge of the drawer front. The drawer is
      opened by grasping a handle 20 located in the middle of the drawer front
      and pulling it outwardly and upwardly (see arrow in FIG. 5) so that the
      drawer rotates about the laterally extending axis to a position where the
      drawer front is substantially parallel to the rail 18. Then, the bottom
      edge 22 of the drawer front 16 can be pushed rearwardly so that the drawer
      front recedes into the file cabinet along the rails 18. In the drawer
      front's receded position, the bottom edge 22 of the drawer front is
      coincident with the front edge of the rails 18. When the drawer front is
      in its receded position, the drawer can be pulled out from the file
      cabinet casing.
PAR  An elongated rod 24 is located in a channel in the right side of the file
      cabinet casing. The rod moves vertically upwardly and downwardly. The
      vertical movement of the rod 24 is controlled by a key mechanism 26. When
      the key is turned to the locked position, camming member 28 on the key
      mechanism moves upwardly and engages the notch 30 in the rod thereby
      causing the rod to move upwardly. To unlock the file cabinet, the key is
      turned in the other direction, and the camming member 28 and the rod 24
      move downwardly.
PAR  Referring now to FIGS. 1 and 2, elongated rod 24 is shown in the locked
      position. Projections 32 extend horizontally from rod 24 toward the side
      walls of the file cabinet drawers. When the rod is in the locked position,
      projection 32 is positioned in front of a tab 34 extending from drawer 14
      towards the rod 24. Since projection 32 is in the path of travel of tab 34
      in the locked position, drawer 16 cannot be pulled out from the file
      cabinet casing.
PAR  A first locking member 36 is mounted on a shaft 38 which extends across the
      width of the file cabinet drawer 14. Shaft 38 is located in a rectangular
      casing 40 which is formed below the front edge of the bottom surface 42 of
      the file cabinet drawer 14. The shaft 38 extends through apertures 60 in
      plates 62 which are attached to both sides 64 of the drawer 14 and which
      cover the side openings formed by rectangular housing 40. Any other
      conventional means of supporting the rod for rotational movement could be
      used in place of the above-described support plates 62.
PAR  Locking member 36 consists of a front C-shaped portion 44 and a rear
      camming surface 46 and is positioned between the file cabinet drawer side
      64 and the elongated bar 24.
PAR  Referring now to FIG. 3, a wire spring 48 is wound about the shaft 38 in
      order to spring-load the locking member 36 to the unlocked position
      illustrated in FIG. 5. The spring 48 causes the locking member 36 to
      rotate counterclockwise (with reference to FIG. 5) and out of engagement
      with the lip or channel 50 which is formed across the rear surface of the
      receding drawer front 16.
PAR  One end of spring 48 extends through apertures in the plate 62 and the side
      of the file cabinet drawer 64. The other end of the spring is inserted
      into an aperture in the locking member 36. Instead of the spring member 48
      to urge the locking member 36 to the retracted position illustrated in
      FIG. 5, any other suitable means may be used.
PAR  Referring to FIG. 2, as the elongated rod projection 32 moves upwardly from
      the position illustrated in FIG. 5 to the position illustrated in FIG. 2,
      projection 32 engages the camming surface 46 of the locking member 36 and
      causes the locking member to pivot in a clockwise direction (referring to
      FIG. 2) so that the C-shaped portion 44 engages the lip 50 of the receding
      drawer front 16.
PAR  Referring still to FIG. 2, a stop surface 66 is provided on the locking
      member 36. The stop surface bears against the tab 34 when the locking bar
      24 is moved downwardly to the position illustrated in FIG. 5. FIG. 5
      illustrates the stop surface 66 of the locking member 36 engaging the tab
      34 on the file cabinet drawer to prevent locking member 36 from rotating
      in a counterclockwise direction (referring to FIG. 5) any further than
      from the position illustrated in FIG. 5.
PAR  Referring now to FIG. 4, the left side of the receding drawer front locking
      mechanism is illustrated. A second locking member 70 is mounted on the
      rotatable shaft 38 in the same manner as locking member 36 so that when
      the projection 32 on the locking bar 24 moves upwardly, causing locking
      member 36 and shaft 38 to rotate in a clockwise direction (referring to
      FIG. 2), locking member 70 also rotates in a counterclockwise direction
      (referring to FIG. 4) to engage lip 50 of the receding drawer front in the
      same manner as locking member 36.
PAR  Locking member 70 is also provided with a vertically extending tab portion
      72 which engages a retaining element 74 which is attached to the left side
      of the file cabinet. The retaining element 72 has a downwardly depending
      lip 75 which is engaged by the upwardly extending tab on the left-hand
      locking member 70. Since the retaining element 72 is directly attached to
      the file cabinet housing, the locking mechanism of this invention provides
      positive locking of both sides of the receding drawer front.
PAR  While the principles of the invention have now been made clear in the
      illustrative embodiment, it is entirely conceivable that upon examining
      the foregoing disclosure, those skilled in the art may devise embodiments
      of the concept involved which differ somewhat from the embodiments shown
      and described herein, or may make various changes in structural details to
      the present embodiment. For example, the locking members 36 and 70 could
      be positioned on either side of the file cabinet, the locking bar 24 could
      be moved downwardly into locking position, and the shape of the various
      portions of the locking members could be changed. Consequently, all such
      changed embodiments or variations of structure as utilize the concepts of
      the invention and clearly incorporate the spirit thereof are to be
      considered as within the scope of the claims appended herebelow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A locking mechanism for a file cabinet having a plurality of
      horizontally extensible drawers positioned one atop the other within a
      casing, each of said drawers having front and rear ends, a bottom wall,
      opposing first and second side walls, and a receding front wall being part
      of said casing, comprising:
PA1  an elongated rod positioned adjacent said drawer first side wall, means for
      moving said rod vertically upwardly to a locked position and vertically
      downwardly to an unlocked position, a projection extending inwardly from
      said rod towards said drawer first side wall;
PA1  a shaft supported beneath the front end of the drawer bottom wall and
      extending beyond said drawer first and second walls; means for rotatably
      supporting said shaft,
PA1  a first locking member rigidly mounted on said rotatable shaft and
      positioned between said first side wall and said rod, said first locking
      member including means for engaging and locking said drawer receding front
      wall adjacent said drawer first side wall and means cooperating with said
      projection for actuating said first locking member into locking engagement
      with said drawer receding front wall;
PA1  a retainer element attached to said casing adjacent said drawer second side
      wall and extending inwardly towards said drawer second side wall;
PA1  a second locking member positioned between said drawer second side wall and
      said casing, said second locking member including means for engaging and
      locking said casing receding front wall adjacent said drawer second side
      wall and means for engaging said retainer element;
PA1  means attached to said first locking member for actuating said second
      locking member into locking engagement with said casing receding front
      wall.
NUM  2.
PAR  2. The locking mechanism recited in claim 1, further comprising a tab
      member extending outwardly from said drawer first side wall towards said
      rod, said projection being positioned in the path of travel of said drawer
      tab member when said rod is in the locked position.
NUM  3.
PAR  3. The locking mechanism recited in claim 1, said first locking member
      engaging and locking means and said second locking member engaging and
      locking means each comprising a generally C-shaped portion.
NUM  4.
PAR  4. The locking mechanism recited in claim 3, said first locking member
      cooperating means comprising a camming surface inclined downwardly from
      the end of the bottom leg of the C-shaped portion.
NUM  5.
PAR  5. The locking mechanism recited in claim 4, further comprising a stop
      surface being formed on said first locking member, said stop surface
      extending upwardly from the lowermost portion of said camming surface.
NUM  6.
PAR  6. The locking mechanism recited in claim 5 said second locking member
      retainer engaging means comprising a tab extending horizontally from the
      rear surface of the C-shaped portion in a direction opposite to the legs
      of said C-shaped portion when said second locking member is in an unlocked
      position.
NUM  7.
PAR  7. The locking mechanism recited in claim 1, further comprising means
      attached to said first locking member for urging said first locking member
      out of engagement with said drawer receding front wall.
NUM  8.
PAR  8. The locking mechanism recited in claim 1, said urging means comprising a
      spring wound about said shaft, said spring first end being attached to
      said first locking member.
NUM  9.
PAR  9. A locking mechanism for a file cabinet having a plurality of
      horizontally extensible drawers positioned one atop the other within a
      casing, each of said drawers having front and rear ends, a bottom wall,
      opposing first and second side walls and a receding front wall comprising:
PA1  an elongated rod positioned adjacent said drawer first side wall, means for
      moving said rod vertically upwardly to a locked position and vertically
      downwardly to an unlocked position, a projection extending inwardly from
      said rod towards said drawer first side wall;
PA1  a shaft supported beneath the front end of the drawer bottom wall and
      extending beyond said drawer first and second walls; means for rotatably
      supporting said shaft;
PA1  a first locking member rigidly mounted on said rotatable shaft and
      positioned between said drawer first side wall and said rod, said first
      locking member including a generally C-shaped portion for engaging and
      locking said drawer receding front wall adjacent said drawer first side
      wall, and a camming surface in the path of travel of said projection;
PA1  a retainer element attached to said casing and having a horizontal surface
      extending towards said drawer second side wall;
PA1  a second locking member rigidly mounted on said rotatable shaft and
      positioned between said drawer second side wall and said casing, said
      second locking member including a generally C-shaped portion for engaging
      and locking said drawer receding front wall adjacent said drawer second
      side wall, and a tab extending horizontally from said C-shaped portion in
      a direction opposite to the legs of said C-shaped portion for engaging
      said retainer element.
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ABST
PAL  A compact podium structure which is readily portable and which can also be
      supported at adjustable heights. The podium has a box-like upper part with
      an inclined, hinged upper wall, or lid, and includes a pedestal which is
      adjustable in length and which can be detachably connected to the botton
      of the upper part in about the center. The hinged lid of the upper part
      permits storage inside the podium upper part of the pedestal structure, as
      well as the speaker's notes, and the like. A lamp is provided which is
      detachably and adjustably connected to the top wall of the upper part, and
      this item can also be stored inside the upper part for transport. Still
      further, the hinged top wall of the upper part of the podium may include
      holes therethrough in one region and within the upper part of the podium a
      tape recorder can be provided for being supported beneath the holes in the
      top wall if so desired. The tape recorder, also, can be accommodated
      within the upper part of the podium.
BSUM
PAR  The present invention relates to a portable and adjustable podium for
      speakers and lecturers.
PAR  Portable podiums and the like are known but, heretofore, all have been
      lacking in certain respects with regard to convenience of transport and
      setting up and with regard to adjustability to accommodate different
      circumstances.
PAR  The principal object of the present invention is the provision of a
      portable podium structure which overcomes the defects that have been
      encountered with constructions according to the prior art.
PAR  Another object of the present invention is the provision of a relatively
      light weight readily portable podium structure which can be supported at
      adjustable heighths for greater convenience.
PAR  A further object is a portable podium structure comprising a box-like upper
      part having a hinged lid, or top wall, and having detachable components
      which are adapted to be stored within the box-like upper part of the
      podium.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The podium according to the present invention comprises a box-like upper
      part which may, for example, be about 18 inches wide and 13 inches from
      front to back and may be about 81/2 inches high at the back and 5 inches
      high at the front. The inclined top wall of the upper part of the podium
      is hinged thereto at the upper edge and the size of the box-like upper
      part permits accommodation therein of a detachable light for the podium,
      the speaker's notes and papers and other equipment and a tape recorder, if
      desired, as well as an adjustable pedestal adapted for connection to the
      underside of the box-like upper part in about the center.
PAR  The pedestal can be simply constructed from several pipe sections which can
      be connected by couplings with mounting flanges provided for the pipe
      sections on the bottom of the box-like structure and on the top of a flat
      supporting base member. By using several pipe sections for the pedestal
      post, one or more sections of the pipe can be employed so that the podium
      upper part can be supported on the floor or on a low table or on a higher
      desk or table, as might be required.
PAR  A detachable lamp is provided to illuminate the surface of the inclined top
      wall of the podium upper part for the benefit of the speaker and the
      inclined lid is also provided with holes in one region so that, if
      desired, a tape recorder can be placed inside the box-like upper part for
      recording the speech or lecture.
PAR  The top wall, or lid, of the box-like part, when hinged upwardly, exposes
      the inside of the box-like upper part and all of the components referred
      to above can be stored therein. A carrying handle connected to one side of
      the box-like upper part provides for ready portability of the podium
      structure when it is knocked down.
DRWD
PAR  The exact nature of the present invention will become more apparent upon
      reference to the following detailed specification taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a perspective view showing the podium of the present invention in
      erected position.
PAR  FIG. 2 is a transverse section indicated by cutting plane II--II--II on
      FIG. 1.
PAR  FIG. 3 is a fragmentary section indicated by line III--III on FIG. 1.
PAR  FIG. 4 is a perspective view showing a packaging case for the pipe section
      forming a part of the pedestal of the podium.
PAR  FIG. 5 is a fragmentary view showing a modification.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings somewhat more in detail, the podium according to
      the present invention is illustrated in FIG. 1 in erected position.
PAR  The podium of the present invention comprises an upper box-like part 10
      which is about 18 inches in width from side to side and about 13 inches in
      the fore and aft direction. On the side toward the speaker, the box-like
      part may be about 5 inches high, and on the side facing away from the
      speaker, the box-like part may be about 81/2 inches high.
PAR  This provides for the upper wall, or lid, 12 of the box-like upper part to
      incline upwardly in a direction away from the speaker and which is, of
      course, a convenience for reading notes and the like. At the edge nearest
      the speaker, top wall 12 may comprise a stop rail 14 for holding notes
      such as might be printed on the sheet of paper indicated in dot-dash lines
      at 16. Rail 14 may, if desired, be detachable from the top wall 12.
PAR  One region of the top wall 12, as toward the left side in FIG. 1, is
      provided with a plurality of apertures such as drilled holes 18, and these
      holes 18 are provided to permit sound readily to pass through the lid to
      be picked up by a tape recorder contained within the box-like upper part
      of the podium.
PAR  The podium comprises a pedestal generally indicated at 20 and which may
      consist of a plurality of threaded pipe sections 22 interconnected by
      threaded couplings 24, with the lowermost section 22 being threaded into a
      mounting flange 26 fixed to the upper side of a base member 28. The base
      member in fore and aft and lateral dimensions is of such a size that it is
      receivable within box-like upper part 10 of the podium structure.
PAR  As will be seen in FIG. 2, the box-like upper part 10 has a bottom wall 30
      and connected thereto is a further threaded mounting flange 32 into which
      the upper end of the uppermost pipe section 22 is threadedly receivable.
      Since flange 32 depends below the bottom wall 30 of the box-like upper
      part 10, the upper part 10 is advantageously provided with cushion tipped
      legs 34 so that the structure can be placed on a flat surface while
      holding flange 32 spaced from the surface.
PAR  As will be seen in FIG. 5, a flange 36 corresponding to flange 32 could be
      mounted in a recess 38 formed on the inside of bottom wall 30 so that the
      flange would not protrude through the bottom wall and in which case the
      tipped legs on the bottom wall 30 could be substantially shorter.
PAR  A lamp structure, generally indicated at 40, is provided for illuminating
      the upper surface of inclined top wall 12. The lamp structure comprises a
      shield 42 within which a lamp bulb is mounted, which lamp bulb is supplied
      by the electrical connecting wire 44 with a switch 46 being provided in
      the lamp structure. The shield 42 is connected to a support bracket 48
      which is adjustable vertically along slotted arm 50 in which slotted arm
      50 is pivotally connected at 52 to a tongue member 54.
PAR  As will be seen in FIG. 3, tongue member 54 is adapted for insertion
      through a notch 56 formed in back wall 58 of box-like upper part 10 and
      into a groove provided by a metal strip 60 mounted on the underside of top
      wall 12 and having the side edges folded inwardly to provide a groove-like
      channel for receiving tongue 54. Metal strip 60 is secured to top wall 12
      in any suitable manner as by nails or screw 62. The strip could, of
      course, be mounted on top of the top wall, or on a side wall of upper part
      10, if so desired.
PAR  The top wall 12 is connected to back wall 58 of box-like upper part 10 as
      by hinge means 64 so that it can be tilted upwardly to expose the interior
      of the box-like upper part 10.
PAR  At the edge nearest the speaker, the top wall is adapted for being secured
      in closed position as by cooperating elements of clasp means 66 mounted on
      the top wall and the adjacent end wall 68 and which clasp means may be of
      substantially conventional nature. The wall 68 on the speaker's side of
      the box-like upper part 10 may also be availed of for supporting carrying
      handle 70 as shown in FIGS. 1 and 2.
PAR  Inside box-like upper part 10, and within the range of the apertures 18 in
      top wall 12 there is provided a shelf element 72 hinged to back wall 58 of
      upper part 10, as by hinge means 74. Shelf means 72 also has hinged
      thereto, as by hinge means 76, a stop flap 78. When the stop flap 78 is
      swung upwardly, the shelf 72 will drop down substantially flat against
      back wall 58 and will not obstruct the inside of the box-like structure.
PAR  However, when the shelf 72 is moved up to its FIG. 2 position and the flap
      78 is moved downwardly to engage back wall 58, then the shelf will support
      a tape recorder 80 closely below the apertures 18. The tape recorder, if
      it requires an external power supply, may have a cord 82 leading therefrom
      and passing through an aperture 84 in the side wall of the box-like
      structure.
PAR  The pedestal portion of the podium structure, when knocked down, results in
      three pipe sections and for the purpose of safely and conveniently storing
      the pipe sections, there is provided a carrying case of plastic, or cloth,
      generally indicated at 90 in FIG. 4, and divided into pockets for
      receiving the pipe sections 22 together with couplings 24. This provides
      that the pipe sections will not be loose in the box-like structure which
      could lead to damaging the speaker's notes or other material, or articles
      contained therein.
PAR  Modifications may be made within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A podium structure comprising; a box-like upper part having bottom and
      side walls and also having a top wall which is inclined in the fore and
      aft direction, hinge means supporting one edge of the top wall on the side
      wall adjacent thereto for tilting of the wall to expose the inside of the
      said upper part, said top wall having an apertured region adjacent one
      side wall for transmission of sound to a recorder inside said upper part,
      a recorder support shelf pivotally connected to the back wall, said
      support shelf having a foldable stop flange connected thereto and adapted
      to engage the back wall for positioning the support shelf in position to
      receive the recorder, said support shelf and foldable stop flange adapted
      to be retracted to a closed position against the back wall of said upper
      part when not in use, and pedestal means for supporting said upper part
      adapted at the upper end for detachable connection to said bottom wall,
      said pedestal including a detachable base member at the lower end, said
      pedestal furthermore comprising axially adjustable means for varying the
      distance between said upper part of the podium and said base member.
NUM  2.
PAR  2. A podium structure according to claim 1 including a lamp for
      illuminating the top of said top wall, an articulated linkage including a
      support tongue for supporting said lamp in operative position above said
      top wall, a tongue receiving member connected to said upper part of the
      podium and having an opening therein to slidably receive said support
      tongue.
NUM  3.
PAR  3. A podium structure according to claim 1 in which said tongue receiving
      member is on the underneath side of said top wall near one edge of the top
      wall, and a notch in a said side wall adjacent said member providing an
      opening for access to said member by said tongue.
NUM  4.
PAR  4. A podium structure according to claim 1 which includes cooperating
      elements of latch means on the edge of said top wall opposite the hingedly
      supported edge thereof and on the adjacent side wall to latch said top
      wall in closed position, and a carrying handle for transport of the podium
      on the same side side wall of the upper part.
NUM  5.
PAR  5. A podium structure according to claim 1 in which the dimensions of said
      base member and axially adjustable means is such that when disassembled
      they can be disposed inside said upper part of the podium together with
      sundry other articles for transport of the podium structure.
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ABST
PAL  A cabinet having a lower door which opens outwardly and an upper door which
      opens downwardly to rest on the opened lower door; thereby the cabinet may
      be converted into a bar. The lower door preferably has an extension hinged
      to its outer end which folds outwardly and the upper door is preferably
      right angularly shaped to overlie the extension when it is folded open.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a combination cabinet fold-out bar.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a cabinet having doors
      which may be opened and selectively positioned without removing the doors
      to convert the cabinet into a bar.
PAR  In accomplishing these and other objects, there is provided a cabinet
      having a lower door which opens outwardly and an upper door which opens
      downwardly to rest on the opened lower door; thereby the cabinet may be
      converted into a bar. The lower door preferably has an extension member
      hinged to its outer end which folds outwardly and the upper door is
      preferably right angularly shaped to overlie the extension when it is
      folded open. Rollers are preferably mounted on the lower edges of the
      lower door and its extension member.
DRWD
PAR  Additional objects of the present invention reside in the exemplary cabinet
      fold-out bar combination illustrated in the several drawings and
      hereinafter described in conjunction therewith.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-3 are perspective views of a cabinet fold-out bar combination
      according to the present invention illustrating conversion of the
      combination from a cabinet to a bar.
PAR  FIG. 4 is a plan view of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in more detail, there is shown a combination
      cabinet fold-out bar unit generally identified by the numeral 10. The unit
      10 illustrated has a rectangular shape and is made up of a top wall 11,
      back wall 12, side walls 13 and a bottom wall 14. The walls 12 and 13 are
      shown extending vertically while the walls 11 and 14 extend horizontally.
PAR  The unit 10 is divided into an upper and lower portion by a horizontally
      extending shelf member 20. Additional compartments and shelves are formed
      in the upper portion of the unit 10 by the horizontally extending
      partition walls 21-23 and the vertically extending partition wall 24. The
      upper portion of the unit 10 is shown divided into compartments 31-35
      while its lower portion is illustrated as one large compartment 36.
PAR  The bottom wall 14 and the shelf member 20 define vertically spaced apart
      horizontally extending support members for supporting the doors of the
      unit 10. It is noted that the support members provided by the wall 14 and
      the shelf member 20 are positioned flush with the forward edge of the unit
      10.
PAR  The unit 10 has a lower door 40 and an upper door 41. The lower door 40 is
      a rectangular shaped planar member and is mounted by hinges 42 in the
      bottom portion of the unit 10 to pivot about a vertically extending axis
      identified by the numeral 43. The length of the door 40 is shown being
      equal to a distance approximately equal to three-fourths of the width of
      the unit 10. When moved into a closed position flush with the front edge
      of the unit 10, the door 40 closes the right lower portion of the unit 10.
      The remainder of the lower portion of the unit 10, which is to the left of
      the door 40, is closed by a fixed panel 44.
PAR  Mounted by hinges 45 on the outer end of the lower door 40 is an extension
      member 46. The extension member 46 is a rectangular shaped planar member
      having the same height as the door 40 but a shorter length. As shown in
      the drawings, the extension member 46 may be folded against the inside
      surface of the door 40 for storage or folded outwardly to a position where
      it extends perpendicularly to the plane of the door 40. A conventional
      latching arrangement made up of parts 47A and 47B are associated with the
      outer edge of the lower door 40 and the right hand side wall 13 for
      latching the door 40 in a closed position. Rollers 48 are mounted on the
      lower edges of the door 40 and extension member 46 adjacent their outer
      ends for rolling across the floor surface 49 upon which the unit 10 is
      illustrated positioned when the lower door 40 is opened and closed.
PAR  The upper door 41 is mounted by hinges 50 on the shelf member 20 to pivot
      about a horizontal extending axis. The door 50 is a planar member
      illustrated shaped as a right angle or inverted L-shaped member which when
      pivoted upwardly to a closed position, as shown in FIG. 1, closes the
      compartments 31, 32 and 34. A latch arrangement 51 similar to the latch
      arrangement 47A, 47B is provided in the edge of the door 41 for latching
      it in a closed position. It is noted that for esthetic reasons lines or
      grooves 52 are shown on the front of the door 41 to give the appearance
      that the door 41 is three individual doors rather than the single planar
      member which it is. Also, handles 53 may be mounted on the door member 41
      as illustrated.
PAR  In use of the combination unit 10, a cabinet is provided when the doors 40
      and 41 are latched closed. Access to any particular shelf or compartment
      is achieved by opening the appropriate one of the doors 40 and 41.
PAR  To convert the unit 10 to a bar, the door 40 is opened as shown in FIGS. 1
      and 2 and the extension member 46 is folded out. Bracing means 60, such as
      shown in FIG. 4, may then be used to lock the door 40 in a perpendicularly
      extending position from the front of the unit 10 and the extension member
      46 in a position perpendicular to the door 40. The bracing means 60 shown
      are U-shaped rods 61 which extend downwardly into clamps 62 for receiving
      the downwardly extending rod ends.
PAR  With the lower door 40 and extension member 46 positioned as shown in FIGS.
      2 and 4, the upper door 41 is pivoted downwardly to overlie and rest upon
      the door 40 and extension member 46. Thereby, the inside surface of the
      door 41 defines a bar top which is supported by the lower door 40 and
      extension member 46, the door 40 and extension member 46 being in turn
      supported by the rollers 48 on the floor surface 49.
PAR  It is noted that in the unit 10, the door 41 is preferably dimensioned to
      be longer than the door 40 so as to overlap from the bar side walls
      defined by the member 40 and 46 in a uniform manner.
PAR  Although the invention is herein shown in what is conceived to be the most
      practical and preferred embodiment, it is recognized that departures may
      be made therefrom.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combination cabinet and fold-out bar comprising:
PA1  an upright cabinet having a generally rectangular front;
PA1  upper and lower doors hingedly mounted on said cabinet to lie flush with
      said front, when closed;
PA1  said upper door being of inverted L-shaped haviing a vertical leg, when
      closed extending upwardly along and closing one side of said cabinet and a
      horizontal leg, extending across and closing the upper part of said
      cabinet, the lower edge of said vertical leg being hinged to said cabinet
      on a first and horizontal axis spaced upwardly from the bottom of said
      cabinet;
PA1  said lower door being hinged to said cabinet on a second and vertical axis
      intermediate the ends of said first axis and having a horizontal upper
      edge at substantially the elevation of said first axis; and
PA1  an extension panel hinged to an edge of said lower door on a third and
      vertical axis parallel to and spaced from said second axis by a distance
      less than the length of said vertical leg and having an upper horizontal
      edge at the same elevation as that of said lower door whereby said lower
      door may be opened to extend perpendicular to said cabinet front, said
      extension may be swung to extend parallel to and spaced from said cabinet
      front and said upper door may be swung downwardly to a position wherein
      its vertical and horizontal legs rest on the upper edges of said lower
      door and extension, respectively, to define an L-shaped bar providing
      standing room between said horizontal leg and cabinet and easy access to
      the interior of said cabinet.
NUM  2.
PAR  2. A combination as defined in claim 1 including roller means at the lower
      edge of said lower door adjacent said third axis to contact a floor
      surface upon which said cabinet is positioned.
NUM  3.
PAR  3. A combination as defined in claim 2 including further roller means at
      the lower edge of said extension panel adjacent the edge thereof remote
      from said third axis, to contact said floor surface.
NUM  4.
PAR  4. A commbination as defined in claim 1 including releasable means for
      holding said lower door fixed in position perpendicular to said cabinet
      front and for holding said extension panel fixed parallel to said cabinet
      front.
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ABST
PAL  A furniture construction kit comprising a few standard parts makes it
      possible to construct a variety of articles of furniture. The main parts
      are elongated frame elements each consisting of two coaxial tubes
      interconnected by diametrically opposed radial ribs, the inner tube having
      an internal thread at one end, and a joint associable with the end threads
      of the frame elements. The joint comprises two like rings fitting between
      the ends of two associated frame elements and a connecting member having a
      threaded shank for connection with the internal end thread for coaxial
      association the associated frame element and a sectorshaped hook head
      extending eccentrically from the shank in a plane perpendicular to the
      shank axis into one of the rings.
BSUM
PAR  The present invention relates to a construction kit for making furniture by
      the modular system and comprising standard parts including elongated frame
      elements and a joint associable therewith for forming a variety of
      junctions between the frame elements.
PAR  According to this invention, each frame element has an end and is comprised
      of an outer cylindrical tube and an inner cylindrical tube coaxial
      therewith, the inner cylindrical tube having an internal thread at the
      end. Axially continuous, diametrically opposed radial ribs interconnect
      the cylindrical tubes and adjacent ones of the radial ribs define axially
      extending spaced between the two cylindrical tubes. The frame elements may
      be straight or have straight and/or curved portions according to the
      desired shape of the furniture frame to be constructed.
PAR  The joint is associable with the threaded ends of the frame elements and
      comprises, according to one preferred embodiment, a ring means fitting
      between the ends of two of the frame elements and a connecting member
      having a threaded shank for threaded connection with the internal thread
      at the end of one frame element. The threaded shank is coaxially
      associable with the frame element and a sectorshaped hook head extends
      eccentrically from the shank in a plane perpendicular to the shank axis
      for engagement with the ring means. The hook head is constituted by a
      sector of a cylinder having an axis perpendicular to the shank axis and
      the axial length of the hook head cylinder is such that the hook head
      extends at one end beyond the periphery of the inner tube and at the other
      end beyond the axis of the inner tube.
PAR  The illustrated ring means consists of two like rings for coaxial
      association with the other one of the frame elements. Each ring has an
      axial length equal to the outer radius of the elements and comprises an
      outer cylindrical tube, an inner cylindrical tube coaxial therewith and
      axially continuous, diametrically opposed radial ribs interconnecting the
      outer and inner ring tubes, adjacent ones of the radial ribs of the rings
      defining axially extending spaces between the ring tubes. The outer
      cylindrical tube of at least one of the rings defines at least one
      aperture in communication with one of the spaces for receiving an
      associated connecting member shank and the sector-shaped hook head of the
      associated connecting member fits in the one space for hooking the one
      frame element to the one ring. An annular closure recessed from one end of
      the ring closes off one end of the spaces.
PAR  Preferably, the diameters of the inner and outer cylindrical tubes of the
      frame elements and the rings are equal, the inner surface of the
      cylindrical ring tube may be fluted and a connecting pin having two ends
      is provided. An external thread at one pin end is associable with the
      internal thread of a respective one of the frame elements and the pin has
      an internal thread at the other end.
PAR  Assembly is effected by screwing the threaded shank of the connecting
      member into the threaded end of one frame element inserting the hook head
      thereof into the aperture of a ring associated with the other frame
      element to produce a joint between the two frame elements.
PAR  In this manner, a part of a joint is formed which may be completed by an
      identical part mounted on the end of another tube. The two parts are
      assembled together so that the two rings are superimposed one upon the
      other co-axially, but in a mirror-reversed arrangement, the one hook, head
      end projecting into one ring and the other end into the other ring, thus
      providing a temporary connection and keeping the two rings together to
      form a joint. One ring may be rotated relatively to the other in order to
      arrange the two jointed frame elements in desired directions. A firm
      connection between both rings, to produce a stable joint, is obtained by
      means of a cylindrical pin provided with an external fluted profile
      meshing with the profile formed on the inner surface of the ring, and with
      threads on its ends to receive bolts or nuts to secure both rings axially.
      The pin may alternatively have a smooth central part, without flutes. It
      it is desired to form a junction between three tubes, one of which is
      perpendicular to the plane containing the other two already provided with
      rings and connected together, a fluted pin is inserted in the end of the
      third tube, by screwing, and then inserting the fluted profile in the two
      rings of the joint. In this manner it is also possible to connect four
      tubes together by locating two opposed tubes co-axially with a fluted pin
      and screwed to both ends of the pin, and locking both rings of the joint
      which connects the perpendicular tubes. It is also possible to form a
      joint with any number of co-axially superimposed rings, having a closed
      end of a ring to form a circular crown which permits insertion of the
      smaller portion of a hook for a temporary connection in rotation.
PAR  In addition to the possibility of connecting tubes at 90.degree. to one
      another, intermediate parts may be provided as supports, with their ends
      inclined at any desired angle, and means for screwing the intermediate
      parts to the ends of tubes.
PAR  Shaped washers may be provided for the ends of the tubes where the supports
      are applied, to close the end of the tube and to act as locking washers
      for the rings forming the joint.
DRWD
PAR  Reference is now made to the accompanying drawings, in which:
PAR  FIG. 1 is an axial section of a frame joint showing the ends of the
      elongated frame elements
PAR  FIG. 2 is a partial section taken on the line II--II of FIG. 1;
PAR  FIGS. 3 and 4 show respectively a front view and a perspective view of the
      hook support of the joint;
PAR  FIG. 5 shows the hook support in section taken on line V--V of FIG. 3;
PAR  FIGS. 6 and 7 shows respectively the parts forming the joint, separately
      and assembled;
PAR  FIG. 8 shows the formation of a rectangular frame with four legs and two
      rods extending there from, for example for a chair;
PAR  FIGS. 9 and 10 show a front jonit of the frame shown in FIG. 8, in
      partially assembled views;
PAR  FIG. 11 shows the formation of the rear joint with the frame elements shown
      in FIG. 8;
PAR  FIGS. 12 and 13 show respectively the composition of a joint having
      superimposed frame elements in assembled and exploded views;
PAR  FIG. 14 shows an end support in an inclined section;
PAR  FIGS. 15a-e show five variants, in section, of a frame element for use with
      panels;
PAR  FIG. 16 shows an angular junction for the formation of a trihedron for a
      wardrobe, in an exploded view;
PAR  FIG. 17 shows an angled connection in part-section, of two portions of;
      and:
PAR  FIGS. 18a-c show a washer.
DETD
PAR  With reference to FIGS. 1 and 2, there is shown a corner of a frame which
      comprises two elongated annular elements 1, each formed from two coaxial
      cylindrical tubes 2 and 3 connected together by radial ribs 4, the tubular
      elements being at right angles to one another with their axes
      intersecting.
PAR  Ribs 4 have undercut ends, and the inner tube 2 is provided with a thread 6
      (FIG. 6). Elements 1 may be straight or curved. Each frame element 1 may
      have its ribs undercut from the ends to a predetermined standard depth or
      multiples thereof, for forming frames for furniture of various types.
PAR  Elements 1 are joined by a convertible joint including connecting member 7,
      shown separately in FIGS. 3 and 4, with a threaded shank 8 and an
      eccentric hook 9 connected together by a short neck 10. The shank has a
      thread which is screwed into the corresponding thread 6 of the tube 2, in
      such manner as to enable the hook 9 to assume any one of a plurality of
      angular positions in a plane perpendicular to the axis of element 1. The
      thread may have 3 or 4 starts in order to obtain a variable angular
      arrangement of 1/3rd or 1/4th of a turn.
PAR  The hook 9 has a sector-shaped head of an angular width equal to the
      angular distance between two adjacent ribs 4 of element 1 and of a
      thickness equal to the spacing between cylindrical tubes 2 and 3, the
      sector extending from the axis of the threaded shank 8 to one side by an
      amount 9a , which is a little less than the diameter of element 2 and on
      the other side by an amount 9b equal to undercut end 5 of the ribs 4 of
      the element 1.
PAR  The hook 9 is connected to shank 8 by a short neck 10 extending from the
      middle of the shank 8 and equal in thickness to that of the tube 3. In
      FIGS. 1, 2 and 7, it will be noted that the hook can be inserted into ring
      11.
PAR  The joint also comprises a pair of like shaped rings 11 each formed by two
      coaxial cylinders 12 and 13, closed at one end by annular crown 12a, and
      inter-connected by radial ribs 14 so as to present four spaces 13a, outer
      cylinder 13 having a semicircular portion 16 into which neck 10 fits.
PAR  The axial length of each ring 11 is equal to the outer radius of the
      element 1, and the crown 12a is spaced from the edge, forming notch 15
      identical in dimension to notch 5 of the element 1. Channels 17 forming a
      fluted area are provided on the inner surface of ring cylinder 12.
PAR  The joint is formed by threadedly interconnecting shank 8 of support 7 with
      threaded end 6 of element 1, and by fitting a ring 11 so that its space
      13a and portion 16 embrace the part 9a of hook 9 (FIGS. 1, 2, 6, 7). Since
      the ring 11 has four spaces 13a and shaped portions 16, this makes it
      possible to connect several elements 1 at an angle to one another. In this
      manner a joint element is formed which may be connected to an identical
      element in a mirror-reversed arrangement of which any one of the spaces
      13a between the cylinders 12 and 13, or the notched portions 15, can
      receive hook 9.
PAR  The resiliency of the material permits this connection to be effected with
      a pressure or snap-like action, so that it is possible to rotate the two
      parts relatively to each other, or to make a temporary junction between
      them.
PAR  The joint can be locked in an angular portion and axially by means of a pin
      18 having both ends 19, 20 threaded, one externally and one internally, so
      that the pin can be mounted on the end of the element 1. The central
      portion of the pin has an external channelled profile 21 identical to the
      internal channelled profile 17 of the ring 11. In order to complete the
      frame, a threaded plug 22 may be provided for threaded connection to inner
      threaded end 20, of ring 11 (FIGS. 10 and 13) and shaped washer 23 may
      form a closing plug for the end of one of the elements 1 (FIGS. 1, 13, 18)
      in the event of a connection established between elements having
      perpendicular axes.
PAR  Pin 24 is provided with an external screw thread for connection with two
      internal threads such as 6 and 20 between two axially aligned elements
      (FIG. 1).
PAR  FIG. 8 shows an assembly of a frame for a chair or the like, formed by four
      coplanar elements 1 connected at right angles by rings 11, and to other
      elements 1 forming the legs and the back of the chair, the leg and back
      elements being connected by pin 18 and pin 24, respectively.
PAR  FIGS. 9, 10 and 11 show respectively a front joint during assembly, FIG. 10
      specifically showing a front joint while FIG. 11 illustrates the assembly
      of a rear joint.
PAR  FIGS. 12 and 13 show a junction with superimposed elements, in the
      assembled condition and in an exploded view, respectively.
PAR  FIG. 14 shows an end support including pin 25 having two threads with
      mutually inclined axes, one of which is adapted for screwing into the
      thread 6, the other for receiving the shank 8, 25 being covered by a
      sleeve 26 similar to the ring 11, but with a tilted end.
PAR  FIG. 15 shows five variants of frame element 1; in FIG. 15a a sector of the
      outer cylinder 3 is removed from element 1a to receive a panel 27, in
      FIGS. 15b and 15c two sectors are removed from element 1b and 1c for
      receiving two aligned and angularly displaced, panels 27 respectively and
      in FIGS. 15d and 15e, the element 1d and 1e is adapted to receive three or
      four panels 27, respectively.
PAR  FIG. 16 shows an exploded view of an angular junction for the formation of
      a trihedron for a closed item of furniture such as a cabinet, in which
      panels 27 are inserted in frame elements 1c, and a panel 28 forms a hinged
      door supported by a ring 29 provided with a hook 30, the ring 29 being
      rotatable on ring 11.
PAR  A pin 18 which axially connects the elements of the joint does not have
      teeth similar to the fluted profile 21, but has a smooth outer surface
      equal in diameter to the inner diameter of the ring 11, so that the ring
      itself, or other rings such as 29 carrying door panel 28, can rotate
      freely around its axis.
PAR  FIG. 17 shows pins 25' for joining two frame elements 1 at an angle.
PAR  The two pins are connected together by means of a threaded pin 24'.
PAR  Two rings 31 connect the outer surfaces of the frame elements 1.
PAR  FIGS. 18a-c are, respectively, a front view, a section and a plan of the
      shaped washer 23 shown in FIGS. 1, 2 and 13. The washer, of convex
      circular shape, is provided with an axial bore 32 to receive the shank 8,
      and with an arcuate cavity 33 with surface knurling, in which is inserted
      the outer surface of the ring 11 of the joint or that of the element 1.
      The knurled portion provides frictional engagement between the two parts.
PAR  It is possible, with the use of the parts described, to form articles of
      furniture such as bookcases, shelving or the like, having fixed or
      vertically adjustable shelves.
PAR  In such articles a hook support is inserted in one of the spaces existing
      between the co-axial tubes of the element 1 when the associated sector has
      been removed, as shown in FIG. 15. The hook 9 is inserted in the
      appropriate space and acts as a slider for displaceable shelves, and is
      locked in position by screwing the shank 8 in the end of the tube with the
      interposition of a washer 23 which, apart from forming the closure of the
      end of the tube, increases the locking friction with the knurled part 33.
PAR  In this way it is possible to connect ring joints side by side, as desired.
      It should also be understood that frame member 1 may be straight or formed
      with curves of various radii or other shape, the element being preferably
      made of plastic material. Any structural members, such as panels, linings,
      supporting surfaces, flexible surfaces and the like, may be connected to
      the frame of the present invention, and also numerous variants of
      construction or outer appearance may be made, without thereby departing
      from the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A furniture construction kit comprising
PA1  1. at least two like elongated annular frame elements, each of the elements
      having an end and comprised of
PA2  a. an outer cylindrical tube and an inner cylindrical tube coaxial
      therewith,
PA2  b. the inner cylindrical tube having an internal thread at the end, and
PA2  c. axially continuous, diametrically opposed radial ribs interconnecting
      the cylindrical tubes, adjacent ones of the radial ribs defining axially
      extending spaces between the two cylindrical tubes and
PA1  2. a joint associable with the threads at the ends of the frame elements,
      the joint comprising
PA2  a. a ring means fitting between the ends of two of the frame elements, the
      ring means being comprised of an outer cylindrical tube and an inner
      cylindrical tube coaxial therewith, the inner tube of the ring means
      defining a central bore, axially continuous, diametrically opposed radial
      ribs interconnecting the cylindrical tubes of the ring means, adjacent
      ones of the radial ribs defining axially extending spaces,
PA2  b. a connecting pin having an externally threaded end for threaded
      connection with the internal thread at the end of one of the frame
      elements, the connecting pin fitting into the central bore of the ring
      means and being coaxially associable with the one frame element, and
PA2  c. a connecting member having an externally threaded shank for threaded
      connection with the internal thread at the end of the other one of the
      frame elements, the threaded shank being coaxially associable with the
      other frame element, the connecting member having a sector-shaped hook
      head extending eccentrically from the shank in a plane perpendicular to
      the shank axis for engagement in a selected one of the axially extending
      spaces in the ring means, the selected space having an aperture for
      receiving the hook head.
NUM  2.
PAR  2. The furniture construction kit of claim 1, wherein the ring means
      consists of two like rings for coaxial association with the one frame
      element, each ring having an axial length equal to the outer radius of the
      elements, and an annular closure recessed from one end of one ring and
      closing one end of the spaces.
NUM  3.
PAR  3. The furniture construction kit of claim 2, wherein the connecting pin is
      in fluted engagement with the central bore of the ring means over at least
      a portion thereof and has an internally threaded and opposite to be
      externally threaded end thereof.
NUM  4.
PAR  4. The furniture kit of claim 2, wherein the connecting pin is in fluted
      engagement with the central bore of one of the rings of the ring means
      while the central bore of the other ring is in smooth engagement with the
      adjacent periphery of the connecting pin to permit rotation between the
      pin and the other ring.
NUM  5.
PAR  5. The furniture construction kit of claim 3, further comprising an end
      plug having a threaded shank for threaded engagement with the internal
      thread at the other pin end, and an annular flange for engagement in an
      annular recess produced by the end closure of the ring.
NUM  6.
PAR  6. The furniture construction kit of claim 2, wherein the outer cylindrical
      tube of at least one of the frame elements defines an axially extending
      elongated slot, and further comprising a panel adapted to be received in
      the slot for attachment to the frame element.
NUM  7.
PAR  7. The furniture construction kit of claim 6, further comprising a
      connecting pin having two ends, an external thread at one pin end for
      threaded engagement with the internal thread of the one frame element and
      at least a portion of the non-threaded periphery of the pin being smooth
      whereby at least one of the rings may be rotated on the pin, and a hook
      for supporting the panel on the rotatable ring whereby the pin and
      rotatable ring constitute a hinge for the panel operating as a door.
NUM  8.
PAR  8. The furniture construction kit of claim 1, further comprising a shaped
      washer for closing the end of the other frame element, the radial ribs
      being undercut at the end to provide a seat for the washer, and the washer
      having a knurled arcuate portion for frictional coupling with an
      associated arcuate peripheral portion of the ring means.
PATN
WKU  039361128
SRC  5
APN  5135451
APT  1
ART  351
APD  19741010
TTL  Cradle selector controls for motorized rotary files
ISD  19760203
NCL  3
ECL  1
EXP  Nunberg; Casmir A.
NDR  3
NFG  5
INVT
NAM  Scholfield; Richard P.
CTY  Peekskill
STA  NY
ASSG
NAM  Presto Lock Company, Division of Walter Kidde & Company, Inc.
CTY  Clifton
STA  NJ
COD  02
CLAS
OCL  312267
XCL  312223
EDF  2
ICL  A47B 4900
ICL  D06H  302
FSC  312
FSS  223;267;268
FSC  346
FSS  1 D;33 F
FSC  214
FSS  11
FSC  209
FSS  111.8;122-124
FSC    5
FSS  66;68
UREF
PNO  2873159
ISD  19590200
NAM  Becker
OCL  312223
UREF
PNO  2928706
ISD  19600300
NAM  Abbott et al.
OCL  312223
UREF
PNO  3428384
ISD  19690200
NAM  Goldhammer
OCL  312223
UREF
PNO  3798684
ISD  19740300
NAM  Benoit
OCL    5 68
LREP
FR2  Simmons; Haven E.
FR2  Nemmers; James C.
ABST
PAL  The cradle selector controls of a motorized rotary-type file comprise a row
     f simple, momentary-type pushbutton switches located in a small housing
      mounted so as to slide along the rear edge of the operator's shelf. The
      control housing is connected to the file where all other controls are
      located by an electrical cable, whereby the selector controls can be
      readily moved back and forth with the operator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Power driven rotary files are well known. Typically these employ a number
      of elongated cradles which are horizontally suspended between and about
      the peripheries of a pair of spaced traveling devices which are driven so
      that the cradles are presented one by one before the operator who normally
      sits at a table or shelf at the front of the file. Some means of course
      for selecting the cradles one by one is necessary. These are generally
      essentially electrical in nature and are typically operated by a layout of
      buttons, one for each cradle, disposed at some location on the front of
      the file.  Usually the files are quite wide and the operator must move
      bodily back and forth across the front of the file for access to different
      portions of a cradle. If the location of the selector controls is fixed,
      the operator, owing to the width of the cradle, often must move bodily
      sideways in order just to reach the controls so that a new cradle can be
      selected and then back again for access to the desired position of the new
      cradle. Even when the controls are mounted in some manner at some
      intermediate position between the ends of the file, the operator often
      must still reach to one side for them with one hand or the other.
      Furthermore, when the controls are mounted at some intermediate position,
      which is usually on the shelf itself at the center, they are often in the
      operator's way, requiring him to work over the controls and to move work
      papers each time access to the controls is necessary.
PAR  U.S. Pat. No. 2,928,706 discloses a movable set of selector controls for
      files of the nature concerned in the form of a telephonelike dial selector
      at the end of a flexible electrical cable, the dial being mounted in a
      loose housing free to be slid about by the operator on the shelf before
      the file. A somewhat similar approach, in the case of card selection
      apparatus, is shown in U.S. Pat. No. 2,922,424. However, in the latter
      instance, the movable controls, though movable along a fixed track, are
      both bulky and complicated. In the former instance the dial selector,
      though much less bulky. is relatively complex, costly and slow, and since
      it is loose on the shelf, can easily be knocked off. Hence, the primary
      object of the present invention is the provision of movable cradle
      selector controls for motorized rotary files which are simple,
      inexpensive, small in bulk, do not interfere with the operator, and cannot
      be knocked off the shelf.
PAC  SUMMARY OF THE INVENTION
PAR  The crade selector controls of the present invention are relieved of all
      but the minimum of electrical function and mechanical detail, consequently
      reducing their cost, complexity and bulk. Simple, momentary contact-type
      pushbuttom switches, plus a connecting cable, is all the electrical and
      mechanical apparatus embodied in the movable controls themselves, the
      circuit latching mechanism usually employed with the selector controls
      being placed in the file itself. In the case of the present invention,
      reed-type vacuum relays are used in the latching circuits so as to reduce
      to a minimum the current through the controls and the size of the
      pushbutton switches and wiring. The pushbutton switches themselves are
      placed in a row along the top of a small metal housing which is secured
      along the rear of the operator's shelf for slidable movement along a fixed
      track. The result is a selector control not only much simpler than the
      dial type but also much faster in operation, and one which is readily
      movable with the operaor to whatever position across the file is desired.
      By the same token the control can be easily pushed aside so that it does
      not interfere with the operator's work papers, and yet cannot be knocked
      off the shelf. Other features and advantages of the present invention will
      become apparent from the more detailed description which follows and the
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric overall view of a power driven rotary file of the
      type with which the present invention is concerned.
PAR  FIG. 2 is an enlarged isometric view of the movable selector controls
      employed with the file of FIG. 1.
PAR  FIG. 3 is a transverse sectional view of the selector control housing
      itself illustrating its structure and its mounting to the rotary file.
PAR  FIG. 4 is a section view taken along the line 4--4 of FIG. 3.
PAR  FIG. 5 is an electrical schematic of that portion of the circuitry employed
      which is concerned with the selector controls themselves.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The typical motorized rotary file, as shown in FIG. 1, includes an overall
      housing 10 which encases a number of horizontally suspended cradles 11 for
      carrying records. As is well known, the cradles 11 are interconnected and
      power driven by an appropriate electric motor so that selected cradles 11
      are, at the command of the operator, presented just to the rear of a wide
      shelf 12 across the front of the housing 10 before which the operator sits
      and which is supported on brackets 13 attached to a front wall 14 of the
      housing 10. As a cradle 11 is brought into position before the operaor, he
      moves back and forth along the shelf 12 for access to records at various
      locations in the cradle 11 before him. As he does so, he moves with him
      the cradle selector controls, generally indicated at 20, so that at all
      times the latter are readily at hand for selection of additional cradles
      11 without the operator having also to move to one end of the housing 10
      each time a new cradle 11 is to be selected, as is customarily the case
      with present such files in which the location of such controls is fixed,
      usually at one end or in the middle.
PAR  The movable selector controls 20 include an elongated housing 21 formed, as
      shown, from metal having a pair of closed ends 22. The control housing 21
      is stepped to fit over the upper rear edge of the shelf 12 between whose
      upper surface and the housing upper floor 23 is interposed a felt strip 24
      secured to the latter. The forward portion of the housing top wall 25 is
      inclined and is formed with an opening 26 along its length which is
      normally closed by a face plate 27 screwed to the end caps 22. To the
      housing lower floor 28 is screwed the forward edge of a plate 29 along its
      length which is provided with a rear, downward extension 30 overlapping
      the file housing wall 14. To each end of the extension 30 are screwed a
      pair of upper and lower retaining blocks 31 (only one pair being shown in
      FIG. 3) which embrace a stationary guide bar 32. The latter is screwed at
      its ends to a pair of spacer blocks 33 (only one being shown in FIG. 4) so
      that the guide bar 32 is outset from the rear of the file housing wall 14,
      the plate extension 30 sliding laterally between the wall 14 and the bar
      32. Hence the control housing 21 is retained in position adjacent, and can
      be slid from side to side along, the rear edge of the shelf 12.
PAR  Within the control housing 21 is disposed a series of pushbutton switches
      PB of the momentary contact type, one for each cradle 11, in the instance
      shown there being twelve of the latter so that there are switches PBI-12,
      together with a stop switch SP and a reset switch RS of similar type, and
      a signal lamp L. All the switches PBI-12 and RS are normally open, while
      the switch SP is normally closed, and together with the lamp L are mounted
      in a row to a metal strip 33 by nuts 34. The resulting assembly is placed
      up under the control housing top wall 25, the pushbuttons of the switches
      PB1-12, SP and RS and the lamp L passing through apertures in the top wall
      25, and secured by exterior nuts 35. The various switches are identified
      by appropriate indicia placed upon a strip 36 affixed to the face plate
      27.
PAR  Inasmuch as the basic electrical circuitry for rotary files of the type
      concerned is old and well known, only that portion immediately pertinent
      to the present invention is shown in FIG. 5 and will now be briefly
      described. Each switch PB1-12 is connected to and energizes one of a
      respective series of relays K1-12 of the vacuum reed-type which closes a
      holding circuit in the memory bank MB governing the selector switch SS
      which in turn controls the motor circuit M to bring the designated cradle
      11 into position. The switches PB1-12 and the memory bank MB are energized
      from an appropraite 24 volt DC power source through the contacts of a
      relay K13 when the latter is activated. As will be apparent, the solenoid
      of the relay K13 is in series with the normally closed stop switch SP and
      a relay holding circuit. Should some unsafe or emergency condition exist,
      depressing the stop switch SP will drop out the relay K13 and thus
      de-energize the switches PB1-12, the memory bank MB and the motor circuit
      M. At the same time, the lamp L will be lit to indicate the abnormal
      condition. The entire control system will therefore remain shut down until
      the reset switch RS is closed to re-establish the holding circuit to the
      relay K13 and power to the pushbutton switches PB1-12, the memory bank MB
      and the motor circuit M. It will be understood, of course, that the relays
      K1-12, K13, the memory bank MB, selector switch SS, the motor circuit M
      and so forth are located within the file housing 10 and connected to the
      switches PB1-12, SP, RS and the lamp L through an appropriate electrical
      cable, generally indicated at 37 in FIG. 5, between the file housing 10
      and the control housing 21 and disposed behind the file housing wall 14.
      Since little power is required to activate the relays K1-12, all the
      switches and wiring at the selector control 20, as well as the cable 37
      itself, can be of light duty type and thus small in bulk and weight.
PAR  Though the present invention has been described in terms of a particular
      embodiment, being the best mode known of carrying out the invention, it is
      not limited to that embodiment alone. Instead, the following claims are to
      be read as encompassing all adaptations and modifications of the invention
      falling within its spirit and scope.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a power driven file of the rotary type having a plurality of
      elongated record cradles, electric power means for moving the cradles one
      by one into position along the rear of an elongated operator shelf
      disposed across the the front of the file for access to records in the
      cradles, and electric selector control means controlling the power means
      for moving selected ones of the cradles into said position, a portion of
      the selector control means being exposed for operation by the operator,
      the improvement wherein said portion of the selector control means
      comprises an elongated pushbutton switch housing, means securing the
      housing along the rear edge of the operator's shelf for movement by and at
      the option of the operator along a fixed track between the ends of the
      shelf independently of the position of any of the cradles in the file, the
      housing carrying a plurality of pushbutton switches of the momentary
      contact-type with their pushbuttons exposed for operation by the operator,
      a pair of the switches being effective respectively to cause deactivation
      and reactivation of the power means independently of the remainder of the
      switches, the remainder of the switches constituting a group of switches
      each of which is electrically associated with one of the cradles, all of
      the switches being connected to a stationary portion of the file by an
      electrical cable movable with the housing.
NUM  2.
PAR  2. The file of claim 1 wherein the selector control means includes a
      plurality of relays of the vacuum reed-type located at a stationary
      portion of the file and respectively associated with and activated by the
      switches of said switch group through said cable.
NUM  3.
PAR  3. The file of claim 1 wherein the securing means comprises a rearwardly
      extending downturned plate along the housing by which said housing is
      supported relative to the shelf, and means both attaching the downturned
      portion of the plate to the file for its slidable movement together with
      the housing along the shelf rear edge and providing said fixed track.
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ABST
PAL  A cabinet for storing oversized documents such as blueprints is disclosed.
      The cabinet includes a drawer formed of flexible material which is movable
      between a closed position in which it curls over on itself to form a
      protective cover about the documents and an open position in which it
      extends linearly outwardly from the cabinet to permit access to the
      documents.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 434,122
      filed Jan. 17, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the field of document storage such as file
      cabinets and the like. More specifically, it relates to cabinets for
      storing oversize documents such as blueprints, maps, charts and the like.
      A particular problem in storing such oversize documents is the
      desirability of not creasing or folding them as this tends to decrease
      their useful life. For example, once folded, blueprints tend to become
      more difficult to read and often experience tearing during the folding and
      unfolding process. Furthermore, when oversize documents are folded for
      storage, it is difficult to quickly identify a desired document among a
      group of many.
PAR  It is accordingly an object of the present invention to provide a document
      storage cabinet which opens to a position where the stored documents may
      be quickly and easily reviewed to obtain a desired document.
PAR  It is another object of the invention to provide a document storage cabinet
      which has a drawer which forms a protective cover about the documents when
      they are stored therein.
PAR  It is yet another object of the present invention to provide a document
      storage cabinet which employs a movable cantilevered drawer.
PAR  Other objects of the present invention will become apparent from the
      remaining portion of the specification.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a document cabinet according to a first
      embodiment in its closed position;
PAR  FIG. 2 is a perspective view of the first embodiment in its open position
      showing the flexible drawer extended with a document supported thereon;
PAR  FIG. 3 is a cross-sectional view along the lines 3--3 of FIG. 1;
PAR  FIG. 4 is a cross-sectional view along the lines 4--4 of FIG. 2;
PAR  FIG. 5 is a view of an alternate rigid support for the drawer;
PAR  FIG. 6 is a perspective view of a cabinet according to a second embodiment;
      and
PAR  FIGS. 7 and 8 are cross-sectional views of the cabinet according to the
      second embodiment.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1 and 2, a cabinet 10 for storing oversized documents is
      shown. The cabinet includes a cabinet back 12 and cabinet ends 14 and 16
      joined thereto. The cabinet back is adapted to be mounted on a wall at a
      suitable height. As shown in FIG. 3, there is a recessed guide channel 18
      formed in each of the cabinet ends 14 and 16. The guide channel has an
      inner diameter 20 and an outer diameter 22.
PAR  A drawer 24 formed of flexible material is adapted to track in the guide
      channel 18. The drawer may be formed of any flexible material of suitable
      strength, however, materials such as polystyrene or
      acrylonitrile-butadiene-styrene are preferred. Use of such material
      permits the drawer to be curled about itself as shown in FIGS. 1 and 3 to
      form a protective cover around an oversize document 26 placed thereon.
      When the drawer is opened, however, it does not drop downwardly but, as
      shown in FIGS. 2 and 4, extends linearly outwardly from the cabinet
      supported on a drawer support 28. The drawer support 28 is preferably
      resilient comprising an elastic rope or cord which runs the entire length
      of the cabinet and is fastened to each of the cabinet ends 14 and 16. The
      drawer support is adjusted so that when the drawer rests thereon in the
      open position, the central portion of the drawer sags with respect to the
      ends of the drawer. Supporting the drawer in this manner causes the drawer
      to extend linearly as shown in FIGS. 2 and 4. Alternately, the drawer
      support may be a rigid support having a preformed contour as shown in FIG.
      5.
PAR  Initially, a flexible drawer support must be adjusted to produce the
      correct amount of sag in the drawer. Too much tension on the drawer
      support provides too little sag for the drawer and the extended end of the
      drawer will bend downwardly making it difficult to remove documents
      therefrom. Too little tension, i.e., too much sag for the drawer, will
      permit the ends of the drawer to slip out of the guide track. If properly
      positioned during assembly, the drawer support should not require further
      adjustment. The rigid support, of course, does not require such initial
      adjustment.
PAR  Provided on either end of the drawer 24 is an outer document retainer and
      handle 30 and an inner document retainer 32. The handle 30 is utilized to
      pull the drawer open and further serves to keep the documents 26 from
      sliding off the drawer in the open position. The inner document retainer
      32 prevents the documents from curling at a smaller radius than the
      drawer. The drawer stop 34 limits the outward travel of the drawer and
      preferably is disengageable to permit complete drawer removal.
PAR  As will be apparent from the foregoing, oversized documents are placed on
      the flexible drawer when it is in the extended position shown in FIGS. 2
      and 4. For storage the drawer is pushed toward the cabinet. It follows
      outer radius 22 of the guide tracks 18 and is caused to curl back on
      itself as shown in FIGS. 1 and 3. In the latter position the documents are
      similarly curled inside the drawer for safe storage.
PAR  The cabinet thus voids the usual problems associated with storage of
      oversize documents. No folding is necessary and no special filing system
      is required. When it is desired to remove a document stored in the
      cabinet, the drawer is opened by grasping the handle 30 and pulling. The
      drawer uncurls following the guide tracks and cantilevers out to the
      linearly extended position. In the extended position, the drawer rests on
      either a flexible or rigid contoured drawer support which permits the
      drawer to sag in its center portion to cantilever the drawer linearly
      outwardly from the cabinet. In this extended position, a desired document
      can be removed from the drawer simply by lifting it free of the retainer
      30.
PAR  The guide tracks 18 are shaped so as to minimize friction on the drawer
      during opening and closing. During opening and closing the drawer will be
      in contact with the outer radius 22. The inner radius 20 is provided to
      prevent the drawer from curling too tightly during opening and damaging
      itself or the documents stored therein.
PAR  Referring now to FIGS. 6-8, a second and preferred embodiment of the
      invention is illustrated. Cabinet ends 50 have a pivot pin 52 extending
      inwardly, adapted to receive a rigid end guide 54 which may be described
      as having a V-shaped configuration. Recessed into the cabinet ends 50 is a
      single outer guide channel 56 which is serrated along a bottom portion 58
      thereof. A flexible drawer 60 has attached to one end an end guide 54
      while a drawer pull 62 is provided at the other end of the drawer.
PAR  Connecting the end guide 54 to the drawer pull 62 are tensioning members 64
      located on the sides of the drawer. The tensioning members 64 are attached
      to the drawer pull 62 at both sides of the drawer 60. The purpose of the
      tensioning members is to support the drawer in the extended position
      indicated in FIG. 7 and to help adapt flat drawer 60 to its curved shape.
      The tensioning members further provide a positive stop when the drawer is
      opened. By adjusting the length of the tensioning member 64, the position
      of the drawer when extended can be adjusted higher or lower as desired by
      the user.
PAR  Provided on and movable with the drawer 60 is a drawer support or rib 66.
      The rib is physically attached to either the inside or the outside of the
      drawer, but as illustrated, it is preferably located on the inside. The
      incorporation of the rib on the inside eliminates the friction which is
      inherent in the first embodiment requiring the drawer to slide over the
      support. The support controls the amount of drawer deflection or sag.
PAR  As mentioned, the inner guide channel is omitted in this embodiment while
      the outer guide channel is serrated along a portion 58 thereof. The inner
      guide channel is not required in the present embodiment due to the use of
      the end guide 54 in combination with the tensioning members 64. Serration
      of the outer guide track along its bottom portion reduces the surface area
      of the drawer which frictionally engages during movement of the drawer
      between its open and closed positions. Thus, friction is reduced while
      maintaining adequate tracking.
PAR  Considering now the operation of the second embodiment, it will be apparent
      that the drawer 60 is movable between the closed position indicated in
      FIG. 8 where the drawer rolls back over itself and an open position (FIG.
      7) wherein the drawer 60 extends outwardly from the cabinet end for
      providing access to the drawings. In order to open the drawer from the
      closed position, the drawer pull 62 is grasped by the user and the drawer
      is pulled outwardly until the tensioning members 64 reach their full
      travel which prevent further withdrawal of the drawer, such tensioning
      members serving to also support the drawer in the open position at a
      desired vertical level. In the closed position, the end guide 54 is
      supported on the pivot pins 52, while in the open position the end guide
      is maintained near the pivot pin due to the support of the lower portion
      of the guide track and the natural resiliency of the drawer.
PAR  The portion of the end guide 54 which connects the pivot pin 52 with the
      leading edge of the drawer 60 is so established as to maintain the drawer
      60 at a radius which is less than the radius of the cabinet end 50. This
      allows the drawer to roll back over itself as indicated in FIG. 8, while
      further serving to reduce friction during movement of the drawer.
PAR  While I have shown and described embodiments of this invention in some
      detail, it will be understood that this description and illustrations are
      offered merely by way of example, and that the invention is to be limited
      in scope only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cabinet for storing oversize documents without folding, comprising:
PA1  a cabinet frame including a back mounting and a pair of cabinet ends having
      guide channels formed therein;
PA1  a flexible drawer mounted on said frame movable in said channels between a
      curled position storing said documents in a loosely curled state and an
      open position extending outwardly from the cabinet supporting said
      documents thereon in a flat state for easy viewing and selection;
PA1  inner document retaining means on said drawer for maintaining said
      documents in said loosely curled state in said closed position; and
PA1  outer document retaining means for retaining said documents on said drawer
      in said open position.
NUM  2.
PAR  2. The cabinet according to claim 1 wherein said outer document retaining
      means is a raised structural element which also functions as a handle to
      permit manual movement of said drawer between said open and closed
      positions.
NUM  3.
PAR  3. The cabinet according to claim 1 wherein said guide channels are wider
      at their mid portion than at their ends whereby during opening, the outer
      edges of the channels guide the drawer while on closing the inner edges of
      said channels prevent the drawer from curling excessively.
NUM  4.
PAR  4. The cabinet according to claim 1 wherein said drawer in the open
      position is supported on a drawer support and cantilevers out to an
      extended position beyond the frame to permit access to the stored
      documents.
NUM  5.
PAR  5. The cabinet according to claim 1 wherein said drawer in the closed
      curled position forms a protective cover about the documents.
NUM  6.
PAR  6. The cabinet according to claim 4 wherein said drawer support is flexible
      and comprises a resilient cord positioned beneath said drawer and attached
      to said cabinet ends, said cord supporting said drawer in the open
      position in a manner so as to permit the center of the drawer to sag,
      thereby to produce the cantilever action which extends the drawer linearly
      outwardly from the cabinet.
NUM  7.
PAR  7. The cabinet according to claim 4 wherein said drawer support is rigid
      and comprises a contoured member positioned beneath said drawer and
      attached to said cabinet ends, said member supporting said drawer in the
      open position in a manner so as to permit the center of the drawer to sag,
      thereby to produce the cantilever action which extends the drawer linearly
      outwardly from the cabinet.
NUM  8.
PAR  8. A cabinet for storing and displaying oversize documents, comprising:
PA1  a. a back mounting for attachment to a wall;
PA1  b. a pair of cabinet ends attached to said back mounting each end having a
      guide channel formed therein and a pivot pin extending therefrom; and
PA1  c. a flexible drawer having an end guide attached to one end and a drawer
      pull attached to the other end, said drawer supported on said pivot pins
      and movable between a cantilevered display position and a curled storage
      position protecting said documents.
NUM  9.
PAR  9. A cabinet according to claim 8 wherein said cabinet further includes
      flexible tensioning means connecting said end guide to said drawer pull to
      limit the extension of said drawer and to support said drawer in the
      display position.
NUM  10.
PAR  10. A cabinet according to claim 8 wherein said guide channel is serrated
      along a lower portion thereof to reduce surface friction during movement
      of said drawer between said storage and display positions.
NUM  11.
PAR  11. A cabinet according to claim 8 further including a drawer support
      attached to said drawer and extending transversely thereon to limit drawer
      sag in the display position.
NUM  12.
PAR  12. A cabinet according to claim 8 wherein said end guide is V-shaped and
      engages said pivot pins to support said drawer thereon.
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ABST
PAL  A mounting fixture for mounting a postage meter to a mail-handling machine
      is disclosed. The fixture features a pivotable housing which pivots to
      disengage the postage meter from its printing position. A pair of
      elongated tracks are disposed upon the housing, which then guides and
      allows the postage meter to be pulled forward to an accessible position.
      In this position, the meter is easily set to a new register reading for
      purposes of adding funds to the machine.
BSUM
PAR  This invention pertains to fixturing devices, and more particularly to a
      mounting fixture for mounting a postage meter to a mail-handling machine.
PAC  BACKGROUND OF THE INVENTION
PAR  In high speed mail-handling machines of the type generally shown in
      application Ser. No. 476,618, now U.S. Pat. No. 3,877,531 mail is
      transported through the system with a vertical orientation. The reason for
      moving pieces of mail about their edge, is that there is less drag upon
      the letters, and the weighing is more efficaciously accomplished.
PAR  With the vertical orientation of the letters, there is necessarily needed a
      means to mount a postage meter to the mailing machine with a corresponding
      vertical orientation. This requirement poses certain difficulties, one of
      which is obtaining access to the meter for recharging (funding) purposes.
PAR  As a result of the vertical orientation of the meter, it is mounted on the
      mailing machine in a poorly accessible position for reading, servicing or
      funding the meter. The present invention is for a means of obtaining easy
      access to the meter which is normally in an inaccessible position.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a fixture for mounting a postage meter to a
      mail-handling machine. A housing is provided for supporting the postage
      meter with a vertical orientation to accommodate the vertically oriented
      pieces of mail. In this position, the meter is operative to print postage.
      The housing is shaped like a cradle, supporting the meter between two
      adjacent side members which are structurally joined by an undercarriage
      and post members.
PAR  The housing is pivotable to disengage the meter from the mailing machine.
      Two elongated slots are provided along the length of the cradle for
      slidably moving the postage meter to the forward part of the mail-handling
      machine. When the meter is moved forward, the meter can be manually set to
      a new register reading for purposes of adding funds.
PAR  It is an object of this invention to provide an improved fixture for
      mounting a postage meter to a mail-handling machine;
PAR  It is another object of the invention to provide a cradle-like support for
      mounting a postage meter with a vertical orientation so as to accommodate
      vertically transported pieces of mail;
PAR  It is still another object of this invention to provide a postage meter
      support for allowing ease of access to the postage meter.
DRWD
PAR  These and other objects of the invention will be better understood and will
      become more apparent with reference to the following detailed description
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the postage meter mounting fixture of this
      invention shown in situ within a mail-handling machine, and with the
      postage meter shown in a forward position for easy access thereof;
PAR  FIG. 2 is a perspective view of the postage meter and mounting fixture of
      FIG. 1, with the postage meter shown in a postage printing position;
PAR  FIG. 3 is a side view of the fixture of the invention of FIG. 2, the solid
      line view showing the meter in a printing position, and the phantom view
      showing the meter in a disengaged meter position;
PAR  FIG. 4 is a side view of the invention as shown in FIG. 2, with the
      mounting fixture in the disengaged meter position, and the meter in a
      forward accessible position as also shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Generally speaking, the invention is for a postage meter mounting fixture
      for mounting a postage meter to a mail-handling machine. A housing
      supports the meter in a first postage printing position such that
      envelopes with a vertical orientation will be marked with postage. The
      meter is also vertically oriented in this position. The housing has means
      to pivot itself with respect to the mail-handling machine. The postage
      meter will assume a second disengaged position, when the housing is
      pivoted. The housing has at least one elongated track extending along its
      length portion. The postage meter slidably moves along this track when the
      meter is in the disengaged position. The postage meter will move along
      this track from a first generally inaccessible position to a second
      accessible position.
PAR  Now referring to FIG. 1, a mail-handling machine 8 is shown. The cover 9 of
      the mail-handling machine is in an open position to reveal the postage
      meter mounting fixture of this invention, as generally shown by arrow 10.
      The postage meter 11 is illustrated in a forward position with respect to
      the fixture 10, and the mail-handling machine 8. In this position, the
      postage meter is disengaged from the machine. Letters normally move along
      a feed path generally depicted by arrows 12, and when the postage meter 11
      is in a rearward engaged position as in FIG. 2, they will be marked with
      postage. The mounting fixture 10 is cradle-shaped, having two side panels
      16 and 17, respectively, which are pivotably mounted to the machine frame
      extensions 15 (FIG. 2) about the mid-point 20.
PAR  In the rearward engaged position (FIG. 2) the meter 11 rests upon the
      undercarriage 18 of the cradle. Undercarriage 18 provides support for the
      meter 11. It will also be observed, that the meter printing drum 14 is
      aligned adjacent feed path 12, when the meter is in this position. Thus,
      vertically moving letters will be marked with postage from the vertically
      disposed postage meter 11. The rearward engaged postate meter position is
      generally not a position in which the meter 11 is easily accessible for
      purposes of funding the meter or for reading its registers. Therefore, the
      mounting cradle 10 provides means for disengaging the meter, and for
      moving the meter to the front of the machine 8, as shown in FIG. 1.
PAR  In order to disengage the meter 11, from machine 8, appropriate interlocks
      25 are opened (FIG. 3), and handle 21 of the cradle is grasped and pulled
      forward as depicted by arrow 19. This will cause the meter 11 and the
      fixture 10 to both pivot about point 20 as illustrated by arrow 22 (FIGS.
      2 and 3).
PAR  When the cradle is completely pivoted about point 20, it will come to rest
      in a horizontal position shown in phantom in FIG. 3. The meter 11 is now
      in a raised horizontal position, and is thoroughly disengaged from the
      machine. In this disengaged position, the meter 11 is still sitting in a
      rearward inaccessible position within the machine. Therefore, means are
      provided to move the meter forward as shown by arrow 24. This is
      accomplished by means of two tracks 26 and 27, respectively (FIG. 2),
      which are provided on corresponding side panels 16 and 17. Two wheels 28
      and 29, respectively are fixed to meter 11 on each side thereof. These
      wheels are free to rotate and slide within tracks 26 and 27, respectively,
      thus allowing for forward movement of the postage meter 11 with respect to
      the mounting fixture 10 and the machine 8. The forward position of meter
      11 is shown in FIGS. 1 and 4. In this position the meter is in a
      thoroughly accessible position, and can be recharged with funds using a
      remote meter setting technique as is generally described in U.S. Pat. No.
      3,792,466; issued Feb. 12, 1974. A handle 30 (FIG. 3) usually provided on
      meter 11, makes it convenient to pull the meter forward along tracks 26
      and 27 to the accessible position.
PAR  Of course, many modifications and changes will be obvious to the skilled
      practitioner in this art. For example, tracks 26 and 27 can be either
      internal or external, and correspondingly, wheels 28 and 29 may ride in
      the tracks or about the tracks, as the case may be.
PAR  Good engineering practice will also dictate that the postage meter 11,
      which is a fairly heavy mass, should be counter-balanced about pivot point
      20. To this end weighted strips 31 (FIGS. 1-4) can be added to the side
      panels 16 and 17 of the cradle. Handle 21 of the cradle may also be
      weighted to provide a counter-balancing force.
PAR  A ratchet or detent device 32 (FIGS. 2-4) can also be provided at the pivot
      20 to prevent "back tipping" of the cradle as it is being pivoted in
      direction 19.
PAR  Such changes of an obvious nature are deemed to lie within the scope and
      spirit of the invention, as presented by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A postage meter mounting fixture for mounting a postage meter to a
      mail-handling machine, said postage meter mounting fixture, comprising:
PA1  a housing for supporting a postage meter in a first postage printing
      position such that envelopes moving with a substantially vertical
      orientation through said mail-handling machine will be marked with postage
      by said postage meter said housing supporting said postage meter with a
      vertical orientation in said first position, and including pivot means
      operatively connected to the housing for pivoting the housing with respect
      to said mail-handling machine such that said postage meter will assume a
      second, disengaged position, means defining at least one elongated track
      extending along a length portion of said housing, and means connected to
      said postage meter for slidably moving said postage meter along said track
      when the meter is in said second disengaged position, said postage meter
      being slidably movable along said track from a first, generally
      inaccessible position to a second, accessible position.
NUM  2.
PAR  2. The postage meter mounting fixture of claim 1, wherein said housing is
      in the form of a cradle-like structure having two side members
      structurally joined for supporting said postage meter.
NUM  3.
PAR  3. The postage meter mounting fixture of claim 2, wherein there are two
      elongated tracks, one track disposed on each of the respective side
      members, and wherein said postage meter is slidably supported within said
      tracks.
NUM  4.
PAR  4. The postage meter mounting fixture of claim 2, wherein the two side
      members are joined by a meter supporting undercarriage.
NUM  5.
PAR  5. The postage meter mounting fixture of claim 2, wherein the two side
      members are joined by a post member which also serves as a handle to aid
      in pivoting said housing from the first postage printing position to the
      second disengaged position.
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ABST
PAL  A start-up circuit for a deflection system comprises a deflection circuit
      including a first oscillator which produces a first signal for producing a
      deflection signal in a deflection winding in response to the first signal.
      A second oscillator coupled to the first oscillator controls the frequency
      and phase of the first oscillator when a direct current potential is
      coupled to said second oscillator. A rectifying circuit coupled to the
      deflection circuit and the second oscillator provides the direct current
      potential to the second oscillator when the deflection signal is being
      produced.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a start-up circuit for a deflection system.
PAR  Various deflection system designs have been utilized in television
      receivers. More recent designs have utilized an integrated circuit, which
      includes an oscillator, to provide drive signals to switch the deflection
      system at a line frequency rate or a field frequency rate. Additionally,
      many of these integrated circuit designs have included automatic frequency
      and phase control, pulse shaping and noise immunity circuitry. Due to the
      number of discrete components eliminated by this type of integrated
      circuit, deflection system costs have been reduced. Also deflection
      systems utilizing this type of integrated circuit are more reliable,
      provide improved system noise immunity and provide for easier deflection
      system assembly.
PAR  Integrated circuits generally must, however, be supplied with a relatively
      low direct current voltage, for example, in a range of 4 to 12 VDC.
      Television receivers which are so-called "hot chassis" receivers, that is,
      do not have a 60 Hz power transformer, frequently drive low direct current
      voltages such as aforementioned by utilizing a dropping resistor and an
      appropriate voltage limiting device such as a zener diode. These dropping
      resistors, however, dissipate considerable amounts of power. The absence
      of a 60 Hz transformer eliminates the possibility of utilizing a low
      voltage winding of the transformer for providing low voltage for operating
      the integrated circuit oscillator assembly.
PAR  It is desirable to have the deflection circuit oscillator provide useful
      drive signals as soon as possible after turn-on of the receiver in order
      to begin deflection circuit operation as soon as possible. The typical
      integrated circuit oscillator assembly requires approximately 30 percent
      of nominal direct current voltage before the oscillator will provide drive
      signals. In contrast, the typical discrete component oscillator of the
      type which the integrated circuit replaced required approximately 10
      percent of nominal direct current voltage to provide drive signals.
PAR  In accordance with the invention, a start-up circuit for a deflection
      system comprises deflection means, including a first oscillator which
      produces a first signal, for producing a deflection signal in a deflection
      winding in response to the first signal. A second oscillator is coupled to
      the first oscillator for controlling the frequency and phase of the first
      oscillator when a direct current operating potential is coupled to the
      second oscillator. Rectifying means coupled to the deflection means and
      the second oscillator provide the direct current potential to the second
      oscillator when said deflection signal is being produced.
PAR  A more detailed description of the invention is given in the following
      description and accompanying drawing.
PAC  DESCRIPTION OF THE INVENTION
PAR  The sole FIGURE is a schematic diagram, partially in block form, of a
      deflection system embodying a start-up circuit according to the invention.
      This circuit includes a conventional blocking oscillator 10, a deflection
      system 46 similar to that disclosed in U.S. Pat. No. 3,452,244 and a
      conventional integrated circuit oscillator 39.
PAR  The blocking oscillator 10 includes a switching transistor 11 having the
      emitter coupled through a base-emitter junction reverse breakdown
      protection diode 12 to reference potential. The collector is coupled
      through a series combination of a winding 13a of a blocking oscillator
      transformer 13 and a resistor 15 to a source of relatively high direct
      current potential (B+) which may be derived by rectifying the AC line
      voltage directly. The junction of winding 13a and resistor 15 is coupled
      through a bypass capacitor 14 to reference potential. A series combination
      of a resistor 16 and a variable resistor 17 coupled between B+ and
      reference potential form a voltage divider which provides a direct current
      bias which is coupled through a feedback winding 13b of transformer 13 to
      the base electrode of transistor 11. A series resonant circuit including a
      capacitor 18 and an inductor 19 are coupled between the junction of
      resistors 16 and 17 and reference potential and determine the pulse width
      generated by the blocking oscillator 10. Capacitor 18 also operates in
      conjunction with other components in the feedback network to determine the
      period of the oscillator. A winding 13c of the blocking oscillator
      transformer 13 is an output winding from which is obtained a series of
      pulses shown in waveform 20. In the free running state oscillator 10 is
      selected to produce pulses at approximately the horizontal deflection
      scanning rate, that is, approximately 15,750 Hz. To provide for optimum
      synchronization of the oscillator 10 in a manner to be described
      subsequently, a free running state which produces pulses at a rate
      somewhat lower than the horizontal deflection scanning rate is generally
      selected. Oscillator 10 will begin to operate when the B+ supply has
      reached approximately 10 percent of its nominal level.
PAR  A first terminal of winding 13a is coupled to reference potential and the
      other terminal is coupled through a series combination of a capacitor 21
      and a resistor 22 to the gate electrode of an SCR which forms one-half of
      a commutating switch 23 of the horizontal deflection circuit 46. The
      bottom of switch 23 is coupled to reference potential and the top of
      switch 23 is coupled through an input reactor 24a to the source of B+.
      Commutating switch 23 is also coupled through a series combination of a
      commutating coil 25 and a commutating capacitor 27 to the top of a trace
      switch 28. An auxiliary capacitor 26 is coupled from the junction of coil
      25 and capacitor 27 to reference potential and aids in the transfer of
      energy from the input reactor to the rest of the deflection circuit. The
      top of trace switch 28 is coupled through a pair of deflection coils 30
      and an S-shaping capacitor 31 to reference potential. Trace switch 28 is
      also coupled through a series combination of a primary winding 32a of a
      horizontal output transformer 32 and a DC blocking capacitor 44 to
      reference potential. A secondary winding 32b of the transformer 32
      supplies pulses during each horizontal retrace interval to the high
      voltage multiplier rectifier assembly 33 which provides an ultor voltage
      for a television picture tube (not shown). Winding 24b of the input
      reactor is coupled through a resonant waveshaping network 29 for supplying
      gate signals to the SCR of trace switch 28 to enable it for conduction
      during a portion of the trace interval of each deflection cycle.
PAR  In operation, when the receiver is turned on and the B+ potential is
      provided, the transistor 11 is turned on when the voltage at the junction
      of resistors 16 and 17 reaches a level sufficient to forward bias the
      base-emitter junction of transistor 11 and diode 12. When transistor 11
      goes into conduction, current flow through winding 13a of blocking
      oscillator transformer 13 develops a voltage across windings 13b and 13c.
      The voltage developed across winding 13b, polarized with respect to
      windings 13a and 13c in a manner shown by polarization dots, further
      enhances the conduction of transistor 11 and, also, accumulates a charge
      on capacitor 18 which makes the junction of resistors 16 and 17 negative
      with respect to the bottom of the capacitor 18. When the current in
      winding 13a stops changing the capacitor 18 and inductor 19 ring to
      determine the duration of saturation of transistor 11, then the
      accumulated charge on capacitor 18 reverse biases the base-emitter
      junction of transistor 11 and the field in transformer 13 collapses.
      Capacitor 18 discharges at a rate determined by the capacitance value of
      capacitor 18, the resistance values of resistors 15, 16 and 17, and the B+
      voltage. After the capacitor 18 is discharged to a voltage which again
      forward biases the base-emitter junction of transistor 11, the
      aforementioned cycle is repeated. The signal developed by the winding 13c
      is shown in waveform 20.
PAR  The signal developed by winding 13c is coupled to the gate of the SCR of
      the commutating switch 23 and initiates commutation of the deflection
      system 46 upon each positive transition of the signal 20. During the
      commutation interval charge, which has been accumulated on the capacitors
      26 and 27 from B+ via input reactor 24a and commutating coil 25 during the
      interval when the commutating switch 23 was not conductive, is utilized to
      enhance the current flow through the yoke windings 30 and the winding 32a
      of flyback transformer 32. During the trace interval the trace switch 28
      conducts through the diode during the first half of the trace interval and
      through the SCR during the second half of the trace interval. The SCR of
      the trace switch 28 is gated by means of voltage developed from winding
      24b of the input reactor 24a via the resonant peaking circuit 29. Current
      developed in winding 32a of the flyback transformer 32 during each
      deflection cycle produces a voltage into windings 32b and 32c. The voltage
      pulse developed in winding 32c is as shown in waveform 40.
PAR  As described above, it can be seen that the blocking oscillator 10
      operating in a manner which produces a signal as shown in waveform 20
      having a frequency of approximately 15,750 and operating in conjunction
      with the deflection circuit 46 provides for nearly normal operation of the
      deflection circuit 46 shortly after turn-on of the receiver. However, the
      blocking oscillator initially is not synchronized with the signal being
      received by the television receiver.
PAR  A series combination of a rectifier diode 33 and a resistor 34 is coupled
      between the winding 13c and a filter capacitor 35. The other terminal of
      filter capacitor 35 is coupled to reference potential. A resistor 36 is
      coupled between the junction of resistor 34 and capacitor 35 and a power
      input terminal 48 of an IC oscillator 39. A parallel combination of a
      filter capacitor 37 and a zener diode 38 is coupled between terminal 48
      and reference potential. The zener diode is coupled across the final
      filter capacitor 37 to ensure that the voltage at terminal 48 does not
      exceed the selected values which may be about 12 volts DC. An AFPC
      feedback input terminal 50 of IC oscillator 39 is coupled to the winding
      32c of flyback transformer 32. An output terminal 52 of IC oscillator 39
      is coupled by means of a capacitor 43 to the base electrode of transistor
      11 of blocking oscillator 10.
PAR  It may be noted that, even though the diode 33 is coupled to winding 13c
      which provides a low amplitude signal from which may be derived a low
      direct current voltage, the diode may be coupled to any point in the
      blocking oscillator or the deflection system which provides a low
      amplitude signal. For example, the diode 33 may be coupled to a tap or an
      extra winding on input reactor 24a or a tap on existing windings or an
      extra winding on flyback transformer 32.
PAR  In operation, signals produced by winding 13c of blocking oscillator
      transformer 13 having, for example, a peak-to-peak voltage of 20 volts, is
      rectified by diode 33, filtered by means of resistors 34 and 36 and
      capacitors 35 and 37 and limited by zener diode 38 to provide a low level
      direct current voltage for operating IC oscillator 39 with a very minimum
      of power dissipation. The horizontal synchronizing pulses recoeverd by
      signal processing circuitry (not shown) from signal received by the
      television receiver are shown in waveform 41. These synchronizing pulses
      are coupled to the input terminal 54 of the IC oscillator 39. These
      synchronizing pulses stabilize the frequency and phase of the IC
      oscillator 39 and produce synchronizing pulses shown in waveform 42 which
      are relatively independent of any noise associated with horizontal sync
      pulses shown in waveform 41.
PAR  Since the free running frequency of the blocking oscillator 10 is generally
      selected somewhat lower than 15,750 Hz, positive transitions of the
      synchronizing signal at terminal 52 provide for synchronization of the
      blocking oscillator by initiating the conduction of transistor 11 prior to
      that which would occur as a result of the discharge of the capacitor 18.
      Thus, the frequency of the signal generated by the winding 13c as shown in
      waveform 20 in the presence of synchronizing signal 42 will be the same as
      the frequency of the horizontal sync signal shown in waveform 41. In order
      that the phase of the current developed in the deflection windings 30 of
      the flyback transformer 32 be correct with respect to the phase of the
      horizontal sync signals shown in waveform 41, the voltage developed by
      winding 32c of the flyback transformer 32, shown as waveform 40, is
      coupled to the terminal 50 and is compared to the horizontal sync signal
      coupled to the terminal 54 to provide for a correction of the phase of the
      signal 42 developed at the output terminal 52.
PAR  The afore-described start-up circuit according to the invention is
      particularly useful when the low voltage required for other parts of the
      television receiver are obtained from the horizontal deflection circuit
      such as by rectifying by means of a network 60 the horizontal rate energy
      obtained from a winding 32d. Since the low voltage developed by winding
      32d would not be present until the horizontal circuit operates, some means
      are necessary to provide for start-up of the horizontal deflection
      circuit. This function is provided by the oscillator 10 in its free
      running state. Stable oscillator 39 then completes a closed loop with the
      horizontal deflection circuit and oscillator 10 to ensure stable operation
      shortly after the receiver is turned on. Although blocking oscillator 10
      may be in discrete component form as described, it is relatively efficient
      and inexpensive and provides for quick starting of the deflection circuit
      46. In this manner, the relatively inexpensive integrated circuit
      oscillator 39 may then derive its low voltage operating current from the
      deflection system without requiring a separate and costly low voltage line
      frequency rectifying assembly or a highly dissipative voltage divider
      network.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a deflection system a start-up circuit comprising:
PA1  a deflection generator including a first oscillator which produces a first
      signal for producing a deflection signal in a deflection winding in
      response to said first signal;
PA1  second oscillator means coupled to said first oscillator for controlling
      the frequency and phase of said first oscillator; and
PA1  rectifying means coupled to said deflection means and to said second
      oscillator for providing a direct current operating potential to said
      second oscillator when said deflection signal is being produced.
NUM  2.
PAR  2. A start-up circuit according to claim 1 wherein said second oscillator
      means is an integrated circuit.
NUM  3.
PAR  3. A start-up circuit according to claim 2 wherein said deflection
      generator is coupled to said second oscillator means for providing said
      second oscillator means with a feedback signal and said second oscillator
      means includes a source of reference signals and a phase comparison means
      for comparing the phase relationship of said feedback signal and said
      reference signal for controlling the frequency and phase of the first
      oscillator.
NUM  4.
PAR  4. A start-up circuit according to claim 3 wherein said first oscillator is
      a free running oscillator and said first signal has a free running
      frequency less than the frequency of said reference signal.
NUM  5.
PAR  5. A start-up circuit according to claim 4 wherein said rectifying means
      includes means for limiting the maximum level of said direct current
      potential.
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PAL  The disclosure concerns a coaxial h-f multiple rotary connection, in
      particular for rotating antennas of radar equipment, comprising galvanic
      rotary contacts. In the rotary coupling of the hollow inner conductors of
      an outer coaxial system the rotary coupling of an inner coaxial system
      forming for said outer system only a reactance is disposed and the outer
      conductors of the inner coaxial system led radially out of the outer
      coaxial system are connected to the outer conductors of the outer coaxial
      system. This reactance can be compensated by suitable dimensioning,
      ensuring reflexion-free passage of the outer line.
BSUM
PAR  The invention relates to a coaxial h-f multiple rotary connection, in
      particular for rotating antennas of radar equipment, comprising galvanic
      rotary contacts.
PAR  Known constructions usually permit the centrally disposed coaxial line to
      be equipped for example with galvanic rotary contacts and thus to transmit
      a frequency range of 0 c/s up to the limit frequency of the line. The
      coaxial connections placed externally round this line can however only
      transmit a limited frequency range because the supply line to the outer
      transmission channels must take place via frequency-dependent means.
PAR  The problem underlying the invention is to provide a rotary coupling in
      which the frequency range of 0 up to the limit frequency of the
      corresponding line can be transmitted via two or more line systems
      disposed within each other.
PAR  According to the invention this problem is solved in that in the rotary
      coupling of the hollow inner conductors of an outer coaxial system the
      rotary coupling of an inner coaxial system forming for said outer system
      only a reactance is disposed and that the outer conductors of the inner
      coaxial system led radially out of the outer coaxial system are connected
      to the outer conductors of the outer coaxial system.
PAR  This reactance can be compensated by suitable dimensioning, ensuring
      reflexion-free passage of the outer line.
PAR  Disturbance by possible contact wear can be prevented by corresponding
      overlapping dielectric of the individual line systems.
PAR  The construction according to the invention permits the transmission in the
      inner coaxial system of frequencies of 0 c/s up to the limit frequency of
      the line and in the outer coaxial system of a frequency range of 0 c/s up
      to the resonant frequency of the short-circuited line section consisting
      of the loop in the outer conductor of the outer system. The inner line
      represents for the outer system only a capacitive load and reduces th
      characteristic impedance and by suitable dimensioning of the line
      components of the outer system this may be compensated up to a maximum
      frequency by means known per se.
DRWD
PAR  Examples of embodiment of the invention will be described with the aid of
      the drawings, wherein:
PAR  FIG. 1 is a schematic illustration of a rotary coupling according to the
      invention comprising two coaxial systems one within the other, showing the
      principle of the transmission function,
PAR  FIG. 2 is a practical embodiment of a twin rotary coupling made according
      to the invention.
DETD
PAR  An inner coaxial line consisting of outer conductor 103 or 203 and inner
      conductor 104 or 204 with outer conductor rotary coupling 32 and inner
      conductor rotary coupling 33 is disposed in the center axis of the rotary
      system and is enclosed concentrically by the inner conductor 102 or 202 of
      the second coaxial system whose outer conductors are denoted by 101 and
      201. The outer conductor rotary coupling 30 and the inner conductor rotary
      coupling 31 represent a galvanic contact of the outer conductors and inner
      conductors of the outer system.
PAR  The inner coaxial conductors are led freely through passages 10 and 20 of
      the inner conductor 102 and 202 of the outer system and extend further
      through bores in the outer conductor 101 and 201 and the outer conductor
      103, 203 of the inner system is connected electrically to said outer
      conductor 101, 201 at 11 and 21 respectively.
PAR  In the practical example of embodiment according to FIG. 2 parts
      corresponding to parts in FIG. 1 are provided with the same reference
      numerals. The outer conductor 101 of the outer coaxial system is led via a
      conical transition to a drum 40 which comprises a mounting flange 42 and
      supports via ball bearings 44, 46 a hub 48 rotatable therein and forming
      part of the outer conductor 201 of the outer system. The inner conductor
      202 of the outer system is supported with respect to the hub 48 via an
      insulating support disc 50 whereas the inner conductor 102 is supported by
      means of an insulating support 52 within the drum 40.
PAR  The hole provided for passage of the inner coaxial system in the conical
      transition is so dimensioned and arranged that it ensures the necessary
      compensation of the characteristic impedance. According to the example of
      embodiment illustrated the inner coaxial line welded into the conical
      transition 101 extends parallel to the outer coaxial line, both in the
      left portion and in the right portion.
PAR  As apparent, the structure is such that assembly is effected easily by
      pushing the two parts of the rotary coupling into each other. The
      insulating support 52 is extended according to FIG. 2 to the right to form
      a sleeve extension 53 which bears against the inner wall of the hub 48 in
      the form of a lip seal.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A rotary assembly of HF coaxial cables, with a portion of one of the
      cables being inside the other of the cables, comprising;
PA1  an internal coaxial cable having a first internal conductor and a first
      external conductor outside said first internal conductor; said internal
      cable having a first portion of a first length and said first portion
      being inside an external coaxial cable;
PA1  an external coaxial cable having a hollow second internal conductor; said
      second internal conductor having a second portion of at least said first
      length and said second portion having a cross section greater than the
      cross section of said first external conductor; said external cable having
      a second external conductor outside said second internal conductor;
PA1  said internal cable first portion being located inside said second internal
      conductor second portion; beyond both ends of its said first portion, said
      internal cable passing from within said second internal conductor through
      both said second internal and external conductors to without said external
      cable, whereby said internal cable serves as a reactance in said external
      cable; said first external conductor being electrically connected to said
      second external conductor at both locations along said internal cable
      where said internal cable passes through said second external conductor;
PA1  said internal cable first portion being separated into two sections, first
      rotary coupling means separably joining both of said internal cable first
      and second conductors in said internal cable first portion;
PA1  said external cable second portion being separated into two sections,
      second rotary coupling means separably joining both of said external cable
      second internal and external conductors in said external cable second
      portion.
NUM  2.
PAR  2. The rotary assembly of HF coaxial cables of claim 1, wherein the
      dimensions and cross sections of both said second conductors at said
      second portion are different than for the remainder of said external cable
      and the dimensions and cross sections of said second conductors at said
      second portion are selected to insure reflexion free passage of said outer
      cable.
NUM  3.
PAR  3. The rotary assembly of HF coaxial cables of claim 1, wherein both said
      internal and said external cable respective first and second rotary
      coupling means comprise rotary plug means, which permit respective
      conductors to be plugged together and separated, while permitting relative
      rotation of one plugged conductor section with respect to the cooperating
      plugged conductor section when all of said internal and external cable
      conductor sections are plugged together.
NUM  4.
PAR  4. The rotary assembly of HF coaxial cables of claim 3, wherein one said
      section of said second external conductor comprises a drum having a
      relatively greater internal diameter and the other said section of said
      second conductor comprises a hub having a relatively lesser external
      diameter; said drum at least partly overlapping said hub; rotary bearing
      means interposed between the overlapped said drum and said hub to support
      and enable relative rotation of these said second external conductor
      sections.
NUM  5.
PAR  5. The rotary assembly of HF coaxial cables of claim 4, further comprising
      an insulative support supporting said external cable second internal and
      external conductors apart and extending between said second internal
      conductor and one of said plugged sections of said second external
      conductor;
PA1  said insulative support having a lip that extends past the said plug means
      of said second external conductor and that bears sealingly yet relatively
      rotatably against the other said section of said second external
      conductor.
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PAL  A pivot stand structure for circular irrigation systems. A rigid frame
      mounts a water supply pipe having a vertically oriented end portion which
      receives a rotatable, readially outwardly extending water delivery pipe.
      The delivery pipe supplies water to remotely located irrigation heads
      which are mounted thereon and moved circumferentially by a plurality of
      electrically powered, motorized carriages. A rotatable conduit is coupled
      with the delivery pipe and extends through a vertical leg of the latter
      and out through an elbow in the water supply pipe. This conduit contains a
      plurality of electrical control conductors which are coupled with the
      electric drive motors. Mounted beneath the vertical end portion of the
      water supply pipe in axial alignment therewith is a slip ring housing. The
      slip ring housing mounts a plurality of slip rings which are adapted to be
      coupled with a source of electrical power. The control conductors are
      provided with wiping contacts at their terminal ends which establish
      electrical connection with the slip rings, so that electrical power is
      thereby delivered to the motors. By mounting the slip rings beneath the
      supply pipe a simpler installation is facilitated and the slip ring
      housing is easily accessible for service.
BSUM
PAR  This invention relates to revolving, circular, irrigation sprayer systems.
      More particularly the invention relates to an improved slip ring assembly
      for use with revolving irrigation systems which distribute water through a
      water delivery pipe that is supported and rotated about a stationary pivot
      stand by a plurality of electrically driven, motorized support carriages.
PAR  Slip ring or collector ring assemblies are employed in revolving irrigation
      systems to provide an electrical connection between stationary and
      rotating conductors. The conductors deliver electric power and control
      signals to a plurality of motorized carriages which rotate the water
      distribution pipe. Prior art devices such as the rotatable irrigation
      systems of Allwood, shown in U.S. Pat. No. 3,355,696 and Ross, shown in
      U.S. Pat. No. 3,720,374, are known to employ slip ring assemblies in
      conjunction with electrical distribution.
PAR  In the prior art devices, however, the slip rings are mounted in a housing
      located on top of the rotating water delivery pipe. As a result of this
      location, the slip ring housing (which must rotate with the water delivery
      pipe) is susceptible to breakdown from vibratory forces. Additionally,
      this inconvenient upward location makes it difficult to reach the slip
      ring assembly for service or repairs. Furthermore the extreme distance
      between the pivot station power supply and the slip ring assembly often
      necessitates the use of splices in the conduit conductors during initial
      assembly of the pivot stand.
PAR  Another disadvantage of the prior art devices is the practice of using a
      right angle elbow for the electrical conduit which is positioned inside of
      the vertical leg of the water supply pipe. Such a conduit extends through
      the wall of the water supply pipe at a right angle, making it extremely
      difficult to withdraw the conduit without disassembly of the delivery and
      supply pipes.
PAR  The present invention relates to a pivot stand assembly wherein a water
      supply pipe has a vertical portion coupled to a cooperating vertical
      portion of a rotatable water delivery pipe, and a straight conduit extends
      from the top of the stand through both vertical pipe portions to a
      bottom-mounted slip ring assembly. The slip ring assembly is located
      beneath the water supply pipe near the electrical power supply. Cables
      leading from the power supply are electrically connected to the slip ring
      assembly (without the need for splices) in order to electrically
      interconnect the power supply with cables in the conduit. The conduit
      cables lead to remotely located carriage drive motors and deliver
      electricity thereto to effect the rotation of the water delivery pipe.
      Since the slip ring assembly in the present invention is located beneath
      both the water delivery and water supply pipes on a stationary mount,
      normal forces of vibration have only a minimal effect on the slip ring
      assembly so that life expectancy is thereby increased. In the event of
      trouble however, ease of service is facilitated because the slip ring
      assembly is conveniently accessible at the bottom of the pivot stand, and
      the conduit has no right angle bends (in the portion thereof which
      penetrates the water supply and delivery pipes), so that it may be easily
      disassembled for repairs.
PAR  It is thus a fundamental object of this invention to provide an irrigation
      stand pipe structure wherein the slip ring assembly is located on a
      stationary part of the structure rather than a moving part, so that
      deleterious vibratory forces on the slip ring assembly are minimized.
PAR  It is a further object of this invention to provide an irrigation stand
      pipe assembly wherein the slip ring assembly is located at a low elevation
      beneath the water supply pipe. As a result of this, the need to climb a
      ladder or other structure in order to reach the slip ring assembly for
      servicing or maintenance is obviated. Also, the need for splices between
      the slip ring assembly and the power supply source is minimized because of
      the proximity of the slip ring assembly to the power supply, which is
      generally located at the bottom of the pivot stand.
PAR  It is yet another object of this invention to provide a pivot stand
      assembly wherein the cable conduit, which extends through the vertical
      portions of the water supply and water delivery pipes, is straight. The
      conduit may thus be extracted during service or maintenance without
      disassembly of the aforementioned pipes.
DRWD
PAR  In the accompanying drawing:
PAR  FIG. 1 is a perspective view of a pivot stand assembly constructed in
      accordance with the principles of this invention; and
PAR  FIG. 2 is a side elevational view on an enlarged scale of the pivot stand
      assembly shown in FIG. 1 with portions thereof broken away and shown in
      cross section for purposes of illustration.
DETD
PAR  Referring initially to FIG. 1, a pivot stand assembly, designated generally
      by the numeral 10, comprises a rigid pyramidal frame 12 which is formed by
      downwardly diverging rigid angle steel members 14. The upper ends of frame
      members 14 converge into closely spaced relationship near the top of the
      pivot stand to form a pyramid. The bottom ends of the frame members are
      rigid with first and second elongated runners 18, which are in turn
      rigidly secured to a preferably concrete supporting surface 20 by a
      plurality of nut and bolt assemblies 22 (FIG. 2). Two sets of horizontal,
      rigidly joined braces 15 and 17 (disposed at right angles to each other)
      are also rigid with frame members 14.
PAR  Water is delivered to the irrigation pivot stand by an external water main
      pipe (not shown), which is connected to a water supply pipe 24 via a
      flange 25. As seen in FIG. 2, pipe 24 is provided with a pair of elbow
      segments 26 and 27, which cooperate to form a right angle bend and
      facilitate connection of pipe 24 to a vertical pipe end portion 16 of the
      water supply pipe. Connection of the end portion 16 to the water supply
      pipe is accomplished through facing flanges 29 and appropriate nut and
      bolt assemblies. End portion 16 is braced in a vertically upright position
      by rigid coupling with horizontal brace members 17 and the upper end
      portions 19 of frame members 14.
PAR  A water delivery pipe 28 includes a stress-accommodating flexible linkage
      30, which interconnects a horizontal pipe portion 31 with a right angle
      elbow portion 32 via flange connections 33 and 34. L-shaped elbow portion
      32 is tapered at its downwardly extending end 37 to form a vertically
      disposed segment 36 of reduced diameter that is matingly received within
      the sleeve presented by end portion 16 (FIG. 2) to form a rotatable swivel
      connection. A pair of sealing rings 38 and 39 permit segment 36 to turn
      within end portion 16 while precluding the leakage of water from end 37.
PAR  A waterproof, tubular conduit 42 comprises a horizontally oriented portion
      43 and a downwardly extending vertical portion 45. Horizontal portion 43
      extends along pipe 28 and is oriented generally parallel with respect
      thereto. Conduit 42 houses a plurality of electrical control conductors
      47, which, as will be discussed later, deliver electricity to a plurality
      of electric carriage motors (not shown).
PAR  Vertical portion 45 penetrates elbow 32 at an interface 48 and is disposed
      concentrically within segment 36 (and end portion 16). Portion 45 extends
      also interiorly of pipe 24, and penetrates same to exit therefrom at
      interface 49. Interface 48 is weldably sealed to permanently prevent water
      leakage. Interface 49 is provided with a sealing gland 50, which is
      located between pipe 24 and conduit portion 45 to facilitate leakproof
      rotation of the conduit.
PAR  Conduit portion 45 extends downwardly from interface 49 and is received
      within a stationary slip ring assembly 52, which is located beneath elbow
      27 of pipe 24 at a predetermined distance above surface 18. Assembly 52 is
      disposed in vertical, axial alignment with respect to end pipe 16.
PAR  Assembly 52 comprises a shield 54 and an underlying slip ring housing 55.
      Conduit 45 passes through shield 54 and into housing 55. Each of the
      conductors 47 within conduit portion 45 is electrically connected to an
      appropriate slip ring 58 in housing 55 through a wiping contact 57. A
      sealing gland 56 is provided in the top of shield 54 to prevent water from
      entering the slip ring assembly while at the same time enabling rotation
      of conduit 45 which passes therethrough. A rigid, static conduit 59
      extends from housing 55 to a stationary, electrical power supply (not
      shown) which is fixedly located nearby. Conduit 59 thus maintains housing
      55 (and assembly 52) in the correct stationary alignment.
PAR  Conduit 59 contains a plurality of electrical conductors 60 which are
      electrically connected to appropriate voltage outputs in the power supply
      (not shown). The conductors 60 extend interiorly of housing 55, wherein
      each conductor is electrically connected to an appropriate wiper contact
      62. Each wiper contact 62 touches an appropriate slip ring 58 to thereby
      electrically connect the conductors 47 with appropriate ones of the
      conductors 60. The voltages outputted by the power supply are thus carried
      by conductors 47.
PAR  In operation, water is forced into pipe 24, up through end portion 16 and
      sleeve 36, and into water delivery pipe 28, which horizontally extends
      radially outwardly from the pivot stand. Water is ultimately discharged
      into the field from a plurality of spray nozzles (not shown) located at
      various points along pipe 28.
PAR  Pipe 28 is supported and rotated about the pivot stand by a plurality of
      electric, motor-driven carriages (not shown) which are located at
      predetermined intervals along pipe 28. Electricity is delivered to the
      various carriages by conductors 47 (within conduit 42), thereby energizing
      same and causing rotation of pipe 28. As discussed earlier, rotation is
      facilitated by the swivel coupling of sleeve segment 36 within pipe 16.
      Conduit 42 rotates simultaneously with pipe 28. Continuous uninterrupted
      current is supplied during rotation as a result of the wiping contact
      between conductors 47 and slip ring 58. As a result of the location of the
      slip ring assembly 52 at a relatively low elevation and beneath the
      rotating delivery, and in a stationary position, it is both protected and
      less subject to vibratory forces. It is also easily accessible for service
      and minimizes the distance to the power supply outlet. Most advantageous
      is the fact that the straight vertical portion 45 accommodates easy
      removal of conduit 42 without the need to completely disassemble the stand
      pipe structure.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A pivot stand for circular irrigation systems comprising:
PA1  a frame adapted to be disposed on a supporting surface;
PA1  a stationary water supply pipe having a pipe end portion directed
      vertically upwardly with respect to said surface and mounted on said frame
      in spaced relationship to said supporting surface;
PA1  a rotatable water delivery pipe extending radially outwardly from said end
      portion and having a downwardly directed segment rotatably coupled with
      said end portion;
PA1  a rotatable conduit containing a plurality of electrical control
      conductors, said conduit being coupled with said delivery pipe for
      rotation therewith and having a vertical portion passing in through said
      end portion and out through said segment;
PA1  a slip ring assembly enclosing a plurality of slip rings mounted beneath
      said end portion;
PA1  a plurality of wiping contacts disposed for electrical contact with said
      slip rings within said housing,
PA1  one of said contacts and said slip rings coupled with said electrical
      control conductors and the other of said contacts and said slip rings
      coupled with an external power supply whereby to supply electrical current
      to the electrical control conductors.
NUM  2.
PAR  2. The invention of claim 1, wherein said pipe end portion extends upwardly
      in generally perpendicular relationship to said surface and said conduit
      extends through said portion in parallel relationship thereto.
NUM  3.
PAR  3. The invention as in claim 2 including sealing means for preventing the
      leakage of water from said end portion where it is pierced by said
      conduit, said sealing means adapted to permit rotation of said conduit.
NUM  4.
PAR  4. The invention as in claim 2 including a second sealing means for
      preventing the leakage of water from said segment where it is pierced by
      said conduit.
NUM  5.
PAR  5. The invention of claim 2, wherein said conduit is disposed in coaxial
      relationship to said pipe end portion, and said housing is disposed in
      vertical alignment with said pipe end portion.
NUM  6.
PAR  6. The invention of claim 1, wherein is included a plurality of electrical
      supply conductors for bringing electrical energy from a power source to
      one of said slip rings and said wiping contacts.
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ABST
PAL  This coupling houses nail-shaped anchoring means having preferably a jagged
      profile, which are inserted between adjacent reinforcing elements of the
      pipe armouring.
PAL  A solidifiable material binds these nail-shaped anchoring means and the
      reinforcing elements of the pipe armouring firmly together.
BSUM
PAR  The present invention relates to a coupling for a flexible pipe provided
      with reinforcing armouring.
PAR  Most conventional couplings for such pipes comprise body members provided
      with at least one recess wherein are inserted the ends of the reinforcing
      armourings of the flexible pipe. The mechanical connection between the
      coupling and the armourings is achieved by injecting into this recess a
      solidifiable material which fills the free spaces between coupling and
      armouring layers.
PAR  As it is well known to those skilled in the art, the resistance to
      mechanical stresses of such a connection depends mainly on the size of the
      surfaces of the armourings and of the couplings to which the solidifiable
      material adheres, the profile of these surfaces, the nature and mechanical
      characteristics of the solidifiable material, etc...
PAR  In order to realize couplings having an external diameter which is not very
      different from that of the flexible pipe, it is necessary to increase the
      length of these couplings in proportion to the mechanical stresses
      supported by the pipe, so as to increase the surfaces of the armourings
      and of the coupling to which the solidifiable material is adherent.
PAR  It results therefrom, at the place of the couplings, a substantial
      reduction in the flexibility of a flexible pipe formed of different
      sections connected end to end.
PAR  With a view not to excessively increase the length of the couplings, the
      latter are so constituted that the external elements of the pipe (which
      are generally formed by its traction-withstanding armourings) have a
      length which is greater than that of the internal elements of the pipe
      (internal tightening tube, pressure resisting armouring).
PAR  When securing the coupling to the pipe, it is necessary to partially unwind
      the convolutions formed by the external reinforcing elements, so as to cut
      at the right length the innermost elements of the pipe, and then to
      correctly position again these outer reinforcing elements. Such operations
      are time consuming and difficult.
PAR  Moreover, when the coupling is secured to one end of the pipe, it becomes
      difficult, if not impossible, to gain access to the internal elements of
      the flexible pipe, particularly with a view to complete the tightening
      between the coupling and the internal tightening sheath.
PAR  An object of the present invention is accordingly to provide a coupling
      which can be secured to one end of a flexible pipe provided with
      reinforcing armourings, this coupling being of substantially smaller size
      than prior art couplings and being easily assembled, while providing at
      the place of this coupling, for an easy access to the different elements
      of the flexible pipe.
DRWD
PAR  The invention will be properly understood and advantages thereof will
      clearly appear from the following description illustrated by the
      accompanying drawings wherein:
PAR  FIG. 1 is a diagrammatic half cross-section of a type of flexible pipe at
      one end of which the coupling according to the invention is to be secured,
PAR  FIG. 2 is an axial cross-sectional view of a nonlimitative embodiment of
      the coupling of the invention secured to the end of the flexible pipe,
PAR  FIGS. 3 A and 3 B are partial cross-sectional views along line III--III of
      FIG. 2, showing two types of traction-withstanding armourings,
PAR  FIGS. 4 A and 4 B are partial sectional views along line IV--IV of FIG. 2,
      corresponding to each type of the pressure-withstanding armourings
      illustrated in FIGS. 3 A and 3 B,
PAR  FIG. 5 illustrates a preferred embodiment of the elongated anchoring
      elements,
PAR  FIG. 6 illustrates a testing device for showing the importance of these
      anchoring devices and of their design, and
PAR  FIG. 7 is a view similar to FIG. 2 showing a portion of the inventive
      coupling when the flexible pipe includes an electrical conductor.
DETD
PAR  FIG. 1 diagrammatically shows a cross-sectional view of a flexible pipe
      provided with reinforcing armourings, at one end of which a coupling has
      to be secured.
PAR  The flexible pipe, which, as a whole, is designated by reference numeral 1,
      may be of any known type and comprises at least one armouring 2 capable of
      withstanding tractive and/or torsional stresses applied to pipe 1.
PAR  In the illustrated embodiment, this armouring 2 is formed of two layers 3
      and 4 of wires, strands, flat or profiled strips, helically wound in
      opposite directions with large winding pitches.
PAR  The pipe illustrated by FIG. 1 furthermore comprises:
PAR  a tubular armouring 5, housed inside the traction-withstanding armouring
      and capable of withstanding the difference between the internal and
      external pressures to which pipe 1 is subjected. This pressure
      withstanding armouring may, in particular, be constituted by the helical
      winding of a strip having a Z- or S- shaped cross-section forming adjacent
      convolutions with a small winding pitch,
PAR  a flexible, tight sheath or tubular core 6, inside the
      pressure-withstanding armouring 5, providing for the internal tightness of
      the flexible pipe 1,
PAR  a flexible, tight tubular sheath 7 placed between the pressure-withstanding
      armouring 5 and the traction-withstanding armouring 2, this sheath 7
      preventing crushing of the tubular core 6 under the action of the pressure
      prevailing outside pipe 1.
PAR  The sheaths 6 and 7 may be made of a material, such as a plastomer or an
      elastomer, selected for its mechanical properties and its resistance to
      the chemical action of the products with which it is in contact (such as,
      for example, the fluid flowing through the flexible pipe 1).
PAR  A tight sheath, not illustrated in FIG. 1, may be used in order to ensure
      the external tightness of the pipe.
PAR  This last-mentioned sheath may cover the traction-withstanding armouring 2
      or be embedded therein.
PAR  Prior to securing the coupling at the end of pipe 1, each of the elements
      constituting this pipe has been cut to the suitable length, as illustrated
      by FIG. 1. It should be noted that each element is longer than the
      surrounding element. Such cutting operations can be achieved from the
      exterior of the pipe and are therefore easily performed, without any need
      of unwinding the external windings for gaining access to the innermost
      elements, as this was the case with prior art couplings.
PAR  FIG. 2 is a half axial cross-sectional view of the coupling according to
      the invention secured to the end of the flexible pipe 1.
PAR  The main elements which form this coupling are constituted by the body
      member 8 of the coupling, the anchoring ring or external casing 9, an
      tubular internal tightening bevelled plug member 10 and an external ring
      11, whose object will be made apparent hereinafter.
PAR  The body member 8 of the coupling has a tubular shape and comprises a first
      bore 12, of conical shape, in which is inserted the uncovered end of the
      external sheath 6, a second bore 13, of cylindrical shape, in which the
      pressure withstanding armouring 5 is placed, with a substantial clearance,
      and a third bore 14 which is adapted to house the end of the sheath 7.
      Tightening means, such as an annular gasket 15, provide for tightness
      between the body 8 of the coupling and the sheath 7.
PAR  In the illustrated embodiment, the sheath 7 is made of an elastomer and the
      gasket 15 ensures the tightness by cooperating with a metal ring 16
      secured at the end of sheath 7, for example through vulcanizing.
PAR  At the level of the bore 14, the body of the coupling has the shape of a
      tubular bevelled plug member of determined length which is inserted
      between the traction-withstanding armouring 2 and the element constituting
      the flexible pipe which is immediately inside the armouring 2, this
      insertion being achieved with a slight flaring of the layers 3 and 4 of
      wires, strands, flat or profiled strips forming the armouring 2, until the
      ends of these layers are in close vicinity to a shoulder 17 of the body
      member 8, i.e. until the armouring covers substantially the whole end of
      the body member 8 having the shape of a bevelled tubular plug member.
PAR  The bore 1 houses the sealing ring 10 which has a conical outer surface 18
      which cooperates with the conical bore 12 of the body 8 for compressing
      the end portion of the sheath 6. This sealing ring 10 is held in position
      by a ring-nut 19 screwed in a threaded bore 20 of body 8.
PAR  Preferably, the conicity of the outer wall 18 of ring 10 is slightly
      greater than that of the conical bore 12, so that compressional stresses
      in sheath 6 progressively decrease as the distance from the end of this
      sheath increases.
PAR  Around the body member 8 of the coupling is an anchoring ring or outer
      covering 9 having a shoulder 21 complementary to shoulder 17. This ring 9
      directly covers the traction-withstanding armouring. In other words, ring
      9 and body member 8 limit between each other an annular space 22 in which
      armouring 2 is housed.
PAR  In shoulders 17 and 21 are provided bores for receiving elongated anchoring
      elements or nail-shaped members 23 which are inserted between the wires,
      strands, flat or profiled strips forming the armouring layers 3 and 4,
      over a length substantially equal to that of the annular space 22. Through
      one of their ends, which is provided with a head, such nails 23 are made
      integral with one of the elements which constitute the coupling and
      particularly with body member 8 and ring 9.
PAR  FIGS. 3 A and 3 B illustrate, by way of non limitative examples, two
      different structures of the traction-withstanding armouring 2, in
      cross-section along line III--III of FIG. 2, and FIGS. 4 A and 4 B are
      partial cross-sectional views along line IV--IV of FIG. 2, illustrating
      how the nails 22 are placed between the reinforcing elements which
      constitute the layers of armouring 2, for the two structures illustrated
      by FIGS. 3 A and 3 B respectively.
PAR  As illustrated in FIG. 3 A, the armouring 2 may be formed of two wire
      layers 3 and 4 helically wound in opposite directions, with a large pitch.
PAR  Layers 3 and 4 are constituted by wires 24 and 25 respectively, of circular
      cross section.
PAR  At the level of the coupling (FIG. 4 A), the body member 8 is inserted
      between layer 4 and sheath 7, as hereinabove indicated, and the ring or
      covering 9 covers sheath 3.
PAR  The insertion of body member 8 between sheath 7 and armouring 2 results in
      a very slight increase in diameter of the armouring 2 and, consequently,
      in a spacing of wires 24 and 25 of the layers 3 and 4. Into the resulting
      recesses are inserted the nails 23 integral with the coupling.
PAR  In the embodiment illustrated in FIG. 3 B, the layers 3 and 4 which
      constitute the armouring 2 are formed of profiled strips 26 of I-shaped
      cross-section whose core is placed substantially along a radial direction
      of the pipe. Adjacent profiled elements of each layer 3 and 4 delimit
      substantially confined spaces 27 between each other.
PAR  As already indicated, the insertion of body member 8 between armouring 2
      and sheath 7 causes a very slight increase in the diameter of armouring 2,
      resulting in a relative spacing of the profiled elements constituting this
      armouring and thus facilitating the penetration of nails 23 into the
      confined spaces 27.
PAR  A ring 11 (FIG. 2) integral with the casing 9 through a thread 28, bears
      against a shoulder 41 of body member 8.
PAR  This ring secures the tightening of the annular space 29 between body
      member 8 and ring 9, compressing an annular gasket 30 between shoulders 17
      and 21 of body 8 and ring 9.
PAR  The armouring and coupling are made integral with each other by injecting
      into the annular space 22 a solififiable material which adheres, on the
      one hand, to the walls of the wires, strands, bands or profiled strips of
      layers 3 and 4, and, on the other hand, to the internal wall of covering
      9, to the external wall of body member 8, shaped as a bevelled tubular
      plug member and to the nails 23. Because of the saw-tooth profiles of
      nails 23 and the portions of annular ring 9 and body member 8 defining
      annular space 22, a tractive force applied to the pipe results in a
      compression of the solidified material filling annular space 22.
PAR  The operations for securing the coupling at the end of the flexible pipe
      are hereinunder indicated.
PAR  Each element constituting the flexible pipe (sheaths and armourings) is cut
      out at a suitable length, as illustrated in FIG. 1.
PAR  In the case where the traction-withstanding layer is of the type
      illustrated by FIG. 3 B and when this armouoring has embedded therein an
      external tightening sheath formed by introducing an elastomeric material
      into the confined spaces 27, this embedded sheath is removed over a length
      corresponding to that of annular space 22 (FIG. 2).
PAR  This last operation may, for example, be achieved, under the action of a
      solvent for the elastomeric material, after a protecting sleeve has been
      inserted between armouring 2 and sheath 7.
PAR  The body member 8 is so positioned at the end of pipe 1 that the sheaths 6
      and 7 and the armouring 5 are placed in the corresponding recesses of this
      body member and that the end of body member 8, shaped as a bevelled
      tubular plug member is inserted between sheath 7 and armouring 2, so as to
      be covered by the latter.
PAR  The internal sealing ring 10 is positioned and the compression of the end
      of the sheath 6 is obtained by screwing the ring-nut 19.
PAR  Through a hole 31, in communication with bore 13 and opening at the
      periphery of body 8, is injected into bore 13 a solidifiable material,
      such as Araldite (Trade name for an epoxy resin), which makes the body
      member 8 integral with the armouring 5.
PAR  The covering or anchoring ring 9 is placed in the position illustrated in
      FIG. 2.
PAR  The nails 23 are inserted into their corresponding recesses and introduced
      between the elements constituting the layers 3 and 4 of armouring 2, as
      hereinabove indicated (FIGS. 4 A or 4 B).
PAR  After the gasket 30 and ring 11 have been positioned, a solidifiable
      material, such as Araldite is injected into the annular space 22, through
      an aperture 32 opening on the external wall of ring 9, this material
      filling all the free spaces and adhering to the elements which constitute
      the armouring layers, to the nails 23, to ring 9 and body member 8.
PAR  Optionally, a spring 33 may be placed around the pipe so as to provide for
      a progressive flexibility of the flexible pipe sections close to the
      coupling.
PAR  Generally, the external diameter of the coupling being very slightly
      greater than that of the pipe, a conical sleeve 34 made of an elastomer is
      fixed by vulcanization in the vicinity of the coupling, so as to provide
      for a progressive variation in the diameter of the coupling and, in the
      case where the flexible pipe comprises an external tightening sleeve,
      embedded or not in the armouring 2, this sleeve provides for the
      continuity of the external sealing.
PAR  A threaded ring 37, indicated by a thin line in FIG. 2, cooperates with a
      screwing 35 of body member 8, so as to make the latter integral with a
      complementary element, not shown, of the coupling, secured to the end of
      another pipe portion.
PAR  It should be noted that with the above described embodiment of the
      invention, a substantial fraction of the tractive force applied to the
      armouring 2 is directly transmitted to the body member 8 of the coupling,
      through the nails 23 whose heads bear against the shoulder 17 of body
      member 8, thus permitting a noticeable reduction in thickness of the
      casing 9 and of the portion of body member 8 which is positioned under the
      armouring 2 through which the remaining fraction of the tractive force is
      transmitted.
PAR  Consequently, the external diameter of the coupling according to the
      invention is substantially smaller than that of prior art couplings.
PAR  FIG. 5 diagrammatically illustrates an embodiment of the nail 23. According
      to the invention, this nail has preferably a saw-tooth longitudinal
      cross-section.
PAR  Similar profiles are given to the internal wall of ring 9 and to the
      external wall of the part of body member 8 which is shaped as a bevelled
      tubular plug member (FIG. 2).
PAR  These profiles are such that the profile of a nail 23 and that of the
      internal surface of ring 9 or body member 8 facing this nail cooperate
      therewith to constitute substantially conical spaces tapered in the
      direction from the coupling to the flexible pipe.
PAR  With such an arrangement, it becomes possible, for the same length of the
      coupling, to transmit higher tractive forces than if the nails had other
      profiles, or, alternatively, it is possible for a given resistance of the
      coupling to tractive forces, to reduce the length required for this
      coupling.
PAR  The test diagrammatically illustrated by FIG. 6 shows the real importance
      of nails 23 of an adequate profile thereof.
PAR  In a box 36, illustrated in cross-section in FIG. 5, have been positiond
      two elements 26 forming a traction-withstanding armouring and having a
      I-shaped cross-section.
PAR  These elements are engaged in box 36 over a length of 120 mm.
PAR  During a first test, the box 36 has been filled with Araldite and held in a
      fixed position, while a tractive force was applied to the assembly of the
      two elements 26.
PAR  The maximum traction force was equal to 0.7 metric ton, and above this
      value occured a breaking in the connection between box 36 and the elements
      26.
PAR  In a second test, nails 23 were positioned on both sides of each element
      26.
PAR  The internal surface of box 36 and the external surface of the nails were
      knurled. The maximum supported force was equal to 3.7 tons.
PAR  A third test was performed, wherein the nails 23 and the internal wall of
      box 36 had saw-tooth wall profiles and were positioned as hereinabove
      indicated.
PAR  The supported tractive force was then higher than 3.85 tons and for this
      value a breaking of the elements 26 occurred without any deterioration of
      the connection between these elements and the box 36.
PAR  As shown in FIG. 7 the flexible pipe comprises at least one electric
      conductor 56 embedded in the traction-withstanding armouring, an aperture
      is provided in the shoulder 17 of body 8, so as to permit the passage of
      this conductor whose end portion will enter a recess 38 in the body member
      8 (FIG. 2), at the level of ring 11.
PAR  In this recess the conductor will be connected to another conductor 58
      located in a bore 39 of body member 8 and connected to an electric
      connecting device, such as a connecting plug, diagrammatically shown at 40
      and embedded in the body member 8 of the coupling. In this case, during
      the connection of the two sections of flexible pipe, a ring 41 is, for
      example, positioned within body member 8, so as to provide for the
      continuity of the sealing at the place of the connection of the two pipe
      sections.
PAR  From the foregoing it becomes apparent that it is possible at any time to
      screw the nut 19 in order to improve the tightening between coupling and
      sheath 6, or, by unscrewing ring 11, to control the electrical connection
      in the recess 38.
PAR  Changes may be made without departing from the scope of the present
      invention.
PAR  For example, when sheath 7 is made of Rilsan, it is possible to provide the
      sealing between sheath 7 and coupling directly through sheath 7, i.e.
      without the need to secure a ring 16 at the end of sheath 7.
CLMS
STM  We claim:
NUM  1.
PAR  1. A coupling for a flexible pipe provided with at least one armouring
      withstanding tractive and/or torsional stresses applied to the pipe, the
      armouring comprising at least one layer of helically wound reinforcing
      elongated elements, said coupling comprising in combination a tubular body
      member, an anchoring ring surrounding said body member on at least one
      portion thereof, said body member and said anchoring ring delimiting an
      annular space of limited length in which the end of said armouring is
      positioned, and a plurality of elongated anchoring elements, each of said
      anchoring elements being integral with at least one of said body member
      and said anchoring ring and positioned with a clearance, over at least a
      portion of the length of said annular space, between two adjacent
      reinforcing elements constituting said armouring, said annular space being
      filled with a solidified material which adheres to each of said elongated
      elements constituting said armouring and to said anchoring elements and to
      the internal surface of said annular space thereby making said armouring
      and coupling integral with each other.
NUM  2.
PAR  2. A coupling according to claim 1 for a flexible pipe comprising at least
      one tubular element coaxial with said armouring and housed therein,
      wherein said body member comprises at least one bore whose internal
      diameter is substantially equal to the internal diameter of said
      armouring, said bore being designed for receiving said tubular element of
      said flexible pipe and including means providing for the continuity of
      said tubular element and for its connection to said body member.
NUM  3.
PAR  3. A coupling according to claim 1, wherein both said annular space in a
      cross section taken through an axial plane of the coupling, and a
      generatrix of each anchoring element have saw-tooth profiles, whereby a
      tractive force applied to the pipe results in a compression of the
      solidified material filling said annular space.
NUM  4.
PAR  4. A coupling according to claim 1, wherein said solidified material is an
      epoxy resin.
NUM  5.
PAR  5. A coupling according to claim 1, wherein said body member and said
      external anchoring ring comprise respectively first and second shoulders
      limiting said annular space, said elongated anchoring elements being fixed
      to at least one of said shoulders, at least some of said anchoring
      elements rotatably securing said shoulders with each other.
NUM  6.
PAR  6. A coupling according to claim 5 for a flexible pipe comprising at least
      one electric conductor embedded in said armouring, wherein the shoulder of
      said tubular body member is traversed by a bore communicating with said
      annular space and with a recess of said body member, said electric
      conductor entering said recess through said bore and being connected to a
      connecting device which provides for the continuity of said electric
      conductor at the location of said coupling, and wherein a detachable ring
      surrounding said body member provides for the sealing of said recess.
NUM  7.
PAR  7. A coupling according to claim 1, wherein said anchor elements are
      longitudinally oriented.
NUM  8.
PAR  8. A coupling according to claim 1, wherein the ends of the reinforcing
      elongated elements defining said armouring are positioned in said annular
      space with a clearance.
NUM  9.
PAR  9. A coupling according to claim 8, wherein substantially all surfaces of
      said elongated anchoring elements and said reinforcing elements are in
      contact with said solidified material.
NUM  10.
PAR  10. The coupling of claim 1, wherein said body member defines on an end
      thereof opposite said annular space a conical bore for receiving a sheath
      of said flexible pipe, said coupling further comprising a tubular internal
      tightening bevelled plug member inserted within the conical bore of said
      body member for securing said sheath to said coupling.
NUM  11.
PAR  11. The coupling of claim 10, wherein said body member and said annular
      ring define respective shoulders engaging one another, said annular space
      being located on one side of said shoulders, said coupling further
      comprising a securing ring between said body member and said annular ring
      on the side of said coupling opposite said annular space.
NUM  12.
PAR  12. A coupling for flexible pipe provided with at least one armouring
      composed of at least one layer of helically wound reinforcing elements,
      said coupling comprising a tubular body member, an anchoring ring
      surrounding said tubular body member along at least a portion thereof,
      said tubular body member and said anchoring ring defining an annular space
      therebetween in which the ends of said reinforcing elements are
      positioned, and a plurality of elongated anchoring elements, each of said
      anchoring elements being integral with at least one of said body member
      and said anchoring ring, each anchoring element being positioned over at
      least a portion of the length of said annular space between two adjacent
      reinforcing elements constituting said armouring, said annular space being
      filled with a solidified material adhering to each of said elongated
      elements constituting said armouring and to said anchoring elements and to
      the internal surface of said annular space thereby making said armouring
      and coupling integral with each other, said anchoring elements and said
      reinforcing elements being positioned in said annular space with a
      clearance being maintained between said anchoring elements and said
      reinforcing elements over at least a portion of the length of said annular
      space so that substantially all surfaces of said anchoring elements and
      said reinforcing elements in said portion are in contact with said
      solidified material.
NUM  13.
PAR  13. A coupling according to claim 12 wherein said anchoring elements are
      longitudinally oriented.
NUM  14.
PAR  14. A coupling according to claim 12 for a flexible pipe comprising at
      least one tubular element coaxial with said armouring and housed therein,
      wherein said body member comprises at least one bore whose internal
      diameter is substantially equal to the internal diameter of said
      armouring, said bore being designed for receiving said tubular element of
      said flexible pipe and including means providing for the continuity of
      said tubular element and for its connection to said body member.
NUM  15.
PAR  15. A coupling according to claim 12, wherein both said annular space in a
      cross section taken through an axial plane of the coupling, and a
      generatrix of each anchoring element have saw-tooth profiles, whereby a
      tractive force applied to the pipe results in a compression of the
      solidified material filling said annular space.
NUM  16.
PAR  16. A coupling according to claim 12, wherein said solidified material is
      an epoxy resin.
NUM  17.
PAR  17. A coupling according to claim 12, wherein said body member and said
      external anchoring ring comprise respectively first and second shoulders
      limiting said annular space, said elongated anchoring elements being fixed
      to at least one of said shoulders, at least some of said anchoring
      elements rotatably securing said shoulders with each other.
NUM  18.
PAR  18. A coupling according to claim 12 for a flexible pipe comprising at
      least one electric conductor embedded in said armouring, wherein the
      shoulder of said tubular body member is traversed by a bore communicating
      with said annular space and with a recess of said body member, said
      electric conductor entering said recess through said bore and being
      connected to a connecting device which provides for the continuity of said
      electric conductor at the location of said coupling, and wherein a
      detachable ring surrounding said body member provides for the sealing of
      said recess.
NUM  19.
PAR  19. The coupling of claim 12, wherein said body member defines on an end
      thereof opposite said annular space a conical bore for receiving a sheath
      of said flexible pipe, said coupling further comprising a tubular internal
      tightening bevelled plug member inserted within the conical bore of said
      body member for securing said sheath to said coupling.
NUM  20.
PAR  20. The coupling of claim 19, wherein said body member and said annular
      ring define respective shoulders engaging one another, said annular space
      being located on one side of said shoulders, said coupling further
      comprising a securing ring between said body member and said annular ring
      on the side of said coupling opposite said annular space.
NUM  21.
PAR  21. A coupling for flexible pipe provided with at least one armouring
      composed of at least one layer of helically wound reinforcing elements,
      said coupling comprising a tubular body member, an anchoring ring
      surrounding said tubular body member along at least a portion thereof,
      said tubular body member and said anchoring ring defining an annular space
      therebetween in which the ends of said reinforcing elements are
      positioned, and a plurality of elongated anchoring elements, each of said
      anchoring elements being integral with at least one of said body member
      and said anchoring ring, each anchoring element being positioned over at
      least a portion of the length of said annular space between two adjacent
      reinforcing elements constituting said armouring, said annular space being
      filled with a solidified material adhering to each of said elongated
      elements constituting said armouring and to said anchoring elements and to
      the internal surface of said annular space thereby making said armouring
      and coupling integral with each other, said reinforcing elements and said
      anchoring elements being maintained in said annular space so that
      substantially all surfaces of said anchoring elements and said reinforcing
      elements along at least a portion of the length of said annular space are
      in contact with said solidified material.
NUM  22.
PAR  22. The coupling of claim 21, wherein said body member defines on an end
      thereof opposite said annular space a conical bore for receiving a sheath
      of said flexible pipe, said coupling further comprising a tubular internal
      tightening bevelled plug member inserted within the conical bore of said
      body member for securing said sheath to said coupling.
NUM  23.
PAR  23. The coupling of claim 22, wherein said body member and said annular
      ring define respective shoulders engaging one another, said annular space
      being located on one side of said shoulders, said coupling further
      comprising a securing ring between said body member and said annular ring
      on the side of said coupling opposite said annular space.
NUM  24.
PAR  24. A flexible pipe having a coupling thereon comprising: a flexible pipe
      including an armouring comprising at least one layer of helically wound
      reinforcing elongated elements; and a coupling attached to said flexible
      pipe, said coupling comprising a tubular body member, an anchoring ring
      surrounding said tubular body member along at least a portion thereof,
      said tubular body member and said anchoring ring defining an annular space
      therebetween in which the ends of said reinforcing elements are
      positioned, and a plurality of elongated anchoring elements, each of said
      anchoring elements being integral with at least one of said body member
      and said anchoring ring, each anchoring element being positioned over at
      least a portion of the length of said annular space between two adjacent
      reinforcing elements constituting said armouring, said annular space being
      filled with a solidified material adhering to each of said elongated
      elements constituting said armouring and to said anchoring elements and to
      the internal surface of said annular space thereby making said armouring
      and coupling integral with each other, said reinforcing elements and said
      anchoring elements being maintained in said annular space so that
      substantially all surfaces of said anchoring elements and said reinforcing
      elements along at least a portion of the length of said annular space are
      in contact with said solidified material.
NUM  25.
PAR  25. The apparatus of claim 24, wherein said flexible pipe includes at least
      one tubular element coaxial with and housed within said armouring, the
      body member of said coupling defining at least one bore whose internal
      diameter is substantially equal to the internal diameter of said
      armouring, said bore receiving the tubular element of said flexible pipe.
NUM  26.
PAR  26. The apparatus of claim 25 further comprising means for sealing the
      tubular body member of said coupling to the tubular element of said
      flexible pipe along said bore.
NUM  27.
PAR  27. The apparatus of claim 24, wherein said annular space in a cross
      section taken through an axial plane of said coupling and a generatrix of
      each anchoring element have saw-tooth profiles whereby a tractive force
      applied between said flexible pipe and said coupling causes the
      compression of the solidified material in said annular space.
NUM  28.
PAR  28. The apparatus of claim 24, wherein said body member defines on an end
      thereof opposite said annular space a conical bore for receiving a sheath
      of said flexible pipe, said coupling further comprising a tubular internal
      tightening bevelled plug member inserted within the conical bore of said
      body member for securing said sheath to said coupling.
NUM  29.
PAR  29. The apparatus of claim 28, wherein said body member and said annular
      ring define respective shoulders engaging one another, said annular space
      being located on one side of said shoulders, said coupling further
      comprising a securing ring between said body member and said annular ring
      on the side of said coupling opposite said annular space.
NUM  30.
PAR  30. A coupling for a flexible pipe provided with at least one armouring
      composed at least of one layer of helically wound reinforcing elongated
      elements, said coupling comprising a tubular body member, an anchoring
      ring surrounding said tubular body member along at least a portion
      thereof, said body member and said annular ring defining an annular space
      therebetween of limited length for receiving the ends of the reinforcing
      elongated elements defining said armouring, and a plurality of elongated
      anchoring elements, each anchoring element being integral with at least
      one of said body member and said anchoring ring and positioned with a
      clearance over at least a portion of the length of said annular space
      between two adjacent reinforcing elements, said annular space
      communicating by means of a conduit with the exterior of said coupling so
      that a solidifiable material can be introduced into said annular space,
      said annular space, said anchoring elements and said reinforcing elements
      being so sized in at least a portion of the length of said annular space
      so that solidifiable material can contact substantially all surfaces of
      said reinforcing elements and said anchoring elements along said portion
      of said annular space.
NUM  31.
PAR  31. The coupling of claim 30, wherein said body member defines on an end
      thereof opposite said annular space a conical bore for receiving a sheath
      of said flexible pipe, said coupling further comprising a tubular internal
      tightening bevelled plug member inserted within the conical bore of said
      body member for securing said sheath to said coupling.
NUM  32.
PAR  32. The coupling of claim 31, wherein said body member and said annular
      ring define respective shoulders engaging one another, said annular space
      being located on one side of said shoulders, said coupling further
      comprising a securing ring between said body member and said annular ring
      on the side of said coupling opposite said annular space.
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ABST
PAL  A terminal block assembly includes a plurality of insulationpiercing type
      terminals which are interconnected with the contacts of one or more
      electrical connectors by flat flexible circuits. The terminal block
      includes upstanding sidewalls having recesses therein, which together with
      a removable cover, form exit openings for the flat flexible circuits and
      maintain the flat flexible circuits out of an interference relationship
      with the cover. An electrical connector is mounted on the terminal block
      adjacent each opening and includes contacts connected to the individual
      circuits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to terminal blocks, and more particularly to
      terminal blocks in which the terminals are interconnected with one or more
      electrical connectors by flexible flat circuits.
PAR  2. Description of the Prior Art
PAR  The utilization of an electrical connector in conjunction with a terminal
      block is known in the art. For example, in my co-pending United States
      patent application entitled "Connector Retaining Adapter," Ser. No.
      407,127, filed Oct. 17, 1973, now U.S. Pat. No. 3,887,259, issued June 3,
      1975, assigned to Bunker Ramo Corporation, I disclose an adapter for
      mechanically connecting an electrical connector to a terminal block. The
      terminals of the terminal block and the contacts of the electrical
      connector are interconnected by individual wires. Although this structure
      has proven highly advantageous for interconnecting selected ones or all of
      the contacts of one or more terminal blocks to a multi-conductor cable,
      the interconnections are done by hand giving rise to excessive wiring time
      and errors in interconnection.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a terminal block assembly
      including at least one electrical connector mounted thereon in which the
      interconnections between the terminals of the terminal block and the
      contacts of the electrical connector are effected in a simple, quick and
      economic manner.
PAR  Another object of the invention is to provide selective interconnections
      between the terminals of a terminal block and the contacts of one or more
      electrical connectors mounted thereon in a simple, yet faultless manner.
PAR  According to the invention, a terminal block is provided with a pair of
      upstanding sidewalls and a plurality of intermediate upstanding lower
      walls which position the terminals below the extent of the sidewalls. One
      or more flat flexible circuits, each of which may be a laminated
      structure, carries individual circuits which selectively interconnect the
      terminals with the contacts of one or more electrical connectors mounted
      on the sides of the sidewalls. A recess in a sidewall adjacent an
      electrical connector provides an access opening for the flat flexible
      member and maintains the flexible member below the extremities of the
      upstanding sidewalls to prevent interference between the flexible member
      and a removable cover which slidably engages the terminal block proper.
PAR  The flexible flat circuit members are generally T-shaped with the cross bar
      portions of the T generally co-extensive and the leg portions of the T of
      different lengths so that, for example, when two or more flexible flat
      circuits are employed, the leg of the T of one or more of the circuits is
      folded back over the circuits of another circuit member to exit from the
      terminal block at a side of the block opposite the exit side for the other
      circuit member. Thus an electrical connector can be mounted on opposite
      sides of the block for connection to the contacts in the block.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention, its organization,
      construction and operation will be best understood from the following
      detailed description of a preferred embodiment of the invention, taken in
      conjunction with the accompanying drawings, on which:
PAR  FIG. 1 is a pictorial representation of a terminal block assembly having a
      pair of electrical connectors mounted thereon, as seen substantially from
      the rear;
PAR  FIG. 2 is a sectional view taken substantially along the line II--II of
      FIG. 1;
PAR  FIG. 3 is a plan view of a flat flexible circuit member for use in
      practicing the present invention;
PAR  FIGS. 4-6 are portions of a laminated flat flexible circuit member to
      illustrate a particular interconnecting pattern between the contacts of an
      electrical connector and the terminals of a terminal block;
PAR  FIG. 7 is an end view of the assembled laminated circuit; and
PAR  FIG. 8 is an elevational view of a clip type terminal-to-circuit contact.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, a terminal block assembly is generally
      illustrated at 10 as comprising a terminal block 12 having a generally
      flat portion 14, a pair of upstanding sidewalls 16 and 18, and a pair of
      end walls 20 (only one illustrated in the drawing).
PAR  The sidewalls 16 and 18 are provided with respective longitudinally
      extending dovetail grooves 22 and 24, respectively, for receiving a
      corresponding pair of projections 28 (only one shown) of a cover 26. The
      cover 26 is therefore slidable along the sidewalls 16 and 18 and may be
      engaged in a final position by means of a plurality of holes for receiving
      screws, as indicated at 30, 34; 32, 36.
PAR  The sidewall 18 extends in the opposite direction and includes a portion 38
      having a plurality of conductor receiving passageways 40 with a
      corresponding plurality of access slots 42. As is already known in the
      art, individual conductors connected to the terminals of the terminal
      block are dressed into the passages 40 through the slots 42. A similar
      structure is provided on the opposite side of the terminal block.
PAR  The terminal block 12 also comprises an elongate recess 44 in each sidewall
      for releasably engaging flames 46 of a connector adaptor or retainer 48,
      as is generally disclosed in my aforementioned application Ser. No.
      407,127, now U.S. Pat. No. 3,887,259.
PAR  A connector 50 is mounted to the adaptor by means of screws 49, or by other
      suitable fastening means. On the opposite side of the connector a similar
      construction is provided wherein a connector 52 is mounted to an adaptor
      or retainer 54 which, in turn, is releasably engaged with the terminal
      block 12 at the flanges 56.
PAR  The terminal block 12 is provided with a plurality of longitudinally
      extending intermediate walls 58 which extend outwardly from the flat
      portion 14 a distance less than that of the upstanding walls 16 and 18.
      The intermediate walls 58 may be provided with a slot at 60 to locate and
      position a plurality of terminals 62 below the extent of the sidewalls 16
      and 18 or with their ends intermediate the side walls.
PAR  The terminal 62 extend through a transverse slot 64 (or a plurality of
      aligned transverse slots) and include insulation-piercing ends 66 having a
      wire guide opening 68. In FIG. 2, the terminals are illustrated with
      individual forward ends and common rear ends. This, of course, is not
      necessary and each terminal may be separate structures, or, for example,
      in a transversely oriented group of six terminals, the terminals may be
      separated in groups of two or three, etc. Each separate terminal entity,
      however, is provided with a terminal contact projection 70 for connection
      of the terminal to a flat circuit member 72, as illustrated in FIG. 1.
PAR  Referring to FIG. 3, the flat circuit member 72 is illustrated as a
      laminated structure having a plurality of individual circuits 74 which may
      be selectively connected to the contact projections 70 at contact lands
      76, the contact projections 70 extending through respective slots 96 and
      soldered to the lands.
PAR  As illustrated in FIG. 3, the flat circuit member 72 is generally T-shaped
      including a cross bar portion 98 and a leg portion 100 at the end of which
      is a plurality of connecting portions or circuit terminals 102 for
      connection to the contacts of an electrical connector. In FIG. 1, the leg
      of the T has been further referenced 100a and 100b to illustrate the
      difference in length of such legs in applications where one flat circuit
      is to connect to a connector on one side of the terminal block and the
      other flat circuit is to be connected to another electrical connector
      located on the opposite side of the terminal block. It is readily apparent
      that when this type of terminal block-connector relationship is employed,
      the flat circuit member must be flexible so that it may be folded back
      over itself.
PAR  Attention is invited to the exit of the flat circuit members from the
      terminal block in FIG. 1. A pair of recesses 104 and 106 are provided in
      the respective sidewalls 18 and 16, for passage of the respective circuit
      members and to maintain the flat circuits in a noninterfering relationship
      with the cover 26.
PAR  One skilled in the art will appreciate that selective interconnection of
      one or more electrical connectors and the terminals of a terminal block
      may be accomplished in a simple manner in practicing the present
      invention. A particular type of interconnection and the method of
      achieving the same is explained below with reference to FIGS. 4-6.
PAR  Referring to FIG. 4, a suitable insulating material, such as 3 mil
      polyester has a layer of conductive material, such as copper, applied
      thereto, masked, and etched in accordance with well known techniques to
      provide a desired conductive pattern. In FIG. 4, a bottom portion of a
      multi-layer structure is illustrated which has been so etched to provide a
      plurality of conductive paths 80 and a plurality of circuit portions 82
      (portions of the individual circuits 74) on a substrate 78. In FIG. 5 a
      similar process is performed with a flexible insulating layer 84 to
      provide a plurality of conductive paths 86 and a plurality of circuit
      portions 88 (also portions of the individual circuits 74). Conductive
      material is bonded to a suitable insulating material and a protective
      coating the shape of the conductive circuit portions 86 and 88 is applied.
      The coating prevents copper from being etched when the laminate is
      submerged in acid to form circuit portions 82 and 88. After etching, the
      protective coating over the circuit is removed exposing the copper. A
      plurality of holes 90 are then fabricated in the insulating material 84.
      The holes 90 will expose conductive material 80, in FIG. 4, when the
      laminate 84 and 86, FIG. 5, are bonded to the laminate 78 and 80, FIG. 4.
      The laminates in FIG. 4 and FIG. 5 are bonded together with the copper or
      conductive material up.
PAR  In FIG. 6 a flexible layer 92 of insulation material is fabricated and
      provided with a plurality of holes 94 which expose the conductive material
      80, FIG. 4, and 86, FIG. 5, when the laminates shown in FIG. 4 and FIG. 5
      are bonded to the insulation material 92, FIG. 6. In retrospect, the layer
      structure of FIG. 5, as mentioned above, is placed over the layer
      structure of FIG. 4, and then covered with the layer structure of FIG. 6,
      after which the stacked lamination is bonded together to form an integral
      circuit member. After the laminating process, heat sealing, a plurality of
      slots 96, FIG. 3 are punched through the flat flexible circuit member at
      exposed copper or conductive material sections 80, FIG. 4, and 86, FIG. 5,
      to receive the contact projections 70 of the terminals 62 in FIG. 2.
PAR  In FIG. 7 a side view is shown of the lamination. This view shows a
      separation of the laminate 78, 82 and the laminate 84, 88 at the end of
      extension 100. The separation is necessary to permit exposed copper
      portions, the conductive material 88 and 82, to be easily terminated or
      soldered to connectors 50 and 52. The conductive material 88 is soldered
      to one side of a connector and the conductive material 82 is soldered to
      the other side of the connector. An insulating strip 91 in FIG. 7 is
      bonded to the copper or conductive material side of laminate shown in FIG.
      4; it acts as an insulator for the portion of the laminate 78, 82 that
      would be exposed.
PAR  It is readily apparent that many other circuit combinations and
      interconnecting procedures for the laminated structure may be utilized in
      practicing the present invention, including the use of plated-through
      holes and a variety of individual circuit configurations.
PAR  In assembling the apparatus illustrated in FIG. 1, for example, the circuit
      with the shorter leg 100a is first fed through the connector retainer 48
      and has its terminal portions 82, 88 soldered to the contacts of the
      connector 50. Next, the slots 96 (FIG. 3) are aligned with and receive the
      contact projections 70 of the terminals, and the projections 70 are
      soldered to the conductive lands 80, 86. The leg 100a of the flexible
      circuit is then positioned in the recess 104 and the connector retainer 48
      is snapped in place.
PAR  A similar operation is required for the upper flexible circuit illustrated
      in FIG. 1, with the exception that the longer leg 100b is folded back over
      the flexible circuit and positioned within the recess 106. Thus is will be
      seen that the terminal block or terminal block assembly 12 connects a
      plurality of conductors to respective contacts of connector 50 by means of
      a plurality of terminals or contacts 62 supported in a matrix of rows and
      columns and defining a plane supporting member 72 with each contact having
      an insulation piercing end 66 for connection to a respective conductor and
      a projecting end 70 connected to conductive circuits or segments 74 of the
      flat circuit member 72. The segments 74 are spaced along one longitudinal
      section of the circuit member in correspondence with the spacing between
      the rows for connection to the end 70 of a respective contact in one
      column and spaced along another shorter longitudinal section of the
      circuit member in correspondence with the dimension of the recess, opening
      or passageway 106 in the wall 16 or 18 and the passageway in the adaptor
      or retainer which are longitudinally shorter than the column of contacts.
      Thus the connections from the contacts of the block, which extend
      longitudinally a greater distance or beyond one end of the passageways and
      the contacts of the connector are facilely extended through the opening or
      passageway 106 in the side wall and through the short passageway in the
      adaptor to the relatively short connector 50 supported on the wall with
      the adaptor or retainer.
PAR  Referring to FIG. 8, a different structure is illustrated for extending
      connections between the terminals and the flexible flat circuits. The
      insulation-piercing slots 66 of the terminals develop into elongate
      apertures 110. A metal clip 112 includes a pair of spaced side portions
      114 and 116 which embrace the terminals, at least one of the portions 114,
      116 having an inwardly extending dimple 118 to be received in an aperture
      110. A projecting portion 120 functions the same as the projection 70 for
      connection to a flat flexible circuit.
PAR  With both and/or other circuits and connectors assembled to the terminal
      block, the cover 26 is slid over the flat circuits, clearance therebetween
      having been provided by the recesses.
PAR  It is apparent that in practicing the invention, one may connect several
      terminal blocks together to advantage. Terminal blocks may be
      interconnected by flat flexible circuit members, or by cables extending
      between respective electrical connectors of separate terminal blocks.
      Also, as indicated above, more than two connectors may be employed with a
      terminal block if a corresponding recess is provided for receiving the
      flexible circuit leg. Furthermore, the leg of the T-shaped circuit member
      may take other than a central position as particular applications and
      space dictate.
PAR  It should also be noted that the cover may not be required in some
      applications, for example when the terminal block is to be mounted on an
      open frame structure or against an insulating wall. Also, clearance
      between the cover and the terminals and flat circuits may be at least
      partially obtained by providing a clearance groove in the inside face of
      the cover. In the embodiment illustrated in FIG. 1, for example,
      additional clearance for the terminal contact projections 70 has been
      provided by means of a groove 108.
PAR  Although I have described my invention by reference to a particular
      illustrative embodiment thereof, many changes and modifications of the
      invention, other than those set forth above, may become apparent to those
      skilled in the art without departing from the spirit and scope of the
      invention. I therefore intend to include within the patent warranted
      hereon all such changes and modifications as may reasonably and properly
      be included within the scope of my contribution to the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A terminal block comprising:
PA1  a housing including a flat portion having a plurality of slots
      therethrough, a pair of spaced outside walls extending above said flat
      portion, a pair of elongate grooves in respective ones of said outside
      walls, a first recess in one of said outside walls, a second recess in
      said one outside wall adjacent said first recess, and a cover including a
      pair of spaced projections slidably received in respective ones of said
      elongate grooves;
PA1  a plurality of terminals carried by said housing, said terminals extending
      through said slots and each terminal including an insulation-piercing
      portion disposed outside of said housing for connection to a conductor and
      a second portion within said housing below the extent of said outside
      walls;
PA1  a flat circuit member mounted within said housing, said flat circuit member
      including a first longitudinal section of one dimension and a second
      longitudinal section of smaller dimension and a plurality of circuits
      extending between said first section and said second section and connected
      to selected second portions of said terminals at said first section with
      said second section extending through said first recess, said circuit
      member including a connection portion extending from a circuit in said
      second section;
PA1  a connector retainer including a portion for engagement within said second
      recess; and
PA1  an electrical connector connected to said retainer, said connector
      including contacts connected to said connection portion of said flat
      circuit member extending through the adjacent first recess.
NUM  2.
PAR  2. The terminal block of claim 1, wherein said flat circuit member is
      defined as a flexible flat circuit member.
NUM  3.
PAR  3. A terminal block for use with a flat circuit member having a first
      longitudinal section of one longitudinal dimension and a second
      longitudinal section of a smaller longitudinal dimension than said first
      section with conductive segments extending from said first section to said
      second section, comprising:
PA1  a housing including means defining a shallow cavity for receiving said flat
      circuit member;
PA1  a plurality of terminals extending from said housing and including a common
      connection projection within said cavity for connection to a respective
      conductive segment of the flat circuit member in said first longitudinal
      section; and
PA1  means defining an opening extending longitudinally of said housing for a
      distance less than said one longitudinal dimension for receiving the
      second section of said flat circuit member therethrough;
PA1  said housing including a pair of side walls extending above said common
      connection projection, said side walls having respective elongate grooves
      therein,
PA1  a cover including a pair of projections which are slidably received in
      respective ones of said elongate grooves, a portion which extends into
      said cavity, and an elongate groove in said portion for providing
      clearance for said common connection projection as said cover is slid onto
      said housing,
PA1  an electrical connector having contacts for connection to the conductive
      segments of the second section of the flat circuit member; and
PA1  a connector adapter mounting said electrical connector adjacent said
      opening.
NUM  4.
PAR  4. A terminal block comprising:
PA1  a housing including a flat portion having a plurality of slots
      therethrough, a pair of spaced outside walls extending above said flat
      portion, a pair of elongate grooves in respectivie ones of said outside
      walls, a first pair of recesses in respective ones of said outside walls,
      a second pair of recesses in respective ones of said outside walls
      adjacent said first recesses, and a cover including a pair of spaced
      projections slidably received in respective ones of said elongate grooves;
PA1  a plurality of terminals carried by said housing, said terminals extending
      through said slots and each terminal including an insulation-piercing
      portion disposed outside of said housing for connection to a conductor and
      a second portion within said housing below the extent of said outside
      walls;
PA1  a pair of flat circuit members mounted within said housing with each flat
      circuit member including a first longitudinal section of one dimension and
      a second longitudinal section of smaller dimension, each of said circuit
      members including a plurality of circuits extending between a respectivie
      first section and a respective second section and connected to selected
      second portions of said terminals at the respective first section with the
      respective second section extending through a respective one of said first
      pair of recesses, each of said circuit members including a connection
      portion extending from a respective circuit in said second section;
PA1  a pair of connector retainers each including a portion for engagement
      within a respective one of said second recesses; and
PA1  a pair of electrical connectors connected to respective ones of said
      retainers, each of said connectors including contacts connected to a
      respective connection portion of the flat circuit member extending through
      the adjacent first recess.
NUM  5.
PAR  5. The terminal block of claim 4, wherein said flat circuit members are
      further defined as flexible flat circuit members.
NUM  6.
PAR  6. The terminal block of claim 4, wherein said flat circuit members are
      mounted in a stacked relation and have coextensive portions, and wherein
      said connection portions extend perpendicularly to said coextensive
      portions and one of said connection portions is disposed in a folded
      relation to exit said housing in a direction opposite to that of the other
      connection portion.
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ABST
PAL  An electrical connector especially suitable for coupling an antenna leadin
      with a printed circuit board in a receiver chassis comprises a tubular
      sheet metal body formed from an originally flat blank and with confronting
      edges along a longitudinal joint. Opposite ends of the body have means for
      connecting it in functioning position. One end of the body provides a
      plug-receiving socket. A dielectric support located within the body spaced
      from the socket end carries an electrical contact for engagement by a plug
      inserted into the socket. Means connecting the dielectric support and the
      body together include a mechanical interlock retaining the body against
      spreading open at the joint in the vacinity of the support. A plurality of
      forms of the interlock are provided. A method of making the connector is
      disclosed.
BSUM
PAR  This invention relates to electrical connectors and is more particularly
      concerned with such connectors especially suitable for coupling antenna
      leadins with printed circuit boards in receiver chassis.
PAR  Electrical tubular connectors have customarily been made as seamless
      members from tubular stock or as drawn shells. Where the connectors
      provide female sockets to receive plugs, a substantial problem has existed
      in properly sizing the sockets to receive the plugs freely but with
      sufficient frictional engagement to assure retention. An example of such
      connectors are those employed for coupling an antenna leadin by means of a
      plug attached to the leadin which is inserted into the socket of a
      connector supported by a receiver chassis and connected to a printed
      circuit board. As heretofore constructed, it has been necessary to mount
      the tubular connectors first in position on the chassis, and then effect
      connection with the printed circuit board. This has involved a time
      consuming assembly operation during bench assembly of instruments, and has
      complicated repairs when required.
PAR  An important object of the present invention is to overcome the
      disadvantages, deficiencies, inefficiencies, shortcomings and problems in
      prior electrical connectors of the type indicated and to provide a new and
      improved structure and method of making that structure.
PAR  Another object of the invention is to provide a new and improved electrical
      connector especially suitable for coupling an antenna leadin with a
      printed circuit board.
PAR  Still another object of the invention is to provide a new and improved
      electrical connector which can be economically made from sheet metal.
PAR  Yet another object of the invention is to provide a new and improved
      electrical connector which can be solder connected to a printed circuit
      board before installation in a receiver chassis.
PAR  A still further object of the invention is to provide an electrical
      connector with new and improved means for releasable connection with a
      supporting panel.
DRWD
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawing although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts embodied in the disclosure, and in
      which:
PAR  FIG. 1 is a fragmentary isometric view showing an electrical connector
      embodying features of the present invention in its functioning position;
PAR  FIG. 2 is a front end view of the electrical connector;
PAR  FIG. 3 is a rear end view of the electrical connector;
PAR  FIG. 4 is a schematic view showing how the electrical connector is formed
      up from flat sheet metal;
PAR  FIG. 5 is a side elevational view, partially broken away, of the electrical
      connector showing it in an intermediate stage of manufacture;
PAR  FIG. 6 is a similar side elevational view showing the connector in a final
      stage of manufacture;
PAR  FIG. 7 is an enlarged diametrical vertical sectional detail view through
      the electrical connector;
PAR  FIG. 8 is a fragmentary side elevational view of a modified form of the
      connector;
PAR  FIG. 9 is a front end view of the connector of FIG. 8; and
PAR  FIG. 10 is a sectional detail view taken substantially along the line X--X
      of FIG. 8.
DETD
PAR  In FIG. 1, a representative installation of a connector 15 embodying
      features of the invention has been depicted, and comprising a printed
      circuit board 17 located within a receiver chassis 18 including a mounting
      element 19 which for convenience herein will be referred to as a panel.
      One end of connector 15 is constructed and arranged to be mounted on and
      in association with the board 17 in permanent, unitary relation wherewith
      so that the connector can be bench assembled with the board as a modular
      unit. At its opposite end, the connector 15 is constructed and arranged to
      be mounted on and in association with the chassis panel 19 by assembling
      such end through an opening 20 in the panel. As thus mounted, the
      connector 15 provides a socket 21 within which is adapted to be received
      an antenna lead-in plug 22 attached to a lead-in conductor 23 such as a
      coaxial cable. Within the socket 21, the outer shell of the plug 22 makes
      a grounding connection with the connector 15 and through the connector
      with the chassis 18, and a central finger extension 24 of the plug is
      received in a tubular contact 25 (FIG. 7) carried by a dielectric support
      27 located within the body of the connector 15 spaced from the socket end
      and supporting the contact 25 insulated from the shell of the connector.
PAR  According to the present invention the connector 15 is formed up from an
      initially flat blank B (FIG. 4) of suitable sheet metal bent into a
      tubular body 28 with longitudinal edges confronting in a longitudinal
      joint 29. Thereby, all of various integral appurtenant features of the
      tubular connector shell can be easily and economically formed by
      progressive die sheet metal manufacturing techniques, eliminating any need
      for deep drawing dies, or for costly devices to process seamless tubing
      pieces.
PAR  At one end which may be termed the base end, the tubular body 28 is
      provided with means for retention in assembly with the printed circuit
      board 17. This comprises a plurality, such as three, generally axially
      extending, circumferentially spaced, resilient, snap-in tabs, fingers or
      lugs 30 (FIGS. 3 and 5-7) which are engageable through suitable slots 31
      in the board 17 to engage respective shoulders 32 of the lugs against a
      back face of the board 17 and draw axially facing shoulders 33 on the end
      of the body 28 adjacently spaced from the lugs firmly against the front
      face of the board 17. As will be observed in FIG. 7, the tubular contact
      25 has a terminal 34 which extends sufficiently beyond the shoulders 33 to
      project through a suitable opening 35 in the board 17 to enable soldered
      connection of the terminal with suitable printed circuit lead (not shown)
      on the back face of the board 17. One or more of the lugs 32 may be
      soldered to one or more grounding leads. In order to facilitate dip
      soldering connection of the printed circuit leads to the appropriate parts
      of the connector 15, the board-connected end of the body 28 is provided
      with flux drain slots or notches 37 opening endwise adjacent to and
      between the lugs 32. The openings defined by the notches 37 also serve a
      useful function in avoiding moisture accumulation in service within the
      tubular body 28 of the connector.
PAR  At its opposite, forward socket end, the connector body 28 is provided with
      means for mounting it in functioning position with respect to the chassis
      panel 19. For this purpose, a pair of diametrically opposite ear-like
      integral shoulder lugs 38 (FIGS. 1, 2 and 4-7) are struck from the body 28
      and project laterally from the body to engage against the inner side of
      the panel 19. At right angles to the mounting lugs 38, a pair of
      diametrically opposite laterally outwardly projecting locking lugs 39 are
      struck integrally from the body 28 in outwardly spaced relation relative
      to the plane of the lugs 38 sufficient to accomodate the thickness of the
      panel 19 plus a locking device comprising a wedging fastener in the form
      of a forked warped spring washer or grounding and coupling clip 40.
      Through this arrangement, after the socket end portion of the connector
      body 28 has been inserted through the panel opening 20, with the locking
      lugs 39 freely passing through respective lateral clearance elongations 41
      at diametrically opposite sides of the opening 20 in the panel 19, the
      locking clip 40 is moved into position as a yoke about the body 28 and in
      electricl contact between the panel 19 and the locking lugs 39. As soon as
      the hump spring locking fingers 42 of the locking clip 40 bridge across
      the hole elongations 41 and lock the lugs 39 against retraction, the
      connector 15 is locked in place on the panel 19 and firmly retained
      against axial inward displacement when the plug 22 is plugged into the
      connector socket 21. The lugs 38 resist outward displacement when the plug
      22 is withdrawn from the socket 21.
PAR  New and improved means are provided for connecting the dielectric support
      27 and the body 28 together, including a mechanical interlock retaining
      the body against spreading open at the joint 29. In this instance, the
      dielectric support 27 comprises a relatively thin dielectric backwasher 43
      and a thicker front washer 44 between which a head flange 45 of the
      tubular contact 25 is clamped. At least the front washer 44 is of a
      diameter complementary to the inside diameter of the body 28. Positioning
      of the dielectric support and contact assembly intermediate the length of
      the body 28 and suitably spaced from its socket end is effected by means
      of a plurality, herein three inwardly struck integral equidistantly
      circumferentially spaced lugs 47 on the body against which the washer 43
      engages. At the opposite end of the assembly a plurality, herein three,
      circumferentially equidistantly spaced integral mechanical interlock lugs
      48 are struck inwardly from the body 28 into engagement with the outer
      washer 44 and thereby clamp the support and contact assembly firmly in
      place.
PAR  In addition to their function as securing lugs for the support 27, the lugs
      48 function in cooperation with the outer washer 44 to retain the body 28
      against spreading open about the support 27, and, in fact, serve to draw
      and hold the body 28 tightly about the support 27, and especially the
      thicker washer 44. For this purpose, the outer end of the washer 44 is
      provided with a recess 49 in the form of a frustoconically tapered
      counterbore leading to the entrance into the contact 25. The contacts 48
      are bent into gripping interlock relation over the lip defining the outer
      end of the counterbore and engage within the counterbore to effect a
      thorough gripping retention with the washer 44. Although the annular area
      of the body 28 about the support 27 is firmly held against spreading open
      at the joint 29, the section of the length of the connector body 28
      providing the socket 21 can yield slightly diametrically when the plug 22
      is inserted. Thereby, by having a slight differential undersize of the
      inside diameter of the body 28 relative to the outside diameter of the
      plug 22, assurance of thorough frictional retention of the plug 22 within
      the socket is provided and positive electrical grounding contact
      maintained between the shell of the plug and the tube wall of the
      connector body 28 which is in thoroughly grounded mounted connection with
      the chassis panel 19 through the lugs 38 and 39 and the clip 40.
PAR  In making the connector 15, the clamping and gripping lugs 48 are initially
      merely partially separated from the material of the tubular body 28, as
      shown in full line in FIG. 5 and in phantom outline in FIG. 7, whereby the
      lugs 48 remain in the wall plane of the body 28 when it is formed up from
      the blank B into the tubular form represented in FIG. 4. In other respects
      all of the features of the body 28 are complete and ready for
      installation. Completion of the connector 15 is then effected by
      assembling the contact 25 and the support 27 within the body 28 on the
      preformed lugs 47 and finally mechanically interlocking the support 27 and
      the body 28 by bending the lugs 48 inwardly and into gripping, clamping
      and interlocking engagement with the washer 44. For this purpose, the body
      28 is engaged on rails 50 (FIGS. 5 and 6) which are received in
      diametrically opposite, parallel, transverse rail slots 51 provided for
      this purpose in the base end portion of the body 28. As the body 28 rides
      along the rails 50, the contact 25 and the dielectric support 27 as an
      assembly are inserted into the body 28 through the socket end thereof and
      into position on the shoulder lugs 47. The assembly is then completed
      while the body 28 is still on the rails 50 by driving respective bending
      punches 52 from suitable clearance relation to the body 28 in converging
      oblique relation toward and against the lugs 48, as shown in FIGS. 6 and
      7, to drive the lugs 48 inwardly onto the washer 44 and into interlocking
      relation within the recess provided by counterbore 49. In order to
      maintain the body 28 accurately oriented with the lug upsetting punches 52
      and to stabilize the body 28 on the rails 50 during operation of the
      punches, means comprising a wedge shaped crown-engaging bar 53 engages
      with the socket or crown end of the shell of the body 28 within respective
      wedge shaped diametrically opposite outwardly opening notches 54 provided
      for this purpose in the body. Thus while the body 28 is firmly held by and
      between the rails 50 and the stabilizing bar 53, the lugs 48 are upset by
      the punches 52 and into the retaining, clamping interlocking engagement
      with the washer 44. After this operation, the connector 15 may be plated
      if desired or otherwise finished and is ready for assembly with the
      printed circuit board 17 which may be effected as a bench assembly
      procedure, whereafter the connector 15 and the printed circuit board 17 as
      a modular unit may be mounted in the chassis 18, and more particularly
      with the socket end of the connector assembled with and secured in place
      in the panel 19, as has already been described.
PAR  In a modified and somewhat simpler construction, a connector 15' (FIGS.
      8-10) includes a tubular, elongated shell body 28' formed up from a flat
      sheet metal blank similarly as described for the connector 15. At one end,
      the body 28' is provided with means for mounting it on and in association
      with a printed circuit board 17' and including shoulder tabs or lugs 30',
      similar to the corresponding spring finger shoulder mounting lugs 30 of
      the connector 15.
PAR  Instead of a system of mounting and retaining lugs, means are provided on
      the head or socket end of the body 28' for reception through and within a
      cylindrical hole 55 in a chassis panel 19' for effecting grounding
      electrical connection with the panel. For this purpose, the body 28' is
      provided with an annular series of a plurality of circumferentially spaced
      helically oriented narrow biting vanes 57 struck integrally by partial
      separation from the body 28' and projecting generally radially outwardly
      from the body to a diameter about the same as the diameter of the hole 55.
      Through this arrangement, after the connector 15' has been mounted by the
      printed circuit board 17', the connector is adapted to be placed in
      mounted relation to the chassis panel 19' by projecting the socket end
      portion of the connector through the hole 55 until the series of vanes 57
      are aligned with their outer edges contiguous to the surface defining the
      hole 55. Contiguity of the vane edges to the hole surface may be
      frictional engagement, but may be a fairly easy sliding fit for ease in
      assembly. By having the area of the socket 21' of the connector body 28'
      slightly undersize in diameter relative to the outside diameter of the
      shell of a plug to be received therein, when the plug is inserted into the
      socket, spreading of the socket area along the longitudinal split joint
      29' causes the vanes 57 to be spread into firm biting engagement with the
      wall defining the hole 55. This biting interengagement results in making
      excellent grounding electrical contact with the chassis panel 19', but
      also effects a firm anchorage of the body 28' against shifting
      longitudinally when the plug is inserted into the socket of the connector
      15' but also when the plug is withdrawn from the socket. Such resistance
      to longitudinal displacement of the connector 15' is substantially
      enhanced by the generally helical disposition of the biting vanes 57 since
      the opposite or base end of the connector 15' is held by its mounting on
      the board 17' firmly against any torsional displacement. By having the
      vanes 57 slightly inclined from a true radius, they can yield slightly
      resiliently as the socket is expanded when a plug is inserted therein, so
      that binding of the plug is avoided while nevertheless the plug is quite
      firmly frictionally gripped by the socket portion of the body 28' for
      excellent electrical grounding contact.
PAR  Mounting of the tubular contact 25' with its lateral head flange 45'
      stacked and clamped between the back dielectric washer 43' and the front
      thicker dielectric washer 44' of the dielectric support 27 is effected
      within the tubular housing 28' in the same manner as described for the
      connector 15, namely, by inserting the assembly through the socket end of
      the connector 15' and supporting the backwasher 43' on inturned shoulder
      lugs 47'. In this instance the dielectric support 27' is secured in place
      by means of a circumferential series such as three indents 58 which engage
      the outer corner of the thicker washer 44' and retain it in clamping
      engagement with the flange 45' and the backwasher 43' and against the
      shoulder lugs 47'.
PAR  For mechanically interlocking the dielectric support 27' and the body 28'
      to retain the body against spreading open at the joint 29' in the area of
      the support 27', the washer stack 43', 44' is provided in its outer
      perimeter with a longitudinally extending recess slot 59, and the body 28'
      is provided with a pair of inturned interlock lugs 60 which extend into
      the recess 59 and engage the longitudinal radially extending walls
      defining the recess to retain the body 28' tightly, wrappingly, snuggly
      engaged with the dielectric support 27'. It will be understood that as
      initially constructed, and before the dielectric support and contact
      assembly has been inserted into the tube of the body 28', the interlock
      lugs 60 lie flush within the tubular plane of the body 28' so as to avoid
      any interference with the assembling operation. After the washer and
      contact stack has been secured within the body 28', the interlock lugs 60
      are bendably upset by suitable tool into the recess 59 and into
      interlocking engagement with the dielectric support 27' within the recess.
      In this arrangement, as in the arrangement of the connector 15, a
      substantial length of the connector beyond the interlock connection to the
      socket end of the connector is free to expand slightly as permitted by the
      joint 29' when a plug is inserted into the socket. On such occurrence, the
      vanes 57 assure that expansion of the socket area of the body 28' will be
      uniform and that the joint 29' will expand only slightly, so that there is
      no liability of the interlock lugs 60 working out of interlocking
      engagement with the wall surfaces within the slot 59.
PAR  In both forms of the invention disclosed, maintaining the joint in the
      tubular housing shell body as tight as practicable about the dielectric
      contact mount or support and from there to the base of the connector which
      surrounds the contact, assures continuity of shielding, that is shielding
      integrity from the coaxial cable to the radio frequency stage of the
      amplifier.
PAR  It will be understood that variations and modifications may be effected
      without departing from the spirit and scope of the novel concepts of this
      invention.
CLMS
STM  I claim as my invention
NUM  1.
PAR  1. An electrical connector especially suitable for coupling an antenna
      leadin with a printed circuit board and a receiver chassis, comprising:
PA1  a tubular sheet metal body formed from an originally flat blank and having
      confronting edges along a longitudinal joint;
PA1  means at opposite ends of the body for mounting it in functioning position;
PA1  said body providing a plug-receiving socket opening through one of said
      ends;
PA1  a dielectric support located within said body spaced from said one end and
      carrying an electrical contact insulated from said body; and
PA1  means connecting the support and the body together including a mechanical
      interlock retaining the body against spreading open at said joint in the
      vicinity of said support.
NUM  2.
PAR  2. A connector according to claim 1, wherein said mechanical interlock
      comprises a recess in said support and interlock lug means engaging the
      support in the recess.
NUM  3.
PAR  3. A connector according to claim 2, wherein said recess is of generally
      frustoconical form at one end of said support, and said interlock lug
      means comprise a plurality of circumferentially spaced lugs partially
      struck from the sheet metal body and bent into engagement with the support
      in the frustoconical recess.
NUM  4.
PAR  4. A connector according to claim 2, wherein said recess extends
      longitudinally in the perimeter of the support, and said interlock lug
      means comprise a plurality of lugs bent from the body into said recess.
NUM  5.
PAR  5. A connector according to claim 1, wherein said joint from said support
      to said one end is slightly expansible to permit slight expansion yielding
      of the socket on insertion of an antenna lead-in plug thereinto.
NUM  6.
PAR  6. A connector according to claim 5, including an annular series of
      radially outwardly projecting integrally struck out biting vanes on said
      body adjacent to said one end and engageable in electrically contacting
      relation with the surface defining a hole in a chassis opening and also
      serving to limit expansion of the socket.
NUM  7.
PAR  7. A connector according to claim 1, including a pair of laterally
      extending engagement lugs adjacent to said one end for engagement with one
      side of a chassis panel and a second pair of engagement lugs spaced from
      the first mentioned lugs toward said one end, and a fastening clip
      engageable with said second pair of lugs for grounding and coupling of the
      connector to a chassis panel.
NUM  8.
PAR  8. A connector according to claim 1, including a pair of parallel
      diametrically opposite transverse slots adjacent to the opposite of said
      ends for engagement therein of rails to facilitate handling of the body
      for assembly of the support therein for completing the mechanical
      interlock.
NUM  9.
PAR  9. A connector according to claim 1, including attachment lugs on the
      opposite end of the body for engagement with the printed circuit board,
      shoulders adjacent to the lugs for engaging the circuit board, and notches
      provided in the body adjacent to said shoulders to facilitate drainage
      from within the body.
NUM  10.
PAR  10. A connector according to claim 1, in combination with the printed
      circuit board and a mounting panel of the receiver chassis, the end of
      said body opposite to said one end fixedly secured to the circuit board,
      said panel having an opening therethrough for said body, said one end
      inserted through said opening, and said mounting means at said one end
      effecting electrically grounded connection with said panel.
NUM  11.
PAR  11. A combination according to claim 10, wherein said mounting means
      comprise a pair of lugs engaging one side of the panel, a pair of lugs
      spaced from said panel engaging lugs slightly greater than the thickness
      of the panel, the panel having extensions of said opening to clear said
      spaced lugs therethrough, and retaining clip means engaging the panel
      across said extensions and engaging said spaced lugs to retain the body in
      position relative to the panel.
NUM  12.
PAR  12. A combination according to claim 10, wherein said opening is circular,
      and said mounting means comprise an annular series of vanes having biting
      edges engaging the panel within the opening.
NUM  13.
PAR  13. An electrical connector in combination with a printed circuit board and
      a receiver chassis and suitable for coupling an antenna leadin with the
      printed circuit board, comprising:
PA1  the connector having a tubular sheet metal body provided at one end with
      means connecting it to the printed circuit board;
PA1  the opposite end of the body providing a plug-receiving socket;
PA1  said panel having an opening to receive said opposite end of the body
      therethrough;
PA1  means on said opposite end of the body for mounting the body on the panel
      by assembling said opposite end through said opening;
PA1  said mounting means comprising first lug structure partially struck from
      said body and projecting laterally therefrom and engaging the backside of
      the panel adjacent to said opening;
PA1  second lug means on said body spaced from said first lug means and from the
      plane of a front side of the panel; and
PA1  retaining clip means between said second lug means and said panel front
      side for maintaining the connector in mounted relation to the panel.
NUM  14.
PAR  14. An electrical connector especially suitable for coupling an antenna
      leadin with a printed circuit board and a receiver chassis, comprising:
PA1  a tubular sheet metal body formed from an originally flat blank and having
      confronting edges along a longitudinal joint;
PA1  said body having means at one end for connection with a printed circuit
      board;
PA1  the opposite end of said body providing a plug-receiving socket and having
      means for mounting the body on a chassis panel by assembling said opposite
      end through an opening in the panel after said one end has been
      permanently connected to the board;
PA1  a member located within said body; and
PA1  means connecting said member and said body together including a mechanical
      interlock retaining the body against spreading open at said joint.
NUM  15.
PAR  15. A connector according to claim 14, in combination with the printed
      circuit board and a mounting panel of the receiver chassis, said one end
      of the body fixedly secured to the circuit board by said connection means
      at said one end, said mounting panel having an opening therethrough and
      said opposite end of the body received in said opening, and said mounting
      means effecting electrically grounded connection with said panel.
NUM  16.
PAR  16. A combination according to claim 15, wherein said mounting means
      comprise a pair of lugs engaging one side of the panel, a pair of lugs
      spaced from said panel engaging lugs slightly greater than the thickness
      of the panel, the panel having extensions of said opening to clear said
      spaced lugs therethrough, and retaining clip means engaging the panel
      across said extensions and engaging said spaced lugs to retain the body in
      position relative to the panel.
NUM  17.
PAR  17. A combination according to claim 15, wherein said opening is circular,
      and said mounting means comprise an annular series of vanes having biting
      edges engaging the panel within the opening.
NUM  18.
PAR  18. A connector according to claim 14, wherein said mounting means comprise
      an annular series of circumferentially spaced vanes having biting edges
      for engagement with a surface defining the opening in the panel.
NUM  19.
PAR  19. A connector according to claim 18, said vanes extending in generally
      helical relation to the axis of the body to resist axial displacement of
      the body relative to the panel.
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ABST
PAL  Jumper cables or battery charging cables for automotive use and the like
      are disclosed in which at least one of the cable's gripper jaws or clamps
      is provided with a length of coiled heater-resistance wire. The length of
      wire is clamped to the portion of the jaw handle opposite that to which
      the jumper cable wire itself is connected, and extends a short distance
      outwardly of the handle. The coiled heater-resistance wire is chosen as to
      have a preferred resistance in the order of 0.5 to 2 ohms and has an
      exposed free end which may be contacted to the battery terminal prior to
      connecting the gripper jaws to the terminal to indicate whether the
      charger cables have been correctly or incorrectly connected. If the
      connection is incorrect, the resistance wire will sparkle visibly and
      safely at the point of contact with the terminal, thus indicating the the
      connection is wrong. If no visible sparkle is seen then the charger cables
      may be clamped with the knowledge that the connection is correct and safe.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Jumper cables have come into common use for connecting a host battery to a
      weak battery for the purpose of starting an automobile or the like. It has
      long been known that there is a danger in making an improper connection.
      When such a connection is improper, with 12 volt batteries, there is the
      possibility of a 24 volt short circuit through the jumper cables. Often
      times due to age or corrosion, it is difficult to read the polarity
      marking on the terminals. Such a wrong connection may cause injury by
      reason of an exploded battery, or the acid electrolyte may squirt out of
      the battery vents. Further, such an improper hookup can damage the
      charging system of either the automobile containing the host or booster
      battery or the automobile containing the weak battery.
PAR  A number of attempts have been made in the prior art to provide an
      indication of an improper connection. Wolf U.S. Pat. No. 3,267,452 of 1966
      employs a light bulb in one of the handles connecting clamps, and this
      light bulb is then used to determine whether there is a large volt
      difference in the circuit to be connected sufficient to light the bulb.
      The system has the disadvantage of requiring, in the first place, a socket
      connection separated from the handle for supporting the light bulb itself,
      and further requires, for the proper operation, that the bulb not be
      burned out. Also, a light bulb is particularly subject to failure by
      reason of rough handling or dropping of the cables, or by applying a
      voltage substantially exceeding the voltage rating of the bulb.
PAR  Another lamp type of polarity indicator is shown in Matheson U.S. Pat. No.
      3,257,754 of 1966. Here, an electric light bulb is provided with its own
      separate leads to allow it to be removed and used as a trouble light and
      to be clamped to either battery.
PAR  In Godshalk U.S. Pat. No. 3,389,200 of 1968 there is shown a battery
      charger with a reverse polarity indicator. The reverse polarity indicator
      is in the form of an ammeter, and a fixed resistor is received within the
      handle of the battery charger clamp to limit the current through the
      ammeter in the event that the charger is being connected in a reverse
      state.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention eliminates the difficulties of the prior art battery
      polarity indicator devices in that it provides a resistance wire,
      preferably a length of self-supporting coiled electric heater-resistance
      wire, clamped within one of the handle portions of the battery gripping
      clamp to provide a means by which the user can quickly, safely, and
      without ambiguity determine whether the connection is wrong or right. All
      the user has to do is to make up his connection except for the last
      connection. Prior to making this connection he simply lightly touches or
      scrapes the exposed end of the heater resistance wire on the battery
      terminal. Upon making such contact, if he sees no sparkling, he can safely
      assume that he has made a proper connection. However, if he observes a
      bright sparkling at the point of contact of the coiled wire and the
      terminal, this indicates that the connection is incorrect and that one of
      the two leads must be reversed. The invention is immune from destruction
      due to rough handling or misuse.
PAR  The invention utilizes commonly available, low cost, coiled heater wire in
      a length sufficient to extend a short distance outwardly of the unused
      handle portion of the gripper clamps, and with a resistance between the
      exposed end and the clamp in the order of 0.5-2 ohms. The actual
      resistance is not critical within the above range. However, resistances
      substantially less than 0.5 ohm can permit higher than desired currents to
      flow, and a resistance substantially in excess of 2 ohms in a 12 volt
      system or 4 ohms in a 24 volt system will not provide a bright sparkler
      appearance at the point of contact of the heater wire and the electrode.
PAR  It is accordingly an important object of this invention to provide a
      polarity indicator for jumper cables or battery charger cables which is
      inexpensive and reliable as a means of indicating a correct connection.
PAR  Another object of the invention is to provide a jumper cable having an
      electrically connected self-supporting length of coiled heater-resistance
      wire with an exposed end which may be connected with the battery terminal
      prior to attaching the jaws of the clamp to indicate whether a correct
      connection is being made.
PAR  These and other objects and advantages of the invention will be apparent
      from the following description, the accompanying drawings and the appended
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view showing the manner in which the resistance wire is
      connected to one of the handle portions of the gripper jaws;
PAR  FIG. 2 is an electrically schematic of the view;
PAR  FIG. 3 is a plan view of a pair of jumper cables according to my invention
      showing the manner in which the invention is used; and,
PAR  FIG. 4 is an enlarged fragment of a portion of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings which illustrate a preferred embodiment of my
      invention, one jumper cable or battery charging cable is illustrated at 10
      in FIG. 1 as terminating in a battery terminal gripper clamp or jaw 12.
      The jaw 12 is formed with a first handle 13 and an opposite pivotally
      attached handle 14. The handles 13 and 14 in the conventional jumper cable
      clamp are formed alike and the handle 13 is thus provided with a pair of
      tabs 15 which engage the bared end 16 of the cable 10. An insulating
      sleeve 18 is shown as being slipped up the wire in FIG. 1, but in use the
      sleeve 18 is brought down into telescoping relation over the handle 13.
PAR  The opposite handle 14 is shown with its sleeve 18 removed to expose the
      end thereof. A length 20 of coiled, self-supporting heater-resistance wire
      is electrically and mechanically attached to the handle 14 using the
      cable-gripping tabs 22. In this manner, a firm mechanical and electrical
      connection to the coil 20 is provided. As shown, the coil 20 extends
      rearwardly of the handle 14 by a short distance and terminates in an
      exposed end 24. When the sleeve 18 is assembled over the handle 14 a
      portion of the coil 20 is exposed as well as the end 24, as shown in FIG.
      4.
PAR  The length or coil 20 may have any suitable diameter which provides a
      reasonable degree of stiffness so that the coil is not too limp to prevent
      contact being made by the end 24 to one of the battery terminals. For
      example, it may have a diameter of approximately 1/2 inch which permits it
      to be received within and gripped by the tabs 22 of the handle portion 14.
      Also, the overall length is not critical as long as the desired resistance
      is achieved between the end 24 and the handle, and this resistance will
      generally be limited to the portion of the coil which extends outwardly
      from the point of electrical contact with the handle 14. For example, the
      length of the protruding portion may be as short as one inch or less or as
      long as 6 inches or more.
PAR  In order to provide the desired sparkling effect to indicate an improper
      connection, and yet to limit the current to reasonable valves, I prefer
      that the effective resistance, as measured from the end 24 to the handle
      14 be no less than 0.5 ohm and preferably not substantially exceeding 2
      ohms, in the case of the jumper cables for 6 and 12 volt batteries. If the
      cables are to be used in 24 volt systems, such as may be encountered in
      certain aircraft, heavy duty trucks, earthmoving equipment or the like, I
      prefer to employ a rail 20 having a resistance range between 1 and 4 ohms.
PAR  In the use of my invention, the end 24 is brought into rather light contact
      with the terminal of the battery to which the clamp will be attached, and
      the end may be moved across the terminal with a scraping effect, or may be
      merely placed into and out of contact with the terminal. I have found that
      the material from which the coil 20 is made is not at all critical in
      regard to sparking although some materials appear to sparkle more brightly
      than others. I do consider it important, however, that the resistance
      provided by the coil 20 is sufficient to prevent undue current flowing. On
      the other hand, the resistance should not be too high to make it difficult
      to detect whether there is sparkling when the end 24 is touched or scraped
      as described above with an improper connection. By selecting a metallic
      resistor to form an extension of the handle 14 within the resistance range
      preferred, I provide a means by which a user can readily determine whether
      his connection is correct or incorrect. The current will not be too high
      as to cause a self-staining arc or ionized gas region at the point of
      contact such as occurs in electric arc welding. In other words, I
      particularly avoid current densities which would cause a welding effect or
      cause the coil 20 to stick to the battery terminal. Thus, any resistance
      material may be used for the length 20 which is substantially
      self-supporting, rugged, and which inherently provides resistance. As
      explained above, pre-coiled heater wire is preferred for this use since it
      is available at low cost, readily conforms to the handle 14, and the cable
      gripping tabs 22, and since it does not interfere with the ordinary use of
      the gripper jaws 12, it is not subject to destruction due to rough useage,
      and will not easily break if thrown to the floor or into the bed of a
      truck, as is so often the case with jumper cables.
PAR  While I prefer to use a metallic coiled resistance wire as the resistance
      element, other suitable rod or extended type resistors, either rigid or
      semi-rigid, may be employed. Thus, metal impregnated conductive plastics
      and conductive elastomeric materials may be used. However, I particularly
      prefer the coiled metallic wire due to its ruggedness, ease of use, low
      cost, and its ready availability from a number of suitable sources.
      Further, I prefer that the length of resistance material be attached to
      the handle 14 itself, as an effective extension of the handle, so that in
      use, the remaining portion of the handle is covered and protected by the
      sleeve 18. Thus, when the polarity tester of my invention is used there is
      almost no chance of the copper gripper jaws coming into inadvertent
      contact with the battery terminal in case of slippage or incorrect
      handling. Thus, with my preferred arrangement, there is much less chance
      of a direct electrical short in the event that the polarity indicator
      portion slips off of the terminal.
PAR  I have found that a wire material consisting of 62 percent iron, 22 percent
      chromium, 5.5 percent aluminum and 0.5 percent cobalt manufactured and
      sold by Kanthal Corporation, Wooster Street, Bethel, Connecticut under the
      tradename "Kanthal" Type A-1 to be highly suitable. I have also found that
      a resistance wire consisting of 80 percent nickel and 20 percent chromium
      sold by the above-identified company under the tradename "Nikrothal-8"
      also to be satisfactory. Further, coiled resistance wire material
      manufactured and sold by Driver-Harris Company, Harrison, New Jersey,
      under the tradename "Nichrome" may also be used. "Nichrome" is the
      tradename of a metallic resistance wire alloy of 60 percent nickel, 16
      percent chromium, and 24 percent iron.
PAR  FIG. 2 illustrates the situation in which a pair of jumper cables are
      incorrectly attached. The host battery is indicated at 30 and the
      receiving battery at 32. One cable 10 has been inadvertently connected
      between the +terminal of the battery 32 to the -terminal of the battery
      30. When the connection is completed using the cable 10A, the end 24 of
      the coil 20 is momentarily touched or scraped on the -terminal 35 of the
      battery 30 and an immediate indication is seen due to the sparkling caused
      by the localized burning and ablasion of the material of the coil 20 at
      the end 24. The sparkling effect can be readily observed even in daylight
      and the current is limited to only a few amperes. Such a current level is
      quite safe to the batteries and to the alternators, diodes, and other
      electrical components which may be in the automobile's charging circuit
      connected to either of the batteries. On the other hand, if a proper
      connection has been made then there would be practically no visible sign
      of current flow since there would be a minimum of voltage difference, even
      when connecting to a very weak battery. Should the receiving battery be
      completely dead, this is not a threat to the donor battery or the
      alternator or generator, if any, since essentially the same current will
      flow whether the connection is made right or wrong. Also when connecting
      to a totally dead battery the current is usually quite low since a wholly
      dead battery does not readily accept a charge, and exhibits a higher than
      normal internal resistance.
PAR  Referring to FIG. 3, I have shown a pair of jumper cables in which each of
      the gripper jaws 12 has been provided with the length 20 of coiled
      resistance material. This is a totally practical arrangement since the
      cost of the material comprising the coil is relatively low and thus all of
      the terminal gripping jaws may be provided with the polarity tester of my
      invention, one jaw being used to test polarity in the manner illustrated
      in FIG. 4. The enlarged view in FIG. 4 illustrates the manner of touching
      the end 24 of coil 20 to the last terminal to be connected prior to
      actually making a connection. The jaw 12 is merely held by the handle 13
      and the end 24 brought into contact with the binding post and scraped to
      observe whether a sparkling effect occurs. If such occurs as illustrated
      in FIG. 4 it is then only necessary to reverse the connection at one of
      the two batteries. If no such effect occurs the gripper jaw may then be
      attached to the battery terminal 35 in the conventional manner.
PAR  While the form of apparatus herein described constitutes a preferred
      embodiment of the invention, it is to be understood that the invention is
      not limited to this precise form of apparatus, and that changes may be
      made therein without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In jumper cables for connection between a pair of storage batteries for
      applying temporary power from a host battery to a receiving battery, the
      improvement in polarity detection comprising a gripper jaw having a pair
      of handle portions and in which one of the connecting cables is attached
      to one of said portions, a length of coiled resistance wire attached to
      the other of said handles, said length of wire being essentially
      self-supporting and extending outwardly of said handle and terminating in
      an exposed end and having a resistance with the handle in the other of 0.5
      ohm to 4 ohms, the end of said wire providing a testing point which
      sparkles when touched to a battery terminal in which the jumper cables
      have been incorrectly connected to provide a visual indication of such
      incorrect connection.
NUM  2.
PAR  2. A polarity indicator from jumper cables, battery chargers, and the like
      comprising a battery terminal-engaging clamp, a length of essentially
      rigid, self-supporting resistance rod attached to said clamp and having an
      exposed end extending therefrom adapted to be brought into contact with a
      battery terminal apart from said clamp, said rod being electrically
      connected to said clamp and having an effective resistance with said clamp
      in the order of 0.5 ohm to 4 ohms to provide a sparkling effect when the
      end thereof is touched to the battery terminal if the cables are
      incorrectly connected while limiting the current under such conditions to
      prevent damage to the battery and to prevent welding thereof to the
      terminal.
NUM  3.
PAR  3. The indicator of claim 2 in which said rod comprises a length of coiled
      metallic resistance wire.
NUM  4.
PAR  4. The indicator of claim 2 in which said clamp has a handle portion and a
      clamping jaw, and in which said rod extends as an effective continuation
      of said handle portion in a direction remote from said jaw, and an
      insulating sleeve surrounding said handle portion but exposing said end of
      said length of rod.
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ABST
PAL  The present invention relates to a safety device in electrical connection
      devices, especially lamp-holders, comprising a number of contact parts
      designed to rest against an object arranged to be connected to the
      connection device, for example a light bulb socket, and a number of
      elements arranged to be connected to the electric leads of a cable,
      whereby the contact parts are at a distance from the respective connector
      elements and are arranged by means of being pushed in by a spring function
      to achieve contact with these during connection of said object to the
      device. According to the invention the device is provided with at least
      one insulating element, forced to be between the contact parts and the
      respective connector elements and thereby prevent contact between these
      when said object is removed from the connection device, and simultaneously
      arranged to be moved by means of the object during its connection to a
      position in which the contact parts and the respective connector elements
      are free from the insulating element to be pressed against each other by
      means of the object by its connection.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a safety device in electrical connection
      devices, especially lamp-holders, comprising a number of contact parts
      designed to rest against an object arranged to be connected to the
      connection device, for example a light bulb socket, and a number of
      elements arranged to be connected to the electric leads of a cable,
      whereby the contact parts are at a distance from the respective connector
      elements and are arranged by means of being pushed in by a spring function
      to achieve contact with these during connection of said object to the
      device.
PAR  Safety devices intended to prevent involuntary contact with current
      carrying parts are common in for example wall sockets. Connection devices
      of this type are however relatively easy to protect as the live parts are
      accessible only through small openings which can be provided with flaps or
      shutters or similar. In the case of contact fittings with larger openings
      it has however not proved possible to achieve practical, automatic
      safe-guards against involuntary contact. An example of the type of contact
      fitting with a great risk of involuntary contact is that of normal
      lamp-sockets. As long as a lamp is screwed in the risk of involuntary
      contact is generally small, whereas if on the other hand there is no lamp
      screwed into the lamp-socket the live parts are accessible through a wide
      opening.
PAR  The object of the present invention is to achieve a safety device that
      creates a safe-guard against involuntary contact even in the case of such
      connection devices which are showing a large opening, especially
      lamp-holders.
PAR  The purpose of the invention is achieved by constructing the safety device
      that at least one insulating element is forced to be between the contact
      parts and the respective connector elements and thereby prevent contact
      between these when the said object is removed from the connection device
      and simultaneously arranged to be moved by means of the object during its
      connection to a position in which the contact parts and the respective
      connector elements are free from the insulating element to be pressed
      against each other by means of the object by its connection.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawings three embodiments of the invention are shown,
      with
PAR  FIGS. 1 and 2 showing a lamp-holder in two central elevations perpendicular
      to each other,
PAR  FIG. 3 shows a bottom plate in the lamp-socket in front view elevation and
PAR  FIG. 4 shows a detail in the lamp-socket in perspective,
PAR  while FIGS. 5 and 6 demonstrate the function of the embodiment in FIGS.
      1-4.
PAR  FIGS. 7, 8 show the second embodiment in two positions,
PAR  FIGS. 9, 10 show a bottom plate of the third embodiment in section and
      front view elevation respectively.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the figures the lamp-holder shows a casing 1 with an
      opening 2 and a thread 3 for screwing in the socket of a light bulb.
      Inside the thread 3 there are two spring contact sheet metal shields, one
      side shield 4 and one central shield 5, which make contact with the
      current collecting portion of the bulb when it is screwed in. Right
      opposite the opening 2 there is a hole 6 for a flex that can be joined to
      connector clips 7. In the usual type of lampholders the contact shields
      are connected directly to the connector clips, possibly via a switch. In
      the case of the lamp-holder according to the invention however the contact
      shields 4, 5 are not connected directly to the connector clips 7, but
      instead only make contact after overcoming the spring resistance built in
      to the shields and pressed with sections 8 against sections 9 which are in
      direct contact with the connector clips 7. Such a contact is however
      prevented by a bridge 10 made of insulating material forced by means of
      the tension in a spring section to take up a position between the contact
      parts 8 and 9.
PAR  When there is no bulb screwed into the lamp-socket the contact shields 4
      and 5 thus are forced to take up a position with their contact parts 8 at
      a distance from the contact parts 9 of the connector clips 7, and they are
      thus already out of contact with the live leads. In addition the
      insulating bridge 10 is between the contact parts 8 and 9 and is retained
      in this intermediate position by the spring section 11. This prevents
      contact between the contact parts 8 and 9 even if one of the contact
      shields 4, 5 were subjected to pressure.
PAR  If however a light bulb is screwed with its socket down in the thread 3,
      the edge of the socket will first meet the part 11, thereby pushing the
      bridge 10 across to the right in FIG. 2; with this the edge of the bridge
      is freed from its position between the side shield 4 and its connector
      clip. Simultaneously a hole in the bridge 10 will be right opposite the
      central contact 5. As the bulb is screwed further in, its respective
      current collectors will press the contact shields 4, 5 towards their
      connector clips 7, and in this position the bridge 10 is no hindrance,
      instead at the lowest position the bulb socket has ensured contact between
      the contact parts 8 and 9, and the bulb obtains contact with the live
      lead.
PAR  When the bulb is screwed out, the parts return to their starting positions.
      In order to make involuntary contact with any live parts in a lamp-holder
      without a bulb screwed in, one would thus first have to push the bridge 10
      to its non-active position and then press down the contact shield opposite
      a connector clip 7 that is connected to an electric conductor. For this to
      take place is all but beyond the realms of probability.
PAR  FIGS. 5, 6 show how the bridge 10 takes up its various positions in
      relation to the contact parts 8, 9 in safeguarded and contact position
      respectively.
PAR  The basic idea of the invention is thus that the respective parts that are
      to conduct current to the connecting part, in this case the light bulb,
      are not directly connected to the current carrying lead but instead
      achieve this connection only by being pushed in against a spring force,
      which in turn is prevented by means of a device designed to be pushed
      aside by the connecting part. This principle can of course be applied to
      other electrical contact devices than lamp-holders and can also be applied
      irrespective of the number of contacting terminals.
PAR  As to design there is a wide scope of variation, especially in the matter
      of the part that is to prevent the contact shields from being pushed in.
      In the example cited a sliding bridge is used, but in accordance with
      FIGS. 7 and 8 a hinged bridge 14, mounted on a axis 15, can be used. The
      bridge 14 is affected by a spring not shown and is forced to take up the
      position shown in FIG. 7, covering the contact parts 9. When a bulb is
      screwed in the edge of its socket meets a projecting device 16 turning the
      bridge 14 on the axis 15 so that the contact parts 9 are bared and the
      current collectors can be pressed down against the live contact parts. If
      instead the projecting device is placed at the end 17 of the bridge 14 and
      is allowed to drag against the edge of the bulb socket, instead of
      compressive force the friction so arising will be used to swing the
      bridge. Thus the bridge through this friction will be turned clockwise
      when the bulb is screwed in thereby exposing the contact parts 9, and
      anti-clockwise when the bulb is screwed out again covering the contact
      parts 9. The spring mentioned thus only needs to be contrived to keep the
      contact bridge in a covering position, when there is no bulb in the
      lamp-holder, while the spring does not need to be arranged to return the
      bridge to a covering position. This ensures an even greater guarantee that
      the bridge returns to its position even if there should be deformations or
      burns on the contact parts.
PAR  The bottom plate of the third embodiment of the lamp-holder is shown in
      FIGS. 9 and 10. This bottom plate is comparable to the bottom plate 4, 5,
      7, 8, 9 of the embodiment according to FIGS. 1 and 2. The bottom plate
      comprises a body 18 of insulating material on which central contact
      shields 19 and a side contact shield 20 are attached by means of a rivet
      21. Between the parts 19, 20 is placed an intermediate plate 22 of
      insulating material, so that as evident from FIG. 9 the two shields are
      not electrically connected to each other. According to FIG. 10 the side
      contact shield 20 is provided with two legs, one of which has a part 23
      provided to be pressed against a side contact 24 and obtain electrical
      connection with the same. In the same way the central shield 19 has a part
      25 provided to be pressed against a contact 26. The two contacts 24 and 26
      are provided with screw clips 27 intended to be connected to the
      conductors of the cable by means of which the lamp-holder has to be
      connected to the source of current.
PAR  In the same way as by the first and second embodiments the contact parts 23
      and 25 of the contact shields 20, 19 respectively, are separated from
      their respective contacts 24, 26 by means of a plate 28 of insulating
      material. The plate 28 is pivotable round an extension 29 of the body 18
      forming a shaft for the plate 28. The second leg of the side shield 20
      (pointing downwards in FIG. 10) is provided with a pin 30 in engagement
      with the plate 28 by means of a hole 31 in the latter. At the upper
      boarder of the side shield legs there are wings 32 and 33 provided to rest
      against the circumference of the lamp-socket when it will be screwed down
      into the lamp-holder.
PAR  The central shield 19 is of resilient conducting material for example
      bronze and it is formed to be in the position shown in FIG. 9 with the
      contact part 25 a certain distance from the contact 26. The first leg of
      the side shield 20 is of the same material and formed in the same way so
      that the portion 23 is positioned a certain distance from the contact 24.
      The second leg of the side shield 20 is bent inwards as shown in FIG. 10
      and forces the plate 28 by means of the pin 30 and the hole 31 to the
      position shown in FIG. 10 placed between the parts 23, 25 and their
      contacts 24, 26.
PAR  If the bottom plate according to FIGS. 9, 10 is mounted in a lamp-holder of
      the form shown in FIGS. 1, 2 and the lamp is screwed down into the
      lamp-holder, the rounded border of the metal socket on which the thread of
      the lamp is formed will be pressed against the wings 32 and 33 of the legs
      of the side shield 20. Thereby the leg with the wing 33 will be pressed
      outwards as the sloping surface of the wing 33 slides against rounded
      border of the lamp-socket. As the pin 30 moves outwards the plate 28 will
      pivot clockwise (in FIG. 10) and the portion of the same placed between
      the part 23 and the contact 24 will move from this position and at the
      same time a hole 34 in the plate 28 will be positioned in line with the
      part 25 of the central shield 19 and its contact 26. The parts and their
      contacts are consequently free to meet each other when the first leg of
      the side shield 20 and the central shield 19 are pressed down by the
      lamp-socket when screwed further down into the lamp-holder. Thereby the
      shields are connected to the conductors attached to the clips 27.
CLMS
STM  I claim:
NUM  1.
PAR  1. Safety device in electrical connection devices, especially lamp sockets,
      comprising a plurality of contact parts having portions provided to rest
      against an object arranged to be connected to the connection device, a
      plurality of contact elements, equal in number to said contact parts, one
      of said contact parts cooperating with one of said contact elements to
      form a connection, said contact elements being connected to the electrical
      leads of a cable, each of said contact parts comprising biasing means for
      urging said contact parts away from said contact elements, and at least
      one insulating member mounted between said contact parts and said contact
      elements for separating all of said contact parts from all of said contact
      elements when there is no object in said connection device, said
      insulating member comprising means for moving said insulating member so as
      to allow said contact parts and elements to contact each other in response
      to the insertion of an object into said connection device.
NUM  2.
PAR  2. The safety device according to claim 1, wherein said insulating member
      comprises a thin plate positioned between said contact parts and said
      contact elements.
NUM  3.
PAR  3. The safety device according to claim 2, wherein said plate comprises at
      least one opening, and said means for moving said insulating member
      comprises an abutment projecting from one edge of said thin plate so that
      as said object is inserted into said connection device, the abutment and,
      therefore, said thin plate are slidably moved to expose said contact
      elements.
NUM  4.
PAR  4. The safety device according to claim 2, wherein said thin plate
      comprises at least one opening for allowing one of said contact parts to
      connect with a respective contact element, and said means for moving said
      insulating member comprises an abutment projecting from one side of said
      thin plate, said thin plate comprising a pivot so that as said object is
      inserted into said connection device, the abutment and, therefore, the
      thin plate is pivotally moved to expose said contact elements.
NUM  5.
PAR  5. The safety device according to claim 1, wherein one of said contact
      parts comprises a pair of arms, one of said arms mounting a member for
      contacting a respective one of said contact elements, and the other of
      said arms comprises a pin for cooperation with said means for moving said
      insulating member.
NUM  6.
PAR  6. The safety device according to claim 5, wherein said insulating member
      comprises a thin plate positioned between said contact parts and said
      contact elements, and said means for moving said insulating member is an
      opening in said thin plate for receiving said pin therethrough.
NUM  7.
PAR  7. The safety device according to claim 6, wherein said thin plate
      comprises at least one opening for exposing at least one of said contact
      elements, and a pivot pin, so that upon insertion of said object in said
      connection device, the object pivots said thin plate via said pin and said
      means for moving.
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PAL  Disclosed is electrical plug ejecting apparatus having an elongated housing
      adapted to transversely retain the electrical plug, the housing defining a
      pair of spaced compartments disposed on opposite sides of the retained
      plug with ejector springs latchably retained within the compartments by
      trap doors tripably released by pivotal movement of a trip lever in
      response to the lateral movement of the line cord coupled to the
      electrical plug.
BSUM
PAR  This invention pertains to electric plug ejecting apparatus; more
      particularly to electric plug ejecting apparatus responsive to the
      twisting or bending of the line cord connected with the plug; and even
      more particularly to electric plug ejecting apparatus employing latchably
      engaged springs which, when tripably released, eject the electric plug
      from the wall socket.
PAR  There are many instances where an electrical plug, while retained within
      the wall socket, is subjected to considerable abuse and damage. For
      example, in hospitals and similar institutions, the electrically operated
      bed must often be moved back and forth by the attendants; and during such
      movement, the line cord and plug are often twisted, banged into, and
      generally subjected to constant abuse, which eventually results in the
      plug breaking off in the socket. As a consequence, thousands of dollars
      are spent annually by hospitals and other institutions in replacing these
      broken plugs.
PAR  Furthermore, either because of the inconvenient location of the wall socket
      or the excessively firm connection between the electric plug and the
      outlet resisting ready removal of the plug from a socket, it is often
      desirable to remove the electric plug from the socket by pulling or
      otherwise manipulating the line cord itself. Such expedient, however,
      usually results in the separation of the cord from the plug, again
      requiring the replacement of the plug.
PAR  To overcome these various disadvantages, attempts have been made to provide
      apparatus for automatically and conveniently ejecting the electric plug
      from the wall socket. Prior to the present invention, however, all of the
      existing electric plug ejecting mechanisms have not been entirely
      satisfactory in overcoming the above stated problems. Furthermore, no
      apparatus presently exists which would suitably and responsively eject the
      plug from its socket when the plug and line cord are subjected to the
      twisting and bending encountered in hospitals or the like.
PAR  It is therefore a principal object of the present invention to provide a
      new and improved electric plug ejecting apparatus.
PAR  It is a further object of the present invention to provide new and improved
      apparatus for ejecting electrical plugs from wall sockets in response to
      the bending or twisting of the line cord coupled to the plug.
PAR  It is an even further object of the present invention to provide new and
      improved plug ejecting apparatus of the type incorporating latchably
      engaged ejector springs which, when tripably released, are effective to
      quickly and efficiently remove the plug from its socket.
PAR  In accordance with these and other objects, the present invention is
      directed to an electric plug ejecting mechanism comprising an elongated
      housing adapted to retain the electric plug therein and containing a pair
      of latchably engaged ejector springs. A trip release mechanism responsive
      to the lateral movement or bending of the line cord coupled with the plug
      uniquely releases the ejector springs in order to effect the plug ejecting
      operation.
DRWD
PAR  Specific features, advantages, as well as other objects of the invention
      will become more readily understood from the following detailed
      description taken in conjunction with the attached drawings, wherein
      identical numerals refer to similar parts, and wherein:
PAR  FIG. 1 is a pictorial illustration of an electric plug in combination with,
      and retained by, the housing of the electric plug ejecting mechanism of
      the present invention, viewed from the rear of the housing;
PAR  FIG. 2 is a perspective view showing the front and bottom view of the plug
      ejecting mechanism of the present invention illustrating the ejector
      springs in their released condition;
PAR  FIG. 3 is a perspective view of the ejecting mechanism of the present
      invention with the ejector springs retained in their latched condition and
      with a portion of the bottom wall illustrated as being removed in order to
      more clearly depict the trip release mechanism; and
PAR  FIG. 4 is a pictorial illustration of an electric plug in combination with,
      and retained by, the housing of the electric plug ejecting mechanism of
      the present invention, viewed from the front of the housing.
DETD
PAR  Referring initially to FIG. 1, a conventional electric plug 11 is pictured
      in conjunction with, and being retained by, a housing 10 (depicted in
      phantom), the housing 10 forming an integral part of the overall plug
      ejecting mechanism which is subsequently described in greater detail. The
      electric plug 11, as is well known, has standard conductor prongs 12
      (including a ground prong 12'), a coupled line cord 13, and is adapted to
      be mateably received in the customary manner within a conventional wall
      outlet 14 surrounded by a cover plate 15. While the electrical plug 11 is
      depicted for convenience in the drawing as having a third or "ground"
      prong, the plug could also be of the conventional two-prong configuration,
      the actual design and characteristics of the electrical plug, coupled line
      cord, and electrical outlet receptacle not being critical to the present
      invention.
PAR  As subsequently described in more detail, when the plug (or conductor
      prongs) is inserted within the outlet 14, the front or forward portion of
      the housing 10 will be immediately adjacent, if not flush with, the plate
      15 and surrounding wall. A trip release mechanism for effecting the
      ejection of the plug from the outlet, the details and operation of which
      are subsequently described, includes a pivotally mounted trip lever 21
      extending from the rear of the housing 10 and chain-pull 22, the latter
      being connected to the line cord 13 at a location remotely spaced from the
      main body portion 11a of the plug 11. Lateral movement of the cord 13 (in
      direction of arrow 16) will actuate the trip release mechanism to initiate
      the ejection operation.
PAR  Referring now to FIGS. 2 and 3, the plug ejecting mechanism 1 of the
      present invention principally comprises the ejector housing 10 which is
      defined by a longitudinally extending rear wall 30, respective top and
      bottom walls 31 and 32 (the major portion of which is broken away in FIG.
      3 for convenience of viewing), and end walls 33a and 33b. Additionally,
      the front or forward portion of the housing 10 is defined by a pair of
      doors 40a and 40b pivotally mounted immediately adjacent, and on opposite
      sides of, a central wall portion 34. A cavity 41 is thus defined by the
      enclosing walls of the housing and extends for the entire longitudinal
      dimension of the housing. The entire housing can be fabricated in any
      conventional manner; for example, it can be readily molded from a
      synthetic resinous or plastic material employing standard molding dies.
PAR  Respectively disposed within the rear wall 30 and the central wall portion
      34 are a pair of mutually aligned openings 36 and 37, which openings are
      adapted to receive the main body portion 11a of the electric plug 11 which
      passes therethrough (and thus through the housing cavity 41), the plug
      adapted to be secured within these openings (and thus with the housing) by
      a conventional set screw 35 threadably received within the top wall 31. As
      a consequence, the housing 10 is adapted to retain various sizes and
      shapes of electrical plugs therewith with the conductive prongs 12
      extending from, and transverse to, the forward wall (specifically wall
      portion 34) of the housing (as best illustrated in FIG. 4).
PAR  Each of the doors 40a and 40b are pivotally mounted to the housing by way
      of pins 42 and are thus adapted for opening or closing the entrance to
      respective portions of the cavity 41 designated as compartments 43a and
      43b. Respectively located within each of these compartments are ejector
      springs 50 and 51 having one end secured to the rear wall 30 by screws
      152, for example, these springs being compressed and urged against the
      inside of the doors 40a and 40b when these doors are in their closed
      position (position shown in FIG. 3).
PAR  Pivotally mounted at their base adjacent the end walls 33a and 33b (by way
      of pins 48 extending through top and bottom walls 31 and 32) are
      respective latch plates 49a and 49b. Each of these latch plates is
      provided with a latching edge or finger 47 (illustrated most clearly in
      FIG. 3) adapted to latchably engage the end portion 52 of the doors 40a
      and 40b. The latch plates are normally urged or biased in this latching
      position by springs 60 (FIG. 2) which are respectively secured at one end
      to the inner surface of the end walls 33a and 33b, the free ends of these
      springs engaging the latch plates above their pivot points and urging same
      inward in order to latch the compartment doors 40a and 40b in their closed
      position shown in FIG. 3.
PAR  Adjacent the bottom wall 32 of the housing 10 and extending substantially
      the entire length thereof is a guide block 61 having flange portions 61a
      which, along with the wall 32, define an elongated channel 62 coextensive
      therewith. Disposed within the channel 62, and adapted to be translated
      therein, are a pair of latch trip release arms 63a and 63b forming part of
      a trip release mechanism, the trip release arms having end portions 64
      adapted to engage the inside surface of the latch plates 49a and 49b. The
      trip lever 21, which extends through the slot 66 in the rear of the
      housing, is pivotally mounted within the channel 62 (by way of pin 65
      passing through the lever, guide block 61, and wall 32) intermediate the
      latch trip release arms 63a and 63b. Thus, when the lever 21 is pivoted in
      either the clockwise or counter-clockwise direction (direction of arrows
      80 in FIG. 3), both release arms 63a and 63b are translated in the
      direction of arrows 81, pivoting the latch plates 49a and 49b  out of
      latching engagement with doors 40a and 40b, and releasing the springs 50
      and 51 from compression. The spring biased latch plates then return the
      arms (63a, 63b) and the trip lever 21 to their original rest position
      (FIG. 3).
PAR  The operation of the electric plug ejecting mechanism of the present
      invention is now described. Accordingly, the electric plug 11 is initially
      inserted through the openings 36 and 37 of the housing so as to position
      the conductor prongs 12 forward, and extending from, the front surface of
      the housing 10 (as illustrated in FIG. 4), the set screw 35 maintaining
      the plug in this substantially transverse position. The pullchain 22 is
      then secured to the line cord 13, as illustrated in FIG. 1. The doors 40a
      and 40b are pivoted closed to compress the springs 50 and 51 and are
      maintained in this closed position by the latch plates 49a and 49b, as
      clearly shown in FIG. 3. The plug is then inserted within the wall socket
      in the conventional manner, the front face of the housing 10 being
      disposed immediately adjacent, and normally flush, with the wall socket
      and adjacent wall.
PAR  If, at any time, an object such as a hospital bed or the like is pushed up
      against the plug and cord, the line cord 13 would normally be bent or
      twisted in either of the lateral directions depicted by the arrows 16 in
      FIG. 1, thus pivoting the trip lever 21 in the clockwise or
      counter-clockwise direction (arrow 80). This then results in the
      reciprocative translation of the arms 63a and 63b, pivoting the latch
      plates 49a and 49b out of latching engagement with the doors 40a and 40b,
      allowing these doors to spring open under the influence of the compressed
      ejector springs 50 and 51. As a consequence, the resulting force
      transmitted by these springs is effective to immediately force the housing
      away from the wall and wall socket, removing the electric plug from the
      wall socket.
PAR  As may be apparent, it is also possible to eject the plug from the wall
      socket by the purposeful lateral movement of the line cord 13; or
      alternatively, by manually pivoting the trip lever 21.
PAR  Various modifications of the disclosed embodiment, as well as additional
      embodiments, of the present invention may become apparent to those skilled
      in the art after reviewing the foregoing description without departing
      from the spirit and scope of the invention as solely defined by the
      following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical plug ejecting mechanism, comprising:
PA1  a. an ejector housing defined by front and rear longitudinally extending
      wall portions, a centrally defined opening in said housing extending
      transverse to said longitudinal direction and through said front and rear
      wall portions,
PA1  b. means for retaining an electrical plug within said opening in a manner
      that allows the conductive prongs of said plug to forwardly extend from
      said front wall portion,
PA1  c. a pair of compartments within said housing longitudinally spaced from
      one another on opposite sides of said centrally defined opening,
PA1  d. a pair of ejector springs respectively disposed within said
      compartments,
PA1  e. a pair of doors forming a part of said front wall portion so mounted to
      said housing to respectively close off said compartments and maintain said
      ejector springs under compression when in such closed position,
PA1  f. latch means latching said doors in said closed position, and
PA1  g. trip release means including a trip lever for releasing said latch means
      from said latching position, thereby to allow said doors to open and
      release said ejector springs from compression, said trip release means
      being actuated in response to a force exerted on said trip lever in said
      longitudinal direction.
NUM  2.
PAR  2. The mechanism as defined by claim 1 further including a guide block
      defining a longitudinally extending channel; said trip release means
      further comprising a pair of trip release arms translatably receivable
      within said longitudinally extending channel, said trip lever being
      disposed intermediate said trip release arms and pivotally mounted to
      translate said trip release arms against, and for releasing, said latch
      means.
NUM  3.
PAR  3. The apparatus as defined by claim 2 wherein said latch means comprises a
      pair of latch plates pivotally mounted at their base and respectively
      having latching edges adapted to latchably engage end portions of said
      doors.
NUM  4.
PAR  4. The apparatus as defined by claim 3 further including springs biasing
      said latch means into latchable engagement with said doors.
NUM  5.
PAR  5. Electrical plug ejecting apparatus, comprising:
PA1  a. an ejector housing defined by front, rear, and side wall portions
      defining therebetween a longitudinally extending cavity, pivotally mounted
      doors providing a portion of said front wall portion adapted for opening
      or closing off the entrance to longitudinally spaced compartments of said
      cavity,
PA1  b. means for retaining an electrical plug within, and transverse to, said
      housing intermediate said spaced compartments,
PA1  c. a pair of ejector springs respectively disposed within said compartments
      and attached to said rear wall portion,
PA1  d. latch plates respectively pivotally mounted adjacent said end walls and
      having latching surface edges adapted to latchably engage said doors,
PA1  e. a pair of springs secured to said end walls and adapted to bias said
      latch plates into latching engagement with said doors, and
PA1  f. trip release means for releasing said latch plates from latchable
      engagement with said doors, said trip release means comprising guide block
      means defining an elongated channel substantially coextensive with said
      longitudinally extending cavity, a pair of latch trip release arms
      translatably mounted within said elongated channel and having end portions
      adapted to engage the inside surface of said latch plates, a trip lever
      pivotally mounted intermediate said latch trip release arms and extending
      through an opening in said rear wall, the clockwise or counter-clockwise
      movement of said trip lever translating said trip release arms to force
      said latch plates out of latchable engagement with said doors, the remote
      end portion of said trip lever being connected with the electric cord
      associated with said electrical plug, whereby the lateral movement of said
      cord pivots said trip lever to release said ejector springs, thereby to
      eject said electrical plug from engagement with a wall socket.
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ABST
PAL  A waterproof connector includes a plug body with conductive blades
      connected internally to wires extending from an opposite portion of the
      plug body and a socket body having a channel in its front face. An
      electrical contact supporting member is arranged to fill the channel in
      the insulative socket body in such a manner as to define slits between
      opposite walls of the channel and opposite outside walls of the member. By
      providing electrical contacts on the opposite outside walls of the member,
      the plug blades can be urged into the slits to expand the slits and
      thereby result in a wiping action against the blades in effecting a
      connection.
BSUM
PAR  This invention relates to electrical connectors and more particularly to an
      improved waterproof connector for electrical wires.
PAC  BACKGROUND OF THE INVENTION
PAR  Many different types of waterproof connectors are known in the art. A
      desirable feature in such connectors is to assure that no metallic
      contacts in the socket portion are exposed when the plug portion is
      disconnected. Towards this end, devices have been proposed including a
      slidable element which can be caused to eclipse the slot openings for
      receiving the normal plug prongs after the plug has been disconnected.
      Other devices include a socket body made of extremely resilient material
      having openings which must be wedged apart by the plug blades when
      effecting an electrical connection. When the plug is removed, the walls of
      the slots collapse back together again which thereby protects the inner
      connectors from the environment. The integrity of a socket body of this
      type, however, becomes impaired after extended use, the slot openings
      tending to become worn so that they do not always close down completely
      when the plug blades are removed.
PAR  Still other types of waterproof connectors comprised of a plug and socket
      assembly constitute completely molded members. One problem with these
      later type of devices is the fact that should a wire break internally of
      the molded structures, the entire assembly is rendered useless.
PAR  In any type of plug and socket assembly, it is desirable to provide some
      means of wiping the plug blades when they are inserted prior to electrical
      contact with the socket body wires in order to free them from any water or
      moisture.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  With the foregoing considerations in mind, the present invention
      contemplates an improved waterproof plug and socket assembly for effecting
      electrical connections between electrical wires.
PAR  More particularly, in accord with the invention, there is provided a plug
      body having first and second conductive blades extending from its front
      face. A socket body in turn is provided with a cut-out channel opening out
      on its front face. A contact supporting member of cross sectional
      dimensions corresponding to that of the channel is positioned in the
      channel to fill the same with its forward end terminating in coplanar
      relationship with the front face of the socket body so that two slits are
      defined between the outer opposite sides of the member and the inner
      opposite walls of the channel for receiving, respectively, the first and
      second blades. The socket body itself is of a resilient material so that
      the slits can expand to receive the blades in a wiping action.
PAR  The contact supporting member itself carries first and second flat metallic
      contacts on its opposite side walls which are positioned to be engaged by
      the plug blades after insertion.
PAR  In accord with a specific feature of the invention, the opposed channel
      side walls are tapered inwardly slightly at the entrance portion of the
      socket body to assure a complete wiping action of the blades when they are
      inserted. A further feature contemplates the provision of insulative
      skirts surrounding the base portion of the plug blades which wedge into
      the slits of the socket to assure a seal after the plug and socket bodies
      have been connected together.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the invention will be had by referring to a
      preferred embodiment thereof as illustrated in the accompanying drawings
      in which:
PAR  FIG. 1 is an exploded perspective view of the basic components making up
      the waterproof connector of this invention;
PAR  FIG. 2 is a cross section of one of the components taken in the direction
      of the arrows 2--2 of FIG. 1;
PAR  FIG. 3 is another exploded view, partly in cross section looking in the
      direction of the arrows 3--3 of FIG. 1; and,
PAR  FIG. 4 is a cross section similar to FIG. 3 showing the components in
      assembled connected relationship.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1 there is shown in the upper right-hand portion of
      the drawing an insulative plug body 10 having a flat front face 11 from
      which extend first and second conductive blades 12 and 13. These blades
      connect internally of the plug body 10 to electrical wires such as
      indicated at 14 and 15 extending from the opposite end of the body.
PAR  In the preferred embodiment illustrated in the drawings each of the blades
      12 and 13 is provided with an insulative skirt portion indicated at 16 and
      17 extending from the front face 11 and tapering towards a smaller size to
      terminate about mid-way of the length of the blades. Also shown in the
      specific embodiment illustrated is a ground prong 18 extending from the
      front face 11.
PAR  The cooperating socket body is shown at 19 and is preferably formed of
      resilient material. This body has a flat front face 20 and includes a
      channel 21 of rectangular cross section opening out on the front face. As
      indicated by the dashed lines, this channel extends into the socket body a
      given length to terminate within the body as at 22. The remaining portion
      of the body defines an interior hollow chamber 23 opening out at the
      opposite end of the body as at 24. As will become clearer with respect to
      the other views, the cross sectional dimensions of the hollow chamber 23
      are greater than that of the channel 21.
PAR  Cooperating with the socket body 19 is an electrical contact supporting
      member 25 also made up of resilient material having a rectangular cross
      section corresponding to that of the channel and a length greater than the
      length of the channel so that it can be force-fitted in the channel with
      the front end of the supporting member 25 coplanar with the front face of
      the insulative socket body. When so assembled, a rear portion of this
      member protrudes into the hollow chamber 23 all as will become clearer as
      the description proceeds.
PAR  As shown, the member 25 serves to support electrical contact surfaces 26
      and 27 embedded in opposite forward side portions of the member. These
      electrical contact surfaces internally connect to suitable terminals 28
      and 29 on rear opposite side portions of the member 25. Electrical wire
      leads 30 and 31 connect to the terminals 28 and 29 as shown.
PAR  Where a grounding prong is provided on the plug body 10 as shown in FIG. 1,
      the cooperating socket body 19 is provided with a bore 32 beneath the
      channel 21 positioned to receive this ground prong. Electrical connection
      to the ground prong in turn is effected by a metal sleeve 33 supported on
      the bottom portion of the rectangular member 25, this sleeve being
      connected as by wire 34 to a suitable ground connection.
PAR  The socket assembly is completed by the provision of an insert 35 having a
      central opening 36 through which the various leads can extend out the
      opposite end of the body. A collar 37 is arranged to close off the end 24
      of the socket body 19 when the various parts are assembled.
PAR  Referring now to FIG. 2, it will be noted that the rectangular channel 21
      has a given width W and a given thickness T. The width W corresponds to
      the distance between the first and second conductive blades 12 and 13 from
      the plug 10 as described in FIG. 1 and the dimension T corresponds to the
      distance between the top and bottom surfaces of the blades 12 and 13.
PAR  In FIG. 2, the larger cross sectional dimensions of the hollow chamber 23
      which in the embodiment shown is circular can be seen to be greater than
      the cross sectional dimension of the rectangular channel 21.
PAR  Referring now to FIG. 3, further details and features of the invention will
      be evident. Thus, the connection of the electrical contacts 26 and 27 with
      the terminals 28 and 29 through internal conductors is clearly shown. In
      addition, it will be noted that the opposite inside forward walls of the
      channel 21 are initially tapered inwardly slightly as indicated at 38 and
      39. Also, the overall length of the contact support member 25 is
      sufficiently greater than the length L of the channel 21 that when the
      member 25 is positioned within the channel, the terminals 28 and 29 fall
      within the larger hollow chamber 23. In FIG. 3, it should be unserstood
      that the same numerals utilized in FIG. 1 designate corresponding
      components.
PAR  FIG. 4 illustrates the components in completely assembled relationship with
      the plug body 10 connected to the socket body 19. In this position, it
      will be evident that with the member 25 positioned within the channel 21,
      slits are defined between the outer side walls of the member 25 and the
      inner side walls of the channel as indicated at 40 and 41. Thus, there is
      required a somewhat forced entry of the blades 12 and 13 of the plug body
      10 into the entrance portion of these slits. Because the socket body 19 is
      of resilient material and if desired the member 25 may be made of similar
      resilient material, the slits can "give" to receive the blades 12 and 13.
      The spreading of the slits by the blades results in a wiping action of the
      blades which removes any water or moisture on the blades.
PAR  With respect to the foregoing, the provision of the inward tapers 38 and 39
      described in FIG. 3 in the opposite channel walls enhances this wiping
      action of the blades 12 and 13.
PAR  It will also be evident from FIG. 4 that when the plug body and socket body
      are in complete engagement, the tapered skirts 16 and 17 on the blades
      wedge into the entrance of the slits 40 and 41 to thereby provide an
      excellent seal. It will be clear from FIG. 4 that in the completely
      connected position, the blades are in electrical engagement with the
      contacts 26 and 27 supported on the member 25.
PAR  As described briefly heretofore, the rear portion of the socket body 19
      includes external threads cooperating with internal threads as indicated
      at 42 on the collar 37. This collar serves to exert pressure on the insert
      36 which closes off the opening of the chamber of the socket body opposite
      its front face. The pressure exerted by the collar expands the insert to
      effect a very tight seal about the wires as indicated at 43 and also
      against the rear opening of the chamber in the socket body 19. With this
      arrangement, it will be evident that moisture and water are properly
      excluded from this chamber portion housing the terminals and yet by
      unthreading the collar 37, ready access is had to the terminals.
PAR  Because the contact support member 25 is a separate component which, as
      stated, may be resilient, it cooperates with the opposite side walls of
      the channel in the manner to provide a squeezing force on the blades of
      the plug when urged therebetween over a longer period of time than would
      result were simple openings formed in the socket body itself. In other
      words, the member 25 is free to expand after being compressed by the
      blades of the plug since it is not integrally connected to the floor and
      ceiling or side walls of the channel 21 in the socket body. This feature
      together with forming the entrance tapers 38 and 39 in the socket body
      itself assures that the slits are closed off when the plug is separated
      and that a reliable wiping action occurs when the plug is inserted.
      Moreover, the female socket body is waterproof when unplugged as a
      consequence of the closing off of the slits by the tapers.
PAR  It will be understood from the dotted lines showing in FIG. 4 that the
      ground prong 18 is received in the bore 32 as the blades 12 and 13 are
      urged into the channel 21 in a manner to straddle the member 25. Sleeve 33
      is received in the inner end of the bore 32 so that it is engaged by the
      ground prong 18 when the connection is completed.
PAR  From the foregoing description, it will be seen that the present invention
      has provided a greatly improved waterproof connector.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A waterproof connector for electrical wires comprising, in combination;
PA1  a. an insulative plug body having first and second conductive blades
      extending from a front face thereof and separated by a given distance,
      each of said blades having an insulated skirt portion about its base at
      the point it exits from said front face, said skirt tapering towards a
      smaller size as it extends from the surface to terminate approximately at
      a mid-point of the blade, the inner ends of the blades within the plug
      body connecting to electrical wires passing from an opposite end of said
      plug body;
PA1  b. an insulative socket body of resilient material having a channel of
      rectangular cross section opening out at a front face and extending into
      said socket body a given length to terminate within said body, the
      remaining portion of said body defining an interior hollow chamber opening
      out at an opposite end of the body of greater cross sectional dimensions
      than said channel;
PA1  c. an electrical contact supporting member of resilient material having a
      rectangular cross section corresponding to that of said channel and a
      length greater than the length of the channel so that it can be
      force-fitted in said channel with the front end of said supporting member
      coplanar with the front face of said insulative socket body and a rear
      portion of said member protruding into said hollow chamber; and
PA1  d. electrical contact surfaces embedded in opposite forward sides of said
      member and internally connecting to terminals in opposite rear sides of
      said member for receiving electrical leads passing into said opposite end
      of said body, the width of the channel corresponding to said given
      distance between the conductive blades of said plug and the forward
      opposite inner walls of said channel being tapered inwardly slightly,
      whereby said blades can be urged into said channel to straddle opposite
      sides of said member, the resilient material of the insulative socket body
      and member together with the tapering inwardly of the channel walls
      exerting a squeezing action on the blades to wipe them clean of water and
      moisture, said skirts on the blades plugging the channel entrance sides to
      effect a waterproof connection.
NUM  2.
PAR  2. A connector according to claim 1, including an insert received in said
      opposite end opening of the chamber in said insulative body, said insert
      having a central opening through which said electrical leads pass, the
      rear portion of said insulative body having external threads; and a
      threaded collar receivable on said external threads for exerting a
      squeezing force on said insert to cause it to effect a water-tight seal
      around said electrical leads and the entrance portion of the hollow
      chamber at the opposite end of said insulative body.
NUM  3.
PAR  3. A connector according to claim 1, in which said plug body includes a
      ground prong extending from its front face, said insulative body including
      a bore beneath said channel for receiving said ground prong; and connector
      means secured to the underside of said member for effecting a ground
      connection to said ground prong when said plug body and socket body are
      connected together.
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ABST
PAL  An electrical connector is provided in which one of the connecting members
      includes a mating section with a radial face of relatively soft metal
      disposed around an entry aperture and protected by a shroud member
      extending axially towards the other member to form an enlarged opening and
      internally having rotational coupling surfaces such as screw threads for
      coupling the members, the other other connecting member including a sleeve
      of harder metal housing at least one insulated contact hermetically
      mounted in a glass insert with the contact arranged to extend into the
      aperture of the one connecting member and an integral mating portion
      facing the second member with a radial flange formed by a circumferential
      undercut to be outwardly deflectable away from the radial face, the radial
      flange outwardly forming a deflectable beam section with radially inner
      and outer frontwardly converging surfaces and an axially extending cutting
      edge formed thereby, the sleeve outwardly including rotational coupling
      surfaces such as screw threads for rotational insertion into the shroud
      member aligning the cutting edge with the radial face while forcing the
      edge into the face in sealing penetration, the end of the sleeve opposite
      the cutting edge being adapted for connection to a conventional connector.
      In one embodiment, the radially inner surface is at an acute angle of
      about 30.degree. and is longer than the outer surface to form an inner
      area of pressure engagement when the beam section is deflected. In a
      second embodiment, the cutting edge and adjoining surfaces are on a second
      deflectable beam section formed by a groove in the first beam section to
      provide multiple deflecting members.
BSUM
PAC  BACKGROUND
PAR  This invention relates to electrical coaxial connectors and more
      particularly to connectors in which one of the connecting members includes
      a metallic sealing member as part of the connector housing and with a
      circular cutting edge on a deflectable beam section rigidly fastened to
      the housing.
PAR  Coaxial connectors with contacts heremetically sealed internally in an
      outer housing frequently require a releasable, external seal effective
      under changing conditions of temperature, humidity and the like. In some
      instances, one of the connector housings may include electronic components
      sensitive to changes in environmental conditions, and it is important that
      the seal provide protection against such changes while being releasable.
PAR  In one type of metal to metal seals for coaxial connectors, a separate
      sealing ring of relatively hard metal with a pair of opposed cutting
      surfaces is positioned between the connecting members which when coupled
      force the cutting surfaces to penetrate adjoining portions of softer metal
      and form the releasable seal. Usually, the members can be reconnected with
      the same ring and an effective seal re-established.
PAR  While the individual sealing ring usually provides an effective seal, there
      can be some problems associated with its use. Improper alignment or
      support of the ring with respect to one or both adjoining surfaces of
      softer metal can cause portions of one or both cutting surfaces to
      penetrate the softer surface before other portions, causing an adverse
      effect on the effectiveness of one or both seals. Also, two separate seals
      are required for one interconnection and it is important that both
      adjoining surfaces be free from environmental contaminents which would
      interfere with the efectiveness of the two-part seal. In addition, these
      connecting members can be of small size in the order of one-fourth of an
      inch in outside diameter and the rings of similar or smaller size can
      become mislaid or lost. Accordingly, connecting members of improved design
      are desirable.
PAC  SUMMARY
PAR  This invention is directed to an electrical connector with first and second
      connecting members in which one of the members includes a radial face of
      relatively soft metal and the other member includes a housing and a
      metal-cutting sealing member rigidly fixed on the housing for sealing
      penetration of the radial face to form a metal to metal seal.
      Advantageously, the radial face surrounds a contact receiving aperture and
      is recessed in a housing or protected by a shroud member which is further
      provided with internal coupling surfaces to couple the connecting members
      and for maintaining the metal-cutting sealing member is an aligned
      position with respect to the radial face during the coupling and sealing
      operation. The metal-cutting sealing member advantageously forms an
      integral part of an outwardly deflectable beam section inwardly rigidly
      fixed on a front section of the housing. Preferably, the sealing member
      and beam section are integrally formed as parts of a metallic housing of
      one-piece construction which outwardly includes with coupling surfaces for
      cooperation with the coupling surfaces on the shroud member.
PAR  The invention is also directed to a sealing member as an integral part of
      an outwardly deflectable beam section in which the sealing member includes
      radially inner and outer frontwardly converging surfaces and an axially
      extending cutting edge formed by those surfaces with a hardness greater
      than that of the radial face of the mating connecting member. The edge
      forms a peripheral enclosure of an internal portion of the housing and is
      disposed outwardly beyond the rigid inner end of the beam section. The
      sealing member is further formed with the inner converging surface at an
      acute angle with respect to the radial face of less than about 45.degree.
      and rectilinearly longer than the outer converging surface. The outer
      converging surface is advantageously at an acute angle greater than that
      for the inner surface. The resultant sealing member can readily cut into
      the radial face of the mating connecting member with the outward
      deflection of the beam section causing the more closely associated inner
      surface to form an area of pressure engagement at reduced angle.
PAR  One of the advantages of the electrical connector of the invention is that
      the sealing member is in alignment with its associated connecting member
      during the sealing operation. Another advantage is that only one metal to
      metal seal is required for an interconnection. A further advantage is that
      the sealing member is rigidly fixed on a connecting member and therefore
      is less subject to becoming mislaid or lost. An additional advantage is
      that the cooperating radial face can be recessed or protected by a shroud
      member which advantageously has coupling surfaces for aligning the sealing
      members. Yet another advantage is that the area of pressure engagement is
      formed by an inner surface inclined at a small angle with respect to
      adjacent radial face and which cooperates with an outwardly deflectable
      beam section to provide a sealing action with a limited number of
      connector parts.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side view in cross section of an electrical connecting member
      of the invention.
PAR  FIG. 2 is a similar view of FIG. 1 without the internal parts of the
      connecting member.
PAR  FIG. 3 is a side view partially in cross section illustrating a connecting
      member of FIG. 1 coupled to a mating connector member.
PAR  FIG. 4 is a second embodiment of the connecting member of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The electrical connector of the invention comprises first and second
      connection members in which a first member includes a housing with an
      aperture, a mating section of metallic construction having a radial face
      peripherally extending about the aperture, and a shroud member axially
      extending from the face towards the second member and generally parallel
      to the aperture to define an enlarged opening. The second member includes
      a sleeve usually of metallic construction and having an interior and a
      mating portion facing the first member, and contact means disposed in the
      interior and arranged to extend into the enlarged opening. Coupling means
      are provided for moving the mating portion of the second member axially
      within the shroud member in an aligned position to penetrate the radial
      face. To provide a sealing member cooperating with the radial face, the
      mating portion includes a front section of reduced outer diameter and a
      radial flange having an inner end rigidly fixed on the front section and
      at least one deflectable integral beam section extending outwardly
      therefrom for engagement with the radial face. The beam section has a
      portion of metallic construction facing the radial surface with radially
      inner and outer frontwardly converging surfaces and an axially extending
      cutting edge formed thereby with a hardness greater than that of the
      metallic section for sealing penetration of the radial surface. The edge
      is disposed outwardly beyond the inner end and peripherally about the
      interior of the sleeve. Engagement of the cutting edge of the radial face
      deflects the beam section outwardly moving the inner converging surface to
      a smaller angle with respect to the radial face to form an area of
      pressure engagement.
PAR  In one embodiment, the seal member is provided on an electrical connecting
      member which comprises contact means, insulating means for receiving the
      contact means, and housing means for the contact means and insulating
      means including a metal sleeve. Means are provided for axially coupling
      the sleeve to a mating member and sealing penetration with a radial face
      on the mating member. The sealing member includes radially inner and outer
      converging surfaces and an axially extending cutting edge formed by the
      surfaces with a hardness greater than that of the radial surface for
      sealing penetration of that surface. To provide an effective area of
      pressure engagement, the inner converging surface is formed at an acute
      angle less than about 45.degree. with respect to the radial surface and
      during the sealing penetration moves to a position reducing the angular
      separation. Advantageously, the outer converging surface is at a second
      acute angle greater than that of the angle formed by the inner surface.
      Preferably, the inner converging surface is rectilinearly longer than the
      outer converging surface. The relationship of the various features may be
      understood upon reference to FIGS. 1 - 4. The electrical connector of one
      embodiment includes a connecting member 12 illustrated in FIG. 3 and a
      second connecting member 14 illustrated in FIGS. 1 - 3 which when coupled,
      form a metal to metal seal. Connecting member 12 includes a housing 16
      with a connecting end 17 representing means for interconnection to an
      electrical or electronic receptacle. Housing 16 is commonly formed of
      aluminum with a recessed aperture 18 providing access for electrical
      interconnection beyond connecting end 17 and is enclosed by a radially
      inwardly extending shoulder having a radial face 20 and through which the
      passageway or aperture 18 extends and an internally threaded sleeve or
      mating section 22. Radial face 20 is environmentally protected by shroud
      member 24 extending towards member 14 and is internally provided with
      screw threads 25 to serve as a coupling means for receiving a rotatable
      coupling member 14 into enlarged opening 26 aligned with aperture 18 along
      axis 28. As illustrated, screw threads 25 do not extend to the radial face
      20 to prevent excessive forces being applied to the sealing mechanism and
      to provide space for outward deflection of the beam section of member 14.
      As illustrated in FIG. 3, shroud member 24 is formed as an integral part
      of housing 16 and extends outwardly from the radial face to provide both
      coupling means and protection to radial face 20 against deposition of
      contaminants.
PAR  The second connecting member 14 is illustrated as a connecting adapter
      having an outer sleeve 30 with screw threads 32 and 34 at opposite ends 36
      and 38 for respective coupling to member 12 and to a standard connector.
      In one embodiment, the sealing member is integrally formed as part of the
      sleeve 30 with the material of construction being a relatively hard metal
      such as stainless steel or the like. Means for rotating the sleeve 30 is
      provided by a pair of flat surfaces 40 and 42 upon which a wrench or other
      suitable tool can be fastened for rotatably coupling the sleeve 30 to
      shroud member 24.
PAR  The interior 44 of sleeve 30 includes contacts 46, 48 and 50 and insulating
      inserts 58, 60 and 62 for insulating the contacts from the sleeve 30. As
      illustrated, contact 46 is formed as a pin member commonly composed of a
      iron-nickel alloy fused in glass insert 58 plated with copper and mated
      with contacts 48 and 50 suitably composed of beryllium copper. Contact 48
      is provided with shoulder 54 for positioning within insert 60 while
      contact 50 is provided with mounting barbs 55 for a similar purpose and
      mating tines 56 for mating engagement with a mating connector. Glass
      insert 58 has an outer rim 59 sealed to sleeve 30 by firing or a similar
      procedure. Opposite inserts 60 and 62 are commonly formed of a plastic
      which advantageously is a fluorocarbon polymer such as
      polytetrafluoroethylene. Insert shoulder 63 forms an abutment for securing
      contact 48 in a desired position.
PAR  Sleeve 30 is provided with a mating portion and external threads for mating
      engagement with connecting member 12 and which is shaped with the front
      section having a stem 66 of reduced diameter formed by an undercut 68.
      Radial flange 70 is integrally formed on the front section and extends
      radially outwardly from the stem to form a radial face or end 72 having a
      deflectable beam section 74 at outer end 75. As illustrated, beam section
      74 is sized smaller than shroud member 24 and is spaced axially from the
      sleeve portion 30 by stem 66 to permit room for outward or axially
      rearward deflection of the beam section. Portion 76 of metallic
      construction is provided on beam section 74 with radially inner and outer
      axially and radially extending diverging surfaces 78 and 80 forming an
      axially forwardly extending annular tooth or cutting edge 82 for
      penetrating engagement with radial face 20. Edge 82 is outwardly spaced
      from the outer diameter of stem 66 so that engagement between edge 82 and
      radial face 20 causes beam section 74 to deflect or flex in a direction 77
      away from face 20 causing inner surface 78 to reduce the angular
      separation from face 20 with the spring bias introduced by the flexure of
      flange 70 being applied between the end radial face of flange 70 and face
      20 to assist in sealing aperture of passageway 18. To provide a seal
      completely round interior 44 or between passageway 18 and the enlarged
      opening 26, surfaces 78 and 80 and edge 82 extend around the front
      periphery of sleeve 30. The hardness of edge 82, may result from the
      hardness of sleeve 30 but edge 82 can also be hardened by conventional
      hardening processes after the edge has been machined.
PAR  In FIG. 2, the taper of surface 78 is illustrated at an acute angle of less
      than about 45.degree. to the plane of radial face 72, more usually about
      20.degree.-40.degree. and preferably about 30.degree.. At such angles,
      surface 78 during penetration of radial face 20 provides an area of
      pressure engagement with a substantial component of force parallel to the
      axis 28. As further illustrated, length 79 of surface 78 is rectilinearly
      longer or has a radial area greater than outer surface 80 which is usually
      formed at an acute angle to the radial plane of face 72 greater than the
      angle formed by inner surface 78. The second acute angle formed by outer
      surface 80 is illustrated at an angle of about 45.degree..
PAR  In FIG. 4, a second embodiment is illustrated with the first and second
      deflecting beam sections 90 and 94. Beam section 94 is formed on a flange
      92 having an end radial face on which an annular axially projecting tooth
      95 defining an end edge 99 is formed by axial and radially extending
      surfaces 97 and 98. The flange 92 is fixed to the sleeve by means of an
      annular reduced diameter stem. The outer end 96 of the flange is inclined
      frontwardly and includes surfaces 97 and 98 and cutting edge 99 as
      described with respect to surfaces 78 and 80 and edge 82. Undercut or
      groove 101 and groove 102 spaced axially forwardly of groove 101 form and
      permit deflection of both beam sections.
PAR  Following assembly of connecting member 14 in which glass insert 58 is
      positioned against shoulder 45, connecting member 14 is rotated in shroud
      member 24 which axially aligns members 12 and 14 and cutting edge 82 and
      radial face 20. Further rotation of member 14 moves cutting edge 82 to
      engage radial face 20 and to penetrate the face to form the desired metal
      to metal seal. During penetration, beam section 74 is outwardly deflected
      causing inner surface 78 to move to an angular position closer to surface
      20.
PAR  The construction of connecting member 14 provides in a unitary one piece
      construction, sleeve 30 with deflectable beam section 74 and a metal
      cutting sealing member as an integral part of the sleeve. Further, the
      sealing member is formed so that cutting edge 82 is moved slightly
      outwardly as radial face 20 is penetrated causing inner surface 78 to
      provide an effective area of pressure engagement for the desired seal. In
      addition, shroud 24 in combination with elongated sleeve 30 and screw
      threads 25 and 32 protect the sealing members against accidental angular
      deflection and damage to the seal.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical connector comprising:
PA1  first and second connecting members;
PA1  the first member including a housing with an aperture, a mating section of
      metallic construction having a first radial face peripherally extending
      about the aperture, and a shroud member axially extending from said first
      face towards the second member and generally parallel to the aperture to
      define an enlarged opening,
PA1  the second member including a sleeve having an interior and a mating
      portion, and contact means carried by said sleeve and arranged to extend
      into said aperture in response to the receipt of said mating portion in
      said enlarged opening, and
PA1  means for coupling said first and second members in conjunction with the
      movment of said mating portion axially within said shroud member, said
      mating portion including a front section of reduced outer diameter and a
      radial flange having an inner end rigidly fixed on the front section and
      at least one deflectable integral beam section extending outwardly
      therefrom for engagement with said first radial face, said one beam
      section having a portion of metallic construction facing said first radial
      face with radially inner and outer frontwardly converging surfaces and an
      axially extending cutting edge formed thereby with a hardness greater than
      that of said metallic section for sealing penetration of said first radial
      face in response to the coupling of said first and second members, said
      cutting edge being disposed outwardly beyond said inner end and
      peripherally about said aperture.
NUM  2.
PAR  2. The electrical connector of claim 1 wherein said housing is of metallic
      construction and extends outwardly from said radial face to form said
      shroud member.
NUM  3.
PAR  3. The electrical connector of claim 2 wherein said sleeve is of metallic
      construction and said means for coupling includes means for rotationally
      coupling the sleeve to the shroud member.
NUM  4.
PAR  4. The electrical connector of claim 1 wherein said flange includes a first
      deflectable beam section with said inner end rigidly fixed on said front
      section and a second deflectable beam section with an end rigidly fixed on
      said first beam section, said second beam section including said
      converging surfaces and said cutting edge.
NUM  5.
PAR  5. The electrical connector of claim 1 wherein said means includes
      rotational coupling means internally on the shroud member and externally
      on the sleeve whereby said sleeve moved rotationally and axially into said
      shroud member.
NUM  6.
PAR  6. The electrical connector of claim 1 wherein said beam section is of
      reduced size compared to said enlarged opening and is capable of
      deflection without engaging said shroud member.
NUM  7.
PAR  7. The electrical connector of claim 1 wherein said deflectable section is
      deflectable by engagement with said radial face in a direction away from
      said radial face, and said inner radial surface with said radial face
      forms an acute angle less than about 45.degree. and an area of pressure
      engagement which is increased during penetration of said radial face.
NUM  8.
PAR  8. An electrical connector comprising:
PA1  first and second connecting members;
PA1  the first member including a metallic housing with an aperture, a mating
      section integral with the housing having a first radial face peripherally
      extending about the aperture and facing said second member and a shroud
      member integral with the housing axially extending from the face towards
      the second member to define an enlarged opening,
PA1  the second member including a metallic sleeve having an interior and a
      mating portion integral with the sleeve,  contact means disposed in the
      interior and arranged to extend into the enlarged opening, and insulating
      means disposed between the sleeve and contact means, said mating portion
      including a front section of reduced outer diameter and a radial flange
      having an inner end rigidly fixed on the front section and a deflectable
      integral beam section extending outwardly therefrom for engagement with
      said first radial face, said beam section having a portion of metallic
      construction facing said first radial face with radially inner and outer
      frontwardly converging surfaces and an axially extending cutting edge
      formed thereby with a hardness greater than that of said metallic section
      for sealing penetration of said radial surface, said edge being disposed
      outwardly beyond said inner end and peripherally about said aperture for
      deflection away from said first radial face in response to the engagement
      of said cutting edge with said first radial face,
PA1  and means for coupling said first and second members including cooperating
      rotational coupling means internally integral with the shroud member and
      externally integral with the sleeve whereby said sleeve is moved axially
      into the shroud to rotate the radial flange and axially extending cutting
      edge with respect to the first radial face and simultaneously engage said
      cutting edge with said first radial face.
NUM  9.
PAR  9. The electrical connector of claim 8 wherein said inner radial surface
      with said radial face forms an acute angle less than about 45.degree..
NUM  10.
PAR  10. The electrical connector of claim 9 wherein said inner converging
      surface is rectilinearly longer than said outer converging surface.
NUM  11.
PAR  11. The electrical connector of claim 10 wherein said outer converging
      surface forms a second acute angle with said radial surface which is
      greater than the acute angle formed by said inner surface and said beam
      section is of reduced size compared to said enlarged opening.
NUM  12.
PAR  12. An electrical connecting member for sealing penetration with a radial
      surface of a mating connecting member and comprising:
PA1  contact means,
PA1  insulating means receiving said contact means, and
PA1  housing means for said contact means and insulating means including a metal
      sleeve having a longitudinal axis and an interior portion, and means for
      axially coupling said sleeve to said mating member, said sleeve including
      a front reduced diameter section and a radial flange having an inner end
      rigidly fixed on the front section and a deflectable integral beam section
      extending radially outwardly therefrom for engagement with said radial
      surface in response to the axial coupling of said sleeve to said mating
      member and deflectable by said engagement in a direction away from said
      radial surface, said beam section having a portion of metallic
      construction facing said radial surface with radially inner and outer
      frontwardly converging surfaces and an axially extending cutting edge
      formed thereby with a hardness greater than that of said radial surface,
      said edge being disposed radially outwardly of said inner end, said inner
      frontwardly converging surface forming an acute angle less than about
      45.degree. to increase the area of pressure engagement between said inner
      frontwardly converging surface and said radial surface during the
      penetration of said radial surface.
NUM  13.
PAR  13. The connector of claim 12 wherein said outer converging surface forms a
      second acute angle with said radial surface which is greater than the
      acute angle formed by said inner surface.
NUM  14.
PAR  14. The electrical connector of claim 12 wherein said actue angle is
      between about 20.degree.-40.degree..
NUM  15.
PAR  15. The electrical connector of claim 12 wherein said inner converging
      surface is rectilinearly longer than said outer converging surface.
NUM  16.
PAR  16. The electrical connector of claim 13 wherein said acute angle between
      said inner surface and radial surface is between about
      20.degree.-40.degree. and said inner converging surface is rectilinearly
      longer than said outer surface.
NUM  17.
PAR  17. For use with a metallic connector member having a first annular sleeve
      portion including a radially inwardly extending shoulder formed in said
      sleeve portion with a coaxial passageway therein for receiving a contact
      carried by a second sleeve member threadingly received in said first
      annular sleeve portion, the improvement comprising:
PA1  an annular stem projecting from said second sleeve member,
PA1  an annular flange on said stem extending radially outwardly of said stem
      and spaced from said second sleeve member with said annular flange having
      a radial end face and said contact extending through said stem and flange
      past said radial end face for receipt in said passageway,
PA1  and an axially projecting annular tooth of harder material than said
      shoulder formed on said radial end face with said tooth located radially
      outwardly of said stem for engagement with said shoulder in response to
      the threading receipt of said second sleeve member in said first annular
      sleeve portion to cut a complimentary surface in said shoulder with the
      portion of said flange extending radially outwardly of said tooth flexing
      axially toward said second sleeve member for applying a spring force
      between said flange and shoulder for sealing the periphery of said
      passageway from the periphery of said flange.
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ABST
PAL  An electrical connector adapted to provide a common junction and electrical
      coupling device for a plurality of conductors, preferably at least four
      conductors; said electrical connector comprising a box like body of
      deflectable plastic material, said body having a cover integrally
      connected therewith by a "living hinge"; and a resilient metallic
      electrical contact member having a plurality of contact portions all
      integral with each other; the contact portions having conductor engaging
      and wedging edges at opposite ends thereof; said edges operable adjacent
      wall portions of said body which is provided with conductor receiving
      openings adjacent to said wedging edges whereby electrical conductors may
      be inserted through said openings and between said wedging edges of said
      contact portions and respective wall portions of said body; said contact
      member in its prefered form being substantially H-shaped and having a
      conductor cross bar portion interconnecting a pair of contact portions,
      each of which has a pair of opposite ends provided with said wedging
      edges; the cross bar portion being restrained between projections on said
      cover and the closed side of said box like body respectively to hold said
      wedging edges of said contact portions in engagement with conductors to
      maintain said conductors entrapped in said box like body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various electrical connectors comprise bodies of various material having
      openings through which conductors may be inserted into engagement with
      entrapping contact members. However, most of these electrical connectors
      provide a common junction for only a pair of wires or conductors, and many
      of the prior electrical connectors are relatively complicated and
      expensive in comparison to the number of electrical conductors which may
      be connected in common. Additionally, many of the prior art electrical
      connectors are very bulky in proportion to the number of conductors which
      may be connected in common thereby.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a very compact electrical connector having
      a body and cover molded integrally with each other and interconnected by a
      living hinge and wherein a single common contact member is adapted to
      couple at least four electrical conductors in common.
PAR  The invention employs a generally H-shaped contact member having a pair of
      contact portions provided with opposite ends forming wedging edges adapted
      wedgingly to engage conductors. The contact portions at their intermediate
      areas being interconnected by a cross bar portion, the contact portions
      and cross bar portions being flat and the cross bar portion having its
      flat sides at substantially right angels to those of the contact portions;
      the cross bar portion being restrained between a pair of projections,
      projecting from the closed side of the body portion which is generally a
      box shaped structure; and the cover having a projection adapted to extend
      between the projections projecting from the closed side of the body
      portion and holding the cross bar portion of the contact member adjacent
      to the closed side of the box shaped body and converging openings are
      provided in the box shaped body adjacent the wedging edges at the ends of
      the contact portions of the contact member so as to receive electrical
      conductors which may wedgingly be forced between the wedging edges of the
      contact portions and a respective adjacent wall of the box shaped body.
PAR  The cover for the box shaped body may be fixed to the open side of the body
      by various means such as ultrasonic welding, riveting, spring clips or
      other means such as cement or the like. The electrical connector of the
      invention may be quite compact, as for example, little more than one inch
      in length and less than one inch in breadth and substantially less than
      one-half inch in thickness and may at the same time provide a common
      coupling for at least four electrical conductors. The body of the
      electrical connector of the invention is substantially rectangular with a
      substantially rectangular cover integral with the body by means of a
      "living hinge" and the cover and body are preferably a single casting mold
      concurrently. The aforementioned H-shaped contact member is particularly
      suited to a rectangular body wherein opposite ends of the contact portions
      are deflectably operable adjacent opposite ends of the body while opposite
      sides of the contact portions are held adjacent to the longitudinal sides
      of the body by means of a projection carried by the cover of the body, and
      at the same time, the projection carried by the cover engages a cross bar
      portion integral with the contact portions of the contact member and the
      cross bar portion is restrained between projections extending from the
      closed side of the body portion between which the projection extending
      from the cover is disposed, whereby the cross bar portion and the contact
      portions of the contact member are restrained so as to maintain the
      wedging edges of the contact portions in properly supported position to
      wedgingly entrap electrical conductors which are extended through
      converging openings in the side wall portions of the box shaped body of
      the invention.
PAR  The aforementioned openings are adapted to receive electrical conductors
      and wedgingly to support insulation sheaths of the conductors in the
      openings, the openings being defined by converging surfaces in the wall
      portions of the box shaped body.
PAR  The box shaped body is provided with a closed side and an open side and the
      open side is adapted to be covered by means of the integral cover, and the
      H-shaped contact member is readily and easily assembled in the box shaped
      body by placing the cross member of the H-shaped contact member between
      projections extending from the enclosed side of the body whereupon the
      cover may be hingedly moved into enclosing position over the open side of
      the body and a projection on the cover forces the cross member portion of
      the contact member into position between its restraining projections
      extending from the closed side of the body, whereby the assembly of the
      electrical connector of the invention is very simple and economically
      accomplished. The cover is then fixed in relation to the open side of the
      body so as to enclose the same and may be held in such fixed enclosing
      position by any one of several means hereinbefore set forth.
PAR  Accordingly it is an object of the present invention to provide a very
      compact, simple and economical electrical connector adapted to provide a
      common junction for at least four electrical conductors.
PAR  Another object of the invention is to provide a body and integral cover
      connected together by a "living hinge" and adapted to hold a generally
      H-shaped single piece contact member therein which is adapted to provide a
      common junction for at least four electrical connectors.
PAR  Another object of the invention is to provide an electrical connector which
      is very simple and economical to produce.
PAR  Another object of the invention is to provide an electrical connector which
      is extremely compact in proportion to the number of conductors for which
      it provides a common junction.
PAR  Further objects and advantages of the invention may be apparent from the
      following specification, appended claims and accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of the cover side of the electrical connector
      of the invention;
PAR  FIG. 2 is a sectional view taken from the line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken from the line 3--3 of FIG. 2 showing a
      plurality of electrical conductors entrapped in the electrical connector
      of the invention and showing one of the contact portions of the electrical
      connector in its normal position and showing by broken lines the same
      contact portion in a position in which it may be deflected to entrap an
      electrical conductor;
PAR  FIG. 4 is a view similar to FIG. 2 showing a modification of the invention
      for holding the cover and body in fixed and closed position;
PAR  FIG. 5 is a view of the structure shown in FIG. 4 with the body and cover
      in open position as molded;
PAR  FIG. 6 is a fragmentary sectional view taken from a line 6--6 of FIG. 5;
PAR  FIG. 7 is an end view of the electrical contact member of the invention;
PAR  FIG. 8 is a view taken from the line 8--8 of FIG. 7 of the invention;
PAR  FIG. 9 is a view taken from the line 9--9 of FIG. 8;
PAR  FIG. 10 is a view of the blank structure of the contact member of the
      invention before it is finally formed into the configuration shown in
      FIGS. 7, 8 and 9;
PAR  FIG. 11 is a sectional view similar to FIG. 2 showing a modification of the
      invention wherein a rivet holds the cover and body in closed position;
PAR  FIG. 12 is a fragmentary sectional view taken from the line 12--12 of FIG.
      11;
PAR  FIG. 13 is a view of the electrical connector of the invention showing a
      resilient clip member holding the cover and body in enclosed position;
PAR  FIG. 14 is a view taken from the line 14--14 of FIG. 13; and
PAR  FIG. 15 is a fragmentary sectional view similar to FIG. 2 showing a
      modification of the invention wherein a cement holds the cover and body in
      closed position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIGS. 1, 2 and 3 of the drawings, the electrical connector of
      the invention is provided with a body portion 10 which is generally box
      shaped in construction and having a closed side 12 with surrounding wall
      portions 14, 16, 18, and 20. Integral with the body portion 10 is a cover
      22 connected to the body portion by a "living hinge" 24. The "living
      hinge" 24 is molded in interconnected relationship with the cover 22 and
      body 10 and the entire cover and body structure, preferably molded of
      deflectable plastic such as polypropylene or the like which is adapted to
      provide a living hinge such as the hinge 24.
PAR  It will be obvious that other materials may be used if desired.
PAR  The body portion 10 at its closed side 12 is provided with inwardly
      directed projections 26 and 28 having inner opposite surfaces 30 and 32
      respectively, which engage and restrain opposite edges 34 and 36 of a
      cross bar portion 38 of a generally H-shaped contact member 40. This
      generally H-shaped contact member 40 is shown in detail in FIGS. 7 to 10
      of the drawings and is provided with contact portions 42 and 44 which are
      integral with the cross bar portion 38. These contact portions 42 anad 44
      are elongated members integral at their intermediate portions with the
      cross bar portion 38.
PAR  THe cross bar portion 38 and the contact portions 42 and 44 are integral
      with each other and preferably made of resilient metal forming an
      electrical conductor structure.
PAR  The contact portion 42 is provided with opposite ends 46 and 48 which
      constitute wedging edges adapted wedgingly to engage electrical conductors
      as will be hereinafter described.
PAR  The contact portion 44 is provided with opposite ends 50 and 52 which
      provide wedging edges adapted to engage and entrap electrical conductors
      as will be hereinafter described in detail. The herein-before intermediate
      portions of the contact portions 42 and 44 are designated 54 and 56
      respectively and these portions 54 and 56, as shown in FIG. 3 of the
      drawings, are held in adjacent relationship to an inner surface 58 of the
      wall portion 18 and an inner surface 60 of the wall portion 20
      respectively. These intermediate portions 54 and 56 are so held by means
      of a projection 62 integral with the cover 22. The projection 62 having
      surface portions 64 and 66 slightly spaced from the inner surfaces 58 and
      60 of the hereinbefore described wall portions 18 and 20. Accordingly, the
      flat sides of the contact portions 42 and 44 are held between the
      projection 62 of the cover 22 and the opposite side wall 18 and 20 of the
      box shaped body 10.
PAR  The generally H-shaped contact member thus supported, is restrained at its
      opposite edges 34 and 36 by the projections 26 and 28 of the body 10; and
      the flat contact portions 42 and 44 at their intermediate portions 54 and
      56 respectively, are held with their planes at substantially right angles
      to the flat planes of the cross bar portion 38. Additionally, it will be
      seen that the contact member is so restrained in the body 10 that the
      conductor engaging and wedging edges 46, 48, 50 and 52 are maintained in
      resiliently operable relationship to the inner surfaces 68 and 70 of the
      walls 14 and 16 of the body 10. As referred to in the Claims the wall
      portions 18 and 20 are described as opposite walls, and the walls 14 and
      16 are described as the otther of said walls.
PAR  The walls 18 and 20 are provided with conductor receiving openings, the
      wall 18 having a pair of openings 72 and 74 defined by converging surfaces
      which are all similar. Accordingly, references made to the conductor
      receiving opening 72 which is provided with surfaces 76 and 78 which
      converge inwardly toward the inner side of the body 10, and defining the
      opening 72 closely adjacent to the wall 68. Likewise the opening 74 is so
      constructed and also openings 80 and 82 are disposed in the body side wall
      20 adjacent the respective walls 14 and 16, all as shown best in FIG. 3 of
      the drawings. All of the openings 72, 74, 80 and 82, thus are defined by
      converging walls and these coverging walls are adapted wedgingly to hold a
      conventional sheath such as the sheath 84 held in the opening 72, the
      sheath being an insulating sheath covering the respective conductor 86
      which is engaged and entrapped by the wedging edge 46 of the contact
      portion 42, all as shown best in FIG. 3 of the drawings.
PAR  The H-shaped contact member 40 provides a common connection or junction for
      at least four conductors which may be inserted through the opening 72, 74,
      80 and 82 hereinbefore described; and when a conductor is inserted through
      one of these openings, the respective wedging edge such as the edge 48, is
      disposed in a solid line position as shown in FIG. 3, and is deflected
      inwardly to a broken line position 49 whereupon the electrical conductor
      slides past the wedging edge 48 and slides along the inner surface 70 of
      the wall 16, whereupon the respective conductor is entrapped and if a
      force is applied tending to retract it, the wedging edge is pivoted toward
      its respective conductor receiving opening and pivots closer to the
      respective wall such as the wall 70, thereby squeezing and holding the
      electrical conductor.
PAR  The wedging edges 46, 48, 50 and 52 are quite sharp and the material of
      which they are made is relatively hard thereby intending to embed in the
      electrical conductor and frictionally hold it securely entrapped in the
      body 10.
PAR  It will be noted that the wedging edge 48 as shown in FIG. 2 is actually
      engaged with a conductor 51 in similar fashion to the engagement of the
      conductor 86 by means of the wedging edge 46 of the conductor portion 42.
PAR  The wall portions 14, 16, 18 and 20 are provided with edges at the open
      side of the body 10, the edges being designated 90 in FIG. 2 of the
      drawings.
PAR  After the H-shaped contact member 40 is placed between the projections 26
      and 28 and the cover is in closed position as shown in FIG. 2 of the
      drawings, ultrasonic welding may be used to fuse the cover to the edges 90
      for rendering the entire connector body and cover unitary.
PAR  According to a modification of the invention, the body 10 is provided with
      three buttress ledges 92, 94 and 96 which are cooperable with complimental
      buttress ledges 98, 100 and 102 respectively. These ledges being
      deflectable and adapted to snap together and interlock when the cover 22
      is pressed into closed position relative to the open side of the body 10.
PAR  Referring to FIGS. 5 and 6 the cover and body may be molded in the position
      shown therein, both in the preferred form shown in FIGS. 1 to 3 of the
      drawings or in the modified form shown in FIGS. 4, 5 and 6 of the
      drawings.
PAR  In the modifications shown in FIGS. 11 and 12, a rivet 104 extends through
      the cover 22 in the enclosed side 20 of the body 10 for holding the cover
      in closed position relative to the open side of the body 10. The rivet 104
      may be a plastic rivet thermally upset at its end 106 upon assembly and
      closing of the cover and body into a unitary relationship. As shown in
      FIG. 12 the rivet 106 is disposed generally centrally of the body between
      the contact portions 42 and 44 of the contact member 40.
PAR  In the modifications as shown in FIGS. 13 and 14, the cover 22 is fixed in
      enclosing position with the open side of the body 10 by means of a spring
      clip 108 which is a generally U-shaped member having a pair of arms 110
      and 112 interconnected by an intermediate portion 114 which is disposed
      adjacent the body wall 14. The arms 110 and 112 are disposed between a
      pair of parallel ribs on the cover and the body respectively. The arm 110
      being disposed between ribs 116 and 118 on the cover 22 whiled the arm 112
      is disposed between ribs 120 and 122 on the enclosed side of the body 10.
PAR  In the modification as shown in FIG. 15, the edges 90 of the wall portions
      of the body 10 are secured to the cover 22 by means of cement 124 which
      may be any suitable cement as desired for fixing the cover in relationship
      to the open side of the body 10 for enclosing the same.
PAR  It will be obvious to those skilled in the art that various modifications
      may be resorted to without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical connector comprising:
PA1  a housing and a contact member;
PA1  said housing made of plastic material having formable and deflectable
      character;
PA1  said housing having a box like body and a cover;
PA1  a hinge structure integral with and interconnecting said body and said
      cover;
PA1  said box like body having an open side and a closed side;
PA1  said cover adapted hingedly to be positioned to enclose said open side of
      said body;
PA1  said box like body having wall portions integral with said closed sides;
PA1  said wall portions having edges disposed at said open side;
PA1  said edges adapted to be contiguous with said cover portion;
PA1  said contact member being made of flat resilient sheet metal and having a
      middle portion provided with generally flat opposite sides and a plurality
      of generally flat contact portions having opposite sides and being
      integral with said middle portion, said contact member positioned in said
      body by a pair of first projections extending from said closed side of
      said box like body;
PA1  said pair of first projections holding said middle portion of said contact
      member in fixed position adjacent said closed side of said body and
      thereby preventing substantial movement of said contact member in
      directions longitudinally of said contact portions;
PA1  second projections integral with said cover and disposed between said pair
      of first projections extending from the closed side of said body;
PA1  said second projections holding said middle portion of said contact member
      adjacent to said closed side of said body;
PA1  said contact portions having said opposite sides disposed generally at
      right angles to said opposite sides of said middle portion;
PA1  said body having wall portions substantially parallel with said opposite
      sides of said flat contact portion;
PA1  said contact portions each having a conductor contacting and wedging edge;
PA1  a conductor engaging wall portion of said body closely adjacent each
      wedging edge of each of said contact portions;
PA1  said body having a conductor receiving opening in some of said wall
      portions adjacent each of said wedging edges of said contact portions;
PA1  whereby electrical conductors may be inserted through conductor receiving
      openings and forced between respective wall portions and said wedging edge
      portions of said conductor portions and whereby resilient character of
      said contact portions allows said wedging edge portions to be forced into
      an angular wedging relation to the respective conductors thereby causing
      wedging entrapment thereof in said body.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said first projections
      comprise a pair of spaced apart projections integral with said closed side
      of said body and straddle said middle portion of said contact member.
NUM  3.
PAR  3. The invention as defined in claim 2 wherein said second projections
      which are integral with said cover are provided with opposite surfaces
      disposed in closely spaced proximity to respective wall portions of said
      body; said contact portions of said contact member being held between said
      opposite surfaces and said respective wall portions of said body.
NUM  4.
PAR  4. The invention as defined in claim 1 wherein said contact member at said
      wedging edge portions of said contact portions, being adapted wedgingly to
      engage and entrap an electrical conductor whereby said integral middle
      portion of said conductor member conductively couples all of such
      conductors.
NUM  5.
PAR  5. The invention as defined in claim 1 wherein said body is provided with
      converging surfaces in said side walls defining said conductor receiving
      openings; said coverging surfaces converging inwardly toward the interior
      of said box shaped body thereby defining inwardly converging openings;
      said converging surfaces thus adapted to wedgingly hold a conventional
      insulator sheath of an electrical conductor extending through a respective
      conductor receiving opening.
NUM  6.
PAR  6. The invention as defined in claim 1 wherein said cover is fused to said
      body.
NUM  7.
PAR  7. The invention as defined in claim 1 wherein said body at said open side
      thereof is provided with ledge portions; said cover being provided with
      respective and cooperative interlocking ledge portions whereby said cover
      is adapted to be snapped closed over the open side of said body.
NUM  8.
PAR  8. The invention as defined in claim 1 wherein a rivet extends through said
      cover and said closed side of said body thereby holding said cover
      contiguous with the open side of said body and enclosing the same.
NUM  9.
PAR  9. The invention as defined in claim 1 wherein a metal clip straddles said
      body and said cover thereby holding said cover in contiguous position with
      the open side of said body and enclosing the same.
NUM  10.
PAR  10. The invention as defined in claim 1 wherein said cover at the open side
      of said body is cemented thereto, thereby holding said cover in closed
      position relative to the open side of the said body.
NUM  11.
PAR  11. An electrical connector comprising a housing and a contact member;
PA1  said housing made of plastic material having formable and deflectable
      character;
PA1  said housing having a box like body and a cover;
PA1  a hinge structure integral with interconnecting said body and cover;
PA1  said box like body having an open side and a closed side;
PA1  said cover adapted hingedly to be positioned to enclose said open side of
      said body;
PA1  said box like body having wall portions integral with said closed side;
PA1  said wall portions having edges disposed at said open side;
PA1  said edges adapted to be contiguously engaged with said cover portion;
PA1  said contact member being made of flat resilient sheet metal and being
      generally H-shaped with a pair of generally parallel flat and elongated
      contact portions each having opposite ends and a generally flat cross bar
      portion integral with said contact portions and disposed between said
      opposite ends of said contact portions;
PA1  said resilient metal contact member positioned in said body by first
      projections extending from said closed side of said body which hold said
      cross bar of said contact member in fixed position adjacent said closed
      side and thereby preventing substantial movement of said contact member in
      directions longitudinally of said contact portions and second projections
      which are integral with said cover having opposite surfaces disposed in
      closely spaced proximity to respective wall portions of said body;
PA1  said contact portions of said contact member being held between respective
      ones of said surfaces and respective wall portions;
PA1  said flat cross bar portion having opposite sides;
PA1  said flat contact portions having opposite sides disposed at substantially
      right angles to said opposite sides of said cross bar portion;
PA1  said sides of said contact portions being disposed adjacent opposite ones
      of said wall portions of said box like body;
PA1  said opposite ends of said contact portions being disposed substantially at
      right angles to other ones of said wall portions of said body and in close
      proximity thereto;
PA1  said opposite ones of said wall portions of said body having conductor
      receiving openings therein;
PA1  said openings located near said opposite ends of said contact portions
      whereby electrical conductors may be inserted through said conductor
      receiving openings and forced between said opposite ends of said contact
      portions and respective other ones of said wall portions of said body;
PA1  and whereby the resilient character of said contact portions allows said
      opposite ends thereof to be deflected and forced into an angular wedging
      relation to the respective conductors thereby causing wedging entrapment
      thereof in said body.
NUM  12.
PAR  12. The invention as defined in claim 11 wherein said first projections
      comprise a pair of projections integral with said closed side of said body
      and straddle said cross bar portion of said contact member.
NUM  13.
PAR  13. The invention as defined in claim 11 wherein said contact member at
      both opposite ends of both of said contact portions each being adapted to
      wedgingly entrap an electrical conductor whereby said integral cross bar
      portions conductively couples all of said conductors.
NUM  14.
PAR  14. The invention as defined in claim 11 wherein converging surfaces of
      said side wall portions define said conductor receiving openings; said
      converging surfaces converging inwardly toward the interior of said box
      like body and said converging surfaces thus adapted to wedgingly hold a
      conventional insulation sheet of an electrical conductor.
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ABST
PAL  The reflector mounting member of a lamp is provided with a receptacle
      formation in which the lamp bulb base is seated and retainer formations in
      which a pair of connector devices are seated. One or two insulated
      conductor cables are inserted into the connector devices to thereby pierce
      the insulation and establish electrical connections through the connector
      devices to the bulb filaments.
PARN
PAR  This invention relates to lamp assemblies for vehicles and other mobile
      installations.
PAR  A relatively inexpensive and easily assembled lamp assembly is disclosed in
      my prior U.S. Pat. No. 3,742,429, issued June 26, 1973, wherein an
      electrical power cable is inserted into an insulation piercing connector
      to establish a grounded electrical circuit through the filament of an
      incandescent bulb. A ground connection is established through a ground
      strap anchored to the reflector by a grounding fastener. Such a lamp
      assembly is not suitable for a two wire power system present, for example,
      in mobile homes and trailers. It is therefore an important object of the
      present invention to extend the benefits and advantages of the
      aforementioned type of lamp assembly to the mobile home and trailer
      market, in a new and unique manner.
PAR  In accordance with the present invention, a reflector mounting member is
      formed with a bulb base receiving receptacle and retaining formation for a
      power cable piercing connector, as disclosed in my prior U.S. patent
      aforementioned. Additional formations project from the reflector on the
      side of the receptacle formation opposite the retainer formation to hold a
      second, insulation piercing connector into which a ground wire conductor
      is adapted to be inserted. The additional formations cooperate with the
      bulb receptacle formation to position the ground cable connector which
      includes a bulb base embracing strap and a flat ground strap
      interconnected with an intermediate scarfing section adapted to slice
      through and pierce the insulation of a conductor inserted therein.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAR  FIG. 1 is a top plan view of a lamp assembly constructed in accordance with
      the present invention with the lens cover removed.
PAR  FIG. 2 is a transverse sectional view taken substantially through a plane
      indicated by section line 2--2 in FIG. 1.
PAR  FIG. 3 is a top plan view of the reflector itself.
PAR  FIG. 4 is a perspective view of the power cable connector.
PAR  FIG. 5 is a perspective view of the ground cable connector.
PAR  Referring now to the drawings in detail, and initially to FIGS. 1 and 2, a
      vehicle lamp assembly generally denoted by reference numeral 10 is shown.
      The lamp assembly includes a reflector mounting member 12 made of an
      electrically non-conductive, plastic material having an annular rim
      portion 14 receiving a suitable lens cover 16 through which illumination
      is emitted from a conventional type of base bulb 18 when energized by
      electrical energy supplied thereto from a suitable source by means of a
      hot line conductor cable 20.
PAR  In the embodiment illustrated by way of example, the hot line conductor 20
      is part of a two-wire system which also includes a ground cable 21. Both
      cables 20 and 21 extend into the lamp assembly through an opening 22 in
      the reflector member 12 and are respectively engaged by insulation
      piercing connectors 24 and 34.
PAR  With continued reference to FIGS. 1 and 2, the reflector mounting member 12
      is provided with a bulb holding receptacle formation 28 having an axially
      extending arcuate recess 30 within which the base portion 32 of the bulb
      is seated. Pins 37 extending from the base portion are seated in slots 35
      to maintain radial and axial alignment of the bulb in the bulb holder 28.
      The base portion of the bulb is in contact with connector 34 to be
      described in detail hereafter, which extends along one side of receptacle
      formation 28 along the flat portion 36 of the reflector 12 to an opening
      38. An electrically conductive grounding fastener may be used to anchor
      the lamp assembly through opening 38 only if a single wire system is used.
PAR  The reflector member 12 is provided with a receptacle formation 40 spaced
      from an opposite side of the bulb receiving formation 28. The clip portion
      26 of the power connector is received within the recess 42 of a retainer
      formation 40 through which the hot line conductor 20 extends. An integral
      arm portion 44 as shown in FIG. 1, extends from one side of the clip
      portion 26 and is received in slots 41 of the bulb holder 28 engaging the
      end terminal 33 of the bulb when seated in its aligned position. In this
      fashion, an electrical circuit is completed to ground from the power
      conductor 20 through the bulb filament.
PAR  Referring now to FIGS. 1, 2 and 4, the power connector 26 is formed from an
      integral, electrically conductive sheet of material. The clip portion 26
      is provided on one side with a jaw 46 from which an arcuate projection 48
      extends toward a confronting jaw section 50 of the clip portion, the jaws
      being interconnected by an elastically deformable arcuate section 52
      adapted to be seated within the recess 42 of the retainer formation 40
      aforementioned. The jaw sections 46 and 50 are elastically deflected away
      from each other when the hot line conductor cable is inserted and wedged
      therebetween. When inserted, the hot line conductor cable is engaged on
      one side by the projection 48 and on the other side by a pair of parallel
      spaced scarfing elements 54 that extend from the jaw section 50. The knife
      edges 56 of the scarfing elements accordingly slice into the insulating
      sheathing 58 of the conductor 20 as shown in FIG. 2 as the cable is
      inserted between the jaws in order to establish contact with the
      conductive core 60. An electrical connection is thereby established
      through the power connector to the end terminal of the lamp bulb and
      because of the spring action of the clip and the rigid back-up of
      formation 40, electrical circuit continuity is maintained.
PAR  With continued reference to FIGS. 1, 2 and 4, the arm portion 44 of the
      power connector extends from one axial edge of the jaw section 46 and
      includes a section 62 disposed at a predetermined angle so that the
      contact tab 64 projecting from the arm portion 44 is substantially
      perpendicular to the axis of the recess 30 closing one axial end of the
      formation 28. The end terminal of the bulb engages the contact tab 64. The
      power connector is made of a suitable spring or elastically deformable
      material in order to establish firm contact with both the bulb terminal
      and the conductor through the clip portion 24 as aforementioned.
PAR  Referring now to FIGS. 1, 2 and 5, the ground connector 34 includes an
      arcuate strap portion 66 adapted to line the bulb base receiving recess 30
      at one axial end opposite the end adjacent slots 41. The base embracing
      portion 66 is connected by a bridging portion 68 to a laterally offset web
      portion 70 adapted to be positioned in abutment with the receptacle
      formation 28. A flat strap portion 72 extends from the web 70 along the
      flat portion 36 of the reflector and is provided with an opening 74
      adapted to be aligned with opening 38 in the reflector.
PAR  The web 70 is held in abutment with the receptacle formation 28 by
      positioning thereof in a channel 76 as shown in FIG. 3, formed between one
      side of formation 28 and a pair of spaced posts 78. A narrow neck 80 of
      the flat strap 72 extends from the web 70 between the retainer post
      formations 78 which diverge partially about the opening 38 to retain the
      flat strap 72 in place.
PAR  A pair of scarfing flanges 82 project from the web 70 into the channel 76
      so as to pierce the insulation of the ground cable when inserted into the
      channel, by a slicing action. A firm physical and electrical connection is
      thereby established. As in the case of power connector 24, no tools are
      required for making the ground connection.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a lamp reflector having a receptacle formation
      partially surrounding and frictionally retaining a lamp bulb adapted to be
      electrically connected to an insulation covered conductor, retainer means
      projecting from the reflector in spaced relation to said receptacle
      formation, connector means seated in said retainer means for piercing
      insulation of a conductor inserted therein to electrically connect the
      same to the bulb, and a contact arm extending from the connector means and
      positioned by the receptacle formation for operative engagement with the
      bulb, said connector means including a pair of insulation piercing
      elements, a web portion interconnecting said elements in spaced relation
      and in abutment with the receptacle formation, and a bulb base embracing
      strap extending from the web portion into the receptacle formation.
NUM  2.
PAR  2. The combination of claim 1 including a grounding strap extending from
      the web portion in a direction opposite to the base embracing strap.
NUM  3.
PAR  3. In combination with a lamp reflector having a receptacle formation
      partially surrounding and frictionally retaining a lamp bulb adapted to be
      electrically connected to an insulation covered conductor, retainer
      formations projecting from the reflector on opposite sides of said
      receptacle formation, and connector means seated in each of said retainer
      formations for piercing insulation of a conductor inserted therein to
      electrically connect the same to the bulb, one of the retainer formations
      including a pair of post sections spaced from the receptacle formation to
      form a channel in which one of the connector means is seated in abutment
      with the receptacle formation.
NUM  4.
PAR  4. The combination of claim 3 wherein one of the connector means includes a
      contact arm extending from one of the retainer formations through the bulb
      receptacle formation, and including means for positioning the contact arm
      within the receptacle formation in operative contact with the lamp bulb.
NUM  5.
PAR  5. The combination of claim 3 wherein one of the connector means includes a
      pair of insulation piercing elements, a web portion interconnecting said
      elements in spaced relation within the channel, and a bulb base embracing
      strap extending from the web portion into the receptacle formation.
NUM  6.
PAR  6. The combination of claim 5 including a grounding strap extending from
      the web portion between said post sections.
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PAL  A solderless electrical connector is disclosed having the capability of
      connecting a plurality of insulated wires. The connector includes a
      metallic contact having a plurality of keyhole-shaped slots. As the wire
      is inserted, the mouths and associated shoulders of these slots pierce and
      strip the insulation from the conductor. As the wire is forced further
      into the keyhole slot, the inner walls of the slot are caused to bear into
      the surface of the conductor. The connector further includes a means for
      positioning and retaining the wires to be interconnected, a means for
      enclosing the connection, and a means for protecting the connection from
      torsional and tensional stresses.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to solderless electrical connectors and particularly
      to such connectors utilized to interconnect or splice two or more
      insulated wires together.
PAC  BACKGROUND OF THE INVENTION
PAR  One type of solderless connector is made up of a base, a contact, and a
      cap. This type is exemplified in the teaching of J. P. Pasternak U.S. Pat.
      No. 3,511,921. The base consists of an insulating material and functions
      to position and retain the wires to be interconnected. The contact is made
      of an electrically conductive metal having slots for each of the
      conductors to be spliced. The slots are of a configuration such that when
      the wire is forced into the slot, the insulation is pierced and the inside
      surfaces of the slot bear into the surface of the conductor. Consequently,
      a plurality of wires forced into respective slots of the contact will
      interconnect the wires. The cap is also made of an insulating material and
      is mated with the base to protect and insulate the splice.
PAR  In the noted prior patent 3,511,921 of Pasternak, the slots used in the
      contact had parallel inner walls culminating with a bottom wall
      perpendicular to the two parallel inner walls, thus forming two sharp
      corners. When a wire is forced into this slot, the stresses are focused on
      these corners. It has been realized that these corners have a tendency to
      tear or distort and under certain conditions cause the posts of the slot
      to lose their resiliency.
PAR  Another slot configuration used in the prior art is disclosed in J. P.
      Pasternak U. S. Pat. No. 3,718,888. This connector utilizes a pair of
      cantilevered posts for each wire to be connected. The adjacent sidewalls
      of each pair taper continuously together toward the fixed ends of the
      posts. It has now been determined that this slot has to be quite long
      relative to the height of the contact. Otherwise, the inner walls of the
      tapered slot will cut unduly into larger sized conductors and risk
      conductor weakening or breaking.
PAR  Furthermore, it is essential in posts of this type that they remain elastic
      in order to maintain efficient reliable contact with the wire conductor.
      Post configuration of the above-mentioned prior art would in certain
      instances evidence a small but still undesirable plastic deformation.
PAR  The base in the Pasternak U.S. Pat. No. 3,718,888 teaching has a plurality
      of adjacent openings for receiving the wires to be interconnected. The
      guidance which these openings provide is in some circumstances not as
      adequate as would be desired. Specifically, more than one wire could
      inadvertently be inserted into the same opening --which would, of course,
      prevent interconnection. Further, after the wires were inserted, but prior
      to effecting the splice, wires could possibly stray from their proper
      position and prevent the cover from mating with the base.
PAR  The prior art system of Pasternak 3,718,888 discloses basically passive
      reactions between the cap and the body to maintain conductor strain
      relief. But because there is a tendency of the cap to "rebound," the
      passive clamping action of the base and the cover is not always fully
      adequate.
PAC  SUMMARY OF THE INVENTION
PAR  In overcoming some of the prior art problems noted above, pursuant to one
      aspect of the invention, a wire contact element is provided which utilizes
      generally keyhole-shaped wire receiving slots. These slots can be made
      smaller than prior art designs and yet accommodate the same range of wire
      sizes. Also, the contact does not significantly warp or distort since
      stresses are distributed more evenly by virtue of the keyhole slot shape.
      Hence, elasticity of the contact is maintained and longevity of the
      connection is enhanced.
PAR  Another facet of the invention involves the adding of ribs to the base
      which form easy-to-use channels to guide the wires to be interconnected
      into retaining tunnels.
PAR  Pursuant to a further aspect of the invention, highly enhanced strain
      relief is achieved by adding bumpers on the cap which cooperate with fins
      that extend from the ribs of the base, to grip the wires more firmly. In a
      further embodiment, an offset gripping slot is provided for protecting the
      connection from torsional and tensional stresses.
PAR  The invention, its further features, objects, and advantages are more fully
      described in the following detailed description of the illustrative
      embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view showing the elements of the
      connector;
PAR  FIG. 2 is a partial section perspective view of the connector base;
PAR  FIG. 3A is a cross section of the connector base showing the wire end prior
      to insertion;
PAR  FIG. 3B is a partial cross section of the connector base and cap with the
      wire inserted into splicing position;
PAR  FIG. 3C is a partial cross section of the connector in a closed position
      with the splice implemented;
PAR  FIG. 4A is a cross section of the connector prior to the interconnection of
      the wires;
PAR  FIG. 4B is a cross section of the connector with the cap snap-locked to the
      base and the interconnection of the wire implemented;
PAR  FIG. 5 is a perspective view of the contact of the connector showing a wire
      in its connected position;
PAR  FIG. 6 is a perspective view of the butt-splice type connector;
PAR  FIG. 7 is a perspective view of the bridge-splice type connector; and
PAR  FIG. 8 is a perspective view of the base of the bridge-splice type
      connector.
DETD
PAC  DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
PAR  The three basic components of the solderless connector denoted 10, consist
      of a base 20, a contact 40, and a cap 60 as depicted in FIG. 1. The base
      20 is equipped with vertical rib extensions, for example, the three ribs
      21. These, with associated wire-gripping means such as fin pairs 29
      illustrated in FIGS. 2 and 8, form two channels 22.
PAR  FIGS. 3A, 3B and 3C show assembly sequence. On insertion, a wire 90 is
      guided into a channel 22 aided by the entrance-flanking ribs 21. The wire
      then encounters ramp 27 seen in FIGS. 2 and 3A. The wire 90 passes through
      wire-receiving tunnels 23 until they touch the rear closed ends of the
      tunnels.
PAR  The base 20 interior has an interior chamber generally denoted 24, which
      includes a central riser 24-a. The tunnels 23 are formed in part through
      riser 24-a. The top of riser 24-a ends beneath the top edge of base 20.
PAR  Just within each tunnel opening, a ramp 27 is formed, so that the passage
      for the conductor leads upwardly to the level of the tunnel floor. In this
      distance, the passage makes a transition from rectangular at the entrance,
      as seen in FIG. 8, to circular at the first interruption point adjacent to
      the recess 24-1. The ramp 27 is contoured to the curvature of this
      transition zone.
PAR  Advantageously, because the ramp changes direction more rapidly than the
      associated wire, the space denoted 23a in FIG. 3C is created beneath the
      wire. Encapsulating sealant thus may be placed or provided within this
      space to provide an initial blocking medium against moisture seeking to
      enter the connector interior.
PAR  The U-shaped contact 40 contained in cap 60 and depicted in FIG. 5
      electrically interconnects two insulated conductors inserted into the body
      20, by intersecting the tunnels and engaging each conductor in two
      separate places. Engagement is aided by anvil 26.
PAR  Contact 40 receives a given wire in two sets of jaws, each jaw set being
      defined by a pair of opposing posts 48. Each pair of posts 48 forms a wire
      slot 41 consisting of an open mouth entrance 45, which tapers to closely
      spaced and substantially parallel wire-contacting walls 46 and thereafter
      widens out in a bulbous configuration 47. The latter is smoothly contoured
      to have no sharp inside corners. The entire wire slot as defined is seen
      to have a keyhole shape.
PAR  As seen in FIGS. 4A and 4B, during insertion of the wire into the slot, the
      insulation is penetrated, pierced, and stripped away from the conductor,
      and the conductor penetrated by slot entrant details resulting in bearing
      contact of the inner walls of the slot on the conductor.
PAR  By virtue of the keyhole slot 41, stresses created by placement of wires
      between the walls 46 are more evenly distributed which helps minimize
      splitting or warping of the contact. Contact elasticity is thus
      maintained. The bulbous configuration 47 also permits maximizing the range
      of conductor sizes with a minimum length of the slot 41.
PAR  The central expansion slots 42 are substantially coextensive in length with
      the slots 41, and serve to further permit resilient movement of the posts
      48 as they spread to accommodate a wire. Each post 48 has a shoulder 43
      transverse to the walls 46 and located at the base of entrance 45. As seen
      in the sequence depicted in FIGS. 3A, 3B, 3C, the insulation is pierced
      and then shoulder 43 strips away insulation.
PAR  Cap 60, seen in FIGS. 1, 4A and 4B has two nubs 61 which mate with the
      holes 44 in contact 40, thus providing a means for indexing and subsequent
      fastening the contact to the cap. Grooves 25 are located on each side of
      the base 20 for loosely snap-fitting with inwardly extending tongues 64 of
      cap 60. This secures the cap to the base in an initial, ready-to-splice
      position as seen in FIG. 4A. In this position the contact posts 48 are
      noninterruptive with respect to the tunnels. Advantageously, the connector
      is supplied to the field with the body and cap in this position.
PAR  Once the wires 90 have been inserted into the body 20 the cap and body are
      pressed together. During this operation, a number of things take place.
      First, tongues 64 are forced out of the grooves 25. Next, the mouths 45 of
      the contact 40 pierce the insulation of the wires 90. The wires at this
      point yield downwardly a distance dependent on wire gauge size, and also
      on whether the wire is copper as illustrated in FIG. 4B, or aluminum. If
      aluminum, the wire will deflect significantly more, but not beyond the
      supporting anvils 26 which act as a secondary stuffing surface in that
      event. The anvils 26 in serving this purpose advantageously extend fully
      across the recesses as illustrated, but terminate in a flat top surface
      situated slightly below the floors of tunnels 23 -- the distance being
      shown somewhat exaggerated for illustrative purposes. As the slots 41 move
      over the wires, the wide areas created by the shoulders 43 pierce and
      strip away the insulation, thus permitting the walls 46 to receive the
      bared conductors and yieldingly engage the surfaces thereof.
PAR  Meanwhile, two bumpers 62 located on the underside of cap 60, as seen in
      FIGS. 3A, 3B, 3C, and equipped with staircase-shaped insulation contacting
      and gripping teeth 63 come in contact with the insulation. In the closed
      position, when the cap 60 and base 20 are mated, as in FIG. 4B, the
      bumpers 62 extend into the channels 22. The wires 90 are thereby forced or
      stuffed between yieldable members such as fin pairs 29 seen in FIGS. 2 and
      8. The gripping teeth 63 now bear against wires 90 and the lower
      wire-contacting edge of bumpers 62 even further snubs and holds the wires
      down, as seen in FIG. 3C. This function pursuant to one aspect of the
      invention secures the wires and protects the splice from tensional and
      torsional stresses. The tongues 64 slide over retaining steps 28,
      advantageously with an audible click, indicating that the splice is
      effected. The cap 60 is now secured to the base 20, as seen in FIGS. 3C
      and 4B. The completed connection is shown in FIG. 6.
PAR  In order to minimize oxidation of aluminum conductors, it is advisable to
      include a globule of sealant, such as polyethylene-polybutene within the
      connector assembly to protect the connection from moisture and corrosive
      gases.
PAR  The above-illustrated embodiment accommodates a two-wire splice. However,
      the invention also contemplates connectors of the same wire-receiving and
      gripping configurations but with capacity extended to three or indeed many
      more, i.e., 100 wires. Here bridging between pairs or any adjacent two or
      more wires is achieved by expanding the contact element.
PAR  Practical experience has determined that approximately seventy-five percent
      of the usage of this type of connector is in two-wire butt splicing. As
      noted, the first embodiment relates to a two-wire butt splice connector.
      However, a bridge-splice version is depicted in FIGS. 7 and 8 as the
      connector 50. FIG. 8 indicates an angled slot 31 comprising an open
      wire-receiving side in the tunnel, which provides a means for inserting a
      continuous wire 91 into the connector body 30. An extension 32 is provided
      with a gripping slot 33 for securing the respective side of the wire and
      providing strain relief. This gripping area is offset from the wire and
      tunnel center line to prevent relative rotation of the connector with
      respect to the wire. The offset also makes it very difficult for a through
      wire to twist out of the slot 31 after insertion. The cap 70 of the
      connector 50 is so modified as to correspond with the extension 32 of the
      body 30.
PAR  The spirit of the invention is embraced in the scope of the claims to
      follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A connector for joining two or more insulated wires, comprising:
PA1  a base including
PA2  wire-receiving tunnels each having an open entrance;
PA2  rib means flanking each said entrance and including
PA2  wire-gripping means, the rib means and wire-gripping means defining a wire
      feed channel
PA1  a contact element to interconnect wires in said tunnels; and
PA1  a cap including
PA2  means for mounting said contact element,
PA2  means for engaging said base after said base and cap are pressingly closed
      to intersect said element with said tunnels, and
PA2  means operative on said closing for stuffing wires present in respective
      said channels into said wire-gripping means.
NUM  2.
PAR  2. A connector pursuant to claim 1, wherein said base includes
PA1  an interior chamber having a central partition defining a recess on either
      side thereof, the mid-regions of each said tunnel being formed through
      said partition.
NUM  3.
PAR  3. A connector pursuant to claim 2 wherein said contact element includes a
      u-shaped element comprising two pairs of opposing posts for gripping each
      wire received in each said tunnel, each post pair comprising converging
      thin entrance blades tapering to closely spaced and relatively thicker
      contacting walls, and an interor widened-out configuration having no
      internal corners.
NUM  4.
PAR  4. A connector pursuant to claim 3 wherein each said post includes a
      shoulder running widthwise of said walls and disposed at the base of said
      entrance blades, said shoulder being formed at the juncture between said
      walls and said entrance blades.
NUM  5.
PAR  5. A connector pursuant to claim 1, wherein said rib means are
      substantially parallel to each other, and said wire-gripping means each
      comprises an elongated slot adjacent to said tunnel open entrance defined
      by at least one yieldable member, and having a width narrower than the
      outside diameter of an insulated wire to be gripped therein.
NUM  6.
PAR  6. A connector pursuant to claim 5 further comprising means for loosely
      fitting said cap on said base in an initial position with said contact
      element remotely positioned as to said tunnels.
NUM  7.
PAR  7. A connector pursuant to claim 5 wherein said open entrance to each said
      tunnel further includes a ramp leading downwardly from the level of the
      tunnel floor.
NUM  8.
PAR  8. A connector pursuant to claim 7 wherein said cap stuffing means further
      comprises a wire-contacting edge having insulation contacting teeth which
      when said cap is engaged on said base force the wire section adjacent to
      said entrance out of axial alignment with said tunnel and down into said
      wire gripping means.
NUM  9.
PAR  9. A connector pursuant to claim 1, wherein one said tunnel further
      includes an open wire-receiving side through said base, and said base
      includes means offset from said one tunnel center line for gripping a wire
      placed through said open side into said one tunnel.
NUM  10.
PAR  10. A connector pursuant to claim 2, further comprising wire-supporting
      anvils extending across said recesses parallel with, but below the floor
      level of, said tunnels.
NUM  11.
PAR  11. A connector pursuant to claim 10, further comprising encapsulating
      material filling the interior voids within said cap and said base.
NUM  12.
PAR  12. A connector comprising:
PA1  a cap and a body;
PA1  said body including at least two wire entrances formed between at least
      three protruding parallel fins adjacently joined by slotted webs, a wire
      lead-in ramp from each said entrance ending in a circular opening to an
      interior encapsulant-filled void, a depressed nub beyond each said opening
      midway across said void, further wire support means at the void far side,
      a wire when first placed across said support means being in noncontacting
      relation with the end of said nub and therefore being fully surrounded
      with said encapsulant;
PA1  said cap including slotted beam wire-bridging members, means for
      snap-mounting to said body, and means for snubbing inserted wires down
      between said fins and into said webs for strain relief.
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ABST
PAL  A protective hood for a cable connector plug is made of a one-piece molded
      plastic construction. At its forward end the hood includes a resilient tab
      which snaps into locked relationship with the plug as the hood is slidably
      assembled to the plug, and at its opposite end the hood can be securely
      connected to the cable, regardless of the cable diameter, by a
      self-locking cable tie. The cable is secured to the hood by flexing a pair
      of integral spaced guide elements projecting laterally from an upper
      rearward extension of the hood, to position an integral pressure pad
      beneath the cable jacket, whereafter the cable tie is inserted through an
      eyelet molded in a top portion of the hood extension. Utilizing the hood
      portion defining the eyelet as a stop for a head of the cable tie, the tie
      then is tightened between the guide elements to cause the pressure pad to
      grip the cable jacket against the upper rearward extension of the hood.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a molded plastic hood for a cable connector plug,
      and more specifically to a molded plastic hood which is economical, rugged
      and easy to assemble securely to a cable connector plug and an associated
      cable regardless of the diameter of the cable.
PAR  2. Description of the Prior Art
PAR  In the manufacture of certain jacketed electrical cables, such as for use
      in PBX and telephone switching apparatus, it is standard practice to
      secure cable conductors to the terminals of a connector plug and to
      provide the plug and the adjacent portion of the cable with a protective
      hood. For example, a commonly used hood of metal construction is secured
      at its forward end to the plug by a suitable metal screw and a pair of
      spaced integral hook portions which define slots for slidably receiving
      housing portions of the connector plug. Adjacent its rearward end the hood
      is secured to the connector plug by a pair of eyelets in its side walls
      which slidably receive projecting ears on the plug. The hood also includes
      a rearwardly projecting portion for overlying the jacket of the cable and
      having downwardly extending spaced clamping lugs for straddling the
      jacket. The cable is secured to the hood by another metal screw which is
      inserted through apertures in these lugs adjacent their lower ends and
      tightened to clamp the lugs about the cable jacket. When the jacket is of
      a relatively small diameter, since the positions of the lugs and the
      locations of the screw apertures therein are fixed, it is necessary to
      provide one or more inserts or spacers between the cable jacket and the
      clamping screw in order to secure the cable to the hood.
PAR  The protective hood also may be of plastic construction, this being
      advantageous over a metal hood from the standpoint of eliminating shorting
      of adjacent wired equipment by the hood, and/or the shorting of the
      terminals of the plug and/or the cable conductors by the hood. For
      example, the U.S. Pat. No. 3,803,530, issued Apr. 9, 1974 to S. J.
      Lapraik, discloses a plastic hood of telescoping construction. As in the
      case of the abovementioned metal hood, however, this plastic hood is
      secured to a cable connector plug by a pair of screws at its forward and
      rearward ends. A rearward section of the hood also includes an upper
      rearward extension which is secured to a cable by a self-locking cable
      tie. In the alternative, the cable tie may be replaced with a special
      housing which carries a lower clamp engageable against the underside of
      the cable jacket by the tightening of an associated third screw.
PAR  The J. Sugar U.S. Pat. No. 3,794,960, issued Feb. 26, 1974, also discloses
      the use of a self-locking cable tie in the securing of a cable to a
      two-part electrical connector shell of plastic construction, and the E. W.
      Forney, Jr. U.S. Pat. No. 3,200,364, issued Aug. 10, 1965, discloses a
      plastic protective cover for a cable connection which snaps into position
      on a base member and over a terminal assembly to which cable conductors
      are connected.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a plastic hood for a cable connector plug and an
      adjacent portion of a cable which is connected to the plug, wherein the
      cable is secured to the hood between an upper rearward extension of the
      hood and a lower pressure pad by a securing strap, such as a self-locking
      cable tie. Preferably, the hood is of one-piece plastic construction and
      the pressure pad is integrally connected to the upper rearward hood
      extension by a pair of spaced flexible guide elements. The cable is
      secured to the hood by flexing the guide elements to position the pressure
      pad beneath the cable jacket, whereafter the self-locking cable tie is
      inserted through an eyelet molded in a top portion of the hood extension.
      Utilizing the hood portion defining the eyelet as a stop for a head of the
      cable tie, the tie then is tightened about the hood extension and the
      pressure pad between the guide elements, with the guide elements further
      flexing to permit the cable to be gripped securely between the hood
      extension and the pressure pad regardless of the cable diameter. At its
      forward end, the hood also includes at least one retainer portion which
      defines a slot for slidably receiving a portion of the cable connector
      plug to preclude movement of the plug in a first direction, and a
      resilient retainer tab which snaps into an opening in the plug as the hood
      is slid into the plug, to preclude relative movement between the hood and
      the plug in a second direction perpendicular to the first direction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of a protective hood in accordance with the
      invention, assembled to a cable connector plug and an associated cable;
PAR  FIG. 2 is an end view of the hood in its assembled condition, looking in
      the direction of the arrows of 2--2 in FIG. 1;
PAR  FIG. 3 is a bottom view of the protective hood in an unassembled condition;
PAR  FIG. 4 is an upright end view of the unassembled hood looking in the
      direction of the arrows 4--4 in FIG. 3; and
PAR  FIG. 5 is an upright detailed view of a forward end portion of the hood,
      taken along the line 5--5 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the disclosed embodiment of the invention relates to
      an elongated protective hood 11 of one-piece molded plastic construction
      for a likewise elongated cable connector plug 12 of a conventional type
      having conductors of a jacketed cable 13 secured to electrical terminals
      of the plug in a known manner. At its forward end of the hood 11 snaps
      into locked relationship with the plug 12 as the hood is slid onto the
      plug longitudinally thereof, and adjacent its rearward end the hood is
      secured to the cable 13 by a self-locking cable tie 14 of a conventional
      type. The hood 11 preferably is molded of a fire-resistant plastic having
      some degree of flexibility, such as that sold under the tradename "Noryl"
      (990) by the General Electric Company, Selkirk, New York.
PAR  More specifically, the molded plastic hood 11 is in the form of a main body
      having an upper rearward rigid extension 16 for overlying upper surface
      portions of a jacket 17 of the cable 13, and includes an arcuate rigid
      pressure pad 18 for engaging beneath the cable jacket on its opposite or
      underside. As is best shown in FIGS. 2, 3 and 4, the pressure pad 18 is
      molded integrally with, but in spaced relationship to the upper rearward
      hood extension 16, being connected thereto by a pair of molded tongue or
      guide elements 19. The guide elements 19, which are spaced apart and which
      project laterally from the hood extension, are dimensioned in length and
      cross-section so as to be flexible in nature, to permit positioning of the
      pressure pad 18 beneath the cable jacket 17. Suitable retaining ridges or
      teeth 16t and 18t also are provided on inner surfaces of the hood
      extension 16 and the pressure pad 18 for gripping the cable jacket 17 and
      precluding relative movement between the plastic hood 11 and the jacket.
PAR  Adjacent its opposite or forward end the plastic hood 11 includes a
      forwardly projecting rigid planar portion 21 having a pair of spaced
      downwardly projecting plug retainer buttons 22, each of which has a slot
      22s formed therein adjacent a bottom surface of the forwardly projecting
      planar portion for receiving a planar section 12s (illustrated in broken
      lines in FIGS. 3 and 5) of the connector plug 12 in sliding relationship.
      The slotted retainer buttons 22 and the forwardly projecting planar
      portion 21 of the hood 11 thus cooperate to preclude relative movement of
      the assembled hood and connector plug 12 in a first direction
      perpendicular to their longitudinal axes.
PAR  As is best shown in FIG. 5, a retainer tab 23 is integrally molded with the
      forwardly projecting planar hood portion 21 by a resilient hinge portion
      23h, with a portion of the tab normally projecting downward below the
      bottom surface of the planar hood portion and being disposed in the plane
      of the slots 22s in the plug retainer buttons 22. Thus, as the planar
      section 12s of the connector plug 12 is slid into the slots 22s of the
      retainer buttons 22, the planar section initially deflects the resilient
      tab 23 upward, and as the planar section seats in the slots the tab snaps
      into an aperture or opening 12a in the planar section and into tight
      bearing engagement with a front wall of the opening. The plug retainer
      buttons 22 and the resilient tab 23 then cooperate to secure the hood 11
      against relative movement with respect to the connector plug 12 parallel
      to their longitudinal axes (and thus against movement in a second
      direction perpendicular to the above-mentioned first direction).
PAR  As is best shown in FIG. 3, the internal surface of the plastic hood 11 is
      provided with a pair of arcuate reinforcing ribs 11a intermediate its
      ends. Adjacent the rearward end of the hood, the opposed side walls of the
      hood also are provided with a pair of opposed reinforcing ribs 11b, with
      each of these ribs including a molded slot 11s therein for receiving
      projecting ears 12e of the cable connector plug in sliding relationship as
      the hood and the plug are assembled together.
PAR  To secure the jacketed cable 13 to the plastic hood 11, the spaced guide
      elements 19 are flexed to position the rigid arcuate pressure pad 18
      beneath the cable jacket 17 and the self-locking cable tie 14 is inserted
      through an eyelet 16e molded in a top portion of the rigid upper hood
      extension 16 in alignment with the space between the guide elements.
      Utilizing the portion of the hood extension 16 defining the eyelet 16e as
      a stop for a head 14h of the cable tie 14, the cable tie then is
      positioned between the guide elements 19, is engaged in an aligning and
      retaining groove 18g in the outer surface of the pressure pad 18, and then
      passed through the head of the cable tie. The cable tie 14 then is
      tightened around the upper hood extension 16 and the pressure pad 18, with
      the guide elements 19 further flexing as illustrated in FIG. 2, to permit
      the cable tie to grip the cable jacket 17 tightly between the upper hood
      extension and the pressure pad, after which an extraneous portion 14e
      (shown in dashed lines in FIG. 2) of the cable tie projecting beyond its
      head 14h is cut off in a conventional manner.
PAR  In summary, a protective plastic hood 11 for a cable connector plug 12 and
      an associated cable 13 has been provided which is economical, rugged and
      easy to assemble securely to the plug and the cable, regardless of the
      diameter of the cable. The molding of the plastic hood 11 and the rigid
      pressure pad 18 in one piece by means of the spaced flexible guide
      elements 19 is advantageous since this enables the hood and the pad to be
      molded in a single operation, with the pad anchored directly to the hood
      to insure that the pad always is readily available for use. Being
      flexible, the guide elements 19 also permit proper positioning of the
      rigid pressure pad 18 beneath the cable jacket 17 and subsequently permit
      tightening of the cable tie 14 to anchor the cable jacket securely between
      the rigid upper hood extension 16 and the pressure pad, regardless of the
      diameter of the cable 13. The guide elements 19 also cooperate with the
      eyelet 16e in the top portion of the hood extension 16 and the aligning
      groove 18g in the pressure pad 18 to hold and guide the cable tie 14 into
      proper position during the tightening thereof, and provide a degree of
      rigidity between opposite ends of the pressure pad and the hood extension
      to reduce the possibility of shifting or twisting of the pressure pad as
      the cable 13 is flexed during use. In addition, the top portion of the
      hood extension 16 defining the eyelet 16e provides a stop for the head 14h
      of the cable tie 14 to facilitate the tightening of the cable tie in the
      securing of the plastic hood 11 to the cable 13.
PAR  The resilient retainer tab 23 molded integrally with the plastic hood 11 at
      its forward end also is advantageous since it automatically snaps into the
      aperture 12a in the planar section 12s of the plug 12 to lock the hood
      securely to the plug as the hood and the plug are slid into assembled
      relationship, thus eliminating the need for, and the tightening of a
      separate securing screw, as in prior known protective hood arrangements.
      The resilient tab 23 also can later be depressed out of the aperture 12a
      for ready disassembly of the hood 11 and the plug 12.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A molded plastic hood and connector plug assembly, which comprises:
PA1  a hood body having an extension adjacent one end thereof;
PA1  a flexible tongue integrally connected to said extension on said body and
      projecting laterally therefrom;
PA1  a pressure pad integrally connected to said flexible tongue element in
      spaced relationship to said extension on said body;
PA1  molded rigid retainer means adjacent an opposite end of said body engaged
      with a portion of the connector plug to preclude relative movement between
      the hood and the plug in a first direction; and
PA1  molded resilient retainer means adjacent the opposite end of said body
      engaged with a portion of the connector plug to preclude relative movement
      between the hood and the plug in a second direction perpendicular to the
      first direction.
NUM  2.
PAR  2. A molded plastic hood and connector plug assembly, as recited in claim
      1, in which:
PA1  said molded rigid retainer means includes a slot slidably receiving a
      portion of the connector plug; and
PA1  said molded resilient retainer means includes a molded resilient tab
      integrally connected to said body, said tab being disposed in the plane of
      the slot of said rigid retainer means and received in an opening in a
      portion of the connector plug to secure the hood to the connector plug.
NUM  3.
PAR  3. A molded plastic hood and connector plug assembly, as recited in claim
      1, which further comprises:
PA1  a second flexible tongue element spaced from said first flexible tongue
      element and integrally connected at opposite ends to said body extension
      and said pressure pad, respectively.
NUM  4.
PAR  4. A molded plastic hood and connector plug assembly, as recited in claim
      1, in which:
PA1  said body extension has a strap-receiving eyelet formed in a portion
      thereof.
NUM  5.
PAR  5. A protective assembly including a cable connector plug, which comprises:
PA1  a molded plastic hood having portions of the connector plug and of a cable
      connected to the plug received therein, said hood including an extension
      adjacent one end thereof engaging surface portions on one side of the
      cable;
PA1  a pressure pad engaging surface portions on an opposite side of the cable;
PA1  a securing strap encircling the cable and gripping the cable between said
      pressure pad and said extension of said hood;
PA1  rigid retainer means adjacent an opposite end of said molded plastic hood
      engaged with a portion of the connector plug to preclude relative movement
      between said hood and the plug in a first direction; and
PA1  resilient retainer means adjacent the opposite end of said plastic hood
      engaged with a portion of the connector plug to preclude relative movement
      between said hood and the plug in a second direction perpendicular to the
      first direction.
NUM  6.
PAR  6. A protective assembly including a cable connector plug, as recited in
      claim 5, in which:
PA1  said rigid and resilient retainer means are integrally molded plastic
      portions of said plastic hood;
PA1  said molded rigid retainer means includes a slot having a portion of the
      cable connector plug slidably received therein; and
PA1  said molded resilient retainer means includes a molded resilient tab
      received in an opening in a portion of the cable connector plug.
NUM  7.
PAR  7. A protective assembly including a cable connector plug, as recited in
      claim 5, in which:
PA1  said pressure pad is of molded plastic and is integrally secured to said
      extension of said plastic hood by a pair of laterally spaced molded
      plastic guide elements; and
PA1  said securing strap is disposed between said guide elements.
NUM  8.
PAR  8. A protective assembly including a cable connector plug, as recited in
      claim 5, in which:
PA1  said securing strap extends through a molded eyelet in a portion of said
      extension of said plastic hood.
NUM  9.
PAR  9. A protective assembly including a cable connector plug, as recited in
      claim 8, in which:
PA1  said securing strap is a self-locking cable tie having a head engaged with
      a portion of said plastic hood which defines the eyelet therein.
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ABST
PAL  An Edison base fuse receptacle is provided for interchanging with a
      Push-Push type 11/2 inches wide circuit breaker. In another embodiment the
      fuse receptacle is constructed to be interchangeable with three narrow
      plug-in type circuit breakers.
BSUM
PAR  This invention relates to fuse receptacles in general and more particularly
      relates to fuse receptacles that are interchangeable with circuit breakers
      and are mountable in a panelboard without the necessity of utilizing an
      adapter.
PAR  Utilization of automatic circuit breakers for protection of branch circuits
      in the home or at light industrial installations is becoming increasingly
      popular, and in some cases is mandatory. However, primarily because of
      economy, there are still many applications where screw-type fuses,
      commonly known as Edison base fuses, are utilized for branch circuit
      protection.
PAR  In accordance with the instant invention, the same electric distribution
      panel is utilized for circuit breakers and/or fuse receptacles. This is
      accomplished by providing fuse receptacles so constructed that their line
      and load terminals as well as their overall dimensions permit installation
      in panelboards constructed for circuit breakers without the necessity of
      utilizing adapters of any sort for mounting the fuse receptacles in the
      panelboard.
PAR  Accordingly, a primary object of the instant invention is to provide fuse
      receptacles that are interchangeable with circuit breakers.
PAR  Another object is to provide fuse receptacles of this type that occupy an
      integral number of circuit breaker spaces in a panelboard.
PAR  Still another object is to provide an Edison base fuse receptacle that is
      interchangeable with a 11/2 inches wide push-push type circuit breaker.
PAR  A further object is to provide an Edison base fuse receptacle that occupies
      the panelboard spaces provided for three adjacent 1/2 inch wide plug-in
      type circuit breakers.
DRWD
PAR  These objects as well as other objects of this invention will become
      readily apparent after reading the following description of the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective of a fuse receptacle that is interchangeable with a
      circuit breaker having line and load terminals at the side thereof.
PAR  FIG. 2 is a plan view showing the fuse receptacle of FIG. 1 mounted in a
      panelboard together with a circuit breaker.
PAR  FIG. 3 is a cross-section taken through line 3--3 of FIG. 2, looking in the
      direction of arrows 3--3.
PAR  FIG. 4 is a side elevation looking in the direction of arrows 4--4 of FIG.
      2.
PAR  FIG. 5 is a cross-section of the fuse receptacle taken through line 5--5 of
      FIG. 2 and looking in the direction of arrows 5--5.
PAR  FIG. 6 is a perspective of a fuse receptacle having a plug-in type line
      terminal.
PAR  FIG. 7 is a side elevation illustrating the fuse receptacle of FIG. 6
      mounted in a panelboard together with a circuit breaker.
PAR  FIG. 8 is a plan view looking in the direction of arrows 8--8 of FIG. 7.
PAR  FIG. 9 is a side elevation, similar to that of FIG. 7, in which the single
      place fuse receptacle of FIG. 7 is replaced by a duplex receptacle.
PAR  FIG. 10 is a plan view looking in the direction of arrows 10--10 of FIG. 9.
PAR  FIG. 11 is an end view looking in the direction of arrows 11--11 of FIG. 9.
DETD
PAR  Now referring to the Figures and more particularly to FIGS. 1 through 5
      wherein reference numeral 20 refers to a fuse receptacle which receives an
      Edison base fuse 99 shown in phantom in FIG. 5. The latter includes
      threaded terminal 98 approximately 1 inch in diameter and centrally
      disposed terminal 97 at the bottom thereof. More particularly, receptacle
      20 includes body 21, molded of insulating material, having recess 22
      extending downward from the top surface 23 of body 21. Disposed within
      recess 22 and resting against bottom wall 25 thereof is cylindrical metal
      socket 24 whose thin side wall is indented to form a screw thread that
      receives threaded fuse terminal 98. Bottom wall 25 is provided with
      clearance apertures that receive embossment 26 and screw 27. The latter
      extends through the bottom of body 21 and is engaged by a threaded
      aperture in load terminal strap 28 whose forward end 29 constitutes the
      load terminal for receptacle 20.
PAR  Hollow insulating post 30, aligned with embossment 26 and extending
      downwardly from the bottom 25 of body 21, spaces line terminal strap 32
      from load terminal strap 28. Screw 33 extends through the center of post
      30 and is received by a threaded aperture in line terminal strap 32 to
      secure the latter in operative position. Head 46 of screw 33 is disposed
      on the upper surface of embossment 26 and constitutes the line terminal
      portion engaged by central terminal 97 of the fuse 99. Forward end 34 of
      strap 32 constitutes the line terminal for socket 20. The other end 35 of
      strap 32 abuts the front surface 36 of thin insulating leg 37 that extends
      downward from body 21 along the rear thereof.
PAR  Metal plate 38, extending along the rear of receptacle 20 and leg 37, is
      secured to body 21 by ears 39. Plate 38 is provided with a pair of
      rearwardly extending downwardly facing hook-like formations 40 which,
      after being entered into apertures in panelboard circuit breaker mounting
      plate 41 (FIGS. 2-4) engage leg 41 to mechanically secure receptacle 20 to
      panelboard interior 42, so that aperture 43 in line terminal 34 is aligned
      with a threaded aperture in panelboard bus bar 44. Fastening screw 45
      extends through aperture 43 and is received by a threaded aperture in bus
      bar 44 to make the line connection between receptacle 20 and panelboard
      interior 42. Screw 47 on load terminal 29 is provided as a wire grip for
      the conductor (not shown) extending from a load to the panelboard.
PAR  As seen best in FIG. 2, receptacle 20 is the same width as circuit breaker
      48 and is a direct replacement therefor. Circuit breaker 48 is of the type
      described in U.S. Pat. No. 2,385,727 and panelboard interior 42 is of the
      type described in U.S. Pat. No. 2,428,320. In particular, circuit breaker
      48 is provided with an operating mechanism so constructed that On and Off
      operations are achieved by successively depressing operating handle 49.
      The commercial version of circuit breaker 48 is 11/2 inches wide. That is,
      circuit breaker 48 extends from 11/2 inches along mounting rib 41. This is
      the same distance that receptacle 20 extends along mounting rib 41. Thus,
      body 21 is wide enough to accommodate the approximately 1 inch diameter
      socket 24 to receive an Edison type fuse.
PAR  Now referring more particularly to FIGS. 6 through 8 which illustrate fuse
      receptacle 50 and the manner in which it mounts to panelboard interior 51
      in place of three 1/2 inches wide single pole circuit breakers 52-54. For
      details of panelboard interior 51, reference is made to U.S. Pat. No.
      3,767,977. Fuse receptacle 50 includes body 55, molded of insulating
      material, having recess 56 extending downward from upper surface 57.
      Disposed within recess 56 is threaded fuse receiving socket 58 engageable
      with one of the terminals of an Edison type fuse. At the bottom of recess
      56 is disposed  terminal 59, insulated from receptacles 58 and operatively
      positioned to be engaged by the central terminal of the Edison base fuse.
      Disposed at the rear lower portion of body 55 is female-type plug-in
      terminal 61 engageable with male-type plug-in line terminal stab 62 of
      panelboard interior 51, with this engagement being shown in FIG. 7. Line
      terminal wire grip 63 is disposed at the front end of body 55 intermediate
      the top and bottom thereof. Conducting elements (not shown) internal to
      body 55 provide electrical connections between line terminal 61 and fuse
      engaging central terminal 59, as well as between load terminal 63 and fuse
      engaging socket 58.
PAR  Disposed at the front lower portion of body 55 is a plurality of
      depressions 64 open at the fronts thereof to receive forwardly projecting
      fingers 65 on mounting ledge 66. Cooperation between depressions 64 and
      fingers 65 mechanically retains the load end of fuse receptacle 50.
PAR  In FIGS. 9 through 11 plug-in type duplex fuse receptacle 70 is shown
      mounted to panelboard interior 51 opposite three 1/2 inch wide breakers
      52-54. Duplex receptacle 70 includes 11/2 inch wide body 71, constructed
      of molded insulating material and having a pair of recesses wherein fuse
      receiving threaded sockets 73, 74 are disposed. Sockets 73, 74 are
      provided at their bottom surfaces with apertures 75, 76 respectively
      through which the respective fuse engaging line terminals 77, 78 extend.
      Conducting elements (not shown) disposed within body 71 electrically
      connect female type plug-in line terminal 79 to both terminals 77 and 78.
      Additional conducting elements (not shown), disposed within body 71,
      electrically connect socket 73 to upper load terminal 81 and connect
      socket 74 to lower load terminal 82. Both terminals 81, 82 are accessible
      at the forward end of body 71. Mounting recesses 84 to receive mounting
      fingers 65 are disposed at the bottom of body 71 intermediate the ends
      thereof.
PAR  Thus, it is seen that the instant invention provides novel constructions
      for Edison-type fuse receptacles that are interchangeable in place of
      plug-in type and bolted-type circuit breakers.
PAR  Although there have been described preferred embodiments of this novel
      invention, many variations and modifications will now be apparent to those
      skilled in the art. Therefore, this invention is to be limited not by the
      specific disclosure herein, but only by the appending claims.
CLMS
STM  The embodiments of the invention in which an exclusive privilege or
      property is claimed are defined as follows:
NUM  1.
PAR  1. A fuse receptacle including an insulating generally rectangular
      parallelopiped body having a recess formed into an upper surface of the
      body and having at least one pair of opposed plane-surfaced sides, a
      screw-type socket disposed completely within said recess and constituting
      a first fuse engaging terminal, a second fuse engaging terminal disposed
      within said recess at the bottom thereof, first means external of said
      body for mechanically securing said receptacle to a circuit breaker
      mounting rib in a panelboard constructed to receive circuit breakers with
      one of said plane-surfaced body sides adjacently parallel to an exterior
      surface of said mounting rib, line and load terminals disposed externally
      of the remaining one of said pair of plane-surfaced sides and a bottom of
      said body, and second means conductively connecting said line and load
      terminals to the respective first and second fuse engaging terminals.
NUM  2.
PAR  2. A fuse receptacle as set forth in claim 1 in which the first means
      includes hook-like formations initially outwardly extended beyond and
      thence formed parallel to only said one body side and opening away from
      said upper body surface and operatively positioned to engage coordinately
      sized apertures in said circuit breaker mounting rib in said panel board.
NUM  3.
PAR  3. A fuse receptacle as set forth in claim 2 also including first and
      second conducting straps both disposed below said body and extended from
      the surface of said remaining one of said pair of body sides; said line
      and load terminals being disposed at end portions of the respective first
      and second straps disposed furthest from said body.
NUM  4.
PAR  4. A fuse receptacle as set forth in claim 3 in which the first strap is
      disposed further from said upper body surface than is the second strap.
NUM  5.
PAR  5. A fuse receptacle as set forth in claim 3 in which the body is provided
      with a hollow insulating post extended beyond the bottom thereof; said
      first strap abutting an end of said hollow post furthest from said body.
NUM  6.
PAR  6. A fuse receptacle as set forth in claim 5 including a screw,
      constituting a portion of the second means, extending through the post and
      received by a threaded aperture in the first strap; said screw having a
      head constituting the first terminal.
NUM  7.
PAR  7. A fuse receptacle as set forth in claim 5 in which the line and load
      terminals are offset sideways from each other as well as from top to
      bottom.
NUM  8.
PAR  8. A fuse receptacle as set forth in claim 6 in which the body is provided
      with a thin downward extension along the rear edge thereof and adjacent
      the first means; said first strap having its end remote from said line
      terminal adjacent said extension.
NUM  9.
PAR  9. A fuse receptacle as set forth in claim 8 in which the body is
      essentially the same width as a stack containing three circuit breakers.
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ABST
PAL  A snap-in socket for wedge base lamps that avoids the requirement of a
      quarter turn twist for locking the socket in the panel. Contact members
      are adaptable to be inserted from either end of the socket. One
      modification of the contact member utilizes a snap-on hood for providing
      one electrical return path through a chassis thereby requiring only a
      single wire to the socket. The contact members further feature wire guide
      means thereon which function to straighten any bent filament wires on the
      lamp bulb when the bulb is inserted into the socket assembly.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 343,339, filed Mar. 21, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Field of Invention
PAR  This invention relates to a snap-in panel mounted lamp socket for wedge
      base lamps and to improved contact terminals therefor.
PAC  PRIOR ART
PAR  Prior art lamp sockets for wedge base lamps are inserted into a panel
      aperture having at least one slot adjacent thereto and then twisted to
      move a pair of opposing cam locks from out of the slot and over the wall
      of the aperture. This operation involves fabricating a special non-round
      configuration on the panel aperture. If the socket is assembled to the
      panel on an assembly line operation, the act of twisting the socket is
      often omitted.
PAR  Additionally, in previous sockets it was necessary to extend the socket
      housing to provide support for the lamp or to provide additional structure
      as a lamp holding sleeve inasmuch as the socket contacts did not grip the
      lamp with sufficient force.
PAR  Oftentimes the filament wires on the wedge base of the lamp are bent
      resulting in improper electrical contact with the contact members in the
      socket and inoperative or faulty lamp operation.
PAC  SUMMARY OF INVENTION
PAR  It is therefore an object of the invention to provide a twistless snap-in
      socket for a wedge base lamp that will securely hold the lamp by its base
      without the requirement of additional elements as a socket lamp holding
      sleeve.
PAR  Another object of the invention to provide a contact member that is adapted
      to be inserted into the socket housing from either end.
PAR  Yet another object of the invention is to provide an improved lamp socket
      member for a wedge based lamp bulb that features filament wire guide means
      on the contact member for straightening of bent wires on the lamp.
PAR  These and other objects and advantages of the snap-in socket will become
      apparent from the following detailed description, drawings and claims of a
      snap-in socket assembly for wedge base lamps. The socket is a tubular
      member having an interior rib dividing the interior of the socket into two
      longitudinal sections. The one end of the socket member has a pair of
      cantileverly supported jaws supporting a pair of flat contact members
      against the base of the lamp. The contact member has a plurality of tabs
      for securing the contact member in the housing from external forces and to
      hold the contact from movement within the housing. Wire guide means formed
      on the contact member serve to guide and straighten the filament wires on
      the lamp base should they be bent prior to insertion in the lamp socket
      assembly.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an elevation view of the snap-in lamp socket assembly according
      to the present invention including a lamp;
PAR  FIG. 2 is a left-hand end view of the snap-in lamp socket of FIG. 1 with
      the lamp and contacts removed;
PAR  FIG. 3 is a fragmentary sectional view taken along line 3--3 of FIG. 2 and
      also illustrating the socket snapped into a panel;
PAR  FIG. 4 is a right-hand view of the snap-in lamp socket of FIG. 1 with the
      lamp and contacts removed;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 4 with the
      contacts in the section and the lamp shown in elevation and illustrating
      the electrical connection in the socket and the securing of the contact
      members in the socket;
PAR  FIG. 6 is an elevation view of the snap-in lamp socket of FIG. 1 partly in
      section and illustrating a lamp cover and a modification of one of the
      contacts;
PAR  FIG. 7 is an elevation view of one form of contact for the snap-in lamp
      socket assembly of FIG. 1;
PAR  FIG. 8 is a sectional view taken along line 8--8 of FIG. 7;
PAR  FIG. 9 is an elevation view of one modification of the contact of FIG. 7
      that is illustrated in FIG. 6;
PAR  FIG. 10 is an elevation view of another modification of the contact of FIG.
      7;
PAR  FIG. 11 is an elevation view of the contact member of FIG. 9 provided with
      a filament wire guide and straightening structure in accordance with
      another aspect of the invention;
PAR  FIG. 12 is an end view taken in the direction 12--12 of FIG. 11;
PAR  FIG. 13 is a fragmentary view of a wedge-type bulb received between a pair
      of cooperating contact members provided with the wire guide and
      straightening structure of the invention;
PAR  FIG. 14 is a plan view taken in the direction 14--14 of FIG. 13;
PAR  FIG. 14A is a view similar to FIG. 14 showing the contact member of FIG. 14
      received in position on the wedge based lamp bulb and the straightening
      action of the wire guide and straightening structure of the contact
      members of FIGS. 11-15; and
PAR  FIG. 15 is a sectional end view taken in the direction 15--15 of FIG. 13;
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the FIGS. by the characters of reference, there is illustrated
      in FIG. 1 an elevation of a snap-in socket assembly 20 for a wedge base
      bulb or lamp 22. The wedge base lamp, which is well known and manufactured
      by several lamp manufacturers such as General Electric and Westinghouse,
      has a bulbular evacuated chamber section 24 fused to a wedge-type base 26.
      The base configuration includes a raised cylindrical centrally located
      vent tube portion 28 bounded by laterally extending side wings 30 of
      substantially flat rectangular cross section, as shown in FIG. 15. Both
      ends of 32 of the lamp filament extend through and exit out of the bottom
      end of the side wings and are formed on diagonally opposite surfaces of
      the wings in such a manner that on either side of the central cylindrical
      vent tube portion there is only one end of the filament wires, which is
      bent or looped back upon itself, as indicated in FIG. 14, with its end
      reentrant in and sealed in the wedge base.
PAR  Extending across each side of the side wings transversely to the normal
      axis of the lamp is a concave detent trough 34. The troughs are in line
      interrupted only by the central cylindrical portion 28 of the base. The
      filament extension wires overlie and extend beyond the detent trough 34,
      as shown in FIGS. 14 and 14A in which the looped filament wire of FIG. 14
      is indicated as bent or misaligned and is straightened by the contact
      member wire guide and straightening structure as depicted in FIG. 14A. It
      is through a corresponding, mirror image detent 36 on the contacts 38-40
      that the lamp is held in a socket and electrical contact is made.
PAR  The socket 42 is an elongated tubular housing having an elongated rib 44,
      which is shown as extending from substantially near one end of the housing
      to the other end. A rim 46 girds the housing at the other end from which
      at least two opposed cantileverly supported side panels 48 extend in an
      axial direction with respect to the housing. A protuberance or dimple 50
      is positioned along the outside surface of each of the side panels and is
      spaced a predetermined distance from the rim 46. A pair of contact members
      38-40 are positioned within the housing 42 on either side of the rib 44
      forming a lamp receiving throat at the free end of the side panels 48.
PAR  The elongated tubular housing 42 in the preferred embodiment, is fabricated
      from an electrically non-conductive material. Except for the slight
      molding draft angles, which are necessary for one form of manufacture, the
      housing is cylindrical in shape having a right circular cross-section. The
      inside surface 52 of the housing defines a cavity which is divided into
      two sections 53 and 54 by means of the elongated rib 44. Into each section
      there is located a portion of the contact member.
PAR  Along the inside surface 52 or the walls of the cavity there is a
      longitudinally flat surface 56 opposite to and parallel with the broadside
      surfaces 58 of the rib. As will hereinafter be shown, each of these flat
      surfaces 56 and the opposed broadside surfaces 58 of the rib 44 cooperate
      with the contact members 38-40 to maintain the contact members out of
      electrical contact with each other except through the filament of the
      bulb.
PAR  A rim 46 having a rectangular cross-section girds or encircles the housing
      42 at the other end. Around the inside surface 52 of the cavity, the rim
      46 forms a shoulder 60 at the end of the flat surface 56.
PAR  At least two spaced-apart and opposed side panels 48 are cantileverly
      supported and extend in an axial direction away from the other end or rim
      end of the housing 42. In the preferred embodiment, these panels 48 are
      C-shaped in cross-section wherein each C-shaped configuration forms a pair
      of jaws. The orientation of the side panels 48 is such that if the plane
      of rib was extended, it would bisect each C-shaped panel or pair of jaws
      putting one jaw of each pair on each side of the rib. The function of each
      jaw of the C-shaped panel 48 is to retain and to maintain the contact
      members in electrical contact with the lamp.
PAR  The protuberances 50 along the outer surface of each C-shaped side panel 48
      cooperate with the rim 46 for securing the socket within an aperture 61 in
      a mounting panel 62, as illustrated in FIGS. 1 and 3. In this application,
      the predetermined distance between the protuberance 50 and the rim 46 is
      equal to the panel thickness. The socket 42 is inserted in an aperture 61
      having a size equal to the size of the housing and the resiliency of the
      side panels 48 allows the wall of the aperture 61 to bend the panels
      toward each other. As the protuberance 50 has passed through the side
      panel, the latter returns to its normal position, trapping and securing
      the socket in the aperture 61 with the sides of the panel 62 held between
      the rim 46 and the protuberance 50.
PAR  Another function of the protuberance 50 is illustrated in FIG. 6 wherein
      the socket assembly 20 of FIG. 1 has a metallic hood member 64 snapped on
      over the bulb 22. The hood member 64 has an encircling channel 66
      confirmong to the size of the protuberance 50. When the hood is positioned
      over the socket 42, the leading edge 68 of the hood rides over the
      protuberance 50, causing the side panels 48 to resiliently bend until the
      protuberance snaps into the channel 66. The hood 64 is then secured to the
      housing 42.
PAR  A pair of contact members 38-40 complete the socket assembly 20 as
      illustrated in FIG. 1. Depending upon the application and electrical
      requirements, the contact members may both have wire leads attached
      thereto as shown in FIG. 1. This contact 38 embodiment is illustrated in
      greater detail in FIG. 7. However, when the socket is supported by means
      of a chassis strap, such as illustrated in FIG. 6, and wherein the chassis
      provides one electrical connection, such as ground, a contact member 39 as
      illustrated in FIG. 9 may be used as one of the contact members.
PAR  The contact members 38-40 are each located in one section 53 or 54 of the
      cavity and they extend between the opposed side panels 48. The contact
      members 38-40 are divided into a lamp receiving end and an opposite end
      where in the one modification 38 and 40 the circuit wires 70 are attached
      as by crimping in the wire clinching ferrule-shaped end of that form of
      contact member. The lamp receiving end is formed into a channel shaped
      member 72 having a pair of wings 74 extending laterally outwardly from the
      top surface of the side walls 76 of the channel. The wings 74 are
      substantially parallel to the base or bottom web 78 of the channel and
      extend longitudinally beyond the end of the channel. Positioned on each
      wing and extending beyond the end of the channel is a overhanging and
      resilient protuberance or detent 36 for meshing with the in-line troughs
      34 on the wedge base 26 of the lamp 22. The detents 36 are in-line and
      extend normal to the longitudinal length of the contact members 38-40.
PAR  As indicated above, the contact members are positioned within the housing
      42, one on each side of the rib 44, and they extend longitudinally between
      both pair of jaws 48. The wings 74 of each contact member cooperate with
      the opposed wings of the opposite contact member to form a lamp or bulb
      receiving throat. When the wedge base 26 portion of the lamp is inserted
      between the wings, the jaws resiliently deform outwardly in a direction of
      opening to allow the base 26 of the lamp 22 to enter. When the troughs 34
      on the lamp correspond in position to the detents 36 on the wings 74, the
      jaws close to compressively mesh the protuberances with the troughs. Once
      the lamp 22 is in place, the jaws close, applying sufficient force on the
      wings 74 to hold the lamp without any external holding means. The side
      panels in the preferred embodiment do not extend to bear or lie in close
      proximity to the chamber section 24 of the lamp for holding the lamp in
      the socket. The only holding of the lamp is by the contact members 38-40
      cooperating with the jaws 48.
PAR  In the preferred socket embodiment, there are positioned two additional
      side panels 80 interposed in the space between each of the C-shaped jaw
      side panels. These panels 80 are also cantileverly supported from the rim
      46 and extend longitudinally the same length as the C-shaped panels 48.
      Positioned on the outer surface of each of these two panels is a flat
      groove or indented surface 82. The groove extends from the end of the
      panels toward the rim 46 on the housing. The groove cooperates with the
      modified contact member 38 illustrated in FIG. 9 and the metallic,
      electrically conducting hood 64 or a chassis strap to locate and to
      provide a second electrical connection to the socket, as illustrated in
      FIG. 6.
PAR  The contact member 36 illustrated in FIG. 9 has a hook member 84 extending
      from the bottom web 78 in the direction of the lamp receiving end of the
      wings 74. This hook member 84 is positioned in the groove 82 of the side
      panels 80 to make electrical contact with the hood 64 as illustrated in
      FIG. 6 through a chassis strap 86 to the source of electrical power. As a
      modification, the end of the hook member could be extended to lie along
      the housing as far as the rim. In this manner, the contact would make an
      electrical connection to the panel through the aperture wall.
PAR  The opposite end of the contact member, illustrated in FIGS. 7, 8, and 10,
      i.e., the end opposite the lamp receiving end, has a ferrule or wire
      receiving means formed thereon. In this embodiment, the bottom web 78 of
      the channel 72 is extended and two spaced apart pairs of crimp members 88
      and 89 are formed out of the side walls of the channel. The first pair of
      members 88 nearest the wing members crimp the conductors of the attached
      wire while the second pair of members 89 crimp the insulation. The end 90
      of the bottom web beyond the second pair of members is formed at a
      downward depending angle forming a tab extending in a direction opposite
      to the wing members 74.
PAR  Along the top surface of each of the wings a resilient tab 92 is formed
      extending away from the surface. The tabs are cantileverly supported with
      the free end extending toward the opposite or wire receiving ferrule end
      of the contact members 38-40.
PAR  These three tabs, one on each wing 92 and the tab 90 at the wire receiving
      end of the contact member, respectively cooperate with the broadside
      surface 58 of the rib 44 and the opposed flat surface 56 on the inside of
      the housing 42 for holding each contact member in a spaced relationship to
      the opposite contact member. Since the tabs 90 and 92 extend away from the
      contact member in opposite directions, they also function to keep the
      contact members snug in the socket and free from relative movement within
      the socket. The end of the rib 44 near the rim 46 constitutes a stop
      member 94, which extends into each section defined by the rib 44, as shown
      in FIGS. 3 and 5. A second stop member is located on the inner surface 52
      of the housing at the rim end and may be the shoulder 60 formed at the end
      of the flat surface 56 by the rim 46. The surface 96 of the first stop
      member 94 nearest the wire receiving end of the contact members 38, 40 and
      the surface 60 of the second stop member nearest the lamp receiving throat
      cooperate with a pair of spaced tabs 98-99 (FIGS. 7, 8 and 9) on the
      bottom web 78 of the contact members 38 and 39 to securely hold the
      contact members in the socket from forces applied external to the socket.
PAR  In FIGS. 7 and 9 one of the above mentioned spaced tab members 98 is formed
      at right angles to the bottom web 78 and the other tab member 99 is
      cantileverly extended from the bottom web in a direction opposite to the
      extent of the first tab member. The free end of the cantileverly supported
      member 99 and the bearing surface of the normal tab 98 are spaced apart a
      distance substantially equal to the longitudinal length between the
      surfaces 96 and 60 of the two stop members in the housing interior. The
      direction of insertion of the contact member into the socket determines
      the relative positioning of the tabs with respect to the lamp receiving
      ends of contact. The cantileverly extending tab 99 is inserted first into
      the socket, and the normal tab 98 limits the depth of insertion of the
      contact member. The tab configuration of FIG. 7 is used when the contact
      member is inserted from the wire receiving end of the socket. The
      configuration illustrated in FIG. 9 is used when the contact member is
      inserted from the lamp receiving end of the socket. Once the contact
      member is inserted and each tab 98 and 99 is bearing or abutting against
      its respective stop surfaces 96 and 60, the contact member cannot be
      removed without damaging the socket, breaking a tab or unless the
      cantileverly supported tab 99 is depressed toward the web surface.
PAR  If the contact member has a wire crimped to the end thereof as illustrated
      in FIG. 5, the lamp receiving end of the contact is inserted first into
      the wire receiving end of the housing. The contact member is moved toward
      and between the jaws on the side panels. The normally extending tab 98
      locates on the surface 96 of the first stop member 94, and the free end of
      the cantileverly extending tab 99 locates on the shoulder surface 60
      constituting the second stop member.
PAR  Referring to FIG. 10 there is illustrated a modification of the contact
      member of FIG. 7 wherein both tabs 100 and 101 from the bottom web 78 are
      cantileverly supported and extend away from the web in opposite
      directions. This construction allows the contact to be inserted into the
      socket from either end and the tab which is inserted first, the leading
      tab, is resiliently deformed by either the first stop member 94 or the
      flat surface 56. Again, the spacing between the free ends of the table is
      substantially equal to the longitudinal distance between the two surfaces
      94 and 60 of the stop members.
PAR  For ease of manufacture, the housing 42, the side panels 58 and 80
      including the jaws, the rib 44, the rim 46 and stop member 94 may be
      molded as a unitary structure. When this is so, the material in each
      section has the same electrical and temperature characteristics. In a
      similar manner, all of the several features of the contact members 38-40
      may be formed from a single piece of material. It has been found that
      three-quarter hard brass combines the resilient characteristics required
      by the tabs along with the electrical conductivity characteristics
      required of the contact members.
PAR  FIG. 11 illustrates a modification of the contact member 39 of FIG. 9 to
      which has been added a filament wire guide and straightening structure in
      the form of a raised rib 106 on the detent 34 thereof. The rib 106 is
      struct out from the inner curved surface of one of the detents 36 of a
      contact member, as by swaging or rolling, to form a raised, longitudinally
      extending curvilinear ridge adjacent the inwardly facing side thereof as
      shown in FIG. 12. The ridge 106 thus locates between the vent tube of the
      bulb base and the exit of a filament wire on the wedge base and serves to
      guide the filament wire, straightening it in the event the wire should be
      bent as indicated in FIG. 14, as the bulb base is inserted in the
      aforementioned throat formed between an opposed pair of contact members as
      shown in FIGS. 13 and 14A.
PAR  There has thus been shown and described a snap-in socket for wedge base
      lamps with contact members therefor which permit contact insertion from
      either end of the socket as required and further featuring filament wire
      guide and straightening structure on the contact members.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A snap-in socket assembly for receiving, locating and positioning within
      an aperture in a mounting panel a wedge bulb having a pair of filament
      extension wires positioned externally on opposite sides of the wedge base
      and overlying a pair of in-line troughs extending transversely to the
      wedge base, said socket comprising:
PA1  an elongated tubular electrically non-conductive housing,
PA1  a rib within said housing and longitudinally extending from substantially
      near one end to the other end of said housing and dividing said housing
      into two sections,
PA1  a radially extending rim girding said housing at said other end,
PA1  at least two opposed resilient jaw members cantileverly supported from said
      other end of said housing and extending from said rim, said jaw members
      having a C-shaped cross section centered on either side of the plane
      defined by said rib,
PA1  a pair of elongated electrically conductive contact members each located in
      a different one of the said housing sections and extending between said
      opposed resilient jaws which compressively engage said contact members
      upon the insertion of the bulb therebetween and cause the contact members
      to compressively engage the filament wires on the wedge base of the bulb,
      and
PA1  a protuberance on the outside surface of each of said resilient jaw members
      and longitudinally spaced from said rim a predetermined distance
      substantially equal to the depth of the aperture in the panel,
PA1  each of said contact members having a wire contact end and a bulb contact
      end in the shape of a channel having a wing outwardly extending from each
      of the side walls of said channel substantially parallel to the bottom web
      of said channel and longitudinally extending beyond the end of said
      channel, said wings adapted to be located in both of said C-shaped jaws
      and having a detent protuberance thereon adapted for engaging the trough
      on the bulb, said wings of each of said contact members positioned within
      said jaws opposing the wings of the opposite contact member.
NUM  2.
PAR  2. A snap-in socket assembly according to claim 1 wherein said housing has
      a pair of flat surfaces extending longitudinally along the inner surface
      of said housing and facing said rib and wherein said wire contact end of
      said contact member has an end tab extending angularly away from the said
      bottom web in a direction opposite to the said wings thereof whereby said
      tab member on each contact member and said adjacent flat surface of said
      housing cooperate to maintain said wings of said contact members
      respectively in a spaced apart relationship.
NUM  3.
PAR  3. A snap-in socket assembly according to claim 2 wherein said contact
      members each addditionally include a resilient tab cantileverly supported
      from each of said wings and spaced from said protuberance thereon, said
      tab angularly extending in a direction away from said bottom web for
      cooperating with said housing rib, said contact member end tab and said
      adjacent flat surface of said housing for compressively holding said
      contact member within said C-shaped jaws of said housing.
NUM  4.
PAR  4. A snap-in socket assembly according to claim 1 additionally including a
      pair of spaced apart stop members located within each section of said
      housing, a first stop member located on and intermediate the ends of said
      rib and a second stop member located on the inner surface of said housing
      longitudinally displaced from said first stop member toward the other end
      of said housing, and a pair of oppositely extending spaced apart tab
      members on said bottom web of said contact members, said tab members
      cooperating with said stop members in said housing for retaining said
      contact members in said socket against forces external to said socket.
NUM  5.
PAR  5. A snap-in socket assembly according to claim 4 wherein said pair of
      oppositely extending spaced apart tab members of a contact member comprise
      a first resilient cantileverly supported tab member extending away from
      said web from a point intermediate the ends of said channel and having its
      free end extending toward said other end of said housing and a second
      resilient cantileverly supported tab member spaced from said first tab in
      a direction toward said other end of said housing and having its free end
      extending away from said other end and longitudinally spaced from the free
      end of said first tab member, whereby said contact member is inserted into
      said socket from either end and said free ends of said tabs respectively
      cooperate with said stop members in said housing for retaining said
      contact in said socket against forces external to said socket.
NUM  6.
PAR  6. A snap-in socket assembly according to claim 4 wherein said pair of
      oppositely extending spaced apart tab members on a contact member comprise
      a first resilient cantileverly supported tab member angularly extending
      away from said bottom web at an acute angle to the web and a second tab
      member extending normally from said bottom web whereby said contact member
      is inserted into said socket with the end of said contact adjacent to said
      cantileverly supported tab inserted first.
NUM  7.
PAR  7. A wedge-shaped lamp socket contact member for attachment to the end of a
      wire comprising:
PA1  an elongated member having a contact end portion and wire attachment end
      portion, said member having a bottom web extending along both portions,
      said contact end portion comprising interconnecting two spaced apart
      parallel side members connected to said web and longitudinally extending
      from one end of said web to a point intermediate the ends,
PA1  a wing member extending longitudinally from each of said side members and
      substantially parallel to and displaced from said bottom web, a free end
      of said wing member longitudinally extending beyond said side member,
PA1  a protuberance transversely extending across each of said wings and
      displaced from said free end,
PA1  a first resilient cantileverly supported tab angularly extending from said
      bottom web at a point intermediate the ends of contact end portion and in
      a direction opposite to said side members, the free end of said tab
      extending toward the wire end portion of said elongated member, and
PA1  a second resilient tab spaced from said first resilient tab in a direction
      toward said wire end of said elongated member, said second tab
      cantileverly supported and angularly extending in a direction toward the
      plane formed by said wing members, the free end thereof extending toward
      the contact end of said elongated member, said first and second tab
      members cooperating for retaining said contact member in a wedge base lamp
      socket.
NUM  8.
PAR  8. A contact according to claim 3 additionally including a third resilient
      tab cantileverly supported from each of said wing members, the free end
      thereof extending in the direction away from said bottom web, and
PA1  a fourth tab member extending outwardly and away from said wire end of said
      elongated member in a direction opposite to said third tab member, said
      fourth tab member cooperating with said third tab member for compressively
      holding said contact in the socket.
NUM  9.
PAR  9. A lamp socket contact member for a wedge base lamp bulb of the type
      having a bulbular filament enclosing portion and a flattened base having a
      centrally located sealed vent tube with a pair of oppositely laterally
      extending wings therefrom, each of said wings having a pair of in-line
      trough-like indentations formed in and extending transversely on each face
      thereof and a bulb filament wire extending internally in one direction
      therethrough and externally in the opposite direction and overlying a
      trough-like indentation in one face of a different one of the wings of the
      wedge base,
PA1  said contact member having a generally channel-shaped, longitudinally
      extending portion with spaced sidewalls joined by a substantially flat web
      portion,
PA1  each of said sidewalls having a wing extending laterally outwardly
      therefrom substantially parallel to said web portion and longitudinally of
      said contact member and past the end of the web portion thereof,
PA1  each of said wings of said contact member having a curved portion forming a
      detent protuberance thereon adapted to engage in a trough-like indentation
      on the wedge base of a bulb,
PA1  one of said protuberances having a guide means formed thereon for guiding
      and straightening of a bent external filament wire on the base of said
      bulb when the bulb base is inserted between an opposed pair of such
      contact members in a lamp socket.
NUM  10.
PAR  10. A lamp socket contact member in accordance with claim 9 above wherein
      said wire guide straightening means is positioned on a wing adjacent a
      sidewall of said contact member to locate between the vent tube of the
      bulb base and the exit of a filament wire therefrom.
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ABST
PAL  This invention relates to a coaxial connector having an injection molded
      dielectric. The preferred embodiment of the invention is an improved
      insulated-from-ground panel connector having a onepiece molded body of an
      insulating material. The molded body has a rear portion shaped to coact
      with a suitable element for mounting the connector (for example a screw
      thread) and a forward portion shaped to form the mating face dielectric
      for the connector. An inner contact of a conductive material passes
      through the center of and is molded into the body. The connector also has
      an outer contact over which a forward portion of the insulating body is
      molded. The outer contact extends over and beyond the mating face
      dielectric and has a conductive lead molded in, extending through, and
      projecting from the rear of the body.
PARN
PAR  This is a continuation of application Ser. No. 327,868, filed Jan. 29,
      1973, now abandoned.
PAR  This invention relates to a coaxial electrical connector having an
      injection molded dielectric, and more particularly to an improved
      insulated-from-ground panel connector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In existing coaxial connectors adapted to be mounted on a panel, the
      conductive outer contact of the connector also serves as the connector
      body. Thus, when the contact is mounted in a panel of conductive material,
      the outer contact, being in electrical contact with the panel, is normally
      shorted to other contacts on the panel and to ground (or to whatever other
      potential the panel may be at). There are, however, applications where the
      shorting together and/or shorting to ground of the coaxial connector outer
      contacts cannot be tolerated.
PAR  For these applications, various techniques have been developed for
      insulating the connector outer conductor from the panel. The most common
      technique presently utilized to insulate the connector is to insert an
      insulating bushing between the connector body and the panel. This method
      also requires that an additional insulating washer be added between the
      lock washer or nut utilized for securing the connector in the panel and
      the panel. Another technique which may be utilized to isolate the panel
      connector from the panel (ground) is to mount an insulating sleeve over
      the connector body, the sleeve being the only element which makes contact
      with the panel, the locking nut, etc., when the connector is mounted in
      the panel.
PAR  While the techniques indicated above provide an insulated-from-ground
      bulkhead or panel connector, they suffer from a number of substantial
      shortcomings. First, when an insulated-from-ground connector is utilized
      in place of a standard panel connector, at least one, and sometimes two,
      extra parts are required. These additional parts must be handled and
      assembled on the connector when the connector is mounted. Thus, because of
      these extra parts, the insulated connector is significantly more expensive
      to manufacture and utilize than standard panel connectors.
PAR  Second, the extra washer, sleeve flanges, or other elements required for
      insulating the connector from the panel have a finite thickness which
      means that, for a given size connector, the maximum panel thickness which
      can be accommodated is reduced. Further, the addition of a bushing or
      sleeve on the connector increases the diameter required for the mounting
      hole. If standard size mounting holes have already been punched in the
      panel, this means that the panel will have to be repunched, or otherwise
      operated on to increase the hole diameters. The increased diameter
      required for the holes also reduces the connector density which may be
      accommodated on a panel. The reduction in panel thickness and in the
      amount of material between mounting openings combine to reduce the
      strength of the mounting panel.
PAR  In summary, it is seen that standard insulated-from-ground panel connectors
      are significantly more expensive to manufacture and utilize than standard
      panel connectors in that (1) they require additional parts; (2) the
      additional parts must be assembled, increasing the assembly cost; and (3)
      either standard size mounting openings must be enlarged, possibly
      requiring the purchase of special tooling to perform this function, or an
      inventory must be maintained of panels having two different size mounting
      holes.
PAR  From the above it is apparent that a requirement exists for a panel
      connector, the conductive body of which may be easily insulated from
      ground without resulting in any increase either in the size of the
      connector or in the cost of manufacturing and assembling it.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the above this invention provides a coaxial electrical
      connector having a one-piece molded body of an insulating material. The
      body has a rear portion shaped to coact with a suitable element for
      mounting the connector and a forward portion shaped to form the mating
      face dielectric for the connector. An inner contact of a conductive
      material passes longitudinally through the center of and is molded into
      the body. The center contact has a portion extending from the rear of the
      body to which electrical connection may be made. The connector also has an
      outer contact over which a forward portion of the insulating body is
      molded. The outer contact extends over and beyond the mating face
      dielectric and has a conductive lead molded in, extending through, and
      projecting from the rear of the body. For a preferred embodiment, the body
      is injection molded of a thermoplastic material and has a flange for
      preventing contact of the outer contact with a panel in which the
      connector is mounted.
PAR  The foregoing and other objects, features, and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention as illustrated in the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a sectional view of a panel connector utilizing the teachings of
      this invention.
PAR  FIG. 2 is an exploded perspective view of the connector shown in FIG. 1.
PAR  FIG. 3 is a perspective view of the mold and related equipment utilized for
      manufacturing the connector shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIGS. 1 and 2, it is seen that the connector 10 of this
      invention has an outer annular contact body 12, a center coaxial contact
      14, and a molded insulating body 16. Outer contact body 12 forms the body
      or outer shell for the forward portion of the connector, including the
      mating face area, and has a pair of radially outwardly projecting pins 18
      located adjacent the front end of the contact to provide connecting means
      cooperating with cams in a mating connector (not shown) to secure
      connector 10 and the mating connector together. Behind the mating face
      area, body 12 has an annular section 20 of reduced outer diameter with a
      groove 22 being formed around the periphery of this section, which in
      combination with molded insulating body 16 provides means for locking the
      outer contact 12 on the body 16 and preventing or holding the outer
      contact against axial movement relative the body 16. Thus the forward
      portion of the body 16 is molded in continuous annular engagement with the
      internal surface and the external surface of the reduced outer diameter
      terminating annular rear section 20 of the body or contact 12. The
      insulating body 16 thus provides sufficient mechanical support for the
      contact 12 when mounted in a panel to securely hold the contact 12 and
      associated parts, when another connector and associated cable is attached
      thereto. Attached to an inner surface of portion 20 of body 12 is an
      extending conductive tab or lead 24. Lead 24 may be spot welded, soldered,
      or otherwise attached to body 12, or the body 12 and lead 24 may be
      diecast or otherwise formed as one piece. While lead 24 may be secured to
      either the inside of body 12 as shown in the figures or to the outside of
      the body, it is preferable to secure the lead to the inside as shown in
      the figures since this provides a greater separation between the lead and
      the outer surface of insulated body 16. This increases the insulation
      between the lead, and thus the outer conductor, and the panel 26 in which
      the connector 10 is mounted. The portion of lead 24 which is secured to
      outer contact body 12 may be rounded slightly to provide a larger area in
      contact with the body.
PAR  Center contact 14 is shown as being a female contact with a slotted opening
      in its forward face. A peripheral surface section 28 of the center contact
      is knurled for purposes to be described shortly.
PAR  As indicated previously, molded body 16 forms the rear body portion of
      connector 10. The forward portion of body 16 is extended into the annular
      contact or body 12 by means of a coaxial reduced diameter portion
      encircling the inner contact 14 and overlapped by the forward portion of
      contact 12 to further anchor or support contact 12 and to form the mating
      face dielectric 30 for the connector. A small space 32 is provided between
      the mating face dielectric 30 and the mating face end of contact 14 to
      permit the contact to expand when a male contact is inserted therein. The
      molded material of body 16 completely encloses portion 20 of body 12 and
      flows into groove 22 to form a ridge in groove 22, effectively locking the
      bodies 12 and 16 together. Body 16 has a flange 34 formed at the end of
      the portion thereof over portion 22 of body 12 which flange, as may be
      best seen in FIG. 1, butts against panel 26 when the connector is inserted
      in the panel, preventing contact between the panel and body 12. The screw
      thread 36 is formed on the outer surface of the rear portion of body 16.
      When the connector has been passed through an opening 38 in panel 26, a
      washer 40 is slipped over the rear portion of the connector and a nut 42
      is then mounted on the rear portion and threaded on screw thread 36 to
      secure the connector on the panel. Screw threaded section 36 is flattened
      over a short segment 44. Hole 38 has a similar short flattened segment.
      This assures uniform orientation of the connectors inserted in panel 26
      and prevents the connector from rotating in opening 38 during the mounting
      operation. The knurling 28 on contact 14 interacts with the material of
      body 16 to positively secure the contact in the insulating body. Center
      contact 14 and outer contact lead 24 extend from the rear of body 16 and
      have openings 46 and 48 respectively formed in them to permit electrical
      connection to be made to the contacts.
PAR  From the figures it is seen that a panel connector has been provided which
      has the same dimensions as a standard panel connector but which has only
      the material of insulated body 16 in contact with panel 26. With lead 24
      being molded within body 16 or encircled by body 16 and in a radially
      spaced apart relationship to both inner contact 14 and the panel, isolated
      connections are independently established for body 12 and contact 14
      through the panel and the connector is thus completely isolated
      electrically from panel 26, and thus from ground. Because insulating body
      16 is of integrallly molded one-piece construction and forms part of the
      connector, no additional insulating parts are required for the connector,
      reducing both the cost of parts and assembly. The absence of extra parts
      also means that the thickness of panel 26 is limited only by the size of
      the connector. Standard size panel holes may also be utilized. Thus, an
      isolated-from-ground panel connector is provided without any of the
      increased costs and other problems previously associated with this type of
      connector.
PAR  It has, in fact, been found that by injection molding body 16 in a manner
      to be now described, the cost of connector 10 may be reduced significantly
      below that for convention panel connectors. Referring now to FIG. 3, a die
      50 of a mold for forming connector 10 is shown. The die 50 may be formed
      of suitably coated cast iron or other conventional material. The die has a
      pinch-off 52 in which the projecting portions of center contact 14 and
      lead 24 are mounted. A variable stop 54 may be provided in the slot 56 for
      receiving center contact 14 to assure uniform and precise positioning of
      this component. A block 58 of suitable shape is inserted in the front
      portion of die 50 to mount outer contact 12 and assure the proper forming
      of mating face insulation section 30, including space 32. When contacts 12
      and 14 and plug 58 have been properly positioned, a die (shown dotted)
      forming the other half of the mold is moved into and held position, and a
      suitable thermoplastic material is forced into the mold through channel 58
      and orifice 60. The thermoplastic material utilized for a preferred
      embodiment of the invention is Noryl. Nylon might also be used. With Noryl
      as the thermoplastic material, the material may, for example, be
      introduced at a temperature between 480.degree. and 570.degree. F and at a
      pressure from 1000 to 1200 PSI. For the preferred embodiment, the point at
      which the thermoplastic material is introduced through orifice 62 is
      adjacent flange 34. This has been found to be the preferred spot of
      introduction. When a suitable quantity of thermoplastic material has been
      passed through orifice 62, the flow is stopped, the mold opened, and the
      finished connector removed. The molding operation described above is
      commonly referred to as an injection molding operation.
PAR  While the injection molding operation described above has been described
      for use with an insulated panel-mounted coaxial connector, it is apparent
      that this injection molding technique could also be utilized with other
      coaxial connectors. Further, while the rear body portion 36 has been shown
      as being screw threaded, it is apparent that this portion of body 16 could
      be shaped in any suitable manner to coact with a mating connector-mounting
      element. For example, in place of screw thread 36, a groove might be
      provided around the periphery of this portion of the body to receive a
      locking C-ring or snap ring. Further, since the thermoplastic material has
      a certain amount of resilience, the rear portion of body 16 might be
      shaped to be press-fitted into opening 38. Other suitable means of
      securing the connector 10 in panel 26 might also be utilized. It is also
      possible to vary the color of body 16 through well-known techniques
      involving additives in the thermoplastic mix to permit color coding of the
      connectors as to various sizes and types.
PAR  It should also be noted that since the cost of the connectors 10 may be
      significantly less than that of standard panel connectors, it may be
      desirable to use the connectors of this invention even in applications
      where a grounding of the outer conductor to the panel is desired (this
      also eliminates the need for keeping in inventory two different types of
      connectors). To ground connector 10 to panel 26, lead 24 is bent back and
      welded, soldered, or otherwise secured to the panel.
PAR  While the invention has been particularly shown and described above with
      reference to a preferred embodiment thereof, the foregoing and other
      changes in form and detail may be made therein by one skilled in the art
      without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A coaxial electrical panel connector adapted to be mounted in a panel
      having opposite surfaces with an opening communicating said opposite
      surfaces for supporting another coaxial connector from said panel and for
      enabling the extension of an electrical connection from the inner
      conductor and outer conductor of said other coaxial connector through said
      panel without electrical engagement with said panel, the improvement
      comprising:
PA1  an outer annular contact having a terminating annular rear end and a
      forward portion for engagement with the outer conductor of said other
      coaxial connector;
PA1  a conductive lead of substantially smaller cross section than said outer
      contact connected to said terminating rear end and extending rearwardly
      therefrom for passage through said opening;
PA1  an inner contact extending axially of said outer annular contact in
      radially spaced relationship to said outer contact and conductive lead
      with one end of said inner contact arranged for engagement with the inner
      conductor of said other coaxial connector and the other end of said inner
      contact arranged for passage through said opening;
PA1  a one piece body of insulating material passing through said opening and
      molded in encircling fixed relationship about both said inner contact and
      said conductive lead with said body having an integral outer forward
      portion in molded engagement with the outer periphery of said terminating
      rear end and an integral inner forward portion in molded engagement with
      the inner periphery of said terminating annular rear end to secure and
      support said outer contact from said panel with a dielectric mating face
      on said body extending into said outer contact and the forward portion of
      the outer contact extending forwardly of both the outer forward portion
      and the inner forward portion of said body, a continuous annular radial
      shoulder intermediate the ends of said body integrally interconnecting
      said outer annular forward portion and said inner annular forward portion,
PA1  and a flange integrally formed on said body extending radially outwardly of
      said outer conductor for abutment with one surface of said panel to
      prevent engagement between said panel and outer contact.
NUM  2.
PAR  2. A coaxial panel electrical connector adapted to be mounted in a panel
      having opposite surfaces with an opening communicating said opposite
      surfaces for supporting another coaxial connector from said panel and to
      enable the extension of a respective electrical connection from the inner
      conductor and outer conductor of said other coaxial connector through said
      panel opening without electrical engagement with said panel, the
      improvement comprising:
PA1  a one-piece integrally molded body of electrically insulating material,
      said body having a rear portion shaped and sized to pass through said
      opening in said panel and a forward inner annular portion on said molded
      body shaped to form a dielectric mating face with an outer annular forward
      portion spaced radially outwardly from said inner annular portion and
      integrally interconnected with said inner annular portion by a continuous
      annular shoulder intermediate the ends of said body;
PA1  an inner contact of a conductive material passing longitudinally through
      the center of said body from said forward inner annular portion and
      through said rear portion with said body fixedly molded about said inner
      contact, said inner contact having one end for engagement with the inner
      conductor of said other coaxial connector and another end extending from
      the rear portion of said body and passing through said opening with said
      rear portion;
PA1  an outer annular contact having a terminating annular rear end of reduced
      diameter located between the inner annular forward portion and outer
      annular forward portion of said one-piece integrally molded body with said
      inner annular portion and said outer annular portion molded in continuous
      fixed annular engagement with the internal surface and external surface
      respectively of said terminating annular rear end, said terminating
      annular rear end having a continuous rear end edge seated in continuous
      engagement with said continuous radial shoulder intermediate the ends of
      said body, said outer contact having a forward portion in overlapping
      relationship to said dielectric mating face and extending axially
      forwardly of said dielectric mating face and the inner and outer forward
      portions of said body with the forward portion of said outer contact
      having a rear radial shoulder adjacent said terminating rear end extending
      radially outwardly of said terminating rear end and in abutment with one
      axial end of said outer annular forward portion;
PA1  a conductive lead having a cross-sectional area less than said inner
      contact fixed in said one-piece body and electrically secured adjacent one
      end of said lead to said outer annular contact with said conductive lead
      extending through the rear portion of said body for passage through said
      opening in radially spaced apart relationship to said panel and to said
      inner contact and projecting from the rear portion of said body;
PA1  means integrally formed on the body in molding said body and on the outer
      contact locking the outer contact on the body against movement axially of
      said body;
PA1  means on the forward portion of said outer contact for securing said outer
      contact to said other coaxial connector with the outer contact engaged
      with the outer conductor of said other connector to extend a respective
      electrical connection from the outer conductor to said conductive lead
      extending through said panel opening and from the inner conductor engaged
      with the inner contact through said panel opening;
PA1  a radially outwardly extending flange integrally formed on said body at an
      axial position overlapping said terminating rear end for engaging one
      surface of said panel;
PA1  and means on said rear portion of said body for securing said body in said
      opening with said flange engaged against said one surface to support said
      panel connector and said other connector secured on the forward portion of
      said annular contact from said panel with said conductive lead and inner
      contact passing through said opening and spaced from said panel to pass
      through said panel without electrical engagement with said panel.
NUM  3.
PAR  3. A connector as claimed in claim 1 wherein said lead is spot welded to
      said outer contact.
NUM  4.
PAR  4. A connector as claimed in claim 1 wherein said lead is attached to an
      inner surface of said outer contact.
NUM  5.
PAR  5. A connector as claimed in claim 1 wherein said lead is formed as an
      integral part of said outer contact.
NUM  6.
PAR  6. A connector as claimed in claim 1 wherein said body is injection molded
      of a thermoplastic material.
NUM  7.
PAR  7. A connector as claimed in claim 1 wherein said means for locking the
      outer contact on said body includes an annular groove in the external
      surface of said terminating rear end of said outer contact, and the outer
      annular portion of said molded body includes a ridge received in said
      groove for preventing relative axial movement between said contact and
      said body.
NUM  8.
PAR  8. A connector as claimed in claim 7 wherein said radially outwardly
      extending flange integrally formed on said body is located in an axial
      position overlapping the reduced diameter portion of the outer contact to
      prevent physical and electrical contact between the outer contact and the
      panel.
NUM  9.
PAR  9. A connector as claimed in claim 8 wherein said rear portion of said
      molded body includes an outer surface having a screw thread.
NUM  10.
PAR  10. A connector as claimed in claim 9 wherein said outer surface of said
      rear portion of said molded body includes a flat section axially
      coincident with said screw thread, whereby a predetermined angular
      orientation is established between said panel and said connector.
NUM  11.
PAR  11. A connector as claimed in claim 10 wherein said inner contact has a
      knurled surface which is adapted to coact with the molded body to retain
      the contact in the body.
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PAL  A connector block for mounting plug-in type protector assemblies to protect
      telephone equipment from high voltage and current surges occurring on
      incoming telephone lines includes an elongated, relatively narrow mounting
      panel having a mounting end portion at either end. Disposed along the
      mounting panel is a plurality of socket groups arranged in a single column
      and a plurality of terminal hole groups arranged in a single column
      adjacent the socket groups, each of the terminal hole groups being
      associated with one of the socket groups. Each of the socket groups
      contains four line terminal contacts and a ground terminal contact. The
      ground terminal contact in each of the socket groups has a holder portion
      extending from a rear face of the mounting panel to which is coupled a
      single ground terminal bus bar. The ground terminal bus bar is coupled to
      grounding plates positioned adjacent the rear of each of the end portions.
      In one embodiment, a fanning strip is detachably mounted to the end
      portions so as to be positioned along a side of the mounting panel to
      protect conductors coupled to contacts or terminals in the sockets or
      terminal holes.
BSUM
PAR  This invention relates to a connector block used in mounting plug-in type
      protector assemblies associated with telephone equipment and, more
      particularly, to a new and improved connector block used primarily when a
      small number of plug-in type protector assemblies are required.
PAR  Each telephone line in a telephone system must be protected from high
      voltage and current surges that might occur on the telephone lines and
      that could damage telephone equipment to which the lines are coupled.
      Normally, for each pair of telephone lines, a plug-in type protector
      assembly is utilized to connect the pair of incoming lines to telephone
      equipment, such as central office switching equipment and private branch
      exchanges. The protector assembly contains a pair of arresters, each of
      which are coupled between one of the telephone lines and a ground
      terminal. When a high voltage or current surge occurs on one of the
      telephone lines, a spark gap in the arrester coupled to that line sparks
      over so that the telephone line is coupled directly to the ground terminal
      through the arrester and the telephone equipment is protected from a
      damaging potential.
PAR  For incoming telephone lines coupled to telephone central office equipment,
      the plug-in type protector assemblies are mounted on a connector block
      such that the connector block serves as an electrical interface between
      the incoming telephone lines and the central office switching equipment.
      One such type of connector block utilized in telephone central offices is
      disclosed in U.S. Pat. No. 3,518,611. The connector block disclosed in
      that patent provides for the mounting of up to one hundred plug-in type
      protector assemblies. The protector assemblies are arranged in rows and
      columns with cross-connect wire terminals and a fanning strip adjacent to
      protector assemblies and a test field along the top edge of the connector
      block. Although the specific geometry of that connector block helps
      facilitate the orderly and efficient handling of wires coupling the
      incoming lines to a telephone central office, the connector block occupies
      an appreciable amount of space.
PAR  Another type of connector block used in telephone central offices is
      disclosed in a copending application, Ser. No. 336,265, filed Feb. 27,
      1973 and now abandoned, which is assigned to the same assignee of record
      in the present application. The connector block disclosed in that
      application also is capable of mounting up to 100 plug-in type protector
      assemblies. However, due to the design of that connector block, the
      connector block occupies a lesser amount of space in a telephone central
      office that the connector block disclosed in U.S. Pat. No. 3,518,611.
PAR  Nevertheless, both of the above-mentioned connector blocks occupy too much
      space when used in small types of protection applications. For example,
      telephone lines and the equipment connected thereto in private branch
      exchanges (PBX), Carrier, and Special Service circuits also must be
      protected from high voltage and current surges which occur on the
      telephone lines. In such applications, it is necessary to place a
      connector block within relatively small spaces in PBX cabinets or the
      like. In those instances, it would be desirable to have a connector block
      of relatively small size capable of mounting a small quantity of plug-in
      type protector assemblies.
PAR  Accordingly, objects of the present invention are to provide a new and
      improved connector block for use in small types of protection applications
      for telephone lines and telephone equipment; to provide a new and improved
      connector block of a relatively small size to fit within smaller types of
      telephone equipment to provide a new and improved connector block to which
      is readily attached a detachable fanning strip; and to provide a new and
      improved ground terminal bus for a connector block.
PAR  In accordance with these and many other objects, an embodiment of the
      present invention comprises a connector block for mounting plug-in type
      protector assemblies which couple incoming telephone lines to telephone
      equipment and which protect the incoming telephone lines and telephone
      equipment from high voltage and current surges that might occur on the
      lines. The connector block consists primarily of a relatively narrow,
      generally elongated, rectangular mounting panel having a plurality of
      socket groups arranged in a single column along the mounting panel and
      having a plurality of terminal hole groups arranged in a single column
      adjacent the socket groups, each of which terminal hole groups being
      associated with one of the socket groups.
PAR  Each of the socket groups has five sockets. In four of these sockets, line
      terminal contacts are disposed that extend from a rear face of the
      mounting panel and that receive line pins of one of the protector
      assemblies plugged into a front face of the mounting panel. In the other
      socket, a ground terminal contact is disposed that also extends from the
      rear face of the mounting panel and that receives a ground pin of each of
      the protector assemblies. The ground terminal contacts extend from the
      rear face of the mounting panel in such a manner that a single ground
      terminal bus bar is readily coupled to each of the ground terminal
      contacts. Each of the pin terminal holes are capable of receiving a
      terminal for connecting cross-connect jumper wires or test equipment to
      the incoming telephone lines.
PAR  At either end of the mounting panel and in general alignment with the
      socket groups is a projecting end portion with a mounting hole therein to
      receive fasteners to attach the connector block to a mounting bracket. In
      addition, at either end of the mounting panel is a ground plate which is
      positioned adjacent to a rear portion of the projecting end portion, is
      coupled to the ground terminal bus bar and has a pair of ground holes. One
      ground hole is aligned with the mounting hole and the other is located
      adjacent the mounting hole and receives fasteners to attach the ground
      plate to a ground terminal. Also connectable to the end portions is a
      fanning strip that is positioned adjacent the rear face of the mounting
      panel to protect wires being connected to the line terminal contacts.
DRWD
PAR  Many other objects and advantages of the present invention will become
      apparent from considering the following detailed description in
      conjunction with the drawings in which:
PAR  FIG. 1 is a front view of a connector block embodying the present
      invention;
PAR  FIG. 2 is a rear view of the connector block of FIG. 1;
PAR  FIG. 3 is a side view of the connector block shown in FIG. 1;
PAR  FIG. 4 is a cross-sectional view of the connector block shown in FIG. 1
      taken along line 4--4 of FIG. 1;
PAR  FIG. 5 is a partially cut away, front perspective view of the connector
      block shown in FIG. 1 mounted on a mounting bracket and illustrating a
      plug-in type protector assembly being plugged into the connector block;
PAR  FIG. 6 is a partial front view of an alternate embodiment of the connector
      block shown in FIG. 1;
PAR  FIG. 7 is a partial rear view of the connector block of FIG. 6;
PAR  FIG. 8 is a partial side view of the connector block of FIG. 6;
PAR  FIG. 9 is a front view of still another embodiment of the connector block
      shown in FIG. 1 together with a fanning strip attached to the connector
      block;
PAR  FIG. 10 is a rear view of the connector block of FIG. 9;
PAR  FIG. 11 is a side view of the connector block of FIG. 9 with the fanning
      strip partially cut away; and
PAR  FIG. 12 is a perspective view of the fanning strip attached to the
      connector blocks of FIGS. 9-11.
DETD
PAR  Referring now more specifically to FIGS. 1-5 of the drawings, there is
      illustrated a connector block which is indicated generally as 20 and which
      embodies the present invention. The connector block 20 consists primarily
      of a mounting panel or housing 22 having a front face or side 24 and a
      rear face or side 26 with ten groups of sockets 28-37 and ten groups of
      terminal holes 38-47 extending through the mounting panel 22 between the
      front face 24 and the rear face 26. Projecting from a top edge 50 of the
      mounting panel 22 is an end portion 52 and projecting from a bottom edge
      54 of the mounting panel 22 is an end portion 56. The connector block 20
      is readily mountable by screws 57A and 57B on a bracket 58 when used in a
      private branch exchange (PBX) or on other appropriate types of brackets,
      such as main frame brackets, wall mounting brackets or relay brackets (not
      shown), when used in other applications. The relatively small size of the
      connector block 20 enables the mounting of plug-in type protector
      assemblies, such as protector assembly 60 shown in FIG. 5, in a relatively
      small space. This is particularly advantageous for small types of
      protection applications, such as Private Branch Exchanges, Carrier, and
      Special Service circuits.
PAR  The mounting panel 22 is made of an insulating material, such as a thermal
      plastic polycarbonate resin that has a desirable combination of toughness,
      impact strength, heat resistance, dimensional stability, and good
      insulating properties. The mounting panel 22 is generally rectangular and
      elongated in shape, with the length of the mounting panel 22 between its
      top edge 50 and its bottom edge 52 being substantially greater than the
      width of the mounting panel 22 between its side edges 62 and 64. The
      relatively narrow, elongated shape of the mounting panel 22 facilitates
      the mounting of the connector block 20 when used in small types of
      protection applications.
PAR  The connector block 20 is mounted on the bracket 58 by extending the
      mounting screws 57A and 57B (FIG. 5) through the end portions 52 and 56
      into the bracket 58. More specifically, the edge portion 52 has a
      generally U-shaped recess 66 with a mounting hole 68 extending from the
      recess 66 to the rear of the end portion 52. Similarly, the end portion 56
      has a generally U-shaped recess 70 with a mounting hole 72 extending from
      the recess 70 through the remaining portion of the end portion 56. The
      recesses 66 and 70 shield the heads of the mounting screws 57A and 57B,
      respectively, so that the screws 57A and 57B do not hinder any work being
      done on the connector block 20.
PAR  The socket groups 28-37 are aligned on the mounting panel 22 adjacent the
      side edge 62 between the top edge 50 and the bottom edge 54. As
      illustrated in connection with the socket group 28, each of the socket
      groups 28-37 consists of five sockets or holes 28A-E extending through the
      mounting panel 22. The sockets 28A-E are generally cylindrical in shape,
      but near the rear face 26 of the mounting panel 22 become generally
      U-shaped. The shaping of the sockets 28A-E in this manner enables line
      terminal contacts 74-77 to be readily insertable into the sockets 28A,
      28B, 28D and 28E, respectively, and a ground terminal contact 78 to be
      readily insertable into the socket 28C.
PAR  The line terminal contacts 74-77 are identical and as best seen in FIGS. 3
      and 4, each of the line terminal contacts 74-77 has a wire wrap portion 80
      with a generally U-shaped flange portion 81 projecting from the rear face
      26 and a receptacle or spring contact portion 82 with a generally U-shaped
      flange portion 83 disposed in the cylindrical portion of the sockets 28A,
      28B, 28D and 28E. The line terminal contacts 74-77 are disposed in the
      sockets 28A, 28B, 28D and 28E, respectively, by inserting the wire wrap
      portions 80 together with the flange portions 81 of the line terminal
      contacts 74-77 through the cylindrical and U-shapaed portions of the
      sockets 28A, 28B, 28D and 28E. When the flange portions 83 abut against
      the rear U-shaped portion of the sockets 28A, 28B, 28D and 28E, the flange
      portions 81 are then crimped or flared to retain the line terminal
      contacts 74-77 within the sockets 28A, 28B, 28D and 28E, respectively.
PAR  On the other hand, and as best seen in FIGS. 3 and 4, the ground terminal
      contact 78 located in the socket 28C includes a ground terminal bus bar
      holder 86 with a generally U-shaped flange portion 87 projecting from the
      rear face 26 of the mounting panel 22 and a receptacle 88 with a generally
      U-shaped flange portion 89 located within the cylindrical portion of the
      socket 28C. In order to position the ground terminal contact 78 in the
      socket 28C, the ground bus bar holder 86 together with the flange portion
      87 is inserted through the cylindrical and U-shaped portions of the socket
      28C so that the flange portion 89 abuts against the rear U-shaped portion
      of the socket 28C. Thereafter, the flange portion 87 is crimped or flared
      slightly so as to maintain the ground terminal contact 78 properly
      positioned in the socket 28C.
PAR  The protector assembly 60 is plugged into the socket group 28 by inserting
      pins 60A, 60B, 60D and 60E extending from the protector assembly 60 into
      the receptacle portions 82 of the line terminal contacts 74-77,
      respectively, and inserting a pin 60C on the protector assembly 60 into
      the receptacle portion 88 of the ground terminal contact 78. With the
      protector assembly 60 inserted into the socket group 28, the protector
      assembly 60 has a relatively long side 92 disposed in a generally
      horizontal direction along and generally parallel to the width axis of the
      mounting panel 22. Another or a short side 94 of the protector assembly 60
      is positioned vertically along the vertical axis of the mounting panel 22.
      The mounting of the protector assembly 60, as well as similar protector
      assemblies in the socket groups 29-37, in this manner minimizes the amount
      of space the connector block 20 occupies between the edges 50 and 54.
PAR  As will be discussed in more detail hereinafter, incoming telephone lines
      are coupled to the wire wrap portions 80 of the line terminal contacts 74
      and 77 and jumper wires for telephone switching equipment or the like are
      coupled to the wire wrap portions 80 of the line terminal contacts 75 and
      76. The protector assembly 60 not only connects the line terminal contact
      74 to the line terminal contact 75 and the line terminal contact 76 to the
      line terminal contact 77, but also protects the telephone equipment
      connected to the line terminal contacts 75 and 76 from high voltage and
      current surges that might occur on the lines coupled to the line terminal
      contacts 74 and 77.
PAR  More specifically, the pins 60A and 60B are shorted together in the
      protector assembly 60 so as to couple the line terminal contact 74 to the
      line terminal contact 75. Likewise, the pins 60D and 60E are shorted
      together so as to couple the line terminal contact 76 to the line terminal
      contact 77. In addition, the pins 60A and 60B are coupled to the protector
      assembly 60 to the pin 60C by an arrester and the pins 60D and 60E are
      coupled to the pin 60C by another arrester in the protector assembly 60.
      Whenever a high voltage or current surge occurs on the line coupled to the
      line terminal contact 74, a spark gap in the arrester between the pins
      60A-B and the pin 60C sparks over so as to short the pins 60A-B and 60C
      together. In a similar manner, the arrester between the pins 60D-E and the
      pin 60C sparks over as a result of a high voltage or current surge on the
      line coupled to the line terminal contact 77 so that the pins 60D-E and
      the pin 60C are shorted together. By coupling the pin 60C to a ground
      terminal through the ground terminal contact 78, the equipment coupled to
      the line terminal contacts 75 and 76 are protected from the high voltage
      and current surges occurring on the lines coupled to the line terminal
      contacts 74 and 77, respectively.
PAR  In order to connect the ground terminal contact 78 to the ground terminal
      (not shown), a conductive ground bus bar 96, which in the disclosed
      embodiment is generally round in shape, is insertable into a notch 98 in
      the ground bus bar holder portion 86. Since the socket groups 28-37 are in
      vertical alignment along the mounting panel 22, the notch 98 in the ground
      terminal contact 78 in each of the socket groups 28-37 are in vertical
      alignment so that the ground bus bar 96 is readily insertable into each of
      the notches 98. The ground bus bar 96 is secured in the notches 98 by
      soldering or the like.
PAR  Thus, the ground bus bar 96 extends along the rear face 26 of the mounting
      panel 22 toward conductive grounding plates 100 and 102 positioned
      adjacent to the rear portion of the end portions 52 and 56, respectively.
      The ground plate 100 has a pair of holes 104 and 106, the hold 104 being
      in coaxial alignment with the mounting hole 68. Likewise, the ground plate
      102 has a pair of holes 108 and 110, the hole 108 being in coaxial
      alignment with the mounting hole 72. The ground plate 100 has a bracket
      112 with a notch 114 therein projecting transverse to the ground plate 100
      whereas the ground plate 102 has a bracket 116 with a notch 118 therein
      projecting transverse to the ground plate 102. The ground bus bar 96 is
      coupled to the ground plates 100 and 102 by placing end portions 120 and
      122 of the ground bus bar 96 into the notches 114 and 118, respectively.
      The end portions 120 and 122 are secured in the notches 114 and 118,
      respectively, by soldering or the like.
PAR  The ground plates 100 and 102 in turn are coupled to the bracket 58 by the
      mounting screw 57A insertable through the mounting hole 68 and the hole
      104 and the mounting screw 57B insertable through the mounting hole 72 and
      the hole 108. In this manner, the mounting of the connector block 20 to
      the bracket 58 also couples the ground plates 100 and 102 to the bracket
      58. Since the bracket 58 is coupled to a ground terminal, the ground bus
      bar 96 also is grounded. If it is desired to connect the ground plates 100
      and 102 to other such ground plates on other similar connector blocks
      adjacent to the connector block 20, screws 123A and 123B can be insered
      through the holes 106 and 110 and coupled to the other plates or ground
      terminals by appropriate ground straps.
PAR  Associated with each of the socket groups 28-37 is one of the terminal hole
      groups 38-47, respectively. The terminal hole groups 38-47 are located
      between the socket groups 28-37 and the side edge 64 of the mounting panel
      22 and are vertically aligned between the top and bottom edges 50 and 54.
      As illustrated in connection with the terminal hole group 38, which is
      associated with the socket group 28, each of the terminal hole groups
      38-47 has a pair of terminal holes 38A and 38B. The holes 38A and 38B are
      identical and, as best seen in FIG. 4 with respect to the hole 38B, extend
      between the front and rear faces 24 and 26 of the mounting panel 22. The
      hole 38B is generally cylindrical in shape with a relatively large
      diameter portion 124 adjacent the front face 24 of the mounting panel 22
      and a relatively small diameter portion 126 extending from the large
      diameter portion 124 to the rear face 26 of the mounting panel 22. As will
      be discussed in connection with FIGS. 6-8, wire wrap terminals are
      insertable into the terminal holes 38A and 38B or as will be discussed in
      connection with FIGS. 9-12, test point terminals are insertable into the
      terminal holes 38A and 38B.
PAR  Referring now to FIGS. 6-8, therein is disclosed a connector block 140
      partially cut away that is substantially identical to the connector block
      20 shown in FIGS. 1-5. The various portions of the connector block 140
      that are identical with corresponding portions of the connector block 20
      are designated by the same reference numerals as those portions of the
      connector block 20. As previously indicated, wire wrap pin terminals 142
      are inserted into each of the terminal holes in the terminal groups 38-47.
PAR  With particular reference to wire wrap pin terminals 144 and 146 disposed
      in the terminal holes 38A and 38B, respectively, the wire wrap pin
      terminals 144 and 146 are standard, generally rectangular terminals that
      are designed to be securely mounted within the small diameter portion 126
      of the pin terminal holes 38A and 38B. The wire wrap pin terminal 144 has
      a pin portion 148 projecting from the front face 24 of the mounting panel
      22 and a pin portion 150 projecting from the rear face 26 of the mounting
      panel 22. Similarly, the wire wrap pin terminal 146 has pin portions 152
      and 154 projecting from the front face 24 and the rear face 26,
      respectively, of the mounting panel 22.
PAR  As best seen in FIG. 7 in connection with the wire wrap pin terminals 144
      and 146, each of the wire wrap pin terminals 142 are coupled to the line
      terminal contacts 74 and 77 in the socket groups 28-37. To so couple the
      wire wrap pin terminals 144 and 146, a jumper wire 156 couples the line
      terminal contact 74 to the wire wrap pin terminal 144 by wire wrapping the
      end portion of the jumper wire 156 to the wire wrap portion 80 of the line
      terminal contact 74 and to the pin portion 150 of the wire wrap pin
      terminal 144. Similarly, a jumper wire 160 couples the line terminal
      contact 77 to the wire wrap pin terminal 146. In this manner, the wire
      wrap pin terminals 144 and 146 are coupled to incoming telephone lines
      which are connected to the line terminal contacts 74 and 77, respectively.
      If it is necessary to test such incoming telephone lines coupled to the
      line terminal contacts 74 and 77, test equipment is connected to the wire
      wrap pin terminals 144 and 146 by making wire wrap connections from the
      test equipment to the pin portions 148 and 152 projecting from the front
      face 24 of the mounting panel 22. Thus, the connector block 20 is readily
      converted to the connector block 140 by merely inserting the wire wrap pin
      terminals 142 in the terminal holes of the terminal hole groups 38-47 so
      that incoming telephone lines can be readily tested.
PAR  On the other hand, the jumper wire 156 can be connected between the wire
      wrap pin terminal 144 and the line terminal contact 75 and the jumper wire
      160 can be connected between the wire wrap pin terminal 146 and the line
      terminal contact 76. By so connecting the jumper wires 156 and 160, as
      well as the jumper wires associated with the other terminal hole groups
      39-47 and the other socket groups 29-37, in this alternate fashion,
      telephone wires from telephone switching equipment or the like can be
      coupled on the front of the connector block 140 to the incoming lines
      associated with the line terminal contacts 74 and 77. This is accomplished
      by wire wrapping such wires to the pin portions 148 and 152 projecting out
      from the front face 24 of the mounting panel 22.
PAR  Referring now to FIGS. 9-11, another form of the connector block 20,
      connector block 170, is disclosed therein. The connector block 170 is
      substantially identical to both the connector blocks 20 and 140 and the
      various portions of the connector block 170 that are identical to
      corresponding portions on the connector block 20 are designated by the
      same reference numerals as those portions of the connector block 20. The
      connector block 170 also has a detachably mounted fanning strip 172
      affixed to the end portions 52 and 56 so as to be disposed adjacent the
      side edge 62 of the mounting panel 22. The fanning strip 172 is also shown
      in FIG. 12 and can be as readily attached to the connector blocks 20 and
      140 as well as the connector block 170.
PAR  As previously indicated, the terminal holes in the terminal hole groups
      38-47 on the connector block 170 contain test point terminal pins 173. The
      test point terminal pins 173 are coupled to the line terminal contacts 74
      and 77 in each of the socket groups 28-37 in the same manner as the test
      point terminal pins 174 and 176 disposed in the pin terminal holes 38A and
      38B are coupled to the line terminal contacts 74 and 77 in the socket
      group 28. More specifically, the test point pin terminal 174 has a pin
      portion 178 extending through the small diameter portion 126 of the pin
      terminal hole 38A and out from the rear face 26 of the mounting panel 22
      and a generally round head portion 180 that is positioned within the large
      diameter portion 124 of the pin terminal hole 38A. Likewise, the test
      point pin terminal 176 has a pin portion 182 extending through the small
      diameter portion 126 of the pin hole 38B and out from the rear face 26 of
      the mounting panel 2 and a generally round head portion 184 positioned in
      the large diameter portion 124 of the pin terminal hole 38B.
PAR  As seen in FIG. 10, the pin portion 178 of the test point pin terminal 174
      is coupled by a jumper wire 186 to the line terminal contact 74 whereas
      the pin portion 182 of the test point pin terminal 176 is coupled to the
      line terminal contact 77 by a jumper wire 188. By making these connections
      with the jumper wires 186 and 188, the test point pin terminal 174 is
      directly coupled to the incoming line associated with the line terminal
      contact 74 and the test point pin terminal 176 is directly coupled to the
      incoming line associated with the line terminal contact 77. If such
      incoming telephone lines are to be tested, test plugs from test equipment
      can be coupled to the head portions 180 and 184 of the test point pin
      terminals 174 and 176, respectively, within the large diameter sections
      124 of the pin terminals holes 38A and 38B. In this manner, the incoming
      lines readily are tested by such equipment from the front portion of the
      mounting panel 22.
PAR  In many instances, it is beneficial to protect wires being connected to the
      connector blocks 20, 140 and 170 and to maintain these wires in an orderly
      fashion relative to the socket groups 28-37 and the terminal hole groups
      38-47. The fanning strip 172 shown in FIGS. 9-12 accomplishes this
      purpose.
PAR  The fanning strip 172 has angular brackets 190 and 192 at either end that
      are attached to end portions 194 and 196, respectively, of the fanning
      strip 172. The angular brackets 190 and 192 have mounting holes 198 and
      200 that can be aligned with the mounting holes 68 and 72 extending
      through the end portions 52 and 56 of the connector block 170 and the
      holes 104 and 108 in the grounding plates 100 and 102. In this manner, the
      fanning strip 172 is connected to the connector block 170 adjacent the
      edge 62 by the same mounting screws 57A and 57B attaching the connector
      block 170 to the bracket 58. Of course, the fanning strip 172 can be
      mounted adjacent the edge 64 of the connector block 170 by aligning the
      mounting holes 198 and 200 with the holes 110 and 106, respectively, and
      inserting appropriate fasteners through the aligned holes. Extending
      between the end portions 194 and 196 is a bar 202 from which extends
      flexible resilient fingers 204. The fingers 204 form gates, such as the
      gates 206-208 formed by fingers 204A-D, through which gates 206-208 are
      insertable the wires being connected to the line terminal contacts 74-77
      in the socket group 28. By having the fanning strip 172 detachably
      mountable to the connector block 170, the fanning strip 172 can be
      connected to the connector block 170 whenever the wires connected to the
      connector block 170 could be damaged and whenever a more efficient
      handling of the wires is desired.
PAR  Although the present invention is described with reference to several
      illustrative embodiments thereof, it should be understood that numerous
      other modifications and embodiments of the invention can be devised by
      those skilled in the art that will fall within the spirit and scope of the
      principles of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A connector to be mounted on a bracket frame structure for mounting a
      plurality of plug-in type protector assemblies used in protecting pairs of
      telephone lines and telephone equipment, each of which protector
      assemblies having line terminals and a ground terminal, said connector
      comprising:
PA1  an elongated mounting panel having first and second elongated sided edges,
      a first mounting end portion at one end of the panel and a second mounting
      end portion at an opposite end of the panel, and first and second opposed
      mounting faces,
PA1  a plurality of socket groups arranged in a single column along said
      mounting panel adjacent said first elongated side edge, each of said
      socket groups have an array of sockets conforming to said array of line
      terminals and ground terminal so as to mount one of said protector
      assemblies in each of said socket groups,
PA1  a plurality of terminal hole groups arranged in a single column along said
      mounting panel adjacent said column of socket groups and adjacent said
      second elongated side edge, each of said terminal hole groups being
      adjacent and associated with one of said socket groups,
PA1  a ground terminal contact means insertable into one of said sockets in each
      of said socket groups, each of said ground terminal contact means having a
      receptacle portion in said mounting panel to receive said ground terminal
      of said protector assembly, and a holding portion extending from said
      second face of said mounting panel,
PA1  a first ground plate mounted along said second face of said mounting panel
      at said first end portion, said first ground plate having a first bracket
      means extending from said second face of said mounting panel and in
      alignment with said holding portions of each of said ground terminal
      contact means,
PA1  a second ground plate mounted along said second panel face at said second
      end portion and having a second bracket means in alignment with said first
      bracket means and said holding portions,
PA1  ground bus bar means extending along said second face and connected to each
      of said holding portions of said ground terminl contact means and said
      first and second bracket means of said first and second ground plates,
PA1  a mounting hole in each of said first and second mounting end portions,
PA1  a fastener insertable through each of said mounting holes to connect said
      mounting panel to said bracket frame structure,
PA1  and a ground hole in each of said first and second ground plates in coaxial
      alignment with each of said mounting holes.
NUM  2.
PAR  2. The connector as set forth in claim 1 including a fanning strip having a
      plurality of flexible, resilient fingers forming a plurality of gates,
      said fanning strip being securable adjacent said mounting panel along one
      of said elongated side edges.
NUM  3.
PAR  3. A connector for mounting plug-in type protector assemblies having
      terminals extending therefrom, said connector comprising:
PA1  a mounting panel having first and second mounting end portions, first and
      second elongated side edges and first and second opposed faces,
PA1  a plurality of socket groups arranged in a single column along said
      mounting panel from said first mounting end portion to said second
      mounting end portion and adjacent one of said first elongated side edges,
      each of said socket groups having sockets arranged so as to mount one of
      said protector assemblies in each of said socket groups,
PA1  a plurality of terminal hole groups arranged in a single column adjacent
      said column of socket groups and adjacent said second elongated side edge,
      each of said terminal hole groups being positioned next to one of said
      socket groups so as to be associated with said socket groups,
PA1  first and second ground plates mounted along said second face of said panel
      adjacent each of said first and second end portions, respectively, each of
      said ground plates having at least one ground hole therethrough, and
PA1  a fanning strip having a plurality of gates, which plurality of gates is
      formed by a plurality of resilient flexible fingers, said fanning strip
      having first and second mounting brackets at each end of said fanning
      strip so that said first mounting bracket can be detachably fixed to said
      first ground plate and said second mounting bracket can be detachably
      fixed to said second ground plate.
NUM  4.
PAR  4. The connector as set forth in claim 3 wherein said first and second
      mounting brackets each are angular brackets and each have a fanning strip
      hole to be aligned with said ground holes for mounting said fanning strip
      along one of said first and second elongated edges of said mounting panel.
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ABST
PAL  A clamp for securing a cable connector on a battery post to prevent the
      loosening of the cable connector. The clamp comprises a base formed with a
      perforation adapted to slide over a battery post. A pair of arms extend
      spacedly of said base. Means are provided for tightening the arms against
      the cable connector to secure it on a battery post.
BSUM
PAR  The invention relates to cable connectors for storage batteries and
      particularly to means for firmly securing such cable connectors on battery
      post.
PAR  Cable connectors now universally used on storage battery posts in motor
      vehicles frequently loosen due to such causes as engine vibration, road
      shocks, oxidation of the connectors, etc.
PAR  The object of the invention is to provide a battery clamp which can be
      mounted on a battery post prior to attaching a cable connector proper, and
      which will tighten such connector in such a manner that it will not loosen
      from a battery post.
PAR  Another object of the invention is to provide a device of the above
      character, which is simple in construction and operation and requires no
      previous instruction in use.
PAR  These and other objects of the invention will become apparent from the
      following description in connection with the appended drawing illustrating
      a preferred embodiment of the invention. It is to be understood, however,
      that these are given by way of illustration and not of limitation and that
      changes may be made in the detail construction, form and size of the
      parts, without affecting the scope of the invention sought to be
      protected.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is an exploded view of the battery clamp,
PAR  FIG. 2 is a front elevation, exploded view, partly in section of the clamp,
PAR  FIG. 3 is a side view of the clamp,
PAR  FIG. 4 is a top plan view of the clamp and
PAR  FIG. 5 is a perspective view showing the clamp secured to a battery post.
DETD
PAR  Referring now to the drawing in detail, the battery clamp according to the
      invention generally indicated by the arrow 7 comprises a base 6 formed
      with a round aperture 8. The diameter of the aperture is such that the
      base 6 may be slopped over a positive or negative pole 10 of a battery 12.
      Formed integrally with the base 6 are a pair of vertical arms 14, 14a. The
      vertical arms are spaced sufficiently from one another to permit them to
      clear a battery cable clamp 16. The vertical legs 14, 14a are provided
      with a pair of aligned holes 18, 18a, through which may be passed a screw
      20, to threadedly engage with a nut 22.
PAR  The battery clamp according to the invention is used as follows:
PAR  The base 6 of the battery clamp is slipped over the battery terminal 8. The
      cable clamp 16 of cable 24 is next secured to battery post 10, as shown in
      FIG. 5. Screw 20 is passed through holes 18, 18a and its threaded end
      engages with nut 22. The battery clamp legs 14, 14a, are made tight
      against the cable connector 16 by turning screw 20.
CLMS
STM  Having thus disclosed my invention, what I claim and desire to secure by
      Letters Patent of the United States of America is:
NUM  1.
PAR  1. A battery clamp comprising, in combination, a cylindrical-shaped
      laterally constrictable clamping member of springy material for clamping
      about a battery smooth post extending, therethrough, a battery cable
      secured to an outer wall of said clamping member, a U-shaped member formed
      with a perforated base for receiving said battery post in engagement with
      said base, a pair of spaced constrictable arms extending upwardly of said
      base, said arms being spaced to clear said battery post and said clamping
      member, said clamping member being positioned between said arms, with the
      clamping member in alignment with the perforation in said base for
      receiving said battery post, and means for constricting said arms about
      said clamping member.
NUM  2.
PAR  2. A battery clamp as claimed in claim 1, wherein said means for
      constricting said arms consist of a screw and nut, said arms having free
      ends provided with aligned holes, said screw extending through said holes.
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ABST
PAL  In a jet drop recording system a drop catcher includes a drop impinging
      face having a narrow slot at its lower edge so that drops impinging on the
      face may travel over it to the slot for removal from the system. A reduced
      pressure is maintained in the catcher to draw the recording material
      through the slot and the size of the slot and the pressure differential
      across it are adjusted so that a meniscus is formed at the mouth of the
      slot. The surface tension of the recording material then acts in
      opposition to the reduced pressure tending to draw the material into the
      catcher and maintains the slot full of recording material. This meniscus,
      in effect, forms a "seal" which prevents air from being drawn into the
      catcher and eliminates air currents in the vicinity of the catcher which
      might affect the trajectory of drops intended for deposit on the receiving
      member.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation in part of Ser. No. 277,999 filed Aug.
      4, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to jet drop recording systems, and more particularly
      to multiple jet recording systems of the type shown for instance in Sweet
      et al. U.S. Pat. No. 3,373,437, or in Taylor et al. U.S. Pat. No.
      3,560,641. In recorders of the type shown in Sweet et al the jets may be
      arranged in a single row, while in the Taylor et al. patent they are
      arranged in a plurality of rows. Such jets may also be arranged in a twin
      row configuration as shown for instance in Mathis U.S. Pat. No. 3,701,998.
PAR  In jet drop recording systems of the above mentioned types all of the jets
      are stimulated at a uniform frequency to create streams of uniformly sized
      and regularly spaced drops. All drops are generated in proximity to a
      suitable charging electrode, and selected ones of the drops are impressed
      with an electrical charge. All of the drops are caused to pass through an
      electrical deflection field, and those which are charged are deflected and
      caught by a suitably positioned catcher. Those drops which are not caught
      proceed down to a drop receiving member for recording an image thereon.
PAR  One of the more difficult operating problems encountered by such recording
      systems has been unsatisfactory operation of the catchers. In general the
      drops have been caught on a blade, as shown in Rourke U.S. Pat. No.
      3,611,422 or on a smooth, flat catching face as shown in the Mathis
      patent, and then have been sucked into a collection chamber under the
      urging of a vacuum. Alternatively the drops have been caught on a porous
      metal catching face as shown in the Sweet et al patent and have been drawn
      through the porous metal, again under the action of a vacuum.
PAR  Catchers of the Sweet type have not been entirely satisfactory due to the
      tendency of the drops to splatter upon impact thereagainst, and catchers
      of the Rourke type have been somewhat unsatisfactory because of the
      tendency of recording liquid to build up on the edge of the blade and drip
      from the under side thereof. Accordingly the smooth face catcher as shown
      in Mathis has been the most satisfactory of available catchers, but it too
      has a problem in that the air currents caused by the continuous sucking
      action of the vacuum chamber against the recording fluid entrance slot
      have tended to disturb the trajectories of the uncharged drops. This in
      turn has degraded the accuracy of the recording system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a catching apparatus and method for a jet
      drop recording system which, through adjustment of the size of the opening
      to the catcher and the pressure differential across the opening, prevents
      injestion of air into the catcher and resulting air currents.
PAR  It has been discovered that if the size of the slot or opening into the
      catcher is dimensioned so as to maintain a meniscus at the mouth of the
      slot, the meniscus will, in effect, act as a seal and prevent injestion of
      air into the catcher. Ink which runs down the face of the catcher is drawn
      into the slot, however, and may be carried away by application of a small
      vacuum. For any given slot dimension and recording liquid surface tnesion,
      there is a maximum vacuum which may be tolerated. Application of a vacuum
      greater than this amount will rupture the meniscus and draw air into the
      catcher.
PAR  As long as the meniscus remains intact, the slot is maintained full of
      recording liquid and injestion of air is avoided. Consequently drops of
      recording liquid which fall past the mouth of the slot are not disturbed
      by transverse air currents and greater precision in drop placement is
      obtained.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view illustrating a jet drop recording system
      in accordance with the present invention;
PAR  FIG. 2 is an enlarged cross sectional view through the drop catcher;
PAR  FIG. 3 is an enlarged view of a portion of the drop catcher; and
PAR  FIG. 4 is a graphic representation of the forces acting on the recording
      liquid at the mouth of the catcher opening.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring initially to FIG. 1 of the drawings, it will be seen that a
      system in accordance with the present invention comprises a drop
      generating unit 10 including a manifold 12, an orifice plate 14, a charge
      ring plate 16, and a spacer plate 18. Orifice plate 14 is provided with a
      series of small diameter orifices 22 therethrough, while charge ring plate
      16 is provided with a series of spaced charge rings 24.
PAR  Recording liquid, as at 26, is supplied to the interior of the manifold 12
      under pressure and is emitted through the orifices 22 in filaments which
      break down into a series of fine drops 28. A transducer 30 is preferably
      provided to impart a stimulating vibration of a predetermined frequency to
      the unit to insure that the drops 28 are emitted at regularly spaced
      intervals.
PAR  Downstream of the charge ring plate 16 an electrostatic deflecting field is
      set up by the electrodes 32. A receiving member 34 is conveyed in any
      convenient manner beneath the unit 10 and receives uncharged drops 36
      thereupon, while charged drops 38 are deflected towards the catcher of the
      present invention, referenced in its entirety by the numeral 40. With the
      exception of catcher 40 all of the above construction may be as described
      in the above noted U.S. Pat. No. 3,611,422.
PAR  Catcher 40, as best seen in FIG. 2 of the drawings, is provided with an
      upper, drop catching face 42 terminating in a curved lower edge 44. The
      interior of the catcher is relieved to provide a receiving chamber 46
      having an outlet 48 therefrom leading to a source of negative pressure, as
      indicated somewhat schematically in FIG. 1 of the drawings.
PAR  A lower plate member 50 is positioned in closely spaced relationship to the
      curved lower edge 44 of the drop impinging force and defined therewith an
      elongated slot 52 extending contiguously with the drop catching face 42.
      Drop catching face 42 is formed of a smooth substantially impervious
      mateial having a relatively low degree of wettability so that drops that
      impinge thereon will readily run down the face to the slot 52.
PAR  With reference now to FIGS. 3 and 4 of the drawings, consideration will be
      given to the forces acting on the meniscus of recording liquid at the
      mouth of the slot 52. As indicated in FIG. 4 of the drawings, the forces
      acting on the meniscus 54 are the internal pressure P.sub.i, the ambient
      pressure P.sub.a, usually atmospheric, and the surface tension T. If the
      forces are in equilibrium they may be summed as follows:
EQU  w1P.sub.i + 21T cos .theta. = w1P.sub.a
PAL  or
      ##EQU1##
PAR  It will be seen, therefore, that as P.sub.i decreases .theta. will decrease
      until finally, as .theta. reaches 0, the meniscus will break and free flow
      into the chamber 46 will commence. The limiting condition for free flow,
      therefore, is when .theta. = 0 and, therefore, cos .theta. = 1 or
      ##EQU2##
PAR  Thus, it will be seen that by maintaining the pressure differential,
      P.sub.a - P.sub.i, below a value of
      ##EQU3##
      an air sealing meniscus may be maintained across the entrance to slot 52.
      For ink with a surface tension of about 55 dynes per cm., the maximum
      pressure differential which can be supported by the meniscus is about
      ##EQU4##
      psi (where w is expressed in mils).
PAR  It is apparent that there is also a minimum pressure differential for
      satisfactory catcher operation. This minimum is set by fluid flow
      requirements; that is, the pressure drop across the throat of the slot
      must be great enough to overcome frictional losses and carry away all
      coating fluid which impinges against face 42. For a high speed jet drop
      printing system the miminum satisfactory pressure differential has been
      found to be about
      ##EQU5##
      (w expressed in mils). By equating the maximum and minimum pressure
      differentials it is found that a practical lower limit on the width of
      slot 52 is about 0.4 mils. A practical upper limit on slot width for
      operation without breaking the meniscus has been found to be about 10
      mils. The preferred slot width is about 5 mils and the preferred pressure
      differential between chamber 46 and the outside of the catcher is about
      0.1 psi.
PAR  Additionally, in order to obtain free flow of the material across the
      catching face of the catcher, the catching face is preferably
      substantially impervious and relatively unwettable. In this regard, the
      curved configuration of the lower edge of the catching face facilitates
      travel of the recording liquid into the mouth of the capillary slot.
PAR  While the method herein described, and the form of apparatus for carrying
      this material into effect, constitute preferred embodiments of the
      invention, it is to be understood that the invention is not limited to
      this precise method and form of apparatus, and that changes may be made in
      either without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a jet drop recording system an improved method of catching selected
      drops from a parallel row of drop streams comprising the steps of:
PA1  1. directing said drops toward a vertically oriented drop catching face
      provided with a capillary slot extending substantially the full length
      thereof,
PA1  2. establishing a continuous meniscus of recording liquid across the
      entrance to said slot, and
PA1  3. drawing away recording liquid which runs downwardly toward said slot by
      applying across the mouth of said slot a pressure differential great
      enough for removal of said liquid but less thana an amount equal to twice
      the liquid surface tension divided by the slot width.
NUM  2.
PAR  2. The method of claim 1 wherein said pressure differential is about 0.1
      psi.
NUM  3.
PAR  3. The method of claim 1 wherein said pressure differential is greater than
      an amount equal to 0.25 divided by the square of the slot width said width
      being expressed in mils.
NUM  4.
PAR  4. In a jet drop recording system including means for generating a row of
      recording fluid streams, all stimulated to produce uniformly sized and
      regularly spaced drops, means for selective application of electrical
      charges to said drops, electrical deflection field means for deflecting
      said drops in accordance with the charges impressed thereon, and a catcher
      for catching those of said drops which are deflected more than a
      predetermined amount, the improvement wherein said catcher comprises:
PA1  a. a relatively smooth and impervious drop catching face for catching the
      drops which are deflected more than said predetermined amount,
PA1  b. a capillary slot bounding the lower edge of said face along
      substantially the full length thereof and having a continuous meniscus of
      recording liquid blocking the entrance thereto, c. a recording liquid
      receiving chamber communicating with said slot to receive recording liquid
      flowing downwardly from said face to said slot, and
PA1  d. means for maintaining between said chamber and said drop catching face a
      pressure differential great enough to carry away recording liquid flowing
      into said slot but less than an amount equal to twice the liquid surface
      tension divided by the slot width.
NUM  5.
PAR  5. The improvement of claim 1 wherein said catching face is characterized
      by a low wettability.
NUM  6.
PAR  6. The improvement of claim 1 wherein:
PA1  said lower edge of said drop catching face curves into said slot.
NUM  7.
PAR  7. The improvement of claim 6 wherein said slot is approximately 0.4 to
      10.0 mils in width.
NUM  8.
PAR  8. The improvement of claim 7 wherein said slot is approximately 5 mils in
      width and said means for maintaining a pressure differential maintains a
      pressure differential of about 0.1 psi.
NUM  9.
PAR  9. In a jet drop recording system including means for generating a row of
      jet streams each of which comprises a series of discrete drops of
      recording liquid, a catcher for catching selected ones of said drops,
      means for directing some of said drops toward said catcher, and means for
      supporting a drop receiving member in a position for catching those of
      said drops which are not caught by said catcher, the improvement wherein
      said catcher comprises:
PA1  a. a smooth impervious drop catching face having a flat upper portion which
      is parallel to said row of jet streams and an inwardly curved lower
      portion,
PA1  b. a lower plate member positioned in closely spaced relationship to said
      curved lower portion of said drop catching face and defining therebetween
      a continuous meniscus maintaining capillary slot having a width between
      about 0.4 and 10 mils,
PA1  c. a recording liquid receiving chamber communicating with said slot, and
PA1  d. means for maintaining a differential pressure between said chamber and
      said face, said pressure differential being great enough to carry away all
      recording liquid directed toward said slot but less than an amount equal
      to twice the liquid surface tension divided by the slot width.
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ABST
PAL  A three-layer anti-reflection film for ultraviolet range comprises a first
      layer having a refractive index n.sub.1 determined so as to provide a
      great dispersion effect in the peripheral range, a second layer having a
      refractive index n.sub.2, and a third layer having a refractive index
      n.sub.1. The three layers are arranged symmetrically. The first and third
      layers are provided with an asymmetry so that an intended refractive index
      n* for the ultraviolet range from 200m.mu. to 400m.mu. may be obtained.
      The film has a predetermined optical thickness.
PARN
PAR  This is a continuation-in-part of Application Ser. No. 211,175, filed Dec.
      23, 1971 for "Multilayer Anti-Reflection Film For Ultraviolet Rays", now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a multilayer anti-reflection film for the
      ultraviolet range (200-400m.mu.).
PAR  2. Description of the Prior Art
PAR  Unlike the well-known anti-reflection films intended for the visible range,
      the corresponding films for the ultraviolet range (200-400m.mu.) have
      received little attention because of various limitations such as the
      limited availability of suubstances which are physico-chemically stable
      and transparent in the ultraviolet range, the manufacturing problem of
      controlling the thickness of the film, and the wider wavelength range of
      the ultraviolet range than the wavelength range of the visible range. The
      only known anti-reflection film for ultra-violet rays is that proposed by
      O. A. Motovilov (see FIG. 1 of the accompanying drawings). This film,
      however, cannot be expected to achieve the effect as an anti-reflection
      film for the full range of 200- 400 m.mu., since it basically employs a
      two-layer film of 2H.L. which is known as an anti-reflection film for the
      visible range, whereby the substances such as ZrO.sub.2, HfO.sub.2,
      Sc.sub.2 O.sub.3, etc. used as substances of high refractive indices cause
      absorption to occur at the shorter wavelength side (below 260m.mu.). At
      the same time, the absorption effect cannot be neglected in case of an
      optical system utilizing a plurality of reflection and refraction
      surfaces.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an anti-reflection film
      which can fully achieve an anti-reflection effect throughout the entire
      wavelength range of 200- 400m.mu. and which is physico-chemically stable
      and transparent to such range of light. The choosing of manufacturing
      techniques for constructing ultraviolet range anti-reflection films
      depends largely on the problems encountered in controlling the film
      thickness. More specifically, where the control of the film thickness
      effected by using ultraviolet range of measuring the reflection factor or
      the transmission factor for such range, difficulties are encountered as
      regards manufacturing of the optical system (especially, filter or the
      like) and photometric system used therefore. On the other hand, the
      reflection factor varies with variations in the optical thickness, and in
      the case of an optical film thickness m.lambda./4 (m=1,2 . . . ), the
      reflection factor (or the transmission factor) reaches an extreme value
      irrespective of the refractive indices of the substances forming the film.
      Therefore, it has been observed that the optical thickness of the film
      should be controlled to m.lambda.v/4 for the visible range so as to
      correspond to the optical thickness of m.lambda.u/2  for the ultraviolet
      range, Thus,
      ##EQU1##
      where .lambda..sub.v  represents the center wavelength in the visible
      range, and .lambda..sub.u the center wavelength in the ultraviolet range.
      Thus, at first, an optical film having a thickness of m.lambda.u/2 (m=1,2,
      . . . . . . ) becomes easier to realize. Then, the refractive index n,
      which is representative of the availability of such optical film as a
      single-layer anti-reflection film for the ultraviolet range (200-400
      m.mu.), is sought. The results obtained by the vector method for the
      various wavelengths of 200 m.mu., 250 m.mu., 350 m.mu. and 400 m.mu. are
      shown in FIGS. 2, 3, 4, 5 and 6. These results clearly show that suitable
      substances forming a layer with an optical thickness .lambda. and having
      refractive indices less than 1.3 and higher than 1.1 are effective to form
      an anti-reflection film for the other wavelengths other than the center
      wavelength. Unfortunately, however, it is hardly possible to obtain
      deposited (evaporated) substances which have the intended refractive
      indices and which are transparent to the ultraviolet range.
PAR  As a means of reproducing such refractive indices, the theory of equivalent
      film is known in the art. A symmetric multilayer film has a pronounced
      characteristic that it can be permuted by a single-layer film equally for
      each wavelength. The inventors have discovered the property of a
      three-layer film which is symmetrical only with respect to a film
      thickness, and has two outstanding basic features for utilizing such
      property. A three-layer film which is symmetrical with respect to the film
      thickness can be expressed by a Herpin matrix, as follows:
      ##EQU2##
EQU  (n.sub.1 + .DELTA.n)d.sub.1 = n.sub.1 d.sub.3              (4) n.sub.1 ,
      n.sub.2 : refractive index of a layer;
PA1  d.sub.1 , d.sub.2 , d.sub.3 : physical thickness of a layer;
PA1  (n.sub.1 + .DELTA.n)d.sub.1,n.sub.2 d.sub.2,n.sub.1 d.sub.3 : optical
      thickness of a layer;
PA1  .DELTA.n: difference between the index of the first layer and that of the
      third layer;
PA1  .lambda.: arbitrary wavelength;
PA1  .lambda..sub.s : center wavelength
PA1  j: imaginary number
PAL  If .DELTA.n &gt;&gt;n.sub.1, equation (3) becomes:
      ##EQU3##
      where N : equivalent refractive index of the symmetrical three layers
      expressed above by the last three terms of Eq. (5) at arbitrary wavelength
      .lambda.;
      ##EQU4##
      D : equivalent physical thickness of the symmetrical three-layers; ND :
      equivalent optical thickness of the symmetrical three-layers;
PAL  Further, if
      ##EQU5##
      From equations (7) and (8) it will be seen that if a combination of layers
      ##EQU6##
      is used, the equivalent refractive index N for a range containing and
      neighboring to the center wavelength (wave number 1) will become
      substantially equal to the refractive index N(.lambda..sub.s) for the
      center wavelength 1 and the equivalent optical thickness ND will become
      substantially equal to 2nd.sub.1 + nd.sub.2.
PAR  Thus, we obtain
EQU  N(.lambda.) .perspectiveto. N(.lambda..sub.s)
      ##EQU7##
      From equations (9) and (10) it will be seen that in a range containing and
      neighboring to the center wavelength, the equivalent refractive index N is
      nearly equal to an equivalent refractive index N (.lambda..sub.s) of the
      central wavelength and the equivalent optical thickness ND is nearly equal
      to an actual optical thickness of a combination of the symmetrical three
      layers.
PAR  On the other hand, the equivalent refractive index N to the wavelength in
      the peripheral range of the ultraviolet region such as 350m.mu. - 400m.mu.
      and 200m.mu. - 225m.mu., in which the center or middle wavelength is not
      included, deviates substantially from N(.lambda..sub.s) and reaches a very
      great or small value. Therefore, the wavelength satisfying the equations
      (9) and (10) must be a value which sufficiently reduces the numerator of
      the equation (7) so that in the indexes n.sub.1 and n.sub.2 have the
      following relations:
      ##EQU8##
EQU  (m = 1, 2, . . . . . . . . . )
EQU  (m = 1, 2, . . . . . . . . . . . . . )   and
      ##EQU9##
EQU  (m = 1, 2, . . . . . . . . )   where
      ##EQU10##
      wherein .lambda. is a specific wavelength in the far peripheral range such
      as 450m.mu.-500m.mu. and 150m.mu.-180m.mu. and the equivalent refractive
      index N is nearly at .lambda..
PAR  An example of this is shown in FIG. 7. When the symmetric film is
      considered in the light of the theory of an equivalent film, the
      refractive index N producing a great dispersion for the peripheral ranges
      (200-225 m.mu. and 350-400 m.mu.) can be obtained and a refractive index
      which could never be attained physically before can be attained by a
      combination of physico-chemically stable surfaces. However, very few
      substances are physico-chemically stable and transparent in the
      ultraviolet range. According to the present invention, such limitations
      are overcome by introducing asymmetry into the refractive index of the
      symmetric three-layer film. For the sake of convenience, such three-layerr
      film is hereinafter referred to as "pseudo-symmetric three-layer film" and
      the equivalent refractive index and equivalent film thickness thereof are
      referred to as "pseudo-equivalent refractive index N*" and
      "pseudo-equivalent optical thickness N*D* respectively." Let N and ND
      represent the equivalent refractive index and equivalent optical thickness
      of the symmetric three-layer film consisting of the first layer (n.sub.1,
      n.sub.1 d.sub.1), the second layer (n.sub.2, n.sub.2 d.sub.2), the third
      layer (n.sub.1, n.sub.1 d.sub.1), and let N* and N*D* represent the
      pseudo-equivalent refractive index and pseudo-equivalent optical thickness
      of the pseudosymmetric three-layer film consisting of the first layer
      (n.sub.1 +.DELTA.n, (n.sub.1 + .DELTA.n)d.sub.1) the second layer
      (n.sub.2, n.sub.2 d.sub.2) and the third layer (n.sub.1, n.sub.1 d.sub.3),
      where (n.sub.1 + .DELTA.n)d.sub.1 = n.sub.1 d.sub.3. Then, these are the
      following relations:
      ##EQU11##
      where
      ##EQU12##
      The equation (11) shows that by introducing an asymmetric component
      .DELTA.n into the symmetric three-layer film which can provide the
      equivalent refractive index N, this equivalent refractive index N can be
      increased or decreased in range by
      ##EQU13##
      for a wavelength range except a stopping band i.e. a wavelength range of
      .vertline.cos.theta.*.vertline..ltoreq.1. For example, if n.sub.1 =1.4 and
      .DELTA.n=0.05 the said equivalent refractive index can be increased by
      3.5% for each wavelength. The equation (12) shows that when
      ##EQU14##
      or so, no contradiction will occur even if it is assumed that the
      equivalent optical thickness ND is substantially constant for the
      wavelength range of .vertline.cos.theta.*.vertline..ltoreq.1.
PAR  In this way, it will be seen that the pseudo-symmetric three-layer film can
      be a very effective means for attaining a new refractive index and a
      deviation effect wherein the new refractive index becomes 1.3 - 1.35 for
      the center of the ultraviolet range (225m.mu.-350m.mu.), and less than 1.3
      for the peripheral ranges, as shown in FIG. 7, and the great deviation
      effct could not be attained by any existing substance which is
      physico-chemically stable and transparent to the ultraviolet range. Also,
      be developing the abovedescribed theory of pseudo-symmetric three-layer
      film, it may be assumed that a layer having a refractive index approximate
      to that of a substrate material (such as rock crystal, fluorspar or the
      like) is inserted between the pseudo-symmetric three-layer film and the
      substrate. Such assumption may lead to a concept of pseudo-symmetric
      three-layer film including the inserted layer. This suggests that an
      anti-reflection film having the same effect could be realized actually by
      permuting the substrate material with that layer to thereby reduce the
      number of layers.
PAR  The present invention will become better understood from the following
      description of embodiments therefore taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph illustrating the spectral characteristics of the
      two-layer anti-reflection film for the ultraviolet range according to O.
      A. Motovilov et al., the film comprising a substrate layer of rock crystal
      formed by using combinations (1) ZrO.sub.2 +SiO.sub.2, (2) HfO+SiO.sub.2,
      (3) and (4) Sc.sub.2 O.sub.3 +SiO.sub.2.
PAR  FIG. 2 is a vector diagram representing the reflection factor of a
      single-layer film with a thickness of .lambda. for a wavelength of 200
      m.mu. when the center wavelength is 260 m.mu., wherein the thicker line
      represents the range of refractive index within which the reflection
      factor of the film becomes less than 2% when it is interposed between a
      substrate having a refractive index of 1.5 and air (whose refractive index
      is 1.0), and wherein the dashed lines denote the vector diagram for a
      refractive index of 1.25.
PAR  FIGS. 3, 4, 5 and 6 are vector diagrams representing the reflection factors
      of a similar single-layer film for the wavelengths of 250 m.mu., 300 m.mu.
      and 350 m.mu. and 400 m.mu., respectively, wherein the thicker lines and
      the dashed lines are of the same significance as those in FIG. 2, except
      FIG. 3 which shows no range of refractive index within which the
      reflection factor becomes less than 2% for 250m.mu., whereas FIG. 6 shows
      that the refractive index of the single-layer film having a thickness of
      .lambda. must be, for example, in the range of about 1.15 to about 1.35 in
      order to provide a reflection factor less than 2% for the wavelength 400
      m.mu..
PAR  FIG. 7 is a graph relating to a symmetric film
      ##EQU15##
      and illustrating the variation in the refractive index n.sub.2 of the
      layer .lambda./2 having an equivalent refractive index N, wherein curves
      1, 2, 3, 4, 5, 6 and 7 refer to the cases where the refractive index is
      1.6, 1.625, 1.65, 1.675, 1.70, 1.725 and 1.75, respectively.
PAR  FIGS. 9a, 9b, 10a, 10b, 10c and 12 are block diagrams illustrating the
      constructions of the anti-reflection films according to different
      embodiments of the present invention.
PAR  FIGS. 8, 11 and 13 are graphs illustrating the spectral characteristics of
      three of the described embodiments.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Various embodiments of the present invention will now be described in
      detail.
PAR  To reproduce a single-layer film whose reflection characteristic is such as
      is shown in the vector diagrams of FIGS. 2, 3, 4, 5 or 6, substances of
      low refractive indices such as LiF, cryolite, MgF.sub.2 and the like and
      substances having refractive indices of the order of 1.6 to 1.7 such as
      NdF.sub.3, LaF.sub.3 and so forth are combined to form a three-layer film
      ##EQU16##
      in the first embodiment of the present invention, which thus comprises a
      first layer of LiF and MgF.sub.2, a second layer of NdF.sub.3 or LaF.sub.3
      and a third layer of cryolite. Also, while the material compositions of
      the first and third layers may differ, the necessary differences in
      refractive characteristics can be effected by changing the vacuum
      evaporation methods used for those layers. By doing so, a refractive index
      of 1.1 to 1.3 can be obtained as the equivalent refractive index N, of
      such film. (FIG. 7 is an example of the equivalent refractive index
      obtained by the refractive indices of 1.4-  about 1.6- 1.4.)
PAR  However, it will be seen from FIG. 3 that little or no anti-reflection
      effect can be attained for the range in the vicinity of the center
      wavelength.
PAR  By introducing an asymmetric component into such symmetric three-layer
      film, i.e. by establishing the relation that
      ##EQU17##
      where .DELTA.n = 0.05-0.07, the following merits can be obtained:
PA1  1. The best refractive index (pseudo-equivalent refractive index) can be
      attained for the ultra-violet range from 200m.mu. - 400m.mu., whereby the
      reflection factor can be made uniform except for the center wavelength
      range which is the range expressed as:
EQU  .vertline.cos.theta.*.vertline. .ltoreq. 1
      ##EQU18##
      2. The range expressed as .vertline.cos.theta.*.vertline. .gtoreq. 1
      cannot be permuted by a pseudo-equivalent film but in this range the
      pseudo symmetric three-layer film is not made into an absent layer.
      However, the second layer of the pseudo symmetrical three-layer is made
      into an abscent layer so that it is possible to maintain an
      anti-reflection effect for the range in the vicinity of the center
      wavelength substantially in the form of two-layer film
      ##EQU19##
PAR  FIG. 9a shows an antireflection film of the first embodiment of the
      invention comprising a pseudo symmetric three-layer film in which an
      asymmetric component (.DELTA.n) is introduced.
PAR  In the first embodiment, the first layer is formed of MgF.sub.2, LiF or
      CaF, the second layer formed of fluorides such as NdF.sub.3, LaF.sub.3 and
      the like and the third layer formed of cryolite. In this case the
      refractive index of the first layer and the substrate must be the same.
      The third layer of the first embodiment is permuted by substrate materials
      and it will scarcely lose its characteristic and will still provide an
      anti-reflection film whose reflection factor is less then 2% for the
      ultraviolet range (200-400m.mu.).
PAR  The second embodiment as shown in FIG. 9b is of such a construction:
      ##EQU20##
      In the second embodiment, the substrate forms the third layer of the
      pseudo-symmetric three layer film of the first embodiment. Therefore, the
      number of layers in the second embodiment is reduced from that of the
      first embodiment, while substantially the same effect can be attained. If
      the first layer in the second embodiment is formed of MgF.sub.2, cryolite,
      LiF and CaF.sub.2 and the second layer is formed of fluorides such as
      NdF.sub.3, LaF.sub.3 and the like, while the substrate material is formed
      of a substance which has a refractive index of 1.5 or less and is
      transparent, then absorption may be substantially negligible in the film
      thickness like that of the present embodiment. Further, these fluorides,
      unlike oxides such as Al.sub.2 O.sub.3 and SiO.sub.2, present no
      remarkable difference between a composition of the bulk subjected to
      thermal cracking during the evaporation and a composition of the film
      produced by the evaporation and is very excellent in reproducibility. Such
      excellent reproducibility leads to a merit that control of the film
      thickness can be stabilized. More specifically, in controlling the film
      thickness, the use of ultraviolet rays to measure the reflection factor or
      the transmission index will involve difficulties concerning the optical
      system, the filter or the photometric system. To eliminate such
      inconveniences, visible rays will be used to control the layers .lambda./2
      and .lambda./4 for the ultraviolet range. This means that the problem of
      controlling the layers .lambda./2 and .lambda./4 for the ultraviolet range
      is permuted by the problem of controlling the layers .lambda./4 and
      .lambda./8 for certain wavelengths in the visible range. Thus,
      ##EQU21##
      where
      ##EQU22##
      Accordingly, it will be seen that controlling the layer m.lambda./2 by a
      suitable wavelength in the ultraviolet range (in the present embodiment,
      it is 260 m.mu.) means controlling the film thickness readily by finding
      out the layer m.lambda./4 in the visible range, namely, the extreme value
      of the reflection factor. However, according to the described method,
      controlling the layer .lambda./4 in the ultraviolet range is difficult to
      do, and in this case, the refractive index should be previously determined
      and the reflective factor for any desired film thickness be calculated
      from the predetermined refractive index so as to control its value.
      Needless to say, stability of the refractive index leads to stability of
      the film thickness control. The present embodiment thus provided is a
      multilayer anti-reflection film of excellent reproducibility and
      stability, together with other merits such as the ready evaporation of
      fluorides during the manufacturing process, the chemical properties of the
      evaporated film which is well resistive to water and chemicals, and the
      physical properties including good durability and wear-proof. The spectral
      characteristic and construction of the second embodiment are shown in
      FIGS. 8 and 9b, respectively.
PAR  According to a third embodiment of the present invention shown in FIG. 10b,
      a layer is inserted between the substrate layer and the pseudo-symmetric
      three-layer film as illustrated in FIG. 10a, so that the substrate layer
      may be made for most favorable condition for the pseudo-symmetric
      three-layer film (which consists of a first or air-adjacent layer
      .lambda./4 formed of MgF.sub.2 and the like, a second layer .lambda./2
      formed of LaF.sub.3, NdF.sub.3 and the like, and a third layer .lambda./4
      formed of LiF, cryolite and the like). Let n and nd/.lambda..sub.s be the
      refractive index and film thickness of the inserted layer, respectively.
      Then for a wavelength .lambda..sub.O which is
      ##EQU23##
      the refractive index (n.sub.s) of the substrate is corrected by the
      refractive index n.sub.O which is expressed by the following equation:
      ##EQU24##
      It is assumed that when .lambda..sub.O = .lambda..sub.s, the refractive
      index of the substrate layer for the ultraviolet range will be equivalent
      to n.lambda.'. Then, n.lambda.' and n.sub.O are in the following relation:
      ##EQU25##
      where
      ##EQU26##
      Thus, by suitably inserting the layer .lambda./4 between the substrate and
      the pseudo-symmetric three-layer portion, the substrate materials and the
      inserted layer .lambda./4 provide an effect as a new substrate having a
      refractive index substantially equivalent to n.sup.2 /n.sub.s, and it will
      be seen from equation (17) that such refractive index provides dispersion
      in the peripheral range (200 m.mu.-225m.mu. and 350m.mu.-400m.mu.).
PAR  The third embodiment as illustrated in FIG. 10b is an example in which a
      layer .lambda./4 having a refractive index substantially equal to the
      third of the pseudo-symmetric layers provided in the described manner is
      inserted between the substrate and the pseudo-symmetric three-layer film
      (as shown in FIG. 10a) to correct the refractive index of the substrate
      and improve the spectral characteristic for the entire wavelenth range.
      That is to say, the third embodiment has the following construction:
      ##EQU27##
      In a fourth embodiment, as illustrated in FIG. 10c, a layer .lambda./2,
      adjacent to the substrate is substituted for the third and fourth layers
      .lambda./4, .lambda./4 , of the third embodiment (T - 2') so that the
      construction is as follows:
      ##EQU28##
      In the fourth embodiment satisfying (T - 2), the first layer adjacent to
      air is formed of fluorides of low refractive indices such as cryolite,
      CaF.sub.2, MgF.sub.2 and the like, the second layer is formed of fluorides
      such as LaF.sub.3 and NdF.sub.3 whose refractive indices are of the order
      of 1.6, and the third layer .lambda./2 adjacent to the substrate is formed
      of fluorides such as LiF and the like whose refractive indices are
      slightly lower than that of the substrate. Thus, the fourth embodiment
      provides a multilayer anti-refraction film of excellent stability and good
      reproducibility whose reflection factor is only below about 1% to about
      1.5% for the ultraviolet range (200 - 400 m.mu.).
PAR  The spectral characteristic and construction of the fourth embodiment are
      illustrated in FIGS. 11 and and 10c respectively.
PAR  According to a fifth embodiment of the present invention as shown in FIG.
      12, an optimum refractive index of a suitable single layer 3/4.lambda. is
      obtained by seeking the most favorable anti-reflection film by the vector
      method in the same manner as described with respect to the first
      embodiment. Then, a pseudo-symmetric three-layer film satisfying such
      refractive index is obtained. The first layer .lambda./4 adjacent to air
      in the first embodiment is formed of LiF, cryolite MgF.sub.2 and
      CaF.sub.2, the second layer .lambda./4 is formed of LaF.sub.3, NdF.sub.3
      and like substances, and a layer .lambda./4 whose refractive index has a
      suitable value between the refractive indices of the first and second
      layers is used as the third layer. For instance, the third layer is formed
      of TaF.sub.3 and the like, the result is a physico-chemically stable
      multilayer anti-reflection film of excellent reproducibility.
PAR  The construction and spectral characteristic of the fifth embodiment are
      illustrated in FIGS. 12 and 13, respectively, the construction is as
      follows:
CLMS
STM  We claim:
NUM  1.
PAR  1. An anti-reflection film for ultraviolet rays comprising: a substrate
      having a refractive index in the range of 1.6- 1.4 and being transparent
      to the ultraviolet range; and a three-layer film consisting of
PA2  a. a first-layer having a refractive index n.sub.1 in the range of 1.3- 1.5
      and an optical thickness n.sub.1 d.sub.3 and being adjacent to air, where
      d.sub.3 is a physical thickness of the first layer,
PA2  b. a second layer adjacent to said first layer and having a refractive
      index n.sub.2 in the range of 1.6-1.7 and an optical thickness n.sub.2
      d.sub.2, where d.sub.2 is a physical thickness of the second layer, and
PA2  c. a third layer disposed between said substrate and said second layer and
      having a refractive index (n.sub.1 + .DELTA.n) and an optical thickness
      (n.sub.1 + .DELTA.n)d.sub.1, wherein .DELTA.n has the relation:
      ##EQU30##
EQU  n.sub.1 d.sub.3 = (n.sub.1 + .DELTA.n)d.sub.1, and
EQU  .DELTA.n &gt; 0, and
PA1  d.sub.1 is a physical thickness of the third layer, said optical thickness
      of said three layers satisfying the following relation:
      ##EQU31##
      where .lambda.s is the center wavelength within the ultraviolet range and
      m is integer (1,2, 3 . . . . . . . . . . ), and the following relation:
      ##EQU32##
      where
      ##EQU33##
      and .lambda. is a specific wavelength in the far peripheral range of
      450m.mu.-500m.mu. or 150m.mu.-180m.mu., wherein an equivalent refractive
      index N of said three-layer film is in the range of 1.35-1.3 for the
      central ultraviolet range (225m.mu. - 350m.mu.), less than 1.3 for the
      peripheral range (200m.mu. - 225m.mu. and 350m.mu. -400m.mu.) and nearly
      zero at the specific wavelength .lambda..
NUM  2.
PAR  2. An anti-reflection film according to claim 1, wherein the first layer of
      said three-layer film is made of a material selected from the group
      consisting of MgF.sub.2 and LiF; the second layer is made of a fluoride
      selected from the group consisting of NdF.sub.3 and LaF.sub.3 ; the third
      layer is made of cryolite; and the substrate is made of a material
      selected from the group consisting of CaF.sub.2 and Silica glass.
NUM  3.
PAR  3. An anti-reflection film according to claim 1, wherein a fourth layer
      having an optical film thickness .lambda.s/4 is inserted between said
      third layer and said substrate for correcting the refractive index of said
      substrate.
NUM  4.
PAR  4. An anti-reflection film for comprising a substrate having a refractive
      index of 1.6-1.4 and being transparent to ultraviolet rays; and a
      three-layer film consisting of
PA1  a. a first-layer being adjacent to air, and having a refractive index
      n.sub.1 in the range 1.3-1.5 and optical index thickness n.sub.1 d.sub.3,
      where d.sub.3 is a physical thickness of the first layer,
PA1  b. a second layer being adjacent to said first layer and having a
      refractive index n.sub.2 in the range 1.6-1.7 and an optical thickness
      n.sub.2 d.sub.2. where d.sub.2 is a physical thickness of the second
      layer, and
PA1  c. a third layer disposed between said substrate and said second layer and
      having a refractive index (n.sub.1 + .DELTA. n) and an optical thickness
      (n.sub.1 + .DELTA. n)d.sub.1 , where .DELTA.n satisfies the relation
      ##EQU34##
      n.sub.1 d.sub.3 = (n.sub.1 + .DELTA. n) d.sub.1 and .DELTA.n .notident. 0,
      and
PA2  d.sub.1 is an optical thickness of the third layer, each layer of said
      three-layer film satisfying the following relation:
      ##EQU35##
      where .lambda. s is the central wavelength within the ultra-violet range,
      m is an integer, and the following relation:
EQU  .vertline.cosG.vertline..sup..gtorsim. n.sub.1 /(n.sub.1 + n.sub.2)
PAL  where
      ##EQU36##
      .lambda. is a specific wavelength in the far peripheral range of
      450m.mu.-500m.mu. and 150m.mu. -180m.mu., and wherein an equivalent
      refractive index N of said three-layer film is in the range of 1.35-1.3
      for the central ultraviolet range (225m.mu.-350m.mu.) and less than 1.3 in
      the peripheral range (200m.mu. - 225m.mu. and 350m.mu.-400m.mu.) and
      nearly zero at the specific wavelength .lambda..
NUM  5.
PAR  5. An anti-reflection film according to claim 4, wherein the optical
      thickness n.sub.1 d.sub.3, n.sub.2 d.sub.2, (n.sub.1 + .DELTA.n)d.sub.1 of
      said first, second and third layers are .lambda.s/4, respectively.
NUM  6.
PAR  6. An anti-reflection film according to claim 5, wherein said first layer
      is made of a material selected from the group consisting of LiF, cryolite,
      MgF.sub.2 and CaF.sub.2 ; said second layer is made of a fluoride selected
      from the group consisting of LaF.sub.3 and NdF.sub.3 ; said third layer is
      made of ThF.sub.3.
NUM  7.
PAR  7. An anti-reflection film for ultraviolet rays comprising:
PA1  a first layer having a refractive index n.sub.1 in the range 1.3- 1.5 and
      an optical thickness n.sub.1 d.sub.1 equal to .lambda.s/4, where d.sub.1
      is a physical thickness of the first layer and .lambda. s is the center
      wavelength within the ultraviolet range, a second layer adjacent said
      first layer and having a refractive index n.sub.2 in the range 1.6- 1.7
      and an optical thickness n.sub.2 d.sub.2 equal to .lambda.s/2, where
      d.sub.2 is a physical thickness of the second layer, a substrate adjacent
      to said second layer and having a refractive index equal to n.sub.1,
      wherein the optical film thickness satisfy the relation:
      ##EQU37##
      cosG .apprxeq. .sqroot. n.sub.1 / (n.sub.1 + n.sub.2) where
      ##EQU38##
      and .lambda. is a specific wavelength in the peripheral range of 450m.mu.
      - 550m.mu. and 150m.mu. - 180m.mu., wherein an equivalent refractive index
      N of said anti-reflection film is in the range of 1.35-1.3 for the central
      ultraviolet range (225m.mu.-350m.mu.) and less than 1.3 for the peripheral
      range (200m.mu.-225m.mu. and 350m.mu.-400m.mu.), and nearly zero at the
      specific wavelength .lambda..
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ABST
PAL  The illuminated reticle projection system includes a frame comprised of an
      annulus for mounting the frame about the objective lens assembly of a
      night vision device and a reticle projector for projecting a reticle image
      through the objective lens assembly for coincidence with the image focus
      at an image plane. The projector includes a light emitting diode which
      illuminates a reticle mask and projects a reticle image through a
      projection lens into the entrance pupil of the objective lens. The
      projector is carried by an elevation platform connected to an azimuth
      platform for pivotal movement in a vertical plane about a horizontal axis.
      The azimuth platform is, in turn, connected to the frame for pivotal
      movement in a horizontal plane about a vertical axis. Elevation and
      azimuth adjustment screw knobs are provided for adjusting the angular
      position of the elevation and azimuth platforms to effect angular
      displacement of the reticle projector about vertical and/or horizontal
      axes and hence vertical and/or horizontal displacement of the reticle
      image in the night vision equipment.
BSUM
PAR  The present invention relates to an illuminated reticle or aiming point for
      night vision equipment and particularly relates to an illuminated reticle
      adjustable in azimuth and elevation for use particularly with passive
      intensification-type, electro-optical night vision equipment.
PAR  Illuminated reticles for use with night vision equipment have been proposed
      and constructed in the past. One such illuminated reticle is provided by
      an edge-lit movable plastic plate positioned over the photocathode at the
      image plane of an objective lens. Other types of illuminated reticles are
      very often mounted within cored-out objective lens assemblies which may or
      may not be adjustable in azimuth or elevation. Another type of illuminated
      reticle for night vision is described and illustrated in U.S. Pat. No.
      3,552,819. In all of these illuminated reticles, manufacturing costs are
      considerable. For example, to provide such reticles, mechanical assemblies
      very often must be placed within the objective lens assemblies and
      appropriately sealed. In certain types of illuminated reticles, the glass
      objective lens elements must be bored. In most such illuminated reticles,
      the objective lens assembly must be disassembled and reassembled. This
      requires skilled work at a factory site which also prevents field
      installation or service of the illuminated reticles. Still further, many
      such illuminated reticles are not of the type which can be adjusted in
      either azimuth or elevation or both.
PAR  The present invention provides an illuminated reticle projection system
      which minimizes or eliminates the foregoing and other disadvantages
      associated with prior illuminated reticles projection systems and provides
      a novel and improved illuminated reticle projection system having various
      advantages in construction, mode of operation and use in comparison with
      such prior illuminated reticle projection systems. The present illuminated
      reticle projection system is particularly useful for passive
      intensification-type, electro-optical night vision equipment. Also, the
      present illuminated reticle projection system provides a novel mounting
      therefor affording adjustment in elevation or azimuth or both as desired.
      Particularly, the illuminated reticle projection system of the present
      invention includes a reticle projector carried by a frame comprised in
      part of an annular hood for mounting the projection system to the night
      vision equipment, particularly for mounting the system adjacent the
      entrance aperture of the objective lens assembly of the night vision
      equipment. The reticle projector is carried by the frame on discrete
      elevation and azimuth platforms and projects substantially radially
      inwardly within the annular hood to lie at the entrance aperture of the
      objective lens assembly of the night vision equipment of which the
      objective lens assembly forms a part. More particularly, the reticle
      projector comprises a light source, for example a light-emitting diode,
      for illuminating a reticle mask which carries a transparent reticle
      against an opaque background. The recticle image projected through the
      mask by the light source passes through a projection lens wherein the
      reticle image is projected at an infinite conjugate (collimated) into the
      entrance pupil of the objective lens. The objective lens assembly of the
      night vision equipment may be refractive, catoptic or catadioptric or
      combinations thereof and, in either case, the image focus received through
      the objective lens assembly and the reticle projector focus coincide at an
      image plane. In one form of night vision equipment, the image plane
      constitutes a fiber-optic face plate for transmission of the coincient
      object and reticle images to a remote photo cathode.
PAR  The reticle projector is carried by an elevation platform connected to an
      azimuth platform for pivotal movement in a vertical plane about a
      horizontal axis. The azimuth platform is, in turn, connected to the frame
      for pivotal movement in a horizontal plane about a vertical axis. An
      elevation adjustment screw is threaded to the frame for bearing engagement
      with an upper surface of the elevation platform at a location remote from
      its pivotal axis. A spring cooperates between the elevation platform and
      the frame to bias the elevation platform into following engagement with
      the elevation adjustment screw. Similarly, an azimuth adjustment screw is
      threaded to the frame for engagement against one side of the azimuth
      platform. A spring cooperates between the frame and the opposite side of
      the azimuth platform to bias the platform into following engagement with
      the azimuth adjustment screw. Consequently, by threading or unthreading
      the elevation and/or azimuth adjustment screws, the reticle projector can
      be angularly displaced vertically and/or horizontally to effect
      corresponding vertical and/or horizontal displacement of the reticle image
      at the image plane in the night vision equipment.
PAR  In use, the annular frame can be slipped about the objective lens assembly
      adjacent its entrance aperture and retaining screws may be used to retain
      the frame on the lens assembly. The reticle projector is located forwardly
      of the first element of the objective lens assembly for projecting the
      reticle image into the entrance pupil of the objective lens. By
      manipulation of the elevation and the azimuth adjustment screws, the
      reticle image at the image plane can be adjusted as necessary.
PAR  With the foregoing described illuminated reticle projection system, it will
      be appreciated that the objective lens of the night vision equipment need
      not be disassembled or bored or otherwise torn down in order to provide an
      illuminated reticle for the night vision equipment. Moreover, the
      foregoing described illuminated reticle projection system can be readily
      applied or serviced in the field since all the components thereof are
      externally mounted relative to the objective lens assembly of the night
      vision equipment.
PAR  Accordingly, it is a primary object of the present invention to provide a
      novel and improved illuminated reticle projection system.
PAR  It is another object of the present invention to provide a novel and
      improved illuminated reticle projection system wherein the reticle image
      is adjustable in elevation or azimuth or both as necessary and/or
      desirable.
PAR  It is still another object of the present invention to provide a novel and
      improved illuminated reticle projection system which can be field
      installed on existing night vision equipment without the necessity of
      disassembling or otherwise altering the lens assembly of such equipment.
PAR  It is a further object of the present invention to provide a novel and
      improved illuminated reticle projection system wherein the reticle is
      projected into the entrance pupil of the objective lens of the night
      vision equipment.
PAR  It is a still further object of the present invention to provide a novel
      and improved illuminated reticle projection system which is simple in
      construction, easily and inexpensively manufactured, and readily field
      installed on existing night vision equipment.
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PAR  These and further objects and advantages of the present invention will
      become more apparent on reference to the following specification, appended
      claims and drawings, wherein:
PAR  FIG. 1 is a perspective view of an illuminated reticle projection system
      constructed in accordance with the present invention;
PAR  FIG. 2 is a plan view thereof;
PAR  FIG. 3 is a side elevational view thereof with parts broken out and in
      cross section and also illustrating a portion of the objective lens
      assembly of the night vision equipment;
PAR  FIGS. 4 and 5 are front and rear views of the illuminated reticle
      projection system hereof mounted on an objective lens assembly which forms
      a part of night vision equipment; and
PAR  FIG. 6 is a diagrammatic illustration of the illuminated reticle projection
      system hereof as utilized in a catadioptric objective lens assembly.
DETD
PAR  Referring now to FIG. 1, there is illustrated an illuminated reticle
      projection system constructed in accordance with the present invention and
      generally designated 10. System 10 is mounted on the entrance portion of
      an objective lens assembly generally designated 12 and which lens assembly
      12 forms a part of the night vision equipment, not shown. The projection
      system is comprised of a frame 14 including an annular housing or casing
      16 which is releasably engageable in coaxial relation with the sleeve 18
      housing the objective lens assembly 12. As illustrated in FIG. 3, set
      screws 20 are provided in circumferentially spaced positions about annular
      housing 16 for releasably securing frame 14 to the objective lens assembly
      12.
PAR  Referring now to FIG. 3, the illuminated reticle projection system includes
      a reticle projector, generally designated 22, disposed within a pair of
      right angularly related tubular housings 24 and 26, respectively. Housing
      24 is carried by frame 14 in a manner described below and carries a light
      source 28, preferably a light-emitting diode. Also within tubular housing
      24 is a reticle mask 30 which may be formed of a metal or glass plate
      (photographically produced) with a transparent reticle formed against an
      opaque background. At the lower end of the housing 24 there is provided a
      front surface mirror 32 which bends the light rays from the reticle mask
      30, as illuminated by the light source 28, into the entrance pupil of a
      projection lens 34 carried within tubular housing 26. The opposite end of
      housing 26 is closed by a cap 36. The projection lens 34 has optical
      properties such that the reticle image is projected at an infinite
      conjugate (collimated) into the first objective lens 38 of the objective
      lens assembly 12.
PAR  A power pack generally designated 40 is carried by frame 14 at a position
      circumferentially spaced about annular housing 16 from reticle projector
      22. The power pack includes a battery box 42 with a cap 44 at one end. Cap
      44 is screw threaded to the box 42 whereby access to the battery within
      box 42 is obtained. The light source 28 is electrically connected to the
      battery within the battery box 42 by a suitable electrical connection, not
      shown. An on-off potentiometer knob 46 opens and closes the battery
      circuit with light source 28 and varies the voltage of the light emitting
      diode whereby the relative brightness of the reticle image can be adjusted
      and controlled.
PAR  The upper end of tubular housing 24 is secured to the underside of an
      elevation platform 48, one end of which is pivotally mounted between a
      pair of upstanding ears 50. Elevation platform 48 is thus mounted for
      pivotal movement in vertical plane and about a generally horizontal axis
      designated 52. Ears 50 upstand from one end of an azimuth platform 54
      which, in turn, is pivotally mounted to the frame 14 by a pin 56 for
      movement in a horizontal plane about a vertical axis defined by the axis
      of the mounting pin 56 (see FIG. 3). The mounting pin extends into the
      base 58 of the frame and is suitably retained therein.
PAR  Adjacent the forward end of the reticle projector there is mounted a
      generally upstanding block 60 having a central aperture or opening 62. The
      forward end of the elevation platform 48 is stepped downwardly at 64, this
      lower stepped portion being received within opening 62. An elevation
      adjustment knob 66 has a shank 68 which is screw-threaded in frame 60 and
      terminates at its end in engagement against the upper surface of stepped
      portion 64 of elevation platform 48. An elevation spring 70 is received
      within a cylindrical opening 72 formed in the upper surface of azimuth
      platform 54 and bears against the underside of the stepped portion 64 of
      elevation platform 48 to bias the elevation platform into following
      engagement with the end of the shank 68 of elevation adjustment screw 66.
      That is, and with reference to FIG. 3, the elevation platform 48 is biased
      for movement in a clockwise direction about axis 52 and into following
      engagement with adjustment screw 66. Also as illustrated in FIG. 3, the
      tubular housing 24 projects through registering slots 74, 76, and 77
      formed through azimuth platform 54, base 58, and annular housing 16
      whereby projector 22 extends from elevation platform 48 substantially
      radially inwardly and within the entrance pupil of objective lens 38.
PAR  An azimuth adjustment screw knob 78 has a shank 80 screw-threaded through
      the side wall of block 60 for engagement against one side of azimuth
      platform 54. A spring 82 seats at one end in a cylindrical recess 84
      formed on the opposite side of azimuth platform 54. The opposite end of
      spring 82 bears against the inner wall of block 60. Consequently, spring
      82 biases azimuth platform 54 into following engagement with the end of
      azimuth adjustment screw knob 78. That is, and with reference to FIG. 2,
      the azimuth platform 54 is biased for counterclockwise movement into
      following engagement with knob 78. Each of the elevation and azimuth
      adjustment knobs 66 and 78, respectively, are provided with serrations
      about their peripheries. Spring biased balls 86 and 88, respectively,
      engage the serrations of the elevation and azimuth adjustment knobs 66 and
      78 providing for quick stop and incremental movement of the knobs and
      platforms. Consequently, by threading or unthreading azimuth adjustment
      knob 78, azimuth platform 54 is pivoted in a horizontal plane about a
      vertical axis defined by pin 56. Since azimuth platform 54 pivotally
      carries elevation platform 48, the latter and hence the reticle projector
      22 carried thereby are also movable in the horizontal plane with azimuth
      platform 58. By threading or unthreading elevation adjustment knob 66,
      elevation platform 48 and consequently the projector 22 carried thereby
      are pivoted in a vertical plane about axis 52. Reticle projector 22 is
      therefore provided with angular adjustment in both elevation and azimuth.
PAR  An example of the illuminated reticle projection system hereof as utilized
      with an objective lens assembly of a night vision device is illustrated in
      FIG. 6, it being appreciated that the particular objective lens assembly
      is exemplary only and that the illuminated reticle projection system
      hereof is usable with other types of objective lens assemblies
      characteristic of other types of night vision equipment. Projection system
      10 is first applied to the objective lens assembly of night vision device
      by concentrically mounting a portion of annular housing 16 about the end
      of the tubular housing of the objective lens assembly 12. Set screws 50
      are utilized to releasably retain system 22 mounted on assembly 12. When
      assembled as illustrated in FIGS. 3 and 6, the reticle projector 22, and
      particularly the lower tubular housing 26, is aligned with and adjacent
      the margin of the objective lens 38 forwardly of its entrance aperture.
PAR  In the particular objective lens illustrated in FIG. 6, there is provided a
      first objective lens 38, a second objective lens 90, an annular mirror 92,
      a secondary mirror 94 carried on the second objective lens 90, and a
      fiberoptic photocathode 96 at the image plane 98. With this arrangement,
      the parallel or collimated rays from the projection lens 34 are projected
      into the entrance pupil of the objective lens. The full lines represent
      the light rays from the reticle projection system and it will be
      appreciated that the objective lens assembly (a catadioptric type being
      illustrated) brings the parallel rays of light from the projection lens to
      a point focus at the image plane 98. The dashed lines represent the light
      rays from the object and it will be seen that the image focus and reticle
      projection focus coincide at the image plane. From the aforedescribed
      mounting for reticle projector 22, it will be appreciated that the optical
      axis of the projection lens can be angularly displaced relative to the
      optical axis of the objective lens thereby moving the reticle at the image
      plane vertically and/or horizontally and therefore accomplishing azimuth
      and/or elevation adjustment as desired.
PAR  From the foregoing it will be appreciated that the objects of the present
      invention are fully accomplished in that there has been provided an
      illuminated reticle projection system which is externally mounted to the
      objective lens assembly of a night vision device whereby the disassembly
      and later reassembly of such objective lens is eliminated. Also, the
      aforementioned reticle projector can be adjusted in azimuth and elevation
      as desired and this, in conjunction with its external mounting,
      facilitates field assembly of the reticle projector and the night vision
      equipment. Moreover, it will be seen that the foregoing has been
      accomplished in a comparably inexpensive and readily applied reticle
      projection system.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiment is therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by United States Letters Patent
      is:
NUM  1.
PAR  1. An illuminated reticle projection system for night vision equipment
      having an objective lens assembly comprising:
PA1  a frame having means for securement to the night vision equipment and
      carrying a reticle projector including a light source, a reticle mask and
      a projection lens, said light source being disposed to illuminate said
      reticle mask to project a reticle image, said projection lens having
      optical properties to project the reticle image at a substantially
      infinite conjugate into the entrance pupil of the objective lens assembly,
      an azimuth platform carried by said frame, means for pivotally mounting
      said azimuth platform for movement about a vertical axis, an elevation
      platform carried by said frame, means for pivotally mounting said
      elevation platform for movement about a horizontal axis, means coupling
      said reticle projector to one of said azimuth platform and said elevation
      platform for pivotal movement with said one platform about its axis, the
      mounting means for said one platform pivotally mounting said one platform
      to the other of said platforms, the mounting means for the other of said
      platforms pivotally mounting said other platform to said frame whereby
      said projector is mounted for pivotal movement with each of said azimuth
      platform and said elevation platform, and means for adjusting the angular
      position of each of said elevation platform and said azimuth platform to
      effect angular displacement of said projector about the respective axes.
NUM  2.
PAR  2. A projection system according to claim 1 wherein said adjustment means
      includes:
PA1  i. an azimuth adjustment screw threadedly carried by same frame and
      engageable with said azimuth platform along one side thereof, means
      engageable with the opposite side of said azimuth platform for biasing
      said azimuth platform into following engagement with said screw whereby
      said azimuth platform is adjustable in opposite angular directions about
      said axis in response to respective threading and unthreading action of
      said screw relative to said frame, and
PA1  ii. an elevation adjustment screw threadedly carried by said frame and
      engageable with said elevation platform along one of the top and bottom
      surfaces thereof, means engageable with the other of said top and bottom
      surfaces of said elevation platform for biasing said elevation platform
      into following engagement with said screw whereby said elevation platform
      is adjustable in opposite angular directions about said axis in response
      to respective threading and unthreading action of said screw relative to
      said frame.
NUM  3.
PAR  3. A projection system according to claim 1 wherein said frame comprises an
      annular hood for securement about the objective lens assembly of the night
      vision equipment, said projector being carried thereby adjacent its
      periphery and extending substantially radially inwardly to lie in
      confronting relation with the entrance pupil of the objective lens
      assembly.
NUM  4.
PAR  4. An illuminated reticle projection system for night vision equipment
      having an objective lens assembly comprising:
PA1  a frame having means for securement to the night vision equipment and
      carrying a reticle projector including a light source, a reticle mask and
      a projection lens, said light source being disposed to illuminate said
      reticle mask to project a reticle image, said projection lens having
      optical properties to project the reticle image at a substantially
      infinite conjugate into the entrance pupil of the objective lens assembly,
      an azimuth platform, means pivotally connecting said azimuth platform to
      said frame for pivotal movement about a vertical axis, an elevation
      platform, means pivotally connecting said elevation platform to said
      azimuth platform for pivotal movement about a horizontal axis and for
      pivotal movement of said elevation platform with said azimuth platform
      about said vertical axis, means coupling said projector to said elevation
      platform for pivotal movement therewith about said vertical and horizontal
      axes, and means for adjusting the angular position of each of said
      elevation platform and said azimuth platform thereby to effect angular
      displacement of said projector about the respective axes.
NUM  5.
PAR  5. A projection system according to claim 4 wherein said frame comprises an
      annular hood for securement about the objective lens assembly of the night
      vision equipment, said elevation platform being located radially outwardly
      of said azimuth platform and said hood, said azimuth platform and said
      hood having radially aligned slots for receiving said projector.
NUM  6.
PAR  6. A projection system according to claim 5 wherein said light source and
      said reticle mask are disposed such that the light rays initially
      projecting the reticle image extend generally radially inwardly, means for
      deflecting the radially extending light rays to a direction substantially
      parallel to the axis of the annular hood.
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PAL  A plurality of holograms carrying equivalent information are arranged so
      that the undiffracted beam passing through the first hologram is used as a
      reconstructing beam to illuminate the second hologram, and the
      undiffracted beam of the second is used as a reconstructing beam for
      illuminating the third and so on to obtain a single bright image
      constituted by a plurality of perfectly overlapped images. Another
      embodiment of the invention employs a plurality of holograms carrying
      information corresponding to different parts of an object in which the
      undiffracted beam passing through the i-th hologram is used to illuminate
      the (i+ 1)-th hologram as a reconstructing beam.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of reconstructing holograms, and more
      particularly to a method of reconstructing information by use of
      holography wherein the reconstruction efficiencies are enhanced in the
      reconstruction process of holography.
PAR  2. Description of the Prior Art
PAR  An object beam from an object which is illuminated with spatially coherent
      monochromatic illumination light and a reference beam directly obtained
      from the same light source of the illumination light produce an
      interference pattern on a photographic emulsion coated recording medium.
      This interference pattern recorded on the photographic recording medium is
      known as a hologram. In reconstructing the object information, a virtual
      image of the object is formed by use of a reconstructing beam having the
      same wavefront as that of the reference beam used in the recording process
      or a real image of the object is formed by use of a reconstruction beam
      having a conjugate wavefront with respect to that of the reference beam.
      The reconstruction process can be explained as a process in which the
      reconstructing beam is diffracted by the interference pattern recorded in
      the hologram and the object information is reconstructed in the
      first-order diffraction beams.
PAR  In the reconstruction process of holography as described above, there is
      the great defect that the ratio of the energy carried by the first-order
      diffraction beam containing object information to the whole energy of the
      reconstructing beam which is called "first-order diffraction efficiency"
      is small so that a large amount of energy is wasted as the zero-order
      diffraction beam passes straight through the hologram. Therefore, the
      image information of the object reconstructed through the holographic
      reconstruction process generally lacks in brightness, and accordingly, the
      applications of the recording and reconstruction of information by use of
      holography are limited.
PAR  In order to overcome the defect inherent in the above described holographic
      method in which the interference pattern is recorded on the medium in the
      form of an optical density pattern, it has been known to make a phase-only
      hologram in which the interference pattern is recorded in the form of a
      phase shift pattern. Various recording media have been used for recording
      the phase shift pattern. The conventional photographic emulsions can also
      be used for recording the phase shift pattern. In this case, developed
      absorptive emulsions carrying an interference pattern in the form of
      difference in absorption between the gelatin and silver particles are
      bleached to convert the silver particles to a silver salt such as silver
      halide. Thus, the interference pattern is recorded in the emulsion in the
      form of difference in the refractive index between the gelatin and silver
      salt. The first-order diffraction efficiency of the reconstruction of this
      kind of hologram, however, is about 30 percent at most even in case of
      reconstructing a hologram which carries information corresponding to a
      single point. Therefore, in the reconstruction of a normal object which
      carries information corresponding to an infinite number of points, the
      above efficiency is generally several percent.
PAR  Besides photographic emulsions, dichromated sensitized gelatin,
      photopolymer recording medium such as photosensitive resist, and
      electrooptic crystals such as lithium niobate have been used for recording
      the phase-only hologram. However, the dichromated sensitized gelatin is
      disadvantageous in that its life is short, the photosensitive resist is
      disadvantageous in that its sensitive wavelength is limited in the range
      of 200 to 500 m.mu., and the lithium niobate has a great defect in that
      its sensitivity is extremely low. In view of these defects, there is still
      a need to find proper materials for recording the phase-only hologram.
PAC  SUMMARY OF THE INVENTION
PAR  In light of the foregoing observations and description of the conventional
      method of reconstructing holograms, it is the primary object of the
      present invention to provide a method of reconstructing holograms which
      has a large reconstruction efficiency.
PAR  Another object of the present invention is to provide a method of
      reconstructing holograms wherein the holographic image reconstructed is
      markedly bright.
PAR  In accordance with one embodiment of the present invention, a plurality of
      holograms which are substantially equivalent to each other are used to
      reconstruct a single bright holographic image. The zero-order diffraction
      beam passing straight through the first hologram is used as the
      reconstructing beam of the second hologram, and the undiffracted beam of
      the second hologram is used as the reconstructing beam of the third
      hologram and so on. The first-order diffraction beams of the plurality of
      holograms are directed to a single point to form a single holographic
      image there.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic representation of an optical system for recording a
      hologram used in the first embodiment of this invention,
PAR  FIG. 2 is a schematic representation of an optical system for
      reconstructing a holographic image in accordance with the first embodiment
      of the present invention,
PAR  FIG. 3 is a graphical representation showing the results obtained by the
      method in accordance with the present invention,
PAR  FIG. 4 is a schematic representation of an optical system for recording a
      hologram used in the second embodiment of the present invention for
      reconstructing a color holographic image,
PAR  FIG. 5 is a schematic representation of an optical system for
      reconstructing a holographic image in accordance with the second
      embodiment of the invention and,
PAR  FIG. 6 is a graphical representation showing the brightness of the
      holographic images in the present invention.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  An optical system used for recording a plurality of equivalent holograms is
      illustrated in FIG. 1. A spatially coherent monochromatic light beam
      emerges from a laser source (not shown) is divided into two beams by a
      beam splitter (not shown). One beam 1 transmits through and is diffused by
      a light diffusion element 2 of a material such as a ground glass and
      serves to illuminate a transparency type object 3. The other light beam 4
      is used as a collimated reference beam which impinges on a hologram
      recording medium 6 at an angle .alpha.. Since the reference beam 4 and the
      object beam 5 coming from the object are coherent with each other, an
      interference pattern is produced on the hologram recording medium 6. The
      interference pattern is recorded in the recording medium 6. In order to
      make a plurality of equivalent holograms, the recording process as shown
      in FIG. 1 is repeated with the recording medium 6 changed or the hologram
      obtained by the recording process is duplicated by contact printing. FIG.
      2 shows an optical system for reconstructing a single holographic image
      from the plurality of holograms prepared by the above described recording
      process in accordance with the first embodiment of the present invention.
      As shown in FIG. 2, three substantially equivalent holograms 6a, 6b and 6c
      are located in the same orientation on a plane. Although the three
      holograms 6a, 6b and 6c are arranged in a line in FIG. 2, this is not the
      only arrangement of the holograms possible and others can be properly
      selected. The reconstructing beam 7 incident into the first hologram 6a is
      collimated and illuminates the first hologram 6a at the same angle .alpha.
      as that of the reference beam 4 used in the recording process as shown in
      FIG. 1. Part of the reconstructing beam 7 is not diffracted by the
      hologram 6a and passes straight therethrough as indicated at 10. The
      substantially undiffracted beam 10 is used as a reconstructing beam to
      illuminate the second hologram 6b at the same angle .alpha.. Further, part
      of the reconstructing beam 10 passing straight through the second hologram
      6b being substantially undiffracted thereby as indicated at 13 is used as
      a reconstructing beam to illuminate the third hologram 6c at the same
      angle .alpha.. By the illumination of the three equivalent holograms 6a,
      6b and 6c with the three parallel reconstructing beams 7, 10 and 13, three
      equivalent first-order diffraction beams 9, 12 and 15 forming equivalent
      virtual images 8, 11 and 14 lying on a plane are obtained. Since the three
      virtual images 8, 11 and 14 are on the same plane and have the same size,
      a single enlarged projection image 22 can be obtained on a projection
      plane 21 by converging the first-order diffraction beams 9, 12 and 15 by
      use of three equivalent lenses 17a, 17b and 17c located on a plane and
      making the three images focused on the plane 21 perfectly overlap with
      each other.
PAR  The three equivalent holograms 6a, 6b and 6c employed in the reconstruction
      process as shown in FIG. 2 should preferably be of phase-only type. When
      silver halide emulsions are used as the recording medium, the emulsions
      are bleached after the exposure, development and fixing by use of
      potassium ferricyanide solution or the like. Assuming that a He-Ne laser
      is used as the illuminating beam and the average angle between the
      reference beam 4 and the object beam 5 is 45.degree. in the hologram
      recording process as shown in FIG. 1, the average spatial frequency of the
      interference pattern produced by the two beams 4 and 5 recorded on the
      recording medium as a hologram is about 1,200 lines per mm. When a
      recording medium has a photosensitive layer of a thickness larger than
      several .mu.m, a so-called "thick" hologram is obtained and the
      diffraction beams are generated only in the directions in which the Bragg
      condition is satisfied. Therefore, in the reconstruction process as shown
      in FIG. 2, if the light source is the He-Ne laser used in the recording
      process, there are obtained only the undiffracted beams 10, 13 and 16
      passing straight through the holograms 6a, 6b and 6c and the first-order
      diffraction beams 9, 12 and 15 forming virtual images 8, 11 and 14.
      Further, if the holograms are made in the form of phase-only type,
      absorption of the beam by the holograms is negligibly small. Further,
      since the reflection loss of the beam on the surface of the hologram is
      also small, the energy of the first-order diffraction beams can be
      represented as follows.
PAR  Where the total energy of the reconstructing beam 7 for illuminating the
      first hologram 6a is Eo and the first-order diffraction efficiency of the
      three equivalent holograms is .eta.d, the energy of the first-order
      diffraction beam 9 from the first hologram 6a is .eta.dEo, the energy of
      the reconstructing beam 10 for illuminating the second hologram 6b is
      (1-.eta.d)Eo, the energy of the first-order diffraction beam 12 from the
      second hologram 6b is .eta.d(1-.eta.d)Eo, the energy of the reconstructing
      beam 13 for illuminating the third hologram 6c is (1-.eta.d).sup.2 Eo, and
      the energy of the first-order diffraction beam 15 from the third hologram
      6c is .eta.d(1-.eta.d).sup.2 Eo. Accordingly, the total energy of the
      projection image 22 formed on the image plane 21 is the sum of the three
      first-order diffraction beams 9, 12 and 15, i.e. .eta.d{1+
      (1-.eta.d)+(1-.eta.d).sup.2 }Eo. The first-order diffraction efficinecy
      .eta. d of the normal hologram obtained by bleaching the exposed and
      developed photographic emulsion prepared by the recording process as shown
      in FIG. 1 is about 5 percent, and accordingly, the energy contributing to
      formation of a holographic image is only 0.05Eo when only a single
      hologram is used. However, in accordance with the above described
      embodiment of the reconstruction process of the present invention in which
      three equivalent holograms are used to reconstruct a single holographic
      image as shown in FIG. 2, the energy contributing to formation of the
      holographic image is about 0.14Eo which is about three times as large as
      that of the beam wherein only one hologram is used.
PAR  Although the number of equivalent holograms employed in the embodiment
      described above is three, it is not limited thereto but can be properly
      selected. As mentioned above, in the phase-only hologram, it is generally
      easy to make only the zero-order and first-order diffraction beams. When
      N-number of such holograms are used and the image is reconstructed in
      accordance with the reconstruction process as shown in FIG. 2, the energy
      Ei of the first-order diffraction beam from the i-th hologram can be
      represented as
EQU  Ei = .eta.d (1 - .eta.d ).sup.i.sup.-1 Eo                  (1)
PAL  where Eo is the total energy of the reconstructing beam which illuminates
      the first hologram and the absorption is neglected. Therefore, the total
      energy of the first-order diffraction beams from the N-number of holograms
      is represented as
      ##EQU1##
      Therefore, the ratio Et/Eo of the energy Et of the first-order diffraction
      beam contributing to the image reconstruction to the total energy Eo of
      the reconstructing beam can be represented as shown in the graph of FIG. 3
      wherein the ratio Et/Eo is indicated in terms of percent with respect to
      N-number of equivalent holograms. As shown in FIG. 3, the ratio Et/Eo
      which is the reconstruction efficiency increases almost linearly up to
      N=10 where Et/Eo is about 40 percent. This means that the reconstruction
      efficiency is markedly enhanced by using a plurality of holograms in
      comparison with the case of using a single hologram wherein the efficiency
      is only 5 percent.
PAR  Although the first embodiment has been described to use a transparency type
      object, it will be understood that the advantage of the present invention
      can also be obtained with a reflection type three dimensional object.
PAR  Further, it will be understood that the present invention can be effected
      with holograms which are produced by a recording process other than that
      shown in FIG. 1 such as Fourier transformation type holograms, imaged
      holograms and Lippmann type holograms.
PAR  FIGS. 4 and 5 illustrate a second embodiment of the present invention in
      which a color image is holographically reconstructed.
PAR  It is well known that color image information can be recorded and
      reconstructed by use of a black and white recording medium by utilizing
      holography. This is considerably advantageous since black and white
      recording medium is much cheaper than color recording medium containing
      coloring agents and the photographic processes such as development and
      fixing are much easier in black and white photography than in color
      photography. In addition to these advantages black and white photography
      is advantageous over color photography in that there is no problem of
      fading of color. However, as mentioned above, it has been difficult to
      obtain a bright reconstruction image owing to the insufficient first-order
      diffraction efficiency. Therefore, it has been proposed to record
      holograms of Lippmann type to enable using a white light source of high
      brightness which can be easily obtained from, for example, a halogen lamp,
      a xenon short arc lamp or a mercury lamp. In case of the Lippmann type
      holograms, the hologram has a great wavelength selectivity owing to the
      Bragg effect, and accordingly, by use of the above described white light
      source as the reconstructing light source, it is theoretically possible to
      obtain a color image which is as sharp as that obtained in the case of
      using multicolor laser beams in the recording process. However, the
      Lippmann type holograms, particularly the Lippmann type holograms used for
      recording color information, are disadvantageous in that the wavelength
      which is selected by the Lippmann hologram is shifted by about 0.01.mu.m
      to the shorter wavelength side from the wavelength of the multicolor
      lasers used in the recording process. This is caused by the shrinkage of
      the photographic emulsion occurring after the exposure, development and
      fixing processes. Because of the shift of the wavelength, a faithful color
      image cannot be obtained. In order to compensate for the color shift, it
      is necessary to swell the emulsion. However, the thickness of the swollen
      emulsion layer is not stable and accordingly the recording of color
      information by the Lippman type hologram cannot be put into practical use
      for the time being.
PAR  Because of the above described situation, there is a demand for a method of
      reconstructing holograms wherein a color image is reconstructed from a
      normal type hologram, not of Lippmann type, by use of a white light source
      of high brightness.
PAR  The second embodiment of the present invention shown in FIGS. 4 and 5
      satisfies the above mentioned requirements for reconstruction of a sharp
      bright color image. FIG. 4 illustrates the recording process of a hologram
      and FIG. 5 illustrates the color image projecting process in which a color
      image is reconstructed.
PAR  Referring to FIG. 4, the reference numeral 23 indicates a multicolor laser
      source which gives blue, green and red light, which may be a krypton ion
      laser or a combination of an argon ion laser and a helium-neon laser. A
      light beam 24 generated from the multi-color laser source 23 is divided
      into two light beams 26 and 34 by a beam splitter 25. The beam 26 passing
      straight through the beam splitter 25 is diverged by a diverging lens 27
      and then collimated by a collimating lens 28 to uniformly illuminate a
      transparency type object 29. The beam passing through the object 29 passes
      through a first Fourier transformation lens 30 and forms a Fourier
      transformed image of the object on the secondary focal plane 31 thereof,
      and then passes through a second Fourier transformation lens 32 as an
      object beam to form a real image 33 of the object 29 on the secondary
      focal plane thereof on which a recording medium 36 is located. On the
      other hand, the beam 34 reflected by the beam splitter 25 is enlarged in
      diameter by a beam enlarging lens system 35 and impinges on the recording
      medium 36 as a reference beam at an angle of .beta.. By the interference
      between the object beam from the lens 32 and the reference beam from the
      lens system 35 is formed an interference pattern on the recording medium
      36, since the laser beams are spatially coherent. With the optical system
      having the above described arrangement, the wavelength of the laser beam
      24 generating from the laser source 23 is selected by means of a
      wavelength selector so as to successively illuminate the recording medium
      36 with at least three colors, blue, green and red. The recording medium
      36 which has successively been exposed to the three colors is subject to
      development and fixing to make a color hologram. In order to produce a
      plurality of color holograms equivalent to the hologram prepared as
      described above, the above described process is repeated with changed
      recording media or, more simply, a plurality of equivalent holograms are
      produced by a technique of contact printing or the like.
PAR  FIG. 5 illustrates an optical system which reconstructs a single bright
      reconstruction color image from three color holograms prepared as
      described above. The color image reconstructed as described hereinbelow
      referring to FIG. 5 has a brightness much higher than that obtained with
      only one color hologram.
PAR  As shown in FIG. 5, three substantially equivalent holograms 36a, 36b and
      36c are located in the same orientation on the same plane. Similarly to
      the first embodiment as shown in FIG. 2, the three holograms need not
      necessarily be arranged in a line. A white light beam 38 generated from a
      white light source 37 such as a xenon short arc lamp impinges as a
      reconstructing beam on the first hologram 36a at an angle .beta.. Part of
      the reconstructing beam 38 is not diffracted by the first hologram 36a and
      passes straight therethrough as indicated at 40. The substantially
      undiffracted beam 40 is used as a reconstructing beam to illuminate the
      second hologram 36b at the same angle .beta.. Further, part of the
      reconstructing beam 40 passing straight through the second hologram 36b
      being substantially undiffracted thereby as indicated at 42 is used as a
      reconstructing beam to illuminate the third hologram 36c at the same angle
      .beta.. By the illumination of the three equivalent holograms 36a, 36b and
      36c with the three parallel reconstructing beams 38, 40 and 42, three
      equivalent first-order diffraction beams 39, 41 and 43 are obtained. These
      three first-order diffraction beams 39, 41 and 43 are white light beams
      dispersed by the interference pattern recorded on the holograms and
      contain true diffraction light beams desired for reconstruction of a color
      image and crosstalk diffraction light beams causing a ghost image. By
      providing three equivalent lenses 45a, 45b and 45c in the optical path of
      the first-order diffraction beams, dispersed spectra of the true
      diffraction beams and the crosstalk diffraction beams in the first-order
      diffraction beams are formed on the secondary focal plane of the lenses.
      The band width of the spatial frequency spectra which are obtained as
      described above corresponds to the spatial frequency information of the
      object. Therefore, by providing spatial filters 47a, 47b and 47c having
      apertures 46a, 46b and 46c, respectively, of the size corresponding to the
      band width of the spatial frequency spectra of the object on the secondary
      focal plane and on the optical axes of the lenses 45a, 45b and 45c, only
      the true diffraction beams are selected to pass through the spatial
      filters 47a, 47b and 47c and a single color image 49 constituting three
      perfectly overlapped images is projected in an enlarged scale on a plane
      which is conjugate with the equivalent holograms 36a, 36b and 36c with
      respect to the lenses 45a, 45b and 45c.
PAR  Similarly to the first embodiment, the equivalent holograms 36a, 36b and
      36c employed in the second embodiment as shown in FIG. 5 should preferably
      be of phase-only type. The number of the holograms used here is not
      limited to three. Further, the brightness of the reconstructed image
      increases linearly as the number of holograms increases up to about 10.
      The mode of increase in the brightness of the reconstructed image with
      respect to the number N of the holograms is qualitatively the same as that
      shown in FIG. 3.
PAR  Since the energy Ei of the first-order diffraction beam obtained from the
      i-th hologram is represented by the formula (1), where the energy of the
      reconstructing beam illuminating the first hologram is Eo and the
      first-order diffraction efficiency of the total hologram is .eta.d, the
      brightness of the image obtained from the i-th hologram is always lower
      than that of the image obtained from the (i-1)-th hologram. In FIG. 6, the
      ratio of the energy of the first-order diffraction beam Ei contributing to
      the reconstruction of the i-th hologram to the total energy of the
      reconstructing beams Eo, i.e. Ei/Eo, represented in terms of percent is
      plotted with respect to the first to the tenth holograms, where .eta.d = 5
      percent. The brightness of the holographic image of the third hologram is
      about 10 percent lower than that of the first hologram, and that of the
      fifth hologram is about 20 percent lower than that of the first.
      Therefore, there is no problem in a practical sense if the number of
      holograms used is from 3 to 5.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of reconstructing a holographic image on an image-focusing
      plane by focusing first-order diffracted beams from holograms comprising
      the steps of:
PA1  preparing a plurality of substantially identical holograms of an object;
PA1  arranging said plurality of substantially identical holograms located in a
      plane with spaces therebetween which spaces are large enough to
      unobstructedly pass a first-order diffracted beam from each said hologram
      to an image-focusing plane;
PA1  impinging a reconstructing beam onto a first one of said holograms;
      impinging the undiffracted beam passing through said first one onto a
      second one of said holograms;
PA1  focusing a first-order diffracted beam from said first one onto the
      image-focusing plane;
PA1  repeating the steps of impinging the undiffracted beam from a prior one of
      said holograms onto the next succeeding one of said holograms and focusing
      the first-order diffracted beam from said prior one onto a focusing plane
      until the undiffracted beam impinges on the last one of said holograms,
      said first-order diffracted beams from holograms being focused in the same
      region of the focusing plane so that the images reconstructed by the
      diffracted beams from different holograms are substantially registered
      with each other, whereby a single image of increased brightness is
      reconstructed.
NUM  2.
PAR  2. A method of reconstructing a holographic image as defined in claim 1
      further comprising the steps of arranging the plurality of substantially
      identical holograms in parallel to each other with spaces therebetween
      which spaces are large enough to unobstructedly pass the first-order
      diffracted beam from one hologram to the image-focusing plane, and
      converging the first-order diffracted beams onto the image-focusing plane
      by use of converging lenses to form substantially identical focused images
      substantially registered with each other on the focusing plane.
NUM  3.
PAR  3. A method of reconstructing a holographic image as defined in claim 1
      wherein said holograms are substantially identical holograms, each of said
      holograms containing information corresponding to a plurality of different
      independently recorded colors in the object, and white light is used as
      said reconstruction beam impinged on the first hologram, whereby a
      multi-color image of increased brightness is reconstructed on the focusing
      plane.
NUM  4.
PAR  4. A method of reconstructing a holographic image as defined in claim 3
      further comprising the steps of arranging the color holograms in parallel
      to each other, impinging the undiffracted beams on the holograms at the
      same angle as that at which said reconstruction beam impinges on the first
      one of said plurality of substantially identical holograms, and converging
      the first-order diffracted beams onto the image-focusing plane by use of
      converging lenses to form substantially identical focused color images
      perfectly registered with each other on the focusing plane.
NUM  5.
PAR  5. A method of reconstructing a holographic image as defined in claim 4
      further comprising the step of passing each of said first-order diffracted
      beams from holograms through a spatial filter having an aperture of the
      size corresponding to the band width of the spatial frequency spectra of
      the object on the secondary focal plane and on the optical axis of said
      converging lenses.
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ABST
PAL  An optical system for the high density storage and retrieving of data,
      based upon the holographic recording technique, and incorporating two
      light deviating devices. The first of said devices enables the selection
      of an elementary area of the storage medium and the second of said device
      allows a plurality of superimposed holograms to be stored within said
      elementary area.
BSUM
PAR  The present invention relates to an optical system for the high density
      storage of data, based upon holographic techniques.
PAR  Those skilled in the art will be aware that the recording of data is
      carried out, in this technique by illuminating a plate of photosensitive
      material simultaneously with two beams of coherent light, one of the beams
      illuminating a plane referred to as the object plane and carrying the data
      for recording, and the other constituting a reference beam. The
      photosensitive plate, once developed, constitutes a hologram which,
      illuminated by a read-out light beam, furnishes at least one image of the
      object plane; this image, projected onto the matrix of photodetectors,
      makes it possible to exploit the data thus recorded.
PAR  To store data in a high density fashion, it is well known to divide the
      area of the holographic store into a plurality of areas, called pages,
      each of them being constituted by the hologram of a flat and well defined
      modulating object, carrying the data for recording in binary form for
      example, and arranged in the object plane.
PAR  The organisation of this kind of data recording and read-out system, must
      therefore ensure that object beam and reference beam are precisely
      positioned on each of the pages and, moreover, in the case of the object
      beam, must ensure that the object plane is illuminated. It is a first
      object of the present invention to arrive at this result with the help of
      devices which, by their technological characteristics, lend themselves
      readily to the design of high-capacity holographic stores.
PAR  On the other hand, in order to achieve still higher capacities, it is
      possible to utilise a different kind of organisation, this involving the
      recording of several holograms on the same page. In this case, each
      hologram represents a determinate object whose recording is characterised
      by particular value of the angle of the reference beam in relation to the
      object beam. It is a second object of the invention to arrive at this
      result with the help of an auxiliary deflecting device which is integrated
      into the system hereinbefore referred to.
PAR  In accordance with the present invention, there is provided: a holographic
      data storage system for storing onto a predetermined area of a storage
      medium, and for retrieving from said area at least one group of data
      carried by a modulating object, said system comprising: a source of
      coherent radiation delivering a parallel beam; deflector means arranged
      for deflecting said parallel beam at an angle .theta.; beam splitting
      means arranged for splitting said deflected beam into an object beam and
      at least one reference beam; first stigmatic transmission means having an
      optical axis, arranged for focusing said object beam onto an illumination
      plane and at a distance of said optical axis proportional to said angle
      .theta.; stigmatic convergent means positioned for projecting onto said
      storage medium an image of said illumination plane; second stigmatic
      transmission means having a further optical axis, arranged for focusing
      said reference beam onto a further illumination plane, and at a further
      distance of said further optical axis proportional to said angle .theta.,
      and holographic means arranged for projecting within said predetermined
      area the reference beam emerging from said second stigmatic transmission
      means; said modulating object being arranged across the beam transmitted
      by said stigmatic convergent means, and the modulated radiation emerging
      from said modulating object falling onto said predetermined area for
      forming with said projected reference beam a recordable fringe pattern
      representative of said group of data.
PAR  Another object of the invention is a holographic data storage system as
      above described, for superimposed storage of n groups of data, further
      comprising n positions beam translation means arranged for receiving said
      deflected beam from said deflector means; the n positions produced by said
      beam translation means respectively corresponding to n selected values of
      the angle of incidence of said projected reference beam onto said
      predetermined area; each of said selected values being associated with one
      of said n groups of data.
DRWD
PAR  For a better understanding of the invention and to show how the same may be
      carried into effect, reference will be made to the following description
      and the attached figures, among which:
PAR  FIG. 1 illustrates an embodiment of the data storage system in accordance
      with the invention;
PAR  FIG. 2 illustrates a variant embodiment of the system shown in FIG. 1;
PAR  FIG. 3 illustrates another embodiment of the system in accordance with the
      invention, which includes the auxiliary deflection device referred to
      hereinbefore;
PAR  FIGS. 4 and 5 are explanatory diagrams.
DETD
PAR  In FIG. 1, there can be seen: a source of coherent radiation L, such as a
      laser, producing a coherent parallel light beam 1; deflector means D.sub.1
      receiving the beam 1 and subjecting it to a deflection .theta. in relation
      to its incident direction 11, the emergent deflected beam being marked 2
      and the exit plane of the deflector D.sub.1 being marked F.sub.1 ; beam
      splitting means S, separating the beam 2 into two beams 3 and 4, the first
      known as the object beam and the second as the reference beam, these means
      being for example designed in the manner shown in the figure, in the form
      of a semitransparent plate inclined at 45.degree. to the direction 11 of
      the beam 1.
PAR  Arranged successively in the trajectory of the reference beam 4, and, by
      way of non-limitative example, on a common optical axis 12 symmetrical
      with the axis 11 considered vis-a-vis the splitting means S, there are: a
      first convergent lens L.sub.1 whose object focal plane is symmetrical with
      the plane F.sub.1 in relation to S; a flat mirror M inclined in relation
      to the optical axis 12 at an angle close to that occupied by the splitter
      S in relation to the axis 11; a convergent lens L.sub.2 having an image
      focal plane F.sub.2 ; a convergent lens O.sub.4 having object and image
      focal planes F.sub.2 and F.sub.4 respectively, and holographic means R,
      comprising a line grating produced by the interference of two
      monochromatic plane waves on a photosensitive substrate. The two lenses
      L.sub.1 and L.sub.2 and the mirror M are such that in the plane F.sub.2
      the image (marked 13) of the aperture of the deflector D.sub.1, disposed
      in the plane F.sub.1, is produced with a magnification - 1; the beam 4
      therefore, between the lens L.sub.2 and the lens O.sub.4, is a parallel
      beam making an angle of -.theta. with the optical axis 12.
PAR  The devices L.sub.1, M, L.sub.2 and O.sub.4 together constitute second
      stigmatic transmission means having an optical axis (12).
PAR  In the absence of the holographic grating R, the reference beam converges
      geometrically and in accordance with a trajectory marked 5 in the figure,
      at a point A in the illumination plane F.sub.4, this point being
      determined by the deflection angle .theta.. The interposition of the
      grating R causes the incident beam 4 to be deflected towards a point C
      along a trajectory marked 6 in the figure; the position of the point C is
      determined by the formulae linking the holograms and the deflection angle
      of the grating R. In other words, if we call .alpha. the angle between the
      paths 5 and 6, B the point of intersection between the plane of the
      grating R and the axis of the incident beam, .lambda. the optical
      wavelength of the reference beam, .lambda..sub.o the optical wavelength of
      the beams utilised for recording the hologram R, and the diffraction angle
      of the grating R for an incident beam of wavelength .lambda., then we
      have:
      ##EQU1##
      it is thus possible to select the position of a plane containing the point
      C.
PAR  In the trajectory of the object beam 3, there are, successively arranged:
      first stigmatic transmission means for focusing the object beam onto an
      illumination plane, these means in the embodiment shown being made of a
      convergent lens O.sub.1 of focal length F equal to that of the lens
      O.sub.4 ; a matrix M.sub.L of convergent lenses having the same focal
      length f and being arranged in the same plane; a convergent lens O.sub.2 ;
      stigmatic convergent means O.sub.3, such as a lens; a flat modulating
      object D; and the plane .pi.. These various means are arranged in such a
      fashion that the plane F.sub.1 and the object focal plane of the lens
      O.sub.1, are coincidental, and that the matrix of lenses M.sub.L is
      located in the focal plane of the lens O.sub.1 ; i.e. said illumination
      plane and also that lens O.sub.2 is located at a distance f from the
      matrix M.sub.L. The modulating object D containing the data for recording
      in a store page arranged in the plane .pi., is placed against the lens
      O.sub.3 which is operated at a magnification of -1. All these elements, by
      way of non-limitative example, have the same optical axis 11, namely that
      of the beam 1.
PAR  The beam 3 therefore converges geometrically at a point B in the
      illumination plane, determined by the value of the deflection angle
      .theta.; this convergence point is as a matter of fact, the centre of a
      spot due to diffraction phenomena, as explained hereinafter. The deflector
      D.sub.1 is being designed to address each of the pages of the plane .pi.,
      and the values of .theta. are thus predetermined so that each of them
      correspond with a determinate point of geometric convergence, such as B,
      which is chosen as the optical centre of one of the lenses making up the
      matrix M.sub.L. The direction of the beam 3 (parallel to the axis 11) thus
      remains the same up to the lens O.sub.2, and the beam forms on the
      objective lens O.sub.2 a spot 14 whose dimensions are determined by the
      diffraction phenomena and the focal length f of the lenses of the matrix
      M.sub.L, in order to ensure that the beam has an adequate aperture for it
      to illuminate the whole of the object D. In the figure, the true scale of
      the system is not respected, and it is such that the beam 3 is very
      slightly convergent at B; by way of example, the system has been designed
      with focal lengths F and f respectively of 120 cm and 1.3 cm.
PAR  The lens O.sub.2 is designed to ensure that the object beam 3 illuminates
      the object D, whatever the position of the point B; the lens O.sub.3 is
      designed to ensure geometric convergence of the beam 3 in the store plane
      .pi., in a zone centred at C; the position of the point C is a function of
      that of the point B and therefore of the angle .theta.. Thus, the zone of
      the plane .pi. is addressed by the deflector D.sub.1.
PAR  As a matter of fact, the zones of convergence referred to hereinbefore and
      illustrated in the figure by the geometric points A and B, have a size
      which is determined by diffraction phenomena; at B, the diffraction
      pattern obtained is the Fourier transform of the distribution of complex
      amplitudes of the wave surface emerging from the lens O.sub.1. This
      diffraction pattern is a figure of revolution and is constituted, as those
      skilled in the art will be aware, by a brilliant central spot whose
      diameter is in particular a function of the focal length of the lens for a
      given wavelength of the light beam, this spot being surrounded by rings
      whose intensity decreases very rapidly with increasing distance from the
      geometric centre B of the diffraction pattern. At A, the diffraction
      pattern obtained is identical to the latter, the parameters (wavelength of
      the radiated energy, width of the beam and focal length of the objective
      length) being equal. By way of example, if object beam 3 and reference
      beam 4 are of gaussian kind and around 1 mm in diameter, the lenses
      O.sub.1 and O.sub.4, having focal lengths of around 2 metres, it is
      possible to illuminate in the plane .pi. a circular page 1 mm in diameter.
PAR  The operation of the recording system is as follows: a flat object carrying
      the data for recording in a given storage page, is arranged in the plane D
      and a plate of photosensitive material is arranged in the plane .pi.. The
      deflector D.sub.1 imparts to the light beam 1 a deflection angle .theta.
      corresponding to the page in question, and this latter is illustrated
      simultaneously by the reference beam 4 and the object beam 3, in
      accordance with the processes hereinbefore described, thus enabling
      holographic recording of the data carried by D, in that page of the plane
      .pi. which is centred at the point C.
PAR  The operation of the system at read-out of the data contained in a hologram
      arranged in the plane .pi., simply utilises the reference beam 4 and 6. To
      this end, a shutter device is required, not shown in the figure, arranged
      in the path of the beam 3 and blocking the latter in this situation; it
      can be constituted, for example, by means of an electro-optical device
      arranged in the path of the beam 4 after the splitter or by replacing the
      semi-transparent plate (S) by a totally reflecting mirror. It also
      requires a projection lens L.sub.p and a detector M.sub.p such as matrix
      of photodetectors, arranged at the location where the real image of the
      modulating object (D) recorded in the page of the plane .pi., is formed,
      thus reconstituting in the form for example of electrical signals, the
      data contained in the plane B. In this embodiment, where the read out beam
      is identical with the reference beam, the illumination of the hologram in
      particular furnishes an image, conventionally called a direct image, at
      the location of the object D; in order to project it onto the matrix
      M.sub.p, the latter is disposed symmetrically to the plane D in relation
      to the hologram and the lens L.sub.p is arranged against the plane .pi..
PAR  FIG. 2 illustrates a variant embodiment of the system shown in FIG. 1, in
      which variant embodiment the read-out of the data recorded in the hologram
      .pi. is performed not by the reference beam 4 utilised at the time of
      recording, but by a further beam symmetrical therewith in relation to the
      object beam.
PAR  Thus, in this figure the same elements as in the preceding figure have been
      shown, namely the laser L, the deflector D.sub.1, the beam splitting means
      S which produces from the deflected beam 2 the object beam 3 and the
      reference beam 4 converging at a page centred at C in the plane .pi., this
      after having passed through the various elements hereinbefore described,
      and the detector M.sub.p. Also shown are: a second position S.sub.L of the
      semi-transparent plate S, making an angle of 90.degree. with the position
      which it occupied in the foregoing diagram (marked S.sub.1 in this
      figure,) a convergent lens L.sub.1L, a flat mirror M.sub.1, a convergent
      lens L.sub.2L, a convergent lens O.sub.4L and a holographic grating
      R.sub.L ; these various elements all have the same optical axis 22,
      symmetrical with the axis 12 in relation to the axis 11, and are identical
      to the elements L.sub.1, M, L.sub.2, O.sub.4 and R respectively.
PAR  The semi-transparent plate S, in its positions S.sub.L, makes it possible
      to produce the further beam 7 which then converges on the page centred at
      C, by the same mechanism as that already described in respect of the
      reference beam 4.
PAR  Another method of obtaining the read-out beam 7, not shown, is to insert an
      electro-optical double-refracting switch between the deflector D.sub.1 and
      the beam splitting means S. It will be remembered that a switch of this
      kind is conventionally constituted by three elements:
PAR  an electro-optical element such as a KDP crystal, controlled by a voltage
      with the result that the polarization of the incident beam 2 is or is not,
      as the case may be, rotated through 90.degree. according to the value of
      the voltage applied;
PAR  a double-refracting crystal transmitting (ordinary ray) the beam 2 towards
      the spliting means S if its polarization has not been modified by the
      preceding element, and deflecting that beam through 90.degree., along the
      path 7, if its polarization has been rotated;
PAR  an electro-optical element arranged in the path of the extraordinary ray,
      which makes it possible to restore to its initial orientation the
      polarization of the beam 7.
PAR  Utilising the system shown in FIG. 2, the recording of the data is carried
      out with the help of the beams 3 and 4 as before. Read-out is effected
      with the aid of the beam 7 alone. The illumination of a page of the plane
      .pi. under these circumstances, in particular furnishes an image,
      conventionally referred to as the conjugate of the direct image, which it
      forms symmetrically to the object D in relation to the plane .pi., that is
      to say on the detector M.sub.p.
PAR  This embodiment makes it possible to avoid the use of a projection lens
      such as that L.sub.p (FIG. 1) the design of which becomes problematical in
      the case of high-capacity systems where the storage plane .pi. is of large
      size. More generally, the organisation of the system in accordance with
      the invention, in either of the embodiments hereinbefore described, is
      particularly well suited to the recording of data in high density fashion,
      thanks to the use of elements such as the matrix lenses M.sub.L or the
      holographic grating R which can readily be produced even if the dimensions
      of the storage plane become large.
PAR  FIG. 3 illustrates another embodiment of the system in accordance with the
      invention, in which the superimposition of holograms in the same storage
      area is utilised.
PAR  In this figure, there can be seen all the devices shown in FIG. 1, except
      L, M.sub.p and L.sub.p, namely: the deflector D.sub.1, producing the
      deflected parallel beam 2, making an angle .theta. with the axis 11; the
      beam splitting means S; the lens O.sub.1, the matrix of lenses M.sub.L,
      the lens O.sub.2, the lens O.sub.3 and the modulating object D in the
      trajectory of the object beam; the lens L.sub.1, the flat mirror M, the
      lens L.sub.2 having the image focal plane F.sub.2, the lens O.sub.4 having
      the image focal plane F.sub.4 and the holographic grating R in the
      trajectory of the reference beam; and, finally, the storage plane .pi..
      The system furthermore comprises beam translation means marked D.sub.2 and
      also called deflector hereinafter, arranged between the deflector D.sub.1
      and the splitter S. The beam 2 emerging from the deflector D.sub.1 is
      marked 27 after it has passed through the deflector D.sub.2 ; it is split
      by the means S into an object beam 28 and a reference beam 29, these two
      beams converging on a page centred at C in the plane .pi., by the same
      mechanisms as are employed in respect of the beams 3 and 4 of FIG. 1.
PAR  The purpose of the beam translation means D.sub.2 is on the one hand to
      produce a beam (27) whose direction makes with the axis 11 an angle
      defined by the deflector D.sub.1 (an angle equal to -.theta. for example
      as shown in the figure), and on the other hand to control the displacement
      of the beam 27, parallel to itself, by a predetermined quantity .DELTA.X
      in relation to an axis 7.
PAR  An embodiment of a device of this kind is that illustrated in the figure
      and described in the United States pat. application Ser. No. 364,758, now
      Pat. No. 3,874,785. At this point, a brief recapitulation of its design
      and operation will be made: it is constituted by three elements, namely a
      convergent lens L.sub.3, an acousto-optical deflector element 20 and a
      convergent lens L.sub.4 ; these elements are arranged in such a fashion
      that the plane of symmetry F.sub.3 of the element 20 constitutes the image
      focal plane and the object focal plane of the lenses L.sub.3 and L.sub.4
      respectively, the object focal plane of the first (L.sub.3) being
      constituted by the plane F.sub.1 and the image focal plane of the second
      being coincidental with the object focal plane of the lens O.sub.1.
PAR  This device operates in the following manner: the lens L.sub.3 produces
      geometric convergence of the beam 2 at a secondary focus 30. The
      acousto-optical element 20 is constituted by a liquid or a solid such as
      lead molybdate, in which ultrasonic waves of wavelength .lambda..sub.g are
      generated by means of a generator connected to the element 20 through the
      medium of a transducer, these two devices not having been shown in the
      figure. The ultrasonic waves have the effect of creating an index grating
      whose plane wavefronts are at pitch intervals of p = .lambda..sub.G, and
      which produces diffraction of the incident beam in a direction making an
      angle .theta.' with the axis of the incident beam, this angle .theta.' of
      deflection being in particular a function of .lambda..sub.G. In this case,
      the various possible values of angle .theta.' are located in the same
      plane, perpendicular to said wavefronts, deflection in space is produced
      by the help of means described in the aforementioned patent application,
      namely, for example, a second generator, associated with a second
      transducer, creating wavefronts perpendicular to the former ones.
PAR  After having passed the lens L.sub.4, the beam 27 makes a constant angle of
      -.theta. with the axis 11; the deflection .theta.' is therefore
      translated, as far as the emergent beam (27) is concerned, into a
      translation by .DELTA.X in relation to a reference axis 7, chosen for
      example as the optical axis of a beam undiffracted by the element 20.
PAR  The means S split the beam 27 into an object beam 28 and a reference beam
      29. Also shown are the optical axes 8 and 9 of the object beam and the
      reference beam, corresponding to the beam of axis 7 hereinbefore defined.
PAR  The object beam 28 of lenses M.sub.L, and the angle at which the object
      beam illuminates a page in the plane .pi. is not practically dependent of
      the value of the angle of deflection .theta.' due to element 20.
PAR  The reference beam 29 is characterised, in the plane F.sub.2, by a
      translation of .DELTA.X in relation to the axis 9, this axis passing
      through the image focus of the lens L.sub.2 and making an angle .theta.
      with the axis 12. The beam 29 and the axis 9 converge at a point (1) in
      the illumination plane F.sub.4, in the absence of the grating R, at an
      angle marked .DELTA..phi., in relation to the axis 9, the magnitude of
      which angle is proportional to .DELTA.X. In the presence of the grating R,
      the beam 29 is diffracted towards the point C at an angle .phi. in
      relation to the axis 9; this angle .phi. is a function on the one hand, of
      course, of the focal lengths chosen for the different lenses, and on the
      other hand of the angle of deflection .theta.' due to the device D.sub.2 :
      in other words, in particular with the help of the hologram combination
      formulae, it is shown that .phi.=.DELTA..phi. cos .alpha., that is to say
      that .phi. is a function of .DELTA.X, and consequently of .theta.'.
PAR  This device thus makes it possible to illuminate a page in the plane .pi.
      using two coherent light beams and modifying the angle between one of
      these beams and the storage plane, with the help of the deflector D.sub.2.
      It is thus possible to carry out the recording of a plurality of n
      elementary holograms on the same page of the plane .pi., each
      corresponding to a different group of data carried by a modulating object
      (arranged in the plane D), and being characterised by a particular value
      of the angle .phi., and consequently of the angle .theta.' and the
      wavelength .lambda..sub.G.
PAR  In addition, the insertion of the means D.sub.2 into the system, prior to
      the splitter S, introduces pivoting of the object beam 28 at the point B,
      so that conditions are imposed upon the focal length f of the lenses of
      the matrix M.sub.1 : f must not be too large in order that the point 31
      constituted in section between the axis of the beam 28 and the lens
      O.sub.2, shall not be substantially displaced, and in order that the
      modulating object D shall always be properly illuminated.
PAR  In order to obtain a discrete sequence of n values of angle .phi., it has
      been described an acousto-optical device (D.sub.2) the position of which
      is given by the necessity for the object and reference beams to have the
      same wavelenght. Another embodiment of the beam translation means D.sub.2
      can be a mechanical one but, then, the time of access to the plane is
      substantially increased. A further embodiment of these means is an
      electro-optical device, such as N stages of electrically controled
      double-refractive crystals, positioned between lens L.sub.2 and O.sub.4,
      thus avoiding the abovementioned imprecisions near matrix M.sub.L and
      enabling n = 2.sup.N positions for the beam 29.
PAR  The light beam utilised for selective read-out of one of the elementary
      holograms recorded in a page of the plane .pi., is identical with the
      reference beam 29, making it possible to precisely reproduces the
      recording conditions, characterised by the value of the angle .phi., the
      accuracy of reproduction being a necessary condition of read-out.
PAR  As shown in FIG. 2 for the embodiment of FIG. 1, it is possible to realize
      the read-out of an elementary hologram with a beam roughly symmetrical to
      beam 29, in relation to axis II.
PAR  In conclusion, to record or read-out a hologram arranged in the plane .pi.,
      two deflection operations are therefore required: a first, using the
      deflector D.sub.1, to choose that of the values of the angle .theta. which
      corresponds to the page in question in the plane .pi., and a second,
      utilising translation of the reference beam, to choose that of the values
      of the angle .phi. which corresponds to the appropriate elementary
      hologram.
PAR  The storage medium best suited to this kind of system is a so-called thick
      material, that is to say one whose thickness is very much in excess of the
      wavelength of the beam radiant energy, such as a photopolymer or a
      photoferroelectric material. However, it is equally possible to carry out
      superimposition of holograms on socalled thin material, that is to say one
      whose thickness is in the same order of magnitude as the wavelength of the
      beam radiant energy;
PAR  FIG. 4 illustrates in this context how the images of the elementary
      holograms recorded on the same page are formed, when said page is
      illuminated by a read-out beam.
PAR  In this figure there have been shown: the plane .pi. where the holographic
      store to be read-out, is located; the pages 41 of said store; the normal
      42 to the plane .pi.; the detector M.sub.p arranged as described
      hereinbefore; a circle 43 of radius R and centre O, located in the plane
      of the detector M.sub.p and passing through its centre and those of the
      images I.sub.1 . . . I.sub.k . . . I.sub.n hereinafter defined; and a
      circle 44 likewise situated in the plane of the detector M.sub.p and
      carrying the trace 45 of the read-out beam in said plane.
PAR  When the read-out beam illuminates a page 41 in the plane .pi., at an angle
      of incidence identical (or symmetrical in the case of the read-out
      operation described in FIG. 2) to that of the reference beam at the time
      of recording the k.sup.th elementary hologram on this page, the n images
      (I.sub.1 . . . I.sub.n) corresponding to the n elementary holograms, are
      formed in the plane carrying the detector M.sub.p, the image I.sub.k
      corresponding to the k.sup.th hologram forming under excellent conditions
      of optical reconstitution, on the detector M.sub.p itself, in the manner
      hereinbefore described.
PAR  In order for it to be possible to utilise a detector M.sub.p without
      deplacing it, to read-out the n elementary holograms, it is necessary for
      the images I to form upon a circle (43) and this imposes a condition upon
      the choice of the deflection angle .theta.': at recording, the envelope of
      the reference beam positions should in effect be a cone centred at C and
      of circular section.
PAR  In addition, the number n of recordings on the same page 41 is limited by
      the possible superimposition of two consecutive images I. The limiting
      case is represented in FIG. 5: four images I.sub.k.sub.-2, I.sub.k.sub.-1,
      I.sub.k and I.sub.k.sub.+1 adjacent to one another of the circle centred
      at O and of radius R, each of these images being a square of side length
      d, viewed from the point 0 at an angle .beta.. The maximum number n,
      notated n.sub.m, can be determined in the following manner:
      ##EQU2##
      knowing that the detector M.sub.p is symmetrical with the plane D (and
      with the lens O.sub.3) and that the parameters d and OC (FIG. 4) are not
      independent, but that their ratio d/OC = k constitutes the aperture of the
      lens O.sub.3, we can write:
      ##EQU3##
      this defining a limiting value of the angle (.gamma.) of the object beam
      in relation to the normal to the plane .pi., in the case where the
      hologram is recorded on a thin material. In the case of thick holograms,
      this kind of limiting value is not introduced because of the fact that
      when the read-out beam is in the same position as the reference beam at
      the time of recording the k.sup.th elementary hologram, as those skilled
      in the art will appreciate, only the corresponding image I.sub.k is in
      fact reconstituted.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A holographic data storage system for storing onto a predetermined area
      of a storage medium, and for retrieving from said area at least one group
      of data carried by a modulating object, said system comprising: a source
      of coherent radiation delivering a parallel beam; deflector means arranged
      for deflecting said parallel beam at an angle .theta.; beam translation
      means, arranged for receiving said deflected beam from said deflector
      means and for selectively laterally translating the angularly deflected
      beam to one of a plurality of laterally displaced positions while
      preserving the direction of propagation of the translated beam along the
      .theta. direction beam splitting means arranged for splitting said
      translated beam into an object beam and at least one reference beam; first
      stigmatic transmission means having an optical axis, arranged for focusing
      said object beam onto an illumination plane and at a lateral distance from
      said optical axis proportional to said angle .theta.; stigmatic convergent
      means positioned for projecting onto said storage medium an image of said
      illumination plane; second stigmatic transmission means having a further
      optical axis, arranged for focusing said reference beam onto a further
      illumination plane with an angle of incidence which is dependent upon said
      laterally displaced position, and at a further lateral distance from said
      further object axis proportional to said angle .theta., and holographic
      means arranged for projecting within said predetermined area the reference
      beam emerging from said second stigmatic transmission means; said
      modulating object being disposed in the beam transmitted by said stigmatic
      convergent means, and the modulated radiation emerging from said
      modulating object falling onto said predetermined area for forming with
      said projected reference beam a recordable fringe pattern representative
      of said group of data.
NUM  2.
PAR  2. A holographic data storage system as claimed in claim 1, wherein said
      beam translation means comprise: a first lens positioned for focusing said
      deflected beam onto a focal plane, an acousto-optical deflector element
      for imparting n distinct orientations to the focused radiation emerging
      from said focal plane, said focal plane being within said acousto-optical
      element, and a second lens positioned for receiving the radiated energy
      emerging from said acousto-optical deflector element; said second lens
      forming with said lens an afocal optical combination.
NUM  3.
PAR  3. A holographic data storage system as claimed in claim 1, further
      comprising a matrix of lenses positioned at said illumination plane, said
      lenses having the same focal length; the portion of said object beam
      emerging from said first stigmatic transmission means being focused near
      the optical center of one of said lenses.
NUM  4.
PAR  4. A holographic data storage system as claimed in claim 3, further
      comprising a lens arranged between said matrix and said modulating object,
      at the image focal plane of the lenses of said matrix.
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ABST
PAL  An apparatus for sequential data storage employing a coherent light source
      from which an object wave and a reference wave source symmetrical to one
      another are created, each wave being directed through a spherical lens and
      then a plane-parallel, transparent plate to a moving storage medium for
      recording. Each of the plane-parallel transparent plates may be fixed
      selectively either normal to the path of its respective wave or obliquely
      to the path.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to an apparatus for recording data in the
      form either of one-dimensional holograms or of microscopic punctiform or
      dot-like changes on a storage medium.
PAR  2. Prior Art
PAR  The storage of information contained in the form of optical or other
      signals on a photosensitive storage medium, for example, a photosensitive
      tape, is well known, such as in film sound tracks. Holographic data
      storage and retrieval systems are also well known, and my joint co-pending
      application for patent, "An Apparatus For Producing One-Dimensional
      Holograms", filed July 11, 1974, U.S. Ser. No. 487,550, shows the use of a
      plane-parallel transparent plate disposed in the path of each of the
      object and reference waves at an angle of inclination to the axis of its
      respective wave so that each beam is spread by the plate into a pair of
      narrow focal lines. No prior art apparatus allows selective choice of
      hologram recording or nonholographic recording.
PAC  SUMMARY OF THE INVENTION
PAR  Non-modulated coherent light from a source is split into two beams, a
      reference beam or wave and an object beam or wave. The non-modulated
      object wave is passed through a modulator where data is encoded on the
      beam. Each wave then passes through a spherical lens and a plane-parallel
      transparent plate and is focused on a moving storage medium. Each of the
      two plane-parallel plates may be changed over between a position at right
      angles to the beam path for non-holographic recording and read out of data
      when the reference wave is suppessed and a position which is inclined
      relative to the beam path for the holographic recording and read out of
      data.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE shows an apparatus for the recording and read out of data in the
      form either of non-holographic punctiform changes on a storage medium or,
      by moving the plane-parallel transparent plates as shown, as
      one-dimensional holograms.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the figure source symmetrical coherent waves are shown at 3 and 8, the
      wave 3 being an object wave modulated from its continuous character at 1
      by a modulator 2. The reference wave 8 is not modulated. The reference and
      object waves are provided from a single coherent light source by a
      conventional beam splitting device, neither of which are shown.
PAR  The object wave 3 passes through a spherical lens 4 and a plane-parallel
      plate 5 and is focused by the spherical lens 4 onto a moving storage
      medium 6. The reference wave 8 is focused at the same point on the moving
      storage medium 6 by a spherical lens 9 and passes through a second
      plane-parallel plate 7 between the spherical lens 9 and the moving storage
      medium 6.
PAR  A beam dividing cube 10 in the path of light reflected from the moving
      storage medium 6 at the focal point of the spherical lens 9 bounces that
      light through a third spherical lens 11 to a detector 12. The beam
      dividing cube 10 may also be used to split the original beam from a
      coherent light source into the reference wave 8 and the object wave 3,
      whereupon the wave 8 is transmitted by the beam divider and the wave 13 is
      reflected. The wave 13 would then be reflected a second time to be aligned
      with the modulator 2, spherical lens 4, etc., along the line of the
      non-modulated beam shown at 1.
PAR  For the recording of data in non-holographic dot form, and to read out such
      data, the plane-parallel plates 5 and 7 are employed in the position shown
      in solid lines in the figure at right angles to the optical axes of the
      respective waves 3 and 8. In the recording mode, a beam of coherent light
      1 is modulated by the modulator 2 with the data which is to be recorded,
      and the spherical lens 4 focuses the beam on the moving storage medium 6
      where it produces the recording. Reference wave 8 is of course suppressed
      by any convenient means for non-holographic recording or readout of data.
      The plane-parallel plate has no substantial effect on the beam. Read out
      of the non-holographically recorded data is conducted by applying no
      modulation voltage to the modulator 2, so that the object wave 3 remains
      unmodulated. That beam is directed onto the storage medium 6 and its image
      is modulated thereby. The spherical lens 9 collects this reflected light
      and passes it to the beam divider 10; the spherical lens 11 passes this
      image onto the photodetector 12, where it is converted into an electric
      read-out signal.
PAR  For the recording of data in the form of one-dimensional holograms on the
      storage medium 6, the plane-parallel plates 5 and 7 are moved into the
      oblique positions across the beams shown by the broken lines in the
      figure. The plane-parallel plate 5 in the beam 3 is rotated about a
      vertical axis through the center of the beam, while the plane-parallel
      plate 7 is tilted about a horizontal axis through the center of the
      reference beam 8. The storage medium 6 is then illuminated from one angle
      by the modulated object wave 3, which modulation contains the data to be
      stored, and the storage medium 6 is simultaneously illuminated from a
      second angle by the reference beam 8. The oblique plane-parallel plates 5
      and 7 cause the focal points of the spherical lenses 4 and 9 to be drawn
      out to form narrow focal lines which run at right angles to the
      propagation direction of the waves. Vertical focal lines thereby produced
      are arranged source symmetrically. The object wave and the reference wave
      each produce two focal lines which are at right angles to one another and
      which are spaced apart by a few hundred microns; the two horizontal focal
      lines coincide with one another upon the storage medium in the hologram
      thereby produced.
PAR  To reconstruct the holograms produced or to retrieve the information from
      the moving storage medium, the reference wave must be replaced by a
      reconstruction wave of the same geometry. It must be ensured that the
      settings of the plane-parallel plates 5 and 7 are accurately reproduced,
      and in particular the oblique position of each of the plane-parallel
      plates is critical.
PAR  Although various minor modifications might be suggested by those versed in
      the art, it should be understood that I wish to embody within the scope of
      the patent warranted hereon all such modifications as reasonably and
      properly come within the scope of my contribution to the art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In an apparatus for sequential data storage having a coherent light
      source from which a source symmetrical object wave and reference wave each
      are directed through one of two spherical lenses and through one of two
      corresponding plane-parallel, transparent plates onto a storage medium
      moving along a path, the improvement comprising:
PA1  a beam divider in the path of the reference wave between said spherical
      lens and said source;
PA1  each plane-parallel plate being selectively positionable in a first
      position normal to its respective wave for non-holographic recording and
      readout of data and in a second position which is inclined in relation to
      the wave for holographic recording and read-out of data; and
PA1  each plane-parallel plate being swivelable between its said first and
      second positions about an axis normal to its respective wave and
      substantially through a center portion of said wave.
NUM  2.
PAR  2. An apparatus for sequential data storage as defined in claim 1, further
      defined by the axis for inclination of the plane-parallel, transparent
      plate in the object wave being normal to the axis for inclination of the
      plane-parallel, transparent plate in the reference wave.
NUM  3.
PAR  3. An apparatus for sequential data storage as defined in claim 1, further
      defined by the axis for inclination of the plane-parallel, transparent
      plate in the object wave being in a plane normal to the path of the moving
      storage medium and the axis for inclination of the plane-parallel,
      transparent plate in the reference wave being coplanar with said path.
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ABST
PAL  A connector to provide multiple input-output couplings to a multi-mode
       opal transmission line without interrupting the radiation flow. A local
      scrambling cylinder is placed between a multiple input-output bundle and a
      bidirectional T-coupler. A mirrored surface covers an area of the rod
      leaving uncovered the core area of the bundle that leads to the T. Input
      light is reflected by the mirror evenly to provide an optical path between
      the inputs and the outputs without affecting transmission through the T.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to optical radiation connectors, more
      particularly to optical radiation connectors by which multiple input and
      output optical radiation transmission lines may be coupled to a main
      multimode fiber bundle transmission line.
PAR  Heretofore optical fiber bundles have been used for transmitting light from
      one place to another. Straight-through couplings have been used which
      permit coupling two optical fiber bundles together without any light loss
      between the bundle paths. There is a need for coupling light into and from
      an optical transmission line without interrupting the flow of
      transmission. Such lines may be used for communications, as well as other
      purposes.
PAR  Application serial No. 395,679 filed Sept. 10, 1973, is directed to a
      T-coupler for coupling information from and into an optical multimode
      fiber bundle transmission line. This application is an improvement
      allowing additional information to be added or removed from an optical
      multimode fiber bundle transmission line.
PAC  Summary of the Invention
PAR  This invention is directed to a coupler-connector for an optical multimode
      fiber bundle transmission line in which separate optical radiation
      scramblers in combination with a mirror is used in combination with the
      T-coupler for added capability. The combination provides multiple input
      and output coupling to an optical transmission line comprising a bundle of
      multimode fibers without completely interrupting the flow of optical
      radiation. The mirrored surface does not interfere with the optical
      radiation transmitted to or from the T-coupler. Input light which is
      reflected at the mirrored surface illuminates all the local output bundles
      more or less evenly so that an optical path is provided between the local
      inputs and the local outputs. The separate transparent scrambler rod has a
      cross sectional area which is comparable to the sum of the areas of the
      input and output bundles and has a numerical aperture equal to or greater
      than the fiber used. The combined unit provides an optical path from all
      the local input bundles to all the local output bundles without affecting
      transmission through the T-coupler-connector from one portion of the main
      bundle to the other. Thus the T-connector of the prior application has
      been converted into a multiple T-connector without any increase in
      throughput loss.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates a multiple optical radiation connector.
PAR  FIGS. 2 and 3 are modifications of the connector arrangement of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Now referring to the drawing, there is shown different modifications of the
      connector system. FIG. 1 illustrates a separate auxiliary connector 10
      connected by separate fiber optic bundles 11 and 12 to a T-connector.
PAR  The T-connector includes solid end rods 13 and 14 made of optical material
      each having the same cross sectional area and shape of main multimode
      fiber optic bundle transmission lines 15 optically connected thereto. The
      end rods 13 and 14 are separated by a smaller rod 16 made of optical
      material which transmits optical radiation from one main transmission line
      through the rods 13 and 14 to the opposite main transmission line. The
      rods are sufficiently long that they each act as optical integrators or
      scrambles ensuring that optical radiation entering the rod is distributed
      over the entire end of the rod and that the light leaving the rod will be
      distributed over the entire end of the adjoining main transmission line.
PAR  One portion of the lower end of connector 10 is provided with a mirror 17
      which reflects incident input radiation through fiber optic bundles 21 and
      22 from within the rod to illuminate all the local output bundles 23 and
      24 evenly so that an optical path is provided between the local inputs 21
      and 22 and the local outputs 23 and 24.
PAR  The rod 10 is a transparent radiation scrambler which has a cross sectional
      area which is comparable to the sum of the areas of the input and output
      bundles and have a numerical aperture equal to or greater than the fiber
      optic transmission lines used.
PAR  In operation, radiation may be transmitted through the main transmission
      line in either direction through the end rods 13 and 14 and the central
      rod 16. Additional radiation will pass through lines 21 and 22 into the
      connector 10 depending upon the direction of flow. The radiation entering
      the connector 10 will emerge through all of the other fiber optic bundle
      lines connected thereto. The connector 10 may be used to add radiation to
      the radiation transmitted through the main transmission line. Thus,
      radiation entering through lines 21 and 22 will pass through the scrambler
      rod out through lines 11 and 12 into the main transmission lines. Also the
      radiation entering through lines 21 and 22 will be scattered and a portion
      of it reflected back by the mirror 17 and out through fiber optic bundle
      23 and 24.
PAR  FIG. 2 illustrates a modification of the connector-coupler of FIG. 1. In
      FIG. 2 the T-connector-coupler is made of a single optical material rod 25
      to which is connected main transmission fiber optic line 15 at its ends
      and a fiber optic bundle 26 between connector 10 and the
      T-connector-coupler 25. The connector 10 includes the mirrored end 17 and
      the input and output fiber optic bundle lines 21-24. In this device,
      radiation through the main transmission lines will pass through
      connector-coupler 25 and a portion will enter connector 10. The device is
      bidirectional. The input output through the upper end connector 10 is the
      same as set forth above for the device set forth in FIG. 1.
PAR  FIG. 3 is a modification illustrating a main optical multimode fiber bundle
      transmission line and connector-coupler such as set forth for FIG. 1. The
      fiber bundles 11 and 12 from the coupler rods 13 and 14 are directed to
      separate connectors 31 and 32. The separate connectors 31 and 32 are
      connected together by fiber bundle 33 which conducts radiation from one
      connector 31 or 32 to the other connector 31 or 32 depending upon through
      which connector radiation is directed. As shown, radiation through main
      transmission line 15 from the left passes through coupler rods 13, 16, and
      14 to the opposite transmission line 15. Also, radiation from rod 13
      enters fiber bundle 11 and passes through connector 31 and out through the
      different optical fiber bundles 34-36. Simultaneously radiation may be
      added to the system by radiation entering connector 32 through input fiber
      bundles 37-39. The input radiation passes through connector 32 from which
      some radiation passes into connector 31 through fiber bundle 33, the
      remainder of the radiation in connector 32 will pass through fiber bundle
      12 through rod 14 and into the main transmission line 15. The radiation
      from connector 32 through fiber bundle 12 will be added to the main
      radiation in rod 14 and the total radiation from rod 16 and fiber bundle
      12 will pass into the main transmission line 15. This system is
      bidirectional since radiation may come from the right and be directed out
      through rod 13 to the main transmission line and through fiber bundle 12
      to connector 32 and out through fiber bundle 37-39. Radiation may be added
      through connector 31 out through connector 32 and through rod 13 out to
      the main transmission line. The connectors 31, and 32 do not have mirrors
      on the lower end as set forth for the connector 10 in FIGS. 1 and 2.
PAR  The above modifications set forth optical coupler-connectors which provides
      multiple input and output coupling to and from a multimode fiber bundle
      transmission line without completely interrupting the flow of optical
      radiation. Such systems may be used in optical communication systems.
PAR  Obviously many modification and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In combination, an optical radiation coupler-connector, which comprises:
PA1  a main input optical multimode fiber optic bundle transmission bundle,
PA1  a main output optical multimode fiber optic bundle transmission bundle,
PA1  a main connector formed of an optical radiation transparent dielectric
      material optically connecting said main input bundle with said main output
      bundle,
PA1  said main connector including a first solid rod with an input end and an
      output end said input end optically connected to said main input bundle
      for conducting all of any input radiation to its output end, a second
      solid rod with an output and input end said output end optically connected
      with said main output bundle for conducting input radiation to all of said
      output bundle, a third solid rod having input and output ends, said input
      end receiving radiation from a portion of the output end of said first
      solid rod and conducting said received radiation to a portion of the input
      end of said second rod,
PA1  first and second auxiliary optical radiation connectors each having an
      input and an output end,
PA1  optical fiber bundle means optically connected to receive a portion of the
      output radiation from said first solid rod and transmitting said radiation
      to said input end of said first auxiliary connector,
PA1  optical fiber bundle means optically connected between said input end of
      said second solid rod and said output end of said second auxiliary
      connector,
PA1  an optical fiber bundle connected between the input end of said first
      auxiliary bundle and the output end of said second auxiliary bundle,
PA1  a plurality of separate optical fiber bundles optically secured to the
      output end of said first auxiliary optical radiation connector, and
PA1  a plurality of separate optical fiber bundles optically secured to the
      input end of said second auxiliary bundle.
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ABST
PAL  The invention relates to a coupling assembly between sheathed light
      conductive fibers. The invention also relates to a coupling assembly
      between light conductive fibers and the requisite terminal equipment. The
      invention further provides for such manipulative coupling without the
      necessity of making precise adjustments for the attainment of a high
      efficiency coupling.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Light conductive fibers have external diameters ranging between 50 and 150
      .mu.. The transmission of light energy is restricted to the core of the
      fiber and to its immediate neighborhood; wherein, the core dimensions
      comprise diameters of only a few microns. Because of the small dimensions
      of the fiber cores, the process of connecting the light conductive fibers
      to each other or connecting the light conductive fibers to terminal
      equipment having very small light exit or entry areas is painstakingly
      difficult and extreme precision is required in order to avoid lateral
      offset between the connecting elements.
PAR  2. Prior Art
PAR  CONNECTING PLUGS FOR CONNECTING TWO GLASS FIBERS ARE KNOWN TO THE ART.
      These comprise a capillary tube with an internal diameter slightly larger
      than the external diameter of the corresponding fiber to be connected.
      Increasing steadily in an outward direction, the glass fibers to be
      connected are introduced into the internal diameter of the capillary tube
      in such a fashion that the two fiber ends touch one another in the central
      section of the capillary tube. In order to achieve a high coupling
      efficiency, precise adjustments are required at this point so that the end
      portions of the two cylindrical glass fibers come to be located precisely
      in the short zone of the plug, which has the smallest internal diameter,
      so that the fiber axes are not offset in relation to one another.
PAR  In an article which appeared in NTZ, edition 10, 1972, pages 452 to 455, S.
      Maslowski describes a detachable plug-in connection for fiber optic wave
      guides, which exhibits coupling losses of less than 0.4 dB. The fibers are
      held eccentrically in pins which are in turn eccentrically guided in
      bushings. By rotating the pins in relation to one another, optimum
      coupling of the fiber ends can be manualy effected with adequate
      precision. However, this precise adjustment can only be achieved by trial
      and error.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a means for coupling
      light conductive fibers with one another and for interfacing light
      conductive fibers with the requisite terminal equipment. The invention
      further provides for such manipulative functions without the necessity of
      making precise adjustments to achieve a high efficiency coupling.
PAR  The object of the invention is realized by an improved light conductive
      fiber assembly comprising a sheath region at each end portion having
      annular cross sectional areas, a core region having cross sectional base
      located parallel to the semi-circular cross sectional areas of the sheath
      region, and a plug sleeve. The plug sleeve comprises a solid
      parallelopiped, polished, flat surfaced base and an elastic upper portion
      attached thereto having a longitudinal flare decaying in a direction away
      from each end face of said plug sleeve; and exerting a force in the
      direction of the base portions. A longitudinal opening centrally extending
      between the base and the upper portion of the plug sleeve accommodates the
      light conductive fibers. The longitudinal opening, externally flared at
      the periphery of the upper portion of the plug sleeve, is centrally
      adapted to facilitate its interfacing to the cross sectional areas of the
      light conductive fibers.
PAR  Because the light conductive fibers are attached vertically, something
      which is achieved through the interaction of the flat boundary surfaces of
      the fibers and the sleeves, connections can be permanently or portably
      engaged and disengaged with relative ease. A slight lateral offset in the
      fibers is unimportant in relation to the coupling efficiency because of
      the width of the core region. Because of the assymmetrical cross sectional
      area of the light conductive fibers at their end portions, incorrect
      insertion of the fibers into the plug is excluded.
PAR  The plugs are designed in accordance with the application, as either single
      or multiple plugs.
PAR  In communication transmission links, such as in integrated form, the light
      conductive fibers have the requisite cross sectional shape for the
      purposes of plug-in connection over their entire length.
PAR  The plug sleeve offers particular advantage as a connecting component for a
      light conductive fiber with an optical layer conductor.
PAR  If coupling is to be established between the light conductive fibers and
      the requisite terminal equipment, such as a light transmitter, an
      amplifier, a modulator or a receiver, then this terminal equipment may
      advantageously be integrally interfaced along with the plug sleeve.
PAR  To increase the coupling efficiency, an immersion liquid having suitable
      adhesive and optical properties may be introduced in the coupling zone to
      provide for a firm connection.
DRWD
PAR  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of a longitudinal cross section through a
      single plug sleeve for connecting to a light conductive fiber in
      accordance with the invention;
PAR  FIG. 2 is a diagrammatic cross sectional view of the light conductive fiber
      in accordance with the invention;
PAR  FIG. 2a is a diagrammatic cross sectional view of the light conductive
      fiber depicting a core region having a triangular cross section;
PAR  FIG. 2b is a diagrammatic cross sectional view of the light conductive
      fiber depicting a core region with a circular cross section;
PAR  FIG. 2c is a diagrammatic cross sectional view of the light conductive
      fiber depicting a core region with a semi-circular cross section;
PAR  FIG. 3 diagrammatically illustrates a cross section of a plug sleeve for
      connecting a light conductive fiber with a laser transmitter;
PAR  FIG. 4 is a diagrammatic view of a plug sleeve intended for interfacing of
      three light conductive fibers;
PAR  FIG. 5 is a diagrammatic view depicting the coupling of a light conductive
      fiber with an optical slab or strip waveguide.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A coupling assembly 1a as best seen at FIG. 1 includes a solid base portion
      1, made of some crystalline substance such as glass, having a polished
      flat surface 2, a convex upper portion 3 having a longitudinally flared
      platinum sheet decaying in a direction away from each end face of said
      plug sleeve, connected to the base portion 1, and at least a pair of light
      conductive fibers 5 and 6 each having an internal and external face. The
      platinum sheet 3 is contoured to the profile of a surface wall and sheath
      region 4 as shown in FIG. 2 of light conductive fibers 5 and 6 by the
      compressive force generated in the direction of arrow 7 by the elastic
      component of the platinum sheet 3 as best seen at FIGS. 1 and 2.
PAR  The cross section of the light conductive fibers 5 and 6 as best seen at
      FIGS. 2 through 2c comprises a straight base portion 8, and a convex upper
      profile 9. The compressive force exerted upon the fibers forces the
      straight base portion 8 against the corresponding flat surface 2 of the
      base portion 1 of a plug sleeve 20.
PAR  A core region 10 of the light conductive fibers has a cross section, the
      longest side 10a of said cross section being parallel to both the flat
      base portion 8 of the light conductive fiber and surface 2 of the base
      portion 1. The cross section of the core region may be rectangular,
      triangular, circular or semi-circular, as best seen at FIGS. 2a through
      2c, dependent only on the physical efficacy.
PAR  Because of the press fit of the light conductive fibers in the plug sleeve,
      stagger between the two light conductive fibers is minimized. Because of
      the width of the core region 10, a minor lateral offset has no effect upon
      the transmission of an incident light wave through the core.
PAR  It should be pointed out that instead of a single core region as shown in
      FIG. 2, it may be desirable to provide several rectangular core regions in
      a given sheath region, disposed serially and at the same height, as best
      seen at FIG. 4, or to vary the geometric profile of the core region 10 as
      indicated in FIGS. 2a through 2c. In this fashion, it is then possible to
      connect together multiple light conductive fibers by using a corresponding
      plug sleeve. In FIG. 4 a plug sleeve 30 capable of receiving three light
      conductive fibers is illustrated wherein, the fibers are disposed within
      three convex upper portions 3'situated upon the base portion 1.
PAR  To facilitate the interfacing operation and to further maximize the
      coupling efficiency, an immersion liquid 11 having suitable adhesive and
      optical properties, as best seen at FIGS. 1 and 5, is provided between the
      end portion of the light conductive fibers 5 and 6.
PAR  The coupling assembly may also be utilized in interfacing light conductive
      fibers with terminal equipment such as a laser as indicated in FIG. 3
      wherein a coupling arrangement for connecting a light conductive fiber
      with a semi-conductor laser is illustrated. The coupling is the same as
      that shown in FIGS. 1 and 2, with the exception that, instead of the light
      conductive fiber 5 shown in FIG. 1, a transmitter 40, such as a laser
      transmitter, having the same dimensions as the light conductive fiber 5,
      and having an internal face has been permanently installed. The laser
      comprises a p-doped layer, an n-doped layer and a p-n-junction layer 12.
      The n-doped layer is attached to the first part 1 of the plug sleeve 20
      and is so adjusted that the light-emitting junction layer 12 is disposed
      directly opposite the core region 10 of the light conductive fiber 6. An
      adhesive in form of the immersion liquid 11, is again employed between the
      terminal face of the optical fiber 6 and the laser transmitter 40.
PAR  Because of the flat interfaces between the light conductive fibers and the
      plug sleeve, and because of the pressure exerted upon the light conductive
      fiber by the platinum sheet, the fiber is always placed in the correct
      position even when frequent plug-in and unplugging operations are carried
      out. Because of the flare in the openings in the plug sleeve, at its
      external upper portion perimeter, it is a simple matter to insert even
      thin light conductive fibers into the plug sleeve, without the upper
      portion of said plug sleeve collaspsing upon itself and making penetration
      into the plug sleeve impossible.
PAR  FIG. 5 illustrates a coupling of a light conductive fiber 13 with an
      optical slab or strip waveguide 14 integrally mounted on the base portion
      1 wherein a longitudinally flared platinum sheet 15 is mounted on the end
      part of the optical slab strip waveguide. To establish a firm connection
      between the two coupling elements, the adhesive immersion liquid 11 is
      again employed to bond the two coupling elements tenatiously.
PAR  While there have been shown and described and pointed out the fundamental
      novel features of the invention as applied to a preferred embodiment, it
      will be understood that various omissions and substitutions and changes in
      the form and details of the device illustrated and in its operation may be
      made by those skilled in the art without departing from the spirit of the
      invention. It is the intention therefore, to be limited only as indicated
      by the following claims.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A coupling assembly between sheathed light conductive fibers which
      includes:
PA1  at least one pair of light conductive fibers each comprising an internal
      and external terminal face and a sheath region at each terminal free
      having a straight base annular cross sectional area,
PA2  a core region disposed within said sheath region having a cross sectional
      area;
PA2  a plug sleeve comprising a solid parallelopiped, polished, flat surfaced
      base and an elastic upper portion archedly arranged above said base and
      attached thereto and having a longitudinal flare decaying in a direction
      away from each end face of said plug sleeve, wherein said upper portion
      exerts an inward compressive force directed toward said base; and
PA2  a longitudinal opening centrally extending between the base and the upper
      portion of said plug sleeve to accommodate the incident light conductive
      fiber, wherein said opening is externally flared at a periphery of said
      upper portion and adapted at a center of the plug sleeve to facilitate its
      interfacing with the cross sectional areas of the light conductive fibers.
NUM  2.
PAR  2. A coupling assembly as defined in claim 1, wherein said core regions of
      the light conductive fibers have a circular cross sectional area.
NUM  3.
PAR  3. A coupling assembly as defined in claim 1, wherein said plug sleeve
      further comprises a plurality of serially connected, convex upper portions
      to allow for the reception of a plurality of corresponding light
      conductive fibers.
NUM  4.
PAR  4. A coupling assembly as defined in claim 1, wherein said plug sleeve
      further comprises a means having an immersion liquid within.
NUM  5.
PAR  5. A coupling assembly as defined in claim 4, wherein said immersion liquid
      includes an adhesive to maximize coupling efficiency between said light
      conductive fiber.
NUM  6.
PAR  6. A coupling assembly as defined in claim 4, wherein said means having an
      immersion liquid within is arranged between internal terminal faces of
      said light conductive fibers disposed in said plug sleeve.
NUM  7.
PAR  7. A coupling assembly as defined in claim 1, wherein said cross sectional
      area of said core region further comprises a straight base located
      parallel to the straight base of said annular cross sectionaal area of the
      sheath region.
NUM  8.
PAR  8. A coupling assembly as defined in claim 7, wherein said core regions of
      the light conductive fibers have a rectangular cross sectional area.
NUM  9.
PAR  9. A coupling assembly as defined in claim 7, wherein said core regions of
      the light conductive fibers have a triangular cross sectional area.
NUM  10.
PAR  10. A coupling assembly as defined in claim 7, wherein said core regions of
      the light conductive fibers have a semi-circular sectional area.
NUM  11.
PAR  11. A coupling assembly between a light conductive fiber and terminal
      equipment, wherein said coupling assembly comprises:
PA1  at least one light conductive fiber having an internal and external
      terminal face and a straight base sheath region at each terminal face of
      annular cross sectional area,
PA2  a core region disposed within said sheath region having a cross sectional
      area;
PA2  a plug sleeve comprising a solid parallelopiped, polished, flat surfaced
      base, and an elastic upper portion located above said base and attached
      thereto and having a longitudinal flare decaying in a direction away from
      each end face of said plug sleeve, wherein said upper portion exerts an
      inward compressive force directed toward said base;
PA2  a longitudinal opening centrally extending between the base and the upper
      portion of said plug sleeve to accommodate the incident light conductive
      fiber, wherein said opening is externally flared at a periphery of said
      upper portion and adapted at a center of the plug sleeve to facilitate its
      interfacing with a corresponding cross sectional area; and
PA2  a corresponding light conductive means disposed within said plug sleeve
      interfacing directly opposite with the cross sectional area of the light
      conductive fiber.
NUM  12.
PAR  12. A coupling assembly as defined in claim 11, wherein said terminal
      equipment is integrally assembled together with the plug sleeve.
NUM  13.
PAR  13. A coupling assembly as defined in claim 11, wherein said core regions
      of the light conductive fibers have a circular cross sectional area.
NUM  14.
PAR  14. A coupling assembly as defined in claim 11, wherein said plug sleeve
      further comprises a plurality of serially connected longitudinally flared
      convex upper portions to allow for the reception of a plurality of
      corresponding light conductive fibers and corresponding light conductive
      means.
NUM  15.
PAR  15. A coupling assembly as defined in claim 10, wherein the plug sleeve
      further comprises an optical slab or strip waveguide arranged on the base
      of said plug sleeve.
NUM  16.
PAR  16. A coupling assembly as defined in claim 11, wherein said cross
      sectional area of said core region further comprises a straight base
      located parallel to the straight base of said annular cross sectional area
      of the sheath region.
NUM  17.
PAR  17. A coupling assembly as defined in claim 16, wherein said core region of
      the light conductive fiber has have a rectangular cross sectional area.
NUM  18.
PAR  18. A coupling assembly as defined in claim 16, wherein said core region of
      the light conductive fibers have a triangular cross sectional area.
NUM  19.
PAR  19. A coupling assembly as defined in claim 16, wherein said core region of
      the light conductive fiber has have a semi-circular sectional area.
NUM  20.
PAR  20. a coupling assembly as defined in claim 11, wherein said light
      conductive means comprises a transmitter having an internal face
      connecting said plug sleeve with said terminal equipment.
NUM  21.
PAR  21. A coupling assembly as defined in claim 20, wherein said plug sleeve
      further comprises a means having an immersion liquid within.
NUM  22.
PAR  22. A coupling assembly as defined in claim 21, wherein said immersion
      liquid includes an adhesive to maximize coupling efficiency between said
      conductive fiber and said transmitter.
NUM  23.
PAR  23. A coupling assembly as defined in claim 21, wherein said means having
      an immersion liquid within is arranged between internal terminal faces of
      said light conductive fibers and said transmitter disposed in said plug
      sleeve.
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ABST
PAL  A connector having two connector portions which are adjustably connected
      together to be in aligned relationship and with each portion receiving the
      respective ends of optical fibre lines to be connected together in
      abutting and aligned relationship. At least one connector portion has an
      inner collar in which the end of the fibre is disposed to lie in eccentric
      relationship to the longitudinal axis of the collar. This inner collar is
      rotatably disposed in a hole in an outer collar with the hole being
      eccentrically disposed with respect to the longitudinal axis of its outer
      collar. By angular adjustment of the inner and outer collars with respect
      to each other the respective ends of the optical fibre lines can be
      positioned with respect to each. At least one inner collar can be of
      transparent material so that optical leakage occurring at the connector
      can be easily detected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a connector for accurately connecting the ends of
      optical fibre lines used to transmit light energy from a light source such
      as a semiconductor laser to a light receiver such as a photodiode.
PAR  As is known in the art the transmission of light energy by means of optical
      fibre lines has certain advantages. Thus the optical fibre line provides:
PA1  1. A remarkably high capacity of information transmission per unit section
      area.
PA1  2. A low damping factor.
PA1  3. Ease of installation and high flexibility in use.
PA1  4. Non inductive interruption because of the use of an electric insulating
      material.
PAR  Because of these advantages attempts are being made to use the fibre optics
      transmission line in fields such as long-distance large capacity
      communications, data transfer in computer systems, circuits used in
      aircraft, CATV circuits, and others.
PAR  However heretofor an effective transmission line to be used for optical
      communication has not been realized, because of the fact that these have
      not yet been developed a satisfactory connector capable of connecting the
      adjacent ends of optical fibres in alignment.
PAR  In the union between the adjacent ends of the optical fibres, it is
      required that a core and a clad of the end of one side be precisely and
      completely united with the corresponding parts of other side. In case this
      union slips and becomes imperfect, communication will become impossible as
      a result of light leakage. Consequently a precision degree in perfect
      union of the connection is required in the use of a single mode fibre and
      multi mode fibre where the boundary between core and clad is clear and in
      the use of a focusing type fibre such as selfoc which is so constructed as
      to decrease little by little the refractive index towards the clad from
      the core in the selfoc. It is also desirable that a connector for uniting
      the cores of two fibre ends, which are fine or hair-like threads, should
      be developed.
PAR  Therefore it is a first object of the present invention, considering above
      mentioned needs, to provide a low cost and easily operated connector which
      will unite precisely and perfectly adjacent ends of optical fibre ends and
      which will retain them in a satisfactory united condition.
PAR  Further, the length of the optical communication fibres now on the market
      have been generally standardized at one kilometer long. This presents
      somewhat of a problem when it is necessary to confirm the degree of unions
      between adjacent ends of the fibres. Thus in attempting to confirm whether
      there is any optical leakage at the union it is necessary to detect this
      from the end of the fibre opposite the union or from 1 kilometer away.
      Accordingly, this operation becomes a very large scale project. Therefore,
      it is desirable that any optical leakage should be easily and rapidly
      detected at the connector and should be corrected there. Consequently the
      complete union should be confirmed by detecting the point where the
      optical leakage becomes zero. However, as is known, the circumference of
      the optical fibre is covered over with cladding glass which is of a low
      refractive index, so it is not considered appropriate to detect an
      abnormal damping resulting from said optical leakage if it is necessary to
      peel off the cladding glass.
PAR  The second object of the present invention, considering the above mentioned
      needs, is to provide an optical fibre end connector which not only permits
      a complete connecting operation to be quickly made but also providing at
      the connector itself means whereby optical leakage can be detected.
PAR  Furthermore, as the optical fibres are of very small diameter, the
      connector holding the end of the optical fibres must also be manufactured
      in super small sizes. It follows that if slight errors in manufacturing
      the connectors occur there may be problems involved in installing them.
      Therefore, it is desirable that such connectors be capable of being finely
      adjusted in a direction both toward the longitudinal center line of the
      connector and the circumference thereof to compensate for any deficiencies
      in manufacture.
PAR  The third object of the present invention, considering the above mentioned
      needs, is to provide an optical fibre end connector capable of being
      adjusted through a wide range and particularly adjustments toward and
      through the longitudinal center line of the connector.
PAR  The fourth object of the present invention is to provide an optical fibre
      end connector which enables one to magnify and actualize the range wherein
      adjustment is possible in uniting ends of the fibre, towards the
      circumference.
PAC  SUMMARY OF THE INVENTION
PAR  In order to accomplish the first object set forth above, a connector is
      provided which has double eccentric inner and outer collars which are
      rotatable independently of each other. The outer eccentric collar is
      rotatably positioned within a fixing means for rough positioning. A fibre
      end is fixed within the inner eccentric collar.
PAR  In order to accomplish the said second object of the invention the
      eccentric inner collar is made with transparent material so that light
      leakage can be detected at the collar.
PAR  Further, in order to accomplish the third object of this invention the
      collars are made so that a distance between two centers of outer and inner
      circle of said inner eccentric collar is equal to a distance between two
      centers of outer and inner circles of the said eccentric outer collar.
PAR  And finally, in order to accomplish the fourth object of the invention
      means are provided at the collar whereby a slight adjustment at both fibre
      ends to be united can be made.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged sectional view of the connector and showing two fibre
      ends connected together.
PAR  FIG. 2 is a side view of the connector as seen from the right hand side of
      FIG. 1.
PAR  FIG. 3 is a partial sectional view showing another embodiment of the
      invention in which a fibre end is connected directly to a light source or
      a light receiver.
PAR  FIG. 4 is a sectional view showing a third embodiment of the connector.
PAR  FIG. 5 is a explanatory side view of a connector, as seen from the side and
      showing the relationship of elements of the connector with respect to a
      center axis of the fibre end.
PAR  FIG. 6 is an explanatory drawing illustrating the various positions of the
      inner and outer collar in the connection according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 a union swivel end 7 is provided at the end of a fibre to be
      connected. An optical fibre end 8 is inserted into a hole made along the
      center line of this union swivel end and extends to a point where the end
      surface 8a of the optical fibre is in the same plane with an end surface
      7a of the union swivel end 7. At this position, the fibre end 8 and the
      union swivel end 7 are fixed by placing adhesive material 9 into an
      enlarged hole made at a rear end of the union swivel end 7. The swivel end
      7 is fixed within a supporter unit such as a bracket 7b.
PAR  A union nut 10 is fitted along the circumference of the union swivel end 7
      and a rough positioning of the connecting side is attained by screwing a
      union screw 11 along a female screw of the union nut 10.
PAR  An outer collar 12 is inserted rotatably into a hole provided in the union
      screw 11 and the center of a hole provided in this outer collar 12 is
      eccentric as compared with a center of a circumference of the outer collar
      12.
PAR  An inner collar 13 is inserted rotatably into a hole provided in the outer
      collar. A center of a hole provided in the inner collar 13 is eccentric as
      compared with a center of a circumference of the inner collar 13.
PAR  An optical fibre end 14 at the side is inserted into the hole of the inner
      collar 13 to extend to a point where the fibre end surface 14a is in the
      same plane with end surface 13a of the inner collar. At this position the
      fibre end 14 and the inner collar 13 are fixed together by placing
      adhesive material 15 into an enlarged hole made at a rear end 13b of the
      inner eccentric collar.
PAR  The inner eccentric collar 13 can be made of transparent material such as
      plastic or glass so that when there is a noncomplete connection and union
      the light leakage from the end surface 8a of the optical fibre end 8, at
      the dispatching side of light, will pass through the inner collar 13 and
      will reach the rear end 13b of the collar. The quantity of the light
      leakage can then be detected by a photometer, not shown on the figure.
      Thus, a degree of slippage of the fibre end surface 14a of the connecting
      side from the fibre end surface 8a to be connected is confirmed and can be
      used as the standard in the adjustment operation. Desirably the adhesive
      material 15 should also be transparent so as to be able to detect the
      leakage more completely.
PAR  Holes 16 and 17 are provided radially at the thickest parts of the collars
      12 and 13 respectively. Pins 18 and 19 can be inserted into these holes so
      that the collars 12 and 13 can be manually rotated dependently or
      independently of each other. The angular range of rotation of each collar
      will be acceptable within each 180.degree. for right or left direction as
      no larger angular range is necessary. Accordingly, the fibre end 14 can be
      twisted 180.degree. at the most in the right or left direction. This will
      be described in more detail later in conjunction with FIG. 6.
PAR  In the embodiment shown in FIG. 3 a side 20 to be connected is a light
      source element such as a semiconductor laser or a light receiver such as a
      photodiode. In the case of contacting the optical fibre end 14 to this
      element the optical fibre end 14 is adjusted to be perpendicular to the
      surface of the element. The outer collar 12 is rotatably suspended within
      a bracket 21.
PAR  FIG. 4 shows a third embodiment in which the slight adjustment arrangement
      of the present invention is provided at both fibre ends 8 and 14 of a
      connecting side and a side to be connected. Thus both sides can be
      displaced respectively, and a large range of adjustment is provided. This
      is helpful where there has been errors in manufacturing of the connector
      or there are particular problems at the installing position.
PAR  As seen in FIG. 4 the connector has a union swivel end 22 with a pair of
      outer and inner eccentric collars 23 and 24 inserted between the union
      swivel end 22 and the optical fibre end 8. An adhesive material 25 is
      placed in an enlarged hole provided at a rear end of the inner eccentric
      collar 24. Numerals 26 and 27 identify holes wherein pins (not shown) for
      rotative operation are inserted and which are bored at the thickest part
      of each of the inner and outer collars.
PAR  FIG. 5 shows how it is possible to easily achieve a union at the connector
      in case the center of fibre end surface of the side to be connected is at
      the center of the connector or very near to it. It is possible to align
      center V of the fibre end surface 14a with a center of the connector, that
      is to say, an outer circle center T of the outer eccentric collar 12 and
      it is possible to displace it's position through the outer circle center
      T.
PAR  It will be understood however that, say due to manufacturing error, it may
      be impossible to adjust to this center T. Also, when the connector is
      manufactured so that the distance between the outer circle center U and
      the inner circle center V of the inner eccentric collar 13 is the same as
      the distance between the inner circle center U and the outer circle center
      T of the outer eccentric collar 12 it is possible with the arrangement of
      the double eccentric collars to extend the range of adjustment to as shown
      in FIG. 6. As shown across the line having positions A, B, C, D and E the
      fibre end surface 14a can be displaced with a straight reciprocation
      upwards and downwards in the figure, along a center line passing through
      the center T, by displacing the holes 16 and 17 in counter directions as
      well as at the same angular velocity. As shown across the line having
      positions F, G, C, H and J it can also be displaced with a straight
      reciprocation towards the right and left direction in the figure along a
      center line passing through the center T.
PAR  Further, as shown by K, L, C, M and N or P, Q, C, R and S, it can also be
      displaced with a straight reciprocating in a diagonal direction in the
      figure along a center line passing through the center T. Accordingly, as
      it became clear from above, all adjustments can be achieved for any radial
      direction of 360.degree. passing through the center T.
PAR  On the other hand, an adjustment along the outer most circumference, as
      shown by A, K, F, S, E, N, J and P can be achieved by a circular
      displacement of both holes 16 and 17 and keeping them in alignment. The
      adjustment at an intermediate position, as shown by example B, Q, H, M, D,
      R, G and L is achieved by rotating operation of both holes keeping a
      certain angular shift between them and as a consequence of the particular
      arrangement of the inner and outer collars.
PAR  The connector according to the present invention enables one to perform
      adjustment in the range that is impossible to reach with a single
      eccentric collar. Further it is possible to perform a slight adjustment
      for a union especially at the center and a near point to it by means of
      equalizing the distance between the outer circle center U and the inner
      circle center V of the inner eccentric collar 13 and a distance between
      the outer circle center T and the inner circle center U of the outer
      eccentric collar 12.
PAR  Furthermore, as shown in FIG. 4, the fibre ends can be aligned by a slight
      adjustment at the circumferential part by providing double eccentric
      collars 12, 13 and 23, 24.
PAR  Furthermore, by making the eccentric inner collar of the connecting side of
      transparent material, it is possible to detect the light leakage during
      disunion at the end surface 13b of the eccentric inner collar. This
      permits the adjustment procedure to continue to a successful conclusion by
      monitoring the light leakage, during the procedure.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optical fibre end connector comprising:
PA1  a. A first connector portion receiving a first optical fibre end to which
      another optical fibre end is to be connected, the first optical fibre end
      being in said portion so that its end surface lies in a plane of a surface
      wall of said first connector portion;
PA1  b. A second connector portion having an inner collar, means defining a hole
      extending longitudinally through said collar and being eccentrically
      displaced with respect to the longitudinal axis of said inner collar, an
      outer collar, means defining a hole extending longitudinally through said
      outer collar and being displaced eccentrically with respect to the
      longitudinal axis thereof, said inner collar being rotatably received
      within the hole in said outer collar, the distance between the center line
      of the hole in said outer collar and the center line of the hole in said
      inner collar being equal to the distance between the longitudinal axis of
      said outer collar and the longitudinal axis of said inner collar, means
      for rotating said inner and outer collars with respect to each other, the
      another fibre end being fixedly positioned within the hole in said inner
      collar and with the end surface of the another optical fibre end lying in
      a plane of a surface wall of said inner collar;
PA1  c. Support means rotatably receiving said outer collar and being adjustably
      positioned on said first connector portion, said support means being
      adjustable to move said surface wall of said inner collar into flush and
      abutting relationship with said surface wall of said first connector
      portion, whereby said inner and outer collars can be rotated with respect
      to each other to align another optical fibre end with the first optical
      fibre end.
NUM  2.
PAR  2. A connector as defined in claim 1 wherein said inner collar is of
      transparent material.
NUM  3.
PAR  3. A connector as defined in claim 1 wherein the first optical fibre end is
      fixedly received in another inner collar, means defining a longitudinally
      extending hole which is eccentrically located with respect to the
      longitudinal axis of said another inner collar, said first optical fibre
      end being received in said hole and terminating at said surface wall of
      said first connector portion, another outer collar rotatably disposed
      between said another inner collar and said support means, means defining a
      hole extending longitudinally of said another outer collar and in which
      said another inner collar is received, said hole being eccentrically
      displaced with respect to the longitudinal axis of said another outer
      collar, and other means on said another inner and outer collars whereby
      said another collars can be rotated with respect to each other.
NUM  4.
PAR  4. In combination an optical fibre end connector, receiving a fibre end,
      and an associated light source element which is supported on a base means
      to present a surface wall above the base, the connector comprising:
PA1  a. An inner collar, means defining a hole extending longitudinally through
      said collar and being eccentrically displaced with respect to the
      longitudinal axis of said inner collar, a outer collar, means defining a
      hole extending longitudinally through said outer collar and being
      displaced eccentrically with respect to the longitudinal axis thereof,
      said inner collar being rotatably received within the hole in said outer
      collar, the distance between the center line of the hole in said outer
      collar and the center line of the hole in said inner collar being equal to
      the distance between the longitudinal axis of said outer collar and the
      longitudinal axis of said inner collar, means for rotating said inner and
      outer collars with respect to each other, the fibre end being fixedly
      positioned within the hole in said inner collar and with the end surface
      of the optical fibre end lying in a plane of a surface wall of said inner
      collar;
PA1  b. Support means rotatably receiving said outer collar and being positioned
      on said base means adjacent said light source element to position said
      surface wall of said inner collar into flush and abutting relationship
      with said surface wall of said light source element, whereby said inner
      and outer collars can be rotated with respect to each other to align the
      optical fibre end to be perpendicular to the surface of said light source
      element.
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PAL  Coextensive first and second optical waveguides are disposed with
      substantially uniform periodic variations in spatial separation including
      repetitive sections of close proximity which will permit optical coupling
      therebetween. The first optical waveguide has a different optical length
      (i.e., different light energy propagation characteristics) than the second
      optical waveguide. Due to the different effective optical lengths of the
      two waveguides between contiguous sections of close proximity where
      optical coupling may take place, light energy of a determinable frequency
      propagated along one of the waveguides is substantially all coupled into
      the other optical waveguide in the course of propagating along a
      determinable number of the repetitive sections; light energy of all other
      frequencies is effectively phase cancelled and thus inhibited from being
      coupled between the two optical waveguides.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The development and adaption of optical techniques for application to
      communications, data processing, and similar signal transmission systems
      has numerous advantages as compared with electronic systems directed to
      comparable objectives.
PAR  Low loss, high quality, multi-mode fiber optic cable has recently been
      developed which renders optical communication, data processing and signal
      transmission systems feasible, practical, and desirable. Some of the more
      important advantages of fiber optic cables used in such systems include
      greatly reduced size, weight, and cost; electrical isolation which
      eliminates grounding and ground loops; reduced constraints related to
      impedance matching requirements; and ease of coupling to common logic
      circuitry by use of available light sources and detectors. Moreover, fiber
      optic cables when used in such systems permit high channel-to-channel
      isolation, easy interchangeability with electrical cable, and greatly
      reduced electromagnetic interference.
PAR  One of the principal advantages of fiber optic cables for use in military
      systems is their virtual immunity to radio frequency signals and their
      characteristic of being capable of containing transmitted signals wholly
      within the cables. In ground communications systems this attribute greatly
      increases transmission security. The use of optical cables also eliminates
      cross-talk and the optical paths provided by such fiber optic cables are
      resistant to electromagnetic interference from other equipment such as may
      be present in an aircraft, vessel, or vehicle.
PAR  In such optical systems there is a need for frequency selective optical
      couplers which when connected to fiber optic cables, for example, are
      capable of selectively extracting signal information from an optical path
      while rejecting or inhibiting the coupling of all other frequencies.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a frequency selective optical coupler which
      has coextensive first and second optical waveguides disposed with
      substantially uniform periodic variations in spatial separation so that
      the waveguides are alternately widely separated and relatively closely
      spaced. The repetitive sections of close proximity of the first and second
      optical waveguides permit optical coupling therebetween.
PAR  However, inherent in the concept of the present invention is the
      requirement that one of the optical waveguides have a different effective
      optical length, i.e., different light energy propagation characteristics,
      relative to the second optical waveguide so that contiguous sections of
      close proximity of the two waveguides will effectively represent different
      optical lengths to the same frequency of light energy propagating along
      one of the optical waveguides.
PAR  Accordingly, when light energy of a determinable frequency is propagated
      along one of the optical waveguides, it is substantially all coupled into
      the other optical waveguide over a determinable number of such repetitive
      sections, while light energy of all other frequencies is effectively phase
      cancelled and inhibited from being coupled into the other optical
      waveguide.
PAR  The effective optical length or propagation characteristics of waveguides
      may be altered in a predetermined manner by variations in dimensions or by
      fabrication of different materials. Moreover, an extension of such
      advanced optical waveguide fabrication techniques is the predetermination
      of the propagation characteristics of optical waveguides by varying the
      amount and depth of diffusant which is diffused into a substrate to define
      an optical waveguide.
PAR  Accordingly, it is a primary object of the present invention to provide an
      improved frequency selective optical coupler.
PAR  Another most important object of the present invention is to provide such a
      frequency selective optical coupler which is capable of being fabricated
      in accordance with advance state-of-the-art optical microminiaturization
      techniques.
PAR  A further object of the present invention is to provide such a frequency
      selective optical coupler which is readily adaptable to fabrication
      through the use of a broad variety of different materials.
PAR  Yet another object of the present invention is to provide such a frequency
      selective optical coupler which is well suited to use in color multiplex
      optical integrated circuits.
PAR  These and other features, objects, and advantages of the present invention
      will be better appreciated from an understanding of the operative
      principles of a preferred embodiment as described hereinafter and as
      illustrated in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an illustration of one type of optical waveguide structure which
      may be employed in fabrication of the present invention;
PAR  FIG. 2 is an illustration of coupling coefficient vs. optical waveguide
      separation;
PAR  FIG. 3 is a greatly enlarged illustration of one configuration of a
      frequency selective optical coupler embodying the concept of the present
      invention; and
PAR  FIG. 4 is a graphical illustration of propagation velocity vs. optical
      waveguide width for HeNe laser light energy.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The concept of electromagnetic energy propagating along a guiding structure
      is applicable to a very broad range of phenomena. Voice communication such
      as telephone conversations transferred from one point to another through
      the use of long lines, for example, or electrical power transmitted from
      one location to another are but two of many examples. Another example is
      microwave guides and even more recently optical dielectric waveguides have
      been developed and their behavior is susceptible to description with the
      help of the general concept which is applicable to the propagation of
      electromagnetic energy.
PAR  Energy of frequency f propagating along a guiding structure in a positive
      direction x may be described by an amplitude A(x) at each point x along
      the guiding structure. The amplitude A may be determined from the solution
      of the differential equation
      ##EQU1##
      One solution to equation (1) is the expression
EQU  A(x) = A(o)e.sup.-.sup.j.sup..beta.x ;
PAL  The origin, x = 0, is arbitrary and in general .beta., the propagation
      constant, is a function of both x and f. A non-sinusoidal signal of
      arbitrary characteristic can be represented as integral over all possible
      frequencies.
PAR  The concept of coupling between guiding structures is founded upon the
      phenomena that coupling occurs when electromagnetic energy is propagated
      down one waveguide only and some of such electromagnetic energy is
      transferred to a second waveguide. One example of this phenomenon is two
      telephone lines, for example, which are separated by a fraction of an inch
      and enclosed in the same long range cable. Under these conditions, a
      telephone conversation transmitted down one of the lines may be heard on
      the second line. In such an instance the phenomena creates an undesired
      condition in that the cross-talk is not generally desired from a system
      point of view.
PAR  Another example of coupling between transmission lines is two metal
      rectangular cross-section microwave wave guides having a common wall. If
      small holes are punched or drilled through the common wall, there will be
      an amount of coupling between the waveguides. Without such holes in the
      common wall, virtually no coupling will take place but the holes permit
      some energy to leak from one waveguide to the other thereby creating or
      producing a coupling between the two.
PAR  The energy propagating along two coupled guiding structures may be
      represented by the amplitudes A.sub.1 (x) and A.sub.2 (x) where x is a
      common measure of distance along the two coextensive guiding structures.
      The differential equations expressing these two amplitudes are
      ##EQU2##
      where k is in general a function of both x and f. Closed form solutions
      for these equations may only be found for special cases which are not of
      interest within the concept of the present invention, while the general
      solutions can be found by numerical techniques.
PAR  It has been shown and applied in the case of the microwave waveguide
      phenomena that if .beta..sub.1, .beta..sub.2, and k can be controlled as a
      function of x and f, then band pass, band stop and low pass filters may be
      constructed from coupled guiding structures. The problem of constructing
      such filters and couplers in practice becomes one of devising a structure
      such that .beta..sub.1, .beta..sub.2, and k can be controlled spatially to
      the extent necessary to achieve the desired result. For any particular
      given embodiment the numerical values .beta..sub.1, .beta..sub.2, and k
      may in principle be calculated as a function of some chosen geometrical or
      physical parameter. In practice for the actual utilization of such a
      phenomena it may be necessary to build structures of spatially selected
      geometry and then measure .beta..sub.1, .beta..sub.2 and k as a function
      of a chosen parameter.
PAR  One example of a guiding structure as a single mode dielectric optical
      waveguide is that illustrated in FIG. 1. In the structure illustrated in
      FIG. 1 Cd is diffused into a ZnSe wafer 10 through the opening in a SiO
      mask material 11 to create the region 12 of mixed crystal Cd.sub.x
      Zn.sub.1.sub.-x Se which is of higher refractive index than the substrate
      material 10. Accordingly, optical energy is principally confined within
      the optical waveguide region 12 and such optical energy decays
      exponentially away from the region 12 into the substrate material 10.
PAR  When two such optical waveguides are fabricated co-linearly and
      co-extensively in the same substrate material in close proximity there is
      coupling developed between them which has a determinable coefficient. The
      coupling coefficient k may be determined as a function of optical
      waveguide separation through the use of computer data processing and
      calculating techniques. Typical results of such calculations are
      illustrated in FIG. 2 which graphically depicts the magnitude of coupling
      coefficient k vs optical waveguide separation measured from optical
      wave-guide center to optical waveguide center.
PAR  A practical embodiment of the frequency selective optical coupler of the
      present invention is illustrated in FIG. 3. In the embodiment illustrated
      in FIG. 3 the quantities .beta..sub.1 and .beta..sub.2 are to a first
      approximation independent of z. The coupling coefficient k is however, a
      strong function of z. The operation of this device may be understood by
      assuming that a first approximation k of 0 for all values of z except in
      the localized intervals where the coupling is enhanced by the techniques
      previously described. The two co-linear optical waveguides are dissimilar
      such that they represent different optical lengths or, stated in other
      words, they have dissimilar propagation velocities for the same frequency
      of light energy through the same physical length of waveguide. There are a
      number of different ways in which such dissimilarity may be achieved and
      controlled. One such technique is to fabricate the width of one optical
      waveguide to be greater than the width of the other optical waveguide.
      Alternative techniques are to diffuse different materials in the two
      waveguides or to diffuse the same material to different depths of
      diffusion and penetration.
PAR  FIG. 4 illustrates propagation velocity vs. optical waveguide width for a
      HeNe laser of wavelength .lambda..sub.0. The propagation velocity varies
      between free space velocity of the substrate
      ##EQU3##
      for a ZnSe substrate, and K.sub.c the free space velocity of the core
      material. k.sub.c is variable by adjusting the concentration of Cd
      diffused into the substrate. A practical value for k.sub.c would be 1.1
      k.sub.s. The propagation velocities .beta..sub.02 and .beta..sub.01 for a
      two micron wide optical waveguide and a three micron wide optical
      waveguide are illustrated in the drawing of FIG. 4.
PAR  On the graph it may be seen that .beta..sub.2 = 1.05 .beta..sub.1 and that
      .beta..sub.1 = 1.02k.sub.s.
PAR  If the optical energy propagating along the two optical waveguides of FIG.
      3 is in phase at the point x = a, then it will again come into phase at
      the point,
      ##EQU4##
PAR  If point b is positioned 5 microns from point a, the energy coupled into
      the second optical waveguide from the first optical waveguide will add in
      phase at point b. At a wavelength having the frequency of .lambda..sub.1
      differing from .lambda..sub.0 the propagation velocities b.sub.11 and
      b.sub.21 have different values than for wavelength of frequency
      .lambda..sub.0. The configuration of FIG. 3 scales to the new wavelength
      simply by scaling the horizontal axis in proportion to the wavelength. If,
      for example, .lambda..sub.1 is 0.99 .lambda..sub.0, then b.sub.11 and
      b.sub.21 correspond to optical waveguides of width 1.01W.sub.1 and
      1.01W.sub.2. Since the equivalent change in width is small, the
      propagation constants may be expanded in a McLaren series about
      .beta..sub.01 and .beta..sub.02  retaining only the linear term
      ##EQU5##
      If light energy which is 1% shorter in wavelength than .lambda..sub.0 is
      propagating in both optical waveguides and is in phase at the point a,
      then the phase difference at point b will be
EQU  (.beta..sub.21 - .beta..sub.11) L = 0.026 rad (11)
PAL  where L is the lineal distance between point a and point b as shown in FIG.
      3.
PAR  That is to say,
PAL  .lambda..sub.1 will not add exactly in phase and if 2.pi./0.026 = 240
PAL  of the unit intervals of the optical coupler are fabricated in series for a
      total length of the embodiment of 240 .times. 5 microns = 1.2 mm, then the
      wavelength .lambda..sub.1 will be added at all angles up to 2.pi. and
      total cancellation will occur between the two with the result that there
      will be virtually no total energy transfer in a 1.2 mm long structure.
PAR  Although these calculations involve some assumptions and approximations
      they demonstrate that an embodiment of the present inventive concept may
      be fabricated in only 1.2 mm length of an optical waveguide fabricated in
      the manner described in ZnSe. The separation between the optical
      waveguides is selected on the basis of data given by FIG. 2. In the
      regions of enhanced coupling a value of k is required such that after 240
      such regions have been traversed in length, virtually 100% coupling will
      be achieved for the desired frequency of optical energy.
PAR  Accordingly, it may be seen from the description of a preferred embodiment
      of the present invention that a frequency selective optical coupler may be
      fabricated of first and second coextensive optical waveguides disposed
      with substantially uniform periodic variations in spatial separation, such
      spatial separation including repetitive sections of close proximity to
      permit optical coupling therebetween.
PAR  Additionally, the first optical waveguide is required to have a different
      effective optical length than the second optical wavelength between
      contiguous sections of close proximity which are included within the
      described substantial uniform periodic variations in spatial separation.
      That is to say that, the effective different optical length is the
      equivalent of different propagation velocities characteristic of the two
      optical waveguides so that they exhibit different propagation velocities
      for the same frequency of light energy. The result is that light energy of
      a determinable frequency propagated along one of the optical waveguides is
      substantially all coupled into the other optical waveguide over a
      determinable number of such repetitive sections and light energy of all
      other frequencies is virtually entirely inhibited from being coupled from
      the optical waveguide in which it is initially propagated into the other
      optical waveguide over the same determinable number of repetitive sections
      of the two optical waveguides.
PAR  It will be readily apparent to those knowledgeable and skilled in the
      pertinent arts that the concept of the present invention is adaptable to
      embodiment in many variations involving choices of materials and
      fabrication techniques. For example, numerous different material
      combinations are possible including Cd deposited or diffused into
      substrates ZnSe, ZnS, ZTe, or Cu into LiTaO.sub.3, or Se into CdS.
PAR  The method of fabrication may include diffusion techniques, the employment
      of dopants, channel wave guides, or selective etching as is desired and
      convenient to the particular application desired for the practice of the
      present invention.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A frequency selective optical coupler comprising:
PA1  first and second optical waveguides disposed with substantially uniform
      periodic variations in spatial separation relative to a common directional
      axis between respective input and output terminals, including repetitive
      sections of close proximity to permit optical coupling between said
      optical waveguides;
PA1  said first optical waveguide having a different optical length than said
      second optical waveguide between contiguous sections of close proximity
      included within said substantially uniform periodic variations in spatial
      separation,
PA1  whereby light energy of a determinable frequency propagated along said
      first optical waveguide is substantially all coupled into said second
      optical waveguide over a determinable number of said repetitive sections
      between said input and output terminals, and light energy of all other
      frequencies is inhibited from being coupled into said second optical
      waveguide over said determinable number of said repetitive sections
      between said input and output terminals.
NUM  2.
PAR  2. A frequency selective optical coupler as claimed in claim 1 wherein said
      first and second optical waveguides are of identical dimensions but of
      different materials supported on a common substrate between said input and
      output terminals.
NUM  3.
PAR  3. A frequency selective optical coupler as claimed in claim 1 wherein said
      first and second optical waveguides are of different dimensions and
      comprise the same material supported on a common substrate between said
      input and output terminals.
NUM  4.
PAR  4. A frequency selective optical coupler as claimed in claim 1 wherein said
      first and second optical waveguides are of the same material diffused into
      a common substrate in different depths of penetration between said input
      and output terminals.
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ABST
PAL  A fiber optic connector for providing a removable light signal transfer
      connection between the ends of at least one pair of fiber optic cables.
      The fiber optic cable consists of a jacket and at least one, and usually a
      plurality of glass fiber conducting elements within said jacket. The fiber
      optic cable ends to be connected are each encased within an elongated
      hollow terminating pin. The optical fibers are constrained within the
      terminating pin into a compact shape having the cross-sectional outline of
      a hexagon or other polygon. The guide sleeve is provided which includes
      axial grooves which engage the corners of the polygon face at the terminal
      end of the terminating pin to effect twist mode or rotational alignment.
      The guide sleeve is of small cross-section in the vicinity of the point of
      abutment of the opposing fiber bundles but flares toward the insertion
      ends.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to connectors for use with fiber optic cables.
PAR  2. Description of the Prior Art
PAR  The employment of fiber optic cables or light guides, also sometimes
      referred to as optical communication fibers, for the transmission of
      information-bearing light signals, is now an established art. Much
      development work has been devoted to the provision of practical low-loss
      glass materials and production techniques for producing glass fiber cables
      with protective outer coatings or jackets. The jacket makes them resemble
      ordinary metallic-core electrical cable upon superficial external
      inspection. Obviously, if fiber optic cables are to be used in practical
      signal transmission and processing systems, practical connectors for the
      connection and disconnection of fiber optic cables must be provided.
PAR  Before the prior art in respect to connectors, per se, is discussed, some
      references will be given for the benefit of the skilled reader in
      understanding the state of fiber optic art in general.
PAR  An article entitled "Fiber Optics" by Narinder S. Kapany, published in the
      SCIENTIFIC AMERICAN, Vol. 203, Pages 72-81, dated Nov. 1960, provides a
      useful background in respect to some theoretical and practical aspects of
      fiber optic transmission.
PAR  Of considerable relevance to the problem of developing practical fiber
      optic connectors, is the question of transfer efficiency at the connector.
      Various factors, including separation at the point of abutment, and
      lateral separation or offset, are among the factors effecting the light
      transfer efficiency at a connector. In this connection, attention is
      directed to the Bell System Technical Journal, Vol. 50, No. 10, Dec. 1971,
      specifically to an article by D. L. Bisbee, entitled "Measurement of Loss
      Due To Offset, and End Separations of Optical Fibers". Another Bell System
      Technical Journal article of interest appeared in Vol. 52, No. 8, Oct.
      1973 and was entitled "Effect of Misalignments on Coupling Efficiency on
      Single-Mode Optical Fiber Butt Joints" by J. S. Cook, W. L. Mammel and R.
      J. Grow.
PAR  The patent literature also contains much information relative to the state
      of this art. For example, U.S. Pat. No. 3,624,816 describes a "Flexible
      Fiber Optic Conduit". The device described therein uses a plurality of
      light conducting fibers in a flexible cable type arrangement.
PAR  Concerning the utility of fiber optic cables and therefore the utility of
      connectors for such cables, various systems are described in the patent
      literature which employ fiber optic cables. One example of such a
      utilization system is described in U.S. Pat. No. 3,809,908.
PAR  Yet another patent of interest is entitled "Glass Fiber Optical Devices,"
      U.S. Pat. No. 3,589,793. That reference relates to the fiber optic bundles
      and the glass fibers themselves, as well as to a method of fabrication for
      the fiber optic elements themselves.
PAR  A selection of U.S. patents relating more particularly to optical cable
      connectors includes U.S. Pat. Nos. 3,790,791; 3,734,594; 3,637,284;
      3,572,891; 3,806,225; 3,758,189 and 3,508,807 are representative of the
      connector prior art.
PAR  The termination pin surrounding the terminal end of a fiber bundle for
      insertion in a connector assembly may have any of a variety of
      cross-sectional shapes. Co-pending U.S. Pat. application Ser. No. 514,820,
      filed Oct. 15, 1974, entitled "Fiber Optic Connector and Assembly Method"
      describes a terminating pin arrangement of hexagonal cross-section, this
      being a particularly efficient shape for maximizing the ratio of glass
      fiber surface at the fiber bundle terminal end to the voids within the
      perimeter of the bundle.
PAR  The terminating pin illustrated in the aforementioned U.S. Pat. application
      Ser. No. 514,820, is a suitable terminating pin arrangement of hexagonal
      cross-section at its terminal end, for use in the combination of the
      present invention.
PAR  Due to tolerances in prior art arrangements, the fiber optic bundle
      abutment at the light signal transfer point may be slightly offset in a
      lateral (radial) or transverse dimension, i.e., within the plane of the
      said abutment. This may occur even though the axial abutment is
      efficiently held. Moreover, in the case of a polygon terminating pin
      arrangement, such as the hexagon shape contemplated in the aforementioned
      U.S. Pat. Application Ser. No. 514,820, there is also a rotational or
      twist mode alignment problem. Quite obviously, the most efficient light
      transmission at the abutment requires accurate lateral alignment and also
      requires that the termination pin cross-sectional shapes coincide, i.e.,
      corner for corner, etc.
PAR  The manner in which the present invention deals with the aforementioned
      problems will be evident as this description proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention may be said to have had the object of providing an
      alignment sleeve for use in fiber optic connectors which will simply,
      inexpensively and effectively provide lateral and rotational alignment of
      abutting fiber optic bundles in a light signal transmissive arrangement.
      The invention is substantially independent of whatever axial retention
      means are provided and also can be adapted to any particular
      cross-sectional fiber bundle shape at the abutting or interface point.
PAR  According to the invention, an axially grooved thin wall sleeve preferably
      of spring metal, is located so as to bridge over between and within the
      two socket portions of mating connector shells. The connector shells and
      sockets may be not unlike those well known in the electrical connector
      art, and may provide for the accommodation of only one fiber optic cable
      connecting pair or for a relatively large number of such connections
      accomplished in parallel within the same connector shell and socket
      arrangement.
PAR  The alignment sleeve, in accordance with the present invention, can
      accommodate fiber bundle terminal end configurations of circular
      cross-section, or of polygon cross-section. It is particularly adapted to
      the hexagonal configuration, this being a particularly efficient shape for
      achieving optimum packing of the individual fibers. That is, it is known
      that in the hexagonal terminal end configuration, the ratio of the
      terminal end area of the glass fibers to the ratio of the voids
      therebetween, is relatively high.
PAR  The axial sleeve, according to the invention, overlaps the said optical
      fiber interface or abutment point and extends for a distance in both
      directions therefrom. A certain amount of flaring to an increased diameter
      on either side of the said abutment point accommodates the insertion of
      the termination pins on the ends of the abutting fiber bundles, however, a
      relatively constant diameter section extending on either side of the said
      point of abutment is desirable. The axial grooves or slots through the
      thin wall of the sleeve perform two functions. First, they allow for a
      nominal interference fit between the sleeve inside diameter and the
      termination pins to be inserted therein, the fingers or wall sections
      between grooves being allowed to expand resiliently radially outward to
      maintain an inwardly directed spring force which acts to effect and hold
      transverse (lateral) alignment of the termination of the terminal ends,
      that is, of the fiber bundles aligned. Second, in the case of a polygon
      terminal end fiber bundle shape, the corners of the termination pin engage
      the said grooves and insure alignment in the rotational or twist mode. The
      grooves may be straight, i.e., parallel to the axis of the connector, or
      may be spiralled or "rifled" to provide a random "pick-up" of the
      termination pin corners during insertion. In that case, there is some
      automatic rotation of the termination pin to effect the said twist mode
      alignment as insertion is accomplished.
PAR  The manner in which the present invention accomplishes the desired results
      will be more fully understood from the description following.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially cut-away pictorial of a mated connector assembly in
      accordance with the present invention.
PAR  FIG. 2 is an axial cross-section showing the alignment sleeve in accordance
      with the present invention.
PAR  FIG. 3 is a pictorial view of the alignment sleeve in accordance with the
      present invention showing the axial slots in "rifled" or spiral form.
PAR  FIG. 4(a) shows the terminal end view of a hexagonal termination pin
      containing a fiber optic bundle and showing its engagement with the
      alignment sleeve slots.
PAR  FIG. 4(b) is essentially the same as FIG. 4(a) except that it depicts a
      termination pin and fiber optic bundle of square cross-section at the
      terminal end.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the partially cut-away and sectioned pictorial
      view presented shows mated connector shells 10 and 11 having socket
      members comprising 13a and 13b within connector shell 10, and socket
      members 14a and 14b within connector shell 11. These connector shells and
      socket members generally consist of two or more members for assembly
      convenience, however, that fact is not of significance in respect to the
      present invention.
PAR  It will be seen, particularly from socket member 13a, that FIG. 1 shows a
      connector assembly adapted for connecting four pairs of fiber optic
      cables, although, for clarity, only one connecting pair of fiber optic
      cables (comprising the fiber optic bundle 19 with its jacket 20 and the
      fiber optic bundle 21 with its jacket 22) is actually shown in FIG. 1.
PAR  The mating of the connector shells 10 and 11 is effected in a
      straightforward way by the engagement of the ring 18 against the
      projection 23 on the body of the connector shell 11. Being cut away, as is
      the view of FIG. 1, the slot in 18 which actually engages 23 is not fully
      illustrated. Actually, the said slot would include a cam-like shape, so
      that the rotation of the ring 18 acts to draw the connector shell parts 10
      and 11 together. Of course, a threaded engagement between the parts 18 and
      11 could equally well be used insofar as the combination of the present
      invention is concerned.
PAR  The opposing termination pins 16 and 17 contain the fiber optic bundles 19
      and 21, respectively, are held in axial abutment at their terminal ends at
      12. Spring members 24 and 25 tend to retain these members in firm abutment
      at point 12, whether or not this abutment includes an index matching
      interface piece, or a coating of jell or other substance as sometimes used
      in connection with fiber bundle connections. Also, end grinding and
      polishing may be applied to the fiber bundle ends, however, this too is a
      manufacturing detail not forming a part of the present invention, per se.
PAR  The alignment sleeve, in accordance with the present invention, is
      illustrated generally at 15.
PAR  Referring now to FIG. 2, this alignment sleeve 15 may be described in more
      detail, so that its function in providing the rotational, or twist mode
      alignment, and the lateral (sometimes called transverse or radial)
      alignment, may be more fully understood. The socket body member shown
      generally at 26 may be a part of 13b or 14b, or may be an independent part
      related thereto. It is of significance only in respect to its presence as
      a retainer for the part 15.
PAR  It will be seen that the part 15 overlaps and extends in both directions
      from the point of abutment or interface 12. The axially extending portion
      of 15 at 27 has the smallest diameter and extends a sufficient distance on
      either side of 12 to provide a length of lateral surface contact against
      the termination pins 16 and 17 containing the respective fiber bundles 19
      and 21. The extent of the overlap of this portion 27 over 12 is preferably
      on the order of at least one to two times the termination pin outside
      diameter on either side of 12. Actually, the length of the section 27 is
      not at all critical and it will be evident to those skilled in this art
      that considerable variation is possible so long as the part 15 firmly
      grips 16 and 17 in the vicinity of 12.
PAR  The part 15 is next flared at 28 and 29 over a relatively small axial
      distance to provide for easy guidance of the parts 16 and 17 as they are
      inserted during mating of the connector shell parts shown in FIG. 1. In
      connection with subsequent figures, the function of axial slots in the
      body of the alignment sleeve 15, will be explained.
PAR  Finally, at its extremities 30 and 31, the alignment sleeve 15 is
      preferably returned to an unflared cylindrical shape so that it may be
      readily inserted into and held within the socket member 26. Again, the
      axial length of the portions of 15 represented by 30 and 31 is subject to
      considerable design variation, once the functions of the three separately
      shaped sections of 15 are understood.
PAR  Referring now to FIG. 3, the part 15 is shown in pictorial form. The
      axially extending slots (of which 32 is typical) are shown with a certain
      amount of spiraling or "rifling". Although the invention can also be made
      to operate with straight slots, (i.e., slots which are parallel to the
      lengthwise axis of the part 15) this rifling (or spiraling) is
      particularly useful when the termination pins 16 and 17 are of hexagonal
      shape as illustrated in FIG. 4(a) or of square shape as indicated in FIG.
      4 (b).
PAR  It is to be understood that FIGS. 4(a) and 4(b) illustrate two possible
      cross-sectional shapes for termination pins 16 and 17, however, in
      general, the invention is capable of accommodating any regular polygon
      shape, i.e., having N corners spaced 360.degree./N circumferentially, as
      viewed in FIG. 4(a) or FIG. 4(b). The particular polygon contemplated,
      determines the minimum number N of regularly spaced corresponding slots
      (typically 32) through the wall of 15. Thus, for FIG. 4(a), a minimum of
      six such slots as 32, corresponding to the six corners of the hexagon
      outline of 16 or 17 would be required. Of course, additional slots between
      these six main slots could be provided, however, as this description
      proceeds, it will be understood that such additional slots may introduce
      the possibility of a rotationally ambiguous abutment occurring at 12.
      Accordingly, it is preferred that the number of slots provided should be
      equal to N.
PAR  It will be understood that the body of the part 15 being made of a
      relatively thin-walled resilient material of relatively high tensil
      strength, such as a spring metal which can be intentionally fabricated to
      provide a nominally interference fit within the portion 27 with respect to
      the outside dimensions of 16 or 17. In that way, insertion of the
      termination pins 16 or 17 tends to spread the fingers represented by the
      strips of material between the slots in 15. Accordingly, along the axial
      extent of the portion 27 these fingers will exert a radially inward force
      tending to prevent lateral or transverse offset between the termination
      pin and fiber optic terminal ends at 12. In both FIGS. 4(a) and 4(b), it
      will be seen that a typical slot 32 engages a corner of the polygon
      outline of the termination pin 16 or 17. Moreover, if each of the slots 32
      has a total circumferential twist as a function of axial length from 12,
      i.e., if the pitch of the rifling or spiraling is on the order of
      360.degree./N it is assured that no matter what the rotational orientation
      of either the termination pin 16 or 17 is at the time of insertion into
      15, the cross-sectional outlines of these termination pins at 12 will be
      congruent or co-extensive at abutment, thereby matching each other in the
      rotational sense.
PAR  From the foregoing, it will now be clear how the alignment sleeve 15
      provides for both lateral and rotational alignment which is obviously
      important for efficient light signal transfer at 12.
PAR  Of course, in the event that the termination pin 16 or 17 has a terminal
      end cross-sectional shape which is circular, there is no rotational
      alignment problem, as such. In that case, the alignment sleeve 15 can,
      nevertheless, provide the required transverse or lateral alignment of the
      optical fiber terminal ends at 12. It will also be evident that in that
      case the number of slots 32 about the circumference of 15 need not be
      governed by the 360.degree./N criterion which is important in connection
      with the polygon termination pin outline.
PAR  Various modifications and variations will suggest themselves to those
      skilled in this art. For example, the spiraling portion of the slots 32
      can be confined to the outer extremities of the slots on either side of
      center, the slots being (in that case) parallel to the axis of the part 15
      in the vicinity of the interface point 12. Also, the extent to which these
      slots extend through the flared portions 28 and 29 is subject to a certain
      amount of variation, and will depend upon the relationship between the
      interior cavity diameter at 30 and 31, and the size of the outline of the
      polygon termination pin 16 or 17. Other such variations and modifications
      can, of course, be made, once the principles of the present invention are
      understood. Accordingly, it is not intended that the scope of the
      invention be considered limited by the drawings or this description, these
      being typical and illustrative only.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a fiber optic connector for providing a removable light signal
      connection between the terminal ends of at least one pair of fiber optic
      cables, said pair including first and second cables each having a
      plurality of optical fibers and each including a termination pin of
      predetermined cross-sectional ends thereof, said connector further
      including first and second mating connector members adapted to contain at
      least said pair of cables and corresponding termination pins, the
      combination comprising:
PA1  retaining means within said first and second connector members,
      respectively, for retaining said termination pins and therefore said
      terminal ends of said corresponding first and second fiber optic cables in
      substantial axial light-transferring abutment when said first and second
      connector members are mated; and
PA1  means including an alignment sleeve of resilient material within said first
      and second connector members for effecting lateral alignment of said
      terminal ends of said termination pins and corresponding fiber optic
      cables, said sleeve including at least one axially extending slot through
      the wall of said sleeve over an axial dimension overlapping the point of
      said abutment, said sleeve being of an initial diameter over said axial
      dimension such that insertion of said termination pins produces resilient
      lateral expansion of said sleeve to produce inwardly directed radial
      forces tending to hold said terminal ends in lateral alignment.
NUM  2.
PAR  2. Apparatus according to claim 1 in which the cross-sectional shape of
      said alignment sleeve is generally circular, said sleeve embodying a
      plurality of said slots, said slots being equally spaced about the
      circumference of said alignment sleeve.
NUM  3.
PAR  3. Apparatus according to claim 2 in which said axial slots are spiralled.
NUM  4.
PAR  4. Apparatus according to claim 2 in which said alignment sleeve is flared
      to a larger diameter at both ends beginning at points outward from said
      axial dimension.
NUM  5.
PAR  5. Apparatus according to claim 1 in which said alignment sleeve is flared
      at both ends outward from said point of abutment.
NUM  6.
PAR  6. Apparatus according to claim 1 in which said alignment sleeve is flared
      to a larger diameter at both ends beginning at points outward from said
      axial dimension.
NUM  7.
PAR  7. Apparatus according to claim 1 in combination with a pair of said fiber
      optic cables, the termination pins of said cables extending into the
      opposite ends of said sleeve, the cross-sectional shape of the termination
      pin of each said cable being a polygon, one corner of each said polygon
      engaging said axial slot in said alignment sleeve thereby constraining
      said termination pins into rotational as well as lateral alignment.
NUM  8.
PAR  8. Apparatus according to claim 7 in which the cross-sectional shape of
      said alignment sleeve is generally circular, and in which said sleeve
      embodies a plurality of said slots, the number of said axial slots in said
      alignment sleeve being equal to the number of corners of said polygon,
      said slots being equally spaced about the circumference of said alignment
      sleeve, the corners of said abutting terminaion pins engaging in said
      axial slots.
NUM  9.
PAR  9. Apparatus according to claim 8 in which said axial slots are spiralled
      to provide for random engagement of a corner of said polygon during mating
      of said connector members.
NUM  10.
PAR  10. Apparatus according to claim 8 in which said axial slots are spiralled
      by an amount not exceeding 360.degree./N measured about the circumference
      of said alignment sleeve, where N is the number of corners in said
      polygon, thereby to provide random engagement of said corners in said
      slots.
NUM  11.
PAR  11. Apparatus according to claim 8 in which said cross-sectional shape of
      said termination pins is a hexagon and said axial slots are six in number.
NUM  12.
PAR  12. Apparatus according to claim 10 in which said polygon is a hexagon and
      N=6.
NUM  13.
PAR  13. A fiber optic cable coupling assembly comprising:
PA1  an alignment sleeve of resilient spring material;
PA1  a pair of fiber optic cables each having a fiber bundle terminated by a
      termination pin;
PA1  at least one axially extending slot through the wall of an axial section of
      said sleeve, said axial section having a cross-section less than that of
      said pins; and
PA1  said pins being mounted in the opposite ends of said sleeve and abutting
      each other in said axial section thereof thereby causing resilient lateral
      expansion of said sleeve to produce inwardly directed radial forces
      holding said pins in lateral alignment.
NUM  14.
PAR  14. An assembly as set forth in claim 13 wherein:
PA1  said sleeve embodies a plurality of said slots.
NUM  15.
PAR  15. An assembly as set forth in claim 14 wherein:
PA1  each said pin is a polygon;
PA1  said slots are equal in number to the corners of said polygon; and
PA1  said corners of said polygons engage said slots to effect rotational as
      well as lateral alignment of said pins.
NUM  16.
PAR  16. An assembly as set forth in claim 15 wherein:
PA1  said slots are spiralled.
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ABST
PAL  An element in which only a single domain-wall can move sidewise, having a
      crystal plate of an irregular ferroelectric which is cut in the Z-plane at
      opposite surfaces and is then cut or cleaved in the &lt;110&gt; direction at its
      periphery and transparent electrodes for the polarization reversal
      provided at the central portions of the opposite Z-planes. The element
      includes at least a domain configuration such that two nucleus regions of
      opposite polarities are disposed on opposite sides of the region, i.e., a
      domain having a stationary polarity, where the electrodes are provided.
BSUM
PAR  This invention relates to an irregular ferroelectric single-domain
      controllable element which is devised for single domain-wall motion and to
      a method of making such an element. This invention also relates to an
      apparatus which utilizes such an irregular ferroelectric element.
PAR  It is a primary object of the present invention to provide an irregular
      ferroelectric element for controllable single-domain in which only a
      single domain-wall can move sidewise and which is free from the growth of
      nucleus regions crossing at right angles with respect to each other and a
      method of making such an irregular ferroelectric element.
PAR  Another object of the present invention is to provide an irregular
      ferroelectric element for controllable single-domain of the kind described
      above in which the positive and negative domains can be freely grown and
      extinguished.
PAR  A further object of the present invention is to provide an electrically
      controlled shutter for transmitted light which utilizes an irregular
      ferroelectric element of the kind described above.
PAR  A still further object of the present invention is to provide an optical
      slit which utilizes an irregular ferroelectric element of the kind
      described above.
PAR  Another object of the present invention is to provide a two-dimensional
      flying spot scanner which utilizes an irregular ferroelectric element of
      the kind described above.
PAR  In accordance with the present invention which attains the above objects,
      there is provided a method of making an irregular ferroelectric element
      for controllable single-domain which is devised for single domain-wall
      motion comprising the steps of growing a single domain of positive or
      negative polarity throughout a Z-plate of irregular ferroelectric relative
      to the opposite Z-planes of said crystal plate provided with electrodes,
      leaving from the abovementioned nucleus region which has the same polarity
      as to the applied voltage and adjacent to one end of the domain of the
      inverse polarity against to the applied voltage grown in the first step in
      the same polarity as to the applied voltage and growing throughout a
      domain of the inverse polarity and arriving to the second nucleus region
      of the inverse polarity to the first nucleus region adjacent to the end
      opposite to the end having said first nucleus region referred to in the
      second step and providing means for the polarization reversal and single
      domain-wall motion towards the nucleus region of inverse polarity.
PAR  In accordance with the present invention, there is further provided an
      irregular ferroelectric element for controllable single-domain devised for
      single domain-wall motion comprising a crystal plate of irregular
      ferroelectrics which is provided with electrodes on Z-planes at a pair of
      surfaces opposite to each other and is then cut or cleaved in the &lt;110&gt;
      direction, and means for the polarization reversal provided at the central
      portions of the opposite Z-planes of said crystal plate, said irregular
      ferroelectric element including at least a domain configuration such that
      two nucleus regions of opposite polarities are disposed on opposite sides
      of the region where said means for the polarization reversal are provided.
PAR  The present invention further provides an optical apparatus which includes
      therein such an irregular ferroelectric element such that the amount of
      light transmitted through the apparatus can be freely controlled by
      allowing the growth or restricting the growth of one of the nucleus
      domains of the irregular ferroelectric element.
PAR  The irregular element for controllable single domain according to the
      present invention has the following advantages:
PAR  1. The element is advantageous over a prior art element of this kind which
      resorts to a method of merely growing a new single domain in ferroelectric
      crystal, because the element is free from any damage and the motion of the
      domain-wall takes place readily in response to the application of a small
      voltage.
PAR  2. Switch-over of the applied voltage causes immediately the growth of the
      domain of opposite polarity from a domain having a stationary polarity and
      the domain grown prior to the voltage switch-over can be reversed. Thus,
      the domain of positive or negative polarity can be freely grown as
      desired. In addition, the direction of the domain-wall motion can be
      freely controlled by selecting the polarity of the applied voltage.
PAR  3. The rate of growth of the domain can be freely controlled by regulating
      the magnitude of the applied voltage.
PAR  4. The element can be combined with other optical apparatus for application
      to various services.
DRWD
PAR  Other objects, features and advantages of the present invention will be
      readily apparent from the following detailed description taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic explanatory view showing the manner of crystal
      deformation occurring in a ferroelectric crystal due to the polarization
      reversal;
PAR  FIG. 2 is a schematic explanatory view showing the mechanism of rotation of
      linearly polarized light by a ferroelectric crystal;
PAR  FIG. 3 is a diagrammatic view showing a portion of the refractive
      indicatrix of a bi-axial crystal;
PAR  FIG. 4 is a schematic explanatory view showing how a change in the
      retardation of transmitted light occurs when linearly polarized light is
      projected to an apparatus including the combination of an irregular
      ferroelectric crystal and a common double refractive material;
PAR  FIGS. 5, 5a, 5b, 5c and 5d are schematic views showing the lattice
      deformation caused in an irregular ferroelectric crystal through the phase
      transition temperature from paraelectric phase into the ferroelectric
      phase;
PAR  FIGS. 6a, 6b and 6c are schematic views showing a plurality of kinds of
      domain patterns produced in an irregular ferroelectric crystal;
PAR  FIG. 7 is a schematic view showing how domains crossing at right angles
      with each other appear in a gadolinium molybdate (MOG) crystal;
PAR  FIGS. 8, 8a, 8b, 8c, 8d and 8e are schematic views showing the successive
      steps for the manufacture of an irregular ferroelectric element according
      to an embodiment of the method of the present invention utilizing the
      domain switching in an irregular ferroelectric crystal;
PAR  FIGS. 9a and 9b are schematic views showing the successive steps in another
      embodiment of the method of the present invention utilizing the domain
      switching in an irregular ferroelectric crystal;
PAR  FIGS. 10a, 10b and 10c are schematic views showing the successive steps in
      a further embodiment of the method of the present invention utilizing the
      domain switching in an irregular ferroelectric crystal;
PAR  FIG. 11 is a schematic view showing a yet further embodiment of the method
      of the present invention utilizing the domain switching in an irregular
      ferroelectric crystal;
PAR  FIGS. 12a, 12b and 12c show the structure of an electrically controlled
      shutter for transmitted light employing an irregular ferroelectric element
      according to the present invention;
PAR  FIG. 13 shows the structure of an optical slit unit employing an irregular
      ferroelectric element according to the present invention;
PAR  FIG. 14 shows the structure of an electrically controlled shutter for
      transmitted light employing two optical slit units of the kind shown in
      FIG. 13;
PAR  FIG. 15 shows the structure of another form of the electrically controlled
      shutter for transmitted light employing two irregular ferroelectric
      elements according to the present invention;
PAR  FIG. 15a is a graph showing the time function of voltage applied to the
      irregular ferroelectric elements in the shutter shown in FIG. 15;
PAR  FIG. 16 shows the structure of an optical pulse generator employing the
      shutter shown in FIG. 15;
PAR  FIG. 17 shows the structure of a two-dimensional flying spot scanner
      employing a plurality of groups of irregular ferroelectric elements
      according to the present invention;
PAR  FIG. 18 is an explanatory view illustrating the structure and operating
      principle of another two-dimensional flying spot scanner employing a
      plurality of irregular ferroelectric elements according to the present
      invention;
PAR  FIG. 19 shows the structure of an image generator employing the
      two-dimensional flying spot scanner shown in FIG. 18;
PAR  FIG. 20 shows the structure of another image generator employing the
      two-dimensional flying spot scanner shown in FIG. 18;
PAR  FIG. 20a shows the structure of still another image generator employing the
      two-dimensional flying spot scanner shown in FIG. 18;
PAR  FIG. 21 shows the structure of yet another image generator employing the
      two dimensional flying spot scanner shown in FIG. 18;
PAR  FIGS. 22a and 22b are a front elevational view and a sectional view,
      respectively, of one form of the irregular ferroelectric element according
      to the present invention;
PAR  FIG. 23 shows the structure of a slide projector employing the irregular
      ferroelectric element shown in FIGS. 22a and 22b;
PAR  FIG. 24 shows the structure of another slide projector employing the
      irregular ferroelectric element shown in FIGS. 22a and 22b;
PAR  FIG. 24a shows an exemplary picture depicted on a half-wave plate assembly
      shown in FIG. 24, and
PAR  FIG. 25 shows orthogonal domains produced in the irregular ferroelectric
      element according to the present invention.
DETD
PAR  In U.S. Pat. No. 3,586,415 an optical modulator element comprising the
      combination of an irregular ferroelectric crystal, especially Z-plate of
      gadolinium molybdate single crystal provided with electrodes and a double
      refractive crystal plate is disclosed. According to the discovery of the
      inventors, application of an electric field which is at least equal to the
      coersive field of the said irregular ferroelectric single crystal across
      the Z-planes of the irregular ferroelectric single crystal can cause a
      change in the retardation of light transmitting through the element before
      and after the application of the electric field, and thus this element can
      constitute a sort of color-modulator for incident white light or a light
      intensity-modulator for incident monochromatic light.
PAR  As a result of profound investigation on the symmetry of ferroelectrics,
      the inventors have found that certain ferroelectric crystals such as a
      crystal of potassium dihydrogen phosphate (hereinafter to be referred to
      as KDP) and a crystal of gadolinium molybdate (hereinafter to be referred
      to as MOG) behave differently from known ferroelectric crystals such as a
      crystal of triglycine sulfate (hereinafter to be referred to as TGS), a
      crystal of lead zirconate-titanate (hereinafter to be referred to as LZT)
      and a crystal of barium titanate when an electric field or stress of more
      than a threshold value (hereinafter to be referred to as a coersive field
      or coersive stress) is applied thereto. More precisely, when a coersive
      field or coersive stress is applied to a crystal of KDP or MOG, the
      crystal lattice having bi-stable states as shown in FIG. 1a or 1b makes a
      shift from one spontaneously deformed state to another and,
      simultaneously, a 180.degree. reversal of the direction of the spontaneous
      polarization takes place. Further, simultaneously with the reversal in the
      direction of the spontaneous polarization, the crystal lattice undergoes
      crystallographically a symmetry operation of inversion rotation so that it
      is deformed into a structure which is rotated through 90.degree. about the
      c axis. Such a property is peculiar to certain ferroelectrics belonging to
      the point group mm2. Such ferroelectrics were called by the inventors by
      the name of irregular ferroelectrics and classified to belong to a point
      group imm2 including such species as 42 mF mm2, 6 m2F mm2 and 43 mF mm2. A
      crystal of such an irregular ferroelectric is optically bi-axial in the
      ferroelectric phase and the refractive indices .alpha., .beta. and .gamma.
      for light vibrating parallelly with the directions of the a, b and c axis
      of the crystal differ from each other as seen in FIG. 3. For example, the
      values of Na, Nb and Nc of a single crystal of MOG belonging to the point
      group imm2 are Na = 1.8428, Nb = 1.8432 and Nc = 1,897 when .lambda.=
      589.3.
PAR  As will be apparent from these values, a crystal belonging to the point
      group imm2 shows birefringence which is the feature of an optically
      bi-axial crystal.
PAR  A crystal plate of MOG having such a property is of a Z-plate, that is, cut
      at opposite surfaces perpendicularly with respect to the c axis. The
      Z-plate of MOG designated by the reference numeral 3 is interposed between
      a polarized 1 and an analyzer 2 whose planes of polarization cross at
      right angles with each other and whose plate surfaces are parallel to each
      other in such a manner that the direction of the C axis of the crystal
      plate 3 is perpendicular with respect to the planes of polarization as
      shown in FIG. 2. When a beam of white light enters the polarizer 1 at
      right angles with respect to the latter, the white light linearly
      polarized by the polarizer 1 is turned into ellipsoidally polarized light
      by the effect of double refraction of the crystal plate 3, and the
      component of the ellipsoidally polarized light which is parallel to the
      polarizing direction of the analyzer 2 passes solely through the analyzer
      2 so that interference colors can be observed due to the phase difference
      between the various wavelengths which constitute the white light. A
      crystal of such an irregular ferroelectric having the symmetry of imm2 is
      cut into a plate whose sides are parallel to the crystal axis, the faces
      of the plate are polished to be optically flat surfaces, and electrodes
      are provided on the Z-planes thereof. When the crystal is interposed in a
      diagonal position between crossed polarizers and a beam of white light is
      projected on the optical system, interference colors due to the
      birefringence appear depending on the thickness of the crystal. This is
      attributable to the phase difference between the beams of double refracted
      light passing through the crystal and having the planes of polarization
      perpendicular with respect to each other, that is, this phenomenon is
      caused by the retardation R. As is commonly known, the retardation R is
      related to the thickness d of the crystal through which the light beam is
      transmitted and the birefringence, i.e., the difference .DELTA.n between
      the refractive indices concerning to the transmitting light beam as
      follows:
      ##EQU1##
      The refractive indicatrix of an irregular ferroelectric crystal relative
      to the principal elastic axis X, Y and Z is as shown in FIG. 3. Thus, a
      beam of light advancing in the direction of the Z axis in FIG. 3 is
      refracted with two different refractive indices .alpha. and .beta., and
      the birefringence .DELTA.n is given by the difference .beta. - .alpha..
      Similarly, a beam of light advancing in the direction of the X axis is
      refracted with two different refractive indices .gamma. aand .alpha.,
      while a beam of light advancing in the direction of the Y axis is
      refracted with two different refractive indices .gamma. and .beta.. In
      this respect, it is to be noted that the beam of light advancing in the
      direction of the Z axis, that is, perpendicularly with respect to the
      Z-planes of a Z-plate of MOG is most advantageously utilized so that the
      crystal plate of MOG can constitute a color modulator because the length d
      of the path of light as well as the difference .beta. - .alpha. between
      the refractive indices .alpha. and .beta. remains invariable even when the
      crystal plate of MOG is subject to the polarization reversal. U.S. Pat.
      No. 3,586,415 referred to above utilizes this principle. The principle and
      structure of the apparatus disclosed in said patent application will be
      described in detail hereunder.
PAR  When an electric field greater than the coersive field is applied to the
      Z-plate 3 of MOG shown in FIG. 2, the reversal of the spontaneous
      polarization takes place and the plane of optic axis of the crystal is
      rotated by 90.degree. with the result that the direction of rotation of
      the ellipsoidally polarized light emerging from the crystal is reversed.
      Therefore, the retardation R in such a case has a sign opposite to the
      sign of the previous retardation R.
PAR  Referring to FIG. 4, a transparent and birefringent crystal 3.sub.1 and a
      Z-plate of irregular ferroelectric crystal 3.sub.2 (such as a Z-plate of
      MOG) are disposed in a polarizing apparatus comprising a polarizer 1 and
      an analyzer 2 disposed in parallel with each other so that the Z-planes of
      the crystal 3.sub.2 are perpendicular with respect to the optical axis of
      the polarizing apparatus and the principal axis of these two crystals are
      oriented in the same direction. The retardations R.sub.1 and R.sub.2 by
      the respective crystals are added to each other when the crystal of MOG is
      not subject to reversal of the polarization, but one of the retardations
      is subtracted from the other when an electric field is applied to the
      crystal of MOG to cause the polarization reversal in the latter crystal so
      that, in this latter case, the composite retardation by these two crystals
      is represented by the difference between R.sub.1 and R.sub.2. Thus, the
      interference colors due to the birefringence against white light entering
      the polarizing apparatus in the case of the relation R.sub.1 + R.sub.2
      differ from those in the case of the difference between R.sub.1 and
      R.sub.2. According to such method, an apparatus can be made in which an
      assembly comprising the combination of one or more birefringent crystal
      plates and at least one Z-plate of irregular ferroelectric belonging to
      the point group imm2 is interposed between a polarizer and an analyzer
      disposed in parallel with each other and an electric field or a stress
      greater than the coersive field or the coersive stress is applied to the
      irregular ferroelectric crystal to reverse the spontaneous polarization of
      the irregular ferroelectric crystal thereby to modulate the hue or amount
      of light transmitting through the above assembly before and after the
      reversal of the spontaneous polarization.
PAR  The inventors have discovered that certain substances belonging to the
      point groups i2-I and i2-II possess also the above property in addition to
      the crystals of irregular ferroelectrics belonging to the point group
      imm2. Known irregular ferroelectric substances belonging to these point
      groups are tabulated in Table 1 as follows:
TBL                Table 1                                                     
     ______________________________________                                    
              Sub-                                                             
     Point     stance       Name                                               
      group                                                                    
     ______________________________________                                    
     imm2          KDP, MOG, boracite                                          
     i2-I                                                                      
                   Rochelle salt, ammonium cadmium                             
     i2-II         sulfate, methyl ammonium                                    
                   aluminum sulfate 12-hydrate                                 
     ______________________________________                                    
PAR  In Table 1, point group imm2 which includes such species 42 mF mm2, 6 m2F
      mm2 and 43 mF mm2 is more useful than other two groups.
PAR  According to the studies carried out by the inventors, those substances
      having a crystal structure isomorphous with MOG and represented by the
      formula (R.sub.x R'.sub.1-x).sub.2 O.sub.3.sup.. 3Mo.sub.1-e We O.sub.3
      where R and R' represent at least one of rare earth elements, x lies in
      the range of 0 to 1.0, and e lies in the range of 0 to 0.2) have the
      property preferably usable in the present invention. The substances
      represented by the above formula belong crystallographically to the
      orthorhombic system Pba2 and belong to the point group mm2.
PAR  The substances represented by the formula (R.sub.x R'.sub.1-x).sub.2
      O.sub.3.sup.. 3Mo.sub.1-e We O.sub.3 having a crystal structure
      isomorphous with MOG preferably employed in the present invention will now
      be described. A method of making a single crystal of (R.sub.x
      R'.sub.1-x).sub.2 O.sub.3.sup.. 3Mo.sub.1-e We O.sub.3 (where R and R'
      represent at least one of the rare earth elements, x lies in the range of
      0 to 1.0, and e lies in the range of 0 to 0.2) is known from the
      disclosure of Japanese Pat. No. 3493/1968. However, the crystal structure
      isomorphous with MOG specified in this application is one in which the
      lattice parameters a and b are equal to each other.
PAR  The following is the result of measurement on MOG employed in the present
      invention by means of a 3-axis goniometer and X-ray diffractive method:
PA0  a = 10.388 .+-. 0.005 A
PA0  b = 10.426 .+-. 0.005 A
PA0  C = 10.709 .+-. 0.005 a
PAL  thus, MOG is a crystal of the orthorhombic system and belongs to the point
      group mm2.
PAR  Eu.sub.2 (MoO.sub.4).sub.3, Tb.sub.2 (MoO.sub.4).sub.3, Dy.sub.2
      (MoO.sub.4).sub.3 and Sm.sub.2 (MoO.sub.4).sub.3 are isomorphous with MOG
      crystallographically and their lattice parameters measured by the X-ray
      diffractive method are different from each other depending on the a and b
      axis as shown in Table 2. All these compounds have the same crystal
      structure as MOG.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Sample  a (A)    b (A)    c (A)                                           
     __________________________________________________________________________
     Eu.sub.2 (MoO.sub.4).sub.3                                                
             10.377 .+-. 0.005                                                 
                      10.472 .+-. 0.005                                        
                               10.655 .+-. 0.005                               
     Gd.sub.2 (MoO.sub.4).sub.3                                                
             10.388 .+-. 0.005                                                 
                      10.426 .+-. 0.005                                        
                               10.709 .+-. 0.005                               
     Dy.sub.2 (MoO.sub.4).sub.3                                                
             10.331 .+-. 0.005                                                 
                      10.346 .+-. 0.005                                        
                               10.603 .+-. 0.005                               
     Sm.sub.2 (MoO.sub.4).sub.3                                                
             10.478 .+-. 0.005                                                 
                      10.511 .+-. 0.005                                        
                               10.856 .+-. 0.005                               
     __________________________________________________________________________
PAR  Single crystals of MOG, Sm.sub.2 (MoO.sub.4).sub.3, Eu.sub.2
      (MoO.sub.4).sub.3, Tb.sub.2 (MoO.sub.4).sub.3 and Dy.sub.3
      (MoO.sub.4).sub.3 were cut in parallel with the {100}, {010} and {001}
      planes perpendicular with respect to the a, b and c axis, and an electric
      field or stress was applied to the crystal in order to produce a single
      domain therein. We call this process for producing single domain
      "polling". (Whether the single domain is produced or not can be observed
      by placing the single crystal beneath a polarization microscope, directing
      polarized light in the direction of the c axis and suitably manipulating
      the crossed nicols.) A 3-axis goniometer was used to measure the intensity
      distribution of the light reflected from the respective planes of the
      single crystal. The {400}, {600}, {800}, {1000}, {003}, {004} and {005}
      planes were used for the reflection of light. Then, an electric field of
      inverse polarity was applied to the single crystal in the direction of the
      c axis to interchange the a and b axis, and the refracted light from the
      {040}, {060}, {080} and {0100} planes was measured. In the measurement, a
      dispersing slit of 1.degree., a scattering slit of 1.degree., a light
      receiving slit of 0.1 mm and a Cu K.sub..alpha.  ray were used. The
      voltage and current applied to the X-ray source were 30 KV and 10 mA,
      respectively. The scanning rate of the goniometer was 1/4 degree per
      minute and the Geiger counter has a radius of 185 mm. When the single
      crystal was then heated above the Curie temperature to release the
      polarized state, any appreciable difference was not present between the
      lattice parameters a and b.
PAR  The component of a novel crystal structure employed in the element
      according to the present invention is a single crystal of a chemical
      compound having a crystal structure of MOG and a solid solution of such a
      chemical compound. However, such a crystal structure is dependent upon the
      size of cations in the chemical compound. A different crystal structure
      results when the size of the cations is too large or too small. The
      Arrhenius ionic radii of the rare earth ions, Sm.sup..sup.+3,
      Eu.sup..sup.+3, Gd.sup..sup.+3, Tb.sup..sup.+3 and Dy.sup..sup.+3 are 1.00
      A, 0.98 A, 0.97 A, 0.93 A and 0.92 A, respectively. Therefore, (R.sub.x
      R'.sub.1-x).sub.2 O.sub.3.sup.. 3Mo.sub.1-e We O.sub.3 (where R and R'
      represent at least one of the rare earth elements, x lies in the range of
      0 to 1.0, and e lies in the range of 0 to 0.2) including the rare earth
      ions of such ion radii has a crystal structure isomorphous to that of MOG.
PAR  The chemical compound having a crystal structure of MOG employed in the
      present invention is of the orthorhombic symmetry and belongs to the point
      group mm2. The spontaneous strain xs of the chemical compound is given by
      ##EQU2##
      and the chemical compound having such a unit cell and the same
      crystallographic symmetry exhibits an especially marked effect for
      polarization reversal. The properties of MOG employed in the present
      invention are enumerated as follows:
     Color:   Colorless and transparent                                        
     Density: 4600 kg/m.sup.3                                                  
     Point group:                                                              
              Orthorhombic, mm2 (ferroelectric phase)                          
              at a temperature below the Curie point Tc.                       
              Tetragonal, 42 m (paraelectric phase) at a                       
              temperature above the Curie point Tc,                            
              and belonging to the ferroelectric-ferro-                        
              elastic species 42 mF mm2.                                       
     Phase transition                                                          
      temperature (Tc):                                                        
                   162.degree. .+-. 3.degree.C.                                
     Melting point:                                                            
                   1170.degree.C.                                              
     Cleavage plane:                                                           
                   {110 }, {001}                                               
     Specific dielectric                                                       
      constant:    .epsilon.c = 10.5, .epsilon.a = .epsilon.b = 9.5 (at        
                   20.degree.C)                                                
                   .epsilon.a, .epsilon.b and .alpha.c represent the           
                   specific dielectric constants in                            
                   the directions of the a, b and c                            
                   axis, respectively.                                         
     Spontaneous                                                               
      polarization:                                                            
                1.86 .times. 10.sup..sup.-5 c/m.sup.2 (at 20.degree.C, in the  
                direction                                                      
                of the c axis)                                                 
     Spontaneous strain:                                                       
                  1.5 .times. 10.sup..sup.-3                                   
     Modulus of                                                                
                          m.sup.2                                              
      elasticity:                                                              
               25 .times. 10.sup..sup.-12                                      
                          Newton                                               
                         V                                                     
     Coersive field:                                                           
                6 .times. 10.sup.5                                             
                                at 50 Hz                                       
                         m.sup.2                                               
                          Newton                                               
     Coersive stress:                                                          
                1.4 .times. 10.sup.5                                           
                          m.sup.2                                              
     Electrical resistance:                                                    
                  Above 10.sup.10 .OMEGA..sup.. cm                             
     Resistance to water                                                       
      and chemicals:                                                           
                  Very strong                                                  
     Tendency to efflorescence                                                 
      and deliquescence:                                                       
                     None                                                      
PAR  A method of making MOG employed in the present invention will be described
      hereunder.
PAC  EXAMPLE 1
PAR  Mixture of 361.8 grams of Gd.sub.2 O.sub.3 and 431.7 grams of MoO.sub.3 is
      pressed into a pellet type. The pellets of the said mixture are then
      placed in a crucible of platinum or in a crucible of alumina white being
      supported on a plate of platinum, and are heated at 700.degree.C for 2 to
      3 hours in an electric furnace. After finishing this solid state reaction,
      the pellets are taken out of the electric furnace, and ground into fine
      powder. Suitable quantity of the powder is pressed again into pellets. The
      pellets are placed in a crucible and are heated at 1000.degree.C for 2 to
      4 hours in the electric furnace. The result of observation of the product
      by an X-ray defractive method proved that the product had the crystal
      structure of MOG.
PAR  Subsequently, MOG in powder form is placed in a platinum crucible and is
      heated to melt at about 1190.degree.C. A seed crystal of 3 mm .times. 3 mm
      in diameter and 30 mm in length is fixed to the pulling-up shaft with
      platinum ribbon is then soaked in the melt of MOG and the temperature is
      gradually reduced until the melt solidifies on the seed. In this case, the
      input to the induction coil is increased until the seed crystal attains a
      diameter of about 2 mm, during the pulling-up shaft is rotated at a rate
      of 30 to 60 revolutions per minute. The input to the furnace is then
      reduced until the crystal growing on the seed of 2 mm in diameter attains
      a diameter of about 10 to 20 mm. The pulling rate in this case is 18 to
      1.5 mm per hour as in the above case and the input is adjusted so that the
      diameter of the crystal lies in a fixed range of 10 to  20 mm. When the
      length of the pulled-up crystal reaches a desired value of 30 to 70 mm,
      the input to the furnace is increased again to reduce the diameter of the
      succeeding crystal portion in the melt and the crystal is pulled up in
      somewhat rapidly and cut off the remaining crystal portion in the melt.
      The crystal thus obtained is placed in an afterheater and the temperature
      is reduced at a rate of 50.degree. to 100.degree.C per hour to prevent the
      cracks from developing in the crystal. A single crystal of MOG can be
      obtained by the above steps. The lattice parameters of single crystal of
      MOG thus obtained has measured after poling and obtained in the previously
      described values.
PAR  Crystallographic isomers having the crystal structure of MOG preferably
      employed in the present invention are enumerated in Table 3. The compounds
      ranging from Example 2 to Example 2 can be made by a method of crystal
      growth analogous to the method described in Example 1, and the reacting
      components in the amounts specified in the second column of Table 3 are
      heated at a temperature below the melting point of each compound to form a
      solid solution. These compounds are then heated up and processed according
      to the steps described in Example 1, and single crystals are pulling up
      from the melt respectively.
TBL                                    Table 3                                 
     __________________________________________________________________________
                           Reacting components                                 
                           (mixing ratio)                                      
     Ex-                                                                       
        Chemical formula of                                                    
     am-                                                                       
         single crystal    Mo-                                                 
     ple                   lyb- Rare earth oxide                               
                           date                                                
     __________________________________________________________________________
                                (Sm.sub.2 O.sub.3)                             
     2  Sm.sub.2 (MoO.sub.4).sub.3                                             
                           431.8                                               
                                348.7                                          
                                (Eu.sub.2 O.sub.3)                             
     3  Eu.sub.2 (MoO.sub.4).sub. 3                                            
                           431.8                                               
                                352.0                                          
                                (Dy.sub.2 O.sub.3)                             
     4  Dy.sub.2 (MoO.sub.4).sub.3                                             
                           431.8                                               
                                373.0                                          
                                (Tb.sub.2 O.sub.3)                             
     5  Tb.sub.2 (MoO.sub.4).sub.3                                             
                           833.6                                               
                                748.8                                          
                                (Gd.sub.2 O.sub.3)                             
                                      (Sm.sub.2 O.sub.3)                       
     6  (Gd.sub.0.5 Sm.sub.0.5).sub.2 (MoO.sub.4).sub.3                        
                           431.8                                               
                                180.9 174.3                                    
                                (Gd.sub.2 O.sub.3)                             
                                      (Eu.sub.2 O.sub.3)                       
     7  (Gd.sub.0.5 Eu.sub.0.5).sub.2 (MoO.sub.4).sub.3                        
                           431.8                                               
                                180.9 176.0                                    
                                (Gd.sub.2 O.sub.3)                             
                                      (Tb.sub.2 O.sub.3)                       
     8  (Gd.sub.0.5 Tb.sub.0.5).sub.2 (MoO.sub.4).sub.3                        
                           431.8                                               
                                180.9 187.2                                    
                                (Gd.sub.2 O.sub.3)                             
                                      (Dy.sub.2 O.sub.3)                       
     9  (Gd.sub.0.5 Dy.sub.0.5).sub.2 (MoO.sub.4).sub.3                        
                           431.8                                               
                                180.9 186.5                                    
                                (Gd.sub.2 O.sub.3)                             
                                      (Yb.sub.2 O.sub.3)                       
     10 (Gd.sub.0.35 Yb.sub.0.65).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                343.7 19.7                                     
                                (Gd.sub.2 O.sub.3)                             
                                      Ho.sub.2 O.sub.3)                        
     11 (Gd.sub.0.95 Ho.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                343.7 18.9                                     
                                (Gd.sub.2 O.sub.3)                             
                                      (Lu.sub.2 O.sub.3)                       
     12 (Gd.sub.0.95 Lu.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                343.7 19.9                                     
                                (Gd.sub.2 O.sub.3)                             
                                      (Tm.sub.2 O.sub.3)                       
     13 (Gd.sub.0.95 Tm.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                343.7 19.3                                     
                                (Gd.sub.2 O.sub.3)                             
                                      (Sc.sub.2 O.sub.3)                       
     14 (Gd.sub.0.95 Sc.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                343.7 6.9                                      
                                (Gd.sub.2 O.sub.3)                             
                                      (La.sub.2 O.sub.3)                       
     15 (Gd.sub.0.95 La.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                343.9 16.3                                     
                                (Gd.sub.2 O.sub.3)                             
                                      (Pr.sub.6 O.sub.11)                      
     16 (Gd.sub.0.95 Pr.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                343.9 17.0                                     
                                (Gd.sub.2 O.sub.3)                             
                                      (Y.sub.2 O.sub.3)                        
     17 (Gd.sub.0.6 Y.sub.0.4).sub.2 (MoO.sub.4).sub.3                         
                           431.8                                               
                                217.0 90.3                                     
                                (Gd.sub.2 O.sub.3)                             
                                      (La.sub.2 O.sub.3)                       
     18 (Gd.sub.0.6 La.sub.0.4).sub.2 (MoO.sub.4).sub.3                        
                           431.8                                               
                                217.0 130.8                                    
                                (Gd.sub.2 O.sub.3)                             
                                      (Dy.sub.2 O.sub.3)                       
                                217.0 74.6                                     
     19 (Gd.sub.0.6 Tb.sub.0.2 Dy.sub.0.2).sub.2 (MoO.sub.4).sub.3             
                           431.8                                               
                                (Tb.sub.4 O.sub.7)                             
                                78.8                                           
                                (Gd.sub.2 O.sub.3)                             
                                      (Eu.sub.2 O.sub.3)                       
                                253.3 70.4                                     
     20 (Gd.sub.0.7 Eu.sub.0.2 Dy.sub.0.1).sub.2 (MoO.sub.4).sub.3             
                           431.8                                               
                                (Dy.sub.2 O.sub.3)                             
                                37.3                                           
                                (Gd.sub.2 O.sub.3)                             
                                      (Sm.sub.2 O.sub.3)                       
                                217.0 69.7                                     
     21 (Gd.sub.0.6 Sm.sub.0.2 Tb.sub.0.1).sub.2 (MoO.sub.4).sub.3             
                           431.8                                               
                                (Tb.sub.4 O.sub.7)                             
                                39.4                                           
                                (Gd.sub.2 O.sub.3)                             
                                      (Eu.sub.2 O.sub.3)                       
                                253.3 70.4                                     
     22 (Gd.sub.0.7 Eu.sub.0.2 Tb.sub.0.1).sub.2 (MoO.sub.4).sub.3             
                           431.8                                               
                                (Tb.sub.4 O.sub.7)                             
                                39.4                                           
                                (Gd.sub.2 O.sub.3)                             
                                      (La.sub.2 O.sub.3)                       
                                253.3 32.6                                     
     23 (Gd.sub.0.7 Y.sub.0.2 La.sub.0.1).sub.2 (MoO.sub.4).sub.3              
                           431.8                                               
                                (Y.sub.2 O.sub.3)                              
                                45.2                                           
                                (Gd.sub.2 O.sub.3)                             
                                      (Eu.sub.2 O.sub.3)                       
                                253.3 70.4                                     
     24 (Gd.sub.0.7 Eu.sub.0.2 Ho.sub.0.1).sub.2 (MoO.sub.4).sub.3             
                           431.8                                               
                                (Ho.sub.2 O.sub.3)                             
                                37.8                                           
                                (Gd.sub.2 O.sub.3)                             
                                      (Sm.sub.2 O.sub.3)                       
                                253.3 34.9                                     
     25 (Gd.sub.0.7 Sm.sub.0.1 Eu.sub.0.1 Y.sub.0.1).sub.2 (MoO.sub.4).sub.    
                           431.8                                               
                                (Eu.sub.2 O.sub.3)                             
                                      (Y.sub.2 O.sub.3)                        
                                35.2  22.6                                     
                                (Gd.sub.2 O.sub.3)                             
                                      (Nd.sub.2 O.sub.3)                       
     26 (Gd.sub.0.95 Nd.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                343.7 16.8                                     
                                (Gd.sub.2 O.sub.3)                             
                                      (Tb.sub.4 O.sub.7)                       
                                217.0 78.8                                     
     27 (Gd.sub.0.6 Tb.sub.0.2 Y.sub.0.1 La.sub.0.1).sub.2 (MoO.sub.4).sub.3   
                           431.8                                               
                                (Y.sub.2 O.sub.3)                              
                                      (La.sub.2 O.sub.3)                       
                                22.6  32.6                                     
                                (Gd.sub.2 O.sub.3)                             
                                      (WO.sub.3)                               
     28 Gd.sub.2 (Mo.sub.0.95 W.sub.0.1 O.sub.4).sub.3 (MoO.sub.4).sub.3       
                           431.8                                               
                                280   70.0                                     
                                (Sm.sub.2 O.sub.3)                             
                                      (Eu.sub.2 O.sub.3)                       
     29 (Sm.sub.0.5 Eu.sub.0.5).sub.2 (MoO.sub.4).sub.3                        
                           431.8                                               
                                174.1 176.0                                    
                                (Sm.sub.2 O.sub.3)                             
                                      (Dy.sub.2 O.sub.3)                       
     30 (Sm.sub.0.5 Dy.sub.0.5).sub.2 (MoO.sub.4).sub.3                        
                           431.8                                               
                                174.1 186.5                                    
                                (Sm.sub.2 O.sub. 3)                            
                                      (Tb.sub.4 O.sub.7)                       
     31 (Sm.sub.0.5 Tb.sub.0.5).sub.2 (MoO.sub.4).sub.3                        
                           431.8                                               
                                174.1 187.5                                    
                                (Sm.sub.2 O.sub.3)                             
                                      (Yb.sub.2 O.sub.3)                       
     32 (Sm.sub.0.95 Yb.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                331.3 18.7                                     
                                (Sm.sub.2 O.sub.3)                             
                                      (Ho.sub.2 O.sub.3)                       
     33 (Sm.sub.0.95 Ho.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                331.3 18.9                                     
                                (Sm.sub.2 O.sub.3)                             
                                      (Lu.sub.2 O.sub.3)                       
     34 (Sm.sub.0.95 Lu.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                331.3 19.9                                     
                                (Sm.sub.2 O.sub.3)                             
                                      (Tm.sub.2 O.sub.3)                       
     35 (Sm.sub.0.95 Tm.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                331.3 19.3                                     
                                (Sm.sub.2 O.sub.3)                             
                                      (Sc.sub.2 O.sub.3)                       
     36 (Sm.sub.0.95 Sc.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                331.3 6.9                                      
                                (Sm.sub.2 O.sub.3)                             
                                      (Y.sub.2 O.sub.3)                        
     37 (Sm.sub.0.95 Y.sub.0.05).sub.2 (MoO.sub.4).sub.3                       
                           431.8                                               
                                331.3 11.3                                     
                                (Sm.sub.2 O.sub.3)                             
                                      (Er.sub. 2 O.sub.3)                      
     38 (Sm.sub.0.9 Er.sub.0.1).sub.2 (MoO.sub.4).sub.3                        
                           431.8                                               
                                313.4 19.1                                     
                                (Sm.sub.2 O.sub.3)                             
                                      (Eu.sub.2 O.sub.3)                       
                                209.4 105.4                                    
     39 (Sm.sub.0.6 Eu.sub.0.3 Er.sub.0.1).sub.2 (MoO.sub.4).sub.3             
                           431.8                                               
                                (Er.sub.2 O.sub.3)                             
                                19.1                                           
                                (Sm.sub.2 O.sub.3)                             
                                      (Tb.sub.4 O.sub.7)                       
                                244.0 78.8                                     
     40 (Sm.sub.0.7 Tb.sub.0.2 Y.sub.0.1).sub.2 (MoO.sub.4).sub.3              
                           431.8                                               
                                (Y.sub.2 O.sub.3)                              
                                22.6                                           
                                (Sm.sub.2 O.sub.3)                             
                                      (Y.sub.2 O.sub.3)                        
                                278.9 22.6                                     
     41 (Sm.sub.0.8 Er.sub.0.1 Y.sub.0.1).sub.2 (MoO.sub.4).sub.3              
                           431.8                                               
                                (Er.sub.2 O.sub.3)                             
                                19.1                                           
                                (Sm.sub.2 O.sub.3)                             
                                      (Dy.sub.2 O.sub.3)                       
                                278.9 37.3                                     
     42 (Sm.sub.0.8 Dy.sub.0.1 Y.sub.0.05 Er.sub.0.05).sub.2 (MoO.sub.4).sub.3 
                           431.8                                               
                                (Y.sub.2 O.sub.3)                              
                                      (Er.sub.2 O.sub.3)                       
                                11.3  9.5                                      
                                (WO.sub.3)                                     
                                      (Sm.sub.2 O.sub.3)                       
                                70.0  174.1                                    
     43 (Sm.sub.0.5 Tb.sub.0.5).sub.2 (Mo.sub.0.9 W.sub.0.1).sub.3             
                           388.6                                               
                                (Tb.sub.4 O.sub.7)                             
                                187.2                                          
                                (Dy.sub.2 O.sub.3)                             
                                      (La.sub.2 O.sub.3)                       
     44 (Dy.sub.0.95 La.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                369.3 16.3                                     
                                (Dy.sub.2 O.sub.3)                             
                                      (Pr.sub.6 O.sub.11)                      
     45 (Dy.sub.0.95 Pr.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                369.3 17.0                                     
                                (Nd.sub.2 O.sub.3)                             
                                      (Dy.sub.2 O.sub.3)                       
     46 (Dy.sub.0.95 Nd.sub.0.05).sub.2 (MoO.sub.4).sub.3                      
                           431.8                                               
                                16.8  369.3                                    
                                (Dy.sub.2 O.sub.3)                             
                                      (Ho.sub.2 O.sub.3)                       
                                298.4 37.8                                     
     47 (Dy.sub.0.8 Nd.sub.0.1 Ho.sub.0.1).sub.2 (MoO.sub.4).sub.3             
                           431.8                                               
                                (Nd.sub.2 O.sub.3)                             
                                33.7                                           
                                (Eu.sub.2 O.sub.3)                             
                                      (Dy.sub.2 O.sub.3)                       
                                211.2 74.6                                     
     48 (Eu.sub.0.6 Tb.sub.0.26 Dy.sub.0.2).sub.2 (MoO.sub.4).sub.3            
                           431.8                                               
                                (Tb.sub.4 O.sub.7)                             
                                102.4                                          
                                (Gd.sub.2 O.sub.3)                             
                                      (Sm.sub.2 O.sub.3)                       
                                217.0 34.9                                     
     49 (Gd.sub.0.6 Eu.sub.0.2 Sm.sub.0.1 Tb.sub.0.1 Dy.sub.0.1).sub.2         
                                (Dy.sub.2 O.sub.3)                             
                                      (Eu.sub.2 O.sub.3)                       
        (MoO.sub.4).sub.3  431.8                                               
                                37.3  70.4                                     
                                (Tb.sub.4 O.sub.7)                             
                                39.4                                           
     __________________________________________________________________________
PAR  According to the investigation performed by the inventors, a unit cell of
      an irregular ferroelectric crystal has bistable deformations relatively
      alternatable below the Curie temperature Tc at which temperature phase
      transition from the paraelectric phase to the ferroelectric phase occurs.
      For example, a single crystal of MOG is composed of tetragonal lattices 4
      in the paraelectric phase as shown in FIG. 5, but this tetragonal lattice
      4 is deformable into four kinds of lattices 5.sub.1, 5.sub.1 ', 5.sub.2
      and 5.sub.2 ' in the ferroelectric phase as shown in FIGS. 5a, 5b, 5c and
      5d, respectively. These four kinds of lattices can be classified into two
      sets of lattices, that is, a set of lattices 5.sub.1 and 5.sub.1 ', and a
      set of lattices 5.sub.2 and 5.sub.2 ', which are relatively switchable by
      the polarization reversal. In each set of lattices, switching from one
      stable state to the other stable state occurs in response to application
      of an electric field of inverse polarity stronger than the coercive field.
      In this case, not only the switching of the spontaneous strain but also a
      reversal of the spontaneous polarization takes place, of course. Although
      these four kinds of lattices occur randomly in the crystal, the lattices
      of the same polarization grow in the same domain as shown in FIGS. 6a and
      6b in response to application of an external voltage or stress to the
      crystal and the lattices of one polarization and lattices state border the
      lattices of the other polarization and lattice state by a domain wall.
      With an increase in the external voltage, the lattices in the domain of
      the inverse polarity are affected by the external voltage and the
      polarization is reversed together with the lattice deformation with the
      result that the domain wall moves in a normal direction toward the domain
      of opposite polarization. The domain wall which moves in response to the
      application of voltage ceases its motion and is kept stationary at the
      position when the application of the voltage is interrupted. It is
      therefore possible to control the motion of the domain wall, that is, to
      cause forward and backward motion and to stop the motion of the domain
      wall as desired by controlling the application of voltage or stress.
PAR  The possibility of occurrence between two sets of lattices of 5.sub.1 or
      5.sub.1 ' and 5.sub.2 or 5.sub.2 ' is equal. In some cases, however, a
      domain pattern may possibly appear in which the domains 5.sub.1, 5.sub.1 '
      and 5.sub.2, 5.sub.2 ' cross at right angles with each other as shown in
      FIG. 6c and FIG. 7. Such a domain pattern is objectionable because any
      further growth of the domains results in FIG. 7 that the domains impart a
      force to each other at the boundary or at the cross-point therebetween
      until finally the crystal itself would begin to separate.
PAR  In the single crystal of MOG, nuclei of domains (hereinafter to be referred
      to merely as nuclei) emerge to form a single domain wall configuration and
      the nuclei have the tendency to grow in the direction normal to the domain
      wall. When, for example, a D.C. voltage of about 100 V is applied to a
      single crystal 3 of MOG 10 mm long, 10 mm wide and 0.34 mm thick which is
      a Z-plate or cut in the direction parallel to the {001} plane for
      producing the nuclei in the single crystal, the domains 5.sub.1, 5.sub.2,
      5.sub.1 ' and 5.sub.2 ' grow in the direction perpendicular with respect
      to the &lt;110&gt; direction of the crystal plate 3 as shown in FIG. 7 and the
      nuclei impart a force to each other as they grow. Thus, the nuclei cannot
      grow any further and an attempt to promote the growth by raising the
      voltage to a very high value tends to break the crystal plate 3.
PAR  Therefore, it is very important to secure the single wall motion. The
      present invention eliminates the objectionable growth of the nuclei
      crossing at right angles with each other and to secure the single wall
      motion.
PAR  Various preferred embodiments of the present invention will now be
      described in detail with reference to the drawings.
PAC  EXAMPLE 1
PAR  a. A single crystal Z-plate 3 of MOG 10 mm long, 10 mm wide and 0.34 mm
      thick is cut in parallel with the {001} plane and the opposite surfaces of
      the crystal plate 3 are polished to optical flatness. The crystal plate 3
      is heated up to about 500.degree.C and plated with transparent electrodes.
      Tin chloride (Sn Cl.sub.4) is sprayed onto the opposite surfaces of the
      crystal plate 3 to provide a pair of transparent NESA electrodes 6
      thereon. b. The single crystal plate 3 of MOG is rendered to have a
      multi-domain configuration when the temperature is gradually decreased to
      room temperature.
PAR  c. The peripheral sides of the single crystal plate 3 of multi-domain
      configuration obtained in this manner are cleaved by a laser knife
      utilizing the cleavage of the crystal so as thereby to remove the
      short-circuiting portions between the upper and lower transparent
      electrodes 6.
PAR  d. Then, as shown in FIG. 8a, a D.C. voltage of 100 V is applied across the
      upper and lower transparent electrodes 6 disposed on the single crystal
      plate 3 of MOG thus obtained so as to produce a single domain structure
      throughout the crystal plate 3.
PAR  e. Subsequently, as shown in FIG. 8 and FIGS. 8a-8e, parafin, wax, a
      plastic tape or painting-ink 7 of an electrically insulating nature having
      a sufficient resistance to an aqueous solution of salt is coated on the
      transparent electrodes 6 with the exception of a portion 6a adjacent to
      one end edge of the upper electrode 6 along a direction of a domain wall,
      that is, along the &lt;110&gt; direction in the case of the Z-plate of MOG.
      Then, when the negative D.C.-voltage of 6 V is applied to the upper
      transparent electrodes 6 and the positive electrode is dipped in an
      aqueous solution of salt, the exposed electrode portion 6a is gradually
      etched away as shown in FIG. 8b. The distribution of domains or polarities
      in the single crystal plate 3 of MOG treated in the manner described above
      is determined by the polarities of the applied voltage as shown in FIG.
      8c.
PAR  f. Then, the portion of the electrode protecting film in the form of
      parafin, wax, plastic tape or painting-ink covering a transparent
      electrode portion 6b at the end opposite to the portion 6a is removed and
      the upper electrode 6 is dipped in the aqueous solution of salt after the
      polarization reversal is performed only in an electroded portion by
      applying a voltage of opposite polarity across the electrodes 6. As a
      result, the electrode portion 6b is gradually etched away to provide an
      irregular ferroelectric element adapted for single domain-wall motion in
      which a nucleus 3a of one polarization and a nucleus 3b of opposite
      polarization are disposed on opposite sides of the Z-plate defined as seen
      in FIGS. 8e and 8.
PAR  As will be apparent from the above description, the irregular ferroelectric
      element for controllable single-domain is provided with the nuclei of
      polarities opposite to each other on opposite sides of the periphery of
      Z-plate. Thus, when a voltage is applied across the electrodes, the
      nucleus of polarity equal to the polarity of the applied voltage grows
      gradually towards the opposite side of the crystal plate until it extends
      to the boundary of the nucleus of opposite polarity adjacent to the other
      end. When, conversely, a voltage of opposite polarity is applied across
      the electrodes, the nucleus of polarity equal to the polarity of the
      applied voltage grows gradually and the domain of opposite polarity to the
      applied voltage is gradually extinguished. It is thus possible to freely
      control the growth and exhaustion of the domains of polarities opposite to
      each other. The boundary or domaian wall between the domains of opposite
      polarities is very clear-cut and flat plane and moves always along the
      &lt;110&gt; direction. Further, due to the fact that such an irregular
      ferroelectric element includes already the nuclei therein, application of
      a far smaller voltage can easily cause the domain wall motion by the
      growing of the nucleus of one polarity than when such a nucleus is newly
      grown in a Z-plate having no nucleus therein.
PAR  The irregular ferroelectric element for controllable single-domain of this
      structure has many advantages. First, the element can be securely fixed to
      a support without adversely affecting the reversal of polarization because
      no reversal of polarization, hence no lattice deformation, occurs in the
      nucleus portion. Secondly, the positive and negative domains grow
      depending on the polarity of applied voltage and therefore the direction
      of domain growth is determined by the polarity of the applied voltage. It
      is thus possible to obtain a ferroelectric element which is hardly cracked
      even when it is used for a high-speed continuous switching operation.
      Thirdly, the polarization reversal can be initiated with a small applied
      voltage since the element includes the nuclei therein and requires no
      nucleation of reversed domain.
PAC  EXAMPLE 2
PAR  A Z-plate of 3 MOG single crystal 6 mm long, 2 mm wide and 2 mm thick is
      subject to steps similar to those described in Example 1 to produce a pair
      of positive and negative domains at longitudinally opposite ends of the
      single crystal bar as shown in FIG. 9a. In this element, the reversal of
      the spontaneous polarization takes place easily in response to application
      of pressure thereto. Pressure is applied by the application of a force
      along the a or b axis, designated by the arrows f' and f, respectively,
      from a mechanical force applying means 10'. Portions 3a and 3b of an upper
      electrode 6 are removed along the &lt;110&gt; direction of the single crystal
      plate 3 as shown in FIG. 9b.
PAR  EXAMPLE 3
PAR  A single crystal plate 3 of MOG is treated according to steps similar to
      the steps (a), (b) and (c) described in Example 1, and a photo-resist film
      7' is coated on each of transparent NESA electrodes 6 deposited on the
      crystal plate 3 as shown in FIG. 10a. A mask 8 is then placed on the upper
      transparent electrode 6 as shown in FIG. 10b. After exposure, the
      non-sensitized portions of the photo-resist film 7' are removed and
      alternate transparent electrode portions overlying the non-sensitized
      photo-resist film portions are removed by electrolysis while applying a
      positive voltage thereto. Then, the remaining transparent electrode
      portions overlying the non-sensitized photo-resist film portions are
      removed while applying a voltage of a sign opposite to the above voltage
      to obtain a ferrelectric element having such a domain configuration that
      the nuclei of positive and negative polarization are alternately arranged
      as seen in FIG. 10c.
PAC  EXAMPLE 4
PAR  A Z-plate of a single crystal 3 of MOG 10 mm long, 10 mm wide and 0.34 mm
      thick is cut at the sides thereof in parallel with the &lt;110&gt; direction.
      The portion adjacent to one end 3a of the single crystal plate 3 is
      securely fixed to a base plate 8 of material such as glass by a binder 9
      such as an epoxy resin binder over a width of about 2 mm as shown in FIG.
      11. Transparent electrodes 6 of SnO.sub.2 are disposed on the Z-plates of
      the single crystal plate 3 and a voltage is applied across the electrodes
      6 so that the crystal plate 3 has a single domain configuration. Then, the
      portion adjacent to the opposite end 3b of the crystal plate 3 is firmly
      secured to the glass plate 8 by the same binder 9 over a width of about 2
      mm.
PAR  While Examples 1, 2 and 4 have referred to an irregular ferroelectric
      element in which nuclei for growing the domains of opposite polarities are
      produced at opposite ends of a crystal plate, an irregular ferroelectric
      element in which a nucleus for growing a domain of one polarity is
      disposed at one end only of a crystal plate can also be made.
PAR  Some embodiments utilizing such a ferroelectric element for controllable
      single-domain will be described hereunder.
PAC  EXAMPLE 5
PAR  As shown in FIG. 12a, a triangular shaped Z-plate 3 of MOG which is 10 mm
      long at the two sides and 14 mm long at the base and has a thickness of
      0.34 mm is prepared. A method similar to that described in Example 1 is
      employed to produce a nucleus of one polarity at an apex portion 3a
      between the two sides in parallel with the &lt;110&gt; direction and a nucleus
      of opposite polarization at a base portion 3b also in parallel with the
      &lt;110&gt; direction. Four such crystal plates 3 are assembled so that their
      apices 3a are in registration with each other at the same center O as
      shown in FIG. 12b. Transparent electrodes 6 of SnO.sub.2 are disposed on
      the Z-planes of the assembly and a D.C. power supply 10 at 150 V is
      connected to the transparent electrodes 6 to constitute an electrically
      controlled shutter unit for transmitted light.
PAR  The electrically controlled shutter unit 3 is interposed together with a
      quarter-wave plate 3' between a polarizer 1 and an analyzer 2 as shown in
      FIG. 12c. The polarizer 1 and analyzer 2 are so arranged placed that their
      planes of polarization cross at right angles with each other (crossed
      polar) and are interposed in an optical path of a lens system or any other
      optical system. When a voltage of a polarity the same as the polarity of
      the nucleus 3a is applied to the elctrically controlled shutter unit
      3.sub.1, the domain-wall of the nucleus 3a moves in the directions of the
      arrows shown in FIG. 12b so that light beam can be transmitted through
      this portion. When, conversely, a voltage of a polarity the same as the
      polarity of the nucleus 3b is applied to the electrically controlled
      shutter unit, the domain-wall moves in the directions opposite to the
      arrows in FIG. 12b so that light transmission is diminished and the total
      amount of light transmitted through this portion is reduced. Thus, the
      element can be used as a sort of iris stop.
PAR  This shutter, when placed at the position of an iris stop in an optical
      system, can serve as a perfect stop element for causing a uniform change
      of the amount of light intensity throughout the entire surface of a
      picture.
PAC  EXAMPLE 6
PAR  A Z-plate 3 of MOG single crystal 10 mm long, 10 mm wide and 0.34 mm thick
      is cut at the four sides in the &lt;110&gt; direction, and a central nucleus 3a
      and a pair of nuclei of opposite polarity are formed at the center and
      opposite ends, respectively, of the crystal plate 3 as shown in FIG. 13
      according to a method similar to that described in Example 1. Transparent
      electrodes 6 of SnO.sub.2 are deposited on the Z-planes of the crystal
      plate 3 and a supply 10 of control voltage is connected to the transparent
      electrodes 6 to constitute an optical slit element.
PAR  When a voltage of a polarity the same as the polarity of the nucleus 3a is
      applied across the transparent electrodes 6 from the power supply 10, the
      domain-walls W move in the directions of the arrows, while when a voltage
      of polarity opposite to the polarity of the nucleus 3a is applied, the
      domain-walls W move in the directions opposite to the arrows. Further, the
      direction of revolution of polarized light transmitted through the region
      of the nucleus 3a is opposite to the direction of revolution of polarized
      ligth transmitted through the remaining regions. Therefore, the
      combination of this optical slit element and a quarter-wave plate 3'
      usable in the visible spectrum range may be interposed between a polarizer
      1 and an analyzer 2 having their planes of polarization crossed at right
      angles with respect to each other in a manner as shown in FIG. 12c thereby
      to obtain a sort of optical slit apparatus. In such an optical slit
      apparatus, there occurs no displacement of the center of the optical axis
      because the nucleus 3a grows and contracts equally in the transverse
      direction. Further, due to the fact that the nucleus 3a is in band form
      and the change in the shape of the domain 3a takes place in the unit
      cells, the element constitutes an optical slit of very high precision.
PAC  EXAMPLE 7
PAR  Two optical slit elements 3.sub.1 and 3.sub.2 of the kind described in
      Example 6 are vertically disposed on the same optical axis in such a
      manner that their central nuclei cross at right angles with respect to
      each other and their transparent NESA electrodes are connected in parallel
      with a power supply as shown in FIG. 14. When a voltage of a polarity the
      same as the polarity of the central nuclei of the elements is applied
      across the transparent electrodes, the domain-walls move in the directions
      of the arrows shown in FIG. 14, while when a voltage of polarity opposite
      to the polarity of the central nuclei is applied, the domain-walls move in
      the directions opposite to the arrows. Thus, the direction of revolution
      of the plane of polarization for light transmitted through the nucleus
      regions of these two optical slit elements is opposite to the direction of
      revolution of the plane of polarization for light transmitted through the
      remaining regions of the optical slit elements 3.sub.1 and 3.sub.2. An
      electrically controlled shutter can be constituted by combining these two
      optical slit elements 3.sub.1 and 3.sub.2 in series with quarter-wave
      plates and disposing the combination in a system including a polarizer 1
      and an analyzer 2 whose vibrational planes of polarization are parallel to
      each other and a polarizer 3" whose vibrational plane of polarization
      crosses at right angles with the plane of polarization of the former as
      seen in FIG. 14.
PAC  EXAMPLE 8
PAR  Single crystal plates 3.sub.1 and 3.sub.2 of MOG which are Z-plates and cut
      at the four sides in parallel with the &lt;110&gt; direction so as to serve as
      quarter-wave plates for visible light are provided with transparent NESA
      electrodes 6 and are formed with nuclei I.sub.1, II.sub.1, I.sub.2 and
      II.sub.2 of polarities opposite to each other at opposite ends according
      to a method similar to that described in Example 1. The respective sets of
      the transparent electrodes 6 on the electrically controlled shutter
      elements 3.sub.1 and 3.sub.2 thus prepared are connected to power supplies
      10.sub.1 and 10.sub.2, respectively. The elements 3.sub.1 and 3.sub.2 are
      arranged so that their Z-planes are perpendicular with respect to the
      optical axis and the nuclei I.sub.1 and II.sub.1 of the element 3.sub.1
      are opposite to the nuclei II.sub.2 and I.sub.2 of the element 3.sub.2 as
      seen in FIG. 15. The combination of the elements 3.sub.1 and 3.sub.2 is
      interposed between a polarizer 1 and an analyzer 2 so disposed that their
      planes of polarization cross at right angles with each other. Then, when
      control voltages are applied across the transparent NESA electrodes 6 from
      the power supplies 10.sub.1 and 10.sub.2, the retardations of light
      transmitted through the polarizer 1 and then through the elements 3.sub.1
      and 3.sub.2 are added to each other or substracted from each other as the
      domain growth proceeds in the elements 3.sub.1 and 3.sub.2. Therefore, the
      light transmitted through the elements 3.sub.1 and 3.sub.2 and the
      analyzer 2 can be observed as a motion of a bright portion through a dark
      portion on a screen 11. It is to be noted that the voltages are applied to
      the respective sets of the transparent NESA electrodes 6 with a time delay
      of the kind as shown in FIG. 15a.
PAR  When the polarity of the applied voltage is reversed upon extension of the
      light-transmitting regions II.sub.1 and II.sub.2 of the elements 3.sub.1
      and 3.sub.2 to the boundary of the nucleus of the opposite polarity, the
      moving direction of the lighttransmitting domains is reversed so that the
      bright portion on the screen 11 moves in the reverse direction.
PAR  A bright spot moving substantially cyclically in one direction on the
      screen 11 can be observed when the voltages applied to the elements
      3.sub.1 and 3.sub.2 have a difference in magnitude depending on the
      polarity thereof so that there is a difference between the rates of growth
      of each light-transmitting region II.sub.1, II.sub.2 depending on the
      moving direction, that is, the rate of growth is slow in one direction but
      rapid in the reverse direction.
PAC  EXAMPLE 9
PAR  Referring to FIG. 16, the light transmitted through an apparatus as shown
      in FIG. 15 is focused by a lens 12 to be projected onto a plurality of
      photomultipliers 14 disposed behind a mask 13, and an input signal is
      supplied to a means 15 so that a voltage delivered from the means 15 is
      applied to the transparent NESA electrodes 6 of the electrically
      controlled shutter elements 3.sub.1 and 3.sub.2. A positive or negative
      domain grows in the elements 3.sub.1 and 3.sub.2 in response to an
      external input signal, and an optical signal transmitted through the
      light-transmitting regions of the elements 3.sub.1 and 3.sub.2 to reach
      the mask 13 is converted into an electrical signal by the photomultipliers
      14. This apparatus serves as a sort of optical pulse generator.
PAC  EXAMPLE 10
PAR  Referring to FIG. 17, a plurality of elements 3.sub.1 I, 3.sub.1 I',
      3.sub.1 I" and 3.sub.1 I'" and a plurality of elements 3.sub.2 II, 3.sub.2
      II', 3.sub.2 II" and 3.sub.2 II'" of the kind shown in FIG. 15 are stacked
      up vertically in tiers to constitute two groups of shutter elements I and
      II. These elements are so arranged that the domain wall of the nucleus in
      the uppermost element extends first toward the nucleus of the opposite
      polarity and then similar growth of the nucleus in the successive elements
      is started. These two shutter element groups I and Ii are interposed
      between a polarizer 1 and an analyzer 2 whose vibrational planes of
      polarization cross at right angles with respect to each other. A screen 11
      can be two-dimensionally scanned with a flying spot when light is
      projected onto the apparatus and voltages are successively applied to the
      elements.
PAC  EXAMPLE 11
PAR  Referring to FIG. 18, elements 3.sub.1, 3.sub.2, 3.sub.2 ' and 3.sub.1 '
      are similar to those described in Example 9 but have a thickness of about
      0.16 mm which is half the thickness of the elements shown in FIG. 16 so
      that they act as 1/8-wave plates. These elements 3.sub.1, 3.sub.2, 3.sub.2
      ' and 3.sub.1 ' are interposed between a polarizer 1 and an analyzer 2
      whose vibrational planes of polarization cross at right angles with each
      other, and the elements 3.sub.2 ' and 3.sub.1 ' are disposed in such a
      relation that they are rotated relative to the elements 3.sub.1 and
      3.sub.2 through a certain angle of, for example, 90.degree. in the planes
      perpendicular with respect to the light beam. Voltages of different
      periods from each other are applied to the transparent NESA electrodes of
      the respective elements so that the transmitted image of light L entering
      this apparatus can move two-dimensionally on a screen 11.
PAR  The electrically controlled shutter for transmitted light described in
      Example 8 can be utilized as a focal plane shutter for cameras so that
      exposure at high speed can be carried out by varying the moving rate and
      width of the slit. Further, in the two-dimensional flying spot scanner
      described in Examples 10 and 11, the horizontal and vertical scanning
      intervals of the flying spot can be controlled by the horizontal and
      vertical synchronizing pulses for a television. Therefore, as shown in
      FIG. 19, a real image of an object may be focused on a flying spot screen
      16 (the screen 11 in Examples 10 and 11) so that the output from the
      screen 16 can be converted into an electrical signal by means of a
      photomultiplier device 15'. In another application as shown in FIG. 20, a
      beam of light from a light source 17 is passed through a flying spot
      screen 16 and the light transmitted through a slide 18 is converted into
      an electrical signal by means of a photomultiplier device 15'. In a
      further application as shown in FIG. 20a, light passed through a flying
      spot screen 16 is used to scan an object 18' and the light reflected from
      the object 18' is sensed by a photomultiplier device 15'  for detection.
      In another application as shown in FIG. 21, the intensity of a light beam
      from light source 17 is modulated by a picture signal 19 and the modulated
      light is passed through a flying spot screen 16 for the reproduction of
      the picture.
PAC  EXAMPLE 12
PAR  Referring to FIGS. 22a and 22b, a Z-plate 3 of MOG single crystal 20 mm
      long, 15 mm wide and 0.33 mm thick is cut at the four sides in parallel
      with the &lt;110&gt; direction and has its Z-planes polished to optical
      flatness. Transparent electrodes 6 consisting essentially of SnO.sub.2 are
      deposited on the Z-planes at about 500.degree.C, and then the opposite end
      edge portions 3a and 3b of the transparent NESA electrodes 6 are removed
      over a width of 1 mm by a method similar to that described in Example 1. A
      positive nucleus and a negative nucleus are formed in the crystal plate 3
      at portions corresponding to the portions 3a and 3b, respectively, and the
      upper and lower electrodes 6 are connected to a power supply by
      lead-wires. The Z-plate 3 of MOG single crystal having the above thickness
      acts apparently as a quarter-wave plate over the entire visible spectrum
      range. The combination of the Z-plate 3 of MOG single crystal and a
      commercial quarter-wave plate 3' is interposed between a polarizer 1 and
      an analyzer 2 whose vibrational planes of polarization cross at right
      angles with each other as shown in FIG. 23. When a light-beam from a xenon
      lamp L is projected onto the apparatus and transmitted through the above
      plates to enter a slide projector 20, a picture can be obtained on a
      screen 11.
PAR  Application of a positive voltage to the element 3 causes gradual growth of
      the positive domain from the positive nucleus, and the retardations are
      added to each other and subtracted from each other, respectively, in the
      portions of light transmitted through the positive domain and the negative
      domain and then through a quarter-wave plate 3'. Thus, the image formed on
      the screen 11 can be partly erased.
PAR  The electrically controlled shutter may be disposed in place of the iris
      stop element in the optical system of a camera or slide projector so as to
      uniformly vary the amount of light over the entire area.
PAC  EXAMPLE 13
PAR  A Z-plate 3 of MOG single crystal is processed to the form shown in FIGS.
      22a and 22b and is combined with five commercial half-wave plates 3" as
      shown in FIG. 24. The combination is interposed between a polarizer 1 and
      an analyzer 2 whose vibrational planes of polarization cross at right
      angles with each other. A light-beam emitted from a light source L is
      transmitted through the apparatus and a slide projector 21 to form an
      image on a screen 11. The half-wave plates 3" are provided with a pattern
      as shown in FIG. 24a. More precisely, the face portion is cut out in the
      first halfwave plate, the bottom portion is cut out in the first and
      second half-wave plates, and the hair, eyes and other portions are painted
      in black. Thus, the background of the picture is formed by the five
      half-wave plates, the face portion is formed by the four half-wave plates,
      and the bottle portion is formed by the three half-wave plates.
PAR  The positive or negative domain grows in the crystal plate 3 of MOG
      depending on the polarity of voltage applied thereto with the result that
      a change occurs in the color of light emitted from the source L of white
      light and hence a change occurs in the hue of the face and bottle portions
      depending on the difference between the retardations of light transmitted
      through the positive domain and light transmitted through the half-wave
      plates. When no voltage or stress is applied to the crystal plate 3 of
      MOG, no change occurs in the polarization of the crystal plate which is
      therefore maintained in the existing state.
PAR  While the embodiments described above have referred to the case in which a
      set of polarizing elements, that is, a polarizer and an analyzer is so
      disposed that the vibrational planes of polarization of these elements
      cross at right angles with each other, the present invention includes also
      an arrangement in which the polarizing elements have their vibrational
      planes of polarization crossed at any other suitable angle.
PAC  EXAMPLE 14
PAR  If electrodes are provided on the opposite Z-planes of a Z-plate of MOG
      crystal which is 10 mm in the diameter and 2 mm in thickness and a
      pressure of about 100 g is applied in the direction of b axis of the
      crystal with the said electrode short-circuited, the spontaneous strain of
      the crystal is reversed.
PAR  If the electrodes are not short-circuited, the reversal of the strain will
      not occur even under a pressure of 10 kg.
PAC  EXAMPLE 15
PAR  In the above Example 14, it is sometimes found that mutually orthogonal
      domains are produced as indicated by A, B and A', B' in FIG. 25. If the
      pressure is further increased, the crystal is possible to break by a force
      acting between the orthogonal domains.
PAR  To prevent this, the pressure may be applied in a direction slightly
      (1.degree.- 30.degree.) inclined against the b axis in the Z-plane, or the
      same purpose is attained by removing either one set of the A and A'
      domains or the B and B' domains.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An irregular ferroelectric element having a controllable single-domain
      comprising:
PA1  1. a substrate of an irregular ferroelectric crystal, having an opposite
      pair of major surfaces parallel to the Z-plane, said substrate comprising
PA2  a. a first single-domain with a part of the periphery thereof extending in
      the &lt;110&gt; direction and having a first stationary polarity,
PA2  b. a second single-domain with a part of the periphery thereof extending in
      the &lt;110&gt; direction and having a second stationary polarity which is
      opposite to said first stationary polarity, and
PA2  c. a controllable single-domain with a part of the periphery thereof
      joining with said first single-domain in the &lt;110&gt; direction at the
      periphery of said first single domain, while the opposite part of the
      periphery of said controllable single-domain joins with said second
      single-domain in the &lt;110&gt; direction at the periphery of said second
      single domain, and having a domain - wall which extends in the &lt;110&gt;
      direction and which is reversibly movable in the &lt;110&gt; direction from one
      of the joining peripheries to the other, and
PA1  2.
NUM  2.
PAR  2.  polarization reversal means disposed on the opposite Z-plane surfaces
      of said substrate, and covering at least said controllable single-domain,
PAR   for controlling the polarity of said controllable single domain. 2. An
      element according to claim 1, wherein said polarization reversal means
      comprises optically transparent electrodes respectively disposed on said
      pair of major surfaces and a voltage source which is capable of providing
      an electric field necessary for reversing the polarity of said
      controllable single domain by means of said electrodes.
NUM  3.
PAR  3. An element according to claim 2, wherein said irregular ferroelectric is
      gadolinium molybdate.
NUM  4.
PAR  4. An element according to claim 2, characterized in that said substrate of
      an irregular ferroelectric crystal is so cut as to have two opposite major
      surfaces parallel to the Z-plane and four side surfaces each parallel to
      the &lt;110&gt; plane.
NUM  5.
PAR  5. An element according to claim 3, characterized in that said substrate of
      gadolinium molybdate is so cut as to have two opposite major surfaces
      parallel to the Z-plane and four side surfaces each parallel to the &lt;110&gt;
      plane.
NUM  6.
PAR  6. An irregular ferroelectric crystal element according to claim 1,
      characterized in that said substrate of an irregular ferroelectric crystal
      is so cut as to have two opposite major surfaces parallel to the Z-plane
      and four side surfaces each parallel to the &lt;110&gt; plane.
NUM  7.
PAR  7. A system of irregular ferroelectric elements each having a controllable
      single-domain, comprising:
PA1  1. a plurality of triangular sections each made of a substrate of
      gadolinium molybdate, each substrate section having an opposite pair of
      major surfaces which are parallel to the Z-plane, an edge of the
      respective triangular sections being parallel to the &lt;110&gt; direction, each
      section of said substrate comprising
PA2  a. a first single-domain in an end portion in the &lt;110&gt; direction of said
      substrate with an end thereof extending in the &lt;110&gt; direction and having
      a first stationary polarity,
PA2  b. a second single-domain in the apex portion opposite to the edges
      parallel to the &lt;110&gt; direction with an end thereof extending in the &lt;110&gt;
      direction and having a second stationary polarity which is opposite to
      said first stationary polarity, and
PA2  c. a single-domain having a controllable polarity between said first and
      second single-domains, with one end thereof joining with said &lt;110&gt; end
      portion of said first single-domain and the other end joining with said
      &lt;110&gt; end portion of said second single-domain, and having a domain-wall
      which extends in the &lt;110&gt; direction and which is reversibly movable in
      the &lt;110&gt; direction from one of said &lt;110&gt; end of said first single-domain
      to said &lt;110&gt; end of said second single-domain;
PAR  2.  said plurality of triangular substrate sections being disposed with the
      Z-planes thereof coplanar withh each other, the apices thereof joining at
      one point, and the edges thereof being non-parallel to the &lt;110&gt; direction
      joining one another, and;
PA1  3. polarization reversal means disposed on the opposite Z plane surfaces of
      the plurality of said substrate sections, so as to cover at least the
      single domains having a controllable polarity.
NUM  8.
PAR  8. an irregular ferroelectric element having a controllable single domain
      comprising:
PA1  a. a body of an irregular ferroelectric crystal having a pair of opposite
      major surfaces parallel to the Z-plane, said body including
PA2  i. a first single domain having stationarily a first polarity,
PA2  ii. a second single domain having stationarily a second polarity opposite
      to the first polarity, and
PA2  iii. a controllable single domain integrally formed between said first and
      second single domains,
PA1  boundary faces between said controllable single domain and both said first
      and second single domains extending the &lt;110&gt; direction, respectively,
PA1  said controllable single domain having a movable domain wall which extends
      in the &lt;110&gt; direction and is reversibly movable in the &lt;110&gt; direction
      between the boundary faces,
PA1  a section of said controllable single domain between said first single
      domain and said movable domain wall having the first polarity but a
      section of said controllable single domain between said second single
      domain and said movable domain wall having the second polarity; and
PA1  b. control means for causing the movable domains wall to move from one of
      the boundary faces to the other.
NUM  9.
PAR  9. An irregular ferroelectric element according to claim 8, wherein said
      control means comprises:
PA1  a. electrodes connected to said body of the irregular ferroelectric crystal
      which are formed on the opposite major surfaces thereof, so as to be in
      contact with at least said controllable single domain, and
PA1  b. means for applying a voltage to said electrodes,
PA2  the polarity of said voltage determining the sign of direction of movement
      of said movable domain wall.
NUM  10.
PAR  10. An irregular ferroelectric element according to claim 8, wherein said
      controllable single domain possesses a first section of the first polarity
      between said first single domain and said movable domain wall and a second
      section of the second polarity between said second single domain and said
      movable domain wall,
PA1  said first section being increased from zero to the entire area of said
      controllable single domain and said second section being decreased from
      the entire area of said controllable single domain to zero as said movable
      domain wall moves from the boundary face between said controllable single
      domain and said first single domain to the boundary face between said
      controllable single domain and said second single domain, and vice versa.
NUM  11.
PAR  11. An irregular ferroelectric element according to claim 8, wherein said
      crystal is a crystal selected from the group consisting of gadolinium
      molybdate, its crystallographic isomorphs and boracite.
NUM  12.
PAR  12. An irregular ferroelectric element according to claim 8, wherein said
      crystal is a crystal belonging to the point group imm 2.
NUM  13.
PAR  13. An irregular ferroelectric element according to claim 8, wherein said
      crystal is a crystal defined by the formula (R.sub.x R'.sub.1 -x) .sub.2
      0.sub.3.3Mo.sub.1-e We 0.sub.3, (where R and R' represent at least one of
      the rare earth elements, x lies in the range of 0 to 1.0, and e lies in
      the range of 0 to 0.2 ).
NUM  14.
PAR  14. A method for modulating a light beam comprising the steps of:
PA1  polarizing said light beam in a first predetermined direction;
PA1  intercepting said polarized light beam with a quarter wave plate; and
PA1  disposing in the path of the light beam to be modulated an irregular
      ferroelectric crystal having a controllable single domain which comprises
      a body of an irregular ferroelectric crystal having a pair of opposite
      major surfaces parallel to the Z-plane, said body including
PA1  i. a first single domain having stationarily a first polarity,
PA1  ii. a second single domain having stationarily a second polarity opposite
      to the first polarity; and
PA1  iii. a controllable single domain integrally formed between said first and
      second single domains,
PA1  boundary faces between said controllable single domain and both said first
      and second single domains extending in the &lt;110&gt; direction, respectively,
PA1  said controllable single domain having a movable domain wall which extends
      in the &lt;110&gt; direction and is reversibly movable in the &lt;110&gt; direction
      between the boundary faces,
PA1  a section of said controllable single domain between said first single
      domain and said movable domain wall having the first polarity but a
      section of said controllable single domain between said second single
      domain and said movable domain wall having the second polarity;
PA1  applying a force of a predetermined controllable polarity across said
      controllable single domain to thereby cause movement of said movable
      domain wall, so as to vary the passage of light through said crystal; and
PA1  polarizing the light passing through said crystal in a direction
      perpendicular to said first predetermined direction.
NUM  15.
PAR  15. A method according to claim 14, wherein said step of applying a force
      comprising applying an electric field to said crystal.
NUM  16.
PAR  16. A method according to claim 14, wherein said step of applying a force
      comprises applying a mechanical stress to said crystal.
NUM  17.
PAR  17. An optical shutter system comprising a polarizer, a detector, and a
      quarter-wave plate, and including a system of irregular ferroelectric
      elements each having a controllable single-domain, disposed between said
      polarizer and said detector in series with respect to incident light, said
      system of irregular ferroelectric elements comprising:
PAR  1.  a plurality of triangular sections each made of a substrate of
      gadolinium molybdate, each substrate section having an opposite pair of
      major surfaces which are parallel to the Z-plane, an edge of the
      respective triangular sections being parallel to the &lt;110&gt; direction, each
      section of said substrate comprising
PA2  a. a first single-domain in an end portion in the &lt;110&gt; direction of said
      substrate with an end thereof extending in the &lt;110&gt; direction and having
      a first stationary polarity,
PA2  b. a second single-domain in the apex portion opposite to the edges
      parallel to the &lt;110&gt; direction with an end thereof extending in the &lt;110&gt;
      direction and having a second stationary polarity which is opposite to
      said first stationary polarity, and
PA2  c. a single-domain having a controllable polarity between said first and
      second single-domains, with one end thereof joining with said &lt;110&gt; end
      portion of said first single-domain and the other end joining with said
      &lt;110&gt; end portion of said second single-domain, and having a domain-wall
      which extends in the &lt;110&gt; direction and which is reversibly movable in
      the &lt;110&gt; direction from one of said &lt;110&gt; end of said first single-domain
      to said &lt;110&gt; end of said second single-domain;
PA1  2. said plurality of triangular substrate sections being disposed with the
      Z-planes thereof coplanar with each other, the apices thereof joining at
      one point, and the edges thereof being non-parallel to the &lt;110&gt; direction
      joining one another, and;
PA1  3. polarization reversal means disposed on the opposite Z-plane surfaces of
      the plurality of said substrate sections, so as to cover at least the
      single domains having a controllable polarity.
NUM  18.
PAR  18. An optical shutter comprising a polarizer, a detector, and a first and
      second irregular ferroelectric element each having a thickness
      corresponding to a quarter-wavelength and disposed between said polarizer
      and said detectors in series with respect to incident light, each of said
      first and second irregular ferroelectric elements having a controllable
      single-domain and comprising:
PA1  1. a substrate of an irregular ferroelectric crystal of gadolinium
      molybdate having an opposite pair of major surfaces parallel to the
      Z-plane, said substrate comprising
PA2  a. a first single-domain with a part of the periphery thereof extending in
      the &lt;110&gt; direction and having a first stationary polarity,
PA2  b. a second single-domain with apart of the periphery thereof extending in
      the &lt;110&gt; direction and having a second stationary polarity which is
      opposite to said first stationary polarity, and
PA2  c. a controllable single-domain with a part of the periphery thereof
      joining with said first single-domain in the &lt;110&gt; direction at the
      periphery of said first single domain, while the opposite part of the
      periphery of said controllable single-domain joins with said second
      single-domain in the &lt;110&gt; direction at the periphery of said second
      single domain, and having a domain-wall which extends in the &lt;110&gt;
      direction and which is reversibly movable in the &lt;110&gt; direction from one
      of the joining peripheries to the other, and
PAR  2.  polarization reversal means disposed on the opposite Z-plane surfaces
      of said substrate, and covering at least said controllable single-domain,
      for controlling the polarity of said controllable single-domain, for
      controlling the polarity of said controllable single domain, said
      polarization reversal means comprising optically transparent electrodes
      respectively disposed on said pair of major surfaces and a voltage source
      which is capable of providing an electric field necessary for reversing
      the polarity of said controllable single domain by means of said
      electrodes, and wherein the first single-domain and the second
      single-domain of said first element is opposite to and in parallel with
      the first single-domain and the second single-domain of said second
      element, respectively, so that the polarities of the opposing
      single-domains are opposite to each other.
NUM  19.
PAR  19. An optical shutter comprising a polarizer and a detector, and two
      irregular ferroelectric elements, each having a controllable single-domain
      and comprising
PA1  1. a substrate of an irregular ferroelectric crystal of gadolinium
      molybdate, having an opposite pair of major surfaces parallel to the
      Z-plane, said substrate comprising
PA2  a. a first single-domain with a pair of the periphery thereof extending in
      the &lt;110&gt; direction and having a first stationary polarity,
PA2  b. a second single-domain with a part of the periphery thereof extending in
      the &lt;110&gt; direction and having a second stationary polarity which is
      opposite to said first stationary polarity, and
PA2  c. a controllable single-domain with a part of the periphery thereof
      joining with said first single-domain in the &lt;110&gt; direction at the
      periphery of said first single domain, while the opposite part of the
      periphery of said controllable single-domain joins with said second
      single-domain in the &lt;110&gt; direction at the periphery of said second
      single domain, and having a domain-wall which extends in the &lt;110&gt;
      direction and which is reversibly movable in the &lt;110 &gt; direction from one
      of the joining peripheries to the other, and
PAR  2.  polarization reversal means disposed on the opposite Z-plane surfaces
      of said substrate, and covering at least said controllable single-domain,
      for controlling the polarity of said controllable single domain, said
      polarization reversal means comprising optically transparent electrodes
      respectively disposed on said pair of major surfaces and a voltage source
      which is capable of providing an electric field necessary for reversing
      the polarity of said controllable single-domain by means of said
      electrodes, said elements having a thickness corresponding to quarter
      wavelength and being disposed between said polarizer and said detector in
      series with respect to incident light, with the first and the second
      single-domains of the respective elements positioned so as to be
      orthogonal to each other.
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ABST
PAL  A variable color light filter system comprises a variable light filter
      including a pair of superimposed different color chromatic polarizing
      components with axes at a right angle to each other and an achromatic
      polarizing filter component which is rotatable relative to the chromatic
      polarizing components. A quarter wave length retardation plate is
      positioned in front of the variable light filter and has its optical axis
      at 45.degree. to the vertical. In another form the achromatic polarizing
      filter component is positioned between two pairs of superimposed chromatic
      polarizing components all of which are of different colors.
BSUM
PAR  The present invention generally relates to improvements in light filters
      and it relates particularly to a device for suppressing the polarizing
      effect of objects on color temperature correcting filters used in
      photography.
PAR  In color photography, it is the usual practice to use a color film balanced
      for the particular kind of light source to be used or to use a suitable
      color-temperature compensating filter to adapt the film to the color
      temperature of the related light source. Generally, the use of the color
      temperature compensating filters is preferred, since it is almost
      impossible to change the films to the one which is balanced for the
      particular kind of light source involved. The method of using color
      temperature compensating filters, however, has a defect in that numerous
      various filters have to be kept ready for use and, therefore, in carrying
      the filters various inconveniences result. In order to overcome the above
      defects and inconveniences, there have been devised
      variable-characteristics color temperature compensating filters which
      utilize the principles of polarizing filtration. The present invention is
      directed to just such a variable characteristics color temperature
      compensating filter.
PAR  It is a principal object of the present invention to provide an improved
      light filter system.
PAR  Another object of the present invention is to provide an improved variable
      color light filter system.
PAR  Still another object of the present invention is to provide an improved
      variable color light filter system of the polarizing type which is of
      uniform adjustable color response independent of the presence of vertical
      or horizontal plane polarized light in the incident light.
DRWD
PAR  The above and other objects of the present invention will become apparent
      from a reading of the following description taken in conjunction with the
      accompanying drawing which illustrates preferred embodiments thereof, in
      which:
PAR  FIG. 1 is a perspective view of a preferred embodiment of the present
      invention;
PAR  FIG. 2 is a graph illustrating the spectral characteristics thereof; and
PAR  FIG. 3 is a view similar to FIG. 1 of another embodiment of the present
      invention.
DETD
PAR  The variable-characteristics color temperature compensating filters have
      the construction as described hereafter. Polarizing filters formed from a
      polymer are largely classified into an all-color type or a specific type
      which is effective only for light in a specific wave length range. For
      brevity, the former type will be herein referred to as an achromatic
      polarizing filter and the latter as a chromatic polarizing filter. For
      example, if polarized light is transmitted through a chromatic polarizing
      filter which is effective only for blue light, just in the direction of
      absorption of the filter, only blue components of the light are absorbed,
      and light of longer wave length is transmitted therethrough, the
      transmitted light having a color complementary to blue. In FIG. 1, the
      reference numeral 1 designates a composite variable-characteristics
      polarizing filter which consists of two kinds of chromatic polarizing
      filters or filter components which are superposed one on the other with
      their planes of polarization disposed at right angles, one being effective
      for light of short wave lengths and the other for light of long wave
      lengths. There is indicated at 2 an achromatic polarizing filter or filter
      component which is positioned rearwardly to the composite filter 1. The
      outer natural light is a combination of lights having varied planes of
      polariziation, so that the light which has been transmitted through the
      chromatic composite polarizing filter 1 has no color yet, but has lights
      of short and long wave lengths having planes of polarization intersecting
      at right angles. In this instance, if the composite filter 1 or the
      rearwardly positioned achromatic polarizing filter 2 is rotated, there
      occurs a variation in the mixture ratio of the light of short wave length
      to the light of long wave length. That is to say, the spectral
      transmittance characteristics of the filters 1 and 2 as a whole can be
      varied by rotating the filter 1 or 2. Referring to FIG. 2, showing the
      characteristics of the variable color temperature compensating filter as
      described above, there is shown at a, the characteristics obtained by
      orienting the achromatic polarizing filter 2 in the same direction of
      polarization as the long wave length filter of the chromatic composite
      polarizing filter 1; at c the characteristics obtained by orienting the
      achromatic filter 2 in the same direction of polarization as the short
      wave length filter of the chromatic composite polarizing filter 1; and at
      b the characteristics obtained by orienting the achromatic filter 2 in a
      direction of polarization disposed at 45.degree. with respect to those of
      the short and long wave length polarizing filters, respectively.
PAR  The above explained action of the variable-characteristics filter is based
      on the assumption that the incident light contains light polarized
      uniformly in all directions. When the incident light does not have a
      uniform distribution of polarization, the above mentioned action of the
      filter becomes incomplete or utterly impossible. For example, when the
      incident light is in the direction of absorption by the short wave length
      polarizer of the chromatic composite polarizing filter 1, the light which
      has been transmitted through the filter 1 does not contain light of short
      wave lengths, even if the achromatic filter 2 is rotated in either
      direction. This, therefore, does not contribute to enhancing the
      transmittance of light in the short wave length range. However, natural
      light often contains large amounts of plane polarized light such as light
      reflected from glass and water surfaces, so that the use of the variable
      characteristics filter as described above is highly restricted and
      limited.
PAR  The system of the present invention functions to remove the above mentioned
      defects of the variable characteristic color temperature compensating
      filter by using a quarter wave length retardation plate.
PAR  The principle of the present invention is to change plane or linearly
      polarized light into circularly polarized light, thereby bringing the
      relationship between the incident light and the variable characteristics
      filter substantially the same as in the case of normal light. A quarter
      wave length retardation plate is used for converting linear polarization
      into circular polarization. The quarter wave length retardation plate has
      different refractive indexes with respect to ordinary rays and
      extraordinary rays, and therefore ordinary rays and extraordinary rays
      incident in the same phase have a phase difference of 1/4 wave length when
      leaving the quarter wave length retardation plate. In order to convert the
      linear polarization into circular polarization, it is necessary to divide
      the linearly polarized light uniformly into normal light and abnormal
      light. For this purpose, the linearly polarized light has to be introduced
      at 45.degree. with respect to the optical axis of the quarter wave length
      retardation plate.
PAR  According to the present invention, a quarter wave length retardation
      plate, 3, is positioned in front of the variable characteristics color
      temperature compensating filter as shown in FIG. 1. In this connection,
      the arrow P indicates a direction extending along the quarter wave length
      retardation plate at 45.degree. with respect to the vertical. The arrow P
      thus represents the optical axis of the quarter wave length retardation
      plate, so that linearly polarized light incident in the direction of the
      arrow P is not subjected to double refraction. An important feature of the
      present invention resides in the fact that the optical axis of the quarter
      wave length retardation plate is disposed at 45.degree. with respect to
      the vertical.
PAR  It may be assumed that naturally occurring polarized light is not a light
      emitted from a luminous body but a light reflected from various objects.
      The most strongly polarizing reflective surfaces are such glossy surfaces
      as window glass, water, walls, floors, roads and the like, which are
      mostly disposed vertically or horizontally. It is therefore considered
      that naturally occurring polarizations are in most cases in a vertical or
      horizontal direction. On the contrary, the quarter wave length retardation
      plate 3 has its optical axis disposed at 45.degree. with respect to the
      vertical, so that the polarized natural light invariably undergoes
      circular polarization while being passed through the retardation plate 3.
PAR  FIG. 3 shows another embodiment of the present invention, wherein like
      numerals are used to designate the like parts as shown in FIG. 1. The
      embodiment of FIG. 3 differs from that of FIG. 1 in that a second
      chromatic composite polarizing filter, 4, is added. The composite filter 4
      consists of two kinds of chromatic polarizer, one effective for green and
      the other effective for a complementary color, that is to say, for
      magenta, with the directions of polarization of the respective polarizers
      disposed perpendicular to each other. By turning this filter, the
      transmittance in the vicinity of green may be raised or lowered in the
      whole wave length range from violet to red. For example, the
      characteristics, b, of FIG. 2 may be raised or lowered as indicated by a
      broken line in the vicinity of green. This effect is also obtained in the
      case of a or c. This is very convenient when handling a color-biased light
      source.
PAR  With the construction of the present invention as described above, which
      takes into consideration the conditions of naturally existing polarized
      light, the problems which would occur when incident light on the variable
      characteristics filter is polarized may be solved in an extremely
      expedient manner simply by adding a quarter wave length retardation plate.
      It will be understood that the filter system of the present invention is
      very simple in construction and affords highly useful effects.
PAR  In the foregoing description, this invention has been discussed in
      connection with the compensation of color temperature, however, it will
      also be understood that the variable characteristics filter of the present
      invention is not restricted only to correction of color temperature but
      that the same principle may be applied for other purposes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A variable light filter system comprising a filter having a chromatic
      polarizing filter section including superimposed first and second
      chromatic polarizing filter components of different color transmission
      characteristics and whose polarizing axes are substantially perpendicular
      to each other and an achromatic polarizing filter section, said chromatic
      and achromatic polarizing filter sections being rotatable relative to each
      other, and a quarter wave retardation plate disposed in front of said
      filter and having its optical axis at an angle of substantially 45.degree.
      to the vertical.
NUM  2.
PAR  2. The variable light filter system of claim 1 including a pair of said
      chromatic polarizing filter sections, the chromatic polarizing filter
      sections having different color transmission characteristics, said
      achromatic polarizing filter section being disposed between said chromatic
      polarizing filter sections.
NUM  3.
PAR  3. The variable light filter system of claim 2 wherein said pair of
      chromatic polarizing filter sections are relatively rotatable.
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ABST
PAL  A head-up display unit for use for example in an aircraft has (a) a
      porthole part of a source of collimated luminous signals disposed directly
      in the field of view of an observer when looking at a scene ahead of him
      from an observation position thus obscuring part of his view and (b) a
      combining optical system disposed adjacent the porthole part and having
      plane optical surfaces which transmit to the observer's eyes light from
      the porthole directly, and light from the scene ahead by reflection,
      whereby the observer sees in superposed relationship the scene ahead and a
      display of collimated luminous signals. In a preferred arrangement the
      plane optical faces are constituted by plane boundary faces of prisms
      cemented together to form a stable assembly.
BSUM
PAR  This invention relates to visual observation means for enabling a person
      (conveniently referred to hereafter as "the observer") enclosed within a
      vehicle, such as an aircraft or tank, or some other enclosure to observe a
      scene outside and at the same time to see in superposition upon that scene
      information presented for his observation and use. Such information may
      provide the observer with, for example, instructions or guidance as to
      some desired course of action or objective to be achieved.
PAR  Thus, for example, in an aircraft a pilot may wish to have within his
      normal field of view the ever-changing scene ahead of the aircraft and at
      the same time information concerning the present or future operation of
      the aircraft. This is possible with a socalled `head-up display system`
      (commonly abbreviated to `HUD system`). In conventional present day HUD
      systems data is represented by luminous signals (characters, lines etc)
      produced on a relatively dark screen (e.g. of a cathode ray tube), and an
      optical system is used to collimate the luminous signals and to project
      them through an output aperture or porthole, on to a transparent plane
      screen through which the pilot observes the scene ahead of the aircraft
      when seated normally in the aircraft.
PAR  Thus the pilot sees ahead of him, in addition to the external scene,
      reflections of the luminous signals, which reflections are made to appear
      as if at an infinite distance in front of him. The transparent screen
      (referred to hereafter as the "combiner screen`) is inclined to the normal
      line of sight of the pilot, when seated normally and viewing the scene
      ahead of the aircraft, so that the dark screen (i.e. the luminous signal
      source) on which the luminous signals are produced and the collimating
      optical system (later referred to collectively as the collimated signal
      source) may be positioned in some convenient position where it will not
      obscure the pilot's normal and direct view of the scene ahead of the
      aircraft.
PAR  In the past the most convenient position for the collimated signal source
      has been below the pilot's normal line of sight, so that the apparatus
      constituting that source (including for example a cathode ray tube as the
      luminous signal source) has necessarily taken up valuable instrument panel
      space, thus reducing the space available for other necessary
      instrumentation.
PAR  In such conventional present day systems the collimated signal source has
      its output aperture or porthole necessarily spaced some distance from the
      observer (because of other constraints, e.g. the need for an obstructed
      pilot ejection path) so that for a given size of porthole the area of that
      screen that can be seen simultaneously (i.e. instantaneously) by the pilot
      is dependent on the length of the light path between the porthole and the
      eyes of the pilot. The greater this light path length, the smaller is the
      pilot's instantaneous area or field of view of what lies behind the
      porthole. Thus the pilot has to move his eyes about in order to see all
      the luminous signals on the screen of the cathode ray tube.
PAR  With the large light path lengths currently used in modern aircraft, the
      porthole size has become very large in the interests of giving the pilot a
      good instantaneous field of view of the information displayed on the
      screen, whereby to reduce the amount of eye movement that is necessary for
      full vision of the screen. Hence head-up display units have become very
      bulky and heavy.
PAR  It is, however, the case that even with the presently available maximum
      size of porthole diameter the pilot's instantaneous field of view of the
      cathode ray tube screen is still undesirably restricted. In some systems
      mechanisms have been provided for temporarily adjusting the position of
      the combiner screen so as to temporarily vary the pilot's instantaneous
      field of view of the cathode ray tube screen, and this mechanism offers
      further to the bulk and weight of the display unit.
PAR  Conventional present day HUD systems also suffer from the undesirable
      occurrence on the combiner screen of bright spots which can dazzle and
      disturb the pilot and which originate from light rays from the sun.
PAR  Thus summarising briefly before proceeding further, prior art
      head-up-display systems have allowed the pilot of an aircraft to see the
      scene ahead of the aircraft by direct visual observation, through the
      normal wind-shield of the aircraft cockpit and an inclined transparent
      combiner screen, and information in the form of luminous signals has been
      transmitted to him by reflection on the combiner screen of a source of
      collimated luminous signals disposed below the pilot's field of view
      through the windshield.
PAR  Attempts have been made to provide the pilot with reflections of such a
      luminous signal source disposed elsewhere in the cockpit. In particular to
      the UK Pat. Specifications NO. 999,840 and 1,223,173, the luminous signal
      source has been placed behind the pilot and the pilot has been provided
      with a reflecting optical system (to be worn in the manner of spectacles)
      to enable him to see superposed upon the scene ahead of the luminous
      signals of the source behind him.
PAR  In the earlier of the two prior specifications, a wide angle of view of the
      collimated signal source is required, and it is stated on page 3 at lines
      118 to 126 that such a source, because of its sheer size, is difficult to
      mount in a position related to the windshield. Hence the disposition of
      that source behind the pilot, and away from the normal instrument panels
      beneath the windscreen.
PAR  In the later of the two prior specifications it is recited on page 1 at
      lines 37 to 58, that the minimum acceptable distance of the pilot's eyes
      from the optical system limits the pilot's field of view of information,
      and hence restricts the total amount of information which can be
      effectively displayed simultaneously to him.
PAR  Thus it is an object of the present invention to provide as a visual
      observation means a head-up display system in which a novel disposition of
      the various components enables the effective distance between the
      collimated signal source and the eye of the pilot (or other observer) to
      be greatly reduced, thus enabling a greater display of luminous
      information to be presented to the observer at any instant.
PAR  According to the present invention a head-up display unit for use for
      example in an aircraft includes
PAR  a source of luminous signals,
PAR  a collimating optical unit having a part defining an input aperture
      disposed adjacent the luminous signal source and a part defining an output
      aperture or porthole through which a virtual image of the luminous signal
      source is visible, which image subtends at the eye at an observer when
      looking at the porthole from a predetermined eye position a predetermined
      angle that is greater than the angle subtended by the porthole at the
      observer's eye, and
PAR  means for combining a view of the porthole with a view of a scene lying
      ahead of the observer when at an observation position whereby the observer
      may perceive in superposed relationship the said scene and luminous
      signals produced by the said source, and is
PAR  characterised in that
PAR  at least the porthole part of the collimating optical unit is disposed
      between the said observation position and the said scene ahead of the
      observer whereby part of the observer's view of that scene by direct
      vision is obscured, and that the combining means is disposed between the
      porthole part of the collimating optical unit and the said observation
      position, and comprises means for transmitting to the observer's eye a
      view of the porthole by direct transmission of light from the porthole and
      a view of the said scene ahead by reflection of light from the said scene.
PAR  With such an arrangement it is possible to substantially reduce the length
      of the light path between the observer's eye and the porthole, so that the
      observer's instantaneous field of view of what lies beyond the porthole
      can be substantially increased.
PAR  In a preferred form of head-up display unit the combining means includes
      two mutually-inclined plane optical faces (referred to hereafter as the
      inner optical faces) which adjoin one another at a common edge disposed
      remote from the said porthole part, which inner optical faces diverge in
      the direction of and jointly span the said porthole part, and two further
      plane optical faces (referred to hereafter as the outer optical faces)
      which are disposed substantially parallel with and spaced from the
      respective inner optical faces, the inner optical faces being capable of
      transmitting light from the porthole to an observer at the observation
      position and of reflecting to the observer light received from the scene
      ahead by virtue of reflection at the outer optical faces.
PAR  An advantageous arrangement is obtained when the said common edge of the
      inner optical faces is positioned centrally relative to the part of the
      collimating optical unit which obscures the observer's direct vision of
      the scene ahead;
PAR  the inclination and length of each inner optical face, and the inclination
      and spacing of each outer optical face relative to the adjacent inner
      optical face, are determined by the path of a predetermined boundary ray
      of light which passes from a predetermined extremity of the scene adhead
      on one side thereof and which is seen by an observer's eye positioned at a
      predetermined limiting eye position on the opposite side of a central
      plane which passes through the said common edge of the inner optical faces
      and through the centre of the said porthole part and of the scene ahead,
      after reflection at the respective edges of the inner and outer optical
      faces which lie nearest the said porthole part on the same side of the
      central plane of the said extremity; and
PAR  the length of each outer optical face being determined by the path of a
      limiting ray of light from the scene ahead, which ray skirts the said
      vision-obscuring part of the collimating optical unit on the same side of
      the central plane as the said predetermined limiting eye position, and
      which is seen by the observer's eye at that position after reflection at
      the respective edges of the outer and inner optical faces which lie
      furthest from the said porthole part on the same side of the central plane
      as the said limiting eye position.
PAR  According to another preferred feature of the present invention inner and
      outer optical faces which lie adjacent one another are constituted by
      opposite, substantially parallel faces of a glass prism, and a third glass
      prism of triangular shape has two similar plane faces cemented to the
      respective faces of the respective prisms which consitute the said inner
      optical faces, the cemented pairs of faces of the third prism being such
      as to provide the aforesaid light transmitting and reflecting properties,
      and the three prisms being of a glass material having predetermined
      optical properties.
PAR  In a preferred arrangement the two similar faces of the central triangular
      prism are treated before being cemented to adjacent faces of adjacent
      prisms so as to render them capable of transmitting light from the
      porthole and of reflecting light from the adjacent outer optical face, and
      each of the said adjacent faces of the said adjacent prisms is similarly
      treated as aforesaid only at a central area, and is treated at boundary
      areas adjoining the central arm so as to render the boundary areas only
      capable of reflecting light from the adjacent outer optical face.
PAR  Preferably in the assembly of prisms the inner and outer optical faces
      terminate at plane transverse faces which diverge in the direction of the
      porthole.
PAR  The input aperture of the collimating optical unit may be coaxial with the
      output aperture or porthole. Alternatively, the input aperture of the
      collimating optical unit may be offset relative to the output aperture or
      porthole, in which case the collimating optical unit includes means for
      reflecting rays of light from the luminous signal source to the porthole
      whereby to render luminous signals of the said source visible through the
      porthole.
PAR  The collimating optical unit may have a second input aperture disposed
      adjacent a second luminous signal source, in which case the collimating
      optical unit includes means for combining rays of light from the
      respective luminous signal sources whereby to render luminous signals from
      both sources visible simultaneously through the porthole.
PAR  The, or at least one, luminous signal source may include electrical
      energisation means responsive to electrical input signals supplied thereto
      whereby to provide a luminous signal display which varies in accordance
      with the input signals. Such a source may comprise a cathode ray tube.
      Furthermore, or at least one, luminous signal source may comprise means
      for producing a static display of luminous signals.
PAR  In a preferred arrangement an output lens mounted at the porthole comprises
      a lens in the shape of a circle from which opposite edge parts have
      removed to provide a pair of parallel boundaries.
PAR  One head-up display unit (and various modified forms thereof) for an
      electrically-operated head-up display system according to the present
      invention will now be described by way of example and with reference to
      the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 shows diagrammatically a partly sectional side view of the display
      unit mounted in an aircraft cockpit for use by a pilot of the aircraft;
PAR  FIG. 2 shows diagrammatically a longitudinal sectional view looking
      downwards on the section II--II of FIG. 1;
PAR  FIG. 3 shows a rear view of the display unit as seen from the right in FIG.
      1;
PAR  FIG. 4 shows a simplified diagrammatic plan view of a first modified form
      of the display unit shown in the FIGS. 1 to 3, in which view the paths of
      various light rays passing to the pilot'eyes are shown;
PAR  FIG. 5 shows a further simplified diagrammatic plan view of the modified
      display unit shown in the FIG. 4, but having indicated thereon the paths
      of various other light rays passing to the pilot's eyes;
PAR  FIG. 6 shows a plan view similar to that of the FIG. 4, but having
      indicated thereon the paths of different light rays passing to the pilot's
      eye;
PAR  FIG. 7 shows a simplified diagrammatic plan view of a superposing (or
      combining) optical system incorporated in a second modified form of the
      unit shown in the FIGS. 1 to 3, in which view the paths of various light
      rays passing to the pilot's eyes are shown;
PAR  FIG. 8 shows diagrammatically and in side elevation the arrangement of the
      various parts constituting a third modified form of the display unit shown
      in the FIGS. 1 to 3 with the casing of the display unit omitted;
PAR  FIG. 9 shows a pilot's view of a typical scene ahead of an aircraft when in
      normal horizontal flight, with the outline of the display unit of FIGS. 4
      and 5 indicated thereon;
PAR  FIG. 10 shows diagrammatically and in side elevation the relative
      dispositions of various equivalent parts in a typical prior art head-up
      display unit and in the head-up display unit represented in the FIGS. 4
      and 5;
PAR  FIG. 11 shows diagrammatically representations of the pilot's instantaneous
      and other fields of view in the respective head-up display units
      represented in the FIG. 10;
PAR  FIG. 12 shows pictorially a pilot seated in his aircraft and viewing the
      scene ahead of the aircraft through a head-up display unit as represented
      in the FIGS. 4 and 5;
PAR  FIG. 13 shows pictorially one head-up display unit as represented in the
      FIGS. 4 and 5; and
PAR  FIG. 14 shows the comparative outlines, seen in side elevation, of a
      typical prior art head-up display unit and of the head-up display unit
      represented in the FIG. 13.
DETD
PAR  Referring now to the FIGS. 1 to 3, a pilot 10 seated normally in an
      aircraft cockpit views the scene ahead of the aircraft over the aircraft
      nose through a head-up display unit 11 which is mounted between the
      pilot's head and the forward wind-shield 12 of the cockpit. The display
      unit has a lower mounting part 13 by means of which the unit is carried
      centrally in a space provided in the upper part of the pilot's forward
      instrument panel 14.
PAR  The display unit has a longitudinal optical axis 15 which extends to the
      pilot's eye when the pilot's head is in the "operational eye" position
      shown.
PAR  Within an outer casing 16, the display unit includes a linear arrangement
      of components, aligned along the longitudinal optical axis 15. At the
      forward end (i.e. relative to the aircraft) is disposed a cathode ray tube
      17 having adjacent its rearwardly-facing screen 18 a collimating optical
      system 19. The casing has at its rearward end a porthole 20 through which
      collimated luminous signals may be observed. Disposed across and covering
      the porthole 20 is a horizontally-arranged transverse composite prism
      assembly 21, the rear face of which is presented directly to the pilot's
      view.
PAR  The prism assembly 21 has rear and forward faces 22, 23 which are plane and
      parallel with one another, and upper and lower faces 24, 25 which are
      plane and parallel to one another, and normal to the rear end forward
      faces 22, 23. The assembly comprises a plurality of glass prisms which are
      cemented together in such a manner that the inter-faces between adjacent
      prisms constitute plane optical faces which are capable of simultaneously
      transmitting and reflecting light rays in a manner that will be apparent
      from what follows. The various prisms all have the same glass composition
      and hence the same optical properties.
PAR  As best shown in FIG. 2 the prism assembly includes a central prism 26 of
      triangular transverse cross section, which prism has a free plane face 27
      which spans the porthole 20 and second and third plane faces 28, 29 which
      meet at the rear vertical edge 30 and which are cemented to adjacent plane
      faces 31, 32 of two similar but complementary intermediate prisms 33, 34.
PAR  The intermediate prism 33 has a further plane face 35 which is parallel to
      the plane face 31 and which is cemented to a corresponding plane face 36
      of an outer prism 37 of triangular transverse crosssection.
PAR  Likewise, the intermediate prism 34 has a further plane face 38 which is
      parallel to the plane face 32 and which is cemented to a corresponding
      plane face 39 of an outer prism 40 of triangular transverse cross section.
PAR  The intermediate prisms 33, 34 are cemented to one another along narrow,
      vertical plane faces which meet one another adjacent the rear edge 30 of
      the central prism 26.
PAR  The cathode ray tube 17 is connected with a high voltage power supply unit
      41, and with an amplifier unit 42 which supplies X and Y deflection
      signals to the respective deflection systems of the tube. The amplifier
      unit is in turn fed with appropriate electrical signals by a computing
      apparatus 43 which has input circuits for receiving input signals from
      which it is to compute data to be displayed by the cathode ray tube 17 at
      the porthole 20. The high and low voltage power supply units 41 and 44
      have an input circuit for receiving electric power from a supply source.
PAR  In operation, luminous signals produced at the porthole 20 of the
      collimating optical system 19 will, when of appropriately high intensity,
      be observed by the pilot through the partially lighttransmitting,
      inclined, plane interfaces 28, 31 and 29, 32 of the prisms 26, 33, 34.
      These signals will appear as if at an infinite distance. However, the
      pilot will not see the darker parts of the cathode ray tube screen through
      the porthole. Instead the pilot will see on the partially
      light-reflecting, inclined, plane interfaces 28, 31 and 29, 32 of the
      prisms 26, 33, 34 an image of the scene ahead of the aircraft, as would be
      seen by the pilot if the pilot's forward view were not obstructed by the
      cathode ray tube 17 and collimating optical system 19. How this is
      achieved will be explained later.
PAR  The prism assembly is designed so that the pilot cannot see the side
      surfaces of the display unit casing 16, or of the aircraft nose, so long
      as he does not move his head outside a predetermined 3-dimensional zone of
      permitted head motion. This zone can be made large enough to encompass all
      normal head positions of the pilot when performing the task of piloting
      the aircraft.
PAR  It will be noted that the longitudinal optical axis 15 is inclined
      downwardly from a horizontal datum, as represented by the chain-dotted
      line 45, so as to be aligned with the normal direction of vision required
      by the pilot when he is performing a task (such as landing or following an
      aerial target) demanding his concentration and an unobstructed view just
      over the aircraft nose.
PAR  When the pilot is performing some less demanding task, such as when flying
      in level flight condition under auto-pilot control, the pilot's hand will
      normally occupy a more relaxed position to the rear of and slightly higher
      than that indicated. In this case the pilot's eye will occupy a so-called
      "design eye position" indicated at 46 instead of the so-called operational
      eye position shown in the FIG. 1. In the design eye position the pilot may
      observe the scene ahead alternatively through the HUD display unit 11, or
      when a more distant view is required by looking over that unit.
PAR  A shaded quadrilateral defined by the points 47 to 50 in FIG. 1 indicates
      the zone of eye positions in which effective uninterrupted vision through
      the display unit can be achieved, the upper boundary of the quadrilateral
      setting the limit for eye positions disposed higher than the design and
      operational eye positions, and the lower boundary of the quadrilateral
      setting the limit for eye positions disposed lower than the design and
      operational positions.
PAR  The modified display unit shown in FIG. 4 is generally similar to that
      shown in and described with reference to the FIGS. 1 to 3, through the
      assembly of prisms does not include the outer triangular prism 37 and 40,
      and the outer plane faces 35 and 38 are made totally reflecting instead.
      Thus whereas in the unit of FIGS. 1 to 3, the pilot could see the scene
      ahead through a rearward viewing face extending from corner 51 to corner
      52 of the prism assembly, in the unit of FIG. 4 the rearward face extends
      only from the corner 53 to the corner 54. However, the unit of FIG. 4 is
      generally preferred since all the light rays from the scene ahead are
      reflected twice and hence suffer equal losses, whereas in the unit of
      FIGS. 1 to 3 light rays transmitted directly through the outer triangular
      prisms 37 and 40 without deflection suffer losses which are different from
      those suffered by the same light rays when reflected twice before reaching
      the observer's eyes. Hence, unless very great care is exercised in the
      design of the prism assembly, the scene ahead as viewed through the
      optical system of FIGS. 1 to 3 may undesirably exhibit successive vertical
      bands of different average light intensities.
PAR  In FIG. 4 the constraints placed upon the pilot's forward field of view by
      the windshield frame 55 are indicated. The normal `operational eye`
      positions are shown at 56, 57, separated by a typical inter-pupillary
      distance Y.
PAR  In the display units shown in the FIGS. 1 to 3 and in FIG. 4, the rear edge
      30 of the central prism 26 lies forward of the rear face 22 of the
      assembly. However, in some circumstances the design of the prism assembly
      is such that the rear edge 30 lies in the plane of the rear face 22 of the
      assembly. Such an arrangement is shown in the modified form of display
      unit shown in FIG. 7. This arrangement is achieved by reducing the angle
      between the partly transmissive-partly reflective faces 28, 29 of the
      triangular prism 26 to a value below 90.degree.. This modified form of
      display unit also has the feature that the forward plane faces 58, 59 of
      the outer prisms 33, 34 lie forward of the forward free plane face 27 of
      the central prism 26, so that a forward part 60, 61 of each of the outer
      prisms lies alongside the rear part of the housing 16.
PAR  The display units so far described may be modified so as to accommodate an
      additional luminous source for providing in the porthole 20 a second set
      of luminous data signals, preferably displayed in a distinctive colour.
      This may be achieved by incorporating in the collimating optical system a
      prism assembly comprising two triangular prisms cemented together to
      define at the interface of the two prisms a
      partially-reflective/partially-transmissive plane optical face which is
      inclined to the longitudinal optical axis 15. This inclined face is
      arranged to transmit the signals of the first cathode ray tube 17 without
      deflection to the porthole 20, and at the same time to reflect to the
      porthole 20 luminous signals produced on the screen of a second cathode
      ray tube which is disposed below the inclined face and which is
      appropriately inclined to the longitudinal optical axis 15.
PAR  By providing at the inclined interface of these two prisms a dichroic layer
      or film, the luminous signal display seen at the porthole can comprise for
      example a display of green signals provided by the first cathode ray tube
      17 and a superposed display of red signals provided by the second cathode
      ray tube. In this case the dichroic layer transmits signals in the green
      part of the colour spectrum and reflects signals in the red part of that
      spectrum.
PAR  Such a modified two colour display unit is shown in the FIG. 8, where the
      second cathode ray tube is shown at 62, the two prisms at 63, 64 and the
      dichroic layer at 65. This Figure also shows how a camera unit 66 may be
      attached to the display unit so as to photograph the whole or some
      preferred part of the composite view presented to the pilot at the rear
      face 22 of the prism assembly 21.
PAR  This modified unit has a sectional plan view along the longitudinal optical
      axis which is generally similar to that shown in the FIG. 2.
PAR  The design of the prismatic assemblies referred to above is based on
      various considerations which will now be explained with reference to FIGS.
      4 to 6 and 9 to 11. In the FIGS. 4 to 6 the pilot's eyes are represented
      by the dots E.sub.R and E.sub.L, the subscripts R and L denoting
      respectively the right and left hand sides of the pilot. Furthermore, the
      inner reflective-transmissive faces at 28, 31 and 29, 32 are referred to
      as I.sub.R and I.sub.L respectively, and the outer reflective faces at 35
      and 38 are referred to as O.sub.R and O.sub.L respectively.
PAR  As in the case of FIG. 1 allowance for a reasonable range of normal
      transverse head movement on the part of the pilot must be allowed for, so
      that the pilot can have a desired forward view no matter where his head
      may be within a predetermined range of positions.
PAR  The pilot may for example wish to move his head to one side or the other so
      as to see some part of the display of luminous signals which is not within
      his field of vision when his head is in the central position. Thus the
      prism system must be such as to prevent the pilot's view being interrupted
      by the casing 16 even when his head is displaced sideways within the said
      range. The said range is indicated by the limiting positions of the right
      and left eyes indicated at E.sub.RL and E.sub.LL. Hence, in FIG. 4 the
      aforesaid zone of permitted head motion is represented by the shaded
      rectangle which is bounded at front and rear by the planes containing the
      operational and design eye positions.
PAR  In looking ahead at the distant scene from the normal (central) eye
      positions E.sub.R and E.sub.L the pilot's eyes will see at the inner
      reflecting faces I.sub.R, I.sub.L, by virtue of reflection from the outer
      faces O.sub.R, O.sub.L, scenes in the respective hidden fields F.sub.R and
      F.sub.L which lie directly behind and are obscured by the inner faces
      I.sub.R, I.sub.L. The boundaries defining the actual fields of view
      F'.sub.R and F'.sub.L are almost parallel with those of the fields F.sub.R
      and F.sub.L by virtue of the relatively small lateral shift of the light
      rays resulting from the double reflection at the parallel reflecting
      surfaces (a shift of a new centimetres in relation to light travelling
      from objects some kiometres away).
PAR  Further, the eyes may also perceive at the same time light passing through
      the prism assembly 21 without reflection. Objects seen by virtue of such
      light appear in proper spatial relation with respect to objects which are
      seen within the fields F.sub.R, F.sub.L by virtue of the double reflection
      at the parallel reflecting surfaces. Transverse movement of the head to
      one side of the longitudinal optical axis 15 enables a shifting field of
      view to be seen, progressively more of which is seen by one eye by direct
      vision through the prism assembly and progressively less by virtue of
      double reflection, and vice versa for the other eye.
PAR  As each eye transfers its gaze across the common rear edge 30 of the two
      inner reflecting faces I.sub.R, I.sub.L that eye cannot perceive the
      casing 16 on either of those faces, and the eyes are unaware of that edge
      as they scan the rear surface of the prism assembly, looking at the
      distant scene.
PAR  Though at any instant each eye may perceive (a) light rays transmitted
      directly through the prism 33 or 34 ahead, (b) light rays transmitted by
      reflection at one pair of parallel faces, (e.g. I.sub.R, O.sub.R) and (c)
      light rays transmitted by reflection at the other pair of parallel faces
      (e.g. I.sub.L, O.sub.L) the pilot is aware only of an accurate
      reconstruction of the scene ahead of him, even though parts of that scene
      are hidden from his direct view.
PAR  As the pilot moves his head to one side or the other of the longitudinally
      optical axis 15, or scans his eyes horizontally, the scene appearing
      within his view changes in true manner as though the display unit were not
      obstructing his view.
PAR  In the FIG. 5 various fields of view of the left hand eye E.sub.L when in
      the extreme position E.sub.LL are indicated at D.sub.L, R.sub.L, R.sub.R,
      D.sub.R. Thus in scanning that eye horizontally from left to right, the
      direct view D.sub.L is scanned first, followed in succession by the
      reflected view R.sub.L, the reflected view R.sub.R, and the direct view
      D.sub.R.
PAR  It will be appreciated that when scanning the eyes from right to left,
      until the left eye E.sub.L reaches the extreme right hand limit 69 of its
      vision, the right eye is `blind` (so far as vision through the prism
      assembly 21 is concerned) until it is aligned to perceive the light ray
      70, so that within this range of scanning the pilot's vision results
      solely from the light perceived by the left eye E.sub.L.
PAR  As the scanning process continues, both eyes perceive light via the prism
      assembly 21, and so contribute jointly to the pilot's vision. This
      continues until the left eye loses sight of the limiting rays 71,
      whereafter this eye becomes `blind` (so far as vision through the prism
      assembly 21 is concerned) for the rest of the scan. The scan ceases when
      the right eye E.sub.R loses sight of the limiting ray 72, whereafter the
      pilot receives no vision of the scene ahead through the prism assembly 21.
PAR  FIG. 9 depicts against a representation of a mountainous scene ahead of an
      aircraft the outline of the prism assembly 21 of the headup display unit.
      Though the pilot when looking at the outline of the prism assembly as such
      will see the outline thereof as depicted, when scanning the horizon
      through the prism assembly with his eyes focussed `at infinity`, he will
      perceive the mountainous scene ahead as portrayed, substantially as if the
      outline of the prism assembly did not exist. Furthermore, if a distant
      aeroplane flying over the mountains were to traverse the flight path of
      his aircraft, the pilot could follow, without interruption of his view,
      the flight of the aeroplane as it passes across his horizon.
PAR  Thus the design of the prism assemblies 21 referred to above is
      accomplished in the following way.
PAR  With the determination of a given cockpit configuration and a suitable
      assembly of cathode ray tube 17 and collimating optical system 19 the
      principal parameter values concerned with the design of the prism assembly
      are already settled; namely, the zone of permitted head motion of the
      pilot, the distance of that zone from the porthole 20 of the optical
      system 19, and the position of the windshield frame 55. Hence in the FIG.
      6 the values of the dimension D (outside diameter of casing 16 around the
      porthole 20. L (distance of the front face 23 of the prism assembly from
      the eye), X (maximum transverse displacement of the eye E.sub.L from the
      longitudinal optical axis 15), and .mu. (the refractive index of the prism
      glass to be used) are all predetermined. Furthermore, the prism assembly
      is to be symmetrical about the longitudinal optical axis 15.
PAR  The free front face 27 of the central triangular prism 26 is given a width
      just greater than D.
PAR  The limiting ray passing along the path 93 and reflected at the front edges
      of the inner and outer faces I.sub.R and O.sub.R determines the
      inclination of those faces relative to the free face 27, since the
      respective angles of incidence of the path at the two points of reflection
      are equal to the respective angles of reflection. This completely
      determines the dimensions and angles of the central prism 26, since the
      point 30 of intersection of the two inner faces I.sub.R and I.sub.L lies
      on the longitudinal optical axis 15, and the spacing of the outer faces
      O.sub.R and O.sub.L from the respective faces I.sub.R and I.sub.L.
PAR  The position of the rear plane face 22 of the prism assembly is then
      determined by the path 94 of the limiting ray which just skirts the side
      of the casing 16 (in which the cathode ray tube and collimating optical
      system are enclosed) and which is seen just as the eye E.sub.L scans the
      edge of the inner face I.sub.L which meets with the adjacent edge of the
      inner face I.sub.R. The point of reflection of this ray on the outer face
      O.sub.L determines the position of the intersection of the rear face 22
      with the outer faces O.sub.L and O.sub.R.
PAR  Similar considerations apply in respect of the prism assembly shown in the
      FIG. 7.
PAR  In accordance with the normal practice the collimating optical unit 19
      provides a virtual image of the circular screen 18 of the cathode ray tube
      17, which image appears to the pilot as if it is an infinite distance, and
      which image subtends at the pilot's eye a cone angle of for example
      20.degree.. Since there is a severe lack of space in front of the pilot it
      is not possible to provide in front of him a porthole 20 which is great
      enough to encompass the whole of the 20.degree. cone necessary for an
      instantaneous vision of the whole of the image of the cathode ray tube
      screen. Therefore, a similar instantaneous field of view, as given by a
      smaller porthole, has to be accepted. Thus, the pilot is required to move
      his head from position to position so as to scan different fields of the
      screen image as he requires to see different pieces of information
      displayed at those parts.
PAR  The nearer the porthole is to the pilot, the greater is the instantaneous
      field of the screen image that he can see.
PAR  In the present case the porthole is situated at the minimum possible
      distance from the aforesaid zone of acceptable pilot eye positions, so
      that the instantaneous field of view of the screen in relation to the size
      of the porthole is substantially greater than that in prior art HUD
      display units. Thus the amount of movement of the pilot's head to gain a
      total view of the screen image is greatly reduced.
PAR  This is illustrated in the FIGS. 10 and 11.
PAR  In FIG. 10 there is shown to the rear of the windshield 12 a conventional
      combiner screen 73 and collimator porthole optic 74 of a typical prior art
      head-up display unit. The virtual position of the porthole optic (lens) is
      shown in dotted lines at 75, and the instantaneous field of view of this
      at the design eye position shown is designated by the arrow 76 extending
      between upper and lower boundary lines 77, 78.
PAR  The total field of view available to the eye by upward and downward
      movement respectively is designated by the arrow 79 extending between the
      lower boundary line 80 of the high eye position 81 and the upper boundary
      line 82 of the low eye position 83.
PAR  In FIG. 11, the various fields of view obtainable with such a typical prior
      art arrangement are indicated in the right hand figure, where the
      perimeter of the 20.degree. cone-angle collimated image of the cathode ray
      tube screen 18 is shown by the circle 84. The shaded area 85 represents
      the instantaneous field of view corresponding to the size of the angle 76
      in FIG. 10 at the design eye position.
PAR  Dropping the eyes 21/2 in. below the design eye position raises the
      instantaneous field of view to an upper position in which its upper
      boundary lies at 86, whilst raising the eyes 1/2 inch above the design eye
      position drops the instantaneous field of view to a lower position at
      which its lower boundary lies at 87. Thus a vertical change in eye
      position of 3 inches produces a total observable field of view lying
      between the upper and lower boundaries shown at 86 and 87. These fields of
      view are obtainable with a 5 inches diameter porthole optic.
PAR  By way of comparison, there is shown in FIG. 10 the porthole optic 20 and
      prism assembly 21 of a head up display unit based on the arrangement shown
      in the FIGS. 4, 5, the porthole optic 20 being of such diameter as to
      subtend the same cone angle 76 of instantaneous field of view at the
      pilot's eye.
PAR  It will be observed that since the porthole optic 20 is much nearer the
      pilot's eye, the angle of the total field of view that can be observed by
      movement of the eye between the positions 81 and 83 is that indicated by
      the arrow 88. It will also be observed that this angle 88 is much greater
      than the corresponding angle 79, despite the fact that the porthole optic
      20 is much smaller than the optic 74 of the prior art display unit.
PAR  Thus for a porthole optic 20 of diameter greater than that indicated in
      FIG. 10 a much greater instantaneous field of view is obtainable, so that
      still less vertical movement of the eye is required to cover the total
      vertical extent of the cathode ray tube screen image. This is demonstrated
      in the left hand figure of FIG. 11, where the various fields of view shown
      are applicable to a porthole optic of 4 inches diameter and which has been
      trimmed at its sides so as to have a width between parallel vertical side
      edges of 23/4 inches.
PAR  The instantaneous field of view at the design eye position is shown by the
      shaded area 89. Dropping the eyes 1/2 inch below the design eye position
      raises the instantaneous field of view to a position in which its upper
      boundary lies at 90, whilst raising the eyes by 11/2 inches below the
      design eye position drops the instantaneous field of view to a lower
      position at which its lower boundary lies at 91. Thus a vertical change in
      the eye position of 2 inches produces a total observable field of view
      lying between the upper and lower boundaries shown at 90 and 91.
PAR  Thus with a porthole optic substantially smaller than that of the prior art
      unit, the display unit according to the present invention offers a
      substantially greater observable field of view with substantially less
      vertical movement of the eye.
PAR  FIG. 12 shows pictorially the pilot seated in the aircraft cockpit and
      observing the scene ahead. Flying across that scene is an aeroplane, and
      the cathode ray tube screen carries a display in the form of a pair of
      vertical side scales and between them a line interrupted by a circle. A
      representation of what the pilot sees when looking into the display unit
      prism assembly 21 is shown at 92.
PAR  FIG. 13 shows pictorially one practical embodiment of a head-up display
      unit using the arrangement shown in the FIGS. 4 to 6. In this embodiment,
      however, the cathode ray tube is disposed on an axis which is parallel
      with and below the longitudinal optical axis 15, and the luminous signals
      produced on the screen 18 of the cathode ray tube are reflected by an
      arrangement of prisms in the collimating optical unit so as to be visible
      through the porthole 20 which is situated directly adjacent the central
      prism of the prism assembly 21. Whereas the prism assembly has a width
      (measured normal to the vertical longitudinal central plane) of some 23
      cm, the collimating unit adjacent that assembly has a width of some 71/2
      cm. Beneath the cathode ray tube, the housing 16 enclosing the associated
      electrical apparatus has a width of some 18 cm. This display unit has an
      approximate weight of some 10 kilograms, which is one half or less of the
      weight of comparable prior art display units.
PAR  By dropping the cathode ray tube 17 below the longitudinal optical axis 15
      as in the arrangement of FIG. 13, or as in an arrangement similar to that
      of the FIG. 8 but having the cathode ray tube 62 only, the forward length
      of the view-obstructing part of the casing 16 is greatly reduced, so that
      a more advantageous design of prism assembly 21 and a better field of view
      of the scene ahead is possible.
PAR  FIG. 14 shows in comparison with one another the outlines, in side view, of
      the unit shown in the FIG. 13 and of a typical and comparable conventional
      prior art head-up display unit. It will be observed that the unit of FIG.
      13 occupies considerably less space below the level of the porthole 20.
PAR  In the various prism assemblies 21 referred to in the above description the
      inner optical faces I.sub.R, I.sub.L may be so arranged that in each such
      face only a central part thereof through which signals visible at the
      porthole are to be observed in rendered capable of transmitting light from
      the porthole and from the adjacent outer optical face, boundary areas of
      that face which adjoin the central part being made fully reflecting to
      light received from the adjacent outer optical face.
PAR  In designing the various prism assemblies 21 described earlier, the faces
      which have to transmit light from the porthole and reflect light from an
      adjacent outer optical face are made approximately 15 to 20 per cent
      transmissive and 80 to 65 per cent reflective.
PAR  It will be appreciated that though in discussing FIG. 11 no mention has
      been made of the effect of sideways movement of the pilot's head, such
      movement shifts the respective shaded area sideways. Such sideways
      movement of the head does not present the designer of display units with
      problems as difficult to solve as those which arise in accommodating
      vertical movement of the pilot's head.
PAR  Though in general the various head-up display units described are concerned
      with observing a distant scene ahead of the pilot, so that the outer
      optical faces O.sub.R, O.sub.L are to all intents and purposes parallel
      with the inner optical faces I.sub.R, I.sub.L, if in another field of
      application such a head-up display unit is intended to give the observer a
      view of a nearer scene ahead the outer optical faces O.sub.R, O.sub.L are
      rotated inwardly through an appropriate small angle so that they are not
      longer exactly parallel with the inner optical faces I.sub.R, I.sub.L, and
      so that a reflected ray seen by the observer at the edge of an inner
      optical face disposed adjacent the porthole originates from a point in the
      scene ahead which lies immediately adjacent a point in that scene which is
      seen by the observer directly through the prism at a point immediately
      adjacent that edge. For example, to observe a scene approximately 7 meters
      ahead the outer optical faces must be rotated inwardly by approximately
      one half degree.
PAR  The design of the various prism assemblies 21 described above may be varied
      to suit a particular application by varying the refractive index .mu. of
      the glass used for the prisms. Furthermore, the inclination of the outer
      optical surfaces O.sub.R, O.sub.L may be varied slightly to compensate for
      the optical properties of the particular windshield 12.
PAR  In preferred form of the various prism assemblies 21 the upper and lower
      faces 24, 25, at which the inner and outer optical faces I.sub.R, I.sub.L
      and O.sub.R, O.sub.L terminate, are made divergent in the direction of the
      porthole 20 (i.e. convergent towards the pilot's eyes) so as to present
      less obstruction of the pilot's view when his gaze crosses the upper and
      lower boundaries of his field of view through the prism assembly. This
      preferred feature is illustrated in the FIG. 14 at 95 and 96.
PAR  Though in the various display units described above the luminous signal
      source has been constituted by the screen of a cathode ray tube, other
      forms of luminous signal source may be used instead, e.g. liquid crystal
      sources; luminous diode sources; illuminated graticules, and laser and
      holographic devices. Furthermore, static signal sources (i.e. in which the
      signals displayed are constant) may be used either alone or in conjunction
      with a dynamic signal source (e.g. a cathode ray tube). For example, a
      static signal source (e.g. an illuminated graticule) may replace the
      second cathode ray tube 62 in the FIG. 8.
PAR  In general, head-up display units are intended to provide for the pilot or
      other observer a display of luminous signals which appears to his eyes as
      if at the same or a similar distance as the scene which he wishes to
      observe ahead of him, so that in moving his gaze to observe the display he
      does not have to change the focus of his eyes.
PAR  The collimating optical unit is therefore intended to provide such a
      display of luminous signals.
PAR  Thus, if a head-up display unit is intended to be used in a simulator where
      the scene ahead lies at a distance of, say, only seven meters (as referred
      to above), the collimating optical unit is intended to produce a
      collimated image of the display of luminous signals, which image appears
      to the observer's eyes at a distance of only seven meters. Thus, in this
      specification the term `collimating optical unit` is to be construed as an
      optical unit for producing for an observer looking into the porthole of
      the unit a virtual image which appears at a distance beyond the porthole
      and which is large compared with the diameter of the porthole.
PAR  Though the various head-up display units described above all incorporate
      collimating optical units, other head-up display units generally similar
      to those described above but not incorporating a collimating signal unit
      may be used in appropriate circumstances where the need to avoid a change
      in the focus of the observer's eyes when looking at the display of
      luminous signals is not so important. In such a modified unit the luminous
      signal source may be disposed adjacent the free surface 27 of the central
      triangular prism 26, i.e. adjacent the inner optical faces I.sub.R,
      I.sub.L. The luminous signal source may in such a case comprise, for
      example, the luminous dial of a stop watch.
PAR  Though in the above description the head-up display units and systems have
      been described in relation to their use by a pilot in an aircraft, similar
      head-up display units may be used by other `observers` present in an
      aircraft at other positions.
PAR  Furthermore, such head-up display units may be used in other contexts, for
      example in a military tank, or in a naval vessel, where a display of
      luminous signals is required to be shown in superposed relationship with a
      view of a scene lying ahead or of a scene outside an enclosure in which an
      observer is present.
PAR  Though in the various head-up display units described above the plane
      optical faces I.sub.R, I.sub.L and O.sub.R, O.sub.L have been provided on
      supporting means constituted by glass prisms, in other forms of head-up
      display units which are generally similar, those faces are provided with
      other forms of supporting means, e.g. plane plates of glass (silvered and
      partly silvered as appropriate). However, supporting means in the form of
      glass prisms are preferred since they provide a more robust, stable and
      accurate form of supporting means. Furthermore the glass prisms shorten
      the optical paths of the light rays passing to the observer's eye.
CLMS
STM  I claim:
NUM  1.
PAR  1. A head-up display unit for use for example in an aircraft including
PA1  a luminous data signal producing means for producing collimated luminous
      data signals,
PA1  combining means for receiving light rays from said signal producing means
      and for combining them with light rays received from a distant scene which
      is to be observed at a predetermined observation position whereby to
      enable the said scene and data signals to be observed at the said
      observation position in superposed relationship,
PA1  characterised in that
PA1  at least a part of the said signal producing means is disposed between the
      said observation position and the said scene and hence obscures direct
      observation of at least a part of the said scene as viewed from the said
      observation position, and
PA1  the combining means is disposed between the said signal producing means and
      the said observation position and includes optical means having light
      transmissive and light reflective properties for producing at the said
      observation position an image of the said scene ahead as viewed from a
      position spaced transversely of the said signal producing means and an
      image of the said luminous data signals,
PA1  one of those images being produced by virtue of the said reflective
      properties of the optical means and the other of those images being
      produced by virtue of the said transmissive properties of the optical
      means.
NUM  2.
PAR  2. A head-up display unit according to claim 1, wherein the said optical
      means produces at the said observation position images of the said scene
      ahead as viewed from separate positions spaced transversely apart on
      opposite sides of the said signal producing means, as well as the image of
      the said luminous data signals, the respective images of the said scene
      ahead being produced by virtue of the same type of optical properties of
      the said optical means.
NUM  3.
PAR  3. A head-up display unit according to claim 1 characterized in that
PA1  the luminous data signal producing means includes
PA1  a source of luminous signals, and
PA1  a collimating optical unit having a part defining an input aperture
      disposed adjacent the luminous signal source and a part defining an output
      aperture or porthole through which a virtual image of the luminous signal
      source is visible, which image subtends at the eye of an observer; when
      looking at the porthole from a predetermined eye position, a predetermined
      angle that is greater than the angle subtended by the porthole at the
      observer's eye, and
PA1  that at least the porthole part of the collimating optical unit is disposed
      between the said observation position and the said scene ahead of the
      observer whereby part of the observer's view of that scene by direct
      vision is obscured,
PA1  and that the combining means is disposed between the porthole part of the
      collimating optical unit and the said observation position, and comprises
      means for transmitting to the observer's eye a view of the porthole by
      direct transmission of light from the porthole and a view of the said
      scene ahead by reflection of light from the said scene.
NUM  4.
PAR  4. A head-up display unit according to claim 3, wherein the combining means
      includes at least one first plane optical face disposed adjacent the
      porthole and inclined at an angle thereto, and at least one second plane
      optical face disposed substantially parallel to but spaced from the first
      optical face, the first optical face being capable of transmitting light
      from the porthole to an observer at the observation position and of
      reflecting to the observer light received from the scene ahead by virtue
      of reflection at the second optical face.
NUM  5.
PAR  5. A head-up display unit according to claim 3, wherein the combining means
      includes two mutually-inclined plane optical faces (referred to hereafter
      as the inner optical faces) which adjoin one another at a common edge
      disposed remote from the said porthole part, which inner optical faces
      diverge in the direction of and jointly span the said porthole part, and
      two further plane optical faces (referred to hereafter as the outer
      optical faces) which are disposed substantially parallel with and spaced
      from the respective inner optical faces, the inner optical faces being
      capable of transmitting light from the porthole to an observer at the
      observation position and of reflecting to the observer light received from
      the scene ahead by virtue of reflection at the outer optical faces.
NUM  6.
PAR  6. A head-up display unit according to claim 5, wherein the inner and outer
      optical faces have edges which lie in a common plane adjacent the porthole
      part.
NUM  7.
PAR  7. A head-up display unit according to claim 3, wherein the said common
      edge of the inner optical faces is positioned centrally relative to the
      part of the collimating optical unit which obscures the observer's direct
      vision of the scene ahead; the inclination and length of each inner
      optical face, and the inclination and spacing of each outer optical face
      relative to the adjacent inner optical face, are determined by the path of
      a predetermined boundary ray of light which passes from a predetermined
      extremity of the scene ahead on one side thereof and which is seen by an
      observer's eye positioned at a predetermined limiting eye position on the
      opposite side of a central plane which passes through the said common edge
      of the inner optical faces and through the center of the said porthole
      part and of the scene ahead, after reflection at the respective edges of
      the inner and outer optical faces which lie nearest the said porthole part
      on the same side of the central plane as the said extremity; and the
      length of each outer optical face being determined by the path of a
      limiting ray of light from the scene ahead, which ray skirts the said
      vision-obscuring part of the collimating optical unit on the same side of
      the central plane as the said predetermined limiting eye position, and
      which is seen by the observer's eye at that position after reflection at
      the respective edges of the outer and inner optical faces which lie
      furthest from the said porthole part on the same side of the central plane
      as the said limiting eye position.
NUM  8.
PAR  8. A head-up display unit according to claim 5, wherein each inner optical
      face has a central area which is capable of transmitting light to the
      observer directly from the porthole and by reflection from the adjacent
      outer optical face, and boundary areas which adjoin the central area and
      which are capable of transmitting light to the observer only by reflection
      from the adjacent outer optical face.
NUM  9.
PAR  9. A head-up display unit according to claim 5, wherein inner and outer
      optical faces which lie adjacent one another are constituted by opposite,
      substantially parallel faces of a glass prism, and wherein a third glass
      prism of triangular shape has two similar plane faces cemented to the
      respective faces of the respective prisms which constitute the said inner
      optical faces, the cemented pairs of faces of the third prism being such
      as to provide the aforesaid light transmitting and reflecting properties,
      and the three prisms being of a glass material having predetermined
      optical properties.
NUM  10.
PAR  10. A head-up display unit according to claim 9, wherein the two prism
      faces nearest the said observation position and through which the observer
      may perceive the scene ahead and the luminous signals are disposed in a
      common plane which is parallel with the plane of the porthole.
NUM  11.
PAR  11. A head-up display unit according to claim 9, wherein each prism face
      constituting one of the said outer optical faces has cemented thereto a
      plane face of a glass prism of triangular shape, whereby to provide an
      assembly of five prisms in which the cemented faces which constitute the
      outer optical faces are arranged to be capable of transmitting light from
      the scene ahead directly to the observer, and by reflection to the
      adjacent inner optical face, the respective prism faces of the assembly
      which are nearest the said observation position being disposed in a common
      plane which is parallel with the plane of the porthole and the outer
      triangular prism being of a glass material having the said predetermined
      properties.
NUM  12.
PAR  12. A head-up display unit according to claim 9, wherein the two similar
      faces of the central triangular prism are treated before being cemented to
      adjacent faces of adjacent prisms so as to render them capable of
      transmitting light from the porthole and of reflecting light from the
      adjacent outer optical face, and wherein each of the said adjacent faces
      of the said adjacent prisms is similarly treated as aforesaid only at a
      central area, and is treated at boundary areas adjoining the central arm
      so as to render the boundary areas only capable of reflecting light from
      the adjacent outer optical face.
NUM  13.
PAR  13. A head-up display unit according to claim 9, wherein in the assembly of
      prisms the inner and outer optical faces terminate at plane transverse
      faces which diverge in the direction of the porthole.
NUM  14.
PAR  14. A head-up display unit according to claim 4, wherein the plane optical
      faces are constituted by surface areas on plates of glass, which areas
      have been treated to give them the required optical properties, the plates
      of glass being rigidly carried in a supporting means.
NUM  15.
PAR  15. A head-up display unit according to claim 3, wherein the input aperture
      of the collimating optical unit is coaxial with the output aperture or
      porthole.
NUM  16.
PAR  16. A head-up display unit according to claim 3, wherein the input aperture
      of the collimating optical unit is offset relative to the output aperture
      or porthole, and the collimating optical unit includes means for
      reflecting rays of light from the luminous signal source to the porthole
      whereby to render luminous signals of the said source visible through the
      porthole.
NUM  17.
PAR  17. A head-up display unit according to claim 15, wherein the collimating
      optical unit has a second input aperture disposed adjacent a second
      luminous signal source, and the collimating optical unit includes means
      for combining rays of light from the respective luminous signal sources
      whereby to render luminous signals from both sources visible
      simultaneously through the porthole.
NUM  18.
PAR  18. A head-up display unit according to claim 3, wherein the, or at least
      one, luminous source includes electrical energisation means responsive to
      electrical input signals supplied thereto whereby to provide a luminous
      signal display which varies in accordance with the input signals.
NUM  19.
PAR  19. A head-up display unit according to claim 3, wherein the, or at least
      one, luminous signal source comprises means for producing a static display
      of luminous signals.
NUM  20.
PAR  20. A head-up display unit according to claim 18, wherein the, or at least
      one, luminous signal source comprises a cathode ray tube.
NUM  21.
PAR  21. A head-up display unit according to claim 3, wherein an output lens
      mounted at the porthole comprises a lens in the shape of a circle from
      which opposite edge parts have been removed to provide a pair of parallel
      boundaries.
NUM  22.
PAR  22. A head-up display system including a head-up display unit according to
      claim 18, electrical amplifying means having output circuit means
      connected to the luminous signal source whereby to supply thereto
      electrical signals for varying the display of luminous signals, electrical
      computing means having output circuit means connected to the amplifying
      means whereby to supply thereto electrical control signals for varying the
      luminous signals display in accordance with a predetermined function of
      input signals supplied to input circuit means of the computing means.
NUM  23.
PAR  23. An aircraft having a head-up display unit according to claim 3 mounted
      adjacent a windshield.
NUM  24.
PAR  24. An aircraft having mounted therein a head-up display system according
      to claim 22.
NUM  25.
PAR  25. A head-up display unit for use for example in an aircraft or other
      vehicle comprising
PA1  a data source operable to present luminous data signals;
PA1  a collimating optical system at least part of which, when the display unit
      is being carried in or by a vehicle, intercepts the line of sight of the
      observer to the distant scene forward of the observer and which is
      effective to project collimated luminous data signals presented by the
      data source; and,
PA1  between an output porthole of the collimating optical system and the
      observer, first and second partially light-transmissive, partially
      light-reflective planar films which are so inclined to one another as to
      define a space in the form of a prism of triangular cross section which
      spans the porthole and the apical edge of which is remote from the
      porthole, and through which such luminous data signals as may be projected
      from the porthole are transmitted to the observer, and third and fourth
      light reflective planar films parallel to and laterally spaced with
      respect to the first and second films, respectively; and in which,
PA1  the angle of inclination between the first and second films is such, and
      the dimensions of the four films, and the lateral spacing between the
      first and third films and the second and fourth films, respectively, are
      such that certain rays of light from the distant scene forward of the
      observer and incident on the third film are received by the observer after
      successive reflections at the third and first films,
PA1  in like manner certain rays of light from the distant scene forward of the
      observer and incident on the fourth film are received by the observer
      after succession reflections at the fourth and second films, and
PA1  light reflected from the said part of the collimating optical system and
      incident on the third and fourth films, and after reflection therefrom, on
      the first and second films respectively, is deflected by the first and
      second films so that, for a certain range of movement of the observer's
      head in either direction transverse to the forward line of sight of the
      observer, the said part of the collimating optical system is not visible
      to the observer.
NUM  26.
PAR  26. A head-up display unit according to claim 3, wherein the outer optical
      faces are supported separately from the associated inner optical faces.
NUM  27.
PAR  27. A head-up display unit which comprises a luminous data source, and
      between that source and an observer's observation position a
      beam-splitting periscopic device which is effective to deflect rays from
      that part of a scene ahead of the luminous data source which in the
      absence of the periscopic device would be obscured by the luminous data
      source, in such manner that the said part of the scene ahead is
      reconstituted at a position between the data source and the observation
      position, so that an observer at the observation position would have a
      substantially uninterrupted and undistorted angular field of view of the
      scene ahead superimposed upon the luminous data transmitted by the
      periscopic device.
NUM  28.
PAR  28. An optical device for use by an observer for the purpose of obtaining
      an unobstructed field of view of a forward distant scene in the presence
      of an obstruction lying within the aforesaid field of view, which device
      has
PA1  first and second light-reflective planar films which are so inclined to one
      another as to define a space in the form of a prism of
      triangular-cross-section the base of which has a width not less than the
      width of the said obstruction; and third and fourth light-reflective
      planar films parallel to and symmetrically and laterally spaced with
      respect to the first and second films respectively;
PA1  in which device
PA1  the angle of inclination between the first and second films, the dimensions
      of the four films, and the lateral spacing between the first and third
      film and the second and fourth films, respectively, are all such that,
      when, in use, with the device supported so that the said obstruction is
      spanned by the first and second planar films certain rays of light from
      the distant scene forward of the observer and incident on the third film
      are received by the observer after successive reflections at the third and
      first films, and in like manner certain rays of light from the distant
      scene forward of the observer and incident on the fourth film are received
      by the observer after successive reflections at the fourth and second
      films; light rays from the distant scene which are reflected by the
      obstruction and are incident on the third and fourth films and, after
      reflection therefrom, on the first and second films respectively being
      deflected by the first and second films so that, for a predetermined range
      of movement of the observer's head in either direction transverse to the
      forward line of sight of the observer to the distant scene, the said
      obstruction is not visible to the observer;
PA1  and in which device
PA1  the transverse distance between the third and fourth films at their edges
      which are closest to the observer's viewing position is not less than a
      predetermined inter-pupillary distance of the observer, and
PA1  for the said range of observer's head movement the width as seen by the
      observer of each of the third and fourth films is not greater than the
      said inter-pupillary distance.
NUM  29.
PAR  29. An optical device comprising a glass prism assembly which includes
      three prisms of glass material of the same optical properties cemented
      together,
PA1  the prisms comprising
PA2  a. a central prism of triangular transverse cross section defined by two
      similar, plane, light-outlet faces and a plane, light-inlet face inclined
      at equal angles to the respective light-outlet faces, and
PA2  b. two similar outer prisms disposed side to side and symmetrically
      adjacent the respective light-outlet faces of the central prism, each
      outer prism having parallel, plane, input and output reflective faces, of
      which the output reflective face is cemented to the adjacent lightoutlet
      face of the central prism to form an interface between the respective
      prisms, at least a central area of the interfaces being partially
      light-reflective and partially light-transmissive, and plane, light-inlet
      and light-outlet faces disposed parallel to one another and to the
      light-inlet face of the central prism so that when in use an observer
      looking at the adjoining light-outlet faces of the outer prisms observes
      simultaneously
PA3  i. a distant scene ahead of the assembly through the light inlet and outlet
      faces of the respective outer prisms, by virtue of the reflection of light
      rays from that scene successively at the input and output reflective faces
      in each other prism, and
PA3  ii. any bright object disposed immediately ahead of the light inlet face of
      the central prism by virtue of the direct transmission, without any
      substantial refraction, of light rays from that object through the said
      interfaces, so that the observer sees an image of the said scene ahead
      with an image of the said object superposed thereupon.
NUM  30.
PAR  30. An optical device according to claim 29, wherein the partially
      light-reflective and partially light-transmissive central area has
      adjoining it interface boundary areas which are light-reflective only.
NUM  31.
PAR  31. An optical device comprising four plane glass plates, and means
      supporting those plates rigidly in predetermined positions,
PA1  an inner pair of said plates (hereafter called the inner plates) being
      disposed in V-formation with their outwardly-facing plane surfaces meeting
      one another at a common linear edge and carrying thin optical coatings
      which render those surfaces partially light-transmissive and partially
      light-reflective, and the plates constituting an outer pair of said plates
      (hereafter called the outer plates) being respectively disposed
      symmetrically on either side of the inner pair of plates, each outer
      plates being disposed parallel with but spaced transversely from the
      adjacent inner plate,
PA1  so that when in use an observer looking at the coated outwardlyfacing plane
      surfaces of the inner plates observes simultaneously
PA2  a. a distant scene ahead of the assembly of glass plates by virtue of the
      reflection of light rays from that scene successively at the outer plates
      and the inner plates and
PA2  b. any bright object disposed immediately ahead of the inner pair of plates
      by virtue of the direct transmission of light rays from that object
      through the inner plates and their optical coatings, so that an observer
      sees an image of the said scene ahead with an image of the said object
      superposed thereupon.
NUM  32.
PAR  32. An optical device
PA1  comprising two similar periscope-like elements each comprising means
      defining parallel-disposed, spaced, planar, light reflective, `light
      input` and `light output` optical faces,
PA1  the two elements being arranged in reverse relationship relative to one
      another on either side of a central plane of symmetry, with the respective
      light input faces spaced transversely apart on either side of the said
      plane, and with the respective light output faces adjoining one another at
      a common linear edge which lies in the said plane, and
PA1  supporting means for the said optical face defining means, the supporting
      means being arranged so that each eye of an observer looking at the light
      output faces whereby to observe through the device a distant scene lying
      ahead of the device in the direction of the said plane can see, and scan
      from side to side without interruption, both light output faces.
NUM  33.
PAR  33. An optical device according to claim 32, wherein the said light output
      optical faces carry thin optical coatings which render those optical faces
      partially light-transmissive as well as light-reflective, so that in use
      an observer looking at the light output faces whereby to observe the said
      scene ahead through the device sees superposed upon an image of the said
      scene ahead an image of any bright object which is disposed immediately
      ahead of the light output faces.
NUM  34.
PAR  34. An optical device according to claim 32, wherein the light input and
      light output faces of each periscope-like element are constituted by
      opposite, substantially parallel faces of a glass prism, and wherein a
      third prism of triangular shape has two similar plane faces cemented to
      the respective faces of the respective prisms which constitute the said
      light output faces.
NUM  35.
PAR  35. An optical device according to claim 34, wherein the cemented faces of
      the respective prisms are partly lighttransmissive so that an observer
      looking at the said light output faces whereby to observe the said scene
      ahead through the device sees superposed upon an image of the said scene
      ahead an image of any bright object which is disposed immediately ahead of
      the said third prism.
NUM  36.
PAR  36. An optical device according to claim 32, wherein the transverse
      distance between the edges of the light input faces which lie closest to a
      said observer is not less than a predetermined inter-pupillary distance of
      said observer, and for a predetermined range of movement of the observer's
      head in either direction transverse to the forward line of sight of said
      observer to the distant scene ahead, the transverse width of each of the
      light input faces, as seen by said observer, is not greater than the said
      inter-pupillary distance.
NUM  37.
PAR  37. A head-up display unit according to claim 5, wherein the plane optical
      faces are constituted by surface areas on plates of glass, which areas
      have been treated to give them the required optical properties, the plates
      of glass being rigidly carried in a supporting means.
NUM  38.
PAR  38. A head-up display unit according to claim 5, wherein the input aperture
      of the collimating optical unit is offset relative to the output aperture
      or porthole, and the collimating optical unit includes means for
      reflecting rays of light from the luminous signal source to the porthole
      whereby to render luminous signals of the said source visible through the
      porthole.
NUM  39.
PAR  39. A head-up display according to claim 9, wherein the input aperture of
      the collimating optical unit is offset relative to the output aperture or
      porthole, and the collimating optical unit includes means for reflecting
      rays of light from the luminous signal source to the porthole whereby to
      render luminous signals of the said sources visible through the porthole.
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ABST
PAL  A non-homogeneous objective lens having an aperture diaphragm is disclosed
      which can effectively obviate flare without giving any bad influence upon
      the field and which can improve picture image quality. The aperture
      diaphragm gives illumination which is sufficient to satisfy a rear relay
      lens system and is arranged near a position which is distant and spaced
      apart from a projected image end surface of the objective lens by
EQU  (1/4 + n)L
PAL  wherein n is a positive integer inclusive of O and
      ##EQU1##
      AND WHERE A IS A PROPORTIONAL CONSTANT.
BSUM
PAR  This invention relates to small rod-shaped non-homogeneous light-focussing
      and conducting bodies and more particularly to a non-homogeneous objective
      lens having an aperture diaphragm and applicable to optical image transfer
      devices used to transmit image forming light from one location to another
      such, for example, as fiberscopes.
PAR  In the specification, the term non-homogeneous bodies shall be understood
      to mean bodies made of glasses, plastics and other lens materials whose
      refractive index varies in the radial direction from their optical axis to
      the outer periphery thereof.
PAR  In FIG. 1 of the accompanying drawings, to which full reference will be had
      somewhat later, is shown a prior art rod-shaped non-homogeneous body
      having a lens property. It has been well known that if a refractive index
      at a center optical axis Z is No and a is a proportional constant, a
      refractive index N(x) at a position radially distant from the optical axis
      Z by a radius x is given by the following formula
EQU  N(x) = No(1 - ax.sup.2).
PAR  It has also been well known that if light is transmitted through the
      non-homogeneous body along its optical axis Z from left to right, as
      viewed in the drawing, that position of the light which is radially
      distant from the optical axis Z is given, in the case of paraxial light
      ray, by the following formula
EQU  x = Pcos (.sqroot.2a Z) + Qsin (.sqroot.2a Z)
PAL  where P and Q are constants.
PAR  In this case, its period L is given by
EQU  L = 2.pi./.sqroot.2a.
PAR  An image of an object M is transferred to M', M" . . . in succession so as
      to reproduce a similar image.
PAR  In the case of using such kind of a non-homogeneous light focussing and
      conducting body as an optical system such as an optical image transfer
      device, it may be divided at a projected image end surface P into two lens
      elements A and B as shown in FIG. 1, and the front lens element A may be
      used as an objective lens, while the rear lens element B as a relay lens
      system. In this case, the above defined L is present in the rear relay
      lens system B and generally longer than a period L' of the objective lens
      A. As a result, a numerical aperture N.A. of the front objective lens A
      becomes larger than a numerical aperture N.A. of the rear relay lens
      system B, and hence the front objective lens A causes flare.
PAR  In order to obviate such flare, one could conceive to arrange a diaphragm
      in front of the front objective lens A. But, in this case, the diaphragm
      acts as the field diaphragm which makes a field narrow. It might also be
      conceived to arrange a diaphragm in the rear of the front objective lens
      A. In this case, the diaphragm can not obviate the flare.
PAR  An object of the invention, therefore, is to provide a non-homogeneous
      objective lens which can effectively obviate flare without giving any bad
      influence upon the field and which can improve picture image quality.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a diagrammatic view of a prior-art small rod-shaped
      non-homogeneous body having a lens property;
PAR  FIG. 2 is a diagrammatic view of one embodiment of the objective lens
      having an aperture diaphragm according to the invention;
PAR  FIG. 3 is a diagrammatic view of the objective lens shown in FIG. 2 as
      applied to an optical image transfer device; and
PAR  FIG. 4 is a diagrammatic view of another embodiment of the objective lens
      as applied to another optical image transfer device.
DETD
PAR  FIG. 1, which illustrates a solution according to the prior art, has been
      described earlier.
PAR  In FIG. 2 is shown an objective lens A according to the invention. In the
      present embodiment, the length l of the objective lens A along its center
      optical axis Z is selected as
EQU  l &lt; 2.pi./.sqroot. 2a = L.
PAR  In FIG. 2, reference numeral 1 designates a light ray cone on axis which is
      incident on an objective lens A at its maximum numerical aperture N.A,
      when an aperture diaphragm S is absent, 2 a principal light ray cone out
      of axis which is emitted from the outer periphery of the object M toward a
      projected image end surface P of the objective lens A, and 3 a light ray
      cone on axis which is incident on the objective lens A at its maximum
      numerical aperture N.A, when the aperture diaphragm S is present.
PAR  In accordance with the invention, an aperture diaphragm S that limits the
      amount of light incident upon a rear relay lens system B and maintains
      illumination that is sufficient to satisfy the projected image M' is
      inserted near a position which is distant from the projected image end
      surface P of the objective lens A by (1/4 + n)L in -Z direction. In (1/4 +
      n)L, n is a positive integer inclusive of O, and L is the period defined
      by 2.pi./.sqroot. 2a.
PAR  In the embodiment shown in FIG. 2, n=0 and the distance of the aperture
      diaphragm S from the projected image end surface P is 1/4  L. In this
      position, the light rays travelling through the objective lens A become
      substantially parallel with the optical axis Z. The light ray on axis 1
      incident upon the overall surface of the aperture diaphragm S is shaded by
      it and changed into a light ray shown by the reference numeral 3, while
      the principal light ray 2 out of axis is not shaded by the aperture
      diaphragm S. As a result, the aperture diaphragm S is capable of not
      shading the field, but of shading the light ray emitted from out of field.
      Thus, the aperture diaphragm S can limit the amount of light incident upon
      the projected image and maintain sufficient illumination at the projected
      image, thereby obviating defective flare.
PAR  If the length l of the objective lens A is l &lt; 1/4 L, the aperture
      diaphragm S is positioned in front of the objective lens A. Even in such a
      case, if the aperture diaphragm S is arranged at a position which is
      spaced apart from the projected image end face P by 1/4 L, the objective
      lens A can limit the amount of light incident upon the projected image M'
      and maintain sufficient illumination at the projected image M' without
      shading the field.
PAR  In FIG. 3 is shown one embodiment of the objective lens according to the
      invention as applied to an optical image transfer device. In this
      embodiment, that part of a rod-shaped objective lens A which is distant
      from the projected image end surface P by 1/4 L is divided into two lens
      elements. One of the opposed end surfaces of the two lens elements thus
      divided is subjected to a photo-etching process to form an annular
      diaphragm along the outer periphery thereof. Then, these divided portions
      are joined together to reproduce the original rod-shaped objective lens A
      with an annular aperture diaphragm S sandwiched between the divided
      elements as shown in FIG. 3.
PAR  In the embodiment shown in FIG. 3, a separate non-homogeneous relay lens
      system B can be connected to the rear of the objective lens A, with the
      aperture diaphragm S inserted therein, through which system the projected
      image M' is transmitted along the optical axis Z to any desired location.
PAR  In FIG. 4 is shown another embodiment of the objective lens according to
      the invention in which that part of the rod-shaped objective lens A which
      is distant from the projected image end surface P by 1/4 L is subjected to
      a mechanical abrasion treatment to form a V-shaped groove along the outer
      periphery thereof, which is used as an aperture diaphragm S as shown in
      FIG. 4. In the present embodiment, use is made of a relay lens system B
      composed of a plurality of lenses, for example, a front relay lens
      L.sub.1, a field lens L.sub.2 and a rear relay lens L.sub.3.
PAR  In this embodiment, the aperture diaphragm S can also limit the amount of
      light incident upon the rear relay lens system B and maintain sufficient
      illumination at the projected image without shading the field, thereby
      obviating defective flare.
PAR  In the above described inventive embodiments, the aperture diaphragm S is
      inserted near that portion of the objective lens A which is distant or
      spaced apart from the projected image end surface P by 1/4 L which is
      given when n=0 in the formula (1/4 + n)L.
PAR  Alternatively, n may be made larger than 0 in correspondence with the
      length l of the objective lens A which is made longer than that used in
      the above described embodiments.
PAR  As stated hereinbefore, the invention provides a simple and economical way
      of arranging an aperture diaphragm at a given position with respect to an
      objective lens and further provides the important advantage that flare is
      obviated without limiting the light ray out of axis and hence without
      subjecting the field to bad influence thereby obtaining a good picture
      image.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A non-homogeneous objective lens comprising a small rod-shaped
      non-homogeneous light focussing and conducting body whose refractive index
      N(x) at a position radially spaced apart from an optical axis by a radius
      x is given by
EQU  N(x) =  No(1 - ax.sup.2)
PAL  where No is a refractive index at the optical axis and a is a proportional
      constant, and a diaphragm for giving illumination which is sufficient to
      satisfy a rear relay lens system and arranged near a position which is
      spaced apart from a projected image end surface of the objective lens by
EQU  (1/4 + n)L
PAL  where n is a positive integer inclusive of O and
      ##EQU2##
NUM  2.
PAR  2. The non-homogeneous objective lens as claimed in claim 1, wherein said
      diaphragm is composed of an annular diaphragm formed circumferentially
      around the objective lens by photo-etching at that part of the lens which
      is arranged at said defined position.
NUM  3.
PAR  3. The non-homogeneous objective lens as claimed in claim 1, wherein said
      diaphragm is composed of an annular diaphragm formed circumferentially
      around the objective lens by mechanical abrasion treatment at that part of
      the lens which is arranged at spaced-apart position.
NUM  4.
PAR  4. The non-homogeneous objective lens as claimed in claim 1, wherein said
      diaphragm is constituted by a front lens element of a small rod-shaped
      light focussing and conducting body, the remainder element of said body
      constituting a rear relay lens element.
NUM  5.
PAR  5. The non-homogeneous objective lens as claimed in claim 1, further
      comprising a separate non-homogeneous relay lens system composed of a
      plurality of lenses and arranged in the rear of the objective lens.
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ABST
PAL  A lens selection device for placing any one of three or more magnification
      lenses in an operative position where its optical axis aligns with a
      respective reference axis, a selected lens being shifted along a fixed
      path from a retracted position to the operative position thereof by
      separate drive means numbering one less than the quantity of the lenses.
      In the case of three lenses, for instance, a first drive means is used to
      shift a first lens, a second drive means is used to shift a second lens,
      and a follower means coupled with a third lens is used to shift it to its
      operative position when the first (or the second) lens is driven to its
      retracted position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a lens selection device, and more particularly
      relates to a lens selection device suited for use in reproducing apparatus
      (e.g., an electrostatic photocopier) wherein a plurality of discrete
      magnification lenses are shifted perpendicular to a respective reference
      axis to vary the magnification of an image to be reproduced.
PAR  2. Discussion of the Prior Art
PAR  In general, various types of variable magnification devices for use in a
      reproducing apparatus are known. These include: (1) a device in which a
      mirror and a lens are shifted; (2) a device in which a conversion lens is
      used to vary magnification of an image; (3) a device in which a zoom lens
      is used; and (4) a device in which a plurality of individual magnification
      lenses are arranged in serial fashion and shifted together to select a
      desired magnification.
PAR  These known devices present the following drawbacks, however. With the
      first-mentioned device, it is necessary to shift the mirror and lens. This
      renders the mechanism complicated. Should lens aberration deviate from a
      predetermined value, a balance between spherical aberration and
      astigmatism may not be maintained or there may result an increase in coma
      aberration. With the second-mentioned device, magnification chromatic
      aberration tends to arise as astigmatism increases. As to the
      third-mentioned device, a continuous zoom lens is costly, and if a step
      zoom lens is used, there result difficulties in control. As to the
      fourth-mentioned device, unlike the other devices, it is simple in
      mechanism and poses no problem with lens aberration, as each lens is
      suited for its intended magnification. This fourth device presents a
      problem, however, in that when three lenses are used they require a space
      large enough to arrange five lenses in a direction perpendicular to an
      optical axis - this being impractical when space available to accommodate
      the lenses in the reproducing apparatus is limited.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a novel lens selection device that avoids the
      drawbacks of the aforesaid known devices and avoids in particular
      aforementioned difficulties experienced upon use of the fourth-mentioned
      device.
PAR  One object of the invention is to provide a lens selection device in which
      three or more individually selectable lens assemblies are shiftable
      between retracted and operative positions thereof by a plurality of drive
      means, each being coupled to a respective lens assembly and there being
      one less drive means than there are lens assemblies; and by a follower
      means engaging that lens assembly which is not coupled to a drive means.
      The various drive means and the follower means cooperate in such a way
      that only one lens assembly is in its operative position at any particular
      moment.
PAR  Another object of the invention is to provide an improved lens selection
      device in which three individually selectable lenses, each of a different
      magnification, are free to shift within a space just large enough for the
      lenses and their holders, selection of a lens being effected by operation
      of a mechanism of simple construction.
PAR  A selected lens is moved from a retracted position to an operative position
      by shifting it in a direction perpendicular to an optical axis in space,
      this axis being aligned with the principal axis of the selected lens and
      in a light path to a photo-sensitive member. The invented device uses only
      two drive means to shift individual ones of the three lenses and is
      therefore of simplified mechanical construction.
PAR  The lens selection device of one embodiment of the invention includes three
      magnification lenses each movable in a fixed path that intersects a
      reference axis (hereinafter referred to as optical axis L--L'), each lens
      being shiftable from a retracted position to an operative position where
      the principal axis of the lens coincides with its reference axis. Two of
      the lenses are shiftable by separate drive means, a first drive means
      being coupled with one of the lenses and a second drive means being
      coupled with another of the lenses. The third lens is coupled with a
      follower means that causes the third lens to follow the movement of either
      of the two driven lenses. The third lens is brought to its operative
      position when one of the other lenses is in its retracted position, and a
      second one of the other lenses is driven to its retracted position. The
      follower means includes a spring coupled with the third lens to urge it
      toward its operative position and stops affixed to the other lens
      assemblies, the stops being effective to hold the third lens in its
      retracted position when either of the other lenses is in its selected
      position.
DRWD
PAR  Hereafter there will be given a description of a preferred embodiment of a
      lens selection device with reference to the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an explanatory view showing the operating principle of a lens
      selection device according to the present invention;
PAR  FIG. 2 is an explanatory view of an optical system for a reproducing
      apparatus that includes the lens selection device of the invention;
PAR  FIG. 3 is a front elevation drawing of the lens selection device, as viewed
      in the direction of an optical axis L--L';
PAR  FIG. 4 is a plan view of FIG. 3; and
PAR  FIG. 5 is a control circuit diagram for drive motors of the lens selection
      device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a schematic view illustrating the principle of the present
      invention. Two lenses 1 and 2 are free to shift between respective
      operative positions S1 and S3 and respective retracted positions S2 and
      S4, with a given spacing maintained between the lenses. These lenses shift
      in paths oriented at a right angle to a certain optical axis L--L'. Under
      the action of a spring 6, a third lens 3 is positioned in abutting
      relation to either or both of two stops 4 and 5 respectively attached to
      respective holders (best seen in FIGS. 3 and 4) of the aforesaid lenses 1
      and 2 so that lens 3 may be shifted from a retracted position S6 to an
      operative position S5 on optical axis L--L'. Axis L--L' is a spatial
      reference axis with which the principal axis of lens 1, lens 2, or lens 3
      aligns when the respective lens is in its operative position. Lens 1 may,
      for example, be a uni-power lens (x1), lens 3 may, for example, be a first
      reduction lens (x 0.785) and lens 2 may, for example, be a second
      reduction lens (x 0.647).
PAR  If lens 2 is shifted to retracted position S4 and lens 1 is shifted to
      operative position S1, then by means of stop 4 the lens 3 is shifted to
      retracted position S6 against the tension of spring 6, and thus, the lens
      1 alone is in an effective position -- i.e., operative position S1.
PAR  Likewise, if lens 1 is shifted to retracted position S2 and lens 2 is
      shifted to operative position S3 on the reference axis L--L', the stop 5
      holds lens 3 in its retracted position S6. If, however, lens 1 and lens 2
      are both shifted to their retracted positions, S2 and S4, respectively,
      then lens 3 is shifted by spring 6 to its operative position S5.
PAR  Reference will now be made to a reproducing apparatus containing a lens
      selection device T that embodies the above-described principle. In FIG. 2,
      shown at 14 is a glass sheet on which an original document D can be
      placed; at 15, 15' are lamps that illuminate the lower surface of the
      original document; at 16 is a first mirror and at 17 is a second mirror;
      and at 18 is a photo-sensitive member on which is formed a latent image
      conforming to an image on the document D. An optical image of document D
      -- when illuminated by lamps 15, 15' -- is reflected by mirror 16, focused
      by the selected one of lenses 1, 2, and 3 onto mirror 17, where it is
      reflected onto photo-sensitive member 18 to form a latent image thereon.
      Lenses 1, 2, 3 may be set up as shown in FIG. 2 so that the optical axis X
      of lens 1, the optical axis Y of lens 2, and the optical axis Z of lens 3
      are parallel, any one lens being shiftable to an operative position where
      the optical axis of such lens aligns with a respective reference axis
      which is not coincident with the reference axes associated with the other
      lenses, the reference axis being so located that (a) one end A of the
      document D registers on a common reference line A' on the surface of
      member 18 irrespective of which lens 1, 2 or 3 has been selected and (b)
      the other end B of document D registers on a reference line B', B"  or B'"
      on the surface of member 18 depending on the lens selected.
PAR  Alternatively, lenses 1, 2 and 3 may be set up so that the principal axis
      of each lens can be aligned with a single reference axis L--L' (such as
      shown in FIG. 1) when positioning that lens in its operative position.
PAR  In device T, lens 1 and its holder 11 (the combination of a lens and its
      holder being referred to hereinafter as a "lens assembly") are slidably
      mounted on rails 7 and 8 (see FIGS. 3, 4) supported by side walls of the
      device frame. Lens 1 is attached by a fastening means 19 to an endless
      wire 20 trained about pulleys 21 and 21', one of these pulleys (21) being
      driven by a reversible motor M1. Rail 7 (see FIGS. 2 and 4) contacts the
      underside of lens holder 11, and rail 8 passes through a guide hole formed
      in holder 11.
PAR  Lens 2 and its holder 12 and lens 3 and its holder 13 (see FIGS. 3, 4) are
      slidably mounted on rails 9 and 10 supported by the side walls of the
      device frame. Lens 2 is attached by a fastening means 22 to a wire 23
      trained about pulleys 24 and 24', one of these pulleys (24) being driven
      by a reversible motor M2. Lens 3 is attached to a tension spring 6 secured
      to a side wall of the frame. Lens 3 is therefore normally urged by spring
      6 toward the lenses 1 and 2. Rail 9 passes through guide holes formed in
      holders 12 and 13. Rail 10 engages the surfaces of lens holders 12 and 13,
      as shown in FIGS. 2 and 3.
PAR  In FIGS. 3 and 4, there are shown at 4 and 5 the aforementioned stops, and
      at MS-1, MS-2, MS-3 and MS-4 are shown microswitches (supported by means
      not shown) operable to detect lenses 1 and 2 in their respective retracted
      positions S2, S4 or in their respective operative positions S1, S3. These
      micro-switches are connected in a circuit (shown in FIG. 5) for energizing
      and de-energizing motors M1 and M2.
PAR  Operation of device T will now be described with reference to the motor
      circuit diagram of FIG. 5. As shown there, SW-1, SW-2, SW-3a, and SW-3b
      are selecting switches for lenses 1, 2, and 3 which may be operated by
      respective push buttons (not shown). These switches are used to apply line
      voltage from a supply (not shown) across motor M1 and/or motor M2.
PAR  The switch conditions shown in FIG. 5 are those which exist when lens 2 has
      just been selected (by actuation of the appropriate push button) to be
      shifted from its retracted position S4 to its operative position S3. At
      this moment, lens 1, which had been previously selected, is in its
      operative position S1; lens 3 is in its retracted position S6;
      micro-switches MS-1 and MS-4 are open; and micro-switches MS-2 and MS-3
      are closed. Switch SW-2 having been closed (by the above-mentioned
      push-button actuation) to shift lens 2, motor M2 rotates in a normal
      direction (because current flows through micro-switch MS-2 to motor M2 in
      the direction indicated by arrow N') to move lens 2 to its operative
      position S3. Motor M1 rotates in a reverse direction (because current
      flows through micro-switch MS-3 and switch SW-3b to motor M1 in the
      direction as indicated by arrow R) to shift lens 1 to its retracted
      position S2. When lens 1 arrives in retracted position S2 and lens 2
      arrives in its operative position S3, the micro-switches MS-2 and MS-3
      open whereupon the motors M1 and M2 cease to rotate.
PAR  To position lens 3 next in its operative position S5, an appropriate push
      button (not shown) is depressed to transfer the movable contacts of
      switches SW-3a and SW-3b. Micro-switch MS-1 is closed since selected lens
      2 has been placed in its operative position, as described above. Hence,
      motor M2 rotates in a reverse direction (because current flows through
      switch SW-3a and micro-switch MS-1 to motor M2 in the direction indicated
      by arrow R') to shift lens 2 to its retracted position S4 where it opens
      micro-switch MS-1, thus stopping rotation of motor M2. When lens 2 shifts
      to its retracted position S4, lens 3 is shifted to its operative position
      S5 by the action of spring 6, following lens 2 as the latter moves away
      from its operative position S3.
PAR  Similarly, if switch SW-1 is subsequently selected (closed) for shifting
      lens 1 to its operative position, the selection (closure) of switch SW-1
      causes motor M1 to rotate in a normal direction (because current flows
      through switch SW-1 and the closed micro-switch MS-4 to motor M1 in the
      direction indicated by arrow N). When lens 1 arrives in its operative
      position, micro-switch MS-4 opens and motor M1 ceases its rotation.
PAR  As is apparent from the foregoing, according to one embodiment of the
      present invention, the device T uses three lenses of differing magnifying
      power, shiftable to operative positions in such fashion that an improved
      optical performance is obtained. Since three lenses are mutually shifted
      to vary the magnification attained by use of the device, the lens
      assemblies can be accommodated in a space just large enough for the three
      lenses and their holders in both positions, unlike the aforementioned
      known device that requires a lens accommodation space corresponding to a
      width of five lenses for exclusively selecting any one of the three
      lenses. Only two drive means (motor driven mechanisms) are used to shift
      three lenses, because one of the lenses is shifted by a spring to follow
      the other lenses in the manner explained above. This arrangement keeps the
      overall size of the device compact and keeps the device mechanically
      simple.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lens selection device including three magnification lenses each
      movably disposed in a direction perpendicular to a single reference axis
      and adapted to be shifted to a respective operative position on the
      reference axis, characterized in that:
PA1  two of the lenses are each adapted to be shifted by separate drive means
      while the third of the three lenses is provided with means to follow the
      movements of the aforesaid two lenses, said third lens being movable in
      response to particular movements of the aforesaid two lenses, whereby a
      desired one of the three lenses can assume an operative position on the
      reference axis.
NUM  2.
PAR  2. A lens selection device including first, second and third magnification
      lenses each having a principal axis and being mounted for movement in an
      associated path perpendicular to its principal axis, each lens being
      shiftable along the associated path between a retracted and an operative
      position, each lens when in its operative position being disposed in an
      optical path, first drive means coupled to the first lens to shift it as
      desired, second drive means coupled with the second lens to shift it as
      desired, the third lens being provided with means effective to cause the
      third lens to follow the other lenses when either of them are shifted so
      that the third lens (1) assumes its operative position when the other
      lenses are in their retracted positions and (2) assumes its retracted
      position when one of the other lenses assumes its operative position,
      whereby a desired one of the three lenses can be positioned in its
      operative position.
NUM  3.
PAR  3. A lens selection device including first, second, and third magnification
      lenses each having a principal axis and each being shiftable along a
      respective, fixed path between respective retracted and operative
      positions, each lens when in its operative position intersecting a
      respective, spatially fixed reference axis that coincides with the
      principal axis of the lens, first drive means coupled to the first lens
      and selectively operable to shift it between its retracted and operative
      positions, a second drive means coupled to the second lens and selectively
      operable to shift it between its retracted and operative positions, and
      follower means coupled with the third lens and selectively co-operating
      with the first lens, the second lens, or both of them, the follower means
      being effective to shift the third lens from its retracted position to its
      operative position when one of the other lenses shifts to its retracted
      position but the remaining one of the lenses stays in its retracted
      position.
NUM  4.
PAR  4. The device of claim 3 wherein the third lens is in its retracted
      position when the first lens or the second lens is in its operative
      position.
NUM  5.
PAR  5. The device of claim 3 wherein the follower means includes a spring
      urging the third lens to its operative position.
NUM  6.
PAR  6. The device of claim 3 wherein the follower means includes a stop
      connected to the first lens and engagable with the third lens to keep the
      third lens in its retracted position when the first lens is in its
      operative position, the follower means also including a stop connected to
      the second lens and effectively engagable with the third lens to keep the
      third lens in its retracted position when the second lens is in its
      operative position.
NUM  7.
PAR  7. The device of claim 3 wherein both drive means are simultaneously
      operable (1) to shift the first lens to its operable position and the
      second lens to its retracted position, and alternatively (2) to shift the
      second lens to its operative position and the first lens to its retracted
      position.
NUM  8.
PAR  8. The device of claim 3 wherein the reference axis associated with each
      lens is not coincident with the reference axes associated with the other
      lenses.
NUM  9.
PAR  9. The device of claim 3 wherein the reference axis associated with each
      lens is coincident with the reference axes associated with the other
      lenses.
NUM  10.
PAR  10. A lens selection device comprising, in combination, at least three
      magnification lenses, each lens forming part of an assembly supported for
      movement along a respective fixed path from/to a position wherein the lens
      is retracted to/from a position wherein the lens is operative; a plurality
      of drive means for effecting said movement of the assemblies, there being
      one less drive means than there are assemblies, each assembly being
      coupled to a respective one of the drive means except for a particular
      assembly, each drive means being selectively operable to shift the
      assembly coupled thereto between the retracted and operative positions;
      follower means coupled to the aforesaid particular assembly and being
      operable to shift the particular assembly between the retracted and
      operative positions thereof in response to movement of any one of the
      other assemblies from the operative and retracted positions associated
      therewith; and control means for the drive means adapted to mutually
      exclusively select a chosen one of the assemblies for shifting into the
      operative position thereof, said follower means being effective to
      position the particular lens assembly in the operative position thereof in
      the absence of selection of any of the assemblies coupled to a drive
      means.
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PAL  In a correction lens wherein the effective surface thereof has at least a
      lens member having no island shaped portion, said member being defined by
      the step shaped border line never closing by themselves to form an island
      shaped lens segment on said correction lens surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved correction lens adapted to form three
      colour phosphor elements of a fluorescent screen of a colour picture tube.
PAR  To form such phosphor elements, it is usual to use an exposure device
      generally termed a "lighthouse", consisting essentially of a light source,
      a member for supporting the face plate of a colour picture tube having a
      fluorescent screen and including a colour selection electrode, and a
      correction lens interposed between the light source and the face plate for
      causing the path of the exposure light emanated from the light source to
      approximate the electron beam in the colour picture tube during normal
      operation thereof. The electron beam lines during operation of the picture
      tube is greatly influenced by external magnetic fields including the
      terrestrial magnetism so that in order to have the path of the exposure
      light closely approximated the electron beam the optical surface of the
      correction lens should be constructed to have an extremely sophisticated
      configuration. This is caused by the fact that the aberration between the
      phosphor element and the electron beam spot varies greatly, that is the
      direction and magnitude of the aberration vary at random. For this reason,
      in order to correct such an aberration that vary from point to point it
      has been the practice to design the correction lens to divide it into
      numerous small lens segments and to establish a desired light path for
      each segment. In one design, the effective surface was devided in the form
      of a grid, whereas, according to another design the effective area was
      divided in the radial direction as disclosed in U.S. Pat. No. 3,279,340.
      In each design the design of the light path was made independently for
      each divided lens segment. Although such measures have succeeded to some
      extent to mate the path of the exposure light and that of the electron
      beam, design and manufacture of such correction lenses require a long
      duration and a large expense. Moreover, the correction lenses manufactured
      by these methods introduced serious problems. More particularly, as
      described hereinabove, since the design for each lens segment must be made
      independently it is inevitable that adjacent lens segment adjoin with a
      step shaped border lines therebetween. In other words, the number of step
      shaped border lines increases when the number of the divided lens segment
      is increased for the purpose of attaining more approximated path of the
      exposure light to the electron beam. Since each of surfaces surrounded
      with the step shaped border line shows different optical property for the
      projected light from that of the effective surface of the correction lens,
      uniform exposure of the fluorescent screen is impossible, thus forming a
      shadow. In this manner, a new problem of eliminating the shadow has
      arisen. The size of the phosphor element on the fluorescent screen is
      related directly to the energy of the exposure light and the size of the
      phosphor element is small at the shadow. Unless this problem is solved, it
      is impossible to uniformly form the phosphor elements. For the purpose of
      eliminating the shadow a number of proposals have been made including a
      method of vibrating the correction lens in a plurality of directions, a
      method of more finely dividing the elemental areas, a method of utilizing
      a dummy lattice (U.S. patent application Ser. No. 231,313, now U.S. Pat.
      No. 3,788,200, British Pat. No. 10114/72 and German Pat. No. P 22 10
      725.1), a method of using a filter (U.S. patent application Ser. No.
      231,219, now U.S. Pat. No. 3,809,558 British Pat. No. 10116/72, German
      Pat. No. P 22 10 724.0, and French Pat. No. 72 07519) and a method of
      utilizing a plurality of correction lenses, whose step shaped border lines
      are coated with an opaque substance, for performing a plurality of light
      exposure (U.S. Pat. No. 3,279,340). However, any one of these prior
      solutions added large cost to the sophisticated design and manufacturing
      of the correction lens described above. For example, the method of
      vibrating the correction lens requires to add means for vibrating the
      correction lens and means for controlling the vibration which of course
      increases the cost of installation and manufacturing. The other methods
      have similar disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an improved
      correction lens which can be manufactured readily with low cost and is
      used to form phosphor elements on a fluorescent screen of a colour picture
      tube which can reproduce pictures of high qualities.
PAR  Another object of this invention is to provide an improved correction lens
      that can decrease shadow on the fluorescent screen.
PAR  According to this invention, the number and the length of the step shaped
      border lines formed by the adjacent effective lens segments can be
      decreased by the way of repeating adjustment on the step height between
      lens segments and the inclination of the effective lens surfaces for the
      entire surface of the correction lens. Thus shadows due to the step shaped
      border line are effectively eliminated on the phosphor screen and the
      number of molds being used for manufacturing correction lens can be
      decreased to one tenth or one hundredth comparing to the conventional
      prior art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and advantages of the invention will be more clearly
      understood from the following detailed descriptions taken in conjunction
      with the accompanying drawings in which:
PAR  FIG. 1 is a schematic sectional view of a typical exposure device;
PAR  FIG. 2 is a plan view showing a conventional lattice type correction lens;
PAR  FIG. 3 is a sectional view of the correction lens shown in FIG. 2 taken
      along a line III -- III;
PAR  FIG. 4 is a plan view showing a conventional correction lens whose entire
      effective area is divided arbitrary;
PAR  FIG. 5 is a sectional view of the correction lens shown in FIG. 4 taken
      along line V -- V;
PAR  FIG. 6 is a plan view of the novel correction lens of this invention in
      which the step shaped border lines are provided only at the peripheral
      portions of the lens;
PAR  FIG. 7 is a sectional view of the correction lens shown in FIG. 6 taken
      along a line VII -- VII;
PAR  FIG. 8 is a sectional view of the correction lens shown in FIG. 6 taken
      along a line VIII -- VIII;
PAR  FIG. 9 is a plan view of another novel correction lens of this invention;
PAR  FIG. 10 is a plan view of still another novel correction lens of this
      invention by which the correction is made only at right and left portion
      of the lens;
PAR  FIG. 11 is a sectional view of the correction lens shown in FIG. 10 taken
      along a line XI -- XI;
PAR  FIG. 12 is a plan view of further novel correction lens of this invention
      in which step shaped border lines are straight and terminated within the
      central effective surface of the lens;
PAR  FIG. 13 is a sectional view of the correction lens shown in FIG. 12 taken
      along a line XII -- XII;
PAR  FIG. 14 is a plan view of still further novel correction lens of this
      invention;
PAR  FIG. 15 is a sectional view of the correction lens shown in FIG. 14 taken
      along a line XV -- XV;
PAR  FIG. 16 is a plan view of still further novel correction lens of this
      invention by which the correction is made at four corners of the lens; and
PAR  FIG. 17 is a sectional view of the correction lens shown in FIG. 16 taken
      along a line XVII -- XVII.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An exposure device as shown in FIG. 1 typically comprises a correction lens
      1, a support 2, a light source at the bottom of the support and a face
      plate 4 supported by the the support and including a fluorescent screen,
      not shown, coated on the inner surface of the face plate and a colour
      selection electrode in the form of a shadow mask 10, for example.
PAR  As described hereinabove, in a correction lens having a curved surface
      since it has been impossible to have the path of the exposure light held a
      fairly good approximation to the electron beam of a colour picture tube in
      operation thereof, a correction lens having a plurality of divided lens
      segments, as shown in FIGS. 2 and 3, has been used. The correction lens 1
      shown in FIGS. 2 and 3 is provided with a plurality of step shaped border
      lines 6 which divide the effective surface of the lens into a plurality of
      small curved or plain segment surfaces 5 which are polished with an
      optical accuracy. To form such a correction lens having step shaped
      surfaces as shown in FIG. 2, it is necessary to use several hundreds of
      metal molds respectively provided with optically finished accurate
      surfaces which requires a large labour and cost for manufacturing.
PAR  However, among these many lens segments the radius of curvature and
      inclination of the surfaces of some of adjacent lens segment can be made
      equal thus enabling to integrate these segment into a single block by
      taking into consideration the effect of the thickness. Said consideration
      on the effect of the thickness means that the inclination of the effective
      lens segment surface is adjusted in relation to the variation of said lens
      segment thickness which is taken place in the adjustment of the step
      height of said step shaped border line so as to keep the light path
      effectively unchanged before and after varying the thickness of the lens
      segment and to reduce the number and the length of said border line. More
      particularly, it is possible, not only theoretically but also practically,
      to obtain the relative position of such a block where the step shaped
      border line becomes stepless or step shaped at least at one point without
      changing lens effect by adjusting the relative positions of the blocks at
      different levels and the inclination of the block surface. By repeating
      this process it is possible to cover the entire surface of the correction
      lens with a continuous curved or plain surface comprising a plurality of
      adjoining lens member at the same level or having step shaped or stepless
      border lines. For this reason, it is possible to form the step shaped
      border surfaces at portions alone which require them, that is at the
      particular portions of the correction lens where it is extremely difficult
      to cause the exposure light to closely approximate the electron beam.
PAR  Being apparent from embodiments set forth below, the correction lens
      designed and manufactured by this invention has only a few step shaped
      border lines which are actually not so influential for the shadow on the
      phosphor screen so that the number of metal molds, the process and the
      expense required for the lens manufacturing can be reduced to great
      extent. Even if some of the step shaped border lines make shadows, only a
      more simplified procedure than previously used will be required for
      eliminating said shadow compared to the prior art.
PAR  FIG. 6 shows one embodiment of this invention wherein the correction lens 1
      is provided with a plurality of surfaces having step shaped border lines.
      It will be noted that curved or plain surface bounded by the step shaped
      border line 6 contains at least a portion of the effective surface of the
      lens as a part of the lens member. With this construction, the side edges
      of the correction lens are also utilized as the function of the step
      shaped border lines thus decreasing the number and the length of the
      border line 6. As can be noted from FIGS. 7 and 8, the central portion of
      the lens comprises a continuous curved surface 8 or a surface including a
      stepless border line 7.
PAR  FIGS. 9 through 17 show possibly considerable embodiments of this invention
      corresponding to various cases of correction lenses. These varied patterns
      of lens correction are caused by the fact that the magnitude and direction
      of the aberration between phosphor element and electron beams are entirely
      arbitrary on the face plate mainly due to external magnetic fields
      including the terrestrial magnetism.
PAR  FIG. 10 shows an example of correction whereby the aberration occured at
      right and left side of the phosphor screen will be corrected to
      approximate the light path to the electron beam. FIG. 16 shows an example
      of correction whereby the aberration at four corners of the phosphor
      screen will be corrected. FIG. 12 shows another pattern of the correction
      lens surface wherein step shaped border lines are originated from the
      peripheries of the lens and terminated in the central portion of the lens.
      In FIGS. 9 and 17, possibly considerable configurations of the correction
      lenses are shown in general sense.
PAR  In any embodiments by this invention, the correction lens has no island
      shaped portion on its effective surface. That is to say, any step shaped
      border lines never close by itself. Accordingly the number and the length
      of the step shaped border lines can be decreased, thus contributing to
      reduce shadows caused by the step shaped border lines. Consequently the
      number of lens segment can be reduced so that the number of metal molds
      for manufacturing the correction lens will be greatly decreased.
PAR  As has been described, the invention provides an improved correction lens
      in which the number and the length of the step shaped border lines have
      been greatly decreased thus decreasing the shadow, and the cost of
      manufacturing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A correction lens for photographically forming phosphor elements on the
      inner surface of a panel of a color picture tube to cause the light path
      to approximate the impingement point on said inner surface for electron
      beams emanated from electron guns disposed in the neck portion of the
      colour picture tube, said correction lens being comprised of a plurality
      of lens blocks formed at least on one side with an effective surface
      thereon, said blocks each having a particular refractive characteristic
      determined in accordance with a portion of a fluorescent screen to be made
      up of said elements said correction lens having at least some step-shaped
      border lines formed in different configurations and sizes between said
      blocks, any such step-shaped border line not being closed upon itself and
      without terminating in a point common to all said step-shaped border
      lines, at least some of said effective surfaces lying between said
      step-shaped border lines but not completely bounded thereby whereby the
      number of blocks comprising said correction lens is reduced.
NUM  2.
PAR  2. The correction lens according to claim 1, wherein said step-shaped
      border line extends from edge to edge of said effective surface.
NUM  3.
PAR  3. The correction lens according to claim 1, wherein said block comprises a
      flat surface.
NUM  4.
PAR  4. The correction lens according to claim 1, wherein said block comprises a
      curved surface.
NUM  5.
PAR  5. The correction lens according to claim 1, wherein at least one of said
      blocks partially terminates in an adjacent block with a continuous
      effective surface.
NUM  6.
PAR  6. In a correction lens utilized to form phosphor elements on a fluorescent
      screen and to cause the light path to approximate electron beams emanated
      from electron guns disposed in the neck of the colour picture tube, said
      correction lens being comprised of a plurality of divided effective lens
      segments formed on at least one side effective surface thereof, said
      segment having a predetermined curved or flat surface which is defined by
      a border line, the improvement wherein said correction lens is formed
      through the steps of adjusting the surface inclination and thickness of
      said segments to form blocks one of which partially terminates in another
      block with a continuous effective surface and repeating said adjusting
      step, to obtain each step-shaped border line not closed upon itself in the
      effective surface of the correction lens and with said step-shaped border
      lines formed in different configurations and sizes without a common point
      whereby the number of blocks comprising said correction lens is reduced.
NUM  7.
PAR  7. The correction lens according to claim 6, wherein the optical function
      of said lens is kept effectively unchanged before and after said adjusting
      step.
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ABST
PAL  A device for binocular viewing of, for instance, fluorescent screens, image
      converters, and image intensifiers. Designed to be hand held, the device
      is light and compact. A single optical system of at least four lens
      elements provides the desired magnification. Behind the last element (in
      the direction of travel of the light from the object being viewed to the
      eyes of the person using the device) there are two rhombic prisms to
      spread the light beam to the two eyes of the user. In a preferred form,
      the prisms are adjustable to match the interpupillary distance of the
      user. At least one of the lens elements of the magnification system
      preferably has an aspherical surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the known forms of binocular viewing devices for viewing image
      converters, image intensifiers, or fluorescent screens, there are usually
      two separate optical magnification systems, one for each eye of the user,
      just as in the case of ordinary binoculars or field glasses. Accordingly,
      the prior art devices are bulky and heavy, which is particularly
      undesirable if the device is to be held in the hand of the user.
PAR  An object of the present invention is to provide a device which is both
      compact and light in weight, enabling the device to be held easily in the
      hand of the user. In furtherance of this object, the device of the present
      invention has only a single optical magnification system, rather than two
      systems, and the lens elements of this magnification system are formed of
      material having the lowest possible density consistent with the desired
      optical properties. At the rear end of the optical system (the end toward
      the eyes of the user) there are two rhombic prisms behind the last lens
      surface of the system, which effect a pupillary division or spread the
      light beam to increase the interpupillary distance to match or
      approximately match that of the eyes of the user or observer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the optical elements of a device according
      to a first embodiment of the invention;
PAR  FIG. 2 is a similar diagram illustrating a second embodiment of the
      invention; and
PAR  FIG. 3 is a similar diagram illustrating a third embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The optical system advantageously comprises at least four individual lenses
      having at least one aspherical surface, and is corrected for an
      interpupillary distance of the optical system corresponding approximately
      to the focal length for spherical deviation, sine condition, and an angle
      of view of more than 12.degree. for coma and astigmatism and distortion.
      The distance of the exit pupil in the stretched optical path reduced in
      air, from the last vertex of the optical system, is greater than the
      equivalent focal length of the optical system. The back focus distance,
      from the screen being observed to the first surface of the first lens
      element, is equal to or greater than 0.2 times the equivalent focal length
      of the system.
PAR  The optical material used for the manufacture of the lens elements should
      have the smallest possible specific gravity, and the highest possible
      refractive index. The materials specified in the specific examples below,
      fulfill this condition guite well.
PAR  In one illustrative embodiment of the invention, the rhombic prisms are
      rotatable for adjustment of the interpupillary distance of the observer,
      that is, of the user of the instrument.
PAR  The advantages obtained with the present invention resides particularly in
      the small or compact construction of the apparatus, and in its lightness
      or low weight. As a result of the combination of the optical system with
      two rhombic prisms to divide and spread the light beam to the proper
      interpupillary distance for the eyes of the user or observer, it is no
      longer necessary to use two telescopes arranged behind the objective lens,
      in the manner in which telescopic magnifiers of this general type have
      been known in the past. The eyes of the observer can be brought directly
      to the exit pupils of the optical system, which are located behind the
      rhombic prisms. By eliminating one of the two telescope systems used in
      the prior art, and yet arranging the system so that binocular viewing is
      possible rather than monocular, there is a great saving both in weight and
      in size. There is a further saving in weight by reason of the choice of
      the particular material herein disclosed for the lens elements, which
      material is of the lowest possible density or weight, and the highest
      possible index of refraction.
PAR  As already stated, the optical system preferably includes at least one
      aspherical surface. The meridian curves of the aspherical surfaces are
      characterized by the following equation or formula:
EQU  p = h.sup.2 /2r + c.sub.1 i h.sup.4 + c.sub.2 h.sup.6 + c.sub.3 h.sup. 8 +
      c.sub.4 h.sup. 10
PAL  In this equation:
PA1  p = the height of arc or camber
PA1  h = the corresponding meridional coordinate
PA1  r = the radius of the zenith or vertex.
PAR  The values of the coefficients c.sub.1, c.sub.2, c.sub.3, and c.sub.4 are
      given in the tables relating to the specific examples.
PAR  As indicated in the data tables of the specific examples, all of the lens
      elements are constructed of one or the other of two kinds of optical
      glass, which have been chosen for their compliance with the above
      mentioned desirable characteristics of low density and high index of
      refraction. The two glasses which have been chosen for use in the present
      invention are those designated as SF 6 and LaK 8, these glasses under
      these identifications being known in the art and being identified in the
      1972 edition of the glass catalogue of the well known firm of Jenaer
      Glaswerk, Schott & Genossen, published at Mainz, Germany. Some of the
      characteristics of these two glasses are as follows:
TBL                 SF 6      LaK 8                                            
     ______________________________________                                    
     Refractive index N.sub.d                                                  
                      1.80518     1.71300                                      
     Index of dispersion                                                       
     or Abbe number V.sub.d                                                    
                      25.43       53.83                                        
     Density, grams per cubic                                                  
     centimeter       5.18        3.78                                         
     ______________________________________                                    
PAR  Both the refractive index N.sub.d and the Abbe number V.sub.d were
      determined by reference to the yellow helium line having the wavelength of
      5875.6 Angstrom units.
PAR  Data for the three specific examples of the invention are given below.
      Constructions according to these three examples are illustrated
      schematically in the lens diagrams constituting FIGS. 1-3, respectively,
      of the drawings. In the tables of the specific examples as well as in the
      corresponding parts of the claims, the lens elements are numbered
      consecutively from front to rear (in the direction of travel of light from
      the screen which is being observed to the eyes of the observer) and are
      designated by the letter L with a numerical subscript corresponding to the
      consecutive number of the element. The radii of the lens surfaces are
      indicated by the letter R with a numerical subscript corresponding to
      consecutive numbering of the surfaces from front to rear. The axial
      thicknesses, both of the lens elements and of the air spaces between them,
      are indicated by the letter d with a subscript corresponding to the
      consecutive numbering of the axial thicknesses and spacings both numbered
      together in a single series. That is, for example, the axial thickness of
      the first lens element L.sub.1 is indicated by d.sub.1, the axial
      thickness or space of the interval between this element and the second
      element is indicated by d.sub.2, the thickness of the second lens element
      L.sub.2 is indicated by d.sub.3, the interval between this lens and the
      next lens element is d.sub.4, and so on.
PAR  The interpupillary distance of the optical system is designated PS, and the
      interpupillary distance of the observer or user is designated PB. The
      distance of the exit pupil from the vertex of the last lens, in the
      straightened ray path, reduced to air, is designated D. The pupil diameter
      is designated by P.sub.d, the diameter of the image to be viewed is
      designated by B, and the distance from the image which is being veiwed to
      the axial vertex of the first surface of the first lens element is
      designated by a.
PAR  In accordance with conventional lens patent practice, radii with plus signs
      indicate surfaces convex toward the front, and radii with minus signs
      indicate surfaces concave toward the front.
PAR  It will be noted, from the specific examples data, that the interpupillary
      distance (PS) of the optical system is approximately equal to the
      equivalent focal length (f) of the system, PS being usually between 0.7
      and 0.8 times f.
TBL  Example I                                                                 
          Radii            Thicknesses                                         
     Lens mm.              and Spacings, mm.                                   
                                          Glass                                
     ______________________________________                                    
            R.sub.1                                                            
                   = - 40.4                                                    
     L.sub.1                   d.sub.1 =                                       
                                    6.8         SF 6                           
            R.sub.2                                                            
                   = - 26.8                                                    
                               d.sub.2 =                                       
                                    0.1                                        
            R.sub.3                                                            
                   = +494.0                                                    
     L.sub.2                   d.sub.3 =                                       
                                    6.2         LaK 8                          
            R.sub.4                                                            
                   = -191.1                                                    
                               d.sub.4 =                                       
                                    0.1                                        
            R.sub.5                                                            
                   = + 93.7                                                    
     L.sub.3                   d.sub.5 =                                       
                                    7.9         LaK 8                          
            R.sub.6                                                            
                   = -755.3                                                    
                               d.sub.6 =                                       
                                    10.7                                       
            R.sub.7                                                            
                   = -154.0                                                    
     L.sub.4                   d.sub.7 =                                       
                                    12.4        LaK 8                          
            R.sub.8                                                            
                   = - 47.6                                                    
                               d.sub.8 =                                       
                                    4.8                                        
            R.sub.9                                                            
                   = -137.2                                                    
     L.sub.5                   d.sub.9 =                                       
                                    8.1         LaK 8                          
            R.sub.10                                                           
                   = - 52.3                                                    
     ______________________________________                                    
     Focal length            = f =   32. mm                                    
     Distance from image being viewed to first                                 
                             = a =   7.0 mm                                    
     vertex                                                                    
     Interpupillary distance of system                                         
                             = PS =  25. mm                                    
     Interpupillary distance of observer                                       
                             = PB =  58-72mm                                   
     Distance of exit pupil from last vertex                                   
     along stretched optical path, reduced to                                  
     air                     = D =   40 mm                                     
     Diameter of pupil       = P.sub.d =                                       
                                     6.0 mm                                    
     Diameter of image to be observed                                          
                             = B =   18.0 mm                                   
     Aspherical surfaces data:                                                 
         Surface R.sub.3                                                       
                       Surface R.sub.8                                         
                                     Surface R.sub.10                          
     ______________________________________                                    
     c.sub.1                                                                   
          2.0350869.10.sup..sup.-6                                             
                        1.5410828.10.sup..sup.-7                               
                                     -5.6828165.10.sup..sup.-10                
     c.sub.2                                                                   
         -1.3712518.10.sup..sup.-8                                             
                       -7.7980634.10.sup..sup.-10                              
                                      1.6465498.10.sup..sup.-9                 
     c.sub.3                                                                   
          2.2478209.10.sup..sup.-11                                            
                       -8.2352009.10.sup..sup.-13                              
                                     -9.6092972.10.sup..sup.-13                
     c.sub.4                                                                   
         -1.1904954.10.sup..sup.-14                                            
                        6.8468427.10.sup..sup.-16                              
                                      9.2018506.10.sup..sup.-16                
     ______________________________________                                    
TBL  Example II                                                                
           Radii           Thicknesses                                         
     Lens  mm.             and Spacings, mm.                                   
                                          Glass                                
     ______________________________________                                    
            R.sub.1                                                            
                   = - 65.9                                                    
     L.sub.1                   d.sub.1 =                                       
                                    9.6         SF 6                           
            R.sub.2                                                            
                   = - 27.6                                                    
                               d.sub.2 =                                       
                                    0.1                                        
            R.sub.3                                                            
                   = + 805.8                                                   
     L.sub.2                   d.sub.3 =                                       
                                    10.0        LaK 8                          
            R.sub.4                                                            
                   = - 54.6                                                    
                               d.sub.4 =                                       
                                    2.0                                        
            R.sub.5                                                            
                   = -2660.7                                                   
     L.sub.3                   d.sub.5 =                                       
                                    9.0         LaK 8                          
            R.sub.6                                                            
                   = - 427.8                                                   
                               d.sub.6 =                                       
                                    8.0                                        
            R.sub.7                                                            
                   = - 54.6                                                    
     L.sub.4                   d.sub.7 =                                       
                                    8.9         LaK 8                          
            R.sub.8                                                            
                   = - 45.3                                                    
                               d.sub.8 =                                       
                                    4.6                                        
            R.sub.9                                                            
                   = - 109.0                                                   
     L.sub.5                   d.sub.9 =                                       
                                    8.6         LaK 8                          
            R.sub.10                                                           
                   = - 48.3                                                    
     ______________________________________                                    
     f   = 32 mm.                  a   =   8.3 mm.                             
     PS  = 25 mm.                  PB  =   58-72 mm.                           
     D   = 40 mm.    P.sub.d = 6.0 mm.                                         
                                   B   =   18.0 mm.                            
     Aspherical surface data, for surface R.sub.10 :                           
     c.sub.1 = 5.7415848.10.sup..sup.-7                                        
                      c.sub.2 = 8.2395839.10.sup..sup.-10                      
     c.sub.3 = -1.5014718.10.sup..sup.-12                                      
                      c.sub.4 = 1.3082327.10.sup..sup.-15                      
     ______________________________________                                    
TBL  Example III                                                               
                           Thicknesses and                                     
     Lens   Radii, mm.     Spacings, mm.  Glass                                
     ______________________________________                                    
            R.sub.1 = -494.0                                                   
     L.sub.1               d.sub.1 =                                           
                                  9.6         LaK 8                            
            R.sub.2 = - 53.8                                                   
                           d.sub.2 =                                           
                                  0.1                                          
            R.sub.3 = + 50.8                                                   
     L.sub.2               d.sub.3 =                                           
                                  15.0        LaK 8                            
            R.sub.4 = -112.2                                                   
                           d.sub.4 =                                           
                                  7.8                                          
            R.sub.5 = - 75.5                                                   
     L.sub.3               d.sub.5 =                                           
                                  10.0        LaK 8                            
            R.sub.6 = - 50.1                                                   
                           d.sub.6 =                                           
                                  3.9                                          
            R.sub.7 = - 99.3                                                   
     L.sub.4               d.sub.7 =                                           
                                  8.8         LaK 8                            
            R.sub.8 = - 48.0                                                   
     ______________________________________                                    
     f   = 32 mm.                  a   =   10.4 mm.                            
     PS  = 25 mm.                  PB  =   58- 72 mm.                          
     D   = 40 mm.    P.sub.d = 6.0 mm.                                         
                                   B   =   18.0 mm.                            
     Aspherical surfaces data:                                                 
               R.sub.3          R.sub.8                                        
     ______________________________________                                    
     c.sub.1  -3.075859.10.sup..sup.-6                                         
                                  1.6200846.10.sup..sup.-6                     
     c.sub.2  -2.3933100.10.sup..sup.-9                                        
                                  4.4770853.10.sup..sup.-9                     
     c.sub.3   5.0879675.10.sup..sup.-12                                       
                                 -8.5488883.10.sup..sup.-12                    
     c.sub.4  -2.3529152.10.sup..sup.-15                                       
                                  5.5044338.10.sup..sup.-15                    
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A light weight hand-held device for magnified binocular viewing of
      fluorescent screens and the like, comprising only a single optical
      magnification system producing the entire desired magnification for
      binocular viewing, said optical magnification system including at least
      four individual lens elements with at least one aspherical surface, each
      of said individual lens elements being made of optical material having
      relatively low specific gravity and relatively high index of refraction,
      the magnification system being corrected, for an interpupillary distance
      (PS) of the optical system which corresponds approximately to the
      equivalent focal length ( f) of the system, for spherical aberration, sine
      condition, and for a viewing angle of more than 12.degree. for coma and
      astigmatism and distortion, said device having two rhombic prisms located
      behind the last surface of said single optical system, said prisms being
      so placed as to effect a pupillary division and to increase the
      interpupillary distance (PS) at said last surface to the interpupillary
      distance (PB) of an observer using the device, the lens elements and
      prisms being constructed and arranged with proportions substantially in
      accordance with the following structural data:
TBL             Thicknesses Glass                                              
     Lens Radii mm.   and Spacings, mm.                                        
                                    N       V                                  
     ______________________________________                                    
          R.sub.1                                                              
                = - 40.4                                                       
     L.sub.1              d.sub.1 =                                            
                               6.8        1.80518 23.43                        
          R.sub.2                                                              
                = - 26.8                                                       
                          d.sub.2 =                                            
                               0.1                                             
          R.sub.3                                                              
                = +494.0                                                       
     L.sub.2              d.sub.3 =                                            
                               6.2        1.713   53.83                        
          R.sub.4                                                              
                = -191.1                                                       
                          d.sub.4 =                                            
                               0.1                                             
          R.sub.5                                                              
                = + 93.7                                                       
     L.sub.3              d.sub.5 =                                            
                               7.9        "       "                            
          R.sub.6                                                              
                = -755.3                                                       
                          d.sub.6 =                                            
                               10.7                                            
          R.sub.7                                                              
                = -154.0                                                       
     L.sub.4              d.sub.7 =                                            
                               12.4       "       "                            
          R.sub.8                                                              
                = - 47.6                                                       
                          d.sub.8 =                                            
                               4.8                                             
          R.sub.9                                                              
                = -137.2                                                       
     L.sub.5              d.sub.9 =                                            
                               8.1        "       "                            
          R.sub.10                                                             
                = - 52.3                                                       
     ______________________________________                                    
     Focal length            = f =   32. mm                                    
     Distance from image being viewed to first                                 
                             = a =   7.0 mm                                    
     vertex                                                                    
     Interpupillary distance of system                                         
                             = PS =  25. mm                                    
     Interpupillary distance of observer                                       
                             = PB =  58-72 mm                                  
     Distance of exit pupil from last vertex                                   
     along stretched optical path, reduced to                                  
     air                     = D =   40 mm                                     
     Diameter of pupil       = P.sub.d =                                       
                                     6.0 mm                                    
     Diameter of image to be observed                                          
                             = B =   18.0 mm                                   
     Aspherical surfaces data:                                                 
         Surface R.sub.3                                                       
                       Surface R.sub.8                                         
                                     Surface R.sub.10                          
     ______________________________________                                    
     c.sub.1                                                                   
          2.0350869.10.sup..sup.-6                                             
                        1.5410828.10.sup..sup.-7                               
                                     -5.6828165.10.sup..sup.-10                
     c.sub.2                                                                   
         -1.3712518.10.sup..sup.-8                                             
                       -7.7980634.10.sup..sup.-10                              
                                      1.6465498.10.sup..sup.-9                 
     c.sub.3                                                                   
          2.2478209.10.sup..sup.-11                                            
                       -8.2352009.10.sup..sup.-13                              
                                     -9.6092972.10.sup..sup.-13                
     c.sub.4                                                                   
         -1.1904954.10.sup..sup.-14                                            
                        6.8468427.10.sup..sup.-16                              
                                      9.2018506.10.sup..sup.-16                
     ______________________________________                                    
PAL  wherein the individual lens elements numbered consecutively from front to
      rear are indicated by the respective subscript numerals used with the
      letter L, the radii of curvature of the surfaces of such lens elements are
      respectively indicated by the letter R with a numerical subscript
      corresponding to consecutive numbering of the surfaces from front to rear,
      the axial thicknesses of the respective lens elements and of the air space
      between the elements are respectively indicated by the letter d with a
      numerical subscript corresponding to consecutive numbering of such
      thicknesses in a single series applying to both the element thicknesses
      and the air space thicknesses, the index of refraction of the material of
      which each lens element is made is indicated in the column headed N, the
      index of dispersion of such material is indicated in the column headed V,
      both indices being with reference to the yellow helium line having a
      wavelength of 5875.6 Angstrom units, and the values respectively indicated
      by the letters C with numerical subscripts are the values of the
      coefficients used in defining the aspherical shape of the respectively
      indicated lens surfaces, according to the aspherical equation
EQU  p = h.sup.2 /2r + c.sub.1 h.sup.4 + c.sub.2 h.sup.6 + c.sub.3 h.sup.8 +
      c.sub.4 h.sup.10
PAL  wherein p = the height of arc or camber, h = the corresponding meridional
      coordinate, and r = the radius of the zenith or vertex.
NUM  2.
PAR  2. A light weight hand-held device for magnified binocular viewing of
      fluorescent screens and the like, comprising only a single optical
      magnification system producing the entire desired magnification for
      binocular viewing, said optical magnification system including at least
      four individual lens elements with at least one aspherical surface, each
      of said individual lens elements being made of optical material having
      relatively low specific gravity and relatively high index of refraction,
      the magnification system being corrected, for an interpupillary distance
      (PS) of the optical system which corresponds approximately to the
      equivalent focal length (f) of the system, for spherical aberration, sine
      condition, and for a viewing angle of more than 12.degree. for coma and
      astigmatism and distortion, said device having two rhombic prisms located
      behind the last surface of said single optical system, said prisms being
      so placed as to effect a pupillary division and to increase the
      interpupillary distance (PS) at said last surface to the interpupillary
      distance (PB) of an observer using the device, the lens elements and
      prisms being constructed and arranged with proportions substantially in
      accordance with the following structural data:
TBL              Thicknesses Glass                                             
     Lens Radii mm.    and Spacings, mm.                                       
                                     N      V                                  
     ______________________________________                                    
          R.sub.1                                                              
                = - 65.9                                                       
     L.sub.1               d.sub.1 =                                           
                                9.6        1.80518                             
                                                  25.43                        
          R.sub.2                                                              
                = - 27.6                                                       
                           d.sub.2 =                                           
                                0.1                                            
          R.sub.3                                                              
                = + 805.8                                                      
     L.sub.2               d.sub.3 =                                           
                                10.0       1.713  53.83                        
          R.sub.4                                                              
                = - 54.6                                                       
                           d.sub.4 =                                           
                                2.0                                            
          R.sub.5                                                              
                = -2660.7                                                      
     L.sub.3               d.sub.5 =                                           
                                9.0        "      "                            
          R.sub.6                                                              
                = - 427.8                                                      
                           d.sub.6 =                                           
                                8.0                                            
          R.sub.7                                                              
                = - 54.6                                                       
     L.sub.4               d.sub.7 =                                           
                                8.9        "      "                            
          R.sub.8                                                              
                = - 45.3                                                       
                           d.sub.8 =                                           
                                4.6                                            
          R.sub.9                                                              
                = - 109.0                                                      
     L.sub.5               d.sub.9 =                                           
                                8.6        "      "                            
          R.sub.10                                                             
                = - 48.3                                                       
     ______________________________________                                    
     Focal length            = f =   32. mm                                    
     Distance from image being viewed to first                                 
                             = a =   8.3 mm                                    
     vertex                                                                    
     Interpupillary distance of system                                         
                             = PS =  25 mm                                     
     Interpupillary distance of observer                                       
                             = PB =  58-72mm                                   
     Distance of exit pupil from last vertex                                   
     along stretched optical path, reduced to                                  
     air                     = D =   40 mm                                     
     Diameter of pupil       = P.sub.d =                                       
                                     6.0 mm                                    
     Diameter of image to be observed                                          
                             = B =   18.0 mm                                   
     Aspherical surface data, for surface R.sub.10 :                           
     c.sub.1 = 5.7415848.10.sup..sup.-7                                        
                      c.sub.2 = 8.2395839.10.sup..sup.-10                      
     c.sub.3 = -1.5014718.10.sup..sup.-12                                      
                      c.sub.4 = 1.3082327.10.sup..sup.-15                      
     ______________________________________                                    
PAL  wherein the individual lens elements numbered consecutively from front to
      rear are indicated by the respective subscript numerals used with the
      letter L, the radii of curvature of the surfaces of such lens elements are
      respectively indicated by the letter R with a numerical subscript
      corresponding to consecutive numbering of the surfaces from front to rear,
      the axial thicknesses of the respective lens elements and of the air
      spaces between the elements are respectively indicated by the letter d
      with a numerical subscript corresponding to consecutive numbering of such
      thicknesses in a single series applying to both the element thicknesses
      and the air space thicknesses, the index of refraction of the material of
      which each lens element is made is indicated in the column headed N, the
      index of dispersion of such material is indicated in the column headed V,
      both indices being with reference to the yellow helium line having a
      wavelength of 5875.6 Angstrom units, and the values respectively indicated
      by the letters C with numerical subscripts are the values of the
      coefficients used in defining the aspherical shape of the respectively
      indicated lens surfaces, according to the aspherical equation
EQU  p =  h.sup.2 /2r + c.sub.1 h.sup.4 + c.sub.2 h.sup.6 + c.sub.3 h.sup.8 +
      c.sub.4 h.sup.10
PAL  wherein p = the height of arc or camber, h = the corresponding meridional
      coordinate, and r = the radius of the zenith or vertex.
NUM  3.
PAR  3. A light weight hand-held device for magnified binocular viewing of
      fluorescent screens and the like, comprising only a single optical
      magnification system producing the entire desired magnification for
      binocular viewing, said optical magnification system including at least
      four individual lens elements with at least one aspherical surface, each
      of said individual lens elements being made of optical material having
      relatively low specific gravity and relatively high index of refraction,
      the magnification system being corrected, for an interpupillary distance
      (PS) of the optical system which corresponds approximately to the
      equivalent focal length (f) of the system, for spherical aberration, sine
      condition, and for a viewing angle of more than 12.degree. for coma and
      astigmatism and distortion, said device having two rhombic prisms located
      behind the last surface of said single optical system, said prisms being
      so placed as to effect a pupillary division and to increase the
      interpupillary distance (PS) at said last surface to the interpupillary
      distance (PS) of an observer using the device, the lens elements and
      prisms being constructed and arranged with proportions substantially in
      accordance with the following structural data:
TBL              Thicknesses Glass                                             
     Lens Radii mm.    and Spacings, mm.                                       
                                     N      V                                  
     ______________________________________                                    
          R.sub.1 = -494.0                                                     
     L.sub.1           d.sub.1 =                                               
                              9.6        1.713  53.83                          
          R.sub.2 = - 53.8                                                     
                       d.sub.2 =                                               
                              0.1                                              
          R.sub.3 = + 50.8                                                     
     L.sub.2           d.sub.3 =                                               
                              15.0       "      "                              
          R.sub.4 = -112.2                                                     
                       d.sub.4 =                                               
                              7.8                                              
          R.sub.5 = - 75.5                                                     
     L.sub.3           d.sub.5 =                                               
                              10.0       "      "                              
          R.sub.6 = - 50.1                                                     
                       d.sub.6 =                                               
                              3.9                                              
          R.sub.7 = - 99.3                                                     
     L.sub.4           d.sub.7           "      "                              
          R.sub.8 = - 48.0                                                     
     ______________________________________                                    
     Focal length            = f 32  32. mm                                    
     Distance from image being viewed to first                                 
                             = a =   10.4 mm                                   
     vertex                                                                    
     Interpupillary distance of system                                         
                             = PS =  25 mm                                     
     Interpupillary distance of observer                                       
                             = PB =  58-72mm                                   
     Distance of exit pupil from last vertex                                   
     along stretched optical path, reduced to                                  
     air                     = D =   40 mm                                     
     Diameter of pupil       = P.sub.d =                                       
                                     6.0 mm                                    
     Diameter of image to be observed                                          
                             = B =   18.0 mm                                   
     Aspherical surfaces data:                                                 
               R.sub.3          R.sub.8                                        
     ______________________________________                                    
     c.sub.1  -3.075859.10.sup..sup.-6                                         
                                  1.6200846.10.sup..sup.-6                     
     c.sub.2  -2.3933100.10.sup..sup.-9                                        
                                  4.4770853.10.sup..sup.-9                     
     c.sub.3   5.0879675.10.sup..sup.-12                                       
                                 -8.5488883.10.sup..sup.-12                    
     c.sub.4  -2.3529152.10.sup..sup.-15                                       
                                  5.5044338.10.sup..sup.-15                    
     ______________________________________                                    
PAL  wherein the individual lens elements numbered consecutively from front to
      rear are indicated by the respective subscript numerals used with the
      letter L, the radii of curvature of the surfaces of such lens elements are
      respectively indicated by the letter R with a numerical subscript
      corresponding to consecutive numbering of the surfaces from front to rear,
      the axial thicknesses of the respective lens elements and of the air
      spaces between the elements are respectively indicated by the letter d
      with a numerical subscript corresponding to consecutive numbering of such
      thicknesses in a single series applying to both the element thicknesses
      and the air space thicknesses, the index of refraction of the material of
      which each lens element is made is indicated in the column headed N, the
      index of dispersion of such material is indicated in the column headed V,
      both indices being with reference to the yellow helium into having a
      wavelength of 5875.6 Angstrom units, and the values respectively indicated
      by the letters C with numerical subscripts are the values of the
      coefficients used in defining the aspherical shape of the respectively
      indicated lens surfaces, according to the aspherical equation
EQU  p =  h.sup.2 /2r + c.sub.1 h.sup.4 + c.sub.2 h.sup.6 + c.sub.3 h.sup.8 +
      c.sub.4 h.sup.10
PAL  wherein p = the height of arc or camber, h = the corresponding meridional
      coordinate, and r = the radius of the zenith or vertex.
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PAL  A retrofocus type objective lens system consists of five lenses, from the
      object side, a front first lens, a biconvex second lens, a biconcave third
      lens, a positive meniscus fourth lens having a rear convex surface, and a
      positive fifth lens, the system satisfying the following conditions:
EQU  a. d.sub.4 &gt; d.sub.5 + d.sub.6 + d.sub.7 + d.sub.8 + d.sub.9
EQU  b. 0.7d.sub.4 &lt; d.sub.3 &lt; 1.3d.sub.4
EQU  c. - 0.5 &lt;r3/r4 &lt;-0.1
EQU  d. N.sub.1 &lt; N.sub.3
EQU  e. d.sub.2 &gt; 0.2f
PAL  Wherein r.sub.j is the radius of curvature of the jth lens surface,
      designated sequentially from the object side: d.sub.j is the axial
      distance between the jth and the j+1 lens surfaces; N.sub.i is the
      refractive index of the ith lens; and f is the focal length of the entire
      lens system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a retrofocus type objective lens
      system, and more particularly to a retrofocus type objective lens system
      for use in a single lens reflex camera having a backfocus longer than 0.9
      times the focal length of the entire lens system.
PAR  A known retrofocus type lens for use in a single reflex camera incorporates
      a divergent lens ahead of the entire lens system and a convergent lens in
      the rear half portion thereof overcoming the divergency of the aforesaid
      lens system, for the purpose of obtaining a long backfocus. An attempt to
      achieve better compensation for the aberration of the entire lens system
      results in a complicated construction of the lenses. The objective lenses
      of the retrofocus type of this kind consists of five lenses and are known
      as the simplest construction of lenses, i.e., consisting from the object
      side, a first negative lens, a second positive lens, a third negative
      lens, a fourth positive lens and a fifth positive lens.
PAR  According to the present invention, there is provided a small size and
      light weight objective lens system having an image forming capability at
      least equal to or better than that of the conventional retrofocus type
      lens system which consists of six or seven lenses, by providing an
      improved lens arrangement and dimensional relationship of the retrofocus
      type lens system consisting of five components defining five lenses.
PAC  OBJECT OF THE INVENTION
PAR  It is an object of the present invention to provide a retrofocus type
      objective lens system whose backfocus is longer than 0.9 times as long as
      the focal length (f) of the entire lens system and in which aberration is
      well compensated, said system consisting of five components defining five
      lenses.
PAR  It is another object of the invention to provide a retrofocus type
      objective lens system whose backfocus is longer than 0.9 times as long as
      the focal length of the entire lens system and which is adapted for use as
      an interchangeable lens in a single reflex camera having a field angle of
      over 64.degree. and being light in weight, said system consisting of five
      components, five lenses.
PAR  These and other objects and features of the present invention will be
      apparent from the reading of the following description in conjunction with
      the accompanying drawings, which set forth embodiments of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that the above and related objects of the invention may
      be readily attained in a retrofocus type objective lens system of five
      groups, five lenses consisting, from the object side, of a negative
      meniscus first lens having a convex surface facing the front or object
      side, a second lens having convex surfaces on both sides, a third lens
      having concave surfaces on both sides, a positive meniscus fourth lens
      having a convex surface facing the rear or image side and a fifth positive
      lens, said system satisfying the following conditions:
EQU  a. d.sub.4 &gt; d.sub.5 + d.sub.6 + d.sub.7 + d.sub.8 + d.sub.9
EQU  b. 0.7d.sub.4 &lt; d.sub.3 &lt; 1.3d.sub.4
EQU  c. -0.5 &lt; r3/r4 &lt; -0.1
EQU  d. N.sub.1 &lt; N.sub.3
EQU  e. d.sub.2 &gt; 0.2f
PAL  wherein r1, r2, r3, r4 . . . r10 are the radii of curvatures of the lens
      refracting surfaces arranged sequentially from the object side; d.sub.1,
      d.sub.2 . . . d.sub.9 are the axial lengths between the refracting
      surfaces arranged sequentially from the object side; N.sub.1, N.sub.2 . .
      . N.sub.5 are the refractive indexes of the lenses arranged sequentially
      from the object side; and f is focal length of the entire lens system.
PAR  Since the objective lens system according to the present invention is of a
      retrofocus type, it is required that a divergent lens be disposed at the
      forward side of the lens system. According to the present invention, a
      single negative first lens placed closest to the object side is used as
      the aforesaid divergent lens, while a biconvex second lens follows this
      single meniscus negative lens and possesses an axial position and
      configuration as defined in the conditions (a), (b), (c), thereby
      providing a retrofocus type objective lens system having the least number
      of lenses, yet possessing effective aberration compensation.
PAR  More particularly, following the condition (a) the biconvex second lens is
      placed at a considerably greater air distance d4 apart from the lenses
      subsequent to the third lens inclusive, while the second lens is located
      somewhat ahead of the center of the entire lens system and has a
      relatively greater thickness as defined in the condition (b), thereby
      functioning to effectively compensate for coma aberration, distortion
      aberration and lateral chromatic aberration which are created by the first
      lens.
PAR  In addition to the aforesaid feature, the condition (c) permits proper
      compensation for coma aberration by means of the second lens and the
      minimization of spherical aberration a highly satisfactory degree, while
      the condition (d) provides a small Petzval sum and good image surface
      characteristic, while preventing the development of a halo component for
      improving the image contrast. Furthermore, the condition (e) presents a
      backfocus longer than 0.9 times the focal length of the entire lens system
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal medial sectional view of a retrofocus lens system
      embodying the present invention;
PAR  FIG. 2a, 2b and 2c are graphs illustrating the aberration characteristics
      of a specific example of the lens system of FIG. 1; and
PAR  FIGS. 3a, 3b and 3c are graphs similar to those of FIGS. 2a, 2b and 2c of
      another specific example of the lens system.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, the improved retrofocus type objective lens system
      consists of five consecutively designated lenses; a front or object side
      first lens G.sub.1 which is a negative meniscus lens with a rear concave
      face, a biconvex second lens G.sub.2, a biconcave third lens G.sub.3, a
      positive meniscus fourth lens G.sub.4 with a rear convex face and a
      positive fifth lens G.sub.5. The following Table 1 sets forth the specific
      dimensions and parameters of a lens system embodying the present invention
      in which r.sub.j is the radius of curvature of the jth lens surface which
      surfaces are successively designated from the front to the rear; d.sub.j
      is the axial distance between the jth lens surface and the j+1 surface,
      N.sub.i is the refractive index of the ith lens; and V.sub.i is the Abbe's
      number of the ith lens, the values of r.sub.j and d.sub.j being based on
      the focal length f of the lens system being equal to 1 :
TBL                TABLE I                                                     
     ______________________________________                                    
     f = 1.0 1:2.8                                                             
                field angle 2.omega. = 64.degree.                              
                               backfocus s' = 1.06                             
     radius of  length on   refractive  Abbe's                                 
     curvature  axis        index       number                                 
     ______________________________________                                    
     r1 =  2.3437                                                              
                d1 = 0.0441 N1 = 1.5714 v1 = 53.0                              
     r2 =  0.4709                                                              
                d2 = 0.3538                                                    
     r3 =  0.6206                                                              
                d3 = 0.28   N2 = 1.6583 v2 = 58.5                              
     r4 = -1.8643                                                              
                d4 = 0.3182                                                    
     r5 = -0.4012                                                              
                d5 = 0.0379 N3 = 1.6889 v3 = 31.2                              
     r6 =  2.3930                                                              
                d6 = 0.0283                                                    
     r7 = -1.4595                                                              
                d7 = 0.067  N4 = 1.7200 v4 = 50.3                              
     r8 = -0.4496                                                              
                d8 = 0.0029                                                    
     r9 =  2.4019                                                              
                d9 = 0.068  N5 = 1.6204 v5 = 60.3                              
     r10 = -1.1931                                                             
     ______________________________________                                    
PAL  In the aforesaid specific embodiment, d4=0.3182
EQU  d.sub.5 + d.sub.6 + d.sub.7 + d.sub.8 + d.sub.9 = 0.0379 + 0.0283 + 0.067 +
      0.0029 + 0.068 d.sub.5 + d.sub.6 + d.sub.7 + d.sub.8 + d.sub.9 = 0.2041
PAL  thus satisfying the condition (a) d.sub.4 &gt; d.sub.5 + d.sub.6 + d.sub.7 +
      d.sub.8 + d.sub.9 In addition, d.sub.3 = 0.28, d.sub.4 = 0.3182
EQU  d3/d4 = 1.136
PAL  thus satisfying the condition (b) 0.7d.sub.4 &lt; d.sub.3 &lt; 1.3d.sub.4
      Furthermore,
EQU  r3/r4 = 0.6206/-1.8643 .apprxeq. -0.333
PAL  thus satisfying the condition
EQU  (c) -0.5 &lt; r3/r4 &lt; -0.1
EQU  N.sub.1 =1.5714 &lt;N.sub.3 = 1.6583
PAL  thus satisfying the conditions that N.sub.1 &lt;N.sub.3 Furthermore, d.sub.2 =
      0.3538 &gt; 0.2 thus satisfying the condition that d.sub.2 &gt; 0.2f
PAR  Seidel's coefficient at each refracting surface in the objective lens
      system of the aforesaid first embodiment as specified in Table I are set
      forth in the following Table II:
TBL                                    TABLE II                                
     __________________________________________________________________________
          spherical             Petzval                                        
     surface                                                                   
          aberration                                                           
                  coma   astigmatism                                           
                                sum    distortion                              
     __________________________________________________________________________
     1    0.0179  0.0328 0.0601 0.1551 0.3940                                  
     2    -9.9235 1.5625 -0.2463                                               
                                -0.7721                                        
                                       0.1604                                  
     3    14.5162 0.3321 0.0076 0.6397 0.0148                                  
     4    2.2703  -1.4168                                                      
                         0.8842 0.2129 -0.6847                                 
     5    -12.48240                                                            
                  2.0868 -0.3488                                               
                                -1.0167                                        
                                       0.2283                                  
     6    -1.67585                                                             
                  -1.4327                                                      
                         -1.2249                                               
                                -0.1704                                        
                                       -1.1930                                 
     7    0.0690  0.2028 0.5957 -0.2868                                        
                                       0.9074                                  
     8    4.9718  -0.6484                                                      
                         0.0845 0.9311 -0.1324                                 
     9    0.0000  0.0002 0.0007 0.1594 0.5695                                  
     10   3.1335  -0.7222                                                      
                         0.1664 0.3209 -0.1123                                 
     .SIGMA.                                                                   
          0.8972  -0.0018                                                      
                         -0.0205                                               
                                0.1730 0.1521                                  
     __________________________________________________________________________
PAR  The excellent optical properties and aberration compensation of the lens
      system set forth in Table I are illustrated in the graphs shown in FIGS.
      2a, 2b and 2c.
PAR  A second specific embodiment of a retrofocus type objective lens system in
      accordance with the present invention is shown in the following Table III
      in which the designations are similar to those of the first specific
      embodiment.
TBL                TABLE III                                                   
     ______________________________________                                    
     f=1.0 1:2.8                                                               
               field angle 2.omega.=64.degree.                                 
                               backfocus s'=1.06                               
     radius of thickness   refractive  Abbe's                                  
     curvature on axis     index       number                                  
     ______________________________________                                    
     r1 = 2.5414                                                               
     r2 = 0.4915                                                               
               d1 = 0.0469 N1 = 1.5725 v1 = 57.5                               
     r3 = 0.6600                                                               
               d2 = 0.3284                                                     
     r4 =-1.8698                                                               
               d3 = 0.3345 N2 = 1.6968 v2 = 55.6                               
     r5 =-0.4287                                                               
               d4 = 0.2722                                                     
     r6 = 2.1911                                                               
               d5 = 0.0428 N3 = 1.7006 v3 = 30.1                               
     r7 =-1.9373                                                               
               d6 = 0.0376                                                     
     r8 =-0.4795                                                               
               d7 = 0.067  N4 = 1.7495 v4 = 50.1                               
     r9 = 4.3712                                                               
               d8 = 0.0029                                                     
     r10=-1.1652                                                               
               d9 = 0.068  N5 = 1.6214 v5 = 61.3                               
     ______________________________________                                    
PAR  In the last embodiment, as well,
EQU  d.sub.5 + d.sub.6 + d.sub.7 + d.sub.8 + d.sub.9 = 0.0428 + 0.0376 + 0.067 +
      0.0029 + 0.068 d.sub.5 + d.sub.6 + d.sub.7 + d.sub.8 + d.sub.9 = 0.2183 &lt;
      0.2722 = d.sub.4
PAL  thus satisfying the condition (a). Furthermore,
      ##EQU1##
      thus satisfying the condition (b). Furthermore,
      ##EQU2##
      thus satisfying the condition (c). Still further, N.sub.1 = 1.5725 &lt;
      N.sub.3 = 1.7006 thus satisfying the condition (d). Additionally, d.sub.2
      = 0.3284&gt; 0.2 thus satisfying the condition (e).
PAR  Seidel's coefficients at the respective refracting surfaces of the
      aforesaid second embodiment set forth in Table III are shown in the
      following Table IV :
TBL                                    TABLE IV                                
     __________________________________________________________________________
          spherical             Petzval                                        
     surface                                                                   
          aberration                                                           
                 coma    astigmatism                                           
                                sum    distortion                              
     __________________________________________________________________________
     1    0.0141 0.02858 0.0577 0.1432 0.4069                                  
     2    -8.8585                                                              
                 1.2967  -0.1898                                               
                                -0.7407                                        
                                       0.1362                                  
     3    11.8527                                                              
                 0.3852  0.0125 0.6221 0.0206                                  
     4    2.1255 -1.3671 0.8793 0.2196 -0.7068                                 
     5    -10.9140                                                             
                 2.2181  -0.4508                                               
                                -0.9608                                        
                                       0.2869                                  
     6    -1.6166                                                              
                 -1.3646 -1.1518                                               
                                -0.1880                                        
                                       -1.1310                                 
     7    0.1295 0.2877  0.6391 -0.2211                                        
                                       0.9286                                  
     8    5.1230 -0.7390 0.1066 0.8935 -0.1442                                 
     9    -0.0001                                                              
                 0.0040  -0.1058                                               
                                0.0876 0.4808                                  
     10   3.2265 -0.7520 0.1753 0.3289 -0.1175                                 
     .SIGMA.                                                                   
          1.0820 -0.0026 -0.0275                                               
                                0.1843 0.1604                                  
     __________________________________________________________________________
PAR  The excellent optical properties and aberration compensation of the lens
      system set forth in Table III are illustrated in the graphs shown in FIGS.
      3a, 3b and 3c.
PAR  The aforesaid condition (a) affords to the second lens G2 the function of
      positively compensating for coma, distortion, etc. which are created due
      to the first lens G1 of the single divergent system. If the air spacing d4
      between the second lens G2 and the third lens G3 is added to the value
      exceeding the upper or lower limit value of the condition (a), there will
      result an abrupt decrease in the compensating function, whereby there will
      be imposed a limitation on the refractive index of the first lens or the
      selection of the thickness of the lens so as to decrease coma or
      distortion.
PAR  In addition, since coma and the like are compensated for by means of lenses
      subsequent to the third lens, the freedom in the configuration of the
      lenses subsequent to the third lens will be lost or the number of those
      lenses has to be increased.
PAR  The condition (b) defines the thickness of the second lens G2 to a desired
      range with respect to the aforesaid air spacing d4, whereby the combined
      or multiplicated actions of the functions of the second lens G2 according
      to the condition (b) and the function of the second lens G2 according to
      the aforesaid condition (a) may well compensate for aberrations.
PAR  If the thickness d3 of the second lens G2 is smaller than that of the lower
      limit of the condition (b), then there will be an abrupt increase in the
      lateral chromatic aberration at the corner portions of the image surface,
      while the balance of coma will be lost over the entire surface of the
      image, thereby losing the sphero achromatic characteristic. On the other
      hand, if the thickness d3 exceeds the upper limit, then there will remain
      a negative distortion which will not allow for its compensation.
PAR  The condition (c) defines the relationship of the radii of curvatures r3
      and r4 of the second lens having convex surfaces on both sides, thereby
      optimizing the compensating function for coma, of the second lens G2,
      while maintaining minimized spherical aberration created due to the second
      lens G2. In other words, if the upper limit is exceeded, the spherical
      aberration produced thereby may not be compensated for by the third lens
      G3. If the lower limit is exceeded, then external coma is produced due to
      the second lens G2 as well as the third lens G3. However, this coma may
      not be compensated for by the other three lenses.
PAR  The condition (d) defines the relationship of the refractive indexes of the
      first lens G1 and the third lens G3, to thereby minimize the Petzval sum
      of the entire lens system, with the attendant good image surface. If the
      aforesaid condition (d) is not followed, there will result an increase in
      the halo component, although the Petzval sum may be reduced, thus
      impairing the contrast of the image materially, such that the performance
      of the entire lens system will be lowered at the time of the diaphragm
      being released.
PAR  The condition (e) defines an air spacing between the first lens G1 and the
      second lens G2, thereby limiting the second lens so as not to be
      over-biased forwardly. This condition (e) maintains the backfocus longer
      than 0.9 times as long as the focal length `f` of the entire lens system.
      If this condition is not followed, then there will be created considerable
      internal coma in the lens system, thus failing to meet practical
      application standards.
PAR  It should be appreciated that the present invention is by no means limited
      to the aforesaid two embodiments, but presents a retrofocus type objective
      lens system of five components, five lenses, which consists of a first
      lens of a negative meniscus, a second lens having convex surfaces on its
      both sides, a third lens having concave surfaces on its both sides, a
      fourth lens of a positive meniscus and having its convex surface facing
      the image side, and a fifth positive lens, and which system satisfies the
      aforesaid conditions (a) to (e), thereby presenting a long backfocus and
      being well compensated for the various aberrations.
PAR  It will be understood that the above description is merely illustrative of
      preferred embodiments of the invention. Additional modifications and
      improvements utilizing the discoveries of the present invention can be
      readily anticipated by those skilled in the art from the present
      disclosure, and such modifications and improvements may fairly be presumed
      to be within the scope and purview of the invention as defined by the
      claims that follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A retrofocus objective lens system comprising a negative meniscus front
      first lens having a concave rear face, a biconvex second lens, a biconcave
      third lens, a positive meniscus fourth lens with a convex rear face, and a
      positive fifth lens, said lens system satisfying the following conditions:
EQU  1.6 (d.sub.5 + d.sub.6 + d.sub.7 + d.sub.8 + d.sub.9)&gt;
EQU  d.sub.4 &gt; d.sub.5 + d.sub.6 + d.sub.7 + d.sub.8 + d.sub.9 0.7d.sub.4 &lt;
      d.sub.3 &lt; 1.3d.sub.4
      ##EQU3##
PAR  wherein r.sub.j is the radius of curvature of the jth lens face
      successively designated from the front lens face, and d.sub.j is the axial
      distance between the jth and the j+1 lens faces of the lens system.
NUM  2.
PAR  2. A retrofocus type objective lens as set forth in claim 1, wherein the
      arrangement and construction of the five lenses are as follows:
     f=1.0 1:2.8                                                               
               field angle 2.omega.=64.degree.                                 
                               backfocus s'=1.06                               
     radius of length on   refractive  Abbe's                                  
     curvature axis        index       number                                  
     ______________________________________                                    
     r1 = 2.3437                                                               
     r2 = 0.4709                                                               
               d1 = 0.0441 N1 = 1.5714 v1 = 53.0                               
     r3 = 0.6206                                                               
               d2 = 0.3538                                                     
     r4 =-1.8643                                                               
               d3 = 0.28   N2 = 1.6583 v2 = 58.5                               
     r5 =-0.4012                                                               
               d4 = 0.3182                                                     
     r6 = 2.3930                                                               
               d5 = 0.0379 N3 = 1.6889 v3 = 31.2                               
     r7 =-1.4595                                                               
               d6 = 0.0283                                                     
     r8 =-0.4496                                                               
               d7 = 0.067  N4 = 1.7200 v4 = 50.3                               
     r9 = 2.4019                                                               
               d8 = 0.0029                                                     
     r10=-1.1931                                                               
               d9 = 0.068  N5 = 1.6204 v5 = 60.3                               
     ______________________________________                                    
PAL  wherein Vi is the Abbe's number of the ith lens.
NUM  3.
PAR  3. A retrofocus type objective lens system set forth in claim 1, wherein
      the arrangement and construction of the five lenses are as follows.
TBL  f=1.0 1:2.8                                                               
               field angle 2.omega.=64.degree.                                 
                               backfocus s'=1.06                               
     radius of length      refractive   Abbe's                                 
     curvature on axis     index        number                                 
     ______________________________________                                    
     r1= 2.5414                                                                
     r2= 0.4915                                                                
               d1 = 0.0469 N1 = 1.5725  v1 = 57.5                              
     r3 = 0.6600                                                               
               d2 = 0.3284                                                     
     r4=-1.8698                                                                
               d3 = 0.3345 N2 = 1.6968  v2 = 55.6                              
     r5=-0.4287                                                                
               d4 = 0.2722                                                     
     r6=2.1911 d5 = 0.0428 N3 = 1.7006  v3 = 30.1                              
     r7=-1.9373                                                                
               d6 = 0.0376                                                     
     r8=-0.4795                                                                
               d7 = 0.067  N4 = 1.7495  v4 = 50.1                              
     r9=4.3712 d8 = 0.0029                                                     
     r10=-1.1652                                                               
               d9 = 0.068  N5 = 1.6214  v5 = 61.3                              
     ______________________________________                                    
PAL  Wherein Vi is the Abbe's number of the ith lens.
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PAL  This invention relates to a short focal length, large aperture optical
      system primarily designed to efficiently transmit light rays to an image
      plane with an extraordinarily high degree of correction over a prescribed
      field.
BSUM
PAR  This invention relates to a short focal length, large aperture optical
      system primarily intended for use in optical instruments.
PAR  Optical systems have been designed to efficiently transmit light rays to an
      image plane with an extraordinarily high degree of correction over a
      prescribed field. The optical system is of short focal length and high
      aperture to efficiently transmit light rays of a predetermined wavelength
      from a source of small size and to image an object, without degradation,
      on an image plane at a smaller size than that of the source, in this
      instance, a focused laser. Because the optical system is intended for use
      in a mass-produced instrument, such as video disc player, light weight,
      simplicity of design, ease of assembly, and low cost were desired as well.
      To accomplish these desired results, the optical systems are alternatively
      designed with either plastic elements, some having aspheric surfaces, or a
      combination of glass and plastic elements. The resulting optical systems
      are of relatively light weight and relatively low cost, yet are
      essentially diffraction limited over the prescribed field of view thereby
      providing an image of substantially better correction than might be
      anticipated. Further, the designs were selected to have desired
      performance characteristics notwithstanding anticipated tolerance
      variations during manufacture and assembly.
PAR  An object of the invention is to provide a short focal length, high
      aperture optical system for efficient transmission of light rays of a
      predetermined wavelength from a light source of limited diameter and to
      image the rays without degradation on an image plane at a smaller size
      than that of the source.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      detailed description which follows when taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic sectional view of a preferred optical system
      according to the present invention;
PAR  FIG. 2a to 2h are graphical representations of the various aberrations of
      the lens system shown in FIG. 1 and having the design data given in Table
      1;
PAR  FIG. 3 is a diagrammatic sectional view of an optical system similar to the
      optical system of FIG. 1;
PAR  FIG. 4a to 4h are graphical representations of the various aberrations of
      the lens system shown in FIG. 3 and having the design data given in Table
      3;
DETD
PAR  Referring to the drawings, optical systems are shown for critically imaging
      light rays from a source having a limited diameter and essentially a
      single wavelength. In this preferred embodiment, the light rays emanate
      from a source such as a focused laser generating rays at a wavelength of
      6328 Angstroms. The arrangement of elements, configured as hereinafter
      described, provides for critically imaging the focused beam to a point
      source of extremely small diameter, while providing a lightweight, highly
      corrected optical system which can be economically manufactured.
PAR  The optical system of FIG. 1 includes a first element L.sub.1, starting at
      the ray entrance side of the system. The element positioned nearest the
      light source (not shown) is of negative power.
PAR  The second element L.sub.2 is axially separated and air spaced from the
      first by element L.sub.1 by a relatively large distance. The second
      element collects the slightly divergent light beam from the first element
      and re-directs the rays to a spaced third element L.sub.3. This positive
      element L.sub.2 is of slightly larger diameter than element L.sub.1 to
      ensure impingement onto element L.sub.3 of substantially all of the light
      rays exiting therefrom notwithstanding some slight decentering or
      misalignment between the optical axes of the elements may occur during
      manufacture and/or assembly. Element L.sub.2 has a first surface S.sub.3
      formed aspherically.
PAR  The third element L.sub.3 is of slightly positive power and relays the
      light rays to a relatively thick positive element L.sub.4 having a forward
      aspheric surface. Together, these elements relay the light rays to the
      image plane to form a reduced image of the object.
PAR  The optical system of FIG. 1 is a 7.58mm (0.2983 inch) focal length
      objective having an effective aperture of f/1.07 (NA = 0.45). The system
      has a half angle of field of 2.58 degrees and is essentially diffraction
      limited over this prescribed field. As seen in FIGS. 2a-2h which
      diagrammatically represent aberrations of the FIG. 1 optical system, a
      combined high degree of correction is obtained while maintaining an
      extremely short focal length and a large effective aperture.
PAR  The optical design may be modified to be used with a protective cover of
      optical material to reduce potential damage to a surface carrying
      optically coded information at the image plane.
PAR  The optical values of the optical system of FIG. 1 are as follows:
TBL                TABLE 1                                                     
     ______________________________________                                    
     EFL = 7.58mm                                                              
     1/2 Angle of Field = 2.58.degree.                                         
     LENS  RADII          THICKNESS  SPACING                                   
           (IN.)          (IN.)       (IN.)                                    
     ______________________________________                                    
     L.sub.1                                                                   
           R.sub.1 =                                                           
                   .3000                                                       
                              D.sub.1 = .0500                                  
           R.sub.2 =                                                           
                   .4561                                                       
                                       S.sub.1 = .6391                         
     L.sub.2                                                                   
           *R.sub.3 =                                                          
                   -18.01123                                                   
                              D.sub.2 = .0993                                  
           R.sub.4 =                                                           
                   .7530                                                       
                                       S.sub.2 = .0500                         
     L.sub.3                                                                   
           R.sub.5 =                                                           
                   .6069                                                       
                              D.sub.3 = .1073                                  
           R.sub.6 =                                                           
                   6.5060                                                      
                                       S.sub.3 = .0070                         
     L.sub.4                                                                   
           *R.sub.7 =                                                          
                   .23131                                                      
                              D.sub.4 = .2923                                  
           R.sub.8 =                                                           
                   -.2161                                                      
                                       S.sub.4 = .1450 BFL                     
     ______________________________________                                    
      ALL ELEMENTS: V=57.4, N.sub.D =1.4917                                    
PAR  In the above table, the first column lists the lens elements numerically
      starting at the ray entrance side of the system. The second column lists
      for the respective surfaces of the elements the radii and the vertex radii
      of the aspheric surfaces *R.sub.3 and *R.sub.7 and wherein the aspheric
      surface is obtained from the formula:
      ##EQU1##
      where 1/K is the vertex radius of curvature of the surface of the element;
      H is the Cartesian coordinate of a point on the surface referred in a
      vertical axis; Z is the Cartesian coordinate of a point on the surface
      referred in a horizontal axis. The "-" (negative) values of the radii
      indicate surfaces which are concave. The third column lists the thickness
      of the respective elements. The fourth column lists the axial spacings
      between the respective elements and the nominal image plane. "EFL" is the
      effective focal length of the lens system. "1/2 Angle of Field" is
      one-half the angle between the continuation of the lens axis and a line
      from the nodal point of the lens to the most oblique point recorded on the
      film.
PAR  FIG. 2a to 2h graphically represent various aberrations of this form of the
      optical system, as shown in FIG. 1 and having the design data recited in
      Table 1. FIG. 2a represents monochromatic correction of the rays on axis.
      FIG. 2b represents off axis aberrations of a ray passing from the zone of
      the film format and through the lens transversely and tangentially. FIG.
      2c represents the aberrations of the rays passing from the corner of the
      film format through the lens tangentially and transversely. FIG. 2d
      represents the radial or longitudinal aberrations from the zone of the
      film format of rays entering the lens at 3 o'clock, while FIG. 2e
      represents similar aberrations from full field or corner rays. FIG. 2f
      represents distortion as a percentage of a "perfect" point image position.
      FIG. 2g represents the spherical aberrations by a full line and the
      offense-against-sine-condition by the dotted line. FIG. 2h represents the
      curvature of field with tangential curvature being shown in full line and
      sagittal curvature being shown in dashed line.
PAR  In the alternative embodiment of FIG. 3, as detailed in Table 3 designed as
      a triplet, the all-plastic optical system has similar optical
      characteristics and a similarily high degree of correction to the lens
      design of FIG. 1. The elements are manufactured, preferably by molded
      plastic such as acrylic and particularly of polymethylmethacrylate. Two
      elements in the positive component group of the system are made with an
      aspheric surface. The aspheric elements enable obtaining the desired
      degree of correction with little weight and the use relatively inexpensive
      plastic material. By manufacture of the elements of plastic, enabling
      molding of aspheric surfaces and surfaces having smaller than usual radii,
      the optical system can be more economically manufactured than might be
      anticipated, while the degree of optical corrections are retained.
PAR  The optical values of the optical system of FIG. 3 are as follows:
TBL                TABLE 3                                                     
     ______________________________________                                    
     EFL = 7.61 mm (.2995 inches)                                              
     1/2 Angle of Field 2.58.degree.                                           
     LENS  RADII ( IN.)                                                        
                       THICKNESS (IN.)                                         
                                     SPACINGS (IN.)                            
     ______________________________________                                    
     L.sub.1                                                                   
            R.sub.1 =- .2116                                                   
                       D.sub.1 = .0747                                         
            R.sub.2 = .2472                                                    
                                     S.sub.1 = .6402                           
     L.sub.2                                                                   
           *R.sub.3 = .54167                                                   
                       D.sub.2 = .1241                                         
            R.sub.4 = 1.1632                                                   
                                     S.sub.2 = .0249                           
     L.sub.3                                                                   
           *R.sub.5 = .23512                                                   
                       D.sub.3 = .2579                                         
            R.sub.6 =- .6838                                                   
                                     S.sub.3 = .1449 BFL                       
     ______________________________________                                    
      ALL ELEMENTS: V=57.4, N.sub.D =1.4917                                    
PAR  In the above table, the first column lists the lens elements numerically
      starting at the ray entrance side of the system being formed, for example,
      by molding from plastic, such as polymethylmethacrylate. Each of the
      elements has the same dispersive index and refractive index, i.e., V=57.4
      and N.sub.D =1.4917 and N.sub.(6328 A) =1.4898. The second column lists
      the respective radii and/or the aspheric term A, which is derived by the
      formula:
TBL  Z.sub.1 = (K(H.sup.2 -Z.sub.0.sup.2) +2(AH.sup.4 +BH.sup.6 +CH.sup.8      
     +DH.sup.10))/(2(1-KZ.sub.0))                                              
     1/K = RADIUS                                                              
TBL  Aspheric   *R.sub.3    *R.sub.5                                           
     ______________________________________                                    
     Radius      .54167      .23512                                            
     K           1.84613    4.25306                                            
     A          -0.80893    -.18099.times.10.sup.1                             
     B          - .17946.times.10.sup.1                                        
                            -.23595.times.10.sup.2                             
     C          - .84477     .78638.times.10.sup.1                             
     D          - .45281.times.10.sup.3                                        
                             .79084.times.10.sup.2                             
     ______________________________________                                    
PAL  where 1/K is the vertex radius of curvature of the surface of the element;
      H is the Cartesian coordinate of a point on the surface referred in a
      vertical axis; Z is the Cartesian coordinate of a point on the surface
      referred in a horizontal axis. The "-" (negative) values of the radii
      indicate surfaces which are concave. The third column lists the thickness
      of the respective elements. The fourth column lists the axial spacings
      between the respective elements and the nominal image plane.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical system of relatively short focal length and large aperture
      having substantially the following specification:
TBL  EFL = 7.58mm                                                              
     1/2 Angle of Field = 2.58.degree.                                         
     LENS  RADII (IN.)  THICKNESS (IN.)                                        
                                      SPACING (IN.)                            
     ______________________________________                                    
     L.sub.1                                                                   
            R.sub.1 =- .3000                                                   
                        D.sub.1 = .0500                                        
            R.sub.2 =  .4561                                                   
                                      S.sub.1 = .6391                          
     L.sub.2                                                                   
           *R.sub.3 =-18.01123                                                 
                        D.sub.2 = .0993                                        
           [R.sub.3 =  A(1)]                                                   
            R.sub.4 =  .7530                                                   
                                      S.sub.2 = .0500                          
     L.sub.3                                                                   
            R.sub.5 =  .6069                                                   
                        D.sub.3 = .1073                                        
            R.sub.6 = 6.5060                                                   
                                      S.sub.3 = .0070                          
     L.sub.4                                                                   
           *R.sub.7 =  .23131                                                  
                        D.sub.4 = .2923                                        
           [R.sub.7 =  A(2)]                                                   
           [R.sub.8 =-  .6121]                                                 
            R.sub.8 =- .2161                                                   
                                      S.sub. 4 = .1450 BFL                     
     ______________________________________                                    
      ALL ELEMENTS: V=57.4, N.sub.D =1.4917                                    
PAL  wherein the first column lists the lens elements numerically starting at
      the ray entrance side of the system which elements each have the same
      dispersive index and refractive index; the second column lists the
      respective base radii and the vertex radii of the aspheric surfaces
      *R.sub.3 and *R.sub.7 ; the negative (-) values of the radii indicate
      surfaces which are concave; the third column lists the thickness D.sub.1
      to D.sub.4 of the respective elements; and the fourth column lists the
      axial spacings S.sub.1 to S.sub.4 between the respective elements, and the
      image plane.
NUM  2.
PAR  2. An optical system of relatively short focal length and large aperture
      having substantially the following specification:
TBL  EFL = 7.61mm (.2995 inches)                                               
     1/2 Angle of Field 2.58.degree.                                           
     LENS  RADII (IN.)  THICKNESS (IN.)                                        
                                      SPACING (IN.)                            
     ______________________________________                                    
     L.sub.1                                                                   
            R.sub.1 =- .2116                                                   
                        D.sub.1 = .0747                                        
            R.sub.2 = .2472                                                    
                                      S.sub.1 = .6402                          
     L.sub.2                                                                   
           *R.sub.3 = .54167                                                   
                        D.sub.2 = .1241                                        
           [R.sub.3 =  A(1)]                                                   
            R.sub.4 = 1.1632                                                   
                                      S.sub.2 = .0249                          
     L.sub.3                                                                   
           *R.sub.5 = .23512                                                   
                        D.sub.3 = .2579                                        
           [R.sub.5 =  A(2)]                                                   
            R.sub.6 =- .6838          S.sub.3 = .1449 BFL                      
     ______________________________________                                    
      ALL ELEMENTS: V=57.4, N.sub.D =1.4917                                    
PAL  wherein the first column lists the lens elements numerically starting at
      the ray entrance side of the system which elements each have the same
      dispersive index and refractive index; the second column lists the
      respective base radii and the vertex radii of the aspheric surfaces
      *R.sub.3 and *R.sub.5 ; the negative (-) values of the radii indicate
      surfaces which are concave; the third column lists the thickness D.sub.1
      to D.sub.3 of the respective elements; and the fourth column lists the
      axial spacings S.sub.1 to S.sub.3 between the respective elements, and the
      image plane.
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PAL  A triplet-type three element lens comprises three lens elements made of
      substantially the same optical glass. The glass may be crown glass having
      an Abbe number greater than 50, a refractive index of less than 1.535 and
      a specific gravity of less than 2.7. The lens may be symmetrical
      comprising front and rear planoconvex lenses and a central biconcave lens.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a three-element projection lens of the triplet
      type, in particular for overhead projectors, with a convergent front lens,
      a divergent center lens and a convergent rear lens.
PAC  BACKGROUND OF THE INVENTION
PAR  In overhead projectors, and other similar large-format projection systems,
      lenses of considerable overall diameter are required. In order to keep
      expenditures within acceptable limits, simple lenses in the form of two
      meniscus elements are frequently used, with a mirror normally being
      provided between the two meniscus elements. The overall diameters of the
      meniscus elements can, for example, amount to 95 mm. The reproduction
      quality attainable using meniscus elements of this kind is, however, only
      of moderate order. Better overhead projectors, therefore, contain more
      expensive lenses, preferably three-element triplet-type anastigmatic
      systems, a deflecting mirror conveniently being arranged above the lens.
      Of course, the considerable extra costs incurred by the requisite lens
      sizes have to be accepted. These costs are due in particular to the
      quantity and quality of the optical glass needed.
PAR  It is an object of the invention to provide a projection lens which is
      highly suitable for overhead projectors and other similar applications,
      and which can be manufactured with comparatively little outlay and at low
      costs.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a projection lens of the kind referred to
      above is characterised in that all three lens elements are made of
      substantially the same optical glass.
PAR  A lens in accordance with the invention is thus in clear contrast to the
      known triplet systems in which, throughout, the obvious principle is
      followed that, in view of the positive overall focal length and the
      positive individual focal lengths of the front and rear elements, the
      divergent central lens is made of a glass which has a substantially higher
      dispersion effect than the glasses used for manufacture of the front and
      rear elements, in order to be able to compensate for the dispersion
      factors of the latter. This fundamental principle has controlled all
      previous thinking as far as the triplet type of lens system is concerned.
PAR  It has been found, however, that in a projection lens in accordance with
      the invention, using three elements of the same glass, it is possible to
      achieve straight forward correction conditions which yield a very
      satisfactory reproduction quality in the projection of relatively large
      originals, considering the normally moderate enlargements usually then
      involved. This applies in particular to the sizes of originals employed in
      process or overhead projectors, in which, in addition, there is still a
      relatively small aperture, considered in relation to other projectors, for
      the passage of the light rays. The said correcting conditions are also
      permitted because in a triplet lens system, thanks to good spherical
      correction, (something which is not possible with meniscus-type lenses),
      the effects of the longitudinal chromatic aberration can be reduced and
      the transverse chromatic aberration compensated for by an appropriate
      correction, it being possible in particular to exclude transverse
      chromatic aberration by a symmetrical design of the objective, thereby
      achieving significant production advantages.
PAR  It should be appreciated that, in a lens in accordance with the invention,
      all the elements will preferably be made of crown glass, i.e. a glass
      having a low dispersion effect, because the local chromatic aberrations
      which are due to uncompensated residual dispersion, can then be rendered
      correspondingly small. Preferentially, the Abbe number of the glass will
      be in excess of 50.
PAR  A glass of relatively low refractive index is preferably used, in
      particular one having a refractive index less than 1.533. This measure is
      quite unusual in relation to the center element of three element lenses,
      because in the known triplets, flint glasses are used for the center lens,
      i.e. glasses of high dispersion effects in order to correct chromatic
      aberrations, these glasses invariably having subsstantially higher
      refractive indices. In a projection lens in accordance with the invention,
      however, the advantage of the low-price, low refractive index, relatively
      simple crown glasses can be exploited without reservation because, in
      contrast with conventional three-element systems in which the first and
      third lenses consist of crown glasses, while the center lens is made of a
      flint glass having a higher refractive index, the low refractive index of
      a like crown glass center element has a favourable influence upon the
      Petzval curvature.
PAR  Because of the low refractive index of the center lens, which is designed
      to have a negative focal length, even at low refractive powers or larger
      radii of curvature, adequate Petzval curvature values are obtained. This
      enables thinner lens elements to be made, i.e. the amount of material
      involved is less (this is a particularly important factor when relatively
      large lens element diameters are involved) and also allows relatively
      large radii of curvature to be used, so that economic processing of the
      lens elements is easier to achieve. By way of comparison, it might be
      mentioned that, in normal double meniscus lens systems, the Petzval sum is
      about 0.7 while in normal anastigmatic systems it is about 0.4, whereas in
      a lens in accordance with the invention it can be about 0.5. It will thus
      be seen that a lens in accordance with the invention, despite the
      considerably simpler structure which it possesses as compared with normal
      anastigmatic systems, enables a similar improvement in the flattening of
      the image field to be achieved when considered in relation to double
      meniscus lenses of similar, simple glasses. The inherent advantage of the
      triplet over the double meniscus system, i.e. of a shorter installed
      length, is of course also retained. Consequently, a triplet lens in
      accordance with the invention, can be built with relatively small lens
      element diameters. This reduces the material and other costs, not only in
      respect of the lens itself but also in respect of the diffracting mirror
      which can then be arranged outside the lens and still have an acceptable
      size, so that it can be pivoted in the normal way without interfering with
      the beam of light passing through the lens. In a double meniscus lens
      system, in which the mirror is normally arranged between the two lens
      elements, on the other hand, any pivoting on the part of the mirror is
      accompanied by attendant impairment because the optical axis then migrates
      a considerable way from the axis of the front lens.
PAR  In order to achieve the desired reduction in the amount of material used,
      it is advantageous, furthermore, if all the lens elements are made of a
      glass of relatively low density, in particular a density of less than 2.7
      g/cm.sup.3. It will be appreciated from the foregoing statements that a
      simple and relatively inexpensive optical crown glass will be suitable for
      a projection lens in accordance with the invention, i.e. a glass of the
      kind used on a large scale by many manufacturers for simple optical
      equipment. A typical representative of a mass-produced glass of this kind
      is the crude spectacle glass manufactured by numerous glass makers, with a
      refractive index of n.sub.d = 1.52249 and an Abbe number of v = 59.6. This
      glass is sold, for example, under the trade name K5 by the firm Jenaer
      Glaswerks Schott & Gen. A further advantage resides in the fact that this
      glass, and indeed any other ordinary crown glass, generally has favourable
      optical properties of application. For example it has a relatively low
      specific gravity, has good optical transparency, has high chemical
      resistance and is extremely scratch and wipe-resistant.
PAR  During the manufacture of a projection lens in accordance with the
      invention it is possible to introduce further simplifications without
      appreciably impairing the optical quality of the lens. In particular, the
      front and rear lens elements may be identical planaoconvex elements. In
      the manufacture of the lens elements this simplifies their storage as well
      as assembly of the lens. The center lens element can, in particular, if
      inherently symmetrical in design, be a biconcave lens with two identical
      radii of curvature. This, too, is clearly of advantage from the production
      point of view.
PAR  The cost of a set of unground pressings from a factory, in the case of
      projection lenses in accordance with the invention, is only a fraction of
      the cost of comparable conventional triplet-type anastigmatic projection
      lenses.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a first embodiment of projection
      lens, and
PAR  FIG. 2 is a schematic illustration of a second embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The lens shown in FIG. 1 is symmetrical vis-a-vis the center element
      L.sub.2 and has the further advantage from the production point of view
      that the front element L.sub.1 and the rear element L.sub.3 are identical
      planoconvex lenses, and that the center element L.sub.2 is a biconcave
      lens with two identical radii of curvature. The parameters of the lens
      are, considered in relation to an image-side focal length of f' = 100, as
      follows:
PA0  Image intercept length s' = 92.69
PA0  Image angle 26 = 43.degree.
PA0  Petzval sum .SIGMA.P = 0.524
TBL  Lens                                                                      
        element/Radii                                                          
                Thicknesses                                                    
                       Refractive                                              
                             Dispersion                                        
                                   Diameter                                    
                       Index n.sub.d                                           
                             v.sub.d                                           
     __________________________________________________________________________
        r.sub.1 = +28.132                                                      
     L.sub.1    d.sub.1 = 2.49                                                 
                       1.52249                                                 
                             59.48 19.4                                        
        r.sub.2 = plane                                                        
                P.sub.1 = 4.52                                                 
        r.sub.3 = -35.827                                                      
     L.sub.2    d.sub.2 = 0.87                                                 
                       1.52249                                                 
                             59.48 15.3                                        
        r.sub.4 = +35.827                                                      
                P.sub.2 = 4.52                                                 
        r.sub.5 = plane                                                        
     L.sub.3    d.sub.3 = 2.49                                                 
                       1.52249                                                 
                             59.48 19.4                                        
        r.sub.6 = -28.132                                                      
     __________________________________________________________________________
PAL  Fig. 2 illustrates an asymmetric embodiment, with the following parameters
      again related to a focal length of f' = 100:
PA0  Intercept length s' = 86.06
PA0  Image angle 26 =  48.degree.
PA0  Petzval sum .SIGMA.P = 0.401
     Lens                                                                      
        element/Radii                                                          
                 Thicknesses                                                   
                        Refractive                                             
                              Dispersion                                       
                                    Diameter                                   
                        Index n.sub.d                                          
     __________________________________________________________________________
        r.sub.1 = +16.344                                                      
     L.sub.1     d.sub.1 = 3.95                                                
                        1.52249                                                
                              59.48 16.5                                       
        r.sub.2 = -82.598                                                      
                 1.sub.1 = 1.27                                                
        r.sub.3 = -43.484                                                      
     L.sub.2     d.sub.2 = 0.51                                                
                        1.52249                                                
                              59.48 16.5                                       
        r.sub.4 = +16.180                                                      
                 1.sub.2 = 11.04                                               
        r.sub.5 = +137.117                                                     
     L.sub.3     d.sub.3 = 2.36                                                
                        1.52249                                                
                              59.48 20.6                                       
        r.sub.6 = -62.876                                                      
     __________________________________________________________________________
PAR  The two examples described show that within the context of the invention
      lenses of widely differing form are possible so that there is a
      correspondingly wide scope for the creation of other embodiments.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A triplet-type three-element projection lens particularly suitable for
      overhead projectors projecting non-monochromatic light, comprising, in
      combination, a convergent front lens element, a divergent center lens
      element and a convergent rear lens element in aligned relationship
      defining a light path, said lens elements being formed of substantially
      the same optical glass having a refractive index of less than 1.535, said
      lens having the following design parameters, related to a focal length of
      f' = 100:
PA1  Image intercept length s' = 92.69
PA1  Image angle 26 = 43.degree.
PA1  Petzval .SIGMA.P = 0.524
TBL                            Re-    Dis-                                     
     Lens element/Radii                                                        
                      Thick-   fractive                                        
                                      persion                                  
                                             Dia-                              
                      nesses   Index n.sub.d                                   
                                      v.sub.d                                  
                                             meter                             
     ______________________________________                                    
          r.sub.1 = +28.132                                                    
     L.sub.1          d.sub.1 = 2.49                                           
                               1.52249                                         
                                      59.48  19.4                              
          r.sub.2 = plane                                                      
                      p.sub.1 = 4.52                                           
          r.sub.3 = -35.827                                                    
     L.sub.2          d.sub.2 = 0.87                                           
                               1.52249                                         
                                      59.48  15.3                              
          r.sub.4 = +35.827                                                    
                      p.sub.2 = 4.52                                           
          r.sub.5 = plane                                                      
     L.sub.3          d.sub.3 = 2.49                                           
                               1.52249                                         
                                      59.48  19.4                              
          r.sub.6 = -28.132.                                                   
     ______________________________________                                    
NUM  2.
PAR  2. A triplet-type three-element projection lens particularly suitable for
      overhead projectors projecting non-monochromatic light, comprising, in
      combination, a convergent front lens element, a divergent center lens
      element and a convergent rear lens element in aligned relationship
      defining a light path, said lens elements being formed of substantially
      the same optical glass having a refractive index of less than 1.535, said
      lens having the following design parameters, considered in relation to a
      focal length of f' = 100:
PA1  Image intercept length s' =86.06
PA1  Image angle 26 = 48.degree.
PA1  Petzval sum .SIGMA.P = 0.401
TBL                             Re-    Dis-                                    
     Lens element/Radii                                                        
                       Thick-   fractive                                       
                                       persion                                 
                                              Dia-                             
                       nesses   Index n.sub.d                                  
                                       v.sub.d                                 
                                              meter                            
     ______________________________________                                    
          r.sub.1 = +16.344                                                    
     L.sub.1           d.sub.1 = 3.95                                          
                                1.52249                                        
                                       59.48  16.5                             
          r.sub.2 = -82.598                                                    
                       p.sub.1 = 1.27                                          
          r.sub.3 = -43.484                                                    
     L.sub.2           d.sub.2 = 0.51                                          
                                1.52249                                        
                                       59.48  16.5                             
          r.sub.4 = +16.180                                                    
                       p.sub.2 = 11.04                                         
          r.sub.5 = +137.117                                                   
     L.sub.3           d.sub.3 = 2.36                                          
                                1.52249                                        
                                       59.48  20.6                             
          r.sub.6 = -62.876.                                                   
     ______________________________________                                    
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ABST
PAL  A combined display and viewing device intended to be used in connection
      with the sale of jewelry including an upstanding three-sided frame member
      having mirrors mounted on its interior surfaces and mounted on a base.
      Also included is an adjustable magnifying means which is adjustable either
      vertically with regard to the base and rotatably about its mounting axis
      or both. A light source is mounted on the frame so that it substantially
      overlies the magnifying means, and in this fashion a piece of jewelry such
      as, for example, a ring can be placed on the hand of the prospective
      purchaser, following which the purchaser's hand is placed under the
      magnifying means and the light source is activated, and the purchaser will
      be able to obtain a clear impression from all vantage points of the
      appearance of the piece of jewelry.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates, in general, to the field of jewelry merchandising
      and, in particular, relates to a unique device for displaying and
      examining a piece of jewelry.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The following prior art patents are known to Applicant:
TBL  Marchand        U.S. Patent 1,859,592                                     
     Scruggs         U.S. Patent 1,956,205                                     
     Kibbe           U.S. Patent 2,199,107                                     
     Springer        U.S. Patent 2,853,594                                     
     Botham          U.S. Patent 2,867,353                                     
     Moffatt         U.S. Patent 3,087,381                                     
     Elings          U.S. Patent 3,647,284                                     
     Wilson          U.S. Patent 3,700,877                                     
PAR  These prior art patents show a number of various devices for facilitating
      the inspection and viewing of various objects, including in some instances
      jewelry, and also involving in some instances the use of mirrors or
      lights. While some of these patents are in the general field of jewelry
      display and the enhancement thereof, it is believed that none of them
      disclose the relatively simple, yet efficient device described below which
      possesses both a high degree of utility to accomplish the purpose for
      which it is designed while presenting a pleasing and attractive aesthetic
      appearance as well.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In the field of jewelry sales it is often advantageous to enable a
      prospective purchaser to both examine the piece of jewelry in great
      detail, such as by means of a magnifying glass, and to give him some idea
      of the impression the piece of jewelry would have to other parties when it
      is being worn.
PAR  It has been found that a simple but unique means can be developed for these
      purposes by providing a three-sided, generally U-shaped frame with a
      plurality of mirrors on the inner surfaces thereof. The frame is mounted
      on a base and is normally utilized in a freestanding or upstanding
      position.
PAR  In combination with a frame of this type, by providing magnifying means
      mounted thereon and by making these means adjustable vertically, the
      magnifying means can be effeciently utilized by moving the same toward or
      away from the object being examined.
PAR  It has also been found that if the magnifying means are rotatable about
      their point of mounting, they can also be utilized to examine all facets
      of the piece of jewelry being inspected or viewed.
PAR  It has further been found that by providing a light source mounted on the
      frame and disposed so as to generally overlie the magnifying means,
      improved illuminated viewing and observation can be provided.
PAR  Accordingly, production of an improved display and viewing device of the
      character described becomes the principal object of this invention, with
      other objects thereof becoming more apparent upon a reading of the
      following brief specification considered and interpreted in view of the
      drawings.
DRWD
PAC  OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of one form of the invention.
PAR  FIG. 2 is a view similar to FIG. 1 showing a modified form of the
      invention. FIG. 3 is a view similar to FIGS. 1 and 2 showing a still
      further modification.
PAR  FIG. 4 is a view similar to FIG. 1 showing a further modification.
PAR  FIG. 5 is a detailed view of the means of mounting the magnifying device of
      FIG. 1.
PAR  FIG. 6 is a perspective view of the clamping plates of FIG. 5.
PAR  FIG. 7 is a view similar to FIG. 1 showing an additional modification.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, it will be noted that the display and viewing
      device, generally indicated by the numeral 10, includes a base 11 having a
      cushioned support surface 15 thereon and a frame comprising three
      interconnected frame elements 12, 13, and 14 arranged in a generally
      U-shaped configuration.
PAR  Each of the frame elements 12, 13, and 14 has a mirror 12a, 13a, and 14a
      mounted on its inner surface. The means and method of mounting the mirrors
      has not been explained in detail since it would be well within the skill
      of one knowledgeable in this art.
PAR  Additionally mounted on one of the frames, and in this instance the frame
      element 13, is a light source 20 which includes a support arm 21 and a
      shade 22 and of course the usual bulb (not shown).
PAR  The viewing means consist in this instance of a magnifying glass 36 which
      is mounted on an L-shaped support arm 34 which is in turn mounted to the
      base 11.
PAR  Referring to FIGS. 5 and 6 for a more detailed consideration of the
      magnifying means, it will be noted that a fixture 31 is secured to the
      base 11 and has a reduced diameter threaded portion 32 projecting upwardly
      therefrom. This fitting 31 is hollow for purposes which will now be
      described.
PAR  The L-shaped support arm 34 has a top extending portion 34c, a mid portion
      34b which is normally disposed in a vertical mode, and a bulbous lower end
      portion 34a. The end portion 34a is intended to be inserted into the
      reduced diameter portion of the fitting 31, following which the slip ring
      35, which is appropriately bored interiorly, is slipped over the bulbous
      portion and the wing nut 35a is tightened to lock the arm 34 in position.
      Of course, by loosening the wing nut, the device could be swiveled as
      desired.
PAR  The upper more or less horizontally projecting end 34c of the arm 34
      terminates in a reduced diameter bulbous portion 34d for purposes which
      will be described below. The magnifying means 36 also has a support arm 37
      which also terminates in a bulbous end 37a. In order to clamp the
      magnifying means 36 to the arm 34, a pair of opposed plates 38 and 39 are
      provided. These plates are identical and include a through threaded
      central bore 41,44, and in each instance the through central bores 41,44
      are flanked by opposed depressions 42,43 and 45,46. In operation the
      plates 38 and 39 are clamped over the bulbous portions 34d and 37a, with
      the bulbous portions being received in the depressions 42,43 and 45,46.
      The locking nut or wing nut 40 is then threaded into place to firmly clamp
      the magnifying means to the support arm 34. Of course due to the
      utilization of the bulbous ends and the depressions, the magnifying means
      can be rotated about the axis of its arm 37 to enhance the viewing
      characteristics of the device.
PAR  In use of the device shown in FIGS. 1, 5, and 6, the piece of jewelry such
      as, for example, the ring is placed on the finger of the viewer, and the
      light source 20 is activated. It is then possible to place the hand
      beneath the magnifying glass 36 which, of course, can be adjusted as
      described above. Following this the purchaser will be able to obtain a
      realistic impression of the appearance of the article of jewelry both
      through means of the magnifying means 36 and by reflection from the
      mirrors 12a, 13a, and 14a.
PAR  FIG. 2 shows a modified form of the invention 110 which again has a base
      111 with a cushioned support 115 and frame elements 112, 113, and 114
      carrying mirrors 112a, 113a, and 114a.
PAR  In this form of the invention the magnifying means 130 are similar to the
      magnifying means 30 in FIG. 1 in that they include a bracket 131, a
      locking nut 132, a support arm 133, a second locking nut 136, and a ring
      134, and magnifying glass 135. In this form of the invention the light
      source is mounted from the side frame 112 by means of the arm 121 and, of
      course, also includes the globe or shade 122 and bulb 123. Utilization of
      the device of FIG. 2 is identical with that of FIG. 1, with the magnifying
      means being adjustably movable in the direction of arrows 140,141.
PAR  FIG. 3 shows a further modification 210 which includes the three frame
      elements 212, 213, and 214 mounted on the base 211, which has a cushioned
      support 215, and includes a light means 220 with its mounting arm 221 and
      shade 222 and bulb 223.
PAR  Mirrors 212a, 213a, and 214a are also included as described above with
      regard to the form of the invention shown in FIGS. 1 and 2.
PAR  In this form of the invention the magnifying means are mounted by means of
      the support rods 231 and 232 which project from the sides of opposed frame
      elements 212 and 214. The ring 233 which carries the magnifying glass 234
      is pivotally mounted on the ends of the rods 231 and 232 and therefore can
      rotate in the direction of the arrow 235.
PAR  Referring next to FIG. 4, it will be noted that the display and viewing
      device shown therein is another modified structure, generally indicated by
      the numeral 310, which includes a base 311 having a cushioned support 315
      and a frame comprising three interconnected frame elements 312, 313, and
      314 arranged in a generally U-shaped configuration.
PAR  Each of these frame elements 312, 313, and 314 has a mirror 312a, 313a, and
      314a  mounted on its inner surface.
PAR  Additionally mounted on one side of frame 312 is a magnifying means 330.
      This magnifying means includes a mounting bracket 331 and lock nut 332
      which in conventional fashion can be turned so as to bear against the edge
      of the frame 312 to hold the bracket 331 in its desired position. In this
      regard, of course, the bracket 331 itself is movable in the direction of
      the arrow 341 in a vertical mode along the edge of frame 312. It should be
      noted here that the magnifying means could also be mounted on frame
      element 314 if desired.
PAR  Projecting from bracket 331 is an elongate mounting arm 333 which receives
      a locking nut 336 on its outboard end. Secured to the locking nut 336 is a
      ring 334 which carries a magnifying glass 335, with it being understood
      that the nut 336 can be twisted so as to alter the position of the
      magnifying glass 335 is the direction of the arrow 340. Nut 336 can either
      be simply telescoped over the end of arm 333, or the arm and the nut can
      be complementally threaded as desired.
PAR  A light source 320 is also provided and in this instance is mounted on the
      top of center frame element 313 and includes a support arm 321 and a shade
      322 and, of course, the usual bulb 323.
PAR  Turning next then to FIG. 7, it will be shown that a still further
      modification of the basic inventive concept is disclosed, with this
      particular modification having primary utility in connection with the
      display and examination of pieces of jewelry other than rings, such as
      watches, bracelets, etc., in which the forearm of the wearer would be
      inserted into the viewing area rather than merely the hand as would be the
      case with rings.
PAR  Accordingly the overall display unit, generally indicated by the numeral
      410, includes a base 411 having a cushioned support 415 and a frame
      comprising three interconnected frame elements 412, 413, and 414 arranged
      in a generally U-shaped configuration. In this particular form of the
      invention, however, it should be noted that the frame element 414 is
      elongated with respect to frame elements 413 and 412. Similarly, a support
      415 and base 411 are also elongated and symmetrical so that the forearm
      and wrist of the customer can be placed on the support 415.
PAR  Each of the frame elements 412, 413, and 414 has a mirror 412a, 413a, and
      414a mounted on its inner surface in much the same manner as in the forms
      of the invention shown in FIGS. 1 through 6. Additionally, a light source
      420, including a support 421 and a cover 422, is provided adjacent the
      center frame element 413 as described above.
PAR  The magnifying means 430 are similar to the magnifying means shown in FIG.
      1 of the drawings, but since the device of FIG. 7 is elongated as
      described above and in this particular instance is designed for viewing
      from the left, the magnifying means 430 have been placed to the right of
      the base 411. These means, of course, include the mounting bracket 431,
      the support arm 434, the magnifying glass 436, and the mounting means 440.
      Operation of the magnifying means is identical to that described above.
PAR  Accordingly several modifications of the basic principle have been
      illustrated, all of which, however, employ the basic principles utilized
      and described in connection with the form of the invention shown in FIGS.
      1, 5, and 6.
PAR  Accordingly it has been shown how a simplified, yet unique, improved
      viewing device can be provided which will permit the prospective purchaser
      a realistic impression of the appearance the jewelry will create when it
      is being worn.
PAR  Thus in all forms of the invention disclosed herein, a 360.degree.
      perspective of the jewelry, whether it be a ring, watch, bracelet, or
      other form of jewelry, is possible so that the customer can have an
      accurate impression of the impression which the jewelry will make on third
      parties. Furthermore, utilization of the magnifying means, of course,
      permits intimate details of the piece of jewelry to be observed.
PAR  While a full and complete description of the invention has been set forth
      in accordance with the dictates of the Patent Statutes, it should be
      understood that modifications can be resorted to without departing from
      the scope of the appended claims or the spirit hereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A jewelry display and viewing device, comprising:
PA1  A. a plurality of interconnected upstanding frames;
PA1  B. a mirror mounted on the inner surface of each of said frames:
PA1  C. a base member having upper and lower planar faces;
PA1  D. a cushion member mounted on said upper planar face of said base member;
PA1  E. said frames being secured to the periphery of said base member and
      projecting upwardly therefrom;
PA1  F. an adjustable magnifying device disposed in overlying relationship with
      said base member; and
PA1  G. a light source
PA2  1. carried by one of said frames
PA2  2. in overlying relationship with said base member
PA2  3. and in substantially overlying relationship with said magnifying device.
NUM  2.
PAR  2. The device of claim 1 wherein said frames include first, second, and
      third interconnected frame components; said first and second components
      being disposed in substantially opposed relationship to each other; said
      third component interconnecting said first and second components to form a
      substantially U-shaped viewing compartment; said cushioned base member
      being disposed within said viewing compartment.
NUM  3.
PAR  3. The device of claim 1 wherein said magnifying device is mounted on said
      base member and is movable into and out of overlying relationship with
      said cushion member; said magnifying device being adjustable about an axis
      lying parallel to said cushion member.
NUM  4.
PAR  4. The device of claim 1 wherein said magnifying device is mounted on an
      edge surface of one of said upstanding frames for vertical movement with
      respect thereto; said magnifying means being adjustable about an axis
      parallel to said cushion member.
NUM  5.
PAR  5. The device of claim 2 wherein said magnifying device is suspended
      between said first and second components; said magnifying device being
      adjustable about an axis parallel to said cushion member.
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ABST
PAL  The window panel includes a plurality of sets of reflecting surfaces which
      are spaced apart from and facing each other and which transmit the
      incident light at least in part by multiple reflections. The sets of
      reflecting surfaces are arranged parallel to each other in a panel. In at
      least one embodiment the sets of opposed reflecting surfaces converge in
      the direction of incident light travel through the window panel and
      infrared reflecting means are provided to reflect infrared light
      attempting to pass through the window panel in a direction opposite to the
      direction of travel of the incident light.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is related in part to the applicant's co-pending
      application, Ser. No. 462,870, filed Apr. 22, 1974 and entitled "HIGH
      EFFICIENCY SOLAR PANEL".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a window panel and more particularly to a high
      efficiency light transmitting window panel for passing incident solar
      light into a room while simultaneously blocking the escape of heat energy
      by radiation, convection or conduction from the room.
PAR  In the design of buildings, it is desirable that the windows efficiently
      pass solar radiation while blocking the escape of heat from the inside of
      the building by either radiation, conduction or convection. Furthermore,
      it is desirable that such solar radiation be transmitted through the
      window over as wide a range of incident angles as possible.
PAR  In some prior art windows one or more panes of transparent glass or plastic
      are separated by air. Such double pane windows are somewhat effective in
      blocking the escape of heat by means of conduction since the air chamber
      between the panes acts as a barrier to direct conductive heat loss.
      However, convective air currents within the air chamber are generated by
      the temperature differential between the panes and this causes a
      significant heat loss. Also heat generated or reemitted (in the form of
      infrared light, for example) from within the building passes easily
      through the window, causing further heat loss. Still another problem of
      such double pane windows is that much of the light is lost which strikes
      the window at large incident angles (measured with respect to the normal
      to the outer pane.) Thus, the closer the incident light comes to being
      tangential to the window, the less efficient the window becomes in
      transmitting the incident light.
PAR  The light transmitting characteristics of the ideal window should be
      independent of the angle of incidence or polarization, thus making the
      window useful even on a cloudy day. The window should also be made of low
      cost materials without sacrificing sturdiness.
PAR  Some of these requirements are contradictory. For example, in order to make
      the window sturdy or in order to make it more effective in blocking the
      escape of heat energy, some lower light transmitting qualities than
      relatively thinner windows. Thus, the light transmitting capability is
      degraded to improve the capability to block the escape of heat energy.
      Furthermore, when the window is made relatively thick the light acceptance
      angle properties may be degraded in some prior art arrangements.
PAC  SUMMARY OF THE INVENTION
PAR  The above described disadvantages of the prior art are overcome and the
      requirements for a highly efficient incident light transmitting window
      panel are met by the present invention comprising a plurality of parallel
      sets of opposed reflecting surfaces arranged in a panel which transmit the
      incident light through the panel at least in part by multiple reflections.
      By "opposed reflecting surfaces" is meant that separate ones of the
      plurality of reflective surfaces are spaced apart from and face each
      other, either directly or obliquely, so that multiple reflections can
      occur. In some preferred embodiments of the invention, the plurality of
      opposed reflecting surfaces converge in the overall direction of the
      incident light travel through the window. In one such embodiment, for
      example, the opposed reflecting surfaces are arranged in V-shaped,
      parallel grooves.
PAR  In some preferred embodiments means are also provided to reflect infrared
      light striking the panel. In one type of embodiment the infrared light
      striking the panel from a direction opposite to that of the incident light
      is reflected. For example, in one such embodiment of this type a plurality
      of parallel, triangularly shaped wedges are provided for supporting the
      opposed reflecting surfaces. Each wedge has one apex pointing generally
      toward the source of incident light and supports a pair of reflecting
      surfaces which diverge from the one apex in the direction of incident
      light travel through the window. Thus, in effect, the set of reflecting
      surfaces supported by each pair of adjacent wedges which face each other
      converge in the direction of light travel through the window. The means
      for reflecting the infrared radiation comprise infrared reflecting
      surfaces which are disposed between the other two apexes of each wedge,
      that is, the infrared reflecting surfaces are arranged so as to face the
      interior of the building structure in which the window is mounted and are
      supported adjacent to the flat surface of the bottom of each wedge.
PAR  The window in other embodiments of the invention comprises a pair of thin,
      transparent sheets which are separated by a plurality of ribs made of
      light transmitting material arranged to transmit the incident light
      striking the ribbed portion of the window within a predetermined angle of
      acceptance by means of multiple, total internal reflections. In one
      embodiment, for example, the ribs take the form of a plurality of
      transparent columns while in other embodiments the ribs are in the form of
      transparent zig-zag walls. In these embodiments the window portion
      preferably further includes means for segmenting air spaces between the
      sheets to reduce convection heat losses and to better distribute the
      mechanical load applied to the window.
PAR  In still other embodiments, the "ribs" are in the form of light
      transmitting honeycomb cells which also segment the air space between the
      sheets. These forms of construction have the advantages of light weight,
      sturdiness, high light transmission and relatively low cost.
PAR  Many of the above described features of the invention may be utilized
      independently of some of the others, but they are preferably combined into
      a window which is highly efficient in transmitting incident solar
      radiation while simultaneously blocking the escape of heat.
PAR  It is, therefore, an object of the present invention to provide a window
      which is highly efficient in transmitting light over a wide range of
      incident angles;
PAR  It is another object of the invention to provide a window which has high
      light transmissive qualities while simultaneously being an effective
      barrier to the escape of heat energy;
PAR  It is a further object of the invention to provide a high efficiency window
      panel wherein the panel is low cost, lightweight and sturdy; and
PAR  It is a still further objec of the invention to provide a high efficiency
      window panel which has low heat losses due to radiation, convection and
      conduction.
PAR  The foregoing and other objectives, features and advantages of the
      invention will be more readily understood upon consideration of the
      following detailed description of certain preferred mbodiments of the
      invention, taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded, perspective view, partly in section and with
      portions broken away of a window panel according to a first embodiment of
      the invention together with the building wall in which it is intended to
      be mounted;
PAR  FIGS. 2a and 2b are enlarged perspective views, partly in section and with
      portions broken away of second and third alternative window embodiments;
PAR  FIGS. 3a and 3b are enlarged perspective views, with portions broken away
      and in section of the rib portions of the window panels depicted in FIGS.
      2a and 2b;
PAR  FIG. 4 is an enlarged vertical view, in section, and with portions broken
      away of a window sheet of the embodiment of FIG. 1;
PAR  FIG. 5a is a perspective view of a fourth alternative embodiment, with
      portions broken away;
PAR  FIG. 5b is an enlarged vertical view, in section, of the structure depicted
      in FIG. 5a;
PAR  FIG. 5c is an enlarged vertical view, in section, of a modification of the
      structure depicted in FIG. 5b;
PAR  FIG. 5d is a perspective view of a fifth embodiment of the invention, with
      portions broken away and in section;
PAR  FIGS. 6a and 6b are diagrammatic illustrations for use in explaining the
      operation of the window panels depicted in FIGS. 5a-5d; and
PAR  FIG. 7 is a perspective view of a sixth embodiment of the invention, with
      portions broken away and in section.
DETD
PAC  DETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS
PAR  Referring now more particularly to FIG. 1, the window panel 10 of the
      invention is mounted in a wall of a structure 12 and includes a pair of
      thin, transparent sheets 20 and 22 which are spaced apart by a plurality
      of upstanding columns or ribs 24 which are also made of lightweight, light
      transmitting material and preferably of a material which has high optical
      transmission qualities. In practice, the material chosen for the sheets 20
      and 22 and the ribs 24 may be lightweight plastic. In other embodiments,
      the top sheet 20 may be glass for ruggedness.
PAR  As mentioned above, the window portion must be designed to accept solar
      radiation 18 over as wide an angle of incidence as possible. It also must
      be designed to prevent heat loss through reradiation from the interior of
      the structure 12 and heat loss due to conduction and air convection
      currents either between the sheets 20 and 22 or in the region immediately
      adjacent the bottom sheet 22 due to the temperature differential across
      the window 10.
PAR  Means are provided for segmenting the air space between the sheets 20 and
      22 to reduce heat loss due to conduction as well as convection air
      currents which would otherwise develop between the two sheets. In the
      embodiment depicted in FIG. 1, the means for segmenting the space
      comprises a plurality of transparent bubbles 26 on the upper surface of
      the sheet 22. The bubbles 26 may be made of a transparent material such as
      plastic and pressed against the flat panels to reduce reflection losses at
      curved surfaces.
PAR  Referring now more particularly to FIGS. 2a and 2b, other types of columns
      and air space segmenting are depicted. In the embodiment of FIG. 2a the
      window sheets 20 and 22 are separated by a plurality of thin sheets 28
      turned on edge to form a plurality of parellel ribs which extend the
      length of the sheets 20 and 22. In the modified embodiment depicted in
      FIG. 2b, the ribs are a plurality of sheets 30 turned on edge and bent in
      a zig-zag fashion. In the embodiments of FIGS. 1, 2a and 2b the ribs 24,
      28 and 30 are made of lightweight, optically transparent material. In
      still other embodiments the light transmitting structural support between
      the sheets may be a honeycomb or other shapes.
PAR  One purpose of having the ribs 24, 28 or 30, in addition to supporting and
      separating the sheets 20 and 22 to form an insulating air space, is also
      to provide means for transmitting incident light striking the top sheet 20
      to and through the bottom sheet 22. By providing these ribs, the incident
      light is accepted over a wider incident angle than if the ribs were opaque
      and the only light transmitted was light which managed to penetrate both
      the top and bottom sheets 20 and 22. From Snell's law that n.sub.1
      sin.theta..sub.1 = n.sub.2 sin.theta..sub.2 (where .theta..sub.1 and
      .theta..sub.2 are the incident angle and the refracted angle,
      respectively) and the principle of total internal reflection that the
      refracted angle (.theta..sub.3) for light leaving the material having the
      higher index (n.sub.2) of refraction into a material (such as a coating)
      of a lower refractive index (n.sub.3) must be 90.degree. (see FIG. 3b),
      then
      ##EQU1##
      where .theta..sub.1 = maximum light acceptance angle for total internal
      reflection
PA1  n.sub.1 = 1 (for air)
PA1  n.sub.2 = refractive index of material of rib 28, and
PA1  n.sub.3 = refractive index of a protective dielectric coating 29 on rib 28,
PAL  where rib 28 is uncoated, n.sub.3 = 1 and
      ##EQU2##
      Note that .theta. is measured with respect to the normal of the top
      surface of the rib, and therefore the actual maximum acceptance angle in
      the above examples is 2.theta.. In the case of wall type ribs, such as
      ribs 28 and 30, there is some advantage in aligning their longitudinal
      axis with the direction of travel of the sun over the panel. When this is
      done the bulk of the incident light will always be within the acceptance
      angle since the acceptance angle for light contained in all planes which
      also contain the longitudinal axis is substantially 180.degree..
PAR  While the above described mathematical relationships between the angle of
      acceptance and the indices of refraction are given with respect to the rib
      28, it should be apparent that substantially similar relationships apply
      to the ribs 24 and 30. Thus, light is transferred through the window
      portion by means of multiple, total internal reflections within the ribs
      24, 28 or 30.
PAR  In some embodiments it is preferable to coat the sheets 20 and 22 with a
      transparent hard coating 32 in order to prevent scratching and an
      anti-reflection coating 34 to minimize reflection losses (FIG. 4).
      Furthermore, in some embodiments it is preferable to stack a number of
      window sections 10 to minimize heat losses due to reflection and
      reradiation from the interior of the structure 12.
PAR  Referring now more particularly to FIGS. 5a and 5b, still another
      embodiment of the window section 10 is illustrated. In the embodiment of
      FIGS. 5a and 5b, a panel 36 of optical valves admit incident light to the
      structure but blocks the escape of a large portion of infrared radiation
      emitted from within the interior of the structure 12. The basic design of
      each optical valve in the panel 36 is to provide a plurality of opposed
      reflecting surfaces which converge in the overall direction of incident
      light travel through the window 10. The reflecting surfaces of each
      optical valve of the panel 36 may be in the form of a plurality of
      reflecting V-grooves or in a plurality of honeycomb cells but both
      arrangements have wider openings at the top surface, that is, the surface
      first struck by the incident solar radiation, than at the bottom surface,
      that is, the surface closest to the interior of the structure 12. The
      optical valve panel 36 may be composed of combinations of metal and
      dielectric materials.
PAR  The optical valve panel 36 may be substituted for the panel 10 but is more
      preferably used in conjunction with it. For example, in some embodiments
      the panel 10 and the optical valve panel 36 are stacked in sandwich
      fashion with the panel 10 on the exterior. This embodiment benefits from
      the combined characteristics of both windows, namely the high insulative
      qualities to convective and conductive heat loss of the panel 10 and the
      barrier qualities of the optical valve panel 36 to escaping infrared
      radiation from the interior of the structure 12. Numerous other
      combinations of these embodiments to satisfy specific light transmitting
      and heat conservation requirements will be apparent to those skilled in
      the art.
PAR  In the embodiment depicted in FIGS. 5a and 5b, a plurality of inwardly
      converging V-grooves are formed by constructing the panel 36 of outwardly
      pointing, triangularly shaped wedges 38 of low refractive index material
      interspersed between inwardly pointing, truncated, triangularly shaped
      wedges 40 of high refractive index material. The terms inwardly and
      outwardly as used here are with respect to the interior and exterior of
      the structure 12. The incident solar radiation is transmitted through the
      high refractive index medium 40 and is reflected at each interface formed
      between a wedge of high refractive index material 40 and a wedge of low
      refractive index material 38. Thus, these interfaces formed by the
      discontinuities in the refractive indices are effectively reflective
      surfaces 42 for the incident solar radiation. Such a reflecting surface 42
      if formed on the opposite, inwardly converging sides of each wedge 40 and
      thus light entering from the exterior surface of the wedge 40 is multiply
      reflected inwardly.
PAR  In order to prevent the escape of infrared radiation from the interior of
      the structure 12, a plurality of infrared reflecting surfaces 44 which
      face the interior of the structure 12 are provided on the bottom of each
      wedge 38. Therefore the optical valve panel 36 is highly transmitting for
      incident solar light coming from the exterior of the structure 12 and
      highly reflecting for the infrared emitted from the interior of the
      structure 12 in the opposite direction.
PAR  Referring now more particularly to FIGS. 5c and 5d, metal or multiple
      dielectric layers are used for reflection in place of the wedges 38 and 40
      of transparent material. In particular, in the embodiment of FIG. 5c a
      plurality of opposed reflecting surfaces 46 are embedded in a transparent
      medium 48. The opposed reflecting surfaces 46 are inclined to converge
      inwardly. The infrared reflecting surfaces 44 are placed on the interior
      surface of the panel of material 48 between pairs of opposed converging
      surfaces 46 in a manner similar to the embodiment of FIGS. 5a and 5b.
PAR  In the embodiment depicted in FIG. 5d, thin flat laminates 50 are attached
      together along one edge to form an inwardly opening V-shaped channel 52. A
      plurality of the V-shaped channels 52 are aligned parallel to each other
      and extend along the length of the window panel 10. The opposed reflecting
      surfaces of each adjacent pair of reflecting channels 52 form a pair of
      inwardly converging reflecting surfaces as in the other optical valve
      embodiments described above with reference to FIGS. 5b and 6c. The inner
      end of each V-shaped channel 52 is open so that infrared radiation emitted
      from within the structure 12 strikes the interior surfaces of the V-shaped
      channel 52 and is reflected back by multiple reflections within the
      V-shaped channels 52 as indicated by the dashed line path in FIG. 5d. The
      infrared reflecting surfaces may take different shapes in other
      embodiments. For example, they may be flat, corner-cubed or even
      hemi-cylindrically concave and are not necessarily the backsides of the
      laminates 50.
PAR  The reflective surfaces 46 and 50 may be polished metal or multiple layers
      of dielectric coatings over metal surfaces to form a reflective laminate.
      One advantage of dielectric coatings over metal surfaces is that
      dielectric coatings can be made with a higher reflection coefficient than
      the metal surfaces alone but generally for smaller incident angles and
      wavelength ranges.
PAR  One important consideration in the design of these optical valves of the
      panel 36 is the acceptance angle for solar radiation. If the light
      striking the exterior of the panel 36 is at too large an angle with
      respect to the normal to the panel 36, then the bulk of the incident light
      will be reflected or refracted out rather than be passed through it by
      multiple reflections. In all planes containing the apex line of the
      V-groove, however, all incident angles of solar radiation are accepted.
      With reference to FIG. 5a, incident light striking the panel 36 in a plane
      which is normal to the panel 36 and which passes through the lower apex of
      any given wedge 40 will be accepted. Thus, it is preferable to align the
      longitudinal axes of the optical valves in the panel 36 with the direction
      of the sun's travel over the panel 36.
PAR  Referring now more particularly to FIG. 6a, which is an enlarged and
      perspective view of the embodiment depicted in FIG. 5d, the apex line is
      defined as a line 54 which is centered between the opposed reflecting
      surfaces 50 at their closest points and parallel to the exterior surface
      of the panel 36. For light striking the exterior of the panel 36 in a
      plane which is normal to the apex line 54 it can be shown that the
      acceptance angle of the incident light is:
      ##EQU3##
      and the full acceptance angle, 2.theta..sub.max (i.e. the light striking
      from either side of a line normal to the top of the panel 36) is:
      ##EQU4##
      where d.sub.2 is the width of the smaller end, and d.sub.1 is the width of
      the larger end of the V-shaped groove formed by the opposed reflecting
      surfaces 50. For any larger angle the incident light will not be multiply
      reflected toward the apex but instead will be reflected back out of the
      V-groove.
PAR  When the groove consists of two different dielectrics, as depicted in FIGS.
      6b and 5b, for example, the full acceptance angle can be shown* to be:
      ##EQU5##
      where n = refractive index of wedge 40, and n' = refractive index of wedge
      38.
FNT  *See Fiber Optics, pp. 18-21, by N. S. Kapany, the present applicant
      (Academic Press, New York 1967).
PAR  While in the above described embodiments, the optical valve panel 36 is
      illustrated in the figures as comprising a plurality of V-grooves, in
      other embodiments (FIG. 7), as mentioned above, it has a honeycomb cell
      structure 60 wherein the opening closest to the incident light is wider
      than the opening which is closest to the interior of the structure 12. The
      opposed plane surfaces inside each honeycomb cell of the structure 60
      provide a plurality of opposed reflecting surfaces which operate in
      substantially the same manner as the V-groove arrangements shown above so
      that a detailed description of the honeycomb arrangement will be omitted.
      The honeycomb structure 60 may be situated between the sheets 20 and 22
      (as shown in FIG. 7) or it may be a separate panel below the sheet 22. The
      plane surface area 62 of the structure 60 below and between the honeycomb
      cells is preferably a reflecting surface for the infrared radiation
      emitted from within the structure 12.
PAR  One advantage of this design over the V-groove or wedge configurations is
      that it is non-axially directional. As explained above, the V-groove or
      wedge structures of FIGS. 5a-5d preferably are utilized with their
      longitudinal axes aligned with the sun's direction of travel over the
      panel so that the bulk of the incident light will always strike within the
      incident angle of acceptance. With the honeycomb structure 60, however,
      the sun's direction of travel is not material since light is accepted in
      the same manner for any given incident angle with respect to the normal to
      the panel for all radial directions about the panel.
PAR  Another advantage of the honeycomb cell structure 60 over some othe designs
      is that it is very effective in segmenting the air space between the
      sheets 20 and 22 (in FIG. 7 embodiment or below sheet 22 in other
      embodiments to reduce convective heat losses.
PAR  Although the panel embodiments have been described above as generally flat,
      in other embodiments they may be curved to give a concentrated effect.
      Furthermore, while the panel has been described with respect to its use in
      an external structural wall it should be apparent that it is equally
      suitable for use in internal structural walls and with other than solar
      light.
PAR  In all of these embodiments it has been assumed that the desired objective
      is to admit light while retaining heat. In other applications, however, it
      may be desirable to reverse the orientation of these embodiments so as to
      keep out heat and let a portion of the incident light into the interior of
      the building structure.
PAR  The terms and expressions which have been employed here are used as terms
      of description and not of limitation, and there is no intention, in the
      use of such terms and expressions, of excluding equivalents of the
      features shown and described, or portions thereof, it being recognized
      that various modifications are possible within the scope of the invention
      claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A window panel comprising a pair of spaced apart transparent sheets,
      perpendicular supports for keeping the sheets spaced apart and for
      segmenting the air space between the sheets to prevent heat loss due to
      convective air currents, the supports being made of light transmitting
      material arranged to transmit incident light striking the window within a
      predetermined angle of acceptance through the window panel by means of
      multiple total internal reflections.
NUM  2.
PAR  2. A window panel for use in a hollow structure for transmitting incident
      light into the interior of the structure comprising a plurality of opposed
      reflecting surfaces arranged in a panel for transmitting the incident
      light into the structure by multiple reflections, the panel of reflecting
      surfaces including a first set of elongated, parallel, triangularly
      shaped, reflectively surfaced wedges, each wedge having three apexes with
      one apex pointing in the direction toward the incident light, means for
      supporting the wedges so that the two apexes of each wedge which are
      opposite to the one apex are spaced apart from the corresponding apexes of
      adjacent wedges to thereby define a plurality of truncated, V-shaped,
      reflective surface channels, and infrared reflecting means disposed
      adajcent to the two opposite apexes of each wedge for reflecting back
      infrared light emitted from within the structure.
NUM  3.
PAR  3. A window panel as recited in claim 2 wherein the first set of wedges are
      made of a light transmitting material and further comprising a second set
      of truncated, triangularly shaped wedges oriented in the opposite
      direction to the first set of wedges and interspersed between them, the
      second set of wedges being made of a light transmitting material having a
      higher refractive index than the material of the first set of wedges so
      that the interfaces between the wedges of the first and second sets form
      the plurality of V-shaped reflective surface channels.
NUM  4.
PAR  4. A window panel as recited in claim 2 wherein the reflective surfaces of
      the wedges comprise multiply layered all dielectric coatings.
NUM  5.
PAR  5. A window panel as recited in claim 2 wherein the reflective surfaces of
      the wedges comprise multiply layered metal-dielectric coatings.
NUM  6.
PAR  6. A window panel for use in a hollow structure for transmitting incident
      light into the interior of the structure comprising a plurality of opposed
      reflecting surfaces arranged in a panel for transmitting the incident
      light into the structure by multiple, total internal reflections, the
      panel of reflecting surfaces including a parallel set of truncated,
      triangularly shaped wedges, each wedge having three apexes with one apex
      pointing in the direction away from the incident light, means for
      supporting the wedges so that the one apex of each wedge is spaced apart
      from the corresponding apex of adjacent wedges to thereby define a
      plurality of V-shaped channels, the wedges being made of a first light
      transmitting material, a second light transmitting material, of a lower
      refractive index than the refractive index of the first light transmitting
      material, the second light transmitting material filling the V-shaped
      channels such that reflective, dielectric surfaces which converge toward
      the interior of the structure are formed at the interfaces of the wedges
      and the second light transmitting material, the converging reflective
      surfaces serving to condense the bulk of the incident light so that is
      passes solely through the wedges.
NUM  7.
PAR  7. A window panel as recited in claim 6 further comprising a pair of spaced
      apart transparent sheets and spaced apart support columns, arranged
      perpendicularly to the sheets, for keeping the sheets spaced apart, the
      supports being made of light transmitting material arranged to transmit
      incident light striking the window within a predetermined angle of
      acceptance through the window panel by means of multiple, total internal
      reflections.
NUM  8.
PAR  8. A window panel as recited in claim 7 wherein the supports are in the
      shape of rods.
NUM  9.
PAR  9. A window panel as recited in claim 7 wherein the supports are in the
      shape of honeycomb cells.
NUM  10.
PAR  10. A window panel as recited in claim 7 further comprising means for
      segmenting air spaces between the sheets.
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ABST
PAL  An operative mechanism for use in combination with a rear view mirror
      assembly and which comprises: sealing housing parts forming an enclosure
      for component parts that are preassembled and include, a small reversible
      electric motor, screw threaded shaft and travel nut arrangement, together
      with a follower arm and pivot pin assembly received in operative
      engagement with each other within receptive and functional housing walls
      to provide a small, compact device for pivotal control and viewing
      adjustment of the rear view mirror.
PARN
PAR  This is a continuation of application Ser. No. 418,473, filed Nov. 23,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Vehicle trucks and cars for pulling trailers commonly use what is known as
      a west-coast type rear view mirror assembly which includes an elongated
      mirror that is mounted on extended arms to stand out and away from the
      vehicle body. These mirrors are of such length that they usually do not
      require adjustment of the vertical viewing angle, once they are set, but
      different trailers lengths, different drivers, and different driver
      positions do make it desirable to be able to adjust their side viewing
      angle.
PAR  Although remote control rear view mirror operators are known for other
      uses, they are not adaptable for use with this type of mirror.
PAR  Since this type of truck mirror stands out some distance from the vehicle,
      and is of an appreciable size, it is very subject to wind deflections when
      the vehicle truck or car is traveling at any appreciable speed.
      Accordingly, it must be relatively fixed and held in any given readjusted
      position and this normally requires manual adjustment, outside the vehicle
      and when the vehicle is at rest.
PAR  Cable control operators require a certain freedom of movement as regards
      the mirror which precludes their use unless the mirror is within a
      protective wind shroud. Other types of actuators are impractical for like
      reasons of stiffness required in the mirror mounts and because of the
      removed location of the mirror so far out and away from the vehicle body.
      Even electrical control devices have been unsatisfactory because of gear
      train play and the size of the unit required to be hung on the mirror
      assembly.
PAR  The cost of a remote control rear view operator for truck mirrors is also a
      very important consideration. These mirrors are frequently damaged, since
      they stand out so far from the vehicles on which mounted, and any control
      device that is mounted on them must be relatively inexpensive to produce
      and to install. It must also be relatively small and compact in size,
      since it will also afford a certain amount of wind resistance, and can
      otherwise contribute to wind deflection and other problems.
PAR  Although various types of remote control operating mechanisms are known for
      use with rear view mirrors, a really acceptable remotely controlled
      operator for truck mirrors requires a unique combination of engineering
      and manufacturing talents to produce the relatively inexpensive and highly
      serviceable end product that is needed.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is directed to a remote control operating mechanism
      for the west-coast type truck mirror which includes a small reversible
      electric motor and gear train unit, in combination, that drives a
      lead-screw and travel nut sub-assembly which in turn causes a side angle
      viewing adjustment of a rear view mirror through a follower arm on a pivot
      pin mount for the mirror.
PAR  The housing for the operating mechanism is aerodynamic, an elongated egg
      shape, formed in two parts which cooperate to provide structural strength,
      with light weight thin walls, and is mounted transversely on the mirror
      supporting structure to serve either right or left hand mirror assemblies
      equally as well.
PAR  The motor and gear train unit, for speed reduction and power amplification,
      are pre-assembled on a mounting plate and in driving engagement with the
      lead-screw and travel nut assembly, so that both can be dropped together
      and fixedly located in one of the housing parts. The pivot pin and
      follower arm are similarly dropped into place, with a slight float allowed
      for the pin to transmit a modest bending force to the travel nut, which is
      split to eliminate thread play as regards the ball screw.
PAR  The electrical connection is made through an over-ride switch beneath the
      travel nut, on the lead-screw, which precludes in either direction which
      would cause internal damage, and the whole unit is sealed by heat staking
      the two housing parts together.
PAR  The housing parts are castings with only functional walls and derive
      structural strength from their shape in combination. Accordingly, there is
      an appreciable savings in material and weight. Very few component parts
      are used, they are readily pre-assembled and they are fitted and retained
      within the housing parts without separate fastener means. The whole
      assembly is small, compact, light in weight and readily mounted to serve
      its intended purpose.
DRWD
PAC  DESCRIPTION OF THE DRAWING FIGURES
PAR  FIG. 1 is a back side view of a mirror assembly including the present
      invention.
PAR  FIG. 2 is an outer side-edge view of the same mirror assembly with the
      remote control operative mechansism of the present invention shown in use
      therewith.
PAR  FIG. 3 is a top plan view of the mirror support and operating mechansigm
      with the mirror member shown in phantom in different side angle viewing
      positions.
PAR  FIG. 4 is a top plan view of the operating mechanism of the present
      invention as seen in the lower housing part, with the cover part removed,
      as in the plane of line 4--4 in the second drawing figure.
PAR  FIG. 5 is a partially cross-sectioned view as seen in the plane of line
      5--5 of the first drawing figure, showing the operating mechanism of the
      present invention within the sealed housing parts.
PAR  FIG. 6 is a cross-sectional view of the remote control device of the
      present invention as seen in the plane of line 6--6 in the fourth drawing
      figure.
PAR  FIG. 7 is a cross-sectional view showing the motor and gear train mounting
      plate as seen in the plane of line 7-7 also in the fourth drawing figure.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The mirror control device 10 of the present invention is shown in the first
      three drawing figures as used with what is commonly known as a
      "west-coast" type rear view mirror assembly.
PAR  Such mirror assemblies include mounting brackets which are fastened to a
      vehicle truck or car door, above and below the door window, to extend
      outwardly away from the side of the vehicle and which have a mirror
      supporting member 12, such as is shown, engaged thereto as by the inwardly
      turned arms 14 and 16. This disposes the elongated mirror 18 sufficiently
      out and away from the vehicle to afford a better view rearwardly along the
      length of a trailer or whatever that is being pulled by the vehicle
      assembly.
PAR  The mirror member 18 is usually mounted on the mirror supporting member 12
      for independent viewing adjustment about a vertical axis, or else it is
      fixed to the supporting member which is in turn relatively adjustable with
      respect to the mounting brackets for side angle viewing adjustment. And,
      in almost every instance, such adjustments must be made manually.
PAR  In the present instance, the mirror control device 10 is fastened to the
      lower arm 16 of the supporting member 12, normal or transversely thereof,
      and a bracket 20 is fastened to the upper arm 14 of the mirror supporting
      member, in a like transverse disposition, to receive and support the
      mirror member 18 between them and in relatively parallel spaced relation
      for independent pivotal actuation apart from the supporting arm or member
      structure 12.
PAR  Although the vertical length of the mirror member 18 normally precludes the
      need for adjusting the vertical viewing angle of the mirror, in use, some
      means of setting the mirror during installation is required. And, in the
      present instance, this is provided within the supporting bracket 20.
PAR  A clamp arm 22, formed to engage the underside of the upper mirror
      supporting member arm 14, and a plate or stampling member 24, with
      strengthening ribs 26, comprise the bracket 20 and are engaged together by
      a bolt and nut fastener 28. The extended end of the member 24 includes a
      pivotal support 30 for the mirror member and an elongated slot 32 in its
      other end, through which the fastener 28 extends, enables sufficient force
      for and aft movement to tilt the mirror for setting the vertical viewing
      angle, as and when required and as indicated by the phantom views of the
      pivotal support 30 for the mirror shown at the top of FIG. 2.
PAR  A U-shaped bracket member 34, which is part of the mirror and case member
      18, includes a pivot pin post (not shown) which receives a nut 36 on its
      end, as extended through a receptive hole in the supporting bracket 20, to
      hold it in place.
PAR  Similarly, the bottom edge of the mirror and case member 18 includes a like
      bracket member 40 and pivot pin post, which serves as the lower pivotal
      support 38, and it is threaded so that it can be engaged within a
      receptive fitting (later described) within the mirror control device 10.
PAR  Referring now to FIGS. 4-7, the mirror control device of the present
      invention is shown to include the upper and lower housing parts 42 and 44
      within which certain operating mechanism is provided. Together they form
      an extended egg-shaped or streamlined enclosure with the upper half or
      part 42 including the means of fastening the mirror control device to the
      underside of the supporting arm 16.
PAR  The upper or cover half 42 of the housing parts is formed to include a
      depression 46 transversely thereacross, near one end. It is of a relative
      size to receive the lower half of the supporting arm 16, with an open
      clamping ring 48 around it, therewithin and it has a clamping member 50
      extended thereover and retained by fasteners 52 threaded into bolt hole
      posts 54 on each side. This fixes and holds the whole mirror control
      device 10 in its fore and aft relationship on the supporting member 10,
      disposed for low wind resistance (which can cause mirror flutter) and with
      its other end positioned to receive and support the lower end of the
      mirror member 18, as shown in FIG. 2.
PAR  The cover housing part 42 is of a relatively thin walled die cast
      construction without reinforcing cross-ribs or the like, made possible by
      its shape and the added strength obtained in its combination with the
      lower housing part 44. It includes areas of greater wall thickness 56 at
      its ends and at side wall locations which also include short studs 58 that
      are received in receptive holes in other housing member and are later heat
      staked to seal the two together. There is also an opening 60 provided
      through the top wall of the cover part that receives a sealing member 62
      through which part of the mirror operating mechanism extends, as will be
      described later.
PAR  The main body housing 44 is of a like relatively thin walled die cast
      construction. And, intermediate its ends, it is formed to include
      respectively aligned wall sections 64 and 68. The slots terminate in a
      shoulder 70, at both sides, which fix and limit the depth to which the
      mounting plate is set, as shown in FIG. 7, and they are of a width which
      will provide a reasonably close fit with the mounting plate to ensure its
      vertical disposition.
PAR  A small gear box 72 and reversible electric motor 74, in combination, are
      fastened to the back side of the mounting plate 68, as by screw fasteners
      76. Since the mounting plate is retained in a vertical disposition, the
      gear box and motor stand out behind it relatively spaced from the housing
      side walls and without requiring further support.
PAR  The depression 46 formed in the housing cover part 42, for fastening the
      whole assembly to the mirror member supporting arm 16, will be appreciated
      as lying closely over the small gear box 72. This is best shown in FIG. 5
      and in dotted outline in FIG. 7, and in part serves to assure that the
      drive assembly and mounting plate are properly disposed in the lower
      housing part 44 before the cover part can be fastened and sealed to it.
PAR  Referring now to the front side of the mounting plate 68, it will be seen
      that a protruding collar 78 is formed on it in line with the drive key 80
      from the gear box 72 that an opening 82 through the mounting plate and
      collar is provided for the drive connection with a lead-screw 84.
PAR  The end of the lead-screw 84 which is received in the mounting plate collar
      78 is slotted as at 86 for driving engagement with the drive key from the
      gear box and it includes a thrust bushing 88 and a spring washer 90.
PAR  The other end of the lead-screw 84 is journalled in a thrust bushing 92
      that is received and retained in a particular manner as the far end of the
      lower housing part 44. This includes closely spaced guide walls 94 and 96
      which extend in parallel spaced relation along both sides of the
      lead-screw and which are formed at their far end to include slots 98 that
      receive and hold the headed end of the thrust bushing fixed therewithin.
PAR  The guide walls 94 and 96 are cast to merge with the slotted wall sections
      64 and 66, for added structural strength, and they are spaced apart
      sufficiently to receive and guide a travel nut 100 threaded on the
      lead-screw 84.
PAR  The travel nut 100 includes straight side walls that guide on the guide
      walls 94 and 96 and cause it to travel back and forth on the lead-screw,
      without turning, in accord with the direction of drive imposed by the
      small reversible drive motor 74, through the speed reduction gear box 72.
PAR  An inwardly tapering slot 102 is formed across the top of the travel nut
      100 and it is provided with relief slots or cuts 104, on top, and 106 and
      108, across its bottom. The latter serve to allow relative spreading of
      the nut on top and contraction underneath to eliminate play and back lash
      problems as regards the lead-screw drive connection between the nut and
      the lead-screw member 84.
PAR  In furtherance of this same objective, it will be appreciated that the
      spring washer 90 acts through the thrust bushing 88 against the mounting
      plate collar to eliminate longitudinal play in the lead-screw itself.
PAR  Electric power and control for the reversible drive motor 74 is provided by
      a cable connection 110 to a connector plug and seal 112, fitted into an
      opening in the bottom wall of the lower housing part 44. The prongs 114 of
      the plug engage conductor strips 116 on a safety switch plate 118 under
      the travel nut 100 and they are in turn connected to the drive motor, as
      schematically illustrated by the line 120. Power is applied to drive the
      motor, and in turn the lead-screw, in one direction or the other, and the
      travel nut is provided with a foot piece 122 that rides on the conductor
      strips and includes contact points engaging different conductor strips to
      serve as a safety switch and cut off the power to the motor when the
      travel nut reaches the end of its travel in either direction.
PAR  The advantages of this safety switch arrangement are obvious.
PAR  Turning now to FIG. 6, and the means by which the travel nut is operative
      of the rear window mirror member 18:
PAR  A post 124 is formed within the lower housing part 44 against the side wall
      and behind the guide wall 94, with a connecting web 126 to it. Within the
      post is provided a hole 128, vertically disposed, and with a bushing 130
      in it receptive of a pivot pin member 132. The upper end 134 of the pivot
      pin member is oversized, with respect to the lower end, providing a
      shoulder 136 therebetween, and it is internally threaded as indicated at
      138 to receive the pivot pin post of the lower pivotal support member 38,
      on the bottom edge of the rear view mirror member 18.
PAR  Additionally, the pivot pin member is provided with a follower arm 140 that
      extends out over the travel nut 100 and includes an end 142 tappered to
      fit the tappered slot 102 across the nut and to ride therein, slightly
      back and forth, as the nut moves on the lead-screw. As a consequence, the
      longitudinal travel of the nut causes rotary movement of the pivot pin and
      pivotal movement of the mirror member in threaded and lock nut held
      engagement therewith.
PAR  It will also be noted that a modest amount of float is allowed the pivot
      pin 132 so that the weight of the mirror member on it is transmitted
      through the follower arm 140 to impose the necessary bending force on the
      split nut 100.
PAR  From the foregoing, it will be appreciated that the mounting plate 68, gear
      box 72 and motor 74 and on preassembled unit, the lead-screw 84 and travel
      nut 100 another, which are assembled together and dropped into the lower
      housing part, and that the pivotal pin member 132 is similarly dropped
      into place, in engagement with the travel nut slot, and that the housing
      parts are then ready to be closed and sealed together.
PAR  The lower housing part 44 is formed with end and side wall depressions 144,
      with an over flange which provides pads 146 through which holes are
      provided for the cover housing studs 58, and that are heat staked in
      securing the two housing parts together, with a sealing gasket 148
      therebetween.
PAR  The final assembly is neat and compact and is readily fastened on the
      mirror member supporing arm 16, by means of the clamping member 50, with
      the cable connection 110 fastened to the support and mounting arms as by
      cable clamps 150, and with the remote control switch (not shown) for
      operating the drive motor disposed in the vehicle cab or drivers
      compartment.
PAR  The transverse disposition of the mirror control device 10 serves both to
      place it in a more aerodynamic and asthetically attractive position and,
      as will be appreciated, it also enables the same control device to serve
      equally as well for right and left hand outside mirrors on a vehicle truck
      or car.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrical drive and switching arrangement for reversible electric
      motors operative of rear view mirrors for vehicles and providing for
      remote control actuation thereof, said arrangement including a housing
      structure for a small reversible electric motor, a threaded shaft driven
      by the motor and having a travel nut thereon, a mirror member and a mirror
      drive connection with follower operatively engaged with the travel nut,
      all of which provides an operating mechanism for a remote control rear
      view mirror, said housing structure comprising a complimentary housing
      member parts of relatively thin walled construction and like contour in
      cross-section for receiving said motor and shaft longitudinally
      therebetween and having them closely fitted therewithin, said housing
      member parts having their opposite and respective ends curved and
      contoured to also more closely encase the ends of said motor shaft and to
      provide structural strength in combination and to the exclusion of
      non-functional internal walls and ribs, a motor mounting wall member
      respective within and between said housing parts and having the reversible
      electric motor pre-assembled thereto and extended on one side thereof and
      with the threaded shaft driven by the motor extended therethrough and on
      the other side thereof, receptive means formed within said housing member
      parts and grooved to receive and retain said mounting wall member in
      precise location therebetween and in cross-sectional strengthening
      relation transversely across said housing member parts as received and
      entrapped therewithin, parallel spaced guide walls provided longitudinally
      within one of said housing member parts from said mounting wall receptive
      means towards the end of said one housing part for retaining the threaded
      shaft and its travel nut therebetween and providing added structural
      strength to said housing part, bearing receptive means provided between
      the ends of said guide walls and bearing means receptive in said means and
      of the end of said threaded shaft for supporting said threaded shaft and
      its travel nut relatively spaced from the bottom wall of said one housing
      part, means received through the other of said housing member parts and
      including said mirror drive connection and said follower for travel nut
      engagement, and means sealing housing member parts together and retaining
      said operating mechanism in assembly as described therebetween, electrical
      means received and retained between said guide walls lengthwise under the
      threaded shaft for operative control of said motor and for contact
      engagement with said travel nut to effectuate reverse drive of said motor
      at end travel positions upon actuation of reversible switch means, said
      travel nut being relieved transversely thereacross an opposite sides
      thereof to afford relative bending freedom longitudinally for eliminating
      thread play and having a downwardly tappering slot receptive of the end of
      said follower or like shape therewithin, and said follower supporting the
      weight of said mirror member and mirror drive connection to provide the
      close fitting of said travel nut on said threaded shaft and the contact
      engagement required.
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ABST
PAL  A plastic film mirror is formed by attaching a highly reflective,
      metallized polyester film to a frame having a rigid base section and a
      resilient upper section capable of bending inwardly towards the interior
      of the mirror, and subjecting said film to an elevated temperature for a
      specific period of time to cause the film to shrink in at least one
      direction. The shrinking of the film urges the resilient upper section of
      the frame inwardly thereby causing said film to be maintained in a state
      of constant tension by the restoring tendency of the resilient upper
      section. The plastic film mirror may be further provided with a means for
      modifying the reflective characteristics of a portion of the mirror. The
      means preferably comprises a shallow dish located behind the mirror which
      when evacuated draws the reflective film inward and thereby causes a
      concave indentation. Conversely, a pressure greater than ambient
      atmospheric pressure may be applied to the shallow dish and a portion of
      the film will be caused to become convex.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to mirrors in general and in particular to a plastic
      film mirror produced by a heat shrinking process.
PAR  2. Description of the Prior Art
PAR  In recent years a substantial market has developed for mirrors for
      residential use, in addition to the traditional uses of mirrors on
      dressing tables, medicine cabinets and the like. Mirrors have become
      popular on closet doors, both of the opening and sliding variety and a
      market is developing for reflective ceiling and wall tiles, both having a
      decorated and undecorated reflective surface.
PAR  One of the disadvantages of glass mirrors is the problem of high breakage
      and weight. The solution to this problem requires expensive and heavy
      packaging, which adds to the already substantial freight costs involved in
      the long distance shipment of glass.
PAR  A second disadvantage, which is an esthetic one, is that the principal
      reflective surface of a traditional mirror is behind a layer of glass.
      Thus, the reflection of such mirrors is not as bright as would be possible
      if the reflective surface were on the front face of the mirror rather than
      the rear face. Due to problems of technology it has not generally been
      practical to place the reflective coating on the front surface of glass.
      Although, of course, this technique is employed in nondomestic
      applications such as astronomical telescopes and the like.
PAR  The discovery that a stable, smooth, reflective surface could be obtained
      by the vacuum deposition of certain metals upon certain plastic materials
      led to the use of such materials as mirrors. In order for such mirrors to
      be formed and to maintain good plainer reflective surfaces, it is
      necessary that the reflective surface be permanently under tension. A
      substantial amount of work has been done in this area and will be found in
      U.S. Pat. Nos. 3,434,181 and 3,552,835 to Benzies and U.S. Pat. Nos.
      3,608,179 and 3,180,220 to Jeffree et al. A review of these patents will
      show that an essential component of these mirrors is a tensioning and
      tension-retaining means such as a vacuum pockets rigid or semirigid ring
      spring or similar device. The use of such devices complicates the
      structure of the mirror and increases their costs, both from the point of
      view of materials and from the point of view of structural complexity. It
      would be highly desirable, therefore, to provide a mirror which has the
      general properties of the Benzies and Jeffree mirrors, without the
      necessity for their structural complexity.
PAR  Heretofore, the deposition of preformed films upon frames in order to
      produce sealed surfaces and the like, has been known. A representative
      example of this technique will be found in Demke U.S. Pat. No. 3,154,435,
      which deals with the formation of a membrane faced acoustical tile.
      Similar techniques have been employed in the packaging method generally
      known as "bubble coating" wherein an article to be packaged is placed upon
      a base, usually a coardboard base, which is either somewhat permeable to
      the passage of air or has a plurality of pinholes therein. A plastic film,
      usually a polyethylene film, is soften and laid over the device to be
      packaged and the backing card and a vacuum applied to the back of the
      card, whereby the device is substantially envelope in the plastic, which
      also adheres to the card.
PAR  Heretofore, however, it has not been possible to coat low softening point
      plastics, such as polyethylene with a reflective coating. The reason for
      this is believed to be that in the first place vacuum coating requires
      somewhat elevated temperatures at which film such as polyethylene cannot
      be held under tension, a requirement for even coating, and secondly even
      if this were possible, there is a danger that under these conditions the
      plasticizer in the film would outgas in such a manner as to form bubble
      imperfections in the metalized film.
PAC  SUMMARY OF THE INVENTION
PAR  There is provided a novel type of mirror comprising a frame constructed of
      one or more frame members, said frame members having an upper edge, said
      upper edge of all of said frame members lying in a common plane, and a
      heat shrinkable plastic film rigidly stretched over said edges and adhered
      to said frame by means of an adhesive layer between said film and said
      frame. While it is the principal objective of the present application,
      that the plastic film be provided with a reflective surface, the invention
      is not limited thereto. The upper surface may be coasted with a reflective
      surface, it may be decorated in any suitable manner or it may comprise
      both a reflective and decorative surface in order to provide a desired
      esthetic effect.
PAR  A portion of the aforementioned reflective surface may be either concave or
      convex.
PAR  In the process of manufacturing the novel mirrors of the present invention,
      an adhesive layer is placed upon the outer surface of the aforementioned
      rigid frame, and the plastic film, reflective surface upper most, is
      placed over the edges on the top of the frame, placed under moderate
      tension, and caused to adhere to the adhesive layer. While not limiting
      the invention thereto, it has been found suitable to employ adhesives of
      the type commonly known in the trade as "contact cements" since these
      cements provide good adhesion upon mutual contact with the surfaces which
      it is desired to adhere together and furthermore, these cements are
      sufficiently heat resistant for the purposes of the present invention.
PAR  While such initial tensioning does provide a reasonably good reflective
      surface, the quality thereof is not satisfactory for commercial purposes.
PAR  Not all film forming plastics are suitable for the process of the present
      invention. The invention is limited to the use of those plastics whose
      films shrink upon the application of heat. This is contrary to the
      property of many plastic films which expand upon the application of heat.
PAR  The thus produced plastic coated frame is then subjected for a brief
      exposure to fairly elevated temperatures, during which exposure the film
      shrinks sufficiently to produce a drum like surface in that portion of the
      film defined by the edges on the upper surface of the frame. It has been
      found that under ambient conditions the thus formed stretched film, not
      only does not beocme slack, but has sufficient memory that, if pressed out
      of shape by, for example, accidental contact with a hand of similar
      non-cutting object, the film will return to it former reflecting position
      without deterioration of the quality of the reflection.
PAR  An advantage of the present invention is to enable production of an
      inexpensive mirror using a reflective plastic film.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The various features of the present invention may be best understood when
      considered together with the accompanying drawings in which;
PAR  FIG. 1 is a perspective view of the heat shrink, plastic film mirror
      according to a preferred embodiment of the invention.
PAR  FIG. 2 is a cross sectional view of the frame of the plastic film mirror
      showing the uppersection in its untensioned state.
PAR  FIG. 3 is a cross sectional view of the mirror of FIG. 1 showing the
      uppersection in its tensioned state.
PAR  FIG. 4 is a plan view of the corner of the mirror frame with the plastic
      mirror surface removed.
PAR  FIG. 5 is a cross sectional view of another embodiment of present invention
      in which a portion of the frame has a U-shape.
PAR  FIG. 6 is another embodiment of the present invention in which a vacuum
      source is used to distort a portion of the mirror into a concave shape.
PAR  FIG. 7 is another embodiment of the present invention in which a
      pressurized source is used to distort a portion of the surface of the
      mirror into a convexed shape.
PAR  FIG. 8 is an elevated view of a mirror of the present invention in which
      the mirror is generally circular in shape.
PAR  FIG. 9 is an elevated view of a mirror of the present invention in which
      the mirror is generally oval in shape.
PAR  FIG. 10 is an elevated view of a mirror of the present invention in which
      the shape is generally rectangular.
PAR  FIG. 11 illustrates the step of tensioning the frame by subjecting the film
      to the heat of a heat tunnel.
PAR  FIG. 12 is an elevated view of the mirror of the present invention in which
      the surface is only partially reflective and in which the rest of the
      surface is decorated with a nonreflective decoration.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  During the discussion of the embodiments it will be appreciated that like
      numbers may refer to the like elements in the different drawings.
PAR  A square plastic film mirror according to a preferred embodiment of the
      present invention is illustrated in FIG. 1. The mirror 10 is shown to
      include a front reflective surface 12 which preferrably comprises a heat
      shrunk, metalized Mylar film. FIG. 1 shows the front surface to be
      relatively square in shape but it will be understood in reference to FIGS.
      8,9 and 10 that the configuration of the front surface can be one of a
      variety of conventional geometric forms. As seen from the perspective of
      FIG. 1 the film 12 is stretched tightly over a frame 14 which is not
      visible in this view because it is covered by the film.
PAR  A cross sectional view of a portion of the frame 14 is shown in FIG. 2. In
      this particular view the film has not yet been placed over the frame. The
      frame comprises a flat baseboard section 16 typically made of fiberboard
      or the like, and a channel-like frame member 18 including a foot section
      20, a sidewall 22 and an inwardly directed rim 24. Foot section 20 is
      securely attached to baseboard 16 and forms a rigid base section
      therewith. Foot 20 may be attached to the section 16 either by means of
      adhesive or through the use of conventional mechanical fasteners or the
      like. The sidewall section 22 and the inwardly directed rim 24 form a
      resilient upper section which has the capability of bending inwardly
      toward the center of the mirror, i.e., in the direction towards which the
      rim 24 points. An edge 26 is formed at the point where the plane of the
      rim 24 and the plane of the sidewall 22 coincide. According to a preferred
      embodiment of the invention the frame member 18 is made out of any
      suitable resilient metal but it will be understood that many plastic
      materials would also be suitable. FIG. 3 shows in slightly exaggerated
      detail the effect upon sidewall 22 of tensioning the film by means of heat
      shrinking. It will be noted that the film 12 covers the surface of the
      mirror, the sidewall section 22 and a portion of the bottom of base
      section 16.
PAR  The method of manufacturing the mirror 10 as illustrated in FIG. 1 through
      3 is performed in a few basic steps. The first step involves the
      fabrication of the frame as generally illustrated in FIG. 2. The
      fabrication of the frame involves the secureing of a frame member 18 to a
      board section 16. It is understood that according to a preferred
      embodiment a frame member 18 completely surrounds the periphery of the
      frame. Therefore if the frame is a square twelve inches on each side, then
      four frame members slightly less than twelve inches long are used to make
      the frame. Once the frame is formed the, reflective, heat shrinkable,
      metalized, Mylar film is placed over the frame reflective side outward so
      that the film 12 covers the frame and may be attached to the back of the
      baseboard 16 by an adhesive means or a conventional mechanical means.
      Preferably the adhesive comprises a contact cement. In this fashion the
      film completely surrounds the frame members and is preferrably attached to
      the back of the baseboard 16 in such a fashion that the surface of the
      mirror is flat.
PAR  At this point the film is ready for shrinking. In a typical application the
      thickness of the reflective film varies from about 0.001 inch to 0.003
      inch. Once the film 12 is secured to the frame 14 it is then subjected to
      a temperature of approximately 450.degree. F. for about 1 minute time of
      exposure. The heating process typically takes place in a conventional
      shrink tunnel 52 of the sort illustrated generally in FIG. 11.
PAR  FIG. 3 illustrates in an exaggerated fashion the effects of heat shrinking
      film 12. As the film 12 is heated it tends to shrink along its
      longitudinal and/or its horizontal axis thereby tending to draw the side
      wall 22 slightly inward. As the sidewall 22 is drawn inward from its
      equilibrium position as shown in FIG. 2 towards its final position as
      shown in FIG. 3, there is a tendancy for the sidewall to restore itself to
      the original equilibrium position shown in FIG. 2. This latent restoring
      force equally applied on all sides of the frame film tends to keep the
      surface of the film tight and relatively free of distortion from say and
      ripple. In this manner the tension of the film is automatically
      self-adjusting because as the film stretches the resilient sidewall takes
      up the slack but as the film shrinks the side wall 22 is drawn inwardly
      with it. This is especially important in areas of high heat and humidity
      because under such conditions the film may expand. Additionally as the
      film ages it may tend to stretch or flow. If it were not for the self
      adjusting feature of the frame, the stretching of the film would cause
      sagging and other undesirable distortions. On the other hand if there were
      no means for taking up the tension in the film, i.e., if the film were to
      contract, it might rip.
PAR  It will be noted from FIG. 2 that the rim 24 is inclined downwardly at an
      angle 28 toward the base 16. The angle 28 is defined as the angle
      subtended by the plane of rim 24 intersecting with the plane of the base
      16. It can also be more preferably defined as the angle subtended between
      the plane of the rim 24 and the plane defined by the periphery of the
      edges 26 of the frame members 18. It is clear that the edges 26 define a
      flat plane surface. In practice angle 28 is typically in excess of
      2.degree.. The inportance of angle 28 lies in the fact that rim 24 must
      stay out of the way of the plane of film 12 so that it does not show
      through the surface of the film as undesirable distortion. However in some
      contexts it may not be necessary to have rim 24 at all, but it is helpful
      for a variety of reasons. The principal reason that rim 24 is helpful is
      that it prevents edge 26 from becoming too sharp. If edge 26 were a
      discontinuous rim it could easily cut the material of film 12, but since
      edge 26 is formed by bending the resilient material the resulting edge is
      relatively smooth and continuous.
PAR  Another important feature of the present invention is the fact that edge 26
      is well defined and continuous at the same time. It is important that edge
      26 be well defined because when the mirrors are placed edge to edge, as
      they might be in the context of a ceiling mirror, it is undesirable for
      there to be great discontinuities between the edges 26 of adjoining
      mirrors 10. It is also found that gradually rounded edges such as those
      illustrated in FIG. 5 are not as satisfactory as the sharper edges,
      because the rounded edges emphasize the discontinuity when two or more
      mirrors abut one another. Nevertheless a curved frame member may be more
      desirable under certain special circumstances.
PAR  One problem encountered in the manufacture of plastic film mirrors of the
      rectangular variety is that when the frame members are tensioned the ends
      of the frame members may mutually interfere as they are bent inwardly. To
      solve this problem the ends 32 are mitered and set apart about
      one-sixteenth of an inch. Additionally the angle of mitering may be
      slightly less than 45.degree. with respect to the rim so that as the
      resilient upper sections bend inwardly under the tensioning of the plastic
      film the rim sections 24 will not interfere with one another. The spacing
      of the end sestion 32 and the mitering of the rim 24 is illustrated in
      FIG. 4.
PAR  According to another embodiment of the present invention a slightly
      depressed dish is placed behind the reflecting surface of the film in the
      manner shown in FIG. 6. The dish 34 is connected by airline 36 to a vacuum
      source 38. A selective means 40 is connected between source 38 and dish 34
      for controlling the application of vacuum thereto. According to a
      preferred embodiment the means may be a valve but it is understood that
      any conventional means for controlling the output of vacuum source 38 may
      be employed. In operation the vacuum in vacuum source 38 is applied by
      means 40 to the air hose 36 directly to the interior of dish 34. The
      vacuum draws the plastic film up against lip 42 in a substantially air
      tight fashion. Alternatively an air tight seal could be made between the
      lip 42 and the film 12 but that this is undersirable because it interferes
      with the tensioning of the frame members and distorts the mirror
      unnecessarily. When the dish is evacuated the film 12 is drawn smoothly
      and continuously into the chamber formed between the dish 34 and the film
      12. This causes a concave depression in the surface of the mirror. A
      concave depression may be desirable for a variety of reasons. Such a
      device may find application in the cosmetic or scientific areas. It should
      be stressed however that the general concept of distorting a reflective
      surface with a vacuum is not new. However the application of this
      technique to a heat shrunken, reflective, Mylar surface mirror appears to
      be totally novel.
PAR  Alternatively a similar technique can be employed to create a convexed
      distortion of the film surface as shown in FIG. 7. Where convex distortion
      is desired a source of air pressure higher than ambient 44 replaces vacuum
      38. High pressure source 44 is connected to the selective means 40 through
      air hose 36 and to dish 34 in the manner previously described with
      reference to FIG. 6. Since it is undersirable to permanently attach the
      rim of the dish to the Mylar film it is, therefore, necessary to force the
      film 12 into contact with the rim of the dish 42 by some external agency.
      In this case an annular ring 46 as shown in cross section in FIG. 7 is
      held rigidly against the rim 42 of the dish 34. Ring 46 is located on the
      reflective side of the mirror and is preferrably held firmly against the
      film 12 by a set of braces 48 which find support from the base 16 of the
      mirror. Of course, the annular ring 46 could be held firmly against the
      film and the lip 42 by other means. It is only necessary that the film be
      held against the lip of the dish in a secure fashion. It will be further
      appreciated in FIGS. 6 and 7 that the dish 34 is rigidly connected to the
      base of the mirror 16 by a mounting block 50 or similar equivalent. In
      operation the pressure from source 44 is applied to the interior of the
      dish 34 by means 40 and air line 36. As the chamber formed between film 12
      and dish 34 fills with air the film 12 trapped in the interior of ring 46
      will bubble outwardly relative to the plane of the film outside of ring
      46. This in turn causes a conven distortion of that portion of the
      reflective surface bounded by annular ring 46. Such a distortion is
      relatively smooth and has many desirable optical qualities. For instance
      such an application may find considerable use as a shaving mirror or the
      like.
PAR  With reference to the frame members it will be appreciated that the foot 20
      and the sidewall 22 have an L-shaped relationship to one another in that
      sidewall 22 is substantially perpendicular to foot 20. As previously
      discussed, rim 24 tends to have a slightly V-shape with respect to
      sidewall 22. In short, the shape of the frame member 18 can be described
      as an L with a V-top, wherein one leg of the "L" and one leg of the "V" is
      the common sidewall 22.
PAR  Theoretically it is possible to achieve tensioning of the film by
      mechanically stretching the reflective film prior to fastening it to the
      frame. Unfortunately, it is difficult to achieve uniform tensioning in
      this manner and, therefore, ripples and sagging fequently accompanies
      mirrors made by mechanical stretching. Heat shrinking is the preferred
      method of tensioning because it produces a higher quality reflective
      surface due to its uniform shrinking characteristics.
PAR  Several modifications of the present invention may be possible within the
      scope of the described invention. In particular it could be possible to
      fabricate a substantially circular or round mirror as shown in FIG. 8 or
      to fabricate a substantially oval or non round mirror as shown in FIG. 9.
      While FIG. 1 shows a preferred embodiment to be in the shape of a square
      it will be apparent to those of ordinary skill in the art that any
      rectangular shape can be fabricated in the method described. See FIG. 10.
      As a matter of fact it is anticipated that such mirrors will find more
      utility in a non square, rectangular configuration than in the simple case
      of the square configuration.
PAR  Additionally there may be produced mirrors according to the teaching of the
      present invention in which a portion of the reflective surface is
      decorated with either reflective or nonreflective or partially reflective
      decorations. Such variation is shown in FIG. 12 in which the surface of
      the mirror is both partially reflective and partially decorated.
PAR  In a general manner, while there has been disclosed defective and efficient
      embodiments of the invention, it should be well understood that the
      invention is not limited to such embodiments as there might be changes
      made in the arrangement, disposition, and form of the parts without
      departing from the principal of the present invention as comprehended
      within the scope of the accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A plastic film mirror having a definable periphery and an interior
      comprising:
PA1  a frame having a rigid base section and a resilient upstanding upper
      section connected thereto capable of bending inwardly from an equilibrium
      position toward the interior of said mirror;
PA1  securing means attached to at least a portion of said frame; and,
PA1  a metalized, metalized, plastic film securely attached to said frame by
      said securing means, said film covering at least a portion of the area
      bounded by the periphery of said upstanding upper resilient section and
      being held in constant, uniform tension by the resilience of said
      resilient upstanding upper section of said frame, said film forming a
      primary reflective surface of said mirror which is generally rectangular
      in shape,
PA1  said resilient upstanding upper section including a plurality of
      substantially straight frame members each having a foot, a sidewall
      section substantially perpendicular to and connected at one edge thereof
      to said foot; and an inwardly directed rim connected to said sidewall
      section at the edge farthest removed from the edge connected to said foot,
      said rim being inclined downwardly from the edge of said sidewall toward
      said base section, said frame further including a plurality of corners
      formed where the ends of said frame members are in closest proximity to
      each other, said corners being formed in such a manner that there is a
      sufficient gap between the sidewalls of adjacent frame members so that
      said sidewall section and said rim of said frame members can bend inwardly
      under the tension of said film without hindering each other.
NUM  2.
PAR  2. The plastic film mirror of claim 1 wherein said rim is inclined
      downwardly and inwardly from the edge of said sidewall at an acute angle
      with respect to the plane of said base section of not less than 2.degree..
NUM  3.
PAR  3. A plastic film mirror having a definable periphery and an interior,
      comprising:
PA1  a frame having a rigid base section and a resilient upstanding upper
      section connected thereto capable of bending inwardly from an equilibrium
      position toward the interior of said mirror;
PA1  securing means attached to at least a portion of said frame; and,
PA1  a reflective, metalized, plastic film, securely attached to said frame by
      said securing means, said film partially covering at least the area
      bounded by the periphery of said upstanding upper resilient section and
      being held in constant, uniform tension by the resilience of said
      resilient upstanding upper section of said frame, said resilient
      upstanding upper section including at least three frame members, each
      having two ends and comprising respectively:
PA1  a foot section;
PA1  a sidewall section having a first and second edge; and,
PA1  a rim section;
PA1  wherein the first edge of said sidewall section is connected to said foot
      section and forms an L-shaped configuration therewith, and the second edge
      of said sidewall section is connected to said rim section and forms a
      V-shaped configuration therewith, the acute angle of intersection of the
      extended plane of said foot section and said rim section being not less
      than 2.degree., said frame further including a plurality of corners formed
      where the ends of said frame members are in closest proximity to each
      other, said corners being formed in such a manner that there is a
      sufficient gap between the sidewalls of adjacent frame members so that
      said sidewall section and said rim can bend inwardly under the tension of
      said film without hindering each other.
NUM  4.
PAR  4. A plastic film mirror having a definable periphery and an interior,
      comprising:
PA1  a frame having a rigid base section and a resilient metal upstanding upper
      section connected thereto capable of bending inwardly from an equilibrium
      position toward the interior of said mirror, said resilient metal
      upstanding upper section including a plurality of frame members each
      including:
PA1  a foot fixed to one side of said rigid base section;
PA1  a sidewall section connected thereto; and,
PA1  an inwardly directed rim connected to said sidewall section, said rim being
      inclined downwardly toward the base section;
PA1  securing means attached to at least a portion of said frame; and,
PA1  an at least partially reflective, metalized, plastic film securely attached
      to said frame by said securing means, said film substantially completely
      covering said resilient metal upstanding upper section and said one side
      of said rigid base section and being held in constant, uniform tension
      substantially solely by the resilience of the metal in said resilient
      metal upstanding upper section of said frame.
NUM  5.
PAR  5. The plastic film mirror of claim 4 wherein said securing means includes
      an adhesive medium.
NUM  6.
PAR  6. The plastic film mirror of claim 5 wherein said a adhesive medium
      comprises a contact cement.
NUM  7.
PAR  7. The plastic film mirror of claim 4 wherein the plastic film material is
      a polyester.
NUM  8.
PAR  8. The plastic film mirror of claim 4 wherein the primary reflective
      surface of said mirror is generally circular in shape.
NUM  9.
PAR  9. The plastic film mirror of claim 4 wherein the primary reflective
      surface of said mirror is generally oval in shape.
NUM  10.
PAR  10. The plastic film mirror of claim 4 wherein the primary reflective
      surface of said mirror is generally rectangular in shape.
NUM  11.
PAR  11. The plastic film mirror of claim 4 wherein said frame members have a
      generally U-shaped cross section.
NUM  12.
PAR  12. The plastic film mirror of claim 4 wherein said base section includes a
      flat board base.
NUM  13.
PAR  13. The plastic film mirror of claim 4 wherein only a portion of said
      plastic film is reflective.
NUM  14.
PAR  14. The plastic film mirror of claim 4 wherein a portion of said film is
      decorated.
NUM  15.
PAR  15. The plastic film mirror of claim 4 wherein said film is a heat shrunk
      plastic film.
NUM  16.
PAR  16. The plastic film mirror of claim 4 wherein said mirror further includes
      a means for altering the radius of the curvature of a portion of said
      reflective film, said means comprising:
PA1  an airtight chamber at least part of whose surface comprises said film;
PA1  an atmosphere modifying means operatively connected to said chamber; and,
PA1  a means for selectively controlling said atmosphere modifying means.
NUM  17.
PAR  17. The plastic film mirror of claim 16 wherein said atmosphere modifying
      means is a vacuum source.
NUM  18.
PAR  18. The plastic film mirror of claim 16 wherein said atmosphere modifying
      means is a source of positive pressure greater than ambient atmospheric
      pressure.
NUM  19.
PAR  19. The plastic film mirror of claim 16 wherein said airtight chamber
      includes a means having a depression therein, said means having a
      continuous, generally circular lip, therearound; and,
PA1  wherein said film covers the lip area and forms an airtight seal therewith,
      thereby rendering said chamber virtually airtight.
NUM  20.
PAR  20. The plastic film mirror of claim 16 wherein said airtight chamber
      includes a means having a depression therein, said means having a
      continuous, generally oval lip, therearound; and,
PA1  wherein said film covers said lip and forms an airtight seal therewith,
      thereby rendering said chamber virtually airtight.
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ABST
PAL  An interferometer method for measuring aberrations in a lens system by
      analysis of a Fourier transform pattern generated by the lens system and
      the embodiment of this principle for the measurement of aberrations in the
      human eye and in the general imaging system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for measuring wavefront
      sections of optical imaging systems and accomplishes this object without
      complex and expensive readout equipment. While directed specifically to
      measurement of wavefronts in the human eye, the invention is not limited
      in its application as an eye interferometer, since an additional object of
      the invention is its use as a fan trace interferometer for wavefront
      investigation of photographic objectives, reproduction lenses, telescopes,
      microscopes, enlarger lenses, and other imaging systems.
PAR  The human eye is an optical system characterized by aberrations of several
      types. One contributing factor to these aberrations is the fact that the
      human eye is not a rotationally symmetric optical system, because the
      fundus, where the vast majority of all vision takes place, is not located
      on the optical axis of the refracting elements of the eye, which optical
      axis makes an angle of 4.degree. to 7.degree. with the axis of best
      vision.
PAR  Due to the lack of coincidence of the optical axis with the axis of best
      vision of the eye lens system, leading to a rotationally asymmetric
      optical system with two perpendicular planes of symmetry, a large number
      of aberrations occur in the human eye optical system. The consequence of
      such aberrations is imperfect vision, ranging widely in degree of
      impairment of an individual's vision. So-called star rays, observed by
      most people to be emanating radially from a bright star at night, result
      from eye optical system aberrations,
PAR  Allviar Gullstrand was able to show mathematically that these star rays are
      due to aberrations caused by the optical system of the human eye. Helmholz
      also found that eyes without lenses, where the lenses have been removed
      due to cataracts, don't see these star rays.
PAR  Determination of aberrations of the type described require measurement of
      the phase of the light oscillation of a wavefront along the path of the
      wavefront where ray paths may be identified.
PAR  One crucial property of an interferometer is the provision to allow the
      measurement of the phase of the light oscillation of a wavefront. Because
      of the high frequency of the light oscillation, this measurement can only
      be achieved through comparison with a reference wave front of the same
      frequency. Another important property -- as far as an interferometer for
      the determination of lens aberrations is concerned -- relates to the fact
      that the phase measurement must be performed at a position along the path
      of the wavefront where ray paths may be identified. This allows it to
      trace the ray through the optical system and thus relate the phase
      measurement of the interferometer with a ray or a wavefront section which
      penetrates the aperture at a well defined location. For instance, if the
      phase measurement is performed at or near a caustic, it is not possible to
      determine the phase contributions of individual aperture sections, since
      the interferometer in this case measures the phase of the light
      oscillation which results from the vector addition of a large number of
      rays.
PAR  Therefore, whenever objects are "imaged" onto the retina, a ray convergence
      in the form of a caustic results. In fact, the size of the caustic is
      directly related to the aperture necessary to provide this resolution by
      the Helmholz-Lagrange formula, which may be interpreted as a sort of
      uncertainty relation: resolution size times aperture size is a constant;
      thus good resolution (small size) necessitates a large aperture.
PAR  Recent opthalmologic research indicates that cataracts introduce primarily
      phase errors in the various ray paths, while amplitude effects are not
      critically large. (Optical Engineering, "Holographic Phase Compensation
      Techniques Applied to Human Cataracts," Jan/Feb. 1973. ) Therefore, at
      least in principal, it is possible to compensate the phase errors of the
      cataract with an appropriate phase plate. Since holography cannot be
      applied to the in-vivo eye, these phase errors first have to be measured,
      and since it is absolutely necessary to assume a deviation from the
      spherical or toric shape of the wavefront, an instrument with
      interferometric resolution is required. On the other end of the scale, as
      shown by way of the star rays, even the resolution of the perfect eye
      could be improved, which would lead to improved night vision.
PAR  The inventive interferometer satisfies both interferometer requirements. It
      can be shown that there are only two rays intersecting at any point on the
      retina, and the interference of these two ray bundles generates a
      characteristic multi-stripe pattern which allows the phase measurement.
      Therefore, there is no caustic being generated on the retina, and no
      ambiguity about the origin of the phase error exists. Thus the inventive
      interferometer allows it to measure the vector contribution of all rays of
      a wavefront in the focal point where the caustic is normally formed. An
      important property of the eye interferometer is that a measurement in the
      eye can only be performed on the retina as the space between the retina
      and the eye lens is not accessible.
PAR  However, in testing camera lenses, for instance, a similar situation
      exists, in that the space between the film plane and the objective in many
      cameras is not accessible, and the inventive interferometer may be useful
      in those cases. However, if the situation requires a phase measurement
      outside the focal plane, the inventive interferometer works just as well.
PAR  Another important property of the interferometer is the complete absence of
      any phase ambiguity. It is well known that an interferometer which
      provides phase information in the form of a contour map of the wavefront
      has a serious phase ambiguity. While it is easily established that the
      phase differential between adjacent contour lines is 2 .pi., it is
      difficult to determine whether the phase is retarding or advancing in
      crossing from one line to the next. As the interferometer apparatus and
      method in the invention indicate, no such problem exists in the fan trace
      interferometer or its equivalent application, the eye interferometer.
PAR  Since corrective treatment first requires diagnostic measurement, one
      object of this invention is to measure phase errors of eye-optical
      defects, including mild cataracts to supply information needed to
      construct a suitable compensatory lens. In addition, the resolution of the
      perfect eye is capable of improvement after a proper measurement of eye
      aberrations by the invention.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Interferometers for the investigation of wavefronts can be grouped into two
      distinct categories. The first group basically utilizes the division of
      the wavefront principle as demonstrated by Young's historical experiment
      which established the wave nature of light. Other division of wavefront
      principle representatives are Michelson's stellar interferometer and
      Rayleigh's inteferometer for the precision gas index measurement.
PAR  A second category is based on the division of amplitude principle. In the
      large variety of interferometers that belong to this group, there are two
      basic types which serve to investigate lens aberrations; namely, the
      Twyman-Green interferometer which is disclosed in British Pat. No. 103,832
      and the Bates shear interferometer which is disclosed in 59 Proceedings of
      Physics Society 940 (London 1947). The Twyman-Green interferometer, which
      is a variation of the Michelson interferometer, is used in testing optical
      systems in autocollimation. Due to the autocollimination feature of this
      interferometer, the exact interpretation of aberrations as they appear in
      interferograms presents problems. The Bates shear interferometer has
      attempted to overcome this difficulty, in that a wavefront and its sheared
      replica interfere to produce straight fringes. The movement of this fringe
      pattern as a function of the shear parameter makes it possible to compute
      the wavefront slope. This process is extremely tedious, as the wavefront
      has to be measured and computed for each point individually. In addition,
      the process is only applicable for large aperture systems where there is
      room to accommodate the interferometer between the last refracting or
      reflecting surface and the focal point of the wavefront.
PAR  Other developments have been made to accurately measure lens and eye
      focusing properties. U.S. Pat. No. 3,136,839 discloses a survey of early
      opthomoscope methods which have been utilized in the field. In particular,
      U.S. Pat. No. 3,536,383 discloses a method and apparatus for measuring the
      refracted power of the eye. This reference is based on the principle that,
      with the eye focused on infinity, all parallel rays impinging on the lens
      will be deflected to the same point on the retina, assuming no aberrations
      in the lens. An optical set-up is devised to provide a vibrating pin ray
      of light which is always parallel to the optic axis of the eye lens to
      scan across the lens. If the image produced on the retina moves, then the
      lens is introducing some phase difference between the different optical
      paths. Another U.S. Pat. No. 3,639,041 discloses a method and apparatus
      for obtaining a map of the depth of various points of the fundus from an
      arbitrary point on the lens. When the eye is focused at a given distance,
      the image is of two laterally displaced sources or images on the retina by
      varying the distance from the eye to the aperture to make the two images
      coincide. This same procedure is repeated for different positions on the
      retina with the different values of distance from the aperture to the eye
      at perfect focusing providing information on the distances from the eye to
      the different points on the retina. The prior art which has been used
      necessitates complex and expensive read-out equipment to determine when
      and if images overlap.
PAR  Applicant's fan trace interferometer is based upon the division of
      wavefront principal and, like the shear interferometer, it measures the
      wavefront slope, with the difference being that the interpretation of the
      interferometer plot is extremely simple. The present invention requires no
      computation since the interferometer provides an automatic calibration,
      and alignment requirements for the instrument are reduced to a bare
      minimum.
PAC  SUMMARY OF THE INVENTION
PAR  The interferometer invention is based upon the fact that a Fourier
      transform intensity pattern remains stationary when the input function is
      shifted, provided there are no aberrations in the optical system, so that
      the detection of any pattern shift and its measurement provides
      aberrational information. The measured motion of the Fourier transform
      display in the back focal plane of a lens system measures the degree of
      phase error introduced by aberrations in the lens imaging system.
      Consequently, the invention furnishes, along a line of scan of the lens
      system under study, a measurement of the wavefront within the lens system
      under study.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic diagram of a known interferometer.
PAR  FIG. 2 shows a schematic diagram of a lens measuring interferometer of the
      present embodiment.
PAR  FIG. 3 shows a schematic diagram of an interferometer for measuring and
      recording wavefronts in the human eye.
PAR  FIG. 4 shows a schematic diagram of another interferometer embodiment for
      measuring and recording wavefronts in the lens of the human eye.
PAR  FIG. 5 shows a schematic diagram of another embodiment of the invention,
      with the output information in the form of light imaged and recorded on
      high-speed film.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In a general optical Fourier transform layout, the input plane, which is
      illuminated by a coherent or quasi-coherent monochromatic light contains a
      transmission function with the well known Fourier transform.
PAR  In a simple example shown in FIG. 1, the input plane 10 consists of an
      opaque surface perforated by two pinholes 12 and 13, with a fixed spacing
      in a lateral dimension, and is illuminated by a coherent or quasi-coherent
      monochromatic light 11. The lends 15, constituting the imaging system and
      having an equivalent focal length f under study, produces a Fourier
      transform display in the back focal plane 14, located a distance f from
      the lens 15. Thus, the display in the back focal plane 14 where the
      Fourier transform is displayed consists of a system of parallel
      equidistant stripes 16. As the double pinhole apertures 12 and 13 are
      moved laterally in the direction shown by arrow A, the stripe system or
      pattern 16, at a particular point of observation in the back focal plane
      14, remains stationary if the imaging system provides a stigmatic ray
      convergence for that point. If, on the other hand, the imaging system
      produces phase errors, the lateral movement of the stripe system is a
      direct indication of the phase errors.
PAR  A method and apparatus for recording any lateral movement of the stripe
      system 16 produced from the previously mentioned imaging system is shown
      in FIG. 2.
PAR  In the invention, the lateral movement of the Fourier stripe pattern 16 may
      be recorded on photographic film 24 with the principle previously
      disclosed. The interferometer requires only the insertion of a
      double-pinhole aperture into the ray path between the light source and the
      Fourier transform plane to measure the aberrations of a lens system. As
      shown by FIG. 2, an opaque signal film 21 having two pinholes 22 and 23,
      as shown by arrow B, moves synchronously, in either a continuous manner or
      in discrete steps, in a perpendicular travel direction to that of a
      recorder film 24. A source of monochromatic, coherent or quasi-coherent
      light 20 of wavelength .lambda. from either a candescent of incandescent
      source illuminates the pinholes 22 and 23 and through the imaging system
      of lens 26 under test a Fourier pattern is formed. A slit 28 in mask 30
      allows a section of the light pattern 16 to expose the photographic or
      recording output film 24, which records the aberration function of the
      imaging system. Owing to the synchronous movement of both films the shift
      parameter appears as a coordinate on the output film to form an
      aberrational record of the wavefront section on the output film. It is
      also possible to investigate the wavefront behavior in the perpendicular
      direction by a change in the orientation of the pinhole connecting line,
      output slit and direction of output film travel of 90.degree.. The
      wavefront slope in any direction and along any track across the wavefront
      may be recorded at any point in the output plane by a proper choice of the
      geometric parameters of input and output.
PAR  In the eye testing embodiment shown in FIG. 3, the subject actually sees
      the movement of the Fourier test pattern relative to the reference
      pattern, which movement provides a point-by-point measurement of the
      wavefront in the human eye with interferometric resolution.
PAR  The principle of this embodiment is based upon the fact that the intensity
      pattern of the Fourier transform remains stationary on the retina when the
      aperture and light source are moved laterally across the aperture of the
      eye, provided that the relaxed eye is emmetropic.
PAR  In this embodiment, a light source 32, a first light input plane 33, with a
      single pinhold aperture 34, a second light input plane 35, with a double
      pinhole aperture 36, are combined to produce a Fourier reference transform
      pattern on the retina 40 of the eye by reflecting the pattern onto the
      retina through a partially transparent mirror 42. A second Fourier
      measurement pattern is projected through the transparent mirror 42. The
      measurement pattern is produced by light source 46, a first movable plane
      47 with a single pinhole 48, and a second movable plane 49, having a
      double pinhole 50. The second measurement pattern is moved across the
      aperture of the eye in certain increments, the size of which is determined
      by the aberration of the eye. The principle of the measurement system is
      based on the fact that the intensity pattern of the Fourier transform
      intensity patterns remains stationary on the retina when the measurement
      pattern is moved laterally across the eye aperture 41, if there are no
      aberrations generated in the eye.
PAR  In practical application both Fourier patterns are brought into coincidence
      with the double pinholes 50, being positioned so as to illuminate the edge
      of the iris. The movable planes 47 and 49 are moved laterally by a given
      amount .DELTA.X until the two patterns start to deviate from coincidence.
      At this point the first movable plane 47 with its associated single
      pinhole 48 is moved laterally until the two patterns coincide again. This
      lateral movement of the single pinhole 48 changes the phase relationship
      at the double pinhole 50 by a given amount which can be measured
      precisely, and which is a direct measure of the phase error caused by the
      refracting elements of the eye. Then both the single and double pinholes
      of the movable measurement means are moved again in the same direction
      until coincidence is lost. Then the measuring steps are repeated so that
      the complete wavefront of the eye can be sampled and measured in this
      manner.
PAR  This aberrations of the eye can be measured without difficulty with this
      device. However, it is anticipated that complicated wavefronts caused by
      certain cataracts may be measured as well with a possibility of correction
      by higher order refractive elements.
PAR  FIG. 4 shows another embodiment of the invention in which the Fourier
      pattern may be moved laterally across the eye, and the output signal
      records eye aberrations in a high-speed recorder or a computer. In this
      embodiment, a source of monochromatic, coherent, or quasi-coherent light
      60 (from either a candescent or incandescent source) is positioned inside
      a transmission means 62, comprising a housing 63 having an input plane 64
      with a pinhole 65 and a second input plane 66, with double pinhole
      apertures 67 and 68 located sufficiently close to the eye 70 so that the
      eye 70 cannot focus on the double pinhole apertures 67 and 68. The eye 70
      has a lens 72, a retina 74, and an iris 76, positioned in front of the
      transmission means 62, which transmits the pattern into the eye 70 through
      a beamsplitter 80 which may, for example, be a partially transparent
      silvered mirror.
PAR  An imaging lens 82 focuses the Fourier transform intensity pattern from the
      retina, which is reflected back from the eye through the beamsplitter 80
      and the imaging lens 82 onto the aperture 86. This pattern 84 is the
      Fourier-transform of aperture 65 and consists of a system of parallel
      equidistant stripes. The stripe pattern is projected from the imaging lens
      onto a reading mask 86 which, under optimum conditions, allows all or none
      of the image intensity pattern to be transmitted thereto.
PAR  Located behind the reading mask 86 is a collective lens 88 which gathers
      the light transmission through the reading mask 86 and directs the light
      to a detector system 90. The detector system 90 preferably is a photo cell
      which measures the misalignment of the stripe pattern 84 with the reading
      mask 86 and provides control voltage to align the reading mask 86 and the
      image intensity pattern 84. The control voltage activates a
      servo-mechanism 92, which is connected to the reading mask 86 through
      suitable linkage not shown, to movably shift the reading mask 86 to
      regulate the intensity of light passed through the reading mask into the
      collective lens 88. The servo-mechanism 92 also controls the recording of
      the phase misalignment on a recorder 94, which may be a high-speed
      recorder or a computer. In the drawing a stylus is shown to provide a
      visual indication on the recording device. In a practical application, the
      transmission means 62 is located so as to illuminate the edge of the iris
      76 of the eye 70. Next, the transmission means is moved laterally in the
      plane indicated by arrow C until the entire lens 72 of the eye 70 is
      traversed and measured.
PAR  Yet another embodiment of the invention is shown in FIG. 5. FIG. 5 shows a
      source of monochromatic, coherent or quasi-coherent light 96, from either
      a candescent or an incandescent source which produces a Fourier intensity
      pattern 97 as previously set forth. The double pinhole 98 is located
      sufficiently close to the eye 70 so that the eye 70 cannot focus on the
      aperture. The eye 70, having a lens 72, a retina 74, and an iris 76, is
      directed at a beamsplitter 102, which is constructed as previously
      described. An imaging lens 104 forms an image 106 of the Fourier transform
      intensity pattern which is reflected from the retina 74 of the eye 70 by
      beamsplitter 102 onto a mask 108, having a readout slit 100. Light passing
      through the slit 100 is gathered by relay lens 110, which images the slit
      information onto recording film 112. The recording film then visually
      records the aberrations of the eye. The recording film may be high-speed
      film moving in the direction shown.
PAR  While the preferred embodiment of the invention has been disclosed, it is
      understood that the invention is not limited to such an embodiment since
      it may be otherwise embodied in the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An interferometer for measuring aberrations in a lens system comprising
      movable means for generating a Fourier transform pattern in an eye, means
      for reflecting said pattern in said eye onto a mask, said mask defining
      slotted aperature means therein to allow a portion of said reflected
      pattern to pass therethrough onto a recording means, an imaging lens
      positioned in the path of said reflected pattern between said reflecting
      means and said mask and a relay lens positioned in the path of said
      reflected pattern between said mask and said recording means, said
      recording means comprising high speed film which records the aberrations
      of the eye.
NUM  2.
PAR  2. An interferometer for measuring wavefront sections of an imaging system
      comprising a transparent reflective means including a beam splitter, a
      first fixed means for transmitting a coherent light input pattern against
      said reflective means to reflect said pattern into an eye, where the
      Fourier transform of the input pattern is generated, a second movable
      means for transmitting an input pattern through said beam splitter into an
      eye to form a coincidence Fourier transform pattern with said first means.
NUM  3.
PAR  3. An interferometer for measuring aberrations in a lens system comprising
      means for transmitting a coherent light input pattern into an eye, where
      the Fourier transform of said pattern is generated means for reflecting
      said pattern in said eye onto a mask, an imaging lens positioned in the
      path of said reflected pattern between said reflecting means and said
      mask, said mask defining aperture means therein to allow at least a
      portion of said reflected pattern to pass therethrough onto light
      responsive means, a collecting lens positioned in the path of said
      reflected pattern between said mask and said light responsive means, said
      light responsive means controlling a servo-mechanism connected thereto to
      selectively vary the amount of light passing through said mask and to
      simutaneously record the lens aberration on a recording means, such as a
      computer.
NUM  4.
PAR  4. An interferometer for the measurement of lens aberrations by analyzing
      of a Fourier transform pattern generated by a lens system, from aperture
      sections which are emitting coherent light, said lens system comprising a
      human eye with movable means for generating a Fourier transform pattern in
      said eye and means to record the movement of this pattern contained in the
      light reflected from the retina onto a storage medium.
NUM  5.
PAR  5. An interferometer as claimed in claim 4 including a stationary means,
      said stationary means being adapted to simultaneously generated a second
      Fourier transform pattern for calibration purposes.
NUM  6.
PAR  6. A interferometer as claimed in claim 4 wherein said lens system
      comprises a general imaging system such as a photographic camera objective
      with movable means for generating a Fourier transform pattern through said
      imaging system and recording means.
NUM  7.
PAR  7. A method for the interferometric measurement of wavefront sections in a
      human eye using two Fourier transform generating mechanisms each of which
      has a quasi-coherent light source and a multiple pinhole input plane,
      comprising the steps of generating a reference Fourier transform pattern
      on the retina of the eye, generating a second Fourier transform pattern on
      the retina so that first and second patterns are brought into coincidence,
      moving said measurement pattern generator a given distance until the two
      patterns start to deviate from coincidence, moving said measurement
      quasi-coherent light source until the two patterns coincide again and
      measuring the phase change relationship of the light source and multiple
      pinhole input plane.
NUM  8.
PAR  8. An interferometer as claimed in claim 7, wherein the translation process
      and the coincidence alignment process are automated, using visible light
      for the Fourier transform generation and readout steps with the resulting
      wavefront function being fed into a storage device.
NUM  9.
PAR  9. An interferometer as claimed in claim 8 wherein said translation process
      and the coincidence alignment process are automated using infra red light
      for the Fourier transform generation and readout steps.
NUM  10.
PAR  10. A method of taking interferometric measurement of wavefront sections in
      a human eye using two Fourier transform pattern mechanisms each of which
      has a pinhole light aperture and a multiple-pinhole input plane comprising
      the steps of projecting a reference Fourier transform pattern onto the
      retina of the eye, projecting a second measurement Fourier transform
      pattern onto the retina so that said first and second patterns are brought
      into coincidence, moving said measurement pattern a given distance until
      the two patterns start to deviate from coincidence, moving said
      measurement mechanism pinhole aperture until the two patterns coincide
      again, and measuring the phase change relationship of the pinhole aperture
      and multiple-pinhole input plane.
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PAL  This application discloses an ophthalmoscope illumination arrangement
      including a bulb mounted in a special bulb carrier which is adapted to
      cooperate with the ophthalmoscope chassis so as to automatically position
      the bulb for best illumination. The bulb carrier and ophthalmoscope
      chassis cooperate to establish the longitudinal position of the bulb
      filament along the illumination axis of the instrument and to align the
      rotational position of the bulb filament with the upper edge of the
      reflective mirror or prism so that the illumination beam is in close
      alignment with the viewing axis of the instrument.
BSUM
PAR  This invention relates generally to medical diagnostic instruments and more
      specifically to an illumination arrangement for use in ophthalmoscopes.
PAR  Conventional ophthalmoscopes (the instrument with which the doctor examines
      the eye) include an adjustable lens arrangement through which the doctor
      views the interior of the eye and an illuminating system which projects a
      beam of light into the eye. In modern conventional ophthalmoscopes, the
      illumination beam is directed into the eye by a mirror placed immediately
      below the viewing axis (or doctor's line of sight) through the instrument
      such that the mirror reflects illumination from the bulb into the
      patient's eye. It is desirable in such systems that the viewing axis be as
      nearly as possible coincident with the projected beam, i.e., that the
      angle between the axis and the beam be as small as possible and that the
      origin of the axis and beam be as close as possible.
PAR  To accomplish this, applicant has found it desirable in an ophthalmoscope
      wherein a conventional incadescent bulb is used to position the bulb
      within the instrument such that the bulb filament is in alignment with the
      upper edge of the mirror. This requires the accurate positioning of the
      illumination bulb within the ophthalmoscope chassis such that the
      rotational position of the filament is aligned parallel to the upper
      mirror edge. Applicant has also found it desirable to control the distance
      between the filament and the mirror to provide proper focus of the
      filament as known in the art. While it would be a relatively simple matter
      matter to permanently position the bulb in this desired location, the
      matter is substantially complicated by the fact that the bulb requires
      periodic replacement by the physician or user. In the bulb systems of
      present instruments, it is difficult to properly position the bulb
      filament to obtain the desired alignment of the filament with the upper
      edge of the mirror and the proper focus of the filament.
PAR  It is thus an object of the present invention to provide an illumination
      arrangement for opthalmoscopes wherein a replaceable illumination bulb is
      properly positioned to provide a maximum illumination beam as close as
      possible to the viewing axis of the instrument. A related object of the
      present invention is to provide a bulb-carrier system wherein the
      rotational and lateral position of the bulb filament are automatically
      established whenever the bulb is inserted without the specific attention
      of the person inserting the bulb.
PAR  In accomplishing these and other objects in accordance with the present
      invention, applicant's ophthalmoscope includes an ophthalmoscope chassis
      having a bulb-receiving sleeve adapted to cooperate with a specially
      prepared bulb-carrier arrangement. The bulb carrier includes a lateral
      stop, with the distance between the stop and the bulb filament being
      predetermined during manufacture. The bulb carrier also includes a guide
      slot or other guide means adapted to cooperate with a guide arrangement on
      the ophthalmoscope, with the alignment of the filament and the
      bulb-carrier guide being established during manufacture of the bulb
      carrier. The system preferably also includes a screw cap or other means
      for securing the bulb in position, which automatically rotates the bulb
      carrier to its proper position as the bulb cap is secured over the bulb.
DRWD
PAR  Further objects, features and advantages of the present invention will be
      appreciated by reference to the following detailed description of a
      presently preferred embodiment of the invention when taken in conjunction
      with the appended drawings wherein:
PAR  FIG. 1 is a cross-sectional view of an ophthalmoscope head in accordance
      with the invention with the bulb carrier in place and with the bulb
      locking cap removed;
PAR  FIG. 2 is a view taken along line 2--2 in FIG. 1 looking in the direction
      of the arrows;
PAR  FIG. 3 is a view taken along line 3--3 in FIG. 1 looking in the direction
      of the arrows;
PAR  FIG. 4 is a prospective view showing the bulb carrier being inserted in the
      ophthalmoscope head with the bulb cap removed;
PAR  FIG. 5 is a cross-sectional view taken approximately at the position of
      line 2--2 in FIG. 1 with the bulb cap advanced upwardly against the bulb
      carrier;
PAR  FIG. 6 is a view similar to FIG. 5 with the bulb carrier aligned and with
      the bulb cap fully inserted;
PAR  FIG. 7 is a cross-sectional view partially broken away taken on line 7--7
      in FIG. 5;
PAR  FIG. 8 is a cross-sectional view similar to FIG. 7, but showing the cap
      rotated to engage the bulb carrier; and
PAR  FIG. 9 is a cross-sectional view taken along line 9--9 in FIG. 6.
DETD
PAR  FIG. 1 generally shows an ophthalmoscope head 10 in accordance with the
      preferred embodiment having inserted therein applicant's bulb carrier 12
      with the bulb closing cap 14 and handle mounting unit 40 removed.
PAR  The general operation of ophthalmoscope head 10 is well-known in the art
      and will not be described herein in greater detail than required for an
      understanding of applicant's present invention. Basically, the
      ophthalmoscope head includes a chassis 16 including forward and rearward
      apertures 18, 20 respectively through which the doctor observes the eye.
      The doctor's line of sight (also referred to herein as the viewing axis)
      passes through apertures 18 and 20 and is identified in FIG. 1 by the
      numeral 22. The ophthalmoscope head includes a lens wheel 24 adapted to
      carry a series of lenses of different powers so that the doctor can obtain
      a sharp focus of the fundus or other portion of the eye. A viewing lens
      window 26 is also provided so that the power of the lens in position along
      viewing axis 22 can be determined. The operation of lens wheel 24 and the
      viewing arrangement 26 is well-known in the art.
PAR  In addition to providing lenses in the viewing axis 22, ophthalmoscope 10
      is adapted to project an illuminating light beam into the eye. The
      illumination beam is generated by lamp envelope 26 enclosing a
      conventional lamp filament 28. As to be described in more detail
      hereinafter, the bulb envelope is permanently mounted in bulb carrier 12
      which has a positive electrical contact pin 30 and a negative electrical
      contact ring 32 at its lower end. Light from the bulb is focused by means
      of a condensing lens 34 and is reflected by mirror 36 into the eye. As
      shown in the art, other lenses, masks or other optical stations may be
      positioned along the path of light from the bulb (sometimes referred to
      herein as the illuminating axis) shown as axis 38 in FIG. 1.
PAR  Closing cap 14 is adapted to cover and securely retain bulb 12 in position
      within the ophthalmoscope chassis in a manner to be described in more
      detail hereinafter. Cap 14 is formed integrally with a mounting bayonet
      40, which, as shown in FIG. 1, is a conventional arrangement for mounting
      head 10 to a battery handle or other device. It will be understood that
      there are numerous other standard mounting arrangements known in the art
      and that other connector arrangements may be incorporated into applicant's
      invention. Negative contact ring 32 is adapted to make electrical contact
      with negative contact 46 in cap 14. Positive contact pin 30 makes positive
      electrical contact with pin 48 in cap 14, pin 48 being electrically
      isolated from the negative contact surface 46. Pin 48 and negative contact
      surface 46 are adapted to make contact through connector 40 in well-known
      fashion with the positive and negative terminals of an appropriate power
      supply.
PAR  As indicated above, it has been found desirable to bring the light beam
      reflected from mirror 36 (as represented, for example, by arrow 42 in FIG.
      1) in as close coincidence as possible with the viewing axis 22. This is
      accomplished by aligning the bulb filament 28 in such a way that the
      filament is parallel to the upper edge 36a of mirror 36. It is also
      desirable to position the bulb such that filament 28 is focused at a
      predetermined point as known in the art. Proper alignment of bulb filament
      28 thus includes two components: the distance between the filament and the
      mirror 36 must be controlled; and the rotational position of the filament
      must be established.
PAR  The first condition is established in accordance with applicant's invention
      by permanently fixing bulb envelope 26 in cylindrical bulb carrier 12.
      Bulb carrier 12 is provided with a rear ledge 44 best seen in FIG. 4.
      Ledge 44 is conveniently formed as part of the negative contact ring 12.
      Bulb carrier 12 is adapted to be received within sleeve 50 which is formed
      in the lower or neck portion of ophthalmoscope chassis 16. When bulb
      carrier 12 is in position, contact ledge 44 abuts directly against the
      lower end of sleeve 50. The distance between ledge 44 and the filament 28
      is preset in manufacture such that abutment of ledge 44 against the lower
      surface of sleeve 50 positions filament 28 at an appropriate distance from
      mirror 36.
PAR  To establish the rotational position of carrier 12, the rear ledge 44 is
      provided with two slots 52, and sleeve 50 is similarly provided with two
      corresponding slots 54. These slots are shown in FIGS. 2 and 4. Cap 14
      includes a pair of aligning lugs 56 (conveniently made integral with
      negative contact 46) adapted to be received within slots 52 and 54.
PAR  The ophthalmoscope chassis 16, bulb carrier 12 and bulb cap 14 assembly is
      shown in its fully assembled condition in FIG. 9. As will be appreciated
      by reference to FIG. 9 (in combination with FIG. 1), the bulb cap assembly
      14 includes a cylindrical cover member 58, the lower portion of which 58a
      turns inwardly to retain negative contact 46 in position. Cover 58
      includes internal threads 60 which start interior of the upper lip of the
      cover 58. In the fully assembled position shown in FIG. 9, threads 60 mate
      with external thread 62 which surround the lower neck portion of chassis
      16. In this fully closed position, positioning lugs 56 extend through
      slots 52 in member 44 and into slots 54 in sleeve 50. The rotational
      position of the bulb carrier assembly 12 and hence of filament 28 is thus
      fixed in the desired aligned position.
PAR  Applicant's arrangement as discribed above and as explained hereafter is
      uniquely adapted to automatically position the bulb carrier assembly as
      cap 14 is applied so that the bulb is automatically and correctly aligned
      as the cap is screwed onto the neck.
PAR  Specifically, assume the bulb carrier is inserted in a random position, for
      example, the position shown in FIG. 5 with slots 52 out of alignment with
      slots 54 (and hence filament 28 out of alignment with mirror edge 36a).
      The cap 14 is then positioned over the bulb neck assembly (as also shown
      in FIG. 5) with pins 56 in a third random position, for example, out of
      alignment with both slots 52 and 54. In this position, pins 56 sit on
      ledge 44 as seen in FIG. 7. Cover 58 is maintained in approximate proper
      orientation on the chassis neck by the forward portion of cover 58 (which
      does not include threads). The length of pins 56 and the depth of threads
      60 are selected such that in this position, threads 60 do not engage the
      mating threads 62 on the chassis neck.
PAR  The user then rotates cap 14 attempting to screw the cap to the neck. In
      grasping unit 14, the fingers naturally grasp both the jacket 58 and the
      connector member 40. The unitary connector 40 -- negative contact member
      46 combination is free to rotate within cover 58. However, when grasped
      naturally and rotated, the cover 58 and connector -- negative contact
      element tend to rotate together unless the connector -- negative contact
      element is stopped. As the assembly 14 is rotated, pin 56 thus moves
      around ledge 44 until it falls into slots 52. The forward end of pin 56 is
      preferably rounded so that it easily fits into slot 52. The condition is
      shown in FIG. 8. Note that in this position, threads 60 and 62 still do
      not mate.
PAR  As cap 14 continues to be turned with pins 56 in slots 52, the bulb carrier
      12 turns with the cap until the pins 56 eventually reach slot 54 in sleeve
      50. As pins 56 are received in slot 54, the connector - negative contact
      element is precluded from rotating. However, cover 58 continues to turn,
      and at this point the threads 60 and 62 engage so that continued turning
      motion draws pins 56 fully into slots 54. Note that at this point, bulb
      assembly 12 has been properly positioned so that filament 28 is aligned
      with mirror edge 36a.
PAR  Alignment of all three elements occurs in no more than one revolution of
      member 14 and usually substantially less. Applicant has found that with
      this arrangement, the person inserting the bulb and applying cap 14 is
      usually not even aware of the fact that application of the cap has also
      rotationally aligned the bulb. With this arrangement, the cap assembly
      cannot be applied unless the bulb is in proper alignment and the alignment
      of the bulb occurs automatically as one attempts to apply the cap without
      the operator taking any special precautions.
PAR  It will be appreciated that the above detailed description is merely
      representative of the application of the present invention. Numerous other
      embodiments will occur to those skilled in the art without departing from
      the spirit or scope of the present invention as defined by the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ophthalmoscope comprising an ophthalmoscope chassis defining a
      bulb-receiving sleeve therein, a bulb carrier shaped to be received within
      said sleeve, said carrier including stop means with the distance between
      the filament of said bulb and said stop means being predetermined to
      establish the longitudinal position of said filament in said chassis,
      rotational guide means associated with said sleeve and corresponding
      rotational guide means associated with said carrier, alignment of said
      guide means establishing the rotational position of said carrier with said
      sleeve, said guide means being fixed with respect to said filament so that
      alignment of said guide means establishes the rotational position of said
      filament within said chassis to provide most effective illumination, and
      closure means positioned over said sleeve for securing said carrier within
      said sleeve, said closure means including rotational guide means engaging
      the rotational guide means of said sleeve and said carrier, said closure
      means rotating over said sleeve on attachment thereof to sequentially
      engage the guide means of said carrier and the guide means of said sleeve
      to automatically rotate said carrier into proper position as said closure
      means is attached.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said rotational guide means
      on said sleeve comprises at least one slot in said sleeve, said rotational
      guide means on said carrier comprises a flange on said carrier including
      at least one corresponding slot on said flange and said rotational guide
      means on said closure comprises at least one corresponding guide pin
      adapted to be received within said guide slots when said carrier is in
      proper rotational position.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein said ophthalmoscope chassis
      includes threads adjacent said bulb-receiving sleeve and said closure
      means contains threads mating to said ophthalmoscope chassis threads, said
      threads being positioned such that engagement of said threads is prevented
      until said sleeve is in the desired rotational position.
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PAL  A subject whose vision is to be tested wears a face mask having an eyepiece
      in which is mounted a light-emitting diode connected to means for varying
      the light intensity of the diode in a time ordered sequence. The level of
      light intensity is also numerically displayed to the operator of the
      device. The test subject is provided with means for selectively stopping
      and resetting the sequence of varying light intensities to an initial
      intensity and automatically repeating the cycle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device and method for testing the mesopic
      visual acuity of a subject and more particularly to an automated device
      for giving the dark adaptation vision characteristics of a subject with
      respect to time.
PAR  It is well known that in the nearly complete absence of light, a person's
      vision is "scotopic," that is, light is perceived primarily by the rods in
      the eye. In normal daylight vision a person's vision is primarily
      "phototopic;" the cone vision controls. Intermediate between scotopic and
      phototopic vision is the range of mesopic vision. If the illumination is
      suddenly decreased from phototopic levels to mesopic levels, the visual
      acuity of human beings falls regularly and predictably and then increases
      with respect to time for a given person, as his eyes adapt to the lower
      level of illumination. This acuity characteristic is different for each
      person and can deteriorate with age or illness.
PAR  In some prior art visual acuity devices, a person's visual acuity at only a
      single light level is determined. In still another device, the time
      required for the subject's vision to adapt to two predetermined light
      intensities is measured. The problem with these types of devices is that
      they either only measure a threshold light perception level at some fixed
      point in time or they measure the time required for the person's eye to
      adapt to one or more predetermined light intensities. They do not,
      however, give a complete time based characteristic of the light intensity
      levels which may be perceived by the subject during a single course of
      dark adaptation.
PAR  Still another problem with many such prior art devices is that they either
      must be conducted in a darkened room or they require elaborate light
      excluding shields which are attached to the optical measuring device,
      thereby making it either uncomfortable for the subject and the observer to
      use and/or bulky. Since it is sometimes necessary for the subject to look
      into the testing device for periods of time ranging as long as 15 minutes
      to half an hour, it is desirable that such devices be comfortable for the
      subject.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other disadvantages of such prior art devices are overcome by
      the present invention of a method and apparatus for night vision testing
      comprising means for presenting a light display at variable intensities,
      means for incrementally varying the intensity of the light display in a
      time ordered sequence, means for displaying a numerical quantification of
      the intensity of the light display, and means for selectively stopping and
      resetting the sequence of varying light intensities to an initial light
      intensity, and automatically repeating the cycle. In one preferred
      embodiment of the apparatus, the variation in light intensity is a time
      ordered stepwise increase in the light intensity up to a predetermined
      level. The light display is provided by means of a light emitting diode
      fitted into the face plate of an extraneous light excluding face mask
      which is worn by the subject.
PAR  When the apparatus is initially activated, a counter is started and a
      current of relatively low, predetermined magnitude is delivered to the
      light emitting diode. In time ordered, stepwise fashion this current
      magnitude is increased under the control of the counter. The current
      magnitude is also displayed numerically. The current magnitude is
      maintained at each step for a period of approximately 1.5 seconds and then
      the current is increased. In one preferred embodiment, for example, the
      current magnitude is increased sufficiently between each step to double
      the light intensity. When the highest level is reached, a pause is made
      for approximately 6 seconds and the counter is automatically reset to the
      initial point and the current is reduced again to the lowest level. The
      counting cycle is thereafter automatically repeated until the subject
      first perceives the light. The subject is instructed that when he first
      perceives the light from the diode, he is to press a button switch which
      halts the counter and presents the current magnitude and hence the light
      intensity level on the numerical display for approximately 6 seconds. The
      apparatus thereafter automatically resets and recycles the counter.
PAR  Since the counter recycles each time the button is pressed or after it has
      reached its highest level, the test is repeated numerous times. By
      stepping the illumination through a large range in a time that is short
      relative to the dark adaptation process, the apparatus of the invention
      allows several measurements of sensitivity while the sensitivity of the
      subject changes only slightly. Such multiple independent measurements
      provide a better estimate of the subject's true sensitivity than prior art
      methods and devices which obtain only one or two independent measurements.
      Thus, the subject's visual acuity with respect to time is numerically
      determined by the present invention and may be plotted to give a time
      based characteristic of the subject's dark adaptation and the time
      required for the subject's visual acuity to reach the mesopic range.
PAR  It is, therefore, an object of the present invention to provide an
      automatic, night vision testing apparatus for determining the dark
      adaptation characteristic of a subject;
PAR  it is another object of the invention to provide a night vision testing
      apparatus which may be easily and conveniently worn by the subject;
PAR  it is still another object of the invention to provide a night vision
      testing apparatus which gives a numerical display of the light perception
      of a subject; and
PAR  it is a still further object of the invention to provide a method for
      testing the variation in the night vision characteristics of a subject
      over a predetermined period of time.
PAR  The foregoing and other objectives, features and advantages of the
      invention will be more readily understood upon consideration of the
      following detailed description of certain preferred embodiments of the
      invention, taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of the invention;
PAR  FIG. 2 is an illustrative dark adaptation curve of a hypothetical subject
      taken with the device of the invention; and
PAR  FIG. 3 is a schematic diagram of the embodiment of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more particularly to FIG. 1, the subject whose vision is to
      be tested is instructed to wear a face mask 10 having a construction which
      is similar to a diving mask. The mask 10 has a face plate 12 constructed
      of opaque glass, plastic or the like. The face plate 12 may also be
      constructed of a material which is transparent in a spectral range which
      does not affect the subject's light adaptation characteristics, such as a
      spectral range of red. Attached to the face plate 12 is a frame 14 which
      supports one or more light emitting devices 16 such as light emitting
      diodes. Each light emitting diode is aligned with one of the eyes of the
      test subject. In other embodiments the light emitting diode or other light
      emitting device is not attached directly to the face mask but instead is
      connected to it through a fiber optical assembly.
PAR  The face mask 10 is designed to be snug fitting to the subject's face in
      order to exclude extraneous light. This feature allows the test to be
      taken in a room having ordinary light, although it is preferably not done
      in strong sunlight. Also a strong light behind the subject should be
      avoided. Although in the embodiment depicted in FIG. 1 only a single diode
      may be supplied, the frame 14 is detachable from the face plate 12 so that
      the orientation of the light emitting diode 16 may be altered from one eye
      to the other.
PAR  In the preferred embodiment, the light emitting diode 16 is connected by
      means of a pair of wires 18 to the control assembly 20. The control
      assembly 20 is powered through a wire 22 connected to a plug-in type,
      rectified power supply 24. A push-button control switch 26 is connected to
      the control box 20 and is held by the subject whose vision is being
      tested.
PAR  In operation, after the rectifier unit 24 is plugged into a standard power
      supply and is switched on, a counter within the control box 20 is started
      and a current, whose magnitude increases in stepwise fashion, is delivered
      through the wires 18 to the light emitting diodes 16. Each level of
      current magnitude is represented by a numerical figure display 28 in the
      control box 20. The current level at each step is maintained for
      approximately 1.5 seconds then the current is increased by an amount
      sufficient to double the light intensity. When the highest level is
      reached, as indicated by the numeral nine in the display 28, a pause is
      made for approximately 6 seconds before the counter within the control box
      20 is automatically reset to zero to begin another cycle of counting.
PAR  When the subject first perceives the light emitted by the diode 16 he is
      instructed to press the button switch 26 which stops the counter within
      the control box 20. The numerical figure display 28 thus indicates the
      level of light intensity which is first perceived by the subject and this
      figure is displayed for approximately 6 seconds before the counter is
      automatically reset to begin the cycle again.
PAR  The testing procedure begins by asking the subject to don the face mask 10.
      The test is then begun and proceeds through a number of cycles. After
      about 5 minutes the cycle has been repeated several times. If the same
      figure repeatedly appears in the display 28 or if the level perceived is
      improved one or two steps, the threshold value of light perception can
      thus be determined with sufficient certainty. Alternatively the subject
      can be instructed to don the face mask and wait 5 minutes before beginning
      the test.
PAR  For a determination of a complete dark adaptation curve of a given subject,
      it is required that the subject be pre-adapted to a fixed level of
      illumination in a standardized way. For a simple test, however, the
      present device may be used to make certain that the subject can perceive
      light at and under the mesopic level needed for such activities as night
      driving. For such tests, the pre-adaptation procedure can be omitted
      provided the subject has stayed for some period of time in a room having
      ordinary conditions of illumination. In such case, one can assume that the
      level corresponding to the mesopic region will be reached within
      approximately 5 minutes for an average subject.
PAR  Referring now more particularly to FIG. 2, a hypothetical subject's time
      based perception of 10 illumination levels has been plotted. Level 0 is
      the least amount of illumination possible and level 9 is the highest level
      of illumination possible with the device. By repeatedly testing the
      subject during the dark adaptation process, a curve 30 may be obtained
      which indicates the level of light intensity perceived at any given period
      of time from an initial point in time designated "0" in the figure. Thus,
      approximately 5 minutes after the test has begun, the curve 30 shows that
      the subject is able to perceive light levels as low as level 4 which, for
      the purposes of this description, may be designated as the mesopic range,
      e.g., the range to which one is adapted during driving at night with the
      vehicle headlights on. As the adaptation testing period is extended to as
      long as 10 to 115 minutes, the lowest step (0) should be reached if the
      subject has normal night vision.
PAR  One advantage of the present device is that by using a light excluding face
      mask 10, no darkroom is required. The testing operator can use the period
      of adaptation for other tasks, such as completing a questionnaire with
      respect to the subject. Some prior art devices required that a darkened
      room be used and this presented difficulties for the test operator because
      he was required to observe and record test results in the dark.
PAR  Referring now more particularly to FIG. 3, the contents of the control box
      20 are illustrated in greater detail. A clock pulse generator 32 provides
      an output pulse at a rate of approximately one pulse per second to the
      input of a synchronous, up/down binary counter 34. The binary coded output
      from the counter 34 appears at leads 36, 38, 40 and 42 corresponding to
      the zeroth, first, second and third powers of two, respectively. These
      output signals from the binary counter 24 on leads 36-42 are fed into the
      input of a binary-to-decimal decoder 44 which converts the binary outputs
      into a decimal output which appears on one of ten leads collectively
      numbered with reference numeral 46. Each one of the 10 output leads 46
      corresponds to a particular given number, such as 0, 1, etc., with the
      last lead corresponding to the number 9.
PAR  Each of the leads 46 is connected to a bus 48 through separate
      potentiometers referred to collectively by the reference numeral 50. The
      bus 48 is connected directly to the positive (+) terminal of the grounded
      power supply 24. The sliding contact arm 52 of each potentiometer 50 is
      connected to the cathode of a separate diode 54 whose anode is connected
      to a second bus 56. Each potentiometer 50 and sliding contact arm 52
      constitutes a voltage dividing network and the contact arms 52 on the
      potentiometers 50 are set at different positions to provide different
      voltage levels. The second bus 56 is connected through a resistor 58 to
      the positive terminal of the power supply 24. The bus 56 is also connected
      to the base electrode of an NPN transistor 60. The collector electrode of
      the transistor 60 is connected directly to the positive terminal of the
      power supply 24 and the emitter electrode is connected in series with a
      load resistor 62, the light emitting diode 16, and the leads 18 to the
      circuit ground.
PAR  In normal operation, each of the output leads 46, with the exception of
      one, is "high," meaning that each of the output leads 46 with the
      exception of one has a voltage level sufficient to reverse bias the
      particular diode 54 to which it is connected. One of the leads 46 is
      "low," meaning that it has a voltage level sufficiently below the voltage
      level supplied to the diode 54 to which it is connected so as to forward
      bias that particular diode. The forwardly biased diode 54 thus allows the
      resistor 58 and the particular potentiometer 50 to which it is connected
      to act as a voltage divider-biasing network to the base electrode of the
      transistor 60. The particular bias voltage thus supplied to the base
      electrode of the transistor 60 controls the current flowing between the
      collector and emitter electrodes of the transistor 60 and thus the current
      supply to the light emitting diode 16.
PAR  Since the intensity of the light emitted from the diode 16 is proportional
      to the current flowing through it, the control of the base bias on the
      transistor 60 controls the light intensity level of the light emitting
      diode 16. As the counter 34 is supplied with pulses from the clock pulse
      generator 32, it causes the decoder 44 to sequentially de-energize the
      output leads 46 and thus supply a time ordered sequence of different bias
      voltages to the base electrode of the transistor 60 in stepwise fashion.
PAR  Each of the leads 36, 38, 40 and 42 are connected through a latching unit
      64 to separate inputs of a numerical display decoder 66. The decoder 66
      converts the binary coded output signals from the counter 34 into
      appropriately coded signals to operate a seven-segment display 28 and give
      a decimal, numerical indication of the level of light intensity to be
      emitted by the diode 16. The signals from the decoder 66 are connected via
      seven separate leads 68 to the numerical display 28.
PAR  A pair of flip-flops FF1 and FF2 are provided in order to control the
      operation of the device when the end of a count is reached in the counter
      34 or when the subject being tested depresses the push-button switch 26.
      During normal counting, the flip-flop FF1 is "cleared," meaning its output
      at a lead 0.sub.1 is at a reduced voltage level while the flip-flop FF2 is
      "set," meaning that the output appearing at its terminal 0.sub.2 is at a
      relatively high voltage level. The output 0.sub.2 of FF2 is connected to
      the cathode of a diode 70 whose anode is connected to the second bus 56.
      The voltage level appearing at the FF2 output 0.sub.2 when FF2 is set is
      sufficient to reverse bias the diode 70.
PAR  When the binary counter 34 has counted to a level corresponding to the
      decimal number 10, the lead 42 and the lead 38, corresponding to 2.sub.3
      and 2.sup.1, will be high, meaning that they carry a relatively high
      voltage level. The lead 42 is connected to the enabling input E of FF1 and
      the lead 38 is connected to the set terminal S.sub.1 of FF1. When pulses
      simultaneously appear at the terminals S.sub.1 and E of FF1, it is set,
      producing a voltage output at its terminal 0.sub.1. The terminal 0.sub.1
      is connected to a terminal C.sub.2 of FF2. When the set voltage output
      first appears at the terminal 0.sub.1 FF2 is caused to clear, thereby
      reducing the voltage output at the terminal 0.sub.2 to a relatively low
      level which forward biases the diode 70.
PAR  When the diode 70 becomes forwardly biased, the potential on the bus 56 is
      reduced to a level sufficient to cause the transistor 60 to become
      substantially non-conductive and the light emitting diode 16 is reduced to
      its lowest level of light intensity. The terminal 0.sub.2 is also
      connected to the numerical display decoder 66 and when FF2 clears, it
      causes the numerical display decoder 66 to freeze and hold its numerical
      presentation on the display 28.
PAR  The transient pulse appearing at the output 0.sub.2 when FF2 clears is also
      supplied through a capacitor 72 to a load input L of the counter 34. The
      result of supplying this pulse to the load input L is to wipe out the
      existing count and load a predetermined number, such as the number 10,
      into the counter 34. Since the counter 34 has a capacity to count to 16,
      it will thereafter continue to count from the loaded number, such as the
      number 10, to the limit of its capacity, i.e., the number 16. This, in
      effect, provides a time delay during which time the number on the display
      28 is held. Since the clock pulse generator 32 supplies pulses at a rate
      of approximately one per second, this time delay will amount to
      approximately 6 seconds during which time the operator of the device may
      take note of the number in the display 28.
PAR  When the counter 34 has reached the end of its capacity, a pulse is
      generated at its output terminal CL (carry line) which is connected to the
      terminals C.sub.1 and S.sub.3 of the flip-flops FF1 and FF2, respectively.
      The carry line signal supplied to these two input terminals causes FF1 to
      become clear and FF2 to become set, thereby restoring the flip-flops to
      their initial states. Likewise, the counter 34 has returned to its initial
      state and the numerical display decoder 66 will cause the display 28 to
      indicate the numeral 0. The terminal S.sub.3 of FF2 is also connected to
      the cathode of a diode 76 whose anode is connected to the bus 56. The
      purpose of this connection is to dim the light emitting diode 16 when the
      carry line signal is generated during the recycling process.
PAR  A set terminal S.sub.2 of the flip-flop FF1 is connected through the
      normally open pushbutton switch 26 to the circuit ground and through a
      load resistor 74 to the positive terminal of the power supply 24. The
      terminal S.sub.2 is also connected to the latch unit 64. When the switch
      26 is depressed and closed by the test subject, the negative going pulse
      thereby generated at terminal S.sub.2 causes FF1 to become set which, in
      turn, causes FF2 to be cleared. This repeats the sequence of operations
      described above to hold the numeral in the display 28, to cause the binary
      counter to be loaded with a number, such as the number 10 and to
      thereafter count out the remainder of its capacity to provide an
      approximately 6 second time delay after which the entire system is reset
      to its initial condition. The purpose of the latch unit 64 is to hold the
      input to the numerical display decoder 66 constant during the 6 second
      time delay. In other embodiments, the latch unit may be omitted depending
      upon the characteristics of the decoder 66.
PAR  Although the details of the units 32, 34, 44, 64, 66, FF1 and FF2 are not
      described in detail, their construction is well known to those skilled in
      the art. It will also be understood that the particular connections
      between these units and the power supply 24 are not described in detail
      other than to say that they are individually connected between the
      positive terminal of the grounded power supply 24 and the circuit ground.
PAR  While certain details of the control unit 20 have been described with
      reference to FIG. 3, it will be apparent that in other embodiments
      suitable modifications may be made to carry out the method of the
      invention described above with reference to FIGS. 1 and 2, namely, testing
      the night vision of a subject by presenting a light display to him of
      variable intensities, incrementally varying the intensity of the light
      display in a time ordered sequence, displaying a numerical quantification
      of the intensity of the light display, and having the subject selectively
      stop and reset the sequence of varying light intensities to an initial
      light intensity whenever he first is able to preceive the light display.
PAR  The terms and expressions which have been employed here are used as terms
      of description and not of limitation, and there is no intention, in the
      use of such terms and expressions, of excluding equivalents of the
      features shown and described, or portions thereof, it being recognized
      that various modifications are possible within the scope of the invention
      claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Night vision testing apparatus for determining a time based dark
      adaptation characteristic of a subject comprising means for presenting a
      light display to the subject at variable intensities, means for
      automatically and incrementally varying the intensity of the light display
      in a fixed, time ordered sequence, means for displaying a numerical
      quantification of the intensity of the light display at each increment and
      means operable by the test subject for selectively stopping and resetting
      the sequence of varying light intensities to an initial light intensity
      when the subject first perceives the displayed light, to give a plurality
      of independent measurements of the subject's light sensitivity at
      different points in time during a single dark adaptation process.
NUM  2.
PAR  2. Night vision testing apparatus as recited in claim 1 wherein the light
      intensity incremental varying means increases the light intensity in a
      stepwise, time ordered sequence.
NUM  3.
PAR  3. Night vision testing apparatus as recited in claim 2 wherein the light
      intensity incremental varying means doubles the light intensity at each
      sequential step.
NUM  4.
PAR  4. Night vision testing apparatus as recited in claim 1 wherein the light
      display means comprises an extraneous light excluding face mask to be worn
      by the test subject and a light emitting device mounted in the face mask.
NUM  5.
PAR  5. Night vision testing apparatus as recited in claim 4 wherein the face
      mask includes a face plate which is at least partially transparent for a
      spectral range of light which does not affect the dark adaptation process
      of the human subject.
NUM  6.
PAR  6. Night vision testing apparatus as recited in claim 1 wherein the light
      display means presents a light display at intensities at least below and
      within the mesopic range of the subject.
NUM  7.
PAR  7. Night vision testing apparatus as recited in claim 1 wherein the light
      display includes an electric current operated, light emitting device and
      the means for incrementally varying the light intensity includes clock
      pulse generating means, an up/down counter for counting the clock pulses
      and for producing a plurality of separate output signals representative of
      the count in the counter, means responsive to the counter output signals
      for supplying different magnitudes of electrical current to the light
      emitting device, to thereby produce incremental levels of light intensity
      in response to the separate counter output signals, and the stopping and
      resetting means includes means for selectively resetting and recycling the
      counter.
NUM  8.
PAR  8. Night vision testing apparatus as recited in claim 1 where, in the
      absence of being stopped and reset by the test subject, the light
      intensity varying means sequentially displays each level of light
      intensity for a first period of time until a preset highest light level is
      reached, after which the light intensity varying means pauses for a second
      period of time and then automatically begins the light intensity varying
      cycle again.
NUM  9.
PAR  9. A method of testing the time based night vision characteristics of a
      subject during a single course of dark adaptation comprising the steps of
      presenting a light display to the subject, automatically, incrementally
      varying the intensity of the light display in a fixed, time ordered
      sequence, displaying a numerical quantification of the intensity of the
      light display at each incremental step and having the test subject
      selectively stop, reset and recycle the sequence of varying light
      intensities from an initial light intensity when he first perceives the
      light display.
NUM  10.
PAR  10. A method of testing the night vision of a subject as recited in claim 9
      wherein the step of incrementally varying the light intensity includes the
      step of increasing the light intensity in a stepwise, time ordered
      sequence beginning from a level below the subject's perception.
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ABST
PAL  An optical system utilizing a single spherical and two cylindrical lenses.
      The cylindrical lenses are located along the optical axis of the spherical
      lens and between the spherical lens aand an optical target. A first of the
      cylindrical lenses is fixed longitudinally but rotatable. The second
      cylindrical lens rotates with the first, but is relatively translatable
      along the optical axis. When the cylindrical lenses are nearly in contact,
      their net power is zero, and the patient views the target with the effect
      of the spherical lens' power only. The requisite spherical correction is
      determined by moving the target along a track that extends from a location
      well within the focal length of the spherical lens to a location well
      beyond it. Cylindrical correction is obtained by a combination of rotation
      and extension of the second cylindrical lens to produce variable negative
      cylindrical power and axis orientation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The determination of the proper refractive corrections to obtain maximized
      vision is normally accomplished utilizing a graded series of lenses which
      are held in the viewer's line of vision. The patient is asked to relate
      whether each successive lens produces an improvement or deterioration of
      the image of a target. Cylindrical correction is similarly obtained by the
      process of manually rotating the axis of the cylindrical correction
      through increments until 180.degree. of possible orientation have been
      experimented with. Proper cylindrical power is then obtained by applying a
      graded series of cylindrical powers to obtain maximum visual accuity. The
      determination of the relative power for spherical and cylindrical
      corrections is always a difficult judgement decision. This and the other
      judgement decisions associated with a vision examination are compounded
      when the patient is too young or otherwise unable to adequately express
      the difference between successive lenses. In view of the many judgement
      decisions involved throughout the process, it is not possible to delegate
      the task of refraction to non-professional personnel, and therefore the
      task is normally carried out by the optometrist or ophthalmologist
      himself. This results in a relatively inefficient vision examination
      process and increases the cost of the process.
PAR  The deficiencies in the prior art technique for vision examinations have
      resulted in the development of a number of proposed vision examination
      aids. Apparatus that detect the angulation of a laser beam, or similar
      light beam, passed into the eye and reflected from the retina have been
      developed and marketed. These and other idirect methods have the
      disadvantage that they are limited to the optical characteristics of the
      mechanical eyeball itself and do not take into effect the optic nerve and
      brain functions which produce the total vision system of an individual.
      Further, the possible eye damage due to excessive power levels in the
      laser beam and overall complexity of these units has limited the scope of
      their application.
PAR  Therefore it is desirable to have a vision examination apparatus and lens
      system that facilitates the examination of the human eye from the
      standpoint of prescribing refractive lenses to the point where portions of
      the examination can be conducted by non-professional personnel, and
      wherein the examination includes the total vision system including the
      brain and optic nerve.
PAC  SUMMARY OF THE INVENTION
PAR  An exemplary embodiment of the invention is directed to an optical system
      for testing human vision as in the prescription of corrective lenses. The
      patient is subjected to an image which varies continuously over a wide
      range of spherical and cylindrical power corrections, together with the
      entire arc of axis orientations. A complicated lens system is not required
      and therefore there is reduction in expense and likelihood of failure,
      together with potential interference produced by extraneous optical
      effects from complicated and multiple refractions through a multiple lens
      system. The spherical correction is obtained by the movement of an
      illuminated target along the optical axis of the single convex fixed lens.
      The range of translation of the target is such that the usual spectrum of
      diopter variations may be obtained in a single translation from a point
      well within the focal length for the fixed convex lens to a point well
      beyond that focal length. For the eye with normal or the so called
      "perfect" vision, the target will appear clearest at the focal length and
      therefore the reading for this focal length would produce an indication of
      zero diopter necessary correction. When the target appears clearest at
      positions beyond the focal length, a positive power lens for correction of
      a farsightedness condition is indicated. Alternatively for positions of
      the target inboard of the focal point, negative power for the correction
      of a nearsighted condition is indicated.
PAR  The mechanisms translating the target between the positions produce greater
      motion per unit time in the direction of the extreme positive target
      travel to produce a nearly linear with time diopter variation.
PAR  Cylindrical corrections, including axis and negative power, are obtained
      through the use of paired concave and convex lenses with cylindrical
      power. The lenses in the plano or spherical correction testing position
      are spaced by a small air gap. To obtain the zero net power for the lens
      combination the second or convex cylindrical lens has a slightly greater
      power than the first or concave lens so that the net effect of the pair at
      the closest approach is zero. For all other positions with the range of
      translation for the cylindrical lens, a net negative power along the
      cylindrical axis is realized. Thus, by a continuous rotation of the
      cylindrical lens pair and by relative translation of the cylindrical
      lenses, the patient's vision is subjected to a complete range of
      cylindrical powers and axis variations. The axis and negative power at
      which the visual acuity is the greatest is detectable from the physical
      relationship of the cylindrical lens pair. Therefore, the proper
      cylindrical correction for the prescriptive lenses may be determined.
      Mechanical drive features for the cylindrical lens pair in rotation and
      relative translation are provided to produce minimal objectionable
      fluctuation in the translation or rotation rate, producing a smooth change
      in focus and axis of correction and a correspondingly regular sensation to
      the patient.
PAR  The principles of the invention have particular application to vision
      testing systems utilizing brain wave interpretation. In such systems,
      electrodes placed in contact with appropriate portions of the user's scalp
      detect the electrical signals from the responsive section of the patient's
      brain. By proper interpretation, these signals can determine the point at
      which the patient's visual acuity is at a maximum. For example, it has
      been determined that the point at which the brain wave phase shift reaches
      a maximum corresponds to the point at which the patient's visual acuity
      reaches a maximum, and therefore, apparatus which is capable of detecting
      this phase shift is useful in conjunction with the instant invention to
      produce an indication of maximum visual acuity with the corresponding
      read-out of the spherical correction and cylindrical correction
      orientation to produce this visual acuity.
PAR  It is therefore an object of the invention to provide a new and improved
      vision examination lens system.
PAR  It is another object of the invention to provide a new and improved vision
      examination lens system utilizing a relatively simple lens train to obtain
      a scan of the complete refractive correction spectrum.
PAR  It is another object of the invention to provide a new and improved vision
      examination lens system which is relatively low in cost.
PAR  It is another object of the invention to provide a new and improved vision
      examination lens system which produces a smooth variation in spherical
      cylindrical power and axis rotation.
PAR  It is another object of the invention to provide a new and improved vision
      examination lens system which is compatible with automatic vision testing
      apparatus.
PAR  It is another object of the invention to provide a new and improved vision
      examination lens system that incorporates cylindrical correction lenses
      which have a nominal or zero net correction position.
PAR  It is another object of the invention to provide a new and improved vision
      examination lens system that utilizes a single fixed spherical lens.
PAR  It is another object of the invention to provide a new and improved vision
      examination lens system that does not necessitate the exposing of the eye
      to concentrated radiation.
DRWD
PAR  Other objects and many attendant advantages of the invention will become
      more apparent upon a reading of the following detailed description,
      together with the drawings in which like reference numerals refer to like
      parts throughout and in which:
PAR  FIG. 1 is a top plan view of the complete apparatus.
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1.
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 2.
PAR  FIG. 4 is a sectional view taken on line 4--4 of FIG. 2.
DETD
PAR  Referring now to the drawing, there is illustrated a frame 10. The frame
      mounts a lens carrier 12 which fixably supports a plano-convex lens 14
      having sufficient spherical power to have a focal length falling within
      the confines of the frame 10. A plano-convex cylindrical lens 16 and a
      concaveplane cylindrical lens 18 are mounted in the carrier 22 for
      rotation in barrel portion 20 of carrier 12 on bearings 28. Ring gear 24
      on carrier 22 is driven by drive gear 26 which is rotated by a motor 30.
      The lens 18 is keyed for rotation with carrier 22 by translation carrier
      32 which has radial extensions 33 received through slots 34 in the carrier
      22. The translation drive mechanism comprises a flexure pivot 38 which is
      pivoted on a bearing 39 and driven by a nut 40 on shaft 42 of motor 44.
      The flexure pivot is secured to bearing 36 which permits the translation
      carrier 32 to rotate with the carrier 22. The target 50 includes a
      translucent target screen 51 with a checker board pattern. Target 50 is
      mounted on a carriage 52 and guided on rails 60 by angularly displaced
      wheels 54. The security of the carriage on the rail is insured by clips
      56. Carriage 52 is driven along the rails by a motor 66 which induces
      carriage movement through an arm 62. The arm 62 has pivot 64 received in
      transverse slot 58 on the underside of the carriage cross bar 68.
PAR  A strobe flash tube 74 is mounted within a reflector housing 72. The
      housing 72 directs light from the flash tube 74 through a diffuser 70 and
      on to the rear face of the transparent target screen 51.
PAC  OPERATION
PAR  In use, a patient places his eye in the proximity of the eye piece 15 and
      views the target screen 51 through the spherical correction lens 14. The
      focal length of lens 14 falls at the approximate midpoint of the rails 60.
      Therefore, when viewed by a "normal" eye, the target 51 will appear
      perfectly forcussed when it is at the focal length of the lens 14 the
      lenses 16 and 18 are adjusted to have a net power of zero diopters.
PAR  A far sightedness condition would be indicated by the target being at its
      maximum clarity at a distance greater than the focal length of the lens
      14. Similarly near sightedness is indicated by maximum target clarity at a
      distance less than the focal length. Suitable readout devices (not shown)
      to detect carriage position are therefore capable of providing a direct
      indication of the quantitative spherical correction necessary to maximize
      visual acuity. The carriage drive mechanism including motor 66 and arm 62
      are arranged so that the carriage movement is relatively faster at its
      closest approach to the lens 14 and is relatively slower at its closest
      approach to the diffuser 70. In this manner the rate of change of focus
      presented to the viewer is substantially constant through the entire range
      of spherical diopter corrections. Thus, the carriage and carriage drive
      design results in a substantially constant change in diopter power per
      unit time so that a nearly linear read-out of the correction power may be
      obtained. In exemplary embodiment a range of from -8 to +7 diopters is
      provided.
PAR  During testing in a continuous movement mode, the strobe 74 is operated at
      approximately 16 flases per second thereby presenting numerous separate
      distinct images to the brain with relatively small diopter change for each
      image. The resolution of the system is to at least one quarter of a
      diopter.
PAR  While the system hs been described in conjunction with its use in
      association with an automatic vision examination system based on brain
      wave analysis it is to be understood that manual controls for all of the
      target and lens movements described herein may be provided so that the
      user can move the target to the position of maximum clarity and similarly
      can rotate the lenses in a manner comparable to that described hereinafter
      to manually obtain the necessary corrections.
PAR  After a determination of the spherical correction that produces maximum
      visual acuity, the device is operated in the cylindrical correction mode
      to determine the necessity for, and quantitative amount of, the astigmatic
      correction. The lenses 16 and 18 have substantial cylindrical power and
      are of substantially the same magnitude. The concave cylindrical lens 18
      has slightly greater negative power than the positive power of the convex
      cylindrical lens 16. Therefore the lenses produce a net power of zero when
      the lens 18 is slightly out of contact with the lens 16. This avoids lens
      damage and a vacuum separation problem which would result if the lenses
      were of precisely the same power and had to be brought into contact to
      produce a net zero power. The cylindrical axis of the lenses is parallel,
      and therefore as the lens 18 is translated away from the lens 16 under the
      influence of drive nut 40, through the flexure mechanism 38, and
      increasing negative cylindrical power is obtained. In the exemplary
      embodiment a maximum of -3 diopters cylindrical correction is obtainable.
PAR  In the automatic mode the translation mechanism may be driven continuously
      from zero to -3 diopters and a simultaneous continuous rotation of the
      carrier 22 effected. The continuous rotation of the carrier 22 results in
      a complete range of cylindrical axis with each 180.degree. of rotation.
      The effect of the flashing strobe 74 is such that the patient is exposed
      to a complete range of astigmatic corrections from zero to -3 diopters and
      at all axis orientations. The resolution of the system is to at least
      10.degree. in axis orientation and one quarter diopter of negative
      cylindrical power.
CLMS
STM  Having described my invention, I now claim:
NUM  1.
PAR  1. An optical system for use in testing human vision as an aid in the
      prescription of corrective lenses and other vision examination, wherein
      the improvement comprises:
PA1  a frame,
PA1  lens means mounted on said frame for producing a spherical power of a
      nominal fixed focal length and a variable cylindrical power,
PA1  said lens means comprising a first spherical lens fixedly mounted on said
      frame defining an optical axis, and first and second cylindrical lenses
      having substantial cylindrical power of substantially equal and opposite
      magnitude,
PA1  said first and second cylindrical lenses being mounted on said frame for
      translation relative to one another along said optical axis and being
      rotatable about said optical axis,
PA1  the cylindrical axes of said first and second cylindrical lenses being
      maintained parallel,
PA1  a target,
PA1  said target and said lens means being mounted on said frame for relative
      movement along said optical axis between points substantially less and
      substantially more than the nominal focal length of said lens means,
PA1  and an eye piece mounted on said frame in position for viewing said target
      through said lens means.
NUM  2.
PAR  2. An optical system for use in testing human vision as an aid in the
      prescription of corrective lenses and other vision examination as claimed
      in claim 1, wherein:
PA1  said first and second lenses are arranged with concave and convex surfaces
      in opposition.
NUM  3.
PAR  3. An optical system for use in testing human vision as an aid in the
      prescription of corrective lenses and other vision examination as claimed
      in claim 2, wherein:
PA1  the relative translation of said first and second cylindrical lenses toward
      one another is limited to prevent actual contact between said concave and
      convex surfaces.
NUM  4.
PAR  4. An optical system for use in testing human vision as an aid in the
      prescription of corrective lenses and other vision examination as claimed
      in claim 3, wherein:
PA1  powers of said first and second cylindrical lenses differ by an amount
      sufficient to produce a combined power of zero when said lenses are
      translated to their closest approach.
NUM  5.
PAR  5. An optical system for use in testing human vision as an aid in the
      prescription of corrective lenses and other vision examination as claimed
      in claim 1, wherein:
PA1  said target is mounted on a carriage,
PA1  said carriage is guided on rails,
PA1  said rails are parallel to said optical axis.
NUM  6.
PAR  6. An optical system for use in testing human vision as an aid in the
      prescription of corrective lenses and other vision examination as claimed
      in claim 5, wherein:
PA1  said lens means comprises a rotatable cage fixed in translation along said
      optical axis between said viewing objective and said target,
PA1  said rotatable cage mounts a lens having substantial cylindrical power,
PA1  a lens transport carried in said cage for relative translation and mounting
      a lens having substantial cylindrical power,
PA1  said lens transport being keyed for rotation with said cage.
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ABST
PAL  Instruments for measuring visual fields including a portable perimeter
      having a handle by which it can be held by the subject being tested. In a
      preferred embodiment, the perimeter includes a protractor which can be
      rotated clockwise-counterclockwise about an antero-posterior axis to any
      desired meridian. One end of a cord is attached to the protractor and a
      light source is attached to the other end of the cord. The protractor has
      angular markings thereon and the examiner uses the relationship of the
      cord to the angular marks and the meridian orientation of the protractor
      to determine the response of the eye to the light source. The protractor
      also can be rotated antero-posteriorly about a horizontal axis so that the
      same perimeter can be used to measure the response of both eyes merely by
      turning it over. A marking pad is provided to or upon which the response
      of a patient can be indicated when viewing the light source as it is moved
      through various angles of the field. In another embodiment of the
      invention, the angular field to be viewed is located on a chart held at a
      fixed distance from the perimeter and a light source is moved in front of
      or behind the chart.
PARN
PAR  This is a continuation of application Ser. No. 273,150 filed July 19, 1972
      and now abandoned.
BSUM
PAR  An instrument generally known as a perimeter is currently available for
      quantitatively measuring the visual field response of the eye of a human
      patient. Such instruments are relatively large, heavy and complex in
      nature, are not easily portable and are also relatively expensive.
      Consequently, instruments are not readily available for use by persons who
      must make these measurements at a patient's bedside or at their home.
PAR  The present invention relates to lightweight, portable instruments for
      measuring the visual field response of the eye of a human patient. These
      instruments can be carried in one's pocket, and used also, just as large
      perimeters, for strabismometry for measurement of angle .kappa., for motor
      field monocular rotation measurements, and also to determine the location
      of retinal tears.
PAR  The preferred embodiment of the present invention is directed to a
      perimeter instrument which is relatively simple in construction and is
      also relatively inexpensive to manufacture and easy to operate. The
      perimeter comprises a frame, in the general shape of a pair of spectacles,
      and a handle for holding the frame. One of the open eye-pieces of the
      frame has inscribed therearound angular meridian markings. A protractor is
      mounted in the one frame opening and has angular scale markings inscribed
      thereon. The protractor is rotatable within the opening about a central
      support so that it can be aligned at any angular position (meridian) with
      respect to the frame. A cord of predetermined length is attached to the
      protractor support plane of the center of the one frame opening and an
      object, preferably in the form of a light source, is attached at the end
      of the cord. A pad of printed visual field charts is mounted on the other
      portion of the frame, where the second opening would normally be located.
      The person being examined orally, or otherwise, indicates his view of the
      light source as the examiner moves the source. The rotational location of
      the perimeter sets the meridian and the location of the cord with respect
      to the angle markings on the protractor gives the angle of view at the
      particular meridian. This information is recorded on the field chart.
PAR  The protractor can be moved through the frame opening so that the same
      perimeter can be used to measure the response of both eyes. Also, the
      field charts are made so that a mirror image of the recorded information
      appears, giving subjective response of the patient.
PAR  In accordance with other embodiments of the invention, a screen having a
      visual field pattern printed thereon is held at a fixed distance from the
      perimeter frame held by the patient. The examiner moves a light source
      with respect to the screen and the patient indicates his response which is
      recorded on a chart.
PAR  The instruments of the subject invention are relatively simple in
      construction. However, they operate successfully and accurately and are
      capable of making measurements heretofore capable of being made only by
      much larger and more costly instruments.
PAR  It is therefore an object of the invention to provide a relatively simple
      perimeter instrument for making various measurements of the eye of a human
      being.
PAR  It is an additional object to provide a pocket perimeter in the general
      shape of a pair of spectacles in which a moving light source is held at a
      fixed distance from the perimeter and the position of the light source
      with respect to the eye of the patient is readily determined.
PAR  An additional object is to provide a campimeter in which a screen having a
      field of view pattern printed thereon is held at a fixed distance from the
      eye of the patient being examined.
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PAR  Other objects and advantages of the present invention will become more
      apparent upon reference to the following specification and annexed
      drawings, in which:
PAR  FIG. 1 is an elevational view of a portion of the instrument;
PAR  FIG. 2 is a perspective view of a portion of the instrument shown in use
      with respect to an eye;
PAR  FIG. 3 is a side view of a portion of the instrument taken in cross-section
      along lines 3--3 of FIG. 1;
PAR  FIG. 4 is a plan view partly in cross-section and partly broken away,
      showing the details of the protractor and its mounting arrangement;
PAR  FIG. 5 is a fragmentary view showing a detail of the protractor mounting
      arrangement;
PAR  FIGS. 6A and 6B are elevational views of a two part record chart;
PAR  FIG. 7 is an elevational view, partly in cross-section of a portion of one
      form of light source;
PAR  FIG. 8 is a perspective view showing another embodiment of the invention;
PAR  FIG. 9A is an elevational view, partly in cross-section of a portion of a
      further embodiment of light source for use with the instrument of FIG. 8;
PAR  FIG. 9B is an elevational view of a fragment of a modified tip for the
      light source of FIG. 9A;
PAR  FIG. 10 is a front view of a form of record chart for the instrument of
      FIG. 8;
PAR  FIGS. 11 and 12 are elevational views showing modifications of the
      embodiment of instrument of FIG. 8; and
PAR  FIG. 13 is an elevational view, partly in cross-section, of a portion of
      another embodiment of light source.
DETD
PAR  Referring first to FIGS. 1-3, the preferred embodiment of perimeter
      instrument of the present invention includes a frame 10 which can be of
      any suitable material, for example, transparent or opaque plastic, or of
      metal. Frame 10 is formed in the general shape of a pair of spectacles and
      has a central opening 12 formed for the nose of a patient being examined
      to protrude therethrough. One side of the frame 10a is generally
      rectangular in shape and has an opening 14 therein. The other side of the
      frame 10b is partially circular in form and has an opening 16 therein. A
      handle 18 is pivotally mounted to the frame portion 10a on a threaded
      screw 21 which has a lock nut 22. When the handle 18 is rotated to any
      suitable position, tightening the nut 22 will hold it in there. As shown
      in FIG. 1, the handle 18 can be moved from the unfolded position to a
      folded position shown in phantom lines. Thus, the perimeter instrument can
      be made quite compact when not in use and is only slightly larger than a
      pair of spectacles.
PAR  Frame portion 10b has a number of inscribed angular marks 24, corresponding
      to meridian lines, about the opening 16. The angle markings 24 are
      preferably made 30.degree. apart although, of course, any suitable angular
      spacing can be utilized. It is also preferred that the top central marking
      be 90.degree. and that the angular markings increase to 180.degree. in a
      counter-clockwise direction and decrease to 0.degree. in the clockwise
      direction, as shown in FIG. 1. For reasons to be described below, these
      angle markings 24 are placed on both sides of the frame.
PAR  A protractor 30 is mounted to rotate with respect to the opening 16. The
      protractor is of rigid material and has a number of angle markings 29
      inscribed thereon. The rotatable mounting for the protractor includes a
      generally semi-circular hollow ring 31 of rigid but springy material which
      is located within a groove 17 formed between the front and rear faces of
      the frame section 10b (See FIGS. 4 and 5). A cross-piece 32, which is also
      of rigid material, passes through the opposite ends of protractor 30. The
      ends of cross-piece 32 are positioned within the hollow mounting ring 31
      and a spring washer 33 is located on one end of cross-piece 32 between
      protractor 30 and ring 31. A similar spring washer arrangement also can be
      provided, if desired, at each end of the cross-piece. This mounting
      arrangement leaves protractor 30 free to rotate a full 360.degree. about
      cross-piece 32 with the spring or springs 33 permitting the protractor to
      be held in any desired plane. Further, the mounting ring 31 has spring
      characteristics and is also sized with respect to groove 17 so that the
      entire protractor assembly can be turned to align the protractor
      cross-piece 32 with any angle of the meridian markings 24 and held there.
PAR  A record chart holder 40 is mounted on spectacle frame section 10a. Holder
      40 includes a base 41 having a spring clip-back portion 42. A lip 43 is
      formed on three sides of base 41 so that a plurality of single charts 44,
      or a pad of charts, can be slid and held within the lip. As should be
      apparent, the record holder 40 can be easily pulled off frame section 10a
      and its position reversed.
PAR  As shown in FIG. 2, a light source 45 is used in association with the
      instrument to acquire the desired readings. The rear portion of the light
      source, as seen more clearly in FIG. 7, is of conventional flashlight
      construction and includes batteries (not shown) within a case 47 having a
      light bulb 48 at one end thereof. Iris and color filter wheels 56 and 58
      are provided on the front end of the light source 45 to select the color
      and intensity of the light.
PAR  The light source 45 is attached to and held at a fixed distance from the
      center of the cross-piece 32 by a suitable connecting member, such as a
      thread or string 50. The length of the string 50 is selected, for example,
      to be 330 mm to make the distance between the light source and the eye
      substantially equal to that used in the large standard perimeter. Of
      course, other suitable distances can be used. Thread 50 is preferably made
      to be detachable from the light source.
PAR  FIG. 7 shows further details of the light source. The end of the source
      containing the light bulb 48 is screwed into a holder 53 which in turn is
      attached to a plate 54. A screw 56 is threaded into plate 54 to hold the
      color and iris wheels 56 and 58. Color wheel 56 has a number of openings
      56a of substantially equal size, each of which has a standard color filter
      57 therein. For example, five holes can be provided in wheel 56 with four
      filters having the respective colors blue, red, yellow and green. A clear
      hole (no filter) is also provided. The iris wheel 58 has a number of
      openings 59 of different sizes therein, for example, ranging from 1/3 mm
      to 5 mm in diameter. This arrangement enables the ready selection of the
      test object size and color.
PAR  FIGS. 6A and 6B show details of the front and rear sections 44a and 44b of
      the preferred form of record chart 44. The chart is preferably a two part
      form with a tear part 44c and is of a suitable size and shape to be held
      in holder 40. Each part of the two part chart is printed with a number of
      concentric circles 60 with intersecting angular meridian lines 62. The
      meridian lines 62 are shown being spaced 30.degree. apart, corresponding
      to the angular meridian marks 24 on the spectacle frame section 10b. Each
      point where one of the circles 62 intersects the meridian lines
      corresponds to an angular mark 29 on the protractor 30. These are shown,
      for example, as 30.degree. angles on the protractor. Of course, other
      suitable angular spacing can be used.
PAR  The indicia on the bottom, or second part 44b, of chart 44, shown in FIG.
      6B, is a mirror image of the top part 44a shown in FIG. 6A. That is, the
      second part has the meridian angle lines reversed with respect to the
      first part, for example, the 60.degree. and 120.degree. meridian lines are
      interchanged as are the 30.degree. and 50.degree. lines. A strip, or
      sheet, of carbon paper is placed between the two parts of the chart so
      that when a marking is made on the top part, which is accessible on frame
      10 to the examiner, the mark also will appear on the second part through
      the carbon copy. If desired, instead of using a sheet of carbon paper, a
      suitable paper with micro-encapsulated carbon can be utilized. Also,
      instead of using a two part chart, for reasons explained below, a single
      part chart can be used.
PAR  Considering now the operation of the perimeter instrument of the subject
      invention, reference is made to FIG. 2. The person whose vision is being
      tested holds the perimeter by handle 18 in the desired position with his
      eye E in the opening 16 of frame part 10b. The cord 50 is extended to the
      desired length and the light source 45 energized. The protractor assembly
      is then turned to align the cross-piece 32 to a desired meridian position.
      As shown in FIG. 2, it is lying along the 60.degree. - 240.degree. line.
      The protractor 30 is then rotated to its full out position so that it lies
      in the same plane as the cross piece which is substantially transverse to
      the plane of frame 10. The center of the patient's eye will be aligned
      with the center of the protractor, that is, at 0.degree. on the protractor
      scale 29. The fixation of the patient's eye is preferably made to take
      place at the examiner's eye. The light source 45 is moved to various
      positions with the extended cord 50 resting on or being slightly above
      perimeter 30. As this is done, the patient is asked for his response to
      the light source. That is, he is asked to indicate at what point, or
      angle, as referenced to the protractor scale 29 that the light source
      disappears from his field of vision. This is done each side of the
      0.degree. mark of the protractor with the protractor being aligned on a
      respective meridian line. The protractor angles at which the patient
      indicated the light source disappeared are marked on the meridian line of
      chart top part 44a corresponding to that at which the protractor is
      aligned.
PAR  The foregoing operation is repeated for the same eye E over a number of
      different meridian positions of the protractor. That is, the protractor is
      turned to different meridian line positions and the light source moved to
      different angles with respect to protractor 30. At each meridian position
      of the protractor, the angle of view measurements are performed by the
      examiner moving the the light source and the marks are made on the record
      44. In this manner, the field of vision is examined over a full
      360.degree. (meridian) field and a record thereof made.
PAR  When the measurements are completed for one eye, the corresponding two part
      record chart 44 is removed from holder 40. It should be understood that
      the charts 44 can be packaged in pad form so that a number of charts are
      held by holder 40 at one time. The use of the two part chart, with the
      rear part 44b having mirror image indicia as compared to the first part
      44a, gives a record of the patient's subjective representation of the
      field on the rear part. This leaves a permanent record of the
      physiological subjective recording of the patient's field as the patient
      sees it. The information on the front part of the chart is that which was
      recorded by the examiner.
PAR  To examine the patient's other eye, the record holder 40 is removed from
      frame part 10a, turned around and then replaced. The protractor 30 is
      rotated about cross-piece 32 through the opening 16. That is, the
      protractor 30 is rotated anteroposteriorly about the axis of the
      cross-piece 32. The patient turns the frame 10 around and places opening
      16 adjacent his other eye. The field of view measurements are performed
      again in the manner previously described and recorded on another chart 44.
PAR  While a two part chart 44 is preferred, it should be understood that single
      part charts also can be used. These can be made to record either the
      subjective field of view as seen by the patient or the objective field of
      view measured by the examiner.
PAR  FIGS. 8 and 9 show a further modification of the invention in the form of
      an instrument called a "campimeter". Here, the frame 10' is substantially
      the same as the frame 10 of the previously described embodiment of the
      invention with the exception that a tubular mounting member 80 is fastened
      to the frame section 10a. One leg of a generally L-shaped supporting arm
      82 fits within the mounting member and is held by a screw 83. The end of
      the long leg of the supporting arm holds a frame 85 on which is mounted a
      screen 86 having a pattern 87 placed thereon by any suitable method, such
      as by painting, printing, sewing, etc. The length of the long leg of the
      supporting arm 82 between frame 10' and screen 86 is also preferably
      selected to be 330 mm although any other suitable length can be utilized.
      Frame 85 is preferably made to be collapsible and foldable. Similarly, the
      screen 86 can be rolled or folded so that both the screen and the frame
      can fit in the examiner's pocket.
PAR  The pattern 87 on screen 86 is similar to that on the record medium 44 of
      FIGS. 1-6. In this embodiment, where the screen 86 is used, the protractor
      30 is not rotated but is, instead, maintained fixed in the horizontal
      plane. Alternately, the protractor portion 30 can be eliminated.
PAR  The object used to measure the patient's field of view again takes the form
      of a light source 45' which, in this case, has a light transmitting rod 90
      attached thereto. As explained below, rod 90 is composed of a bundle of
      fibers or rods of different diameters. As shown in FIG. 9A, the rod has a
      bent end 93 or, as shown in FIG. 9B, it has a prism 94 at its end. Thus,
      when the end of the rod 90 is placed in front of screen 86 and oriented in
      the proper direction the light from the source will be directed from the
      rod 90 toward the eye of the patient. The elongated rod 90 is used so that
      the hand of the examiner does not have to move in front of the screen 86.
PAR  FIG. 9A shows the details of the light source 45' which is, in many
      respects, similar to that shown in FIG. 7. Here, plate 54 has a hollow
      headed stud 95 thereon which holds a cup-shaped ring 97 having external
      threads 99. A bonnet 101 of opaque material with internal threads 102
      fastens onto the threads 99 of ring 97. Bonnet 101 has an opening 103 at
      the end thereof through which the fiber optic bundle 90 passes. The bundle
      preferably has a light opaque sheath 105 therearound which extends inside
      the opening 103 of the bonnet. A mounting post 109 extends part way of the
      length of the bundle and has a head 110 which is rotatable within the head
      of stud 95 and is held thereto by a plate 110 on the stud.
PAR  The post 109 holds a number of fiber optic elements, such as filaments or
      rods, 90a of different diameters in a fixed position within bonnet 101.
      The different diameter elements correspond to the various diameter holes
      of the disc 54 of the light source of FIG. 7. Here, however, the end of
      each fiber optic element is respectively mounted in a hole on the face of
      the flange ring 97. As the bonnet 101 and ring 97 are rotated, the
      different diameter fiber optic elements 90a are brought adjacent a hole
      56a on the color wh-el 56 so that the light from bulb 48 is applied to the
      element 90a adjacent the hold.
PAR  As in the case of FIG. 7, wheel 56 has a number of holes 56a with
      respective color filters and, preferably, a clear hole. The wheel 56 is
      rotated to provide the desired color light. The size of the object that
      the patient sees is selectable at will by turning the ring 97 to determine
      which fiber optic element 90a is to receive light from bulb 48.
PAR  In FIG. 9A the end of the fiber bundle 90 is shown as being curved so that
      the light can be directed directly toward the eye of the patient. In FIG.
      9B, a prism 94 is used so that the light will be reflected toward the eye
      E.
PAR  FIG. 10 shows the front part of the record chart 144 to be used with the
      campimeter of FIG. 8. This chart, in single or two part form, is held in
      the holder 40 which is attached to frame section 10a. The holder 40 is not
      shown in FIG. 10. The concentric circles 145 on chart 144 correspond to
      the angle markings on the protractor 30. The angles for the meridian lines
      146 are not shown. As before, the record chart 144 is preferably of two
      parts the first of which is backed with carbon paper. A mirror image of
      the pattern printed on the first part is printed on the second part. Thus,
      as the examiner records the information of the patient's response on the
      front part, the subjective response is available on the secondpart.
PAR  The instrument of FIG. 8 is used in a manner similar to that of FIGS. 1-4.
      That is, the examiner moves the object, the tip of rod 90, in front of the
      pattern 87 on screen 86 along one of the meridian lines. No cord 50 is
      needed since arm 82 maintains frame 10 at a fixed distance from the screen
      86. The patient indicates his response with respect to his field of view
      and the response is marked on the record chart 144. The tip of the rod 90
      representing the object is moved along the various meridian lines to
      obtain the complete field of view response. As should be apparent, the
      perimeter 30 on the frame 10 is not needed in this case.
PAR  FIG. 11 shows a modification of the embodiment of FIG. 8 in which the
      supporting arm 82 holds a frame 124 having front and rear sections 125 and
      127. The pattern 87 (not shown) of FIG. 8 is printed on a screen of light
      transparent material held by the front section 125 of frame 124. The rear
      section 127 of the frame has a screen which is of opaque material. The rod
      90 of the light source 45', representing the object which the patient's
      eye is to see, is moved between the two cloths held by frames 125 and 127
      and the light is transmitted through the cloth on front frame section 125.
PAR  FIG. 12 shows an arrangement similar to that of FIG. 11 in which the opaque
      rear screen has been omitted. The operation of the embodiments of FIGS. 11
      and 12 are the same as that previously described for FIG. 8.
PAR  FIG. 13 shows a further embodiment of the light source which is similar in
      many respects to that of FIG. 7. Here the two dials 56 and 58 are mounted
      at right angles to the battery holder 47 and lamp 48 by the 90.degree.
      collar 53a. This arrangement permits the examiner to readily move the
      light source in front of the screen 86 of FIG. 8 without having his hand
      in an awkward position as would occur if the light source of FIG. 7 was
      utilized. The light source of FIG. 13 also can be used with the perimeter
      instrument of FIGS. 1-5.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A perimeter instrument for making measurements of the visual field of an
      eye of a human comprising in combination a frame, said frame formed with
      an opening therein to accommodate viewing therethrough by the eye whose
      visual field is to be measured, protractor means, means attached to said
      frame for holding said protractor means in said opening, said protractor
      means including a base line portion extending across said opening and a
      measuring portion for indicating an angular relationship with respect to a
      point on said base line, a movable object to be viewed by the eye when in
      said opening, and elongated means connected between said object and said
      instrument, said elongated means intersecting said point on said base line
      portion and having a portion thereof lying adjacent said measuring portion
      of said protractor means, said portion of said elongated means adjacent
      said measuring portion of said protractor means indicating the angle of
      said object with respect to the base line portion.
NUM  2.
PAR  2. The combination of claim 1 further comprising a foldable handle attached
      to said frame.
NUM  3.
PAR  3. The combination of claim 1 wherein said measuring portion of said
      protractor means has markings thereon representative of angles.
NUM  4.
PAR  4. The combination of claim 1 wherein said mounting means for holding said
      protractor means includes means for turning said base line portion of said
      protractor means to a selected meridian angular position across said
      opening.
NUM  5.
PAR  5. The combination of claim 1 further comprising indicia marked on said
      frame to indicate the meridian angular orientation of the base line
      portion of said protractor means across said opening.
NUM  6.
PAR  6. The combination of claim 1 wherein said measuring portion of said
      protractor means has markings thereon representative of angles.
NUM  7.
PAR  7. The combination of claim 5 wherein said measuring portion of said
      protractor means has markings thereon representative of angles.
NUM  8.
PAR  8. The combination of claim 1 wherein said protractor holding means
      includes means for rotating the measuring portion of said protractor
      through said opening.
NUM  9.
PAR  9. The combination of claim 1 further comprising means removably mounted on
      said frame for holding a record medium thereon.
NUM  10.
PAR  10. The combination of claim 4 further comprising a record medium mounted
      on said frame, said record medium including a chart having indicia thereon
      of a plurality of concentric circles and a number of angular meridian
      lines corresponding to the meridian portion of the base line portion of
      said protractor means, said meridian line intersecting at the common
      center point of the concentric circles.
NUM  11.
PAR  11. The combination of claim 10 wherein said record medium is a two part
      chart, the bottom part of the chart having a mirror image of the angular
      meridian lines which are on the top part, and means for transferring
      information marked on the top part of the chart to the bottom part.
NUM  12.
PAR  12. A perimeter instrument as in claim 4 further comprising marks on said
      measuring portion of said protractor means to indicate an angular
      relationship with respect to said point on said protractor means base line
      portion, and marks on said frame adjacent said opening to indicate the
      meridian to which the base line portion of said protractor means has been
      rotated.
NUM  13.
PAR  13. A perimeter instrument as in claim 1 wherein said holding means
      includes means for holding the measuring portion of said protractor means
      in a plane which is at an angle to the plane of the opening.
NUM  14.
PAR  14. A perimeter instrument as in claim 1 wherein said base line portion of
      said protractor means extends across said opening.
NUM  15.
PAR  15. A perimeter instrument as in claim 1 wherein said object comprises a
      light source.
NUM  16.
PAR  16. The combination of claim 15 wherein said light source includes a light
      bulb, a first wheel mounted for rotation with respect to said light bulb
      and having a number of color filters therein to permit light of different
      colors to be produced.
NUM  17.
PAR  17. The combination of claim 15 wherein said light source includes a light
      bulb, a second wheel mounted for rotation with respect to said light bulb
      and having a number of means of different size to control the intensity of
      the light output of said source.
NUM  18.
PAR  18. The combination of claim 15 wherein said light source includes a light
      bulb, a first wheel mounted for rotation with respect to said light bulb
      and having a number of color filters therein to permit light of different
      colors to be produced, and a second wheel mounted for rotation with
      respect to said light bulb and having a number of means of different size
      to control the intensity of the light output of said source.
NUM  19.
PAR  19. A perimeter instrument as in claim 1 further comprising a record medium
      mounted on a portion of said frame spaced from said opening.
NUM  20.
PAR  20. A perimeter instrument as in claim 19 wherein said frame is in the
      general shape of a pair of eyeglasses, said opening being at a position
      normally occupied by one of the eyeglass lenses and said record medium is
      located at a position normally occupied by the other of the eyeglass
      lenses.
NUM  21.
PAR  21. A perimeter instrument as in claim 1 further comprising a handle, and
      means for attaching said handle to said frame for pivotal movement of one
      with respect to the other.
NUM  22.
PAR  22. An instrument for use in the measurement of the visual field of an eye
      of a human comprising a frame in the general shape of a pair of
      eyeglasses, said frame formed with an opening at a position normally
      occupied by one of the eyeglass lenses, protractor means in said opening
      for measuring the visual field of an eye looking through said opening, a
      record medium having indicia thereon corresponding to the visual field and
      means for mounting said record medium at the position normally occupied by
      the other of the eyeglass lenses.
NUM  23.
PAR  23. An instrument for measuring the visual field of an eye of a human
      comprising in combination, a frame, said frame formed with an opening
      therein to accommodate viewing therethrough by the eye of whose visual
      field is to be measured, a foldable screenholder, a first screen of
      foldable material on said screenholder, said first screen being of
      foldable material which is at least partially light transmissive and
      having a predetermined indicia pattern on the front face thereof, a second
      screen of foldable material on said screenholder spaced from said first
      screen, an elongated rigid member, means on said frame for supporting one
      end of said elongated member, means on the other end of said elongated
      member for attachment to and support of said screenholder to thereby
      maintain a substantially constant distance and spatial orientation between
      said screenholder and said frame with the frame supporting the
      screenholder and the screen thereon, and a light source for viewing by the
      eye movable between said first and second screens with respect to the
      indicia pattern.
NUM  24.
PAR  24. The combination of claim 23 wherein said frame includes means for
      blocking the eye whose visual field is not being measured, said supporting
      means on said frame including means for permitting the frame to be turned
      by 180.degree. while still maintaining said constant distance and spatial
      orientation.
NUM  25.
PAR  25. The combination of claim 24 wherein said light source includes an
      elongated light transmitting member, said light transmitting member having
      an end portion through which the light from the source exits.
NUM  26.
PAR  26. The combination of claim 25 wherein said end portion of the elongated
      light transmitting member is curved to direct light toward the frame.
NUM  27.
PAR  27. The combination of claim 25 wherein said end portion of the light
      transmitting member includes a prism to direct the light toward the frame.
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ABST
PAL  A pair of eyeglasses is provided with a mechanism on the nose bridge making
      it possible to turn one of the glasses around. A side piece attached
      thereto turns over together with said one glass, with the result that both
      of the sidepieces will be disposed over the glasses on both sides so as to
      protect the glasses from impact and the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a pair of eyeglasses wherein the bridge
      thereof has mechanical features which enables one of the glasses to turn
      around. A sidepiece which is attached thereto also turns together with
      said one glass, with the result that both of the sidepieces will be
      disposed over both of the glasses at both sides thereof.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  Conventional eyeglasses require a case for the glasses when they are not
      used so as not to damage the glasses.
PAC  OBJECT OF THE INVENTION
PAR  A main object of this invention is to provide eyeglasses having a mechanism
      for turning one of the glasses around so that the sidepiece attached
      thereto also turns together with said one glass, resulting in the
      protection of both of the glasses at both sides by the attached sidepiece
      which are disposed over the glasses on both sides so as to dispense with a
      case.
PAR  A second object of this invention is to provide eyeglasses as mentioned
      above wherein the mechanism does not cause any instability in the
      framework thereof.
PAR  These objects can be accomplished by the improvement, combination and
      operation of every part constituting this invention, the preferred
      embodiment of which will be illustrated in relation with the annexed
      drawings in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a pair of eyeglasses of this invention in the
      state of ready for wearing.
PAR  FIG. 2 is a plan view of the glasses in a folded state.
PAR  FIG. 3 is a sectional plan view of the bridge of the glasses on a magnified
      scale.
PAR  FIG. 4 is a perspective exploded view of the glasses on a magnified scale.
DETD
PAR  In the above FIG. 1 to 4, numeral 12 designates the bridge, 13 and 14
      designating the glass frames and 15 and 16 sidepieces.
PAR  (Right and left designates directions in accordance with FIG. 3 & 4.)
PAR  The bridge 12 comprises a cylindrical main body 17, the inside space 19 of
      which forms a diametrically enlarged chamber 18 between an intermediate
      pont and the right end wall thereof, a shaft 20 provided with a flange 21
      at the right end thereof extends slidably within space 19 with flange 21
      usually resting at the right end of space 19. A spring 22 is wound over
      shaft 20 within said diametrically enlarged portion 18, said spring 22
      being held at right end thereof by said flange 21 and at left end thereof
      by an annular wall partitioning the diametrically enlarged portion 18,
      said spring 22 being held at right end thereof by said flange 21 and at
      left end thereof by an annular wall partitioning the diametrically
      enlarged portion 18 off the space 19. Spring 22 is held therein in a
      compressed state so that it may impose a constant rightward bias on flange
      21 and accordingly on shaft 20.
PAR  The bridge main body 17 is fixed at the projecting right end portion
      thereof to the rim 13 by the usual connecting means but at the left end
      forms a recess 27 so as to fit therein a projection 28 of the left side
      rim 14 at a connecting portion 24. The afore-mentioned shaft 20 extends
      leftward against the rightward bias of spring 22 engaging connecting
      portion 24 intermediately at the inside thereof by means of a pin 25, said
      pin vertically penetrating through connecting portion 24 and shaft 20 at
      the left end portion thereof thereby making it possible for connecting
      portion 24 to firmly engage recess 27 under the rightward pulling effect
      of spring 22.
PAR  Connecting portion 24 is detachable from said recess 27 by pulling against
      spring 22 so as to turn the left rim 14 around and accordingly covering
      the glasses on both faces thereof with sidepieces 15 and 16. Needless to
      say, the left rim 14 may be turned back to normal by the same steps.
PAR  The sidepieces 15 and 16 may be fitted to the rims 13 and 14 respectively
      by means of hinges as in the case of regular eye glasses.
PAR  For additional convenience, a clip 29 is provided on the sidepiece 15 so as
      to hold the pair of glasses in a breast pocket.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a pair of eyeglasses, a pair of glass rims, and between the glass
      rims, in combination:
PA1  a. a cylindrical nose bridge having a longitudinal recess at one end, said
      recess having an inner space and a diametrically enlarged chamber at the
      inside of said recess with an inner wall;
PA1  b. a shaft with a flange, said shaft extending therethrough from said one
      end with a connecting aperture at said shaft other end;
PAR  c. a spring wound around said shaft sandwiched in a compressed state in
      said chamber between said flange at the one end of said shaft and said
      inner wall, partitioning said chamber from said inner space so that said
      spring may bias said shaft in the direction of the flange; and,
PA1  d. a projecting connecting portion on one of said glass rims and a
      penetrating holding pin passing through said shaft connecting aperture,
      said pin penetrating through said connecting portion and said shaft at
      said other end, connecting said one glass rim to said other end,
PA1  whereby said one rim at said projecting connecting portion detachably
      engages said bridge under the pulling effect of said spring, said rim
      being able to turn around or turned back by pulling out said rim from said
      bridge, the other rim being coupled to the bridge said one end.
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ABST
PAL  A sound motion-picture system employing a film handling cassette within
      which the film is retained throughout all photographic and audio
      operations. The film handling cassette includes both an audio station and
      an exposure-projection station, and the camera and viewer apparatus
      includes a pair of drive arrangements for progressively advancing
      incremental sections of such film across the exposure-projection station
      and for substantially uniformly advancing the film strip through the audio
      station. To isolate these different film motions, the drive arrangements
      cooperate with the cassette to provide a free loop of film extending
      exteriorly of the cassette. A sensing element monitors the loop of film
      and adjusts one of the drives so as to retain the loop within
      predetermined limits. In the camera, the audio drive is coupled to the
      start switch so as to displace the audio drive into a standby position
      when the camera is not being operated. Additionally, means are provided
      for eliminating the loop so as to facilitate removal of the cassette from
      the apparatus.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of U.S. application Ser. No. 374,578 filed
      June 28, 1973, now U.S. Pat. No. 3,848,977.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a photographic system and more particularly to an
      improved sound motion-picture system employing a multipurpose film
      handling cassette in which the film is retained throughout both the audio
      and the photographic programs.
PAR  2. Description of the Prior Art
PAR  Recent important technological advantages have made it possible to provide
      multipurpose motion-picture cassettes from which the film need not be
      removed during exposure, processing and projection operations. Exemplary
      of such new and unique systems are those described in prior U.S. Pat. No.
      3,615,127 of Edwin H. Land issued Oct. 26, 1971; U.S. Pat. No. 3,600,071
      issued to Rogers B. Downey on Aug. 17, 1971; and U.S. Pat. No. 3,604,790
      issued to Rogers B. Downey on Sept. 14, 1971. Each of the systems
      described in the aforementioned patents employs a cassette from which the
      film need not be removed during exposure, processing and projection
      operations. In these systems, the cassette is operated in a camera for
      exposure of the film strip and then subsequently loaded into a projector
      apparatus which first subjects the cassette to a sequence of operations
      intended to process the film strip to a viewable condition and then
      subsequently projects the developed recorded images.
PAR  Advantageously, audio operations may also be included in this cassette
      system. Exemplary of such an audio visual system is described in prior
      U.S. Pat. No. 3,604,790 of Rogers B. Downey issued Sept. 14, 1971.  The
      latter patent describes a film handling cassette in which the film is
      permanently retained during exposure, processing, sound recording, sound
      playback and projection operations. While the system of the above noted
      patent provides a satisfactory audio-visual system, it provides a cassette
      having a centrally located audio station which increases cassette size and
      requires substantially complete insertion of the cooperative audio
      elements, such as the sound head, of the camera or other apparatus within
      the confines of cassette housing during cassette operation.
PAR  Hence, it is desirable to minimize the structural arrangement of both the
      cassette and its operational apparatus so as to simplify the
      cassette-apparatus interface and to provide an efficient, reliable system
      capable of substantially automatic operation.
PAR  Consequently, it is a primary object of this invention to provide an
      improved audio-visual cassette system.
PAR  Another object of this invention is to provide an improved compact
      multipurpose film handling cassette in which the strip of motion picture
      film is permanently retained and in which the film can be exposed,
      processed and projected and in which sound information can be first
      recorded on the film and subsequently extracted therefrom.
PAR  A further object of this invention is to provide photographic apparatus
      configured for cooperation with a film handling cassette for performing
      photographic and audio operations therewith.
PAR  A still further object of this invention is to provide a photographic
      camera adapted for simultaneous recording of both visual and audio
      information.
PAR  An additional object of this invention is to provide projector apparatus
      adapted for substantially automatic processing and projecting a film strip
      as well as performing of audio operations therewith.
PAC  SUMMARY OF THE INVENTION
PAR  The photographic system of this invention briefly comprises a compact
      audio-visual cassette which includes a strip of motion picture film
      carrying a sound track. The film is premanently retained within the
      cassette housing and the latter includes an exposure-projection station, a
      normally inoperative processing station, and an audio station. The
      apparatus, designed to cooperate with the cassette so as to operate it
      through the different programs comprises means for receiving the cassette
      in an operative location within the apparatus, first drive means for
      cooperating with such audio station of such cassette to substantially
      constantly advance the film strip through the latter station, second drive
      means for cooperating with the cassette so as to intermittently advance
      the film strip through the exposure-projection station, and means for
      selectively activating the first and second drive means and for bringing
      the second drive means into pressure engagement with the film strip so as
      to provide an audio program therewith during advancement of the film strip
      through the projection station.
PAR  Cooperation of the cassette with the drive means of the camera or projector
      provides an isolating film loop exteriorly of the cassette and between the
      sound station and the projection station. Means, responsive to the loop
      size, are provided for controlling the drive means so as to form and
      thereafter maintain a predetermined loop size extending exteriorly of the
      cassette.
PAR  Additionally, the apparatus also includes means for eliminating the film
      loop so as to facilitate withdrawal of the cassette from the apparatus. In
      one embodiment, a film protruberance which cooperates with the cassette
      processing station to partially activate the latter, is engaged by a stop
      member of the apparatus so as to prevent further displacement of the film
      towards the projection station, and thus, elimination of the film loop at
      the completion of the program. In another embodiment, the intermittent
      drive is automatically activated just prior to cassette removal, while the
      constant speed drive is rendered inoperative to advance the film strip so
      as to thereby eliminate the free film loop.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features that are considered characteristic of the invention are
      set forth with particularity in the appended claims. The invention itself,
      however, both as to its organization and its method of operation together
      with additional objects and advantages thereof, will best be understood
      from the following description of the preferred embodiments when read in
      connection with the accompanying drawings wherein like numbers have been
      employed in the different figures to denote the same parts and wherein:
PAR  FIG. 1 is a diagrammatic view in elevation, partially cut away to show the
      interior, of a compact multipurpose film handling cassette embodying
      features of this invention;
PAR  FIG. 2 is an end view of the cassette shown in FIG. 1;
PAR  FIG. 3 is a plan view of a portion of the film strip employed in the
      cassette shown in FIG. 1;
PAR  FIG. 4 is a sectional view taken along lines 4--4 of the film strip shown
      in FIG. 3;
PAR  FIG. 5 is a view in elevation partially cut away of a camera embodying
      features of this invention and employing the cassette illustrated in FIG.
      1;
PAR  FIG. 6 is a view in elevation of the camera audio mechanism illustrating
      its disengaged position;
PAR  FIG. 7 is a view in elevation of the camera audio mechanism illustrating
      the standby position of the latter;
PAR  FIG. 8 is a schematic diagram illustrating a portion of the motor control
      circuit employed in the camera shown in FIG. 5;
PAR  FIG. 9 is a view in elevation of a portion of a camera illustrating a
      snubber and spool drive control employed in an alternate embodiment of the
      camera illustrated in FIG. 5;
PAR  FIG. 10 is a view in elevation illustrating another operational position of
      the control elements shown in FIG. 9;
PAR  FIG. 11 is a schematic diagram of a portion of the motor control circuit
      employed with the spool drive control shown in FIG. 10;
PAR  FIG. 12 is a diagrammatic view in elevation partially cut away, of a
      projector apparatus embodying features of this invention;
PAR  FIG. 13 is a diagrammatic view in perspective illustrating some of the
      operational mechanisms of the projector shown in FIG. 12; and
PAR  FIG. 14 is a detailed view of a loop control arrangement employed in the
      projector apparatus of FIG. 12.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the illustrated embodiment of this invention which may be best
      understood by first referring to FIG. 1 of the drawing, a multipurpose
      film handling cassette 10 is employed. The cassette 10 comprises a
      generally parallelepiped casing or housing 12 constituted by a pair of
      planar sidewalls 14 and 16 joined together at their edges by end walls 18
      and 20 and elongated top and bottom edge walls 22 and 24.
PAR  The illustrated cassette is similar to that described in the commonly
      assigned copending patent application Ser. No. 227,092 of John F. Batter,
      Jr. et al. filed Feb. 17, 1973. In this cassette arrangement, the several
      operations of exposure, chemical processing, drying and projection of the
      recorded images is accomplished without transferring the film from its
      cassette. In this structure, processing of the film is automatically
      initiated responsive to film movement at a given time during the cassette
      operation. To accomplish this, the film spools and the film itself are
      operatively associated with the processor as explained below.
PAR  As shown in FIG. 1, a supply spool or reel 26 and a take-up spool or reel
      28, to which opposite ends of a photographic film strip 30 are affixed,
      are coplanarly mounted within housing 12 for rotation about parallel axes.
      Each reel 26 and 28 includes a pair of flanges, only the upper of which is
      shown at 27 and 29 to guide the film strip 30 as the latter is coiled on
      the reels.
PAR  In its path from the supply reel 26, the film strip 30 first encounters a
      bobulator roller 31, engaging a portion of its periphery as shown, and
      passes therefrom across an audio station 32, which includes an idler
      roller 33, and thence through a film processing station 34. Beyond the
      film processing station 34, the film 30 extends through an
      exposure-projection station 36, next passes over a snubber roller 38 and
      finally passes to the take-up reel 28.
PAR  The audio station 32 is located in end wall 18 and comprises a pair of
      openings 40 and 42, shown more clearly in FIG. 2, which are designed to
      accommodate a sound-head e.g. a magnetic recording and reproducing head
      and sound-drive capstan as later explained in more detail with respect to
      FIG. 5. Additionally, the sound station 32 includes a support element 44
      which resiliently supports the film as it passes beneath opening 40.
PAR  As previously indicated, the film strip 30 is exposed, processed and
      projected without removal from the cassette. Prior to describing the
      processing station and its operation, the projection station will be
      described with respect to FIG. 1. The projection station 36 includes an
      opening 46 in the bottom wall 24 which functions to permit image bearing
      light rays to impinge upon progressive incremental sections of the film
      strip 30 when the cassette is operated in a camera (later described with
      respect to FIG. 5) and to subsequently permit light rays from an external
      source to be directed through the incremental sections of the film strip
      and outwardly of the cassette for projection operations when the cassette
      is operated in a projector (later described with respect to FIG. 12).
      Hence, the opening 36 first comprises an exposure station and subsequently
      a projection station of the cassette 10. To facilitate these functions a
      pressure plate 48 and a prismatic reflector element 50 are mounted behind
      opening 70. Additionally, an aperture 52, shown in dotted lines, is
      provided in side wall 14 to permit entrance of a projection beam.
PAR  As previously indicated, the film processing station 34 is activated and
      controlled by the film strip 30 and the supply reel 26. In this
      arrangement, the processing station 34 includes a fluid reservoir 62 from
      which fluid is released responsive to displacement of a release tab shown
      at 54. This release tab 54 is drawn from the processor by operation of the
      supply reel 26 in a clockwise direction as shown in FIG. 1. The latter
      motion of the reel 26 is achieved during rewind of the film from the
      take-up reel 28.
PAR  The film processing station, fragmentarily shown in FIG. 1, generally
      comprises a housing 60 which includes a reservoir or internal chamber 62
      containing a fluid 64. The release tab or tear tab 54 extends from the
      reservoir 62 back upon itself and out of the processing station 34 to an
      actuating assembly 66 which is coupled to the supply reel flange 27 such
      that upon rewind of the film 30, the tear tab 54 is torn from its sealing
      position on the reservoir 62 to release the fluid 64 within the processing
      station 34.
PAR  The base of the processor housing 60 includes a chamber 68 which is
      designed to receive the fluid 64 when the latter is released from
      reservoir 62. A nozzle opening 70 communicates between the chamber 68 and
      the portion of the film strip 30 passing beneath the processor station
      such that during processing operation the fluid 64 is permitted to pass to
      the film strip 30 and coat its entire length. During this coating
      operation a support pad 72 urges the film strip 30 into contact with the
      base 61 of the processor housing 60. Initially, the pad 72 is stored in an
      inoperative, non-processing position and is selectively displaced to an
      operating position for the processing operation by means of the film strip
      whose structure is described in detail with respect to FIG. 3.
PAR  Broadly, the film 30 comprises a base of any suitable transparent material
      of the kind conventionally used for film bases. This base is coated at
      least over a portion thereof with a photosensitive coating of any
      conventional variety adapted to be developed by a monobath processing
      composition to form a positive transparency suitable for projection. The
      supply end of the film is illustrated in FIG. 3 is viewed from the base
      side, or that is, the exterior side of the film when it is mounted in the
      cassette, and the emulsion is on the opposite side. On this base is
      applied, at least over the central portion of the photographically usable
      length 82, an emulsion comprising a photosensitive coating, whereon a
      series of latent images illustrated by a series of frames 84 may be formed
      with a suitable camera. The film 30 is formed along one edge with sprocket
      holes, such as at 86, at regular intervals adapted to cooperate with a
      drive pawl (in a manner to be described) in either a camera or projector,
      for incremental advancement of the film. The series of sprocket holes 86
      adjacent the trailing end 80 of the film is interrupted by a first
      elongated sprocket hole 88, which by way of example, may span two of the
      sprocket holes 86. Further along the film in the direction of the supply
      reel end, the series of sprocket holes 84 is again interrupted by a second
      elongated sprocket hole 90, which is longer than the sprocket hole 88 and,
      for example, may span three of the latter sprocket holes. As later
      described in detail, the first elongated sprocket hole 88 establishes an
      exposure end point (terminating advance of the film in the camera) whereas
      the second sprocket hole 90 determines a film take-up termination point in
      the projection apparatus.
PAR  The use of two different termination points following exposure and
      projection is employed to facilitate processing of the film strip 30. For
      the latter purpose, the trailing end 80 of the film carries discontinuity,
      in this case, a protruberance of detent engaging element 92 which forms a
      projecting bump or hook, seen more clearly in FIG. 3a, adapted to engage
      the film pressure pad 72 and to displace the latter pad into operative
      engagement with the film during initiation of the processing operation in
      the projector.
PAR  A pair of raised tracks 93 and 94 are provided along the lateral margins of
      the strip 30. These tracks 93 and 94 space adjoining turns of the film
      from one another when the latter is coiled on the film reels so as to
      preclude disturbance of the processing fluid layer applied, as later
      explained, during the processing operation. For audio operations, one
      track 94 includes magnetic material suitable for sound recording.
PAR  Prior to describing the overall operation of the cassette 10, the camera
      apparatus will be described with reference to FIG. 5. As can be seen from
      the latter figure, the camera 96 comprises a housing 98 which includes a
      supporting pistol grip handle designated at 100. At the leading end 102 of
      the camera housing 98 is an exposure mechanism 104 which consists of a
      lens-shutter mechanism designated at 106 and a light sensitive, aperture
      control means 108. Also mounted on the leading edge 102 of the housing is
      a microphone unit designated at 110.
PAR  Towards the trailing end 112 of the camera housing 96 is a
      cassette-receiving pocket 114. A door member 116 is provided to enclose
      the cassette 10 when it is properly inserted within the pocket 114 as
      shown. The cassette-receiving pocket 114 is designed to receive the
      cassette 10 such that its exposure-process opening 46 is aligned with the
      optical axis 118 of the lens assembly 106 so as to appropriately expose an
      incremental portion of the film strip 30 when it is presented in the
      exposure-projection aperture 46. A shuttle or claw mechanism 128 is
      located in the pocket 114 so as to enter the cassette opening 46 and
      engage the film 30. Further, the hub 29 of the take-up spool 28 is in
      engagement with a spool drive spindle 120 which is mounted in the bottom
      or base 121 of the pocket 114 and the snubber roller 38 of the cassette 10
      is in engagement with a snubber member or latch 122. The latter precludes
      rotation of the snubber roller as later explained in detail with respect
      to operation of the camera. The spindle 120 is appropriately driven
      through a clutch 124 by means of a drive motor 126 and, as later explained
      in detail, in conjunction with a claw mechanism, also driven from motor
      126, intermittently advances the film strip 30 within the cassette from
      the supply spool to the take-up spool.
PAR  In the camera, the snubber roll 38 is stopped by engagement of its hub 39
      with a snubber latch 122. When the snubber roll is appropriately stopped,
      operation of the claw mechanism 128 to incrementally advance the film
      towards the take-up spool 28, by engagement of the claw with the sprocket
      holes in the film 30, will momentarily loosen the film from engagement
      with the stationary snubber roll 38 and allow the slip clutch 124 driving
      the take-up spool 28 to take up that increment of the film advanced by the
      pawl. Accordingly, between engagements of the claw, the snubber
      arrangement in conjunction with the slip clutch 124 prevents the take-up
      spool 26 from advancing the film and from thereby interferring with the
      intermittent advancement.
PAR  As later explained, arrangements are provided in one embodiment of the
      camera shown in FIG. 10 and in the projector apparatus to release the
      snubber roll 38 for particular purposes. That is, it may be employed in
      the camera to eliminate the free film loop at the end of the film run. In
      the projector apparatus, as later explained with regards to FIG. 13, the
      snubber latch is disengaged during rewind of the film strip to the supply
      spool 26 such that the snubber roll 38 acts as a simple idler roll. As
      will appear, this disengagement occurs during rewinding of the film.
PAR  Prior to completing the description of the intermittent advancement of the
      film strip, the audio mechanism also included within the camera housing
      will be described. Essentially, the audio mechanism, designated at 130,
      comprises a magnetic head 132, a capstan-drive arrangement 134 which is
      operatively coupled to a capstan drive motor 136, and a loop sensor or
      loop control switch 138.
PAR  Overall operation of the camera is controlled by a trigger member 140,
      positioned within the handle 100. The trigger 140 is coupled through a
      lever mechanism 142 to a slide switch 144 which activates the electrical
      operation of both the claw motor 126 and the capstan drive motor 136. In
      this respect, the camera handle 100 includes batteries or other electrical
      power source which is coupled through the switch 144 to both of the motors
      126 and 136 on appropriate inward displacement of the trigger 140. As
      later explained, the control switch 140 is also mechanically coupled to
      the capstan drive motor 136 by means of a linkage designated at 146 such
      that upon depression of the trigger in the direction shown by the arrow
      shown in FIG. 4, the capstan drive motor 136 is also released so as to
      bring the capstan mechanism 134 and the sound-head 130 into pressure
      contact with the cassette film strip 30.
PAR  In FIG. 5, the cassette camera operation is shown in an operating mode with
      a film loop 148 extending from the cassette through its opening 42 and in
      adjoining relation to the capstan mechanism 134. Both, the loop 148 and
      audio mechanism 130 operate through an opening 163 in one wall 161 of the
      camera pocket 114.
PAR  As shown in FIGS. 4, 6 and 7, the sound-head 132 is carried by a support
      133 which is pivotally mounted at 152 so as to permit pivotal displacement
      of the head 132 from a position partially within the cassette-receiving
      pocket 114 (see FIGS. 5 and 7) and a position where it is wholly displaced
      from the cassette-receiving pocket 114 as shown in FIG. 6. Carried on the
      head support member 133 are a pair of spaced side guides 154 and 156 which
      laterally located the film beneath the sound-head 132. Additionally, a
      stop member 158 depends from the head support so as to cooperate with the
      film discontinuity 92, as later explained in regards to the overall
      operation of the camera. A spring 160 biases the head support member 133
      towards the cassette-receiving pocket 114 and the capstan drive mechanism
      134 is coupled to the head support member 133 by means of bracket 162 so
      as to allow joint displacement of both.
PAR  The drive motor 136 of the capstan mechanism 134 includes a bracket
      assembly 164, the bottom of which is shown at 165 in FIGS. 5, 6 and 7,
      which supports both the motor 136 and a capstan spindle 167 which carries
      a drive capstan 166. The bracket 164 is pivotally mounted as at 168 to
      permit pivotal motion of the motor and capstan in conjunction with the
      head 132 towards and away from the cassette pocket 114. Mounted on the
      spindle 166 is the capstan 166 and a drive disc 170. The latter is coupled
      to and driven by a drive shaft 172 of the motor 136 Coupling between the
      drive disc 170 and the motor shaft 172 is provided by a frictional
      element, e.g., a rubber tire-like arrangement 174, which is positioned in
      the upper face of the drive disc 170.
PAR  Initially, as shown in FIG. 6, the capstan 134 is displaced outwardly of
      the cassette pocket by means of a displaceable stop member 178 which takes
      the form of a cantilever spring, or the like. This stop 178 extends
      upwardly to engage the bracket 162 so as to hold the capstan 166 and also
      the head 132 completely disengaged from the cassette 10 when the camera
      door 116 is in an open position. Closing of the door 116 engages and
      displaces the spring stop 178 towards the cassette-receiving pocket 114 so
      as to release the capstan mechanism 134 which under the bias of the spring
      160 is urged towards a standby position, shown in FIG. 7, where the
      capstan 166 and the head 132 are held just out of pressure engagement,
      e.g., approximately 0.010 inch away from the film, under the influence of
      the trigger linkage 146.
PAR  The operation of the camera 96 will now be explained in detail. As
      previously indicated, prior to insertion of the cassette in the
      cassette-receiving pocket 114, the capstan assembly 134 and the head 132
      are displaced out of the pocket against the pressure of the spring 160 by
      virtue of the stop 178. Once the cassette is inserted in the pocket 114
      and the door 116 of the camera is closed, the stop 178 is displaced
      towards the pocket due to contact of the door. This releases the capstan
      bracket 162 so as to permit the capstan 166 and the head 132 to be
      displaced towards the cassette pocket 114 and to enter the cassette 10 as
      shown in FIG. 7. This position represents a standby position in which the
      capstan 166 and the head 132 are held slightly out of engagement (at least
      not in pressure contact) with the film 30 and represents the capstan and
      head position when the camera is fully loaded but is not actually
      undergoing exposure and sound operations. As noted above, the capstan 134
      and the head 132 are held in this standby position by means of the linkage
      146 which is coupled to a motor bracket 137 so as to permit complete
      release of the capstan assembly 134 only when the camera trigger 140 is
      depressed.
PAR  Once the cassette has been loaded in the camera 96 and the door 116 closed,
      operation ensues by depressing trigger 140. This displaces slide switch
      144 to energize the motors 126 and 136 and to displace the cable extension
      146 which, as shown in FIG. 5, releases the capstan assembly 134 along
      with the head 132 into film engagement. At this time, the shutter
      mechanism, not shown, is released and driven from the claw drive motor 126
      so as to permit light rays from the scene being photographed to be focused
      by the camera lens assembly 106 through the cassette opening 46 onto the
      film strip 30 as it is incrementally advanced by the claw 128. At this
      time, the drive motor 136 through the capstan 166 draws the film at a
      substantially constant speed across the sound-head 132. To provide a free
      loop of film and thereby isolate the continuous film motion at the
      sound-head 132 from the intermittent motion occurring at the exposure
      aperture, the motor 136 is designed to advance the film slightly faster
      than the intermittent film advancement. This rapid advancement towards the
      exposure-projection station causes an excess of film between the latter
      and the capstan 166, which excess follows a path of least resistance so as
      to form a free loop 148 of film extending through the capstan opening 42
      of the cassette 10. The loop 148 continues to increase in size, during
      this initial operation until the loop control switch 138 is actuated to
      control the size of the loop as explained below with regards to FIG. 8.
      The loop extends through the cassette opening 42 rather than looping
      within the cassette because the film is retained or guided in a
      substantially flat condition between the cassette processor 60 and the
      support pad 72 etc. between the opening 42 and the exposure station 36.
PAR  Referring now to FIG. 8, it can be seen that the operation of both the claw
      motor 126 and the capstan motor 136 are directly controlled through the
      slide switch which couples them to a camera battery 174. However, while
      motor 136 is controlled solely by this switch 144, the claw drive motor
      126 is additionally controlled by the loop sensor switch 138, which in its
      inactive state, couples a resistor 172 in series with the motor 126 so as
      to thereby reduce the speed of the latter. Initially, the switch 138
      couples the motor 126 to the battery 174 through resistor 172. This
      insures that the motor 126 (by means of the claw 128) will at this time
      advance the film strip 30 at a slower average rate than the motor 136
      advances it by means of the capstan 166. As the film loop 148 continues to
      grow, it contacts the switch 138 which directly couples the battery 174 to
      the motor 126 such that the latter motor is driven at an increased speed,
      which advances the film at an average velocity slightly exceeding that
      provided by motor 136. This reduces the film loop so as to allow switch
      138 to return to its normal position (coupling resistor 178 in the motor
      circuit) and allowing the film loop 148 to again grow in size until it
      activates the switch 138. In this way, the film loop 148 is formed and
      then maintained within narrow bounds.
PAR  As previously indicated the camera 96 includes a sound microphone 110 which
      is coupled (through appropriate circuitry, not shown) to the head 132 so
      that during advancement of the film strip sound occurring within the scene
      will be magnetically recorded on the film stirp. In this way both audio
      and visual components are simultaneously recorded.
PAR  As previously indicated, it is desirable to eliminate the film loop 148
      before removing the cassette 10 from the camera 96, at least at the
      completion of the length of film which is intended to be exposed. Inasmuch
      as the camera termination point is not at the complete end of the film,
      the film loop 148 will remain unless special precautions are taken. In the
      camera 96, the claw mechanism 128 ceases to advance the film when the claw
      reaches the first perforation 88. Hence, at this time even though the claw
      continues to operate, the film will no longer be advanced past the
      exposure aperture 46. However, as long as the trigger 140 remains
      depressed, the capstan drive 166 will continue to draw film from the
      supply spool 26. This means that the film loop 148 would remain at the end
      of the camera exposure operation. To prevent this occurrence, or that is,
      to eliminate the film loop 148 at the end of the exposure run, the stop
      member 158 is designed to engage the film bump 92 and thereby stop the
      capstan advancement of the film while the claw advancement continues. The
      film bump 92 is spaced a proper distance (approximately equal to the
      distance from the stop to the claw) from the film perforation 88 so that
      when the latter reaches the claw 128 no loop will remain.
PAR  Upon completion of the camera operation and opening of the camera door 116
      to remove the cassette 10, the spring latch 178 automatically springs away
      from the pocket 114 so as to displace the capstan 166 outwardly of the
      pocket 114. This displacement, in turn, by means of the bracket arm 162
      also carries the sound-head 132 from within the cassette 10 so as to
      permit its removal from the camera. In the camera structure just
      described, it should be noted that the free film loop 148 will remain
      until the exposure run is completed and at which time the film bump 92
      engages the stop member 158. Consequently, if the operator desires to
      remove the cassette at any earlier time during the exposure run, the film
      loop would be extending exteriorly of the cassette. In an alternate
      embodiment, shown in FIGS. 9 and 10, the camera is designed to
      automatically eliminate the film loop at any time during operation upon
      opening of the camera door 116. In this arrangement, the door 116 is
      configured to automatically operate a snubber release mechanism 181 and
      trigger a fixed time interval, drive switch circuit generally designated
      at 184.
PAR  As shown in FIG. 9 the snubber release 181 includes a rocker arm 182
      connected at one end 186 to an actuating arm 188 which extends upwardly
      through the base 121 of the pocket 114 so as to engage a lip 190 of the
      cover 116 when the latter is in its closed position. The other end 192 of
      the rocker arm 182 is operatively coupled to the snubber 122 and the drive
      circuit 184. The latter includes a switch 196 and other suitable circuitry
      as explained below with regard to FIG. 11. A spring member 194 biases the
      rocker arm to withdraw the snubber 122 and actuate the switch 196 when the
      cover 116 is open as shown in FIG. 10. This actuation withdraws the
      snubber lock 122 from the cassette snubber roller 38 (shown in FIG. 1) and
      additionally couples the spindle drive motor 126 to the battery 174 as
      shown in FIG. 11. As can be seen from the latter figure, the switch
      circuit 184 modifies the camera circuitry (previously described with
      regard to FIG. 8) so as to bypass the trigger switch 144. The switch
      circuit 184 comprises the switch 196 coupled between the camera battery
      174 and a pulse generator 198. Closing of the switch 184 activates the
      pulse generator which is, for example, a single shot multivibrator or the
      like so as to provide a pulse of given duration. This pulse in turn
      activates a relay or other electronic switch designated at 200 which
      couples the battery 174 to the motor 126 so as to activate the latter. At
      this time the capstan drive motor 136 remains inactive. Consequently, the
      claw mechanism 128 and the spindle 120 (shown in FIG. 5) are driven to
      advance the film further forward within the cassette. Since the capstan
      drive 136 is inactive during this time, the free loop 148 is therefore
      eliminated. To minimize the amount of film further advanced by this
      operation, the pulse generator 198 is designed to provide a single pulse
      of given duration so as to operate the switch 200 for a precise length of
      time, for example, to provide one turn of the cassette reel so as to
      merely take up the approximate length of film stored within the film loop
      148. Hence, this arrangement provides means responsive to arranging the
      camera for removal of the cassette, i.e., opening of the camera door, for
      eliminating the free loop of film and thereby facilitating removal of the
      cassette at anytime during the exposure operations.
PAR  The snubber latch 122 is released in this embodiment so as to provide
      further advancement of the film even where the claw has reached the film
      perforation 88. Hence, in this embodiment the film stop 158 (shown in FIG.
      5) which cooperates with the film protuberance is no longer needed. This
      follows from the fact that without the restriction of the cassette snubber
      roller 38, the rotation of the take-up spool 28 will advance the film
      without the aid of the claw.
PAR  Advantageously, if the film stop 158 is employed with the circuit shown in
      FIG. 11, the snubber latch 122 may be left engaged during loop
      elimination. This is, the snubber 122 may be fixedly positioned on the
      base 121 of the camera pocket 114, and only the switch circuit 184
      activated by the rocker arm 182. In this case, since the snubber latch 122
      is not released, operation of the film spool 26 when the cover is opened
      will only advance the film when the claw is engaging the film
      perforations. However, the claw is arranged to engage the film
      perforations at all times except when the claw reaches the first cutout 88
      of the film, and operation of the switch 184 and the pulse generator 198
      will advance the film at all times except when the end of the film has
      been reached. In the latter case, however, the stop member 158 will have
      engaged the film bump 92 and cause the loop to be eliminated.
      Consequently, the loop of film is eliminated at the end of the film run by
      the film stop 158 whereas the loop is eliminated at other times by the
      opening of the door and the activation of the switch circuit 184.
PAR  Following completion of the exposure operation, the cassette 10 is removed
      from the camera and placed in a combined processor and projection
      apparatus 210 such as is shown in FIGS. 12 and 13. As can be seen in these
      figures, the apparatus 210 is illustrated as a rear projection viewer
      comprising a box-like housing 212 defined in part by a front viewing
      screen 214. Positioned rearwardly of the screen 214 in adjoining relation
      to the top surface 216 of the housing 212 is a cassette-receiving slot or
      well 218 which extends to and is in communication with the top surface.
      Mounted beneath the cassette receiving well 218 is a projection lens
      assembly 220 and a reflector element 223 which in conjunction with a
      conventional projection lamp (not shown) is configured to project film
      images forwardly to the rear of the transparent screen 214 once the
      cassette film has been processed to a viewable condition.
PAR  Means are also provided in the apparatus 210 for recording and playback of
      sound information. These means include a sound-head, indicated at 224, and
      a capstan drive arrangement 226 which are configured to extend within
      openings 225 and 227 of one end wall 229 of the cassette well 218.
      Additionally, appropriate circuitry 228 along with a loudspeaker 230 are
      provided at the base 232 of the viewer for adequate reproduction of the
      sound information recorded on the film strip. Further, a microphone (not
      shown) is included to permit editing and recording of sound information on
      the film when the cassette is within the viewer 210.
PAR  As illustrated in FIG. 13, the magnetic sound-head 224 and the capstan
      drive arrangement 226 are coupled to a frame member 236 which is pivotal
      about an axis shown at 238. The frame member 238 is coupled, by means of a
      linkage or push-rod 240, to a cam 242, which as later explained in regards
      to the operation of the projector apparatus 210, is configured to displace
      the sound-head 224 and the capstan drive 226 between an inoperative
      position shown in FIG. 13 and an operative position shown in FIG. 12 where
      they are in operative engagement with the cassette 10 and its film strip
      30. A spring member 241 appropriately biases the rod 240 into cam
      following engagement. Carried in the frame 236 is a capstan drive motor
      244 which is coupled by means of its drive shaft 246 to a capstan drive
      disc 248. As in the previously described camera, the capstan drive disc
      248 includes a resilient, high friction surface insert 250 of, for example
      rubber, which provides a suitable surface contact and compliance with the
      drive shaft 246. A capstan 252, positioned on the drive disc 248, is
      rotatably driven in accordance with operation of the capstan drive motor
      244.
PAR  The magnetic head 224 is carried on a support 225 which is mounted for
      pivotal movement at one end 227. A spring 229 biases the head support 225
      towards the cassette receiving well 218 and into engagement with an
      upwardly extending arm 237 of the frame 236. The arm 237 in conjunction
      with the spring 229 couples the sound-head 224 to the capstan drive
      arrangement 226 so that both are displaced between their operative and
      inoperative positions in accordance with the rotational position of the
      cam 242.
PAR  Prior to completing the description of the apparatus 210, it should be
      noted that this viewer is designed to also process the exposed film strip
      to a viewable condition prior to projection. Examplary structure suitable
      for such processing is set forth in detail in the commonly assigned,
      copending patent application Ser. No. 227,080, Edwin H. Land filed on Feb.
      17, 1972. In regards to the processing operation, it should be noted that
      when the cassette 10 is removed from the camera 96, at least a substantial
      portion of the film strip 30 has been transported from the supply spool 26
      to the take-up spool 28. As previously indicated, the camera is intended
      to stop before the supply end of the film strip is reached. That is, it is
      preferred to advance the film beyond the exposure termination point
      established in the camera just prior to applying processing composition to
      the exposed film. Hence, as described in the aforementioned application
      Ser. No. 227,080 a double pawl claaw 234 is employed in the projector 210.
      This claw 234 will advance the film beyond the first termination point due
      to its double pawl until the latter reaches the second termination point,
      or that is, the second elongated opening 90.
PAR  Overall advancement of the film within the cassette 10 is carried out in
      the projector 210 by a pair of spindle drives designated at 256 and 258,
      which as later explained, are driven along with the claw 234 by means of a
      second drive motor shown at 260. The spindles 256 and 258 are coupled to
      the drive motor 260 through appropriate, selectively operated clutches
      (not shown) so as to reversibly transport the film between the supply reel
      26 and the take-up reel 28 of the cassette 10. Additionally, to accomplish
      the overall operation of the projector 210, motion sensing devices (not
      shown) are coupled to the spindles 256 or 258 so as to indicate stoppage
      of either of the film reels occurring when the film strip 30 has been
      substantially completely transported from one to the other. Further, as
      more fully explained in the aforementioned application Serial No. 227,080
      the projector 210 is programmed by means (not shown) to reverse motor 260
      and control the position of the cam 242 in response to these motion
      sensing devices and in accordance with the particular stage of the
      processing and projection operation as later explained with respect to the
      overall operation of the projector.
PAR  To control film snubbing within the cassette 10, a snubber latch 262 is
      also coupled to the cam 242 and appropriately displaced into latching
      engagement with the snubber roll 38 of the cassette in co-ordination with
      displacement of the sound mechanism 226 into cassette engagement. These
      engagements are achieved by a cam drive motor, such as a stepping motor
      designated at 264.
PAR  As in the camera 96, the constant speed advancement of the film strip 30 in
      the area of the capstan is isolated from the intermittent claw advancement
      by a loop of film 270, illustrated in FIG. 14, which extends through the
      opening 42 of the cassette 10 and the opening 227 of the side wall 279 of
      the cassette-receiving well 218.
PAR  In this arrangement, a lamp 272 (emitting nonactinic radiation as regards
      the film) operates in conjunction with a photocell 274 to control the
      speed of the capstan drive motor 244 so as to form the film loop 270 and
      thereafter mainitain it within predetermined limits. The capstan motor 244
      is initially operated so as to advance the film at a speed slightly in
      excess of the average speed of film advancement produced by the claw.
      Then, once the film loop 270 is of sufficient size to intercept the light
      directed to the photocell 274, the latter reduces the capstan motor speed
      slightly (by switching on appropriate resistor in series with the motor
      244) so as to allow the size of the loop to be reduced. The loop is then
      automatically maintained within this predetermined size. Although the
      capstan speed is varied to maintain the loop size, the variation is not
      abrupt and is only a slight change such that the sound reproduction
      remains adequate. Such a system is described in detail in the commonly
      assigned application Ser. No. 374,639 of D. T. Scholz, filed herewith.
PAR  Since in the preferred embodiment, the claw drive motor 260 is a motor
      former device through which voltage is directed to other components, such
      as the projection lamp (not shown) of the projector 210, it is preferable
      to vary the capstan motor 126. It should be understood, however, that in
      some applications, the system described for the camera 96 could also be
      employed in the projector 210. In this regard, it should also be noted
      that the sensor-switch arrangement for maintaining the loop of film in
      camera 96 could be utilized in the projector 210 instead of the lamp and
      photocell arrangement shown in FIG. 14.
PAR  The projector operation will now be described. As previously noted, when
      the cassette 10 is first inserted in the receiving well 218, following
      exposure, the projector automatically processes the film strip 30 and then
      projects the viewable images while also reproducing the recorded sound.
PAR  Overall control of the projector program is provided in part by a cam
      mechanism (not shown) which is designed to first initiate forward
      advancement of the film, from the supply reel 26 to the take-up reel 28,
      while projecting the film images etc., rewind the film back to the supply
      spool and eject the cassette. For an unprocessed cassette, the forward and
      rewind cycle is repeated twice prior to ejection and the projection
      operations are prevented during the first transport cycle. This is
      accomplished by means of an indicator (not shown) carried on the cassette
      which provides a signal to the projector 210 to indicate the processed or
      unprocessed condition of the film strip.
PAR  Hence, in response to cassette insertion in the projector 210, the cassette
      is automatically operated through a pre-programmed sequence to either
      process and project the film or to merely project and rewind the latter.
      In either case, the projector is pre-programmed to initially engage the
      claw mechanism 234 and to drive the take-up spindle 256 so as to advance
      the film to the take-up spool 28. At this time, the capstan drive motor is
      also energized and the cam mechanism 242 rotated by drive motor 264 so as
      to engage the snubber latch 262 with the snubber roll 38 and to bring the
      sound-head 224 and the capstan into operative engagement with the film
      strip 30. With an unprocessed cassette, the projection lamp is held off at
      this time. As the film strip is advanced forward, only a short distance
      beyond the camera termination point, the film discontinuity 92 engages the
      film support pad 72 so as to displace the latter to its processing
      position where it supports the film strip 30 beneath the cassette
      processor 60. Hence, the film discontinuity or bump 92 cooperates with the
      stop 158 in the camera to eliminate the film loop, and then activates the
      processor.
PAR  Since the film has not been previously processed, the claw is capable of
      only advancing the film a short distance before the second elongated
      sprocket hole is reached and film advancement terminated. At this time,
      the snubber 262 prevents further take-up of the film by the take-up reel
      28 which stops further motion of the take-up spindle 256. Further,
      although the capstan continues to rotate, the end of the film is reached
      at the supply reel 26 which also stops the spindle 258. This stopping of
      the spindles signals the projector to disengage the claw, rotate the cam
      242 to disengage the snubber latch and the capstan, and reverse the
      direction of the film drive motor 260 thereby rewinding the film strip to
      the supply spool 26, during which time the fluid is released and
      processing of the film strip 30 occurs. That is, as the first rewind of
      the film strip 30 is initiated, the tab actuating assembly 66 is
      operatively engaged by a reversal of the supply spool 26 so as to release
      the fluid 64 from the reservoir 62 and to the film strip thereby providing
      a layer of processing fluid on the film strip as the latter is returned to
      the supply spool 28. During this interval, light is precluded from
      entering the projection station by means of a blinder member (not shown)
      which is interposed in the projection path.
PAR  Once the film strip 30 has been completely rewound on the supply spool 26,
      the spindle motion again ceases. Since the cassette was previously
      unprocessed, and has so signalled the projector, the film transport cycle
      is again repeated such that the film is forwardly advanced, during which
      projection operations are initiated and the drying of the film strip is
      completed. Specifically, once the spindle motion ceases at the end of this
      process rewind, the projector 210 programs the cassette through a
      projection and an audio playback mode. That is, the projector 210 now
      operates the just processed cassette in a manner substantially identical
      to that of a previously processed cassette as explained below.
PAR  Consequently, following the process rewind or upon insertion of a
      previously processed cassette in the projector 210, the cam drive motor
      264 is activated so as to displace the snubber latch 262 into cassette
      engagement and to operate push rod 240 so as to displace the sound-head
      224 and the capstan into film engagement. At this time, operation of both
      the capstan drive motor 246 and the claw drive motor 260 are initiated,
      the claw drive motor being energized so as to dirve the claw and the
      take-up spindle 256 to incrementally advance the film strip 30 in a
      forward direction across the exposure-projection opening 46. The
      projection lamp (not shown) is energized so as to direct a beam of light
      through the incremental portions of the film strip presented at the
      exposure-projection station so as to display the recorded images.
PAR  As the claw 234 advances the film incrementally across the exposure station
      46, the capstan also advances the film strip 30 across the magnetic
      sound-head 224. Initially, the advancement of the film due to the capstan
      is faster than the average advancement due to the claw such that the free
      film loop is formed. As indicated previously, the size of the loop is then
      controlled by the light 272 and photocell 274 which operate to slowly
      speed up and slow down the capstan drive motor 246.
PAR  During this operation, the sound-head is operative in conjunction with the
      speaker 230 to play back sound previously recorded on the film track
      during the camera operation. Upon completion of the forward advancement of
      the film during projection and playback, the film 30 is again rewound in
      the manner described with regards to processing rewind, and the cassette
      10 is partially ejected from the projector 210 to complete the program.
PAR  It should be noted that inasmuch as the film strip is always rewound during
      which time the capstan mechanism is inoperative, i.e., displaced from the
      cassette 10, the loop 270 is eliminated prior to removal of the cassette
      from the projector 210.
PAR  Those familiar with the motion picture arts will readily appreciate the
      novel and highly unique advantages of this audio-visual system employing a
      highly compact cassette in which the film is permanently retained, in
      conjunction with camera and projector apparatus providing both recording
      and playback of audio and visual information. The apparatus cooperates
      with the cassette to automatically form, control and to subsequently
      remove an isolating film loop located between the audio and
      exposure-projection stations of the cassette.
PAR  This invention may be practiced or embodied in still other ways without
      departing from the spirit or essential character thereof. The preferred
      embodiments described herein are therefore illustrative and not
      restricted, the scope of the invention being indicated by the appended
      claims and all variations which come within the meaning of the claims are
      intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of operating a compact film handling cassette in both
      photographic and audio operational modes, said cassette including a
      housing, a strip of photographic film material retained within said
      cassette housing, opening defining means in said cassette housing for
      providing a pair of spaced apart stations, one of said stations being
      configured for operation of a photographic program with said film strip
      and the other of said stations being configured for operation of an audio
      program with said film strip, means within said housing for guiding said
      film strip along a given path within said housing between said stations,
      said guiding means including means for storing an excess of film between
      said stations in a free loop extending exteriorly of said cassette housing
      through a portion of said opening defining means located between said
      stations, said method comprising the steps of:
PA1  advancing said film strip in a given direction so that any given portion of
      said film strip initially proceeds through a first of said stations and
      then through a second of said stations, said advancing step including
      advancing said film strip in said given direction intermittently through
      said one station so as to progressively present incremental sections of
      such film strip at said one station and simultaneously advancing said film
      strip in said given direction substantially continuously through said
      other station;
PA1  initially varying the relative rate of advancement of said film strip
      through said stations to advance said film strip through said first of
      said stations at an average rate of advancement greater than the average
      rate of advancement through said second of said stations so as to provide
      an excess length of film between said stations and form a free film loop
      of predetermined size extending through said opening defining means, said
      loop being configured for isolating said intermittent and continuous
      advancements of said film strip;
PA1  then maintaining substantially equal average rates of advancement through
      said stations so as to maintain said predetermined size of said film loop;
PA1  performing a photographic program with said incremental sections presented
      at said one station by said intermittent advancement;
PA1  performing an audio program with portions of said film strip presented at
      said other station as said portions are advanced therethrough; and
PA1  finally varying the relative rate of advancement through said stations to
      advance said film strip through said first of said station at an average
      rate of advancement less than the average rate of advancement through said
      second of said stations so as to substantially eliminate said excess
      length of said film strip and draw said loop of film back into said
      cassette housing at the termination of said programs.
NUM  2.
PAR  2. The method of claim 1 wherein the average rate of advancement of said
      film strip through said one station is maintained substantially constant
      throughout said varying steps, and the average rate of advancement through
      said other station is varied in accordance with said initially varying
      step to provide said excess length of film and in accordance with said
      finally varying step to substantially eliminate said excess length of
      film.
NUM  3.
PAR  3. The method of claim 1 wherein said finally varying step includes
      stopping the advancement of said film strip through said first of said
      stations while continuing the advancement of said film strip through said
      second of said stations.
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ABST
PAL  In a film projector of the type wherein film advance is controlled by pulse
      signals generated by a tape recorder or the like, a protective filter is
      automatically inserted into the optical path between the projection lamp
      and the film when the time interval between successive pulse signals
      exceeds a predetermined time limit. The filter is automatically removed
      from the optical path only when two successive time intervals have a
      duration less than a predetermined duration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to film projectors, and is more particularly
      concerned with a device for inserting a film-protective filter into the
      light path of a projector during still projection of a cinematographic
      film into the light path of a projector during still projection of a
      cinematographic film or during prolonged projection of film slides or the
      frames of a film strip.
PAR  In the synchronized operation of a film projector of the type wherein film
      advance is controlled by pulse signals generated by a tape recorder, for
      example, if the time interval between one pulse signal and the next is
      prolonged, the particular film frame or slide being projected can become
      over-heated by the projection lamp, possibly causing permanent damage to
      the film. It has been proposed to insert a lightattenuating, heat-blocking
      filter into the light path between the projection lamp and the film to
      alleviate this condition, but is has not been possible heretofore to
      provide automatic insertion of such a filter when required to prevent film
      damage. Moreover, it has not been possible to control the automatic
      insertion and removal of such a filter in a manner which avoids unduly
      frequent variation of projected light levels.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide a novel
      device for automatically controlling the insertion of a filter in the
      optical path of a film projector, and for automatically controlling the
      removal of the filter.
PAR  Another object of the invention is to provide an improved device of the
      above-described type for use in a projector of the type wherein film is
      advanced in response to pulse signals generated by a tape recorder or the
      like.
PAR  A filter control device in accordance with the invention is responsive to
      the time periods during which film frames remain stationary in the light
      path of the projector for causing insertion of a film-protective filter
      into the light path between a projection lamp and the filim when a film
      frame is projected for a prolonged period, such as during still projection
      of motion picture film, and for removing the filter from the light path
      when the film frames are sequenced at a relatively rapid rate, as during
      motion picture projection. When the device is employed in a projector of
      the type wherein film is advanced in response to film advance signals
      generated by a tape recorder or the like, insertion and removal of the
      filter may be controlled in accordance with the detected duration of the
      time intervals between successive film advance signals. In the preferred
      device, the filter is removed from the light path only after detection of
      two or more successive time intervals each having a duration less than a
      predetermined duration.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further discussed with reference to the accompanying
      drawings, which illustrate a preferred and exemplary embodiment, and
      wherein:
PAR  FIG. 1 is a perspective view of the mechanical structure of a filter
      control device in accordance with the present invention employed in
      conjunction with a film advance mechanism of a motion picture projector;
      and
PAR  FIG. 2 is a schematic of the electronic circuitry employed in the filter
      control device of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the mechanical structure of the filter control device
      of the present invention is shown in conjunction with the film-advancing
      mechanism of a motion picture projector. A shutter 2 is mounted for
      rotation with a shutter axle or shaft 1, which has an operating cam 3
      fixed at one end thereof. A fixed shaft 4, disposed in a direction
      perpendicular to the axis of shutter shaft 1, carries a film-feeding pawl
      5 which is slidable on shaft 4 as well as rotatable therearound. An
      electromagnet 6 for actuating the film-feeding pawl 5 is provided near one
      end of the pawl.
PAR  The shutter shaft 1, shutter 2 and operating cam 3 are rotated in a known
      manner by an electric motor (not shown) at a rate of 54 rps (revolutions
      per second) so that the film-feeding pawl 5 is caused to slide along shaft
      4 in the desired direction of film movement during one half-cycle of
      rotation of cam 3 and is returned during the next half-cycle of rotation.
      The electromagnet 6 is energized in synchronism with the sliding movement
      of the film-feeding pawl, pivoting the pawl about shaft 4 to move end 5a
      of the pawl into engagement with the perforations of a motion picture film
      (not shown) to effect film advance.
PAR  Disposed behind shutter 2 is a light-attenuating, heat-blocking filter 7a.
      The filter is mounted at one end of a holding arm 7, which is supported by
      shaft 7b near the center thereof for rotational movement. A spring 8
      connected to the body (not shown) of the projector biases holding arm 7
      counterclockwise to hold filter 7a out of the light path between the
      projection lamp (not shown) and the film. Another electromagnet 9,
      provided at the extreme end of the hold arm opposite the end having filter
      7a, causes the filter to be inserted into the light path against the force
      of spring 8 which the electromagnet is energized, the filter being removed
      from the light path by the action of spring 8 when the electromagnet is
      thereafter de-energized.
PAR  Referring to FIG. 2, the electronic circuitry employed in the filter
      control device of the present invention comprises a first electromagnet 6
      for effecting film advance, a second electromagnet 9 for controlling the
      position of the filter, a switch S, a D.C. power source E, a first
      detector circuit T1, a second detector circuit T2, and a bistable circuit
      in the form of flip-flop F. Switch S is closed in a known manner during
      the occurrence of film advance signals, such as pulse signals, which are
      produced by a tape recorder or the like and which last until the film has
      been advanced a complete frame by operation of film-feeding pawl 5.
PAR  Operation of the filter control device of the invention will now be
      described. When switch S is initially closed (upon occurrence of a film
      advance signal), the electromagnet 6 is energized through the switch,
      which causes the film-feeding pawl 5 to be actuated to advance the film by
      one frame. At the same time, electric current from the positive side of
      source E passes through resistor R1 in the first detector circuit T1 and
      through diode D1 and switch S to the negative side of the source, and any
      charge stored in capacitor C1 discharges through diode D1 and switch S.
      The resultant change in potential at the base of transistor Tr1 causes
      this transistor and transistor Tr2 to become conductive or ON and
      transistor Tr3 to become non-conductive or OFF, whereupon capacitor C2 in
      the second detector circuit T2 begins to be charged by source E through
      resistor R4.
PAR  When switch S is thereafter opened (upon completion of the film advance
      signal), source E begins to charge capacitor C1 in the first detector
      circuit T1 through resistor R1. At the same time, transistors Tr1 and Tr2
      become non-conductive and transistor Tr3 becomes conductive so that
      capacitor C2 begins to discharge through resistor R7 and transistor Tr3.
      Capacitor C2 is charged with a time constant C2R4 when switch S is closed
      and is discharged with a time constant C2R7 when switch S is open.
PAR  The capacitance of capacitor C1 and the resistance of resistor R1 are
      selected such that the voltage across the capacitor exceeds a reference
      potential at the junction of resistors R2 and R3 only if the time interval
      between one film advance signal and the next exceeds a predetermined time
      limit, as may occur during still projection of motion picture film, for
      example. In the case when capacitor C1 is charged to a voltage in excess
      of the reference potential, a switching circuit formed by transistors Tr4
      and Tr5 in detector circuit T1 becomes conductive, causing a SET signal to
      be applied through diode D2 to a SET input of flip-flop circuit F.
      Electromagnet 9, which is connected to an output of the flip-flop circuit,
      is thus energized to cause film-protective filter 7a to be inserted into
      the light path between the projector lamp and the film.
PAR  FIlter 7a will remain in the light path until flip-flop F is reset and
      electromagnet 9 de-energized. The production of a RESET signal requires
      that capacitor C2 be charged to a value exceeding a reference potential at
      the junction of resistors R5 and R6. Then a switching circuit comprising
      transistors Tr6 and Tr7 in detector circuit T2 becomes conductive, causing
      a RESET signal to be applied through diode D3 to a RESET input of the
      flip-flop circuit F. The state of the flip-flop circuit is reversed
      thereby, which causes electromagnet 9 to become de-energized, so that the
      filter is removed from the light path by spring 8.
PAR  When, after the filter has been inserted into the light path, the time
      intervals between successive film advance signals remain long, as in the
      case of still projection of successive frames of motion picture film, the
      discharge time of capacitor C2 (when film advance switch S is open) is so
      prolonged relative to the charging time of the capacitor (when switch S is
      closed) that the voltage across the capacitor remains low. Thus, detector
      circuit T2 cannot produce a signal for resetting the flipflop circuit,
      with the result that the filter remains in the light path.
PAR  In the preferred embodiment it is desired to avoid unduly frequent
      variations of projected light levels, as might occur if the filter were
      inserted and removed frame-by-frame during still projection of successive
      frames of motion picture film depending upon individual frame projection
      duration. Once the filter is inserted during still projection, it is
      desired that removal occur only when rapid frame sequencing begins, as
      when motion picture projection is resumed. In accordance with the
      invention, this is achieved by selecting the values of C2, R4 and R7 such
      that the voltage on the capacitor exceeds the reference potential at the
      junction of resistors R5 and R6 only when several (preferably two)
      successive time intervals between film advance signals have a duration
      less than a predetermined duration.
PAR  In summary, the filter control device constructed in accordance with a
      preferred embodiment of the invention detects the time periods between
      successive film advances. A heat-blocking, light-attenuating filter is
      inserted into the light path whenever a detected time period exceeds a
      predetermined time limit, such as during still projection of motion
      picture film. The filter is removed from the light path after detection of
      two or more successive time periods each having duration less than a
      predetermined duration.
PAR  While a preferred embodiment of the invention has been shown and described,
      it will be apparent to those skilled in the art that changes can be made
      in this embodiment without departing from the principles and spirit of the
      invention, the scope of which is defined in the appended claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A filter control device for a film projector of the type in which film
      is advanced in response to film advance signals, comprising:
PA1  means for detecting the time intervals between successive film advance
      signals; and
PA1  control means responsive to said detecting means for causing insertion of a
      filter into the light path between a projection lamp of said projector and
      said film when a detected time interval exceeds a predetermined time
      limit.
NUM  2.
PAR  2. A device as set forth in claim 1, wherein said control means includes
      means for causing the removal of said filter from said light path only
      when the duration of a certain number of said time intervals greater than
      one is less than a predetermined duration.
NUM  3.
PAR  3. A device as set forth in claim 1, wherein said control means comprises
      means for causing removal of said filter from said light path only after
      detection of successive time intervals each of which has a duration less
      than a predetermined duration.
NUM  4.
PAR  4. A device as set forth in claim 3, wherein said detecting means comprises
      means for generating a first signal when a detected time interval exceeds
      said predetermined time limit and means for generating a second signal
      after detection of said successive time intervals, and wherein said
      control means comprises bistable circuit means having said first and
      second signals applied to its set and reset inputs, respectively, and an
      electromagnet connected to an output of the bistable circuit means for
      controlling the insertion and removal of said filter, depending upon the
      state of said bistable circuit means.
NUM  5.
PAR  5. A device as set forth in claim 4, wherein said detecting means comprises
      first and second detector circuits for generating said first and second
      signals, respectively, and wherein said detector circuit comprises a
      capacitor, means for charging and discharging said capacitor in response
      to said film advance signals, and switching means connected to the
      capacitor for providing the associated signal when the voltage on said
      capacitor exceeds an associated reference potential.
NUM  6.
PAR  6. A device as set forth in claim 5, wherein said charging and discharging
      means comprises means for charging the capacitor in said first detector
      circuit and discharging the capacitor in said second detector circuit in
      the time intervals between said film advance signals and for discharging
      the capacitor in said first detector circuit and charging the capacitor in
      said second detector circuit during said film advance signals.
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ABST
PAL  A cine camera having a rotary or reciprocating shutter driven by a motor is
      provided with a supplementary diaphragm which cooperates with the shutter
      during acceleration of the motor to its rated speed to reduce the effect
      on the first film frame or frames of the change in exposure time occurring
      during the acceleration period of the motor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a film camera having a motor-driven shutter
      which periodically intersects an optical path extending from a camera lens
      to a position of a film in the camera. More particularly the invention is
      concerned with compensating for the temporary slight increase in exposure
      time which occurs during the period that the motor is accelerating up to
      its running speed.
PAC  STATE OF THE ART
PAR  The German Pat. No. 1,259,698 discloses a way of producing the necessary
      compensation by switching on and off an equalizing device which is
      controlled in dependence on the rotational speed of the camera motor by a
      centrifugal system. The equalizing device cooperates with an exposure
      meter which is incorporated into the camera, so that light incident on the
      camera lens and deflected by a silvered shutter onto a light-sensitive
      element is temporarily attenuated to such a value that the quantity of
      light to which the film is exposed when the shutter is stationary is equal
      to the average quantity of light which falls on the film over a full cycle
      of the moving shutter. A disadvantage of this construction is that
      exposure irregularities are equalized via the optical path of the
      measuring system when the film starts. Two separate control functions are
      therefore necessary in order to obtain the desired equalization, namely
      metering the light beam for the measuring system in dependence on the
      rotational speed of the shutter diaphragm and resetting an aperture of an
      iris diaphragm according to the output response of the light-sensitive
      element. It is evident that slight inaccuracies in control based on such
      fine measurements lead to very poor results.
PAR  A better solution to the problem is proposed in German Pat. No. 1,135,288
      where a lens diaphragm controlled by a light-sensitive element is closed
      by approximately one more stop when stationary than is the case when the
      camera is operating under the same light conditions but with the
      shutter-drive motor running at rated speed. However, adjustment of the
      amount of light which impinges on the film to the correct value is
      effected indirectly, namely via the light-sensitive element, so that
      measurement of this amount is relatively complicated.
PAC  OBJECT OF THE INVENTION
PAR  An object of the invention is to provide a simple way of reducing the
      effect of the initial acceleration of a shutter-drive motor on the
      exposure time of the first frame or frames shot with a cine camera.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a camera having a film position,
      an objective lens, a shutter, and a motor connected to drive the shutter
      is provided with a supplementary diaphragm movable between a first
      position, at which the light incident at the film position is partially
      restricted by this diaphragm, and a second position at which the light is
      not restricted by it. The camera further includes motor-driven means
      producing an inertial force which moves the diaphragm progressively from
      its first position to its second position during acceleration of the motor
      to its operating speed.
PAR  An advantage of the invention is that the amount of light which traverses
      the lens in starting the motor is determined directly by the supplementary
      diaphragm and is not the result of a calculated value determined from the
      reading of the exposure meter when the camera starts. It is therefore
      immaterial whether the shutter is of the sliding rotary or pivoting type
      it is merely essential that the supplementary diaphragm extends beyond the
      periphery of the shutter-diaphragm blade which covers the image window
      when the associated drive motor is stationary. When the camera motor
      accelerates and therefore the shutter movement starts, the supplementary
      diaphragm at first lengthens the relative period of obstruction of the
      light path during at least an initial operating cycle of the shutter body
      and is then progressively retracted by inertial forces into a position in
      which it does not influence the dark period of the film determined by the
      shutter blade. The progressive movement of the supplementary diaphragm
      with respect to the shutter is usually completed after one or two
      revolutions of the motor-driven shutter.
PAC  PREFERRED FEATURES
PAR  A simple way of carrying out the invention is for the supplementary
      diaphragm to be constructed in angular form with two inclined arms merging
      at an apex which is pivotably supported on the driven shutter. One arm of
      the supplementary diaphragm projects into the light path of the lens
      system when the diaphragm is in its first position while the second arm is
      influenced by a member which is displaced by centrifugal force as the
      driven shutter gathers speed.
PAR  The camera may be provided with a cup shutter which is silvered and
      reflects the incident light from the objective, onto a photo-electric
      transducer. In this case it is necessary to compensate for the amount of
      light which directly impinges on the film as well as the amount of light
      which strikes the transducer while the cup shutter is accelerating from
      its stationary state to its specified rotational speed. This compensation
      may be achieved by providing the supplementary diaphragm with a zone which
      is disposed in front of an image window of the camera when the cup
      diaphragm is stationary and which acts to reduce reflected radiation. This
      zone is advantageously constructed as a screen diaphragm.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other features of my invention will now be described in more
      detail, by way of example, with reference to the accompanying drawing, in
      which:
PAR  FIG. 1 is a diagrammatic side view of a camera showing, partly in section,
      the components thereof with which the invention is concerned; in section
      and block outline;
PAR  FIG. 2 is a view of a motor-driven rotary shutter and an associated
      supplementary diaphragm used in the camera of FIG. 1 and as viewed from
      the left of that Figure;
PAR  FIG. 3 is a front view of a motor-driven reciprocating shutter and an
      associated supplementary diaphragm, the latter being shown by full and
      phantom lines in different working positions;
PAR  FIG. 4 is a cross-section taken on the line IV--IV of FIG. 3;
PAR  FIG. 5 shows a further form of rotary shutter and an associated
      supplementary diaphragm, the latter being shown by full and phantom lines
      in different working positions;
PAR  FIG. 6 is similar to FIG. 5 and shows a further rotary shutter and
      supplementary shutter diaphragm for the camera of FIG. 1; and
PAR  FIG. 7 is a cross-section taken on the line VII--VII of FIG. 6.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  I shall describe only the parts necessary to an understanding of the
      invention; other parts, not illustrated, are conventional and well known
      per se.
PAR  FIGS. 1 and 2, show a driven rotary shutter 6 mounted adjacent to a claw
      cam 4 actuating a traction claw 5 on a claw spindle 3 which is driven by a
      camera motor 2 in a film camera 1. The shutter 6 is associated with a
      supplementary diaphragm 7 (FIG. 2) which is also supported on the claw
      spindle 3 and can be adjusted along an arcuate pin-slot guide 8, 9
      relative to the position of the shutter 6. To this end a friction spring
      10 thrusts the supplementary diaphragm 7 against the shutter 6.
PAR  When the camera is stationary, a sector 11 of the supplementary diaphragm 7
      extends beyond the perimeter of one blade of the shutter 6 and covers an
      image window 12 of the camera.
PAR  When the camera is started, the shutter 6 driven by the motor 2 rotates in
      the clockwise direction (FIG. 2), while the supplementary diaphragm 7 and
      therefore the sector 11 initially remains in front of the image window 12
      by virtue of its inertia. Since the supplementary diaphragm 7 is
      frictionally entrained by the shutter 6, the inertia of the supplementary
      diaphragm maintains it effective to prolong the exposure time for
      approximately 1 to 2 revolutions of the shutter 6. When the pin 8 of the
      driven shutter 6 reaches the leading end (as seen in the direction of
      rotation) of the arcuate slot 9 of the supplementary diaphragm after these
      initial revolutions, the two rotation members are positively coupled to
      each other. At that time the blade 11 which initially projects by an angle
      .alpha. beyond the trailing edge of shutter 6, will have moved into
      complete register with the shutter 6 and the amount of light which reaches
      the film is no longer reduced by the supplementary diaphragm acting as an
      extension of the shutter. Thus the supplementary diaphragm moves through
      an angle .alpha.relative to the driven shutter during the time in which
      the latter is accelerating to its normal rotational speed.
PAR  When picture taking ceases, the inertia of the supplementary diaphragm
      restores it to its initial position shown in FIG. 2.
PAR  In FIGS. 3 and 4 an reciprocating motor-driven shutter 13 slides to and fro
      along a shaft 14. The shutter 13 is driven from a shutter spindle 15, the
      vertical reciprocating motion being produced by an eccentric 16 on the
      spindle 15. An image window 17 is thus intermittently exposed. An angular
      supplementary diaphragm 18 with two converging arms is supported so as to
      be pivotable at its apex about a pin 19 on the driven shutter 13 and, when
      the camera is stationary, is held by a spring 20 in a position in which
      one member 21 projects by the angle .alpha. beyond the periphery of the
      shutter body. The second arm 22 is disposed in the zone of a cone 23 which
      is slidable along its axis on the shutter spindle 15 (FIG. 4). The cone 23
      is displaceable on the spindle 15 by a centrifugal governor 24 between a
      static position, shown in full outline, and a dynamic position, shown in
      phantom outline, in which it frictionally engages one edge on the arm 22.
PAR  When the camera starts, the cone 23 is displaced progressively along the
      spindle 15 by the governor 24 and bears against the edge of the arm 22 of
      the supplementary diaphragm. Once the rated rotational speed of the
      shutter spindle is reached, the supplementary diaphragm is swung by the
      cone 23 in the counter clockwise direction, thus causing the member 21 to
      move against the bias of spring 20 into its retracted position 21', shown
      in phantom outline, at which it no longer projects beyond the periphery of
      the shutter 13. The shutter times for the film are thus again adapted to
      normal camera operation.
PAR  FIG. 5 shows a centrifugally controlled supplementary diaphragm 25 with a
      motor-driven rotary shutter 27. The supplementary diaphragm 25 is
      constructed as a bell-crank lever pivoted at 26 to the shutter 27. When
      the shutter 27 is stationary, a spring 28 maintains one lever arm 29,
      constructed as a blade, in a position which projects beyond the periphery
      of the shutter 27 by the angle .alpha.. The second lever arm 30 is
      provided with an eccentric weight and is attracted by the spring 28 onto a
      stop or abutment 31 on the shutter 27 when the latter is stationary. A
      second step or abutment is provided at 32 on the shutter body.
PAR  When the camera is started, the shutter 27 rotates in the counterclockwise
      direction so that the exposure angle of the first frame of the film is
      reduced approximately by the angle .alpha. in comparison with that of
      normal operation. As the rotational speed of the shutter 27 increases, the
      centrifugal force 30 becomes larger than the spring force 28 and the
      supplementary diaphragm 25 pivots in the clockwise direction as far as the
      stop 32. The blade 29 is thus moved out of the arcuate aperture of the
      rotating shutter 27 and retracted into an optically ineffected position.
PAR  A similar device is illustrated in FIGS. 6 and 7, parts having the same
      function being provided with same reference numerals as those of FIG. 5.
      The difference is merely that the rotating motor-driven shutter 27' is
      provided with an arcuate peripheral skirt having a silvered surface by
      which light incident through a camera-objective lens O is reflected onto a
      transducer constituted by a photocell 33 when an image window is covered.
      The blade arm 29 of the supplementary diaphragm 25, held by the spring 28
      in the light path of the lens, 0 when the cup-shaped shutter 27' is
      stationary, is provided with a screen 34 on a skirt-overlapping part 34 so
      that the amount of light photo cell incident on the photocell 33 can be
      adapted to the amount of light which impinges at the specified rotational
      speed. This construction provides compensation not only for the amount of
      light which is incident on the film when the camera starts but also for
      the amount of light which is incident on the photocell.
PAR  From the foregoing description above of the illustrated embodiments of my
      invention it will be appreciated that the time during which the
      supplementary diaphragm is moved out of the light path corresponds
      substantially to the time during which the shutter-drive motor runs up to
      speed so that the first image or the first few images of the filmed scene
      are provided with substantially the same amount of light as the images
      which are exposed to the image window under normal running conditions.
PAR  It should also be noted that in FIGS. 3-7 the supplementary diaphragm
      embodying my invention is pivotally mounted on the associated shutter body
      (at an eccentric fulcrum in the case of the rotatable shutters of FIGS.
      5-7) and that the light-obstructing portion 21 or 29 of that diaphragm
      coacts with a working edge of the shutter body 13, 27 or 27', this portion
      being displaceable by the speed-responsive means 23 or 30 -- acting
      against biasing spring 20 or 28-- between an extended position adjacent
      the working edge and a retracted position offset from that edge.
CLMS
STM  I claim:
NUM  1.
PAR  1. A camera having a film position, an objective lens, a shutter, guiding
      means defining a linear path of reciprocation for said shutter, a motor
      connected to drive said shutter back and forth along said path, a
      supplementary diaphragm mounted to reciprocate in unison with said shutter
      and movable with respect thereto from a first position in which the light
      incident at the film position is partially restricted by said diaphragm
      and a second position at which the light is not restricted by said
      diaphragm, and control means driven rotationally by the motor and creating
      an inertial force operatively effective to displace the diaphragm
      progressively from its first position to its second position during
      acceleration of the motor to its operating speed.
NUM  2.
PAR  2. A camera as set forth in claim 1, wherein said diaphragm is provided on
      one arm of a spring-biased bell-crank lever pivoted to the shutter, said
      lever having its other arm positionally controlled by engaging a control
      surface arranged to be displaced by a governor responsive to the motor
      speed.
NUM  3.
PAR  3. A camera as claimed in claim 1, wherein said controls means comprises a
      rotary governor driven by a drive shaft of the motor and controlling the
      axial position on said drive shaft of a cone engaging part of said
      diaphragm to control its position in accordance with the motor speed.
NUM  4.
PAR  4. A camera as claimed in claim 1 wherein said motor drives an eccentric
      and a pin-an-slot linkage between said eccentric and said shutter converts
      the rotational drive of said motor into reciprocation of said shutter.
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ABST
PAL  The device is provided with a lever which is pivotally mounted at one end
      and is urged in the downward direction by a spring, a slide-carrying shoe
      being attached at the free end of the lever. The lever has an upwardly
      curving centre portion which rests on a roller mounted on a disc driven at
      half-speed by a motor. The device also comprises a slide guide consisting
      of two prismatic rails, one of which is stationary, while the other is
      secured to a carriage mounted displaceably in the plane of the slide and
      capable of being pulled towards the stationary rail by means of a spring.
      There is a coupling pin on the carriage which is engaged with a control
      cam provided on the lever-driving disc, the said cam being designed in a
      manner such that the movable prismatic rail is pulled back only during the
      downward movement of the slide shoe which moves between the prismatic
      rails, the said slide being otherwise pressed against the stationary rail
      under the action of the spring. In its lowermost position, the slide shoe
      may rest upon a stop which is vertically adjustable in order to be able to
      set the slide accurately in relation to the optical axis. The stop for the
      slide shoe is preferably mounted at the end of a double-ended,
      spring-loaded lever, the setting of which is adjusted by means of a screw.
BSUM
PAR  The invention relates to a device for vertically moving slides in slide
      projectors. More particularly, the present invention is directed to a
      device in which the slides are lowered from their upper position in the
      magazine, through an aperture in the bottom thereof, into a slide seat,
      after which they are placed in position for projection, and are returned
      from the slide trench up again into the magazine. Devices of this kind are
      used especially in conjunction with projectors having circular magazines.
PAR  Devices of the type in which the slides are moved vertically with the aid
      of lever arms and complex crank drives and the like are known. These
      devices are usually complicated, costly, and thus relatively unreliable.
PAR  It is an object of the invention to provide a device which is as simple as
      possible, and in which the slides may be moved from the magazine to the
      projector and back again into the magazine.
PAR  It is another object of the present invention to provide a device which is
      sturdy and thus suitable for continuous operation, wherein the parts and
      the assembly thereof are inexpensive. It is another object of the present
      invention to provide a device which is as reliable as possible in
      continuous operation.
PAR  According to the invention, this purpose is achieved by providing a device
      for vertically moving slides in a slide projector which comprises:
PA1  A. a lever and means for pivotally mounting said lever at one end thereof,
PA1  B. resilient means biasing said lever in downward direction,
PA1  C. the other end of said lever being formed with means for holding a slide,
PA1  D. guide members adapted to engage a slide when the latter is lowered from
      a magazine and to release said slide after said slide has been projected,
PA1  E. means associated with said lever and said movable guide members to cause
      simultaneous disengagement of said movable guide members and lifting of
      said lever in upward position thereby reinserting said slide in said
      magazine, after which said lever is resiliently urged in lowermost
      position carrying a next slide therewith while at the same time said
      movable guide members are drawn towards one another until they engage said
      next slide when said lever has reached said lowermost position.
PAR  Preferably, the device in question is designed in a manner such that there
      is provided a lever which is pivotally mounted at one end and is urged in
      the downward direction by a spring, a slide-carrying shoe being attached
      at the free end of the lever. The lever has an upwardly curving centre
      portion which rests on a roller mounted on a disc driven at half-speed by
      a motor. The device also comprises a slide guide consisting of two
      prismatic rails, one of which is stationary, while the other is secured to
      a carriage mounted displaceably in the plane of the slide and capable of
      being pulled towards the stationary rail by means of a spring. There is a
      coupling pin on the carriage which is engaged with a control cam provided
      on the lever-driving disc, the said cam being designed in a manner such
      that the movable prismatic rail is pulled back only during the downward
      movement of the slide shoe which moves between the prismatic rails, the
      said slide being otherwise pressed against the stationary rail under the
      action of the spring.
PAR  In its lowermost position, the slide shoe may rest upon a stop which is
      vertically adjustable in order to be able to set the slide accurately in
      relation to the optical axis. The stop for the slide shoe is preferably
      mounted at the end of a double-ended, spring-loaded lever, the setting of
      which is adjusted by means of a screw.
PAR  The centre portion of the pivotally mounted lever which is used to move the
      slide may be designed in such a manner that the edge thereof which rests
      on the roller mounted on the lever-driving disc has the shape of an arc
      having the radius of the rim of the roller, in order to ensure that the
      lever remains stationary for a certain length of time in its uppermost
      position.
PAR  The lever-driving disc can be provided with cams which actuate switching
      contacts for switching on and off the motor which drives the disc and for
      advancing the slide magazine.
DRWD
PAR  The invention will now be illustrated by means of the following drawings in
      which:
PAR  The single FIGURE is a front elevation view of a device according to the
      invention.
DETD
PAR  The device illustrated comprises a lever-driving disc 13 which is rotatably
      mounted on vertical plate 11, the latter being provided with a window 12
      in the vicinity of the passage of the ray of light produced by a projector
      (not shown). The disc 13 is driven by an electric motor 41 which is
      arranged at the back of the plate 11. The motor 41 is designed to be
      switched on until the disc 13 has carried out a complete revolution. The
      disc 13 has a roller 18 which is mounted thereon in the particular manner
      illustrated in the drawings and which as shown has a rim. A bracket 14
      which is provided with a pin 16 is mounted on the plate 11 in the manner
      illustrated in the drawings. The device also comprises a lever 15 which
      has a curved center portion 15a and which is mounted at one end on the
      bracket 14 to pivot about pin 16. Spring 17 which is attached to the
      bracket 14 is provided for urging lever 15 in the downward direction, so
      that the bottom edge of the curved center portion 15a rests at all times
      against roller 18 of the lever driving disc 13.
PAR  The other end of the lever 15 which hereinafter will be called the free end
      thereof is provided with a shoe 19 which is designed in such a manner that
      the slides can rest thereon. An adjustable stop 20 which is mounted at the
      lowermost end of double-ended pivotally mounted lever 21 defines the
      lowermost position which the lever 15 and the shoe 19 can occupy. It will
      be seen that there is a spring 22 which acts upon the lever 21 and that
      there is an adjusting screw 23 which is provided for the purpose of
      adjusting the height of the stop 20.
PAR  Resting on plate 11 on one side of window 12 there is a stationary
      prismatic rail member 24 and also a horizontally movable carriage member
      25, the latter carrying movable prismatic rail member 26. It will be noted
      that movable prismatic rail member 26 is mounted on the other side of the
      window 12 with respect to the stationary prismatic rail member 24.
      Carriage 25, which consists of a T-shaped plate, has elongated holes 27 at
      each end thereof. Retaining pins 28 which are mounted on plate 11 in
      alignment with elongated holes 27 are allowed to extend through elongated
      holes 27 in order to retain the carriage 25 over plate 11 and enable a
      slight back and forth sliding motion of the carriage 25 relative to the
      plate 11. The device also comprises a coupling pin 29 which is mounted on
      the carriage 25 in the particular manner illustrated in the drawings and
      which is adapted to rest against control cam member 30 all as shown in the
      drawings. The cam 30 is formed on the inner face of disc 13, as
      illustrated in the drawings. As shown, the device also comprises spring 31
      having one end attached to plate 11 and the other end engaged by the
      carriage 25 thereby enabling the carriage member 25 associated with
      movable prismatic rail member 26 to be pulled towards stationary prismatic
      rail member 24 for engaging a slide located between rail members 24 and
      26. It should be noted that the tension in the spring should be adjusted
      to provide a clamping action on the slide which would only be sufficient
      to secure the slide exactly in position between the two rail members 24
      and 26, while still allowing it to be pushed in the upward direction when
      required, the prismatic rails 24 and 26 then providing the necessary
      guidance.
PAR  As mentioned above, the device comprises a disc-driving motor 41 which is
      connected to a switch 42 and also to a cam operated switch 44. Before
      further describing the electrical components, it should be pointed out
      that the disc 13 carries two switch cams 43, 45 which are mounted on the
      disc 13 in the particular manner illustrated in the drawings. We have said
      above that the motor 41 is connected to cam operated switch 44, which can
      be actuated by switch cam 43. Now there is a second motor which is a
      magazine feed motor 47, the latter being associated with switch 48 and
      also with cam operated switch 46. Cam operated switch 46 is designed to be
      operated by switch cam 45. Finally, there is a switch projection lamp 49
      which is connected to one of the contacts of switch 44.
PAR  The operation of the device is as follows.
PAR  If shoe 19 which is mounted at the end of member 15 is in the uppermost
      position (not shown in the drawings) the movable prismatic rail 26 will be
      pulled back against the action of spring 31 by means of the coupling pin
      29 and control cam 30 so that when shoe 19 starts to move in the downward
      direction, the slide can fall or slide out of the magazine into the slide
      recess between prismatic rail members 24, 26.
PAR  As soon as shoe 19 reaches its lowermost position in abutment with stop 20,
      carriage 25 with movable prismatic rail member 26 will be pulled towards
      prismatic rail 24 in order to hold the slide.
PAR  As will be seen from the drawings, disc-driving motor 41 is switched on and
      off on the one hand by the means of switch 42, and, on the other hand, by
      means of switch 44 which is indicated above, is actuated by switch cam 43
      mounted on a lever-driving disc 13. If the switch 42 is closed, the
      driving motor 41 is started to cause pivoting of the lever 15 in uppermost
      position. If a slide is in the projecting slide recess, it will be
      returned by being moved up into the magazine. When the lever 15 is in its
      uppermost position, the second switch cam 45 which is mounted on disc 13
      will actuate the second switch 46 thus starting the magazine feed motor 47
      to move the slide magazine, thus displacing the magazine by one
      compartment. Motor 47 is thereafter automatically switched off again by
      means of switch 48. While the magazine is moving, driving motor 41 which
      is associated with the lever-driving disc 13 can continue to run, since
      because of the special configuration of the driving mechanism, shoe 19
      remains in its top-dead-center position until the magazine has moved
      onwards by one compartment. It is also possible, however, to provide an
      additional switch in order to stop driving motor 41 while the magazine
      advances. To this end, switch 48 of magazine feed motor 47 could be in the
      form of a changeover switch in order to switch the driving motor 41 on
      again.
PAR  If cam-operated switch 44 is also designed as a changeover switch, it would
      also be able to switch projection lamp 49 on and off, thereby switching
      the lamp 49 on when the slide is in position for projection.
PAR  As may be gathered from the drawing and description, the design of the
      device according to the invention is quite simple and expedient, so that
      breakdowns during operation are nearly impossible.
CLMS
STM  The embodiments of the invention in which an exclusive property is claimed
      are defined as follows:
NUM  1.
PAR  1. A device for moving slides vertically in slide projectors so that slides
      may be lowered from a circular magazine into a projection postion and then
      raised from the projection position back into the magazine, the device
      being of the type including an arm pivotally mounted at one end, a spring
      connected to the arm, a shoe on the end of the arm for carrying a slide, a
      multi-cam disc, an electric motor connected to drive the cam disc, a slide
      guide arrangement having a pair of spaced prismatic rails to guide and
      hold the slide in the projection position, a stationary mount for one of
      the rails and a movable mount for the rail in the plane of a slide
      in-projection position, a spring urging the movable mount against the
      multi-cam disc, and a stop positioned to limit the downward movement of
      the end of the arm carrying the shoe with improvement comprising: means
      connecting the spring connected to the arm to urge the end of the arm
      carrying the shoe downwardly, an upwardly curved center portion of the
      arm, a roller carried by the multi-cam disc and describing a circular path
      positioned under the upwardly curved center portion of the arm, the
      configuration and relative position of the roller and upwardly curved
      center portion of the arm allowing the shoe at the end of the arm to dwell
      in its uppermost position to allow indexing of the magazine.
NUM  2.
PAR  2. A device as in claim 1 wherein the stop is always positioned in stopping
      position below the shoe carrying end of the arm and further comprising a
      threaded vertically adjustable mounting arrangement connected to the stop
      to threadably and vertically adjust the stop.
NUM  3.
PAR  3. A device as in claim 2 wherein the stop is a lever pivotably mounted
      intermediate its ends, one end of the lever functioning as a stop and the
      other end contacting the vertically adjustable mounting arrangement, a
      spring urging the end of the stop against the vertically adjustable
      mounting arrangement, and wherein the vertically adjustable mounting
      arrangement includes an adjustment screw having its end in contact with
      the lever.
NUM  4.
PAR  4. A device as in claim 3 wherein cams of the multicam disc actuate
      switches controlling the electric motor driving the cam disc and a
      magazine feed motor.
NUM  5.
PAR  5. A device as in claim 4 wherein one of the switches also controls a
      projector lamp.
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PAL  A product comprising a soft elastic base material and an electroconductive
      film formed on the base material by applying a coating composition to the
      base material and fixing the composition by an insolubilizing treatment
      such as irradiation with light, heating or the like, the composition
      comprising an aqueous solution of polyvinyl alcohol, a fine powder of
      electroconductive material dispersed therein and an insolubilizing agent
      for insolubilizing the polyvinyl alcohol by the insolubilizing treatment.
      The composition may contain a softener to impart softness to the
      electroconductive film. The soft elastic base material is made of a spongy
      foamed material and fixed to the peripheral surface of a base roller.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an elastic electroconductive product, more
      particularly to an elastic product which has been rendered
      electroconductive for use as electrical materials and as rollers for
      transferring electrostatic latent images in electrophotographic copiers,
      the elastic electroconductive product comprising a soft elastic material
      such as rubber, synthetic resin or the like and an electroconductive film
      formed thereon and having a desired electric resistivity for example in
      the range of 10.sup.12 to 10.sup.2 ohms.
PAR  Conventionally known are elastic products which have been rendered
      electroconductive for use as electroconductive rollers and belts in
      electrophotographic copiers, printing presses, spinning machines, etc. for
      antistatic purposes or for injection of electric charges. Such
      electroconductive products are prepared by mixing or kneading an
      antistatic agent predominantly comprising an anionic, cationic, nonionic
      or ampholytic surfactant with a soft elastic material such as natural
      rubber, synthetic rubber or synthetic resin and shaping the mixture. With
      these products, the hygroscopic or electroconductive properties of the
      surfactant are utilized.
PAR  Electroconductive products of another type are also known which are
      prepared by shaping an elastic material such as described above and
      incorporating therein a fine powder of carbon black or metal such as
      aluminum, silver, nickel, copper or the like for antistatic purposes.
      These electroconductive products therefore utilize electroconductive
      properties of carbon black, metal or the like.
PAR  However, the elastic products thus rendered electroconductive generally
      have a relatively high electric resistivity of 10.sup.12 to 10.sup.9 ohms
      and are not fully effective in antistatic or charge injecting action for
      example as an electrostatic latent image transfer roller referred to above
      which must have a sufficiently low resistivity.
PAR  Since it is impossible to lower the electric resistivity of the
      electroconductive elastic product to the desired value only by mixing or
      kneading an antistatic agent such as surfactant with the elastic base
      material, there is a need to incorporate a large amount of finely divided
      electroconductive material. The electric resistivity will then be reduced,
      but the addition of the fine powder impairs the softness of the elastic
      electroconductive product obtained, rendering the elastic product harder
      and brittle to reduce its elasticity a great deal. Consequently, when used
      for example as the transfer roller, the product fails to assure an
      elastic, uniform contact pressure over a long period of time against copy
      paper or like opposing member with which it comes into contact.
PAR  In other words, there has been a limitation on the amount of the antistatic
      agent or electroconductive material to be added to rubber or like soft
      elastic material for the improvement of the electroconductivity thereof.
PAR  To assure an especially elastic, uniform contact pressure, a spongy elastic
      product having a low electric resistivity may be made by adding great
      amounts of a highly electroconductive material such as metal powder and a
      foaming agent such as ammonium carbonate, diazoaminobenzene, hydrazide
      benzensulfonate or the like to a synthetic rubber or like elastic material
      and foaming the resulting mixture, but the fine metal powder markedly
      reduces the elasticity of the resulting spongy product and its ability to
      contact intimately. Thus it is impossible to obtain a sponge-like elastic
      product having numerous uniform pores therein.
PAR  It is also known to form an electroconductive film by applying to a base
      material an electroconductive coating composition comprising epoxy resin
      and silver or the like dispersed therein with an organic solvent. However,
      this method is expensive and has the drawback that the organic solvent is
      inflammable and harmful to the human body because of its toxicity and
      attacts rubber or like base material.
PAR  The electroconductive member such as a roller for transferring
      electrostatic latent image in an electrophotographic copier is
      intentionally biased to inject an electric charge from the ground into
      charged copy paper or like opposing member. It is therefore desired that
      electrically the conductive member have a relatively low resistivity, for
      instance, of 10.sup.8 ohms, preferably 10.sup.5 ohms, while mechanically
      it must be adapted for contact with the opposing member under uniform
      pressure to bias the same by injection of an electric charge without
      permitting uneven injection of charge due to the frictional resistance of
      an irregular surface. Moreover, it must have soft and elastic properties
      equivalent to or exceeding those of usual rubber (up to about 50.degree.
      SR) so as not to damage the opposing members (copy paper and pinch roller)
      when brought into contact therewith.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an elastic product which has been
      rendered electroconductive and which is soft and elastic, assures a
      uniform contact pressure against an opposing member, has the desired
      electric resistivity imparted thereto and abrasion resistance, the product
      being capable of retaining these desired properties over a prolonged
      period of time.
PAR  Another object of this invention is to provide a spongy elastic product
      which has been rendered electroconductive and which has a large area for
      contact with opposing members including copy paper and is uniform in its
      electric resistivity at any portion of the contact area.
PAR  Another object of this invention is to provide a sponge roller having a low
      resistivity for use in an electrophotographic copier to transfer
      electrostatic latent images without permitting uneven injection of charge
      into the opposing members.
PAR  According to this invention, the electroconductive elastic product has an
      electroconductive film formed on a soft elastic base material.
PAR  The electroconductive film is formed on the base material by applying a
      coating composition to the base material and fixing the composition to the
      base material by an insolubilizing treatment such as irradiation with
      light, heating or the like, the composition comprising an aqueous solution
      of polyvinyl alcohol, and suitable amounts of a fine powder of
      electroconductive material dispersed therein and an insolubilizing agent
      for insolubilizing the polyvinyl alcohol by the insolubilizing treatment.
PAR  The soft elastic materials to be used are rubber, synthetic resin and like
      elastic materials. Usually, they are preferably spongy shaped materials
      including open-cellular foamed materials which can be impregnated with the
      composition when applied as above, permitting the composition to penetrate
      into the cells or pores of the foamed material. The spongy materials
      include those formed with numerous pores by mechanical means. However, if
      the elastic material has a small surface for contact with the opposing
      member or a short length of contact portion, the pores need not be formed.
PAR  In the case where the electroconductive elastic product is supported on a
      base roller for use as an electrostatic latent image transfer roller, the
      product can be adhered to the base roller to render the roller
      electroconductive, but the foaming treatment for the elastic material
      should preferably be conducted on the base roller serving as a core member
      when it is shaped into the roller. This assures a great advantage to
      provide a roller having very accurate dimensions.
PAR  To impart improved softness to the electroconductive film of the elastic
      electroconductive product, the coating composition may incorporate a
      nonvolatile softener having a great amount of hydroxyl groups and miscible
      with polyvinyl alcohol uniformly.
PAR  The elastic electroconductive product of this invention has the desired
      electric resistivity within the wide range of 10.sup.12 to 10.sup.2 ohms
      that is determined by varying the proportion of the electroconductive
      material such as fine powder of carbon black or metal contained in the
      electroconductive film.
PAR  By using an elastic material which is in the form of an open-cellular
      foamed material or which has been formed with numerous pores by mechanical
      piercing means, the electroconductive film on the surface of the elastic
      material can be electrically connected, through the electroconductive film
      lodged in the pores by impregnation, to a metal roller serving as a
      support for the elastic material.
PAR  If the pitch of the pores is smaller than the thickness of the elastic
      product, there will be hardly any difference in electric resistivity
      throughout the surface of the elastic product. Thus the fluctuations in
      the resistivity will be eliminated.
PAR  However within a range of small area where the difference in resistivity is
      virtually negligible, for example in the case of a very short
      electroconductive roller such as a grounding roller, the pores need not be
      provided.
PAR  According to this invention, the electroconductive film is fixed to the
      elastic material very firmly and the film is formed on the surface of the
      elastic material uniformly. Accordingly, there will be no uneven injection
      of charge.
PAR  The composition for forming the electroconductive film does not attack the
      elastic base material, is not detrimental to the softness and elasticity
      of the material, does not render the product brittle and hard over a
      prolonged period of time and gives a film having very excellent resistance
      to abrasion and water and high durability.
PAR  Inasmuch as the film has considerable softness and strength, the film, even
      if bonded to a spongy base material which deforms greatly when subjected
      to a mechanical force, will remain bonded to follow the deformation
      without peeling, irrespective of the amount of the fine electroconductive
      powder. Thus the product assures the desired electric properties, softness
      and elasticity, maintains a uniform contact pressure against the opposing
      members without causing damage thereto.
PAR  The polyvinyl alcohol and other materials to be used in this invention are
      relatively easy to obtain, inexpensive, soluble in water and do not attack
      the spongy base material and are free of hazard of toxicity and fire since
      they do not include organic solvent.
PAR  When fixedly supported on a metal roller, the electroconductive product of
      this invention is usable as a developing roller, powder image transfer
      roller, electrostatic latent image transfer roller, electrode roller,
      roller for removing electric charge from a sheet or the like for
      electrophotographic copiers. If supported on and bonded to an
      electroconductive plate or sheet, it can be used as a transfer plate,
      antistatic plate or electrode plate as well as for various applications.
PAR  Other objects and features of this invention will become more apparent from
      the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary enlarged view in section schematically showing an
      embodiment of spongy elastic electroconductive product according to this
      invention which gives a very soft, uniform contact pressure and which has
      an especially large contact area;
PAR  FIG. 2 is a view showing another embodiment and corresponding to FIG. 1;
PAR  FIG. 3 is a view partly in vertical section showing the construction of an
      electroconductive roller according to this invention; and
PAR  FIG. 4 is an enlarged view in section showing part of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a closed-cellular foamed material 1a having numerous closed
      cells 2 and formed with numerous minute piercing pores 3a opened on the
      front and rear surfaces and formed by mechanical means. The foamed
      material 1a is coated with an electroconductive film 4 formed by applying
      an aqueous solution of polyvinyl alcohol containing an insolubilizing
      agent, softener and fine electroconductive powder and subjecting the
      resulting coating to an insolubilizing treatment by irradiation with
      light, heating or the like to fix the coating. Thus the material 1a is
      impregnated with the solution, with the solution penetrating into the
      pores 3a.
PAR  FIG. 2 shows an elastic product which has been rendered electroconductive
      by fixedly forming the electroconductive film 4 in the same manner as
      above on a spongy foamed material 1b used as an elastic material and
      having closed cells 2 and open cells 3b.
PAR  The spongy foamed materials 1a, 1b or soft elastic material used as the
      base for the electroconductive elastic product include natural rubber,
      soft and elastic synthetic rubbers such as polyacrylic rubber,
      ethylenepropylene rubber, nitrile-butylene rubber, neoprene rubber,
      styrene-butylene rubber, polybutadiene rubber, polyisoprene rubber,
      urethane rubber, silicone rubber, fluorine-contained rubber and the like,
      soft and elastic synthetic resins such as polyurethane, vinyl chloride,
      nylon, polyethylene, polypropylene and the like. The soft elastic
      materials may preferably be open-cellular spongy shaped materials.
      Especially if they have a wide area, it is essential that they have the
      pores 3a or open cells 3b.
PAR  Examples of the fine electroconductive powder to be added to the aqueous
      solution of polyvinyl alcohol are fine carbon black powder, fine metal
      powder and like electroconductive materials.
PAR  Usable as the insolubilizing agent for insolubilizing polyvinyl alcohol by
      irradiation with light or heating are tetrazonium salt, diazido compound
      and diazonium salt which undergo cross-linking reaction or etherification
      to insolubilize polyvinyl alcohol when irradiated with visible rays,
      ultraviolet rays, X-rays, electron rays, gamma rays and like activating
      radiation or when heated. Alternatively, highly polymerized polyvinyl
      alcohol may be selected. Also usable are those that can be formalized,
      benzalized, acetalized or butyralized with formalin, benzylaldehyde,
      acetic anhydride, butyraldehyde or the like.
PAR  When the aqueous solution of polyvinyl alcohol containing a diazonium salt
      or diazido compound and a fine electroconductive powder dispersed therein
      is applied to the elastic material, dried and then irradiated with light,
      the light causes cross-linking to render the polyvinyl alcohol insoluble
      in water. This is attributable to the fact that the photolysis of the
      diazonium salt produces radicals, which react with the hydroxyl groups of
      polyvinyl alcohol to produce ether. In other words, polyvinyl alcohol
      loses hydroxyl groups and becomes less soluble in water.
PAR  To this end, diazo compounds having larger molecules are effective. Further
      tetrazo compounds containing two diazo groups in the same molecule or
      diazo polymers containing more diazo groups are especially effective.
      Addition of a very small amount of such compound renders polyvinyl alcohol
      insoluble in water.
PAR  Such effect is achieved not only by the reaction between the radicals of
      the diazo-photolyzed product and the hydroxyl groups of polyvinyl alcohol
      to eliminate the hydroxyl groups but also by the fact that the diazo
      groups at both ends react for cross-linking, thereby changing the
      polyvinyl alcohol in the form of a straight chain polymer into a
      three-dimensional structure.
PAR  The softeners to be used to impart softness to the electroconductive film
      are glycerin, ethylene glycol, propylene glycol, butylene glycol,
      polyethylene glycol and like polyhydric alcohols which have many hydroxyl
      groups and are nonvolatile and miscible with polyvinyl alcohol to suitably
      control flocculation of the polyvinyl alcohol molecules. Generally, the
      softener is added to the aqueous solution of polyvinyl alcohol in a
      proportion of up to about 20% by weight based on the latter.
PAR  Thus the fine electroconductive powder and insolubilizing agent are added
      to the aqueous solution of polyvinyl alcohol, along with the softener if
      desired, and the resulting composition is applied to the soft elastic
      material, dried and then subjected to the aforementioned insolubilizing
      treatment to obtain an electroconductive elastic product as shown in FIGS.
      1 or 2.
PAR  Given below are examples of the coating composition for forming the
      electroconductive film 4.
TBL  ______________________________________                                    
     Formulation 1                                                             
     ______________________________________                                    
     Water             1          liter                                        
     Polyvinyl alcohol 40         grams                                        
     Glycerin          100        milliliters                                  
     Tetrazonium salt  0.5        gram                                         
     Fine powder of carbon black                                               
                       30         grams                                        
     Formulation 2                                                             
     Water             1          liter                                        
     Polyvinyl alcohol 20         grams                                        
     Polyethylene glycol                                                       
                       2          grams                                        
     4,4'-diazidostilbene-2,2'-                                                
      disulfonic sodium salt                                                   
                       1          gram                                         
     Fine powder of carbon black                                               
                       100        grams                                        
     ______________________________________                                    
PAR  Each of the coating compositions was applied to a surface of urethane
      rubber or urethane foam rubber, activated by irradiation with ultraviolet
      rays and then heated to obtain an elastic product rendered
      electroconductive, retaining the original mechanical properties of rubber
      and having an electric resistivity of 1.0 .times. 10.sup.8 ohms with
      Formulation 1 or 3.5 .times. 10.sup.8 ohms with Formulation 2.
TBL  ______________________________________                                    
     Formulation 3                                                             
     ______________________________________                                    
     Water             800        milliliters                                  
     Polyvinyl alcohol 60         grams                                        
     28% ammonia water 200        milliliters                                  
     Copper sulfate    2          grams                                        
     Fine powder of carbon black                                               
                       50         grams                                        
     ______________________________________                                    
PAR  The above coating composition was applied to the surface of neoprene rubber
      or neoprene foam rubber, then dried and heated to obtain an elastic
      product rendered electroconductive, having an electric resistivity of 5.5
      .times. 10.sup.6 ohms and retaining the original mechanical properties of
      foam rubber.
PAR  FIG. 3 shows an electroconductive roller comprising a metal base roller A
      and a spongy elastic product B which has been rendered electroconductive
      as described above and which is fixedly provided around the entire
      periphery of the roller A. Although a sheet of the electroconductive
      elastic product B may be wound around and adhered to the base roller A, it
      is difficult to obtain an electroconductive roller of accurate dimensions.
      Advantageously, therefore, the base roller A is disposed in a suitable
      molding die as a core member and unfoamed rubber in the form of liquid is
      placed into the die around the base roller A and is then foamed to form a
      spongy elastic layer thereon. After the foamed soft spongy layer has been
      fixed to the base roller A, the coating composition is applied, followed
      by the foregoing insolubilizing treatment.
PAR  With reference the roller shown in FIG. 3, suppose the elastic material has
      no piercing pores but is coated with the electroconductive film only over
      its surface. Even if the electroconductive film is low in its electric
      resistivity, the electric conduction is effected through the
      electroconductive film covering the opposite end faces C of the elastic
      material. Assuming that the overall length of the roller is l, electrical
      resistivities at various points on its surface will then be such that the
      resistivity at a point l/2 from C is approximately twice the resistivity
      at a point l/4 from C. If such roller is used as electrostatic latent
      image transfer roller, there will be a marked difference between the
      resistivity at its end and the resistivity at its midportion, resulting in
      an uneven transfer operation.
PAR  However according to this invention, the electroconductive spongy elastic
      product B as shown in FIGS. 1 or 2 is fixedly formed on the base roller A
      as schematically shown in FIG. 4 on an enlarged scale, the construction
      being such that the elastic product B has numerous piercing pores D opened
      on its front and rear faces and provided with an electroconductive film E
      therein so as to electrically connect the electroconductive film F on the
      surface of the elastic product B to the base roller A. Accordingly, at
      whatever point on the surface of the elastic material B, there is no
      substantial difference between the same and the base roller A which would
      result in a difference in the resistivity, with the result that the
      difference in electric resistivity due to the difference in distance is
      negligible to assure uniform electrostatic image transfer.
PAR  If the pores D which may be in the form of open cells (FIG. 2) or which may
      be formed by mechanical piercing (FIG. 1) are positioned at a pitch P that
      is smaller than the distance between the base roller A and the surface of
      the electroconductive spongy elastic product B, namely than the thickness
      of the elastic product B, the difference in the resistivity will be almost
      nullified at any point on the surface. Needless to say, the pitch P is
      preferably as small as possible.
PAR  However, as already described, within a range of small area where the
      difference in resistivity is practically negligible as in the case of a
      very short electroconductive roller like a grounding roller, the pores
      need not be particularly formed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electroconductive elastic member having an electrical resistivity in
      the range of 10.sup.12 to 10.sup.2 ohm/cm comprising:
PA1  an elastic base made of an open-cellular spongy material;
PA1  and having impregnated therein a mixture including polyvinyl alcohol, an
      electroconductive fine powder, an insolubilizing agent for insolubilizing
      said polyvinyl alcohol, and a softener having many hydroxyl groups, said
      softener comprising up to 20 percent by weight of said mixture and being
      selected from the group consisting of glycerin, ethylene glycol, propylene
      glycol, butylene glycol, polyethylene glycol and polyhydric alcohols, and
      wherein said mixture is fixedly formed on said base by irradiation with
      light, heating or like insolubilizing treatment.
NUM  2.
PAR  2. The electroconductive elastic member of claim 1, wherein said
      electroconductive fine powder is selected from the group consisting of
      carbon black and metallic fine powders.
NUM  3.
PAR  3. The electroconductive elastic member of claim 1, wherein said
      insolubilizing agent is selected from the group consisting of tetrazonium
      salt, diazido compound, and diazonium salt.
NUM  4.
PAR  4. The electroconductive elastic member of claim 1, wherein said base is
      rolled on an electroconductive roller, and electroconductive channels are
      formed between said mixture coated on said base and said roller.
NUM  5.
PAR  5. In an electrophotographic copying machine having a metal roller for
      transferring electrostatic latent images, said metal roller having fixedly
      supported thereon an electroconductive elastic member in accordance with
      claim 1.
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ABST
PAL  Apparatus for forming electrostatographic reproductions back-to-back on
      suitable support surfaces including first and second photoconductive
      imaging surfaces and means to provide a developed image on each
      photoconductive surface and provide simultaneous transfer of the developed
      images from the photoconductive surfaces onto both of the support
      surfaces.
BSUM
PAR  This invention relates to electrostatography and more particularly, it
      relates to methods and apparatus for forming electrostatographic
      reproductions on two back-to-back support surfaces.
PAR  In the process of xerography, for example as disclosed in U.S. Pat. No.
      2,297,681, a plate comprising a layer of photoconductive insulating
      material on a conductive backing is given a uniform electric charge over
      its surface and is then exposed to the subject matter to be reproduced,
      usually by conventional projection techniques. This exposure discharges
      the plate areas in accordance with the radiation intensity that reaches
      them, and thereby creates an electrostatic latent image on or in the
      photoconductive layer. Development of the latent image is effected with
      electrostatically charged, finely-divided material such as an
      electroscopic powder that is brought into surface contact with the
      photoconductive layer and is held thereon electrostatically in a pattern
      corresponding to the electrostatic latent image. Thereafter, the developed
      xerographic image is usually transferred to a support surface to which it
      may be fixed by any suitable means.
PAR  In recent years there has been a growing use of xerography in automatic
      drum-type copying machines for producing full size copies from microfilm
      intermediates or from full-size originals, as shown, for example in U.S.
      Pat. Nos. 3,049,968 and 3,076,392.
PAR  The widespread use of xerography has been made possible by such
      developments as brush development, described in U.S. Pat. No. 3,015,305,
      powder cloud development described in U.S. Pat. No. 2,918,900, liquid
      spray development described in U.S. Pat. No. 2,551,582, cascade
      development described in U.S. Pat. No. 2,618,557 and liquid development
      described in U.S. Pat. No. 3,010,842.
PAR  The need for duplex copying from both a practical and economic point of
      view has been long recognized. Despite the long felt need, it has,
      heretofore, encountered handicaps which were unable to be resolved. First,
      the fusing step as conventionally performed utilizing heat or a solvent
      vapor causes the powder image to become soft and tackified which in the
      past has caused the always present problem of offsetting and smudging
      particularly where both sides of the sheet were subjected to heat or vapor
      simultaneously. Second, where sequential transfer was attempted to
      opposite sides of a sheet, long time delays were required to assure
      complete fusing of the first side before attempting transfer to the second
      side. Alternatively, complicated scheduling was required for subsequent
      interspersing of the various pages. Thirdly, as is known, heat fusing
      causes crinkling as well as drying of the paper support sheet, such that
      it is difficult to get uniform contact for a subsequent electrostatic
      transfer step while at the same time imposing a fire hazard by subjecting
      the already dried paper to a subsequent heating fusing step. Thus, these
      prior handicaps have prevented the emergence 2 duplex copying on a
      commercial scale.
PAR  It is an object of this invention to provide methods and apparatus for
      effecting duplex electrostatographic reproduction in which the above
      difficulties are alleviated or overcome and, to this end, from one aspect,
      the invention provides apparatus for forming reproductions
      electrostatographic on two back-to-back support surfaces contained
      respectively on two document surfaces, said machine including first and
      second photoconductive imaging surfaces, means for moving said
      photoconductive imaging surface, a first imaging station for forming an
      electrostatic latent image on said first photoconductive imaging surface,
      a second imaging station for forming an electrostatic latent image on said
      second photoconductive surface, means associated with each photoconductive
      surface for developing said first and second electrostatic latent images
      respectively, and means for moving said support surfaces into contact with
      the photoconductive surfaces at a transfer station, so as simultaneously
      to transfer the developed images from the photoconductive surfaces onto
      said support surfaces respectively.
PAR  One embodiment of a duplex copying machine of this invention enabling two
      sides of a double sided document to be simultaneously reproduced on
      opposite sides of a copy substrate, includes two imaging photoreceptive
      drums arranged back-to-back to form a nip therebetween. Simultaneous with
      the document scan, the photoreceptor drum is charged and imaged with the
      scanned document. Each photoreceptive drum then carries an image from a
      respective side of the paper on its surface. The latent image on the drum
      is developed and in time sequence a copy substrate is advanced towards the
      nip formed by the area of contact between the two photoreceptors. The
      paper enters the nip area simultaneously with the developed image on each
      of the two drums. The paper advancing through the nip receives the
      transferred developed image simultaneously on both its sides and is then
      passed through to the machine output tray.
PAR  For subsequent copies the document may be returned to the scanning area and
      again run through the scan cycle. Book copying can be achieved by hinging
      away the components above the document plane and transversing the book
      across the scanning plate. The printing rate of the machine may be
      increased by the use of the two paper rolls and copying one side only of
      the document at a double output rate. This is accomplished simply by
      feeding in an original and a copy of the document back-to-back. Where two
      toned transparencies are desired, translucent copy paper may be used with
      different coloured inks in the developer trays.
PAR  Other variations are the copying on two copy substrates of information on
      opposite sides of a single document and the copying on opposite sides of a
      single copy substrate, information on two back-to-back originals.
PAR  From another aspect, the invention provides an electrostatic reproduction
      apparatus for duplex printing of two documents, means for imaging each
      document including a first electrostatic drum having an exposure station
      for imaging one document, said drum having a developing station for
      developing the said image, said drum having a transfer station associated
      therewith to transfer the developed electrostatic image of said one
      document to one side of the support material, a second electrostatic drum
      having an exposure station to image the second document, said second drum
      having a developing station to develop the image and a transfer station
      arranged to transfer the developed electrostatic image of said second
      original to a second side of the support material, each of said exposure
      stations being arranged radially adjacent the periphery of its respective
      drum so the developed images arrive simultaneously at the transfer
      station, means for bringing each side of a support material simultaneously
      in contact with each of the imaged surfaces of the drum at the transfer
      station to simultaneously transfer the image from the drum to the support
      material.
PAR  A specialized use of a machine of this invention would be the copying of
      long documents such as computer fan-fold sheets. The sheets are fitted
      into the scanning plate in double back format and printed in either
      simplex or duplex.
PAR  The invention also provides, from a further aspect, a method for
      electrostatographically reproducing on two back-to-back support surfaces,
      information contained respectively on two document surfaces, comprising
      exposing one of said document surfaces to form an electrostatic latent
      image on one photoconductive imaging surface, exposing the other of said
      document surfaces to form an electrostatic latent image on a second
      photoconductive imaging surface, developing said latent images and
      simultaneously transferring the developed images from the photoconductive
      surfaces onto said support surfaces respectively.
DRWD
PAR  In order that the invention may be more readily understood, reference will
      now be made to the accompanying drawing which shows a schematic sectional
      elevational view of one embodiment of apparatus according to the invention
     .
DETD
PAR  Referring to the drawing, the apparatus shown includes two semi-hard
      photoreceptor drums 1a and 1b which are rotatable about axes 1a' and 1b'
      respectively. The rotational axes 1a' , and 1b' are directed normally to
      the plane of the paper. Radially disposed around the outer periphery of
      the photoconductor drums are charging corotrons 3a and 3b, developing
      stations 4a and 4b and erase lamps 6a and 6b, respectively. Also radially
      arranged on the periphery of the drum is exposure slit 23 for
      photoreceptor drum 1a and exposure slit 22 for photoreceptor drum 1b. As
      can be seen from the FIGURE each drum has discharge corotrons 28a and 28b
      respectively. A motor is provided for driving the two drums which is not
      shown in the drawing but which is understood as necessary to practice the
      invention.
PAR  The two semi-hard photoreceptors 1a and 1b are spacially arranged to form a
      nip 2 at their single area of contact.
PAR  A document loading tray 7 is provided with a limit switch 27 operated as
      described below. Along side of the document tray 7 in the direction of
      document travel and in the direction of the photoreceptors is a set of
      rollers 8 followed by a trip switch 9. Immediately to the left of the trip
      switch 9 and in the direction of the document travel are imaging areas 10
      and 11 with each imaging station backed on its non-imaging side by opaque
      backing plates 32a and 32b. Illumination lamps 12 and 13 are provided for
      illuminating the document at imaging stations 10 and 11 respectively. A
      second pair of rollers 14 are shown to the left of the imaging stations 10
      and 11. A collection tray 15 is provided for receiving and holding the
      documents imaged and produced.
PAR  Lenses 16 and 17 and mirrors 18 and 19, 20 and 21 cause the images from
      each document to be formed on drums 1a, 1b through respective drum
      exposure slit 22 and 23.
PAR  31 copy substrate is provided from copy paper roll 29 which is fed into the
      machine through rollers 32 and 34 and is cut to length by guillotine 30. A
      second copy paper roll 41 is provided and paper from that roll is fed in
      by rollers 33 and cut to length by guillotine 30. The internal area of the
      machine is maintained light tight by machine exterior covering 35 shown
      extending from the bottom of document tray 7 and around the machine to
      maintain the intrusion of stray radiation into the machine to a minimum.
      The machine area enclosing the photoreceptors, and the developing area and
      the transfer area is maintained additionally light tight by providing a
      second enclosure 36 internal to the machine extending from the document
      receiving tray 15, to the rollers 14 and third enclosure 37 encompassing
      tray 26. Enclosure 37 may be hinged so copies may be removed.
PAR  A document to be copied is placed on document tray 7 and run through the
      rollers 8 tripping the switch 9 and travelling across imaging area 10 and
      11. Lamps 12 and 13 are turned on to suitably illuminate the document.
PAR  In accordance with the electrographic process, the photoreceptor 1a and 1b
      are rotated in synchronism with the document travel across the imaging
      area.
PAR  The opposite sides of the document are illuminated in a staggered manner.
      This is done for the purpose of preventing transmitted light from causing
      unwanted images. Staggering causes a timing difference between the imaging
      of each document. This time difference is compensated by adjusting
      distances which the images have to travel around the circumference of the
      drum so that the images arrive simultaneous at nip 2. In this way the
      transfer on both sides of the copy substrate is accomplished
      simultaneously. The imaging at slit 22 from imaging area 11 occurs a short
      time after the imaging at slit 23 from imaging area 10 and in accordance
      with the staggered imaging at images 10 and 11. In this connection, the
      slit 23 is located in advance relative to the location of slit 22 and in
      respect to the drum travel.
PAR  In accordance with the process, corotrons 3a and 3b charge the respective
      photoreceptive drums. As the drums travel in the direction shown by the
      arrows, past respective slits 22 and 23, the image projections from the
      imaging stations 10 and 11 produce latent electrostatic images on the
      drums 1a and 1b respectively. As the drum surfaces continue in their
      movement, the respective electrostatic latent images pass through
      developing stations 4a and 4b which effects development of the latent
      images on the drum. Two additional corotrons 28a and 28b are shown between
      the developing stations 4a and 4b and the nip 2. These corotrons may be
      used to discharge the drums prior to the copy paper reaching nip 2 and
      prevent the charge on one drum affecting the print from the other drum.
      Alternatively, lamps may be used for this purpose.
PAR  The developing process may be dry or liquid or a combination. In
      synchronism with the introduction of a document to the imaging areas 10
      and 11 and the rotation of the drums, a copy substrate is advanced from
      roller 29 through the roller 32 and 34 and cut to length by guillotine 30.
      The advancement of the copy substrate towards nip 2 is synchronized with
      the rotation of the photoreceptor and the scanning of the document such
      that the leading edge of the developed images arrive simultaneously at the
      nip with the leading edge of the copy substrate. In this manner, duplex
      copying on both sides of the paper is accomplished simultaneously. Paper
      stripping stations 38a and 38b are located radially on the periphery of
      the respective drums and serve to strip the copy substrates from the
      respective drums after transfer has taken place at the nip. The strippers
      may be any suitable device being known to those skilled in the art. One
      such device in common use is the air knife using a multiplicity of air
      jets designed to separate the copy from the drum and into the paper tray
      chute 25.
PAR  After transfer the xerographic drum surface is rotated past cleaning
      stations 5a and 5b where residual developing material on the drum surface
      is removed. Lamps 6a and 6b are provided to completely flood the drum
      surface with light to remove any residual electrostatic charge that may
      remain thereon.
PAR  Where it is desired to copy one side only of a document at a double output
      rate, the lower paper roller 31 may be utilized. In this connection, the
      procedure is to make one copy of the document and then feed the copy
      back-to-back with the original document into the imaging stations 10 and
      11 while paper from the lower paper roll 31 feeds simultaneously with
      upper roll 29. The two substrates are fed then into nip 2 simultaneously,
      with the results that the document at image station 10 would be printed on
      the copy substrate from roll 29 and the document at image station 11 would
      be printed on the copy substrate from paper roll 31.
PAR  To add to the versatility of this copying machine, book copying may be
      achieved by simply hinging away all the components above the document
      plane; i.e. rolls 8 and 14, a lamp 12 and backing plate 32b. The open book
      is then placed on the imaging station and travelled across the imaging
      station for copying. Accordingly, the position of mirror 18 may have to be
      adjusted for the longer optical path experienced while copying a book
      wherein the documents are imaged from one side of the image area. This can
      be accomplished by suitable machinery not shown which automatically moves
      the mirror to compensate for the lengthened optical path.
PAR  These machine parts include means for rotating photoreceptor drums 1a and
      1b and a mechanism for advancing a document into the imaging areas and
      then into the document tray and means for simultaneously putting through a
      copy substrate into the transfer station at nip 2. The synchronized
      operation of the machine parts may be accomplished by suitable control
      logic (not shown).
PAR  While a particular embodiment has been described, it will be appreciated
      that various modifications may be made without departing from the scope of
      the invention as defined in the appended claims. For example, the document
      may be held stationary and may be imaged by a moving optical station in
      sychronism with the rotating drum.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Apparatus for forming electrostatographic reproductions onto
      back-to-back support surfaces, said machine including a first movable
      photoconductive imaging surface, a second movable photoconductive imaging
      surface disposed opposite said first photoconductive imaging surface to
      form a transfer station therebetween, a first imaging station for forming
      an electrostatic latent image on said first photoconductive imaging
      surface, a second imaging station displaced relative to said first imaging
      station for forming an electrostatic latent image on said second
      photoconductive surface, said images being formed sequentially on said
      first and second imaging surfaces, the image on said second imaging
      surface being formed at a location thereon displaced relative to the image
      formation location on said first imaging surface corresponding to the
      displacement of said first and second imaging stations, means associated
      with each photoconductive surface for developing said first and second
      electrostatic latent images respectively, and means for moving said
      support surfaces into contact with the photoconductive surface at the
      transfer station to simultaneously transfer the developed images from the
      photoconductive surface onto said support surfaces respectively.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said means for moving the
      support surfaces is adapted to move a single support element, the opposite
      faces of which define said support surfaces.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein the latent images formed on said
      first and second photoconductive imaging surfaces are produced in a
      staggered timed sequence.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, wherein said photoconductive surfaces
      are defined by the peripheries of two rotatable drums which are so mounted
      as to define a nip therebetween constituting said transfer station.
NUM  5.
PAR  5. Apparatus as claimed in claim 4; wherein the position of the imaging
      station for said first photoconductive surface is advanced relative to
      drum rotation and the position of the imaging station for said second
      photoconductive surface, said imaging stations for said fist and second
      photoconductive surfaces being circumferentially positioned so that the
      developed images on the photoconductive surfaces are synchronized
      simultaneously at said nip.
NUM  6.
PAR  6. An electrostatic reproduction apparatus for duplex printing of two
      documents, means for imaging said documents sequentially including a first
      electrostatic drum having an exposure station for imaging one document,
      said drum having a developing station for developing the said image, said
      frum having a transfer station associated therewith to transfer the
      developed electrostatic image of said one document to one side of the
      support material, a second electrostatic drum having an exposure station
      to image the second document, said second drum having a developing station
      to develop the image, said transfer station being arranged to transfer the
      developed electrostatic image of said second document to a second side of
      the support material, said exposure stations being arranged radially
      adjacent the periphery of their respective drum and staggered relative to
      each other to compensate for the sequential imaging of the documents so
      that the developed images arrive simultaneously at the transfer station,
      means for bringing each side of a support material simultaneously into
      contact with each of the imaged surfaces of the drum at the transfer
      station to simultaneously transfer the image from the drum to the support
      material.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, wherein the means for imaging staggers
      the imaging for the first drum with respect to the imaging for the second
      drum.
NUM  8.
PAR  8. Apparatus as claimed in claim 7, wherein the exposure station of the
      first drum is located in advance of the exposure station of the second
      drum for receiving the first of the staggered images.
NUM  9.
PAR  9. Apparatus as claimed in claim 8, wherein said electrostaic drums contact
      each other to form a nip area, said developed images on said drums
      reaching the nip simultaneously.
NUM  10.
PAR  10. Apparatus as claimed in claim 1 wherein the means for moving the
      support surface comprises means to move two support elements arranged in
      face-to-face relation, the remote faces of which define said support
      surfaces.
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ABST
PAL  An apparatus in which an original document is housed. The support on which
      the original document is positioned becomes selectively opaque so as to
      mask portions of the original document disposed thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to an electrophotographic printing
      machine, and more particularly concerns an apparatus for housing an
      original document therein.
PAR  Generally, electrophotographic printing machines are provided with a
      transparent platen upon which the original document is supported. An
      optical image of the original document is created and recorded as an
      electrostatic latent image upon a photoconductive surface. The printing
      machine is usually provided with a cover to prevent extraneous light from
      entering the optical system during the imaging process and to reflect
      light rays through the machine optical system.
PAR  Frequently, it is desired to mask selected portions of the original
      document so that the copies do not contain this information. Hereinbefore
      this has been accomplished by securing opaque sheets to the platen so as
      to prevent the illumination of selected portions of the original document.
      Similarly, it may be desirable to electrically create an original
      document. In the past, this has been accomplished through the utilization
      of a cathode ray tube which creates letters or other indicia and directly
      projects the foregoing onto a charged photoconductive surface recording an
      electrostatic latent image thereon.
PAR  Various types of platens have been employed in the art, most of these being
      transparent. With the advent of liquid crystalline technology, it has
      become feasible to employ a liquid crystalline platen. Liquid crystals are
      fluids that are partially ordered so that they have some of the optical
      properties of crystal. Although they have been known for nearly a century,
      their recent application to display systems dates back to the discovery in
      1968 that they have readily usable electro-optical properties. This is
      disclosed in greater detail in an article entitled "Liquid-Crystal Display
      Devices" by G. H. Heilmeier; Scientific American, April, 1970. At present,
      there are two types of crystals used in displays; dynamic-scattering
      liquid crystals and field-effect liquid crystals. Only dynamic-scattering
      liquid crystals will be discussed in detail as these are more readily
      adaptable for employment as a platen. Dynamic-scattering liquid crystals
      are clear in the absence of an electric field. When an electric field is
      applied thereto, they turn cloudy and scatter light. This effect is like
      frosting a piece of glass. Devices can be made transmissive for rear of
      front lighting applications.
PAR  Liquid crystals have been employed as color filters for modulating light
      rays passing therethrough. This is described in greater detail in U.S.
      Pat. No. 3,569,614 issued to Hanlon in 1971. Generally, a liquid crystal
      cell includes a strip of microglass paper impregnated with liquid crystal
      material sandwiched between two substrates. Each of the substrates has a
      conductive material placed thereon. This is described in greater detail in
      U.S. Pat. No. 3,746,426, issued to Masi, in 1973. It is evident that the
      employment of a transparent platen for supporting an original document
      which may be made selectively opaque would be highly desirable in an
      electrophotographic printing machine. The foregoing may be used to mask
      selected portions of the original document or to create an original
      document thereon.
PAR  Accordingly, it is the primary object of the present invention to improve
      platens supporting original documents in an electrophotographic printing
      machine so as to be selectively opaque or to be capable of forming indicia
      thereon.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, and in accordance with the present invention, there is
      provided an apparatus for housing an original document.
PAR  Pursuant to this invention, the apparatus includes a normally transparent
      support member arranged to hold the original document thereon. The support
      member is adapted to become opaque when electrically excited. Means are
      provided for electrically exciting the support member. In this manner,
      selected portions of the support member may be rendered opaque so as to
      mask predetermined regions of the original document.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. 1 is a schematic perspective view of an electrophotographic printing
      machine incorporating the features of the present invention therein;
PAR  FIG. 2 is an elevational view, partially in section, depicting the platen
      for supporting the original document in the FIG. 1 printing machine;
PAR  FIG. 3 is a sectional elevational view illustrating a liquid crystalline
      imaging cell employed in the FIG. 2 platen; and
PAR  FIG. 4 is a schematic perspective view, partially fragmentary, of the FIG.
      3 liquid crystalline imaging cell.
PAR  While the present invention will be described in connection with a
      preferred embodiment, it will be understood that it is not intended to
      limit the invention to that embodiment. On the contrary, it is intended to
      cover all alternatives, modifications and equivalents as may be included
      within the spirit and scope of the invention as defined by the appended
      claims.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a general understanding of the disclosed electrophotographic printing
      machine, in which the present invention may be incorporated, reference is
      had to the drawings wherein like reference numerals have been used
      throughout to designate like elements. FIG. 1 schematically illustrates an
      electrophotographic printing machine employed to produce multi-color
      reproductions from a stationary original, the original either being
      transparent, translucent or opaque, whether in the form of single sheets,
      books or three dimensional objects.
PAR  As shown in FIG. 1, the electrophotographic printing machine includes a
      photoconductive member having a rotatably mounted drum 10 with a
      photoconductive surface 12 thereon. Drum 10 is mounted on a shaft in the
      machine frame (not shown) and adapted to rotate in the direction of arrow
      14. This moves photoconductive surface 12 sequentially through a plurality
      of processing stations. A timing disc is mounted in the region of one end
      of the shaft of drum 10 so as to activate the appropriate processing
      station for producing the desired sequence of events in the printing
      machine. Preferably, the type of material employed for photoconductive
      surface 12 is described in U.S. Pat. No. 3,655,377 issued to Sechak in
      1972.
PAR  For the purposes of the present disclosure several processing stations in
      the path of movement of photoconductive surface 12 are described
      functionally.
PAR  Drum 10 rotates initially to charging station A. At charging station A, a
      corona generating device, indicated generally at 16, charges
      photoconductive surface 12 to a relatively high, substantially uniform
      potential. Corona generating device 16 is arranged to extend in a
      generally transverse direction across photoconductive surface 12.
      Preferably, corona generating device 16 is of the type described in U.S.
      Pat. No. 2,778,946 issued to Mayo in 1957.
PAR  Drum 10 is next rotated to exposure station B where photoconductive surface
      12 is exposed to a color filtered light image of the original document. A
      moving lens system, generally designated by a reference numeral 18, and a
      color filter mechanism shown generally at 20, are disposed at exposure
      station B. U.S. Pat. No. 3,062,108 issued to Mayo in 1962, describes a
      suitable moving lens suitable for electrophotographic printing. A suitable
      color filter mechanism is described in U.S. Pat. No. 3,775,006 issued to
      Hartman et al. in 1973. As shown in FIG. 1, original document 22 is
      supported stationarily upon support member 24. Support member 24 is a
      liquid crystalline imaging cell which is normally transparent. However,
      support member 24 may be suitably excited so that selected portions
      thereof are rendered opaque. Alternately, support member 24 may be
      suitably excited so as to produce indicia thereon. In this case, an
      original document would not be required. The optical system would produce
      a light image of the indicia depicted on support member 24 and the charged
      photoconductive surface would be irradiated thereby so as to record an
      electrostatic latent image corresponding thereto. A suitable electronic
      computer 26 may be electrically connected to support member 24 to either
      produce indicia thereon or to render selected portions thereof opaque. In
      the alternative, support member 24 may function as an electronic display
      for the output from computer 26. In this embodiment, computer 26 functions
      as a general purpose computer solving a specified problem, but rather than
      printing the output therefrom on hard copy by conventional means, the
      output is electronically displaced as indicia on support member 24 so that
      a multi-color copy may be created therefrom by the electrophotographic
      printing machine shown in FIG. 1. Support member 24 will be described
      hereinafter in greater detail, in conjunction with FIGS. 3 and 4. The
      housing for supporting an original document 22 will also be described in
      greater detail with reference to FIG. 2.
PAR  Lamp assembly 28 and lens system 18 move in a timed relationship with drum
      10 to scan successive incremental areas of original document 22 or the
      indicia formed on support member 24. In this manner, a flowing light image
      of original document 22 or the indicia recorded on support member 24 is
      produced. This light image irradiates the charged photoconductive surface
      12 so as to create an electrostatic latent image thereon. During exposure,
      filter mechanism 20 interposes selected color filters into the optical
      light path. The color filters operate on the light rays passing through
      lens 18 to create a single color light image which records a single color
      electrostatic latent image on photoconductive surface 12. The foregoing
      single color latent image corresponds to a preselected spectral region of
      the electromagnetic wave spectrum.
PAR  After the electrostatic light image is recorded on photoconductive surface
      12, drum 10 rotates to development station C. At development station C,
      three developer units, generally indicated by the reference numerals 30,
      32 and 34 are positioned closely adjacent to drum 10. A suitable
      development station employing a plurality of developer units (in this case
      three) is disclosed in co-pending application Ser. No. 255,259, filed in
      1972. The development units disclosed therein are magnetic brush developer
      units. A typical magnetic brush developer unit employs a magnetized
      developer mix which includes carrier granules and toner particles. A
      directional flux field continually forms a brush of developer mix. This
      brush of developer mix is brought into contact with the electrostatic
      latent image recorded on photoconductive surface 12. In this manner, toner
      particles are attracted electrostatically to the latent image rendering it
      visible. Developer units 30, 32 and 34, respectively, contain discretely
      colored toner particles. Each of the toner particles contained in the
      respective developer unit correspond to the complement of the single color
      light image transmitted through filter 20. For example, an electrostatic
      latent image formed from a green filtered light image is made visible by
      depositing green absorbing magenta toner particles thereon. Similarly, an
      electrostatic latent image formed from blue and red light images is
      developed with yellow and cyan toner particles, respectively. It should be
      noted, however, that during any one cycle, only one toner powder image is
      developed and transferred to a sheet of final support material 36. Hence,
      it is apparent that three cycles are required in order to complete the
      transfer of each of the respective toner powder images to support material
      36.
PAR  It should be noted that black is created by superimposing layers of yellow,
      magenta and cyan toner particles on top of one another. When the original
      document is a black and white copy, the electrostatic latent image
      recorded on the photoconductive surface will correspond to the entire
      original document. Each latent image is developed with one of the colored
      toner particles. For example, the first latent image may be developed with
      yellow toner particles, the next with magenta toner particles, and
      finally, the last with cyan toner particles. Each of the toner powder
      images is transferred to the support sheet on top of one another so that
      the powder image contains three layers. When these toner powder layers are
      fused, they become translucent and act as filters reflecting the light
      transmitted through each layer from the support material to the eye of the
      observer. If the light is transmitted through all three layers, the
      observer sees a black image. If one of the layers is omitted, the observer
      will see the resultant color from the combination of the two layers
      present. This feature may be employed to produce a color highlighted copy
      from a black and white original document. For example, if a black and
      white original document containing 30 lines is placed on support member 24
      and the resultant copy is desired to have lines 1 through 10, inclusive in
      red, and lines 10 through 30 in black, the following procedure would be
      employed. During the first cycle, support member 24 would be transparent
      and the electrostatic latent image corresponds to lines 1 through 30. This
      first latent image is developed with yellow toner particles. Support
      member 24 also remains transparent during the next cycle and the latent
      image, once again, corresponds to lines 1 through 30. This second latent
      image is developed with magenta toner particles. Finally, support member
      24 is energized so as to mask lines 1 through 10 for the next cycle. Thus,
      the latent image of the third cycle corresponds to lines 10 through 30.
      This latent image is developed with cyan toner particles. Each of the
      foregoing toner powder images is transferred to the sheet of support
      material in superimposed registration with one another. This multi-layered
      toner powder image is then fused. The support material will have yellow,
      magenta and cyan layers on lines 10 through 30; lines 1 through 10 will
      have yellow and magenta layers. A combination of yellow, magenta and cyan
      produces black. Thus, lines 10 through 30 will be in black. A combination
      of yellow and magenta produces red. Hence, lines 1 through 10 will be in
      red. In this fashion, a copy will be produced having lines 1 through 10
      highlighted in red, while lines 10 through 30 are black. It will be
      obvious to one skilled in the art that a color copy having any desired
      colors may be created by the foregoing procedure. One simply has to
      recollect that a combination of cyan and yellow produces green, and cyan
      and magenta produces blue. Thus, the foregoing procedure may be utilized
      to create a color copy from a black and white original having portions in
      black, as well as blue, green and red, or cyan, magenta, and yellow.
PAR  Continuing now with a description of the processing stations, drum 10 is
      now rotated to transer station D where the powder image adhering
      electrostatically to photoconductive surface 12 is transferred to a sheet
      of final support material 36. An electrically biased transfer roll, shown
      generally at 38, recirculates sheet 36. Transfer roll 38 is biased
      electrically to a potential of sufficient magnitude and polarity to
      electrostatically attract toner particles from photoconductive surface 12
      thereto. A suitably electrically biased transfer roll is described in U.S.
      Pat. No. 3,612,677 issued to Langdon et al. in 1971. Transfer roll 38,
      preferably is of the same diameter as drum 10 and rotates at the same
      angular velocity. Hence, transfer roll 38 rotates in syncronism with
      photoconductive surface 12. Inasmuch as support material 36 is releasably
      secured to transfer roll 38 for movement therewith in a recirculating
      path, successive toner powder images may be transferred thereto in
      superimposed registration from photoconductive surface 12. As depicted in
      FIG. 1, transfer roll 38 rotates in the direction indicated by arrow 40.
PAR  Support material 36 is advanced from a stack 42 supported on tray member
      44. Feed roll 46, in operative communication with retard roll 48,
      separates and advances the uppermost sheet from stack 42. The advancing
      sheet moves into a paper chute 50 and is directed into the nip of register
      rolls 52. Thereafter, gripper fingers 54, mounted on transfer roll 38,
      secure releasably thereto support material 36 for movement in the
      recirculating path therewith. In this manner, successive toner powder
      images are attracted electrostatically to support material 36 in
      superimposed registration with one another forming a multi-layer toner
      powder image thereon. After a plurality of toner powder images have been
      transferred to support material 36, gripper fingers 54 raise support
      material 36 from transfer roll 38. As transfer roll 38 continues to rotate
      in the direction of arrow 40, stripper bar 56 is interposed between
      support material 36 and transfer roll 38 to separate support material 36
      therefrom. Support material 36 thereupon advances to endless belt conveyor
      58. Endless belt conveyor 58 moves support material 36 to fixing station
      E.
PAR  At fixing station E, fuser, indicated generally at 60, permanently affixes
      the transferred powder image to sheet 36. One type of suitable fuser is
      disclosed in U.S. Pat. No. 3,498,592 issued to Moser et al. in 1970. After
      the fixing process, sheet 36 is advanced by endless belt conveyors 62 and
      64 to catch tray 66 for subsequent removal therefrom by the machine
      operator.
PAR  After the transfer process inevitably, some residual toner particles remain
      on photoconductive surface 12. The final process station in the direction
      of rotation of drum 10, as indicated by arrow 14, is cleaning station F.
      U.S. Pat. No. 3,590,412 issued to Gerbasi in 1971 describes a suitable
      brush cleaning device. Fibrous brush 68 is positioned at cleaning station
      F and maintained in contact with photoconductive surface 12. Aany residual
      toner particles remaining on photoconductive surface 12 after each
      transfer operation are removed therefrom by brush 68.
PAR  Referring now to FIG. 2, the platen cover arrangement is described there in
      greater detail. Support member 24, preferably, includes a substantially
      rectangular liquid crystalline imaging cell 70 which is secured by
      suitable means to the frame of the electrophotographic printing machine
      depicted in FIG. 1. Imaging cell 70 rests upon resilient means or a
      soft-edged gasket 72 which is secured to a horizontally dependent flange
      74 of the rigid machine frame. A plate 76, affixed to the machine frame,
      is placed thereover and provided with an opening therein to expose the top
      surface of imaging cell 70.
PAR  A cover member or a platen cover 78 is mounted pivotably along one edge of
      support member 24 and includes a substantially rigid continuous outer
      shell 80 having affixed thereto a resilient sheet member 82 made of an
      elastomeric material such as a soft rubber-like backing. Resilient sheet
      member 82 may be fabricated from either a natural rubber or any number of
      commercially available synthetic rubbers, e.g. foam polyurethane which is
      affixed to outer shell 80 by means of a suitable adhesive. The resilient
      sheet 82 is flexible and colored white to reflect light rays therefrom. A
      handle 84 is provided at the free end of cover member 78 and provides a
      means by which a cover member 78 can be raised and lowered. This permits
      cover member 78 to be raised over large objects to be reproduced, such as
      books, while still permitting cover member 78 to lie in a plane
      substantially parallel to imaging cell 70. To achieve the foregoing, cover
      member 78 is double hinged. Double hinge 86 is secured to cover member 78
      at the end thereof opposed from handle 84. A suitable double hinge is
      described in U.S. Pat. No. 3.062,110 issued to Shepardeson et al. in 1962.
PAR  FIG. 3 illustrates support member 24 in greater detail. As shown in FIG. 3,
      liquid crystalline imaging cell 70 includes a pair of plates, generally
      designated by the reference numerals 88 and 90. Plates 88 and 90 are
      substantially transparent. A grid of transparent electrodes 92 is
      interposed between plates 88 and 90. On the inner surface of plate 90 is
      an array of transparent conductive strips 92a all running in one
      direction. Four strips or electrodes are shown which have parallel
      longitudinal axes. However, it will be understood that in actual practice
      a larger number of electrodes may be employed. On the inner surface of
      plate 88 are arranged an array of transparent electrodes 92b having
      parallel longitudinal axes and being positioned substantially
      perpendicularly to the direction of conductive strips 92a on plate 90.
      Again, it will be understood that in actual practice, a much larger number
      of electrodes may be arranged on the inner surface of plate 88. A layer of
      liquid crystalline material 94 is located in the space between plates 88
      and 90. For purposes of illustration, grid 92 may be formed by an etching
      process. Preferably, plates 88 and 90 are transparent electrically
      conductive electrodes commercially available under the name NESA Glass
      from Pittsburgh Plate Glass Company. Each plate includes a thin
      transparent electrically conductive layer of tin oxide overlying a
      transparent glass substrate. The tin oxide layer is etched away so as to
      form a plurality of parallel lines of tin oxide thereon. For example, the
      tin oxide lines 92a on plate 90 would be substantially perpendicular to
      the tin oxide lines 92b on plate 88. Thus, the pair of plates together
      form a rectangular grid structure. A liquid crystalline film or layer 94
      is interposed between plates 88 and 90. This layer of liquid crystalline
      material is the active element of the imaging cell. A field is created
      between the electrodes by means of an external circuit, generally
      designated by the reference numeral 96, which typically comprises a source
      of potential 98 which is connected across the electrodes through leads
      100. Circuit 96 may also contain suitable switching means. Potential
      source 98 may be either D.C., A.C., or a combination thereof.
PAR  When an electric field of sufficient magnitude, e.g. above about 3,000
      volts/centimeter, is applied across liquid crystalline film 94 the optical
      properties of the liquid crystalline material change and the liquid
      crystalline film, which is substantially transparent prior to the
      application of the field becomes "frosted", i.e. exhibits dynamic
      scattering. Thus, the imaging cell can function as a light shutter since a
      large percentage, e.g. about 90% of the light, would be scattered while
      only a small percentage, e.g. about 10% would be transmitted.
PAR  An alternate manner in which the grid structure may be formed would be to
      utilize glass or plastic plates and have grid lines formed from conductive
      materials such as tin, indium oxide, aluminum, chromium, tin oxide or any
      other suitable conductor evaporated onto the glass or plastic plates.
PAR  It will be understood by those skilled in the art that when two electrode
      strips, each being perpendicular to one another, are energized with the
      applied voltage, the portion of the liquid crystal cell corresponding to
      the intersection of the two electrodes which have been energized will
      become darker than the remaining area of the imaging cell. By energizing
      more than one set of electrode strip predetermined areas are made to
      appear darker, or substantially opaque.
PAR  FIG. 4 depicts plates 88 and 90 in perspective. As shown therein, plates 88
      and 90 are sandwiched together with the liquid crystalline material
      interposed therebetween. Conductors 92a extend in a horiziontal direction
      and are formed on plate 90. Similarly, conductors 92b are formed on plate
      88 and extend in a substantially vertical direction. Electric lead wires
      100a are connected to each of the grids 92a. Similarly, electric lead
      wires 100b are connected to conductors 92b. Thus when a selected lead wire
      100a is excited and the corresponding selected lead wire 100b is excited,
      a portion of the imaging cell is darkened or becomes opaque and does not
      transmit light therethrough. When this arrangement is employed as a
      platen, it may mask selected portions of the original document. This is
      achieved by exciting the appropriate regions of the imaging cell so as to
      prevent light rays from passing therethrough. Thus, the light rays will
      only pass through the substantially transparent portions of the imaging
      cell illuminating the original document disposed therebehind and producing
      an electrostatic latent image on photoconductive surface 12 corresponding
      to the unmasked portions of the original document.
PAR  An alternate embodiment would employ imaging cell 24 to create indicia
      thereon. In this type of embodiment, the grid structure would be extremely
      fine and selected areas thereon would be excited so as to darken the
      imaging cell in those regions. This would produce the requisite indicia on
      the imaging cell. This type of arrangement, however, would require a
      computer to excite the grid structure appropriately so as to form the
      desired indicia. Computer 26 (FIG. 1) would excite imaging cell 24 in the
      selected regions thereon. For example, a picture or selected words may be
      created on imaging cell 24. Thus, imaging cell 24 would function as an
      original document. The original document would be continuously variable
      depending upon the input from the computer.
PAR  It is, therefore, apparent that there has been provided in accordance with
      the present invention, an apparatus for masking selected portions of an
      original document or, in lieu thereof, for creating an original document,
      or a color copy from a black and white original. This apparatus fully
      satisfies the objects, aims, and advantages that are set forth above.
      While the present invention has been described in conjunction with
      specific embodiments thereof, it is evident that many alternatives,
      modifications and variations will be apparent to those skilled in the art
      in light of the foregoing description. Accordingly, it is intended to
      embrace all such alternatives, modifications and variations that fall
      within the spirit and broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrophotographic printing machine of the type having a corona
      generating device for charging a photoconductive member to a substantially
      uniform potential, and an exposure mechanism for creating a light image to
      irradiate the charged photoconductive member recording an electrostatic
      latent image thereon, wherein the improvement comprises:
PA1  an original document;
PA1  a support member mounted in the printing machine and arranged to hold said
      original document thereon, said support member being in a light receiving
      relationship with the exposure mechanism, said support including a liquid
      crystalline imaging cell having a pair of opposed, spaced substantially
      transparent plates, a grid of transparent electrodes interposed between
      said pair of plates, and a layer of crystalline material interposed
      between said pair of plates contacting said grid, said support member
      further including a substantially rigid frame member having an aperture
      therein, and resilient means secured to the frame member on the periphery
      of the aperture therein with the liquid crystalline imaging cell being
      mounted on the resilient means in the aperture of the frame member
      permitting light rays to be transmitted through the transparent portions
      thereof; and
PA1  means for electrically exciting said liquid crystalline imaging cell
      forming opaque portions to mask selected portions of the original document
      and creating indicia thereon so that said exposure means projects a light
      image of a masked original document or indicia singly or in combination
      with one another.
NUM  2.
PAR  2. A printing machine as recited in claim 1, further including a cover
      member operatively associated with said support member, said cover member
      being movable from an opened position permitting the original document to
      be disposed on said support member to a closed position securing
      releasably thereon the original document.
NUM  3.
PAR  3. A printing machine as recited in claim 2, wherein said cover member
      includes:
PA1  a substantially rigid outer shell; and
PA1  a resilient sheet member secured to said outer shell, said sheet member
      contacting the original document in the closed position.
NUM  4.
PAR  4. A printing machine as recited in claim 3, wherein said exciting means
      includes an electronic computer.
NUM  5.
PAR  5. An electrophotographic printing machine adapted to create a color copy
      from a black and white original document, comprising:
PA1  a photoconductive member;
PA1  means for recording a plurality of electrostatic latent images on said
      photoconductive member, at least one of the latent images corresponding to
      a selected portion of the original document with the remaining latent
      images corresponding to the entire original document;
PA1  means for depositing toner particles having differing colors on each of the
      latent images, the colors of the toner particles being adapted to form
      black when combined in substantially equal amounts;
PA1  means for transferring the toner particles from each of the latent images
      to a common sheet of support material in superimposed registration with
      one another; and
PA1  means for permanently affixing the multi-layered toner powder image to the
      sheet of support material forming a color copy from the black and white
      original document.
NUM  6.
PAR  6. A printing machine as recited in claim 5, wherein said recording means
      comprises:
PA1  means for charging said photoconductive member;
PA1  a normally transparent support member mounted on the printing machine and
      arranged to hold the original document thereon, said support member being
      adapted to become selectively opaque to mask predetermined regions of the
      original document;
PA1  means for exposing the unmasked regions of the original document to create
      a light image thereof which irradiates the charged photoconductive member
      to record an electrostatic latent image thereof; and
PA1  means for electrically exciting said support member so that selected
      portions thereof become opaque to mask predetermined regions of the
      original document to form at least one electrostatic latent image
      corresponding to a selected portion of the original document, said
      exciting means being de-energized during the formation of the remaining
      electrostatic latent images so that said support member becomes
      transparent and the electrostatic latent images so formed correspond to
      the entire original document.
NUM  7.
PAR  7. A printing machine as recited in claim 6, wherein said support member
      includes:
PA1  a pair of opposed, spaced substantially transparent plates;
PA1  a grid of substantially transparent electrodes interposed between said pair
      of grids; and
PA1  a layer of crystalline material interposed between said pair of plates
      contacting said grid.
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PAL  An optical system in which a screened light pattern and a light image of an
      original document are projected onto a common region of a light receiving
      member forming a modulated light image thereon. Collimated light rays are
      employed in the formation of the screened light pattern.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an electrophotographic printing
      machine, and more particularly concerns an optical system for producing
      half tone images of an original document.
PAR  The process of electrophotographic printing comprises exposing a charged
      photoconductive member to a light image of an original document. The
      irradiated areas of the photoconductive surface are discharged to record
      thereon an electrostatic latent image corresponding to the original
      document. A development system moves a developer mix of carrier granules
      and toner particles into contact with the latent image recorded in the
      photoconductive surface. The toner particules are attracted
      electrostatically to the latent image from the carrier granules forming a
      powder image on the latent image. Subsequently, the toner powder image is
      transferred to a sheet of support material. After transfer, the sheet of
      support material passes through a fusing device which permanently affixes
      the toner powder image thereto.
PAR  Essentially, a multi-color printing machine repeats the foregoing process a
      plurality of cycles, each cycle being for a discrete color. In this
      process, the light image is filtered to record an electrostatic latent
      image on the photoconductive surface corresponding to a single color. The
      single color electrostatic latent image is developed with toner particles
      complementary in color to the filtered light image employed in the
      formation thereof. The toner powder image is then transferred to the sheet
      of support material. The foregoing process is repeated for successively
      differently colored light images. In this manner, a plurality of toner
      powder images are transferred, in superposed registration, to the sheet of
      support material. The multi-layered toner powder image is then fused to
      the sheet of support material forming a permanent colored copy of the
      original document.
PAR  However, in conventional electrophotographic printing machines toner
      gradations are difficult to form. Frequently, screening methods are
      employed to overcome this defect. Such methods produce the effect of toner
      gradations by variations in dot size. In the highlight zones, the dots
      will be small and increase in size through the intermediate shades until
      they merge together in the shadow region. At the extremes, there will be
      complete whiteness at the highlight end of the tone scale, and nearly
      solid black at the shadow end. An example of this is found in U.S. Pat.
      No. 2,598,732 issued to Walkup in 1952.
PAR  Another patent exemplifying screening is U.S. Pat. No. 3,535,036 issued to
      Starkweather in 1970. As disclosed therein, a light image of an original
      document is projected onto a charged photoconductive surface recording an
      electrostatic latent image thereon. Subsequently thereto, a screened light
      image is superimposed over the latent image recorded in the
      photoconductive surface.
PAR  Other patents relating to the use of screens in electrophotographic
      printing are: U.S. Pat. No. 3,121,010 issued to Johnson et al. in 1964;
      U.S. Pat. No. 3,493,381 issued to Maurer in 1970; U.S. Pat. No. 3,776,633
      issued to Frosch in 1973; and U.S. Pat. No. 3,809,555 issued to Marley in
      1974.
PAR  It is a primary object of the present invention to improve the optical
      system of an electrophotographic printing machine to produce continuous
      tone copies.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, and in accordance with the present invention, there is
      provided an optical system for forming a light image of an original
      document on a light receiving member.
PAR  Pursuant to the features of the present invention, this is achieved by
      projecting means which forms a light image of the original document on the
      light receiving member. Illuminating means generate light rays which are
      transmitted through collimating means. Thereafter, the collimated light
      rays pass through a screen member interposed between the collimating means
      and the light receiving member. The collimated, screened light image and
      the light image of the original document are superimposed over a common
      region of the light receiving member forming a modulated light image
      thereon.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. 1 is a schematic, perspective view of an electrophotographic printing
      machine incorporating the features of the present invention therein;
PAR  FIG. 2 is an elevational view of the screening system employed in the FIG.
      1 printing machine optical system; and
PAR  FIG. 3 is a schematic block diagram depicting the circuitry required to
      energize the light source of the FIG. 2 screening system.
PAR  While the present invention will be described in connection with a
      preferred embodiment thereof, it will be understood that it is not
      intended to limit the invention to that embodiment. On the contrary, it is
      intended to cover all alternatives, modifications and equivalents as may
      be included within the spirit and scope of the invention as defined by the
      appended claims.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  For a general understanding of an electrophotographic printing machine, in
      which the present invention may be incorporated, reference is made to FIG.
      1. In the drawings like reference numerals have been used throughout to
      designate like elements. The electrophotographic printing machine shown in
      FIG. 1 is arranged to create color copies from a colored original
      document. The original document may be in the form of single sheets, books
      or three dimensional objects.
PAR  As shown in FIG. 1, the electrophotographic printing machine includes a
      photoconductive member having a rotatable drum 10 with a photoconductive
      surface 12 entrained about and secured thereto. Drum 10 is mounted on a
      shaft (not shown) and rotates in the direction of arrow 14. This moves
      photoconductive surface 12 sequentially through a series of processing
      stations. A timing disc is mounted at one end of the shaft or drum 10,
      thereby activating the appropriate processing stations for producing the
      desired sequence of events in the printing machine. U.S. Pat. No.
      3,655,377 issued to Sechak in 1972 describes a suitable type of material
      which may be employed for photoconductive surface 12.
PAR  For purposes of the present disclosure, the various processing stations
      disposed about the periphery of drum 10 will be briefly described
      hereinafter.
PAR  As drum 10 rotates in the direction of arrow 14, it passes through charging
      station A. Charging station A has positioned thereat a corona generating
      device, indicated generally at 16, which charges photoconductive surface
      12 to a relatively high, substantially uniform level. Corona generating
      device 16 extends in a generally transverse direction across
      photoconductive surface 12 to produce a spray of ions for the charging
      thereof. Preferably, corona generating device 16 is of the type described
      in U.S. Pat. No. 2,778,946 issued to Mayo in 1957.
PAR  After photoconductive surface 12 is charged, drum 10 rotates the charged
      area thereof to exposure station B. At exposure station B, the charged
      area of photoconductive surface 12 is exposed to a color filtered light
      image of the original document. A moving lens system, generally designated
      by the reference numeral 18, and a color filter mechanism, shown generally
      at 20 are positioned at exposure station B. U.S. Pat. No. 3,062,108 issued
      to Mayo in 1952 describes a moving lens system suitable for use in
      electrophotographic printing. Similarly, U.S. Pat. No. 3,775,006 issued to
      Hartman et al. in 1973 discloses a color filter mechanism suitable for use
      in the FIG. 1 electrophotographic printing machine. Original document 22
      is disposed upon transparent viewing platen 24. Lamp assembly 26 is
      positioned beneath transparent viewing platen 24, and in conjunction with
      lens system 18 of filter 20, moves in a timed relationship with drum 10 to
      scan successive incremental areas of original document 22. In this manner,
      a flowing light image of original document 22 irradiates the charged area
      of photoconductive surface 12. During exposure, filter mechanism 20
      interposes selected color filters into the optical light path. Successive
      color filters operate on the light rays passing through lens 18 to create
      a single color light image which records a single color electrostatic
      latent image on photoconductive surface 12. The foregoing single color
      latent image corresponds to a pre-selected spectral region of the
      electromagnetic wave spectrum.
PAR  After the electrostatic latent image is recorded on photoconductive surface
      12, a screened light image is projected thereon. A screening apparatus,
      indicated generally by the reference numeral 28, superimposes a screened
      light image onto the electrostatic latent image of the original document
      recorded on photoconductive surface 12. Screening apparatus 28 includes an
      electroluminescent panel 30 adapted to be energized by a suitable power
      supply. The light rays projected from panel 30 are transmitted through a
      collimator or lens strip 32. The collimated or substantially parallel
      light rays are then transmitted through screen 34. Screen 34 may be a line
      or dot screen adapted to form a screened light image. The screened light
      image is projected onto the electrostatic latent image of the original
      document in superposition therewith. In this manner, a modulated
      electrostatic latent image is formed on photoconductive surface 12.
PAR  After the modulated electrostatic latent image is recorded on
      photoconductive surface 12, drum 10 rotates to development station C.
      Three developer units, generally indicated by the reference numerals 36,
      38, and 40 are positioned at development station C. A suitable development
      station employing a plurality of developer units (in this case three) is
      described in co1pending application Ser. No. 255,259 filed in 1972. The
      developer units disclosed therein are magnetic brush developer units. A
      typical magnetic brush developer unit employes a magnetizable developer
      mix comprising carrier granules and toner particles. The magnetic brush
      forms a directional flux field to continually create a brush of developer
      mix. This brush is brought into contact with the modulated electrostatic
      latent image recorded on photoconductive surface 12. The toner particles
      adhering electrostatically to the carrier granules of the developer mix
      are attracted by the greater electrostatic force to the latent image and
      render it visible. Developer units 36, 38 and 40, respectively, contain
      discretely colored toner particles. Each of the toner particles contained
      in the respective developer units corresponds to the complement of the
      single color light image transmitted through filter 20. For example, a
      modulated electrostatic latent image formed from a green filtered light
      image is rendered visible by depositing green absorbing magneta toner
      particles thereon. Similarly, electrostatic latent images formed from blue
      and red light images are developed with yellow and cyan toner particles,
      respectively.
PAR  After the modulated electrostatic latent image recorded on photoconductive
      surface 12 is developed, drum 10 rotates to transfer station D. At
      transfer station D, the toner powder image adhering electrostatically to
      photoconductive surface 12 is transferred to a sheet of final support
      material 42. A bias transfer roll, shown generally at 44, recirculates
      sheet 42 and is electrically biased to a potential of sufficient magnitude
      and polarity to electrostatically attract toner particles from
      photoconductive surface 12 thereto. A suitable electrically biased
      transfer roll is described in U.S. Pat. No. 3,612,677 issued to Langdon et
      al. in 1971. Transfer roll 44, preferably, is of the same diameter as drum
      10 and rotates at substantially the same angular velocity therewith. Thus,
      as transfer roll 44 rotates in synchronism with photoconductive surface
      12, successive toner powder images may be transferred to sheet 42. As
      depicted in FIG. 1, transfer roll 44 rotates in the direction of arrow 46.
PAR  Prior to proceeding with a discussion of the remaining processing stations
      disposed about the periphery of drum 10, the feeding path for support
      material 42 will be briefly described. As shown in FIG. 1, support
      material 42 is advanced from a stack 48 thereof disposed on tray 50. Feed
      roll 52, in operative communication with retard roll 54, separates and
      advances the uppermost sheet from stack 48. The advancing sheet moves into
      chute 56 and is directed into the nip of register rolls 58. Register rolls
      58 align and forward the advancing sheet, in synchronism with the movement
      of transfer roll 44 to gripper fingers 60 mounted therein. Gripper finger
      60 secure releasably support material 40 to transfer roll 44 for movement
      in a recirculating path therewith. In this manner, successive toner powder
      images are attracted electrostatically to support material 42 in
      superimposed registration with one another forming a multi-layered toner
      powder image thereon. After the successive toner powder images have been
      transferred to support material 42, gripper finger 60 space support
      material 42 from transfer roll 44. As transfer roll 44 continues to rotate
      in the direction of arrow 46, gripper bar 62 is interposed between support
      material 42 and transfer roll 44. This separates support material 42 from
      transfer roll 44. Thereafter, endless belt conveyor 64 moves support
      material 42 to fixing station E.
PAR  At fixing station E, a fuser, indicated generally by the reference numeral
      66, permanently affixes the transferred toner powder images to support
      material 42. One type of suitable fuser is exemplified in U.S. Pat. No.
      3,498,592 issued to Moser et al. in 1970. After the fixing process, sheet
      42 is advanced by endless belt conveyors 68 and 70 to catch tray 72 for
      subsequent removal from the printing machine by the operator.
PAR  Following the transfer process, invariably some residual toner particles
      adhere to photoconductive surface 12. Cleaning station F, the final
      processing station in the direction of rotation of drum 10, as indicated
      by arrow 14, removes the residual toner particles adhering thereto. A
      pre-clean corona generating device (not shown) neutralizes the charge on
      photoconductive surface 12 and the residual toner particles. This enables
      fibrous brush 74 to remove the residual toner particles therefrom. U.S.
      Pat. No. 3,590,412 issued to Gerbasi in 1971 describes a suitable brush
      cleaning device.
PAR  It is believed that the foregoing description is sufficient for purposes of
      the present application to describe the features of the
      electrophotographic printing machine in which the apparatus of the present
      invention is incorporated.
PAR  Referring now to FIG. 2, screening apparatus 28 is described therein in
      greater detail. As shown in FIG. 2, power supply 76 excites
      electroluminescent panel 30. In conventional electroluminescent panels, a
      layer of luminescent material is interposed between a pair of electrodes
      and the combination deposited upon a substrate. Generally, the
      electroluminescent material is made of a phosphor which gives off light
      when an alternating electrical field is applied to the electrodes. One
      embodiment of an electroluminescent panel is termed a ceramic
      electroluminescent panel. This type of panel includes a base metal having
      a ceramic enamel ground coated layer deposited thereon. A clear ceramic
      moisture barrier is fixed to the transparent electrode. The moisture
      barrier is employed to prevent water particles from contaminating the
      phosphorous layer. In operation, voltage source 76 develops an alternating
      current which passes from the base plate to the ceramic ground coating,
      the dielectric, the phosphor, and the transparent electrode. This current
      excites the phosphor layer resulting in the emission of light therefrom.
PAR  An alternate embodiment of electroluminescent panel 30 is made from
      plastic. This construction is somewhat similar to the ceramic panel. A
      typical plastic electroluminescent panel has a dielectric layer deposited
      on an aluminum foil conductor. The dielectric layer may be a layer of
      barium titanate embedded in plastic. A phosphor layer, which is also
      embedded in a layer of plastic, is deposited on the dielectric layer. A
      transparent electrode is secured to the phosphor layer. Preferably, the
      transparent electrode is a fiber glass paper impregnated with indium to
      make it conductive. When this fiber glass paper is applied to wet phosphor
      and an organic binder, it becomes completely transparent. As in the case
      of the ceramic panel, there is a moisture barrier disposed about the
      entire panel to prevent moisture particles from contaminating the
      phosphor. In this case, the moisture barrier is plastic. The
      electroluminescent panel is also activated by applying an alternating
      current from power supply 76 across the aluminum conductor through the
      dielectric phosphor to the transparent conductor. In this manner, the
      phosphor layer is excited and emits light rays therefrom.
PAR  The electroluminescent phosphor is basically a sulphide material. The
      phosphor is energized to emit light rays when placed in an alternating
      electric field. In the present invention, power supply 76 may be
      periodically energized by the voltage circuit depicted in FIG. 3. In this
      manner, electroluminescent panel 30 may be strobed furnishing pulsed light
      rays rather than continuous light rays therefrom. Electroluminescent panel
      30 will be described hereinafter with reference to FIG. 3. Lens strip 32
      is formed as illustrated, with a plurality of lens elements 78. The lens
      elements may be made of glass, plastic or other transparent materials and
      are an integral part of the material forming other portions of the strip.
      Where a plurality of strips are employed in superimposed registration with
      one another, each lens element 78 thereof is preferably of the same lens
      design. Each lens element 78 of each strip is coaxial along the optical
      path with the lens element of the other strips to form a single imaging
      device.
PAR  Lens strip 32 is formed with lens elements 78 thereon projecting the light
      image toward the image plane. The strip has its lens elements arranged so
      that a continuous image of the projected light pattern may be projected.
      One type of lens strip described is U.S. Pat. No. 3,655,284 issued to
      Agliata in 1972, the relevant portions thereof being hereby incorporated
      into the present application. Lens strip 32 functions as a collimator, and
      lens elements 78 thereon produce an infinitely distant image to project
      light rays therethrough which are substantially parallel to one another.
PAR  Screen 34 is interposed between lens strip 32 and photoconductive surface
      12. Thus, the collimated or substantially parallel light rays transmitted
      from lens strip 32 pass through screen member 34 and are superimposed over
      the electrostatic latent image recorded on photoconductive surface 12. In
      this manner, a modulated electrostatic latent image is recorded thereon.
      Screen 34 may be formed on a translucent layer or substrate which adheres
      to a transparent portion or substrate. The transparent portion may be made
      preferably from a suitable transparent plastic or glass material. By way
      of example, screen 34 may include a plurality of lines or dots printed on
      a substantially transparent substrate by suitable chemical etching
      technique, or by a photographic technique. The screen itself may be made
      from any number of opaque metallic materials suitable for chemical etching
      such as copper or aluminum. The transparent portion preferably is made
      from a suitable glass or plastic material. Screen 34, as shown in FIG. 2,
      has a plurality of equally spaced lines 80 thereon. However, a variety of
      patterns may be employed in lieu of lines. Examples of screen patterns are
      rows of dots, or rows of small squares entirely surrounded by black or
      opaque areas, a checkerboard pattern of transparent and opaque areas,
      transparent areas continually covered with circular black or opaque dots,
      or a black or opaque background covered with a random distribution of
      transparent dots of various sizes. Any one of several screen patterns may
      be employed. A final screen size generally results in a more natural or
      higher quality copy. Hence, while a coarse screen having 50 to 60 dots or
      lines to the linear inch will be useful for some purposes. Fine screens
      such as those having anywhere from 100 to 400 or more dots or lines per
      linear inch will give a more nearly continuous tone appearance to the
      finished copy. With finer screens, the screen pattern may be barely
      perceptible on the finished copy and the copy will have the appearance of
      a continuous tone photograph. The contrasting appearance obtained without
      the use of a screen is eliminated or greatly reduced and large black areas
      appear to have substantially uniform density throughout.
PAR  In lieu of using various screens having different numbers of dots or lines
      per linear inch, voltage source 76 may be adapted to periodically excite
      electroluminescent panel 30 at a prescribed frequency to produce a
      strobing effect. This produces periodic imaging of a dot on the
      photoconductive surface inasmuch as the photoconductive surface is moving.
      By adjusting the rate of pulsating electroluminescent panel 30, the dots
      may be imaged relatively close to each other on the photoconductive
      surface. As the photoconductive surface rotates, electroluminescent panel
      30 is pulsed by power supply 76. Hence, electroluminescent panel 30 is
      turned on and off at the pulsating rate resulting in a modulated light
      screen pattern having the requisite dots per linear inch formed on
      photoconductive surface 12 of drum 10. For example, if screen 34 has a
      single row of dots and drum 10 rotates at 5 inches per second with
      electroluminescent panel 30 being turned on and off at the rate of 100
      times per second, 20 dots per linear inch will be recorded on
      photoconductive surface 12.
PAR  Turning now to FIG. 3, there is shown a suitable electrical circuit adapted
      to pulsate electroluminescent panel 30 at the prescribed frequency. Input
      power regulator 84 is excited from line voltage which may range from 98 to
      240 volts at terminals 88 and 90. The output from input power regulator
      82, which is a regulated voltage, excites output controller 84 at about 24
      volts. Output controller 84 energizes voltage supply 76 to excite
      electroluminescent panel 30. Output controller 84 is, in turn, switched on
      and off by frequency comparator 87. A main drive motor 91 rotates shaft
      encoder 89. The output signal from shaft encoder 89 is compared to that of
      frequency source 86 by frequency comparator 87. This produces the proper
      timing for pulsing electroluminescent panel 30. Frequency source 86 may be
      a radio frequency source adapted to provide a reference frequency at the
      prescribed pulsating rate. In this manner, the desired number of dots per
      linear inch are recorded on photoconductive surface 12.
PAR  In recapitulation, it is evident that the screening apparatus of the
      present invention superimposes a screened electrostatic latent image on
      the latent image of the original document so as to form a modulated
      electrostatic latent image on the photoconductive surface. This latent
      image will be subsequently developed to produce a copy approximating the
      characteristics of the original document in the tone and quality. The
      foregoing is achieved by the employment of an electroluminescent panel
      generating light rays which are collimated by a lens strip and thereupon
      pass through screen which irradiates the photoconductive surface in the
      regions thereof wherein the electrostatic latent image of the original
      document has been recorded. In this way, a modulated electrostatic latent
      image is recorded on the photoconductive surface. The foregoing is
      subsequently developed to produce a half-tone copy corresponding in
      quality and characteristics to that of the original document being
      reproduced.
PAR  It is, therefore, apparent that there has been provided in accordance with
      the present invention, an apparatus for producing half-tone copies that
      fully satisfies the objects, aims and advantages hereinbefore set forth.
      While the present invention has been described in conjunction with a
      specific embodiment thereof, it is evident that many alternatives,
      modifications, and variations will be apparent to those skilled in the art
      in light of the foregoing description. Accordingly, it is intended to
      embrace all such alternatives, modifications, and variations within the
      spirit and broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrophotographic printing machine, including:
PA1  a photoconductive member;
PA1  means for charging said photoconductive member to a substantially uniform
      level;
PA1  exposure means for forming and projecting a light image of an original
      document onto the charged portion of said photoconductive member recording
      thereon an electrostatic latent image;
PA1  an electroluminescent panel extending substantially across the width of
      said photoconductive member;
PA1  strip means having lens portions thereon transmitting substantially
      parallel light rays therethrough from said electroluminescent panel; and
PA1  a screen member positioned closely adjacent to said photoconductive member
      in a light receiving relationship with the light rays transmitted through
      said strip means to illuminate said photoconductive member with a screened
      light image, the screened light image being superimposed over the
      electrostatic latent image recording a modulated electrostatic latent
      image of the original document on said photoconductive member.
NUM  2.
PAR  2. A printing machine as recited in claim 1, further including means for
      switching said electroluminescent panel on and off at a preselected
      frequency to produce pulsed light rays therefrom.
NUM  3.
PAR  3. A printing machine as recited in claim 2, wherein said exposure means
      includes:
PA1  a light source arranged to illuminate the original document; and
PA1  lens means, in a light receiving relationship with the light rays
      transmitted from the original document, for forming a light image thereof
      arranged to be projected onto said charged photoconductive surface.
NUM  4.
PAR  4. A printing machine as recited in claim 3, wherein said exposure means
      includes means for filtering the light image transmitted from said lens
      means to form a single color light image.
NUM  5.
PAR  5. A printing machine as recited in claim 4, wherein said screen member
      includes a plurality of substantially equally spaced lines.
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ABST
PAL  A biased roller electrostatographic image transfer system in which
      concentrated and tailored image transfer fields are generated by
      stationary electrically biased conductive electrodes inside the roller
      having blade-like edges extending toward the nip and post-nip areas, in
      which the transfer fields are applied from the blade-like edges through a
      thin-walled rotatable outer tube providing the roller nip.
BSUM
PAR  The present invention relates to a biased roller image transfer system in
      electrostatography in which the transfer fields are tailored by a
      stationary conductive shaped electrode inside the roller.
PAR  In a conventional transfer station in electrostatography, toner (image
      developer material) is transferred from the photoreceptor (the original
      support and imaging surface) to the copy sheet (the final support surface
      or transfer member). The toner is then fixed to the copy sheet, typically
      in a subsequent thermal fusing station.
PAR  In xerography, this transfer is most commonly achieved by electrostatic
      force fields created by D.C. charges applied to or adjacent the back of
      the copy sheet while the front side of the copy sheet contacts the
      toner-bearing photoreceptor surface. The transfer field must be sufficient
      to overcome the forces holding the toner onto the photoreceptor and to
      attract the toner over onto the copy sheet. These transfer fields are
      generally provided in one of two ways: by ion emission from a transfer
      corotron onto the copy paper, as in U.S. Pat. No. 2,807,233; or by a D.C.
      biased transfer roller or belt rolling along the back of the paper, and
      holding it against the photoreceptor.
PAR  The present invention relates to bias roller transfer systems. Some general
      examples are described in U.S. Pat. Nos. 2,807,233; 3,043,684; 3,267,840;
      3,328,193; 3,598,580; 3,625,146; 3,630,591; 3,684,364; 3,691,993;
      3,702,482; 3,781,105; 3,832,055; and 3,847,478.
PAR  U.S. Pat. No. 3,830,589 discloses a fixed transfer block containing spaced
      and variably biased conductive bars integrally molded in a resistive
      material for providing tailored image transfer fields. U.S. Pat. No.
      3,647,292 also discloses multiple conductor transfer members associated
      with a copy transport belt. U.S. Pat. No. 3,832,055 listed above discusses
      transfer rollers containing multiple biased conductors which rotate with
      the roller.
PAR  It is well known to use highly electrically biased stationary conductive
      needles, brushes or blades to deposit charges on surfaces in xerography,
      e.g., U.S. Pat. Nos. 3,146,385 and 3,649,830. However, this art also
      teaches that highly charged points or edges conventionally provide corona
      ion generation, which is not desirable in the present system.
PAR  The difficulties of successful electrostatographic image transfer are well
      known. In the pre-transfer (pre-nip) region or area, before the copy paper
      contacts the image, if the transfer fields are high the toner image is
      susceptible to premature transfer across too great an air gap, leading to
      decreased image resoltuion and, in general, to fuzzy images. Further, if
      there is pre-nip ionization, it may lead to strobing defects, loss of
      transfer efficiency, or "splotchy" transfer and a lower latitude of
      acceptable system operation. In the post-nip region, at the
      photoconductor-paper separation area, if the transfer fields are too low
      (e.g., less than approximately 12 volts per micron for lines and 6 volts
      per micron for solid areas) hollow characters may be generated, especially
      with smooth papers, high toner pile heights and high nip pressures
      (greater than approximately 0.07 kg per square cm). If the fields in
      certain portions of the post-nip region are otherwise improper, the
      resulting ionization may cause image instability and paper detaching. On
      the other hand, in the nip region itself, to achieve high transfer
      efficiency and avoid retransfer, the transfer field should be as great as
      possible (greater than approximately 20 volts per micron). To ahcieve
      these desired different and non-symmetrical fields in these adjacent
      regions consistently and with appropriate transitions is difficult,
      especially where the air gaps are defined by the symmetrical geometry of a
      cylindrical roller.
PAR  The transfer system of the invention is intended to overcome many of these
      problems with a simple transfer roller structure. It may be utilized for
      transfer with an imaging surface of any desired configuration, such as a
      cylinder or a belt. It may also be used for transfer to an intermediate
      surface rather than a final copy surface, and for duplex as well as
      simplex transfer systems.
PAR  The above-cited and other references teach details of various suitable
      exemplary xerographic or other electrostatographic structures, materials,
      systems and functions known to those skilled in the art, and are
      incorporated by reference in this specification, where appropriate.
      Accordingly, the following description is confined to the novel aspects of
      the present invention.
DRWD
PAR  Further objects, features and advantages of the present invention pertain
      to the particular apparatus and details whereby the above-mentioned
      aspects of the invention are attained. Accordingly, the invention will be
      better understood by reference to the following description of one example
      thereof, and to the drawings forming a part of the description, which are
      substantially to scale, wherein:
PAR  FIG. 1 is an axial cross-sectional view of an exemplary biased roller
      transfer system in accordance with the present invention; and
PAR  FIG. 2 is a bottom view of the transfer roller of FIG. 1, with its tubular
      roller member partially broken away to more clearly illustrate its
      internal construction.
DETD
PAR  Referring to FIGS. 1 and 2, there is shown therein the transfer station of
      an exemplary electrostatographic copying system 10 comprising a
      cylindrical transfer roller member 12 providing an example of the present
      invention. The cylindrical outer surface 14 of the transfer member 12
      engages the imaging surface 16 of a conventional photoreceptor 18 to
      define a transfer nip 20. In the transfer nip 20, toner particles 22 are
      transferred from the imaging surface 16 to the facing surface of a copy
      sheet 24 passing through the transfer nip 20. The copy sheet 24 is held
      against the imaging surface 16 by the transfer member 12 and transfer is
      effected by electrical transfer fields generated between the transfer
      member 12 and the imaging surface 16. These transfer fields are generated
      by applying an electrical bias from a bias voltage source 26 to the
      transfer member 12, and by providing a grounded substrate for the
      photoreceptor 18. It will be appreciated that an image-wise pattern of the
      toner 22 is formed on the imaging surface 16 by suitable conventional
      electrostatographic processes prior to its entry into the surface station.
PAR  It may be seen that upstream of the transfer nip 20 there is a pre-transfer
      area 28 in which there is an air gap between the outer surface 14 of the
      transfer member 12 and the imaging surface 16. In the pre-transfer region
      28 there is also an air gap between the copy sheet 24 and the imaging
      surface 16 as it moves into engagement therewith. Correspondingly, there
      is a post-transfer area 30 downstream of the transfer nip 20.
PAR  It may be seen that the transfer member 12 here differs from a conventional
      bias transfer roller in that there are two stationary conductive transfer
      electrodes 32 and 33 inside the transfer roller with relatively thin
      blade-like edges 32a and 33a. The electrodes 32 and 33 are mounted on an
      insulative block 34. The block 34 is stationarily mounted inside a tubular
      member 40, which is the only rotating portion of the transfer member 12.
      The tubular member 40 provides the outer surface 14 of the transfer roller
      12 and the transfer nip.
PAR  Controlled, tailored and localized transfer fields are applied in the
      transfer nip and post-nip regions by means of the two biased electrodes 32
      and 33 from their edges 32a and 33a. The two electrodes are electrically
      insulated from one another by the block 34 and separately connected to the
      bias power supply 26 so that the electrode 33 in the post-nip area 30 has
      a lower applied bias voltage than the electrode 32 in the nip area 20. It
      may be seen that the two electrodes are generally parallel spaced apart,
      as are their edges 32a and 33a. The edges 32a and 33a are preferably
      smooth or rounded against irregularities or sharp surfaces which could
      otherwise cause corona generation sites due to the relatively high bias
      voltages applied to the electrodes. These edges extend axially linearly
      inside the roller 12, uniformly closely approaching the interior surface
      of the tubular member 40 and facing toward the imaging surface 16 in the
      nip and post-nip regions to provide concentrated electrical fields in
      these regions adjacent the blade edges through the wall of tubular member
      40. The entire electrodes 32 and 33 may be formed from single sheet metal
      segments molded or otherwise secured into the insulative block 34.
PAR  By this arrangement, the desired high intensity transfer fields can be
      provided in the nip region 20 as well as in the post-nip region 30 while
      simultaneously preventing undesirable high pre-nip region 28 field
      intensities. Low pre-nip fields are provided without requiring any
      reduction in the bias potential applied to the transfer electrode or any
      increase in its spacing from the image support surface 16, and therefore
      without any sacrifice in transfer efficiency.
PAR  It will be appreciated that an increase in the spacing between the edges
      32a and 33a of the biased electrodes and the opposing grounded substrate
      of the photoreceptor 18 will cause a corresponding reduction in the
      transfer field for the same applied bias voltage 26. This is minimized
      here by maintaining the wall thickness of the tubular roller 40 relatively
      thin, consistent with mechanical strength requirements, and also by
      extending the edges 32a and 33a to closely adjacent or directly against
      the interior surface of the tube 40. If the insulative block 34 and the
      electrodes 32 and 33 are mounted independently of the tubular member 40
      they can be held at a fixed distance from the imaging surface 16,
      irrespective of slight movements of the roller 40 due to differences in
      thickness of different copy sheets 24 passing through the nip 20. However,
      spacing of the blade edges 32a and 33a as closely as possible to the roll
      interior is preferred in order to reduce the possibility or amount of air
      ionization. The blade edges 32a and 33a can be allowed to actually contact
      the slide against the inside of the tube 40. In that case there is no
      difference in the spacing therebetween due to runout tolerances in the
      roll interior. In either case, a grounding brush, A.C. corotron or other
      charge neutralizing device can be provided operating against the interior
      of the tubular member 40 away from the electrodes 32 and 33 to neutralize
      residual charges placed on the interior of the member 40 by either air
      ionization or direct contact from the electrodes. In the event that it is
      desired to have the electrode extremities 32a and 33a in sliding contact
      with the interior of the tube 40, a lubricating material layer can be
      applied to the interior of the tube 40, if desired.
PAR  With the arrangement described herein, the material of the tubular cylinder
      40 does not need to be an electrically relaxable material as taught, for
      example, in the above-cited U.S. Pat. No. 3,781,105. Various conventional
      fully or substantially non-conductive plastic or rubber materials can be
      utilized, and are preferred. A fairly low dielectric constant is
      desirable, but not critical. The wall thickness of the rotating tube 40
      should be both thin and uniform so as to not interfere with the applying
      therethrough of a high and uniform transfer field in the transfer nip 20
      between the transfer electrode 32 and the photoreceptor 18 as the tube 40
      rotates. Preferably the outer surface 14 should be resilient for good nip
      formation and uniform copy sheet retention against the photoreceptor,
      although the roller 40 should be relatively stiff to avoid substantial
      deformation. A multi-layer roller of different material can be used.
PAR  It will be appreciated that the entire roller 12, including all the
      stationary components, can be pivotally mounted so as to be movable as a
      unit away from the photoreceptor 18 when not accomplishing transfer as
      shown in some of the above-cited references. Thus, by stationary or fixed
      it is meant that the electrodes 32 and 33 do not rotate with the roller 12
      and remain in the same relative position with regard to the transfer nip
      20 in the direction of the paper path. The electrodes 32 and 33 are biased
      to different levels from the same bias supply 26. It will be appreciated,
      however, that they could also be separately biased with a different or
      even opposing polarity voltage for somewhat different field tailoring.
PAR  In their disclosed position completely internal the roller the electrodes
      32 and 33 do not create any undesired transfer air gaps between the
      transfer roller outer surface 14 and the copy sheet 24, and do not create
      any air gap between the copy sheet 24 and the imaging surface 16.
      Likewise, they do not prevent the transfer roller from performing its
      conventional and desired function of holding the copy sheet 24 down
      directly against the imaging surface 16 for reliable transfer and paper
      handling. Further, all of the components of the roller 12 to which
      electrical connections are made here are non-rotating for improved
      reliability. The actual mechanical roller portion 40 is not electrically
      biased, rather the transfer field is passed therethrough.
PAR  It will be appreciated that charge neutralizing means such as a ground
      brush or A.C. corona generator may be applied to the rolling tube 40 for
      surface 14 charge neutralization, if desired. Alternatively the roller
      element 40 may be a non-critical somewhat semi-conductive relaxable
      material and the interior thereof grounded (away from the electrodes) to
      remove charges.
PAR  In conclusion, there has been described herein a novel transfer system
      providing tailored transfer fields with a simple structural arrangement.
      Numerous modifications and variations thereof will be obvious to those
      skilled in the art. The following claims are intended to cover all such
      variations and modifications as fall within the true spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrostatographic copying system wherein an image is
      transferable from a first image support surface to a second image support
      surface utilizing an electrically biased rotatable transfer roller forming
      a transfer nip, and adjacent pre and post-nip areas, with said first image
      support surface for passage of said second image support surface through
      said transfer nip against said first image support surface for said image
      transfer, as well as through said pre-nip and post-nip areas, the
      improvement wherein said transfer roller comprises:
PA1  an outer, thin-walled, substantially non-conductive, rotatable, tubular
      member forming said transfer nip,
PA1  at least one conductive transfer electrode non-rotatably mounted inside
      said tubular member,
PA1  said transfer electrode being electrically biased and providing transfer
      fields between said transfer electrode and said first image support
      surface through said tubular member,
PA1  said transfer electrode having a thin elongated blade-like edge extending
      in length axially along inside said tubular member, said blade-like edge
      extending towards said wall of said tubular member and towards said first
      image support surface to provide concentrated transfer fields between said
      blade-like edge and said first image support surface.
NUM  2.
PAR  2. The transfer roller of claim 1, wherein said tubular member has a
      substantially cylindrical interior surface and said blade-like edge
      extends to closely adjacent said interior surface.
NUM  3.
PAR  3. The transfer roller of claim 1, wherein there are at least two of said
      transfer electrodes and said blade-like edges of each are generally
      parallel spaced apart.
NUM  4.
PAR  4. The transfer roller of claim 1, wherein a separate further one of said
      transfer electrodes inside said tubular member has a further blade-like
      edge extending towards said post-nip area.
NUM  5.
PAR  5. The transfer roller of claim 4, wherein said transfer electrodes are
      electrically discrete and differently electrically biased.
NUM  6.
PAR  6. The transfer roller of claim 4, wherein said tubular member has a
      generally cylindrical interior surface, and wherein both said transfer
      electrodes are commonly mounted in a fixed insulative body spaced inside
      said tubular member, and wherein said blade-like edges extend from said
      insulative block to closely adjacent said interior surface of said tubular
      member.
NUM  7.
PAR  7. The transfer roller of claim 6, wherein said transfer electrodes are
      electrically discrete and differently electrically biased.
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ABST
PAL  A biased roller electrostatographic image transfer system in which the
      image transfer fields are generated by a biased conductive member inside
      the roller and tailored by a partially surrounding stationary conductive
      shield which is also inside the roller. The shield extends over the
      pre-nip area to suppress undesired pre-nip transfer fields, but is
      apertured in the nip area to allow a high transfer field to be applied
      therethrough the shield.
BSUM
PAR  The present invention relates to a biased roller image transfer system in
      electrostatography in which the transfer fields are tailored by a
      stationary conductive shield inside the roller.
PAR  In a conventional transfer station in electrostatography, toner (image
      developer material) is transferred from the photoreceptor (the original
      support and imaging surface) to the copy sheet (the final support surface
      or transfer member). The toner is then fixed to the copy sheet, typically
      in a subsequent thermal fusing station.
PAR  In xerography, transfer is most commonly achieved by electrostatic force
      fields created by D.C. charges applied to the back of the copy sheet while
      the front side of the copy sheet contacts the toner-bearing photoreceptor
      surface. The transfer field must be sufficient to overcome the forces
      holding the toner onto the photoreceptor and to attract the toner over
      onto the copy sheet. These transfer fields are generally provided in one
      of two ways: by ion emission from a transfer corotron onto the copy paper,
      as in U.S. Pat. No. 2,807,233; or by a D.C. biased transfer roller or belt
      rolling along the back of the paper and holding it against the
      photoreceptor.
PAR  The present invention relates to bias roller transfer systems. Some general
      examples are described in U.S. Pat. Nos. 2,807,233; 3,043,684; 3,267,840;
      3,328,193; 3,598,580; 3,625,146; 3,630,591; 3,684,364; 3,691,993;
      3,702,482; 3,781,105; 3,832,055; and 3,847,478.
PAR  The use of apertured grounded shields to affect transfer between a master
      drum and a biased drum in a type of electrical printing is disclosed in
      U.S. Pat. No. 3,399,611, issued Sept. 3, 1968, to K. G. Lusher. A grounded
      shield extending between a transfer corona generator and a xerographic
      drum to affect the ion stream and prevent premature transfer is disclosed
      in U.S. Pat. No. 3,850,519, issued Nov. 26, 1974, to D. J. Weikel, Jr.
PAR  The difficulties of successful electrostatographic image transfer are well
      known. In the pre-transfer (pre-nip) region or area, before the copy paper
      contacts the image, if the transfer fields are high the toner image is
      susceptible to premature transfer across too great an air gap, leading to
      decreased image resolution and, in general, to fuzzy images. Further, if
      there is pre-nip ionization, it may lead to strobing defects, loss of
      transfer efficiency, or "splotchy" transfer and a lower latitude of
      acceptable system operation. In the post-nip region, at the
      photoconductor-paper separation area, if the transfer fields are too low
      (e.g., less than approximately 12 volts per micron for lines and 6 volts
      per micron for solid areas) hollow characters may be generated, especially
      with smooth papers, high toner pile heights and high nip pressures
      (greater than approximately 0.07 kg per square cm). If the fields in
      certain portions of the post-nip region are otherwise improper, the
      resulting ionization may cause image instability and paper detaching. On
      the other hand, in the nip region itself, to achieve high transfer
      efficiency and avoid retransfer, the transfer field should be as great as
      possible (greater than approximately 20 volts per micron). To achieve
      these desired different and non-symmetrical fields in these adjacent
      regions consistently and with appropriate transitions is difficult,
      especially where the air gaps are defined by the symmetrical geometry of a
      cylindrical roller.
PAR  The transfer system of the invention is inteded to overcome many of these
      problems with a simple transfer roller structure. It may be utilized for
      transfer with an imaging surface of any desired configuration, such as
      cylinder or a belt. It may also be used for transfer to an intermediate
      surface rather than a final copy surface, and for duplex as well as
      simplex transfer systems.
PAR  The above-cited and other references teach details of various suitable
      exemplary xerographic or other electrostagographic structures, materials,
      systems and functions known to those skilled in the art, and are
      incorporated by reference in this specification, where appropriate.
      Accordingly, the following description is confined to the novel aspects of
      the present invention.
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PAR  Further objects, features and advantages of the present invention pertain
      to the particular apparatus and details whereby the above-mentioned
      aspects of the invention are attained. Accordingly, the invention will be
      better understood by reference to the following description of one example
      thereof, and to the drawings forming a part of the description, which are
      substantially to scale, wherein:
PAR  FIG. 1 is an axial cross-sectional view of an exemplary biased roller
      transfer system in accordance with the present invention; and
PAR  FIG. 2 is a bottom view of the transfer roller of FIG. 1, with its
      components partially broken away in sequence to more clearly illustrate
      its construction.
DETD
PAR  Referring to FIGS. 1 and 2, there is shown therein the transfer station of
      an exemplary electrostatographic copying system 10 comprising a
      cylindrical transfer roller member 12 providing an example of the present
      invention. The cylindrical outer surface 14 of the transfer member 12
      engages the imaging surface 16 of a conventional photoreceptor 18 to
      define a transfer nip 20. In the transfer nip 20, toner particles 22 are
      transferred from the imaging surface 16 to the facing surface of a copy
      sheet 24 passing through the transfer nip 20. The copy sheet 24 is held
      against the imaging surface 16 by the transfer member 12 and transfer is
      affected by electrical transfer fields generated between the transfer
      member 12 and the imaging surface 16. These transfer fields are generated
      by applying an electrical bias from a bias voltage source 26 to the
      transfer member 12, and by providing a grounded substrate for the
      photoreceptor 18. It will be appreciated that an image-wise pattern of the
      toner 22 is formed on the imaging surface 16 by suitable conventional
      electrostatographic processes prior to its entry into the transfer
      station.
PAR  It may be seen that upstream of the transfer nip 20 there is a pre-transfer
      area 28 in which there is an air gap between the outer surface 14 of the
      transfer member 12 and the imaging surface 16. In the pre-transfer region
      28 there is also an air gap between the copy sheet 24 and the imaging
      surface 16 as it moves into engagement therewith. Correspondingly, there
      is a post-transfer area 30 downstream of the transfer nip 20.
PAR  It may be seen that the transfer member 12 here differs from a conventional
      bias transfer roller in that there is a stationary conductive
      electrostatic shield 32 inside the transfer roller shielding the biased
      conductive core 34 of the roller. This shield 32 is coaxial and concentric
      the roller and has an aperture 36 extending in length along the roller. It
      may be seen that this aperture 36 is non-symmetrical relative to the nip
      area 20 in width, providing an opening only in the nip area 20 and the
      post-nip area 30, but not in the pre-nip area 28. Thus, the unapertured
      portion of the shield 32 in the pre-nip area 28 acts to block or shield
      the electrical field in that area in the manner of a Faraday shield. Yet,
      the aperture 36 allows the full transfer field to be applied in the
      transfer nip 20 through the aperture. Prevention of undesirable pre-nip
      field intensities if provided by this arrangement without requiring any
      reduction on the roller electrode bias potential, or increase in its
      spacing, and therefore without a corresponding sacrifice in transfer
      efficiency.
PAR  With the arrangement described herein, the material of the thin-walled,
      hollow tubular cylinder 40 providing the outer surface 14 of the transfer
      roller 12 does not need to be an electrically relaxable material as
      taught, for example, in the above-cited U.S. Pat. No. 3,781,105. A
      conventional fully or substantially non-conductive plastic or rubber
      material can be utilized, and is preferred. The wall thickness of the
      rotating tube 40 should be both thin and uniform so as to not interfere
      with the applying therethrough of a high and uniform transfer field in the
      transfer nip 20 between the conductive core 34 and the photoreceptor 18.
      Preferably the outer surface 14 should be resilient for good nip formation
      and uniform copy sheet retention against the photoreceptor.
PAR  It will be appreciated that both the width and circumferential position of
      the aperture 36 in the shield 32 may be readily adjusted. Thus, if
      desired, the area or portion of the post-nip area 30 in which a transfer
      field is applied may be expanded, or greatly restricted, as desired. For
      example, the transfer field can be narrowly restricted to the transfer nip
      area 20 or a portion thereof only. Likewise, if some extention of the
      transfer field into the beginning of the pre-transfer area 28 is desired,
      this can also be readily provided.
PAR  Considering now in greater detail the exemplary construction of the
      transfer roller 12, the inner or conductive core transfer member 24 is
      here stationary, although as long as it is concentric it could also rotate
      with the roller. However, by being stationary, it can provide an axis for
      the roller 12 and a non-moving electrical contact can be made therewith
      directly from the bias voltage source 26. A thin insulating layer 42 is
      provided here between the conductive core 34 and the closely surrounding
      shield 32. The shield 32 may be a thin sheet metal tube, which is
      electrically grounded. Both the shield and core 24 can be mounted
      stationarily by extending from one or both ends of the roller 12.
PAR  It will be appreciated that the entire roller 12, including the above two
      stationary components, can be pivotally mounted so as to be movable as a
      unit away from the photoreceptor 18 when not accomplishing transfer, as
      shown in some of the above-cited references. Thus, by stationary or fixed,
      it is meant that the core 34 and shield 32 do not rotate with the roller
      12 and remains in the same relative position with regard to the transfer
      nip 20 in the direction of the paper path.
PAR  The shield 32 here is directly grounded. It will be appreciated, however,
      that it could also be biased with a reduced or even opposing bias voltage
      for somewhat different field tailoring.
PAR  It may be seen that the outer surface of the conductive core 34 extends to
      closely adjacent the interior surface of the outer tube or main portion 40
      of the roller 12. Also, the shield 32 and insulating layer 42 are
      preferably quite thin, so as not to cause the transfer field spacing to be
      larger than necessary, since any increase in the spacing between the
      conductive core 34 and the imaging surface 16 causes a reduction in the
      transfer field for the same applied bias voltage. A small space is
      provided here between the stationary shield 32 and the interior surface of
      the outer cylinder 40 to prevent frictional interference. A lubricating
      surface may be provided therebetween.
PAR  It is important to note in the above-described configurations that the
      conductive shield 32 is inside the rotating and paper engaging body 40 of
      the roller 12, and not positioned between the outer surface 14 of the
      roller 12 and the copy sheet 24 or other transfer member. In its disclosed
      position internal the roller, the shield does not create any undesired
      transfer air gap between the transfer roller outer surface 14 and the copy
      sheet 24, and does not create any air gap between the copy sheet 24 and
      the imaging surface 16. Likewise, it does not prevent the transfer roller
      from performing its conventional and desired function of holding the copy
      sheet 24 down directly against the imaging surface 16 for reliable
      transfer and paper handling. Further, with the disclosed configuration all
      of the components of the roller 12 to which electrical connections are
      made can be non-rotating for improved reliability. The actual mechanical
      roller portion 40 is not electrically biased, rather the transfer field is
      passed therethrough. (It will be appreciated, of course, that conventional
      charge neutralizing means may be applied to the roller tube 40 for surface
      charge neutralization, if desired).
PAR  In conclusion, there has been described herein a novel transfer system
      providing tailored transfer fields with a simple structural arrangement.
      Numerous modifications and variations thereof will be obvious to those
      skilled in the art. The following claims are intended to cover all such
      variations and modifications as fall within the true spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrostatographic copying system wherein an image is
      transferrable from a first support surface to a second image support
      surface utilizing an electrically biased rotatable transfer roller forming
      a transfer nip, and adjacent pre and post-nip areas, with said first image
      support surface for passage of said second image support surface through
      said transfer nip against said first image support surface for said image
      transfer, as well as through said pre-nip and post-nip areas, the
      improvement wherein said transfer roller comprises;
PA1  an outer, thin-walled, substantially non-conductive, rotatable tubular
      member forming said transfer nip,
PA1  an electrically biased conductive transfer member inside said tubular
      member providing transfer fields between said conductive transfer member
      and said first image support surface through said tubular member,
PA1  and a non-rotatable conductive shield inside said tubular member positioned
      between said conductive transfer member and said tubular member and
      between said conductive transfer member and said first image support
      surface, to block said transfer fields, said conductive shield being
      apertured at said transfer nip to pass said transfer fields therethrough.
NUM  2.
PAR  2. The transfer roller of claim 1, wherein said conductive shield is
      unapertured in said pre-nip area to block transfer fields in said pre-nip
      area.
NUM  3.
PAR  3. The transfer roller of claim 1, wherein said conductive shield is
      electrically grounded.
NUM  4.
PAR  4. The transfer roller of claim 2, wherein said conductive shield is
      electrically grounded.
NUM  5.
PAR  5. The transfer roller of claim 1, wherein said conductive shield is
      apertured with a single aperture extending in length axially along said
      roller and extending in width non-symmetrically beyond said transfer nip
      further into said post-nip area than said pre-nip area.
NUM  6.
PAR  6. The transfer roller of claim 1, wherein said conductive transfer member
      has a cylindrical outer surface closely spaced from the interior of said
      tubular member.
NUM  7.
PAR  7. The transfer roller of claim 6, wherein said conductive transfer member
      is non-rotatable.
NUM  8.
PAR  8. The transfer roller of claim 1, wherein said conductive shield is a
      thin-walled cylindrical metal tube.
NUM  9.
PAR  9. The transfer roller of claim 6, wherein said conductive shield is a
      thin-walled cylindrical metal tube.
NUM  10.
PAR  10. The transfer roller of claim 1, wherein said conductive shield, said
      conductive transfer member, and said tubular member are cylindrical and
      concentric.
NUM  11.
PAR  11. The transfer roller of claim 5, wherein said conductive shield, said
      conductive transfer member, and said tubular member are cylindrical and
      concentric.
NUM  12.
PAR  12. The transfer roller of claim 1, wherein said conductive shield is a
      thin-walled cylindrical metal tube extending along said roller over said
      transfer member, said conductive shield having an aperture extending in
      length axially along said roller and extending in width non-symmetrically
      beyond said transfer nip further into said post-nip area than said pre-nip
      area, and wherein said conductive shield is electrically grounded.
NUM  13.
PAR  13. The transfer roller of claim 12, wherein said conductive transfer
      member has a cylindrical outer surface closely spaced from the interior of
      said tubular member.
NUM  14.
PAR  14. The transfer roller of claim 13, wherein said conductive transfer
      member is non-rotatable.
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ABST
PAL  A device in which a developability regulating apparatus employed in a
      multi-color electrophotographic printing machine is maintained
      substantially free from contaminating particles. This is achieved in the
      present invention by directing a substantially laminar fluid flow over the
      light source and photosensor used in the developability apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a multicolor electrophotographic
      printing machine, and more particularly concerns a device utilized in a
      developability regulating apparatus used in the printing machine for
      maintaining a light source and photosensor employed therein substantially
      free of contaminating deposits.
PAR  Toner particle concentration in the developer mix directly effects the
      developability of the multi-color electrophotographic printing machine.
      The concentration of toner particles within the developer mix, i.e., the
      percentage of toner particles relative to carrier granules relates
      directly to the characteristics of the developed image. For example, the
      density and contract of the image will be effected by the toner particle
      concentration.
PAR  Numerous systems have been developed which add toner particles to the
      developer mix. However, most of these systems operate in an open loop
      fashion, i.e., there is no feedback between the concentration in the mix
      and the amount of toner particles to be added thereto. Other systems which
      operate in a closed loop manner are directed primarily to black and white
      printing machines rather than multi-color printing machines. A typical
      system used in a black and white printing machine is disclosed in U.S.
      Pat. No. 3,399,652 issued to Gawron in 1968. This patent discloses a
      rotating disc disposed in the developer mix. The disc is electrically
      biased to attract toner particles from the mix. A light beam is reflected
      from the surface of the disc onto a photoelectric unit. The intensity of
      the light rays stricking the photoelectric unit is an indication of the
      toner particle concentration within the developer mix. However, the
      foregoing system does not have the disc mounted on the photoconductive
      member, nor is any apparatus associated therewith for maintaining the
      light source and photoelectric sensor substantially free of toner particle
      contamination. Hence, it does not undergo the normal processing steps of
      the photoconductive member and is subjected to toner particle
      contamination which may introduce erroneous signals.
PAR  One system adapted for use in a multi-color electrophotographic printing
      machine is described in U.S. Pat. No. 3,754,821 issued to Whited in 1973.
      As disclosed therein, the developability regulating apparatus includes a
      transparent electrode mounted on the photoconductive member and adapted to
      attract electrostatically toner particles thereto. A light source develops
      a beam of light rays which are transmitted from the interior of the
      photoconductive drum through the transparent electrode onto the
      photosensor. The photosensor develops an electrical signal indicative of
      the density of toner particles adhering to the transparent electrode. In
      the foregoing system, light rays pass through the transparent electrode
      rather than being reflected therefrom.
PAR  In all of the foregoing systems particle contamination introduces added
      problems thereto. Frequently, particle contamination will produce
      erroneous signals in the system. For example, when particles are
      accumulated on the light source, the intensity of the light rays therefrom
      is diminished and the photosensor will react substantially in the same
      manner as though toner particles have been deposited on the electrode,
      i.e., the intensity of the electrical signal will decrease in accordance
      with the amount of toner particles deposited on the light source.
      Similarly, if contaminating particles are deposited on the photosensor,
      the intensity of the signal therefrom will be reduced in proportion to the
      amount of toner particles deposited thereon. It is, therefore, evident
      that the accumulation of contaminating particles on both the light source
      and photosensor of a developability regulating apparatus utilized in an
      electrophotographic printing machine must be controlled.
PAR  Accumulation of particles in a multi-color electrophotographic printing
      machine is more significant than in a conventional black and white
      printing machine. A multi-color electrophotographic printing machine
      utilizes a plurality of toner particles to be capable of reproducing all
      of the various colors in an original document. This may produce
      significantly more particle contamination in the printing machine. Thus,
      the potentiality for contaminating the various components of the
      developability regulating apparatus is substantially increased.
PAR  Accordingly, it is a primary object of the present invention to improve the
      developability regulating apparatus utilized in a multi-color
      electrophotographic printing machine by preventing the accumulation of
      particle contamination thereon.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, and in accordance with the present invention, there is
      provided a device for maintaining an article substantially free from
      deposits of contaminating particles.
PAR  In the particular device illustrated, a closure member is arranged to
      support the article therein. The closure member has inlet and outlet
      apertures therein with the article positioned in the region of the inlet
      aperture thereof. Pursuant to the present invention, means are provided
      for creating a fluid flow in the closure member. The fluid flow is
      directed from the inlet aperture to the outlet aperture of the closure
      member. Further in accordance with the present invention, means are
      provided for maintaining a substantially laminar fluid flow in the closure
      member. Thus, in the present invention the laminar fluid flow prevents the
      accumulation of contaminating particles on the article.
DRWD
PAC  BRIEF DESCRIPTIONS OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. 1 is a schematic perspective view depicting a multi-color
      electrophotographic printing machine employing the present invention
      therein;
PAR  FIG. 2 is a plan view illustrating the developability regulating apparatus
      utilized in the FIG. 1 printing machine;
PAR  FIG. 3 is a perspective view depicting the features of the present
      invention therein.
PAR  While the present invention will be described in connection with a
      preferred embodiment thereof, it will be understood that it is not
      intended to limit the invention to that embodiment. On the contrary, it is
      intended to cover all alternatives, modifications and equivalents as may
      be included within the spirit and scope of the invention as defined by the
      appended claims.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a general understanding of the disclosed multi-color
      electrophotographic printing machine in which the present invention may be
      employed, continued reference is had to the drawings. In the drawings,
      like reference numerals have been used throughout to designate like
      elements. FIG. 1 schematically illustrates the various components of the
      multi-color printing machine. Although the apparatus of the present
      invention is particularly well adapted for use in a multi-color
      electrophotographic printing machine, it should become evident from the
      following description that it is equally well suited for use in a wide
      variety of machines and is not necessarily limited in its use to the
      particular embodiment shown herein.
PAR  As shown in FIG. 1, the multi-color electrophotographic printing machine
      utilizes an image bearing member having a drum 10 mounted rotatably within
      the printing machine frame (not shown) and a photoconductive surface 12
      secured to the exterior circumferential surface of drum 10 and entrained
      thereabout. Drum 10 is driven rotatably by a drive motor (not shown), in
      the direction of arrow 14, at a substantially constant angular velocity.
      As drum 10 rotates, photoconductive surface 12 passes sequentially through
      a series of processing stations. The drive motor rotates drum 10 at a
      pre-determined speed relative to the other operating mechanisms of the
      printing machine. A timing disc mounted in the region of one end of the
      shaft of drum 10 cooperates with the machine logic to synchronize the
      various operations with the rotation of drum 10. In this way, the proper
      sequence of events is produced at the respective processing stations. One
      type of suitable photoconductive material is disclosed in U.S. Pat. No.
      3,655,377 issued to Sechak in 1972.
PAR  Drum 10 initially rotates photoconductive surface 12 through charging
      station A. A corona generating device, indicated generally at 16, is
      disposed at charging station A. Preferably, corona generating device 16
      extends longitudinally in a transverse direction across photoconductive
      surface 12. This readily enables corona generating device 16 to generate a
      spray of ions for charging photoconductive surface 12 to a substantially
      uniform potential. U.S. Pat. No. 2,778,946 issued to Mayo in 1957
      discloses a suitable corona generating device of the type described
      heretofore.
PAR  Thereafter, drum 10 rotates charged photoconductive surface 12 to exposure
      station B. At exposure station B, a color filtered light image of original
      document 18 is projected onto charged photoconductive surface 12. Exposure
      station B includes thereat a moving lens system, generally designated by
      the reference numeral 20, and a color filter mechanism shown generally at
      22. As shown in FIG. 1, an original document 18, such as a sheet of paper,
      book or the like, is disposed face down on transparent viewing platen 24.
      A light source, indicated generally by the reference numeral 26, is moved
      in conjunction with lens system 20 and filter mechanism 22 in a timed
      relationship with drum 10 to scan successive longitudinally extending
      incremental areas of original document 18 disposed upon platen 24. In this
      manner, a flowing light image of original document 18 is projected onto
      photoconductive surface 12. During exposure, filter mechanism 22
      interposes selected color filters into the optical light path of lens 20.
      Filter 22 operates on the light rays passing through lens 20 to record an
      electrostatic latent image on photoconductive surface 12 corresponding to
      a pre-selected spectral region of the electromagnetic wave spectrum,
      hereinafter referred to as a single color electrostatic latent image. A
      suitable moving lens system is disclosed in U.S. Pat. No. 3,062,108 issued
      to May in 1962.
PAR  Drum 10 next rotates the single color electrostatic latent image recorded
      on photoconductive surface 12 to development station C. Development
      station C includes three individual developer units, indicated generally
      by the reference numerals 28, 30, and 32, respectively. The developer
      units are all of the type generally referred to in the art as "magnetic
      brush developer units". Generally, a magnetic brush developer unit
      includes a magnetizable developer mix having carrier granules and toner
      particles therein. The toner particles are usually heat settable. The
      developer mix is continually brought through a directional flux field to
      form a brush thereof. The developer mix is continually moving to provide
      the brush with consistently fresh material. Development is achieved by
      bringing the brush and developer mix into contact with the electrostatic
      latent image recorded on photoconductive surface 12. Each of the developer
      units 28, 30, and 32, respectively, include toner particles corresponding
      to the complement of the specific color separated electrostatic latent
      image recorded on photoconductive surface 12. The respective toner
      particles are selected to absorb light within a pre-selected spectral
      region of the electromagnetic wave spectrum corresponding to the
      complement of the wave length of light transmitted through filter 20. For
      example, a green filtered latent image is rendered visible by depositing
      green absorbing magenta toner particles thereon. Blue and red filtered
      latent images are developed with yellow and cyan toner particles,
      respectively.
PAR  A developability regulating apparatus, indicated generally at 34, functions
      to supply additional toner particles to the system. Regulating apparatus
      34 includes electrode means 36 mounted on photoconductive surface 12 of
      drum 10. A light source 38 is mounted in closure member 40 which has inlet
      and outlet apertures therein to permit fluid flow to pass therethrough.
      Fluid flow creating means, or blower 42, is in operative communication
      with inlet aperture 44 of closure member 40. In this manner, blower 42
      produces a fluid flow passing over light source 38 and out through outlet
      aperture 46 of closure member 40. Preferably, the fluid passing over light
      source 38 is air. However, it may be any other similar type of fluid or
      gaseous medium. Laminar flow maintaining means 48 is operatively
      associated with closure member 40 to maintain the fluid flow in a laminar
      condition. This insures that excessive back pressure will not develop due
      to turbulence in the fluid flow which will eventually suck toner particles
      into closure member 40 and into light source 38. The flow of fluid or air
      over light source 38 prevents the accumulation of contaminants thereon to
      maintain the intensity of the illumination therefrom substantially
      constant. During development, toner particles are deposited on electrode
      36 and the intensity of the light rays reflected therefrom is indicative
      of the density thereof. Photosensor 50 is adapted to receive the light
      rays reflected from elecrode 36. In response to the light rays received
      thereon, photosensor 50 produces an electrical output signal corresponding
      to the density of toner particles adhering to electrode 36. Suitable logic
      circuitry compares the electrical output signal from photosensor 50 with a
      pre-determined reference signal. A logic control signal corresponding to
      the deviation therebetween is generated for actuating the appropriate
      toner particle storage container to dispense toner particles into the
      corresponding developer unit. Photosensor 50 is mounted in closure member
      52. Closure member 52 includes outlet and inlet apertures 54 and 56,
      respectively. Inlet aperture 56 is connected to a suitable blower 58
      adapted to produce fluid flow over photosensor 50. Laminar flow
      maintaining means 60 is connected to closure member 52 in the region of
      output aperture 54 thereof. In this manner, a laminar flow of fluid passes
      over photosensor 50 preventing the deposition of contaminating particles
      thereon. The fluid flow is maintained laminar and turbulence is minimized
      so that the back pressure will not suck toner particles into closure
      member 52 and into photosensor 50. The detailed structural configuration
      of regulating apparatus 34 will be described hereinafter in greater detail
      with reference to FIGS. 2 and 3.
PAR  Continuing now with the description of the electrophotographic printing
      machine processes, after development, drum 10 rotates to transfer station
      D. At transfer station D, the toner powder image adhering
      electrostatically to photoconductive surface 12 is transferred to a sheet
      of support material 62. Support material 62 may be, amongst others, plain
      paper or a sheet of thermoplastic material. A transfer roll, shown
      generally at 64, recirculates support material 62 in the direction of
      arrow 66. Transfer roll 64 is biased electrically to a potential of
      sufficient magnitude and polarity to attract electrostatically toner
      particles from the latent image recorded on photoconductive surface 12 to
      support material 62. A suitable electrically biased transfer roll is
      described in U.S. Pat. No. 3,612,677 issued to Langdon et al. in 1971.
      Transfer roll 64 rotates in the direction of arrow 66 in synchronism with
      drum 10 (in this case at the same angular velocity therewith). Inasmuch as
      support material 62 is secured releasable thereon for movement in a
      recirculating path therewith, successive toner powder images may be
      transferred thereto in superimposed registration with one another.
      Preferably, transfer roll 64 includes a suitable recess therein for
      preventing electrode 36 from engaging transfer roll 64. Thus, toner
      particles deposited on electrode 36 remain undisturbed by the transfer
      process and represent an indication of the toner particle concentration
      within the developer mix.
PAR  After the toner powder images have been transferred to support material 62,
      support material 62 is separated from the surface of transfer roll 64 and
      advanced to a fusing station (not shown). At the fusing station, the toner
      powder image is permanently affixed to support material 62. One type of
      suitable fuser is described in U.S. Pat. No. 3,498,592 issued to Moser at
      al. in 1970. Support material 62, with the toner powder image affixed
      thereto, is, thereupon, advanced by conveyors (not shown) to a catch tray
      (not shown). The catch tray is arranged to permit the machine operator to
      remove the completed copy from the printing machine.
PAR  The last processing station in the direction of rotation of drum 10, as
      indicated by arrow 14, is cleaning station E. As heretofore indicated, a
      preponderance of the toner particles are transferred to support material
      62, however, some residual toner particles remain on photoconductive
      surface 12. Cleaning station E removes these residual toner particles from
      photoconductive surface 12. The residual toner particles are initially
      brought under the influence of a cleaning corona generating device (not
      shown) adapted to neutralize the remaining electrostatic charge on the
      residual toner particles and photoconductive surface 12. Thereafter, the
      neutralized toner particles are cleaned from photoconductive surface 12 by
      a rotating fibrous brush 68. Brush 68 is positioned in contact with
      photoconductive surface 12. One type of suitable brush cleaning device is
      described in U.S. Pat. No. 3,590,412 issued to Gerbasi in 1971.
PAR  It is believed that the foregoing description is sufficient to illustrate
      the general operation of the present invention in a multi-color
      electrophotographic printing machine. Referring now to the specific
      subject matter of the present invention, FIG. 2 illustrates the detailed
      structural configuration of developability regulating apparatus 34.
      Regulating apparatus 34 includes electrode 36, light source 38,
      photosensor 50, closure members 40 and 52, and blowers 42 and 58. In
      addition, suitable logic circuitry is associated thereith for processing
      the electrical output signals from photosensor 50. Each of the developer
      units 28, 30 and 32, respectively, have corresponding toner particle
      storage containers (not shown) associated therewith. Each of the toner
      particle storage containers house a supply of selected toner particles
      having discrete colors to form a reservoir thereof for the appropriate
      developer unit. By way of example, the toner particle storage container
      for developer unit 28 contains cyan toner particles, that of developer
      unit 30 magenta toner particles, and that of developer unit 32 yellow
      toner particles. Each of the toner particle storage containers include
      perforations therein adapted to meter therefrom a specified quantity of
      the selected toner particles to the corresponding developer unit. A
      suitable oscillator motor vibrates the appropriate toner particle storage
      container to dispense toner particles therefrom. The toner particles pass
      through the perforations in the container to the appropriate developer
      unit. Regulating apparatus 34 actuates the oscillator motor to control the
      dispensing of toner particles from each of the toner particle storage
      containers to the respective developer unit.
PAR  As shown in FIG. 2, light source 38 produces a beam of light rays which are
      reflected from electrode 36 to photosensor 42. Electrode 36 is located in
      a non-image region of photoconductive surface 12. As electrode 36 passes
      through the development zone, it is electrically biased to an electrical
      potential simulating the electrostatic latent image recorded on
      photoconductive surface 12. Preferably, electrode 36 is biased to about
      200 volts above the developer bias, the normal developer bias being about
      500 volts. However, electrode 36 may be biased from about 100 volts to
      about 600 volts above the developer bias. The density of the image
      developed on electrode 36 is sensed by photosensor 42. The output signal
      from photosensor 50 is processed by suitable logic elements. Thereupon,
      depending upon the density of toner particles deposited on electrode 36,
      additional toner particles may or may not be supplied to the respective
      developer unit. Photosensor 50 is mounted in closure member 52 which is
      spaced from photoconductive surface 12 of drum 10. Closure member 52 is
      positioned such that the light rays reflected from elecrode 36 are
      detected by photosensor 50.
PAR  In order to apply the appropriate voltage corresponding to the
      electrostatic latent image recorded on photoconductive surface 12,
      electrode 36 is biased to a suitable voltage level. This is achieved,
      preferably, by mounting a suitable commutator assembly (not shown) in a
      region of the end bell of drum 10. A suitable slip ring assembly may be
      used in lieu of the commutator assembly. Timing for the application of the
      bias voltage to electrode 36 may be controlled by electronic switching or
      by the use of a split commutator ring i.e., electrode 36 being biased over
      one portion of the commutator and not over the remaining portion thereof.
      The bias voltage is removed from electrode 36 during the cleaning process.
      It will be readily apparent to one skilled in the art that instead of
      applying a bias voltage to electrode 36, a suitable bias may be applied
      thereto by electrical charging.
PAR  By way of example, light source 38 is, preferably, a derated tungsten lamp
      with a regulated voltage, e.g., a 7 volt tungsten filament lamp operating
      from a 5 volt source. Photosensor 50 is a commercially available silicone
      phototransistor such as is produced by the General Electric Co., Model No.
      L14B. Photosensor 50 is maintained in the region of the inlet portion of
      closure member 50 so that the fluid flow thereover, which is laminar,
      prevents the accumulation of dirt particles thereon. Blowers 42 and 58 are
      substantially identical and create a flow of air over light source 38 and
      photosensor 50, respectively. Blowers 42 and 58 are centrifugal blowers
      having a 2-pole permanent magnet split capacitor motor, and operate at
      about 117 volts, 60 hertz with about a 53 CFM capacity at a sea level
      static pressure of about 0 inches of water. Preferably, the blowers
      operate at about 10 CFM and maintain the system substantially free of
      particle contamination.
PAR  Electrode 36 may include a glass plug having one surface thereof coated
      with a silvered coating adapted to reflect the light rays impacting
      thereon therefrom. A transparent electrically conductive surface is
      suitably secured to the other surface of the glass plug. The reflective
      surface thereof is arranged to reflect the light rays transmitted thereto
      through the transparent electrically conductive surface so that the light
      rays impinge on photosensor 50. Preferably, the electrically conductive
      surface is made from a transparent tin oxide coating. A transparent
      electrically conductive surface of this type is made by Pittsburgh Plate
      Glass under the trademark NESA, or is made by Corning Glass Company under
      the trademark Electro Conductive. As hereinbefore indicated, electrode 36
      is suitable mounted on drum 10 and is adapted to be electrically biased to
      the appropriate voltage level to attract toner particles thereto.
PAR  While the present invention has been described in connection with electrode
      36 being a glass plug with one surface coated with a reflective material
      and the other surface coated with a tin oxide layer, one skilled in the
      art will appreciate that the invention is not necessarily so limited. For
      example, electrode 36 may be a polished stainless steel disc. Preferably,
      the reflective disc is 09-1401 stainless steel having the reflective
      surface polished to substantially about five rings flatness.
PAR  Turning now to FIG. 3, there is shown the detailed structural configuration
      for maintaining the air flow passing over light source or lamp 38
      substantially laminar. While FIG. 3 only depicts the arrangement for lamp
      38, it is evident that the arrangement utilized for photosensor 50 is
      substantially identical thereto. As shown in FIG. 3, air flows in the
      direction of arrow 70. Closure member 40 is a tubular shell having an
      inlet aperture 44 and outlet aperture 46 therein. Laminar flow maintaining
      means 48 is a tubular shell 72 having end portion 74 thereof integral with
      outlet aperture 46 (as shown by the dotted line in FIG. 3) of closure
      member 40. The other end portion 76 of tubular shell 72 is flared in an
      outwardly direction. The design of closure member 52 and tubular shell 72
      is such that movement of the fluid therein is laminar. By this it is meant
      that the velocity near the wall of the tubular shell is approximately 0
      and reaches its maximum in the center. Hence, the velocity distribution of
      the fluid flow is parabolic, the maximum velocity being twice the average
      velocity. In this way, each layer or laminar of fluid retains its
      identity. The local disturbances of the surface are insignificant compared
      to the energy required to overcome the shearing stress within the fluid
      body. The laminar flow condition is satisfied if the Reynolds Number
      remains quite small, i.e., less than 2,000. Hence, flared portion 76 of
      tublar shell 72 must be designed so that laminar flow rather than
      turbulent flow is achieved. This is accomplished by maintaining the
      appropriate rate of volume flow, shell diameter, length of shell, and
      extent of flare. It will be readily apparent to one skilled in the art
      that the flow rate, shell diameter and flare diameters dictate the
      characteristics of the flow and are designed to maintain the Reynolds
      Number below 2,000 so that turbulence is minimized and laminar flow is
      maintained. If turbulence occurs, to the back pressure may attract
      particles to light source 38 and photosensor 52 rather than removing them
      therefrom.
PAR  In recapitulation, it is apparent that the present invention simulates the
      electrostatic latent image recorded on the photoconductive surface. The
      simulated image attracts toner particles thereto which have the density
      thereof detected by directing light rays thereon, the intensity thereof
      being sensed by the photosensor. Erroneous signals are prevented by the
      utilization of an air flow system adapted to prevent the accumulation of
      contaminating deposits thereon. The air flow is maintained laminar to
      prevent the development of a back pressure which attracts toner particles
      to the light source as well as the photosensor. Hence, the regulating
      apparatus of the present invention senses the concentration of toner
      particles within the development system without the introduction of
      erroneous results due to the accumulation of particle contamination on the
      light source or photosensor.
PAR  It is, therefore, apparent that there has been provided in accordance with
      this invention, a system that fully satisfies the objects, aims and
      advantages set forth above. While this invention has been described in
      conjunction with specific embodiments thereof, it is evident that many
      alternatives, modifications, and variations will be apparent to those
      skilled in the art. Accordingly, it is intended to embrace all such
      alternatives, modifications and variations as fall within the spirit and
      broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multicolor electrophotographic printing machine of the type having a
      photoconductive drum for recording successive single color electrostatic
      latent images which are rendered viewable by a development apparatus
      adapted to deposit toner particles complementary in color thereon, and a
      developability regulating apparatus comprising a light source arranged to
      illuminate an electrode mounted on the photoconductive drum and
      electrically biased to a voltage level sufficient to attract toner
      particles thereto during the development of the latent image and a
      photosensor for detecting the intensity of the light rays reflected from
      the electrode to indicate the density of the toner particles deposited
      thereon, wherein the improvement includes:
PA1  a first tubular shell arranged to support the light source therein, said
      first tubular shell having inlet and outlet apertures therein with the
      light source positioned in the region of the inlet aperture to produce
      light rays directed outwardly from the light source through the outlet
      aperture of said first tubular shell to the electrode;
PA1  first means, in communication with said first tubular shells, for creating
      a fluid flow in said first tubular shell, directed from the inlet aperture
      to the outlet aperture thereof;
PA1  a second tubular shell having one end portion thereof integral with said
      first tubular shell in the region of the outlet aperture and the other end
      portion thereof flared in an outwardly direction to maintain substantially
      laminar fluid flow in said first tubular shell to prevent the accumulation
      of contaminating deposits on the light source;
PA1  a housing arranged to support the photosensor therein, said housing having
      inlet and outlet apertures therein with the photosensor positioned in the
      region of the inlet aperture thereof to detect the intensity of light rays
      transmitted inwardly to the photosensor from the electrode;
PA1  means in communication with said housing for creating a fluid flow in said
      housing directed from the inlet aperture to the outlet aperture thereof
      and
PA1  means, associated with said housing for maintaining the fluid flow in said
      housing substantially laminar to prevent the accumulation of contaminating
      deposits on the photosensor.
NUM  2.
PAR  2. A multicolor electrophotographic printing machine of the type having a
      photoconductive drum for recording successive single color elecrostatic
      latent images which are rendered viewable by a development apparatus
      adapted to deposit toner particles complementary in color thereon, and a
      developability regulating apparatus comprising a light source arranged to
      illuminate an electrode mounted on the photoconductive drum and
      electrically biased to a voltage level sufficient to attract toner
      particles thereto during the development of the latent image and a
      photosensor for detecting the intensity of the light rays reflected from
      the electrode to indicate the density of the toner particles deposited
      thereon, wherein the improvement includes;
PA1  a housing arranged to support the light source therein, said housing having
      inlet and outlet apertures therein with the light source positioned in the
      region of the inlet aperture to produce light rays directed outwardly from
      the light source through the outlet aperture of said housing to the
      elecrode;
PA1  means, in communication with said housing for creating a fluid flow in said
      housing directed from the inlet aperture to the outlet aperture thereof;
PA1  means, associated with said housing for maintaining the fluid flow in said
      housing substantially laminar to prevent the accumulation of contaminating
      deposits on the light source;
PA1  a first tubular shell arranged to support the photosensor therein, said
      first tubular shell having inlet and outlet apertures therein with the
      photosensor positioned in the region of the inlet aperture thereof to
      detect the intensity of light rays transmitted inwardly to the photosensor
      from the electrode;
PA1  means, in communication with said tubular shell, for creating a fluid flow
      in said first tubular shell directed from the inlet aperture to the outlet
      aperture thereof; and
PA1  a second tubular shell having one end portion thereof integral with said
      first tubular shell in the region of the outlet aperture thereof and the
      other end portion thereof flared in an outwardly direction to maintain
      substantially laminar fluid flow to prevent the accumulation of
      accumulation of particles on the photosensor.
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PAL  An electrostatic copying machine comprises a photosensitive screen having a
      number of fine openings therein, means for forming on the screen a primary
      electrostatic latent image corresponsing to an original image, an
      electrostatic attracting device for electrostatically attracting a
      recording material and moving said recording material in facing
      relationship with the surface of the screen on which the latent image is
      formed, a device for supplying the recording material to the electrostatic
      attracting device, and means for forming a secondary electrostatic latent
      image on the recording material conveyed by the attracting device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an electrostatic copying machine which uses a
      photosensitive screen having a number of fine openings therein.
PAR  2. Description of the Prior Art
PAR  As the typical conventional electrophotography, a direct process such as
      for example electrofax and an indirect process such as xerography are
      presented. In the former direct process, use is made of a specifically
      treated recording material coated with a photoconductive material such as
      zinc oxide. Consequently, there is a drawback in the image contrast as the
      image formed on the recording material lacks brightness. Moreover, due to
      the specific treatment, the recording material is heavier than the
      conventional paper and has a different feed from the usual paper.
      According to the latter indirect process, a high contrast and high quality
      image is obtained since it uses plain paper as the recording material to
      form an image. However, in this indirect process, when a toner image is
      transferred to the recording material, the recording material contacts
      with the surface of the photosensitive member and further, cleaning means
      strongly contacts with the surface of the photosensitive member when the
      remaining toner is removed, so that the photosensitive member undergoes a
      deteriorating each time the transfer and the cleaning is effected.
      Therefore, the durability of an expensive photosensitive member is reduced
      and this results in a high cost for the image formation.
PAR  The improvements for eliminating the above-described drawbacks of the
      conventional process were disclosed in, for example, U.S. Pat. Nos.
      3,220,324; 3,680,954 and 3,645,614. In these patents, a photosensitive
      member of the screen type or the grid type is used which has a number of
      fine mesh-like openings. The electrostatic latent image is formed on a
      recording material by modifying ion flow through the screen or grid, and
      thereafter the recording material with the latent image formed thereon is
      visualized. There is no necessity of developing and cleaning the screen or
      grid which corresponds to the photosensitive member, so that the
      durability of the screen or grid is increased.
PAR  In U.S. Pat. No. 3,220,324, a conductive screen coated with a
      photoconductive material is used and corona ions from a corona discharger
      and an image exposure applied simultaneously to a recording material
      through said screen. The corona ion flow is modified by the screen and an
      electrostatic latent image is formed on the recording member.
PAR  According to U.S. Pat. No. 3,680,954, a conductive grid coated with a
      photoconductive material and a conductive controlling grid are used, an
      electrostatic latent image is formed on the grid in the image form, and
      different electric fields are formed on the grid and the controlling grid
      so as to modify the corona ion flow to form an image on a recording
      member.
PAR  In U.S. Pat. No. 3,645,614, the screen comprises an insulating material
      overlaid with a conductive material and the insulating material comprises
      a photoconductive material. An electric field preventing the passage of
      ion flow is formed at the openings for passing the ion flow due to the
      electrostatic latent image formed on the screen.
PAR  In an image forming apparatus using the above-described screen having a
      number of fine openings therein, a sheet-like recording material such as
      insulating paper or the like on which an image is to be formed by
      modulated ions must be positioned closely adjacent the primary
      electrostatic latent image on the screen in order to provide a good copy
      image. For this purpose, a device has heretofore been considered which
      moves a flat or a drum-shaped screen relative to a recording material
      being conveyed by a stationary conveyor means so that the primary
      electrostatic latent image on the screen may be positioned closely
      adjacent the recording material. However, movement of the screen has
      raised difficulties in obtaining a mechanical accuracy of the device and
      also led to a larger size of the device.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an electrostatic copying machine in which
      the ion flow as described above is modulated to form a copy image.
PAR  It is a primary object of the present invention to enable copy paper to be
      fed to a photosensitive screen with ease and reliability and accuracy.
PAR  It is another object of the present invention to form a good electrostatic
      latent image on copy paper through the above-described reliable and
      accurate feed of copy paper.
PAR  It is still another object of the present invention to produce clear copies
      without misregistration of resolved colors when the invention is applied
      to color copying.
PAR  It is yet another object of the present invention to make the entire
      construction of the copying apparatus simpler and more compact.
PAR  Other objects and advantages of the present invention will appear in the
      following detailed description of some embodiments. The above and other
      objects will be achieved by these embodiments of the apparatus which will
      generally be described below.
PAR  The apparatus of the present invention is an electrostatic copying
      apparatus which comprises a photosensitive screen having a number of fine
      openings therein, primary electrostatic latent image forming means for
      effecting voltage application and image light application on the screen,
      an electrostatic attracting device for electrostatically attracting a
      sheet-like recording material and moving the same in facing relationship
      with the surface of the screen bearing the latent image, a device for
      supplying the recording material to the electrostatic attracting device,
      and means for forming a secondary electrostatic latent image on the
      recording material conveyed by the electrostatic attracting device.
      Particularly, when applied to the color copying, the apparatus may further
      comprise a device provided in the primary electrostatic latent image
      forming means for projecting an original image upon the screen through
      color resolving filters, and a device for developing the secondary
      electrostatic latent image on the recording material conveyed by the
      electrostatic attracting device, by the use of color developers
      corresponding to the colors of the color resolving filters used in the
      projection device, whereby the above-described process means and devices
      are repetitively operated for each color of the original image to apply
      each color onto the same recording member, thereby producing a colored
      copy.
PAR  In the present invention, the term "primary electrostatic latent image"
      means an electrostatic latent image formed on the screen through a
      predetermined process in accordance with the image of an original to be
      copied, and the term "secondary electrostatic latent image" means an
      electrostatic latent image formed on an electrically chargeable recording
      material, by modulating the ion flow by means of the above-described
      primary electrostatic latent image. The recording material may be any of a
      group of material such as insulating paper (paper having a surface treated
      for insulation), an insulating sheet of polyethylene terephthalate or the
      like treated for electrical conduction or having an electrically
      conductive member joined thereto, or a sheet of metal treated for
      insulation or having an insulating member joined thereto. Although any of
      these various recording materials is usable with the present invention,
      the following embodiments will be described with respect only to the cases
      where insulating paper is used. Such insulating paper will hereinafter be
      referred to as "copy paper.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 to 3 illustrate the manner in which an electrostatic latent image
      is formed on a photosensitive screen.
PAR  FIGS. 4 and 5 are schematic illustrations of an electrostatic copying
      machine having the screen as shown in FIG. 1.
PAR  FIGS. 6 and 7 illustrate a form of the electrostatic attracting member.
PAR  FIG. 8 illustrates the process of forming a secondary electrostatic latent
      image by using the electrostatic attracting member as shown in FIG. 6.
PAR  FIGS. 9 and 10 are schematic illustrations of the electrostatic copying
      machine according to another embodiment of the present invention.
PAR  FIGS. 11 and 12 illustrate the arrangement for positioning the
      electrostatic attracting member with respect to the screen surface.
PAR  FIGS. 13 to 17 illustrate the manner in which an electrostatic latent image
      is formed on a photosensitive screen suitable for retention copying.
PAR  FIGS. 18 and 19 are schematic illustrations of an electrostatic copying
      machine using the screen as shown in FIG. 13.
PAR  FIGS. 20 to 22 schematically illustrate the construction of an
      electrostatic copying apparatus for producing colored copies.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Although the method of the formation of electrostatic latent images
      utilizing the above-described screen is disclosed in each of the aforesaid
      U.S. Patents, the process steps involved in such method will generally be
      described herein with reference to FIGS. 1 to 3.
PAR  The surface of a photosensitive screen 1, basically comprising a
      photoconductive layer 2 and a conductive back-up member 3, is uniformly
      charged by a corona discharger 4 (FIG. 1). Subsequently, an original image
      A is projected upon the screen 1 to form a primary electrostatic latent
      image thereon (FIG. 2). A sheet of copy paper P is disposed in a
      predetermined spaced-apart and opposed relationship with the latent image
      and, when the surface of the copy paper is charged by a corona discharger
      5 through the screen 1, the charge on the copy paper surface is controlled
      under the influence of the electric line of force of the electrostatic
      latent image on the screen 1 so that a secondary electrostatic latent
      image corresponding to the primary one on the screen 1 is formed on the
      copy paper surface (FIG. 3). Thereafter, such copy paper may be developed
      by conventional developing means to provide a copy. Such copying process
      permits the photosensitive screen to be used for a long period of time
      without being injured, because the photosensitive screen as the
      photosensitive medium need not be cleaned and because there is no contact
      between the photosensitive screen and the copy paper. Also, copy paper
      used may be of a quality approximate to ordinary paper. These make the
      advantages. In FIG. 2, arrows 6 indicate the light rays passed through the
      original A. In FIG. 3, numeral 7 designates an electrode member for
      attracting the ion flow from the corona discharger 5 to the copy paper P.
      It will be noted that the copy paper P comprises a back-up member 8 such
      as paper or the like and an insulating layer 9 provided thereover.
PAR  FIG. 4 schematically shows a copying machine which includes a machine
      housing 10, a stationary photosensitive carriage 11 formed of a
      light-transmitting plate and provided on top of the machine housing, and a
      flat photosensitive screen 12 of the above-described construction fixedly
      provided below the original carriage. The machine further includes a
      movable projecting optical system 13 comprising an original illuminating
      lamp 14, a prism 15 and an in-prism lens 16, and being movable between the
      original carriage 11 and the photosensitive screen 12 to project the
      optical image of the original A upon the photosensitive screen 12, a
      discharger 17 for the photosensitive screen movably disposed above and
      along the upper surface of the pehotosensitive screen 12, and a copy paper
      discharger 18 movably disposed below and along the lower surface of the
      photosensitive screen 12. The machine also includes a copy paper feed bed
      19 (shown as a cassette type) from which sheets of copy paper P may be fed
      one by one with the aid of a paper fed roller 20.. Designated by 21 is a
      belt-like electrostatic attracting member which serves to
      electrostatically attract and hold thereagainst the copy paper P fed from
      the feed bed 19 and convey the copy paper along the underside of the
      photosensitive screen 12 to position the plane of the copy paper in a
      predetermined spaced-apart relationship with the plane of the
      photosensitive screen. The belt-like electrostatic attracting member 21 is
      normally wound up under a back-tension from a hoisting member such as
      hoist reel 22 or the like. The construction of the electrostatic
      attracting member 21 will be described more specifically hereinafter.
      There are further provided developing means 23 (shown as liquid developing
      means), drying-fixing means 24 and copy tray 25.
PAR  The discharger 17 is moved in the direction of the arrow to uniformly
      charge the entire upper surface of the photosensitive screen 12,
      whereafter the optical system 13 is moved to permit the image of the
      original A on the carriage 11 to be projected upon the photosensitive
      screen 12, thereby forming a primary electrostatic latent image on the
      screen 12. Alternatively, the discharger 17 and the optical system 13 may
      by synchronously moved to effect charging and projection simultaneously.
      Then, a sheet of copy paper P is fed from the paper feed bed 19 toward the
      web of the electrostatic attracting member 21 as the latter is drawn out
      along the upper surface of the photosensitive screen 12 by suitable draw
      means (not shown) against the back-tension of the hoist reel 22. Thus, the
      copy paper P fed toward the electrostatic attracting member 21 has its
      successive portions from the leading to the trailing edge attracted to the
      web of the attracting member and is conveyed on the attracting member 21
      along the upper surface of the photosensitive screen 12. Thus, by having a
      required length of the electrostatic attracting member 21 drawn out, it is
      possible to dispose the copy paper P generally in a predetermined
      spaced-apart, opposed relationship with the surface of the photosensitive
      screen 12 (FIG. 5). In such position, the discharger 18 for the formation
      of a secondary electrostatic latent image is moved in the direction of the
      arrow so that corona discharge opposite in polarity to the electrostatic
      latent image on the photosensitive medium is applied to the entire surface
      of the copy paper P through the mesh of the screen 12, whereby a positive
      latent image corresponding in configuration but opposite in polarity to
      the electrostatic latent image on the screen 12 is formed on the surface
      of the copy paper P in accordance with the principle described previously.
      Then, the electrostatic attracting member 21 is rewound by the
      back-tension of the reel 22 and during such rewind process, the copy paper
      P attracted to the electrostatic attracting member 21 has its successive
      portions from the trailing to the leading edge separated from the
      attracting member by a separator pawl 26 and is conveyed toward the
      developing means 23 for developing the latent image to provide a copy. The
      optical system 13 and the dischargers 17 and 18 are returned to their
      initial positions in synchronism with the rewind of the electrostatic
      attracting member 21.
PAR  The electrostatic attracting member 21, as shown in FIG. 6, for example,
      may comprise a high resistance layer 27 such as polyethylene terephthalate
      film or the like having one entire surface coated with a metal foil or a
      conductive paint forming a conductive layer 28 and having the opposite
      surface formed with a conductive layer 29 consisting of substantially
      equidistant lines (or meshes). A voltage V may be applied between the two
      conductive layers 28 and 29. When a sheet of copy paper P is brought into
      contact with the linear conductive layer 29 of the electrostatic
      attracting member 27 with the voltage V being applied between the two
      conductive layers 28 and 29, the back-up member 30 forming the back
      surface of the copy paper will be at a potential equal to that of the
      linear conductive layer because the copy paper P used for the
      electrostatic copying method utilizing the above-described screen consists
      of the conductive back-up member 30 and the insulating layer 31 treated
      for insulation, and as a result, an amount of charge proportional to the
      electrostatic capacity between the back-up member 30 of the copy paper P
      and the conductive layer 28 of the electrostatic attracting member 21 will
      be induced in the back-up member 30 and the entire conductive layer 28,
      and an electrostatic attraction proportional to such amount of charge will
      cause the copy paper P to be attracted to the electrostatic attracting
      member 21 (FIG. 7).
PAR  The lower the electrical resistance of the back-up member 30 of the copy
      paper P, the higher the above-described attraction effect. The interval
      between adjacent lines of the conductive layer 29 depends on the
      resistance of the back-up member 30 and may be increased as the resistance
      is decreased. For example, the interval may be 1 to 15 mm. Also, the
      smaller the thickness of the high resistance layer 27, the greater the
      attraction. For example a thickness of 200 microns for the high resistance
      layer 27 and the use of polyethylene terephthalate film for such layer
      will provide a sufficient attraction at a voltage of 1.5 KV. The formation
      of a secondary electrostatic latent image by the use of a screen must be
      effected with a bias voltage of the order of 1 to 3 KV being applied to
      copy paper P, if the conductive back-up member of the screen 12 is
      grounded, and the electrostatic attracting member 21 may serve also as the
      electrode for applying such bias voltage (see FIG. 8). In FIG. 8,
      reference numeral 12 designates the screen, 32 the conductive back-up
      member, 33 the photoconductive layer and 34 the corona discharger.
PAR  Further, if the surface of the high resistance layer 27 exposed between the
      lines of the linear conductive layer 29 is charged, the attraction effect
      will be impeded. To prevent this, the material of the high resistance
      layer 27 must be selected from unchargeable materials or such layer must
      sometimes be discharged. The discharge means may be the conventional
      corona discharge or a conductive discharger roller, or during non-charging
      of the copy paper the discharging may be done by applying to copy paper a
      voltage opposite in polarity to the voltage required during charging of
      the copy paper and thereby causing the copy paper to be attracted.
PAR  FIGS. 9 and 10 show a modification of the electrostatic copying machine
      shown in FIGS. 4 and 5 and in which the electrostatic attracting member is
      in the form of an endless belt. This embodiment is suitable for retention
      copying wherein after an electrostatic latent image is formed on the
      photosensitive screen 12, the electrostatic attracting member 35 in the
      form of an endless belt is displaaced to overlie the photosensitive screen
      (FIG. 9), and in this position the member 35 is intermittently moved to
      convey sheets of copy paper P successively into facing relationship with
      the screen surface, whereby multiple copies may be produced from a single
      primary electrostatic latent image formed on the screen 12. In such
      multi-copy production, the photosensitive screen may advantageously be
      formed of a material which is less subject to attentuation of the formed
      primary electrostatic latent image. In order to reduce the space occupied
      by the belt-like attracting member within the copying machine, as shown in
      FIGS. 11 and 12, a plurality of belt-tensioning stationary rollers 36 and
      movable rollers 37 may be used so that the belt-like attracting member
      normally assumes a solid-line position for a reduced space and during copy
      paper feeding, a portion of the belt may be extended toward the
      photosensitive screen in the manner as indicated by a line. In FIGS. 11
      and 12, the electrostatic attracting member in the form of an endless belt
      is designated by 38 and the movable rollers 37 are movable in the
      directions of arrows. In FIG. 9, similar reference numerals are similar in
      significance to those in FIG. 4.
PAR  A photosensitive screen suitable for use in the above-described retention
      copying is exemplarily shown in FIGS. 13 through 17. By having a primary
      electrostatic latent image formed on an insulating member as in the screen
      described hereinafter, there may be formed a secondary electrostatic
      latent image which is less subject to attenuation.
PAR  The photosensitive screen 39 shown in FIG. 13 comprises a conductive member
      40 having fine openings therein, and a photoconductive member 41 and an
      insulating member 42 disposed in layers over the photoconductive member 40
      so as to leave a portion of the conductive member 40 exposed.
PAR  The conductive member 40 may be prepared by etching a plate of metal such
      as stainless steel or nickel to form fine openings or by electroplating or
      by knitting a metal wire. A suitable mesh value of the conductive member
      40 for the purpose of copying would be 100 to 400 meshes with the
      resolving power taken into account. The photoconductive member 41 may be
      formed by evaporating Se-alloy or like material or by spraying an
      insulative resin material having particles of CdS, PbO or the like with a
      dispersion medium applied thereto. The insulating member 42 may be formed
      by spraying or vacuum-evaporating an organic insulating material such as
      polyethylene, acrylic resin, silicon resin or the like. The materials and
      formation of the photosensitive screen may be in accord with the technique
      in the planar photosensitive medium used in the conventional
      electrophotography. In order to form the members 41-42 so as to leave a
      portion of the conductive member 40 exposed, these members 41-42 may be
      applied to the conductive member 40 from one side thereof or, if the
      members 41-42 happen to wrap up the conductive member 40, a portion of the
      members 41-42 may be ground so as to provide an exposed portion of the
      conductive member 40.
PAR  FIGS. 14 to 17 illustrate the steps of process for forming an electrostatic
      latent image by the use of the above-described photosensitive screen 39.
      The screen shown there is of such a characteristic that the
      photoconductive member in the dark region is also injected with holes. In
      these figures, the photoconductive member 41 is a semiconductor formed of
      Se having holes as main carrier or of an Se-alloy.
PAR  FIG. 14 shows the result obtained by the step of primary voltage
      application, during which the insulating member 42 is uniformly charged
      with negative polarity by charger means such as corona discharger 43 or
      the like. By this charging, holes are injected through the conductive
      member 40 into the photoconductive member 41 and found in the interface
      adjacent the insulating member 42.
PAR  FIG. 15 shows the result obtained when the step of secondary voltage
      application and the step of image light application are effected
      simultaneously. The secondary voltage application is effected by corona
      discharging from a source of voltage comprising an AC voltage with a bias
      voltage of positive polarity superposed thereupon. By this step, the
      surface potential of the insulating member 42 becomes positive, but in
      contrast with the light region of the portion irradiated with the image
      light, the charge in the surface of the insulating layer in the dark
      region is of the negative polarity because of the positive charge present
      in the portion of the photoconductive member 41 which is adjacent the
      insulating member 42. The voltage to be applied in the step of secndary
      voltage application is not restricted to an AC voltage but a DC voltage
      opposite in polarity to the primary voltage is equally usable. Further, if
      the photoconductive member is of a slow dark-attenuation characteristic,
      the secondary voltage application and the image light application need not
      take place simultaneously but may take place in sequence. In FIG. 14,
      reference numeral 44 designates an original having an original image
      including a light region L and a dark region D, and reference numerals 45
      and 46 designate the light rays and corona discharger, respectively. By
      these steps, an electrostatic latent image is formed on the screen 39, and
      the latent image will increase its electrostatic contrast with time or
      with an overall irrediation to provide a primary electrostatic latent
      image.
PAR  FIG. 16 shows the result obtained by effecting an overall irradiation on
      the photosensitive screen 39. This overall irradiation does not vary the
      surface potential of the screen 39 in the light region but causes the
      surface potential in the dark region to be rapidly varied to a potential
      proportional to the amount of surface charge of the insulating member 42,
      thereby forming a primary electrostatic latent image. Reference numeral 47
      designates the light rays.
PAR  FIG. 17 shows the manner in which the ion flow is modulated by the primary
      electrostatic latent image on the screen 39 so that a positive image
      corresponding to the original image is formed by the charge on the
      recording member. Reference numeral 48 denotes the corona wire of the
      discharger, 49 an electrode member, 50 a sheet of copy paper capable of
      retaining a charge, and 51-52 voltage sources. The copy paper 50 is
      disposed on the side of the screen 39 which is adjacent the insulating
      member 42, while the wire 48 is disposed on the opposite side of the
      screen 39 at which the conductive member 40 is exposed. The corona ion
      flow from the wire 48 is applied to the copy paper 50 by utilizing the
      potential difference between the wire 48 and the electrode member 49. When
      this occurs, electric fields as indicated by solid lines .alpha. are
      created in the light region of the screen by the charge forming the
      primary electrostatic latent image. Thereby, the ion flow as indicated by
      the broken line is prevented from passing through the screen and thus,
      flows into the exposed conductive member 40. On the other hand, in the
      dark region of the screen 39, electric fields as indicated by solid lines
      .beta. are created and the ion flow reaches the surface of the copy paper
      50 irrespective of the fact that the ion flow is opposite in polarity to
      the primary electrostatic latent image. Since the primary electrostatic
      latent image is formed on the insulating member 42 as described above, the
      electrostatic contrast can be highly increased by the amount of charge.
      Further, since the attenuation of the formed charge can be minimized, it
      is possible to use the same primary electrostatic latent image to provide
      a secondary electrostatic latent image multiple times, and this makes it
      possible to achieve the retention copying wherein multiple copies are
      provided from a single primary electrostatic latent image.
PAR  FIGS. 18 and 19 show the screen of FIG. 13 as used with the apparatus of
      FIG. 9. In these figures, reference numeral 53 designates the screen whose
      construction is shown in FIG. 13, and this screen is disposed with the
      exposed conductive member facing downwardly. Reference numeral 54 denotes
      a corona discharger for effecting primary voltage application, 55 a corona
      discharger for effecting secondary voltage application simultaneously with
      image light application, and 56 an overall illuminating lamp. Further,
      reference numeral 57 designates a corona discharger for the formation of
      secondary electrostatic latent image. FIG. 19 shows the manner in which a
      secondary electrostatic latent image is formed. The operational principle
      of the apparatus is identical with that described with respect to FIGS. 9
      and 10, except that during the primary electrostatic latent image
      formation the corona discharges 54, 55 and lamp 56 are moved to the
      vicinity of the screen in synchronism with the optical system 13.
PAR  The electrostatic copying machine shown in FIGS. 20-22 is an example of the
      apparatus of FIG. 4 as applied to a color copying machine. This machine
      differs from the copying machine of FIGS. 4-5 in that the projecting
      optical system 13 including the lamp 14, prism 15 and in-prism lens 16 is
      provided with change-over type color resolving filters 58, 59, 60 and that
      a plurality of developing means 61, 62, 63 is provided for effecting color
      developments corresponding to resolved colors.
PAR  The original image is projected upon the photosensitive screen 12 through a
      first color resolving filter 58 to form a latent image on the screen, and
      as in the case of the copying machine shown in FIGS. 4 and 5, a sheet of
      copy paper P is attracted to and conveyed by the electrostatic attracting
      member 21 with respect to the surface of the latent image, thereby forming
      a primary electrostatic latent image on the surface of the copy paper
      (FIG. 21). Subsequently, during the rewind of the electrostatic attracting
      member 21, the copy paper P has the primary electrostatic latent image
      thereon developed by the first developing means 61. Such process is
      thereafter repeated with the color resolving filters 59, 60 and the
      developing means 62, 63 successively operated, whereby each resolved color
      image is superposed upon the same copy paper P, whereafter the separator
      pawl 64 separates the copy paper from the electrostatic attracting member
      21 during the rewind thereof (FIG. 22), thus providing a colored copy. The
      developing means may be either of the dry type or of the wet (liquid)
      type, but where the dry type is employed, the dust image may partly be
      destroyed during the next development unless the fixing is effected by the
      use of pressure force or the like. In this regard, the wet type is
      convenient inasmuch as it only requires the excess developing liquid to be
      removed by a roller or like means. The color resolution is usually
      provided by three colors, or by four colors including black.
PAR  Thus, in the copying machine of the present invention, the photosensitive
      screen is constructed in a planar form and the copy paper P is generally
      intensely attracted to and conveyed by the electrostatic attracting member
      with respect to the surface of the planar screen, whereby reliable and
      accurate paper feed may readily be accomplished with a result that a good
      electrostatic latent image may be formed on the copy paper. Further, for
      colored copies to be produced, a predetermined relative position of the
      copy paper P and the photosensitive screen may be ensured during each
      resolved color copying by using a stop or like simple means to limit the
      amount of the electrostatic attracting member drawn toward the
      photosensitive screen, and this results in production of clear colored
      copies free of color misregistration. Furthermore, the photosensitive
      screen, which need neither be moved nor rotated like a drum-shaped screen,
      contributes to simplification and size-reduction of the copying machine
      construction and this in turn leads to the provision of a highly practical
      copying machine.
PAR  The screen as shown in FIG. 13 or other screen is also applicable in the
      apparatus shown in FIGS. 20-22. For example, where the screen of FIG. 13
      is applied in the color copying machine of FIG. 20, a corona discharger
      for secondary voltage application and an overall irradiating lamp may be
      added as shown in the apparatus of FIG. 18. In the present invention, it
      should be noted that the construction of the screen as well as the process
      effected thereon and the type of the recording material are not restricted
      to those described in the foregoing embodiments.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrostatic copying machine comprising:
PA1  a photosensitive screen having a number of fine openings therein;
PA1  means for exposing a surface of said screen to an original image at an
      image exposure position for forming on said screen a primary electrostatic
      latent image corresponding to an original image;
PA1  electrostatic attracting means for electrostatically attracting a recording
      material and conveying said material to a recording position adjacent said
      exposed surface of said photosensitive screen at said exposure position,
      after said formation of said primary electrostatic latent image;
PA1  means for supplying the recording material to said electrostatic attracting
      means; and
PA1  means for forming a secondary electrostatic latent image on said recording
      material at said recording position.
NUM  2.
PAR  2. An electrostatic copying machine comprising:
PA1  a substantially stationary photosensitive screen having a number of fine
      openings therein;
PA1  means for exposing a surface of said screen to image light to form a
      primary electrostatic latent image corresponding to an original image on
      said screen;
PA1  electrostatic attracting means for electrostatically attracting a recording
      material and conveying said material to a recording position opposing said
      surface of said screen after formation of said primary electrostatic
      latent image thereon;
PA1  means for supplying the recording material to said electrostatic attracting
      means; and
PA1  means for forming a secondary electrostatic latent image on the recording
      material at said recording position.
NUM  3.
PAR  3. An electrostatic copying machine according to claim 2, wherein said
      attracting means includes a reciprocating member for conveying said
      recording material to said recording position from a position adjacent
      said supply means.
NUM  4.
PAR  4. An electrostatic copying machine according to claim 2, wherein said
      electrostatic attracting means includes back-tension reel means, and an
      electrostatic attracting member wound around said reel means for being
      unwound therefrom to move said recording material to said recording
      position, and for being subsequently rewound by the back-tension of the
      reel.
NUM  5.
PAR  5. An electrostatic copying machine according to claim 2, wherein said
      attracting means includes an endless member, means for moving said endless
      member between a retracted position and said recording position, and means
      for rotating the endless member, wherein the recording material is
      conveyed by rotation of the endless member from said supply means to said
      recording position.
NUM  6.
PAR  6. An electrostatic copying machine according to claim 2, wherein said
      electrostatic attracting means comprises an electrostatic attracting
      member including a high resistance layer having first and second
      conductive layers disposed on opposite sides thereof, and wherein said
      second conductive layer comprises a plurality of interconnected conductive
      projections extending from said high resistance layer, said electrostatic
      attracting member being effective to attract the recording material upon
      application of a voltage to said two conductive layers on the opposite
      sides of said high resistance member.
NUM  7.
PAR  7. An electrostatic copying machine according to claim 6, wherein said
      second conductive layer of said electrostatic attracting member is in the
      form of a net.
NUM  8.
PAR  8. An electrostatic copying machine according to claim 6, wherein said
      second conductive layer of said electrostatic attracting member is in the
      form of substantially equidistant lines.
NUM  9.
PAR  9. An electrostatic copying machine comprising:
PA1  a substantially stationary photosensitive screen having a number of fine
      openings therein;
PA1  means for exposing a surface of said screen to image light to form a
      primary electrostatic latent image coresponding to an original image on
      said screen;
PA1  electrostatic attracting means for electrostatically attracting a recording
      material and conveying said material to a recording position opposing said
      surface of said screen after formation of said primary electrostatic
      latent image thereon, said attracting means including an endless
      attracting member and means for moving said member from a retracted
      position to said recording position;
PA1  means for supplying the recording material to said electrostatic attracting
      means; and
PA1  means for forming a secondary electrostatic latent image on the recording
      material at said recording position.
NUM  10.
PAR  10. An electrostatic copying machine comprising:
PA1  a substantially stationary photosensitive screen having a number of fine
      openings therein;
PA1  means for exposing a surface of said screen to image light to form a
      primary electrostatic latent image corresponding to an original image on
      said screen;
PA1  electrostatic attracting means for electrostatically attracting a recording
      material and conveying said material to a recording position opposing said
      surface of said screen after formation of said primary electrostatic
      latent image thereon, wherein said attracting means includes a flexible
      endless member, a stationary roller for stretching said endless member,
      and a movable roller for moving said endless member from a retracted
      position to said recording position;
PA1  means for supplying the recording material to said electrostatic attracting
      means; and
PA1  means for forming a secondary electrostatic latent image on the recording
      material at said recording position.
NUM  11.
PAR  11. An electrostatic copying machine comprising:
PA1  a photosensitive screen having a number of fine openings and including a
      conductive member, a photoconductive member provided on said conductive
      member, and a surface insulating member provided on said photoconductive
      member, said photoconductive and surface insulating members covering at
      least a substantial part of said conductive member;
PA1  means for exposing a surface of said screen to an original image at an
      image exposure position for forming a primary electrostatic latent image
      of an original on said screen, said primary image forming means including
      primary voltage applying means, secondary voltage applying means and an
      optical system for projecting therethrough an image of the original upon
      said screen;
PA1  electrostatic attracting means for electrostatically attracting a recording
      material and conveying said material to a recording position adjacent said
      exposed surface of said screen at said exposure position, after said
      formation of said primary electrostatic latent image;
PA1  means for supplying the recording material to said electrostatic attracting
      means; and
PA1  means for forming a secondary electrostatic latent image on said recording
      material at said recording position.
NUM  12.
PAR  12. An electrostatic copying machine comprising:
PA1  a substantially stationary photosensitive screen having a number of fine
      openings and including a conductive member, a photoconductive member
      provided on said conductive member, and a surface insulating member
      provided on said photoconductive member, said photoconductive and surface
      insulating members covering at least a substantial part of said conductive
      member;
PA1  means for exposing a surface of said screen to an original image for
      forming a primary electrostatic latent image of an original on said
      screen, said primary image forming means including primary voltage
      applying means, secondary voltage applying means and an optical system for
      projecting therethrough an image of the original upon said screen;
PA1  electrostatic attracting means for electrostatically attracting a recording
      material and conveying said material to a recording position adjacent said
      exposed surface of said screen after said formation of said primary
      electrostatic latent image;
PA1  means for supplying the recording material to said electrostatic attracting
      means; and
PA1  means for forming a secondary electrostatic latent image on said recording
      material at said recording position.
NUM  13.
PAR  13. An electrostatic copying machine according to claim 12, wherein said
      attracting means includes an endless member, means for moving said endless
      member between a retracted position and said recording position, and means
      for rotating the endless member, wherein the recording material is
      conveyed by rotation of the endless member from said supply means to said
      recording position.
NUM  14.
PAR  14. An electrostatic copying machine according to claim 12, wherein said
      attracting means includes a reciprocating member for conveying said
      recording material to said recording position from a position adjacent
      said supply means.
NUM  15.
PAR  15. An electrostatic copying machine according to claim 12, wherein said
      electrostatic attracting means includes back-tension reel means, and an
      electrostatic attracting member wound around said reel means for being
      unwound therefrom to move said recording material to said recording
      position, and for being subsequently rewound by the back-tension of the
      reel.
NUM  16.
PAR  16. An electrostatic copying machine according to claim 12, wherein said
      electrostatic attracting means comprises an electrostatic attracting
      member including a high resistance layer having first and second
      conductive layers disposed on opposite sides thereof, and wherein said
      second conductive layer comprises a plurality of interconnected conductive
      projections extending from said high resistance layer, said electrostatic
      attracting member being effective to attract the recording material upon
      application of a voltage to said two conductive layers on the opposite
      sides of said high resistance member.
NUM  17.
PAR  17. An electrostatic copying machine comprising:
PA1  a photosensitive screen having a number of fine openings therein;
PA1  means for exposing a surface of said screen to sequential color resolved
      portions of an original image at an image exposure position for
      sequentially forming on said screen a separate primary electrostatic
      latent image corresponding to each color resolved portion of the original
      image;
PA1  electrostatic attracting means for electrostatically attracting a recording
      material, wherein said attracting means conveys said material to a
      recording position adjacent said exposed surface of said photosensitive
      screen at said exposure position and then conveys said material away from
      said recording position, after each said formation of said separate
      primary electrostatic latent images;
PA1  means for supplying the recording material to said electrostatic attracting
      means;
PA1  means for forming a secondary electrostatic latent image on said recording
      material at said recording position, each time said material is conveyed
      thereto; and
PA1  means for developing each secondary electrostatic latent image formed on
      said recording material with a color developer corresponding to a
      respective resolved color each time said attracting means conveys said
      material away from said recording position.
NUM  18.
PAR  18. An electrostatic copying machine comprising:
PA1  a substantially stationary photosensitive screen having a number of fine
      openings therein;
PA1  means for exposing a surface of said screen to sequential color resolved
      portions of an original image for sequentially forming on said screen a
      separate primary electrostatic latent image corresponding to each color
      resolved portion of the original image;
PA1  electrostatic attracting means for electrostatically attracting a recording
      material, wherein said attracting means conveys said material to a
      recording position adjacent said exposed surface of said photosensitive
      screen and then conveys said material away from said recording position,
      after each said formation of said separate primary electrostatic latent
      images;
PA1  means for supplying the recording material to said electrostatic attracting
      means;
PA1  means for forming a secondary electrostatic latent image on said recording
      material at said recording position, each time said material is conveyed
      thereto; and
PA1  means for developing each secondary electrostatic latent image formed on
      said recording material with a color developer corresponding to a
      respective resolved color each time said attracting means conveys said
      material away from said recording position.
NUM  19.
PAR  19. An electrostatic copying machine according to claim 18, wherein said
      developing means and said recording material conveyed by said attracting
      means are moved relative to each other as each secondary electrostatic
      latent image is developed with a respective color developer by said
      developing means.
NUM  20.
PAR  20. An electrostatic copying machine according to claim 18, wherein said
      electrostatic attracting means comprises an electrostatic attracting
      member including a high resistance layer having first and second
      conductive layers disposed on opposite sides thereof, and wherein said
      second conductive layer comprises a plurality of interconnected conductive
      projections extending from said high resistance layer, said electrostatic
      attracting member being effective to attract the recording material upon
      application of a voltage to said two conductive layers on the opposite
      sides of said high resistance member.
NUM  21.
PAR  21. An electrostatic copying maching according to claim 18, wherein said
      attracting means includes a reciprocating member for conveying said
      recording material to said recording position from a position adjacent
      said supply means.
NUM  22.
PAR  22. An electrostatic copying maching according to claim 18, wherein said
      electrostatic attracting means includes back-tension reel means, and an
      electrostatic attracting member wound around said reel means for being
      unwound therefrom to move said recording material to said recording
      position, and for being subsequently rewound by the back-tension of the
      reel.
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ABST
PAL  An electrophotographic film member is exposed to an image source, such as a
      cathode ray tube display unit, and the latent image toned to form a
      temporary visible image on said film member at a first station. The film
      member carrying the temporary visible image is stepwise translated to a
      projection station where it is projected in an enlarged display upon a
      suitable receptor surface. Thereafter, the film member is stepwise
      translated to an erase station where the toner is removed and the film
      member made ready for reuse to receive another image. The first station
      includes suitable structure for charging the film member, a selectively
      operable blind or shutter for exposing the charged film member to the
      image source and an applicator for applying suitable toner from a toner
      source to the exposed film member. The toner particles adhere tenaceously
      but removably to the exposed film member without any fixing or fusing
      process and hence, the toner can be removed from the film member afer
      projection. During charging and toning, the film member is maintained in
      darkness.
PAL  The electrophotographic film member is mounted in a window formed in a disc
      arranged for stepwise rotary translation from station to station. The
      electrophotographic film member comprises a thin film coating of an
      inorganic, photoconductive, electronically anisotropic material, one
      example of which is a specially sputtered cadmium sulfide bonded to a thin
      film layer of ohmic material which in turn is bonded to a thin stable
      substrate member preferably formed of plastic sheeting. The total
      thickness of the photoconductive coating is about 3,000 Angstroms and the
      ohmic layer is about 500 Angstroms. The film is durable with a hard
      abrasive resistant surface, is highly transparent and has high
      photoelectric gain. Its speed and sensitivity are such that a projectable
      transparency is formed almost immediately to enable projection of the
      received image almost as soon as it is received from the image source. The
      speed of the stepwise translation preferably is sufficient to provide
      successive projectable transparencies to the projection station fast
      enough to fall within the image retention capabilities of the human eye,
      thereby effecting a cinematographiclike display.
BSUM
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  Reference will be made herein to copending applications:
PA1  Ser. No. 389,149, filed Aug. 17, 1973, entitled "IMAGE RECORDING METHOD FOR
      ELECTROPHOTOGRAPHIC FILM";
PA1  Ser. No. 378,180, filed July 11, 1973, entitled "ELECTROPHOTOGRAPHIC FILM,
      METHOD OF MAKING AND USING THE SAME AND PHOTOCONDUCTIVE COATING USED
      THEREWITH";
PA1  Ser. No. 397,308, filed Sept. 14, 1973, entitled "TRANSPARENT PHOTOCELL";
PA1  Ser. No. 397,310, filed Sept. 14, 1973, entitled "DUPLICATOR PROCESSOR";
      and
PA1  Ser. No. 397,309, filed Sept. 14, 1973, entitled "SHUTTERLESS CAMERA
      APPARATUS."
PAC  BACKGROUND OF THE INVENTION
PAR  The invention herein relates to the projection of optical images from a
      source to a display screen and specifically is directed to a method and
      apparatus for forming a projectable transparency from an image source and
      providing large screen display of said image, the transparency being
      formed on an electrophotographic film member.
PAR  Large scale display of photographic images is frequently utilized in
      conjunction with explanation of the data represented by said images before
      large groups of viewers. Ordinary photographic images are carried in the
      form of mounted transparencies and are introduced to projecting apparatus
      which project enlarged images onto a viewing screen. Often the large
      source carries information which is required to be displayed in enlarged
      form within a very short time span subsequent to its origination. Images
      displayed on cathode ray tube display units such as the video signal
      transmitted to a television receiver or information fed to an oscilloscope
      desirably are displayed on an enlarged scale for the presentation of
      important highly detailed information to a large audience. Government
      agencies, financial institutions and scientific gatherings are examples of
      such users. At present, considerable problems are encountered in achieving
      desirable large screen display from the aforementioned image sources. It
      is the practice to apply such images to strip material and process the
      same with conventional photographic techniques so that the information may
      be projected in enlarged condition upon a screen. With all presently known
      techniques, there is a substantial delay time between the origination of
      the image and the completion of the required transparency thereof to
      enable projection of that image. Conventional photographic film techniques
      require more processing time than electronic techniques such as
      videotaping but the enlargement and display of videotaped information
      requires complex and highly expensive apparatus.
PAR  Accordingly, it would be highly desirable to provide a method and apparatus
      for effecting large scale screen display of images from a source in which
      the processing time is materially reduced to a degree that the display can
      be projected "in real time," that is, almost instantaneously as derived
      from the source and further, it would also be desirable to effect such
      large screen display utilizing relatively inexpensive equipment, at
      substantially reduced frame by frame costs over conventional methods and
      apparatus and with a speed to provide a cinematographic display effect, if
      desired.
PAR  Another problem includes the present inability to provide high resolution
      images from sources of relatively low light intensity. Images received on
      a cathode ray tube display unit generally are of low intensity making
      photography difficult without unusual photographic conditions and very
      fast photographic film. Enlargement for display involving magnification of
      a substantial order also enlarges imperfections to the same degree.
      Resolution of the basic image must be of equal order relative to the
      resolution of the enlarged image. This factor, taken with the low
      intensity of the CRT image makes extremely difficult, if not impossible,
      photographic reproduction and subsequent large screen display of images of
      this character.
PAR  The advent of the electrophotographic film of the copending applications
      makes reproduction of images onto electrostatic members feasible and
      highly economical. Such electrophotographic film is a highly flexible,
      high speed, high gain, high resolution material with a hard and abrasion
      resistant surface. In addition, since the film is so fast and sensitive,
      it can respond quickly and easily even to the low light intensity of a
      cathode ray tube display unit image so as to provide excellent projectable
      images with a good gray scale. In addition, there is the capability for
      enhancing the received image forming a projectable transparency carrying
      an improved image over that received from the cathode ray tube display
      unit source.
PAC  SUMMARY OF THE INVENTION
PAR  The recording and projection system of the invention includes means for
      subjecting a suitably charged electrophotographic film to the image which
      is desired to be displayed, the exposure occurring under monitored light
      conditions, and toning the film to provide a temporarily visible record of
      the said image on the film at a first station; translating the toned film
      to a second station for projecting the image in an enlarged display upon a
      receptor surface and thereafter further translating the film to a third
      station where the film is readied for reuse by removal of the toner.
      Translation is stepwise, i.e., incremental. Provision is made at the first
      station for adjusting at least one of the factors involved in achieving an
      image on the film in response to the amount of light flux. Means further
      are provided to enable enhancing of the recorded image over the received
      image. Preferably, the source of the displayed image is a cathode ray tube
      display unit. In a preferred example, the charging, exposure and toning
      steps all are performed at the first station, the means for performing
      said steps being enclosed in a housing. The electrophotographic film is
      mounted within a window defined in a rotatable disk carrier with means
      constructed and arranged to rotate the carrier disk stepwise to advance
      the film through the various stations. Plural windows with like number of
      film members can be provided. A suitable projection system is utilized to
      apply the image from the cathode ray tube display unit to the film. The
      charge potential to which the electrophotographic film is charged is
      varied in accordance with the incident light in order to vary the
      sensitivity of the electrophotographic film.
PAR  In the latter embodiment of the invention, the incident light is measured
      by means of a light meter and the film charged, the amount of charge being
      measured by an electrostatic probe. The charging step occurs with the film
      in darkness. When the compared signals from the probe and the light meter
      reach the relationship which has been established by the circuit, the
      charging ceases, and means are operated to expose the charged film to the
      image. Thereafter, the electrophotographic film surface is flooded with
      toner, either in suspension or dry.
PAR  Toners which are at least temporarily self-adhering are utilized to enable
      the film to be translated to the projector station without loss of toner
      notwithstanding discharge of the film. Thus, toners, once
      electrostatically attracted by and adhered to the charged increments of
      the photoconductive coating of the film, will maintain their positions
      tenaciously so as to permit movement of the film without dislodgement of
      the toner in the absence of fixing. This is due to their intimate physical
      engagement with the surface and does not rely upon maintenance of the
      charge.
PAR  Image enhancement or contrast control may be effected by controlling the
      charging circuit for producing an optimum level of surface charge
      dependent upon light conditions. Image enhancement also may be effected by
      control of the time of toning and/or the bias applied during the toning
      step.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a highly schematic view showing the elements of the recording
      station constructed in accordance with the invention;
PAR  FIG. 2 is a fragmentary diagrammatic view through the electrophotographic
      film with the apparatus of the invention and showing preferable toning
      means used;
PAR  FIG. 3 is a highly diagrammatic view showing the basic components of an
      apparatus constructed in accordance with the invention and including a
      representation in block form of the steps of the method utilized; and
PAR  FIG. 4 is a chart or graph showing some of the characteristics of the
      electrophotographic film to be used in the apparatus and presented as an
      explanation of the phenomena that are believed to occur at the recording
      station.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention as previously mentioned comprises a system for recording an
      image from a source upon an electrophotographic film and projecting said
      recorded image in large scale display for viewing by an audience, for
      example. The system of the invention particularly is capable of recording
      a scene or event displayed upon a conventional cathode ray tube display
      unit (CRT) and projecting that scene or event, in enlarged condition, upon
      a screen within a minimum time interval subsequent to appearance of the
      scene or event on the CRT. The system of the invention utilizes the
      electrophotographic film of copending application Ser. No. 378,180.
PAR  The electrophotographic film of the type which is described in the
      copending application Ser. No. 378,180 is illustrated in sectional view in
      the Figures and comprises a substrate member, for example, such as some
      stable plastic such as sold under the trademark "Mylar" by E. I. DuPont
      DeNemours Co. The substrate member is a fraction of a millimeter thick,
      has a conductive thin film coating intimately bonded thereto of a
      thickness of about 500 Angstrom units and carries another thin film
      coating of a photoconductive material about 3,000 Angstroms thick. The
      conductive coating can be made of indium oxide as deposited by radio
      frequency sputtering on the substrate member and the photoconductive
      member can be cadmium sulfide likewise sputtered as disclosed in said
      copending application Ser. No. 378,180.
PAR  When the surface of this electrophotographic film is charged by a corona,
      as through the use of a high voltage supply connected to a fine wire
      stretched in proximity to the surface of the photoconductive coating,
      there is an electrostatic corona effect which occurs. The high voltage
      supply is connected to the conductive coating and hence the surface of the
      conductive coating is charged with an excess of electrons disposed at the
      surface, the holes of the coating migrating toward the conductive coating.
      When the charged corona is removed, the charge corresponding to the
      electrons remains on or at the surface of the photoconductive coating but
      forms charge carriers which gradually seek to combine with holes in the
      coating. Assuming that the surface is kept in complete darkness, the rate
      at which the electrons move to a combined or stable distribution is
      represented by the so-called dark decay curve of the film.
PAR  If, instead of remaining in the darkness, the surface of the
      photoconductive coating has been subjected fully to a maximum light
      condition, the electrons would migrate from the surface of the
      photoconductive coating toward the conductive coating, being replaced by
      oppositely migrating holes and the charge potential on the surface of the
      coating which decay along the line represented by the so-called light
      decay curve. If there are any conditions of light between total darkness
      and maximum light, the charge at any increment at the surface of the
      photoconductive coating would decay at some intermediate rate thereby
      providing a myriad of different charge conditions all over the surface of
      the coating when the surface is subjected to a variegrated light pattern
      after having been charged.
PAR  Thus, if a light pattern has been projected onto the surface of the coating
      after it has been charged, the charge pattern which is produced on the
      surface comprises a latent image of the light pattern, but decays
      gradually according to the characteristics of the electrophotographic film
      which includes the ability to keep the charge gradations.
PAR  As understood from the discussions in the copending applications, if toner
      particles are distributed over the surface of the coating while the latent
      image is still present, the toner particles will adhere to the surface in
      proportion to the number of electrons present at any increment of surface.
      The toner particles are charged electrophoretically by suspension of these
      particles in suitable dielectric diluent which includes surfactants or may
      be applied in powdered or dry condition. The electric field represented by
      the distribution of electrons thus attracts the toner particles in
      proportion to the respective amount of charge of the increments. Thus, the
      latent image is "frozen" by the presence of the toner particles. If the
      toner is in the form of a suspension in some diluent, the particles
      usually adhere so long as their moisture remains. For many toners, even
      rapid-drying, the particles will adhere even with the charge fully
      decayed. In any event, there will be more than sufficient time for
      translation of the toned film member carrying the thus formed temporary
      visible image without concern for loss of particles even in the absence of
      a fixing step, providing the translation is effected smoothly and without
      jarring, etc., which could cause dislodgement. When desired, the layer of
      toner can be wiped off and the same film reused.
PAR  The film of the copending application, Ser. No. 378,180, is totally
      different from the xerographic and electrofax electrostatic members of the
      prior art. Its photoconductive coating is capable of accepting the charge
      very rapidly and may be charged to potentials which are substantially
      above saturation voltage without causing electrical breakdown. Saturation
      is understood to mean the surface potential at which further charge will
      not result in any increase in retained charge since the charge leaks off
      as fast as it is added. Conventional electrophotographic members are
      charged only to saturation because they will not accept the charge as fast
      as the film concerned herein. Notwithstanding this, the photoconductive
      coating of the subject film is so thin that the surface voltages involved
      are the order of ten times smaller than the voltage encountered in known
      apparatus, whereas the field strength is substantially higher.
PAR  The film of the copending application, Ser. No. 378,180, includes a
      photoconductive coating which is unique in many respects, one of which is
      if extremely high gain. Gain of a photoconductive coating is understood to
      mean the number of discharged electrons which is produced due to the
      impingement of a single photon. In the case of prior art photoconductive
      coatings as utilized in practical apparatus, a gain of more than one is
      considered excellent. The coating of the film concerned herein has a gain
      which can be as high as 10.sup.6 so that extremely large electrical
      currents are produced by the light received by the coating. This high gain
      characteristic means that the film is very fast and sensitive and provides
      a wide range of grey tones; hence, it is well suitable for recording the
      relatively low intensity CRT images.
PAR  Aside from the above, the film concerned herein is transparent, durable,
      and abrasion resistant, nonresponsive to light before charging and has no
      grain. The coatings are inorganic and hence inert to most conditions of
      heat and humidity which would destroy ordinary film. The substances from
      which the coatings are made form crystals as deposited, of a size that is
      invisible to the eye and substantially less in size than any known fine
      grain in conventional photographic films.
PAR  The sensitivity of the film can be adjusted automatically in accordance
      with the light which is impressed on the photoconductive coating. Since
      the higher the charging potential, the more sensitive the film, it is
      practical to use lower charging potentials when the light is greater. In
      short, the recording means, utilized in the recording and projecting
      system of the invention is constructed to charge the electrophotographical
      film member to a potential whose voltage varies inversely as the average
      incident light.
PAR  Reference is made to the copending applications for detailed explanation of
      the phenomena occurring in the practice of the invention herein and some
      explanation shall be provided hereinafter. The recording and projecting
      system for large scale screen display according to the invention is
      designated generally in the Figures by reference character 10. A high
      resolution, relatively small cathode ray tube display unit 12, hereafter
      referred to as the CRT 12, comprises the large source for the information
      intended to be represented in large screen display. A suitable optical
      train 14 is arranged to project the event as viewed on the CRT 12 to an
      electrophotographic film member 16. The electrophotographic film member 16
      is of the type disclosed in the copending application, Ser. No. 378,180,
      and is mounted in a window 18 formed in a rotatable carrier disk 20. More
      than one window 18 and member 16 therein can be provided. The carrier disk
      20 is mounted on a shaft 22 and coupled through suitable gearing and
      clutch means 24 to a drive motor 26. As will be explained hereinafter, the
      carrier disk is constructed and arranged to enable stepwise, i.e.,
      incremental, translation of the film member for advancement thereof
      through the various stations of apparatus 10. The first station which
      shall be designated generally by reference character 28, in addition to
      including the optical train 14 for projecting the CRT image to the film
      member 16, includes means for charging, exposing and toning the
      electrophotographic film 16.
PAR  The second station 30 comprises a projection station which includes means
      including a light source 32 and a projection optical train 34 to effect
      enlargement and projection of the recorded, temporarily visible image on a
      large scale upon a distant screen 36. Once the utilization of the
      information displayed has been completed, the carrier disk is again
      translated stepwise to a third station 38 which shall be referred to as
      the erase station of the apparatus. Here, the visible image on the film
      member 16 is removed, as by wiping the toner from the film surface, or
      removing it through use of an electrical field, for example, so that the
      film member 16 is readied for reuse. Means for suitably controlling both
      the recording, projection, and erasure operations at the respective
      stations are coupled suitably to the drive means 26 incrementally to
      rotate the carrier disk 20 and advance the film member 16 to and through
      the various stations. The speed of rotation of disk 20 preferably is
      governed to place a different or successive projectable transparency at
      the projection station at a rate between 10 to about 30 times per second
      so that to take advantage of the human eye image persistence or retention
      providing a cinematographic effect -- that is -- the successive images
      would appear as continuous motion. As will be explained hereinafter, the
      time interval between the exposure of the CRT image and the projection of
      that image in enlarged condition upon the screen 36 for viewing is
      relatively short, almost providing near actual occurrence display of the
      said image. A key enabling factor therefore is attributable to the short
      processing time required to provide a projectable transparency of the
      aforesaid event and is particularly the product of the type of
      electrophotographic film which is utilized herein.
PAR  Referring to FIG. 2, there is illustrated the film member 16. The
      electrophotographic film member 16 comprises a thin film conductive outer
      coating 39 of ohmic material intimately bonded to thin film coating 40 of
      a photoconductive material which in turn has been deposited upon a
      substrate member 42. The photoconductive coating 40 can be sputtered
      cadmium sulfide as disclosed in the copending application, Ser. No.
      378,180. The optical train 14 for projecting the CRT image to the film
      member 16, as well as the means for charging, exposing, and toning, are
      disposed in a housing 44, as are the suitable mechanisms and circuitry for
      operating the respective charging, exposing and toning means. The housing
      44 includes a window 46 with which the window 18 is brought into
      alignment. Window 18 is provided with a surrounding frame 48, formed on
      opposite surfaces of the disk 20. Likewise, the window 46 also is provided
      with a frame 52. When aligned, the frames 48 and 52 are engageable to
      provide a lighttight enclosure with the housing 44 so that the
      electrophotographic film member 16 is charged and is toned in darkness. A
      backup plate 54 is provided to cooperate with the frame 50 at the rear
      surface of disk 20 to complete the lighttight enclosure of the film member
      16 when the window 18 is correctly aligned with window 46 at the first
      station.
PAR  The surface of the electrophotographic film 16 is adapted to be charged by
      a corona established through the use of a high voltage supply 56 connected
      to a fine wire 58 which is secured to a charging head 60. The charging
      head 60 is arranged within the housing 44 near the window 46 so that the
      fine wire 58 is stretched thereacross in proximity to the surface of the
      photoconductive coating 40. The high voltage supply 56 is connected to the
      conductive coating 39 electrically by way of a conductor 62 adapted to
      engage conductor or tap 64 provided in frame 50 to enable electrical
      contact to be established when the window 18 is aligned with window 46. A
      toner device 66 is positioned within the housing 44 proximate to the
      window 46 thereof, and in a position to flood the surface of the film
      member 16 at a suitable time. The toner device 66 is positioned and
      enabled to operate only during the toning period which begins following
      the termination of the exposure period. The toning period requires that
      the toner cover the entire surface of the film 16.
PAR  A simple blind or shutter mechanism 68 unlike the complex photographic type
      shutter arrangements may be provided arranged in light-intercepting
      relationship between the optics 14 including the aperture 70 and the
      window 46. The blind permits light passage only during the exposure, and
      is in light-blocking relationship to the electrophotographic film 16
      during the charging and during the toning.
PAR  The adjustable iris or aperture 70 is provided adjacent the optical train
      14 for adjustment of the best depth of focus.
PAR  In accordance with the invention, a photocell 72 or other photoresponsive
      device is arranged in the housing 44 in position to intercept at least
      some of the light coming from the optical train 14 through iris 70 and is
      arranged between the iris 70 and the corona wire 58.
PAR  It may be advantageous to include the adjustable iris 70 within the optical
      train 14 and further to utilize the type of photocell structure described
      in copending application, Ser. No. 397,308, in which the photocell 72 is
      transparent and is coated on one of the lenses of the optical train 14 in
      order to intercept and to respond to all of the light passing through the
      optical train.
PAR  The corona produced when the suitable corona wire 58 is energized by the
      high voltage supply 56 connected thereto at head 60 produces a charge on
      the film 16 which is measured by means of a suitable electrometer
      including a probe 76 located at a position above to the photoconductive
      coating 40, preferably in a dark part thereof such as a corner of the
      frame 50. In this way, more uniform and predictable response can be
      obtained which can be related to the incident light for purpses of
      controlling the sensitivity of the electrophotographic film 16.
PAR  Assuming that the optical system 14 has been properly adjusted to focus the
      display from the CRT 12 on the surface of film 16 when the windows 18 and
      46 are aligned, and the iris 70 has been properly adjusted to give the
      desired depth of field, the operator starts the electrical and/or
      mechanical system of the recording apparatus here at the first station 28.
      The charging of the surface 40 is commenced by the high voltage supply 56
      and the surface potential commences to rise. At the same time, the
      photocell 72 measures the light from the CRT 12 and provides a signal
      which is channeled by the line 74 to a comparison device which is a part
      of the control circuit developed generally by reference character 78. The
      probe signal occurring on line 80 is also applied to the control circuit
      78. Suitable circuitry for effecting such control is disclosed in
      copending application, Ser. No. 397,309, but other arrangements may be
      used.
PAR  When the control circuit 78 senses that the signals from the photocell 72
      and the electrometer probe 76 have a given relationship, a signal is
      produced which disables the high voltage supply 56. The given relationship
      has been previously determined as optimum by suitable adjustments of the
      circuitry and measurements made. Certain kinds of comparison devices may
      be considered the equivalent of absence of a signal, in logic. The
      signals, for example, can appear on line 80'.
PAR  A simple form of relationship which can be built into the control circuit
      76 would be one in which the disabling signal for cutting off the high
      voltage supply is produced when adjusted inputs to a differential
      amplifier are equal so that there is a change in the state of the output
      of the differential amplifier. At the time when the high voltage supply 56
      is disabled, the blind 68 is activated by suitable drive means 82 to
      withdraw from its blocking position so that the film 16 is exposed. Timing
      means 84 controls the exposure time and after the elapse of said time,
      cause the drive means 82 to return the blind 68 to its blocking condition.
      At the termination of the exposure time, the toning device 66 is operated
      either manually or automatically to flood the surface 40 with liquid or
      powder toner.
PAR  Toner biasing means 86 are connected from the toner device 66 to the
      conductive layer 39 by lead 88 coupled to the conductive member 62 of the
      frame 50. It is feasible to apply a control signal to the toner biasing
      means 86 for adjusting the bias voltage in accordance with the surface
      potential reached for adjusting the image produced during toning. High
      potentials do not require as high a toner-propelling bias as low
      potentials. Such a control can serve as an alternate, say to the timing of
      the toner period, with the toner bias controlled by the intensity of the
      incident light as measured by the photoresponsive device 70.
PAR  Once the toning has been completed, the drive motor 26 for the carrier disk
      20 can be energized and said carrier disk is rotated to translate the film
      member 16 to the second station 30. The second station 30 can be described
      as the projection station whereat the film member 16 which has now been
      transformed into a projectable transparency, is interposed between a light
      source 32 and a suitable projection optical train 34. With proper
      focusing, the image or scene picked up off of the CRT 12 and recorded on
      the film member 16 at station 28, can be projected in enlarged scale
      condition with great resolution and for as long as desired onto screen 36.
PAR  The light source 32 may be strong enough to electrically discharge the film
      16 but since the attraction of the toner particles to the surface 40 is a
      physical one, by which the toner particles tenaciously will stick upon
      that surface, discharge of the surface will not have any serious effect
      upon the projectable transparency now comprising the film member 16.
      However, the light source 32 should not generate heat sufficient to fuse
      the toner particles upon the film 16. The fixing of the toned image is not
      desirable for this application. A suitable heat filter, such as an
      infrared filter 90 may be utilized to prevent reaching of such fusing
      temperatures.
PAR  After the desired time interval for viewing the large scale screen display,
      the drive motor 26, which can be a conventional stepping motor, once again
      is energized to rotate the carrier disk 20 to position the film member at
      the third station 38. Station 38 is an erase station whereat means, such
      as a rotating brush 96, may be activated for cleaning or wiping the toner
      off the surface 40 of the film 16. Such expedients as passing through an
      electrical field utilizing ultrasonic cleaning techniques, a blast of air
      or vacuum, or spraying the surface 40 with some solvent that will wash the
      toner away are acceptable. Because the coatings on the film 16 are
      inorganic, abrasion-resistant and corrosion-resistant, no problems are
      presented. This, of course, providing the substrate 42 is not affected by
      the toner removal process.
PAR  Once the toner is removed from the film member 16, the carrier disk 20 is
      once again rotated to translate the film member 16 back to the first
      station 28. Thus, it is evident that the film 16 is reusable repeatedly.
      If plural windows 18 are formed in the carrier disk 20, plural film
      members can be seated therein and the disk stepped through the stations
      successively with all films being utilized one after the other. In
      returning from the third station 38 back to the first station 28, it may
      be desirable to expose the film 16 to an extremely bright light as from
      lamp source 92 fully to discharge the coating 40 of any electrostatic
      charge it may have acquired in the process of translation.
PAR  It also is feasible for the charging step to be performed before the film
      member 16 intercepts the light from the optical train 14. Thus, the
      housing can consist of two stages, one in which the charging is performed
      and the other for exposure and toning.
PAR  The simple blind 68 may be replaced by a conventional, speed-adjustable
      shutter so that the apparatus has the capability of recording on the film
      member a display taken from a moving display appearing on the CRT 12.
PAR  Reference is made to the graph of FIG. 4 for a brief explanation of the
      phenomena involved in the charging, exposure and toning of film 16. Two
      conditions of ambient light are considered, one in which the amount of
      light is less than the other. These conditions are identified as condition
      A where the light from the scene to be recorded is low and condition B
      where the light from the scene is high. These are arbitrary conditions, no
      specific light values being reflected in the graph of FIG. 4, the only
      criterion being that the two light conditions differ one from the other.
PAR  The graph of FIG. 4 does not precisely illustrate the phenomena which
      occurs during the two conditions A and B but will be useful in explaining
      the operation of the apparatus under these two conditions. Reference is
      made to the copending applications for a more detailed recitation. In
      condition A, the surface potential of the coating 40 is expected to be
      higher than that for condition B. This is represented by the fact that the
      charge line 100 rises to the potential 102, which is about 52 volts in
      FIG. 3 for condition A but rises only to the potential 102' which is about
      37 volts for the condition B.
PAR  The two maximum surface potential points 102 and 102' represent the charge
      reached at the increment of the film 16 which is in complete darkness and
      indeed in locating the measurement device for detecting surface potential,
      we have seen that it is placed at a location which will remain in
      darkness, the corner portion of the window 46. For condition A, the dark
      decay curve would follow the line 104, 106. The rapid dicharge from the
      point 102 to the point 108 represents the dark decay curve losing charge
      at a high rate since the point 102 is substantially above saturation level
      110. The portion 106 of the dark decay curve for condition A has a very
      small slope which means that the charge is retained in the darkened areas
      for a relatively long period of time.
PAR  Now, assuming that there is an increment of the film 16 which has been
      fully charged in darkness, and that this increment is illustrated to the
      maximum, the potential of that increment will drop rapidly along the light
      decay curve 112 practically to zero. Toner particles will not adhere to
      any increments which have no charge and hence the areas which are
      represented by the flat portion of the curve 112 will be without any toner
      particles for the most part.
PAR  These extremes of charge, say at the time point .600 seconds demonstrate
      that the film is capable of extremes of toned and untoned areas, hence a
      very wide range of rays in contrast -- this spelling practical
      photographic quality in enabling the production of a good projectable
      transparency.
PAR  At the end of a charging time, which is represented by the time line .250,
      three typical increments which were illuminated by different high
      intensities are illustrated as having the surface potentials represented
      by the points 114, 116, and 118. When the film is suddenly placed in
      darkness at this time, each of these increments commence to lose charge
      along intermediate dark decay curves 120, 122, and 124 respectively.
PAR  For condition B, the dark decay curve 106' starts at the point 102' but has
      no sharp drop equivalent to the portion 104 of the condition A dark decay
      curve because the point 102' is below saturation. Recall that this is for
      a light condition which has a greater intensity than the condition A and
      the film need not be as sensitive. Actually, the light decay curve 112'
      will not be as steep as the curve 112 because of the decreased gain. The
      higher charging voltage is not needed because the amount of light will be
      more than under condition A. The difference will be too little to notice
      on a graph of this scale.
PAR  Again, three differently illuminated increments will have different surface
      charge potentials as illustrated at 126, 128, and 130, all lying on the
      line 0.150 second. If placed in darkness at this time, the dark decay
      curves followed by the respective points would be 132, 134, and 136.
PAR  The time for the charging of condition B and likewise the exposure time
      comprise 0.150 second, which is less than for the condition A. The latter
      was a condition of low light intensity.
PAR  Ordinarily, the toning device 66 completes its operation at substantially
      the same time regardless of the total time of charge. This works out to be
      an advantage because the lower the surface charge potential of an
      electrostatic member, the longer the toning should be effected. This
      obtains from the principle that toner particles adhere more readily to
      higher potential charges. Thus, in the graph of FIG. 4, for the condition
      A the toning period is 0.550 second while for condition B the toning
      period is 0.650 second. Both toning periods end at 0.800 second so that it
      is relatively simple to build an electrical or mechanical device which
      will stop the toning at a predetermined time after the charging period
      commences, irrespective of how long the latter period is. In practically
      all cases, the toning time will give satisfactory results.
PAR  For image enhancement, it is feasible to have the toning timer means
      respond to the charging time or the surface potential, without regard to
      whether all toning periods end at the same time or not. The electrical or
      mechanical device operates in accordance with a predetermined relationship
      controlled by the charging time or surface potential.
PAR  It should be pointed out that the translative progress of one frame has
      been described, plural frames can be provided on the disk 20, spread apart
      equally about the circumference. Three, four, five or more are
      contemplated and feasible. The stepwise motion of the disk, that is, the
      frames thereon, can be synchronized with the CRT 12 to provide an
      incremental advance of the frames from 10 to about 30 frames per second to
      the projection station, thereby achieving the aforementioned
      cinematographic effect. For example, a conventional deflection circuit,
      can pick off the signals from the CRT and circuit 46 to govern the speed
      of the motor 26.
PAR  The apparatus 10 of the invention is capable of considerable variation in
      accordance with the teachings herein. The use of colored toner, other than
      black is contemplated. Different circuitry and mechanical means can be
      used to accomplish the functions which are described other than those
      already mentioned. The characteristics of the film 12 are such that the
      means are capable of a wide gamut of structure and circuitry. For example,
      since the surface of the film itself is glassy hard and highly abrasion
      resistant, mechanical means for handling and translating the film need not
      be especially constructed and protected to prevent contact with the film.
      Many variations are contemplated with respect to the provision of means to
      establish and maintain a lighttight enclosure in lieu of the described
      ooperating frame means. Also, the carrier means for the film member or
      plural members may be other than disk-shaped and, likewise, the
      translation of the carrier means other than rotary.
PAR  In the description and discussion above, some of the details which are
      quite obvious have been omitted. For example, the overall power supply for
      the apparatus 10 and its internal circuitry would normally be provided by
      batteries, either with or without an electrical attachment for connection
      to an external power source of electrical current. The photocell requires
      a constant current source such as might be provided by a battery. A switch
      could be provided to keep the photocell inoperative when the recording
      station is not in use so as to preserve the battery. Conventional
      servomotors may be utilized to drive the blind mechanism, as well as to
      effect notation of the carrier disk. The principal operating functions can
      be timed and programmed by suitable small motors or mechanical timers
      coordinating the positioning of the film with the operation of the means
      at the respective stations. Many functions may be manually effected by the
      operator, such as the translation of the carrier means, the projection of
      the recorded image to the screen as well as the toner removal.
PAR  In considering the construction of a practical apparatus, it has been
      explained herein that of the parameters which are involved, the adjustment
      of the charge potential on the surface of the film member 16 in relation
      to the incident light is most advantageous. The reason is that the
      sensitivity of the film is thereby controlled. It is feasible to keep the
      charging time constant, resulting in a fixed sensitivity of film in which
      case the aperture can be adjusted manually or automatically to provide the
      best light conditions for the fixed sensitivity. Other parameters which
      could be controlled, alone or in combination, are the time of toner
      application and the voltage of the toner bias to provide enhancement of
      the reproduced image over the relatively weak pattern appearing on the CRT
      12.
CLMS
STM  What it is desired to secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A system for effecting an enlarged image display on a viewing screen and
      utilizing a transparent electrophotographic film member of the type having
      a photoconductive coating, said system comprising: translatable carrier
      means mounting at least one electrophotographic film member, means
      operable on the carrier means stepwise to position said
      electrophotographic film member successively at each of plural stations
      located along the path of movement of said carrier means, said plurality
      of stations comprising: a recording station including means for projecting
      a scene upon the film member and stationary means for successively
      charging, exposing and toning the film member forming a projectable
      transparency of said scene at said recording station, the film member and
      said stationary means being immobilized one relative to the other
      throughout the operation of the charging, exposing and toning means, a
      projection station for applying an enlarged image of said scene from said
      transparency upon a viewing screen and an erase station having means for
      removing all toner from said film member, a lighttight housing
      accommodating said means for charging, exposing and toning, said housing
      including a wall having window means formed therein for transmitting the
      projected light pattern representative of said scene to the film member
      when the same is aligned therewith, and said means for charging, exposing
      and toning includes a charging device proximate said window means for
      charging the coating of said film member sufficiently to raise the surface
      potential thereof to a selected potential value, means intermediate said
      optical train and said charging device for exposing said film member to
      said pattern only when said potential value is reached, means proximate to
      said window for applying toner to the film member subsequent to exposure,
      and means for controlling the applied charge on the film in relation to
      the incident light intensity.
NUM  2.
PAR  2. The system as claimed in claim 1 in which said controlling means
      comprise means for measuring and comparing the charge potential on the
      film and the incident light intensity and control circuit means for
      providing a signal upon said charging device for controlling the applied
      charge.
NUM  3.
PAR  3. The system as claimed in claim 2 in which said control circuit means
      includes means for disabling the charging device and said exposing means
      is operable immediately after the operation of said disabling means.
NUM  4.
PAR  4. The system as claimed in claim 2 in which said potential measuring means
      comprise a voltage measuring device to derive a first signal which is a
      varying voltage which rises as the charge increases, said light intensity
      measuring means and deriving means include a photocell connected to an
      adjusting circuit whose parameters are adjusted to provide an output
      voltage having a predetermined characteristic for different values of
      light intensity, said last-mentioned output voltage being constant for any
      value of light intensity and comprising a second signal, said comparing
      means including a differential amplifier arranged in the control circuit
      to produce an output signal only when its two input signals are equal,
      said output signal of said differential amplifier comprises the third
      signal and occurs only when the first signal has risen to equal the second
      signal.
NUM  5.
PAR  5. The system as claimed in claim 4 in which said third signal is connected
      to operate said blind mechanism for exposing the film member, and means
      are provided for timing the exposure period.
NUM  6.
PAR  6. The system as claimed in claim 5 and means for timing the toning period
      in a predetermined relationship to the measured light intensity, the time
      of toning varying generally inversely with light intensity.
NUM  7.
PAR  7. The system as claimed in claim 5 and said timing means also being
      operable upon said toning means for timing the toning period in a
      predetermined relationship relative to the surface potential.
NUM  8.
PAR  8. The system as claimed in claim 1 and means operating said toning means
      immediately after exposure of the film member and means for disabling said
      toning means.
NUM  9.
PAR  9. The system as claimed in claim 1 in which said exposing means comprise a
      blind mechanism arranged interposed between said means for projecting and
      the charging device and means for operating the blind mechanism to permit
      passage therepast of the light pattern representing said scene when said
      selected potential value is reached.
NUM  10.
PAR  10. The system as claimed in claim 1 and means for applying a bias voltage
      to the toner during the toning period.
NUM  11.
PAR  11. The system as claimed in claim 1 in which said carrier means comprise a
      carrier disk arranged for stepwise rotary movement, said stations being
      disposed at spaced locations along the circumferential path of said disk
      and means to establish a lighttight condition during the period while the
      film member is at the first station whereby the film member is charged and
      toned in darkness.
NUM  12.
PAR  12. The system as claimed in claim 1 in which said controlling means
      include photoresponsive means for measuring the light intensity and
      positioned to intercept at least some of the light which is projected onto
      the film member.
NUM  13.
PAR  13. The system as claimed in claim 1 in which said controlling means
      comprise transparent photoresponsive means for measuring light intensity
      and interposed in the light path so as to intercept the light projected
      onto the film member but to permit most of the light to pass through.
NUM  14.
PAR  14. A system for effecting an enlarged image display on a viewing screen
      and utilizing a transparent electrophotographic film member of the type
      having a photoconductive coating, said system comprising: translatable
      carrier means mounting at least one electrophotographic film member, means
      operable on the carrier means stepwise to position said
      electrophotographic film member successively at each of plural stations
      located along the path of movement of said carrier means, said plurality
      of stations comprising: a recording station including means for projecting
      a scene upon the film member and means for charging, exposing and toning
      the film member forming in situ a projectable transparency of said scene
      at said recording station, the film member being immobilized during
      charging and exposing through the completion of the toning, a projection
      station for applying an enlarged image of said scene from said
      transparency upon a viewing screen and an erase station having means for
      removing all toner from said film member and said carrier means comprise a
      carrier arranged for stepwise rotary movement about its axis and said
      stations being arranged at spaced intervals along the path of movement of
      said film member with rotation of said carrier, means establishing a
      lighttight condition during the period when the film member is at the
      first station whereby the film member is charged and toned in darkness,
      said last-mentioned means including a frame on the carrier surrounding
      said film member to effect the lighttight condition on alignment of said
      film member with the scene projecting means at the first station.
NUM  15.
PAR  15. The system for effecting an enlarged image display on a viewing screen
      and utilizing a transparent electrophotographic film member of the type
      having a photoconductive coating, said system comprising: translatable
      carrier means mounting at least one electrophotographic film member, means
      operable on the carrier means stepwise to position said
      electrophotographic film member successively at each of plural stations
      located along the path of movement of said carrier means, said plurality
      of stations comprising: a recording station including means for projecting
      a scene upon the film member and means for charging, exposing and toning
      the film member forming in situ a projectable transparency of said scene
      at said recording station, the film member being immobilized during
      charging and exposing through the completion of the toning, a projection
      station  for applying an enlarged image of said scene from said
      transparency upon a viewing screen and an erase station having means for
      removing all toner from said film member, a lighttight housing
      accommodating said means for charging, exposing said toning, said housing
      including a wall having window means formed therein for transmitting the
      projected light pattern representative of said scene to the film member
      when same is aligned therewith, and said means for charging, exposing and
      toning includes a charging device proximate said window means for charging
      the coating of said film member sufficiently to raise the surface
      potential thereof to a selected potential value, means intermediate said
      optical train and said charging device for exposing said film member to
      said pattern only when said potential value is reached, means proximate to
      said window for applying toner to the film member subsequent to exposure,
      means for controlling the applied charge on the film in relation to the
      incident light intensity and said carrier means comprise a carrier disk
      having means for mounting the film thereon, said last-mentioned means
      comprise a window for carrying said film member and defining a corner area
      which is in darkness notwithstanding the projection of the light pattern
      onto the major portion of the film surface so that said corner area is
      charged during operation of the charging device, said controlling means
      including a voltmeter disposed in position to measure the surface
      potential of said corner area of the film member at the first station.
NUM  16.
PAR  16. A system for effecting an enlarged image display on a viewing screen
      and utilizing a transparent electrophotographic film member of the type
      having a photoconductive coating, said system comprising: translatable
      carrier means mounting at least one electrophotographic film member, means
      operable on the carrier means stepwise to position said
      electrophotographic film member successively at each of plural stations
      located along the path of movement of said carrier means, said plurality
      of stations comprising: a recording station including means for projecting
      a scene upon the film member and means for charging, exposing and toning
      the film member forming in situ a projectable transparency of said scene
      at said recording station, the film member being immobilized during
      charging and exposing through the completion of the toning, a projection
      station for applying an enlarged image of said scene from said
      transparency upon a viewing screen and an erase station having means for
      removing all toner from said film member, a lighttight housing
      accommodating said means for charging, exposing and toning, said housing
      including a wall having window means formed therein for transmitting the
      projected light pattern representative of said scene to the film member
      when same is aligned therewith, and said means for charging, exposing and
      toning includes a charging device proximate said window means for charging
      the coating of said film member sufficiently to raise the surface
      potential thereof to a selected potential value, means intermediate said
      optical train and said charging device for exposing said film member to
      said pattern only when said potential value is reached, means proximate to
      said window for applying toner to the film member subsequent to exposure
      and means for controlling the applied charge on the film in relation to
      the incident light intensity, and said controlling means comprise a
      transparent photocell, the means for projecting including an optical train
      having at least one lens, said photocell comprising a pair of electrically
      conductive layers sandwiching an intervening thin film inorganic
      photoconductive layer intimately bonded thereto and capable of having a
      potential established thereacross with current flow being a measure of
      intensity of light passing therethrough, one of said electrically
      conductive layers being intimately bonded to a surface of said lens.
NUM  17.
PAR  17. A system for effecting a large scale screen display of an image from a
      source and utilizing a transparent electrophotographic film member of the
      type having a photoconductive coating, said system comprising:
PA1  A. translatable carrier means and at least one electrophotographic film
      member mounted thereon, said electrophotographic film member having a
      photoconductive coating;
PA1  B. means for effecting stepwise translation of said carrier means to
      position said electrophotographic film member progressively and
      successively at each of plural stations located along the path of said
      carrier means for performance of operations upon said film member;
PA1  C. an image source; and
PA1  D. said plurality of stations comprising:
PA2  i. a recording station including
PA3  1. optical train means for receiving an image from said source and
      projecting said image upon the film member; and
PA3  2. aligned means at a fixed location for charging, exposing and toning the
      film member successively while the film member and said aligned means are
      relatively immobilized throughout the charging, exposing and toning to
      form a temporarily visible projectable transparency of said image at said
      recording station;
PA2  ii. a projection station, including a light source and projecting means,
      for applying the image from said transparency to a receptor surface in
      large scale display; and
PA2  iii. an erase station having means for removing all toner from said
      transparency to provide a clean film member for reuse at said recording
      station, a lighttight housing accommodating said means for charging,
      exposing and toning, said housing including a wall having window means
      formed therein for transmitting the projected light pattern representative
      of said scene to the film member when the same is aligned therewith, and
      said means for charging, exposing and toning includes a charging device
      proximate said window means for charging the coating of said film member
      sufficiently to raise the surface potential thereof to a selected
      potential value, means intermediate said optical train and said charging
      device for exposing said film member to said pattern only when said
      potential value is reached, means proximate to said window for applying
      toner to the film member subsequent to exposure, and means for controlling
      the applied charge on the film in relation to the incident light
      intensity.
NUM  18.
PAR  18. The system as claimed in claim 17 in which said control circuit means
      include means operating to disable the charging device and means operable
      immediately subsequent to the operation of said disabling means to expose
      the film member.
NUM  19.
PAR  19. The system as claimed in claim 17 in which said exposure means comprise
      a blind mechanism arranged between said optical train and the charging
      device and means for operating the blind mechanism to permit passage
      therepast of a light pattern representing said scene when said selected
      potential value is reached.
NUM  20.
PAR  20. The system as claimed in claim 19 in which said third signal is
      connected to enable said blind mechanism for exposing the film member, and
      means are provided for timing the exposure period.
NUM  21.
PAR  21. The system as claimed in claim 20 in which there are means for timing
      the toning period in a predetermined relationship to the measured light
      intensity, the time of toning varying generally inversely with light
      intensity.
NUM  22.
PAR  22. The system as claimed in claim 20 and said timer means also operable
      upon said toning means for timing the toning period in a predetermined
      relationship relative to the surface potential.
NUM  23.
PAR  23. The system as claimed in claim 17 and means for applying a bias voltage
      to the toner during the toning period.
NUM  24.
PAR  24. The system as claimed in claim 17 in which the means for measuring the
      light intensity comprise photoresponsive means located on the interior of
      the housing and arranged to intercept at least some of the light which is
      projected onto the film member.
NUM  25.
PAR  25. A system for effecting a large scale screen display of an image from a
      source and utilizing a transparent electrophotographic film member of the
      type having a photoconductive coating, said system comprising:
PA1  A. translatable carrier means and at least one electrophotographic film
      member mounted thereon, said electrophotographic film member having a
      photoconductive coating;
PA1  B. means for effecting stepwise translation of said carrier means to
      position said electrophotographic film member progressively and
      successively at each of plural stations located along the path of said
      carrier means for performance of operations upon said film member;
PA1  C. an image source; and
PA1  D. said plurality of stations comprising;
PA2  i. a recording station including
PA3  1. optical train means for receiving an image from said source and
      projecting said image upon the film member; and
PA3  2. means for charging, exposing and toning the film member successively
      while the film member is immobilized until toning is completed to form a
      temporarily visible projectable transparency of said image;
PA2  ii. a projection station, including a light source and projecting means,
      for applying the image from said transparency to a receptor surface in
      large scale display; and
PA2  iii. an erase station having means for removing all toner from said
      transparency to provide a clean film member for reuse at said recording
      station;
PA1  E. a lighttight housing structure accommodating said means for charging,
      exposing and toning disposed within said enclosure and including
PA2  a charging device for charging the coating of said film member sufficiently
      to raise the surface potential thereof to a selected potential value,
PA2  means intermediate said optical train and said charging device for exposing
      said film member to said pattern only when said potential value is
      reached,
PA2  means for applying toner to the latent image formed on the film member
      subsequent to exposure thereof,
PA2  means for measuring and comparing the charge potential on the coating of
      the film and the incident light intensity, and
PA2  control circuit means operable upon said charging device for controlling
      the applied charge in relation to said measured light intensity, and
PA2  said potential measuring means comprise voltage measuring means comprising
      a voltage measuring device to derive a first signal which is a varying
      voltage which rises as the charge increases, said light intensity
      measuring means and deriving means include a photocell connected to an
      adjusting circuit whose parameters are adjusted to provide an output
      voltage having a predetermined characteristic for different values of
      light intensity, said last-mentioned output voltage being constant for any
      value of light intensity and comprising a second signal, said comparing
      means including a differential amplifier arranged in the control circuit
      to produce an output signal only when its two input signals are equal,
      said output signal of said differential amplifier comprises the third
      signal and occurs only when the first signal has risen to equal the second
      signal.
NUM  26.
PAR  26. A system for effecting a large scale screen display of an image from a
      source and utilizing a transparent electrophotographic film member of the
      type having a photoconductive coating, said system comprising:
PA1  A. translatable carrier means and at least one electrophotographic film
      member mounted thereon, said electrophotographic film member having a
      photoconductive coating;
PA1  B. means for effecting stepwise translation of said carrier means to
      position said electrophotographic film member progressively and
      successively at each of plural stations located along the path of said
      carrier means for performance of operations upon said film member;
PA1  C. an image source; and
PA1  D. said plurality of stations comprising:
PA2  i. a recording station including
PAR  1. optical train means for receiving an image from said source and
      projecting said image upon the film member; and
PA3  2. means for charging, exposing and toning the film member successively
      while the film member is immobilized until toning is completed to form a
      temporarily visible projectable transparency of said image;
PA2  ii. a projection station, including a light source and projecting means,
      for applying the image from said transparency to a receptor surface in
      large scale display; and
PA2  iii. an erase station having means for removing all toner from said
      transparency to provide a clean film member for reuse at said recording
      station;
PA1  E. said recording station includes a housing structure having said means
      for charging, exposing and toning disposed therein, and means for defining
      a lighttight enclosure while the film member is positioned at said
      recording station during formation of the projectable transparency, and
PA1  F. said carrier means comprise a carrier disk arranged for rotary movement
      stepwise from station to station about a shaft, each of said stations
      being disposed at spaced locations along the periphery of said disk and
      said means to establish a lighttight enclosure being on the housing and
      the disk said charging and toning being performed in darkness.
NUM  27.
PAR  27. The system as claimed in claim 26 in which said carrier disk has at
      least one window formed therein, said film member mounted within said
      window, said window having a surrounding frame and said means establishing
      a lighttight condition includes the surrounding frame on the disk
      cooperating with the said housing to effect said condition when the window
      of the carrier disk is aligned with the optical train means at the first
      station.
NUM  28.
PAR  28. A system for effecting a large scale screen display of an image from a
      source and utilizing a transparent electrophotographic film member of the
      type having a photoconductive coating, said system comprising:
PA1  A. translatable carrier means and at least one electrophotographic film
      member mounted thereon, said electrophotographic film member having a
      photoconductive coating;
PA1  B. means for effecting stepwise translation of said carrier means to
      position said electrophotographic film member progressively and
      successively at each of plural stations located along the path of said
      carrier means for performance of operations upon said film member;
PA1  C. an image source; and
PA1  D. said plurality of stations comprising:
PA2  i. a recording station including
PAR  1. optical train means for receiving an image from said source and
      projecting said image upon the film member; and
PA3  2. means for charging, exposing and toning the film member successively
      while the film member is immobilized until toning is completed to form a
      temporarily visible projectable transparency of said image;
PA2  ii. a projection station, including a light source and projecting means,
      for applying the image from said transparency to a receptor surface in
      large scale display; and
PA2  iii. an erase station having means for removing all toner from said
      transparency to provide a clean film member for reuse at said recording
      station, and
PA1  E. said carrier means comprise a carrier disk having means for mounting the
      film thereon, said mounting means comprise a window carrying said film
      member and having an area which is in darkness notwithstanding the
      projection of the light pattern onto the major portion of the film surface
      so that said area is charged during operation of the charging device, and
      measuring means disposed in position to measure the surface potential of
      said area of the film member.
NUM  29.
PAR  29. A system for effecting a large scale screen display of an image from a
      source and utilizing a transparent electrophotographic film member of the
      type having a photoconductive coating, said system comprising:
PA1  A. translatable carrier means and at least one electrophotographic film
      member mounted thereon, said electrophotographic film member having a
      photoconductive coating;
PA1  B. means for effecting stepwise translation of said carrier means to
      position said electrophotographic film member progressively and
      successively at each of plural stations located along the path of said
      carrier means for performance of operations upon said film member;
PA1  C. an image source; and
PA1  D. said plurality of stations comprising:
PA2  i. a recording station including
PAR  1. optical train means for receiving an image from said source and
      projecting said image upon the film member; and
PA3  2. means for charging, exposing and toning the film member successively
      while the film member is immobilized until toning is completed to form a
      temporarily visible projectable transparency of said image;
PA2  ii. a projection station, including a light source and projecting means,
      for applying the image from said transparency to a receptor surface in
      large scale display; and
PA2  iii. an erase station having means for removing all toner from said
      transparency to provide a clean film member for reuse at said recording
      station,
PA1  E. a lighttight housing structure accommodating said means for charging,
      exposing and toning being disposed within said enclosure and including.
PA2  a charging device for charging the coating of said film member sufficiently
      to raise the surface potential thereof to a selected potential value,
PA2  means intermediate said optical train and said charging device for exposing
      said film member to said pattern only when said potential value is
      reached,
PA2  means for applying toner to the latent image formed on the film member
      subsequent to exposure thereof,
PA2  means for measuring and comparing the charge potential on the coating of
      the film and the incident light intensity, and
PA2  control circuit means operable upon said charging device for controlling
      the applied charge in relation to said measured light intensity; and
PA1  F. the means for measuring the light intensity comprise transparent
      photoresponsive means interposed in the light path at the first station.
NUM  30.
PAR  30. A system for effecting a large scale screen display of an image from a
      source and utilizing a transparent electrophotographic film member of the
      type having a photoconductive coating, said system comprising:
PA1  A. translatable carrier means and at least one electrophotographic film
      member mounted thereon, said electrophotographic film member having a
      photoconductive coating;
PA1  B. means for effecting stepwise translation of said carrier means to
      position said electrophotographic film member progressively and
      successively at each of plural stations located along the path of said
      carrier means for performance of operations upon said film member;
PA1  C. an image source;
PA1  D. said plurality of stations comprising:
PA2  i. a recording station including
PAR  1. optical train means for receiving an image from said source and
      projecting said image upon the film member; and
PA3  2. means for charging, exposing and toning the film member successively
      while the film member is immobilized until toning is completed to form a
      temporarily visible projectable transparency of said image;
PA2  ii. a projection station, including a light source and projecting means,
      for applying the image from said transparency to a receptor surface in
      large scale display; and
PA2  iii. an erase station having means for removing all toner from said
      transparency to provide a clean film member for reuse at said recording
      station,
PA1  E. a lighttight housing structure accomodating said means for charging,
      exposing and toning being disposed within said enclosure and including,
PA2  a charging device for charging the coating of said film member sufficiently
      to raise the surface potential thereof to a selected potential value,
PA2  means intermediate said optical train and said charging device for exposing
      said film member to said pattern only when said potential value is
      reached,
PA2  means for applying toner to the latent image formed on the film member
      subsequent to exposure thereof,
PA2  means for measuring and comparing the charge potential on the coating of
      the film and the incident light intensity, and
PA2  control circuit means operable upon said charging device for controlling
      the applied charge in relation to said measured light intensity, and
PA1  F. the means for measuring the light intensity comprise a transparent
      photocell, the optical train including at least one lens and the photocell
      is coated onto a surface of said lens.
NUM  31.
PAR  31. Apparatus for temporarily recording a light pattern on
      electrophotographic film having a photoconductive coating and projecting
      said recorded light pattern in a large scale display upon a screen
      surface, said apparatus comprising: carrier means for holding at least one
      electrophotographic film member, a housing providing a lighttight
      enclosure and arranged to receive said electrophotographic film member in
      a lighttight relationship therewith, said film member having a
      photoconductive coating, a light pattern source exterior of said housing,
      projection means exterior of said housing arranged to apply said light
      pattern to said photoconductive coating, means within the housing
      proximate to said film member for charging the coating while same is in
      darkness, means for sensing the absolute potential of the charged coating
      and simultaneously, for sensing the flux of said light pattern and
      deriving respective signals from the potential and flux, a control circuit
      operated by said signals and having a predetermined characteristic which
      provides an output signal for any level of light flux when the charge
      potential sensed reaches a chosen value corresponding to any particular
      flux level and built into said characteristic, means driven by the output
      signal of the control circuit to disable said charging means and
      simultaneously to expose said charged coating to said light pattern, means
      enclosure for applying toner to the film member subsequent to exposure
      thereof, means for adjusting the time of toning and disabling said toner
      means after a predetermined time interval, both said film member and said
      means for charging, exposing and toning being immobilized one relative to
      the other throughout the charging, exposure and toning, a projector
      arrangement, including a light source and an optical train, arranged
      spaced from said housing for receiving the toned electrophotographic film
      member and capable of projecting the recorded light pattern upon the
      screen surface, toner removal means arranged spaced from said projector
      means and adapted to receive said toned electrophotographic film
      subsequent to projection for removal of all toner therefrom and means for
      stepwise translating said carrier means to bring said electrophotographic
      film member successively to said housing, said projection means, said
      toner removal means and again to said housing in that order, said housing
      accommodating said means for charging, exposing and toning, said housing
      including a wall having window means formed therein for transmitting the
      projected light pattern representative of said scene to the film member
      when the same is aligned therewith, and said means for charging, exposing
      and toning includes a charging device proximate said window means for
      charging the coating of said film member sufficiently to raise the surface
      potential thereof to a selected potential value, means intermediate said
      optical train and said charging device for exposing said film member to
      said pattern only when said potential value is reached, means proximate to
      said window for applying toner to the film member subsequent to exposure,
      and means for controlling the applied charge on the film in relation to
      the incident light intensity.
NUM  32.
PAR  32. Apparatus as claimed in claim 31 in which the stepping rate is in the
      range between about 10 to 30 frames per second so that the projected
      recorded light pattern appears as continuous motion.
NUM  33.
PAR  33. Apparatus as claimed in claim 31 in which said light pattern source
      comprises a cathode ray tube display unit.
NUM  34.
PAR  34. Apparatus as claimed in claim 31 in which means are provided for
      applying bias to said toner during toning in response to the charge
      potential sensed at the end of the charging period.
NUM  35.
PAR  35. Apparatus as claimed in claim 31 in which said housing and said carrier
      have means for maintaining said electrophotographic film member in
      darkness during charging and toning.
NUM  36.
PAR  36. Apparatus as claimed in claim 31 in which there is disposed a source of
      energy sufficient fully to discharge the electrophotographic film, said
      energy source located along the return path of said film to said housing.
NUM  37.
PAR  37. Apparatus for temporarily recording a light pattern on
      electrophotographic film having a photoconductive coating and projecting
      said recorded light pattern in a large scale display upon a screen
      surface, said apparatus comprising:
PA1  carrier means for holding at least one electrophotographic film member, a
      housing providing a lighttight enclosure and arranged to receive said
      electrophotographic film member in a lighttight relationship therewith,
      said film member having a photoconductive coating, a light pattern source
      exterior of said housing, projection means exterior of said housing
      arranged to apply said light pattern to said photoconductive coating,
      means within the housing proximate to said film member for charging the
      coating while same is in darkness, means for sensing the absolute
      potential of the charged coating and simultaneously, for sensing the flux
      of said light pattern and deriving respective signals from the potential
      and flux, a control circuit operated by said signals and having a
      predetermined characteristic which provides an output signal for any level
      of light flux when the charge potential sensed reaches a chosen value
      corresponding to any particular flux level and built into said
      characteristic, means driven by the output signal of the control circuit
      to disable said charging means and simultaneously to expose said charged
      coating to said light pattern, means within said enclosure for applying
      toner to the film member subsequent to exposure thereof, means for
      adjusting the time of toning and disabling said toner means after a
      predetermined time interval: said film member being immobilized during the
      charging, exposure and toning thereof, a projector arrangement, including
      a light source and an optical train, arranged spaced from said housing for
      receiving the toned electrophotographic film member and capable of
      projecting the recorded light pattern upon the screen surface, toner
      removal means arranged spaced form said projector means and adapted to
      receive said toned electrophotographic film subsequent to projection for
      removal of all toner therefrom and means for stepwise translating said
      carrier means to bring said electrophotographic film member successively
      to said housing, said projection means, said toner removal means and again
      to said housing in that order, and said carrier means comprises a disk
      member arranged for stepwise rotation to deliver said electrophotographic
      film member along the path intercepted by said housing, said projection
      means and said toner removal means successively and returning to said
      housing means.
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ABST
PAL  An optical system for a duplicator machine comprising a table on which a
      pair of mirrors are mounted, the pair of mirrors jointly reflecting light
      from a document 180.degree. to a photosensitive surface. The table is
      supported for easy adjustment on a pair of eccentric cams mounted adjacent
      the ends thereof, the table being coupled to the cams by means of
      rotatable adjusting screws for establishing an initial level of the table.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an optical system for a duplicator machine, and
      more particularly to an optical system of a construction which allows easy
      adjustment and replacement as compared with existing counterparts.
PAR  The existing optical system for duplicator machines, for example, lenses
      and mirrors, generally undergo positional deviations due to vibrations
      occurring as a result of operation of the duplicator machine or imposed
      from outside, giving rise to various defects such as blurring of the
      original image on the copying surface or the like. These defects can be
      avoided by periodic adjustment of the optical system, but such adjustments
      involve troublesome efforts including positional and angular adjustments
      of lenses, and reflecting mirrors independently as well as in relation to
      other component parts of the optical system.
PAC  OBJECT OF THE INVENTION
PAR  The present invention aims at removing the aforementioned defects and has
      as its object the provision of an optical system particularly suitable for
      use in duplicator machines and having a simplified construction
      particularly designed to facilitate the positional adjustments to a
      material degree and at the same time to allow easy maintenance and
      replacement thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatic view showing general construction of a duplicator
      machine employing an optical system according to the present invention,
      and;
PAR  FIG. 2 is a perspective view showing the optical system of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  An embodiment of the present invention will now be described more
      particularly with reference to the accompanying drawings.
PAR  Referring to FIG. 1 which shows a general construction of a duplicator
      machine employing the optical system according to the present invention,
      there is designated at 1 a document drum and at 2 a photosensitive drum.
      An original document 4 which has been inserted through a document inlet 3
      is transferred through an exposure position 5 by means of the document
      drum 1. An image of the original document 4 is formed as an electrostatic
      latent image on the photosensitive drum 2 by means of an optical system
      which will be described in greater detail hereinafter. Thereafter, the
      original 4 is discharged onto a document receptacle tray 7. The
      electrostatic latent image formed on the photosensitive drum 2 is
      visualized by means of a developing device 8 which is mounted on the
      circumference of the photosensitive drum 2 and the developed image is
      transferred at a transfer position onto a paper sheet 10 which is fed from
      a paper feeding device 9, by means of a transfer corona device 11. The
      paper sheet 10 which has been transferred with a visible image is directed
      to a fixing device 13 by the action of a chain 12, the fixing device
      operating to make the toner image permanent before the copy is discharged
      into the receptacle tray 14. Toner residue on the photosensitive drum 2 is
      removed by a cleaning station device 15.
PAR  In connection with a duplicator machine of the construction as mentioned
      hereinabove, the optical system 5 of the invention will be discussed
      hereafter.
PAR  The optical system 6 comprises a horizontally disposed table or platform 17
      on which are mounted a lens 18, and reflecting mirrors 19a and 19b.
      Adjusting screws 20a, 20b, 20c and 20d are provided to form an independent
      optical unit. The lens 18 is fixedly mounted substantially at the center
      of the table 17 while the reflecting mirrors 19a and 19b are fixedly
      mounted at opposite ends thereof at approximately a 45.degree. angle in
      facing relation with the document drum 1 and photosensitive drum 2,
      respectively. Thus, the light passage from the document drum 1 to the
      photosensitive drum 2 is constituted only by horizontal and vertical
      elements, so that the adjustment of focus may be attained suitably by
      moving the table 17 in the vertical direction. Elongated slots 21a and 21b
      are formed in the table 17 to permit light to pass between the document
      drum and the reflecting mirror 19a on the one hand between the
      photosensitive drum 2 and the reflecting mirror 19b on the other hand.
PAR  The aforementioned optical system 6 is supported on support members 22a and
      22b which are suspended on the duplicator machine body and extended in the
      axial direction of the document drum 1 and photosensitive drum 2 between
      side walls 23a and 23b. The support members 22a and 22b are in the form of
      eccentric cams, so that the distances A and B of the vertical light
      passages between the uppermost levels of the document drum 1 and the
      support member 22b may be varied and adjusted by rotating the support
      members 22a and 22b, respectively. After adjustment, the support members
      22a and 22b are fixed in position by suitable fixing means, such as nuts
      or the like.
PAR  In the manner just mentioned, the optical system 6 is mounted on the
      support members 22a and 22b. The bottom face of the table 17 of the
      optical system 6 is formed with two transversely extending
      semi-cylindrical grooves 24a and 24b for receiving the support members 22a
      and 22b. Therefore, the level of the table 17 may be adjusted by means of
      the adjusting screws 20a, 20b, 20c and 20d which are fixed in position by
      suitable fixing means such as double nuts or the like after adjustment of
      the table 17.
PAR  After mounting the optical system 6 on the support members 22a and 22b, the
      adjusting screws 20a, 20b, 20c, and 20d are set to satisfy the following
      equations:
EQU  C = (1 + 1/M)f - (A + B) and
EQU  D = (1 + 1/M)f - (A + F)
PAL  wherein C is the vertical distance between the top level of the support
      member 22a in the form of an eccentric cam and the center of the
      reflecting mirror 19a, D is the vertical distance between the top level of
      the support member 22b in the form of an eccentric cam and the center of
      the reflecting mirror 22b, M represents the magnification of the lens, f
      represents the focal length of the lens, E represents the distance between
      the centers of the reflecting mirror 10a and the lens 19, and F represents
      the distance between the centers of the reflecting mirror 10b and the lens
      18.
PAR  The setting of the adjusting screws 20a, 20b, 20c, and 20d may
      alternatively be effected visually by forming an image of the original on
      the photosensitive drum 2.
PAR  After setting the optical system 6 in position, both the optical system 6
      and the support members 22a and 22b are fixed immovable with respect to
      each other by suitable fixing means such as a band or a clamping device
      (not shown).
PAR  As described hereinbefore, the optical system for a duplicator machine
      according to the present invention comprises on the table 17, a first
      reflecting mirror 19a for reflecting a light ray emitted in a normal
      direction from the surface of an original on the document drum 1 in a
      direction perpendicular to a line normal to the surface of the original, a
      lens 18 disposed in the passage of the reflected light ray, and a second
      reflecting mirror 19b for reflecting the received beam 90.degree. and
      projecting the light rays onto a photosensitive drum 22a, the table 17
      being coupled to support members 22a and 22b, by means of a plural number
      of adjusting screws 20a, 20b, 20c, and 20d to allow adjustment of the
      level of the table. The support members are supported from the machine
      frame so that the table 17 may be adjusted in the vertical direction with
      ease by rotation of the support members which are in the form of eccentric
      cams spaning the width of the table parallel to the plane of the
      reflecting mirrors. The optical system thus has the advantage of allowing
      easy maintenance and replacement.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a duplicator machine having a document drum and a photoconductor
      drum, an optical system comprising a table on which are fixedly mounted
      two spaced apart mirrors, said mirrors arranged to jointly reflect light
      from said document drum approximately 180.degree. to said photoconductor
      drum, a pair of eccentric cams supported with their longitudinal axes
      substantially parallel to the plane of said table, means for supporting
      said cams for rotation about their longitudinal axes, adjusting screws
      carried for rotation in said table and having ends bearing on said cams,
      whereby said table may be adjusted relative to said drums by the combined
      movement of said adjusting screws and cams.
NUM  2.
PAR  2. The combination recited in claim 1 wherein said table includes openings
      intermediate said mirrors and each of said drums for the passage of light.
NUM  3.
PAR  3. The combination recited in claim 2 wherein said cams are carried in side
      frame members of said machine.
NUM  4.
PAR  4. The combination recited in claim 1 wherein said cams are located
      adjacent opposite ends of said table and each cam has a pair of adjusting
      screws bearing thereon.
NUM  5.
PAR  5. An optical system for a duplicator machine for reflecting light from a
      document drum to a photoconductor drum through approximately 180.degree.
      comprising a table having a pair of mirrors mounted thereon, a pair of
      eccentric cams mounted for rotation in said machine, said table supported
      on said cams whereby rotation of said cams changes the position of said
      table relative to said drums.
NUM  6.
PAR  6. The combination recited in claim 5 wherein said table has slots in the
      light path between each of said mirrors and its associated drum, and said
      cams are coupled to said table by means of adjusting screws carried for
      rotation in said table and having ends which bear on said cams.
NUM  7.
PAR  7. The combination recited in claim 6 wherein said cams have their
      longitudinal axes running parallel to the plane of said table and span the
      width of said table in the direction of orientation of said mirrors.
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ABST
PAL  A printing system adapted for creating hard copy output from computer
      generated digital pulses. This system feeds blank or preprinted paper from
      a paper supply station through a xerographic processor wherein readable
      computer generated images are created thereon. The information bearing
      paper is then transported to a paper receiving station which comprises one
      or more paper receiving bins. Alternatively, an auxiliary feed path for
      the output paper is created to direct pages, under certain circumstances,
      to a sample print tray. Paper deflecting fingers are provided to divert
      pages to the sample print tray under the control of the operator in
      response to one of four conditions. These conditions include: (a) The
      feeding of a sample page through the processor when power is first applied
      to the machine after the machine has been in a powerless state, or (b)
      After a jam in the system has been cleared and it is desired to abort
      pages which have not been removed from the paper path. In this mode, the
      system may also cause the feeding of a sample page through the processor
      and direct it to the sample print tray, or (c) Any time during the normal
      operating cycle of the machine when a supplemental copy or a sample page
      is desired to be made to check the copy quality being produced by the
      system, or (d) When it is desired to print the contents of specified
      controller memory locations for diagnostic troubleshooting purposes.
BSUM
PAR  This invention relates to printing systems for computer output and, more
      particularly, to an electrostatic type, non-impact printing system having
      paper conveying means to direct the output copy to a paper receiving
      station and, at the discretion of the operator, means to direct certain
      sample prints to a sample print tray remote from the primary paper
      receiving station.
PAR  One form of non-impact type printing system utilizes a xerographic
      processor with an optical character generator. In this type of printer, a
      high speed character bearing drum is utilized, the drum having individual
      character sets for each character position in the line, together with
      flash illumination units disposed inside the drum. These flash units
      illuminate the characters in accordance with computer generated signal
      information. A lens assembly projects the flashed images to the
      photosensitive surface of a photoreceptor contained within a xerographic
      processor.
PAR  The system includes a paper feed path which normally directs paper from a
      paper supply station through the processor for the creation of toner
      images thereon. The paper is then desirably directed to a paper receiving
      station which, in the instant embodiment, includes first and second sheet
      collecting bins. On occasions, however, it is desirable to direct pages to
      a station remote from these bins. For example, first thing in the morning
      after the machine has been in a power-off state and the processor is to be
      operated, it may be desirable to run a sample page through the processor
      to test the system including its xerographic printing capabilities. This
      sample page may be obtained by depressing a SAMPLE PRINT button and the
      resulting page is directed to a sample print tray for the operator to
      determine the acceptability of the system and verify its smooth
      functioning capabilities.
PAR  The same sample print feature may also be utilized any time during
      operation after a paper jam has occurred and has been cleared. In these
      instances the xerographic processor will become inactivated due to the
      jam. After this time the paper jam must be cleared by the operator. Under
      these circumstances paper may become arrested along the path of movement
      between the paper supply station and the paper receiving station. In this
      second mode of operation, when the CONTINUE button is depressed, any paper
      remaining in the paper feed path from the paper supply station to the
      diverter fingers which direct pages to the sample print tray will be fed
      to the sample print tray in an abort fashion while a supplemental sample
      copy is fed through the processor to the sample print tray whereby the
      operator can then check for correct paper handling operation of the
      system. This aborting of the arrested sheets reduces operator involvement
      in correcting an undesirable state and thus minimizes the chance of losing
      the integrity of the output print job.
PAR  The third mode of operation occurs as when it is desirable to run a sample
      print through the xerographic system at any time during the normal
      operation of the system. In this case, the depression of the SAMPLE PRINT
      button will generate a command whereby the page being then printed will be
      directed to the sample print tray. The controller is programmed to cause
      reprinting of that page so deflected, and deliver it to the paper
      receiving station, maintaining output integrity. In the third mode of
      operation, logic is provided to cause the controller to repeat diverted
      pages and consequently, maintain the integrity of copy directed to the
      paper receiving station. By integrity it is meant the completeness of copy
      processed and received in the paper receiving station as compared with the
      variable information generated by the computer for being printed. In other
      words, if the controller were to ignore the fact of a sample print or
      prints, the integrity of copy in the paper receiving station would be lost
      since one or more of the pages would be directed to the sample print tray.
PAR  The fourth mode of operation occurs when it is desired to print the
      contents of specified controller memory locations for diagnostic
      troubleshooting purposes. In such a case, these controller memory
      locations are defined by one of several "request numbers" selected by the
      operator via the control panel. It is not necessary to depress the SAMPLE
      PRINT button in this mode. All pages will be delivered to the sample print
      tray as the result of depressing the START button.
PAR  As can be appreciated, the sample print capabilities of the instant system
      are thus provided to expand the utility of the system and minimize the
      prospects for creating output which either lacks integrity with respect to
      the input or the most desirable copy quality.
PAR  It is, therefore, an object of the present invention to improve printing
      systems.
PAR  It is a further object of the present invention to permit printing systems
      to be periodically monitored to test the printing quality of the image
      creating elements.
PAR  It is a further object of the present invention to minimize operator
      involvement in running printing systems or in the clearing of the sheet
      feed path after a jam in the processor.
PAR  It is a further object of the present invention to facilitate and simplify
      diagnostic troubleshooting activities.
DRWD
PAR  These and other objects of the instant invention will become apparent from
      the following disclosure and drawings wherein:
PAR  FIG. 1 is a perspective view of a xerographic printing system incorporating
      the sample print apparatus of the present invention;
PAR  FIG. 2 is a schematic view of the xerographic printing system shown in FIG.
      1 and;
PAR  FIG. 3 is a functional block diagram of illustrative control circuitry for
      the sample print capabilities of the system of FIGS. 1 and 2.
DETD
PAR  Referring to FIGS. 1 and 2 of the drawings there is shown a printing system
      10 which includes a xerographic processor portion or printing apparatus 12
      and a paper collection station 14. The operator control panel 16 includes
      buttons 18, 20, 22 and 24 constituting, respectively, the POWER button,
      the START button, the SAMPLE PRINT button, and the CONTINUE button,
      respectively. Dials 26 are the REQUEST NUMBER dials for use by the
      operator in calling certain job set-up information which has been
      pre-stored. Also pre-stored under one or more request numbers is set-up
      information which facilitates diagnostic troubleshooting. SAMPLE PRINT
      button 22 is back lighted to indicate that the machine is operating in a
      sample print mode.
PAR  Referring to FIG. 2 of the drawings, there is shown schematically the
      system as shown in FIG. 1. The xerographic apparatus 12 includes a
      processor 30 which includes the optical type character generator 32 which,
      in combination with a controller, not shown, constitutes a source of
      variable information to the xerographic printer. The processor also
      includes a platen 34 designed to permit forms overlay material to be
      copied in conjunction with a line copy generated by character generator
      32. The processor also includes a xerographic plate 36 bearing a
      photoconductive layer or light receiving surface on a conductive backing
      and formed in the shape of a drum. This drum 36 is suitably journaled in
      the processor frame to rotate in the clockwise direction as shown in FIG.
      2 to move the surface of the drum sequentially past a series of
      xerographic processing stations arranged about the periphery of the drum.
      The xerographic processing stations include (1) a charging station 38
      wherein a uniform electrostatic charge is deposited on the photoconductive
      layer of the drum by means of a suitable corona discharge device 40, (2)
      an exposure station 42 wherein a light or radiation pattern of the
      information being copied is projected onto the surface of the drum to form
      latent electrostatic images, (3) a developing station 44 wherein a
      suitable xerographic developer materials is applied to the surface of the
      drum to provide a toner image, (4) a transfer station 46 wherein the toner
      image is electrostatically transferred from the drum to a suitable
      transfer material such as copy sheet 50, and (5) a drum cleaning station
      52 wherein residual toner remaining on the drum is removed in preparation
      for reuse of the drum.
PAR  A sheet feeder 54 is provided for advancing copy sheets 50 one by one from
      supply stack 56 to paper transport 58. Transport 58 conveys the individual
      sheets forward to sheet register station 60 just in advance of the drum
      and transfer station. These sheet register fingers serve to align and time
      the sheets in correspondence with the movement of the toner image on the
      drum. As the copy sheets move through the transfer station 46, the
      developed image is transferred from the drum to the sheet.
PAR  Following transfer, each image bearing copy sheet is conveyed by conveyor
      62 to fuser 64 where the toner image is permanently fixed to the sheet
      material. Thereafter, the sheet is conveyed by discharge conveyor 66 to
      the sheet receiving station 12 wherein it is disposed in one of the
      stacking trays 70 or 72 which together constitute the primary sheet
      receiving means.
PAR  The sheet feed members 58, 62, 66 as well as the rollers and guide means
      which direct sheet material to the primary sheet receiving means 73
      constitute the primary sheet conveying means. The secondary sheet
      conveying means extends from and includes the sheet deflecting finger 74,
      along path guides 75 to the sample print tray 76. Note is taken that some
      sheet driving rollers may be common to both the primary and secondary
      sheet conveying means.
PAR  Further details of the xerographic processor as described above can be had
      with reference to U.S. Pat. No. 3,301,126 issued to R. F. Osborne et al.
PAR  In the optical area of the processor, platen 34 of the processor consists
      of a transparent surface such as glass 77 on which the forms document
      being used is placed face down. A suitable platen cover 78 is provided to
      protect the glass and retain the forms document in place during operation.
      The document on the platen is scanned by the moving mirror 79 operating in
      timed relation to the movement of the drum, with the resulting light
      images being projected by lens 80 and mirror 81 onto the surface of the
      drum at the exposure station 42. The forms image strikes the drum at a
      point designated generally by the numeral 82. Slightly beyond this line
      the line image produced by character generating assembly 32 strikes the
      drum. The lamps 86 below the platen serve to illuminate the forms document
      resting on the platen glass.
PAR  The variable input of the instant embodiment is designed to be programmed
      by a computer and rendered into visible information by the optical
      character generator. The optical character generator assembly 32 comprises
      a transparent character mask or drum 88 on which a series of individual
      sets of alphanumeric characters are arranged in predetermined orientation.
      Drum 88 is suitably journaled for rotation within the tower 90 supported
      on the processor by bearings 92. The tower 90 is configured to form a
      protective enclosure encasing the drum 88, flash lamps 94, lines 96 which
      operate the programmed flashing thereof, and other operating components
      together with the drum drive motor which operates in synchronism with the
      main motor for the xerographic processor.
PAR  Lens assembly 98 is utilized to project these light images to the
      xerographic surface for the creation of an image correlated with the image
      received on the drum from the forms overlay whereby the composite latent
      image may be developed and transferred to the sheet material fed through
      the transfer station.
PAR  The entire optical character generator is motivated through a controller
      either internal or external of the processor for the creation of output
      correlated to the computer generated input. Further details of the optical
      character generator may be had by reference to copending application Ser.
      No. 303,454, filed, Nov. 3, 1973.
PAR  The entire processor is rendered operational or rendered disabled through
      alternate depressions of the POWER button. When the POWER button has been
      energized, the machine is in standby condition awaiting the depression of
      the START button whereby the controller will start generating the
      preprogrammed pulses to the optical character generator in synchronism
      with the rotation of the xerographic drum in association and in
      synchronism with the operation of the various xerographic processing
      stations and sheet feeding mechanisms. This will continue until the end of
      the run as determined by the controller or until the POWER button is
      depressed again or until a malfunction occurs.
PAR  The sample print function operates in four distinct, but somewhat related,
      modes. In all of the modes the desire of the function is to forward a
      sheet from the stack of sheet material, through the xerographic processor,
      to the sample print tray which is remote from the stackers but readily
      accessible to the operator.
PAR  These four modes are, in general: (1) After the POWER button has been
      depressed following a power off condition, it may be desirable to test the
      xerographic processing capabilities by running a sample print prior to
      operating the computer printer in an automatic mode; (2) To feed sheets
      remaining in the processor after a jam. In this case, any unjammed paper
      remaining in an operator-inaccessable portion of the paper path is cleared
      from the paper path to the sample print tray and one blank sample print
      sheet is also fed through the paper path to the sample print tray; (3) To
      make a sample print anytime during normal processing. The sample print
      page, as in the other two modes, is directed to the sample print tray. It
      should be noted that this third mode requires the reprocessing of certain
      input data to repeat the sample page which was diverted to the sample
      print tray and deliver the repeated page to the stacker. (4) To print the
      contents of specified controller memory locations for diagnostic
      troubleshooting purposes. In all instances, it is noted that the function
      is to activate the sample print solenoid and diverter fingers to direct
      sheet material from its normal path of travel which would have otherwise
      taken the sheet material to the output stacker.
PAR  It is further noted that other conditions may cause paper to be diverted to
      the sample print tray as, for example, where an error in parity or flash
      lamp errors cause a deficiency in the print. Other logic as described in
      copending application Ser. No. 309,292, filed Nov. 24, 1972, cover this
      contingency and are not part of this invention since the diversion of
      sheet material is not effected by virtue of depression of the SAMPLE PRINT
      button. Such other logic, as the power on, power off, start print, etc.
      pulses and the jam cleared pulses, couple with the logic as described
      herein and are more fully described in the aforementioned Osborne et al
      patent.
PAR  Referring now to FIG. 3, depicted therein is a functional block diagram of
      illustrative control circuitry for operating the illustrative printing
      system in accordance with the principles of this invention. Controller 301
      functions in response to operator requests generated at control panel 16
      to send appropriate signals to control processor and sheet collection
      station 12, 14. Controller 301 also responds to signals indicating the
      instantaneous system status to issue further commands to the system. In
      the preferred embodiment, controller 301 is a mini computer but may in
      fact be any central processor, either software programmable or hard wired.
      The particular design of controller 301 does not form a part of the
      present invention and will only be discussed functionally as it relates to
      this invention.
PAR  Control panel 16, which includes POWER switch 18, START switch 20, SAMPLE
      PRINT switch 22, CONTINUE switch 24 and REQUEST NUMBER dials 26, is
      connected to control panel interface 320. Control panel interface 320
      communicates with controller 301 through control panel instruction decoder
      321, control panel status register 322 and control panel interrupt control
      323. Similarly, processor and sheet collection station 12, 14 is connected
      to interface 340 which in turn communicates with controller 301 through
      instruction decoder 341, status register 342 and interrupt control 343.
      The decoders, status registers and interrupt controls communicate with
      controller 301 through a system of busses as indicated in FIG. 3. The
      details of the decoders, status registers, interrupt controls and the bus
      system will not be described herein because their design would be readily
      apparent to one skilled in the art depending upon the particular
      controller used and the overall system architecture.
PAR  All switch actuations occurring at control panel 16 are sensed by control
      panel interface 320 and the appropriate interface interrupt procedure is
      employed to load status register 322 with information originating at
      control panel 16 for transfer to controller 301. This information is
      interrogated and processed by controller 301 into a set of suitable
      instruction codes and passed to processor/sheet collection station
      interface 340 to initiate action at processor and sheet collection station
      12, 14. For example, when SAMPLE PRINT switch 22 is depressed, control
      panel interface 320 senses the depression of the switch, stores a suitable
      code in status register 322, and initiates an interrupt signal through
      interrupt control 323 to controller 301. Controller 301 determines the
      origin of the interrupt and initiates the appropriate status register read
      operation. On interrogating the status information, controller 301
      determines that SAMPLE PRINT switch 22 has been actuated, interrogates the
      status of the system to determine the operational characteristics and
      issues the appropriate instruction to light the SAMPLE PRINT lamp through
      control panel interface 320. A paper pick operation is initiated through
      P/SC interface 340. Once a page has been picked, controller 301 initiates
      a data transfer sequence and designates through the instruction protocol
      that the page image is to be diverted into sample print tray 76. When the
      page image sequence is completed, controller 301 is informed by P/SC
      interface 340 by the initiation of an interrupt signal through interrupt
      control 343 and the loading of the proper code into P/SC status register
      342. Upon acknowledging this interrupt signal and interrogating the
      contents of status register 342, controller 301 determines that the page
      image sequence has been completed and issues an instruction to control
      panel interface 320 to extinguish the SAMPLE PRINT lamp. Controller 301
      thus functions to set up a communication link between control panel 16 and
      processor and sheet collection station 12, 14. Controller 301 monitors the
      state of the interface modules comprising the system and exercises control
      depending upon the system operational status in response to switch
      actuation at control panel 16. The response of processor and sheet
      collection station 12, 14 to switch actuation at control panel 16 are
      dependent upon controller 301 interrogating the overall system status and
      subsequent transfer of information derived from control panel interface
      320.
PAR  The basic operation of the system for producing a sample print is the same,
      no matter which of the above mentioned four modes are involved. In the
      illustrative processor depicted in FIG. 2, there is room in the paper path
      between transfer station 46 and sheet deflection fingers 74 for five
      sheets of paper. Therefore in order to properly implement the sample print
      feature, there must be provided means for keeping track of the position in
      the paper path of the sheet which is to be diverted to sample print tray
      76. Illustratively, this may be accomplished by utilizing a five stage
      shift register, setting a bit in the first stage when the sheet to be
      sampled passes transfer station 46 and shifting this bit one position in
      the shift register each time the registration point of a page image on
      drum 36 passes a fixed point. When the bit is shifted out of the last
      stage of the shift register, this bit may be utilized to control circuitry
      which operates a solenoid controlling the motion of deflecting fingers 74.
PAR  In the first mode of operation, when power is applied to the system a pulse
      is generated which sets all five stages of the aforementioned shift
      register. This allows pages to be left in the paper transport following a
      paper jam or for any other reason and assures the direction of all these
      pages into sample print tray 76 when the print cycle is initiated.
PAR  In the second mode, in the event there is a paper jam in the middle of a
      print cycle, when the jam is cleared and it is desired to continue the
      print cycle, CONTINUE switch 24 on control panel 16 is depressed.
      Depression of this CONTINUE switch causes controller 301 to generate a
      sample page which is diverted to sample print tray 76. This is
      accomplished as described above by setting a bit in the shift register.
PAR  In a similar manner, the third mode of operation is initiated by the
      operator depressing SAMPLE PRINT button 22 on control panel 16. This
      causes the page currently being imaged, or the next page to be imaged in
      the event that the SAMPLE PRINT switch is actuated between page imagings,
      to be delivered to sample print tray 76. In this case, controller 301
      causes the reimaging of the page which was delivered to the sample print
      tray.
PAR  In the fourth mode of operation, in the event of a system malfunction, a
      technican may desire to check the contents of memory locations within
      controller 301. In this case the REQUEST NUMBER dials 26 may be set to one
      of the request numbers defining the memory locations to be printed and
      START switch 20 may be depressed. This causes controller 301 to spill out
      the contents of the desired memory locations, image these contents on one
      or more sheets, and deliver the sheets to sample print tray 76.
PAR  It is to be understood that the foregoing description was on a functional
      level. The design of both the hardware and the software to implement the
      described sample print function would be readily apparent to one of
      ordinary skill in the art once the basic system architecture is defined.
      While the instant invention has been described as carried out in a
      particular embodiment, it should be understood that the invention is
      intended to be covered broadly within the spirit and scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A printing system including:
PA1  xerographic apparatus adapted to create images in response to variable data
      signals supplied thereto and to transfer such images to sheet material fed
      through the xerographic apparatus,
PA1  primary sheet receiving means adapted to receive the sheet material
      processed by said xerographic apparatus,
PA1  secondary sheet receiving means remote from said primary sheet receiving
      means and adapted to receive sheet material processed by said xerographic
      apparatus,
PA1  sheet supply means adapted to support sheet material to be forwarded
      through said xerographic apparatus so that graphic information may be
      transferred to the sheet material in relation to said data signals,
PA1  primary conveying means to direct sheet material from said sheet support
      means, through said xerographic apparatus, to said primary sheet receiving
      means,
PA1  secondary conveying means between said primary sheet receiving station and
      said xerographic apparatus to direct sheet material to said secondary
      sheet receiving means from said primary conveying means,
PA1  first operator controlled means which, when energized, applies power to the
      system and permits its operation,
PA1  second operator controlled means which, when energized, continues the
      operation of the system for the creation of images after the correction of
      a malfunction of the system,
PA1  third operator controlled means for creating a sample print on forwarded
      sheet material and duplicating said sample print,
PA1  fourth operator controlled means for creating an image on forwarded sheet
      material representative of preselected system status indications, and
PA1  circuit means coupling the four above-mentioned operator controlled means
      with said secondary conveying means so that activation of any of said
      operator controlled means causes the activation of said secondary
      conveying means.
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PAL  A photocopying machine including a device for reorientating an original
      circulating through the machine for multiple copying. The device consists
      of a row of microswitches extending transversely to the direction of
      travel of the original, each microswitch being arranged, when contacted by
      the sheet before another sheet, to apply a brake to the sheet at a
      location behind it until the sheet has been reorientated sufficiently to
      contact other microswitches.
BSUM
PAR  The invention relates to sheet feeding and orienting devices and to copying
      machines including such sheet feeding devices.
PAR  It has been found in sheet feeding devices in which a sheet of material is
      transported between a feed region and a delivery region, that, inspite of
      all precautions, the sheet may become disorientated from a pre-determined
      orientation. This is a particular problem in copying machines which
      include such a sheet feeding device in a transfer region in which, in the
      case where a plurality of copies are required, the document is returned
      for re-circulation through the machine. If the document is not correctly
      orientated, it will not be correctly mated with copy paper and an
      unsatisfactory copy will be produced.
PAR  It is an object of the invention to mitigate such disadvantages.
PAR  Accordingly, a first aspect of the invention provides a sheet feeding and
      orienting device which accepts a sheet of material at a feed region
      thereof and transports it to a delivery region wherein a plurality of
      sensors are located between the feed and delivery regions and are
      associated with braking means, the sensors being so arranged that the
      leading edge of a sheet whose orientation differs from a pre-determined
      orientation activates a sensor to operate the braking means which so
      contacts the sheet that the sheet is re-orientated to said predetermined
      orientation whereupon the braking means become inoperative.
PAR  According to a second aspect of the invention there is provided a copying
      machine comprising an entry region in which a document to be copied is fed
      and in which the document is mated with a sheet of copying paper of
      similar size, a copy region in which an image of the document is
      transferred to the copying paper, a separating region in which the copying
      paper is separated from the document and subsequently developed and
      delivered and a transfer region in which, in the case where a plurality of
      copies are required, the document is returned to the entry region wherein
      the transfer region includes a sheet feeding and orienting device of the
      kind described above with the feed region of the device accepting the
      document from the separating region and the delivery region of the device
      delivering the document to the entry region.
DRWD
PAR  The following is a more detailed description of one embodiment of the
      invention, by way of example, reference being made to the accompanying
      drawings in which:
PAR  FIG. 1 is a schematic partial elevational cross-section of a copying
      machine,
PAR  FIG. 2 is a schematic partial plan view of a sheet feeding device of the
      copying machine,
PAR  FIG. 3 is a section on the III--III of FIG. 2,
PAR  FIG. 4 is a section on the IV--IV of FIG. 2, and
PAR  FIG. 5 is a circuit diagram of the sheet feeding device.
DETD
PAR  Referring first to FIG. 1, the machine comprises an entry region 10, a copy
      region 11, a separating region 12 and transfer region formed by a sheet
      feeding device 13.
PAR  The entry region 10 comprises a table 33 leading to feed rollers 14 and
      path guides 15 for a document to be copied. A first photocell 16 and a
      second photocell 17 are mounted above the path guides 15. A number of
      reels of copy paper of various widths are mounted below the table 13 and
      two of them are indicated at 18. Each reel 18 has a pair of feed rollers
      19 and a copy paper guide 20 associated therewith. The copy paper guides
      merge and pass a solenoid operated guillotine 21 connected to the second
      photocell 17. The document path and the paper paths merge at a nip between
      a conveyor 22 and a feed roller 23.
PAR  The copy region 11 includes a glass drum 24 within which is mounted a
      reflector 25 and a light source 26. The conveyor 22 passes around a
      portion of the surface of the drum 24. The separation region 12 comprises
      upper and lower suction devices 27,28, each arranged to apply suction to a
      sheet of paper passing adjacent thereto. This region also includes a
      developing assembly 29.
PAR  The sheet feeding device 13, which will be described in more detail below
      comprises a plurality of pairs of conveyor belts 30 arranged with adjacent
      runs forming a conveying nip therebetween. The plurality of pairs of
      conveyor belts 30 are arranged in parallel and side-by-side relation and
      lead from a feed region 31 adjacent the lower suction device 28 to a
      delivery region 32 adjacent the entry region 10. A pivotable deflector 43
      is provided at the feed region.
PAR  The operation of the machine will now be described before a more detailed
      description of the sheet feed device 13 is given. A generally rectangular
      sheet document constituting an original to be copied is placed on the
      table 33 and inserted into the feed rollers 14 which conveys it beneath
      the photocells 16,17. When the first photocell 16 detects the leading edge
      of the document a prepare signal is sent to the feed rollers 19 of the
      reel of copy paper 18 of the appropriate width. When the second photocell
      17 detects the leading edge of the document, the copy paper 18 is fed up
      the copy paper guide 20 to be mated with the document at the nip between
      the conveyor 22 and the feed roller 23.
PAR  The first photocell 16 produces a signal when the trailing edge of the
      document passes. This signal operates the guillotine solenoid to cause the
      guillotine 21 to sever the copy paper at a length equal to the length of
      the document.
PAR  The mated copy paper and document then pass around the glass drum 24 and
      the light source 26 transfers an image of the document to the copy paper.
      The conveyor 22 transports the document and exposed copy paper to the
      separating region 12. The upper suction device 27 applies suction to the
      copy paper and the lower suction device 28 applies suction to the document
      to separate the two. The copy paper passes to the developing assembly 29
      where the image is developed and the completed copy delivered.
PAR  If a further copy is required the deflector 43 assumes an open position, as
      shown in FIG. 1, and permits the document to be transported by the
      conveyor belts 30 and re-presented to the feed rollers 14 of the entry
      region 10. The document always travels with one edge adjacent the edge 50
      of the device 13. If no further copies are required the deflector 43
      assumes a lower, closed, position and the document is ejected by the
      rollers 44.
PAR  With reference now to FIGS. 2,3, and 4, the sheet feeding device 13 further
      comprises three microswitches M1, M2, M3 which are arranged normal to the
      direction of travel of the document through the device. As best seen in
      FIG. 3, each microswitch M1, M2, M3 includes a depending pivotal
      activating lever 36a, 36b, 36c. A braking device 37a, 37b, 37c is
      associated with each microswitch and includes a solenoid S1, S2, S3 and a
      rubber tyred wheel 38a, 38b, 38c rotatable about an axis normal to the
      direction of travel of the document and mounted for pivotal movement by
      its associated solenoid S1, S2, S3 about an axis parallel to the
      rotational axis. The wheels 38a, 38b, 38c are co-axial and are at
      laterally corresponding positions to their associated microswitches M1,
      M2, M3. The microswitches M1, M2, M3 only extend across a part of the
      width of the sheet feeding device 13 and a cut-out microswitch 39 is
      positioned beyond the third braking device 37c. The cut-out microswitch 39
      has an upwardly extending activating lever 40.
PAR  As best seen in FIG. 5, the microswitches M1, M2, M3 are associated with a
      control circuit which links the microswitches M1, M2, M3 with the
      solenoids S1, S2, S3 of their corresponding braking devices 37a, 37b, 37c.
      The circuit also includes first and second switch controlling relays R1,
      R2, whose function will be described below.
PAR  One terminal of the first microswitch M1 is connected to a normally closed
      switch A (R3) and to the solenoid S1 through a normally open path
      including a normally closed switch D(R2) and a normally closed path
      selected by a two position switch B(R1). The relay R1 is connected to the
      microswitch M1 either through the normally closed path and a diode 41 or
      through a normally open switch C(R1) and a resistor 45. One terminal of
      the second microswitch M2 is connected to one terminal of the third
      microswitch M3 so that the second microswitch M2 will only receive current
      when the third microswitch M3 is inoperative. The other terminal of the
      second microswitch M2 is connected to a normally closed switch E(R3) and
      to the solenoid S2 through a normally open path including a normally
      closed switch H(R2) or a normally closed path including a diode 41 the
      path being selected by a two position switch G(R1). The relay R2 is
      connected to the microswitch M2 either through the normally closed path or
      through a normally open switch F(R2), a resistor 45 and a diode 41.
PAR  The third microswitch M3 is connected to a normally closed switch I(R3) and
      to the solenoid S3 through a normally open path including a normally
      closed switch L(R2) or a normally closed path, the path being selected by
      a two position switch K(R1). The relay R2 is connected to the microswitch
      M3 either through the normally closed path and a diode 41 or through the
      normally open switch F(R2) the resistor 45 and a diode 41. The relay R1
      controls the action of switches B(R1), C(R1), G(R1) and K(R1). Relay R2
      controls switches D(R2), F(R2), H(R2) and L(R2).
PAR  In operation it has been found that even though the conveyor belts 30 are
      driven by a common drive, there is a tendency for substantially
      rectangular documents, particularly those of narrow width, to move so that
      their leading edge is not normal to their direction of travel. If the
      document is re-presented to the entry region 10 so dis-orientated it
      cannot be correctly mated with the copy paper and so an unsatisfactory
      copy is obtained.
PAR  If such a dis-orientated document enters the sheet feeding device 13, its
      leading edge will contact the activating lever 36a, 36b, 36c of one of the
      microswitches M1, M2, M3. First, it will be assumed that the lever 36a of
      the microswitch M1 is first contacted.
PAR  Activation of the microswitch M1 by the document activates the solenoid S1
      and the relay R1. The activated relay R1 changes over switch B(R1), closes
      switch C(R1) and changes switches G(R1) and K(R1). Thus the relay R1 is
      activated independently of the solenoid S1 with the activation of the
      solenoid S1 dependant on the switch D(R2). The activated solenoid S1
      lowers the wheel 38a onto the document which pivots about the wheel 38a
      until the leading edge contacts and activates the second microswitch M2.
      This serves to reorientate the document.
PAR   Thus the second solenoid S2 and the second relay R2 are activated. The
      relay R2 will open switch H(R2) which de-activates the solenoid S2. Thus
      the second roller 38b is only briefly lowered and does not alter the
      orientation of the document.
PAR  In addition, switch D(R2) is opened to de-activate the first solenoid S1
      and switch L(R2) is opened. The switch F(R2) is closed to keep the second
      relay R2 activated. Thus the document is correctly orientated and
      proceeds.
PAR  If the microswitch M2 is the first activated, the solenoid S2 will be
      activated to lower the wheel 38b and cause re-orientation. In addition,
      the relay R2 will be activated to open switches D(R2), H(R2), L(R2) and
      close switch F(R2). The microswitch M1 will be the second contacted due to
      the position of the document adjacent the edge 50. This will activate the
      relay R1 and the solenoid S1. The wheel 38a will only be lowered briefly
      since the relay R1 will change over the two position switch B(R1) to
      de-activate the solenoid S1. In addition, the switch G(R1) will change to
      de-activate the second solenoid S2. The switch C(R1) will close to keep
      the relay R1 operative.
PAR  If the microswitch M3 is the first activated, the solenoid S3 will be
      activated to lower the wheel 38c and cause re-orientation of the document.
      The relay R2 will be activated to open switches D(R2), H(R2), L(R2) and
      close switch F(R2). The microswitch M2 will be inoperative and the
      microswitch M1 will be the next activated. This will activate relay R1 and
      solenoid S1. The wheel 38a will only be lowered briefly since the relay R1
      will change over the two position switch B(R1) to de-activate the solenoid
      S1. In addition, the switches K(R1) will change to de-activate the third
      solenoid S3. The switch C(R1) will close to keep the relay R1 operative.
PAR  As the trailing edge of the document passes the microswitches M1, M2, M3
      they are all opened and the relays R1 and R2 de-activated to return the
      control circuits to their starting positions.
PAR  If the document is of sufficient width, it will first contact the lever 40
      of the cut-out microswitch 39. As shown in FIG. 5, this activates a relay
      R3 to open switches A(R3), E(R3) and I(R3) and disconnect the
      microswitches M1, M2, M3 from the control circuit.
PAR  It will be appreciated that the microswitches M1, M2, M3 are normal to the
      direction of travel of the document since this is the required orientation
      of the leading edge of the document. If other orientations are required
      the microswitches may be suitably aligned.
PAR  It will also be appreciated that additional microswitches and associated
      circuits and braking devices may be provided. These will have their
      circuits paired so that the solenoid of one circuit can be placed under
      the control of the other of the pair.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a photocopying machine having a sheet feeding mechanism for
      circulating an original through the machine to enable a plurality of
      copies to be made in succession upon individual copy sheets from said
      original, wherein the improvement comprises:
PA1  a. a plurality of microswitches aligned in a row extending transversely to
      the direction of feed of the original by said sheet feeding mechanism and
      arranged for contact with the leading edge of the original;
PA1  b. a plurality of correspondingly aligned normally inoperative solenoid
      operated brakes respectively disposed behind the individual microswitches
      in the direction of travel of the original; and
PA1  c. an electrical control circuit operative in response to contact of the
      leading edge of the original with any one microswitch prior to contact of
      said leading edge with any other microswitch to cause the solenoid of the
      brake disposed behind the contacted microswitch to apply said brake to the
      original, and in response to subsequent contact of said leading edge with
      another microswitch, to cause said solenoid to disengage said brake from
      the original, thereby aligning the leading edge of said original with said
      microswitches.
NUM  2.
PAR  2. A machine as claimed in claim 1, wherein each solenoid-operated brake
      comprises a wheel rotatable about an axis normal to the direction of
      travel of the original and adapted to be lowered onto the original upon
      activation of the solenoid of said brake.
NUM  3.
PAR  3. A machine as claimed in claim 1, which includes a cut-out microswitch
      located behind said row of microswitches and laterally offset therefrom,
      said control circuit including means operative in response to contact of
      the leading edge of the original with said cut-out microswitch to
      disconnect from said control circuit all of the microswitches in said row.
PATN
WKU  039361829
SRC  5
APN  496666&
APT  1
ART  211
APD  19740812
TTL  Control arrangement for an electrostatographic reproduction apparatus
ISD  19760203
NCL  10
ECL  1
EXP  Moses; Richard L.
NDR  24
NFG  35
INVT
NAM  Sheikh; Sikander
CTY  Webster
STA  NY
ASSG
NAM  Xerox Corporation
CTY  Stamford
STA  CT
COD  02
CLAS
OCL  355 14
XCL  355  4
EDF  2
ICL  G03G 1500
FSC  355
FSS  14;4;103;108-111
UREF
PNO  3062109
ISD  19621100
NAM  Mayo et al.
XCL  355 14
UREF
PNO  3588472
ISD  19710600
NAM  Glaster et al.
XCL  355 14
UREF
PNO  3682544
ISD  19720800
NAM  Glaser
OCL  355 14
UREF
PNO  3690760
ISD  19720900
NAM  Banks et al.
XCL  355 14
UREF
PNO  3698805
ISD  19721000
NAM  Hickey et al.
OCL  355 14
UREF
PNO  3796486
ISD  19740300
NAM  Donohue et al.
XCL  355 14
UREF
PNO  3797931
ISD  19740300
NAM  Miciukiewicz et al.
XCL  355 14
UREF
PNO  3815988
ISD  19740600
NAM  McVeigh et al.
XCL  355  4
ABST
PAL  A copier apparatus control means is disclosed which comprises a digital
      processor adapted for storing and executing a stored control program. The
      logical organization of the digital processor is simplified by employing
      non-destructive memory program storage means. Control of the apparatus is
      programmable by altering the program through substitution of the
      non-destructive memory means.
BSUM
PAR  This invention relates to electrostatographic copying apparatus and more
      particularly to an improved means for controlling the operation of such
      apparatus.
PAR  The electrostatographic reproduction of an image by forming a latent
      electrostatic image, developing the latent image by contacting the same
      with a toner material and transferring the image to a support body for
      permanent record is known in the art. In carrying out this reproduction
      technique, various components of the apparatus are actuated in a
      predetermined sequence which at times is conditioned upon various
      apparatus operating parameters. In addition, with relatively high speed
      multicopy machines wherein several sheets of record material may be
      simultaneously in process in the machine, the progress of each sheet of
      record material through the apparatus is tracked in order to account for
      the copies and in order to anticipate paper jams and take the necessary
      (programmed) corrective action. The complexity of an apparatus of this
      type is further complicated in the case of color reproduction since the
      selection of one of a number of color modes of operation must be provided.
      Finally, present day billing systems for electrostatographic reproduction
      systems include means for accounting not merely for the number of copies
      reproduced but accounting for and billing for the number of copies
      reproduced in accordance with the number of copies produced from a single
      document.
PAR  Operation of reproduction apparatus having the above capabilities requires
      a relatively complex control arrangement. The control is required, among
      other things, to remember the one of many operating states that the
      machine is operating in at any one time, to correlate the operation of the
      various actuated components with respect to the position of a
      photorceptor, to monitor the condition of various switches including
      operator control switches, material supply indicating switches and
      interlocks to sense various operating parameters and changes therein and
      to condition machine events upon these parameters, and to control the
      sequence of machine events in a predetermined manner.
PAR  In a known arrangement, a digital, "hard-wired" control system is provided
      for effecting these operations. While this arrangement has provided
      satisfactory and useful service, it is at times desirable to provide
      modifications on a machine-to-machine basis, to vary control
      characteristics of a production run of machines and to provide unique
      operating characteristics for different machines. the modification of
      present day apparatus control systems to account for these variations is
      relatively difficult to accomplish without undesirably large expenditures
      in cost and time. It is desirable to provide a control arrangement for an
      electrostatographic reproduction apparatus which is adapted to be readily
      modified in order to vary control characteristics of the apparatus.
PAR  Accordingly, it is an object of the present invention to provide an
      improved control arrangement for an electrostatographic reproduction
      apparatus.
PAR  Another object of the invention is to provide a control arrangement for an
      electrostatographic reproduction apparatus of relatively low cost and
      size.
PAR  Another object of the invention is to provide a control arrangement for an
      electrostatographic apparatus which may be readily modified in order to
      vary the control functions.
PAR  Another object of the invention is to provide a sequential control
      arrangement for an electrostatographic apparatus wherein the sequence as
      well as the order of execution of events by the control arrangement can be
      readily modified.
PAR  Another object of the invention is to provide a microprogrammed controller
      for an electrostatographic reproduction apparatus.
PAR  Another object of the invention is to provide a microprogrammed, digital
      controller of improve logical organization for controlling an
      electrostatographic reproduction apparatus.
PAR  A further object of the invention is to provide a microprogrammed
      controller having storage means and a control organization which is
      arranged for optimizing the capacity of storage necessary for use with the
      controller.
PAR  Another object of the invention is to provide a microprogrammed controller
      having means for simultaneously addressing storage and input/output buffer
      memory locations.
PAR  Another object of the invention is to provide a microprogrammed controller
      which is adapted for simultaneously reading and writing information which
      is stored in an input/output buffer memory of the controller.
PAR  In accordance with features of the present invention, a copier apparatus
      control means comprises a digital processor which is adapted for storing
      and executing a stored apparatus control program. The logical organization
      of the processor is relatively simplified by employing nondestructive
      memory program storage means and control of the apparatus is programmable
      by altering the program through substitution of the nondestructive memory
      means.
PAR  In accordance with other features of the invention, the digital processor
      includes a first nondestructive memory for storing an execution program
      and a second nondestructive memory for effecting sequence control of the
      processor in accordance with a program stored in this memory. A third
      nondestructive memory which stores a processor control program is provided
      for generating control signals for the processor. Control of the apparatus
      is programmable by altering the execution program, or the sequence control
      program or the processor control program or combinations of these programs
      through substitution of nondestructive memory means.
PAR  In accordance with another feature of the invention, the storage
      requirements of the memory means of the processor are substantially
      reduced by providing for the simultaneous addressing of memory storage
      elements in an input information buffer and an output data buffer for the
      controller.
PAR  The speed of operation of the controller is enhanced and asynchronous
      operation of the controller with respect to an input output interface is
      provided by simultaneously reading and writing in the input and output
      memory buffers of the interface.
DRWD
PAR  These and other objects and features of the invention will become apparent
      with reference to the following specification and to the drawings wherein:
PAR  FIG. 1 is a perspective view of a copier apparatus controlled by the
      processor of this invention;
PAR  FIG. 2 is an enlarged perspective view of a component assembly of the
      apparatus of FIG. 1;
PAR  FIG. 3 is a view of the imaging assembly of the apparatus of FIG. 2;
PAR  FIG. 4 is a view of a lens assembly and color filter selection arrangement
      employed with the apparatus of FIG. 2;
PAR  FIG. 5 is a perspective view of a drive means for driving various
      components in the apparatus of FIG. 2;
PAR  FIG. 6 is a side view in section of one of the developer housings of the
      apparatus of FIG. 2;
PAR  FIG. 7 is a view illustrating a drive means for developer components of the
      apparatus of FIG. 2;
PAR  FIG. 8 is a diagram illustrating a toner dispenser actuating means;
PAR  FIG. 9 is a view of a portion of the apparatus of FIG. 2 and illustrating
      an automatic development control arrangement;
PAR  FIGS. 10a, 10b, 10c and 10d are diagrams illustrating the operation of a
      developer concentration detector means employed with the apparatus of FIG.
      9;
PAR  FIG. 11 is a schematic diagram in block form illustrating an arrangement
      for generating toner request signals;
PAR  FIG. 12 is a perspective view of a transfer roll of the apparatus of FIG.
      2;
PAR  FIG. 13 is an enlarged side view in section of the transfer roll of FIG. 12
      and illustrating paper gripping and stripping means;
PAR  FIG. 14 is a schematic view illustrating a means for feeding copy paper to
      the transfer roll of FIG. 12;
PAR  FIG. 15 is a perspective view illustrating a transfer roll cleaning means;
PAR  FIG. 16 is a schematic diagram illustrating the transport of record
      material through various stations of the apparatus of FIG. 2;
PAR  FIG. 17 is a diagram illustrating the components of the apparatus which are
      controlled by the processor of this invention;
PAR  FIG. 18 is a diagram illustrating the various apparatus status indicating
      means of the apparatus of FIG. 2;
PAR  FIG. 19 is a perspective view of a timing means utilized with the apparatus
      of FIG. 2;
PAR  FIG. 20 is a schematic diagram illustrating a signal generating arrangement
      employed with the timing means of FIG. 19;
PAR  FIGS. 21, 22, and 23 are diagrams illustrating the timing of various events
      occurring during the operation of the apparatus of FIG. 2 when the
      apparatus operates in different modes.
PAR  FIG. 24 is a flow diagram illustrating the sequence of states describing
      the operation of the apparatus of FIG. 2;
PAR  FIG. 25 is a schematic diagram illustrating an electrical control means for
      the apparatus of FIG. 2;
PAR  FIG. 26 is a schematic diagram in block form of a digital processor
      employed with the circuit arrangement of FIG. 25 and which is constructed
      in accordance with one embodiment of the invention;
PAR  FIG. 27 is a schematic diagram in block form of an instruction decoding and
      timing subsection of the processor of FIG. 26;
PAR  FIG. 28 is a schematic diagram in block form of memory storage means
      employed with the processor of FIG. 26;
PAR  FIG. 29 is a schematic diagram in block form of an addressport and input
      and output buffer memory elements employed with the processor of FIG. 26;
PAR  FIG. 30 is a schematic diagram in block form of an auxiliary memory
      arrangement employed with the processor of FIG. 26;
PAR  FIG. 31 is a schematic diagram in block form of apparatus state and timing
      means employed with the processor of FIG. 26;
PAR  FIG. 32 is a diagram of the various waveforms occurring during the
      execution of an instruction cycle;
PAR  FIG. 33 is a schematic diagram in block form of frequency dividing and
      input signal multiplexing and noise discriminating means employed with the
      circuit arrangement of FIG. 25; and,
PAR  FIGS. 34 and 35 are diagrams of the waveforms provided by the circuit
      arrangements of FIG. 33.
DETD
PAR  A detailed description of the invention, as given in this specification, is
      organized in accordance with the following index which is presented for
      the convenience of the reader.
PA0  11. GENERAL DESCRIPTION OF REPRODUCTION APPARATUS
PA0  18. detailed description of the apparatus
PA1  18. imaging
PA1  21. development
PA1  25. automatic development control
PA1  28. transfer roll
PA1  31. fusing
PA1  32. support material handling
PA1  34. jam memory
PA1  34. copy accounting
PA1  35. visual indicators
PA1  36. machine condition indicators
PA1  38. event timing
PA1  41. apparatus states
PA0  46. apparatus control
PA1  46. general
PA1  48. matrix array
PA1  49. frequency division
PA1  51. controller
PA1  52. instruction word
PA1  54. instruction codes
PA1  55. input output instructions
PA1  56. memory/register load instructions
PA1  57. skip instructions
PA1  57. jump instructions
PA0  60. detailed description of controller
PA1  60. bus control multiplexer
PA1  62. instruction decoder
PA1  64. instruction cycle
PA1  68. rom memories
PA1  71. auxiliary memories
PA1  74. machine state and timing
PA1  77. input-output buffers
PA0  82. detailed description of frequency divider and noise descriminator
PA0  85. programs
PA1  86. EXECUTION PROGRAM
PA1  95. sequence control program
PA1  97. processor control program
PA0  98. components
PA0  100. summary
PAC  general description of reproduction apparatus
PAR  the general operation of an electrostatographic reproduction apparatus
      constructed in accordance with features of this invention will be
      described with reference to FIGS. 1 and 2. In FIG. 1, which is a view of
      the apparatus console, there is illustrated various operator actuated
      switching means for selecting mode of operation and copies to be
      reproduced as well as an indicating means for representing the status of
      the apparatus to the operator. These switching and indicating means are
      mounted on a panel and are represented generally by the reference numeral
      30. A document is reproduced generally by raising a platen cover 32,
      positioning a document 31 on a glass platen 33 (FIG. 2), lowering the
      platen cover and initiating a reproduction cycle by actuating the
      switching means 30. A copy of the document is thereby automatically
      prepared by electrostatographic techniques and is delivered to a catch
      tray 34.
PAR  The various operating stages of the reproduction apparatus are shown in the
      schematic view of FIG. 2. Although the apparatus illustrated therein is
      adapted for producing multi-colored copies from an original document, it
      will be appreciated from the description herein that the present invention
      is not limited to color reproduction apparatus. Generally speaking, in an
      apparatus of the type illustrated, a light image of a document to be
      reproduced is projected onto a sensitized photoreceptor to form an
      electrostatic latent image thereon. This latent image is then developed by
      contacting the photoreceptor with toner particles which form a powder
      image of the latent image on the photoreceptor. The powdered image is
      subsequently transferred to a surface of a sheet of support material, such
      as paper, to which it is fixed and permanently adheres.
PAR  A photoreceptor for the apparatus is shown in FIG. 2 to comprise a
      rotatably mounted support drum 40 having a photoconductive surface 42
      formed thereon. In providing for the reproduction of original documents in
      color, the photoconductor surface 42 is preferably formed of a material
      having a relatively panchromatic response to white light. The drum 40
      rotates in the direction indicated by the arrow 44 and transports the
      photoconductor surface 42 sequentially through a series of processing
      stations.
PAR  A uniform electrostatic charge is formed across the drum by rotating the
      photoreceptor through a charging station which is represented generally in
      FIG. 2 as A. There is positioned at the charging station a corona
      generating device comprising a scorotron which is indicated as 46 and
      which extends in a direction which is normal to the direction of motion of
      the photoreceptor. The corona generating device 46 establishes a
      relatively high and substantially uniform electrostatic charge on the
      surface of the drum.
PAR  The uniformly charged photoreceptor is sequentially advanced to an imaging
      station, identified generally as B, at which location a latent
      electrostatic image of the document 31 is formed on the photoreceptor. The
      imaging station provides a means for scanning the document 31 which is
      positioned on the transparent platen 33. This imaging scanning means
      includes a transported lamp assembly 50 which illuminates the document, a
      transported lens assembly 52 which focuses the document at an aperature
      slit 56 and a transported color filter assembly 54. An image of the
      illuminated document is reflected by an object mirror 58 and transmitted
      through the lens assembly 52, through the filter assembly 54 and is again
      reflected by an image mirror 59 toward the aperture slit 56. The imaging
      assembly is transported in timed relation with respect to the
      photoreceptor surface wherein successive incremental areas of the document
      are imaged on the photoreceptor to produce a non-distorted flowing light
      image of the original on a photoreceptor. During exposure, the filter
      assembly 54 interposes slides of selected color into the optical light
      path. These color slides filter the light which is transmitted through the
      lens assembly 52 to record an electrostatic latent image on the
      photoreceptor which corresponds to a specific color of the flowing light
      image of the original.
PAR  After passing through the imaging station, the imaged photoreceptor is
      transported past a lamp 48. This lamp is provided for exposing and
      discharging an inter-image spacing on the photoreceptor. As indicated in
      more detail hereinafter, the lamp 48 is energized for a predetermined
      interval of time in order to reduce the electrostatic charge in the
      inter-image area and thus the accumulation of toner and dust particles
      from air suspension with the console.
PAR  Upon formation of an electrostatic latent image on the photoreceptor, the
      drum 40 is rotated to a development station represented generally as C.
      The development station is shown to include three individual development
      assemblies generally indicated by the reference numerals 60, 62, and 64.
      These development assemblies provide a magnetic brush type of development.
      In a magnetic brush development system, a magnetizable developer mix
      having carrier particles and toner particles is continuously transported
      through a directional flux field in order to form a brush of developer
      material. The developer mix is continuously moving in order to replenish
      developer mix at the brush. Preferably, the brush in a magnetic brush
      system comprises a magnetic member with a mass of developer mix adhered
      thereto by magnetic attraction. The developer mix includes carrier
      granules having toner particles clinging thereto by virtue of
      triboelectric attraction. This chain-like arrangement of developer mix
      simulates the fibers of a brush. Development is achieved by bringing the
      brush of developer mix into contact with the photoconductive surface.
PAR  Each of the development assemblies, 60, 62 and 64 apply toner particles to
      the photoreceptor surface 42. The toner particles of each assembly are
      adapted to absorb light within a pre-selected spectral region of the
      electromagnetic spectrum corresponding to the wavelength of light
      transmitted by one of the filter units of the filter assembly 54. For
      example, in forming a latent image by passing the light image through a
      green filter, the transmitted green light rays will discharge the uniform
      charge on the photoreceptor to a voltage level which is ineffective for
      development. However, the red and blue portions of the spectrum are not
      transmitted by the green filter and these image areas retain a relatively
      high charge density suitable for development. These charged areas are then
      made visible by applying green absorbing (magenta) toner particles to the
      photoreceptor. In a similar manner, a blue separation is developed with
      blue absorbing (yellow) toner particles, while a red separation developed
      with red absorbing (cyan) toner particles.
PAR  After development, the now visible color component image on the
      photoreceptor of the original is rotated to a transfer station represented
      generally as D. At this station, the developed color component image is
      transferred to a sheet of transport material 70, such as plain paper, by
      means comprising a roll assembly having an electrically conductive roll
      72. The transfer roll 72 is electrically biased to one of a plurality of
      potentials having a magnitude and a polarity selected for
      electrostatically attracting the toner particles of the developed color
      component from the photoreceptor surface 42 to the sheet 70.
PAR  As a preliminary to this transfer from the photoreceptor to the transfer
      roll assembly, image enhancement of the developed image to be transferred
      is provided-for through the use of a pre-transfer corotron 74. The
      pre-transfer corotron is located along the developed image path between
      the transfer roll assembly and the developer housing. It generates a
      relatively small DC current which affects background suppression in the
      transferred image.
PAR  The transfer roll assembly includes a retractable paper gripping means 76
      for releasably securing to the roll 72 a single sheet of paper for
      movement with the roll in a recirculating path. The surface of the
      transfer roll 72 is retractably positioned and adapted to rotate in
      contact and in synchronism with the photoreceptor at the same lineal
      velocity thereby enabling the support material 70 to receive, in
      superimposed registration, successive toner powder images of the original
      document. The aforementioned steps of charging the photoconductive
      surface, exposing the photoconductive surface to a particular color
      component of the flowing light image of the original, developing the
      electrostatic latent image recorded on the photoconductor surface with
      appropriate toner particles, and transferring the toner powder image to a
      sheet of final support material are repeated a number of times to form a
      multicolor copy of a color original.
PAR  After the final transfer operation, the support sheet 70 is stripped from
      the transfer roll 72 and is transported by an endless belt 80 to a fixing
      station E where a fuser, indicated generally as 82, coalesces the toner
      powder image to the support sheet 70. Thereafter, the sheet 70 is advanced
      by subsequent endless belts 84 and 86 to the catch tray 34.
PAR  Means are provided for cleaning the photoreceptor surface 42 after each
      transfer operation and for cleaning the surface of the transfer roll 72
      subsequent to transport of the support sheet 70 to the fusing station. The
      photoreceptor cleaning means comprises a brush 90 which is maintained in
      contact with and rotates with the photoreceptor. It is positioned within a
      housing 92 to which a vacuum system is coupled for removing toner
      particles which are loosened from the surface of the photoreceptor by the
      brush 90. Similarly, a rotating brush 94 is provided for rotating in
      contact with the transfer roll 72. The brush 94 is positioned within a
      housing 96 for removing toner particles from the surface of the transfer
      roll 72. The housing 96 and brush 94 are retractably spaced apart from the
      transfer roll and are adapted to be advanced toward the roll 72 for the
      cleaning operation at an appropriate time during a reproduction cycle
      after transfer of the support sheet 70 to the subsequent station.
PAR  A supply of sheets of copy support material 70 is provided and is
      positioned in a supply tray 100. The sheets are individually transported
      to the image transfer station D by feed means including feed and retard
      rolls 102 and 104 respectively which feed the topmost sheet from the tray
      100 to a registration roll assembly 106.
PAR  After registration of the copy sheet is established at roll assembly 106,
      the sheet is advanced to the transfer roll assembly where it is gripped by
      retractable fingers 76 and is thereby secured to the transfer roll 72 for
      rotation therewith. Upon transfer of the developed image, the sheet is
      then advanced to the fixing station E.
PAR  The operation of a copier of the general type thus described requires the
      application of electrical potentials to various controlled components and
      elements of the apparatus in proper sequence. Moreover, each of these
      controlled events can only occur when a predetermined set of conditions
      exists indicating that the apparatus is prepared for the controlled event.
      In order that the features of the present invention in sensing conditions
      and controlling events may be fully understood and appreciated, a more
      detailed description now will be given of the controlled components of the
      apparatus as well as a description of the various means for indicating the
      condition of the apparatus. In the drawings, similar components bear the
      same reference numerals throughout the various figures.
PAC  DETAILED DESCRIPTION OF THE APPARATUS
PAC  Imaging
PAR  As indicated hereinbefore during repeated imaging, the lamp assembly 50,
      the lens assembly 52 and the color filter assembly 54 are driven in timed
      relationship with respect to motion of the photoreceptor drum 40. These
      members are driven from an initial to a final scan position and are
      rapidly retracted at termination of the scan by a spring return means. The
      lamp assembly, as illustrated in more detail in FIG. 3, comprises a
      carriage 110 which is transported in a direction to traverse the
      stationary mounted platen 33 upon which the document 31 being reproduced
      is positioned. The lamp carriage supports a pair of lamps. A
      thermostatically controlled heating means such as sleeve heaters are
      provided for maintaining the lamps at a predetermined temperature under
      standby conditions, i.e., during intervals between scans. In the operating
      mode, the lamps are energized, the heating means is disabled, and a
      cooling blower is enabled in order to maintain the lamps at a
      predetermined temperature range. The lamp carriage including lamp heating
      and blower means is described in greater detail in U.S. Pat. No. 3,779,640
      to W. L. Kidd, the disclosure of which is incorporated herein by
      reference. The lamp carriage 110 is supported by a suitable mechanical
      means and is driven by a cable pulley means 112 (FIG. 5) which derives
      motive power from a motor 114. The motor 114 also drives the photoreceptor
      drum 40. The mechanical coupling between the belt 112 and the motor 114 is
      described herein-after in more detail. As the lamp carriage 110 traverses
      the platen 33, another cable pulley means 116 operates to simultaneously
      advance the bracket mounted lens assembly 52 on suitable rollers 118
      surrounding a shaft 120 at a rate correlated with the speed of the lamp.
      The optical filter assembly 54 is mounted by suitable bracket means on the
      lens assembly 52 and is transportable therewith. The lens assembly and
      optical filter assembly as well as the light carriage scan the document to
      be reproduced in a direction which is perpendicular to the plane of the
      paper of FIG. 3. Upon reaching the final scan position the lamp carriage
      110, the lens assembly 52 and the optical filter assembly 54 are retracted
      to the initial position by spring return means (not shown) again scanning
      the support platen during a subsequent imaging cycle of operation A more
      detailed description regarding the imaging means and its cooperation with
      the movement of the photoconductor drum can be found in U.S. Pat. No.
      3,062,109 to Mayo et al, the disclosure which is incorporated herein by
      reference.
PAR  The filter assembly 54, as best seen in FIG. 4, includes a plurality of
      separate filter elements which are mounted in frame slides 122, 124 and
      126 and which are adapted to be transported along tracks formed in edges
      of the housing within the assembly 54. Spring biasing means are provided
      for biasing the slides toward a window 128 formed in the assembly. The
      slides, however, are latched and are positioned, against the spring bias
      force, to the right of the window as viewed in FIG. 4. Solenoids 130, 132
      and 134 are provided for latching the slides against the spring bias
      force. At the initiation of an imaging cycle, one of the filters is
      selectively released by energizing an associated solenoid and is advanced
      by the spring biasing means into the window area 128. The filter assembly
      54 is described in greater detail and is claimed in U.S. Pat. No.
      3,775,006 to Hartman et al, the disclosure of which is incorporated herein
      by reference.
PAR  Synchronized motion of the imaging means, the photoreceptor, the transfer
      roll and other components of the apparatus is, as indicated in FIG. 5,
      derived from a main drive motor 114. A motor drive shaft 129 is mounted in
      line with, and, is coupled directly to a drive shaft 130 of the transfer
      roll 72 by a flexible coupling comprising a metal bellows 132. This
      flexible coupling permits retraction of the transfer roll 72 and lowering
      thereof for purposes of positioning record paper thereon, for cleaning and
      for shutdown. A gear 134 and a gear 136 which are mounted on the main
      motor drive shaft 129 and the photoconductor drum drive shaft 138
      respectively, are positioned in engagement and couple motive power to the
      photoconductor drum 40 and to the transportable imaging means. Other
      components of the apparatus are driven in synchronism with the drum 40
      through a pulley 139 which is mounted to the shaft 129 and through a belt
      140.
PAR  The transportable imaging means including the lamp, lens, and filter
      assemblies are actuated through a sprocket 141 which is pinned to the
      photoreceptor shaft 138 and which engages a pawl 142. The sprocket which
      is electrically engaged rotates with the shaft 138 and engages the pawl at
      the initiation of a scan and releases the pawl at the termination of the
      scan. The pawl 142 is coupled through a shaft 143 to a pulley 144 which is
      rotatably mounted on the shaft 138. Rotation of the pawl drives the lens
      and lamp scan assemblies through the pulley 144 and the cable system
      including cables 112 and 116. The pulley 144 is driven against the
      resistance of a return spring (not illustrated) which causes return of the
      imaging assembly upon release of the pawl by the sprocket at the
      termination of a scan.
PAC  Development
PAR  While the developers 60, 62 and 64 are adapted for delivering toner
      materials of different color composition to the photoreceptor surface 42
      for developing a composite electrostatic latent image thereon, their
      mechanical arrangement and means for actuation are substantially alike. A
      description will therefore be given only with respect to the developer 60.
      A cross-sectional view of the developer 60 is illustrated in FIG. 6. The
      developer 60 includes a housing 150, a conveyor means or paddle wheel 152,
      a transport means or roll 154, and a developer means or roll 156. The
      paddle wheel 152 comprises a cylindrical member having buckets or scoops
      positioned about its periphery and is adapted to rotate so as to elevate a
      developer mix 158 from a lower region of the housing 150 to an upper
      region thereof. As the mix 158 is conveyed to the upper region and to the
      vicinity of the transport roll 154, magnetic fields produced by fixed
      magnets which are rotatable with this roll attract the developer mix to
      its surface. The transport roll 154 in turn conveys the developer mix to
      the developer roll 156 and, under the influence of magnetic fields
      produced by fixed magnets which are rotatable with this roll, into the
      development zone 160 which is located between the photoconductive surface
      and the developer roll. The charged areas of the photoconductive surface
      42 electrostatically attract the toner particles from the carrier granules
      of developer mix which is being transported by the development roll. As
      the developer mix is rotated at development zone 160, relatively strong
      magnetic fields of the developer roll magnets which extend in a direction
      generally tangential to the developer roll 156 continue to secure the
      unused developer mix and denuded carrier particles. Upon passing from the
      developing zone, the unused developer mix and denuded carrier particles
      enter a region relatively free from magnetic forces and fall from the
      developer roll 156 in a downward direction into the lower region of the
      developer housing.
PAR  In developing a component latent image of a composite color image,
      developer material will be supplied by any one of the developers 60, 62 or
      64 of FIG. 2, depending on the color component of the latent image being
      developed. Each of these developers are adapted to be advanced into
      relatively close proximity with respect to the photoreceptor surface 42
      during development and to be withdrawn therefrom subsequent to
      development. However, during a single developer interval, only one of the
      developers will be advanced to the development zone for developing a color
      component image. To this end, a process main drive motor 162 (FIG. 7) is
      provided. An output shaft of this motor is coupled to a gear train 164.
      This gear train includes a plurality of developer drive gears, each of
      which includes a drive shaft which is coupled to an electrically energized
      clutch. The clutches 166, 168 and 170 are selectively energized when one
      of the developers 60, 62 and 64 respectively are to be advanced to its
      development zone. When the clutch 166 is energized, for example, the drive
      gear of the train 164 is coupled to a drive gear 172 which engages a gear
      173 of the paddle wheel 152. The gear 172 in addition also engages drive
      means for causing rotation of the transport roll 154 and the development
      roll 156. Upon rotation of the paddle wheel, the transport roll and the
      development roll, a reaction torque is exerted against the developer
      housing 150 due to the resistance to motion of developer mix 158 which
      fills the lower section of the developer housing 150. The reaction torque
      causes the housing 150 to rotate clockwise as viewed in FIG. 6 against the
      force of a bias spring 174 which normally maintains the housing 150 in a
      retracted position against a stop 176. The housing 150 rotates in a
      clockwise direction upon roller bearings 175 as a result of the reaction
      torque until a stop, shown as wheel 178, is positioned against the drum
      40. The developer mix and rotatable components then rotate within the
      housing 150. After development of a color component is completed, the
      clutch 166 is deenergized, the reaction torque is terminated and the
      spring 174 causes retraction of the housing to the stop 176. The
      developers 62 and 64 are similarly selectively actuated by energization of
      their clutches 168 and 170, for developing color component images.
PAR  As the toner material in the housing becomes depleted, the quality of the
      reproduced image is affected. Accordingly, an automatic toner dispensing
      assembly for each of the developers 60, 62 and 64 is provided for
      dispensing toner into each of the housings in order to maintain the toner
      concentration at a level sufficient for providing the appropriate image
      density and color balance for a reproduced image. The toner assembly, as
      illustrated in FIG. 6, includes a toner cartridge 180 which comprises a
      cylindrically shaped enclosed chamber disposed about a shaft 181 of the
      paddle wheel 152. This cylinder includes a flattened segment 182 with
      perforations formed therein to provide an aperture for dispensing the
      toner material contained in the cartridge 180 and the paddle wheel 182.
      The toner cartridge is oscillated about its longitudinal axis by an
      electrically energized oscillator motor 186 (FIG. 8) which is coupled to
      the cartridge 180 through a vibratory arm 188. The oscillation of the
      toner cartridge causes dispensing through the aperture 182 of particles
      which pass through a slot in the shroud to the lower portion or sump of
      the housing. A similar toner dispensing assembly is provided for each of
      the other developers 62 and 64. For purposes of simplifying the drawings,
      only their associated vibrator motors 190 and 192, respectively, are
      illustrated in FIG. 8 of the drawings. The development system described
      herein is disclosed in greater detail and is claimed in copending U.S.
      patent application Ser. No. 255,259, filed May 22, 1972 filed by James R.
      Davidson and entitled "DEVELOPMENT APPARATUS" now U.S. Pat. No. 3,854,449
      which is assigned to the assignee of the present invention and the
      disclosure of which is incorporated herein by reference.
PAC  Automatic Development Control
PAR  As was described with respect to the development components, toner
      particles are automatically dispensed from the toner cartridge to the
      developer housing and sump as the concentration of toner particles in the
      developer mix is reduced to a predetermined level. This is accomplished by
      an automatic development control arrangement which detects the
      concentration of the developer mix of each of the developers 60, 62 and 64
      and causes energization of the associated oscillator motor when there is
      an indication that the concentration of toner in the developer mix should
      be increased. Referring now to FIGS. 9 and 10, the automatic development
      control arrangement is shown to include a window 194 which is mounted to
      the drum 40 and is coplanar with the photoconductor surface 42. The window
      comprises an electrically conductive transparent material such as NESA
      glass which is biased to a DC voltage. This voltage simulates a latent
      electrostatic image recorded on the photoreceptor and thus attracts toner
      particles to the window. A segmented commutator (not shown) biases this
      transparent electrode to the DC voltage when it is being rotated through
      the development zone. FIG. 10b illustrates the window 194 as it is
      advanced through the development zone adjacent development roll 156 of the
      developer 60. The biased window attracts toner particles to the window
      from the developer roll and the density of these toner particles is
      proportional to the concentration of the toner particles in the developer
      mix.
PAR  A light source and a photosensor are provided for detecting the intensity
      of light which is projected through the window 194 and through the toner
      particles adhering thereto. The light source shown comprises a lamp 196
      which is mounted within the interior of the drum and which is positioned
      for projecting light through the window and toward a photosensor. As
      illustrated in FIG. 9, the light flux emanating from the window 194
      impinges upon a fiber optics bundle 198 at a station located intermediate
      the transfer roll 72 and the drum cleaning brush 90. The fiber optics
      bundle 198 is adapted for conveying light emanating from the window 194 to
      a photosensor 200 which is mounted in a housing 202. The housing also
      includes circuit means for energizing the photosensor and a
      thermostatically controlled oven for the photosensor. An input signal at
      terminal 203 provides for energization of the photosensor as the window
      194 rotates past it. The photosensor provides an electrical output signal
      having an amplitude which is proportional to the intensity of the light
      transmitted through the window 194 and the density of the toner material
      adhering thereto. An electrical circuit means 204 compares the signal with
      a reference signal to generate a toner request signal. The apparatus
      controller provides driving signals at terminals 208, 210 and 212 for
      causing energization of the oscillator motors 186, 190 and 192,
      respectively. The characteristics of the output signal provided to each of
      these vibrator motors will depend on the indicated concentration of the
      associated developer After the window 194 is transported through this
      detection station, the window is advanced past the cleaning brush 90, as
      indicated in FIG. 10d, at which location the toner material is removed
      from the window and the window is thus conditioned for a subsequent cycle.
      An apparatus of this type is disclosed in greater detail and is claimed in
      U.S. patent application Ser. No. 3,754,821 to Whited, the disclosure of
      which is incorporated herein by reference.
PAR  The logic circuit arrangement 204 of FIG. 9 is adapted to monitor a
      "request" for additional toner from any of the developer units over a
      plurality of developer cycles. A request comprises a signal generated by
      the photosensor 200 as the window 194 passes the detection station (FIG.
      10c) and having a signal amplitude indicative that a replenishment
      quantity of toner material should be supplied to the developer mix. When
      the developer 60, for example, generates successive toner addition
      requests over a predetermined number (N.sub.1) of consecutive cycles, then
      the concentration of the toner in the developer mix is deemed to be
      sufficiently depleted and a control, discussed hereinafter, initiates a
      machine shutdown until an operator replenishes the toner supply in the
      cartridge 180. The number (N.sub.1) of developer cycles after which this
      can occur comprises, for example, 11 cycles. Alternatively, when the
      number of successive requests over consecutive cycles is less than
      (N.sub.1), then replenishment of toner material in two different
      quantities is provided depending upon the number of consecutive requests
      generated. For example, in response to initial requests during three
      successive developer cycles, the control logic will cause three
      excitations of the oscillator motor, each for 1.25 second. When the number
      of successive requests continues for 4 to 10 consecutive cycles,
      excitations of the oscillator motor for 2.5 seconds during each cycle will
      occur.
PAR  Toner dispensing is initiated for each of the developers 60, 62 and 64
      through an independent channel associated with each of these developers.
      As illustrated in FIG. 11, the photosensor signal is applied to a cyan
      comparator circuit arrangement 214 along with an input from a reference
      voltage source 216. When the input signal amplitude deviates from the
      reference signal amplitude by a predetermined magnitude, an error signal
      is generated which is representative of a developer toner request. Since
      the development requirements of each developer mix differ, a different
      reference voltage is provided for each channel by a separate reference
      voltage source. The reference voltage sources 218 and 220 provide
      reference voltages for the magenta and yellow comparators, 222 and 224
      respectively. Output signals from the comparators are provided as machine
      condition indicators, discussed hereinafter.
PAC  Transfer Roll
PAR  The transfer assembly transfers the image developed on the photoreceptor
      drum to the support material. It repeats this process in order to transfer
      each of the composite latent images, which are developed successively on
      the photoreceptor drum, to a support material positioned on the transfer
      roll. The transfer roll 72 comprises an electrically conductive tubular
      body 225 (FIGS. 12 and 13) formed of aluminum and which has an
      electrically insulating, plastic, surface coating 227 which is formed of
      urethane, for example. A DC transfer bias voltage is applied to the
      aluminum roll through a carbon brush and a brass ring assembly which, for
      purposes of simplifying the drawings is not illustrated. The bias voltage
      which is applied to the transfer roll will differ in magnitude for the
      different developer mixes and these voltages are applied to this brush
      ring assembly in accordance with the color composition of the developed
      image being transferred.
PAR  In order to facilitate cleaning of the transfer roll by the cleaning brush
      94 (FIG. 2), the transfer roll is adapted to be retracted from contact
      with the photoreceptor. As illustrated in FIG. 12, the transfer roll 72 is
      supported from a shaft by spring loaded yokes 252 and 254. The yoke
      assembly is articulated in order to permit the transfer roll position to
      adjust about its own axis and the photoreceptor center lines. A pair of
      springs 256 and 258 are provided for maintaining the transfer roll at a
      spaced apart position during standby and brush cleaning of the roll.
      During the transfer operation, however, the solenoids 260 and 262, which
      are coupled in their associated yokes through springs 264 and 266
      respectively, cause clockwise rotation of the roll and advance it into
      light contact with the transfer drum.
PAR  The support material 70 is received by and secured to the transfer roll 72
      by the gripper fingers 76 and is subsequently separated from the transfer
      roll by a stripper 268 as is illustrated in FIGS. 12, 13 and 14. The
      gripper fingers hold and provide registration of the paper on the roll.
      Sheet registration is performed by a surface 270 on the grippers which is
      contacted by the advancing leading edge of the sheet. A cam follower 272
      engages the gripper and raises it upwardly from the surface of the
      transfer roll in order to permit the paper to engage this registration
      surface. After the paper 70 has engaged the registration surface its
      forward motion is halted and the gripper is withdrawn by spring 274 to
      hold the marginal edge of the paper against the surface of the transfer
      roll. Stripping of the paper is achieved by raising the gripper in an
      upwardly direction to free the leading marginal edge portion of the paper
      permitting the paper to slide over the stripper 268 which is moved in an
      upwardly direction by the cam follower 272 to separate the paper from the
      surface of the transfer roll. The mechanical linkage for actuating the
      paper gripper and the stripper is coupled through a shaft 276 to a
      solenoid 278 which is energized for actuating the paper gripper and
      stripper.
PAR  The brush cleaning means for cleaning the toner particles from the transfer
      roll 72 is illustrated in FIG. 15. This arrangement is adapted for
      cleaning the bias transfer roll and the gripper finger area in order to
      prevent toner particles from being deposited and adhering to the backside
      of copies. The cleaning arrangement includes the brush 94 which is
      supported on brackets 280 and 282. This bracket assembly is adapted to be
      rotated about pivots by a cam 284 which is driven by a shaft and motor
      286. The brush 94 is rotated by a belt 288 which is driven from a motor
      290. During the transfer roll cleaning mode of operation, the transfer
      roll 72 is retracted from contact with the photoreceptor drum and the
      cleaning brush 94 is then rotated into contact with the retracted roll 72
      by energization of the cam motor 286 while the brush 94 is simultaneously
      driven by the motor 290.
PAR  After transfer of a developed image is completed, the support material 70
      is stripped from the transfer roll and is fed onto the paper transport 80
      (FIG. 2). As the paper is separated from the transfer roll, a post nip
      breakdown occurs. There is thus a negative charge due to both the toner
      and to this post nip breakdown remaining on the surface of the paper.
      Various adverse consequences can result from this charge and in order to
      avoid any such problems, a static eliminator comprising an AC corotron
      with a DC bias adjusted to level out the charge on the paper is provided.
      This static eliminating corotron 292 is illustrated in FIG. 12. It is
      positioned adjacent the nip exit and is energized for a limited interval
      of time during a predetermined interval of the reproduction cycle.
PAC  Fusing
PAR  The fusing means 82 of FIG. 2 includes a principal radiant energy heater
      and an auxiliary heater, not illustrated. Each of these heaters is adapted
      to operate at full or partial output wattage in accordance with the
      operating mode of the apparatus. When the apparatus is initially
      energized, the fuser is heated from a cold condition to a standby
      condition. During this warmup period, both the auxiliary heater and the
      radiant energy heater are activated. The radiant energy heater initially
      operates at full power until the preselected standby temperature is
      attained at which time the radiant energy source is deenergized. The fuser
      is maintained in the standby condition by the auxiliary heater. When a
      sheet of support material enters the fuser, as determined by the machine
      control logic discussed in more detail hereinafter, the radiant energy
      heater is energized at full power while the auxiliary heater is
      deenergized. When the sheet of support material is transported from the
      fuser the machine control logic energizes the auxiliary heater and
      deenergizes the radiant heater. Means are provided for detecting an excess
      temperature in the fuser and for automatically causing the radiant energy
      source to operate at a relatively lower power level when support material
      enters the fuser. Under these conditions, the auxiliary heater remains
      energized. As the sheet of support material leaves the fuser, the machine
      control logic deenergizes the radiant source while the auxiliary heater
      remains energized. The fuser and the control techniques are described in
      more detail in U.S. Pat. No. 3,781,516 to George Tsilibes et al, the
      disclosure of which is incorporated herein by reference.
PAC  Support Material Handling
PAR  A sheet feeding arrangement for introducing and transporting a sheet of
      record material such as paper through the apparatus is illustrated in FIG.
      16. A paper feed clutch, not shown, couples energy to a belt drive system
      from the belt 140 of FIG. 5 and causes rotation of various sheet support
      drive members. Actuation of this clutch causes the paper roll drive 102 to
      top feed a sheet of material 70 from the paper tray to the registration
      rolls 106. The mechanical drive to the registration rolls 106 is similarly
      coupled thereto through an electric clutch which is energized in
      synchronization with operation of other components of the apparatus. As
      shown in greater detail in FIG. 14, the copy paper is guided to the
      transfer roll grippers 76 by a sheet metal guide 291. The sheet
      registration rolls function to position and align a sheet immediately
      prior to delivery to the transfer roll. The paper reaching the nip of the
      registration roll is aligned by the buckling of the paper as illustrated
      in FIG. 14.
PAR  The sheet paper which is delivered to the transfer roll 72 is subsequently
      stripped from the roll and advanced by belt transport 294 of the fuser 82.
      Sheet material with an image fixed thereon is then transported by a belt
      84 and a belt 86 to the catch tray 34. These belts are perforated and a
      slight vacuum is applied thereto for retaining the paper to the transport
      as it is being advanced. Actuation of the paper feed clutch causes the
      drive rolls associated with each of the belts 80, 294, 84 and 86 to
      advance the paper along its course. A sheet feeding apparatus of this type
      is disclosed in a copending U.S. patent application Ser. No. 398,024
      (D/73429) filed Sept. 17, 1973 by Robert P. Rebres and entitled "Sheet
      Feeding Apparatus", the disclosure of which is incorporated herein by
      reference.
PAC  Jam Memory
PAR  The apparatus includes means for monitoring the transfer of the paper
      record material through the various stations in order to detect
      malfunctions resulting in a paper jam. A magnetic reed relay provides a
      jam memory 294 (FIG. 25). The relay is set upon feeding of a sheet of
      paper. It is reset when a signal is generated after the last copy in the
      machine successfully reaches the exit tray. If for any reason the reset
      condition does not occur, such as when a paper jam or a power off
      condition occurs, the relay will remain set and serves to maintain the
      apparatus in a stop mode. In such an event, an alternative reset is
      provided by the bottom tray which includes an interlock. The opening and
      closing of the bottom tray will cause a reset of this memory. An opening
      and closing of the tray indicates to the apparatus that an operator has
      corrected the malfunction.
PAC  Copy Accounting
PAR  An automatic copy accounting system is provided for maintaining a count for
      billing purposes of the number of copies produced. The billing arrangement
      provides an output meter indication which represents not only the number
      of copies produced but it is also an indication of the number of multiple
      copies produced from a single document during a single reproduction run. A
      scan count output signal, a color copy output signal and a single color
      copy output signal are generated for purposes of this accounting.
PAC  Visual Indicators
PAR  During the operation of the apparatus, various conditions will or can exist
      which should be made known to a machine operator. To this end, a plurality
      of visual indicators are provided on the console for informing the
      operator that a particular condition exists. Output signals are provided
      for energizing the indicators. The following illuminated displays are
      provided: machine not ready; wait for copy; key operator light; color
      cyan; color magenta; color yellow; color cyan magenta and yellow; paper
      low; ready for copy; and service call. These indications are self
      explanatory and they are presented at an appropriate time during the
      operation of the apparatus.
PAR  The various controlled elements and components of the apparatus have thus
      far been described. These are represented in FIG. 25 as load impedance 296
      coupled between X and Z drive lines of a matrix 298. The block diagram of
      FIG. 17 illustrates and summarizes the controlled elements considered thus
      far.
PAC  Machine Condition Indicators
PAR  In addition to the output control functions described thus far, the
      apparatus includes a plurality of means for providing input information in
      electrical signal form for determining the status or condition of the
      apparatus.
PAR  These machine condition indicators are repeatedly sampled by the apparatus
      control in making decisions respecting the initiation of machine events.
      In FIG. 25, these indicators are represented schematically as switch
      contacts 297 which are coupled at the intersection of X and Y lines of a
      matrix array 332.
PAR  Referring now to FIG. 16, it will be seen that the support material
      handling system includes a plurality of switch sensing means which are
      utilized to indicate various conditions. For purposes of simplifying the
      drawings, the various electrical potentials which are applied to or by
      these means are not illustrated. The paper tray 100 includes an interlock
      switch 300 which is operated by the tray 100 to indicate that the tray
      either is or is not properly positioned and locked in the machine. Under
      certain circumstances, a second paper tray is utilized and in this case, a
      bottom tray switch 302 would also be employed. Since different lengths of
      record copy paper can be employed, a long paper switch 304 is provided to
      indicate that legal size rather than letter size paper is positioned in
      the tray. As the supply of paper 70 in the tray 100 becomes depleted, a
      paper low switch 306 is actuated.
PAR  A malfunction in the feeding of the paper from the tray 100 to the
      registration roll 106 and in the transfer of the paper from the
      registration rolls to the transfer roll 72 is sensed by the controller
      which utilizes indications from paper sensing switches 308 and 310. The
      switch 308 senses the presence of paper at the registration rolls while
      the misgrip switch 310 is closed as the paper passes over it and opens
      when the trailing edge of the paper leaves the surface of the switch.
      Failure of this closing and opening to occur at predetermined times during
      a machine operating cycle is an indication of, and, is interpreted by the
      machine to constitute a misgrip condition, i.e., the gripper fingers 76
      (FIG. 13) fail to grip the copy paper. Switches 312, 314 and 316 are
      provided for the transport 80, 84 and 86 respectively and are interrogated
      by the machine control is described hereinafter, in order to sense a jam
      of support material in transit from the transfer roll to the catch tray
      34. Such a malfunction, particularly at the outlet of the fuser 82 can
      result in a fire. A fire sensor 318 is therefore provided.
PAR  Various other safety interlocks are provided and include interlock
      switching means, not shown, indicating that the fuser which is retracting
      for servicing, is properly positioned, an interlock indicating that
      console doors of the apparatus are properly positioned and closed; an
      interlock switching means indicating that the toner receptacle enclosure
      access door is secured; and an interlocking switching means indicating
      that the platen cover is properly positioned over a document on the
      platen. The position of the transfer drum cleaning brush 94 is also
      indicated, as illustrated in FIG. 15, by a switch 320 which is actuated by
      the cam 284.
PAR  As indicated hereinbefore, various control buttons are positioned on the
      console for actuation by the operator. These include an initiate print
      pushbutton, a print stop pushbutton, a cyan color select pushbutton, a
      magenta color select pushbutton, a yellow color select pushbutton and a
      full color select pushbutton. These pushbuttons provide condition
      indicating signals which the machine control interprets in regulating the
      operation of the apparatus.
PAR  Various electrical signals are also provided during the operation of the
      apparatus and these signals are monitored and employed for control
      purposes. These signals include a fuser ready signal generated by the
      fuser temperature control. The occurrence of this signal indicates that
      the fuser has attained a standby temperature and is conditioned for
      receiving a copy sheet for fusing an image thereon. The previously
      described automatic development control signal of the photosensor also
      constitutes a signal containing information for determining the
      concentration of toner material in the developer mix.
PAC  Event Timing
PAR  In addition, an event clock signal and a pitch signal are also generated
      and utilized as timing signals for synchronizing the occurrence of the
      various machine processes and events with the rotation of the
      photoreceptor. These signals are generated, as illustrated in FIGS. 19 and
      20, through the use of a perforated disc 322 which is secured to the shaft
      138 of the photoreceptor and which is aligned therewith. A plurality of
      slits are formed in the disc, each having a predetermined angular
      orientation with respect to a reference slit 324, the latter slit being
      oriented with a predetermined position on the photoreceptor drum. A light
      emitting diode 326 (FIG. 20) is provided and is positioned on one side of
      the disc 322 while a photosensor 328 is also provided and positioned on an
      opposite side of the disc. The light emitting diode is positioned for
      projecting light through the plurality of slits in the disc and the
      photosensor 328 is similarly positioned for impingement by the transmitted
      light. A series of electrical pulses are thus generated as the drum 42
      rotates and the occurrence in time of these pulses is related to the
      angular position of the drum with respect to the reference slit 324. These
      pulses comprise the event clock signal. A similar light emitting diode and
      photosensor, not shown, are also provided and are positioned on opposite
      sides of the disc near the slit 324 for generating a single signal termed
      a pitch signal for each complete revolution of the drum. In the apparatus
      described, 32 events occur with respect to predetermined rotational
      positions of the photoreceptor. This number, can vary, in accordance with
      specific apparatus and its requirements. There are thus 32 slits formed in
      the disc 322 of FIG. 19 and 20 and these slits are orientated for
      providing output signals to initiate each of these events. Each of
      these"residue" signals represents a logical time and these different times
      are represented sequentially and with respect to machine events as
      follows:
TBL            ANGULAR                 ANGULAR                                 
               POSITION ON             POSITION ON                             
     LOGICAL TIME                                                              
               DISC 322    LOGICAL TIME                                        
                                       DISC 322                                
     ______________________________________                                    
     T1         1.degree.  T17         127.degree.                             
     T2         2.degree.  R18         132.degree.                             
     T3         3.degree.  T19         150.degree.                             
     T4        21.degree.  T20         165.degree.                             
     T5        40.degree.  T21         169.degree.                             
     T6        50.degree.  T22         190.degree.                             
     T7        55.degree.  T23         199.degree.                             
     T8        61.degree.  T24         227.degree.                             
     T9        75.degree.  T25         276.degree.                             
      T10      81.degree.  T26         290.degree.                             
      T11      90.degree.  T27         302.degree.                             
      T12      98.degree.  T28         319.degree.                             
      T13      106.degree. T29         327.degree.                             
      T14      112.degree. T30         345.degree.                             
      T15      119.degree. T31         350.degree.                             
      T16      123.degree. T32         357.degree.                             
     ______________________________________                                    
      The various machine events occurring at these different logical times are
      illustrated in the apparatus timing diagrams of FIGS. 21, 22 and 23. FIG.
      21 illustrates the timing of machine events in producing a single
      composite color copy from the three color components cyan, magenta and
      yellow. In this mode of operation, printing occurs in the time required
      for three cycles or revolutions of the photoreceptor drum while the
      "cycling-out" events of stripping, fusing and shut down are performed in
      the successive three cycles. FIG. 22 illustrates the timing of events for
      producing a single composite color copy from two of the color components.
      In this mode of operation, printing occurs in the time required for two
      cycles or revolutions of the photoreceptor drum while the cycling-out
      events are performed in the three successive cycles. FIG. 23 illustrates
      the timing of events for producing three single copies in one of the
      colors cyan, magenta or yellow. In this mode of operation, printing occurs
      in the time required for three cycles or revolutions while the cycling-out
      events are performed in the three successive cycles. The use of the event
      clock signal and the pitch signal will be discussed in more detail
      hereinafter with respect to the apparatus control means. These various
      machine condition indications and input signals are summarized and are
      represented in block form in the diagram of FIG. 18.
PAC  Apparatus States
PAR  The apparatus operation exhibits 15 distinct operating states. These 15
      states have associated with them different operating conditions. As is
      indicated hereinafter, a state register is provided for maintaining a
      record of the machine state which the apparatus is in for purposes of
      control. The state register comprises a four bit shift register and each
      of the combination of outputs from the register represents one of the
      states. The state's number, its name, a description of the operating
      status of the apparatus when in the associated state, and a description of
      the output functions performed by the apparatus within that state are
      listed below.
TBL  State                                                                     
         Name  Description of State                                            
                             State Output Functions                            
     __________________________________________________________________________
     0   ON 1  Power on. System                                                
                             Reset Toner Dispenser                             
               remains here while                                              
                             Generate STOP (with                               
               initialization is                                               
                             JAMMEM)                                           
               taking place. Machine                                           
                             Enable KEY OP LAMP                                
               stop conditions causes                                          
                             (with JAMMEM)                                     
               the logic to return to                                          
                             Enable NOT READY LAMP                             
               this state.   Reset Color Sequencer                             
                             Reset Detail Timer                                
                             Reset Paper Feed                                  
                             Flip-Flop                                         
     1   ON 2  Logic stops here for                                            
                             SAME FUNCTIONS AS                                 
               one input scan after                                            
                             IN 0                                              
               initialization.                                                 
     2   FUSER System stops here                                               
                             Enable MAIN DRIVE                                 
         WARMUP                                                                
               while fuser is warm-                                            
                             GROUP                                             
               ing up. Remains here                                            
                             Enable NOT READY LAMP                             
               until a fuser ready                                             
                             Enable FUSER AUX.                                 
               condition is genera-                                            
                             HEATER                                            
               ted.          Enable KEY OP LAMP                                
                             (with JAMMEM)                                     
     3   CLEAN System stops here if                                            
                             Enable MAIN DRIVE                                 
         IN    transfer roll cleaning                                          
                             GROUP                                             
         PROCESS                                                               
               is in process long                                              
                             Enable NOT READY LAMP                             
               enough to return                                                
                             Enable KEY OP LAMP                                
               brush to home position.                                         
                             (with JAMMEM)                                     
                             Enable FUSER AUX.                                 
                             HEATER                                            
                             Used for Transfer                                 
                             Roll Cleaning Index                               
                             Motor                                             
     4   STDBY Normal position. Print                                          
                             Reset Color Sequencer                             
          1    button becomes opera-                                           
                             Unlock Color Mode                                 
               tional. Will hold                                               
                             Control                                           
               here if a condition                                             
                             Enable KEY OP LAMP                                
               blocking a print                                                
                             & NOT READY LAMP                                  
               cycle is present.                                               
                             (with JAMMEM)                                     
                             Enable READY TO                                   
                             COPY LAMP (without                                
                             KEYOP)                                            
                             Enable FUSER AUX.                                 
                             HEATER                                            
     5   STDBY States 4 & 5 function                                           
                             SAME FUNCTIONS AS                                 
          2    together as one logic                                           
                             IN 4                                              
               state.                                                          
     6   WAIT  Waiting state from the                                          
                             MISGRP & PAPPOS                                   
         FOR   time print button is                                            
                             switch sampling                                   
         ZERO  pressed until the time                                          
                             Enable PROCESS DRIVE                              
               print cycle can begin.                                          
                             GROUP                                             
                             Enable WAIT FOR COPY                              
                             LAMP                                              
                             Enable MAIN DRIVE                                 
                             GROUP                                             
                             Enable FUSER AUX.                                 
                             HEATER                                            
     7   PRINT All drives on. A                                                
                             Enables MAIN DRIVE                                
               scan is in progress                                             
                             GROUP                                             
               or an additional                                                
                             Enables PROCESS DRIVE                             
               scan will be made.                                              
                             GROUP                                             
                             Enables WAIT FOR COPY                             
                             LAMP                                              
                             Enable Color Sequencer                            
                             Enable TRANSFER ROLL                              
                             Engage SOLENOIDS                                  
                             (with CLEAN)                                      
     8   RESYNC                                                                
               All drives on. Begins                                           
                             Enable MAIN DRIVE                                 
               at coincidence or print                                         
                             GROUP                                             
               stop and lasts until                                            
                             Enable PROCESS DRIVE                              
               last scan is complete.                                          
                             GROUP                                             
                             Enable WAIT FOR COPY                              
                             LAMP                                              
                             Enable TRANSFER ROLL                              
                             ENGAGE SOLENOIDS                                  
                             Enable FUSER AUX.                                 
                             HEATER                                            
     9   TRANS-                                                                
               All drives on. Begins                                           
                             Enable MAIN DRIVE                                 
         FER   at completion of last                                           
                             GROUP                                             
               scan and lasts until                                            
                             Enable PROCESS DRIVE                              
               last transfer is                                                
                             GROUP                                             
               complete.     Enable WAIT FOR COPY                              
                             LAMP                                              
                             Enable TRANSFER ROLL                              
                             ENGAGE SOLENOIDS                                  
                             Enable FUSER AUX.                                 
                             HEATER                                            
     10  CYCLE All drives on. Begins                                           
                             Enable MAIN DRIVE                                 
         OUT   at completion of last                                           
                             GROUP                                             
               transfer and lasts                                              
                             Enable PROCESS DRIVE                              
               until last copy exits                                           
                             GROUP                                             
               machine or print                                                
                             Enable WAIT FOR COPY                              
               button is pushed.                                               
                             LAMP                                              
                             Unlock Color Mode                                 
                             Control                                           
                             Transfer Roll Clean-                              
                             ing Index Motor                                   
                             LAST COPY                                         
                             Enable READY TO COPY                              
                             LAMP (with KEYOP)                                 
                             Enable FUSER AUX.                                 
                             HEATER                                            
     11  CYCLE States 10 & 11 function                                         
                             SAME FUNCTION AS IN                               
         OUT   together as one logic                                           
                             10                                                
               state.                                                          
     12  RESTART                                                               
               Allows the completion of                                        
                             Enable MAIN DRIVE                                 
               the clean cycle in                                              
                             GROUP                                             
               progress before a new                                           
                             Enable PROCESS DRIVE                              
               print command is                                                
                             GROUP                                             
               honored.      Enable WAIT FOR COPY                              
                             LAMP                                              
                             Reset Programmer                                  
                             Enable FUSER AUX.                                 
                             HEATER                                            
     13  GO    Provides synchronous                                            
                             Enable MAIN DRIVE                                 
               initiation of a new                                             
                             GROUP                                             
               print cycle from                                                
                             Enable PROCESS DRIVE                              
               restart.      GROUP                                             
                             Enable WAIT FOR COPY                              
                             LAMP                                              
                             Enable FUSER                                      
     14  NOT USED                                                              
     15  FUSER Provides for runout                                             
                             Enable MAIN DRIVE                                 
         RUNOUT                                                                
               of existing post                                                
                             GROUP                                             
               transfer copies in                                              
                             Enable WAIT FOR COPY                              
               the event of a pre-                                             
                             LAMP                                              
               transfer jam. LAST COPY SIGNAL IN                               
                             RUNOUT MODE                                       
                             Enable FUSER AUX.                                 
                             HEATER                                            
     __________________________________________________________________________
PAL  A control for the apparatus, described in detail hereinafter, will sense
      the state of the apparatus and cause the associated output functions to
      occur.
PAR  The transitions between the various states of the apparatus are illustrated
      in FIG. 24 by a flow chart which illustrates the various states of the
      apparatus. The states from Off through state 3 represent the initializing
      action of the apparatus prior to advancing the machine into a standby
      condition for printing. The apparatus advances from the standby condition
      4 to the print state 7 and multiple copies are formed by cycling through
      states 7, 8, 9, 10, 11, 12 and 13. When the last copy has been
      transferred, the apparatus cycles from state 10 to state 4 as indicated by
      the last copy line. Faults occurring during the operation of the apparatus
      such as misgrips cause a fuser run out condition illustrated by state 15.
      After the last copy has been cleared subsequent to a fuser run out
      condition, the machine is returned from the state 15 to a standby
      condition 4.
PAC  APPARATUS CONTROL
PAC  General
PAR  Operation in one of the plurality of modes of the apparatus is provided for
      by a control means which is adapted to receive operating mode selection
      information presented to it by an operator through input mode section
      switch means and to effect actuation of the various controlled elements
      referred to hereinbefore in timed relationship with respect to rotation of
      the photoreceptor. An apparatus control means is illustrated in FIG. 25 by
      the block 330. The apparatus control means 330 comprises a programmable
      control which is adapted for causing a sequence of operations to occur,
      dependent upon the state of various apparatus components, and in
      accordance with the selected mode of operation. In general, the control
      330 is arranged as a logical processor which continuously operates upon an
      execution program stored in a first read-only memory (ROM). A second ROM
      is provided and stores a sequence control program. It is structured as an
      address table for the first ROM wherein each address of the second ROM
      also corresponds to an input/output address, i. e., an address of
      particular inputs to the control and of outputs from the control. Inputs
      to the control 330 comprise the information derived from the machine
      condition indicators, described hereinbefore and shown in FIG. 18, while
      output from the control are applied to the various controlled elements,
      also described hereinbefore and shown in FIG. 17. Each program word in the
      address table of the second ROM comprises the starting address for a block
      of words of a subroutine located in the first ROM. A word in the first ROM
      comprises the instruction/operation word for the control and is divided
      into an address field, a BUS control field, and an instruction field. This
      word determines the conditions for enabling each output by examining
      required machine inputs and the previous operating state. The instruction
      code addresses a third ROM storing a processor control program whose words
      execute the instruction.
PAR  Controller 330 advantageously provides for altering the programs in order
      to establish a different operating program and thereby permits changes in
      the machine operation to accomodate variations and changes in the
      apparatus. Such modifications often become desirable with different
      production models of the apparatus, with apparatus of the same class, and
      when providing special or particular features for an apparatus. The
      configuration of the control 330 provides for altering the operating
      program by replacing the first ROM with a ROM having a modified program or
      routines, by replacing the second ROM to provide a modified address table,
      or by replacing a third ROM to control the initial operation of the
      controller in order to accommodate different machine needs. The controller
      330 will be described in greater detail hereinafter. In order to
      appreciate its operational characteristics and the accompanying
      advantages, the means for coupling input information to the controller and
      for coupling control information to controlled elements will first be
      described.
PAC  Matrix Array
PAR  The complexity of the apparatus and the number of components required is
      reduced by arranging the input indicators, described hereinbefore as the
      elements 297 (FIG. 25) of an X-Y matrix array, 332. This array is
      electrically scanned along both the X and Y axes. The input indicators 297
      are illustrated as switch contacts which are coupled between X and Y lines
      at the matrix intersections of the X and Y lines. An X driver circuit
      arrangement 334, comprising conventional power output driving means,
      scans, in response to a control input from a matrix column and row signal
      generator 336, and sequentially provides an enabling potential at the
      input lines X.sub.0, X.sub.1, X.sub.2 and X.sub.3 of the input matrix 332.
      In a particular example, each of the X lines is sequentially enabled for a
      period of time which is on the order of 256 microseconds. As one of the X
      lines is enabled, each of Y lines which are coupled to switches associated
      with the enabled X line, will provide an information input. These lines
      are successively scanned by an eight input multiplexer 338. Each Y axis is
      scanned for an interval of time, which for example, is on the order of 32
      microseconds. At the completion of a 256 microsecond interval each of the
      Y lines has been scanned and a successive X axis is then enabled. The Y
      axis lines are coupled to the multiplexer 338 through Y axis line
      receivers 340. Thus, over an interval of time of about 1 millisecond each
      of 32 informational elements at the X-Y intersection is interrogated for
      approximately 32 microseconds by the multiplexer 338.
PAC  Frequency Division
PAR  A source of timing signals for the electronic portions of the apparatus is
      provided by a 500 kh clock pulse generator 342. This generator is employed
      in addition to the pitch-pulses and residue generator which, as indicated
      hereinbefore, generate timing signals representative of the rotary
      position of the photoreceptor. The clock frequency is reduced by a
      frequency divider 344, which, for example, comprises a Binary counter and
      provides successively recurring output signals having a period of about 32
      microseconds. This signal is applied to the muliplexer 338 and the
      multiplexer input signals are coupled from the multiplexer unit 338 via
      signal/noise discriminator 346 to the control 330.
PAR  The input signals to the control 330 contain input status information in
      the form of a 32 bit data train wherein each bit is approximately 32
      microseconds wide. The input information in this signal is derived from
      switch contacts and the like which are susceptible to contact bounce. The
      signal is thus susceptible to significant noise which can create false
      indications. To reduce this adverse result, an information pulse is
      repeatedly sampled for relatively short intervals during its occurrance
      and the samples are compared. A uniformitity in the sampling results
      indicates error-free information while a nonuniformity indicates a
      possible error. For example, each information pulse is sampled every 4
      microseconds during its 32 microsecond duration. When four samples are
      determined to have the same logical level i.e., a "1" or "0", then the
      input is determined to be a "1" or a "0", by a discriminator 346. When all
      four samples do not agree, then the input is determined to be possibly
      erroneous and is ignored by the apparatus control. The Y receivers 340,
      input multiplexer 338, frequency divider 344 and noise discriminator 346
      are described in greater detail hereinafter with respect to FIG. 33.
PAR  An output matrix array 298 is also provided having a plurality of X-axes
      inputs and plurality of Z-axes inputs. Each of the various controlled
      elements illustrated in FIG. 17 and described hereinbefore comprise loads
      296 which are coupled at the intersection of the X and Z lines to form the
      output matrix array. The X lines are enabled successively, as indicated
      hereinbefore, by the X drivers 334. The X drivers 349 which comprise, for
      example, transistors adapted to ground an associated Z line in response to
      a control signal from the apparatus control 330, successively scan the Z
      lines and energize a selected load at the intersection of an X and Z line
      matrix.
PAC  Controller
PAR  A schematic diagram in block form of the controller 330 is shown in FIG.
      26. Controller 330 comprises a microprocessor having an instruction memory
      arrangement which includes a first ROM memory 400, as associated memory
      counter, 402, a second ROM memory 404 and its associated memory counter
      406. In this controller arrangement the memory 400 operates as a
      subroutine table wherein each subroutine includes one or more words in
      designated memory locations. The memory 404 comprises an address table and
      operates to indicate the starting address of a subroutine in the memory
      400. The controller operates under the supervision of an instruction
      decode and timing means, 408. Any action indicated by the instruction
      decode and timing means 408 is determined by an instruction code field
      B4-B6 of the instruction word addressed in the memory 400 as well as by
      the result of various compare test instructions which are performed on the
      inputs, the machine state, or the machine dynamic position as indicated by
      the machine timing pulses.
PAC  Instruction Word
PAR  An instruction word of the ROM memory comprises 12 bits, B11 . . . B0,
      wherein B11 is the most significant bit (MSB). The word is divided into
      three fields as follows:
PA1  a. Address-Test Field--5 bits including B7-B11 wherein B11=MSB. This field
      is used for addressing the input to the apparatus, for addressing a random
      access auxiliary memory discussed hereinafter, for testing of the machine
      state, and for a timing sequence and a display of a diagnostic testing of
      the apparatus.
PA1  b. Instruction Field--3 bits, B4--B6 wherein B6=MSB. This field determines
      the nature of the operation to be performed by the controller in
      conjunction with an output of a bus control multiplexer 420 (FIG. 26)
PA1  c. Bus Control Field--4 bits, B0-B3, wherein B3=MSB. This field selects the
      outputs of the input memory buffers, the auxiliary random access memory,
      the machine state, and the timing sequence time results. This selected
      output is applied as input to the instruction decode block 408.
      Informational inputs from read-and-write auxiliary memory 410, from
      read-and-write auxiliary memory 412, an apparatus state register 414, an
      input indicator or buffer 416, and a timing register comparator 418 are
      selectively coupled to the instruciton decode and timing block 408 through
      a bus control multiplexer 420.
PAR  Outputs of the instruction decode and timing block 408 are coupled to the
      the ROM memory counters 402 and 406 for incrementing the memories 400 and
      404 respectively, to the state register 414 for strobing this register, to
      the auxiliary memories 410 and 412, and to the address port 422. In
      addition, an input to the address port 422 is provided from the counter
      406 for simultaneously addressing input and output buffers 416 and 424
      respectively with the memory 400 is addressed. This provides for
      addressing the first word of a particular subroutine in the memory 400 as
      well as the input buffer indicators and the output controlled elements of
      interest which respect to a particular machine program. A display and
      diagnostic means 426 is provided and coupled to the auxiliary memories 410
      and 412. The display and diagnostic means provides for display of machine
      characteristics and for indicating possible causes of machine
      malfunctions, should a malfunction occur.
PAR  In operation, the ROM memory 404 is incremented at the completion of an
      instruction thereby establishing a new address for a next subsequent
      instruction or subroutine. At the same time, the memory 406 also addresses
      the input and output buffers 416 and 424 which store input and output
      information relative to the routine to be executed. As indicated, the bus
      control field B0-B3 is applied to the bus control multiplexer 420 for
      selecting a particular input and for coupling the selected input to the
      instruction decode block 408. The instruction field B4-B6 which is also
      coupled to the block 408 addresses one of two words in an instruction
      decoding ROM. The output of the bus control multiplexer 420 enables one of
      these two addressed words and the enabled word of the instruction decoding
      ROM provides for incrementing the memories 400 and 404; provides a strobe
      of the output buffer auxiliary or machine state memories; provides a data
      bit for the output memory; and conditions an instruction skip flip-flop,
      described hereinafter. The program starts at the first input-output buffer
      address which corresponds with the first address in the memory 404 and
      continues through all of the input output functions and internal
      subroutines that may be required to the end and then returns to the
      starting address and repeats. An instruction cycle requires on the order
      of about 8 microseconds. A typical program employs subroutines which
      require a total of about 500 instructions. An entire program can, for
      example, be executed and the controller automatically readied for
      reexecution of the program in about 4 milleseconds.
PAC  Instruction Codes
PAR  All instructions are represented by a three bit field which, as indicated
      hereinbefore, comprise the bits B6, B5, and B4 of an instruction word in
      the memory 400. As will be described in detail hereinafter, an output of
      the bus control multiplexer 420 is employed as a fourth bit in the
      instruction code. The complete instruction code addresses a ROM of the
      instruction decode and timing block 408 and operates to produce two
      different results depending upon the state of the bus control multiplexer
      output. This will also be described in more detail hereinafter. The three
      bit instruction code provides for 8 independant instructions. These
      instructions are:
PAC  Input Output Instructions
      ##EQU1##
      This instruction directs the apparatus to write a logic "1" into an output
      memory element of the bufrer memory 424 which is addressed by the counter
      406 when a logic "1" output exists from the bus control multiplexer 420.
      Although this instruction is conditioned upon the output of the bus
      control multiplexer 420, an unconditional write "1" output can be provided
      through the selection of a fixed "1" input at one of the input terminals
      of the multiplexer 420. This is accomplished by addressing the fixed
      terminal input with the bus control multiplexer field of the instruction
      word.
EQU  LDO=001
PAL  This instruction directs the apparatus to write a logic "0" into the output
      memory element buffer location which is addressed by the counter 406 when
      a "1" is provided by the bus control multiplexer output. This instruction
      is made unconditional as with the LD1 instruction.
PAC  Memory/Register Load Instructions
EQU  LDA=010
PAL  This instruction directs the apparatus to load the RAM auxiliary 410 with
      the output of the bus control multiplexer at a location in the memory 410
      which is specified by the address field B7-B11 of the instruction word of
      the memory 400. An unconditional logic "1" and "0" can be loaded into the
      memory 410 through the selection of a fixed input to a bus control
      multiplexer terminal by the bus control multiplexer selection field B0-B3
      of the instruction word in the memory 400. One input to the bus control
      multiplexer 420 comprises information in the input output buffers 416 and
      424 respectively. The information from these buffers can be sorted in the
      auxiliary memory 410 by selection of their input to the bus control
      multiplexer 420 through the bus control multiplexer field BO-B3 of the
      instructin word in the memory 400.
EQU  LDB=011
PAL  This instruction directs the apparatus, when a logic "1" output exists from
      the bus control multiplexer 420, to load the auxiliary memory 412, at an
      address selected by the address field B7-B11 with the contents, plus  1,
      of a 4 bit counter in the memory 412. Alternatively, when the output of
      the bus control multiplexer 420 is a logic "0", then the apparatus is
      directed to load a 4 bit counter of the auxiliary memory 412 with a word
      from the auxiliary memory which is addressed by the address field B7-B10
      of the instruction word memory 400.
EQU  LDS=100
PAL  This instruction directs the apparatus when a logic "1"  output from the
      bus control multiplexer exists to load the machine state register 414 with
      the address field B7-B10 of the instruction word in the memory 400. The
      loading of the state register 414 is made unconditional by addressing a
      multiplexer terminal having a fixed input logic "1" through the BCM
      address field B0-B3 of the instruction word in the memory 400. This load
      may be conditional upon the contents of the input output buffer memories
      by addressing their input terminals at the bus control multiplexer 420.
PAC  Skip Instructions
EQU  JSF=101
PAL  This instruction directs the apparatus, when the output of the bus control
      multiplexer is a logic "1", to set an instruction skip logical unit
      thereby causing successive instructions to be ignored. The instruction
      skip logical unit is set unconditionally when the address field addresses
      an input terminal of the bus control multiplexer 420 having a fixed input
      logic "1". The setting of the logic unit can also be conditioned by
      addressing other terminals of the bus control multiplexer 420. This
      instruction also directs the resetting of the logic skip unit when the
      output of the bus control multiplexer 420 is a logic "0". Again, this
      resetting is made unconditional by addressing a bus control multiplexer
      input terminal having a fixed input or it can be rendered conditionala by
      addressing other terminals of the BCM.
PAC  Jump Instructions
EQU  JNR=110
PAL  This instruction directs the apparatus to jump to the next address in the
      ROM memory 404 and the associated subroutine in the memory 400 when the
      bus control multiplexer 420 provide a logic "1" output. Otherwise, the
      next instruction in the memory 400 is executed. This jump may be
      unconditional or conditioned by addressing terminals in the BCM 420.
EQU  J1R=111
PAL  This instruction directs the apparatus to reset the instruction skip logic
      unit and unconditionally jump to the next address in the memory 400. These
      steps are unaffected by the output of the bus control multiplexer 420.
PAR  A typical subroutine, listed in mnemonic form, and which is adapted for
      control of the grip solenoid is as follows:
TBL            ADDRESS   INSTRUCTION BUS CONTROL                               
     ROUTINE   FIELD     FIELD       FIELD                                     
     ______________________________________                                    
     1.    GRIP    FCYC      JSF       12                                      
     2.            T10       LD1       07                                      
     3.            T24       LD0       07                                      
     4.                      JRF       15                                      
     5.            CCYC      JSF       12                                      
     6.            T25       LD1       07                                      
     7.                      JRF       15                                      
     8.            FC        JSF       12                                      
     9.            T24       LD0       07                                      
     10.                     J1R                                               
     ______________________________________                                    
PAL  This sequence comprises a routine for controlling the grip solenoid and
      occurs as program steps 223 through to 232 of the sample program for a
      color copier listed in detail hereinafter. The mnemonic code is converted
      by an assembler program (in an Univac 1106 computer for example) to the
      program in binary form for use in the present processor. In the above
      indicated routine, the address field and the instruction field are in
      mnemonic form while the bus control field indicates the terminal of the
      bus control multiplexer which is being addressed. In this subroutine, the
      second and third instructions will be executed only if the location
      specified by the address field of the instruction contains a "1".
      Otherwise the instruction skip logic unit will be set and the following
      two instructions will be skipped. When the address indicated by the
      address field instruction does contain a "1", then the memory element of
      the output buffer associated with grip will exhibit a "1" stored at a
      timing sequence equal to 10 and a "0" will be stored at a timing sequence
      equal to 24. Thus the instruction field of instructions 2 and 3 are LD1
      and LD0 respectively. The solenoid connected to this output memory unit
      will be energized at the time T10 and will be deenergized at time T24. The
      fourth instruction is an unconditioned reset of the instruction skip logic
      unit and allows the next instruction to be executed. The 6th and 9th
      instructions will be executed only if the location specified by the
      address field for the 5th and 8th instruction contains "1". The solenoid
      will be energized at time T25 if address CCYC contains a "1" and will be
      deenergized at the time T24 if address FD contains a "1". The 10th
      instruction is an unconditional reset of the instruction skip logic unit
      and also provides a link to the next routine.
PAC  DETAILED DESCRIPTION OF CONTROLLER
PAR  The controller is illustrated in detail in FIGS. 27 through 31. Reference
      numerals employed hereinbefore for designating components are utilized in
      these figures to represent the same components.
PAC  Bus Control Multiplexer
PAR  The bus control multiplexer 420, as illustrated in FIG. 27, comprises a
      digital, 16-bit addressable, multiplexer. It is employed for selectively
      coupling one of the 16 binary information inputs at terminals E.sub.0
      -E.sub.15 to an output terminal I.sub.1 in accordance with binary terminal
      selection data applied to input terminals A-D. Information at an input
      terminal thus selected is coupled to the output terminal I.sub.1 by a
      relatively short duration strobe pulse which is applied to an input
      terminal E. The output of the terminal I.sub.1 of the multiplexer is
      coupled to an R-S flip-flop circuit arrangement 501 which stores the
      information. An output of the flip-flop 501 is coupled to an instruction
      ROM 538 and, as indicated hereinbefore, comprises a fourth bit in the
      instruction code. The bus control field B.sub.0 -B.sub.3 from an
      instruction word in the memory 400 is applied to the multiplexer address
      input terminals A-D for selecting one of the input terminals for coupling
      to the output terminal I.sub.1 of the multiplexer.
PAR  The information which is applied to the input terminals E.sub.0 -E.sub.15
      of the multiplexer 420 comprises both fixed information and event
      information. The fixed information comprises ground potential representing
      a logic "0" which is applied to a terminal E.sub.14 and a positive
      potential representing a logic "1" which is applied to terminal E.sub.15
      and which is derived from a positive potential source through an impedance
      503. These inputs when selected, provide for an unconditional output from
      the multiplexer 420. Informational inputs to the multiplexer include the
      output of a comparator 504 (FIG. 30) which compares the output of the
      auxiliary memory 412 with other data sources and provides a result
      indicative of the comparison. The outputs at terminals 506, 508 and 510 of
      the comparator 504 represent respectively that the binary value of the
      input to terminals A.sub.0 -A.sub.3 is greater than the binary value of
      the inputs to terminals B.sub.0 -B.sub.3, that the input to the A
      terminals is less than the input to the B terminals, or that the input to
      the A terminals is equal in value to that applied to the B terminals
      respectively. An inverting amplifier 512 is provided, as illustrated in
      FIG. 30, and is coupled to the terminal 510 for providing a complement of
      the logical function at terminal 510, i.e., that A is unequal to B. The
      terminals 506, 508, 510 and the amplifier 512 are coupled respectively to
      input terminals E.sub.2,E.sub.3,E.sub.1 and E.sub.0 of the multiplexer
      420.
PAR  Machine state and timing information is coupled to terminals E.sub.4
      through E.sub.7 of the multiplexer 420. The inputs to terminals E.sub.4
      and E.sub.5 comprise the output of a machine state comparator 514 (FIG.
      31) which compares the contents of a previous entry into the machine state
      register 414 with the address test field of the instruction being executed
      and provides an output, A-B at a terminal 515 upon comparison. The
      complement of the output at terminal 515 is provided by an inverting
      amplifier 516. The output at the terminal 515 and the amplifier 516 are
      coupled to input terminals E.sub.5 and E.sub.4 respectively of the
      multiplexer 420. Similarly, timing information respecting the rotary
      position of the photoreceptor is provided through a comparator 518 (FIG.
      31) which compares the residue count of counters 519 and 520 with the
      address-test field. The output of the comparator is provided at an output
      terminal 521 while its complement is provided by an inverting amplifier
      522. The terminal 521 and the output of the amplifier 522 are coupled
      respectively to input terminals E.sub.7 and E.sub.6 of the multiplexer
      420.
PAR  Input data to terminals E.sub.9 and E.sub.8 of the multiplexer is derived
      from a buffer memory element, and its complement, of the input buffer 416
      as addressed by the field B.sub.11 -B.sub.7. This information is provided
      through a multiplexer 524 (FIG. 29). The output terminals 526 and 528 of
      this multiplexer are coupled to input terminals E.sub.9 and E.sub.8
      respectively of the multiplexer 420. Similarly, input data to the
      terminals E.sub.11 and E.sub.10 of the multiplexer 420 is derived from a
      memory element, and its complement, of the input buffer 416 as addressed
      by the memory counter 406. This data is provided through a multiplexer 530
      (FIG. 29). Output terminals 532 and 534 of this multiplexer are coupled to
      input terminals E.sub.11 and E.sub.10 respectively of the multiplexer 420.
PAR  The remaining inputs to the multiplexer 420 are coupled to terminals
      E.sub.13 and E.sub.12 and comprise the output, and its complement,
      respectively of the auxiliary memory 410 as addressed by the address field
      B.sub.11 -B.sub.7. As illustrated in FIG. 30, the auxiliary memory 410
      includes an output terminal W which is coupled to input terminal E.sub.13
      of the multiplexer 420. The complement of the output terminal W is
      provided by an inverting amplifier 536, the output of which is coupled to
      terminal E.sub.12 of the multiplexer 420.
PAC  Instruction Decoder
PAR  A 32 .times. 8 instruction decoding ROM 538 is provided for decoding the
      instruction field of the word in the memory 400. The instruction address
      is then modified in accordance with the output state of the bus control
      multiplexer 420. The instruction field B.sub.4 -B.sub.6 is applied from
      the ROM 400 to input terminals A.sub.0 -A.sub.2 respectively and, in
      conjunction with the output of the bus control multiplexer 420 which is
      stored in the flip-flop 501 and which is supplied to input terminal
      A.sub.4, addresses a memory location in the ROM 538. The addressed
      location provides an output word containing control information at output
      terminals 540-554. The output data from the terminals 540, 542, 544 and
      546 comprises respectively an enable for incrementing the counter 404, an
      enable for incrementing the counter 400, a data out bit comprising a logic
      "1" or a logic "0" depending on the memory location of the ROM 538
      addressed, and an output buffer enable. The first three information
      outputs are coupled to input terminals 1A, 1B and 1C respectively of a
      quad, two-bit multiplexer 556. The output buffer enable is applied to
      terminal 1D of the multiplexer 556 from a decoder 558. Data input to the
      decoder 558 is provided at terminals A.sub.0 and A.sub.1 from output
      terminals 546 and 548 of the instruction ROM 538. The decoder 558 decodes
      the binary input to the terminals A.sub.0 and A.sub.1 and provides a
      digital output at terminals 0, 1, 2 and 3. When a logic "0" is applied to
      the terminal A.sub.0 and to terminal A.sub.1, then an output buffer enable
      is detected and provided at output terminal 0. This in turn is coupled to
      terminal 1D of the multiplexer 556.
PAR  The multiplexer 556 is employed in conjunction with a dual J-K flip-flop
      560 for inhibiting data transmission during a start-up routine for the
      control. The start-up routine is enabled by a master clear switch 562
      which resets the start-up flip-flop. In the reset state Q, the flip-flop
      560 enables a set of inputs that are hard-wired. Input 0.sub.A is
      hard-wired to a logic 1 level. Inputs 0.sub.b, 0.sub.c, 0.sub.d are wired
      to logic 0 level. The multiplexer outputs then comprise an incrementing
      pulse for counter 406, an enable for the output buffer and a data set to
      logic "0" for the output buffer. The terminals C and D of the multiplexer
      556 are coupled to input terminals 562 and 564 respectively of a two-bit
      quad multiplexer 566 (FIG. 29) of the input-output buffer. The A terminal
      output of the multiplexer 556 is applied to a NAND gate 568 which is
      pulsed by a clock pulse thereby generating an incrementing signal for the
      counter 406. This incrementing signal is applied from the gate 568 to an
      input terminal 570 (FIG. 28) of the counter 406. Since this counter
      addresses the output buffer memory, a continuous stepping of the counter
      406 addresses each of the output memory locations and sets the contents of
      each memory location to "0". After one complete scan of all outputs, a
      reset pulse MR 1 is generated at an output terminal 572 of the counter 406
      and is applied to the terminal 568 of the start-up flip-flop 560 thereby
      setting this flip-flop from the start-up state to an operating state. When
      the flip-flop 560 is thus set, the multiplexer inputs are derived from the
      ROM 538 and DECODER 558 and the multiplexer 556 is enabled for providing
      outputs at terminals A, B, C, and D in response to the output from the
      instruction ROM 538.
PAC  Instruction Cycle
PAR  An instruction is executed in a four-phase sequence. The sequence is
      generated by a two-bit, dual, J-K flip-flop 574 (FIG. 27) which is stepped
      by a clock-pulse supplied to the input terminal CP of this dual flip-flop
      counter. The clock pulse is derived from the clock-pulse generator 342
      (FIG. 33) and is applied to the counter through a NAND gate 576. This NAND
      gate is enabled manually, or automatically by clock pulses through a
      switch 578. When the switch removes ground potential from an input
      terminal 580, then an inverting amplifier 582 provides an enabling
      potential to the NAND gate. The stepping of the counter 574, in response
      to input clock pulses, generates pulse sequences at its output terminals
      which are decoded by a dual, one of four decoder 584 to provide the
      four-phase output at its output terminals 0, 1, 2, and 3. These
      instruction cycle pulses are utilized for causing the controller to
      sequence through predetermined steps in executing an instruction, and are
      illustrated in FIG. 32.
PAR  In addition to the automatic stepping of the counter and generation of the
      instruction cycle pulses, means are provided for operating in a manual
      mode whereby the controller is stepped manually or with the use of an
      external clock for debugging and test purposes. In FIG. 27, an R-S
      flip-flop 586 is provided which is manually stepped by actuation of a
      grounded switch 588. An output from this flip-flop is coupled to a NAND
      gate 592 for application to the input terminal C.sub.p of the counter 574.
      Thus, by successive manual actuation of the switch 588, the counter 574 is
      stepped and the instruction cycle is manually executed. The master clear
      signal provided by switch 562 is also coupled to a pair of inverting
      amplifiers 594 and 596 for resetting the instruction cycle counter 574.
PAR  There is illustrated in FIG. 32 the various signal waveforms and relative
      timing of signals employed in executing an instruction cycle. A waveform
      583 at output terminal 0 of the decoder 584 is applied through an
      inverting amplifier 598 to the terminal E of the multiplexer 420. A
      segment 585 of this waveform is inverted by the amplifier and the
      multiplexer 420 is thus held in a disabled condition for the duration of
      this waveform segment. This permits data which is presently addressed by
      the memory 400 which is applied to the input terminals E.sub.0 -E.sub.15
      to stabilize at the multiplexer input. Any logical compare operations that
      are performed with the address field B.sub.7 -B.sub.11 are executed and
      completed at this time. The pulse segment 585, as inverted, is also
      applied to and resets the flip-flop 501. At the end of this phase, i.e.,
      at time t.sub.1 (FIG. 32) the strobe pulse enables multliplexer 420 and in
      conjunction with the address applied to the input terminals A-D conditions
      and latches multiplexer to one of the input terminals.
PAR  The output of terminal 1 of the decoder 584 is coupled through an inverting
      amplifier 600 to a NAND gate 602. A clock pulse from the NAND gate 576 is
      also coupled to the NAND gate 602 for triggering a skip flip-flop 604.
      This flip-flop comprises a dual J-K flip-flop which is reset by an output
      pulse 601 (FIG. 32) of the gate 602, depending upon the instruction code
      of the instruction being executed as determined by the contents of the
      instruction ROM 538 which is addressed by the field B.sub.4 -B.sub.6.
      Two-bits of the output of the ROM 538 are coupled to the skip flip-flop
      604 and the programming of these bits determines the next state of the
      flip-flop. The set state of the skip flip-flop 604 disables all operations
      except an increment to the next memory location in the memory 400 or
      program step. A disable output lead is coupled from output terminal Q of
      the flip-flop 604 to input terminal A.sub.3 of the ROM 538. The master
      clear signal, derived from switch 562, is also applied to the flip-flop
      604 for resetting it. Stepping of an auxiliary memory output counter 690
      (FIG. 30) is also enabled during the second phase of the instruction
      cycle. The second phase clock pulse which is provided by NAND gate 602 is
      coupled through an inverting amplifier 607 to a NAND gate 609. Stepping of
      the counter is conditioned on the instruction word content of ROM 538. An
      output from the ROM terminal 554 is applied to the gate 609. The stepping
      signal from the NAND gate 609 is applied to the counter 690.
PAR  An instruction output signal from terminal 2 of the decoder 584 is applied
      through an inverting amplifier 606 to a NAND gate 608 along with a reset
      output from the skip flip-flop 604. This signal enables a strobe line for
      the output buffer memory elements (FIG. 29), the auxiliary memory 410, and
      the state and timing registers (FIG. 31). The enable condition is provided
      by the clock pulse and the reset state of the instructions skip flip-flop.
      The selection of a particular output strobe line from the decoder 558 that
      is enabled during this cycle is determined by the other two bits of the
      ROM memory 538 which are applied to input terminals A.sub.0 and A.sub.1 of
      the decoder 558.
PAR  The final phase of an instruction cycle is provided by a signal at an
      output terminal 3 of the decoder 584 which is coupled through an inverting
      amplifier 610 to the NAND gate 568 and to a NAND gate 612 for enabling an
      increment or clock pulse line to the counters of memories 400 and 404. The
      state of the NAND gates 568 and 612 is determined, as indicated
      hereinbefore, by two bits of the instruction ROM output during normal
      operation. During start-up only an increment for the memory 404 is
      provided. This fourth phase of the instruction cycle is abbreviated since
      it is also employed to reset the two bit counter 574. Reset is
      accomplished by coupling back the signal from the output of the NAND gate
      568 to the terminal C.sub.d of the counter 574. At the initiation of this
      fourth cycle, a word in the ROM 404 is loaded into the counter 402 only if
      an increment of the ROM 404 has been enabled. The counter 574 is reset at
      this time. As the counter 574 is reset, the fourth phase of the
      instruction cycle is abruptly terminated as indicated by the relatively
      short duration negative going output pulse 613 (FIG. 32) at terminal 3 of
      the decoder 584. At this time also, an increment to the ROM 404 and an
      increment to the ROM 400 takes place depending on the information content
      of the output word of the instruction ROM 538.
PAC  ROM Memories
PAR  The ROM 400 (FIG. 28) comprises a first 512 by 4-bit memory array 650, a
      second 512 by 4-bit ROM array 652, and a third 512 by 4-bit ROM array 654
      arranged to provide a ROM assembly for storing 512 12-bit words. The bus
      select field is provided by the array 654, the instruction field by the
      array 652 and the address test field by the array 650 and by 1-bit in the
      array 652. The address counter 402 for the ROM 400 is formed by three
      4-bit up-down counters 656, 658 and 660. The outputs of these counters
      address the memory location in the ROM 400 of an instruction being
      executed. These counters re adapted to select any one of the 512 memory
      locations in the ROM 400. They are intercoupled to provide a single
      counter adapted to provide the binary output count of 512. This composite
      counter is incremented or stepped by an input pulse at terminal 662 which
      is derived from the NAND gate 612, discussed hereinbefore. In addition,
      the counter units 658 and 660 are enabled for the transfer of information
      to this counter from the ROM 404 by a signal at the terminal 570. This
      signal is applied to terminals P.sub.e of the counter units.
PAR  The ROM 404 comprises a memory adapted to store 256 8-bit words. It is
      addressed by the counter 406 which is formed of two 4-bit up-down counters
      664 and 666.
PAR  In addition, the output of these counters at terminals 668 through 678 are
      coupled to 2-bit quad multiplexers 684 and 566 (FIG. 29) of the
      input/output port and the terminals 668 through 674 are coupled to the
      2-bit quad multiplexer 686 (FIG. 30) of the auxiliary memory. The circuit
      arrangement of FIG. 28 serves as a memory link, as a program and address
      counter, and as a storage for the operating program. The counter 406
      comprises an 8-bit binary counter which directly addresses the
      input/output memory as indicated and the ROM 404. The output of the ROM
      404 is coupled to eight inputs of the counter 402 which comprises a 12-bit
      synchronous binary counter. The output of this counter is wired to the
      address inputs of the ROM 400. The ROM 404 thus stores the eight least
      significant bits of the address of an instruction word in the ROM 400. The
      ROM 400 stores the operating program.
PAR  This memory has two operating modes. In a first mode, a word in the memory
      404 is loaded into the counter 402 and the memory 404 is incremented. In
      this situation, the presently addressed word and the memory 404 is
      utilized to generate an address for the ROM 400 and the memory 404 is
      incremented to the next address. At the samt time, the input/output
      address is also incremented. Therefore, each ROM 404 word can be
      programmed to point to a block of words and the ROM 400 which stores the
      operating information for each output in the machine.
PAR  In the other mode of operation, the memory unit is employed to count the
      ROM 400 to the next address or the next program location. The ROM 400 word
      then determines the next instruction to be executed. Since there is a
      separate counter 402 for the ROM 400, the ROM 400 address is automatically
      stored.
PAR  A conversion from an 8-bit ROM 404 word to a 10 or 12-bit ROM 400 address
      takes place in the counter 402. It is achieved by making the transitions
      in the ROM 400 address from 255-256, 511-512, 767-768, etc. in the latter
      mode of operation as described. In general, the ROM 404 word should have
      only that number of bits which form a number whose magnitude is greater
      than or equal to the maximum number of the operations required by any
      input/output function. The width of the ROM 400 word is determined by the
      requirements of the address-test field and the instruction set. A master
      clear signal from the switch 562 (FIG. 27) is also applied to terminal 684
      for resetting the counter 402 and the counter 406.
PAR  The processor is programmable in that execution, sequence control, and
      processor control programs which are stored in the ROM memories 400, 404
      and 538 respectively are alterable by substituting ROM memory units
      adapted to store a modified or different program. These memory units are
      replaced by arranging them as pluggable units for electrical coupling with
      a connector which, for example, is wired to a printed circuit board.
PAC  Auxiliary Memories
PAR  The auxiliary memory 410 is shown in FIG. 30 to comprise a one bit per word
      read and write memory (RAM) 675 which is formed in a 256 .times. 1 array
      and, an eight bit addressable latch 677. The capacity of the memory 410 is
      limited by the address field of the ROM 400. This memory is provided for
      storing various program flags and machine test conditions. Address
      selection in the memory 410 is provided by the quad, 2-bit multiplexer 686
      and by the quad, 2-bit multiplexer 688. Inputs to these multiplexers
      comprise the address test field, 4-bits of which are applied to the
      multiplexer 686 and 1-bit of which is applied to the multiplexer 688 and
      by inputs from terminals 668 through 676 of the countr 406 (FIG. 28).
      Additional inputs to the multiplexer 688 include strobe pulses applied to
      input terminals 1b and 1d for respectively strobing the auxiliary memories
      410 and 412. In addition, a data input from the bus control multiplexer
      output as derived from the flip-flop 510 is also applied to the input
      terminal 1c of the multiplexer 688.
PAR  During the start-up mode of operation the start-up flip-flop 560 (FIG. 27)
      as described, provides an input enable to terminal 689 of the multiplexer
      686 and 688. This signal enables inputs addressed by m11-m15 of the
      counter 406 and those inputs having a ground logic or "0" input. In this
      mode of operation, each word in the memory 410 is strobed and is set to
      "0". At the end of this start-up mode of operation, the address control
      for this memory is switched by the start-up flip-flop signal at terminal
      689 to the inputs addressed by the field B7-B11 of the memory 400, to the
      strobe inputs and to the data inputs. During this operating mode, the
      memory strobe is derived from the decoder of FIG. 27 and the data input
      comprises the output of the bus control multiplexer which is derived
      through the R-S flip-flop 501 (FIG. 27). Timing data, for example, is
      derived from the timing disc and is coupled via the I/O Port 422, the
      multiplexer 420, the multiplexer 688 and the latch 677 to an output
      terminal 701 or to an output terminal 703. The address field B7-B11 will
      select one of these terminals for coupling to a timing counter (FIG. 31).
      Selection is based on whether the input timing pulses constitute pitch
      pulse or residue pulse information. The output of the memory 675 and its
      complement, as indicated hereinbefore is coupled to the input of the bus
      control multiplexer 420.
PAR  The auxiliary memory 412 comprises a 16 .times. 4 read-write memory (RAM)
      having memory locations which are addressed through the multiplexers 686
      and 688. During the start-up mode of operation, the memory 412 is zeroed
      as was described with respect to the memory 410. The output of the memory
      412 is coupled to a 4-bit up-down counter 690. The 4-bit counter 690 can
      be loaded from any location in the memory 412 and can be incremented and
      its contents can load the memory 412 with the result. Memory 412 is
      enabled by a strobe input from the decoder while the counter 690 is
      incremented by its complement which is applied thereto through an
      inverting amplifier 691. The outputs of the counter are coupled back to
      data inputs of the memory 412 and to the data inputs of a decoder-driver
      latch 693 for providing a display. The display indicates the copy count, a
      diagnostic indication of a malfunction, etc. In addition, an output of the
      counter 690 is compared with the address field B7-B11 which is applied to
      the comparator 504 along with the output of the counter 690, through a
      multiplexer 692.
PAR  Alternatively, the contents of the counter 690 can also be compared with
      four other data sources which are applied to input terminals 0.sub.a
      -0.sub.d of the multiplexer 692. The most significant bit B11 of the
      address test field selects either the field B.sub.10 -B.sub.7 or the four
      other inputs for application to the B input terminals of the comparator
      504. Modal billing data and copy count selection switch data inputs are
      applied to dual 4-bit multiplexers 694 and 696. Output selection for these
      multiplexers is provided by the address test field bits B.sub.10 and
      B.sub.11. This arrangement of the memory 412 provides for a degree of
      feedback control, allows a more complex apparatus billing arrangement and
      copy count schemes and provides for a diagnostic display of machine
      malfunctions.
PAC  Machine State and Timing
PAR  The machine state register 414 as illustrated in FIG. 31 comprises a 4-bit
      parallel load shift register. It is analogous to a continuously addressed
      word of the 4-bit word of the read-write memory 412. Date input to the
      register comprises the address-test field, B7-B11 of the ROM 400. This
      data expresses which of the different machine operating states the machine
      is presently in. The output of the register is continuously compared with
      the address-test field of a present instruction word by the comparator
      514. As indicated hereinbefore, the output of the comparator 514 and its
      complement are coupled as inputs to the bus control multiplexer 420.
      During the start-up mode, the register 414 is cleared to "0". During the
      program control mode, a strobe input signal at terminal 700 which is
      derived from output terminal 3 of the decoder 558 (FIG. 27) is utilized
      for enabling the register.
PAR  The timing counter 418 which is formed by the 4-bit up-down counters 519
      and 520 remembers, in binary form, the positions of various moving
      hardware in the apparatus, of the xerographic image and of the copy paper
      in the machine with respect to a reference location. In operation, the
      output of this timing counter is continuously compared with the
      address-data field, B11-B7 by the comparator 518. The output of this
      comparator and its complement are coupled as inputs to the bus control
      multiplexer 420. This comparison between the programmed data and the
      dynamic counter information determines the on and off sequencing of
      apparatus hardware in the reproduction process.
PAR  The timing counter is stepped and is reset by input pulses applied to
      terminals 702 and 704 from terminals 701 and 703 respectively of the
      auxiliary counter 410. The counter is stepped by residue pulses derived
      from the timing disk of FIGS. 19 and 20 and is reset by a pitch pulse
      derived from the same source. Alternatively, the counter may be pulsed by
      signals from any repetitive fixed frequency source such as that derived
      from a 60 Hz A-C line or from a gear tooth which interrupts a magnetic
      path in the apparatus. In either case, it is necessary to establish a
      relationship between the frequency of the count of the pulse pitch train
      and the machine process speed. This correspondence is employed for
      translating from the timing required for each machine output that is
      sequenced on and off to a number that is generated in the timing counter.
PAR  The maximum number which is generated in the timing counter in the case of
      machine hardware derived pulses depends upon the time difference between
      successive pulses. This time differential may be large. In this case, the
      process is insensitive to pulse intervals and precise timing is achieved
      largely by good alignment by the hardware in the apparatus. The total
      number of pulses required is then given by the number of distinct on/off
      timing points for the machine hardware. The maximum number of pulses
      generated from a fixed frequency source depends on the input pulse train,
      which determines the time interval between successive pulses. For an
      asynchronous pulse train, this time should be relatively small when
      compared with the smallest time/distance interval in the machine process.
      Thus, a machine whose process is sensitive to the occurrence of successive
      time periods separated by precise small time intervals would require a
      high frequency input pulse train.
PAR  The timing counter is reset after each machine cycle. A cycle, comprises
      any significant time interval in the copying process such as the time
      required to move a piece of paper completely past a given point, or the
      time elapsed from the start of the copying operation to the production of
      a finished copy out of the machine.
PAC  Input-Output Port and Buffers
PAR  The input-output subsection of the controller, as illustrated in FIG. 29,
      provides a buffer memory between the machine electromechanical loads and
      inputs (FIGS. 17 and 18) and the control section. One bit of memory is
      provided for each input and each output. The output buffer memory elements
      comprise seven eight bit multiport registers. Three of these registers
      710, 712 and 714 are illustrated in FIG. 29 while, for purpose of
      simplifying the drawings, the third, fourth, fifth, sixth and seventh
      registers are not shown. The register 710 provides one bit of memory for
      each of the outputs 1-8; the register 712 provides 8 bits of memory for
      the outputs 9-16; and, the register 714 provides 8 bits of memory for the
      outputs 49-56. The outputs of these registers are coupled to the Z line
      output drivers 349 (FIG. 25), which in conjunction with the X axis drivers
      334, energizes matrix array 296 (FIG. 25).
PAR  The output buffer memory is advantageously operated, either simultaneously
      or alternatively in read and write modes. In the read mode, means are
      provided for reading out the contents of the output buffers and for
      driving the load elements of the copier apparatus through the Z drivers
      349. In the write mode, the controller causes a logic "1" or "0" to be
      written into an addressed location. When operating in the read mode, two
      binary scanning signals RDI and RDO are applied to the input buffer
      registers via input terminals 730 and 732 (FIG. 29). These binary signals,
      which are illustrated in FIG. 34 are derived from a dual J-K flip-flop
      circuit 734 (FIG. 33). During a scanning cycle, these signals sequentially
      couple four bits of memory to output terminal Z.sub.a and four bits of
      memory to output terminal Z.sub.b of each register.
PAR  With the matrix arrangement 298 in FIG. 25, four rows are energized by
      continuous, non-overlapping, 25% duty cycle square wave, driving voltage
      source waveforms X.sub.0, X.sub.1, X.sub.2 and X.sub.3 as illustrated in
      FIG. 35. These waveforms are coupled from the decoder 735 (FIG. 33) of the
      matrix column and row generators 336 (FIG. 29) to the X drivers 334. The
      matrix columns provide a selective means of current return or for
      returning one end of a load to ground. Each output buffer memory bit is
      scanned sequentially and synchronously with the driving voltage waveforms.
      The other end of the load is connedted through a diode for preventing
      current flow to one of the driving voltage lines. The Z or column drivers
      349 (FIG. 25) are then energized only when an output bit is at a logic "1"
      level. Since the output bits are scanned synchronously with driving
      voltage waveform, to turn on a given load, a column driver is energized
      only during the time that the driving waveforms is high or a "1". Each
      column driver is thus connected to four loads and each row driver is
      connected to 14 loads for a fully populated matrix. The arrangement is
      asynchronous in nature in that the controller determines the state of each
      output at its rate, but this state is determined in the load matrix by the
      driving voltage pulse and multiplex rate.
PAR  When operating in a write mode, the status of each of the output buffer
      memory locations or bits is established by addressing the particular
      output memory element, strobing it and writing a "1" or "0" into the
      addressed memory location. An output buffer memory location is addressed
      by the bits m11- m16 which are coupled from the counter 406 (FIG. 28) to
      the two bit, quad multiplexers 684 and 566. The bits m14 -m16 address one
      of the registers 710, 712 and 714 through a one of eight decoder 736.
      Outputs of this decoder are coupled to an input enable terminal of the
      registers. A particular memory location in a register is addressed by the
      bits m11 and m13 through the multiplexer 684. Data in the form of a logic
      "1" of "0" for entry into these registers is applied to input terminals D
      through the multiplexer 566. A strobe input pulse is applied through the
      multiplexer 566 to the decoder 736. When the strobe pulse occurs, the
      selected output of the decoder is energized and data is written into the
      registers. Both the data and strobe pulses are derived from the
      instruction decoder subsection (FIG. 27). Terminal 737 is coupled to and
      enables the other output registers, not shown.
PAR  The input buffer memory which comprises the 8 bit multiport registers 720,
      722 and 724 as well as the third, fourth, fifth, and sixth registers which
      are not shown for the purpose of simplifying the drawings operates
      simultaneously or alternatively in a write mode and in a read mode. In the
      write mode, each input is scanned and is sampled, as described
      hereinbefore, for filtering against noise. The filtered information is
      then stored in the buffer memory storage locations which are being scanned
      simultaneously with the scan of the input matrix columns. As indicated,
      the machine inputs are arranged in a 4 .times. 8 matrix 332 (FIG. 25) to
      which the X axis driving voltage X.sub.0, X.sub.1, X.sub.2 and X.sub.3 are
      applied. Eight Y columns provide the inputs to the controller. Each
      machine input is thus connected to a row-column junction of this matrix.
      Each is coupled through a capacitor-diode input network 740 (FIG. 33) to
      one of two Y line receivers 742 and 744 of the receiver unit 344 (FIG.
      25). These receivers provide level changing and filtering. The outputs of
      these receivers are coupled to a multiplexer 338 and are sequentially
      coupled to a noise/discriminator which is discussed in detail hereinafter.
      Noise free data in sequential form is coupled from an amplifier 746 to an
      input terminal 748 of the input buffer memory.
PAR  Address selection of those input buffer memory locations into which input
      data is entered in buffer registers 720, 722, and 724 is provided by
      binary output signals I.sub.0, I.sub.1, and I.sub.2. These signals are
      coupled from a counter 750 (FIG. 33), described hereinafter to input
      terminals 752, 754 and 756 of the input buffer (FIG. 29). These signals
      are also applied to the input multiplexer 338 and thus provide for
      simultaneous scanning of the machine inputs and input buffer memory
      locations. Strobing of these registers is provided by stobe signals
      E.sub.0 - E.sub.3 which are derived from a decoder 758 (FIG. 33). These
      signal outputs are generated by the binary input signals RDI and RDO and
      are conditioned upon an input signal from NAND gate 760 which is
      indicative of noise-free data input signals.
PAR  When operating in a read mode, the state of each input buffer is read by
      the controller. Reading of these states occurs only when the operating
      program requires an interrogation of the input. Addressing of the memory
      locations during read out is provided by the address-test field B7-B11 or
      by m11-m15 of the counter 406. When address selection is provided by the
      field B7-B11, then a particular memory location in each of the registers
      720-724 is provided by bits B7-B9 which are applied to the C address input
      terminals of each of the registers. Selection of a particular one of the
      registers is provided by bits B10-B11 which are coupled to the multiplexer
      524. These bits select one of a plurality of inputs which comprises
      outputs from the C output terminals of the registers. Output information
      from the multiplexer 524 is, as indicated, applied to the bus control
      multiplexer 420. This output comprises a pulse, the duration of which is
      determined by the presence of the field B7-B11 at inputs to the buffer, in
      turn determined by the instruction cycle.
PAR  Similarly, selection of a particular memory location in one of the
      registers 720-724 is provided by the bits m11-m13 which are coupled to B
      input terminals while selection of a particular register is provided by
      bits m14- m15, which are coupled to the multiplexer 530. The latter bits
      select one of a plurality of inputs which comprise outputs from the B
      output terminals of the registers.
PAR  Both input and output buffers are advantageously capable of simultaneous
      read/write operation. This improves the operating speed of the controller,
      allows the controller to operate asynchronously with the inputs and
      outputs and allows the outputs to be energized independently of control
      operation. Thus, the outputs may be driven in a DC manner or in the
      described time multiplex mode. Similarly, the inputs may be scanned,
      sampled and stored independently of control requirements.
PAC  DETAILED DESCRIPTION OF FREQUENCY DIVIDER AND NOISE DISCRIMINATOR
PAR  There is illustrated in FIG. 33 a more detailed arrangement of the
      frequency dividing means 344 and noise discriminator means 346 which were
      shown generally in FIG. 25. The clock pulse generator 342 comprises a
      conventional pulse generator which is adapted to generate a square
      waveform having a 2 us period as is illustrated in FIG. 32. The frequency
      divider 344 includes a 4 bit binary counter 770 which is stepped by pulses
      coupled from the master clock 342. Output signals at terminals Q.sub.0,
      Q.sub.1, Q.sub.2, and Q.sub.3 have time durations of 4, 8, 16, and 32 us,
      respectively. A 16 us output from the terminal Q.sub.2 is applied to a
      Nand gate 772 along with a feedback signal from a dual J-K flip-flop 774.
      The output of the Nand gate is coupled-to, and, steps a 4 bit binary
      counter 750. This stepping input comprises a 16 us pulse which recurs
      every 256 us. The recurring 16 us input pulses applied to the counter 750
      provide at its terminals Q.sub.0 , Q.sub.1, Q.sub.2, and Q.sub.3 square
      wave output signals having periods of 32, 64, 128, and 256 us durations,
      respectively. A 16 us terminal count output pulse recurring every 256 us
      is also provided at output terminal T.sub.c. Signals I.sub.0, I.sub.1, and
      I.sub.2 at output terminals Q.sub.1, Q.sub.2, and Q.sub.3 of the counter
      750 are applied to input terminals of the input buffer memory (FIG. 29)
      and to terminals of the input multiplexer 338. These signals
      simultaneously provide for multiplexer scanning of input data and address
      input registers for entry of this data into the input buffer memory. The
      16 us terminal count output pulse from the counter 750 along with the 16
      us pulse from the counter 770 are applied to a dual J-K flip-flop 774 for
      generating a 16 us pulse which recurs each 256 us. This pulse is coupled
      from an output terminal of the flip-flop 774 to a second dual J-K
      flip-flop 734 which generates address signals RD 1 and RD 0. The address
      signals are applied to terminals 730 and 732 respectively of the output
      buffer memory for addressing memory locations in registers 710, 712, and
      714. As indicated hereinbefore, the signals RD 1 and RD 0 are also applied
      to decoders 735 and 758 for generating X drive signals X.sub.0 - X.sub.3
      and for generating input buffer enabling signals E.sub.0 - E.sub.3 which
      enable data input to the input buffers.
PAR  The noise discriminator 346 of FIG. 25 is shown in FIG. 33 to include
      decoders 776 and 778, the outputs of which are coupled to an associated
      pair of 4 bit latches 780 and 782, respectively. Inputs to the latches is
      derived from the input matrix via a capacitor-diode network 740, the
      receivers 742 and 744, the multiplexer 338, and the decoders 776 and 778.
      The input signals from Y lines of the matrix are scanned sequentially by
      the multiplexer 338 at a 32 us rate. This multiplexed data is coupled to
      output terminals I and I. As indicated, the multiplexer scanning rate is
      provided by the signals I.sub.0, I.sub.1, and I.sub.2. A logic "1" output
      is coupled from the terminal I to the decoder 776 and the complement is
      coupled from terminal I to the decoder 778. Each of the output terminals
      of the decoders is sequentially addressed at an 8 us rate by input binary
      signals at the decoder input terminals A.sub.0 and A.sub.1. These signals
      are derived from terminals Q.sub.1 and Q.sub.2 of counter 770. The decoder
      outputs are then coupled to input terminals of latches 780 and 782 and
      information is stored in memory locations associated with the input
      terminals of the latches. Since input information which is coupled to the
      decoders from the multiplexer terminals I and I is sequentially switched
      each 8 us, four samplings of each data input occurs during a 32 us
      scanning interval.
PAR  Each four input samples of input data are stored by the latches and in
      accordance with the noise discriminating characteristics of the
      arrangement, the latch outputs are applied to Nand gates 784 and 786 for
      coincidence detection. Simultaneous application of a logic "1" on each of
      the input lines to the Nand gate 784 and the simultaneous application of
      logic "0" at the input lines of the Nand gate 786 represents a valid logic
      "1" data input. The output of the Nand gate 784 is coupled to a data input
      terminal 785 of the input buffer (FIG. 29) through an inverting amplifier
      746. At the same time, the outputs of the Nand gate 784 and 786 are
      applied to a Nand gate 788 which indicates the presence of a logic "1" or
      "0". Its output along with a 2 us input pulse from an inverting amplifier
      790 is coupled to a Nand gate 760 for enabling the decoder 758. As
      indicated hereinbefore, the enabled decoder 758 provides output signals
      E.sub.0 - E.sub.3 for enabling the input buffer registers. A similar
      operation occurs when each of the inputs to the Nand gate 784 are logic
      "0" and each of the inputs to the Nand gate 786 are logic "1" since this
      indicates the occurrence of valid input information comprising a logic
      "0". When other than these conditions exist, then the Nand gate 788
      inhibits the decoder 758 from generating the enabling pulses for the input
      register.
PAR  Support logic for the noise discriminator 346 includes means for resetting
      the latches 780 and 782. These latches are set by 2 us pulses occurring
      each 8 us which are derived from Nand gate 792. Inputs to this Nand gate
      are coupled from the 4 us terminal of the counter 770 via an inverting
      amplifier 794 and from the 8 us terminal of the counter 770 via an
      inverting amplifier 796. Enabling of the latches is provided by a 4 us
      pulse which occurs once every 32 us. This pulse is derived from the Nand
      gate 797 to which is applied 4, 8, 16, and 32 us inputs.
PAR  While various programs will be provided to satisfy the operating
      requirement of the particular copier apparatus, the following execution
      program which is stored in the ROM 400, sequence control program which is
      stored in the ROM 404 and processor control program which is stored in the
      ROM 538 are exemplary and are applicable for operation of a Xerox
      Corporation color copier model 6500. These programs are not deemed to
      limit the scope of the present invention.
     M2 A,B,C ROMS                                                             
     NO. ADLM2                                                                 
              AUXAD  IUST                                                      
                         BUS MX                                                
                              LABEL                                            
                                   INST                                        
                                       BC Sub Routine                          
     __________________________________________________________________________
     1   0    1110 1 001 1111      LD0 15                                      
     2   1    1011 0 000 1101 WARMUP                                           
                                   LD1 13                                      
     3   2    0100 1 000 1101 INTRLK                                           
                                   LD1 13 Key Operator LAMP                    
     4   3    0010 0 110 LOPAP                                                 
                              S04  JNR 4                                       
     5   4    0100 1 000 1001 LOPAP                                            
                                   LD1 9                                       
     6   5    1110 1 111 1111      J1R 15 LOW PAPER LAMP                       
     7   6    1110 1 001 1111      LD0 15                                      
     8   7    1101 1 000 1101 PROLEV                                           
                                   LD1 13                                      
     9   8    1110 1 111 1111      J1R 15                                      
     10  9    1110 1 001 1111      LD0 15                                      
     11  10   1011 1 110 1100 COLEN                                            
                                   JNR 12                                      
     12  11   0100 1 110 1001 LOPAP                                            
                                   JNR 9                                       
     13  12   1110 1 000 1111      LD1 15                                      
     14  13   1110 1 111 1111      J1R 15                                      
     15  14   0011 1 101 0100 S07  JSF 4                                       
     16  15   0100 0 011 1011 S08  LDS 11                                      
     17  16   1110 1 100 1111      JRF 15                                      
     18  17   1110 1 001 1111      LD0 15                                      
     19  18   0100 1 000 1101 INTRLK                                           
                                   LD1 13                                      
     20  19   0010 0 110 0100 S04  JNR 4                                       
     21  20   0100 1 000 1001 LOPAP                                            
                                   LD1 9                                       
     22  21   1110 1 111 1111      J1R 15                                      
     23  22   1000 0 101 1100 B2   JSF 12 COLOR SELECTION                      
     24  23   1011 0 101 1100 WARMUP                                           
                                   JSF 12                                      
     25  24   0100 1 101 1001 LOPAP                                            
                                   JSF 9                                       
     26  25   0001 1 101 1101 COL2BA                                           
                                   JSF 13                                      
     27  26   0010 0 101 1101 COL3BA                                           
                                   JSF 13                                      
     28  27   0000 1 101 1101 FCOLBA                                           
                                   JSF 13                                      
     29  28   0001 0 010 1111 COL1BA                                           
                                   LDA 15                                      
     30  29   1110 1 000 1111      LD1 15                                      
     31  30   1110 1 110 1111      JNR 15                                      
     32  31   1011 1 100 1101 COLEN                                            
                                   JRF 13                                      
     33  32   0001 0 001 1100 COL1BA                                           
                                   LD0 12                                      
     34  33   0101 0 110 1000 COL1BT                                           
                                   JNR 8                                       
     35  34   1000 0 101 1100 B2   JSF 12                                      
     36  35   0001 1 010 1110 COL2BA                                           
                                   LDA 14                                      
     37  36   0010 0 010 1110 COL3BA                                           
                                   LDA 14                                      
     38  37   0000 1 010 1110 FCOLBA                                           
                                   LDA 14                                      
     39  38   0001 0 010 1111 COL1BA                                           
                                   LDA 15                                      
     40  39   1110 1 000 1111      LD1 15                                      
     41  40   1110 1 110 1111      JNR 15                                      
     42  41   1011 1 100 1101 COLEN                                            
                                   JRF 13                                      
     43  42   0010 1 110 1101 TWO COL                                          
                                   JNR 13                                      
     44  43   0001 0 010 1111 COL1BA                                           
                                   LDA 15                                      
     45  44   1110 1 000 1111      LD1 15                                      
     46  45   0000 1 010 1110 FCOLBA                                           
                                   LDA 14                                      
     47  46   0010 1 010 1111 TWO COL                                          
                                   LDA 15                                      
     48  47   0001 1 110 1101 COL2BA                                           
                                   JNR 13                                      
     49  48   0010 0 110 1101 COL3BA                                           
                                   JNR 13                                      
     50  49   0010 1 010 1110 TWO COL                                          
                                   LDA 14                                      
     51  50   1110 1 110 1111      JNR 15                                      
     52  51   1000 0 100 1101 B2   JRF 13                                      
     53  52   0101 0 110 0100 S10  JNR 4                                       
     54  53   0011 1 110 1100 LSTCPY                                           
                                   JNR 12                                      
     55  54   0100 1 110 1001 LOPAP                                            
                                   JNR 9                                       
     56  55   0001 1 010 1110 COL2BA                                           
                                   LDA 14                                      
     57  56   0010 0 010 1110 COL3BA                                           
                                   LDA 14                                      
     58  57   0000 1 010 1110 FCOLBA                                           
                                   LDA 14                                      
     59  58   0001 0 010 1111 COL1BA                                           
                                   LDA 15                                      
     60  59   1110 1 000 1111      LD1 15                                      
     61  60   1110 1 111 1111      J1R 15                                      
     62  61   0000 0 101 0100 S00  JSP 4                                       
     63  62   0000 1 011 1010 S01  LDS 10                                      
     64  63   1110 1 100 1111      JBF 15                                      
     65  64   0010 0 101 0100 S04  JSP 4                                       
     66  65   0011 0 011 1010 S06  LDS 10                                      
     67  66   1110 1 100 1111      JPF 15                                      
     68  67   0101 0 101 0100 S10  JSF 4                                       
     69  68   0110 0 011 1010 S12  LLS 10                                      
     70  69   1110 1 100 1010      JPP 10                                      
     71  70   1011 1 110 1100 COLEN                                            
                                   JNR 12                                      
     72  71   0001 1 001 1100 COL2BA                                           
                                   LD0 12                                      
     73  72   0101 1 110 1000 COL2BT                                           
                                   JNR 8                                       
     74  73   1000 0 101 1100 L2   JSP 12                                      
     75  74   0001 0 010 1110 COL1BA                                           
                                   LLA 14                                      
     76  75   0010 0 010 1110 COL3BA                                           
                                   LLA 14                                      
     77  76   0000 1 010 1110 FCOLBA                                           
                                   LDA 14                                      
     78  77   0001 1 010 1111 COL2BA                                           
                                   LDA 15                                      
     79  78   1110 1 000 1111      LD1 15                                      
     80  79   1110 1 110 1111      JNF 15                                      
     81  80   0010 1 100 1100 TWO COL                                          
                                   JNF 12                                      
     82  81   0001 1 010 1111 COL2BA                                           
                                   LDA 15                                      
     83  82   1110 1 000 1111      LD1 15                                      
     84  83   0000 1 010 1110 FCOLBA                                           
                                   LDA 14                                      
     85  84   0010 1 010 1111 TWO COL                                          
                                   LDA 15                                      
     86  85   0001 0 110 1101 COL1BA                                           
                                   JNR 16                                      
     87  86   0010 0 110 1101 COL3BA                                           
                                   JNF 18                                      
     88  87   0010 1 010 1110 TWO COL                                          
                                   LDA 14                                      
     89  88   1110 1 111 1111      J1R 15                                      
     90  89   1011 1 110 1100 COLEN                                            
                                   JNR 12                                      
     91  90   0010 0 010 1110 COL3BA                                           
                                   LDA 14                                      
     92  91   0110 0 110 1000 COL3BT                                           
                                   JNR 8                                       
     93  92   1000 0 101 1100 B2   JSF 12                                      
     94  93   0001 0 010 1110 COL1BA                                           
                                   LDA 14                                      
     95  94   0001 1 010 1110 COL2BA                                           
                                   LDA 14                                      
     96  95   0000 1 010 1110 FCOLBA                                           
                                   LDA 14                                      
     97  96   0010 0 010 1111 COL3BA                                           
                                   LDA 15                                      
     98  97   1110 1 000 1111      LD1 15                                      
     99  98   1110 1 110 1111      JNR 15                                      
     100 99   0010 1 100 1100 TWO COL                                          
                                   JRF 12                                      
     101 100  0010 0 010 1111 COL3BA                                           
                                   LDA 15                                      
     102 101  1110 1 000 1111      LD1 15                                      
     103 102  0000 1 010 1110 FCOLBA                                           
                                   LDA 14                                      
     104 103  0010 1 010 1111 TWO COL                                          
                                   LDA 15                                      
     105 104  0001 0 110 1101 COL1BA                                           
                                   JNR 13                                      
     106 105  0001 1 110 1101 COL2BA                                           
                                   JNR 13                                      
     107 106  0010 1 010 1110 TWO COL                                          
                                   LDA 14                                      
     108 107  1110 1 111 1111      J1R 15                                      
     109 108  1000 0 101 1101 E2   JSF 13                                      
     110 109  1011 0 101 1100 WARMUP                                           
                                   JSF 12                                      
     111 110  0100 1 101 1001 LOPAP                                            
                                   JSF 9                                       
     112 111  0001 0 101 1101 COL1BA                                           
                                   JSF 13                                      
     113 112  0001 1 101 1101 COL2BA                                           
                                   JSF 13                                      
     114 113  0010 0 101 1101 COL3BA                                           
                                   JSF 13                                      
     115 114  0000 1 010 1111 FCOLBA                                           
                                   LDA 15                                      
     116 115  1110 1 000 1111      LD1 15                                      
     117 116  1110 1 111 1111      J1R 15                                      
     118 117  1011 1 100 1101 COLEN                                            
                                   JRF 13                                      
     119 118  0000 1 001 1100 FCOLBA                                           
                                   LD0 12                                      
     120 119  0110 1 110 1000 FULCOL                                           
                                   JNR 8                                       
     121 120  0001 0 010 1110 COL1BA                                           
                                   LDA 14                                      
     122 121  0001 1 010 1110 COL2BA                                           
                                   LDA 14                                      
     123 122  0010 0 010 1110 COL3BA                                           
                                   LDA 14                                      
     124 123  0000 1 010 1111 FCOLBA                                           
                                   LDA 15                                      
     124 123  0000 1 010 1111 FCOLBA                                           
                                   LDA 15                                      
     125 124  1110 1 000 1111      LD1 15                                      
     126 125  1110 1 110 1111      JNR 15                                      
     127 126  1000 0 100 1100 B2   JNF 12                                      
     128 127  0101 0 110 0100 S10  JNR 4                                       
     129 128  0011 1 110 1100 LSTCTY                                           
                                   JNR 12                                      
     130 129  0100 1 110 1001 LORAF                                            
                                   JNR 9                                       
     131 130  0000 1 010 1111 FCOLBA                                           
                                   LDA 15                                      
     132 131  0001 0 010 1110 COL1BA                                           
                                   LDA 14                                      
     133 132  0001 1 010 1110 COL2BA                                           
                                   LDA 14                                      
     134 133  0010 0 010 1110 COL3BA                                           
                                   LDA 14                                      
     135 134  1110 1 000 1111      LD1 15                                      
     136 135  1110 1 111 1111      J1R 15                                      
     137 136  1110 1 111 1111      J1R 15 COLOR SELECTION, END                 
     138 137  1110 1 001 1111      LD0 15                                      
     139 138  0010 0 110 0100 S04  JNR 4                                       
     140 139  0100 1 000 1001 LOPAP                                            
                                   LD1 9                                       
     141 140  1110 1 111 1111      J1R 15                                      
     142 141  1110 1 001 1111      LD0 15                                      
     143 142  0000 0 101 1000 F1NL JSF 9                                       
     144 143  0011 0 101 1000 FUNC JSF 8                                       
     145 144  0001 0 101 1000 FUSLSO                                           
                                   JSF 3                                       
     146 145  1110 1 000 1111      LD1 15                                      
     147 146  1110 1 111 1111      J1R 15                                      
     148 147  1110 1 111 1111      J1R 15                                      
     149 148  1110 1 111 1111      J1R 15                                      
     150 149  1110 1 111 1111      J1R 15                                      
     151 150  0000 1 110 0100 S01  JNR 4                                       
     152 151  0001 0 011 1011 S02  LDS 11                                      
     153 152  1110 1 111 1111      J1R 15                                      
     154 153  1110 1 111 1111      J1R 15                                      
     155 154  1100 0 110 1100 PRINTA                                           
                                   JNR 12 SCAN ENGINE                          
     156 155  0101 0 000 0111 T10  LD1 7                                       
     157 156  0111 1 001 0111 T15  LD0 7  SOLENOID                             
     158 157  1110 1 111 1111      J1R 15                                      
     159 158  1010 0 110 1100 FD   JNR 12                                      
     160 159  0000 1 110 1100 FCOLBA                                           
                                   JNR 12                                      
     161 160  0000 1 000 0111 T01  LD1 7                                       
     162 161  0001 0 001 0111 T02  LD0 7                                       
     163 162  1110 1 111 1111      J1R 15                                      
     164 163  0100 1 010 1010 INTRLK                                           
                                   LDA 10                                      
     165 164  1010 0 110 1100 FD   JNR 12                                      
     166 165  0000 1 110 1101 FCOLBA                                           
                                   JNR 13                                      
     167 166  0010 1 110 1101 TWO COL                                          
                                   JNR 13                                      
     168 167  0000 1 000 0111 T01  LD1 7                                       
     169 168  0001 0 001 0111 T02  LD0 7                                       
     170 169  1110 1 111 1111      J1R 15                                      
     171 170  1110 1 111 1111      J1R 15                                      
     172 171  1110 1 111 1111      J1R 15                                      
     173 172  0011 1 110 0100 S07  JNR 4                                       
     174 173  0100 0 011 1011 S08  LDS 11                                      
     175 174  1110 1 111 1111      J1R 15                                      
     176 175  1110 1 111 1111      J1R 15                                      
     177 176  1110 1 111 1111      J1R 15                                      
     178 177  0100 0 010 1110 STOP LDA 14                                      
     179 178  1001 1 101 1100 FC   JSF 12                                      
     180 179  0111 0 101 0110 T14  JSF 6                                       
     181 180  0100 0 010 1010 STOP LDA 16                                      
     182 181  1110 1 100 1111      JRF 15                                      
     183 182  1001 1 101 1100 FC   JRF 12                                      
     184 183  1110 0 101 0110 T28  JSF 6                                       
     185 184  0100 0 010 1011 STOP LDA 11                                      
     186 185  1110 1 100 1111      JRF 15                                      
     187 186  0110 1 110 1100 FCYC JNF 12                                      
     188 187  0000 1 000 0111 T01  LD1 7                                       
     189 188  0101 1 001 0111 T11  LD0 7  PAPER FEED CLUTCH                    
     190 189  0000 1 101 0110 T01  JSF 6  COPY                                 
     191 190  1000 1 010 1111 PLOCOT                                           
                                   LDA 15 COUNTER                              
     192 191  1110 1 100 1111      JRF 15 DISPLAY                              
     193 192  0001 0 101 0110 T02  JSF 6                                       
     194 193  1000 1 010 1110 PROGOT                                           
                                   LDA 14                                      
     195 194  1110 1 111 1111      J1R 15                                      
     196 195  1010 0 101 1100 FD   JSF 12                                      
     197 196  0000 1 101 0110 T01  JSF 6                                       
     198 197  0100 0 010 1010 STOP LDA 10                                      
     199 198  1110 1 100 1111      JRF 15                                      
     200 199  1010 0 101 1100 FD   JSF 12                                      
     201 200  1100 1 101 0110 T25  JSF 6                                       
     202 201  0100 0 010 1011 STOP LDA 11                                      
     203 202  1110 1 100 1111      JRF 15                                      
     204 203  0110 1 110 1100 FCYC JNF 12 PAPER REGISTRATION                   
     205 204  1010 0 000 0111 T20  LD1 7  CLUTCH                               
     206 205  1111 0 001 0111 T30  LD0 7                                       
     207 206  1110 1 111 1111      J1R 15                                      
     208 207  1010 0 101 1100 FD   JSF 12                                      
     209 208  1101 0 101 0110 T26  JSF 6                                       
     210 209  0100 0 010 1010 STOP LDA 10                                      
     211 210  1110 1 100 1111      JRF 15                                      
     212 211  1010 1 101 1100 FE   JSF 12                                      
     213 212  0110 0 101 0110 T12  JSF 6                                       
     214 213  0100 0 010 1011 STOP LDA 11                                      
     215 214  1110 1 100 1111      JRF 15                                      
     216 215  1110 1 001 1111      LD0 15                                      
     217 216  1101 1 001 1000 CLEAN                                            
                                   LD0 8                                       
     218 217  1100 1 000 1101 PRINTB                                           
                                   LD1 13                                      
     219 218  1110 1 111 1111      J1R 15                                      
     220 219  0001 0 101 0100 S02  JSF 4                                       
     221 220  0001 1 011 1011 S03  LDS 11                                      
     222 221  1110 1 111 1111      J1R 15                                      
     223 222  0110 1 101 1100 FCYC JSF 12                                      
     224 223  0101 0 000 0111 T10  LD1 7                                       
     225 224  1100 0 001 0111 T24  LD0 7                                       
     226 225  1110 1 100 1111      JRF 15 GRIP SOLENOID                        
     227 226  0111 0 101 1100 CCYC JSF 12                                      
     228 227  1100 1 000 0111 T25  LD1 7                                       
     229 228  1110 1 100 1111      JRF 15                                      
     230 229  1001 1 101 1100 FC   JSF 12                                      
     231 230  1100 0 001 0111 T24  LD0 7                                       
     232 231  1110 1 111 1111      J1R 15                                      
     233 232  0000 0 010 1011 ZCLOCK                                           
                                   LDA 11                                      
     234 233  0110 1 101 1100 FCYC JSF 12                                      
     235 234  0101 0 000 0111 T10  LD1 7                                       
     236 235  1100 0 001 0111 T24  LD0 7                                       
     237 236  1110 1 100 1111      JRF 15                                      
     238 237  0111 0 101 1100 CCYC JSF 12                                      
     239 238  1100 1 000 0111 T25  LD1 7                                       
     240 239  1110 1 100 1111      JRF 15                                      
     241 240  1001 1 101 1100 FC   JSF 12                                      
     242 241  1100 0 001 0111 T24  LDO 7                                       
     243 242  1110 1 111 1111      J1R 15                                      
     244 243  1000 0 010 1011 B2   LDA 11                                      
     245 244  1110 1 111 1111      J1R 15                                      
     246 245  1100 0 110 1100 PRINTA                                           
                                   JNF 12                                      
     247 246  0101 0 000 0111 T10  LD1 7                                       
     248 247  0111 1 001 0111 T15  LD0 7                                       
     249 248  1110 1 111 1111      J1R 15                                      
     250 249  0110 0 110 1100 7A   JNR 12                                      
     251 250  0101 0 000 0111 T10  LD1 7  CYAN                                 
     252 251  0111 1 001 0111 T15  LD0 7  FILTER                               
     253 252  1110 1 111 1111      J1R 15                                      
     254 253  0100 0 101 1001 LONC JSF 9                                       
     255 254  0011 1 001 0111 T07  LD0 7  CYAN                                 
     256 255  1110 1 100 1111      JRF 15 DEVELOPER                            
     257 0    0110 0 001 0111 T12  LD0 7                                       
     258 1    0110 0 110 1100 7A   JNF 18                                      
     259 2    1100 0 000 0111 T24  LD1 7                                       
     260 3    1110 1 111 1111      J1R 15                                      
     261 4    1010 1 001 0111 T21  LD0 7                                       
     262 5    0110 0 110 1100 7A   JNR 16 CYAN                                 
     263 6    1101 1 000 0111 T27  LD1 7  TRANSFER BIAS                        
     264 7    1110 1 111 1111      J1R 15                                      
     265 8    1110 1 111 1111      J1R 15                                      
     266 9    0101 0 110 1100 9A   JNR 12                                      
     267 10   0101 0 000 0111 T10  LD1 7  MAGENTA                              
     268 11   0111 1 001 0111 T15  LD0 7  FILTER                               
     269 12   1110 1 111 1111      J1R 15                                      
     270 13   0100 0 101 1001 LONG JSF 9                                       
     271 14   0010 0 001 0111 T04  LD0 7  MAGENTA                              
     272 15   1110 1 100 1111      JRF 15 DEVELOPER                            
     273 16   0100 0 001 0111 T08  LD0 7                                       
     274 17   0101 0 110 1100 9A   JNR 12                                      
     275 18   1011 0 000 0111 T22  LD1 7                                       
     276 19   1110 1 111 1111      J1R 15                                      
     277 20   1010 1 001 0111 T21  LD0 7                                       
     278 21   0101 0 110 1100 9A   JNF 12 MAGENTA                              
     279 22   1101 1 000 0111 T27  LD1 7  TRANSFER BIAS                        
     280 23   1110 1 111 1111      J1R 15                                      
     281 24   1110 1 111 1111      J1R 15                                      
     282 25   0101 1 110 1100 11A  JNR 12                                      
     283 26   0101 0 000 0111 T10  LD1 7  YELLOW                               
     284 27   0111 1 001 0111 T15  LD0 7  FILTER                               
     285 28   1110 1 111 1111      J1R 15                                      
     286 29   0100 0 101 1001 LONG JSF 9                                       
     287 30   1110 0 001 0111 T28  LD0 7                                       
     288 31   1110 1 100 1111      JRF 15 YELLOW                               
     289 32   0001 1 001 0111 T03  LD0 7  DEVELOPER                            
     290 33   0101 1 110 1100 11A  JNR 12                                      
     291 34   1001 0 000 0111 T18  LD1 7                                       
     292 35   1110 1 111 1111      J1R 15                                      
     293 36   1010 1 001 0111 T21  LD0 7                                       
     294 37   0101 1 110 1100 11A  JNR 12 YELLOW                               
     295 38   1101 1 000 0111 T27  LD1 7  TRANSFER BIAS                        
     296 39   1110 1 111 1111      J1R 15                                      
     297 40   1110 1 111 1111      J1R 15                                      
     298 41   1110 1 111 1111      J1R 15                                      
     299 42   1110 1 111 1111      J1R 15                                      
     300 43   1110 1 111 1111      J1R 15                                      
     301 44   1101 0 001 1100 NOLRV                                            
                                   LD0 12                                      
     302 45   1101 0 000 1101 NOLRV                                            
                                   LD1 13                                      
     303 46   1110 1 111 1111      J1R 15                                      
     304 47   0100 0 101 1001 LONG JSF 9                                       
     305 48   1101 0 001 0111 T26  LD0 7                                       
     306 49   1110 1 100 1111      JRF 15                                      
     307 50   1110 1 001 0111 T29  LD0 7                                       
     308 51   1100 0 110 1100 PRINTA                                           
                                   JNR 12                                      
     309 52   0101 0 000 0111 T10  LD1 7                                       
     310 53   1110 1 111 1111      J1R 15                                      
     311 54   0111 0 101 1100 CCYC JSF 12                                      
     312 55   1110 1 000 0111 T29  LD1 7                                       
     313 56   1110 1 100 1111      JRF 15                                      
     314 57   1001 1 110 1100 FC   JNR 12                                      
     315 58   1011 1 001 0111 T23  LD0 7                                       
     316 59   1110 1 111 1111      J1R 15                                      
     317 60   1101 1 001 1100 PROLEV                                           
                                   LD0 12                                      
     318 61   1101 1 000 1101 PROLEV                                           
                                   LD1 13 PROCESS DRIVE MOTOR                  
     319 62   1110 1 111 1111      J1R 15                                      
     320 63   1110 1 111 1111      J1R 15                                      
     321 64   1100 0 110 1100 PRINTA                                           
                                   JNR 12                                      
     322 65   0111 0 001 0111 T14  LD0 7                                       
     323 66   0100 0 101 1001 LONG JSF 9                                       
     324 67   1101 1 000 0111 T27  LD1 7                                       
     325 68   1110 1 100 1111      JRF 15                                      
     326 69   1111 0 000 0111 T30  LD1 7                                       
     327 70   1110 1 111 1111      J1R 15                                      
     328 71   1110 1 111 1111      J1R 15                                      
     329 72   1110 1 111 1111      J1R 15                                      
     330 73   0100 0 101 1001 LONG JSF 9                                       
     331 74   0000 1 001 0111 T01  LD0 7                                       
     332 75   1110 1 100 1111      JRF 15 FUSER                                
     333 76   0011 0 001 0111 T06  LD0 7                                       
     334 77   1001 1 110 1100 FC   JNR 12                                      
     335 78   1000 1 000 0111 T17  LD1 7                                       
     336 79   1110 1 111 1111      J1R 15                                      
     337 80   0011 1 010 1110 LSTOPY                                           
                                   LDA 14                                      
     338 81   1001 1 110 1101 FC   JNR 13                                      
     339 82   1010 0 110 1101 FD   JNR 13                                      
     340 83   1010 1 110 1100 FE   JNR 12                                      
     341 84   0011 1 010 1111 LSTOPY                                           
                                   LDA 15                                      
     342 85   1110 1 111 1111      J1R 15                                      
     343 86   0001 1 101 0100 S03  JSF 4                                       
     344 87   1110 1 101 0110 T29  JSF 6                                       
     345 88   0010 0 011 1111 S04  LDS 15                                      
     346 89   1110 1 111 1111      J1R 15                                      
     347 90   0011 0 101 0100 S06  JSF 4                                       
     348 91   0000 0 101 1100 ZCLOCK                                           
                                   JSF 12                                      
     349 92   0011 1 011 1111 S07  LDS 15                                      
     350 93   1110 1 111 1111      J1R 15                                      
     351 94   1111 1 110 0110 T31  JNR 6                                       
     352 95   0111 1 010 1111 ZCLKA                                            
                                   LDA 15 PITCH COUNT INCREMENT                
     353 96   1110 1 111 1111      J1R 15                                      
     354 97   0100 1 101 0100 S09  JSF 4                                       
     355 98   1010 1 101 0110 T21  JSF 6                                       
     356 99   0101 0 011 1111 S10  LDS 15                                      
     357 100  1110 1 111 1111      J1R 15                                      
     358 101  0101 0 101 0100 S10  JSF 4                                       
     359 102  0011 1 101 1100 LSTOPY                                           
                                   JSF 12                                      
     360 103  1110 1 101 0110 T29  JSF 6                                       
     361 104  0010 0 011 1111 S04  LDS 15                                      
     362 105  1110 1 111 1111      J1R 15                                      
     363 106  0110 0 101 0100 S12  JSF 4                                       
     364 107  0000 0 101 1100 ZCLOCK                                           
                                   JSF 12                                      
     365 108  0011 1 011 1111 S07  LDS 15                                      
     366 109  1110 1 111 1111      J1R 15                                      
     367 110  1001 0 110 1100 JANIF                                            
                                   JNR 12                                      
     368 111  1110 1 101 1111      JSF 15                                      
     369 112  0100 1 100 1101 INTRLK                                           
                                   JNF 13                                      
     370 113  0100 0 100 1101 STOP JNR 13                                      
     371 114  0000 0 011 1111 S00  LDS 15                                      
     372 115  1110 1 111 1111      J1R 13                                      
     373 116  1100 0 110 1100 PRINTA                                           
                                   JNR 12                                      
     374 117  0000 0 110 1100 ZCLOCK                                           
                                   JNR 12 COLOR                                
     375 118  0111 1 110 1100 ZCLKA                                            
                                   JNR 12 MODE                                 
     376 119  1000 0 110 1101 E2   JNR 13 SEQUENCING                           
     377 120  0000 1 110 1100 FCOLBA                                           
                                   JNR 12                                      
     378 121  0111 1 010 1110 ZCLKA                                            
                                   LDA 14                                      
     379 122  0101 1 101 1100 11A  JSF 12 CYAN, MAGENTA                        
     380 123  0110 0 010 1111 7A   LDA 15 YELLOW                               
     381 124  0111 0 010 1111 CCYC LDA 15                                      
     382 125  0101 1 010 1110 11A  LDA 14                                      
     383 126  1110 1 110 1111      JNF 15                                      
     384 127  0101 0 100 1101 9A   JNF 13                                      
     385 128  0101 1 010 1111 11A  LDA 15                                      
     386 129  0101 0 010 1110 9A   LDA 14                                      
     387 130  0110 1 010 1110 FCYC LDA 14                                      
     388 131  1110 1 110 1111      JNR 15                                      
     389 132  1110 1 100 1111      JRF 15                                      
     390 133  0110 0 010 1110 7A   LDA 14                                      
     391 134  0111 0 010 1110 CCYC LDA 14                                      
     392 135  0011 1 110 0100 S07  JNR 4                                       
     393 136  0101 0 010 1111 9A   LDA 15                                      
     394 137  0110 1 010 1111 FCYC LDA 15                                      
     395 138  1110 1 111 1111      J1R 15                                      
     396 139  0011 0 010 1110 E2F  LDA 14                                      
     397 140  1000 0 101 1100 E2   JSF 12                                      
     398 141  0000 1 101 1100 FCOLBA                                           
                                   JSF 12                                      
     399 142  0011 0 010 1111 E2F  LDA 15 COLOR                                
     400 143  1110 1 100 1111      JRF 15 MODE                                 
     401 144  1100 0 110 1100 PRINTA                                           
                                   JNR 12 SEQUENCING                           
     402 145  0111 1 110 1100 ZCLKA                                            
                                   JNR 12                                      
     403 146  0000 0 110 1100 ZCLOCK                                           
                                   JNR 12                                      
     404 147  0011 0 101 1101 E2F  JSF 13 RED, BLUE, BLACK                     
     405 148  0001 1 110 1100 COL2BA                                           
                                   JNR 12                                      
     406 149  0010 0 110 1100 COL3BA                                           
                                   JNR 12                                      
     407 150  1110 1 100 1111      JRF 15                                      
     408 151  0111 1 010 1110 ZCLKA                                            
                                   LDA 14                                      
     409 152  0101 0 101 1100 9A   JSF 12                                      
     410 153  0101 1 010 1111 11A  LDA 15                                      
     411 154  0111 0 010 1111 CCYC LDA 15                                      
     412 155  0101 0 010 1110 9A   LDA 14                                      
     413 156  0110 1 010 1110 FCYC LDA 14                                      
     414 157  1110 1 110 1111      JNR 15                                      
     415 158  1110 1 100 1111      JRF 15                                      
     416 159  0101 1 010 1110 11A  LDA 14                                      
     417 160  0111 0 010 1110 CCYC LDA 14                                      
     418 161  0011 1 110 0100 S07  JNR 4                                       
     419 162  0101 0 010 1111 9A   LDA 15                                      
     420 163  0110 1 010 1111 FCYC LDA 15                                      
     421 164  1110 1 111 1111      J1R 15                                      
     422 165  1100 0 110 1100 PRINTA                                           
                                   JNR 12                                      
     423 166  0111 1 110 1100 ZCLKA                                            
                                   JNR 12                                      
     424 167  0000 0 110 1100 ZCLOCK                                           
                                   JNR 12                                      
     425 168  0001 0 110 1100 COL1BA                                           
                                   JNR 12                                      
     426 169  0010 0 110 1100 COL3BA                                           
                                   JNR 12                                      
     427 170  0111 1 010 1110 ZCLKA                                            
                                   LDA 14                                      
     428 171  0101 1 101 1100 11A  JSF 12                                      
     429 172  0110 0 010 1111 7A   LDA 15                                      
     430 173  0111 0 010 1111 CCYC LDA 15                                      
     431 174  0101 1 010 1110 11A  LDA 14                                      
     432 175  0110 1 010 1110 FCYC LDA 14                                      
     433 176  1110 1 110 1111      JNR 15                                      
     434 177  1110 1 100 1111      JRF 15                                      
     435 178  0110 0 010 1110 7A   LDA 14                                      
     436 179  0111 0 010 1110 CCYC LDA 14                                      
     437 180  0011 1 110 0100 S07  JNR 4                                       
     438 181  0101 1 010 1111 11A  LDA 15                                      
     439 182  0110 1 010 1111 FCYC LDA 15                                      
     440 183  1110 1 111 1111      J1R 15                                      
     441 184  1100 0 110 1100 PRINTA                                           
                                   JNR 12                                      
     442 185  0000 0 110 1100 ZCLOCK                                           
                                   JNR 12                                      
     443 186  0111 1 110 1100 ZCLKA                                            
                                   JNR 12                                      
     444 187  0001 0 110 1100 COL1BA                                           
                                   JNR 12                                      
     445 188  0001 1 110 1100 COL2BA                                           
                                   JNF 12                                      
     446 189  0111 1 010 1110 ZCLKA                                            
                                   LDA 14                                      
     447 190  0101 0 101 1100 9A   JSF 12                                      
     448 191  0110 0 010 1111 7A   LDA 15                                      
     449 192  0111 0 010 1111 CCYC LDA 15                                      
     450 193  0101 0 010 1110 9A   LDA 14                                      
     451 194  0110 1 010 1110 FCYC LDA 14                                      
     452 195  1110 1 110 1111      JNF 15                                      
     453 196  1110 1 100 1111      JRF 15                                      
     454 197  0110 0 010 1110 7A   LDA 14                                      
     455 198  0111 0 010 1110 CCYC LDA 14                                      
     456 199  0011 1 110 0100 S07  JNR 4                                       
     457 200  0101 0 010 1111 9A   LDA 15                                      
     458 201  0110 1 010 1111 FCYC LDA 15                                      
     459 202  1110 1 111 1111      J1R 15                                      
     460 203  0010 1 110 1101 TWO COL                                          
                                   JNR 13                                      
     461 204  0001 1 110 1100 COL2BA                                           
                                   JNR 12                                      
     462 205  0000 0 110 1100 ZCLOCK                                           
                                   JNR 12                                      
     463 206  0011 1 101 0100 S07  JSF 4                                       
     464 207  0101 0 010 1111 9A   LDA 15                                      
     465 208  0110 1 010 1111 FCYC LDA 15                                      
     466 209  0111 0 010 1111 CCYC LDA 15                                      
     467 210  1110 1 110 1111      JNR 15                                      
     468 211  1110 1 100 1111      JRF 15                                      
     469 212  0101 0 010 1110 9A   LDA 14                                      
     470 213  0110 1 010 1110 FCYC LDA 14                                      
     471 214  0111 0 010 1110 CCYC LDA 14                                      
     472 215  1110 1 111 1111      J1R 15                                      
     473 216  0010 1 110 1101 TWO COL                                          
                                   JNR 13                                      
     474 217  0010 0 110 1100 COL3BA                                           
                                   JNR 12                                      
     475 218  0000 0 110 1100 ZCLOCK                                           
                                   JNR 12                                      
     476 219  0011 1 101 0100 S07  JSF 4                                       
     477 220  0101 1 010 1111 11A  LDA 15                                      
     478 221  0110 1 010 1111 FCYC LDA 15                                      
     479 222  0111 0 010 1111 CCYC LDA 15                                      
     480 223  1110 1 110 1111      JNR 15                                      
     481 224  1110 1 100 1111      JNF 15                                      
     482 225  0101 0 010 1110 9A   LDA 14                                      
     483 226  0110 1 010 1110 FCYC LDA 14                                      
     484 227  0111 0 010 1110 CCYC LDA 14                                      
     485 228  1110 1 111 1111      J1R 15                                      
     486 229  0001 0 110 1100 COL1BA                                           
                                   JNR 12                                      
     487 230  0010 1 110 1101 TWO COL                                          
                                   JNF 13                                      
     488 231  0000 0 110 1100 FCLOCK                                           
                                   JNR 12                                      
     489 232  0011 1 101 0100 S07  JSF 4                                       
     490 233  0110 0 010 1111 7A   LDA 18                                      
     491 234  0110 1 010 1111 FCYC LDA 15                                      
     492 235  0111 0 010 1111 CCYC LDA 15                                      
     493 236  1110 1 110 1111      JNR 15                                      
     494 237  1110 1 100 1111      JNF 15                                      
     495 238  0110 0 010 1110 7A   LDA 14                                      
     496 239  0110 1 010 1110 FCYC LDA 14                                      
     497 240  0111 0 010 1110 CCYC LDA 14                                      
     498 241  1110 1 111 1111      J1R 15                                      
     499 242  0011 1 101 0100 S07  JSF 4                                       
     500 243  1110 0 101 1100 COINO                                            
                                   JSF 12                                      
     501 244  0100 0 011 1111 S08  LDS 15                                      
     502 245  1110 1 111 1111      J1R 15                                      
     503 246  0100 0 101 0100 S03  JSF 4                                       
     504 247  0101 0 101 1101 9A   JSF 13                                      
     505 248  0101 1 101 1101 11A  JSF 13                                      
     506 249  0110 0 101 1101 7A   JSF 13                                      
     507 250  0100 1 011 1111 S09  LDS 15                                      
     508 251  1110 1 111 1111      J1R 15                                      
     __________________________________________________________________________
TBL  SEQUENCE CONTROL PROGRAM                                                  
     ML BSH                                                                    
      ADD    MHA       M1E       1/C NAME                                      
     ______________________________________                                    
     0       0000      0110      WTFCPY /     HIRE                             
     1       0000      1001      1 BYCFY                                       
                                        /     PAFFSS                           
     2       0000      1110      KRYOF  /     FUSLOC                           
     3       0001      0110      CSL7   /     PRSBUT                           
     4       0011      1101      9CSL   /                                      
     5       0101      1001      11COL  /     MITLUT                           
     6       0110      1100      FCOL   /     FUNC                             
     7       1000      1000      SPARE  /                                      
     8       1000      1001      PAPELS /     LONG                             
     9       1000      1101      SERCAL /     LOPAP                            
     10      1001      0011      SPARE  /     COL1BT                           
     11      1001      0100      JANIST /     COL2BT                           
     12      1001      0101      JAM1RT /     COL3BT                           
     13      1001      0110      SPARE  /     FULCOL                           
     14      1001      1001      SPARE  /     FUSRLY                           
     15      1001      1010      SCNCNT /                                      
     16      1001      1110      COLCTY /                                      
     17      1010      0011      FULCOL /     MISGIF                           
     18      1010      1010      SPARE  /     ISTTPY                           
     19      1010      1011      SPARE  /     CCVLLS                           
     20      1010      1100      SPARE  /     TONLR                            
     21      1010      1111      SPARE  /     PLUCON                           
     22      1011      0000      SPARE  /                                      
     23      1011      0001      PAPFL  /                                      
     24      1100      0011      PAPREG /     AJAN                             
     25      1100      1111      TEROL  /     EJAN                             
     26      1101      1011      SPARE  /     OUTJAM                           
     27      1101      1110      GRIP   /     CLEAN                            
     28      1110      1000      GRIP   /     ALCSIC                           
     29      1111      0011      SPARE  /     ZCLK                             
     30      1111      0101      SCANLN /     EVTCLK                           
     31      1111      1001      FLTF7  /                                      
     32      1111      1101      DEV7   /                                      
     33      0000      0100      TRES7  /                                      
     34      0000      1000      SPARE  /                                      
     35      0000      1001      FLTR9  /                                      
     36      0000      1101      DLV9   /                                      
     37      0001      0100      BS9    /                                      
     38      0001      1000      SPARE  /                                      
     39      0001      1001      FLTERF /                                      
     40      0001      1101      BEVII  /                                      
     41      0010      0100      TRLSII /                                      
     42      0010      1000      SPARE  /                                      
     43      0010      1001      SPARE  /                                      
     44      0010      1010      SPARE  /                                      
     45      0010      1011      SPARE  /                                      
     46      0010      1100      MNLEV  /                                      
     47      0010      1111      ILLNOV /                                      
     48      0011      0110      STKILM /                                      
     49      0011      1100      PROLRV /                                      
     50      0011      1111      SPARE  /                                      
     51      0100      0000      IIEISL /                                      
     52      0100      0111      TRCLIF /                                      
     53      0100      1000      FUSBY  /                                      
     54      0100      1001      FUSHI  /                                      
     55      0101      0000      LSTCRY /                                      
     56      0101      0110      TR1    /                                      
     57      0101      1010      TR2    /                                      
     58      0101      1110      ZCLKA  /                                      
     59      0110      0001      TR5    /                                      
     60      0110      0101      TR6    /                                      
     61      0110      1010      TR7    /                                      
     62      0110      1110      TR8    /                                      
     63      0111      0100      FCLCYC /                                      
     64      1000      1011      B2FTYR /                                      
     65      1010      0101      TY2CYC /                                      
     66      1011      1000      TYSCYC /                                      
     67      1100      1011      NAGCYC /                                      
     68      1101      1000      YELCYC /                                      
     69      1110      0101      CYNCYC /                                      
     70      1111      0010      TR3    /                                      
     71      1111      0110      TR4    /                                      
     ______________________________________                                    
TBL  INST. DECODE R. O. M.                                                     
     Mnemonic     Address     Outputs                                          
     ______________________________________                                    
                              1 2 3 4 5 6 7 8                                  
     L D O        0           0 0 0 0 0 0 0 0                                  
     L D 1        1           0 0 1 0 0 0 0 0                                  
     L D A        2           1 1 0 0 1 0 0 0                                  
     L D B        3           1 1 0 1 0 0 0 0                                  
     L D S        4           1 1 0 1 1 0 0 0                                  
     J S F        5           1 1 0 0 0 0 1 0                                  
     J N R        6           0 0 0 1 1 0 0 0                                  
     J 1 R        7           1 0 0 0 0 0 0 0                                  
                  8                                                            
                  9                                                            
                  10                                                           
                  11                                                           
                  12                                                           
                  13                                                           
                  14                                                           
                  15                                                           
     L D O        16          1 0 0 0 0 0 0 0                                  
     L D 1        17          1 0 1 0 0 0 0 0                                  
     L D A        18          0 1 0 0 1 0 0 0                                  
     L D B        19          0 1 0 1 0 0 0 0                                  
     L D S        20          0 1 0 1 1 0 0 0                                  
     J S F        21          0 1 0 0 0 0 0 1                                  
     J N R        22          1 0 0 1 1 0 0 0                                  
     J 1 R        23          1 0 0 0 0 0 0 0                                  
                  24                                                           
                  25                                                           
                  26                                                           
                  27                                                           
                  28                                                           
                  29                                                           
                  30                                                           
                  31                                                           
     ______________________________________                                    
PAR  The above program lists the instruction words and their associated
      addresses which are contained in the ROM 538 (FIG. 27). ROM 538 contains
      32 memory locations, and the above program occupies sixteen of these
      locations. The program includes three columns labeled mnemonic, address
      and output. The mnemonic is the instruction mnemonic. For each instruction
      mnemonic there are addresses to two memory locations in the decode READ
      only memory. One of the addresses is derived directly from the three bits
      of the field B4-86 of the execution instruction in the ROM 400. The second
      address is provided by the addition of this field with the state of the
      output of the bus control multiplexer 420.
PAR  The third column lists the output of the decode READ only memory 538 and is
      arranged in eight columns, each of which lists one BIT of the eight bit
      output of this memory. For each address there is one word in the memory
      and the way that word is programmed determines the execution of the
      instruction. Each output bit of this READ only memory is wired to a
      particular portion of the control circuitry which for example, enables the
      counter, enables the state register, or an auxiliary memory load or the
      setting or resetting of the instruction. Skip flip-flop, for example,
      column 1 shows BIT one of the output of this READ only memory which is
      programmed as a one only in the words of this instruction which correspond
      to addresses which correspond to mnemonics. When a first counter that
      addresses the READ only memory 404, is enabled to be incremented to the
      next address. Another example shows that columns 7 and 8 of the decode
      READ only memory are arranged so that on execution of the JSF/JRF
      instruction the instruction skip flip-flop is set or reset. For instance
      when these two bits are programmed as states of 1 and 0 respectively and
      the instruction associated with this address (JSF) is executed the
      instruction skip flip-flop is set, correspondingly when these columns are
      programmed to 0 and 1 respectively and the instruction JRF is executed the
      instruction skip flip-flop is reset.
PAR  The controller, which is described in detail with respect to FIGS. 25 - 33,
      is implemented in a particular arrangement by use of the following
      commercially available components. Appropriate terminal connections are
      indicated in these figures. The designation of these components is not
      deemed to limit the invention in any respect.
PAL  A. ttl/msi
PA1  1. 9300, 4-bit universal shift register, *1 414
PA1  2. 9309, dual 4-bit multiplexer, *1 524, 530, 694, 696
PA1  3. 9308, dual 4-bit latch, *1 693
PA1  4. 9312, single 8-bit input digital multiplexer, *1 338
PA1  5. 9314, 4-bit latch, *1 691, 780, 782
PA1  6. 9316, 4-bit binary counter, *1 750, 770
PA1  7. 9321, dual one of four decoder, *1 558, 584, 735, 758, 776, 778
PA1  8. 9322, quad 2-bit multiplexer, *1 556, 566, 684, 688, 692
PA1  9. 9324, 5-bit comparator, *1 504, 514, 518
PA1  10. 9334, 8-bit addressable latch, *1 677
PA1  11. 9338, 8-bit multiport register, *1 710, 712, 714, 720, 722, 724
PA1  12. 9366, 4-bit up/down counters, *1 519, 520, 656, 658, 660, 664, 666, 690
PA1  13. 74150, 16-bit multiplexer, *1 420
PAL  B. ttl/ssi, dtl
PA1  1. 74107, dual J-K flip-flop, *1 560, 574, 604, 734, 774
PA1  2. 7400, quad two input NAND gate, *1 505, 507, 568, 576, 585, 587, 592,
      602, 608, 609, 612, 760, 772, 788, 792
PA1  3. 7404, hex inverter *1 516, 522, 536, 582, 594, 596, 598, 600, 606, 607,
      610, 691, 746, 790, 794, 796
PA1  4. 7413, dual NAND Schmitt trigger, *1 784, 786, 797
PAL  C. read/Write Memory (RAM)
PA1  1. sn74200, 256 .times. 1 ram, *2 675
PA1  2. sn7489, 16 .times. 4 ram, *2 412
PAL  d. ready Only Memories (ROM)
PA1  1. sn54/74187, 256 .times. 8 rom, two units, each *2 256 .times. 4 bits 404
PA1  2. SN54/74187, 512 .times. 12 ROM, two units, each *2 256 .times. 4 bits
      650, 652, 654
PA1  3. SN54/7488, 32 .times. 8 ROM, *2 538
PAL  e. receivers
PA1  1. MC1489L, quad MDTL line receivers, *3 742, 744
FNT  *1 Manufactured by: Fairchild Semiconductor 464 Ellis Street Mountain View,
      California 94040
FNT  *2 Manufactured by: Texas Instruments Dallas, Texas
FNT  *3 Manufactured by: Motorola Semiconductor Products Phoenix, Arizona
PAC  SUMMARY
PAR  An improved copier apparatus control means has been described which
      comprises a digital processor adapted for storing and executing a stored
      apparatus control program. The apparatus features a logical organization
      of the processor which is relatively simplified by employing
      non-destructive memory program storage means and control of the apparatus
      is programmable by altering the program through substitution of the
      non-destructive memory means. The processor is relatively simple, compact
      and inexpensive by virtue of its use of a micro programmed control wherein
      a second non-destructive memory is provided for effecting control of the
      processor in accordance with a programmed sequence stored in this second
      memory.
PAR  The processor is further advantageous in that it features reduced storage
      requirements of the memory means of the processor by providing for the
      simultaneous addressing of memory storage elements in an input information
      buffer and in output data buffer for the controller. In addition, the
      speed of operation of the controller is enhanced and assynchronous
      operation of the controller with respect to an input output interface is
      provided by simultaneously reading and writing in the input and output
      memory buffers of the interface.
PAR  While various particular features of the invention have been described, it
      will be apparent to those skilled in the art that modifications may be
      made thereto without departing from the spirit of the invention and the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrostatographic copying apparatus comprising:
PA1  means for forming a latent electrostatic image, for developing the image
      and for transferring the image to a record medium;
PA1  said means including a plurality of operating members adapted for actuation
      at predetermined times during a copy reduction cycle; and
PA1  a plurality of members for providing electrical representations of machine
      conditions or selected modes of operation during a copying cycle;
PA1  apparatus control means coupled to said operative and machine condition
      members for sensing said electrical representations and for causing a
      predetermined actuation of said operative members in accordance with the
      representation of said condition member;
PA1  said control means having a digital processor adapted for storing and
      executing a stored apparatus control program, said processor including a
      non-destructive memory means for storing an apparatus control program and
      which is adapted for altering the program by replacement with a substitute
      memory means.
NUM  2.
PAR  2. The copier apparatus of claim 1 including a second memory means for
      sequentially controlling the execution of the program of instructions
      stored in said non-destructive memory.
NUM  3.
PAR  3. The copier apparatus of claim 2 wherein said second memory means
      comprises a non-destructive memory for storing a program which controls
      the sequence of the execution program in said first non-destructive memory
      and which is adapted for modification to the sequence program by
      replacement with a substitute non-destructive memory means.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said first non-destructive memory means
      stores a program of instruction words, each of said instruction words
      includes a field of bits defining an operation code, said code defining an
      operational step for the control means, a decoding means including a
      memory having a plurality of control instructions stored at memory
      locations in said decoding memory, and means for coupling said operation
      code field of bits from said first memory to said decoding memory for
      addressing and selecting one of said decoding memory instructions.
NUM  5.
PAR  5. The copier apparatus of claim 4 wherein said decoding memory means
      comprises a non-destructive memory and which is adapted for modifying the
      processor control instructions by replacement with a substitute memory
      means.
NUM  6.
PAR  6. A copier apparatus comprising:
PA1  a plurality of operative members adapted for actuation at predetermined
      times during a copy reproduction cycle,
PA1  each of said members comprising electrically energizable means coupled in a
      matrix array;
PA1  a plurality of members representative of the condition of the copier during
      a reproduction cycle,
PA1  each of said condition representing members adapted for providing an
      electrical signal and coupled in a matrix array;
PA1  an apparatus control means coupled to said output and input matrices for
      causing a predetermined actuation of the operative members in accordance
      with the state of said condition representing members;
PA1  said control means having a digital processor adapted for executing a
      stored apparatus control program for controlling said apparatus;
PA1  an input buffer comprising a plurality of memory elements;
PA1  an output buffer comprising a plurality of memory elements;
PA1  means for simultaneously scanning said input matrix and said input buffer
      memory locations for transferring data from said input matrix to input
      buffer memory locations;
PA1  means for introducing control information from said apparatus control to
      said output buffer memory locations for energizing selective ones of said
      plurality of operative members;
PA1  said apparatus control including a plurality of memory and register members
      between which information is transferred at a relatively high rate and in
      an asynchronous manner with respect to said input and output buffers.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said control apparatus is adapted for
      entering data from said input matrix into said input buffer memory
      elements and for simultaneously entering data into said output buffer
      memory elements for actuating said operative members.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said processor includes a first
      non-destructive read-only memory for storing an execution program for the
      apparatus;
PA1  a second non-destructive read-only memory for controlling the execution of
      the sequence of program instructions stored in said first read-only
      memory;
PA1  means for sequentially addressing a plurality of memory locations in said
      second read-only memory and for simultaneously addressing a plurality of
      memory locations in said input buffer and output buffer memories;
PA1  a third instruction decoding read-only memory having a plurality of memory
      locations and storing processor control instructions for controlling the
      operation of said processor;
PA1  input bus means for receiving a plurality of inputs and selectively
      coupling one of said inputs to an output terminal of said bus means;
PA1  means for coupling the output of said bus and an operation control field of
      bits in an instruction word from said first read-only memory to said
      instruction decode memory and the output of said input bus to said
      instruction decode memory for addressing a memory location in said
      instruction decode memory;
PA1  means for applying input data to said bus control means from a plurality of
      data sources, said sources including copier apparatus condition registers,
      an auxiliary memory, and said input and output buffers; and,
PA1  means for coupling a bus control field of bits in said instruction word
      from said first read-only memory to said bus control for selectively
      coupling one of said inputs to the output terminal of said bus control.
NUM  9.
PAR  9. The processor of claim 8 including a second auxiliary memory, means for
      coupling said first non-destructive memory to said second auxiliary memory
      for addressing said second auxiliary memory at a memory location for the
      introduction of data thereto, and means for coupling said address-test
      field to said second auxiliary memory at an addressed location.
NUM  10.
PAR  10. The processor of claim 8 including a timing counter means, means for
      coupling residue pulses to said timing counter for stepping said counter,
      a comparator means, means for applying the count in said counter means and
      the address-test field of an addressed memory location of said first
      non-destructive memory means to said comparator for providing an
      electrical output indication of the correspondence of said inputs for use
      by said processor.
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PAL  An electrophotographic copying machine having a cleaning blade with a
      cleaning surface coated with a material having a friction coefficient less
      than 0.8 with respect to the surface of the photosensitive member of the
      machine, the blade having a tensile elasticity of 0.01 to 10 Kg/mm.sup.2
      and the cleaning surface thereof facing the direction of advance of the
      photosensitive member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to a cleaning device for use in an
      electrophotographic copying machine. More particularly, the invention
      relates to a cleaning blade for removing charged powders adhering to the
      surface of a photosensitive member which is repeatedly used.
PAR  Various methods of forming static latent images have been proposed in
      electrophotography. For instance, there is a method comprising forming a
      photosensitive layer on a carrier, applying a static charge on the
      photosensitive layer by corona discharge in a dark place, and exposing an
      original to light while holding the original closely to the photosensitive
      layer or by projecting the original onto the photosensitive layer by means
      of an optical system, to thereby obtain a static latent image
      corresponding to the original. In order to visualize or develop this
      static latent image, charged toner powder is applied thereto. The
      development method may be the cascade development method, the magnetic
      brush development method, the powder cloud method or the like. In an
      electrophotographic copying machine of the type where the photosensitive
      layer is used repeatedly, the image is generally transferred onto copy
      paper by static transfer, roll transfer, adhesion transfer or the like.
      During this step, the charged powder (hereinafter referred to as "toner")
      is almost completely transferred onto the copy paper; however, a very
      small portion is left on the photosensitive layer. Since the
      photosensitive layer is used repeatedly, this remaining toner must be
      removed therefrom. For this purpose, a cleaning brush, a web, a blade or
      the like is usually employed. The image transferred onto the copy paper is
      fixed by heat treatment or by a heat roll or with an organic solvent.
PAR  The foregoing cleaning methods are unsatisfactory in some respects. More
      specifically, if a cleaning brush is used, hairs of an artificial or
      natural fiber such as rayon or Dynel are planted on the surface of a
      cylinder, and this cylinder is rotated, if necessary. Application of a
      static charge to the brush and the simultaneous action of a suction blower
      sucks the toner from the photosensitive layer where it is recovered in a
      filter bag. This method is employed quite broadly. However, since the
      cleaning mechanism includes a suction blower, a filter bag, a brush and
      the like, it is quite large. Accordingly, it fails to meet demands
      generally required in an office machine. Namely, it fails to meet the
      requirements of small size, economical cost and ease of maintenance.
      Further, the recovered toner is not suitable for repeated use, because a
      large amount of brush hair and the like is incorporated in the recovered
      toner.
PAR  A cleaning web is also utilized in the art. According to this method, the
      size of the cleaning mechanism can be made relatively small. However, a
      considerable amount of cleaning web paper or cloth is used. Further, it is
      difficult to discard the waste paper and replacement of the web occurs
      frequently.
PAR  A method for overcoming the above problems comprises contacting a rubbery
      sheet blade with the surface of the photosensitive member to thereby
      remove the toner remaining on the surface.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide an improve cleaning
      blade of the above type.
PAR  Another object of this invention is to provide a cleaning blade for use in
      a simple, economical copying machine.
PAR  Still another object of this invention is to provide a cleaning blade which
      cleans effectively and conveniently to give copies of good quality.
PAR  A further object of this invention is to provide a cleaning blade which
      does not turn up upon contact with the photosensitive member.
PAR  These and other objects and advantages of the invention will be apparent
      from a reading of the specification and claims taken with the drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic drawing of one illustrative embodiment of the
      invention.
PAR  FIG. 2 is a schematic drawing of another illustrative embodiment.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, a surface layer, having a friction coefficient
      with respect to a photosensitive substance 1 less than 0.8, is formed on a
      surface A of a cleaning blade 2. Surface A faces the direction a of
      advance of photosensitive member 1. Cleaning can be performed very
      effectively and conveniently with these blades.
PAR  As the substrate material of the cleaning blade, many ordinary plastics may
      be used such as polyethylene, polycarbonate, polytetrafluoroethylene,
      polychlorofluoroethylene, polypropylene, polyvinylidene and
      polyhexafluoropropylene. Rubbery materials such as natural rubber,
      polyurethane, neoprene, styrene-butadiene copolymers, and silicon rubber
      may be also used. It has also been found that good results are obtained by
      employing a substrate material having a tensile elasticity of 0.01 to 10
      Kg/mm.sup.2 measured at a temperature of 25.degree.C and a pulling rate of
      100 mm/min according to the method specified in JIS K-6871.
PAR  It has been determined that when the above substrate materials are used
      without the cleaning surface of this invention, unsatisfactory cleaning
      results. And in some cases it is necessary to incorporate in the developer
      toner, a lubricant such as a metal soap, e.g., zinc stearate or cadmium
      stearate, or a material which acts as a lubricant such as
      polytetrafluoroethylene and polyvinylidene fluoride.
PAR  The addition of such materials is uneconomical and an additional step is
      required for incorporating such additives. Further, the additive exhibits
      no activity for the formation of images. It is also felt that ordinary
      plastics such as those mentioned above can not make good contact with the
      photosensitive layer and thus good cleaning does not result. For
      reference, it is well known that a thermoplastic plastic material has a
      tensile elasticity of 50 to 1100 Kg/mm.sup.2 as measured according to, for
      instance, the method specified in JIS K-6871, and a thermosetting plastic
      material has a tensile elasticity of 200 to 4500 Kg/mm.sup.2.
PAR  Illustrative examples of cleaning blades of this invention which exhibited
      especially good cleaning capabilities are described below.
PAC  EXAMPLE 1
PAR  A polyurethane sheet having a thickness of 1.5 mm was cut into strips each
      having a width of 2.0 cm and a length of 35 cm. The cut surface was
      spray-coated with a laquer formed by adding 50 parts of a commercially
      available polyurethane varnish (solid content being 50%) to 20 parts of
      molybdenum disulfide, agitating the resulting mixture for 3 hours in a
      ball mill and diluting the mixture with a thinner. The coated surface was
      then dried at 80.degree.C for 4 hours. The friction coefficient of the
      coated surface with respect to a selenium-vacuum-deposited surface of an
      aluminum plate was measured at 25.degree.C by the test method described in
      ASTM D-1894-63. As a result, the value of the friction coefficient was
      found to be 0.3.
PAR  The above treated blade was then positioned in an electrophotographic
      copying machine with the treated surface facing the direction of advance
      of the photosensitive member. It exhibited a good cleaning capability.
PAR  In contrast, with an untreated blade, unsatisfactory cleaning was obtained,
      the blade turned up and contaminated copies were obtained. The tensile
      elasticity of the polyurethane used in this Example was 0.4 Kg/mm.sup.2,
      and the friction coefficient of the untreated blade with respect to the
      surface of the photosensitive member was 1.2.
PAC  EXAMPLE 2
PAR  1 part of an epoxy resin (Epoxy Resin DER-684-EK-40 manufactured by the Dow
      Chemical Co.) was added to a mixture of 1 part of toluene and 2 parts of
      methylethylketone and the resulting mixture was spray-coated on the
      surface of a polyurethane rubber sheet. A commercially available paint
      composed of a dispersion of polytetrafluoroethylene (Tefron S 954-100) was
      sprayed on the coated surface, and dried and cured at 100.degree.C for 1
      hour.
PAR  When the above treated blade was tested in the same manner as in Example 1,
      good cleaning results were obtained.
PAC  EXAMPLE 3
PAR  75 g of a resin varnish (Oleostar M 80-50 CX) and 30 g of molybdenum
      disulfide powder were treated in a small ball mill for 20 hours, and the
      resulting dispersion was diluted with acetone. The dilution was
      spray-coated on the surface of a blade. The coated surface had a friction
      coefficient of 0.1 with respect to the surface of a photosensitive member,
      and the so treated blade exhibited a good cleaning effect.
PAC  EXAMPLE 4
PAR  100 g of a dispersion of a tetrafluoroethylene-hexafluoropropylene
      copolymer (Neofron) in an organic liquid was incorporated with 40 g of a
      resin varnish (Oleostar M 8-50 CX) and the resulting dispersion was coated
      on the surface of a blade. The so treated blade had a friction coefficient
      of 0.4 with respect to the surface of a photosensitive member, and
      exhibited a good cleaning effect.
PAC  EXAMPLE 5
PAR  A solution was prepared from 1 part of polyvinylidene fluoride (KF Polymer
      1000), 0.8 parts of an epoxy resin (Million No. 1 A Clear), 0.2 parts of a
      curing agent, 75 parts of dimethylformamide and 15 parts of dioxane, and
      the solution was coated on the surface of a blade. The so treated blade
      exhibited a good cleaning effect.
PAC  EXAMPLE 6
PAR  A dispersion was prepared by treating for 1 hour in a ball mill having an
      inner capacity of 400 cc 15 g of molybdenum disulfide (Ligui Moly Neo Z
      Powder), 8 g of an epoxy resin varnish (Million No. 1 A Clear), 2 g of a
      curing agent and 100 g of a thinner. The resulting dispersion was coated
      on a blade and dried at 100.degree.C for 2 hours. When the so treated
      blade was used for cleaning, it exhibited a good cleaning effect.
PAR  As the surface treating agent, there can be employed, for instance,
      inorganic substances such as molybdenum disulfide, graphite,
      fluorographite, boron nitride, tungsten disulfide, molybdenum diselenide,
      tungsten diselenide, cadmium sulfide, lead mono-oxide and lead sulfide,
      and organic substances such as polytetrafluoroethylene, polyvinylidene
      fluoride, polychlorofluoroethylene and the like.
PAR  Blades of this invention can also be prepared by forming layers containing
      fine powders of these substances. Polyurethane, epoxy resins, phenol
      resins, alkyd resins and the like can be used as a binder.
PAR  Blades of this invention can also be prepared by forming on the blade
      surface a coating layer with use of a solution of polyvinylidene fluoride
      in dimethyl phthalate. Further, they can be prepared by bonding a film of
      polytetrafluoroethylene, polyreinforced-trifluoroethylene,
      polytrifluoroethylene or polychloropropylene to the blade surface with use
      of an adhesive.
PAR  Surfaces treated by methods such as described hereinabove were found to
      have a friction coefficient of 0.01 to 1.0 with respect to, for instance,
      the surface of selenium, and it was found that especially good cleaning
      results can be obtained when the friction coefficient is less than 0.8.
PAR  All of the foregoing blade substrates, namely natural rubber, neoprene
      rubber, sytrene-butadiene rubber and polyurethane rubber, were found to
      have a friction coefficient exceeding 1.0.
PAR  It must be noted that only when, as shown in FIG. 1, the foregoing
      treatment is effected on the surface A facing the direction a of advance
      of the photosensitive member 1 and not on the main contact surface B of
      the blade 1 is the cleaning effect is improved and turning-up of blade
      prevented.
PAR  Of course, a good cleaning effect can be similarly obtained when selenium,
      selenium/arsenic, selenium/tellurium and other ordinary photosensitive
      materials are used as the photosensitive member.
PAR  JIS (Japanese Industrial Standard) and ASTM (American Society for Testing
      and Materials), as used hereinbefore are standard references relating to
      the testing of materials.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrophotographic copying machine comprising
PA1  a movable photosensitive layer upon which latent images are repeatedly
      toner developed and transferred to a receiving member, the material of
      said photosensitive layer being selected from the group consisting of
      selenium, selenium/arsenic alloy, and selenium/tellurium alloy; and
PA1  cleaning blade in contact with said layer for cleaning therefrom toner not
      transferred to said receiving member, said blade including a cleaning
      layer containing materials selected from the group consisting of
      molybdenum disulfide, graphite, fluorographite, boron nitride, tungsten
      disulfide, molybdenum diselenide, tungsten diselenide, cadmium sulfide,
      lead monooxide and lead sulfide, polytetrafluoroethylene, polyvinylidene
      fluoride and polychlorofluoroethylene, polyreinforced-trifluoroethylene,
      polytrifluoroethylene and polychloropropylene and a substrate having a
      tensile elasticity of 0.01 to 10 Kg/mm.sup.2, the material of said
      substrate being selected from the group consisting of natural rubber,
      neoprene rubber, sytrene-butadiene rubber and polyurethane rubber, said
      substrate being disposed at an angle with respect to said movable
      photosensitive layer, said substrate having a first side facing the
      direction in which said photosensitive layer moves so that said
      photosensitive layer moves toward said first side and a second side facing
      away from the direction in which said photosensitive layer moves so that
      said photosensitive layer moves away from said second side, said
      photosensitive layer being contacted substantially only by a corner of
      said cleaning blade comprising the intersection of said first and second
      sides thereof, only said first side of said substrate being covered with
      said cleaning layer which has a friction coefficient less than 0.8 with
      respect to the surface of said photosensitive layer.
NUM  2.
PAR  2. A copying machine as in claim 1 where said cleaning layer contains
      binder material selected from the group consisting of polyurethane, epoxy
      resins, phenol resins, and alkyd resins.
NUM  3.
PAR  3. A copying machine as in claim 1 where said photosensitive layer consists
      essentially of selenium.
NUM  4.
PAR  4. In an electrophotogrphic copying machine comprising a movable
      photosensitive layer upon which latent images are repeatedly toner
      developed and transferred to a receiving member, the material of said
      photosensitive layer being selected from the group consisting of selenium,
      selenium/arsenic alloy, and selenium/tellurium alloy, the improvement of a
      cleaning blade in contact with said layer for cleaning therefrom toner not
      transferred to said receiving member, said blade including a cleaning
      layer containing materials selected from the group consisting of
      molybdenum disulfide, graphite, fluorographite, boron nitride, tungsten
      disulfide, molybdenum diselenide, tungsten diselenide, cadmium sulfide,
      lead mono-oxide and lead sulfide, polytetrafluoroethylene, polyvinylidene
      fluoride and polychlorofluoroethylene, polyreinforced-trifluoroethylene,
      polytrifluoroethylene and polychloropropylene and a substrate having a
      tensile elasticity of 0.01 to 10 Kg/mm.sup.2, the material of said
      substrate being selected from the group consisting of natural rubber,
      neoprene rubber, styrene-butadiene rubber and polyurethane rubber, said
      substrate being disposed at an angle with respect to said movable
      photosensitive layer, said substrate having a first side facing the
      direction in which said photosensitive layer moves so that said
      photosensitive layer moves toward said first side and a second side facing
      away from the direction in which said photosensitive layer moves so that
      said photosensitive layer moves away from said second side, said
      photosensitive layer being contacted substantially only by a corner of
      said cleaning blade comprising the intersection of said first and second
      sides thereof, only said first side of said substrate being covered with
      said cleaning layer which has a friction coefficient less than 0.8 with
      respect to the surface of said photosensitive layer.
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PAL  In an electrophotographic copying machine of the type which transfer an
      electrostatic latent image formed on a photosensitive element, usually
      comprising a conductive base and a photoconductive layer thereon, onto a
      recording member, an electric dust collector is provided to clean the air
      flowing in the vicinity of a corona discharger and the photosensitive
      member. In order to direct the dust-free air, there is provided an air
      flow passage and a blower such as a fan. The corona discharger and the
      electric dust collector may be constructed integrally or separately. All
      of the air in the copying machine may be made dust-free.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to electrophotographic copying machines, and,
      in particular, to electrophotographic wherein dust and the like foreign
      matter are prevented from adhering to the component elements.
PAR  2. Description of the Prior Art
PAR  Among the various types of electrophotographic copying machines, there is a
      system where an electrostatic latent image is formed on a photosensitive
      member comprising a conductive layer and a photoconductive layer, and then
      the electrostatic latent image is transferred onto a recording member such
      as electrostatic recording paper, followed by the step of developing the
      recording member, as in the case when the T.E.S.I. method is employed. In
      copying machines of the electrostatic latent image transferring type as
      above mentioned, the surface of the photosensitive member is not subjected
      to development, which is different from copying machines utilizing the
      xerographic method, wherein charging, exposure and developing are carried
      out on the photosensitive member and then the developed image is
      transferred onto a recording member. On the other hand, as in the case
      employing the ion flow modulating method, there is another system in which
      use is made of an ion flow modulating grid (hereinafter refered to as
      "photosensitive screen") comprising a conductive layer and a
      photoconductive layer and provided with a number of fine pores, whereby an
      electrostatic latent image is formed on the photosensitive screen and then
      another latent image in accordance with the image on the screen is formed
      on a recording member, positioned apart from the screen. The recording
      member bearing thereon as thus formed an electrostatic latent image based
      on the above-mentioned ion flow modulating method, is subsequently
      subjected to development. In either of these systems, since there is no
      need to use cleaning materials such as for removing excessive toner on the
      surface of a photosensitive member or photosesitive screen having an
      electrostatic latent image formed thereon, especially in the case of the
      system employing the ion flow modulating method where it is unnecessary to
      contact the recording member is, there exists no chance that the
      photosensitive surface undergoes machanical damage and, therefore, it is
      expected that the photosensitive surface can be presented for use for a
      long period of time under a stable condition.
PAR  However, if such a photosensitive member or photosensitive screen having an
      electrostatic latent image formed thereon as above mentioned, has been
      subjected to a corona discharge for a long period of time, differences in
      the surface condition occur. It often occurs that it becomes virtually
      impossible to form an electrostatic latent image on such a surface. The
      reason for this is that dust-state, fine particles of 0.1 to 50 u,
      predominantly consisting of oxidized silicone drifting in the air, come to
      bear charges due to corona ions and adhere to the surface of the
      photosensitive member and the screen, causing a decrease in the surface
      resistivity of the photosensitive member. This phenomenon has been
      determined empirically. If use is made of a photosensitive member, the
      surface resistivity of which has decreased as above described, it is no
      longer possible to charge the surface of the photosensitive member to a
      sufficient degree and the contrast of an image reproduced deteriorates.
      Moreover, if this phenomenon of decreasing the surface resistivity of the
      photosensitive member continues, it comes to be impossible to obtain a
      reproduced image, which is endurable in practical use. Particularly, in
      case of the above-mentioned photosensitive screen having numerous pores,
      it is difficult to apply cleaning means for removing dust from the surface
      thereof. In the xerographic system, no such problem as the accumulation of
      dust on the photosensitive member occurs because developing and cleaning
      are carried out on the surface of the photosensitive member.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      electrophotographic copying machine, which is free from the adherence of
      dust or the like foreign matter on the component elements.
PAR  It is another object of the present invention to provide a photosensitive
      element for use in an electrophotographic copying machine, which is free
      from the adherence of dust or the like foreign matter.
PAR  It is still another object of the present invention to fill an
      electrophotographic copying machine with air having no dust and the like
      foreign matter.
PAR  It is still another object of the present invention to provide an
      electrophotographic copying machine incorporating suitable dust collecting
      means, which are compact in size and excellent in efficiency.
PAR  It is still another object of the present invention to provide a
      photosensitive element for use in electrophotographic copying machines,
      which is free from the accumulation of dust and the like foreign matter
      thereon, without the necessity of cleaning the same.
PAR  It is still another object of the present invention to provide an
      electrophotographic copying machine which overcomes the above-noted
      conventional drawbacks and is capable of obtaining an excellent image for
      a long period of time.
PAR  The above-mentioned objects of the present invention are attained by an
      electrophotographic copying machine which will be described hereinbelow.
      We summarize at the outset, as follows:
PAR  A photosensitive element, used in an electrophotographic copying machine of
      the present invention, is used by having an image-wise electrostatic
      latent image formed thereon. The thus formed electrostatic latent image is
      not developed, but is transferred onto a recording member. After
      transferring, the recording member is developed. In accordance with the
      present invention, there is proposed an electrophotographic copying
      machine provided with dust collecting means for preventing dust or the
      like foreign matter from adhering to the photosensitive element. The
      mounting location of such dust collecting means may be selected optionally
      if only it can prevent dust or the like foreign matter from adhering to
      the photosensitive element.
PAR  Various objects and advantages will become apparent from the following
      description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are schematic views showing an embodiment of the present
      invention wherein an electric dust collector is provided in the vicinity
      of a corona discharger, in which FIG. 1 is a perspective view thereof
      partly broken away and FIG. 2 is a cross-sectional view.
PAR  FIGS. 3 to 5 are schematic cross-sectional views showing an embodiment of
      the present invention wherein a corona discharger and an electric dust
      collector are connected with a connecting member.
PAR  FIG. 6 is a schematic cross-sectional view showing an embodiment of the
      present invention wherein a device shown in FIG. 1 is applied to an
      electrophotographic copying machine employing a photosensitive screen.
PAR  FIG. 7 is a schematic cross-sectional view showing a system wherein the
      present invention is applied to an electrophotographic copying machine
      employing the T.E.S.I. method.
PAR  FIGS. 8 and 9 are schematic views showing an embodiment of the present
      invention wherein air with the dust removed is led into an
      electrophotographic copying machine.
PAR  FIGS. 10 to 20 show several embodiments of an electric dust collector, in
      accordance with the present invention.
PAR  FIG. 10 is a perspective view, partly broken away, of an embodiment of a
      dust collector in which a conductive grid is provided in the air flow
      passage.
PAR  FIG. 11 is a perspective view, partly broken away, of an embodiment of a
      dust collector in which a corona discharging wire and a filter are
      provided along the passage of the air flow.
PAR  FIG. 12 is a perspective view, partly broken away, of an embodiment of a
      dust collector in which conductive grids are provided along the passage of
      the air flow.
PAR  FIG. 13 is a cross-sectional view of the dusts collector shown in FIG. 12.
PAR  FIG. 14 is a schematic cross-sectional view of a modification of the dust
      collector shown in FIG. 12.
PAR  FIG. 15 is a perspective view, partly broken away, showing a structure
      forming a part of the air flow passage with the use of continual wave-form
      conductive members.
PAR  FIG. 16 is a cross-sectional view of the structure shown in FIG. 15.
PAR  FIG. 17 is a perspective view, partly broken away, showing a structure
      forming a part of the air flow passage with the use of continuous
      wave-form conductive members.
PAR  FIGS. 18 and 19 are diagramatic views illustrating the operation of the
      dust collector shown in FIG. 17.
PAR  FIG. 20 is a perspective view, partly broken away, showing an embodiment of
      a dust collector where use is made of needle electrodes in place of the
      discharging wire employed in the dust collector shown in FIG. 12.
PAR  FIG. 21 is a graph showing the relationship between dust collecting
      efficiency and corona current.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For a better understanding of this invention, together with other further
      objects thereof, reference is now made to the following description, taken
      in connection with the accompanying drawings. The scope of the invention
      will be pointed out in the appended claims. It is at the time when a
      corona discharge is applied to a photosensitive element, such as a
      photosensitive member and a photosensitive screen, that dust and the like
      foreign matter easily adheres to the photosensitive element. As a means to
      remove the dust that easily adheres to a photosensitive element by a
      corona discharge, it is most advantageous to us an electric dust collector
      utilizing a corona discharge. Referring to FIG. 1, there is schematically
      shown the structure of an embodiment of the present invention wherein an
      electric dust collector is provided in the vicinity of a corona
      discharger, for directing a corona discharge onto a photosensitive
      element, in which 1 designates a corona discharger of the conventional
      type, 6 a discharging wire and 8 a voltage source thereof. There are
      provided an electric dust collector 2 utilizing a corona discharge, a
      discharging wire 7 thereof and a voltage source 9 thereof. Elements 1 and
      2 are housed in a metallic case 5. The air intake side of the electric
      dust collector 2 and the air discharge side facing the corona discharger 1
      are closed with conductive grids 3, 4 such as a metallic net,
      respectively. The arrow indicates the direction of air flow, whereby use
      may be made of an ion flow produced by a fan exteriorly provided or a
      corona discharge.
PAR  In the above described structure, air first enters the electric the dust
      collector 2 and dust existing in the air flow comes to bear charges due to
      corona ions produced by the discharging wire. The dust then adheres to the
      walls of the electric dust collector whereby the air is cleaned.
      Thereafter, the cleaned air enters the corona discharger 1 and functions
      to carry corona ions produced by the discharging wire toward a
      photosensitive element 10. Accordingly, dust in the air is prevented from
      electrostatically adhering to the photosensitive element 10 and the above
      mentioned object is thus attained. That is, the period of using the
      photosensitive element 10 is substantially increased.
PAR  FIG. 2 shows another embodiment of the present invention. A photosensitive
      element 10.sub.1 moves under a corona discharger 11 and is charged by a
      corona discharge from a discharging wire 12. A discharging wire 13 is
      provided for dust collection and a corona discharge toward a conductive
      grid 14 causes an air flow whereby air is sucked through an opening
      11.sub.1. If the conductive grid 14 is grounded, the photosensitive
      element 10.sub.1 is not charged. A voltage applied to the discharging wire
      13 may be any polarity, D.C. or A.C., and the dust collecting ability is
      approximately proportional to the value of the current. With such a
      structure, the corona discharge generating area where the photosensitive
      element 10.sub.1 is charged, is filled with cleaned air, and the same
      effect can be attained as in the beforementioned embodiment. It will be
      understood that, in FIG. 2, 1.sub.1 , designates a corona discharger and
      2.sub.2 an electric dust collector.
PAR  In both of the embodiments described above, a corona discharger and an
      electric dust collector are provided in a single case. However, depending
      on the configuration of the electrophotographic copying machine and the
      like, they may be provided separately and, in this case, they are
      connected to each other with a connecting member such as a pipe. Moreover,
      with a view to increasing dust collecting efficiency, well known devices,
      such as a filter composed of glass wool, cloth or the like, may be
      employed together with an electric dust collector utilizing a corona
      discharge. Furthermore, for the purpose of removing dust and the like
      foreign matter adhering to the walls of the electric dust collector, it is
      possible to impart vibration or hammer shock to the walls.
PAR  FIG. 3 shows an embodiment wherein a corona discharger 1.sub.2 of the same
      kind as the conventional one shown in FIG. 1 and an electric dust
      collector 2.sub.2 utilizing a corona discharge are connected with a
      connecting member 15 such as a flexible pipe. A photosensitive element
      10.sub.2 moves under the corona discharger 1.sub.2 and it is charged by
      means of a corona discharge from a discharging wire 16. Another
      discharging wire 17 is provided for dust collecting purposes, whereby
      discharging toward a conductive grid 18 causes an air flow to suck air
      from an opening 19. The voltage applied to the discharging wire 17 is the
      same as in the case of the embodiment of FIG. 2. The cross-section of the
      connecting member 15 is preferably the same in configuration and/or area
      as those of the corona discharger 12 and the dust collector 2.sub.2 for
      purposes of decreasing resistivity against the air flow. In the device as
      shown in FIG. 3, it is possible to provide a corona discharger part and an
      electric dust collector part separately, which is advantageous in the
      arrangement of the component elements whole machine.
PAR  As distinguished from the above described embodiments, which are directed
      to make the air in the interior of a corona discharger dust-free, the
      embodiment shown in FIG. 4 is directed to make the air existing between
      and in the vicinity of a photosensitive element, such as a photosensitive
      member and a photosensitive screen and a corona discharger, dust-free. In
      the case where a corona discharger and a photosensitive element move
      relatively, as in FIG. 4, the air flowing into the spacing between the
      corona discharge electrode and the photosensitive element only occurs from
      one side of. In the present embodiment, considering the above phenomenon,
      it is structured to discharge the so cleaned air to one side of the corona
      discharger. In FIG. 4, there is provided a photosensitive element
      10.sub.3, a corona discharger 13 of the conventional type as shown in FIG.
      1, a corona discharging wire 25, and a duct member 20 disposed in the
      vicinity of the discharging wire, for cleaning the cleaned air. The duct
      member 20 is connected to an electric dust collector 2.sub.3 utilizing a
      corona discharge with a connecting member 21 such as a flexible pipe.
      First of all air is fed into the interior of the dust collector 2.sub.3 by
      a blower means 21 such as a fan. Dust in the air thus fed is charged by
      being subjected to a corona discharge from needle electrodes 22. Then the
      charged dust adheres to a conductive grid 23 and the walls of the dust
      collector 2. The conductive grid 23 charges the flow of air passing
      through the dust collector 2.sub.3 so as to enhance the dust removing
      performance. The air, deprived of dust as described above, passes through
      the connecting member 21 and reaches the duct member 20. In the duct
      member fins 24 are provided at several places. These fins are to impart a
      certain resistance to the air flow so as to eliminate the possibility of
      forming a local strong flow region and to discharge the cleaned air out of
      a discharge port, uniformly. As in FIGS. 2 and 4, it is also possible to
      use glass and the like at a shield plate portion opposite the opening side
      of the corona discharger so as to make it optically open. In such a corona
      discharger, discharging can be carried out simultaneously with the
      application of an image exposure and, at the same time, the photosensitive
      element is prevented from the adherence of dust thereto. In FIG. 4, there
      is shown a glass plate 33 provided in the corona discharger 1.sub.3. As
      shown with dotted lines, a suction duct 126 can be provided at the other
      side of the corona discharger 1.sub.3 so that the air sucked by the
      suction duct may advantageously be circulated into the electric dust
      collector 2.sub.3.
PAR  FIG. 5 shows another embodiment of discharging the cleaned air from the
      vicinity of the corona discharger as in the embodiment shown in FIG. 4.
      That is, FIG. 5 shows a structure wherein the cleaned air is discharged
      from both sides of the corona discharger 1.sub.4. There is provided a duct
      member 26 surrounding the corona discharger 1.sub.4. The duct member 26 is
      divided into duct members 27, 28 on both sides of the corona discharger
      1.sub.4 in the vicinity of the photosensitive element 10.sub.4. In the
      duct members fins 29, 30 are provided in order to obtain the same effects
      as in the embodiment shown in FIG. 4. In addition to this, with the
      provision of an opening in the shield plate of the corona discharger
      1.sub.4, the cleaned air may also be led toward the photosensitive element
      10.sub.3 through the opening. In the case where a photosensitive element
      has a number of pores or openings as in a photosensitive screen, it is
      also advantageous from the view point of dust collecting effects to
      dispose a suction duct 31 below the photosensitive element 10.sub.4, as
      shown in FIG. 5, for circulating the cleaned air thus sucked to a blower
      means 21 via a connecting member 32. In this case, however, care should be
      taken not to suck the ambient air which is not cleaned by the suction duct
      31 through the photosensitive screen.
PAR  In the embodiments shown in FIGS. 1 to 5, description was made of an
      example using a corona discharge in the electric dust collector 2 and
      using a discharging wire and needle elctrodes as a source of the corona
      discharge. It should, however, be noted that such description is not
      restrictive as any substitution may be made within the spirit of the
      present invention. That is, the use of discharging wire may be substituted
      for the needle electrodes and vice versa. Needless to say, any well known
      corona discharging means may be applicable in place thereof. Moreover, it
      would be no problem for a man skilled in the art to maintain the
      conductive walls and the conductive grid which constitute the housing of
      the electric dust collector 2, as shown in FIGS. 1 to 5, at an appropriate
      potential including a ground potential. Furthermore, as regards the
      voltage to be applied to the corona discharging wire of the dust collector
      2, not only A.C. voltage and D.C. voltage in a broad sence, but also A.C.
      voltage superposed with D.C. voltage and even A.C. voltage having an
      asymmetrical negative and positive wave form, can be applied.
PAR  Now reference will be made hereinbelow to an embodiment wherein the
      electric dust collector shown in FIGS. 1 and 4 is assembled in an actual
      electrophotographic copying machine. In FIG. 6, there is shown an
      electrophotographic copying machine 34 in which a photosensitive screen is
      used as a photosensitive element and a corona discharger of the type shown
      in FIG. 1 is used. In FIG. 7, there is shown an electrophotographic
      copying machine employing the T.E.S.I. method in which a usual
      photosensitive member is used and a corona discharger of the type shown in
      FIG. 4 is used. First, referring to FIG. 6, the photosensitive screen 35
      comprises a conductive member having numerous fine pores and a
      photoconductive member provided on one side of the conductive member. As
      one example of manufacturing the photosensitive screen, on one side of a
      stainless screen of 200 mesh, woven with stainless fine wires, selenium is
      vapor-deposited, for example. The electrophotographic process utilizing
      such a photosensitive screen, as described above, is disclosed in the U.S.
      Pat. No. 3,645,614. In summary, the process comprises charging the
      photoconductive member of the photosensitive screen uniformly in a dark
      place and then exposing a light image to the photoconductive member to
      form an electrostatic latent image in compliance with the original image
      on the photosensitive screen. Thereafter, the other side of the
      photosensitive screen, remote from the exposed surface, is subjected to a
      corona discharge of opposite polarity to that of the former charging,
      thereby the corona ion flow due to this discharge is modulated to form an
      electrostatic latent image in compliance with the original image on a
      recording member positioned at a distance from the corona discharger, with
      the screen interposed therebetween. In the copying machine 34, applying
      the above described electrophotograhic method, an image of an original 37
      to be reproduced, which is illuminated by a light source 36, is focused on
      a photosensitive screen 35 through a fixed optical system 38 comprising
      mirros, lenses and the like and the original 37 and the screen 35 move as
      indicated by the arrows, respectively. The photosensitive screen is
      firstly charged to a positive polarity by a corona discharger 39,
      integrating an electric dust collector 2 and a corona discharger 1 as a
      unit, and then exposed to image light to form an electrostatic latent
      image thereon. The photosensitive screen 35 after having been moved to the
      stopping position at the left, as viewed in FIG. 6, is now moved to the
      right and in synchronism therewith an electrostatic recording paper 40 is
      fed. The recording paper 40 is moved by a suction roller 41, approximately
      2mm apart from the photosensitive screen 35, and a latent image
      corresponding to the latent image on the photosensitive screen 35 is
      formed on the recording paper by a positive corona discharge of the corona
      discharger 42. Then the recording paper 40 is developed by a developing
      device 43 and is discharged out to a tray 45 through a fixing treatment at
      a fixing device 44.
PAR  In comparative experiments between one case where 7KV A.C. was applied to
      the discharging wire 7 for dust collection of the corona discharger 39
      shown in FIG. 1, in the copying machine 34, and 6KV D.C. was applied to
      the discharging wire 6 for charging, and the other case where use was made
      of a conventional corona discharger, the former underwent up to 100,000
      repetitive operations, while in the latter case there was recognized
      remarkable deterioration in the images approximately after 10,000
      repetitive operations. In both cases, use was made of a stainless net of
      100 mesh for the metallic nets 3,4, corresponding to the conductive grids
      shown in detail in FIG. 1. When the photosensitive screen was wiped with a
      solvent such as methyl, ethyl and ketone, the image deterioration as
      described above was cured. It appears that the corona discharger 42 used
      to form an electrostatic latent image on a recording paper may be a usual
      corona discharger having no dust collecting means because no corona
      discharge is applied to the side of a conductive member.
PAR  FIG. 7 shows an electrophotographic copying machine 46 employing the
      T.E.S.I. method, in which a photosensitive member 47 is used therein and
      comprises three layers including a conductive support, a photoconductive
      layer and an insulating layer as disclosed in the U.S. Pat. No. 3,666,363.
      An electrostatic latent image is formed in accordance with the
      electrophotographic process as disclosed in this patent. In short, the
      process comprises a precharging step of the photosensitive member 47, a
      discharging step carried out simultaneously with the application of an
      image exposure and a uniform illumination step applied to the
      photosensitive member 47, through which an electrostatic latent image in
      compliance with an original image is formed on the photosensitive member
      47. On the other hand, in the above described copying machine 46, the
      formation of a latent image on a drum-type photosensitive member 47
      rotatable in the direction shown with the arrow is carried out by the
      application of a preexposure lamp 48, a corona discharger 49 for
      precharging, an A.C. corona discharger 50, with the simultaneous
      application of an image exposure and a uniform, illumination lamp 51.
      During image exposure, an original (not shown) placed on an original
      carriage 52 movable in the direction as indicated with the arrow, is
      illuminated by an illumination lamp 53, and an image is focused upon the
      photosensitive drum 47 through mirrors 54, 55 and a lens 56. Into the
      spacings between the corona discharger 49 for precharging, the A.C. corona
      discharger 50 and the photosensitive member 47, is supplied the air, after
      passing through the electric dust collector 57 described in detail in
      connection with FIG. 4. For this reason, during the period in which
      discharging is being effected to the photosensitive member 47, in the
      vicinity of each of the corona dischargers 49, 50 and the photosensitive
      member 47, cleaned air is supplied. Therefore, dust is prevented from
      adhering to the photosensitive member 47 due to the corona discharging. An
      electrostatic latent image thus formed on the photosensitive member 47 is
      transferred onto an electrostatic recording paper 58 in a manner as will
      be described hereinbelow. The electrostatic recording paper 58 is picked
      up by a pick up roller 59 and then transported synchronously with the
      movement of the latent image on the photosensitive member 47 by means of a
      timing roller 60. The recording paper 58 is then subjected to a corona
      discharge by means of the thereby discharger 61 to discharge the surface,
      and thereafter, it is transported in contact with the photosensitive
      member 47 by means of a suction device 62 and a belt 63 having a voltage
      applied thereto. During this period, the latent image on the
      photosensitive member 47 is transferred onto the recording paper. Then the
      recording paper is developed by a developing device 64, fixed by a heat
      roller fixing device 65, and discharged out of the copying machine.
PAR  If the electric dust collector 57 of the copying machine 46 is kept
      inoperative, there appears discernible deterioration in the reproduced
      image after having reproduced approximately 5,000 images. In contrast, by
      operating the electric dust collector 57, no discernible deterioration
      could be formed in the reproduced image after repeated reproduction of
      30,000 images. It may will be easily understood that, since there exists
      additional dust, which falls due to the gravitational force and adheres to
      the photosensitive member, other than the dust which adheres to the
      photosensitive member due to the corona discharge, any well known
      machanical or electrical cleaning means can be applied to remove this
      dust.
PAR  In the foregoing description, as regards FIGS. 6 and 7, there were
      disclosed electrophotographic copying machines 34, 36 having a structure
      especially provided for cleaning the air existing in the inside of and in
      the vicinity of the shield plate of the corona dischargers disposed in the
      proximity of the photosensitive member. On the other hand, another
      embodiment which will be described hereinbelow, is purported to maintain
      all of the air in an electrophotographic copying machine in a dust-free
      condition with the use of such an electric dust collector as described
      above. As the electrophotographic copying device, as a whole used in this
      embodiment is the same as that of FIG. 6, the operational description is
      omitted herein. In FIGS. 8 and 9, the corona discharger 66 has no electric
      dust collector as a unit, as distinguished from the corona discharger 39
      of FIG. 6, and like numerals refer to like elements as in FIG. 6. In the
      copying device 34, shown in FIG. 8, an electric dust collector 67 is
      disposed at an opening portion provided in a housing 68 of the copying
      machine. In addition, as a discharging port for the recording paper, a
      blower means 69, such as a fan for blowing the air toward the exterior, is
      provided at the opening portion previously provided in the housing 68. An
      electric dust collector 67 comprises, a metallic case 70, a discharging
      wire 71 and a metallic net 72, wherein a suitable voltage is applied to
      the case 70. When the copying machine is rendered operative, the blower
      means starts to operate and the air is directed into the copying machine
      34, as indicated by the arrows, through the electric dust collector 67.
      Therefore, the corona discharge is effected toward the photosensitive
      screen 35 in the air thus cleaned so that no dust adheres to the screen
      35. It should be appreciated that this embodiment is also applicable to an
      electrophotographic copying machine employing the T.E.S.I. method, as in
      FIG. 7.
PAR  FIG. 9 shows another embodiment, which is a further improvement of the
      device shown in FIG. 8. In the device of FIG. 8, there is a possibility
      that non-cleaned air may sneak into the copying machine through clearances
      and openings other than the opening provided for the electric dust
      collector 70. The further improvement of a device 34.sub.2 shown in FIG. 9
      is, to overcome this problem, that is to maintain the gas pressure of the
      cleaned air higher than that of the air outside of the device. In the
      copying machine 34.sub.2 of FIG. 9, there is provided an opening in the
      housing 68 and an electric dust collector 73 is disposed at the opening.
      The electric dust collector 73 comprises a dust collecting portion and a
      blower means portion 74, such as a fan, which operates to suck air into
      the interior of the copying machine. The dust collecting portion of the
      dust collector 73 comprises a metallic case 75 to which is applied a
      suitable voltage, a discharging wire 76 and a metallic net 77. When the
      copying machine is rendered operative, the dust collecting portion and the
      blower means portion are also made operative to fill the interior of the
      copying machine 34.sub.2 by the cleaned air as indicated with arrows. In
      this case, since the interior of the copying machine 34 is maintained at a
      higher gas pressure than the outside, there is no chance that non-cleaned
      air surrounding the copying machine may flow into it without being
      cleaned. Under these conditions, discharging is carried out onto the
      screen 35 so that the screen 35 is prevented from having dust adhere
      thereto. In either the case of FIG. 8 or the case of FIG. 9, an opening,
      already provided in the housing of the copying machine, can be used as a
      place to dispose the electric dust collector and the blower means. In
      addition, the embodiment shown in FIG. 9 is also applicable to an
      electrophotographic copying machine employing the T.E.S.I. method. It is
      to be noted that the invention is not limited to the electric dust
      collectors used in the copying machines of FIGS. 6 to 9. Other embodiments
      of electrid dust collector which will be described hereinbelow, are
      equally applicable to these copying machines if desired.
PAR  Now, reference will be made to several embodiments of electric dust
      collectors which are most suitable for use in an electrophotographic
      copying machine, referring to FIGS. 10 to 20 for explanatory purposes. A
      dust collector 78 shown in FIG. 10 is an electric dust collector utilizing
      a discharging wire. There are provided discharging wires 79, 80 which are
      mounted on a conductive case 81, for example a metallic case, to which is
      applied a suitable voltage, including a ground level through insulating
      supports 82, 83. Air is made to flow through opening portions in the case
      81, as indicated by the arrow 87, by means of a blower means (not shown).
      In the passage of this air flow, are provided conductive grids 84, 85, 86,
      such as a metallic net, electrically connected to the case 81 and the dust
      charged by corona ions produced from the discharging wires 79, 80 adhere
      to the conductive grids 84, 85, 86. As in the foregoing, only the
      dust-free air is fed into the copying machine. There are also provided
      high voltage sources 88, 89 for the discharging wires.
PAR  Another embodiment of a dust collector, shown in FIG. 11, is also an
      electric dust collector 90, utilizing a corona discharging wire. In FIG.
      11, 91 designates a discharging wire which is mounted on a conductive case
      92, such as a metallic cylinder, to which is applied a suitable voltage,
      including a ground level through insulating supports 93, 94. Air is made
      to flow through the interior of the dust collector 90 in the direction, as
      indicated by the arrows, by means of a blow means 95 such as a fan. In
      this case, dust in the air is roughly removed by a coarse mesh filter 96,
      employing cloth consisting of fabrics of a polyester family or cloth
      consisting of fabrics of a polyacrilonitrile family, disposed at the
      opening portion of the conductive case 92, whereby bigger dust particles
      of 1.mu. or more are mostly removed. Fine dust particles passing through
      the filter 96 are charged by corona ions from the discharging wire 91 and
      therefore adhere to the conductive case 92. Meanwhile 97 designates a high
      voltage source for the discharging wire.
PAR  In another embodiment, shown in FIG. 12, an electric dust collector 98
      comprises a grounded conductive member 99 of metal or the like, and an
      insulating member 100 of ceramics, or the like, supporting the member 99,
      which form an air flow passage. In this passage is provided a discharging
      wire 101 and a conductive grid 102, such as a metallic net extended, in
      contact with the conductive member 99, in the same direction as that of
      the air flow between the wire 101 and the conductive member 99. Same the
      area of a wall surface increases effectively by the use of the conductive
      grid 102, it becomes possible to maintain a high dust collecting
      efficiency for a long period of time. A conductive cloth may be provided
      in place of the metallic net as a conductive grid, but a conductive member
      having pointed ends tends to decrease the dust collecting efficiency
      becasue inverse electric dissociation occurs at the pointed ends. FIG. 13
      shows the cross-sectional surface of the dust collector 98 of FIG. 12. The
      conductive grid 102 may be directly grounded without being connected to
      the conductive member 99.
PAR  FIG. 14 discloses another embodiment of an electric dust collector 103,
      wherein one side surface of the conductive grid 102 of the dust collector
      98 is formed with an insulator 104 and the other surface is formed with a
      grounded conductor 105 and the arrangement is made in such a way that the
      insulator faces a discharging wire 107. FIG. 14 shows a cross-sectional
      surface of the dust collector having the above described structure. In the
      case of this dust collector, corona discharging is effected toward the
      outer conductive member 106 forming an air flow passage. For this reason,
      the charged dust adheres to the conductive member 106 and the conductor
      105 so that it is possible to prevent dispersion of the dust due to the
      air flow.
PAR  In the embodiment of the electric dust collector 108 shown in FIG. 15,
      there are provided conductive members 109, which for example are continual
      wave-form grounded metallic plates, and insulating members 110 support the
      conductive members 109 to form an air flow passage. In the passage are
      provided discharging wires 111 and the charged dust adheres to the
      conductive members 109 and falls. FIG. 16 shows a longitudinal
      cross-sectional surface of the embodiment shown in FIG. 15, in which the
      dust thus adhered, as described above, falls down deviating from the air
      flow passage, as indicated by the dotted lines. The dust, having adhered
      to an air flow passage side 109 of the conductive members, comes into the
      air flow when falling down so that is is again charged with a corona
      discharge and again adheres to the conductive members 109. By repeating
      this action, the dust is finally removed from the air flow passage. FIG.
      17 shows another embodiment of an electric dust collector 112, wherein
      continuous wave-form members are substituted for the continual wave-form
      conductive members 109 of the before-mentioned dust collector 108. These
      wave-form conductive members 113, which are grounded, have a height of
      approximately  10mm from top to bottom and a pitch of approximately 20mm
      between waves. In the dust collector 112, since the direction of the wave
      is perpendicular to that of the air flow, the bottom portions of the waves
      are free from the influence of the air flow and, therefore, the dust to be
      removed falls down in the direction of the wave. In FIG. 17, 114
      designates discharging wires, and 115 designates insulating members
      supporting the wire 114 and the conductive members 113. FIGS. 18 and 19
      show the arrangement of the wave-form conductive members 113. In the case
      of the arrangement shown in FIG. 18, turbulence due to the air flow is
      less and the dust adhering to the bottom portions falls down without
      scattering. In FIGS. 18 and 19, discharging wires are designated by 116,
      118 and wave-form conductive members by 117, 119.
PAR  FIG. 20 shows another embodiment of an electric dust collector 120, wherein
      a needle discharging electrode 121 is used in place of the discharging
      wire of the dust collector 98 in FIG. 12. Needle portions 122 of the
      electrode 121 are formed by etching a stainless plate of 0.2mm thickness
      so as to form needles which are spaced a distance of 5mm apart and have an
      angle of 30.degree.. In FIG. 20, 123 is a conductive member, 124 is an
      insulating member to support the member 123, and both of them form an air
      flow passage. In the passage, there are provided conductive grids 125.
PAR  FIG. 21 is a graph showing the relationship between the dust collecting
      efficiency .eta. and a corona current I, when the current is varied at the
      discharging electrode of the dust collector 120 with -7KV. It may will be
      understood from the graph that there is a relationship between .eta. and I
      as expressed by log .eta..alpha. I. In other words, the corona discharge
      of the dust collector has a considerable influence upon the increasing of
      the dust collecting efficiency .eta. by the current.
PAR  Now, when dust collection was carried out by passing an air flow through
      each of the dust collectors 98 and 120 with the rate of 1m/sec. while
      applying a voltage of -7KV and a corona current of 1.5mA to each of the
      discharging electrodes, the dust collecting efficiency by the discharging
      wire 101 in the dust collector 98 was about 80% and the dust collecting
      efficiency by the needle discharging electrode in the dust collector 120
      was about 95%. It may thus be concluded that, in corona discharging for
      dust collection, the needle type is more advantageous than the wire type
      in terms of dust collecting efficiency, as well as durability.
PAR  As regards the voltage to be applied to an electrode, such as a discharging
      wire of the electric dust collectors 78 90, 98, 103, 108, 112, and 120 as
      described above, it may either be A.C. or D.C. If D.C. is used, it may
      either be negative or positive in polarity. Especially, in the case when a
      negative D.C. is used, shift from corona discharging to spark discharging
      is not easy to occur and a higher current can be obtained because the
      current is easier to take out in the case of negative D.C. It may be
      understood that a superposition of A.C. and D.C. and A.C. in a broad sense
      are also applicable to the present invention. As described above, to apply
      a high current to the electrode, such as a discharging wire, with a
      negative polarity, is more advantageous because the dust collecting
      efficiency can be increased.
PAR  In turn, reference will be made to the velocity of the air flow passing
      through the electric dust collector and the configuration of the air flow
      passage.
PAR  In order to increase the quantity of air flowing through an electric dust
      collector, it is necessary to increase the velocity of the air flow, but
      there is a maximum limit for such velocity. It requires a period of time
      for the dust which enters the electric dust collector together with the
      air flow to be charged by a corona discharge and adhere to the conductive
      wall portion, which is grounded or to which is applied a voltage. For this
      reason, if the velocity of the air flow increases too much, it may happen
      that the dust passes through the electric dust collector without adhering
      to the conductive wall portion and the dust, once adhered to the wall
      portion, is again stripped off. Therefore, the velocity of the air flow
      passing through the passage of an electric dust collector is suitable to
      be in the range of about 0.5-4m/sec. Moreover, when having dust adhere to
      a conductive net by a dust collector as described above, if the net is
      disposed perpendicular to the advancing direction of the air flow, the
      dust adhered to the net is easily scattered again and the net is plugged
      with the dust, thus increasing the wind pressure. In view of these
      reasons, it is preferable to dispose a member, having dust adhering
      thereto, approximately parallel to the advancing direction of the air
      flow, as shown in the above embodiments. Moreover, it becomes possible to
      carry out a more complete dust collection by arranging a plurality of such
      electric dust collectors in parallel or in series. As a method of
      collecting the dust adhered to the interior of a dust collector due to
      charging by a corona ion flow, it goes without saying that there may be
      provided a dust receiving means to receive the falling dust which falls
      due to the application of vibration to the dust collector.
PAR  While reference was made to an electric dust collector as the means for
      removing the dust in the air, it should be understood that a conventional
      dust collecting means, such as a filter, may be applicable in place of and
      in addition to the electric dust collector. In an electrophotographic
      copying machine, it is necessary to provide means for collecting fine dust
      particles of 1.mu. or less.
PAR  Additionally, the following effects can be obtained by cleaning the air in
      the electrophotographic copying machine, as disclosed in FIGS. 8 and 9.
      That is, in a powder image transfer type copying machine employing a
      method such as a xerographic method, the dust which adhered to the
      photosensitive member is also existent in a the developing agent.
      Especially in copying machine wherein the developing agent remaining on
      the photosensitive member after transferring is collected and presented
      for reuse, the quantity of the dust existing in the developing agent
      becomes remarkable, and the dust so contained bears a charge opposite in
      polarity to that of the toner constituting the developing agent and, as a
      result, it may neutralize the toner. If an electrostatic latent image is
      developed with the use of such developing agent, there is formed numerous
      fogs in the reproduced image. In other words, such dust can be a cause of
      deteriorating a developing agent and bringing about the degrading of the
      image quality of the reproduced image. It will be understood that such
      disadvantages are overcome by cleaning the air in the copying machine.
PAR  While the present invention and its objects and advantages, as has been
      described herein, has been carried out in specific embodiments thereof, it
      is not desired to be limited thereby, but is intended to cover the
      invention broadly within the spirit and scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrophotographic apparatus wherein an electrostatic latent image
      is formed with the utilization of at least means for applying voltage by
      corona discharge and illuminating means, comprising:
PA1  a photosensitive member;
PA1  means for charging said photosensitive member;
PA1  wall means for supplying a gas adjacent and between said charging means and
      said photosensitive member, said wall means being disposed along and
      adjacent said charging means; and
PA1  dust removing means connected to said wall means.
NUM  2.
PAR  2. An electrophotographic machine according to claim 1, wherein said dust
      removing means is a dust collector which is provided with blower means for
      supplying the gas which passes through said dust collector means to the
      area adjacent said charging means.
NUM  3.
PAR  3. An electrophotographic apparatus wherein an electrostatic latent image
      is formed with the utilization of means for applying voltage by corona
      discharge and illuminating means, comprising:
PA1  a photosensitive member;
PA1  means for charging said photosensitive member;
PA1  first wall means for supplying a gas between said charging means and said
      photosensitive member;
PA1  second wall means for sucking the gas supplied by said first wall means;
      and
PA1  dust removing means provided with blower means which is provided
      continuously to said first wall means.
NUM  4.
PAR  4. An electrophotographic apparatus according to claim 3 wherein said first
      wall means and said second wall means are connected at the respective ends
      thereof, thereby circulating the gas within said first and second wall
      means.
NUM  5.
PAR  5. An electrophotographic machine according to claim 3 wherein said dust
      removing means is a dust collector.
NUM  6.
PAR  6. An electrophotographic apparatus wherein an electrostatic latent image
      is formed with the utilization of means for applying voltage by corona
      discharge and illuminating means, comprising:
PA1  a photosensitive member;
PA1  a dust collector provided with blower means for filling the area adjacent
      said photosensitive member with gas which has passed through said dust
      collector; and
PA1  wall means for segregating said photosensitive member from ambient air.
NUM  7.
PAR  7. An electrophotographic apparatus wherein an electrostatic latent image
      is formed with the utilization of means for applying voltage by corona
      discharge and illuminating means, comprising:
PA1  a photosensitive member;
PA1  dust removing means; and
PA1  blower means;
PA1  said dust removing means and blower means being disposed in a casing for
      said means for forming an electrostatic latent image, and gas which has
      passed through said dust removing means being present adjacent said
      photosensitive member.
NUM  8.
PAR  8. An electrophotographic machine according to claim 7 wherein said blower
      means is provided continuously to said dust removing means to maintain the
      pressure within the casing higher than ambient pressure.
NUM  9.
PAR  9. An electrophotographic machine wherein an electrostatic latent image is
      formed with the utilization of means for applying voltage by corona
      discharge and illuminating means, comprising:
PA1  a photosensitive screen having numerous small openings, said photosensitive
      screen modifying ion flow to the pattern of an electrostatic latent image;
PA1  means for charging said photosensitive screen;
PA1  wall means for supplying a gas adjacent and between said charging means and
      said photosensitive material; and
PA1  a dust collector connected to said wall means.
NUM  10.
PAR  10. An electrophotographic machine wherein an electrostatic latent image is
      formed with the utilization of means for applying voltage by corona
      discharge and illuminating means, comprising:
PA1  a photosensitive screen having numerous small openings, said photosensitive
      screen modifying ion flow to the pattern of an electrostatic latent image;
PA1  a dust collector provided with blower means for filling the area adjacent
      said photosensitive screen with a dust free gas; and
PA1  wall means for segregating said photosensitive screen from the ambient air.
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ABST
PAL  Disclosed is a method and apparatus for holding and detecting correct
      placement of a photosensitive film on a carrier in a photographic
      reproduction apparatus for imaging the film. The carrier has an alignment
      surface against which the film is firmly held when imaged. Vacuum means
      are provided which are operably connected to the alignment surface for
      holding the film securely to the alignment surface. Air passageway means
      operably connected to the vacuum means are provided in the alignment
      surface, the air passageway means being of a size and in a position to
      form a closed vacuum system which permits a high vacuum level only when
      the film is correctly placed on the carrier. Vacuum level detecting means
      operably connected to the vacuum means are provided for detecting the
      level of the vacuum, and therefore, correct placement of the film on the
      carrier. The carrier is preferably provided with reciprocating means for
      moving the carrier to and from a load position outside of the enclosure of
      the photographic reproduction apparatus and an imaging position within the
      enclosure. The vacuum detecting means is preferably operably connected to
      control means which prevent the carrier from moving into an imaging
      position unless the film is correctly placed upon the carrier with the
      photosensitive surface facing the imaging means within the apparatus, and
      the control means is also preferably operably connected to the
      reciprocating means to return the carrier to the load position if the film
      moves from its securely held position against the alignment surface.
PARN
PAC  RELATED APPLICATIONS
PAR  This patent application is a Continuation-in-Part of U.S. patent
      application Ser. No. 349,452, dated Apr. 9, 1973 entitled
      ELECTROPHOTOGRAPHIC METHOD AND APPARATUS.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to systems for photographically
      reproducing data on photosensitive film, and more particularly, to an
      apparatus and method for holding the film on and determining correct
      placement of the film on the film carrier during imaging of the film.
PAR  2. Description of the Prior Art
PAR  Stimulated by the cost incurred in storing the ever-increasing volume of
      documentary material which is presently being generated, considerable
      effort has been expended in the design and development of various
      electrophotographic and other data storage and retrieval systems.
      Particular emphasis has been placed on the design of microphotographic
      systems which may be used to decrease the physical bulk of such stored
      materials without sacrificing file retrieval and/or copy reproduction
      capabilities. One type of commonly employed apparatus for recording data
      on a film for data storage is the indirect type of reproduction apparatus
      wherein a document is placed face down on a transparent platen and a light
      image is reflected from the document and directed by mirrors through a
      lens system and onto the film. In this type of system, the film, which is
      preferably a microfiche, must be securely held on the imaging axis at the
      proper focal length away from the lens system. Correct placement of the
      film is assured through use of a carrier having an alignment surface
      against which the film is firmly held when imaged. Since the carrier is
      usually positioned inside of the enclosure of the photographic
      reproduction apparatus, it is not conveniently available for placement of
      a film, or microfiche, upon the carrier. This inconvenience is eliminated
      by reciprocating the carrier from the enclosure to a load position and
      then back into the imaging position within the apparatus enclosure after
      placement of a film upon the carrier.
PAR  It is quite important for the operator of the reproduction apparatus to be
      able to quickly place the film upon the carrier and be assured that it is
      properly positioned on the carrier. This problem is further complicated by
      the fact that the film has a photosensitive layer only on one surface and
      that surface usually must be positioned on the carrier facing the directed
      light image. This necessity is particularly true, where the film is
      developed within the reproduction apparatus, as is preferably the case
      with electrophotographic reproduction apparatus. Of course, the film must
      be in the proper position on the carrier in order for the light image to
      be directed to the correct location on the film, a problem which is
      particularly critical when the film is a microfiche having a number of
      small frames to be individually imaged and developed.
PAR  In addition to the problem of properly positioning the film on the carrier
      so that the light image is projected to the correct location on the film
      and the photosensitive layer of the film is facing the light image, it is
      important that the film be securely held against the alignment surface to
      assure that the film is the proper distance from the lens. A number of
      clamping arrangements are available to securely hold the film against the
      alignment surface, but they not only have the disadvantage of increased
      complication in the carrier design and inconvenience to the operator, but
      assure only that the border portions of the film are held securely to the
      alignment surface, since the clamping arrangements can only be located in
      the border regions without interfering with imaging of the film.
PAR  Another system which can be used to securely hold the film against an
      alignment surface is use of a vacuum applied through the alignment surface
      to securely hold the entire film against the alignment surface. While use
      of the vacuum system solves some of the problems described, one problem
      which can occur with its use is dislocation of the film on the carrier
      while the carrier is in the imaging position. Such a dislocation can occur
      through temporary loss or reduction of the vacuum, or from some other
      interfering force which moves the film on the carrier. It is quite
      important to the operator to be assured that the film is in the proper
      position on the carrier while he is imaging the film. Additionally, it is
      desirable to return the carrier to the load position outside of the
      apparatus enclosure in the event the film is dislocated from its correct
      placement in order to prevent the film from falling into the interior of
      the apparatus where extrication can be quite difficult.
PAR  It is, therefore, an object of the invention to provide an apparatus and
      method for securely holding a film against an alignment surface on a
      carrier upon which the film is imaged in a photographic reproduction
      apparatus. It is a further object of the invention to provide a method and
      apparatus for detecting whether the film is properly positioned at the
      correct location on the carrier and whether the photosensitive layer of
      the film is facing the imaging means. And, it is a further object of the
      invention to provide an apparatus and method for preventing the carrier
      from entering or remaining within the apparatus enclosure if the film is
      incorrectly placed on the carrier or the film becomes dislocated on the
      carrier through loss of vacuum or other disturbing force.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects are accomplished by the apparatus and method of
      invention. The apparatus of the invention is combination means for holding
      a photosensitive film on a film carrier in a photographic reproduction
      apparatus and for detecting correct placement of the film on the carrier.
      The apparatus not only detects whether the film is placed at the correct
      location on the carrier, but in a preferred form of the invention, detects
      whether the photosensitive layer of the film is facing the light image
      within the reproduction apparatus. The carrier has an alignment surface
      against which the film is firmly held when imaged, and vacuum means are
      operably connected to the alignment surface for holding the film securely
      against the alignment surface. Air-passageway means are provided in the
      alignment surface and are operably connected to the vacuum means for
      forming a closed vacuum system only when the film is correctly placed on
      the carrier. Vacuum level detecting means are connected to the vacuum
      means for detecting the level of the vacuum within the system. If the film
      is correctly placed on the carrier, the vacuum level detecting means
      detects a high level of vacuum, and if the film is incorrectly placed on
      the carrier, the vacuum level detecting means detects a low level of
      vacuum, occurring as a result of vacuum leakage through the air-passageway
      means not covered by the film. In the preferred embodiment of the
      apparatus, reciprocating means are provided for moving the carrier to and
      from a load position outside of the reproduction apparatus enclosure and
      an imaging position within the enclosure, and the vacuum level detecting
      means is operably connected to control means for preventing the carrier
      from entering the enclosure unless the film is properly placed on the
      carrier and for returning the carrier to the load position outside of the
      enclosure if the film becomes dislocated on the carrier.
PAR  The apparatus includes means for determining whether the film is positioned
      on the carrier with the photosensitive layer facing the light image. Those
      means consist of a pair of film-positioning pins on the carrier designed
      for insertion into positioning holes on the film to correctly position the
      film on the carrier. The positioning holes on the film are asymmetrically
      located so that the film is placed against the alignment surface in one
      position when the photosensitive layer is facing the light image, and the
      film is placed against the alignment surface in another position offset
      from the first position if the photosensitive layer is facing the
      alignment surface rather than the light image. The air-passageway means in
      the alignment surface is so sized and positioned to be completely covered
      by the film when it is positioned in the correct location on the alignment
      surface and partially uncovered by the film when the film is positioned in
      the incorrect location on the carrier.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a photographic reproduction apparatus in
      which the present invention is advantageously employed.
PAR  FIG. 2 is a diagrammatic sectional view showing the optical assembly of the
      apparatus of FIG. 1 and the apparatus of the invention.
PAR  FIG. 3 is a front elevational view of the carrier of the invention showing
      a microfiche inserted thereon.
PAR  FIG. 4 is a cross-sectional view of the carriage of FIG. 3 taken along line
      4--4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  A photographic reproduction apparatus in which the present invention is
      employed is illustrated in FIG. 1 and is self-contained within a housing
      of generally rectangular configuration, indicated generally at 10. The top
      of the housing 10 is generally flat in construction and is designed to
      incorporate an operator's console 13, a microfiche access slot 14, and a
      copyboard 11. The operator's console 13 contains all necessary controls
      for operating the apparatus to enable the system operator to control the
      reproduction sequence.
PAR  A carriage assembly having a microfiche carrier 12 is disposed within the
      enclosure 10 such that the carrier 12 may be transported upwardly through
      slot 14 to a load position, illustrated in FIG. 1. In the load position, a
      microfiche may be easily placed upon the carrier 12 for movement into the
      enclosure 10. After placement of a microfiche on the carrier 12, the
      carrier 12 may be transported back to the imaging position, illustrated in
      FIG. 2.
PAR  The photographic reproduction apparatus is diagrammatically illustrated in
      FIG. 2, where a document is placed upon transparent copyboard 11, and a
      light from lamp 17 and reflector 18 is reflected off of the document and
      directed by mirrors 19, 20, and 21 through lens 22 and onto the desired
      location on microfiche 15 placed upon carrier 12. The means for
      reciprocating carrier 12 to and from the load position and the imaging
      position is provided by reversible electric motor 28 and screw 29 passing
      through threaded lug 40 on carrier 12.
PAR  Carrier 12, illustrated in FIGS. 3 and 4, includes a flat, alignment
      surface facing the imaging means. The alignment surface has an
      air-impervious border region 41, provided by such material as plastic, and
      an inner, air-pervious surface 36, which can be provided by such material
      as porous ceramic material. On both sides of the carrier 12 are
      cylindrical sleeves 33 in which guide rods (not shown) are placed to guide
      the carrier to and from the load position and the imaging position.
PAR  Vacuum means, illustrated as vacuum pump 24 in FIG. 2, communicates with
      the carrier 12 through conduit 23. Conduit 23 enters the back of the
      carrier 12 and communicates with the air-pervious surface 36 through
      cavity 42. The air-impervious border region 41 surrounding the
      air-pervious material 36 cooperates with conduit 23 to provide a closed
      vacuum system about the air-pervious material 36, except for the exposed
      portion of the air-pervious material 36 forming the alignment surface of
      the carrier 12.
PAR  The carrier 12 includes film-positioning pins 34 and 35 for insertion in
      corresponding positioning holes in the microfiche 15. The positioning
      holes in the microfiche 15 are asymmetrical with respect to the vertical
      center line of the film so that placement of the film on the carrier 12
      with the correct side of the film against the alignment surface will
      centrally position the film 15 on the carrier 12, but will place the film
      off-center if the incorrect surface of the film 15 is placed against the
      alignment surface. The area of the alignment surface which is provided by
      the air-pervious material 36 is smaller in size than the area of the film
      15 and so positioned that it is entirely covered by the film 15 when the
      film 15 is placed on the carrier 12 with the proper side facing the
      alignment surface and the positioning holes over the film-position pins 34
      and 35. However, if the film is reversed in its placement on the carrier
      12, a portion of the air-pervious material 36 is uncovered by the film,
      and a closed vacuum system is not formed.
PAR  Vacuum detecting means, illustrated as vacuum switch 25, which detects
      whether the vacuum level within the conduit 23 is above or below a
      predetermined level, is connected to the conduit 23. Conventional
      electrical circuitry connects the vacuum switch to control means 26 for
      operation of the carrier-reciprocation motor 28. The electrical means and
      control means 26 can be provided by any conventional means, such as
      relays, which will perform the process function described subsequently.
PAR  The apparatus in its preferred form also includes a blower 32, which
      constantly blows air through conduit 31 against the film 15 held on the
      carrier 12. The air blown through conduit 31 is helpful in holding the
      film 15 to the carrier 12 upon release of the vacuum system, whether the
      release is deliberate for removal of a film 15 or inadvertent while the
      film is within the enclosure 10. This function is particularly useful to
      prevent dropping the film 15 into the enclosure 10 where it is difficult
      to extricate.
PAR  The operation of the invention will now be described. An operator places a
      microfiche 15 onto the carrier 12 in the load position (FIG. 1) by
      insertion of the film-positioning pins 34 and 35 through the positioning
      holes on the film. He then presses control button 27 which activates the
      vacuum pump 24, applying a vacuum to the film through the air-pervious
      surface 36. The film is securely held against the alignment surface of the
      carrier 12, and the vacuum, operating as a closed system, reaches a
      predetermined level which activates vacuum switch 25, permitting actuation
      of motor 28 and movement of carrier 12 into the copy position (FIG. 2)
      within the enclosure. If the film is placed on the carrier 12 with the
      photosensitive layer incorrectly facing the alignment surface rather than
      the imaging means, the film 15 does not completely cover the air-pervious
      material 36, and the vacuum level never reaches the predetermined level.
      Therefore, the vacuum switch 25 is not actuated to permit the control
      means 26 to energize motor 28, and the carrier 12 remains in the load
      position outside of the enclosure. At the same time, an electrical signal
      from the vacuum switch 25 can illuminate a warning lamp which informs the
      operator that the film 15 is not correctly placed on the carrier 12.
PAR  If the film 15 is correctly placed on the carrier 12, and the carrier 12
      has been moved into the imaging position within the enclosure 10, the
      operator may then proceed with placing documents upon the copyboard 11,
      covering the documents with copyboard cover 16 and imaging the film. In
      the event the film 15 becomes displaced from its correct position on the
      carrier 12 for any reason, such as temporary loss of the vacuum which
      might result in the film 15 moving slightly away from the alignment
      surface, the vacuum switch 25 will detect the loss of vacuum level within
      the conduit 23, and will transmit an electrical signal to the control
      means 26, which will in turn energize motor 28 to move the carrier 12 back
      to the load position outside of the enclosure 10. Thus, the operator does
      not continue imaging the film when it is not correctly placed on the
      carrier or at the correct focal distance from the lens 22. The film is
      transported to the load position as quickly as possible to avoid dropping
      the film into the interior of the enclosure.
PAR  The air supplied by blower 32 through conduit 31 pushes the film 15 against
      the carrier 12 with sufficient force to hold the film to the carrier while
      the carrier and film are being returned to the load position. The air from
      the blower 32 is also useful in holding the film 15 to the carrier 12
      after deliberate release of the vacuum means when the carrier 12 is in the
      load position and the operator desires to remove the film 15 from the
      carrier 12.
PAR  While the apparatus and method of the invention have been described in
      their preferred embodiments, a number of variations can be employed within
      the scope of the invention. For example, the air-pervious material 36 can
      be provided in some arrangements by a simple open conduit rather than a
      porous material, although the porous material is very advantageous in
      forming a flat surface against which the film can be held for proper
      alignment. Also, forms of positioning means other than pins 34 and 35 and
      holes in the film can be used, examples being notches in the film and
      protuberances on the carrier, or vice versa.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a photographic reproduction apparatus for directing a light image
      along an imaging axis to a photosensitive film positioned on a film
      carrier within the apparatus, combination means for holding the film on
      the carrier and detecting correct placement of the film on the carrier,
      the combination means comprising:
PA1  an alignment surface on the carrier against which the film is firmly held
      when imaged;
PA1  vacuum means operably connected to the alignment surface for holding the
      film securely to the alignment surface;
PA1  air-passageway means in the alignment surface and operably connected to the
      vacuum means for forming a closed vacuum system, and permitting a high
      vacuum level, only when the film is held securely against the alignment
      surface and in the correct position with respect to the imaging axis; and
PA1  vacuum level detecting means operably connected to the vacuum means for
      detecting the level of the vacuum, and therefore, correct placement of the
      film on the carrier.
NUM  2.
PAR  2. A photographic reproduction apparatus for imaging a film having a
      photosensitive layer on one surface and first positioning means
      asymmetrically located on the film, the apparatus comprising:
PA1  A. an enclosure within which the film is imaged;
PA1  B. imaging means within the enclosure for exposing the film to a light
      image;
PA1  C. a carrier for holding the film in a predetermined position with respect
      to the imaging means while the film is being imaged, the carrier
      comprising,
PA2  i. second positioning means for engaging the first positioning means on the
      film to position the film in a correct location on the carrier if the film
      is placed with the photosensitive layer towards the imaging means and to
      position the film in an incorrect location on the carrier if the film is
      placed with the photosensitive layer away from the imaging means, and
PA2  ii. a flat alignment surface against which the film is firmly held, the
      alignment surface having an air-impervious border region and an
      air-pervious inner region, the inner region occupying an area which is
      completely covered by the film when the film is positioned in the correct
      location on the carrier and is partially uncovered by the film when the
      film is positioned in the incorrect location on the carrier;
PA1  D. reciprocating means for moving the carrier to and from a load position
      outside of the enclosure and an imaging position within the enclosure;
PA1  E. vacuum means operably connected to the air-pervious inner region for
      holding the film securely against the alignment surface, the vacuum means
      forming a sealed vacuum system when the film is held securely against the
      alignment surface in the correct location; and
PA1  F. vacuum detecting means operably connected to the vacuum means for
      detecting the vacuum level and thereby detecting when the film is held
      securely against the alignment surface in the correct location.
NUM  3.
PAR  3. Apparatus according to claim 2, including control means operably
      connected to the reciprocating means and the vacuum detecting means for
      moving the carrier to the load position if a drop in vacuum level is
      detected when the carrier is in the imaging position.
NUM  4.
PAR  4. Apparatus according the claim 3, wherein the control means prevents
      movement of the carrier from the load position to the imaging position
      unless the film is placed at the correct location on the alignment
      surface.
NUM  5.
PAR  5. Apparatus according to claim 4, including means to constantly blow air
      against the film on the carrier.
NUM  6.
PAR  6. In a photographic reproduction apparatus for directing a light image
      along an imaging axis to a photosensitive film positioned on a film
      carrier within the apparatus, a method of holding the film on the carrier
      and detecting correct placement of the film on the carrier comprising the
      steps of:
PA1  applying a vacuum to the film through air-pervious passageway means in an
      alignment surface on the carrier to hold the film firmly against the
      alignment surface, the air-pervious passageway means being of a size and
      location to form a closed vacuum system, and a high vacuum level, only
      when the film is held firmly against the alignment surface and in the
      correct position with respect to the imaging axis; and
PA1  detecting the presence or absence of the high vacuum level, thereby
      detecting correct placement of the film on the carrier.
NUM  7.
PAR  7. Apparatus according to claim 1, wherein the air-passageway means
      occupies an area in the alignment surface which is completely covered by
      the film held against the alignment surface, and thereby forms a closed
      vacuum system, only when the film is correctly positioned with respect to
      the imaging axis.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein the air-passageway means is
      provided by a porous material having a flat surface which forms part of
      the alignment surface.
NUM  9.
PAR  9. Apparatus according to claim 1, further including means operably
      associated with the air-passageway means for detecting which surface of
      the film is placed towards the light image when the film is on the
      carrier.
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ABST
PAL  Apparatus for graphic arts plate making suitable for exposing diazo plates
      and the like. A unit providing an exposure bed with a plurality of lamps
      close to the negative and plate and operating in the ultraviolet region,
      and another plurality of lamps in the visible light region with a diffused
      glass top for a work table and for fixing an exposed plate. Separate
      control units for each exposure lamp to provide uniform radiation from all
      lamps to the plate.
BSUM
PAR  This invention relates to apparatus for exposing photosensitive material,
      such as diazo printing plates used in the graphic arts field. In a typical
      prior art apparatus, the photosensitive plate and the negative are placed
      on a support and exposed to a high intensity source such as a carbon arc
      for a period of time sufficient to obtain the desired result. A typical
      graphic arts plate may be 24 .times. 36 inches and be exposed by a 5000
      watt arc lamp positioned 3 feet from the plate. Even with this remote
      positioning, uniformity of exposure is difficult to obtain, with the
      exposure at the edge of a plate varying as much as 50% of the exposure at
      the center.
PAR  It is an object of the present invention to provide a new and improved
      exposure unit which will provide a substantially uniform exposure over the
      entire surface of a printing plate, while utilizing considerably less
      power and achieving the desired exposure in a shorter time. A further
      object is to provide such a unit which will produce plates with a minimum
      of undercut and which will have superior press life.
PAR  A further object is to provide such a unit having a first set of lamps for
      exposure and second set of lamps for fixing, permitting the exposure and
      fixing steps to be carried out at one work station and in a short period
      of time. A further object is to provide such a unit which can be made in a
      relatively small volume and which can be operated at table heights, with
      the fixing table also serving as a light table.
PAR  By way of summary, the apparatus of the invention includes a plurality of
      tubular lamps positioned in parallel spaced relation with individual
      reflectors and a bed for supporting the photosensitive plate and negative
      close to the lamps. Separate radiation control circuits are provided for
      each lamp permitting all lamps to be turned on at the same time at the
      start of an exposure, with each lamp being turned off separately. Further,
      a second set of lamps is mounted above the first set beneath a diffused
      glass plate to provide the fixing radiation and also to serve as a work
      table.
DRWD
PAR  Other objects, advantages, features and results will more fully appear in
      the course of the following description. The drawings merely show and the
      description merely describes a preferred embodiment of the present
      invention which is given by way of illustration or example.
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of a plate exposing apparatus incorporating
      the presently preferred embodiment of the invention;
PAR  FIG. 2 is an enlarged sectional view taken along the line 2--2 of FIG. 1
      showing the exposing lamps and reflectors;
PAR  FIG. 3 is an electrical schematic of the apparatus of FIG. 1; and
PAR  FIG. 4 is an electrical schematic of the integrator of FIG. 3.
DETD
PAR  The apparatus of FIG. 1 includes a frame or housing 10 which is designed to
      stand on the floor and be about table height. Some of the side panels are
      broken away in FIG. 1 to show the interior of the device. A plurality of
      lamps 11 is mounted in an enclosure 12 with an opening 13 below the lamps.
PAR  A vacuum frame 15 is mounted in the housing 10 on a slide mechanism 16 and
      is shown in the partially extended position in FIG. 1. The frame 15
      includes a bed 19 for supporting a photosensitive plate and a negative
      below the lamps 11 when the frame 15 is in the in or exposing position as
      shown in FIG. 2. A motor driven vacuum pump 17 is mounted withing the
      housing 10 and is connected to the vacuum frame 15 via a line 18. The
      vacuum frame operates in the normal manner to hold a photosensitive sheet
      20 and a negative 21 flat on the bed 19 when the vacuum pump is turned on.
PAR  The control switches and indicator lights for the instrument are mounted in
      a panel 25 with the control circuit components in the housing behind the
      panel and with the lamp ballasts 26 mounted on the floor of the housing
      10.
PAR  Another plurality of lamps 29 is mounted in the housing 10 below a diffused
      glass bed plate 30. Both sets of lamps 11 and 29 are positioned in
      parallel spaced relation to provide a substantially uniform radiation
      distribution over the surface of the beds 19 and 30, respectively. The
      lamps 11 are utilized as exposing lamps and the lamps 29 are utilized as
      fixing lamps. The lamps 29 and plate 30 also provide a light table for use
      in negative preparation.
PAR  A separate reflector 33 is provided for each lamp 11 for the purpose of
      achieving a substantially uniform radiation distribution over the entire
      work surface. A preferred configuration for the reflectors is shown in
      FIG. 2. The reflectors 33 are trough shaped and are positioned side by
      side with their edges in contact or nearly so. The reflector trough has a
      flat bottom with a width 34 substantially equal to two times the diameter
      of the lamp 11. The trough sides 35 are positioned at 45.degree. to the
      bottom and are of a length 36 substantially equal to 0.84 times the
      diameter of the lamp 11. The lamp is positioned in the center of the
      reflector touching or nearly touching the bottom, with the center to
      center spacing of adjacent lamps substantially equal to 31/2 times the
      lamp diameter. The spacing 37 between the lamp and the work piece is
      relatively small, typically being in the order of a lamp diameter. While
      five lamps are illustrated in the drawings, it is readily understood that
      the apparatus is not limited to this particular number of lamps and fewer
      or more may be utilized depending upon the size of photosensitive sheet to
      be exposed.
PAR  The unit includes a separate control for each of the exposing lamps 11 for
      the purpose of obtaining the same exposure from each lamp during an
      exposing operation. A photosensitive detector 40 is mounted on the
      reflector adjacent the lamp. In operation, all the exposing lamps are
      turned on at the same time. The output of each photo detector is connected
      to an integrator of a control circuit which functions to turn off the
      power to the individual lamp when the integrator output reaches a
      predetermined level. The various lamps may be turned off at the same time
      or at different times, depending upon the radiation outputs from the
      respective lamps. With this arrangement, a uniform exposure is obtained
      over the entire work piece without requiring matching of individual lamps.
PAR  Referring to FIG. 3, a control circuit 44 with an integrator 45 is provided
      for each of the lamps 11. Power is supplied to the unit at input terminals
      46 and is controlled by the main on-off switch 47. The fixing lamps 29 are
      controlled by another switch 48 and the vacuum pump motor 17 is controlled
      by a switch 49. A lamp 50 indicates when the switch 47 is closed and
      another lamp 51 indicates when the switch 49 is closed. The filament
      windings 52 for the lamps are energized from filament transformers 53, and
      dc voltages for the integrators 45 are provided by a power supply 54. The
      reference voltage output from the power supply 54 is adjustable and
      functions to set the duration of the exposure.
PAR  Each of the control circuits 44 has a relay 58 controlled by start push
      button switch 59, and another relay 60 controlled by the integrator 45.
PAR  The integrator 45 includes amplifiers 63, 64, each of which may be a 741
      integrated circuit. The photodetector 40 is connected as an input to the
      amplifier 63, with the output thereof charging storage capacitor 65
      through resistor 66. Amplifier 64 functions as a comparator, having the
      reference voltage as one input at terminal 67 and having the voltage on
      the capacitor 65 as the other input. In the embodiment illustrated, the
      output of the comparator on line 70 switches between plus 15 volts and
      minus 15 volts, energizing the relay 60 to turn the lamp 11 on when the
      output is plus and leaving the relay unenergized turning the lamp off when
      the output is minus.
PAR  In operation, the switch 47 is closed to provide power to the filaments and
      the dc power supply. The bed 15 is pulled out, the photosensitive sheet
      and the negative are placed on the bed, and switch 49 is closed to start
      the vacuum pump. When the sheet and negative are held secure and flat, the
      bed may be pushed into the exposing position. The desired exposure is set
      by adjusting the reference voltage output of the power supply, as by
      turning the knob 72 to the appropriate indication. An exposure is started
      by pressing the start button 59 which energizes the latching relays 58 of
      the control circuits through resistor 73 and diodes 74.
PAR  When the relay 58 is energized, contact set 75 is opened removing the
      ground connection via line 76 from the capacitor 65. Contact set 77 is
      closed providing ac power to the lamps. The integrator 45 now provides a
      plus output which energizes the relay 60 and applies a holding current to
      the relay 58 through the contact set of the relay 60. A light 79 is
      energized indicating that the corresponding lamp 11 is turned on.
PAR  With the exposing lamp on, the corresponding photodetector provides an
      input to the amplifier 63 which charges the capacitor 65. When the charge
      on the capacitor rises to a level determined by the reference voltage
      setting, the comparator output changes from plus to minus, the relay 60 is
      deenergized which in turn deenergizes the relay 58 and power is removed
      from the lamp 11. When all the exposing lamps are turned off, as indicated
      by all of the lights 79 being off, the bed 15 is pulled to the out
      position, the vacuum pump motor is turned off, and the negative and
      exposed sheet are removed. The exposed sheet may be placed face downward
      on the bed 30 and the fixing lamps turned on.
PAR  The apparatus of the present invention provides a substantially uniform
      exposure over the entire surface of the plate. The exposure from edge to
      edge is within the range of plus and minus 5% as compared to a variation
      in the order of 50% for prior art apparatus. The configuration of the
      present apparatus permits much closer spacing between the lamp and the
      plate with a resultant reduction in required exposure time and required
      output from the radiation source.
PAR  The present apparatus provides both for exposing and fixing in a single
      piece of equipment. Also it provides the desired spectral range for the
      exposing and for the fixing. In many present day papers and plates, the
      wavelength for fixing is different from the wavelength for exposing; also,
      it is desirable to have the exposing radiation have little or no energy in
      the fixing range. This can be achieved with the instrument described
      herein by utilizing lamps with a narrow band spectral output as exposing
      lamps and utilizing different lamps for the fixing lamps. In one
      configuration, ultraviolet lamps are used for the exposing lamps and
      visible light lamps are used for the fixing lamps. In a particular
      embodiment, lamps having a narrow band spectral output at the 365
      nanometer wavelength region are used as exposing lamps and lamps having a
      spectral output at the 435 nanometer wavelength region are used as fixing
      lamps, these lamps being particularly suited for present day papers. The
      use of fixing lamps with a visible light output also permits use of the
      instrument as a light table. The fixing lamps should have little output
      below about 420 nanometers wavelength in order to avoid further exposure
      of the photosensitive plate.
PAR  A lamp with a narrow band spectral output will provide an output over about
      100 nanometers. Hence a narrow band lamp with a peak at 365 nanometers
      will produce radiation in the range of about 315 to 415 nanometers
      wavelength. This is in contrast to the wide band spectral output of carbon
      arcs and Xenon and tungsten lamps which provide outputs over a spectral
      range in the order of 200 to 2,000 nanometers wavelength.
PAR  The utilization of the plurality of exposing lamps with the individual
      reflectors, particularly with the reflector configuration and lamp-to-work
      piece spacing described, results in a reduction in undercutting which
      permits improvement in resolution. Resolutions in the order of 250 lines
      per inch are obtained with the instrument of the present invention before
      undercut becomes a problem. Undercut is where the dot patterns used in
      lithographic printing becomes enlarged or reduced from the normal size on
      the film negative.
PAR  The instrument of the invention was operated with parabolic reflectors and
      with hyperbolic reflectors in place of the straight side reflectors
      disclosed herein. The curved reflectors had the same depth and the same
      opening width as the straight side reflectors, but under-cut became a
      problem at resolutions of about 100 lines per inch.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for exposing diazo printing plates and the like, including in
      combination:
PA1  a frame;
PA1  a first plurality of tubular lamps mounted in said frame in spaced parallel
      relation for imagewise exposing a radiation sensitive sheet;
PA1  a bed mounted in said frame for supporting sheet parallel to the plane of
      said lamp;
PA1  a plurality of radiation sensors, with a sensor mounted adjacent each lamp;
PA1  a plurality of control circuits, with a circuit for each lamp,
PA1  each of said control circuits including means for energizing the associated
      lamp in response to a start signal and deenergizing the lamp when the lamp
      has provided a predetermined quantity of radiation as measured by the
      corresponding sensor;
PA1  a second plurality of tubular lamps mounted in said frame in spaced
      parallel relation for fixing the previously exposed image on said sheet;
      and
PA1  a second bed mounted in said frame for supporting sheet parallel to the
      plane of said second lamps and for allowing exposure of said sheet to
      radiation from the second lamps.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said first plurality of lamps
      are positioned uniformly across said bed and spaced not more than a few
      inches from the bed.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein said first plurality of lamps
      have a narrow band spectral output.
NUM  4.
PAR  4. Apparatus as defined in claim 1 wherein said second bed is positioned
      above said second lamps and provides for radiation transmission
      therethrough to a sheet resting on the second bed.
NUM  5.
PAR  5. Apparatus as defined in claim 1 wherein said first lamps have a narrow
      band spectral output in the ultraviolet region and said second lamps have
      a spectral output in the visible light region.
NUM  6.
PAR  6. Apparatus as defined in claim 1 wherein said first lamps have a narrow
      band spectral output in the 365 nanometer wavelength region and said
      second lamps have a spectral output in the 435 nanometer wavelength
      region.
NUM  7.
PAR  7. Apparatus for exposing diazo printing plates and the like, including in
      combination:
PA1  a frame;
PA1  a first plurality of tubular lamps mounted in said frame in spaced parallel
      relation for imagewise exposing a radiation sensitive sheet;
PA1  a first bed mounted in said frame for supporting sheet parallel to the
      plane of said lamps;
PA1  a plurality of reflectors positioned side by side, with a separate
      reflector for each lamp;
PA1  a second plurality of tubular lamps mounted in said frame in spaced
      parallel relation above said first lamps for fixing the previously exposed
      image on said sheet;
PA1  a second bed mounted in said frame for supporting said sheet above and
      parallel to the plane of said second lamps, said second bed providing for
      radiation transmission from the second lamps to the sheet; and
PA1  means blocking radiation from said first plurality of lamps to a sheet
      resting on said second bed.
NUM  8.
PAR  8. Apparatus as defined in claim 7 including slide means for sliding said
      first bed from an exposure position below said first lamps to a loading
      and unloading position at the side of said first lamps.
NUM  9.
PAR  9. Apparatus as defined in claim 7 wherein said first lamps have a narrow
      band spectral output in the ultraviolet region and said second lamps have
      a spectral output in the visible light region.
NUM  10.
PAR  10. Apparatus for exposing diazo printing plates and the like, including in
      combination:
PA1  a frame;
PA1  a plurality of tubular lamps mounted in said frame in spaced parallel
      relation for imagewise exposing a radiation sensitive sheet;
PA1  a bed mounted in said frame for supporting sheet parallel to the plane of
      said lamp;
PA1  a plurality of radiation sensors, with a sensor mounted adjacent each lamp;
      and
PA1  a plurality of control circuits, with a circuit for each lamp,
PA1  each of said control circuits including means for energizing the associated
      lamp in response to a start signal and deenergizing the lamp when the lamp
      has provided a predetermined quantity of radiation as measured by the
      corresponding sensor,
PA1  each of said control circuits including an integrator having the output of
      the corresponding sensor connected as an input, and providing a stop
      signal to shut off power to the associated lamp when the integrator output
      reaches a predetermined value, and
PA1  a comparator in the control circuit having the integrator output and a
      reference value as inputs, with the comparator output providing the stop
      signal.
NUM  11.
PAR  11. Apparatus for exposing diazo printing plates and the like, including in
      combination:
PA1  a frame;
PA1  a plurality of tubular lamps mounted in said frame in spaced parallel
      relation for imagewise exposing a radiation sensitive sheet;
PA1  a plurality of reflectors positioned side by side, with a separate
      reflector for each lamp;
PA1  a bed mounted in said frame for supporting sheet parallel to the plane of
      said lamp;
PA1  a plurality of radiation sensors, with a sensor mounted adjacent each lamp;
      and
PA1  a plurality of control circuits, with a circuit for each lamp,
PA1  each of said control circuits including means for energizing the associated
      lamp in response to a start signal and deenergizing the lamp when the lamp
      has provided a predetermined quantity of radiation as measured by the
      corresponding sensor.
NUM  12.
PAR  12. Apparatus as defined in claim 11 with the center to center spacing of
      said lamps substantially equal to 31/2 times the lamp diameter, and with
      each of said reflectors trough shaped with a flat bottom of a width
      substantially equal to 2 times the lamp diameter and sides at
      substantially 45.degree. and of a length substantially equal to 0.84 times
      the lamp diameter, with the lamp positioned at the center of the trough.
NUM  13.
PAR  13. Apparatus for exposing diazo printing plates and the like, including in
      combination:
PA1  a frame;
PA1  a plurality of tubular lamps mounted in said frame in spaced parallel
      relation, said lamps having a narrow band spectral output at the 365
      nanometer wave length region for imagewise exposing a radiation sensitive
      sheet;
PA1  a bed mounted in said frame for supporting sensitive sheet parallel to the
      plane of said lamp;
PA1  a plurality of radiation sensors, with a sensor mounted adjacent each lamp;
      and
PA1  a plurality of control circuits, with a circuit for each lamp,
PA1  each of said control circuits including means for energizing the associated
      lamp in response to a start signal and deenergizing the lamp when the lamp
      has provided a predetermined quantity of radiation as measured by the
      corresponding sensor.
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ABST
PAL  A distance measuring device comprising a flood-light projecting means
      having a flashing device adapted to direct a flashlight to an object to be
      photographed, a light receiving means incorporating a light slide rheostat
      disposed at a predetermined distance from said projecting means and a lens
      adapted to allow light rays reflected from said object to impinge, in the
      form of a beam, on the light receiving surface of said rheostat, a
      converting means for converting the variation of the resistance amount of
      said rheostat into the variation of voltage and an indicating means for
      indicating said voltage variation, particularly useful in photographic
      cameras. Also, an automatic focusing device having the same constructional
      features as the aforesaid distance measuring device, except that it has an
      objective lens adjusting means operated by said voltage variation instead
      of said indicating means.
PARN
PAR  This is continuation-in-part application of Ser. No. 273,220 filed July 19,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a distance measuring device, and more
      particularly to a distance measuring device for use in measuring a
      distance from a picture taking position to an object to be photographed
      and to an automatic focusing device for a camera utilizing said distance
      measuring device.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  A similar type distance measuring device has conventionally been known that
      utilized a phenomenon that when an image of an object to be photographed,
      which is illuminated by light rays from a light source, whether daylight
      or artificial light in nature, disposed at a distance from the picture
      taking position, is projected on a photoconductive element disposed near
      the picture taking position, the resistance of the photoconductive element
      disposed near the picture taking position shows a measurable change when
      the image is focused on the light receiving surface of the element.
      However, such device does not function satisfactorily in determining the
      distance concerned unless the object is properly illuminated.
PAR  There have also been other kinds of range finders. For example, U.S. Pat.
      Nos. 3,435,744 and 3,443,502 disclose a distance measuring device that
      makes use of, as a distance determining information, a change either in
      the angle at which a photoconductive element is directed toward the object
      being photographed or in the position at which the element can receive the
      light rays reflected therefrom on the element. Such device also has
      several shortcomings. For example, it can not afford a highly reliable
      measurement value because of too great an influence of other light beams,
      for example those of daylight, which act on the photoconductive element.
      The accuracy of the measurement is also low since its distance determining
      information is based on such mechanical displacement as the changes in
      position or angle of the element. Particularly when they are used for an
      automatic focusing device, there is a danger of causing erroneous focus
      adjustments. Other prior art devices of interest are U.S. Pat. Nos.
      3,274,913, 3,336,851, 3,628,863 and U.S. Pat. No. 3,517,992.
PAR  U.S. Pat. Nos. 3,517,992 and 3,628,863 disclose arrangements wherein the
      light from an image is directed onto a light-receiving section to detect
      the position of a slide, said light-receiving section consisting of a pair
      of photoelectric elements arranged in parallel. The configuration of a
      slit is a very important factor for achieving an accurate measurement. The
      position of the slide at the moment when the motor stops depends on
      whether the slit has a symmetrical or asymmetrical configuration. When
      such an arrangement is used, the accuracy and capability of a measurement
      depends on the configuration of the slit or the configuration of an object
      to be measured. Thus, this arrangement cannot be used as an automatic
      focusing device for a camera wherein the light from objects having random
      configurations is directed onto the light receiving surfaces.
PAC  OBJECTS OF THE INVENTION
PAR  A principal object of the invention is to provide a distance measuring
      device that serves an automatic focusing device in Photographic cameras,
      by obviating the aforesaid shortcomings in the conventional distance
      measuring device.
PAR  Another object of this invention is to provide a distance measuring device
      having a flashing device and a photoelectric detector, so that a light is
      flashed from the light projecting means onto an object the distance to
      which is being determined and the light reflected therefrom is detected by
      the photoelectric detector disposed at a predetermined distance from the
      projecting means, while minimizing the influence of any other light than
      the flash light on the detector.
PAR  A further object of the invention is to attain a high measurement accuracy
      through the use of a light slide rheostat as the photoelectric detector
      thereby permitting the direct conversion of a distance to the object into
      a resistance amount of said light slide rheostat.
PAR  These and other objects of the present invention will be readily understood
      from the following detailed description taken with reference to the
      accompanying drawings, in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates diagrammatically an optical system to be employed in a
      distance measuring device according to the present invention;
PAR  FIG. 2 is an electrical circuit diagram to be used in said distance
      measuring device;
PAR  FIG. 3 is a diagrammatic view showing the construction and electrical
      circuit of an automatic focusing device built in a photographic camera by
      utilizing the distance measuring device according to the present
      invention;
PAR  FIG. 4a is a diagrammatic view showing detailed construction of a light
      slide rheostat constituting the detector shown in FIGS. 1 and 2;
PAR  FIG. 4b is a sectional view taken along line IV--IV of FIG. 4a; and
PAR  FIG. 5 is a fragmentary diagrammatic view showing relative positions of
      various component parts of a camera employing the automatic focusing
      device of FIG. 3.
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PAC  DETAILED DESCRIPTION
PAR  Initially, reference will be made to the optical system shown in FIG. 1. A
      light emanated from a flashing device F, such as a flash lamp, as a
      distance measuring light is made into the form of a beam through a slit S
      and a projection lens LP and then is allowed to impinge on coaxially
      located objects O.sub.1, O.sub.2 and O.sub.3 at different distances
      d.sub.1, d.sub.2 and d.sub.3 respectively. Then the light rays reflected
      from the objects 0.sub.1, 0.sub.2 and 0.sub.3 are focused on a detector DT
      through a detecting lens LD disposed on a base line B through said
      projection lens LP. The light rays reflected from the different objects
      are focused at different positions on the light receiving surface of the
      detector DT; the light rays from a distance d.sub.1 at position L.sub.1,
      those from a distance d.sub.2 at postion L2 and those from a distance
      d.sub.3 and L.sub.3.
PAR  As illustrated in FIG. 2, said detector DT comprises a pair of electrodes
      P.sub.1 and P.sub.2, a portion PC consisting of such a photoconductive
      material as CdS that makes quick response to light and a resistor RP, said
      photoconductive material PC being interposed between the electrode P.sub.1
      and resistor RP.
PAR  If the light beam impinges on the position L.sub.1, the resistance amount
      of the photoconductive material at L.sub.1 is reduced. The detector DT
      will then have a resistance amount r.sub.1 which is in approximate
      proportion to a length L.sub.1 from the base of the electrode P.sub.2 to
      L.sub.1, if it is assumed that the light resistance of the photoconductive
      material is negligibly low. Similarly, when the light beam strikes the
      position L.sub.2, the detector DT will have a larger resistance amount
      r.sub.2 than aforesaid r.sub.1. When the light hits the position L.sub.3,
      it will have a still larger resistance amount r.sub.3. Since the
      resistance amount of the detector DT changes thus with the position on
      which the light beam impinges, it may be called a light slide rheostat.
PAR  In FIG. 2 reference characters E.sub.1 and E.sub.2 designate power sources,
      D a diode, C a condenser, S.sub.1 a switch, S.sub.2 a change-over switch,
      R.sub.1, R.sub.2 and R.sub.3 resistors, Tr a field effect transistor and M
      a meter.
PAR  When a change-over switch S.sub.2 is connected to a contact(a) and the
      flashing device F emanates a flashing light, a voltage inversely
      proportional to the resistance amount of the detector DT or proportional
      to the distance from the object, for example, the distance d.sub.2 when
      the light is reflected from the object 0.sub.2, is produced between the
      terminals of said condenser C. If the distance to the object is as large
      as d.sub.1 in FIG. 1, the resistance of the detector DT will be as small
      as r.sub.1 and therefore the voltage between the terminals of the
      condenser C will be high. In contrast, when the distance to the object is
      as small as d.sub.3, the same voltage will become low. That is to say, the
      voltage set up between the terminals of the condenser C is proportional to
      the distance to the object. In other words, the condenser C memorizes the
      distance information.
PAR  By connecting the change-over switch S.sub.2 to a contact (b), the field
      effect transistor Tr.sub.1 will be conducted. If an N-type transistor is
      used for the field effect transistor Tr.sub.1, its output voltage becomes
      higher as the terminal voltage of the condenser C increases.
PAR  Since the input impedance of the field effect transistor Tr.sub.1 is high,
      its output voltage will have a constant value in correspondence to said
      terminal voltage of the condenser C.
PAR  By reading this output voltage on the meter M, the distance to the object
      can be measured. On completing the measurement of the distance, the switch
      S.sub.1 will be closed to by-pass the electrical charge accumulated in the
      condenser C. The diode D is adapted to prevent said electrical charge from
      flowing backward before the switch S.sub.2 is turned from the contact (a)
      to (b) after the flashing device F has been put out. Furthermore, it is
      preferable to use a cylindrical lens for the lens LD so that the incoming
      light to the detector DT will be admitted in the form of a bright line as
      illustrated in FIG. 2.
PAR  FIG. 3 schematically illustrates the construction of an automatic focusing
      device that is designed to make automatic focusing on the basis of the
      distance value thus determined. In this device, the output of the field
      effect transistor Tr.sub.1 is present at the base of a transistor Tr.sub.2
      in a differential amplifier that comprises transistors Tr.sub.2 and
      Tr.sub.3, a potentiometer RB, power source E.sub.2, etc. The output of
      said differential amplifier is amplified by a servo-amplifier SA and then
      used for driving a servo-motor SM that is adapted to actuate an objective
      lens LO in the direction of the optical axis there of. A slidable terminal
      T of the potentiometer RB is interlocked with said lens LO.
PAR  As described hereinabove with reference to FIG. 2, a voltage corresponding
      to the distance to the object is produced between the terminals of the
      condenser C when the change-over switch S.sub.2 is connected to the
      contact (a) and the flashing device F is flashed. While, on connecting
      said switch S.sub.2 to the contact (b), the same amount of voltage is
      produced on the output side of the field effect transistor Tr.sub.1. When
      any difference arises between the outputs of the transistors Tr.sub.2 and
      Tr.sub.3 following the variation of the output of the field effect
      transistor Tr.sub.1, the servomotor SM will rotate to make up this
      difference. Accordingly, if the relation between the delivery amount of
      the photographic objective lens LO and the performance characteristics of
      the potentiometer RB is properly adjusted, said lens LO will always be
      stopped at such a position that assures correct focusing on the film
      surface FS irrespective of the distance to the object.
PAR  As previously mentioned the present invention will distinguish between the
      light reflected from the object which is illuminated by the flashing
      device and daylight reflected from other objects. This is accomplished by
      using a flashing light on the objective.
PAR  According to the present invention, a light source which is adapted to emit
      a slit-like light ray is located on the front side of a camera at a
      predetermined distance from a light slide rheostat which produces
      resistance of different values in response to displacement of the
      slit-like light ray.
PAR  The slit-like light ray, upon projection on an object, produces a linear
      bright portion on the object and the image of the linear bright portion of
      the object is focused at a certain position of the detector DT through the
      detector lens LD. The focusing position on the detector DT is shifted to
      the right or left depending upon the distance to the object, producing
      corresponding variations in the output resistance of the detector DT.
PAR  Thus, as the output resistance value of the detector DT is in proportional
      relationship with the distance from the camera to the object to be
      photographed, it is possible to measure steplessly the exact distance to
      the object in terms of the variations in the output resistance of the
      detector DT.
PAR  This is extremely advantageous in that the distance to the object can be
      measured with a high degree of accuracy which cannot be attained with the
      existing photographic distance measuring devices.
PAR  Furthermore, according to the present invention, a voltage variation
      resulting from a resistance variation in a light slide rheostat is
      memorized in a condenser C, so that it is not required to project the
      object illuminating light continuously on the object. Namely, the
      measurement of the distance can be attained with use of a flash of light,
      to a great advantage.
PAR  In this connection, except for a photographing operation in a dark place,
      the object usually has a certain luminosity due to incidence of light rays
      from other light source, it is necessary for the measuring purposes to use
      a light ray of a particular wavelength or a light ray of a particular
      duration to allow detection by the light slide detector.
PAR  In consideration of light absorption by the object per se, the object
      illuminating light should preferably have sufficient intensity no matter
      whether it is of a particular wavelength or of a short duration.
PAR  For these reasons, the present invention employs a flashing device as an
      internal light source which can produce an intense pulsed light ray such
      as a strobe light or speedlight brighter than daylight to allow distance
      measurements without being influenced by light noises including daylight
      and light rays reflected from other objects.
PAR  Referring to FIGS. 4a and 4b which show in detail the construction of the
      light slide rheostat employed as a detector in the present invention, the
      light slide rheostat comprises as shown a substrate BS, a photoconductive
      layer PC formed on the substrate BS from a suitable photoconductive
      material such as CdS which has quick response to light, a pair of
      electrodes P.sub.1 and P.sub.2 disposed at a distance from each other on
      the opposite sides of the photoconductive layer PC, and a resistor RP
      provided on one of the electrodes, to attain the operation as described
      hereinbefore.
PAR  Relative positions of the respective component parts of the automatic
      focusing device of FIG. 3 as built in a camera will now be explained
      hereafter with reference to FIG. 5. There are mounted on the camera body
      on opposite sides of the objective lens LO a projection lens LP of a
      floodlight projecting means F such as a flashbulb for projecting distance
      measuring light through a slit S of a slit plate and a detecting lens LD
      which is adapted to receive reflections of the light projected on the
      object (0.sub.1, 0.sub.2 or 0.sub.3) through the slit S for forming a slit
      image on the light receiving surface of the detector, both the projection
      lens LP and the detecting lens LD being in alignment on the base line B as
      mentioned hereinbefore with reference to FIG. 1.
PAR  The camera body has further built therein a flashing circuit for actuating
      the floodlight projecting means F, along with a distance measuring switch
      MB which can be manupulated from outside.
PAR  One electrode P.sub.1 of the detector DT which is mounted on the camera
      body is connected to a negative terminal of the power source E.sub.1 which
      the other electrode P.sub.2 is connected to a positive terminal of the
      power source through the diode D, condenser C and contact (a) which
      contacts a movable member of the change-over switch S.sub.2. A bypass
      circuit is connected in parallel to the condenser C to the node between
      the diode D and capacitor C and the node between the condenser C and
      change-over switch S.sub.2. The afore-mentioned node between the condenser
      C and diode D is connected to a gate of the field effect transistor
      Tr.sub.1 while the drain from the field effect transistor Tr.sub.1 and the
      voltage imposed on the contact (b) by the movable contact of the
      change-over switch S.sub.2 are fed respectively to input terminals of the
      differential amplifier DA. One output terminal of the differential
      amplifier DA is connected to an input terminal of a servo amplifier SA
      while the other output terminal is connected to an input terminal of the
      potentiometer RB. The output terminal of the afore-mentioned servo
      amplifier SA is connected to an input terminal of the servo motor SM which
      has securely mounted on the rotating output shaft thereof a gear member
      G.sub.1 for meshing engagement with the afore-mentioned gear G.sub.2. The
      gear G.sub.2 is also held in meshing engagement with a gear G.sub.3 which
      is adapted to shift the sliding terminal of the potentionmeter RB
      (indicated at T in FIG. 3). It should be noted that the component parts as
      mentioned above are all mounted within the camera body.
PAR  Thus, with the automatic focusing device built in a camera body in
      utilization of the distance measuring means according to the present
      invention, the movable contact of the change-over switch S.sub.2 is first
      connected to the contact a and then the distance measuring switch MB is
      closed. The information indicative of the distance to an object is
      supplied to and memorized in the condenser C by way of the detector DT.
      Upon shifting the movable contact of the change-over switch S.sub.2 to the
      contact b, the servo motor SM is driven from the output of the
      differential amplifier DA, thereby moving back and forth the objective
      lens LO of the camera for focusing an image correctly on the film surface
      FS. The focusing operation has been already described hereinabove with
      reference to FIGS. 1 and 3 so that no further explanation will be given
      herein in this regard.
PAR  It is to be observed therefore that the present invention contemplates
      applying a flashing light to an object the distance to which is to be
      measured and detecting a light reflected therefrom by means of the
      photoelectric detector. This makes it possible to reduce to a minimum the
      influence of any other light than said flashing light on the detector by
      emitting a strong light from a small light source to the detector.
PAR  Another advantage of this invention is that it permits highly accurate
      focusing through the use of a light slide rheostat as the photoelectric
      detector, which enables the direct conversion of the distance to the
      object into the resistance amount of the rheostat.
PAR  Furthermore, it will be understood that the distance measuring device
      according to the present invention always allows the performance of proper
      lens focusing independently of the illumination condition of the object
      under daylight or the like. Also, it will be understood that it can be
      sufficiently used not only as a range finder, but also as an automatic
      focusing device in the photographic cameras that require extra high
      accuracy.
PAR  It is further to be observed that the present invention contemplates an
      improvement in an automatic focusing device, and generally provides for
      flashing means (F), a slit (S) and a projection lens (LP) disposed in
      front of the flashing means so as to direct flashing light on an
      objective. Detector means (DT) including a detecting lens (LD) are
      disposed to receive flashed light reflected from said objective; said
      detector means (DT) serving as a light slide rheostat and including first
      and second electordes (P.sub.1, P.sub.2) a resistor (RP) with a
      photoconductive material (PC) interposed between one of said electrodes
      and said resistor. The other electrode is at one end of said resistor so
      that the electrical output between said two electrodes varies with the
      position where a light beam strikes the photoconductive material (PC);
      said first electrode has a lead which can be connected to one terminal of
      a power source (E.sub.1); said second electrode has a second lead
      connected to a series circuit ending in the second terminal of a power
      source (E.sub.1).
PAR  This series circuit has a diode (D) connected to said second lead, a first
      junction, a condenser (C), a second junction, a two-pole switch moveable
      contact, and one pole (a) of said two pole switch.
PAR  A by-pass circuit is in parallel with said capacitor between said first and
      second junctions having a resistance and a simple switch therein so that
      when said moveable contact is connected to said one pole (a) and said
      simple switch is closed the capacitor is charged, the charge being caused
      by light flashed from said flashing means onto an object and reflected
      onto said detector means.
PAR  The device has a servo circuit including a field effect transistor
      (Tr.sub.1) with a gate and drain electrodes, said gate electrode being
      connected to said first junction, a second pole (b) for said two pole
      switch, a differential amplifier (DA) with an input and two output
      terminals and a servo amplifier (SA), said second pole and said drain
      electrode being connected to said differential amplifier (DA) input
      terminal. The first output terminal of said differential amplifier (DA) is
      connected to the servo amplifier (SA), said second output terminal of said
      differential amplifier (DA) is connected to a potentionmeter. A servomotor
      (SM) is connected to the servo amplifier, and gearing on said servomotor
      connected to the moving terminal of the potentiometer (RB) to move this
      terminal in response to the action of said servo motor (SM).
PAR  Finally, the action of the flashing light eliminates false steady signals.
      It is the flashing light that charges the capacitor which memorizes the
      distance information. A steady light will not produce such an action by
      the capacitor.
CLMS
STM  What I claimed is:
NUM  1.
PAR  1. An automatic focusing device comprising in combination:
PA1  a. flashing means (F), a slit (S) and a projection lens (LP) disposed to
      direct flashing light on an object;
PA1  b. detector means (DT) and a detecting lens (LD) disposed to receive
      flashed light reflected from said object; said detector (DT) acting as a
      light slide rheostat and including two electrodes (P.sub.1, P.sub.2), a
      resistor (RP) and a photoconductive material (PC) interposed between one
      of said electrodes and said resistor, the other electrode being at one end
      of said resistor so that the electrical output between said two electrodes
      (P.sub.1, P.sub.2) varies with the position where a light beam strikes
      said photo conductive material (PC);
PA1  c. a servo-circuit responsive to said detector means (DT) including a
      differential amplifier (Tr.sub.2, Tr.sub.3) with a field effect transister
      (Tr.sub.1) coupled to said differential amplifier and said detector means,
      a potentiometer (RB) and a servo-amplifier (SA) coupled to said
      differential amplifier; and,
PA1  d. a condenser (C) connected to said detector means (DT) and, a two pole
      switch (S.sub.2) to connect said detector means first, to said
      servo-circuit, whereby light is first flashed from said flashing means
      onto an object and reflected onto said detector means to charge said
      condenser (C) and then switched over to said servo-circuit where, if the
      charge on said condenser is different from the output from said field
      effect transistor, the servo-motor will rotate to make up this difference
      moving the potentiometer at the same time so as to bring the objective
      lens (LO) into focus.
NUM  2.
PAR  2. In an automatic focusing device, in combination:
PA1  a. flashing means (F), a slit (S) and a projection lens (LP) disposed in
      front of said flashing means to direct flashing light on an object;
PA1  b. detector means (DT) including detecting lens (LD) disposed to receive
      flashed light reflected from said object; said detector (DT) acting as a
      light slide rheostat and including two electrodes (P.sub.1, P.sub.2) a
      resistor (RP) and a photoconductive material (PC) interposed between one
      of said electrodes and said resistor, the other electrode being at one end
      of said resistor so that the electrical output between said two electrodes
      (P.sub.1, P.sub.2) varies with the position where a light beam strikes
      said photo conductive material (PC);
PA1  c. a servo-circuit coupled to and responsive to said detector means (DT)
      including a differential amplifier (Tr.sub.2, Tr.sub.3) with a field
      effect transister (Tr.sub.1) coupled to said differential amplifier and
      said detector means, a potentiometer (RB) and a servo-amplifier (SA)
      coupled to said differential amplifier; and,
PA1  d. a condenser (C) connected to said detector means (DT) and, a two pole
      switch (S.sub.2) to connect said detector means first, to said
      servo-circuit, whereby light is first flashed from said flashing means
      onto an object and reflected onto said detector means to charge said
      condenser (C) and then switched over to said servo-circuit where, if the
      charge on said condenser is different from the output from said field
      effect transistor, the servo-motor will rotate to make up this difference
      moving the potentiometer at the same time so as to bring the objective
      lens (LO) into focus.
NUM  3.
PAR  3. In an automatic focusing device, in combination:
PA1  a. flashing means (F), a slit (S) and a projection lens (LP) disposed in
      front of said flashing means so as to direct flashing light on an object;
PA1  b. detector means (DT) including a detecting lens (LD) disposed to receive
      flashed light reflected from said object; said detector means (DT) serving
      as a light slide rheostat and including first and second electrodes
      (P.sub.1, P.sub.2), a resistor (RP) and a photoconductive material (PC)
      interposed between one of said electrodes and said resistor, the other
      electrode being at one end of said resistor so that the electrical output
      between said two electrodes varies with the position where a light beam
      strikes said photoconductive material (PC), said first electrode having a
      lead which can be connected to one terminal of a power source (E.sub.1)
      said second electrode having a second lead connected to a series circuit
      ending in the second terminal of a power source (E.sub.1);
PA1  c. a series circuit having a diode (D) connected to said second lead, a
      first junction, a condensor (C), a second junction, a two-pole switch
      moveable contact, and one pole (a) of said two pole switch:
PA1  d. a by-pass circuit in parallel with said capacitor between said first and
      second junctions having a resistance and a simple switch therein so that
      when said moveable contact is connected to said one pole (a) and said
      simple switch is closed said capacitor is charged, said charge being
      caused by light flashed from said flashing means onto an object and
      reflected onto said detector means;
PA1  e. a servo circuit including a field effect transistor (Tr.sub.1) with a
      gate and drain electrodes, said gate electrode being connected to said
      first junction, a second pole (b) for said two pole switch, a differential
      amplifier (DA) with an input and two output terminals and a servo
      amplifier (SA), said second pole and said drain electrode being connected
      to said differential amplifier (DA) input terminal, the first output
      terminal of said differential amplifier (DA) being connected to said servo
      amplifier (SA), a potentiometer (RB) with a moving terminal, said second
      output terminal of said differential amplifier (DA) being connected to
      said potentiometer, a servomotor (SM) connected to said servo amplifier,
      and gearing on said servomotor connected to the moving terminal of said
      potentiometer (RB) to move said terminal in response to the action of said
      servo motor (SM).
NUM  4.
PAR  4. A distance measuring device comprising
PA1  a light projecting means having a flashing device adapted to direct a light
      beam to an object the distance to which is to be measured;
PA1  a light receiving detector means comprising a light slide rheostat, the
      resistance of said detector means depending on the distance to be measured
      and the position thereof being spaced from said light projecting means;
PA1  lens means adapted to focus the image of the object illuminated by said
      light projecting means;
PA1  a condenser for integrating the output from said light receiving detector;
PA1  an amplifier having high input impedance and connected to said condenser;
      and
PA1  an indicating means for indicating said integrated output from said
      condenser.
NUM  5.
PAR  5. A distance measuring device as defined in claim 4 wherein said amplifier
      is a field effect transistor.
NUM  6.
PAR  6. An automatic focussing device comprising
PA1  a light projecting means having a flashing device adapted to direct a light
      beam to an object;
PA1  a light receiving detector means comprising a light slide rheostat, the
      resistance of said detector means depending on the distance to be measured
      and the position thereof being spaced from said light projecting means;
PA1  lens means adapted to focus the image of the object illuminated by said
      light projecting means;
PA1  a condenser for integrating the output from said light receiving detector
      means;
PA1  an amplifier having high input impedance and connected to said condenser;
      and
PA1  a servo-motor driven by the output of said amplifier to thereby adjust the
      movement of an objective lens of said lens means.
NUM  7.
PAR  7. An automatic measuring device as defined in claim 6 wherein said
      amplifier is a field effect transistor.
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PAL  Methods of isolating quartz, quartzite, glass or silicate materials having
      selected aluminum contents are described. The non-destructive method
      comprises subjecting the materials to ionizing irradiation for a period of
      time and at an intensity (preferably uniform) sufficient to develop the
      several distinctive color centers of the materials containing aluminum
      ions. According to the ions associated with the aluminum ions, the depth
      of color of each of the various tints developed corresponds to the amount
      of aluminum in said crystals. The colored crystals which correspond in
      tint and depth of color to the aluminum contents outside the desired
      content range can be separated. In this manner, aluminum free quartz,
      quartzite, glass or silicate materials can be isolated if present in a
      mixture, or fractions of such materials can be selected, each containing a
      uniform and known aluminum content.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 303,857,
      filed Nov. 6, 1972, now U.S. Pat. No. 3,837,826.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for identifying and isolating quartz,
      quartzite, glass or silicate materials having selected aluminum contents.
      More particularly, the invention relates to a non-destructive method for
      determining the aluminum contents of said materials.
PAR  Aluminum is an important impurity which is found in quartz, quartzite,
      glass or silicate materials. In natural quartz, aluminum is one of the
      major impurities, the others being iron, titanium, sodium, lithium and
      hydrogen. The impurities in, for example, natural quartz, affect products
      made from it, both in cultured quartz growing and in the manufacturing of
      fused quartz, where high-purity products are often desired. It has been
      possible to segregate many of the impurities other than aluminum by
      physically eliminating from the lump all foreign materials adhering to the
      lump surfaces or included within the lumps. Most iron and titanium are
      effectively removed by this method. The main surface-absorbed impurities,
      sodium, lithium and metallic iron (but not their dissolved fractions) may
      then be removed by an acid wash. In the fused quartz industry, acids such
      as hydrochloric and hydrofluoric acid are commonly used for such an acid
      wash.
PAR  Aluminum, however, has been particularly difficult to revome as an impuirty
      in quartz because it is usually dissolved in the quartz and pure lumps
      cannot (until now) be separated from impure lumps by any known,
      non-destructive, practical technique.
PAR  The presence of aluminum in raw natural quartz has been a problem in
      cultured quartz growing processes because the aluminum dissolves in the
      hydrothermal fluid and affects several properties of the crystals grown
      from that fluid. The presence of aluminum in the fluid affects the
      following crystal properties as indicated: Q is decreased (see IEEE Trans.
      on Sonics and Ultrasonics, Vol. Su-19, No. 1, January, 1972, pages 41-44);
      the relative sizes of chamfer or S faces are increased; X/Z growth ratio
      is increased; and the tendency toward creating crevicing flaws is
      increased. While lithium doping of the hydrothermal solution can be used
      to control partially the first two of these undesirable properties,
      sorting of the raw material to control the aluminum content within
      acceptable appropriate tolerance limits remains the most desirable control
      method for these problems.
PAR  In the fused quartz industry, the control of the variable aluminum content
      is equally, or more, important. For example, where the fused quartz
      crystals are to be applied to optical uses, the fused quartz must be
      homogeneous. It has been observed that if lumps or particles of quartz
      having different aluminum contents are fused together, the resulting fused
      quartz will not have a uniform optical index, and the material cannot be
      used without a long and costly final anneal.
PAR  Another type of impurity which can cause problems in fused quartz
      applications is the alkali metals. It has been found that alkali-bearing
      quartz is more prone to devitrification. Therefore, in fused quartz
      applications where devitrification is a problem, uncontrolled
      alkali-bearing lumps of quartz should not be utilized.
PAR  It has long been known that natural quartz crystals turn smoky under the
      influence of X-rays or gamma rays, some more and some less. Kats (Thesis,
      Delft (1961), see also "Hydrogen in Alpha-Quartz," Philips Research
      Reports, 17:201-279 (June, 1962) appears to be the first to explicitly
      describe the yellow shade that some lumps develop, and to note that these
      contained more OH than the others. Bambauer (Schweiz. Min. Petr. Mitt.,
      41:335 (1961) studied the relationships of the saturated colors to
      impurities and stated that the aluminum ions were compensated by the sum
      of monovalent impurities as in Al=Na + Li + H.
PAR  Lehman studied further the yellow color center called "honey" ("Yellow
      Color Centers in Natural and Synthetic Quartz," Phys, kondens. Materie,
      13:297-306 (1971).
PAC  SUMMARY OF THE INVENTION
PAR  These and other problems have been overcome by providing a method of
      sorting and selecting raw quartz, quartzite, glass or silicate materials
      containing from 0 to 1000 ppm of aluminum into fractions having selected
      aluminum contents. The method comprises subjecting said minerals to
      ionizing radiation for a given period of time and at a known intensity
      sufficient to cause the several distinctive colorations due to the
      aluminum and other impurities present to approach saturation, and sorting
      the irradiated materials into fractions based on their various tints and
      depth of color. Preferred examples of irradiation include gamma or X-ray
      radiation. By this method, fractions of quartz, quartzite, glass or
      silicate materials can be obtained bearing selected and known amounts of
      aluminum or almost no aluminum at all, and controlled levels of alkali
      content, if needed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The materials to which the method of this invention may be applied include
      quartz, quartzite, glass or silicate materials containing from 0 to 1000
      parts per million of aluminum. The invention is particularly applicable to
      quartz crystals which may be either naturally-occurring quartz crystals or
      grown crystals. Accordingly, the following discussion will be directed to
      the use of the invention with quartz crystals, although the discussion may
      be equally applicable to quartzite, glass and silicate materials
      containing low aluminum.
PAR  It has now been discovered that when quartz crystals containing some
      aluminum are subjected to ionizing radiation, the crystals undergo a color
      change depending mainly on the amount of aluminum present therein, but
      also on other impurities associated with the aluminum. The particular
      color generated depends mainly on the monovalent impurities which are
      associated with the aluminum present in the crystals, such as sodium,
      lithium and hydrogen. The particular color generated also depends on the
      crystallographic growth direction in which the crystal originally grew. In
      natural quartz this is nearly invariably rhombohedral, which fact tends
      helpfully to improve the consistency of colorations in natural quartz. It
      has been discovered that the color obtained will differ depending on
      whether the aluminum ions are compensated mainly by alkali metal ions,
      such as sodium or lithium, or compensated in addition by hydrogen. More
      specifically, it is found that aluminum compensated by alkali metals
      results in a smoky, gray color base whose broad absorption band centers
      around 460 m.mu. (blue), whereas aluminum whose compensation is
      increasingly by hydrogen results in an increasingly yellow tint whose
      absorption is greatest in the ultraviolet (under 200 m.mu.). When
      intermediate mixtures of alkali and hydrogen compensate the aluminum,
      mixed tints of yellow and gray (brown) result. Iron hydroxide in the
      quartz also produces a yellow color without irradiation, known as citrine.
      To avoid confusion, it is preferable to exclude such citrine before
      irradiation.
PAR  At any given radiation dosage, the intensity of each color obtained is
      dependent on the relative amount of aluminum present in the crystals.
      Thus, crystals containing higher amounts of aluminum have a deeper
      coloration of the same tint, but differing tints appear at different
      densities for the same aluminum contents, the visible yellow tints being
      notably paler than the gray shades for corresponding aluminum contents.
PAR  The irradiation method, therefore, provides a technique for sorting and
      separating quartz crystals into batches having selected aluminum contents
      or containing almost no aluminum at all. The technique also provides a
      method for selecting quartz crystals containing aluminum compensated
      mainly by alkalis from crystals containing aluminum compensated in large
      proportion by hydrogen. The yellow, hydrogen-bearing quartz crystals are
      less prone to undergo devitrification after fusing and may, therefore, be
      useful particularly for such fusing applications if their aluminum content
      is controlled to appropriate levels uniform in each batch. The gray, on
      the other hand, show the greatest visible color density per aluminum
      content coefficient; hence, they afford the greatest selectivity to visual
      sorting by this method.
PAR  Examples of ionizing radiation useful in the methods of the invention
      include gamma rays and X-rays. Gamma radiation is preferred since it is
      more penetrating and will generate the desired coloration uniformly
      throughout the crystal being irradiated. Gamma rays from cobalt-60 are
      generally used since cobalt-60 is today a readily available isotope
      material, and its rays are highly penetrating and so tend to produce more
      uniform exposures than X-rays produce.
PAR  Irradiation of the crystals at a dosage of from about 0.2 up to about 10
      megarads has been found to provide various satisfactory coloration levels.
      The recommended irradiation dosage will depend on the particular kinds of
      material being treated, the sort sensitivity desired, and the extent of
      the impurities therein. It has been found that for the same impurity
      level, the greater the dosage, the darker the colors obtained, although
      the colors begin to saturate around 1.5 megarads. Either very dark or very
      light coloration can reduce the visual discrimination. In general, an
      irradiation dosage of about 1.5 to 2.5 or 5 megarands has been found
      particularly useful when applied under normal conditions to transparent
      natural quartz crystals.
PAR  The materials treated in accordance with this invention should be exposed
      to the irradiation for a period of time that will depend on the source
      strength. For example, in a vault that exposes at 50,000 rad per hour, an
      exposure period of about forty hours will produce an irradiation dosage of
      about 2.0 megarads, which is preferred for many applications.
PAR  The technology of gramma irradiation with the gamma rays produced by
      cobalt-60 isotope by-product material from nuclear reactors has been well
      developed for use in sterilizing medical equipment, food, etc. There are
      several installations in both North America and Europe that perform such
      radiation treatment on a service basis. Alternatively, a large volume user
      can install his own source inside a shielding vault (for protection of
      personnel), and perform the irradiation under his own control of dosage
      and its uniformity.
PAR  As mentioned above, the various tints and depths obtained by the uniform
      irradiation procedure reflect the nature and amounts of impurities in the
      crystals being treated. Accordingly, the invention provides a
      non-destructive technique of sorting quartz lumps intended for use as raw
      materials. The physical colors after irradiation, when appropriately
      sorted, are very sensitive indicators of impurities, and, in fact, can be
      more sensitive than normal spectrographic analysis techniques. The
      irradiation process can be used to select the highest purity lumps of
      quartz which show a minimum of color after irradiation, and also to
      segregate or remove those containing excessive levels of undesirable
      impurities such as aluminum and alkali metals.
PAR  A method of the invention has been used for beneficiating raw lascas supply
      batches of hydrothermal growth in which the object is to obtain a moderate
      average aluminum content in each batch. Another method can be used in a
      similar way to beneficiate supplies for melting into fused quartz.
PAR  Sorting of the irradiated lumps may be done by automatic machines which
      sort discriminate on the basis of color. Such machines are commercially
      available for quantity sorting of solid bodies such as beans, peas, lump
      minerals, etc. These machines normally view the illuminated body through a
      filter by means of a lens and electric eye system. For best gray center
      discrimination, a blue filter at 460 to 466 m.mu. will serve, although
      care is needed in trading off density of a filter against intensity of
      illumination and the speed of viewing response, which affects the
      practical sort running speed of the machine. This consideration normally
      operates to prefer a pale blue, broad filter to a deep blue monochromat
      filter.
PAR  The considerations on sorting for the yellow color are somewhat different.
      This color is visible to eyes because of its violet absorption peak at 400
      m.mu. which means that eye sorting is discriminating on the basis of this
      weak absorption. The discrimination for this color center increases the
      farther the observed colors are moved into the ultraviolet toward 200
      m.mu.. Lenses of regular optical glass transmit the long ultraviolet
      range: 320 to 400 m.mu.. Special quartz lenses are necessary to transmit
      the middle ultraviolet (280 to 320 m.mu.), and most of the short wave or
      "far" ultraviolet, in addition to the long wave ultraviolet and visible.
      "High pressure" mercury lamps yield good illumination in both blue and
      ultraviolet wavelengths.
PAR  If visual hand sorting is used, the cost of 100 percent sorting as above
      may be higher than necessary when it is the average impurity content of a
      batch that is to be controlled. It has been found that most of the cases
      in which number one or number two lascas quartz is shipped from Brazil
      contain a relatively uniform mix of lump colors within each case.
      Accordingly, a sampling plan is utilized by which a 5 percent sample is
      taken from each case, irradiated, and sorted into the selected color
      categories, namely, color free, yellow, light smoky, medium smoky, dark
      smoky, and mixtures of yellow and smoky. A rough figure of merit is
      computed by summing the weight percentages of all the lumps classed in the
      low aluminum categories: color free, light smoky, medium smoky and light
      mixed. In practice, a general correlation has been found between this
      figure of merit and low aluminum content. For this reason, it is practical
      to retain control over total batch aluminum content by blending in each
      batch cases whose sorted figures of merit average at an appropriately
      selected target.
PAR  Sorting for fusing purposes differs in details but not in principle. When
      the objective is to fuse batches each having uniform aluminum contents, it
      is necessary to irradiate uniformly and sort a large quantity of clean,
      clear quartz in order to obtain enough lumps for one batch of each usable
      color gradation. The uniformity of aluminum desired in each batch will
      determine the range of color depth to be allowed in each category. At
      first it is necessary also to separate by tints on the gray-yellow color
      scale because of the varied coefficients of aluminum content to color
      depth of the various tints. In other words, each batch to be fused will
      consist essentially of lumps having one tint and one depth of that tint.
      The small range of tint and tint depth to be allowed in that batch will
      depend on the uniformity required of the batch. Lumps having varied tint
      or tint depth within one lump will pose a problem; if the variation is
      severe enough to lump must either be broken into smaller pieces or
      discarded. Variations in lump size may also pose problems in matching of
      tint and tint depth. Best results are obtained from sorting lumps whose
      size range is minimized.
PAR  In addition to controlling aluminum content, it is also possible to select
      for low alkali content by preferring either the light smoky to color-free
      material (which can be sorted well visually), or the pale honey material.
      The latter can be sorted for aluminum content visually with much lower
      selectivity than can the smoky material, but it is subject to more
      sensitive sorting by a machine sort selecting by ultraviolet light.
PAR  Probably the main limitation on the capability of this invention when used
      to sort natural quartz lumps is the natural quartz itself. Since their
      impurity contents are unchanged by the irradiation treatment, it will now
      be possible to get output lumps any purer or more uniform than those that
      are the input to the process. The fact that a great majority of natural
      quartz was initially grown on rhombohedral faces helps insure a general
      reproducibility of the relationships between tint, depth of tint, and
      impurity contents.
PAR  When applying the invention either for 100 percent sorting or sample
      sorting, it is worth selecting for preference those mine sources or
      deposits that yield a high proportion of their lumps in the sort
      categories that are desired. In other words, the invention is just as
      useful in selecting preferable natural deposits as it is in selecting
      individual lumps. Even before this inventin, evidence of varied general
      impurity levels in quartz from different mines and different general
      localities was known in the trade. Mines in the Minas Gerais state of
      Brazil enjoyed a preference over those in Bahia state as tending to yield
      a higher purity. Madagascar quartz was known to have its own
      peculiarities, etc.
PAR  As a part of the evaluation of this invention, the product lascas from
      about twenty individual mines in various localities in Brazil was
      evaluated for its irradiated color sort properties, its impurity content,
      and its behavior in hydrothermal growth runs. In addition, quartzite from
      about twelve assorted deposits in North America was similarly evaluated.
      In general, very wide variations in the test results were found, and about
      half the localities were dropped from further tests on the basis of their
      very deep radiation blackening and their high aluminum contents (500 to
      1000 ppm). Accordingly, all of the data in the examples should be regarded
      as based on natural lascas from thoroughly screened sources selected for
      their low aluminum contents. The invention is much more positive and
      selective with materials containing more aluminum, and such quartz or
      quartzite material is by far more common throughout the earth. The problem
      has been to find a consistent, moderately low level of aluminum rather
      than medium to high ones. However, these are readily available if needed,
      and also can be readily selected by the methods of this invention.
PAR  If a mine can be found whose output comes close to matching the input
      required for a batch process, then sampling methods are likely to suffice
      for control. However, if the product required is a low fraction of the
      mine output, e.g., the highest purity fraction running perhaps five to ten
      percent, then 100 percent sorting will be required.
PAR  The high uniformity requirement for fusing quartz batches is more stringent
      than for hydrothermal growth. The limit on uniformity attainable by
      sorting material from one mine is set first by the nature of the lumps
      yielded from that mine, especially by the normal variation experienced
      within each lump from that mine. For best results, all controllable
      variables in the process should be controlled. These include the radiation
      dosage uniformity from lump to lump, the sizes of the lumps being directly
      compared, and the tint balance of the group being compared for tint
      density.
PAR  The method of the invention can also be extended to include determining the
      approximate aluminum contents of initially colorless and smoky quartz
      materials containing from 0 to about 100 ppm of aluminum. This rapid and
      non-destructive method comprises the steps of irradiating particles
      (lumps, pieces, stones, etc.) of the material with ionizing radiation at a
      given known dosage to cause the distinctive color centers to develop;
      measuring the amount of overall residual color (mixtures of gray plus
      yellow) in each particle of irradiated material; measuring the proportion
      of yellow color in each particle of irradiated material; and comparing the
      amount of total color and the proportion of yellow determined for each
      particle, respectively, to color standard samples (which could
      conveniently be of known aluminum content irradiated at the same dosage)
      from which the aluminum content of the particle is interpolated. More
      particularly, the step of measuring the amount of overall residual color
      includes the step of classifying the irradiated particles in color
      classifications according to the percentage of overall residual color
      therein on an appropriate scale such as from 0 to 100 percent light
      absorption or color density, and wherein the step of measuring the amount
      of yellow color includes the step of determining the proportion of yellow
      color within each gray plus yellow color classification on a selected
      scale such as from 0 to 100 percent. As mentioned, any appropriate scale
      can be utilized for measuring the relative amounts of color. In addition
      to the scale of from 0 to 100 percent, it is possible to use various
      others including logarithmic absorbance represented on a scale of from
      zero to infinity.
PAR  In one method of the invention, the aluminum content of each irradiated
      particle which is classified as indicated above for amount of overall
      residual color density and then subclassified for amount of yellow color
      within each classification is computed by substituting the measured amount
      of overall total residual color density and the proportion of yellow color
      in each particle into a formula derived from standards of the same type of
      material treated to the same dose.
PAR  In another example of the method of this invention for determining the
      approximate aluminum content of colorless and smoky quartz, quartzite,
      glass or silicate material containing small amounts of aluminum, such as
      from 0 to about 1000 ppm, a plurality of particles of one of said
      materials having a range of aluminum content, such as, for example,
      quartz, are irradiated with ionizing radiation for a measured period of
      time and at a known intensity to provide a dosage sufficient to cause the
      distinctive color centers to develop in the quartz. A comparison array of
      such irradiated particles if formed by classifying the same as to percent
      overall residual color, total density, and percent yellow color although
      other scales can be utilized depending on the method of determining the
      amount of color. For example, if the amount of color is to be determined
      on equipment designed to measure the absorption of light, a scale of from
      0 to 100 percent is appropriate whereas if the transmission of light is
      utilized as a measure of color, then a scale of from 100 to zero could be
      used for particles ranging from no color (complete transmission) to very
      densely colored particles (no light transmission). The comparison array is
      conveniently arranged in two dimensions with one coordinate representing
      the amount of overall color on a scale of from, for example, 0 to 100
      percent and the other coordinate representing the porportion of yellow on
      a scale of from, for example, 0 to 100 percent.
PAR  After the comparison standard array is prepared, one or more samples of
      irradiated quartz matched to selected samples in the array, or
      interpolated between them, is analyzed to determine its aluminum content.
      For such determinations, the aluminum content in said classified samples
      in the array is related to the color percentage coordinates. Thus, when
      another sample of the same material with an unknown aluminum content is
      irradiated with ionizing irradiation at the same dosage as that utilized
      in treating the samples used for the preparation of the comparison
      standard array, the percent overall residual color and the percent yellow
      color developed in the sample can be readily determined by comparing and
      interpolating the sample's color density and tint with the quartz
      particles in the comparison standard array. This comparison not only
      facilitates the determination of the percent overall residual color and
      percent yellow in each sample but also enables one to readily compute the
      amount of aluminum in the given sample since the aluminum contents of the
      standard samples of the comparison array already have been determined.
PAR  In another method of the invention wherein a complete comparison array may
      not be obtainable due to the limitations of the natural source of the
      quartz or other material, such as quartzite, glass, silicate materials,
      thus making it difficult to analytically determine the aluminum content of
      a large number of standards of varying aluminum content, the comparison
      array of the type described above is prepared with as many varying
      standard samples as possible, and the aluminum content of these standard
      samples is determined analytically providing a correlation between percent
      color, percent yellow and the amount of aluminum present within a given
      particle. Based on this information, mathematical formulas can be
      developed expressing the relationship determined between the amount of
      aluminum and the percent overall color and percent yellow color. For
      example, as illustrated in the example to follow, the formula which was
      derived for computing the aluminum content of Brazilian lascas quartz
      containing from 0 to about 500 ppm of aluminum as a function of percent
      color and percent yellow, after irradiation to a dosage of about 2.0 to
      about 2.2 megarads, is as follows:
      ##EQU1##
      Once the formula such as given above is developed for a given type of
      quartz treated at a given dosage, the aluminum content of other samples of
      similar source quartz treated at the same dosage can be determined readily
      by establishing the percent overall residual color and the percent yellow
      color in the irradiated sample by reference to the same comparison
      standard array and thereafter substituting these percentages in the same
      formula. This method provides a rapid and non-destructive method for
      determining the approximate aluminum content of quartz samples, within an
      accuracy that can also be determined from experience, if desired.
PAR  The following examples illustrate methods of utilizing the invention:
PAC  EXAMPLE 1
PAR  A batch of 8800 pounds of number one Brazilian lascas quartz is irradiated
      to a 1.2 megarad dose utilizing gamma rays from a cobalt-60 source.
      Various tints and color densities are formed in the quartz lumps and the
      lumps are segregated by tint and density. A visual overall tint analysis
      of all the lumps gives the following percentages:
TBL                TABLE I                                                     
     ______________________________________                                    
     (Visual Tint Analysis)                                                    
     Color                Amount (%)                                           
     ______________________________________                                    
     Color free           0.1                                                  
     Yellow (mostly medium)                                                    
                          2.0                                                  
     Smoky (Gray)                                                              
      Light               20.0                                                 
      Medium              40.0                                                 
      Dark                6.0                                                  
     Mixed (Smoky and Yellow)                                                  
      Light               16.0                                                 
      Medium              12.0                                                 
      Dark                4.0                                                  
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  Over 10,000 lb. quantity batches of number 1 and of number 2 Brazilian
      lascas quartz were irradiated with cobalt-60 gamma rays to a total dose
      for each particle ranging from 2.0 minimum to 2.2 maximum megarads.
      Particle or lump sizes ranged from about 10 to about 25 grams each. From
      the large number of particles in each batch a standard color array from
      each batch was collected covering the various densities of total color and
      proportion of gray and yellow represented. The particles in each array
      were arranged in two dimensions on a white surface with a light placed
      underneath to illuminate the surface and the particles of the array, the
      dimensions being percent total Color (ranging from 0 meaning no color to
      100 meaning opaque) and from 0 to 100 percent Yellow (of the gray and
      yellow blend).
PAR  The number of particles placed in an array will depend on two major
      factors: (1) the precision or resolution required in the sortings that are
      to be made, and (2) the kinds and limits of the color tints and densities
      actually found in the batches being sorted. In the actual array of this
      example, the full color depth scale from 0 to 100 percent was divided into
      5percent increments meaning 21 total gradations or positions (0, 5, 10
      percent, etc.). The yellow proportion scale was divided into 10 percent
      increments, meaning 11 total gradations or positions (0, 10, 20 percent,
      etc.). Thus, each whole array had 11 .times. 21 or 231 positions of which
      only about 120 positions were filled in each because the batches of
      irradiated particles yielded no lumps of the tints or densities that
      belonged in about 110 positions. There were no filled positions on the 100
      percent density line and there were no particles in the corner near 100
      percent yellow and 100 percent density. As this array was made the exact
      gradation used depended on the perception of a human eye and might not
      match the choices made by another eye or by an electric eye. The intended
      functioning of this method does not depend on the exact gradation used in
      the standard array so long as it remains fixed and unchanged throughout
      its use.
PAR  The next step is to select particles for analysis whose color tints and
      densities are either matched to individual lumps in the standard array or
      interpolated between them. The coordinates for each lump to be analyzed
      are determined and recorded.
PAR  About 50 particles of lascas 1 and 20 particles of lascas 2 were analyzed
      for aluminum (Al) (and other impurities). The analysis result of all these
      ranged from a low of 1ppm to a high of 269ppm Al by weight. The Al
      results, together with their associated co-ordinates of percent Color and
      percent Yellow, were analyzed on a computer regression program and best
      fitted by the formula:
      ##EQU2##
      which was found to account for 83 percent of the actual variation in the
      observed Al content. Hence, while the observed correlation was not
      perfect, it was sufficient to demonstrate a real ability of the technique
      as used to yield useful Al content predictions from the observable color
      tint and density information.
PAR  Regarding the method for the effects of possible errors, it is noteworthy
      that a relatively small error in percent Yellow will have a large effect
      on the formula because of the exponent 3. Accordingly, improvement in the
      precision of percent Yellow measurement can be expected to contribute to
      improved Al predictions. This measurement is especially difficult when
      percent color is either very high or very low. If many lumps fall in
      either of these categories, it may be advisable to either decrease or
      increase, respectively, the irradiation dose level in order to place more
      lump colors into the more sensitive sorting range of percent Color. Of
      course, this change implies recalibrating the standard and a revision in
      the formula in the aluminum content.
PAR  The information available about aluminum content also yields some
      information about other impurities especially Li + Na + H whose sum, on an
      atomic basis, compensates for the atomic charge carried by each aluminum
      atom into the quartz lattice when it substitutes for a silicon.
PAR  In our experience, a low aluminum quartz or quartzite tended to be low in
      Li, Na, Na, H and all other impurities as well. When the aluminum
      increased, the Li content increased more than the sodium content.
PAC  EXAMPLE 3
PAR  A batch of number 1 Brazilian lascas quartz is irradiated as described in
      Example 2 and the lumps are separated according to the various densities
      of total color and proportion of gray and yellow by comparison with the
      standard color array prepared in Example 2. The aluminum content for each
      lump is then calculated by using the formula given in Example 2 and
      inserting the percent Color and percent Yellow in the formula.
PAR  The above examples illustrate the non-destructive procedures of the
      invention for separating quartz, quartzite, glass or silicate materials
      into fractions having similar aluminum content into fractions having the
      aluminum compensated mainly by alkali metals or compensated in addition by
      hydrogen, and into fractions having known aluminum content. Such selection
      is important in applications such as crystal fusing or crystal growing
      where aluminum is an important impurity and the nature of the compensation
      can affect the properties of the fused and grown crystals.
PAR  Cultured quartz differs from natural quartz in its irradiation coloring
      behaviors because a grown bar consists almost entirely of X and Z growth
      regions, and almost none of the rhombohedral growth of which natural
      quartz is mainly composed. The radiation behavior of cultured quartz is
      typified by the sections reported in Figure One of the publication
      "Quality in Cultured Quartz," published by Sawyer Research Products, Inc.,
      Eastlake, Ohio, 1965. In these it is seen that the Z growth regions resist
      darkening almost completely, while the X regions do darken to varying
      degrees, depending generally upon the concentration of aluminum in the
      hydrothermal solution and also on the growth rate. In this case the Z
      material is not nearly free of aluminum as its lack of color suggests, but
      rather it contains approximately half the concentration of aluminum that
      the + X region contains.
PAR  Accordingly, the methods of this invention can be used to yield useful
      information about cultured quartz, but the color signs must be interpreted
      differently from those of natural quartz. In general, the color in a Y
      section sample from a run is a useful indicator of the general aluminum
      level in the quartz of that run.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A rapid and non-destructive method for determining the approximate
      aluminum content of colorless and smoky quartz, quartzite, glass or
      silicate materials containing from 0 to about 1000 ppm of alluminum which
      comprises the steps of:
PA1  a. irradiating particles of said material with ionizing radiation of a
      measured period of time and at a known intensity sufficient to cause the
      distinctive colorations that occur in such material containing aluminum,
PA1  b. measuring the amount of overall residual color in each particle of
      irradiated material,
PA1  c. measuring the proportion of yellow color in each particle of irradiated
      material, and
PA1  d. comparing the amount of color and the proportion of yellow determined in
      each particle in steps (b) and (c) to color standards of measured aluminum
      content irradiated at the same dosage, whereby the aluminum content of the
      particle is determined from its measured color properties.
NUM  2.
PAR  2. The method of claim 1 wherein the step of comparing comprises
      substituting the amount of overall residual color and the proportion of
      yellow color in a formula derived from standards of similar material
      treated to the same dose based on the amount of overall residual color and
      the proportion of yellow color.
NUM  3.
PAR  3. The method of claim 2 wherein the dosage is from about 2.0 to 2.2
      megarads and the material is quartz.
NUM  4.
PAR  4. The method of claim 1 wherein the step of measuring the amount of
      overall residual color includes the step of classifying the irradiated
      particles in color classifications according to the amount of overall
      residual color therein on an appropriate scale, and wherein the step of
      measuring the amount of yellow color includes the step of determining the
      amount of yellow color within each total overall color classification on
      an appropriate scale.
NUM  5.
PAR  5. The method of claim 4 wherein the step of comparing comprises
      substituted the amount of overall residual color and the proportion of
      yellow color into a formula derived from standards of similar materials
      treated to the same dose.
NUM  6.
PAR  6. A rapid and non-destructive method for determining the approximate
      aluminum content of colorless and smoky quartz, quartzite, glass or
      silicate material containing from about 0 to 1000 ppm of aluminum which
      comprises the steps of:
PA1  a. irradiating particles of said material with ionizing radiation for a
      measured period of time and at a known intensity sufficient to cause the
      distinctive colorations that occur in such materials containing aluminum,
PA1  b. separating and classifying said irradiated particles according to
      overall residual color on an appropriate scale,
PA1  c. further separating and classifying the classified particles obtained in
      step (b) according to the relative amount of yellow color within each
      particle of said material on a second appropriate scale, and
PA1  d. comparing said classified and subclassified particles with an array of
      calibrated standard color particles to determine the aluminum content of
      each sample utilizing the amount of overall color and the amount of yellow
      color of each particle to indicate the aluminum content thereof.
NUM  7.
PAR  7. The method of claim 6 wherein the aluminum content of the calibrated
      standard color particles utilized in step (d) is known.
NUM  8.
PAR  8. The method of claim 6 wherein the aluminum content of each irradiated
      particle classified and subclassified in steps (b) and (c) is determined
      by substituting the amount of overall residual color and the amount of
      yellow color in each particle in a formula derived from standards treated
      to the same dose.
NUM  9.
PAR  9. A rapid and non-destructive method for determining the approximate
      aluminum content of colorless and smoky quartz, quartzite, glass or
      silicate material containing from 0 to about 1,000 ppm of aluminum which
      comprises the steps of:
PA1  a. irradiating a plurality of particles of said materials with ionizing
      radiation for a measured period of time and at a known intensity
      sufficient to cause distinctive colorations therein,
PA1  b. forming a comparison array of such irradiated particles by classifying
      the same as to percent overall residual color and percent yellow color,
PA1  c. analytically determining the aluminum content of one or more samples
      matched to each sample in the array wherein the aluminum content of each
      of said classified samples is related to such color percentages,
PA1  d. irradiating samples of similar material of unknown aluminum content with
      ionizing radiation for the same period of time and at the same intensity
      as in step (a) to cause the distinctive colorations that occur in such
      material containing aluminum, and
PA1  e. comparing the sample of irradiated material from step (d) with said
      comparison array to determine the aluminum content thereof.
NUM  10.
PAR  10. A rapid and non-destructive method for determining the approximate
      aluminum content of colorless and smoky Brazilian lascas quartz containing
      from about 0 to about 500 ppm of aluminum which comprises the steps of:
PA1  irradiating a plurality of particles of said materials with ionizing
      radiation with a dosage of from about 2.0 to about 2.2 megarads to cause
      the distinctive colorations that occur in such material containing
      aluminum,
PA1  b. separating and classifying said irradiated materials according to
      overall residual color on a scale of from 0 to 100 percent residual color,
PA1  c. further separating and classifying the classified materials obtained in
      step (b) according to the relative amount of yellow color within each
      sample of said material on a scale of from 0 to 100 percent yellow color,
      and
PA1  d. computing the aluminum content of each classified and subclassified
      particle according to the formula
      ##EQU3##
       wherein percent C represents percent overall residual color and percent Y
      represents percent yellow color in the sample.
NUM  11.
PAR  11. A calibrated color comparison array of irradiated samples of colorless
      or smoky quartz, quartzite, glass or silicate material containing from
      about 0 to about 1000 ppm of aluminum wherein a plurality of such samples
      irradiated at a given intensity for a given period of time are classified
      as to percent overall residual color and percent yellow color and arranged
      in two dimensions wherein one coordinate represents percent overall color
      on a scale from 0 to 100 percent and the other coordinate represents
      percent yellow color on a scale of from 0 to 100 yellow.
NUM  12.
PAR  12. The array of claim 11 wherein the aluminum content of the various
      samples is known.
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ABST
PAL  An on-line system for continuously monitoring the color, opacity and
      brightness of a moving web of paper or the like in which an optical shoe
      providing black and white backgrounds spaced in the direction of movement
      of the web supports a portion of the web below and generally in registry
      with an optical head made up of a light integrating sphere for directing
      light from a source onto the web over the shoe and a plurality of
      elongated sensing units mounted in the upper portion of the sphere and
      including a centrally located brightness measuring unit oriented generally
      perpendicularly to the web toward a point over the black background, four
      circumferentially spaced color tristimulus sensing units, each of which is
      oriented at an angle to the axis of the central unit so as to be directed
      at the same point as is that unit and a sixth opacity sensing unit
      angularly oriented with respect to the axis of the central unit so as to
      be directed toward a point over the white background spaced downstream of
      the first point. The optical shoe, in addition to the black and white
      backgrounds normally positioned below the web, carries respective black
      and white standards adapted selectively to be moved into cooperative
      relationship with the head when the system is off web to permit the
      detectors to be standardized without removing the sensing head from the
      installation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One of the most difficult quality control problems in the paper making
      industry, for example, has been the monitoring of color, brightness, and
      opacity within specified limits in the course of manufacture of the paper.
      The color and brightness of a white surface and its opacity greatly
      influence its appearance to the human eye and the intensity of any color
      applied to it. As a matter of fact, the interrelationship between color
      and opacity is so intimate as to make the monitoring of one without the
      other virtually meaningless.
PAR  In the prior art, the problem heretofore has been that of efficiently
      controlling the three variables of color, opacity and brightness. The only
      approach available is the use of individual sensors for measuring these
      variables. Such a system not only is awkward and complicated but also
      fails to provide consistent quality.
PAR  I have invented an on-line system for continuously monitoring the color,
      opacity and brightness of a moving web, which system overcomes the defects
      of systems of the prior art. My system permits of the accurate
      reproduction of any shade and any color. My system permits of
      self-standardizing for all three variables without removal from the line
      on which it is used. My system has color, brightness and opacity stability
      with a sensitivity surpassing that of the human eye. Short and long term
      color variations in an installation employing my system are less than
      those discernible by the human eye. My system can be used reliably over
      the entire spectrum of color and does not require recalibration when major
      grade changes are made. It permits of decreased use of dyes and better
      control of costly fillers in the manufacture of a colored web such as
      paper or the like. My system puts out signals which are specially adapted
      for use in a digital computer for efficient on-line control to desired
      standards.
PAC  SUMMARY OF THE INVENTION
PAR  One object of my invention is to provide an on-line system for continuously
      monitoring the color, opacity and brightness of a moving web which system
      overcomes the defects of arrangements of the prior art.
PAR  Another object of my invention is to provide a system for continuously
      monitoring the color, opacity and brightness of a moving web which permits
      of the accurate reproduction of any shade and any color.
PAR  A further object of my invention is to provide an on-line system for
      continuously monitoring the color, opacity and brightness of a moving web
      which system permits of standardization without removing the system from
      the line on which it is used.
PAR  A further object of my invention is to provide an on-line system for
      monitoring the color, opacity and brightness of a moving web with a
      sensitivity which surpasses that of the human eye.
PAR  Yet another object of my invention is to provide an on-line system for
      continuously monitoring the color, opacity and brightness of a moving web
      to produce a product the short and long term color variation of which is
      less than that which is discernible by the human eye.
PAR  A still further object of my invention is to provide an on-line system for
      continuously monitoring the color, opacity and brightness of a moving web
      which is reliable over the entire spectrum of colors and which does not
      require recalibration when major grade changes are made.
PAR  A still further object of my invention is to provide an on-line system for
      continuously monitoring the color, opacity and brightness of a moving web
      which produces output signals which are especially adapted for use in a
      digital computer for efficient on-line control of the product being
      produced.
PAR  Other and further objects of my invention will appear from the following
      description.
PAR  In general my invention contemplates the provision of an on-line system for
      continuously monitoring the color, opacity and brightness of a moving web
      in which an optical shoe located beneath and supporting a part of the web
      being monitored provides black and white backgrounds spaced in the
      direction of movement of the web for cooperation with an optical head
      having a light integrating sphere for directing illumination from a source
      onto the web over the optical shoe and incorporating a plurality of
      axially elongated sensing units, located generally at the top of the
      sphere, including a central brightness sensing unit oriented generally
      perpendicularly to the plane of the web toward a point over the black
      background, four color tristimulus value sensing units each of which is
      oriented at an angle to the axis of the central detector so as to be
      directed toward the same point as is the central detector and an opacity
      sensing unit angularly oriented with reference to the axis of the central
      detector so as to be directed toward a point spaced downstream from the
      central detector and over the white background provided by the optical
      shoe. The shoe supports respective white and black standards adapted
      selectively to be rotated into position below the sensing head with the
      system on-line but off-web for standardization of the various measuring
      units.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings which form part of the instant specification
      and which are to be read in conjunction therewith and in which like
      reference numerals are used to indicate like parts in the various views:
PAR  FIG. 1 is a side elevation with parts broken away and with other parts
      shown in section of my on-line system for continuously monitoring the
      color, opacity and brightness of a moving web.
PAR  FIG. 2 is a top plan view of a portion of the optical sensing head of my
      system taken along the line 2--2 of FIG. 1.
PAR  FIG. 3 is a top plan view of the optical shoe of my on-line system for
      continuously monitoring the color, opacity and brightness of a moving web.
PAR  FIG. 4 is an end elevation of the optical shoe of my on-line system for
      continuously monitoring the color, opacity and brightness of a moving web.
PAR  FIG. 5 is a graph illustrating the amounts of the three International
      Commission on Illumination primaries required to match a unit amount of
      energy having a particular wavelength.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As is known in the art, any color can be matched by mixing various amounts
      of three primary colored lights such, for example, as red, green and blue.
      The only limitation as to what colors can be used as primary colors is
      that in a given trio no pair can be mixed in any proportion to match the
      third. Selecting, for example, the three International Commission on
      Illumintion (ICI) primary colors of red, green and blue, in general color
      at a particular wave length .lambda. can be expressed as:
EQU  1. C.sub..lambda. = r.sub..lambda.R + g.sub..lambda. G + b.sub..lambda. B
PAL  where r.sub..lambda. is the number of units of the color R necessary to
      make up the color C.sub..lambda. and so forth.
PAR  At certain wave lengths, because of human eye response, it is not possible
      to obtain a match unless one of the primary colors first is mixed with the
      monochromatic light at the wave length in question and the mixture is then
      matched by using the other two colors as:
EQU  2. C.sub..lambda.+ r.sub..lambda.R = g.sub..lambda.G + b.sub..lambda.B
PAL  so that some numbers may be negative.
PAR  A color can be represented by the expression:
EQU  3. C = .SIGMA..sub..lambda. f.sub..lambda. C.sub..lambda.
PAL  where f.sub..lambda.  is the amount of energy at the wave length and
      C.sub..lambda. is the color of the monochromatic light at wave length
      .lambda..
PAR  There has been developed a positive system for color measurement for
      representing an observer's response to a new red, green and blue stimulus.
      This system is represented by the graph of FIG. 5 in which the red
      response is represented by x, the green response by y, and the blue
      response by z. The second lobe on the red curve x response occurs in the
      blue as a result of the fact that it was not possible to match the
      monochromatic light at those wave lengths without adding one of the
      primary lights to the monochromatic light being matched. The tristimulus
      color coordinates of a color C.sub..lambda. such as represented in
      equation (3) are given by:
EQU  4. X = .sub..lambda..SIGMA. f.sub..lambda.x.sub..lambda.
EQU  5. Y = .sub..lambda..SIGMA. f.sub..lambda.Y.sub..lambda.
EQU  6. Z = .sub..lambda..SIGMA. f.sub..lambda.z.sub..lambda.
PAL  where x.sub..lambda., y.sub..lambda., and z.sub..lambda. are the color
      coordinates of C.sub..lambda. read from the curves of FIG. 5.
PAR  For a particular object, f.sub..lambda. is the amount of light reflected in
      wave length .lambda. and is given by the product of the reflectance
      R.sub..lambda. and incident energy I.sub..lambda. at the wave length in
      question. The tristimulus coordinates of the object are:
EQU  7. X = .intg.R(.lambda.) I(.lambda.)x(.lambda.)d.lambda.
EQU  8. Y = .intg.R(.lambda.)I(.lambda.)y(.lambda.)d.lambda.
EQU  9. Z = .intg.R(.lambda.)I(.lambda.)z(.lambda.)d.lambda.
PAL  where I(.lambda.) is the spectral distribution of the incident light.
PAR  For a detector having a spectral density D(.lambda.) for a given region,
      the output signal is:
EQU  10. S = .intg.R(.lambda.)I(.lambda.)F(.lambda.)d.lambda.
PAR  In my system I employ four light sensitive detectors to measure the
      tristimulus values of the light falling on the detectors. I provide the
      detectors with computer fitted filters to duplicate the ICI tristimulus
      functions X.sub.red, X.sub.blue, Y and Z. That is to say, if D(.lambda.) =
      X(.lambda.), the signal output of the detector is X and so forth. I
      achieve this result by providing filters having transmittances
      TX(.lambda.), TY(.lambda.), and TZ(.lambda.) so that:
EQU  11. D(.lambda.)TX(.lambda.).alpha.x(.lambda.)
PAL  and so forth, with the constants determined by reading a sample with known
      tristimulus values. In practice, I employ two detectors for the X
      response, one peaking in red and the other peaking in blue in accordance
      with FIG. 5.
PAR  In any optical measuring system, spectral distribution of the source of
      light is critical, since the measured values X, Y and Z for a surface are
      different for different illuminations. The difference between a standard
      source having a prescribed spectral distribution and the source actually
      used can be accounted for by building the filters such that:
EQU  12. I(.lambda.)D(.lambda.)TX(.lambda.).alpha.x(.lambda.)I'(.lambda.)
PAL  and so forth, where I'(.lambda.) is the standard and I(.lambda.) the actual
      source. Thus the ouputs of my detectors are:
EQU  13. S1.alpha.X.sub.red = .intg. R(.lambda.) I(.lambda.)Tx.sub.red
      D(.lambda.)d.lambda.  = k.sub.1 R(.lambda.)I' (.lambda.)x.sub.red
      (.lambda.)d.lambda.
PAL  and so forth.
PAR  Opacity is the physical property of paper which determines the degree to
      which paper will mask an object which it covers. One definition of opacity
      is constant ratio opacity which is the ratio of R.sub.b to R.sub.89, where
      R.sub.b is the luminous reflectance of a single sheet of paper as measured
      with a white backing plate which has a luminous reflectance of 89 percent.
      Luminous reflectance is defined as the ratio of the reflected light signal
      produced by a detector with a y type response, for example, under standard
      conditions of illumination to the reflected light signal from the same
      detector for a perfectly white sample under standard illuminating
      conditions. Since the denominator of the definition is itself a defined
      quantity, any y detector can be calibrated using a standard of known
      luminous reflectance to read per cent reflectance directly. In a color
      measuring system, the coordinate Y is by definition luminous reflectance.
      As will be more fully explained hereinbelow, in my system I use this color
      coordinate measurement together with the output of a detector directed
      onto the web over a white background to compute opacity.
PAR  Brightness is defined as the reflectance at a source wave length of 457
      nanometers. In my system, I employ a sixth detector which views the sample
      over a black backing to provide an output proportional to sample
      brightness.
PAR  With the foregoing in mind, referring now to the drawings, my on-line
      system indicated generally by the reference character 10 is adapated to
      measure the color, opacity and brightness of a web 12 of paper or the
      like. The system 10 includes an optical sensing head, indicated generally
      by the reference character 14, disposed above the web 12 and an optical
      shoe, indicated generally by the reference character 16, disposed below
      the head. Any suitable means (not shown) may be provided for mounting the
      head and shoe for movement out of associated relationship with the web 12.
PAR  The optical sensing head 14 includes a housing 18 to which a top plate 20
      is secured by any suitable means such as by screws 22 into sealing
      engagement with a gasket 24 extending around the top of the housing. Top
      plate 20 carries a mounting stud 26 adapted to be secured to the head
      support (not shown). I provide the housing 18 with respective access
      openings 28 and 30 normally closed by covers 32 and 34 which engage
      gaskets 36 to seal the access openings 28 and 30.
PAR  The base 38 of the housing 18 is provided with an opening 40 over which a
      window 42 is secured. For example, a frame 44 carrying the window is
      adapted to be threaded onto a flange on the bottom 38 around opening 40
      and into sealing engagement with a gasket 46.
PAR  The sensing head 14 includes a light integrating sphere indicated generally
      by the reference character 48 located inside housing 18 and made up of a
      lower half 50 formed with an opening 52 which registers with the window 42
      and with an upper half 54 secured in operative relationship with the lower
      half in any suitable manner.
PAR  I secure respective bulb mounting tubes 56 over openings in the upper
      sphere half 54. Caps 58 assembled on the tubes 56 hold bulbs 60 and 62 and
      their associated mounts in position in the tubes 56 to direct light into
      the interior of the sphere 48. I provide the lower sphere half 50 with a
      pair of light deflectors 64 and 66 and provide the upper sphere half 54
      with light deflectors 68 and 70 for ensuring proper distribution of light
      from the sources 60 and 62 within the sphere while at the same time
      preventing the detectors to be described hereinbelow from being directly
      illuminated by the sources 60 and 62. While any suitable sources may be
      employed, preferably I employ two 50 watt tungsten filament lamps for the
      lamps 60 and 62.
PAR  The head 14 includes a lens housing support 72 carried by the upper half 54
      of the light integrating sphere. I mount the lens and filter housing 74
      within the support 72 and secure it in position by any simple means such
      as by screws 76. I form the housing 74 with a central bore 78 the axis of
      which extends diametrically of the sphere and generally perpendicularly of
      the web 12 being monitored. A second bore 80 in the housing 74 is directed
      at an angle of 5.degree. to the central bore so that the axis thereof is
      directed onto the web at a point approximately 14 mm downstream from the
      point at which the axis of the central bore 78 intersects the web. In
      addition to the bores 78 and 80, I provide four bores 82, each of which is
      directed at an angle of 10.degree. to the axis of bore 78 and is so
      located that its axis intersects the web at the same point as does the
      axis of the central bore 78. I form each of the bores 78, 80 and 82 with a
      shoulder 90 along the length thereof. A plurality of lenses 92 located in
      the respective bores rest on the shoulders 90. As will be more fully
      explained hereinbelow, as required I provide filters 94 in the bores 82
      which filters may, for example, be located above the lenses 92.
PAR  A spacer ring 96 spaces a heat sink 100 above the lens and filter housing
      74. I provide any suitable means such, for example, as screws 98 for
      securing the heat sink 100 to a peripheral flange on the housing 74.
PAR  I form the heat sink 100 with respective bores 102, 104, 106, 108, 110 and
      112, which respectively register with the bore 78, the bore 80 and the
      four bores 82, when the heat sink is assembled on the housing 74. The
      relative location of the various bores is more clearly shown in FIG. 2
      This location of the bores has been distorted in the showing of FIG. 1 for
      purposes of exposition.
PAR  I position a detector supporting tube 114 in each of the bores 102, 104,
      106, 108, 110 and 112. Each detector tube 114 includes an annular detector
      locating flange 116 formed with an opening through which reflected light
      can be focused on the associated detector. Respective spacers 118 located
      in the tubes above the flanges 116 position a central brightness detector
      120 in the tube in bore 102, an opacity detector 122 in the tube in bore
      104, and respective x.sub.red, x.sub. blue, y and z color tristimulus
      value detectors 124, 126, 128 and 130 in the bores 106, 108, 110 and 112.
      Preferably, I provide a heat shield 134 surrounding the assembly of the
      lens and filter housing 74 and heat sink 100. A cooling coil 136 around
      the heat shield 134 is adapted to be supplied with a cooling fluid through
      an inlet 138. An outlet fitting 140 carries the fluid away from the coil
      136. Preferably, the mounting stud 26 includes a plug 142 for making
      electrical connections to the various detectors of the system.
PAR  As is pointed out hereinabove, the color tristimulus value detectors 124,
      126, 128 and 130 are provided with respective computer fitted filters 94
      to duplicate the ICI tristimulus response functions x.sub. red, x.sub.
      blue , Y and Z. I provide the opacity detector 122 with a filter 94 which
      gives the detector a Y response. The central detector is provided with a
      filter 94 passing light at 457 nanometers.
PAR  The optical shoe 16 includes a frame base plate 144 and end plates 146 and
      148. The shoe 150 which may, for example, be welded or otherwise secured
      to the end plates 146 and 148 includes a downwardly extending flange 152
      around three sides thereof and a relatively longer entry flange 154 along
      which the web is guided as it moves onto the upper surface of the shoe. An
      opening 156 in the shoe 150 below the window 42 in the head 14 is provided
      with edge seals 158.
PAR  The optical shoe 16 includes a housing 160 provided with end plates 162 and
      164 secured to the housing in any suitable manner. A mounting block 166
      disposed within the housing 60 is formed with an optically black cavity
      168 over which I mount a quartz shoe 170 carried by a frame 172. Screws or
      the like may be used to secure the frame 172 to the block 166. It will
      readily be appreciated that the portion of the quartz shoe 170 located
      over the cavity 168 provides the black background discussed hereinabove.
      In provide to provide the white background I apply a white stripe 176 to
      the quartz shoe 170. I so locate the stripe 176 that the detector 122 is
      directed toward the portion of the web which overlies the stripe 176. A
      first recess 178 in one side of block 166 receives one of the standards
      such, for example, as the black standard 180. A recess 182 in the other
      side of the block receives the other standard such, for example, as the
      white standard 184. As the white standard I may, for example, employ a
      mirror.
PAR  A shaft 186, rotatably supported in bearings 188 and 190 at the sides of
      the opening 156 carries the block 166 for rotation therewith. In the
      on-web position of my system in which the quuartz shoe 170 is located
      below the web, the block 166 engages the seals 158 so that the interior of
      the housing 160 is sealed against the entry of foreign matter.
PAR  A stepping motor 192 having a shaft 194 is adapted to be energized to drive
      a worm 196 in engagement with a worm wheel 198 carried by shaft 186 for
      rotation therewith. The end of shaft 186 remote from the worm wheel 198
      carries a coded disc 200 which cooperates with a photon-coupled
      interrupter module such, for example, as a module No. H13A1 manufactured
      and sold by the General Electric Company. As is known, such a module
      includes a solid state lamp adapted to illuminate a photo transistor. Disc
      200 is coded in any suitable manner known to the art to control the light
      from the lamp to the transistor to control the motor so as to position the
      black or white standard under the sensing head as desired.
PAR  When, in a manner to be described, one of the standards is to be positioned
      in cooperative relationship with the sensing head, I pressurize the
      interior of the housing 160 to prevent the entry of extraneous material
      therein. For this purpose, I provide an air inlet 208 connected by a tee
      210 to fittings 212 leading into the housing 160. A plug 206 provides the
      necessary electrical connections to the optical shoe 16.
PAR  Before setting my system into operation, I first standardize in the
      following manner. For purposes of exposition, the respective detectors
      124, 126, 128, 130, 120 and 122 will be designated as D1 through D6. For
      standardization, the head 14 and shoe 16 are first retracted off-web.
      Next, motor 192 is energized and, under the control of disc 200 and the
      associated photon-coupled interrupter module 202, rotates to a position at
      which the black standard 180 is in position below the head 14. At the same
      time, any suitable means (not shown) can be operated to admit fluid under
      pressure to the inlet 208 to pressurize the housing 160 to inhibit the
      entry of any foreign matter into the housing. When this has been done, the
      outputs of the respective detectors, which can be designated BD1 to BD6,
      are measured and recorded. Next, again under the control of the coded
      wheel 200, the white standard 184 is rotated into position below the head
      14. Pressure to the housing 160 is maintained. The outputs of the
      respective detectors, indicated as WD1 to WD6, are measured and recorded.
      With the BD and WD measured values conversion factors for transforming the
      detector voltages to the measured variables can be calculated. The
      tristimulus and brightness values for the white standard are fixed
      constants X.sub.s, Y.sub.s, Z.sub.s and B.sub.s for the system. Using
      these standards and the voltages measured during standardization the
      conversioin factors for the tristimulus values can be calculated as:
EQU  14. FX = X.sub.s /[(WD5-BD6)+K(WD3-BD3)]
EQU  15. FY.sub.1 = Y.sub.s /(WD4-BD4)
EQU  16. FZ = Z.sub.s /(WD1-BD1)
PAL  For brightness, I use the expression:
EQU  17. FB = B /(WD5-BD2)
PAL  and for opacity the expression:
EQU  18. FY.sub.2 = Y.sub.s /(WD5-BD5)
PAL  where K is a fixed constant for the system determined along with the other
      constants when the system is calibrated.
PAR  The on-line opacity measurement Y.sub.1 /Y.sub.2 can be converted to The
      American Pulp and Paper Institute (TAPPI) Standard by calibrating the
      system according to the equation
EQU  19. Opacity (TAPPI Standard) = A+B(Y.sub.1 /Y.sub.2) where A and B are
      fixed constants determined experimentally using several standards of known
      opacity. I have proved Equation (19) to be valid over an opacity range of
      50 to 98.
PAR  TAPPI brightness standard is defined as the reflectance of 457 nanometer
      light by the sample backed by several sheets of the same paper. Owing to
      the fact that this is a practical impossibility for an on-line system, I
      calibrate my system using the equation:
EQU  20. Brightness (TAPPI Standard =   C.Reflectance at 457 nanometers where C
      is a fixed function of opacity for the system determined by using samples
      of known brightness. The validity of Equation (20) has been determined
      experimentally.
PAR  In use of my system, after the standardization procedure described above
      has been carried out, I first energize the motor 192 to rotate the
      mounting block 166 back to a position at which it forms a seal with the
      edge seals 158 and at which the quartz shoe 170 is disposed below the
      detector head 14. Next, the head 14 and the shoe 16 are moved into an
      on-sheet position with the shoe supporting a portion of the sheet at a
      slightly elevated position below the sensing head 14. The head 14 may, for
      example, be positioned one-half inch above sheet 12. Under these
      conditions, the central brightness detector 120 and the color tristimulus
      detectors 124, 126, 128 and 130 all are oriented at the same spot on the
      web over the black cavity 168. Detector 122 which is to afford an
      indication of opacity is oriented toward a point approximately 14 mm
      downstream from the point at which the other detectors are oriented and
      over the white stripe 176. The outputs of detectors 124 and 126 modified
      by the conversion factor of Equation (14), provide the X.sub.red and
      X.sub.blue measurements. The outputs of detectors 128 and 130 modified,
      respectively, by the conversion factors of Equations (15) and (16) give
      the tristimulus Y and Z measurements. The output of detector 122 modified
      by the conversion factor of Equation (18) together with the output of
      detector 128 modified by the conversion factor of Equation (15) are
      combined in accordance with Equation (19) to give a measurement of TAPPI
      opacity. The TAPPI standard of brightness measurement is made by modifying
      the output of the detector 120 by the conversion factor C.
PAR  Signal outputs from the respective detectors 120, 122, 124, 126, 128 and
      130 can be fed directly to a computer set up to give the desired
      measurements and to control the production process in response to
      deviation of the measured values from the desired values. It will be seen
      that I have accomplished the objects of my invention. I have provided an
      on-line system for continuously monitoring the color, opacity and
      brightness of a moving web. My system overcomes defects of arrangements of
      the prior art. My system permits of accurate reproduction of any shade and
      any color. It permits of standardization without removing the system from
      the line on which it is used. It has a sensitivity which surpasses that of
      the human eye. It permits of the production of a product the short and
      long term color variation of which is less than that which is discernible
      by the human eye. It is reliable over the entire spectrum of colors and
      does not require recalibration when major grade changes are made. It takes
      into account the intimate relationship between color opacity.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of my
      claims. It is further obvious that various changes may be made in details
      within the scope of my claims without departing from the spirit of my
      invention. It is, therefore, to be understood that my invention is not to
      be limited to the specific details shown and described.
CLMS
STM  Having thus described my invention, what I claim is:
NUM  1.
PAR  1. In an on-line system for continuously and simultaneously monotoring the
      color and opacity and brightness of a moving web including in combination,
      a sensing head disposed over said web, means on said head for illuminating
      a portion of said web below said head, an optical shoe disposed below the
      illuminated portion of said web, said shoe providing spaced black and
      white background within said illuminated portion of the web, a brightness
      detector unit, an opacity detector unit, a plurality of color detector
      units, each of said detector units having an optical axis, means mounting
      said brightness detector unit and the respective color detector units on
      said head with their optical axes directed toward said illuminated portion
      over said white background and means mounting said opacity detector unit
      on said head with its axis directed toward said illuminated web portion
      over said black background to permit simultaneous measurements of color
      and opacity and brightness to be obtained, said optical shoe comprising
      block having a plurality of sides, means on a first side of said block
      providing said black and white backgrounds, a white standard carried by a
      second side of said block, a black standard carried by a third side of
      said block, and means mounting said block for movement selectively to
      position one of said sides in cooperative relationship with said sensing
      head.
NUM  2.
PAR  2. Apparatus as in claim 1 in which said block mounting means comprises a
      housing formed with an opening registering generally with said sensing
      head, means normally positioning said block with said first side
      registering with said opening and with said block in sealing relationship
      with the periphery of said opening, means for selectively positioning said
      block with said second side adjacent to said opening and with said third
      side adjacent to said opening, and means for pressurizing said housing
      when said second side and said third side are positioned adjacent to said
      opening.
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ABST
PAL  A fluorescence spectrophotometer having a beam splitter placed between an
      exit slit of an excitation monochromator and a specimen. Part of the
      excitation radiation is conducted to a first light quantum meter by said
      beam splitter and a reference photomultiplier is provided for receiving
      fluorescence from said first light quantum meter. A second light quantum
      meter is placed at the position normally occupied by a specimen cell and
      first and second absorbing cells are disposed in front of said first and
      second light quantum meters, respectively.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to fluorescence spectrophotometers and, in
      particular, to spectrophotometric instruments capable of generating and
      analyzing both emission and absorption spectra.
PAR  2. Description of the Prior Art
PAR  Conventional fluorescence spectrophotometers of early vintage comprised, in
      their essential constituency, a source of exciting radiant energy, usually
      in the ultraviolet range of the spectrum; a monochromator for converting
      the radiant energy to a range of wavelengths utilized to irradiate the
      specimen undergoing analysis and cause fluorescent emissions; and a
      detection system, including a second monochromator, for measurement of the
      intensity of fluorescent radiation emitted by the specimen. Normally, the
      monochromators were of the scanning type capable of generating a range of
      wavelengths of a continuous sequence so that the specimen could be scanned
      with a band of exciting wavelengths and the response to each such
      wavelength detected and compared and/or recorded.
PAR  The basic instrument described above suffered a major shortcoming; its
      results were susceptible to fluctuations of the radiation source (commonly
      an xenon lamp) and variations in the spectral characteristics of the
      monochromators. This shortcoming was overcome, at least in part, by the
      adoption of an optical system utilizing a reference beam of radiation and
      a comparison or ratio recording system. The excitation energy emanating
      from the first (or "excitation") monochromator was passed through a sample
      cell holding the specimen and thence to a detector, which generated an
      electrical signal processed through a signal amplifier and one channel of
      a ratio recorder. Simultaneously, the fluorescent emission of the sample
      was directed to another (the "emission") monochromator, then to a detector
      and subsequently, in the form of an electrical signal, through a signal
      amplifier to the second channel of the recorder. In this manner,
      fluctuations in the radiation source and variations in the spectral
      characteristics of the monochromators appeared in both reference and
      specimen channels and were cancelled from the reading.
PAR  The efficacy of the use of a reference beam to obtain a true excitation
      spectrum was, however, incomplete because, as can be demonstrated
      mathematically, its functioning depends on equality in the intensity of
      radiation at the respective wavelengths involved, impinging on the
      specimen and on the detector cell (e.g., a thermocouple, bolometer,
      rhodamine B fluorescent or the like). In practice, the irradiation
      reaching the reference detector passes through and has its intensity
      diminished by absorption in the specimen cell.
PAR  In order to cope with this problem, spectrum correction systems have been
      devised utilizing light quantum meters (or quantum counters) employing
      high concentration solutions of rhodamine B. A corrected excitation and
      emission system for fluorescence analysis is described, for example, by
      Poro, Anacreon, Flandreau, and Fagerson in "Corrected Fluorescence
      Spectra. . ." appearing in the Journal of the Association of Official
      Analytical Chemists, Vol. 56, No. 3, 1973 at pages 607-610.
PAR  In spectrophotometric analysis, it is highly desirable to utilize both
      emission and absorption spectra for comparison purposes. The validity of
      the comparison, of course, depends in large measure on the comparability
      of the instruments on which the analysis is carried out. Disparities, of
      course, are elminated or minimized if the emission and absorption spectral
      analyses are carried out on the same instrument and that capabilities of
      that instrument are equal for both types of analysis.
PAR  Unfortunately, the fluorescence spectrophotometers evolved to date, capable
      of obtaining a true excitation and emission spectra, are capable of only
      single beam operation when used for absorption spectrum analysis. This
      detracts from the desired accuracy of comparison with the true excitation
      spectrum analysis.
PAR  One solution, of course, would be to utilize separate instruments, one for
      the emission analysis, and the other for absorption. Aside from the added
      expense of a self-recording double-beam spectrometer for the absorption
      spectrum analysis, a precise comparison of results is difficult because,
      regardless of the similarity in quality and design of the instruments,
      they are nevertheless distinct entities which makes identical analytical
      parameters, e.g., slit conditions, practically impossible to achieve.
PAR  With the foregoing state of the art in view, it is the basic general object
      of the present invention to provide a novel instrument for spectroscopic
      analysis of both emission and absorption spectrum.
PAR  A more particular object is the provision of an instrument as characterized
      in the proceeding object in which the absorption spectrum analysis as well
      as true or corrected emission spectrum analysis is performed with a double
      beam system and the analyses are in all respects directly comparable in
      accuracy and precision.
PAR  Another object is the provision of a method for performing spectroscopic
      analysis of both fluorescene emission and absorption spectra on a single
      instrument with only minor modification of the optical system employed.
PAC  SUMMARY OF THE INVENTION
PAR  To the accomplishment of the foregoing and additional objects, which will
      become apparent as this description proceeds, the present invention
      contemplates a fluorescene spectrophotometer adapted for use as a double
      beam absorption spectrophotometer. This instrument comprises an excitation
      monochromator and an emission monochromator, in addition to a pair of
      light quantum meters. A photoelectric cell is disposed to receive the
      output radiation of one of the quantum meters. A beam splitter disposed in
      the path of radiation from the exit slit of the excitation monochromator
      directs a portion of such radiation to each of the light quantum meters.
      Respective absorption cells are placed in the optical paths between the
      beam splitter and the light quantum meters. Means are provided for
      directing radiation from the other light quantum meter through the
      entrance slit of the emission monochromator and a second photoelectric
      detector is provided to receive radiation exiting from the emission
      monochromator.
PAR  In another of its aspects, the invention contemplates a method of utilizing
      for absorption spectrum analysis, a fluorescence spectrophotometer having
      excitation and emission monochromators and a reference detection optical
      path for obtaining corrected fluorescent emission. In its normal
      operation, the instrument employs a beam splitter which directs a portion
      of the radiation from the excitation monochromator to the specimen to be
      analyzed and the remainder to the reference optical path. According to the
      method of the present invention, the instrument is converted to double
      beam absorption spectral analysis by substituting for the specimen a
      second light quantum meter and placing respective absorption cells in the
      optical paths of radiation from the beam splitter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic view of the relavent portion of a fluorescence
      spectrophotometer of a type known in the prior art; and
PAR  FIG. 2 is a schematic view of the instrument shown in FIG. 1 embodying the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is illustrated in schematic form portions of a
      conventional fluorescence spectrophotometer for obtaining a "true" or
      "corrected" excitation spectrum. The instrument comprises an excitation
      monochromator 10 and an emission monochromator 12. Conventionally,
      monochromator 10 includes an entrance slit 10a, an exit slit 10b,
      collimating mirrors 10c and 10d, and a dispersion element such as a
      grating 10e. Emission monochromator 12 includes corresponding parts
      designated by reference numerals 12a-12c.
PAR  A xenon lamp or other suitable source 14 of radiation has its emitted
      radiation condensed by a lens 16 and directed by a mirror 18 through
      entrance slit 10a to collimating mirror 10c. Collimated light is reflected
      by mirror 10c onto diffraction grating 10e. Dispersed light from the
      grating strikes mirror 10d which reflects it and focuses each collimated
      beam of monochromatic light as an image of entrance slit 10a in the plane
      of exit slit 10e.
PAR  A beam splitter 20 disposed in the path of light from exit slit 10b,
      directs a small portion of the exiting beam to a light quantum meter or
      quantum counter 22. As is well known, such quantum meters may take the
      form of a triangular cell filled with a concentrated solution of rhodamine
      B and have the property of maintaining a constant ratio of quanta absorbed
      from 200 to 600 um to quanta emitted at 630 um.
PAR  The quanta emitted by counter 22 impinges on a photo-multiplier tube 24
      which generates a reference signal.
PAR  The major portion of the light from exit slit 10b is passed by beam
      splitter 20 to a sample cell 26 which, typically, takes the form of a
      10m/m-square cell having four sides polished. Fluorescent radiation
      emitted by the specimen in cell 26 passes through a condensing lens 28 to
      mirror 30 which reflects the beam into the entrance slit 12a of emission
      monochromator 12. The beam entering monochromator 12 is reflected and
      dispersed in the same manner as that entering excitation monochromator 10.
      Thus, the beam is reflected and collimated by mirror 12b, impinges on and
      is dispersed by grating 12e, and each of the diffracted collimated beams
      of monochromatic light is reflected by mirror 12c and focused as an image
      of the entrance slit 12a in the plane of exit slit 12d.
PAR  Radiation exiting through slit 12d impinges on a photo-multiplier 34 which
      generates the output signal representative of the emission from the sample
      undergoing analysis. The outputs of photomultipliers 24 and 34 are
      amplified and directed via conductors 33, 35 to respective channels of
      conventional ratio recording circuits, 37, all in a manner well known in
      the art.
PAR  The diffraction gratings 10e and 12e are displaced, e.g., rotated, to scan
      a range of wavelengths at the exit slits. As the proportion of the
      radiation directed to the reference detector and the specimen by beam
      splitter 20 is dependent on wavelength, "programmed potentiometers" not
      shown, mechanically linked to the grating displacement mechanism are
      provided; these provide correction signals to amplifiers in the signal
      circuits to compensate for this wavelength dependency. For additional
      information on this known arrangement, reference may be had to the
      aforementioned publication by Poro et al.
PAR  Referring now to FIG. 2, the instrument of FIG. 1 is shown as modified in
      accordance with the present invention to obtain a true absorption spectrum
      comparable to a double beam absorption spectrum instrument. Like reference
      numerals are applied to like parts in the two figures; consequently, it
      will be necessary to describe only the modifications. In FIG. 2, the
      sample cell 26 (FIG. 1) is replaced by an additional light quantum counter
      34 and an absorption cell, 36 and 38, respectively, is disposed in each
      beam emanating from beam splitter 20, i.e., between the beam splitter and
      the respective quantum counters. The wavelength of the emission
      monochromator is set to a wavelength at which only the fluorescence from
      light quantum meter 34 is received, e.g., approximately 630 um where
      rhodamine B is used as the quantum counter.
PAR  As already alluded to, a programmed potentiometer is provided for
      compensation of wavelength dependency in the optical system components,
      specifically, beam splitter. More specifically, in order to correct
      components by which the intensity ratios at the respective wavelengths
      between the excitation radiation incident on light quantum meters 22 and
      34 are not precisely equal due to the spectral characteristics of the beam
      splitter, etc., there is provided a well-known function generator which
      consists of a potentiometer (not shown) with a number of intermediate taps
      coupled to the grating drive mechanism (not shown) of excitation
      monochromator 10, and having variable resistors connected thereto. A
      comparable arrangement may be provided for emission monochromator 12 as
      shown in FIG. 1 of the aforementioned publication by Poro et al.
PAR  With the function generator, calibration is made so that, when the
      excitation wavelength is scanned with the absorbing cells 36 and 38
      absent, the recorded value always indicates 100 percent. Subsequently, a
      solvent is put into the absorbing cell 36 and a specimen into the
      absorbing cell 38, the excitation wavelength is scanned, the output of the
      photomultiplier 32 is amplified, and thereafter, the amplified signal is
      recorded via a logarithmic circuit, whereby an absorption spectrum by a
      double beam can be produced.
PAR  Thus, a double beam absorption spectrum can be easily measured in this
      manner in a fluorescence spectrophotometric instrument in which the beam
      splitter is provided behind the exit slit of the excitation monochromator
      and which is equipped with a reference photomultiplier, and absorbing
      cells 36, 38, and the light quantum meters 22 and 34 are disposed in both
      the beam paths. Since the true excitation spectrum and the absorption
      spectrum can be measured using the identical excitation monochromator,
      comparison of both the spectra can be accurately performed.
PAR  The cell of the light quantum meter need not be triangular but a
      rectangular one may be obliquely placed. Although a quartz plate is
      generally employed for beam splitter 20, it may also be a lattice mirror
      or half-mirror.
PAR  As apparent from the foregoing explanation, in accordance with the present
      invention, the measurement of the absorption spectrum by the double beam
      is possible with a spectrophotometer for fluorescence analysis, and the
      true excitation spectrum and the absorption spectrum are obtained with a
      single instrument. Moreover, the measurements can be made under the same
      measuring conditions, such as the spectrum width, so that comparison of
      both the spectra can be carried out easily and reliably.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluorescence spectrophotometer adapted for analysis of absorption
      spectra, comprising:
PA1  a. first and second monochromators having respective entrance and exit
      slits;
PA1  b. a source of excitation radiation and means for directing radiation from
      said source into the entrance slit of said first monochromator;
PA1  c. a pair of light quantum meters;
PA1  d. a photoelectric detector disposed to receive a radiation output from one
      of said light quantum meters;
PA1  e. a beam splitter disposed in the path of radiation emanating from the
      exit slit of said first monochromator and directing a portion of such
      radiation to each of said light quantum meters;
PA1  f. respective absorption cells disposed in the paths of radiation from said
      beam splitter to said light quantum meters;
PA1  g. means for directing radiation output from the other of said light
      quantum meters through the entrance slit of the second monochromator; and
PA1  h. a second photoelectric detector disposed to receive radiation from the
      exit slit of said second monochromator.
NUM  2.
PAR  2. A spectrophotometer according to claim 1, wherein said light quantum
      meters contain rhodamine B fluorescein and said photoelectric detectors
      are photomultiplier tubes.
NUM  3.
PAR  3. A spectrophotometer according to claim 1 including ratio circuit means
      for comparing the output of said photoelectric detectors.
NUM  4.
PAR  4. A method of utilizing for absorption spectrum analysis, a fluorescence
      spectrophotometer comprising excitation and emission monochromators, a
      reference detection optical path including a light quantum meter and
      photoelectric detector, an emission spectrum optical path including a
      specimen location and means for directing radiation emission from a sample
      at said location through said emission monochromator to a second
      photoelectric detector and beam splitting means for directing part of the
      radiation from the excitation monochromator along said reference detector
      path and the remainder to said specimen location, said method comprising
      the steps of:
PA1  a. disposing a second light quantum meter at said specimen location so that
      radiation therefrom is directed through said emission monochromator; and
PA1  b. disposing an absorption cell in the optical path between said beam
      splitting means and first light quantum meter; and
PA1  c. disposing in the optical path between said beam splitting means and said
      second light quantum meter a second absorption cell.
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ABST
PAL  Coupling optics is located in the beam path between intermediate slits
      S.sub.2 and S.sub.3 of an additive dispersion, double-pass monochromator,
      for imaging S.sub.2 onto S.sub.3 and for re-imaging an aperture stop back
      on itself, the stop defined by dispersing means. The slits S.sub.2 and
      S.sub.3 along with entrance and exit slits S.sub.1 and S.sub.4 may have
      curvature defining a circle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to spectrophotometry, and more
      particularly concerns advancements in optical coupling to monochromators
      and between monochromator sections.
PAR  To facilitate understanding the invention and distinguishing it from prior
      art, it is necessary to define certain terms. A monochromator can be
      viewed as an optical filter. A double monochromator, then, is a system
      which causes the radiation to be twice filtered. The advantages of the
      double monochromator over the single monochromator are improved spectral
      purity and resolution. In this context, a monochromator stage is defined
      as a set of optical elements, including dispersing means such as a
      grating, necessary to receive light from one slit, render it incident to
      the dispersing means, and finally pass it through another slit. A double
      monochromator then can be either a system which passes the radiation once
      through two separate monochromator stages or a system which passes the
      radiation twice through a single monochromator stage. The latter type are
      frequently referred to as double-passing monochromators. The advantage of
      the double-passing monochromator over the two stage monochromator is
      largely economic. It is generally a more compact system and results in
      fewer essential expensive optical and mechanical components. Also, the
      engineering problems of tracking the two monochromator sections to the
      desired accuracy are substantially reduced.
PAR  A further complication exists in that in either type of double
      monochromator, the optics can be arranged so that the dispersion of the
      second section either adds to or tends to subtract from the dispersion of
      the first section. In the subtractive dispersion arrangement, because of
      the bandwidth limit imposed by the intermediate slit, the resultant total
      dispersion is equal to that of a single monochromator whereas the total
      resultant dispersion of the additive arrangement is twice that of the
      single monochromator. Since the amount of light flux passed for a given
      resolution is proportional to dispersion, for most applications the
      preferred embodiment is additive dispersion.
PAR  In the past, the achievement of desired monochromator efficiency has been
      limited by a number of factors. For example, in the case of additive
      dispersion double-pass monochromators, with intermediate slits located at
      the monochromator side of the plane or planes of the entrance and exit
      slits, bands of unwanted radiation are efficiently transmitted, requiring
      filters or selective detectors for avoiding or reducing response to such
      radiation bands and consequent spurious and misleading signals. See for
      example U.S. Pat. No. 2,922,331 to Fastie.
PAR  External slit-coupling arrangements (and some internal ones as well) have
      produced serious mismatch of the curvature of the exit slit of the first
      section as imaged upon the entrance slit of the second section.
      Consequently, all such arrangements described have used very short slits
      so that resolution is not seriously deteriorated, with the result that the
      "light grasp" (or "throughput," or "etendue"), i.e. the amount of light
      flux that can be passed for a given resolution, is seriously limited. For
      illustrations of these arrangements, see U.S. Pat. No. 2,922,331 and
      3,567,323.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the invention to provide solutions to these
      problems and difficulties through the provision of coupling optics
      external to a monochromator, or two monochromator sections, and capable of
      imaging an exit or entrance slit onto an entrance or exit slit,
      respectively, or upon a radiation beam source, sample cell or detector, in
      an unusually advantageous manner as will be seen.
PAR  One application of the invention is to an additive dispersion,
      double-passed monochromator which incorporates an entrance slit S.sub.1,
      intermediate slits S.sub.2 and S.sub.3 and exit slit S.sub.4, the slits
      having equal curvature and located on the circumference of a circle
      commonly known as the Ebert circle. Such a monochromator also includes a
      beam dispersing means in the beam path between S.sub.1 and S.sub.2, and
      between S.sub.3 and S.sub.4, and defining an aperture stop, and
      appropriate mirror means to reflect the beam in its path between S.sub.1
      and S.sub.2, and between S.sub.3 and S.sub.4. The improved coupling optics
      external to the monochromator images S.sub.2 onto S.sub.3, and also
      reimages the aperture stop back on itself, for purposes and in the manner
      to be described. In this regard, the coupling optics may with unusual
      advantage comprise two spherical mirrors each of radius .sqroot.2
      .rho.where .rho. equals the radius of the Ebert circle defined by the
      slits, and an off-axis, positive power cylindrical mirror located between
      the two spherical mirrors. In this regard, the spherical mirrors have
      centers at or near the center of the center of the Ebert circle.
PAR  Another aspect of the invention concerns its application to a single
      monochromator to couple entrance slit S.sub.1 to a light source, an
      external spherical mirror being used for this purpose, the mirror having
      its center at the center of the Ebert circle, such a mirror also being
      usable to couple exit slit S.sub.2 to a detector or to a sample cell.
      Also, the spherical mirror has a radius equal to .sqroot.2 .rho.. In this
      regard, such spherical mirror coupling aspects of the invention also have
      similar application to a subtractive dispersion, double monochromator, as
      will be seen.
PAR  These and other objects and advantages of the invention, as well as the
      details of illustrative embodiments, will be more fully understood from
      the following description and drawings, in which:
DRWD
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a schematic elevation showing an additive dispersion, double
      monochromator with external coupling optics, embodying the invention;
PAR  FIG. 2 is an end view of the FIG. 1 monochromator on lines 2--2 of FIG. 1;
PAR  FIG. 3 is an elevation like FIG. 1, but taken on lines 3--3 of FIG. 2;
PAR  FIG. 4 is an end view taken on lines 4--4 of FIG. 3;
PAR  FIG. 5 is an optical ray diagram of a system to couple a FIGS. 1-4 type
      monochromator exit slit (first pass) to an entrance slit (second pass),
      and taken in a horizontal viewing direction;
PAR  FIG. 6 shows the FIG. 5 ray diagram in a vertical viewing direction;
PAR  FIG. 7 is a block diagram of another double pass monochromator, with
      associated external coupling optics embodying the invention;
PAR  FIG. 8 is a schematic elevation showing a single monochromator with
      external optics coupling the exit slit to a sample chamber or detector;
PAR  FIG. 9 is a schematic elevation showing a single monochromator with
      external optics coupling the entrance slit with a light source;
PAR  FIG. 10 is a side elevation of a subtractive dispersion double
      monochromator;
PAR  FIG. 11 is a top plan view of the FIG. 10 monochromator;
PAR  FIG. 12 is an end elevation of the FIG. 10 subtractive dispersion double
      monochromator, with external coupling optics;
PAR  FIG. 13 is a view of a portion of FIG. 1, with an added field lens; and
PAR  FIGS. 14 and 15 are views showing coupling of separate monochromators.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIGS. 1-4, a monochromator 10 includes means (as for
      example jaws 11-18) forming an entrance slit S.sub.1, intermediate slits
      S.sub.2 and S.sub.3, and an exit slit S.sub.4. A dispersing means, as for
      example grating 19, is located in the path of a beam passing between slits
      S.sub.1 and S.sub.2, and also between slits s.sub.3 and S.sub.4, the
      grating defining an aperture stop. Further, mirror means, as for example
      mirror sections M.sub.1 -M.sub.4 are provided to reflect the beam for
      passage between the slits S.sub.1 and S.sub.2 with dispersion by grating
      19, and to reflect the beam for passage between slits S.sub.3 and S.sub.4
      with dispersion by that grating. The grating as shown is characterized by
      additive directions of dispersion in the successive monochromator
      sections, the first of which is associated with the beam path between
      S.sub.1 and S.sub.2, and the second of which is associated with the beam
      path between slits S.sub.3 and S.sub.4. The complete beam path is shown in
      principal ray form (central ray path at nominal wavelength) as including
      ray 20a passing from the light source 21 to mirror M.sub.1 for reflection
      at 22, ray 20b passing from M.sub.1 to grating 19 for dispersion, ray 20c
      passing from the grating to mirror M.sub.2 for reflection at 23, ray 20d
      passing from M.sub.2 through intermediate slit S.sub.2 to external mirror
      M.sub.2a, ray 20e reflected at 24 from M.sub.2a to off-axis cylindrically
      concave mirror M.sub.2b, ray 20f reflected at 25 from M.sub.2b to mirror
      M.sub.2c, ray 20g reflected at 26 from M.sub.2c to re-enter the
      monochromator via intermediate slit S.sub.3, ray 20h reflected by mirror
      M.sub.3 at 27 toward the same portion of grating 19, for further
      dispersion, ray 20i passing from the grating 19 to mirror M.sub.4 for
      reflection at 28, and ray 20j reflected from M.sub.4 to exit the
      monochromator via slit S.sub.4. Ray 20j may be directed through a sample
      containing cell 29 and to detector 30. Rays 20a-20d may be considered as
      first pass rays, while rays 20g-20j may be considered as second pass rays.
      Mirrors M.sub.1 -M.sub.4, shown as separate, may lie on one large
      spherical surface whose center lies outside the monochromator but on the
      line 35 which bisects the angle .beta. between principal rays 20b and 20c,
      or .beta.' between rays 20h and 20i. Line 35 is normal to the grating when
      the latter is in zero order position, or position in which it acts as a
      mirror. Each section of the monochromator is symmetrical about this line,
      and the principal entering and exiting rays lie parallel to it, in the
      arrangement first described by Ebert.
PAR  It is a feature of the invention that the external coupling optical means,
      generally indicated at 31, are located in the path of the beam between
      slits S.sub.2 and S.sub.3 for accurately imaging slit S.sub.2 onto S.sub.3
      throughout any desired spectral range, these slits being curbed as are
      slits S.sub.1 and S.sub.4. FIG. 2 shows slits S.sub.1 -S.sub.4 located on
      the Ebert circle 32 the center of which appears at 33, and the radius
      being indicated at .rho.. Further, the external coupling optic system
      reimages the aperture stop (or grating) back on itself so as to reduce
      vignetting and improve throughput, even at large grating angles from the
      central or "mirror" position. This is accomplished by making each of the
      external mirrors M.sub.2a and M.sub.2c spherical, with radii r.sub.1 =
      r.sub.2 =.sqroot.2 .rho., and with a common center at 33, which is the
      center of Ebert circle 32. When this is done, the curved slit S.sub.2 will
      be rendered as a straight line image lying in the section normal to the
      axis of the beam and in a plane parallel to the plane of the slits.
      Actually, the straight line image is a horizontal slit image coincident
      with a vertical aperture (grating) image, the location of the vertical
      slit image approaching infinity in the optical space between M.sub.2a and
      M.sub.2c. Since the same thing would happen in reversed light from the
      entrance slit S.sub.3 of the second monochromator, these two images can be
      made to coincide, except for the angle of asymmetry of the two sections of
      the monochromator. A flat mirror parallel to the plane of symmetry between
      the two sections of the monochromator, would therefore turn the image of
      S.sub.2 directly into coincidence with s.sub.3. Such a flat mirror,
      however, acting in conjunction with mirror M.sub.2a would not modify the
      position of the horizontal image of the aperture stop in the system, which
      must fall between mirrors M.sub.2a and M.sub.2b. This image would
      therefore not be conjugate with the grating on the second pass, and light
      would be lost off the grating by "vignetting" in the horizontal dimension
      if nothing were done about it. This is because it is a property of a
      spherical mirror that when used off-axis at 45.degree. (90.degree. between
      the central rays of the beams) as are mirrors M.sub.2a and M.sub.2c, it
      has twice as much optical power in the horizontal section (that is, the
      sections containing the central rays) as in the vertical section. The
      horizontal power is equal to the power of the mirror used on axis, divided
      by the cosine of 45.degree., or times .sqroot.2, while the vertical power
      is equal to the on-axis power multiplied by the cosine of 45.degree. or
      divided by .sqroot.2. (Note: The "power" of a lens or mirror equals the
      reciprocal of its focal length).
PAR  There are various possibilities for handling this problem. For example,
      positive lenses whose axes are parallel to their respective slits, as
      shown in section in FIG. 13, could be located near both slits and could
      cause the first aperture stop image to lie half way between the slit and
      mirror M.sub.2a in this "horizontal" section. The beam would then be
      collimated between mirrors M.sub.2a and M.sub.2c. If the cylindrical
      lenses were sufficiently close to the slits they would not interfere with
      the slit imaging, so it would be unchanged. Such an arrangement would,
      however, have the great drawback that such lenses would have to be
      achromatic or made of different materials for different spectral ranges.
PAR  A simpler solution to this problem consists in using a positive power
      cylinder M.sub.2b instead of the flat mirror, midway between mirrors
      M.sub.2a and M.sub.2c. This cylinder has sufficient power to produce an
      image of the aperture stop the same distance from mirror M.sub.2c that the
      first image is from mirror M.sub.2a. In other words, it makes the system
      symmetrical both horizontally and vertically, and uses only mirrors, with
      their well known advantage of equal optical power at all wavelengths.
      Since the central mirror M.sub.2b is located at the horizontal slit image,
      and has no vertical power, it does not significantly modify the imaging
      properties of the slit. See in these regards the optical schematics of
      FIGS. 5 and 6.
PAR  It is a fortunate happenstance that in the "vertical" section
      (perpendicular to the plane of FIG. 1) the image of the aperture stop (the
      grating), which is ordinarily at or close to infinity when viewed from the
      exit slit looking into the monochromator, coincides with the horizontal
      image of the slit. This not only reduces the size of the beam at mirror
      M.sub.2b, so the latter can be relatively small, but it also renders the
      vertical imaging symmetrical.
PAR  So far as I can determine, this combination of 45.degree. off-axis angles
      and mirror spaced by .rho. from the slits with radius equal to .sqroot.2
      .rho. gives superior image quality to that of any other combination of
      parameters.
PAR  An equation relating the radius of the cylindrical mirror M.sub.2b to .rho.
      is as follows: R = .rho./2.sup.. cos (90.degree.-.theta.)=.rho./2.sup..
      sin .theta.
PAR  Actually, I have found that the radius calculated in this way is so small
      that appreciable aberration of the slit image occurs. Consequently, I
      prefer to increase the radius of the cylindrical mirror as much as
      three-fold from that given by this formula. In this case there is some
      vignetting and consequent loss of energy due to "spill over" at the
      grating on the second pass, but this is not serious, and in fact even at
      wide slits gives about 80 percent of the signal that would otherwise be
      obtained, while substantially improving the resolution.
PAR  Note in FIG. 2 that the axis of mirror M.sub.2b is parallel to the symmetry
      plane 49, and that planes normal to the plane of FIG. 2 and passing
      through rays 20e and 20f extend at angles .theta. relative to plane 49. In
      FIG. 1, the mirrors M.sub.2a and M.sub.2c have 45.degree. off-axis
      angularity, as shown for M.sub.2a. The image of the aperture stop is
      slightly rotated with respect to the orientation of the gratings on the
      second pass through the monochromator. Also, it may be somewhat too narrow
      if the radius for the mirror M.sub.2b calculated by the above relation is
      used. These effects in combination provide further justification for using
      a somewhat larger than theoretical radius for the cylindrical mirror. The
      grating can then be completely filled with radiation and thus improve
      resolution. A slit varying mechanism is indicated at 40 in FIG. 2, as
      connected with jaws 11, 16, 13 and 18, for example.
PAR  FIGS. 2 and 4 also illustrate the manner in which spectral overlap is
      eliminated; that is, that the grating is rotated about its normal so that
      the rulings are intentionally not perpendicular to the symmetry plane of
      the two monochromator sections. In other words, one pass of the
      monochromator uses the grating in plane, and the other pass out-of-plane.
      In FIGS. 1-4, the grating is oriented so that the rulings are rendered
      parallel to the tangents of the Ebert circle at the center of slits
      S.sub.1 and S.sub.2 and at an angle of 2.theta. relative to the tangents
      of the Ebert circle at the center of slits S.sub.3 and s.sub.4.
PAR  FIG. 7 schematically shows physically separated monochromators, or
      monochromator sections, indicated at 42 and 43, with a light source 44,
      sample compartment 45 and detector 46. Coupling optics 31a, corresponding
      to coupling optics 31, is located in the path of beam 47 passing between
      sections 42 and 43, for imaging S.sub.2 onto S.sub.3, as previously
      described. Monochromator section 42 contains entrance and exit slits
      S.sub.1 and S.sub.2, and section 43 contains entrance and exit slits
      S.sub.3 and S.sub.4.
PAR  FIGS. 14 and 15 are views showing arrangements coupling two monochromators.
      In FIG. 14, a cylindrical lens 200 is located at the mid-point, whereas in
      FIG. 15, a cylindrical mirror 210 is employed.
PAR  Referring to FIG. 8, it shows a single monochromator 50 having jaws 51 and
      52 forming an entrance slit S.sub.1 to receive a light beam from source
      53, and jaws 54 and 55 forming an exit slit S.sub.2. The two slits are
      curved, and lie on or define an Ebert circle. Dispersing means such as
      grating 56 lies in the beam path between the slits, a drive for the
      grating being shown at 57. Mirror means to reflect the beam for passage
      between the slits via the dispersing means includes mirror sections
      M.sub.1 and M.sub.2. The corresponding rays are indicated at 58a-58d.
PAR  External coupling optical means 59 includes a spherical mirror M'.sub.2a
      located in the beam path between slit S.sub.2 and detector 60, a sample
      cell 61 also being shown in that beam path (indicated by rays 58e, 58f and
      58g). Flat mirror 62 may be employed as shown to redirect the beam
      reflected by mirror M'.sub.2a. The latter is spherical, having a center at
      the Ebert circle center 63, and its radius equals .sqroot.2 .rho., where
      .rho. equals the radius of the Ebert circle. This configuration enables
      utilizing a "straight" detector (i.e., the straight or linear aperture of
      the detector) despite the marked curvature of slit s.sub.2 with no loss of
      sensitivity due to image curvature mismatch. Alternatively, if desired,
      the slit cell 61 could be located at the horizontal slit image point to
      allow a smaller cell to be used, in case the sample area or volume is
      limited. Notice the 45.degree. off-axis angularity of mirror M'.sub.2a.
      The same arrangement may be employed in FIG. 1, if desired, as
      schematically indicated by block 64.
PAR  FIG. 9 is the same as FIG. 8, but the position of the source, detector and
      sample cell are reversed, these elements indicated in FIG. 9, by the
      numerals 53a, 60a and 61a,  respectively. Also, the coupling optics
      spherical mirror is here designated as M".sub.2a, and the flat mirror as
      62a. This arrangement enables a "straight" source (i.e. the linear
      aperture of the light source) to be imaged in entrance slit S.sub.1, at
      the correct curvature for that slit. The same arrangement may be employed
      in FIG. 1, if desired, as indicated by block 65. In each of FIGS. 8 and 9,
      a vertical image of the aperture stop (grating) and a straight horizontal
      image of the slit stop, is located at the position of the source, cell or
      detector as the case may be.
PAR  The invention is also applicable to a subtractive version of a double
      monochromator, as example of which is seen in FIGS. 10-12. As there
      illustrated, jaws 110 and 111 define an entrance slit S.sub.1, jaws 112
      and 113 define intermediate slit S.sub.2, and jaws 114 and 115 define exit
      slit S.sub.3. Such structure may be considered as defining successive
      sections of a double monochromator operable to isolate a band of
      wavelengths with high and low limits. See in this regard, U.S. Pat. No.
      3,748,040 to Roland C. Hawes.
PAR  The illustrated monochromator further includes beam reflecting means, as
      for example may take the form of spherical collimating mirror 116, in the
      beam path between the entrance and exit slits. Also beam dispersing means,
      as for example single plane grating 117, extends in the beam path between
      the entrance and intermediate slits, and in the beam path between the
      intermediate and exit slits. Further, that grating is characterized by
      opposed directions of dispersion in the successive monochromator sections,
      the first of which is associated with the beam path between S.sub.1 and
      S.sub.2, and the second of which is associated with the beam path betweeen
      S.sub.2 and S.sub.3. The complete beam path is shown in principal ray form
      as including ray 115-passing from S.sub.1 to the mirror for reflection at
      118, ray 115b passing from the mirror to the grating for dispersion, ray
      115c passing from the grating to the mirror 116 for reflection at 119, ray
      115d extending from the mirror to the diagonal Newtonian mirror N.sub.1
      for reflection at 120, ray 115e extending from mirror N.sub.1  through
      slit S.sub.2 and to diagonal Newtonian mirror N.sub.2 for reflection at
      121, ray 115f extending from mirror N.sub.2 to the mirror 116 for
      reflection as ray 115g returning to the grating 117 and ray 115h extending
      from the grating to the mirror for reflection as ray 115i passing through
      slit S.sub.3. In this regard, rays 115a-115d, and a part of ray 115e
      extending from mirror N.sub.1 to the plane of the intermediate slit
      S.sub.2, may be considered as first pass rays, while rays which include
      the remainder of 115e and 115f-115i may be considered as second pass rays.
      Such a double pass monochromator is further characterized by symmetry and
      cancellation of optical aberrations.
PAR  FIG. 12 shows schematically a ray 115' emanating as fluorescence radiation
      from a liquid specimen 124 on which light 25 is incident. The latter
      originates at source 126 (which may be a laser) and passes through optical
      elements 127 which may include a quarter wave retarder and an electrooptic
      modulator, as described in copending application Ser. No. 192,815 by Ahmad
      Abu-Shumays and Jack J. Duffield and entitled "Linear Polarization
      Apparatus For Use in Circular Dichroism polarimetry," now U.S. Pat. No.
      3,741,660.  The radiation exiting from the monochromator and shown
      schematically as ray 115i passes to a photodetector and associated
      electronics and recording mechanism indicated at 128, and described in
      U.S. Pat. No. 3,013,194 to H. H. Cary. A rotating beam chopper 70
      proximate slit S.sub.2 may be used to prevent detection of light scattered
      toward the exit slit on the first pass through the monochromator, by
      providing for A.C. detection, as described in U.S. Pat. No. 2,642,742 to
      A. Walsh.
PAR  One jaw of the intermediate slit S.sub.2 is made independently adjustable
      to increase and decrease the width of the transmitted radiation band; and,
      typically only the long wavelength limit of the band is so adjustable.
PAR  Block 130 in the path of ray or beam 115j is similar to block 64 in FIG. 1,
      in that it represents coupling optics as described in FIG. 8; similarly,
      block 131 in the path of ray or beam 115 corresponds to block 65 in FIG.
      1, in that it represents coupling optics as described in FIG. 9.
PAR  Finally, FIG. 13 illustrates the provision of cylindrical field lenses 80
      and 80' at intermediate slits S.sub.2 and S.sub.3 of a monochromator like
      that in FIG. 1. Lenses 80 and 80' are large enough to accept the full beam
      84 when the slit is at full width. They render the aperture stops in
      successive sections of the monochromator optically conjugate, to minimize
      vignetting.
PAR  In FIG. 14, M.sub.O has the same function in "straightening" the slit
      S.sub.1 as M'.sub.2a has in FIG. 8 or M".sub.2a has in FIG. 9. The radius
      R.sub.1 of spherical mirror M.sub.O equals .sqroot.2 .rho..sub.1 where
      .rho..sub.1 is the radius of the Ebert circle for monochromator No. 1.
      Also, the following dimensional relationship is characteristic: a.sub.1 =
      b.sub.1 +c.sub.1=.rho..sub.1
PAR  Regarding the coupling optics, the radius R.sub.2 of the spherical mirror
      M'".sub.2a is R.sub.2 = .sqroot.2 .rho..sub.1, and the radius of the
      spherical mirror M'".sub.2c is R.sub.3 = .sqroot.2 .rho..sub.2, where
      .rho..sub.2 is the radius of the Ebert circle for monochromator No. 2.
PAR  Regarding the second monochromator, the spherical mirror M'.sub.O has a
      radius of curvature R.sub.4 =.sqroot.2 .rho..sub.2, and the following
      dimensional relationship exists: a.sub.2 = b.sub.2 + c.sub.2 =
      .rho..sub.2. Finally, the centers of curvature of all the spherical
      mirrors are placed so that the rays fall on each mirror at an incidence
      angle of 45.degree.. Note that the centers of curvature 217 and 218 for
      the radii R.sub.1 and R.sub.4 need not, and do not, lie on the centers of
      the Ebert circles associated with the slits of the two monochromators.
PAR  FIG. 15 shows another optics configuration for coupling two monochromators,
      as indicated. The ray exiting from slit S.sub.2 of monochromator No. 1 is
      first reflected by spherical mirror M.sub.2a.sup.IV then travels
      perpendicularly to the plane of the Figure for reflection by cylindrical
      mirror M.sub.2b.sup.IV and then travels to spherical mirror
      M.sub.2c.sup.IV for reflection toward flat mirror 211. The ray reflected
      from the latter enters monochromator No. 2 via slit S.sub.3. Note that the
      ray distance from slit S.sub.2 of monochromator M.sub.2a.sup.IV is
      indicated as having a dimension .rho..sub.1 (the radius of the Ebert
      circle for monochromator No. 1.) Also, the ray perpendicular to the plane
      of FIG. 15 and passing between M.sub.2a.sup.IV and M.sub.2b.sup.IV also
      must have the length .rho..sub.1. The ray distance .rho..sub.2 from
      M.sub.2b.sup.IV to M.sub.2c.sup.IV (equal to the radius of the Ebert
      circle for monochromator No. 2) is also equal to the dimensional sum
      a.sub.2 + b.sub.2, where a.sub.2 is the ray distance from M.sub.2c.sup.IV
      to mirror 211, and b.sub.2 is the ray distance from 211 to S.sub.3 of
      monochromator No. 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with an additive dispersion, double-pass monochromator,
      and comprising
PA1  a. means forming an entrance slit S.sub.1, intermediate slits S.sub.2 and
      S.sub.3, and an exit slit S.sub.4, said slits having curvature defining a
      circle,
PA1  b. dispersing means in the beam path between the slits S.sub.1 and S.sub.2,
      and also in the beam path between the slits S.sub.3 and S.sub.4, and
      defining an aperture stop, and
PA1  c. mirror means to reflect the beam for passage between slits S.sub.1 and
      S.sub.2 via the dispersing means and to reflect the beam for passage
      between slits S.sub.3 and S.sub.4 via the dispersing means,
PA1  d. the improvement comprising coupling optical means located in the beam
      path between slits S.sub.2 and S.sub.3 for imaging S.sub.2 onto S.sub.3
      and for reimaging the aperture stop back on itself.
NUM  2.
PAR  2. The combination of claim 1 wherein said coupling optical means include a
      spherical mirror M.sub.2a to receive the beam passing through slit
      S.sub.2, an intermediate mirror M.sub.2b to receive and reflect the beam
      reflected from M.sub.2a, and another spherical mirror M.sub.2c to receive
      the beam reflected from M.sub.2b and reflect that beam toward slit
      S.sub.3.
NUM  3.
PAR  3. The combination of claim 2 wherein the slits S.sub.1, S.sub.2, S.sub.3
      and S.sub.4 are located on the Ebert circle of radius .rho..
NUM  4.
PAR  4. The combination of claim 3 wherein each of said mirrors M.sub.2a and
      M.sub.2c has a radius equal to .sqroot.2 .rho., and the principal rays
      incident on and reflected from said mirrors lie at about 45.degree. to the
      normal at the points of reflection.
NUM  5.
PAR  5. The combination of claim 2 wherein said intermediate mirror M.sub.2b is
      cylindrical.
NUM  6.
PAR  6. The combination of claim 3 wherein the dispersing means comprises a
      grating having rulings parallel to the tangents to the Ebert circle at the
      centers of the slits S.sub.1 and S.sub.2, and the rulings extending at
      equal angles relative to the tangents to the Ebert circle at the centers
      of slits S.sub.3 and S.sub.4.
NUM  7.
PAR  7. In combination with an additive dispersion, double-pass monochromator,
      and comprising
PA1  a. means forming an entrance slit S.sub.1, intermediate slits S.sub.2 and
      S.sub.3, and an exit slit S.sub.4, said slits having curvature defining a
      circle,
PA1  dispersing means in the beam path between the slits S.sub.1 and S.sub.2,
      and also in the beam path between the slits S.sub.3 and S.sub.4, and
      defining an aperture stop, and
PA1  c. mirror means to reflect the beam for passage between slits S.sub.1 and
      S.sub.2 via the dispersing means and to reflect the beam for passage
      between slits S.sub.3 and S.sub.4 via the dispersing means,
PA1  d. the improvement comprising coupling optical means located in the beam
      path between slits s.sub.2 and S.sub.3 for imaging S.sub.2 onto S.sub.3
      and including a spherical mirror M.sub.2a to receive the beam passing
      through slit S.sub.2, and intermediate cylindrical mirror M.sub.2b to
      receive and reflect the beam reflected from M.sub.2a, and a spherical
      mirror M.sub.2c to receive the beam reflected from M.sub.2b and reflect
      that beam toward slit S.sub.3.
NUM  8.
PAR  8. In combination with a monochromator having first and second sections,
      and comprising
PA1  a. means forming entrance and exit slits S.sub.1 and S.sub.2 respectively
      in the first section, and entrance and exit slits s.sub.3 and S.sub.4
      respectively in the second section, said slits S.sub.1 and S.sub.2 having
      curvature defining a circle of radius .rho..sub.1, and said slits S.sub.3
      and S.sub.4 having curvature defining a circle of radius .rho..sub.2,
PA1  b. a first dispersing means in the beam path between the slits S.sub.1 and
      S.sub.2 and a second dispersing means in the beam path between the slits
      S.sub.3 and S.sub.4, the first and second dispersing means respectively
      defining first and second aperture stops, and
PA1  c. mirror means to reflect the beam for passage between slits S.sub.1 and
      S.sub.2 via the first dispersing means, and to reflect the beam for
      passage between slits S.sub.3 and S.sub.4 via the second dispersing means,
PA1  d. the improvement comprising coupling optical means located in the beam
      path between slits S.sub.2 and S.sub.3 for imaging S.sub.2 onto S.sub.3
      and including a spherical mirror M.sub.2a to receive the beam passing
      through slit S.sub.2, an intermediate cylindrical mirror M.sub.2b to
      receive and reflect the beam reflected from M.sub.2a, and a spherical
      mirror M.sub.2c  to receive the beam reflected from M.sub.2b and reflect
      that beam toward slit S.sub.3,
PA1  e. the radius of mirror M.sub.2a corresponding to .sqroot.2 .rho..sub.1 ,
PA1  f. the radius of mirror M.sub.2c corresponding to .sqroot.2 .rho..sub.2,
PA1  g. the mirrors having centers of curvature so placed that the rays incident
      on and reflected from each mirror define a 90.degree. angle.
NUM  9.
PAR  9. In combination with a monochromator having first and second sections,
      and comprising
PA1  a. means forming entrance and exit slits S.sub.1 and S.sub.2 respectively
      in the first section, and entrance and exit slits S.sub.3 and S.sub.4
      respectively in the second section, said slits S.sub.1 and S.sub.2 having
      curvature defining a circle of radius .rho..sub.1, and said slits S.sub.3
      and S.sub.4 having curvature defining a circle of radius .rho..sub.2,
PA1  b. a first dispersing means in the beam path between the slits S.sub.1 and
      S.sub.2 and a second dispersing means in the beam path between the slits
      S.sub.3 and S.sub.4, the first and second dispersing means respectively
      defining first and second aperture stops, and
PA1  c. mirror means to reflect the beam for passage between slits S.sub.1 and
      S.sub.2 via the first dispersing means, and to reflect the beam for
      passage between slits s.sub.3 and S.sub.4 via the second dispersing means,
PA1  d. the improvement comprising coupling optical means located in the beam
      path between slits S.sub.2 and S.sub.3 for imaging S.sub.2 onto S.sub.3
      and including a spherical mirror M.sub.2a to receive the beam passing
      through slit S.sub.2, an intermediate mirror M.sub.2b to receive and
      reflect the beam reflected from M.sub.2a, and a spherical mirror M.sub.2c
      to receive the beam reflected from M.sub.2b and reflect that beam toward
      slit S.sub.3,
PA1  e. the radius of mirror M.sub.2a corresponding to .sqroot.2 .rho..sub.1,
PA1  f. the radius of mirror M.sub.2c corresponding to .sqroot.2 .rho..sub.2,
PA1  g. the mirrors having centers of curvature so placed that the rays incident
      on and reflected from each mirror define a 90.degree. angle,
PA1  h. and a field lens at S.sub.2 and another field lens at S.sub.3.
PATN
WKU  039361926
SRC  5
APN  3526143
APT  1
ART  257
APD  19730419
TTL  Optical fluid contamination and change monitor
ISD  19760203
NCL  28
ECL  1
EXA  Clark; Conrad
EXP  Wibert; Ronald L.
NDR  4
NFG  9
INVT
NAM  Skala; George F.
CTY  Scotia
STA  NY
ASSG
NAM  Environment/One Corporation
CTY  Schenectady
STA  NY
COD  02
RLAP
COD  71
APN  847675
APD  19690805
PSC  04
CLAS
OCL  356104
XCL  356201
ICL  G01n 2100
FSC  356
FSS  103;104;180;181;201;204;206;244;246
FSC  324
FSS  130;140 R
UREF
PNO  2873644
ISD  19590200
NAM  Kremen et al.
OCL  356104
UREF
PNO  2877453
ISD  19590300
NAM  Mendenhall, Jr.
OCL  356103
UREF
PNO  3470381
ISD  19690900
NAM  Boyd
OCL  356201
LREP
FR2  Helzer; Charles W.
ABST
PAL  An optical oil monitor that measures particle contamination in oil by
      passing light through an oil sample and picking up the light that is
      scattered at 90.degree. by the particle contaminaton and measures chemical
      breakdown by the attenuation of the light passing substantially straight
      through the oil with a second sensor. Alternately a sample and a reference
      are passed between the light responsive sensors for error correction and
      calibration so that each sensor will have an output signal alternating
      between a sample signal and a reference signal. A control signal of the
      same frequency is provided in combination with a plurality of gates to
      separate the sample and reference signals. The attenuation reference
      signal is compared to a standard signal to produce an error output for
      regulating the intensity of the light source to compensate for power
      source fluctuations, lamp characteristic changes, window soiling and the
      like. The scattering reference signal is used to adjust the gain on the
      scattering sample signal amplifier to obtain the desired output from the
      sample circuit peak detector. The sample and reference are housed within a
      rotor provided with vanes so that it may be driven as a pump by a motor or
      be driven by fluid flow as a turbine. When the rotor acts as a turbine,
      the frequency of the light responsive sensors will be correlated to the
      fluid flow so that an appropriate frequency responsive gauge is provided
      in circuit to monitor the fluid flow. Also, a malfunction light will
      signal the absence of a reference attenuation signal.
PARN
PAR  This is a continuation of application Ser. No. 847,675, filed Aug. 5, 1969.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In lubrication systems for internal combustion engines and hydraulic
      systems for the control of mechanisms, it is important to know the
      condition of the oil that is circulated in that excess particle
      contamination will not only increase the wear rate of moving parts, but
      that it will also indicate the impending failure of a moving part, for
      example a bearing, and the chemical breakdown or other change in the oil
      will mean that its flow characteristics have changed and that it will in
      many times no longer be suited for its intended purpose. Also, in fuel
      lines, particularly for aircraft engines, it is important to know if
      particle contamination is present which would block small conduits,
      particularly during carburation and if there is a chemical change in the
      fuel so that it would not properly burn. Also, there are many other areas
      where it is important to know the particle content of a fluid and its
      chemical composition, for example for oil well drilling or in water
      purification.
PAR  Optical systems having been used in the past, because of their accuracy and
      convenience in monitoring some of the above characteristics for fluids.
      Particularly, particle contamination will produce a scattering of light
      passed through a fluid and chemical breakdown or other change will affect
      the transmissibility of the fluid for light passing substantially straight
      through it. However, such systems are susceptible to considerable errors
      during long term operation in that light source intensity may change due
      to voltage fluctuations or changes in the light producing element itself;
      also, window discoloration and other contamination will have similar
      effects on the light that is eventually picked up by the light responsive
      sensors. These error causing factors will produce false readings for the
      desired characteristics. There has been no satisfactory way in which to
      compensate for these errors.
PAR  Although reference signals are known, such signals applied to the above
      systems would not provide true references, because they employ different
      light source elements and different pickups from those of the sample
      system so that a light source variation in the sample system would not
      necessarily be picked up in the reference system. Thus, such an
      arrangement would only be a partial solution.
PAR  Fluid monitoring systems in the past have been quite bulky, and involving
      many components that will correspondingly increase the likelihood of
      failure. Also complete failure indicators are not generally provided.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to overcome the abovementioned
      disadvantages by providing an oil monitoring system that has a feedback
      regulating circuit lamp intensity that is independent of or corrects the
      various errors mentioned above. The oil monitor of the present invention
      is compact and simple for corresponding economies. Also, it is versatile
      in that it will monitor two or more characteristics of the fluid, correct
      for errors, show malfunction, and indicate flow rate.
PAR  The oil monitor is an on-board real time indicator of the optical
      properties of the lubrication oil for a gas turbine powered aircraft. Any
      lubrication system with a circulating oil supply can also be monitored by
      this device. The instrument is composed of a detector cell through which
      the lubricating oil passes, and an appropriate electronic data processing
      circuitry. The latter component may be located in the engine housing or at
      a remote location.
PAR  The function of the oil monitor is to measure the attenuation of a beam of
      light traversing a given path length of oil, and the amount of light
      scattered from a volume of the oil. The light attenuation is a measure of
      chemical degradation of the oil, while the scattering is a function of
      particulate contamination. For successful long term stable operation,
      these measurements must be free of effects due to light source variations,
      window discoloration, and changes in light sensor characteristics. Also,
      the monitor must not impair the integrity of the oil system, which
      requires a design to minimize the possibility of catastrophic failure due
      to leakage or plugging of the monitor head.
PAR  The present invention employs a reference attenuation and scattering medium
      for periodically displacing the oil in order to provide stable reference
      levels. This is accomplished by a rotor rotating within the flow of oil.
      The rotor may be divided into two or four segments, with half of the
      segments containing semi-transparent material which will have a scattering
      property and an attenuation property similar to that of clean oil or other
      fluid employed. The other half of the segments will contain short windows
      with most of the light passed containing fluid to be monitored. Also, it
      is contemplated that color filters may be used so that from the same light
      source, light having one predominate color will be passed through one set
      sample and reference material while light of a different color will be
      passed through another set of sample and reference material. The short
      windows will introduce the same amount of attenuation into the ends of the
      sample paths as is normally produced for the ends of the reference paths.
PAR  A single light source is provided for all of the sample and reference
      materials and is conducted thereto and therefrom by means of fiber optics.
      Reflecting portions on the rotor produce a signal on a light responsive
      sensor to indicate to the circuitry when the reference is being measured
      or alternatively when the sample is being measured.
PAR  With the present invention, the system is independant of the direction of
      rotation, so that it may be employed with fluid flowing in either
      direction through the monitor so that the fluid will impinge upon the
      rotor reaction vanes to provide a turbine action for rotating the rotor,
      which will in turn produce signals from the light responsive sensors that
      will have a frequency correlated to the fluid flow, which fluid flow may
      be indicated by suitable known frequency responsive flow gauge or the
      like. Also, the rotor may be driven by a suitable motor means so that its
      peripheral vanes act as a pump for circulating the sample fluid. The
      system may be easily designed to operate over a wide range of signal
      frequencies, so that the oil flow rate may vary over a wide range. For
      example, the unit may operate in flow rate ranges between 1.5 and 20
      gallons per minute. The absence of a reference identification signal or a
      control signal may be used to trigger a malfunction light or other
      indicator to show a system breakdown such as light source failure or
      stoppage of the rotor. The present invention provides a low flow
      resistance path through the optical system when operating as a turbine.
PAR  The present invention provides circuitry for frequent and automatic
      adjustment of the optics to maintain constant response to a reference
      signal. Suitable feedback in regulating circuitry is provided to be
      operated by the reference signals to eliminate the effects of light source
      variation, window and fiber optics transmission changes, photo cell or
      other sensor variations, etc. Also, the reference scattering signal is
      used as a calibration standard for the scattering light measurement, thus
      removing the effects of variation of the scattering light sensor.
      Photo-resistive cells may be used in that they are available over a wide
      range of characteristics, ratings, etc. Their sensitivity, linearity and
      stability have been established through other uses, for example where they
      have been able to measure as few as one hundred droplets per cubic
      centimeter of air, which droplets measure about five microns in diameter.
      This represents a sensitivity on the order of one part in one hundred
      million, based on volume ratios. By using similar circuit techniques, the
      detection of ten parts per million of oil impurities can be readily
      accomplished. Also, phototransistors may be used instead of
      photo-resistive cells.
PAR  The versatility of the present invention is shown by the fact that units
      may be easily constructed for operation with 115 Volt, 60 cycle power or
      28 Volt D.C. power or 400 cycle, 115 Volt power, for example. Total power
      used to operate the oil monitor is about ten watts and its weight when
      capable of handling a flow of 20 gallons per minute is about 2 pounds. The
      instrument output is preferably 0-5 Volts D.C. on two channels, one for
      attenuation and the other for scattering.
PAR  With the use of common light responsive sensors for each of the reference
      sample light pickups, output signals will be produced having a frequency
      corresponding to the alternation between the sample and reference. A
      further light responsive sensor combined with at least one reflective
      surface on the rotor produces a control signal of the same frequency,
      which may be phase inverted to produce two control frequencies
      respectively in phase with the sample and reference signals to operate
      gates in the test and reference circuits for passing only the
      corresponding test and reference signals. Furthermore, the alternating
      outputs of the sensors have the advantage that D.C. eliminators may be
      used in the circuits for removing D.C. current that would be produced by
      stray light, circuit noise, etc, which would produce false readings.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further objects, features and advantages of the present invention will
      become more clear from the following detailed description of preferred
      embodiments of the present invention shown in the attached drawing
      wherein:
PAR  FIG. 1 is a longitudinal cross sectional view through the mechanical
      portion of the oil monitor that is inserted in a fluid sample passing
      light through the sample and producing electrical signals in proportion to
      the effect the sample and a reference have upon the light;
PAR  FIG. 2 is a cross sectional view through an optical fiber element
      controlling the passage of light taken along line II--II in FIG. 1;
PAR  FIG. 3 is a cross sectional view showing the reference and sample passages
      in the rotor along with the control reflecting surface on the rotor and
      the associated stationary control optical fiber, as viewed from line
      III--III in FIG. 1;
PAR  FIG. 4 is a cross sectional view of the rotor showing the light scattering
      passages and the stationary optical fiber for picking up the scattered
      light, which is taken along line IV--IV of FIG. 1;
PAR  FIG. 5 is a partial cross sectional view taken along line V--V of FIG. 3 to
      show the window, oil outlet, and scattered light outlet for the sample
      holding passage;
PAR  FIG. 6 is a cross sectional view, which is similar to the view of FIG. 3,
      but which is of a modification wherein four sample and reference passages
      are shown in the rotor to increase the frequency of the signal output or
      determine color detecting characteristics of the sample material;
PAR  FIG. 7 is a cross sectional view, which is similar to the view of FIG. 4,
      but of the modification of FIG. 6;
PAR  FIG. 8 is a partial cross sectional view taken along line VIII--VIII of
      FIG. 6 showing the color filter window in place; and
PAR  FIG. 9 is a diagram of the electric circuit employed with the oil monitor
      of the present invention in combination with a schematic representation of
      the mechanical portion of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  As shown in FIG. 1, the generally cylindrical mechanical portion of the oil
      monitor according to the present invention comprises a body portion 1 that
      is mounted within an area containing the sample material to be monitored,
      for example, which is mounted below the oil level in an internal
      combustion engine lubricating oil sump. To facilitate this mounting, the
      body portion 1 is provided with an annular flange 2 which has a plurality
      of peripheral threaded or through bores 3 to receive mounting screws (not
      shown). The body portion 1 provides a central through passageway for the
      sample material, which will hereafter be referred to as lubricating oil
      for purposes of a specific example. The oil may enter or exit from
      respectively either the central aperture 4 in the annular flange 2 or the
      aperture 5 at the other end of the body portion 1.
PAR  To form the central passageway, the body portion 1 is provided with an
      outer tube 6 that has an entrance flange 7 (the aperture 4 being
      considered the entrance for purposes of a specific example). The flange 7
      is provided with an annular recess containing therein an O-ring 8 for
      providing a fluid tight seal with the annular flange 2 when the outer tube
      6 and annular flange 2 are rigidly secured together by means of the
      peripherally arranged screws 9.
PAR  An inner tube 10 is concentrically mounted within the outer tube 6 by means
      of a telescoping engagement with an integral tubular portion 11 of the
      annular flange 2. The tubular portion 11 has a peripheral outer recess
      containing therein an O-ring 12 providing sealing engagement with the
      inner tube 10, and the screw 13 secures the assembly against relative
      axial movement. The exit end of the inner tube 10 is concentrically
      engaged with an inturned annular flange 14 of the outer tube 6; the inner
      periphery of the annular flange 14 is provided with an annular recess
      containing therein an O-ring 15. Thus, there is formed an annular fluid
      tight air chamber 16 between the outer tube 6 and the inner tube 10, with
      the central through passageway being a part of the usual sealed
      lubricating oil sump of an internal combustion engine. The air chamber 16
      will house the electrical components of the unit while the central through
      passageway will have therein the mechanism for containing and moving the
      sample material and reference material.
PAR  Concentrically within the central passage way is a rotor 17 rotatably
      mounted by means of opposed stub shafts 18 that are respectively received
      within the two sleeve bearings 19 that are carried by means of pillow
      blocks 20. The pillow blocks 20 are rigidly secured to the inner surface
      of the inner tube 10 by means of suitable screws 21, welding or the like.
      As shown more particularly in FIGS. 3 and 4, the rotor 17 has two
      diametrically opposed axially extending through passages 22, one of which
      has therein the reference material, for example, a Pyrex glass rod 23. The
      rod 23 may be constructed of any light conducting or passing material that
      will approximate the desired optical characteristics or properties of the
      sample to be tested, with the sample in an acceptable condition. The other
      through passage 22 contains therein the sample material, such as oil, to
      be tested and monitored. Around the entrance periphery of the rotor 17
      there are provided a plurality of radially extending blades or vanes 24
      that will act as turbine blades to rotate the rotor 17 when oil moves
      through the central through passageway in either direction or
      alternatively, a suitable motor may be connected to one of the stub shafts
      18 to drive the rotor 17 so that the blades 24 will act as axial pump
      blades for moving the oil through the central passageway. In either event,
      the oil will continuously move through the sample passage 22 by entering
      at the entrance end, traveling axially and exiting from the slanted outlet
      25 shown in FIG. 5. With the rotor 17 rotating, centrifugal force will
      tend to move the oil radially outwardly through the outlet passage 25 to
      provide a pumping action for moving the oil axially through the passage 22
      from the entrance towards the exit. As shown in FIG. 5, the exit end of
      the sample passage 22 is provided with a glass or plastic disc window 26
      which will have two faces exposed to the oil for approximating the
      discoloration or clouding effect produced on the opposed ends of the
      reference material rod 23.
PAR  As further shown in FIG. 1, a suitable light source 27 is mounted within
      housing 28 secured by welding or the like to the outer surface of the
      inner tube 10. A protective tube 29 extends from within the housing 28
      aligned with the light source 27 through the unit tube 10 to where it is
      bent 90.degree. so that its end has its axis parallel to the adjacent
      through passage 22. A suitable O-ring or bead and recess snap coupling 30
      is provided to securely hold the protective tube 29 within the housing 28
      and form a fluid tight seal. The snap coupling is particularly desirable
      if the elements are made from resiliant plastic material. Within the
      protective tube 29, there is disposed for its full length an optical fiber
      31 which has substantially the same outer diameter as the inner diameter
      of the protective tube 29 with the intervening space being filled with a
      suitable sealing material and conducts the light from the light source 27
      to within the central through passageway so that it is projected axially
      through the adjacent passage 22 of the rotor 17. After traversing the
      aligned through passage 22, the light is picked up by means of an optical
      fiber 32 contained within a protective tube 33 where it is conducted to
      impinge upon the sensitive surface of a photo-transistor 34, which is
      suitably mounted within housing 35 that is welded to the outer surface of
      the inner tube 10. The light picked up by the optical fiber 32 will be
      affected by the attenuation characteristics of the material within the
      aligned through passage 22, for example the chemical breakdown of the
      lubricating oil. This attenuation will have a corresponding effect upon
      the output signal produced by the photo-transistor 34.
PAR  Immediately adjacent the through passage 22 having therein the reference
      material 23, there is a reflective surface 36 on the outer periphery of
      the rotor 17 so that light being projected by the optical fiber 31 is
      reflected radially to be picked up by the radially aligned optical fiber
      37 sealed within the protective tube 38, so that the reflected light is
      directed to the sensitive surface of a control photo-transistor 39. Thus,
      the photo-transistor 39 will have an output control signal indicative of
      the position of the rotor 17, that is a signal pulse will be produced by
      the photo-transistor 39 each time that the reference material 23 is
      aligned between the optical fibers 31 and 32. It is also contemplated that
      the reflective surface 36 could be adjacent the through passage 22
      carrying the lubricating oil, instead of in its indicated position, in
      which case a control signal pulse would be produced each time that the
      sample material is aligned between the optical fibers 31, 32. The
      photo-transistor 39 is contained within a suitable housing 40, which is
      similar to the previously mentioned housings 28, 35, and has
      correspondingly similar O-ring or coupling 30.
PAR  Particle contamination within the oil sample and the optical properties of
      the reference material 23 will scatter the light traveling therethrough.
      The light scattered by the reference material 23 will move at right angles
      to the axis of its passage 22 where some of it will escape through the
      additional radial passage 41 where it will be picked up by the aligned
      optical fiber 42 carried within the protective tube 43 so that it will
      impinge upon the lower sensitive surface of the photo-transistor 44 that
      is carried in the housing 45. The housing 45 is constructed and mounted
      similarly to the previously described housings. The photo-transistor 44
      will produce an output electrical signal correlated to the scattering
      effect of the reference material 23. In a like manner, the light scattered
      by the oil sample, when the oil sample passage 22 is aligned between the
      optical fibers 31, 32, will pass through the radially extending additional
      passage 46 to be picked up by the optical fiber 42 to produce a
      corresponding electrical scattering signal with a photo-transistor 44.
PAR  It is also contemplated that four passages 22 may be symetrically spaced
      about the axis of rotation of the rotor 17 so that there will be two pairs
      of diametrically opposed reference and sample holding passages 22 and
      correspondingly twice as many reflecting surfaces 36, outlets 25,
      additional passages 41, 46, etc. within the rotor. Thus, the signals
      produced by the photo-transistors 39, 44 and 34 would have twice the
      frequency of the previously described system. Other combinations are
      contemplated.
PAR  A modification of the previously perferred embodiment is shown in FIGS. 6,
      7, 8, wherein like numerals are used to describe like previously described
      elements. In FIG. 8, the window 47 has the same function as the window 26
      previously described but in addition is a filter for primarily decreasing
      a particular color frequency in the light passing therethrough so the
      light passing through the oil held within the passage 22' will be colored.
      As seen in FIGS. 6 and 7, another set of diametrically opposed passages
      22' are provided in the rotor 17', one of which has therein a filter
      window 48 identical to the filter window 47, except that it will decrease
      a different color component of the light. Thus, the oil sample may be
      monitored with two different colors of light coming from the same light
      source for determining still further the characteristics of the oil. The
      reference material 23' would be provided with a light affecting
      characteristic by suitable filters or the like that would correspond to
      clean oil in combination with the filter 47. Similarly, a reference
      material 49 is provided to have the optical characteristics corresponding
      to the filter window 48 in combination with clear oil. Except for the
      above described differences, the modification according to FIGS. 6-8 would
      also employ structure identical to that shown in FIG. 1, so that further
      description is unnecessary.
PAR  In FIG. 9, there is shown the electrical circuitry to be used in
      combination with the structure previously described with respect to FIGS.
      1-5. With rotor 17 rotating during operation of the sensor shown in FIG.
      1, the signal output of the attenuation photo-transistor 34 will be
      composed of alternating pulses corresponding to the light attenuation
      characteristics of the reference material and the sample material; this
      attenuation signal will be conducted by line 50 to the input of signal
      amplifier and D.C. eliminator 51, where any direct current component of
      the signal will be blocked or eliminated and the alternating current
      attenuation signal will be amplified. It is an important feature of the
      present invention to eliminate the direct current component, which might
      be caused by stray light affecting the photo-transistor 34 or background
      disturbances in the circuitry, which would cause errors in the monitoring
      unless eliminated. The output of the amplifier and D.C. eliminator 51 is
      split and fed by lines 52 to the parallel attenuation test or sample
      circuit 53 and attenuation reference circuit 54. The attenuation sample
      circuit 53 has connected in series circuit a field effect normally open
      gate 55 for passing only the sample signal pulses, an amplifier 56, a
      calibration component 57, an amplifier 58, a peak detector 59, a
      differential amplifier 60, and an attenuation output (preferably a gauge)
      61. The control signal produced by the photo-transistor 39 will have a
      pulse occurring each time that the reference material is aligned with the
      optical fibers 31, 32. This pulse will be transmitted by line 62 to an
      amplifier, clipper and phase inverter 63, which has two outputs 64 and 65.
      The control output signal in line 64 will have a square wave pulse each
      time that the sample material is aligned with the optical fibers 31, 32,
      and this control output signal is fed to the field effect transistor gate
      55 to close the gate each time a sample attenuation signal appears in
      input line 52. Thus, only the sample attenuation signal will be amplified
      by amplifier 56. The differential amplifier 60 receives a standard
      reference voltage from the reference voltage component 66, compares this
      with the attenuation sample signal received from the peak detector 59 and
      produces a differential output that is fed to and operates the gauge 61.
      The calibration component 57 is further used to adjust the zero reading on
      the gauge 61 when test switch 70 is depressed to feed the control output
      signal from output 65 to the gate 55 so that the reference signal only is
      passed through the attenuation sample circuit 53. Thus, when the signal
      amplitude is a maximum, corresponding to zero attenuation, the output of
      the differential amplifier is zero. Operation of test switch 70
      simultaneously opens switch 67, so that the attenuation reference signal
      will pass through the resistance of rheostat 68 which can be set to make
      zero attenuation correspond to the attenuation of the clean oil.
PAR  The attenuation reference circuit 54 has in series circuit a field effect
      transistor gate 71 that is shown closed because in all of the previous
      figures the reference material has been shown as aligned between the
      optical fibers 31 and 32, an amplifier 72, an amplifier 73, a peak
      detector 74, a differential amplifier 75, a lamp control component 76, and
      light source 27. The control signal output in line 65 that has a square
      wave pulse each time that the reference material is aligned with the
      optical fibers 31, 32 is fed to the gate 71 for closing the gate 71 only
      when the reference material is aligned between the optical fibers 31, 32
      so that only the reference attenuation signal is passed to the amplifiers
      72, 73 and the peak detector 74. The differential amplifier 75 will
      compare the reference attenuation signal from the peak detector 74 with a
      voltage reference from the component 66 and produce a differential output
      that is sent to the lamp control 76. Although it is advantageous to
      provide only one voltage reference 66 for both the sample circuit and
      reference circuit, it is contemplated that separate voltage references may
      be used if convenient. With the oil monitor in perfect operating
      condition, the reference attenuation signal fed to the differential
      amplifier 75 will be identical to the voltage reference fed from the
      reference 66 so that there will be no output from the differential
      amplifier 75 and the lamp control will not change the current supplied by
      the lamp power supply 77 to the light source 27; thus, the intensity of
      the light source 27 will not change during ideal operating conditions. If
      the lamp power supply should fluctuate or change producing a corresponding
      change in the lamp intensity or if discoloration should appear on the
      faces of the optical fibers, windows, filters or reference material ends,
      or the characteristics of the electrical components should change, etc.,
      there would be a change in the reference attenuation signal fed through
      the attenuation reference circuit, which would produce a corresponding
      error signal from the differentil amplifier 75 that would provide a
      feedback to the lamp control 76 for regulating the output of the lamp's
      power supply 77 and thus regulating the intensity of the light source 27
      for correction purposes. Thus, the light source, electrical components and
      mechanical components will not affect the readings of the oil monitor in
      that the system is self-regulating. If there is no reference attenuation
      signal reaching the differential amplifier 75, the malfunction indicator
      78 will be energized to show that there is a breakdown somewhere in the
      system of the oil monitor.
PAR  When rotor 17 is provided with vanes and is mounted for free rotation, the
      speed with which it rotates will correspond to the flow of the oil through
      the oil monitor sensor of FIG. 1. Thus, the frequency of the light pulses
      reaching the photo-transistor 39 will be correlated to the speed and
      similarly the control signal produced by the photo-transistor 39 will have
      a frequency correlated to the fluid flow. A frequency responsive flow
      gauge 79 is connected in circuit with the control signal outputs 65 to
      provide a convenient reading of oil flow.
PAR  The scattering signal produced by the photo-transistor 44 will be composed
      of alternating sample of reference pulses, which will be fed by line 80 to
      the input of signal amplifier and D.C. eliminator 81, which functions in a
      manner identical to the signal amplifier and D.C. eliminator 51. The
      output of amplifier 81 is split and fed by line 82 to the parallel
      scattering sample circuit 83 and the scattering reference circuit 84. The
      scattering sample circuit 83 comprises in series a field effect transistor
      gate 85 that is shown in the open position because the sample is not
      aligned with the optical fibers 31 and 32 in the other figures of the
      drawing, amplifier 86, calibration component 87, amplifier 88, peak
      detector 89, and scattering output indicator or gauge 90. The output
      control signal of line 64 that has a pulse each time that the sample is
      aligned with the optical fibers 31 and 32 is fed to the gate 85 for
      closing the gate and thus passing only the sample component of the
      scattering signal in line 82. The sample component of the scattering
      signal is thereafter fed through the components 86, 87, 88, 89 and 90 for
      their respective functions to produce an indication of the particle
      contamination. The scattering reference circuit 84 comprises in series a
      field effect transistor gate 91, which is shown in its closed position
      because in all of the other figures the reference is shown aligned with
      the optical fibers 31 and 32, an amplified 92, an amplifier 93, a peak
      detector 94, an error differential amplifier 95, and a servomechanism 96.
      The scattering reference signal that has been passed through the
      components 92, 93, 94 is fed to the error differential amplifier 95 along
      with a reference signal from scattering reference 97 to produce a
      scattering error signal that is applied to the servomechanism 96 for
      operation of the calibration component 87 to adjust the gain on the
      amplifier 88. The servomechanism 96 may be also replaced with
      corresponding electrical feedback circuit components that serve the same
      function. Thus, with a weakening of the scattering signal volume, the
      volume may be correspondingly increased by the feedback of scattering
      reference circuit 84 so that the signal that ultimately reaches gauge 90
      will be sufficiently strong to assure proper operation of the gauge. Thus,
      the scattering circuit is self-regulating with respect to volume only,
      that is, the feedback function of scattering reference 84 will not affect
      the particle detecting function of peak detector 89 and the gauge function
      in summing the peak signals corresponding to contamination by particles
      but will maintain sensitivity of the instrument at some desired preset
      level.
PAR  The above circuit may be modified in many ways without departing for the
      spirit of the present invention; for example, the malfunction light may be
      actuated by an excessive error signal coming from the error differential
      amplifier 75, the photo-transistors may be replaced by photo-resistive
      elements, etc.
PAC  OPERATION
PAR  Although the operation of the oil monitor has been described above in
      connection with the detailed description of the various components, it
      will be summarized below.
PAR  The oil monitor sensor of FIG. 1 may be placed in the lubrication oil sump
      for an aircraft engine. The rotor 17 may be freely rotatable as shown so
      that the engine oil pump will circulate oil through the sensor from
      aperture 4 to aperture 5, or from aperture 5 to aperture 4 so that the
      blades 24 will act as turbine blades to rotate the rotor 17. As the rotor
      17 rotates, the through passage 22 containing therein the reference
      material 24 will move into alignment with the optical fibers 31, 32
      alternately with the diametrically opposed through passage 22 which has
      the oil circulating therethrough. Besides the pumping action of the engine
      oil pump, the oil will move through the sample passage 22 by the
      centrifugal action of the radial outlet 25, which would preferably be
      located at the exit end for this purpose depending upon the direction of
      fluid flow. If the oil is static, where the sensor is placed, a motor may
      be provided to rotate the rotor 17 and provide pumping action by the
      blades 24 and the radial outlet 25 for moving the oil through the sensor.
      Also, the sensor could be placed in an oil line with a motor attached to
      the stub shaft 18 of the rotor 17 so that the sensor itself would act as
      the engine oil pump.
PAR  With the oil sample in its passage 22 and the reference material 23
      alternately passing in alignment with the light source optical fiber 31 as
      mentioned above, the attenuation optical fiber 32 will pick up light
      pulses that will correspondingly alternate between light pulses from the
      oil sample and the reference material 23. Similarly, the optical fiber 42
      will pick up corresponding scattering light pulses from the oil sample
      wherein contamination particles will cause the light to scatter in a plane
      perpendicular to the axis of the passage 22 for travel through additional
      radial passsage 46 and from the sample material 23 with known light
      scattering characteristics, which will scatter the light in a plane
      perpendicular to its passage 22 for travel through the radial additional
      passage 41. The photo-transistor 34 which receives the attenuation light
      pulses through optical fiber 32 will produce electrical signals correlated
      to the degree of attenuation of light caused respectively by the oil
      sample and the reference material 23; the attenuation produced by the oil
      sample will increase with chemical breakdown of the lubricating oil. The
      photo-transistor 44 will produce electrical signals that will pulse in
      correlation with the exciting scattering light pulses received by optical
      fiber 42 for providing a scattering reference signal and a scattering or
      oil contamination signal. Also during rotation of the rotor 17, the
      reflective surface 36 will cause light from the optical fiber 31 to be
      reflected through the optical fiber 37 for exciting the photo-transistor
      39; thus, the photo-transistor 39 will produce an electrical control
      signal pulse each time the reflective surface 36 passes the optical fiber
      31, that is, each time the reference material 23 passes the optical fiber
      31.
PAR  With particular reference to FIG. 9, it is seen that the attenuation sample
      and reference signals from the photo-transistor 34 will pass through the
      common line 50 to each of the attenuation sample circuits 53 and the
      attenuation reference circuit 54. The control signal produced by
      photo-transistor 39, which will have a pulse each time that there is a
      reference attenuation pulse from the photo-transistor 34, will be
      amplified and clipped at 63 to the indicated wave form in output line 65,
      which is connected to the field effect transistor gate 71; thus, the gate
      71 will be closed each time that there is a reference pulse from the
      photo-transistor 39, that is correspondingly each time there is a
      reference attenuation pulse from the photo-transistor 34. Therefore, the
      gate 71 will only pass the attenuation reference signal as indicated by
      the wave form adjacent amplifier 72. This attenuation reference signal
      will be compared with the reference voltage from 66 by the differential
      amplifier 75 to produce an output that will excite the malfunction
      indicator light 78 if there is an extreme breakdown in the system. The
      differential output of the differential amplifier 75 will operate the lamp
      control 76 to adjust the lamp power supply 77 for regulating the intensity
      of the light source 27 so as to maintain a relatively constant output of
      the attenuation reference signal, which has the result of compensating for
      fluctuations or changes in the lamp power supply 77, changes in the
      efficiency of the light source 27, changes in the optical properties of
      the optical fibers 31, 32, changes due to discoloration, etc., of the
      windows in the rotor 17, etc.
PAR  The control signal from line 62 will also be amplified, clipped and phase
      inverted to produce the wave form shown in output line 64, which is
      thereafter fed to the field effect transistor gate 55 for closing the gate
      180.degree. out of phase with the closing of the gate 71, which will have
      the result that gate 55 will pass only the sample attenuation signal as
      shown by the wave form adjacent the amplifier 56. The sample attenuation
      signal will be compared with the reference voltage from 66 by the
      differential amplifier 60, to produce a differential output that will
      operate gauge 61 for indicating the oil attenuation or chemical breakdown.
      Test switches 67 and 70 may be operated jointly to pass the control output
      signal from line 65 to gate 55, which will have the result that only the
      reference attenuation signal will be passed through the amplifier 56 for
      calibration of gauge 61 by means of the calibration circuit 57 to give a
      zero reading of the gauge that would correspond to new clean oil. During
      such calibration, the zero signal output from amplifier 58 may be used to
      adjust the full scale position of the gauge 61 that would correspond to
      oil that would pass no light, or have full attenuation.
PAR  The reference and sample scattering signals produced by the
      photo-transistor 44 will be fed through the common line 80 to both the
      scattering sample circuit 83 and the scattering reference circuit 84. With
      operation similar to that of gate 55, the gate 85 will close, in response
      to the output control signal from line 64, to pass only the sample
      scattering signal as shown by the wave adjacent the amplifier 86, which
      will pass through the amplifier gain control calibration component 87 to
      be peak detected at 89 to produce a signal fed to the gauge 90 that will
      correspond to the particle count for producing an indication on the gauge
      90 of the particle contamination within the oil. For the scattering
      reference circuit 84, the gate 91 will operate similar to the gate 71
      previously described by responding to the control output signal in line 65
      for passing only the scattering reference signal as shown by the wave form
      adjacent the amplifier 92. This scattering reference signal will be
      amplified at 92, 93, peak detected at 94, and compared by the error
      differential amplifier 95 with a reference signal from 97. The
      differential output of the error amplifier 95 will operate the
      servo-mechanism 96 to adjust the gain in the sample scattering circuit 83
      at the calibration component 87 to produce a signal that will be strong
      enough to be peak detected at 89 for summation of the particle signals to
      properly operate the gauge 90 even when oil attenuation reduces the amount
      of scattered light reaching the photo-transistor 44, to thus compensate
      for attenuation that would otherwise complicate the particle contamination
      monitoring.
PAR  The scattering sample circuit 83 may be calibrated in the previously
      described manner of the attenuation sample circuit by depressing switch 70
      to pass the reference signal.
PAR  Since one pulse will be produced in the control line 62 for each revolution
      of the rotor 17, a frequency responsive flow guage 79 is connected in
      circuit to receive the control output signal from line 65 and indicate
      flow rate, which flow rate is proportional to the speed of rotation of
      rotor 17.
PAR  With the modification of FIGS. 6-8, the circuitry for two opposed through
      passages 22' containing therein the reference material 23' and the filter
      window 47, respectively, will be identical in structure and operation with
      that shown in FIG. 9. The circuitry for the other opposed through passages
      22' containing therein a different reference material and filter window 48
      will include all of the components set forth in FIG. 9, except for the
      feedback attenuation reference circuit 54, because the same light source
      27, optical fibers 31, 32 and photo-transistors 34, 44 would be involved
      in monitoring all of the passages 22'. Also, another flow gauge 79 would
      not be necessary. In addition to the amplifier, clipper and phase inverter
      63, there would be a 90.degree. phase shifter for each of the output lines
      64, 65 to correspond with the 90.degree. offsetting of adjacent through
      passages 22' in the rotor 17'.
PAR  Since the basic circuitry for the modification of FIGS. 6-8 is shown in
      FIG. 9 and the above changes are minor, it is thought that no further
      explanation is necessary for the proper understanding of the modification
      by a person having ordinary skill in the art.
PAR  Also, it is contemplated that the reference material passage and sample
      passage according to the embodiment of FIGS. 1-5 could be duplicated in
      opposed passages 90.degree. offset from those shown in FIG. 2, for
      example, to double the frequency of the signals produced by
      photo-transistors 34, 44. Correspondingly, an additional reflective
      surface 36 will be provided adjacent the additional through passage 22
      that would hold the same sample material 23. The circuitry of FIG. 9 would
      remain identical to what is now shown. Of course, the various guages and
      controls would necessarily have to be recalibrated for the double
      frequency.
PAR  As a further modification, the rotor attenuation reference would be
      shortened so that the portion of the reference light path between the end
      of the lamp fiber optics, to just short of the scattering
      photo-transistor, is filled with oil. Therefore, if the attenuation of
      this portion of the light path should increase, there will be a
      corresponding increase in lamp intensity, to prevent a reduction in the
      scattering signal.
PAR  Several embodiments, modifications and variations have been shown and
      described to illustrate that the basic principles and inventive features
      of the preferred embodiment are contemplated to be used in further and
      widely different applications according to the spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for testing a sample of fluid material to determine at least
      one characteristic correlated to the effect the material has on light
      comprising a sealed chamber for containing therein a fluid sample to be
      tested and having inlet and outlet openings thereto for the fluid sample
      to be tested; a light source mounted exteriorly of said chamber, means
      responsive to light for producing a signal mounted exteriorly of said
      chamber; first optical fiber means extending from within said chamber to
      said light source; second optical fiber means extending from within said
      chamber to said light responsive means, a rotor mounted for rotation about
      an axis within said chamber; said rotor having at least two through
      passages, each extending between the chamber ends of said optical fiber
      means in spaced-apart positions of said rotor; a reference material in one
      or more of said passages, and means in other of said passages for holding
      a sample material; second light responsive means; third optical fiber
      means extending from within said chamber to said second light responsive
      means and having an off-axis orientation with respect to said first and
      second optical passages in said rotor providing respective light paths for
      each of said through passages with said third optical fiber means.
NUM  2.
PAR  2. Apparatus according to claim 1 further including a plurality of fluid
      reaction vanes mounted on the periphery of said rotor for reacting on a
      fluid sample contained within said chamber while said rotor is rotating.
NUM  3.
PAR  3. Apparatus according to claim 1 further including means formed on said
      rotor for intercepting and diverting light from said light source along a
      third light path and third light responsive means disposed in said third
      light path for deriving synchronizing control signals used in the
      processing of the output signal from said first and second light
      responsive means.
NUM  4.
PAR  4. Apparatus according to claim 1 further including means disposed in said
      means for holding a sample for matching discoloration effects of said
      reference material to samples being held.
NUM  5.
PAR  5. Apparatus according to claim 1 further including means formed on said
      rotor for intercepting and diverting light from said light source along a
      third light path and third light responsive means disposed in said third
      light path for deriving synchronizing control signals used in the
      processing of the output signal from said first and second light
      responsive means further including means disposed in said means for
      holding a sample for matching discoloration effects of said reference
      material to samples being held.
NUM  6.
PAR  6. Apparatus according to claim 5 further including a plurality of fluid
      reaction vanes mounted on the periphery of said rotor for reacting on a
      fluid sample contained within said chamber while said rotor is rotating.
NUM  7.
PAR  7. Apparatus for testing a sample of fluid material to determine at least
      one characteristic correlated to the effect the material has on radiant
      energy comprising means for holding a sample fluid material; separate
      means for holding a reference material having known radiant energy
      affecting characteristics; a single radiant energy source; means for
      passing a single radiant energy beam from said source alternately through
      each of said means for holding to alternately pass the radiant energy beam
      through sample and reference material; single attenuated radiant energy
      responsive means for intercepting the attenuated radiant energy after it
      has passed through said means for holding a sample material and after it
      has passed through said means for holding a reference material to produce
      an attenuation electrical output comprised of correspondingly alternating
      sample and reference attenuation electrical signals in response to the
      radiant energy intercepted by said attenuated radiant energy responsive
      means including a single radiant energy to electrical energy transducer
      receiving the attenuated radiant energy from only one direction common to
      sample and reference radiant energy; and single scattered radiant energy
      responsive means mounted with respect to said holding means and said means
      for passing radiant energy so that it receives the radiant energy
      scattered by said materials to produce a single scattered electrical
      output correspondingly alternating between sample and reference scattered
      electrical signals, and including a single radiant energy to electrical
      energy transducer receiving the scattered radiant energy from only one
      direction common to sample and reference radiant energy.
NUM  8.
PAR  8. The apparatus of claim 7 wherein the radiant energy is light.
NUM  9.
PAR  9. The apparatus of claim 7 further including means utilizing at least one
      of the reference electrical signals to regulate the signal processing of
      the sample electrical signals.
NUM  10.
PAR  10. The apparatus of claim 7, including first separating means receiving
      said scattered electrical output and producing a first separated output of
      only said sample scattered signal and a second separated output of only
      said reference scattered signal; means utilizing said reference scattered
      signals for regulating the signal processing of the sample scattered
      signal; second separating means receiving said attenuation electrical
      output and producing a first separated output of only said sample
      attenuation signal and a second separated output of only said reference
      attenuation signal; and means utilizing the reference attenuation signal
      for regulating the signal processing of the sample attenuation signal.
NUM  11.
PAR  11. Apparatus according to claim 7 further including means for intercepting
      radiant energy from said source as it is alternately passed through sample
      and reference material and for diverting the intercepted radiant energy
      along a predetermined path, and a single synchronizing radiant energy to
      electrical energy transducer disposed in the predetermined path for
      deriving synchronizing electrical signals useful in the processing of the
      sample and reference attenuation and scattered electrical signals.
NUM  12.
PAR  12. Apparatus according to claim 7 further including means disposed in said
      means for holding a sample fluid material for matching discoloration
      effects of said reference material to the sample fluid materials being
      held.
NUM  13.
PAR  13. Apparatus according to claim 7 further including means for intercepting
      radiant energy from said source as it is alternately passed through sample
      and reference material and for diverting the intercepted radiant energy
      along a predetermined path, and a single synchronizing radiant energy to
      electrical energy transducer disposed in the predetermined path for
      deriving synchronizing electrical signals useful in the processing of the
      sample and reference attenuation and scattered electrical signals and
      further including means disposed in said means for holding a sample fluid
      material for matching discoloration effects of said reference material to
      the sample fluid materials being held.
NUM  14.
PAR  14. Apparatus according to claim 13 further including means coupled to said
      single synchronizing radiant energy to electrical transducer for producing
      two separate alternate gate control signals of the same frequency as the
      reference and sample attenuation and scattered signals, first and second
      gate means connected in parallel circuit relationship and supplied with
      said reference and sample attenuation and scattered signals, said first
      gate means being responsive to said first gate control signal for passing
      only the reference attenuation and scattered signals and said second gate
      means being responsive to said second gate control signal for passing only
      the sample attenuation and scattered signals; means for producing a
      standard signal; first differential amplifier means receiving said
      standard signal and the signal passed through said second gate means as
      its input and producing a first differential output signal; indicator
      means responsive to said first differential output signal; second
      differential amplifier means receiving said standard signal and the signal
      passing through said first gate means as its input and producing a
      differential output error control signal; and means for feeding back said
      output error control signal for regulating the signal processing of said
      sample attenuation and scattered signals.
NUM  15.
PAR  15. The apparatus according to claim 14, including means for selectively
      applying only said first gate control signal to both of said gate means;
      and calibration means for separately increasing or decreasing the signal
      passing through said one of said gate means before reaching said first
      differential amplifier for reducing to zero the output of said first
      differential amplifier when said first gate control signal is selectively
      fed to said second gate means for zero calibration.
NUM  16.
PAR  16. The apparatus of claim 7, including sample circuit means receiving at
      least one of said separated signals for indicating at least one sample
      characteristic; reference circuit means receiving at least one of said
      separated reference signals for comparing the one reference signal with a
      standard signal and producing an output error signal proportional to the
      difference between the one reference signal and the standard signal, and
      means utilizing the output error signal to regulate the signal processing
      of the sample signal.
NUM  17.
PAR  17. The apparatus of claim 16 wherein the radiant energy is light.
NUM  18.
PAR  18. Apparatus according to claim 17 further including means for
      intercepting radiant energy from said source as it is alternately passed
      through sample and reference material and for diverting the intercepted
      radiant energy along a predetermined path, and a single synchronizing
      radiant energy to electrical energy transducer disposed in the
      predetermined path for deriving synchronizing electrical signals useful in
      the processing of the sample and reference attenuation and scattered
      electrical signals.
NUM  19.
PAR  19. Apparatus according to claim 17 further including means disposed in
      said means for holding a sample fluid material for matching discoloration
      effects of said reference material to the sample fluid materials being
      held.
NUM  20.
PAR  20. Apparatus according to claim 17 further including means for
      intercepting radiant energy from said source as it is alternately passed
      through sample and reference material and for diverting the intercepted
      radiant energy along a predetermined path, and a single synchronizing
      radiant energy to electrical energy transducer disposed in the
      predetermined path for deriving synchronizing electrical signals useful in
      the processing of the sample and reference attenuation and scattered
      electrical signals and further including means disposed in said means for
      holding a sample fluid material for matching discoloration effects of said
      reference material to the sample fluid materials being held.
NUM  21.
PAR  21. Apparatus according to claim 20 further including means coupled to said
      single synchronizing radiant energy to electrical energy transducer for
      producing two separate alternate gate control signals of the same
      frequency as the reference and sample attenuation and scattered signals;
      first and second gate means connected in parallel circuit relationship and
      supplied with said reference and sample attenuation and scattered signals,
      said first gate means being responsive to said first gate control signal
      for passing only the reference attenutation and scattered signals and said
      second gate means being responsive to said gate control signal for passing
      only the sample attenuation and scattered signals; and means for
      selectively applying only said first gate control signal to both of said
      gate means.
NUM  22.
PAR  22. Apparatus for testing a sample of material to determine at least one
      characteristic correlated to the effect the material has on light,
      comprising means for holding a sample material; separate means for holding
      a reference material having known light affecting characteristics; means
      for passing light separately through each of said means for holding to
      pass through held material and a reference material and including only a
      single light source; a single light responsive means for intercepting the
      light after it has passed through said holding means for holding a sample
      material and after it has passed through said means for holding a
      reference material to produce sample and reference signals in response to
      the light intercepted; all of said holding means being rigidly
      interconnected equidistant from an axis as a holding unit, and said means
      for passing light and said light responsive means being rigidly
      interconnected as a light unit; said holding unit being rotatably mounted
      about the axis with respect to said light unit to selectively align only
      one of said means for holding with the light at one time; a motor having
      an independent power source and being drivingly connected for rotating
      said holding unit about the axis; and a plurality of pump blades mounted
      on said holding unit for rotation therewith to pump fluid through said
      means for holding a sample material during rotation of said holding unit.
NUM  23.
PAR  23. Apparatus for testing a sample of material to determine at least one
      characteristic correlated to the effect the material has on light
      comprising means for holding a sample material; separate means for holding
      a reference material having known light affecting characteristics; means
      for passing light separately through each of said means for holding to
      pass through held material and a reference material and including only a
      single light source; a single light responsive means for intercepting the
      light after it has passed through said means for holding a sample material
      and after it has passed through said means for holding a reference
      material to produce sample and reference signals in response to the light
      intercepted; said holding means being rigidly interconnected equidistant
      from an axis as a holding unit, and said means for passing light and said
      light responsive means being rigidly interconnected as a light unit; said
      holding unit being rotatable about the axis with respect to said light
      unit to selectively align only one of said means for holding with said
      light at one time; and means for passing a stream of fluid sample through
      said means for holding a sample material and past said holding unit; and a
      plurality of turbine vane means mounted on said holding unit for rotation
      therewith within the fluid sample stream for driving the holding unit
      about the axis.
NUM  24.
PAR  24. The apparatus according to claim 23 including means for measuring the
      holding unit speed of rotation produced by said turbine vanes and
      indicating the correlated fluid flow.
NUM  25.
PAR  25. Apparatus for testing a sample of material to determine at least one
      characteristic correlated to the effect the material has on light
      comprising a sealed chamber containing therein a fluid sample to be
      tested; a light source mounted exteriorly of said chamber; means
      responsive to light for producing a signal mounted exteriorly of said
      sealed chamber, first optical fiber means extending from said light source
      into said chamber; second optical fiber means extending from within said
      chamber to said light responsive means; a rotor mounted for rotation about
      an axis within said chamber; said rotor having at least two through
      passages, each extending between the chamber ends of said optical fiber
      means in spaced-apart positions of said rotor; a reference material in one
      of said passages, and means in other of said passages for holding a sample
      material; said chamber comprising a first tubluar wall having said rotor
      mounted therein for rotation about an axis parallel to the axis of
      symmetry of said tubular wall, and having said optical fibers extending
      therethrough, and being opened at opposed ends for respectively receiving
      and discharging fluid sample material.
NUM  26.
PAR  26. The apparatus according to claim 25 including a second wall radially
      spaced outwardly from said first tubular wall and sealing means between
      said second wall and said first tubular wall forming together a chamber
      containing therein said light source and means responsive to light.
NUM  27.
PAR  27. The apparatus according to claim 26 wherein said second wall is tubular
      and said sealing means includes a radially extending flange integral with
      one of said tubular walls and engaging the entire periphery of the other
      of said tubular walls at one of their ends, and a mounting member
      sealingly engaging the entire periphery of the other ends of said tubular
      walls; said mounting member having means for mounting it to a support
      surface and providing the sole, cantilever support for said tubular walls.
NUM  28.
PAR  28. Apparatus for optically monitoring the condition of a moving stream of
      fluid, comprising means for holding at least a moving portion of the fluid
      stream; means for holding an at least partially light transmitting
      reference material; light source means; light responsive transducer means
      for converting received light into correlated electrical signal output;
      light path means alternately forming a first light path between said light
      source means, said reference material holding means and said light
      responsive transducer means, and a second light path between said light
      source means, said moving fluid portion holding means and said light
      responsive transducer means; and said light path means including a light
      path portion for each of said paths mounted for free rotation about an
      axis generally aligned with the direction of flow for the moving fluid
      stream, and turbine means for rotatably driving said light path portion
      about said axis, including a plurality of turbine blades in the fluid
      stream mounted on said light path portion about said axis.
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ABST
PAL  An interferometer for analyzing electromagnetic frequency spectra including
      a movable mirror supported on two air bearings such that the center of
      support of the bearings continuously coincides with the center of gravity
      of the movable mirror during the motion of the mirror. The air bearings
      engage two parallel, spaced apart lateral rods that maintain the optical
      alignment of the mirror. To facilitate making spectral measurements, the
      interferometer also incorporates a laser for producing monochromatic light
      that is directed through a primary beam splitter to provide a periodic
      fringe pattern as the mirror moves and a white light directed through a
      secondary beam splitter to provide a reproducible reference point.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to light measuring apparatus and more particularly
      to optical interferometers used for electromagnetic frequency spectrum
      analysis.
PAR  2. Description of the Prior Art
PAR  Interferometers have been used for many years to measure and to analyze the
      frequency spectra of electromagnetic radiation. In particular, optical
      interferometers are commonly used to compute spectroscopic data such as
      line positions, intensities, and absorption coefficients. Interferometers
      are also used to monitor chemical processes, to identify the composition
      of gaseous samples at very low concentrations, and to plot the spectral
      signatures of remote emission plumes and thermal sources.
PAR  One type of interferometer in use today is the Michelson interferometer.
      The Michelson interferometer includes a half-silvered mirror or beam
      splitter placed at an angle of 45.degree. with respect to the
      electromagnetic radiation being measured. The beam splitter divides the
      radiation into two parts, and each part is directed along a separate
      perpendicular path within the interferometer. One part of the radiation is
      reflected off of a fixed mirror while the other part is reflected off of a
      movable mirror. The two parts are thereafter recombined at the beam
      splitter and optically interfere with each other to a degree proportional
      to their phase displacement. The phase displacement between the two parts
      is generated by the inequality in the path lengths between the movable
      mirror and fixed mirror.
PAR  Although the basic principles and general operation of Michelson
      interferometers are well known, most of these instruments have mechanical
      limitations and operational handicaps. For example, during operation most
      interferometers develop substantial vibrations that interfere with the
      spectral measurements. These vibrations are generated either by the motor
      and drive line for the movable mirror or from the bearings supporting the
      movable mirror. Further, the prior art interferometers cannot quickly damp
      out these vibrations once developed. Also, these prior art instruments
      cannot be subjected to either rugged environments, mechanical shock or
      wide temperature variations; and any occurrence thereof usually requires
      extensive readjustment of the instrument and repetition of the
      measurements.
PAC  SUMMARY OF THE INVENTION:
PAR  The multiplex interferometer is a Michelson interferometer wherein the
      movable mirror is mounted on a moving carriage that is supported by two
      air bearings. The air bearings are so located with respect to the movable
      mirror and the carriage that the combined center of gravity of the mirror
      and the carriage is continuously coincident with the center of support of
      the bearings throughout the complete range of motion of the movable
      mirror. In addition, the interferometer is mounted within a housing that
      not only provides rigid support for the apparatus, but also accommodates
      thermal expansion and absorbs any mechanical shock to the instrument. To
      facilitate making spectral measurements, the interferometer also
      incorporates a gas laser directed onto the beam splitter to generate
      periodic fringe patterns and a white light source to provide a reference
      point for the system.
PAR  Accordingly, the primary object of the present invention is to provide a
      rigid, tubular frame construction for an interferometer and a
      symmetrically balanced carriage for the movable mirror. Together the
      tubular frame and the symmetrically balanced carriage permit exacting
      control of the movable mirror.
PAR  A second object of the present invention is the elimination of tilt,
      irregularity, and vibration from the optics of an interferometer thereby
      permitting the movable mirror to negotiate a long path length without
      perceptible motion at the center of the interference pattern.
PAR  Additional objects and features of the present invention will appear from
      the following description in which the preferred embodiments of the
      invention have been set forth in detail in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is an isometric view of a multiplex interferometer having a
      symmetrical carriage for a movable mirror and a gas laser directed into a
      beam splitter according to the present invention;
PAR  FIG. 2 is a plan view partially in horizontal cross-section illustrating
      the internal arrangement of the components within the multiplex
      interferometer of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is an end elevational view of the multiplex interferometer of FIG.
      1;
PAR  FIG. 5 is a force diagram illustrating the relative locations and
      directions of the forces acting on the carriage of the movable mirror of
      the multiplex interferometer of FIG. 1;
PAR  FIG. 6 is a diagrammatic plan view partially in section with certain parts
      being broken away illustrating the electrical components and optical paths
      of the multiplex interferometer of FIG. 1; and
PAR  FIG. 7 is a plan view of a multiplex interferometer having an internal
      motor and a motor mounting assembly according to an alternative embodiment
      of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  Referring generally to FIGS. 1 - 4, reference numeral 20 indicates a
      multiplex interferometer comprising a linear motor 22, a fixed mirror arm
      24 and a movable mirror arm 26. The linear motor is a conventional
      electromagnetic linear actuator such as is, for example, normally used for
      positioning magnetic read/write heads on computer disc memories. The
      linear motor has an electrical control circuit hereinafter described and
      is rigidly attached to the movable mirror arm 26. The movable mirror arm
      is a cylindrical tube having a mounting flange for the linear motor at one
      end thereof and a 45.degree. flange at the other end. The multiplex
      interferometer 20 is supported by three feet 25 disposed below the movable
      mirror arm 26 and a motor mounting (not shown) on the linear motor 22. The
      feet 25 are designed to provide stable and nontiltable support. The fixed
      mirror arm 24 is also a cylindrical tube but has an end plate 29 at one
      end and a complimentary 45.degree. flange at the other end. The end plate
      29 on the fixed mirror arm fully covers the end of the arm and provides an
      internal mounting base for a fixed mirror mounting hereinafter described.
PAR  The two complimentary 45.degree. flanges 28, 30 perpendicularly mate the
      arms 24, 26 together and are each machined to very critical tolerances in
      order to maintain the optical alignment required between the fixed mirror
      arm 24 and the movable mirror arm 26. Each 45.degree. flange has a central
      portion that is relieved to form a rectangular channel. When the two
      45.degree. flanges are mated together, the two rectangular channels form a
      beam splitter holder 32. The beam splitter holder is a rectangular slot
      located at an angle of 45.degree. with respect to the longitudinal axis of
      each of the arms 24, 26. Referring to FIGS. 1 and 2, the beam splitter
      holder 32 is designed to permit the installation and removal of a beam
      splitter plate 33. The beam splitter plate is a rectangular, opaque
      retainer for a primary beam splitter 34 and a secondary beam splitter 35.
      The primary beam splitter is a partially transparent and partially
      reflective material that splits the incident electromagnetic radiation
      being measured into two parts as hereinafter described. The secondary beam
      splitter 35 is a partially transparent and partially reflective material
      that splits white light into two parts as hereinafter described. Beam
      splitters can be fabricated from a variety of materials including quartz,
      calcium fluoride, potassium bromide, and Mylar. The unobstructed
      rectangular slot of the beam splitter holder 32 allows the various beam
      splitters to be easily interchanged.
PAR  Located on the side wall of the fixed mirror arm 24 near the 45.degree.
      flange 30 is an entrance port 38 through which the incident
      electromagnetic radiation being measured enters the multiplex
      interferometer 20. The entrance port 38 is a generally circular hole
      located with respect to the primary beam splitter 34 so that the
      electromagnetic radiation is incident thereon at an angle of precisely
      45.degree. with the flat surface. Located oppositely on the side wall of
      the movable mirror arm 26 near the 45.degree. flange 28 is an exit port 40
      through which the recombined electromagnetic radiation leaves the
      interferometer. The exit port 40 is also a generally circular hole and is
      located with respect to the primary beam splitter 34 so that the
      electromagnetic radiation, recombined and reflected from the primary beam
      splitter, is directed out through the exit port 40.
PAR  Mounted on the side wall of the movable mirror arm 26 near the exit port 40
      on two brackets 42 is a conventional laser 44. The laser must be selected
      to generate radiation in a frequency range that will not interfere with
      the radiation being measured. In one embodment of the present invention a
      helium-neon laser was used, operating at 6328 angstroms. The laser emits
      essentially monochromatic electromagnetic radiation in a direction toward
      the 45.degree. flange 28 and parallel to the longitudinal axis of the
      movable mirror arm 26. The radiation is thereafter directed through the
      exit port 40 by a laser prism 46 mounted on a bracket 48. The laser prism
      is a conventional deflecting prism that reflects the laser beam onto the
      primary beam splitter 34. Mounted oppositely on the side wall of the fixed
      mirror arm 24 near the entrance port 38 is a laser fringe counter 50. The
      beam from the laser is used to generate fringe patterns in the
      interferometer as hereinafter described and the laser fringe counter 50
      counts the occurrence of these fringe patterns as the movable mirror
      moves.
PAR  Within the fixed mirror arm 24 on the inside of the end plate 29 is an
      adjustable mounting 58 for a fixed mirror 60. The fixed mirror is a
      circular, first surface mirror located in registry with the exit port 40
      and with flat surface of the primary beam splitter 34 at an angle of
      45.degree.. During optical measurements the fixed mirror is stationary but
      can be adjusted by two complimentary double wedges 62, 64. The double
      wedges are individually rotatable with respect to each other by two worm
      wheels 66 attached thereto. Each worm wheel is rotatable by a worm gear 68
      attached to a shaft 70. The shaft extends through the end plate 29 and is
      rotatable by a screw driver or other conventional means. The two counter
      rotating double wedges 62, 64 provide the only adjustment required for the
      multiplex interferometer.
PAR  Between the laser 44 and the side wall of the movable mirror arm 26 is
      located a white light source 76. The white light source provides
      collimated white light that is directed onto the secondary beam splitter
      35. Attached to the end plate 29 of the fixed mirror arm 24 and directly
      opposite to the white light source 76 is a stationary white light mirror
      78. The stationary white light mirror is located in registry with the
      secondary beam splitter 35 and the white light source 76. Located
      orthogonally between the white light source 76 and the stationary white
      light mirror 78 and directly opposite from the secondary beam splitter 35
      is a movable white light mirror 80. The movable white light mirror is
      mounted for movement with the movable mirror hereinafter described. Both
      the movable white light mirror 80 and the stationary white light mirror 78
      are conventional first surface reflecting mirrors that reflect the light
      from the white light source 76 back to the secondary beam splitter 35.
      Located between the laser fringe counter 50 and the side wall of the fixed
      mirror arm 24 is a white light detector 82. The white light detector is a
      photo sensitive cell positioned in registry with the secondary beam
      splitter 35 and the movable white light mirror 80. The white light
      detector measures the amount of white light incident on its sensitive
      surface. The white light source, the associated mirrors and the detector
      are used to provide a reference point for spectral measurements.
PAR  The multiplex interferometer 20 also contains a movable mirror 90 within
      the movable mirror arm 26. The movable mirror is a conventional first
      surface reflecting mirror located in registry with the entrance port 38
      and with the flat surface of the primary beam splitter 34 at an angle of
      45.degree.. The movable mirror is rigidly mounted on a front plate 92 and
      is continuously maintained during its motion in precise orthogonal
      alignment with the fixed mirror 60. Also rigidly mounted on the front
      plate is the movable white light mirror 80 hereinbefore described. The
      front plate is rigidly attached to a transportation cylinder 94. The
      linear motor 22 reciprocally drives the transportation cylinder 94 along
      the longitudinal axis of the movable mirror arm 26 while maintaining the
      precise orthogonal alignment between the two mirrors. Located within the
      transportation cylinder 94 and coaxially attached thereto is a
      transportation rod 96 used to measure the velocity of the movable mirror
      as hereinafter described.
PAR  Referring more particularly to FIGS. 2 - 4, the movable mirror 90, the
      front plate 92, the transportation cylinder 94 and the transportation rod
      96 are supported and maintained in optical alignment by a carriage 100.
      The carriage includes two supporting arms 102 rigidly attached in opposed
      relationship to the transportation cylinder 94. The supporting arms extend
      through two longitudinal slots 103 in the side walls of the movable mirror
      arm 26 and permit horizontal, reciprocal motion of the movable mirror 90.
      Within each supporting arm is an air bearing 104 that supports the
      carriage 100 about two lateral rods 106. When the movable mirror 90
      travels within the movable mirror arm 26, the carriage 100 slides along
      the stationary lateral rods but remains out of frictional contact
      therewith because of the two air bearings. Each air bearing provides a
      cushion of air between the lateral rod and the supporting arm. Reference
      numeral 116 indicates two air fittings that are connected to an air supply
      (not shown) for providing air to the air bearings.
PAR  The two lateral rods 106 are stainless steel, centerless ground rods that
      maintain the optical alignment of the movable mirror with respect to the
      interferometer. The lateral rods are both aligned in parallel, spaced
      apart relationship with the longitudinal axis of the movable mirror arm
      26. The precise alignment of the two lateral rods 106 is maintained by
      four V-blocks 108 that are part of the side walls of the movable mirror
      arm 26. Each V-block has a pair of opposed, inclined edges 110 that are
      accurately machined to maintain the optical alignment of the lateral rods
      106. Each edge is further relieved so that only point contact is made
      between the edge and the lateral rod. Each lateral rod is pressed against
      each set of V-block edges 110 by a spring loaded pin 112 contained within
      a retaining cap 114 on the V-block 108. It should be appreciated that the
      lateral rods are not longitudinally restrained and can thermally expand
      independently of the movable mirror arm 26.
PAR  Referring to FIG. 5, reference letter W indicates the resultant weight
      force acting through the center of gravity (C/G) 117 of the movable
      assembly 118. The movable assembly includes all of the components both
      transported by the linear motor 22 and also supported by the air bearings
      104. These components include the movable mirror 90, the movable white
      light mirror 80, the front plate 92, the air bearings 104, the
      transportation cylinder 94, and the transportation rod 96. The entire
      weight W of the movable assembly is carried by the two bearings and the
      supportive forces exerted by these bearings on the supporting arms 102 are
      indicated by reference letters F1. The two supportive forces F1 acting on
      the supporting arms 102 can be resolved by vector addition into one
      resultant supportive force F acting at a point called the center of
      support (C/S) also at 117.
PAR  It should be appreciated that the supporting arms 102 act like trunnions
      for the movable assembly. The position of the supporting arms along the
      longitudinal axis of the movable assembly is precisely located so that the
      center of gravity (C/G) of the assembly exactly coincides with the center
      of support (C/S) and the resultant supportive force F exactly balances the
      weight force W. If, for example, the movable mirror 90 at the front of the
      movable assembly were made heavier, then the supporting arms could be
      shifted forward until the center of support coincided with the new center
      of gravity. By locating the center of support coincident with the center
      of gravity, any acceleration forces or vibrations acting on the
      interferometer will not form couples and torques that can tilt the movable
      mirror during operation.
PAR  The linear motor 22 transports the movable assembly 118 by applying a force
      thereto indicated by reference letters F.sub.A. Since the supporting arms
      102 act like trunnions for the movable assembly, the supporting arms are
      also vertically positioned so that the force F.sub.A is exerted through
      the center of support (C/S) and the center of gravity (C/G) at 117. When
      the force F.sub.A acts through these two centers, no couples or torques
      are generated thereby that could tilt the mirror when driven along its
      path of movement during operation.
PAR  It should be appreciated that the geometrical arrangement of the two
      lateral rods 106 at each side of the movable assembly 118 provides a
      symmetrical support for the movable assembly. Each rod is precisely
      aligned in parallel with the longitudinal path of the movable assembly
      118. Together both lateral rods guide and support the movable mirror 90
      throughout its motion and are arranged so that the center of gravity (C/G)
      of the movable assembly continuously coincides with the center of support
      (C/S) throughout the motion.
PAR  Referring to FIG. 6, the linear motor 22 moves the transportation cylinder
      94 and, in turn, the movable mirror 90 with a main drive coil 124. The
      speed at which the linear motor transports the movable mirror is measured
      by a sensing coil 126. The sensing coil surrounds the transportation rod
      96 and the motion of transportation rod therethrough generates a velocity
      signal. The output of the sensing coil is connected to a preamplifier 128,
      and the preamplifier 128 compares the velocity signal from the sensing
      coil with a reference voltage. The preamplifier generates an error signal
      indicating that the movable mirror is either traveling too fast or too
      slow. The output from the preamplifier is connected to a power amplifier
      130 that drives the main drive coil 124 of the linear motor. The velocity
      error signal from the preamplifier causes the power amplifier to correct
      the speed of movable mirror. As described, the circuit comprising the
      sensing coil 126 and the preamplifier 128 is a velocity tact that forms a
      closed loop, driving system for the linear motor. The circuit is used to
      eliminate high freqency vibrations from the motion of the movable mirror
      assembly 118 and to stabilize the velocity of the movable mirror 90.
PAR  To operate the interferometer 20, the beam splitter plate 33 is first
      inserted into the beam splitter holder 32. The beam splitter plate
      contains the primary beam splitter 34 selected for the range of
      wavelengths being measured. The incident radiation enters the
      interferometer through the entrance port 38 and thereafter falls on the
      primary beam splitter 34 at an angle of 45.degree.. The primary beam
      splitter separates the incident radiation into two parts. Each part of the
      radiation is directed along a different path within the interferometer.
      One part of the radiation travels through the primary beam splitter and is
      incident upon the movable mirror 90. The other part of the radiation is
      reflected off of the primary beam splitter and is incident on the fixed
      mirror 60. Thereafter, each part of the radiation is reflected from the
      respective mirrors back to the primary beam splitter where both parts of
      the radiation are recombined. The length of the path traveled by the
      radiation reflected off of the fixed mirror is constant. In contrast, the
      length of the path traveled by the radiation reflected off of the movable
      mirror is variable because the mirror moves longitudinally in the
      interferometer. If the paths traveled by the two separate parts are
      indentical in length, then the recombined radiation will be identical to
      the original, incident radiation. All of the waves will be in phase, and
      there will be minimum energy loss. If, however, one part has traveled
      further than the other part, then on recombination the waves will be out
      of phase to some degree depending on the wave lengths of the radiation.
      The waves from one part will interfere with and attenuate the waves from
      the other part. When the inequality in path lengths is such that the waves
      having a particular wave length are 180.degree.  out of phase, on
      recombination the waves having that particular wavelength will cancel each
      other out, and there will be maximum energy loss to the radiation having
      that wavelength. In actual practice the radiation incident on the
      interferometer has a plurality of wave lengths, and as the movable mirror
      is transported through the movable mirror arm 26, the waves having first
      the shortest and then the progressively longer wavelengths exhibit the
      attenuation and cancellation hereinbefore described.
PAR  The recombined radiation is reflected by the primary beam splitter 34 out
      of the interferometer through the exit port 40 and onto a focusing mirror
      136. The focusing mirror reflects the radiation onto a light sensitive
      detector 138. The detector generates a fluctuating electrical signal
      proportional to the energy of the radiation incident thereon. The output
      of the detector is called an interferogram and represents the energy
      received by the detector as the movable mirror 90 travels longitudinally
      in the interferometer.
PAR  The movable mirror assembly 118 is transported longitudinally through the
      movable mirror arm 26 by the linear motor 22. The motion of the movable
      mirror assembly is smooth and continuous. The speed of the movable
      assembly is controlled by the velocity tact that regulates the output of
      the power amplifier 130 to the linear motor. The movable assembly is
      supported by two air bearings 102 on the two lateral rods 106. The lateral
      rods maintain the orthogonal alignment of the movable mirror 90 with
      respect to the fixed mirror 60 throughout the motion of the movable
      assembly. All of the components of the interferometer with the exception
      of the mirrors, beam splitters and lateral rods 106 are constructed from
      the same aluminum alloy. By utilizing the same alloy throughout,
      compensation for thermal expansion is eliminated.
PAR  The white light source 76 generates a collimated white light that is
      incident on the secondary beam splitter 35. In the same manner as
      hereinbefore described, the white light is separated into two parts, and
      the two parts are reflected off of the stationary white light mirror 78
      and the movable white light mirror 80. The two parts are thereafter
      reflected back to the secondary beam splitter, recombined and transmitted
      to the white light detector 82. The white light detector generates a
      signal proportional to the energy of the radiation incident thereon.
      Because the distribution of the wave lengths of white light is well known
      and because a consistently repeatable interferogram can be made, the white
      light source, the detector and the associated mirrors provide a reference
      point during the spectral measurements.
PAR  The helium-neon laser 44 generates essentially monochromatic radiation. The
      laser mirror 46 directs the monochromatic radiation onto the primary beam
      splitter 34. In the same manner as hereinbefore described, the
      monochromatic radiation travels exactly the same path in reverse as the
      incident radiation being measured. The recombined laser beam is
      transmitted through the entrance port 38 to the fringe counter 50. The
      laser fringe counter counts the number of interferece fringes generated by
      the motion of the movable mirror 90 as the mirror travels through the
      movable mirror arm 26.
PAR  Referring to FIG. 7 reference numeral 140 indicates an interferometer
      according to an alternative embodiment of the present invention. In the
      alternative embodiment the linear motor 22 is fully contained within the
      movable mirror arm 26. The interferometer 140 is supported on just three
      feet 25 and the linear actuator motor mounting is eliminated. The
      construction and operation of the remaining elements of the interferometer
      140 is identical to the interferometer 20 disclosed hereinbefore. By
      mounting the linear motor within the movable mirror arm, the length of the
      arm can be substantially reduced. When the length is reduced, the
      interferometer can be supported on just three feet, and substantial
      stability and resistance to vibration are achieved thereby.
PAR  In both embodiments it should be appreciated that the two circular
      cylindrical tubes of the mirror arms 24, 26 and the two 45.degree. flanges
      28, 30 form a rigid, inflexible structure for the interferometer. By using
      circular cylindrical tubes in the manner described hereinabove, the
      interferometer is able to resist physical impact and also vibrations
      having wave lengths as small as the wave lengths of the radiation being
      measured. Further, by using a symmetrically balanced movable assembly 118
      that maintains both the center of gravity continuously coincident with the
      center of support and also the accelerating force F.sub.A acting through
      these two centers, torques and couples are prevented from forming about
      the movable mirror. Thus, tilt, irregularity, and vibration are eliminated
      from the optics of the interferometer.
PAR  While a specific disclosure and embodiments have been shown herein, it
      should be realized that many modifications and changes can be made by
      those skilled in the art without departing from the spirit of the present
      invention. For example, a plurality of rods and supporting arms can be
      substituted for the two lateral rods 106 and associated supporting arms
      102 while still maintaining the center of gravity of the movable mirror
      assembly 118 continuously coincident with the center of support.
      Accordingly, the scope of this invention should be understood in a broader
      context limited only by the following claims as interpreted in the light
      of the foregoing examples.
CLMS
STM  I claim:
NUM  1.
PAR  1. An interferometer for measuring the spectra of incident electromagnetic
      radiation, comprising:
PA1  a. a rigid frame for supporting the interferometer;
PA1  b. a fixed mirror assembly having a reflecting surface thereon adjustably
      mounted to said rigid frame;
PA1  c. a mirror assembly movably mounted on said rigid frame and having a
      reflecting surface thereon orthogonally disposed to said fixed mirror;
PA1  d. a beam splitter mounted on said rigid frame for separating the incident
      radiation into two parts and for subsequently recombining the two parts
      after reflection from the fixed mirror and the movably mounted mirror;
PA1  e. means for movably supporting said movably mounted mirror assembly on
      said frame;
PA1  f. means for providing a center of support for the movable mirror assembly
      continuously coincident with the center of gravity of said mirror assembly
      throughout the range of movement; and
PA1  g. means mounted on said frame for transporting the movable mirror assembly
      with respect to the fixed mirror assembly and the beam splitter by
      providing a force exerted through the coincident center of support and
      center of gravity.
NUM  2.
PAR  2. The interferometer as claimed in claim 1 wherein the linear transporting
      means comprises:
PA1  a. a linear motor for transporting the movable mirror assembly;
PA1  b. a sensing coil operatively connected to the supporting means for
      measuring the speed of the mirror assembly; and
PA1  c. means connected to said speed sensing coil for stabilizing the speed of
      the linear motor in response thereto.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the support providing means includes:
PA1  a. a transportation assembly powered by the linear transportation means and
      rigidly connected to the movable mirror assembly; and
PA1  b. two laterally disposed, supporting arms rigidly attached to the
      transportation assembly and operatively connected to the supporting means.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the means for movably supporting the
      movably mounted mirror assembly includes;
PA1  a. two parallel, spaced apart, lateral rods mounted on a frame and
      cooperating with the support providing means for maintaining the
      reflecting surface on the movable mirror assembly orthogonal to the
      reflecting surface on the fixed mirror assembly.
NUM  5.
PAR  5. A method for measuring the spectra of incident electromagnetic
      radiation, comprising the steps of:
PA1  a. providing a movable mirror othogonally disposed with respect to a fixed
      mirror;
PA1  b. mounting a beam splitter in optical alignment between the movable mirror
      and the fixed mirror so that incident radiation on the beam splitter is
      directed to both said mirrors;
PA1  c. separating incident radiation into two parts using said beam splitter,
      one of said parts being incident on the movable mirror and the other of
      said parts being incident on the fixed mirror;
PA1  d. recombining the radiation after reflection from said mirrors;
PA1  e. transporting said movable mirror along the path of the radiation thereon
      using a linear motor and by providing a force therewith; and
PA1  f. supporting the movable mirror with a center of support continuously
      coincident with the center of gravity of said mirror throughout the range
      of transportation of said mirror, said force provided by the linear motor
      being exerted through the coincident center of support and center of
      gravity.
NUM  6.
PAR  6. The method of claim 5 wherein the step of supporting the movable mirror
      throughout the range of transportation includes the step of:
PA1  a. counter balancing the movable mirror with a transportation assembly
      operatively connected to the linear motor, whereby the center of support
      remains continuously coincident with the center of gravity of said mirror.
NUM  7.
PAR  7. An interferometer for measuring the spectra of incident electromagnetic
      radiation, comprising;
PA1  a. a first circular cylindrical tube having an end plate at one end and a
      45.degree. flange at the other end;
PA1  b. a second circular cylindrical tube having a motor mounting at one end
      and a second 45.degree. flange at the other end, said first cylindrical
      tube being rigidly attachable to said second cylindrical tube at the
      45.degree. flanges;
PA1  c. a fixed mirror assembly having a reflecting surface thereon adjustably
      mounted to said end plate on the first tube;
PA1  d. a movable front plate assembly having a reflecting surface thereon
      disposed in the second tube orthogonal to the fixed mirror;
PA1  e. a beam splitter mountable between said first and second tubes at said
      45.degree. flanges, said beam splitter being optically aligned with the
      incident electromagnetic radiation, the reflecting surface on the fixed
      mirror assembly, and the reflecting surface on the movable mirror
      assembly;
PA1  f. means mounted on said second tube for linearly transporting the
      reflecting surface located on the movable front plate assembly with
      respect to both the reflecting surface located on the fixed mirror
      assembly and the beam splitter;
PA1  g. two parralel horizontally spaced apart lateral rods disposed in V-blocks
      on the side walls of the second tube, each of said rods being disposed
      parallel with the longitudinal axis of the second tube;
PA1  h. two horizontally opposed supporting arms mounted to the front plate
      assembly each having a cylindrical hole therethrough, said holes being
      coaxial with the lateral rods; and
PA1  i. two frictionless bearings mounted within the holes on the supporting
      arms and supporting the movable front plate assembly in alignment with the
      lateral rods, whereby the center of support of the frictionless bearings
      is coincident with the center of gravity of the movable front plate
      assembly.
NUM  8.
PAR  8. An interferometer as claimed in claim 7 wherein the cylindrical tubes,
      the fixed mirror assembly, the front plate assembly, and the supporting
      arms are all fabricated from a common alloy.
NUM  9.
PAR  9. An interferometer as claimed in claim 7 wherein said lateral rods are
      retained within the V-blocks by spring pins, thereby permitting
      compensation for the thermal expansion of the rods with respect to the
      interferometer.
NUM  10.
PAR  10. An interferometer as claimed in claim 7 wherein said lateral rods are
      centerless ground stainless steel cylinders.
NUM  11.
PAR  11. An interferometer as claimed in claim 7 further including a focusing
      mirror and a detector for detecting and measuring the interference
      patterns generated by the interferometer.
NUM  12.
PAR  12. An interferometer for measuring the spectra of incident electromagnetic
      radiation, comprising:
PA1  a. first and second enclosed arms joined together with two flanges such
      that the arms make right angles with each other;
PA1  b. a beam splitter mounted at said flanges in optical alignment with said
      first and second arms;
PA1  c. a fixed mirror disposed in said first arm;
PA1  d. means for adjustably mounting said fixed mirror so that the orientation
      thereof can be precisely aligned with respect to the second arm;
PA1  e. a movable mirror disposed in said second arm;
PA1  f. means for mounting said movable mirror for movement toward and away from
      said beam splitter;
PA1  g. four mounting blocks integrally formed with said second arm and each
      having V-grooves precisely cut therein, two of said blocks being disposed
      in registry on one side of said second arm and two of said blocks being
      disposed in registry on the other side of said second arm;
PA1  h. two cylindrical rods laterally disposed in parallel spaced apart
      relationship by the V-grooves in said mounting blocks; and
PA1  i. two bearings supporting the means for mounting the movable mirror on the
      two cylindrical rods.
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ABST
PAL  Very large retroreflectors, especially retroreflectors designed for
      laterally transferring and reversely directing the incoming beam along a
      parallel but offset outgoing path, are checked for accurate
      perpendicularity of their reflecting faces. First and second flat,
      laterally displaced and opposite-facing test reflectors are disposed
      between an error detector and the retroreflector. To special advantage,
      the test reflectors are coplanar parts of two pates that are united
      face-to-face. One test reflector is used to determine its own
      perpendicularity to the error detector and thereby to determine the
      perpendicularity of the plane of the second test reflector to the axis of
      an autocollimator or other error detector. The autocollimator directs its
      beam toward one end of the retroreflector for lateral transfer and
      redirection along a reverse path offset from the incoming beam. The second
      test reflector returns the outgoing beam along what should be an identical
      but reverse path, to the autocollimator.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method and a device for checking and guiding
      the adjustment of retroreflectors.
PAC  BACKGROUND OF THE INVENTION
PAR  Retroreflectors comprise three reflecting flat faces in mutually
      perpendicular planes, related so that an incoming beam is redirected along
      a reverse path. The resolution of a retroreflector suffers in case its
      reflecting faces are not exactly mutually perpendicular. Hollow
      retorreflectors have separate reflecting faces, and these can be adjusted
      in relation to each other during assembly. As error detector is used to
      check the accuracy of the assembly. The error detector directs its beam
      toward the retroreflector, and the resulting image(s) produced in the
      error detector is used to guide the adjustment of the parts.
PAR  In case of very large retroreflectors, especially those designed to offset
      the path of the outgoing reflected beam in relation to the incoming beam,
      the aperture of the error detector may be inadequate.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a novel method of checking the right-angled
      relationship of the parts of retroreflectors, especially parts of a
      lateral transfer retroreflector. In this method, the beam of an
      autocollimator or an interferometer or other error detector is directed
      toward one end of the device to be tested. A first flat test reflector is
      disposed to intercept part of the autocollimator beam. A second flat test
      reflector is disposed across the opposite end of the lateral transfer
      retroreflector. The test reflectors have flat extensions of their
      reflecting areas, and those extensions are united, face-to-face. The part
      of the beam of the error detector that is reflected by the first test
      reflector is used to establish its perpendicularity with respect to the
      error detector, and in this way to establish perpendicularity of the plane
      of the second test reflector with respect to the axis of the error
      detector.
PAR  The beam of the error detector is directed toward one end of the lateral
      transfer retroreflector and is reflected laterally and then reversely, to
      leave the device toward the second test reflector. The outgoing beam is
      returned by the second test reflector to reenter the device for lateral
      transfer and reverse reflection toward the error detector. Any lack of
      mutual perpendicularity of all of the three flat reflectors of the lateral
      transfer retroreflector is readily detected. It can thus be corrected by
      adjustment during assembly of the parts, and the quality of resolution of
      the lateral transfer retroreflector due to any warping or other
      distortions of its three flat reflectors can also be observed. The
      aperture of the error detector can be quite small as compared with the
      distance between the incoming beam and the laterally offset and reflected
      outgoing beam.
DRWD
PAC  ILLUSTRATIVE EMBODIMENT
PAR  An illustrative embodiment of the invention in its various aspects is shown
      in the accompanying drawings, wherein:
PAR  FIGS. 1 and 2 are a top plan view and a lateral view, respectively, of a
      novel lateral transfer retroreflector incorporating features of the
      invention; and
PAR  FIG. 3 is an illustration of a lateral transfer retroreflector together
      with equipment utilized in a novel method of testing that device.
DETD
PAR  Before describing the method and apparatus used in assembling lateral
      transfer retroreflectors, a brief description is given of such a
      retroreflector which can be adjusted as need is indicated by test devices.
      FIGS. 1 and 2 show a lateral transfer retroreflector including a first
      flat reflector 10 and a second flat reflector 12 united to one slant end
      of a central member 14. A third flat reflector 16 is united to the
      opposite slant end of member 14. The three flat reflectors have reflecting
      faces that are optically flat and rendered reflective fully or in a
      substantial degree as by an aluminized coating. The first and second
      reflectors 10 and 12 have a right angle between their reflecting faces,
      thus constituting a hollow roof reflector. The third flat reflector has
      its reflecting face disposed at right angles to each of the first and
      second flat reflectors.
PAR  An incoming ray that enters or is incident to either end of the device is
      offset laterally and reflected along an exit path parallel to the path of
      the incident ray, but offset by a relative distance D. This characteristic
      is independent of the exact orientation of the device in relation to the
      incident ray. For ideal performance, the reflecting faces 10a, 12a and 16a
      of reflectors 10, 12 and 16 must be optically flat and precisely at right
      angles to each other.
PAR  As seen, a marginal portion 10b of face 10a overlaps a marginal portion of
      a lateral surface of central member 14 adjacent to its end face 14a. The
      transverse cross-section of member 14 is a rectangle, but a cut triangular
      end provides a lateral surface engaged by plate portion 10b. Flat
      reflector 12 has one edge in abutment with end face 14a at area 14c. An
      edge of flat reflector 10 abuts against the face 12a at area 12b of
      reflector 12. Third flat reflector 16 is united to central member 14 with
      its flat face 16a against second slant face 14b of the central member 14.
PAR  End faces 14a and 14b are approximately parallel, and they both slant at
      45.degree., for example, in relation to the longitudinal top and bottom
      surfaces of central member 14.
PAR  The orientation of the reflecting face 16a of plate 16 is fixed in relation
      to end face 14b of member 14. However, the faces of both plates 10 and 12
      can readily be adjusted to be perpendicular to plate 16 and to each other.
      Thus, plate 10 can swing arcuately about its margin 10b. Its edge abutting
      plate 12 sweeps across the face of plate 12 for adjusting faces 10a and
      16a into mutual perpendicularity. Plate 12 can swing about its margin 12b,
      its edge which abuts end face 14a sweeping across the latter for adjusting
      faces 10a and 12a into mutual perpendicularity. End face 14a can be swung
      about the area 14c relative to the roof reflector, for adjusting faces 12a
      and 16a into mutual perpendicularity.
PAR  The construction briefly described above is reserved for a companion patent
      application of mine copending herewith. Its reflecting plates are adapted
      to be adjusted readily in relation to each other.
PAR  The reflecting plates or faces of this or another hollow retroreflector are
      adjustable under surveillance of an autocollimator, an interferometer or
      other error detector. However, here an error detector having an enormous
      aperture would be needed to encompass the laterally offset plate 16 and
      its roof reflector 10, 12. Stated otherwise, the offset distance D between
      the incoming and outgoing beams of the retroreflector is enormous compared
      with the aperture of the error detector. The following device and method
      are useful in assembling and adjusting a lateral transfer retroreflector,
      as well as large retroreflectors, without resort to an error detector
      having an unusually wide aperture.
PAR  Two plates 18 and 20 are united face-to-face over a limited common area 22.
      Their entire faces of which common area 22 is a part are made very
      accurately flat. They are united as by "optical contacting" of contacting
      faces at area 22, without interposing cement between them. Plate 18 has a
      flat reflecting area 24 facing roof reflector 10, 12. Plate 20 has a flat
      reflecting area 26 which is thus coplanar with reflecting area 24 but
      facing in the opposite direction, as rigorously as the flatness of the
      lower face of plate 18 and the upper face of plate 20.
PAR  An error detector 28 is used to check the accuracy of adjustment of the
      retroreflector. Other forms of error detector could be used such as an
      interferometer. Autocollimator 28, as shown diagrammatically, includes a
      light source 28a and an optical system not shown in detail for forming and
      directing a beam past target 28b, and to half-silvered mirror 28c, and
      downward. The light returning to the autocollimator from a test reflector
      and from the retroreflector should each form an image at the same part of
      reticle 28e.
PAR  The parts of the retroreflector are adjusted in a suitable jig, to be close
      to their required condition of mutual perpendicularity, and disposed under
      the autocollimator. Reflector unit 24, 26 is disposed above the assembled
      parts 10, 12, 14 and 16 of the retroreflector. A sufficient portion of the
      field of the autocollimator is occupied by reflector 26 of unit 24, 26 to
      enable adjustment of reflector 26 to produce an image of the target at
      reticle 28e. This adjustment serves to establish the plane of reflector 24
      as perpendicular to the axis of the autocollimator.
PAR  The portion of the autocollimator beam that is not intercepted by reflector
      26 is directed downward toward reflector 16, as the incoming beam. This
      beam is deflected laterally to roof reflector 10, 12, and it is redirected
      upward as an outgoing beam. This beam is returned to the retroreflector by
      reflector 24 as an incoming beam. The returning beam is reflected
      laterally by roof reflector 10, 12 to reflector 16, and it is then
      reflected upward into the autocollimator. With all the parts 10, 12, 16 in
      proper relative adjustment, a single image of the target appears at
      reticle 28e. Otherwise, multiple images appear.
PAR  Guided by the autocollimator, the technician can adjust parts 10, 12, 14,
      16 until the desired single image is realized. Such single image appears
      at the same place in the reticle as the image of the target produced by
      test reflector 26. The parts are united by a suitable cement while held in
      this adjustment. The proper adjustment of the parts 10, 12, 14 and 16 can
      be checked periodically, and corrected, if necessary, during curing of the
      cement.
PAR  The retroreflector can of course be reversed end-for-end in this test, so
      that the roof reflector 10, 12 would be under the autocollimator and
      reflector 16 would be opposite reflector 24. Reflector 26 could be formed
      on the upper surface of member 18, extended in length to provide the same
      length as that of assembled members 18 and 20. In that case the upper and
      lower faces of member 18 would have to be accurately parallel, a
      requirement that is avoided in the described embodiment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of testing large retroreflectors ideally having three
      reflectors in mutually perpendicular planes such as lateral transfer
      retroreflectors, including the steps of directing the beam of an error
      detector toward one reflector of the retroreflector as an incoming beam so
      that a portion thereof reaches the one reflector without obstruction and
      so as to produce an outgoing beam separated by a substantial lateral
      transfer distance from the incoming beam, fixing first and second
      optically flat test reflectors relative to each other so that they face
      precisely opposite directions and are off-set from each other by
      approximately said lateral transfer distance, disposing said first test
      reflector in position to intercept and reflect only a part of the beam of
      the error detector and to direct that part of the reflected beam into the
      error detector, and disposing the second test reflector in position to
      reflect the outgoing beam of the retroreflector back into the
      retroreflector, and in the error detector comparing the outgoing light of
      the error detector as reflected by the first test reflector with the
      outgoing light of the error detector as it returns from the retroreflector
      after entry into the retroreflector, departure from the retroreflector,
      reflection into the retroreflector by said second test reflector, and
      departure from the retroreflector via said one reflector thereof.
NUM  2.
PAR  2. The method of testing large retroreflectors in accordance with claim 1,
      including the further steps of forming said first and second optically
      flat test reflectors as separate plates having respective reflecting areas
      and having areas extending from and coplanar with the respective
      reflecting areas thereof, and assembling said plates with said extending
      areas against one another and with said reflecting areas exposed and
      accordingly facing in opposite directions.
NUM  3.
PAR  3. The method of testing large retroreflectors in accordance with claim 2
      wherein the beams leaving said error detector and the retroreflector and
      incident on said first and second test reflectors are directed along paths
      in air only.
NUM  4.
PAR  4. The method of testing large retroreflectors in accordance with claim 1,
      further including the step of adjusting the reflectors of the
      retroreflector in relation to one another toward their ideal relationship
      as indicated by said comparison in the error detector between the light
      reflected by the first test reflector and the doubly retroreflected light
      as aforesaid.
NUM  5.
PAR  5. The method in accordance with claim 1, wherein said error detector is an
      autocollimator having a target and a reticle and wherein the step of
      comparing light returned to the error detector includes comparing the
      location of the image produced at the reticle of the autocollimator as a
      result of projection of light from the target of the autocollimator to the
      first test reflector with the location of the image or images of the
      target at the reticle of the autocollimator resulting from the light from
      the autocollimator incident at the retroreflector and doubly
      retroreflected thereby and by the second test reflector as aforesaid.
NUM  6.
PAR  6. The method of testing large retroreflectors in accordance with claim 1,
      wherein the off-set distance between the incoming beam and the outgoing
      beam is enormous compared with the aperture of the error detector.
NUM  7.
PAR  7. The method of testing large retroreflectors in accordance with claim 1,
      wherein said beam of the error detector directed at said one reflector of
      the retroreflector is directed along a path by-passing said first test
      reflector.
NUM  8.
PAR  8. A reflector useful in testing retroreflectors, including first and
      second plates having flat faces, portions of said flat faces being exposed
      to air and being reflective in a substantial degree and other portions
      thereof being disposed in face-to-face contact so that said reflective
      portions which are exposed to air are in the same plane and face precisely
      opposite directions.
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ABST
PAL  The invention is related to a device for determining the position of a
      structural element to which is affixed a scale composed of regularly
      spaced markings which are optically cast onto a line scanner containing
      regularly spaced photosensitive elements, the spacing between
      photosensitive elements being a subdivision of the distance between two
      adjacent markings of the scale. The output of the line scanner is coupled
      to a processing network which detects shifts in the shadows of the cast
      markings to evaluate the position of the element with precision. A pulse
      generator in the processing network provides pulses at a frequency which
      is a multiple of the rate of scanning of the photosensitive elements for
      measurement of a subdivision of the distance separating two photosensitive
      elements of the line scanner to obtain greater precision.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is related to a device for determining the position
      of a structural element having at least a scale composed of regularly
      spaced markings.
PAR  The exact determination of the position of any structural element compared
      with another fixed element plays a leading part in precision mechanics.
      This is especially true for machinetools having to perform any kind of
      work where desired accuracy cannot be obtained manually, but requires the
      help of automatic handling apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  It is a main object of the present invention to solve this problem by means
      of a device where the structural element, whose exact position is to be
      determined, is provided with markings optically cast onto a line scanner
      containing a row of regularly spaced photosensitive elements, the spacing
      between photosensitive elements being a subdivision of the distance
      between two cast markings; an electronic circuit analyzes and extracts the
      result of measurement.
PAR  Additional objects and advantages of the present invention will become
      apparent upon consideration of the following description, when taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of an optical arrangement for casting shadow
      markings onto the line scanner according to the present invention.
PAR  FIG. 2 is an elevational view showing the markings cast onto the line
      scanner.
PAR  FIG. 3 is a schematic diagram of the circuit of FIG. 1 which analyzes and
      extracts the result of measurement.
PAR  FIG. 4 is a diagrammatic view of various curves which are generated at
      different points of the circuit shown in FIG. 3.
PAR  FIG. 5 is an enlarged diagrammatic view of the line scanner together with
      some of the curves of FIG. 4 illustrating operation of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, a structural element 1 is provided with a scale
      composed of markings 2. Some of the markings are illuminated by an optical
      system 3, not described in detail, which causes an enlarged shadow picture
      of two of the markings 2 to be cast onto a line scanner 4. Processing
      network 5 is connected to the output of scanner 4 for reading the
      measurement as will be described below.
PAR  In FIG. 2, a front elevational view of the line scanner 4 shows that it
      includes a window, inside of which a plurality of photosensitive elements
      7 (photodiodes, phototransistors etc.) are set in a row. The two markings
      2 are cast onto the front of the line scanner as shadow markings 2' which
      mask and darken a part of the photosensitive elements 7. Between these two
      shadow markings 2', there is a preselected number of elements 7, depending
      upon the enlargement obtained with the optical system 3. Assume that the
      optical enlargement is such that one hundred elements 7 lie between the
      two markings 2' cast onto the line scanner 4. If the distance between the
      two markings 2, on the element 1, is one millimeter, the distance between
      two adjacent elements 7, on the device 4, will correspond to a hundredth
      part of a millimeter.
PAR  The diagram of FIG. 3 shows a preferred embodiment of a circuit according
      to the present invention for determining the position of a shadow marking
      2' on the device 4, i.e. the exact position of the structural element 1.
PAR  A pulse generator 8 supplies pulses with a frequency of 10.sup.5 Hz, for
      instance, directed to an AND gate 19. The output of the gate 19 is
      connected to a divider 9, dividing the frequency by ten in order to get
      the device 4, through its input 4a, to perform the scanning of the
      photosensitive elements 7. The frequency of scanning of elements 7 is then
      ten times lower than the frequency of pulses at the output of the
      generator 8. The output of the gate 19 also feeds one of the inputs of
      another gate 21, whereas the output of the divider 9 also feeds a
      programmable counter 17 so as to enable it to provide a flip-flop circuit
      18 with two kinds of pulses according to its previously determined state:
      either one pulse at the beginning of a scanning cycle and another at two
      thirds of the cycle later, or one pulse one third through a scanning cycle
      and another just before the end of it. The output of the device 4, i.e.
      the result of scanning is directed to the amplifier 10, whose output is
      connected to an envelope detector circuit 11. This envelope passes then to
      a Schmitt trigger 12, whose output is connected, through an inverter 13,
      to one of the inputs of an AND gate 14. The output of the gate 14 feeds a
      flip-flop circuit 15, whose output Q is directed to one of an AND inputs
      of the gate 22. On the other hand, the output 4b of the scanning device
      produces an impulse F at the end of each scanning cycle. This pulse F will
      set the counter 17 on zero as well as the flip-flop 18 and flip-flop 15,
      through their respective reset inputs R. This pulse F will also change the
      state of a monostable circuit 16, whose output controls the second input
      of the gate 19 through an inverter 20. The output Q of the flip-flop 18
      controls the second input of gate 14 and gate 21, and the output of the
      latter is connected to the second input of the gate 22.
PAR  The following explains the operation of the circuit of FIG. 3 by means of
      the diagrams of FIG. 4.
PAR  The pulses H at the output of the gate 19 are interrupted during a certain
      time .tau. determined by the monostable circuit 16 which, in turn, is
      triggered by the impulse F at the end of each scanning cycle.
PAR  At the output of the amplifier 10, the heights of pulse B will each
      correspond to the state of an element 7; if the latter is situated in a
      light zone, it will give an impulse of normal height; if it is in a
      darkened zone by a shadow marking 2', it will give an impulse whose height
      will be function of the rate of darkness (zone K). The detector 11
      produces the envelope E from the pulses B, which exactly illustrates the
      illumination degree of the device 4. The Schmitt trigger 12 is responsive
      to the impulse K, giving the location of the marking 2' along the line
      scanner 4, produces a steep edge pulse K', which, inverted through the
      gate 13, provides the curve C and the pulse K'. If the counter 17 is
      programmed to provide a pulse at the beginning and at the two thirds point
      of the cycle, it will change the state of the output Q of the flip-flop 18
      twice. The output Q will then select, through gates 14 and 21, the first
      phase of scanning (curve Q). Pulses H will pass through the gate 21 only
      during this first phase. On the other hand, the output Q, that has been
      set on 1 at the end of the cycle by the impulse F on reset input of the
      flip-flop 15, will return to 0 at the arrival of the pulse K'. Then, at
      the output S of the gate 22, there will only be pulses H comprised between
      the beginning of the scanning cycle and the first shadow marking 2' cast
      onto the line scanner 4. This result can then be evaluated, as desired.
PAR  We have already seen that the distance between two elements 7, although not
      necessarily one hundredth of a millimeter, corresponds however to one
      hundredth of the distance between lines 2 in view of the fact that it
      divides in hundred parts an "enlarged" shadow cast onto the line scanner
      4. However, the pulses H will be an image in time one thousandth parts of
      such line spacing, because their frequency is ten times higher than that
      of the scanning impulses on input 4a. In other words, geometrical length
      is transformed into length of time, which can then be freely subdivided,
      due to precise relationships of frequencies. If pulses H at the output S
      of the gate 22 are then counted or otherwise evaluated, a certain number
      of thousandth parts of a millimeter (or other line spacing) will be
      obtained. If the element 1 is shifted a little and a new evaluation of
      impulses H made, the difference between the two results will give, with a
      precision of one micron, the measurement of the shifting of the structural
      element 1. The first measurement, or the first evaluation of pulses H
      fixes, in a way, the point zero or reference point, from which the
      shifting of the structural element 1 will be very exactly measured.
PAR  It will be noticed on FIG. 2 that the window 6 is wider than the "enlarged"
      cast millimeter. It is needed, in fact, to have at least one marking 2' on
      the scanner 4. If the window 6 were smaller than the cast millimeter,
      there would be a risk of having it simply framed by two markings 2'. On
      the other hand only one marking 2' can be used as a measure; for this
      purpose, the programmable counter 17 (FIG. 3) defines, by means of the
      flip-flop 18, two fields of the scanning cycle, one from the beginning to
      the two thirds of the cycle (impulse Q, FIG. 4), the other starting from
      the one third of the cycle, to stop a little before its end (impulse Q',
      FIG. 4). But each of these fields will have a smaller extension than the
      cast millimeter, so as to be able to contain only one marking 2' at once.
      In this way only one marking 2' will be used for a measurement. The FIG. 4
      shows, on diagrams B, E and C, the location L, respectively the pulse L'
      at the output of the inverter 13, which has however no influence on the
      flip-flop 15, in view of the fact that the output Q of the flip-flop 18
      has already closed the gate 14.
PAR  The device according to the invention permits to determine the position of
      the element only for distances shorter than that separating two markings
      2: in the chosen example, only thousandth, hundredth and tenth parts of a
      millimeter can be determined. The number of centimeters and millimeters,
      for instance, should be first determined by another device, before the
      device on FIG. 4 is used.
PAR  The choice of the field of measurement can be done by an evaluation circuit
      23 indicated by dots in FIG. 4, which, according to the result of the
      output S and the signal at the output of the gate 20 indicating the
      beginning and the end of the cycle, will choose, by a control input of the
      counter 17, the suitable field Q or Q'. In this case the measurement can
      be done in two times: first an evaluation cycle permitting to choose the
      field, then the measurement cycle.
PAR  By an outside device, not presented here, the counter 17 may also be
      provided with indications on the approximative position (with a precision
      of a half of a millimeter for instance) of the marking 2' on which the
      measurement is to be done.
PAR  FIG. 5 is intended to explain how to attain precision up to a micron,
      although in fact there is only a theoretical material precision equal to
      one hundredth part (i.e. the photosensitive elements 7 spaced by one
      hundredth part of millimeter "enlarged"). This figure shows, in a very
      large scale, the left side of a marking cast on the elements 7: 7.sub.1,
      7.sub.2, 7.sub.3, 7.sub.4 and 7.sub.5. The element 7.sub.1 is still in
      full light and, as the passage from light to darkness is made through
      several elements, there will be generated an envelope E at place K, as
      represented by the descending curve in FIG. 5. The dotted line A indicates
      at which level the Schmitt trigger 12 will change state and supply the
      impulse K'. It is noted that the Schmitt trigger defines exactly the
      location of the "side" of the marking 2', although optically this side is
      defined only up to some hundredths parts of a millimeter.
PAR  It is clear that the number of elements 7 between two markings 2' may be
      different than hundred, and the divider 9 can also have another factor of
      division. This will permit different degrees of precision to be obtained.
PAR  The markings 2 can be situated on an element 1 which might be cylindrical,
      straight or having a form appropriate to the measurement to be done: the
      measurement may in fact be that of length or of angles.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for determining the position of a structural element having at
      least a part provided with regularly spaced markings, said device
      comprising a plurality of photosensors in a linear array, said
      photosensors being regularly spaced from each other, means optically
      projecting at least two of said markings onto said photosensor array, the
      distance between adjacent photosensors being a subdivision of the distance
      between said two projected markings, means coupled to said array for
      scanning the photosensors, an envelope detector circuit coupled to receive
      output signals emitted by the photosensors, and output means responsive to
      said envelope detector for providing a pulse train having a length
      representative of the position of the structural element.
NUM  2.
PAR  2. A device in accordance with claim 1, wherein said scanning means
      comprises a pulse generator and divider means coupling the output of said
      generator to said array to establish the scanning frequency of the
      photosensors, the output of said pulse generator being further connected
      to said output means to provide said pulse train; and further including a
      Schmitt trigger connected to the output of said envelope detector, a first
      flip-flop circuit coupled to said Schmitt trigger for actuation thereby
      and a first AND gate controlled by said first flip-flop and connecting the
      output of said pulse generator to said output means.
NUM  3.
PAR  3. A device in accordance with claim 2, further including a programmable
      counter responsive to said scanning means for actuating a second flip-flop
      circuit, and a second AND gate controlled by said flip-flop and through
      which the output pulses of said pulse generator pass, said programmable
      counter controlling said flip-flop to cause said AND gate to pass said
      pulse generator output during either of two time measurement intervals.
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ABST
PAL  An opaque fluid chamber having some means for filling and removing fluid
      therefrom and at least one aperture therein having a transparent plate
      sealing it, thereby permitting light to enter or leave the chamber through
      said aperture without losing fluid material therethrough. The transparent
      plate is many times larger than the size of the aperture and selectively
      clamped thereagainst in a manner permitting removal of a fogged area of
      the transparent member away from the aperture for continued light transfer
      into and out of the chamber without having to clean or replace the
      transparent plate.
BSUM
PAR  This invention relates generally to opaque fluid chambers wherein optical
      examination of the interior thereof is desired through a small aperture.
      In a preferred form, the invention is, more specifically, directed to such
      fluid chambers that are designed and utilized with interferometers or
      spectrometers. In such devices, its desired to pass en electromagnetic
      energy radiation beam through the fluid chamber. The radiation beam
      generally enters the chamber through one fluid tight transparent opening
      and exits from the chamber in an opposite wall through a second fluid
      tight transparent opening. The characteristics of the beam emerging from
      the fluid cell are then analyzed to determine the composition of the fluid
      within the chamber through which the radiation beam has passed.
PAR  Such fluid chamber windows have an interior surface in contact with fluid
      when the chamber is filled. With certain fluids, especially with certain
      gaseous materials that are investigated, a clouding or fogging of the
      transparent window inside surface occurs. The accuracy of the results
      obtained by light transmission through such a fogged window is thus
      impaired. Presently, the transparent windows are made to be removable from
      the fluid cell structure. When such a window becomes fogged, it is removed
      for cleaning unless the fogging has harmed the surface window, in which
      case the window must be polished or a new window used. When the clean
      window is replaced, a subsequent test can be conducted with that fluid
      chamber. This complete disassembly and cleaning, polishing or replacement
      takes a considerable amount of time. The surfaces of certain window
      materials, such as sodium chloride, may be so severely damaged by certain
      fluids as to require the aforementioned window replacement or repolishing
      and this can be quite expensive.
PAR  Therefore, it is a primary object of the present invention to provide a
      fluid cell with an improved transparent window structure that reduces the
      required frequency of cleaning or replacement of the window to maintain a
      light transmittive area free of fogging.
PAC  SUMMARY OF THE INVENTION
PAR  This and additional objects are accomplished by the present invention
      wherein a fluid cell includes a pair of small apertures on opposite walls
      of an opaque housing, each of the apertures being provided with a
      transparent window that is sealable thereover. The window has an area many
      times larger than the area of the aperture itself. The window is held over
      its respective aperture by a mechanism that permits it to be moved with
      respect to the aperture to provide a clean area for covering the aperture
      once an existing area has become fogged. The window is moved in this
      manner after each fogging occurance until nearly the entire surface
      becomes fogged, at which time it must be removed and cleaned, repolished
      or replaced. However, such cleaning, polishing or replacement need only
      occur at very  infrequent intervals compared with the amount of such
      activity required with existing cells that may incur the same amount of
      use. The replacement cost of cell windows is also reduced.
PAR  This has only briefly outlined the principal aspect of the present
      invention. Additional objects, advantages and features of the present
      invention will become apparent from the following description which should
      be taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates in a partly exploded view a fluid cell that includes the
      improved window structure of the present invention;
PAR  FIG. 2 illustrates a vertical sectional view of the improved fluid cell
      shown in FIG. 1;
PAR  FIG. 3 is a cross-sectional view of the fluid cell of FIGS. 1 and 2 taken
      at section 3--3 of FIG. 2; and
PAR  FIG. 4 is a sectional view of the fluid cell of FIGS. 1 and 2 taken at
      section 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The fluid cell illustrated in the drawings includes a solid case 11 forming
      an elongated fluid chamber 13 therein. There are also provided through the
      walls of the housing 11 two ports 15 and 17. Fluid material is introduced
      into and removed from the chamber 13 through these ports. In a specific
      application of the cell structure described, gaseous materials are
      continuously passed through the chamber 13, being introduced through one
      of the ports 15 and 17 and being removed from the chamber 13 through the
      other of said ports.
PAR  The main housing element 11 is opened at both ends. These end openings are
      each closed by the same type of structure embodying a transparent window
      construction of the present invention. Only one of these end structures
      will be described since the other is the same. An end member 19 is
      positioned between resilient gaskets 21 and 23 and urged against one end
      of the fluid cell housing 11 by a clamping member 25. A notch provided in
      the inside surface of the housing member 11 at that end receives the end
      member 19. The end member 19 is shaped to fill the entire opening of the
      chamber 13 at that end. The gaskets 21 and 23 in a tight relationship
      between the parts provide a fluid tight seal therebetween. The housing 11
      and the end member 19 are opaque to light transmission.
PAR  A small aperture 27 is provided at the center of the end member, and
      preferably has a circular shape with an opening with a diameter in the
      order of one millimeter. Attached to an outside surface of the end member
      19 about the aperture 27 is a circular gasket 29. A circular piece 31 of
      flat transparent material provdes the window into the chamber 13 and is
      normally urged tightly against the gasket 29 by an outer clamping member
      32. This contact of the window 31 and the gasket 29 provides a fluid tight
      seal of the aperture 27. A resilient element 33 is attached to the
      clamping member 32 for contacting the window 31 to prevent its scratching.
      The outer clamping member 32 has an aperture 35 therein and is removably
      attached to the end member 19 by three screws 37, 39 and 41. The
      transparent window element 31 is held only by compression between the
      gaskets 29 and 33 and is free to be removed or rotated when the outer
      clamping member 32 is removed. The material for the window 31 is chosen to
      be as transparent as possible to the illuminating radiation, such as glass
      for visible light wavelengths and potassium chloride for infrared
      radiation wavelengths.
PAR  A cylindrical cavity is formed in the outside surface of the end member 19
      in a particular manner to accommodate the circular window element 31. A
      cylindrical wall portion 43 is provided to form a window receiving cavity
      with a planar end surface 45 adjacent the aperture 27. The cylindrical
      wall 43 has an axis 47 which is purposely displaced a distance from a
      center of curvature 49 of the aperture 27. Furthermore, the axis 47 is
      positioned over the planar wall portion 45 a distance removed from the
      aperture 27.
PAR  Such an offsetting of the axis 47 and center 49 permits rotation of the
      transparent window 31, when unclamped, with respect to the end plate 19 to
      remove a fogged interior surface from blocking radiation from traveling
      through the aperture 27. A clean surface area of the window 31 replaces
      the fogged region over the aperture 27. Such rotation can be done several
      times before there is no longer a significantly large clean area of the
      window 31 that can be positioned over the aperture 27. The window element
      31 can then be removed and cleaned. Of course, the diameter of the window
      element 31 is slightly less than that of the cylndrical surface 43 so that
      window may be freely rotated therein. FIG. 1 shows the end plate 32
      removed, a condition which then permits rotation by hand of the window 31.
PAR  The window 31 has a diameter at least twice that of the aperture 27, and
      preferably several times that of the aperture. For a predominate use of
      the cell, where the chamber 13 contains gaseous material at a low
      pressure, the fogging of the window 31 is limited substantially to an area
      behind the aperture 27, regardless of how close or far the gasket 29 is
      positioned from the aperture 27.
PAR  For very high gas pessure applications of the cell, however, the seal 29 is
      preferably positioned as close as possible around the edge of the aperture
      27 in order to minimize any unnecessary window fogging. For such high gas
      pressure applications, the seal is positioned to extend a maximum distance
      beyond the axis 47 to where the axis 47 is equidistant between the outer
      edges of the gasket 29 and aperture 27 along a line including the axis 47
      and aperture center 49. In either case, the seal 29 is most conveniently
      made in a circular shape.
PAR  Referring to FIG. 2, the use of a fluid cell as described hereinabove is
      illustrated with respect to electromagnetic energy radiation rays that are
      shown in dashed outline. A radiation beam 51 is converged by appropriate
      optics (not shown) to a substantial point focus at the center of the
      aperture 27. The beam thus is permitted to enter the chamber 13 through a
      very small aperture 27. The beam diverges as it crosses the length of the
      chamber 13 until it strikes a concave mirror surface 53 provided at the
      opposite end thereof. The mirror surface 53 is shaped to collimate the
      radiation and reflect it back to the entrance and where it strikes a
      similar concave reflective surface 55. The surface 55 is shaped to focus
      the collimated radiation beam into a point focus at an exit aperture 57. A
      radiation beam 59 exiting from the cell thus contains information as to
      the characteristics of fluid material within the cell.
PAR  The various aspects of the present invention have been described with
      respect to a specific example thereof but it should be understood that the
      invention is entitled to protection within the full scope of the appended
      claims. Many modifications and variations of the specific example
      described hereinabove are possible. For instance, a cell can be designed
      with only one radiation opening thereinto, the internal structure being
      provided with appropriate reflective elements so that an exit radiation
      beam passes through the same window as the entrance radiation beam. Yet
      another variation is a single windowed fluid cell with an internal
      radiation source.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid containing cell, comprising:
PA1  an opaque fluid enclosure having an opening therein for introduction and
      removal of fluid therefrom and additionally having at least two small
      apertures therethrough on opposite walls thereof,
PA1  a circular transparent window element provided for each of said apertures,
      each of said window elements having an area at least several times that of
      its associated aperture, and
PA1  means associated with each of said apertures for selectively holding its
      associated circular window element in a fluid tight relationship
      thereagainst with a center of the circular window element being removed
      from coincidence with its associated aperture, whereby the holding means
      may be released to permit rotation of the circular window element when it
      becomes fogged in an area covering its associated aperture and thereby to
      permit a clean window area to be positioned over said aperture and
      resealed thereto without having to clean the window.
NUM  2.
PAR  2. An opaque elongated enclosed chamber comprising at each end thereof:
PA1  a planar end wall segment having a circular aperture therein opening the
      inside of said chamber to the outside,
PA1  a fluid sealing material held by said end wall portion around said circular
      aperture,
PA1  a cylindrical wall structure extending outward from the planar end wall
      portion to form a cylindrical receptacle having a diameter at least twice
      the diameter of said aperture, said wall having an axis positioned over
      said planar end wall portion and displaced a distance from said aperture,
PA1  a circularly shaped radiation transmittive element positionable in said
      cylindrical receptacle, and
PA1  means manually releasable for clamping the transmittive element against
      said seal, whereby said transmittive element may be disengaged from
      sealing the circular aperture and rotated to present a clean area thereof
      over said aperture and resealed to the planar surface.
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ABST
PAL  Self-leveling light beam projection apparatus for projecting and
      maintaining a beam of light along a predetermined path relative to the
      earth's vertical. A housing adapted for mounting in a predetermined plane
      includes a light source such as a laser generator for generating a
      collimated beam of light. A lens system including a pendulum mounting at
      least one lens is mounted for movement about mutually perpendicular axes
      to seek the vertical and to maintain the projected beam along the
      predetermined path despite the relative positions of the housing and light
      source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to light beam projecting devices and more
      particularly to a self-leveling laser beam projector particularly useful
      for construction, surveying, tunnelling and like applications.
PAR  Self-leveling laser devices are known in the prior art; however, they are
      extremely bulky in size and require generally a great number of components
      such that when the assembly is mounted, the light beam output will attain
      a true horizontal or a vertical position. Such prior devices have not been
      generally acceptable for field use as the extremely sensitive components
      required to provide the self-leveling feature will not withstand the
      extreme field conditions to which they were subjected. In some prior
      devices for maintaining a vertical or horizontal beam, the sensing
      components included gyroscopes, liquid lenses, pendulously supported light
      sources, and the like in an attempt to provide a true horizontal or
      vertical output beam. Additionally, in all prior art self-leveling
      projectors known to Applicant, the vertical, or horizontal, if a system of
      mirrors and/or prisms is used at the output, beam can only be provided in
      one plane of movement of the source. That is, if the projector is moved,
      for example, in a fore and aft direction and a vertical output is
      maintained, the apparatus will not accurately respond to movement to the
      left or right.
PAR  Typical examples of prior art systems for automatically maintaining a beam
      of light along a horizontal axis are illustrated in Mason et al, U.S. Pat.
      No. 3,729,266 issued Apr. 24, 1973, entitled APPARATUS FOR AUTOMATICALLY
      DIRECTING AND MAINTAINING A BEAM OF ELECTROMAGNETIC RADIATION RELATIVE TO
      EARTH HORIZONTAL; Bird et al, U.S. Pat. No. 3,748,041 issued July 24,
      1973, entitled LASER BEAM ATTITUDE CONTROL DEVICE; and Zoot, U.S. Pat. No.
      3,684,381 issued Aug. 15, 1972, entitled LASER BEAM PLANAR REFERENCE.
PAR  Each of the above-referenced patents, however, while providing means for
      attaining self-leveling of a horizontally projected laser beam suffer from
      one or more inherent drawbacks. Typically, in the gimbal-mounted systems,
      a series of lenses is required and some form of interconnection must be
      provided between the several lenses to provide the necessary compensation
      to correct for the additive effects of the angles of incidence and
      reflection. Alternately, as in the case of Zoot, no such correction is
      made and special outside compensation means as a prism must be provided.
      In addition, none of these systems readily lend themselves to a simple
      modification wherein the output therefrom can be used to project a
      horizontal plane, a vertical plane, a sweeping horizontal plane, nor can
      they be conveniently adapted for projection of a beam along a horizontal
      plane in a conventional manner.
PAC  SUMMARY OF THE INVENTION
PAR  The self-leveling laser beam projector of the present invention includes a
      housing member containing a power supply, a light source, and a lens
      system having at least one lens pendulously mounted. If desired, a
      pentaprism may be rotatably arranged at the output end of the projector.
      The entire assembly is adapted for generally vertical mounting as on a
      tripod or the like to project a light beam vertically upwardly through a
      pendulously mounted inner lens and an outer lens assembly and through the
      pentaprism where it is turned 90.degree. for projection along a horizontal
      plane. The pendulous mounting of the inner lens within the housing
      provides self-alignment of the beam output if the vertical mounting of the
      housing is disturbed. The inner lens is mounted in a pendulum suspended at
      its upper end or top in a pair of gimbal rings about mutually
      perpendicular axes for 2.degree. of freedom. The connection between the
      housing and the gimbal rings is through conventional bearing means. The
      outer lens is fixed to the housing through openings provided in the sides
      of the pendulum frame and is fixed at a predetermined position
      intermediate the gimbal suspension and the inner lens.
PAR  In operation, when the housing and the light source are moved with respect
      to the vertical, the pendulous mounting of the inner lens allows it to
      maintain its vertical orientation. As a result, a light beam from the
      source is refracted by the inner lens and directed through the outer lens
      where it is again refracted and returned to the vertical and through the
      pentaprism. The output at the pentaprism, therefore, remains properly
      oriented at the horizontal. The pentaprism may include a drive means for
      rotating the pentaprism through an arc to provide a sweeping horizontal
      output beam. In yet another aspect of the invention, the pentaprism is
      removable from the output of the end of the housing to provide an upwardly
      directed true vertically projected light beam which may be used as an
      extremely accurate plumb or reference line. Means are also provided within
      the housing adjacent the free end of the pendulum such that the housing
      may be positioned horizontally and a positive stop is provided for the
      pendulum whereby the beam projector may be utilized to project a
      horizontal light beam in a conventional manner.
PAR  The many objects, advantages, and other aspects of this invention will be
      readily understood by those who are skilled in the art upon reading the
      following specification with reference to the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating the self-leveling projector
      apparatus mounted in a tripod;
PAR  FIG. 2 is a fragmentary, cross-sectional view of the self-leveling
      projector of the invention;
PAR  FIG. 3 is a cross-sectional view similar to FIG. 2 showing the
      self-leveling pendulum assembly of the invention removed from the housing;
PAR  FIG. 4 is a top plan view taken generally along the plane IV--IV of FIG. 1
      with the rotating pentaprism assembly removed for clarity;
PAR  FIG. 5 is an enlarged, cross-sectional view taken along the plane V--V of
      FIG. 3 illustrating the gimbal mounting of the pendulum on which the inner
      lens is mounted;
PAR  FIG. 6 is a cross-sectional view taken along the plane VI--VI of FIG. 2
      illustrating the mounting of the outer or fixed lens within the housing;
PAR  FIG. 7 is a cross-sectional view taken generally along the plane VII--VII
      of FIG. 2 illustrating the means for holding the pendulum when the light
      beam projector is used in a horizontal orientation;
PAR  FIGS. 8 and 8a are schematic illustrations showing the operation of the
      lens system of the invention in simplified form;
PAR  FIG. 9 is a fragmentary, cross-sectional view illustrating an alternate
      mounting for the pendulum;
PAR  FIG. 10 is a cross-sectional view taken along the plane X--X of FIG. 9;
PAR  FIG. 11 is a simplified schematic illustration of the lens and pendulum
      mounting system; and
PAR  FIG. 12 is an enlarged, front elevation of the rotating pentaprism assembly
      of FIG. 1 positioned at the output end of the projector apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and in particular to FIGS. 1-4, the
      self-leveling laser apparatus of the invention is generally designated by
      the numeral 10. The laser apparatus is adapted for mounting in a
      conventional tripod assembly 12 (FIG. 1) having a plurality of legs 14. A
      mounting ring 16 (FIG. 4) having level indicator means 18 is secured to
      the outer housing of laser assembly 10 and is used to indicate and obtain
      preliminary vertical adjustment of the laser assembly when mounted in the
      tripod. The upper portion of tripod 12 is equipped with a conventional
      leveling assembly 20 having a plurality of adjusting screws 22 (two are
      shown while four are preferably spaced 90.degree. apart). Adjusting screws
      22 are threadably received in the leveling assembly for adjustment of the
      laser apparatus 10 on the tripod in a conventional manner, that is, by
      adjusting the screws until the level indicators 18 indicate that the
      assembly is vertically oriented.
PAR  The laser apparatus 10 includes an outer elongated tubular housing 24 (FIG.
      2) in which is mounted a light source generator 26 and its associated
      power supply 25. A self-leveling assembly 27 is mounted within the housing
      24 in an inner rail assembly 29. A pendulously mounted framework 28 (FIG.
      3) is mounted in self-leveling assembly 27 and includes an inner lens
      assembly 30 and an outer or fixed lens assembly 32 at the output end 34 of
      outer housing 24 to allow the emergence of a light beam from light source
      generator 26.
PAR  Self-leveling assembly 27 including the pendulously mounted framework 28
      for inner lens 30 is mounted in a gimbal ring assembly 36 (FIG. 5). Gimbal
      assembly 36 provides freedom of movement about mutually perpendicular axes
      such that inner lens 30 is free to maintain a vertical position with
      respect to gravity as will be further described hereinafter.
PAR  As best illustrated in FIGS. 3 and 6, the outer or fixed lens 32 is secured
      in an annular holder member 38 which in turn is secured to the
      self-leveling assembly 27 by a plurality of screws 40. Screws 40 are
      arranged at 90.degree. to each other and may be turned in or out with
      respect to the frame as required to center and adjust lens 32 with respect
      to the housing and light source 26. Screws 40 pass through cut-out open
      side portions 42 of the pendulum frame. Slots 41, extending along the side
      wall portions of self-leveling assembly 27 through which screws 40 pass,
      are provided to allow axial adjustment of lens 32. Access openings 43 are
      provided in inner rail 29 for adjustment of screws 40.
PAR  The pendulum frame 28 is an elongated tubular member having a pair of ears
      44 (FIG. 5) extending from its upper end and forming the means by which
      the pendulum frame 28 is suspended for freedom of movement within
      self-leveling assembly 27 on gimbal assembly 36.
PAR  Referring to FIG. 5, gimbal assembly 36 is shown in greater detail in cross
      section. A gimbal ring 46 is pivotally mounted in leveling assembly
      housing 27 by means of a pair of opposed antifriction bearings 48. The
      outer races 50 of bearings 48 are fixed in a conventional manner to the
      walls of self-leveling assembly 27 by means of a threaded ring 51. The
      inner races 52 of bearings 48 abut gimbal ring 46 where they are secured
      by screws 54. Gimbal ring 46 is free to rotate about an axis "X" defined
      by a line passing through the axial center of bearings 48 and screws 54.
PAR  The pendulum is suspended about a second axis "Y" perpendicular to axis X
      in a similar manner. Bearings 56, positioned at 90.degree. to bearings 48,
      are secured by their outer races 57 in gimbal ring 46 by a threaded ring
      58. The inner races 59 abut the outer diameter surface portions of ears 44
      on pendulum 28 and are secured thereto by means of screws 60. Accordingly,
      pendulum frame 28 is mounted for movement about mutually perpendicular
      axes X and Y.
PAR  The suspended pendulum frame 28 (FIG. 3), carries inner lens 30 for
      movement about axes X and Y to intercept the projected light beam B. The
      end of the pendulum frame opposite ears 44 is equipped with a damper
      assembly 62 serving to prevent excessive oscillation of the pendulum with
      movement of the laser assembly 10 as the pendulum seeks a vertical
      position.
PAR  Damper assembly 62 includes a plurality of paired annular magnets 64-64a
      and 66-66a. The magnet pairs 64 and 66 are annular magnets of conventional
      construction each preferably having eight equally spaced poles formed on
      their facing surfaces. Annular spacers 68 provided between the faces of
      each magnet pair form an air gap 69 between the magnet faces to receive a
      pair of damping discs 70 and 72 movable with the pendulum.
PAR  A damping disc holder 74 is secured by set screws 76 to the end of pendulum
      28. Damping disc holder 74 has an axial opening through its center to
      allow passage of light beam B from the generator and along the length of
      the assembly. The outer surface of disc holder 74 is configurated to
      receive and secure damping discs 70 and 72. The damping discs are annular
      washer-like rings extending transverse to holder 74 into the air gap 69
      between the faces of the paired magnets 64 and 66. The damping disc is
      preferably formed of a soft copper alloy and reacts with the magnetic
      lines of force between the poles of the magnets to prevent excessive
      oscillation of the pendulum during its movement when returning to a
      vertical position with movement of the laser assembly 10 from vertical.
PAR  Inner lens 30 is fixed in a lens holder 77 which in turn is secured within
      the pendulum framework 28. Lens 30 is secured, as by cementing, in
      position within holder 77 on an annular lip 79 formed in the inner
      diameter of holder 77. Holder 77 is adjustably slidably mounted within
      pendulum frame 28. The outer diameter of holder 77 corresponds closely to
      the axial inner diameter of pendulum frame 28. Access openings 78 provided
      in the walls of self-leveling assembly 27 allow access to a series of set
      screws 80 (only one is shown) threadably received in the side wall of
      pendulum frame 28 to bear against holder 77. Additional access openings 81
      and 82 in self-leveling assembly 27 and the side wall of pendulum frame 28
      are provided to allow insertion of a tool (not shown) into opening 83
      formed in the side wall of lens holder 77 such that when set screws 80 are
      loosened, holder 77 may be axially adjusted along the length of pendulum
      frame 28. Once the adjustment is accomplished, set screws 80 are tightened
      to secure the lens holder and prevent movement axially along the pendulum.
PAR  Adjustment of the damper assembly 62 is similarly made by loosening set
      screws 76 and sliding the damper assembly axially along pendulum frame 28
      such that damping discs 70 and 72 are equally spaced within air gap 69
      between paired magnets 64 and 66.
PAR  After assembly, the self-leveling assembly 27 of FIG. 3 is fixed in inner
      rail 29 and placed within outer housing 24 where it is secured together
      with generator 26 and its associated power supply 25. Rear end cap
      assembly 86 (FIG. 2) forms the electrical terminal by which electrical
      connection is made to the interior of the housing via wires 85. Rear cap
      86 is secured to both the outermost end of inner rail 29 and the inner
      diameter of outer housing 24. An O-ring 88, positioned within a groove 89
      in the end cap assembly, abuts the inner diameter of outer housing 28. A
      rubber-like sealing compound 90 is poured between the outer chamfered end
      of end cap 86 and the inner diameter of outer housing 24. Finally, a
      number of screws 92 extend through outer housing 24 and are threadably
      received in the outer diameter of end cap 86 to secure the end cap in
      position.
PAR  At the opposite end of the tubular member, a front end cap 94 similar in
      outer configuration and having a groove 96 provided about its outer
      diameter is positioned. An O-ring 98 is positioned in groove 96 for
      sealing engagement with the inner diameter of the outer housing 24. An
      inner annular lip 100 fits into the inner diameter of inner rail 29. An
      axial opening 102 is provided through the front end cap 94 and a window
      104 is positioned in the axial opening. Window 104 is held in position
      within axial opening 102 by an O-ring 106 and a rubber-like sealant 108.
      An electrically conductive slip ring assembly 110 is also positioned
      within the inner diameter of opening 102 adjacent the outermost end of
      front end cap 94 to provide electrical connection to a rotatable
      pentaprism assembly 130 (FIGS. 1 and 12) as will be hereinafter described.
      Suitable electrical lead wires 112 are connected to slip ring 110 and pass
      through an opening in annular lip 100 and to power supply 25 to provide
      the necessary power for the rotating pentaprism assembly. Finally, front
      end cap assembly 94 is secured within the outer housing 24 by an
      additional quantity of sealant 114 about its chamfered outer end and the
      inner diameter of outer housing 24. When sealed at the front and rear end
      caps, the entire self-leveling assembly and light source generator are
      contained within a completely sealed enclosure. The light beam output B
      from the light generator 24 is directed through inner lens 30, outer lens
      32 and window 104 where it is emitted from the outer housing for
      utilization in leveling, surveying, and like purposes.
PAR  The operation of the self-leveling light beam generator is dependent, of
      course, upon the gimbal mounting of the pendulum frame and inner lens and
      is best understood with reference to the simplified schematic
      illustrations of FIGS. 8 and 8a. In these figures, only those components
      necessary to an understanding of the pendulum mounting and lens system of
      the invention are illustrated. Basically, the outer housing 24 is shown
      having light source 26 and the outer lens 32 fixed therein. Pendulum frame
      28 is fixed at its upper end in bearings 48, 56, and in gimbal 46. In the
      vertically aligned position of FIG. 8, light beam B is directed along a
      vertical path through the center of inner lens 30, along the center line
      of the housing, and through the center of outer lens 32 where it is
      projected from the housing for utilization. Upon movement of housing 24
      and light source 26 from the vertical as illustrated in FIG. 8a, beam B is
      projected along the horizontal center line of the housing until it strikes
      the inner lens 30 which has maintained its vertical orientation because of
      its pendulous mounting about bearings 48 and 50. Beam B passes through
      lens 30 and is bent or refracted as illustrated at B and is directed into
      outer lens 32 where it is again refracted and returned to the vertical as
      illustrated at Bc. The output beam Bc, therefore, is corrected and
      returned to a true vertical position. It will be noted that the corrected
      beam Bc is offset slightly from the actual center line C of the fixed
      outer lens although it remains accurately vertically oriented. This offset
      is of a relatively insignificant amount and normally is ignored.
PAR  While pendulous suspension of both inner and outer lenses may be provided
      to obtain a self-leveling of the laser apparatus, it is preferable to
      pendulously suspend only the inner lens and additionally to pivot the
      pendulum at a point about axes X and Y at a point above the fixed inner
      lens 32 as described above. A preferred lens system and the mathematics by
      which the preferred distance of the fixed lens 32 from the mounting point
      (axes X-Y) of the pendulum is illustrated in detail in FIG. 11.
PAR  As illustrated in FIG. 11, inner lens 30 is a plano concave lens and in one
      embodiment, has a focal length of 13.1 mm. Outer lens 32 is a convex lens
      having a 132 mm focal length. The pivot point defined by line X-Y
      corresponds to the axes X and Y of the gimbal assembly 36 mounting the
      pendulum 28 as shown in the previous figures. Length D (from axes line X-Y
      to the lower surface of lens 32) corresponds to the location of the inner
      surface of fixed outer lens 32 with respect to the pivot point X-Y. To
      solve for distance D such that the angles of the emerging light beams Bv =
      Bc illustrated in the figure are such that .theta..sub.2 = .theta..sub.3.
      Inner lens 30 is shown in two positions in the drawing. The first, or
      solid, illustrates the beam from the light source generator with the inner
      and outer lenses and housing in vertical alignment (projecting the beam
      Bv). The dotted portion illustrates the inner lens 30 in the position
      assumed by inner lens 30 with respect to the source generator when the
      housing with respect to the vertical (and the inner lens 30) has been
      moved a distance indicated by the dimension y (to project the corrected
      beam Bc). This angular relationship through the center of lens 32,
      therefore, is equal to the angle identified by .theta. .sub.1. The angle
      identified as .theta..sub.2 is, of course, equal to .theta..sub.1. The
      line indicating a vertical beam is projected through the center of lenses
      30 and 32 is identified as Bv. The corrected beam Bc results when the
      vertical is offset the distance y. To solve for dimension D such that the
      corrected light beam angle .theta..sub.3 = .theta..sub.1 is as follows. It
      being known that angles .theta..sub.2 and .theta..sub.3 are equal,
      ##EQU1##
      In the specific example shown: d = 0.35 inch
PA1  r.sub.2 + 86 mm = 3.3 inches
PA1  f.sub.2 = 13 mm = 0.51 inch
      ##EQU2##
      D = 0.51 inch + 0.22 inch D = 0.73 inch for 13 mm lens (30)
PAR  Accordingly, for the vertically corrected beam Bc to be equal to the
      originally vertically projected beam by the inner facing surface of lens
      32 is positioned 0.73 inches below the point (axes X-Y) at which pendulum
      frame 38 is suspended.
PAR  An alternate mounting arrangement for the gimbal and pendulum is
      illustrated in the fragmentary views of FIGS. 9 and 10. In this case, a
      spring-type suspension 118 is utilized in place of the bearings 48 and 56
      previously described between the pendulum frame 28 and gimbal 46 and
      between the gimbal and self-leveling housing assembly 27. Spring
      suspension 118 is conventional and includes a pair of crossed ribbon-like
      metallic elements 120 and 122 having a known spring rate. Elements 120 and
      122 are fixed at their ends in mounting members 124 and 126 which in turn
      are fixed in the openings provided in ears 44, gimbal 36, and in
      self-leveling housing 27. Spring suspension 118 of FIGS. 9 and 10 shows
      only the suspension of gimbal 36 within self-leveling assembly housing 27.
      It is understood, however, that additional similar assemblies are also
      positioned between gimbal 36 and ears 44 of the pendulum. This type of
      spring suspension, having a known spring rate, provides a support for the
      pendulum with a minimum of friction and may be used conveniently in place
      of the antifriction bearings.
PAR  The apparatus thus far described provides a self-adjusting, vertically
      projected collimated light beam. To produce a self-leveling horizontal
      beam output, mirrors, a pentaprism or other optical devices are utilized
      at the output end 34 of laser assembly 10. Preferably, a rotating
      pentaprism arrangement is utilized to provide a level horizontal beam
      output. The prism assembly, generally identified by the numeral 130 in
      FIG. 1, is also shown in FIG. 12. The rotating prism assembly 130 includes
      an annular base housing 132 adapted for mounting at the output end 34 of
      laser assembly 10. An upper housing 134 is rotatably mounted on base 132
      and is adapted to be rotated about an axis in alignment with the center
      line of laser assembly 10 by means of a drive mechanism as an electric
      motor (not shown) contained within base 132. Electrical power connections
      are made to the motor within base 132 by means of the previously described
      slip ring assembly 110 (FIG. 2) in a conventional manner. The rotatable
      upper housing 134 contains a pentaprism 136 rotatable with upper housing
      132 about the axis of the light beam. Pentaprism 136, well-known to those
      skilled in the art, is an optical reflective device in which the laser
      beam, when directed therein, is reflected at a fixed angular relationship
      of exactly 90.degree. to the direction of incidence. Accordingly, the beam
      Bv or the vertically corrected beam Bc directed through the lens system
      and the output end 34 of laser assembly 10, is reflected by the pentaprism
      outwardly at exactly 90.degree. through an opening 138 in the side of
      upper housing 134 to form a horizontal beam Bh. As the pentaprism rotates,
      the sweeping horizontal beam of light Bh is, therefore, projected
      horizontally therefrom. Upon deviations of the vertical mounting of the
      laser assembly, the beam is returned to the vertical by the pendulum and
      lens system and to the pentaprism to maintain its horizontal orientation.
      Such rotating pentaprism assemblies are known to those skilled in the art
      and are commercially available from Laser Alignment, Inc. of Grand Rapids,
      Michigan, Part. No. 30300.
PAR  Referring again briefly to FIG. 3 and additionally to the cross-sectional
      view of FIG. 7, an outer limit stop 140, annularly positioned about the
      inner diameter of the self-leveling housing 27 and surrounding pendulum
      frame 28 is spaced a slight distance from pendulum frame 28 to allow
      swinging movement thereof. Stop 140, however, prevents excessive movement
      of pendulum frame 28 thereby preventing damage to damping discs 70 and 72
      with movement of the pendulum. A pair of angularly positioned, spaced
      apart abutment members 142 are threaded through stop 140, as illustrated
      in FIG. 7, and extend slightly into a space 144 between stop 140 and
      pendulum frame 28. The abutment members 142 are formed from round point
      set screws and hold the pendulum frame in a relatively fixed position when
      the laser assembly 10 is positioned in a horizontal orientation. When the
      laser assembly is horizontally positioned, pendulum frame 28 seeks a rest
      position on abutment members 142 and by its weight, is prevented from
      moving about its gimbal axis. Accordingly, the laser assembly 10
      previously described can be removed from tripod 12 and used to project a
      horizontal output beam in a conventional manner without reliance on the
      self-leveling feature. This adds greatly to the versatility of the
      instrument as the horizontally oriented laser can be positioned in a
      supporting framework of conventional construction and used in a
      conventional manner with or without the rotating pentaprism fixed at its
      output end. A line or groove 146 (FIG. 7) is scribed on the outer housing
      surface at a point directly opposite abutment members 142 to insure that
      when used in a horizontal position, pendulum frame 28 will rest on
      abutment members 142.
PAR  Having thus described the invention, those skilled in the art will
      immediately appreciate the many advantages of the self-leveling laser
      assembly. The invention provides a new and useful self-leveling laser
      assembly which does not suffer from the drawbacks of the prior art
      systems. The many lenses, gimbals and like compensating mechanisms are
      completely eliminated and in addition, there is provided a laser system
      which can be used to provide both a self-adjusting vertical line or a
      self-leveling horizontal line. The laser system of the invention is
      further adapted to project a horizontal beam in a conventional manner
      thereby adding significantly to the versatility of the instrument and
      allowing the use of a single laser instrument for many surveying and like
      applications.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows.
NUM  1.
PAR  1. Self-leveling light beam projector apparatus for projecting and
      maintaining a beam of light along a predetermined path relative to the
      earth's vertical comprising: a housing adapted for mounting in a generally
      vertical plane; means in said housing for generating a beam of collimated
      light along a predetermined path relative to the longitudinal axis of said
      housing and emitting same through an exit end thereof, said exit end being
      located at an upper end of said housing when vertically mounted; first and
      second lens means in said housing for directing said light beam along said
      predetermined path; means in said housing mounting said first lens means
      for movement about mutually perpendicular axes in the path of said light
      beam along said axis of said housing, said mounting means including a
      pendulum mounted in said housing; gimbal means adjacent said exit end
      mounting said pendulum for movement about said mutually perpendicular
      axes, said second lens being fixed with respect to said housing for
      movement therewith, said first and second lenses being disposed along the
      axis of said housing to direct said emitted light beam along said
      predetermined path toward said exit end, whereby movement of said housing
      affecting said beam of light projected along said predetermined path is
      corrected by said first and said second lens for projection of said
      emitted beam along said predetermined path and through said exit end.
NUM  2.
PAR  2. The light beam projector apparatus of claim 1 wherein said first lens is
      concave and said second lens is convex, said first lens intercepting said
      light beam along said predetermined path and angularly displacing said
      beam with respect to said housing, said second lens intercepting said
      angularly displaced beam and directing said emitted beam along said
      predetermined path.
NUM  3.
PAR  3. The light beam projector apparatus of claim 2 wherein said pendulum is
      mounted for movement about mutually perpendicular axes in gimbal means, a
      first one of said mutually perpendicular axes being mounted with respect
      to said housing and the second one of said mutually perpendicular axes
      being mounted transverse to said first axis on said pendulum.
NUM  4.
PAR  4. The light beam projector apparatus of claim 3 wherein said second lens
      is disposed between said first lens and said gimbal means.
NUM  5.
PAR  5. The light beam projector apparatus of claim 1 and further including
      reflector means mounted adjacent said exit end of said housing for bending
      said emitted beam of light through an angle of 90.degree. for projection
      along a horizontal plane.
NUM  6.
PAR  6. The light beam projector apparatus of claim 5 and further including
      means rotatably mounting said reflector means for rotation about said
      vertical axis to thereby provide a sweeping horizontal plane of light.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said reflector means is a prism.
NUM  8.
PAR  8. The apparatus of claim 6 wherein said reflector means is a pentaprism.
NUM  9.
PAR  9. The apparatus of claim 3 and further including cooperating damping means
      on said housing and said pendulum, said damping means preventing excessive
      oscillation of said pendulum with movement of said housing.
NUM  10.
PAR  10. The apparatus of claim 9 and further including beam directing means
      positioned adjacent said output end for directing said beam along a
      horizontal path.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said beam directing means includes a
      pentaprism and further including means for rotating said pentaprism to
      thereby provide a sweeping horizontal beam of light.
NUM  12.
PAR  12. Self-leveling light beam projector apparatus comprising:
PA1  a housing having a light beam generator mounted therein, said housing being
      adapted for generally vertical mounting and having an upper end thereof
      adapted to allow the emergence of a beam of light from said generator;
PA1  first and second lens means in said housing adapted to direct said beam of
      light from said source through said upper end; and
PA1  pendulous mounting means mounting said first lens for movement with respect
      to said source, said pendulous mounting means including an elongated frame
      member supporting said first lens adjacent said source, said frame member
      including means adjacent said upper end mounting said frame member for
      movement about mutually perpendicular axes with respect to said housing;
      means fixing said second lens with respect to said housing at a position
      intermediate said first lens and said upper end; said mounting means being
      adapted to assume a predetermined position with respect to the vertical
      wherein said beam directed to said first lens is directed through said
      second lens and is emitted at said upper end in a vertical path with
      deviations of said housing from the vertical.
NUM  13.
PAR  13. The apparatus of claim 12 and further including cooperating damping
      means on said housing and said pendulous mounting means, said damping
      means preventing excessive oscillation of said pendulous mounting means
      with movement of said housing.
NUM  14.
PAR  14. The apparatus of claim 13 and further including beam directing means
      positioned adjacent said output end for directing said beam along a
      horizontal path.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said beam directing means includes a
      pentaprism.
NUM  16.
PAR  16. The apparatus of claim 15 and further including means for rotating said
      pentaprism to thereby provide a sweeping horizontal beam of light.
NUM  17.
PAR  17. The apparatus of claim 12 wherein one of said first lens and said
      second lens is concave and the other of said first and said second lens is
      convex.
NUM  18.
PAR  18. The apparatus of claim 17 wherein said first lens is concave.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said source is a laser beam generator
      for providing a collimated beam of light output.
NUM  20.
PAR  20. The apparatus of claim 13 wherein said damping means includes permanent
      magnet means mounted on one of said housing and said pendulous mounting
      means.
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ABST
PAL  A cord extends through a cylindrical member. A pair of rubber washer stop
      devices are frictionally mounted on the cord and are movably positionable
      on the cord for holding the member in a desired position on the cord.
      Handles are affixed to the ends of the cord. Sleeve-type covers are
      provided on the cylindrical member for application to the back of a user.
BSUM
PAC  DESCRIPTION OF THE INVENTION:
PAR  The present invention relates to a back rubbing device.
PAR  Objects of the invention are to provide a back rubbing device of simple
      structure, which is inexpensive in manufacture, assembled and disassembled
      with convenience, facility, ease, rapidity and simplicity, and functions
      efficiently, effectively and reliably to wash, dry, massage, powder, and
      relieve itching of the back of a user.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a view of an embodiment of the back rubbing device of the
      invention in use;
PAR  FIG. 2 is a view of an embodiment of the back rubbing device of the
      invention;
PAR  FIG. 3 is a cross-sectional view of the cylindrical member and a cover of
      the back rubbing device of the invention, on an enlarged scale;
PAR  FIG. 4 is a cross-sectional view of the cylindrical member and another
      cover of the back rubbing device of the invention, on an enlarged scale;
PAR  FIG. 5 is a view of a hook-type handle of the back rubbing device of the
      invention;
PAR  FIG. 6 is a schematic, exploded diagram of part of an embodiment of the
      back rubbing device of the invention;
PAR  FIG. 7 is a schematic, exploded, diagram of part of another embodiment of
      the back rubbing device of the invention;
PAR  FIG. 8 is a schematic diagram of an embodiment of a cover of the back
      rubbing device of the invention; and
PAR  FIG. 9 is a schematic diagram of a package of the back rubbing device of
      the invention.
DETD
PAR  The back rubbing device of the invention comprises a substantially
      cylindrical member 1 (FIGS. 2, 3, 4, 6 and 7). The cylindrical member 1 is
      preferably perforated in the manner shown in FIG. 7, so that it may be
      utilized to apply powder to the back of the user, in a manner hereinafter
      described.
PAR  A cord 2 (FIGS. 1, 2, 3, 4, 6 and 7) extends through the cylindrical member
      1. A pair of rubber washer stop devices 3 and 4 (FIG. 2) are frictionally
      mounted on the cord 2 and are movably positionable on the cord, holding
      the member 1 in a desired position on the cord.
PAR  Handles 5 and 6 (FIG. 2) are affixed to the ends 7 and 8, respectively, of
      the cord 2. One of the handles 6 is a hook member which enables the device
      to hang on a shower rod 9, as shown in FIG. 5, when not in use.
PAR  In accordance with the invention, a sleeve-type cover 10 (FIG. 1) is
      provided on the member for application to the back of the user. The
      sleeve-type cover 10 is removably fitted over the cylindrical member 1 and
      may comprise any suitable desired material dependent upon the function to
      be performed. Thus, for example, the sleeve-type cover may comprise
      sponge-type material 10a (FIGS. 2 and 8), for washing the back of the
      user, plastic needles 10b (FIG. 3) extending substantially radially for
      rubbing the back of the user, brush bristles 10c (FIG. 6) for brushing the
      back of the user, or permeable cloth 10d (FIGS. 4 and 7) for powdering the
      back of the user.
PAR  When the user desires to powder his back, he fills the perforated
      cylindrical member 1 (FIG. 7) with talcum powder and closes the cylinder
      at its ends with caps 11 (FIG. 7) and 12 (not shown in the FIGS.). He then
      fits the permeable cloth cover 10d to the cylindrical member and moves the
      device over his back via the cord 2.
PAR  While the invention has been described by means of specific examples and in
      specific embodiments, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A back rubbing device, comprising
PA1  a substantially cylindrical member;
PA1  a cord extending through the member;
PA1  a pair of rubber washer stop devices frictionally mounted on the cord and
      movably positionable on the cord for holding the member in a desired
      position on the cord;
PA1  handle means affixed to the ends of the cord said handle means including a
      hook member affixed to one end of the cord for hanging the device on a
      shower curtain rod; and
PA1  sleeve-type cover rubbing means on the member for application to the back
      of a user, said
PA1  cover rubbing means comprising sponge-type material for washing the back of
      the user.
NUM  2.
PAR  2. A back rubbing device as claimed in claim 1, wherein an alternative
      cover means includes plastic needles extending substantially radially for
      rubbing the back of the user.
NUM  3.
PAR  3. A back rubbing device as claimed in claim 1, wherein the cylindrical
      member is perforated and an alternative cover means comprises permeable
      cloth whereby powder in the member may be applied to the back of the user.
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ABST
PAL  A cleaner for carpets, rugs and the like has a roller or brush or the like
      by means of which cleaning foam is to be applied to the particular
      textile. It is further provided with two or more chambers, each adapted to
      contain a chemical component. The chemical components in the several
      chambers are of the type which, upon contact with one another, will
      spontaneously react and produce foam for cleaning purposes. An arrangement
      is provided for permitting the controlled contacting of these components
      with one another so as to produce the requisite foam which is supplied to
      the roller or brush.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of my copending application Ser. No.
      318,615, filed on Dec. 26, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the production of cleaning foam, and more
      particularly to the chemical production of such foam for cleaning of
      textiles, such as rugs, carpets and the like.
PAR  It is already known in the prior art, for instance in cleaning apparatus
      used for carpets or upholstery, to produce foam either mechanically or
      with the aid of compressed gas. The equipment needed for either of these
      two approaches to the production of foam is relatively complicated and,
      therefore, quite expensive. In carpet cleaning devices it is, for
      instance, known to provide the device with a pressure container which
      accommodates a gas under pressure and a cleaning liquid or liquids. The
      container is provided with a valve-controlled opening that is configurated
      as a mixing nozzle through which the liquid and the compressed gas exit,
      whereby the liquid becomes converted into foam. The stream of liquid
      aspirates ambient air as it is forced out of the nozzle and becomes
      admixed with this air to turn into foam. Evidently, this is a relatively
      complicated construction, as has already been pointed out above.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to overcome the
      disadvantages of the prior art.
PAR  More particularly, the invention has as one of its objects to provide an
      apparatus which is capable of producing foam for cleaning purposes in a
      simple manner, and which is considerably less complicated to construct and
      to produce than the equipment known from the prior art.
PAR  Another object of the invention is to provide such an apparatus which
      permits the user to produce foam in a very simple manner in such
      quantities as are required for a particular application and at a
      particular time.
PAR  Another object of the invention is to provide such an apparatus which
      produces foam that can be readily removed from the surface that has been
      cleaned with the foam.
PAR  In keeping with the above objects, and with others which will become
      apparent hereafter, one feature of the invention resides in an apparatus
      for producing foam for cleaning of textiles, such as rugs and carpets,
      which apparatus comprises applying means for applying foam to a surface to
      be cleaned, and wall means defining two chambers, each of which is adapted
      to accommodate one of two chemical components which react upon contact
      with one another and spontaneously produce foam for cleaning purposes.
      Passage means connects the chambers with one another and with the applying
      means, and control means permits contacting of the components with one
      another via the passage means, to result in spontaneous production of foam
      which is supplied to the applying means.
PAR  According to the invention, it must be assured that neither of the
      components which are to be admixed to produce the foam can be allowed to
      contact the textile to be cleaned, as this might cause damage to the
      textile. This is particularly true if one of the components is an acid.
      Moreover, unless the production of the foam is of such a nature that the
      foam will be dry, the foam is not well suited for cleaning purposes as wet
      foam does not offer itself for proper cleaning of textiles.
PAR  The components which are admixed to produce the foam may be carbonate or
      bicarbonate, for instance sodium bicarbonate and an acid, for instance
      phosphoric acid. At least one of the components should advantageously be
      dissolved in water and at least one of the components should
      advantageously be admixed with a wetting agent.
PAR  Foaming tenside (WAS) may be admixed with one or both components and e.g.
      the reaction Na H Co.sub.3 +COOH = CH.sub.3 COONa+H.sub.2 O+CO.sub.2 will
      occur, which will result in the spontaneous formation of foam that can be
      readily used for carpets, upholstery, automobiles or the like. Moreover,
      such a foam can also be used as a heat exchanger to carry away heat from a
      location which is to be cooled.
PAR  One of the components may also be in form of water-dissolved sodium
      bicarbonate, ammonium bicarbonate, or potassium bicarbonate, and it may
      have admixed with it a wetting agent, such as disodium laurate
      ethanolamidosulfosuccinate. The other component may be phosphoric acid and
      may have admixed with it one or more additional wetting agents, for
      instance sodium lauryl sulfate.
PAR  The various aforementioned components can, for instance, be mixed in one of
      the ways which are described hereafter, in which case simultaneously the
      following reactions will take place:
PAR  Mixing of sodium bicarbonate (NaHCO.sub.3) + phosphoric acid (H.sub.3
      PO.sub.4) results in the production of monosodiumphosphate (NaH.sub.2
      PO.sub.4) + water (H.sub.2 O) + carbon dioxide (CO.sub.2).
PAR  Mixing of sodium bicarbonate (2NaHCO.sub.3) + phosphoric acid (H.sub.3
      PO.sub.4) results in the production of disodium phosphate (Na.sub.2
      HPO.sub.4) + water (2H.sub.2 O) + carbon dioxide (2CO.sub.2).
PAR  Mixing of ammonium bicarbonate (NH.sub.4 HCO.sub.3) + phosphoric acid
      (H.sub.3 PO.sub.4) results in the production of monoammonium phosphate
      (NH.sub.4 H.sub.2 PO.sub.4) + water (H.sub.2 O) + carbon dioxide
      (CO.sub.2).
PAR  Mixing of ammonium bicarbonate (2NH.sub.4 HCO.sub.3) + phosphoric acid
      (H.sub.3 PO.sub.4) results in the production of diammonium phosphate
      ([NH.sub.4 ].sub.2 HPO.sub.4) + water (2H.sub.2 O) + carbon dioxide
      (2CO.sub.2).
PAR  Mixing of potassium bicarbonate (KHCO.sub.3) + phosphoric acid (H.sub.3
      PO.sub.4) results in the production of monopotassiumphosphate (KH.sub.2
      PO.sub.4) + water (H.sub.2 O) + carbon dioxide (CO.sub.2).
PAR  Mixing of potassium bicarbonate (2KHCO.sub.3) + phosphoric acid (H.sub.3
      PO.sub.4) results in the production of dipotassium phosphate (K.sub.2
      HPO.sub.4) + water (2H.sub.2 O) + carbon dioxide (2CO.sub.2).
PAR  The apparatus can be provided with one or more rollers, brushes or the
      like, which apply the developed foam to the surface to be cleaned, for
      instance a carpet, rug or the like. Advantageously, the apparatus will be
      provided with at least two separate chambers in which the respective
      components are separately accommodated and which are in communication with
      one another by means of one or more conduits which can be closed by
      sliding valves or similar members.
PAR  To make it possible to bring the two components into contact with each
      other without requiring any special equipment for this purpose, it is
      advantageous if the chamber accommodating the component that is dissolved
      in water is located at a higher level than the chamber accommodating the
      other component. In this case, the two components can be admixed by
      gravity action. Advantageously, in order to fill the upper chamber with
      water and to facilitate the dissolution of the component therein, the
      upper part of the upper chamber should be provided with a sieve. Also, the
      upper chamber which is to accommodate the component that is dissolved in
      water will advantageously be wholly, or at least in part transparent, for
      instance of a synthetic plastic material, so that the filling level can be
      readily determined, as well as the proper dissolution of the one component
      in the water.
PAR  The other chamber will then accommodate the acid and, in order to prevent
      the acid from spilling in case of rapid movement of the apparatus, it is
      advantageous to provide this other chamber with partition walls which may
      be advantageously horizontally or vertically oriented and which are
      provided with openings. This other chamber is advantageously provided in
      its upper region at the side facing towards the roller or brush which
      applies the foam to the surface to be cleaned, with slot-shaped outlet
      openings extending over the width of the container so that foam which
      develops can escape from the interior of the second or lower chamber. It
      is also advantageous to provide in the upper region of this second or
      lower chamber a foam collecting channel, and to make the cross section of
      this second chamber triangular and to so arrange the second chamber that
      in operation of the apparatus, the foam collecting channel will have a
      substantially horizontal orientation.
PAR  The apparatus according to the present invention can also be so constructed
      that the chamber accommodating the component that is dissolved in water
      will be configurated as an elastically deformable container, for instance
      as a squeeze bottle of soft synthetic plastic material. The other
      container which accommodates the acid may be in form of a hollow
      cap-shaped member which is mounted on the squeeze bottle or the like, and
      the latter may be provided with an interior riser tube or the like,
      communicating with an upper outlet through which the aqueous solution can
      be squeezed out and into the hollow cap-shaped member which accommodates
      the acid. The cap-shaped member will have one or more outlet openings
      through which the developing foam can escape, and these outlet openings
      may have a foam-permeable member extend across them so that foam can pass
      through this member and the outlet opening, but acid alone cannot.
PAR  By resorting to the present invention, foam in the requisite amounts can be
      readily and inexpensively produced in an apparatus which is simple in its
      construction and use. The gas necessary for the production of foam is
      generated chemically in the apparatus according to the present invention,
      which requires that merely two chambers be present which accommodate
      separate components. The production of the foam can be readily and simply
      controlled, and a great volume of foam with high cleaning efficiency can
      be obtained. It is particularly advantageous if the wetting agents which
      are admixed with one or both of the components are of the type which
      --when they dry again subsequently--will dry in powder or granular form.
      This has the advantage that the wetting agent with the absorbed dirt can
      be readily brushed off the surface being cleaned, or vacuumed off this
      surface. It is advantageous if the individual components are packaged in
      quantities which are stochiometrically accommodated to one another, and
      then can be readily filled into the respective chambers, so that a
      simultaneous using-up of components is assured without the components
      leaving any residues behind.
PAR  The spontaneous production of foam according to the present invention has
      the additional advantage that it is possible to influence the cleaning
      effect by appropriately selecting the reacting components. The disodium
      phosphate (NA.sub.2 HPO.sub.4) which is obtained in one of the reactions,
      and the monosodium phosphate (NaH.sub.2 PO.sub.4) which develops are salts
      which not only substantially aid the cleaning process, but because of the
      slightly acid pH value of the monosodium phosphate tend to freshen the
      colors of a textile material being cleaned. Also, the granularity of the
      dry cleaning substance residue, which is particularly advantageous in the
      case of rug and carpet cleaning, is furnished by the phosphate.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partly sectioned, partly broken-away side view illustrating one
      embodiment of the invention;
PAR  FIG. 2 is a fragmentary front view of the device shown in FIG. 1;
PAR  FIG. 3 is a vertical section through a further embodiment of the invention;
      and
PAR  FIG. 4 is a fragmentary enlarged detail view illustrating an element that
      can be used with the embodiment in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring firstly to the embodiments illustrated in FIGS. 1 and 2, it will
      be seen that the apparatus in toto is identified with reference numeral 1.
      In this embodiment, the apparatus has a frame 2 which can be wheeled about
      on rollers or wheels 4 so that it can be readily moved over a surface to
      be cleaned, such as a carpet, rug or the like. The apparatus has side
      walls 3 in which a brush roller 5 is mounted for rotation by means of
      shaft or shafts 6. The roller 5 is so positioned that its bristles will
      engage the surface over which the apparatus 1 rolls, so that the roller 5
      is thereby driven and distributes foam over the surface to be cleaned.
PAR  The apparatus is provided with two compartments or containers 11 and 15
      which are adapted to contain components A and B of the type discussed
      earlier. These components will chemically react with one another, when
      they come in contact, in such a manner that gas is liberated and foam is
      spontaneously generated. The components A and B are separately maintained
      in the containers 11 and 15, and conduits 23 are provided which connect
      these containers and which can be closed off by means of a rotary closure
      24 or similar arrangements. The rotary closure 24 has several apertures
      which are distributed over the width of the apparatus and can be operated
      by a turnable handle 26 provided on the frame 2, and a rope or similar
      linkage 25 which is connected with the handle 26. The rotary closure 24 is
      urged by springs 27 to closed position and can be moved to open position
      against the force of the springs 27. When the rotary closure 24 is
      operated to open the conduits 23, aqueous solution of the component A can
      flow from the container 11 into the container 15. This results in the
      spontaneous generation of foam in the container 15, and the foam escapes
      via the slot-shaped outlet openings 22 onto the brush roller 5 which
      distributes it over the surface being cleaned. The component A may for
      instance be composed of 60 grams of NaHCO.sub.3 (i.e., sodium
      bicarbonate), 90 grams NH.sub.4 --HCO.sub.3 (ammonium bicarbonate), 180
      grams KHCO.sub.3 (potassium bicarbonate) and 30 grams of disodium laurate
      ethanolamidosulfosuccinate in powder form, for a total 360 grams. This
      amount of material can be admitted into the container 11 and a liter of
      water can be added to it, so that the material will become dissolved in
      the water. The contents of the container 15 may be 440 grams H.sub.3
      PO.sub.4 (phosphoric acid, approximately 70 percent) and 40 grams of
      sodium lauryl sulfate (approximately 28 percent).
PAR  Of course, this is only one example and a great number of other
      possibilities exists and will offer itself to those skilled in the art.
      This particular example, however, has been found to produce a very great
      amount of foam, and to produce a dust-like dry residue on the surface
      being cleaned, after the foam has dried, which residue can be readily
      removed by brushing or, better, by vacuuming.
PAR  In order to make the apparatus 1 ready for use, the closure 12 of the
      container 11 is opened and the component A is admitted into the container
      together with or separately from the water in which it is to be dissolved.
      If the component A is separately admitted, then it will initially drop
      onto a sieve 13 which is provided in the upper portion of the container
      11. Thereupon, water is added until it reaches the level 14. Since the
      container 11 is advantageously of transparent material, such as
      transparent synthetic plastic material, a control of the liquid level is
      very readily possible by inspection from the exterior. The apparatus 1 is
      maintained during this filling operation in such a position that the level
      14 which is marked will be horizontal. Since the water is poured through
      the powder which is resting on the sieve or screen 13, it will dissolve
      the powder as it runs through the same and through the screen 13.
PAR  Now, the closure 12 of the container 11 is used to close the latter, and
      the container 11 is shifted separately, or else the entire apparatus 1 is
      shifted in such a manner that the opening 22 becomes accessible for
      admission of the component B in form of a liquid acid (which may be
      admixed with one or more wetting agents) through the opening 22. The
      container 15 is of triangular cross section and the acid flows into it and
      is retained therein after the apparatus 1 is moved back to the position
      shown in FIG. 1.
PAR  If, now, the rotary closure 24 are opened, then liquid flows from the
      container 11 into the container 15, wherein an immediate vigorous
      development of foam begins as the two components A and B contact one
      another. The foam collects in the foam-collecting channel 20 formed in a
      partition wall 21, and then flows out of the openings 22 onto the roller 5
      which distributes it onto the surface to be cleaned when the apparatus 1
      is moved over this surface.
PAR  In order to prevent swapping-over of liquid from the container 15 to the
      exterior during the to-and-fro movements of the apparatus 1, the container
      15 is provided with horizontally and/or vertically oriented partition
      walls 16, 17 which are provided with apertures 18 and 19, so that the foam
      can enter into the channel 20.
PAR  The amount of liquid which enters into the container 15 from the container
      11 can be readily controlled by operation of the rotary closure 24, which
      means that the amount of foam being produced can be similarly easily
      controlled according to the particular requirements. When the rotary
      closure 24 is closed, the development of foam stops. Foam begins to
      develop again only after the rotary closure 24 is opened fully or
      partially.
PAR  The apparatus shown in FIGS. 3 and 4 is of a different embodiment of the
      invention, showing a device which may for instance be hand held but which
      can also be mounted on a suitable support, for instance a support provided
      with the wheels shown in FIGS. 1 and 2.
PAR  In any case, in the apparatus of FIGS. 3 and 4 I have illustrated a squeeze
      bottle 32 of soft synthetic plastic material, which accommodates the
      component A. A riser tube 35 is mounted in the bottle 32 and provided with
      a spray head 34. A hollow cap 33 is screwed onto the upper end of the
      bottle 32 and accommodates the component B.
PAR  It is evident that when the bottle 32 is squeezed together, liquid (the
      component A) is forced to rise through the tube 35 and enter into the
      interior of the cap 33, wherein as a result of contacting between the
      components A and B an immediate development of foam will begin. An outlet
      opening 36 is formed in the cap 33, through which the foam can leave to
      the exterior. A foam-permeable wall 40 may extend across the outlet
      opening 36 and permit the foam to penetrate through to the outside. Said
      wall 40 includes fine openings passing the foam.
PAR  If it is desired to produce a well-defined stream of foam, for instance for
      washing of automobiles, the outlet opening 41 may also be provided with a
      nozzle 37. In place of the nozzle 37, a brush unit 38 may be affixed to
      the cap 33; in this case, the foam will exit through the channels 39. This
      is shown in FIG. 4, wherein it will be seen that this component can be
      removably placed onto the outlet opening 41 of cap 33, using the shown
      tubular inlet 42 of the brush unit 38. Said inlet tube 42 is slid over
      socket of the outlet opening 41.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the type described above.
PAR  While the invention has been illustrated and described as embodied in an
      apparatus for producing foam for the cleaning of textiles, it is not
      intended to be limited to the details shown, since various modifications
      and structural changes may be made without departing in any way from the
      spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applivations without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. An apparatus for producing foam for cleaning of textiles, especially of
      rugs and carpets, comprising applying means for applying foam to a surface
      to be cleaned; wall means defining two chambers each of which is adapted
      to accommodate one of two chemical components which react upon contact
      with one another and spontaneously produce foam for cleaning purposes;
      first and second passage means connecting said chambers with one another
      and with said applying means; and control means for selectively varying
      the effective cross-section of said first passage means so as to permit
      contacting of controlled amounts of one of said components with the other
      component via said first passage means, to result in spontaneous
      production of foam which is supplied to said applying means.
NUM  2.
PAR  2. An apparatus as defined in claim 1, wherein one of said chambers is
      adapted to accommodate one of said chemical components in form of an
      aqueous solution; and wherein said one chamber is located upwardly of the
      other of said chambers to permit gravity flow of said solution from said
      one chamber into said other chamber.
NUM  3.
PAR  3. An apparatus as defined in claim 2, said one chamber having an upper
      inlet end for water; and further comprising a sieve in said one chamber in
      the region of said upper inlet end.
NUM  4.
PAR  4. An apparatus as defined in claim 1, wherein one of said chambers is
      provided with a plurality of apertured partition walls.
NUM  5.
PAR  5. An apparatus as defined in claim 4, wherein said partition walls have a
      substantially vertical orientation.
NUM  6.
PAR  6. An apparatus as defined in claim 4, wherein said partition walls have a
      substantially horizontal orientation.
NUM  7.
PAR  7. An apparatus as defined in claim 1, one of said chambers having an upper
      region spaced from said applying means and formed with a plurality of
      slot-shaped openings for exiting of the spontaneously produced foam from
      said one chamber.
NUM  8.
PAR  8. An apparatus as defined in claim 1, one of said chambers having an upper
      region provided with a partition wall which forms a foam collecting
      channel.
NUM  9.
PAR  9. An apparatus as defined in claim 8, wherein said one chamber is of
      substantially triangular cross section, and wherein said foam collecting
      channel is substantially horizontally oriented when said apparatus is in
      operating position.
NUM  10.
PAR  10. An apparatus as defined in claim 1, wherein one of said chambers is
      formed by an elastically deformable container having an upper outlet, and
      wherein the other of said chambers is formed by a hollow cap member
      mounted on said container and having a foam-dispensing outlet and an
      interior which accommodates one of said components and communicates with
      said outlet; and further comprising a riser tube in said container and
      communicating with said outlet so that contents of said container exit
      through said outlet and into said interior of said cap member in response
      to elastic deformation of said container.
NUM  11.
PAR  11. An apparatus as defined in claim 10, wherein said container is a
      plastic squeeze bottle.
NUM  12.
PAR  12. An apparatus as defined in claim 10; and further comprising a
      foam-permeable wall extending across said foam-dispensing outlet.
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PAL  A toothbrush having a brushing unit and a dentifrice-containing cartridge
      unit. The cartridge unit is shaped to permit it to be comfortably held in
      the hand and has a squeezable wall for the purpose of expelling dentifrice
      from the dentifrice-containing chamber therein. A dentifrice passage
      extending from the dentifrice chamber to the brushing unit is normally
      closed by a valve which opens by the force of the dentifrice when the
      cartridge is squeezed. The cartridge has a check valve to allow air to
      replace used up dentifrice.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  A primary object of the invention is to provide a toothbrush which has a
      cartridge for holding dentifrice to be used in the brushing operation. The
      cartridge, which also may be considered a handle portion, is an elongated
      unit which fits comfortably in the hand. It has a flexible wall which when
      squeezed forces dentifrice to the brush head.
PAR  Other features of the invention include the provision of valve means, which
      may be automatic or manual in operation, for opening and closing the
      passage connecting the dentrifice cartridge and the brush head; a check
      valve permiting air to fill the space left in the cartridge after some of
      the dentifrice has been used, which check valve may if desired be formed
      in a portion of the cap for the fill opening; and a connection between the
      cartridge or handle portion and the shank of the brushing unit enabling
      the brushing unit to assume different rotative positions to suit the
      convenience of the user.
PAR  A still further object of the invention is to provide a cartridge unit
      which is intended for use only one time and then to be thrown away. Such
      cartridge unit will preferably have a frangible seal to protect the
      dentifrice contents from contamination which seal is broken by a piercing
      element when the cartridge is joined to the brushing unit, thereby
      automatically opening communication between the brushing unit and the
      dentifrice chamber in the cartridge.
PAR  Another object of the invention is to provide a passage from the dentifrice
      chamber to the brush head terminating in a plurality of tube ends
      interspersed with the bristles of the brush head.
PAR  A search of the prior art has developed the following U.S. Pat. Nos.
      relating to the general subject matter of this invention:
TBL  Martino       2,665,442      Jan. 12, 1954                                
     Longert       2,888,696      June 2, 1959                                 
     Rivero        2,900,650      Aug. 25, 1959                                
     Woodrow       3,103,935      Sept. 17, 1963                               
     Cyzer         3,129,449      Apr. 21, 1964                                
     Cyzer         3,217,720      Nov. 16, 1965                                
     Hendrickson   3,589,823      June 29, 1971                                
     Brockman      3,677,264      July 18, 1972                                
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PAR  In the drawings:
PAR  FIG. 1 is a longitudinal sectional view of a toothbrush with dentifrice
      holder constructed in accordance with my invention.
PAR  FIG. 2 is an enlarged fragmentary sectional view of a portion of FIG. 1
      showing valve mechanism for controlling the passageway from the dentifrice
      chamber to the brush head.
PAR  FIG. 3 is an enlarged fragmentary sectional view of another portion of FIG.
      1 showing the fill opening and closure cap therefor.
PAR  FIG. 4 is an enlargement of another portion of FIG. 1, showing the threaded
      connections between the parts.
PAR  FIG. 5 is an end view of the brush unit as viewed from the right in FIG. 1,
      showing the brush head in four different alternative positions.
PAR  FIG. 6 is a view similar to FIG. 2 but showing a modification.
PAR  FIG. 7 is a plan view of the valve mechanism shown in FIG. 6 as viewed from
      the left.
PAR  FIG. 8 is a sectional view of the valve mechanism.
PAR  FIG. 9 is a sectional view taken on the line 9--9 in FIG. 8.
PAR  FIG. 10 illustrates a further modification with the parts separated.
PAR  FIG. 11 shows the parts of FIG. 10 assembled.
PAR  FIG. 12 is an enlargement of the valve mechanism shown in FIGS. 10 and 11.
PAR  FIG. 13 is a longitudinal sectional view of a toothbrush of modified
      construction.
PAR  FIG. 14 is an enlarged fragmentary view of a portion of FIG. 13.
PAR  FIG. 15 is a fragmentary view of the brush head shown in FIG. 13 as viewed
      from above.
PAR  FIG. 16 is a side view of the brush head.
PAR  FIG. 17 is a longitudinal sectional view of still another modification.
DETD
PAR  Referring now more particularly to the drawings and especially to FIGS. 1
      to 5 thereof, the toothbrush assembly there shown will be seen to comprise
      a brushing unit 10 and a cartridge unit 11 which serves also as a handle
      portion for the assembly.
PAR  The brushing unit includes an elongated shank 12 having a brush head at one
      end provided with a dense multiplicity of brushing bristles 16 projecting
      from the head laterally with respect to the longitudinal center line of
      the shank. These bristles may be of the ordinary type used in the standard
      toothbrush for brushing the teeth.
PAR  A central dentifrice passage 18 runs substantially the full length of the
      shank having ports 20 opening through the surface of the brush head at the
      base of the bristles to deliver dentifrice thereto. The end of the shank
      opposite the head 14 is enlarged slightly to provide an internally
      threaded socket 22. The shank 12 is substantially rigid and is formed of
      any suitable material such as one of the well known plastics.
PAR  The cartridge unit or handle portion 11 is an elongated member having a
      head 24 at one end and having an integral, relatively rigid spine 26
      extending lengthwise thereof from the head. This spine 26 is, in the
      preferred embodiment, of fairly limited circumferential extent, and is
      provided to give a degree of strength and rigidity to the handle portion
      so that the handle portion may be firmly and comfortably held in the hand
      while the teeth are being brushed. The circumferential extent of the spine
      however is not critical. The material from which the head 24 and spine 26
      are made may be the same as that for the shank 12.
PAR  An elongated flexible tube 28 surrounding the head 24 and spine 26 is
      permanently secured thereto by any suitable means as by a suitable
      adhesive. This tube defines a chamber 30 for a liquid dentifrice and may
      be likened to a bulb on the end of a syringe in that it is self
      shape-sustaining and will return to the illustrated shape after being
      squeezed. The tube 28 may be of any shape-sustaining material capable of
      being squeezed, such for example as rubber or plastic.
PAR  The head 24 of the cartridge has a dentifrice passage 32 leading from
      chamber 30 to a valve chamber 33 housing the valve mechanism 34 for
      opening and closing the passageway leading from the chamber 30 to the
      brush head. This valve mechanism 34 includes a valve housing 36 which
      comprises an outer ring 38 preferably secured within the valve chamber 33,
      an inner ring or cylinder 40, and radially spaced webs 39 connecting ring
      38 and cylinder 48. A valve element 42 has a piston-like valve stem 44
      slidable in the cylinder 40 and a piston head 46 adapted to close upon the
      valve seat 48 formed in the head 24. A compression coil spring 50
      compressed between the cylinder 40 and the piston head 46 normally urges
      the valve element to the closed position shown in FIGS. 1 and 2. When
      however, the wall of the flexible tube 28 is squeezed, dentifrice in the
      chamber 30 forces the piston head 46 off its seat to allow dentifrice to
      flow through the spaces in the valve housing defined by ring 38, cylinder
      48 and webs 39 to the brush head 14.
PAR  The coupler 52 between the brushing unit 10 and the cartridge unit 11 may
      be considered as a part of either unit. It has a threaded connection
      indicated at 54 with an extension 56 of the cartridge head 24, and it also
      has a threaded connection 58 in the socket 22 of the toothbrush shank 12.
      A through passage 60 in the coupler 52 extends from the valve chamber 33
      in the head 24 of the cartridge unit to the passage 18 in the toothbrush
      12 to complete the passageway from the cartridge chamber 30 to the brush
      head 14 when the parts are assembled as in FIG. 1.
PAR  The valve mechanism 34 prior to assembly of the cartridge 11 with the
      coupler 52, is exposed. To protect the valve mechanism, it may be
      desirable to provide a removable cover over the projecting edge of the
      ring 38 of the housing of valve mechanism 34 similar to the cover 102
      illustrated in FIG. 8 for the specifically different valve mechanism there
      shown. This cover would then of course be removed before the cartridge
      unit is threaded to the coupler 52. Alternatively, the cartridge unit 11
      and coupler 52 may be factory assembled and the connection between the
      parts made permanent for later assembly with the shank 12 of the
      toothbrush.
PAR  The cartridge 11 as shown in FIG. 1 has a fill opening 64 in one end
      through which liquid dentifrice may be introduced to the chamber 30. A cap
      66 threads on the opening to seal the chamber. This fill opening makes it
      possible to refill the chamber 30 with dentifrice so that the cartridge
      may be reuseable.
PAR  An air intake port 68 extends into the chamber 30 through spine 26 and tube
      28. This port is normally closed by a valve element 70 carried by and
      spring urged to a closed position with respect to the port by a leaf
      spring 72. The end of the leaf spring 72 opposite valve element 70 is
      permanently secured to the spine 26. It is obvious that when squeezing
      pressure is applied to the wall 28 of the tube no dentrifice can escape
      through port 68 because the internal pressure will reenforce the sealing
      action of valve element 70. When the tube 28 is released after squeezing
      however, the greater atmospheric pressure of air outside the tube will
      force the valve element to open admitting air to the chamber 30 in
      sufficient quantity to replace the dentifrice dispensed by squeezing and
      thereby allow the released tube 28 to spring back or return to its natural
      free state condition shown in FIG. 1.
PAR  FIG. 4 illustrates the preferred threaded connection 58 between the reduced
      end of the coupler 52 and the socket 22 of the brush shank 12. This
      threaded connection preferably consists of four helically disposed thread
      elements 74 on the reduced end portion of the coupler 52 spaced 90.degree.
      apart, and four similarly disposed grooves 76 in the socket portion 22 of
      the shank 12 likewise spaced 90.degree. apart and adapted to mate with the
      thread elements 74. When the shank 12 is threaded tight on the coupler 52,
      the reduced end of the coupler will abut the bottom of the socket 22 and
      the brush head 14 will project laterally in one of the four positions
      illustrated in FIG. 5 depending upon which of the four thread elements 74
      engages which of the thread grooves 76. By starting the threaded
      connection 58 so that different threads and grooves engage one another,
      the threaded connection when completed will result in the brush head 14
      projecting laterally in any one of the four positions shown in FIG. 5.
PAR  FIG. 3 illustrates a modified cap 66' for the fill opening 64. This cap
      threads on the fill opening in the same manner as cap 66. However, the
      check valve for admitting air to the chamber 30 when squeezing pressure is
      released is incorporated in the cap. Such check valve structure includes
      the valve disc 70' which lies loosely within the bottom of the cap in an
      enlarged chamber 67. The valve disc, when there is internal pressure in
      the chamber 30 due to squeezing of the cartridge, is forced by internal
      pressure against the base 69 of the cap to close the air inlet 71.
      Reduction in internal cartridge pressure as when the squeezing pressure is
      released, causes the valve disc 70' to move away from and open the port
      71. Incoming air can bypass the disc which is held away from the internal
      annular shoulder 73 in the cap by the circumferentially spaced projections
      75.
PAR  FIGS. 6-9 illustrate a valve mechanism 80 of modified construction. The
      head 24' of the cartridge unit 11' is of slightly different form as will
      be apparent from a comparison of FIGS. 2 and 6. Otherwise, cartridge unit
      11' may be the same as that previously described. Such head 24'  has a
      passage 32' and a valve seat 48' serving the same purposes as the
      corresponding portions of the cartridge head 24 in FIGS. 1 and 2. The seat
      48' is normally closed by a valve element 82. The valve element 82 is
      permanently secured to an elongated leaf spring 84 about midway between
      the ends thereof. Pins 86 projecting from the end portions of the leaf
      spring slide in slots 88 formed in the plate 90 of the housing 92. The
      plate 90 extends across and is integrally joined to a housing ring 94
      which is permanently secured in the valve chamber 96 of the head 24'. A
      cylinder 98 mounted on the plate 90 guides the sliding movement of plunger
      100 on the back of the leaf spring 94.
PAR  The leaf spring 84 normally assumes the FIG. 8 position and thus urges the
      valve element 82 to the closed position against seat 48' shown in FIG. 6,
      thus closing the outlet passage from chamber 30. When however, the wall 28
      of the cartridge is squeezed to expel dentifrice, the internal force
      unseats the valve element 82. Unseating of the valve element is
      accompanied by a flattening of spring 84 and sliding of pins 86 in slots
      88. Dentifrice can flow past the unseated valve element 82 between the
      ring 94 and plate 90 of the valve housing and through the passage in the
      toothbrush shank to the head. When the squeezing pressure is released the
      valve element 82 returns by spring pressure to the FIG. 6 position.
PAR  Before the cartridge 11' is assembled with the coupler 52, the valve
      mechanism 80 needs to be protected and for that purpose a disc-shaped
      cover 102 is provided having a peripheral flange 104 which extends over
      the ring 94 of the valve housing with a friction fit to close the back of
      the valve housing and protect the cartridge from contamination. A screen
      106 under the closure 102 is also provided which may remain over the valve
      housing temporarily after the cover is removed to provide further
      protection to the elements of the valve mechanism.
PAR  FIGS. 10 and 11 illustrate a modification of the invention in which the
      cartridge 11" has a head 24" of slightly different configuration provided
      with a cylindrical passage or outlet port 110 normally closed by a
      frangible film 112 of plastic or like material across and closing the
      outlet 110. The cartridge 11" is intended as a throw-away cartridge which
      is used only once. Hence it will not require a fill opening but should
      have a check valve which may be of the type shown in FIG. 1. Otherwise,
      the cartridge 11" of FIGS. 10 and 11 is like that of FIG. 1.
PAR  The coupler 52" has a piercing element 114 which projects from the coupler
      toward the cartridge. The piercing element 114 is cylindrical in form and
      of the same diameter as the passage 110. It has a tapered nose 116. When
      the coupler is screwed into the head 24" of cartridge 11" to form the
      threaded connection 115 the piercing element 114 pierces the frangible
      seal 112.
PAR  The coupler 52" has a passage 118 which leads to the passage in the
      toothbrush of the same construction and secured thereto in the same manner
      as in FIGS. 1-5. The piercing element has a passage extension 120
      terminating in open ports 122 in the nose of the piercing element. When
      the parts are assembled as in FIG. 11, the ports 122 are disposed within
      the chamber 30 of the cartridge to provide a complete passageway to the
      shank of the toothbrush. Any number of ports 22, for example three
      circumferentially spaced, may be provided in the nose of the piercing
      element 114.
PAR  A manually operable valve mechanism 130 is provided for the coupler 52".
      This mechanism includes a ball type valve 132 disposed at least partially
      in a coupler socket 134. A compression coil spring 136 in the socket
      normally urges the ball 132 to the closed position with respect to passage
      118 shown in FIGS. 10-12. An elongated pin 138 is reciprocable in a
      passage 140 in the coupler. When this pin is depressed by thumb pressure
      against the pin head 142, its end presses ball 132 deeper into the socket
      134 against the action of spring 136 to open the passage. A compression
      coil spring 144 in socket 150 normally urges the pin 138 to the retracted
      position shown in the drawings. This compression spring 144 bears against
      the bottom of the socket 150 and against a collar 152 secured to the pin
      138.
PAR  FIG. 13 illustrates a toothbrush assembly of modified construction. The
      cartridge 11A is like the cartridge 11 of FIG. 1 except that the check
      valve for allowing air to enter the chamber 30 is in the fill opening cap
      as in the FIG. 3 modification, and except further that the head portion
      24" is formed like that in the modification of FIGS. 11 and 12. Parts of
      the cartridge 11A corresponding to those previously described are
      identified by the same characters of reference.
PAR  The coupler 52A is like the coupler 52" in FIGS. 10 and 11 in that it has a
      piercing element 114, the parts of which are identified by the same
      reference characters as previously employed. The coupler 52A differs from
      the coupler 52" in that its through passage 118A has an enlarged valve
      chamber 154 in which is disposed a valve mechanism 156. The valve
      mechanism 156 is similar to the valve mechanism 80 previously described in
      connection with FIGS. 6-9. Such valve mechanism 156 comprises a valve
      element 160 which normally is held seated against the end of the piercing
      element 114. It will be noted that the end of the piercing element
      opposite its tapered end is exposed to the valve chamber 154. The valve
      element 160 is permanently secured to an enlongated leaf spring 162 about
      midway between the ends thereof. Pins 164 project from the end portions of
      the leaf spring and slide in slots 166 formed in a vertical plate 168. The
      ends of this plate are permanently secured to opposite walls of the
      chamber 154, leaving space on opposite sides of the plate for the passage
      of dentifrice when the valve mechanism opens. A cylinder 170 mounted on
      the plate 168 guides the sliding movement of the plunger 100 on the back
      of the leaf spring.
PAR  The leaf spring 162 normally assumes the position shown in FIGS. 13 and 14
      holding the valve element 160 in closed position against the end of
      passage 120 in piercing element 114 and thus closing the outlet from
      chamber 30. When however, the wall 28 of the cartridge is squeezed to
      expel dentifrice, the internal force unseats the valve element 160 in the
      same manner as described above in connection with FIGS. 6-9. Dentifrice
      can flow past the unseated valve element through the coupler and through
      the passage of the toothbrush shank to the head. When squeezing pressure
      is released the valve element 160 returns by spring pressure to the
      illustrated position.
PAR  The brushing unit 10A is the same as that illustrated in FIG. 1 except that
      the ports 20 in FIG. 1 for delivering dentifrice from the shank passage 18
      to the bristles are replaced by tubes 20A. These tubes 20A extend from the
      passage 18 and are parallel to and interspersed among the bristles 16 of
      the brush head 14. The dentifrice forced from the chamber 30 is thus
      discharged from the open outer ends of the tubes 20A near the brushing
      ends of the bristles.
PAR  Preferably the outer ends of the peripheral bristles 16A project farther
      outward from the base or head 14 than the bristles 16B surrounded by the
      bristles 16A. In other words, the tops of the central bristles 16B are
      recessed slightly with respect to the tops of surrounding or peripheral
      bristles 16A. It is also preferred that the tops or discharge ends of the
      tubes 20A terminate in amongst the central bristles 16B substantially
      flush with the tops or outer ends of such bristles 16B. Accordingly, the
      dentifrice discharged from the tubes 20A will be confined to some extent
      within the recessed area at the top of the bristles surrounded by those
      peripheral bristles identified as 16A.
PAR  FIG. 17 shows a further modification of the invention in which the
      cartridge 11B is like the cartridge 11A except that no fill opening is
      provided and except further that a separate check valve 70 and inlet port
      68 for the introduction of air to the chamber 30 when squeezing pressure
      is released are provided. This check valve structure including the leaf
      spring 72 is substantially like that shown in FIG. 1. The cartridge unit
      11B is intended as a throwaway item. The coupler 52B and brush unit 10B
      are the same as the corresponding parts shown in FIGS. 13-16.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A toothbrush comprising a brushing unit, a cartridge unit having a
      chamber adapted to contain a dentifrice, said chamber being defined at
      least in part by a squeezable wall, said brushing unit including a shank
      portion having a head at one end provided with bristles, a coupler at the
      other end of said shank portion releasably connected to one end of said
      cartridge unit, passage means from said chamber including passages through
      said one end of said cartridge unit, said coupler, said shank portion and
      said head to convey dentifrice to said bristles when forced from said
      chamber by the squeezing of said wall, said one end of said cartridge unit
      having a frangible seal across the passage therethrough initially closing
      said passage means and said coupler having a piercing element adapted to
      pierce said seal when said coupler and cartridge unit are connected
      together as aforesaid to open said passage means, valve means normally
      closing said passage means and adapted to open when said wall is squeezed,
      and a check valve for said chamber adapted to close when said wall is
      squeezed and to open and admit air to said chamber when said wall is
      released after squeezing.
NUM  2.
PAR  2. The toothbrush defined in claim 1, wherein said bristles include a
      central cluster of bristles at least partially surrounded by peripheral
      bristles, said passage means includes a plurality of tubular elements
      connected to said head, said tubular elements extending parallel to and
      being interspersed with said central cluster of bristles, the free ends of
      said central cluster of bristles and of said tubular elements terminating
      below the free ends of said peripheral bristles.
NUM  3.
PAR  3. The toothbrush defined in claim 1, wherein said cartridge unit is
      elongated and has a head at one end adjacent said coupler, said cartridge
      unit also having an elongated relatively rigid spine extending from said
      head lengthwise of said cartridge unit along the wall of said chamber to
      reinforce the same and permit said cartridge unit to be firmly held in the
      hand.
PATN
WKU  039362019
SRC  5
APN  4894642
APT  1
ART  334
APD  19740718
TTL  Hanger and sheet lifter for ring binder
ISD  19760203
NCL  3
ECL  1
EXP  Schnall; Jerome
NDR  1
NFG  5
INVT
NAM  Kenney; William J.
CTY  Villa Park
STA  IL
INVT
NAM  Fleischmann; Lester K.
CTY  Highland Park
STA  IL
ASSG
NAM  Standard Manifold Company
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  402  4
XCL  402 24
XCL  402 80L
XCL  312184
EDF  2
ICL  B42F 1300
FSC  402
FSS  4;24;31;75;80 R;80 L
FSC  312
FSS  184
FSC  281
FSS  15 A;33
UREF
PNO  1438061
ISD  19221200
NAM  Selianoff
OCL  402  4
UREF
PNO  1807390
ISD  19310500
NAM  Crosby
OCL  402 75
UREF
PNO  3790242
ISD  19740200
NAM  Sullivan
XCL  402  4
FREF
PNO  773,007
ISD  19570400
CNT  UK
OCL  402  4X
FREF
PNO  1,025,546
ISD  19530100
CNT  FR
OCL  402  4X
FREF
PNO  680,215
ISD  19390800
CNT  DD
OCL  402  4X
FREF
PNO  35,470
ISD  19660700
CNT  SF
OCL  402  4
LREP
FRM  Wegner, Stellman, McCord, Wiles & Wood
ABST
PAL  A hanger and sheet lifter for ring binders or the like whereby the ring
      binder may be hung on spaced parallel rails conventionally employed in
      many filing systems. The hanger is defined by an elongated member having a
      length greater than the length of the spine of the ring binder with which
      it is to be used. The ends of the member are provided with hooks which
      open in the same direction. The member also includes a plurality of slots
      corresponding in number to the number of rings in the ring binder in which
      it is to be used and which extends longitudinally of the member. The
      length of the slot is such that the hanger can move from a position
      wherein both hooks extend outwardly from opposite ends of the spine of the
      ring binder to a position wherein one of the hooks is wholly received
      within the ring binder to enable the ring binder to be stood on end
      without the lowermost hook interfering with the supporting surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to ring binders and, more specifically, to a
      combination hanger and sheet lifter for a ring binder.
PAR  One popular form of filing system used today is that wherein two parallel
      rails support hanging files by means of hooks extending outwardly from
      opposite sides of the files to receive corresponding ones of the rails.
      One such system employs hanging folders marketed under the trademark
      PENDAFLEX.
PAR  As mentioned, such systems typically employ folders, the bottom of which
      supports the material to be filed. In some cases, ring binders for use in
      such systems have been proposed. Such binders, when stored, are suspended
      on parallel filing rails of the type mentioned previously. However, one
      difficulty presents itself when such binders are removed from the rails
      and, for example, stood on end while the contents are being inspected or,
      for that matter, stood on end in another location during temporary storage
      as between bookends. In such cases, the hooks conventionally found on the
      folders would interfere with the ability of the ring binder to stand
      upright by reason of its interfering contact with the subjacent supporting
      surface. This problem has been solved through the use of two individually
      retractable hanging hooks on opposite ends of the binder spine. However,
      both hooks must be manipulated separately and separate sheet lifters are
      required.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the invention to provide a new and improved
      ring binder which may be hung during storage between spaced filing rails.
      More specifically, it is an object of the invention to provide a hanger
      which may be applied to existing ring binders to allow the same to be hung
      and yet which will not interfere with the ability of the ring binders to
      be stood on end. Still a further object of the invention, in general
      terms, is the provision of such a hanger for a ring binder wherein the
      elongated member serves as a sheet lifter as well as a member by which the
      binder may be hung.
PAR  The exemplary embodiment achieves the foregoing object in a construction
      including an elongated member having substantial width whereby the same
      may serve as a sheet lifter. The elongated member has a length greater
      than the length of the spine of the ring binder with which it is to be
      used and the ends terminate in hooks, both of which face in the same
      direction, for disposition on the parallel rails of a filing system.
PAR  The member includes a plurality of elongated slots which are elongated in
      the direction of elongation of the member. They are spaced and numbered
      according to the pattern of rings in the ring binder with which the
      combination hanger and sheet lifter is to be used and have a length
      sufficient so that the elongated member may be shifted from a position
      wherein both hooks extend outwardly from opposite ends of the spine of the
      ring binder to a position wherein one of the hooks is wholly within the
      ring binder so it will not interfere with the ability of the ring binder
      to support itself when stood on end.
PAR  According to a highly preferred embodiment of the invention, each of the
      slots is L-shaped and with reference to a ring binder stood on end, the L
      is inverted. The inverted base of the L is directed away from the spine of
      the ring binder and receives a corresponding ring of the ring binder when
      both hooks extend from opposite ends of the ring binder to orient the ring
      binder on the elongated member when the ring binder is to be suspended on
      parallel filing rails.
PAR  As mentioned, the hanger is intended to serve as a sheet lifter as well and
      to this end, two such members are typically employed with each ring
      binder. In a highly preferred embodiment, the elongated members are curved
      in a direction transverse to their elongated dimension.
PAR  Other objects and advantages will become apparent from the following
      specification taken in conjunction with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a ring binder embodying a combination
      hanger and sheet lifter made according to the invention;
PAR  FIG. 2 is an enlarged, fragmentary, sectional view taken approximately
      along the lines 2--2 of FIG. 1;
PAR  FIG. 3 is a perspective view of the ring binder disposed in a hanging
      position;
PAR  FIG. 4 is an enlarged, sectional view taken approximately along the lines
      4--4 of FIG. 3; and
PAR  FIG. 5 is a perspective view of a partially open ring binder embodying a
      combination hanger and sheet lifter according to the invention with the
      ring binder being stood on end.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An exemplary embodiment of the combination hanger and sheet lifter made
      according to the invention is illustrated in a ring binder generally
      designated 10 as illustrated in FIG. 1. The ring binder includes a central
      spine 12 flanked by a pair of cover members, the front cover member being
      designated 14 and the back cover member being designated 16.
PAR  As best seen in FIG. 2, an elongated housing 18 extends along the inner
      surface of the spine 12 and mounts a plurality of openable rings 20 in a
      conventional fashion. While FIG. 1 illustrates the employment of three of
      the rings 20, it will be appreciated by those skilled in the art that a
      greater or lesser number can be used depending upon the size of the ring
      binder 10 itself. Thus, the invention is not intended to be limited to any
      particular number of rings 20.
PAR  Disposed on the rings 20 is a first or rear hanger and sheet lifter 22 as
      well as a second, or front hanger and sheet lifter 24. As will be seen,
      the hanger and sheet lifters 22 and 24 are mirror images of each other
      and, thus, only the sheet lifter 22 will be described.
PAR  The sheet lifter 22 is formed of an elongated member composed of plastic
      composition material, or any other suitable material with a fair degree of
      stiffness. Opposite ends of the same terminate in hooks 26 and the length
      of the member is chosen such that the distance between extreme ends of the
      hooks is greater than the length of the spine 12 of the binder 10 with
      which the hanger and sheet lifter 22 is to be used.
PAR  The hooks 26 include concave surfaces 28 which are spaced apart the
      distance corresponding to any desired spacing between a pair of parallel
      filing rails 30 (FIG. 3) so as to enable the binder 10 to be suspended
      thereon and in the fashion illustrated.
PAR  Each member defining a combination hanger and sheet lifter has a dimension
      transverse to its elongated dimension sufficient to enable it to function
      as a sheet lifter. Typically, this will be on the order of 2 inches or
      more.
PAR  Moreover, each member is provided with a plurality of L-shaped slots 40
      which are spaced along the length of the member the distance corresponding
      to the spacing between the rings 20 on the binder 10 with which it is to
      be used. As can be seen in FIG. 5, the L-shaped slots 40 are inverted with
      the upright of the L being elongated in the direction of elongation of the
      member and the inverted base of the L being directed away from the spine
      12 of the binder member with which it is employed. The length of the
      upright of each L-shaped slot 40 is sufficient to enable the respective
      member 22 or 24 to be moved from a position wherein both hooks 26 are
      exposed (fragmentarily shown in FIG. 4 and fully shown in FIG. 1) to a
      position wherein one of the hooks, specifically the lower hook, on each
      member is wholly within the ring binder 10 as illustrated in FIG. 5.
      Preferably, the slots 40 are so located on the respective members that
      when each ring 20 is located at the point of intersection of the base and
      upright of the L defining the associated slot 40, as illustrated in FIG.
      4, the member will be in the first mentioned position, that is, the
      position wherein both hooks 26 extend exteriorly and oppositely of the
      spine 12. Thus, when the binder is suspended on parallel rails such as the
      rails 30, the inverted base of each slot 40 receives a corresponding one
      of the rings 20, as illustrated in FIG. 4, to properly orient the binder
      on the combination hanger and sheet lifters 22 and 24.
PAR  When it is desired to stand the binder 10 on end, as is illustrated in FIG.
      5, it is only necessary to shift the hangers and sheet lifters 22 and 24
      on the rings 20 such that the rings are received in the end of the upright
      portion of the L-shaped slots 40 remote from the base thereof. In this
      position, the lowermost ones of the hooks 26 are fully within the binder
      so as to permit the same to be stood on end on an underlying surface
      without interference by the hooks 26.
PAR  A further feature of the invention is illustrated in FIG. 2 wherein it is
      seen that each of the combination hanger and sheet lifters 22 and 24 are
      slightly curved in a direction transverse to their length. This feature
      allows the same to function more efficiently as sheet lifters.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hanger and sheet lifter in combination with a ring binder having an
      elongated spine, a plurality of openable rings on the spine and covers
      attached to the spine, comprising:
PA1  an elongated sheet lifter having a length greater than the length of said
      spine and a width greater than the ring size and less than the cover
      width,
PA1  a pair of hooks, one on each end of the lifter, opening in a direction away
      from the spine for receiving respective ones of spaced hanging rails for
      hanging support of the binder upon such rails;
PA1  means forming a plurality of elongated, uniform width closed end slots in
      the sheet lifter adjacent one edge thereof and extending in the direction
      of elongation of the lifter, each slot being located to receive one of
      said openable rings loosely threaded through the slot;
PA1  each slot having a length to allow the lifter to be shifted lengthwise of
      the binder spine in one direction to house one hook within the cover of
      the ring binder permitting standing the binder on end without interference
      between the housed hook and a supporting surface and to allow shifting of
      the lifter in opposite direction to expose both hooks outwardly of the
      binder for said hanging of the binder by the lifter upon rails, each
      lifter having means forming said slots with a closed leg extending in
      direction away from said adjacent one edge across the width of the lifter
      in alignment with the openable rings when both hooks are exposed outwardly
      of the binder permitting hanging of the binder by engagement of the spine
      on the lifters.
NUM  2.
PAR  2. The combination of claim 1 wherein a pair of said sheet lifters are
      provided in the binder, one in the front and the other in the rear of the
      binder inside the covers.
NUM  3.
PAR  3. The combination of claim 2 wherein said lifters are curved across their
      width to lift sheets of paper in the binder away from said covers.
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ABST
PAL  A loose leaf ring binder has a support for holding up the inner edges of
      the loose leaf sheets on that side of the rings on which it would be
      difficult to write. The support is a flat relatively rigid sheet that is
      swingably connected at its inner or outer edge to one of the binder
      covers, so that the inclination of the support can be adjusted. Means are
      provided for maintaining the selected inclination of the support, in the
      form of a series of teeth on the adjacent outer cover with means on the
      support selectively engaging with the teeth to adjust the position of the
      support so as to bring the inner edge of the supported loose leaf
      substantially level with the rings. The cover can be quite narrow, in the
      form of a flexible strap secured at one end to the spine of the binder and
      coacting with the support at its other end.
BSUM
PAR  The invention relates to ring binders, in which a plurality of leaves which
      are ordinarily paper sheets or pages are releasably or permanently secured
      by the rings, for example as in a notebook.
PAR  Such ring binders suffer the disadvantage that, when it is attempted to
      write on both sides of the paper, the rings interfere with the writer's
      hand on one side of the rings. For example, when the binder is open and
      the pages lie on both sides of the rings, then a right-handed writer can
      easily write on the pages that lie to the right of the rings; but when he
      attempts to write on the pages to the left of the rings, the rings
      interfere with the movements of his writing hand when he approaches the
      ends of the lines. The same is true for left-handed writers, who
      experience this difficulty on the pages that lie to the right of the
      rings.
PAR  Accordingly, it is an object of the present invention to provide a ring
      binder having means to avoid interference between the rings and the hand
      of the writer on either side of the rings.
PAR  Another object of the present invention is the provision of a ring binder
      in which the position of the pages relative to the rings can be adjusted
      as desired.
PAR  Finally, it is an object of the present invention to provide a ring binder,
      which will be relatively simple and inexpensive to manufacture, easy to
      manipulate, and rugged and durable in use.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from a consideration of the following description, taken in
      connection with the accompanying drawing, in which:
PAR  FIG. 1 is a perspective view of an open loose leaf ring binder according to
      a first embodiment of the present invention;
PAR  FIG. 2 is an enlarged fragment of FIG. 1 with the cover and support
      indicated only in phantom lines so as better to illustrate the
      relationship of the parts;
PAR  FIG. 3 is a perspective view of the binder of FIG. 1 in its closed
      position;
PAR  FIG. 4 is a view similar to FIG. 1 but showing a second embodiment of the
      invention;
PAR  FIG. 5 is an enlarged fragment of FIG. 4 with parts broken away for
      clarity; and
PAR  FIG. 6 is another enlarged fragment of FIG. 4 at one end of the spine of
      the binder.
DETD
PAR  Referring now to the drawings in further detail, and first to the
      embodiment of FIG. 1, there is shown a loose leaf ring binder according to
      the present invention, comprising a pair of covers 1 and 3 which are
      swingably interconnected with a central spine 5 along fold lines 7 and 9,
      respectively. A support 11 has a free outer edge 13 and at its inner edge
      has a fold line 15 by which it is swingably connected to an inner spine 17
      which in turn is swingably connected to the binder along fold line 9.
      Covers 1 and 3 and support 11 and spines 5 and 17 are preferably of
      conventional rigid or semirigid notebook or binder material, e.g.
      fiberboard, which may if desired be covered with conventional cloth and/or
      plastic sheeting to render them more durable and possibly even
      weatherproof. Such covering provides the required flexible connection at
      fold lines 7, 9 and 15. As to rigidity, it is more important that support
      11 and inner spine 17 should be rigid than that covers 1 and 3 and spine 5
      be rigid, which latter can have a conventional degree of flexibility.
PAR  Fixedly mounted on inner spine 17 is a conventional ring support 19 for
      supporting a plurality of conventional axially aligned rings 21, which
      rings releasably retain a plurality of punched loose leaf pages 23. Ring
      support 19, rings 21 and pages 23 can be entirely conventional and so need
      not be discussed in greater detail. They can be of the type in which the
      rings 21 are half rings that open and close with a snap action, or other
      known types of rings. When speaking of "rings" in this specification, it
      will of course be understood that the term is used in its broadest sense
      and does not necessarily imply circular rings. Squared rings and other
      conventional forms are comprehended within the term. Therefore, the term
      "rings" as used herein is broad enough to cover all forms of upstanding
      members on the interior of binders which interfere with one or the other
      of the hands of the writer during writing on at least one side of the
      upstanding members termed "rings." However, the term "rings" implies that
      the pages are able to move relative to the rings sufficiently that the
      pages will lie flat on either side of the rings rather than being rigidly
      clamped in such a way as would require bending of the page in order to
      write on both sides thereof.
PAR  Secured to the mid-portion of the inner surface of the cover 1, adjacent
      but perpendicular to the outer edge thereof, is a flat metal strip 25
      secured at its ends by rivets 27 to cover 1 and having a series of
      upstanding teeth 29 along one edge thereof. A detent 31 comprises a base
      portion 33 in the form of a strip secured by rivets 35 to the underside
      (in the FIG. 1 position) of the support 11 midway of the length of the
      free edge 13 thereof, as seen in FIG. 2. Base portion 33 terminates
      endwise outwardly in a perpendicular upstanding leg 37 having an enlarged
      bend 39 at its upper end (referring to the orientation of FIGS. 1 and 2)
      by which it is connected to a leg 41 that extends parallel to leg 37 and
      terminates downwardly (again with respect to the FIGS. 1 and 2
      orientation) in a free end that is below the under surface (referring to
      FIG. 1) of the cover 11. Detent 31 is a single metal strip bent to have
      these various portions.
PAR  The strip 25 and detent 31 coact to maintain the parts in any desired
      adjusted position, for example that of FIG. 1. Thus, in operation, with
      the binder open in the FIG. 1 position, and pages 23 lying on both sides
      of rings 21, it is convenient for a right-handed person to write on the
      pages 23 to the right of the rings 21; but when he attempts to write on
      those to the left of the rings, the rings 21 interfere with the free
      movements of his hand when he reaches the right ends of the lines. But
      thanks to the support 11 and inner spine 17, these pages 23 to the left of
      rings 21 can be elevated at their inner edges util the inner edges are
      substantially coplanar with the uppermost parts of the rings 21. This is
      done by raising the support 11 above the cover 1, the support 11 and spine
      17 folding about the fold line 15 and the spine 17 and cover 3 folding
      about the fold line 9. This raised position of the support 11 is
      maintained by engagement of the free lower end of leg 41 between an
      appropriate pair of teeth 29.
PAR  But suppose the writer is left-handed. He can easily write on the pages to
      the left of the rings 21; but when he has to write on the pages to the
      right of the rings 21, the rings interfere with his writing hand.
      Nevertheless, the same binder is useful to him, with no modification other
      than to turn it upside down, so that the support 11 is now to the right of
      the rings 21 and the above procedure is carried out as before.
PAR  By disengaging the detent 31 from the teeth 29, the support 11 and spine 17
      can be laid flat against the cover 1 and spine 5 so that the binder can be
      closed to the FIG. 3 position. For this purpose, it is preferred that the
      spine 17 be a bit narrower than the spine 5 so that the fold lines 7 and
      15 will substantially overlie each other in the closed binder position of
      FIG. 3.
PAR  Notice also in the closed binder position of FIG. 3 that the detent 31 now
      performs a second function: the enlarged bend 39 snaps over the free edge
      43 of the cover 3 thereby releasably to retain the support 11 and the
      cover 3 in closed position thereby further to protect the pages 23 that
      are between them. Of course, in this closed position, the cover 1 is free
      to fall open; but its opening exposes none of the pages.
PAR  The embodiment of FIGS. 4-6 is generally similar to that of FIGS. 1-3,
      except that the support is pivoted to the cover at its opposite or outer
      edge. Thus, in FIG. 4, a binder is provided comprising covers 45 and 47
      swingably interconnected to a spine 49 along fold lines 51 and 53. A
      conventional ring support 55 supports a plurality of conventional axially
      aligned rings 57, the ring support 55 in this embodiment being fixedly
      secured directly to the outer spine 49, because in this embodiment there
      is no inner spine corresponding to the spine 17 of FIG. 1.
PAR  The pages 59 are releasably retained by rings 57 in the conventional
      manner, those to the left of the rings in this embodiment being supported
      by a support 61 which, as indicated above, is hinged to the cover 45 along
      its outer edge by hinge 63. The hinge may be a cloth hinge or metal hinge
      or other appropriate hinge, and may be continuous or discontinuous as
      desired. For simplicity of construction, as also in the preceding
      embodiment, it is preferred that the same material that covers the boards
      of the covers and the support comprise the hinge at 63.
PAR  Support 61 terminates at its inner edge in a fold line 65 by which it is
      connected to a long narrow flap 67 which, like support 61, is of
      substantially rigid material. Flap 67 is longer than fold line 65 and
      extends endwise beyond support 61 at the top and bottom in the form of
      extensions 69 which provide finger pieces for the adjustment of the
      support 61 by folding flap 67 about fold line 65 to various angles
      relative to support 61.
PAR  In order to retain the adjusted position of flap 67 relative to support 61,
      thereby to predetermine the degree of elevation of support 61, a flat
      metal strip 71 is secured to the inner side of cover 45 by rivets 73,
      strip 71 extending midway of the length of the inner edge of cover 45 and
      perpendicular to that edge and having its inner edge disposed quite close
      to fold line 51. Strip 71 has a series of upstanding teeth 75 extending
      along one edge thereof, between which the lower edge of flap 67 is
      selectively received; and to reduce the wear on this lower edge of flap 67
      which would otherwise be caused by teeth 75, a reinforcement 77 is
      provided in the form of a U-shaped metal tab that extends on both sides of
      the lower edge of flap 67 and is secured thereto by a rivet 79.
PAR  The embodiment of FIG. 4 is in all other respects used in the same manner
      as that of FIG. 1: the extensions 69 are grasped and the flap 67 is
      manipulated whereby the support 61 is adjusted in inclination until the
      pages 59 on the left of the rings 57 are substantially coplanar with the
      tops of the rings 57. Reinforcement 77 between teeth 75 holds this
      adjusted position. To close the binder, the flap 67 is disengaged from the
      teeth 75 and is folded under the inner edge of support 61 and lies flat
      against the underside of support 61. The support 61 then lies almost flat
      against cover 45, after which covers 45 and 47 can be closed together in
      the usual way.
PAR  It will of course be recognized that the covers 1 and 45 serve principally
      to support their respective metal strips 25 and 71. This function can be
      equally well performed by a relatively narrow flexible strap (not shown)
      secured at one end to the spine and carrying the metal strip 25 or 71 at
      an appropriate point along its length. Therefore, the term "cover" as used
      in the appended claims also includes such straps.
PAR  From a consideration of the foregoing disclosure, therefore, it will be
      evident that all the initially recited objects of the present invention
      have been achieved.
PAR  Although the present invention has been described and illustrated in
      connection with preferred embodiments, it is to be understood that
      modifications and variations may be resorted to without departing from the
      spirit of the invention, as those skilled in this art will readily
      understand. Such modifications and variations are considered to be within
      the purview and scope of the present invention as defined by the appended
      claims.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A ring binder comprising a pair of covers, a plurality of rings carried
      by the binder for retaining punched pages thereon between the covers, an
      outer spine disposed between and swingably connected to both of said
      covers, an inner spine overlying said outer spine when said binder is
      opened flat, said inner spine being pivotably connected to said binder at
      one edge, a support on at least one a substantially rigid sheet swingably
      connected at one of its edges to the other edge of said inner spine and
      free at its opposite edge, said rings being mounted on said inner spine,
      and means to adjust the elevation of the inner edge of said support
      relative to the rings whereby when the covers of the binder are open, the
      inner edges of pages resting on the first-mentioned inner edge will be at
      about the same level as the upper portions of the rings, said adjusting
      means comprising a series of teeth on the inner side of one said cover,
      said series extending in a direction perpendicular to said edges, and a
      detent on said free edge of said sheet and selectively edngageable between
      any adjacent pair of said teeth.
NUM  2.
PAR  2. A binder as claimed in claim 1, said sheet being pivotally connected to
      said binder at its edge adjacent said rings.
NUM  3.
PAR  3. A binder as claimed in claim 1, and means engageable with the free edge
      of the other said cover releasably to retain said sheet and said other
      cover closed with said pages between them.
NUM  4.
PAR  4. A binder as claimed in claim 1, said rings opening and closing to
      release and retain said pages.
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ABST
PAL  A pivot pin or the like is retained in an aperture in a supporting
      structure by a removable locking element inserted by movement transverse
      to the axis of the pin into a position lying between one end of the pin
      and a fixed flange-like retaining element which is secured to the
      supporting structure adjacent the aperture. In the illustrated embodiments
      the end of the pin is partially cut away so as to form a notch for
      receiving the locking element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a bolt or pin retention device for releasably
      securing a bolt or pin within an aperture in a support structure. Pin
      retention devices are used in a variety of environments, particularly
      heavy duty machinery in which pin-connected parts are subjected to high
      stress during use.
PAR  2. Description of the Prior Art
PAR  In U.S. Pat. No. 2,543,148 there is disclosed a shaft or pin locking
      mechanism wherein a bar is welded or otherwise secured to a yoke and
      prevents a shaft disposed within the yoke from moving outwardly therefrom.
      The shaft has a notched pin head which abuts against the bar and a cotter
      pin is placed through the head to prevent the shaft from being removed in
      the other direction from the yoke. Such a pin locking mechanism, while
      completely retaining the pin from one end thereof, is disadvantageous
      because the cotter pins are susceptible to breakage after a certain number
      of repeated uses. A cotter key when inserted through a hole in a pin must
      have its end portions bent around the pin in order to prevent the cotter
      key from sliding out.
PAR  In U.S. Pat. No. 2,862,314 there is disclosed a drag hitch assembly in
      which a shackle pin is secured within a hitch plate by means of an
      upwardly extending arcuate wall which is disposed over a retainer plate.
      The retainer plate is secured to a hitch by means of a bolt. The shackle
      is equipped with an enlarged head which bears downwardly against the
      bottom wall of a recess provided in the uppermost portion of the hitch.
      U.S. Pat. No. 2,862,314 does not disclose or suggest a pin having a head
      with a notch wherein a drive lock plate is inserted between the pin and a
      retaining means to retain the pin completely from one end.
PAR  A lock member constructed of a molded rubber head used in conjunction with
      a locking pin or key is described in U.S. Pat. No. 3,126,654. The locking
      pin has a corrugated surface which interconnects with a plurality of metal
      inserts on the lock member. This particular structure is used to lock an
      excavating tooth onto an adapter, but there is no suggestion of using the
      locking pin and lock member to secure a pin having a notch into a hole.
      Also, there is no use of a retainer as is set forth in the present
      invention.
PAR  Another prior art patent of interest is U.S. Pat. No. 2,455,125. Here,
      there is disclosed a lock nut which has a recess provided in the nut body
      so that a resilient means retained in the recess will be engaged by the
      threads of a bolt and flexed thereby to create a frictional drag which
      substantially resists unloosening of the nut.
PAR  In U.S. Pat. No. 3,572,785 there is shown a wedge employed to secure an
      adapter and lip of a power shovel. Placed in a recess of the wedge is a
      pad of resilient material. A locking member which is undulated serves to
      connect a shovel lip and an adapter to form a connection therebetween.
      While one form of the present invention utilizes a locking plate with
      grooves which engage a plug, U.S. Pat. No. 3,572,785 does not provide for
      a retaining means used in conjunction with a bolt or pin having a notched
      head.
PAR  Spring bias is used to prevent lateral movement of a plate with respect to
      a bolt in U.S. Pat. No. 325,221. However, this patent does not set forth
      the novel structure of the present invention which uses a spring to bias a
      plug against a lock plate which is in turn biased against a bolt having a
      notched head.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a pin retention device
      in which a pin is retained in an aperture in a supporting structure by a
      removable locking element inserted by movement transverse to the axis of
      the pin into a position between one end of the pin and a flangelike
      retaining element which is secured to the supporting structure adjacent
      the aperture. Preferably the pin has a head which is partially cut away so
      as to form a notch for receiving the locking element. No retaining means
      is required at the other end of the pin, although such means may be
      provided if desired. The arrangement is compact and mechanically simple
      and provides for easy removal of the pin from only one end by merely
      forcing the locking element out of engagement with the pin and the
      retaining element.
PAR  A further object of the present invention is to provide for pin retention
      device of the above type in which small axial movements of the pin within
      a connection aperture are permitted in order to compensate for joint
      tolerances.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Novel features of the improved pin retention device in accordance with the
      present invention will be more readily understood from a consideration of
      the following description taken together with the accompanying drawings in
      which certain preferred adaptations are illustrated with the various parts
      thereof identified by suitable reference characters in each of the views,
      and in which:
PAR  FIG. 1 illustrates a top view of a first embodiment of the present
      invention showing the locking plate engaging a bolt and also engaging the
      retaining means;
PAR  FIG. 2 is a view taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a perspective view of the retaining means shown in relationship
      to a bolt hole without a bolt inserted therein;
PAR  FIG. 4 is a top view of a second embodiment of the present invention and
      illustrates the relationship of a locking plate engaging a retaining plug
      and a bolt wherein the retaining plug is biased against the locking plate
      by means of a spring;
PAR  FIG. 5 is a view along lines 5--5 of FIG. 4;
PAR  FIG. 6 is a top view of a third embodiment of the present invention and
      illustrates the use of a single drive lock pin engaging a notched bolt
      having a slight angle and also engaging a retaining means; and
PAR  FIG. 7 is a side view taken along lines 7--7 of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIGS. 1-3 of the drawings, there is illustrated a first
      embodiment of a pin retention device embodying the principles of the
      present invention. A flange-like retaining element 10 is secured adjacent
      to a hole 12 in a supporting structure 16, as by means of a weld 14. The
      structure 16 may be a plate forming part of a pivotal or rigid connection
      to a second element 17. The retaining element 10 could also be integrally
      cast or otherwise connected with the plate 16. The retaining means 10 is
      provided with flanges 18 separated by an arcuate section 20 which is
      spaced a sufficient distance laterally from the hole 12 to enable the
      shank of the pin 22 to be inserted into or removed from the hole 12. The
      pin 22 has a head 24 which has been partially cut away or otherwise shaped
      so as to have a notch 26, one wall of which is formed by the head 24 and
      the other wall being formed by the end 28 of the shank of the pin. The
      presence of the notch 26 permits the pin 22 to be inserted into the hole
      12 a distance such that the end 28 of the pin may be disposed adjacent and
      beneath the flanges 18.
PAR  With the pin 22 disposed in aperture 12 as shown in FIGS. 1 and 2, a plug
      30 may be inserted into a space 32 provided in a rear portion of the
      retaining element 10. The plug 30 is constructed of rubber or other
      resilient material and is provided with protuberances 30a. When it is
      desired to secure the pin 22 within the aperture 12, a locking element
      such as a plate 34 having grooves 34a is forced by movement transverse to
      the axis of the pin to a position between the flanges 18 and the shank end
      28 until grooves 34a are correspondingly engaged with protuberances 30a.
      With the drive plate 34 engaging the plug 30 and the end 28, the pin 22
      may not be removed in either direction from the aperture 12.
PAR  With the pin 22 and the lock plate 34 assembled, there is a space 36
      provided between the lock plate 34 and the flanges 18 which enables the
      pin 22 to move longitudinally within the aperture 12. Such movement
      between joints, while being slight, is important for compensating for
      joint tolerances. High stresses may result between the parts of pivot
      joints and other connections on earth moving equipment or other
      mechanically powered structures and provision for relative movement of
      bolts or pins within apertures is necessary.
PAR  With reference to FIGS. 4 and 5, there is disclosed a further embodiment of
      the present invention. The pin 22 inserted in an aperture 12 is provided
      with a head 24 having a notched portion 26 and an exposed end portion 28
      similar to the pin structure shown in FIGS. 1 and 2. In the embodiment of
      FIGS. 4 and 5, a retaining element 11, similar to the retaining element 10
      has a somewhat larger internal space 37 for accommodating a lock plate 35
      and a retainer plug 31. A spring 33, such as a helical compression spring,
      is inserted into a recess 37a provided in the retaining element 11.
PAR  When it is desired to secure the pin 22 within the aperture 12 in
      accordance with the embodiment of FIGS. 4 and 5, the pin 22 is inserted
      into the aperture 12 and the plug 31 is placed against the spring 33. The
      lock plate 35, which provided with a groove 35a, is then driven or forced
      into the space 37 until the groove 35a comes into corresponding contact
      with the plug 31. The spring 33 displaces plug 31 against the lock plate
      35 to ensure that the latter cannot be removed unless a significantly high
      force is applied to it to force the groove 35a to become disengaged from
      the plug 31. The plug 31 may be constructed of resilient material or of
      rubber.
PAR  A third embodiment of pin retention device is illustrated in FIGS. 6 and 7.
      Here, the wall of the notch formed by the head 24a of the pin is angled so
      that wall portions 26a and 27 form a wedge having an apex at 27a. The
      retaining means 11a is provided with a space 39a for accommodating a
      locking element which in this embodiment may be constructed of rubber and
      soft steel. Soft steel portions 38a are located longitudinally adjacent to
      a longitudinal rubber portion 38b. Because of the wedge shape of the wall
      portions 26a and 27, when the lock pin 38a, 38b is inserted into the space
      39a, a tight rigid fit results, and a high force is required to remove the
      lock pin.
PAR  It will be appreciated that the retention system of the present invention
      is simple and economical to construct inasmuch as it does not require
      close tolerances or the use of machined parts such as screws. The system
      is compactly located at only one end of the pin and prevents both axial
      removal of the pin from the hole and rotational movement of the pin within
      the hole. At the same time slight axial displacement of the pin during use
      is provided for.
PAR  The pin retention of the present invention may be advantageously used in
      many applications. Specifically, it is contemplated that the pin retention
      device be used as a securing means for pivotal joints and other
      connections in tractors, earth moving equipment and the like. For
      instance, in earth moving equipment such as a scraping machine, the pin
      retention device may be employed to secure the ends of a hydraulic
      cylinder between the frame of a scraping machine and a goose neck located
      on a driven cab. Other connections, such as between links and pins may of
      course employ the novel pin retention device of the present invention.
PAR  While the invention has been particularly shown and described with
      reference to the foregoing preferred embodiments thereof, it will be
      understood by those skilled in the art that other changes in form and
      detail may be made therein without departing from the spirit and scope of
      the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a pinned joint: at least one pin having a shank and an enlarged head
      at one end, said pin being disposed in an aperture in a support element; a
      pin retention assembly including a flange-like retention member fixed to
      said support element adjacent the hole therein, said retention member
      having a flange portion spaced axially and laterally from one end of said
      hole so as to permit said pin to be inserted into said hole to a position
      in which a space is defined between said one end of said pin and the
      surface of the flange portion facing said support element, said head
      preventing further inserting movement of said pin, and a locking element
      releasably inserted into said space for engagement with said surface of
      said flange portion and with said one end of said pin so as to releasably
      lock said pin against withdrawal of said pin from said hole, said locking
      element residing in a notch in said pin, said notch having a first wall
      formed by said head and a second wall formed by the corresponding end of
      said shank, and means for applying transverse biasing forces to said
      locking element to frictionally engage the latter with said pin and with
      said retention member in order to hold said locking element in said space,
      said means including a plug of resilient material disposed in a pocket in
      said retention member and in engagement with said locking member.
NUM  2.
PAR  2. In a pinned joint: at least one pin having a shank and an enlarged head
      at one end, said pin being disposed in an aperture in a support element; a
      pin retention assembly including a flange-like retention member fixed to
      said support element adjacent the hole therein, said retention member
      having a flange portion spaced axially and laterally from one end of said
      hole so as to permit said pin to be inserted into said hole to a position
      in which a space is defined between said one end of said pin and the
      surface of the flange portion facing said support element, said head
      preventing further inserting movement of said pin, and a locking element
      releasably inserted into said space for engagement with said surface of
      said flange portion and with said one end of said pin so as to releasably
      lock said pin against withdrawal of said pin from said hole, said locking
      element residing in a notch in said pin, said notch having a first wall
      formed by said head and a second wall formed by the corresponding end of
      said shank, and means for applying transverse biasing forces to said
      locking element to frictionally engage the latter with said pin and with
      said retention member in order to hold said locking element in said space,
      said means including a compression spring disposed in a pocket in said
      retention member.
NUM  3.
PAR  3. In a pinned joint: at least one pin having a shank and an enlarged head
      at one end, said pin being disposed in an aperture in a support element; a
      pin retention assembly including a flange-like retention member fixed to
      said support element adjacent the hole therein, said retention member
      having a flange portion spaced axially and laterally from one end of said
      hole so as to permit said pin to be inserted into said hole to a position
      in which a space is defined between said one end of said pin and the
      surface of the flange portion facing said support element, said head
      preventing further inserting movement of said pin, and a longitudinally
      split pin assembly releasably inserted into said space for engagement with
      said surface of said flange portion and with said one end of said pin so
      as to releasably lock said pin against withdrawal from said hole, said
      split pin assembly residing in a notch in said pin, said notch having a
      first wall formed by said head and a second wall formed by the
      corresponding end of said shank, and means for applying transverse biasing
      forces to said split pin to frictionally engage the latter with said pin
      and with said retention member in order to hold said locking element in
      said space, said means including a resilient element disposed between the
      longitudinal parts of said split pin assembly so as to force one part
      against said pin and the other part against said retention member.
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ABST
PAL  A clamp for securing a loop in the end of a flat metallic tape of the type
      used for transmitting linear motion in remote control master-slave
      manipulators and securing the clamp to another manipulator element which
      transmits motion to the tape or is moved by force transmitted by the tape.
      The clamp is characterized by independence of the tape loop from
      variations in tensile load. The disclosed clamp includes an elongated
      tubular frame having an intermediate open section in which an anchoring
      pin or roller is mounted. The free end of the tape being secured is
      introduced into the end of the frame, passed around the pin or roller in
      partial peripheral engagement therewith and brought back out through the
      end of the frame. A tape clamping mechanism adjacent the frame end forces
      the abutting tape surfaces together against the inside surface of the
      frame to rigidly secure the tape loop. The clamp may be used to join two
      tape ends, or to connect a tape to a cable, or to anchor a tape to another
      manipulator part.
BSUM
PAR  This invention is directed to clamp means for securing a loop in a flat
      tape and more particularly to secure a loop in a flat metal tape of the
      type utilized to transmit linear motions in a remote control master-slave
      manipulator. The clamp may be utilized to connect two tape ends, to make
      the transition between a tape and a cable used for transmitting linear
      motion in a manipulator, or as a termination point for anchoring the end
      of a tape to another manipulator part intended to be moved through action
      of the tape or to impart motion to the tape.
PAR  The tape clamp of this invention is intended for use in manipulators of the
      general type shown in Goertz et al U.S. Pat. No. 2,764,301, issued Sept.
      25, 1956; Jelatis et al U.S. Pat. No. 3,164,267, issued Jan. 5, 1965;
      Haaker et al U.S. Pat. No. 3,297,172, issued Jan. 10, 1967; Haaker U.S.
      Pat. No. 3,425,569, issued Feb. 4, 1969 and others.
PAR  As illustrated in these patents, it has been common practice in making a
      tape junction to pass the free end of the tape around an arcuate loop
      anchoring member, such as a cylindrical pin of relatively large radius or
      a roller, either fixed or rotatable, secured to the element with which the
      desired connection is to be made. Means are then provided for clamping the
      free end of the tape in face-to-face abutment with the standing portion of
      the tape at the end of the resulting bight or loop. In such an
      arrangement, the tensile load is carried by the loop anchoring member. The
      tape is looped to facilitate initial stringing and tensioning. Because of
      the inherent stiffness of the tape, a slight bow usually exists in the
      portions of the tape forming the sides of the loop between the point of
      engagement with the arcuate anchoring member and the clamping means.
      Although the tapes are customarily pretensioned prior to clamping, some
      minimal amount of slack may be present such that when under load, the
      bowed portions of the tape tend to become straight and with each change of
      direction the sides of the loop may be subjected to slight flexing which
      introduces fatigue into the metal which may result in ultimate failure of
      the connection.
PAR  The present invention is directed to tape clamping means for eliminating
      this potential source of tape failure. This is accomplished by isolating
      the loop from the load carrying portion of the tape by the clamping means,
      so as to make the tape loop independent from variations in tensile load.
      This is done by utilizing an elongated tubular frame having an
      intermediate open section in which the arcuate loop anchoring member is
      mounted. The free end of the tape to be secured is introduced into the end
      of the frame, passed around the arcuate member and then brought back out
      through the end of the frame where the tape clamp mechanism forces the
      tape surfaces together against the inside surface of the frame to rigidly
      secure the loop. The tapes are customarily pretensioned prior to clamping
      and the slight bowing of the sides of the tape loop may exist, as in the
      prior art devices. However, because the distance between the arcuate loop
      anchoring member and clamping surface is fixed, and because the tensile
      load is now carried by the frame instead of the anchoring member, no
      flexing of the sides of the loop can occur. As a result, any fatigue due
      to such flexing is eliminated and this potential source of tape failure is
      eliminated.
DRWD
PAR  The invention is illustrated by the accompanying drawings in which
      corresponding parts are identified by the same numerals and in which:
PAR  FIG. 1 is a side elevation, partly broken away and in section, showing one
      form of clamp adapted for linking together two tape ends;
PAR  FIG. 2 is a side elevation showing the tape clamp of FIG. 1 rotated
      counter-clockwise 90.degree. about its longitudinal axis;
PAR  FIG. 3 is a fragmentary sectional view on an enlarged scale of one end of
      the linking clamp of FIG. 1 showing details of construction thereof and
      showing a segment of tape rigidly secured in the clamp;
PAR  FIG. 4 is a transverse section, further enlarged, on the line 4--4 of FIG.
      3;
PAR  FIG. 5 is a side elevation, partly broken away and in section, showing a
      modified form of tape clamp useful for connecting a tape to a cable or for
      anchoring a tape to another manipulator part; and
PAR  FIG. 6 is a side elevation showing the alternative form of clamp rotated
      clockwise 90.degree. about its longitudinal axis.
DETD
PAR  Referring now to the drawings, and particularly FIGS. 1 through 4, the form
      of tape clamp for linking together two ends of tape is indicated generally
      at 10 and comprises an elongated tubular body or frame of rectangular
      cross-section composed of spaced apart parallel first and third side walls
      11 and 12, respectively, joined at their edges by parallel spaced apart
      second and fourth side walls 13 and 14, respectively. A pair of openings
      15 and 16 are provided in the first and third side walls 11 and 12,
      respectively, of the tubular frame intermediate of its ends leaving an
      open space between the intermediate portions of the second and fourth
      frame side wall members 13 and 14 which interconnect the opposite ends of
      the tubular frame.
PAR  A tape clamping mechanism is provided in each opposite end of the tubular
      housing 10. A preferred form of clamping mechanism, as illustrated,
      comprises a tape clamp strap comprising a flat plate member 17 of
      generally rectangular configuration whose width is just slightly less than
      the width of the inner surface of housing side wall member 11 such that
      the clamping strap fits with a loose slide fit within the end of the
      tubular housing. The tape clamp strap is desirably provided with a pair of
      parallel spaced apart inwardly directed lips or flanges 18 and 19 of width
      substantially less than the space between the inside surfaces of first and
      third housing side walls 11 and 12.
PAR  A tape clamp nut 20 of generally rectangular configuration is positioned
      within the end of the tubular housing between the inside surface of
      housing side wall 12 and clamp strap member 17. Clamp nut 20 is of a width
      slightly less than the width of the inner surface of housing wall 12 such
      that it fits with a loose slide fit within the tubular housing. It is of a
      length just slightly less than the distance between the inside surfaces of
      clamp strap flanges 18 and 19 such that it is embraced between those
      flanges with a loose slide fit. Nut 20 is of a thickness sufficiently less
      than the distance between the inside surface of clamp strap 17 and housing
      wall 12 to permit the free and easy passage of a double thickness of tape
      between the outer surface of clamp strap 17 and inner surface of housing
      wall 11, as shown in FIGS. 3 and 4, and to permit sufficient lateral
      movement of the nut to enable the clamp strap to be tightened.
PAR  Clamp nut 20 is provided with at least one transverse internally threaded
      passage 21, and desirably a pair of such passages parallel and
      longitudinally spaced apart, extending through the thickness of the nut
      and adapted to receive screws 22. Housing side wall 12 is provided with
      openings 23 corresponding in number to threaded passages 21, in
      substantial registry therewith and of slightly larger diameter to permit
      the passage of screws 22 and to permit the tightening and loosening of
      screws 22 for operation of the clamping mechanism. Screws 22 are desirably
      recessed set screws of length such that when tightened they protrude into
      openings 23 sufficient to prevent longitudinal displacement of the
      clamping mechanism relative to the housing, but without protruding beyond
      the outer surface of housing side wall 12 where they might be subject to
      acccidental loosening or dislodgment. Other equivalent tape clamping means
      may be utilized, such as opposing wedges fitted into the tubular body.
PAR  An arcuate tape loop anchoring member, here shown as a roller 24 of
      diameter substantially equal to the outside dimensions of the tubular
      housing, is positioned in the space formed by openings 15 and 16. Roller
      24 is supported by a pin 25 extending between the second and fourth
      housing side walls 13 and 14, the ends of pin 25 being secured in the side
      walls. Roller 24 is provided with a flat peripheral surface for engagement
      by a tape loop. Roller 24 may be fixed or journaled for rotation, as
      desired. Roller 24 is spaced from the clamping mechanism a sufficient
      distance that a loop of tape may be formed around the roller without a
      sharp reverse bend in the tape. Instead of a roller, a fixed pin of
      correspondingly large radius or a semi-cylindrical body positioned for
      peripheral engagement by the tape loop or equivalent arcuate members may
      be used.
PAR  In use, as best seen in FIG. 3, the clamp is initially opened by loosening
      screws 22 to permit sufficient separation between the outer surface of
      clamp strap 17 and the inner surface of housing wall 11 to permit free
      passage of a length of tape therethrough. The free end 26 of tape 27 is
      passed between housing wall 11 and clamp strap 17 sufficiently far to
      permit the tape to be passed through the intermediate openings 15 and 16
      in the clamp frame, passed around roller 25 in partial peripheral
      engagement therewith, and then passed through the clamping mechanism once
      again between the standing portion of the tape initially threaded through
      the clamp and the surface of clamp strap 17. A sufficient excess of tape
      is passed through the clamping mechanism to permit the end to be grasped
      for tensioning of the tape prior to tightening of the clamping means.
PAR  As seen in FIGS. 3 and 4, as screws 22 are threaded into passages 21, the
      inner ends of the screws bear against the inner surface of clamp strap 17
      forcing the clamp strap into engagement with the abutting face-to-face
      portions of the tape and housing wall 11. At the same time, clamp nut 20
      is forced in the opposite direction into engagement with the inner surface
      of housing wall 12. The tensile load on the tape is carried by the clamp
      frame by virtue of the engagement of the end of the tape loop between the
      clamp strap and frame wall. No load is carried by roller 24. The position
      of roller 24 is fixed relative to the clamping mechanism such that no
      flexing of the sides of the loop between these members can occur. If
      through use of the manipulator the clamping mechanism becomes loosened
      slightly such that some slippage may occur between the abutting tape
      surfaces, force exerted on the standing portion 27 of the tape transmitted
      around roller 24 to the free end 26 of the tape would urge movement of the
      free end in the opposite direction from the standing portion in tight
      frictional engagement such that any substantial tape movement and
      resulting failure are virtually impossible.
PAR  In the embodiment of FIGS. 1 and 2, the clamping mechanism comprised of the
      clamp strap 17, clamp nut 20 and screws 22, and roller 24 are duplicated
      at the opposite end of the frame, the elements being disposed in mirror
      image relation to the corresponding elements at the other end of the
      frame. In the preferred embodiment, the tubular frame is formed from
      extruded stainless steel for strength and rigidity. The clamp strap is
      composed of brass for good clamping engagement with the surface of the
      tape which is ordinarily formed from stainless steel. The clamp nut is
      formed from aluminum for tight engagement of screws 22 in the threaded
      passages and tight engagement with the housing wall.
PAR  Referring now to FIGS. 5 and 6, there is shown an alternative embodiment of
      tape clamp adapted for use for anchoring an end of tape to a casting or
      similar manipulator part, for making a transition to another form of
      linear motion transmission means, such as a cable, or the like. This
      modified form of clamp comprises an elongated tubular housing, indicated
      generally at 10A. The clamping mechanism at one end of housing 10A is
      identical in all respects to that already described, as is the roller. The
      elements of the clamping mechanism and roller are identified by the same
      numerals followed by suffix A. The overall length of housing 10A is
      somewhat shorter, however, and instead of having clamping mechanisms at
      both ends, the opposite end is provided with a fitting, indicated
      generally at 30.
PAR  One end of fitting 30 is a shank 31 of configuration conforming to the
      inside of the tubular housing and adapted to be inserted telescopically
      therein and rigidly secured as by means of a pin 32 or equivalent
      fastening means. The opposite end 33 of fitting 30 is externally threaded
      and adapted, for example, for engagement with a turnbuckle secured to the
      end of a cable, for engagement with a casting forming part of a
      manipulator, or for engagement with other manipulator elements. It will be
      noted that the longitudinal axis of threaded fitting end 33 is in
      substantial longitudinal alignment with the center line of the inside
      surface of frame side wall 11A at the opposite end of the tubular housing
      such that the force transmitted between the tape secured in the clamp and
      the part to which the clamp is connected is in a straight line path
      without deflection. Desirably fitting 30 is provided with a polygonal
      intermediate portion 34 to facilitate engagement of the clamp with
      internally threaded fastening means engaging threaded end 33.
PAR  It is apparent that many modifications and variations of this invention as
      hereinbefore set forth may be made without departing from the spirit and
      scope thereof. The specific embodiments described are given by way of
      example only and the invention is limited only by the terms of the
      appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A clamp for securing a loop in a flat tape, said clamp comprising:
PA1  A. an elongated frame of rectangular cross-section having first through
      fourth side walls,
PA1  B. a pair of parallel spaced apart second and fourth side wall members
      interconnecting the opposite ends of the frame and two longitudinally
      spaced apart pairs of first and third side wall members interconnecting
      the opposite ends of the second and fourth side wall members and defining
      a pair of openings in the opposite first and third side walls of said
      frame intermediate of the ends thereof,
PA1  C. tape clamping means disposed within one end of said frame adapted for
      face-to-face abutment with the inside surface of the first frame side
      wall, said clamping means comprising:
PA2  1. a flat rectangular clamp strap plate member having a pair of inwardly
      directed flanges at its opposite ends and disposed within one end of said
      frame adapted for face-to-face abutment with the inside surface of the
      first frame side wall,
PA2  2. a tape clamp nut adapted for face-to-face abutment with the inside
      surface of the third frame side wall, said clamp nut having at least one
      internally threaded passage extending through said nut,
PA2  3. at least one opening in said third side wall in substantial registry
      with the passage in said clamp nut, and
PA2  4. a screw extending through said passage in said clamp nut and said last
      named opening in said frame side wall, the inner end of said screw
      engaging said clamp strap,
PA1  D. an arcuate tape loop anchoring member supported in the openings in the
      frame first and third side walls between the second and fourth side walls
      on an axis perpendicular thereto, and
PA1  E. means at the opposite end of said frame for connecting the clamp to
      another element.
NUM  2.
PAR  2. A clamp according to claim 1 further characterized in that said arcuate
      tape anchoring member is a roller.
NUM  3.
PAR  3. A clamp according to claim 1 further characterized in that said arcuate
      tape anchoring member is a cylindrical pin of relatively large radius.
NUM  4.
PAR  4. A clamp according to claim 1 further characterized in that said clamp
      nut is a rectangular block embraced between the flanges of said clamp
      strap.
NUM  5.
PAR  5. A clamp according to claim 1 further characterized in that said means
      for connecting the clamp to another element comprises a clamp strap, clamp
      nut, screw and arcuate tape loop anchoring member in duplication of those
      at the opposite end of the frame and disposed in mirror image relation,
      whereby the clamp may be connected to a loop of another tape end.
NUM  6.
PAR  6. A clamp according to claim 1 further characterized in that said means
      for connecting the clamp to another element comprises an anchoring
      fitting, one end of said fitting being rigidly secured to the end of the
      frame opposite from the tape clamping means and the opposite end of said
      fitting being externally threaded.
NUM  7.
PAR  7. A clamp according to claim 6 further characterized in that the center
      lines of said threaded fitting end and the inside surface of said first
      frame side wall are in substantial longitudinal alignment.
NUM  8.
PAR  8. A clamp for securing a loop in the end of a linear motion-transmitting
      tape in a master-slave remote control manipulator, said clamp comprising:
PA1  A. an elongated frame of rectangular cross-section having first through
      fourth side walls,
PA1  B. a pair of parallel spaced apart second and fourth side wall members
      integral with and interconnecting the opposite ends of the frame and two
      longitudinally spaced apart pairs of first and third side wall members
      integral with and interconnecting the opposite ends of the second and
      fourth side wall members and defining a pair of openings in the opposite
      first and third side walls of said frame intermediate of the ends thereof,
PA1  C. a tape clamp strap disposed within one end of said frame adapted for
      face-to-face abutment with the inside surface of the first frame side
      wall, said clamp strap comprising a flat rectangular plate member having a
      pair of inwardly directed flanges at its opposite ends,
PA1  D. a tape clamp nut embraced between the flanges of said clamp strap
      adapted for face-to-face abutment with the inside surface of the third
      frame side wall, said clamp nut having at least a pair of parallel
      longitudinally spaced apart internally threaded passages extending through
      said nut perpendicular to said strap plate member,
PA1  E. openings in said third frame side wall corresponding in number with and
      in substantial registry with the passages in said clamp nut,
PA1  F. a screw extending through each of said passages in said clamp nut and
      said last named openings in said frame side wall, the inner end of said
      screw engaging said clamp strap,
PA1  G. a roller supported in the openings in the frame first and third side
      walls between the second and fourth side walls, said roller being mounted
      adjacent to but spaced from the clamp strap and clamp nut in the end of
      the frame, and
PA1  H. means at the opposite end of said clamp for connecting the clamp to
      another manipulator element.
NUM  9.
PAR  9. A tape clamp according to claim 8 further characterized in that said
      means for connecting the clamp to another manipulator element comprises a
      clamp strap, clamp nut, screws and roller in duplication of those at the
      opposite end of said frame and disposed in mirror image relation thereto,
      whereby the clamp may be connected to a loop of another linear
      motion-transmitting tape.
NUM  10.
PAR  10. A tape clamp according to claim 8 further characterized in that said
      means for connecting the clamp to another manipulator element comprises an
      anchoring fitting, one end of said fitting conforming in cross-section to
      the inside of the end of said clamp frame opposite from the tape clamp
      strap and nut and being in telescopic engagement therewith and rigidly
      secured, the opposite end of said fitting being externally threaded, and
      intermediate means of polygonal cross-section to facilitate rotation of
      said fitting, whereby the clamp may be connected to a turnbuckle for
      transition to a linear motion-transmitting cable or anchored to a
      manipulator casting.
NUM  11.
PAR  11. A tape clamp according to claim 10 further characterized in that the
      center lines of said threaded fitting end and the inside surface of said
      first frame side wall are in substantial longitudinal alignment.
NUM  12.
PAR  12. A tape clamp according to claim 8 further characterized in that said
      frame is formed from extruded stainless steel, said clamp strap is
      composed of brass and said clamp nut is composed of aluminum.
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ABST
PAL  A riveted joint employing a rivet having a cylindrical shank and a head
      with a conical undersurface, flared uniformly outwardly from the shank and
      truncated by an upper surface that is generally similar to the minor
      portion of a filled torus, sliced normal to its centerline. When being
      installed in a workpiece aperture to form the joint, the rivet head
      cold-flows to assume adequate expansion into the aperture while becoming
      generally flush to the workpiece surface so rivet head shaving is not
      required.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation-in-part of copending Pat. application Ser. No.
      291,669 for Crowned Head Rivet, Joint and Method filed 25 Sept. 1972 by
      Eugene R. Speakman which is assigned to applicant's assignee.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Present practice in the aircraft industry is to build airplanes out of
      components that are joined together by rivets. The heads of the rivets at
      the surfaces of the airplane experiencing high velocity airflow are
      usually made substantially flush with the surfaces. This results in
      substantially less aerodynamic drag than would otherwise be generated if
      raised-head rivets were used.
PAR  The surface components usually are provided with dimpled, countersunk or
      otherwise recessed holes that receive the rivet heads to be installed in a
      flush condition. The most prevalent procedure for flush riveting is to
      install rivets having oversized heads. The extra material of the oversized
      head is then shaved off until the head is nearly flush with the
      surrounding surface. This "nearly" rather than absolutely flush condition,
      though undesirable, is dictated by the need of a production tolerance to
      assure that damage to the surface adjacent to the rivet head is avoided
      since structural damage occurs when rivet heads are inadvertently shaved
      below the surface. The protruding edge of the shaved rivet head often
      presents a sharp edge to the high velocity airflow which is a source of
      drag that can be unexpectedly large especially when the sharp edge is
      raised by yielding of the riveted joint. Also it is difficult to assure
      the complete expansion of the head and shank of a rivet designed to be
      shaved. Once the rivet is installed, no satisfactory non-destructive test
      is available to find the poorly installed rivets. Thus, during the design
      process, designers must take into consideration that some walls of the
      rivet holes are not expanded to optimum size by the rivet which means
      components must be overdesigned.
PAR  The installation difficulty of the prior art rivets is usually caused by
      the overlapping of rivet head periphery which is forced by the rivet
      hammer against the surface adjacent to the edge of the countersink,
      thereby supporting the hammer and preventing the desired flow of rivet
      head material into the countersink and hole. As has been proved by
      comparative tests which show the superiority of the present invention, the
      lack of rivet head material flow on the shaved flush rivet results in much
      lower fatigue strengths of the riveted joints. Another problem with the
      shaved flush rivet is the shaving procedure removes the center indent or
      other indication normally provided to identify the material from which the
      rivet is made. Also, when a shaved head rivet is inadvertently installed
      into a countersink which is too shallow, the shaving operation destroys
      the inspectability of the error and removes too much of the rivet head.
      This can cause the head to fail by "cupping" in service.
PAR  Another cause for concern with the prior art rivets is that shaving rivets
      made from monel and other relatively hard materials required in modern
      titanium structures, costs five times more than shaving aluminum rivets.
      At the present, the cost of shaving aluminum rivets on large commercial
      aircraft is about $20,000 per aircraft.
PAC  SUMMARY OF THE INVENTION
PAR  The rivet used in the present joint is comprised of a cylindrical shank
      with a head on one end that has a conical underbody flared uniformly
      outward from the shank and truncated by an upper surface that is the minor
      part of a filled torus. The rivet head fits into a dimpled or countersink
      aperture prepared for it in the surface of the workpiece with its central
      head portion just above the surface and the head periphery just below the
      surface. This shaping assures that the head material can never contact the
      adjacent surface around the countersink during installation. Therefore,
      the head material flows downwardly and outwardly as is desired to
      completely fill the aperture and countersink and to expand the rivet shank
      sufficiently to assure that optimum comprissive forces are applied to the
      material forming the walls of the aperture. The obtaining of optimum
      compressive forces markedly improves the fatigue strength of the riveted
      joint. In the present joint, the crown flush rivet tends to be
      self-centering and does not drive off center as sometimes happens with a
      shaved flush rivet or a domed shape rivet without a flat central surface.
PAR  It is therefore an object of the present invention to provide a flush
      riveted joint where the rivet head does not have to be shaved after
      driving.
PAR  Another object is to provide a joint which improves the fatigue life of
      structural members through which rivets are inserted.
PAR  Another object is to provide a flush riveted joint that indicates an
      improper installation procedure.
PAR  These and other objects and advantages of the present invention will become
      apparent after considering the following detailed specification which
      covers a preferred embodiment thereof in conjunction with the accompanying
      drawing wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational view of a rivet inserted in a pair of overlapping
      plates shown in cross-section prior to the formation of the present joint;
      and
PAR  FIG. 2 is a cross sectional view of the rivet plate assembly of FIG. 1
      after being bucked or driven to secure the pair of plates to form the
      joint.
DETD
PAC  DESCRIPTION OF THE PRESENT EMBODIMENT
PAR  Referring to the drawing more particularly by reference numbers, number 10
      in FIG. 1 denotes a crown flush rivet constructed according to the present
      invention. The rivet 10 includes a rivet head 12 of height G which is
      integral with a cylindrical shank 14 of diameter A. The head 12 and shank
      14 cooperate when driven to secure together two or more structural members
      16 and 18.
PAR  The rivet head 12 has a conical undersurface 20 which flares uniformly
      outward from the cylindrical shank 14. The conical undersurface 20 is
      truncated by a curved upper surface 22 that is geerally similar to a
      portion of a torus, the central portion of which is filled to produce a
      planar central surface 23 of diameter C. The upper surface 22 also
      includes a surface portion 24 which curves upwardly a distance F with a
      radius of curvature R from the head maximum diameter peripheral edge 26 of
      diameter B between the surface 22 and the undersurface 20 to merge
      smoothly with the planar central surface portion 23. When placed in a
      rivet hole 28 having a countersink 32 of maximum diameter D and an angle
      similar to the angle of the conical undersurface 20, the peripheral edge
      26 of the rivet head 12 resides in the countersink 32 below the exposed
      surface 34 of the member 16 before and after the rivet 10 is driven. This
      prevents the rivet head 12 from overhanging the countersink 32 which, in
      conventional flush rivets, causes transfer of force from the edge of the
      rivet head to the member 16 without proper deformation of the rivet 10. As
      can be seen, the peripheral edge 26 can be the line of intersection
      between the surface portion 24 and the conical undersurface 20 or the edge
      26' can be slightly rounded to form a small cylindrical surface 26a which
      is faired into the conical undersurface by a radius 26b. The rounding of
      the edge 26 makes the fabrication of the rivet 10 more precise since in
      some instances, automatic rivet formers have difficulty keeping the head
      12 axially aligned with the shank 14 when the sharp edge 26 is employed.
      The removal of the sharp edge does not otherwise change the features of
      the rivet 10. The central surface 23 of the rivet head 12 which is the
      portion of the rivet 10 in contact with the driving rivet gun, stands
      above the surface 34 a distance E. After the rivet 10 is driven, the level
      of the central surface 23 is reduced almost flush, i.e., from 0.003 to
      0.000 inch, with surface 34 by the flow of rivet head material into the
      countersink 32 and the hole 23 in the members 16 and 18. The flow is shown
      by arrows 37 in FIG. 2 where the original shape of the surface 22 is shown
      in dashed outline for comparison.
PAR  The shank 14 includes a flat bucking surface 38 and a curved portion 39 to
      form the end 40 thereof. The flat portion 38 is preferably of diameter C
      and in parallel alignment with the central portion 23 so the upset forces
      are balanced by the equal contact areas on the opposite ends of the rivet
      10. As can be seen in FIG. 2, the sizes of the flat surfaces 23 and 38
      generally correspond during the rivet driving operation. The central
      portion 23 being a planar surface assists in keeping the rivet gun in
      proper driving position and the aforementioned end to end force balance
      assures that the rivet gun energy flows the rivet material axially inward
      and radially outward to fill all voids in the joint. The planar nature of
      the central portion 23 and the flat portion 38 also assures that the force
      of the rivet gun is relatively evenly distributed through the rivet unlike
      domed flush rivets where the initial rivet gun blows act on a small column
      through the center of the rivet. As can be seen in FIG. 2, the center
      indent 41 of the rivet 10 is not destroyed by the driving operation and
      can later act as an identifier or as a center if it is desired to drill
      out the rivet 10.
PAR  Head dimensions can be optimized and selected for both tension head or
      shear head rivets. The dimensions for typical tension and shear rivets are
      shown in the following tables.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     TENSION HEAD CROWN FLUSH CONFIGURATION                                    
     NOM  A DIA                                                                
               B DIA                                                           
                    C FLAT                                                     
                         D DIA                                                 
                              E     F    G   R RAD                             
     SHANK                                                                     
          +.002                                                                
               .+-..002                                                        
                    (REF)                                                      
                         C'SINK                                                
                              BEFORE                                           
                                    .+-..001                                   
                                         (REF)                                 
                                             .+-..005                          
     DIA  -.001               DRIVING                                          
     __________________________________________________________________________
     3                   .160 .002                                             
          .094 .150 .044            .012 .036                                  
                                             .125                              
     32                  .170 .010                                             
     1                   .206 .002                                             
          .125 .196 .064            .012 .042                                  
                                             .188                              
     8                   .216 .010                                             
     5                   .267 .002                                             
          .156 .257 .102            .012 .055                                  
                                             .250                              
     32                  .277 .010                                             
     3                   .334 .002                                             
          .187 .324 .152            .012 .070                                  
                                             .312                              
     16                  .344 .010                                             
     1                   .457 .002                                             
          .250 .447 .259            .012 .095                                  
                                             .375                              
     4                   .467 .010                                             
     __________________________________________________________________________
      Note: B' DIA is about .007 smaller than B DIA                            
TBL                                    TABLE II                                
     __________________________________________________________________________
     SHEAR HEAD CROWN FLUSH CONFIGURATION                                      
     NOM  A DIA                                                                
               B DIA                                                           
                    C FLAT                                                     
                         D DIA                                                 
                              E     F    G   R RAD                             
     SHANK                                                                     
          +.002                                                                
               .+-..002                                                        
                    (REF)                                                      
                         C'SINK                                                
                              BEFORE                                           
                                    .+-..001                                   
                                         (REF)                                 
                                             .+-..005                          
     DIA  -.001               DRIVING                                          
     __________________________________________________________________________
     3                   .135 .002                                             
          .094 .117 .043            .012 .021                                  
                                             .063                              
     32                  .140 .008                                             
     1                   .175 .002                                             
          .125 .165 .059            .012 .029                                  
                                             .125                              
     8                   .185 .008                                             
     5                   .226 .002                                             
          .156 .216 .084            .012 .037                                  
                                             .188                              
     32                  .236 .008                                             
     3                   .283 .002                                             
          .187 .273 .119            .012 .046                                  
                                             .250                              
     16                  .293 .008                                             
     1                   .376 .002                                             
          .250 .366 .194            .012 .060                                  
                                             .312                              
     4                   .386 .008                                             
     __________________________________________________________________________
PAR  Although Tables I and II can be interpolated, they tabulate the results of
      fatigue and strength tests during which the dimensions of the various
      rivet sizes were optimized for aluminum and monel rivets and standard
      production tolerances.
PAR  Rivets constructed to the dimensions shown in the tables fully fill the
      voids and prestress the countersink 32 and hole 28.
PAR  After the rivet 10 is upset, a small indentation 42 remains which is
      concentric around the rivet head 12. The width and depth of the
      indentation 42 can be measured to assure that the rivet 10 was installed
      to production tolerances. Although aerodynamic tests have shown that the
      small indentation 42 and the 0.000 to 0.003 crown that remains create less
      aerodynamic drag than standard flush rivet installations, the present
      rivet can be shaved using the central indent 41 or the concentric
      indentation 42 as a centering guide. Then the indentation is filled with
      suitable material such as paint or putty to provide a smooth surface.
PAR  Thus there has been shown and described novel flush head rivet joints that
      fulfill all the objects and advantages sought therefor. Many changes,
      alterations, modifications and other uses and applications of the subject
      invention will become apparent after considering this specification and
      the accompanying drawing. All such changes, modifications and variations
      and other uses and applications which do not depart from the spirit and
      scope of the invention are deemed to be covered by the invention which is
      limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A riveted joint for joining a plurality of members including:
PA1  a first member having a uniformly flared countersunk opening having maximum
      and minimum diameters defined therein and a cylindrical opening in axial
      alignment with said countersunk opening defined therein;
PA1  a second member having a cylindrical opening defined therein, said
      cylindrical opening in said second member being adjacent to and in
      registration with said cylindrical opening of said first member; and
PA1  a rivet inserted through said registered openings, said rivet having a
      shank and a head of shapes complementary to said openings which axially
      compressively engage said structural member openings and radially expand
      said openings, the head of said rivet before driving having an upper
      surface shaped generally similar to the minor portion of a filled torus to
      form a crown having a generally planar raised central portion, the largest
      diameter periphery of said rivet head being positioned below the plane of
      the maximum diameter periphery of said countersunk opening and the crown
      being positioned above the plane of maximum diameter periphery of said
      countersunk opening.
NUM  2.
PAR  2. The joint defined in claim 1 wherein said rivet head and first member
      countersunk opening define a visually apparent a concentric identation
      about said rivet heat which is indicative of the proper installation of
      said rivet.
NUM  3.
PAR  3. The joint defined in claim 2 wherein said defined concentric indentation
      is filled with filler material.
NUM  4.
PAR  4. The joint defined in claim 1 wherein said planar central portion extends
      no further than 0.003 inch above the plane of the maximum diameter
      periphery of said countersunk opening after driving.
NUM  5.
PAR  5. The joint defined in claim 1 wherein said central planar portion of said
      rivet head has a surface area similar to the surface area of said shank
      before, during and after the riveted joint is formed to assure said shank
      radially expands said cylindrical openings.
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ABST
PAL  A slip joint construction for a tubular pole section of a utility pole such
      as for electrical transmission or lighting wherein a male portion of a
      tapered pole section fits telescopically within a female portion of
      another tapered pole section. The female portion is provided with a
      back-up strip extending along the long seams thereof. The male portion is
      provided with slots which extend along the long seams thereof, each slot
      extending the length of the slip joint. A doubler plate is welded on the
      inside of the male portion to extend across and along the longitudinal
      extent of each slot.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In manufacturing poles used by utility companies for electrical
      transmission or for lighting it often becomes necessary to make tubular
      poles in more than one section. This can be dictated by the maximum
      shipping length or a restricted length due to galvanizing limitations or
      from other field requirements. One common method for joining the poles is
      a slip joint. A slip joint is a friction fit wherein two sections of poles
      are slipped together with the female section being above the male section.
      Both sections have exactly the same taper so that they will slide together
      a certain distance and then stop and, at least theoretically, be tight and
      in contact along the entire length of the joint. The amount of overlap is
      normally one and one half times the diameter at the point of the slip.
PAR  The tubular pole sections are constructed of a pair of half shells joined
      by welds at two longitudinally extending long seams. It is very important
      that the welds joining the two welds must achieve complete penetration and
      be inspected to very stringent criteria. This is because as the pole bends
      the forces tend to exert a hoop stress against the female section which
      could cause it to split apart. Should this happen the split could continue
      up the pole causing the slip joint to open up and the structure would
      fall.
PAR  The way to get a good weld with complete penetration on the two longseam
      welds is to use a heavy steel back-up strip. This allows welding with high
      heat input assuring that there will be good fusion at the base of the
      weld. However, this technique has been impractical when a slip joint was
      involved since the back-up strip would interfere with the male to female
      fit. Therefore, it has been necessary to make this weld without a full
      back-up strip or to remove the back-up strip after welding. Both options
      are unsatisfactory. In the first case, it is very hard to get a good weld
      without a back-up strip and much repair is required. In the second case,
      removing the back-up strip is an onerous task which must be done inside a
      confined area and is detrimental to the health and safety of the worker as
      well as being very difficult to do without damaging the original weld.
PAC  SUMMARY OF THE INVENTION
PAR  It is the general object of the invention to provide a slip joint for
      tubular pole sections which has improved strength characteristics.
PAR  In accordance with the general object of the invention, the slip joint is
      constructed in a manner which allows the back-up strip to remain intact
      after it has been welded in position. To this end, the two long seams
      which join the half shells are each provided with a slot in the male
      portion of the tubular section. A doubler plate is welded to the inside of
      the male portion to extend across and along the longitudinal extent of
      each slot. The female portion is made with a full back-up strip which, in
      the assembled condition of the slip joint, is received in a slot formed in
      the male portion.
PAR  In addition to the improved strength of the slip joint in accordance with
      the invention, this slip joint also assures that it is unlikely for a
      section to exceed its designed slip in the assembled condition. Slip
      joints of the indicated type are normally designed for a maximum overslip
      of 10 per cent. It is important that this design standard should not be
      exceeded, since any hardware or climbing attachments for the pole must be
      placed such that they will not interfere with one another. The design in
      accordance with the invention limits any overslip, since the ends of the
      slots in the male portion limit the distance the pole sections can slide
      together by coming into contact with the lower ends of the back-up strips.
      Moreover, this design results in little or no loss of strength in the male
      section wherein the stresses are not nearly so great since the slip joint
      is in compression. Also, the male section has added rigidity by the
      provision of a diaphragm plate which is normally inserted in its leading
      end in order to seal the section and protect it from internal corrosion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation of a slip joint in accordance with the
      invention;
PAR  FIG. 2 is a section taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary view in elevation of the female portion of a
      tubular pipe section in accordance with the invention;
PAR  FIG. 4 is a top view of FIG. 3;
PAR  FIG. 5 is a fragmentary view in elevation of the male portion of a tubular
      pipe section in accordance with the invention; and
PAR  FIG. 6 is a top view of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the preferred embodiment of the invention shown in the
      drawings, there is provided a pair of tapered tubular pole sections 10 and
      12 of a 12 sided tubular steel construction generally conventional in the
      art. Pole section 10 is made of a pair of half shells 14 welded together
      at longitudinal seam welds 16. Pole section 12 is made of a pair of half
      shells 18 welded together at longitudinal seam welds 20.
PAR  The lower portion of pipe section 10 forms the female portion of the slip
      joint construction shown in FIGS. 1 and 2 and is provided with a pair of
      back-up strips 22 extending the full length thereof. Each back-up strip 22
      is secured to the inside of the pole section 10 by being welded together
      at longitudinal seam welds 16. This insures that there is complete weld
      penetration (see FIG. 2) and allows welding with a high heat input so as
      to insure that there is good fusion at the base of the weld.
PAR  The upper portion of the pole section 12 forms the male portion of the slip
      joint shown in FIGS. 1 and 2 and is provided with a pair of slots 30 each
      located where the half shells 18 would be joined at the upper end of the
      pole section 12. Each slot 30 extends from the upper end of the pole
      section 12 longitudinally to a rounded end 32 which is located from the
      end a distance "D" 10 per cent greater than the design overlap for the
      slip joint. Thus, the distance D shown in FIG. 5 is 1.1 times the design
      slip joint length.
PAR  A doubler plate 40 is secured on the inside of the pipe section 12 so as to
      overlap each of the slots 30 and form a recess 34 adapted to receive a
      back-up strip 22 as shown in FIGS. 1 and 2. Each doubler plate 40 extends
      from the upper end of the pole section 12 along the length thereof to a
      location below the end of the associated slot 30 as is best shown in FIG.
      5. Each doubler plate 40 is secured to the pole section 14 by a plurality
      of welds including a fillet weld 42 which extends completely around the
      edges of an associated slot 30. Each fillet weld 42 joins with a slot weld
      44, which extends downwardly from the end 32 of an associated slot 30 a
      substantial distance and joins with a longitudinal seam weld 20. In
      addition, each doubler plate 40 is secured to the inside of the pole
      section 12 by a fillet weld 46 extending around the periphery of the
      plate. By this arrangement, each doubler plate 40 extends past the length
      of the slip joint and becomes part of the longitudinal seam weld 20 to
      thereby transfer stress down into the tubular pole section 12. Moreover,
      each fillet weld 42 at the bottom end 32 of a slot 30 provides a natural
      bevel to engage a back-up strip 22 if the slip joint were pulled together
      a distance that such contact might occur thereby assuring that the joint
      was tight by forcing the back-up strip 22 outwardly thereby elongating the
      diameter of the tubular pole section 10. To this end, the lower end of the
      back-up strip 22 may be beveled so as to assist this result. Each doubler
      plate 40 is at least equal to the thickness of pole section 12 plus
      approximately one-eight of an inch.
PAR  A diaphragm plate 48 closes the end of pole section 12 and is shown in FIG.
      6, but has been omitted from the other Figures for the sake of clarity.
      Diaphragm plate 48 makes the upper end of pole section 12 more rigid, and
      seals the pole section and protects it against internal corrosion.
PAR  When erecting a pole comprising a joint construction in accordance with the
      invention, the pole sections 10 and 12 are joined by slipping them
      together with the female portion slipping over top of the male portion as
      is shown in FIG. 1. Since both pole sections 10 and 12 have exactly the
      same taper, they slide together a certain distance and then come into
      frictional engagement in tight contact along the entire length of the
      joint. The full-overlap condition is shown in FIG. 1 and the length of
      overlap is normally about 11/2 times the pole diameter at the point of the
      slip. During the assembly of the pole sections, the back-up strips 22 are
      slid into the recesses 34 which are adapted to receive them, as is
      apparent from a consideration of FIGS. 1 and 2. Thus, in the joint
      construction in accordance with the invention the back-up strips 22 on the
      pole section 10 do not have to be removed to accept pole section 12.
      Instead, strips 22 remain intact so as to maintain the maximum strength of
      the critical female portion of the joint construction.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a slip joint construction for a tubular pole useful as a utility pole
      and having a first tapered tubular pole section constructed of a pair of
      half shells joined at longitudinal seam welds, a second tapered tubular
      pole section constructed of a pair of half shells joined at longitudinal
      seam welds, said first pole section having a male portion at one end
      thereof, said second pole section having a female portion at one end
      thereof, said male poriton being adapted to fit telescopically within said
      female portion with a friction tight slip joint connection, the
      improvement comprising a back-up strip welded to a longitudinal seam weld
      of said female section on the inside thereof, a longitudinal slot formed
      in the end of said male portion aligned with a longitudinal seam weld
      thereof, and a plate welded on the inside of said male portion and
      extending across and along the longitudinal extent of said slot to
      cooperate therewith to form a recess for receiving said back-up strip when
      the slip joint is made.
NUM  2.
PAR  2. A slip joint construction according to claim 1 wherein there is provided
      a back-up strip welded to each longitudinal seam weld of said female
      section on the inside thereof, a longitudinal slot formed in the end of
      said male portion aligned with each longitudinal seam weld thereof, and a
      plate welded on the inside of said male portion and extending across and
      along the longitudinal extent of each of said slots.
NUM  3.
PAR  3. A slip joint construction according to claim 2 wherein said plates
      extend a longitudinal distance beyond the inner end of the longitudinal
      slot, the longitudinal seam welds of said first pole being welded to said
      plate portion extending beyond said slot.
NUM  4.
PAR  4. A slip joint construction according to claim 3 wherein said plates are
      secured to said first pole section by a fillet weld extending along the
      edges of each of said slots, said fillet weld being joined with said
      longitudinal seam welds of said first pole section.
NUM  5.
PAR  5. A slip joint construction according to claim 4 wherein each of said
      plates is secured to said first pole section by a second fillet weld
      extending around the periphery of each plate.
NUM  6.
PAR  6. A slip joint construction according to claim 2 wherein the thickness of
      said plates on said first pole section is at least equal to the thickness
      of said pole section plus approximately one-eighth of an inch.
NUM  7.
PAR  7. A slip joint construction according to claim 5 wherein the thickness of
      said plates on said first pole section is at least equal to the thickness
      of said pole section plus approximately one-eighth of an inch.
NUM  8.
PAR  8. A slip joint construction according to claim 2 wherein the longitudinal
      extent of said slots is equal to approximately ten per cent greater than
      the design slip joint length.
NUM  9.
PAR  9. A slip joint construction according to claim 5 wherein the longitudinal
      extent of said slots is equal to approximately ten per cent greater than
      the design slip joint length.
NUM  10.
PAR  10. A slip joint construction according to claim 6 wherein the longitudinal
      extent of said slots is equal to approximately ten per cent greater than
      the design slip joint length.
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PAL  The course to be followed by a motorist having a preselected destination is
      indicated by a plurality of markers set in the center of the path to be
      followed by the motorist, each set of markers having a different color to
      correspond to a different preselected destination.
PARN
PAC  Cross-References
PAR  This is a continuation of application Ser. No. 420,911, filed Dec. 3, 1973,
      now abandoned.
BSUM
PAC  FIELD
PAR  This invention relates to color coded markers to assist in guiding
      motorists through complex traffic patterns and more particularly pertains
      to such markers disposed above or below the path to be followed by the
      vehicle occupied by the motorist.
PAC  PRIOR ART
PAR  No reference is known which discloses the invention. Each of the following
      patents discloses marking means which might be utilized in applying the
      invention to a roadway: U.S. Pat. Nos. Re. 16,035; Re. 16,131; 1,606,825;
      1,638,744; 1,661,242; 1,664,070; 1,698,957; 1,703,227; 1,720,162;
      1,733,161; 1,830,872; 2,007,524; 2,146,359; 3,011,412 and 3,215,051.
PAR  In particular it may be noted that U.S. Pat. No. 1,664,070 shows markers
      for the center line of one road and an intersecting road and shows an
      arrowhead at one end of the line. It does not, however, show the invention
      which will be described more fully hereinafter. Likewise, FIG. 2 of U.S.
      Pat. No. 3,215,051 might, on cursory inspection be assumed to show the
      invention. It, however, does not. It shows demarkation of the edges of the
      four lanes of a four-lane roadway and does not show indication of any path
      to be followed by a motorist in a complex intersection. The other patents
      show markers for the edges of lanes, markers to demarkate pedestrian
      crossing lanes and the like.
PAC  SUMMARY
PAR  Many modern highway interchanges require that a motorist entering the
      interchange who desires to emerge from the interchange headed toward a
      particular preselected destination follow a tortuous sinuous path through
      the interchange, repetitively selecting one of two or more choices of
      paths and rejecting possible exits in order that he emerge from the
      interchange headed toward his desired destination rather than headed in
      any one of several other possible directions.
PAR  Despite the best attempts of many highway departments to provide signs
      which give a motorist adequate information to make it possible for him to
      make the necessary selections in due time it has been well recognized in
      the literature pertaining to highway design that many motorists are vastly
      confused by problems posed to motorists in tracing such a sinuous tortuous
      path which is frought with alternate paths which lead him to undesired
      destinations. The rapidity with which the signs must be read, absorbed and
      decisions made based on the information thus obtained appears to be well
      beyond the ability of many motorists as indicated by documented
      experiences of highway design and supervision departments and of police
      departments who have to cope with the many accidents produced by such
      failures on the part of motorists.
PAR  One purpose of providing modern highway interchanges (which are
      characterized by vertical and horizontal separation of lanes for traffic
      heading in conflicting directions) is to provide a comparatively smooth,
      uninterrupted, continuous flow of traffic through the interchange, thereby
      avoiding the tie-ups and traffic delays which are produced at a normal
      intersection (such as one governed by traffic lights) when a high volume
      of traffic is introduced to the intersection. In order to fulfill this
      purpose of such interchanges, it is necessary that motorists not behave
      erratically in the interchange, such erratic behavior being characterized
      by traveling very slowly, slowing down suddenly, stopping or backing up or
      changing lanes suddenly to reach an exit from an unsuitable position or
      alternatively changing lanes suddenly to avoid following a line of traffic
      into an exit suddenly recognized by the motorist as leading to a
      destination undesirable to him. Sudden slowing, stopping, backing up and
      sudden violent lane changes are all well recognized as behavior which is
      likely to cause accidents and which if repeated very many times, is almost
      certain to cause an accident. Even moderate slowing down may be dangerous.
      Thus, a motorist who slows down in order to attempt to absorb all of the
      information contained on signs which he has not seen before, as in the
      case of a motorist traveling through an interchange for the first time,
      causes the traffic behind his vehicle to slow down. This may result in a
      considerable backup of cars and therefore result in much lane switching of
      vehicles behind him which are driven by people who are acquainted with the
      interchange, do not need to slow down and wish to maintain speed without
      interruption. Such lane changing of course is likely to cause an accident.
      Furthermore, if a motorist in an interchange is intent on reading signs
      rather than on traffic around him and at the last minute finds it
      necessary to change lanes he may do so without paying sufficient attention
      to traffic around him and may thereby cause an accident.
PAR  Even if such erratic behavior by a motorist does not cause an accident or
      is insufficiently erratic to be very likely to cause an accident, it is
      likely even in light traffic to cause a general interruption to the smooth
      flow of traffic through the interchange and in heavy traffic is almost
      certain to cause such an interruption.
PAR  Therefore, there is a need for means to make it possible for a motorist to
      readily follow a sinuous tortuous path through a complex highway
      interchange without taxing his mental capacity beyond its ability to
      absorb information and make decisions while traveling at a suitable rate
      of speed.
PAC  OBJECTS
PAR  It is therefore an object of this invention to provide a solution of the
      problems discussed above.
PAR  It is thus the principal object of the invention to provide means to guide
      a motorist easily and readily through a complex modern highway
      interchange.
PAR  It is a further object to provide means to simultaneously guide a plurality
      of motorists through such an interchange on each of the paths that might
      be selected by any motorist entering the interchange at any point and
      having any preselected destination to which any exit from the interchange
      may lead.
PAR  Other objects will become apparent from the drawings and from the following
      detailed description in which it is intended to illustrate the
      applicability of the invention without thereby limiting its scope to less
      than that of all equivalents which will be apparent to one skilled in the
      art.
DRWD
PAC  DRAWINGS
PAR  In the drawings like reference numerals refer to like parts and:
PAR  FIG. 1 is a plan view (in three parts) of an interchange having the
      invention applied thereto;
PAR  FIG. 2 is a schematic cross-sectional view of one embodiment;
PAR  FIG. 3 is a cross-sectional schematic view of another embodiment;
PAR  FIG. 4 is a cross-sectional schematic view of another embodiment; and
PAR  FIGS. 5-68 are fragmentary, enlarged views of portions of the interchange
      of FIG. 1 showing application of the invention thereto.
DETD
PAC  DESCRIPTION
PAR  Referring now to FIG. 1 (which is in three parts) there is shown a modern,
      complex highway interchange. In one sense it may be considered a
      combination of three interchanges but since the decision of a motorist
      concerning the path to be followed to reach a desired destination must in
      most cases be made well ahead of time and must take into consideration
      factors introduced by all of the highway portions shown it is the most
      logical and best practice to consider the interchange as shown to be a
      single interchange.
PAR  Since within the interchange shown some of the connections are cloverleaf
      type connections and others are directional type connections it may be
      referred to as a combination cloverleaf-directional type interchange.
PAR  Nine vehicular entrances to the interchange are shown, namely entrances 1,
      11, 21, 31, 41, 51, 61, 71 and 81. The interchange comprises nine
      vehicular exits which correspond to the entrances, these exits being exits
      3, 13, 23, 33, 43, 53, 63, 73 and 83. In the instant interchange the exits
      are substantially parallel to and lie alongside the entrances but the
      invention is not restricted to entrances and exits thus arranged, nor is
      it restricted to interchanges wherein the exits and entrances are equal in
      number. All of the exits and entrances shown are multilane vehicular exits
      and entrances but the invention is not restricted to multi-lane vehicular
      entrances and exits but includes interchanges wherein one or more
      vehicular entrances or exits may be single lane. An entrance for the
      purpose of the invention may be considered as any point at which traffic
      on a highway approaches a group of highway portions which are so connected
      as to cause a vehicle operator to be faced with one or more decisions
      concerning alternative paths which he should take in order to best reach
      his destination. An exit may be considered as a point on a highway,
      following an entrance, beyond which a vehicle operator will not soon be
      faced with another such alternative. However, it is usually considered to
      be (and is illustrated here as) the point on a portion of highway leaving
      an interchange shortly after the last point at which vehicles from other
      parts of the interchange may enter the highway portion. Both meanings are
      encompassed within the scope of the invention.
PAR  The invention applies to vehicular highway interchanges such as that shown
      which comprise a plurality of intersecting highway portions and comprises
      at least three vehicular entrances and three vehicular exits.
PAR  It is to be noted that "exits" and "entrances" as used herein, that is,
      entrances and exits to an interchange, are to be distinguished from
      entrances and exits to connecting highway portions which provide the
      motorist with alternatives in choosing a route and which are provided by
      the multiplicity of exits and entrances to major highway portions within
      an interchange. Thus a loop in a cloverleaf normally comprises an exit
      from one major highway portion and an entrance to another major highway
      portion; such exits and entrances are not exits and entrances to the
      interchange.
PAR  Referring again to FIG. 1, the several exits may lead to destinations as
      shown below and the corresponding entrances may accordingly lead from such
      destinations into the interchange:
PA1  Exit 3 may lead to:
PA2  Rock city, capital city and points west and north via route x-9;
PA1  exit 13 may lead:
PA2  To milvalley and points north and west via route x-10;
PA1  exit 23 may lead:
PA2  To new york and intermediate points east and south via route x-10;
PA1  exit 33 may lead:
PA2  To airport, orourke field;
PA1  exit 43 may lead:
PA2  To major city via president expressway;
PA1  exit 53 may lead:
PA2  South to benjamin park;
PA1  exit 63 may lead:
PA2  North to plain city;
PA1  exit 73 may lead:
PA2  South to shumley park;
PA1  exit 83 may lead:
PA2  North to plain city.
PAR  the interchange may be considered to be an interchange involving five
      principal highways:
PAR  1. Plains Road, extending between Shumley Park and Plain City;
PAR  2. River Road, extending between Benjamin Park and Plain City;
PAR  3. Route X-10, extending from Milvalley and points north and west to New
      York and points east and south;
PAR  4. Airport Road, extending between an airport, Orourke Field, and Major
      City;
PAR  5. Route X-9, extending between Rock City, Capitol City and Major City.
PAR  The destinations and route numbers and names are not necessarily intended
      to correspond to actual locations or names but are chosen for convenience
      in describing the interchange to illustrate the invention.
PAR  It may be recognized that a different path must be taken from each entrance
      to reach any given exit and correspondingly from each entrance one or more
      characteristic paths extends to each exit.
PAR  Since there are nine exits a vehicle operator entering the interchange at
      any entrance may choose any one of eight paths to reach any one of the
      eight exits provided, excluding the exit which corresponds to and
      parallels the entrance at which he enters.
PAR  In accordance with the invention, distinctive markers are provided to mark
      each path so that a vehicle operator having chosen a destination may
      follow a distinctive set of markers in order to follow a path through the
      interchange which will lead to an exit most adapted to facilitate his
      reaching such destination.
PAR  For purposes of the invention it may be mentioned that an interchange to
      which the invention is applicable is one which has the characteristics
      mentioned above and which is provided with highway portions disposed to
      provide paths to be followed by vehicles within the interchange between
      entrances and exits wherein paths for vehicles traveling in conflicting
      directions are separated and wherein at least some of these paths are
      separated vertically. It will be noted that this condition applies in the
      interchange illustrated. Whereas not all paths are separated, all paths
      for vehicles traveling in conflicting directions are separated either
      horizontally, vertically or both and in an interchange to which the
      invention applies at least some of the paths for vehicles traveling in
      conflicting directions are separated vertically.
PAR  Referring again to FIG. 1 a sign may be provided on each highway portion
      which leads to an entrance. It may be located a considerable distance such
      as one, two or three miles before the entrance to provide a vehicle
      operator on such highway portion with the information needed to allow him
      to choose the markers he wishes to follow.
PAR  Thus, sign 2 which, as shown, is located above the highway leading to
      entrance 1, but which may suitably be located alongside said highway, may
      read:
     FOLLOW COLORED MARKERS TOWARD DESTINATIONS AS FOLLOWS:                    
     RED    TO MAJOR CITY                                                      
     YELLOW TO MILVALLEY AND POINTS NORTH AND WEST VIA                         
            ROUTE X-10                                                         
     GREEN  TO AIRPORT, OROURKE FIELD                                          
     BLUE   TO NEW YORK AND POINTS EAST AND SOUTH VIA                          
            ROUTE X-10                                                         
     PURPLE NORTH TO PLAIN CITY VIA RIVER ROAD                                 
     ORANGE NORTH TO PLAIN CITY VIA PLAINS ROAD                                
     BLACK  SOUTH TO BENJAMIN PARK VIA RIVER ROAD                              
     BROWN  SOUTH TO SHUMLEY PARK VIA PLAINS ROAD                              
PAL  or this information may be carried on a plurality of signs, for example
      two, three, four or more signs, all located a substantial distance ahead
      of entrance 1 above or alongside of the entering lanes.
PAR  Likewise sign 12 which may be located above the highway portion leading to
      entrance 11 may read:
TBL  FOLLOW COLORED MARKERS AS FOLLOWS:                                        
     RED    TO MAJOR CITY                                                      
     SILVER TO ROCK CITY, CAPITOL CITY AND POINTS WEST AND                     
            NORTH VIA ROUTE X-9                                                
     GREEN  TO AIRPORT, OROURKE FIELD                                          
     BLUE   TO NEW YORK AND POINTS EAST AND SOUTH VIA ROUTE                    
            X-10                                                               
     PURPLE NORTH TO PLAIN CITY VIA RIVER ROAD                                 
     ORANGE NORTH TO PLAIN CITY VIA PLAINS ROAD                                
     BLACK  SOUTH TO BENJAMIN PARK VIA RIVER ROAD                              
     BROWN  SOUTH TO SHUMLEY PARK VIA PLAINS ROAD                              
PAR  Sign 22 located above the highway portion leading to entrance 21 may read:
TBL  FOLLOW COLORED MARKERS                                                    
     RED    TO MAJOR CITY                                                      
     YELLOW TO MILVALLEY AND POINTS NORTH AND WEST VIA ROUTE                   
            X-10                                                               
     GREEN  TO AIRPORT, OROURKE FIELD                                          
     SILVER TO ROCK CITY, CAPITOL CITY, WEST AND NORTH VIA                     
            ROUTE X-9                                                          
     PURPLE NORTH TO PLAIN CITY VIA RIVER ROAD                                 
     ORANGE NORTH TO PLAIN CITY VIA PLAINS ROAD                                
     BLACK  SOUTH TO BENJAMIN PARK VIA RIVER ROAD                              
     BROWN  SOUTH TO SHUMLEY PARK VIA PLAINS ROAD                              
PAR  Sign 32 located above the highway portion leading to entrance 31 may read:
TBL  FOLLOW COLORED MARKERS TOWARD FOLLOWING DESTINATIONS:                     
     RED    TO MAJOR CITY                                                      
     YELLOW TO MILVALLEY AND POINTS NORTH AND WEST VIA ROUTE                   
            X-10                                                               
     SILVER TO ROCK CITY, CAPITOL CITY, WEST AND NORTH VIA                     
            ROUTE X-9                                                          
     BLUE   TO NEW YORK AND POINTS EAST AND SOUTH VIA ROUTE                    
            X-10                                                               
     PURPLE NORTH TO PLAIN CITY VIA RIVER ROAD                                 
     ORANGE NORTH TO PLAIN CITY VIA PLAINS ROAD                                
     BLACK  SOUTH TO BENJAMIN PARK VIA RIVER ROAD                              
     BROWN  SOUTH TO SHUMLEY PARK VIA PLAINS ROAD                              
PAR  Sign 42 which may be located above the highway portion leading to entrance
      41 as shown, may read:
TBL  FOLLOW COLORED MARKERS AS FOLLOWS:                                        
     YELLOW TO MILVALLEY AND POINTS NORTH AND WEST VIA ROUTE                   
            X-10                                                               
     BLUE   TO NEW YORK AND POINTS EAST AND SOUTH VIA ROUTE                    
            X-10                                                               
     GREEN  TO AIRPORT, OROURKE FIELD                                          
     SILVER TO ROCK CITY, CAPITOL CITY, WEST AND NORTH VIA                     
            ROUTE X-9                                                          
     PURPLE NORTH TO PLAIN CITY VIA RIVER ROAD                                 
     ORANGE NORTH TO PLAIN CITY VIA PLAINS ROAD                                
     BLACK  SOUTH TO BENJAMIN PARK VIA RIVER ROAD                              
     BROWN  SOUTH TO SHUMLEY PARK VIA PLAINS ROAD                              
PAR  Sign 52 which may be located above the highway portion leading to entrance
      51, may read:
TBL  FOLLOW COLORED MARKERS FOR DESTINATIONS AS FOLLOWS:                       
     RED    TO MAJOR CITY                                                      
     GREEN  TO AIRPORT, OROURKE FIELD                                          
     BLUE   TO NEW YORK AND POINTS EAST AND SOUTH VIA ROUTE                    
            X-10                                                               
     PURPLE NORTH TO PLAIN CITY VIA RIVER ROAD                                 
     ORANGE NORTH TO PLAIN CITY VIA PLAINS ROAD                                
     BROWN  SOUTH TO SHUMLEY PARK VIA PLAINS ROAD                              
PAR  Sign 62 which may be located above the highway portion leading to entrance
      61, as shown, may read:
TBL  FOLLOW COLORED MARKERS FOR DESTINATIONS AS FOLLOWS:                       
     RED    TO MAJOR CITY                                                      
     GREEN  TO AIRPORT, OROURKE FIELD                                          
     BLUE   TO NEW YORK AND POINTS EAST AND SOUTH VIA ROUTE                    
            X-10                                                               
     ORANGE NORTH TO PLAIN CITY VIA PLAINS ROAD                                
     BLACK  SOUTH TO BENJAMIN PARK VIA RIVER ROAD                              
     BROWN  SOUTH TO SHUMLEY PARK VIA PLAINS ROAD                              
PAR  Sign 72 which may be located as shown above the highway portion leading to
      entrance 71 may read:
TBL  FOLLOW COLORED MARKERS FOR DESTINATIONS AS FOLLOWS:                       
     RED    TO MAJOR CITY                                                      
     GREEN  TO AIRPORT, OROURKE FIELD                                          
     SILVER TO ROCK CITY AND CAPITOL CITY, WEST AND NORTH                      
            VIA ROUTE X-9                                                      
     YELLOW TO MILVALLEY AND POINTS NORTH AND WEST VIA ROUTE                   
            X-10                                                               
     BLUE   TO NEW YORK AND POINTS EAST AND SOUTH VIA ROUTE                    
            X-10                                                               
     PURPLE NORTH TO PLAIN CITY VIA RIVER ROAD                                 
     ORANGE NORTH TO PLAIN CITY VIA PLAINS ROAD                                
     BLACK  SOUTH TO BENJAMIN PARK VIA RIVER ROAD                              
PAR  Sign 82 which may be located as shown above the highway portion leading to
      entrance 81 may read:
TBL  FOLLOW COLORED MARKERS FOR DESTINATIONS AS FOLLOWS:                       
     RED    TO MAJOR CITY                                                      
     GREEN  TO AIRPORT, OROURKE FIELD                                          
     SILVER TO ROCK CITY AND CAPITOL CITY, WEST AND NORTH                      
            VIA ROUTE X-9                                                      
     YELLOW TO MILVALLEY AND POINTS NORTH AND WEST VIA ROUTE                   
            X-10                                                               
     BLUE   TO NEW YORK AND POINTS EAST AND SOUTH VIA ROUTE                    
            X-10                                                               
     PURPLE NORTH TO PLAIN CITY VIA RIVER ROAD                                 
     BLACK  SOUTH TO BENJAMIN PARK VIA RIVER ROAD                              
     BROWN  SOUTH TO SHUMLEY PARK VIA PLAINS ROAD                              
PAR  The information embodied on each of the signs may instead of being embodied
      on one sign be embodied upon a plurality of signs. Thus, for each
      entrance, a portion of the information may be carried on a first sign, a
      portion on a second sign, a portion on a third sign and so forth, or there
      may be provided in addition to the signs described, each of which carries
      all of the information needed at each entrance, a plurality of subsidiary
      signs each repeating a portion of the information carried on the principal
      sign or there may be provided above or alongside the highway portion
      leading to an entrance two or three major signs each carrying on an
      appreciable portion of the information needed by the motorist prior to
      reaching the entrance, together with a plurality of subsidiary signs each
      repeating a minor portion of the information carried by one or another of
      the major signs. Any such sign may of course be located either partially
      alongside or partially above the highway portion from which it is to be
      observed.
PAR  The information on signs 2, 12, 22, 32, 42, 52, 62, 72 and 82 provides
      motorists entering the interchange from any of the nine entrances with the
      necessary information needed to follow appropriate markers which differ in
      color for each path marked.
PAR  It may be noted that all paths leading to a given exit may be distinguished
      by markers of the same color. Thus, all paths marked with markers which
      display the color grey to a vehicle traveling on said paths lead to exit
      3. All paths marked with markers thus displaying the color yellow lead to
      exit 13; all paths marked with markers thus displaying the color purple
      lead to exit 63; all paths thus displaying the color red lead to exit 43;
      all paths marked by markers thus displaying the color black lead to exit
      53; all markers thus displaying the color blue lead to exit 23; all paths
      marked with markers thus displaying the color brown lead to exit 73; all
      paths marked with markers thus displaying the color green, that is,
      displaying the color green to motorists traveling the paths marked with
      these markers, lead to exit 33; and all paths marked with markers thus
      displaying the color orange lead to exit 83. Thus
PAR  To understand the invention more thoroughly it should be understood that
      the term "path" as used herein does not refer to a highway portion per se
      in the sense that the term is used to refer to a path in a woods or to a
      path across a field. The term path is used herein to refer to the path
      traveled by a vehicle in space or by the major portion of the vehicle.
      Thus a path as used herein has the width of a vehicle traveling it. The
      bottom of the path corresponds to the bottom of the vehicle and is thus a
      little above the surface of the highway. The top of the path is defined by
      the roof of the vehicle and thus is located an appreciably greater
      distance above the surface of the highway traveled by the vehicle. thus a
      marker set into the surface of the highway in the center of a line
      traveled by the vehicle is vertically disposed with respect to the path of
      the vehicle and more specifically is located below the path of the
      vehicle. Likewise a marker suspended above the center of a lane traveled
      by the vehicle is also disposed vertically with respect to the path of the
      vehicle and more particularly is disposed above the path of the vehicle.
PAR  Markers in accordance with the invention are disposed vertically with
      respect to the vehicle paths provided in the interchange and thus may be
      inset into the pavement below the paths of the vehicles or may be
      suspended above the paths of the vehicles.
PAR  Markers in accordance with the invention display a color to motorists
      approaching them and preferably display such color during both night and
      day.
PAR  Thus as shown in FIG. 2 markers 100 may be inset into the surface of
      pavement 101 and may be provided with angled faces 102 adapted to reflect
      colored light, as indicated by rays 103, to the operator of an approaching
      vehicle 104. Such markers may be of plastic, metal, ceramic, glass or the
      like and may be made in accordance with such embodiments described in the
      patents listed above or modifications thereof as will provide the desired
      characteristics described hereinbefore and hereinafter.
PAR  In FIG. 3 there are shown markers 105 suspended above the surface of
      highway 106 and above the path traveled by vehicle 107. Markers 105 may be
      suspended from any suitable means such as from beam 108 which in turn is
      suspended above highway 106 by means not shown (for simplicity) and may be
      self-illuminated, that is, may contain lamps which emit light rays 109 in
      a direction observable by an operator of vehicle 107.
PAR  As shown in FIG. 4 a marker may be a layer of paint 110 on a highway
      surface 111 disposed to reflect colored light rays, as indicated by rays
      112, to the eyes of the operator of motor vehicle 113.
PAR  Thus the invention is not restricted to any particular type or material of
      marker, it being only necessary to the invention that the markers marking
      the path be disposed vertically with respect to the path, that is, either
      above or below it, and that they cause light rays of a preselected color
      to shine toward the eyes of the operator of a motor vehicle approaching
      the markers, either by reflection of sunlight or by reflection of light
      from the vehicle's head lamps or from lamps provided therewithin or in any
      other suitable way. As may be seen from a consideration of FIG. 4 it is
      not necessary that the faces of the markers be slanted toward vehicles
      approaching them, as they are in FIGS. 2 and 3, as long as the markers
      provide light of a desired color shining toward the oncoming vehicles.
PAR  In accordance with the invention the markers are disposed vertically with
      respect to the vehicle paths rather than alongside the paths for several
      reasons. A driver may readily, with an absolute minimum of angular
      movement of his eyes from the road directly ahead of him observe markers,
      either above or below his path. To shift his eyes to one side or the other
      in order to keep track of markers which he wishes to follow involves, or
      is likely to involve, greater head and eye movement, thus increasing the
      time during which his eyes depart from observing the road, vehicles he is
      following and vehicles around him and thus increasing the opportunity for
      accident and thereby the likelihood of accident.
PAR  Furthermore, in a complex intersection in which each path often involves a
      number of turns in both directions and may involve a number of junctures
      with and departures from other paths the difficulty of following a path is
      greatly increased if the markers are placed alongside. This is
      particularly true when a path crosses a highway, that is, when it is
      necessary for a driver to switch from a right hand lane to a left hand
      lane or vice versa in order to follow a path. Markers alongside are
      unsatisfactory and substantially inoperable and entirely unsuitable in
      accordance with the invention.
PAR  FIGS. 5 to 68 illustrate various patterns in which markers may be provided
      and shapes which individual markers may display to motorists approaching
      them.
PAR  As shown in FIG. 5 highway portion 35 comprises two lanes which marked with
      green markers. These may be long and rectangular as shown.
PAR  As shown in FIG. 6 the single lane connector at 40 may be marked with a
      green stripe in the middle.
PAR  As shown in FIG. 7 the single lane connector of which 87 is a portion may
      be marked with a single row of green markers having square shapes.
PAR  Just prior to exit 83, portion 85 of the two-lane highway leading to the
      exit may be marked as shown in FIG. 8 with a row of square orange markers
      in each lane and as shown in FIG. 9 portion 86 of a one lane connector may
      be marked with rectangular orange markers.
PAR  Each lane of the two-lane highway approaching exit 73 may be marked with a
      single row of round brown markers as shown in FIG. 10 and portion 39 of
      the connector shown in FIG. 11 may be similarly marked. Connector portions
      78 and 38 shown in FIGS. 12 and 13 may be marked respectively with a
      single row of rectangular orange and brown markers in the center of the
      lane.
PAR  At entrance 81 all traffic other than that destined for exit 73 should be
      in the right lane in order to exit into the connectors of which 40 and 37
      are portions respectively and therefore the left lane may most suitably be
      marked with a single row of brown markers in the center while the right
      lanes may most suitably be marked as shown with markers bearing the seven
      other colors corresponding to the seven other exits from the interchange.
      Since traffic which is to exit into the connector of which 40 is a part
      must exit first, it may be most suitable to provide such marking as a
      stripe on the right hand side. Thus a green marker stripe is provided as
      shown. The six other markers of other colors may be rectangular and may be
      provided as shown in two rows as shown in FIG. 14. Traffic in this lane
      which does not turn into the first exit should turn at the second exit
      into the connector of which portion 37 is a part. Through traffic may
      follow the path marked with long rectangular brown markers to exit 73. If
      desired a different pattern for the markers may be used as shown in FIG.
      15.
PAR  Highway portion 34 prior to entrance 31 may be marked as shown in FIG. 16
      with a single row of rectangular red markers in the left lane. A plurality
      of rectangular markers in staggered arrangement in two rows having the
      seven other colors corresponding to the seven other exits may be provided
      in the right lane. Since the path marked with brown markers turns right
      into the connector of which portion 39 is a part portion 36 as shown in
      FIG. 17 may be marked in much the same manner as FIG. 16 with the
      exception that brown markers do not appear in the right lane. Also the
      shape of the rectangles used and their arrangement may be different as
      shown.
PAR  In FIGS. 5-17 it is not intended to indicate that it is desirable that the
      shape and spacing of the markers be as different as is shown for the
      various portions shown. Thus the arrangements shown for the right lane in
      FIG. 14, 16 and 17 and for the single lane in FIG. 15 are alternate
      arrangements, any one of which might be used throughout the interchange.
PAR  Suitable markers may provide substantially pyramid-like portions extending
      above the surface of the pavement each of which has a slanting colored
      face presented toward oncoming traffic as shown for the green and orange
      markers in the two lanes of portion 76 shown in FIG. 18.
PAR  Since the paths for all traffic entering at entrance 71 lead into the
      connector of which 77 is a part, except for paths marked with orange and
      green, it is particularly suitable to provide at portion 74, as shown in
      FIG. 19, orange and green markers in the left lane and markers of both
      green and the other colors in the right lane, as shown, to readily
      distinguish the six paths indicated by the colors blue, black, grey,
      yellow, red and purple from the path indicated by green markers in the
      right lane, when the six aforementioned paths turn into the connector of
      which 77 is a part. It may be particularly suitable to provide the markers
      in the pattern shown. This same pattern may be advantageously followed in
      the connector of which portion 77 is a part, as shown in FIG. 20, to
      provide continuity. Since at portions 74 and 76, the path marked with
      orange markers leads to exit 83, this path for through traffic may more
      suitably be routed in the left lane as shown. By the time traffic reaches
      the portion 76, all traffic which is to exit right at the next available
      connector in order to reach interchange exit 33 should be in the right
      lane and therefore green markers no longer appear in the left lane. At
      portion 89, as shown in FIG. 20A, orange markers appear in the right lane
      because traffic following the orange path has just entered the main
      highway section from the connector of which 78 is a portion.
PAR  Since all traffic in one lane connectors at portions 29, 29' and 29" is
      headed toward exit 23, these portions may be marked with a single row of
      blue markers as shown in FIG. 21.
PAR  Since no blue-marked paths appear at portion 79 and all through traffic
      headed for Major City should be in the left lane at this point, portion 79
      may suitably be marked as shown in FIG. 22. The three lanes at portion 25
      may be marked as shown in FIG. 23.
PAR  It may be more suitable to provide a comparatively wide spacing between
      markers on connectors which carry only a single path (for example, at
      portions 29, 29', 29", 78, 39, 38, 87, 40, 86 and the like) since traffic
      at these portions has no alternative but to continue to follow the single
      lane provided and motorists at these portions have no further opportunity
      to make turns which would lead them to an undesired exit. Likewise the
      spacing of markers may suitably be greater in portions near exits such as
      portions 33, 75, 85, 25 and the like since vehicle operators in these
      portions are already inexorably headed for an exit and no longer have an
      opportunity to make any turn which would lead them to another exit.
PAR  Markers might indeed be omitted in such portions. But to provide a
      psychological "security blanket" to un-sure drivers to prevent 23A from
      slowing down when markers are no longer visible and yet the exit has not
      yet been reached, thereby to provide a desirable smooth flow of steadily
      moving traffic, and 10'" are is believed best to provide suitable markers
      in all lanes until the interchange exit is reached.
PAR  Markers of different colors may be provided in a single row of successive
      squares as shown for portions 30 in FIG. 2A or in a single row of
      adjoining squares or rectangles as shown for portions 23, 10 and 88 in
      FIGS. 24, 25 and 26. (Portions 10, 10',10" are shown in FIG. 25.)
PAR  In a single lane connector the paths of traffic which will continue in the
      same line after debauching from the connector may be indicated with square
      or rectangular markers adjoining, in a single row, as shown in FIGS. 27,
      28 and 29 for portions 9, 66 and 63 respectively, whereas markers for a
      path which is soon to diverge from the other paths may be provided in an
      adjacent row of spaced apart markers which may be square as shown in FIG.
      27 for a grey path or may be round or oval as shown respectively in FIGS.
      29 and 28 for blue paths. Similar marking may be used in the right lane of
      a two-lane portion as shown for portion 64 at entrance 61 in FIG. 30.
PAR  It may be here repeated that it is not suggested that the shape of the
      markers for a blue path follow a transition as indicated in FIGS. 30 and
      28, from round to oval. Rather these figures as well as many others are
      presented to illustrate that the markers may have a wide variety of shapes
      and may be disposed in any one of a great many patterns.
PAR  It is desirable and preferred that the same pattern and shapes be continued
      throughout the interchange, as discussed more fully hereinafter.
PAR  A relatively consistent pattern of marking is shown for portions 24, 26,
      26' and 26" FIGS. 31, 32, 33 and 34.
PAR  Instead of markers of the pattern and shape shown for path 26' in FIG. 33
      the markers for the connector of which it is a part may have the pattern
      and shape shown for portion 27 in FIG. 35 and by natural transition may
      have the shapes and patterns at portions 27' and 27" which are shown in
      FIGS. 36 and 37, respectively. Note that in FIG. 35 the provision of the
      markers for one path as a single row of rectangles on the left and the
      markers for three paths as a row of triangles on the right tends to
      suggest that these two rows might split, as the paths in fact shortly do.
      Likewise, as shown in FIG. 36, the arrangement of the triangular markers
      in a left row of two colors to mark two paths and a right hand row of one
      color to mark one path may suggest that the path indicated by the markers
      in the right hand row will bear right as in fact it does only a very
      little later. Another method of indicating a forthcoming divergence of
      paths by change of pattern is shown in FIG. 37 wherein the spacing of
      markers in one path is gradually changed to indicate an impending turn of
      this path. As shown in FIG. 38 the only paths which remain on portion 60
      are those marked with red and purple markers, the path marked with black
      markers having turned off to the right. Because another lane of traffic
      will shortly enter from the right and the lane marked with red is part of
      a path for through traffic headed toward Major City, it may be desirable
      to indicate that traffic in the right lane following a red marked path
      should move into the left lane. If desired, markers to indicate such a
      lane change may be more closely spaced than markers indicating mere
      continuance of a path in the same lane. And likewise markers indicating
      such lane change may suitably have a different shape, for example, being
      somewhat pointed in front as shown in FIG. 38.
PAR  Similarly as shown for portion 70 in FIG. 39, markers indicating lane
      change may be more closely spaced than markers indicating continuance of a
      path in the same lane; as indicated in FIG. 39, such spacing may be as
      well carried out with round shaped workers as with square, rectangular or
      triangular shaped markers.
PAR  Portions 6, 6', 6" and 6'" are shown in FIG. 39A. Portions 17, 19, 69, 59,
      58, 56, 55, 57, 67, 65, 45' and 45 are shown respectively in FIGS. 40, 41,
      42, 43, 44, 45, 46, 47, 48, 49, 50 and 51. FIGS. 39A-51 show various
      spacings and marker shapes; some are different from, some simialr to and
      some identical with some previously illustrated.
PAR  Portion 54 may be marked as shown in FIG. 52. By marking the right lane
      with triangular shaped markers arranged in the pattern shown, compact and
      easily recognizable marking is provided for the six paths to be located in
      the right lane while the left lane carries a single path of through
      traffic. A change of lanes for the purple path from the right lane to the
      left lane is particularly readily discernible since the triangular purple
      markers tend to appear to separate from the remaining triangular markers
      in the right lane in the manner in which a "zipper" separates and the
      distinction of the marking in the right lane prior to, during and
      following the lane change of the purple path is readily discernible. After
      the markers indicating the red path have similarly diverged into the
      connector of which portion 57 is a part, the lanes are marked as shown for
      portion 54' in FIG. 53. It may be observed that the marking in FIG. 53 is
      identical with that in FIG. 52 with the exception of the removal from the
      right lane of markers for the purple and red paths. The type of
      consistency represented by the difference between FIGS. 52 and 53 is
      desirable throughout the entire interchange.
PAR  Portions 47, 48, 49, 16, 18, 16', 15, 5, 4, 7 and 8 are shown respectively
      in FIGS. 54, 55, 56, 57, 58, 59, 60, 61, 62, 63 and 64. These figures,
      that is FIGS. 54-64, show a consistent pattern of marking wherein the
      markers appear as stripes or strips. Thus a red marked path is marked with
      a single strip-like marker such as a stripe of paint or with a plurality
      of individual rectangular or square markers presenting a continuous
      strip-like appearance to the eye. Where each lane carries from one to four
      paths, as shown, this is believed to be a most effective and successful
      pattern of marking. It is relatively easy for an operator to follow a
      continuous strip. However, where more than four paths are located in a
      single lane as is the case for portions 14 and 44 shown in FIGS. 65 and 66
      a plurality of strips may become difficult to follow. Possible solutions
      are indicated by providing combinations of disparate markers with strips
      as shown for portions 14 and 44 in FIGS. 65 and 66. Thus at entrance 12
      the center and left lanes which carry through traffic on blue marked paths
      may be marked with strip markers. The seven paths located in the right
      lane may be marked respectively from the right with a grey strip for a
      grey path which turns off to the right twice in immediate succession, then
      a row of purple and red markers and a row marked as a strip of black for
      three paths which turn off to the right with the grey path at its first
      turn but then bear left when it bears right, and finally a single row
      containing markers of three colors, orange green and brown, for three
      paths which continue in the same lane until the succeeding connector exit.
      As shown in FIG. 66, markers in the form of stripes may be utilized in the
      same roadway as markers having both rectangular and triangular shapes and
      thus some of the benefits of strip shaped markers may be combined with
      some of the benefits of triangular markers in the contiguous pattern
      discussed in connection with FIGS. 52 and 53. For example, the second lane
      from the right of portion 44 at entrance 41 carries four paths marked
      respectively blue, green, yellow and grey. Shortly after the entrance
      these paths split, the green and blue paths bearing right, the yellow and
      grey paths bearing left. Obviously if the grey and yellow strips are
      caused to bear left as a pair and the green and blue triangles are
      continued as a single row bearing right the divergence will be
      comparatively apparent to a vehicle operator. Similar striking change in
      pattern will be observed by an operator when the two paths marked with
      purple and black triangles on the right diverge from the center strip of
      contiguous orange, green and brown markers. Also the separation of the
      path indicated by the blue triangles on the left of the center strip of
      contiguous rectangular orange, green and brown markers will be readily
      apparent.
PAR  In complex interchanges such as that illustrated a situation is encountered
      which is not encountered in simpler intersections. Namely, a vehicle may
      be able to reach a given exit from a given entrance via two or even three
      or more different paths. Thus vehicles entering at entrance 1 destined for
      exit 43 may travel on Route X-9 without utilizing any connector. However,
      they also may utilize the connector of which portion 7 is a part headed
      and then the connector of which loop 30 is a part thence reaching exit 43
      on the east bound portion of Airport Road.
PAR  Traffic headed for the airport from entrance 1 would normally be expected
      to take the connector of which portion 10'" is a part but if a vehicle
      misses the turn onto this connector it may turn onto the connector of
      which portion 49 is a part and thence travel to the airport on the west
      bound portion of Airport Road. Likewise, vehicles from entrance 1 headed
      for either exit 53 or exit 63 may travel down the connector of which
      portion 7 is a part and take the loop of which portion 30 is a part,
      thence traveling east on the east bound portion of Airport Road and
      turning onto the connectors of which portions 56 and 58 respectively are a
      part to reach exits 53 and 63. But, alternatively, vehicles destined for
      these exits may travel on Route X-9 from entrance 1 to the connector of
      which 49 is a part. From the point at which this connector debauches onto
      the west bound portion of Airport Road, traffic heated for exit 63 may
      immediately bear right on the connector of which portion 67 is a part
      while traffic destined for exit 53 may turn right on the connector loop of
      which portion 69 is a part. Vehicles entering at entrance 21 headed for
      Major City must bear right on the connector of which portion 27 is a part
      but may then bear right on the connector of which portion 27' is a part to
      thence travel eastwardly to exit 43 on the east bound portion of Airport
      Road or may alternatively bear left on the connector of which 27" is a
      part and then right on the connector of which portion 19 is a part to
      travel to exit 43 on the east bound portion of Route X-9. Traffic headed
      for exit 3 from entrance 21 may bear right onto the connector of which
      portion 27 is a part and then left on the connector of which portions 27"
      and 6'" are parts to finally reach the connector of which 6' is a part and
      thereby reach exit 3 or may alternatively travel up Route X-10 until
      bearing right on the connector of which portion 9 is a part and thence
      bearing left on the connector of which portion 6" is a part to then join
      the other path coming up from the south.
PAR  Whereas the normal orange, green and brown paths extend south on the
      connector which 10'" is a part, alternates of these paths also extend down
      Route X-9 to the connector of which portion 49 is a part.
PAR  Any one of three policies for marking such alternates may be used. First,
      both alternates may be marked. Thus, this has been done throughout in the
      present instance except that brown and orange paths are not indicated
      along the east bound portion of Route X-9 to portion 48 and thence on the
      connector of which portion 49 is a part. Secondly, only one of the two
      alternate paths may be marked. In the present instance, this has been done
      only for the orange and brown paths leading from entrance 1 to the point
      at which the connector of which portion 10 is a part debaunches into the
      west bound portion of Airport Road. In other words, alternate routing for
      these two paths down Route X-9 to portion 48 and thence onto the connector
      of which portion 49 is a part is not shown. It may be mentioned in
      connection with the first policy that equal marking of the divergence,
      such as disclosed for the red path in traveling from the single lane
      connector at 27 respectively right and left to single lane connectors at
      27' and 27" may cause indecision on the part of an operator which may
      result in causing him to slow or even stop his vehicle. This is obviously
      likely to tend to increase the likelihood of accidents by reason of
      interruption of smooth traffic flow. A third policy is to mark a preferred
      path entirely from the entrance to the exit and then to start marking the
      alternate path following the turnoff of the preferred path so that
      vehicles which may have inadvertently missed the turnoff for the preferred
      path may follow the alternate path. If this latter policy is utilized, it
      may be most suitably effectuated by providing subsidiary signs alongside
      or above the lane in which the alternate path is marked, reminding
      motorists that though they may have missed a turn by failing to adequately
      follow the markers, they can still correct their mistake.
PAR  FIGS. 67 and 68 respectively show portion 46 and a modification of portion
      46 indicated as portion 46'. These figures indicate preferred embodiments.
      The marking of the right lane in FIG. 46 is similar in pattern, design and
      purpose to the marking of portion 74 shown in FIG. 19 and discussed in
      connection with portions 89 and 77 shown in FIGS. 20 and 20A. The marking
      of the left lane is a possible preferred form not shown in other figures
      wherein two shapes of markers appear in a single row. It may be most
      desirable to provide, for example, all green markers as squares, all blue
      markers as circles, all red markers as triangles, all yellow markers as
      rectangles, and the like; that is, each colored marker may well also have
      a distinctive shape. However, as shown in FIG. 68 it is not necessary to
      the invention that all markers for paths leading to one exit be different
      in color from all markers for paths leading to another exit. Thus the
      paths shown throughout the previously described figures as marked
      respectively with purple and black markers may be marked respectively with
      markers having the shape of the letter N colored purple and markers having
      the shape of an S colored purple so that all paths leading to River Road
      would be colored purple and paths leading to River Road exit 63 would be
      distinguished by being or having the shape of the letter N whereas paths
      leading to River Road exit 53 would be marked with markers having the
      shape of the letter S. Likewise, paths leading to Plains Road may be
      marked with N and S markers colored orange instead of with orange and
      brown markers respectively. Of course, any two shapes may be substituted
      for the letters N and S. Thus, squares may be used instead of the letter N
      and circular markers in place of the letter S. These may be utilized in
      connection with stripe-type markers as shown for the right lane green
      marker in FIG. 68. In the left lane of portion 46' shown in FIG. 68 is
      shown the use of circular markers colored blue which might be extended for
      all blue markers throughout the interchange and long rectangular markers
      colored green which might be extended for all green markers throughout the
      interchange.
PAR  As a further modification, the shape of all or some of the markers may be
      made that of numerals. In this case paths may be identified in part by
      color and in part by the shape of the markers, but identification and ease
      of following a given path may be eased by reason of markers being familiar
      numeric shapes rather than such geometric shapes as squares, triangles and
      the like. Accordingly FIG. 66A shows modification 44' of portion 44. Paths
      leading to exit 3 may be marked as in FIG. 66, with silver stripe markers.
      Paths leading to exit 13 may be marked with yellow markers having the
      shape of the numeral 2. Paths leading respectively to exits 23 and 33 may
      be marked with green markers each having the shape of 3 and blue markers
      each having the shape of 4. Paths leading to exits 53, 63, 73 and 83 may
      be marked with markers all having the same color (for example, black, as
      shown) and may have the shapes respectively of numerals 5, 6, 7 and 8.
      Thus, differentiation between markers to distinguish paths to various
      exits may be based on both shape and color, as for paths to exits 3, 13,
      23 and 33, and the group consisting of exits 53, 63, 73 and 83 or may be
      used on shape alone, as for paths to exits 53, 63, 73 and 83.
PAR  By use of shape and color in conjunction instead of by color coding alone,
      the number of colors required for an interchange may be reduced and
      thereby the use of colors which are not readily distinguishable such as
      for example purple and black, orange and brown, and the use of a color
      which is not readily distinguishable as a separate color (such as the
      color silver or grey) may be avoided or minimized.
PAR  Although it has been made clear that an appreciable variation in applying
      the invention falls within the scope of the invention it is nonetheless
      essential to the invention that all markers used to mark a single path be
      of like shape and color, that is, consistent in appearance. If, say, red
      triangles are chosen to mark one path or even all paths leading to a given
      exit, the spacing of these from one another may be different at different
      parts of the interchange and the size of the markers may be different at
      different parts of the interchange. Larger markers may be used where it is
      desired to particularly attract the attention of a motorist following a
      line of markers in order to make sure that he follows them through a
      certain turn or to indicate some special feature of the path, such as an
      impending turnoff. The shape of the markers may be altered for the same
      purpose. For example, triangles may be altered from equilateral to
      isosceles, circles may be altered to ovals, and squares altered to
      rectangles, where desired for accentuation. If may however be reiterated
      that though the size and pattern of markers marking a path may vary, it is
      essential to the invention that the shape and color be at least
      substantially consistent for all markers marking any given path.
PAR  It will be apparent to those skilled in the art that numerous modifications
      of the apparatus described may be made without departing from the intended
      scope of the description. For the purpose of accomplishing the above
      described objects the claims are intended to include such modifications as
      may be made within the limits defined by the claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. In a multilevel highway interchange having a plurality of paths, exits
      and entrances,
PA1  a multicolored stripe associated with each major path in the interchange,
PA1  the colors of said stripe being provided by marking means,
PA1  each of said colors corresponding to only one of said exits and each of
      said exits having a different color corresponding therewith,
PA1  said multicolored stripe having a colored stripe leading away therefrom in
      association with each path departing from said major path with which it is
      associated,
PA1  said colored stripe leading away from said major path being a multicolored
      stripe for each such path which may be followed toward more than a single
      exit,
PA1  said multicolored stripe having a colored stripe joining it in association
      with each path which joins said major path,
PA1  each entrance provided with sign means indicating the association of colors
      and exits.
NUM  2.
PAR  2. In the interchange of claim 1, the embodiment wherein said multicolored
      stripes are provided by a plurality of essentially continuous
      longitudinally extended strips of colored material.
NUM  3.
PAR  3. In the interchange of claim 1, the embodiment wherein said multicolored
      stripes are provided by a plurality of contiguous rectilinear sheets of
      colored material.
NUM  4.
PAR  4. In the interchange of claim 1, the embodiment wherein said multicolored
      strips are provided by a plurality of spaced apart marking members.
NUM  5.
PAR  5. In the interchange of claim 4, wherein said members are circular.
NUM  6.
PAR  6. In the interchange of claim 4, wherein said members have the form of
      numerals, a preselected digit being associated with each color.
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ABST
PAL  A road marker stud of cat's eye is made of a rubber housing and is to be
      adhered to the road surface. The housing is provided with surface channels
      or cavities which divide it into substantially independent flex zones.
PAL  At least one reflector element is housed in a side face of the housing, the
      side face extending parallel to one of the channels or cavities. The
      stresses of impacting wheels are thereby better accommodated.
BSUM
PAR  This invention relates to reflector studs. It is particularly concerned
      with housings for reflective devices and especially to reflective road
      marker studs such as may be used to indicate traffic lanes. Thus the
      invention is particularly concerned with a road marker stud adapted to
      accommodate static and dynamic pressures imposed by vehicle wheels without
      detriment to its reflective ability.
PAR  Prior art road studs or "cats eyes" comprising a heavy metal base and
      rubber and other components, are well known and have been in use for many
      years. They are, however, expensive, complex units which have to be
      installed in cavities cut into a road surface. It would, therefore,
      clearly be advantageous to provide a less complex unit which can be simply
      adhered to a road surface.
PAR  For several reasons, elastomeric materials (rubber) may be considered
      suitable for the manufacture of such adhesively-attached road studs. Such
      material can be formed relatively easily. It can be formulated to provide
      impact-and abrasion-resistance and it has inherent, shape-restoring
      ability. Rubber is, however, virtually incompressible and this factor
      places serious limitations on its use.
PAR  By way of example, a simple tile-like element of solid, vulcanized rubber
      composition and having relatively inflexible reflectors housed in or
      adhesively-attached to one or more faces may be considered appropriate for
      use as a road-marking stud. However, a stud of this type would probably
      fail to provide continued reflection under conditions of continuous
      deflection and recovery.
PAR  In very general terms, although rubber is incompressible it is frequently
      easily deformable. Thus, under load, the volume of a rubber unit will
      remain practically constant while its shape may be significantly altered.
      On removal of the load, the rubber unit will return in its original shape.
      In the case of a road stud of the type discussed in the preceding
      paragraph, deflection and recovery would have at least two adverse
      effects:
PA1  1. Stresses would be transmitted to the stud/road interface, leading to
      eventual failure of the bond and separation of the stud from the road
      surface.
PA1  2. Stresses would similarly be transmitted to the reflector housing or
      interface, this leading to eventual separation of the relatively rigid
      reflector from the housing.
PAR  The present invention aims to overcome the difficulties by elastomeric road
      stud housing adapted to accommodate deformation or displacement under load
      without loss of bond strength to a road surface and without ejection of a
      reflector. This can be achieved by introducing discontinuity in the mass
      of a road stud/housing, i.e. the rubber matrix, said discontinuity serving
      to divide the housing into zones.
PAR  Accordingly the invention provides a reflector stud to be adhered to a road
      or other surface, comprising a housing of elastomeric material divided, by
      means of channels in its surface or cavities extending within its body,
      into zones which can flex or deform substantially independently of each
      other, the housing having at least one side face extending substantially
      parallel to one of said channels or cavities and containing a location for
      a reflector element. Such provision permits the flexure of individual
      zones thus reducing stress accumulation and modifying the angle of impact
      of say a wheel, so as to reduce the intensity of impact forces. Thus, for
      example, the rubber body of the housing can be moulded, or otherwise
      produced, with cut-out areas or cavities in the faces or in the body of
      the housing. In one embodiment, therefore, the resilient body of the
      housing is provided with channels in one or more faces. The channels are
      preferably in the face opposite to that to be in contact with the road. As
      indicated above, in another embodiment, the discontinuities may be within
      the body of the housing in the form of cavities. The cavities may be
      completely or partially emclosed. If desired a combination of facial
      channels and body cavities may be used.
PAR  The reflector portion of the housing may be any conventionally-used
      reflector and may be incorporated in the housing by known techniques. It
      may for example be adhered in a suitable recess and/or mechanically held
      in a lipped recess.
PAR  The housing preferably has two substantially parallel main surfaces, one of
      which is to be adhered to the road and the other, i.e. upper surface may
      contain the channels. Such an arrangement is not essential, however, and
      the upper surface may, for example, have a curved aspect.
DRWD
PAR  The invention is further illustrated with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a perspective view of a known type of solid rubber road stud;
PAR  FIG. 2 is a section along line AA of FIG. 1 and showing the initial impact
      of an impingeing wheel;
PAR  FIG. 3 is a similar view to FIG. 2 but showing the wheel impact at a later
      stage;
PAR  FIG. 4 is a perspective view of one form of road stud of the present
      invention;
PAR  FIG. 5 is a section along line BB of FIG. 4 and showing the initial impact
      of an impingeing wheel;
PAR  FIG. 6 is a similar view to FIG. 5 but showing the wheel impact at a later
      stage;
PAR  FIG. 7 is a perspective view of another form of road stud of the present
      invention;
PAR  FIG. 8 is a perspective view of yet another form of road stud of the
      present invention; and
PAR  FIG. 9 is a perspective view with parts cut away of a further form of road
      stud of the present invention.
DETD
PAR  The stud of FIG. 1 comprises a rubber housing 10 having in one outer
      surface (side surface) a recess 11 containing a reflector element 12. The
      reflector element may conveniently comprise a strip of relatively rigid
      material containing glass prisms or other reflective media.
PAR  This stud is shown in section in FIG. 2 where it is shown attached to a
      road surface 13 by means of an adhesive layer 14. An impingeing vehicle
      wheel is shown at 15. Under the pressure exerted by the vehicle wheel,
      deformation of the stud occurs and this is realized as a wave, or bulge in
      advance of the contact area. This wave effect is indicated at 16. As
      deformation continues, the stresses accumulate within the stud.
PAR  FIG. 3 illustrates, in exaggerated form, the effect of the stress
      accumulation at a latter stage. It will be noted that the reflector recess
      11 and the adjacent surface 17 have assumed a curved configuration. It
      will be apparent that the ability of the recess to retain the reflector
      12, whether by adhesive or other means, is considerably reduced as a
      result of the induced curvature. The effect of deformation on the bond
      between stud and road is also shown in the drawing where the curvature
      creates stresses at the external bond line.
PAR  FIG. 4 is a perspective view of a road stud according to the present
      invention. The stud comprises a rubber housing 18 and a reflector element
      19 in a recess 20. Housing 18 is however provided with transverse channels
      21 and 22 in its upper surface which substantially divide the housing into
      three zones 24, 25 and 26.
PAR  In FIGS. 5 and 6 the stud of FIG. 4 is shown in section and adhered to a
      road surface. FIG. 5 shows the early stage when the stud is under pressure
      exerted by an impingeing vehicle wheel 27. The sutd is adhered to a road
      surface 28 by an adhesive layer 29. Zone 26 of the stud is deformed as a
      result of the applied pressure, causing a narrowing of the channel 22. The
      stresses are substantially contained within Zone 22 and do not accumulate
      within the mass of the housing.
PAR  FIG. 6 shows the section of the stud at a later stage where Zones 24, 25
      and 26 are all under load from wheel 27. This results in the narrowing of
      channels 21 and 22, but causes substantially no deformation of the
      reflector-containing surface 30. The discontinuity caused by the
      transverse channels has reduced the stress accumulation to a negligible
      level, and so modified the angle of impact of a vehicle wheel as to cause
      little or no deformation to the reflector-containing surface and the
      stud/road interface.
PAR  (It will be apparent that a road stud of the present invention may contain
      more than one reflective element. Commonly a road stud will have two such
      elements, contained on opposite faces. For such usage a housing of the
      type shown in FIG. 4 will be suitable.)
PAR  FIG. 7 is a perspective view of another form of road stud of the invention.
      This road stud has four circular reflective elements 31 (two of which are
      shown), each element being located in a recess 32 one recess being in each
      of side faces 33 of the stud. The stud has two pairs of parallel
      intersecting channels 34, 35 and 36, 37 in its upper surface. Each channel
      intersects both of the channels of the other pair at right-angles, thereby
      providing nine independent stress zones 38.
PAR  FIG. 8 shows a further modified stud of the invention having a triangular
      planshape. It has three reflective elements 39 (one of which is shown) of
      rectangular shape. Each element is located in a suitable recess 40 in each
      side face 41 of the stud housing. Three channels 42, 43 and 44 extend
      across the upper surface of the stud, one channel being parallel to each
      side face. The channels intersect to provide seven independent stress
      zones 45.
PAR  In the case of both studs (of FIGS. 7 and 8) stress accumulation is avoided
      and the impact angle caused by impacting wheels is modified by the
      provision of stress-interrupting channels which serve to divide the stud
      housing into substantially separate zones. (Clearly the provision of
      circular or rectangular or other shaped reflective elements is a matter of
      choice and those of FIGS. 7 and 8 for example could be exchanged or even
      mixed.)
PAR  As indicated above, it may be preferable to provide a stud having an
      uninterrupted upper surface. In such cases, zone-defining channels may be
      provided in the body of a stud housing. Such an arrangement is shown in
      FIG. 9. This stud comprises a rubber housing 46 of the same general shape
      as that of FIG. 1. The housing has a rectangular reflector element 47 in a
      recess 48 in one of its faces. The upper surface 49 of the housing is
      smooth and uninterrupted. The zone-defining discontinuities are in the
      form of continuous cavities 50 extending through the body of the road stud
      housing.
PAR  In all of the embodiments described above, the housing is preferably made
      from an elastomeric composition containing protective ingredients to
      impart resistance to abrasion, ageing, ozone and other destructive
      effects. Such compositions are well known in the art. The housings are
      preferably formed by an injection moulding process and are preferably
      unitary mouldings. The elastomeric composition may, for example, have a
      vulcanized hardness of about from 60.degree. to 95.degree. International
      Rubber Hardness Degrees (I.R.H.D.) preferably from 85.degree. to
      90.degree. I.R.H.D. This hardness has been found by trials to be suitable
      for the application but it is obviously not a limiting factor -- and may
      in fact be adjusted to meet differing conditions.
CLMS
STM  Having now described our invention what we claim is:
NUM  1.
PAR  1. A unitary reflector stud housing of elastomeric material of a hardness
      from 60 to 95 I.R.H.D. and having a substantially flat under surface to be
      adhered to a road surface, channels in said housing in the surface
      opposite to said flat under surface dividing the housing into zones which
      can deform substantially independently of each other, said housing having
      at least one side face extending substantially parallel to one of said
      channels, said side face containing a location for a reflector element.
NUM  2.
PAR  2. A reflector stud having according to claim 1, in which the surface which
      is to be adhered to the road surface is substantially parallel to the
      surface which contains said channels.
NUM  3.
PAR  3. A reflector stud having according to claim 1, in which the location for
      the reflector element is a lipped recess.
NUM  4.
PAR  4. A reflector stud having according to claim 1, which is formed from an
      elastomeric composition having a hardness of from 85 to 90 I.R.H.D.
NUM  5.
PAR  5. A reflector stud comprising a housing which is of elastomeric material
      of a hardness of 60 to 95 I.R.H.D. and having a substantially flat under
      surface to be adhered to a road surface, said housing being divided by
      means of channels in said housing in the surface opposite to said flat
      under surface into zones which can deform substantially independently of
      each other, said housing having at least one side face extending
      substantially parallel to one of said channels, said side face containing
      a location for a reflector element, and a reflector element mounted
      therein.
NUM  6.
PAR  6. A reflector stud according to claim 5, in which the surface which is to
      be adhered to the rod is substantially parallel to the surface which
      contains said channels.
NUM  7.
PAR  7. A reflector stud according to claim 5, in which the location for the
      reflector element is a lipped recess.
NUM  8.
PAR  8. A reflector stud according to claim 5, in which the housing is formed
      from an elastomeric composition having a hardness of from 85 to 90
      I.R.H.D.
NUM  9.
PAR  9. A reflector stud according to claim 5, in which the reflector element is
      a strip of rigid material containing reflective media.
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PAL  The method for texturing concrete comprises pouring uncured concrete into a
      form or upon a supporting surface troweling the concrete to a relatively
      smooth surface, and moving a texturing pad across the surface. The
      texturing pad comprises a backing material and a plurality of tufted
      clusters arranged in a matrix of rows. The clusters each comprise a base
      attached to the downwardly presented surface of the backing material and a
      plurality of blades extending downwardly therefrom to engage the concrete
      while moving there across. Each of the tufts is formed from a plastic
      material and is of unitary construction.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method for texturing concrete surfaces. In
      paving of highways and roads, it is necessary to texture the surface of
      the paving so as to provide a non-skid surface for vehicles. The texturing
      should be sufficiently rough to provide a good non-skid surface, but
      should not interfere with the operation of the vehicle. Furthermore, it is
      desirable that the textured surface not wear away in a short time but have
      substantial durability.
PAR  Various methods have previously been used to texture the surface of
      highways. One prior method for texturing concrete is to drag a wire brush
      with wire tines across the surface of the concrete. This method however
      has the disadvantage of tearing out the aggregate in the concrete and it
      also makes long grooves which are undesirable. These grooves made by wire
      tines can have an effect similar to that encountered with streetcar tracks
      in a street. The grooves tend to make steering of the vehicle difficult.
PAR  Burlap has also been used to texture concrete. The problem with burlap is
      that it becomes matted with the concrete and must be cleaned often or
      replaced.
PAR  A combination of burlap with nails extending therethrough has also been
      used. However, the nails create grooves similar to those created with the
      wire brush tines, and therefore this method has been found undesirable.
      Indoor and outdoor carpeting have also been used, but these materials
      become matted quickly and are therefore undesirable.
PAR  The present invention utilizes a plastic artificial grass material
      manufactured by Monsanto, 800 North Lindberg Boulevard, St. Louis, Mo.
      63166. The product is manufactured under the trademark "AstroTurf." The
      grass material is moved or dragged across the surface of the concrete with
      the grass material being downwardly presented. The material is
      self-cleaning and does not become matted as with other types of carpet.
      The material drags in a straight line and does not "fish tail" as it is
      being dragged across the concrete. It does not make undesirable grooves,
      but the individual blades of the grass wiggle to make an irregular
      textured pattern which provides a good high-friction surface for vehicles.
      There is no need to place weights on the material as it is being dragged
      across the concrete, and the blades of grass do not tear out the aggregate
      in the concrete as with the wire tines presently being used. The textured
      surface which is created by this method also appears to be more durable
      than previous textured surfaces.
PAR  Therefore, a primary object of the present invention is the provision of a
      method which will create a texture for concrete surfaces.
PAR  A further object is the provision of a method which utilizes a texturing
      device which does not mat and cleans easily.
PAR  A further object of the present invention is the provision of a method
      which utilizes a texturing device which frags in a straight line and does
      not fish tail.
PAR  A further object of the present invention is the provision of a method
      which does not result in undesirable grooves which might give a "street
      car rail" effect to vehicles driving on the surface.
PAR  A further object of the present invention is the provison of a method which
      utilizes blades which wiggle to make an irregular pattern during the
      texturing process.
PAR  A further object of the present invention is the provision of a method for
      texturing surface which requires no weights being placed on the texturing
      device.
PAR  A further object of the present invention is the provision of a method
      which does not tear out the aggregate during the texturing process.
PAR  A further object of the present invention is the provision of a method
      which textures concrete and results in a more durable texturing which will
      not wear away in a short time.
PAR  A further object of the present invention is the provision of a method
      wherein uniform texture is obtained across the entire contour of the
      paving surface including low spots, curves, or slopes in the surface.
DRWD
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a pictorial view illustrating the use of the pad for texturing a
      concrete surface.
PAR  FIG. 2 is a detailed pictorial view of the structure of the pad used for
      the present method.
PAR  FIG. 3 is a detailed pictorial view of one tuft or cluster on the mat used
      for the present method.
PAR  FIG. 4 is a section of view taken along line 4--4 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the method of the present invention is illustrated in
      its simplest form. A pair of concrete forms 10 enclose some freshly poured
      concrete 12. Prior to the texturing process the concrete is troweled to a
      relatively smooth surface in conventional manner. This step in the process
      has not been shown in the drawings inasmuch as such troweling is
      conventional and well known in the art.
PAR  After the concrete has been troweled, a texturing pad 14 is moved or
      dragged across the surface of the concrete so as to impart the texture
      thereto. FIG. 1 illustrates the texturing pad in its simplest form having
      a looped handle 16 which may be pulled manually to create the texturing
      surface. However, pad 14 will work equally well when secured to the
      rearward end of a paving machine. Furthermore, while pad 14 is illustrated
      as being drawn longitudinally with respect to forms 10, the pad will
      function equally as well for non-highway usage if pulled laterally across
      the concrete with respect to the longitudinal direction of the forms.
      Handle 16 is secured to a two by four board which in turn is secured to
      one end of pad 14. The length a of pad 14 dragging behind board 18 may
      vary without detracting from the invention. However, a length of three
      feet or less has been found satisfactory. Furthermore, the width may be
      varied to accommodate the width of the highway being paved.
PAR  The mat for texturing the concrete for use with the present invention is an
      artificial turf material manufactured by Monsanto, a company in St. Louis,
      Missouri. The product is marketed under the trademark AstroTurf and is
      designated by the product code "CH-4." FIGS. 2-4 illustrate the structure
      of this material.
PAR  A backing material 20 is comprised of a secondary substrate 22, a primary
      substrate 24, and a molded facing material 26. Secondary substrate 22 is a
      spun nylon fabric laminated to the back of the base. Primary substrate 24
      is a mesh woven nylon scrim fabric imbedded into the back of the molded
      facing material. Molded facing material 26 is a molded polyethylene
      material. It comprises a lattic network of polyethylene strips 28, 30
      which criss cross in a lattice-like fashion. A plurality of tufted
      clusters 32 are molded into facing material 26 in the spaces between
      strips 28, 30. Strips 28, 30 and tufted clusters 32 are fused together so
      as to be of unitary construction.
PAR  Each cluster 32 comprises a base 34 having an aperture 36 extending
      therethrough so as to permit moisture to pass through backing material 20.
      Extending upwardly in a circular array around base 34 are a plurality of
      blades 38. Blades 38 are approximately seven-eighths of an inch long, have
      a width of approximately one-sixteenth of an inch and have a thickness of
      approximately one thirty-second or one sixty-fourth of an inch. While
      these dimensions may be varied without detracting from the invention, it
      has been found that these dimensions of the blades work satisfactorily.
PAR  Each blade is bent intermediate its length so that it deviates from a
      straight line as it extends upwardly from base 34. This bent configuration
      of each blade 38 creates a non-uniform array of blades extending upwardly
      from tufted clusters 32. Consequently, the pile created by blades 38 does
      not have a uniform grain to it. This grain may be illustrated by placing a
      drinking glass on top of the surface and depressing it slightly. The
      various blades pressing against the bottom of the glass will fold in a
      plurality of directions with the pad of the present invention. If this
      test is applied to many carpet materials, it will be observed that most
      carpets will fold uniformly in one direction.
PAR  This irregular grain in the blades of pad 14 is believed to contribute to
      the proper texturing of the concrete inasmuch as the blades wiggle in a
      plurality of directions as they are being dragged across the surface of
      the concrete. While each tufted cluster 32 includes eight blades, the
      number of blades to each cluster and the respective distances between the
      clusters may be varied without detracting from the invention.
PAR  When the pad of the present invention is utilized, it requires little or no
      cleaning. It does not fish tail and it does not make undesirable grooves
      in the concrete. The individual blades wiggle to irregular patterns and
      there is no need for placing weight on the pad as it is being dragged
      across the concrete. The blades do not tear out the aggregate, but merely
      create a texture in the top of the surface which is believed to be very
      durable.
PAR  One problem encountered with prior art devices is the difficulty in
      obtaining a uniform texture throughout the contour of the paving surface.
      Often the paving surface includes low spots, small rises or humps, slopes,
      or curves which are difficult to texture uniformly. Many prior art devices
      gouge deeper grooves in the humps of the contour and often leave the low
      spots completely untextured. Furthermore, on curves of the highway, there
      is often a slope to the surface which results in uneven texturing. Prior
      art texturing devices often gouge one side of a sloped surface and leave
      the other side partially untextured. The pad of the present invention,
      however, seems to seek out low spots and rise uniformly across the surface
      of the paving regardless of the contour thereof. Consequently, the
      resulting texture is uniform regardless of whether or not there are
      slopes, low spots, or raised humps. Thus it can be seen that the device
      accomplishes all of its stated objectives.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for texturing concrete for use as a supporting surface for
      vehicle travel, comprising:
PA1  pouring uncured concrete on a supporting surface area, troweling said
      concrete to the approximate desired surface configuration,
PA1  dragging a texturing pad over the surface of said concrete in the normal
      direction of travel of vehicles on the resulting supporting surface, said
      texturing pad comprising a planar flexible sheet of backing material and a
      plurality of downwardly presented tufted clusters arranged in a matrix of
      rows and extending downwardly from said backing material; said clusters
      each comprising a base attached to the downwardly presented surface of
      said backing material and a plurality of blades extending downwardly
      therefrom in a circular array around said base to engage said concrete
      while moving thereover, each of said clusters being formed from a plastic
      material, each of said blades being bent intermediate its ends and being
      flexible so as to deflect irregularly in a plurality of directions whereby
      said plurality of blades create nonuniform marks in said concrete while
      being dragged thereover.
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ABST
PAL  A concrete finishing tool has a detachable accessory secured to float
      member of the tool, the accessory including an elongated concrete member
      extending in the direction of movement of the float member, and structure
      is employed for securing the elongated member at opposed edges of the
      float member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The structure according to the present invention finds particular use in
      the finishing of large areas such as Portland cement concrete driveways
      which are ordinarily provided with a fine brush finish. In order to
      provide joints of weakness in the finished slabs the concrete is allowed
      to set up to a condition where wooden planks may be laid thereon for
      support of a finisher who manipulates a jointing tool for such purpose.
      Such operations take an inordinate amount of time and are extremely
      costly.
PAR  According to the present invention the surface of the concrete is finished
      by a long handled float, known in the trade as a bull float, and after
      being properly finished the float has affixed thereto a rigid elongated
      member which, when the float is manipulated, describes a line of weakness
      in the yet unset concrete. The member is part of an accessory which can be
      readily secured to or removed from the float.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is an isometric view showing an improved concrete float according to
      the present invention;
PAR  FIG. 2 is a side view thereof;
PAR  FIG. 3 is a top view thereof; FIG. 4 is a section taken along the line 4--4
      of FIG. 2 looking in the direction of the arrows;
PAR  FIG. 5 is an elevational view looking at the long edge of the float;
PAR  FIG. 6 is a section taken along the line 6--6 of FIG. 1 looking in the
      direction of the arrows; and
PAR  FIG. 7 is a plan view of a concrete slab which has been finished by the
      float of FIG.
DETD
PAR  The improved float is denoted by the reference number 10 and consists of a
      float member FM manipulated in a to and fro direction over a freshly laid
      and screeded concrete surface CS seen in FIG. 7. Float member FM is
      mounted at the lower end of a long handle 11, it being pivotally connected
      at 12, 12A to an abutment 13 secured in any convenient fashion to the
      upper surface of float member FM. As seen in FIGS. 5 and 6 float member FM
      is curved slightly along a longitudinal axis as denoted by LC and along a
      transverse axis as denoted by TC for a purpose as is well known.
PAR  The use of the structure thus far described is well known, being for
      compacting and smoothing of the freshly laid and screeded concrete
      surface. Desirably, and before the surface has completely set, the surface
      should be provided with intersecting lines of weakness LW for controlling
      the direction of cracking in the cured slab.
PAR  Accordingly, the float 10 is provided with accessory 15 capable of being
      detachably secured to float 10 and capable of scoring or grooving the
      surface CS with lines of weakness LW.
PAR  Accessory 15 includes a rigid elongated surface engaging emember 16 bowed
      upward at its forward end as at 17 and at its rearward end 18. Member 16
      is preferably formed with a V transverse cross section as seen in FIG. 4.
PAR  Structure is provided for detachably securing accessory 15 to float member
      FM and a plate 19 extending in a horizontal plane is welded to member 16,
      plate 19 having an upward extending plate 21 integral therewith to define
      with member 16 a jaw 22 engaging the forward edge of float member FM. An
      adjustable jaw is adapted to engage the rear edge of float member FM and
      is connected by a swivel joint 26 to an adjusting screw 27 threaded into
      an eye 24 at the upper end of an arm 23 secured to the upper side of
      member 16 and extending upward therefrom. A handle 28 at the end of screw
      27 is turned to exert pressure against jaw 25 to hold float member FM
      between jaws 25 and 22.
CLMS
STM  I claim:
NUM  1.
PAR  1. A concrete finishing tool comprising
PA1  a. a float member having an elongated element secured thereto for
      manipulating said float member to and fro in compacting and finishing the
      surface of a concreted area;
PA1  b. means secured to said float member after the same has completed the
      compacting and finishing operations for describing lines of weakness in
      the concrete surface for controlling the direction of cracks formed in the
      concreted area upon subsequent use thereof, said means comprising:
PA1  c. a rigid elongated surface engaging member deforming the surface of said
      concreted area before the curing of same;
PA2  1. said member having a length which is much greater than the width of said
      float member and having upturned ends for causing said member to ride
      smoothly on said surface in deforming the same;
PA1  d. means for detachably mounting said member to a side of said float member
      comprising an element bearing along one edge of said float member and a
      second element bearing along an opposed edge of said float member;
PA1  e. means extending between said elongated member and said second element
      for exerting pressure against said second element to hold said float
      member between both of said elements with said elongated member held in
      position with reference to said float member.
NUM  2.
PAR  2. A finishing tool according to claim 1 wherein said elongated member has
      a V cross-section transversely thereof.
NUM  3.
PAR  3. A finishing tool according to claim 1 wherein said last named means
      includes an adjustable screw.
NUM  4.
PAR  4. An accessory for a concrete finishing tool of the type comprising a
      float member adapted to be moved to and fro over a concrete surface, said
      accessory forming lines of weakness in the concrete surface for
      controlling the direction of cracks in the cured concrete and comprising:
PA1  a. a rigid elongated surface engaging member for deforming the surface of
      said concrete and extending in a direction corresponding to the direction
      of movement of said float member;
PA1  1. said surface engaging member having a length which is much greater than
      the width of said float member and extending in a forward and rearward
      direction, and
PA1  2. having upturned ends for causing said surface engaging member to move
      smoothly over said surface;
PA1  b. means for securing said member to an edge of said float member
      comprising a jaw secured to said surface engaging member and in detachable
      engagement with an edge of said float member;
PA1  c. a movable jaw secured to said elongated member and in detachable
      engagement with an opposite edge of said float member;
PA1  d. and means for urging said movable jaw against said opposite edge to hold
      said accessory in place to said float member.
NUM  5.
PAR  5. An accessory according to claim 4 wherein said surface engaging member
      has a transverse section in the form of a V.
NUM  6.
PAR  6. An accessory according to claim 4 wherein said last named means includes
      an adjustable screw.
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ABST
PAL  A slip form or mule for continuously laying concrete along the contoured
      side wall and top edge of a drainage ditch. The slip form is affixed to or
      pivotally mounted from the side of a construction machine that travels
      along the top side of the ditch. An integral open-bottomed sloping hopper
      feeds concrete to the slip form which has an adjustable top wall extension
      and an extendable end wall and sides that simultaneously adjust and are
      guided on the top slanted wall of the slip form to form a concrete slab of
      different widths. The frame also supports a trailing screed that is
      pivoted from and supported by one or more biased bell cranks and canted
      toward the slope of the ditch side. The hopper has a series of adjustable
      weirs and vibrating means to spread and consolidate the concrete before
      the front opening of the slip form. The top inside wall of the slip form
      and back bottom wall of the hopper may also be pivoted about a
      longitudinal axis to maintain the inside wall of the slab vertical as the
      height of the slip form is varied.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known in the art to line canals and ditches with concrete, using a
      front bulkhead and a rear troweling skirt which is moved longitudinally
      along the excavation as the machine progresses and as concrete is poured
      between the bulkhead and the skirt. Concrete is supplied by a traversing
      conveyor which moves across the machine from a supply. The concrete pours
      down through a plurality of treemie tubes upon the graded surface. A
      single cross conveyor or a skip car can also be used to transfer concrete
      from the supply to the opposite sides of the slip form. Various forms of
      concrete consolidating structures are disclosed in the art including a
      forward bulkhead which is mounted on an eccentric to provide oscillation
      and thus compaction of the concrete to the desired degree. These tools are
      suspended from a frame that extends across the canal and is supported by
      endless tracks at each end that run along the top of the canal banks.
PAR  These machines provide limited adjustment for various sizes of canals or
      ditches and include adjusting means that operate vertically to vary the
      depth of the slab. Some systems employ a continuously moving screed or
      traveling pan to smooth the concrete to the desired surface configuration
      which tools are carried on an endless chain between a pair of transversely
      spaced sprockets. Those machines which provide vertical adjustment of the
      screed and trowel depend on complicated linkages, usually of the
      parallelogram and articulated frame configurations to provide this
      function. Machines of this nature are custom made for canal and ditch work
      where large spans are required and there is little or no variation in the
      contour of the graded ditch.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention the problem of accurately and rapidly
      laying a conforming layer of concrete over a contoured sloping surface
      such as a drainage ditch is overcome. A combined spreading hopper and slip
      form is suspended from the side of a construction machine, having finite
      grade and slope control, whereby the machine can run on a substantially
      level surface and deposit the continuous contoured slab of concrete
      therealong. The rear wall of the open-bottomed contoured hopper is
      vertically off-set and extended to the rear to form the slip form of like
      contour. These parts are adjustably disposed above the side of the graded
      drainage ditch. The hopper has an adjustable end wall as well as well as
      adjustable upright spaced weir plates to define transverse compaction
      zones therein. The end wall of the hopper is carried by a sliding plate
      which rests upon the top of the slip form in guided relationship. A pair
      of extensible members operating in unison move the hopper end wall and the
      sliding plate laterally to accommodate changes in the width of the ditch
      side wall. The trailing screed pivots transversely and adjusts laterally
      to smooth the slab at the off set created by the extension of the sliding
      plate over the edge of the slip form. This member is canted to move the
      concrete laterally up the slope of the ditch side wall. The rear edge of
      the slip form and the front edge of the trailing screed have upturned,
      converging spaced walls and being offset, the latter supplies any excess
      concrete to fill the offset.
PAR  The instant invention provides a tool that can be used with a smaller
      transport carriage, such as an ordinary curb and gutter machine and is
      capable of successfully applying a continuous concrete slab along the top
      edge and sloping sides of the graded ditch. Means are provided to adjust
      the width of the sloping wall, the depth of the slab and insure even slab
      thickness regardless of irregularities in the graded surfaces. The tool of
      this machine attaches to the side of the transport carriage and under a
      side frame extension thereof in such a manner as to be in full view of the
      operator of the machine. Any differences in the width of the sloping wall
      are immediately compensated for by the adjustable hopper which carries
      with it an adjustable sliding plate that slides on top of the main fixed
      screed. The main screed may be relatively fixed and manually adjusted or
      automatically adjusted by a pair of longitudinally spaced extensible
      members attached between the side frame extension and the top of the main
      screed plate. Provision is made for coplanar reciprocation of the
      adjustable screed plate and the trailing edge of the finishing screed,
      which automatically compensates for and functions to smooth out the offset
      in the concrete slab along its bottom ragged edge.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Illustrative embodiments of the invention are shown in the drawings
      wherein:
PAR  FIG. 1 is a fragmentary side elevation of the drainage ditch slip form of
      this invention shown attached to side of a curb and gutter machine;
PAR  FIG. 2 is an elevational view of the hopper-slip form combination taken
      along the lines 2--2 of FIG. 1 with the hopper walls in section;
PAR  FIG. 3 is a fragmentary cross-sectional view taken along the lines 3--3 of
      FIG. 2;
PAR  FIG. 4 is an elevational view of the main slip form and hopper side wall
      combination partially cut away to show the relationship of the parts;
PAR  FIG. 5 is a side view taken along the plane of the lines 5--5 of FIG. 4;
PAR  FIG. 6 is an elevational view of the adjustable skirt and hopper end wall
      combination;
PAR  FIG. 7 is a fragmentary perspective view of the inner side of the slip form
      with the trailing screed detached;
PAR  FIG. 8 is a fragmentary cross-sectional view taken along the lines 8--8 of
      FIG. 7;
PAR  FIG. 9 is a fragmentary cross-sectional view taken along the lines 9--9 of
      FIG. 7 showing the longitudinal pivot action of the slip form and hopper;
PAR  FIG. 10 is a fragmentary cross-sectional view taken along the lines 10--10
      of FIG. 2;
PAR  FIG. 11 is a fragmentary cross-sectional view taken along the lines 11--11
      of FIG. 2; and
PAR  FIG. 12 is a fragmentary cross-sectional view taken along the lines 12--12
      of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, particularly FIG. 1, initially, a portion of the
      curb and gutter machine 10 is shown to include its main frame 12, one of
      the vertically adjustable support member 14 affixed to the saddle mount 16
      which is pivotally mounted by means of the pin 18 to the endless track
      unit 20.
PAR  This machine may be of the type described in our U.S. Pat. Nos. 3,606,827
      and 3,710,695 wherein the frame is supported on a five-point suspension,
      one represented by the support 14 of the endless track 20. A similar
      adjustable support and tractor combination for the inboard side of the
      machine is provided in tandem with the support 14 and tractor 20 at the
      rear of the frame 12. The outboard side, indicated at 22 is supported
      centrally by a transverse pivot and a single adjustable support means
      attached to a walking beam (not shown) that extends longitudinally at that
      side of the frame. Each end of the walking beam has a vertical steering
      pivot attached to the saddle mount of an endless track. An extensible
      member connects the mid-point of the frame on the outboard side to the
      pivot point on the walking beam midway between the pair of extensible
      members on the inboard side. The machine 10 is equipped with suitable
      pairs of linkages 24 and 26 spanning between the front saddles so that the
      front pair of tractors are steered in unison. The rear pair of tractors
      are similarly connected by steering linkages (not shown). The front pair
      of tractors steer independently of the rear pair in either direction and
      the tractors on each side are driven by suitable hydraulic motors (not
      shown) so as to drive the pair of tractors on the inboard side of the
      machine in unison and at the same or different speed from the pair of
      tractors on the outboard side, also driven in unison.
PAR  The machine follows the grade line 30 strung along the grade 32 and held by
      spaced stakes 34 and adjustable side arms 36 in a manner known in this
      art. The frame provides the support 38 for the steering sensor 40 and the
      grade sensor 42. The steering sensor 40 has the pendent swinging feeler
      arm 44 which touches the grade line 30 along one side under the resilience
      of the coil spring 46. The grade sensor 42 has the height detecting arm 48
      riding on the underside of the grade line 30. A similar steering and grade
      sensor arrangement is used for the tandem inboard support and tractor at
      the rear of the machine.
PAR  The steering sensor is connected to a servo-hydraulic system operatively
      connected to a steering ram operating the linkages 24 and 26 in opposite
      directions so that the inboard front corner of the machine follows the
      grade line 30 exactly as the machine progresses. A similar steering sensor
      is provided at the rear of the machine to steer the rear pair of tractors
      and thus maintain the frame 12 substantially parallel with the grade line
      30. On curves the side of the frame travels tangentially to an outside
      curve and subtends an inside curve.
PAR  The grade deviation sensor is connected to a servo-hydraulic system
      operating the extensible member 14, which has an internal ram whereby the
      frame 12 is always maintained at a predetermined height above the grade
      line 30 from the grade 32 and any deviations are corrected to close
      tolerances. The rear of the machine 20 will have its rear extensible
      support member under similar grade control.
PAR  The third extensible member on the walking beam is under the control of a
      gravity-actuated sensor which is connected through a servo-hydraulic
      system adopted to raise and lower the outboard side of the machine and
      maintain the desired cross slope constant. These grade, slope and steering
      control functions for the machine 10 are described in said patents.
PAR  Thus, the machine 10 is capable of traversing the grade 32 and maintaining
      the frame 12 in a predetermined level or slope position and at a constant
      or predetermined height from the grade 32 under the control of the grade
      and steering reference 30.
PAR  The main frame 12 has the inboard side extension 50 with the offset front
      side edge 52. The hopper 54 is defined by the front and rear walls 56 and
      58 and the inside and outside walls 60 and 62 having an open top under the
      delivery end 64 of the conveyor chute 66 supported by the bracket 68. The
      conveyor is pivotally mounted so that it can be raised from its resting
      position on the bracket 68 and has an internal auger that delivers a
      continuous stream of concrete 70 into the open top of the hopper 54. The
      other end of the conveyor 16 and its auger is in communication with a
      receiving hopper (not shown) on the other front corner of the machine,
      positioned so as to receive the concrete 70 from concrete trucks.
PAR  The spaced side walls 56 and 58 have the parallel angled extension walls 72
      and 74 whose outer edges 76 and 78 are straight and terminate in
      substantially parallel relationship. These extension side walls 72 and 74
      function as guide and stop members, as will be described and can be any
      desired length which establishes the width of the narrowest side wall for
      a ditch to be formed.
PAR  A series of spaced weir plates illustrated at 80 is provided within the
      hopper each extending transversely across the walls 72 and 74. These weir
      places are adjustably supported as by means of the L-shaped brackets 84
      and 86. (FIG. 1) affixed to the side walls along each end edge of the
      plates. The plates are slotted at 88 and carry through-bolts 90 which upon
      loosening allow the plates to be moved up or down. FIG. 2 shows the use of
      four weir plates within the hopper 54. One or more vibrators 92 is
      attached to the front side of each weir plate and the electrical and/or
      mechanical connections for same are illustrated by the conduit 94. Other
      means to adjustably attach the weir plates may be used. The weir plates
      may also be pivotally mounted on a longitudinal axis between the side
      walls 72 and 74 to change their vertical orientation with respect to the
      level of concrete therein. The walls 60 and 62 slope outwardly from the
      machine and the former terminates at the bottom edge 96 (see FIG. 4) along
      the hinge line 97 so that the top inner edge 98 (FIGS. 1 and 11) of the
      concrete layer 100 can be maintained vertical as the other parts of the
      tool are adjusted.
PAR  The extension 50 of the main frame as well as the side walls 72 and 74
      extend from the side of the machine over the graded wall 102 of the ditch
      to be paved. The bottom 104 of the ditch is generally flat. The rough
      juncture of the graded side wall 102 therewith is indicated at 106 and
      represents in general the line along which the extensible portions of the
      tools, to be described, are held, since the objective is to lay the slab
      of concrete 100 thereover having an integral birm cover or curb 108
      joining with the top inner edge. The bottom 104 is separately paved with a
      continuous slab after both graded side walls 102 of the ditch are
      completed.
PAR  To accomplish these purposes the front lower edge portion 110 of the hopper
      wall 56 is fabricated so as to be generally parallel with the flat grade
      32 on which the machine travels, while the edge 112 of the front extension
      wall 74 is contoured to lie generally along and just above the graded side
      wall 102. The lower edge 112 of the extension wall 74 joins the edge 110
      at the corner 114 which is generally aligned along the top corner 116 of
      the graded ditch.
PAR  Referring more particularly to FIGS. 4 and 5, the side wall 72 has the
      rounded bottom corner 120 that is generally parallel to but in a plane
      above the bottom edge 112 of the side wall 74 and rounded bottom corner
      122 (FIG. 5) that are generally parallel to, but elevated above the bottom
      edge 110 of the wall 74. The wall 72 is joined and integral with the slip
      form 124 having the top wall 126 the back edge of which joins the hinge
      line 97. Accordingly, as the tool is carried along the preformed ditch the
      concrete 70, fed by the hopper 54 is spread between the walls 72 and 74
      and passes under the edge 120 (see FIG. 5) into the form of the layer 100.
PAR  Referring to FIGS. 7 and 8, the further relationship of these parts is
      shown to include the side moldboard 130 which is hinged along the hinge
      line 97 by means of a series of hinges 132 at the wall 60 and the hinges
      134 at the top wall 126. In order that the rotation of the hopper 54 and
      the slip form 124 in relation to the frame 12 and its extension 50 along
      the hinge line 97 at the hinges 132 and 134 does not produce an opening at
      the front corner of the hopper from which concrete can spill out, the side
      moldboard 130 carries the plate 136 (FIG. 9) at the inside corner to close
      the gap between the edge 138 of the side wall 56. This arrangement is
      used, rather than extending the edge 138 over the front end of the side
      moldboard 130 to avoid any protuberances that would interfere with string
      line 30 or the stakes 34. The broken lines show the position of the hopper
      and slip form parts in relation to the moldboard 130 during such an
      adjustment. There is little if any tendency for the concrete to spill out
      under those edges as the machine is progressing.
PAR  The slip form 124 and the hopper 54 are supported from the frame extension
      50 along its inboard side by the pair of longitudinally spaced upright
      rigid members 140 affixed to the longitudinal member 142 at their lower
      ends at the pivots 143. The member 142 is tied in turn to the series of
      reinforcing plates 144 spaced along and suitably affixed to the back side
      of the moldboard 130. This support means is made detachable and is
      provided with some degree of vertical adjustment by means of the
      telescoping form of the supports 140 employing the smaller telescoping
      portions 145 that slide within the supports 140 and having the spaced
      matching holes 146 and 148 to receive the through-bolts 150 at selected
      positions. In order to lock the pivots 143 and hold the moldboard 130 in
      place, the removable locking pins 151 are provided.
PAR  FIGS. 1, 4, 5 and 7 show that the slip form 124 includes a series of three
      guide plates 152 and an end plate 154, the latter joining and integral
      with the slip form 124 along the rounded corner 156. Each of these members
      is offset along the top wall 126 of the slip form and attached as by the
      weldments 158. The under sides of the guide plates 152 are cut out along
      their bottom edges to form the elongated slots 160 therealong and spaced
      above the plane of the top surface 162 of the slip form 124.
PAR  This assembly includes the spaced longitudinal beams 164 and 166 affixed by
      any suitable means to the top edges of the guide plates 152 and the end
      plate 154. The tie beam 164 has a second pair of upright rigid supports
      168 (see FIGS. 1 and 11), like the supports 140, that also telescope and
      have the series of matching holes 170 and bolts 172 for this purpose. The
      supports 168 are pivotally mounted at the frame extension 52 by the pivot
      pins 174 and at the tie beam 164 by the pivoted mounts 176.
PAR  The weir plates 80 and 82 along with the vibrators 92 have been omitted
      from the embodiment shown in FIGS. 4 and 5. It is apparent that the
      combination of hopper 54 with or without the weir plates 80 and 82, can be
      provided with an end wall 177 (shown in broken lines in FIG. 4) across the
      edges 76 and 78 and the tool illustrated, supported by the pairs of
      uprights 140 and 168, can be used to lay the concrete layer 100. These
      supports can be readily adjusted by resting the tool on the grade,
      detaching the bolts 150 and 172, then lowering the machine 10 so that the
      supports telescope to a shorter length and the bolts re-attached. The
      machine can then be raised along with the tool by its extensible members
      14, to approximate the required thickness of the concrete layer 100 and
      place the machine at a medium position of vertical adjustment.
PAR  In the event a further transverse change in the attitude of the tool is
      necessary, the outer supports 168 can be adjusted so that the tool hinges
      along the hinge line 97 to accommodate such change. In this embodiment the
      spacer plates 152 could also be omitted, or these members can be attached
      along their lengths to the top surface 162 of the slip form as
      reinforcing. The extensible supports 168 can be replaced with dual-action
      hydraulic rams connected to operate in unison to perform the support
      functions for the tool.
PAR  Since the specifications for a large share of the paving for drainage and
      irrigation ditches require rather close tolerances as to grade, slope and
      thickness, as well as a smooth finished surface and may include
      requirements for certain variations in depth and width along the ditch,
      this invention, in another embodiment, provides means to adjust the tool
      in conformance therewith.
PAR  To this end reference is made particularly to FIGS. 1, 3 and 6 wherein the
      adjustable skirt member 180 with the trailing integral slip form top wall
      or web 182 is shown to include the spaced side walls 184 and 186 and the
      end wall 188. The web 182 meets the wall 184 at the round corner 190 and
      terminates with the up-turned end wall 192, with the rounded trailing
      corner 194. This adjustable skirt member and web fits upon the hopper 54
      with the web 182 within the open-ended slots 160 and in sliding contact
      and resting upon the top surface 162 of the slip form 124 and with the
      rounded corners 190 and 194 inside the corners 156 and 120 in the manner
      best illustrated in FIG. 3. The bottom edge 196 of the end wall 188 and
      the bottom edge 198 of the front wall 186 are co-planar and comform with
      the bottom edges 112 of the inside wall 74 of the hopper. The end wall 192
      is spaced under the tie beams 164 and 166. The walls 184 and 186 of the
      skirt member 180 encompass the outside of the walls 72 and 74 of the
      hopper 54 in sliding guided relationship. So positioned the adjustable
      wall 188 of skirt 180 replaces the end wall 177 shown in FIG. 4.
PAR  Means are provided to slide the skirt member 180 and the web 182 laterally
      upon the slip form 124 within the open-ended slots 160 and thus extend the
      effective width of the concrete slab 100 along the sloping grade 102. For
      this purpose the pair of dual-action rams 200 and 202 (FIGS. 1, 2, 3 and
      11) are provided. The ram 200 is mounted between the wall 56 of the hopper
      54 and the wall 186 of the skirt member 180 between the cleats 204 on the
      pivot pins 206, and controlled by the hydraulic hose lines 208. The ram
      202 is mounted between similar pivot mounts 210, one on the top of the web
      182 and the other on the top wall 126 of the slip form 124. The
      simultaneous operation of the rams 200 and 202 extends the hopper wall 186
      and the web 182 in unison to spread a wider sloping layer of concrete 100
      under the combined spreading and compacting action of the hopper, slipform
      and web. When such an adjustment is made the speed of delivery of the
      conveyor 66 can be simultaneously increased to deliver more concrete to
      the tool so that the portion of the hopper 54 between the weir plate 82
      and the end wall 186 is adequately filled and compacted by a vibrator 92.
PAR  The tool so far described to include the hopper of FIG. 4 and the
      adjustable skirt member 184 and combined web 182 can be used to lay a
      concrete slab 100 that meets the specifications of a wide span of
      construction projects. However, the building of canals and ditches
      requires the machine to negotiate stretches of rough terrain and the
      dimensions of the ditch and its contours often requires further
      capabilities and functions of the tool and its suspension from the
      machine.
PAR  In order to provide auxillary force to adjust the slip form tool along the
      hinge line 97 and also impart a hold-down force upon the slip form during
      operation, the pair of dual-action rams 212 is provided, tied between the
      frame extension 50 and the slip form 124 by means of the pivotal cleats
      214 at the top and the pivotal cleats 216 at the bottom, the latter cleats
      are attached at any convenient position, i.e., to the top inner edge of
      the end wall 154 as shown in FIG. 3 or to cross brace 219, that connects
      between a pair of the spacer plates 152 also best shown in FIG. 3.
      Alternatively, the rams 212 can be attached to either of the longitudinal
      braces 164 or 166 since these are tied to the slip form 124. The rams do
      not attach to the web 182 since this part slides transversely upon the top
      of the slip form. The rams 212 extend and retract simultaneously by means
      of the hydraulic control lines 220 connected to the hydraulic system of
      the machine 10. One ram, preferably centrally located can be used in place
      of the double rams 212. The rams 212 are operated with the pins or bolts
      172 removed from the extendable braces 168. The function of the rams 212
      can be under the control of a second grade reference extending along the
      bottom 104 of the ditch, to hold the tool at a predetermined height or
      slab thickness in relation to the slope as the machine controls the
      over-all direction grade and slope in relation to the grade reference 30.
      A separate sensor (not shown) would be attached to the inboard wall 186 of
      the skirt 180 of the hopper 54 so that its sensing arm can be adjacent the
      second string line which would extend along and coincident with the
      juncture 106 of the bottom 104 and the slope 102.
PAR  It is apparent that in using the tool or slip form of this invention, as so
      far described, there will be an off-set in the finished slab at the corner
      junction 222 of the edges 224 (FIG. 4) of the slip form 124 and the bottom
      surface 226 of the web 182 (see FIG. 11). Also, because of the slope 102,
      any tendency for the concrete slab to move downward in the event the slump
      characteristics of the concrete 70 are not properly adjusted, i.e., too
      wet a concrete is used, means are provided to smooth out the offset and
      work the concrete upwardly on the slope, in the form of the trailing
      screed 230 (FIGS. 1, 2 and 12) which is supported on a pair of
      longitudinal tie beams 164 and 166 carried by the web 182 and the cross
      beam 232. The screed 230 best shown in FIGS. 2 and 12, has the flat bottom
      234 with the upturned forward wall 236 and the upturned rear wall 238
      joined thereto along the front rounded corner 240 and the rear rounded
      corner 242. The screed 230 is also provided with the top side wall 243 and
      the bottom side wall 245 so that there is no tendency for the concrete to
      flow over the top and it can float on the freshly laid slab 100.
PAR  Means are provided to impart several degrees of adjustment to the screed
      230, to include means to pull the screed at an angle to the direction of
      travel, indicated by the arrow 246, of the machine 10; means to pivot the
      screed 230 along that inclined axis so that the plane of the bottom 234
      can be parallel to or at a slight angle to the bottom 247 of the slip form
      124; means to vary the hold-down pressure imparted on the screed; means to
      adjust the longitudinal alignment of the screed 230 with the machine and
      means to balance the screed fore and aft from its suspension point or
      points so that the angle of approach of the screed bottom 254 to the
      freshly laid slab coming from under the slip form is maintained for proper
      finishing action.
PAR  The screed 230 is provided with a pair of pulling cleats 248 attached to
      the inside of the front wall 236 that extend rearwardly and are rotatably
      attached to the draw bar 250 that extends across between and through the
      longitudinal supports 164 and 166. Instead of using a continuous bar, the
      cleats 248 can be suitably pivoted at the supports 164 and 166.
      Alternately, the cleats can be attached to the supports 164 and 166 and
      pivotally mounted at their other ends to the screed 230. By using an
      elongated draw bar 250, the pulling cleats 248 can be spaced therealong
      and from the insides of the supports 164 and 166 to provide for some axial
      movement of the screed 230 along the draw bar.
PAR  The screed 230 is held in a canted position aft of the slip form 124 so
      that the lower corner 252 (FIG. 2) is close to the trailing end or wall
      154 of the slip form and offset 222 (which forms an edge in the slab to be
      removed); while the upper or inboard corner 254 is spaced from the other
      edge of the slip form as indicated at 256.
PAR  Means to hold the screed 230 down in pressure contact with the concrete
      layer 100 and also provide for axial movement along the draw bar 250 are
      shown in FIG. 12 in the form of the opposing elongated angle irons 258
      attached to the top surface of the screed plate and having the elongated
      opposing box flanges 260 on their inner edges and spaced above the screed
      plate. The screed also has the pair of box beams 262 attached to the top
      of the plate and spaced from the bottoms of the box flanges. These parts
      are carried by the screed and define inwardly facing, opposed channels as
      shown.
PAR  At a point substantially equidistant from the longitudinal beams 164 and
      166, the cross beam 232 carries the extensible member 264 in the form of a
      threaded shank attached at the upper end to the crank 266 by means of the
      fixed threaded nut 268. The shank 264 is coupled to the cross beam 270 by
      means of the ball and socket mounting 272. The beam 270 has the pair of
      side flanges 274 that extend into the longitudinal channels between the
      bottoms of the box flanges 260 and the tops of the box beams 262. At least
      a pair of set screws 278 extend in threaded engagement through each of the
      box flanges 260 to impinge upon the flanges 274 and hold the box beam 270
      thereto at selected laterally spaced locations. Thus, the attitude of the
      screed 230 can be adjusted sufficiently in both vertical and horizontal
      directions to accommodate the desired screed action.
PAR  A further floating action is imparted to the screed 230 about the ball and
      socket joint 272 by means of two pairs of crank arms that provide a
      biasing action to this mounting as well as a hold-down pressure. The first
      pair of crank arms 280 is pivoted at the pins 282 on the inside of each
      longitudinal beam 164 and 166. One end of these crank arms, as at 284, is
      connected to the strong spring 286 and the springs are attached to the
      beams 164 and 166 by the adjusting screws 288 for the purpose of varying
      the bias. The other ends of the first pair of crank arms 280 are each
      attached to the box beam 270 at the pivot mounts 290. It is seen that the
      bias of the springs 286 holds the screed 230 upwardly at about its
      geometric center above the socket or swivel mounting 272. By adjusting the
      tensioning screws 288 the weight of the screed acting on the mount 64 is
      adjusted.
PAR  The second pair of crank arms 300 are similarly mounted to the longitudinal
      supports 164 and 166, to include the adjustable biasing springs 286' and
      set screws 288'. However, at their rearward ends these crank arms 300 are
      pivotally mounted to the forward part of the box beam, i.e., ahead of the
      pivot 290 and ahead of the central pivot 272, as at the pivot 302. The
      crank arms 300 and the springs 286' at their forward ends tend to cant the
      screed 230 so that the front rounded corner 240 is slightly lower or
      higher than the rear rounded corner 242 or these parts are in the same
      plane. By these means the necessity for vibrating the screed 230 is
      eliminated.
PAR  For many ditch side wall slip forming operations no other guiding means
      than the guide plates 152 and the slots 160 need be used for the slip form
      230. However, because of the wear of these parts due to the adverse
      conditions under which they must operate and also because considerable
      upward pressure on the web or skirt 182 is experienced in its extended
      position, auxillary stiffening and holding means are provided which also
      function to lock the skirt 182 and hopper end wall 186 in a desired
      position for average work not requiring continuous adjustment as might be
      encountered with a poorly prepared grade.
PAR  Such auxillary means is shown in more detail in FIGS. 1 and 10. The guide
      plate 152 has the angle iron 310 welded to the side at 312 and the web 182
      carries the box beam 313 welded at 314 and spaced on the inside from the
      guide plate 152 as shown at 316. The box beam 313 has the upper flange 318
      that defines therewith a channel that extends over the flange 310 in
      spaced relationship. A plurality of set screws 320 with lock nuts 322 are
      spaced along the flange 318, retaining the combined wear plates and
      tensioning means 324 for resilient contact with the top of the flange 310.
      Tightening of the set screws 320 pulls the box beam 314 against the under
      side of the flange 310 within the limits of the open ended slot 160.
PAR  In order to move the machine of this invention from one working area to
      another it is merely necessary to remove the pins 150 and 172 from the
      supports 140 and 168 and retract the rams 212. This raises the entire
      hopper and tool within the limits of these telescoping parts so that the
      tool clears the ground during movement.
PAR  From the foregoing description, it is apparent that a number of
      modifications can be made in the tool set forth. The hinge line 97 and the
      series of hinges 132 and 134 can be omitted. This is shown in FIG. 11
      where the modified moldboard or wall 130' is constructed integral with the
      top wall 126 of the slip form plate 124 forming the fixed corner 330. It
      is also apparent that for some construction jobs, the reinforcing plates
      144 can be omitted and the longitudinal support member 142 can be attached
      to the guide plates 152 and the end wall 154.
PAR  Referring to FIG. 12, the cleats 248 can have rearward extensions
      presenting a series of longitudinally spaced bore holes for attachment of
      the draw bar 250 so that the trailing distance of the screed 230 can be
      varied. The levers 280 and 300 can telescope to accommodate this
      adjustment.
PAR  The pivot point 272 has been described as being at or near to the geometric
      center of the screed member 230. This assumes that the screed member 230
      is of uniform construction so that the geometric center is coincident with
      the center of gravity of the assembly to enhance the floating action of
      the screed 230. Where the center of gravity is spaced from the geometric
      center, the former would be used as this pivotal point of attachment.
      Likewise, the transverse line on which the pivots 290 for the trailing
      crank arms 280 are mounted will be changed to intersect the center of
      gravity. The distance forward of the central pivot 272 at which the down
      pressure cranks 300 are attached by means of the pivot points 302 can be
      varied as well as the lengths of the upright arms 284 of the cranks to
      increase or decrease the mechanical advantage of this resilient linkage
      mount for the trailing screed 230.
PAR  An advantage of the arrangement shown is the facility with which the
      concrete slab 100 can be laid on a slope 102 and grade 32 while still
      meeting the most rigid specifications for this kind of paving. This is in
      part due to the combined smoothing and up-grading action of the screed 230
      and in turn related to its canted trailing position immediately behind the
      slip form. The angular relationship of the rounded front edge 240 works
      the concrete upwardly along the slope 102 while at the same time taking
      out the small offset created by the juncture 222. The screed plate 124 can
      be constructed of relatively thin material since it is reinforced by the
      web plate 182 thereof, thus minimizing the offset 222 when wider slopes
      102 are encountered. Both curves and grade changes are readily negotiated
      by the tool of this invention since it is relatively short longitudinally
      and the longitudinal pivot or hinge line 97 allows for some adjustment
      when encountering these changes in the graded ditch. The front walls 186
      and 56 can be slotted at their off-lapping positions for the introduction
      of reinforcing mesh as desired.
PAR  The ditch paving tool of this invention is adapted to form a continuous
      layer of concrete along the sloping wall and top birm of a graded ditch
      upon being propelled by any type of prime mover equipped with grade and
      slope control. The open-bottomed hopper for the concrete is defined by
      front and rear spaced essentially vertical walls, an inside wall over the
      birm and the fixed outside wall 177 or the adjustable wall 188. The front
      wall of the hopper has its bottom edge contoured to correspond to the
      graded slope of the ditch and the bottom edge of the rear wall is offset
      above the contour of the bottom edge of the front wall to define the
      contour and thickness of the top surface of the concrete layer.
PAR  The hopper and the slip form communicating with it are integral and move
      together. The juncture of the slip form wall and the rear wall of the
      hopper is contoured to the desired shape of the top surface of the
      concrete layer which may be the same as the contour of the grade or, in
      some instances, may have a different contour. The invention provides means
      for extending the effective width of both the hopper and the slip form by
      providing the outer wall of the hopper with inwardly directed side walls
      that overlap the side walls of the main hopper and act as guides for this
      adjustment. The side walls of the extendable part of the hopper are
      integral with a top web riding on the slip form and under manual or
      automatic control through the extensible members.
PAR  This adjustable function allows the operator to control the position of the
      outer lower edge of the concrete slab and keep it contiguous with the
      bottom edge of the ditch. A screed is also provided which is suspended or
      floated upon the freshly laid slab behind the slip form by a resilient
      suspension means, capable of varying the longitudinal angle of the flat
      screed bottom, the contact pressure and the angle of approach of the front
      rounded screed edge to the sloped side wall of the slab. The inside of the
      tool can have a longitudinal side or moldboard that supports the tool
      along a hinge line at its top edge. Extensible means are provided to pivot
      the entire tool along this hinge line and thus finitely control the
      thickness of the slab at the juncture of the birm and the slope,
      accommodate variations in the grade of the ditch bottom and raise the tool
      for transport.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ditch paving tool adapted to form a continuous layer of concrete along
      a sloping wall and top birm of a graded ditch upon being propelled
      therealong by a prime mover comprising:
PA1  an open-bottomed hopper for said concrete including front and rear spaced
      walls, an inside wall defining the edge of said concrete layer over said
      birm and an outside wall defining the edge of said concrete along the
      bottom of said sloping wall of said ditch;
PA1  said front wall of said hopper having its bottom edge contoured to
      correspond to said graded ditch and birm;
PA1  the bottom edge of said rear wall being offset above the contour of the
      bottom edge of said front wall to define the contour of the top surface of
      said concrete layer; and
PA1  said rear wall including an integral slip form means comprising a
      rearwardly extending plate conforming longitudinally to the contour of
      said bottom edge of said rear wall and having a second inside wall
      coextensive with the inside wall of said hopper defining the edge of said
      concrete layer over said birm.
NUM  2.
PAR  2. A ditch paving tool in accordance with claim 1 in which:
PA1  said outside wall of said hopper is a separate movable wall having a pair
      of side walls attached to the front and rear edges and extending on the
      outsides of and in sliding contact with the front and rear walls of said
      hopper;
PA1  one of said sliding side walls being adjacent said front wall of said
      hopper and having its bottom edge substantially in the plane of the bottom
      edge of said front wall of said hopper;
PA1  the second of said sliding side walls being adjacent said rear wall of said
      hopper and having its bottom edge in sliding relationship over the
      rearwardly extending plate of said slip form;
PA1  a web wall extending rearwardly of the bottom edge of said second sliding
      side wall of said hopper with its under surface also in sliding
      relationship over the top of said rearwardly extending plate of said slip
      form; and
PA1  means to simultaneously extend and retract said separate movable wall, said
      pair of side walls and said web wall in relation to said hopper and slip
      form whereby the effective width of said layer of concrete is made to
      conform with the width of the sloping wall of said ditch.
NUM  3.
PAR  3. A ditch paving tool in accordance with claim 2 including:
PA1  hold-down means to retain said web wall in said sliding relationship upon
      said rearwardly extending plate of said slip form under the pressure of
      concrete thereunder.
NUM  4.
PAR  4. A ditch paving tool in accordance with claim 3 in which:
PA1  said hold-down means comprises a transverse plate member affixed normal to
      the top of said slip form and defining along its lower edge an enlongated
      open-ended slot to receive said web wall in sliding relationship.
NUM  5.
PAR  5. A ditch paving tool in accordance with claim 1 in which:
PA1  the bottom edge of said bottom wall of said hopper and said second inside
      wall of said slip form define a moldboard extending along the top edge of
      said concrete layer;
PA1  said moldboard being hinged to said inside wall of said hopper and hinged
      to said slip form along a common longitudinal hinge line;
PA1  means to support said moldboard in a substantially vertical plane from said
      prime mover; and
PA1  adjustable means to pivot said hopper and slip form along said hinge line
      in relation to said moldboard and support means.
NUM  6.
PAR  6. A ditch paving tool in accordance with claim 2 including:
PA1  a pan-shaped screed member trailing the rear end of said slip form and
      having a transverse width about equal to the width of said slip form along
      said sloping wall;
PA1  said screed member having a rounded front edge extending transverse and at
      an angle to the rear end of said slip form, said angle opening toward the
      top of the sloping wall of said ditch; and
PA1  means to resiliently suspend said screed member behind said slip form in
      pressure contact with said concrete layer being formed.
NUM  7.
PAR  7. A ditch paving tool in accordance with claim 6 in which:
PA1  said resilient suspension means comprises:
PA1  a first pivot means adapted to allow said screed member to pivot along an
      axis parallel to said rounded front edge;
PA1  a second pivot means attached to the top of said screed member at about its
      geometric center; and
PA1  a first resilient means biasing said screed member upwardly against said
      pivot means transverse said geometric center; and
PA1  a second resilient means biasing said screed member downwardly forward of
      said geometric center.
NUM  8.
PAR  8. A ditch paving tool in accordance with claim 7 in which:
PA1  said first resilient biasing means comprises a pair of longitudinal
      trailing and transversely spaced crank arms pivotally mounted from said
      slip form;
PA1  the trailing ends of each of said crank arms being pivotally mounted to
      said screed member at points transverse its geometric center;
PA1  the other ends of said crank arms being attached to spring means urging
      said crank arms about said pivotal mountings to apply an upward force
      against each of said pivotal mountings and in which:
PA1  said second resilient biasing means comprises a second pair of longitudinal
      trailing and transversely spaced crank arms pivotally mounted from said
      slip form;
PA1  the trailing ends of each of said second crank arms being pivotally mounted
      at transverse points forward of said geometric center of said screed
      member;
PA1  the other ends of said second pair of crank arms being attached to spring
      means urging said crank arms about their pivotal mountings to apply a
      downward force on said screed member ahead of its geometric center.
NUM  9.
PAR  9. A ditch paving tool in accordance with claim 6 in combination with a
      side frame of said prime mover to suspend and transport said tool along
      the sloping side wall of said ditch in which:
PA1  said resilient suspension means includes a vertical extensible member
      attached between said side frame and said geometric center of said screed
      member; and
PA1  means to extend and retract said extensible member whereby the hold-down
      pressure of said resilient suspension means is variable.
NUM  10.
PAR  10. A ditch paving tool adapted for attachment to the side frame of a prime
      mover to be transported thereby to form a continuous layer of concrete
      along a sloping wall and top birm of a graded ditch comprising:
PA1  an open-bottomed hopper for said concrete including front and rear spaced
      walls, an inside wall defining the edge of said concrete layer over said
      birm and a transversely adjustable outside wall defining the edge of said
      concrete along the bottom of said sloping wall of said ditch;
PA1  the front wall of said hopper having its bottom edge contoured to said
      graded ditch and birm;
PA1  the bottom edge of said rear wall being offset above the contour of the
      bottom edge of said front wall to define the contour of the top surface of
      said concrete layer;
PA1  said rear wall including an integral slip form means comprising a
      rearwardly extending flat plate conforming longitudinally to the contour
      of said bottom edge of said rear wall and having a second inside wall
      coextensive with the inside wall of said hopper defining the edge of said
      concrete layer over said birms;
PA1  said adjustable outside wall of said hopper having a pair of side walls
      attached to the front and rear edges and extending on the outsides of and
      in sliding contact with the front and rear walls of said hopper;
PA1  one of said sliding walls being adjacent said front wall of said hopper and
      having its bottom edge substantially on the plane of the bottom edge of
      said front wall of said hopper;
PA1  the second of said side walls being adjacent said rear wall of said hopper
      and having its bottom edge in sliding relationship over the rearwardly
      extending plate of said slip form;
PA1  a web wall extending rearwardly of the bottom edge of said second sliding
      side wall of said hopper with its under surface also in sliding
      relationship over the top of said rearwardly extending plate of said slip
      form and defining therewith a longitudinal offset on the under surfaces;
PA1  hold-down means to retain said web wall in said sliding relationship uon
      said rearwardly extending plate of said slip form under pressure of
      concrete thereunder;
PA1  a pan-shaped screed member trailing the rear end of said slip form and
      having a transverse width about equal to the width of said slip form along
      said sloping wall;
PA1  said screed member having a rounded front edge extending transverse and at
      an angle to the rear end of said slip form, said angle opening toward the
      top of the sloping wall of said ditch; and
PA1  means to resiliently suspend said screed member behind said slip form in
      pressure contact with said concrete layer being formed and with its lower
      trailing corner over said off-set whereby to form a flat top surface in
      said concrete layer.
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ABST
PAL  In a machine for troweling large areas of concrete without having a
      footprint problem, the operator rides on a frame supported by a plurality
      of troweling rotors, preferably three. Each troweling rotor has three or
      four troweling blades, the pitch of which is controlled as before except
      that the pitch control is extended from all rotors to be jointly
      controlled, or at least separately accessible to the operator in the
      operator's seat. In addition, the operator can steer the apparatus in all
      respects by applying a tilting pressure to one or more rotors with
      selectivity as to the points along the rotor paths at which the increased
      downward pressure is applied. For ordinary steering, and for forward or
      reverse movement control, a control stick is provided which swings
      universally. Forward or rearward swinging of the stick causes forward and
      rearward movement. Right or left swinging of the stick causes or adds
      turning to right or left. The machine can also be made to "crab" right or
      left with right or left movement of the control stick and at the same time
      by a foot pedal.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 258,589,
      filed June 1, 1972, now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The invention of which the present disclosure is offered for public
      dissemination in the event adequate patent protection is available relates
      in general to surface-working machines, of which one of the most important
      classes is concrete troweling machines. Troweling machines of the
      walk-behind type are widely used and are highly satisfactory for small or
      relatively narrow areas which permit the operator to move the machine to
      all parts of the surface without stepping on the unset concrete. For
      larger areas they are subject to the rather serious objection or nuisance
      caused by the operator's tracks in the concrete. In spite of all that may
      be done to minimize the track problem, it is usually necessary for the
      operator to keep working backwards so as to trowel out whatever tracks he
      produces. A riding-machine for surface-working has been patented, as U.S.
      Pat. No. 2,869,442, but so far as known it has not proved to be
      practicable, and it would appear to have serious faults such as inadequate
      steering. According to the present invention, a thoroughly practicable
      riding-type troweling-machine (or other surface-working machine) is
      provided. It uses a plurality of spaced apart troweling rotors, each
      corresponding to a prior troweling machine. The number preferred in some
      respects is three, arranged in triangular pattern (however, there can be
      only two and there could be any number more than three by extending the
      basic principles and linkages), with the weight of the driving motor and
      the operator, and the frame and controlling equipment, approximately
      equally divided among the three rotors. Great stability of action is
      provided because there can be rather wide inequalities of the weight
      division among the three rotors without causing any ill effects. If
      desired, weights may be added for some operations.
PAR  Each of the rotors rotates in only one direction and engages the concrete
      solely with a plurality of trowels, typically three or four, orbiting
      about the axis of the rotor. The rotationally leading edge of each trowel
      is curved upwardly and the pitch of all trowels can be controlled during
      rotation by raising its leading edge, this pitch control being old in
      individual troweling rotors.
PAR  According to the present invention, the direction of movement of the
      machine and its turning to face in a chosen direction are controlled by
      selectively applying to one or more of the rotors a tilting pressure. The
      tilting pressure applies to a chosen side of the rotor an increased
      pressure of the orbiting trowels on the concrete so that reaction to the
      increased friction along one side of the orbit exerts a moving force. Most
      of the time, it is enough that control be exerted through a control stick
      which the operator can swing forwardly and rearwardly about one axis and
      left to right about another axis, the movement being universal so that any
      combination of the two swinging movements may be used. Thus the operator
      can move the handle straight forwardly for forward movement, straight
      rearwardly for rearward movement; and with either of these movements can
      also move the handle sidewise for turning in one direction or the other as
      the vehicle moves forwardly or rearwardly. If the operator chooses to turn
      the vehicle with little or no movement forwardly or rearwardly, he can
      merely move the stick to one side or the other from the neutral position.
      The stick applies pressure to one rotor in a direction to produce lateral
      movement by that rotor and simultaneously influences one of the other
      rotors for forward movement and the other for rearward movement. If
      crab-like or directly sideward movement is desired, this can be
      accomplished by applying a pressure to all three rotors at a point
      selected for inducing movement in a single lateral direction, a foot
      control applying this pressure to the rotors not given lateral-movement
      pressure by the stick.
PAR  The machine is thus supported entirely by the trowels of its rotors and is
      nevertheless supported with great stability and may be controlled for all
      machine movements and steering that could possibly be desired.
PAR  Tests have indicated advantages of the apparatus which might be surprising.
      The results of the troweling in a given time are exceptionally good,
      perhaps due to the weight of the operator, and the stability of the
      machine. Of course, the weight of the operator increases the drag on the
      trowels and requires more power to drive the rotors. Nevertheless, an
      engine horsepower not much more than three times that common for a single
      rotor has been found to be sufficient for three rotors with an operator's
      weight added.
PAR  Advantages and objects of the invention will be more clearly apparent from
      the following description and from the drawings.
DETD
PAC  DESIGNATION OF FIGURES
PAR  FIG. 1 is a perspective type view of the form of the invention chosen for
      illustration.
PAR  FIGS. 2 to 5 are views of the apparatus shown in FIG. 1 as seen,
      respectively, from the right side, the front, the rear and the left side.
PAR  FIG. 6 is a skeletonized view of the apparatus seen from above.
PAR  FIGS. 7 to 12 are diagrammatic illustrations indicating the effects of
      applying tilting pressure at various points on the various rotors.
PAR  FIG. 13 is a detail of perspective nature showing the mounting of the
      control stick and its connection to actuated members.
PAR  FIG. 14 is a view of vertical longitudinal sectional nature showing control
      stick details and control details for adjusting the tilt of the forward
      rotor.
PAR  FIGS. 15 and 16 are diagrammatic views showing two different tilting
      operations of the two rear rotors, FIG. 15 when the control stick is moved
      forwardly or backwardly and FIG. 16 showing the effect of sidewise swing
      of the control stick.
PAR  FIG. 17 is a fragmentary plan view illustrating improved details for the
      control stick construction and mounting.
PAR  FIG. 18 is a fragmentary view of perspective nature of the control stick
      structure of FIG. 17, showing also a further improvement for imparting a
      downward thrust at one side or the other of the forward rotor to impart to
      it a forward or reverse drive effect.
PAR  FIG. 19 is a schematic view illustrating the coupling of the three tilt
      control adjustments.
PAR  FIG. 20 is a fragmentary view partly in vertical section showing details of
      the type of control which may be coupled as in FIG. 19, this section being
      approximately that of the line 20--20 of FIG. 19.
PAR  FIG. 21 is a view looking down on the sprocket of FIG. 20 with a section
      through the control shaft at approximately the line 21--21.
PAR  FIG. 22 is a view illustrating one suitable manner of using a double geared
      drive for driving the rotors.
PAR  FIG. 23 is a plan view of a two-rotor form of the invention which may be
      preferred by some purchasers for cost reduction purposes.
PAR  FIG. 24 is a perspective type view of the two-rotor form of the invention
      of FIG. 23.
PAC  INTENT CLAUSE
PAR  Although the following disclosure offered for public dissemination is
      detailed to ensure adequacy and aid understanding, this is jot intended to
      prejudice that purpose of a patent which is to cover each new inventive
      concept therein no matter how others may later disguise it by variations
      in form or additions or further improvements. The claims at the end hereof
      are intended as the chief aid toward this purpose, as it is these that
      meet the requirement of pointing out the parts, improvements, or
      combinations in which the inventive concepts are found.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  The illustrated form of troweling machine in FIGS. 1 to 16 includes a
      triangular frame 11 on which are carried operator'operator3 s seat 12 and
      an internal combustion engine 13. Near each of the three corners of the
      frame 11, the frame is supported by a troweling-rotor assembly. Such
      assemblies are already well known, one such assembly being includes as
      part of single-rotor troweling machanes already common. For distinction of
      position, the three troweling assemblies are respectively designated F, R
      and L. The assembly or end of the machine in front of the operator's seat
      12 is regarded as the front, regardless of which way the machine may move.
PAR  Each of the rotor assemblies F, R and L includes a rotor 14 which has been
      illustrated as including three blades 16. All three rotors 14 are driven
      by motor 13 through a gear box 17 for each rotor. The input 18 of each
      gear box is belt-driven by a drive shaft 19, which may be driven by engine
      13 through multiple V-belts 21.
PAR  An operator sitting in seat 12 can control the pitch of the blades 16,
      separately for each rotor, by the respective hand knobs 22. Assuming that
      the engine 13 is running constantly, he can also control the movement of
      the machine forward, backward, turning right or turning left, by operation
      of control stick 24 having a handle 25 at its top. Foot lever 26 may be
      tilted forwardly or rearwardly from its normal position for causing a
      "crabbing" or sidewise movement of the machine, usually in conjunction
      with movement of the control stick 24. The control stick 24 carries a hand
      throttle 27, although it will not ordinarily be changed during normal
      operation of the machine. At the top of handle 25 there is preferably a
      button 28 for stopping the engine.
PAC  MOVEMENT CONTROL SYSTEM
PAR  In a sense the machine of this invention is a vehicle, more specifically a
      surface-working vehicle. Unlike more common vehicles, it has no wheels
      rolling on the supporting surface for driving the vehicle and for steering
      it. According to the present invention the necessary driving and steering
      of the surface-working vehicle is accomplished by selectively applying a
      tilt pressure to one or more of its surface-working rotors, namely (in the
      three-rotor form) F, R and L.
PAR  The tendency of a troweling rotor to advance in one direction or another
      depending upon a tilting force applied to it has been well known in
      connection with the common single-rotor troweling machines. The tilting
      pressure increases the frictional forces on one side of the rotor and
      reduces them on the other side, and the differential of friction causes
      the rotor to move. Each rotor tends to move in a direction parallel to the
      tangent to the point of greatest pressure on the work surface. With a
      tilting pressure applied oppositely, i.e. with greatest pressure at the
      opposite end of the diameter of the rotor, the movement tends to be in the
      opposite direction.
PAR  The simple controls of the present invention provide a wide variety of
      movement-controlling tilting-pressures. Most of the time these pressures
      will be controlled entirely by the control stick 24. As seen best in FIG.
      13, this control stick 24 is carried, by journal 29, on one arm 31 of
      L-bar 32, the other leg 33 of which is journaled in fixed sleeve 34. The
      sleeve 34 may be welded to angle bar 35 which is rigid with, and may be
      considered part of, frame 11. It is thus seen that control stick 24 may be
      rocked forwardly and rearwardly about arm 31 and left and right arm 33.
PAR  Considering first only forward and rearward movements of control stick 24,
      these swing control bar for arm 36 upwardly or downwardly about arm 31
      which is assumed to be stationary for the present. Arm 36 is rigidly
      connected to control stick 24 by a brace 37 and hence the assembly is in
      the nature of a bell crank lever. When arm 36 is raised, it raises toggle
      plate 38. As seen best in FIG. 15, this raises the ends of two rotor-tilt
      levers 39L and 39R. This applies pressure at the right hand edge of rotor
      R and at the left hand edge of rotor L. Referring now to FIG. 7, this
      condition is indicated by the arrows shown on the respective rotors R and
      L. The direction of the arrow indicates the direction of rotation of the
      rotor and the position of the arrow indicates the point of greatest
      pressure on the work surface. In this assumed instance, the friction at
      both of the points of greatest pressure tends to move the machine
      forwardly, and this movement is indicated by directional arrow D in the
      center of frame 11. In the various figures, the arrow D is changed to
      represent the movement of the frame in that figure.
PAR  Thus, if we look again at FIGS. 13 to 15 and assume that control stick 24
      is swung rearwardly thereby lowering lever 36 and toggle plate 38, this
      will lower the coupled ends of levers 39R and 39L tilting the rotors R and
      L oppositely to the tilting just described, and the result will be as seen
      in FIG. 8. There the pressure points are seen to be at the inside edges of
      the two rotors L and R. Although the direction of rotation of these rotors
      remains the same, the pressure points are now on forwardly moving parts of
      these rotors so that the frictional reaction is to move the machine
      rearwardly as is indicated in FIG. 8 by the arrow D.
PAR  Again looking at FIG. 13, it is apparent that if the control stick 24 is
      swung left or right to rock about the arm 33, tilt lever 39F will be
      lowered or raised, respectively. The full length of this tilt lever is
      seen in FIG. 2, from which it can be seen that lowering tilt lever 39F (by
      swinging control stick 24 to the right) applies increased pressure to the
      rearmost tip of rotor F, as is indicated in FIG. 9 by the position of the
      arrow on rotor F. In view of the direction of rotation of rotor F,
      indicated by the direction of the arrow, this increased pressure tends to
      move rotor F to the right. This then produces a right hand swinging of the
      frame as is indicated by the arcuate shape of the arrow D. If the control
      stick 24 is moved to the left, it raises tilt lever 39F and tends to apply
      pressure to the foremost tip of forward rotor F as indicated in FIG. 10 by
      the position of the arrow there, and this tends to produce a leftward
      swing of the frame 11 as indicated in FIG. 11 by the arrow D.
PAR  The swinging right or swinging left is enhanced in the preferred form of
      the invention by simultaneously applying a tilting pressure on the outer
      rotor of the turn. As seen in FIG. 13, the lever 36 is a flat lever
      engaging a snug flat slot in the toggle plate 38. Accordingly, when
      control stick 24 is tilted right or left, the toggle plate 38 is likewise
      tilted. This tilting of toggle plate 38 has the action illustrated in FIG.
      16 of moving one of the tilt bars 39R and 39L upwardly, and the other
      downwardly. FIG. 9 illustrates the effect of the upward movement of tilt
      bar 39L by indicating a pressure at the outermost point of rotor L, which
      tends to move rotor L forwardly, thereby aiding in the swinging action
      represented by the arrow D. In FIG. 10, the effect of upward movement of
      tilt lever 39R has been indicated by the arrow on rotor R. Here it is seen
      that this tends to move rotor R forwardly thereby aiding the left-hand
      swing represented by the arrow D.
PAR  Most operators will probably swing control stick 24 left or right only (or
      most often) when it is already swung forwardly or rearwardly. Assuming
      that it is swung forwardly for forward movement, swinging it also to the
      right or left will have much the effect of turning the steering wheel on a
      forwardly moving car right or left. When the rocking of toggle plate 38
      raises one of the tilt levers 39L, R, it tends to lower the other.
      However, this action is usually superimposed upon the raising or lowering
      of toggle plate 38 by the forward or rearward movement of control stick
      24, so that the two effects on the "inside" rotor will partially or fully
      offset each other depending on the relative movements from the two causes,
      and hence no attempt has been made to show what pressure would be on the
      inside rotor, rotor R in FIG. 9 or rotor L in FIG. 10.
PAR  Occasionally a crabbing movement is desired, that is, a movement of the
      entire machine to right or left without turning it. For example, if the
      machine were already faced in a direction parallel to an edge of the area
      to be troweled, and was near that edge, a crabbing movement over to that
      edge would place the machine in readiness to proceed along that edge.
PAR  According to the present invention now under discussion, crabbing is
      accomplished through pedal 26, or by operation of that pedal jointly with
      side swinging of control stick 24. The effect of side swinging of control
      stick 24 in causing the forward rotor F to move left or right has already
      been described. Heretofore it was assumed that this would swing the frame
      11. However, pedal 26 can be actuated to cause similar action by rotors R
      and L so that the frame does not swing but moves crabwise. Pedal 26 rocks
      shaft 41 which may be called the crabbing shaft. Shaft 41 carries at each
      end, rigidly mounted to the shaft, a crabbing lever 42. The two crabbing
      levers are coupled by links 43 to the forward tips of rings 44 which are
      part of the rotor assemblies. One of the levers 42 extends rearwardly
      while the other extends forwardly. As seen best in FIG. 1, pressing the
      heel of pedal 26 will rock shaft 41 in a direction to raise the front end
      of rotor L, while pressing the toe of pedal 26 would lower the front end
      of rotor L. The action on rotor R is exactly the opposite.
PAR  FIG. 11 illustrates the effect of swinging control stick 24 to the right
      and pushing the toe of pedal 26 downwardly. On all three rotors F, R and
      L, the position of the arrow is such as to cause the rotor to advance to
      the right. This is indicated by the arrow D.
PAR  FIG. 12 shows the opposite effect in which the control stick 24 is swung to
      the left and the heel of pedal 26 is pressed downwardly. In this instance
      the positions of the arrows on the rotors F, R and L indicates pressures
      at points producing movement to the left, so that the frame 11 crabs to
      the left as indicated by the arrow D.
PAR  For simplicity the foregoing description has ignored some considerations
      which result in the foregoing description being somewhat oversimplified.
      Though accurate in theory, actual practice is a little different. For
      example, the belt tensions exert a tilting force on the rotors. In the
      case of the rear rotors, this tends to make the machine move forwardly,
      and hence if the control stick is left alone, the machine may move forward
      slowly, at least if the belts are quite tight. In that case, the first
      rearward movement of the control stick would reduce or stop the forward
      movement and only further rearward movement of the control stick would
      actually produce rearward movement. This is unobjectionable and may even
      be advantageous.
PAR  It has been found best to apply a compensating tilting force to forward
      rotor F. As seen in FIG. 1, this is accomplished by a coil tension spring
      45. The position shown in FIG. 6, about midway between the left extremity
      and the forward extremity of rotor F, has been found to give good results.
      The tension is screw-adjustable. Without some such compensation, the
      machine tends to swing to the left. This is due to the fact that the
      friction at the front of the forward rotor has a longer torque arm for
      swinging the machine than does the equal friction at the rear of the front
      rotor. The location of spring 45, nearly at the middle of the left-hand
      front quadrant, is chosen because it gives a slight forward-moving
      component. If a given operator prefers rearward movement, the spring 45
      could be located near the middle of the right-hand front quadrant.
PAR  For the various tilt pressures contemplated, each of the rotor assemblies
      is connected to frame 11 by a universal mounting. Thus as is perhaps seen
      best in FIG. 3, each of the rotor assemblies can rock about pins 46 and 47
      which extend horizontally in vertical planes at right angles to each
      other.
PAR  Control stick 24 and rearwardly extending arm 36 have been shown mounted as
      close as is convenient to the axis of arm 33 about which they rock upon
      left or right swinging of control stick 24. Ideally, arm 36 should be
      centered on that axis but the slight departure from this ideal location
      seems to cause no toruble. If a slight unintended forward or rearward
      action results from the offset location, it is readily compensated by
      forward or rearward movement of the control stick 24.
PAC  PITCH CONTROL
PAR  Single rotor troweling machines conventionally are provided with a lever
      such as lever 51 in FIG. 3 which is drawn upwardly to control the pitch or
      raising of the toes of all of the trowels on the rotor. In the machine of
      FIGS. 1 to 16, each of the pitch controls is extended to a point of easy
      access by the operator. Thus in FIG. 5, it is seen that the lever 51 of
      rotor F is connected by cable 52 extending around pulley 53 to a
      screw-type tensioning device 54, as seen best in FIG. 5. In the case of
      the two rear rotor assemblies R and L the screw devices 54 are more
      directly connected to the respective pitch levers. In all instances,
      turning the handle 22 raises the lever 51 to increase the pitch of the
      trowels of the associated rotor.
PAC  ADDITIONAL DETAILS
PAR  The construction of the various rotor assemblies is already known and
      therefore need not be described or fully illustrated. Such rotors are sold
      by various companies as power trowelers, troweling machines, or finishing
      machines. As these are sold, they are single-rotor machines with a
      handle-carrying control post extending upwardly and outwardly from the
      gear box, and an engine mounted on top of the gear box. In FIGS. 1-16 the
      same gear box is used, but with the universally pivoting connection with
      the frame as described. The gear box includes a worm drive.
PAR  The seat illustrated happens to be a form usually carried by a leaf spring,
      but rigid mounting is preferred and has been illustrated. Of course it is
      also possible to have the seat face in the opposite direction, with
      suitable relocation of the controls to be convenient for an operator thus
      seated.
PAC  OTHER USES
PAR  This invention may of course be used for other purposes. Besides
      substituting other forms of concrete-working blades on the rotors,
      scrubbing or polishing brushes or sanding or grinding elements could be
      used. Indeed, with brushes or pads in place of the blades, the vehicles
      could be used for amusement purposes, the surface working then being only
      incidental, or the means of accomplishing the varied movements for
      amusement. In some uses, an accessory may be advantageous for spraying
      liquid or spreading powder or the like.
PAC  ACHIEVEMENT BY THREE-ROTOR FORM
PAR  The form of the machine of this invention as shown in FIGS. 1 to 16 has
      been found to be exceptionally satisfactory for troweling the surface of
      large cement areas. Its triangular arrangement of three rotors permits
      troweling in the course of one path a band almost as wide as three times
      the rotor diameter. The triangular arrangement also provides a staggering
      which is much more desirable than having two rotors in alignment. The
      triangular arrangement also gives very great stability, with sufficiently
      uniform distribution of the total weight between the three rotors so that
      variations in the weight of the operators causes no trouble. These same
      principles can be applied with more than three rotors, preferably arranged
      along two sides of a triangle, i.e. in a "V" pattern.
PAR  The control of the movements is exceedingly satisfactory and most of the
      time is accomplished simply by a movement of the control stick. Operating
      the pedal when crabbing is occasionally desired is also very convenient.
      The problem of tracks left by a walking operator is entirely eliminated,
      and in fact the weight of the riding operator increases the effectiveness
      of the machine, at least under some circumstances.
PAC  IMPROVED CONTROL FEATURES
PAR  FIGS. 17 and 18 illustrate some control features which represent
      improvements over the control illustrated in FIGS. 1 to 16. One of the
      improvements is in having the rearwardly extending control lever 36' on
      the axis of the fixed tube 34' so that sidewise tilting of the control
      stick 24 tilts the control lever 36' without raising or lowering it.
      Levers 38' which are rigidly connected to the control lever 36' may be
      directly connected to the rings 44 of rotors R and L by upstanding links
      44' pivoted to (or possibly rigid with) the respective rings 44.
PAR  As another improvement, the pressure which in FIG. 13 was applied to the
      front rotor through the tilt lever 39F is now applied instead by a crank
      arm 39' which more simply and directly raises or lowers the rear edge of
      ring 44 to apply a tilting force to rotor F. Crank 39' may be connected to
      ring 44 by a lug or connecting link 44' which may extend rigidly from or
      be pivoted to ring 44.
PAC  COUPLED PITCH CONTROL
PAR  Instead of having three pitch control knobs 22 as in FIG. 1, it is at
      present preferred to couple the pitch control devices as is
      diagrammatically illustrated in FIG. 19.
PAR  Here each pitch control device is actuated by sprockets 61, and the three
      sprockets are coupled by a chain 62, made backlach-free by an adjustable
      tightening roller or sprocket 63. Instead of one chain as shown, two
      chains could be used, each coupling only two of the control shafts, one
      having a double sprocket.
PAR  FIGS. 20 and 21 show details which may be used if the sprockets 61 are
      carried by the frame 11, in which case each pitch control shaft 64 would
      have some movement vertically and angularly with respect to its associated
      sprocket 61. Such movements can be accommodated in the manner shown in
      FIGS. 20 and 21 by a flexible and extendable coupling. Thus shaft 64
      carries spaced pins 66 which extend through slots 67 in sprockets 61, the
      slots 67 having snug fits with the pins 66 in the circumferential
      direction so as not to permit appreciable backlash. The sprocket 61 most
      convenient to the operator would have a control shaft 68 extending
      upwardly to a knob by which the operator could turn all three control
      shafts 64 simultaneously and equally.
PAC  DOUBLE GEAR DRIVE
PAR  In place of the driving detail shown in FIG. 1, some manufacturers may
      prefer a bevel gear drive with direct belt drives connecting the rotors,
      as illustrated in FIG. 22. Here an engine 71 is mounted on frame 22 and
      drives a vertical shaft 72 through bevel gears 73. With this construction,
      it is desirable to provide two concentric universal joints. Universal
      joint 74 connects vertical drive shaft 72 with a generally vertical but
      angularly shiftable drive shaft 76. This drives pulley 77 which drives one
      of the rotors such as rotor F and is provided with one or more V grooves
      78 for a belt or belts driving the other rotors. The rotor F should be
      supported independently of the drive shaft, which in fact is slightly
      telescopic, and for this purpose a second universal joint 79 is provided
      for coupling the rotor F with universal action to downwardly extending
      legs 81 carried rigidly by frame 11.
PAC  TWO-ROTOR FORM
PAR  FIGS. 23 and 24 show a two-rotor form of the invention which can be
      manufactured at lower cost and which performs in a manner reasonably
      comparable to that of the three-rotor form of FIGS. 1 to 16. Details of
      construction are seen best in FIG. 24. No detailed description is believed
      to be necessary, to the extent that the construction is similar to that of
      FIGS. 1 to 16 except for having only two rotors instead of three and hence
      having a modified frame 86. The two rotors are in this instance designated
      A and B. The operator's seat 87 is placed on the frame facing diagonally
      as seen in FIG. 24 because it is contemplated that the main direction of
      movement will be in the direction of the arrow in FIG. 23 which is
      forwardly with respect to the seat position shown in FIG. 24. With this
      direction of movement, there is a moderate overlap of the surface-working
      paths of rotors A and B so that even with slight changes of direction no
      unworked strips will appear between them. In this connection it is noted
      that in the three-rotor form, some purchasers may prefer to have the rear
      rotors a little closer together than in FIG. 4 so as to have more overlap
      with the work path of the front rotor, and less risk of leaving an area or
      strip relatively unworked.
PAR  Forward movement of the control stick 88 will rock the control assembly
      about pin 89 thereby depressing bar 91 and rocking levers 92 and 93 about
      pivotal points of connection with frame 86. In this way a lifting pressure
      is applied to rotor A at point 94 and to rotor B at point 96. Each of
      these actions produces a relatively greater downward force at the opposite
      points 97 and 98. At each of these points 97 and 98 the rotor blades are
      moving rearwardly so that the reaction to the increased friction from the
      downward pressure thereon moves the surface-working vehicle forwardly, in
      the direction of the arrow of FIG. 23. Rearward movement of the control
      stick 88 will have the opposite effect, increased pressure of the rear
      blades on the worked surface being applied in the vicinity of points 94
      and 96 where the blades are moving forwardly so that the reaction will
      move the machine rearwardly.
PAR  Preferably movement of the machine is in each instance aided by causing the
      forward rotor F to contribute to the forward or rearward movement. In FIG.
      18 this is accomplished (in response to forward or rearward movement of
      stick 24) by link 95 and parts moved by it as indicated to press down at
      point 95F for forward movement and at 95R for rearward movement.
PAR  For swinging right, the stick 88 is tilted to the right. This applies
      pressure in the vicinity of point 97 to move rotor A forwardly and in the
      vicinity of point 97 to move rotor B rearwardly. One advantage of having
      the machine's forward direction be with a diagonal position shown in FIG.
      23 is that these best pressure points for forward or rearward movement can
      be well removed from the points 99 which are the extreme side points
      relative to the longitudinal axis of the frame 86. Attempting to apply
      pressure at the two points 99 would not accomplish much on a two-rotor
      machine because there is no third rotor to impart lateral stability to the
      frame, and the attempt to apply pressure at points 99 might have more
      effect in tilting the frame than in applying pressure.
PAR  To turn the machine to the left, the stick 88 is swung to the left,
      applying pressure at the points 94 and 98.
PAR  It is preferred that the universal joints by which the rotors A and B are
      connected to frame 86 be mounted with one axis (indicated at 101 in FIG.
      23) parallel to the direction of movement. This permits the most common
      tilting actions, those already described, to rock about a single axis.
PAR  To make the machine "crab" to the right, foot pedal 102 is pressed. This
      rocks shaft 103 in a direction to apply lifting force at points 104 and
      106, thereby applying pressure in the vicinity of points 107 and 108. At
      both of these points the rotor blades are moving toward the left so that
      the reaction is toward the right. For crabbing to the left, pressure is
      applied to foot pedal 109, with opposite effect. If this crabbing produces
      any undesired tendency towards forward or rearward movement, it may be
      corrected by appropriate movement of stick 88 slightly forwardly or
      rearwardly.
PAR  FIG. 23 also illustrates an optional coupling of the drive of the two
      rotors A and B by a drive shaft 111 which should have universal joints as
      illustrated and a telescopic section as indicated at 112.
PAC  SPREADING TREATMENT MATERIAL
PAR  An important advantage of the machine of the present invention is that it
      can be used for spreading treatment material as the surface-working
      operation proceeds, all without leaving any tracks. This is illustrated in
      FIG. 24 on the assumption that the treatment material is a liquid. Such
      liquid could be, for example, a material which will impart surface
      hardness, or surface resistance to salt or, when the situation permits,
      water for facilitating the final surface working. A tank 116 is
      fragmentarily indicated with a valve 117 having a handle 118 accessible to
      the operator and controlling flow to a distribution pipe 119 having
      nozzles 121 for each rotor. There would be three such nozzles for a
      three-rotor machine. Preferably each nozzle is directed well within the
      periphery of the rotor. A spray action is preferred for spreading the
      treatment material, although it will be spread considerably by the blades
      and by the moving action of the machine. A pressurized tank may be
      preferred to achieve better spraying action. If the surface acting
      material is a material of solid comminuted nature, a driven metering
      spreader over each rotor may be preferred.
CLMS
STM  We claim:
NUM  1.
PAR  1. A ride-type surface-working machine comprising three driven rotors
      rotating about widely spaced generally vertical axes with each rotor
      engaging the supporting surface with surface-working means distributed
      about the rotor axis and which follow an annular path along a supporting
      surface, a frame carried by the rotors and supporting driving means for
      the rotors and an operator's position, said rotors being mounted on the
      frame by means permitting relative tilting of each rotor about one or more
      horizontal axes, and control means operatively related to said frame and
      rotors and controllable by an operator riding on the frame for applying
      selectively tilting pressures to the rotors, the tilting pressure applied
      to a rotor tending to tilt the entire rotor unit about a horizontal axis,
      for controlling the posture and movement of the machine by variations of
      downward working pressure distribution; said control means including means
      for applying tilting pressures to all three rotors, to one side of each
      for forward movement of the machine and alternatively to opposite sides of
      each for rearward movement of the machine.
NUM  2.
PAR  2. A ride-type surface-working machine comprising a plurality of driven
      rotors rotating about widely spaced generally vertical axes with each
      rotor engaging the supporting surface with surface-working means
      distributed about the rotor axis and which follow an annular path along a
      supporting surface, a frame carried by the rotors and supporting driving
      means for the rotors and an operator's position, said rotors being mounted
      on the frame by means permitting relative tilting of each rotor about one
      or more horizontal axes, and control means operatively related to said
      frame and rotors and controllable by an operator riding on the frame for
      applying selectively tilting pressures to the rotors, the tilting pressure
      applied to a rotor tending to tilt the entire rotor unit about a
      horizontal axis, for controlling the posture and movement of the machine
      by variations of downward working pressure distribution.
NUM  3.
PAR  3. A ride-type surface-working machine according to claim 2, in which the
      control means includes means for oppositely tilting two oppositely driven
      spaced rotors to drive the machine in a given direction.
NUM  4.
PAR  4. A ride-type surface-working machine according to claim 2, in which the
      control means includes means for oppositely tilting two oppositely driven
      spaced rotors to drive the machine in a given direction and provides
      similarity of tilting for changing the posture of the machine.
NUM  5.
PAR  5. A ride-type surface-working machine according to claim 2 in which there
      are exactly two of said rotors.
NUM  6.
PAR  6. A ride-type surface-working machine according to claim 2 in which there
      are exactly two of said rotors, an operator's seat carried by the frame
      faces at a substantial angle from a line through both of their axes, and
      the pressures for forward and rearward movements are applied at a
      substantial angular separation from the radii of the rotors perpendicular
      to said line.
NUM  7.
PAR  7. A ride-type surface-working machine according to claim 2 including means
      for applying the tilting pressure comprising a control stick pivoted on a
      first axis generally parallel to a preferred direction of movement and
      pivoted on a second axis substantially intersected by the first axis,
      control means for one type of movement controlled by stick movement about
      one axis, control means for another type of movement controlled by stick
      movement about the other axis;
PA1  each control means being substantially unaffected by stick movement about
      the axis which controls the other control means.
NUM  8.
PAR  8. A ride-type surface-working machine according to claim 2 in which each
      rotor includes surface-working blades and pitch control means for the
      blades, and said pitch control means are coupled for joint control from
      the operator's position.
NUM  9.
PAR  9. A ride-type surface-working machine according to claim 2 including means
      for dispensing treatment material, under control of the operator in the
      operator's position, into the work area of at least one rotor.
NUM  10.
PAR  10. A ride-type surface-working machine comprising at least three driven
      rotors rotating about widely spaced generally vertical axes in staggered
      arrangement with each rotor engaging the supporting surface with
      surface-working means distributed about the rotor axis and which follow an
      annular path along a supporting surface, a frame carried by the rotors and
      supporting driving means for the rotors and an operator's position, said
      rotors being mounted on the frame by means permitting relative tilting of
      each rotor about one or more horizontal axes, and control means
      operatively related to said frame and rotors and controllable by an
      operator riding on the frame for applying selectively a tilting pressure
      between the frame and one or more of the rotors to produce more downward
      working pressure on one side of its axis than on the opposite side, the
      tilting pressure applied to a rotor tending to tilt the entire rotor unit
      about a horizontal axis, for controlling the posture and movement of the
      machine by variations of downward working pressure distribution.
NUM  11.
PAR  11. A ride-type surface-working machine according to claim 10 in which two
      of the rotors are rotated in opposite directions, and the control means
      includes means for tilting them oppositely to move the machine along a
      line passing between them and through the third rotor to surface-work
      three overlapping bands.
NUM  12.
PAR  12. A ride-type surface-working machine according to claim 10 in which two
      of the rotors are rotated in opposite directions, and the control means
      includes means for tilting them oppositely to move the machine along a
      line passing between them and through the third rotor to surface-work
      three overlapping bands and in which the tilting pressures can be applied
      to the third rotor, forwardly or rearwardly with respect to movement along
      said line to change the posture of the machine.
NUM  13.
PAR  13. A ride-type surface-working machine according to claim 10 in which two
      of the rotors are rotated in opposite directions, and the control means
      includes means for tilting them oppositely to move the machine along a
      line passing between them and through the third rotor to surface-work
      three overlapping bands and in which the tilting pressures can be applied
      to the third rotor, forwardly or rearwardly with respect to movement along
      said line to change the posture of the machine;
PA1  said surface-working means comprising concrete finishing tools.
NUM  14.
PAR  14. A ride-type surface-working machine according to claim 10 in which two
      of the rotors are rotated in opposite directions, and the control means
      includes means for tilting them oppositely to move the machine along a
      line passing between them and through the third rotor to surface-work
      three overlapping bands and in which the tilting pressures can be applied
      to the third rotor, forwardly or rearwardly with respect to movement along
      said line to change the posture of the machine;
PA1  said surface working-means comprising concrete finishing tools; and
PA1  each rotor including means for adjusting the pitch of said tools.
NUM  15.
PAR  15. A ride-type surface-working machine comprising a plurality of driven
      rotors rotating about widely spaced generally vertical axes with each
      rotor engaging the supporting surface with surface-working means
      distributed about the rotor axis and which follow an annular path along a
      supporting surface, a frame carried by the rotors and supporting driving
      means for the rotors and an operator's position, said rotors being mounted
      on the frame by means permitting relative tilting of each rotor about one
      or more horizontal axes, and control means operatively related to said
      frame and rotors and controlled through a single control stick, mounted on
      the frame to be universally swingable, by an operator riding on the frame
      for applying selectively tilting pressure to the rotors, the tilting
      pressure applied to a rotor tending to tilt the entire rotor unit about a
      horizontal axis, for controlling the posture and movement of the machine
      by variations of downward working pressure distribution.
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ABST
PAL  A collector for use on or in association with drills or other tools which
      in use produce dust, splinters, powder, chips, shavings or other debris.
      It comprises a hollow annular housing which can be attached to the working
      component of the tool in the vicinity of the operating part.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a device which is destined for use with tools,
      for example drills, which in use generate dust, splinters, powder, chips,
      shavings and the like, all generally referred to below as debris.
PAR  To take the example quoted, when a drill is used to produce a hole in a
      wall, for say the reception of a plug, in many instances the drilling
      produces a large quantity of dust or powder. Not only is this powder a
      nuisance in the immediate vicinity of the hole, or immediately below it,
      but it is frequently the case that the motor of the drill spreads the dust
      or powder over a comparatively wide area. This is particularly so when the
      drill hole is at a considerable distance from ground level or when
      drilling is to take place above the head of the user. Apart from the soil
      which is developed there is the danger that the dust or powder may get
      into the eyes or other parts of the body of the user. Moreover, the
      soiling of the chuck or other parts of the drill can interfere with the
      job.
PAR  The disadvantages specified above apply particularly to rotary tools, such
      as drills. It is pointed out, however, that similar disadvantages are
      encountered in the case of tools which work with an impacting action, or
      tools which are both reciprocating impact and rotation to attack the work.
PAR  Attempts have been made to combat this failing, for example using suction
      extractors or similar means at the site. This is accompanied by the
      disadvantage, however, that in addition to the comparatively expensive
      nature of the expedients adopted, almost invariably it calls for the
      assistance of an additional party to take care of this part of the
      procedure. Moreover, the collection effecting is not sufficiently
      reliable.
PAR  It is an object of this invention to provide a means for use with tools of
      the kind specified above which completely or largely inhibit the
      distribution of dust or like debris.
PAR  To this end the present invention provides an arrangement whereby the
      working component of the tool can be largely enclosed by a hollow
      collector housing for the debris, this collector being carried by the
      component or by other parts of the tool. In the case of a rotary tool it
      is proposed that the collector housing shall turn with the tool. In this
      case it is of advantage to make the collector rotationally symmetrical,
      and with an opening for the passage of the tool. In the case of
      non-rotating tools, which for example only have a reciprocating impact
      function, this rotationaly symmetry is not necessary.
PAR  A particular advantage of the present invention lies in the fact that the
      dust or other debris is trapped directly at the point at which it is
      generated and this by means of a device which is connected to the tool
      itself. In other words no additional servicing or facilities are required.
      In the case particularly of rotary tools the rotational drive is used to
      augment the trapping action of the collector housing. Generated particles
      of dust or the like which enter the rotary collector are entrained and
      positively held as a result of the actual operation of the tool. This
      effect is independent of the particular orientation of the tool. In the
      case particularly of overhead operation the best results are achieved
      because the dust falls straight into the collector and is not spewed out.
      However, even when the orientation of the drill is horizontal, a
      practically dust-free operation is experienced. The retention of the dust
      is of course, less positive in non-rotary tools, but even here
      particularly favourable results have been experienced.
PAR  It is of advantage to have the collector displaceable longitudinally of the
      tool to cater for accurate positioning thereof relatively to the operating
      end of this tool. For this purpose use may be made of a spring means to
      bias the collector in the direction of the tool. A spring for this
      purpose, can, for example, be mounted on a support plate and for instance,
      be of conical form so that it will occupy minimum space when depressed.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Embodiments of the device according to this invention are illustrated in
      the accompanying drawings, in which:
PAR  FIG. 1 shows a section through a debris collector in accordance with this
      invention mounted at the leading end of a drill,
PAR  FIGS. 2 and 3 illustrate modified forms of the collector, in each case
      shown mounted on a drill, and
PAR  FIGS. 4 and 5 are sections through details of modified forms of collector.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1, 2 and 3 show a drill bit 16 mounted in the chuck 15 of a drill,
      which latter can be of any standard or other form. In the embodiment
      illustrated in FIG. 1 a collector housing 1 is mounted on the bit 16
      through the medium of a seal 4, and this housing has a base 8, a
      cylindrical side wall 9, and a coned top 10. This latter has a
      comparatively large filling opening 11. Dust or other debris produced by
      the drill falls into the rotating collector 1 and, during the operation of
      the tool, is thrown against the wall 9. When the tool is stopped the dust
      in collector housing 1 can be emptied out through opening 11. It will be
      apparent that it is of advantage to have the collector 1 as near as
      possible to the drilling site, i.e. to the drilled hole, to collect the
      optimum amount of dust before it can escape.
PAR  FIG. 2 of the drawings show a modified version of the collector. In this
      the base 8 has a sealing bush 6 by which it is mounted on the drill bit,
      whilst the dust collection opening 11 is only slightly larger than the
      diameter of the drill bit itself. Moreover, in this case the wall 9 and
      the cover or top 10 are made separately from base 8 and are separably
      fitted together. In the arrangement illustrated in FIG. 1 the parts 8, 9
      and 10 are integral.
PAR  In the variant illustrated in FIG. 3 the collector housing has an outer
      wall 19 of curved cross-section and the cover or top 10 is provided with a
      lip 12 of tapered section around the filling opening 11. In this case,
      moreover, a spring 13 is mounted on a support plate 14 and bears against
      the base of the collector housing to bias the latter upwards. Plate 14 has
      several functions. First of all it is a support for spring 13; secondly it
      is intended to collect any dust, power or like debris which may come down
      from the collector 1 through the opening which is provided in the base of
      the latter for passage of the bit. It will be appreciated that such debris
      may well be brought down in the lands of the bit. This construction
      further includes a bellows 17 which is mounted between the plate 14 and
      the base of collector housing 1, and prevents the escape of very fine
      particles of dust. This is particularly useful when the support plate 14
      is a substantial distance from housing 1. The rim 12 of the collector
      housing 1 is pressed against the drilling site by spring 13.
PAR  FIG. 4 illustrates a somewhat modified form of collector according to the
      invention, in which the base 8 has formed therein a tapered flange 5. The
      side wall 9 is in this case of a simple frusto-conical shape, these two
      parts defining between them an annular trough 7.
PAR  FIG. 5 shows an even more elementary form of collector which can be used,
      this having a flat base 8 with an opening 3 therein for the drill bit and
      a frusto-conical side wall 9.
PAR  The device according to this invention can be made of various materials.
      Fabrication from plastics material is thought particularly appropriate.
      For example, where it is of simple shape and of thin gauge, it can be made
      so inexpensive as to be of a throw-away character intended for one use
      only.
PAR  Where sealing bushes or grommets such as those depicted at 4 and 6 in the
      drawings are used, these can be supplied in the form adaptable to various
      sizes of bits. They may for example, be made of a stepped internal
      diameter so that parts can be broken off to suit them to different tool
      dimensions.
PAR  In the embodiments of the invention illustrated in the drawings the
      collector is in every case carried by the bit 16 itself. This arrangement
      is preferred in the case of drills. In other instances, however, it may be
      of advantage to mount the collector directly on a part of the tool or
      machine carrying the actual tool, for example on the chuck 15, as in the
      case illustrated in FIG. 3, or any other parts of the machine which is
      used to hold or mount the tool. It is of course, of advantage for the
      collector to rotate rapidly. Only in the case of impact tools is a
      non-rotating collector of advantage.
PAR  It will be understood that the invention secures optimum advantages in the
      case of hand-operated tools, for example drills. It can, however, be used
      in the case of a tool, for example a drill or the like, which is mounted
      in a base frame and is mechanically or otherwise operated.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination a debris collection device and a tool having a rotatable
      working component which generates debris during operation, said collection
      device comprising a hollow collector housing which is disposed around said
      working component and rotatable therewith, said housing having a base, an
      annular side wall and an upper opening for receiving generated debris,
      said housing being mounted on a part of the tool through compression
      spring means which urges the housing in the direction of the operative end
      of the working component of the tool, said spring means being carried by a
      support plate which rests on said part of the tool, and a bellows disposed
      on said support plate and around the spring means, said spring means and
      support plate being positioned between the collector housing and the part
      of the tool upon which the support plate rests.
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ABST
PAL  A centrifugal pump of rotating case and fixed arm configuration having a
      plurality of orifices on the stationary arm to accomodate multi-phase flow
      whereby the mixed phase charge is separated and discharged at high
      pressure due to centrifugal force created by the case rotation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to centrifugal pumps for fluids and more
      particularly of the type having a rotatable case which impels fluid to one
      collection point if liquid and another if gas whereby they are discharged
      separately via separate outlet ports within the pump housing.
PAR  2. Description of the Prior Art
PAR  The problem of two-phase fluid pumping has been and still is a serious one
      in the art, especially for long distance transmissions. Prior pumps,
      especially the rotating case-fixed arm centrifugal type as disclosed in
      U.S. Pat. No. 3,384,024 issued to W. L. King, can be adapted to solve this
      type of problem. This type of pump, for a single phase fluid, achieves
      high pressure liquid pumping in a small inexpensive single stage with
      relatively little maintenance such as mechanical seal problems which have
      long plagued the pumping art. Yet this group as it is presently known
      cannot achieve the two-phase or multi-phase operation which is the prime
      object of the present invention.
PAR  The invention described herein discloses in its preferred embodiment a
      rotating case pump which can achieve two-phase pumping and/or phase
      separation in one stage, using either continuous or alternating pulse
      flow. For more complete separation, several stages may be used.
PAC  SUMMARY OF THE INVENTION
PAR  The modification disclosed herein is the addition of a second inlet orifice
      in the stationary arm whereby gas in two-phase flow would accumulate and
      be removed at an orifice separate from the existing liquid inlet orifice,
      usually positioned at the outermost end of the stationary arm.
PAR  This device can be used as a type of centrifugal separation which takes a
      mixed phase in its inlet port or can be used as a two-phase pump in much
      the same manner. In another operational mode, liquid pulses and gas pulses
      can be separately allowed to flow into the pump.
PAR  When mixed phase feed is being transported a sensor such as the Hydril Flow
      Detector (Hydril Co. Control Systems, Anaheim, California), which can
      close the gas port when liquid is present and open the port to admit gas,
      can be mounted in the gas port. This particular detector, commercially
      available, is operable at pressures of 275 to 3600 psi and at temperatures
      of from -50.degree. to +100.degree.F.
PAR  More particularly, the present application provides in a centrifugal pump
      comprising:
PA1  A. a generally cylindrical pump case rotatable about its central axis and
      defining a closed cylindrical main pump chamber,
PA1  B. a stationary arm extending from said central axis to a point within the
      case,
PA1  C. a central inlet port by which fluid enters said closed main pump
      chamber,
PA1  D. a fluid inlet orifice mounted on the outermost end of said stationary
      arm,
PA1  E. a fluid outlet port,
PA1  F. a passageway positioned and defined within said stationary arm providing
      fluid communication from said inlet orifice to said outlet port, and
PA1  g. means for rotating said case whereby fluid charge is drawn at inlet
      pressure into the case via the inlet port, transported to the outer
      section of the pump case by centrifugal force, removed at a pressure
      essentially higher than the inlet pressure by the inlet orifice and
      transported to an exterior location at said pressure higher than the inlet
      pressure,
PAL  an improvement which comprises:
PA1  a. a second fluid inlet orifice positioned on the stationary arm at a
      location essentially closer to the central axis of the rotatable case than
      the fluid inlet orifice recited above,
PA1  b. a second fluid outlet port, and
PA1  c. a second passageway positioned within said stationary arm providing
      fluid communication from said second fluid inlet orifice to said second
      fluid outlet port whereby a second fluid drawn into the case via the inlet
      port at inlet pressure is removed at a pressure essentially higher than
      the inlet pressure by said second fluid inlet orifice and transported via
      said second passageway and said second outlet port to a second exterior
      location at said pressure higher than the inlet pressure.
PAR  The invention may be more fully understood by referring to the following
      figures and descriptions of the preferred embodiments.
DRWD
PAC  DESCRIPTION OF THE DRAWING AND PREFERRED EMBODIMENT
PAR  FIG. 1 is a schematic diagram of a centrifugal pump according to this
      invention connected to a motor with the centrifugal pump appearing in a
      section.
PAR  FIG. 2 is a sectional view of the stationary arm, taken along the line 2--2
      in FIG. 1.
PAR  FIG. 3 is a fragmentary section of a conventional single phase stationary
      arm adapted for double phase pumping according to the invention.
PAR  FIG. 4 is a fragmentary section of the stationary arm along line 4--4 in
      FIG. 3.
DETD
PAR  One possible method of constructing a centrifugal pump is illustrated in
      FIG. 1. A pump housing 10 contains the operable parts of the pump. Pump
      housing 10 is secured to the frame 11 of motor 12 by bolts 13. Motor 12 is
      preferably secured to a sturdy base 14. Inside pump housing 10 the pump
      case 15 is mounted. Pump case 15 has two sections 16 and 17 secured
      together by bolts 18. Section 16 is secured to the rotatable shaft 19 of
      motor 12. An inlet port 20 extends through the opposite side of pump
      housing 10 and through section 17 of case 15. Inlet port 20 is secured to
      pump housing 10 by setscrew 21, thereby preventing its rotation. A seal 22
      is provided to prevent leaks at the point when inlet port 20 passes
      through case 15. The inside end of inlet port 20 opens into the inside of
      case 15. A stationary arm 23 is secured to the portion of inlet port 20
      which is inside case 15 and extends radially therefrom. The shape of arm
      23 should be such as to permit minimum fluid turbulence during pumping.
      Two inlet orifices, 24 and 25, on stationary arm 23 are provided. Each
      orifice preferably has a circular intake opening at its leading edge,
      which extends forward of the leading edge of stationary arm 23. Internal
      passageways 26 and 27 provide fluid communication between inlet orifice 24
      and 25 and outlet ports 28 and 29, respectively.
PAR  When operating the pump, fluid having two phases is pulled into inlet port
      20 at low inlet pressures by the centrifugal forces created by rotating
      case 15. The centrifugal force causes the fluid to move outwardly, forcing
      the denser phase to concentrate at the outer most portion inside case 15.
      The less dense phase remains closer to the center of case 15. The momentum
      of the fluid created by the centrifugal force causes each phase to be
      forced through its respective inlet orifice at high pressures. The denser
      phase enters inlet orifice 24, flows through passageway 26 and exits the
      pump through outlet port 28. Likewise, the lighter phase enters inlet
      orifice 25, flows through passageway 27 and exits through outlet port 29.
      The outlet pressures are greater than the inlet pressures due to the
      centrifugal forces created to propel the fluid through the pump.
PAR  Several design changes can be made to alter the characteristics of the
      pump. The location of the inlet orifices can be changed to better receive
      the particular phases that are to be pumped. Preferably, one orifice needs
      to be located on the outer end of stationary arm 23 to receive the denser
      phase. The second orifice can be located anywhere along the leading edge
      of stationary arm 23 between orifice 24 and inlet port 20. The exact
      location depends upon the density of the phase to be pumped as well as its
      concentration in the initial mixed phase fluid and the speed of rotation.
PAR  Also, three or more inlet orifices can be used. This configuration would be
      desirable where the separation of a hydrocarbon, water, and gas mixture
      was desired.
PAR  Several design variations of stationary arm 23 are possible. The size of
      the internal passageways and outlet ports can be varied to be proportional
      to the relative concentration of each phase in the mixed-phase fluid.
      Another possibility is the addition of several stationary arms having
      different lengths with inlet orifices located on the end of each arm.
PAR  Easy installation of a second inlet orifice in a conventional centrifugal
      pump having only one inlet orifice 24' is possible, as seen in FIGS. 3 and
      4. A second inlet orifice 25' is installed in the leading edge of the
      stationary arm 23' at the appropriate radius. An outlet port 29' is placed
      inside the inlet port 20' or outlet port 28', and a tube 27' is placed
      inside the original internal passageway 26' to provide fluid communication
      between the second inlet orifice 25' and its outlet port 29'.
PAR  Several methods of operating the multi-phase pump are possible. The pump
      can be charged alternately with one phase and then another. It can be
      slugged with a mixed phase fluid and allowed to run until the case is
      empty or until a predetermined residence time has elapsed. The pump can
      also be operated continuously. In the continuous operation, better control
      of the pump might be needed. For instance, a sensor (not shown) could be
      used to detect the type of fluid being received by inlet orifice 25. If a
      gas phase is not being received, the exit passage would be closed and the
      speed of rotation or rate of mixed phase fluid flow into the pump would be
      altered to achieve the proper balance between phases. A control valve and
      sensing system, of a type previously mentioned, can be mounted in
      stationary arm 23 at inlet orifice 25 to perform this function. Control
      systems which can automatically control the pump in response to the
      control valve and sensing system are known to those skilled in the art.
PAR  Use of several pumps connected in series can permit more refined separation
      of the phases since the phase becomes more pure after passage through each
      stage.
PAR  While particular embodiments of the invention have been described, it is
      obvious that changes and modifications can be made without departing from
      the true spirit and scope of the invention. It is the intention of the
      appended claims to cover all such changes and modifications.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. In a centrifugal pump comprising:
PA1  a generally cylindrical pump case rotatable about a central axis and
      defining a closed cylindrical main pump chamber,
PA1  a stationary arm extending from said central axis to a point within the
      case,
PA1  a central inlet port by which fluid enters said closed main pump chamber,
PA1  a fluid inlet orifice mounted on the outermost end of said stationary arm,
PA1  a fluid outlet port,
PA1  a passageway positioned within said stationary arm providing fluid
      communication from said inlet orifice to said fluid outlet port and
PA1  means for rotating said case whereby fluid charge is drawn at inlet
      pressure into the case via the inlet port, transported to the outer
      section of the pump case by centrifugal force, removed at a pressure
      essentially higher than the inlet pressure by the inlet orifice and
      transported to an exterior location at said pressure higher than the inlet
      pressure,
PAL  an improvement comprising:
PA1  a. a second fluid inlet orifice positioned on the stationary arm at a
      location essentially closer to the central axis of the rotatable case than
      the fluid inlet orifice recited above,
PA1  b. a second fluid outlet port, and
PA1  c. a second passageway positioned within said stationary arm providing
      fluid communication from said second fluid inlet orifice to said second
      fluid outlet port whereby a second fluid drawn into the case via the inlet
      port at inlet pressure is removed at a pressure essentially higher than
      the inlet pressure by said second fluid inlet orifice and transported via
      said second passageway and said second outlet port to a second exterior
      location at said pressure higher than the inlet pressure.
NUM  2.
PAR  2. Apparatus recited in claim 1 wherein the second passageway is integrally
      formed within the stationary arm.
NUM  3.
PAR  3. Apparatus recited in claim 1 wherein the second passageway comprises a
      tube, passing through the first passageway, connected at one end to the
      second fluid inlet orifice and at the other end to the second fluid outlet
      port.
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ABST
PAL  A method and apparatus for providing high pressure cooling air to the
      turbine vanes of a gas turbine engine is disclosed. A centrifugal
      compressor stage is interposed in the flow path of cooling air to the
      turbine vanes. The centrifugal compressor stage raises the pressure of the
      cooling air to a value substantially greater than the pressure of the
      combustion gases entering the turbine. The availability of high pressure
      cooling air allows the incorporation of improved cooling systems in the
      turbine vanes. Increasingly effective cooling systems are necessary to the
      continued development of low pressure drop combustion chambers which
      discharge high temperature gases to the inlet of the turbine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to gas turbine engines and more particularly to the
      cooling of turbine components in engines having high turbine inlet
      temperatures.
PAR  2. Description of the Prior Art
PAR  A gas turbine engine principally includes a compressor section, a
      combustion section and a turbine section. Each of the sections is
      individually designed, where possible, to maximize local efficiencies and
      improve the associated overall performance of the engine. Care must be
      exercised, however, to ensure that local efficiency improvements do not
      disturb the operating compatibility between the various engine components
      of the principal sections.
PAR  The combustion section is positioned immediately downstream of the
      compressor section and receives high pressure gases which comprise the
      engine working medium discharged from the compressor. A portion of the
      working medium gases is mixed with fuel in a combustion chamber to form a
      combustible mixture which is burned to increase the kinetic energy of the
      flowing gases. To decrease the amount of unburned hydrocarbons which are
      discharged from the combustion chamber and to improve chamber performance,
      it is desired to burn the combustible mixture at high temperatures.
      Additional combustion chamber performance increases are achieved by
      minimizing the pressure loss of the working medium as the medium flows
      through the combustion section. It is, therefore, well known in the art
      that a combustion chamber having maximum temperatures and minimum flow
      losses offers the highest local benefits.
PAR  From the combustion section the working medium is flowed to the turbine
      where an annular nozzle comprising a plurality of turbine vanes directs
      the working medium gases, which include the hot combustion gases produced
      in the upstream chamber, at a preferred angle into a row of downstream
      turbine blades. The blades receive the working medium and extract kinetic
      energy from the medium to drive the compressor and engine accessories.
      Although the blades and vanes are fabricated from the finest high
      temperature materials in order to survive the hostile environment of the
      combustion gases, the local temperatures of the combustion gases still
      exceed the maximum acceptable temperatures for all known suitable blade
      and vane materials.
PAR  It is widely known that blade and vane temperatures can be held within safe
      limits by flowing cooling air over the internal and external surfaces of
      the airfoil sections. Compressor exit air is the most highly pressurized
      air available within the engine and is utilized for cooling. In one
      typical embodiment cooling air is flowed from a port at the inner diameter
      of the compressor gas path through various conduit means to the turbine
      section of the engine. The pressure of the cooling air which flows to the
      turbine is reduced by flow losses through the conduit means and is
      typically at a value of 95% to 96% of the compressor exit pressure by the
      time the cooling air reaches the airfoil section. As long as the pressure
      loss of the working medium flowing through the combustion section is
      higher than the pressure loss of the cooling air through the various
      conduit means, a positive flow of cooling air through the blades and vanes
      is maintained.
PAR  As has been discussed above, minimization of the combustion section
      pressure loss is one of the design goals toward achieving optimum overall
      engine performance. Although current commercial engines exhaust combustion
      gases to the turbine at approximately 94% of the compressor exit pressure,
      modern combustion chambers exhausting gases at approximately 96% of the
      compressor exit pressure have been designed. The minimized pressure loss
      combustor, while remaining highly desirable, is somewhat limited in
      utility by the downstream components of the turbine which require a
      positive flow of cooling air. U.S. Pat. No. 3,628,880 to Smuland shows a
      turbine vane having intricate cooling systems to effect acceptable vane
      cooling in the destructive turbine environment of an engine having high
      turbine inlet temperatures. Various combinations of impingement,
      convective and film cooling maintain the metal temperature at or below
      acceptable levels as long as an adequate supply of cooling air is
      provided. Impingement cooling which is provided at the interior walls of
      the Smuland airfoil, requires a high pressure differential between the
      cooling air and the turbine working medium and is especially sensitive to
      reduced cooling air pressure. In normal operation cooling air is
      accelerated through small diameter holes in a baffle insert to a velocity
      at which air impinges on the interior walls of the airfoil. If the
      pressure drop across the baffle is not high enough low velocity flow
      occurs and impingement cooling is not accomplished. In a typical modern
      engine the pressure drop across the leading edge of the foil is within a
      range of three to six psi at take-off, and somewhat lower at altitude
      conditions. Inasmuch as pressure drops substantially greater than that are
      required for impingement cooling, the cooling flow is exhausted to a lower
      pressure along the suction side of the airfoil section rather than to the
      leading edge. It is known in the art that film cooling of the leading edge
      offers an attractive and efficient means for cooling the leading edge. In
      current engines the capacity for film cooling in conjunction with
      impingement cooling at the leading edge is severely limited by the
      inability to exhaust impingement cooling flow at the leading edge of the
      airfoil as described above.
PAR  Continuing efforts are underway to maximize the pressure of the cooling air
      in the vane region in order to ensure an adequate pressure differential
      between the cooling air and the working medium gases to which the cooling
      air is exhausted. Improved turbine cooling is of increased importance as
      efficiently operating low pressure drop combustion chambers become
      available.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of the present invention is to improve the overall system
      efficiency of a gas turbine engine and to improve the structural integrity
      of cooled turbine components. An additional object of the present
      invention is to permit the incorporation of effectively cooled turbine
      vanes which are compatible with the low pressure drop combustion chambers
      of modern gas turbine engines. Concomitantly, one specific object is to
      raise the pressure of the turbine vane cooling air to a level
      substantially higher than the pressure of the working medium gases at the
      inlet to the turbine.
PAR  In accordance with the present invention an auxilliary compression means is
      disposed within the path of cooling air flowing to the turbine of a gas
      turbine engine. A small portion of the air which is compressed in the
      compressor section of the engine is bled from the compressor gas path and
      is flowed axially rearward to the auxilliary compression means; the
      cooling air is pumped through said compression means to internal passages
      in a row of hollow vanes at the inlet to the turbine.
PAR  A primary feature of the present invention is the impellor of the
      centrifugal compressor stage which raises the pressure of the turbine
      cooling air to a value substantially in excess of the pressure of the
      working medium gases at the inlet to the turbine. Another feature of the
      present invention is the plurality of air supply nozzles which, in one
      embodiment, accelerate the flow of air to the centrifugal compressor stage
      to a velocity which is approximately equal to the tangential velocity of
      the impellor at the inlet region to the centrifugal stage. Flow
      straightening vanes are positioned between the impellor and the row of
      turbine vanes to recover the velocity pressure head of the cooling air
      which is discharged from the impellor at the exit region of the
      centrifugal stage.
PAR  A principal advantage of the present invention is the compatibility of
      turbine cooling systems incorporating the hereafter described apparatus
      with modern combustion chambers which produce reduced flow losses in the
      working medium. Highly effective combinations of impingement, convective
      and film cooling of the turbine vanes are advantageously employed through
      the use of the higher pressure cooling air. Effective cooling enhances the
      resistance of vane materials to the destructive attack of combustion gases
      and prolongs the attendant service life of the cooled components.
PAR  The foregoing, and other objects, features and advantages of the present
      invention will become more apparent in the light of the following detailed
      description of the preferred embodiment thereof as illustrated in the
      accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial cross-sectional view of a gas turbine engine showing
      portions of the combustion and turbine sections; and
PAR  FIG. 2 is a cross sectional view taken along the line 2--2 as shown in FIG.
      1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A portion of the combustion section 10 and a portion of the turbine section
      12 of a gas turbine engine are shown in cross section in FIG. 1. A
      combustion chamber 14 having an annular exit region 16 is located within
      the combustion section. The turbine section 12 is located immediately
      downstream of of the combustion section 10 and principally comprises a
      rotor assembly 18 and a stator assembly 20. The rotor assembly of the
      turbine section includes a blade 22 which is mounted at one point on the
      periphery of a disk 24. A multiplicity of blades is mounted at additional
      points on the periphery of the disk to form a circumferentially disposed
      row of blades. A centrifugal compressor stage 26 is located axially
      forward of the blades 22 and is attached to the disk 24. The compressor
      stage 26 has an impellor 28 and a pair of axial seals 30 extending
      radially from the periphery of the stage.
PAR  The stator assembly of the turbine section includes a turbine vane 32 which
      is positioned immediately downstream of the annular exit region 16 of the
      combustion chamber 14. A multiplicity of turbine vanes is disposed
      circumferentially about the annular exit region at the same axial location
      to form a turbine nozzle. A conduit means 34 for carrying cooling air to
      the turbine section is positioned radially inward of the combustion
      chamber 14. A cooling air supply nozzle 36 extends from the conduit means
      34 to the vicinity of the centrifugal compressor stage 26 of the rotor
      assembly. A flow straightening vane 38 is positioned radially inward of
      the turbine vane 32. A multiplicity of flow straightening vanes is
      circumferentially disposed at the same axial engine position. A pair of
      seal lands 40 which oppose the pair of axial seals 30 of the rotor
      assembly are positioned radially inward of the flow straightening vanes
      38.
PAR  During operation of the engine, cooling air is flowed through the conduit
      means 34 to the supply nozzles 36 which discharge the cooling air to a
      flow inlet region 42 which is adjacent to the centrifugal compressor
      stage. As is shown in FIG. 2, the cooling air is pumped radially within
      the centrifugal stage by the impellor 28 to a flow exit region 44 which is
      axially bounded by the pair of seals 30 in cooperation with the seal lands
      40 of the stator assembly shown in FIG. 1. The cooling air discharged from
      the impellor has a tangential velocity in the direction of rotation of the
      centrifugal compressor stage 26. The flow straightening vanes 38 turn the
      tangentially flowing air so that flow through a straightening vane exit
      region 46 is essentially radial. Flow from the straightening vane exit
      region 46 enters hollow portions 48 in the vanes 32, cools the vanes and
      is subsequently discharged through holes 50 to a working medium flow path
      52 through the turbine section.
PAR  The pressure of the working medium gases flowing through a gas turbine
      engine is the highest at the exit to the compressor. As the working medium
      gases flow downstream from the compressor through the combustion section,
      the pressure of the medium gases diminishes to approximately 94% of the
      compressor exit value. Concurrently, the combustion process radically
      increases the maximum temperature of local gases by more than two thousand
      degrees to approximately 3200.degree.F at the inlet to the turbine. The
      maximum temperature of the local gases exceeds the temperature limit of
      all known suitable blade and vane materials and turbine cooling is
      required.
PAR  The only air which is available at sufficiently high pressures for turbine
      cooling within conventional engines is compressor exit air. Accordingly,
      in conventional constructions, compressor exit air is flowed from the
      compressor through various conduit means to the turbine. Flow losses
      through the conduit means reduce the cooling air pressure to approximately
      95% to 96% of the compressor exit value. A pressure differential of one to
      two percent between the cooling air and the hot working medium gases at
      the leading edge of a first turbine vane provides a maximum pressure drop
      of between three and six pounds per square inch which occurs under the
      take-off condition. This differential is sufficient to flow film cooling
      air from the leading edge of the airfoil, but it is not sufficient to
      impingement cool in the region as well. Impingement and film cooling can
      only be combined where the medium to which the impingement flow is
      exhausted is substantially less than cooling air supply pressure.
      Accordingly, impingement flow in conventional engines must be exhausted at
      the suction side of the airfoil rather than at the leading edge.
PAR  The centrifugal compressor stage 26 of the present invention is interposed
      in the flow path of cooling air to the turbine and raises the pressure of
      the vane cooling air to approximately one hundred twenty percent of the
      compressor exit value. The increased differential across the vane leading
      edge allows various combinations of impingement, convection and film
      cooling to be utilized at the vane leading edge. Although compressor exit
      air is utilized in this preferred embodiment, it should be apparent that
      air from intermediate compressor stages may alternatively be utilized
      depending upon the cooling air pressure required at the vane leading edge.
PAR  The apparatus of the present invention has important utility when used in
      conjunction with modern combustion chambers of the premix and swirl
      combustion types which impart reduced flow losses to the medium gases
      flowing therethrough. Combustion chambers employing modern burning
      techniques reduce the working medium pressures to approximately 96% of
      their compressor exit value. Inasmuch as the pressure of cooling air
      available in the conduit means 34 and the working medium pressure at the
      vane leading edge are approximately equal, film cooling air can only be
      flowed to the exterior surface of the vane at the leading edge when
      apparatus similar to that described in this preferred embodiment is
      incorporated in the engine to substantially raise the pressure of the
      available cooling air.
PAR  Although the invention has been shown and described with respect to a
      preferred embodiment thereof, it should be understood by those skilled in
      the art that various changes and omissions in the form and detail thereof
      may be made therein without departing from the spirit and the scope of the
      invention.
CLMS
STM  Having thus described a typical embodiment of our invention, that which we
      claim as new and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. In a gas turbine engine of the type having coolable turbine stator vanes
      and containing apparatus including conduit means leading from the
      compressor flow path for supplying cooling air to the coolable stator
      vanes, the improvement comprising:
PA1  compression means disposed between the conduit means and the coolable vane
      for raising the pressure of the cooling air to a value in excess of the
      pressure of the air within the compressor flow path; and
PA1  fixed flow straightening means operatively disposed between said
      compression means and the coolable vanes to recover the velocity pressure
      head of the cooling air which is discharged from said compression means.
NUM  2.
PAR  2. The invention according to claim one wherein said compression means is a
      centrifugal compressor stage having an inlet region and an exit region.
NUM  3.
PAR  3. The invention according to claim two wherein said fixed flow
      straightening means includes a plurality of vanes disposed between the
      centrifugal compressor stage and the coolable vanes and wherein the vanes
      deflect the air flowing therethrough to an essentially radial direction.
NUM  4.
PAR  4. The invention according to claim three which further includes at least
      one air supply nozzle disposed between the conduit means and the
      centrifugal compressor stage for directing the air flowing therethrough to
      said centrifugal compressor stage.
NUM  5.
PAR  5. The invention according to claim two which further includes a pair of
      axial seals which are radially positioned between the centrifugal
      compressor stage and the stator coolable vanes, one seal located axially
      forward of the stage exit region and the other seal located axially
      rearward of the stage exit region.
NUM  6.
PAR  6. In a gas turbine engine having a rotor assembly including a plurality of
      turbine blades and a stationary stator assembly including a plurality of
      turbine vanes, apparatus for supplying cooling air to the vanes of the
      stator assembly comprising:
PA1  a centrifugal compressor stage including an impellor having an inlet region
      and an exit region which is disposed axially forward of the turbine
      blades, the impellor being radially enclosed by the stationary structure
      of the stator assembly;
PA1  a pair of axial seals radially positioned between the impellor and the
      stationary structure of the stator assembly, one seal located axially
      forward of the impellor exit region and the other seal located axially
      rearward of the impellor exit region;
PA1  a plurality of flow straightening vanes attached to the stationary
      structure of the stator assembly at a radial position between the impellor
      exit region and the vanes of the stator assembly for imparting an
      essentially radial direction to the cooling air discharged from the
      impellor; and
PA1  means for supplying air to the impellor inlet of the centrifugal compressor
      stage.
NUM  7.
PAR  7. The invention according to claim six wherein the means for supplying air
      to the impellor inlet of the centrifugal compressor stage includes:
PA1  a plurality of cooling air supply nozzles for supplying air to the impellor
      inlet and which is adapted to discharge the cooling air at the tangential
      velocity which is substantially equal to the tangential velocity of the
      impellor at the inlet; and
PA1  conduit means for flowing cooling air from the compressor of the gas
      turbine engine to the air supply nozzles.
NUM  8.
PAR  8. In a gas turbine engine, a method for providing cooling air to the
      turbine stator vanes at a pressure which is substantially higher than the
      maximum pressure of the working medium flowing through the engine,
      comprising the steps of:
PA1  bleeding a portion of the working medium from the compressor flow path for
      cooling the turbine stator vanes;
PA1  flowing said portion of the working medium through conduit means to the
      turbine section of the engine;
PA1  compressing further said portion of the working medium to a pressure which
      is higher than the maximum pressure of the working medium flowing through
      the engine;
PA1  flowing said further compressed portion of the working medium through fixed
      flow straightening means to recover the velocity pressure head of the
      medium; and
PA1  flowing said further compressed portion of the working medium to the
      turbine stator vanes to cooling the vanes.
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PAL  An engine is shown having means for providing cooling fluid to turbine
      blades on a disk while providing sealing means between the blade roots and
      cooperating disk slots and providing means for retaining the turbine
      blades on their disk. The device comprises a full ring coverplate which
      engages a small coverplate fixed to each blade. A small coverplate is
      fixed, such as by bonding, to the forward end of the root section of each
      blade and contoured so that it extends over the edges of the root and
      bears against the forward side of the disk when the blade root has been
      inserted in a blade slot. The blades are held in the disk by the full ring
      coverplate which engages all of the small coverplates at a midpoint
      between the inner and outer ends of the root. The position of the full
      ring coverplate can be adjusted to provide and vary a biasing force
      against the small coverplates to maintain a force keeping the small
      coverplates against the disk. Cooling air is injected at the inner
      diameter of the full ring coverplate and is directed to a hole in each of
      the small coverplates which permits the cooling air to enter the inside of
      the hollow blade. The full ring coverplate also acts as a forward disk
      seal.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract with the Department of the Air Force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to turbine blade seals and turbine blade retaining
      means, particularly for use in a gas turbine engine. Examples of the prior
      art are shown in U.S. Pat. Nos. 2,598,176; 3,266,770; 3,644,058 and
      3,715,170.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of the present invention is to provide means for directing
      cooling air into turbine blades on a disk while providing a seal between
      the turbine blades and the disk and providing means for retaining the
      roots of the blades in the root slots in the disk.
PAR  In accordance with the present invention a small coverplate is fixed to the
      forward end of the root section of each blade, such as by bonding, and
      contoured to extend over the edges of the root and bear against the
      forward edge of the disk to seal the area between the root and disk slot,
      and position the blade in the disk.
PAR  In accordance with a further aspect of the invention a full ring coverplate
      engages all of the small coverplates at a midpoint to force the small
      coverplates against the disk. Means are provided to vary the force exerted
      against the small coverplates. It is an object of this invention to have
      the full ring coverplate also act as a forward disk seal.
PAR  It is an object of this invention to provide a blade sealing and retaining
      means for blades on turbine rotors for small gas turbine engines where the
      rotor speeds are high and disk stresses do not permit a bolted-on type of
      coverplate. An engine of this size is discussed in U.S. Pat. No. 3,749,514
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an external side view of an engine with a section broken away to
      show the location of the invention.
PAR  FIG. 2 is an enlarged view of the rotor and sealing and retaining means of
      FIG. 1.
PAR  FIG. 3 is a view taken along the line 3--3 of FIG. 2 showing the sealing
      and retaining means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, engine 1 is shown having an inlet section 4, a
      compressor section 6, combustion section 8, a turbine section 10 and an
      exhaust section 12. The turbine section 10 has a rotor assembly 2 with a
      shaft 13 mounted for rotation on bearings (not shown) within the engine 1.
      Rotor assembly 2 includes turbine blades 3 for receiving a gas flow from
      the combustion section 8, said gases passing over vanes 14. The vanes 14
      have inner and outer annular shrouds 9 and 11, respectively, defining an
      annular passageway connected to said combustion section for delivering a
      fluid flow therefrom to said blades 3. Blades 3 are located between an
      inner rotating annular member 5 formed by the blade platforms and an outer
      shroud member 7 formed by a blade tip sealing means. One modification of a
      blade tip sealing means is shown in U.S. Pat. No. 3,742,705. Fluid from
      the blades is directed to the exhaust section 12 by an exhaust duct 16.
PAR  Outer shroud 11 is fixed to the housing of turbine section 10 while the
      inner shroud 9 is fixedly positioned by the vanes 14. An annular sealing
      member 20 is fixed to the inner shroud 9 and includes annular sealing
      edges 22 which extend inwardly for sealing cooperation with a rotating
      cylindrical surface which will be hereinafter described. Said annular
      sealing member 20 also has an outwardly extending sealing edge 24 which
      performs a sealing function with the forward inner surface formed by the
      blade platforms.
PAR  Rotor assembly 2 is formed having a disk 25 with slots 26 located around
      the periphery thereof, each slot 26 receiving a root section 28 of a blade
      3. A small coverplate 30 is fixed, such as by bonding, to the forward end
      of the root section 28 of each blade 3 and contoured so that it extends
      over the periphery of the root section and bears against the forward side
      of the disk when a blade root section 28 has been properly inserted in a
      slot 26. Adjacent edges of adjacent small coverplates 30 are shaped so
      that there will be no overlapping.
PAR  A full ring coverplate 32 is formed having an outwardly extending flange
      member 34 for positioning adjacent to and spaced from the forward part of
      the disk 25 and small coverplates 30. A cylindrical section 36 is
      connected to the inner end of the flange member 34 and positioned around
      the rotor shaft 13 providing an annular passageway 40.
PAR  Disk 25 has an annular flange 37 located on the forward face thereof for
      locating and radially supporting the flange member 34 of the full ring
      coverplate 32 during rotation. A plurality of projections 39, arranged in
      a circumferential row around the rear face of the flange member 34, engage
      the inner surface of the flange 37. The annular flange 37 and the
      projections 39 are prevented from axially engaging the flange member 34 or
      the disk 25, respectively, by means to be hereinafter described. The full
      ring coverplate 32 has a cylindrical member 38 connected to the end of the
      flange 34 to provide for proper positioning of the flange 34 of the full
      coverplate and provide for the sealing at the outer edge of the flange of
      the coverplate.
PAR  The cylindrical member 38 has its outer surface positioned for rotating
      sealing cooperation with the inner annular sealing edges 22 of annular
      seal member 20 to prevent leakage thereby. The rearward end of the
      cylindrical member 38 is positioned against the forward surfaces of the
      small coverplates 30 thereby holding the small coverplates 30 into sealing
      engagement with the forward portion of the disk 25 adjacent the slots 26
      and forming a seal between the end of the cylindrical member 38 and the
      forward mating surface of the small coverplates 30. The cylindrical member
      38 is made of a predetermined length to provide a radial passageway 41
      connecting the annular passageway 40 to the inner surface of the
      cylindrical member 38 and prevent flange 37 from engaging the flange
      member 34 and the projections from engaging the disk 25.
PAR  The cylindrical section 36 is formed having an inwardly extending flange 44
      which extends into a necked down portion 46 on the forward part of the
      rotor shaft 13. A plurality of bolt means 48 are located around the flange
      44 and are bolted into a radial surface 50 on the shaft 13. It can be seen
      that the amount of force applied to the small coverplates 30 through the
      end of the cylindrical member 38 of the full ring coverplate 32 can be
      varied by changing the position of the bolt means 48.
PAR  The cylindrical section 36 has a second inwardly extending flange 54
      adjacent flange 44 which contacts the rotor shaft 13. This flange 54
      serves to guide the cylindrical section 36 on the rotor shaft 13 and also
      to provide a seal for the cooling fluid directed into passageway 40.
PAR  A passageway means 56 extends into the area between the cylindrical section
      36 and annular seal member 20, for delivering a cooling fluid for the
      blades 3. Stationary seal 58 is formed between passageway means 56 and
      seal member 20 and rotating sealing means are formed between cylindrical
      section 36 and the passageway means 56 on both sides of passageways 60 and
      62 of passageway means 56 and cylindrical section 36, respectively. It can
      be seen that this arrangement permits cooling air in the passageway means
      56 to be directed into the annular passageway 40.
PAR  The cooling fluid passes from annular passageway 40 to radial passageway 41
      to the area formed between the outer end of flange member 34, cylindrical
      member 38 and small coverplates 30. The cooling air then passes through an
      opening 64 in each of the small coverplates 30 which is placed in line
      with an opening 65 in the forward end of the root section 28 of its
      cooperating blade 3, where it passes into the hollow blade. The cooling
      air then passes through the blade and out openings adjacent the trailing
      edge thereof. While a blade having a single cavity 70 has been shown with
      a plate 72 brazed to the bottom of the blade to contain cooling air within
      the cavity 70, it is to be understood that blades having other types of
      interior cavity design can be used.
PAR  A sealing member 80 is connected to fixed structure of the engine and
      includes a sealing ring 82 which performs a sealing function with the
      rotating disk 25 and a second sealing ring 84 which cooperates with the
      rearward inner surface formed by the blade platforms to provide a seal.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, a rotor disk mounted for rotation, said rotor disk
      having slots provided in the periphery thereof, rotor blades, said rotor
      blades having root portions shaped to fit the slots in the periphery of
      the disk, each blade having a small coverplate fixed to its root portion,
      each small coverplate being contoured so that it extends over the edges of
      its blade slot for bearing against the side of the disk and having inner
      and outer edges, a full ring coverplate being positioned adjacent said
      rotor disk said full ring coverplate having a cylindrical member extending
      therefrom which engages all of the small coverplates at a point between
      the inner and outer edges of the root portions and means for providing a
      biasing force against the small coverplates through said cylindrical
      member.
NUM  2.
PAR  2. A combination as set forth in claim 1 wherein means are included to move
      said full ring coverplate axially with relation to said disk to control
      the biasing force against the small coverplates.
NUM  3.
PAR  3. A combination as set forth in claim 1 wherein said blades are hollow to
      receive a cooling fluid, a passageway being formed between said full ring
      coverplate and said rotor disk for delivering a cooling fluid to the small
      coverplates at a point inwardly from said cylindrical member, each root
      portion having a first opening in the part covered by its cooperating
      small coverplate, each small coverplate having a second opening therein
      aligned with the first opening in said blade for directing the cooling
      fluid through the second and first openings in said small coverplates and
      blade root portions to the interior of the blades.
NUM  4.
PAR  4. A combination as set forth in claim 1 wherein a fixed annular sealing
      member is positioned adjacent said cylindrical member and said rotor
      blades, said sealing member cooperating with the cylindrical member and
      said blades to prevent leakage therebetween.
NUM  5.
PAR  5. A combination as set forth in claim 1 wherein said rotor disk has an
      annular flange projecting from the face thereof, said full ring coverplate
      having a centrifugal row of projections extending towards said disk for
      engaging the inner side of said flange thereby providing radial support
      for said full ring coverplate during rotation of the disk.
NUM  6.
PAR  6. A combination as set forth in claim 2 wherein said means to move said
      full ring coverplate axially includes bolt means which extend through said
      full ring coverplate into said rotor disk.
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ABST
PAL  An inspection port structure is provided for turbines to allow examination
      of interior regions of the turbine for possible damage or deleterious
      conditions in the flow path. A sealing member is provided in the port with
      spring means for locking the sealing member in place during normal
      operation. The sealing member can readily be removed when desired, to
      permit the insertion of a suitable instrument for internal inspection, and
      can then be easily replaced in a manner which reliably reestablishes the
      necessary seal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the inspection of turbines, and
      particularly axial flow gas turbines in which the condition of interior
      regions of the turbine must be monitored or inspected at regular
      intervals.
PAR  In such turbines it is necessary to make regular inspections to determine
      if any deleterious conditions exist in the flow path of the hot gases
      through the turbine, such as erosion of the blades, or if any damage has
      been caused by foreign particles which may have entered the flow path.
      Such inspections may, of course, be made by partial disassembly of the
      turbine structure but this is an expensive and time-consuming operation
      which is to be avoided if possible. Satisfactory inspections can also be
      made by means of inspection ports which provide access to the interior of
      the turbine at the desired locations and permit insertion of a borescope,
      or other suitable instrument, for examining the condition of the turbine.
      Such inspection ports must, of course, be closed and sealed during
      operation to prevent escape of the hot pressurized gas flowing through the
      turbine, or the entrance of cool air or of foreign particles such as dirt.
      The sealing means must effectively and reliably seal the opening into the
      turbine and must be easily accessible from the outside of the turbine in a
      manner to facilitate disassembly and removal of the sealing means when an
      inspection is to be made. The sealing means must also be such that after
      the inspection is completed, it can be readily replaced and reassembled in
      the inspection port to again seal the access opening with a seal which
      effectively reproduces the original seal.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided an inspection
      port and seal assembly for a turbine which comprises an elongated tubular
      member extending through the casing and accessible from the outside of the
      turbine. The tubular member is aligned with an inner opening giving access
      to the interior region of the turbine which is to be inspected, and an
      elongated sealing member extends through the tubular member and engages
      the opening to seal it. The outer end of the tubular member is closed by a
      removable cap or closure member and sealing pressure is applied to the
      sealing member by a compression spring disposed between the sealing member
      and the closure member. The closure member has locking pins engaging slots
      in the tubular member in such a manner that when the cap is in locking
      position, the spring also applies pressure to the cap in a direction to
      positively retain it in place. In this way, a relatively simple structure
      is provided which can readily be removed when an inspection is to be made
      and which can easily be replaced in a manner which exactly reproduces the
      original sealing engagement, since both the seal and the locking of the
      cap are effected by the compression spring which applies axial forces to
      both members.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be more fully understood from the following detailed
      description, taken in connection with the accompanying drawing, in which:
PAR  FIG. 1 is a fragmentary transverse sectional view of a gas turbine
      illustrating the inspection port of the present invention;
PAR  FIG. 2 is a longitudinal view substantially on the line II--II of FIG. 1
      and on a somewhat larger scale;
PAR  FIG. 3 is a top view of the inspection port with the closure cap in place;
PAR  FIG. 4 is a side view of the outer end of the inspection port with the
      closure cap in position to be inserted; and
PAR  FIG. 5 is a similar view showing the cap in closed and locked position in
      the inspection port.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is shown in the drawing in an illustrative embodiment in an
      axial flow gas turbine, although it will be understood that the usefulness
      of the invention is not necessarily limited to any particular type of
      machine and it may be used in any turbine where inspection of an interior
      region is necessary.
PAR  The turbine itself may be of any usual type of construction and has not
      been illustrated in detail. The turbine is shown as having an outer casing
      10 and an inner casing 12 which may be generally cylindrical or conical
      and which completely enclose the turbine. A row of stationary vanes or
      blades 14 is disposed between shrouds 16 inside the inner casing 12. The
      vanes 14 may be of any suitable or known type for cooperation with an
      adjacent row of moving vanes or blades carried on a rotor (not shown) in
      the usual manner. The outer shroud 16 may be attached to the inner casing
      12 in any desired or usual manner by suitable means generally indicated at
      18.
PAR  As previously discussed, it is necessary to inspect the interior of a
      turbine at regular intervals for the presence of damage such as blade
      erosion or other deleterious effects due to the hot, pressurized gas
      stream, or to foreign particles which may be carried into the turbine, or
      other causes. It would, of course, be possible to make such inspections by
      partially disassembling the turbine and then reassembling after completion
      of the inspection, but this is a very costly and time-consuming operation
      which is to be avoided if at all possible. In accordance with the present
      invention, such disassembly is avoided by the use of inspection ports
      extending through the casing means and permitting access to the interior
      of the turbine so that the necessary inspections can be carried out
      without diassembly. Such an inspection port must, of course, be adequately
      sealed during normal operation to contain the hot pressurized gas flowing
      through the turbine, and must be capable of relatively simple opening and
      disassembly of the sealing means to permit the inspection to be made and
      easy reassembly after completion of the inspection with a reproducible
      sealing effect so that the seal is restored to its original effectiveness.
PAR  The present invention provides an inspection port and seal assembly which
      meets these requirements. As shown in the drawing, an access port is
      provided in the outer casing 10 which consists of a cylindrical port
      member 20 welded or otherwise sealed in the casing 10 and normally closed
      by a plate 22 which may be bolted or otherwise secured to the port 20,
      with suitable gaskets or other sealing means to keep it effectively sealed
      in normal operation. The inspection port consists of a tubular member 24
      which may be made of stainless steel tubing, or other suitable material,
      and which extends through the inner casing 12 and is welded or otherwise
      secured in place therein. The tube 24 is coaxial with the port 20 and is
      aligned with an inspection opening 26 in the outer shroud 16 of the
      stationary vane assembly. The ports 20 and 24 and the opening 26 are all
      aligned on the same axis 27, as shown, so that when they are open, a
      borescope or other instrument for performing the internal inspection may
      be inserted through them into the region of the stationary vane assembly.
PAR  During normal operation, the opening 26 must be effectively sealed to
      prevent escape of the hot gas flowing through the turbine, or leakage of
      cool air into the flow path. For this purpose, an elongated sealing member
      28 is disposed in the tube 24. The member 28 may be made of steel rod, or
      other suitable material, with a spherical lower end indicated at 30 which
      engages a corresponding spherical seat surrounding the opening 26, so that
      a good sealing engagement is made and an effective seal is produced when
      sufficient pressure is applied to the member 28. The upper or outer end of
      the tube 24 is closed by a cap or closure member 32 locked in place by
      means described below during normal operation. A compression spring 34 is
      disposed between the closure cap 32 and the upper end of the sealing
      member 28 and may be supported in place by a reduced section 36 at the
      upper end of the member 28. When the cap 32 is in place, the spring 34 is
      compressed, as can be seen in FIG. 2, and applies heavy sealing pressure
      to the sealing member 28 to effectively seal the opening 26.
PAR  The closure cap 32 is locked in the closed position by means of the spring
      34 as shown particularly in FIGS. 4 and 5. The cap 32 itself may be a
      cylindrical member of suitable size to fit in the tube 24 and has a
      central bore 38 with transverse slots 40 extending across the top. Two
      oppositely-extending locking pins 42 are provided in the cap 32 for
      locking it in place. As shown in FIGS. 4 and 5, the upper end of the tube
      24 has a slot 44 on each side thereof for receiving the pins 42. Each of
      the slots 44 has an entrance portion 46 extending longitudinally to the
      end of the tube 24 and has a circumferential portion wich terminates in a
      recess 48 of proper size to receive one of the pins 42. In assembling the
      sealing structure in the inspection port, the member 28 is put in position
      engaging in the opening 26 with the spring 34 in place at the outer end of
      the member 28. The cap 32 is then inserted in the end of the tube 24 with
      the locking pins 42 in the entrance sections 46 of the slots 44, as shown
      in FIG. 4. The cap 32 is then pressed downward, compressing the spring 34,
      and turned to the position shown in FIG. 5, the pins 42 moving through the
      slots and engaging the recesses 48. The compressed spring 34 forces the
      cap 32 into the position shown where it is positively locked in place. In
      this position, it will be seen that the spring 34 applies axial forces in
      both directions, that is, a force is applied to the sealing member 28 to
      effectively seal the opening 26, and a similar but opposite force is
      applied to the cap 32 to lock it in place with the pins 42 engaging in the
      recesses 48.
PAR  It will be seen that an effective sealing means is thus provided for the
      inspection port. When it is desired to inspect the interior of the
      turbine, the plate 22 is first removed to provide access to the inspection
      port itself. The cap 32 is then removed from the tube 24 by inserting a
      suitable tool in the slots 40, pressing down on the cap 32 and rotating it
      sufficiently to allow the pins 42 to move to the entrance slots 46. The
      spring 34 then moves the cap 32 upward and the cap and sealing member 28,
      with the spring 34, are easily removed from the tube 24, permitting access
      to the opening 26 for insertion of a borescope or other instrument. After
      the inspection has been completed, the inspection port is easily and
      quickly reclosed by reassembling the sealing member 28 and cap 32 in the
      tube 24 in the manner described above, and replacing the plate 22. Thus,
      an inspection port is provided which can be quickly and easily opened and
      quickly and easily reassembled with a seal which exactly reproduces the
      original sealing conditions. It will be seen that only a small number of
      parts is needed which are easily handled and present no hazard to the
      normal operation of the turbine but which are quickly and easily removed
      and reassembled. The use of difficult and unreliable fastening means such
      as lock wires is avoided and a simple and effective closing and sealing
      means are provided.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a turbine having casing means, with an inspection port, the
      combination comprising an elongated tubular member extending through at
      least a part of the casing means in alignment with an opening giving
      access to the interior region to be inspected, an elongated sealing member
      extending through said tubular member and engaging said opening in sealing
      relation, a closure member substantially closing the outer end of the
      tubular member, and spring means in the tubular member disposed to apply
      sealing pressure to said sealing member and to apply a force to said
      closure member to positively retain it in place.
NUM  2.
PAR  2. The combination defined in claim 1 including inner and outer casing
      members, said tubular member being supported in the inner casing member
      and extending therethrough, and access means in the outer casing member
      for providing access to the outer end of the tubular member.
NUM  3.
PAR  3. The combination defined in claim 1 in which said closure member and said
      tubular member have interengaging elements, and said spring means is a
      compression spring disposed between the sealing member and the closure
      member.
NUM  4.
PAR  4. The combination defined in claim 3 in which the closure member has pins
      thereon extending transversely of the tubular member, and the tubular
      member has slots for receiving said pins, each of said slots having an
      entrance portion extending to the end of the tubular member and a locking
      portion for engagement by a pin upon rotation of the closure member.
NUM  5.
PAR  5. The combination defined in claim 4 including access means in alignment
      with said tubular member in said opening, said access means permitting
      access to the tubular member for removal of the closure member and the
      sealing member.
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PAL  A device for reducing the effect of "water hammer" type shocks in an
      hydraulic system. The system has a discontinuity in it created by a
      vapor-core pump, and the discontinuity, which occurs at less than full
      pump flow, is used to empty a succession of compartments connected in
      series through respective orifices.
PAL  When full pump flow is required a "water hammer" type shock is generated
      upon disappearance of the discontinuity and this is dissipated in a series
      of smaller shocks at each of the successive orifices as the series of
      compartments becomes filled. The maximum shock pressure to which the
      system is subjected is thus reduced.
BSUM
PAR  THE PRESENT INVENTION RELATES TO HYDRAULIC SYSTEMS, AND RELATES
      PARTICULARLY TO A DEVICE FOR RELIEVING WATER HAMMER SHOCK PRESSURES IN
      HYDRAULIC SYSTEMS.
PAR  In some hydraulic systems, for example reheat systems for gas turbine
      engines, it is necessary to supply liquid under pressure from one position
      to another in the system in a very short space of time. This involves
      columns of liquid moving at high speed within pipes, and fast acting
      valves to close and open passageways for the liquid, and the high
      accelerations and decelerations of the liquid columns give rise to shock
      waves moving up and being reflected back along the pipes known as water
      hammer shock waves. In this specification and the appended claims water
      hammer shock waves will be referred to as "shock waves".
PAR  The present invention provides amelioration of the shock wave effects so
      that the shock waves do not cause serious over-pressures in the hydraulic
      system.
PAR  According to the present invention there is provided an hydraulic system
      comprising a duct for the containment of liquid, an orifice in the wall of
      the duct, a compartment connected to the duct through the orifice and
      means for generating a discontinuity in the liquid in the duct, the
      arrangement being such that generation of the discontinuity causes the
      compartment to be substantially emptied and any shock wave propagated upon
      sudden disappearance of the discontinuity will be dissipated in part at
      the orifice and in part upon filling of the compartment.
PAR  Preferably, second and third compartments are sequentially connected to
      said one compartment, each connection being through a respective
      restricted orifice.
DRWD
PAR  Embodiments of the invention will now be described, by way of example only,
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a vertical section through part of an hydraulic system,
PAR  FIG. 2 is a cross-section along the line II--II of FIG. 1 and,
PAR  FIG. 3 is a vertical section through part of another hydraulic system.
DETD
PAR  FIGS. 1 and 2 show part of a system for delivering fuel to the combustion
      chamber of a gas turbine engine. Fuel is drawn from a reservoir or tank
      (not shown) by a pump (also not shown) and is delivered to a pipe 10 in
      the direction of arrow 11. The rate of fuel delivery is controlled by a
      valve 12 comprising a cylindrical valve member 13 and an annular seat 14.
      Fuel delivered through the valve (in the radial direction shown at arrow
      15) passes to the inlet 16A of a centrifugal pump 16 and the delivery of
      this pump is taken along conduit 17 directly to the burners (not shown) of
      the gas turbine engine.
PAR  The pump 16 is of the vapor core type, that is to say when full fuel
      delivery is required the valve 12 is set so as to deliver sufficient fuel
      to the pump inlet that the pump is substantially full. When less than full
      delivery is required the valve 12 reduces the delivery to the pump inlet
      and the pump runs less than full. The pump comprises a centrifugal
      impeller 18 having shrouds 18A and 18B, driven continuously from the gas
      turbine engine through a shaft 19 and rotating about an axis 19A. When the
      pump is running less than full, the impeller centrifuges outwards the fuel
      which is in it so that the inner part of the impeller 18, around the inlet
      16A, is at low pressure and has a discontinuity in the fuel which is
      occupied only by fuel vapor. This is how the expression "vapour core"
      arises. It will be understood that, when the pump is running less than
      full, the fuel delivery rate of pump 16 is independent of the speed of
      impeller 18 (which is related to the engine speed) and is entirely
      controlled by the opening of valve 12.
PAR  When the pump is running less than full and the control system of the gas
      turbine engine calls for much increased or full flow, the valve 12 will
      open to allow much increased or full delivery to pump 16. This causes the
      column of fuel in pipe 10 to be accelerated towards pump 16 to meet the
      increased demand.
PAR  The increased fuel flow reaching pump 18 will initially take up the
      discontinuity in the pump i.e. the vapor core, and at the moment when the
      discontinuity is completely taken up the column of fuel in pipe 10 up to
      the pump 16, which will have been accelerated to a substantial velocity by
      this time, will almost instantaneously be slowed to the speed
      corresponding to the fuel delivery rate along conduit 17. This will
      generate shock waves in the system, which will be propagated back down
      pipe 10 and will cause the system to suffer instantaneous pressures which
      could be expected to be of the order of multiples of the system pressure:
      in one example the instantaneous pressure has been found to be of the
      order of four times the system pressure.
PAR  In order to reduce the effects of this rapid deceleration of the fuel at
      the pump inlet, this inlet is in communication with an annular compartment
      20 through an annular orifice 21. The compartment 20 is in turn in
      communication with a second annular compartment 22 through a series of
      orifices 23 and the second compartment is in turn in communication with a
      third annular compartment 24 through a series of orifices 25. The series
      of orifices 23 and 25 each comprise a circumferential array of holes as
      seen in FIG. 2.
PAR  The sizes of orifices 21, 23 and 25 are so restricted and the volumes of
      compartments 20, 22 and 24 are so chosen that upon the discontinuity in
      the pump being taken up a shock wave of about one-quarter that which would
      otherwise occur, is generated and the fuel flows rapidly into chamber 20.
      Further shock waves each of about one-quarter of the amplitude which
      otherwise occur, are generated as each of compartments 20, 22 and 24 is
      sequentially filled. In this way four closely spaced shock waves of
      acceptably smaller amplitude are generated which the system can accept
      without damage.
PAR  The compartments 20, 22 and 24 have sequentially reducing volumes chosen to
      match the orifice sizes of orifices 21, 23 and 25, so that the pressure
      pulses are of about equal amplitude and equally spaced in time. Any
      suitable number of orifices and compartments may be used depending upon
      the reduction in pulse amplitude and the pulse spacing required to allow
      the hydraulic system to accommodate anticipated shock waves.
PAR  When the system is operating at less than full delivery so that a vapor
      core or discontinuity exists at inlet 16A, this discontinuity will draw
      fluid out of compartment 20 through orifice 21 and in turn out of the
      other compartments until they are all substantially empty of liquid and
      contain only vapor at low pressure. The disposition of orifice 21 close to
      inlet 16A ensures that this will happen and it will be seen that
      compartments 20, 22 and 24 are all closed except for their communication
      through their respective orifices 21, 23 and 25.
PAR  The remainder of the system illustrated provides for actuation of valve 21
      and for rotation of impeller 18. Thus, the cylindrical valve member 13 has
      a radial extension forming piston 26 sliding in cylinder 27. A pipe 28
      admits fuel (which is used as the operating fluid) under pressure to open
      valve 12 (by moving cylindrical member 13 along its axis 19A) and a pipe
      29 admits fuel to close valve 12. Piston 26 has two piston rings 30, 31 to
      assist sealing and member 13 also has two rings 32, 33 for this purpose.
      The annular seat 14 comprises a domed member 34 bolted to stationary
      structure 36 of the system and carrying an annular seal 38 against which
      member 13 seats.
PAR  Impeller 18 and shaft 19 rotate with respect to the stationary structure of
      the system and are supported from this structure on bearing 39. The
      impeller has two labyrinth seals 40, 41 for resisting the re-circulation
      of fuel back from the output of impeller 18.
PAR  Referring now to FIG. 3 like references have been applied to like parts
      shown in FIGS. 1 and 2. In this embodiment the pump inlet 16A is in
      communication with a compartment 42 through a passage constituting an
      orifice 43 both formed in the shaft 19. Compartment 42 is in communication
      with a second compartment 44 through a series of orifices 45 and in turn
      with a third compartment 46 through a series of orifices 47. The
      compartments 42, 44 and 46 are all annular and concentric and provide the
      sequential dissipation of the energy of decelerating the fuel flow in pipe
      10 as described in FIGS. 1 and 2. The concentric arrangement of
      compartments in this embodiment assisting in the emptying of the fuel when
      the pump is running less than full, by centrifugal action. The
      compartments are sequentially smaller and the orifices chosen so as to
      cause substantially equal pulses of pressure.
PAR  Because the emptying of the compartments in the embodiment of FIG. 3 is
      ensured by centrifugal action this embodiment will operate to empty
      compartments 42, 44 and 46 immediately after a reduction from maximum fuel
      flow and the emptying of these compartments will be unaffected by any
      acceleration of the aircraft resulting from the sudden demand for
      increased fuel or by gravity.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulic system comprising a duct for the containment of liquid, an
      orifice in the wall of the duct, a compartment connected to the duct
      through the orifice and means for generating a partial vacuum which causes
      a discontinuity in the liquid in the duct such that the discontinuity
      contains only liquid vapor, the orifice being disposed adjacent said means
      so that generation of the discontinuity causes the compartment to be
      substantially emptied through the orifice, and the orifice and the
      compartment being so sized and disposed that any shock wave propagated
      upon sudden disappearance of the discontinuity will be dissipated in part
      at the orifice and in part upon filling of the compartment, and said
      system further comprising a second compartment connected to the first
      compartment through a second orifice, the arrangement being such that
      generation of the discontinuity causes the second compartment to be
      substantially emptied through the second orifice and any shock wave
      propagated upon disappearance of the discontinuity will be dissipated in
      part at the first orifice, in part at the second orifice and in part upon
      filling of the second compartment.
NUM  2.
PAR  2. A hydraulic system comprising a duct for the containment of liquid, an
      orifice in the wall of the duct, a compartment connected to the duct
      through the orifice and means for generating a partial vacuum which causes
      a discontinuity in the liquid in the duct such that the discontinuity
      contains only liquid vapor, the orifice being disposed adjacent said means
      so that generation of the discontinuity causes the compartment to be
      substantially emptied through the orifice, and the orifice and the
      compartment being so sized and disposed that any shock wave propagated
      upon sudden disappearance of the discontinuity will be dissipated in part
      at the orifice and in part upon filling of the compartment, and said
      system further comprising one or more further compartments connected in
      series through further respective orifices and also being arranged to be
      substantially emptied of liquid upon generation of the discontinuity and
      so that any shock wave will be dissipated in part at each of the orifices
      and in part at the last compartment.
NUM  3.
PAR  3. A system according to claim 1 in which the means for generating a
      discontinuity comprises a vapor core-type pump.
NUM  4.
PAR  4. A system according to claim 2 in which the means for generating a
      discontinuity comprises a vapor core-type pump.
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ABST
PAL  A flexible missile shield disposed about a turbine element. This shield is
      deflectable to dissipate and absorb kinetic energy associated with flying
      objects emanating from the turbine apparatus and able to maintain the
      flying objects within a predetermined volume surrounding the turbine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention refers to steam turbine apparatus and in particular, to a
      flexible missile shield surrounding the turbine apparatus.
PAR  2. Description of the Prior Art:
PAR  If a large turbine generator power plant were to undergo an unexpected
      malfunction, such as a sudden loss of associated electrical load, while
      the turbines within the plant are operating at running speed, an overspeed
      condition is likely to occur. If the condition is not checked, the turbine
      could possibly fling itself apart, creating a large number of flying
      objects each having associated therewith a high kinetic energy. The safety
      problems created by the large numbers of flying objects emanating from the
      turbine are increased if the turbine which is destroyed is part of a
      nuclear steam power plant. The danger increases due to the potential
      hazards presented if one of the flying objects were to impinge upon and
      rupture any of the vital facilities associated with the nuclear side of
      the power plant, such as the waste fuel disposal storage piles located in
      nuclear power stations.
PAR  Of course, the primary method of insuring against such potential hazards is
      to effectively plan for each contingency condition which could arise, and
      taking steps to prevent any situation which would cause the turbine to
      literally fly apart. Also, planning the arrangement of the power plant in
      such a way as to minimize the accessibility of the number of vital targets
      likely to be struck by the high energy flying objects is another method of
      reducing the possibility of harm caused by turbine fragments. However,
      other prophylactic measures in addition to those mentioned are desirable,
      both from the standpoint of the power generating utility, which must meet
      certain safety requirements before construction or use permits are issued
      thereto, and from the Nuclear Regulatory Agency, which sets the applicable
      standards to be met before it issues any construction or use permits.
PAR  One such solution is to design the turbine casing itself in such a manner
      as to prevent the escape of flying objects therefrom. However, the casing
      structure which results when the casing is relied upon as a missile
      barrier has characteristics that seriously compromise the important
      functions of the turbine casing. In order for the casing-rotor-blade
      system of the turbine to efficiently and reliably generate power, the
      casing has the primary function first to contain and to guide required
      flows of steam through and around the blade path with minimum pressure
      losses, and second, to do this with a casing geometry having minimized
      thermal distortion and offering maximum resistance to thermal cyclic
      cracking. These functional requirements generally dictate minimizing wall
      thickness to the extent that they are compatible with pressure containment
      requirements.
PAR  However, analytical studies have shown that missile containment requires
      casing thicknesses of 10 to 15 times those presently required to satisfy
      the power generation function. For example, this guideline would require
      that the walls of the typical low pressure turbine casing, presently on
      the order of 1 to 11/2 inches thick, would increase to become within the
      range of 10 to 22 inches thick. Such increase thickness engenders much
      higher thermal stresses and distortions than occur in the present turbine
      casing construction, and in addition reduce casing life. Of course, other
      problems, such as manufacture and shipment of these more massive casings,
      plus stronger and more costly foundations also occur as a concomitant to
      reliance upon the casing as the primary missile barrier.
PAR  Another proposed solution is to dispose external to the turbine a thick,
      rigid, wall of steel or concrete enclosing the turbine apparatus to
      maintain flying objects within a predetermined volume about the apparatus.
      For a steel barrier, wall thickness on the order of 8 to 12 inches is
      necessary to provide an appropriate shield to maintain flying objects
      within a predetermined volume around the apparatus. One drawback with such
      a barrier design is the amount of weight that must be supported by the
      foundation and the support members keeping the barriers spaced away from
      the turbine. Another problem is the necessity of dismantling the barrier
      when periodic down-time inspection of the turbine are undertaken, with the
      attendant problems of handling such bulky and unwieldy missile barriers.
PAR  Although the prior art method of shielding has some disadvantages, it is
      evident that protection for sensitive components of the power plant must
      be provided to prevent any damage or potential hazards to personnel or
      property should a turbine apparatus be destroyed.
PAC  SUMMARY OF THE INVENTION
PAR  This invention discloses a flexible missile shield surrounding a turbine
      apparatus disposed on a foundation in a steam turbine power plant. The
      shield comprises a support framework having plate members attached
      thereto, the shield deflecting to absorb and dissipate kinetic energies of
      flying objects emanating from the turbine and maintain these objects
      within a predetermined volume about the turbine. The framework is
      fabricated of a woven steel cable mesh upon which are clamped a plurality
      of steel plates. The mesh framework is anchored to the foundation and the
      shield is supported away from the turbine with suitable support means.
      When the shield acts as a barrier to dissipate energy of flying objects,
      the compressive force normally exerted on the support means changes to a
      tension force exerted upon the anchor means.
PAR  An object of this invention is to provide a flexible shield for dissipating
      energy of flying objects and to maintain such flying objects in a
      predetermined volume about a turbine apparatus. It is a further object of
      this invention to provide a turbine missile shield having a relatively
      lightweight, strong, flexible, woven steel cable mesh framework and
      attached thereto a plurality of steel plate members, the shield deflecting
      to dissipate and absorb the kinetic energies associated with flying
      objects emanating from the turbine and to maintain these objects within a
      predetermined volume about the turbine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description of an illustrative embodiment taken in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is an elevational view of a steam turbine having disposed thereabout
      a missile shield embodying the teachings of this invention;
PAR  FIG. 2 is a transverse view taken along line II--II of FIG. 1;
PAR  FIG. 3 is an enlarged view of a portion of the turbine missile shield; and,
PAR  FIG. 4 is a view similar to FIG. 3 showing a portion of the turbine missile
      shield embodying the teachings of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Throughout the following description, similar reference characters refer to
      similar elements in all figures of the drawings.
PAR  Referring to FIGS. 1 and 2 an elevational and transverse view of a turbine
      element 10 of a nuclear steam turbine power plant having a flexible
      missile shield 12 disposed thereabout is shown. The turbine 10 itself is
      mounted upon a foundation 14, usually fabricated of steel reinforced
      concrete. The shield 12 encloses a predetermined volume 16 surrounding the
      turbine 10. Although the turbine 10 is part of a nuclear steam power
      plant, it is to be understood that the shield 12 can be disposed about any
      turbine element or any other device having rotating parts contained
      therein and from which flying objects having high kinetic energy may
      emanate. The possibility of flying objects striking vital elements in a
      nuclear steam turbine power plant is, however, more acute, and for this
      reason, the provision of a missile shield such as that embodying the
      teachings of this invention is especially attractive both to generating
      utility companies and to the Nuclear Regulatory Agency, which sets safety
      guide lines and requirements which must be met before construction or
      operating permits are issued.
PAR  The turbine 10 comprises an outer casing 18, usually fabricated of steel,
      encompassing and enclosing a rotatable shaft 20 having a plurality of
      arrays of rotating blades 22 mounted thereon. The rotating blades 22
      interact with a motive fluid directed to impinge thereon by a plurality of
      arrays of stationary blades 24 to convert the energy carried by the motive
      fluid into rotating mechanical energy. A steam inlet 26, which permits
      entry of steam into the turbine 10 from conduits 28, is disposed in the
      casing 18. The conduits 28 may come from a steam generator or the exhaust
      of a higher pressure turbine. Once the steam is permitted to expand
      through the turbine 10, it exits to other lower pressure turbines or a
      condenser (not shown).
PAR  The casing 18 is usually, in a low pressure turbine element, 1 to 11/2
      inches thick and has as its primary function pressure containment of the
      motive steam utilized by the alternating arrays of blading within the
      casing 18. It has been suggested that the casing 18 be strengthened to
      provide an integral missile barrier therewith, but to do so would require
      approximately 10 to 15 times the steel currently used to fabricate the
      casing 18. In addition to cost, manufacturing, and shipping problems,
      large thermal distortions would occur with a casing having the postulated
      thickness. Also, the weight required to be supported by the foundation 14
      would be prohibitive.
PAR  An alternative is to use a concrete or steel shield completely surrounding
      the turbine 10 to prevent flying objects from leaving a predetermined
      volume surrounding the turbine 10. In addition to the high cost, placing
      such weight upon the foundation is undesirable. Also, the difficulty of
      handling and dismantling the shield to permit access to the turbine for
      ordinary and necessary repairs and maintenance make this protective
      alternative unattractive.
PAR  This invention as shown in the drawings, discloses a flexible shield 12
      about the turbine. The shield 12 has a support framework 30 to which is
      attached a plurality of heat treated hardened steel plate members 32. The
      frame 30 is fabricated of interwoven mesh of steel cables. A first
      plurality 34 of steel cable support members extends circumferentially
      about the turbine 10. The members 34, which comprise the "weft" of the
      mesh framework weave are disposed a predetermined axial distance 36
      between each other. A second plurality 38 of steel cables, which comprise
      the "warp" of the weave, extend longitudinally and are interwoven with the
      first plurality 34. As seen in the figures, the strands of cables of the
      second plurality 38 are disposed predetermined circumferential distances
      40 from each other and pass both on the radially inward side 42 and the
      radially outward side 44 of the first plurality 34 of steel cables. The
      interwoven plurality of steel cables forms an open mesh support framework
      30 to which are attached the plurality of heat-treated hardened steel
      plate members 32. The plate members 32 are disposed on the radially inward
      side 42 of the framework 30 and each plate member 32 completely covers an
      opening in woven mesh framework 30. As thus seen in FIGS. 3 and 4, the
      plates 32 are clamped together, both longitudinally and radially, by
      suitable clamping means 45. The clamping means 45 comprise metal sheets 46
      disposed on the radially inward side of the support framework 30 and metal
      sheets 48 disposed on the radially outward side of the framework 30. Bolts
      49 extend between sheets 46 and 48 to secure them in position. As best
      seen in FIGS. 3 and 4, sheets 46 are disposed so as to overlap the gaps
      between adjacent steel plate members 32.
PAR  The shield 12 thus is a flexible, strong, relatively lightweight member
      which is able to deflect, dissipate, and absorb kinetic energies
      associated with flying objects emanating from the turbine 10.
PAR  The shield 12 is anchored to the foundation 14 by suitable anchor means 50.
      As thus seen in FIG. 2, the anchor means 50 comprise a bracket 52 which
      accepts a block 54 attached to each of the first plurality of support
      members 34 and secure each of the first plurality of support members 34 to
      the foundation 14. The shield 12 is supported away from the casing by
      suitable support means 56, such as columns 58. The columns may be directly
      mounted on the turbine support feet 59 placed adjacent the foundation 14,
      as is the case with columns 58A and 58B. The columns may be mounted
      directly on the vertical joint of the casing itself, as shown at 58C in
      FIGS. 1 and 2. The columns are fabricated of structural beams and serve to
      both support the shield 12 away from the turbine 10 and also define, with
      the turbine 10, the predetermined volume 16 in which flying objects
      emanating from the turbine apparatus are contained by the shield 12. The
      provision of the interwoven steel cable framework 30 and the attachment
      thereto of a plurality of plate members 32 maintain this substantially
      cylindrical shape of the shield 12 as it is disposed about the turbine 10.
PAR  The shield 12 is a flexible member which is able to deflect, to absorb, and
      to dissipate kinetic energy of flying objects emanating from the turbine
      10 and contain these objects within the predetermined volume 16
      surrounding the turbine apparatus 10. While in this dormant state, the
      shield 12 exerts a compressive force on the columns 58, a force acting in
      the direction 60. However, when a malfunction sufficient to cause the
      turbine 10 to overspeed, such as an immediate loss of associated
      electrical load, the turbine 10 may possibly fling itself apart. Flying
      objects created by the destruction of the turbine 10 are usually of a
      sufficient force to rupture the casing 18 and thus enter the volume 16.
      The objects impinge upon the shield 12, and the shield deflects to absorb
      and dissipate the kinetic energies associated with each of the flying
      objects. When this occurs, the compression force acting in direction 60
      upon the support columns 58 changes to a tension force acting in a
      direction 62 exerted upon the anchor means 50. By deflecting to absorb and
      dissipate the kinetic energy of the flying objects, the objects are
      maintained within the predetermined volume 16 around the turbine 10, and
      damage to any associated elements of the power plant by the high energy
      flying objects is precluded.
PAR  The shield 12 has an opening 64 through which the inlet conduits 28 pass
      into the inlet 26 of the turbine 10. To also provide protection if objects
      fly through the inlet 26 of the turbine 10, a hood or bonnet 66 is
      provided having sufficient overlap to completely prevent objects which
      have pierced the turbine inlet 26 from rupturing any vital associated
      elements within the power plant. The hood 66 is fabricated of interwoven
      steel cables, similar to the fabrication of the remainder of the shield
      support framework 30 and has a plurality of plate members 32 attached to
      the radially inward side 42, the attachment being made by clamping means
      similar to those described in connection with FIGS. 3 and 4. The hood 66
      is supported on the shield 12 by a bearing plate 68 fastened to a clamp
      plate 70, as shown in FIG. 2. The bearing plates 68 support the full load
      of the hood 66 while fastened to the clamp plate 70. It is to be
      understood, however, that any suitable means for supporting the hood 66
      away from the remainder of the shield 12 as well as to provide overlapping
      protection for that portion of the shield 12 through which the inlet
      conduits 28 pass is within the contemplation of this invention.
PAR  In order to permit free access to the turbine control components which are
      usually disposed axially adjacent to the ends of the turbine 10, the
      shield 12 extends to within only a predetermined axial distance 72 from
      each end of the turbine 10. Thus, as seen in FIG. 1, the shield 12 axially
      extends a distance such that the end of the shield 12 and the tip of the
      last blade root 74 define a predetermined angle 76 with the vertical. The
      angle 76 is approximately 25.degree..
PAR  It is evidenced from the foregoing that provision of a flexible shield to
      surround the turbine apparatus taught by this invention overcomes all of
      the disadvantages of the prior art shielding schemes. The turbine shield
      taught by this invention is a relatively lightweight, easy-to-fabricate
      and easy-to-support member. It is able to be supported by the turbine
      foundation in a more economical manner, and is easily dismantled to permit
      necessary repairs to the turbine 10. Access to the turbine 10 is provided
      by the open ends of the shield and by the volume which surrounds the
      turbine on all sides thereof. The shield is flexible and is able to
      deflect to dissipate and absorb any kinetic energies associated with
      flying objects emanating from the turbine, and to contain these flying
      objects within the predetermined volume surrounding the turbine apparatus,
      thus preventing damage to associated turbines or steam power plant
      equipment by the high energy flying objects.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A shield for restraining flying objects having kinetic energies
      associated therewith, said shield enclosing a predetermined volume around
      a device having movable elements therein, said shield comprising:
PA1  a support framework disposed about said device, and,
PA1  a plate member attached to said framework,
PA1  said support framework comprising:
PA2  a first support member circumferentially dispossed about said device, and,
PA2  a second support member longitudinally disposed about said device, said
      second support member being substantially transverse to said first support
      member, said second support member being connected to said first support
      member,
PA2  said first and said second support members defining at least one opening
      therebetween, said plate member being disposed so as to cover said opening
      between said first and said second support members,
PA1  said shield being flexible to deflect when said flying objects impinge
      thereinto, said deflection of said shield dissipating said kinetic
      energies of said flying objects and containing said flying objects within
      said predetermined volume.
NUM  2.
PAR  2. The shield of claim 1, further comprising anchor means for holding said
      shield in a predetermined position relative to said device.
NUM  3.
PAR  3. The shield of claim 2, further comprising, support means for supporting
      said shield a predetermined distance away from said device,
PA1  said support means being subjected to a compressive force by said shield
      when said support means is supporting said shield said predetermined
      distance from said device,
PA1  said anchor means being subjected to a tension force when said shield
      deflects to dissipate said kinetic energies of said flying objects and to
      contain the flying objects within said volume.
NUM  4.
PAR  4. A shield for restraining flying objects having kinetic energies
      associated therewith, said shield enclosing a predetermined volume around
      a device having rotatable elements therein, said device being mounted on a
      foundation, said shield comprising,
PA1  a first plurality of support members circumferentially disposed about said
      device,
PA1  a second plurality of support members longitudinally disposed about said
      device, said second plurality of said support members being substantially
      transverse to said first plurality of support members, said first and said
      second pluralities of support members defining a mesh framework having a
      plurality of openings therein,
PA1  a plurality of plate members attached to said mesh framework, each of said
      plurality of plate members being disposed to cover one of said plurality
      of openings in said mesh framework,
PA1  said shield being flexible to deflect when said flying objects impinge
      thereinto, said deflection of said shield dissipating and absorbing said
      kinetic energies of said flying objects and containing said flying objects
      within said volume.
NUM  5.
PAR  5. The shield of claim 4 further comprising, anchor means for holding said
      shield in a predetermined position relative to said device, said anchor
      means being attached to said first plurality of said support members and
      being embedded in said foundation.
NUM  6.
PAR  6. The shield of claim 5 further comprising, support means for supporting
      said shield a predetermined distance away from said device,
PA1  said support means being subjected to a compressive force by said shield
      when said support means is supporting said shield in a predetermined
      distance away from said device,
PA1  said anchor means being subjected to a tension force when said shield
      deflects to dissipate and absorb said kinetic energies of said flying
      objects and to contain said flying objects within said volume.
NUM  7.
PAR  7. The shield of claim 4 wherein said second plurality of longitudinally
      disposed support members are interlaced with said first plurality of
      circumferentially disposed support members so that at each point of
      intersection between said first and said second pluralities of support
      members one of said second plurality of longitudinally disposed support
      members is disposed on the radially inward side and the radially outward
      side of one of said circumferentially disposed first plurality of support
      members.
NUM  8.
PAR  8. The shield of claim 7 wherein one of said plurality of plate members is
      disposed on the radially inward side of said mesh framework, each of said
      plurality of plate members completely covering one of said plurality of
      openings in said mesh framework.
NUM  9.
PAR  9. The shield of claim 8 wherein an access aperture is disposed within said
      shield, and wherein said shield further comprises a hood member disposed
      so as to extend over and completely overlap said access aperture, said
      hood member being supported a predetermined distance away from said
      shield.
NUM  10.
PAR  10. The shield of claim 4 wherein said device is substantially cylindrical
      in shape and has a first and a second end and,
PA1  wherein said shield extends a predetermined longitudinal distance past said
      first and said second ends of said device.
NUM  11.
PAR  11. A turbine mounted on a foundation, said turbine comprising:
PA1  an outer casing having a rotor member assembly supported therein, said
      rotor having an annular array of rotating blades mounted thereon, said
      rotating blades disposed adjacent to an annular array of stationary blades
      mounted within said casing, said casing having an inlet opening therein
      for the introduction to elastic fluid thereinto, and,
PA1  flexible shield means for restraining flying objects having kinetic
      energies associated therewith, said flexible shield means enclosing a
      predetermined volume around said casing, said flexible shield means
      comprising
PA2  a support framework disposed about said device, said support framework
      comprising
PA2  a first support member circumferentially disposed about said turbine, and,
PA2  a second support member longitudinally disposed about said turbine, said
      second support member being substantially transverse to said first support
      member, said second support member being connected to said first support
      member, said first and said second support members defining at least one
      opening therebetween,
PA2  a plate member attached to said framework, said plate member being disposed
      so as to cover said opening between said first and said second support
      members,
PA1  anchor means for holding said flexible shield means in a predetermined
      position relative to said turbine, and,
PA1  support means for supporting said flexible shield means a predetermined
      distance away from said turbine,
PA1  said shield means deflecting when said flying objects impinge thereinto,
      said deflection of said shield dissipating said kinetic energies of said
      flying objects and containing said flying objects within said
      predetermined volume.
NUM  12.
PAR  12. The turbine of claim 11 wherein
PA1  said support means is subjected to a compressive force by shield when said
      support means is supporting said shield said predetermined distance from
      said device,
PA1  said anchor means is subjected to a tension force when said shield deflects
      to dissipate said kinetic energy of said flying objects and to contain
      said flying objects within said volume around said turbine.
NUM  13.
PAR  13. The turbine of claim 12 wherein said support framework comprises a
      first plurality of support members circumferentially disposed about said
      turbine,
PA1  a second plurality of support members longitudinally disposed about said
      turbine, said second plurality of support members being substantially
      transverse to said first plurality of said support members, said first and
      said second plurality of said support members defining a mesh framework
      having a plurality of openings therein,
PA1  a plurality of plate members attached to said mesh framework, each of said
      plurality of plate members being disposed to cover one of said pluralities
      of openings in said mesh framework,
PA1  said shield means being flexible to deflect when said flying objects
      impinge thereinto, said deflection of said shield dissipating and
      absorbing said kinetic energy of said flying objects and containing the
      flying objects within said volume.
NUM  14.
PAR  14. The turbine of claim 13 wherein said second plurality of longitudinally
      disposed support members are interlaced with said first plurality of
      circumferentially disposed support members so that each point of
      intersection between said first and said second pluralities of support
      members one of said second plurality of longitudinally disposed support
      members is disposed on the radially inward and the radially outward side
      of said circumferentially disposed first plurality of support members.
NUM  15.
PAR  15. The turbine of claim 14 wherein one of said plurality of said plate
      members is disposed on the radially inward side of said mesh framework,
      each of said plurality of plate members covering one of said plurality of
      openings in said mesh framework.
NUM  16.
PAR  16. The turbine of claim 15 wherein said flexible shield means has an
      access aperture disposed within said shield means, and further comprising
      a hood member disposed so as to extend over and completely overlap said
      access aperture, said hood member being supported a predetermined distance
      away from said flexible shield means.
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ABST
PAL  To aid in maintaining at a desired temperature a fluid being propelled
      through a fluid-circulating pump, a jacket means is provided which has a
      hollow housing of heat-conductive material substantially surrounding the
      body of the pump and through which a temperature controlling fluid is
      circulated in heat-transferring relation to the body of the pump.
BSUM
PAR  This invention relates to pumps for fluid conveying systems for hot and
      cold fluids, and more especially to an improved jacket construction
      substantially surrounding a fluid-circulating pump in heat-transferring
      relation thereto and through which a temperature controlling fluid is
      circulated to aid in maintaining the pump and the fluid being pumped
      therethrough at a desired optimum temperature.
PAR  Various forms of specially constructed pumps have been made heretofore for
      permitting circulation of a temperature controlling fluid, such as water,
      internally of the body of the pump. For example, Singer U.S. Pat. No.
      664,507 dated Dec. 25, 1900, and Levey U.S. Pat. No. 977,662, dated Dec.
      6, 1910, are typical of prior art illustrating such types of specially
      constructed pumps. It is apparent that such specially constructed pumps
      are quite expensive.
PAR  Therefore, it has been the customary practice to weld a wall to the body of
      a conventional pump so as to form a jacket defining a passageway between
      the welded wall and the pump body to permit circulating a temperature
      controlling fluid therethrough in heat-transferring relation to the pump
      body. However, this prior practice has many disadvantages. Of primary
      importance is the fact that substantial areas of the body of the pump are
      exposed and are not in heat-transferring relation to the circulating
      temperature controlling fluid. Such exposure of substantial portions of
      the pump body is necessary due to the difficulties in welding a wall
      thereon and the need for having substantial areas exposed in effecting the
      weld thereto. Also, the attendant cost in welding such a wall around the
      pump body is expensive, bearing in mind that the usual irregular exterior
      configuration of a pump body is such that the welded wall must be of a
      multi-piece construction so as to be positioned in the desired close
      relationship to the pump body for forming a relatively small passageway
      therebetween through which steam or other temperature controlling fluid is
      to be circulated.
PAR  Another disadvantage of this prior practice of forming a jacket around a
      pump body is that the attendant welding can only be effected on the
      exterior surfaces of the jacket so that the welded seams are not as strong
      as would be the case if the joints were welded from both sides. Thus,
      these exteriorly welded seams are susceptible of rupture under the high
      internal pressures and temperatures to which such jackets are generally
      subjected. In this regard, for example, in the conveyance of a number of
      chemical materials, such as in the formation or production of synthetic
      textile fibers, it is not uncommon to utilize steam at a pressure of 100
      to 150 pounds per square inch and at a temperature up to 375.degree.
      Fahrenheit in order to prevent undesirable heat loss and interference with
      the flow of the material. Thus, it is important that the steam jacket
      surrounding the pump be capable of withstanding high internal pressure to
      avoid sudden undesirable pressure and temperature changes in the steam and
      also to avoid possible injury to persons in the vicinity of the jacketed
      pump in the event that the jacket should rupture.
PAR  It is therefore an object of this invention to provide an improved, simple,
      effective and economical jacket construction for fluid-circulating pumps,
      which jacket construction avoids problems encountered with the prior art,
      and wherein the improved jacket construction may be readily mounted on
      existing pumps without altering the construction of the pump or the fluid
      conveying system in which the pump is installed. Also, the improved jacket
      construction obviates the need for welding any portions thereof to the
      pump.
PAR  It is a more specific object of this invention to provide an improved
      jacket construction substantially surrounding the body of a
      fluid-circulating pump and positioned in heat-transferring relation to the
      pump body for directing a temperature controlling fluid into
      heat-transferring relation thereto, and wherein the jacket construction
      comprises a housing of heat-conductive material which includes inner and
      outer walls having therebetween at least one fluid passageway provided
      with inlet and outlet ports for circulation of the temperature controlling
      fluid through the passageway.
PAR  It is another more specific object of this invention to provide a jacket
      construction of the type described and comprising a housing which may take
      the form of a single integral block of heat-conductive material or which
      may be in the form of a cooperating pair of blocks of heat-conductive
      material depending, in some instances, upon the configuration of the pump
      body, and wherein the blocks are molded or cast with each of the blocks
      including inner and outer walls having a fluid passageway there-between
      provided with inlet and outlet ports for circulation of a temperature
      controlling fluid therethrough, and also wherein means are provided for
      detachably securing the single block or the pair of blocks, as the case
      may be, in substantially surrounding relation to the pump body.
DRWD
PAR  Some of the objects of the invention having been stated, other objects will
      appear as the description proceeds when taken in connection with the
      accompanying drawings, in which --
PAR  FIG. 1 is a perspective view of a first embodiment of the improved jacket
      construction in heat-transferring relation to the volute body of a
      fluid-circulating centrifugal pump omitting any insulation material and
      showing drive means for the pump in broken lines;
PAR  FIG. 2 is an enlarged perspective view of the cooperating pair of blocks of
      the first embodiment of the jacket construction shown in FIG. 1, but
      wherein the blocks are shown in exploded relationship and in broken lines
      to illustrate respective hollow shell-like members or radiators defining
      the fluid passageways in the blocks, with the hollow members being shown
      in solid lines and with one of them being shown partially broken away;
PAR  FIG. 3 is another perspective view of the cooperating pair of blocks of
      FIG. 2, but showing the blocks in solid lines, and looking at the opposite
      side thereof from that shown in FIGS. 1 and 2;
PAR  FIG. 4 is an enlarged vertical sectional view through the jacket mounted on
      the pump as in FIG. 1, but illustrating the two hollow members or
      radiators defining the fluid passageways within the respective jacket
      blocks, and also wherein an insulation material is shown in cross-section
      surrounding the jacket construction;
PAR  FIG. 5 is a fragmentary sectional plan view taken substantially along line
      5--5 in FIG. 4 and wherein a heat-conductive filler is shown between the
      jacket housing and the pump body;
PAR  FIG. 6 is a fragmentary vertical sectional view through the pump and the
      surrounding jacket construction taken substantially along line 6--6 in
      FIG. 4;
PAR  FIG. 7 is a side elevation of a different type of fluid-circulating pump
      from that shown in association with the first embodiment of the invention
      of FIGS. 1-6, the pump in FIG. 7 being of an in-line, pedestal mounted
      type with a rotary impeller means therein mounted on a vertical axis and a
      drive means for the impeller means supported upon the pump body;
PAR  FIG. 8 is a very similar to FIG. 7 showing a second embodiment of the
      improved jacket construction in heat-transferring relation to the body of
      the pump and showing insulation material around the pump and its jacket
      construction;
PAR  FIG. 9 is an enlarged perspective view of the second embodiment of the
      cooperating pair of blocks collectively forming the pump jacket
      construction of FIG. 8, but with the blocks removed from the pump body;
PAR  FIG. 10 is a perspective view of the jacket blocks of FIG. 9 but showing
      the same in exploded relationship;
PAR  FIG. 11 is a transverse vertical sectional view through the two jacket
      blocks taken substantially along line 11--11 in FIG. 9;
PAR  FIG. 12 is an enlarged view somewhat similar to FIG. 9, but showing the
      jacket blocks in phantom or broken lines to illustrate in solid lines
      therein a respective pair of hollow shell-like members or radiators
      defining the fluid passageways in the cooperating pair of blocks;
PAR  FIG. 13 is a perspective view of a third embodiment of the invention in
      association with a fluid-circulating pump which also is of the in-line
      type similar to FIG. 7, but wherein the pump is adapted to be suspended
      between connecting conduits or pipes and does not have a pedestal or
      bottom flange thereon so that the jacket construction in association
      therewith takes the form of a single integral jacket block of
      substantially U-shaped cross-sectional configuration;
PAR  FIG. 14 is a partially exploded perspective view showing the jacket block
      and the associated pump in spaced relationship for purposes of
      illustration;
PAR  FIG. 15 is a plan view of the jacket block of FIGS. 13 and 14 but showing
      the same on a reduced scale removed from the pump body;
PAR  FIG. 16 is a transverse vertical sectional view taken substantially along
      line 16--16 in FIG. 13 and showing the jacket construction on a reduced
      scale surrounded by an insulation material which is omitted in FIGS. 13
      and 14; and
PAR  FIG. 17 is a longitudinal vertical sectional view through the jacket block
      of FIGS. 13-16 and with the pump therein partially broken away to
      illustrate the rotary impeller means therein.
DETD
PAR  Referring more specifically to the drawings, the first embodiment of the
      invention is shown in FIGS. 1-6 in association with a fluid conveying
      system including a pump which appears only in FIGS. 4, 5 and 6 and is
      broadly designated at 20. In this embodiment of the invention, the
      associated pump 20 is shown in the form of a typical end-suction
      centrifugal pump whose body or casing 21 is of volute form and is provided
      with a projecting axial inlet portion 22 and a substantially radial outlet
      portion 23 substantially normal to the inlet portion 22. As shown, the
      inlet portion 22 extends in a substantially horizontal position and the
      outlet portion 23 extends upwardly in a substantially vertical position in
      FIG. 6.
PAR  Pump body 21 has a suitable rotary impeller means 24 therein (FIG. 6) which
      is driven by a suitable motive means 25 to rotate about an axis
      substantially aligned with inlet portion 22, as is conventional.
      Typically, the axis of outlet portion 23 substantially intersects the axis
      of inlet portion 22 and impeller means 24. However, such relationship
      between inlet portion 22, outlet portion 23 and impeller means 24 is not
      essential to the invention. The particular pump 20 (shown in FIGS. 4, 5
      and 6) also has a supporting member 26 projecting downwardly from pump
      body 21 and resting upon a suitable base B upon which motive means 25 also
      is supported.
PAR  To accommodate adjacent connecting elements of the fluid conveying system,
      the inlet and outlet portions 22, 23 of pump body 21 project outwardly and
      have respective enlarged flanges 27, 28 thereon. In this instance, the
      fluid conveying system includes jacketed inlet and outlet pipes or
      conduits 32, 33 whose flanged proximal ends are suitably secured, as by
      bolts 34, to the outer surfaces of flanges 27, 28 of the respective inlet
      and outlet portions 22, 23 of pump 20. It is apparent that, during
      operation of pump 20, impeller means 24 draws a processing fluid through
      inlet conduit 32 and into the pump body 21 while propelling and
      discharging the fluid outwardly through the outlet portion 23 and conduit
      33.
PAR  In the handling of many processing materials in the fluid state, it is
      necessary to maintain such materials within a critical temperature range
      which may be cold, temperature or hot, depending upon the individual
      characteristics of the processing fluid. Therefore, in order to maintain
      the pump and especially the fluid being pumped thereby at a desired
      predetermined temperature, in accordance with the invention, a jacket
      construction substantially surrounds the body 21 of pump 20 in
      heat-transferring relation thereto and cooperates with pump 20 for
      directing a temperature controlling fluid into heat-transferring relation
      thereto. According to this embodiment of the invention, such jacket
      construction is in the form of a composite housing broadly designated at
      45 which is of heat-conductive material and preferably is molded or cast
      from an aluminum alloy in this instance. Housing 45 comprises a
      cooperating pair of generally semicircular jacket blocks 46, 47 which are
      of semicircular configuration because of the substantially circular
      configuration of the major portion of the volute body 21 of pump 20.
PAR  Thus, as shown, the cooperating pair of jacket blocks 46, 47 are
      collectively of substantially circular, cup-shaped configuration. However,
      the housing 45 may be of polygonal exterior configuration, if desired,
      without departing from the invention (see FIGS. 9, 10 and 12, for
      example). It is apparent that the pair of blocks 46, 47 also are
      collectively of substantially U-shaped cross-sectional configuration in
      plan (FIG. 5).
PAR  Each of the jacket blocks 46, 47 is shown as comprising a substantially
      semicircular body 50 so that the proximal diametrical surface portions of
      blocks 46, 47 may abut each other substantially as shown in FIGS. 1 and 4.
      Also, each of the jacket bodies 50 is provided with a substantially
      semicircular opening 51 extending substantially axially therethrough which
      is adapted to fit in closely surrounding and heat-transferring relation to
      the respective half of pump inlet portion 22 when the jacket blocks 46, 47
      are properly installed, as best shown in FIGS. 4, 5 and 6.
PAR  The peripheral portions of the substantially semicircular bodies 50 of the
      cooperating jacket blocks 46, 47 have respective arcuate axially
      projecting wall members 52 integral therewith which are positioned
      radially of impeller means 24 and whose portions adjacent outlet portion
      23 are substantially flush with the substantially diametrical surfaces of
      the respective bodies 50. The proximal upper portions of arcuate wall
      members 52 are provided with respective substantially semicircular
      passageway 53 therethrough adapted to collectively closely surround the
      pump outlet portion 23 in heat-transferring relation thereto.
PAR  The arcuate wall members 52 of the two jacket blocks 46, 47 collectively
      substantially encirclingly engage the volute body 21 of pump 20, with the
      exception that the lower portions of the arcuate wall members 52 are cut
      away or recessed, as shown in the lower portion of FIG. 3, so as to
      straddle the supporting member 26 projecting downwardly from the lower
      portion of pump body 21 and resting upon base B. It is apparent,
      therefore, that the lower proximal portions of the bodies 50 of blocks 46,
      47 extend inwardly toward each other beyond the terminal lower portions of
      the arcuate wall members 52. Since the lower portion of pump 20 is shown
      provided with a normally closed drainage duct or conduit 54 projecting
      outwardly therefrom (FIG. 6), it will be observed in FIGS. 2, 3 and 4 that
      the lower portions of the substantially diametrical surfaces of the bodies
      50 of blocks 46, 47 are provided with respective substantially
      semicircular openings 55 therethrough, which are substantially smaller
      than the openings 51, so as to accommodate the drainage duct 54
      therethrough.
PAR  Now, by referring to FIG. 5, it will be apparent that each block 46, 47
      includes inner and outer walls 60, 61 having therebetween a fluid
      passageway or chamber 63 provided with inlet and outlet ports 64, 65.
      These inlet and outlet ports 64, 65 are provided to facilitate circulation
      of a temperature controlling fluid through the respective passageways 63.
      Since those surfaces of the inner walls 61 and the arcuate wall members 52
      of the jacket blocks 46, 47 substantially conform to the shape of the
      volute body 21 of centrifugal pump 20, it can be appreciated that the
      temperature controlling fluid in passageways 63 is directed into
      heat-transferring relation to the pump body 21.
PAR  In this regard, it should be noted that the proximal diametrical surfaces
      of the bodies 50 of jacket blocks 46, 47 are held in substantially
      abutting relationship and the blocks 46, 47 are urged toward and into
      close proximity to, or against, the diametrically opposed sides of the
      pump body 21 by any suitable means, which preferably is a detachable
      means, facilitating detachably securing the pair of blocks 46, 47 on pump
      body 21. By way of example, it will be observed in FIGS. 1, 3 and 4 that
      suitable adjustable strapping 70 is secured around the two jacket blocks
      46, 47 for securing the same on pump body 21.
PAR  In order to circulate the aforementioned temperature controlling fluid
      through each passageway 63, it will be observed that inlet and outlet
      ports 64, 65 are in the form of tubular members projecting from blocks 46,
      47 and having corresponding ends of conduit means 74, 75 connected
      thereto, with the opposite ends thereof being communicatively connected to
      respective jacketing tubes 76, 77 surrounding the respective outlet and
      inlet conduits 33, 32 of the fluid conveying system.
PAR  It is to be noted that the flanged conduits 32, 33 and the respective
      jacketing tubes 77, 76 are representative of typical jacketed pipes
      employed in conventional jacketed fluid conveying systems with a suitable
      temperature controlling fluid being circulated through the
      fluid-circulating chambers defined between the conduits 32, 33 and the
      respective jacketing tubes 77, 76. In this instance, the temperature
      controlling fluid preferably is circulated from the jacketing tube 76 into
      the jacketing tube 77 therebelow and, accordingly, it is apparent that the
      temperature controlling fluid is circulated from the upper jacketing tube
      76, through the inlet ports 64, through the respective fluid-circulating
      passageways 63, and through the outlet ports 65 into the jacketing tube
      77.
PAR  Of course, if desired, the temperature controlling fluid may be circulated
      in the reverse direction through the respective passageways 63, in the
      pump jacket blocks 46, 47. It is apparent that the temperature controlling
      fluid may take various forms depending upon the particular type of fluid
      being conveyed through the fluid conveying system embodied in the pipes or
      conduits 32, 33. For example, the temperature controlling fluid being
      circulated through passageways 63 may take the form of steam, oil, water,
      refrigerant or the like. After the housing 45 has been assembled with the
      pump 20 in the manner described with respect to FIGS. 1, 4, 5 and 6, a
      suitable, preferably relatively thick, layer of insulation material 80
      preferably is applied to the exterior surfaces of housing 45, pump flanges
      27, 28, the conduit means 74, 75 and jacketing tubes 76, 77 as indicated
      in FIGS. 4, 5 and 6.
PAR  As heretofore indicated, at least the body 50 of each jacket block 46, 47
      is provided with inner and outer walls 60, 61 (FIGS. 3 and 5) having
      therebetween the respective fluid passageway or chamber 63. As shown in
      FIGS. 2, 4, 5 and 6, each block 46, 47 is provided with a substantially
      semicircular or crescent-shaped hollow member or radiator 85 which is
      preferably formed of relatively thin steel sheet material and defines
      therein the respective fluid passageway or chamber 63 to which the conduit
      means forming inlet and outlet ports 64, 65 are connected, as by welding.
      It is to be understood, however, that the hollow members or radiators 85
      may be omitted from the passageways or chambers 63 so that the inner and
      outer walls 60, 61 per se define the corresponding passageway 63
      therebetween. Of course, in the absence of the hollow members or radiators
      85, it is apparent that the inner ends of the conduits defining the inlet
      and outlet ports 64, 65 then would be threaded into or otherwise secured
      to blocks 46, 47 for communication with the passageways 63.
PAR  As heretofore indicated, it is preferred that the jacket blocks 46, 47 are
      of cast metal. Accordingly, when the hollow members or radiators 85 are
      employed, as best shown in FIGS. 4, 5 and 6, it is preferred that the cast
      metal is in the form of an aluminum alloy since it has a very high heat
      conductivity characteristic. Because of the brittle or frangible nature of
      the usual type of cast aluminum alloy, it is preferred that radiators 85
      are used when the blocks 46, 47 are molded of aluminum alloy. On the other
      hand, if blocks 46, 47 are molded of cast steel, which is substantially
      stronger than cast aluminum, the hollow members 85 may be omitted, if
      desired.
PAR  Although passageways 63 are only shown provided in the substantially
      semicircular bodies 50 of the jacket blocks 46, 47, it is to be understood
      that such passageways may extend into the substantially arcuate walls 52
      of the respective jacket blocks 46, 47, if desired, without departing from
      the invention. To further enhance the heat-transferring relationship
      between pump body 21 and jacket blocks 46, 47, it is preferred that a
      suitable heat-conductive filler 87, such as heat-conductive cement or
      heat-conductive grease (FIG. 5), is provided between pump body 21 and
      jacket blocks 46, 47 so as to fill voids which might otherwise be present
      between the proximal surfaces of jacket blocks 46, 47 and pump body 21.
      Various formulations of heat-conductive cement and grease for the purpose
      of enhancing heat transfer are well known in the trade and in the art.
      Thus, a further description thereof is deemed unnecessary.
PAR  Referring now to the second embodiment of the invention shown in FIGS.
      7-12, it will be observed that the structure there shown is quite similar
      to that shown in FIGS. 1-6, but the jacket blocks are modified to
      particularly adapt the same to a fluid-circulating pump of the in-line,
      pedestal mounted type having its motive means or driving motor 25a
      mounted on the top of the pump body for driving the rotary impeller means
      24a therein. Also, somewhat different means are provided for detachably
      securing the jacket blocks of FIGS. 8-12 to the pump body of FIG. 7 as
      compared to the strapping 70 shown in FIGS. 1, 4 and 5. However, those
      parts shown in FIGS. 7-12 which are generally similar to parts shown in
      FIGS. 1-6 will bear the same reference characters, where applicable, with
      the letter "a" added to avoid repetitive description, and only those parts
      of the structure shown in FIGS. 7-12 which have particularly significant
      differences from similar parts shown in FIGS. 1-6 will be described in
      detail.
PAR  As is characteristic of an "in-line" fluid-circulating pump, the flanged
      inlet portion 32a and flanged outlet portion 33a of the body 21a of pump
      20a (FIG. 7) are in substantially axial alignment with each other and they
      are arranged in substantially horizontal relationship, with impeller means
      24a being mounted on a substantially vertical axis in pump body 21a. Thus,
      impeller motive means 25a is suitably secured upon pump body 21a, and pump
      body 21a has a supporting pedestal 26a integral with the lower portion
      thereof and provided with an integral supporting flange 29 on its bottom
      portion adapted to rest upon a floor or other supporting surface. Thus, it
      can be seen that the lower portion of pump body 21a in FIG. 7 terminates
      in a reduced portion, represented by pedestal 26a, which is of
      substantially smaller cross-sectional area than the major or upper portion
      of pump body 21a. Also, the supporting flange 29 is, therefore, attached
      to the reduced portion of pump body 21a and is of substantially greater
      area in plan than the cross-sectional area of the reduced portion 26a of
      pump body 21a. For convenience in installing the pair of jacket blocks
      46a, 47a about the pump body 21a of FIG. 7, desirably the jacket blocks
      46a, 47a of FIGS. 8-12 are constructed so as to rest upon the supporting
      flange 29 of pump 28.
PAR  From the foregoing description of the pump 20a of FIG. 7, it can be
      appreciated that the substantially circular or convex openings 51a, 53a
      formed in the proximal edge portions of jacket blocks 46a, 47a are both
      formed in end wall portions of blocks 46a, 47a so that the openings 51a,
      53a are in substantial alignment with each other as opposed to the
      openings 51, 53 of FIG. 2 being disposed in substantially perpendicular
      relation to each other. The proximal portions of the jacket blocks 46a,
      47a are shown in FIGS. 9 and 10 as being provided with generally arcuately
      formed recesses therein terminating in respective inwardly projecting
      ridge portions or bottom wall portions 90 which are formed so as to
      underlie the upper portion of the pump body in closely circumscribing
      relation to the reduced lower portion or pedestal 26a of pump body 21a.
      The medial portions of the ridge portions 90 of blocks 46a, 47a are
      recessed at 91 to provide an opening through housing 45a for accommodating
      the reduced portion 26a of pump 20a at the juncture of supporting flange
      29. It can be appreciated that, when the jacket blocks 46a, 47a are
      positioned about the body 21a of pump 20a, they are collectively of a
      substantially cup-shaped configuration and are collectively substantially
      U-shaped in cross-section as best shown in FIGS. 9 and 11. It will be
      noted that, in addition to the arcuate or concave openings 51a, 53a being
      provided in opposite ends of the jacket blocks 46a, 47a, such opposite
      ends are also provided with flange-accommodating arcuate recesses 92, 93
      in the outer surfaces thereof which are of substantially greater size than
      the arcuate openings 51a, 53a and are adapted to receive therein the
      flanges 27a, 28a on the distal ends of the inlet and outlet portions 22a,
      23a of pump 20a. It is preferred that the depth of each recess 92, 93 is
      such as to accommodate the heads of other portions of bolts utilized for
      securing the flanged ends of the adjacent conduits 32a, 33a to the
      respective flanges 27a, 28a.
PAR  Instead of the projecting ridge portions or lower wall portions 90 of the
      blocks 46a, 47a being provided with the fluid-circulating passageways
      therein, similar to the bodies 50 of the jacket blocks 46, 47 in the first
      embodiment of the invention, it will be observed in FIGS. 9, 10 and 12
      that the inner and outer walls 60a, 61a of jacket blocks 46a, 47a in the
      second embodiment of the invention are parts of an upstanding body portion
      94 of each respective jacket block 46a, 47a. The body portions 94 straddle
      and extend along opposite sides of the pump body 21a between the flanges
      27a, 28a, with the flanges 27a, 28a being positioned within the recesses
      92, 93 as indicated above.
PAR  The body portions 94 include the aforementioned inner and outer walls 60a,
      61a which correspond substantially to the inner and outer walls 60, 61 of
      FIG. 5, and have respective arcuate passageways or chambers therebetween
      which are defined by the arcuate hollow shell-like members or radiators
      85a shown in FIGS. 11 and 12. It is apparent that the jacket blocks 46a,
      47a are molded or cast around the respective hollow members 85a of FIG. 12
      in substantially the manner heretofore described with respect to the
      jacket blocks 46, 47 being molded or cast around the hollow shell-like
      members 85 in FIGS. 2, 4, 5 and 6. Also, the inner surfaces of blocks 46a,
      47a are shaped to conform substantially to the configuration of pump body
      21a.
PAR  Referring again to FIG. 7, as is preferred, the supporting flange 29
      forming the bottom of pump 20a is secured to the supporting surface or
      floor therebeneath by suitable screws or bolts 95 whose heads project
      upwardly above the upper surface of the supporting flange 29.
      Additionally, a substantially vertically disposed rib 96 projects
      outwardly from each side of the pedestal 26a of pump 20a and extends from
      the upper portion of pump body 21a downwardly to the supporting flange 29.
      Accordingly, the inwardly projecting ridge or bottom wall portions 90 of
      jacket blocks 46a, 47a are provided with respective pairs of spaced
      grooves or recesses 100 in the lower surfaces thereof for accommodating
      the heads of the bolts 95 when the blocks 46a, 47a are positioned upon the
      supporting flange 29 of FIG. 7. Further, each of the ridge portions or
      bottom wall portions 90 of the blocks 46a, 47a is provided with a
      laterally extending slot 101 therethrough for accommodating therein the
      respective rib portion 96 of the pump 20a.
PAR  It will be observed in FIGS. 9, 10 and 12 that each of the jacket blocks
      46a, 47a has two of the inlet ports 64a and two of the outlet ports 65a
      projecting outwardly therefrom, thee being one pair of the ports 64a, 65a
      disposed at one end of each block 46a, 47a and there being another pair of
      the ports 64a, 65a projecting outwardly from the other end portion of each
      block 46a, 47a. However, it is to be noted that two sets of the ports 64a,
      65a are provided on each block 46a, 47a for convenience in installation of
      the blocks 46a, 47a and the connection thereto of the conduit means 74a,
      75a from the respective jacket tubes 77a, 76a to the blocks 46a, 47a. In
      other words, only a single pair of the ports 64a, 65a is necessary for
      each of the hollow shell-like members 85a, with the other pair of ports
      then being closed by any suitable means, such as pipe plugs, not shown.
PAR  As preferred, the upper surfaces of the body portions 94 of the blocks 46a,
      47a are preferably substantially flat and are disposed on a level
      substantially the same as the upper surface of the pump 20a when the
      jacket blocks 46a, 47a are installed against opposite sides of pump body
      21a as shown in FIG. 8. Thus, the jacket blocks 46a, 47a are secured in
      position against opposite sides of pump body 21a by means of suitable
      links 106 which are secured to the upper ends of the body portions 94 of
      the jacket blocks 46a, 47a by means of screws 107 (FIG. 9), and if
      desired, links 106 may engage and rest upon adjacent portions of the body
      21a of pump 20a to position jacket blocks 46a, 47a in the desired
      substantially surrounding relation to pump body 21a.
PAR  Since, in other respects, the embodiment of the invention of FIGS. 7-12 is
      quite similar to that of FIGS. 1-6, a further description of the
      embodiment of FIGS. 7-12 is deemed unnecessary. It should be noted,
      however, that a filler corresponding to that indicated at 87 in FIG. 5
      should be utilized as needed to fill any voids between the proximal
      surfaces of jacket housing 45a and pump 20a to facilitate the transfer of
      heat therebetween.
PAR  Referring now to FIGS. 13-17, there is illustrated a third embodiment of
      the invention wherein the pump is of substantially the same type as that
      illustrated and described with respect to FIG. 7, with the exception that
      the pump of FIGS. 13, 14, 16 and 17 is of a type which may be suspendingly
      supported between adjacent conduits or pipes of the fluid conveying system
      and, therefore, the pump in the latter views is devoid of any supporting
      flange below the pump body. The pump jacket construction shown in FIGS.
      13-17 differs primarily from that shown in FIGS. 7-12 in that the opposing
      sides of the jacket construction are integral with each other through the
      medium of a bridging portion therebetween so that the jacket housing 45a'
      of FIGS. 13-17 is of substantially U-shaped cross-section throughout its
      length although being more deeply recessed in its medial portion that in
      its opposite end portions to accommodate therein the protruding lower
      portion of the respective pump. In other respects, the structure shown in
      FIGS. 13-17 is similar to that described with respect to FIGS. 7-12 and,
      therefore, the same reference characters shall apply to those parts shown
      in FIGS. 13-17 as are applied to similar parts shown in FIGS. 7-12 with
      the prime notation added, where applicable, in order to avoid repetitive
      description.
PAR  The substantially U-shaped housing 45a' is in the form of a single integral
      block cast or molded from a suitable heat-conductive material. Since block
      45a' is of substantially U-shaped cross-section, it includes opposing leg
      or side portions 46a', 47a' interconnected by the bridging portion. The
      side portions 46a', 47a' and the bridging portion define therewithin an
      irregularly-shaped cavity 110 of generally U-shaped cross-sectional
      configuration, but which is reduced at opposite ends of the jacket block
      45a' to define respective substantially U-shaped inlet and outlet openings
      51a', 53a' therewith through which the inlet and outlet portions 22a',
      23a' of pump 20a' extend. Also, oppostie end portions of the U-shaped
      housing or jacket block 45a' are provided with respective enlarged
      substantially U-shaped recesses 92', 93' therein for accommodating therein
      the respective inlet and outlet flanges 27a', 28a' of pump 20a'.
PAR  The upper portion of the body 21a' of pump 20a' is of generally scalloped
      configuration at its juncture with motive means 25a'. Therefore, it will
      be observed in FIG. 15 that the upper portion of the cavity 110 is
      provided with recesses 112 therearound to accommodate generally circularly
      arranged peripheral projections 113 on the upper portion of pump body 21a
      and the lower portion of motive means 25a' (FIGS. 13 and 14). Links 106'
      and screws 107' secure the substantially U-shaped housing 45a' to pump
      body 21a' in substantially the same manner as that described with respect
      to the second embodiment of the invention.
PAR  It will be observed in FIG. 16 that, since housing 45a' is of substantially
      U-shaped configuration, it is provided with a generally U-shaped chamber
      or passageway 63a' located between the inner and outer walls thereof, and
      passageway 63a' extends along the lower bridging portion of housing 45a'
      as well as extending upwardly along both leg portions 46a', 47a'. Thus,
      passageway 63a' extends beneath and along opposite sides of pump body
      21a'. Passageway 63a' is provided with inlet and outlet ports 64a', 65a'
      for circulation of temperature controlling fluid therethrough. If desired,
      housing 45a' may be molded or cast around a hollow shell-like member or
      radiator 85a', whose sheet metal walls define passageway or chamber 63a'
      in housing 45a'. In other respects, the third embodiment of the invention
      is similar to the first and second embodiments of the invention, and
      accordingly, a further description thereof is deem unnecessary. It will be
      observed in FIG. 17, however, that the spaces over the inlet and outlet
      portions 22a', 23a' of the body 21a of pump 20a' and between the opposing
      walls of the openings 51a', 53a' preferably are filled with a
      heat-conductive filler 87a' of the type identified at 87 in FIG. 5 so as
      to aid in transfer of heat between housing 45a' and the inlet and outlet
      portions 22a', 23a' of pump 20a'.
PAR  From the foregoing description, it can be appreciated that the jacket
      construction of this invention may take various forms in accordance with
      the particular type and exterior configuration of the fluid-circulating
      pump with which the jacket construction is used and so that the jacket
      construction substantially surrounds the body of the pump in
      heat-transferring relation thereto for directing a temperature controlling
      fluid into heat-transferring relation to the pump body without the need
      for welding any portions of the jacket construction to the pump. In this
      regard, in the pumping of a melted synthetic plastic material, for
      example, such as melted polyethylene or polypropylene, in the manufacture
      of synthetic textile strands, it has been found that the efficiency of
      operation of the pump was increased up to about 15% by utilizing the
      jacket construction of this invention in association with the pump in the
      manner described herein, as compared to the operation of the pump without
      a jacket construction for a temperature controlling fluid being applied
      thereto. It also has been determined that, because of the highly effective
      heat-transferring relation between the pump body and the improved jacket
      construction of this invention, the efficiency of the pump is improved
      substantially as compared to the efficiency thereof as effected by use of
      a jacket wall structure welded to a pump body according to the heretofore
      customary practice discussed earlier herein.
PAR  It is thus seen that I have provided several forms of an improved jacket
      construction to aid in maintaining at a desired temperature a fluid
      flowing through a fluid-circulating pump in a fluid conveying system and
      wherein the jacket construction is simple and may be readily installed on
      existing fluid-circulating pumps even though the existing pumps may be
      already installed in a fluid conveying system. Further, the jacket
      construction may be readily removed from a fluid-circulating pump at any
      time, if desired, to permit repairing or replacing a fluid-circulating
      pump or the performance of any other corrective work which may be desired
      in connection therewith, after which the jacket construction may be
      reinstalled on the corresponding fluid-circulating pump.
PAR  In the drawings and specification, there have been set forth preferred
      embodiments of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In a fluid-circulating pump of the in-line type having a body provided
      with inlet and outlet portions projecting outwardly at opposite ends of
      the body, and impeller means in said body for pumping fluid therethrough;
      the combination therewith of means substantially surrounding said pump
      body and outwardly projecting inlet and outlet portions in
      heat-transferring relation thereto and cooperating with said pump for
      directing a temperature controlling fluid in heat-transferring relation
      thereto and comprising a housing of heat-conductive material including
      inner and outer walls having therebetween at least one fluid passageway
      provided with inlet and outlet ports for circulation of the temperature
      controlling fluid through said passageway.
NUM  2.
PAR  2. A structure according to claim 1 including a heat-conductive filler
      disposed between and filling voids between the proximal surfaces of said
      housing and the pump to facilitate the transfer of heat therebetween.
NUM  3.
PAR  3. A structure according to claim 1 including a hollow shell-like member of
      heat-conductive material defining said fluid passageway in the housing,
      and said walls of said housing being molded around said hollow shell-like
      member.
NUM  4.
PAR  4. A structure according to claim 1 including a hollow member of relatively
      thin heat-conductive material defining said fluid passageway in the
      housing, and said walls of the housing being of aluminum alloy molded
      around said hollow member.
NUM  5.
PAR  5. A structure according to claim 1, wherein said housing comprises a
      cooperating pair of blocks with each block including inner and outer walls
      having a respective fluid passageway therebetween.
NUM  6.
PAR  6. A structure according to claim 1 wherein said housing comprises a single
      integral block having wall portions extending along opposite sides of the
      body of the pump, with said fluid passageway being within said wall
      portions.
NUM  7.
PAR  7. A structure according to claim 1 wherein said housing is substantially
      U-shaped in cross-section.
NUM  8.
PAR  8. A structure according to claim 1 wherein said fluid passageway in the
      housing is substantially U-shaped in cross-section and extends beneath and
      adjacent opposite sides of the body of the pump.
NUM  9.
PAR  9. A structure to claim 1 wherein said housing comprises a single integral
      block having a recessed medial portion in which the pump body is
      positioned, and wherein said passageway in the housing is substantially
      U-shaped in cross-section and extends beneath and adjacent opposite sides
      of the body of the pump.
NUM  10.
PAR  10. In a fluid-circulating pump of the centrifugal type having a body of
      volute form provided with outwardly projecting inlet and outlet portions,
      impeller means in said body for pumping fluid therethrough, and wherein
      said inlet portion projects outwardly axially of said impeller means, and
      said outlet portion projects outwardly substantially radially of said
      impeller means; the combination therewith of means substantially
      surrounding said pump body and said outwardly projecting inlet and outlet
      portions in heat-transferring relation thereto and cooperating with said
      pump for directing a temperature controlling fluid in heat-transferring
      relation thereto and comprising a housing of heat-conductive material
      including inner and outer walls having therebetween at least one fluid
      passageway provided with inlet and outlet ports for circulation of the
      temperature controlling fluid through said passageway.
NUM  11.
PAR  11. A structure according to claim 10 wherein said housing inner wall is
      positioned against said volute pump body axially of said impeller means,
      and said housing also including an arcuate wall at least partially
      surrounding said volute pump body radially of said impeller means.
NUM  12.
PAR  12. A structure according to claim 10 wherein said housing is of generally
      cup-shaped configuration with said housing inner wall defining one end of
      the cup-shaped configuration and being positioned against said volute pump
      body axially of said impeller means, said housing also including an
      arcuate wall at least partially surrounding said volute pump body radially
      of said impeller means, and the housing being open at its other end.
NUM  13.
PAR  13. In a fluid-circulating pump having a body provided with inlet and
      outlet portions, and impeller means in said body for pumping fluid
      therethrough; the combination therewith of means substantially surrounding
      said pump body in heat-transferring relation thereto and cooperating with
      said pump for directing a temperature controlling fluid in
      heat-transferring relation thereto and comprising a housing formed of a
      pair of blocks of heat-conductive material, each block including inner and
      outer walls having therebetween a fluid passageway provided with inlet and
      outlet ports for circulation of the temperature controlling fluid through
      said passageway.
NUM  14.
PAR  14. In a fluid-circulating pump having a body provided with inlet and
      outlet portions, and rotary impeller means in said body for pumping fluid
      therethrough; the combination therewith of means substantially surrounding
      said pump body in heat-transferring relation thereto and cooperating with
      said pump for directing a temperature controlling fluid into
      heat-transferring relation thereto and comprising a housing including a
      cooperating pair of blocks of heat-conductive material, each block
      including inner and outer walls having therebetween a fluid passageway
      provided with inlet and outlet ports for circulation of the temperature
      controlling fluid through the passageway, and means associated with said
      pair of blocks for positioning the same in predetermined relation to each
      other and in substantially surrounding relation to said pump body.
NUM  15.
PAR  15. A structure according to claim 14 including a heat-conductive filler
      disposed between and filling voids between the proximal surfaces of said
      housing and said pump to facilitate the transfer of heat therebetween.
NUM  16.
PAR  16. A structure according to claim 14 wherein said means associated with
      said pair of blocks for positioning the same in predetermined relation and
      in substantially surrounding relation to said pump body comprises means
      for detachably securing said pair of blocks on said pump body.
NUM  17.
PAR  17. A structure according to claim 14 wherein said pump is adapted to
      occupy a substantially horizontal position with said inlet and outlet
      portions of said pump body being at opposite ends of the pump body and in
      substantial alignment with each other, the lower portion of the pump body
      terminating in a reduced portion of substantially smaller cross-sectional
      area than the upper portion thereof, a supporting flange attached to the
      bottom of said reduced portion of the pump, and the proximal lower
      portions of the pair of blocks of said housing having inwardly projecting
      portions thereon underlying the upper portion of the pump body and closely
      circumscribing said reduced lower portion of the pump body in
      heat-transferring relation thereto.
NUM  18.
PAR  18. In a fluid-circulating pump having a body provided with inlet and
      outlet portions thereon, and rotary impeller means in said body for
      pumping fluid therethrough; the combination therewith of means
      substantially surrounding said pump body in heat-transferring relation
      thereto and cooperating with said pump for directing a temperature
      controlling fluid into heat-transferring relation thereto and comprising a
      housing including a cooperating pair of blocks of heat-conductive
      material, and each block including inner and outer wall means having
      therebetween a fluid passageway provided with inlet and outlet ports for
      circulation of the temperature controlling fluid through the passageway,
      means associated with said pair of blocks for positioning the same in
      predetermined relation to each other and in substantially surrounding
      relation to said pump body, and a layer of insulation material
      substantially enclosing said housing and said pump body.
NUM  19.
PAR  19. In a fluid-circulating pump of the in-line type having a body provided
      with inlet and outlet portions projecting outwardly at opposite ends of
      the pump body and having enlarged end flanges on the distal ends thereof,
      and impeller means in said body for pumping fluid therethrough; the
      combination therewith of means substantially surrounding said pump body in
      heat-transferring relation thereto and cooperating with said pump for
      directing a temperature controlling fluid in heat-transferring relation
      thereto and comprising a housing of heat-conductive material including
      inner and outer walls having therebetween at least one fluid passageway
      provided with inlet and outlet ports for circulation of the temperature
      controlling fluid through said passageway, said housing being provided
      with openings therein closely surrounding the projecting inlet and outlet
      portions of the pump body, and said housing also being provided with
      recesses therein for accommodating therein the flanges on the projecting
      inlet and outlet portions of the pump.
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PAL  A vertical cantilever pump featuring a novel pump shaft construction for
      preventing excessive or an abnormal rise of pumped liquid therealong
      without a substantial reduction in pumping efficiency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to improvements for increasing the pumping efficiency
      of vertical cantilever pumps of the type adapted to handle highly
      corrosive and/or abrasive liquids.
PAR  A typical prior art cantilever pump construction, such as that disclosed in
      U.S. Pat. No. 2,355,472, includes a vertically extending pump drive shaft,
      which serves to mount an impeller adjacent its lower end and is arranged
      to extend downwardly through a pedestal, which in turn serves to mount an
      impeller enclosing pump head casing or housing. The corrosive and/or
      abrasive nature of the liquid being pumped requires the provision of a
      relatively loose fit between the pump shaft and the pump head casing with
      the result that a portion of the pumped liquid is free to escape from the
      casing upwardly along the pump shaft. Normally, the pedestal is of an open
      construction in order to permit the escaping liquid to be immediately
      returned to the main body of the liquid being pumped before it can rise to
      a height at which it will escape from the liquid receiving tank and/or
      damage the pump drive motor or its bearings. Thus, a decided drawback of
      the type of pump construction disclosed in U.S. Pat. No. 2,355,472 is that
      the "loss" of pumped liquid results in a substantial reduction in the
      efficiency of the pump.
PAR  In an effort to minimize the internal leakage under operating conditions
      and thus increase the potential output or discharge of the pump for a
      given capacity pump motor, it has been proposed to form a pedestal of
      substantially closed construction such that the escaping liquid
      establishes a column of liquid opposing further escape. However, as a
      practical matter, during a normal pumping operation, the "safe height" of
      this liquid column, i.e. the height below that at which liquid might
      escape from the holding tank is insufficient to arrest the escape of
      liquid from the pump chamber, and thus the side wall of the pedestal is
      necessarily formed with openings to permit continuous bleeding or flow of
      liquid from the column back into the liquid bath. Moreover, from time to
      time a back pressure may be encountered in the pump discharge conduit,
      which is substantially in excess of normal pump discharge pressure, as for
      instance due to closing of an outlet valve, while the pump is in
      operation. This increase in back pressure will tend to produce a
      substantial increase in the normal height of the column of escaping
      liquid, thereby to reduce the value of the so-called safe height of the
      column and as a result limit the efficiency of the pump.
PAR  U.S. Pat. No. 2,622,537 discloses a cantiliver pump construction, which
      represents a compromise between the fully open and substantially closed
      pedestal constructions described above. Specifically, in this pump
      construction the pedestal is substantially closed in order to provide a
      column of liquid within the pedestal for opposing escape of pumped liquid,
      while at the same time the interior of the pedestal is placed in
      communication with the inlet of the pump in order to continuously withdraw
      escaping fluid from the pedestal.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a vertical cantilever pump having
      substantially improved pumping efficiency and more particularly to a novel
      pump shaft construction for inhibiting or controlling the escape of pumped
      fluid from the pump head casing. The conventional stuffing boxes and
      antifriction bearings are eliminated, and all thrust loads are carried by
      the motor bearings.
PAR  The present cantilever pump construction employs a novelly designed pump
      shaft, which is arranged within a pedestal of a substantially closed
      construction and employed to prevent excessive or uncontrolled rise of
      pumped liquid upwardly along the pump shaft without experiencing a
      substantial reduction in pumping efficiency.
PAR  In accordance with the present invention, an essentially cylindrical
      pedestal is dimensioned to closely bound a pump shaft, which has its lower
      end portion configured to define a pumping device serving to cooperate
      with the pedestal in opposing the rise of a column of liquid within the
      pedestal to an abnormal height at which damage to the pump motor and/or
      its drive shaft bearing support might occur. Preferably, the lower end
      portion of the pump shaft is both tapered in a direction downwardly
      towards the impeller to define a pumping surface and also provided with a
      spiralwise extending pumping groove. An effective pumping action is
      obtained when the lower end portion of the pump shaft is formed with a two
      degree taper, but pumping efficiency has been found to increase as the
      taper is increased to about seven degrees; this constituting a practical
      limit normally imposed by the geometry and structural considerations of a
      cantilever pump installation.
PAR  In a desirable form of the present invention, essentially the entire pump
      construction is of a non-metallic material, such as glass reinforced
      thermoset composites including polyester and epoxy material of the type
      disclosed in my co-pending application Ser. No. 335,671, filed Feb. 26,
      1973. It is also a feature of the present invention that the pump shaft
      may be fabricated by winding plastic coated glass filament about a small
      diameter starting shaft or mandrel, which may if desired, be of metal or
      plastic, to produce a solid shaft having a degree of rigidity
      substantially exceeding that of conventionally fabricated pump shafts.
DRWD
PAC  DRAWING
PAR  The single drawing FIGURE is a partially sectionalized side elevational
      view of a cantilever pump employed in the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the drawing, a cantilever pump assembly formed in accordance with the
      present invention is generally designated as 10 and shown in association
      with a mounting plate 12 by which it is supported relative to a holding
      tank, not shown, containing a liquid 14. The pump is particularly designed
      for pumping highly corrosive and/or abrasive materials.
PAR  Pump assembly 10 generally includes a vertically extending pump drive shaft
      16, which has its upper end rigidly connected by a coupling 18 to the
      drive shaft 20 of a motor 22 and has its lower end suitably fixed, as for
      instance by screw threads 24, to an impeller 26 having a hub portion 26a.
      Motor 22 is suitably affixed to mounting plate 12, as by an upstanding
      pedestal 28, which is preferably of an open construction in order to
      afford ready access to coupling 18.
PAR  Pump assembly 10 also includes a depending essentially cylindrical pedestal
      30, which has its upper end fixed to mounting plate 12 in a bracket 31 and
      has its lower end fixed to a pump head casing or housing 32. Pedestal 30
      may be characterized as relatively closely bounding pump shaft 16 and as
      having an essentially closed construction, that is, a construction where
      its interior is placed only in limited flow communication with the holding
      tank, as by relatively small vertically spaced openings 34. While the
      pedestal is shown as substantially cylindrical it is obvious that the
      lower end portion could be tapered to conform substantially to the taper
      of the lower end portion of the pump shaft.
PAR  Casing 32 defines a pump chamber 36, which receives impeller 26, an inlet
      opening 38 for placing the pump chamber in flow communication with the
      holding tank; an outlet opening 40 for placing the pump chambeer in flow
      communication with discharge conduit 42; and a central opening 44 for
      receiving pump shaft 16 and hub portion 26a.
PAR  As used herein, the term "cantilever" refers to the manner in which pump
      shaft 16 is mounted; that is coupled by a rigid connection to the motor
      drive shaft and having no other contact or support. In this connection, it
      will be understood that it is impractical to utilize bearing and gland
      devices to support and seal the pump shaft and particularly the lower end
      portion thereof relative to the pump head casing 32, due to the nature of
      the liquid being pumped. the absence of means to support and center the
      lower end portion of pump shaft 16 within casing opening 44 necessitates
      that the latter be dimensioned to provide a relatively loose fit with hub
      portion 26a and the pump shaft in order to avoid rubbing contact between
      parts. As a result, a portion of the fluid being pumped would normally
      escape from pump chamber 36 upwardly along the pump shaft through opening
      44 to establish a tubular column of liquid within pedestal 30. The normal
      height of this column is proportional to the normal pumped liquid
      discharge pressure present in discharge conduit 42, whereas the percentage
      of pumped fluid lost due to leakage through opening 44 increases as the
      diameter of hub portion 26a and thus opening 44 increases. For purposes of
      the present description, the hub portion may be considered, depending on
      impeller design, as including a conventional impeller back ring portion,
      not shown, which is in the form of an annular rib extending from the rear
      or upper surface of the impeller concentrically of the illustrated hub
      portion and cooperates with opening 44 to define an annular opening
      through which pumped fluid may escape from pump chamber 36. As a practical
      matter, for impellers of this design, the diameter of such back ring
      portion will increase as the diameter of the impeller increases, whereas
      the diameter of the illustrated hub portion tends to correspond to the
      diameter of the pump shaft, which is determined by shaft length and pump
      horsepower requirements. In any event, it will be understood that the
      percentage of pumped fluid lost through opening 44 increases as the size
      of the impeller and thus its associated hub portion, including back ring,
      increases.
PAR  The present invention seeks to significantly increase the efficiency of a
      cantilever pump over that previously obtainable without permitting
      excessive or damage producing travel of liquid upwardly along the pump
      shaft upon occurrence of a back pressure in the discharge conduit in
      excess of normal discharge pressure. To this end, the lower end portion of
      pump shaft 16 is shaped to define a pump device 50 operable as a result of
      normal shaft rotational movements to create a downwardly "directed" high
      pressure condition within a relatively closely fitting lower portion of
      pedestal 30 for opposing escape of liquid through opening 44. Pedestal 30
      also relatively closely bounds the upper end portion of the pump shaft, so
      that any tubular column of liquid, which reaches the upper portion area,
      has a relatively thin wall thickness. The percentage of axial length of
      pump shaft 16 occupied by pump device 50 and the radial distance between
      the pump shaft and pedestal 30 will vary, depending upon installation
      requirements and pump capacity.
PAR  Pump device 50 preferably comprises two pumping elements in the form of a
      downwardly tapering pumping surface 52 and a spiralwise pumping groove 54
      formed in such surface.
PAR  An efficient pumping operation may be obtained when pumping surface 52 is
      formed with about a two degree taper. Pumping efficiency has been found to
      increase as the taper is increased, but structural and design
      considerations for most pump installations create a practical limitation
      of about 7.degree. taper.
PAR  Pumping groove 54 preferably has a sharp corner, general rectangular
      cross-sectional configuration, with the number of "threads" per given
      length of pump shaft or groove pitch varying depending upon pumping or
      "back pressure" requirements.
PAR  While either of these pump elements alone will serve to increase pumping
      efficiency over that obtainable with prior cantilever pump constructions,
      pump efficiency is maximized by shaping the lower end of the pump shaft to
      provide both of the pumping elements, and by employing the largest
      diameter pump shaft, which is commensurate with pump installation and
      horsepower requirements.
PAR  As by way of example, for a pump having a straight pump shaft of
      approximately 3 feet in length and 31/4 inches in diameter, a diametral or
      total clearance between the pump shaft and the pedestal of approximately
      1/4  inch; and a capacity of up to about 1000 gpm, the leakage through
      opening 44 has been found to be approximately 8 percent of total pump
      capacity. The impeller was of the type having a back ring of approximately
      a 6 inch diameter.
PAR  By employing the tapered and grooved pump shaft of the present invention in
      the above described example pump, leakage may be reduced to 3.78 percent
      of pump capacity. This reduction in loss of pumped fluid and resultant
      increase in pump efficiency was achieved by providing the pump shaft with
      a 3.degree. taper and a spiral groove having a width of 1/2  inch, a depth
      of 1/4  inch and a pitch of 1 inch.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vertical cantilever pump adapted for use in pumping liquids of a
      corrosive and/or abrasive nature, said pump comprising a vertically
      downwardly extending cylindrical support pedestal having a pump casing
      adjacent its lower end for positioning same within a bath of liquid
      confined by a tank, said pump casing having an opening in an upper wall
      thereof and a liquid inlet and a pumped liquid outlet, and a pump drive
      shaft freely extending downwardly through said pedestal and said pump
      casing opening for supporting an impeller within said pump casing, said
      pedestal being arranged in flow communication with said pump casing
      through said pump casing opening and said pedestal being of a
      substantially closed construction whereby pumped liquid escaping from said
      pump casing through said pump casing opening upwardly along said pump
      shaft and into said pedestal forms a tubular column of liquid tending to
      reach a normal height proportional to normal pumped liquid discharge
      pressure, said pedestal and said impeller and said casing being formed of
      a fiber glass synthetic resin thermoset composite resistant to said
      liquid, said pump shaft being formed with a lengthwise extending metal
      core element fixed to said impeller and a covering sleeve bonded to said
      core element for shielding same from contact with said liquid and
      cooperating therewith to define an extremely rigid pump shaft, said
      covering sleeve being formed of a wound fiber glass synthetic resin
      thermoset composit resistant to said liquid, said covering sleeve having
      its surface shaped to define a pump device cooperating with a relatively
      closely positioned bounding surface of said pedestal for creating a
      downwardly directed force acting on said pumped liquid escaping from said
      pump casing for maintaining said column at a height below an abnormal
      height permitting escape of liquid from said tank upon occurrence of a
      back pressure in excess of said normal pumped liquid discharge pressure,
      and said covering sleeve surface being tapered relative to said bounding
      surface of said pedestal in a direction downwardly towards said impeller
      and defining a spiralwise extending pumping groove.
NUM  2.
PAR  2. A pump according to claim 1 wherein said pumping groove is of constant
      depth.
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PAL  A gas turbine disk design having a sideplate construction which prevents
      the leakage of hot gas across the turbine disk is disclosed. The
      sideplates are segmented and facilitate cooling of the turbine blades.
      Slidably mounted studs hold the sideplates in surface contact with the
      disk and prevent the buildup of stress concentrations in either the plates
      or the attaching members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to gas turbine engines and more specifically
      to the construction of turbine disk and blade assemblies for use in high
      temperature gas turbine engines.
PAR  2. Description of the Prior Art
PAR  The construction of disk and blade assemblies for gas turbine engines has
      always required precise engineering to ensure structural integrity of
      individual components during engine operation. Significant efforts are
      being made to reduce the high centrifugal and thermal stresses often
      occurring in individual engine components and to reduce the performance
      losses resulting from the leakage of hot gases through the turbine blade
      attachment region to a lower pressure stage. Similarly, efforts are being
      made to use cooling air more efficiently.
PAR  Turbine rotor assemblies in gas turbine engines consist of one or more
      stages of disk and blade assemblies wherein individual blades are attached
      to the rim of a turbine disk and extend in a radially outward direction.
      During rotation of the disk, tensile stresses occur in the blades as a
      result of centrifugal force. The magnitude of these stresses is highest in
      the blade root region of the turbine disk and complex attachment shapes
      have been adopted in order to reduce these stresses. A typical attachment
      means is the fir tree type connector shown in U.S. Pat. No. 3,666,376 to
      Damlis. The turbine disks which are exposed to the hottest gases are
      sometimes formed with cooling air plenum chambers in the base of the fir
      tree slot in the disk as is also shown in Damlis. Cooling air enters the
      chamber by any of a number of distribution means and leaves the plenum
      chamber traveling radially through the root portion of the blades and
      ultimately exiting through cooling holes on the airfoil section of the
      turbine blades.
PAR  In order to accommodate tangential thermal growth of the turbine blades and
      turbine blade platforms, modern engines are constructed with tangential
      clearance between the blade platforms of adjacent turbine blades. The
      clearance accommodates thermal cycling in the engine; however, the blades
      tend to vibrate unless damped. Damlis shows the use of a turbine blade
      damper in a substantially axial cavity defined by the turbine blade roots,
      the turbine disk and adjacent turbine blade platforms. The damping member
      can be restrained within the platform by various means including a tab and
      slot arrangement.
PAR  Gas leakage in the axial direction from the high to the low pressure side
      of the disk and blade assembly is not uncommon. The leakage occurs through
      the turbine root cavity, the turbine blade damper cavity, and the
      interface between the turbine blade root and the disk at the fir tree
      connector. Various constructions have been divised to prevent this
      leakage. For example, Damlis shows a typical construction in which annular
      sideplates are riveted to the turbine disk. Pratt et al show annular
      sideplates attached to the opposing faces of the turbine disk and secured
      by interlocking dogs on the disk and sideplates in U.S. Pat. No.
      3,096,074. A similar construction in which the sideplates are attached to
      the disk with radially aligned pins is disclosed in U.S. Pat. No.
      3,455,537. In U.S. Pat. No. 3,295,825, Hall teaches the use of sideplates
      attached to the turbine disk with a bayonet type connector, a separate
      sideplate being secured to each face of the disk with L-shaped lugs which
      extend from the turbine blade root region.
PAR  Each of the constructions described above is useful, however, as operating
      temperatures of gas turbines continue to increase, the thermal and
      centrifugal forces have a greater tendency to warp the sideplates thereby
      interrupting the surface contact between the sideplates and the turbine
      disks. The amount of gas leakage across the turbine disk is directly
      related to the extent to which the surface contact is disrupted. In
      addition, annular sideplates experience stress concentrations due to
      thermal and centrifugal loads and fracture of the sideplates or of the
      sideplate attaching members can result.
PAR  The segmentation of sideplates with provisions for adequate clearance
      between the segments can reduce the sideplate deformation resulting from
      centrifugal and thermal forces, however, warping and gas leakage are still
      excessive.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of the present invention is to prevent gas leakage in the
      axial direction across a turbine disk and to prevent premature leakage of
      cooling air into the hot gas stream from cooling air passages and cavities
      in the disk and blade assembly. Other objects are the reduction of thermal
      and centrifugal force related stress concentrations within the assembly
      and the simplification of blade removal and replacement.
PAR  According to the present invention, segmented sideplates are attached to
      each side of a turbine disk with a plurality of studs trapped in a
      circumferential track in the disk, each segmented sideplate preventing the
      leakage of hot gas in the axial direction through the turbine blade root
      cavity, the turbine blade damper cavity and the interface between the
      turbine blade root and the disk.
PAR  One feature of the present invention is the L-shaped cross section of the
      individual sideplates, the base portion of which engages the disk and
      transfers centrifugal loads from the sideplates to the disk during turbine
      rotation. Another feature of the present invention is the circumferential
      tracks on the side of the turbine disk which hold the sideplate attaching
      means. In one embodiment a second sideplate attaching means is located in
      the dead rim portion of the portion disk, the attaching means having a
      shoulder to prevent axial movement during the removal of individual
      sideplates.
PAR  A principal advantage of the present invention is the slidability of the
      sideplate retaining means within the disk circumferential track during
      conditions of circumferential growth between the sideplates and the disk,
      thus avoiding stress concentrations in the sideplates and retaining
      members. Sideplate restraining loads are transferred to the disk by the
      base portion of the sideplates resulting in low stress concentrations in
      the retaining members. Still another advantage of the present invention is
      the relatively low stress concentrations in the disk made possible by
      locating the tangential retaining bolts in the dead rim portion of the
      disk.
PAR  The foregoing, and other objects, features and advantages of the present
      invention will become more apparent in the light of the following detailed
      description of the preferred embodiment thereof as shown in the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a simplified elevation view of a portion of the turbine disk and
      blade assembly showing the location of sideplates on the high pressure
      side of the assembly;
PAR  FIG. 2 is a simplified section view taken along the line 2--2 as shown in
      FIG. 1;
PAR  FIG. 3 is an expanded view of the sideplate attaching throughbolt on the
      high pressure side of the disk;
PAR  FIG. 4 is a section view taken along the line 5--5 as shown on FIG. 3; and
PAR  FIG. 5 is a simplified elevation view of a portion of the turbine disk and
      blade assembly showing the location of sideplates on the low pressure side
      of the assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A simplified turbine disk and blade assembly 10 is shown in elevation in
      FIG. 1. A plurality of turbine blades 12 is attached to the turbine disk
      14 by fir tree type connections. Referring to FIG. 2, the disk has a first
      circumferential track 16 on the disk high pressure side and a second
      circumferential track 18 on the disk low pressure side. The disk also has
      circumferential shoulders 20 on both the high pressure and low pressure
      sides of the disk, a cooling air plenum chamber cavity 22 extending the
      full width of the disk at the base of each fir tree type connecting slot,
      and bolt track loading slots 24 on both the high pressure and low pressure
      sides of the disk. A cooling air passage 26 connects the cooling air
      plenum chamber cavity with a cooling air supply not shown.
PAR  The turbine blade is retained axially by a low pressure sideplate 28 and a
      high pressure sideplate 30. The sideplates are segmented and are cut on a
      bias. Tee head attaching studs 32, each of which has a retaining surface
      34, are located in the tracks; the sideplates are removably attached to
      the disk by the studs, a shank portion 36 of each stud protruding through
      a corresponding attaching stud hole 38 in the sideplate. Each sideplate
      has a base portion 40 which cooperates with a corresponding
      circumferential shoulder on the disk. Each sideplate has a face 42 which
      is held in surface contact with the disk by throughbolts 44.
PAR  A cross section of the high pressure attaching side of the throughbolt is
      shown in FIG. 3. The throughbolt extends through a disk hole 46 and a
      shoulder 48 on the throughbolt engages a corresponding recess 50 in the
      disk as shown in FIG. 4. Each end of the throughbolts protrudes through a
      corresponding throughbolt hole 52 in the sideplate.
PAR  A turbine blade vibration damper cavity 54 as shown in FIG. 5 is defined
      axially by the sideplates and radially by the disk and turbine blade
      platforms 56. A vibration damper 58 rests within the damper cavity. The
      retaining studs and the throughbolts in cooperation with retaining nuts 60
      secure the assembly components.
PAR  The above described components are sequentially assembled in the following
      manner to form the turbine disk and blade assembly. A plurality of
      attaching studs is placed in a circumferential track 18 through the
      loading slot on the low pressure side of the disk. Each stud is then slid
      within the track to a new location corresponding to the hole spacing of
      the attaching stud holes. Each of the throughbolts is inserted through one
      of the disk holes such that the shoulder on the throughbolt engages a
      recess in the disk to prevent rotation of the throughbolt as a retaining
      nut is attached. One segmented sideplate 28 is placed in contact with the
      disk, the shank portion of the retaining studs protruding through the
      attaching stud holes and the sideplate being secured by retaining nuts;
      the throughbolts protruding through throughbolt holes and the sideplate
      being held in surface contact with the disk by the retaining nuts. The
      turbine blades are inserted into the fir tree type connecting slots in the
      disk and the vibration dampers are inserted into the damper cavities. The
      retaining studs are placed in the circumferential track 16 through the
      loading slot on the high pressure side of the disk. Each retaining stud is
      slid within the circumferential track to a new location corresponding to
      the spacing of the attaching stud holes 38. The segmented sideplate 28 is
      placed in contact with the disk, the shank portion of the retaining studs
      protruding through attaching stud holes and the sideplate being secured by
      retaining nuts; the throughbolts protruding through the throughbolt holes
      and the sideplates being held in contact with the disk by retaining nuts.
      The assembly procedure is repeated until segmented sideplates cover the
      entire periphery of the disk.
PAR  The segmented sideplates are cut on a bias, the bias cut being oriented
      within the dead rim portion of the disk and the blade root so as not to
      intersect a cooling air plenum chamber cavity or a vibration damper
      cavity. A blade is replaced by first removing the high pressure segmented
      sideplate covering the blade root. In locations where the bias cut
      intersects a blade root, two adjacent sideplates must be removed.
PAR  Differential growth between the disk and sideplates due to the thermal
      properties of these components can generate detrimental stresses in the
      turbine during normal conditions of operation. The differential growth
      results from two primary contributing factors, namely, material
      composition and operating temperature. The disk and the sideplates are
      sometimes formed from different material and the difference in their
      coefficients of expansion leads to mismatched dimensional changes as the
      engine cycles thermally. In addition, these components are subjected to
      uneven heating and cooling at any given operating condition since the
      expanding hot gases pass over the outer surfaces and the cooling air
      passes internal of the assembly. In the present invention, the
      differential thermal growth at the inner circumference of the sideplates
      does not result in stress concentration because the retaining studs have
      the ability to slide if necessary within the tracks; differential growth
      at the outer circumference of the sideplates does not result in stress
      concentration because the throughbolts, have sufficient radial clearance
      to relocate within the disk holes. Although studs are restrained in the
      tracks, and axially position the sideplates with respect to the disk, the
      heads of the studs have sufficient clearance within the track to
      accommodate differential thermal growth as described above. Similarly the
      throughbolts which are retained in the disk holes and hold the sideplates
      in surface contact with the disk have sufficient clearance with their
      corresponding disk and sideplate holes to accommodate thermal growth.
PAR  The dead rim portion of the turbine disk receives tangential sideplate
      restraining loads from the throughbolts. The throughbolts in cooperation
      with the nuts hold the faces of the sideplates in surface contact with the
      disk thereby affecting a gas seal at the cooling air plenum chamber, the
      blade root interface and the damper cavity. The cooling air plenum
      chamber, the blade root interface and the damper cavity are pressurized by
      cooling air supplied through passage 26. Any air leaking past the
      sideplates will be cooling gases from the pressurized chambers rather than
      high temperature turbine gases.
PAR  The embodiment described above relates principally to turbines having
      air-cooled blades. If cooling is not required the cooling air plenum
      chambers may be eliminated, the fir tree type connections located closer
      to the engine centerline and sideplate radial depth reduced by a
      corresponding amount. The retaining studs alone may then hold the
      sideplate faces in contact with the disk and transmit tangential retaining
      loads from the disk to the sideplates.
PAR  Although the invention has been shown and described with respect to
      preferred embodiments thereof, it should be understood by those skilled in
      the art that the foregoing and other changes in the form and detail
      thereof can be made without departing from the spirit and the scope of the
      present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a gas turbine engine, a rotatable disk and blade assembly comprising:
PA1  a disk having a side which is essentially perpendicular to the axis of
      rotation of the disk and which includes a track incorporated therein;
PA1  a plurality of blades attached to and extending radially from the disk;
PA1  a plurality of sideplates in surface contact with the side of the disk; and
PA1  means for attaching the sideplates to the disk, the attaching means
      slidably engaging the side track of the disk and having the freedom to
      relocate within the track under varying engine thermal conditions.
NUM  2.
PAR  2. The invention according to claim 1 wherein the track is circular and
      concentric about the center of the disk.
NUM  3.
PAR  3. In a gas turbine engine, a disk and blade assembly comprising:
PA1  a turbine disk having,
PA2  a plurality of blade loading slots which are located around the outer
      circumference of the disk,
PA2  a circular track in the side of the disk, and a plurality of holes which
      pass through the disk between the blade loading slots;
PA1  a plurality of turbine blades attached to the disk, each blade being fitted
      into a corresponding loading slot in the disk;
PA1  a plurality of segmented sideplates in surface contact with the disk, each
      sideplate having at least one attaching stud hole and at least one
      throughbolt hole;
PA1  a plurality of attaching studs, each stud being slidably retained in the
      track and protruding through one of the attaching stud holes, each
      sideplate being secured to the disk with retaining nuts in cooperation
      with the studs; and
PA1  a plurality of throughbolts, each throughbolt being retained in a disk hole
      and protruding through one of the throughbolt holes, each sideplate being
      held in surface contact with the disk by retaining nuts in cooperation
      with the throughbolts.
NUM  4.
PAR  4. The invention according to claim 3 wherein the attaching studs are Tee
      headed bolts.
NUM  5.
PAR  5. The invention according to claim 3 wherein each throughbolt has a
      shoulder which engages a corresponding recess in the disk.
NUM  6.
PAR  6. In a gas turbine engine, a disk and blade assembly comprising:
PA1  a turbine disk having,
PA2  a plurality of blade loading slots which are located around circumference
      of the disk,
PA2  a circular track in the side of the disk, and a cooling air chamber at the
      base of each blade loading slot;
PA1  a plurality of turbine blades which are fitted into corresponding loading
      slots in the disk rim, each blade having a platform section which extends
      circumferentially about, and is spaced apart from the rim thereby forming
      an axial platform cavity between adjacent platform sections and the rim;
PA1  a plurality of segmented sideplates having attaching stud holes therein,
      the sideplates being held in surface contact with the disk and providing
      an axial enclosure to both the disk cooling air chamber and the axial
      platform cavity;
PA1  a plurality of attaching studs, which are slidably retained in the disk
      track and protrude through the attaching stud holes; and
PA1  a passage connecting the cooling air chamber and the axial platform cavity
      to a source of pressurized air.
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ABST
PAL  A diffuser for a radial-flow compressor with a circumferentially and
      radially extending annular splitter plate dividing the entrance portion of
      each diffusing passage into two parallel passages.
BSUM
PAR  My invention relates to centrifugal compressors, and particularly to
      diffusers of such compressors. In a centrifugal compressor, the rotor
      receives air and accelerates it, discharging the air with high tangential
      and radial components of velocity. The air then flows through a diffuser
      in which the kinetic energy or velocity head is transformed into pressure
      head by deceleration of the flow in diverging passages. Such compressors
      are employed for various purposes, including turbochargers and small gas
      turbine engines.
PAR  The design of a suitable diffuser becomes more difficult when the
      compressor has a widely varying cycle of operation; the reason being that
      the direction of flow and velocity of flow from the rotor varies with
      operating conditions. While it is relatively easy to design a diffuser for
      constant inlet and outlet conditions, variations in the nature of the flow
      greatly increase the difficulty of providing a satisfactory diffuser. It
      is difficult to provide a diffuser which is relatively efficient over a
      wide operating spectrum but does not sacrifice too much efficiency at any
      given operating point.
PAR  With fixed vanes in the diffuser, the angle of attack of the flow to the
      leading edge of the vanes will vary with operating conditions, and flow
      separation and attendant instability (surging) may result under some
      conditions of operation with attendant inefficiency.
PAR  Build-up of boundary layer along the walls of diffuser passages is also
      considered undesirable as causing flow losses and thereby a decrease in
      efficiency of the compressor.
PAR  My invention is directed to providing a splitter in the entry portion of
      the diffuser passages which effectively divides each passage into two
      passages bounded respectively by the forward wall of the diffuser and the
      splitter, and by the rear wall of the diffuser and the splitter. The
      result of this is an increase in boundary layer because of the additional
      surface of the passage over which the air flows. The additional wall area
      has the effect of reducing flow separation and providing more uniform
      diffusion over a wider flow range. The increase in losses due to boundary
      layer thickening are more than offset by the reduction in flow separation
      losses, providing improved diffuser efficiency over a wider range of flow
      rates.
PAR  The principal objects of my invention are to provide a compressor having a
      wider efficient flow range than standard compressors, to provide an
      improved diffuser for a centrifugal compressor which provides improved
      efficiency over a wide flow range without the inclusion of variable
      geometry, and to provide a diffuser which lessens flow separation in the
      diffuser passage by increasing boundary layer effects.
PAR  The nature of my invention and its advantages will be apparent to those
      skilled in the art from the succeeding detailed description of the
      preferred embodiment of the invention, the accompanying drawings thereof,
      and the appended claims.
DRWD
PAR  Referring to the drawings, FIG. 1 is an illustration of a centrifugal
      compressor taken principally in a plane containing the axis of rotation of
      the compressor rotor.
PAR  FIG. 2 is an enlarged view of a portion of FIG. 1, taken on the plane
      indicated by the line 2--2 in FIG. 3.
PAR  FIG. 3 is a partial transverse sectional view of the compressor taken on
      the planes indicated by the line 3--3 in FIG. 2.
DETD
PAR  FIG. 1 illustrates a compressor 2 including a rotor 3 and a stator 4. The
      rotor is mounted on shaft 6 which may be driven by any suitable source of
      power. The rotor comprises an inducer portion 7 and an impeller portion 8
      suitably fixed to shaft 6. The inducer has forwardly curved vanes 10 to
      promote smooth entry of the gas, hereinafter referred to as "air", into
      the impeller. The impeller has radial vanes 11 distributed around its
      circumference which accelerate the air outwardly and circumferentially and
      discharge it from the tips of the impeller blades at the periphery 12 of
      the rotor.
PAR  The inducer blades 10 extend from a hub 14 and the impeller blades 11 from
      a disk 15, both of which are fixed to shaft 6.
PAR  The stator structure 4 includes an outer shroud or front plate 16 and a
      shaft support 18 fixed centrally of the shroud 16. These define an air
      entrance 19 into the rotor. The support 18 may be suitably fixed to the
      outer shroud 16. The stator also includes a back plate 20 and a diffuser
      22. The shroud 16 and back plate 20 may be fixed together by the diffuser
      22 to which they may be joined at cylindrical joining flanges 23 and 24.
PAR  The shaft 6 may be supported in a bushing 21 in the support 18 and a
      bushing 25 in the back plate 20. The blades 10 and 11 extend from the hub
      14 and disk 15 into close proximity to the shroud 16.
PAR  The rotor structure as so far described is merely illustrative of the
      environment of the invention, and may follow known principles of design.
      Specifically, it may, if desired, be of the type described in Atkinson
      U.S. Pat. No. 2,819,012 issued Jan. 7, 1958.
PAR  Proceeding now to the structure of diffuser 22, this includes a front wall
      26 and a rear wall 27 which extend generally radially from the joining
      flanges 23 and 24 and may diverge in the radially outward direction as
      illustrated. The diffuser also includes an annular array of vanes 28
      extending radially and tangentially from the rotor and extending from the
      front wall 26 to the rear wall 27. Vanes 28 may be integral with one wall,
      or part of each may be integral with each wall, or the vanes may be bolted
      or otherwise fixed to both walls. As illustrated, the vanes are
      wedge-shaped with flat surfaces, but the vanes may be curved if desired.
      The leading edges 30 of the vanes are disposed on a cylindrical surface
      spaced radially from the impeller periphery 12. This radial spacing may
      vary, depending upon the desired characteristics of the installation. Some
      space is necessary, and it is considered desirable in some cases to have a
      substantial vaneless space between the impeller periphery 12 and the
      leading edges of the vanes.
PAR  An annular array of diffusing passages 32 are defined between the front and
      rear walls and the confronting surfaces of the vanes 28. As illustrated,
      diffusing passages 32 have straight centerlines. However, the vanes and
      diffuser passages may be curved, such as of a generally spiral shape, or
      other suitable curvature as required by the installation.
PAR  The rotor rotates clockwise as illustrated in FIG. 3 and indicated by the
      arrow 34. The vanes are so disposed that the air discharged from the rotor
      enters between the vanes with a suitable incident angle so that there is
      no stalling or flow separation as the flow encounters the leading edges of
      the diffuser vanes. The angle of flow of the air will vary, however, with
      operating conditions such as rotational speed of the compressor and
      resistance to flow downstream of the compressor. Air discharged from the
      compressor rotor thus flows through the vaneless space 36 between the
      periphery of the impeller and the leading edges 30 of the vanes 28, and to
      a throat indicated by the dotted line 38 at the entrance to each passage.
      The throat is defined by a plane extending from the leading edge of each
      vane perpendicularly to the radially inner surface of the next outward
      vane, as indicated in FIG. 3. The flow is subsonic through the diffusing
      passages, although it may be supersonic in the vaneless space.
PAR  The diffuser structure so far described may be considered to be
      conventional. With this introduction, we proceed to my improvement, which
      lies in the addition of a flow splitter 40 to the diffuser.
PAR  In its preferred form, the flow splitter 40 is a ring concentric with the
      axis of rotation of the impeller disposed in slots in the vanes 28. The
      preferred cross-section is a thin uncambered airfoil section such as that
      shown most clearly in FIG. 2. The thickness need be only great enough to
      provide mechanical strength and resist vibration. The inner or leading
      edge 42 of the flow splitter is preferably at the same radius as the
      leading edges 30 of the diffuser vanes, and the trailing edge 44 is
      preferably at the same radius as the outer edges of the throats 38. Some
      extension beyond these preferred boundaries would be acceptable in most
      cases. The leading edge 42 of the splitter 40 is disposed at an acute
      angle to the direction of air flow through the throat, which is
      substantially perpendicular to the lines 38 and generally aligned with the
      centerlines of passages 32. The splitter ring 40 may be installed by
      dividing the diffuser in the central plane so that the forward and rear
      halves of the diffuser may be mated, with the splitter 40 in the form of a
      continuous ring disposed between the two halves. Alternatively, the vanes
      28 may be solid and have a slot into which the ring 40 may be inserted by
      radially outward movement. In this case the ring may be made in several
      sections so that it can be so inserted. Or, if the vanes are assembled to
      the diffuser walls, they may be mounted around a continuous ring before
      being bolted in place. Whatever the method of installation, the ring 40
      may be brazed or cemented to the vanes if desired. The brazing or
      cementing material may close any gap between the vanes and the ring
      between the leading edge 42 and the thickest section to provide a smooth
      boundary to the flow path.
PAR  With the ring 40 in position, the flow through the throat is divided into
      two paths, one forward and one rearward of the splitter 40. Thus, the air
      flowing through each diffusing passage 32 is not only in contact with the
      front and rear walls 26 and 27 and the surfaces of vanes 28, but also with
      the front and rear surfaces of the splitter 40. This lessens the diffusion
      at this point, but the additional wall area reduces flow separation and
      provides for more uniform diffusion over a wider flow range than is the
      case with a diffuser or equivalent flow area lacking the splitter ring 40.
      Boundary layer built up along the faces of ring 40 is, of course, swept
      off at the trailing edge and mixed with the flow proceeding outwardly
      through the diffuser to the point of discharge. As is well understood, the
      diffuser passages 32 may terminate in a collector ring or be otherwise
      directed to a point of use. It should be appreciated that changes in angle
      of air flow into the diffuser do not adversely affect the flow over the
      faces of ring 40, since the ring lies in a plane radial to the rotor 3.
PAR  The invention may be employed with diffusers other than that specifically
      shown and described where their operating characteristics are benefitted
      by inclusion of the splitter.
PAR  The detailed description of the preferred embodiment of the invention for
      the purpose of explaining the principles thereof is not to be considered
      as limiting or restricting the invention, since many modifications may be
      made by the exercise of skill in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A centrifugal compressor comprising, in combination, a rotor operable to
      discharge gas at high velocity from the periphery of the rotor with radial
      and tangential components of velocity and a stator enclosing the rotor,
      the stator including a diffuser disposed around the periphery of the rotor
      to receive and diffuse the gas discharged from the rotor; the diffuser
      defining an annular aray of diffusing passages extending radially
      outwardly and circumferentially from the rotor, at least the downstream
      portion of each passage being divergent in area in the direction of flow;
      the passages merging at the entrances to the passages and being discrete
      at the outlets from the passages; the diffuser including front and rear
      walls extending generally radially from the periphery of the rotor
      defining the front and rear boundaries of the diffusing passages and
      including an annular array of vanes each extending radially and
      circumferentially from a leading edge and from one said wall to the other,
      the vanes defining the radially outer and inner boundaries of the
      diffusing passages; each passage having a throat bounded by the walls, by
      the leading edge of the vane defining the inner boundary of the passage,
      and by the inner surface of the vane defining the outer boundary of the
      passage; in which the improvement comprises an annular flow splitter
      disposed centrally between the front and rear walls, extending
      circumferentially across each passage and extending radially through the
      passage throats, the inner and outer perimeters of the flow splitter being
      substantially at the inner and outer boundaries of the throats,
      respectively, the flow splitter dividing the entrance to each diffusing
      passage into a front passage bounded by the front wall and the splitter
      and a rear passage bounded by the rear wall and the splitter, so as to
      reduce flow separation in the diffuser.
NUM  2.
PAR  2. A centrifugal compressor comprising, in combination, a rotor operable to
      discharge gas at high velocity from the periphery of the rotor with radial
      and tangential components of velocity and a stator enclosing the rotor,
      the stator including a diffuser disposed around the periphery of the rotor
      to receive and diffuse the gas discharged from the rotor; the diffuser
      defining an annular array of diffusing passages extending radially
      outwardly and circumferentially from the rotor, at least the downstream
      portion of each passage being divergent in area in the direction of flow;
      the passages merging at the entrances to the passages and being discrete
      at the outlets from the passages; the diffuser including front and rear
      walls extending generally radially from the periphery of the rotor
      defining the front and rear boundaries of the diffusing passages and
      including an annular array of vanes each extending radially and
      circumferentially from a leading edge and from one said wall to the other,
      the vanes defining the radially outer and inner boundaries of the
      diffusing passages; each passage having a throat bounded by the walls, by
      the leading edge of the vane defining the inner boundary of the passage,
      and by the inner surface of the vane defining the outer boundary of the
      passage; in which the improvement comprises an annular flow splitter
      having an uncambered airfoil cross-section with its central plane disposed
      centrally between the front and rear walls, extending circumferentially
      across each passage and extending radially through the passage throats,
      the inner and outer perimeters of the flow splitter being substantially at
      the inner and outer boundaries of the throats, respectively, the flow
      splitter dividing the entrance to each diffusing passage into a front
      passage bounded by the front wall and the splitter and a rear passage
      bounded by the rear wall and the splitter, so as to reduce flow separation
      in the diffuser.
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PAL  A sectionalized turbine wheel mounted for rotation about a vertical axis
      and having a plurality of turbine blades mounted to its circumference.
      There is an outer circumferential feeder pipe surrounding a distribution
      pipe that defines a distribution chamber, which in turn leads through a
      plurality of vane assemblies to the turbine blades. The turbine blades are
      substantially enclosed in a housing structure which provides an annular
      downward opening. Water under pressure flows into the feeder pipe, thence
      into the distribution chamber and through the vane means to impinge on the
      turbine blades, from which the water is discharged in a downward
      direction. The turbine blades are concave and curve in both a vertical and
      lateral plane, with the slope of the upper portion of the impact surface
      having a substantial horizontal component and the slope of the curve of
      the impact surface at the lower end being predominantly downward, to
      facilitate directing the water impacting the blades in a downward
      direction after impact. The main drive shaft from the turbine wheel
      connects to a speed augmenting gear transmission to rotate an output shaft
      at an increased rate of speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a water turbine, and more particularly to
      a water turbine specifically adapted for generating power from a water
      source having a relatively low pressure head.
PAR  2. Description of the Prior Art
PAR  There are in the prior art various turbines for transforming the energy
      from a fluid source such as water to another energy form, such as
      electricity. In general, most of these turbines are high speed turbines
      adapted to operate with a fluid having a relatively high pressure head.
      While such turbines are certainly operable under various conditions of
      pressure, in many instances the components of the turbine are not arranged
      to operate with greater effectiveness with fluid at lower pressures.
PAR  Generally representative of the state of the art relating to turbines, and
      particularly turbines driven by water, are the following patents: U.S.
      Pat. No. 2,171, Lewis; U.S. Pat. No. 12,779, Hurt; U.S. Pat. No. 32,192,
      Kenyon & Brown; U.S. Pat. No. 40,986, Whalen; U.S. Pat. No. 174,649,
      Whipple; U.S. Pat. No. 578,759, McElroy; U.S. Pat. No. 716,047, Ingham;
      U.S. Pat. No. 798,577, Fiske; U.S. Pat. No. 877,523, Smith; U.S. Pat. No.
      2,584,555, Cleave et al; U.S. Pat. No. 2,970,660, Bodine, Jr.; U.S. Pat.
      No. 3,010,247, Shapiro; and U.S. Pat. No. 3,214,990, Jekat.
PAR  It is an object of the present invention to provide a water turbine which
      is especially adapted for effective operation from a low pressure head
      water source, but which is also able to operate at higher pressures.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, the apparatus comprises a main turbine wheel
      mounted for rotation about a generally vertical axis, with the turbine
      wheel preferably being made in sections that can be assembled at the
      installation site, this permitting the turbine wheel to have a relatively
      large diameter. There are a plurality of turbine blades mounted to the
      turbine wheel at spaced intervals along the circumference thereof.
      Positioned circumferentially around the area of the turbine blades is an
      annular water inlet structure defining an annular distribution chamber
      which leads through a vane structure to the area of the turbine blades.
      There is a turbine blade housing structure of a general annular
      configuration which substantially encloses the circular path of the
      turbine blades and provides a downwardly open discharge passage below the
      turbine path.
PAR  In the preferred embodiment of the present invention, each turbine blade
      has a concave impact surface which curves in both a vertical and
      horizontal plane. Desirably the slant of the impact surface at its upper
      end has a substantial rearward and upward slope component (in the order of
      a one to one slope), while the slant of the lower portion of the impact
      surface is predominantly downward and only moderately rearward. This
      enhances the proper downward discharge flow of the water impacting the
      turbine blades. In the lateral plane, the total curvature of the turbine
      blades is preferably at least approximately 90.degree., for better
      containment of the water and direction of the water along its downward
      discharge path.
PAR  Also, there is a main drive shaft fixedly connected to the wheel, which
      acts through a gear speed augmenting transmission to drive an output shaft
      at an increased speed, thus effecting more effective power transmission.
      There is a feeder pipe which extends generally circumferentially around
      the distribution structure, with the feeder pipe feeding into the
      distribution chamber at spaced locations around the circumference to
      provide proper flow into all portions of the distribution chamber and
      consequently uniform flow to all of the turbine blades. For flow control,
      there is a main control valve, and two auxiliary flow control valves in
      opposed branches of the feeder pipe.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view, partially in section, of the water turbine of
      the present invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a vertical sectional view of the gear transmission of the present
      invention;
PAR  FIG. 4 is a horizontal sectional view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is an isometric view of a peripheral portion of the turbine wheel,
      showing several of the turbine blades and the associated housing and vane
      structure;
PAR  FIG. 6 is a front view of one of the turbine blades;
PAR  FIG. 7 is a side view of one of the turbine blades taken from a location
      radially outward of the turbine blade;
PAR  FIG. 8 is a rear view of the turbine blades;
PAR  FIG. 9 is a top view of the turbine blade; and
PAR  FIG. 10 is a top view, similar to FIG. 9, of the turbine blade in a
      modified position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With references to FIGS. 1 and 2, the main components of the present
      invention comprise: a main sectionalized turbine wheel 10 having a
      plurality of turbine blades 12 about its outer circumference; a water
      inlet system 14 positioned peripherally around the turbine wheel 10 and
      blades 12, and arranged to direct water under pressure against the blades
      12; and a power output transmission 15 connected to and extending upwardly
      from the center axis of the turbine wheel 10.
PAR  To describe these components more specifically, the turbine wheel 10 is
      made in sections, so that these sections can be fabricated at a
      manufacturing location, and then be shipped to the site of installation
      where they can be assembled into a single turbine wheel. This arrangement
      enables the use of a turbine wheel of a quite large diameter to maximize
      performance, while alleviating potential problems of fabrication and
      transportation if the wheel were to be made initially as one unit. More
      specifically, the turbine wheel 10 comprises a center circular hub portion
      16 and a plurality of wheel segments 18 entirely surrounding the hub
      portion 16. As shown herein, there are eight identical wheel segments 18,
      each having an arcuate length of 45.degree. and completely surrounding the
      hub 16. The entire peripheral edge of the hub 16 and also of each of the
      segments 18 has an upstanding flange 20 by which the hub 16 and segments
      18 are joined together by suitable means, such as the bolts indicated at
      21.
PAR  Fixedly connected to the center of the turbine wheel 10 is a main center
      drive shaft 22 which reaches vertically above and below the horizontal
      plane of the wheel 10, passing through and fixed in a center hole 24 in
      the wheel 10. The lower end portion of the shaft 22 terminates in a
      suitable thrust bearing 26 which is in turn supported from a ground
      support platform 28 of a mounting block 30. At the upper end of the
      mounting block 30, there is a split bushing collar 32 which fits around
      that portion of the shaft 22 just below the turbine wheel 10 to maintain
      the shaft 22 in proper vertical alignment. It is to be understood that
      suitable lubricating means would be provided for the relatively moving
      components. For example, a small oil pump driven by the rotation of the
      shaft 22 could provide lubricating oil for the split bushing 32.
PAR  The upper portion of the main shaft 22 has its upper end connected to a
      speed augmenting gear transmission, generally designated 34. This gear
      transmission 34 comprises a ring gear 36 which is joined by two keys at 38
      to the upper end of the shaft 22. This ring gear 36 has inwardly directed
      teeth 40 which mesh with a first set of four outer idler gears 42, which
      in turn mesh with a second set of four inner idler gears 44, with these
      gears 44 in turn meshing with a center gear 46 fixedly connected to an
      upstanding output shaft 48. The output shaft 48 is axially aligned with
      the main drive shaft 22 and serves as the power input to other power
      generating means, such as an electric generator. Suitable lubricating
      means, such as an oil pump, can be provided for the shaft 48.
PAR  The idler gears 42 and 44 rotate about respective upwardly extending shafts
      mounted to a bearing frame casting 52 which is in turn bolted to a
      stationary structure such as an upper floor structure. At the center of
      the casting 52, there is suitable bearing means for the shaft 48, such as
      a brass bushing or the like. The horizontal plate-like connecting portion
      of the ring gear 36 has its upper surface formed with a plurality of
      shallow curved vanes 54, which counteract the centrifugal force and direct
      the lubricating oil to the center portion of the gear transmission 34.
      Care should be taken to insure that there is sufficient clearance between
      the vanes 54 and the lower flange ends of the shafts 50. For example, the
      flange ends of the shafts 50 could be counterbored in the gears 42 or 44.
PAR  The operation of the gear transmission 34 can best be understood with
      reference to FIG. 4. It can be seen that as the ring gear 36 rotates in a
      clockwise direction (as seen in the top plan view of FIG. 4), the outer
      set of idler gears 42 also rotate in a clockwise direction. This in turn
      causes a counterclockwise direction of the gears 44, which in turn causes
      a resulting clockwise rotation of the center gear 46 and its associated
      shaft 48. Because of the substantially greater diameter of the ring gear
      36 relative to the gear 46, the output drive shaft 48 rotates at a
      substantially greater rate of speed than the main drive shaft 22. Thus,
      the relatively slow rotation of the quite large turbine wheel 10 results
      in a rotational output at a speed more desirable for proper power
      transformation, as in an electric generator.
PAR  With reference again to FIG. 1, the aforementioned water inlet system
      comprises a main inlet pipe 56 which is connected to a sourse of water
      under pressure, with the flow through the pipe 56 being controlled by a
      suitable valve 58. The outlet of the pipe 56 leads into an annular feed
      pipe 60, which is positioned circumferentially around a distribution pipe
      62. The two branches of the feed pipe 60 that extend from the main inlet
      pipe 56 each have the flow therethrough controlled by a respective one of
      two secondary control valves 64.
PAR  The outer feed pipe is immediately adjacent the inner distribution pipe 62,
      with a partition wall 66 providing separation between the outer feed
      passage 68 of the pipe 60 and the inner distribution passage 70 of the
      pipe 60. This partition wall 66 has a plurality of openings 71 about its
      circumference to permit the flow of water from the feed passage 68 into
      the distribution passage 70. Thus, there is a flow of pressurized water
      substantially uniformly throughout the entire circumferential length of
      the distribution passage 70, so that there is an even flow of water to the
      entire circumference of the turbine wheel 10.
PAR  Of particular significance in the present invention is the particular
      arrangement of the turbine blades 12 relative to the flow of water into
      the blades 12 and the discharge of the water that has impacted the blades
      12. With reference to FIGS. 5 through 9, it can be seen that each of the
      turbine blades 12 is connected to a respective mounting plate 72. Each
      mounting plate 72 is moderately curved to fit the outer contour of the
      wheel 10, and has a horizontal central groove 74 which interfits with a
      tongue member 76 formed on the outer circumference of the wheel 10. Four
      bolts 78 fixedly connect the mounting plate with its associated blade 12
      to the outer flange 20 of the wheel 10. The blade 12 is integral with its
      associated plate 72 and thus becomes fixedly connected to the wheel 10.
PAR  In describing the configuration of each of the blades 12, the term
      "forward" for "tangentially forward" denotes a direction parallel to the
      path of travel of the blade 12 as it rotates with the wheel 10, with the
      term "rearward" obviously denoting the opposite direction. Each blade 12
      is generally elongate, with its longitudinal axis being vertically
      oriented. The rearward face 80 of each blade 12 is the reacting surface of
      the blade 12 which receives the impact of the water that drives the
      turbine wheel 10. This surface 80 is curved with respect to both its
      vertical axis and its lateral axis, with the degree of curvature in the
      vertical axis being more gradual than the degree of curvature in the
      lateral axis. Thus, it can be seen that from an approximate midpoint 80a
      of the reacting surface 80, the surface 80 curves upwardly and rearwardly,
      with the topmost portion of the surface 80 being at an angle of
      approximately 45.degree. to the vertical, indicated at a in FIG. 7. On the
      other hand, the lowermost extension of the reacting surface 80 slants only
      moderately from the vertical (i.e. in the order of 15.degree.), indicated
      at b in FIG. 7. The curvature of the surface 80 along a lateral axis is in
      the order of approximately 90.degree., indicated at c in FIG. 9, and is
      sized so as to properly contain the water flowing against the reacting
      surface 80. Thus, the over all effect of the curvature of the reacting
      surface 80 is to receive the water from the distribution chamber, and
      after receiving the impact of this water, to discharge the water
      downwardly from the lower portion of the turbine blade 12.
PAR  So that the blades 12 can better receive the impact of the water, it may be
      desirable to position each of the blades 12 with its impact surface 80
      facing in a direction rearwardly and radially outward from the center of
      the wheel 10. This arrangement is illustrated in FIG. 10.
PAR  The turbine blades 12 are positioned in an annular housing 82 which reaches
      from the top edge 84 of the outer flange portion 20 of the wheel 10
      upwardly in a curved portion 86 which follows rather closely the upper
      contour of the blades 12, and thence downwardly at 88 along the outside of
      the blades 12. Thus, the housing 82 substantially encloses the path of the
      blades 12, while providing a downwardly open discharge path. There is an
      outwardly extending mounting flange 90 by which the housing 82 is mounted
      to an outer annular support structure 92. Spaced inwardly from the support
      structure 92 is a second stationary annular structure 94, with the two
      annular structures 92 and 94 defining an annular discharge passageway 96
      positioned just below the turbine blades 12. For convenience of
      manufacture and assembly, this annular housing 82 can be made in sections
      joined together in a suitable manner at the installation site. In FIGS. 1
      and 2, these several housing sections are designated 82a.
PAR  Water is directed from the peripheral distribution chamber 70 against the
      blades 12 by a vane assembly 98 extending around the entire circumference
      of the wheel 10. The vane assembly 98 is made as a plurality of units,
      98a, each of which is connected to and leads into a related one of the
      housing sections 82a. Each vane unit 98a comprises a top and bottom wall
      100 and 102, respectively, and a plurality of slanted vane members 104.
      Each set of adjacent vane members 104 defines therebetween a flow passage
      or nozzle 106 which leads into the area occupied by the blades 12 in the
      housing 82. The vanes 104 slant inwardly and at a tangentially forward
      direction, so that water flowing from the distribution chamber 70 into the
      vane passageways 106 has a substantial forward force component to impart a
      corresponding forwardly directed force to the turbine blades 12 and cause
      rotation of the wheel 10.
PAR  In operation, water under pressure flows through the main pipe 56 into the
      two oppositely diverging passageways of the feed pipe 60. From the feed
      passageway 68, the water flows into the distribution passageway 70 so as
      to substantially fill the entire passageway 70. The main control valve 58
      and/or the auxiliary control valves 64 can be manipulated to control the
      flow of water into the apparatus and thus control the power output of the
      same. Water from the distribution chamber 70 flows in through the vane
      assembly 98 in a substantially uniform manner around the entire
      circumference of the vane assembly 98. The vane assembly 98 directs the
      water into the area of the turbine blades in a tangentially forward and
      moderately inward direction, so that this water impinges upon the
      rearwardly facing working face 80 of each of the blades 12.
PAR  Because of the particular curved configuration of the impact surface 80 of
      each of the blades 12, the water imparts a driving force to each blade 12
      and then is discharged downwardly into the annular outlet passage 96
      positioned beneath the blades 12. This causes the main turbine wheel 10 to
      rotate under power and cause rotation of the drive shaft 22.
PAR  As indicated previously herein, the turbine apparatus of the present
      invention is particularly adapted to effectively utilize water having a
      pressure head that is relatively low in comparison with the water driving
      other turbines. For proper utilization of the water power, the turbine
      wheel 10 has a relatively large diameter. Thus, even with the outer
      periphery of the wheel 10 rotating at a reasonably fast linear rate of
      speed, the rate of rotation of the main shaft 22 is at a relatively slow
      rate. Thus, the main shaft 22 is connected to the gear transmission 34 to
      provide an output drive to the shaft 48 at a substantially greater
      rotational speed. The manner in which this gear transmission 34 operates
      to accomplish this function is described more particularly earlier herein.
      The output from the shaft 48 is in turn connected to a suitable power
      generating device, such as an electric generator or the like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A water turbine apparatus, comprising:
PA1  a. a main turbine wheel mounted for rotation about a generally vertical
      axis;
PA1  b. a plurality of turbine blades mounted to the turbine wheel at spaced
      intervals along the circumference of the wheel so as to travel a circular
      tangentially forward path with said wheel about said axis of rotation;
PA1  c. an annular water inlet distribution structure positioned generally
      circumferentially around said turbine blades and defining a generally
      annular water distribution chamber also positioned circumferentially
      around said turbine blades;
PA1  d. a vane structure positioned circumferentially around said turbine blades
      and defining a plurality of water nozzles positioned substantially
      circumferentially around said blades and extending from said distribution
      chamber to said blades in a tangentially forward and inward direction,
PA1  e. a turbine blade housing structure having a generally annular
      configuration and having top and side walls substantially enclosing the
      circular path of said turbine blades so as to fit closely adjacent the top
      and sides of the blades and providing a downwardly open water discharge
      passage below said turbine path,
PA1  f. each of said turbine blades having a generally concave impact surface
      which is curved in a vertical plane with the upper end portion of said
      curve having a substantial upward and rearward slope, whereby water
      impacting said impact surface is directed downwardly through said
      discharge passage.
PAL  whereby water flowing under pressure from said distribution chamber travels
      through said vane water passages to impact said turbine blades to cause
      rotation of said wheel, with the water being discharged from the blades
      downwardly through said discharge passage.
NUM  2.
PAR  2. The apparatus as recited in claim 1, wherein said wheel is made up of a
      center hub section and a plurality of arcuate segments fixedly connected
      to said hub section and one another, whereby said wheel can have a
      relatively large diameter, and yet be readily assembled at a location of
      installation, said wheel having a relatively large diameter, and said
      apparatus further comprises a main drive shaft fixedly connected to said
      wheel, a gear speed augmenting transmission operatively connected to said
      drive shaft, and an output shaft connected to said gear transmission,
      whereby the relatively slow rotation of said wheel, due to its relatively
      large diameter, produces an adequately rapid rotation of the output shaft
      for power transmission.
NUM  3.
PAR  3. The apparatus as recited in claim 1, further comprising a feeder pipe
      located generally circumferentially around said distribution structure,
      with said feeder pipe having openings communicating with the distribution
      chamber of said distribution structure at locations spaced generally
      around the entire circumference of said distribution structure, whereby
      there is adequate water inflow from the feeder pipe to all portions of
      said distribution chamber, and from the distribution chamber through the
      nozzles defined by the vane structure.
NUM  4.
PAR  4. The apparatus as recited in claim 3, where there is a main inlet pipe
      leading to said feeder pipe, with said feeder pipe branching in generally
      opposite directions from said inlet pipe, and there is a main valve to
      control flow through said inlet pipe and two auxiliary valves controlling
      flow through the two branches of said feeder pipe, whereby proper flow and
      distribution of water to the feeder pipe can be accomplished.
NUM  5.
PAR  5. A water turbine apparatus, comprising:
PA1  a. a main turbine wheel mounted for rotation about a generally vertical
      axis;
PA1  b. a plurality of turbine blades mounted to the turbine wheel at spaced
      intervals along the circumference of the wheel so as to travel a circular
      tangentially forward path with said wheel about said axis of rotation;
PA1  c. an annular water inlet distribution structure positioned generally
      circumferentially around said turbine blades and defining a generally
      annular water distribution chamber also positioned circumferentially
      around said turbine blades;
PA1  d. a vane structure positioned circumferentially around said turbine blades
      and defining a plurality of water nozzles positioned substantially
      circumferentially around said blades and extending from said distribution
      chamber to said blades in a tangentially forward and inward direction;
PA1  e. a turbine blade housing structure having a generally annular
      configuration and substantially enclosing the circular path of said
      turbine blades and providing a downwardly open water discharge passage
      below said turbine path;
PA1  f. each of said turbine blades having a generally concave impact surface
      which is curved in a vertical plane with the upper end portion of said
      curve having both a substantial upward and rearward slope, whereby water
      impacting said impact surface is directed downwardly through said
      discharge passage, the upper end sloping portion of the impact surface of
      each blade sloping upwardly and rearwardly at approximately a one to one
      slope, the lateral curvature of each of said blades being at least
      approximately a right angle curvature, and the vertical slope of the lower
      portion of the impact surface of each blade being substantially in a
      downward direction with only moderate rearward slant,
PA1  whereby water flowing under pressure from said distribution chamber travels
      through said vane water passages to impact said turbine blades to cause
      rotation of said wheel, with the water being discharged from said blades
      downwardly through said discharge passage.
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ABST
PAL  A pump is provided with a stationary impeller housing having a motor driven
      diagonal impeller mounted therein. A diffuser is mounted coaxially with
      the impeller for converting the kinetic energy of the pumped fluid into a
      pressure head. A hollow body mounted in the diffuser defines a diffuser
      passage in which curved diffuser blades are mounted. The impeller has a
      conical hub having a diameter equal to 40-80 percent of the maximum
      diameter of the impeller blades.
BSUM
PAR    BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a fluid pump and more particularly to a
      pump having an axially aligned impeller and diffuser.
PAR  2. Description of the Prior Art
PAR  The pump device of the present invention is intended, among other things,
      for use as a submersible pump. Different types of submersible pumps are
      known to the art, although these pumps are generally centrifugal pumps,
      i.e. pumps having a centrifugal impeller. Although these known pump
      constructions have been found very effective and reliable in operation,
      the largest cross dimension or largest outer diameter of the pump must, of
      necessity, be relatively large, since the radial flow of the impeller
      makes it necessary to provide a deflecting unit, which means that the
      outer diameter of the pump must be increased. Further, in many instances,
      the pump housing must be provided with a hose connecting stub in the form
      of a curved pipe, which also increases the cross dimensions of the pump.
PAC  SUMMARY OF THE INVENTION
PAR  The main object of the present invention is to circumvent at least
      substantially the aforementioned disadvantages and to provide a novel type
      of pump which does not require a diameter-increasing deflectin unit and
      whose hose connection can have the form of an axially extending stub
      located at the outlet end of the diffuser. The principle construction of
      the pump shall also be such that its drive motor may be either an electric
      motor or a hydraulic motor. It shall also be possible to integrate the
      pump with one or more similar devices to form a multi-stage type pump
      unit.
PAR  These objects are obtained with a pump device constructed in accordance
      with the invention, which is characterized in that the impeller comprises
      a hollow hub provided with radial, curved blades, the outer edges of which
      lie in an imaginary surface of circular cylindrical configuration or an
      imaginary surface which is slightly conical in the direction of flow of
      the pumped medium, and which hub is so constructed that its cross
      sectional area increases from the inlet side (suction side) of the
      impeller to the outlet side thereof, the outer diameter of the hub at the
      inlet side reaching to between 40% and 80% of the maximum outer diameter
      of the impeller, i.e. the maximum outer diameter of the imaginary
      cylindrical surface, and in that the diffuser unit comprises a
      substantially conical diffuser housing which converges in the direction of
      flow of the pumped medium and which has arranged therein a hollow central
      body provided with radial, curved guide vanes by means of which the
      central body is held supported centrally in the diffuser unit, the
      diffuser passage being formed by the circular space between the outer
      surface of the central body and the inner surface of the diffuser unit.
PAR  With a pump device constructed in this manner the pumped medium obtains a
      substantially axial main flow direction and the flow is effected with a
      high energy output and only a small degree of deflection, thereby
      achieving that wear on the pump as a result of the curved flow path of the
      fluid particles can be kept at a very low level. The reason why a diagonal
      impeller having a relatively large hub which diverges in the direction of
      the impeller axis is to be preferred to a purely axial impeller (i.e.
      propeller type impeller) is, inter alia, because these latter impellers do
      not provide a sufficiently high pressure head. When the drive motor has
      the form of an axial piston type hydraulic motor arranged beneath the
      impeller unit on the suction side thereof the favorable effect is obtained
      whereby the axial force generated by the hydraulic motor is directed
      upwardly and thus counteracts the downwardly acting axial force of the
      impeller on the motor shaft.
PAR  Owing to, among other things, the field of use envisaged for the pump
      device of the present invention, taking into consideration such factors as
      the desired pressure head, the extent of wear on the pump caused by the
      particles carried by the pump liquid etc., the special design of the
      impeller, and in particular the design of the impeller blades, may vary
      quite considerably within the scope of the invention. The special design
      of the impeller is also dependent on such factors as whether the impeller
      hub and the blades shall be made in one piece or shall comprise joined
      elements made from different materials, and whether a certain structural
      design of, for example, the blades is necessary with respect to the method
      in which the blades are manufactured. These and other factors mean, among
      other things, that the angle of incidence of the blades at the inlet edge
      and the outlet edge thereof may differ quite considerably. It is probable
      that in many cases an impeller will be used whose blades are so curved
      relative to the longitudinal direction of the blades that the outlet edge
      angle will be considerably greater than the inlet edge angle. Thus, in
      accordance with one feature of the invention the angle between a plane
      extending perpendicular to the pump axis and a plane extending tangential
      to the impeller blades is between one and four times larger at the outlet
      edge of the blades than at the inlet edge thereof, preferably between two
      and three times larger at the outlet edge than at the inlet edge. In this
      respect, the outlet edge angle may be between 15.degree. and 90.degree.
      and is preferably approximately 45.degree., while the inlet edge angle is
      between 10.degree. and 30.degree., preferably approximately 15.degree.,
      while the guide vanes of the diffuser unit have an inlet edge angle of
      between 30.degree. and 60.degree., preferably 45.degree., and an outlet
      edge angle of between 75.degree. and 105.degree., preferably 85.degree..
PAR  With pumps provided with rotating impellers, such as with the pump of the
      present invention, the load acting on the peripheral portions of the
      blades in particular, i.e. the load acting on the region of the free
      peripheral edge of the blades in the vicinity of the inside of the
      impeller housing, tend to create problems with respect to sealing and
      pressure distribution. To diminish these problems to the greatest possible
      extent, it is endeavored to collect the particles accompanying the pumped
      medium in a central flow path, thereby to relieve the load on the
      peripheral portions of the blades. When using single-curved blades, it is
      possible, if the loading and trailing edges of the blades converge at
      least slightly towards the hub to obtain an effect substantially
      corresponding to that which can be obtained by curving the blades
      radially, to give a more central flow path. Such chamfering of the blades
      in this manner creates a certain geometrical fault in the leading edge of
      the blade, wherewith the blade is forced to work with a mean angle, but
      since the impeller is of conical shape this fault can be reduced to a
      minimum. It has been found that such a mean angle does not greatly impair
      the result even when used with purely cylindrical impellers. In accordance
      with another feature of the invention the inlet edge and the outlet edge
      of the impeller blades lie in a plane diametrical to the impeller. The
      inlet edge of the impeller blades, i.e. the leading edge, is swept
      slightly rearwardly, the outlet edge of the impeller blades, i.e. the
      trailing edge, preferably lying in a plane diametrical to the impeller.
      Thus, in this way, undesirable flow patterns over the blades are
      counteracted.
PAR  In certain instances, it may be convenient to design the impeller blade so
      that the curved portion begins at a distance along the blade whereby the
      blade presents a leading inlet portion whose angle of incidence is
      substantially the same as that at the inlet edge. Thus, in accordance with
      another feature of the invention, the impeller blades may be so designed
      that, when seen in a longitudinal section concentric with the imaginary
      cylindrical surface, they present a straight inlet portion which merges
      into a circular arcuate outlet portion, the length of the inlet portion
      reaching to between one-fourth and two-thirds of the total length of the
      inlet portion and the outlet portion.
PAR  When using a single-curved blades, such blades can be manufactured by
      relatively simple methods. The blades can also be manufactured to
      advantage as separate elements which are attached to an impeller hub.
PAR  It may also be mentioned that the guide vanes of the diffusor unit are
      designed in consideration of essentially the same factors as those
      determining the design of the impeller blades. Of course, other optimal
      values are applicable for, for example, the inlet edge angles and the
      outlet edge angles of the vanes. Thus, the inlet edge angle of the
      diffusor vanes .beta..sub.3 (FIG. 1), i.e. the angle between a plane
      perpendicular to the axis of the pump device and a plane at the inlet edge
      of the vane tangential to the surface thereof should lie between
      30.degree. and 60.degree. and is preferably 45.degree., while the outlet
      edge angle .beta..sub.4 (FIG. 1) (at the trailing edge of the blades)
      should be between 75.degree. and 105.degree., and is preferably
      85.degree.. That portion of the length of the diffusor guide vanes which
      can be made straight, i.e. given a constant angle of incidence, may at
      most only reach to half the length of the vane, but can, of course be
      considerably shorter. According to yet another feature of the invention
      the impeller blades are so constructed that the intersection between the
      blade surface and any diametrical plane to the impeller cutting the blades
      forms a straight line which is preferably perpendicular to the impeller
      shaft.
PAR  The invention will now be described more in detail with reference to an
      embodiment thereof illustrated in the accompanying drawing, further
      features of the invention being made apparent in connection therewith.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial, longitudinal sectional view through a pump device
      according to the invention;
PAR  FIG. 2 is an end view of an impeller seen from the suction side;
PAR  FIG. 3 is a diametrical sectional view through the impeller shown in FIG.
      2; and
PAR  FIG. 4 is a conical section through the blades of an impeller developed in
      plane.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The pump device shown in FIG. 1 comprises three coaxially arranged main
      components, namely a drive motor 1, an impeller unit 2 and a diffusor unit
      3. Neither the type of drive motor used or its location relative to the
      impeller and diffusor unit are restrictive to the invention, and the motor
      may be a hydraulic motor or an electric motor for example. With the
      illustrated embodiment, the motor is placed on the suction side of a the
      impeller unit, although the motor may also be arranged downstream of the
      diffusor unit, the motor shaft in this latter instance passing, of course,
      through the diffusor unit. With the illustrated embodiment, the motor is
      assumed to be hydraulic motor.
PAR  The impeller unit 2 comprises a stationary, conical impeller housing 4 in
      which there is arranged for rotation a conical diagonal impeller 5 which
      is supported and driven by a drive shaft 6 extending from the motor 1. In
      a region upstream of the impeller 5, the shaft 6 is provided in a
      conventional manner with a suitable sealing means 7 arranged within a
      surrounding housing 8. The impeller 5 comprises a hollow hub having
      radial, curved blades 9, the outer edges 10 of which lie on a conical,
      imaginary cylindrical surface, the largest outer diameter of which is
      shown by the reference D.sub.2. The outer diameter of the impeller hub at
      the inlet side is shown by the reference D.sub.1. The primary
      characteristic feature of the invention is that the diameter D.sub.1 at
      the inlet side reaches to between 40% and 80% of the maximum diameter
      D.sub.2 of the imaginary cylindrical surface defined by the outer edges of
      the blades. The pumped medium is sucked by the impeller via an inlet (not
      shown) into a circular chamber 11 around the housing 8 and is then
      accelerated by the impeller blades 9 in a helical path up towards the
      inlet side of the diffusor unit. A portion of the kinetic energy of the
      pumped liquid is converted in the diffusor in a conventional manner into
      useful pressure energy.
PAR  The stationary diffusor unit 3 comprises a diffusor housing 12 which
      converges in the flow direction of the liquid and which has arranged
      therein a hollow central body 13 having radial, curved guide vanes 14, the
      central body being held centered in the diffusor unit by means of said
      vanes. The pump housing 4 and the diffusor housing are joined together by
      bolt joints for example. The diffusor housing is provided at its
      downstream end with a substantially circular outlet portion 15, to which a
      hose or pipe can be connected.
PAR  As previously mentioned, the design of the impeller and diffusor should be
      selected each time in dependence of the different parameters applicable to
      the use to which the pump device is to be put. The factors on which the
      design of the impeller and diffusor is decided has been discussed in the
      general portion of the description, and hence only a few of the
      characteristic properties of the illustrated impeller will be mentioned
      here.
PAR  FIGS. 2 and 3 show an impeller having a cylindrical surface shape. The
      portions of the impeller identical with the impeller shown in FIG. 1 are
      identified with the same reference numerals. It should be observed that
      the impeller of the embodiment shown in FIGS. 2 and 3 mainly differs from
      the impeller shown in FIG. 1 by the fact that the surface contour 15 is
      cylindrical, while the surface contour of the impeller in FIG. 1 is
      conical (e.f. the contour 10 shown in dash lines). The pump blades 9 of
      the impeller shown in FIGS. 2 and 3 are single-curved, i.e. have a radial
      cross section which is parallel with a plane extending at right angles to
      the impeller axis. If the blades were double-curved instead, the radial
      cross sections could, for example, present the section profiles shown at
      16' and 17' respectively (FIG. 3). As will be seen from FIG. 2, the inlet
      edges 18 of the blades and their outlet edges 19 lie in a plane
      diametrical to the impeller axis. There is nothing to prevent, however,
      either or both of said edges from being directed so that extensions of
      said edges pass to one side of the center point shown at 20. Neither need
      the edges be straight, but may be swept rearwardly, which is to be
      preferred in some cases. A blade having a rearwardly swept leading edge is
      shown in chain-dotted lines 21 in FIG. 2.
PAR  FIG. 4 illustrates the configuration of a conical section through the
      blades of the impeller in FIGS. 2 and 3 when it is developed in plane. As
      will be seen from the Figure, the angle of incidence .beta..sub.1 of the
      blades at the inlet edge 18 is smaller than the angle of incidence
      .beta..sub.2 at the outlet edge 19. Suitable values for these angles have
      been given in the aforegoing and are found recited in the claims. The
      blades shown in FIG. 4 are of such shape that the leading edge of the
      blades is substantially flat while the edge is arcuate, with a radium R.
      The dimensions of the straight portion of the blades have been mentioned
      in the aforegoing and are found recited in the following claims. The
      direction of rotation of the impeller is shown by the reference numeral 22
      in FIG. 4, and the arrows 23 and 24 respectively show the approximate flow
      direction of the pumped medium relative the inlet edge and the outlet edge
      respectively.
PAR  It will be understood that the illustrated design of the different
      components of the pump device are only shown by way of example and that
      the particular design of each separate component depends upon the desired
      performance of the pump, the medium to be pumped, the material from which
      the pump components are made and the manner in which respective components
      are manufactured.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved pump of the type wherein there is provided an impeller unit
      having a stationary conical impeller housing, a motor driven impeller
      rotatably coupled in said housing, and a stationary diffuser unit which
      extends coaxially with said impeller housing at the outlet side of said
      impeller, and wherein said impeller comprises a hollow hub having a
      cross-section which increases from the inlet side of the impeller to the
      outlet side thereof, the hub outer diameter at the inlet side ranging
      between 40% and 80% of the maximum outer diameter of said impeller, and
      wherein the diffuser unit comprises a substantially conical diffuser
      housing which converges in the flow direction of the pumped medium and
      which has arranged therein a hollow central body said impeller comprises:
PA1  a plurality of radial curved blades on said hollow hub, the outer edges of
      which lie in a conical imaginary surface in the direction of flow such
      that the angle between a plane extending at right angles to the pump shaft
      and a plane tangential to said impeller blades at the outlet edge of the
      blades lies between 15.degree. and 90.degree. while the corresponding
      angle at the inlet edge of the blades lies between 10.degree. and
      30.degree.; and
PA1  a plurality of radial curved guide vanes for holding said central body
      centered in the diffuser housing, said guide vanes having an inlet angle
      between 30.degree. and 60.degree. and an outlet edge angle between
      75.degree. and 105.degree..
NUM  2.
PAR  2. An improved pump of the type wherein there is provided an impeller unit
      having a stationary conical impeller housing, a motor driven impeller
      rotatably coupled in said housing, and a stationary diffuser unit which
      extends coaxially with said impeller housing at the outlet side of said
      impeller, and wherein said impeller comprises a hollow hub having a
      cross-section which increases from the inlet side of the impeller to the
      outlet side thereof, the hub outer diameter at the inlet side ranging
      between 40% and 80% of the maximum outer diameter of said impeller, and
      said diffuser unit comprises a substantially conical diffuser housing
      which converges in the flow direction of the pumped medium and which has
      arranged therein a hollow central body wherein said impeller comprises:
PA1  a plurality of radial curved blades on said hollow hub, the outer edges of
      which lie in conical imaginary surface in the direction of flow such that
      the angle between a plane extending at right angles to the pump shaft and
      a plane tangential to said impeller blades at the outlet edge of the
      blades is 45.degree. while the corresponding angle at the inlet edge of
      the blades is 15.degree.; and
PA1  a plurality of radial curved guide vanes for holding said central body
      centered in the diffuser housing, said guide vanes having an inlet angle
      45.degree. and an outlet edge angle of 85.degree..
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ABST
PAL  A coordinated fan pitch, fuel flow and fan exhaust nozzle area control for
      a gas turbine powered aircraft propulsor of the bypass duct, variable
      pitch and exhaust nozzle configuration serves to effectuate reverse pitch
      change through feather, by minimizing forward thrust excursion and shaft
      torque to obtain rapid reverse thrust response.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to control means for an aircraft propulsor of the
      class known as Q-Fans.sup.TM being developed by the Hamilton Standard
      Division of United Aircraft Corporation and particularly to coordinated
      means for controlling the pitch of the fan blades, engine fuel flow and
      fan exhaust nozzle area for reversing the fan blade angle through feather.
PAR  To more fully understand the Q-Fan.sup.TM, reference should be made to U.S
      Pat. No. 3,747,343 granted to Mr. George Rosen and assigned to the same
      assignee. As is the case with all controls for gas turbine power plants,
      it is customary to provide means for monitoring engine operations and
      provide control means to convert those signals to a logic that will
      provide, as best and efficient as possible, optimum engine operations.
      Thus the control manifests these signals to provide fast thrust response
      during take-off and landing, optimum TSFC (Thrust Specific Fuel
      Consumption) in all cruise conditions, while preventing stall or surge,
      rich or lean blowout, overtemperature, overpressure and overspeed
      conditions.
PAR  Obviously, the incorporation of such variables as variable pitch fans,
      variable area exit nozzles and the like will add complexity to the control
      system. Application Serial No. 477,532 filed on the same data by Roy W.
      Schneider and Kermit I. Harner, entitled "Control System for Variable
      Pitch Fan Propulsor" and assigned to the same assignee described a
      reliable coordinated control that coordinates fuel flow to the gas turbine
      engine and pitch change of the fan blades and the area of the variable
      exit nozzle of the bypass duct so as to achieve rapid thrust modulation in
      takeoff and landing modes and optimum TSFC in all cruise and long duration
      flight conditions while providing the typical protection to the gas
      generator. In particular this aforementioned application discloses control
      means biasing the power lever schedule with flight Mach No. to provide
      control of engine fuel flow, fan pitch and area of the exit nozzle in the
      event this variable is included. The surge of the fan is prevented by
      defining a scheduled exhaust nozzle area which is a function of flight
      Mach No. and corrected engine fan speed (N.sub.F / .sqroot..theta.) and
      feeding it to a selector circuit that selects the larger of the normal
      scheduled area and the minimum fan exit area which is required to avoid
      surge. The fan exit area nozzle is also utilized to optimize performance
      (TSFC) for long duration flight conditions. Except for the condition lever
      which is typically employed in aircraft for starting, shutting-off and
      feather, a single power lever is so coordinated to provide engine fuel
      flow, variable fan pitch change and variable area exhaust nozzle control
      throughout the operating range.
PAR  This invention is particularly directed to means to reverse the pitch of
      the fan through feather as opposed to passing through flat or zero pitch.
      This presents a significant problem since the pitch of the fan just prior
      to reversing is at a low positive blade angle and must move to a higher
      positive blade angle to reach the feather angle position. Without anything
      else being done the higher positive pitch will increase the blade loading
      and produce a higher positive thrust which is obviously undesirable
      inasmuch as this increases forward flight velocity where a decrease is
      required. Of course, once in reverse pitch maximum reverse thrust is
      obtained. To achieve this end we have found means to coordinate the
      coordinated functions of engine fuel flow, blade angle and exhaust nozzle
      area so as to minimize forward thrust by judiciously reducing and
      increasing fuel flow and/or increasing exit fan nozzle area and optimize
      the transient response.
PAR  Thus, in summary, without limiting the scope of this invention the salient
      features are:
PAR  1. The ability to provide rapid thrust response in the takeoff and landing
      conditions by coordinating fan pitch and engine fuel flow so as to
      optimize transient response characteristics.
PAR  2. The ability to go from forward thrust to reverse thrust (through
      feather) rapidly while maintaining satisfactory shaft torque conditions
      and minimizing increase thrust excursion by coordinating fan pitch,
      exhaust nozzle area and engine fuel flow so as to optimize transient
      response characteristics. For example, the time calculated from digital
      simulation to obtain substantially 100% reverse thrust from 100% forward
      thrust was approximately between 1.3 to 2.0 seconds. This compares with a
      typical engine reverse thruster that requires substantially 8 to 10
      seconds.
PAR  3. The ability to modulate thrust smoothly from maximum to near zero thrust
      in both forward and reverse range on the ground.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an improved control for a
      propulsor having a variable pitch fan powering aircraft.
PAR  A still further object of this invention is to provide control means that
      coordinates fuel flow, pitch change of the gas turbine engine driven fan
      and the exhaust nozzle area of the bypass duct surrounding the fan for
      reversing the pitch of the fan through feather.
PAR  A still further object of this invention is to obtain coordinated control
      means for reversing through feather that minimizes thrust excursions,
      reduces or minimizes forward thrust in the vicinity of feather blade angle
      and minimizes fan drive shaft torque in the transient regime.
PAR  Other features and advantages will be apparent from the specification and
      claims and from the accompanying drawings which illustrate an embodiment
      of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view, partly in section and partly diagrammatic
      illustrating the preferred embodiment.
PAR  FIG. 2 is a diagrammatic illustration of this invention.
PAR  FIG. 3 is a diagrammatic illustration of the anticipation circuitry.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made to FIGS. 1 and 2 which illustrate the preferred
      embodiment of this invention showing the coordinating control in blank
      referenced by numeral 10 having as schematically shown suitable connecting
      means 12, 14, 16 connecting the actuator 18 for the variable exhaust
      nozzle 20 of bypass duct 22; connecting the pitch change mechanism of the
      variable pitch fan generally illustrated by numeral 24; and connecting the
      fuel control 26, respectively.
PAR  Fuel control 26 may be any well known commercially available fuel control,
      such as the JFC-42-C or the JFC-26 model manufactured by the Hamilton
      Standard Division of United Aircraft Corporation or the type illustrated
      in U.S. Pat. No. 2,822,666 granted to S. G. Best on Feb. 11, 1958 and also
      assigned to the same assignee suitably modified to complement this
      invention. Suffice it to say that the fuel control serves to meter fuel to
      the engine as a function of the control logic and serves to prevent surge,
      overtemperature and overpressurization in a well known manner. However,
      the control, according to the teachings of this invention would, of
      necessity, be suitably modified to reflect the utilization of the
      parameters monitored by and converted into control logic by the control
      10. This aspect of the invention will be more fully appreciated from the
      description to follow, but one skilled in this art would have no
      difficulty in applying the teachings of this invention to the established
      fuel control technology.
PAR  In this instance, the fuel control 26, receiving the control logic from the
      coordinated control 10 serves to meter the proper amount of pressurized
      fuel received from pump 28 to the burner section of the gas turbine engine
      via line 30. Preferably fuel control 26 will provide protection for the
      gas generator so as to prevent overtemperature, overtorque, overspeed and
      overpressure conditions, as well as avoiding surge and flame out as power
      is varied.
PAR  While not specifically limited thereto, as will be appreciated by one
      skilled in the art, the preferred embodiment contemplates a gas turbine
      engine having a free turbine, i.e., the free turbine is not mechanically
      connected to the gas generator and its sole connection is through the
      aerodynamic coupling of the gases which flow through the compressor and
      turbine sections.
PAR  The pitch change mechanism shown in blank by reference numeral 34
      responding to the coordinated control 10 via connection 14, may be any
      suitable type and for the sake of convenience and clarity, a detailed
      description thereof is omitted. Suffice it to say that the pitch change
      mechanism serves to vary the blade angle (.beta.) of fan blades 36 which
      are suitably rotatably supported in hub 38 in any well known manner. In
      this embodiment because of the high blade solidity factor and the response
      characteristics, it is contemplated that the blades are reversed through
      feather, although such a requirement is not germane to this invention. If,
      however, that is the case, it would be desirable to provide a high pitch
      stop, short of feather, to prevent an inadvertent feather. Such a stop
      would be, in concept, similar to the low pitch stop customarily provided
      in all propellers that are powered by gas turbine engines, as for example,
      the 54H60 propeller manufactured by the Hamilton Standard Division of
      United Aircraft Corporation.
PAR  Referring to FIG. 1 it will be appreciated that the control 10 receives
      signals from a pair of control levers 40 and 42, one being the condition
      lever which is utilized for starting, feathering and shutting-off and the
      power lever, respectively. The conditioning lever and its functions are
      well known and since it is not deemed a part of this invention, a detailed
      description is omitted for the sake of convenience and simplicity.
PAR  The power lever (PLA) serves to provide the input to the control so that
      the control 10 will automatically set the power of the gas generator to
      provide the necessary aircraft operating conditions in both forward flight
      and reverse modes. The control 26 is designed to provide rapid thrust
      modulation in the takeoff and landing modes and optimum TSFC in all cruise
      and long duration flight conditions.
PAR  Reference will next be made to FIG. 2 which schematically describes the
      control logic contemplated for effectuating the above. Ignoring for the
      moment the reversing interlocks 44, 46 and 48, it will be noted that the
      power lever schedules free turbine speed (N.sub.F ref) by generating a
      biased signal responding to flight Mach No. (M.sub.N) and compressor inlet
      temperature (T.sub.2) in the function generator 50. The actual free
      turbine speed (N.sub.F) is compared with N.sub.F ref in summer 52 which
      signal is passed to the governing compensation network 54. Network 54 is a
      suitable well known proportional plus integral fan speed governor serving
      to modulate the fuel within the conventional fuel constraints scheduled by
      control 26.
PAR  It is apparent from the foregoing that N.sub.F is set as a function of PLA,
      T.sub.2 and M.sub.N and speed governing through the proportional plus
      integral fan speed governor modulates fuel flow to maintain the speed
      error at zero.
PAR  In order to compensate for the inertia of the gas generator turbine and
      compressor and obtain fast thrust response by pitch change it is desirable
      to incorporate an anticipatory circuit. This anticipatory signal
      responding to PLA rapidly changes fuel flow relative to the slow changes
      in N.sub.F so as to provide the change in power needed to hold the desired
      speed of the fan while fan pitch is changed. This anticipatory signal
      which may be a suitable derivative signal, i.e. a reset which is
      proportional to the velocity of the input signal, minimizes fan speed
      excursions and helps to improve the thrust response characteristics during
      transient conditions.
PAR  While a well known K S/.tau.S + l type of mechanism may be employed as the
      anticipatory signal, FIG. 3 describes a preferred embodiment for
      effectuating the anticipatory function. In this instance the basic
      proportional and integral speed control is obtained by time integration of
      a derivative and proportional signal of speed error. Similarly power lever
      anticipation signal is obtained by time integration of a derivative
      signal.
PAR  In either instance, anticipation is a function of PLA and flight M.sub.N,
      so that below a predetermined PLA and above a predetermined M.sub.N no
      anticipation will occur. This is represented by the curve in box 56 of
      FIG. 2. Thus at the point of the curve in function generator 56 where the
      curve becomes horizontal, the scheduled output is constant and hence no
      anticipation signal will ensue. It is only when the PLA reaches a
      predetermined value, that anticipation will occur and will generate a
      signal which will pass to the anticipation compensation circuit 58. The
      curve in box 56 is shaped to provide anticipation only in the low M.sub.N
      forward thrust regime where rapid thrust modulation is required for
      take-off and landing.
PAR  Hence, since power lever can change very rapidly, the speed error and
      anticipation derivative can become very large magnitude - short time
      duration signals. To avoid loss of a portion of these signals due to
      unavoidable signal limiting these derivative signals are converted into
      smaller amplitude - longer duration signals. This is accomplished by
      providing a rate - limited first order lag and then computing the
      derivative of this lag output as shown in FIG. 3. The combination of
      summer 60, high gain 61, limits 62, and time integration 63, form a rate
      limited first order lag such that the output from 63 follows the
      anticipation signal from box 64 with a defined maximum rate. It is obvious
      that the derivative of the time integration may be obtained from the input
      to the integration, thus the signal to the integration into box 63 is also
      passed through the anticipation gain 65 to yield the PLA anticipation
      signal.
PAR  The fan speed governor is basically a conventional proportional and
      integral control. This is mechanized in FIG. 3 by forming the speed error
      66 from the difference between N.sub.F REF and N.sub.F SENSED, then
      passing this error signal through a proportional gain 67 and integral gain
      68. A rate-limited derivative of the proportional signal is formed in
      essentially the same manner as used in the anticipation circuit, except
      that the integration 72 has magnitude limits to permit smooth transition
      from fuel limiting to speed governing. Specifically, the combination of
      69, 70, 71, 72 form a rate-limited lag that is also magnitude limited in
      box 72. The derivative 73 of the box 72 output is added to the speed
      integral signal from box 68 and the anticipation signal from box 65 in
      summation 74. The output from summation 74 is a measure of the desired
      rate of change of engine fuel. This signal is passed to the fuel control
      and time integrated 76 (within the fuel constraints 75 scheduled in the
      fuel control) for effecting changes in metered fuel flow.
PAR  Referring back to FIG. 2, PLA and flight M.sub.N are used in function
      generator 70 to generate a commanded steady state fan blade angle signal,
      B.sub.RSS. The fan blade angle is adjusted in a suitable manner to achieve
      this B.sub.RSS.
PAR  Likewise, the PLA and flight M.sub.N are used in function generator 72 to
      create a commanded optimum fan exhaust nozzle area signal, A.sub.FSS. It
      is apparent from the foregoing that PLA and flight M.sub.N are used to
      schedule fan blade angle and fan exhaust nozzle area in order to optimize
      performance in the normal operating regime.
PAR  In order to assure that the fan operates without excursions into the surge
      range the function generator 74 is provided. This schedules A.sub.F as a
      function of corrected N.sub.F and M.sub.N (NF/.sqroot..theta. where
      ##EQU1##
      This generated signal i.e., the output of function generator 74 is
      compared with the scheduled A.sub.F signal generated by the function
      generator 72 by maximum selector switch 76, permitting solely the higher
      of the two values to pass through, A.sub.FFWD. The area of exhaust nozzles
      20 (A.sub.F) are adjusted in a suitable manner to achieve this area,
      A.sub.FFWD.
PAR  Thus, by virtue of this invention fan speed, fan pitch and fan nozzle is
      coordinated in such a manner as to optimize TSFC in the normal flight
      regimes and to optimize thrust response at takeoff and landing modes. The
      control minimizes complexities by being compatible with existing types of
      controls that already have provision for preventing surge,
      overtemperature, include acceleration and deceleration schedules and have
      overpressure and overspeed limits necessary for gas turbine engine
      operation.
PAR  As was emphasized above, by virtue of this requirement of reversing through
      feather, the fan in order to accomplish this feature would increase thrust
      until feather position is reached as well as increasing the torque on the
      fan driving shaft. This, obvious, is counter to what is necessary for good
      braking characteristics that are desired for optimum short aircraft
      landing performance.
PAR  Thus, in order to obtain rapid reverse thrust without exceeding shaft
      torque limits and minimize any increased forward thrust excursions, the
      fan pitch, fuel flow and fan exhaust nozzle area are coordinated during
      the transition to reverse thrust. To this end interlocks 44, 46 and 48 are
      included in the speed, blade angle and nozzle area circuitry. The
      interlock 44 includes a fan pitch (.beta.) override, interlock 46 includes
      fan exhaust nozzle area (A.sub.F), fan speed (N.sub.F), fan pitch
      (.beta.), and power lever angle (PLA) overrides and interlock 48 includes
      fan pitch, fan speed and power lever angle overrides so as to perform the
      following control logic.
PAR  When reverse thrust is requested by retarding the power lever angle to the
      reverse thrust range, the fan pitch is scheduled to go to its reverse
      pitch and fan nozzle area is scheduled to the reverse position. In order
      to minimize the increased thrust and shaft torque transient which results
      from increasing fan pitch, fan exhaust nozzle area is opened as rapidly as
      possible and fan speed reference is decreased which causes engine fuel
      flow to decrease to the deceleration limit. During this initial time
      interval, fan pitch is either held fixed for a short time or allowed to
      increase at some relatively slow rate until the exhaust nozzle area has
      opened to a prescribed value and fan speed has decreased sufficiently to
      minimize the increased thrust transient. After the fan pitch has increased
      past the feather angle, the blades are allowed to go to their scheduled
      reverse angle at maximum rate and the N.sub.F reference is restored to its
      normal scheduled reverse thrust speed.
PAR  The unreversing coordination of engine fuel flow, fan pitch and exhaust
      nozzle area need be slightly different to prevent fan overspeed and
      excessive shaft torque in the feather region. When unreversing thrust is
      requested by advancing the PLA to the forward thrust regime, the fan pitch
      is scheduled to go to its forward pitch position, and the fan nozzle area
      is scheduled to its area position associated with forward thrust. The fan
      pitch is decreased to forward pitch as rapidly as possible, and the nozzle
      area is delayed at reverse area position to avoid fan surge in the feather
      region. The PLA signal, as used in function generator 50 and 56 is
      temporarily reset to a low power to avoid fan overspeed and excessive
      shaft torque while the fan pitch is moving from reverse to forward pitch.
      The PLA schedule returns to normal, and the exhaust nozzle area is allowed
      to move to the forward area position after the fan pitch has passed
      through the feather region.
PAR  While not specifically limited thereto, the preferred embodiment
      contemplates the execution of the concept disclosed herein by use of well
      known digital type of electronic controllers.
PAR  It should be understood that the invention is not limited to the particular
      embodiments shown and described herein, but that various changes and
      modifications may be made without departing from the spirit or scope of
      this novel concept as defined by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. For a ducted fan propulsor for aircraft having variable pitch blades
      movable to a reverse position through feather and driven by a free turbine
      of a turbine type power plant, coordinated control means for controlling
      the pitch of said blades and the flow of fuel to said power plant, said
      coordinated control means for controlling fuel flow includes scheduling
      means responsive to power lever position, flight Mach No. and power plant
      inlet temperature for producing a first signal, means responsive to free
      turbine speed for producing a second signal, means responsive to said
      first signal and said second signal for producing an output signal for
      controlling fuel flow, said coordinated control means for controlling
      pitch of the blades being responsive to power lever position and flight
      Mach No., said coordinated control means having reverse power interlock to
      reduce forward thrust during a landing operation, to coordinate the fuel
      flow and reverse pitch by having said fuel flow further controlled by the
      blade angle of said blades and the pitch controlled by power lever
      position, and an engine operating parameter.
NUM  2.
PAR  2. For a ducted fan propulsor as claimed in claim 1 wherein said engine
      operating parameter is power plant operating speed.
NUM  3.
PAR  3. For a ducted fan propulsor as claimed in claim 1 wherein said pitch is
      also responsive to actual blade angle.
NUM  4.
PAR  4. For a ducted fan propulsor for aircraft having variable pitch blades
      movable to a reverse position through feather driven by a free turbine of
      a turbine type power plant and variable area duct exit nozzle coordinated
      control means for controlling the pitch of said blades and the flow of
      fuel to said power plant and the area of said nozzle, said coordinated
      control means for controlling fuel flow includes scheduling means
      responsive to power lever position flight Mach No. and power plant inlet
      temperature for producing a first signal, means responsive to free turbine
      speed for producing a second signal, means responsive to said first signal
      and said second signal for producing an output signal for controlling fuel
      flow, said coordinated control means for controlling pitch of the blades
      being responsive to power lever position and flight Mach No., said
      coordinated control means being responsive to flight Mach No. and power
      lever position for producing a scheduled signal for controlling the area
      of said nozzle, said coordinated control means having reverse power
      interlock to reduce forward thrust during a landing operation prior to
      attaining feather and passing to reverse by coordinating fuel flow,
      reverse pitch and nozzle area by having said fuel flow further controlled
      by the blade angle of said blades, the pitch further controlled by power
      lever position blade angle and engine power plant rotational speed and the
      area of the nozzles further controlled by blade angle, power plant
      rotational speed and power lever position.
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ABST
PAL  A gas turbine rotor in the rim of which liquid cooled dovetailed buckets
      are mounted is provided with at least one coolant feed/retainer ring
      shrunk fit to the side of the rotor and exerting positive axial force
      solely by means of a reverse angle fit. The configuration of the ring is
      such that an annular gutter is formed therein having equally spaced outlet
      holes therefrom disposed around the circumference thereof. Each of these
      holes is in flow communication with and forms part of at least one
      open-ended liquid cooling circuit servicing either the pressure or the
      suction side of a given turbine bucket. The feed holes function to meter
      the liquid coolant entering the cooling circuits.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation-in-part of U.S. Pat. application Ser. No. 385,096 --
      Wojcik filed Aug. 2, 1973 and assigned to the assignee of this application
     .
BSUM
PAR  The prime application for the instant invention is in connection with the
      liquid cooled dovetailed bucket construction such as is described and
      claimed in U.S. Pat. Nos. 3,856,433 -- Grondahl et al.; 3,849,025 --
      Grondahl and 3,844,679 -- Grondahl et al. These patents are incorporated
      by reference for the descriptions of various liquid cooling circuit
      configurations.
PAR  In a gas turbine rotor in which liquid cooled dovetailed buckets are
      mounted, the buckets must be maintained in the proper axial position
      during operation and, in addition, the requisite liquid coolant must be
      distributed to each bucket. The instant invention presents structure to
      simultaneously satisfy both of these needs.
PAC  SUMMARY OF THE INVENTION
PAR  Although a single coolant feed/retainer ring may be employed, preferably a
      pair of such rings is employed, one being affixed to each side of the
      turbine rotor. Proper positioning of the dovetailed buckets in the rotor
      rim is assured by the presence of these feed/retainer rings, which are
      shrunk fit to the rotor and are also affixed thereto solely by means of a
      reverse angle fit. Proper distribution of liquid coolant to each bucket is
      assured by providing each ring with a configuration that includes, in
      addition to the provisions for the mounting thereof, an annular gutter in
      flow communication with open-ended liquid cooling circuits servicing the
      buckets via a series of equally spaced feed holes. Disposition of the feed
      holes relative to the buckets is assured by the engagement of each ring
      with a small locating pin on the rotor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The exact nature of this invention as well as objects and advantages
      thereof will be readily apparent from consideration of the following
      specification relating to the annexed drawings in which:
PAR  FIG. 1 is a view partially in section showing a side view in elevation of
      the turbine bucket configuration (dovetailed root, platform and airfoil)
      and the one-piece coolant feed ring of this invention in register
      therewith to supply liquid coolant to the open-ended liquid cooling
      circuit servicing one side of the turbine bucket;
PAR  FIG. 2 is a view partially in section with the feed/retainer ring and a
      cover plate partially cut away in the cooling circuit configuration
      selected to illustrate this invention the integral formation in the
      platform of the reservoir, longitudinally-extending metering means,
      platform coolant channels and coolant feed conduits leading thereto;
PAR  FIG. 3 is a view taken on line 3-3 of FIG. 2 with airfoil/platform skin
      removed in part to show the location and interconnection of the airfoil
      cooling channels, the platform cooling channels and feed conduits leading
      to the platform channels from the underside of the platform and
PAR  FIG. 4 discloses an alternate construction by which a one-piece
      feed/retainer ring can be utilized to exercise still an additional
      function; namely, sealing the rotor wheel space.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Liquid cooled dovetailed buckets 10 are mounted in mating grooves 11 in
      turbine rotor rim 12. Retention of these buckets in the proper axial
      position is preferably insured by the application of positive pressure in
      the axial direction by one-piece annular feed/retainer rings (one shown)
      13, one on each side of turbine rotor rim 12. A projecting annular lip
      formed on ring 13 is shrunk fit into an annular recess in rim 12 and,
      without additional fastening means, is affixed thereto by reliance on
      reverse angle .alpha. formed at the interface where the projecting lip and
      the wall of the recess overlap. The amount of shrink fit and the
      particular angle .alpha. selected depend on the relative coefficients of
      expansion of the ring material and the rotor material. Preferably, angle
      .alpha. will have a value in the range from 1.degree.-10.degree.. During
      operation, the retainer/feed rings expand with the rotor rim. Any action
      tending to displace rings 13 further in the radial direction than the
      radial movement of rotor rim 12 results in a rotating action of each ring
      13 (to the extent possible) against the faces of rotor rim 12 around point
      (actually a circle) 13a and its counterpart, now shown. This action
      results in the application of positive axial force to maintain the
      dovetailed buckets in the proper axial position.
PAR  Reliance upon the use of the reverse angle in combination with the
      interference fit for joinder of the parts is preferred to attaching the
      rings 13 to the rotor rim by the use of fasteners such as bolts, rivets or
      bayonet joints, because these will introduce weakening holes or
      interruptions in the rings and rotor unnecessarily limiting the speed at
      which the turbine may be operated.
PAR  Removal and/or replacement of buckets 10 is easily accomplished without
      damage to the rings 13 by differentially cooling one ring 13 and the rotor
      12 so that the thermal contraction of ring 13 is greater than the
      interference fit. Thereafter, the ring so shrunk and the bucket (or
      buckets) 10 may be removed.
PAR  In the function thereof as a liquid coolant distributing means, the
      feed/retainer ring 13 receives cooling liquid (usually water) sprayed at
      low pressure in a generally radially outward direction from nozzles (one
      shown) 14, preferably located on each side of the rotor disk. This cooling
      liquid impinges on ring 13 and enters the annular gutter 16, that forms
      part of the configuration of each one-piece ring 13. The coolant
      distributes itself as a thin film in gutters 16 and, under the influence
      of centrifugal force, leaves each gutter 16 via a plurality of feed holes
      17. The plurality of openings to the feed holes 17 are equally spaced
      around the inner circumference of each gutter 16 in order to provide equal
      distribution of coolant to and through these feed holes.
PAR  In the construction shown liquid coolant passing through a given feed hole
      17 enters a reservoir 18 located in the volume between the underside of
      the integral platform 19 and the radially outer surface of wheel rim 12.
      Longitudinally-extending reservoir 18 is closed at the far ends thereof by
      a pair of cover plates 21. Liquid coolant accumulates in reservoir 18
      until there is sufficient coolant therein to fill the reservoir. As liquid
      coolant continues to arrive the excess discharges over the crest of
      arcuate weir 22 into longitudinally extending gutter 23, where the
      discharged coolant distributes as a thin film and enters cooling channel
      feed holes 24. Each of the holes 24 is connected on a one-to-one basis
      with either platform cooling channels 26 or directly into airfoil cooling
      channels 27. Thus, as described herein a pair of feed holes 17 disposed on
      opposite sides of the rotor would supply all of the cooling liquid to be
      distributed to a given bucket 10. Similarly, in applying the invention to
      serpentine cooling channel construction as disclosed in U.S. Pat. Nos.
      3,849,025 and 3,844,679 (above) a pair of feed holes 17 disposed on
      opposite sides of the rotor may be used to meter all of the cooling liquid
      passing to a given turbine bucket.
PAR  As the cooling liquid moves through the various cooling channels
      constituting (together with feed holes 17, reservoirs 18, weirs 22,
      gutters 23 and feed holes 24) the open-circuit cooling system for any
      given bucket 10, a portion of the cooling liquid, depending upon the rate
      of flow, is converted to the gaseous or vapor state (as it absorbs heat
      from the skin 28 and core 29 of the bucket). Each cooling channel 26, of
      course, is in flow communication with a cooling channel 27 and at the
      outer ends of the cooling channels 27, the vapor or gas and any remaining
      liquid coolant passes into manifold 31 (and a similar manifold on the
      suction face). Thereafter, the flow in the suction manifold is merged with
      the flow in manifold 31 via a crossover conduit, the opening 32 of which
      is shown, and the combined flows exit therefrom via opening 33.
PAR  As is shown in FIG. 4, an alternate construction for one-piece ring 13 may
      be employed whereby annular ridges 41 and 42 are incorporated thereon and
      mating seating areas are provided on the stationary side walls as, for
      example, annular areas 41a and 42a. The rotor wheel space may be sealed in
      this manner.
PAR  The preferred arrangement for the utilization of this invention employs a
      pair of annular rings, one on each side of the turbine disk, both
      contributing coolant to the open-circuit coolant distribution paths.
      However, there are certain advantages to supplying coolant from one side
      only of the turbine disk providing that good distribution of the coolant
      along the reservoir can be assured. Thus, this invention is also intended
      to encompass an arrangement in which a single feed/retainer ring is
      employed having a configuration such as is described hereinabove. If a
      single such ring be employed, separate anchoring means for the dovetailed
      buckets would be required on the opposite side of the rotor. The rotor
      would have to be properly balanced to compensate for such a
      non-symmetrical construction and an adequate source would have to be
      provided to feed coolant to the gutter of the single ring.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In a gas turbine wherein a turbine disk is mounted on a shaft rotatably
      supported in a casing, said turbine disk extending substantially
      perpendicular to the axis of said shaft and having turbine buckets mounted
      on the outer rim thereof, each bucket having a dovetailed root, means
      located radially inward of said buckets adjacent said turbine disk for
      introducing liquid coolant within said turbine in a radially outward
      direction to an annular gutter to enter open-circuit distribution paths by
      which said coolant reaches and cools each of said buckets, each
      distribution path comprising a cooling channel/manifold system in one
      bucket for traversal of a portion of the bucket by the coolant followed by
      discharge thereof from the bucket, the improvement comprising, at least
      one one-piece annular member attached to said outer rim solely by means of
      an overlap in the generally axial direction between an annular portion of
      said member and an annular portion of said outer rim, the overlap being an
      interference fit conformed as a reverse angle, said annular member having
      an annular gutter formed therein, said gutter being in flow communication
      with the open-circuit coolant distribution paths via circumferentially
      spaced feed holes in said annular member.
NUM  2.
PAR  2. The improvement of claim 1 wherein a pair of one-piece annular rings is
      employed, one on each side of the turbine disk, each of said rings having
      an annular gutter formed therein and each gutter being in flow
      communication with one half of the open-circuit distribution paths.
NUM  3.
PAR  3. The improvement of claim 1 wherein the feed holes are equally spaced
      around the circumference of the annular gutter.
NUM  4.
PAR  4. The improvement of claim 3 wherein each feed hole interconnects with one
      open-circuit distribution path.
NUM  5.
PAR  5. The improvement of claim 1 wherein at least one annular ridge is formed
      along the outer periphery of the one-piece annular ring, said ridge
      co-acting with an annular portion on adjacent stationary structure of the
      turbine to seal the rotor wheel space.
NUM  6.
PAR  6. The improvement of claim 1 wherein the reverse angle has a value in the
      1.degree.-10.degree. range.
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ABST
PAL  A boat propeller includes an elongated shaft and three vanes which extend
      outwardly from the shaft at axially spaced positions there along. The
      vanes lie approximately along a helix on the shaft, and the vanes are
      spaced about 120.degree. apart around the circumference of the shaft.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  This invention relates to a propeller for a boat, and, more particularly,
      to a propeller which eliminates cavitation and provides continuous
      propulsion.
PAR  Many boat propellers suffer from one or more disadvantages. For example,
      some propellers cause cavitation, some do not provide positive propulsion
      at all times, and some become relatively easily fouled by weeds and other
      obstructions.
PAR  Propellers formed in accordance with the invention eliminate these
      problems. The propeller includes a blade which is helically disposed
      around an elongated shaft, and the outer periphery of the blade undulates
      to form three vanes which are spaced about 120.degree. apart around the
      circumference of the shaft. The blade merges with the shaft between the
      vanes and in effect disappears so that the propeller can rid itself of
      weeds or other obstructions. The blades are spaced axially along the shaft
      and provide continuous, positive propulsion at all times and eliminate the
      problem of churning in one spot that is inherent in some propellers. The
      shape of the propeller also eliminates cavitation.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The invention will be explained in conjunction with an illustrative
      embodiment shown in the accompanying drawing, in which
PAR  FIG. 1 is a top plan view of a boat equipped with a pair of propellers
      formed in accordance with the invention;
PAR  FIG. 2 is a top plan view of the two propellers of FIG. 1; and
PAR  FIG. 3 is an end view of one of the propellers taken along the line 3--3 of
      FIG. 2.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENT
PAR  Referring first to FIG. 1, the numeral 10 designates generally a boat
      having a bow 11 and a stern 12. A motor 13 drives a pair of propellers 14
      and 15 through a conventional gear box 16, and a steering wheel 17
      controls a rudder 18 by means of cables 19 and 20.
PAR  Referring now to FIG. 2, the propeller 14 includes an elongated cylindrical
      shaft 22 and a blade 23 which extends helically around the periphery of
      the shaft. The shaft includes a pair of reduced diameter bearing end
      portions 24 and 25, which are journaled in suitable bearings mounted on
      the keel of the boat. The bearing portion 24 is provided with a slot 26 to
      provide a driving connection between the propeller and the gear train.
PAR  The blade 23 follows a right hand helix and makes one complete revolution
      around the shaft from one bearing portion to the other. The outer
      periphery 27 of the blade undulates along a substantially sinusoidal curve
      as it follows the helix to provide three peaks 28, 29, and 30 and four low
      spots 31-34 which define three vanes 35, 36, and 37. The peaks 28-30 are
      spaced 120.degree. apart around the circumference of the shaft (FIG. 3)
      and are equally spaced along the axial direction of the shaft. The low
      spots 31-34 of the outer periphery of the blade merge or substantially
      merge with the outer periphery of the shaft so that the blade disappears
      or substantially disappears at these points.
PAR  The propeller 15 similarly includes a shaft 39 and a blade 40 which
      provides three axially spaced vanes 41, 42, and 43. The propeller 15 is
      formed identically to the propeller 14 except that the blade 40 follows a
      left hand helix around the shaft 39.
PAR  The propellers are mounted in parallel positions below the keel of the boat
      so that the peaks of the vanes are slightly spaced as the propellers
      rotate. The gear train assembly 16 is constructed to rotate the propellers
      in opposite directions. In the illustration given, the boat is driven
      forward when the propellers are rotated in the direction of the arrows,
      the propeller 14 being rotated clockwise and the propeller 15 being
      rotated counter clockwise as viewed from the stern.
PAR  The propellers are arranged relative to each other so that the
      corresponding vanes on the propellers extend in generally opposite
      directions when the vanes are in the positions illustrated in FIG. 2.
      Thus, the peaks of the middle vanes 29 and 42 extend laterally outwardly
      from the propellers in diametrically opposed directions, or at about 3
      o'clock and 9 o'clock, respectively, as viewed from the stern; the peaks
      of the first vanes 35 and 41 are positioned at about 11 o'clock and about
      5 o'clock, respectively; and the peaks of the vanes 37 and 43 are
      positioned at about 7 o'clock and about 1 o'clock, respectively. This
      arrangement provides continuous thrust or propulsion as the propellers
      rotate, and the problem of the propellers simply churning in one spot, as
      can happen with propellers whose blades are located at substantially the
      same axially position, and the problem of cavitation are avoided. Further,
      since the blades essentially disappear at the low spots, the propellers
      will rid themselves of weeds and other obstructions as they rotate.
PAR  In one specific embodiment of the invention, each shaft was 42 inches long
      between the bearing end portions, and the shaft had a diameter of about 4
      inches. Each vane extended in the axial direction for 13 inches between
      the associated low spots of the blade, and the peaks of the vanes extended
      outwardly 3 inches from the surface of the shaft. The ratio of the axial
      and radial dimensions of each vane was therefore 41/3 to 1. This ratio is
      preferably maintained within the range of about 4 to 1 to about 5 to 1.
PAR  While in the foregoing specification a detailed description of a specific
      embodiment of the invention was set forth for the purpose of illustration,
      it is to be understood that many of the details herein given may be varied
      considerably by those skilled in the art without departing from the spirit
      and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A boat propeller comprising an elongated shaft and three vanes extending
      outwardly from the surface of the shaft at axially spaced positions there
      along, the intersection of each vane with the shaft lying along a common
      helix extending around the shaft, each vane having a smoothly curved outer
      periphery which extends outwardly from the shaft to form an apex for the
      vane and then inwardly toward the shaft, the apex of each vane being
      spaced about 120.degree. from the apex of each adjacent vane around the
      circumference of the shaft.
NUM  2.
PAR  2. The structure of claim 1 in which the outer periphery of each vane
      merges smoothly with the outer periphery of the adjacent vane.
NUM  3.
PAR  3. The structure of claim 1 in which the outer periphery of each vane
      merges smoothly with the surface of the shaft at axially spaced positions
      from the apex of the vane.
NUM  4.
PAR  4. The structure of claim 1 in which the ratio of the axial dimension of
      each vane between the innermost points of the periphery of the vane to the
      radial dimension of the vane between the shaft and the apex of the vane is
      within the range of about 4 to 1 to about 5 to 1.
NUM  5.
PAR  5. The structure of claim 1 in which the outer periphery of each vane
      curves sinusoidally.
NUM  6.
PAR  6. The structure of claim 1 in which the vanes are provided by a blade
      which extends helically around the shaft for approximately one revolution
      from adjacent one end of the shaft to adjacent the other end of the shaft,
      the blade having an undulating outer periphery which substantially merges
      with the shaft between adjacent vanes.
NUM  7.
PAR  7. A boat propeller comprising an elongated shaft and a single blade which
      extends helically around the shaft for approximately one revolution from
      adjacent one end of the shaft to adjacent the other end of the shaft, the
      blade having a smoothly curved, undulating outer periphery which extends
      outwardly and inwardly relative to the shaft to provide the blade with low
      spots near the shaft and apexes spaced outwardly from the shaft, the blade
      having three apexes, a low spot at each end of the shaft and a low spot
      between each pair of adjacent apexes, each low spot of the blade periphery
      substantially merging with the shaft, the apexes being spaced
      approximately 120.degree. apart around the circumference of the shaft.
NUM  8.
PAR  8. The structure of claim 7 in which each low spot of the blade periphery
      merges with the outer periphery of the shaft.
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PAL  The liquid agitator is of the type used in stirring water containing small
      particles of suspended matter to cause the particles to come together and
      form agglomerations (e.g., flocs) which will settle faster than the
      individual small particles. The agitator includes a paddle having pale
      elements and each of the pale elements has a predetermined shape, size and
      disposition so that said paddle produces a substantially uniform velocity
      gradient in the water being agitated when the paddle is rotated. The
      uniform velocity gradient developed will provide uniform agitation of the
      water to obtain uniform flocculation throughout the agitated volume even
      though the linear velocity of various portions of the paddle will be
      different depending on the radial distance of that portion from the
      vertical axis. Another embodiment utilizes a second paddle wherein the
      pale elements project between the pale elements of the first paddle, said
      second paddle can be stationary or counter rotated with reference to the
      first paddle.
PARN
PAR  This application is a continuation-in-part of application bearing Ser. No.
      10,777 filed Feb. 12, 1970 and now abandoned.
BSUM
PAR  The present invention relates to a liquid agitator particularly for use in
      water clarification systems for accelerating flocculation of small
      particles of suspended matter into agglomerations of flocs which will
      settle faster than the individual small particles from the water. More
      particularly, the present invention relates to a paddle for a liquid
      agitator which is designed and constructed so that when the paddle is
      rotated through a body of liquid the paddle will produce or establish a
      substantially uniform velocity gradient in the agitated liquid. The
      velocity gradient is a parameter which has been established as a criterion
      in the design of liquid agitators or flocculators and is given the symbol
      G. The velocity gradient is expressed in units of feet per second per foot
      (sec. .sup.-) and is equal to the square root of the energy dissipated per
      unit volume of liquid divided by the absolute viscosity of the liquid at a
      particular temperature, i.e.,
      ##EQU1##
      WHERE, Hp = Horsepower expended
PA1  V = Volume of the flocculator chamber;
PA1  u = Absolute viscosity for the liquid in the chamber; and
PA1  K = Constant.
PAR  Accordingly, the present invention provides a liquid agitator having
      paddles which are mounted for rotation about an axis and which produce a
      uniform velocity gradient throughout a body of liquid being agitated when
      the paddles are rotated through the liquid. In this way, the kinetic
      energy dissipated per unit volume of liquid will be the same at any
      location in the body of liquid being agitated. Stated otherwise, the body
      of liquid is uniformly agitated. In the ensuing illustrations, rotation
      about a vertical axis is used as exemplary, although it is evident that
      rotation about an axis of any orientation is within the scope of this
      invention.
PAR  Heretofore, it has been learned that the extent of flocculation is directly
      proportional to the product of the velocity gradient in a body of liquid
      in a flocculating chamber multiplied by the residence time of the liquid
      in the flocculation chamber. Thus, a high velocity gradient will permit a
      low residence time to obtain a given amount of flocculation. This means
      that for a flocculation chamber having a predetermined volume, the liquid
      flow rate through the chamber can be increased to thereby achieve faster
      flocculation with the resulting formation of fast settling flocs. On the
      other hand, it means that a smaller volume flocculation chamber can be
      utilized for the same liquid flow rate through the chamber.
PAR  In the prior art, wherein flocculators having a plurality of paddles of
      uniform construction mounted for rotation about a central axis within a
      flocculating chamber, the highest rotational speed allowable is determined
      by the velocity gradient established near the outer or distal end of the
      paddle since it moves faster than the inner end of the paddle.
PAR  In this respect, it has been found that for a velocity gradient in excess
      of approximately 70 sec..sup.-.sup.1 the turbulence produced is violent
      enough to rupture previously formed agglomerations of floc. Thus, the
      liquid agitator must be rotated at a rotational speed where the maximum
      velocity gradient produced near the distal end of the paddle moving
      through the liquid being agitated is below 70 sec..sup.-.sup.1. It will be
      appreciated that other portions of the paddle inwardly of the outer end
      will produce smaller velocity gradients and such a paddle does not
      establish a uniform velocity gradient. Therefore, maximum flocculation
      only will be obtained near the outer end of the paddle.
PAR  Accordingly, lack of control of the velocity gradient along the radial
      length of a paddle rotation through a body of liquid being agitated, has
      in the past required that the agitator be rotated at a slow speed for a
      long residence time to avoid producing a velocity gradient at any point in
      the fluid above 70 sec..sup.-.sup.1. Moreover, a slow rotational speed
      required large flocculation equipment to obtain a given amount of
      flocculation for a given liquid feed through the flocculator.
PAR  Therefore, a general object of the present invention is the provision of a
      liquid agitator having a novel paddle configuration which produces a
      uniform velocity gradient in a body of liquid having any viscosity when
      the paddle is rotated at any rotational speed through the liquid.
PAR  Another object of the present invention is the provision of a liquid
      agitator which is used in a flocculator and which has a novel paddle
      configuration by which the agitator produces a uniform velocity gradient
      in a body of liquid received in a flocculating chamber so that a higher
      rotational speed can be used when rotating the agitator to obtain: a lower
      residence time for the liquid received in the flocculating chamber, the
      use of a higher liquid flow rate through the chamber, and a high rate of
      floc settling, thereby providing a more efficient flocculator.
PAR  Another object of the present invention is the provision of a flocculator
      having a rotor element which is mounted for rotation about an axis in the
      center of a liquid receiving flocculating chamber wherein the liquid in
      the chamber is agitated uniformly by the rotor element.
PAR  Still another object is to provide a liquid agitator having a plurality of
      paddles which are counter rotated with reference to each other.
PAR  Another object of the present invention is the provision of a fluid
      agitator having one or more paddles mounted for rotation about an axis in
      a chamber wherein each paddle has a plurality of pale elements which have
      a predetermined projected area, size, shape and spacing so that rotation
      of the paddles at predetermined rotational speed through a body of liquid
      having a predetermined viscosity will produce the desired velocity
      gradient uniformly in the agitated portion of the body of liquid.
PAR  Still another object of the present invention is the provision of a liquid
      agitator having one or more paddles mounted for rotation about an axis
      with each paddle having a plurality of pale elements which are
      non-uniformly spaced and which have a predetermined size and shape, so
      that the paddle will uniformly agitate a body of liquid through which the
      paddle is rotated such that the kinetic energy dissipated by the paddles
      in the liquid will be the same at any point in the body of liquid. It is
      evident that this object can be accomplished by an agitator paddle having
      equally spaced, equal sized, and identical cylindrical elements where the
      paddle is not straight but curved with respect to the radius such that the
      projected area of elements upon a radius will yield the required
      non-uniform spacing.
PAR  These and other objects and advantages of the present invention, and the
      manner of their attainment, will become more apparent from the following
      description of the preferred embodiments of the invention taken in
      conjunction with the accompanying drawings wherein for purpose of
      illustration, a cylindrical flocculator mounted within a clarifier will be
      used. Obviously the teaching of this invention is equally applicable to a
      flocculator external to a clarifier or where flocculation is desired for
      reasons other than to produce a fast settling floc for settling in a
      clarifier for example: to produce a dense floc to increase the capacity of
      a granular bed filter.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a fragmentary vertical sectional view of a water clarifier
      including a flocculating chamber;
PAR  FIG. 2 is a vertical sectional view of the flocculating chamber shown in
      FIG. 1;
PAR  FIG. 3 is a side elevation of one of the flocculator paddles shown in FIG.
      2;
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a diagrammatic top plan view of a modified paddle construction
      for use in the flocculator shown in FIG. 2;
PAR  FIG. 6 shows the radial spacing that exists between the pale elements of
      the modified paddle shown in FIG. 5 when these pale elements are laid out
      on a radius taken along line 6--6 of FIG. 5; and
PAR  FIG. 7 shows the use of two sets of pale element on different paddles.
DETD
PAR  Referring now to the drawings in greater detail, a liquid clarifier is
      generally indicated at 10 in FIG. 1. The clarifier 10 includes a circular
      shell 12 which can be made of steel or concrete and which is supported on
      a dish shaped floor 14 which is normally made of concrete. Two oppositely
      extending sludge raking arms 16 mounting scrapers 17 are positioned
      adjacent the floor 14 in a well known manner. The sludge raking arms 16
      are supported by a support column 18 which also serves as a water inlet
      conduit and a flocculator, indicated generally at 20, disposed at the
      center of the clarifier at the liquid level. A water feed inlet 22 extends
      through a cylindrical well structure 24 and upwardly through the column 18
      for feeding water into the flocculator 20 through port openings 26 (FIG.
      2) in the top of the column 18. A sludge outlet 27 extends from the
      cylindrical well structure 24 for removing sludge which is swept into the
      cylindrical well structure 24 by the scrapers 17. Also, a peripheral
      launder 28 is provided at the top of the shell 12 and has a V-notched weir
      plate 29 to facilitate spillover of the clarified water into the launder
      28.
PAR  As best shown in FIG. 2, the flocculator 20 includes a superstructure 30
      which is mounted on the top of the column 18. A cylindrical shell 32 is
      supported from the superstructure 30 in concentric relationship with
      respect to the column 18 and defines a flocculating chamber having a
      central axis which is coaxial with the vertical axis 33 of the column 18.
      The flocculator 20 also includes an agitator or paddle wheel mechanism 34
      including one or more paddles or rotor elements generally indicated at 36.
      In one embodiment of the invention six paddles are provided. As shown,
      each of the paddles 36 is in the form of a screen or grating and includes
      an upper paddle arm 38, a lower paddle arm 40, and a plurality of pale
      elements 42 secured to and between the arms 38 and 40. The inner end 43 of
      each upper arm 38 of each paddle 36 is interconnected by a framework 44
      which encircles the column 18. The outer end 46 of each upper arm 38 of
      each paddle 36 is secured to a ring 48 which is supported on and driven by
      two rollers indicated at 50. The ring 48 is also supported by four idler
      rollers (not shown). Preferably, each of the rollers 50 is driven by a
      suitable electric motor, one of which is shown at 52, to rotate the
      agitator 34 about the vertical axis 33 at a predetermined rotational
      speed.
PAR  Each of the paddles 36 includes a strengthening rod or tie-bar 53 which
      extends from the outer end 46 of the upper arm 38 to a point near the
      inner end 54 of the lower arm 40 and is secured to the arms 38 and 40.
      Also, the outer end 46 of the upper arm 38 is connected on opposite sides
      by two rods 56, to the inner end 54 of each of the lower arms 40 of the
      adjacent paddles 36. The rods 56 maintain the pale elements 42 of the
      paddle 36 in a generally upright or vertical position.
PAR  In accordance with the teachings of the present invention, the pale
      elements 42 have a predetermined projected area, size, shape and
      disposition so that when the paddles 36 are rotated at any rotational
      speed through a body of liquid having any viscosity the paddle will
      produce or establish a uniform velocity gradient, G, in the agitated
      portion of the body of liquid. To accomplish this result, the pale
      elements 42 at the inner end 58 of the paddle 36 are more closely spaced
      than the pale elements 42 at the outer end 60 of the paddle 36. Also, as
      shown in FIG. 4, some of the pale elements 42a have an L-shaped cross
      section whereas other of the pale elements 42b have a circular cross
      section. Pale elements 42a and 42b having these cross sections are used in
      the illustrated embodiment because they are readily available commercially
      and it will be understood, that pale elements 42 having other cross
      sections can be utilized depending on the drag coefficient, D, of the pale
      element, as it is moved through a given liquid.
PAR  The agitation or velocity gradient produced by one of the pale elements 42,
      as it moves through a liquid having a predetermined visocsity, density and
      temperature, is determined by the linear velocity of the pale element
      (rotational speed times radial distance of the element from the axis of
      rotation), the size (width) of the pale element, the shape (drag
      coefficient) of the pale element, and the ratio of the projected area
      (width .times. height) of the pale element to a radial increment of the
      paddle including that pale element. Thus, by varying the size (width),
      shape(drag coefficient), and the disposition (spacing between elements) of
      each pale element it is found that a paddle can be constructed which will
      produce a uniform velocity gradient in a body of liquid when the paddle is
      rotated through the liquid at a predetermined rotational speed.
PAR  The required relation of these parameters to achieve a uniform velocity
      gradient can be shown by noting that:
PA1  G = K.sub.1 .sqroot.HP/V
PA1  hp = k.sub.2 cd r.sup.4 f.sup.4
PA1  V = K.sub.3 r.sup.2
PAL  where
PAR  G = velocity gradient
PAR  HP = energy exchange rate
PAR  v = volume
PAR  Cd = drag coefficient; i.e., shape factor
PAR  r = radius; i.e., distance of paling element from axis
PAR  f = fraction of the radial increment covered by the paling element or its
      projection. (f is numerically equal to 1/centerline to centerline spacing
      between elements expressed in element widths)
PAR  K.sub.1, K.sub.2 , K.sub.3 = constants or variables independent of radial
      distance.
PAR  Thus in order to hold G uniform along a radius it is necessary and
      sufficient that HP/V be constant and thus Cd r.sup.4 f.sup.4 /r.sup.2 must
      be a constant. This condition requires that .sqroot.Cd .times. f.sup.2
      vary as 1/r.
PAR  The condition .sqroot.Cd .times. f.sup.2 varies as 1/r inches is the design
      criteria for a uniform velocity gradient agitator paddle.
PAR  In practice, this condition is expressed as
      ##EQU2##
      varies as 1/r inches and can be easily met by manipulation of three
      variables --  the shape of the paling (Cd), the width of the paling (W)
      and the spacing of the adjacent palings (1/f .times. w).
PAR  The shape factor can be selected from a narrow range in large, irregular,
      fixed increments. (Cd = 1.2 for cylindrical palings; 2.0 for angle shaped
      elements oriented for maximum resistance.) The width (W) can be selected
      from a very broad range of commercially available material
      (pipe-rods-angles, etc.) in small, fixed, more or less regular increments
      for any desired shape factor. The spacing (W/f) can be sleected from an
      infinite range.
PAR  In the simplest form conceptually, the relation
      ##EQU3##
      varies as 1/r inches can be satisfied by manipulation of only one of the
      variables Cd, W, or W/f. For example: using paling elements of same size,
      shape, and orientation (i.e., where both W and Cd are constant), the
      required relation reduces to f.sup.2 varies as 1/r).
PAR  In actual practice, especially practical for small structures, a paddle
      structure can be made from a standard, commercially available grating or
      fencing material consisting of parallel, round, equally spaced and sized
      bars attached to low profile support members perpendicular to bars. The
      paddle is mounted so that the long dimension of the bars are parallel to
      the axis of rotation. The grating is formed into a curved paddle so that
      the projection of spacing the bars onto a raduis is not uniform.
PAR  In a curved grating the projection of a round element on a radius has the
      same width as in the grating, the projection of the space between elements
      is, however, foreshortened so that the length of the space W/f becomes
      ##EQU4##
      where L is the length (straight) of the grating sweeping an annular
      increment and R is the radial width of the increment and W/f.sub.o is the
      spacing of the straight grating. That is, L varies as f and the curve must
      satisgy the relation "L.sup.2 varies as 1/R".
PAR  It can be shown that this realtion defines a curve described in polar
      coordinates as
      ##EQU5##
      where r.sub.o is the outer radius of the agitator paddle. This curve can
      be developed graphically as shown in FIG. 5 by dividing the radisu of the
      circle swept by the paddles into 10 equal portions and scribing concentric
      circles forming equal width annuli. Assume the length of the frating
      sweeping outermost annulus to be equal to the width of the annulus (i.e.,
      that the outermost end of the paddle is straight and lies upon a radius).
      The length of the grating sweeping the inner annuli is tabulated below:
TBL  Increment of    Length of                                                 
     Radius in       Grating Sweeping                                          
     Annulus         Annulus                                                   
     ______________________________________                                    
     1.0 - .9        0.100 r.sub.o                                             
     .9 - .8         0.105 r.sub.o                                             
     .8 - .7         0.112 r.sub.o                                             
     .7 - .6         0.120 r.sub.o                                             
     .6 - .5         0.136 r.sub.o                                             
     .5 - .4         0.142 r.sub.o                                             
     .4 - .3         0.158 r.sub.o                                             
     .3 - .2         0.182 r.sub.o                                             
     ______________________________________                                    
PAR  The actual velocity gradient produced can be determined by the equation
EQU  G.sup.2 = 2.1 (.rho./ g) N (rpm).sup. 3 Cd r.sub.o.sup.2 f.sub.o.sup.4
      ##EQU6##
EQU  = absolute viscosity of liquid in centiposie (1.0 for water 50.degree. F)
EQU  N = number of paddles
EQU  Cd = Drag coefficient-dimensionaless (1.2 for round bars)
PAR  It is to be understood that a uniform velocity gradient can be obtained
      with other configurations in addition to the paddle embodiments described
      above. For example, referring to FIG. 5, it has been found that a paddle
      fabricated of evenly spaced, pale elements 68 having the same size and
      shape can be arranged along a curve to yeild the required projected
      profile to provide a uniform velocity gradient as the paddle moves through
      a body of liguid. Although the pale elements 68 have the same size and
      shape and the same spacing between pale elements, the radial distance
      between elements is not uniform to produce the substantially uniform
      velocity gradient desired. The disposition of the pale elements 68 when
      laid out on a radius 70 is shown in FIG. 6.
PAR  With reference to FIG. 7, another embodiment incorporating the features of
      the instant invention is shown wherein a plurality of paddles 80, 82 are
      disposed so that their pale elements 81, 83, respectively, are interposed
      between each other, as shown. In such arrangement, one paddle may be
      rotated while the other is stationary, or, both paddles may be rotated,
      either in the same direction, or, in opposing directions. It is known that
      the energy dissipated by a moving pale element is a function of the power
      of its speed of rotation relative to the liquid. As exemplified in FIGS. 1
      - 6, only the moving pale elements are shown on a single paddle
      configuration. However, in practice, stationary or counter rotating pale
      elements might be interposed between the first mentioned pale elements.
      Such stationary or counter rotating pale elements reduce the tendency of
      the body of liquid to assume a rotation and thus reduce the relative speed
      of the first mentioned moving pale elements to the liquid. Such stationary
      or counter rotating outer elements are usually located on the outer
      portion of the paddle radius where they are most effective and may be of
      uniform or non-uniform size, shape, and spaced to avoid conflict with the
      pale elements of the other paddle.
PAR  Although the present invention has been described with particular reference
      to its use in a flocculator 20, it is to be understood that the agitator
      34 can be used in other applications where it is desirable to uniformly
      agitate a fluid by producing a uniform velocity gradient in the fluid.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid agitator of the type having at lease one paddle mounted for
      rotation about an axis in a fluid receiving chamber, said paddle having a
      paddle area which extends radially from said axis, said paddle area being
      divisible into radial increments, each increment generating an annular
      volume when said paddle is rotated about said axis, said paddle including
      at least one pale element in each radial increment, each said pale
      elements having a predetermined size, shape and disposition for
      dissipating kinetic energy in a liquid when said paddle is rotated through
      said liquid whereby the energy dissipated per unit volume of liquid in
      said annular volumes through which each of said pale elements of said
      paddle travels is substantially the same.
NUM  2.
PAR  2. A liquid agitator as defined in claim 1 further including a second
      paddle, said second paddle having a plurality of pale elements interposed
      between said pale elements of the rotating paddle.
NUM  3.
PAR  3. A liquid agitator ad defined in claim 2 wherein said second paddle and
      pale elements are stationary.
NUM  4.
PAR  4. A liquid agitator as defined in claim 3 wherein said second paddle and
      pale elements are rotated relative to the other rotating paddle.
NUM  5.
PAR  5. In a liquid agitator of the type having at least one paddle mounted for
      rotation about an axis, the improvement comprising a paddle construction
      wherein each paddle includes radially extending support means, a plurality
      of spaced pale elements secured to said support means, each of said pale
      elements having a predetermined size and shape and being spaced a
      predetermined distance from adjacent pale elements whereby said paddle
      produces a uniform velocity gradient in a liquid when said paddle is
      rotated through said liquid.
NUM  6.
PAR  6. The liquid agitator as defined in claim 5 wherein some of said pale
      elements have a circular cross section.
NUM  7.
PAR  7. The liquid agitator as defined in claim 5 wherein some of said pale
      elements have an L-shaped cross section.
NUM  8.
PAR  8. The liquid agitator as defined in claim 7 wherein each of said L-shaped
      pale elements has first and second flange portions forming said L, said
      first flange portion having an outer surface which lies in a radial plane
      extending from said axis and second flange portion having an outer surface
      which lies in a plane which is tangent to the radial plane.
NUM  9.
PAR  9. The liguid agitator as defined in claim 5 wherein said pale elements on
      said paddle are more closely spaced near said axis than those positioned
      away from said axis.
NUM  10.
PAR  10. The liquid agitator as defined in claim 9 wherein said pale elements
      adjacent said axis have an Lshaped cross section.
NUM  11.
PAR  11. The liquid agitator as defined in claim 8 wherein said pale elements
      positioned away from said axis have a circular cross section.
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ABST
PAL  A self-supporting, self-locating seal having a central portion and a pair
      of end segments so designed as to fit within the mid span joint formed
      between adjacent turbine engine blades. Because of the design of the seal,
      the seal is held securely in position simply by its geometry and the
      centrifugal forces applied thereto during turbine engine operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to turbine engines, and, more
      particularly, to seals which are interposed between adjacent turbine
      blades.
PAR  Turbine engines have a variety of practical appications, the most important
      of which is in the field of aviation. In the propulsion of aircraft, the
      gas turbine power plant as a turbo prop or turbine jet engine has replaced
      the reciprocating engine in large, high speed aircraft. This change is due
      primary to its high power to weight ratio and its ability to be built in
      large horsepower sizes with high ratio of thrust per frontal area. In
      addition, turbine engines are useful in gas pipe line transmission,
      generating power in refineries and other industries as well as being
      useful in the marine transporation area and for the electric power
      generation.
PAR  The split pressure ratio design of certain turbine engines require that the
      outer panel flow of the turbine be sealed off from the inner panel flow,
      both from aerodynamic performance and mechanical reliability standpoints.
      Intolerably large amplitude vibratory stresses are induced in the stage
      two blades if the mid span joint is not sealed. The problem confronting
      the field is proper and reliable sealing of this mid span joint.
      Heretofore the joint was sealed by a simple, bonded plastic strip. Many
      bond failures, however, occurred in both factory and field testing, and in
      the production service. These seal strips became loose and extruded
      themselves through the opening between mid spans. As a consequence large
      blade stresses resulted.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention sets forth a molded plastic seal which is designed
      and constructed in such a manner so as to be held in place simply by its
      geometry and centrifugal load. There are no bond or other fastening means
      used.
PAR  The seal of this invention is interposed between adjacent turbine blades
      thereby properly sealing the mid span joint. The instant seal is of an
      elongated configuration having a central portion and a pair of end
      segments. The end segments are so designed as to fit within the opening
      contained within adjacent turbine blades and because of this design, the
      seal is securely held in position merely by its geometry and the
      centrifugal force thereon.
PAR  It is an object of this invention to provide a self-supporting,
      self-locating turbine engine seal which is of a unitary construction and
      needs no external securing means for its mounting between adjacent turbine
      blades.
PAR  It is another object of this invention to provide a self-supporting,
      self-locating turbine engine seal which is held in place by its geometry
      and the centrifugal forces applied thereto.
PAR  It is still another object of this invention to provide a self-supporting,
      self-locating turbine engine seal which is economical to produce and which
      utilizes conventional, currently available components that lend themselves
      to standard mass producing manufacturing techniques.
DRWD
PAR  For a better understanding of the present invention together with other and
      further objects thereof, reference is made to the following description
      taken in conjunction with the accompanying drawing and its scope will be
      pointed out in the appended claims.
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a pictorial view of a segment of a conventional two panel turbine
      engine showing the location of adjacent blades; and
PAR  FIG. 2 is a pictorial view of the mid span joint between turbine blades
      (shown in phantom) showing in particular the seal of this invention (shown
      by solid lines) located in position at the mid span joint.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made to FIG. 1 of the drawing which shows a portion of a
      conventional two panel turbine engine 10. Engine 10 is made up of a
      plurality of turbine blades 12 which are divided into outer panels 14 and
      inner panels 16. Between each adjacent blade 12 is a mid span joint
      portion 18 into which the self-supporting, self-locating seal 20 (see FIG.
      2) of this invention is located. Seal 20 is positioned within the mid span
      joint 18 in order to prevent any passage of air between inner and outer
      panels 16 and 14 respectively.
PAR  FIG. 2 best shows seal 20 of this invention. This seal 20 is made of a
      molded plastic construction which is in the form of an elongated body 22.
      Elongated body 22 has a central portion 24 lying within a preselected
      plane. A pair of end segments 26 and 28 extend from central portion 24.
      One of the end segments 26 is positioned at an angle (approximately
      45.degree.) with respect to a longitudinal axis A--A passing through
      central portion 24. The end portion 32 of end segment 26 extends in a
      direction substantially perpendicular to the plane of central portion 24.
PAR  The other end segment 28 is formed of three protrusions 34 being of a
      substantially rectangular configuration, 36 and 38. Protrusion 34 is an
      extension of central portion 24 and is located along the same lengitudinal
      axis A--A as central portion 24. In addition, protrusion 34 lies in the
      same plane as central portion 24. The second protrusion 36 is positioned
      at an angle (approximately 90.degree.) with respect to the longitudinal
      axis A--A of central portion 24. The end 40 of second protrusion 36
      extends substantially perpendicular to the plane containing central
      portion 24. Third protrusion 38 is located substantially opposite
      protrusion 36 and also has its end 42 formed in the shape of a pair of
      extensions extending substantially perpendicular to the plane containing
      central portion 24.
PAR  Seal 20 is fitted within opening 44 of turbine blade 12 while another
      turbine blade 12 is mounted adjacent and thereagainst. In this manner a
      seal is formed at mid span joint 18. In so doing, intolerably large
      amplitude vibratory stresses are eliminated in the two panel turbine blade
      structure. There are no bonding means required to hold seal 20 in position
      since it is held in place simply by its geometry and the centrifugal
      forces applied thereto during turbine engine operation.
PAR  Although this invention has been described with reference to a particular
      embodiment it will be understood to those skilled in the art that this
      invention is also capable of a variety of alternate embodiments within the
      spirit and scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A self-locating, self-supporting seal adapted to fit within the cavity
      formed between the midspan joints of adjacent blades of a turbine engine
      comprising an elongated body formed of a synthetic plastic material having
      an elongated central portion and a pair of end segments, said central
      portion lying in a preselected plane and having a longitudinal axis, one
      of said end segments being of a length substantially half the length of
      said central portion and being positioned at substantially 45.degree. with
      respect to said longitudinal axis of said central portion, said one
      segment having an end portion, said end portion of said one end segment
      lying in a plane extending substantially 90.degree. from said plane of
      said central portion in order to provide a rigid support for said seal
      within said turbine blade cavity, said other end segment being formed of
      three protrusions, the first of said protrusions being of a substantially
      rectangular configuration and an extension of said central portion,
      located along said longitudinal axis of said central portion and lying
      completely in the same plane as said central portion, the second of said
      protrusions being positioned at an angle of substantially 90.degree. with
      respect to said longitudinal axis of said central portion and having an
      end lying in a plane extending substantially 90.degree. from the plane of
      said central portion, and the third of said protrusions being located
      substantially opposite said second protrusion and having an end having a
      pair of extensions thereon, said pair of extensions extending
      substantially 90 .degree. from the plane of said central portion, whereby
      upon positioning of said seal within the cavity formed between the midspan
      joints of adjacent blades of a turbine engine said end segments of said
      seal by their geometry, utilize the centrifugal forces acting theron to
      fixedly secure said seal in position.
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PAL  A sensor associated with the production of an oil well generates a signal
      indicative of pumpable fluid available in the wellbore. The signal
      activates a first oscillator whose count is compared with a variable
      frequency oscillator having a frequency of approximately one-half that of
      the first oscillator. The comparison is made over a given period of time
      to ascertain the percentage of time the well has produced fluid. The
      integrated timer is adjusted to shut down the system when the percentage
      of time the valve is open drops to the preselected amount. In response to
      the integration timer producing a signal, a shutdown timer is turned on
      which restarts the cycle after a preselected amount of time. The length of
      shutdown time for the pumping unit is preset according to the well fill-in
      rate. When the system is restarted by the shutdown timer, a pump-up timer
      is turned on which is adjusted to allow for a desired pump-up time. As the
      pump-up timer is allowing the system to recycle, the integration timer is
      reset and the recycling is completed if the requirements of the
      integration timer are met. Otherwise, the unit is shut down again and the
      system recycled. A variable electronic scaler is connected to the output
      of the integration timer which monitors the output signals from this
      timer.
PAL  A reset circuit between the integrator and the scaler resets the scaler to
      zero after a successful recycle of the system. A successful recycle occurs
      when fluid is pumped at a flow rate equal to or greater than the present
      minimum when the pump has been restarted after a shutdown period. If the
      pumped fluid flow rate achieves the minimum preset flow value during or at
      the end of the pump-up period, a reset signal is conveyed to the scaler to
      reset it to zero and continue pump operation and system recycling
      indefinitely, or until malfunctions interfere with the pumping operation
      or production drops below a level economically feasible for pumping
      operations.
PAL  When malfunctions do occur, such as parting of the sucker rod, the pumped
      fluid flow rate will remain below the desired preset value and no reset
      signal will be conveyed to the scaler. At the end of the pump-up cycle the
      pump will not be pumping fluids and will be shut down in response to the
      signal from the integrator assembly. Since there will be no reset signal
      to the scaler, it will begin to accumulate the shutdown signals. After the
      preset number of times the integration timer produces a shutdown signal,
      the scaler turns off the whole system. It can then be restarted manually.
      This provides a safety device for equipment failure such as breaking of
      the sucker rod. Means are also provided for recording the various timed
      cycles and also for monitoring the number of signals transmitted to the
      scaler, thus being indicative of the number of times the system has
      automatically shut down and successfully recycled.
PAL  Also a circuit is provided to determine the exact percentage of time that
      the pump is producing fluid flow, whether above or below the preset
      minimum percentage. A continuous recorder may be used with this circuit to
      maintain a constant record of the percentage of time the pump is flowing
      well fluids to allow the operator to determine if the preset minimum
      percentage should be lowered, and how much it should be lowered to obtain
      successful recycling of the pumping system.
PARN
PAC  CROSSREFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of a prior continuation-in-part
      application, Ser. No. 469,264, filed May 13, 1974, by Bobby L. Douglas,
      now patent No. 3930752 entitled "OIL WELL PUMPOFF CONTROL SYSTEM UTILIZING
      INTEGRATION TIMER", which prior application is a continuation-in-part of
      an original application, Ser. No. 365,881, filed June 1, 1973, by Bobby L.
      Douglas, now patent No. 3854846 entitled "OIL WELL PUMPOFF CONTROL SYSTEM
      UTILIZING INTEGRATION TIMER".
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to oil wells and more particularly to an automatic
      well cutoff system for pumping oil wells.
PAR  In the production of oil, a well is drilled to the oil bearing strata. At
      the bottom of the well, a pump is installed to pump oil to the surface of
      the earth from the pool that gathers at the bottom of the well. A
      desirable mode of operation is to pump the oil when ever there is oil in
      the pool and to stop the pumping when there is no oil in the pool.
PAR  Advantages of this desirable mode of operation are that the pump
      automatically reaches its optimum pumping rate with a result in a saving
      of man hours and equipment. The pump thus operates at a greater efficiency
      in pump displacement, thereby reducing the total number of pumping hours
      which in itself results in a saving of power and power cost.
PAR  Those in the prior art have long recognized the desirability of control
      systems for providing such an automatic pumpoff control of oil wells.
      Examples of such prior art include U.S. Pat. No. 2,550,093 to G. A. Smith
      and U.S. Pat. No. 2,316,494 to R. Tipton. In the Smith patent, a valve
      activates an electrical circuit which causes the pump to be shut down
      after a predetermined time interval in the event the produced oil ceases
      to flow through the valve. In the Tipton patent, a clock is caused to run
      in response to there being no produced fluid, thus causing the pump to
      periodically cycle in response to the well being pumped dry.
PAR  These two patents exemplify the prior art in that various means and systems
      are provided which monitor the lack of produced fluid and which in turn
      cause the system to recycle in response thereto.
PAR  However, the prior art, to the best of my knowledge, has failed to provide
      a system which provides satisfactory pumpoff control for the various oil
      well pumping facilities having varying conditions and components thereof.
PAR  A need therefore exists in the oilfield for a means for controlling the
      operation of oil well pumps in such a manner that the duration of their
      pumping periods will be substantially or approximately in accordance with
      the actual time periods required for the pumping off of the wells. Such a
      need exists for a means of control whereby an oil well can continue in
      operation so long as it is pumping oil, but which will automatically stop
      when it has pumped off the oil, or for breakage, in response to cessation
      of discharge of oil from the pump.
PAR  It is therefore the primary object of the present invention to provide a
      well pumping control system wherein the pump control is a factor of the
      percentage of time during which oil is being pumped during a given period;
PAR  It is also an object of the invention to provide a new and improved well
      pumping control system wherein the operation of the pump is automatically
      stopped when the fluid in the borehole is depleted; and
PAR  Another object of this invention is to provide a system having a variable
      timing subsystem providing greater flexibility than heretofore known in
      the prior art.
PAR  The objects of the invention are accomplished, generally, by a system which
      utilizes sensing means to create an event indicative of the well being in
      a pumpable state. The produced event is utilized in conjunction with a
      timer which determines the percentage of time during which fluid is being
      produced, and based upon such determination, either allows the system to
      continue or to shut down. As additional features of the invention, means
      are provided for the system to recycle indefinitely as long as there is no
      malfunction in the equipment and then to completely shut down after a
      predetermined number of recycles should there be a malfunction in the
      equipment or should the well drop below a production level which can
      economically be produced.
DRWD
PAR  These and other objects, features and advantages of the invention will be
      more readily understood from the following description taken with
      reference to the attached drawing, in which:
PAR  FIG. 1 is a diagrammatic sketch illustrating the component parts of the
      present invention;
PAR  FIG. 2 is a view, partly in cross section, illustrating the valve and
      sensor means utilized to show produced fluid within the flow line;
PAR  FIG. 3 schematically illustrates the timing system, partly as a flow
      diagram, according to the present invention; and
PAR  FIG. 4 schematically illustrates, partly in block diagram, the electrical
      circuitry of the invention;
PAR  FIG. 5 schematically illustrates an alternate timing system partly as a
      flow diagram;
PAR  FIG. 6 is a schematic illustration, partly in blockflow diagram, of the
      electrical circuitry of the alternate system;
PAR  FIG. 7 is a schematic block-flow diagram of the components of the analyzer
      of FIG. 6;
PAR  FIG. 8 shows another type of well pumping installation and another
      embodiment of the invention thereon;
PAR  FIG. 9 shows a third type of pumping installation and yet another
      embodiment of the invention;
PAR  FIG. 10 shows in partial block diagram the electrical circuitry of a
      further embodiment of the invention.
DETD
PAR  Referring now to the drawings in more detail, especially to FIG. 1, a
      subsurface pump (not shown) located in well 10 is actuated in a well-known
      manner by means of a sucker rod string 11, the well fluid lifted to the
      surface being directed to storage through a pipe 12. The sucker rod string
      11 is reciprocated in the well by the offsetting motion of a walking beam
      13, which is driven through a pitman 14, crank 15 and speed reducing
      mechanism 16 by a prime-mover 17 such as an electric motor receiving its
      power through lead 18. It should be appreciated that any suitable type of
      motor or engine may be used as the prime-mover 17, for example, a gasoline
      engine having its energizing ignition current supplied through lead 18.
PAR  A valve assembly 19, shown in more detail in FIG. 2, is located within the
      pipe 12 and has an electrical conductor 20 leading from the valve assembly
      19 to a controller panel 21 shown in more detail in FIG. 3.
PAR  Referring now to FIG. 2, the valve assembly 19 is illustrated in greater
      detail. This valve assembly is substantially cylindrical in shape and has
      threaded connections 22 and 23 on opposite ends to facilitate assembly
      within the flow pipe 12 of FIG. 1. A cylindrical valve housing 24
      constructed, for example, of plastic and fabricated perpendicularly to the
      axis between threaded ends 22 and 23, has mounted on its exterior surface
      a proximity switch 25, for example, a reed switch, having an electrical
      conductor 20 leading therefrom to the controller panel 21.
PAR  A valve 30 is located within the valve housing 24 and has an elongated
      cylindrical body portion 31 and a frusto-conical sealing section 32 at its
      lower end adapted to engage a frustoconical valve seat 33 in the lower
      portion of the valve housing 24. Although the valve 30 could be fabricated
      in various ways, it should be appreciated that it can be constructed in
      accordance with my co-pending U.S. Patent Application, Ser. No. 301,557,
      filed on Oct. 22, 1972, for "DUAL SEALING ELEMENT VALVE FOR OIL WELL PUMPS
      AND METHOD OF MAKING SAME", assigned to the assignee of the present
      invention. The full disclosure of said application is incorporated herein
      by reference.
PAR  A magnet 35 is attached to the uppermost section of the valve body 31 and
      is adapted to close the proximity switch 25 whenever the valve is lifted
      from the valve seat 33. A non-magnetic spring 36 is used between the upper
      end of the housing 24 and the valve 30 to spring load the valve 30 into
      its seating arrangement with the valve seat 33. It should be appreciated
      that although the housing 24 is illustrated as being of a plastic
      material, other non-magnetic housings can be used, for example, certain
      series of the stainless steel family.
PAR  The lower section of the cylindrical valve housing 24 above the valve seat
      33 is enlarged with respect to the upper section of the valve housing 24,
      thus forming a chamber 37 for movement of the sealing member 32 as it
      rises from the valve seat 33. The periphery of such enlarged section has
      two or more openings 38 and 39 to allow fluid to pass therethrough.
PAR  In the operation of the system described with respect to FIGS. 1 and 2, it
      should be appreciated that as the fluid is pumped from the well 10, it
      enters the flow pipe 12 and is pumped through the valve assembly 19. In
      reference especially to FIG. 2, the flow is from the threaded end 22
      towards the threaded end 23. Each time the subsurface pump (not shown)
      causes a surge of fluid, the valve 30 is lifted off the valve seat 33 and
      the fluid passes out through the ports 38 and 39 and on to the threaded
      end 23 and out through the flow pipe 12. As the valve 30 is lifted off the
      valve seat 33, the magnet 35 travels near the proximity switch 25, thereby
      closing the switch and allowing the conductor 20 to be grounded.
PAR  Referring now to FIG. 3, there is illustrated in greater detail the control
      panel 21. The conductor 20, which is grounded each time the proximity
      switch 25 of FIG. 2 is closed, is connected into an integrator timer 40,
      the output of the integrator timer 40 being connected to a shutdown timer
      41 whose output is connected to a pump-up timer 42. The output of the
      integrator timer 40 is also connected to the variable electronic scaler 45
      whose output drives a visual monitor 46 bearing the legend "EQUIPMENT
      MONITOR". The output of the pump-up timer 42, through a reset line 43,
      causes each of the three timers to be reset upon a recycling of the
      system. It should be appreciated that the illustration of FIG. 3 is
      included primarily to show the physical layout of the timing mechanisms
      and the visual monitor 46. As will be explained in more detail with
      respect to FIG. 4, the visual monitor 46 has any given number of lights
      but the preferred number is three, bearing the numerals 1, 2 and 3,
      respectively.
PAR  As previously set forth, the shutdown signal from integrator circuit 40 is
      communicated to scaler 45 which accumulates these signals. A successful
      restart of the pumping operation after the shutdown period, which restart
      features a pumped fluid flow equal to or higher than the present minimum
      in the integrator assembly, serves to reset the scaler to zero and wipe
      out any previous accumulated shutdown signal or signals less than three.
PAR  The scaler is brought into the operation of the system when the system
      begins to repeatedly cycle and recycle without ever obtaining a pumped
      flow rate at least equal to the minimum rate preset into the integrator
      assembly 40. As the shutdown signals after repeated unsuccessful
      recyclings are received sequentially by the scaler 45 from the integrator
      timer circuit 40, the lights in the monitor 46 are activated in succession
      to indicate the number of times the system has been shut down. For
      example, during the operation of the system, the first time the system is
      shut down, the number 1 will be lighted by a red light on the monitor 46
      and the numerals 2 and 3 will be sequentially illuminated on subsequent
      shut downs. A recorder connection 47 is provided for utilizing a strip
      chart recorder or the like in providing a permanent monitor of the
      operation of the system.
PAR  The integrator 40, shutdown timer 41 and pump-up timer 42 are commercially
      available from the Eagle Bliss Division of Gulf-Western Industries, Inc.
      of 925 Lake Street, Baraboo, Wis. 53193, such items bearing the following
      part numbers: Integrator 40, Part No. HP51A6; shutdown timer 41, Part No.
      HP510A6; and pump-up timer 42, Part No. HP56A6.
PAR  Referring now to FIG. 4, the electrical circuitry of the system is
      illustrated in greater detail. The proximity switch 25 is shown as
      applying, upon its closure, a ground to the conductor 20. The conductor 20
      is connected to one of the outputs of the oscillator 50 within the
      integrator timer circuit 40. The oscillator 50 can be set at any frequency
      desired, but as is explained hereafter, is preferably operating at
      approximately twice the frequency of the variable frequency oscillator 51.
      By way of further example, the oscillator 50 has a nominal frequency of 10
      kHz and the variable frequency oscillator 51 is set at 5 kHz. The outputs
      of the oscillator 50 and the oscillator 51 are connected to digital
      counters 52 and 53, respectively. The outputs of the counters 52 and 53
      are connected into a comparator circuit 54. If the output of the counter
      53 exceeds the output of the counter 52, as shown by the comparator 54,
      this is indicative that the system is pumping oil less than fifty percent
      of the time. In response to such an adverse comparison, the comparator 54
      generates a signal which in turn triggers the single shot multivibrator
      circuit 55 which in turn is connected into other of the components of the
      circuitry of FIG. 4. Although the oscillator 50 has been described as
      being set at twice the frequency of the oscillator 51, other frequencies
      can be used to provide different percentages. Thus, if the oscillator 50
      is set at four times the frequency of the oscillator 51, then the system
      ascertains whether the oil is being pumped 25 percent of the time. It
      should also be appreciated that it is preferable to provide a comparison
      over a given period of time; for example, during one minute.
PAR  For this purpose, a clock 56 having an output connected to counters 52 and
      53 is used to supply the given period of time and can be preset for any
      desirable time period, such as one minute. The clock runs only during the
      normal pumping period and is started by the signal output of the pump-up
      timer 42 transmitted along conductor 44. The clock is stopped by the
      shutdown signal from multivibrator 55 transmitted along conductor 48.
PAR  Counters 52 and 53 can be of the type having conventional shift registers
      which are clocked out into the comparator 54 upon receiving the clock
      pulse periodically; for example, every minute. Thus during the time
      between the termination of the pump-up period and the shutdown signal
      generated by the multivibrator 55, the clock will transmit output pulses
      to the shift registers at the predetermined intervals. By then comparing
      the outputs of counters 52 and 53, the apparatus determines whether the
      percentage of time the flow valve 30 has been open is at, above, or below
      the preset value.
PAR  This eliminates problems such as might be occasioned by an infrequent gas
      bubble or the like which might cause the valve to not come off the seat 33
      upon any given stroke of the pump. Since a percentage of 50 percent is
      theoretically the perfect condition, a reasonable setting of the variable
      frequency oscillator would be 4 kHz in conjunction with the 10 kHz output
      of the oscillator 50. Under these conditions, a signal would not be
      produced from the single shot multivibrator 55 until there was a showing
      that the system was operating less than 40 percent of the time.
PAR  The output of clock 56 is also connected to an AND gate 57 which is used in
      the reset circuit for the scaler 45. A reset line 76 connects the AND gate
      57 to scaler 45. The AND circuit receives as a second input, the output
      from an inverter 58. The inverter receives the output signal from
      comparator 54, inverts the signal, and transmits it to the AND gate.
PAR  The AND gate 57 may be of any of the commercially available logic circuits
      of this type, which components are known to those skilled in the art.
PAR  The particular AND gate utilized is a solid state circuit which, when
      receiving two input signals will generate an output signal; but when
      receiving only one input signal or no input signal, will generate no
      output signal.
PAR  The output of the single shot multivibrator 55 is connected by conductor 60
      to the input of the shutdown timer 41 which can be adjusted to any
      predetermined period, for example, four hours. The output of the shutdown
      timer 41 is connected to the input of a pump-up timer 42 which can also be
      adjusted to any preselected time, for example, 20 minutes. The shutdown
      timer 41 and the pump-up timer 42 each contains a single shot
      multivibrator for producing a single pulse at their respective outputs at
      the conclusion of the given time periods.
PAR  The conductor 60 is also connected to the coil 63 of a relay 64, the other
      side of the coil 63 being grounded. The relay 64 has a pair of normally
      open and normally closed contacts. The output of the shutdown timer is
      also connected to the coil 65 of a relay 66, the other side of the coil 65
      being grounded. The relay 66 also has a pair of normally open and normally
      closed contacts. The output of the pump-up timer 42 is connected to the
      coil 67 of a relay 68, the other side of the coil 67 being grounded. The
      relay 68 also has a pair of normally open and normally closed contacts.
PAR  The lower normally open contact of relay 64 is connected to a power supply,
      illustrated as being a battery 70 which is of adequate voltage to maintain
      the relay 64 in the latched position. The lower normally open contact of
      relay 66 is similarly connected to a power supply 71 for similar reasons.
      The upper normally closed contact of relay 64 is connected to a conductor
      72 which in turn is connected to the upper normally open contact of relay
      66. The upper wiper arm of relay 64 is connected to conductor 73 which is
      connected directly to the prime-mover power supply 74. The conductor 73 is
      also connected to the upper wiper arm of relay 66. The lower wiper arm of
      relay 64 is connected to the upper wiper arm of relay 68. The lower wiper
      arm of relay 66 is connected to the lower wiper arm of relay 68. The
      ungrounded side of the coil 65 in relay 66 is connected to the lower
      normally closed contact of relay 68. The upper normally closed contact of
      relay 68 is connected to the ungrounded side of the coil 63 in relay 64.
PAR  The output of the single shot multivibrator 55 is also connected thru
      conductor 80 to the input of a variable electronic scaler 45 which, for
      example, produces one pulse out for each three pulses in from the single
      shot multivibrator 55. The output of the scaler 45 is connected to the top
      of a coil 82 of a relay 83, the other side of the coil 82 being grounded.
      The upper normally closed contact of relay 83 is connected directly to the
      prime-mover 17. The upper wiper arm of relay 83 is connected to conductor
      72. The lower wiper arm of relay 83 is connected to a power supply 84
      suitable for latching the relay 83. The lower normally open contact of
      relay 83 is connected through a spring-loaded normally closed switch 85
      back to the ungrounded side of the coil 82 of relay 83.
PAR  In the operation of the circuit of FIG. 4, there has already been described
      the effect of an adverse comparison being made in the circuit 54 to thus
      produce a single voltage pulse from the output of the single shot
      multivibrator 55 which occurs on the conductors  60 and 80. Such a pulse
      appearing on the input of the shutdown timer 41 causes the timer 41 to
      count for a predetermined time interval, for example, 4 hours.
      Simultaneously with the production of this signal upon conductor 60, the
      relay 64 is momentarily energized and latched into a position such that
      the wiper arms are in contact with the normally open contacts,
      respectively. The action of the power supply 70 causes the relays to be
      latched in such a position. This removes the prime-mover power supply 74
      from the prime-mover 17 and the pumping action terminates. As soon as the
      preselected time of the shutdown timer 41 has expired, a single pulse is
      generated at the output of the timer 41 which activates the relay 66. This
      causes the relay 66 to latch in position such that the wiper arms are in
      contact with the normally open contacts, respectively. This causes the
      output of the prime-mover power supply 74 to be connected to the
      prime-mover 17 and the pumping action is again commenced. Simultaneously
      with the activation of the relay 66, the output of the timer 41 is coupled
      into the pump-up timer 42 which is set for a predetermined time, for
      example, twenty minutes, and thereafter which generates a single pulse of
      its own which is coupled back to reset the pump-up timer 42, the shutdown
      timer 41 and the counters 52 and 53 in the integration timer 40.
      Simultaneously with this resetting operation, the output of the pump-up
      timer 42 activates the relay 68 which causes the relays 64 and 66 to be
      unlatched and their wiper arms to be returned to the positions as
      illustrated in FIG. 4. This allows the output of the primer-mover power
      supply 74 to remain connected to the prime-mover 17 and the system has
      thus been recycled.
PAR  Each time the output of the single shot multivibrator 55 produces a voltage
      pulse on the conductor 80, the pulse is coupled into the variable scaler
      45 which is set, by way of example, to produce a single output pulse for
      each three pulses in. The reset system for scaler 45 operates to send a
      reset signal to scaler 45 as long as the pump operates efficiently (i.e.
      above the preset desired level) and prevents the scaler from completely
      shutting down the pumping assembly. This method of operation can be
      clearly seen by considering what occurs in the system after the pump-up
      timer has operated the pump a sufficient time hopefully to fill the tubing
      with well fluids again after the preceding shutdown period has allowed the
      pumped fluids to leak back down the well. At the end of the pump-up
      period, the signal from the pump-up timer will reset the system and will
      begin clock 56 to running. After the first time period has run on clock
      56, a signal is generated by the clock to the counters 52 and 53 and to
      the AND gate 57. The counters will signal their outputs to the comparator
      54 and if the well fluid flow is satisfactory, the comparator will refrain
      from signaling the multivibrator and no input will occur from the
      comparator to the inverter 58. The inverter will read the zero signal as a
      "low level" signal and will invert this to a "high level" signal which
      will be transmitted to the AND gate. Upon receiving the input signals from
      the inverter and the clock 56, the AND gate 57 will generate a reset
      signal which will be transmitted along reset line 76 to the scaler 45,
      setting the scaler back to zero.
PAR  If, on the other hand, the comparator makes an adverse comparison, i.e. the
      wellfluid being pumped has dropped below the desired flowrate, the
      comparator will transmit a high level signal to the inverter which, in
      turn, will signal a zero signal to the AND gate simultaneously with the
      clock signal, and no reset will be transmitted to the scaler.
PAR  After the predetermined downtime has run, if the system again fails to
      achieve the desired flowrate at the end of the pumpup cycle, the AND gate
      will again refrain from signaling a reset and scaler 45 will record a
      second shutdown. Upon a third shutdown of the system under these
      circumstances, the scaler will completely shutdown the system.
PAR  After the system has been unsuccessfully restarted and then shutdown three
      times, the three pulses produced by the single shot multivibrator 55 will
      have been transmitted to the scaler circuit 45 which then produces a
      single pulse at its output and activates the relay 83 which is latched in
      such a position by the power supply 84. This causes the prime-mover power
      supply 74 to be removed from the prime-mover 17 and the pumping action is
      terminated. The system cannot be recycled at this point until the
      spring-loaded switch 85 is manually activated to the open position to
      unlatch the relay 83 and thus allow the system to be recycled.
PAR  Usually, three recycles of the system without a reset of the scaler
      indicates pump or sucker rod malfunction or that pumpoff of the well is no
      longer economically feasible.
PAR  After inspecting the physical equipment, if the operator should determine
      that there is no equipment malfunction, he may wish to set a longer
      downtime into the downtime timer to determine if the well can still be
      pumped economically by increasing the downtime, thereby allowing a greater
      amount of wellfluids to seep into the wellbore before restarting the pump.
PAR  Alternatively, rather than having the operator guess at a new downtime,
      additional circuits may be added to the control system to calculate and
      continuously record the actual percentage of time that pumped fluid has
      flowed from the well.
PAR  Thus, upon checking the well and discovering that it has been shutdown
      completely by the scaler circuit, the operator may then check the
      percentage recorder to see how close to the preset minimum flow rate the
      actual flow rate was before shutdown. If it appears to be only slightly
      lower, he may then either increase the preset downtime on the shutdown
      timer, or alternatively, he may want to reset the minimum percentage by
      varying the variable frequency oscillator to obtain a minimum percentage
      just below the actual pumping percentage as indicated by the recorder.
PAR  The recording circuit is indicated in FIG. 4 and includes a multiplier 59,
      a divide circuit 61, a recorder 62, and a gang tuner 69. Multiplier 59
      receives the output of counter 53 which counts the variable frequency
      oscillator output.
PAR  The multiplier 59 is a variable multiplier and exhibits a multiplying value
      dependent upon the frequency selected for the variable frequency
      oscillator (VFO) and the ratio of the frequency of the VFO to that of the
      other oscillator 50. The gang tuner 69 is connected to the VFO and the
      multiplier so that adjustment of the VFO simultaneously makes a
      corresponding change in the multiplier. The gang tuner is chosen to make
      the multiplication factor inversely proportional to the VFO frequency.
PAR  The amount of multiplication obtained in the multiplier is designed to
      equal the ratio of the frequency of oscillator 50 to the frequency of the
      VFO. This offsets the originally adjusted-in disparity between the
      frequencies of the two oscillators and allows the actual flow percentage
      to be calculated from the oscillator outputs.
PAR  For instance, using the figures of the previous example, with a VFO
      frequency of 5 kHz, and a frequency of 10 kHz in oscillator 50, the
      multiplier will utilize a multiplication factor of 10 divided by 5, or 2.
      This adjusts the ratio of oscillator frequencies back to where a direct
      flow percentage may be calculated. Calculation of flow percentage is
      achieved in the divide circuit 61 which receives as inputs the outputs of
      multiplier 59 and counter 52. The output of counter 52, transmitted to the
      divide circuit by conductor 75, is divided by the output of multiplier 59
      to obtain the exact flow percentage.
PAR  This percentage is transmitted from the divide circuit to a recorder 62
      which preferably has a visible, lighted panel showing the instant flow
      percentage if the pump is presently running, or the last calculated
      percentage of the immediately preceding cycle when the pump is shutdown.
      The recorder also preferably utilizes a chart or graph recorder to
      maintain a continuous written record of the pumping efficiency to allow
      the well operator to review past pumping operations.
PAR  The components utilized in the gang tuner, multiplier, divide circuit, and
      recorder are readily known to those skilled in the electronics art and are
      obtainable commercially.
PAR  For example, with an integrator circuit utilizing an oscillator 50 with a
      frequency of 20 kHz and a setting on the VFO of 7 kHz, the pumpoff control
      system is set to shutdown the system when the pumping efficiency drops
      below 35%. This is determined by the calculation:
      ##EQU1##
PAR  Should the pump be pumping fluid at a rate greater than 35% and then drop
      to a level such as 33%, the system would recycle as previously described.
      If, during the subsequent pump-up cycle, the flow rate should reach only
      33%, then at the end of the pump-up period the system will shut down and
      no reset signal will be conveyed to the scaler. After three unsuccessful
      recycles during which the flow rate never exceeded 33% during the pump-up
      period, the scaler will completely shut down the system, requiring a
      manual reset and restart of the apparatus.
PAR  During the pump-up period when the flow rate is 33%, the VFO will be
      generating a signal with a frequency of 7 kHz, and, during one time period
      (60 seconds) of clock 56, will emit 7 .times. 1000 .times. 60 impulses, or
      4.2 .times. 10.sup.5 impulses. The oscillator 50 will emit 20 .times. 1000
      .times. 60 .times. 0.33 pulses, or 4.0 .times. 10.sup.5 pulses. Since
      counter 53 registers a greater number of pulses than counter 52,
      comparator 54 generates an adverse signal and the system is shutdown at
      the end of the pump-up period.
PAR  Prior to the pump-up period, the setting of the VFO and the frequency of
      oscillator 50 have determined a frequency ratio of 20/7. The setting of
      the VFO operates via gang tuner 69 to obtain a multiplication factor of
      20/7 (approx. 2.86) in the multiplier 59. During the pump-up period, the
      count of counter 53 from the VFO is multiplied in the multiplier by 2.86
      to obtain a count of 2.86 .times. 4.2 .times. 10.sup.5 pulses, or 1.2
      .times. 10.sup.6 pulses. The divider then divides this sum into the number
      from counter 52 thusly,
      ##EQU2##
      and obtains a percentage of 33, which as noted earlier, is the actual
      pumped flow percentage achieved during the pump-up period. This figure
      will be visible on the display panel as well as being recorded on a chart
      or graph.
PAR  The operator may then want to increase the downtime period or change the
      VFO to a frequency below 33% of that of the oscillator 50. For instance, a
      VFO frequency of 6 kHz would give a minimum flow percentage of 30% and
      would allow the pump to operate and cycle successfully at the 33% level.
PAR  In FIGS. 5, 6, and 7 a second pumpoff control system is illustrated wherein
      the shutdown timer system is replaced with a runtime analyzer to further
      optimize pumping operations at the well. Instead of using a preset
      downtime such as was obtained by the setting of timer 41, this system,
      utilizing the runtime analyzer, calculates the ratio of a preset desirable
      runtime to the actual runtime of the previous cycle, and, calculating the
      upcoming downtime by multiplying the previous downtime by this ratio,
      adjusts the actual runtime indirectly by varying the downtime to achieve
      an actual runtime as close as possible to the desirable preset runtime.
PAR  Thus, by adjusting the preset desirable runtime over an extended period of
      time, the operator can determine the longest period of runtime obtainable
      without causing a disproportionate increase in the downtime required to
      maintain that runtime. This optimizes the pumping efficiency and minimizes
      the number of times per day the pumping system will be cycled on and off.
PAR  For example, with a low pressure producing well which has to be pumped for
      production and the maximum amount of oil that will seep into the borehole
      from the formation during a 24 hour period being about 500 barrels, with a
      1500 barrel per day pump the optimum runtime of the pump would be 8 hours
      per day. But it is obvious that the pump cannot be simply turned on for 8
      straight hours and then shut off for 16 hours each day because, due to the
      low formation pressure, the borehole cannot accumulate 500 barrels of oil
      at one time no matter how long the pump is shut down.
PAR  Thus, the pump must be run for a period of time equal to approximately
      one-half the time required for the borehole to fill up to its highest
      level under the existing formation pressure, since, in this example, the
      optimum runtime is one-half of the optimum downtime.
PAR  Other wells may exhibit different ratios, for instance a 1000 barrel per
      day well with a 2500 barrel per day pump would have an optimum runtime -
      downtime ratio of 2:3. When the time is determined for the borehole to
      fill with well fluids to its highest level, then this is the optimum
      downtime and the runtime of the pump should be two-thirds of this optimum
      downtime.
PAR  The system operates upon the basis of the following equation:
      ##EQU3##
      where t.sub.n = time of the upcoming downtime period;
PA1  T.sub.s = reference pump running time set manually by the operator on a
      variable timer;
PA1  T.sub.(n-l) = elapsed runtime of the immediately preceding pumping cycle;
PA1  t.sub.(n-l) = downtime of immediately preceding pumping cycle.
PAR  This equation if used in the runtime analyzer to vary the downtime,
      t.sub.n, to achieve an actual runtime T.sub.(n-l) as close as possible to
      the preset desirable runtime T.sub.s.
PAR  Looking at FIG. 5, a schematic layup of the control panel of this system
      having a partial flow diagram is shown. An integration timer 40 identical
      to that of FIG. 3 has an output directed to the reference runtime timer
      101. The panel also has a pump-up timer 42, a scaler 45, equipment monitor
      46, and recorder connection 47. A manual switch 103 is located in the
      output conduit from the integrator 40 to the scaler 45 to allow the scaler
      and automatic shutdown subsystem to be manually cut out of the control
      system.
PAR  Referring now to FIG. 6, the partial schematic flow diagram of the
      circuitry of the system is illustrated. The integrator circuit 40 is
      identical to that of FIGS. 3 and 4. The output of the single shot
      multivibrator 55 moves through conductor 60 to a runtime analyzer 104
      shown in more detail in FIG. 7. Analyzer 104 utilizes the previous
      runtime, reference runtime, and previous downtime in the formula explained
      above to calculate a new downtime for the present cycle. It should be
      noted here that the previous runtime was terminated exactly as it was in
      the system of FIGS. 1-4, that being by a signal generated in the
      integrator circuit when pumping efficiency dropped below the predetermined
      level set in the variable frequency oscillator 51. The reference runtime
      does not directly affect the actual runtime but is an arbitrary desirable
      figure chosen by the operator.
PAR  Almost simultaneously with the signal from the multivibrator 55, the
      analyzer 104 calculates the downtime and sets the downtime timer running.
PAR  The shutdown signal from multivibrator 55 to relay 64 energizes the coil 63
      therein and moves the upper wiper arm of relay 64 to the normally open
      contact thereby breaking the circuit from the prime-mover power supply 74
      to the prime-mover 17, shutting down the pumping apparatus. Energizing
      coil 63 also moves the lower wiper arm of relay 64 to the normally closed
      contact thereby placing voltage source 70 into contact with the ungrounded
      side of coil 63 via relay 68. This maintains coil 63 energized and locks
      relay 64 into this position thereby maintaining an open switch between the
      prime-mover and its power supply.
PAR  Upon completion of the downtime phase of the cycle, as calculated by
      analyzer 104 and obtained by the downtime timer therein, a second signal
      is generated which moves along conductor 105 to coil 65 of relay 66. This
      moves the upper wiper arm of relay 66 from the normally open contact to
      the normally closed contact thereby creating a circuit from the
      prime-mover power supply 74 to the prime-mover 17. Simultaneously, the
      lower wiper arm of relay 66 moves downward from the normally open contact
      to the normally closed contact thereby placing voltage source 71 in
      communication with the ungrounded side of coil 65 via relay 68. This
      maintains coil 65 energized and locks relay 66 into this position,
      momentarily, thereby supplying power to the prime-mover once again for
      pump operation during the pump-up period.
PAR  Upon running of the pump-up period, as determined by the preset pump-up
      timer, a signal is generated by the pump-up timer and transmitted to coil
      67 of relay 68, energizing the coil, and moving the upper and lower wiper
      arms to the normally open contacts associated therewith. Movement of the
      lower wiper arm to the normally open contact breaks the circuit from the
      voltage source 71 to coil 65, thereby deenergizing the coil and allowing
      the wiper arms to return to their upper positions. This breaks the
      temporary circuit from the prime-mover 17 to its power source.
PAR  The movement of the upper wiper arm of relay 68 to the normally open
      contact in response to energization of coil 67 by the pump-up timer 42
      breaks the circuit from voltage source 70 to coil 63. This deenergizes
      coil 63, allowing the wiper arms to return to their upper contacts,
      thereby reestablishing the normal power supply circuit from power supply
      74 to the prime-mover 17 via the upper wiper arm and the upper, normally
      closed contact of relay 64.
PAR  During the pump-up cycle the pump is run without regard to the amount of
      fluid being produced. The shutdown circuit is temporarily removed from the
      pumping circuit to allow the pump to run long enough to bring fluid all
      the way back up the borehole and out the flowpipe to the flow sensing
      means. This is necessary because most of the fluid left in the wellbore
      above the pump from the previous pumping cycle will eventually, during the
      shutdown period, leak back around the pump and go back down into the
      formation.
PAR  Excluding the shutdown mechanism from the pump-up period allows the pump to
      run the entire pump-up period and obtain a flow of wellfluids before
      activating the cycling circuits again.
PAR  At the point where the pump-up period ends and wellfluids are being pumped
      again, the integrator circuit is reset and pumping will continue until the
      flow sensing means 19 signals to the integrator 40 that fluid flow from
      the well has dropped below the preset desired level, at which time the
      shutdown cycle will begin again with a newly calculated downtime value.
PAR  It should also be noted that the output signal of the downtime timer in the
      analyzer is also returned to the analyzer as a reset signal along a
      conductor 108.
PAR  Referring now to FIG. 7, a partial schematic flow diagram of the runtime
      analyzer 104 is shown in which the abovementioned calculation is
      performed. The analyzer has a previous elapsed runtime module 109 for
      receiving the shutdown signal along conductor 60 from multivibrator 55 and
      also the startup signal from the downtime timer 110 along conductor 111.
      Utilizing the shutdown signal from integrator 40 and the signal from timer
      110 as input signals, the module 109 generates an output signal linearly
      proportional to the time lapsed between the two input signals and
      transmits the output signal along conductor 112 to a division circuit 113.
      This output signal could be, for example, an electrical signal such as a
      linear ramp voltage.
PAR  A reference runtime module 114 is also applying a signal such as a linear
      ramp voltage to the division circuit, with the reference signal from
      circuit 114 being determined by the operator who presets the value into
      the analyzer by variable control means such as a rheostat. The reference
      runtime signal may be a continuous signal or can be a pulse signal
      generated by command from either module 109 or integrator 40.
PAR  The division circuit divides the reference runtime value by the previous
      runtime value and generates a signal proportional to this quotient and
      transmits the signal via conductor 115 to a multiplication circuit 116. A
      previous downtime module 117 simultaneously calculates the downtime of the
      immediately previous cycle from inputs received along conductor 106 from
      the downtime timer 110, and conductor 102 from a comparator 124, and
      generates a signal proportional to the previous downtime, transmitting the
      signal via conductor 118 to a comparator 119. A minimum downtime signal
      generator 120, which can be varied by the well operator, also generates a
      signal proportional to this preset minimum downtime, which signal is
      transmitted via conductor 121 to the comparators 119 and 124. The
      comparator 119 receives the two signals described and transmits the larger
      of the two received signals via conductor 122 to the multiplier 116 which
      receives the compared downtime value and multiplies it by the quotient of
      the reference runtime by the previous runtime as indicated by the signal
      from the division circuit 113.
PAR  It should be noted that during initial startup of the system, the previous
      downtime is zero, therefore comparator 119 utilizes the preset minimum
      downtime to relay to the multiplication circuit 116.
PAR  The result of the multiplication is the generation of a new signal
      indicative of the newly calculated downtime, which signal is conveyed via
      conductor 123 to a comparator 124 which compares it to the preset minimum
      downtime signal received from the minimum downtime signal generator 120
      via conductor 121. If the new downtime is greater than the preset minimum
      time, the comparator relays this value to the new downtime timer 110 via
      conductor 125, otherwise, the minimum downtime value is transmitted to the
      downtime timer. The new downtime signal starts the downtime timer running
      while simultaneously setting the length of time the downtime timer is to
      run. The downtime timer can be any device which receives a linear
      electrical signal such as a linear analog voltage.
PAR  After the downtime timer has run the length of time required, the startup
      signal, as previously described, is generated and transmitted via
      conductor 105 to the pump-up timer 42. This starts the pumping apparatus
      back up as previously described.
PAR  After the pump-up period is completed, the prime-mover will then continue
      to operate on this second cycle until the flow production drops below the
      desired percentage set into the integrator 40 at which time the above
      shutdown cycle will occur again.
PAR  As an example of the above operation in a hypothetical well, the well
      operator chooses a reference runtime of 1 hour, a minimum pump flow of
      40%, and a minimum downtime of 2 minutes. The system is energized and the
      pump operates for 3.5 hours before dropping below the desirable 40% level
      at which time the integrator signals the shutdown of the pump prime-mover.
      Since this is the initial cycle, the comparator 119 signals a time of 2
      minutes (minimum downtime).
PAR  The calculation performed by the analyzer will be thus:
      ##EQU4##
PAR  Since the newly calculated downtime t.sub.1 for this cycle is less than the
      minimum downtime, comparator 124 will signal a new downtime of 2 minutes
      to the downtime timer 110.
PAR  On the next cycle the pump runs for the 20 minute pump-up period, at the
      end of which production is below 40% and the system shuts the pump down.
      The new downtime is calculated:
      ##EQU5##
PAR  After the 6 minute downtime, the pump again runs for the 20 minute pump-up
      period and 4 additional minutes before the system shuts it down, and
      t.sub.3 is calculated as:
      ##EQU6##
EQU  t.sub.3 = 15 minutes.
PAR  The system will continue to cycle as the well is repeatedly pumped below
      the 40% flow capacity. The downtime will be varied until the actual
      runtime approaches one hour as previously determined desirable.
PAR  When the downtime has stabilized, for example at 45 minutes and the well
      operator has observed this leveling off, he can then take the ratio of
      actual ontime, 1 hour, to stable downtime, 45 minutes or: 1.0/0.75 = 1.33,
      and raise the reference runtime; for example, to 2 hours. If, after the
      control system has once again stabilized, and the ratio of runtime to
      downtime has not varied too much from the 1.33 calculated with the
      previous runtime of 1 hour, he may want to leave the runtime at 2 hours
      or, he may want to try to increase the runtime again to see if the ratio
      remains unchanged with an even longer runtime.
PAR  Over a period of several weeks or months as the oil level in the formation
      near the well begins to drop appreciably, the operator may have to cut
      back the reference runtime if he notes a significant increase in downtime
      to maintain the previously arrived at optimum ontime.
PAR  From the description above it is clear that further modules could be added
      to the analyzer circuit 104 to automatically adjust the reference runtime
      to an optimum value as it was done manually at the end of the hypothetical
      example above. This would require a division circuit module to obtain the
      ratio of actual runtime to latest downtime and retain these ratios until a
      maximum is reached, then automatically adjust the reference runtime upward
      until a predetermined deviation downward from the maximum ratio
      ##EQU7##
      occurs, for example, a 10% decrease in the optimum ratio.
PAR  It is clear that one skilled in the electro-mechanical arts could arrive at
      such a modification utilizing known components and the structure of the
      apparatus herein disclosed.
PAR  Also, while the above examples and embodiment of the invention utilized the
      immediately preceding elapsed pump runtime to calculate the new downtime,
      it is possible to utilize any other elapsed previous runtime than the
      immediately preceding one. Alternatively, circuits could be provided to
      utilize an average of any two or more previous elapsed runtimes to
      calculate the new downtime.
PAR  It should also be noted that whereas only a minimum downtime regulating
      means is disclosed, it would be possible to utilize additional circuits to
      allow a maximum downtime to be set for the cycles. This could also be made
      inherent in the circuits previously described; for example, the downtime
      timer could incorporate such a limitation and it could be made variable at
      the well operator's control.
PAC  ADVANTAGES OF THE INVENTION
PAR  In order to produce a well at its maximum rate, the downhole pump and
      surface equipment must raise the fluid to the surface just as fast as the
      formation will give it up. This would be very easily accomplished if well
      conditions never changed, and if downhole and surface pumping equipment
      could be sized exactly to each individual well. Since oil wells and oil
      field equipment rarely behave like laboratory models, the industry has
      been faced with pumping problems ever since the first rod pumped well was
      connected to a flowline.
PAR  Normally, if the well operator has installed and adjusted his pumping
      equipment to produce a well at its absolute maximum rate, the bottom hole
      fluid level is so low that most of the time the subsurface pump is not
      being filled to capacity on each stroke and the well is "pumping-off".
      When this condition exists, fluid pound occurs and equipment starts
      breaking due to excessive stresses. If there is enough equipment available
      to pump the well down and it is not "pumping-off", then the well is not
      producing at its absolute maximum capacity and adjustments need to be
      made.
PAR  In a well which has the capability to "pump-off" this invention will detect
      and make appropriate corrections for two major conditions. First, when the
      well is pumping down, the system will detect the "pumped-off" condition;
      automatically regulate the pumping time to pump only when fluid is
      available; and stop pumping when sufficient fluid is not available to fill
      the subsurface pump thus reducing the occurrence of rod parts and
      equipment breakage. Secondly, the system will shut down the pump and
      signal the well operator whenever there is a lifting equipment failure
      which will require remedial action or replacement.
PAR  For wells which are prolific producers or where it is not economically
      practical to install large enough equipment to keep the well pumped down,
      the present invention affords the well operator a means of detecting
      developing decreases in lifting efficiency and a means of quick detection
      of problems which require immediate attention. Without an automatic
      detection system, the normal response time for a well which has gone off
      production runs anywhere from 15 hours to 2 weeks. With this system,
      response time for any well should be shortened to a minimum of just a few
      minutes where a central monitoring station is set up, or a maximum of 24
      hours where a once-a-day visual well check by the pumper is used.
PAR  Since the system recognizes a pumped-off condition within the first minute
      of pump nonfilling, fluid pound is reduced to a bare minimum. By not
      allowing the well to pound fluid more than a minute, sucker rod life is
      extended, tubing parts are reduced, downhole pump and pumping unit service
      is lengthened, and the well operator's cost per barrel of crude is
      reduced.
PAR  Whenever a well has parted the sucker rods, worn out the stuffing box, has
      tubing leaks, or when the pump gas locks, very little, if any, fluid will
      be put into the flowlines. When any of these conditions exist, the pumping
      unit is shut down.
PAR  For easy detection of a nonproducing well, the control panel also has an
      external green light which goes off only when the nonproduction cycle
      counter has exceeded the preset number of cycles and has shut the pump
      down permanently.
PAR  A reduced production capability can be recognized by the pumper as he
      records the production monitor reading daily. The monitor advances one
      count everytime the pump is shut down by the control panel. Since this is
      the accumulated numbers of shutdowns, the pumper can tell every day how
      long the pump was down during the past 24 hours by taking the difference
      of the numbers every day. If the number of shut down periods start
      increasing markedly, this should alert the pumper that the well is not
      capable of producing as much fluid as previously.
PAR  If the pumper notices a marked decrease in the number of times the pump has
      been shut down, this indicates that more fluid is being produced. This
      will be especially advantageous in waterflood projects where the
      production of a well can change daily. This is one of the greatest
      benefits of the production monitoring system in that it will keep the pump
      running as long as fluid is available to be pumped. It only shuts down the
      pump when there is insufficient fluid to fill the subsurface pump.
PAR  As slippage between plunger and barrel increases due to normal pump wear,
      slightly less fluid is produced on every pump stroke. When this slight
      loss of production is multiplied by eight to 17 thousand pump strokes per
      day, the total production loss becomes considerable and worsens as pump
      wear continues. This increasing loss in pump efficiency can also be
      recognized with the production monitoring system. Under these conditions,
      the production monitor will register a fewer number of shutdown cycles per
      day and the percent production reading will also be lower. The pump
      efficiency can be determined by using this information and repairs can be
      made to remedy the problems.
PAR  The production monitoring system can also be applied to wells which do not
      normally pump off. Under these conditions, the device is used to monitor
      the pumping equipment and shut down the unit should there be a rod part,
      tubing leak or stuffing box failure. If a shutdown is registered, then a
      problem is indicated which should be immediately investigated. If there is
      no surface pumping equipment or rod string problem located, then the
      shutdown would indicate that the pump efficiency has decreased and repairs
      should be made to prevent further loss of production.
PAR  The system is designed so that whenever there is a power failure (such as
      electrical storm), the pumping unit will not come on immediately when
      power is restored. The control panel will start on the last digit of the
      down-time cycle, so that all wells do not start up simultaneously and
      overload the power transformers and blow power line fuses. This will be
      especially advantageous when power failures occur during the night when
      the pumper is not readily available to stagger pumping unit start-ups.
PAR  A downstream pressure sensing system may be used with the production
      monitoring and control system. This will be particularly useful where
      flowlines are exposed to freezing temperatures and where excessive parafin
      build up is encountered. The over-pressured flowline monitor can energize
      its own external warning light whenever the flowline pressure exceeds a
      predetermined maximum pressure, for example 250 PSI, thus giving the
      pumper an indication that the flowline is becoming plugged. If no remedial
      action is taken after the warning light is energized, the flowline monitor
      will shut the pumping unit down automatically when flowline pressure
      reaches some value above the preset maximum, for example 300 PSI. This
      could be a permanent shut down requiring that remedial work be done and
      the system be restarted manually.
PAR  The monitor and control circuitry has been designed so that line drivers
      can be installed to any of the monitoring functions for signal
      transmission to remote and computerized central locations.
PAR  Referring now to FIG. 8, another embodiment of the system is disclosed for
      use on a different type of oil well pumping installation. In this
      installation, an hydraulically actuated downhole pump 126 is sealingly
      located in a pump housing 127 attached to the lower end of a production
      tubing string 128. Elastomeric seals 129 provide sealing between housing
      127 and the wellbore casing or wall 130.
PAR  The well head 10 has a production flowpipe 12 leading therefrom to surface
      storage facilities (not shown). A flow sensor 19 may be located in
      flowpipe 12 to monitor flow therethrough. An electrical conduit 20 leads
      from sensor 19 to the controller panel 21 as previously described.
PAR  Hydraulic actuation fluid is pumped down tubing 128 by pump 131 which may
      be mechanically driven by a prime mover 136. A fluid reservoir 132
      provides hydraulic fluid via pipe 133 to pressurizer 131 which pressurizes
      the fluid and pumps it through high pressure conduit 134 to well head 10
      where it enters the tubing string 128.
PAR  A control lead 135 goes from panel 21 to a diverter valve 135a to
      communicate a divert signal from the controller panel to the valve 135a. A
      diverted fluid flowpipe 135b leads from valve 135a into the production
      flowpipe 12, downstream of sensor 19.
PAR  The well is pumped by providing high pressure hydraulic fluid down tubing
      128 to the hydraulic pump 126. The pump 126 may be a single-acting
      hydraulic pump known in the art, or may be a double-acting pump of the
      type disclosed in U.S. Patent Application Ser. No.: 494,104, filed Aug. 2,
      1974, by Donald E. Carrens and entitled "DOUBLE ACTING DOWNHOLE HYDRAULIC
      PUMP". The Carrens pump is a double-acting pump which pumps production
      fluid both on the upstroke and the downstroke.
PAR  Pumped fluid is discharged from the pump into the annulus above seals 129.
      The fluid column in the annulus above the seals is pushed upward and out
      flowpipe 12. The flow sensor 19 determines when production fluid is being
      pumped out of the well and sends the signal to the controller panel as
      previously described with respect to FIGS. 1 and 2.
PAR  Sensor 19 may be the valve type as shown in FIG. 2 or may consist of a flow
      orifice having pressure taps upstream and downstream of the orifice
      leading to a pressure switch to measure the differential pressure across
      the orifice and generate a signal when the pressure differential indicates
      fluid flow. Such sensors are disclosed in my copending U.S. Patent
      Application, Ser. No.: 452,851, filed Mar. 20, 1974, entitled "OIL WELL
      PUMPOFF CONTROL SYSTEM UTILIZING INTEGRATION TIMER", which application is
      herein incorporated by reference. Due to the relatively continuous pumping
      action of the double acting pump, the sensing system associated with the
      sensor 19 is primarily limited to use with the single-acting hydraulic
      pump unless some additional means such as a clock and relay are used with
      sensor 19 to provide a periodic signal therefrom.
PAR  The signal generated by sensor 19 is utilized in the controller panel, as
      previously described with respect to FIGS. 1 through 7, to determine the
      percentage of time during a given period that fluid is being pumped from
      the well and to regulate the well pump accordingly. When the production
      flow drops below the preselected minimum percentage, the diverter 135a is
      activated by way of lead 135 to divert a major portion of the pressurized
      activating fluid away from the downhole pump until the predetermined or
      precalculated downtime period has run and then the diverter is reactivated
      to begin pumping. A diverter is used to slow the pump down rather than
      shutting off the prime-mover since downhole hydraulic pumps are prone to
      sticking when completely stopped. The fluid pumping rate is then monitored
      again at some point in time after the pump has been returned to normal
      operation to determine if the recycle is successful or if the pump needs
      to be slowed down for an additional period of time. Again, as before,
      after a successful recycle the permanent shutdown counter 45 is reset to
      zero; or after a given number of consecutive unsuccessful recycles, the
      pumping system will be diverted permanently requiring a manual
      reactivation.
PAR  Due to the extremely high efficiency and capability of the hydraulic pump
      over the mechanically actuated pumps, this type of pumping installation is
      finding more and more usage in the oil fields. This is especially true in
      areas where large amounts of water are produced with the oil and where
      water-flood introduces large volumes of water into the production fluid.
PAR  Whereas the best of mechanical pumps may be capable of pumping up to 1000
      barrels of fluid per day, the same size hydraulic pump can pump up to 2000
      barrels per day from the same well. Thus, the present invention is
      particularly suitable on an hydraulically pumped well because the chances
      are greater that because of its higher capacity, the hydraulic pump will
      pump-off, whereas the mechanically pumped well might not. Therefore, even
      greater efficiency in production may be realized with this pump-off
      control system on an hydraulically pumped well because of the higher
      efficiency of the hydraulic pump and the reduction in unnecessary pumping
      achieved through this invention.
PAR  FIG. 9 illustrates in schematic diagram a pumping control installation in a
      well 10 having a pumped fluid flowpipe 12 leading therefrom, a production
      tubing string 137 inside the well casing 138, and an electric submersible
      well pump 139 inside the tubing string below the surface of the fluid 140
      in the well. An electric power supply conduit 141 extends the length of
      the well and a power lead 142 runs inside the conduit from the submersible
      pump to the controller panel 21. Electrical power is supplied to the
      controller panel 21 for lead 142 by means of an electrical power generator
      144 connected to panel 21 by electrical lead 143.
PAR  During the pumping operation, electrical power from generator 144 passes
      through lead 143, panel 21, lead 142 and into the electric pump 139. The
      pump draws in fluid from the well fluid 140 and pumps it up the tubing 137
      to the surface.
PAR  A small tube 145 is located in the well alongside the tubing 137 and has
      therein a sensor for detecting whether the liquid level in the well is
      above or below the tube lower end. The sensor may be any of the known
      mechanisms in the art for determining fluid level such as a differential
      pressure activated switch, a capacitance measuring switch, or wave-speed
      measuring system such as radar or an acoustic sounder. The tube 145 is
      connected by conduit 146 at the earth's surface to a switch 147 which
      generates an electrical signal at its output in response to the sensor
      within tube 145 sensing that the fluid level is below the end of tube 145.
      The electrical output of switch 147 is connected into the input of an
      inverter 148 whose output is connected into one input of an AND gate 149.
      The other input to the AND gate 149 is connected to the output of a clock
      150 which generates electrical pulses on a regular periodic basis, which
      period may be chosen by the well operator. The output of the AND gate 149
      is connected to a coil 151 of relay 152. The other side of coil 151 is
      grounded and the wiper arm of relay 152 is also grounded. The normally
      open contact 153 of relay 152 is connected to oscillator 154 in a manner
      similar to the other embodiment illustrated herein, for example as
      illustrated and described with respect to oscillator 50 of FIG. 4.
PAR  In the operation of the apparatus and circuitry which is schematically
      illustrated with respect to FIG. 9, during the normal pumping sequence the
      sensor, located in tube 145, is located beneath the level of fluid 140 in
      the well and no signal is generated by switch 147. Thus, a logic 0 is
      applied to the input of the inverter 148 and a logic 1 is applied to the
      input of the AND gate 149 as is the output of the clock 150. Thus, as the
      pump operates, a signal is produced at the output of the AND gate 149 as
      long as the fluid level in the well is above a predetermined level. This
      causes the relay 152 to be activated which causes the ground to be applied
      to oscillator 154 and the circuit thereafter operates in a manner as
      described with respect to FIG. 4. This circuit serves to determine whether
      the fluid within the well bore is at or above a predetermined level longer
      than a given percentage of time during a given time interval.
PAR  FIG. 10 illustrates an alternate sensing means for determining when fluid
      is being pumped from the well. This system is operable with either of the
      pumping installations of FIGS. 8 and 9. In this embodiment, the electrical
      load current on the pump motor is monitored periodically to provide an
      indication of the well pumping operation. The illustrated circuitry of
      FIG. 10 is provided in the controller panel to monitor the load current of
      the pump motor. In the apparatus of FIG. 8, the circuitry is located in
      controller panel 21 to monitor the load drawn when an electric motor is
      used as the prime-mover 136.
PAR  When an electric submersible pump is used as illustrated in FIG. 9, the
      circuitry in controller panel 21 monitors the load current supplied to the
      electric pump 139 by way of leads 143 and 142.
PAR  In FIG. 10, the electric motor being monitored for current load is
      illustrated schematically at 155 and has power supplied thereto by an
      electric power source connected to input terminals 156, 157, and 158. The
      power source may supply three-phase AC power, and the primary 159 of a
      transformer 160 is connected in series with the phase which is connected
      to the terminal 158. The secondary coil 161 of transformer 160 is
      connected to a difference amplifier 162 through a relay 163. The input
      from secondary coil 161 is connected to the wiper arm 164 of relay 163 and
      the normally open contact 165 is connected to amplifier 162. A clock 166
      produces a periodic output signal to coil 167, the opposite side of which
      is grounded.
PAR  Clock 166 is arranged to provide a periodic signal to coil 167 and the time
      period between the signals may be set by adjustment of the clock during
      manufacture or on location at the well site.
PAR  A second transformer 168 supplies a reference voltage from input terminals
      169 and 170 to an additional input on the difference amplifier 162. It
      should be appreciated that the difference amplifier 162 is conventional
      and is preferably arranged to supply an output voltage only at such times
      as the voltage applied to transformer 160 exceeds the voltage applied
      through transformer 168 to the difference amplifier.
PAR  As is well known in the art, the electric motor 155 driving the pump will
      draw more current when fluid is being lifted than when pumping dry. The
      reference voltage from transformer 168 is chosen to be between the voltage
      signaled by transformer 160 when the pump is pumping dry and that signaled
      by transformer 160 when the pump is pumping a load of fluid.
PAR  Thus, at each periodic signal of clock 166, relay 163 signals a voltage
      proportional to the load current on motor 155 and, if the pump is pumping
      fluid, the difference amplifier 162 produces an output signal which is
      applied to coil 170 of relay 171. The wiper arm 172 of relay 171 is
      grounded, and the normally open contact 173 is connected to the oscillator
      174. The output of oscillator 174 is connected into a counter similar to
      that of counter 52 of FIG. 4, and the operation thereafter is similar to
      that of the apparatus of FIG. 4, with comparisions being made with another
      oscillator (variable frequency) and its associated counter to determine
      whether the system is operating in a normal fashion for a predetermined
      percentage of time during a given time period. If the system is not
      operating for the predetermined percentage of time in a normal fashion,
      then the system proceeds to shut down and be recycled as previously
      discussed with respect to FIGS. 4 and 6.
PAR  This system is of a particular advantage where the hydraulic pump or
      electical submersible pump is operating in a well with varying conditions.
      For instance, in a well that flows alternating slugs of fluid and pockets
      of gas, a conventional well control system would tend to shut down the
      well for a predetermined, clocked period of time every time a bubble of
      gas passed through the pump. The prior systems also are subject to false
      readings and commands when a large sudden influx of gas in the well
      temporarily lifts the level of fluid in the well to an artificial level.
PAR  This system overcomes those deficiencies by determining the percentage of
      time over a given time period that fluid is being pumped from the well and
      shuts down the pumping operation only when that percentage drops below a
      certain preset desirable minimum amount.
PAR  Although specific preferred embodiments of the present invention have been
      described in the detailed description above, the description is not
      intended to limit the invention to the particular forms of embodiments
      disclosed therein since they are to be recognized as illustrative rather
      than restrictive and it will be obvious to those skilled in the art that
      the invention is not so limited. For instance, whereas the embodiment of
      FIG. 8 is described in conjunction with an hydraulic pumping installation
      using flow sensing means in the flowpipe, it is clear that the sensing
      systems, such as illustrated in the embodiments of FIGS. 9 and 10, could
      be used with the hydraulic pump of FIGS. 8 in place of the sensor
      therewith described. Likewise, the submersible electric pumping
      installation of FIG. 9 could be monitored with a system using the flowpipe
      sensor described with respect to FIG. 8 rather than the borehole fluid
      level sensor or the pump current load monitor. Also, while the preferred
      embodiment contemplates the use of various electrical, mechanical and
      electro-mechanical timing mechanisms, as well as the use of solid state
      devices such as the scaler circuit 45, those skilled in the art will
      recognize that equivalent devices can be used to provide the results of
      the invention. For example, the entire circuitry of FIGS. 4 and 6 can be
      fabricated from solid state components to provide greater space saving and
      cost reduction, as well as vastly improved reliability. Furthermore,
      although the preferred embodiment of the invention contemplates the use of
      electrical signals in determining the percentage of time in which the oil
      is flowing through the flow pipe, those skilled in the art will recognize
      that pneumatic signals can also be used in making such a determination.
      Likewise, although not illustrated, a ramp voltage device can be used and
      its amplitude compared at a given time with a known amplitude to provide a
      determination of the percentage of time during which the oil is being
      pumped. Thus, the invention is declared to cover all changes and
      modifications of the specific example of the invention herein disclosed
      for purposes of illustration which do not constitute departures from the
      spirit and scope of the invention.
PAR  As a further example, these embodiments of well pumping control systems are
      just as suitable for use on water wells, salt water wells, and any other
      type of fluid or gaseous wells operated by mechanical, hydraulic, or
      electric pumping means, in addition to oil wells as described hereinabove.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A system for controlling the operation of a well pumping installation
      including an hydraulically actuated downhole pump, a fluid pressurizer
      communicating with said pump, a motor for operating said pressurizer, and
      a well fluid flowpipe; said system comprising:
PA1  flow detection means located in the well flowpipe and arranged to be
      responsive to fluid flow therethrough;
PA1  signal means connected to said flow detection means and arranged to
      generate signals indicative of said response;
PA1  means for receiving said signals and determining if the percentage of time
      during a given time interval that such signals are occurring is below a
      predetermined value; and,
PA1  means for terminating the pumping operation when the percentage of time
      said signals are occurring is less than the predetermined value.
NUM  2.
PAR  2. The system of claim 1 further comprising:
PA1  means for restarting said pumping operation after a predetermined period of
      shutdown time in said system;
PA1  recycle means in said system for resetting said determining means and said
      terminating means to allow recycling of the pumping operation;
PA1  shutdown means for preventing recycling of the operation after such
      operation has been recycled a predetermined number of times; and,
PA1  resetting means for preventing the operation of said shutdown means when a
      successful recycle has occurred prior to recycling said predetermined
      number of times.
NUM  3.
PAR  3. The system of claim 2 wherein said terminating means comprises means for
      diverting a major portion of the pressurized fluid away from the hydraulic
      pump.
NUM  4.
PAR  4. The system of claim 2 wherein said terminating means comprises means for
      cutting off the pressurizer motor.
NUM  5.
PAR  5. The system of claim 2 further comprising:
PA1  means for generating a pumping signal indicative of the duration of pumping
      time during a given cycle; and,
PA1  means functionally related to said pumping signal for automatically
      adjusting the pump shutdown time during a subsequent pumping cycle.
NUM  6.
PAR  6. A system for controlling the operation of a well pumping installation
      including an hydraulically actuated downhole pump, a fluid pressurizer
      connected to said pump, a motor actuating said pressurizer, and a pumped
      fluid flowpipe; said system comprising:
PA1  means for determining the availability of pumpable fluid in the well bore;
PA1  means for generating signals indicative of said determination;
PA1  means for determining whether said signals are occurring less than a
      predetermined percentage of time during a given time interval; and,
PA1  means for terminating the pumping operation in the event of said lesser
      determination.
NUM  7.
PAR  7. The system of claim 6 further comprising:
PA1  means for recycling the operation after a predetermined time following the
      termination of the operation;
PA1  means for preventing recycling of the operation after such operation has
      recycled a predetermined number of times; and,
PA1  resetting means responsive to said determining means and arranged to
      override said preventing means when a recycle occurs wherein said signals
      occur at or above said predetermined percentage of time.
NUM  8.
PAR  8. The system of claim 7 wherein said means for determining the
      availability of pumpable fluid in the well bore comprises wave generating
      means in the well bore adapted to send an energy wave down the well bore
      to reflect back from the well fluid surface; and, measuring means for
      receiving said reflected wave and determining the well fluid level from
      information related to said wave reception.
NUM  9.
PAR  9. The system of claim 7 wherein said means for determining the
      availability of pumpable fluid in the well bore comprises sensing means
      suspended in the well bore at a predetermined pumpable level, said sensing
      means adapted to generate a signal in response to a fluid level at or
      above said pumpable level.
NUM  10.
PAR  10. The system of claim 7 wherein the pressurizer motor is electrically
      powered and said means for determining the availability of pumpable fluid
      in the well bore comprises circuitry for monitoring the load current of
      the pressurizer motor and for comparing the level of said load current
      with a predetermined reference level.
NUM  11.
PAR  11. A well production control system for controlling the operation of an
      electric submersible well pump; said control system comprising:
PA1  means for determining the availability of pumpable fluid in the well bore;
PA1  means responsive to said determining means for shutting down said electric
      submersible well pump when the availability of fluid drops below a
      predetermined level;
PA1  means for recycling said control system after said shutdown period;
PA1  means for shutting down said control system after a predetermined number of
      recycles; and,
PA1  means for resetting said system and overriding said shutdown means if the
      availability of fluid rises above said predetermined level before said
      predetermined number of recycles.
NUM  12.
PAR  12. The control system of claim 11 wherein said determining means comprises
      a fluid flow sensor in the flowpipe of the oil well, said sensor adapted
      to generate signals in response to the flow of fluid therethrough, said
      sensor arranged to communicate said signals to said shutdown means; and,
      said shutdown means comprising means for shutting off electric power to
      the electric submersible pump.
NUM  13.
PAR  13. The control system of claim 11 wherein said determining means comprises
      wave generating means in the well bore adapted to send an energy wave down
      the well bore to reflect back from the well fluid surface; and measuring
      means for receiving said reflected wave and determining the well fluid
      level from information related to said wave reception; said shutdown means
      comprising means for shutting off electric power to the electric
      submersible pump.
NUM  14.
PAR  14. The control system of claim 11 wherein said determining means comprises
      sensing means suspended in the well bore at a predetermined pumpable
      level, said sensing means adapted to generate a signal in response to a
      fluid level at or above said predetermined pumpable level; and said
      shutdown means comprising electric power cutoff means for shutting off
      electric power to the electric submersible pump.
NUM  15.
PAR  15. The control system of claim 11 wherein said determining means comprises
      circuitry for monitoring the load current of the electric submersible pump
      and comparing the level of said load current with a predetermined
      reference level.
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ABST
PAL  The invention relates to a fuel injection pumping apparatus which includes
      a feed pump the output pressure of which is controlled by valve. The feed
      pump supplies fuel to an injection pump under the control of a shuttle
      which is movable in a bore. The extent of movement of the shuttle
      determines the amount of fuel supplied by the injection pump to the
      associated engine. In addition, a fluid pressure operable device is
      provided to control the timing of injection of fuel to the engine, and the
      pressure for controlling the device is obtained from a point intermediate
      a fixed restrictor and a variable restrictor constituted by a groove
      formed in the shuttle and a port formed in wall of the bore accommodating
      the shuttle. Fuel from the outlet of the pump flows through the fixed and
      variable restrictors.
BSUM
PAR  This invention relates to liquid fuel injection pumping apparatus of the
      kind comprising an injection pump adapted to be driven in timed
      relationship with an engine to which fuel is to be supplied, a shuttle
      slidable within a bore, and means for conveying fuel from one end of the
      bore to the injection pump during a filling stroke of the injection pump,
      the excursion of said shuttle being indicative of the amount of fuel
      supplied to the engine and fluid pressure operable means for effecting an
      adjustment to the timing of injection of fuel to the engine.
PAR  The object of the invention is to provide such an apparatus in a simple and
      convenient form.
PAR  According to the invention, in an apparatus of the kind specified, said
      shuttle is provided with a groove and the wall of the bore with
      co-operating ports, said ports and groove forming part of a fluid pressure
      control circuit to said fluid pressure operable means whereby the fluid
      pressure applied to said means varies in accordance with the amount of
      fuel supplied to the engine.
DRWD
PAR  One example of a liquid fuel pumping apparatus in accordance with the
      invention will now be described with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagrammatic representation of the basic form of apparatus to
      which the invention may be applied, and
PAR  FIG. 2 is an illustration of the modifications necessary to the apparatus
      shown in FIG. 1.
DETD
PAR  Referring to FIG. 1 of the drawings, the apparatus comprises a body part in
      which is journalled a rotary cylindrical distributor member 10 which is
      shown divided into seven parts. The distributor member is adapted to be
      driven in timed relationship with the engine with which the apparatus is
      associated and at one point in the distributor member there is formed a
      transversely extending bore 11, in which is mounted a pair of reciprocable
      pumping plungers 12. Surrounding the distributor member at this point is
      an annular cam ring 13 having on its internal periphery, a plurality of
      pairs of diametrically disposed cam lobes. The cam lobes, through the
      intermediary of rollers respectively, act upon rotation of the distributor
      member, to move the pumping plungers 12 inwardly thereby to expel fuel
      contained within the transverse bore 11.
PAR  The transverse bore 11 communicates with a passage 16 extending within the
      distributor member, and at one point this passage communicates with an
      outwardly extending delivery passage 14 which is adapted to register in
      turn, and as the distributor member rotates, with a plurality of outlet
      ports 15 formed in the body part. The outlet ports in use, are connected
      to the injection nozzles respectively of the associated engine.
PAR  The passage 16 is in communication by way of a check valve 17, with a
      passage 18 and this passage can be brought into communication with one end
      of a bore containing a slidable shuttle 19, by means of a rotary valve 20.
      The aforesaid one end of the bore at other times, as will be explained,
      can be placed in communication with a feed passage 21 by means of a rotary
      valve 22.
PAR  The other end of the bore containing the shuttle, can be placed in
      communication with a source of fuel at high pressure by means of a rotary
      valve 23 or with a source of fuel at low pressure by means of a rotary
      valve 24. The valves 20, 22, 23 and 24 are formed in or on the distributor
      member 10 and are driven in timed relationship with the engine. In
      addition, also mounted on the distributor member is a feed pump 25 of the
      rotary vane type and having an inlet 26 and an outlet 27. The inlet 26 is
      in communication with a supply of fuel 27a by way of a pair of filter
      units 28 and 29. A lift pump 30 is provided to ensure the supply of fuel
      to the feed pump. The outlet pressure of the feed pump 25 is controlled by
      a relief valve 31 which spills fuel between the inlet and outlet of the
      pump.
PAR  The relief valve 31 includes a member which is moved by means of a spring
      in a direction to prevent flow of fuel between the inlet and the outlet of
      the pump 25 and as the outlet pressure of the pump increases, the member
      moves to permit flow of fuel thereby to control the output pressure of the
      feed pump.
PAR  The outlet 27 of the feed pump 25 is in communication with the feed passage
      21 by way of a normally open valve 32 and a metering valve 33 which will
      be described in greater detail. In addition, the outlet 27 of the feed
      pump, can be placed in communication with the aforesaid other end of the
      bore containing the shuttle 19, by way of a passage 34a and a rotary valve
      23.
PAR  The operation of the apparatus thus far described is as follows. With the
      parts of the apparatus in the position shown in FIG. 1, fuel is flowing
      from the outlet of the feed pump by way of the valve 23 to said other end
      of the bore, and the shuttle 19 is being moved towards said one end of the
      bore. Fuel is therefore displaced from this end of the cylinder and flows
      by way of the rotary valve 20, and the check valve 17, to the passage 16
      and particularly to the bore 11. The plungers 12 are therefore moved
      outwardly by an amount dependent upon the quantity of fuel displaced by
      the shuttle 19.
PAR  During continued rotation of the distributor member, the passage 14 is
      brought into register with an outlet port 15, and during this time, the
      plungers 12 are moved inwardly and fuel is displaced from the bore 11 to
      the appropriate engine cylinder. Also during this time, the rotary valves
      20 and 23 are closed, and valves 22 and 24 are open so that fuel now flows
      to said one end of the bore containing the shuttle 19 and the shuttle is
      therefore moved towards the other end of the bore. The quantity of fuel
      which is supplied to the bore is controlled by the metering valve 33 which
      thus determines the quantity of fuel which is supplied to the injection
      pump during a filling stroke, and thereby the amount of fuel which is
      supplied to the associated engine at each injection stroke. During
      continued rotation of the distributor member, the process described is
      repeated and fuel supplied to the engine cylinders in turn.
PAR  It will be appreciated that the shuttle 19 determines the maximum quantity
      of fuel which can be supplied by the apparatus at each injection stroke.
      The maximum quantity of fuel which is supplied to an engine, is varied in
      accordance with the speed of the engine to provide shaping of the maximum
      fuel characteristic so that the maximum excursion of the shuttle must be
      made to vary in accordance with the speed of the engine. For this purpose,
      the shuttle 19 is provided with an extended end portion which can
      co-operate with a cam surface 34 formed on a spring loaded piston 35. The
      piston is movable against the action of its spring by means of fuel
      supplied under pressure to one end of the cylinder by way of a passage 36.
      The pressure of the fuel is dependent upon the speed at which the
      apparatus is driven, and the way in which it is derived will be explained.
      The result is that the axial setting of the piston will be dependent upon
      the speed of the associated engine, and consequently the allowed excursion
      of the shuttle will also be dependent upon the engine speed.
PAR  There is provided a fluid pressure operable member in the form of a servo
      piston 39 which is connected to the cam ring 13 by means of a peg. The
      piston 39 is provided with a bore in which is mounted a spring loaded
      servo valve 38. The servo valve controls the admission or escape of fuel
      under pressure from one end of the cylinder containing the piston 39. The
      fuel under pressure is derived from the outlet 27 of the feed pump 25, and
      the servo valve 38 is subjected to a pressure existing in a conduit means
      45. As this pressure increases, the servo valve 38 will be moved against
      the action of its spring towards the left as seen in FIG. 1 and the servo
      piston 37 will follow this movement thereby moving the cam ring 13
      angularly and altering the timing of injection of fuel to the engine.
PAR  Considering now the metering valve 33. This comprises a sleeve 40 which is
      fixed within the body of the apparatus. Within the sleeve there is mounted
      an axially slidable rod member 41 which at one end is provided with a head
      42 against which bear the two portions of, as illustrated, a pair of
      governor weights 43. The weights are mounted within a cage (not shown) and
      the latter is driven by gearing from the distributor member 10 so that the
      speed of rotation of the weights is directly proportional to the speed at
      which the engine is driven. Extending axially within the rod member, is a
      blind bore 46 which is open to the end of the rod member remote from the
      weights. The bore 46 is in full communication with a circumferential
      groove 47 formed on the periphery of the rod member, and this groove is in
      open communication with the passage 46. The bore 46 is in restricted
      communication with a further circumferential groove 48 by way of an
      orifice 49. The groove 48 is in open communication with the outlet 27 of
      the feed pump, and is in variable communication with a port 50 formed in
      the sleeve 40. The port 50 communicates with the feed passage 21.
PAR  The bore 46 at its open end constitutes a spill port 51 which can be closed
      by a valve element 52, urged to close the port by a pair of governor
      springs 53, 54. These springs are partly housed within a hollow and
      slidable abutment 55, the position of which is controlled by an operator
      adjustable cam 56. Intermediate the two springs is a stop member 57 which
      acts to limit the deflection of the relatively light spring 54.
PAR  In use, the axial position of the rod member 41 and therefore the degree of
      registration of the groove 48 with the port 50, is determined by the force
      acting on one end of the rod due to the weights, and the opposing force
      exerted by the spring or springs. For a steady speed, these forces are
      balanced, but should the speed vary then the rod will move axially to
      increase or decrease the registration of the groove 48 and port 50 so as
      to increase or decrease the quantity of fuel supplied to the engine. In
      this manner the weights and springs together with the rod member, the
      groove 48 and the port 50 act as a mechanical governor. By altering the
      force exerted by the spring or springs, the operator can control the speed
      at which the engine operates.
PAR  The fuel under pressure within the bore 46, acts intermediate the rod
      member 41 and valve element 52 to effect separation thereof. The force
      developed is opposed by the force transmitted through the rod member, i.e.
      the force exerted by the weights or the governor springs. As the valve
      element is moved away from the rod member, fuel is spilled from the bore
      46 and due to the orifice 49, the pressure therein falls until an
      equilibrium position is reached. With variation in speed, the pressure
      rises or falls depending on the change of speed, and due to the fact that
      the force developed by the weights depends upon the square of the speed so
      the fuel pressure within the bore 46 varies as the square of the speed.
      The light spring 54 during normal operation is fully compressed, and
      operates as the governor spring when the engine is idling.
PAR  Referring now to FIG. 2 for an explanation of how the pressure within the
      conduit means 45 is developed. As illustrated in FIG. 2, the shuttle 19 is
      provided with a circumferential groove 60 and formed in the wall of the
      bore are registering ports 61, 62. Port 61 is in communication with the
      outlet 27 of the feed pump 25 by way of a restricted orifice 63 and the
      conduit means 45 leads from a point intermediate the port 61 and the
      restricted orifice 63. Port 62 communicates with a low pressure
      conveniently the inlet of the pump 25, by way of a further restricted
      orifice 64.
PAR  In operation, the pressure of fuel within the conduit means 45 depends on
      the excursion of the shuttle 19 within its bore, and if for instance the
      excursion of the shuttle is small, then the degree of registration of the
      ports 61 and 62 with the circumferential groove 60 will be less than that
      which will obtain when the excursion of the shuttle increases. As a result
      the pressure within the conduit means 45 will be high when the quantity of
      fuel being supplied is low and will decrease as the quantity of fuel
      supplied increases. The magnitude of the fluid pressure in the conduit
      means, is dependent therefore upon the speed because the outlet pressure
      of the pump 25 increases with speed and also upon the excursion of the
      shuttle. The latter determines the amount of fuel supplied to the engine,
      and therefore represents the load on the engine. The orifice 64 is
      provided to minimise the amount of fuel which is lost from the total
      quantity of fuel delivered by the feed pump 25.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid fuel injection pumping apparatus comprising an injection pump
      adapted to be driven in timed relationship with an engine to which fuel is
      to be supplied, a shuttle slidable within a bore, means for conveying fuel
      displaced by movement of the shuttle from one end of the bore to the
      injection pump during a filling stroke of the injection pump, the
      excursion of the shuttle being indicative of the amount of fuel supplied
      to the engine, fluid pressure operable means operatively associated with
      the injection pump for effecting an adjustment to the timing of injection
      of fuel to the engine, a fluid pressure control circuit for controlling
      the fluid pressure applied to said fluid pressure operable means, said
      control circuit comprising a groove formed on the shuttle, a pair of ports
      formed in the wall of the bore, said ports being placed in variable
      communication with each other by the groove to control a flow of liquid
      between said ports and thereby the pressure applied to said fluid pressure
      operable means, whereby the fluid pressure applied to said fluid pressure
      operable means varies in accordance with the amount of fuel supplied to
      the engine.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 including a fluid pump and in which
      the fluid pressure control circuit comprises a conduit extending from the
      outlet of said fluid pump, a restrictor in said conduit, said conduit
      communicating with one of said ports, the extent of registration of the
      ports with the groove determining the flow of fluid through the conduit
      and the pressure intermediate said restrictor and said one port varying in
      accordance with the degree of registration, said pressure being applied to
      said fluid pressure operable means.
NUM  3.
PAR  3. An apparatus as claimed in claim 2 including a further conduit extending
      between the other port and a drain, said further conduit incorporating a
      further restrictor.
NUM  4.
PAR  4. An apparatus as claimed in claim 2 in which said fluid pump comprises a
      fuel feed pump which supplies fuel to the injection pump and a relief
      valve for controlling the output pressure of the feed pump so that it
      varies in accordance with the speed at which the apparatus is driven.
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ABST
PAL  A fuel injection pump for supplying fuel to an internal combustion engine
      includes a pair of pumping plungers which are actuated by cam lobes formed
      on the internal periphery of an annular cam ring. Roller carrying shoes
      are interposed between the plungers and the cam lobes and are axially
      movable. The cam profile varies throughout its axial length so that
      variation in the axial setting of the shoes varies the amount of fuel
      supplied by the pump.
PARN
PAR  This is a division of application Ser. No. 450,431, filed Mar. 12, 1974.
BSUM
PAR  This invention relates to fuel injection pumps of the kind described in the
      specification of Patent Application No. 316,485 filed 19th Dec., 1972.
PAR  In the application referred to above there is described a fuel injection
      pump for supplying fuel to internal combustion engines comprises a body
      part, a distributor member rotatable within the body part and adapted to
      be driven in timed relationship with an engine with which the pump is
      associated, a transverse bore formed in the distributor member, a pair of
      pumping plungers reciprocably mounted within the bore, a pair of shoes
      slidable in radial slots at the outer ends of said bore, the shoes
      engaging the plungers during inward movement of the shoes, cam engaging
      means carried by said shoes, an annular cam ring surrounding said
      distributor, cam lobes formed on the internal periphery of said cam ring
      and engaging with said cam engaging means during rotation of said
      distributor member to impart inward movement to said shoes and plungers,
      fuel delivery means for conveying fuel displaced from said bore to a
      plurality of fuel outlets in turn, fuel inlet means for supplying fuel to
      said bore during the periods when the plungers can move outwardly, and
      means for moving the shoes axially whereby the amount of fuel which can be
      supplied through the fuel outlets can be varied.
PAR  According to the invention the cam lobes have different profiles throughout
      their axial length.
DRWD
PAR  Examples of injection pumps in accordance with the invention will now be
      described with reference to the accompanying drawings in which:
PAR  FIG. 1 is a sectional side elevation of part of one example,
PAR  FIGS. 2 and 3 are part sections on the lines II--II and III--III of FIG. 1,
DETD
PAR  With reference to FIGS. 1, 2 and 3 of the drawings there is provided a pump
      body 10 defining a cylindrical cavity in which is mounted a fixed sleeve
      11. Mounted within the sleeve 11 is a rotary distributor member 12 which
      is adapted to be driven in timed relationship with an associated engine by
      means of a drive shaft 13. Moreover, formed within the distributor member
      is a transversely extending bore 14 in which is mounted a pair of pumping
      plungers 15. The bore communicates with a passage 16 which in known manner
      communicates with fuel outlets 17 in turn, formed in the body.
PAR  Surrounding the distributor member 12 is an annular carrier 18. The carrier
      is axially movable on the distributor member 12 but is angularly movable
      therewith. The carrier is provided with a pair of radial slots in which
      are mounted shoes 19 which carry rollers 20. Surrounding the sleeve 19 is
      an annular cam ring 21 on the internal peripheral surface of which as seen
      in FIG. 2, are formed a plurality of cam lobes 22. The cam lobes 22 in
      use, are engaged by the rollers 20 to effect inward movement of the
      plungers 15 during the time when the passage 16 is in communication with a
      fuel outlet 17. Outward movement of the plungers is under the action of
      fuel which is supplied to the transverse bore 14 from a source of fuel
      under pressure.
PAR  As will be seen from FIG. 1 the cam lobes 22 are flared or tapered and the
      effect of this taper is that the inward movement of the plungers and
      therefore the amount of fuel supplied through the fuel outlet depends upon
      the axial setting of the annular carrier 18. In the particular arrangement
      as the carrier is moved towards the right as seen in FIG. 1 the amount of
      fuel supplied will decrease. At the section line indicated by FIG. 3 the
      cam lobes have tapered completely and therefore there will be no delivery
      of fuel.
PAR  The axial setting of the carrier 18 is controlled by an axially movable
      sleeve 23 slidable on the shaft 13. The sleeve 23 is provided with a first
      flange 24 against which bears the forked end of a lever 25. The lever 25
      is pivotally mounted about a fulcrum point 26 and the other end of the
      lever is connected to a coiled tension spring 27 the force exerted by
      which can be adjusted by a manually operable device. The sleeve 23 is
      provided with a further flange 28 which is acted upon by the toe portions
      of centrifugal weights 29. The weights 29 are mounted in a cage 30 driven
      by the drive shaft 13. The arrangement is such that for a given setting of
      the manually operable device as the speed of the engine increases the
      sleeve 23 will move towards the right as seen in FIG. 1 and like movement
      will be imparted to the annular carrier 18 thereby reducing the amount of
      fuel supplied to the engine. In the event that the force exerted by the
      spring 27 is increased or the engine speed decreases, the sleeve 23 will
      move towards the left and the annular carrier 18 is maintained in contact
      with the sleeve 23 by means of the force exerted by the spring loading of
      rams 31 carried within the sleeve 11. It will be appreciated that the
      springs loading the rams 31 assist the action of the spring 27.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fuel injection pump of the kind intended for supplying fuel to
      internal combustion engines and comprising a body part, a distributor
      member rotatable within the body part and adapted to be driven in timed
      relationship with an associated engine, a transverse bore in the
      distributor member, a pair of pumping plungers reciprocally mounted within
      the bore, a pair of shoes slidable in radial slots at the outer ends of
      said bore, said shoes engaging the plungers during inward movement of the
      shoes, cam engaging means carried by said shoes, an annular cam ring
      surrounding said distributor, cam lobes formed on the internal periphery
      of said cam ring and engaging with said cam engaging means during rotation
      of the distributor member to impart inward movement to said shoes and
      plungers, fuel delivery means for conveying fuel displaced from said bore
      to a plurality of fuel outlets in turn, fuel inlet means for supplying
      fuel to said bore during the periods when the plungers can move outwardly,
      a carrier member axially slidable on the distributor member, slots in the
      carrier member in which are located said shoes respectively whereby axial
      movement of the carrier members will effect axial movement of said shoes,
      the cam lobes having a different profile throughout their axial length,
      whereby the extent of outward movement of the plungers is dependent upon
      the axial setting of said carrier member.
NUM  2.
PAR  2. A pump, as claimed in claim 1, including engine speed responsive means
      for varying the axial setting of said carrier member.
NUM  3.
PAR  3. A pump, as claimed in claim 2, in which said speed responsive means
      comprises an axially movable sleeve engaging one end of said carrier
      member, centrifugal weight means acting on the sleeve to urge the sleeve
      in one direction as the speed increases, and resilient means operatively
      coupled to said sleeve for opposing the movement of the sleeve by said
      weight means.
NUM  4.
PAR  4. A pump, as claimed in claim 3, including rams acting to maintain said
      carrier member in contact with said sleeve irrespective of the direction
      of movement of the sleeve.
NUM  5.
PAR  5. A pump, as claimed in claim 4, in which said rams act against the other
      end of said carrier member.
NUM  6.
PAR  6. A pump, as claimed in claim 5, including resilient means loading said
      rams into contact with said carrier member.
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ABST
PAL  A blade locking device, for locking radially projecting blades on a rotor
      includes a pair of retaining pins having enlarged forward and aft end
      portions or lugs. The retaining pins are inserted into a radial space
      between the blade tang and the bottom of the rotor slot. Spacer means
      maintain the retaining pins circumferentially spaced apart and further
      maintain the end lugs in confronting and overlapping relationship with
      forward and aft abutment surfaces on the sides of the rotor and with
      forward and aft end faces on each end of the blade tang. The spacer means
      are fixed against axial movement relative to said retaining members.
      Resilient biasing means can be provided to bias the rotor blade radially
      outward.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to turbomachines and, more particularly, to
      improved means for locking rotor blades in rotor slots.
PAR  In the manufacture of bladed turbomachinery rotors, retention of the blades
      on a rotor, such as a turbine or fan rotor, has been commonly accomplished
      by insertion of metal strips within the rotor slot and subsequent bending
      of the ends of the metal strip such that the ends overlap the base of the
      blade and the radially extending faces of the rotor. These retainers have
      exhibited features which have proven to be undesirable. An example of one
      such undesirable feature is that loads tending to displace the rotor blade
      from its slot are absorbed by the bent ends of the metal strip. Since the
      metal strips have generally been designed to easily accommodate bending
      upon installation they are susceptible to bending in an opposite direction
      due to forces applied by the rotor blade.
PAR  Other undesirable features are associated with servicing of the rotor
      blade. Removal of the prior art devices during routine maintenance has
      proven troublesome since access, which in many instances cannot be
      conveniently provided, is required at both sides of the rotor disc.
      Furthermore, the prior art devices as described above are not suitable for
      re-use because of alterations in the physical and metallurgical properties
      associated with repeated bending of the ends of the retainers upon removal
      and re-installation of the blades. The attendant replacement of the
      retainers is costly, especially if a substantial number of blades must be
      removed for servicing.
PAR  Other prior art devices such as that shown in U.S. Pat. No. 3,832,092 have
      served generally to advance the state of the art in blade locking devices.
      However, such a device does not provide for load bearing members which
      fill available slot width to a maximum degree. Rather, since such members
      are rotated into the locking position, the cross-sectional area of such
      members are constrained by the height of the space between the rotor blade
      tang and bottom of the slot. Furthermore, these devices, while locking the
      blade generally within the rotor slot, do not provide means for preventing
      slight radial and angular movement of the blade within the slot. Such
      movement can result from machining the blade tang, rotor slot and locking
      device to within certain tolerances rather than to specific dimensions.
      Hence, when production parts are assembled into the slot environment,
      small radial and circumferential clearances occur between the parts which
      permit the aforementioned movement.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      blade locking device which provides for positive retention of a blade in a
      predetermined axial and radial position relative to the rotor.
PAR  It is a further object of the present invention to provide such a blade
      locking device which is easily removable from one side of the rotor and is
      reusable in the event the blade must be removed during routine
      maintenance.
PAR  It is still another object of the present invention to provide a blade
      locking device wherein substantial available slot width is utilized to
      permit the use of retaining members with increased cross-sectional area.
PAR  It is still yet another object of the present invention to provide a blade
      locking device which biases the blade against minor radial and angular
      movement due to clearances between the blade tang, locking device and the
      rotor slot.
PAR  It is a further object of this invention to provide for a method of locking
      a blade in a fixed axial and radial position relative to a rotor in an
      efficient and convenient manner.
PAR  These and other objectives which will become apparent hereinafter are
      accomplished by the present invention which provides a blade locking
      device for locking radially projecting blades on a rotor, each blade
      having a dovetail tang at its radially inward end including a forward end
      face and an aft end face and the rotor having dovetail slots extending
      across its periphery from one side of the rotor to the other with
      outwardly facing abutment surfaces on each side of the rotor proximate
      said dovetail slot, each dovetail tang being received in one of the slots
      with a radial space between the tang and the bottom of the slot. The
      locking device is comprised of retaining members residing in the radial
      space and each having enlarged end portions protruding from the slot, said
      end portions providing inwardly facing abutment surfaces. The retaining
      members are circumferentially spaced from one another by spacer means
      which serve to maintain the inwardly facing abutment surfaces on the
      retaining pins in confronting and overlapping relationship with the
      outwardly facing abutment surfaces on the rotor and said end faces. The
      spacer means is held from axial movement relative to said retaining member
     .
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The above and other related objects and features of the present invention
      will be apparent from a reading of the following description in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a radial cross-sectional view of a blade and rotor combination to
      which the present invention has been applied;
PAR  FIG. 2 is an axial view along line 2--2 of FIG. 1 of a rotor stage
      incorporating blade locking means according to the present invention;
PAR  FIG. 3 is a view along line 3--3 of FIG. 2 disclosing the integral shroud
      structure of the blades;
PAR  FIG. 4 is an exploded perspective view of the retaining pins and the spacer
      member of the present invention;
PAR  FIG. 5 is a perspective view of the retaining pins and the spacer member of
      the present invention in cooperative engagement;
PAR  FIG. 6 is an enlarged view of the locking device, rotor slot and blade tang
      shown in the radial cross-sectional view of FIG. 1;
PAR  FIG. 7 is a cross-sectional view along line 7--7 of FIG. 6 disclosing the
      blade locking device in cooperation with the blade tang and rotor slot;
PAR  FIG. 8 is a cross-sectional view showing the blade retaining pins during
      insertion into the rotor slot;
PAR  FIG. 9 is a side view of a modified and alternate embodiment of the spacer
      member of the present invention;
PAR  FIG. 10 is a cross-sectional view of the rotor slot and blade tang and the
      modified spacer shown in FIG. 9;
PAR  FIG. 11 is a cross-sectional view along line 11--11 of FIG. 10 of the blade
      locking device incorporating the modified spacer member in cooperation
      with the blade tang and rotor slot.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1 of the drawings, a rotor blade shown generally at
      10 is depicted in combination with a rotor disc shown generally at 12,
      both of which during operation rotate about an axis shown generally by
      line A--A. Rotor blade 10, having a large radial dimension, is comprised
      of an airfoil 14, a platform 16 and a radially inwardly extending tang 18
      comprised of radially inwardly facing suface 7 and forward and aft end
      faces 9 and 11, respectively. Shroud segment 20 cooperates with similar
      shroud segments of adjacent blades approximately at mid span of rotor
      blade 10 to render stability to blade 10, which otherwise would exhibit
      excessive deflection under operating conditions due to its large radial
      dimension and relatively small thickness.
PAR  Referring now to FIGS. 1 and 2, the rotor 12, having forward and aft facing
      sides shown generally at 13 and 15 respectively, includes a plurality of
      dovetail slots 22 (one of which is shown without a retaining member) each
      adapted to receive the tang 18 of blade 10 in a retaining relationship.
      The rotor slots 22 extend across the periphery of the rotor 12 from
      forward side 13 to aft side 15 and are of such a depth that, upon
      receiving the tang 18 of blade 10, there is defined a space 24 having a
      predetermined radial height 26. Proximate the forward and aft end of slot
      22, outwardly facing abutment surfaces 17 and 19 are provided on rotor
      sides 13 and 15 respectively. Space 24 serves the function of permitting
      individual blades to be moved radially inwardly with respect to the rotor
      prior to removal from the slot 22 in order to disengage the shroud
      segments 20 from contact with one another. FIG. 3 depicts a top view of
      adjoining blades disclosing the cooperation of mating segments of the mid
      span shrouds 20. In order to withdraw a blade axially it is first
      necessary to remove the associated segment 20 from its interlocking
      relationship with similar segments. Slot 22 is of generally U-shaped
      cross-sectional configuration with walls 23 forming the legs of the U and
      bottom wall 25 of the slot forming base of the U.
PAR  Rotors of the variety described above generally rotate with extremely high
      velocities. As a result, in absence of effective means for maintaining
      axial blade position, the reaction of the airfoils to foreign object
      impingement, blade tip rub, blade vibration or reaction to the air
      accelerated therethrough would tend to drive the blades 10 out of slots
      22. If such were to occur, extensive damage could be done to the
      associated engine and its surroundings. As a result it has become
      necessary to devise effective and reliable means for maintaining the
      blades 10 in a fixed relationship with the rotor 12. The present invention
      accomplishes this by means of utilizing the space 24 and placing therein a
      locking device generally indicated at 27 that fixedly retains blade tang
      18 within slot 22 in an accessible and releasable manner.
PAR  Referring now to FIGS. 4 and 5, the locking device 27 is comprised of
      axially extending retaining members shown generally at 28 and 30, axially
      extending spacer member shown generally at 32 and bolt 34 and nut 36.
      Retaining members 28 and 30 are mirror images of each other and have
      central elongated stem segments 37 of reduced cross section intermediate
      enlarged aft end portions or lugs 42 and forward end portions or lugs 43
      at each end thereof. Forward end lugs 43, extend substantially in a
      radially outwardly and radially inwardly direction. The axial length of
      stem segments 37 is substantially equal to the axial length of slot 22.
      Each stem segment 37 has a radially outwardly facing bearing surface 38, a
      circumferentially inwardly facing side 39, a radially inwardly facing
      bearing surface 40 (FIG. 7) and a circumferentially outwardly facing side
      41. Each aft end lug 42 is constructed to pass through space 24 while each
      forward end lug 43 is of a radial length greater than height 26. Hence,
      improper installation of the locking device in slot 22 is avoided. End
      lugs 42 and 43 cooperate with stem 37 to form inwardly facing abutment
      faces 44 and 45 respectively which extend in a radial and circumferential
      direction. The axial distance between abutment faces 44 and 45
      substantially equals the axial length of slot 22. Appendages 46, having
      apertures 48 extending therethrough, axially protrude from enlarged
      forward end lugs 43 of retaining members 28 and 30.
PAR  Spacer members 32, adapted to fit between retaining members 28 and 30, has
      an axial extending elongated central portion 50 with lug 52 integrally
      formed at the forward end thereof. Appendage 54, having an aperture 56
      extending therethrough, axially protrudes from lug 52. As shown in FIG. 5,
      retaining members 28 and 30 are spaced from one another by spacer member
      32 which is held from relative axial movement therewith by bolt 34
      inserted through apertures 48 and 56.
PAR  Referring now to FIGS. 6 and 7, the locking device 27 is shown in its
      installed position cooperating with rotor slot 22 and blade tang 18. As
      can best be observed from FIG. 7, central portion 50 of spacer member 32
      is of an inverted T-shaped cross section with a leg 58 integrally formed
      with and radially extending from a base 60. Leg 58 is positioned between
      and in engagement with side 39 of each retainer 28 and 30 thereby serving
      to space retainers 28 and 30 circumferentially from each other and
      effecting engagement of sides 41 of retainers 28 and 30 with the walls 23
      of slot 22. Base 60 is positioned radially inwardly of stem portions 37
      and engages bearing surface 40 of both stem portions 37 and the bottom
      wall 25 of slot 22 thereby holding retainers 28 and 30 and blade tang 18
      in a generally fixed radial position with respect to rotor disc 12.
PAR  With locking device 27 in the installed position, abutment surfaces 44 of
      aft lugs 42 are in confronting and overlapping relationship with outwardly
      facing abutment surface 19 on the aft side 15 of rotor 12 and with aft end
      face 11 of blade tang 18. Similarly at the other end of slot 22, abutment
      surfaces 45 of forward lugs 43 are in confronting and overlapping
      relationship with outwardly facing abutment surface 17 on the forward face
      13 of the rotor 12 and with forward face 9 of blade tang 18. More
      specifically, if any forces were applied to blade 10 tending to displace
      it from slot 22 in a forward direction, the overlap of abutment surface 45
      on forward lug 43 and the forward end face 9 of tang 18 would prevent
      forward movement of blade 10. Forward movement of retainers 28 and 30 is
      prevented by overlap of abutment surfaces 44 of aft lugs 42 and abutment
      surface 19 on the aft side 15 of rotor 12. On the other hand, if any
      forces were applied to blade 10 tending to displace it from slot 22 in an
      aft direction the overlap of abutment surfaces 44 of aft lugs 42 and the
      aft end face 11 of blade tang 18 would prevent aft movement of blade 10.
      Aft movement of retainers 28 and 30 is prevented by overlap of abutment
      surfaces 45 of forward lugs 43 and abutment surface 17 on the forward side
      13 of rotor 12. In this manner with spacer 32 inserted blade 10 is
      securely locked within slot 22 of rotor 12 and is fixed against relative
      axial movement with respect to rotor 12.
PAR  Referring to FIG. 8 retaining members 28 and 30 are shown positioned during
      insertion into slot 22 in accordance with one method of the present
      invention wherein both retaining members are inserted simultaneously. Aft
      lugs 42 are generally constructed such that they will freely pass through
      space 24 when retainers 28 and 30 are positioned such that side 39 of
      retainer 28 engages side 39 of retainer 30. More specifically the combined
      circumferential width 68 of both aft lugs 42 is less than the width of
      slot 22 at the corresponding radial distance from the axis of rotation of
      rotor disc 12. Furthermore, the combined circumferential width W of both
      aft lugs 42 at any radial distance from the axis of rotation of disc 12 is
      less than the width of slot 22 at the same radial distance.
PAR  An alternate method of inserting retaining members 28 and 30 into slot 22
      can be utilized to achieve greater bearing area of abutment surfaces 44.
      In this alternate method the combined circumferential width W of both aft
      lugs 42 may be increased such that width W is greater than the width of
      slot 22 at the same radial distance. In the event retainers 28 and 30 are
      so designed they must be inserted sequentially into slot 22; that is one
      after the other. More specifically, retainer 28 is inserted into slot 22
      until aft lug 42 protrudes from the aft end thereof and the retainer 28 is
      moved circumferentially and radially outward such that outwardly facing
      side 41 of stem 37 engages wall 23 of slot 22. Next retainer 30 is
      inserted into slot 22 until aft lug 42 protrudes from the aft end thereof
      and then retainer 30 is moved circumferentially and radially outward until
      its outwardly facing side 41 engages wall 23 of slot 22. Hence the aft
      lugs 42 positioned as described can be inserted into and through slot 22
      by either of the two alternative methods described herein.
PAR  When retaining members 28 and 30 are inserted simultaneously into slot 22,
      the combined circumferential width W of both aft lugs 42 at any given
      radial distance from the axis of rotation is of course limited by the
      width of slot 22 at the same radial distance. The combined circumferential
      width W' of both stems 37 are designed such that they substantially fill
      the width of slot 22 except for a small clearance between outwardly facing
      sides 41 and walls 23 of slot 22. This clearance, which may vary in the
      radial direction, is necessary since stems 37 must be moved
      circumferentially apart from each other and into engagement with walls 23
      to effect placement of abutment surfaces 44 in confronting and overlapping
      relationship with abutment surfaces 19 on the aft side 15 of rotor 12.
      Since this overlap is minimal when compared to the entire width of slot
      22, stems 37 substantially fill the width of slot 22 and hence optimum
      load-bearing capacity of retainers 28 and 30 is achieved. After stems 37
      are moved circumferentially outward to engage surfaces 41 with the walls
      23 a gap is produced between inwardly facing surfaces 39 of stems 37. The
      circumferential width of this gap is equal to the sum of the distances
      which each stem 37 is moved circumferentially outward. Spacer 32, which is
      inserted into the gap, has a circumferential width equal to the width of
      the gap and hence equal to the sum of the distance each stem 37 is moved
      circumferentially. Hence the width of spacer 32 is also minimal when
      compared to the overall width of the slot 22.
PAR  In the alternate method of insertion of retaining members 28 and 30 into
      slot 22 sequentially as described above, one stem 37 of one of the
      retaining members 28, 30 will be disposed within slot 22 while lug 42 of
      the other of the retaining members 28, 30 is inserted through the slot 22.
      In order to pass lug 42 of one retaining member through slot 22 while the
      stem 37 of the other retaining member resides therein, the retaining
      members 28 and 30 are constructed such that the combined circumferential
      width of one of the stems 37 and one of the lugs 42 is not greater than
      the width of the slot 22 at the same radial distance from the axis of
      rotation of rotor 12. As in the previously described method of
      simultaneous insertion, a circumferential gap is produced between
      retainers 28 and 30 after they have been inserted into slot 22 and moved
      circumferentially apart. Spacer member 32 is inserted into the gap. The
      sequential method of insertion of retaining members 28 and 30 is generally
      preferred over the simultaneous method in instances where increased
      bearing area is desired on abutment surfaces 44 which can be accomplished
      without reducing the circumferential width of the stems 37. It is readily
      apparent that, with either method of insertion, the present invention
      provides a locking device wherein the retaining members are designed to
      utilize available slot width to effect optimum load-bearing capacity.
PAR  Assembly of the blade 10, rotor 12 and locking device 27 will now be
      described. Generallly, assembly is accomplished by sliding tang 18 of
      blade 10 into rotor slot 22 and thereafter inserting the locking device
      27. More specifically, after tang 18 is inserted into slot 22 it is raised
      radially outwardly until the tang 18 engages mating portions of slot 22
      thereby interlocking shroud segments 20 with shroud segments of adjacent
      blades. In order to maintain the blade 10 in this position the locking
      device 27 of the present invention is inserted.
PAR  First, retaining members 28 and 30 are inserted into slot 22 such that aft
      end lugs 42 protrude from the aft end of slot 22 and the forward lugs 42
      are immediately adjacent the forward end of slot 22. As previously
      described insertion can be accomplished simultaneously or sequentially but
      in either instance retaining members 28 and 30 eventually are moved
      radially and circumferentially outward such that their upper surfaces 38
      engage the radially inwardly facing surface 7 on blade tang 18 and such
      that their circumferentially outwardly facing surfaces 41 engage the side
      walls 23 of slot 22. Such movement leaves a gap between inwardly facing
      surfaces 39 of stems 37. Such circumferentail and radial movement also
      places aft lug abutment surfaces 44 in confronting and abutting
      relationship with outwardly facing abutment surface 19 on the aft side 15
      of rotor 12 and with aft end face 11 of blade tang 18. With the retainers
      28 and 30 in this position spacer member 32 is next inserted into slot 22
      such that its leg 58 resides in the aforesaid gap and engages inwardly
      facing surfaces 39 of stems 37 of retainers 28 and 30. Base 60 is disposed
      between and engages the lower radially inwardly facing surfaces 40 of
      retainers 28 and 30 and bottom wall 25 of slot 22. With spacer 32 in this
      position retainers 28 and 30 are held from radial, circumferential and
      axial movement relative to blade tang 18 and slot 22 of rotor 12. In order
      to keep spacer member 32 from emerging from slot 22, it is fixed to
      retainers 28 and 30 by the insertion of bolt 34 through apertures 48 and
      56. Bolt 34 is fixedly held in position by the threading of nut 36 on the
      end thereof.
PAR  With the locking device 27 assembled in this manner, any forces applied to
      blade 10 tending to displace blade 10 from slot 22 will be resisted by
      retaining members 28 and 30. More specifically, blade 10 is prevented from
      axial forward and aft movement by forward lugs 43 and aft lugs 42
      respectively of retainers 28 and 30. Since it is the normal tendency for
      the blade 10 to move the forward direction, forward lugs 43 have been
      designed such that abutment surfaces 45 provide further protection from
      retainer failure and blade emergence. Forces applied by the blade 10 to
      the retaining members 28 and 30 produce not only a tensile stress due to
      the axial nature of such forces but also a bending moment due to the fact
      that such forces are applied above axial centerline Y--Y and hence over a
      moment arm with respect to the retainers 28 and 30. The tensile loads due
      to the axial nature of such forces have been addressed by utilizing
      optimum cross-sectional area of the load-carrying members (retainers 28
      and 30) within the geometric limits of slot 22 as previously described
      herein. The stresses introduced by the bending moment have been addressed
      by providing lugs 43 with means for reacting the bending moment. More
      specifically, looking at FIG. 6, a bending moment M in a counter-clockwise
      direction produced by tang 18 exerting a force upon lugs 43 at a point or
      points above the axial centerline Y--Y of retainers 28 and 30 are reacted
      by reactive moment M' in a clockwise direction produced by engagement of
      abutment surfaces 45 which extend substantially in a radially inward
      direction with abutment surface 17 on the forward face 13 of rotor 12 at a
      point or points below the axial centerline Y--Y of retainers 28 and 30.
      Hence retainers 28 and 30 are subjected to very little, if any,
      deformation due to bending stress.
PAR  In the fabrication of turbomachinery it is normal practice to machine
      associated parts to within generally accepted tolerances. In the present
      instance, the machining of the rotor tang 18, the rotor slot 22 and the
      locking device to within generally accepted tolerances may result in a
      slightly loose fit between these associated parts with the result that
      rotor blade 10 may exhibit slight radial and angular movement. While such
      movement is normally minimal it can result in appreciable audible noise as
      the rotor blade intermittently strikes against other component parts in
      its slot environment and at the shroud segments 20 interlock. This
      undesirable condition is addressed by another aspect of this invention
      which will now be described in detail with reference to FIGS. 9, 10 and
      11. The embodiment shown therein exhibits a modified construction of
      spacer member 32 and, for the sake of consistency, elements identical to
      those described in the previous embodiment will bear corresponding
      numerical designations.
PAR  As best observed in FIG. 9, central portion 50 of spacer member 32 has been
      modified to incorporate an elongated recess 70 formed in base 60 of spacer
      32. Recess 70 is comprised of an axial extending upper wall 72 terminating
      at forward and aft ends into axially inwardly projecting keeper tabs 74
      having inwardly sloping surfaces 76 which are constructed such that the
      axial length of recess 70 is greater at the juncture of wall 72 and
      sloping surfaces 76 than at the juncture of sloping surface 76 and the
      bottom 78 of base 60.
PAR  Biasing wedge 80, comprised of a resilient material capable of elastic
      deformation, is inserted into recess 70 in a manner hereinafter to be
      described. Biasing wedge 80 is comprised of a central segment 82
      interposed intermediate two end segments 84, and in its free position
      (that is in a position in which it is not associated with recess 70), has
      an overall axial length slightly greater than the axial length of recess
      70. Central segment 82 and end segments 84 are formed such that biasing
      wedge 80 has a generally arcuate shape with a concave side 86 facing
      toward wall 72 and convex side 88 facing away from wall 72. A raised
      platform 90 having an abutment surface 92 is located on the concave side
      86 of biasing wedge 80 adjacent central segment 82.
PAR  As best observed in FIG. 11, biasing wedge 80 has a T-shaped cross section
      with leg 94 extending radially inward from a base portion 96. The radial
      height of leg 94 and the radial height of base 96 each are of constant
      magnitude across the axial length of central segment 82. On the other
      hand, the radial height of leg 94 decreases and the radial height of base
      96 increases as either end segment 84 is traversed axially outwardly from
      central segment 82. However, the combined radial height of leg 94 and base
      96 is substantially equal across the entire axial length of biasing wedge
      80. Leg 94 terminates into surface 98 which partially defines the convex
      side 88 of biasing wedge 80. Finally the radial distance between surface
      92 of platform 90 and surface 98 of leg 94 is of a carefully predetermined
      selected magnitude.
PAR  The installation and operation of the biasing wedge will now be described.
      Since the axial length of biasing wedge 80 is slightly greater than the
      axial length of recess 70, insertion of wedge 80 into recess 70 is
      accomplished by deflecting ends segments 84 arcuately and inwardly toward
      each other and then inserting wedge 80 into recess 70 such that keeper
      tabs 74 overlap a portion of end segments 84. In this position, wedge 80,
      which is constructed of a resilient material, is contained within the
      recess 70 by tabs 74 and by the internal restoring forces in wedge 80
      resulting from deformation from its free position. Hence, wedge 80 is
      pre-assembled into recess 70 and the internal forces of wedge 80 due to
      deformation of end segments 84 from their free position maintains wedge 80
      and spacer member 32 in cooperating engagement.
PAR  After inserting and positioning retaining members 28 and 30 into slot 22 as
      previously set forth herein spacer member 32 and wedge 80 are then
      inserted into slot 22 with spacer member 32 engaging and cooperating with
      retaining members 28 and 30 in the same manner as set forth in the
      description of the previous embodiment of this invention. With spacer 32
      and biasing wedge 80 positioned in slot 22 as shown in FIGS. 10 and 11,
      abutment surface 92 of platform 90 is in abutting engagement with wall 72
      of recess 70 and surface 98 of leg 94 is in abutting engagement with wall
      25 of slot 22. Furthermore, the normal radial distance between abutment
      surface 92 of platform 90 and surface 98 is greater than the distance
      between wall 72 of recess 70 and bottom wall 25 of slot 22 such that
      platform 90 and the adjacent portion of central segment 82 are compressed
      between wall 72 of spacer 32 and the bottom wall 25 of slot 22. The
      elastic compression force in biasing wedge 80 resulting therefrom biases
      spacer element 32, retainers 28 and 30 and rotor blade 10 in a radial
      outwardly direction. Hence, rotor blade 10 is prevented from moving
      radially or angularly within slot 22. Without the use of biasing wedge 80
      such movement could result from normal tolerances in the fabrication of
      the rotor blade 10, the slot 22 and the locking device 27.
PAR  While the distance between wall 72 of spacer member 32 and wall 25 of rotor
      slot 22 may vary between a maximum magnitude and a minimum magnitude
      depending upon the actual machined dimensions of rotor slot 22, rotor
      blade 10 and locking device 27, the radial distance between surface 92 of
      platform 90 and surface 98 of leg 94 can be designed with a predetermined
      magnitude such that platform 90 and the adjacent central segment 82 are
      compressed for all possible combinations of machined dimensions. In order
      to increase or control more accurately the compressive force effectively
      available across the range of tolerance stack-up the radial distance
      between surface 92 and surface 98 can be designed with an increased
      predetermined magnitude such that, for minimum distances between wall 72
      and wall 25 a portion of leg 94 is shaved or sheared away at the forward
      end of slot 22 during insertion of spacer member 32 and biasing wedge 80
      into slot 22. By careful selection of the radial distance between surface
      92 and surface 98, a preselected range of compressive biasing forces can
      be insured for all combinations of machined dimensions of rotor blade 10,
      slot 22 and locking device 27.
PAR  From the foregoing it is now apparent that a locking device arrangement has
      been provided which is well adapted to fulfill the aforestated objects of
      the invention and that while only a number of embodiments of the invention
      have been described for purposes of illustration, it will be apparent that
      other equivalent forms of the invention are possible within the scope of
      the appended claims.
CLMS
STM  Having thus described the invention, what is claimed as new and useful and
      desired to be secured by U.S. Letters Patent is:
NUM  1.
PAR  1. A blade locking device for locking radially projecting blades in a
      rotor, each blade having a dovetail tang at its radially inward end
      including a forward end face and an aft end face and the rotor having
      dovetail slots extending across its periphery from one side of the rotor
      to the other with outwardly facing abutment surfaces on each side of said
      rotor proximate said dovetail slot, each dovetail tang being received in
      one of said slots providing a radial space between the tang and the bottom
      of the slot, said device comprising:
PA1  a pair of retaining members in a first position residing in and extending
      through said radial space, one circumferentially spaced from the other,
      each having enlarged forward end and aft end portions which protrude from
      said slot, each of said enlarged end portions providing inwardly facing
      abutment surfaces;
PA1  spacer means disposed between said retaining members for maintaining said
      retaining members circumferentially spaced from each other and for
      maintaining said inwardly facing abutment surfaces in confronting and
      overlapping relationship with said outwardly facing abutment surfaces; and
PA1  means for preventing relative axial movement between said spacer means and
      said retaining members.
NUM  2.
PAR  2. The locking device as set forth in claim 1 wherein said circumferential
      spacing is of a first predetermined magnitude when said retaining members
      are in said first position in said radial space, said retaining members
      being movable to said first position from a second position in said radial
      space wherein the magnitude of said circumferential spacing is of a
      magnitude less than said first magnitude.
NUM  3.
PAR  3. The locking device as set forth in claim 2 wherein the magnitude of said
      circumferential spacing when said retaining members are in said second
      position is zero.
NUM  4.
PAR  4. The locking device as set forth in claim 2 wherein said retaining
      members are in said second position when at least one of said aft end lugs
      is disposed within said radial space.
NUM  5.
PAR  5. The locking device as set forth in claim 1 wherein the spacer means
      further maintains said inwardly facing abutment means in confronting and
      overlapping relationship with said outwardly facing end faces.
NUM  6.
PAR  6. The locking device as set forth in claim 5 wherein said spacer means is
      comprised of a base portion and a leg extending radially outward from said
      base portion, said leg being disposed between said retaining members and
      said base being disposed between said retaining members and the bottom of
      the rotor slot.
NUM  7.
PAR  7. The locking device as set forth in claim 1 wherein said means for
      preventing axial movement comprises fastening means fixedly connecting
      said spacer means to at least one of said retaining members.
NUM  8.
PAR  8. The locking device as set forth in claim 1 further comprising biasing
      means for resiliently biasing said rotor blade in a radially outwardly
      direction.
NUM  9.
PAR  9. The locking device as set forth in claim 8 wherein said biasing means
      comprises a resilient biasing member disposed between said blade tang and
      the bottom of said rotor slot.
NUM  10.
PAR  10. The locking device as set forth in claim 9 further comprising a recess
      in said spacer means said biasing member being located in said recess and
      keeper means for retaining said biasing means in said recess.
NUM  11.
PAR  11. The locking device as set forth in claim 1 wherein said forward end
      portions comprise means for resisting bending moments applied to said
      forward end portions by said blade tang.
NUM  12.
PAR  12. A method for locking a rotor blade, having a dovetail tang as its
      radially innermost end with a forward end and an aft end face on said tang
      at the axial ends thereof, on a rotor disc, having a dovetail slot
      extending across its periphery from one side of the rotor to the other
      with a pair of outwardly facing abutment surfaces on each side of said
      rotor proximate the dovetail slot, comprising:
PA1  inserting said dovetail tang into said dovetail slot to provide a radial
      space between the dovetail tang and a bottom wall of the dovetail slot;
PA1  inserting a pair of retaining members having enlarged forward and aft end
      portions into said radial space such that each of said portions protrude
      from said slot at the forward and aft end thereof respectively;
PA1  moving said retaining members circumferentially with respect to one another
      to form a gap therebetween such that said end portions overlap and
      confront said outwardly facing abutment surfaces;
PA1  inserting a spacer member into said gap to maintain said retaining members
      circumferentially spaced apart and to maintain said end portions in
      overlapping and confronting relationship with said outwardly facing
      abutment surfaces; and
PA1  locking said spacer member from axial movement relative to said retaining
      members.
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ABST
PAL  The invention relates to a fuel oil supply assembly of the type having a
      magnetic pump and an armature for driving a pump element or piston which
      is a part of a resilient oscillatory system. A flow restricting pressure
      regulating vlave in the delivery line is itself regulated in a manner such
      that the stroke of the oscillatory system is automatically adjusted so
      that only the exact quantity of oil required by the nozzle is delivered.
      The intermittent delivery movement inherent in the oscillatory system is
      thus made smoother by a damping of the oscillations which results from the
      piston being caused to travel over only a fraction of its maximum stroke.
BSUM
PAR  The invention concerns a fuel oil supply means with a magnetic pump, the
      armature of which, for driving the pump element, e.g. a piston, is part of
      a resilient oscillatory system which is energized by periodic pulses of
      energizing current, e.g. alternating current, supplied through a half-wave
      rectifier, the supply means also having a pressure regulator for fixing
      the delivery pressure.
PAR  Fuel oil supply means generally have continuously operating
      positive-displacement pumps, e.g. geared pumps. For the purpose of
      regulating pressure, use is made of a valve which is fitted in a return
      line branching off immediately downstream of the pump and which opens as
      pressure rises and returns the excess oil either to the suction side of
      the pump or to the tank. This pressure-regulating device may be set to a
      particular pressure to suit the nozzle used, so that one type of pump may
      be employed for different overall arrangements. A cut-off valve is also
      fitted upstream of the nozzle and this valve closes as soon as the
      delivery pressure drops below a predetermined level.
PAR  Also known are magnetic pumps, the armature of which is part of a resilient
      oscillatory system which is energized by alternating current supplied
      through a half-wave rectifier. Among the many possible uses of this pump,
      mention is made of the supply of fuel oil. For pressure-regulation
      purposes, the magnetic pump has a valve which opens with rising pressure
      and is provided in a duct which directly connects the pressure side to the
      suction side. The intermittent delivery movement leads to corresponding
      pressure pulses in the supply system which are disadvantageous as regards
      formation of a flame and for noise reasons. The piston which is
      reciprocated fifty times per second over its entire stroke suffers
      corresponding wear which shortens its service life.
PAR  The object of the present invention is to provide a fuel oil supply means
      of the initially described kind in which the disadvantageous consequences
      of intermittent operation are entirely or partially removed.
PAR  According to the invention, this object is achieved in that the pressure
      regulator is constituted by a flow-restricting member in the delivery
      line.
PAR  With this arrangement, the stroke of the oscillatory system is
      automatically adjusted so that only that quantity of oil required by the
      nozzle is delivered. If the stroke increases, the pressure upstream of the
      flow-restricting zone rises and this leads to a corresponding damping of
      the oscillations. Since the piston generally moves over only a fraction of
      its maximum stroke, less wear is caused and a longer service life
      obtained. The pressure pulses in the supply system and their consequences
      are smaller. Excess oil is not returned to the suction side and this has
      the effect of reducing the power required.
PAR  With particular advantage, the flow-restricting member is controlled by a
      pressure-regulating control element which is provided downstream thereof,
      and which is loaded in the closing direction by the reduced delivery
      pressure and in the opening direction by an adjustable required-value
      spring. If the reduced delivery pressure, set by means of the
      required-value spring, becomes too high, the flow-resisting member
      automatically increases the throttle resistance.
PAR  In particular, the flow regulating control element may have a diaphragm
      which is supported by a backing plate and which seals off the delivery
      chamber from the space accommodating the required-value spring. This
      provides the further advantage that the required-value spring is
      positioned entirely outside the supply system and is therefore easily
      accessible.
PAR  Another solution to the problem which can be used simultaneously with the
      first solution consists in providing a storage chamber, which has a
      resilient wall, downstream of the magnetic pump. During the pressure
      stroke this storage chamber receives oil and discharges it during the
      suction stroke. Consequently a substantially constant pressure, the pulses
      of which are at most insignificant, obtains in that part of the supply
      system downstream of the storage chamber.
PAR  The storage chamber is preferably disposed upstream of the pressure
      regulator. Smooth pressure therefore obtains at the pressure regulator and
      this permits very precise pressure adjustment.
PAR  Furthermore, the resilient wall may separate the storage chamber from a
      suction chamber connected to the suction line. The effect of this is to
      set up an almost constant suction pressure in the suction line so that
      knocking is prevented in this line.
PAR  In a practical form, the resilient wall may be constituted by a diaphragm
      which is loaded by an energy-storing spring and is supported by a backing
      plate.
PAR  According to the invention, a third solution to the problem which may also
      be used in conjunction with the two others, consists in providing a
      cut-off valve downstream of the pressure regulator, which valve can be
      actuated by a cut-off control element, the position of which depends upon
      the delivery pressure, a snap-action spring being interposed between said
      cut-off valve and said control element.
PAR  This cut-off valve has a response hysteresis. This means that the cut-off
      valve opens at a greater pressure than that at which it closes. This
      hysteresis can be readily so selected that it is greater than the
      pressure-differences to be expected as a result of the pressure pulses. In
      comparison with a cut-off valve having a fixed response value, there is
      therefore no danger of the cut-off valve continuously opening and closing,
      since because of the pressure pulses this response value is continuously
      exceeded or not reached. Also, a very simple construction results because
      of the presence of the snap-action spring.
PAR  Considerable simplification in construction is achieved if the cut-off
      control element is connected to the resilient wall of the storage chamber.
      This wall oscillates about a median position which is dependent upon the
      mean pressure. Despite these oscillations the wall can be used for
      controlling the cut-off valve since the latter is insensitive to the
      oscillations because of the presence of the snap-action spring.
PAR  For reasons of design it is preferred to provide the cut-off valve with a
      closing member loaded by a closing spring, and for the cut-off control
      element, the snap-action spring and an actuating lever, acting on the
      closing member, to form a three-part snap-action system.
DRWD
PAR  The invention will now be described in greater detail by reference to an
      embodiment illustrated diagrammatically in the accompanying drawing which
      shows a cross-section through a means in accordance with the invention.
DETD
PAR  A magnetic pump 1 has an operating winding 2 which is supplied with, for
      example, a 220V, 50 cycle current from a normal A.C. supply 5 by way of a
      switch 3 and a half-wave rectifier 4. A cylindrical armature 6 is
      connected by a pin 7 to a pump piston 8. Pressure is applied to the pin 7
      by an upper compression spring 9 and a lower compression spring 10 which
      are both supported on surfaces forming part of a housing. When the current
      is switched on, a pulse occurring fifty times per second is generated and
      this pulls the armature 6 downwards. This leads to periodic oscillation of
      the resilient oscillatory system consisting of the parts 6 to 10.
PAR  The pump piston moves in a pump cylinder 11 which is connected to the
      suction line 13 through a suction valve 12, and to the delivery line 15
      through a pressure valve 14. A by-pass duct 16 connects the suction line
      13 to the interior 17 of the magnetic pump.
PAR  A pressure regulator is connected into the delivery line 15. This regulator
      has a housing 18 with a flow-restricting member 19, the closing member 20
      of which is controlled by a pressure-regulating control element 21. This
      element has a diaphragm 22 with a backing plate 23 and a connecting rod 24
      leading to the closing member 20. The delivery pressure, already reduced
      by the flow-restricting member 19, is applied to the top of the diaphragm
      22, and a required-value spring 25 applies load to the bottom of the
      diaphragm. This spring and the pressure that is required to apply can be
      adjusted by means of a set-screw 26. The spring and the set-screw are
      contained in a space separated from the supply system by the diaphragm 22,
      so that no further sealing means require to be provided.
PAR  A line section 27 leads from the pressure regulator to a cut-off valve 28,
      the closing member 29 of which is loaded by a closing spring 30. The
      closing member is opened by an actuating lever 31 which, together with a
      snap-action spring 32 and a cut-off control element 33, forms a three-part
      snap-action system. These parts are accommodated in a chamber 34 of the
      housing 35. A further line section 36 runs from this chamber to the nozzle
      37.
PAR  A line section 38 leads from the delivery line 15 to a storage chamber 39
      which is delimited by a resilient wall 40. This wall is constituted by a
      diaphragm 41 which is supported by a backing plate 42 and a spring 43.
      Below the wall 40 there is formed a suction chamber 44 which is connected
      by a line section 45 to the suction line 13. The cut-off control element
      33 is also connected to the backing plate 42, and where it extends from
      the suction chamber 44, the control element 33 is surrounded by a sealing
      ring 46.
PAR  The mode of operation of this fuel oil supply means is as follows. During
      each cycle of the oscillatory system the pump piston 8 executes a suction
      stroke and a pressure stroke. During the suction stroke no oil is
      delivered. During the pressure stroke a certain quantity Q is delivered,
      and half of this quantity passes to the nozzle 37 through the
      flow-restricting member 19 and the cut-off valve 28. The other half passes
      into the storage chamber 39, the wall 40 deflecting under the pressure
      from the spring 43. The potential energy stored in this way serves to pass
      oil through the flow-restricting member 20 to the nozzle 37 during the
      next suction stroke. Therefore, despite intermittent delivery the amount
      of oil issuing from the nozzle is substantially constant.
PAR  Since the pump piston 8 forces oil out of the chamber 17 during the suction
      stroke, the pump cylinder 11 is mainly refilled with oil from the chamber
      17. The suction action of the piston 8 is therefore limited to that of
      drawing oil into the chamber 17 during the pressure stroke. The use of the
      suction chamber 44 also results in a suction effect during the suction
      stroke of the piston 8, i.e. when the storage chamber 39 is reduced in
      size. Therefore, oil flows in one direction through the suction line 13
      both during the pressure stroke and the suction stroke of the piston 8. An
      almost continuous mean flow is established in which knocking is hardly
      noticeable.
PAR  The pressure-regulating valve operates in the following way: when the
      delivery pressure rises, the diaphragm 22 is pressed downwards against the
      force of the spring 25, and the flow-restricting cross-section is reduced.
      Consequently the throttle resistance becomes greater. The pressure in the
      line section 27 is therefore approximately constant. A predetermined
      quantity of oil issues from the nozzle 37 at this pressure. If the pump
      piston 8 executes longer strokes than correspond to this quantity, the
      pressure in the delivery line 15 rises. This rise in pressure has a
      damping effect upon the oscillatory system so that the strokes are
      automatically limited to the required magnitude.
PAR  The cut-off valve 28 is closed until such delivery pressure obtains in the
      storage chamber 39 that the control element 33 is downwardly displaced to
      such an extent that the three-part snap-action system, consisting of the
      actuating lever 31, the snap-action spring 32 and the control element 33,
      snaps into the other end position so that the closing member 29 is raised.
      No harm is done if in this position the backing plate 42 periodically
      moves backwards and forwards over a predetermined distance, since the
      snap-action system only snaps back when the pressure falls below a
      predetermined bottom limit. For example, the cut-off valve moves into the
      open position at 7 atmos. and into the closed position at 4 atmos.
PAR  When the magnetic pump is switched on, the flow-restricting member 19 is
      fully open and the cut-off valve 28 is closed. After a short time the
      delivery pressure rises. The flow-restricting member 19 closes, and the
      pressure in the storage chamber 39 gradually rises. As soon as this
      pressure has reached the upper cut-off limit, the cut-off valve 28 opens,
      the flow-restricting member 19 commences its pressure-regulating function
      and normal operation is reached. As soon as the pump is switched off and
      the delivery pressure therefore drops, the cut-off valve 28 closes when
      the pressure drops below a bottom cut-off limit.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fuel oil supply assembly comprising a magnetic pump having a resilient
      oscillatory system, said pump having a suction line and a delivery line, a
      nozzle at the terminal end of said delivery line, a pressure regulator in
      said delivery line having a flow passage, flow restricting means in said
      passage including a valve means, spring means biasing said valve means in
      an opening direction, a storage chamber in said delivery line between said
      pump and said pressure regulator, said storage chamber having resilient
      wall means, a suction chamber adjacent said storage chamber, said suction
      chamber and said storage chamber being separated by said resilient wall
      means, said suction chamber having fluid communication with said suction
      line.
NUM  2.
PAR  2. A fuel oil supply assembly according to claim 1 wherein said resilient
      wall means is a diaphragm, plate means in said storage chamber in abutting
      contact with said diaphragm, and spring means biasing said plate means.
NUM  3.
PAR  3. A fuel oil supply assembly according to claim 2 including a cut-off
      valve between said pressure regulator and said nozzle, rod means connected
      to said plate means, a lever and a snap action spring cooperable with said
      lever between said rod means and said cut-off valve for closing said
      cut-off valve when there is a predetermined minimum pressure in said
      storage chamber.
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ABST
PAL  A compressor intake valve and control means in the form of an unloader by
      which the intake valve may be controlled to prevent compression of air and
      in which the intake valve and unloader means is disposed within the
      thickness of a flat compressor head. The various movable parts of the
      unloader and the valve are maintained in guided relationship relative to
      each other by the surfaces of the head itself and access to the valve
      portion and to the unloader portion of the assembly are independent of
      each other.
PARN
PAR  This is a continuation, of Application Ser. No. 296,016, filed Oct. 10,
      1972, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to air compressors and, more particularly, to an
      intake valve and control means therefore.
PAR  It has been the practice in connection with pumps for compressing air and
      particularly with compressors which are continuously driven to provide
      means responsive to a predetermined maximum pressure in a storage
      reservoir to disable the compressor from delivering additional compressed
      air to the reservoir. A common expedient is to provide means responsive to
      pressure in the storage reservoir to hold the intake valve open to the
      outside atmosphere or to an adjoining cylinder so that no compression of
      air can take place. However, such unloaders have required special
      attachment to the compressor and particularly when associated with the
      head of compressor, the attachments project to cause problems in location
      and mounting such as can be encountered when air compressors are used with
      truck air brake systems and are mounted adjacent to or on the truck engine
      to be driven thereby. Moreover, the separate components which are attached
      to the compressor create leakage problems requiring additional or special
      seals and careful alignment of the relatively movable parts in the
      unloader system and intake valve. Prior unloader arrangements and intake
      valves also have presented servicing problems requiring elaborate
      dismantling of the compressor which affects both the unloader portion and
      intake valve portion of the arrangement and prohibits the easy servicing
      of one portion separately from the other.
PAR  It is an object of the invention to provide a compressor intake valve and
      control means in the form of an unloader which is incorporated within the
      thickness of a relatively flat, removal compressor head.
PAR  Another object of the invention is to provide an intake valve and control
      means in the form of an unloader in which access to either the intake
      valve portion or the unloader portion is easily achieved independently of
      each other.
PAR  It also is an object of the invention to provide an intake valve and
      control means in the form of an unloader in which the relatively movable
      parts are guided for movement relative to each other within a single
      common part, namely, the head of the compressor.
PAR  Still another object of the invention is to provide an improved inlet valve
      and control means for such an inlet valve which is simple in construction
      and commercially feasible to manufacture and maintain.
PAR  In accordance with the present invention, an intake valve and its
      controlling unloader are disposed within the thickness of a relatively
      flat compressor head with the location of the parts determined by and
      guided by internal surfaces of the head itself. The intake valve portion
      is located adjacent one surface and the unloader portion is located
      adjacent the opposite surface with both portions mounted for easy removal
      and servicing independently of each other.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a compressor embodying the invention with a
      portion broken away and shown in section taken generally on an irregular
      line 1--1 in FIG. 2;
PAR  FIG. 2 is a top view of the compressor shown in FIG. 1;
PAR  FIG. 3 is a cross-sectional view at an enlarged scale of one element of the
      compressor taken generally on line 3--3 in FIG. 1; and
PAR  FIG. 4 is a schematic view of an air system embodying compressor utilizing
      the inlet valve and unloader of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, the particularly to FIG. 1, the compressor 10 is
      of a two cylinder, single stage type in which a pair of identical
      cylinders 11 and 12 slidably support identical pistons 13 and 14,
      respectively. The pistons 13 and 14 are reciprocated in the cylinders 11
      and 12 by means of a crankshaft 15 one end of which is indicated in FIG.
      1, the upper ends of the cylinders 11 and 12 are covered by a unitary,
      water cooled, head assembly 19 which receives and discharges cooling water
      through ports 20. The head 19 has opposite, generally flat and and
      parallel bottom and top surfaces 21 and 22, respectively. The flat head
      assembly 19 is bolted to the top of the block of the compressor 10 by
      means of bolts 24 to cover the upper open ends of the cylinders 12 and 13.
PAR  The head assembly 19 incorporates a discharge valve generally designated at
      26 and an intake valve generally designated at 28. Although the discharge
      valve 26 is shown associated with the cylinder 11 and the intake valve 28
      is shown associated with the cylinder 12, it will be understood that each
      of the cylinders has both a discharge valve 26 and an intake valve 28
      associated with it.
PAR  The discharge valve 26 includes a disc 32 which normally is urged into a
      seated relationship with an annular seat 34 by a spring 36. On the
      compression or upward stroke of the associated piston, the disc 32 is
      lifted from its seat against the biasing action of the spring 36 to admit
      compressed fluid to a discharge cavity 38 which communicates with an
      exhaust port 40 seen in FIG. 2 and which is connected by a discharge line
      42 with a reservoir 44 as seen in FIG. 4.
PAR  Referring again to FIG. 1, each of the intake valves 28, one of which is
      associated with each of the cylinders 11 and 12, is disposed in a
      cylindrical cavity or bore 50 which is open to the flat bottom surface 21
      of the compressor head and to the associated cylinder. The upper end of
      the cavity 50 is provided with a relatively large opening 52 by which the
      cylinders communicate with an air intake cavity 54. The intake cavity 54
      is in continuous communication with an air cleaner 56, best seen in FIG. 4
      and mounted on one side of the compressor 10. All air entering the
      compressor passes through the air cleaner 56 to the inlet cavity 54 and
      enters the cylinder through the opening 52 and the cavity 50.
PAR  Disposed in the cavity 50 is a valve seat element 58 which has a downwardly
      protruding annular lip 60 forming a valve seat. The element 58 is held in
      position against an annular seal 62 by an inlet valve guide member 64
      threaded into complementary threads in the wall of the cavity 50. A valve
      disc 66 is normally maintained against the lip or annular valve seat 60 by
      a spring 68 acting on the underside of the disc valve element 66 and
      having its opposite end coiled around a stop portion 69 and seated on the
      valve guide member 64. As best seen in FIG. 3, the space between the stop
      portion 69 and annular wall 70 of the guide member 64 communicates by way
      of three circumferentially spaced passages 72 with the associated
      cylinder. The central or stop portion 69 of the valve guide provides a
      guide to maintain the spring 68 in alignment and the top surface 74 forms
      a stop which limits the downward movement of the valve disc 66 away from
      its seat 60.
PAR  Upon downward movement of the piston 14, the pressure in the associated
      cylinder 12 will be decreased below atmospheric pressure and the disc
      intake valve element 66 will be unseated from its annular valve seat 60
      against the biasing action of the light spring 68 permitting air to flow
      from the intake cavity 54 through the large opening 52 around the valve
      seat 60 and through the openings 72 to the cylinder. On the return stroke
      of the piston 14 in an upward direction, the pressure of the fluid in the
      cylinder is increased to cause a biased force along with the spring 68
      which causes the disc-shaped valve element 66 to reseat on its annular
      seat 60. The air is compressed and discharged to the air reservoir 44
      through the associated open discharge valve 26.
PAR  When the air reservoir 44, shown in FIG. 4, has received sufficient
      compressed air so that the pressure is at some predetermined maximum
      level, the compressor 10, which normally is continuously driven, must be
      unloaded so that further compressed air is not delivered to the reservoir.
PAR  The unloader mechanism 80 of the present invention, one of which is
      associated with each of the intake valves 28, includes a stem 82 in
      general axial alignment with the disc valve element 66, the cavity 50 and
      the valve guide 64. The upper end of the stem 82 is disposed in a
      cylindrical cavity or bore 84 which is formed adjacent to and is open to
      the flat top surface 22 of the compressor head 20. The upper end of the
      stem 82 is provided with a pair of space flanges 86 forming a groove
      therebetween which receives a lip type seal 88. The flanges 86 and a seal
      88 form a piston in the cavity 84 which acts as a cylinder. The stem 82 is
      normally urged upwardly to the position shown in FIG. 1 by a spring 90
      surrounding the stem 82 and having one end seated against the end wall of
      the cavity 84 and the other end acting against the lower flange 86 on the
      stem. The lower end of the stem 82 is guided by surface 92 and passes
      freely through an opening formed between the bore 84 and the inlet cavity
      54 and also through the enlarged opening 52. As shown in FIG. 1, the lower
      end of the stem 82 is normally slightly spaced from the upper surface of
      the closed inlet valve disc 66.
PAR  The upper end of the bore 84 above the lip seal 88 forms a chamber 93 in
      communication with a manifold 94 which is best seen in FIG. 2. The
      manifold 94 is formed in a gasket member indicated in FIG. 1 at 96 which
      is disposed between the flat top surface 22 of the head assembly 19 and a
      cover plate 98 which is held in position relative to the head by bolts 99.
      Both of the bores 84 of the pair of unloaders associated with the pair of
      cylinders 11, 12 is in communication with the manifold 94 and with a
      laterally extending passage 102 communicating with a fluid pressure
      governor 104 which, as seen in FIG. 4, is mounted on one side of the
      compressor head 20 and communicates by way of a line 106 with the
      reservoir 44.
PAR  Such governors 104 are of a type well known and conventionally used in the
      art and include an enclosed valve which prevents the delivery of air to
      the manifold 94 from the reservoir 44 until some predetermined maximum
      pressure is established in the reservoir. For example, if it is desired to
      maintain a maximum pressure of 125 psi in the reservoir 44, the governor
      valve remains closed until such pressure is attained at which time, a
      pressure responsive means in the governor 104 opens the normally closed
      valve of the governor and admits fluid to the manifold 94 leading to the
      bores 84 seen in FIG. 2. Upon receiving the maximum pressure in the
      manifold 94, the pressure acts on the lip seal 88 to urge the stem 82
      downwardly against the biasing action of the spring 90 so that the bottom
      end of the stem 82 engages the disc shaped valve element 66 and moves it
      downwardly against the biasing action of the spring 68, out of engagement
      with the annular valve seat 60 and into engagement with the stop 74 formed
      on the valve guide 64. The intake valve 60, 66 will be retained in its
      open position during continued reciprocation of the pistons 12 and 13 so
      that additional air cannot be compressed and delivered to the reservoir.
      The inlet valve 60, 66 will be retained in its open position until the
      pressure in the reservoir 44 drops to some predetermined value, for
      example, 105 psi at which time, the governor valve is actuated in response
      to that pressure level to close the governor valve and, at the same time,
      exhaust the air from the manifold 94. This permits the spring 90 in the
      cavity 84 to urge the valve stem 82 upwardly to the position in which it
      is shown in FIG. 1 so that the intake valve 60, 66 is free to function and
      permits the compressor 10 to again operate in a normal pressure delivering
      cycle.
PAR  Access to the unloaders 80 is readily attained by removing the cover plate
      98 which makes the unloaders 80 readily removable as a unit from the
      cavity 84 without interfering in any way with the intake valve 28 and
      without requiring removal of other parts of the compressor. In like
      manner, the intake valves 28 are recessed in the cavity 50 in the bottom
      portion of the head 19 so that if servicing is required, the head may be
      removed from the remainder of the compressor without disturbing the
      unloaders 80 or associated parts. Upon removal of the head, the valve
      guide 64 may be unscrewed from the cavity 50 to give access to the various
      components for servicing.
PAR  It will be noted that the unloader 80 and the intake valve 28 associated
      therewith are both disposed within the thickness of the water cooled head
      20 and that the various surfaces which guide the relatively movable
      unloader and intake valve parts are formed by the same part, namely the
      head 19, and no special provisions for alignment of the unloader 80
      relative to the valve intake assembly 28 are required.
PAR  It will now be seen that there has been provided an inlet valve and
      unloader assembly which is disposed within the thickness of a head of an
      air compressor and that the various components are easily accessible for
      repair and replacement when required. Moreover, the disposition of the
      components is such that special bearings and seals are not required to
      assure alignment for proper operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a reciprocating compressor having a body portion forming a pair of
      cylinders, a removable unitary head having a flat bottom surface covering
      the open ends of said cylinders, said head having a flat top surface
      parallel to said bottom surface, a pair of first cylindrical chambers
      formed in said unitary head and opening to said bottom surface and said
      pair of cyclinders, respectively, a pair of second cylindrical chambers
      axially aligned with said pair of first cylindrical chambers,
      respectively, and opening to said top surface of said head, an intake
      chamber formed in said head and communicating with said pair of first
      chambers, a plate removably connected to said top surface of said head and
      closing said pair of second chambers, inlet valve means removably disposed
      in each of said first chambers and being disposed between said cylinders
      and said intake chamber, means formed by said plate and connecting said
      pair of second chambers to each other and to a source of fluid pressure,
      and plunger means removably disposed in each of said second chambers and
      within said unitary head and including pressure responsive portions
      simultaneously responsive to pressure in said second chambers, said
      plunger means including portions projecting from said second chambers into
      said first chambers and being movable toward said inlet valve means to
      hold the latter simultaneously open in response to a predetermined
      pressure in said source, said inlet valve means being separately removable
      independently of said plunger means upon removal of said removable head
      and said plunger means being separately removable independently of said
      valve means upon removal of said plate.
NUM  2.
PAR  2. The combination set forth in claim 1 in which said means connecting said
      pair of second chambers to each other and to said source is disposed
      between said flat top surface of said head and said plate.
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ABST
PAL  A membrane-air pump functioning as a tachometer, having a first flow
      circuit whose pneumatic flow or pressure values serve as speed-dependent
      guide parameters for control or regulating apparatus. A second flow
      circuit leads from the pressure or delivery side of the membrane-air pump
      to the suction side thereof, and in which there is incorporated a flow
      throttle and a spring-loaded relief pressure valve in series connection
      with the second flow circuit. Preferably, the flow throttle, as well as
      the relief pressure valve are adjustable.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a membrane-air pump functioning as a
      tachometer, having a first flow circuit whose pneumatic flow or pressure
      values serve as speed-dependent guide parameters for control or regulating
      apparatus.
PAC  DISCUSSION OF THE PRIOR ART
PAR  It is known that the pressure increase on the pressure or delivery side of
      a membrane-air pump is, to a large extent, proportional to the speed of
      its rotating drive. Basically, membrane-air pumps of that type are thereby
      also adapted to be utilized as tachometers for the control elements of a
      fuel injection regulator for internal combustion engines. However,
      relatively small deviations in the flow and pressure values become
      noticable to a disturbing extent. These deviations, however, cannot be
      avoided in manufacture through mass production. Furthermore, in a fuel
      injection regulator a non-variable proportionality between speed and the
      pressure and, respectively, flow values is undesirable.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to purposefully vary
      the proportionality between speed and the pressure and respective flow
      values, and to eliminate the unavoidably considerable tolerances in the
      flow and pressure values due to mass production manufacture, while
      concurrently reducing manufacturing costs.
PAR  Inventively the foregoing object is obtained in that there is provided a
      second flow circuit which leads from the pressure or delivery side of the
      membrane-air pump to the suction side thereof, and in which there is
      incorporated a flow throttle and a spring-loaded relief pressure valve in
      series connection with the second flow circuit. Preferably, the flow
      throttle, as well as the relief pressure valve are adjustable.
PAR  The particular advantages of the invention lie in that through an
      adjustment in the operating pressure of the relief pressure valve, there
      is facilitated the selection of a predetermined speed, until up the latter
      the pressure increase at the delivery side of the pump is extremely steep,
      and from this speed on thereafter, according to the adjustment of the flow
      throttle, extends more or less level. In a fuel injection regulator for an
      internal combustion engine the foregoing concerns itself with the idling
      speed. Preferably, the flow throttle is adjusted so that for each
      individual membrane-air pump, a completely predetermined maximum speed has
      associated therewith a completely predetermined pressure at the delivery
      side of the pump. Thereby there are eliminated not only the unavoidable
      manufacturing tolerances. Also all deviations of the pressure and,
      respectively, flow values which are caused by the wear and changes of the
      constructional components, may be eliminated through subsequent
      adjustment. It is advantageous, that for the idling speed of an internal
      combustion engine there is present an appreciable control or regulating
      pressure, while the further pressure increase follows move level at a
      smaller proportionality factor, so that the maximum pressure and the
      therewith associated technical requirement becomes substantially lower
      than that for presently used membrane-air pumps.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An example of the invention is described in the following detailed
      description, as illustrated in the accompanying drawing, in which:
PAR  FIG. 1 shows a sectional view of a membrane-air pump constructed according
      to the invention; and
PAR  FIG. 2 shows a diagram illustrative of the correlation between the
      operating pressure and the engine speed.
DETD
PAC  DETAILED DESCRIPTION
PAR  Between a lower pump portion 11 and an upper pump portion 12 there is
      located a membrane 13. The membrane, in a known manner, is clamped between
      membrane plates 14 and 15, and, together with the membrane plates,
      fastened to a slidably supported pump rod 16. The pump rod 16 slides on a
      cam shaft 17. A return spring 18, which is upwardly supported against the
      lower pump portion 11 and downwardly against a ring 19 on the pump rod 16,
      is pre-tensioned so as to constantly pull the rod and membrane downwardly,
      whereby the membrane effects oscillating motions in conformance with the
      contour of the cam shaft 17 upon rotation of the latter.
PAR  An inlet nipple 20 is located in the upper pump portion 12, and is
      connected with the suction chambers 21 and 22 of the pump. An outlet
      nipple 23, which is connected with the pump pressure chambers 24 and 25,
      is similarly positioned in the upper pump portion 12.
PAR  The operating medium moves from the suction chamber 21, through an inlet
      valve 26, into the operating chamber 27, and from there through an outlet
      valve 28 into the pressure chamber 24. In parallel with this flow path,
      the operating medium moves from the suction chamber 22 through an inlet
      valve 29 into the operating chamber 30, and from there through an outlet
      valve 31 into the pressure chamber 25.
PAR  A flow circuit leads from the delivery side of the membrane-air pump
      through an aperture 35, a relief pressure valve 36, a chamber 37, an
      aperture 32, a flow throttle 33, and a channel 34, to the pump suction
      side.
PAR  The current throttle 33 consists of an adjusting screw 38 having a conical
      tip adapted to adjustably extend into the aperture 32, and of a control
      nut 39. The relief pressure valve 36 consists of a ball 40 which is
      adapted to close aperture 35, and is which loaded by means of a spring 41
      having a pre-tensioned force adjustable by means of the control nut 43
      provided on adjusting screw 42.
PAR  During the operation of the membrane-air pump there is formed between the
      outlet nipple 23 and the inlet nipple 20 an open or closed flow circuit
      with a fixedly adjusted load resistance. With an increasing speed there
      concurrently increases the pressure in the pressure chamber 24. As soon as
      the pressure has reached a predetermined value, the pre-tensioning of the
      spring 41 is exceeded, the relief pressure valve 36 opens, and return flow
      commences, limited by the adjustment of the flow throttle 33. From this
      time point on, upon increasing engine speed, further pressure increase in
      the pressure chamber 24, and in the therewith connected chambers and
      passages, continues in a more level manner.
PAR  In the diagram illustrated in FIG. 2, there is represented along the
      horizontal axis the engine speed, and along the vertical axis the pressure
      of the operating medium at the delivery side of the pump. The pressure
      sequence is illustrated for a membrane-air pump pursuant to the invention
      by the solidly shown lines. It is ascertainable that the pressure
      increases steeply with the machine speed, as long as the relief pressure
      valve is still closed. As soon as the relief pressure valve is opened, the
      further pressure increase occurs more level, in accordance with the
      adjustment of the flow throttle 33.
PAR  When the invention is utilized as the component of a fuel injection
      regulator for an internal combustion engine, the relief pressure valve 36
      opens upon attaining of the idling speed.
PAR  The chain-dotted lines represent the pressure sequence of prior art
      membrane-air pumps. It may be ascertained from the diagram of FIG. 2 that
      the prior art membrane-air pumps are not suitable for fuel injection
      regulators. Assumed that at idling speeds a pump pressure must be present,
      which is required at a height through the subsequently switched-in control
      and regulating organs, as signified by graph point 44, then for increasing
      engine speeds the further pressure increase follows the chain-dotted line
      45, and reaches a height finally at a maximum rotational speed which lies
      in excess of practical applicable limits.
PAR  Assumed that the still practical usably maximum pressure is at the maximum
      rotational speed designated by the point 46, then the pressure increase in
      a prior art membrane air pump will follow the chain-dotted line 47. At
      idling speed there is thus available a completely inadequate pump pressure
      for control and, respectively, regulating purposes. Even less desirable
      would be the pressure sequence, if for the purposes of reduction of the
      manufacturing costs for the pump, there is selected a maximum pressure
      which is designated by the point 48. The pressure increase then follows
      the chain-dotted line 49, and during idling speeds there is accordingly
      available for use only a still lower pressure.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a positive displacement pump, a first flow circuit extending from a
      flow inlet at the suction side of the pump to a discharge at the delivery
      side of the pump providing flow or pressure values serving a
      speed-dependent guide values for control or regulating apparatus, said
      first flow circuit including a pump chamber; a flexible membrane dividing
      said pump chamber into first and second chamber portions sealed from each
      other; a first suction chamber communicating said first chamber portion
      with said flow inlet; a first pressure chamber communicating said first
      chamber portion with said pump discharge, a second suction chamber
      communicating said second chamber portion with said flow inlet; and a
      second pressure chamber communicating said second chamber portion with
      said pump discharge, the improvement comprising: a second flow circuit
      extending from said first pressure chamber upstream of said pump discharge
      to said first suction chamber; relief pressure valve means in said second
      flow circuit inhibiting flow therethrough below a predetermined low flow
      or pressure value at said pump discharge and permitting return flow
      therethrough from said first pressure chamber to said first suction
      chamber at and above said predetermined value; and adjustable throttle
      means in said second flow circuit located intermediate said relief
      pressure valve means and said first suction chamber and operable above
      said predetermined low flow or pressure for adjustably restricting the
      flow through said second flow circuit and controlling the flow or pressure
      values at said pump discharge.
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PAL  A high-speed rotary vacuum pump has a compression chamber which is spaced
      from the walls of a housing by at least one body of acoustic insulation
      material which acts to absorb noise, to position the chamber with respect
      to the housing, and to form a fluid-tight seal between the chamber and the
      housing in the region where the rotary drive shaft of the pump projects
      from the compression chamber. The drive shaft and the gas inlet and outlet
      ducts are also acoustically insulated.
BSUM
PAR  This invention relates to a rotary compressor for gas, particularly, but
      not exclusively, of the sliding vane type.
PAR  By the term `compressor` in this specification is meant both a device for
      compressing gas at atmospheric pressure and delivering it at a
      superatmospheric pressure, and a device (usually termed a vacuum pump) for
      compressing gas at a sub-atmospheric pressure and delivering it at a
      pressure at or near atmospheric.
PAR  One of the major sources of noise from a rotary compressor is the
      vibrations imparted to the compression chamber walls by high-speed
      movement of the rotor vanes, by hydraulic `knock` in the sealing oil, etc.
PAR  The present invention aims at producing a quiet, high-speed, rotary
      compressor by acoustically insulating the external surfaces of the
      compression chamber from the ambient atmosphere.
PAR  Accordingly the present invention provides an oil-sealed, rotary compressor
      which is as claimed in the appended claims.
DRWD
PAR  The present invention will now be described by way of example with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a view, part in section and part in elevation, of a compressor of
      the present invention in the form of a sliding-vane rotary vacuum pump
      coupled to an electric motor;
PAR  FIG. 2 is a view in the plane II--II of FIG. 1;
PAR  FIG. 3 is a view in plane III--III of FIG. 1;
PAR  FIG. 4 is a view in plane IV--IV of FIG. 2, and
PAR  FIG. 5 is a sectional view through a bolt used for securing the compression
      chamber housing to the sump housing.
DETD
PAR  In the accompanying drawings, those parts common to the various Figures
      have been given the same references.
PAR  The rotor 2 of the illustrated pump carries a pair of diametrically-opposed
      vanes 4, the rotor and vanes being mounted within an eccentric compression
      chamber 6 formed in a compression chamber housing 8. Compression chamber
      housing 8 is supported in the interior of a sump housing 10 in the form of
      a cup-shaped member 12 cooperating with an end wall 14. End wall 14 has an
      inner tubular projection 16 terminating in an annular flange 18.
      Positioned between the opposing faces of flange 18 and compression chamber
      housing 8 is a vibration barrier 20 of rubber or like elastomeric
      material. Although the barrier 20 is shown as having planar surfaces in
      contact with the adjacent metal members over a relatively-large surface
      area, in practice the contacting surfaces would be designed to be as small
      as possible to leave pockets of air between barrier 20 and the adjacent
      metal surfaces. These pockets add to the vibration insulation by making
      the barrier 20 `squashy` so that vibrations applied to one major surface
      of it by the compression chamber housing 8 are virtually all absorbed in
      the interior of barrier 20 without being mechanically transmitted to the
      face in contact with flange 18.
PAR  It is also envisaged that one or other of the major surfaces of barrier 20
      would have projections or indentations 15 permitting it to key with the
      adjacent members of the pump assembly so that the compression chamber
      housing 8 is positively located in the correct position when the pump is
      being assembled.
PAR  One wall of chamber 6 is defined by an end plate 22 secured to the chamber
      housing 8 by screws 24. Cup 12 is secured to end wall 14 in a fluid-tight
      manner by the interposition of a gasket 25 of rubber or other suitable
      material which is not subject to attack by the oil or other liquid which
      is used in the vacuum pump for lubrication and sealing purposes. The
      interior of sump housing 10 is intended to act both as an oil-spray
      setting chamber and as a sump for the oil which is arranged (by means
      which are not shown) to be continuously introduced at a desired rate into
      the interior of chamber 6, being exhausted therefrom in operation of the
      pump and falling back into the sump. The upper level of the oil is
      indicated at 26 and is determined by the location of a screw-threaded
      filling plug 28 positioned in cup 12. To minimise the transmission of
      vibrations through the oil, the oil level is kept low. When desired, the
      oil or like fluid can be exhausted from the interior of sump housing 10 by
      removal of a like plug 30.
PAR  Extending from rotor 2 is a driving shaft 32 provided with shaft seals 34
      and additional acoustic insulation 36 held in place by a washer 38 and a
      circlip 40. The end of shaft 32 is connected to the shaft 42 of an
      associated electric motor 44 by means of a flexible coupling 46. This is
      preferably of a type which employs rubber or other elastomer for
      transmitting drive to the rotor, so that the transfer through the coupling
      of vibrations at audible frequencies is impeded. The coupling can be of
      fairly-conventional construction, and can be in the form of a pair of
      spiders 48 of which each is non-rotatably secured to the outer end of its
      respective shaft. Extending from each spider is a pair of fingers, the two
      pairs of fingers from the spiders gripping a cruciform coupling member 50
      of rubber or other elastomeric material. Alternatively, a boss may be
      secured to each of the two shafts and these may be connected together by a
      cylindrical elastomeric member having its faces bonded to the faces of the
      bosses. The coupling is such that it is able transmit torque but absorb
      both axial and angular vibrations of shaft 32 relative to shaft 42.
PAR  Positioned between adjacent, virtually-cylindrical, surfaces of end wall 14
      and the chamber housing 8 is an O-ring 52. In addition to acting as a
      device for centering the chamber housing 8 in the passage defined by
      projection 16, O-ring 52 acts as acoustic insulation.
PAR  Projecting from the outer face of end wall 14 is an arcuate shroud 54. As
      can be seen most clearly from FIG. 2, shroud 54 encircles most of coupling
      46 and has two main functions. One is to shield the rotating shafts 42 and
      32, and coupling 46, from accidental contact with the clothing or limbs of
      people using the vacuum pump. The other function is to muffle to an extent
      any `noise` which is still able to reach the outside of the vacuum pump
      despite the measures taken against it. The compressor drive shaft is a
      likely source of such noise because the shaft passes through the
      acoustically-dense wall of the housing and is directly connected to the
      rotor, and so is vibrated by it. The dgreee of muffling is increased if
      shroud 54 forms a complete envelope, around the coupling but this is not
      always possible because of the danger of motor 44 becoming over-heated.
      For this reason part of the shroud may be cut away to act as an inlet by
      which cooling air can pass through the resultant gap into the interior of
      motor 44. Nevertheless, because of the location of the cut-away portion,
      any noise coming from the interior of the vacuum pump tends to be directed
      down towards the floor or other surface supporting the vacuum pump and its
      driving motor, and so be absorbed there rather than passing directly to
      the ears of the users. It is also possible to line the interior of the
      shroud with sound-absorbent material to reduce the escape of reflected
      sound through the bottom aperture.
PAR  Yet other methods of acoustically insulating the shaft could be used. For
      instance, the shaft and flexible coupling could be enclosed in a sleeve 47
      of felt or like vibration-absorption material which would be positioned so
      as still to allow the desired flow of cooling air into the interior of the
      electric motor. As an alternative, the sump housing 10 could be redesigned
      so that the flexible coupling is positioned inside the sump housing with
      the oil-seals and vibration-absorbers being positioned on the drive shaft
      42 instead of on the compressor shaft 32.
PAR  As indicated in FIG. 2, the shroud 54 also supports an inlet 56 for the gas
      being pumped; an outlet 58 for the gas being exhausted from the pump, and
      a ballast knob 60 by means of which air can be allowed to `leak` at a
      controlled rate into the chamber of the pump for gas-ballasting purposes,
      as is well known in the vacuum pump art.
PAR  Normally the end wall 14 of the sump housing and the pumping chamber
      housing 8 are made from metal. In order to prevent the vibrations of
      housing 8 from being transmitted to the exterior of the pump assembly it
      is important that there is no direct metal-to-metal path along which
      vibrations can flow. However, this militates against the fact that there
      must be continuity in the walls of the ducts along which gas flows to the
      pumping chamber.
PAR  FIG. 4 shows one manner in which these requirements are met. FIG. 4 is a
      cross-section along the gas inlet duct, and similar arrangements are made
      for the gas ballasting duct. As shown, the gas inlet 56 leads to a duct 62
      machined in a thickened portion 64 of shroud 54. Duct 62 is substantially
      coaxial with a similar duct 66 provided in the chamber housing 8, and both
      ducts are in communication with each other through a passage 68 extending
      through the thickness of barrier 20. Barrier 20 functions both to provide
      a gas-tight connection between the adjacent ends of ducts 62 and 66 and
      also as vibration insulation in preventing, at least to a large extent,
      audible vibrations of the chamber housing 8 from being transmitted to the
      end wall 14 and integral portions thereof. Internally of the chamber
      housing 8, duuct 66 is placed in communicationn with the pumping chamber 6
      in a way which is conventional and which will therefore not be described
      herein in any further detail.
PAR  For sake of completeness, FIG. 3 shows the internal construction of the
      vacuum pump itself. Most parts are self-explanatory taken in conjunction
      with the preceding description. The only component not so far shown or
      referred to is the exhaust valve 70. This consists of a flap 72 of rubber
      or other elastomeric material, and a restraining member 74 adapted to
      limit the extent of flexure of flap 72 so that the latter does not become
      permanently distorted in use. The flap 72 seals the outer end of an
      exhaust passage 76 in the chamber housing 8. When the pump is operating, a
      mixture of gas and vacuum oil is impelled along the passage 76, through
      valve 70, and into the interior of the sump housing 10, from where the gas
      is vented to the exhaust outlet 58, and the oil returns to the sump.
PAR  As shown in FIG. 5, the chamber housing body member 8 is secured to the
      housing by means of several bolts 77 projecting from the chamber housing
      body 8 and passing through apertures 78 in flange 18, where they are
      engaged by nuts 80 bearing on metal washers 82. As the nuts 80 are screwed
      down they force the chamber housing 8 to move along the axis of shaft 32
      into engagement with the barrier 20 and O-ring seal 52. Although the bolts
      77 also act to prevent the chamber housing 8 from rotating with shaft 32,
      they are prevented from coming into direct contact with flange 18 by
      extensions 84 integral with barrier 20 and rubber wahsers 86 under the
      metal washers 82, so that the intervening rubber acts to absorb the
      vibrations in bolts 77 from being transmitted to flange 18, and from there
      to the rest of the sump housing 10. Alternatively, the chamber housing 8
      may be forced against flange 18 by a pad of elastomeric material which is
      compressed and located between cover plate 22 and the sump housing 10.
PAR  Accordingly it will be seen that the present invention provides a rotary
      compressor in which appreciable attention has been paid to absorbing sound
      vibrations generated in operation of the compressor before they are able
      to be transmitted to the exterior surfaces of the compressor and generate
      a noise. The provision of quiet vacuum pumps and other compressors is
      particularly important for hospitals and educational establishments where
      it is important to keep the background noise level to as low value as
      possible.
CLMS
STM  I claim:
NUM  1.
PAR  1. An oil sealed rotary compressor including a sealed sump housing having
      acoustically-dense walls and acting as an oil sump,
PA1  a compression chamber housing positioned in the interior of the sealed sump
      housing, all external surfaces of the chamber housing being spaced from
      the adjacent surfaces of the sump housing and separated therefrom by an
      insulating material at points of interconnection between said sump housing
      and said chamber housing to absorb vibration between said housings,
PA1  a rotor, mounted for rotation within the compression chamber,
PA1  a rotary drive shaft connected to the rotor, which drive shaft projects
      from the chamber,
PA1  means for driving the rotary drive shaft, and
PA1  at least one body of vibration insulation located between the chamber
      housing and the sump housing, in which the vibration insulation is adapted
      to locate and support the chamber housing within the sump housing, and to
      form a fluid-tight seal between the chamber housing and the sump housing
      in the region where the rotary drive shaft projects from the chamber
      housing.
NUM  2.
PAR  2. A compressor as claimed in claim 1, in which the surfaces of the body
      and the housing which are in contact with each other have corresponding
      projections and indentations so that the body is positively located with
      respect to the housing.
NUM  3.
PAR  3. A compressor as claimed in claim 1, in which the surfaces of the body
      and the chamber which are in contact with each other have corresponding
      projections and indentations so that the body is positively located with
      respect to the chamber.
NUM  4.
PAR  4. A compressor as claimed in claim 1, in which the wall of a first duct
      through which the gas being pumped enters the chamber has a complete
      peripheral portion made of vibration insulation material.
NUM  5.
PAR  5. A compressor as claimed in claim 1, in which the wall of a second duct
      through which the gas being pumped leaves the chamber has a complete
      peripheral portion made of vibration insulation material.
NUM  6.
PAR  6. A compressor as claimed in claim 1, in which the ducts through which the
      gas enters and leaves the chamber pass through the body of vibration
      insulation material, which body forms complete peripheral portions of the
      duct wall.
NUM  7.
PAR  7. A compressor as claimed in claim 1, in which the wall of the sump
      housing through which the drive shaft passes has extending inwardly a
      tubular projection which terminates in an annular flange, and in which the
      body is positioned between the flange and the adjacent external wall of
      the chamber housing.
NUM  8.
PAR  8. A compressor as claimed in claim 7, in which the chamber housing is
      secured to the sump housing by a plurality of bolts which project from the
      external surface of the chamber housing and extend through apertures in
      the chamber housing and the flange, and in which the ends of the bolts are
      engaged by nuts which are separated from the flange by an elastomeric
      material.
NUM  9.
PAR  9. A compressor as claimed in claim 7, in which the chamber housing has a
      tubular projection which extends into the tubular projection of the sump
      housing and is spaced therefrom and sealed thereto by an O-ring made of an
      vibration insulation material.
NUM  10.
PAR  10. A compressor as claimed in claim 1, in which the means for driving the
      rotary drive shaft include a motor, a motor drive shaft, and a flexible
      coupling, having a coupling member made of an elastomeric material having
      good vibration insulation characteristics, in which the motor is adapted
      to drive the motor drive shaft, and the motor drive shaft is coupled to
      the rotary drive shaft by the flexible coupling.
NUM  11.
PAR  11. A compressor as claimed in claim 10, in which the flexible coupling is
      located inside the sump housing, and in which the motor drive shaft is
      sealed to the adjactent wall of the chamber housing by a seal made of a
      material having good vibration insulation characteristics.
NUM  12.
PAR  12. A compressor as claimed in claim 10, in which the flexible coupling is
      located outside the sump housing and the compressor drive shaft is sealed
      to the adjacent wall of the chamber housing by a seal made of a material
      having good vibration insulation characteristics.
NUM  13.
PAR  13. A compressor as claimed in claim 12, in which a noise suppressing wall,
      at least partically encircles the flexible coupling.
NUM  14.
PAR  14. A compressor as claimed in claim 12, in which a sleeve encloses the
      flexible coupling.
NUM  15.
PAR  15. An oil sealed rotary compressor, including:
PA1  a sealed sump housing acting as an oil sump;
PA1  a chamber housing defining a compression chamber and positioned in the
      interior of the sealed sump housing, the external surfaces of the chamber
      housing being spaced inwardly from the adjacent surfaces of the sump
      housing;
PA1  a rotor mounted for rotation within the compression chamber, and rotatable
      with a drive shaft projecting from the chamber housing;
PA1  means for driving the drive shaft through vibration-absorbing means;
PA1  at least one duct extending between the compression chamber housing and
      means mounted on the sump housing for coupling the ducts to equipment
      containing the fluid to be compressed, and
PA1  at least one body of vibration insulation material positioned between the
      chamber housing and the sump housing at all points of interconnection, and
      between the chamber housing and the duct coupling means at all points of
      interconnection
PA1  whereby no metal-to-metal vibration-transmitting contact between any
      component carried by, or forming part of, the chamber housing, and the
      sump housing or any other component external to the chamber housing is
      present.
NUM  16.
PAR  16. A rotary compressor as claimed in claim 15, in which one body of
      vibration insulation material takes the form of a mounting pad of rubber
      or like elastomeric material positioned between the chamber housing and
      the sump housing, and in which the said duct passes through the mounting
      pad.
NUM  17.
PAR  17. A rotary compressor as claimed in claim 16, in which the drive shaft is
      coupled to its driving means through at least one body of elastomeric
      material.
NUM  18.
PAR  18. A rotary compressor as claimed in claim 15, in which a second duct
      extends from the compression chamber to means mounted on the sump housing
      for conducting gas at a controlled rate to the interior of the compression
      chamber for gas ballasting purposes.
NUM  19.
PAR  19. A rotary compressor as claimed in claim 18, in which one body of
      vibration insulation material takes the form of a mounting pad of
      elastomeric material positioned between the chamber housing and the sump
      housing, and in which both of the said ducts pass through the mounting
      pad.
PATN
WKU  039362396
SRC  5
APN  4920848
APT  1
ART  342
APD  19740726
TTL  Undercompression and overcompression free helical screw rotary compressor
ISD  19760203
NCL  11
ECL  1
EXA  Reynolds; David
EXP  Burns; Wendell E.
NDR  3
NFG  5
INVT
NAM  Shaw; David N.
CTY  Unionville
STA  CT
ASSG
NAM  Dunham-Bush, Inc.
CTY  West Hartford
STA  CT
COD  02
CLAS
OCL  417315
XCL  417310
XCL  418201
XCL  418202
EDF  2
ICL  F04B 4902
FSC  417
FSS  310;315
FSC  418
FSS  201;202
UREF
PNO  3088659
ISD  19630500
NAM  Nilsson et al.
OCL  418201
UREF
PNO  3738780
ISD  19730600
NAM  Edstrom
OCL  417310
UREF
PNO  3756753
ISD  19730900
NAM  Persson et al.
OCL  418201
UREF
PNO  3759636
ISD  19730900
NAM  Schaefer et al.
OCL  417310
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  An axially shiftable slide valve member in a rotary, helical screw
      compressor carries a port which senses the pressure of the working fluid
      in the trapped volume just before uncovering of the closed thread to the
      discharge port and compares that pressure with the line pressure at the
      discharge port and shifts the slide valve member to balance the pressures
      and prevent overcompression or undercompression of the compressor. The
      screw compressor may be provided with two identical but oppositely
      oriented slide valve members on opposite sides of the intermeshed helical
      screws with one slide valve member controlling the capacity of the
      compressor and the other balancing the closed thread pressure at discharge
      with discharge line pressure. Compressor rotation may be reversed to
      eliminate the need for a reversing valve where the compressor operates in
      heat pump or reverse flow defrost refrigeration applications, with the two
      slide valves trading functions.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to rotary helical screw compressors and more
      particularly to the use of slide valves for controlling compressor
      capacity and the discharge pressure of the machine.
PAR  2. Description of the Prior Art
PAR  Rotary helical screw compressors constitute positive displacement machines,
      wherein a working fluid is trapped within the closed threads of helical
      screw rotors whose grooves and lands are intermeshed: the screw rotors
      being mounted for rotation within intersecting bores with coplanar axes
      defining the barrel portion of a screw compressor casing. In order to
      control the capacity of the compressor and to control the pressure ratio
      or the pressure of the working fluid at compressor discharge, slide valves
      have been provided to the compressor which are carried within axially
      extending recesses within the barrel portions of the casing in open
      communication with the bores and to respective sides of the intermeshed
      screws. U.S. Pat. No. 3,088,659 to H. R. Nilsson et al and entitled "Means
      for Regulating Helical Rotary Piston Engine" is exemplary of the
      employment of such slide valves within rotary helical screw compressors.
PAR  In an effort to improve lubrication and cooling of the parts of the helical
      screw compressor forming the compressor working chamber, attempts have
      been made to inject liquid refrigerant, water, oil, and relatively low
      temperature gas into a closed thread of the compressor by means of a port,
      carried by the slide valve and opening up into the compressor working
      chamber upstream of the discharge port of the screw compressor and movable
      with the slide valve to shift the injection port automatically with the
      shift of the slide valve, which controls the machine capacity by bypassing
      a portion of the compressed working fluid near the suction side of the
      machine, back to the suction port. Such liquid refrigerant injection is
      the subject matter of U.S. Pat. No. 3,795,117 to Moody et al entitled
      "Injection Cooling of Screw Compressors".
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a positive displacement screw
      compressor of the type wherein a casing is provided with a barrel portion
      defined by intersecting bores with coplanar axes located between axially
      spaced end walls and having low pressure and high pressure ports
      communicating with said bores at opposite ends and helical screw rotors
      each having grooves and lands mounted for rotation within respective bores
      with the lands and grooves of respective rotors intermeshed. An axially
      extending recess is provided within the barrel portion of the casing in
      open communication with the bores and a slide valve is axially slidable in
      the recess with the inner face of the slide valve being complementary to
      the envelope of that portion of the bores of the casing structure
      confronted by the opening of the recess, communicating with the bore
      portion of the casing structure with the valve member in sealing relation
      with confronting rotor structure. Further, the discharge port has at least
      a portion located in the barrel portion of the casing structure with the
      valve member being movable between extreme positions, in which, the
      discharge port is opened and closed. The valve member is of sufficient
      length to cover the entire remaining length of the confronting portion of
      the rotor structure throughout the range of movement of the valve member
      between its extreme positions. The invention resides in means for sensing
      the pressure of the working fluid within a closed thread closely adjacent
      to the end of the slide valve closing off the discharge port to the closed
      thread, and means for sensing the pressure of the working fluid at the
      discharge port and for comparing these pressures. Further, the invention
      comprises motor means for automatically shifting the slide valve axially
      to equalize the pressures to prevent undercompression or overcompression
      of the compressor working fluid within the closed thread by the
      compressor, prior to discharge.
PAR  Preferably, the slide valve carries a sensing port opening up to the closed
      thread and conduit means within the slide valve communicates the closed
      thread pressure sensing port to means external of the compressor casing
      for comparison of the compressor discharge pressure with the gas pressure
      at the compressor discharge port. The slide valve member is preferably
      shifted axially by a power piston slidable within a cylinder and connected
      to the slide valve member by a piston rod. A pilot valve responsive to the
      pressure differential controls the flow of a motive fluid to and from the
      respective sides of the power piston to shift the slide valve member to
      balance the two gas pressures. Preferably, a pilot valve which controls
      the application of motive fluid to and from the power piston comprises a
      valve spool having lands at opposite ends subjected directly to the closed
      thread pressure and the discharge port pressure for controlling the
      position of the pilot valve spool, and thus the power piston and slide
      valve member.
PAR  In another embodiment of the invention, a pair of slide valves are provided
      to the screw compressor on opposite sides of the intermeshed screws, the
      slide valves being identical in this embodiment of the invention. The
      slide valves are located on opposite sides of the barrel portion of the
      casing structure and are movable between extreme positions in which a
      respective port is fully open and the other of which the port is
      essentially closed with the length of each valve member being sufficient
      to cover the entire remaining length of the confronting portion of the
      rotor structure and the slide valves are oriented oppositely. The screw
      compressor may be driven in either direction, with the ports acting either
      as suction ports or exhaust ports for the compressor, dependent upon the
      direction of rotation of the screw compressor. The slide valves in turn,
      either control compressor capacity or match compressor discharge line
      pressure with that of the closed thread by shifting of the slide valves.
      By reversing the direction of rotation of the compressor, the necessity of
      a reversing valve is eliminated when using the bidirectional compressor in
      heat pump or refrigeration defrost applications.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of a rotary helical screw compressor employing
      the slide valve member of the present invention to match closed thread
      pressure at the discharge side of the machine to the discharge line
      pressure at the discharge port.
PAR  FIG. 2 is a sectional view of a reversible, rotary helical screw compressor
      for heat pump use, employing multiple slide valves as a second embodiment
      of the present invention.
PAR  FIG. 3 is a pressure plot of the compression cycle of the rotary helical
      screw compressor of FIG. 2 for a heat pump system during a cooling cycle
      in comparison with a screw compressor employing a single, conventional
      slide valve for capacity control.
PAR  FIG. 4 is a pressure plot of the helical screw compressor of FIG. 2 for a
      heat pump system operating during the heating cycle, in comparison with a
      similar conventional screw compressor with a single, conventional slide
      valve for capacity control.
PAR  FIG. 5 is an electrical schematic of the motor reversing scheme for an
      electrical motor employed as the motive power to the compressor of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Reference to FIG. 1 shows one embodiment of the present invention as
      applied to a rotary helical screw compressor. The rotary helical screw
      compressor 10 comprises a casing structure having a central barrel portion
      12 located between end wall sections or portions 14 and 16 and providing a
      working space formed by two intersecting bores (of which bore 18 is
      illustrated) and which carries a helical screw rotor 20 in mesh with a
      second helical screw rotor 21 which has an axis coplanar thereto and
      extending through the barrel portion 12 of the casing structure. The
      helical screw compressor in this respect is conventional, and both the
      male and female rotors have helical lands and intervening grooves and are
      mounted to rotate in the bores by means of bearings. For instance, screw
      rotor 20 is mounted for rotation on shaft 22 by being supported within
      bearing 20 of end wall portion 14, while the shaft 22 is supported by way
      of anti-friction bearings 26 carried by end wall portion 16 and mounted
      within an end bell 28 by way of sleeve 30; shaft 22 extending through the
      end bell 28 and being splined at 32 to permit the screw compressor to be
      coupled to an electric motor or the like (not shown) as the motive force
      for driving the screw compressor.
PAR  In the embodiment of FIG. 1, the screw compressor is rotated in a single
      direction only such that gas or other working fluid passes through the
      suction or intake passage 34 within end wall portion 14 and enters by way
      of suction or inlet port 36 into the working space formed by the
      intermeshed helical lands and grooves of respective rotors. There is no
      capacity control shown in the embodiment of FIG. 1 and the essence of this
      invention lies in the employment of a slide valve member shown generally
      at 38 to perform a specific function, that is, to match the closed thread
      pressure at the discharge side of the machine, that is, adjacent end wall
      portion 16, with the line pressure of the gas at the high pressure
      discharge port 40 at the end of slide valve member 38. It is a
      characteristic of these rotors that the flanks of the lands of the male
      rotors are convexly curved and with their intervening grooves lying
      substantially outside the pitch circle of the male rotor while the lands
      of the female rotor are concavely curved with their intervening grooves
      lying substantially inside the pitch circle of the female rotor. It is a
      further characteristic of such rotors that the effective wrap angle of the
      lands is less than 360.degree.. The casing structure, therefore, is
      provided with the high pressure discharge port 40, the major portion of
      which lies on one side of a plane passing through the axes of the rotors
      with the discharge port 40 being located within the high pressure end wall
      portion 16 of the machine. The discharge port 40 is in fluid communication
      with discharge passage 42 formed within end bell 28. As mentioned
      previously, the low pressure end wall portion 14 of the casing structure
      is provided with an intake or suction passage 34 which communicates by way
      of suction port 36 with that side of the barrel portion defined by the
      bores, including bore 18, to the opposite side of the plane passing
      through the rotor axes relative to high pressure discharge port 40.
PAR  The barrel portion 12 of the casing structure is further provided with a
      centrally located, axially extending, cylindrical recess 44 which is in
      open communication, at one end, with the high pressure port 40 and at the
      other end extends axially beyond the low pressure end wall 26. The recess
      44 therefore is open to the working space provided by the bores. It is
      this recess 44 which carries the longitudinally slidable, slide valve
      member 38. The axial position of slide valve member 38 within the recesses
      is adjusted by way of piston rod 46 which mechanically couples the slide
      valve 38 to the power piston 48 of a fluid motor 51 at the opposite end of
      rod 46. Power piston 48 is sealably and slidably supported within a power
      piston cylinder 50 which is mechanically coupled to the low pressure end
      wall portion 14 of the casing structure and is sealed therefrom by way of
      piston rod 46 which slidably extends through an opening 52 within end wall
      casing structure portion 14. An end cap 52 is mechanically coupled to the
      end of cylinder 50 so as to form a sealed chamber 54 within the cylinder
      which slidably receives piston 48. The inner surface 56 of valve member 38
      confronting the rotors is shaped to provide a replacement for the cut-away
      portions of the bores. A portion of the slide valve member 38 slidably and
      sealably engages a recessed portion 60 of end wall portion 14 of the
      casing such that regardless of the position of the slide valve, the valve
      member is of a sufficient length to cover the entire remaining length of
      the confronting portion of the rotor structure throughout its range of
      movement between the extreme positions as determined by recessed portion
      60 and the abutting contact or end face 62 of the slide valve with the
      high pressure end wall portion 16 of the casing structure.
PAR  During compression, an elastic fluid which may be a gaseous refrigerant
      such as freon, is drawn into and fills the grooves of the rotors through
      the low pressure port 36. As the rotors revolve, mating pairs of lands of
      the male and female rotors intermeshed at the bottom or high pressure side
      of the compressor form chevron shaped working chambers. As the rotors
      continue to revolve, these working chambers, which constitute compression
      chambers or closed threads, diminish in volume as the point of intermesh
      between any two lands determining the apex end of the given compression
      chamber or thread, moves axially toward the high pressure end wall 64 to
      diminish the volume of the compression chamber until the chamber runs out
      to zero bottom as the point of intermesh reaches the plane of the high
      pressure end wall 64. Closure of the compression chamber is effected by
      interface 56 of the slide valve 38 which is in confronting and sealing
      relation with the crests of the lands defining the boundaries of the
      compression chambers or closed threads. Discharge of compressed fluid is
      effected when the crests of the rotor lands defining the leading edge of
      the compression chambers pass the control edge 66 of the slide valve
      member 38 and which is essentially the right hand edge of valve member 38
      to establish communication between the closed thread or chamber and the
      high pressure discharge port 40. Movement of the slide valve 38 to the
      left shortens the time of compression while movement to the right
      increases the time of compression and increases the pressure ratio between
      suction and discharge of the compressor. Thus, the function, assuming that
      the initial volume of the closed thread prior to that thread reaching edge
      66 of the slide valve constant, permits the slide valve to vary the
      compression ratio of the compressor. This in effect controls the pressure
      of the discharge gas from the closed thread to the discharge port 40.
PAR  If the pressure within the discharge port 40 is less than that of the
      closed thread as it reaches edge 66, overcompression occurs, and
      immediately the pressure of that volume of gas evidenced by the closed
      thread is decreased to match the pressure in the compressor discharge port
      or the high side of the machine and thus the overcompression effort is
      wasted. This can amount to a substantial loss. Likewise, if the pressure
      of the working fluid as compressed within the closed thread prior to
      meeting edge 66 of the slide valve member is lower than that of the
      working fluid within the discharge port 40, this gas will be compressed to
      a pressure of the port when fluid communication is achieved between the
      discharge port and the closed thread. Substantial power loss may be
      experienced as result of either undercompression or overcompression, these
      losses being visually illustrated in FIGS. 3 and 4.
PAR  The present invention is directed to an arrangement for automatically
      shifting the slide valve member 38 to match the closed thread or working
      chamber fluid pressure at its point of discharge as determined by edge 66
      of the slide valve 32, to the line pressure of the working fluid at the
      compressor discharge port 40. In this respect, the slide valve is provided
      with an inclined passage 70 forming at the inner surface 56 of the slide
      valve, a closed thread sensing port 72 which opens up to the closed thread
      and permits sampling of the pressure of the compressed working fluid at
      that point in the compression cycle and just prior to discharge. The slide
      valve is further bored at 74 and is provided with an annular recess 76
      forming aligned openings through which extends a small diameter portion
      46a of the piston rod 46. The large diameter portion 46b of this piston
      rod forms a shoulder 78 which acts in conjunction with the headed end 81
      of the shaft to lock the piston rod or shaft 46 to the slide valve 38. The
      piston rod 46 is centrally bored at 80 extending almost the full length of
      the rod but being closed off at the enlarged headed end 81. A plurality of
      radial holes 82 are bored within the piston rod 46 fluid communicating the
      bore 80 of the piston rod with the cavity within the slide valve 38
      defined by the recesses 76 and which opens up to the sensing port 72 via
      passage 70. Piston rod 46 carries at its opposite end in telescoping
      fashion a fixed tube 84 which is slidably supported by bore 80 and which
      is fixed and fluid sealed to end cap 52. A fluid passage 86 within the end
      cap is fluid coupled by way of line 88 to pilot valve casing 90 of pilot
      valve 92. The pilot valve 92 carries a longitudinal bore 94 within which
      slides a pilot valve spool 96 comprising four lands 98, 100, 102, and 104
      which are slightly less in diameter than bore 94 within the valve casing.
      The lands are joined by reduced diameter portions 106. In addition to
      axial ports 108 and 110, an inlet port 112 fluid connects a line 114
      leading from a supply indicated by arrow 116, while ports 118 and 120 are
      fluid connected to a common discharge line 122 discharging fluid from a
      pilot valve as indicated at 124. On the opposite side of the valve casing
      90, there are provided fluid ports 126 and 128 which lead by way of lines
      130 and 132, respectively, to chamber 54 carrying the power piston 48; to
      respective sides of the power piston 48. The cavity or chamber 54 is fluid
      sealed from the bore 80 of the piston rod 46. The pilot valve and the
      power piston comprise a fluid servo circuit of conventional design. A
      motive fluid as indicated by arrow 116 is selectively applied to either
      the left or right hand side of power piston 48, while motive fluid on the
      opposite side is drained by way of the pilot valve 92 to the discharge
      line 122 and fed back to the sump (not shown) as indicated by arrow 124
      from port 118 or port 120, as the case may be.
PAR  Of importance to the present invention is the fact that the line 88 fluid
      couples the closed thread sensing port 72 to the left hand face of land 98
      of the valve spool 96 of the pilot valve. The opposite axial port 110 is
      fluid connected by way of line 136 to the discharge passage 42 of the
      compressor such that that discharge gas line pressure is applied to the
      valve spool 96 and in particular to the outboard end face of land 104. The
      end face surface area of the lands 98 and 104 are identical so that the
      valve shifts to the right or the left depending upon whether the pressure
      within the discharge passage 42 of the compressor is higher than the
      pressure within the closed thread as sensed by port 72 at any instant or
      vice versa. With the pilot valve spool 96 in the position shown, the
      working fluid 116 passes to the left hand side of the power piston 48 and
      tends to move the piston from left to right causing the compressor to
      discharge gas pressure into the discharge port at a higher pressure level.
      This, of course, tends to increase the pressure sensed by port 72 which is
      transmitted by way of passage 70, recess 76, radial passages 82, bore 80
      of the piston rod, passage 86 within end cap 52, and passage 88 and port
      108 to the left hand end face of land 98 of the pilot valve spool 96. When
      that pressure exceeds the pressure exerted on the same valve spool on the
      opposite side thereof through land 104, as defined by the discharge
      passage 42, the pilot valve will shift from left to right, thereby causing
      the application of motive fluid pressure as identified by arrow 116 to the
      right hand end face of the power piston 48 tending to shift the slide
      valve member from right to left and causing the pressure of the closed
      thread at discharge to port 40 to be reduced, by opening that closed
      thread to the line pressure at port 40 earlier in the compression cycle.
PAR  FIG. 2 illustrates a second embodiment of the invention, wherein the rotary
      helical screw compressor is adapted to operate in either direction, and in
      which case the suction or low pressure side of the machine becomes the
      high pressure or discharge side of the machine and vice versa. In respect
      to this embodiment, and in comparison with the embodiment of FIG. 1, like
      elements are given like numerical designations. Further, this embodiment
      is characterized by the employment of a second slide valve member 38'
      which is slidably carried by the casing structure to the side of the
      intermeshed screws opposite that of slide valve member 38, and is
      positively driven between extreme positions by a servo controlled power
      piston which is essentially the duplicate of the pilot valve and power
      piston employed in conjunction with slide valve member 38. Slide valve
      members 38 and 38' are oppositely oriented and are associated respectively
      with the discharge and suction sides of the machine, however, the order is
      reversed when compressor rotation is reversed. In this respect, referring
      to FIG. 2, the rotary helical screw compressor 10' of the second
      embodiment comprises a casing structure having a central barrel portion
      12' located between end wall sections or portions 14' and 16' and
      providing a working space formed by two intersecting bores in conventional
      fashion. The bores carry helical screw rotors 20 and 21 having helical
      lands and intervening grooves in mesh with each other, and having axes
      coplanar and extending through the barrel portion 12' of the casing
      structure. Helical screw rotor 20 is mounted on shaft 22 in much the same
      fashion as the prior embodiment. Many of the details described earlier in
      conjunction with the embodiment of FIG. 1 are purposely eliminated here to
      shorten the description, and reference may be had to the description of
      the embodiment of FIG. 1 if necessary. To illustrate similarity in
      operation of this embodiment to the prior described embodiment, the
      working fluid such as a refrigerant gas enters the suction passage 34 and
      passes by way of suction port 36 to the suction side of the machine, that
      is, the working chamber as defined by the two intersecting bores housing
      rotors 20 and 21 and the intermeshed rotors. In this embodiment, however,
      the control of machine capacity is achieved by way of slide valve member
      38' which is located on the opposite side of the plane formed by the axes
      of the intermeshed  screws 20 and 21, from slide valve member 38, both
      being carried by the central barrel portion 12'. Shaft 22 extends through
      end bell 28', supported by way of bearings in the manner of the prior
      embodiment and is provided with a spline 32 which in this case is
      mechanically connected to a reversible electric drive motor which is
      schematically illustrated at M in FIG. 5. Contrary to the embodiment of
      FIG. 1, the screw compressor may be rotated in a reverse direction so as
      to make the discharge passage 42, the suction passage, and the suction
      passage 34, the discharge passage. In this arrangement, the casing
      structure is provided with a port 40 acting in this case as the high
      pressure discharge port which lies to one side of a plane passing through
      the axes of the rotor with the port 40 being located adjacent the end wall
      portion 16 of the machine. Port 40 is in fluid communication with
      discharge passage 42.
PAR  Unlike the prior embodiment, the barrel portion 12' of the casing structure
      is provided with opposed, centrally located, axially extending cylindrical
      recesses 44 and 44' which are respectively open to the working space
      provided by screw rotor bores, the recesses 44 and 44' facing each other.
      Recess 44 in this case carries the longitudinally slidable slide valve
      member 38, while recess 44' carries an oppositely oriented, longitudinally
      slidable slide valve member 38'. In similar fashion to the prior
      embodiment, the axial position of slide valve member 38 within its recess
      is adjusted by way of piston rod 46 which mechanically couples slide valve
      member 38 to the power piston 48 of fluid motor 51 at the opposite end of
      the rod. Power piston 48 being sealably and slidably carried within power
      piston cylinder 50, permits the slide valve 38 to shift axially between
      extreme positions defined by the end wall 64 of casing structure portions
      16' and recesses 60 within casing portion 14'. This is accomplished by
      means of a pilot valve indicated generally at 92 which controls the supply
      and discharge of pressurized motive fluid emanating from a source
      indicated by arrow 116 through the pilot valve and to power the cylinder
      chamber 54 to a given side of the power piston 48 and return therefrom
      from the opposite side by way of discharge line 124 which leads to the
      sump as indicated schematically by arrow 122. The pilot valve 92 is
      communicated to the power cylinder 50 by way of lines 130 and 132. Insofar
      as the pilot valve 92 is concerned, the valve spool 96 is identical and
      operates essentially the same as the embodiment of FIG. 1. In similar
      fashion to the prior embodiment, the inner surface 56 of the slide valve
      member 38 confronting the rotors is shaped to provide a replacement for
      the cut-away portions of the casing structure screw rotor bore such that a
      portion of the slide valve member 38 continuously, slidably and sealably
      engages a recessed portion of the end wall portion 14' of the casing such
      that regardless of the position of the slide valve member 38, the valve
      member is of a sufficient length to cover the entire remaining length of
      the confronting portion of the rotor structure throughout its range of
      movement between the extreme positions as determined by a recessed portion
      60 and face 64 of the casing structure end wall portion 16'.
PAR  In like fashion, with respect to slide valve member 38', its inner surface
      56' confronting the rotors is shaped to provide a replacement for the
      cut-away portion of the bores and a portion of the slide valve member 38'
      slidably and sealably engages a recessed portion 60' of end wall portion
      16' of the casing with the valve member being of sufficient length to
      cover the remaining length of the confronting portion of the rotor
      structure throughout its range of movement between extreme positions as
      determined by recessed portion 60' and the end face 64' of end wall
      portion 16' of the casing. With the exception that the slide valve member
      38' is oriented oppositely to that of slide valve member 38, both slide
      valve members are similar, and operated similarly except that each
      performs a different function during machine operation which function
      changes automatically in response to change in direction of screw
      compressor rotation. In this respect, the slide valve member 38' is
      connected by way of piston rod 46' to the power piston 48' of a fluid
      motor 51 which is slidably carried within cylinder 50'. A fixed tube 84'
      carried by end cap 52' is telescoped within the rod 46'; rod 46' carrying
      internally, a passage 80' which by way of the tube 84' fluid connects line
      88' to the slide valve member pressure sensing port 72'. This is completed
      by way of inclined passage 70' and recess 76' within slide valve member
      38' and the radial holes 82' within rod 46'. The slide valve member 38'
      being fixed to the piston rod which in turn fixedly carries the piston
      48', causes the slide valve member 38' to move with the piston whose
      position changes within chamber 54' depending upon which piston side of
      that chamber receives a motive fluid under pressure through lines 130' and
      132' leading from the pilot valve 92'. Pilot valve 92' is essentially the
      duplicate of valve 92 and the servo system for slide valve member 38' is
      identical to that for slide valve 38. A motive fluid under pressure enters
      the pilot valve 92' via line 114' for distribution by way of the valve
      spool 96' in a selective manner to changer 54' on a given side of piston
      48'. Fluid is returned to the sump through line 122' from that side of the
      piston opposite to that receiving the motive fluid. Line 88' transmits the
      gas pressure within the closed thread at port 72' of the screw compressor
      to the pilot valve which acts against the outboard end face of pilot valve
      land 98'. On the opposite side of the pilot valve, the end face of land
      104' is subject to the fluid pressure within line 136' which opens up to
      the passage 34 within end wall portion 14' of the compressor casing.
PAR  Unlike the prior described embodiment, the lines 88 and 136 leading to
      ports 108 and 110, respectively, of pilot valve 92 and lines 88' and 136'
      leading to ports 108' and 110' of the pilot valve 92' carry shut-off
      valves to control slide valve member operation in a selective manner
      depending upon whether the compressor is being driven in one direction or
      the other.  In this regard, line 88 carries a valve 150, line 136 carries
      a valve 152, line 136' carries a valve 152' and line 88' carries a valve
      150'. These valves may be automatically operated or manually operated and
      function to close off or open these lines.
PAR  Further, within line 88 and between the cut-off valve 150 and port 108 of
      the pilot valve, there is a line 154 fluid connected thereto, which line
      carries a further cut-off valve 158. On the opposite side of the pilot
      valve, line 156 makes a T connection with line 136 intermediate of the
      cut-off valve 152 and port 110, this line carrying a cut-off valve 160. In
      identical fashion line 88' is provided intermediate of cut-off valve 150'
      and port 108', with a T connection line 154' which carries a cut-off valve
      158', and line 136' between port 110' and a cut-off valve 152' is fluid
      connected to line 156', which line 156' carries a cut-off valve 160'.
PAR  Lines 154, 154', 156 and 156' may have selectively applied thereto fluid
      pressure signals permitting the pilot valve spools, for respective pilot
      valves to be shifted either to the left or right to positively drive the
      slide valve members in a manner determined by desired system operation.
      This permits one of the two slide valve members 38 or 38' to perform the
      function of capacity control, while the other seeks to balance
      automatically the closed thread pressure within the compressor working
      chamber to the compressor discharge line pressure at the discharge port.
PAR  For instance, in the illustrated embodiment of FIG. 2, assuming that
      passage 34 is the suction passage and passage 42 is the discharge passage
      of the compressor, as indicated by the arrows therein, slide valve member
      38 functions to balance the closed thread pressure to the discharge line
      at the discharge port 40, while slide valve member 38' provides capacity
      control. In this case, for the servo system controlling slide valve member
      38, cut-off valves 158 and 160 within lines 154 and 156 are closed and
      valves 150 and 152 within lines 88 and 136 are open. Within the servo
      system for slide valve member 38', the cut-off valve 152' within line 136'
      is closed as is the shut-off valve 150' in line 88. Further, valve 160'
      within line 156' and valve 158' within line 154' are open. The effect of
      this is to permit the pilot valve spool 96 to compare in terms of lands 98
      and 104, the pressure within the closed throat at port 72 with the line
      pressure at the discharge side of the machine, that is, the pressure
      within discharge passage 42. The slide valve member 38 therefore shifts
      automatically to the right or left to balance these two pressures. Under
      this set-up, valve member 38 performs the identical function in this
      embodiment in this case as it does in the embodiment of FIG. 1.
PAR  With valves 152' and 150' closed insofar as the pilot valve 92' is
      concerned, the slide valve member 38' is shifted to the left or right to
      perform the function of capacity control. As indicated by the arrow CP
      upstream of valve 160' within line 156', the application of a controlled
      pressure signal which the arrow schematically identifies, when applied to
      the end face of land 104' of the valve spool 96', causes the pilot valve
      spool 96' to shift from left to right as shown and permitting the
      application of motive fluid through line 130' to the chamber 54' and which
      operates against the right hand end face of the power piston 48'. This
      would tend to shift the slide valve member 38' from right to left and in
      this case would decrease the area of port 36 to the intermeshed screws by
      shifting edge 66' of the slide valve member 38' to the left. The screw
      compressor design is such that the machine has minimum capacity when the
      slide valve 38' is positioned where its end face 62' abuts the end face
      64' of casing end wall portion 14'. As the slide valve member 38 shifts
      therefore from left to right, the capacity of the machine increases, since
      more and more of the working space defined by the intermeshed screws and
      the bores carrying the same is exposed to the suction part. The incoming
      gas from suction passage 34 is subjected to isentropic expansion and
      recompression without any work being expended by the machine, until the
      pressure of the trapped volume within the closed thread reaches inlet
      pressure during reduction of that trapped volume. Since the intermeshed
      screws are open to the suction side of the machine by way of edge 66' of
      the slide valve member 38', a given volume of suction gas becomes sealed
      within a closed thread and that volume expands as the closed thread volume
      momentarily increases prior to recompression and it is during this time of
      the cycle that isentropic expansion and recompression occurs. However,
      this is achieved without absorbing any power from the compressor until
      inlet pressure is reached during subsequent reduction of the trapped
      volume.
PAR  Reference to FIG. 3 shows a pressure, volume plot during a typical cooling
      cycle of the compressor of FIG. 2, wherein the isentropic expansion and
      recompression of ideal unloading is provided by the slide valve member 38'
      of the present invention. Expansion may occur from A to B and
      recompression from B to C without work in the machine supplied with the
      dual slide valve 38' of the present invention in comparison with a
      conventional slide valve indicated by that portion of the curve from
      points A to B' and thence to C'. The prior art case involves the slide
      valve member permitting initial compression of the trapped volume of which
      a portion is then returned back to the suction side of the machine and in
      which the partial compression of the trapped volume is lost effort.
PAR  Should it be necessary to decrease the capacity of the machine, a control
      signal is applied to line 154' with cut-off valves 160', 152', 150'
      closed. Value 158' is open to permit a control signal to be applied to the
      end face of land 98', shifting the spool valve 96' to the left and
      permitting high pressure fluid to be applied to the left hand side of the
      power piston 48', shifting the unload slide valve member 38' which is
      acting as a capacity control or unload mechanism from left to right to
      load the machine.
PAR  While slide valve member 38' is acting to control the capacity of the
      machine, depending upon demand, the slide valve member 38 is shifting to
      automatically match the close thread pressure as sensed by port 72 with
      the compressor discharge line passage 42 and just downstream of discharge
      port 40. In this case, valves 150 and 152 are open and valves 158 and 160
      are closed. The effect of this operation may be further seen by reference
      to FIG. 3, wherein assuming that the gas within the closed thread is
      compressed to a degree greater than that of the gas pressure within the
      discharge line 42, upon that closed thread reaching the point where it is
      exposed by way of edge 66' of the slide valve member 38 to the discharge
      port 40, immediately thereof gas pressure is equalized with that of
      discharge passage. The overcompression loss or drop in pressure and thus
      the wasted energy may be seen by comparing that portion of the curve from
      B to E and the work involved, with the area encompassing points D, E and
      F. Thus, the variable discharge cut-off allows ideal compression process
      to be achieved, and the ideal discharge point is always maintained
      regardless of the change in the system conditions to which the compressor
      is subject.
PAR  By referring to FIG. 5, it may be seen that the motor M is provided with
      three windings, A, B and C, corresponding to a three phase source 1, 2, 3.
      Circuit breakers 170 permit the motor leads 172, 174, 176 to be cut off
      from the line. Any two of the leads may be reversed, and a solenoid
      operated switch 178 includes a coil 180, which when energized switches
      lines 174 and 176 relative to the phases 2 and 3 of the source such that
      winding A is connected to phase 3 and winding C is connected by way of
      line 176 to phase 2 through movable contacts 180. The motor should be
      disconnected from the three phase source prior to energization of solenoid
      178 and switching of the contacts 180.
PAR  This permits the compressor 10' to be driven in either of two directions
      which makes the compressor particularly applicable to heat pump operation
      or permits the compressor to be driven in a reverse manner to supply hot
      refrigerant to the condenser coil for cyclic defrosting without the
      necessity of employing reversing valves or the like which are conventional
      to such systems. Further, with reference to the compressor 10' being
      employed in a heat pump application, during the heating cycle, the
      pressure curve illustrated in FIG. 4 shows by way of a pressure volume
      plot, the manner in which the compressor 10' employing the multiple slide
      valve members of the present invention eliminates the loss due to
      conventional slide valve unload through the isentropic expansion and
      recompression. In this case passage 34 acts as the discharge passage and
      passage 42 acts as the suction passage. In addition to the conventional
      slide unloading loss which is eliminated by the arrangement of the present
      invention and which is graphically illustrated by the area as defined by
      points A, B', C', the energy loss due to undercompression with the
      conventional machine comprises the area defined by points E, D, D'. Thus,
      without being able to sense the pressure within the closed thread,
      undercompression occurs, and when that closed thread opens up to the
      discharge side of the machine, the closed thread pressure is immediately
      raised to discharge port pressure thus absorbing excess energy to
      discharge the compressed gas and the gas which backflowed into the closed
      thread volume.
PAR  While not shown, particularly where the compressor is employed in a heat
      pump system, the compressor and drive motor may be hermetic with the gas
      passing directly over the motor windings. In this case, the motor is
      directly cooled by either the suction or discharge, the motor being cooled
      by the compressor discharge on one cycle such as the cooling cycle, and
      being cooled by means of the suction gas on the other cycle.
PAR  It may be seen from the description of the above that absolute minimum
      power comsumption results regardless of operation cycle, condensing
      temperature, percentage of load on the compressor, etc. The compressor
      seeks by sensing parameters associated with the compressor itself to
      balance the closed thread pressure to the discharge line, in an automatic
      manner without the necessity of complex, external control means.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a positive displacement rotary screw compressor of the type wherien a
      casing is provided with a barrel portion defined by intersecting bores
      with coplanar axes located between axially spaced end walls and having low
      pressure and high pressure ports in communication with said bores at
      opposite ends of said barrel portion, and helical screw rotors having
      grooves and lands mounted for rotation within respective bores with the
      lands and grooves of respective rotors intermeshed, an axially extending
      recess is provided within the barrel portion of the casing in open
      communication with the bores, and a slide valve member is axially slidable
      in the recess with the inner face of the slide valve member being
      complementary to the envelope of that portion of the bores of the casing
      structure confronted by the opening of the recess communicating with the
      bore portion of the casing structure, with the valve member in sealing
      relation with confronting rotors, the discharge port being located within
      the barrel portion of the casing structure with the valve member being
      movable between extreme positions, in one of which, the discharge port is
      fully open, and the other in which, the discharge port is closed, and
      wherein the valve member is of sufficient length to cover the entire
      remaining length of the confronting portion of the rotor structure
      throughout the range of movement of the valve member between its extreme
      positions, the improvement comprising:
PA1  means for sensing the pressure of the working fluid within a closed thread
      closely adjacent to the end of the slide valve member closing off the
      discharge port to the closed thread,
PA1  means for sensing the compressor discharge pressure of the working fluid at
      the discharge port, and
PA1  means for controlling shifting of said slide valve member axially to
      equalize these pressures to prevent undercompression or overcompression of
      the compressor working fluid within the closed thread, prior to discharge.
NUM  2.
PAR  2. The screw compressor as claimed in claim 1, wherein: said slide valve
      member carries a port opening to the closed thread, motor means shifts
      said slide valve member axially, and wherein said comparing means is
      operatively coupled to said motor means, said comparing means and said
      motor means lie external of the compressor casing, and said compressor
      further comprises fluid passage means leading from said sensing port to
      said comparing means.
NUM  3.
PAR  3. The screw compressor as claimed in claim 1, wherein: said motor means
      comprises a power piston slidable within a closed cylinder and
      mechanically coupled to said slide valve member, and said compressor
      further comprises a source of pressurized motive fluid, and a pilot valve
      responsive to the pressure differential between the closed thread pressure
      and the compressor discharge pressure at the compressor discharge port for
      controlling the flow of motive fluid to and from respective sides of the
      power piston to shift slide valve member to balance the said pressures.
NUM  4.
PAR  4. The screw compressor as claimed in claim 3, wherein: said pilot valve
      comprises a valve spool shiftable between two extreme positions and said
      comparing means comprises means for directly applying the gas pressure of
      the closed thread and the gas pressure within the compressor discharge
      line at the discharge port, in opposition to each other, to said valve
      spool to shift said valve spool in a direction such that the applied
      motive fluid to the power piston shifts the slide valve member so as to
      balance said gas pressures.
NUM  5.
PAR  5. A positive displacement reversible screw compressor of a type wherein a
      casing is provided with a barrel portion defined by intersecting bores
      with coplanar axes located between axially spaced end walls, and having
      ports at opposite ends of the barrel portion communicating with said
      bores, helical screw rotors each having grooves and lands mounted for
      rotation within respective bores with the lands and grooves of respective
      bores rotors intermeshed, the improvement comprising:
PA1  axially extending recesses provided within the barrel portion of the casing
      on respective sides of a plane including the coplanar axes of the
      intersecting bores, said recesses being in open communication with the
      bores,
PA1  oppositely oriented, slide valve members axially slidable within the said
      recesses with the inner face of each slide valve member being
      complementary to the envelope of that portion of the bores of the casing
      structure confronted by the opening of its recess communicating with the
      bore portion of the casing structure with the valve members in sealing
      relation with the confronting rotor structure,
PA1  said working fluid ports being located within the barrel portion of the
      casting structure and the slide valve members, in each case, being movable
      between extreme positions in one of which the port is fully open and the
      other in which the port is closed, the valve members in each case being of
      sufficient length to cover the entire remaining length of the confronting
      portion of the rotor structure throughout the range of movement of said
      valve members between said extreme positions,
PA1  means for driving the compressor in either of two directions, to change
      said ports from suction to discharge and vice versa,
PA1  means for selectively sensing the pressure of the working fluid within a
      closed thread closely adjacent to the end of the slide valve which
PA1  closes off the discharge port to the closed thread, depending upon the
      direction of rotation of the screw compressor,
PA1  means for sensing the pressure of the working fluid within the discharge
      passage adjacent the discharge port,
PA1  means for comparing those pressures and for shifting said slide valve
      member closing off the discharge port axially to equalize those pressures
      to prevent undercompression and overcompression of the working fluid, and
PA1  means for axially shifting the other slide valve member associated with the
      suction part to control compressor capacity.
NUM  6.
PAR  6. The screw compressor as claimed in claim 5, wherein the means for
      sensing the pressure of the working fluid within the closed thread
      adjacent the discharge port in each case comprises a sensing port carried
      by the slide valve member opening to the closed thread, and fluid passage
      means within each slide valve member in fluid communication with said
      sensing port and with said comparing means.
NUM  7.
PAR  7. The screw compressor as claimed in claim 6, wherein; said means for
      comparing said pressures and for shifting said slide valve members axially
      to equalize the pressure, in each case, comprises a servo system including
      a pilot valve and a power piston, means operatively coupling the power
      piston to the slide valve member, means for directly applying, in
      opposition, the gas pressure at the sensing port and the gas pressure in
      the discharge line adjacent the discharge port to said pilot valve to
      control the application of motive fluid from said pilot valve to the power
      piston for shifting said slide valve member to a position where said gas
      pressures are balanced.
NUM  8.
PAR  8. The screw compressor as claimed in claim 7, further comprising: means
      for selectively isolating said pilot valves from said gas pressures being
      compared, and means for selectively applying directly to said pilot valve,
      fluid control signals indicative of compressor load for driving said slide
      valve members, whereby; depending upon the direction of compressor
      rotation, one of said pilot valves operates to control capacity and the
      other acts to balance said pressures, and vice versa.
NUM  9.
PAR  9. The screw compressor as claimed in claim 6, wherein: said means for
      shifting each slide valve member comprises a cylinder coaxial with said
      slide valve member, a power piston carried by said cylinder, a piston rod
      mechanically coupling said power piston to said slide valve member, a
      source of pressurized motive fluid for said power piston, a pilot valve
      responsive to gas pressure differential for operatively supplying said
      pressurized motive fluid to said power piston for selective application to
      one side or the other of the power piston for shifting said power piston
      and said slide valve member connected thereto, and fluid passage means
      including said slide valve, said piston rod and said piston for directly
      communicating said closed thread pressure sensing port to said pilot valve
      for controlling the position of the pilot valve spool and the distribution
      of said pressurized motive fluid to said power piston.
NUM  10.
PAR  10. The screw compressor as claimed in claim 9, wherein: said pilot valve
      comprises a cylindrical casing, a valve spool slidably positioned within
      said casing and shiftable between extreme positions, said valve spool
      including lands on opposite ends thereof, axial ports at respective ends
      of said casing, one of said axial ports being in fluid communication with
      said closed thread and the other of said axial ports being in fluid
      communication with the compressor discharge adjacent the discharge port;
      whereby, said servo valve spool directly compares the gas pressures and
      automatically shifts to a position to apply pressurized motive fluid to
      the power piston so as to shift the slide valve member to balance said gas
      pressures.
NUM  11.
PAR  11. In a positive displacement rotary screw compressor of the type wherein
      a casing is provided with a barrel portion defined by intersecting bores
      with coplanar axes located between axially spaced end walls and having low
      pressure and high pressure ports in communication with said bores at
      opposite ends of said barrel portions, and helical screw rotors having
      grooves and lands mounted for rotation within respective bores with the
      lands and grooves of respective rotors intermeshed, a recess is provided
      within the casing in open communication with the bores and a slide valve
      member is slidable relative to said recess and the interface of the slide
      valve member is complementary to the recess opening of the casing and the
      valve member is positioned such that it functions during the sliding
      movement to vary the size of the opening of the discharge port, the
      improvement comprising:
PA1  means for sensing the pressure of the working fluid within a closed thread
      closely adjacent to the end of the slide valve member closing off the
      discharge port to the closed thread,
PA1  means for sensing the compressor discharge pressure of the working fluid at
      the discharge port,
PA1  means for controlling shifting of said slide valve member to equalize these
      pressures to prevent undercompression or overcompression of the compressor
      working fluid within the closed thread, prior to discharge, and
PA1  a port within said slide valve member opening to a closed thread closely
      adjacent the end of the slide valve member closing off the discharge port
      to the closed thread,
PA1  means for sensing the compressor discharge pressure of the working fluid at
      the compressor discharge port, and
PA1  means for controlling shifting of said slide valve member axially to
      equalize the pressures within said closed thread and said discharge port
      to prevent undercompression or overcompression of the compressor working
      fluid within the closed thread, prior to discharge.
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ABST
PAL  A pump having centrifugal and vortex impellers mounted on a common rotor
      member. Impellers are mounted on opposite sides of rotor and make maximum
      use of rotor diameter. Fluid follows a serial path through the centrifugal
      and vortex impellers. The vortex impellers rotate in a vortex channel
      divided into one or more sections, plural sections of which may be
      arranged in parallel flow relation. The casing surrounding the rotor
      member may form the necessary inlet, outlet, and internal fluid channels
      for the pump.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates generally to pumps of the combined
      centrifugal-vortex type, and more particularly to pumps incorporating one
      or more vortex impeller paths arranged in series flow relation with at
      least one centrifugal pump flow path.
PAR  U.S. Pat. Nos. 2,982,986 and 2,983,432 both to Myron D. Tupper, and both
      assigned to the assignee of the present application, disclose blowers of
      the combined centrifugal-vortex impeller type incorporated in a vacuum
      cleaner, the objective in each case being to provide a blower combining
      the relatively low head and high flow characteristics of a centrifugal
      impeller with the high head and low flow characteristics of a vortex
      impeller.
PAR  Conventional vortex impellers, such as those incorporated in the
      above-referred to Tupper patents, employ a single, annular vortex channel
      thus providing a vortex airflow path of substantial length. The rate of
      flow and efficiency of such conventional vortex impellers are limited by
      reason of friction losses due to the length of the vortex airflow path.
PAR  It is desirable to provide a blower or pump of the combined
      centrifugal-vortex impeller type having increased efficiency and also
      having a higher flow characteristic without a corresponding reduction in
      head generating capability.
PAR  It is accordingly an object of the invention to provide an improved pump of
      the combined centrifugal-vortex impeller type.
PAR  Another object of the invention is to provide an improved pump of the
      combined centrifugal-vortex impeller type employing multiple vortex paths.
PAR  Yet another object of the invention is to provide a centrifugal-vortex
      impeller pump wherein both the centrifugal and vortex impeller blades may
      be of the same outer diameter when desired, or may fully utilize the
      impeller's maximum diameter.
PAR  Still another object of the invention is to provide a pump with a
      substantial increase in the flow rate capability and efficiency thereof
      without a significant reduction in head capability.
PAC  Summary of the Invention
PAR  In carrying out at least some of the above and other objects in one
      preferred form, I provide a combined centrifugal-vortex impeller pump in
      which the annular vortex channel is divided into a plurality of sections
      each receiving air or other fluid medium from the centrifugal impeller and
      having fluid discharged therefrom. This arrangement in effect can change
      the length of each vortex flow path inversely proportionally to the number
      of vortex channel sections employed and thus increase the flow and
      efficiency characteristics of the pump without significantly reducing the
      head generating capability of the pump.
PAR  In the illustrated embodiments of the invention, the centrifugal-vortex
      impeller is built around a disc or rotor having two sides. The centrifugal
      fan blades are carried on one side of the disc while the vortex fan blades
      are carried on the other side. The vortex blades are positioned along the
      outer periphery of the disc, thus taking advantage of the maximum diameter
      of the disc. The centrifugal blades also extend to the outer periphery of
      the disc, thereby being as long as permitted by the disc diameter and
      being capable of moving a greater volume of fluid. Since the vortex blades
      are on the outer periphery of the disc also, they will rotate at a higher
      velocity than would be the case if they were closer to the center of the
      disc, and in turn create a relatively higher head. By this construction of
      the impeller, higher head and flow can be achieved with a relatively small
      diameter pump. In addition, by designing the impeller as one unit the
      construction thereof may be both economical and simple.
PAR  One preferred embodiment is illustrated herein that includes a multiple
      path vortex pump including a casing with a rotor member therein having a
      centrifugal impeller thereon. The casing has an inlet opening therein for
      admitting air or other gaseous or liquid medium to the centrifugal
      impeller and a first portion forming an exhaust plenum chamber for the
      centrifugal impeller. The rotor member has a plurality of blade elements
      thereon forming a vortex impeller, the casing also having a second portion
      forming an annular vortex channel for the vortex impeller. Means are
      provided for dividing the vortex channel into a plurality of sections, and
      the casing has a plurality of passages formed therein respectively
      communicating between the plenum chamber and the vortex channel sections
      for admitting fluid medium from the plenum chamber to the vortex channel
      sections. The second casing portion has a plurality of exhaust openings
      therein for respectively discharging fluid medium from the vortex channel
      sections.
PAR  The above-mentioned and other features and objects of this invention and
      various manners of attaining them will become more apparent, and the
      invention itself will be best understood by reference to the following
      description of different embodiments of the invention taken in conjunction
      with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side cross-sectional view showing a multiple path vortex pump
      embodying one form of the invention the view being taken generally along
      the line 1--1 of FIG. 2;
PAR  FIG. 2 is a top view, partially in cross-section and partly broken away,
      showing a top casing member and impeller assembly with a cover member
      removed, taken generally along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a bottom view of the top casing member taken generally along the
      line 3--3 of FIG. 1;
PAR  FIG. 4 is a top view of a bottom casing member taken generally along the
      line 4--4 of FIG. 1;
PAR  FIG. 5 is a fragmentary cross-sectional view taken generally along the line
      5--5 of FIG. 2;
PAR  FIG. 6 is a fragmentary cross-sectional view taken generally along the
      lines 6--6 of FIGS. 1 and 2;
PAR  FIG. 7 is a fragmentary cross-sectional view taken generally along the line
      7--7 of FIG. 2;
PAR  FIG. 8 is a fragmentary cross-sectional view taken generally along the line
      8--8 of FIG. 2;
PAR  FIG. 9 shows head-flow curves for conventional vortex and centrifugal
      impellers and for an improved double path vortex pump embodying the
      invention; in ore form thereof;
PAR  FIG. 10 shows head-flow curves for single and double channel vortex
      impellers;
PAR  FIG. 11 is a cross-sectional view showing a construction embodying my
      invention with fluid flowing through a drive motor thus simultaneously
      cooling the motor;
PAR  FIG. 12 is a partial view of a vortex impeller having curved or airfoil
      blades; and
PAR  FIG. 13 is a cross-sectional view showing yet another embodiment of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 through 8 of the drawings, one form of an improved
      multiple path vortex pump, embodying the invention in one form thereof, is
      generally indicated at 20 and comprises a cover member 22 (which may be of
      sheet steel, for example) having a top wall 24 and an annular side wall
      26. Inlet opening 28 is formed in top wall 24 coaxial with a shaft 30 of a
      motor 32. Annular side wall 26 of cover member 22 engages annular side
      wall 34 of a top casing member 36 which may be formed of cast aluminum.
      Inner portion 38 of top casing member 36 has a hub portion 40 formed
      thereon in which a bearing 42 for shaft 30 is seated. Annular flange 44
      depends from inner portion 38 of the top casing member 36 and engages
      motor 32.
PAR  Impeller assembly 46 comprises a rotor disc 48 which may be formed of
      aluminum or other suitable material and which is secured to shaft 30 by a
      threaded fastener 50. Centrifugal impeller 51 comprising centrifugal
      impeller blades 52 is mounted on the top side 54 of disc 48 as viewed in
      FIG. 1. Centrifugal impeller blades 52 are connected by an annular ring
      56, formed of relatively thin sheet metal such as aluminum, which has a
      central opening 58 communicating with centrifugal impeller blades 52. It
      will be seen that inlet opening 28 in cover member 22 admits air or other
      gaseous or liquid medium to centrifugal impeller 51, as shown by arrow 60.
      A vortex impeller 62 comprises a plurality of vortex impeller blades 64
      and is mounted on the bottom side of disc 48 adjacent its outer periphery
      70. It will be understood that the vortex impeller blade 64 may be at an
      angle with respect to disc 48 although they are arranged in a
      perpendicular relationship in the embodiment shown in FIG. 1. Outer
      periphery 70 of disc 48 and the outer ends of centrifugal impeller blades
      52 are spaced from the annular side wall 26 of cover member 20 and the
      annular side wall 34 of top casing member 36; and an exhaust plenum
      chamber 72 for the centrifugal impeller 51 is formed adjacent a baffle
      member 86.
PAR  Bottom casing member 74, which may also be formed of cast aluminum, is
      secured to top casing member 36, for example as by threaded fasteners 76.
      Annular vortex impeller channel 78 is mutually formed in top and bottom
      casing members 36, 74. Inner portion 38 of top casing member 36 is joined
      to annular side wall 34 by diametrically opposite bridging portions 80.
      Partitions 82 are integrally formed on and depend from bridging portions
      80 of top casing member 36. The partitions 82 extend into and across
      annular vortex channel 78. These partitions 82 divide channel 78 into two
      part-annular vortex channel sections 84 of equal length (FIG. 3). Baffle
      portions 86 are respectively integrally joined to bridging portions 80 and
      inner portion 38 of top casing member 36 and are respectively spaced from
      annular side wall 34 to define passages 88 communicating between
      centrifugal impeller exhaust plenum chamber 72 and vortex channel sections
      84. Annular slots 90 respectively communicating with vortex channel
      section 84 are defined between inner portion 38 and annular side wall 34
      of top casing member 36, slots 90 extending between bridging portions 80
      and baffle portions 86. Vortex impeller blades 64 extend through slots 90
      into vortex channel sections 84. Annular grooves 92 are respectively
      formed in baffle portions 86 and bridging portions 80, vortex impeller
      blades 64 extending into grooves 92. It will thus be seen that blades 64
      of vortex impeller 62 move along slots 90 and grooves 92.
PAR  Passages 88 respectively communicate with vortex channel sections 84
      adjacent one end thereof formed by a respective partition 82. Discharge
      openings 94 are formed in bottom casing member 74 respectively
      communicating with vortex channel sections 84 adjacent the other ends
      thereof defined by the respective partitions 82 remote from passages 88.
      Partitions 82 extend into openings 94 and have curved or scoop-shaped
      front surfaces 96 facing opposite the direction of impeller rotation, as
      shown by arrows 98 (see FIG. 7).
PAR  Annular manifold member 100 has an annular side wall 102 engaging the
      bottom casing member 74 and a re-entrant flange portion 104 engaging the
      annular flange 44 of top casing member 36. Discharge openings 94
      communicate with manifold member 100 which thus forms exhaust plenum
      chamber 106 for the vortex impeller section. Side wall 102 of manifold
      member 100 has exhaust opening 108 formed therein.
PAR  It will be seen that with motor 32 rotating impeller assembly 46 in the
      direction shown by arrow 98, air or other gaseous or liquid medium will be
      drawn into inlet opening 28 in cover member 22 by centrifugal impeller 51
      and discharged into plenum chamber 72. The air or other fluid medium under
      pressure in plenum chamber 72 flows through passages 88 into vortex
      channel sections 84, as shown by arrows 110 in FIG. 1, and a helical
      motion is imparted thereto in vortex channel sections 84 by vortex
      impeller 62, as shown by arrows 112. Additional pressure is imparted to
      the air or other fluid medium in vortex channel sections 84 by vortex
      impeller 62 and upon reaching partitions 82, the air or other gaseous or
      liquid medium is discharged into exhaust plenum chamber 106 through
      discharge openings 94, as shown by arrows 114, being finally exhausted
      from manifold 100 as shown by arrow 116.
PAR  Referring now to FIG. 9, a typical head-flow characteristic curve for a
      single path vortex impeller is shown at 118 and a typical head-flow
      characteristic curve for a single stage centrifugal impeller is shown at
      120. The characteristic shown at 122 is provided by an improved
      centrifugal double path vortex pump embodying the invention in one form,
      with an impeller diameter of 51/8 inches at speeds ranging from 16,400 to
      18,400 r.p.m., and with watts input to the impeller (as distinguished from
      watts input to motor 32) varying from 930 to 1115. Maximum efficiency of
      approximately 35 percent was obtained at a flow rate of 56 c.f.m. with a
      head of 55 inches of water, a speed of 16,200 r.p.m., and watts input of
      approximately 1050. This may be contrasted with experience that has shown
      that an efficiency in the neighborhood of only about 23 percent under
      similar conditions would be expected with blower assemblies utilizing a
      single path vortex section.
PAR  It will be understood that the multiple vortex channel vortex pump
      described above may be used alone in some applications without using a
      centrifugal impeller in conjunction therewith. Referring to FIG. 10 of the
      drawings, a typical head-flow characteristic curve for a single channel
      vortex pump is shown at 124, and a typical curve for a double channel
      vortex impeller is shown at 126. It is now believed that a double channel
      vortex pump is capable of providing a significant improvement in
      efficiency as compared to a single path vortex pump.
PAR  FIG. 11 shows a motor 130 and multiple path vortex pump 131 in a
      configuration that differs from the embodiment illustrated in FIG. 1. The
      direction in which the view of FIG. 11 is taken is similar to the
      direction of FIG. 1 relative to FIG. 2. FIG. 11 shows fluid flow to the
      impeller after passing through motor 130. By this arrangement, motor 130
      is cooled by the fluid flowing through it. Fluid flow for this pump
      arrangement differs from that illustrated in FIG. 1. Fluid enters through
      openings located in the housing of motor 130 as shown by arrows 128, 129,
      and passes internal to motor 130 thereby cooling motor 130. The fluid then
      enters through an opening in annular ring 136, passes between centrifugal
      impeller blades 133, and exits from centrifugal impeller blades 133. Fluid
      then enters annular vortex channel 141 by going around baffle or sealing
      member 140 at two diametrically spaced apart locations. The fluid is then
      moved by vortex impeller blades 135 to two partitions 138 (one not shown)
      where it is exhausted through exhaust openings 137. It is also noted that
      a view taken in the direction of arrows 2'--2' on FIG. 11 would show the
      location of partitions 138 in relation to other parts of FIG. 11 to be
      substantially similar to the relationships of similar parts in FIG. 2.
PAR  FIG. 11, as illustrated, shows the fluid entering the motor near the top of
      the motor housing but it will be understood that fluid could enter by way
      of openings at other locations of the motor housing. Other structural
      details of series wound motor 130 are not described since they will be
      understood by persons of ordinary skill in the art.
PAR  Centrifugal impeller blades 133 extend to the outer diameter of rotor disc
      132. Thus the centrifugal impeller blades 133 use the full diameter of the
      rotor; and the longer the blades, the greater the flow created. Vortex
      impeller blades 135 are located on the opposite side of rotor disc 132
      from centrifugal impeller blades 133. The vortex impeller blades 135 are
      positioned toward the outer periphery of rotor disc 132, thereby allowing
      these blades to also benefit from the maximum diameter of the rotor since
      the greater the radius the greater the velocity of the blades. Therefore
      by constructing the centrifugal blades on one side of the rotor and the
      vortex blades on the other side a more compact impeller is obtained and
      the disadvantage of having a smaller diameter for one set of blades, where
      the two different types of blades are on the same side of the rotor is
      overcome.
PAR  A centrifugal-dual path pump unit similar to that shown in FIG. 11 was used
      to obtain the data from which the curve 122 was plotted in FIG. 9.
PAR  It will be understood that constructions such as those shown in FIG. 11 may
      be used for a number of different applications. For example, when it is
      desired to use the construction of FIG. 11 to establish low pressure or
      vacuum type conditions (as may be encountered for example in vacuum
      cleaner applications), the outlets from the vortex channels may be vented
      to atmosphere and the inlet side of the construction may be disposed in a
      chamber in which a desired low pressure condition is to be maintained.
      This chamber may be, for example, one that contains a suitable type of
      filter and/or bag that would accumulate dust or dirt that may be moved
      thereinto because of the low pressure conditions.
PAR  On the other hand, the construction of FIG. 11 may be utilized when desired
      in equipment with which it is desired to establish high pressure
      conditions. For example, in dispensing applications where a source of high
      pressure air is needed, the structure of FIG. 11 may be arranged so that
      the discharge from the vortex outlets will flow into a tank or plenum,
      from which the high pressure fluid may then be diverted to spraying or
      other dispensing type apparatus.
PAR  It will be understood that a single vortex path pump would only have one
      partition in the vortex channel and therefore only one discharge opening.
PAR  Applications requiring a higher head at essentially the same impeller
      r.p.m. might use two concentric vortex paths. Or if the same head and flow
      is desired, by having two concentric vortex paths, a lower r.p.m. could be
      used thereby resulting in lower noise and longer drive motor bearing life.
PAR  FIG. 12 shows blades of a vortex impeller 144 that also has been made and
      tested. Impeller 144 has curved or airfoil blades 145 on its periphery.
      This impeller 144 produced a higher head than one having straight vortex
      blades, but was approximately 2 percent less efficient. Impeller 144 was
      constructed with 60 blades 145 equally spaced.
PAR  The provision of dual 180.degree. vortex paths reduces the effective length
      of the vortex paths by 1/2 as compared to a 360.degree. single path, and
      provides a substantial increase in the flow rate capability and efficiency
      of a pump without a significant corresponding reduction in head
      capability.
PAR  While a double path vortex pump has been shown and described, it will be
      understood that more than two vortex sections may be provided. Improved
      multiple path vortex pumps embodying the present invention may be employed
      in vacuum cleaners as well as in compressor or evacuator applications.
      While multiple path vortex pumps embodying the invention may more commonly
      be used in air moving applications, it will be readily understood that
      they are suitable for moving other gaseous and liquid mediums. It will be
      further understood that although an electric motor has been shown as the
      drive means for the pump, other means could just as easily be utilized to
      rotate the pump impeller.
PAR  It now will be understood that I have provided new and improved
      arrangements that may include at least one vortex channel in the form of a
      hollow toriodally shaped channel having a circumferential opening. Vortex
      impeller blades extend into the vortex channel through the opening and
      impart a motion to fluid in the channel as the impeller rotates. In more
      preferred forms, partitions divide the channel into a plurality of
      sections, and an exhaust opening is provided adjacent each partition to
      exhaust the fluid as it approaches the partition. The partitions will have
      a slot cut therein just large enough to allow the vortex impeller blades
      to pass into a next adjacent section of the vortex channel. A baffle or
      seal extends for a short distance into each next adjacent section flush
      with the slot of such partition and forms a groove for the vortex impeller
      blades. Preferably, this seal extends for at least an arcuate length equal
      to two vortex blades. The number of vortex blades may be 50 to 60 equally
      spaced blades.
PAR  In other forms, fluid from a centrifugal impeller is exhausted around at
      least one baffle into the vortex channel as the vortex impeller blades
      move beyond a groove formed by a baffle, and the fluid in the vortex
      channel is moved until a partition is reached at which time the fluid is
      again exhausted.
PAR  A centrifugal-vortex pump having one vortex channel has been tested. The
      single vortex channel pump had a higher head than a dual channel pump at
      low flow rates, but the single channel vortex head dropped off relatively
      rapidly for high flow rates.
PAR  Reviewing once again the curves illustrated in FIGS. 9 and 10, it is noted
      that with constructions that embody the present invention in preferred
      forms, advantageous and beneficial results may be obtained. More
      specifically, such structures have operational characteristics that one
      ordinarily would not expect. For example, substantially the only
      difference in the constructions from which the test data was obtained for
      curves 122 and 121, was that the construction corresponding to curve 122
      included a dual path vortex channel; whereas the construction
      corresponding to curve 121 involved a single channel, substantially 360
      mechanical degree, vortex path. It will be noted, when these two curves
      are compared, that a head of only about 93 inches of water was obtained
      under no flow conditions for the dual path pump; whereas a head of about
      147.5 inches of water was obtained under no flow conditions for the single
      path pump. On the other hand, for head conditions of 30 inches of water,
      the dual path flow rate was about 75 cubic feet per minute; whereas the
      single path flow rate was only about 40 cubic feet per minute. While it
      might be expected that the head for curve 121 would be greater than the
      head for curve 122 under no flow conditions it is believed that it is
      unexpected for the large improvement in flow characteristics for curve 122
      at 30 inches of water head. More significantly, the head versus flow
      characteristics are significantly better at a flow rate of 50 cubic feet
      per minute as compared to what usually is considered to be minimally
      desirable for vacuum cleaner blowers. More specifically, in vacuum cleaner
      blower applications, an airflow of about 50 cubic feet per minute at 50
      inches of water head is usually considered a minimum requirement.
PAR  The data for curve 122 was obtained from a test of a system substantially
      as shown in FIG. 11. The data for curve 121, on the other hand, was
      obtained by testing a centrifugally boosted single path vortex pump that
      was driven by a dynamometer in a manner to simulate the speed
      characteristics of the series motor used in the system from which data for
      curve 122 was derived.
PAR  Referring now to FIG. 10, it will be appreciated that the unexpected
      benefits that may be obtained from the present invention may also be
      utilized to advantage with vortex pump sections per se. It is again noted
      that the curves 124, 126 in FIG. 10 represent the performance of vortex
      pumps that are not combined with centrifugal type pumps.
PAR  The curve 124 represents test data for the head-flow characteristics of a
      single channel vortex pump having the channel extending for substantially
      360.degree.. The curve 126, on the other hand, represents test data where
      the unit was constructed by utilizing my teachings of providing a dual
      path for a single impeller, with each path extending for approximately 180
       mechanical degrees. It will be noted that under no flow conditions the
      dual path unit developed a head of approximately 68 inches of water as
      compared to a head of about 101 inches of water for the single path vortex
      unit. On the other hand, substantially improved and much greater flow
      rates were obtained for the dual path unit as compared to the single path
      unit at heads of less than about 50 inches of water. These results, it is
      believed, represent a significant advantage and should be well noted.
PAR  In FIG. 13 a centrifugal-dual path vortex pump system 200 is illustrated.
      In this system, a series motor 201 drives an impeller assembly 203 by
      means of the motor shaft 202. The impeller assembly 203 in FIG. 13 is
      inverted relative to the motor 201 as compared to the relationships
      between the motor and impeller assemblies shown in FIGS. 1 and 11. The
      disc 215 carries impeller elements of both centrifugal and vortex type.
      Cover plate 216 corresponds to, and functions similarly to cover plates
      56, 136 in FIGS. 1, 11 respectively with the exception that cover plate
      216 does not have a fluid passage opening. It will be noted that disc 215
      is a single member as compared to a composite disc of the type shown in
      FIG. 11.
PAR  In FIG. 13, fluid is admitted to the interior of the motor as represented
      by arrows 204. The fluid then is admitted to the eye 206 of the
      centrifugal pump section and compressed by the centrifugal impeller blade
      elements 207. The fluid subsequently is discharged at a first pressure
      region P.sub.L and flows into the vortex channels where the vortex
      impeller elements 208 further compress the fluid and establish a higher
      pressure region P.sub.H. Because of the difference in pressures between
      the pressure regions P.sub.H and P.sub.L, running seal leakage losses
      occur as the pressures tend to equalize. This leakage occurs along the
      running seal regions 209, 210.
PAR  With the arrangement shown in FIG. 13, this pressure equalization occurs at
      start-up of the system, and thereafter the pressure equalization takes
      place such that there is no continuing high pressure fluid leakage from
      the system. On the other hand, with the systems shown in FIGS. 1 and 11
      similar pressure equalization causes continuing high pressure fluid losses
      from the system during operation.
PAR  The high pressure fluid in the system of FIG. 13, is ultimately discharged
      in a direction as indicated by the arrows 211; but it should be noted that
      any suitable baffling arrangement may be used to control the direction and
      location of air flow from the system 200.
PAR  The above will now be restated in a somewhat different manner. Initially,
      note the inversion of the vortex impeller blades relative to the
      centrifugal impeller blades as compared to the construction shown in FIGS.
      1 and 11. When a finite mass of fluid is discharged by the impeller blade
      elements 207 to the pressure region P.sub.L, and then moves into the
      higher pressure regions P.sub.H, at least some small portion of such
      finite mass of fluid will leak back to pressure regions P.sub.L along the
      running seal regions 209, 210. However, this leakage mass may not escape
      to atmosphere because of the location of sealing cover or plate 212. The
      only other mode of escape for this small portion of the fluid would be for
      it to flow in a reversed direction relative to the arrows 213 (along
      centrifugal blade elements 207) and back through the interior of the motor
      to atmosphere. Thus, with the arrangement shown in FIG. 13, a relatively
      long and pressurized tortuous path would have to be followed by any fluid
      that would be escaping from the relatively high pressure regions P.sub.H.
      Thus, after, operation has commenced for system 200, fluid escaping from
      pressure regions P.sub.H  to regions P.sub.L acutally increases the
      pressure in regions P.sub.L so that the actual pressure differential
      therebetween (if any) is relatively small.
PAR  While there has been described above preferred embodiments of the
      invention, it will be understood that numerous changes may be made
      therein. For example, blade driving means of impeller assemblies may be in
      the form of a rotor member (or assembly) or disc with impeller blades on
      opposite sides thereof, and such disc may be of a composite structure of
      two separately manufactured impeller blade supports. Alternatively, the
      impeller may be cast in one mold and then an annular cover added over the
      centrifugal blades. Also, the impeller assembly of FIG. 13 can be cast in
      one molding and then a flat plate or cover added over the centrifugal
      blades. The impeller assembly is enclosed in a casing or housing which
      also forms vortex paths or channels having exhaust or discharge openings
      therein. Accordingly, it is to be clearly understood that this description
      is made only by way of example and not as a limitation to the scope of the
      invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A multiple path vortex pump comprising a casing and a rotor assembly in
      the casing having a first side and a second side; the first side of the
      rotor assembly having centrifugal impeller blades therealong and the
      second side of the rotor assembly having a plurality of vortex impeller
      blade elements therealong; the casing having an inlet opening therein for
      admitting fluid medium to the centrifugal impeller blades, a first portion
      forming an exhaust region for fluid discharged from the centrifugal
      impeller blades, a second portion forming a vortex pathway along an
      annular pathway for the vortex impeller blade elements, and means for
      dividing the vortex channel into a plurality of vortex channel
      part-annular sections; said casing having at least one portion for
      defining passage means constraining fluid to move from the exhaust region
      to the plurality of part-annular sections for admitting fluid medium from
      the centrifugal impeller blades to the part-annular sections so that
      substantially all of the fluid exhausted to the exhaust region is admitted
      to the plurality of part-annular sections, the second portion of the
      casing having discharge means therein through which the fluid medium
      previously exhausted from the centrifugal impeller blades is discharged
      from the vortex channel part-annular sections.
NUM  2.
PAR  2. A multiple path vortex pump comprising a casing and a rotor assembly in
      the casing having a first side and a second side; the first side of the
      rotor assembly having centrifugal impeller blades therealong and the
      second side of the rotor assembly having a plurality of vortex impeller
      blade elements therealong; the casing having an inlet opening therein for
      admitting fluid medium to the centrifugal impeller blades, a first portion
      forming an exhaust region for fluid discharged from the centrifugal
      impeller blades, a second portion forming a vortex channel along an
      annular pathway for the vortex impeller blade elements, and means for
      dividing the vortex channel into a plurality of vortex channel
      part-annular sections; said casing having at least one portion for
      defining passage means constraining fluid to move from the exhaust region
      to the plurality of part-annular sections for admitting fluid medium from
      the centrifugal impeller blades to the part-annular sections, and the
      second portion of the casing having discharge opening means therein
      through which a fluid medium may be discharged from the vortex channel
      part-annular sections; the vortex channel part-annular sections being of
      generally equal circumferential extent, each of the vortex channel
      part-annular sections having opposite ends, the passage means
      communicating with each respective vortex channel section adjacent one end
      thereof, and the discharge opening means communicating with a respective
      vortex channel section adjacent the other end thereof.
NUM  3.
PAR  3. The pump of claim 2 wherein there are two of said vortex part-annular
      channel sections.
NUM  4.
PAR  4. The pump of claim 2 wherein said casing includes a third portion having
      said discharge openings communicating therewith and forming a discharge
      plenum chamber for said vortex impeller, said third casing portion having
      an exhaust opening therein.
NUM  5.
PAR  5. The pump of claim 2 wherein said rotor assembly comprises a disc element
      having opposite sides, said centrifugal impeller blades being carried on
      one of said sides, and said vortex impeller blade elements being carried
      on the other of said sides adjacent the periphery of said disc element.
NUM  6.
PAR  6. The pump of claim 5 further comprising a motor coaxial with said rotor
      assembly and operatively coupled thereto, said motor being disposed on
      said other side of said disc element.
NUM  7.
PAR  7. The pump of claim 6 wherein said second casing portion surrounds said
      motor and the outer diameter of the vortex impeller is substantially the
      same as the outer diameter of the centrifugal impeller.
NUM  8.
PAR  8. The pump of claim 2 wherein said casing includes a first section having
      a part of the vortex channel formed therein and a second section having
      the remainder of the vortex channel formed therein, said dividing means
      comprising a plurality of angularly spaced partition elements formed on
      one of said casing sections, said first casing section having a plurality
      of annular slots formed therein respectively separated by bridging
      portions and respectively communicating with said vortex channel sections,
      said vortex blade elements extending through said slots into said vortex
      channel sections, said vortex blade elements passing over said bridging
      portions, and said partition elements being respectively aligned with said
      bridging portions.
NUM  9.
PAR  9. The pump of claim 8 wherein said partition elements are formed on said
      bridging portions, said opposite ends of said vortex channel sections are
      respectively formed by said partition elements, said first casing section
      has an outer wall and an inner portion defining said slots therebetween
      and joined by said bridging portions, said first casing section having
      baffle portions each joined to a respective bridging portion and said
      inner portion and respectively overlying one end of each of said vortex
      channel sections, said vortex impeller blade elements passing over said
      baffle portions, each of said baffle portions defining one end of a
      respective slot with the other end of the respective slot being defined by
      a bridging portion, and said baffle portions being spaced from said outer
      wall and respectively defining portions of said discharge opening means.
NUM  10.
PAR  10. The pump of claim 9 wherein each of said bridging and baffle portions
      has a groove formed therein, said vortex impeller blade elements extend
      into said groove, said rotor member is mounted on a shaft; and further
      comprising a bearing mounted on said inner portion of said first casing
      section and rotatably supporting said shaft; said casing including a third
      section enclosing said centrifugal impeller blades and having an outer
      wall connected to said outer wall of said first casing section, said outer
      walls being spaced from the outer periphery of said centrifugal impeller
      to form a plenum chamber, said inlet opening being formed in said third
      casing section coaxial with said shaft; said casing including a fourth
      section connected to said second casing section and having said discharge
      openings communicating therewith and forming a discharge plenum chamber
      for said vortex impeller, and said fourth casing section having an exhaust
      opening therein.
NUM  11.
PAR  11. A centrifugal-vortex pump comprising: a housing; a rotary impeller
      disposed within said housing and being mounted on a shaft extending
      through said housing; said impeller being formed of a disc having a first
      and a second side with the first side having centrifugal blades projecting
      along said impeller to its periphery and the second side having vortex
      blades on its periphery; said centrifugal blades having an annular cover
      disposed thereover; said annular cover being open in the center to allow
      passage of a fluid to said centrifugal blades and the cover opening being
      in alignment with an opening in said housing; said housing further having
      a toroidal vortex channel with a circumferential opening to accommodate
      the vortex blades, and also having a centrifugal exhaust region for
      constraining compressed fluid exhausted by the centrifugal blades to flow
      into the vortex channel; said toroidal vortex channel having at least two
      partitions dividing said channel into at least two sections of
      substantially equal circumferential extent; said vortex channel further
      having a corresponding discharge opening to exhaust fluid arriving at the
      at least two partitions and also having an opening past the at least two
      partitions allowing fluid discharge from said centrifugal blades to enter
      said vortex channel; and a drive means connected to said vortex impeller
      shaft.
NUM  12.
PAR  12. The centrifugal-vortex pump of claim 11 wherein said drive means is an
      electric motor mounted over the opening in said housing and having at
      least one inlet opening in said motor thereby to permit fluid to pass
      through said motor prior to reaching the pump.
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ABST
PAL  A housing system for gas turbines, especially vehicle gas turbines,
      according to which in a main housing for a gas turbine there is detachably
      arranged a housing which includes a bell-shaped bearing housing section
      provided at its radially largest portion with a cast-on bearing wall, and
      a compressor housing section and a cover pertaining to the compressor
      housing section. This cover forms a partition between the compressor
      intake chamber and the transmission chamber in the bell-shaped bearing
      housing section. When viewing in the direction toward the bell-shaped
      bearing housing section, the cover is preceded by the compressor housing
      section, and the compressor housing section and the cover and the bearing
      housing section are successively and detachably connected to the main
      housing and coaxially guided and centered thereby.
BSUM
PAR  The present invention relates to a housing of a gas generator for gas
      turbines, especially for vehicle-gas turbines, which is arranged at least
      partially in a main housing of the gas turbine and comprises at least a
      bell-shaped widening portion and a cover. In the housing there is arranged
      at least one radial compressor with its bearing means, the bearing means
      of the gas generator turbine which mechanically drives the radial
      compressor, and the connecting elements of said gas generator turbine as
      well as a step-down transmission for driving auxiliary units.
PAR  A housing built in this way for a gas generator is described for instance
      in the periodical "Gas Turbine World" of June, 1972, pages 22-33. With
      this known housing, the bell-shaped portion is by means of screws
      connected to an oval cover, the inner wall of which has mounted thereon
      the air conducting passages for the radial compressor and a loose bearing
      wall. The oval cover itself which at the same time is to be considered as
      being a cover for the main housing is flanged onto the main housing from
      the outside. This oval cover simultaneously forms the outer closure of the
      compressor. The bearing means for the shaft which on one hand carries the
      compressor wheel and on the other hand carries the turbine wheel of the
      gas generator turbine comprises two bearings, one of which is located in
      the bell-shaped portion whereas the other one is located in the bearing
      wall connected to the cover.
PAR  A gas generator housing of the above mentioned type has a number of
      drawbacks which become particularly noticeable during the assembly and
      also in case of repairs becoming necessary. Thus, for instance, above all
      the mounting of the compressor and turbine shaft and of the gears of the
      step-down transmission in two different parts requires a particularly high
      precision during the manufacture of these parts as well as during the
      later assembly because these two parts have to be machined very precisely.
      Repairs such as the exchange of the gear, etc., are, therefore, awkward
      and expensive.
PAR  A further drawback of the above known device consists in that the cover is
      rather large and can be centered only under difficulties. On the other
      hand, the cover has to have this size in order, in case of need, to be
      able to exchange the gears for the step-down transmission. In order to
      permit such exchange, the entire gas generator has first to be
      disassembled.
PAR  It is, therefore, an object of the present invention to provide a housing
      of a gas generator for gas turbines which while maintaining the necessary
      precision will be simple in manufacture and can be easily and
      inexpensively mounted and can be disassembled so that all parts arranged
      therein which are subjected to wear, can easily be exchanged.
PAR  It is a further object of this invention to provide a housing as set forth
      in the preceding paragraph which can easily and relatively inexpensively
      be repaired.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawing which illustrates a simplified longitudinal section
      through the housing of a gas generator with the most important parts
      thereof arranged therein, said housing being built into a main housing
      indicated only to a minor extent.
DETD
PAR  The housing according to the present invention which at least partially is
      arranged in a main housing of the gas turbine and comprises at least one
      part widening in a bell-shaped manner and a cover, as characterized
      primarily in that the bell-shaped part of the housing is designed as
      bearing housing and at that side of its largest radial bulge or extension
      comprises an additional firmly cast on bearing wall. The housing according
      to the invention is furthermore characterized in that the cover forms a
      partition between the compression suction chamber and the transmission
      chamber provided in the bearing housing. The housing according to the
      invention is furthermore characterized in that on the cover when viewed in
      axial direction there is provided a compressor housing part forming the
      compressor housing and its air conducting passages. The housing according
      to the invention is finally characterized in that the bearing housing, its
      cover and compressor housing part are adapted to be inserted into radial
      guiding means or centering means of the main housing and are connectable
      while being arranged one adjacent to the other.
PAR  The outer surfaces of the bearing housing of the cover and of the
      compressor housing part which serve for radial guiding and centering are
      circular in cross section and have nearly the same diameter. The
      connection of these parts to the main housing is according to the
      invention effected by means of common screws which pass through bores in
      all three members and only then are screwed into the main housing.
PAR  According to a further development of the invention, it is suggested to
      provide all bearing areas for the turbine wheel of the gas generator
      turbine, and for the compressor wheel of the radial compressor as well as
      for all gears of the step-down transmission, only in the bearing housing
      and the bearing wall thereof. For purposes of assuring a simplified
      manufacture and assembly of the gear wheel bearings, it is suggested to
      design the same in the form of bolts pressed into the bearing wall and to
      journal the gears thereon in a cantilever fashion. In this way,
      simultaneously an easier exchange of the gears will be possible.
      Expediently, at least one of said bearing bolts is so provided as to its
      length that as the case may be, also two gears connected to each other can
      be journaled thereon whereby, as is well known, a higher step-down
      transmission ratio can be obtained, above all, however smaller gears can
      be selected which will make it possible to design the bearing cover
      relatively small while nevertheless permit an easy exchange.
PAR  By mounting all bearing stations in a bearing housing, the advantage will
      be obtained that all necessary housing parts can be produced at less
      expense and in a simple manner. Thus, for instance, when casting the
      bearing housing, only a central core is required. The cover and the
      compressor housing part form coreless members which are simple from a
      casting technological point. These coreless parts can also easily be
      machined in view of their circular shape at the areas in question. With
      regard to the precision, no particular requirements have to be met. The
      dividing of the housing in three parts respectively conforming to a
      certain function have the advantage that the air conducting passage for
      the compressor is smooth and without perforations, while no additional
      sealing areas are required.
PAR  A further advantage of the invention, individually seen is due to the
      design of the bearing areas for the gears, i.e., due to the bearing bolts
      pressed into the bearing housing. It will be appreciated that the shape of
      the bearing housing will in this way be simplified, and the precision of
      the mounting as it is necessary with two bearings need not be taken into
      consideration, and furthermore the gears can easily be mounted and
      disassembled.
PAR  If repairs are necessary on the step-down transmission, it is merely
      necessary to loosen only those screws which connect all housing sections
      together with the main housing, in order to be able to remove the
      compressor housing part, the compressor wheel, and the cover. Thereupon by
      respectively loosening a screw, at least one gear can be exchanged. Even
      the output pinion connected to the compressor and turbine shaft is located
      ahead of the first bearing station and therefore at any time can, without
      disassembling the shaft or a bearing, easily be replaced. When assembling
      the gas generator turbine housing, no specific care has to be taken
      because all bearing stations are already precisely fixed, and the cover as
      well as the compressor housing part obtain their precise central position
      practically by themselves as soon as they are inserted into the main
      housing. Finally, the design of the housing according to the present
      invention has further important advantages when for purposes of exchanging
      the compressor or the turbine shaft or the bearings therefor, it is
      necessary to remove the bearing housing from the main housing, because the
      mounting of the gears will in this way not be changed and the recesses for
      the shaft bearings to be inserted remain likewise fixedly arranged with
      regard to each other.
PAR  Referring now to the drawings in detail, the housing comprises a
      bell-shaped bearing housing 1 with a bearing wall 1a, a cover 2 and a
      compressor part 3. The bearing housing 1 as well as the cover 2 and the
      compressor housing part 3 have in radial direction nearly equally large
      circular outer surfaces 4, 5, 6 by means of which they are concentrically
      guided in a main housing 7. Provided in the outer surfaces 5 and 6 of the
      cover 2 and of the compressor housing part 3, there are radial seals 35,
      36 for shutting off of the compressed air which is passed through the air
      guiding passages 10 into the main housing 7. In axial direction, the
      bearing housing 1 has its endface engage the main housing 7 while the
      cover 2 with its endface 9 engages the bearing housing 1, and the
      compressor housing 3 has its blades 11 provided in the guiding passage 10
      engage the cover 2.
PAR  The parts 1, 2 and 3 are firmly connected to the housing 7 by means of the
      common screws 12. Connected to the free end of the bearing housing 1 is a
      labyrinth housing 14 which is provided for the guiding blades 13 of the
      gas generator turbine but is not shown in detail. The labyrinth housing 14
      is followed by an intermediate diffuser 15 which in this instance leads to
      a non-illustrated commercial turbine. At the side of the guiding blades 13
      around the bearing housing 1 there is provided a spiral 16 from which the
      gas generated in the combustion chamber is conveyed to the gas generating
      turbine. At the lower end of the gas generating housing 1, 2, 3, at the
      compressor housing part 3, there is provided a flange 17 for connecting
      thereto a non-illustrated air filter or a muffler which may be interposed
      therebetween. The central axis x of the gas generator housing 1, 2, 3, the
      outer shape of which forms a body of revolution, simultaneously forms the
      central axis of a shaft 21 which is journaled in two bearings 18, 19 of
      the bearing housing 1 and on one hand extends into the labyrinth housing
      14 and on the other hand extends through the cover 2 up into the
      compressor suction chamber 20.
PAR  Connected to shaft 21 on one hand is a turbine wheel 22 of the gas
      generator turbine and on the other hand a compressor wheel 23 of the
      radial compressor. The wheel 23 is connected by means of a screw 24 which
      is accessible from the outside. Between the cover 2 and the bearing 18
      closest thereto there is provided an output pinion 25 which is mounted on
      shaft 21. Pinion 25, together with the gears 26, 27 and 28 forms a
      step-down transmission for the drive of non-illustrated auxiliary units
      such as an auxiliary steering pump, transmission control pump, injection
      device, cooling blower for oil cooler, lubricating pump, drive for heat
      exchanger, etc. The gears 26 and 27 are firmly connected to each other and
      are journaled on a bearing bolt 29 in a cantilever fashion, said bearing
      bolt being pressed into the bearing wall 1a of the bearing housing 1. The
      gears 26 and 27 are held only by a disc 30 and a screw 31. Similarly, the
      gear 28 is arranged in a cantilever fashion on a bearing bolt 32 pressed
      into the bearing wall 1a and is held by a disc 33 and a screw 34. Inasmuch
      as all bearings and transmission parts are mounted in a transmission
      housing 1, and since the cover 2 forms a closure, this chamber is called
      the transmission chamber 28.
PAR  The disassembly of the gears 26, 27, 28 or the output pinion 25 is effected
      by loosening the screw 12, removing the compressor housing 3, loosening
      the screw 24, removing the compressor wheel 23, removing the cover 2, and
      loosening the screws 31 or 34. The assembly is, of course, effected in
      inverse sequence.
PAR  It may be mentioned that the drawing shows only those parts which are
      necessary for the invention and for indicating the advantages obtained by
      the invention and are shown in a most simple manner. Lubricating passages,
      air conducting passages, the precise design of the bearings, of the
      insulating layers, etc, are not shown in order not unnecessarily to clog
      up the drawings.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In combination in a gas generation housing system for gas turbines,
      especially vehicle gas turbines: main housing means for a gas turbine, a
      gas generator housing arranged at least partially in said main housing
      means and including an externally bell-shaped section forming a bearing
      housing and provided at the region of its greatest radial extension with a
      firmly cast on bearing wall, bearing means arranged in said bearing
      housing, shaft means rotatably journaled in said bearing means, a turbine
      wheel mounted at one end section of said shaft means for rotation
      therewith, a compressor wheel mounted at the other end section of said
      shaft means for rotation therewith, compressor housing means housing said
      compressor wheel and defining therewith a compressor suction chamber, said
      compressor housing means including a wall forming a detachable cover and
      together with said bearing housing defining a transmission chamber, said
      compressor housing means aside from said cover and said bearing housing
      means respectively forming individual sections successively and detachable
      connected to said main housing means, said main housing means including
      centering means for coaxially receiving and centering said individual
      sections, and means for detachably connecting all of said individual
      sections to said main housing.
NUM  2.
PAR  2. The combination of claim 1, in which all of said individual sections
      cover and compressor housing means have radially outer circular surfaces
      of nearly the same diameter for receiving by said centering means.
NUM  3.
PAR  3. The combination according to claim 2, which includes radial seals
      located between said main housing means and the outer circular surfaces
      respectively of said individual sections.
NUM  4.
PAR  4. The combination according to claim 3, in which said means for detachably
      connecting all of said individual sections to said main housing means
      include screws common to and extending through all of said individual
      sections and threadedly engaging said main housing means.
NUM  5.
PAR  5. The combination according to claim 4, in which said turbine wheel and
      said compressor wheel are supported only by said bearing means in said
      bearing housing.
NUM  6.
PAR  6. The combination according to claim 5, which includes additional support
      means mounted in said cast-on bearing wall, and transmission gear means
      journaled in said additional support means.
NUM  7.
PAR  7. The combination according to claim 6, in which said additional support
      means include bolts pressed into said cast-on bearing wall and a
      unilaterally projecting portion extending therefrom and respectively
      supporting said gear means.
NUM  8.
PAR  8. The combination according to claim 7, in which the projecting portion of
      at least one of said bolts is so designed as to be able to support in a
      cantilever fashion two interconnected gears for selectively obtaining a
      different transmission ratio.
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ABST
PAL  A linearly reciprocating fan for cooling a linear motor which drives the
      fan is disclosed as including a fan blade attached to the linear motor and
      means for guiding the air flow caused by the reciprocating blade across
      the linear motor to cool the motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fan for cooling a motor and, more particularly,
      to a linear reciprocating fan driven by a linear motor which the fan
      cools. The linear motor may be used to power a linear air compressor among
      other motorized devices.
PAR  With the growth of the consumer electrical appliance market, particularly
      with respect to power tools, there is a continual drive to reduce the
      costs of such appliances while maintaining their efficiency and
      performance. Manufacturing costs can be reduced in several ways and often
      most effectively by simplifying the manufacturing and assembly procedures
      and eliminating precision fits such as often is required with rotary
      elements.
PAR  In addition, most electrical appliances generate considerable heat during
      operation and it is desirable and often mandatory that forced cooling be
      effected. Rotating fans are commonly used in electric motor devices to
      provide such forced cooling; however, such fans are relatively expensive
      to include at least partially because of the support bearings and
      rotational balancing required for proper operation. Furthermore, they are
      not immediately suitable for linearly operating electric devices.
PAR  Accordingly, it is an object of this invention to provide a fan which has a
      highly efficient cooling capacity for a linearly operating, electrical
      appliance motor, and one which is inexpensive to manufacture and assemble,
      and reliable in use.
PAR  It is another objective of this invention to provide a linear fan of the
      character described for use in and with a linear motor which minimizes the
      number of parts required and which may be assembled as part of the
      appliance with relative ease and minimal expense.
PAR  Additional objectives and advantages of the invention will be set forth in
      part in the description which follows and in part will be obvious from the
      description, or may be learned by practice of the invention. The
      objectives and advantages of the invention may be realized and attained by
      means of the instrumentalities and combinations particularly pointed out
      in the appended claims.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  To achieve the foregoing objectives and in accordance with the purpose of
      the invention, as embodied and broadly described herein, the fan of this
      invention, which is intended for use with an electric linear reciprocating
      power source, for example, a linear electric motor powering a linear air
      compressor, and comprises a housing, a fan adapted to be operably
      connected to the reciprocating power source and supported within said
      housing for reciprocating motion therein.
PAR  Preferably the reciprocating power source includes a first means for
      producing a changing magnetic field, a second means responsive to the
      first means and being mounted for reciprocating motion and, preferably,
      the fan includes means for causing the fluid-flow affected by movement of
      the fan to flow across the reciprocating power source for cooling the
      power source.
PAR  The invention consists in the novel parts, constructions, arrangements,
      combinations and improvements shown and described. The accompanying
      drawing which is incorporated in and constitutes a part of the
      specification, illustrates one embodiment of this invention and, together
      with the description, serves to explain the principles of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Of the drawing:
PAR  FIG. 1 is a perspective view of an electrical appliance of the type with
      which the fan of this invention can be used, the appliance illustrated
      being an air compressor driven by a linear electrical motor.
PAR  FIG. 2 is a partial sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 2A is an enlarged view of the portion of FIG. 2 within the circle A;
PAR  FIG. 3 is a perspective view of a fan formed in accordance with this
      invention; and
PAR  FIG. 4 is a partial exploded sectional view taken along line 3--3 of FIG. 1
     .
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THIS INVENTION
PAR  Reference will now be made in detail to the present preferred embodiment of
      this invention, an example of which is illustrated in the accompanying
      drawing.
PAR  This invention is a linear reciprocating fan driven by and in conjunction
      with a linear motor. While a variety of liner motors used to power various
      devices may be used, the present invention is particularly suited for use
      in the environment disclosed hereinafter, namely, a linear electric motor
      in a linear air compressor. However, it will be understood that this
      invention will have use in applications other than that specifically
      illustrated and described.
PAR  With reference to FIGS. 1 and 2, there is shown a suitable linear
      reciprocating power source or motor 10, including a housing 12 and a field
      sub-assembly 14 including field laminations 16 supported within the
      housing 12 and having field windings 18 wound on a spool 20 surrounding
      the field laminations 16. The field windings 18 are connected, through a
      rectifer (not shown) to a conventional AC electrical power source (not
      shown) by means of a line cord 22.
PAR  An armature-piston sub-assembly 24 is mounted within the housing 12 and
      includes a piston 26, slidable in a cylinder 27 and having a plurality of
      magnetic armature-laminations 28 fixedly mounted adjacent one end thereof.
      A compression spring 30 is mounted within the piston 26 and is seated, at
      one end against a guide 31 which bears against a stationary rod 34 fixedly
      secured to the housing 12, through field sub-assembly 14.
PAR  In order to operate the motor 10, and on-off switch 36 is closed effecting,
      because of the rectification of the alternating current, a pulsating
      energization of the field windings 18 and field laminations 16 and,
      consequently, a pulsating magnetic field. The armature-piston sub-assembly
      24, by virtue of the armature laminations 28 being magnetized by the
      magnetic field, is responsive to the field sub-assembly 14 and is drawn
      toward the center of the field sub-assembly effecting compression of the
      spring 30 as the piston 26 moves toward the center of the field
      laminations 16 (toward the right in FIG. 2). During deenergization of the
      field windings 18, resulting from the rectification of the alternating
      current, the spring 30 forces the piston sub-assembly 24 to return to its
      initial position away from the center of field laminations 16 (toward the
      left in FIG. 2).
PAR  This reciprocating linear motion of the piston 26 can be utilized in many
      ways, such as to drive a tool or to pump a fluid. For purposes of
      illustration, the embodiment shown in the drawing and described herein
      utilizes the linear motor 10 in an air compressor. The reciprocating
      piston 26 causes air to enter the compressor through inlet ports 38 past a
      suitable check valve, and to exit, once compressed, through a discharge
      port 40 also controlled by a suitable check valve. The compressed air
      leaving the port 40 is directed to its point of application through an air
      hose 42.
PAR  Energization of the field windings 18 and the movement of the piston 26
      together with compression of the air produces a substantial amount of heat
      and it is necessary for the armature-piston sub-assembly 24 and the field
      sub-assembly 14 to be cooled. In accordance with this invention, a linear
      reciprocating fan driven by the linear motor 10 is provided to cool the
      motor 10.
PAR  As here embodied, a fan 50 including a fan blade, preferably in the form of
      a disc 51 is attached to the reciprocating portion of the power source,
      namely the piston 26 of the armature-piston sub-assembly 24. For
      simplification of manfacturing and assembly, the fan disc 51 is attached
      to the piston 26 by direct mechanical connection through a stepped
      cylindrical hub 52 terminating in a flange 54, all of which is formed as
      an integral part of the fan 50. For example, the fan 50 can be formed by
      molding a suitable plastic, such as Nylon or polypropylene, or by drawing
      sheet metal into the fan configuration best seen in FIGS. 2 and 3.
PAR  Preferably the fan is connected to the armature-piston sub-assembly 24
      through use of the fange 54. This can be accomplished by forming the
      piston 26 as a drawn steel cup having a closed end 56 and an open end 57.
      An annular crimp 58 is rolled in the piston 26 adjacent the open end 57.
      The spring 30 and, if desired, a piston weight (not shown), is then loaded
      into the piston through the open end 57 and the dimpled cup-like spring
      guide 31 is placed over the spring. Annular armature laminations 28 are
      then inserted in the piston 26 so that they abut against the annular crimp
      58 which prevents the laminations from moving further toward the closed
      end 56. The open end of the piston 26 is then deformed inwardly by rolling
      to secure all of the parts within the piston 26. The flange 54 of the fan
      50 is then inserted over the last lamination followed by a retaining ring
      62 and finally an end piece 64 (see FIG. 2A). Thus, the fan 50 may be
      removed for replacement or service by removal only of retaining ring 62.
PAR  The fan 50 and retaining ring 62 are open through their center in order to
      receive the rod 34 so that it abuts against the spring guide 31 at one end
      and is fixed with respect to the field sub-assembly 14 at its other end.
      In this manner the piston 26, laminations 28 and fan 50 are free to
      reciprocate longitudinally within the field sub-assembly 14 while the rod
      34 is stationary. Movement of the piston 26 relative to the rod 34 effects
      compression and expansion of the spring 30.
PAR  In accordance with this invention the disc 51 of the fan 50 is fitted
      loosely within a flange, cup shaped fan housing 66, which housing is
      attached to the field sub-assembly 14, such as through a series of bolts
      (not shown). A bracket 67 is fixed to fan housing 66 by bolts 68 and
      supports the end of rod 34. An aperture 69 is formed through the housing
      and is sized to provide substantial clearance with the hub 52 to prevent
      interference with movement of the fan 50 and to simplify assembly. The fan
      housing 66 also is provided with a plurality of ports 70 through the face
      thereof. The ports 70 are located adjacent to the field sub-assembly 14 to
      cause the air set in motion by the fan 50 to circulate across the field
      sub-assembly 14.
PAR  In operation, the piston sub-assembly 24 reciprocates as a result of the
      pulsating energization of the field windings 18 causing the fan 50 to
      reciprocate linearly within the fan housing 66. While the rate of
      reciprocation can be selected to suit the application of the linear motor
      10, it has been found that rectifying normal household current (60 cycle
      AC) to operate the motor 10 at 60 cycles per second is suitable for an air
      compressor. Reciprocation of the fan disc 51 causes air to enter and leave
      through the cooling ports 70 which sets up air current around the linear
      motor 10. It has been found that the air movement produced by a fan blade
      stroke of 1/2 to 3/4 inch is sufficient to satisfactorily cool the field
      sub-assembly 14. Cooling air inlet apertures 74 and 90 are provided in the
      motor housing 14 to provide circulation of fresh air through the motor
      housing.
PAR  Further in accordance with this invention, an annular band of insulating
      material, such as a foamed polyurethane 75, can be placed about the fan
      housing 66 to dampen the noise generated by movement of the fan 50 and air
      and, furthermore, to serve as a seal so that the cooling air drawn into
      the housing at slots 74 and 90 and into the fan housing 66 is caused to
      circulate over those parts of the reciprocating power source 10 subject to
      heating during operation of the power source 10. Thus, air circulated over
      the linear motor 10 continues to mix with cool ambient air drawn in
      through apertures 74 and apertures 90 to prevent heated air from being
      trapped within housing 14.
PAR  The field sub-assembly 14 is held by two primary housing sections, an upper
      section 76 and a lower section 78 which are bolted together (see FIG. 4).
      The band of foam material 75 is held in place by, for example, an adhesive
      backing, and is held in sealing engagement with the field subassembly 14
      by baffle plates 80, 82 which are an integral part of the upper and lower
      sections 76, 78 respectively of the motor housing 14.
PAR  As can be seen from the above description and the drawing, the invention
      provides a linearly reciprocating fan for cooling those portions of the
      reciprocating power source which are subject to heating, which fan is very
      easy to fabricate and install and which is activated by direct connection
      to the reciprocating portion of the power source. The fan is a linear
      reciprocating member directly supported by the power source thereby not
      requiring bearings and other support structure usually required for
      rotating fans.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electric linear air compressor comprising a housing, cooling air
      intake and discharge openings in said housing, a linear electric motor in
      said housing, piston means connected to said motor and operable therewith,
      compressed air intake and discharge means operable in conjunction with
      said piston means to deliver compressed air; the improvement which
      comprises a fan housing disposed adjacent said linear electric motor; a
      linear fan disposed in said fan housing and coupled to said motor for
      operation therewith; a plurality of openings in said fan housing adjacent
      said electric motor, said openings providing for the reciprocal flow of
      air therethrough upon movement of said fan; said reciprocal air flow into
      and out of said openings causing circulation of air about the exterior of
      said motor.
NUM  2.
PAR  2. An electric linear air compressor comprising a housing, a linear
      electric motor mounted within said housing, said motor comprising a
      plurality of wound coils exposed within said housing; piston means
      connected to said motor and operable therewith, compressed air intake and
      discharge means operable in conjunction with said piston means to deliver
      compressed air; the improvement comprising a fan housing mounted adjacent
      to and in spaced relation with said wound coils, a plurality of openings
      through said fan housing adjacent said wound coils; a linear fan disposed
      within said fan housing and coupled to said linear motor for operation
      therewith, said fan drawing air into said fan housing through said
      openings and blowing air outwardly through said openings on alternate
      reciprocations of said motor to produce circulation of air over said wound
      coils during operation of said motor.
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ABST
PAL  A fuel pump, comprises an electric motor mounted in a tubular housing which
      is formed with a tapered portion at the take-in side, and an impeller
      which is mounted adjacent the tapered portion of the housing on the
      armature shaft of the motor for rotation therewith. A disc-shaped wall
      concentrical of the armature shaft separates the impeller from the motor
      space and is formed, at its circumference, with a channel-shaped annular
      duct open toward the periphery of the impeller. The radially extending
      impeller blades are thereby enclosed between the tapered portion of the
      housing and the disc-shaped wall, and the fuel is guided radially into the
      annular duct. The inside cross-section of the duct is appropriately
      increasing along the circumference so that the fuel speed is reduced with
      minimum losses of energy and passes through apertures in the annular duct
      to the inside periphery of the motor space to which it is urged due to
      centrifugal forces and along which it is guided by longitudinal ribs prior
      to passing to the outlet. To improve the efficiency of the impeller, the
      blades are covered by an annular wall at the side remote from the tapered
      portion of the housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to pumps for liquids and, in particular,
      to a new and useful pump having an improved efficiency and particularly
      suitable as a fuel pump for use in motor vehicles.
PAR  2. Description of the Prior Art
PAR  Fuel pumps, constructed according to the so-called "side duct principle"
      are known, and such pumps are only able to supply small quantities of fuel
      under low pressure. Such pumps, for example, deliver only a few literes of
      fuel per minute at only some tenths atmosphere pressure. The efficiency of
      such known delivery pumps is below 10%, and is accordingly insufficient.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a pump for liquids comprises an
      electric motor mounted concentrically in a tubular housing, an impeller
      with radial blades mounted on the armature shaft of the motor, wherein the
      housing tapers on the side of the impeller remote from the armature and
      wherein means are provided for forming an annular duct adjacent the
      circumference of the impeller.
PAR  Such a delivery pump can operate with an impeller of a small diameter, so
      that the diameter of the delivery pump itself can be made small. The
      delivery pump, when being used as a gasoline pump, can accordingly be
      inserted through an opening in a gasoline tank of, for example, a motor
      vehicle, and arranged in said tank.
PAR  In an embodiment of the invention, in order to prevent or inhibit return
      flow from the annular duct to the impeller, the ends of the blades of the
      impeller are on the side facing the armature, and are provided with an
      annular wall located perpendicularly to the armature shaft. By this means,
      large build-up of pressure behind the impeller is avoided, and the axial
      thrust is kept low.
PAR  In a preferred embodiment of the invention, the annular duct forming means
      are provided by substantially annular duct body supported on the housing,
      said body comprising an annular plate member arranged centrally relative
      to the armature shaft, and a duct portion adjoining the outer edge of the
      plate member and having a U-shaped cross-section, the plate member joining
      the end of one U shank at right angles thereto, while the other shank is
      of a greater length than the first shank and the connecting portion
      between the shanks is provided with apertures.
PAR  In order to minimize losses of kinetic energy in the annular duct, the
      present invention is further characterized in that the length of the first
      shank, measured from the end of the first shank to the inside of the
      connecting piece, is calculated so that it increases from zero to an end
      value over a small portion of the circumference of the annular duct body,
      and in that the space between the two shanks is calculated so that it has
      a minimum value over the said portion of the circumference and then
      increases over the remainder of the circumference to a maximum value. The
      high speed of the fuel is thus reduced with very low losses.
PAR  According to a further preferred embodiment of the present invention, the
      annular duct body is provided with struts or ribs on the side facing the
      armature which ribs extend in the longitudinal direction of the pump and
      are mounted at the level of the apertures in the connecting apertures and
      support the magnetic system of the electric motor with their free ends in
      such a manner that fuel is conducted between the magnetic system and the
      housing. The flow is thus kept remote from the electric motor to a
      considerable extent.
PAR  Accordingly, it is an object of the present invention to provide a pump
      which has improved efficiency and, at the same time, is relatively simple
      in construction.
PAR  Another object of the invention is to provide a pump for liquids comprising
      an electric motor mounted concentrically in a tubular housing having a
      tapered portion at the inlet side, an impeller mounted on the armature
      shaft of the motor adjacent the tapered portion of the housing and having
      radially extending blades between which the liquid is taken up to the
      periphery of the propeller, an annular duct provided at this periphery
      through which the liquid passes and which is appropriately shaped to
      reduce the speed of the liquid while minimizing the losses of energy, and
      ribs extending longitudinally at the inner periphery of the housing for
      supporting the magnetic system of the motor and guiding the circulating
      liquid along the outside of the motor.
PAR  A further object of the invention is to provide the annular duct in the
      form of a substantially annular body concentrical of the armature shaft
      and formed at its periphery with a channel-shaped duct open toward the
      propeller circumference and having a varying cross-section such that the
      height of one shank of the U-section increases from zero to a
      predetermined value over a small portion of the circumference of the duct
      and then remains constant while the other shank of the U-section is of a
      greater height which is constant and the web portion between the two
      shanks has a constant width over said circumferential portion and is then
      continuously enlarged over the remaining part of the circumference.
PAR  Still another object of the invention is to provide an annular wall partly
      closing the side of the impeller turned to the motor and improving the
      pressure conditions to further minimize the energy losses.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its uses, reference
      should be had to the accompanying drawing and descriptive matter in which
      there is illustrated a preferred embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the Drawing:
PAR  FIG. 1 is a section through a fuel pump; and
PAR  FIG. 2. shows the geometrical ratios of an annular duct formed by an
      annular duct body.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in particular, the invention embodied therein,
      comprises a fuel pump which may be used as a gasoline pump in motor
      vehicles. The pump comprises an open ended first tubular housing part 10
      engaged within an oppositely facing open ended second tubular housing part
      11. The second housing part 11 abuts against a collar 10a of the first
      housing part 10 and is secured thereto. The first part 11 tapers at its
      other end forming a frusto conical portion 12 and it terminates in a
      tubular extension 13. Extension 13 and first housing part 10 carry
      respective bearings 14 and 15, in which an armature shaft 16 of an
      electric motor is mounted. Shaft 16 carries an armature 17 and an armature
      winding.
PAR  The magnetic system of the electric motor comprises a plurality of magnets
      18 secured to magnet supports 19. An annular duct body 20 is supported in
      the second housing part 11 and is provided on the side facing armature 17
      with struts or ribs 21 extending in the longitudinal direction of the
      armature shaft. The housing member 10 is also provided with similar struts
      or ribs 22. The magnet supports 19, together with their magnets 18, are
      secured between ribs 21 and 22 in such a manner than an annular gap 30
      remains between the magnet supports 19 and the housing member 11.
PAR  An annular duct body 20 includes a plate portion 23 which is ring-shaped
      and concentric relative to armature shaft 16. Spaced walls 24 and 25 of
      the duct body define a U-shaped portion which adjoins the outer edge of
      the plate portion 23. The plate portion 23 terminates at one wall 24 at
      right angles thereto. The other wall 25 is of a greater length than wall
      24. Cross-wall 31, between walls 24 and 25, is provided with apertures
      (not shown) for the passage of fuel. Ribs 21 are mounted at the level of
      these apertures, i.e., on cross-wall 31.
PAR  The length of wall 24 is measured from the end thereof to the inside of the
      cross-piece and is indicated by b, while the space between the two walls
      24 and 25 is indicated by h. An annular duct 32, formed by the body 20,
      has a special shape defined by the values b and h, as will be explained in
      greater detail hereinafter.
PAR  An impeller 26 is mounted on armature shaft 16 close to the conical housing
      portion 12 and it has radially extending blades 27. The side of impeller
      26 remote from the armature 17 is partly covered by the conical housing
      portion 12. On the side adjacent armature 17, blades 27 are provided at
      their ends with an annular wall 28 located perpendicularly to armature
      shaft 16 so that they form a cover for the impeller. Annular wall 28
      prevents a return flow from the annular duct 32 to the impeller 26. High
      pressure cannot build up behind the blades 27, and the axial thrust is
      kept low.
PAR  A valve 29 is provided in a flange fitting 33 of the housing member 10
      which also carries the electrical connections for the electric motor.
PAR  The arcuate variations of dimensions of the annular duct 32 and the
      bounding walls 24 and 25 of body 20 are shown graphically in FIG. 2. As
      shown in FIG. 2, the values b and h change dependently on the peripheral
      angle. The value b, shown in dotted lines, which represents the length of
      the wall 24, is calculated so that it increases over a comparatively small
      part, preferably 120.degree., of the circumference of the annular duct
      body from zero to a final value and then remains constant. The value h,
      which represents the dimension of wall 31 or space between the two walls
      24 and 25, is calculated so that it has a minimum value over a small part
      (120.degree.) of the circumference and then increases to a maximum value
      over the remainder of the circumference.
PAR  Fuel is circulated by the impeller 26. In view of the compact construction,
      it is necessary to ensure that losses remain low despite the existence of
      large spacing between components. Also, since it is important that
      impeller 26 should not warp during manufacture, it cannot be designed as
      narrow as would be necessary for optimal operation. For this reason, the
      relatively wide impeller is concentrically covered as much as is
      necessary.
PAR  In operation, fuel leaves the impeller at a high peripheral speed. The high
      speed of the fuel is decreased in the annular duct while losses of kinetic
      energy are kept small. The special shape of the annular duct ensures that
      these losses are very low. Such an annular duct enables the delivery pump
      to have a small diameter, or the impeller is preferably designed to have a
      low speed of rotation on account of the delivery. The fuel rotates in the
      motor chamber in the direction of rotation of the electric motor. The ribs
      21 guide the major part of the flow between the magnetic system and the
      housing member 11, so that the armature 17 remains unimpeded to a
      considerably extent.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pump for liquids comprising a tubular housing having an inlet and an
      outlet spaced from said inlet with an intermediate portion located
      therebetween, said housing having a tapered portion adjacent the inlet and
      connecting the inlet to said intermediate portion, an electric motor
      mounted concentrically in said housing and including an armature shaft and
      a magnetic system, an impeller mounted in said housing on said armature
      shaft for rotation therewith and having radially extending blades closely
      adjacent said tapered portion of said housing and adapted, in operation,
      to take up and guide the liquid toward the circumference of said impeller,
      and wall means forming an annular radially and longitudinally extending
      duct adjacent the circumference of said impeller on the side thereof
      facing said electric motor and shaped to guide the liquid with minimum
      losses of energy, said means for forming an annular duct comprise an
      annular duct body which is supported in said housing adjacent the side of
      said impeller remote from said tapered portion and including an annular
      plate portion concentrically arranged relative to said armature shaft and
      terminating in an outer edge, and a duct portion extending along and
      adjoining said outer edge and having a U-shaped cross-section defined by
      first and second longitudinally extending wall portions of said duct
      portion and a radially extending cross-wall therebetween, said plate
      portion joining the end of said first wall portion of said U-shaped
      portion at right angles, said second wall portion of said U-shaped portion
      being of greater length than said first wall portion, and said connecting
      cross-wall between said two walls being provided with apertures for the
      liquid, the length of said first shank from the end of said first wall
      portion to the inside of said connecting crosspiece is such that it
      increases in longitudinal depth over a comparatively small portion of the
      circumference of said annular duct body from zero to an end value, and the
      space of said two wall portions is such that it has a minimum value over
      the said portion of the circumference and then increases to a maximum
      value over the remaining part of said circumference.
NUM  2.
PAR  2. A pump for liquids, as claimed in claim 1, wherein said small portion of
      said circumference amounts to 120.degree..
NUM  3.
PAR  3. A pump for liquids, as claimed in claim 1, wherein said annular duct
      body is provided, on the side remote from said tapered portion of said
      housing, with struts extending in longitudinal direction of and spaced
      from said housing and mounted, by their one ends, on said cross-wall of
      said duct body and supporting, by their free ends, said magnetic system of
      said electric motor in such a manner that the liquid may be conveyed
      between said magnetic system and said housing.
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ABST
PAL  A fuel pumping apparatus for supplying fuel to an internal combustion
      engine includes an injection pump which delivers fuel through a delivery
      passage which includes a spring loaded delivery valve. A vent conduit
      extends from the delivery passage, and communicates with a vent conduit
      during a delivery stroke of the injection pump. The vent conduit
      communicates with the delivery passage intermediate the injection pump and
      the delivery valve, and the vent passage includes a screwed plug at its
      end and a valve element which is resiliently loaded into contact with a
      seating. The seating is positioned adjacent the vent conduit so that the
      amount of fuel in the conduit during normal operation of the apparatus, is
      as small as possible.
PARN
PAR  This is a continuation of application Ser. No. 396,553 filed Sept. 12,
      1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to liquid fuel injection pumping apparatus of the
      kind described in the Specification of U.S. Application Ser. No. 286,337.
PAC  SUMMARY OF THE INVENTION
PAR  In the specification of my application numbered as above, there is
      described a liquid fuel injection pumping apparatus for supplying fuel to
      an internal combustion engine, the apparatus comprising a body part, a
      rotary distributor mounted in the body part, an outlet passage in the body
      part adapted for connection to an injection nozzle of an associated engine
      and a fuel delivery passage in the distributor member, said delivery
      passage communicating with the pumping chamber of an injection pump and
      being arranged to register with said outlet passage during delivery of
      fuel by said injection pump, the apparatus also incorporating a delivery
      valve disposed in one of said passages, said delivery valve including a
      spring-loaded valve element which is opened by the flow of fuel from the
      injection pump, and a valve controlled vent passage in the body part and a
      vent conduit in the distributor, said vent conduit communicating with the
      aforesaid fuel delivery passage and being arranged to communicate with
      said vent passage during the time when fuel is delivered by the injection
      pump, the arrangement being such that the valve in the vent passage can be
      opened to allow air to escape through said vent conduit.
PAR  In the apparatus described in the specification, the valve controlled vent
      passage in the body part, comprises a suitably positioned vent passage
      which extends from the exterior of the body part and which opens onto the
      periphery of the distributor. The conduit is provided with a
      screw-threaded portion at its end adjacent the exterior of the body part,
      the screw-threaded portion receiving a complementarily screw-threaded plug
      constituting a valve. Moreover, the plug is provided with an elongated
      extension which substantially fills the passage so that the volume of fuel
      within the passage is reduced as much as possible.
PAR  It has been found to be expensive to machine the passage and also the plug
      with its extension to the required degree of accuracy so as to ensure that
      the volume of fuel in the passage remains as small as possible and the
      object of the present invention is to provide a fuel pumping apparatus of
      the kind specified in an improved form.
PAC  PRIMARY OBJECTS OF THE INVENTION
PAR  According to the invention in an apparatus of the kind specified the valve
      controlled vent passage comprises a passage having at its end adjacent the
      exterior of the body part a screw-threaded portion to receive a
      complementarily screw-threaded plug which can be loosened or removed from
      the passage to permit bleeding of air, the passage also defining at its
      end adjacent the distributor, a seating, a valve element for co-operation
      with said seating and resilient means biasing the valve element into
      contact with the seating.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  One example of a liquid fuel injection pumping apparatus in accordance with
      the invention will now be described with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a sectional side elevation through the pump, and
PAR  FIG. 2 is a section to an enlarged scale of part of the apparatus of FIG.
      1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawings there is provided a body part 10 in
      which is mounted a rotary cylindrical distributor member 11. The
      distributor member is adapted to be driven in timed relationship with an
      engine with which it is associated and at one end of the distributor
      member there is provided the rotary part of a fuel injection pump
      including plungers 12. The plungers are located in a bore formed in part
      of the distributor member and which communicates with a fuel delivery
      passage 13 formed in the distributor member. The plungers are arranged to
      be moved inwardly as the distributor member rotates, by the action of cam
      lobes formed on an annular cam ring 14 which surrounds the distributor
      member and which is mounted in the body part.
PAR  The delivery passage 13 includes a portion which extends to the periphery
      of the distributor member and this is arranged to register in turn as the
      distributor member rotates, with a plurality of outlet passages 15 formed
      in the body part. The outlet passages 15 are connected respectively to the
      injection nozzles 16 of an associated engine, only one of which is shown.
      Moreover, located within the delivery passage is a delivery valve which is
      schematically shown at 17. The valve includes a spring-loaded valve
      element which is opened by the flow of fuel which occurs along the
      delivery passage as the plungers 12 are moving inwardly.
PAR  Also communicating with the delivery passage 13 are a plurality of inlet
      passages 18 which in known manner, are arranged to communicate in turn
      with an inlet port 19 formed in the body part and communicating with a
      source of fuel at a low pressure. The arrangement is such that when an
      inlet passage is brought into register with the inlet port 19, fuel can
      flow from the low pressure source to the injection pump to effect outward
      movement of the plungers 12. When the plungers are moved inwardly, the
      passage 18 is out of register with the port 19 so that the fuel displaced
      by the injection pump flows past the delivery valve to an injection
      nozzle.
PAR  When the apparatus is first manufactured or when in use the fuel supply
      fails, all the passages will contain air and the strength of the spring
      which loads the valve element of the delivery valve 17 is such that owing
      to the presence of the air, the injection pump is unable to build up
      sufficient pressure to effect opening of the delivery valve and no fuel
      will be delivered by the apparatus.
PAR  In order to overcome this problem there is formed in the body part of the
      apparatus a vent passage 20 which at one end opens out onto the periphery
      of the distributor member 11. At its other end the vent passage is closed
      by a screw plug 21 which constitutes the equivalent of a valve. Moreover,
      formed in the distributor member is a vent conduit 22 which at one end
      communicates with the delivery passage 13 and which at its other end
      breaks out onto the periphery of the distributor member at a position so
      that it can register with the vent passage 20. The registration of the
      vent conduit and the vent passage is arranged to occur during a delivery
      stroke of the injection pump. The arrangement is such that by removing the
      plug 21 thereby effectively opening the vent passage 20, air will be
      forced along the passage by the pumping action of the injection pump. At
      the end of injection stroke a fresh quantity of fuel will be admitted to
      the injection pump and at the next revolution of the distributor member
      the process will be repeated until all the air is driven from the passage
      13 and fuel commences to flow from the vent passage 20. When this occurs
      the plug 21 can be replaced and the injection pump by virtue of the fact
      that substantially all the air has been driven out of the passage 13, will
      be able to generate sufficient pressure to effect opening of the delivery
      valve. When this occurs, any remaining air in the passage 13 upstream of
      the delivery valve will be forced past the delivery valve and through one
      of the outlets 15.
PAR  It is desirable that the volume of fuel in the passage 20 and which is
      subjected to the pressure generated by the injection pump during the
      injection stroke, should be kept as small as possible. In the apparatus
      described in the specification of the main application the plug 21 was
      provided with an extension which substantially filled the passage 20. In
      practice this is difficult to manufacture so as to maintain the volume as
      small as possible and the equivalent object is achieved in the present
      apparatus by providing a spring-loaded valve element which co-operates
      with a seating 23 defined in the passage 20. The seating 23 is positioned
      adjacent the distributor member 11 and the valve element is in the form of
      a ball 24 which is loaded into contact with the seating 23 by means of a
      coiled compression spring 25. The plug 21 serves as an abutment for the
      other end of the coiled compression spring. In operation, during the
      venting of air the plug 21 is loosened or partially removed as described
      and the pressurized air lifts the ball 24 off the seating 23 so that it
      escapes into the passage 20. This process is repeated until the passage 20
      is filled with fuel and the latter escapes to the exterior of the
      apparatus. The plug 21 is then replaced and tightened and the process of
      venting air continues as described. It will be clear that during the
      initial injection periods the volume of fuel within the passage 20 will be
      pressurised to the maximum injection pressure which occurs and during this
      process fuel will flow past the valve element 24. When the passage 20 has
      been pressurised to the maximum injection pressure the spring 25 will urge
      the ball onto the seat 23 so as effectively to close off substantially the
      whole of the volume of the passage 20 and effectively the volume of fuel
      which is subjected to injection pressure at each injection stroke is the
      small volume of fuel contained within the passage 20 intermediate the
      seating 23 and the periphery of the distributor member.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid fuel injection pumping apparatus for supplying fuel to an
      internal combustion engine and comprising a body part, a rotary
      distributor mounted in the body part, an outlet passage in the body part
      adapted for connection to an injection nozzle of an associated engine and
      a fuel delivery passage in the distributor member, said delivery passage
      communicating with the pumping chamber of an injection pump and being
      arranged to register with said outlet passage during delivery of fuel by
      said injection pump, the apparatus also incorporating a delivery valve
      disposed in one of said passages, said delivery valve including a
      spring-loaded valve element which is opened by the flow of fuel from the
      injection pump, a valve controlled vent passage in the body part and a
      vent conduit in the distributor, said vent conduit communicating with said
      delivery passage at a point intermediate the pumping chamber and said
      delivery valve, and with the vent passage during a delivery stroke of the
      injection pump, the valve controlled vent passage comprising a passage
      having at its end adjacent the exterior of the body part a screw-threaded
      portion to receive a complementarily screw-threaded plug which can be
      loosened or removed from the passage to permit bleeding of air, the
      passage also defining at its end adjacent the distributor, a seating, a
      valve element for co-operation with said sealing and resilient means
      biasing the valve element into contact with the seating.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 in which said resilient means
      comprises a coiled compression spring which is interposed between the
      valve element and the plug.
NUM  3.
PAR  3. An apparatus as claimed in claim 2 in which said valve element comprises
      a ball.
NUM  4.
PAR  4. A liquid fuel injection pumping apparatus comprising a rigid body part,
      a rotating distributor member mounted in and rotatable with respect to the
      body part, an outlet passage formed in the body part adapted for
      connection to a high pressure injection nozzle of an associated engine, a
      fuel delivery passage formed in the distributor member, said fuel delivery
      passage registering each time the distributor member rotates with said
      outlet passage, an injection pump including a cam mounted in the body, a
      bore formed in the distributor member and a cam actuated plunger slidable
      in said bore, said delivery passage communicating with said bore and the
      cam being positioned so that fuel at high pressure is pumped from said
      bore through the delivery passage and outlet passage when the latter are
      in register, a delivery valve positioned in one of said passages, said
      delivery valve including a spring loaded valve element which is opened
      only by the high pressure of fuel generated as the plunger is moved by the
      cam to permit fuel to flow to the nozzle, the apparatus including means
      for manually purging the passage in which the delivery valve is
      positioned, said means comprising a manually operable valve controlled
      vent passage formed in the body part and communicating with the
      atmosphere, a vent conduit formed in the rotary distributor member, said
      vent conduit communicating with the one of said passages upstream of the
      delivery valve and being prositioned to periodically communicate with said
      vent passage only during the time of each rotation of said distributor
      member when fuel is delivered by the injection pump, the arrangement being
      such that the valve in the controlled vent passage includes means manually
      opened to allow air to escape through said vent conduit, whereby such air
      normally preventing operation of said delivery valve is purged upstream of
      the delivery valve only during the fuel delivery phase of said injection
      pump and while the delivery valve is closed, and a valve seat in said vent
      passage substantially adjacent to the outer periphery of said distributor
      member, a valve element normally engaged on said valve seat, and resilient
      means engaging said valve element and urging it into engagement of said
      valve seat whereby normal operation of said injection pumping apparatus
      pressurizes said vent passage downstream of said valve element in the vent
      passage for obtaining precise control of fuel during an injection stroke
      of the injection pumping apparatus.
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ABST
PAL  A diaphragm compressor includes a cylindrical piston and an annular
      diaphragm member with a central hub secured by a grommet within an annular
      recess in the piston face. The outer peripheral edge of the diaphragm is
      affixed between a clamp ring and a valve plate which has a central recess
      to form a compression chamber. The diaphragm has a convolution which opens
      toward the compression chamber. The valve plate has a projection
      complementing and mating with the convolution. A plurality of
      circumferentially spaced and radial intake ports lead to an annular piston
      intake opening inwardly of the diaphragm. A flexible, tee-shaped valve
      member includes a stem locked within the piston with a planar sealing disc
      having an outer bead abutting the inner piston face and overlying the
      intake opening. The stem may pass through a central opening with an outer
      stem enlargement creating a resilient clamping of the valve member to a
      holding portion of the piston. The valve plate is formed of a thickness
      corresponding to the holding portion of the piston and an identical valve
      member is secured therein overlying a plurality of circumferentially
      distributed exhaust openings. The mounting plate, output plate and
      clamping ring are stacked and clamped together by peripheral U-shaped
      spring members. The piston is connected to a vibrating drive element, with
      a pair of opposed compressors having the pistons resiliently coupled to
      the opposite sides of the drive element.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation in part of Applicant's application
      entitled Electromagnetically Driven Fluid Compressor Apparatus, which was
      filed on Apr. 3, 1972 with Ser. No. 240,718, now U.S. Pat. No. 3,784,334,
      and further includes subject matter originally claimed and cancelled from
      the above entitled application.
BSUM
PAR  This invention relates to a fluid compressing apparatus and particularly
      such an apparatus which is especially adapted to form a small pneumatic
      compressor unit for incorporation in commercial and institutional air
      conditioning and process control systems.
PAR  Conditioning and process control systems may be of an all pneumatic, all
      electric or a combination pneumatic and electric variety; depending upon
      the particular design requirements. Purely electrical systems have certain
      distinct advantages from the design of suitable sensors for detecting
      variables such as temperature, pressure, humidity and the like. Further,
      electrical signals can be conveniently transmitted to operating and
      actuating control devices. However, pneumatic systems have been widely
      employed because of the high power characteristic of pneumatic operators
      at relatively low cost and because the overall control systems are
      generally somewhat simpler, more reliable and less costly than a
      comparable electrical design. This is particularly true because in
      electrical systems, it is difficult to modulate accurately the significant
      electrical power levels required to produce the necessary mechanical
      output. Thus, the electrical output will normally drive a motor device
      which, in turn, is converted into a mechanical output through a motor
      driven gear train or a motor driven hydraulic pump operator.
PAR  Although penumatic systems have generally predominated in the commercial
      control field particularly for institutional and commercial air
      conditioning systems and the like, all electric systems have more recently
      found increasing applicability, particularly in relatively smaller systems
      where the additional expense associated with the electrical operators is
      only slightly greater than the cost associated with the necessity of a
      relatively large single air compressor. Thus, the compressors must be
      capable of producing pressures of the order of 20 pounds per square inch
      (psi). The same advantage does not apply in larger overall systems where a
      generally similar compressor cost is relatively a much smaller percentage
      of the total cost.
PAR  As pointed out in Applicant's issued U.S. Pat. No. 3,411,704, very
      substantial need exists for a small, compact and efficient electromagnetic
      fluid compressing apparatus which can be constructed at a minimum cost
      such as to permit application in relatively small environmental
      conditioning and process control systems. The above patent discloses a
      small, electromagnetically driven compressor. Thus in the environmental
      control field, new installation often employs a plurality of individual
      roof top units in which local pneumatic supplies are required, which can
      advantageously be such a compressor.
PAR  Although such devices operate satisfactorily, the efficiency and
      construction requirements are not particularly adapted to low cost, mass
      production processes such as often required for commercial manufacture and
      sale of products.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is particularly directed to a highly efficient
      compressing apparatus which can drive pneumatic operators and particularly
      for environmental and process control systems in response to an electrical
      drive.
PAR  Generally in accordance with the present invention, the compressor includes
      a diaphragm member coupled to and forming a part of a movable piston
      means. The piston means includes an intake valve structure preferably in
      the form of a resilient disc overlying a suitable axial inlet opening in
      the face of the piston which automatically opens during the return stroke
      of the piston and closes during the compression stroke. A similarly
      constructed exhaust valve is mounted in the wall opposite the piston and
      thus is opened during compression stroke at a selected position and is
      automaticly closed during the return stroke as the pressure drops to a
      selected level. The location of the intake valve within the piston
      employes the inertial effect of the piston movement to open the intake
      valve at the start of the suction stroke. Further in accordance with a
      particular novel aspect of the present invention, the diaphragm is formed
      with a convolution and the opposed compression chamber wall is formed with
      an aligned and preferably corresponding projection which permits a longer
      operating stroke and results in a higher volumetric efficiency. The
      construction of the intake and exhaust valve members is essentially the
      same and significantly contributes to the practical construction of a low
      cost unit.
PAR  More particularly, in accordance with a further novel feature and
      construction of the present invention, an annular diaphragm member has a
      central opening with the periphery secured within an annular recess in the
      face of a piston. The outer peripheral edge of the diaphragm is affixed
      between a clamp member and a valve plate which has a central recess to
      form a pumping or compression chamber. The diaphragm has a convolution
      which opens toward the compression chamber generally aligned with the
      outer peripheral portion of the compression chamber wall. The latter
      peripheral portion includes a projection complementing the convolution and
      mating therewith in the center position of the piston. The piston includes
      suitable axial annular spaced intake openings suitably located inwardly of
      the diaphragm and centrally of the piston unit. A Tee-shaped valve member
      formed of a suitable flexible material includes a stem locked within the
      piston concentrically of the intake opening and with a planar seal lid or
      disc abutting the inner face of the piston and with the peripheral edge
      located outwardly of the intake opening. The stem may pass through a
      central opening with an outer stem enlargement creating a resilient
      clamping of the valve member to a holding portion of the piston. The outer
      peripheral edge of the disc is formed with a slight raised portion facing
      and abutting the piston to resiliently preload the disc to establish a
      closed position. The valve plate is formed of a thickness corresponding to
      the holding portion of the piston unit such that an identical valve member
      is secured within the exhaust or output plate. A plurality of
      circumferentially distributed openings are formed in the valve plate
      inwardly of the periphery of the output valve disc. Thus, the inward
      movement of the piston and associated diaphragm, compresses the fluid
      within the compression chamber and at a selected position, the fluid is
      compressed to establish a sufficient force to overcome the force of the
      output valve disc. The compressed fluid flows from chamber through the
      output passageways to a suitable load, preferably through an output
      chamber formed in an outer mounting plate.
PAR  In a particularly practical structure, the several body portions are formed
      as platelike members including a mounting plate, a valve plate and a
      clamping ring mounted in a stacked formation, with the outer periphery of
      a diaphragm located between the valve plate and the clamping ring.
      Suitable U-shaped spring members or the like snap over the outer
      peripherial edge to lock the several body portions in superimposed
      relationship. The inner edge of the diaphragm is secured to the piston
      which couples to a suitable drive such as a vibrating electromagnetic
      drive means. The piston and body members are formed of a suitable plastic
      medium to permit conveninet molding of the parts. The similar valve
      members and other parts are readily and conveniently assembled with a
      minimum amount of skill required.
PAR  Applicant has found that the present invention thus provides a relatively
      compact, compressing means having a relatively high degree of efficiency.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings furnished herewith illustrate preferred constructions of the
      present invention in which the above advantages and features are clearly
      disclosed as well as others' that will readily be understood from the
      following description.
PAR  In the drawings:
PAR  FIG. 1 is a front elevational view of the electromagnetically driven fluid
      compressing apparatus constructed in accordance with the present
      invention;
PAR  FIG. 2 is a side elevational view of FIGS. 1 and 2;
PAR  FIG. 3 is an enlarged front view with parts broken away and sectioned to
      show details of the construction;
PAR  FIG. 4 is an axial sectional view of an alternate construction of the
      invention;
PAR  FIG. 5 is a fragmentary view of FIG. 4 showing the piston position at an
      intermediate position in full line and at the end of a compression stroke
      in phantom;
PAR  FIG. 6 is a sectional view taken generaly on line 6--6 of FIG. 4, and
      illustrating the inlet port arrangement of the compressing apparatus;
PAR  FIg. 7 is a view taken generally on line 7--7 of FIG. 4 and illustrating
      the output part of the exhaust valve construction; and
PAR  FIG. 8 is an exploded illustration of the components shown in FIGS. 4-7.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to the drawing and particularly to FIG. 1, a fluid compressing
      apparatus is illustrated including a pair of corresponding air compressors
      1 and 1', each of which is constructed in accordance with the present
      invention. The compressors are interconnected to actuate a suitable
      pneumatic actuator 2 and are similarly coupled to a driven element 3
      forming a coupling element between the compressors and an electromagnetic
      drive means 4. A pair of synchronized alternating current supplies 5 and 6
      are connected to actuate the drive means 4 as more fully developed
      hereinafter to produce oscillation of the element 3 with a corresponding
      continuous opposite actuation of the compressors 1 and 1' to maintain a
      predetermined and related output to the pneumatic actuator 2. A common
      support 7 is provided upon which the compressors 1 and 1' are mounted
      immediately below the electromagnetically driven means 4.
PAR  In the illustrated embodiment of the invention, the compressors 1 and 1'
      are correspondingly constructed and consequently the air compressor 1 will
      be described in detail with the corresponding elements of the compressor
      1' identified by corresponding primed numbers.
PAR  The air compressor 1 includes a base body portion 8 which is secured to the
      right lower edge or side of the support 7 by a suitable clamping bracket
      9. The bracket 9 is bolted or otherwise secured to the support plate 7 and
      allows lateral positioning of the compressor 1 with respect to the normal
      standby position of the driven element 3. The compressor 1' is similarly
      mounted by a bracket 9' to allow corresponding positioning of the two
      compessors with respect to element 3.
PAR  The base portion 8 is provided with an output chamber 10 centrally formed
      thereof and with an outlet passageway 11 connected in common with the
      outlet passageway 11' of compressor 1' to the pneumatic actuator 2. The
      chamber 10 is closed by an intermediate body member or portion 12. An
      outer clamping ring 13 clamps a diaphragm 14 against the outer face of the
      body 12. The three body portions 8, 12 and 13 are clamped together in any
      suitable means; shown as a simple plurality of U-shaped clamping springs
      15 which project over the outer periphery of the body portions.
PAR  The central body portion 12 is provided with a recess 16 which is closed by
      the diaphragm 14 and defines a compression chamber. The diaphragm 14 is a
      suitable flexible member such as a conventional rubber on fabric
      diaphragm, with the central portion thereof bonded or otherwise affixed to
      an adjacent end of a piston 17. The movement of the piston 17 results in
      the expansion and contraction of the compression chamber. The piston 17
      includes a plurality of L-shaped inlet passageways 18 which extend from
      the periphery inwardly and then axially toward the diaphragm. A cup valve
      19 is disposed within a valve chamber 20 from in the face of the piston 17
      immediately adjacent the diaphragm 14 and is biased to close the inlet
      passageway 18. The valve member 19 is formed of a suitable soft rubber
      such as silastic or "Buna N." Thus the reciprocation of the piston 17
      results in the alternate establishment of suction and compression strokes
      to produce timed spaced output pulses at line 11.
PAR  The diaphragm 14, in turn, is provided with openings establishing
      communication between the compression chamber 16 and the piston chamber
      20. Thus when the piston 17 is moved outwardly or to the right, as shown
      in FIG. 1, the valve member 19 is free to open thereby admitting air into
      the chamber 20 and the compression chamber 16. When the piston moves
      during a compression stroke in the opposite direction, however, the
      reduction of chamber 16 compresses the air within the chamber 16 resulting
      in a build-up of pressure which is fed back through the chamber 20 to the
      exterior of the valve 19 and causes it to close. The air within the
      chamber 16 will, consequently, be compressed during the compression
      stroke.
PAR  A plurality of coaxially arranged outlet passageways 21 are provided in the
      base of the wall 12 and provide communication between the compression
      chamber 16 and the outlet chamber 10. An outer valve cap 22 overlies the
      passageways 21 with chamber 10. During the compression stroke, the air
      within the chamber 16 will be compressed to a level sufficient to overcome
      the holding force on the valve member 22, causing it to move outwardly and
      allowing discharge of the compressed air outwardly through the chamber 10
      and passageway 11 to the actuator 2.
PAR  The air compressor 1' is similarly located to the opposite side of the
      element 3 and thus operate in alternate synchronism with the compressor 1,
      such that its output pulse occurs during the suction stroke of the piston
      1. In this manner a continuous output pressure signal is supplied to the
      pneumatic actuator 2.
PAR  The pistons 17 and 17' are coupled to each other and to the driven element
      3 in the illustrated embodiment as follows. A pin 23 extends through an
      opening 24 in the element 3 in coaxial alignment with the pistons 17 and
      17'. Suitable recesses or central openings are provided within the ends of
      the pistons 17 and 17' with the pin 23 secured therein to produce a rigid
      interconnection between the pistons 17 and 17'. The opposed ends of the
      pistons 17 and 17' are spaced slightly from the driven element 3 with an
      O-ring members 25 and 26 located between the piston 17' and the element 3.
      The O-ring members 25 and 26 are formed of a suitable relatively soft
      rubber and establish a resilient contact or engagement of the
      corresponding piston with the driven element 3 to establish a
      significantly quiet operation as the lever 3 moves to drive the pistons 17
      and 17'.
PAR  The driven element 3 is formed as a flat lever extending downwardly from
      the pin 23 to the outer portion of the support plate 7. A leaf spring 27
      is riveted or otherwise secured to the end of the adjacent layer 3 and
      extends outwardly in a corresponding plane therefrom. The spring 27 is
      located between a pair of clamping blocks 29, one of which is secured to
      the support plate 7 and the other of which is releasably forced against
      the opposite face of the spring 27 by a suitably clamping screw 30.
PAR  The opposite end of the lever 3 projects outwardly in the opposite
      direction to the drive means 4. A magnet 31, shown as a permanent magnet,
      is integrally formed with, or may be separately formed and suitably
      secured to, the outer end of the lever 3. Magnet 31 extends outwardly from
      lever 3 with the poles to the opposite side of the plane through the lever
      3, as the result of the polarization thereof.
PAR  The magnet 31 is a generally rectangular block-type permanent magnet, with
      the north pole formed to the right side of the magnet and the sourth pole
      to the left side thereof, as viewed in FIGS. 1 and 3. The magnet 31 is
      located within a generally rectangular magnetic frame 32, the one branch
      of which is formed with an opening through which the lever 3 extends. The
      opposite side legs or portions of the frame 32 are provided with coils 33
      and 34, respectively, which coils are connected to the alternating current
      power supplies 5 and 6.
PAR  The frame 32 is secured to the support 7 by suitable clamping bolts 35 and
      36 with the frame encircling the magnet 31 and furthermore with the magnet
      31 located generally centrally of the frame 32. The magnet 31 is provided
      with pole shoes 37 and 38 along the opposite pole edges adjacent the poles
      of the magnet 31. The upper end of the magnet and the poles 37 and 38 are
      spaced inwardly from the base portion of the frame 32, which, in turn, is
      provided with an inwardly projecting extension 39 terminating in slightly
      spaced relation to the magnet 31. The width of the pole 39 generally
      corresponds to the width of the magent 31 such that the pole shoes 37 and
      38 project outwardly or laterally of the pole 39. The opposite side of the
      magnetic frame is provided with the opening through which element 3 passes
      and thus defines a pair of pole arms or ends 40 and 41. The pole arms 40
      and 41 are spaced from each other generally in accordance with the total
      width of the magnet 31 and in particular to locate the ends generally in
      alignment with the outer face of the pole shoes 37 and 38, as shown in
      FIG. 1. Furthermore, the ends are curved as at 42 to extend outwardly and
      laterally away from the corresponding pole shoe. The sources 5 and 6 are
      operated in synchronism, or a single supply is used, and in a
      predetermined phase relationship in accordance with the orientation of the
      coils 33 and 34 to establish oppositely directed fluxes in the magnetic
      frame 32. The coils 33 and 34, therefore, provide a corresponding
      directional flux within the frame 32 at the position of the magnet 31.
PAR  During one half cycle, the pole 39 will be at a relative north polarity
      with respect to the arms 40 and 41, with a flux as diagrammatically shown
      by the flux lines 43. A repelling force is established between the pole 39
      and the right edge or north pole of the magnet 31. Simultaneously, there
      is an attractive magnetic force between the pole 39 and the shoe 37
      connected to the sourth pole of the magnet 31. This tends to move the
      upper or outermost end of the element 31 and lever 3 to the right as
      viewed in FIG. 1. Simultaneously the end of arm 40 defines a south
      magnetic pole which interacts with the south magnet shoe 37 with a
      repulsive force thereby tending to also move the magnet 31 to the right.
      The shoe 41, which is also a south pole, attracts the north pole shoe 38
      of the magnet 31, thereby establishing a further force moving the magnet
      31 to the right. As a result, the lever 3 will pivot to the right about
      the leaf spring 27. When the outputs of the alternating current power
      supplies 5 and 6 are reversed, the magnetic field 43 reverses thereby
      generating an effective north pole at the end of arms 40 and 41 and a
      south pole at the element 39. This will reverse the force interaction with
      the magnet 31 causing the magnet 31 to move in the opposite direction.
PAR  A highly practical alternate construction of the compresing apparatus is
      illustrated in FIGS. 4-8 which generally employs a multiple body
      arrangement similar to that shown in the embodiment of FIG. 3.
PAR  Referring to FIG. 4, the illustrated pneumatic compressor or pump apparatus
      generally includes a piston unit 44 having a diaphragm 45 secured to its
      working face. The outer peripheral edge of the diaphram 45 is clamped
      between a valve plate 46 and an outer clamping ring 47. A mouting plate 48
      is clamped in abutting relationship to the opposite side of valve plate
      46. A plurality of generally U-shaped springs 49 are snapped over the
      periphery of the assmebled plates 46 and 48 and clamping ring 47 as in the
      previous embodiment. A working or compression chamber 50 is formed between
      the base of a recess within the valve plate 46 and the opposed face of the
      piston 44 and diaphragm 45. A plurality of circumferentially distributed
      valved inlet passageways or openings 51 are formed in the piston 44 for
      the introducing of air into the chamber 50, where it is compressed and
      transferred through valve outlet openings 52 in plate 46 to an output
      chamber 53 provided with a suitable output connecting conduit or tap 54,
      as in the first embodiment.
PAR  More particularly in the preferred construction of FIGS. 4-8, the piston 44
      is a cylindrical member having a central opening passing therethrough and
      with the outer end stepped to accommodate an incoming coupling shaft 55
      which is locked thereto as by a suitable set screw 56. Shaft 55 is
      connected to any driving source such as that previously illustrated. The
      inlet openings 51 are generally L-shaped and project radially inwardly in
      axially spaced relation to shaft 54 to an annular common axial opening 57
      which is concentric of the shaft axis and terminates in the working face
      of the piston 44. A generally Tee-shaped valve member 58 is secured within
      the central opening of piston 44 to selectively open and close the opening
      57 and thereby control introduction of air into the chamber 50. In
      accordance with present invention, the valve member 58 includes a stem 59
      projecting into the central piston opening 60 and terminating in spaced
      relation to shaft 55. The opening for stem 59 is formed with a stepped
      portion defining a stem opening 60 of a preselected axial length and
      defining an inner locking ledge 61. The end of the stem is enlarged to
      form a locking head 61a which abutts the ledge 61. The valve member 58
      further includes an integrally formed sealing lid or disc 62 which is
      located within the chamber 50 in abutting relation to the face of the
      piston 44. Thus, the disc 62 is a plate like member which extends radially
      outwardly beyond the location of the axial annular passageway 57. The
      outer periphery of the disc 62 is further provided with a small beaded
      surface or projection 63 facing the piston 44 and defining valve seat. The
      length of the stem 59 between the clamping enlargment 61 and the inner
      planar face of the disc 52 is selected to be slightly less than the length
      of the stem opening 60 such that the stem 59 is placed under slight
      tension with head 61a engaging ledge 61 to firmly clamp the flexible disc
      62 abutting the face of the piston 44. The beaded surface 63 is especially
      formed to be essentially completely free of imperfections such that, with
      a smooth, planar valve face provided on the piston 44, a fluid tight
      engagement can be created there between. The bead 63 deflects the outer
      peripheral edge of the valve disc 62 with respect to the stem 59 and thus
      provides a resilient preloading or bias urging the valve to the closed
      position. The valve member 58 can be formed of any suitable material and
      is advantageously formed of a suitable silicone rubber for application in
      pneumatic system.
PAR  The inner face of the piston 44 is further provided with an annular
      clamping recess 64 spaced outwardly of the periphery of the valve disc 62
      to accomodate a corresponding cylindrical portion or flange 65 of the
      diaphragm 45. The radial width of the recess 64 is significantly larger
      than the thickness of the diaphragm flange 65 and a wedging or clamping
      grommet 66 is forced into the recess to rigidly clamp the corresponding
      portion of diaphram 45 to piston 44. The grommet 66 has a radial flange
      also abutting and clamping the adjacent surface of the diaphragm against
      the face of the piston 44 to provide a firm and reliable interconnection
      such that movement of the piston 44 is imparted to the corresponding inner
      periphery of the diaphragm 45.
PAR  The diaphragm 45 of the illustrated embodiment of the invention is a
      preformed member formed of a suitable resilient flexible material such as
      a Buna "N" rubber on a nylon fabric base. The diaphragm 45 includes an
      intermediately located convolution 67 and an outer planar clamping
      portion. The convolution 67 is located between the outer edge of the
      piston 44 and the inner periphery or edge of the mouting ring 47, and with
      the convolution opening inwardly of the chamber 50. The outer periphery of
      the diaphragm 45 is clamped between plate 46 and ring 47 which are formed
      with a small complementing recess and projection as at 68 to provide a
      firm fluid tight connection to the diaphragm. The ring 47 may be formed
      with an outer circling lip 68a to properly locate the clamping ring 47 in
      over lying relationship to the valve plate 46 and insure a firm clamping
      of diaphragm 45. The diaphragm 45 and particularly convolution 67 thereof
      forms a part of the working surface of the chamber 50, the opposite wall
      of which is formed by a recess in the valve plate 46. The valve plate 46
      is provided with a generally cylindrical chamber forming recess with the
      radially outer wall spaced outwardly of and concentrically of the piston
      44 in general alignment with the inner circumferential edge of the
      convolution 67. The outer face of the valve plate 46 is formed with an
      outwardly projecting bead 69 essentially aligned with the convolution 67
      in the diaphragm 45. In the assembled relation, the diaphragm 45 is thus
      clamped in position with the convolution 67 in the diaphragm 45 and 69 in
      mating relationship, with the piston in an intermediate position of FIG.
      5.
PAR  The portion of the valve plate 46 outwardly of the bead 69 is generally a
      planar wall to define, with the opposed surface of the ring 47, a clamping
      means for the diaphragm, as previously described.
PAR  The valve plate 46 is a generally planar member having the base portion
      with the plurality of outlet openings 52 extending axially there through
      and on a diameter generally in accordance with the diameter of the annular
      inlet passageway 57. The discharge openings 52 terminate in the exterior
      face, which forms a part of the output chamber 52, in slight enlarged
      recesses 70 located beneath the lid or disc 71 of a valve member 72 which
      is essentially identical to valve member 58 and similarly secured within
      the valve plate 46. The valve member 72 in particular includes a valve
      stem 73 which passes through a central opening in the valve plate 46 with
      a head 74 abutting the adjacent portion of the valve plate 46 within the
      compression chamber 50. The valve member lid 71 also includes the sealing
      valve bead 75 abutting the face of valve plate 46. The depth of the valve
      plate at the stem corresponds to that of the opening 60 of the piston 44
      within which stem 59 is located and is thus slightly longer than the
      unstressed state of the stem 73. It thus holds the beaded valve lid 71 in
      overlying sealing relationship to the discharge openings 52.
PAR  Both of the valve members 58 and 72 are essentially. interchangeable and
      the lid portions 62 and 75 similarly function to selectively open and
      close the respective passageways for developing a pressure in chamber 53.
PAR  The chamber 53 is formed by a recess within the outlet or mounting plate
      48, the outer portion abutting the outer face of the valve plate 46 which
      is provided with a recess 76 in the abutting portion. The plate 48 further
      includes an encircling lip 77 with a slight undercut portion 78
      immediately adjacent to the lip to permit firm clamping interengagment of
      the plate adjacent to face of plate 46.
PAR  The recess forming chamber 53 inlcudes a step portion immediately adjacent
      plate 46 within which an O-ring seal 79 is compressed to establish a fluid
      tight joint readily containing the output pressures.
PAR  The mouting plate 48 further includes an outward extension 82 which may be
      employed for mounting of the valve, similar to the illustration of the
      previous embodiment.
PAR  The operation of the embodiment of FIGS. 4-7 essentially corresponds to
      that of the previous embodiment. Thus, the reciprocation of the piston 44
      results in the selective expansion and contraction of the chamber 50, as a
      result of the movement of piston 44 and attached diaphragm 45. The
      convolution 57 permits significant increase in the stroke of the piston 44
      (FIG. 4) without adversely affecting the diaphragm characteristic and and
      thereby promotes higher volumetric efficiency while maintaining proper
      pressure output. As the piston 44 moves to the right, the valve disc 62 is
      closed as a result of the compressing forces established in the chamber
      50. At a selected position and particularly as the pressure in chamber 50
      rises, the fluid pressure is sufficient to overcome the resilient force of
      the diaphragm disc 75 of the outlet valve member 72. The disc 75 deflects
      outwardly and the compressed fluid then moves through the passages 70 and
      chamber 52 to output 53. At the end of the stroke, the inlet valve disc
      62, shown in phantom in FIG. 5, is closely spaced from or may even
      slightly engage the head 74 of the valve member 72. Chamber 50 is at a
      minimim volume and essentially at the output pressure. The location of the
      intake valve 58 within the reciprocating piston 44 further contributes to
      the efficiency of the pumping system because, the inertia effects tend to
      contribute to a rapid opening of the intake valve disc 62 at the start of
      a return stroke. As the piston 44 reverses direction, the resilient disc
      62 as a result of its inertial effect will tend to delay following of the
      piston and thereby contribute to the opening of the valve and the
      introduction of fresh charge into the chamber 50. This also rapidly
      reduces the pressure in chamber 50, with the output pressure of chamber 55
      rapidly moving the exhaust valve disc 72 into sealing engagement with the
      valve plate.
PAR  The several rigid elements 44, 46, 47, 48 and 66 of the apparatus can be
      readily constructed of a suitable plastic such as polyphenylene oxide
      plastics, with all but the piston unit 44 preferably being fiberglass
      filled to increase the strength of the unit. The spring member is formed
      of a suitably steel strap formed to a generally U-shaped member as more
      clearly illustrated in FIG. 8. Such as structure can be mass produced and
      as previously noted provide a very small compact and efficient fluid
      compressing apparatus. For example, the compressor can be constructed as a
      generally cylindrical member having an outer diameter of less than 1 inch
      and of the order of 3/4 inch, with a total over all length of
      approximately 11/2 inches.
PAR  The present invention thus provides a small compact pumping apparatus
      having a relatively high operating efficiency and which is particularly
      adapted to use as a local compressor for operating a pneumatic control in
      a local operating unit.
PAR  Various modes of carrying out the invention are contemplated as being
      within the slope of the following claims. Particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a fluid pumping apparatus including a piston member having a
      diaphragm connected thereto and forming a movable wall of a working
      chamber, said piston member moving into a final pumping position within
      the working chamber, said diaphragm being formed of a resilient material
      and having a preformed unstressed annular convolution of a generally
      U-shaped configuration immediately adjacent to the outer wall of the
      piston and inner and outer generally coplanar clamping walls extending
      from said convolution, said inner clamping wall being secured to the
      piston member, said working chamber including means axially clamping said
      outer clamping wall and having a projection aligned with said convolution
      and having a surface corresponding thereto and mating with and essentially
      filling said convolution with the piston moved inwardly to an intermediate
      position within the working chamber prior to and in spaced relation to
      said final pumping position and with said convolution in the unstressed
      preformed state, said piston member including inlet valve openings
      extending generally axally of the piston and terminating in the working
      chamber, an inlet valve means connected to the piston member and overlying
      the terminal end of the inlet valve openings, said inlet valve means
      including a closure member resiliently urged into sealing engagement with
      the face of the piston member, a valve plate having a plurality of output
      openings and connected to said diaphragm to form a wall of said working
      chamber, and an outlet valve means connected to the valve plate and
      releasably closing said output openings.
NUM  2.
PAR  2. The fluid pumping apparatus of claim 1 wherein said intake valve closure
      member is generally Tee-shaped with a stem and an integrally formed
      closure disc, said stem having an end enlargement adapted to cooperate
      with the valve disc to define a pair of spaced clamping surfaces, said
      piston member having a central opening accommodating said stem and being
      of a slightly shorter length to stretch the stem and resiliently preload
      the corresponding disc to the closed position.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said valve disc has an annular beaded
      surface concentric of the stem and facing the piston with a projecting
      bead encircling the valve openings.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said valve plate is a disc-shaped
      member having a recess in one wall, said diaphragm having a periphery
      abutting the valve plate and overlying said recess to define said working
      chamber, an outer clamping ring abutting the diaphragm and holding the
      periphery of the diaphragm against the valve plate, a mounting plate
      abutting the valve plate opposite the recess, and a spring means
      telescoped over the periphery of the abutting plates and hing to firmly
      interconnect the plates and ring and seal the joints therebetween.
NUM  5.
PAR  5. In a fluid pumping apparatus including a piston having a diaphragm
      connected thereto and forming a movable wall of a working chamber, said
      diaphragm having a preformed annular convolution of a generally U-shaped
      configuration immediately adjacent to the outer wall of the piston and an
      outer clamping wall, said working chamber including means axially clamping
      said clamping wall and having a projection aligned with said convolution
      and having a surface corresponding thereto and mating with the convolution
      with the piston removed inwardly to an intermediate position within the
      working chamber and with said convolution in the preformed state, said
      piston including inlet valve openings extending generally axially of the
      piston and terminating in the working chamber, an inlet valve means
      connected to the piston and overlying the terminal end of the inlet valve
      openings, said inlet valve means including a closure member resiliently
      urged into sealing engagement with the face of the piston, a valve plate
      having a plurality of output openings and connected to said diaphragm to
      form a wall of said working chamber, an outlet valve means connected to
      the valve plate and having a closure member releasably closing said output
      openings, said valve plate has a recess in one wall with an adjacent
      annular axial projection and an outer flat clamping surface, said
      diaphragm having a clamping portion abutting said clamping surface and
      having said convolution aligned with and abutting said projection and
      having a central flange, a clamping ring abutting said clamping portion,
      an outlet plate abutting said valve plate opposite said one wall and
      having an outlet opening, spring clips overlying said plates and ring to
      firmly clamp them to each other, said piston having an annular recess with
      said flange located therein, a grommet in said annular recess clamping
      said flange to said piston, said inlet valve openings including a common
      annular recess in the face of the piston coupled to a plurality of radial
      passageways axially spaced from the face, said piston and valve plate
      having similar central openigs, each of said closure members including a
      stem located in the corresponding opening and having an integral resilient
      valve disc abutting the corresponding face of the piston and valve plate
      in overlying relation to said inlet and outlet openings, said stem having
      an end enlargement adapted to cooperate with the valve disc to define a
      pair of spaced clamping surfaces, said piston having an opening
      accommodating said stem and being of a slightly shorter length to stretch
      the stem and resiliently preload the corresponding disc to the closed
      position, said valve disc having an annular beaded surface concentric of
      the stem and facing the piston with a projecting bead encircling the
      openings.
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ABST
PAL  A rotary vane pump can be constructed so as to utilize an auxiliary inlet
      port which is used to convey one fluid under pressure to the interior of
      the pump where such fluid is mixed with fluid drawn into the pump in a
      normal manner. In the disclosed structure the fluid conveyed to the pump
      through the auxiliary inlet port is used to force vanes carried by the
      pump rotor outwardly into contact with an eccentric wall in the pump
      stator. The vanes are preferably formed and mounted on the rotor so that
      the fluid conveyed through the auxiliary inlet port passes into the space
      between the rotor and the stator by flowing alongside the vanes. A
      structure of this type is preferably utilized with one of the inlet fluids
      being water and the other of the inlet fluids being a gaseous mixture
      containing a high proportion of ozone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the utilization of rotary vane pumps to
      achieve an efficient mixing action. More specifically, it primarily
      relates to the utilization of such pumps to achieve an efficient mixture
      between a liquid such as water and a gas mixture such as a gas mixture
      containing a high proportion of ozone.
PAR  It is commonly recognized that pumps of virtually all types can be utilized
      to mix two different fluids together. The mixing action normally achieved
      with virtually any type of a pump is a result of a turbulence occurring
      during pump operation. Frequently, such turbulence is inadequate to
      achieve a desired degree or amount of mixing between two different fluids.
      This can be illustrated by referring to a common use of rotary vane pumps
      in mixing two different fluids.
PAR  As such pumps are used for this purpose, the two different fluids are
      normally passed to the interior of the pump through a common inlet. As a
      pump of this type is operated, a rotor within a stator is turned so as to
      cause vanes carried by the rotor to move outwardly from the rotor against
      an eccentric wall so as to create a partial vacuum tending to pull the
      fluids into the pump. Then, as rotor rotation continues the fluids which
      have been drawn into the pump are compressed between the eccentric wall
      and the rotor as the vanes move inwardly until finally they are forced
      under pressure from within the interior of the pump. This type of action
      involves considerable physical turbulence and it also involves application
      of mechanical pressure to the two fluids being mixed.
PAR  Unfortunately, this mixing action is not normally sufficiently effective
      when used with a liquid and a gas to create a solution or dispersion of
      the gas in the liquid containing as high a proportion of the gas as
      desired. It is considered that the reasons for this in part relate to the
      degree or amount of shearing action achieved between the liquid and the
      gas in a rotary vane pump of the type described. It is also considered
      that in part this may be the result of the manner in which the two
      fluids--i.e., a liquid and a gas--are normally brought into contact with
      one another in a conventional rotary vane pump as indicated.
PAR  The relative ineffectiveness of conventional pumps and especially rotary
      vane pumps in creating a satisfactory mixture of a liquid and a gas is
      becoming increasingly important as there is increasing recognition of the
      desirability of forming such mixtures. This can be illustrated with
      reference to the utilization of ozone. Ozone is normally produced by
      treating ambient air in an appropriate field so as to convert normal
      molecules of oxygen into ozone molecules. The gas mixture resulting from
      such treatment contains all of the gases normally found in ambient air
      and, in addition, ozone. Although such a gas mixture can be utilized
      directly for many purposes, it is frequently desired to utilize a mixture
      of such a gas mixture and a fluid such as water.
PAR  In such a mixture the ozone is normally utilized as an oxidizing agent.
      Thus, for example, a mixture of ozone and water is frequently formed so
      that the ozone will oxidize impurities within the water. For such a
      mixture to be effective for oxidizing purposes over a prolonged period it
      is considered that the ozone should be taken up into the water as by
      absorption and/or by the formation of exceedingly small bubble-like
      regions which will not readily separate from the water. The effectiveness
      of any such mixture and/or solution in causing oxidation is of course
      dependent upon the proportion of the ozone within the liquid and the time
      required for such ozone to either break down and/or otherwise escape from
      the liquid.
PAR  In the past, when pumps have been utilized to create intimate mixtures of
      two fluids such as, for example, an intimate mixture of water and a gas
      mixture containing ozone, it is not considered that the items in the
      mixture have been adequately admixed with one another to the extent
      necessary for the final mixture to be relatively stable and to contain a
      high proportion of the gas mixture. It has frequently been desired to
      utilize essentially known types of pumps in creating such mixtures because
      the techniques of designing and manufacturing such pumps are reasonably
      well established and because many types of pumps are available at a
      comparatively nominal cost. Also, when a pump is utilized in forming a
      mixture as indicated, the pump serves two functions--it forms a mixture as
      indicated and also it provides a physical force necessary to convey the
      mixture formed to a desired location.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide new and improved pumps for
      use in preparing an admixture of two different fluids in which the fluids
      are thoroughly and intimately mixed together. The invention is also
      intended to provide new and improved pumps of the rotary vane type which
      can produce mixtures as indicated which are relatively stable and which
      contain a relatively high proportion of gaseous material or materials
      mixed with the liquid. An object of the invention is also to provide pumps
      as indicated which may be utilized to cause a reaction between one fluid
      and either another fluid or an ingredient in the other fluid.
PAR  It is not to be assumed from this that the invention is solely concerned
      with the manufacture of pump or pump-like structures which are intended
      for mixing purposes. The invention also pertains to a new and improved
      procedure or process for forming mixtures of two fluids using pumps as
      indicated in this specification.
PAR  In its more limited aspects, the invention is primarily concerned with
      pumps or pump-like structures as herein described of the rotary vane type
      for use in thoroughly and intimately mixing water with ozone. In
      connection with this, the invention is concerned with a new and improved
      process carried out utilizing such pumps or pump-like structures for
      forming a mixture containing a relatively high proportion of ozone which
      is relatively stable over a prolonged period. The invention is further
      considered with providing pumps or pump-like structures as indicated which
      can be constructed at a comparatively nominal cost, which can be easily
      and conveniently utilized for their intended purpose, and which are
      capable of being operated for relatively prolonged periods with a minimum
      of servicing or maintenance. The invention is also concerned with a
      process of the type indicated in the preceding discussion which is
      relatively simple, which may be easily and conveniently carried out, and
      which is effective for its intended objective.
PAR  In accordance with this invention, certain of these objectives are achieved
      in a rotary vane pump having a rotor, which has sides and a periphery, the
      rotor including a slot formed therein extending to its periphery, a vane
      located within the slot, the vane being movable within the slot generally
      towards and away from the center of the rotor, drive means for rotating
      the rotor, a stator positioned around the rotor, said stator fitting
      closely with respect to the sides of the rotor, said stator including
      eccentric wall means located adjacent to the periphery of the rotor, these
      wall means cooperating with the vanes during rotation of the rotor for use
      in taking fluid into the pump and for use in forcing fluid from the pump,
      inlet and outlet port means leading into the interior of the stator
      between the periphery of the rotor and the wall means, the outlet port
      means being positioned relative to the wall means so as to convey fluid
      forced from within the interior of the stator during rotation of the rotor
      and the inlet port means being positioned relative to the wall means so as
      to convey fluid into the interior of the stator during rotation of the
      rotor of the improvement which comprises:
PAR  auxiliary inlet port means for conveying fluid under pressure located in
      the stator, the auxiliary inlet port means leading into the interior of
      the stator adjacent to a side of the rotor at a location spaced from the
      space between the periphery of the rotor and the wall means, and passage
      means within the interior of the stator and the rotor placing the
      auxiliary inlet port means in fluid communication with the portion of the
      slot furtherest located from the periphery of the rotor so that fluid
      under pressure conveyed into the stator through the auxiliary port means
      is supplied to the slot so that it will exert fluid pressure against the
      vane to cause the vane to move outwardly from the rotor in contact with
      the wall means.
PAR  The process in accordance with this invention involves utilizing a rotary
      vane pump as indicated in the preceding so that one fluid is supplied to
      the first mentioned inlet port means while another fluid is supplied to
      the auxiliary inlet port means under pressure and is distributed under
      pressure to the interior of the stator along with fluid supplied to the
      interior of the stator from the first mentioned inlet port means and is
      mixed with, subjected to mechanical pressure with, and is subjected to a
      shearing action with the fluid supplied through the first mentioned inlet
      port means as the pump is operated so that the resultant mixture created
      by the operation of the pump is pumped through the outlet port means. One
      such fluid preferably mixed in accordance with this invention is
      preferably water. The other fluid which is preferably mixed in accordance
      with this invention is a gaseous mixture of ozone and other gases normally
      found in ambient air.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Because of the nature of this invention, it is considered impossible to
      both effectively and completely indicate many aspects and features of the
      invention in a summary such as the preceding. Further details of the
      invention are best more fully described with reference to the accompanying
      drawing in which:
PAR  FIG. 1 is an isometric view of a presently preferred embodiment or form of
      a pump in accordance with this invention;
PAR  FIG. 2 is a cross-sectional view taken at line 2--2 of FIG. 1;
PAR  FIG. 3 is a partial cross-sectional view taken at line 3--3 of FIG. 2;
PAR  FIG. 4 is a partial cross-sectional view taken at line 4--4 of FIG. 2; and
PAR  FIG. 5 is a cross-sectional view taken at line 5--5 of FIG. 2.
DETD
PAR  Because it is possible on the basis of the disclosure embodied in this
      specification to design a variety of somewhat differently appearing and
      differently constructed pumps utilizing the essential features and
      principles of the invention summarized or defined in the appended claims,
      the accompanying drawing it not to be taken as limiting the invention in
      any respect. The invention utilized within the pump illustrated is
      essentially of an intangible nature and can be employed in many ways
      through the use or exercise of routine engineering skill in the pump art.
PAC  DETAILED DESCRIPTION
PAR  In the drawing there is shown a mixing pump 10 in accordance with this
      invention which is constructed so as to utilize a centrally located
      housing 12. This housing 12 has a base 14 which is adapted to be mounted
      in a conventional manner upon an appropriate support (not shown). This
      base 14 supports a generally tubular bearing support 16 forming a part of
      the housing 12. This bearing support 16 carries a generally cup-chaped
      retainer 18 which also forms a part of the housing 12.
PAR  This retainer 18 is utilized to support a stator 20 formed from an inert or
      relatively inert material upon the housing 12. In a sense, this stator 20
      is a part of and/or an extension of the housing 12. It consists of two end
      plates 22 and 24 which are also formed from such a material separated by a
      ring 26. These plates 22 and 24 and the ring 26 are mounted upon the
      retainer section 18 through the use of conventional bolts 28. The ring 26
      is provided with an internal cylindrical cavity 30 which is located so
      that its axis is spaced from and parallel to the axis of a shaft 32
      utilized to rotate a cylindrical rotor 34 of an inert or substantially
      inert material within the cavity 30. Thus, the cavity 30 is eccentric to
      the shaft 32.
PAR  The shaft 32 is supported on conventional bearings 36 within the bearing
      support 16. Axial movement of the shaft 32 is preferably prevented by
      means of shaft collars 38 which are secured to the shaft 32 by
      conventional screws 40. If desired, these collars 38 may be biased away
      from one another by means of a coil spring 42. A small snap ring 44 is
      located in a groove 46 within the bearing support 16 for the purpose of
      securing the bearings 36 in place. A small thrust plate 48 extending about
      the shaft 32 fits against one of these bearings 36 appearing to the right
      in FIG. 2. This thrust plate 48 is used to mount a small coil spring 50 in
      such a manner that this spring 50 will normally tend to bias a seal
      assembly 52 towards the right as viewed in FIG. 2.
PAR  This seal assembly 52 includes a retainer sleeve 54 having an outwardly
      extending shoulder 56 located intermediate its ends. This spring 50
      engages the shoulder 56 in biasing the assembly 52 as indicated. A washer
      58 fits closely within the interior of the sleeve 54 so as to support a
      rotatable sealing ring 60 forming a part of the assembly 52. This sealing
      ring 60 includes a projecting flange-like collar 62 which normally rides
      against and seals against another sealing ring 64 which is supported upon
      a support washer 66 within a disc-shaped cavity 68 in the end plate 22.
      This cavity 68 is located concentrically about a shaft opening 70 leading
      through the plate 22 to the interior of the stator 20.
PAR  This assembly 52 and the various other associated parts used with it
      including the thrust plate 48, the spring 50 and the ring 64 and the
      washer 66 are intended to seal off the interior of the stator 20 so that
      leakage will not occur from around the shaft 32 between the shaft 32 and
      the end plate 22. This structure in effect constitutes a rotary seal. For
      this seal to be effective when the pump 10 is utilized in forming an
      ozone-water mixture, the washer 66, the seal ring 64, the seal ring 60 and
      the washer 58 should all be formed of known materials such as Teflon which
      are relatively resistant to attack by ozone.
PAR  What may be considered to be a conventional inlet port 72 is located in the
      plate 24 so as to lead to a comparatively short arc groove 74 in the side
      75 of this plate 24 facing the cavity 30. The plate 24 also is provided
      with a conventional outlet port 76 which is in communication with another
      similarly located arcuate groove 78 located facing the interior of the
      cavity 30 in the side 75 of the plate 24. These grooves 74 and 78 are
      located around the axis of the cavity 30 and around the axis of the rotor
      34 in positions approximately corresponding to the locations of similar
      grooves in a conventional rotary vane pump on diametrically opposed sides
      of these axes. The groove 74 is positioned so as to achieve a drawing in
      an inlet fluid through the port 72 as the pump 10 is operated; the groove
      78 is located so as to convey fluid from the cavity 30 under pressure as
      the pump 10 is operated.
PAR  The plate 24 is also provided with an auxiliary inlet port 80 which leads
      to a small groove or passage 82 in the side 75 of the plate 24 facing the
      interior of the cavity 30. This groove or passage 82 extends in a circular
      path about the axis of the shaft 32 a comparatively small arc nearly
      corresponding to the arc travelled by the rotor 34 when the pump 10 is
      operated for that portion of a revolution of the rotor 34 necessary to
      draw a fluid into the interior of the cavity 30 through the inlet port 72
      and the groove 74. The side 75 of the plate 24 and the side 83 of the
      plate 22 facing the interior of the cavity 30 are also provided with other
      grooves or passages 84 extending in a curved arcuate path. These passages
      84 are mirror images of one another.
PAR  These passages 82 and 84 are located so that they will be in communication
      with the innermost ends or bottoms 85 of slots 86 in the rotor 34. These
      slots 86 are flat slots extending in planes parallel to the axis of the
      rotor 34 in manners which are tangential to an imaginary circle drawn
      about the axis of the shaft 32 and the rotor 34 of lesser diameter than
      the diameter of the rotor 34. These slots 86 all carry vanes 88 formed
      from an inert or substantially inert material in such a manner that these
      vanes 88 can slide relative to the slots 86 as the rotor 34 turns. Sloping
      surfaces 90 on these vanes 88 are always in contact with a continuous
      interior wall 92 serving as the periphery of the cavity 30.
PAR  In extending in this manner, the vanes 88 project from the periphery of the
      rotor 34 during substantially the entire cycle of rotation of this rotor
      34. These vanes 88 are constructed in this manner so that they will have
      leading edges 94 generally facing the intended direction of rotation of
      the rotor 34. This direction of rotation is clockwise as the rotor 34 is
      viewed in FIG. 4 as shown by the arrow in the figure. The vanes 88
      preferably fit within the slots 86 so that the leading surfaces 96 of
      these vanes 88 are separated from the opposed surfaces 98 of the slots 86
      a short distance as the rotor 34 is rotated in its intended direction.
PAR  This provides what in effect are passages (not separately numbered) between
      the vanes 88 and the slots 86 which are available to convey a fluid during
      the operation of the pump 10. Such passages may be achieved by merely
      making the vanes 88 so that they fit in a "sloppy" manner with respect to
      the slots 86 or by deliberately grooving either the lead surfaces 96 or
      the surfaces 98 or both. The spacing between the vanes 88 and the slots 86
      is such that only a restricted flow will take place between the bottoms of
      the slots 88 and the exterior of the rotor 34 as the pump 10 is operated.
PAR  During such operation, an inlet fluid is drawn into the inlet port 72 as
      the rotor 34 is rotated and is compressed and propelled out through the
      outlet port 76 in a conventional manner. With the pump 10, as this occurs,
      another fluid to be mixed with the first fluid is supplied to the
      auxiliary inlet port 80 under pressure. The second fluid will be conveyed
      during the part of the rotation of the rotor 34 when fluid is drawn in
      through the inlet port 72 through the passage 82 to the bottoms 85 of the
      slots 86.
PAR  There, the pressure of this secondary fluid will work against the vanes 88
      in much the manner in which a fluid works against a piston so as to cause
      the vanes 88 to move outwardly so that they firmly engage the wall 92 of
      the cavity 30. This pressure will be exerted on vanes 88 in this manner
      only so long as the passage 82 is in communication with the bottom 85 of a
      slot 86. After the bottom 85 of such a slot 86 is rotated past the passage
      82 the pressure of the applied secondary fluid is cut off by what amounts
      to a rotary valve type action achieved as a result of the rotor 34 fitting
      closely within the cavity 30, and as a result of the limited length of the
      passage 82.
PAR  At this point, the bottom 85 of a slot 86 will move a short distance until
      it is in communication with the passages 84; such a bottom 85 will remain
      in communication with these passages 84 until such time as the vane 88
      within a particular slot 86 moves past the groove 78 and the outlet port
      76. As a particular slot 86 moves past the passages 84 in this manner,
      contact of a sloping surface 90 on a particular vane 88 against the wall
      92 will tend to drive or push a vane 88 generally into its slot 86. This
      will have the effect of compressing any secondary fluid within the bottom
      85 of such slot.
PAR  Any fluid compressed in this manner will tend to flow in a direction which
      is the reverse of the direction of rotation of the rotor 34 through the
      passages 84 to the bottom 85 of an adjacent slot 86 where the pressure in
      the bottom 85 of such slot 86 is not as great as it is in the bottom 85 of
      a slot 86 more closely adjacent to the outlet port 76. This provides a
      pressure relief action which might tend to bind up the rotation of the
      rotor 34. It also provides a means whereby any secondary fluid trapped
      within a bottom 85 of a slot 86 will tend to be forced under pressure to
      the spaces between adjacent vanes 88 and between the wall 92 and the
      periphery 93 so as to be admixed with fluids already present and mixed
      within such spaces.
PAR  As the pump 10 is operated the construction of the slots 86 and the vanes
      88 permits some of the secondary fluid introduced through the auxiliary
      outlet port 80 to escape and/or be forced into the areas between the wall
      92 and the periphery 93 of the rotor 34 virtually at all times during the
      rotation of the rotor 34. During what may be regarded as the inlet cycle
      or portion of the rotation of the rotor 34 the pressure of the applied
      secondary fluid is primarily responsible for the movement of this fluid
      into the area between the wall 92 and the periphery 93 during what may be
      regarded as the compression portion of the rotor.
PAR  The inward movement of the vanes 88 is primarily responsible for the
      interjection of this secondary fluid into the space between the wall 92
      and the periphery 93 when slots 86 are positioned with their bottoms 85 in
      communication with the passages 84. Thus, with this construction what is
      referred to in the preceding as secondary fluid is in effect added to the
      fluid drawn into the pump 10 through the inlet port 92 during virtually
      the entire time when fluid drawn in through the inlet port 72 to within
      the cavity 30. This is considered to promote an efficient, intimate mixing
      action.
PAR  It is also considered that such an action is promoted by the leading edges
      94 tending to "bite" into fluid within the cavity 30 as the rotor 34 is
      turned as described. These leading edges 94 are considered to create a
      type of turbulence tending to inwardly direct fluid between the wall 92
      and the periphery 93 towards any secondary fluid moving outwardly from the
      rotor 34 in the space (not numbered) between the slots 86 and the vanes
      88. This is believed to result in an extreme degree of turbulence coupled
      with a continuous application of fluid pressure tending to supplement the
      normal mechanical compression and turbulence of a fluid moving through a
      rotary vane pump.
PAR  This action within the pump 10 causes significant mixing occurring not only
      as a result of mixing action achieved in a normal rotary vane pump but
      also as a result of secondary considerations relating to the utilization
      of an auxiliary inlet port such as the port 80 to supply a fluid under
      pressure to the interior of the pump 10. The mixing action achieved is
      considered to involve a certain amount of shearing force exerted within
      the pump 10 by various mechanical parts as described in the preceding
      moving relative to one another. It is considered that the application of
      mechanical force and/or mechanical forces to the fluids mixed within the
      pump 10 is quite important in obtaining the desired type of action leading
      to a desired type of mixture.
PAR  The pump 10 is considered to be highly desirable in mixing a gas or a gas
      mixture with a conventional liquid so that a maximum amount of the gas is
      either absorbed into or disbursed within the liquid in what may be
      referred to as finely divided bubbles. In the preferred manner of use of
      the pump 10 the auxiliary inlet port 80 is connected to a conventional
      water line utilized to convey tap water at normal line pressures as are
      encountered in domestic water systems to the pump 10. Also, in the
      preferred manner of use of the pump 10 the inlet port 72 is connected to a
      known type of ozonator. It is to be understood, however, that other fluids
      may be supplied to the pump 10 through these ports.
PAR  When the pump 10 is connected as indicated water under pressure is conveyed
      to the inlet port 80. As the rotor 34 is rotated this water forces the
      vanes 88 outwardly in the manner described. This water also flows into all
      portions of the interior of the cavity 30 in such a manner as to provide a
      degree of lubrication for the vanes 88 as the rotor 34 is turned. The
      water supplied through this auxiliary inlet port 80 further aides in
      achieving a maintenance of a sealed condition along all exposed portions
      of the vanes 88 which engage the wall 92 and the sides 75 and 83. Because
      an efficient type of seal is achieved at these locations as the rotor 34
      is turned a conventional vacuum type action is achieved which tends to
      pull an ozone-gas mixture into the interior of the cavity 30.
PAR  Within the interior of this cavity 30 such a mixture is thoroughly mixed
      with the water introduced through the auxiliary inlet port 80. Further,
      the gas-water mixture obtained is subject to continued turbulence as the
      rotor 34 is turned and is subject to a significant amount of mechanical
      pressure. This tends to create a product at the outlet port 76 in which
      the ozone from the gas mixture and the other gases supplied are in
      solution to as great a degree as possible with the water used.
PAR  A mixture produced from a gaseous ozone mixture and tap water will normally
      contain a significant quantity of gas under compression in the form of
      small bubbles. A conduit (not shown) connected to the outlet port 76 will
      appear essentially as a frothy mixture containing surges of liquid. The
      gaseous materials within such a mixture can be "broken up" and separated
      to a degree by passing the mixture through a restricted orifice. It is
      considered a matter of choice as to whether or not a mixture created as
      described is treated in this manner.
PAR  It is considered that one of the prime applications of the invention will
      be in treating tap water with ozone so as to purify such water by
      oxidizing appropriate microorganisms and various materials within the tap
      water capable of being oxidized. For such use the pump 10 must, of course,
      create an intimate mixture so that all the material within the water
      capable of being oxidized will be contacted by the ozone so as to be
      oxidized. Generally speaking, a water-ozone mixture as described should be
      conveyed through a conduit leading from an outlet port 76 for a sufficient
      period of time so that the ozone present within the mixture will
      accomplish substantially complete oxidation of all microorganisms and
      materials within the water used.
PAR  The amount of such time will, of course, vary depending upon the number of
      factors, such as, the specific quantities of materials mixed together, the
      specific design of the pump 10, the ambient temperature, the internal
      temperature within the pump 10, and the like. To avoid the effects of
      mechanically caused temperature build-up within the pump 10 the liquid
      supplied to this pump should normally be as cool as reasonably possible.
      In effect, this liquid acts as a coolant for the pump. This is
      particularly important in forming ozone-water mixtures since the ozone
      within such mixtures is temperature sensitive.
PAR  The gas or gas mixture supplied to the pump 10 may be utilized to regulate
      the proportions of water and gas mixed together. Normally, the amount of
      water which will be supplied to the pump 10 through the auxiliary inlet
      port 80 will be dependent upon factors such as the pressure of the applied
      water, the particular geometry of the parts within the pump 10, the speed
      at which the rotor 34 is operated, and the like. These items will normally
      be relatively constant and/or completely constant as the pump 10 is
      operated.
PAR  By pressurizing the gas applied through the normal inlet port 72 it is
      possible to increase the ratio of gas to liquid in the output delivered
      through the outlet port 76 within reasonable limits beyond the ratio
      achieved by drawing a gas or gas mixture into the pump 10 by the vacuum
      action of this pump. Even when the gas or gas mixture supplied to the
      inlet port 72 is under pressure the normal operation of the pump 10 will
      tend to achieve a vacuum type action pulling inlet air into the pump 10.
PAR  The efficiency of the pump 10 in forming a mixture can also be increased by
      admitting a liquid into the pump 10 with a gas or gas mixture supplied to
      this pump. As an example of this, the pump 10 may be operated so that an
      ozone-gas mixture as obtained from a conventional ozonizer is saturated
      with water vapor in order to increase its apparent density. Further, if
      desired, a gas as conveyed to the pump 10 may be otherwise mixed with
      water so as to create a dispersion of water and gas which is supplied to
      the inlet 72. This expedient of having a fluid mixed with a gas supplied
      to the pump 10 is believed to increase the turbulence within the interior
      of the pump 10 as this pump is operated.
PAR  As an example of the use of the pump 10, a pump corresponding to this pump
      10 has been operated satisfactorily utilizing tap water supplied to the
      auxiliary inlet port 80 at a pressure of 10psia. This particular pump used
      approximately four gallons of tap water per minute while drawing in one
      and one-half quarter cubic feet per minute of an ozone mixture produced by
      a commercial ozonizer, this ozone mixture containing sufficient tap water
      so that approximately one quarter gallon of tap water was supplied to the
      pump 10 per minute along with the ozone mixture. The complete mixture
      produced with these quantities of material was considered quite desirable
      for use in purifying the tap water and for various oxidizing purposes.
PAR  It is possible to operate the pump 10 so that a gaseous fluid is introduced
      into the pump 10 through the auxiliary inlet 80 and so that a liquid is
      introduced into the pump through the normal inlet 72. This mode of
      operation is not preferred because the relative incompressability of a
      liquid is very effective in moving the vanes 88 outwardly from the rotor
      34 as a pump as described is operated. If a gas was admitted to the pump
      through the auxiliary inlet 80 it is considered that the compressability
      of such gas would make it difficult for the auxiliary fluid to extend the
      vanes 88 in a manner in which an effective seal could be achieved in the
      interior of the pump 10. Obviously, the pump 10 can be utilized with a
      variety of different fluids in different manners so as to achieve an
      effective mixing action.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for forming a liquid-gas mixture using a rotary vane pump
      having a stator, a rotor rotatably mounted in said stator, slot means
      located in said rotor for holding vanes so that such vanes can be moved
      relative to said rotor, vane means for use in achieving a pumping action
      located in said slot means, a gas inlet means leading into said stator to
      within the space between said stator and said rotor, a liquid inlet means
      for conveying a liquid into said rotor so that such liquid will operate so
      as to move said vane means outwardly from said rotor and outlet means for
      receiving a gas-liquid mixture which comprises the steps of:
PA1  rotating said rotor,
PA1  simultaneously supplying a liquid under pressure to said liquid inlet means
      so as to force said vane means outwardly from said rotor into contact with
      said stator,
PA1  drawing a gas into the space between said rotor and said stator as a
      consequence of the rotation of said rotor within said stator while said
      vane means are positioned outwardly from said rotor in contact with said
      stator,
PA1  allowing liquid to escape from within said rotor through said slot means
      into the space between said rotor and said stator in contact with gas
      within said space,
PA1  mixing said liquid and said gas as a result of turbulence within said
      stator between said stator and said rotor, such turbulence being caused by
      the movement of said gas and said liquid and the rotation of said rotor
      and said vane means, forcing said mixture through said outlet means as a
      consequence of the rotation of said rotor within said stator while said
      vane means are positioned in contact with said stator.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein: said gas contains ozone and
      said liquid is water.
NUM  3.
PAR  3. A rotary vane pump having a rotor having sides and a periphery, said
      rotor including a slot formed therein extending to its periphery, a vane
      located within said slot, said vane being movable within said slot
      generally towards and away from the center of said rotor, drive means for
      rotating said rotor, a stator positioned around said rotor, said stator
      fitting closely with respect to said sides of said rotor, said stator
      including eccentric wall means located adjacent to said periphery of said
      rotor cooperating with said vane during rotation of said rotor for use in
      taking fluid into said pump and for use in forcing fluid from said pump,
      inlet and outlet port means leading into the interior of said stator
      between the periphery of said rotor and said wall means, said outlet port
      means being positioned relative to said wall means so as to convey fluid
      forced from within the interior of said stator during rotation of said
      rotor, and said inlet port means being positioned relative to said wall
      means so as to convey fluid into the interior of said stator during the
      rotation of said rotor in which the improvement comprises:
PA1  auxiliary inlet port means located in said stator and independent of said
      first mentioned inlet port means for conveying a second fluid under
      pressure, said auxiliary inlet port means leading into the interior of
      said stator adjacent to a side of said rotor at a location spaced from the
      space between the periphery of said rotor and said wall means, and
PA1  first passage means within the interior of said stator and said rotor
      placing said auxiliary inlet port means in fluid communication with the
      portion oof said slot furtherest located from the said periphery of said
      rotor so that fluid under pressure conveyed into said stator through said
      auxiliary inlet port means is supplied to said slot so that it will exert
      said fluid pressure against said vane to cause said vane to move outwardly
      from said rotor in contact with said wall means,
PA1  second passage means between said vane and said slot so that fluid supplied
      to said slot from said auxiliary inlet port will flow between said vane
      and said slot into the space between the exterior of said rotor and the
      exterior of said stator,
PA1  said first passage means serving as valve means for limiting the flow from
      said auxiliary inlet port means to said slot only when fluid is being
      taken into the interior of said stator through said first mentioned inlet
      port means,
PA1  pressure relief means for relieving the pressure of fluid within said slot
      when fluid is being forced from and compressed within the interior of said
      stator.
NUM  4.
PAR  4. A rotary vane pump as claimed in claim 1 wherein:
PA1  said slot and said vane are located so that said vane has a leading edge
      which proceeds any other part of said vane adjacent to the interior of
      said stator as said rotor is rotated.
NUM  5.
PAR  5. A rotor vane pump having a rotor having sides and a periphery, said
      rotor including a plurality of spaced slots formed therein extending to
      its periphery, a vane located within each of said slots, said vanes being
      movable within said slots generally towards and away from the center of
      said rotor, drive means for rotating said rotor, a stator positioned
      around said rotor, said stator fitting closely with respect to said sides
      of said rotor, said stator including eccentric wall means located adjacent
      to said periphery of said rotor cooperating with said vanes during
      rotation of said rotor for use in taking fluid into said pump and for use
      in forcing fluid from said pump, inlet and outlet port means leading into
      the interior of said stator between the periphery of said rotor and said
      wall means, said outlet port means being positioned relative to said wall
      means so as to convey fluid forced from within the interior of said stator
      during rotation of said rotor, and said inlet port means being positioned
      relative to said wall means so as to convey fluid into the interior of
      said stator during the rotation of said rotor in which the improvement
      comprises:
PA1  auxiliary inlet port means located in said stator and independent of said
      first mentioned inlet port means for conveying a second fluid under
      pressure, said auxiliary inlet port means leading into the interior of
      said stator adjacent to a side of said rotor at a location spaced from the
      space between the periphery of said rotor and said wall means, and
PA1  first passage means within the interior of said stator and said rotor
      placing said auxiliary inlet port means in fluid communication with the
      portion of said slot furtherest located from the said periphery of said
      rotor so that fluid under pressure conveyed into said stator through said
      auxiliary inlet port means is supplied to said slot so that it will exert
      said fluid pressure against said vane to cause said vane to move outwardly
      from said rotor in contact with said wall means,
PA1  a plurality of said slots and said vanes, said slots and said vanes being
      spaced from one another around the periphery of said rotor,
PA1  second passage means between said vanes and said slots so that fluid
      supplied to said slots from said auxiliary inlet port will flow between
      said vanes and said slots into the space between the interior of said
      rotor and the exterior of said stator,
PA1  said first passage means serve as a valve means for limiting the flow from
      said auxiliary inlet port means to said slots only when fluid is being
      taken into the interior of said stator through said first mentioned port
      means,
PA1  pressure relief means for relieving the pressure of fluid within said slots
      when the fluid within said slots is under a maximum degree of pressure as
      a result of said vanes being moved generally inwardly within said slots as
      said rotor rotates,
PA1  said pressure relief means comprising third passage means for conveying
      fluid under pressure from within slots to within the interiors of slots
      trailing the slots where the fluid is already under pressure.
NUM  6.
PAR  6. A rotary vane pump as claimed in claim 5 wherein:
PA1  said slots and said vanes are located so that said vanes all have a leading
      edge which proceeds any other part of each of said vanes, said leading
      edges being located adjacent to the interior of said stator as said rotor
      is rotated.
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ABST
PAL  This invention relates to flow restrictors in fluid motors where the
      operating fluid also passes through the bearings of the motor.
PARN
PAR  This application is a continuation in part of applications Ser. No. 388,586
      filed Aug. 15, 1973, now U.S. Pat. No. 3,879,094 and Ser. No. 433,284
      filed Jan. 14, 1974, now U.S. Pat. No. 3,912,425
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of motors in bore hole drilling, especially in drilling for oil and
      gas but also in mining operations, has been a standard procedure in the
      art. Such motors are employed to rotate drills for boring in the earth
      both for forming a bore hole and also for coring. The motors are also
      useful in oil field operations, such as tube cleaning, milling operations,
      cement drilling and other operations where it is desired to rotate a rod
      at the end of which a tool is to be rotated. We refer to such motors as
      in-hole drills when designed to be run at the end of a pipe and adjacent
      to the drill bit. In the usual case, the rotor of the motor and the drill
      bit rotate with respect to a stator which, in turn, is connected to a
      conventional drill string composed, in the case of the drilling of well
      bores, of a "kelly," drill pipe and drill collar as required. This string
      extends to the surface with the kelly mounted in the rotary table. Where
      the in-hole motor is a hydraulic motor used as an in-hole motor in
      drilling, the liquid is the usual drilling fluid, i.e., mud or gas. It
      serves its usual function in the drilling operation, returning to the
      surface carrying the detritus, i.e., cuttings resulting from the drilling
      operation. However, in this combination, the circulating mud has an
      additional function and that is to supply the hydraulic power to operate
      the hydraulic motor.
PAR  One of the primary problems resides in the design of the bearing system
      which will permit operations for period of economic length.
PAR  It has been conventional to rely on a part of the circulating mud to pass
      through the bearings to lubricate them. Such bearing systems are shown in
      E. P. Garrison et al, U.S. Pat. No. 3,516,718, issued January 23, 1970,
      and in Garrison et al, U.S. Pat. No. 3,456,746. Mud lubrication of
      bearings has also been applied to turbine-operated drills of the prior
      art.
PAR  When mud-lubricated bearings are employed with motors of the helicoidal
      type, such as have been employed in the prior art in-hole motors, problems
      arise with respect to limiting the flow of mud through the bearings and
      problems arise from the eccentric motion of the rotor. Such motors are
      shown in Clark U.S. Pat. No. 3,112,801, patented Dec. 3, 1963, and have
      been widely distributed by Smith International, Inc. under their
      registered trademark "Dyna-Drill." Such motors are described in the
      article by H. M. Rollins, "Bit Guiding Tools Provide Better Control of
      Directional Drills," World Oil, June, 1966, pages 124-135, and are also
      discussed below.
PAR  The prior art solutions for limiting the bypass of mud through the bearings
      are shown in the Garrison patents. These include the provision of a
      grooved rubber radial bearing which also acts as a flow restrictor to
      limit the fluid bypassing through the bearings so as not to rob unduly the
      main flow through the bit nozzles required to provide the necessary flow
      to remove the cuttings.
PAR  Since the rotor of the motor rotates in an eccentric manner, it is
      necessary to convert this motion into a true rotation about a fixed axis
      so that the bit may be rotated in the proper manner. This is accomplished
      by connecting the end of the rotor to a connecting rod by means of a
      universal joint and connecting the connecting rod to a drive shaft by
      means of a second universal joint.
PAR  Further, while the universal joints do a fairly good job in the case of the
      helicoidal motors of converting the eccentric motion of the rotor to a
      rotary motion, there remains a residual force on the drive shaft which is
      transverse to the axis of rotation. This transverse force is periodic in
      direction, reversing itself on each reversal of the eccentric motion.
      Additinally, when drilling in steeply dipping formations or in drilling
      out dog legs, or in drilling deviated holes, particularly when using bent
      subs at the connecting rod, a thrust is encountered at the bit which is
      transverse to the bit axis. The result is a transverse displacement of the
      shaft, and a transverse force applied to the radial bearing employed; for
      example, the rubber bearing referred to or any other radial bearing which
      may be employed.
PAR  Problems have arisen in such prior art combination. The rubber radial
      bearings, which even in the first place, due to molding limitations, do
      not act adequately to restrict the amount of bypass, deteriorate in use
      and result in premature failure. This failure includes erosion of the
      bearing passageways where the grooves are washed out.
PAR  Circulating mud usually contains fine particles of "sand" resulting from
      the drilling operation. The mud returning up the annulus is separated from
      the cuttings, but some fine particles produced by the drilling operation
      escape in the treated mud. The returning mud passing at high volumetric
      velocity through the grooves in the rubber flow restrictor erodes the
      grooves. The result is that the pressure drop through the restrictor is
      reduced and a large portion of the input mud is bypassed.
PAR  The percentage of the fluid bypassed, even with newly formed radial rubber
      bearings, may be excessive because it is difficult to mold such bearings
      to form passageways through the bearings that will have the desired flow
      resistance and yet provide a suitable bearing surface which will not have
      excessive frictional resistance. The erosion of the rubber by the mud is
      also a problem.
PAR  Experience has shown that the normal marine bearing employed as a radial
      bearing permits of an excessive flow through the bearing flutes, under the
      above flow conditions. Such flow rates may range up to about 20% of the
      total volumetric flow rates. This is an excessive bypass flow. In order to
      reduce the flow, a separate flow restrictor is added, as is shown in the
      above Garrison U.S. Pat. No. 3,456,746. This may reduce the flow in the
      range of about 5 to 10% of the total flow, depending on the magnitude of
      the volumetric flow rate of the mud. The percentage of the bypass being
      the greater, the larger is the volumetric flow rate.
PAR  It is to be recognized that pressures drop between the stator discharge to
      the annulus exterior of the drill may be of the order 200 to 1500 pounds
      per square inch and a volumetric rate of flow from 50 to about 600 gallons
      per minute, depending upon the depth, nature of the mud, size of the tool,
      and designs of the nozzles of the bit.
PAR  Excessive bypass flow through the bearing system imposes excessive erosion
      of the thrust bearings. A bypass flow has been experienced, in the prior
      art, of about 5 to about 30 gallons, that is, about 5 to about 10% of the
      volumetric flow rate in the range of the pressure drops referred to above.
      The increase in volume flow through the marine bearing, flow restrictor,
      and thrust-bearing packages may thus rise to excessive magnitude.
PAR  The pressure drop and volume rate of flow of the mud through the stator
      depend on the horsepower requirement and drill and rpm of the drilling
      effort. This establishes the gallons per minute of mud that must be
      circulated. The mud input pressure is fixed by the total pressure drop
      through the drill string, the hydraulic motor, bit nozzle and annulus
      pressure drop. The volume bypassed through the bearings is subtracted from
      the flow through the nozzles. The pump must provide for sufficient input
      to supply the required flow rate and pressure drop. The bit manufacturer
      usually supplies the nozzle pressure drop to give the required lifting
      effect and cutting action. Furthermore, the depth to which a well may be
      serviced by a given pump assembly and therefore the limit of bit advance
      depend on the permissible horsepower required to move the mud through the
      motor to and through the bit nozzles and return the cuttings to the
      surface. Any additional demand on the pump, required to supply excessive
      by-pass, is a limitation on the depth to which a given drilling rig can
      go. Additional pump capacity is thus required.
PAR  It is difficult to build a rubber bearing which is so finely tuned as to
      meet these parameters and not permit an excessive flow through the
      bearings. Furthermore, as has been stated above, pressure drops tend to
      erode the passageways in the rubber bearing so that they do not for long
      retain their original cross-sectional areas.
PAC  STATEMENT OF THE INVENTION
PAR  It is the object of our invention to improve the operation of hydraulic
      motors employing fluted radial bearings by employing stable flow
      restrictors having hardness values which will resist erosion by abrasive
      particles present in the fluid used to lubricate the bearing package. Such
      hydraulic motors include the positive displacement type referred to above
      or the turbine type known as the turbo drill.
PAR  In our co-pending application we employed, instead of rubber radial
      bearings of the marine bearing types, radial bearings made of ceramic and
      hard material such as tungsten carbide. Such bearings were relied on in
      said application to act as flow conductors. While we may use such radial
      bearings, we do not in the present invention rely on such bearings to
      constitute the metering function; and we need not, therefore, use a
      passageway of the small dimension which is required to provide a metering
      function. This simplifies the construction of the radial bearing.
PAR  In our invention, we provide a flow restrictor constructed of similar hard
      materials and designed to maintain stable dimensions and stable
      restriction to flow. We may thus use the rubber marine bearings of the
      prior art as radial bearings, including suitably large passageways to
      limit the volumetric flow rates so as to limit the erosion of the flutes
      in the marine bearing. Since when using the marine bearing we rely
      primarily on its function as a radial bearing, any increase in size of the
      flutes by erosion which does not result in a destruction of the radial
      bearing function does not materially influence the operation of the motor.
PAR  The flow restrictor of our invention is, by reason of its composition,
      resistant to erosion, and its dimensional stability is aided by the
      mechanical construction.
PAR  The restrictor of our invention maintains a stable bypass volume despite
      any transverse movement of the shaft. The restrictor is formed of a
      floating sleeve mounted on the shaft and spaced from a stationary sleeve
      mounted on the housing of the motor and between the shaft housing. The
      space between the sleeves forms a flow passageway of substantially stable
      cross-sectional area. The sleeve mounted on said shaft is termed floating,
      in the sense that it is mounted so that the shaft may be displaced
      radially with respect to the floating sleeve. The mounting provides an
      annular space between the shaft and the sleeve.
PAR  In our preferred embodiment, the cooperating faces of the sleeves are made
      of material having a hardness greater than that in the cuttings which may
      be contained in the circulating mud.
PAR  Provision is made for a relatively large radial displacement of the shaft
      before impact forces are applied to the cooperating surfaces of the flow
      restrictor. When the surface of the flow restrictor channel is formed of
      relatively non-elastic material such as is preferred and as is described
      below, the provision of a substantial play of the shaft before impact on
      the flow restrictor prolongs the life and function of the flow restrictor.
      The flow restrictor of my invention is not relied on to provide any
      bearing function.
DRWD
PAR  This invention will be further described by reference to the drawings, of
      which:
PAR  FIG. 1 is a schematic view of one application of my invention.
PAR  FIG. 2 is a sectional view on line 2--2 of FIG. 1.
PAR  FIG. 3 is a sectional view on line 3--3 of FIG. 2.
PAR  FIG. 4 is a sectional view on line 4--4 of FIG. 2.
PAR  FIG. 5 is a sectional view on line 5--5 of FIG. 2.
PAR  FIG. 6 is a sectional view on line 6--6 of FIG. 2.
PAR  FIG. 7 is a perspective view of elements of the invention shown in FIG. 2.
PAR  FIG. 8 is an enlarged view of a section of FIG. 2 on line 2--2 of FIG. 1.
PAR  FIG. 9 is a section similar to FIG. 2, but taken 90.degree. from the
      section of FIG. 2.
PAR  FIG. 10 is a section on line 10--10 of FIG. 2.
PAR  FIG. 11 is a fragmentary plain view on line 11--11 of FIG. 10.
PAR  FIG. 12 is a section similar to FIG. 8 of a modification of my invention.
PAR  FIG. 13 is a section similar to FIG. 8 of another modification of my
      invention.
PAR  FIG. 14 is a section similar to FIG. 8 of another modification of my
      invention.
DETD
PAR  FIG. 1 shows the conventional assembly of a progressing cavity motor used
      to operate a drill in a bore hole. The housing 3 of the stator 4 is
      connecting to a housing 8 for the connection rod 7. The housing is formed
      by pipe sections connected by pin and box joints used in the drilling art.
      The connecting rod is connected to the rotor 5 by means of universal
      joints 6 and connected to the hollow shaft 9 by universal joints 6. The
      hollow shaft is provided with ports 10 and positioned within radial
      bearing 11, provided with flow passageways such as described in the above
      Garrison patents and supported on an upper thrust bearing 17 and lower
      thrust bearings 81, 82, 83 and 84, which transmit the load of the housing
      8 and conventional drill collars through the shoulder 85 to the drill 86
      in a manner such as is shown in my co-pending application, Ser. No.
      388,586.
PAR  Mounted on the shaft (see FIG. 2) below the radial bearing 11 are nuts 12
      and 13, held securely against vertical displacement by split rings 14 and
      15. When the bit 86 is on bottom, the housing 8, connecting to the housing
      3, loads the lower thrust bearings 81-84 onto the bit, as will be
      described below. In this condition, a space 16 is provided between the nut
      13 and the race 17 of the upper thrust bearing, of which 18 is the lower
      race. The load of the shaft, therefore, is not imposed upon the upper
      thrust bearing race 17.
PAR  The races 17 and 18 are spaced radially from shaft 9. The race 18 is
      secured against rotation by the pin 19, which fits into a ring 20 (see
      FIGS. 2, 3 and 8), which is end-notched at 23 (see FIG. 7). The notch 23
      seats on the end of pin 33 of the housing 8. The ring 20 has a skirt 22,
      which is notched at 24, and is provided with a bore 21, into which the pin
      19 fits. Mounted at the pin 33 is the sleeve 25, carrying dogs 26, which
      fit into the notches 24. The sleeve 25 carries an external "0" ring seal
      27, which seals the ring against the pin 33. It carries an internal
      circumambient groove 28, into which is fitted a ring of hard material such
      as tungsten carbide, boron nitrite, silicon carbide, alumina and other
      hard material, for example, of in excess of Knoop or Vickers hardness of
      about 2000. Materials, such as tungsten carbide and alumina, may be formed
      into a solid cylinder or be formed by dispersion of particles of such
      materials, including diamond particles in a metallic matrix.
PAR  The flow resistor elements of my invention may be fabricated by standard
      techniques from tungsten carbide or ceramic material, such as alumina. A
      preferable material is the metal-bonded hard particles, such as have been
      employed in the abrader arts.
PAR  The methods for producing shapes of metal-bonded hard materials, such as
      referred to above, are described in the Wilder et al U.S Pat. Nos.
      3,757,878; 3,757,879; and 3,841,852.
PAR  The particles of hard material, such as described above, may be dispersed
      in a metal matrix powder and introduced into a mold of desired shape. The
      temperature of the mold is raised to fuse the metal and bond the
      particles. The particles of hard material, for example, of Knoop hardness
      in excess of 2000 are dispersed and held in the metal matrix, such as
      copper-based alloys, such as brass or bonze alloys, and copper-based
      alloys containing alloying metal, such as one or more of the following:
      nickel, cobalt, tin, zinc, manganese, iron, and silver. The matrix-bonded
      material has suitable compressive and impact strength and micro-hardness
      (see Wilder U.S. Pat. No. 3,841,852, col. 7, line 53, et seq.).
PAR  The sleeve 25 is provided with diametrically spaced notches 30, into which
      pins 31 fit, the pins 31 being set in diametrically positioned bores 32 in
      the housing 8, to prevent rotation of the sleeve 25.
PAR  The complementary member of the flow restrictor, of which 29 is a part, is
      formed of a sleeve 43, which is mounted on the shaft 9 between rings 42
      and 48. Ring 42 fits into the notch 46 in the sleeve 43 and ring 48 fits
      into the notch 47 in sleeve 43. The complementary ring 41 fits into the
      notch 40 of sleeve 38. The rings 41, 42, 48 and 49 are made of hard
      material such as described above. We prefer to use tungsten carbide. The
      ring 34, sealed by 0 ring 35, is held against vertical displacement by the
      split ring 38a, which fits into a notch in shaft 9. The ring 34 is bored
      with a number of circular spring retaining bores 36, which contain a
      number of coil springs 37, which bear against the notch 39 of ring 38. The
      lower ring 49 fits into notch 51 of ring 50, which is held secured to the
      shaft by means of split ring 54, set in a suitable key slot in the shaft
      and fits into the notch 53.
PAR  It will be seen (see FIGS. 2, 3 and 8) that in each of the lower bearings
      the pressure transmitting ring 62, which engages the Belleville spring 67,
      carries a slot 66, into which is fitted a pin 64, which is positioned in
      the bore 65 in the housing 8. The thrust sleeve 62 is provided with notch
      67a. The upper race 69 is held against rotation by the pins 69a, which fit
      into the slots 67a. The lower race 70 sits on ring 72 and is held against
      rotation by pin 71 in ring 72 keyed to the shaft 9 by the key 73. The ring
      72 sits upon the split nut 73a, screwed on the shaft 9 and secured by bolt
      74 (see FIG. 6). The lower bearings 82, 83 and 84 are similarly
      constructed and secured to the shaft and housing.
PAR  The shaft is formed with a circumambient groove 57a, and with diametrically
      opposed I-shaped flat section 57 (see FIGS. 2, 4, 9 and 10). Keys 58 are
      placed against the flats 57 and retained between the shoulders 58a and
      58b, formed as segments at the flats. The depth of the key slots 55 and
      the radial dimension of the key slot 55 are such that the key 58, when
      against the flat on the shaft, is positioned between the sides of the slot
      55. The bossage 56 is of depth so that it fits in the groove 57a (see
      FIGS. 4 and 9) and is spaced therefrom at the sides and also at the end of
      the bossage 56 (see FIG. 4 and FIG. 9). In assembly, the sleeves 43 may be
      slid over the shaft, the slot 55 passing over the key to be seated on ring
      48.
PAR  The sleeve 43 is rotated by the shaft through the key 58, which engages the
      sides of the slot 55 in sleeve 43. However, the surface of the facing 44,
      when the shaft is concentric with the housing, is not in frictional
      engagement with the surface of 29 (see FIGS. 2 and 7). It will require
      substantial radial displacement of the shaft to cause the surface to
      contact, and this area of contact will be limited.
PAR  The above construction provides a passage of fluid discharging from the
      stator into the ports 10 and the hollow shaft and through the nozzles into
      the bit, into the annulus. A portion of the stator discharge passes
      through the vertical passageway grooves of the marine type bearing 11 (see
      above) and passes through the annulus and past the thrust-bearing races 17
      and 18. It then moves through the annular passageway 45 between the
      hard-faced sleeves and through the lower bearing housing through the
      open-ended housing adjacent to the bit 86 to discharge into the annulus
      about the drill string. A suitable construction of the lower
      thrust-bearing housing is described in my co-pending application, Ser. No.
      388,586 which is incorporated herein by this reference.
PAR  The annular passageway 45 is made small, sufficient to reduce the pressure
      at the discharge end of the annular passageway 45 at 45a at the head of
      the upper bearing 69 to a few pounds above annulus pressure, sufficient to
      flow the mud discharge from the annular passageway 45 through the lower
      end of the housing against the back pressure of the fluid passing up the
      annulus to the surface of the bore hole.
PAR  In order to hold the bypass flow through the annular passageway to a small
      fraction of the stator discharge, the resistance to the bypass flow must
      be much greater than that through the hollow tube 8. Depending on the
      diameter of the shaft and housing, the radial dimension of the annulus 45
      may be in the order of 0.001 to 0.010 inch. These dimensions are not
      limiting and are intended only as an order of magnitude.
PAR  The pressure drop imposes a larger force on the head of the ring 34, which
      is resisted by the ring 54. This force, when operative, and springs 37,
      when the unit is not in use, retain the sleeve 25 between the rings 42 and
      48. The rings 42 and 41, as are also rings 48 and 49, are of internal
      diameter greater than the external diameter of the shaft. The contacting
      surfaces of the rings 41 and 42, as are also rings 48 and 49, are polished
      and can slide over each other. The radial dimension of the annular space
      47 between the sleeve 43 and the housing is much greater; for example, 20
      to 50 times the radial dimension of the annular space.
PAR  Should the shaft exercise a transverse motion due to asymmetrical moments,
      it will cause a sliding motion between rings 41 and 42 and as between 48
      and 49. If this occurs so as to move the hard face 44 against hard face
      29, the contact will occur substantially on a line, as results when two
      concentric cylinders of different diameter are displaced so that the outer
      surface of the inner cylinder contacts the inner surface of the outer
      cylinder. The cross-sectional area of the annular space 45 is not altered.
      Since the radial dimension of the annulus 45 is so small, the flow
      impedance through the annulus is not altered to a substantial degree. The
      pressure drop is not affected to a substantial degree. It is to be noted
      that, due to much greater radial dimension of the space 55 than that of
      45, the shaft can made a radial excursion much greater than the radial
      dimension of the annulus 45 before the shaft contacts the bossage 56 (FIG.
      7). That is represented by the radial dimension of 45. The fact, under
      normal operations, the closure of the gap of annulus 45 would not be
      expected. Thus the shaft in its transverse displacement will permit the
      impact of the hard material to be minimized, and thus fracture of the
      material, which may be brittle, is normally avoided.
PAR  It is to be noted that the sleeves 47 and 29 are not relied on to provide a
      radial bearing support, and that the shaft is not restrained at this point
      against radial displacement. Radial bearings are provided at other
      positions of the shaft structure as described above. Reference may be had
      to co-pending applications, Ser. Nos. 388,586 and 433,284 for suitable
      bearings in addition to those disclosed in the above Garrison patents.
PAR  FIG. 12 shows a modification of the flow restriction of FIGS. 2 and 8. The
      difference resides in the mounting of the sleeve 25. The form shown in
      FIG. 8 presents a hazard should the rings 41, 42, 48 and 49 wear. It may
      then be possible that mud may squeeze into the annulus 55. The form shown
      in FIG. 12 provides for a seal. The sleeve 43 is edge-notched at 101 and
      106 to contain 0 rings 102 and 107. The sleeve is mounted in ring 103 at
      the shoulder 104, and in ring 108 at the shoulder 109. The ring 103
      carries an 0 ring 105 and is in slidable contact with the ring 38. In like
      manner, the ring 108 carries 0 rings 110 and is in slidable contact with
      ring 111 held by 54, as in FIG. 8. The form of FIG. 1 is otherwise
      constructed and operates as in FIG. 8, and the same numbers identify
      identical parts.
PAR  FIG. 13 is constructed and operates as in FIGS. 8 and 12, and the same
      parts bear like numbers. The difference is in the sliding arrangement of
      the sleeve 43. Instead of the rings 41, 42, 48 and 49 of FIG. 8, I provide
      hard-material, polished flat rings 201, 202, 203 and 204. Rings 202 and
      203 are of greater internal diameter than the external diameter of the
      shaft. The ring 201 is slidably mounted on ring 202 and ring 203 is
      slidably mounted on ring 204.
PAR  FIG. 14 is similar to the form of FIG. 13. The upper end of the sleeve 43
      is connected to the drive shaft by a circular corrugated boot 301 secured
      to the drive shaft by strap 302 and to the end of the sleeve 43 by a strap
      303. The hard facing 305, similar to 44, is not set in a notch but is
      applied and extends over the external surface of the sleeve 43, with a
      flange 306, which is in slidable engagement with the ring 204.
PAR  My presently preferred embodiment of my invention is illustrated in FIGS.
      2-11.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hydraulic motor including a stator in a housing and a rotor in said
      stator, a shaft connected to said rotor, a fluid inlet to said stator, and
      a fluid outlet from said stator, a thrust bearing mounted on said shaft
      and housing, a fluid passageway connected to the fluid outlet from said
      stator through the housing, a flow restrictor positioned in said
      passageway between the stator outlet and said thrust bearing, said flow
      restrictor comprising a first sleeve mounted on said shaft, support means
      for said first sleeve mounted on said shaft for radial displacement of
      said sleeve with respect of said shaft, a second sleeve mounted on said
      housing adjacent to but spaced from said first sleeve.
NUM  2.
PAR  2. The motor of claim 1, said support means for said sleeve including a
      first support ring mounted on said shaft, a first pair of rings mounted
      between one end of said sleeve and said first support ring, a second
      support ring mounted on said shaft, a second pair of rings mounted between
      said sleeve and said second support ring at the other end of said sleeve,
      the rings of each of said pairs slidably mounted over each other.
NUM  3.
PAR  3. The motor of claim 1, in which the mounting of the first sleeve includes
      a first ring mounted on the shaft at one end of said sleeve, said first
      sleeve mounted in sliding relation to said first ring.
NUM  4.
PAR  4. The motor of claim 3, said support means including a second ring mounted
      on said shaft at the other end of said first sleeve in sliding relation to
      said first sleeve.
NUM  5.
PAR  5. The motor of claim 2, in which the other end of said first sleeve is
      connected to said shaft by a flexible boot.
NUM  6.
PAR  6. The motor of claim 1, in which the facing surfaces of said sleeves are
      formed of hard material having a Knoop hardness in excess of about 2,000.
NUM  7.
PAR  7. The motor of claim 6, in which the hard material is tungsten carbide.
NUM  8.
PAR  8. The motor of claim 6, in which the mounting of the first sleeve includes
      a first ring mounted on said shaft at one end of said first sleeve, said
      first sleeve mounted in sliding relation to said first ring.
NUM  9.
PAR  9. The motor of claim 8, in which said ring is made of hard material having
      a Knoop hardness in excess of 2,000.
NUM  10.
PAR  10. The motor of claim 8, in which the material of said ring is tungsten
      carbide.
NUM  11.
PAR  11. The motor of claim 8, said support means including a second ring
      mounted on said shaft at the other end of said first sleeve in sliding
      relation with said first sleeve.
NUM  12.
PAR  12. Motor of claim 11, in which said rings are made of hard material having
      a Knoop hardness in excess of 2,000.
NUM  13.
PAR  13. The motor of claim 11, in which the material of said rings is tungsten
      carbide.
NUM  14.
PAR  14. The motor of claim 8, in which the other end of said first sleeve is
      connected to said shaft by a flexible boot.
NUM  15.
PAR  15. The motor of claim 14, in which said ring is made of hard material
      having a Knoop hardness in excess of 2,000.
NUM  16.
PAR  16. The motor of claim 15, in which the hard material is tungsten carbide.
NUM  17.
PAR  17. The motor of claim 6, said support means for said sleeve including a
      first support ring mounted on said shaft, a first pair of rings mounted
      between one end of said sleeve and said first support ring, a second
      support ring mounted on said shaft, a second pair of rings mounted between
      said sleeve and said second support ring at the other end of said sleeve,
      the rings of each of said pairs slidably mounted over each other.
NUM  18.
PAR  18. The motor of claim 17, in which said rings are made of hard material
      having a Knoop hardness in excess of 2,000.
NUM  19.
PAR  19. The motor of claim 18, in which the hard material is tungsten carbide.
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ABST
PAL  This invention relates to an improvement in a casing for a rotary piston
      engine of trochoidal construction with an outer envelope curve, in which
      radial sealing strips are mounted in the casing between the individual
      working chambers, the improvement comprising that the working chamber
      delimitation between the radial sealing strips constituting the casing is
      formed by a circular arc approaching the extent of the exact envelope
      curve, whose center is positioned on the axis of symmetry of the
      respective working chamber.
BSUM
PAR  The present invention relates to a casing for rotary piston engines of
      trochoidal construction with an outer envelope curve, wherein the radial
      sealing strips are mounted in the casing between the individual working
      chambers.
PAR  Such rotary piston engines include, as an exact working chamber
      delimitation, an envelope curve to the trochoid equidistant. The working
      chambers are in each case sealed off with respect to each other by means
      of radial sealing strips. It also has been proposed to replace the exact
      envelope curve by a trochoid equidistant, which results, however, in an
      increase of the undesirable space. For purposes of making such envelope
      curves, copying devices or specific machining devices must be employed
      which form or manufacture the respective inner shape in a cutting manner.
      The aforementioned manufacturing methods, by means of copying devices and
      the like, involve considerable expenditures with respect to the
      manufacturing time and initial investment. Particularly in connection with
      the mass production of casings for the aforementioned rotary piston
      engines are the factors involving economical considerations and
      manufacturing techniques of great significance.
PAR  It is the object of the present invention to eliminate the disadvantages
      relating to economic factors and manufacturing techniques in connection
      with the casings of rotary piston engines, and to provide an inner casing
      form that can be made with conventional machines, such as, for example, a
      boring mill, honing and grinding devices, and the like.
PAR  This object is obtained, in accordance with the present invention, by
      virtue of the fact that the working chamber delimitation between the
      radial sealing strips constituting the casing is formed by a circular arc
      approaching the course of the exact envelope curves, whose center is
      positioned on the axis of symmetry of the respective working chamber. By
      virtue of this  indicated or proposed provision of the working chamber
      within the casing, the latter is advantageously manufacturable by the use
      of conventional machining devices, such as a boring mill, turning
      machines, and the like. This also produces the possibility of effecting
      without difficulty the most diversified dimensions within the meaning of a
      class or series of fabricated products. The increase or enlargement of the
      working chamber on the basis of the circular arc being approximated to the
      envelope curve of the inner casing form or shape is found to be
      insignificant since the structurally caused, undesirable spaces, such as
      plays, valve connections, and the like, quite generally amount to a higher
      percentage in comparison. The compression ratio is thus, due to the
      formation of the working chambers with circular arcs, impaired only to a
      negligible extent so that the economic advantages and the advantages
      relative to manufacturing techniques by far outweight any disadvantages in
      the normal case of application.
DRWD
PAR  One embodiment relative to a casing as proposed by the present invention
      will now be further explained hereinafter in connection with and with
      reference to the accompanying drawings, wherein
PAR  FIG. 1 is a cross-sectional view through the inner casing form or shape in
      a two-chamber arrangement, and
PAR  FIG. 2 illustrates the geometrical conditions between the exact envelope
      curve to the trochoid equidistant and the circular arc construction.
DETD
PAR  Illustrated in detail in FIG. 1 is a casing 1 in which a piston 5 is
      positioned in the dead center position. The casing has the radial sealing
      strips 2 which are positioned in the Y-axis and slide on the piston
      surface 5'. The points G and H are the trochoid-producing points. By means
      of the sealing strips 2, the working chambers are mutually sealed off in
      the radial direction. The exact cross-sectional provision of the working
      chamber is illustrated in a dash-dotted line. This cross-sectional
      provision of the working chamber represents an envelope curve to the
      trochoid equidistant of the piston. The cross-sectional construction of
      the working chamber according to the present invention is represented by
      the identical circular arcs 1a and 1b. These circular arcs 1a and 1b are
      so provided and arranged that they are tangent, in each case twice per
      working chamber, at the exact envelope curve 6 and, in each case, reach up
      to the radial sealing strips 2. The deviation of the circular arcs 1a and
      1b from the exact envelope curve 6 is illustrated in FIG. 1 by shaded
      sickle-shaped areas 7. This deviation of the circular arcs 1a and 1b from
      the exact envelope curve 6 amounts, at optimum design, to a percentage in
      the range of the structurally-conditioned undesirable spaces so that an
      insignificant impairment of the compression ratio will result. The piston
      turning axis 2a is positioned at the distance E from the center of the
      envelope curve. Illustrated in FIG. 1 is the center point 1' for the
      circular arc 1a and accordingly symmetrically results on the X-axis for
      the circular arc 1b.
PAR  Illustrated in FIG. 2 is the X- and Y-axis for one working chamber, as well
      as the envelope curve 6. The center of the circular arc approximating the
      exact envelope curve is determined in the following manner:
PAR  The radius of curvature of the envelope curve at the point of intersection
      thereof with the Y-axis is extended beyond its center 6b up to the point
      of intersection 6c with the X-axis. The center of the radius of curvature
      6d of the envelope curve at the point of intersection thereof with the
      X-axis is 6e. The center 1' of the circular arc 1a, having the radius 1d,
      enclosing the envelope curve 6 is positioned between the points. The most
      favorable position of the circular arc center 1a can be found empirically.
      The mathematically precise determination of the center point 1' is
      possible, but is not the subject matter of the present invention. The
      deviation of the circular arc 1a from the exact envelope curve 6 is
      illustrated in FIG. 2 by shaded sickle-shaped areas 7.
PAR  The manufacture of the working chambers with circular arched
      cross-sectional shape may be effected without difficulties with
      conventional machining devices. By virtue of the aforementioned method of
      manufacture, an economically advantageous and simple solution, from the
      point of view of manufacturing techniques, is thus possible for making the
      working chambers of rotary piston engines of trochoidal construction with
      an outer envelope curve. The structure or provision of the working
      chambers within casings by the circular arcs 1a and 1b applies in the same
      manner for all rotary piston engines of trochoidal construction with
      radial sealing strips 2 mounted on the side of the housing, wherein the
      inner casing form or shape is centrosymmetrically composed of envelope
      curves 6.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a casing for a rotary piston engine of trochoidal construction having
      a piston in the shape of an epitrochoid, a casing corresponding to an
      outer envelope curve, and individual working chambers with radial sealing
      strips mounted between them,
PA1  the improvement comprising that the working chamber delimitation between
      the radial sealing strips constituting the casing is formed by a circular
      arc approaching the extent of the envelope curve, whose center is
      positioned on the axis of symmetry of the respective working chamber, said
      center of said circular arc being positioned between the point of
      intersection which results from the respective normal to the envelope
      curve at the end point of said envelope curve arc associated with the
      pertinent working chamber and the axis of symmetry of the corresponding
      working chamber, and the center of the envelope curve radius of curvature
      on the axis of symmetry of the corresponding working chamber.
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ABST
PAL  In rotary compressor of oil cooling type comprising; an unloader, a housing
      including a rotor chamber therein connected to said unloader, rotors
      housed within said housing, a reservoir for compressed air and oil
      connected through a check valve to a discharge port of said chamber and
      pipes for feeding oil from said reservoir into said chamber, the
      improvement wherein said rotary compressor further comprises an oil
      delivery pump is operatively connected to said rotors and an appropriate
      oil-discharge pipe is provided for delivering the cooling lubricant oil
      drawn from said port by said pump to said reservoir.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  This invention relates to a rotary compressor of oil cooling type.
PAR  There have been found various problems such as those mentioned below in
      connection with known rotary compressors of oil cooling type due to the
      differences in the physical properties of the cooling lubricant oil and
      the air to be compressed.
PAR  First, since, differently from air, oil cannot be compressed, the composite
      compression ratio is reduced as the mixture ratio of oil to air increases
      and as a consequence the compressor is troubled with oil locking and other
      problems and a large amount of power is consumed.
PAR  Second, since oil has viscosity of some thousand times higher than that of
      air, a larger amount of power is lost when oil and air flow through a
      complicated pipe line including a large number of pipes and valves at the
      same speed.
PAR  Third, the power loss is increased by the fact that oil has specific
      gravity of some hundred times larger than that of air, that the liquid
      resistance of oil is great as compared with that of air, and that liquid
      resistance in a complicated pipe line is extremely large.
PAR  Moreover, in the conventional rotary compressor of oil cooling type,
      although power can be reduced during fully unloaded operation, it cannot
      be reduced during operation at an intermediate load i.e., at the
      intermediate state between fully loaded and unloaded during the
      capacity-controlling operation of the compressor.
PAR  FIG. 1 shows a general view of the conventional type of rotary compressor,
      which comprises a suction chamber 1 into which air is drawn, an unloader 2
      of the suction-closed type connected thereto, a housing 3, and rotors 5
      housed within a rotor chamber 4 of said housing. The rotor chamber 4 is
      communicated through a discharge port 6 with a discharge chamber 7 and
      said discharge chamber 7 is connected through a port 8 and a check valve 9
      to a discharge pipe 10, which is in turn connected to a reservoir 11 for
      compressed air and oil.
PAR  Coaxially connected to the rotors 5 is an oil delivery pump 12 one side of
      which is connected through a pipe 13, an oil cooler 14 and a pipe 15 to
      the bottom of the reservoir 11 and the other side of which is connected
      through a pipe 16 to the rotor chamber 4. Said reservoir 11 is connected
      through a pipe 17 and a valve 18 to the load.
PAR  When the compressor is actuated, air is drawn through the suction chamber 1
      and unloader 2 into the rotor chamber 4 where it is compressed. The
      compressed air is then discharged through the discharge port 6 into the
      discharge chamber 7 together with the cooling lubricant oil injected by
      the oil delivery pump 12 into the rotor chamber 4. Said compressed air and
      cooling lubricant oil force the check valve 9 to open and are then
      delivered to the reservoir 11 through the port 8.
PAR  When the demand of the load for the compressed air decreases, the unloader
      is actuated to interrupt the introduction of air into the compressor and
      the check valve 9 is closed due to air pressure in the reservoir 11.
PAR  During operation of the compressor, regardless of whether the unloader is
      actuated or not, the cooling lubricant oil is injected from the reservoir
      11 into the rotor chamber 4 by the oil delivery pump 12 through the pipe
      15, oil cooler 14 and pipes 13 and 16. A portion of the oil lubricates the
      bearings of the rotors and is then discharged into the discharge chamber 7
      through the discharge port 6.
PAR  When, as mentioned above, the unloader is actuated to interrupt the
      introduction of air into the compressor and close the check valve 9,
      pressure still remains in the discharge chamber 7 so that a big and
      uneconomical power loss is caused by the rotation of the compressor when
      unloaded.
PAR  Further, a large amount of oil is delivered for cooling and lubricating
      parts of the compressor during unloaded operation. This oil collects in
      the discharge chamber 7 and causes "oil locking" and other bad effects.
PAR  FIG. 2 is a general view of a conventional compressor having improvements
      over the compressor shown in FIG. 1. In this compressor, a pipe 19 from
      the oil cooler 14 is on the one hand connected through a pipe 20, a
      selector valve 21 and a pipe 22 to the oil delivery pump 12, and, on the
      other hand, through a pipe 23, an orifice 24 and a pipe 25 to the rotor
      chamber 4.
PAR  The oil delivery pump 12 is connected through a pipe 26 and a selector
      valve 27 to the pipe 25, said selector valve 27 is connected to the bottom
      of the reservoir 11 through a pipe 28. An intermediate point between the
      discharge port 6 and the check valve 9 is connected to the selector valve
      21 through a pipe 29.
PAR  When the compressor is actuated, oil is introduced from the reservoir 11
      into the oil delivery pump 12 through the pipe 15, oil cooler 14, pipes 19
      and 20, selector valve 21 and pipe 22. Oil discharge from the oil delivery
      pump 12 is injected into the rotor chamber 4 through the pipe 26, selector
      valve 27 and pipe 25 to cool and lubricate the bearings and the rotor
      chamber 4.
PAR  When the demand for compressed air decreases, the unloader 2 is actuated to
      interrupt the introduction of air into the compressor and close the check
      valve 9 and the selector valve 21 and 27 are then actuated to block
      communication between the pipes 22 and 20 and to maintain communication
      between the pipes 22 and 29 and to block communication between the pipes
      26 and 25 and to maintain communication between the pipes 26 and 28. Thus,
      the compressed air remaining in the pipe 10 and the cooling lubricant oil
      discharged into the pipe are withdrawn, through the pipe 29, selector
      valve 21 and pipe 22 by the oil delivery pump 12. Air and oil discharged
      from the oil pump 12 are delivered through the pipe 26, selector valve 27
      and pipe 28 into the reservoir 11. Thus, the pressure at the discharge
      port 6 and in the pipe 10 is reduced to minimize the power loss during the
      unloaded operation so that power saving is possible.
PAR  During such unloaded operation, the supply of cooling lubricant oil to the
      compressor is accomplished by the pressure in the reservoir 11. Oil is
      delivered through the pipe 15, oil cooler 14, pipes 19 and 23, orifice 24
      and pipe 25 into the rotor chamber 4. In this case, since the oil supply
      need not be as great as in loaded operation, the flow rate of oil may be
      controlled by properly selecting the configuration and size of the orifice
      24.
PAR  In this system, the network of pipe lines becomes complicated due to the
      adoption of the selector valves 21 and 27. Therefore fluid resistance
      becomes large and the cost of production may also increase. If these
      valves should fail to operate not only will it become impossible to save
      power but also the resulting insufficiency of oil reaching the compressor
      may cause overheating or even fire. Therefore it may be said that this
      system is not sufficiently safe or reliable for practical application.
      Furthermore, although power saving may be possible during completely
      unloaded operation, no saving can be attained during capacity-controlling
      operation of the compressor at the intermediate state between the fully
      loaded and unloaded states.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a rotary compressor of oil cooling
      type capable of eliminating such defects wherein the pipe line network is
      simplified without employing special selector valves, the cost of
      production is lowered, the possibility of fire or overheating is
      eliminated, power can be saved during capacity-controlling operation at
      the intermediate state between the fully loaded and unloaded states and
      oil-locking and machine breakdown are prevented.
PAR  The rotary compressor of oil cooling type according to the present
      invention comprises an unloader, a housing including a rotor chamber
      therein and connected to said unloader, rotors housed within said housing,
      a reservoir for compressed air and oil connected through a check valve to
      a discharge port of said rotor chamber, and pipes for feeding oil from
      said reservoir into said rotor chamber, the improvement wherein said
      rotary compressor further comprises an oil delivery pump is operatively
      connected to said rotors and an appropriate oil discharge pipe for
      delivering cooling lubricant oil drawn from said discharge port to said
      reservoir by said oil delivery pump.
PAR  Another object of the present invention is to provide a rotary compressor
      of oil cooling type wherein oil of high density within the discharge
      chamber may efficiently extracted.
PAR  The rotary compressor according to the present invention comprises an
      opening communicating said discharge port with said appropriate oil
      discharge pipe which opening is located at the lower level than the port
      communicating said discharge port with said check valve.
DRWD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Now a preferred embodiment of the present invention will be described with
      reference to the drawings.
PAR  FIG. 3 is a vertical section of an embodiment of the rotary compressor
      according to the present invention; and
PAR  FIG. 4 shows the discharge chamber of another embodiment.
DETD
PAR  In FIG. 3, the rotary compressor comprises a suction chamber 1, an unloader
      2 of suction-closed type connected to said suction chamber, a housing 3,
      and rotors 5 housed within a rotor chamber 4 of said housing. The rotor
      chamber 4 is communicated through a discharge port 6 with a discharge
      chamber 7 which is connected through a port 8 and a check valve 9 to a
      discharge pipe 10. Said pipe 10 is in turn connected to a reservoir 11 for
      compressed air and oil. Coaxially connected to the rotor 5 is an oil
      delivery pump 12 which is on the one side connected through a pipe 13, an
      oil cooler 14 and a pipe 15 to the bottom of the reservoir 11 and is on
      the other side connected through a pipe 16 to the rotor chamber 4. The
      reservoir 11 is connected through a pipe 17 and a check valve 18 to the
      load.
PAR  Another oil delivery pump 30 is coaxially connected with said oil pump 12.
      Said second pump 30 is on the one side connected through a pipe 31 to
      another opening 32 provided in discharge chamber 7 and is on the other
      side connected through a pipe 33 to the reservoir 11.
PAR  The opening 32 is located at the lowest portions 34 in the discharge
      chamber 7 and is considerably lower than the port 8.
PAR  When the compressor is actuated, air is introduced through the suction
      chamber 1 and the unloader 2 into the rotor chamber 4 where air is to be
      compressed. The compressed air is discharged through the discharge port 6
      into the discharge chamber 7 together with the cooling lubricant oil
      injected into the rotor chamber 4 by the oil delivery pump 12. The
      compressed air and cooling lubricant oil pass through the port 8, force
      the check valve 9 to open, and then are delivered through the pipe 10 to
      the reservoir 11. If desired, the oil delivery pump 12 may be deleted by
      connecting the pipes 16 and 13 directly so that oil may be injected into
      the rotor chamber 4 by the pressure in the reservoir 11. In this case the
      amount of injected oil becomes to be somewhat unstable.
PAR  When the demand for compressed air decreases, the unloader is actuated to
      interrupt the introduction of air into the compressor and the check valve
      9 is closed by the compressed air in the reservoir 11. During operation of
      the compressor, regardless of whether the unloader is actuated or not, the
      cooling lubricant oil is injected from the reservoir 11 into the rotor
      chamber 4 by the oil delivery pump 12 through the pipe 15, oil cooler 14
      and pipes 13 and 16. A part of the cooling lubricant oil will lubricate
      the bearings of rotors and then be discharged through the discharge port 6
      into the discharge chamber 7.
PAR  The cooling lubricant oil collected in the discharge chamber 7 is drawn
      through the second opening 32 in the discharge chamber 7 and the pipe 31
      by the second pump 30 and then is collected through the pipe 33 in the
      reservoir 11. Thus pressure in the discharge chamber 7 is decreased, the
      power consumption of the compressor being thereby reduced.
PAR  Since a selector valve is not used in the compressor according to this
      invention, there is no danger of fire or overheating and oil locking
      caused by accumulation of oil in the discharge chamber may also be
      prevented. Furthermore, since said pump 30 is always actuated at the time
      the compressor rotates, power saving is possible not only during fully
      unloaded operation, but also during partially loaded operation or during
      controlled-capacity operation in the intermediate state between the fully
      unloaded and fully loaded operation.
PAR  The opening 32 is located at the lowest portion 34 of the discharge chamber
      7 and is considerably lower than the port 8. Thus the delivery pump 30
      scarcely draws air from the discharge chamber 7. Power required for the
      pump 30 is extremely small and negligible.
PAR  In another embodiment shown in FIG. 4, a discharge chamber 7' is provided
      with a port 8' and a check valve 9' at one side of its upper portion, an
      opening 32' being located at the lowest portion of the discharge chamber
      7'.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotary compressor of the oil cooling type comprising: an unloader,
      a housing including a rotor chamber therein and connected to said
      unloader, rotors housed within said housing, said rotor chamber having a
      discharge port from which an oil-air mixture is discharged under pressure,
      and a discharge chamber which is in communication with said discharge
      port, a check valve with a further port provided in said discharge
      chamber, discharge conduit means communicated with said discharge chamber
      through said check valve and said further port, a reservoir for compressed
      air and oil connected at an air space formed therein to said discharge
      pipe, and second conduit means communicated with said reservoir at the oil
      space therein and said rotor chamber, said discharge chamber having a
      second opening which is positioned at a lower portion than said further
      port, whereby oil is separated from the oil-air mixture and collected in
      said lower portion, an oil discharge pump drivably connected to one of
      said rotors, said oil discharge pump being connected at one side to said
      second opening through third conduit means and at the other side to said
      reservoir through fourth conduit means whereby the oil is delivered from
      the discharge chamber to the reservoir continuously during operation of
      the compressor.
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ABST
PAL  The corner seals and apex seals in a rotary engine are structured to permit
      coil springs to be concentrically arranged with and bias the corner seals.
BSUM
PAR  This invention relates to a corner seal coil spring arrangement for a
      rotary engine and more particularly to a coil spring that is
      concentrically arranged with and biases the corner seals.
PAR  In current commercial rotary engines, it is common practice to have a gas
      sealing grid on the rotor which includes corner seals that provide sealed
      junctures between apex seals and side seals. In such an arrangement, the
      springs which bias the corner seals against the engine's stationary side
      walls are typically horseshoe shaped leaf or wire springs that produce
      unbalanced off-center loading which may bind the corner seals and, in
      addition, are limited to a load based on maintaining a reasonable spring
      rate.
PAR  An object of the present invention is to provide a new and improved corner
      seal coil spring arrangement for a rotary engine.
PAR  Another object is to provide a corner seal coil spring arrangement for a
      rotary engine that provides balanced loading on the corner seal that is
      not limited by a reasonable spring rate.
PAR  Another object is to provide a corner seal coil spring arrangement for a
      rotary engine wherein the coil spring is mounted concentric with the
      corner seal in a space formed by restructuring of both the corner seal and
      apex seal to provide balanced loading on the corner seal to avoid binding
      of the corner seal with such loading not limited by the maintenance of a
      reasonable spring rate.
DRWD
PAR  These and other objects of the present invention will become more apparent
      from the following description and drawing in which:
PAR  FIG. 1 is an elevational view with parts in section of a rotary combustion
      engine having corner seal coil spring arrangements according to the
      present invention.
PAR  FIG. 2 is a view of the engine taken along the line 2--2 in FIG. 1.
PAR  FIG. 3 is an enlarged view of one corner of the rotor in FIG. 1 showing one
      of the corner seal coil spring arrangements.
PAR  FIG. 4 is a view taken along the line 4--4 in FIG. 3.
PAR  FIG. 5 is a perspective view of the apex seal end pieces that assist in
      accommodating the corner seal coil springs.
DETD
PAR  The corner seal coil spring arrangement according to the present invention
      is for use in rotary engines including rotary combustion engines,
      compressors, pumps and the like. Referring to FIG. 1, the rotary engine
      may, for example, be an internal combustion engine of current production
      type having a stationary outer body comprising a rotor housing 10 having
      an inwardly facing inner peripheral wall 12 and a pair of end housings 14
      and 16 having parallel, oppositely facing, spaced, inner end walls 18 and
      20, respectively. The housing parts are rigidly secured together by bolts,
      not shown, with the inner walls 12, 18 and 20 cooperatively providing a
      cavity. Referring to FIG. 2, the peripheral wall 12 is in the shape of a
      two-lobe epitrochoid or a curve parallel thereto whose centerline is
      indicated at 24. A crankshaft 26 extends through the cavity and is
      rotatably supported in bearing lined collars 28 and 30 that are bolted to
      the end housings 14 and 16, respectively, as shown in FIG. 1, the
      crankshaft axis being coincident with the centerline 24, parallel to the
      peripheral wall 12 and perpendicular to the end walls 18 and 20. The
      crankshaft 26 is provided in the cavity with an eccentric 32 whose
      centerline 33 parallels the crankshaft axis 24. A rotor 34 has a central
      hub having a bearing press-fitted therein which is received on the
      eccentric 32 whereby the rotor 34 is supported in the cavity for rotation
      about the eccentric's centerline 33 which is thus the rotor's axis. The
      rotor 34 has the general shape of a triangle with three outwardly facing
      convex peripheral flanks or faces 35 which face the peripheral wall 12 and
      parallel sides 36 which face the end walls 18 and 20. As the rotor turns
      with respect to the peripheral wall 12 on the turning crankshaft 26, each
      of the rotor's corners or apexes 37 remains close to the peripheral wall
      12 whereby the rotor faces 35 cooperate with the wall 12 and also with the
      end walls 18 and 20 to define three variable volume working chambers 38
      that are spaced around the rotor and move with the rotor within the
      housing as the rotor rotates about its axis while planetating with respect
      to the crankshaft axis.
PAR  With the two-lobed peripheral wall 12 and the three corner rotor 34, each
      of the working chambers 38 sequentially expands and contracts between
      minimum and maximum volume twice during each rotor revolution in fixed
      relation to the housing by forcing the rotor to rotate at one-third the
      speed of the crankshaft. This is accomplished by gearing comprising an
      internal tooth gear 39 which is concentric and integral with rotor 34. The
      gear 39 meshes with an external tooth gear 40 which is received with
      clearance about and is concentric with the crankshaft 26 and is made
      stationary by being formed integral with the right-hand collar 30 as shown
      in FIG. 1. The gear 39 has one and one-half times the number of teeth as
      the gear 40 to provide the required speed ratio of 3:1 between the
      crankshaft and rotor.
PAR  A combustible air-fuel mixture from a suitable carburetor arrangement, not
      shown, is made available to the working chambers 38 as they expand through
      an intake port 41 in rotor housing 10 as the rotor rotates in the
      direction indicated by the arrow in FIG. 2. A single channel or recess 43
      is provided in the center of each chamber face of the rotor to provide for
      the transfer of working gases past the peripheral wall's cusp 45 when a
      rotor face is near its top-dead-center position, as shown in FIG. 2, so
      that the chambers are not divided by the cusp 45 at the time when
      combustion is to occur therein. A spark plug 46 is mounted in the rotor
      housing 10 adjacent the cusp 45 with its electrodes exposed to the working
      chambers. As the rotor planetates, the working chambers successively draw
      in fuel mixture as the leading rotor corners pass the intake port 41. The
      trailing corner of the rotor for each chamber then closes this chamber to
      the intake port whereafter the fuel mixture is thus trapped and then
      compressed and when the rotor face of this chamber is in the vicinity of
      top-dead-center, this mixture is ignited at the completion of the
      compression phase, there being provided a suitable ignition system, not
      shown, for providing voltage to the spark plug at the proper time. Upon
      ignition of the mixture in each working chamber the peripheral wall takes
      the reaction forcing the rotor to continue turning while the gas is
      expanding. The leading rotor corner of each working chamber eventually
      traverses an exhaust port 48 in the rotor housing as they again contact
      whereby the exhaust products are then expelled to complete the cycle.
PAR  Sealing of the chambers 38 for such four-cycle internal combustion engine
      operation is mandatory and is typically provided by three apex seals 50
      which are rectangularly shaped in cross-section as shown in FIG. 4, and
      are each mounted in an axially extending radially outwardly facing
      rectangularly shaped slot 52 that is located in each apex or corner 37 of
      the rotor and extends the axial width thereof as shown in FIG. 1. Three
      arcuate shaped side seals 54 are mounted in accommodating axially
      outwardly facing grooves 56 in each rotor side and extend adjacent a rotor
      face between two apex seals 50 and are urged by wave springs 58 located
      therebehind to engage the opposing end wall. Furthermore, three
      cylindrically shaped corner seals 60 are each mounted in a cylindrical
      hole 62 in each rotor side corner with each corner seal urged to engage
      the opposing end wall by corner seal coil spring arrangements according to
      the present invention as described in more detail later and providing a
      sealed juncture between the adjacent ends of two side seals 54 and one
      apex seal 50 as shown in FIG. 4. In addition to this gas sealing
      arrangement or grid there is also provided radially inward thereof a
      circular oil seal 64 that is mounted in an accommodating axially outwardly
      facing groove in each rotor side and is urged by a wave spring 66 to
      engage the opposing end wall.
PAR  In the gas sealing arrangement at each corner of the rotor as best shown in
      FIGS. 1, 3 and 4, the apex seal 50 in this instance is a three-piece seal
      which is chosen for very tight sealing. The apex seal comprises a center
      piece 68 for engaging the peripheral wall 12 and a pair of identical end
      pieces 70 for engaging the opposing end walls 18 and 20. The apex seal
      center piece 68 and end pieces 70 have mating ramps or inclined interfaces
      72 and 74 and a leaf spring 76 which is seated at its middle on the bottom
      of the apex seal slot 52 engages at or near its outer ends with the bottom
      of the end pieces 70 to apply a radially outwardly acting force thereon.
      In response, the mating ramps 72 and 74 provide a wedging action that
      forces the center apex seal piece 68 radially outwardly against the
      peripheral wall 12 while the end pieces 70 are forced axially outwardly
      against the opposing end walls 18 and 20. Furthermore, each of the corner
      seals 60 has a rectangularly shaped radially outwardly facing slot 78
      which closely receives the adjoining apex seal end piece 70 to permit
      sliding therebetween in mutually perpendicular directions of movement on
      the rotor while sealing is maintained therebetween. Typically, the corner
      seals 60 are biased to continuously engage the respective end walls 18 and
      20 by separate leaf or wire springs located between the flat C-shaped
      inner end 80 of the corner seals and the flat C-shaped bottom 82 of the
      accommodating corner seal holes 62. These typical corner seal springs have
      a horseshoe shape when viewed from the front and a .gamma. shape when
      viewed from the side and as a result, they effect off-center loading on
      the corner seal which may restrict the movement thereof, and unless
      restrained from turning relative to the corner seals may engage at one end
      with one side of the apex seal and restrict its movement. Furthermore,
      such springs are normally limited to applying a load on the corner seal
      based on maintaining a reasonable spring rate and may as a result not have
      a high enough spring load to overcome the frictional forces produced by
      carbon deposits and varnish that accummulate as a result of combustion.
      Such known corner seal spring designs are disclosed in U.S. Pat. No.
      3,711,229.
PAR  According to the present invention there are provided balanced biasing
      loads on the corner seals by concentrically arranged multi-coil coil
      springs whose loads are not limited by the maintenance of a reasonable
      spring rate. This is accomplished by forming a concentric blind bore or
      hole 84 in the backside of each corner seal 60 which may extend about half
      the length thereof as shown in FIG. 3. In addition, there is formed both a
      triangular shaped notch 86 with chamfers 88 on either side in the
      interface 74 of each end apex seal piece 70 and a triangular shaped notch
      90 without chamfers in each interface 72 of the apex seal center piece 68.
      The blind bore 84 in each corner seal 60 cooperates with the rectangularly
      shaped opening through the apex seal provided by the notch 86 in the apex
      seal end piece 70 and the notch 90 in the apex seal center piece 68 to
      provide an annular space 92 within the confines of hole 62 and about the
      end of the apex seal spring 76 concentric with the corner seal 60 and it
      is in this space that a coil spring 94 having a plurality of turns is
      mounted. With the multi-turn coil spring 94 which is so compactly arranged
      in concentric relationship with the corner seal, there is thus provided
      balanced loading on the corner seal and with a substantially greater
      amount of elastic travel within the stress limits of the spring's material
      as compared with the typical corner seal spring of stamped sheet metal or
      single loop wire. Thus the coil spring 94 can provide higher spring loads
      on the corner seal with reasonable spring rates as compared with the
      typical corner seal leaf or single loop wire spring arrangement.
PAR  The above described embodiment is illustrative of the invention which may
      be modified within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a rotary machine, a housing having an inwardly facing inner
      peripheral wall and a pair of spaced oppositely facing inner end walls, a
      rotor rotatably mounted in said housing having sides opposite said end
      walls and a plurality of corners that remain adjacent said peripheral wall
      as said rotor rotates, said rotor and said housing walls cooperatively
      defining a plurality of chambers separated by said rotor corners that
      expand and contract as said rotor rotates, each said rotor corner having
      an apex seal slot extending thereacross facing radially outwardly toward
      said peripheral wall, each said rotor side at each corner having a corner
      seal hole immediately joining with one of said apex seal slots and facing
      outwardly toward one of said end walls, each said rotor side further
      having a side seal groove extending along the periphery of said rotor side
      and joining at opposite ends with two of said corner seal holes, apex seal
      means mounted in each said apex seal slot and extending at opposite ends
      into the adjoining corner seal holes, a side seal mounted in each said
      side seal groove and extending at opposite ends into the adjoining corner
      seal holes and engaging the opposite end wall, a corner seal mounted in
      each said corner seal hole for engaging the opposite end wall, each said
      corner seal having a centerline and a periphery engaged by the ends of two
      adjoining side seals and also having an apex seal slot receiving the
      adjoining apex seal means whereby the corner seal provides a sealed
      juncture between the adjoining apex seal means and two side seals, a leaf
      spring having a center portion seated on the bottom of each apex seal slot
      in said rotor and having end portions extending into the adjoining corner
      seal holes to engage and urge the apex seal means radially outward against
      said peripheral wall, each said corner seal having a relieved portion in
      the backside thereof, and each said apex seal means having a relieved
      portion cooperating with the relieved portion in the adjoining corner seal
      to provide an annular space about the adjoining spring end portion
      concentric with the corner seal and within the accommodating corner seal
      hole between the corner seal and the bottom of the accommodating corner
      seal hole, and a multi-coil coil spring mounted in each said annular space
      concentric with the adjoining corner seal for biasing the corner seal
      outward against the opposite end wall.
NUM  2.
PAR  2. In a rotary machine, a housing having an inwardly facing inner
      peripheral wall and a pair of spaced oppositely facing inner end walls, a
      rotor rotatably mounted in said housing having sides opposite said end
      walls and a plurality of corners that remain adjacent said peripheral wall
      as said rotor rotates, said rotor and said housing walls cooperatively
      defining a plurality of chambers separated by said rotor corners that
      expand and contract as said rotor rotates, each said rotor corner having
      an apex seal slot extending thereacross facing radially outwardly toward
      said peripheral wall, each said rotor side at each corner having a
      cylindrical corner seal hole immediately joining with one of said apex
      seal slots and facing outwardly toward one of said end walls, each said
      rotor side further having a side seal groove extending along the periphery
      of said rotor side and joining at opposite ends with two of said corner
      seal holes, apex seal means mounted in each said apex seal slot and
      extending at opposite ends into the adjoining corner seal holes for
      engaging said peripheral wall, a side seal mounted in each said side seal
      groove and extending at opposite ends into the adjoining corner seal holes
      and engaging the opposite end wall, a cylindrical corner seal mounted in
      each said corner seal hole for engaging the opposite end wall, each said
      corner seal having a centerline and a periphery engaged by the ends of two
      adjoining side seals and also having an apex seal slot receiving the
      adjoining apex seal means whereby the corner seal provides a sealed
      juncture between the adjoining apex seal means and two side seals, a leaf
      spring having a center portion seated on the bottom of each apex seal slot
      in said rotor and having end portions extending into the adjoining corner
      seal holes to engage and urge said apex seal means radially outward
      against said peripheral wall, each said corner seal and adjoining apex
      seal means having recesses cooperatively providing an annular space about
      the adjoining spring end portion concentric with the corner seal and
      within the accommodating corner seal hole between the corner seal and the
      bottom of the accommodating corner seal hole, and a multi-coil coil spring
      mounted in each said annular space concentric with the adjoining corner
      seal for biasing the corner seal outward against the opposite end wall.
NUM  3.
PAR  3. In a rotary machine, a housing having an inwardly facing inner
      peripheral wall and a pair of spaced oppositely facing inner end walls, a
      rotor rotatably mounted in said housing having sides opposite said end
      walls and a plurality of corners that remain adjacent said peripheral wall
      as said rotor rotates, said rotor and said housing walls cooperatively
      defining a plurality of chambers separated by said rotor corners that
      expand and contract as said rotor rotates, each said rotor corner having
      an apex seal slot extending thereacross facing radially outwardly toward
      said peripheral wall, each said rotor side at each corner having a
      cylindrical corner seal hole immediately joining with one of said apex
      seal slots and facing outwardly toward one of said end walls, each said
      rotor side further having a side seal groove extending along the periphery
      of said rotor side and joining at opposite ends with two of said corner
      seal holes, apex seal means including a center piece and two end pieces
      having inclined interfaces mounted in each said apex seal slot and
      extending at opposite ends into the adjoining corner seal holes, a side
      seal mounted in each said side seal groove and extending at opposite ends
      into the adjoining corner seal holes and engaging the opposite end wall, a
      cylindrical corner seal mounted in each said corner seal hole for engaging
      the opposite end wall, each said corner seal having a centerline and a
      periphery engaged by the ends of two adjoining side seals and also having
      an apex seal slot receiving the adjoining apex seal means whereby the
      corner seal provides a sealed juncture between the adjoining apex seal
      means and two side seals, a leaf spring having a center portion seated on
      the bottom of each apex seal slot in said rotor and having end portions
      extending into the adjoining corner seal holes to engage said apex seal
      end pieces whereby said inclined interfaces act to force the apex seal end
      pieces axially outwardly against the opposite end walls and also force the
      apex seal center piece radially outward against said peripheral wall, each
      said corner seal having a concentric blind bore in the backside thereof,
      and said interfaces of said apex seal pieces having triangular shaped
      notches cooperating with the blind bore in the adjoining corner seal to
      provide an annular space about the adjoining spring end portion concentric
      with the corner seal and within the accommodating corner seal hole between
      the corner seal and the bottom of the accommodating corner seal hole, and
      a multi-coil coil spring mounted in each said annular space concentric
      with the adjoining corner seal for biasing the corner seal outward against
      the opposite end wall.
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PAL  This press comprises a frame structure, an unloading station on one side of
      said frame structure, a mold, a cross member extending over said frame
      structure and movable in relation thereto between a molding position in
      which the upper portion of the mold is vertically aligned with the lower
      portion of the mold, and an unloading position in which said upper mold
      portion is vertically aligned with said unloading station. The cross
      member is mounted in cantilever fashion at one end to a support having a
      vertical axis and is adapted to pivot about this vertical axis and slide
      along said support. The press is intended notably for vulcanizing tires
      and affords a considerable reduction in the mold loading and unloading
      time while being more reliable in operation.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to presses, notably for vulcanizing
      tires, of the type comprising a frame structure, an unloading station
      located on one side of said structure; a mold having a lower portion
      supported by said structure and an upper portion, a cross member from
      which said upper mould portion is suspended, said cross member extending
      over said frame structure and being movable in relation thereto between a
      moulding position in which said upper mold portion is vertically aligned
      with the lower mold portion and an unloading position in which said upper
      mold portion is vertically aligned with the unloading station.
PAR  2. Description of the prior art
PAR  Most modern vulcanizing presses are equipped with means for automatically
      loading the crude tyre to be vulcanized, the cured tyre being subsequently
      unloaded by means of a roller conveyor.
PAR  As a rule, the vulcanization cycle takes place automatically and the major
      fraction of the cycle time is devolved to the tyre curing process, and the
      mould opening time, crude time, crude tyre loading time, cured-tyre
      unloading time and mould re-closing time constitute but a small fraction
      of the total cycle time (about eight percent under the most propitious
      circumstances). Since the operator entrusted with the vulcanization
      operation must also suply crude tyres to several presses, there is
      provided in front of each vulcanization cavity (as a rule two such
      cavities are provided in each press) a stocking cradle adapted to receive
      a crude tyre substantially at any time during the vulcanization cycle.
      Thus the operator is alllowed a certain flexiblity as far as the loadinng
      time is concerned, a feature not obtainable if the tyre were to be mounted
      directly on the loader. With this system, one tyre is undergoing the
      vulcanization step while another tyre is waiting on the loader and a third
      tyre is placed on the stocking cradle by the operator.
PAR  On the other hand, a cured tyre is unloaded either before or while loading
      a crude tyre, according to the press design. Thus, in a first type of
      known press in which the cured tyre is discharged before starting the
      fitting of the crude tyre into the lower mould portion, there is provided,
      for loading crude tyres to be vulcanized, a loader supported by a hanger
      pivoted to the frame structure of the press and adapted, with the
      assistance of a hydraulic or pneumatic cylinder and piston actuator and
      clamps (internal or external clamps, according as the tyre is a
      conventional one or a radial-ply one), to pick up the crude tyre to be
      vulcanized from the stocking cradle, hold this tyre waiting during the
      vulcanization and unloading of the tyre being vulcanized, then position
      the crude tyre to be vulcanized in vertical alignment with the lower mould
      portion before releasing said tyre and moving back to pick up another
      crude tyre from the stocking cradle. The known presses of this first type
      further comprise, for unloading the cured tyres, at least one roller
      discharge conveyor adapted to be moved and positioned by suitable means
      under the cured tyre previously lifted with the upper portion of the mould
      up to a predetermined level above the lower mould portion, and arranged
      with a view to allow the cured tyre to slide down to another conveyor
      constituting a general cured-type collecting system for a series of
      presses.
PAR  In a second known type of presses of the kind currently referred to as
      "slide back" presses, wherein the loading operation and the unloading
      operation take place simultaneously, the tyre loader is connected with the
      press closing cross member and this member has two degrees of liberty. In
      other words, the cross member can move along a vertical path and along a
      horizontal path. With this arrangement, while the mould is closed and a
      tyre is undergoing the vulcanization process, the loader can pick up a
      crude tyre automatically from the stocking cradle and hold it waiting. At
      the end of the vulcanization step, the press is opened and the cross
      member is caused to move horizontally or substantially horizontally with
      the upper portion of the mould, and also with the cured tyre, to a
      position located above a roller conveyor where the cured tyre is released.
      During this horizontal or substantially horizontal movement of the cross
      member, the loader connected with said cross member is moved to a position
      in which it is in vertical alignment with the press cavity (i.e., the
      lower portion of the mould) so that a crude tyre can be positioned in turn
      into this mould portion.
PAR  Hitherto known presses of the two above-described types however have
      various inconveniences. Thus, notably, in the first case there is a
      likelihood of not properly removing or clearing out the discharge conveyor
      during the mould closing step, for example in cae of electric or pneumatic
      failure in the means controlling the movement of said discharge conveyor;
      it is obvious that in this case very serious damages would result.
      Moreover, the loading and unloading times are considerably longer since
      these two operations take place in succession.
PAR  In the second case, the loading time and unloading time are shorter than in
      the first case, but still relatively long due to the considerable inertia
      developing in the press. Moreover, owing to the specific design of the
      assembly, a constant vertical movement of the cross member is necessary,
      whatever the vertical dimension of the mould, and this also causes a loss
      of time when the press is operated for vulcanizing relatively small tyres.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the main object of the present invention to provide a press
      for vulcanizing tyres which provides the advantageous features of
      simultaneous loading and unloading, but without the inconveniences
      characterizing known presses of said first and second types.
PAR  More particularly, the present invention is directed to provide a press
      which is particularly reliable in operation and capable of reducing
      considerably the loading and unloading times.
PAR  To this end, the invention provides a press of the type referred to above,
      characterized in that the cross member is mounted at one end in cantilever
      fashion to a support having a vertical axis, and so arranged that it can
      both pivot about the vertical axis of said support and slide therealong.
PAR  According to another feature characterizing this invention, the loader is
      connected to said cross member for movement therewith in such a manner
      that, when said cross member is in it moulding position, said loader is
      vertically aligned with the loading station, and that, when said cross
      member is in its unloading position, said loader is vertically aligned
      with the lower portion of the mould so as to load same, in a manner
      somewhat similar to that observed in known presses of the second type
      mentioned hereinabove.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of this invention will appear as the
      following detailed description thereof proceeds with reference to the
      attached drawings, in which
PAR  FIG. 1 is an elevational view, with parts shown in vertical section, of a
      press according to a first embodiment of this invention.
PAR  FIG. 2 is a top plan view of the press shown in FIG. 1.
PAR  FIG. 3 is a fragmentary section taken along the line III--III of FIG. 2.
PAR  FIG. 4 is a fragmentary view similar to FIG. 1 showing a modified
      embodiment of this invention, and
PAR  FIG. 5 is a top plan view showing another possible embodiment of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The press illustrated diagrammatically in FIGS. 1 and 2 of the drawings
      comprises a frame structure 1 and an interchangeable mould 2 consisting in
      a manner known per se of a lower portion 2a detachably mouted to, and
      supported by, said frame structure 1, and of an upper portion 2b
      detachably mounted in a substantially bell-shaped support 2c suspended in
      turn from a cross member 3 extending over the frame structure 1 and
      movable in relation thereto. The mould proper may be of the shell type or
      of the segment type, according as it is intended for curing conventional
      tyres or radial ply tyres. These two types of moulds and the various
      control means associated therewith, for example for operating the mould
      segments and for positioning and centering the uppor bead of the tyre,
      which means are also supported by said cross member 3 or said bell-shaped
      support 2c, are well known in the art and therefore do not need a detailed
      description herein, inasmuch as they are not necessary for a complete
      understanding of the present invention.
PAR  In a manner known per se a bayonet-type locking device is provided for
      locking the bell-shaped support 2c in relation to the frame structure 1.
      This locking device comprises a ring 4 of substantially cylindrical
      configuration, rotatably mounted to said frame structure 1 but held
      against vertical movement in relation thereto, and drive means, for
      example in the form of a doubleacting cylinder and piston actuator 5
      pivoted at one end to the frame structure 1 and at the opposite end to
      said ring 4 for rotating this ring 4 about its vertical axis which is also
      the axis of the lower portion 2a of mould 2. As shown more in detail in
      FIG. 1, this ring 4 has formed at spaced intervals along its upper edge
      internal projections 4a which are adapted, when the ring 4 is rotated in
      one direction, to register with underlying projections 6 formed at spaced
      intervals on the outer surface, and along the lower edge of, the
      bell-shaped support 2c so as to lock said bell-shaped support in relation
      to the frame structure 1 or, when said ring 4 is rotated in the opposite
      direction, to disengage said projections 6 in order to release the
      bell-shaped support 2c from the frame structure 1 and to permit the
      opening of the mould by lifting its upper portion.
PAR  In the locked condition of the lower and upper mould portions the necessary
      sealing pressure may be provided also in a manner known per se by either
      inflating an annular bladder 7 or actuating pneumatic or hydraulic
      cylinder and piston units. The ring 4 is designed with a view to withstand
      the sealing pressure transmitted to the upper portion of the mould, so
      that this pressure is not applied to the cross member 3 and therefore the
      latter can be constructed in a considerably lighter fashion. This cross
      member 3 may thus assume the shape of a relatively light box-sectioned
      beam having a relatively low inertia.
PAR  According to a typical feature characterizing this invention, the cross
      members consists of a cantilever beam having one end rigidly mounted to a
      support consisting of a vertical upright, and this beam is adapted both to
      pivot about the vertical axis of said upright and to slide therealong. As
      illustrated more in detail in FIGS. 1 and 3, said support, according to a
      first embodiment of the present invention, may consist of a vertical
      cylindrical tubular post or upright 8 rotatably mounted in the frame
      structure 1 by means of a pair of bottom and intermediate bearings 9.
      Thus, said cross member 3 is rigidly secured at one end, for example by
      welding, to a cylindrical sleeve 11 slidably mounted on said tubular post
      or upright 8.
PAR  Elevator means 12 are provided for positively driving up- and downwards the
      sleeve 11 along the post 8 and thus move the cross member 3 to the desired
      vertical position. As shown in FIG. 3, these elevator means 12 may
      comprise another cylindrical sleeve 13 rotatably mounted on an downward
      extension of the first cylindrical sleeve 11 by means of a pair of
      bearings 14 also acting as axial thrust bearings, a radial arm 15 rigidly
      secured, for example by welding, to said cylindrical sleeve 13, and
      driving means operatively connected to said arm 15 and adapted to move
      same vertically. The arm driving means may consist for instance of a ball
      screw 16 extending vertically adjacent to the cylindrical post 8. Said
      ball screw 16 has its lower end rotatally mounted by means of a bearing 17
      in the frame structure 1, and it is rotatably driven from a power and
      reduction unit 18 mounted in the frame structure and adapted to drive a
      pinion 19 rigidly fastened to a lower extension of said ball screw 16.
      When driven for rotation this ball screw causes the translation of a ball
      nut 21 engages thereon and rigidly connected to said arm 15. At its free
      end the arm 15 carries a pair of rollers 22 adapted to roll along a pair
      of vertical races 23 formed on the inner surfaces of the lateral wings of
      a vertically extending channel member 24 (see notably FIG. 2) so as to
      provide an accurate guiding of said arm 15. At its upper end, the member
      24 carries a bearing 25 in which the ball screw 16 is journalled.
PAR  Furthermore, drive means are provided for pivoting the cross member 3 about
      the vertical axis of the support, i.e. the tubular post 8. As shown more
      particularly in FIGS. 2 and 3, these drive means may comprise for example
      a crank arm 26 rigidly secured to said cylindrical post 8, power means,
      for example in the form of a hydraulic or pneumatic double acting cylinder
      and piston actuator 27 operatively connected to the crank arm 26, and a
      pair of complementary coupling means adapted, when said cross member 3 is
      in its uppermost position, to transmit to said cross member the movement
      of rotation impressed by the actuator 27 via said crank arm 26 to said
      cylindrical post 8. As illustrated more particularly in FIG. 1, these
      complementary means may comprise for instance a socket 28 carried by said
      cross member, and a top stud 29 carried by a radial arm 31 secured to the
      upper end of the cylindrical post 8, said stud 29 being engageable by said
      socket 28 when the cross member 3 is raised to its uppermost position by
      the above-described elevator means.
PAR  With this arangement, when the cross member 3 and the upper portion of the
      mould are lifted by said elevator means, the socket 28 engages the stud 29
      so that the actuator 27 can be operated to pivot the assembly comprising
      said cross member and said upper mould portion through a predetermined
      angle about the axis of the cylindrical post 8 and thus bring the upper
      portion of the mould in vertical alignment with the unloading station or
      vice versa, i.e., from this position to the actual moulding position
      illustrated in FIGS. 1 and 2. The unloading station may consist in a
      manner known per se of a small roller conveyor 32 disposed on one side of
      the press and leading to another, larger conveyor acting for example as a
      main or general collector for a series of presses. In the moulding
      position of the assembly comprising the cross member and the upper mould
      portion a roller 33 mounted for loose rotation to the free end of cross
      member 3 is guided between the side wings of a vertical channel-shaped
      guide member 34 secured at its lower end to the frame structure 1. When
      the cross member 3 is moved from its upper position to its lower position
      for moulding a tyre (FIG. 1), the roller 33 engages at the end of this
      stroke said channel-shaped guide member 34 and thus the upper portion of
      the mould is properly centred in relation to the lower portion of the
      mould.
PAR  In addition, this press comprises a loading station located at the opposite
      side of the frame structure in relation to the unloading station. This
      loading station may consist for example of a stocking cradle for receiving
      a crude tyre 35 to be vulcanized, and a loader 36 connected to said cross
      member 3 and adapted to pick up the crude tyre 35 from said stocking
      cradle and transfer same to the upper portion of the mould and deposit the
      crude tyre into this mould portion. The loader 36, which may be for
      example of the type disclosed in the U.S. Pat. No. 3,809,423 is secured to
      the free end of a horizontal arm 37 having its opposite end connected to
      said cross member 3. The dimensions and shape of this horizontal arm 37
      are such that the loader and the upper portion of the mould have their
      vertical axes equally spaced from the vertical axis of the tubular post 8
      and located in respective vertical planes containing the vertical axis of
      said post 8, said planes forming between them an angle equal to the
      above-mentioned predetermined angle, i.e. 90.degree. in FIG. 2. Thus, when
      the cross member 3 is in the moulding position illustrated in FIG. 2, the
      loader 36 is in vertical alignment with the loading station and, after a
      rotation of 90.degree., when the cross member 3 has been brought above the
      unloading station 32, said loader 36 is exactly in vertical alignment with
      the lower portion of the mould 2, so that the loading and unloading
      operation can take place simultaneously.
PAR  FIG. 4 illustrates a modified embodiment of the present invention wherein
      the cross member 3 is secured to a sleeve 40 mounted for rotation and
      axial sliding movement on a vertical hollow cylindrical post 38 rigidly
      secured to the frame structure 1. In this case, the elevator means
      comprise power means 39, for example in the form of a motor and reduction
      gearing unit supported by the upper end of post 38, and a ball screw 41
      rotatably driven from said unit 39 and engaging internal threads formed in
      or equivalent means carried by, the cross member 3, for controlling the
      vertical movements of said cross member 3.
PAR  With this modified arrangement, the means for pivoting the cross member 3
      about the vertical axis of post 38 may comprise a vertical shaft 42
      mounted for coaxial rotation within the hollow post 38 by means of
      bearings 43 and 44, a crank arm 45 similar to the crank arm 26 of the
      preceding embodiment, which is rigidly secured to the lower end of shaft
      42, and power means such as a double acting cylinder and piston unit 46
      similar to the actuator 27 of the preceding embodiment, which is connected
      to the crank arm, 45 so as to cause the vertical shaft 42 to rotate about
      its vertical axis. Moreover, the power and reduction gearing unit 39 is
      rigidly secured to the upper end of shaft 42 in order to transmit through
      the ball screw 41 the movement of rotation from said shaft 42 to cross
      member 3.
PAR  In contrast to the arrangement illustrated in FIGS. 1 to 3, in which it was
      necessary to wait until the cross member 3 reached substantially its
      uppermost position and the socket 28 was engaged on stud 29 before the
      cross member 3 could be pivoted about the vertical axis of tubular post 8,
      the modified structure proposed in FIG. 4 is advantageous in that the
      cross member 3 can be pivoted about the axis of the cylindrical post 38
      and shaft 42 as soon as the cross member 3 has been lifted to an extent
      sufficient to enable the upper portion of the mould to clear the lower
      portion thereof, so that the time necessary for performing the loading and
      unloading operations can be reduced considerably.
PAR  FIG. 5 illustrates another modified embodiment of the invention in which
      the predetermined angle of pivotal movement of cross member 3 about the
      vertical axis of the cylindrical hollow post 8 from the moulding position
      to the unloading position is about 75.degree.. In this case, the roller
      conveyor 32 must be slightly off-set to the left in relation to the
      postion illustrated in FIG. 2. This arrangement is advantageous in that
      said roller conveyor 32 does not project beyond the right-hand side 1a of
      the press, and that the upper portion of the mould does not project or
      projects only slightly beyond this side 1a of the press frame structure
      when the cross member is in its unloading position, so that it is possible
      to join or disposed the frame structures 1 of several presses side by side
      without any loss of floor space, as evidence by the top plan view of FIG.
      5.
PAR  However, if the embodiment shown in this FIG. 5, the arm 37 supporting the
      loader 36 has the same dimensions and shape as the arm described with
      reference to the embodiment of FIGS. 1 to 3 of the drawings, some
      arrangements must be made to cause the loader 36 to describe a circular
      arc of 90.degree. while the cross member privots through an angle of only
      75.degree.. This can be obtained, as illustrated in FIG. 5, by providing a
      pivot shaft 47 for mounting the arm 37 on cross member 3, and also by
      providing a cylinder and piston actuator 48 connected at one end to the
      cross member 3 and the opposite end to the arm 37, this actuator being
      monitored to cause the loader 36 to move through a 90.degree. arc while
      the cross member pivots through an angle of about 75.degree..
PAR  On the other hand, through the modified construction shown in FIG. 5
      utilizes the same elevator means as those incorporated in the structure of
      FIGS. 1 to 3, and also the same means for pivoting the cross member about
      the vertical axis of cylindrical post 8, it is clear that the means
      described hereinabove with reference to FIG. 4 could be substituted for
      said same means.
PAR  Besides,it will be readily understood by those conversant with the art that
      the various embodiments described hereinabove with reference to the
      attached drawings are given by way of example, not of limitation, and that
      many modifications and changes may be brought thereto without departing
      from the basic principles of the invention as set forth in the appended
      claims.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. a press for vulcanizing tires, which comprises a frame structure, an
      unloading station located on one side of said frame structure, a mold
      comprising a lower portion supported by said frame structure and an upper
      portion, a cross member from which said upper mold portion is suspended,
      said cross member extending over said frame structure and being movable in
      relation thereto between a molding position in which said upper mold
      portion is vertically aligned with said lower mold portion and an
      unloading position in which said upper mold portion is vertically aligned
      with said unloading station, wherein said cross member is mounted at one
      end in overhanging relationship to a support having a vertical axis, said
      cross member being so arranged that it can both pivot about the vertical
      axis of said support and slide therealong.
NUM  2.
PAR  2. A press as set forth in claim 1, which further comprises elevator means
      operatively connected to said cross member for causing same to slide along
      said vertical axis of said support.
NUM  3.
PAR  3. A press as set forth in claim 2, wherein first drive means are provided
      and arranged for pivoting said cross member about said vertical axis of
      said support.
NUM  4.
PAR  4. A press as set forth in claim 3, wherein said support consists of a
      vertical cylindrical post rotatably mounted in said frame structure, said
      cross member being rigidly secured to a cylindrical sleeve slidably
      mounted on said cylindrical post.
NUM  5.
PAR  5. A press as set forth in claim 4, wherein said elevator means comprise a
      second cylindrical sleeve rotatably mounted, but held against axial
      movement in relation to said first cylindrical sleeve, a radial arm
      rigidly secured to said second sleeve and second drive means operatively
      connected to said radial arm and adapted to move same vertically.
NUM  6.
PAR  6. A press as set forth in claim 5, wherein said second drive means
      comprise a ball screw extending vertically and laterally to said
      cylindrical post and rotatably mounted in relation to said frame
      structure, first power means being provided for rotating said ball screw
      in either direction, and a nut engaging said ball screw and rigidly
      secured to said radial arm so as to move same vertically.
NUM  7.
PAR  7. A press as set forth in claim 4, wherein said first drive means comprise
      a crank arm rigidly secured to said cylindrical post, second power means
      connected to said crank arm, and a pair of complementary coupling means
      carried by said cross member and said cylindrical post, respectively, at
      the upper end of said post, and engageable one in the other when said
      cross member is brought to its uppermost position by said elevator means,
      and thereby allowing the transmission of the rotational movement from said
      cylindrical post to said cross member.
NUM  8.
PAR  8. A press as set forth in claim 3, wherein said support consists of a
      hollow vertical cylindrical post rigidly secured to said frame structure,
      said cross member being rigidly secured to a cylindrical sleeve adapted
      both to slide axially and rotate on said cylindrical post.
NUM  9.
PAR  9. Press as set forth in claim 8, wherein said elevator means comprise
      first power means supported by the upper end of said cylindrical post and
      a ball screw rotatably driven from said first power means and operatively
      connected to said cross member in order to control the vertical movement
      thereof.
NUM  10.
PAR  10. A press as set forth in claim 9, wherein said first drive means
      comprise a vertical shaft rotatably and coaxially mounted within siad
      cylindrical post, a crank arm rigidly secured to the lower end of said
      shaft and second power means operatively connected to said crank arms,
      said first power means being rigidly secured to the upper end of said
      shaft in order to transmit through said ball screw the rotational movement
      of said shaft to said cross member.
NUM  11.
PAR  11. A press as set forth in claim 1, which further comprises a loading
      station and a loader connected to said cross member to move therewith,
      whereby, when said cross member is in the molding position, it is
      vertically aligned with the loading station, and when said cross member is
      in the unloading position, it is vertically aligned with the lower portion
      of the mold for loading same.
NUM  12.
PAR  12. A press as set forth in claim 11, wherein said loader is secured to the
      free end of a horizontal arm having its opposite end connected to said
      cross member, the dimensions and shape of said arm being such that said
      loader and the upper portion of the mold have their vertical axes equally
      spaced from the vertical axis of the cross member support and in
      respective vertical planes containing the vertical axis of said support,
      said planes forming a predetermined angles with each other.
NUM  13.
PAR  13. A press as set forth in claim 12, wherein said predetermined angle is
      equal to 90.degree. and said loader station, the lower portion of said
      mold and said unloading station are disposed at a 90.degree. relative
      angular spacing in said order along the circumference of a circle centred
      to said vertical support axis.
NUM  14.
PAR  14. A press as set forth in claim 12, wherein said predetermined angle is
      equal to 90.degree., said loading station and the lower portion of said
      mold being spaced angularly by 90.degree. from each other, the lower
      portion of said mold and said unloading station being spaced about
      75.degree. from each other along the circumberence of a circle centered to
      the vertical axis of said support, the arm supporting said loader at one
      end being pivoted at its opposite end to said cross member, a cylinder and
      piston actuator connected at one end to said cross member and at the
      opposite end to said arm being monitored to cause said loader to describe
      a 90.degree. circular arc path during the 75.degree. pivotal movement of
      said cross member.
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ABST
PAL  The invention relates to a system for propulsion utilizing a vapor heat
      transfer generator to create high pressure steam directly from water vapor
      which is transferred to rotary cylinder motors of positive displacement
      design, which are run on ball and roller bearings to eliminate friction
      facilitating high speed operation.
PARN
PAR  This is a division of application Ser. No. 165,987, filed July 26, 1971 now
      U.S. Pat. No. 3,820,335.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Present propulsion systems for automobiles as well as other means of
      movement are plagued with difficulties. The present internal combustion
      engine utilizes a carburetor which must be constantly cleaned and
      adjusted, an ignition system that must be constantly replaced, a
      transmission that needs adjustment and often replacement and brakes that
      must be relined often.
PAR  Furthermore, the high output of exhaust products including carbon monoxide
      and unburned hydrocarbons has caused an atmospheric pollution problem that
      has already reached the danger level.
PAR  It is an object of the present invention to develop a smog-free propulsion
      system, low in cost, free from service and replacement of parts, and light
      in weight.
PAR  It is a further object of this invention to provide a high pressure steam
      propulsion system that can be utilized for automobile travel and other
      means of propulsion.
PAR  The system of the present invention utilizes no carburetor, no spark plugs,
      points or distributor, no crank case, transmission or differential oil, no
      transmission, no drive shaft, no rear axle or differential and no separate
      brake system requiring adjustment or replacement.
PAR  The system of the present invention utilizes high pressure steam, is light
      in weight, low in cost and is smogfree.
PAR  The system further is far less noisy than the traditional internal
      combustion engine as power is from a continuous flow of steam rather than
      an explosion or pulsation and the fuel is non-explosive.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram showing the flow of steam through the system.
PAR  FIG. 2 is a side elevation of the steam production system of the present
      invention.
PAR  FIG. 3 is a cross-section taken on lines 3--3 of FIG. 2.
PAR  FIG. 4 is a cross-sectional view of the motor of the system taken through
      its center line.
PAR  FIG. 5 is a cross-sectional view of the motor of the system taken on lines
      5--5 of FIG. 4.
PAR  FIG. 6 is a side elevation partially broken away on lines 6--6 of FIG. 5.
PAR  FIG. 7 is a cross-sectional view along the same lines as FIG. 5 but showing
      the motor turned 60 degrees.
PAR  FIG. 8 is a cross-sectional view through the central axis showing a
      back-to-back arrangement of the water motor and pump assembly.
DETD
PAR  Referring now to FIG. 1, there is shown a schematic of the steam flow
      wherein the flow from the steam supply 10 passes through a throttle valve
      12 to a four-way reverse valve 14 and then to the motor or motors 16.
PAR  Referring to FIG. 2 there is shown the steam generation system. Turning on
      the ignition switch (not shown) starts the burner motor 18, the igniter
      20, and the fuel solenoid 19. This heats the generator 21. When the
      temperature reaches a predetermined level, for example 350.degree. F., the
      thermal switch 22 turns on the starter motor 24, and also the water
      solenoid 26 shown in FIG. 3.
PAR  This pumps water vapor into the generator 21 building steam pressure. When
      the pressure reaches a predetermined level, for example 200 psi, a
      pressure switch (not shown) turns off the starter motor 24 and opens a
      second solenoid 28 and steam motor 30 takes over the operation of pump 32
      during the further operation of the system.
PAR  When the pressure reaches a further predetermined level, for example 310
      psi, pressure switch 34 closes solenoid 28 reducing pressure and
      temperature and regulates the pressure at operating conditions between 295
      psi and 310 psi for example, by opening and closing solenoid 28.
PAR  When the maximum operating temperature, 500.degree. F. for example, is
      reached temperature switch 22 opens fuel bypass solenoid 36 reducing the
      fuel volume and temperature and turns on and off solenoid 36 to maintain
      the operating temperature in operating limits such as 475.degree. F. to
      500.degree. F. The operation is fully automatic.
PAR  When the system reaches full power, pressure and temperature, steam will
      flow from steam supply line 38 to the throttle valve 12 as shown in FIG.
      1, through four-way reverse valve 14 to the motor or motors 16 and return
      to the surge tank 40. The steam will then travel to the condenser 42 and
      back to the hot well 44.
PAR  Referring also to FIG. 3, the generator 21 consists of an outer shell 46
      with insulation 48. Water exits from the water supply pump 32 via supply
      line 50 and enters the generator 21 through dual entry lines 52. The water
      passes through fog nozzles 54 into a central feed line 56 into a second
      fog nozzle 58. By passing through the fog nozzles in this manner the water
      is in the form of water vapor more easily converted to steam. Dual entry
      lines and fog nozzles are provided, as shown in FIG. 3, to provide a
      greater volume of water vapor.
PAR  Water vapor usage rather than water liquid allows the radiating surfaces to
      be increased in temperature to 550.degree. F. to allow for greater volume
      of heat transfer than prevails in a water tube boiler. Water is an
      insulating medium that prevents the temperature of the heat transfer
      surfaces from rising above 250.degree. F. whereas this generator does not
      utilize water allowing the greater heat radiation. Having no water in the
      generator at the start, metal surfaces heat very rapidly and there is
      therefore a short heat-up period, after which steam is generated
      instantly.
PAR  The vapor then passes into an entry tube 60 which leads to outer jacket
      spiral 62. As the vapor passes through spiral 62 it is heated by an inner
      radiant tube 63 and an outer radiant tube 65 which are heated by flame
      from the burner system. The steam then passes, as stated, through pressure
      switch 34 to steam supply line 38.
PAR  A pump 64 run by burner motor 18 pumps fuel through the motor shaft 67 of
      pump 64 to aspirator 68 into the center of generator 21 to heat the water
      vapor in the generator. Blower 66 introduces air through louvers 84 into
      the combustion area.
PAR  Louvers 84 cause the air from blower 66 and the fuel from aspirator 68 to
      mix and flow into the combustion area.
PAR  The action of the apirator 68 draws hot gases from the combustion area into
      the louver 84 area causing the fuel droplets to turn to gas by the heat of
      the hot gases so that the fuel when burned is a gas. This allows more
      oxygen to mix with the gaseous fuel causing complete combustion not
      attainable with liquid fuel droplets.
PAR  Burner exhaust leaves the generator through exhaust 80. A pressure relief
      valve 82 is provided in the event the steam pressure gets abnormally high
      in the generator 21.
PAR  A fan 70 run by motor 32 through axle 72 and a belt 74 cools the condenser
      to condense the steam to water returning to hot well 44. An alternator 76
      is operated by motor 32 through axle 72 and a belt 78 to provide
      electrical energy for the electrical system.
PAR  Referring now to FIGS. 4, 5, 6, and 7 there is shown the steam motor
      portion of the system. The motor is encased in an outer shell 86
      cylinderical in shape. Multiple rotor blades or vanes 88, 90, 92, which
      may vary in number depending upon the particular design, rotate by steam
      pressure between rotating cylinder 94 and rotating disc 96. Said rotor
      blades 88, 90, 92 are slidingly engaged in a rotating carrier 98, said
      blades 88, 90, 92 being able to slide in a direction perpendicular to the
      outer circumference of carrier 98.
PAR  The disc 96 causes the rotor blades 88, 90, 92 to remain in contact with
      rotating cylinder 94 at all times.
PAR  A pin 97 in carrier 98 engages in a slot in the rotating cylinder 94
      causing cylinder 94 to rotate together with carrier 98. As the carrier 98
      rotates, pin 97 slides in and out of the slot in the rotary cylinder 94
      because the relationship between the carrier 98 and cylinder 94 changes
      during rotation.
PAR  As the steam from the generator 21 via steam supply line 38 and after
      passing through throttle valve 12 and four-way reverse valve 14 enters the
      motor through an entrance port 100, the steam forces rotor 90, as shown,
      in a clockwise rotation until the steam reaches an outlet port 102 at
      which time the steam is returned to the surge tank 40.
PAR  Wheels (not shown) are mounted on motor shaft 120 which is fixedly attached
      to carrier 98, thus rotating as the steam rotates carrier 98 by forcing
      the rotor blades 88, 90, 92 in a clockwise direction. The wheels can be
      operated in the reverse direction by changing the position of four-way
      reverse valve 14 which causes the steam to enter the motor by port 102 and
      exit by port 100 causing the rotor blades 88, 90, 92 to rotate
      counter-clockwise.
PAR  Closing the throttle valve 12 will cause the motor to build up pressure and
      brake the rotation of the rotor blades, thus braking the wheels.
PAR  The motor assembly of the rotating cylinder 94, the rotor blades or vanes
      88, 90, 92 and the disc 96 rotate as a unit around one center. The shaft
      120 and carrier 98 rotate around another center. This causes the blades
      88, 90, 92 to slide in and out of the carrier 98 exposing the blades to be
      forced in a circular pattern by steam pressure and retracting into the
      carrier 98 on the opposite side leaving no space for steam to leak which
      would cause steam pressure in the opposite direction.
PAR  The shaft 120 rotates with a minimum of friction within outer shell 86 due
      to roller bearings 104, 106, 108 and 110.
PAR  Carrier 98 and outer shell 86 are held in position by thrust bearings 112,
      114, 116 and 118.
PAR  Referring now to FIG. 6 there is shown the outer shell 86, shaft 120 and
      the inlet port 100 for the steam.
PAR  FIG. 7 shows the motor with the rotor blades turned 60 degrees to show the
      release of the steam through exit port 102.
PAR  FIG. 8 shows the back-to-back arrangement of the motor and water pump
      assembly of this invention showing the outer shells 120 and 122. Rotor
      blades 124 and 126 rotate between rotary cylinders 128 and 130 and discs
      132 and 134.
PAR  A back-to-back arrangement as described is utilized to provide the steam
      motor-pump arrangement 30, 32 used in the generator stage of this system.
      The steam motor must be larger than the water pump portion to provide
      greater pressure to force water vapor into the generator.
PAR  Many of the individual parts required to construct the system of the
      present invention are well known are are available commercially, for
      instance fog nozzles as described are availabe in a variety of types such
      as those manufactured by Bette and the burner motor and pump assembly is
      standard, manufactured by large pump manufacturers.
PAR  The system can be totally lubricated and anti-freeze protection provided by
      the addition of a silicone compound which travels through the system
      constantly with the steam. The rotary cylinder motor mounts in and drives
      each wheel, thus braking power is provided by action of the motor itself.
      The motor is practically friction-free with positive displacement and is
      so powerful it does not require gearing down to start the car, for
      instance.
PAR  The oil burner, furnishing the heat to make the steam, changes the fuel to
      gas and can burn jet fuel, light deisel oil, gasoline or any distillate
      without making smog.
PAR  In operation, one horsepower will require about 2545 BTU. One pound of fuel
      will generate about 19,000 BTU, one gallon (about eight pounds) about
      152,000 BTU. Six gallons will generate about 912,000 BTU equalling 360
      horsepower.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. A rotary cylinder positive displacement motor comprising:
PA1  a. an outer cylinderical shell
PA1  b. an inner rotating cylinder
PA1  c. a carrier adapted to receive
PA1  d. rotor blades which slide in said carrier
PA1  e. a rotating disc to position said rotor blades
PA1  f. a motor shaft rotatably mounted on roller bearings attached to said
      carrier
PA1  g. ports for the introduction and release of steam adapted to cause said
      rotors to rotate within said outer shell
PA1  h. a thrust bearing assembly interconnecting said outer shell and said
      cylinder
PA1  i. a second thrust bearing assembly interconnecting said disc and said
      outer shell
NUM  2.
PAR  2. A rotary cylinder positive displacement motor comprising, an outer
      cylindrical shell having first and second ports and closed ends, each end
      having an aperture eccentric to the axis of the cylindrical shell, a
      cylinder having one closed end with a central aperture therein, said
      cylinder being concentrically mounted in said second outer cylindrical
      shell for rotation, the outer periphery of said cylinder being spaced from
      the inner periphery of said second outer shell, a thrust bearing assembly
      interconnecting the first of said closed ends of said second shell and the
      closed end of said cylinder, a shaft rotatably mounted on roller bearings
      in the eccentric apertures of said second outer shell and passing through
      the central aperture in said cylinder, a carrier fixedly mounted
      concentrically to said shaft, said carrier having a plurality of radial
      slots therein, an annular disc surrounding said shaft and having a second
      thrust bearing assembly interconnecting said disc and the second closed
      end of said second outer shell, said disc being concentric to said
      cylinder, a plurality of vanes being slidably supported in each of said
      plurality of slots, each of said vanes having a first end in contacting
      relationship with the outer periphery of said annular disc and a second
      end in contacting relationship with the inner periphery of said cylinder.
NUM  3.
PAR  3. The motor of claim 2 including means for loosely connecting said
      cylinder and said carrier.
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PAL  An improved process and apparatus for production of synthetic
      multifilamentary yarns having uniform quality. The method comprises
      extruding a molten synthetic polymer downwardly through a spinneret,
      advancing the extruded filaments downwardly through a substantially
      stationary column of heated air, and subsequently advancing the filaments
      downwardly through a quenching zone wherein they are in contact with
      cooling air introduced into the path of the filaments under controlled
      conditions of air velocity and direction of flow. The apparatus for
      carrying out the process comprises an extrusion spinneret for extruding a
      number of filaments directly into a heated sleeve having walls that are
      imperforate, said heated sleeve leading to a quenching chamber having
      opposite, essentially vertical inlet and outlet panels for allowing
      cooling air to pass through the chamber, and means for regulating the
      stream of cooling air whereby both the velocity of the air stream going
      through the quenching chamber and its general direction as it contacts the
      descending filaments may be regulated.
PARN
PAR  This is a division of application Ser. No. 473,260, filed May 24, 1974.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved apparatus for production of synthetic
      multifilamentary yarns having uniform quality from high molecular weight
      linear polymers, in particular polyesters, according to an improved melt
      spinning process.
PAR  An important area of use of such synthetic multifilamentary yarns is the
      production of tire cord. A number of high polymers are well suited for
      this utility, especially polyesters and polyamides; however, in the
      following description reference will be made particularly to filaments of
      polyethylene terephthalate.
PAR  Since tire cord and the structures formed from it are among the essential
      construction elements for the safety and useful life of a tire, high
      quality requirements are naturally placed on such endless filaments. In
      view of the alternating stretching and compression stresses which tires
      experience in operation, a necessary precondition for the use of synthetic
      multifilamentary yarns for tire cord is an adequate fatigue resistance of
      the filaments. For optimum results, it is critical that the individual
      filaments be substantially uniform. Accordingly, it is common practice to
      determine the coefficient of variation of the evenness of the yarn (U %)
      using an Uster evenness tester as manufactured by the Zellweger Company of
      Uster, Switzerland, and described in "Handbood of Textile Testing and
      Quality Control" by E. Groover and D. S. Hamby.
PAR  Polyethylene terephthalate has come into strong prominence in the last few
      years for use in tire cord production. Polyethylene terephthalate
      unfortunately undergoes a considerable thermal decomposition between the
      conclusion of the production of the spinning raw material (raw polymer
      melt) and its subsequent shaping into threads. This thermal decomposition
      can be reduced if the molten spinning raw material is maintained for as
      short a time and at as low a temperature as possible. However, the
      residence time of the spinning melt in the spinning apparatus is
      prescribed by the dimensions of the apparatus, and the lower limit of the
      spinning temperature is determined by the highly undesirable condition of
      melt fracture. Where melt fracture occurs, the spun, unstretched filaments
      do not have a smooth or even surface, and exhibit fluctuations in diameter
      which are unacceptable for use in tire cord.
PAR  It is evident from this that the spinning requirements are diametrically
      opposed. On the one hand, low melt temperature is required for low
      decomposition, and on the other hand, high spinning temperature is
      required for trouble-free spinning. It has been suggested that this
      problem may be overcome by supplying the polymer melt for melt spinning at
      a temperature below the spinning temperature and heating the melt prior to
      filament formation. Normally, the required increase in the temperature of
      the melt is accomplished by use of a spinning assembly that includes a
      spinning filter disposed upstream of the spinneret plate, the pressure
      drop across said spinning filter being at least about 150 atmospheres.
PAR  Unfortunately, the polyester yarn made in accordance with known processes
      is not completely satisfactory. In particular, fused filaments and
      excessive variation in the evenness of filaments (U %) has been noted when
      the polymer melt is extruded through the spinneret at a rate of about 50
      pounds per hour or greater. Problems in fiber uniformity have been
      particularly troublesome in so-called double-end melt spinning of
      synthetic fibers, i.e., using one spin pot to feed both sides of a "split"
      spinneret. Accordingly, research has been continued in an effort to solve
      these deficiencies.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved apparatus for preparing
      synthetic multifilamentary yarns having uniform quality. The process may
      be summarized as follows:
PAR  In a process for the production of a synthetic multifilamentary yarn from a
      high-molecular weight thermoplastic polymer, selected from the group
      consisting of linear polyester and polyamide polymers, by melt-spinning,
      including the steps of supplying a melt of said polymer at a temperature
      below the spinning temperature, and heating the melt to spinning
      temperature prior to filament formation, the improvement which comprises:
PAR  a. extruding the molten synthetic polymer at a rate of at least 50 pounds
      per hour downwardly through a spinneret having a plurality of extrusion
      orifices.
PAR  b. advancing the extruded filaments downwardly through a substantially
      stationary column of air having a temperature of 100.degree. to
      330.degree.C. immediately below the spinneret, the average distance
      between adjacent filaments immediately below the spinneret being at least
      0.24 inch, preferably 0.28 to 0.4 inch; and
PAR  c. subsequently advancing the filaments downwardly through a quenching zone
      wherein they are in contact with cooling air introduced into the path of
      the filaments, said air contacting said filaments transverse,
      countercurrent and cocurrent in progressive order of their movement
      through said quenching zone, said air contacting the filaments at a
      volumetric rate of 100 to 800 cubic feet of air per pound of filaments
      entering the quenching zone.
PAR  The apparatus for carrying out the process of the present invention
      comprises a spinning unit comprising a spinning pump, a spinneret, and a
      spinning filter disposed between said pump and said spinneret, for
      extruding a plurality of filaments downwardly into a heated sleeve, the
      wall of said heated sleeve being imperforate and secured to the spinneret
      in an air-tight manner, said heated sleeve leading downwardly in an
      air-tight manner, said heated sleeve leading downwardly to a quenching
      chamber having an inlet and an outlet for allowing cooling air to pass
      through the chamber and means for regulating the stream of cooling air
      passing through said chamber whereby both the volumetric rate of the air
      stream and its general direction as it contacts the descending plurality
      of filaments may be regulated.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic front view of the preferred apparatus used for the
      process of this invention.
PAR  FIG. 2 is a schematic side view of the preferred apparatus used for the
      process of this invention.
PAR  FIG. 3 is a perspective view of the quenching chimney labeled 6 in FIGS. 1
      and 2, parts having been broken away to reveal details of construction.
PAR  FIG. 4 is a schematic of a two end embodiment of the draw panel labeled 9
      in FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  It has now been found that synthetic multifilament yarn, e.g., polyethylene
      terephthalate multifilament yarn, including such yarn of high denier per
      filament, e.g., 20 to 50 denier per filament (undrawn) can be melt spun
      continuously at high production rates such as 50 to 90 pounds per hour,
      and this yarn can be continuously drawn without an intermediate step of
      winding up, at draw ratios of at least 4:1. These results are achieved in
      accordance with this invention, by employing a controlled quenching of the
      melt spun filaments under critical conditions whereby the coefficient of
      variation of the evenness of the yarn (U %) is not above 10. More
      specifically, in accordance with the present process, a relatively large
      number of heavy filaments are extruded downwardly into a substantially
      stationary column of air having a temperature of 100.degree. to
      330.degree.C. and a height of from 0.5 to 2 feet, preferably 1 to 1.5
      feet, immediately below the spinneret, the distance between adjacent
      filaments immediately below the spinneret being preferably 0.28 to 0.4
      inch, and subsequently advancing the filaments through a quenching zone
      wherein they are contacted with cooling air entering the zone at a
      volumetric flow rate of 100 to 800, preferably 200 to 700 cubic feet of
      air (measured at standard temperature and pressure) per pound of entering
      filaments, the air being at inlet temperature preferably not above
      35.degree.C. Especially effective is a split flow of air in the cooling
      zone, said air contacting the filaments transverse, countercurrent, and
      cocurrent in progressive order of their movement through the quenching
      zone, whereby the temperature of said filaments is reduced to not over
      55.degree.C.
PAR  One preferred embodiment of this invention is directed to an improved melt
      spinning process and apparatus involving double-end spin-draw and take-up
      for multifilament synthetic polymer fibers. The accompanying drawings
      illustrate the preferred apparatus.
PAR  Referring to FIGS. 1 and 2, like numbers indicate like apparatus. Molten
      polymer is fed by extruder 1 to spinning pump 2 which feeds spinning block
      3 containing a conventional spinning pot, not shown, including a spinneret
      and a spinning filter disposed between said spinning pump and said
      spinneret. The spinning pot spinneret is divided into two parts by means
      of an undrilled stripe wide enough to form a visible stripe between the
      two multifilament continuous ends 4 and 5. Said multifilament continuous
      ends 4 and 5 are extruded from the spinneret at a rate of at least 50
      pounds per hour, preferably 50-90 pounds per hour, and are passed
      downwardly through a heated sleeve 15 immediately below the lower part of
      the spinneret. The heated sleeve has a baffle 16 forming an inwardly
      extending flange at the end of the heated sleeve remote from the spinneret
      to minimize the flow of cooling air into the heated sleeve. The two
      multifilament continuous ends are cooled in quenching chimney 6 (described
      hereinafter and shown in FIG. 3), pass over finish roll 7 through two
      guides 8 to draw panel 9 (described hereinafter and shown in FIG. 4). Then
      the two ends, 4 and 5 pass to winder 10 through transverse guide, not
      shown, mounted on a cam in cam housing 11 which traverses the yarn across
      drive roll 12 which drives chucks 13 and 14 by surface driving a package
      of yarn. Each end is separately wound up on chucks 13 and 14.
PAR  As previously mentioned, FIG. 3 shows a preferred embodiment of quenching
      chimney 6 shown in FIGS. 1 and 2. The multifilament continuous ends 4 and
      5 pass downwardly from the heated sleeve 15 through heated sleeve baffle
      16 directly into the top of quenching chimney 6. Quenching chimney 6 is an
      elongated chimney at least 60 inches in height, preferably 60 to 80 inches
      in height, which is rectangular in cross-section and provided with
      imperforate top, rear, and side walls. The front of the chimney is
      partially covered by an imperforate door 31 which terminates short of the
      top of the wall and presents an open passage for air discharging from the
      chimney 6. At the lower rear side thereof, the quenching chimney 6
      communicates with a duct 32 through which quenching air at substantially
      room temperature is introduced. The interior of quenching chimney 6 is
      partitioned by a perforated distribution plate 34 and a distribution
      screen 35, which forms the boundary between a plenum chamber 36, to which
      air is introduced from inlet duct 32, and a quenching chamber 37 through
      which the multifilament continuous ends 4 and 5 pass. In the top portion
      of quenching chamber 37 above door 31, provision is made for a plurality,
      preferably 2 to 5, parallel baffles 38 of shaped profile which form
      sections 39 intended to provide guided travel of the air stream transverse
      to the movement of the multifilament continuous ends 4 and 5 through said
      top portion of quenching chamber 37. The multifilament continuous ends 4
      and 5 pass through the length of quenching chamber 37 and leave the
      quenching chamber, preferably through a shaped baffle 33 at the bottom of
      said chamber. The quenching air enters the plenum chamber 36 through duct
      32, passes through distribution plate 34 and distribution screen 35 to the
      quenching chamber 37. The direction of air flow in quenching chamber 37 is
      indicated by arrows in FIG. 2 and FIG. 3. As shown by these arrows, the
      quenching air preferably contacts the filaments, transverse,
      countercurrent, and cocurrent in the progressive order of their movement
      through the quenching chamber 37. Preferably, 2 to 5 parallel baffles 38
      are used; however the baffle requirement depends somewhat on the denier
      produced and the throughput as shown in the specific examples.
PAR  FIG. 4 shows the preferred embodiment for a two end embodiment for the draw
      panel 9 shown in FIGS. 1 and 2. Yarn passes from the quenching chimney 6
      to a pretension roll 21 with its accompanying separator roll 21a, then
      into first feed roll pair Godet rolls 22 and 23, then through the draw
      point localizer 29 which can be a conventional heated pin or a steam jet,
      then to a draw roll pair of Godet rolls 24 and 25, then to a relaxation
      pair of Godet rolls 26 and 27 and optionally through an entangling
      apparatus such as a conventional steam or air operated interlacing jet,
      and on to winder 10 as shown in FIGS. 1 and 2.
PAR  It is important that the above-described process and apparatus of the
      present invention permits a significant increase in production capacity of
      a polymer spinning operation. In some cases, it is practical to convert a
      single-end fiber plant to double-end plant with only simple changes in the
      original equipment, the yarn production being increased for example by a
      factor of 2. Also, the present invention substantially overcomes problems
      of poor yarn quality such as the formation of loose filament loops and
      broken filaments. Further, the present invention greatly improves the
      mechanical quality problems of double-end spinning caused by fused,
      filaments and filament irregularity in undrawn filaments.
PAR  In order to demonstrate the invention, the following examples are given.
      They are provided for illustrative purposes only and are not to be
      construed as limiting the scope of the invention, which is defined by the
      appended claims. In these examples, parts and percentages are by weight
      unless otherwise indicated. The intrinsic viscosity of the polyester is
      given as a measure for the mean molecular weight, whcih is determined by
      standard procedures wherein the concentration of the measuring solution
      amounts to 0.5 g/100 ml., the solvent is a 60 percent phenol-40 percent
      tetrachloroethane mixture, and the measuring temperature is 25.degree.C.
      In the examples, the diameter fluctuations along an unstretched bundle of
      filaments serve as a measure of uniformity. For high quality yarn, it is
      important that the filaments be substantially uniform. Accordingly, the
      coefficient of variation of the evenness (U %) is determined using an
      Uster evenness tester manufactured by the Zellweger Company of Uster,
      Switzerland and described in "Handbood of Textile Testing and Quality
      Control" by E. Groover and D. S. Hamby.
PAC  EXAMPLE 1
PAR  A melt of polyethylene terephthalate having an intrinsic viscosity of about
      0.92 was supplied at a rate of 60 pounds per hour, at a temperature of
      about 291.degree.C., to the apparatus shown in FIGS. 1 to 4. The molten
      polymer was fed by extruder 1 to spinning pump 2 which fed spinning block
      3 containing a conventional spinning pot comprising a spinning filter and
      a spinneret, the spinning filter being disposed between the spinning pump
      and the spinneret. The spinning filter consisted of a conventional sieve
      filter combination of 24 metal screen layers. The pressure drop through
      said spinning filter averaged 200 to 400 atmospheres. The spinning pot was
      enclosed in a controlled high temperature atmosphere so that loss of heat
      from the polymer was minimized. The melt enthalpy increase through the
      pump and sieve filter was sufficient to heat the melt at a point
      immediately above the spinneret to about 305.degree.-310.degree.C., and
      the pressure at this point was about 50 atmospheres. The flow of polymer
      through the spinneret was maintained at a constant rate of 60 pounds per
      hour by spinning pump 2.
PAR  The spinning pot spinneret was divided into two parts by means of an
      undrilled "stripe" wide enough to form a visible split between the
      multiple ends below the spinneret. The spinneret was preferably positioned
      with respect to the quenching chimney 6 so that the stripe was parallel to
      the side walls of said chimney and therefore to the flow of cooling air
      through the top portion of said chimney. The spinneret plate had 384 holes
      (192 holes on each side of the undrilled stripe), each of 0.018 inch
      diameter, spaced so that the distance between the filaments formed was
      0.28 to 0.40 inch immediately below the spinneret.
PAR  From said spinneret there was extruded two ends of multifilament,
      continuous filament yarn, and the two ends were passed downwardly into a
      substantially stationary column of air contained in a heated sleeve 15,
      about 15 inches in height, disposed surrounding and immediately beneath
      the spinneret. The air temperature in the heated sleeve was maintained at
      about 300.degree.C. at the top of the sleeve, decreasing to about
      115.degree.C. at the bottom. The temperature of the metal in the heated
      sleeve was about 330.degree.C. at the top and 220.degree.C. at the bottom
      of the sleeve. The minimum distance between filaments at the bottom of the
      heated sleeve was about 0.24 inches. A heated sleeve baffle 16 was
      provided at the bottom of the heated sleeve forming an inwardly extending
      flange to minimize flow of cooling air into the heated sleeve.
PAR  Yarn leaving the heated sleeve was passed directly into the top of
      quenching chimney 6, shown in detail in FIG. 3. The quenching chimney was
      an elongated chimney 70 inches in height, substantially rectangular in
      cross-section and provided with imperforate top, rear and side walls. The
      front of the chimney was partially covered by an imperforate door 31 which
      terminated about 17.5 inches short of the top wall and presented an open
      passage for air discharging from the chimney. The interior of the
      quenching chimney was partitioned by a perforated distribution plate 34
      and distribution screen 35, which formed the boundary between plenum
      chamber 36 and quenching chamber 37. Quenching air at about 25.degree.C.
      and 65% relative humidity was supplied to plenum chamber 36 from inlet
      duct 32, at about 200 cubic feet of air per pound of filaments entering
      the quenching chamber 37.
PAR  The two ends of multifilament, continuous filament yarn were advanced
      downwardly through quenching chamber 37 wherein they were in contact with
      the cooling air introduced into the path of the filaments. Four horizontal
      parallel baffles 38 approximately 3 inches apart vertically and extending
      down about 12 inches from the top of quenching chamber 37 were used to
      provide transverse contact of the cooling air with the filaments in the
      top portion of the quenching chamber. In the middle portion of the
      quenching chamber below the horizontal baffles 38, the cooling air was
      deflected upward by imperforate door 31 and flowed substantially
      countercurrent to the movement of the filaments, said air leaving the
      quenching chamber via the opening above imperforate door 31. Part of the
      cooling air flowed out of the bottom of the quenching chamber with the
      filaments, and the air flow in the bottom zone of the quenching chamber
      was substantially cocurrent to the movement of the filaments. This novel
      quenching system increased quenching efficiency significantly as evidenced
      by air temperature and air velocity profiles. The number of horizontal
      stack baffles 38 required to obtain improved undrawn yarn quality was
      preferably 2 to 5 as shown in Example 2. The temperature of the cooled
      yarn at the bottom of quenching chamber 37 was about 50.degree.C. In the
      present example, where polyester was supplied at 60 pounds per hour, 4
      parallel horizontal baffles 38 gave high quality yarn; the coefficient of
      variation of the evenness of the undrawn yarn (U %) was not above 10 over
      an extended period of operation.
PAR  The two ends of cooled, multifilament continuous filament yarn were
      advanced downwardly, preferably through a shaped baffle 33 at the bottom
      of quenching chamber 37. The ends were separated by guides 8 located below
      a lubricating finish applicator 7. Following lubrication, the ends passed
      through a guide separation to pretension roll 21 with its accompanying
      separator roll 21a, shown in FIG. 4. The yarn was then passed over cold
      feed roll pair Godet rolls 22 and 23, then through a draw point localizer
      which was a conventional steam jet, then to a draw roll pair of Godet
      rolls 24 and 25 operated at about 145.degree.C. and traveling at a speed
      5.0 to 6.6 times faster than the feed roll, then to a relaxation pair of
      Godet rolls 26 and 27, and optionally through an entangling apparatus such
      as a conventional air operated interlacing jet, and on to winder 10 to
      shown in FIGS. 1 and 2. Typical yarn prepared at a draw ratio of 6 had the
      following properties:
TBL  Denier                 1,000                                              
     Tenacity, g/d          9.25                                               
     Elongation, %          13.5                                               
     Shrinkage, %           9.5                                                
PAR  It will be understood that the above-described draw panel can be modified
      if desired. For example, the yarn may be drawn on a seven roll panel or on
      a four roll panel. However, regardless of panel set up, the draw panel
      process steps involve pretensioning to provide yarn stability on the rolls
      and on entry of the yarn into the draw point localizer steam jet, feed
      rolls to provide constant yarn supply to the draw zone, a draw point
      localizer to provide draw-down point in the draw zone, draw rolls to
      maintain constant draw ratio and relax rolls to provide for control of
      yarn physical properties. Optionally, a yarn compaction jet may be used
      before or after the relax rolls to provide yarn entanglement.
PAC  EXAMPLE 2
PAR  A series of tests were carried out to produce yarn using the process and
      apparatus for Example 1 but modifying various factors to show the
      criticality of the process and apparatus elements required to produce high
      quality yarn, particularly yarn wherein the coefficient of variation of
      the evenness of the undrawn yarn (U %) is not above 10. Most important
      effect noted was the interaction effect resulting when the cooling air
      introduced into the path of the filaments contacts the filaments
      transverse, countercurrent and cocurrent in progressive order of their
      movement through the quenching chamber. With use of the preferred
      apparatus, the air flow was easily controlled by adjusting the height and
      position of the imperforate door 31 and the number and position of the
      parallel baffles 38 at the top portion of quenching chamber 37.
      Particularly desirable results were obtained by a combination wherein the
      imperforate door 31 blocked 70-80%, preferably about 75% of the lower part
      of the front of the quenching chamber 2 to 5 horizontal baffles 38 were
      used in the top portion of the quenching chamber. The following table
      indicates the criticality of various elements. In these tests, the
      standard deviation (.sigma.) of the Uster value (U %) was about 1.0%, and
      a difference of 3% or more between values is significant at greater than
      the 99% level.
TBL                TABLE I                                                     
     ______________________________________                                    
     Quenching Chamber Trials                                                  
     (1,000 Denier Yarn at 60 Pounds/Hour Throughput)                          
     Number of                                                                 
     Baffles (Heated                                                           
     Sleeve Baffle    Door         Uster Value                                 
     Used)            Blockage     (U %)                                       
     ______________________________________                                    
     None             Lower 75%    25                                          
     1                Lower 75%    14                                          
     2                Lower 75%     9                                          
     3                Lower 75%     9                                          
     4                Lower 75%     8                                          
     5                Lower 75%     8                                          
     None             Lower 75%    24                                          
     None              Open        14                                          
     None (with Heated                                                         
                      Lower 75%    31                                          
     Sleeve Baffle Removed)                                                    
     ______________________________________                                    
PAR  These data show that improved yarn (low U%) resulted when the heating
      sleeve baffle was used, the lower 75% of the front of the quenching
      chamber was blocked, and 2 to 5 horizontal baffles 38 were used in the top
      portion of the quenching chamber. In additional tests, similar results
      were shown for 1,000 denier yarn at 53 pounds/hour throughput. For 1,000
      denier and 1,300 denier yarn at 80 pounds/hour throughput, optimum Uster
      (U %) was obtained using 4 baffles located 3, 6, 12 and 18 inches from the
      top of the quenching chamber with a baffle 33 at the bottom of the
      quenching chamber. This same baffle arrangement was also applicable to
      1,000 and 1,300 denier yarns at lower throughputs.
PAC  EXAMPLE 3
PAR  The apparatus shown in FIGS. 1 and 2 supplied 60 pounds/hour
      e-polycaprolactam to a spinning pot enclosed in a controlled high
      temperature environment. The spinning pot spinneret was divided into two
      parts by means of an undrilled stripe wide enough to form a visible split
      between the multiple ends below the spinneret. The average distance
      between adjacent filaments immediately below the spinneret was 0.28 to 0.4
      inch. The ends were advanced downwardly through a substantially stationary
      column of air maintained at 100.degree. to 330.degree.C. in heated sleeve
      15. The ends were then advanced downwardly through quenching chimney 6
      wherein they were contacted with cooling air introduced into the path of
      the filaments, said air at 25.degree.C. contacting the filaments
      transverse, countercurrent and cocurrent in progressive order of their
      movement through the quenching chimney 6. The air contacted the filaments
      at a volumetric rate of about 200-300 cubic feet of air per pound of
      filaments entering the quenching chimney 6. The ends were separated by
      guides 8 located below a finish applicator 7. After lubrication, the ends
      passed through a guide separation and onto a heated feed roll and
      accompanying idler roll. Feed roll temperature was maintained at 80 .+-.
      10.degree.C. The yarn ends were then passed around a first stage draw roll
      and accompanying idler roll at a peripheral speed 2.5- 4.0 greater than
      the feed roll. The draw roll temperature was kept below 50.degree.C.
      (Optionally a heated draw pin at 65.degree.-85.degree.C. is placed between
      the feed and first stage draw rolls.) The yarn ends were then directed to
      a draw point localizer. The ends were then passed around a heated roll and
      accompanying idler roll at 125.degree.-210.degree.C., which operated at a
      peripheral speed 1.4-2.3 times that of the first stage draw roll. The yarn
      was then taken up on a multi-end winder.
PAC  DISCUSSION
PAR  In additional tests, we have shown that conventional crossflow quenching of
      polyester and polyamide yarn is satisfactory for relatively low filament
      counts of say less than 200 filaments and relatively low throughputs of
      less than 35 pounds per hour through the spinneret. However, for increased
      production capacity, e.g., 50 to 90 pounds per hour through the spinneret,
      and particularly for double-end production requiring a total of for
      example 380-400 filaments, standard quenching was found inadequate as
      indicated by fused filaments and poor filament uniformity. We have found
      that the quenching chamber baffles described in the present disclosure
      when used in combination with a heated sleeve baffle and a partially
      blocked quenching chamber door, gave the improved quenching efficiency
      required. Blocking the door of the quenching chamber below the baffled
      area forced a much greater percentage of cooling air to be carried through
      the yarn in the zone just below the heated sleeve removing more heat,
      causing the yarn to be blown in a steady arch, and permitting higher air
      rates while improving yarn quality. Major advantages gained by the present
      invention include improved filament uniformity, elimination of fused
      filaments, improved air velocity profiles and improved quench air
      temperature profiles. Smoke tests were utilized to show that as the
      filaments were advanced downwardly through the quenching zone, the cooling
      air contacts said filaments transverse, countercurrent, and cocurrent in
      progressive order of their movement through the quenching zone.
PAR  The present invention is particularly useful for economical production of
      polyamide and polyester tire and industrial yarn. By "polyamide" is meant
      the polymers made by condensation of diamines with dibasic acids or by
      polymerization of lactams or amino acids, resulting in a synthetic resin
      characterized by the recurring group --COHN--. The preferred polyesters
      are the linear terephthalate polyesters, i.e., polyesters of a glycol
      containing from 2 to 20 carbon atoms and a dicarboxylic acid component
      containing at least about 75% terephthalic acid. The remainder, if any, of
      the dicarboxylic acid component may be any suitable dicarboxylic acid such
      as sebacic acid, adipic acid, isophthalic acid, sulfonyl-4,4'-dibenzoic
      acid, or 2,8-di-benzofuran-dicarboxylic acid. The glycols may contain more
      than two carbon atoms in the chain, e.g., diethylene glycol, butylene
      glycol, decamethylene glycol, and bis-1,4-(hydroxymethyl) cyclohexane.
      Examples of linear terephthalate polyesters which may be employed include
      poly(ethylene terephthalate), poly(butylene terephthalate), poly(ethylene
      terephthalate/ 5-chloroisophthalate) (85/15), poly(ethylene
      terephthalate/5-[sodium sulfo]isophthalate) (97/3),
      poly(cyclohexane-1,4-dimethylene terephthalate), and
      poly(cyclohexane-1,4-dimethylene terephthalate/hexahydroterephthalate)
      (75/25).
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for the production of a synthetic multifilamentary yarn
      having uniform quality at a production rate of at least 50 pounds per
      hour, from a high-molecular weight thermoplastic polymer, selected from
      the group consisting of linear polyester and polyamide polymers, by melt
      spinning, comprising a spinning unit which comprises a spinning pump, a
      spinneret, and a spinning filter disposed between said pump and said
      spinneret, for extruding a plurality of filaments downwardly into a
      heating sleeve having a height of 0.5 to 2 feet, the wall of said heated
      sleeve being imperforate and secured to the spinneret in an air-tight
      manner, said heated sleeve having a baffle forming an inwardly extending
      flange at the end of the heated sleeve remote from the spinneret, said
      heating sleeve leading downwardly to a rectangular quenching chamber at
      least 60 inches in height, having opposite, essentially vertical inlet and
      outlet panels for allowing cooling air to pass through the chamber and
      means for regulating the stream of cooling air passing through said
      chamber whereby both the volumetric rate of the air steam and its general
      direction as it contacts the descending plurality of filaments may be
      regulated, the top portion of said chamber having 2 to 5 parallel baffles
      which form sections intended to provide guided travel of the cooling air
      transverse to the movement of the filaments, the outlet panel of said
      chamber being partially covered by an imperforate door which terminates
      short of the top of said chamber and presents an open passage for the air
      discharging from said chamber, said door in combination with said parallel
      baffles in the top portion of said chamber providing guided travel of the
      cooling air, whereby said cooling air contacts the filaments transverse,
      countercurrent and cocurrent in progressive order of their movement
      through the quenching chamber.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the spinneret is divided into two parts
      by means of an undrilled stripe wide enough to form a visible split
      between the two ends of multifilament, continuous filament yarn extruded
      from said spinneret.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said undrilled stripe in said spinneret
      is parallel to the flow of cooling air through the top portion of said
      rectangular quenching chamber.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the top portion of the quenching
      chamber has 4 parallel baffles located 3, 6, 12 and 18 inches from the top
      of said quenching chamber.
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ABST
PAL  A process and apparatus are provided for making polymer plates that inlcude
      a uniformly thick layer of a resin composition adhering to a base or
      support plate. The disclosed process includes the steps of applying a
      resin composition to a base plate. coating the surface of the resin
      composition with a sheet of thermoplastic material, rolling the covered
      resin composition and base plate with rollers, cooling the resultant
      plate, peeling off the sheet material and then drying the resultant
      polymer plate.
PARN
PAR  This is a division of application Ser. No. 344,855, filed Mar. 26, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a process for making polymer plates and
      more specifically to a unique process for continuously manufacturing
      polymer plates having a layer of resin composition that is soluble in
      water and/or a volatile solvent and is useful, for example, as a
      photopolymerizable element for a printing plate.
PAR  A significant demand has developed in the printing and newspaper industries
      for photopolymer printing plates, sometimes referred to as cladplates,
      which include a supporting structure, such as metal, and a
      photopolymerizable resin composition rigidly secured to the supporting
      structure. Conventional techniques for making such plates involve the
      molding, casting, extrusion and/or calendering of the resin composition
      onto a support structure, such as aluminum, tin or steel. It is known, for
      example, that resin compositions, having a water soluble or volatile
      solvent soluble polymer and a monomer compatible therewith as their
      primary components, can first be molded to form a plate or membrane, and
      then subsequently adhered onto a base or support plate, such as aluminum,
      tin or steel plates.
PAR  Besides requiring two distinct and, therefore, expensive steps, e.g.,
      molding and then adhering, such techniques are not entirely satisfactory
      for use with the most desirable types of resin compositions useful as
      photopolymerizable elements. It has been recognized, for example, that the
      most desirable types of resin compositions include highly reactive monomer
      components that are stimulated at temperatures of 80.degree.C or more and,
      thus, generally cause the resin composition to assume a gelatin condition
      at commonly used molding temperatures. Conventional molding techniques,
      therefore, had to be modified to operate at temperatures below
      80.degree.C.
PAR  In addition, however, when the most desirable types of resin compositions
      are exposed to air at temperatures above 40.degree.C, their surfaces begin
      to dry and an undesirable skin is formed on the resin. Thus, conventional
      molding techniques have the further disadvantage of permitting such air
      exposure and skin formation on the resin compositions.
PAR  Finally, it has also been recognized that the monomer component of such
      desired resin compositions shifts at temperatures below 20.degree.C and
      such shifts reduce the adhesion strength of the surface of such resin
      compositions to the base or support material.
PAR  Thus, there is a significant need for polymer plates utilizing such desired
      resin compositions and for a process for making such plates without the
      above-mentioned disadvantages of conventional molding techniques.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a process is provided for making
      polymer plates having a layer of uniform thickness of a resin composition
      soluble in water and/or a volatile solvent at a relatively low
      temperature, continuously, inexpensively and without the foregoing
      disadvantages.
PAR  A process is provided, therefore, for the continuous manufacture of polymer
      plates, having a layer of uniform thickness of a resin composition soluble
      in water and/or a volatile solvent, which comprises applying to a base or
      support plate, a resin composition containing a polymer soluble in water
      and/or a volatile solvent and a monomer compatible therewith as its
      primary components and including water and/or a volatile solvent, coating
      the surface of the resin with a sheet of thermoplastic material, rolling
      and then cooling the resin, peeling off the sheet therefrom and then
      drying the resin which is adhered to the base or support plate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The process of the present invention will be better understood through
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic axial sectional view of one example of an
      apparatus which can be used in practicing the process of this invention;
PAR  FIG. 2 is an enlarged view of section A of the apparatus illustrated in
      FIG. 1;
PAR  FIG. 3 is an enlarged view of section B of the apparatus illustrated in
      FIG. 1; and
PAR  FIG. 4 is an enlarged view of section C of the apparatus illustrated in
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE EMBODIMENTS
PAR  Although any number of resin compositions are useful in the practice of
      this invention, it has been found that a resin having a polymer soluble in
      water and/or a volatile solvent as one of its primary components is
      especially useful. Such polymer components include, for example, polyvinyl
      alcohol, partially saponified polyvinyl acetate, carbonyl polyvinyl
      alcohol, hydroxyethyl cellulose, methyl cellulose, hydroxypropyl methyl
      cellulose phthalate, sodium carboxymethyl cellulose, gelatin, polyvinyl
      acetate, polyvinyl acetal or nylon. The monomer component of the resin
      which is compatible with the polymer includes an acrylate or methacrylate
      with a free hydroxyl group in the alcohol component of the esters, (e.g.,
      B-hydroxyethyl acrylate, B-hydroxyethyl methacrylate, B-hydroxypropyl
      acrylate or B-hydroxypropyl methacrylate, or mixture thereof), or a
      half-ester of acrylic or methacrylic acid with polyethylene glycol wherein
      the hydroxyl group opposite the ester component is esterized or etherized
      (e.g., methoxy polyethylene glycol monoacrylate, methoxy polyethylene
      glycol monomethacrylate, polyethylene glycol diacrylate, polyethylene
      glycol dimethacrylate). Water and/or a volatile solvent, for example, a
      lower alcohol such as ethyl or methyl alcohol, are suitable as their
      solvents for such resins.
PAR  According to the present invention, a polymer plate can be continuously
      manufactured in either a water soluble type of resin composition or a
      volatile solvent-soluble type of resin composition. Thus, the process is
      explained in detail below in relation to the water-soluble type of resin
      composition (hereinafter referred to as a water soluble resin
      composition). The water soluble resin composition is used herein to mean a
      resin composition having as primary components a polymer soluble in water
      and a monomer compatible therewith and including water (hereinafter
      referred to as a water inclusive resin composition) from which the water
      has been removed.
PAR  The following is an example of the steps involved in the preparation of the
      water inclusive resin composition used in the practice of this invention:
      40 to 60 parts by weight of a highly reactive and water soluble acryl
      monomer is added dropwise to 100 parts by weight of a 50 to 70% by weight
      aqueous solution of a polyvinyl alcohol (degree of saponification: 78 to
      98 mole %, average degree of polymerization: 500 to 2000) and then the
      mixture is mixed in a kneader at a temperature of 60.degree. to
      80.degree.C for 30 minutes. After the mixing is completed, the mixture is
      subjected to defoaming under reduced pressure (liquid temperature:
      60.degree. to 80.degree.C). The viscosity of water inclusive resin
      composition thus obtained is 30,000 to 100,000 cps.
PAR  This resin composition is then used in the process of this invention to
      continuously make a polymer plate. Specifically, the present process for
      the continuous manufacture of polymer plates having a uniformly thick
      layer of water soluble resin composition is one that utilizes the
      variation of the adhesion strength resulting from the variation of heat;
      and is characterized by applying the water inclusive resin composition
      heated at about 50.degree. to 70.degree.C to a base plate, and then
      coating the surface with a sheet material in order to prevent the
      formation of a skin on the surface of the resin when it is rolled. After
      coating the resin with sheet material, the resin is rolled to form a
      uniformly thick layer, cooled to about 20.degree.C or below to reduce the
      adhesion strength between the surface and the sheet material, after which
      the sheet material is peeled off the resin. Thus, the present process
      consists of the continuous steps comprising the application of the water
      inclusive resin composition to the base plate, the coating of the applied
      plate with a sheet material, the rolling of the resin into a uniform
      layer, the cooling of the resultant polymer plate so formed, the removal
      of the sheet material, and the drying of the resultant polymer plate.
PAR  FIG. 1 indicates one apparatus which can be used in the practice of this
      invention. The illustrated apparatus includes a base plate 23 and sheet 24
      which are transported to subsequent processing continuously by a conveyor
      21 having a rubber or steel belt. A hopper 25 for containing the resin is
      provided, along with an assembly for supplying sheet material 24, a means
      for applying pressure 26, a cooling device 27, a means for peeling off the
      sheet material 28, and a drying device 29, all of which are arranged in
      order following the direction of the above conveyor 21. Hopper 25 is
      provided with a valve 30 that controls the amount of the flow of the water
      inclusive resin composition in accordance with the width and speed of the
      base plate. A restraining board 31 is also provided to prevent protrusion
      of resin from the base plate 23 when it is applied to the base plate. In
      this way, the resin composition is utilized more efficiently.
PAR  Either a long or endless sheet 24 can be used in the apparatus illustrated
      in FIG. 1. In the case of a long sheet, the sheet material is unwound by
      the reel-out roller 32 and after adhering to the applied surface and being
      peeled off by the peeling roller 48 (which is one type of peeling means
      28) the sheet material is wound by the reel-in roller 33. Cleansing
      rollers 34 are furnished both upstream of the reel-out roller 32 and
      downstream of reel-in roller 33. In all cases, the sheet material 24
      operates synchronous to the conveying speed.
PAR  A number of individual press rollers 46 are attached above and below the
      conveyor as the pressing means 26 to press from above and below the water
      inclusive resin composition inserted between the base plate 23 and the
      sheet material 24. The press rollers 46 are maintained at a temperature of
      60.degree. to 70.degree.C by means of a hot water jacket in order to
      prevent the lowering of the temperature of the water inclusive resin
      composition at the time of rolling. These press rollers 46 are natural
      rollers and have a pressure of 1 to 10 kg/cm.sup.2 at the time of rolling.
      The thickness of the polymer plate made from the base plate, water
      inclusive resin composition and sheet can thus be varied depending on the
      number of rollers. When the gap between the upper and the lower rollers is
      reduced within the scope of 20 to 100 .mu. in succession, the thickness of
      4 rollers above and below including the base plate can be made within 1000
      .+-. 25 .mu.. It is also desirable in the practice of this invention to
      remove air bubbles between the water inclusive resin composition and the
      sheet material by adjusting the pressure at the time of rolling. Thus, the
      difference between the gap formed between one pair of upper and lower
      rollers and that of the next pair of upper and lower rollers determines
      the pressure at the time of rolling. When the difference of the gaps is
      increased, air is admitted and the air bubbles become more congested
      between the sheet and the water inclusive resin composition. It is
      desirable, therefore, for the gap mentioned above to be 20 to 100 .mu..
      Furthermore, it is possible to obtain polymer plates having a high degree
      of thickness merely by increasing the number of rollers from 10 to 20. It
      is possible, for example, to make the thickness of the water inclusive
      resin composition from 500 to 2000 .mu. by adjusting the final rolling
      rollers.
PAR  The cooling device 27 is generally an air circulation style cooling
      assembly with a 0.degree. to 5.degree.C temperature at the outlet of the
      air blower. It is typically divided into two chambers, a normal
      temperature chamber at 10.degree. to 20.degree.C and a cooled air chamber
      at 3.degree. to 8.degree.C. The use of two chambers prevents water from
      forming when the polymer plate goes from the cooling device back to room
      temperature and also reduces the possibility of undesirable effects
      resulting from the reuse of the sheet material.
PAR  Because of the temperature of the resin composition when the sheet material
      is peeled off, the surface of the resin may have waves. This will
      generally not occur under normal conditions, but even if it does, the
      polymer plate can be leveled before the drying process commences.
PAR  The drying device 29, which dries the polymer plate after the sheet
      material is peeled off, is indirectly heated by hot air circulation, so
      that the ultimate drying temperature is in the range of about 60.degree.
      to 80.degree.C. Even though the polymer plate is dehydrated and contracts
      during this process, the final product desired can be easily obtained
      merely by calculating beforehand the contraction rate and applying the
      resin composition accordingly. For example, when the polymer plate is
      dried for 40 to 60 minutes at 80.degree.C with wind speed of 0.5 to 2.0
      m/sec, and RH 1%, the contraction rate is 7 to 10%. Since air bubbles will
      form on the surface of the resin adjoining the base plate when the drying
      temperature is high, it is desirable that the plate be dried at a
      temperature below the boiling point of the included volatile component.
PAR  It is also preferred that an assembly be provided to regulate the movement
      of the base plate and sheet material to prevent them from swerving.
      Moreover, a base plate supply device 35 that supplies the base plate is
      also provided in the illustrated apparatus.
PAR  It should be understood that each of the devices, means and mechanisms
      described above are linked together and are utilized with the base plate,
      water inclusive resin composition, and sheet in manufacturing polymer
      plate continuously.
PAR  Thus, the process of this invention for the continuous manufacture of
      polymer plates having a layer of uniform thickness of a water soluble
      resin composition can be illustrated through reference to the accompanying
      drawings.
PAR  The water inclusive resin composition prepared on the basis of the example
      described above is added into the hopper 25 and flowed out in suitable
      portions onto the base plate 23 by controlling the valve 30. Thus,
      measured amounts of the resin composition can be applied between the base
      plate 23 and the sheet material 24 set between the upper and lower press
      rollers 46, 46'. At this time, the temperature of the water inclusive
      resin composition is maintained at 50.degree. to 70.degree.C. In terms of
      limitations of thickness, mechanical properties and prevention of
      halation, the base plate may be preferably made from steel, aluminum, and
      other metals, and may even be a long coil plate or cut plate. In the case
      of cut plate, a sheet of craft paper of a thickness of 80 .+-. 5 .mu. can
      be used as an under sheet below the base plate and cellophane tape can be
      affixed between each sheet to make a continuous sheet in order to prevent
      the water inclusive resin composition from spilling under the base plate.
      In addition, in order to improve the adhesion of the surface of the base
      plate 23 to the water inclusive resin composition, the base plate can be
      sandpolished or pre-coated with an adhesive and then supplied continuously
      by the base plate supply device 35.
PAR  The sheet material covering the surface of the water inclusive resin
      composition in order to prevent a skin from forming thereon should
      desirably be a constant thickness and smooth, flexible, tough, and readily
      removable. For example, a commercially available polyester sheet
      (thickness, 125 to 250 .mu.) or a rigid vinyl chloride sheet (thickness,
      200 to 300 .mu.) can be preferably used as a sheet material 24.
PAR  The sandwich polymer plate made from the base plate, water inclusive resin
      composition and sheet is then rolled by passing it between the press
      rollers 46, 46'. Then the polymer plate of the water inclusive resin
      composition rolled to the prescribed thickness is conveyed to the cooling
      device and then cooled. The temperature for the above composition is
      reduced from about 40.degree.C to 65.degree.C, to approximately
      20.degree.C at the time of rolling. Then, the sheet material 24 is peeled
      off of the cooled sandwich polymer plate by the peeling-off rollers 48.
      When the polymer plate from which the sheet has been peeled is dried by
      passing it through the drying device 29, a polymer plate having a layer of
      uniform thickness of a water inclusive resin composition is obtained. The
      drying time for the polymer plate will vary according to the thickness and
      properties of the water inclusive composition, but generally drying can be
      accomplished in 100 to 120 minutes under the conditions where the
      thickness of the layer of the water inclusive resin composition is 1.00
      mm, the wind speed 1.5 to 2.0 m/sec, and the temperature 78.degree.C.
PAR  Finally, polymer plates having the required measurement are obtained merely
      by cutting the polymer plates obtained above, that is, polymer plates
      having a layer of uniform thickness of a water soluble resin composition
      are cut to the required size.
PAR  As explained in detail above, according to the process of the invention,
      there is no need to previously mold the water or volatile solvent
      inclusive resin composition in the form of a plate or membrane, but
      instead it is possible, in accordance with this invention, to manufacture
      polymer plates having a layer of uniform thickness of a resin composition
      soluble in water and/or a volatile solvent inexpensively and continuously.
      In addition, this process is especially suited for industrial manufacture
      of such products as a water soluble photopolymer printing plate for
      printing material. For example, polymer plates containing, as the water
      inclusive resin composition, (a) 255.3 parts by weight of 33.6% aqueous
      solution of polyvinyl alcohol (degree of saponification: 82 mole %,
      average degree of polymerization: 500), (b) 213.2 parts by weight of
      B-hydroxyethyl methacrylate, (c) 5.9 parts by weight of benzoin, and (d)
      0,01 parts by weight of hydroquinone can be used in the practice of this
      invention to make excellent photopolymer printing plates.
PAR  According to the present invention, polymer plates can be manufactured at
      the relatively low temperature of 80.degree.C or below, and therefore a
      resin composition that includes among its components a thermal
      polymerizable compound can be readily used in the practice of this
      invention at a temperature below that which will normally cause thermal
      polymerization. The process of this invention has the further advantages
      of (a) being readily useable with water inclusive resin compositions, (b)
      being relatively inexpensive and (c) being capable of making polymer
      plates that have high adhesion between resin and base plate, and thus
      forming extremely strong polymer plates.
PAR  Although a number of specific embodiments of this invention have been
      disclosed herein, it should be understood that the present invention is in
      no way limited by the specific features of the disclosed embodiments.
      Rather, it is intended that various modifications and equivalents of the
      disclosed embodiments can be made without departing from the spirit and
      scope of this invention as defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for the continuous manufacture of photopolymer printing
      plates having a metallic support structure and a water-inclusive resin
      composition in adherent contact therewith comprising: (a) means for
      containing said resin composition; (b) means for continuously transporting
      said support structure with respect to said resin containing means to
      permit the deposit of a layer of resin composition on said support
      structure; (c) means for applying a continuous sheet of flexible
      thermoplastic sheet material to the surface of said resin composition; (d)
      a plurality of successive pairs of spaced apart pressure rollers arranged
      along the transporting means and disposed on opposite sides of said resin
      composition layer for applying pressure to said layer of resin composition
      to uniformly spread said layer over said support structure; (e) means for
      removing said sheet material from said layer of resin after the
      application of pressure thereto; (f) means for cooling said layer of resin
      composition, said thermoplastic sheet material and said support structure;
      and (g) means for drying said layer of resin composition and said support
      structure for a time sufficient to firmly secure said layer of resin to
      said support structure.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means for applying and removing
      the continuous sheet of sheet material to and from the surface of said
      resin composition is a continuous loop of sheet material suspended by
      means of a pair of oppositely disposed rollers, said loop of sheet
      material being disposed along and covering the surface of said resin
      composition and passing between said plurality of successive pairs of
      spaced pressure rollers.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said support structure is a continuous
      coil of metallic material and said means for continuously transporting
      said support structure is an endless belt.
NUM  4.
PAR  4. The appartus of claim 1, wherein the cooling means comprises two
      separate cooling chambers which can be maintained at different
      temperatures.
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ABST
PAL  The present invention pertains to an automatic and continuous dough
      processing apparatus for embossing designs into wads of dough formed in
      predetermined masses. The apparatus includes an endless belt for receiving
      the dough masses and transporting them toward a rotary embossing wheel for
      imparting designs to the dough masses. The processing apparatus further
      includes a rotary brush which has its periphery simultaneously in contact
      with the embossing wheel and the upper surface of the dough masses. The
      brush is adapted to clean the embossing wheel and coat the dough surface
      with liquid supplied from a reservoir positioned thereabove. The apparatus
      also includes a mobile frame for housing all of the above-mentioned
      members and an electrical power drive member which is operatively coupled
      to the endless belt, the embossing wheel and the rotary brush.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to dough processing apparatus and, in
      particular, to an automatic and continuous dough processing apparatus
      which embosses designs into wads of dough formed in predetermined masses.
PAR  Dough processing apparatuses, known in the prior art and of which we are
      aware, are adapted to provide a decorative design or place food matter
      such as seeds upon the upper surface of dough wads contained in pans
      adapted therefor prior to their placement in a baking oven. In the prior
      art, designs or food matter were provided by several manufacturers on the
      upper surface of the dough wads as a distinctive indicia so as to enable
      the consumer to distinguish his product from similar products made by
      other manufacturers.
PAR  The embossing provided by the present invention simulates the design
      created by the hand braiding of dough in manufacturing certain types of
      bread loaves, such as for example, in the manufacture of traditional
      Jewish bread known as "challah". Thus, by utilizing the embossing
      principle of the present invention, hand braided bread loaves may be
      manufactured in an automatic and continuous fashion with much less time
      spent in preparing each loaf.
PAR  The principles of the present invention may also be applied to embossing
      loaves of bread for aesthetic reasons as well as for dividing a
      predetermined dough mass into specific numbers, e.g., one dozen, two
      dozen, etc. of smaller sections which when broken apart after baking form,
      as an example, a conventional dinner roll.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the primary object of the present invention to provide
      an automatic and continuous dough processing apparatus which embosses
      predetermined dough masses to simulate the braiding thereof.
PAR  Another object of the present invention is to provide an automatic
      continuous means of dividing a predetermined dough mass into a specific
      number of smaller sections, e.g., rolls.
PAR  A further object of the present invention is to provide an automatic and
      continuous dough processing apparatus which includes a brush means in
      simultaneous intimate contact with the embossing means and the upper
      surface of the dough masses.
PAR  Thus, a dough processing apparatus for embossing a wad of dough formed in
      predetermined masses according to the present invention, in brief,
      comprises an endless belt having an upper surface in a generally
      horizontal plane adapted for movement along a longitudinal path, power
      drive means operatively coupled to the endless belt for providing movement
      thereof, frame means for mounting the power drive means and the endless
      belt, embossing means journaled in the frame means with its longitudinal
      axis transverse to the longitudinal path and operatively coupled to the
      power drive means for imparting a design to each predetermined dough mass,
      brush means journaled in the frame means with its longitudinal axis
      transverse to the longitudinal path and operatively coupled to the power
      drive means, the brush means being in peripheral engagement with the
      embossing means and the upper surface of the dough mass for cleaning the
      embossing means and coating the upper surface of the dough, and reservoir
      means affixed to the frame means and disposed above the embossing means
      and the brush means for storing and dispensing fluids to the embossing
      means and brush means as required thereby.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and advantages of the present
      invention will become more apparent from the detailed description
      hereinafter, considered in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a pictorial representation of an automatic and continuous dough
      processing apparatus for embossing designs into wads of dough formed in
      predetermined masses, constructed in accordance with the principles of the
      present invention;
PAR  FIG. 2 is a pictorial representation of an embossed loaf of bread;
PAR  FIG. 3 is a side elevational view of the apparatus depicted in FIG. 1 with
      a portion of the protective cover removed;
PAR  FIG. 4 is a top plan view of the apparatus shown in FIG. 1;
PAR  FIG. 5 is an enlarged fragmentary elevational view taken substantially
      along line 5--5 of FIG. 4;
PAR  FIG. 6 is an enlarged fragmentary view taken substantially along line 6--6
      of FIG. 4;
PAR  FIG. 7 is an enlarged fragmentary view taken substantially along the line
      7--7 of FIG. 4;
PAR  FIG. 8 is a pictorial representation in perspective of one type of
      embossing wheel;
PAR  FIG. 9 is an enlarged fragmentary view in elevation taken substantially
      along the line 9--9 of FIG. 8;
PAR  FIG. 10 is a cross-sectional view taken substantially along the line 10--10
      of FIG. 9;
PAR  FIG. 11 is a pictorial representation of the embossing wheel design shown
      in FIG. 9 when projected upon a flat surface;
PAR  FIG. 12 is a pictorial representation of a loaf of bread obtained after
      baking a predetermined mass of dough embossed by the wheel shown in FIG.
      8;
PAR  FIG. 13 is a pictorial representation in perspective of another type of
      embossing wheel;
PAR  FIG. 14 is an enlarged fragmentary view in elevation taken substantially
      along the line 14--14 of FIG. 13;
PAR  FIG. 15 is a cross-sectional view taken substantially along the line 15--15
      of FIG. 14;
PAR  FIG. 16 is a pictorial representation of the embossing wheel design shown
      in FIG. 13 when projected on a flat surface;
PAR  FIG. 17 is a pictorial representation in perspective of a loaf of bread
      obtained after baking a predetermined mass of dough embossed by the wheel
      shown in FIG. 13;
PAR  FIG. 18 is a pictorial representation in perspective of still another type
      of embossing wheel;
PAR  FIG. 19 is an enlarged fragmentary view in elevation taken substantially
      along the line 19--19 of FIG. 18;
PAR  FIG. 20 is a cross-sectional view taken substantially along the line 20--20
      of FIG. 19;
PAR  FIG. 21 is a pictorial representation of the embossing wheel design shown
      in FIG. 18 when projected upon a flat surface; and
PAR  FIG. 22 is a pictorial representation in perspective of two dozen dinner
      rolls formed in a loaf, after having been baked in a predetermined mass of
      dough and embossed by the wheel shown in FIG. 18.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 through 7, there is shown a dough processing
      apparatus 10 which is constructed according to the principles of the
      present invention. The apparatus 10 includes a mobile frame 12, an endless
      belt 14, an electrical motor 16 (shown in FIG. 3) which functions as the
      power drive means, a rotary embossing wheel 18, a rotary brush 20, a
      reservoir 22, mixing and dispensing means for forming the wads of dough 24
      into predetermined masses (not shown) and guiding means 26 for guiding the
      dough onto the endless belt 14. The raw wads of dough 24 after passing
      under the rotary embossing wheel 18 and rotary brush 20 are formed, for
      example, into an embossed loaf of bread 28 (shown in FIG. 2) ready for
      baking in an oven.
PAR  The generally rectangular-shaped frame 12 includes vertical members 30, 30'
      and 31, 31' adjustably mounted within upright members 32, 32' and 33, 33',
      respectively, of the base portion 34. Upright members 32, 32', and 33, 33'
      are provided with elongated vertical apertures 35, 35' and 36, 36',
      respectively, which are adapted to receive studs 37, 37' and 38, 38',
      respectively, affixed to vertical members 30, 30' and 31, 32'. The end of
      studs 37, 37' and 38, 38' are threaded and adapted to cooperate with nut
      members, not shown.
PAR  After selecting the desired height of the vertical members 30, 30' and 31,
      31', the nuts are tightened to lock the vertical members in position. The
      base portion 34 is also provided with wheel assemblies 40 thus making the
      frame 12 mobile.
PAR  A pair of horizontal members 42, 42' are affixed to vertical members 30, 31
      and 30', 31', respectively. Members 42 and 42' extend in leftwardly and
      rightwardly direction (FIG. 3) from the vertical members 30, 30' and 31,
      31'. A platen 44 extends in a rearwardly direction from horizontal member
      42 to horizontal member 42' reinforcing the frame 12 and providing a flat
      horizontal surface whose function will be explained hereinafter. The
      leftwardly extending portion 46 of horizontal members 42 and 42' is
      provided with vertical support members 48, 48' and 50, 50' adapted to
      support sloping guide walls 52 and 54 of the guiding means 26. The
      terminal portions of leftwardly extending members 42 and 42' (FIG. 3) are
      provided with horizontally adjustable slotted apertures 56 and 56' for
      journaling the axle 58 of a belt support pully 60. The terminal portions
      of rightwardly extending members 42 and 42' (FIG. 3) are provided with
      apertures 62 and 62' for journaling the axle 64 of belt support pully 66.
      Included on the axle 64 is a gear 68 which is adapted to engage idler gear
      69 mounted on axle 70. Axle 70 is adapted to be journaled in a support
      means 72 which is mounted on horizontal frame member 42'. Idler gear 69 is
      operatively coupled by means of a drive belt or chain 74 to drive gear 76
      which is mounted on axle 78 of motor 16. Motor 16 is mounted on the base
      portion 34 of frame 12 by means of shock and vibration absorbing members
      79. Coaxially mounted on axle 78 is an additional drive gear 80 which is
      operatively coupled by means of a drive belt or chain 82 to a gear 84
      mounted on axle 86 of embossing wheel 18. Drive belt 82 also engages gear
      88 mounted on axle 90 of rotary brush 20.
PAR  The axle 86 of embossing wheel 18 and the axle 90 of rotary brush 20 are
      adapted to be journaled in bearings 92, 92' and 94, 94', respectively,
      which are mounted in the vertically movable panel members 96 and 96',
      respectively.
PAR  The vertically movable panel member 96 is provided with channels 98 and 100
      at each vertical distal end thereof. The channel 98 is adapted to slidably
      engage the upper portion of the vertical member 30 and channel 100 is
      adapted to slidably engage a vertical members 102 which preferably is
      parallel to and spaced from the upper portion of member 30 and affixed to
      horizontal member 42. Vertically movable panel member 96' is also provided
      with channels 98' and 100' at each vertical distal end thereof. Channel
      98' is adapted to slidably engage the upper portion of vertical member 30'
      and channel 100' is adapted to slidably engage a vertical member 102'
      which preferably is parallel to and spaced from the upper portion of
      member 30' and affixed to horizontal member 42'.
PAR  A horizontal member 104 is affixed between the free terminal end 106 of the
      upper portion of vertical member 30 and the free terminal end 108 of
      vertical member 102. A horizontal member 104' is affixed between the free
      terminal end 106' of the upper portion of vertical member 30' and the free
      terminal end 108' of the upper portion of vertical member 102'. Centrally
      disposed between the distal ends of horizontal members 104 and 104' are
      clearance apertures 110 and 110', respectively, which are adapted to
      receive threaded shafts 112 and 112', respectively, for rotational
      movement therein. Shafts 112 and 112' are provided with knobs 114 and
      114', respectively, which are affixed thereto on the upper ends thereof.
      Knobs 114 and 114' are provided with shoulders 116, 116' which are larger
      than the apertures 110 and 110', thus retaining the shaft and knob in a
      fixed position relative to the top surfaces 118 and 118' of horizontal
      members 104 and 104', respectively.
PAR  The free ends 120 and 120' of shafts 112 and 112' are threaded and adapted
      to be received by cooperatively threaded apertures 122, and 122' provided
      in slidable vertical panel members 96 and 96'. Simultaneous movement of
      knobs 114 and 114' causes the threaded ends 120 and 120' of shafts 112 and
      112' to rotate thereby causing the helically threaded screw pitch to raise
      or lower the vertical panel members. Raising or lowering the vertical
      panel members 96 and 96' thus raises the embossing wheel 18 and rotary
      brush 20 since their axles 86 and 90 are rotatably mounted therein by
      bearings 92, 94 and 92', and 94'. Thus, the embossing wheel 18 and brush
      20 may be positioned as required with respect to platen 44.
PAR  A horizontal member 124 is affixed to the upper surface of members 104 and
      104'. Member 124 is preferably adapted to support reservoir 22 above the
      embossing wheel 18. Reservoir 22 is provided with a valve means (not
      shown) which is adapted to dispense fluid 126 contained therein, as
      required.
PAR  In operation, the dough processing apparatus of the present invention
      functions in the following manner. Premixed and preformed dough wads 24
      prepared in a mixing and dispensing apparatus, (now shown) dispenses the
      dough wads 24 onto guide wall 54 where, by gravity, it falls onto the
      endless belt 14. The endless belt 14 is operatively coupled by gears 68,
      69 and driving belt 74 to gear 76 which is affixed to the axle 78 of drive
      motor 16 and is caused to move horizontally in the direction of arrow 128
      shown in FIGS. 1, 3, 4 and 5, when motor 16 is energized by having its
      power input leads, (not shown) inserted into a conventional source of
      electrical power, (not shown).
PAR  The wads of dough 24 thus move with the belt 14 until they engage the
      rotary embossing wheel 18, being embossed thereby, and then engage rotary
      brush 20 which is in intimate contact with both the periphery of the
      embossing wheel and the top surface of the embossed wad of dough (loaf)
      28. The embossing wheel periphery is lubricated from fluid such as cooking
      oils being fed from reservoir 22 mounted thereabove, thus preventing any
      dough from sticking to the embossing wheel. Brush 20 functions to
      continuously clean off small particles of dough which may cling to the
      embossing wheel although lubricated. The brush 20 also serves to
      concomitantly coat the top surface of the embossed loaf 28 with cooking
      oil 126 or the like and to assist in propelling the loaf 28 in its proper
      direction of travel, i.e., in the direction indicated by arrow 128. The
      embossing wheel 18 and rotary brush 20 are operatively coupled by gears 84
      and 88; drive belt 82 to the drive gear 80 of motor 16.
PAR  The oil reservoir 22 is provided with conventional valve means for
      supplying oil in a predetermined manner and in predetermined amounts, as
      is well known in the arts. The oil is supplied to the embossing wheel 18
      and the rotary brush 20 and to the dough wads 24. It will be apparent that
      since the brush 20 and the embossing wheel 18 are disposed in tangential
      abutting engagement, oil will be supplied from the wheel to the brush. In
      this regard, the amount of oil supplied to the wheel is sufficient to
      provide oil for the embossed portion of the dough wad 24 and also for
      saturating the brush 22, to thereby enable the brush to coat the upper
      surface of the dough wads 24.
PAR  It will be apparent to those skilled in the art that although the oil
      reservoir 22 is depicted in FIG. 1, as being positioned adjacent the
      embossing wheel 18, the same may also be positioned adjacent brush 20.
PAR  The embossed loaves of bread 28 continue on belt 14 until reaching the end
      of the horizontal travel thereof where they may be placed into an oven,
      (not shown) for baking or storing on pallets (not shown) for baking at a
      later time.
PAR  Referring now to FIGS. 8 through 12, there is shown an alternative
      embodiment 130 of the embossing wheel 18. The embossing wheel 130 is
      preferably provided with tapered radially outwardly extending walls 132
      which are arranged in a plurality of parallelograms 133. Each
      parallelogram 133 is angularly disposed with respect to one another to
      form a plurality of brick shaped designs as shown in FIG. 11 when
      projected on a flat surface. The tapered walls 132 are preferably thicker
      at the point closest to the core 134 of embossing wheel 130 and become
      narrower as they extend in a radially outwardly direction from the core
      (FIGS. 9 and 10) and function to facilitate the release of the dough wads
      during embossing thereof. A loaf of bread 136 embossed as shown in FIG. 12
      will be obtained by passing a wad of dough beneath the embossing wheel 130
      of the dough processing apparatus 10 of the present invention. Thus, the
      finished loaf of bread 136 appears to have been hand-braided although the
      bread loaf was made in the automatic continuous bread processing apparatus
      10 disclosed herein. The appearance of bread 136 is that of the
      traditional Jewish bread known as challah.
PAR  Referring now to FIGS. 13 through 17, there is shown another alternative
      embodiment 138 of the rotary embossing wheel 18. The embossing wheel 138
      is made similar to wheels 18 and 130 and has a plurality of radially
      outwardly extending tapered walls arranged to generally form pentagons
      141. The pentagons 141 form a pentagonal design as shown in FIG. 16 when
      projected on a flat surface. Each of the pentagons 141 are disposed to
      have a common wall with an adjoining pentagon. A loaf of bread 144 as
      shown in FIG. 17 will be obtained by passing a wad of dough 24 beneath the
      embossing wheel 138 of the dough processing apparatus 10 of the present
      invention. The resultant bread 144 also resembles a challah.
PAR  Referring now to FIGS. 18 through 21, there is shown a further embodiment
      146 of a rotary embossing wheel. The wheel 146 is preferably provided with
      a plurality of radially outwardly extending walls 148 equally divided
      about the periphery of the core 150 of embossing wheel 146. A central wall
      152 is also provided thereby dividing the wheel 146 into twenty-four equal
      portions 154 disposed in alignment as shown in FIG. 21 when projected on a
      flat surface. A loaf of bread 156 embossed as shown in FIG. 22 will be
      obtained by passing a wad of dough 24 beneath the embossing wheel 146 of
      the processing apparatus 10 of the present invention. The wheel 146 is
      preferably adjusted to emboss almost clear through the dough wads so that
      the equal portions 154 embossed by the wheel 146 may be separated after
      baking to form conventional dinner rolls 158.
PAR  Hereinbefore, has been disclosed an automatic and continuous dough
      processing apparatus which is adapted to emboss designs on dough wads
      formed in predetermined masses simulating the braiding thereof. The
      apparatus is also adapted to emboss dough wads in equal portions to form
      conventional rolls.
PAR  While, I have shown and described the several preferred embodiments of my
      invention, it will be apparent to those skilled in the art that there are
      various modifications, changes and improvements which may be made therein
      without departing from the spirit and scope of the invention as set forth
      in the teachings herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dough processing apparatus for embossing wads of dough formed in
      predetermined masses comprising
PA1  an endless belt having an upper surface disposed in a substantially
      horizontal plane and being capable of movement along a longitudinal path,
PA1  power drive means operatively coupled to said endless belt for providing
      movement thereof,
PA1  frame means for mounting said power drive means and said endless belt,
PA1  embossing means journaled in said frame means with the longitudinal axis
      thereof disposed substantially transverse to said longitudinal path and
      operatively coupled to said power drive means for imparting a
      predetermined design to each of said dough masses disposed on said endless
      belt,
PA1  brush means journaled in said frame means and having the longitudinal axis
      thereof disposed substantially transverse to said longitudinal path.
NUM  2.
PAR  2. A dough processing apparatus in accordance with claim 1, wherein
PA1  said reservoir means is positioned above said embossing means and said
      brush means.
NUM  3.
PAR  3. A dough processing apparatus in accordance with claim 1, wherein
PA1  the axis of said brush means is disposed in planar horizontal alignment
      with the axis of said embossing means along said horizontal path.
NUM  4.
PAR  4. A dough processing apparatus in accordance with claim 1, wherein
PA1  said frame means includes means for adjusting the height of said embossing
      means relative to said upper surface of said endless belt.
NUM  5.
PAR  5. A dough processing apparatus in accordance with claim 1, wherein
PA1  said frame means includes a platen positioned beneath said endless belt and
      disposed in vertical alignment with said embossing means for insuring
      uniform penetration of said dough masses by said embossing means.
NUM  6.
PAR  6. A dough processing apparatus in accordance with claim 1, wherein
PA1  said frame means includes means for dispensing wads of dough formed in
      predetermined masses upon said endless belt.
NUM  7.
PAR  7. A dough processing apparatus in accordance with claim 1, wherein
PA1  said embossing means produces a pattern upon said dough wad which simulates
      the braiding thereof.
NUM  8.
PAR  8. A dough processing apparatus in accordance with claim 6, wherein
PA1  said embossing means comprises a cylindrically shaped member having a
      periphery provided with tapered outwardly extending walls which
      substantially form a plurality of parallelograms, and
PA1  said parallelograms being angularly disposed with respect to one another
      for imparting a plurality of brick shaped impressions upon each of said
      dough masses.
NUM  9.
PAR  9. A dough processing apparatus in accordance with claim 6, wherein
PA1  said embossing means comprises a cylindrically shaped member having a
      periphery provided with tapered outwardly extending walls substantially
      forming pentagons, and
PA1  each of said pentagons being positionally disposed to have at least one
      common wall with an adjoining pentagon for imparting a plurality of
      pentagonally shaped impressions upon each of said dough masses.
NUM  10.
PAR  10. A dough processing apparatus in accordance with claim 6, wherein
PA1  said embossing means comprises a cylindrically shaped member having a
      periphery provided with tapered outwardly extending walls substantially
      forming rectangles, and
PA1  said rectangles being disposed in a predetermined alignment for imparting a
      plurality of rectangular shaped impressions upon each of said dough
      masses.
NUM  11.
PAR  11. A dough processing apparatus in accordance with claim 1, wherein
PA1  said frame means includes means capable of rendering said frame mobile.
NUM  12.
PAR  12. An embossing member for use in conjunction with a dough processing
      apparatus, said member comprising
PA1  a cylindrical core,
PA1  a first plurality of walls extending outwardly from the periphery of said
      core,
PA1  said first plurality of walls being disposed with respect to one another in
      a first predetermined pattern so as to substantially form a plurality of
      parallelograms,
PA1  said parallelograms being angularly disposed with respect to one another so
      as to be capable of imparting a plurality of brick shaped impressions upon
      a deformable mass,
PA1  a second plurality of walls extending outwardly from the periphery of said
      core, and
PA1  said second walls being disposed in a second predetermined pattern with
      respect to one another and with respect to said first plurality of walls
      so as to be capable of imparting a predetermined geometric impression upon
      said deformable mass.
NUM  13.
PAR  13. An embossing member in accordance with claim 12, wherein
PA1  said outwardly extending walls are tapered, and
PA1  said peripheral ends of said walls are spaced from the periphery of said
      core so as to form a plurality of substantially geometrically solid
      parallelopiped recesses.
NUM  14.
PAR  14. An embossing member for use in conjunction with a dough processing
      apparatus, said member comprising
PA1  a cylindrical core,
PA1  a first plurality of walls extending outwardly from the periphery of said
      core,
PA1  said first plurality of walls being disposed with respect to one another in
      a first predetermined pattern so as to substantially form a plurality of
      pentagonal configurations,
PA1  each of said pentagonal configurations being positionally disposed to have
      at least one common wall with an adjoining pentagonal configuration,
PA1  said pentagonal configurations being capable of imparting a plurality of
      pentagonally shaped impressions upon a deformable mass,
PA1  a second plurality of walls extending outwardly from the periphery of said
      core, and
PA1  said second walls being disposed in a second predetermined pattern with
      respect to one another and with respect to said first plurality of walls
      so as to be capable of imparting a predetermined geometric impression upon
      said deformable mass.
NUM  15.
PAR  15. An embossing member in accordance with claim 14, wherein
PA1  said outwardly extending walls are tapered, and
PA1  said peripheral ends of said walls are spaced from the periphery of said
      core so as to form a plurality of substantially geometrically solid
      tapered pentahedral recesses.
NUM  16.
PAR  16. An embossing member in accordance with claim 12, wherein
PA1  said first plurality of walls are disposed with respect to one another so
      as to substantially form a plurality of rectangular parallelograms, and
PA1  said rectangular parallelograms are disposed in predetermined rectilinear
      configuration so as to be capable of imparting a plurality of
      substantially rectangular shaped impressions upon a deformable mass.
NUM  17.
PAR  17. An embossing member in accordance with claim 16, wherein
PA1  said first walls comprise
PA1  a singular peripheral wall disposed laterally with respect to said core and
      substantially centrally thereof,
PA1  a plurality of substantially equally spaced peripheral walls disposed
      longitudinally with respect to said core and in substantially
      perpendicularly intersecting relationship with respect to said singular
      wall, and
PA1  said walls forming three-sided rectangular configurations.
NUM  18.
PAR  18. An embossing member in accordance with claim 17, wherein
PA1  said outwardly extending longitudinally disposed walls are tapered,
PA1  said peripheral ends of said longitudinally and laterally disposed walls
      being spaced from the periphery of said core so as to form a plurality of
      substantially geometrically solid rectilinearly disposed rectangular
      recesses.
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ABST
PAL  A tendon anchorage for use in prestressing concrete members is disclosed
      which preferably includes a tubular mounting means mounted to extend over
      the tendon and through an opening in a bearing or anchor plate in order to
      secure the bearing plate in fixed and aligned relation to a tendon for
      casting the bearing plate into the concrete member in a predetermined
      orientation therein. Spacing means between the form board and the anchor
      plate allow the anchor plate to be cast into a recess in the concrete
      member. A wedge receiving housing and wedge assembly is positioned in
      alignment and in abutting relation with the bearing plate after casting of
      the bearing plate into the concrete.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part application of application Ser.
      No. 816,583, filed on Apr. 16, 1969 now U.S. Pat. No. 3,605,361.
BSUM
PAR  In the construction of many concrete members and particularly floor slabs
      and slab walls it has been found to be particularly advantageous to use a
      prestressed concrete construction. Typically, a plurality of tendons and
      tendon anchorages are placed within the concrete forms and the concrete is
      then poured with the tendon and anchorage being cast-in-place. The forms
      are then removed and the tendons are tensioned. It also has been found to
      be desirable in many applications to have the tendon anchorage located in
      a recess in the end of the concrete member, which recess is subsequently
      grouted so that the anchorage is completely contained within the finished
      prestressed concrete member. When this type of construction is used, the
      tendon anchorage must be located and positioned in fixed spaced relation
      to the concrete form by means of apparatus which, after casting of the
      concrete member, afford access to the anchorage for tensioning of the
      tendon.
PAR  Several anchorages have been previously employed in order to provide an
      anchorage construction which can be cast-in-place at a position interiorly
      of the ends of the concrete member. Two such anchorage constructions are
      illustrated in U.S. Pat. Nos. 3,293,811 and 3,399,434. Another approach
      has been to provide a unitary anchorage member which is formed with screw
      threads or a bayonet-type socket on the side of the anchorage facing the
      form. A mounting member is then screwed into the front of the anchorage
      and extends therefrom to and through the form.
PAR  Prior cast-in-place anchorage systems have been found to have several
      disadvantages. Primary among these disadvantages is the inflexibility of
      the system for mounting the anchorage in spaced relation to the concrete
      form. As will be readily understood, the prestressing requirements of
      various concrete members may differ considerably. For example, the depth
      to which a cast-in-place anchorage must be placed in the concrete member
      may under different construction codes vary from state to state or
      locality to locality. Similarly, tensioning forces may require various
      sizes or shapes of bearing surfaces in order to properly distribute the
      axial loading of the tendon or tendons. Moreover, close grouping of
      tendons may result in special bearing plate requirements. Still further,
      special wedge containing anchor members may be required for given stress
      conditions. Thus, prior tendon anchorages have lacked an
      interchangeability of flexibility of the elements in the systems which
      would allow the structural engineer maximum flexibility of design.
PAR  Accordingly, it is an object of the concrete prestressing tendon anchorage
      of the present invention to provide an improved anchorage construction and
      method of anchorage support which affords greater flexibility in meeting
      design criteria by means of allowing easy interchangeability of the parts
      while maintaining the characteristic of being rapidly mountable to the
      concrete form for casting of the concrete member.
PAR  It is another object of the present invention to provide a tendon anchorage
      wherein the parts of the anchorage can be readily and easily formed,
      stored and shipped.
PAR  It is still another object of the tendon anchorage of the present invention
      to provide an anchorage construction which can be conveniently and easily
      adjusted under field conditions and minimizes the exposure of the
      anchorage to damage and corrosion in the field.
PAR  Still another object of the tendon anchorage of the present invention is to
      provide an anchorage construction wherein a multiplicity of side-by-side
      tendons can be conveniently and easily secured.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the tendon anchorage of the present invention includes, tubular
      mounting means extending from a form board inwardly through an opening
      located in a spacer and through an opening in a bearing plate. The opening
      in the bearing plate engages the mounting tube in a manner causing the
      bearing plate to be oriented in perpendicular relation to the mounting
      tube and the mounting tube is coaxially aligned with a tendon, which
      passes down the inside thereof. The bearing plate may be formed with a
      tapered bore or opening to act as an anchor upon insertion of wedges into
      the tapered bore. The mounting means is preferably continuously threaded
      over a substantial portion of the end which is secured to the anchor plate
      in order that it may receive a nut or other fastener on the remote side of
      the anchor plate or in order that the mounting means may be threaded
      directly into the small diameter end of the bore in the anchor plate.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary, side elevational view, in cross section, of a
      tendon anchorage constructed in accordance with the present invention and
      secured to a concrete form for casting of the anchorage into a concrete
      member.
PAR  FIG. 2 is a fragmentary, side elevational view, in cross section, of the
      anchorage illustrated in FIG. 1 after casting of the concrete member,
      removal of the concrete form and tensioning of the tendon.
PAR  FIG. 3 is a fragmentary, side elevational view, in cross section, of an
      alternative embodiment of the tendon anchorage of the present invention
      suitable for anchoring a tendon inclined to the form board.
PAR  FIG. 4 is a fragmentary, side elevational view, in cross section, of the
      tendon anchorage of FIG. 3 after casting of the concrete member, removal
      of the form and tensioning of the tendon.
DETD
PAR  Referring now to FIGS. 1 and 2, there is illustrated a tendon anchorage
      constructed in accordance with the present invention which is particularly
      well suited for use as a cast-in-place type of tendon anchorage for
      prestressing applications. The anchorage is comprised of a bearing plate
      111 and bearing plate locating device consisting of tubular member 113 and
      spacing or block-out member 114, which are urged against form board 116 by
      nut 117 and threads 118 at the small diameter end of bore 136 in the
      bearing plate. As above described mounting member 113 is formed with
      externally threaded outer end 119 and inner end 121, which are preferably
      threaded over a substantial portion of the ends to afford continuous axial
      adjustment at both ends to bring the assembly into close abutting relation
      with form board 116. Tendon 122 is here illustrated as a strand type of
      prestressing tendon having a cable-like construction, but wires and bars
      may be similarly secured. The strand can be wrapped in paper 133 and
      conveniently taped or otherwise blocked by member 124 against entry of
      concrete into the end 121 of mounting means 113.
PAR  In order to insure that bearing plate 111 is cast into the concrete 138 in
      a proper orientation with respect to tendon 122, tapered bore 136
      terminates in a threaded end 118 which mates with threaded inner end 121
      of mounting tube 113. Thus, the axis of bore 136 is coaxially aligned with
      the axis of mounting tube 113 with the result that the bearing plate is
      secured in perpendicular relation to the mounting tube. Mounting tube 113
      is further formed with an internal diameter or bore dimensioned to receive
      tendon 122 in general coaxial alignment therewith resulting further in the
      perpendicular orientation of bearing plate 111 to tendon 122, which is
      highly desirable in order to minimize any bending of the tendon at the
      anchorage.
PAR  Bearing plate 111 in this configuration further acts as an anchor member by
      being formed with a frusto-conical bore 136. As above described, mounting
      means 113 can be inserted through openings or bores 132 and 133 in the
      spacing member and form, respectively, and past the frusto-conical portion
      of the mounting means and screwed into the teeth 118 in bearing plate 111.
PAR  It is preferable and an important advantage of the anchorage of the present
      invention that the mounting means be further formed in order to form a
      recess in the concrete on the bearing surface side of the anchorage
      sufficient to accommodate axial advancement of the ends 142 of wedges 131
      beyond surface 126. Thus, the mounting apparatus of the present invention
      functions additionally to provide a recess into which the tendon gripping
      wedges may move in advancing to a position of maximum radial gripping
      force.
PAR  FIG. 2 illustrates the concrete member with the anchorage of the present
      invention in place. Form 116 and block-out member 114 have been removed,
      resulting in recess 128 allowing access to bearing plate 111. Segmental
      wedges 131, held together by O-ring 141, are inserted into bore 136 to
      grip the tendon. The segmental wedges are preferably provided with tendon
      gripping serrated surfaces 139.
PAR  The versatility of the anchorage of the present invention can further be
      illustrated in that bearing plate 111 can alternatively be formed with a
      cylindrical bore dimensioned to receive tendon 122. Spacing block-out
      member 114 can be dimensioned to have a sufficient thickness so that
      recess 128 is of sufficient depth to accommodate the later insertion of a
      wedge containing housing or anchor member. Thus, the mounting means would
      be used to locate the bearing plate and upon removal of the spacer and
      form an anchor member and tendon gripping wedges could be slipped over the
      end of tendon 122 to allow tensioning of the tendon and later grouting of
      recess 128. An anchorage construction wherein the anchor member is
      subsequently inserted as a separate unit can be highly advantageous. When
      this approach is used the problem of entry of small amounts of concrete
      around block-out member 114 into frusto-conical bore 136 is eliminated.
      Similarly the problem of rust forming in or corrosion of the wedge
      receiving bore can be controlled and eliminated since the anchor member,
      if not cast into the beam, can be kept in a controlled environment and
      properly treated to prevent rust and corrosion. This type of construction
      is illustrated in FIGS. 3 and 4 and will be examined in more detail below.
PAR  The spacing or block-out members as illustrated throughout the drawings are
      formed of wood. Several other materials and constructions, however, will
      suffice for the apparatus of the present invention. For example, block-out
      members have previously been formed of rubber, sheet metal and plastic.
      Moreover, while the spacing members are preferably removable from the
      concrete member in order that they may be reused in the subsequent
      placement of anchorages, the block-out and spacing member may consist of a
      sleeve, as opposed to a solid member, which is permanently left in the
      concrete member with the interior diameter of the sleeve providing an
      access recess to the bearing plate or anchor member.
PAR  The tendon anchorage illustrated in FIG. 2 and particularly the combination
      of bearing plate 111 and wedges 131, while highly advantageously employed
      in a cast-in-place type of anchorage, may also be advantageously employed
      in other prestressing applications, such as dry mounting the anchorage on
      the end of a concrete member.
PAR  By way of example, bearing plate 111 can be formed 0f C1040 steel having a
      Rockwell hardness of between about 15 to about 28 on the Rockwell C scale.
      In order to grip a strand having a nominal diameter of 0.60 the bearing
      plate may be formed with a thickness of about 3/4 to 1 inch, with bore 136
      having a diameter at the small end of about 11/4 inches and a taper of
      about 10.degree.. The wedge material was C1117 steel, case hardened to
      about 0.015 to 0.020 inches and having a Rockwell hardness of about 62 on
      the Rockwell C scale. The wedges were stressed relieved at 350.degree. F
      to avoid delay failure. Under these conditions, the strand could be
      tensioned to substantially its yield point by the anchorage without
      deformation of the bearing plate or failure of the wedges. Teeth 118 were
      tapped into the front end or small diameter end of the bearing plate, and
      since they diverge away from the 10.degree. taper of the wedges, they did
      not interfere with the advancement of the wedges. The wedges were 2 inches
      in length with approximately one-quarter of their length or 1/2 inch
      projecting forwardly of surface 126 at maximum loading thereof. The
      diameter of end 142 of the wedges was about 1-1/16 inches with the large
      diameter of the wedges being about 1-3/4 inches.
PAR  Referring now to FIGS. 3 and 4 there is illustrated an alternate embodiment
      of the anchorage of the present invention in which anchor plate 151 is
      formed with a cylindrical bore or opening 176 and is positioned from form
      board 156 by a spacer 154 of sufficient depth to allow insertion of anchor
      member 152 into recess 168 after casting concrete member 178. Since
      tendons often must be draped very accurately in a concrete member with
      their exact positions determined by the use of a transit, the anchor plate
      of FIGS. 3 and 4 is shown in skewed relation to form board 156 as would
      often occur at the ends of a large beam.
PAR  The alignment feature of the present invention allows bearing plate 151 to
      be perpendicularly oriented relative to tendon 162, a task which is more
      difficult but very important when the tendon is skewed to the form board.
      Thus, mounting tube 153 is formed with threaded inner end 161 and outer
      end 159. Passing through bore 155 in tube 153 is relatively rigid tendon
      162. The tendon has been accurately aligned by a transit, and positioning
      of mounting tube 153 on tendon 162 results in the substantially coaxial
      alignment of the mounting tube with the tendon. If the tendon, for
      example, is a 0.60 inch steel strand it will be virtually rigid over the
      length of the mounting tube. Opening 176 in plate 151 is dimensioned to
      cause the plate to be perpendicularly oriented to tube 153 and, thus,
      tendon 162. As best may be seen in FIG. 4, this perpendicular orientation
      of plate 151 is important in order to transfer the axial load of the
      tendon evenly to bearing surface 166 and to avoid bending at end 182 of
      wedge 171. Since plate 151 is generally planar on both sides wedges
      containing housing 152, which is placed in the anchorage after casting
      member 178, will similarly be aligned with bore 176 and tendon 162 upon
      engagement of housing 152 with anchor member side 165 of the plate. As
      will be understood, reinforcing flanges or webs might protrude from either
      side 165 or 166 without interferring with the general orientation of
      housing 152 or bearing surface 166.
PAR  As illustrated in this embodiment, plate 151 is urged against spacer 154
      and form board 156 by nuts 157 and 158. Additionally, nut 160 is
      permanently fastened, as by welds 150, to tube 153 to facilitate
      unscrewing of inner end 161 from nut 158 and removal of the tube. The
      tendon is again illustrated as being greased and wrapped, as by wrapping
      163, and is sealed at the front end of the mounting tube by tape or
      plastic member 164. Additionally, spacer 154 is formed with a truncated
      form board engaging surface 185, depending on the angle of drape of tendon
      162. In order to allow cinching down of the assembly a truncated washer
      186 is positioned between the form board and nut 157. Spacer 154 and form
      board 156 are further preferably formed with openings or channels 172 and
      173, respectively, to allow the mounting tube to pass therethrough.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an assembly for use in forming an anchorage for a reinforcing tendon
      recessed in a concrete member, said assembly including a form board formed
      with an opening therethrough, a tendon mounted through said opening and
      extending inwardly of said form board, a spacer having an opening
      therethrough and being mounted inwardly of said form board with said
      tendon extending through said opening, and a tendon anchor plate having an
      opening therethrough and being mounted inwardly of said spacer with said
      tendon extending through said opening, the improvement comprising:
PA1  an elongated tubular member formed with an axially extending bore
      dimensioned for receipt of said tendon and for coaxial alignment of said
      tubular member with said tendon, said tubular member being mounted on said
      tendon in alignment therewith and extending from a position exteriorly of
      said form board through said openings in said form board and said spacer
      to project through said opening in said anchor plate to a bearing surface
      side of said anchor plate;
PA1  first securement means formed to and releasably joining said tubular member
      to said anchor plate with said tubular member in axial alignment with said
      opening in said anchor plate; and
PA1  second securement means mounted to said tubular member exteriorly of said
      form board and formed to and engaging said form board for application of a
      clamping force thereto, at least one of said first and second securement
      means further being selectively axially adjustable to effect tensioning of
      said tubular member between said first and second securement means to
      clamp said anchor plate against said spacer means and said spacer means
      against said form board.
NUM  2.
PAR  2. An assembly as defined in claim 1, wherein,
PA1  an inner end of said tubular member is threaded; and
PA1  said second securement means comprises mating threads formed in said
      opening in said anchor plate and threadably engaging the thread on said
      inner end.
NUM  3.
PAR  3. An assembly as defined in claim 1 wherein:
PA1  said first and second securement means are provided by continuously
      threaded portions over a substantial length of an inner end and an outer
      end of said tubular member and are provided by mating threaded elements
      provided at said form board and said plate to allow continuous axial
      adjustment of the distance at which said plate is secured to said form
      board at both ends of said tubular member.
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ABST
PAL  An apparatus and method for molding an article such as finished seal of
      known type, comprising a flexible member bonded to a rigid element. During
      conventional manufacture, the rigid element is clamped between upper and
      lower seal-forming molding elements and, in many instances, after
      engagement of the rigid element, continued traveling of the upper and
      lower molding elements toward each other is used to provide a "closed
      stroke". In the closed stroke operation of the present invention, the
      continued traveling in the closed stroke stage requires no substantial
      deformation or shaping of the rigid element.
PAL  An apparatus and method is disclosed in which the molding elements include
      an outer movable, biased, annular casing engaging element, for example a
      ring, which is biased in an extended position. The ring is retractable
      against the bias during the continued travel of the molding elements in
      the closed stroke. The distance of relative travel of the retractable
      floating member is the distance of the closed stroke. In a particularly
      advantageous embodiment, the retraction of the floating element is
      utilized to even greater advantage in an apparatus which also provides a
      vacuum assist in filling the seal-shaping mold cavity, and which provides
      automatic protection of the vacuum system in the final stages of the
      filling of the mold cavity.
BSUM
PAR  The present invention relates to a new and improved molding apparatus and
      method which is generally useful in manufacturing an article which
      comprises a flexible portion directly bonded to a rigid, usually metal
      portion, for example, window or glass wipers. However, the invention is
      particularly advantageous for forming oil seals of known type. More
      specifically, the present invention is advantageously utilized in forming
      a finished seal which comprises a flexible sealing member bonded to a seal
      casing. Such seals are highly successful as oil seals for example, and are
      in widespread use and are manufactured, literally by the millions, in many
      types, shapes and sizes. In the following illustrated description of the
      invention, the invention will be specifically described in connection with
      the manufacture of such shaft seals.
PAR  The apparatus and method of this invention provides for complete forming of
      the seal in a single step molding operation. Although the method and
      apparatus is useful in connection with both injection and transfer molding
      operations, it is particularly advantageous for use in those molding
      operations which are referred to in the industry as closed stroke. In
      closed stroke molding, for example, an annular casing is engaged between
      annular upper and lower plate elements of upper and lower seal-forming
      mold assemblies to close, that is, to seal a mold cavity therebetween in
      which the sealing element is shaped. However, for reasons of great
      practical significance with respect to the precise and complete shaping of
      the seal element, the travel of the upper and lower molding elements
      continues at least a short distance after the seal-forming cavity is
      sealed, and in so doing, the stamping is deformed, shaped, coined, bent,
      or otherwise distorted, and this reshaping is used to advantage in
      preventing the formation of flash.
PAR  However, it is an object of the present invention to provide an apparatus
      and method for closed stroke molding which not only assures sealing
      engagement between the seal molding assemblies and the casing, and
      provides for substantial travel distance after the shaping cavity is
      sealed, but does so without requiring deflection, coining or other
      distortion or reshaping of the casing thereby eliminating dimensional
      change of the stamping or other rigid element.
PAR  It is another object of the present invention to provide a molding
      apparatus and method in which the trapped gas, typically air, which is
      sealed within the mold cavity is removed quickly by vacuum assist means to
      facilitate the distribution of the "prep", that is the rubber or
      rubber-like stock material, into the mold cavity. It is a further object
      of the present invention to provide such a vacuum assist means which
      automatically assures that the gas conduit through which the cavity is
      evacuated will not be plugged by the prep.
PAR  It is another object of the present invention to provide a new and improved
      apparatus for forming a bonded article such as a shaft-type seal, and in
      particular for forming the flexible portion thereof, which method is
      readily adapted to the manufacture of "flashless", trimless products.
PAR  In accordance with the present invention a casing is engaged between
      seal-forming assemblies by a casing-engaging system in which at least one
      casing-engaging element is a floating element biased in an extended
      position, and which is retractable under the closing force or loading of
      the seal-forming assembly. The force is great enough to substantially seal
      the mold cavity at the interfaces between the casing and the upper and
      lower mold elements. The continued relative travel of the upper and lower
      seal-forming elements terminates when the floating element bottoms out,
      thus establishing the precise predetermined desired configuration of the
      seal element. In a particularly preferred embodiment, a gas conduit
      connected with a vacuum means passes through the floating element and,
      when the element is in an extended position, the conduit enters the
      seal-forming enclosure through an inner face of the floating element at a
      point which is extended after the stroke is closed but which is retracted
      near the end of the closed stroke.
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PAR  Hence, the above objects and other objects which will be apparent
      hereinafter are all achieved in accordance with the present invention
      which is described in general, and in connection with a particularly
      preferred embodiment with the aid of the accompanying drawings in which:
PAR  FIG. 1 is a schematic cross-sectional fragmentary elevational view of a
      seal-forming molding assembly, in accordance with this invention, in a
      semi-closed position;
PAR  FIG. 2 is a fragmentary elevational cross-sectional view of the
      seal-forming molding assembly shown in FIG. 1, in a position in which a
      closed stroke is in progress;
PAR  FIG. 3 is a fragmentary elevational cross-sectional view of the
      seal-forming molding assembly shown in FIG. 1 in a fully closed position.
DETD
PAR  Referring now specifically to FIG. 1, a portion of the molding apparatus in
      accordance with the present invention is generally indicated at 10. Broken
      line 12 indicates a vertical center line, and the illustration of FIG. 1
      represents the left half of a cross-sectional view of a seal-forming
      apparatus in which the right half (not shown) is a mirror image of that
      shown in FIG. 1. The major elements of molding assembly 10 include an
      upper plate generally indicated at 14, a lower plate generally indicated
      at 16, an annular floating casing-engaging ring, generally indicated at
      18, biasing means generally indicated at 20, and vacuum means generally
      indicated at 22, which includes connecting conduit such as flexible hose
      23. Seated sealing ring 24 is disposed in recess 26 to provide an air
      tight seal between bottom plate 12 and floating ring 18. Ring 24 is
      preferably teflon or other similar low friction material.
PAR  The seal-forming molding assembly 10 includes conventional centering means,
      generally indicated at 25, for maintaining concentricity of upper plate 14
      and lower plate 16. Bottom plate 16 includes a raised central portion 26
      and an outer radial flange-like base 28. Upper plate 14 is formed with a
      radially extending top portion 30 with an annular depending portion 32.
      Depending portion 32 terminates with annular planar surface 34.
PAR  Floating member 18 includes upper radially inwardly extending portion 36
      and dependent skirt portion 38. It will be noted that dependent skirt
      portion 38 is of substantial thickness, but is not as thick as upper
      radially extending portion 36, with the result that radially inwardly
      extending flange-like portion 40 of upper portion 36 extends over biasing
      means, for example spring 20 and bears against it. The top face 42 of
      upper portion 36 of floating member 18 is disposed to be axially aligned
      with some or all of face 34 of dependent portion 32 of upper plate 14.
      Bottom 44 of dependent skirt portion 38 is disposed to be axially aligned
      with flange-like base 28 of lower plate 16. It will be noted that
      dependent skirt portion 38 is of substantial thickness, but is not as
      thick as upper radially extending portion 36, with the result that
      radially inwardly extending flange-like portion 40 of upper portion 36
      extends over biasing means, for example spring 20, and bears against it.
      The top face 42 of upper portion 36 of floating member 18 is disposed to
      be axially aligned with some or all of face 34 of dependent portion 32 of
      upper plate 14. Bottom 44 of dependent skirt portion 38 is disposed to be
      axially aligned with flange-like base 28 of lower plate 16.
PAR  Conventionally upper plate 14 is suitably attached to a reciprocating or
      stationary ram or shaft (not shown) for up and down movement, and lower
      plate 16 is fixed.
PAR  Spring 20 can be chosen with characteristics such that during the entire
      closed stroke top face 42 of sealing upper portion 36 of floating member
      18, and bottom face 34 of depending portion 32 of upper plate 14 are urged
      against respective opposing surfaces of casing 46 with sufficient force to
      seal the interface therebetween against any passage of liquid moldable
      material therethrough, and yet with insufficient force to deform casing
      46. Thus, in accordance with the present invention, a closed stroke can be
      achieved without the necessity of deforming the casing element positioned
      between mold cavity-forming elements which are moving, relatively
      speaking, towards each other. If any deformation should occur, it is in
      the form of some slight coining of the clamped section of the metal, such
      coining or the like not causing any dimensional change in the casing or
      stamping.
PAR  During operation of mold assembly 10, a casing 46 is placed on upper face
      42 of floating ring 18 while upper plate 14 is in a moved-away position
      (not shown). Upper plate 14 is then moved axially to the position shown in
      FIG. 1 at which casing 46 is engaged between upper plate surface 34 and
      floating ring upper surface 42. Similarly, a predetermined quantity of
      moldable material 48, which is rubber or rubber-like stock material from
      which the flexible portion of the seal is to be shaped, is positioned on
      the top surface 50 of bottom plate 10. This material 48 is widely referred
      to as prep, in the industry. In FIG. 1, prep 48 is shown being squeezed
      against face 52.
PAR  Bottom plate 16 can be considered to have three distinct functioning outer
      surfaces, namely supply compression chamber surface 50, elevated orifice
      surface 54, and molding surface 56. Upper plate 14 can be considered as
      having three corresponding opposing surfaces, namely, supply compression
      chamber surface 52, elevated orifice surface 58 and molding or shaping
      surface 60. Thus surfaces 50 and 52 oppose each other, and define an
      annular supply compression chamber 62 which extends radially outwardly and
      then downwardly axially. It will be appreciated from the following
      description that surfaces 54 and 58 also come to closely oppose each other
      as top plate 14 moves axially downwardly over bottom plate 16.
PAR  Shaping surface 56, and opposite shaping surface 60 define most of the
      boundaries of mold cavity 64 which determines the shape and configuration
      of the flexible sealing element, and it will be appreciated that during
      the closed stroke, the shape and configuration of cavity 64 changes
      continuously, generally decreasing in volume.
PAR  The lowermost portion of orifice surface 58 is at a level indicated by the
      line identified by the letter a in FIG. 1. At that same instant in time,
      face 42 is at the level b, and lower edge 44 of clamping ring 18 is at
      level c. Thus, the situation illustrated in FIG. 1, as indicated above, is
      the partially closed condition in which surfaces 58, 42, and 44 are at the
      level indicated at a, b, and c, respectively. The movement of top plate 14
      continues axially downwardly, as viewed in the illustration of FIG. 1,
      until surfaces 58, 42, and 44 travel through the distance indicated at d
      in FIG. 1 bringing those surfaces to the levels indicated by the letter
      a', b', and c', in FIG. 1. At this stage, the elements are in the position
      illustrated in FIG. 3 which represents the fully closed condition.
PAR  Thus, as the axial movement of top plate 14 continues part way through the
      closed stroke, the condition illustrated in FIG. 2 is obtained. It will be
      noted that at the position shown in FIG. 2, clamping ring 18 has traveled
      downwardly against the bias of springs 20, to the extent that conduit 66
      has traveled below shaping surface 56, so that there is no longer a gas
      conduit entryway available to the shaping cavity 64 defined by surfaces
      56, 60.
PAR  Continued axially downward travel of top plate 14 forces clamping ring 18
      downwardly bringing its lowermost surface 44 against radially outwardly
      extending flange portion 28, and this condition, which is illustrated in
      FIG. 3, is referred to as "bottoming out". It will be noted that, in the
      illustration of FIG. 3, conduit 66 has traveled downwardly and is
      pneumatically sealed against gasket 24. Casing 46 remains tightly squeezed
      between upper surface 42 of clamping ring 18 and lower surface 34 of top
      plate 14. In the configuration of FIG. 3, prep 48 has filled cavity 64 and
      is under extremely high compressive condition. It should be noted that
      commercially used prep is substantially non-compressible. It will be noted
      from a consideration of FIG. 3 that, in the bottomed out condition shown
      in FIG. 3, orifice surfaces 54 and 58 are no longer widely spaced apart,
      but are very closely adjacent to define a relatively narrow orifice or
      passageway therebetween, with the result that the prep 48 within shaping
      chamber 64 can be subjected to highly pressurized conditions as the
      molding assembly 10 bottoms out.
PAR  Another highly advantageous result which is achieved by the molding
      assembly 10 which also includes the relatively narrow annular orifice
      between surfaces 54, and 58 is the fact that the extremely thin
      configuration of the annular plastic moldable material which is positioned
      therebetween during the final shaping and/or curing of the moldable
      material is readily frangible because of its thinness. This permits
      automatic separation of excess molding material remaining in the supply
      chamber and supply orifice from the mass of shaped, moldable material
      which constitutes the sealing element, upon separation of the upper and
      lower plates 14 and 16, respectively. In such an embodiment it is
      unnecessary to trim away excess moldable material, and in the industry,
      such an embodiment would be characterized as "trimless" molding, and the
      parts which are formed thereby would be referred to as trimless parts.
PAR  It will be appreciated from the foregoing description that the vacuum means
      22 is not an absolutely essential feature for all embodiments of the
      present invention. It will be appreciated that, in the preferred
      embodiment illustrated in the figures the novel combination of the upper
      and lower plates with the annular clamping ring is indeed utilized to even
      greater advantage by positioning the vacuum conduit 66 to pass through
      annular clamping ring 18 and connect with chamber 64 at such a point on
      inner surface 66 that chamber 64 can be gas evacuated by conventional
      vacuum means as soon as casing 46 is clamped between upper plate 14 and
      lower plate 16. Furthermore, it will be appreciated that the removal of
      gas, usually air, trapped within chamber 64 during the closed stroke, and
      while prep 48 is being squeezed into chamber 64, greatly assists in and
      facilitates the distribution of prep 48 within forming chamber 64. It will
      also be appreciated that access to the vacuum conduit 66 is automatically
      discontinued as soon as annular clamping ring 18 travels downwardly to the
      approximate position illustrated in FIG. 2. Thus, automatic protection or
      shielding of the vacuum system is achieved in accordance with the
      preferred illustrated embodiment.
PAR  Furthermore, the particularly preferred embodiment illustrated in the
      accompanying drawings involves a combination in which the part of the
      supply compression chamber 62 which extends in a substantially axial
      direction has a configuration such that the axially extending portion is
      relatively wide during the initial stage of the prep flow, and is
      relatively narrow during the final stage of the closed stroke, which
      combination also includes the clamping ring 18 which cooperates with the
      particular supply chamber configuration to provide improved molding. This
      particular combination achieves an interaction and cooperation between the
      various aspects of the invention which are particularly advantageous with
      respect to the then prevailing transitory and momentary physical
      characteristics, particularly the rheological characteristics, of the
      prep. For example, in the initial stage of the closed stroke, the
      relatively wide axially extending supply chamber provides a broad
      unobstructed avenue through which much prep can be quickly charged to
      shaping cavity 64. The result is that much of prep 48 is transferred very
      quickly into chamber 64. The resulting rapid flow of prep 48 into cavity
      64 also, because of the structural and spatial relationships obtained,
      results in a relatively large mass of material being moved with relatively
      diminished contact with heated surfaces or walls, during the early stages
      or prep transfer. This factor, combined with the rapid flow, provides
      reduced viscous heating of prep 48 during the flow. This reduced viscous
      heating facilitates accurate and complete shaping of the relatively low
      viscosity material in cavity 64 prior to substantial curing.
PAR  However, in the particularly preferred embodiment shown in the drawings,
      the combination also includes the automatically shielded vacuum assist
      mechanism. This particularly preferred combination achieves the same
      interaction and cooperation between the various aspects of the invention
      with respect to the transitory and momentary physical characteristics of
      the prep, and in addition, provides many additional advantages. For
      example, in the initial stage of the closed stroke, the relatively wide
      axially extending supply chamber functions cooperatively with the sudden
      reduction of atmospheric pressure within the cavity 64 to simultaneously
      foster maximum flow or transport of prep 48 during those moments in time
      in which the rheological characteristics of the prep are such that a
      relatively highly fluid condition exists. This results in even further
      improvement in the rapidity of the transfer of prep 48 into cavity 64.
      However, in addition to greatly facilitating the rapid transfer of prep 48
      into shaping cavity 64, vacuum-evacuation of chamber 64 during these
      moments in time in which the prep 48 is being distributed throughout
      shaping chamber 64 provides several significant additional advantages. For
      example, any recessed area or shaping surface recess will be far more
      readily filled with prep 48 when chamber 64 is in a vacuum evacuated
      condition. Moreover, substantial elimination and withdrawal of gas from
      chamber 64 while prep 48 is flowing, better assures that prep 48 will
      remain free of trapped gas bubbles, and the flexible shaped article
      resulting therefrom will be free of bubbles, voids, and other
      discontinuities and structural defects which are a consequence of trapped
      air, or gases.
PAR  It is to be understood that the vacuum system 22 can be a conventional
      vacuum pump, or other well known vacuum source, and the system is
      preferably fitted to include a conventional surge tank, valve means and
      valve switch means for connecting the low pressure region of vacuum means
      22 to chamber 64 as soon as the mold means close, and for disconnecting
      chamber 64 from vacuum means 22 before conduit 23 of the ring 18 moves
      clear of mold means 16.
PAR  It will be readily apparent to those skilled in the art that the apparatus
      and method of this invention is readily adaptable to a wide variety of
      applications without departing from the spirit or scope of the invention.
      Although the apparatus and method which is described in detail herein is a
      most preferred embodiment directed to the manufacture of seals, it will be
      readily apparent that the apparatus and method is applicable to a wide
      variety of closed stroke molding operations for the manufacture of a wide
      variety of articles. Furthermore, it is readily apparent that the method
      and apparatus is applicable to injection, compression and transfer molding
      operations. Therefore, the foregoing illustrative descriptions are not to
      be construed as limiting the invention, and the scope of the invention is
      to be determined from the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mold assembly for forming an insert molded article comprised of a
      relatively rigid insert element and a flexible body portion, said mold
      assembly comprising a first, fixed mold part having surfaces thereon
      defining at least a portion of a molding cavity, and second and third
      relatively movable mold parts, at least one of which includes surfaces
      thereon defining the remainder of said molding cavity, insert-receiving
      surfaces forming a part respectively of each of said second and third mold
      parts, means confining said second and third mold parts to a predetermined
      extent of movement along a given axis relative to said first part, spring
      means providing resistance to movement of said third part during one
      portion of said predetermined movement extent when said second and third
      mold parts move toward said fixed mold part, means for moving said second
      part away from said third part along said axis to open said second and
      third parts and to permit positioning of an insert element between said
      insert-receiving surfaces, and means for moving said second and third
      parts along said axis against the resistance of said spring while said
      insert is received between said second and third parts against the
      resistance of said spring.
NUM  2.
PAR  2. A mold assembly as defined in claim 1 wherein said first and second mold
      parts include land surfaces positioned closely adjacent one another both
      axially and radially in one relative axial position of said first and
      second parts, said portions being spaced substantially axially apart from
      each other in another relative position of said first and second parts,
      whereby said lands combine to form a passage of reduced cross section in
      said molded article upon movement of said first and second mold parts to
      said one position wherein said lands are disposed closely adjacent each
      other.
NUM  3.
PAR  3. A mold assembly as defined in claim 1 in which at least one vacuum
      passage means is provided in a portion of said third mold part for
      communication between said cavity formed by said surfaces and an exterior
      vacuum source, said third mold part being movable to a position wherein
      said passage means is positioned out of registry with the interior of said
      cavity, whereby a vacuum may be applied to said cavity during a portion of
      the movement of said third part and whereby material to be molded in said
      cavity is prevented from flowing into said passage in another position of
      said third part.
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ABST
PAL  A calender especially suitable for use with rubber and plastic material.
      One of two opposed rolls is movable toward and away from the other through
      direct action of long-stroke fluid actuators that move the bearing boxes
      on opposite ends of the movable roll. Roll spacing is directly sensed by
      position-sensitive transducers acting between opposed bearing boxes and
      responsive to the relative roll positions. The transducers signal changes
      and initiate correction to retain roll spacing at a set distance. The
      fluid actuators are controlled to separate the rolls upon power failure
      and to prevent roll contact in the event work product is not between the
      rolls.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  This invention relates to calenders, and more particularly to calender roll
      positioning.
PAR  2. Prior Art.
PAR  Calenders are used in the rubber and plastic industry to form or process
      sheet or web stock. Web or sheet thickness is controlled by the spacing
      between two opposed calender rolls, one of which is adjustably mounted so
      that the spacing can be varied. Roll positioning means that will
      accurately locate the rolls and adjust the roll pressure to maintain a
      spacing are desired to obtain uniform thickness of the stock. The product
      in some arrangements is sensed downstream from the calender rolls and
      adjustments made in the roll spacing to compensate for factors such as
      machine distortion that affect product thickness. A measurement or
      condition change indicative of the positional relationship between the
      rolls may be used to initiate and control an adjustment in the roll
      spacing.
PAR  Certain arrangements for adjusting one roll of a calender or mill for
      control of workpiece thickness are already known, but in one way or
      another, do not satisfy all presently desired objectives. Typical systems
      utilize power screws, fluid actuators, or combinations where a screw and
      fluid actuator act in series to position a movable roll. Spacing is
      controlled in many instances from machine and/or workpiece sensors, such
      as position-sensitive transducers and thickness gauges, and product
      thickness has also been controlled by the speed of a calender pick off.
      Feedback loops are used to facilitate continued adjustment of roll spacing
      or other operating parameters to enhance control over product thickness.
      Some examples of known systems of the above type are shown in U.S. Pat.
      Nos. 3,479,951; 3,531,827; and 3,600,747.
PAC  SUMMARY OF THE INVENTION
PAR  In the present calender, a roll is provided that is adjustably positioned
      relative to an opposed second roll (typically in a fixed position) and
      moved through its entire range of movement by the mechanism of fluid
      actuators. These actuators are comprised of long-stroke cylinder and
      piston type fluid motors for providing substantial spacing between the two
      rolls. The cylinders permit rapid roll movement, as in retraction of the
      movable roll in the event of power failure or other emergency; yet they
      can be adjusted slowly and accurately, as often as necessary without
      significant wear with extremely short response time, and without backlash,
      to adjust the roll spacing to a desired gap and to maintain uniform
      thickness of the product.
PAR  Position-sensitive transducers are located with respect to the movable roll
      and the adjacent roll to sense the roll spacing and to produce a feedback
      signal that, along with a primary setting for the roll spacing, controls
      the fluid supply to the adjusting fluid actuators. The primary setting is
      operator-established and may be varied during operation by input from a
      material thickness sensor. High accuracy plus convenience in construction
      are obtained by locating the transducers to sense between reference
      locations on the bearing boxes of the opposed rolls. More ideally but less
      conveniently, a transducer can be located to sense an actual surface of
      one or both adjacent rolls. In either arrangement, an accurate, direct,
      indication of roll spacing is obtained, independent of any distortion of
      the frame or force-transmitting parts, and independent from effects of
      wear or backlash inherent with power screws.
PAR  A hydraulic system for operating the fluid actuators that adjust and
      position the movable roll includes important control features for
      preventing mutual roll contact and resulting damage in use. In combination
      with the roll position sensors, the hydraulic system automatically stops
      the advance of the movable roll towards the second roll if no load is
      applied between the two when the movable roll reaches a predetermined
      position proximate the other. The hydraulic system is also arranged so
      that if there is a power failure, the movable roll is automatically
      retracted from the working position adjacent the other roll.
PAR  It will be understood that in the absence of power and continual roll
      rotation and the accompanying separation force provided by work
      resistance, the pressure applied to the movable roll would otherwise force
      it through the material and into contact with the adjacent roll. In power
      screw adjustment systems, typically a separate arrangement is required to
      provide a drive to retract the screw in the absence of the normal power
      input.
PAR  The present invention provides a particularly advantageous arrangement for
      supporting the bearing boxes of the movable roll and for locating the
      position transducers, to assure that the movable roll is accurately
      positioned relative to the fixed roll, and to be certain that the actual
      relationship is accurately sensed. The bearing boxes of the movable roll
      are urged into cooperable relationship with the fluid actuator piston rod
      in a manner that resists the tendency of the bearings to cock about the
      roll axis under the forces to which the roll is subjected in use, as by
      the resistance of the bank of material being calendered and by the
      tendency of the movable roll to climb or move in the direction of
      rotation. Resisting this tendency is particularly important in the present
      invention, because the position-sensitive transducers are advantageously
      carried by the bearing boxes. Since any change registered will be
      interpreted as a change in spacing between the two rolls, and a canting of
      the bearing box not reflected by a change in roll axis position would
      introduce an inaccuracy.
PAR  In one preferred embodiment, two position-sensitive
      transducers--specifically, linear voltage differential transformers
      (LVDTs)--are used in connection with each bearing box, on opposite lateral
      sides of the rotational axis of the adjustable roll. By averaging the
      signal outputs, any inaccuracy due to bearing box canting will be
      minimized. In a second embodiment an LVDT is used between two shaft
      portions of the rolls in the place of the roll axes, adjacent the inwardly
      facing side of the bearing boxes, on each side of the rolls and is
      essentially unaffected by bearing or bearing box factors.
PAR  The bearing structure used for supporting the opposed rolls is constructed
      and arranged to eliminate clearance between the bearing box, bearings and
      roll journal at operating temperature. As a result, sensing the
      relationship between the bearing boxes of the fixed and movable rolls will
      give an indication equivalent to the relationship between the actual roll
      surfaces.
PAR  A further feature is the use of a roller bearing construction between the
      bearing blocks that support the movable roll and the guiding surfaces of
      the supporting frame to materially reduce the static friction that must be
      overcome when the movable roll is adjusted in its spacing from the fixed
      roll. Conventionally acceptable breakaway friction would prevent attaining
      the accuracies otherwise available with the present invention, because of
      the over travel that results when forces as heretofore required are used
      to initiate roll movement.
PAR  It is a principal object of this invention to provide an improved calender
      for processing rubber and plastic material in which all roll spacing
      movement and working pressure is provided by long-stroke fluid actuators
      that provide fast movement, quick response and accurate positioning; in
      which the spacing between two opposed rolls one of which is adjustable is
      sensed directly by position-sensitive transducers for purposes of
      producing a feedback signal used in controlling the roll spacing; in which
      safety features are provided to prevent roll-to-roll contact; and in which
      bearing constructions for journalling the rolls and for accommodating roll
      adjustment facilitate high accurate roll spacing.
PAR  The above and other objects, features and advantages of this invention will
      become more apparent as the invention becomes better understood from the
      detailed description that follows, when considered in connection with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a calender embodying the present
      invention;
PAR  FIG. 2 is a side elevational view of the calender of FIG. 1 with additional
      structure for winding a calendered web;
PAR  FIG. 2A is a diagrammatic view of the roll arrangement of FIG. 2 showing
      the manner in which a web is formed;
PAR  FIG. 3 is a partial and elevational view of the calender of FIG. 2, with
      parts removed, rotated into a vertical orientation from the incline of
      FIG. 2, showing structural details of the movable roll mounting structure;
PAR  FIG. 4 is a partial view of the calender of FIG. 1, partly in elevation,
      illustrating the interconnection between the movable roll bearing box and
      the hydraulic actuator that positions the movable roll;
PAR  FIG. 5 is a partial end elevational view of the calender of FIG. 2,
      illustrating the arrangement of the LVDTs;
PAR  FIG. 6 is a partial front elevational view of the structure shown in FIG.
      5;
PAR  FIG. 7 is a partial elevational and sectional view taken along the line
      7--7 of FIG. 2;
PAR  FIG. 8 is a schematic diagram of the hydraulic control circuit for
      operating the calender and controlling the roll spacing; and,
PAR  FIG. 9 is a block diagram of the electrical control circuit for operating
      the calender and controlling the roll spacing;
PAR  FIG. 10 is a block diagram of a safety circuit for the control circuit of
      FIG. 9 to prevent roll contact in the absence of work product in the
      calender; and
PAR  FIG. 11 is a partial front elevational view similar to FIG. 6 but showing a
      different embodiment in which a transducer is positioned between opposed
      roll surfaces.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAC  GENERAL ARRANGEMENT
PAR  A calender 20 embodying the present invention is shown in the assembly
      views of FIGS. 1 and 2, and is especially suitable for calendering a sheet
      or forming a web W from a bank of material M such as rubber or plastic
      (See FIG. 2A), by compressing the material between calender rolls that are
      located a distance apart that establishes a desired web thickness.
PAR  The calender 20 shown has three rolls, a top roll 22, a center roll 24, and
      a bottom roll 26, all supported for rotation in a housing or stand 28,
      comprised principally of two spaced side members or frames 30, 31. In this
      particular calender, the side members 30, 31 each have a vertical portion
      30a, 31a, and an inclined upper portion 30b, 31b to form a so-called
      inclined calender. A central opening or window 32 is formed in each side
      member, the window of side member 30 being shown in FIG. 2. The central
      openings or windows receive bearing boxes that support the opposite ends
      of the rolls 22, 24, 26 for rotation. The location of the center roll is
      fixed relative to the frame in this embodiment. The location of the bottom
      roll is also fixed relative to the frame, but in other embodiments may be
      movable. The location of the top roll 22 is movable relative to the center
      roll and frame through the action of two double-acting fluid actuators 36,
      37 supported on the upper end of each side member 30, 31, respectively.
      Each actuator 36, 37 is comprised of a hydraulic cylinder and rod that
      acts on a bearing box 40 that journals each opposite end of the roll 22
      and that is slidable within the windows 32 in a direction that changes the
      spacing between the rolls 22, 24. The bearing boxes 40 are movable through
      a range of several inches, the entire movement being provided solely
      through the mechanism of the hydraulic actuators 36, 37. In addition,
      these actuators apply working pressure to the bearing boxes and hence the
      top roll 22, urging it toward the center roll, to apply compressive force
      to the sheet or web between the rolls. The relative position of the top
      roll 22 with respect to the center roll 24 is detected by transducers 42,
      43 carried by each bearing block 40 and acting against an adjacent fixed
      bearing box 46 journaling each end of the center roll 24.
PAR  The top and center rolls 22, 24 are each driven by an electric motor 27, 28
      through a gear drive 49, 50 that has an output shaft 51, 52 connected by a
      coupling shaft 53, 54 to the top roll and center roll, respectively. The
      bottom roll 26 is driven from the center roll through two meshing gears
      56, 57 carried by the center roll and bottom roll, respectively. The
      direction of roll rotation is shown diagrammatically by the arrows in FIG.
      2A. A separate frame support, not shown is provided for a let off roll 60
      of parting material P and for an independently driven wind-up roll 61 for
      the web received from the calender.
PAR  The movable bearing boxes 40 journaling the roll 22 are constructed and
      arranges to facilitate the accurate adjustment of the spacing between the
      top roll by providing for a non-clearance bearing support at operating
      temperatures and a freely slidable relationship with the frame members to
      materially reduce breakaway friction between the bearings and frame side
      members during adjustment of the movable roll position relative to the
      center roll. They are further constructed to accommodate cross axis
      adjustment of the movable roll by utilizing bearings between the bearing
      boxes and the force-applying members of the actuators 36, 37 that reduce
      friction in the direction of cross axis adjustment.
PAR  The calender 20 is operated to establish a desired space between the top
      and center rolls, to produce a desired thickness of a web W. The bottom
      roll 26 is a cooling drum. The spacing between the top and center rolls is
      sensed by the transducers 42, 43 and the web thickness may also be sensed
      automatically by a gauge or may be manually measured. Signals from the
      transducers and either the gauge or a manual input based on the measured
      web thickness are introduced into a control circuit that governs the
      operation of servo valves controlling the fluid supply to the hydraulic
      actuators 36, 37, to first retain roll spacing at a particular value, but
      also to adjust that value depending upon the effect the spacing and other
      parameters have on the web thickness, and thereby achieve a desired
      thickness. All roll spacing movement, both fine adjustment and major
      spacing movements, of the roll 22, is by the hydraulic actuators 36, 37.
PAC  MOVABLE ROLL SUPPORT AND ADJUSTMENT.
PAR  The bearing boxes 40 at each end of the roll 22 are guided within the side
      members 31, 32 of the housing and are connected to piston rods of the
      hydraulic actuators 36, 37 for all-hydraulic movement of the roll 22
      toward and away from the center roll position. The bearing box structure
      and mounting arrangement in side members 30, 31 is substantially
      identical, and only the construction associated with the frame side member
      30 will be described in detail.
PAR  A piston rod 66 of the hydraulic actuator 36 extends through a bore 68
      (FIG. 4) in the side member 30, communicating with the window or central
      space 32. The piston rod is threadedly secured to an extension rod 70,
      slidably guided in the bore 68 by a sleeve bearing 72. The distal end of
      the extension rod 70 carries a threaded retainer or collar 74 that
      connects the extension rod to the bearing box 40 through an attachment
      assembly indicated generally at 76. The collar 74 and end of extension
      rods 70 are contained in the attachment assembly 76 by a flanged retainer
      ring 78 secured by machine screws 80 to a pressure plate 82. One surface
      of the pressure plate 82 is comprised of a bronze bearing 83 against which
      the distal end of the extension rods 70 bears. The other surface of the
      pressure plate 82 acts as a bearing plate, which cooperates with roller
      bearings 86, secured to the outer surface of the bearing box 40.
PAR  Vertical movement and force to the bearing box is obtained and applied
      through the connection between the extension rod 70 and the attachment
      assembly 76 to move the roll and change the spacing through which the work
      passes. Lateral adjustment of the bearing box within the window 32 to
      accomplish a cross axis relationship between the movable roll 22 and the
      center roll 24 is facilitated by the roller bearings 86.
PAR  The bearing box 40 is biased against the attachment assembly 76 and hence
      against the extension rod 70 from two transversely spaced locations along
      an edge (the upper edge in the orientation shown) of each side face of the
      bearing box by hydraulic actuators 90, 92. As shown in FIGS. 3 and 4, the
      actuators are comprised of cylinders 90a, 92a, each secured to an opposite
      side of the frame side member 30, and a piston rod 90b, 92b, connected
      respectively by clevises 94, 95 to yokes 96, 97 secured to the bearing
      box. The yoke 96 is pinned to two spaced brackets 99, 100 on the outside
      surface of the bearing box 40, and the yoke 97 is similarly pinned to two
      brackets on the inside surface, one of which is shown at 102. The
      hydraulic actuators 90, 92 are operated to yieldably bias the bearing box
      40 toward the attachment assembly 66. This biasing force resists the
      tendency of the bearing box to cock about the rotational axis of the roll,
      when the roll is under load and subjected to forces that tend to cause the
      roll to ride up the work product in the direction of rolling.
PAR  To assure the accurate location of the roll axis with respect to the
      bearing box 40, the roll neck is journaled in a precision roller bearing
      103 with a cone 104 that is adjusted so that, at the operating temperature
      of the roll and bearing, there is no clearance within the bearing and
      therefore the position of the roll relative to the bearing block is
      precise and known. By way of example, a preferred embodiment incorporates
      a Timken two-row tapered-bore roller bearing identified as number 3-130
      precision bearing.
PAC  ROLL POSITION SENSING
PAR  Accurate spacing between the rolls 22, 24 for controlling product thickness
      is achieved by continuously sensing the distance between the bearing boxes
      of the movable top roll and the fixed center roll, and generating a signal
      responsive to any change in the distance. Sensing is accomplished with
      position transducers, viz., linear voltage differential transformers
      (LVDTs) 42, 43 directly sensitive to the distance between reference
      surfaces on the bearing boxes of the rolls 22, 24. See FIGS. 5 and 6. The
      LVDTs are located and supported to compensate for housing or frame
      deflection in the direction of force application. The signals generated by
      the LVDTs are used in a control circuit that operates servo valves
      controlling the flow of fluid to the hydraulic actuators 36, 37 that
      determine the movable roll position. An alternative arrangment for
      mounting LVDTs is shown in FIG. 11 and will be described separately.
PAR  The two LVDTs 42, 43 are secured to the outwardly facing end surface of
      each bearing box 40 of the movable roll 22. Each LVDT 42, 43 has
      respectively a housing 110, 111 and a movable core (not shown) within the
      housing, connected for movement to a rod 112, 113 which extends from the
      housing and is rectilinearly reciprocal and yieldably biased to an outward
      position. Each housing 110, 111 is secured to a bearing retainer 116 of
      the bearing box 40, one on each opposite side of the rotational axis of
      the roll 22. Each housing is accurately positioned by locating dowels or
      pins and is oriented so that the direction of reciprocal movement of the
      rods is parallel to the path of the bearing box movement in the side
      frame.
PAR  A fixed reference bar 120 is secured to a bearing retainer 122 of each
      bearing box 46. The reference bar extends across the bearing box 46
      adjacent to the box 40, transversely of the rolls and in a direction
      perpendicular to the direction in which the roll 22 is moved to change the
      roll gap, and is accurately located by dowels or pins. A flat reference
      surface 124 of the reference bar 120 faces toward the bearing box 40, and
      extends a width greater than the distance between the LVDTs 42 and 43, to
      accommodate relative movement, in the plane of the reference surface,
      between the bearing boxes 40 and 46, as is occasioned by cross axis
      adjustment of the movable roll.
PAR  Upon movement of the bearing boxes 40, as from direct operation of the
      actuators 36, 37 or as might be occasioned by movement of the roll 22 due,
      for example, to a change in the resistance of the work product, the LVDT
      housings 110, 111 on each bearing box 40 will move relative to the
      respective reference bars 120. The rods 112, 113, being biased against the
      adjacent reference bar, move outward or inward, depending upon the
      direction of movement of the bearing boxes 40, causing a change in the
      position of the core within each LVDT. This creates an electrical signal,
      indicative of the change in position of the bearing boxes and hence
      indicative of a change in the roll spacing is accurate, because there is
      no clearance in the bearings journaling the rolls.
PAR  Signals produced from both LVDTs on one side of the roll, i.e., associated
      with one bearing box, are averaged, and the averaged output controls the
      respective actuator 36, 37, which adjusts the bearing box upon which the
      LVDTs are carried. By averaging the signal output from LVDTs on opposite
      sides of the roll axis, any apparent change in spacing due to a cocking or
      tilting of the bearing box is minimized or eliminated. Further, by
      averaging the output from both LVDTs, any change from a shift
      longitudinally along the reference bar surface due to an adjustment of the
      movable roll to a cross axis position, or any change in readings which
      might be occasioned by a failure of the reference bar to be absolutely
      perpendicular to the direction of bearing box movement, will be
      compensated for.
PAC  BEARING GUIDES AND CROSS AXIS ADJUSTMENT FOR MOVABLE ROLL BEARING BOXES
PAR  The ability to obtain accurate roll spacing is enhanced by bearing
      assemblies interposed between the bearing boxes 40 and adjustable guides
      on opposite lateral sides of the bearing boxes, which locate the bearing
      boxes laterally within the frame openings.
PAR  Roll deflections are compensated by crossing the center line of the roll 22
      with respect to the center line of the roll 24, establishing a cross axis
      adjustment. This is accomplished by positioning each bearing box 40
      slightly to one side, laterally, of the rotational axis of the fixed roll
      at one end, and on the opposite side of the fixed axis on the opposite
      end. Typically, the maximum adjustment necessary will be no greater than
      approximately one inch. This arrangement will reduce the variation in roll
      gap across the width of rolls caused by roll bending, and the basic
      mechanism for accomplishing this adjustment is known. In the present
      embodiment, this adjustment is obtained through a drive motor and screw
      arrangement indicated generally at 128 at one edge of each side member 30,
      31, and a cylinder and piston assembly indicated generally at 130, on the
      opposite side edge of each side member. See FIGS. 1, 2 and 7. The
      mechanism 128 includes a gear motor 132 that operates a threaded jack 133,
      connected to an adjustment ram 134 slidable within the respective side
      frame member 30, 31. The ram 134 terminates in a thrust assembly 137 that
      acts against one side of the bearing box 40, serving to position the box
      laterally and also to guide the box in its movement within the side frame
      or side member established by the action of the actuators 36 or 37.
PAR  The cylinder and piston assembly 130 are directly opposite the drive motor
      and screw assembly 128. The assembly 130 includes a cylinder 139, with a
      piston rod 140 extending inwardly of the side member 30 or 31. A ram 141
      is secured to the end of the piston rod and is slidably supported through
      the side member. The ram terminates in a thrust assembly 143, which
      applies a pressure against the bearing box 40 tending to move it in a
      direction opposed to that of the drive motor and screw assembly 128 and
      serves as a guide on that side of the bearing box, for the movement of the
      bearing box relative to the frame, in the direction of roll movement. The
      cylinder 139 is supplied with hydraulic pressure in a manner that
      maintains a bias against the one side of the bearing box, but which will
      permit movement of the piston in response to driven movement of the jack
      133. In short, each cylinder and piston assembly 130 serves to yieldably
      bias the respective bearing box in a direction opposed to that of the
      positively driven ram 134.
PAR  Each of the thrust assemblies 137, 143 are identical and only the thrust
      assembly 137 will be described in detail. As best shown in FIG. 7, the
      distal end of the ram 134 has a neck 146 and a slightly curved end surface
      148. The curved end surface acts against a bearing plate 150. The bearing
      plate 150 is secured to the end of the ram 134 by a retainer 153 that is
      flanged to cooperate with the neck 146. This arrangement facilitates the
      slight cocking of the bearing plate 150 relative to the direction of axial
      movement of the ram 134, when the bearing box 40 is oriented in a cross
      axis relationship, i.e., when the sides of the bearing box are not
      perfectly perpendicular to the direction of ram movement. The retainer 153
      and bearing plate 150 are received in a guideway 155 extending along the
      bearing box in the direction of bearing box movement during adjustment of
      roll spacing.
PAR  In the present arrangement, roller bearings, for example TYCHOWAY roller
      bearings 158 are carried by the bearing box 40 within the guideway 155,
      essentially interposed between the bearing box and the bearing plate 150
      of the ram 134. These bearings materially reduce the static friction
      otherwise present between the bearing box and bearing plate 150, which
      must be overcome when the position of the roll 22 is adjusted. Without
      such roller bearings a fine adjustment of the movable roll is very
      difficult to make, because the initial force required to overcome the
      static friction, i.e., the breakaway force, typically could result in
      overtravel of the bearing boxes, and hence an incorrect spacing. Thus, the
      bearings 168 cooperate with the all-hydraulic adjustment feature provided
      by the hydraulic cylinders 36, 37 to assure accurate positioning of the
      movable roll relative to the fixed roll.
PAC  HYDRAULIC SYSTEM
PAR  An hydraulic system is provided, as shown in FIG. 8, to operate the fluid
      actuators 36, 37 that position the movable roll 22. Provision is made in
      the system to withdraw the roll 22 from adjacent the roll 24 in the event
      of a power failure.
PAR  The hydraulic system includes a supply tank 162, a motor drive hydraulic
      pump 164, and a distribution system 166, including an emergency reversing
      valve 168 and a pressurized emergency fluid reservoir 169, to operate the
      fluid actuators 36, 37.
PAR  As previously indicated, each fluid actuator 36, 37 is a double acting
      cylinder and piston assembly. Each has associated with it, respectively, a
      servo valve 172, 173 to control flow to the actuator, check pilots 176,
      177 to prevent operation of the actuators in the event of a pressure
      failure in the hydraulic system, and emergency check valves 178, 179 to
      provide an alternate flow path for fluid from the emergency reservoir 169
      in the event of an electrical power failure.
PAR  Considering the distribution system 166 in more detail, a hydraulic line
      181 extends from a filter 182 in the tank 162 and supplies fluid to the
      hydraulic pump 164. A line 184, including a filter 185 receives fluid
      under pressure from the pump and forms a loop returning to the supply
      tank. A check valve 186 and the solenoid operated emergency reversing
      valve 168 are in the loop, as is a heat exchanger 190 connected to a
      supply of cooling fluid (not shown) and a by-pass 191.
PAR  A fluid line 194 is connected to the loop 184 through the emergency
      reversing valve 168, which is shown in the position it occupies when
      electrical power is available, i.e., connecting the line 194 to the
      pressure side of the loop 184. The emergency fluid reservoir 169 is
      connected to the line 194.
PAR  A line 196 connected to the loop 184 in advance of the reversing valve 168
      supplies fluid to the check pilot valves 176, 177 through an
      interconnecting conduit 197. As long as pressure is provided to the check
      pilots, a line 188 from the servo valve 172 to the piston rod end of
      actuator 36 and a line 189 from the servo valve 173 to the piston end of
      actuator 37, will be open to permit operation of the actuators.
PAR  A return line 202 is connected from the loop 184 on the downstream side of
      the valve 168 to a line 203 to the two servo valves 172, 173.
PAR  An emergency check line 204 is connected from the valve 168 to a line 205,
      which is connected through check valves 178, 179 to the actuator lines
      188, 189, respectively, to provide an alternative flow path for emergency
      fluid pressure to the piston rod end of each actuator.
PAR  The line 194 from the valve 168 connects to a line 210, which interconnects
      the solenoid operated servo valves 172, 173. The servo valves, in addition
      to being connected to the lines 188, 189 associated with the piston rod
      end of the cylinders, are also connected to lines 214, 215 to the cylinder
      end of the actuators. The two servo valves are each constructed to control
      the flow and direction of hydraulic fluid to the actuators 36, 37, with an
      intermediate shut off position. Accordingly, they will control the speed,
      direction and extent of piston movement of the actuators in response to
      electrical signal input.
PAR  In normal operation, the reversing valve will be in the position shown, so
      that fluid pressure from the pump 164 supplied through the line 184 will
      be directed through the line 194 and through the check pilot line 196. The
      check pilot line will keep the flow passages through the lines 188, 189
      open and, depending upon the position of the servo valves 172, 173, the
      pistons of the actuators will be maintained in a constant position, or
      adjusted inward or outward of the cylinders to move the associated roll
      22. The manner in which the speed and direction of the movement is
      controlled through the servo valves will be explained in more detail
      subsequently.
PAR  In the event of a power failure, the rolls would stop rotating and residual
      pressure, which is resisted to a lesser extent in the absence of roll
      rotation and work feed, would tend to drive the rolls together, cutting
      the work and marring the roll surfaces. To prevent that, the reversing
      valve 168 is constructed to reverse its position in the absence of
      electrical power. Thus, it would move to the position in which the ports
      would connect the fluid pressure line 194 with the emergency check line
      204. Fluid under pressure, for example, one quart of fluid under a
      pressure of 700 psi., from the emergency fluid reservoir 169 would then
      flow through valve 168 and the emergency check line 204, through the
      emergency check valves 178, 179, through the pilot check valves 176, 177,
      and into the piston rod end of the actuators, causing the piston rods to
      be withdrawn a slight distance, sufficient to keep the rolls separated.
      Flow of fluid from the head end of the cylinders is permitted in such a
      situation because the servo valves 172, 173 are constructed with permanent
      magnets biasing the valves to a condition in which the head end conduits
      214, 215 are connected to the return line 202. The permanent magnet bias
      is, of course, overcome by the solenoid actuation that controls the servo
      valves during the presence of electrical power.
PAR  After a power failure, upon the return of power, the actuator pistons are
      in a position different from that to which they had been set during
      operation. The electrical control circuit is arranged to bring the control
      system into balance, at the withdrawn position of the piston rods.
PAC  ROLL SPACING CONTROL
PAR  Positioning the movable roll by adjustment of the servo valves 172, 173 is
      controlled through an electrical control system that produces a roll
      positioning signal from either a manual input or an automatic input from a
      sensed workpiece thickness, and which further produces a feedback signal
      from the LVDTs to retain the roll spacing established by the manual or
      automatic inputs.
PAR  A general arrangement for a suitable control circuit for accurately
      adjusting and maintaining the position of the movable roll 22 is
      illustrated in the block diagram of FIG. 9. Individual components
      comprising the diagram are known per se or the necessary construction is
      within the skill of the art to accomplish the function indicated.
PAR  Manual operation of the apparatus is accomplished through control switches
      220 for establishing fast and slow upward and downward movement of the
      roll 22 (i.e., movement of the rolls apart and together), and the drive
      rates are adjustable through a rate limiter, which includes rate adjusting
      potentiometers. As shown in the block diagram, two identical control
      circuits are operated from the switches, one for each actuator and bearing
      box of the movable roll, and only one circuit will be described in detail.
      A logic motor driver 226 operated from a control switch or a control
      signal from a thickness gauge controls a stepper motor 228. The driver
      produces a plurality of control pulses and the motor operates in response
      to those pulses. A normally closed safety switch 229 will stop movement of
      the roll when opened by preventing further operation of the stepper motor.
      The stepper motor drives a potentiometer 230, which then establishes a
      reference voltage, which, at least initially upon an input from the
      control switches 220, will of course be different from a signal fed back
      by the LVDTs from a previously established position.
PAR  The reference voltage from the potentiometer 230 is compared with an output
      voltage from the LVDTs on the bearing box 40 by a comparitor 234. This
      arrangement functions as a negative feedback. In the event there is a
      voltage differential indicative of a difference between the existing
      position of the movable roll 22 and the desired position established by
      the control input from the potentiometer 230, a voltage signal will be
      produced and will be amplified by an amplifier 236. This signal controls
      the servo valve 172. The similar circuit controls the servo valve 173 in
      an identical manner, so that both will operate, but each will be
      independently controlled from a separate feedback from associated LVDTs on
      the bearing box being directly affected by the associated hydraulic
      cylinder 36, 37. Adjustment of the servo valves 172, 173 controls the flow
      of hydraulic fluid to the cylinders 36, 37 to independently adjust the
      loads on opposite sides of the movable roll 26. The roll position is
      detected by the pair of LVDTs associated with each bearing box, and the
      outputs of the two LVDTs are averaged by a comparitor 238. The output is
      fed to a demodulator 240, that is part of a signal conditioning and
      display unit 242, and a voltage indicative of the change in roll position
      is then introduced to the comparitor 234, compared with the input signal
      and the roll position adjusted if necessary. The output from the LVDTs
      further operates a roll position digital readout 243 through a digital
      volt meter 244.
PAR  Once a position of the movable roll 22 is established by manual input
      through the switches 220, the LVDT voltages will be compared to the
      reference voltage and will cause a change in the servo valves if the roll
      position changes, until the LVDTs voltage outputs are brought into
      conformity with the reference value.
PAR  An automatic adjustment feature is provided to sense changes in the
      workpiece thickness and to adjust the roll spacing if the thickness
      variation exceeds predetermined limits. This is accomplished through a
      gauge, for example, a beta gauge 250, that senses the thickness of the
      workpiece being calendered, downstream from the calender rolls. Beta
      gauges of this type, which rely upon back scatter radiation, are well
      known.
PAR  When a work thickness is sensed outside the limits established by the
      thickness guage, an error voltage is produced indicative of the error and
      is introduced to the motor driver 226 to adjust the stepper motor 228 and
      thus the potentiometer output 230, thereby setting a new reference level
      that will accommodate for the error sensed in the workpiece by the gauge.
      Thus, the roll spacing is maintained at an initial setting through the
      LVDTs, but the setting is adjustable through the thickness gauge, to
      accommodate for operating parameters that may affect the workpiece
      thickness, for example, stock temperature, stock composition, bank size,
      and calender speed, all of which could in part cause roll deflection not
      detected by the LVDTs.
PAR  Movement of the roll 26 instantaneously follows the stepper motor change,
      to provide what is known as a high gain system. High speed adjustment of
      the roll 26 is accomplished by generating pulses from the motor driver 226
      at a rapid rate. Each pulse moves the roll 0.0002 inch and the roll can be
      advanced under high speed at a rate of approximately one-fourth inch per
      minute.
PAR  A safety feature is provided to prevent movement of the roll 26 at a fast
      speed when the roll is relatively close to the fixed roll, and to prevent
      the rolls from coming into contact with each other in the event there is
      no work between the rolls. With reference to FIG. 10, a safety circuit is
      shown in the block diagram, controlling the safety switch 229 also shown
      in FIG. 9. The safety switch 229 is operable from an electrical input,
      when both a normally open limit switch 260 and a normally closed pressure
      operated switch 262 are closed. The limit switch 260 when closed also
      prevents high speed travel of the roll 26, through a separate circuit (not
      shown) of the motor drivers. The limit switch is closed manually by the
      plunger of one LVDT associated with each bearing box 40. It will be
      appreciated that a circuit as shown in FIG. 10 is associated with each of
      the duplicate circuits shown in FIG. 9, which separately control the
      movement of each bearing box of the movable roll. The LVDT closes the
      normally open limit switch 260 when the spacing between the rolls reaches
      0.030 inch.
PAR  The pressure switch 262 in series with the limit switch 260 is maintained
      normally closed unless there is hydraulic pressure in the cylinder end of
      each control actuator 36, 37 of a magnitude approximating that experienced
      when work is located between the calender rolls. As a result of this
      arrangement, once the calender rolls reach a spacing of 0.030 inch, the
      roll movement must be resisted by a work product, or the pressure switch
      262 will be closed along with the limit switch 260, actuating the safety
      switch 229 and stopping further advance of the roll.
PAC  OPERATION
PAR  Although the operation of specific aspects of the invention has been
      described in connection with the description of the apparatus, the
      operation is here more fully described. Material M to be formed into a web
      W by action of the calender rolls 22, 24 is placed in the bite of the two
      rolls, which are inclined relative to the vertical to facilitate this
      placement. The rolls 22, 24 are driven in the direction shown by the
      arrows in FIG. 2A by the electric motors 47, 48 and a web is formed from
      the material, the thickness of which is dependent upon the spacing between
      the two rolls. The bottom roll 26, gear driven from the center roll 24, is
      supplied with a cooling medium and serves to cool the web subsequent to
      the calendering operation. The web is wound onto a receiving roll,
      separately driven, and successive windings are separated from each other
      by a thin web of material that is readily separable from the rubber or
      plastic web W formed by the calender.
PAR  To compensate for roll bending under the pressures applied to the roll by
      the hydraulic cylinders 36, 37, the movable roll 22 can be arranged with
      its central rotational axis slightly askew from the axis of the fixed roll
      24, by shifting the bearing boxes 40 sideways, about a central axis
      transverse to the rotational axis. This is accomplished by operating the
      drive motor and screw 128 against the biasing force of the cylinder and
      piston 130, on the opposite sides of the frame members. This adjustment is
      made in opposite directions on opposite ends of the movable roll.
PAR  The pullback hydraulic actuators 90, 92 associated with each bearing box of
      the movable roll are single acting actuators that retain the roll 22
      against the ends of the piston rods of the hydraulic cylinders 36, 37 by
      applying a continual fluid pressure bias. Hydraulic fluid is supplied
      through an hydraulic pump power unit that also supplies the fluid under
      pressure to the cylinders 130 of the cross axis adjusting mechanism.
      Hydraulic systems for applying such pressure in a yieldable manner for
      biasing purposes are known, and basically use a fluid pressure regulator
      in the pressure line to an appropriate end of the cylinder to maintain a
      biasing force, while permitting adjustment of roll spacing or cross axis
      positioning when sufficient force is exerted in opposition to the biasing
      force.
PAR  The movable roll 22 is adjusted to a desired spacing relative to the fixed
      roll 24 by the hydraulic actuators 36, 37. The entire range of movement of
      the movable roll (viz., plus 3.00 inches, minus 0.25 inch) is accomplished
      by the length of stroke of the piston rods of the hydraulic actuators 36,
      37, permitting rapid travel of the movable roll, especially for emergency
      withdrawal, and at the same time permitting accurate location in a fine
      adjustment mode.
PAR  Roll spacing is established through manual input switches 220, to locate
      the movable roll 22 at the distance desired from the fixed roll 24. The
      position is shown by the indicators 243. The workpiece produced by the
      calender is then measured, and any adjustment necessary is made in the
      roll spacing through the manual input switches, to produce the desired
      product thickness. At a given roll spacing set by the operator and
      resulting in a given set point voltage signal, the LVDTs will produce a
      feedback signal that will maintain the adjustment system in equilibrium at
      the spacing set. In the event the movable roll is forced to a different
      spacing by a workpiece thickness or change in hydraulic pressure, the
      LVDTs will sense the difference in spacing between the bearing boxes of
      the movable and fixed rolls and will produce a different output signal,
      varying from that of the set point reference output. As a result, the
      servo valves 172, 173 will be actuated to adjust the hydraulic pressure to
      the actuators, to move the roll 22 in a direction to re-establish the
      preset spacing. Upon reaching the position, the LVDT output will again
      match the set point output and the roll position will remain fixed. By
      sensing the spacing between the bearing boxes with the LVDTs, and
      utilizing no-clearance bearings for the rolls, an accurate measure of roll
      spacing, as directly as possible, is obtained to assure a high degree of
      accuracy in roll spacing.
PAR  A further input to the set point value is obtained from an optional gauge,
      such as the beta gauge 250 that automatically adjusts the set point value
      in response to work thickness downstream from the rolls.
PAR  In the adjustment of the movable roll, as it is moved to approach the fixed
      roll, the limit switch 260 in an LVDT on each end of the roll stops the
      fast approach of the roll when the roll spacing is 0.030 inch,
      automatically switching the rate adjustment from fast to slow. Also, the
      pressure switch 262 prevents further advance of the movable roll toward
      the fixed roll at a spacing closer than 0.030 inch in the absence of a
      minimum pressure on the roll, as sensed by the hydraulic system associated
      with the actuators 36, 37. This prevents the inadvertent advance of the
      movable roll into contact with the fixed roll, which would damage the
      machine.
PAR  In the event of a power failure, the emergency valve 168 of the hydraulic
      system is shifted to supply fluid from the reservoir 169, which then
      separates the movable roll from the fixed roll by a distance of one-tenth
      inch and holds it there. Because of the all hydraulic actuation of the
      movable roll, there is no necessity to drive a screw for retracting the
      roll, and it can therefore be conveniently and rapidly moved to a
      withdrawn position. Upon the reapplication of electrical power, a restart
      circuit automatically adjusts the set point of the movable roll to conform
      to the position to which the roll has been spaced under the emergency
      pressure from the reservoir, so that the roll will not be immediately
      driven down into contact with the work, prior to the complete
      reestablishment of operation.
PAC  ALTERNATIVE LVDT ARRANGEMENT
PAR  As shown in FIG. 11, an LVDT 275 is supported between journal positions
      276, 278 at opposite ends of rolls 22', 24', which correspond to rolls 22,
      24 previously described. The rolls 22', 24' are journaled at each end by
      the bearing boxes 40, 46. Since the construction at opposite ends is
      identical only the ends shown in FIG. 11 will be described in detail. The
      journal portions 276, 278, which are of reduced diameter, extend inwardly
      of the bearing boxes, providing a space 280 adjacent the bearing boxes in
      which the LVDT 275 is located, oriented to extend in a plane common to the
      axes of the two rolls so that it will sense a change in roll spacing.
PAR  A mounting ring 282, 283 is secured to and encircles each journal portion
      276, 278, and carries a circular saddle bearing 286, 287. The bearings
      286, 287 are aligned in a plane in which the axis of the LVDT lies. A
      bracket 290 from the inwardly facing surface of the bearing box 46
      supports the housing 291 of the LVDT in contact with the bearing 286. The
      bracket is flexible enough to permit slight movement of the LVDT housing
      relative to the bearing box 46 to accommodate any roll bending and to
      maintain the end of the housing 291 against the surface of bearing 286.
      The plunger portion 294, biased outwardly from the housing portion 291,
      rides against the bearing 287.
PAR  With this arrangement a change in roll spacing is directly sensed by the
      LVDTs at each end without involving the bearing boxes and eliminating any
      error that might be introduced by a lack of perfect correlation between
      roll movement or spacing and bearing box movement or spacing.
PAR  While it will be appreciated that a preferred embodiment and mode of
      operation have been described in detail, various modifications or
      alterations may be made therein without departing from the spirit and
      scope of the invention, set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A calender comprising:
PA1  first and second cooperating rolls,
PA1  means including a frame and frame supported bearing boxes supporting the
      rolls at each end for rotation and supporting the first roll for movement
      toward and away from the second,
PA1  hydraulic means for changing the spacing between said rolls and for
      applying pressure to the first roll and thence to material between the
      rolls,
PA1  said hydraulic means comprising a double acting fluid cylinder and
      reciprocable piston at opposite ends of said first roll acting between the
      bearing boxes of said roll and said frame,
PA1  each said cylinder and piston having a stroke as great as the total
      distance through which said first roll is movable,
PA1  fluid actuators connected between said frame and the bearing boxes of the
      movable first roll to bias the first roll against said hydraulic means,
PA1  means including two linear voltage differential transformers carried on
      each bearing box of one of said first and second cooperating rolls acting
      between the bearing boxes of said first and second rolls, sensitive to
      changes in the bearing box positions of said first and second rolls
      relative to each other for providing a signal indicative of roll spacing,
      the two transformers on each box being located on opposite sides of and
      equidistant from the axis of the carrying roll in a direction that extends
      at right angles to the direction of relative movement between the rolls,
      and
PA1  means for actuating said hydraulic means in response to said signal, to
      adjust the roll spacing.
NUM  2.
PAR  2. A calender comprising:
PA1  first and second cooperating rolls,
PA1  means including a frame and frame supported bearing boxes supporting the
      rolls at each end for rotation and supporting the first roll for movement
      toward and away from the second,
PA1  hydraulic means for changing the spacing between said rolls and for
      applying pressure to the first roll and thence to material between the
      rolls,
PA1  said hydraulic means comprising a double acting fluid cylinder and
      reciprocable piston at opposite ends of said first roll acting between the
      bearing boxes of said roll and said frame,
PA1  each said cylinder and piston having a stroke as great as the total
      distance through which said first roll is movable,
PA1  fluid actuators connected between said frame and the bearing boxes of the
      movable first roll to bias said first roll against said hydraulic means,
PA1  said fluid actuators comprise two cylinder and piston motors connected to
      each bearing box, one on each opposite axially spaced side thereof, and a
      yoke associated with each actuator, connected to the associated side of
      the bearing box at spaced locations equidistant from the axis of the
      journalled roll in a direction that extends at right angles to the
      direction of movement of the bearing box,
PA1  means including two linear variable differential transformers carried on
      each bearing box of one of said first and second cooperating rolls acting
      between the bearing boxes of said first and second rolls, sensitive to
      changes in the bearing box positions of said first and second rolls
      relative to each other for providing a signal indicative of roll spacing,
      the two transformers on each box being located on opposite sides of and
      equidistant from the axis of the carrying roll in a direction that extends
      at right angles to the direction of relative movement between the rolls,
      and
PA1  means for actuating said hydraulic means in response to said signal, to
      adjust the roll spacing.
NUM  3.
PAR  3. A calender comprising:
PA1  first and second cooperating rolls,
PA1  means including a frame and frame supported bearing boxes supporting the
      rolls at each end for rotation and relative movement twoard and away from
      one another, said bearing boxes including roller bearings journaling said
      rolls, said roller bearings providing essentially no clearance between the
      roll and respective bearing box at operating temperatures of the bearings
      and rolls,
PA1  hydraulic means for changing the spacing between said rolls and for
      applying pressure to at least one of the rolls and thence to material
      between the rolls,
PA1  said hydraulic means comprising a double acting fluid cylinder and
      reciprocable piston at opposite ends of a movable one of said rolls acting
      between the bearing boxes of said roll and said frame,
PA1  each said cylinder and piston having a stroke as great as the total
      distance through which said rolls are relatively movable,
PA1  fluid actuators connected between said frame and the bearing boxes of the
      movable first roll to bias the first roll against said hydraulic means,
PA1  roller bearings between said frame and the bearing boxes at opposite ends
      of the movable roll, that act in the direction of roll movement, said
      bearings serving to substantially reduce breakaway friction during roll
      spacing adjustment,
PA1  means including a transducer acting between the first and second rolls,
      sensitive to changes in the positions of said first and second rolls
      relative to each other for providing a signal indicative of roll spacing,
      and
PA1  means for actuating said hydraulic means in response to said signal, to
      adjust the roll spacing.
NUM  4.
PAR  4. A calender comprising:
PA1  first and second cooperating rolls,
PA1  means including a frame and frame supported bearing boxes supporting the
      rolls at each end for rotation and relative movement toward and away from
      one another,
PA1  hydraulic means for changing the spacing between said rolls and for
      applying pressure to at least one of the rolls and thence to material
      between the rolls,
PA1  said hydraulic means comprising a double acting fluid cylinder and
      reciprocable piston at opposite ends of a movable one of said rolls acting
      between the bearing boxes of said roll and said frame,
PA1  each said cylinder and piston having a stroke as great as the total
      distance through which said rolls are relative movable,
PA1  means including a transducer continuously sensitive to the spacing of the
      rolls for providing a signal indicative of roll spacing, and
PA1  means for actuating said hydraulic means in response to said signal, to
      adjust the roll spacing,
PA1  said actuating means including a hydraulic system and a valve automatically
      operable in the event of power failure, to control the supply of hydraulic
      fluid to said double acting fluid cylinder and reciprocable piston to
      positively drive the piston in a reverse direction from that in which
      pressure is applied to material between the rolls and separate the first
      and second rolls in the event of a power failure, said hydraulic system
      including means for storing hydraulic fluid under pressure for release by
      said valve.
NUM  5.
PAR  5. A calender comprising:
PA1  first and second cooperating rolls,
PA1  means including a frame and frame supported bearing boxes supporting the
      rolls at each end for rotation and relative movement toward and away from
      one another,
PA1  hydraulic means for changing the spacing between said rolls and for
      applying pressure to at least one of the rolls and thence to material
      between the rolls,
PA1  said hydraulic means comprising a double acting fluid cylinder and
      reciprocable piston at opposite ends of a movable one of said rolls acting
      between the bearing boxes of said roll and said frame,
PA1  each said cylinder and piston having a stroke as great as the total
      distance through which said rolls are relatively movable,
PA1  means including a transducer continuously sensitive to the spacing of the
      rolls for providing a signal indicative of roll spacing,
PA1  means for actuating said hydraulic means in response to said signal, to
      adjust the roll spacing, and
PA1  an electrical control circuit, including a limit switch responsive to the
      approach of the first and second rolls into close proximity and a pressure
      switch responsive to the hydraulic operating pressure of said double
      acting fluid cylinder, that stop the operation of said hydraulic means in
      the absence of resistance to the movement of said rolls into close
      proximity.
NUM  6.
PAR  6. A calender comprising:
PA1  first and second cooperating rolls,
PA1  means including a frame and frame supported bearing boxes supporting the
      rolls at each end for rotation and relative movement toward and away from
      one another,
PA1  hydraulic means for changing the spacing between said rolls and for
      applying pressure to at least one of the rolls and thence to material
      between the rolls,
PA1  said hydraulic means comprising a double acting fluid cylinder and
      reciprocable piston at opposite ends of a movable one of said rolls acting
      between the bearing boxes of said roll and said frame,
PA1  each said cylinder and piston having a stroke as great as the total
      distance through which said rolls are relatively movable,
PA1  means, including a transducer acting directly between opposed rotatable
      surface portions of said first and second rolls inwardly of the bearing
      boxes, sensitive to change in the spacing between said surface portions
      for providing a signal indicative of roll spacing, and
PA1  means for actuating said hydraulic means in response to said signal, to
      adjust the roll spacing.
NUM  7.
PAR  7. A calender comprising:
PA1  first and second cooperating rolls,
PA1  means including a frame and frame supported bearing boxes supporting the
      rolls at each end for rotation and relative movement toward and away from
      one another, said bearing boxes including roller bearings journaling said
      rolls, said roller bearings providing essentially no clearance between the
      roll and respective bearing box at operating temperatures of the bearings
      and rolls,
PA1  hydraulic means for changing the spacing between said rolls and for
      applying pressure to at least one of the rolls and thence to material
      between the rolls,
PA1  said hydraulic means comprising a double acting fluid cylinder and
      reciprocable piston at opposite ends of a movable one of said rolls acting
      between the bearing boxes of said roll and said frame,
PA1  each said cylinder and piston having a stroke as great as the total
      distance through which said rolls are relatively movable,
PA1  fluid actuators connected between said frame and the bearing boxes of the
      movable first roll to bias the first roll against said hydraulic means,
PA1  roller bearings between said frame and the bearing boxes at opposite ends
      of the movable roll, that act in the direction of roll movement, said
      bearings serving to substantially reduce breakaway friction during roll
      spacing adjustment,
PA1  means including two linear variable differential transformers carried on
      each bearing box of one of said first and second cooperating rolls acting
      between the bearing boxes of said first and second rolls, sensitive to
      changes in the bearing box positions of said first and second rolls
      relative to each other for providing a signal indicative of roll spacing,
      the two transformers on each box being located on opposite sides of and
      equidistant from the axis of the carrying roll in a direction that extends
      at right angles to the direction of relative movement between the rolls,
      and
PA1  means for actuating said hydraulic means in response to said signal, to
      adjust the roll spacing.
PATN
WKU  039362590
SRC  5
APN  4258770
APT  1
ART  322
APD  19731218
TTL  Injection moulding machine
ISD  19760203
NCL  21
ECL  1,8
EXA  Charvat; Robert J.
EXP  Husar; Francis S.
NDR  4
NFG  7
INVT
NAM  Hofer; Heinz
STR  Flammersfelder Str. 33
CTY  5461 Schoneberg
CNT  DT
INVT
NAM  Scheid; Peter
STR  Hangweg
CTY  5460 Linz, Rhine
CNT  DT
INVT
NAM  Wilwerscheid; Ernst
STR  Hoelstr. 26
CTY  5400 Koblenz, Rhine
CNT  DT
PRIR
CNT  DT
APD  19730117
APN  2302167
CLAS
OCL  425242R
XCL  425168
EDF  2
ICL  B29C  100
ICL  B29G  300
FSC  425
FSS  242 R;168;245;246;247;244;248;192;190;135;130;DIG. 224;DIG. 227
FSC  141
FSS  266;250
FSC  264
FSS  328
UREF
PNO  3000240
ISD  19610900
NAM  Eckardt
OCL  408151
UREF
PNO  3728060
ISD  19730400
NAM  Hehl
XCL  425247
FREF
PNO  656,546
ISD  19630000
CNT  CA
OCL  425190
LREP
FR2  Beall, Jr.; Thomas E.
ABST
PAL  The invention relates to an injection moulding machine having an injection
      unit with a nozzle which is laterally adjustable relatively to a mould
      opening. The adjustment is provided by one or both of the facilities
      consisting of:
PAL  A. Rotatable eccentric means disposed between the injection unit and the
      support fixed relatively to the mould, and
PAL  B. Lockable couplings between two rods, which extend substantially parallel
      to the axis of the injection unit and on which the injection unit is
      mounted, and a part fixed relatively to the mould.
BSUM
PAR  The invention relates to an injection moulding machine having an injection
      unit with a nozzle which is laterally adjustable relatively to a mould
      unit.
PAR  It is known that the nozzle of the injection unit must be accurately
      aligned with the mould opening, since otherwise a correct injection
      operation is not possible. The alignment operation is therefore necessary,
      because unavoidable manufacturing tolerances do not permit exact
      centering. Hitherto, the centering was carried out during installation,
      and under the most favourable circumstances once only during the first
      installation. An extremely time-consuming adjustment operation was
      therefore involved.
PAR  The problem underlying the invention is to provide an injection moulding
      machine, in which the alignment of the nozzle to the mould centering can
      be simply carried out after erection.
PAR  In accordance with the invention, in an injection moulding machine having
      an injection unit with a nozzle which is laterally adjustable relatively
      to a mould opening, the adjustment is provided by (a) rotatable eccentric
      means disposed between the injection unit and a support fixed relatively
      to the mould, and/or (b) lockable couplings between two rods, which extend
      substantially parallel to the axis of the injection unit and on which the
      injection unit is mounted, and a part fixed relatively to the mould, the
      couplings allowing the injection unit to pivot perpendicularly to the
      plane defined by the axes of the bars and to be displaced perpendicularly
      to the axes of the bars.
PAR  With this construction, it is possible to erect the injection moulding
      machine completely and only then to carry out the alignment of the nozzle
      with the mould opening. For this purpose, either the injection unit is
      eccentrically adjusted and locked in the adjusted position, or
      alternatively or additionally thereto, the injection unit with the bars is
      pivoted and displaced and finally also locked. These operations can be
      carried out extremely simply and quickly, even when parts have been
      replaced and accordingly new tolerances have to be taken up.
PAR  The invention is applicable to a machine in which the mould moves away from
      the injection unit at the end of an injection cycle, or vice versa. In the
      latter case, two rods, or the two rods, may be fixed to a mould closure
      unit and extend substantially parallel to the axis of the injection unit,
      and the injection unit is provided with sleeves which slide on the rods to
      enable the injection unit to move towards and into engagement with, and
      away from and out of engagement with, the mould. The sleeves may be double
      acting cylinders for use in moving the injection unit towards and away
      from the mould.
PAR  The support fixed relatively to the mould may incorporate a housing having
      a cylindrical concentric internal surface, and the rotatable eccentric
      means comprises a first annular member rotatable within the internal
      surface of the housing and having a cylindrical eccentric internal
      surface, and a second annular member which is rotatable within the
      internal surface of the first annular member and which has a cylindrical
      eccentric surface which supports a drive cylinder of the injection unit.
PAR  Two eccentrics mounted on inside the other are thus provided. By relative
      rotation of these eccentrics to each other and also to the housing and to
      the drive cylinder, the nozzle can be aligned as desired within a circular
      area. The diameter of this circular area is defined by the sum of the
      eccentricities.
PAR  In one construction, two annular members possess mutually abutting radial
      flanges which can be clamped between the drive cylinder and the housing
      after adjustment by rotation of the annular members. After the injection
      moulding machine has been installed and after the nozzle has been aligned,
      it is therefore only necessary finally to clamp the drive cylinder to the
      housing whereby the two annular members are fixed and simultaneously
      locked against any further adjustment.
PAR  The two annular members may have key surfaces projecting by different
      amounts from the housing to enable the application of keys to rotate the
      annular members individually. This provides the possibility of adjusting
      the annular members, i.e. of being able to carry out the alignment of the
      nozzle in an especially simple manner.
PAR  When the adjustable rod coupling facility is provided, each rod coupling
      may comprise a flange which is bolted to a complementary part by a ring of
      bolts passing through oversized apertures in the flange, with a peg, the
      axis of which is perpendicular to that of the rod, interposed between the
      flange and complementary part.
PAR  In order to facilitate the pivotal adjustment about the peg, there may be
      provided an adjusting screw which screws through the flange and engages
      the complementary part on one side of the peg. By using this pressure
      screw on one or both sides of each peg, the desired pivotal angle of the
      injection unit can be exactly set, and then the fixing bolts of the bolted
      flanges can be tightened up in the already locked position of the coupling
     .
DRWD
PAR  One example of a machine constructed in accordance with the invention is
      illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a partial cut-away side elevation;
PAR  FIG. 2 is a plan;
PAR  FIG. 3 is a partly cut-away plan of the injection unit and associated parts
      of the machine;
PAR  FIG. 4 is a view of a rod coupling as seen from the right in FIG. 3;
PAR  FIG. 5 is a partly cut-away side view of the FIG. 4 coupling; and,
PAR  FIGS. 6 and 7 are sections through the two eccentric annular members in two
      different relative angular positions.
DETD
PAR  FIGS. 1 and 2 show how the injection moulding machine possesses a stand 1,
      on which a mould unit 2 is mounted. At the rear side of the unit 2 are
      mounted cylinders 3 for opening and closing the mould. Cantilevered bars 5
      for supporting an injection unit 6 are attached to the cylinders 3 by
      means of couplings 4. The injection unit, which can slide on the bars 5,
      has a nozzle 7 which cooperates with an opening 8 of the mould unit 2.
PAR  As seen in FIG. 3, the injection unit 6 possesses a hydraulic drive
      cylinder 9 with an injection piston and a drive shaft which carries the
      injection screw and is provided with a rotational drive which is
      journalled in the piston. The cylinder 9 is fitted with guide sleeves 10,
      which slide on the cantilevered bars 5, and which act as double acting
      cylinders to move the injection unit to and fro into and out of
      cooperation with the mould unit 2 on each injection cycle. The guide
      sleeves are joined together by means of an annular housing 11, which has a
      cylindrical internal surface. Between the housing 11 and the cylinder 9
      are situated two annular members 12 and 13.
PAR  As can be best seen from FIGS. 6 and 7, the annular member 12 possesses a
      cylindrical external surface, which fits into the cylindrical surface of
      the housing 11, and an eccentric internal cylindrical surface. This latter
      surface receives the annular member 13, which in its turn carries a
      cylindrical, eccentric holder. As shown in FIG. 3, this holder in the
      present case consists, firstly of a flange providing a cylindrical passage
      14 which seals against the piston of the drive cylinder, and secondly of a
      flange 15, which supports the drive cylinder itself.
PAR  FIG. 6 shows the annular members 12 and 13 so adjusted that their
      eccentricities, which in the present case are of equal values, cancel out
      each other. In this setting, the nozzle 7 is situated concentrically to
      the housing 11. FIG. 7 shows a setting, in which the two eccentricities
      are additive. This enables an offsetting of the nozzle by the value x-x1
      in one direction to be achieved. By appropriate relative rotation of the
      two annular members 12 and 13, the nozzle can be adjusted within the field
      of a circular area having a radius equal to the value x-x1.
PAR  The cylindrical flange 15 of the annular member 13 constitutes the external
      surface of a shoulder 16, which bears against a shoulder 17 of the annular
      member 12. The latter in turn engages the housing 11. The shoulder 16, by
      contrast, bears against a shoulder of the drive cylinder 9. If the drive
      cylinder 9 is tightened against the housing 11, for example by screws 18,
      the two annular members 12 and 13 are simultaneously fixed and locked
      against any further adjustment.
PAR  The annular members 12 and 13 project backwards beyond the housing 11 and
      carry mutually staggered key faces 19 and 20 or the like, against which,
      when the screws 18 are loosened, a tool can be set in order to rotate the
      annular members in a simple manner and thereby to carry out the centering
      of the nozzle.
PAR  In addition to the above-described centering facility, or independently
      thereof, the machine possesses the coupling 4, between the cantilevered
      bars 5 and the cylinders 3 of the mould unit. As shown in FIGS. 4 and 5,
      each bar 5 carries a flange 21, by means of which it can be tightened up
      to the end surface of the cylinder 3. Both in the flange 21 and also in
      the opposite end surface of cylinder 3, there is provided a partially
      cylindrical recess, which receives a pivoting peg 22. The axis of the peg
      lies in the plane defined by the two bars 5. Fixing bolts 23 serve for
      tightening up the flange. These bolts pass through the associated holes in
      the flange 21 of the bar 5 with a clearance; usually the normal maximum
      tolerances are sufficient for this clearance. The facility therefore
      exists of pivoting the bars 5 including the injection unit through a
      desired angle .alpha.. If the bars lie in a horizontal plane, the desired
      adjustment of height of the nozzle is effected by this pivoting.
      Additionally, there is the facility of displacing the injection unit in
      the axial direction of the pegs 22 by virtue of the bolt hole clearance
      and thereby of effecting a lateral adjustment of the nozzle. As soon as
      the nozzle has been correctly centered, the fixing bolts 23 are tightened
      up.
PAR  To facilitate the pivoting of the injection unit, pressure screws 24 are
      provided in addition to the fixing bolts 23; these pressure screws act
      between the bolted flanges. In the example illustrated, one pressure screw
      24 is situated on each side of each peg 22. By setting these pressure
      screws, the correct adjustment of the nozzle can be achieved. The fixing
      bolts 23 can then be tightened up without any special precautions.
PAR  The injection nozzle can be lined up with the mould opening by one or both
      of the facilities described. It is especially advantageous to provide both
      facilities, since then an especially wide range of adjustment can be
      encompassed.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an injection moulding machine for a mould and having an injection
      unit with a nozzle, said injection unit having guide sleeves slidably
      supported on at least two rods lying within a common plane, which rods are
      normally fixed relative to the mould and extend substantially parallel to
      the axis of said injection unit, the improvement comprising: lockable
      coupling means connecting each of said rods to said mould for pivotal
      adjusting movement of said injection unit relative to said mould above a
      pivot axis generally perpendicular to said rods and for lateral adjusting
      displacement of said injection unit relative to said mould parallel to
      said pivot axis when unlocked, and for rigidly securing said injection
      unit relative to said mould after adjustment when locked.
NUM  2.
PAR  2. The injection moulding machine of claim 1, wherein said pivot axis lies
      within said common plane of said rods.
NUM  3.
PAR  3. The injection moulding machine of claim 1, wherein there are only two of
      said rods.
NUM  4.
PAR  4. The injection moulding machine of claim 1, wherein said coupling means
      includes axially aligned and partially cylindrical bearing surfaces on the
      mould end of each of said rods, axially aligned and partially cylindrical
      bearing surfaces secured to said mould in facing relationship with said
      rod end bearing surfaces, pivot pin means for engaging said facing bearing
      surfaces with the facing bearing surfaces forming less than 360.degree. of
      a cylindrical bearing around said pivot pin means, and means for
      selectively clamping and unclamping said pin means between said bearing
      surfaces.
NUM  5.
PAR  5. The injection moulding machine of claim 4, wherein said pin means
      consist of one pivot pin for each pair of facing bearing surfaces, and
      said clamping means includes a plurality of threaded fasteners around each
      of said pivot pins and threadably securing said rod ends and adjacent
      mould portions together.
NUM  6.
PAR  6. The injection moulding machine of claim 5, including at least one
      threaded bolt threadably extending through one of said rod ends and
      adjacent mould portion into abutting engagement with the other of said rod
      end and adjacent mould portion to constitute power means for pivoting said
      injection unit about said pivot axis when unlocked.
NUM  7.
PAR  7. The injection moulding machine of claim 5, wherein each of said threaded
      fasteners extends through oversize apertures along axes perpendicular to
      said pivot axis, to provide lost motion in the pivot axis direction to
      constitute the means for permitting the lateral adjusting displacement.
NUM  8.
PAR  8. In an injection moulding machine for a mould and having an injection
      unit with a nozzle, said injection unit having guide sleeves slidably
      supported on at least two rods generally lying within a common plane,
      which rods are normally fixed relative to the mould and extend
      substantially parallel to the axis of said injection unit, the improvement
      comprising: a rotatable eccentric means disposed between said injection
      unit and said guide sleeves to be rotatable for laterally shifting the
      axis of said injection unit relative to said rods and sleeves; and means
      for locking the position of said injection unit relative to said rods and
      sleeves against further adjustment to rigidly fix such lateral adjustment.
NUM  9.
PAR  9. The injection moulding machine of claim 8, wherein said rotatable
      eccentric means includes an annular rigid frame fixedly secured to said
      sleeves and having an internal cylindrical bearing surface, a first ring
      having eccentric inner and outer cylindrical bearing surfaces engaging
      within said annular frame cylindrical bearing surface, a second ring
      having eccentric inner and outer cylindrical bearing surfaces engaging
      within said first ring, and an outer cylindrical bearing surface on said
      injection unit engaging within said second ring.
NUM  10.
PAR  10. The injection moulding machine of claim 9, wherein said first and
      second rings have adjacent key surfaces around one axial end periphery to
      constitute means for engaging a tool to relatively rotate said rings.
NUM  11.
PAR  11. The injection moulding machine of claim 9, wherein said rotatable
      eccentric means further includes means locking said first and second rings
      against rotation with respect to each other and with respect to both said
      annular frame and said injection moulding unit, and releasing said rings
      for free relative rotation with respect to each other and with respect to
      both said annular frame and said injection moulding unit.
NUM  12.
PAR  12. The injection moulding machine of claim 11, wherein said first ring has
      an outwardly extending radial flange overlapping and engaging said annular
      frame, said second ring has an outwardly extending radial flange
      overlapping and engaging said first ring flange on the side opposite from
      said annular frame and further overlapping and engaging said injection
      unit on its side opposite said first ring flange, and said locking means
      including means for axially clamping said ring flanges between said
      injection unit and said annular frame.
NUM  13.
PAR  13. The injection moulding machine of claim 8, including lockable coupling
      means connecting each of said rods to said mould for pivotal adjusting
      movement of said injection unit relative to said mould about a pivot axis
      generally perpendicular to said rods and for lateral adjusting
      displacement of said injection unit relative to said mould parallel to
      said pivotal axis when unlocked, and for rigidly securing said injection
      unit relative to said mould after adjustment when locked.
NUM  14.
PAR  14. The injection moulding machine of claim 13, wherein said coupling means
      includes axially aligned and partially cylindrical bearing surfaces on the
      mould end of each of said rods, axially aligned and partially cylindrical
      bearing surfaces secured to said mould in facing relationship with said
      rod end bearing surfaces, pivot pin means for engaging said facing bearing
      surfaces with the facing bearing surfaces forming less than 360.degree. of
      a cylindrical bearing around said pivot pin means, and means for
      selectively clamping and unclamping said pin means between said bearing
      surfaces.
NUM  15.
PAR  15. The injection moulding machine of claim 14, wherein said pin means
      consist of one pivot pin for each pair of facing bearing surfaces, and
      said clamping means includes a plurality of threaded fasteners around each
      of said pivot pins and threadably securing said rod ends and adjacent
      mould portions together.
NUM  16.
PAR  16. The injection moulding machine of claim 14, wherein each of said
      threaded fasteners extends through oversize aperatures along axes
      perpendicular to said pivot axis, to provide lost motion in the pivot axis
      direction to constitute the means for permitting the lateral adjusting
      displacement.
NUM  17.
PAR  17. The injection moulding machine of claim 13, wherein said rotatable
      eccentric means includes an annular rigid frame fixedly secured to said
      sleeves and having an internal cylindrical bearing surface, a first ring
      having eccentric inner and outer cylindrical bearing surfaces engaging
      within said annular frame cylindrical bearing surface, a second ring
      having eccentric inner and outer cylindrical bearing surfaces engaging
      within said first ring, and an outer cylindrical bearing surface on said
      injection unit engaging within said second ring.
NUM  18.
PAR  18. The injection moulding machine of claim 17, wherein said coupling means
      includes axially aligned and partially cylindrical bearing surfaces on the
      mould end of each of said rods, axially aligned and partially cylindrical
      bearing surfaces secured to said mould in facing relationship with said
      rod end bearing surfaces, pivot pin means for engaging said facing bearing
      surfaces with the facing bearing surfaces forming less than 300.degree. of
      a cylindrical bearing around said pivot pin means, and means for
      selectively clamping and unclamping said pin means between said bearing
      surfaces.
NUM  19.
PAR  19. The injection moulding machine of claim 17, wherein said rotatable
      eccentric means further includes means locking said first and second rings
      against rotation with respect to each other and with respect to both said
      annular frame and said injection moulding unit, and releasing said rings
      for free relative rotation with respect to each other and with respect to
      both said annular frame and said injection moulding unit.
NUM  20.
PAR  20. The injection moulding machine of claim 19, wherein said first ring has
      an outwardly extending radial flange overlapping and engaging said annular
      frame, said second ring has an outwardly extending radial flange
      overlapping and engaging said first ring flange on the side opposite from
      said annular frame and further overlapping and engaging said injection
      unit on its side opposite said first ring flange, and said locking means
      including means for axially clamping said ring flanges between said
      injection unit and said annular frame.
NUM  21.
PAR  21. The injection moulding machine of claim 8, including means positively
      preventing rotation of said injection unit relative to said sleeves
      independently of said eccentric means and locking means.
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PAL  This invention increases the length-to-diameter ratio of plastic articles
      made on injection molding machines without using long and relatively thin
      core rods. This added length is obtained by having the first part of the
      blowing operation stretch the parison lengthwise before there is any
      substantial displacement of the parison in a radial direction. At the
      start of the blowing operation, a tube surrounds and confines radial
      expansion of the parison, but this tube is withdrawn progressively as the
      blowing operation continues.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  One of the difficulties in making containers on injection blow molding
      machines is that there are limitations on the length of the container with
      respect to its diameter or cross section. One way to increase the
      length-to-diameter ratio is to use longer core rods but this has the
      disadvantage that the long core rods do not have the stability of shorter
      ones and increasing the cross section of the core rod makes it unusable on
      conventional machines.
PAR  This invention uses a different expedient for increasing the
      length-to-diameter ratio without changing the core rods. A novel blowing
      mold is used which causes the parison to be blown first in a lengthwise
      direction and then to the full cross section  of the blow mold cavity.
      This differential blosing action is obtained by having a tube which fits
      into the blow mold cavity from the end opposite that through which the
      core rod projects, and with the tube in axial alignment with the core rod
      and slightly larger than the cross section of the parison.
PAR  The tube prevents radial expansion of the parison but permits it to
      elongate when the blowing operation starts. As the blowing operation
      continues, the tube is withdrawn from the blowing mold and the parison
      expands progressively starting from the neck end of the core rod.
PAR  The invention requires a different blowing mold, but different molds are
      required for every different container anyway. The novel mold of this
      invention has simple apparatus for withdrawing the tube from the mold and
      it can be added to conventional blow molding machines.
PAR  Other objects, features and advantages of the invention will appear or be
      pointed out as the description proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing, forming a part hereof, in which like reference characters
      indicate corresponding parts in all the views:
PAR  FIG. 1 is a diagrammatic top plan view showing the kind of injection blow
      molding apparatus with which this invention is used;
PAR  FIG. 2 is a diagrammatic sectional view showing the novel mold and
      confining tube of this invention;
PAR  FIGS. 3 and 4 are sectional views taken on the lines 3--3 and 4--4,
      respectively, of FIG. 2;
PAR  FIG. 5 is a fragmentary view, similar to FIG. 2, showing the blowing of the
      parison as the tube withdraws from the blowing mold; and
PAR  FIG. 6 is a detail sectional view showing a modified form of tube for
      confining the parison during the initial part of the blowing operation.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  FIG. 1 shows injection blow molding apparatus including an indexing head 10
      which rotates about a center shaft 12 and which has three faces from which
      core rods 16 extend. These core rods extend into an injection mold 18, a
      blowing mold 20 and to stripper mechanism 22 when the indexing head 10 is
      located in any one of three positions at which it stops after successive
      120.degree. angular movement.
PAR  The indexing head may have four faces or even more faces for providing
      additional operational stations around its perimeter. Such blow molding
      apparatus is well known and no further description of it is necessary for
      a complete understanding of this invention.
PAR  FIG. 2 shows a blowing mold 20' into which a core rod 16' extends. There is
      a parison 26 on the core rod 16'. The blowing mold 20' has an upper
      section 28 and a lower section 29 which are shown in closed position in
      FIG. 2. With the mold thus closed, semi-circular recesses 30 in the
      confronting faces of the mold sections 28 and 29 grip the core rod. These
      recesses 30 are also shaped to fit around the neck end of the parison 26
      in accordance with conventional practice.
PAR  The cavity of the mold 20' is indicated by the reference character 34. At
      the end of the cavity 34 opposite the end through which the core rod 16'
      extends there is an opening 36 through which a tube 38 extends into the
      blow mold cavity 34. This tube 38 is in axial alignment with the core rod
      16' and the inside diameter of the tube 38 is slightly larger than the
      outside diameter of the parison 26, so that there is a small clearance
      between the parison and the tube 38 when the tube is in the position shown
      in FIG. 2.
PAR  The tube 38 is movable axially in the opening 36 as a bearing. The tube 38
      also slides on a shaft 40 which is preferably in a fixed position with an
      end face 42 in position to form, in effect, a part of the end wall of the
      blow mold cavity 34.
PAR  Although the shaft 40 is preferably fixed, FIG. 2 shows the shaft 40
      connected to a piston 43 which slides in a cylinder 44 and through a
      bearing 46 secured to one end of the cylinder 44. The cylinder 44 is
      attached to fixed structure 48 so that as long as the piston 43 remains
      stationary in the cylinder, the shaft 40 is held in fixed position.
PAR  The reason for having the piston 43 and cylinder 44 is to permit the shaft
      40 to be advanced toward the left so that it approaces closer to the end
      of the parison 26 and one technique for using this invention is to move
      the shaft 40 toward the right so as to create a reduced pressure ahead of
      the parison 26 to cause more rapid expansion of the parison in a
      longitudinal direction.
PAR  A collar 52 is secured in an adjustable but fixed position on the shaft 40
      and locked in position by a set screw 54 so that the collar 52 strikes
      against the end face of the bearing 46 when the shaft 40 reaches the
      position shown in FIG. 2 with the end face 42 in line with the rest of the
      end wall of the blowing mold cavity 34.
PAR  Power means are provided for moving the tube 38 along the shaft 40 so as to
      shift an end wall 58 toward and from the front wall 60 of the blow mold
      cavity 34.
PAR  The means for moving the tube 38 includes a bracket 62 rigidly secured to
      the tube 38. A cylinder-and-piston motor 64 has a piston rod 66 which
      connects with the bracket 62 so that reciprocating movement of the piston
      rod 66 transmits equal movement to the tube 38. The cylinder-and-piston
      motor 64 is representative of means for moving the tube 38 progressively
      in accordance with the operation of the blow molding apparatus. FIG. 2
      shows valve mechanism 68 for operating the motor 64 as a double acting
      motor and other control means 70 operate the valve in accordance with the
      supply of air to the core rod 16' at the blowing mold 20'.
PAR  At the beginning of the blowing operation, a valve 74 at the end of the
      core rod opens to permit air to flow from the core rod into contact with
      the parison 22. The pressure of this air expands the parison 26
      longitudinally while the tube 38 prevents the parison from expanding
      radially. The clearance between the outside of the parison 26 and the
      inside surface of the tube 38 provides an air cushion so that as the
      parison 26 begins to expands it can be confined by the tube 38 without
      having the parison actually come in contact with the outside wall of the
      tube. This is advantageous so that progressive withdrawal of the tube from
      the mold cavity will not tend to drag on the outside surface of the
      parison.
PAR  At the beginning of the blowing operation, the tube 38 has its end face 58
      against the front wall 60 of the blowing mold cavity 34. As the blowing
      operation progresses with the parison 26 expanding longitudinally toward
      the end face 42 of the shaft 40, the motor 64 starts to operate and to
      move the tube 38 toward the right so that it withdraws progressively from
      the blow mold cavity 34. This movement of the tube 38 is preferably
      delayed until the end of the parison 26 reaches, or almost reaches, the
      face 42 of the shaft 40.
PAR  FIG. 5 shows the tube 38 partially withdrawn from the blow mold cavity 34.
      As the end face 58 moves toward the right in FIG. 5, the parison 26 is
      unconfined for progressively greater distances toward the right and these
      unconfined portions of the parison 26 expand radially into contact with
      the wall of the blow mold cavity 34, as shown in FIG. 5. Thus the parison
      26, which has been blown to substantially its full length, now expands
      radially to its full width and thus produces a blown container of
      substantially greater length than the core rod 16'.
PAR  FIG. 6 shows a modified tube 38'. This tube differs from the tube 38 shown
      in FIGS. 2-5 in that it has a double wall enclosing a chamber 78 into
      which air is supplied with enough pressure to provide an effective air
      cushion between the parison 26 and the inside surface of the tube 38'. The
      air from the chamber 78 discharges through openings 80 in the inner wall
      of the tube 38'. This provides an effective air cushion for operations
      where the blowing time is somewhat longer than with the construction shown
      in FIG. 5. The tube 38', however, operates in the same way as the tube 38
      insofar as its movement into and out of the blow mold cavity are
      concerned. The tube 38' also has the shaft 40 extending into it in the
      same way as already described in connection with FIGS. 2-5.
PAR  The preferred embodiment of the invention has been illustrated and
      described, but some features can be used in different combinations without
      departing from the invention as defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Injection blow molding apparatus for forming a hollow article having a
      substantially greater length than diameter including a core rod, an
      injection station having an injection mold in which a parison is injected
      over the core rod, a blowing station, means to transfer said core rod and
      parison from said injection station to said blowing station, said blowing
      station including a mold having a cavity therein and into which the core
      rod projects for a blowing operation, the cavity being substantially
      longer than the core rod and parison in the direction in which the core
      rod extends into the cavity, and means for increasing the length to
      diameter ratio to which the parison can be blown including a tube that
      extends into the mold cavity from the end of the cavity opposite to that
      at which the core rod extends into the cavity, the core rod and tube being
      in substantial alignment with one another and the tube having a diameter
      greater than that of the core rod and with clearance for the parison to
      extend into the tube, means for blowing the parison to expand it
      lengthwise in the tube, and means for progressively withdrawing the tube
      from the blow mold cavity during blowing of the parison.
NUM  2.
PAR  2. The injection blow molding apparatus described in claim 1 characterized
      by a rod within the tube and of a diameter providing an abutment surface
      limiting the extent to which the parison can expand lengthwise of the
      tube.
NUM  3.
PAR  3. The injection blow molding apparatus described in claim 2 characterized
      by the rod extending outside of the mold to a location beyond the tube,
      means for holding the rod in a substantially fixed position with respect
      to the blowing station mold, the tube being slidable on the rod as a
      bearing, and positioning means outside of the cavity for stopping movement
      of the tube when the end of the tube is at substantially the end of the
      blow mold cavity which is remote from the end through which the core rod
      extends into the cavity.
NUM  4.
PAR  4. The injection blow molding apparatus described in claim 3 characterized
      by a motor, and motion-transmitting means through which the motor moves
      the tube along the length of the rod during the blowing of the parison in
      the blow mold.
NUM  5.
PAR  5. The injection blow molding apparatus described in claim 4 characterized
      by speed control means for the motor, and means for programming the supply
      of air to the blowing mold and the supply of working fluid to the tube
      operating motor in timed relation to withdraw the tube from the blow mold
      cavity during the blowing operation and in relation with the completion of
      the blowing of the parison in the blow mold cavity.
NUM  6.
PAR  6. The injection blow molding apparatus described in claim 2 characterized
      by a motor for moving the rod lengthwise of the tube with the end of the
      rod nearest to the cavity operating like a piston in the tube, and an
      adjustable control for stopping the movement of the rod when it reaches a
      predetermined location.
NUM  7.
PAR  7. The injection blow molding apparatus described in claim 2 characterized
      by means for holding the rod in a fixed position during movement of the
      tube lengthwise along the rod.
NUM  8.
PAR  8. The injection blow molding apparatus of claim 1, further comprising
      means to prevent the parison from contacting the tube during blowing of
      the parison to expand the parison lengthwise in the tube.
NUM  9.
PAR  9. Injection blow molding apparatus for forming a hollow article having a
      substantially greater length than diameter including a core rod, an
      injection station having an injection mold in which a parison is injected
      over the core rod, a blowing station, means to transfer said core rod and
      parison from said injection station to said blowing station, said blowing
      station including a mold having a cavity therein and into which the core
      rod projects for a blowing operation, the cavity being substantially
      longer than the core rod and parison in the direction in which the core
      rod extends into the cavity, and means for increasing the length to
      diameter ration to which the parison can be blown including a tube that
      extends into the mold cavity from the end of the cavity opposite to that
      at which the core rod extends into the cavity, the core rod and tube being
      in substantial alignment with one another and the tube having a diameter
      greater than that of the core rod and with clearance for the parison to
      extend into the tube, means for blowing the parison to expand it
      lengthwise in the tube, and means for progressively withdrawing the tube
      from the blow mold cavity during blowing of the parison characterized by
      the inside diameter of the tube being greater than the outside diameter of
      the parison so that there is an air space between the parison and the
      inside surface of the tube for providing an air cushion that resists
      expansion of the parison into contact with the inside surface of the tube.
NUM  10.
PAR  10. The injection blow molding apparatus described in claim 9 characterized
      by the tube having a double wall that provides an air chamber in the wall
      of the tube, the inner wall having orifices therein, and means providing
      air under pressure to said chamber for discharge of air from the air
      chamber through said orifices and into contact with the parison to control
      the amount of pressure of the air in said air space and the resulting
      pressure of the air cushion that resists expansion of the parison into
      contact with the inside surface of the tube.
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ABST
PAL  A finished plastic-handled brush is prepared by a single molding step
      involving gateless molding of the brush back by a tunnel-gating and novel
      punch-pin finishing apparatus and process which eliminates the usual gate
      stud, and removing the finished brush back and securing tufts of bristles
      in the face of the brush back to complete the brush construction.
BSUM
PAR  This invention relates to novel brushes and their manufacture, and more
      particularly pertains to a novel method for manufacturing completely
      finished plastic brush backs by a single mold step involving gateless
      molding by tunnel-gating and punch-pin finishing which eliminates the
      usual gate stud, and to the stapled brushes produced by this novel method.
      The brushes embodied in this invention include hairbrushes, toothbrushes,
      clothes brushes, industrial brushes, brooms, and the like.
PAR  Brushes of many types and descriptions having plastic bodies or backs are
      well known and, in the past, have been produced from thermoplastic
      material by extruding the plastified thermoplastic material into a
      suitable mold, removing the brush back, removing the flashing and excess
      plastic material, polishing the rough edges left, and then drilling and
      stapling the brush back with tufts of bristles. In order to anchor or lock
      a tuft of bristles in each of the cavities drilled in the brush back, a
      metallic insert or pin may be forced into the cavity simultaneously with
      the tuft, as is well known in the art. In the present invention, the brush
      backs produced are in finished condition ready to be stapled with no
      flashing and excess plastic material to be removed, polishing, etc.,
      required.
DRWD
PAR  The present invention is further illustrated in the accompanying drawings
      wherein:
PAR  FIG. 1 is a perspective view of a brush of this invention.
PAR  FIG. 2 is a top fragmented view of a double mold with brush-back cavities
      used in the production of the brush of FIG. 1.
PAR  FIG. 3 is a side cross-sectional view of the mold taken along line 3--3 in
      FIG. 2.
PAR  FIG. 4 is a view taken along line 4--4 in FIG. 2.
PAR  FIG. 5 is a view taken along line 5--5 in FIG. 4.
PAR  FIG. 6 is a view like that of FIG. 4 showing parts of the apparatus in
      different positions.
PAR  FIG. 7 is a view taken along line 7--7 in FIG. 6.
PAR  FIG. 8 is a perspective view of the bottom of the finished brush back made
      according to this invention.
PAR  FIG. 9 is a bottom perspective view of the stapled brush according to this
      invention.
PAR  FIG. 10 is a front cross-sectional view of a brush of this invention taken
      along line 10--10 in FIG. 9.
PAR  FIG. 11 is a bottom perspective view in fragment of a brush back made
      according to the prior art after it was removed from the mold.
DETD
PAR  The brush 1 is composed of a plastic back 2 with tufts of bristles 3
      secured in the bottom face thereof by drilling and stapling means well
      known to those skilled in the art. The brush back 2 is prepared preferably
      by extruding flowable thermoplastic material into a runner section 4 of
      the mold and through the gate section 5 of the mold into the brush back
      cavity 6. In the drawings, a cylindrical gate 5 is shown on the face of
      the brush which produces a cylindrical plug 7 on the face of the brush
      back when it is prepared by the prior art method and removed from the
      mold. According to the prior art, it is necessary to rout off the
      cylindrical plug 7 before the brush is ready to be stapled. This routing
      or plug-removal step is avoided by the present invention. According to the
      present invention, there is provided an attachment to the mold a cam slide
      8 which is slidably connected to and moved forward or backward by a
      cylinder 9 which may be operated by hydraulic pressure. The cam slide
      moves horizontally forward or backward between a lower-plate retainer 10
      and a punch-pin carrier bar 12 which is provided with openings to receive
      a guide pin 11 for the carrier bar 12 and a punch pin 13 which is moved up
      and down in accordance with the relative movement of the cam slide and
      within the gate section 5.
PAR  When the mold cavity 6 is completely filled and while the plastic is still
      in a semi-fluid state, the hydraulic cylinder 9 advances the cam slide 8
      from the position shown in FIGS. 4 and 5 to the position shown in FIGS. 6
      and 7, whereby the punch pin 13 moves upwardly pushing the plastic which
      normally would be the stud 7 completely into the mold cavity 6. The
      punch-pin carrier bar 12 is retained from moving in a direction parallel
      to the movement of the cam slide 8 travel by means of a guide pin 11 and
      is caused by the angle of the cam slide 8 to move in a direction
      perpendicular to the mold cavity 6 thereby advancing the punch pin 13 and
      pushing the excess plastic in the gate section 5 into the mold cavity 6.
      Because the plastic material at this stage is still soft and flowable and
      the volume of the gate section 5 above the punch pin 13 is small, it
      becomes a homogeneous part of the final finished molded brush back which
      is ejected from the mold having the appearance shown in FIG. 8.
PAR  When the hydraulic cylinder piston is retracted as shown in FIGS. 4 and 5,
      the punch-pin carrier bar 12 and punch pin 13 return to their original
      position, and another shot of plastic material can be run into the mold
      cavity 6.
PAR  This invention eliminates the previously required operation of machining of
      the gate stud 7 from the brush back 2. This invention thus reduces cost,
      provides a means for automating the molding operation, and produces a
      finished brush back from the mold having substantially no visible gate
      mark or imperfection.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus comprising a mold which provides a mold cavity, a
      cylindrical gate section communicating with said mold cavity, said gate
      section being equipped with a guide pin and a slidably movable punch pin
      which is in the form of a solid rod which acts as a piston to force the
      material present in the gate section into the mold and conforms with the
      internal shape of the gate section and its end being flush with said mold
      cavity.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the punch-pin movement is provided by a
      cam slide.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the cam slide is operated by means of a
      hydraulic cylinder.
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ABST
PAL  A multi-orifice injector nozzle in which a main channel is bifurcated into
      two slanting intermediate channels which are again bifurcated, the
      resulting outer branches leading to outer nozzle inserts, while the inner
      branches are joined above a central nozzle insert. All channels are
      obtained as smoothly curved congruent grooves milled into the clamping
      faces of a split injector head.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to injector nozzles for injection molding
      machines, and in particular to multi-orifice injector nozzles for the
      simultaneous injection of material through a plurality of injection
      channels into an injection mold.
PAR  2. Description of the Prior Art
PAR  Multi-orifice injector nozzles have been known for some time in conjunction
      with injection molding machines. One such device is disclosed in my
      copending prior application Ser. No. 259,279, now U.S. Pat. No. 3,820,930.
      There, I have disclosed a three-orifice injector nozzle in which the
      orifices are interconnected within the body of the injector head by branch
      channels which start from the main channel at right angles, and lead into
      three parallel nozzle inserts via right-angle junctions.
PAR  A peculiar problem was encountered with this type of multi-orifice injector
      nozzle in connection with thermoplastic materials which are very sensitive
      to changes in temperature. This is the case, for example, with the
      polymerization products of vinyl chloride which are moldable successfully
      only within a rather narrow temperature range. Thus, it was found that,
      when clear plastic material such as hard polyvinyl chloride is molded,
      visible impurities becomes embedded in the finished molded part. These
      impurities have been found to be thermally decomposed plastic particles.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary objective of the present invention to suggest an improved
      multi-orifice injector nozzle for injection molding machines which is
      better suited for the injection of thermally highly sensitive plastic
      materials, by minimizing the risk of structural damage to the processed
      material from thermal overloading.
PAR  In order to attain the above objective, the present invention proposes a
      multi-orifice injector nozzle in which the main channel and the branch
      channels are constituted by congruent grooves defined by the two separable
      halves of an injector head, which halves are clamped together at the
      separation plane which coincides with the center plane of the
      multi-orifice nozzle, the main channel being bifurcated into two
      intermediate branch lines of halved cross section, via curved channel
      entry portions, the slanting intermediate branch channels leading to a
      reversely curved channel portion and hence to the parallel injection
      channels.
PAR  In the case of a three-orifice injector head, the two intermediate branch
      lines of halved cross section are preferably again bifurcated, each branch
      line being split into an outside line leading to an outer injection
      channel and into a smaller inside line, the two inside lines thereby
      created being joined in a channel junction leading to the central
      injection channel.
PAR  Another advantageous feature suggested by the invention provides that in
      each bifurcation section and junction section all channel portion contours
      are smoothly curved and that the inner contour lines of the branch channel
      portions are similarly curved toward their junction point, thereby forming
      channels of even cross section which are free of recesses and corners, or
      other flow obstacles. The result is a very smooth constant-speed material
      flow at all points in the channel system of the improved injector nozzle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further special features and advantages of the invention will become
      apparent from the description following below, when taken together with
      the accompanying drawings which illustrate, by way of example, an
      embodiment of the invention represented in the various FIGS. as follows:
PAR  FIG. 1 shows in a longitudinal cross section a multiorifice injector nozzle
      embodying the invention;
PAR  FIG. 2 is a transverse cross section of the injector nozzle of FIG. 1; and
PAR  FIG. 3 shows a portion of the injector nozzle of FIG. 1 in a plan view.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIGS. 1-3 is illustrated an injector nozzle, comprising a block-shaped
      nozzle head composed of two head halves 4 and 5 (FIG. 2) abutting against
      each other along their separation plane a--a with flat, finely polished
      faces. The two head halves 4 and 5 are clamped together by means of
      clamping screws 7. On their upper side the two head halves are machined to
      define a cylindrical extension 4", 5" with a male thread 17 on its
      periphery. The latter is engagable by the clamping nut 3 of the connector
      2, which in turn is attached to the discharge end of the plastification
      cylinder 1 of an injection unit (not shown). The connector 2 further
      includes a centering recess engaged by a matching centering shoulder 4',
      5' of the extension 4", 5", the clamping nut 3 being axially confined
      between a collar of the connector piece 2 and the end face of cylinder 1,
      into which the connector 2 is screwed by means of a threaded portion 1'.
PAR  At the lower side of the nozzle head 4, 5 are arranged several non-closable
      nozzle inserts 13, the illustrated embodiment featuring three such nozzle
      inserts arranged in parallel alignment. These nozzle inserts 13 are
      screwed into the nozzle head at equal distances from each other and in
      alignment with the head separation plane a--a. They are made of a
      beryllium-copper alloy of high head conductivity. Each nozzle insert 13
      comprises at tapered seating portion 13' of a length approximately twice
      the diameter of its injection channel, a neck 15 delimiting said seating
      portion 13', a suitable threaded shank 13", and a hexagonal portion 16 for
      engagement by a wrench.
PAR  Each head half is also provided with two heater cartridges 6 extending
      parallel to the head separation plane a--a. These heater cartridges 6 are
      arranged in the upper and lower portions of the nozzle head 4, 5, in order
      to permit accomodation therebetween of a number of clamping screws 7 (FIG.
      1). Two additional clamping screws 8 are arranged in the cylindrical
      extension 4", 5", and still another clamping screw is arranged in the
      center axis of the injector head, between the upper heater cartridges 6.
      The lower heater cartridges 6 are retained in position by means of
      retaining screws 14.
PAR  In the illustrated embodiment, the central channel 9 of the connector piece
      2 leads straight into the main channel 10 in the split nozzle head 4, 5,
      in alignment with its separation plane. This main channel 10 leads to a
      bifurcation or Y-section 22, creating two intermediate channels 11 which
      slant downwardly and away from each other at an angle of approximately
      45.degree. to the injector axis b--b. The flow cross section of the
      intermediate channels 11 is half as large as that of the main channel 10.
      Each slanting intermediate channel 11 leads to a second bifurcation or
      Y-branch 20, by which the channel is again split into an outer branch 12
      and an inner branch 18. While the outer branches 12 run approximately
      horizontally in opposite direction, curving downwardly into vertical
      injection channels, the inner branches 18 run likewise horizontally, but
      toward each other and into a junction 21 from which a central injection
      channel 19 leads downwardly into a central nozzle insert 13.
PAR  Since the flow cross section of each of the three injection channels
      (reference numerals 12 and 19) is to be identical and one-third of the
      flow cross section of main channel 10, the flow of both slanting
      intermediate channels 11 has to be divided unevenly at the bifurcation 20,
      the cross section of the inner branch 18 being one-half of the cross
      section of the outer branch 12. The latter, of course, is one-third of the
      cross section of main channel 10.
PAR  As can be seen from FIG. 1, all channels and channel branches are smoothly
      curved, wherever they change direction and/or where they separate from, or
      join other channels. Thus, the curvature 11' of the slanting channels 11
      leading to the bifurcations 20 continues in a smooth radius to lead into
      the upper outline of the horizontal channel branches 12 and 18, the outer
      branch channels 12 having similar curvatures 11" leading to the
      corresponding injection channels. The radii of these curvatures are
      between 9 and 15 mm, perferably 12 mm. Similar curvatures are also
      provided at those channel portion outlines which meet in a junction point
      at the inside of the bifurcations 22 and 20 and of the channel junction
      21.
PAR  The result of these channel dimensions and carefully coordinated channel
      curvatures is a material flow of even speed throughout all the channels,
      free of turbulence due to dead corners common of normal right-angle
      bifurcations and junctions, so that the plastic material is maintained at
      an even temperature, while it flows from the plastification cylinder 1 to
      the three nozzle inserts 13. Another factor contributing to these
      desirable conditions is the arrangement of the two bifurcations 20 and of
      the junction 21 at approximately mid-distance between the upper and lower
      heater cartridges 6.
PAR  The overall result of these suggestions is the elimination of previously
      encountered thermal decomposition of certain very temperature-sensitive
      injection materials, as mentioned in the introductory portion of this
      disclosure. Multi-orifice injector nozzles, as suggested by the present
      invention, are therefore particularly suitable for use in connection with
      the injection blow-molding of bottles and the like, where thermoplastic
      material is simultaneously injected into multiple molds, and the injected
      bottle parisons are then blow-formed to their final shape. An example of
      such a blow-molding device is disclosed in my earlier-mentioned copending
      application Ser. No. 259,279.
PAR  The particular channel contours, as shown in FIG. 1 and described further
      above, are obtained by milling precise, congruent grooves into the
      clamping faces of the two head halfs 4 and 5, all grooves being preferably
      semi-circular in cross section. The mating faces of the head halves 4 and
      5 are perfectly flat and finely polished. Following milling of the various
      channels in the two head halves, the latter are joined and clamped
      together by means of the clamping screws 7 and 8, whereupon the
      cylindrical extension 4", 5" and threaded seats 13" for the nozzle inserts
      13 are machined. The resulting channel system is free of any sharp
      corners, recesses, or shoulders. All channel cross sections are continuous
      and even, and the sum of all branch cross sections at any given level in
      the nozzle head is identical to the flow cross section of the main channel
      10.
PAR  It should be understood, of course, that the foregoing disclosure describes
      only a preferred embodiment of the invention and that it is intended to
      cover all changes and modifications of this example of the invention which
      fall in the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an injection molding machine having an injection mold with a
      plurality of injection ports for the simultaneous injection of plastic
      material therethrough, and an injection unit with a plastification
      cylinder for supplying plastified material to the injection mold, a
      multi-orifice injector nozzle attachment for the injection unit adapted,
      for example, for the processing of clear, temperature-sensitive plastic
      materials, the attachment comprising in combination:
PA1  a nozzle head in the form of a split block constituted by two block halves
      joined together along flat clamping faces defining a central separation
      plane;
PA1  a system of flow channels extending through the nozzle head in alignment
      with its separation plane, so that the channel walls are constituted
      jointly by the contiguous block halves, the channel system including:
PA2  a main channel entering the nozzle head from one side thereof;
PA2  three parallel smaller injection channels leaving the nozzle head on the
      side opposite the main channel;
PA2  a primary channel bifurcation having an entry portion communicating with
      the main channel and two exit portions opening into two intermediate
      channels;
PA2  two transversely spaced secondary channel bifurcations, each having an
      entry portion communicating with one of said intermediate channels and two
      exit portions of which the outer one leads to the respective outer
      injection channel and the inner one coverges with the inner exit portion
      of the other secondary bifurcation; and
PA2  a central channel junction having two entry portions communicating with
      said converging inner exit portions and an exit portion opening into the
      central injection channel; and wherein
PA2  the entry and exit portions of the several channel bifurcations and of the
      channel junction have curved, smoothly continuing wall outlines and
      gradual diameter transitions, free of recesses, for an even flow of
      plastic material therethrough; the nozzle attachment further comprising:
PA2  means for removably connecting the nozzle head to the discharge end of the
      plastification cylinder, so that its main channel sealingly communicates
      with said cylinder; and
PA2  means for clamping together the two block halves of the nozzle head so as
      to establish hermetic contact between their clamping surfaces along the
      outline of said channel system.
NUM  2.
PAR  2. A nozzle attachment as defined in claim 1, wherein:
PA1  for each channel bifurcation, the cross-sectional area of the entering
      channel is substantially equal to the sum of the cross-sectional areas of
      the two exiting branch channels; and
PA1  the cross-sectional areas of all injection channels are equal in size, the
      sum thereof being substantially equal to the cross-sectional area of the
      main channel.
NUM  3.
PAR  3. A nozzle attachment as defined in claim 1, wherein:
PA1  the two intermediate channels are slanted away from the centerline of the
      main channel;
PA1  the outer and inner exit portions of the secondary channel bifurcations
      extend in mutually opposite alignment; and
PA1  the wall contour curvatures of all entry and exit portions of said
      bifurcations and junction in the nozzle head separation plane are defined
      by a succession of concentric arcs.
NUM  4.
PAR  4. A nozzle attachment as defined in claim 1, wherein:
PA1  the entry portions of the secondary channel bifurcations are parallel to
      the main channel, joining the slanted intermediate channels with a bend
      portion;
PA1  the outer exit portions of the secondary channel bifurcations join the
      outer injection channels with a similar bend portion; and
PA1  both sets of bend portions have substantially the same arcuate curvature as
      said bifurcation entry and exit portions.
NUM  5.
PAR  5. A nozzle attachment as defined in claim 4, wherein:
PA1  the median radius of the curvatures of the channel bifurcation portions,
      channel junction portions, and other channel wall portions between the
      main channel and the injection channels is between 9 and 15 mm, and
      preferably 12 mm.
NUM  6.
PAR  6. A nozzle attachment as defined in claim 1, wherein:
PA1  for each channel bifurcation, the cross-sectional area of the entering
      channel is substantially equal to the sum of the cross-sectional areas of
      the two exiting branch channels;
PA1  the cross-sectional areas of the three injection channels are equal in
      size, the sum thereof being substantially equal to the cross-sectional
      area of the main channel; and
PA1  the cross-sectional areas of said inner converging exit portions is
      substantially one-half the size of the cross-sectional area of the central
      injection channel.
NUM  7.
PAR  7. A nozzle attachment as defined in claim 1, wherein:
PA1  the secondary channel bifurcations are located approximately at
      mid-distance between the central injection channel and the outer injection
      channels.
NUM  8.
PAR  8. A nozzle attachment as defined in claim 1, wherein:
PA1  the nozzle head further includes: at least one upper and lower heater
      cartridge in each block half and a plurality of transverse clamping screws
      serving as the clamping means and located in the central block portion
      between said upper and lower heater cartridges; and
PA1  the exit portions of the secondary channel bifurcations are located
      approximately half-way between the upper and lower heater cartridges
      between pairs of clamping screws.
NUM  9.
PAR  9. A nozzle attachment as defined in claim 1, further comprising;
PA1  three nozzle inserts of highly heat-conductive beryllium-copper alloy
      attached to the nozzle head at the exit side of the injection channels,
      each nozzle insert having a central bore continuing the injection channel
      beyond the outline of the nozzle head; and wherein
PA1  each nozzle insert includes: a tapered outer seating portion which is
      approximately twice as long as the diameter of the injection channel, a
      recessed neck delimiting the axial length of said seating portion, and a
      threaded opposite end portion engaging the nozzle head.
NUM  10.
PAR  10. A nozzle attachment as defined in claim 1, wherein:
PA1  the connecting means between the nozzle head and the plastification
      cylinder includes:
PA1  a connector piece which is removably threaded into the discharge end
      portion of said cylinder;
PA1  a rotatable clamping nut axially confined between the connector piece and
      the cylinder; and
PA1  a male-threaded cylindrical extension on the nozzle head body
      concentrically surrounding its main channel, said extension being
      engageable by the clamping nut.
NUM  11.
PAR  11. A nozzle attachment as defined in claim 10, wherein;
PA1  the connector piece and the nozzle head body define between them means for
      centering the cylindrical extension of the latter with respect to the
      connector piece and plastification cylinder.
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ABST
PAL  Plastic is cleanly severed between closely adjacent inner sections of
      radially operable blow molds in a rotary molding machine during mold
      opening by means of a wiper blade on the trailing face of the inner
      section of one mold angularly projecting toward and having its rear edge
      engaging the forward face of the next succeeding inner mold section, each
      such inner section being spring mounted and arranged because of the
      mold-opening cam configuration, to spring outwardly such that the rear
      edge of the blade slides along the forward face of the succeeding mold to
      consistently shear the plastic between such edge and such forward face.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 480,605, filed June 19, 1974.
PAR  U.S. Ser. No. 409,652, filed Oct. 25, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to blow molding apparatus and more particularly to
      severing plastic between adjacent sections of a multi-station machine of
      the type operable in a vertical plane wherein the sections move radial to
      the axis during opening and closing.
PAR  In U.S. Pat. No. 3,785,751 and commonly assigned U.S. Pat. No. 409,652,
      filed Oct. 25, 1973, the inner sections of each of a plurality of closely
      adjacent blow molds are disclosed as resiliently mounted such that during
      traversal of an outwardly directed mold-opening cam portion by followers
      associated with the outer mold sections in the vicinity of 10 o'clock when
      looking at the rotary machine head-on, each inner mold section releases
      incrementally outwardly to cause plastic to break in the vicinity of the
      parting line of the next succeeding, still fully-closed mold. Such
      severing is advantageous because reliance for this on continuously sharp
      mold pinch lands is avoided, such lands tending to become dull after
      extended periods of use.
PAR  However, it has since been observed that when rotary molding machines of
      this general type are cycled at high rates, the glob of plastic in the
      tight area between closely adjacent mold sections (such closeness
      minimizing the amount of flash generated which requires reprocessing) is
      still quite pliable at the mold-opening portion of the cycle, due in large
      part to the fact such glob is not contacting any mold surface at all and
      thus is not being conductively cooled thereby. The result is that complete
      severance due to differential movement of adjacent molds is impeded, the
      material tending to only partially separate and to remain attached via
      strings on either side of the intended break point. As is also known, with
      this type of radial rotary molding machine the molded article is generally
      retained in the outer mold sections during mold opening by means of
      coaction between the plastic and a projection, such as an undercut, in the
      mold surface, thereby facilitating subsequent ejection from the machine at
      about the 12 o'clock position. With such incomplete severing as just
      described, any residual stringing of the material inhibits retaining the
      molded article in the outer section and frequently the strings prevent the
      undercut from functioning as intended, and instead of being in the outer
      section, the molded article is in the inner section at the point where it
      is to be ejected from the machine, which condition is not supportive of
      the accepted way of removing the molded products from the machine.
PAC  SUMMARY OF THE INVENTION
PAR  Now, however, apparatus improvements have been developed for severing
      plastic between adjacent inner mold sections of radially operable molds in
      a vertically oriented rotary blow molding machine.
PAR  Accordingly, it is a principal object of this invention to provide improved
      means for separating plastic between adjacent molds in such a rotary blow
      molding machine.
PAR  Another object of this invention is to provide apparatus improvements in
      machines of the aforementioned type which depend for plastic severance on
      the coaction between resiliently mounted inner mold sections and the
      outwardly directed contour of a mold-opening portion of an operating cam.
PAR  An additional object of this invention is to provide simple means as a
      self-contained portion of an inner mold assembly for consistently and
      cleanly severing plastic between adjacent molds in a machine of the
      aforementioned type which is not dependent on continued sharpness of pinch
      lands to cut through the plastic.
PAR  Other objects will in part be obvious and will in part appear hereinafter
      from the following disclosure and claims.
PAR  These and other objects are accomplished in a rotary machine for blow
      molding hollow articles from an extruding tube of thermoplastic material
      which includes a wheel arranged for rotation and having a plurality of
      arms, each carrying a partible mold comprising an inner section and an
      outer section radially movable along the arm, cam means generally
      surrounding the wheel including a mold-opening cam portion, means
      associated with each outer mold section for periodically engaging such
      mold-opening portion during rotation of the wheel and spring means between
      the wheel axis and each inner mold section for urging each inner section
      incrementally outwardly as the means associated with each outer mold
      section traverses the mold-opening cam portion, by providing the
      improvement in said machine which comprises, in combination, a wiper blade
      on the back face of each inner mold section angularly projecting toward
      and abutting the front face of the next adjacent succeeding inner mold
      section to shear the plastic against said front face during such
      incremental outward movement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In describing the overall invention, reference will be made to the
      accompanying drawings wherein:
PAR  FIG. 1 is a schematic, elevational view, partly in section, showing
      apparatus embodying the present invention arranged between a pair of
      adjacent molds of a rotary molding machine;
PAR  FIG. 2 is a partial end view along 2--2 of FIG. 1; and
PAR  FIG. 3 is an enlarged detailed view of the immediate area between adjacent
      molds of FIG. 1 during plastic severance.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With respect to an environment in which the present invention is operative,
      reference is here made to U.S. Pat. No. 3,785,761, and more particularly
      to the following parts thereof incorporated herein by reference: col. 3 in
      its entirety, col. 4 through line 60 inclusive, and FIGS. 1-3. Numerals
      used in the present description referring to components described and
      illustrated in the incorporated parts of such patent are the same as used
      therein.
PAR  Referring now to the present drawings, there is shown in FIG. 1 a pair of
      adjacent inner mold sections 20a and 20b circumferentially spaced from
      each other as indicated at 141, a distance on the order of one-eighth to
      three-fourth inch, in order to minimize the waste flash formed between
      adjacent molds. Each inner section 20 cooperates with an opposing outer
      section 24 to define one complete mold and each such section has a cavity
      portion 122a, 122b, the surface of which together define the contour of
      the article being molded.
PAR  According to principles of the present invention, each inner section 20 of
      the multi-station assembly has wiper blade 124 secured via screws 126 to
      its rear or trailing face 128 at an acute angle to mold parting line 130.
      Blade 124 (FIG. 2) in installed position straddles longitudinal axis 131
      of cavity portion 122 by a few inches on either side and, except during
      severing as will be further described, never projects beyond such parting
      line 130 toward outer mold section 24, since this would interfere with
      concentrically locating the parison in the mold on issuing from the
      extruder head.
PAR  Through blade 124 may be made of a number of alternative materials
      including, for example, rubber, it is preferably formed of spring steel
      and is assembled to the position shown in FIGS. 1 and 2, such that its
      shearing edge 133 (FIG. 3) is loaded, i.e. put under compression, an
      amount on the order of 0.003 to 0.010 inch against forward face 129 of the
      next succeeding inner mold section, such engaged mold face in the
      illustrated embodiment being defined by inner mold section pinch blade
      132. This compressive mounting of blade 124 could also be accomplished
      using a coil spring, not shown, inserted, for example, between front face
      148 of blade 124 and the opposite trailing mold face 128 so as to urge
      blade 124 rearwardly against the forward face of the next succeeding mold
      section by the desired preset amount of force. Compressive loading of
      blade 124 against the face of the succeeding mold is important since with
      the type of incremental movement of each mold section 20 in a true radial
      direction with respect to the axis of the machine as a result of
      decompression of springs 26, a space will exist between the mold sections
      if the blade 124 is made an integral rigid part of the section to which it
      is attached and is not spring loaded against the face of the next
      succeeding section, and it is this space which will prevent the desired
      positive shearing action from occurring.
PAR  Immediately adjacent mold sections 20 in FIG. 1 are shown in compressed
      condition, i.e. prior to movement of the assembly of which outer section
      24 is a part thereof away from a section 20 as a result of cooperative
      rolling engagement between followers 50 and mold opening cam portion 52,
      or in other words, which follower 66 is in contact with mold-closed cam
      portion 70. In such loaded, compressed position, top face 134 and more
      particularly shearing edge 133 of blade 124 is below the parting line 130
      of the next succeeding section 20 preferably by an amount 135 equal to one
      half the extent of movement of a section 20 outwardly when springs 26 are
      released, e.g. on the order of 1/32 to 1/16 inch. If face 134 is set back
      too far in the direction of arrow 136 with respect to pinch lands 138 of
      the next mold section, shearing via blade 124 will not occur at all,
      whereas if it is positioned too far in the opposite direction,
      interference with centering of the parison in the mold during the
      mold-closing portion of the cycle will occur, as previously mentioned. It
      is conceivable, however, that the edge coplanar with 133 representing the
      other extremity of thickness of angularly mounted blade 124 could lie
      right on parting line 130 of the mold on which it is mounted. Thus, by
      setting the angle of projection of blade 124 at between about 10.degree.
      to 75.degree. to the parting line and holding the gap 141 between adjacent
      inner mold sections at about one-eighth to three-fourth, as screws 126 are
      threaded into inner mold section 120, compressive loading of wiper blade
      124 in direction 140 will occur.
PAR  Pinch lands 142 (FIG. 3) in each opposing section are forward of blade 124
      at the rear of cavity portions 122a and 122b, and are preferably separated
      from each other when the mold is closed, i.e. dimension 144, on the order
      of 0.001 to 0.006 inch to avoid cutting through the plastic in this area
      during mold closing, such severing desirably occurring in a manner to be
      described via blade 124. This range for dimension 144 is important, since
      if it is excessive, difficulty will be encountered in breaking the tail
      portion of the article squeezed within cutouts 146a and 146b during mold
      closing away from the base of the molded article later on downstream of
      the machine.
PAR  In overall operation of machine 10 of the referenced patent in which the
      molds and parts in FIGS. 1-3 are installed, during traversal of the
      initial portion of the mold-opening part 52 of the cam by followers 50,
      outer mold assembly 22 because of the radially outwardly increasing shape
      of cam portion 52, is moving outwardly compared with the position of the
      next subsequent mold assembly, or in other words the subsequent mold
      assembly will be in the position of the first mold on the left side in
      FIG. 3 of the present drawings while the prior mold assembly will just be
      starting to separate along the parting line of the blow mold. The coil
      springs 26 of the first inner mold assembly 18, accordingly, will have
      expanded or decompressed in comparison with the compressed condition of
      the springs of the next subsequent still-closed mold assembly.
PAR  With reference to FIG. 1 of the present drawings, this incremental outward
      movement of inner mold section 20 and therefore of blade 124 causes
      shearing edge 133 of top face 134 to move upwardly along the surface of
      the pinch blade of the following inner mold section a total amount equal
      to the extent of compression of springs 26, to the position shown in
      outline at 150 in FIG. 1. If 135 in FIG. 1, i.e. the amount edge 133 is
      set below parting line 130 when the springs 26 of both adjacent sections
      are compressed, equal one-half the amount of travel when springs 26 are
      relaxed, edge 133 then will terminate its movement beyond parting line 130
      by an amount also equal to one-half the amount of total movement. Thus,
      when the succeeding section 20b springs fully outwardly prior to loading
      the mold with plastic for the next cycle, the relative positions of edge
      133 and parting line 130 will again be as illustrated in full lines in
      FIG. 1, and no interference with parison positioning in the inner mold
      sections will occur.
PAR  Referring to FIG. 3, with respect to the glob 151 of plastic within gap 141
      between the mold sections, such rather abrupt upward (or outward with
      respect to the wheel axis) movement beyond parting line 130 causes top
      face 134 of blade 124 to smash into the portion of glob 151 within dotted
      lines 153 in FIG. 3, and shear it away at parting line 130 from the
      plastic compressed between the pinch lands at the forward end of the next
      succeeding mold as edge 133 of the blade compressively scrapes across the
      forward face 129 of such next succeeding mold, thereby cleanly shearing
      the plastic in front of it during the initial stage of the mold-opening
      portion of the machine cycle.
PAR  After ejection of the article from the machine in the vicinity of the 12
      o'clock position, tail section 154 is relatively easily broken away from
      the rest of the article at web 156 in downstream equipment. In the
      meantime, the empty mold continues to traverse a circular path around the
      machine and eventually closes again at about the one-thirty position on
      another parison portion to start another cycle, springs 26 going into
      compression to then cause the wiper blade to take the position illustrated
      in FIG. 1 with respect to the next succeeding mold during actual blowing
      of the article.
PAR  Various modifications and alterations will be readily suggested to persons
      skilled in the art. It is intended therefore, that the foregoing be
      considered as exemplary only and that the scope of the invention be
      ascertained from the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotary machine for blow molding hollow articles from an extruding
      tube of thermoplastic material which includes a wheel arranged for
      rotation and having a plurality of arms, each arm carrying a partible mold
      comprising an inner section and an outer section radially movable along
      said arm, cam means generally surrounding said wheel including a
      mold-opening cam portion, means associated with each outer mold section
      for periodically engaging said mold-opening portion during rotation of
      said wheel and spring means between the axis of said wheel and each inner
      mold section for urging each inner section incrementally outwardly as said
      means associated with each outer mold section traverses the initial
      section of the mold-opening cam portion, the improvement in said machine
      which comprises, in combination,
PA1  a wiper blade on the back face of each inner mold section angularly
      projecting toward and abutting the front face of the next succeeding inner
      section to shear the plastic against said front face as a result of such
      incremental outward movement.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the shearing surface of said blade
      terminates beneath the plane of separation of the inner and outer sections
      of each mold when such spring means are in compression, by an amount on
      the order of one-half the extent of movement of an inner mold section when
      such spring means are decompressed.
NUM  3.
PAR  3. The apparatus of claim 1 wherein each mold section includes a cavity
      portion having a pair of opposing pinch land portions at the rear thereof,
      said wiper blade being rearward of such opposing pinch land portions.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the wiper blade is made of spring
      steel.
NUM  5.
PAR  5. The apparatus of claim 1 wherein the angular mounting of said blade is
      between 60.degree. to 75.degree. with respect to the mold parting line.
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ABST
PAL  There is disclosed herein a method for blow molding a bottle, for instance,
      from a tube of thermoplastic material. The method includes filling such a
      container, if desired, with a fluid prior to sealing of the bottle. The
      bottle has at least one orifice which may be sealed with an integral
      membrane and a further protective cap is integrally molded with the
      bottle. More particularly, apparatus is also disclosed for molding,
      filling and sealing such bottles in one operation from a tube of
      thermoplastic material which has relatively movable mold parts.
PARN
PAR  This is a division of application Ser. No. 338,878 filed Mar. 7, 1973,
      which issued as U.S. Pat. No. 3,851,029 on Nov. 26, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There has been considerable activity in the blow molding of bottles
      constructed of thermoplastic materials such as polyethylene and
      polypropylene. These bottles are conventionally blow molded and then
      filled. Finally they are capped. Most of the prior art has dealt with such
      bottles wherein they are sealingly capped at a much later date after
      filling.
PAR  Of fairly recent vintage is the concept of blow molding a bottle in a
      conventional manner and then filling the bottle with a fluid material
      while the bottle is retained in the mold. The bottle is integrally sealed
      with thermoplastic material after filling. The seal is usually a
      breachable membrane or a cap which may be broken away along a weakened
      part line. The attractiveness in this manner of fabrication resides in the
      fact that the contents in the bottle are admitted when sterile and are
      then sealed therein in a sterile condition. The bottle has not been
      exposed to ambient conditions prior to filling so that organisms have not
      had the opportunity to invade the interior of the bottle.
PAR  The mode of operation and the apparatus therefor of a prior art technique
      can be seen in U.S. Pat. No. 3,325,860. This patent discloses the general
      concept of blow molding and filling a thermoplastic bottle prior to
      integrally sealing. The present invention is an ingenious improvement over
      such prior art disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates, generally, to a method and apparatus for molding,
      filling and sealing a container made of thermoplastic material in a single
      continuous operation. The apparatus has an extrusion head which extrudes
      thermoplastic tubing a section of which, whilst still hot and relatively
      soft, is enclosed in a sectional mold. A fluid under pressure is supplied
      internally with respect to the extruded tubing in the mold to thereby
      distend the tube into contact with the mold surface to form a container.
      It will be appreciated that the fluid under pressure may be the material
      with which the container is to be filled or it may be, for example, a gas
      which is subsequently displaced from within the container when the
      material with which the container is to be filled is supplied to the blown
      container. The container has at least initially formed therewith two
      necks, each having an integrally breakaway cap. At least one of the necks
      terminates in a breachable seal which may have an outwardly extending or
      inwardly extending cone-like configuration. The breachable seal is then
      encompassed with a cap. The seal and caps are integrally molded by the
      apparatus herein disclosed and by the method herein also taught.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One example of an apparatus constructed in accordance with the invention is
      illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a bottle produced by practicing the instant
      invention.
PAR  FIG. 2 is a cross-sectional view of the apparatus of the present invention
      taken along line 2--2 of FIG. 4 with the mold in an open position.
PAR  FIG. 3 is a cross-sectional view of the apparatus taken along line 3--3 of
      FIG. 5 and along the same plane as in FIG. 2 wherein the main mold is in a
      closed position and a pinch means has operated.
PAR  FIG. 4 is a view taken along line 4--4 of FIG. 2.
PAR  FIG. 5 is a view taken along line 5--5 of FIG. 3.
PAR  FIG. 6 is a cross-sectional view taken along line 6--6 of FIG. 3.
PAR  FIG. 7 is a fragmentary close-up view in cross section as in FIG. 3.
PAR  FIG. 8 is a similar view as in FIG. 7.
PAR  FIG. 9 is a similar view as in FIGS. 7 and 8.
PAR  FIG. 10 is another embodiment of the arrangement of FIG. 8.
PAR  FIG. 11 is a similar view as in FIG. 10.
PAR  FIG. 12 is a perspective view of another embodiment of a bottle constructed
      in accordance with the present invention.
PAR  FIG. 13 is a similar view as in FIG. 7.
PAR  FIG. 14 is another embodiment of the arrangement of FIGS. 8 and 10.
PAR  FIG. 15 is a similar view as in FIG. 14.
DETD
PAC  DETAILED CONSIDERATION OF THE INVENTION
PAR  Attention is now directed to FIG. 1, in which a thermoplastic container 11
      is shown having two necks 12 and 13, respectively, displaced from the axis
      of the container. The necks terminate in caps 14 on each. In the
      embodiment shown in FIG. 1 the body 15 of the container has a cylindrical
      configuration. It is pointed out that the body of the container may have
      any one of a wide number of configurations, unusual shapes and designs.
      The design of the body of the container is only limited by the molds used
      and by the thermoplastic material employed. With regard to the
      thermoplastic materials, a wide range of such materials are contemplated
      as coming within the purview of the invention, for instance, polyethylene
      and polypropylene. It will also be noted that the container illustrated in
      FIG. 12 is a perspective view of another embodiment of the present
      invention wherein only one neck is provided in the resultant.
PAR  The container of the present invention is blow molded in sectional molds
      from an extruded hot thermoplastic tube. Attention is now directed to FIG.
      2 wherein a conventional nozzle N extrudes a tube 16 of thermoplastic
      material such as polyethylene material. The tube 16 proceeds between a
      group of sectional molds. The main sectional molds 17 are located below
      the upper sectional molds 18. The main molds each have a large cavity 19
      designed to constrain the thermoplastic material to form the body of the
      container. The main molds 17 also have a pair of smaller cavities 20 to
      form the necks 12 and 13. The main molds are slidably positioned on flat
      surface 21. They are propelled to and fro by suitably positioned cylinder
      and piston means 22 operated with a fluid.
PAR  As in a normal blow molding operation, the main mold is rapidly closed on
      the thermoplastic tube which is continuously extruded. When the molds are
      closed the extruded parison is cut off and the molds are transferred to
      the blow  molding and filling station. The view shown by FIG. 4 shows the
      thermoplastic tube 16 between the pair of upper sectional molds 18 with
      the main mold sections still in the open mode. The upper sectional molds
      are also driven by an appropriate hydraulic means 23. The upper sectional
      molds each have a cavity 24 designed to vacuum form a cap for the
      container. In the FIG. 2 as depicted the cap would be identified by
      reference numeral 14 in FIG. 1.
PAR  In FIG. 5, the main molds 17 have closed on the tube 16, thereby both
      pinching off and closing the bottom, as shown in FIG. 3. The closing of
      the main mmolds also pinches off the top of the tube, thereby leaving two
      upwardly standing neck portions. The uppermost portion of the necks has
      been cut at 25 as illustrated by FIG. 6, for instance. The two upwardly
      standing neck portions are held in position by vacuum holding jaws 9
      positioned above molds 18. The holding jaws are connected to the molds 17
      by means of brackets 8, for instance, and are therefore designed to move
      with molds 17.
PAR  When the main mold sections have been closed as in FIG. 3 and the
      respective necks have been formed as shown in FIG. 6; a slidable pinching
      means 26, shown in FIGS. 3 and 5 move between the main mold and the upper
      mold under the aegis of fluid operated piston and cylinder means 27 to
      bring together a plug 28 of thermoplastic material at the top portion of
      neck 12, which slug is disposed generally transverse to the axis of the
      neck. Of course, it is contemplated that other means may be employed to
      urge pinching means into operative position. The slug 28 in cross section
      can be seen in a number of Figures, for example, FIG. 6, 7 and 13. The top
      plan view of FIG. 5 also depicts the slug 28. The pinching of neck 12
      effectively closes the neck. The other neck 13 remains open so that a
      nozzle 33 is positioned therein in the manner shown in FIG. 6 in order to
      introduce the gas, such as air, to blow mold the main body of the
      container and to complete the molding of the neck. The pressure of the air
      against the still hot thermoplastic material forces the material against
      the cavity walls. As the blow molding is completed the same nozzle is
      utilized to introduce a quantity of liquid, that is, the container is
      filled to a desired degree. The procedure of blow molding and filling is
      further exemplified in U.S. Pat. No. 3,325,860.
PAR  As the container is blow molded and filled or soon after the completion
      thereof, the transverse slug 28 may be shaped into a generally cone-like
      form 29. Turning to FIG. 8, for instance, tube 30, having an internally
      positioned opposing cone-like cavity 31 having perforations 32 is brought
      into position by suitable means to the upper surface of the slug 28. By
      applying a vacuum to the tube and combined with the positive pressure in
      the body of the container the slug is deformed into the cone-like
      configuration shown in FIG. 8.
PAR  Upon the completion of the formation of the cone 29 and the filling
      operation, the appropriate nozzle 33 and tube 30 are withdrawn. The upper
      sectional molds 18 are closed. As the upper sectional molds are closed a
      vacuum is drawn in chambers 34, as a result the remaining extension
      portions 35 and 36 above necks 12 and 13, respectively are drawn into the
      respective cavities 24 due to a plurality of perforations 37. The upper
      sectional molds thereby pinch closed the upper portions 35 and 36 and form
      a cap 14 about the cone 29 which is displaced therefrom.
PAR  The latter operation essentially completes the formation of the container
      of the present invention. The neck 12 terminates in a closed cone about
      which a cap 14 is positioned. The other neck merely possesses a cap having
      essentially the same configuration as the cap about the cone. Both caps
      have been molded whereby the thermoplastic material at the locale where
      they join the top of the neck is quite thin. This thinness is designed to
      make it possible to easily breakaway the cap. Of course, when the cap
      above neck 13 is broken off access to the interior of the container is
      thereby provided. On the other hand, breaking away the cap above neck 12
      still does not provide access to the interior of the body 15 of the
      container 11 as one is still confronted with the cone. This is desirable
      as the underlying cone is maintained in a sterile clean condition as long
      as the cap has not been removed. As the temperature during the forming of
      the cone and the container is higher than bacteria and other organisms can
      tolerate, the thermoplastic is sterile. To obtain access to the contents
      of the container through the cone, the cone must be punctured. In use, it
      may be desirable to break-off the cap surrounding the cone; then puncture
      the cone; and then follow this with attaching a flexible conduit, for
      instance. The cap above neck 13 may be broken away, if desired, to
      equalize pressure conditions.
PAR  In another embodiment as shown in FIGS. 10 and 11, the cone 39 may be
      punctured with a preformed aperture 40 during the formation of the cone.
      This can be accomplished by having an axially disposed opening in the
      cavity of the tube through which a sufficiently large vacuum may be
      applied to burst the end of the cone to form an aperture. FIG. 11 shows
      the resultant after the cap has been formed by the upper sectional molds.
      It is also contemplated that the opening may be made by a means having a
      sharp point.
PAR  In another embodiment, as shown by FIG. 13, no cone is formed, but rather
      the slug 28 is left as originally formed and the cap thereabove is formed.
      This last embodiment is useful when the slug is to be employed as a
      breachable seal. A sharp cannula may be used to puncture the slug, after
      the cap 14 has been removed, in order to introduce material or to remove
      material.
PAR  Another embodiment within the purview of the inventive concept is the
      creation of an inverted cone or cone-like membrane which extends
      downwardly into neck 12. This can be accomplished by employing a pointed
      rod which deforms slug 28 inwardly. Illustrative of this concept is FIG.
      14 and the resultant as shown in FIG. 15. It will be noted that a
      generally pointed rod 40 is used to deform the slug 28 into an inverted
      cone or frusto-conical membrane 41. FIG. 15 shows the cap 14 in position.
PAR  As neck 13 is primarily employed for the introduction of material, liquid
      or gas, for isntance, it is possible to completely eliminate the neck 13
      when there is no need therefor. With regard thereto attention is directed
      to FIG. 12. Neck 12 is positioned axially with respect to a cylindrical
      container. The other neck has been pinched off at 42 and the surface is
      sealed to leave only a vestige of the neck. It will be seen that the body
      of the container is corrugated so that it may be collapsed axially. When
      the cap is broken off and the underlying cone has been or is punctured the
      contents in the container may be retrieved by squeezing the container to
      collapse it and the contents will be dispensed through the cone having an
      aperture.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for molding and sealing a container comprising:
PA1  an extrusion head adapted to extrude a length of thermoplastic tubing;
PA1  at least one sectional mold assembly which is arranged and constructed to
      enclose said length of extruded tubing;
PA1  said mold assembly including a lower sectional mold adapted to shape the
      body and close the bottom of the container and to shape at least two
      neck-like members extending from the top of such container;
PA1  means to sever the extruded tubing at a plane displaced above said
      neck-like members;
PA1  said mold assembly being so constructed and arranged, and including means
      above said lower sectional mold adapted to pinch closed all but one of the
      top portions of the formed neck-like members to form a breachable sealing
      membrane the major plane of which is disposed generally transverse to a
      longitudinal axis of said neck-like member;
PA1  fluid pressure applying nozzle adapted to be introduced into the remaining
      open said neck-like member to supply fluid under pressure to expand said
      tubing in said lower sectional mold into contact with at least a part of
      said lower sectional mold to form a body of said container; and
PA1  said mold assembly including an upper sectional mold arranged and
      constructed to shape that portion of the extruded tubing above said
      neck-like member into a pinched-off closed cap above said breachable
      sealing membrane.
NUM  2.
PAR  2. The apparatus of claim 1, further including means to force upwardly said
      breachable sealing membrane in an axial manner within said neck-like
      member and above said body, so that said membrane is of non-planar form
      and is enclosed by said closed cap.
NUM  3.
PAR  3. The apparatus of claim 2, wherein said means to draw upwardly said
      breachable sealing membrane include means to deform said membrane into a
      generally cone-like shape.
NUM  4.
PAR  4. The apparatus of claim 2, wherein said means to draw upwardly said
      breachable sealing membrane include means to deform sid membrane into a
      generally frusto-conical-like shape.
NUM  5.
PAR  5. The apparatus of claim 2, wherein the means to force said breachable
      sealing membrane upwardly include means for establishing a fluid pressure
      differential on opposite sides of said membrane.
NUM  6.
PAR  6. The apparatus of claim 2, wherein the means to force said breachable
      sealing membrane upwardly include vacuum drawing means operable on and
      from above said membrane.
NUM  7.
PAR  7. The apparatus of claim 2, further including means to effect puncturing
      of said membrane.
NUM  8.
PAR  8. The apparatus of claim 1, further including means to deform axially into
      at least one of said neck-like members said breachable sealing membrane in
      a direction toward said container body.
NUM  9.
PAR  9. The apparatus of claim 8, wherein said deforming means includes means to
      provide said membrane with an inverted general cone-like shape.
NUM  10.
PAR  10. The apparatus of claim 8, wherein said deforming means includes means
      to provide said membrane with an inverted generally frusto-conical shape.
NUM  11.
PAR  11. An apparatus for molding and sealing a container comprising:
PA1  an extrusion head adapted to extrude a length of thermoplastic tubing;
PA1  at least one sectional mold assembly which is arranged and constructed to
      enclose said length of extruded tubing;
PA1  said mold assembly including a lower sectional mold adapted to shape the
      body and close the bottom of the container and to shape at least two
      neck-like members extending from such container;
PA1  means to sever the extruded tubing at a plane displaced above said
      neck-like members;
PA1  said mold assembly including means above said lower sectional mold adapted
      to pinch closed all but one of the top portions of the formed neck-like
      members to form a breachable sealing membrane;
PA1  means to draw upwardly said breachable sealing membrane to form a cone
      within at least one of said neck-like members;
PA1  fluid pressure applying nozzle adapted to be introduced into the remaining
      open said neck-like member to supply fluid under pressure to expand said
      tubing in said lower sectional mold into contact with at least a part of
      said lower sectional mold to form a body of said container; and
PA1  said mold assembly including an upper sectional mold arranged and
      constructed to shape that portion of the extruded tubing above said
      neck-like members into a cap.
NUM  12.
PAR  12. The apparatus of claim 11, wherein the means to form said cone includes
      means to puncture said cone.
NUM  13.
PAR  13. An apparatus for molding and sealing a container comprising:
PA1  an extrusion head adapted to extrude a length of thermoplastic tubing;
PA1  at least one sectional mold assembly which is arranged and constructed to
      enclose said length of extruded tubing;
PA1  said mold assembly including a lower sectional mold adapted to shape the
      body and close the bottom of the container and to shape at least two
      neck-like members extending from such container;
PA1  means to sever the extruded tubing at a plane displaced above said
      neck-like members;
PA1  said mold assembly including means above said lower sectional mold adapted
      to pinch closed all but one of the top portions of the formed neck-like
      members to form a breachable sealing membrane;
PA1  means to deform downwardly into the neck-like member said breachable
      sealing membrane; and wherein said means to deform the breachable sealing
      membrane includes puncturing means;
PA1  fluid pressure applying nozzle adapted to be introduced into the remaining
      open said neck-like member to supply fluid under pressure to expand said
      tubing in said lower sectional mold into contact with at least a part of
      said lower sectional mold to form a body of said container; and
PA1  said mold assembly including an upper sectional mold arranged and
      constructed to shape that portion of the extruded tubing above said
      neck-like members into a cap.
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ABST
PAL  Continuous thermoplastic sheeting is manufactured by extruding
      thermoplastic material from a circular die to form seamless thin walled
      tubing. This hot, seamless tube is pressed together between a water cooled
      draw roll and a water cooled elastomerically coated roll to form sheet
      material which is transparent and without the speckled finish caused by
      included air.
BSUM
PAR  This invention relates to the manufacture of thermoplastic sheeting and
      more particularly to an apparatus for producing clear fully transparent
      continuous thermoplastic sheeting from molten thermoplastic material.
PAR  In an older method of manufacturing thermoplastic sheeting material a
      molten thermoplastic material is extruded through a circular die to form a
      seamless variable size hot tubing. As the tubing moves away from the
      extruder it may be cooled by air or other gaseous medium which impinges
      against the outer surface of the tubing wall. The tubing is inflated by
      air inside the tube and is pressed into a flattened condition to form a
      broad, thin portion when it is drawn between nip rolls. After it has been
      formed into a broad, thin portion, it is passed further to the next
      operation which may be that of cutting its edges and pulling apart the two
      sheets of material.
PAR  Sheeting may be formed by extruding a molten thermoplastic material through
      a circular die to form a seamless hot tubing.
PAR  This tubing is then passed through water cooled draw rolls. The draw rolls
      press the sides of the tube together to form a sheet of thermoplastic
      material which has a speckled finish. This speckled appearance is caused
      by air which is entrained between the flattened tube surfaces. Parts of
      the tube surfaces in this situation adhere one to the other and other
      parts have air in between them.
PAR  It is the object of this invention to eliminate the formation of air
      entrainment between the flattened tube surfaces of plastic sheet material.
PAR  It is another object of this invention to produce plastic articles of clear
      transparent sheets.
DRWD
PAR  In the preferred embodiment of the present invention the advantages of this
      invention, including the simplicity and economy of it, will further become
      apparent hereinafter and in the drawings in which:
PAR  FIG. 1 is a schematic diagram showing the apparatus for making clear
      plastic sheet and making plastic lids for containers in a continuous
      rotary fashion.
PAR  FIG. 2 shows an enlarged view of the rolls being the pressure roll and a
      draw roll.
PAR  FIG. 3 shows a cross-section of the rolls, the tubular extrudate and sheet
      taken along 3--3 of FIG. 2.
DETD
PAR  The embodiment shown in FIG. 1 has a circular die 1 through which a molten
      thermoplastic material is extruded. The extrudate forms an unseamed tube 2
      having a varying diameter along its length. The tube 2 is flattened and
      pressed to give a clear transparent film 3. The film 3 is processed
      through a rotary molding wheel 4 to form lids 5 of clear transparent
      thermoplastic.
PAR  In this apparatus thermoplastic material is heated in the extruder chamber
      6 until it is molten. The molten material is extruded through the tubular
      die 1 located at one end of the extruder chamber 6. An air ring 7 or
      several air rings are mounted about the circular extrudate 2. Cooling air
      is blown from the air ring 7 inwardly toward the tubular extrudate 2 and
      impinges on the outside of the tubular extrudate to have a cooling effect.
      An air jet is located in the interior part of the circular die. As the
      tubular extrudate 2 proceeds along, air is blown inside the extrudate. The
      interior pressure causes the diameter of the tubular extrudate 2 to
      enlarge as it proceeds away from the circular die 1. Located a little
      distance from the tubular die 1 are a pair of rotatable rolls 8,9 mounted
      on drive shafts 10,10a. The drive shafts 10,10a (FIG. 2) are driven by
      suitable motor means (not shown). These paired rolls 8,9 are, however,
      different from one another. One roll 9 is a water cooled draw roll. The
      other roll 8 is a pressure roll. The exterior of the pressure roll 8 (FIG.
      3) is Teflon coated or coated with a silicone rubber or some other
      elastomeric material. The purpose of this coated pressure roll is to be
      sure that no air comes past the pressure roll to form speckled spots
      between the sheets. It is at this point that the walls 11,12 of the
      inflated tube 2 which is inflated by the air coming from inside the
      extruder 6 somewhere, are pressed together by the paired rolls 8,9 and
      collapsed to form a collapsed tube 3. The collapsed tube passes through
      the paired rolls while the polymeric material is still hot enough to be
      welded together by the pressure of the rolls.
PAR  Critical to this invention is the elastomeric pressure roll 8. Because of
      the elastomeric material 13 which forms a coating on the outside of this
      pressure roll 8, the air inside the tubular extrudate 2 is completely
      excluded from passing downstream and preventing the two layers of the
      plastic sheet 3 from being welded together.
PAR  The walls 11,12 of the tubular seamless extrudate 2 may vary somewhat in
      thickness. Thus, as was formerly done, when they are pressed together by
      paired steel rolls the high points of the wall welded together and the low
      points are left unattached to each other. Speckling of the finished
      product is caused by the air between the layers. In my invention one of
      the pressing rolls 8 has an elastomeric surface 13. The elastomeric roll 8
      presses the extrudate walls 11,12 together along their full extent and
      speckling is ended.
PAR  As pointed out above, tubular extrudate may vary somewhat in wall
      thickness. In a situation where steel rolls are used for both paired rolls
      then the thinner parts of the extrudate have air included between the
      tubular walls when they are pressed together. This is because there is no
      way for a steel roll to press down and press itself against the sides of
      the extrudate wall where the wall is thin compared to the surrounding
      wall. In this situation the high points weld together but the low points
      do not weld together and air is included between sections of the sheet.
      The included air keeps the walls from welding together and imparts a
      speckled appearance to the finished sheet.
PAR  The plastic tube 2 is relatively hot when it arrives at the paired rollers
      8,9. Since no air is present between these walls 11,12 as they pass
      between the rollers 8,9 and the rollers 8,9 are pressed tightly together,
      the hot walls 11,12 being passed between them are welded together between
      the two rolls to form sheet 3. The sheet 3 is bent around the draw roll 9.
      The pressure roll 8 with its coat of elastomeric material 13 presses the
      inner surfaces of the plastic walls 11,12 together as they pass around the
      first draw roll 9. After this the sheet 3 passes down to the second water
      cooled draw roll 14. After passing around the second water cooled draw
      roll 14 the welded sheet 3 may go on to the next operation.
PAR  A machine such as a rotary molding wheel 4 may perform the next operation
      on the plastic sheet. Shown to the side of the wheel are dies 15 which
      turn against the wheel to form plastic lids 5 for containers. These dies
      15 form the lid 5 in the plastic sheet 3 and, at a later stage, the lid 5
      and sheet 3 are separated.
PAR  The lids 5 shown here can be made from most any of the usual polymeric
      materials for making plastics such as polystyrene (crystal) and high or
      medium polystyrene, as well as polyethylene, ABS, XT, and others. The
      temperatures involved in the various elements as well as the spacings
      would be varied to suit the particular material being used.
PAR  A cooling arrangement for the draw roll 9 is shown in FIG. 2. This figure
      shows the rolls 8,9,16 in perspective with the scale enlarged compared
      with FIG. 1. A cooling current of water passes through the draw roll 9
      into a connecting tube 17, through the cooling roll 16 and out of the
      apparatus. The tubular extrudate 2 passes through the nip 17 (FIG. 3)
      between the pressure roll 8 and the water cooled draw roll 9 and is bent
      over draw roll 9.
PAR  When the elastomer 13 of the pressure roll 8 presses down into the thinner
      sections of the plastic sheet it makes sure that these thin sections are
      pressed together to form a welded section throughout the extent of the
      sheet. The coat of elastomeric material 13 must be at least as thick as
      the sheet 3.
PAR  To show the action of the pressure roll more clearly FIG. 3 is taken as a
      cross-section along the line 3--3 of FIG. 2. The draw roll 9 and pressure
      roll 8 are pressed together with the flattened tubular extrudate between
      them. A sheet 3 is formed and cools to form a single thickness sheet 3 as
      the molten material cools and welds together. A cooling roll 16 may be
      added to press against pressure roll 8 and prevent pressure roll 8 from
      heating up.
PAR  The advantages of this method are that a perfectly clear transparent sheet
      of thermoplastic is produced without the speckled finish and better
      forming is possible because the sheet has now become a single sheet of
      material rather than two sheets of material welded together at various
      places.
PAR  The foregoing is a description of an illustrative embodiment of the
      invention and it is Applicant's intention in the appended claims to cover
      all forms which fall within the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for forming a clear plastic sheet comprising:
PA1  means for forming molten thermoplastic into a continuous seamless tubing,
PA1  means for cooling the seamless tubing after it leaves the forming means,
PA1  a draw roller rotatably mounted with its axis of rotation transverse to the
      direction of travel of the seamless tubing,
PA1  the draw roller being formed of uncoated metal,
PA1  the draw roller having internal means for cooling the surface thereof, and
PA1  a pressure roller for pressing the seamless tubing against the surface of
      the draw roller and for pressing the walls of the tubing together along
      their extent between the draw roller and the pressure roller to fuse the
      tubing into a continuous weld and thereby provide a single clear sheet of
      plastic material,
PA1  the pressure roller being provided with an elastomeric coating.
NUM  2.
PAR  2. Apparatus as defined in claim 1 further comprising:
PA1  a second draw roller rotatably mounted with its axis of rotation parallel
      to the axis of rotation of the first-mentioned draw roller, the plane of
      said axes of rotation forming an acute angle with the long axis of the
      seamless tubing whereby the seamless tubing is wound about the
      first-mentioned draw roller in area contact therewith to cool the
      continuous weld.
NUM  3.
PAR  3. Apparatus as defined in claim 1 further comprising:
PA1  a cooling roller having internal means for cooling the surface thereof and
      mounted with the surface thereof in rolling contact with the surface of
      the pressure roller to cool the pressure roller surface.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein the cooling means of the draw
      roller and the cooling means of the cooling roller each comprise an
      internal passage for conducting flow of a cooling medium, the internal
      passage being connected in series.
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ABST
PAL  Monoazo dyes exhibiting excellent wash- and lightfastness and being
      essentially insensitive to acid having the formula
      ##SPC1##
PAL  Wherein X, X.sub.1 and X.sub.2 are chlorine or bromine, and M is an alkali
      metal or hydrogen.
BSUM
PAR  This invention relates to dyestuffs. More particularly this invention
      relates to monoazo dyestuffs particularly suitable as red dyes for nylon
      articles.
PAR  The use of azo dyestuffs containing a sulfonic acid group for the dyeing of
      fibers, including artificial fibers such as nylon, has been known for some
      time. However, difficulty has been encountered in employing conventional
      red dyes in the dyeing of nylon fibers since the conventional dyes do not
      impart the desired lightfastness, shade, strength, etc. Furthermore many
      of the known red dyes are sensitive to acid which is undesirable and
      results in unacceptable shade alterations. Several of the monoazo
      dyestuffs employed hereto fore for dyeing nylon articles a red shade have
      been considered uneconomical and undesirable since they are relatively
      expensive and produced from raw materials and processes which are in
      themselves relatively expensive. A number of such dyes are derivatives of
      aminobenzotrifluoride which is not only quite expensive but presents
      undesirable processing hazards.
PAR  It is therefore an object of this invention to provide a monoazo red dye
      suitable for nylon fibers.
PAR  It is a further object of this invention to provide an economical monoazo
      dyestuff which will dye nylon fibers red.
PAR  These and other objects will become apparent from the description which
      follows.
PAR  In accordance with this invention there is provided a monoazo dyestuff
      having the formula
      ##SPC2##
PAL  Wherein X, X.sub.1 and X.sub.2 are chlorine or bromine, and M is an alkali
      metal or hydrogen. Nylon fibers dyed with compounds having the above
      formula exhibit good lightfastness, washfastness and strength as well as
      acceptable barre and exhaust.
PAR  The dyestuffs of this invention are obtained by diazotizing a
      trihalogenated, non-sulfonated primary amine and coupling in an acid
      medium to Gamma acid or its alkali metal salts.
PAR  Suitable non-sulfonated primary amines which may be employed in the
      production of the dyestuff of this invention may be represented by the
      formula
      ##SPC3##
PAL  Wherein X, X.sub.1 and X.sub.2 are chlorine or bromine.
PAR  Exemplary of compounds coming within the general formula given above are
PAR  2,4,5-TRICHLOROANILINE
PAR  2,4,5-TRIBROMOANILINE
PAR  4,5-DIBROMO-2-CHLOROANILINE
PAR  2,4-DICHLORO-5-BROMOANILINE
PAR  2,5-DICHLORO-4-BROMOANILINE
PAL  And other like compounds.
PAR  The primary amines are diazotized in the usual manner, e.g., with sodium
      nitrite, and thereafter coupled with Gamma acid, i.e., 2-amino-8-hydroxy
      naphthalene-6-sulfonic acid, or its alkali metal, i.e., lithium, sodium or
      potassion, salts. In order that the coupling of the diazotized amine and
      the Gamma acid compound occur at the 1-position of the acid, it is
      necessary to carry out the coupling reaction in a mineral acid medium,
      that is, at a pH of below about 3.5. Under less acid conditions, or in a
      neutral or basic medium, the coupling does not occur at this position and
      the desired product is not obtained. To obtain the characteristic of
      insensitivity to acid, it is necessary that the coupling occur in the
      1-position of the Gamma acid and it is also necessary that at least one
      halogen atom on the aniline be ortho to the amine group. The exact
      mechanics of the molecular acid-insensitivity is not completely
      understood, but it is known that coupling in a different position, or the
      absence of an ortho halogen on the aniline, results in a product which
      exhibits substantial shade alteration upon exposure to acid.
PAR  As indicated above, the coupling of the diazotized aniline and the Gamma
      acid is carried out in a mineral acid medium. Since compounds in which M
      is an alkali metal, specifically sodium, are preferred, the Gamma acid is
      first dissolved in, e.g., caustic soda liquor. The amount of liquor being
      just sufficient to dissolve the acid. Thereafter, the solution is added to
      the solution of the diazotized compound in the presence of a mineral acid,
      for example, HCl. The presence of the mineral acid has a tendency to
      convert the Gamma acid salt back to the acid and, therefor, after the
      coupling is completed, additional caustic soda liquor is added to convert
      any acid groups present on the monoazo dye, to the sodium salt.
PAR  Nylon articles, preferably fibers, are dyed in a known manner, e.g., by
      immersing the fibers into a hot, aqueous solution of the dye. The articles
      so treated contain between 0.01 and 2.0, preferably 0.25 to 1.5, weight
      percent of the dye, depending on the desired red shade, exhibit good
      lightfastness, barre and exhaust and are insensitive to acid, that is, the
      shade is not measurably affected by exposure to an acid medium.
PAR  The preferred dyestuff of the present invention is that in which diazotized
      2,4,5-trichloroaniline is coupled with the sodium salt of Gamma acid,
      i.e., a monoazo dye having the formula
      ##SPC4##
PAR  A particular advantageous feature of the dyes of this invention is their
      ability to be blended with other dyes for the purpose of obtaining the
      desired shade. At the present, a commercially acceptable nylon red dye,
      from a shade standpoint is C.I. Acid Red 266, sold under the trade name
      Nylomine Red A2BS. It has been found that the shade of this dye can be
      matched with a mixture of about 20 weight percent
      ##SPC5##
PAL  with about 80 weight percent of the known dye
      ##SPC6##
PAL  while the mixture exhibits the other properties of the dye of this
      invention, i.e. lightfastness, washfastness, strength, barre and exhaust.
      Similarly, other shades of red can be obtained by varying the percentage
      of these two components. In accordance with this invention from 20 to 80
      percent of dyestuff (A) can be mixed with 80 to 20 percent of dyestuff (B)
      to obtain desirable shading.
DETD
PAR  The invention will be more fully understood with reference to the following
      example which is given by way of illustration only.
PAC  EXAMPLE 1
PAR  To a solution of 480 cc's of water and 60 cc's of 20.degree.  Be
      hydrochloric acid under agitation, there is added a warm solution of 0.24
      mols (47.2 grams) of 2,4,5trichloroaniline in 150 cc's of glacial acetic
      acid. The mixture is thereafter cooled, with ice to 5.degree.C. 60 cc's of
      a 30% solution of sodium nitrite is rapidly added to diazotize the amine
      and the resultant mixture is agitated for 1 hour at 5.degree.  to
      10.degree.C, resulting in a clear solution.
PAR  A solution of the sodium salt of Gamma acid is prepared by adding about 26
      cc's of 50% caustic soda liquor to a solution of 780 cc of water
      containing 57.5 grams (0.24 mol) of Gamma acid. The caustic soda liquor
      was just enough to dissolve the Gamma acid.
PAR  The solution of the sodium salt of Gamma acid is added to the diazotized
      amine over a period of 30 minutes while maintaining the temperature below
      15.degree.C. The coupling is then permitted to continue for about 12 hours
      without further temperature control while agitating the mixture.
PAR  About 140 cc's of 50% caustic soda liquor is added to the solution and the
      solution is heated to 85.degree.C to crystallize the monoazo dyestuff. The
      solution is then agitated at about 60.degree.C and filtered with recovery
      of the monoazo dye.
PAR  A 0.5 gram portion of the monoazo dyestuff so produced was dissolved in 200
      ml of boiling distilled water. The dyestuff dissolved. A nylon skein was
      introduced into the dye solution, held at a temperature of about
      200.degree.F for 45 minutes, and thereafter removed and dried. The nylon
      so dyed was a bright red and exhibited good shade and strength, had good
      reserve, barre and exhaust and exhibited good lightfastness and was
      essentially non-sensitive to acid.
PAR  The dyed fabric was immersed in a 5% HCl solution for 15 minutes. After
      removal from the solution the color shade was determined to be unaltered.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. As a dye composition, a mixture of from about twenty to 80 weight
      percent of a compound having the formula
      ##SPC7##
PAL  and from about 80 to 20 weight percent of a compound having the formula
      ##SPC8##
NUM  2.
PAR  2. As a dye composition, a mixture of about 20 weight percent of a compound
      having the formula
      ##SPC9##
PAL  and about 80 weight percent of a compound having the formula
      ##SPC10##
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ABST
PAL  The flame resistance of wool textiles is increased by sequential
      application of N,N',N"-triallylphosphoramide and bromine.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to and has among its objects the provision of novel
      modified wool products which are particularly characterized by flame
      resistance. The objects of the invention also include novel methods for
      preparing these modified wool products. Further objects of the invention
      will be evident from the following description wherein parts and
      percentages are by weight unless otherwise specified.
PAR  Although wool does not ignite readily, flames will propagate in wool once
      ignition has occurred. A need, therefore, exists to flameproof wool for
      many uses such as airplane upholstery, carpeting blankets, sleepwear, and
      the like. A particular aim of the invention is to fulfill this need.
PAR  We have discovered that wool textiles can be flame-proofed by sequential
      treatment with N,N',N"-triallylphosphoramide and bromine.
PAR  The primary advantage of the invention is that the modified wool will not
      ignite nor will it support combustion. When exposed to a flame, the
      modified wool will only be charred. When the flame is then removed, the
      modified wool will not continue to burn. This feature of wool treated in
      accordance with the invention is in sharp contrast to that of untreated
      wool, which will continue to burn even after the flame source is removed.
PAR  Another valuable asset of the invention is that the modification does not
      impair the intrinsic properties of the wool. For example, the treatment
      does not impair the elasticity, hand, or tensile strength of the textile.
      The products of the invention are suitable for all the conventional uses
      of wool, such as fabrication of carpeting, upholstery, and drapery
      fabrics, garments, etc.
PAR  N,N',N"-Triallylphosphoramide (which may also be named
      N,N',N"-triallylphosphoric triamide) is a known compound of the formula
EQU  (CH.sub.2 = CH--CH.sub.2 --NH).sub.3 P = O
PAL  The synthesis thereof is disclosed, for example, by Meyers et al., U.S.
      Pat. No. 3,715,185. For the sake of brevity, the compound will hereinafter
      be referred to as NTP.
PAR  Meyers et al. disclose the use of NTP for flameproofing cotton and other
      cellulosic textiles. It should be noted, however, that the patentees do
      not disclose or suggest the use of bromine in conjunction with NTP.
      Furthermore, as will be shown herein, the flame-resistance obtained in
      accordance with the instant invention is far superior to that obtained by
      Meyers et al.
PAR  In preparing flame-resistant wool in accordance with the invention, the
      following procedure is used: An aqueous solution of NTP is prepared. The
      amount of NTP in the solution is generally about 5-15%; the preferred
      concentration of NTP is about 8-10%. Next, the wool to be treated is
      impregnated with the NTP solution. Impregnation is most easily effectuated
      by immersing the wool in a bath of the NTP solution. Alternatively, the
      treating solution can be applied to the fabric by spraying, rolling,
      padding, or other technique as known to those skilled in the art.
      Following the application of the solution so as to impregnate the textile
      material, the excess of the solution can be removed by squeezing,
      centrifugation, pressing, or similar operations. In any event the
      impregnation is conducted under such conditions that the amount of NTP
      deposited on the textile is about 4 to 10%, based on the weight of the
      textile.
PAR  The so-treated wool is then dried. Generally, the wool can be dried at room
      temperature for about 24 hours. However, drying can also be accomplished
      at elevated temperatures for a shorter period of time.
PAR  In the next step the textile is treated with elemental bromime in order to
      obtain a reaction thereof with the previously-applied NTP. To this end, a
      solution of bromine in an inert volatile solvent--typically, a halogenated
      hydrocarbon such as carbon tetrachloride, chloroform, tetrachloroethylene,
      ethylene dichloride, or the like--is prepared and applied to the textile.
      Generally, a dilute solution is used, that is, one containing about 0.1 to
      1% bromine, and enough of the solution is applied to provide about from 1
      to 3 parts of bromine per part of NTP on the textile. The bromine solution
      can be applied to the textile by dipping, spraying, rolling, or like
      techniques. In a preferred modification of the invention, the textile is
      immersed in the bromine solution for a period of 1-2 hours, whereby each
      part of NTP on the textile reacts with about from 0.5 to 1 part of
      bromine.
PAR  After application of the bromine the treated fabric is subjected to
      squeezing, centrifuging, pressing, or other similar operation to remove
      excess bromine solution. The so-modified wool is then dried as described
      above, i.e., at ambient temperature for about 24 hours or at elevated
      temperature for a shorter period of time.
PAR  It should be noted that the benefits of the invention are attained only
      when the wool is first treated with NTP and then with bromine. If the
      steps are reversed, no flameproofing is realized. In addition, the above
      treatment must be carried out in situ, i.e., on the fabric. If NTP is
      first reacted with bromine and the resulting product is applied to the
      fabric, the treatment is essentially ineffective.
PAR  The invention has extensive utility and can be applied to all-wool textiles
      and to textiles which contain at least 25% wool, typically, blends of wool
      with other natural or synthetic fibers such as cotton, linen, hemp, jute,
      ramie, sisal, cellulose acetate, cellulose acetate-butyrate, saponified
      acetate rayons, viscose rayons, cuprammonium rayons, ethyl cellulose,
      animal hair, polyurethane, polyacrylonitrile, polyesters such as
      polyethylene terephthalate, and the like. The term "wool-containing
      textile" is used herein as inclusive of all-wool textiles and wool blends
      which contain at least 25% wool. The textile material to which the
      invention is applied may be in the form of bulk fibers, yarns, sliver,
      roving, top, webbing, card, tape, woven or knitted fabrics, garments, or
      garment parts.
DETD
PAC  EXAMPLES
PAR  The invention is further demonstrated by the following illustrative
      examples.
PAR  The flame tests reported in the examples were carried out by the AATCC
      vertical flame test method 34-1969.
PAC  EXAMPLE 1
PAR  Run A (Sequential treatment with NTP and bromine): A 20-gram piece of 100%
      wool plain-weave fabric was impregnated with an 8% aqueous solution of
      NTP. The so-treated fabric was padded through a squeeze roll and had a wet
      uptake of 50%, which corresponded to a 4% add-on of NTP. Then, the fabric
      was air-dried at ambient temperature for 24 hours.
PAR  A 12-gram piece of the above fabric was soaked for 1 hour in 500 ml. of
      carbon tetrachloride containing 1.3 g. of bromine. At the end of this time
      the woolen fabric was squeezed and then allowed to air-dry overnight. The
      treated fabric had excellent hand and color. Xray fluorescence analysis
      for bromine and phosphorus indicated that the treated fabric contained
      1.78% bromine and 0.55% phosphorus. The so-treated fabric was then
      subjected to the flame test.
PAR  For purpose of comparison, four other fabrics were also tested for flame
      resistance. In Runs B and C, samples of the wool fabric were treated with
      NTP alone (according to Meyers et al., U.S. Pat. No. 3,715,185) so that
      the add-on of NTP was 4% and 10%, respectively. In Run D, a pre-formed
      reaction product of NTP and bromine was applied to the wool fabric. To
      this end, 21.5 g. (0.1 mole) of NTP was dissolved in 250 ml. of carbon
      tetrachloride in a 3-neck flask equipped with a stirrer, condenser with
      drying tube, and a dropping funnel. A solution of 16 g. (0.1 mole) of
      bromine in carbon tetrachloride was added through the dropping funnel. The
      bromine solution was added slowly, over a period of 2 hours, while the
      reaction mixture was stirred and cooled with an ice bath. After addition
      of the bromine solution, the reaction mixture was allowed to stand at room
      temperature overnight. Then the carbon tetrachloride was evaporated,
      leaving 37 g. of the NTP-bromine reaction product. A portion of this
      reaction product was dissolved in carbon tetrachloride and the wool fabric
      impregnated therewith, then passed through squeeze rolls and dried in air.
      The add-on of NTP-bromine reaction product was 10.9%.
PAR  Finally (Run E) a sample of the untreated wool fabric was subjected to the
      flame test.
PAR  The results of are tabulated below.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Run                                                                       
        Fabric treatment                                                       
                    Add-on,                                                    
                         After flame,                                          
                                Char length,                                   
                    %    sec.   inches                                         
     __________________________________________________________________________
     A  Sequential application                                                 
        NTP and bromine                                                        
                    4.0  0      3.9                                            
     B  NTP, alone  4.0  10     8.2                                            
     C  NTP, alone  10.0 2.7    4.8                                            
     D  Pre-formed NTP-Br.sub.2                                                
        reaction product                                                       
                    10.9 19     BEL*                                           
     E  None        0    26     BEL*                                           
     __________________________________________________________________________
      *Burned entire length (10 in.)                                           
PAC  EXAMPLE 2
PAR  The procedure outlined in Example 1 was applied to a woven fabric composed
      of 60% wool and 40% polyester.
PAR  The results are summarized below.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Run                                                                       
        Fabric treatment                                                       
                    Add-on,                                                    
                         After flame,                                          
                                Char length,                                   
                    %    sec.   inches                                         
     __________________________________________________________________________
     F  Sequential application                                                 
        of NTP and bromine                                                     
                    6.1   0     5.0                                            
     G  NTP, alone  6.2  18     BEL                                            
     H  Pre-formed NTP-Br.sub.2                                                
        reaction product                                                       
                    6.5  19     BEL                                            
     I  None        0    27     BEL                                            
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  The procedure outlined in Example 1 was applied to a woven fabric composed
      of 50% wool and 50% cotton.
PAR  The results are summarized below.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Run                                                                       
        Fabric treatment                                                       
                    Add-on,                                                    
                         After flame,                                          
                                Char length,                                   
                    %    sec.   inches                                         
     __________________________________________________________________________
     J  Sequential application                                                 
        of NTP and bromine                                                     
                    5.0  0      5.6                                            
     K  NTP, alone  5.6  --     BEL                                            
     L  None        0     4.7.sup.a                                            
                                BEL                                            
     __________________________________________________________________________
      .sup.a Fabric was completely charred; the ash glowed for 4.7 sec.        
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. As an article of manufacture, a woolen-containing textile carrying a
      deposit of N,N',N"-triallylphosphoramide which has been reacted in situ on
      the textile with bromine, and wherein the amounts of
      N,N',N"-triallylphosphoramide and bromine are sufficient to render the
      textile flame resistant.
NUM  2.
PAR  2. As an article of manufacture, a wool-containing textile carrying a
      deposit of N,N',N"-triallylphosphoramide which has been reacted in situ on
      the textile with bromine, and wherein the amount of
      N,N',N"-triallylphosphoramide is about from 4 to 10% based on the weight
      of the textile and the amount of the bromine is about from 0.5 to 1 part
      per part of N,N',N"-triallylphosphoramide on the textile.
NUM  3.
PAR  3. A process for modifying a wool-containing textile to make it flame
      resistant, which comprises
PA1  a. applying N,N',N"-traillylphosphoramide to the textile, and
PA1  b. then applying bromine to the so-treated textile.
NUM  4.
PAR  4. The process of claim 3 wherein the amounts of applied
      N,N',N"-triallylphosphoramide and bromine are sufficient to render the
      textile flame resistant.
NUM  5.
PAR  5. A process for modifying a wool-containing textile to make it flame
      resistant, which comprises
PA1  a. contacting the textile with an aqueous solution of
      N,N',N"-triallylphosphoramide to deposit on the textile about from 4 to
      10%, based on the weight of the textile, of said compound,
PA1  b. drying the textile,
PA1  c. contacting the textile with a solution of bromine in an inert volatile
      solvent until the textile has absorbed about from 0.5 to 1 part of bromine
      per part of N,N',N"-triallylphosphoramide on the textile, and
PA1  d. drying the so-treated textile.
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ABST
PAL  In dyeing nylon textiles with acid dyes, barre is reduced by using a
      synergistic mixture of a dye-leveling alkyl sulfonate and a dye-leveling
      alkyl aryl sulfonate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a method of reducing barre in synthetic
      polyamide textiles dyed with acid dyes. More particularly it relates to a
      method of dyeing synthetic polyamide textiles with acid dyes using as the
      principal dye leveler a synergistic mixture of a particular alkyl
      sulfonate surfactant and a particular alkyl aryl sulfonate surfactant.
PAR  In dyeing synthetic polyamide textiles such as fibers, fabrics or garments
      (hereafter collectively called "nylon" or "nylon textiles") with acid
      dyes, there often is obtained barre or streakiness in the dyed textile due
      to inherent physical and/or chemical differences existing in the yarns
      from which the textile has been made. For further information about the
      causes and manifestations of barre reference is made to U.S. Pat. No.
      3,619,122 and American Dyestuff Reporter, Feb. 12, 1968, pgs. 42-47.
PAR  To prevent or minimize barre to an acceptable degree, a variety of anionic
      surfactants have been employed as dyeing levelers in the dyeing of nylon
      textiles with acid dyes. One of the earliest class of anionic surfactants
      used were the mixed fatty alcohol sodium sulfates. Subsequently, alkyl
      sulfonate and alkyl diaryl sulfonate type surfactants were recommended. In
      recent times, more complex and costly anionics have been alleged in
      patents to prevent barre; e.g. sulfonated sulphones derived from a variety
      hydroxy-substituted aryl compounds in U.S. Pat. No. 3,536,438, dialkyl
      sulfosuccinates in U.S. Pat. No. 3,619,122, and alkane-or
      alkene-amido-benzene-sulphonics in U.S. Pat. No. 3,713,768.
PAR  In spite of the abundance of work done to identify anionic surfactants
      capable of minimizing or preventing barre, a need still exists for
      improved dyed levelers considering the great number of different acid dyes
      employed, the fact that they are typically used in combinations, and the
      variety of nylons textiles being dyed. In many instances less than
      satisfactory barre effects are tolerated because a dye leveler suitable
      from both an economic and a performance standpoint is unavailable.
PAC  SUMMARY OF THE INVENTION
PAR  Considering this state of art, it is an object of the present invention to
      provide a unique combination of dye levelers that is both economical and
      effective in minimizing or preventing barre effects in the dyeing of a
      variety of nylon textiles with different acid dyes.
PAR  This object and other objects and advantages, which will become apparent
      from the following description and examples, are achieved by dyeing nylon
      textiles with acid dyes in the presence of a synergistic combination of
      anionic surfactants consisting essentially of a dye-leveling alkyl
      sulfonate and a dye-leveling alkyl aryl sulfonate.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The nylon textiles that can be dyed in accordance with the invention can be
      in the form of fibers (either staple or continuous), fabrics (woven,
      nonwoven, knitted and the like), or finished textiles goods. Further the
      nylon textiles can be composed essentially 100% of a synthetic polyamide,
      or may be blended with other types of textile materials, such as
      polyesters, polyacrylonitriles, wool, cotton, and the like, care being
      taken that any other textile materials utilized be compatible with the
      dyes and the dyeing conditions used for the nylon.
PAR  Acid dyes suitable for the invention process can, generally, be any of
      those normally used for dyeing nylon, as for example, those belonging to
      the azo, anthraquinone, quinophthalone, phthalocyanine or triphenylmethane
      classes of dyes or the nitro or formazane dyestuffs, which optionally may
      contain complex-bound metals, such as copper, nickel, chromium or cobalt.
PAR  The alkyl sulfonate employed in the invention process may be any sodium,
      potassium, ammonium, or water-soluble amine (monoethyl amine, diethyl
      amine, and the like) salt of an alkyl sulfonic acid that is soluble in the
      dye bath at the concentration and conditions of use and contains an
      average of about 8 to 20 carbon atoms. Sometimes mixtures of two or more
      alkyl sulfonates are advantageously employed. The alkyl sulfonate may be
      straight chained or branched, normally contains a mixture of alkyl groups
      having differing carbon atom totals, and may contain unreacted reactants
      and reaction by-products. Further, when manufactured from alphaolefins by
      a synthesis method comprising sulfonation and hydrolysis, up to about 60%
      weight percent of the alkane groups may be hydroxy alkane moieties as
      shown, for example, in the U.S. Pat. Nos. 3,332,876 and 3,506,580. Other
      methods for producing alkyl sulfonates useful in the invention include,
      inter alia, the reaction of bisulfites with olefins, as shown, for example
      in U.S. Pat. Nos. 2,318,036, 3,084,186 and 3,336,210, and the reaction of
      a saturated hydrocarbon with SO.sub.2 and Cl.sub.2 to form an
      alkylsulfonyl chloride which is hydrolyzed to the corresponding sulfonic
      acid (Reed Process). Because of lower costs and ready availability,
      typically, alkyl sulfonates having an average of about 12 to 16  carbon
      atoms are preferred and will normally be used.
PAR  The second component of the dye leveler combination employed in the
      invention process, the alkyl aryl sulfonate, is a sodium, potassium,
      ammonium or water-soluble amine salt of an alkyl sulfonic acid represented
      by the general formula:
      ##SPC1##
PA0  where:
PA1  R.sub.1 = hydrogen or a methyl group
PA1  R.sub.2 = hydrogen or an alkyl group having 1 to 4 carbon atoms
PA1  R.sub.3 = an alkyl group having an average of 8-20 carbon atoms,
PAL  which salt is soluble in the dye bath at the concentration and conditions
      of use. While normally only one alkyl aryl sulfonate will be used, there
      may be instances where mixture of two or more will achieve best results.
      Alkyl aryl sulfonates of the above description and methods for their
      synthesis are, of course, well known. Thus, as known, R.sub.2 and R.sub.3
      may be linear or branched, and the 8 to 20 carbon atoms in R.sub.3 alkyl
      group represents an average number, and the surfactant can contain
      unreacted reactants and reaction by-products. In this connection, the
      quantity of active sulfonate in the alkyl aryl sulfonate is not narrowly
      critical and up to as much as 50 weight percent of the alkyl aryl
      sulfonate may be comprised of unsulfonated alkyl aryl precursor and still
      be used in the invention process. Because of their lower cost and
      availability, alkyl aryl sulfonates derived from benzene, toluol and xylol
      and having an alkyl group of about 12 to 16 atoms, average, typically will
      be used.
PAR  In the invention process, weight ratios (on a solids basis) of the alkyl
      sulfonate to alkyl aryl sulfonate of 9:1 to 1:9 can be used with benefit
      in dyeing nylon textiles with acid dyes. However, narrower ratios, such as
      3:1 to 1:3 exhibit even less barre and are more preferred. Maximum
      synergism is obtained when weight ratios ranging from 3:2 to 2:3 are
      employed and, hence, constitute the most preferred invention embodiments.
PAR  The quantity of alkyl sulfonate and alkyl aryl sulfonate typically employed
      in the invention process will be the minimum necessary to achieve an
      acceptably uniform dyed appearance (barre-reducing quantity). Generally,
      depending on a number of interrelated factors, such as type of nylon, type
      and color intensity of the dye, dyeing conditions, and the like,
      acceptable minimization of barre will be achieved when from about 0.25 to
      4.0 parts by weight of the invention combination of sulfonates is used per
      100 parts by weight of the nylon textile being dyed. In most cases 0.5 to
      1.0 parts will be optimum from a cost/performance standpoint. While the
      above ratios are expressed on a solids basis it will be appreciated by
      those in the art that the sulfonates employed in the invention process are
      often marketed and thus will be used as aqueous solutions containing
      typically 25 to 75% total solids. Additionally, while the combination of
      sulfonates often will be preblended before addition to the dye bath as a
      matter of convenience, this is not critical and they can, if desired, be
      added separately as further discussed hereinafter.
PAR  It is within the scope of the present invention to use other types of
      anionic surfactants in conjunction with the invention dye-leveler
      sulfonate mixture when this might be desirable to facilitate dyeing or to
      achieve special dyed effects. Normally, if used, such other anionics will
      constitute a minor proportion of the total dye levelers used.
PAR  In all other respects, the invention dyeing process is generally
      conventional. Thus, as with most dye levelers, the invention combination
      of sulfonates normally is most effectively utilized when added either
      separately or premixed together to the dye bath containing the nylon
      textile prior to the addition of the acid dye, and then preconditioning
      the textile for some finite period such as 5 to 30 minutes. Alternatively,
      one of the sulfonates can be added during preconditioning and the other
      added at or about the same time as the dye. In other instances, equally
      good results can be achieved by adding both concurrently (either
      separately or premixed) with the dye, or even at some time appreciably
      thereafter.
PAR  The temperature normally employed can vary from 40.degree. to 120.degree.C,
      with 60.degree. to 100.degree.C being typical. When a preconditioning step
      for the textile is utilized, temperatures of about 25.degree.-60.degree.C
      will often first be used, followed by a higher temperature such as
      80.degree.-120.degree.C after dye addition. Usual pH's of aqueous acid dye
      baths are from about 6 to 8. After dyeing the pH may be lowered to about
      4.0 or less to more completely exhaust the dye and to impart better wash
      fastness to the dyed textile. To control the pH of the dye bath, compounds
      such as acetic acid, formic acid, dilute sulfuric or phosphoric acid,
      ammonium sulfate, sodium acetate and the like are used. Other materials
      often used in acid dye baths include: nonionic surfactants to improve
      fabric wetting or control the degree of dye dispersion; organic
      water-miscible solvents, such as isopropanol, to predisperse the acid dyes
      or assist in fabric wetting; and chelating agent, such as ethylenediamine
      tetra-acetic acid, to tie up iron and other polyvalent metal ions that can
      adversely effect the dyeing process or product quality. After dyeing, the
      nylon textile is normally washed with water before being dried.
PAC  EXAMPLES
PAR  Nine nylon knit test swatches (Prepared from Banlon/Helanca fibers supplied
      by Test Fabrics Inc., Middlesex, N.J.) were dyed using the dye levelers
      delineated in the table according to the following procedure.
PAR  For each test a 400 ml beaker was charged with:
PA1  150 mls water,
PA1  10 mls of 1.0% aqueous ammonium sulfate,
PA1  10 mls of 0.125% aqueous ethylenediamine tetra-acetic acid,
PA1  0.05 gm on a solids basis of the dye lever shown in the table,
PAL  and the charged ingredients were stirred and heated to 50.degree.C.
PAR  A 5 gm swatch of the test nylon knit was next added to each beaker and
      periodically stirred for 15 minutes at 50.degree.C. There was then added
      to each beaker 5 mls of a dye mix (0.005 g solids; solvent -- 50/50 by
      volume ratio of water and isopropanol) consisting of in parts by weight:
PA1  15-Rubine N5BL* (Acid Red-229)
PA1  2-Nylosan Yellow* (Acid Yellow-159)
PA1  8-Nylosan Blue NBLF* (Color index number unknown)
FNT  (* Trademarks for dyes supplied by Sandoz Color & Chemicals)
PAL  and the beaker contents heated to boiling and periodically stirred for 1
      hour. The pH of the dye bath during dyeing was 6.3 The pH of the dye bath
      was then lowered to about 4 by adding dropwise 5 ml of 10% aqueous acetic
      acid over a 15 minute period while continuing periodic stirring of the
      bath. After cooling the bath to 60.degree.C, again with periodic stirring,
      the dyed test swatch was removed, rinsed with cold running water, and
      dried at room temperature.
PAR  Each of the nine test swatches were then visually examined and rated for
      barre. Five different levels of dye uniformity were discernible and were
      arbitrarily assigned ratings of A,B,C,D & E, with rating A being the best
      (hardly discernible barre and uniform dyeing) and E worst (barre quite
      visible with blotchy color). Ratings B,C,D, on the other hand identified
      test swatches which, while uniform in dye levelness, exhibited increasing
      discernible barre.
TBL  ______________________________________                                    
     EFFECT OF DIFFERENT ANIONIC DYE LEVELERS ON BARRE                         
     ______________________________________                                    
                                     BARRE                                     
     EXAMPLE  DYE LEVELING AGENT.sup.1                                         
                                     RATING                                    
     ______________________________________                                    
     1       Control.sup.2           E                                         
     2       100%-dodecylbenzene sodium sulfonate.sup.3                        
                                     D                                         
     3       100% BIO TERGE AS-35CL.sup. 4                                     
                                     D                                         
     4       90% dodecylbenzene sodium sulfonate                               
                                     C                                         
             10% BIO TERGE AS-35CL                                             
     5       90% BIO TERGE AS-35CL   C                                         
             10% dodecylbenzene sodium sulfonate                               
     6       75% dodecylbenzene sodium sulfonate                               
                                     B                                         
             25% BIO TERGE AS-35CL                                             
     7       75% BIO TERGE AS-35CL   B                                         
             25% dodecylbenzene sodium sulfonate                               
     8       50% dodecylbenzene sodium sulfonate                               
                                     A                                         
             50% BIO TERGE AS-35CL                                             
     9       50% dodecylbenzene sodium sulfonate                               
                                     A                                         
             50% sodium C-14 alpha-olefin sulfonate .sup.5                     
     ______________________________________                                    
      FOOTNOTES                                                                
      .sup.1 Percentages are by weight and on a solids basis for all the       
      sulfonates.                                                              
      .sup.2 No dye leveling agent used.                                       
      .sup.3 Dodecyl is the average alkyl length. Added as a 33% aqueous       
      solution having a pH of 9.5. Surfactant contained 1 part dodecylbenzene  
      per 3 parts dodecylbenzene sulfonate.                                    
      .sup.4 Trademark of Stepan Chemical Company for a sodium alpha-olefin    
      sulfonate having an average of about 14 carbon atoms, a total of 42%, an 
      activity of 35%, and a pH (1% solution) of 7.6. Added as received.       
      .sup.5 Produced by the method of Example 1 of British Patent 1,291,267.  
      Solids had 26%-SO.sub.3 and no detectible olefin oil. Added as 33% aqueou
      solution having a pH of 6.5.                                             
PAR  From the results tabulated in the table, it is apparent that the
      substitution of as little as 10 weight percent of an alkyl sulfonate or an
      alkyl aryl sulfonate for the other reduces barre in nylon textiles dyed
      with acid dyes, and that the anti-barre effect of the dye leveler mixture
      is maximized when about equal amounts of each is used. Additionally,
      essentially complete exhaustion of the dye mix was obtained with the
      sulfonate mixtures.
PAR  From the foregoing description and examples, it can be seen the present
      invention provides a new dye leveler system of enhanced effectiveness for
      preventing or minimizing barre in nylon textiles dyed with acid dyes.
      Further it can be seen that this improvement is obtained without any
      appreciable concomitant increase in cost, since the invention dye leveler
      system utilizes commercially available low-cost anionic surfactants.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process of dyeing a nylon textile with an acid dye, the improvement
      which comprises:
PA1  dyeing the nylon textile in the presence of a barre-reducing quantity of a
      combination of anionic surfactants consisting essentially of
PA1  A. a dye-leveling alkyl sulfonate, and
PA1  B. a dye-leveling alkyl aryl sulfonate,
PAL  to obtain a dyed nylon textile having less barre than if similarly dyed in
      the presence of an equivalent amount of of either (A) or (B) alone;
PA1  the quantity of the combination of the anionic surfactants being about 0.25
      to 4.0 parts by weight per 100 parts by weight of the nylon textile;
PA1  the weight ratio of the alkyl sulfonate to the alkyl aryl sulfonate being
      within the range of 1:9 to 9:1;
PA1  the alkyl sulfonate being a sodium, potassium, ammonium or water-soluble
      amine salt of an alkyl sulfonic acid having 8 to 20 carbon atoms; and
PA1  the alkyl aryl sulfonate being a sodium, potassium, ammonium, or
      water-soluble amine salt of an alkyl aryl sulfonic acid having the general
      formula:
      ##SPC2##
PAL  where,
PA1  R.sub.1 is hydrogen or a methyl group,
PA1  R.sub.2 is hydrogen or an alkyl group having 1 to 4 carbon atoms, and
PA1  R.sub.3 is an alkyl group having 8 to 20 carbon atoms.
NUM  2.
PAR  2. The process of claim 1 wherein the alkyl sulfonic acid has an average of
      about 12 to 16 carbons atoms and the alkyl aryl sulfonic acid is an
      alkylbenzene sulfonic acid in which the alkyl group has an average of
      about 12 to 16 carbon atoms.
NUM  3.
PAR  3. The process of claim 2 wherein the alkyl sufonate and the alkyl aryl
      sulfonate are used in a ratio of 2:3 to 3:2.
NUM  4.
PAR  4. The process of claim 1 wherein the alkyl sulfonate is a sodium alkyl
      sulfonate having an average of about 14 carbon atoms and the alkyl aryl
      sulfonate is a sodium alkylbenzene sulfonate in which the alkyl group has
      an average of about 12 carbon atoms.
NUM  5.
PAR  5. The process of claim 4 wherein the ratio of the sodium alkyl sulfonate
      to the sodium alkyl benzene sulfonate is 3:2 to 2:3.
PATN
WKU  039362698
SRC  5
APN  5265290
APT  1
ART  171
APD  19741125
TTL  Method of cold sterilization using frozen dimethyl dicarbonate
ISD  19760203
NCL  13
ECL  1
EXA  Garris; Braney R.
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INVT
NAM  Bayne; Peter D.
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STA  WI
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ABST
PAL  A method of sterilizing a perishable product by use of dimethyl
      dicarbonate. The dimethyl dicarbonate is stored as a solid at a
      temperature below 16.degree.C and prior to use it is liquified by heating
      under an inert atmosphere. The liquified dimethyl dicarbonate is mixed
      with a perishable product, and the product is then packaged in a sealed
      container and immediately heated to increase the anti-microbial activity
      of the dimethyl dicarbonate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Pyrocarbonic acid esters, such as diethyl pyrocarbonate have been used in
      the past for preserving perishable materials, such as fruit juices,
      vegetable products, wine, pharmaceutical products, beer, and the like, and
      have the advantage of decomposing into materials native to the perishable
      material. Dimethyl dicarbonate is more microbiologically active than
      diethyl dicarbonate and has a greater water solubility, but is less stable
      in liquid form than diethyl dicarbonate. It has been found that about 10%
      of dimethyl dicarbonate will autohydrolyze when stored in the liquid state
      over a period of about 36 hours at room temperature. Because of the lack
      of stability, dimethyl dicarbonate has shown little commercial promise as
      a cold sterilizing agent, even though it has greater microbiological
      activity than its homolog, diethyl dicarbonate.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a method of sterilizing a perishable material,
      such as a beverage, or food product, by use of dimethyl dicarbonate. In
      accordance with the invention, the dimethyl dicarbonate is frozen
      immediately after synthesis by subjecting it to a temperature below
      16.degree.C. In the frozen state, the dimethyl dicarbonate can be handled,
      stored, and transported without loss of its microbiological activity.
PAR  At the time of use, the dimethyl dicarbonate is heated to a temperature
      above 16.degree.C under an inert atmosphere to liquify the material, and
      the liquid is immediately introduced and dissolved within the perishable
      product. If the product is at a temperature below the freezing point of
      the dimethyl dicarbonate the dimethyl dicarbonate will not crystalyze or
      freeze, but will dissolve in the liquid product, provided that the
      dimethyl dicarbonate conveying conduit is kept above 16.degree.C prior to
      contacting the perishable product.
PAR  After solution, the product is packaged in a sealed container, such as a
      bottle or can, and is immediately heated to a temperature of 25.degree. to
      50.degree.C, and the heating provides a substantial increase in the
      microbiological activity of the dimethyl dicarbonate, thereby assuring
      complete sterilization of the microorganisms in the product. Subsequently,
      the product is cooled, either naturally or through refrigeration, to room
      temperature for storage or shipment.
PAR  The method of the invention enables dimethyl dicarbonate, which has greater
      microbiological activity than its homologs, to be employed in a commercial
      cold sterilization process. By handling and storing the dimethyl
      dicarbonate in a frozen state its antimicrobial activity will be retained.
      Liquifying the material at the time of use by heating under an inert
      atmosphere, retains the integrity of the material so that its full
      antimicrobial effect can be realized. By heating the treated product after
      the addition of the dimethyl dicarbonate, a further increase in
      anti-microbial activity can be achieved, which results in a lesser amount
      of the dimethyl dicarbonate being required for a given cold sterilization
      operation.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Dimethyl dicarbonate (dimethyl pyrocarbonate) has the following chemical
      structure:
EQU  CH.sub.3 -- O -- (C=O) -- O -- (C=O) -- O -- CH.sub.3
PAL  The material has a molecular weight of 134.09, a boiling point at 3.5 mm of
      mercury of 49.degree.C and a melting point of 16.degree.C.
PAR  In non-alcoholic systems, dimethyl dicarbonate will hydrolyze to form
      carbon dioxide and methyl alcohol, while in alcoholic systems it
      decomposes to form carbon dioxide, methanol and ethyl methyl carbonate.
PAR  Dimethyl dicarbonate can be produced by the reaction of sodium methyl
      carbonate with methyl chloroformate (Chem.Abst. 47, 8109g, 1953), or
      alternately, by treating p-toluene sulfonyl chloride with sodium methyl
      carbonate (L. Rosnati, Chem. Ber, 96, 3098, 1963).
PAR  In accordance with the invention, dimethyl dicarbonate is employed to
      preserve or sterilize perishable materials, including beverages, such as
      beer, ale, wine, and soft drinks; food products, such as fruit juices,
      ketchup, pickles, relish and vegetables; pharmaceutical products; and the
      like. In carrying out the method, the dimethyl dicarbonate is immediately
      frozen after synthesis by chilling the material to a temperature below
      16.degree.C, and preferably in the range of -10.degree. to 15.degree.C. It
      is preferred to pour the liquid dimethyl dicarbonate into small
      polyethylene containers which are then covered and hermetically sealed as
      by plastic shrink wrapping. On solidification, the material will be in the
      form of solid bricks or slabs. However, it is contemplated that the
      dimethyl dicarbonate can also be frozen in the form of granules, flakes,
      sheets, or the like. In the frozen form the dimethyl dicarbonate can be
      handled, stored and transported without losing its microbiological
      activity.
PAR  At the time of use, the dimethyl dicarbonate is liquified by heating the
      material to a temperature above 16.degree.C, generally in the range of
      17.degree. to 40.degree.C, under an inert atmosphere. More specifically,
      the bricks or slabs of dimethyl dicarbonate are removed from their
      containers, placed in sealed dispensing containers and are introduced into
      a water-jacketed vessel to heat the dimethyl dicarbonate to a temperature
      within the above-mentioned range. The inert atmosphere can be provided by
      introducing dry nitrogen, or other inert gases, into the head space of the
      vessel to prevent decomposition of the dimethyl dicarbonate during the
      liquification.
PAR  Following the liquification, the dimethyl dicarbonate is introduced into
      the perishable product while maintaining the dimethyl dicarbonate under
      the inert atmosphere. In most cases the perishable product will be at a
      temperature of -5.degree. to 13.degree.C when the dimethyl dicarbonate is
      added, although in some cases the product may be at a temperature up to
      40.degree.C. On a commercial basis, it is preferred to admix the dimethyl
      dicarbonate with the perishable product through use of an injection
      machine, such as that described in U.S. Pat. No. 3,506,460. The liquid
      dimethyl dicarbonate is injected into the flow stream of the perishable
      product and is homogenized to thoroughly blend the dimethyl dicarbonate
      into the product. In other cases, the dimethyl dicarbonate can be added to
      a batch of the perishable product and blended therein by mechanical
      agitating equipment, while maintaining the inert atmosphere.
PAR  If the product is at a temperature which is below the freezing point of the
      dimethyl dicarbonate, the dimethyl dicarbonate will not crystalyze or
      freeze, when incorporated with the product, but instead will be dissolved
      in the aqueous phase of the product.
PAR  The dimethyl dicarbonate is added to the product in an amount to achieve
      sterilization which generally is from 1 to 1000 ppm, and preferably from
      25 to 200 ppm.
PAR  After the introduction of the liquid dimethyl dicarbonate, the product is
      preferably heated to a temperature at least 10.degree.C above the
      temperature of the product at the time the dimethyl dicarbonate was
      introduced, but not exceeding 50.degree.C to increase the anti-microbial
      activity of the sterilant. In the case of a product at a temperature above
      20.degree.C when the dimethyl dicarbonate was added, additional heating is
      not required and the product can be maintained at this temperature. It has
      been found that by subjecting the dimethyl dicarbonate to a temperature in
      this range either just before packaging in sealed containers, such as
      bottles or cans, or after packaging, the activity can be increased in an
      amount of 20% to 100%. This results in a lesser amount of the sterilant
      being required to provide a given sterilization effect.
PAR  The product is heated to this elevated temperature range within 30 minutes
      following the incorporation of the liquid dimethyl dicarbonate into the
      product, and preferably within 5 minutes after the incorporation. The
      product, depending upon its nature, is held at the elevated temperature
      for a period of up to 24 hours, and may be subsequently cooled to room
      temperature for storage or shipment.
PAR  In alcoholic systems, such as beer or wine, the dimethyl dicarbonate will
      hydrolyze to form carbon dioxide, methanol and ethyl methyl carbonate,
      while in non-alcoholic systems, carbon dioxide and methanol are formed.
      The decomposition products are naturally occurring in the perishable
      material, and the contribution of methanol is well below the amount of
      methanol naturally present in food products.
PAR  The method of the invention enables dimethyl dicarbonate to be used as a
      cold sterilant in commercial applications, thereby utilizing its greater
      anti-microbial activity. By storing and transporting dimethyl dicarbonate
      in the solid state at temperatures below 16.degree.C, there is no danger
      of decomposition and the effectiveness of the dimethyl dicarbonate will be
      retained until the time of use. Furthermore freezing prevents the
      development of objectionable vapors which could irritate the skin and
      eyes.
PAR  Heating the packaged product will act to substantially increase the
      anti-microbial effectiveness of the dimethyl dicarbonate, enabling lesser
      quantities of the dimethyl dicarbonate to be used for complete
      sterilization.
PAR  The invention has particular use in stabilizing the cloud of freshly
      extracted citrus fruit juice, such as orange, lemon, lime, grapefruit, and
      tangerine juice. The liquified dimethyl dicarbonate is added as a cold
      sterilant to the juice along with a proteolytic enzyme, such as ficin,
      papain, or bromelin, and a pectinase having a high level of
      polygalacturonase. In stabilizing the cloud, the dimethyl dicarbonate, the
      proteolytic enzyme and the pectinase are added generally in a proportion
      of 1.5:1.0:0.5 parts per 5,000 parts of the citrus fruit juice.
PAR  Perishable food products can also be protected by coating the outer surface
      of the product with a film of dimethyl dicarbonate and then freezing the
      film. This treatment can be applied to meat, such as beef, pork and ham;
      poultry, such as chicken or turkey; fresh fruit, such as oranges, apples
      or pineapple; and the like. The liquid dimethyl dicarbonate at a
      temperature above 16.degree.C can be applied to the surface of the product
      by dipping or spraying, and the coated product is then subjected to a
      temperature below 16.degree.C to solidify the coating. By maintaining the
      temperature of the product slightly below 16.degree.C, the coating will
      protect the food product against spoilage during shipment without
      resorting to freezing of the product, extensive refrigeration, or the use
      of persistent chemical preservatives, such as biphenyl. The protective
      film can be washed from the product prior to usage.
PAR  In this type of sterilization process, the dimethyl dicarbonate can be used
      in a pure, concentrated form, or it can be used as a solvent solution in
      which a solvent, such as fluorocarbon (Freon C318 or Freon 51-12) or
      halogenated hydrocarbons, having a boiling point below the boiling point
      of dimethyl dicarbonate is flashed off by heating, after application of
      the coating and before freezing of the dimethyl dicarbonate.
DETD
PAR  The following examples illustrate the method of the invention:
PAC  EXAMPLE I
PAR  Liquid dimethyl dicarbonate immediately after synthesis was poured into a
      polyethylene tray having a size of 18 .times. 12 .times. 6 inches and
      cooled to a temperature of 1.degree.C to freeze the dimethyl dicarbonate.
      At the time of use, the dimethyl dicarbonate was placed in a 3 gallon
      stainless steel sealed vessel which was placed in a water-jacketed heating
      tank and heated at a temperature of 20.degree.C to liquify the dimethyl
      dicarbonate while maintaining the dimethyl dicarbonate under a dry
      nitrogen gas atmosphere in the sealed vessel. The liquified dimethyl
      dicarbonate was then pumped to an injection machine of the type disclosed
      in U.S. Pat. No. 3,506,460, and introduced into the flow stream of wine in
      an amount of 50 ppm. The wine was then bottled and immediately heated to a
      temperature of 37.degree.C to increase the activity of the dimethyl
      dicarbonate. The bottled wine was maintained at this temperature for 60
      minutes, and was subsequently cooled to a room temperature of 18.degree.C.
PAC  EXAMPLE II
PAR  After synthesis of dimethyl dicarbonate, the liquid at 20.degree.C was
      poured into polyethylene trays in such a manner that each tray contained 1
      pound of the substance. The trays were then frozen at 10.degree.C while a
      liquid sample of dimethyl dicarbonate was retained as a control. After
      freezing, the tray was covered with a plastic lid and the unit sealed with
      a plastic sleeve which fit over the lid and tray and then was affixed to
      the unit by heat shrinking in a mild heat tunnel.
PAR  Three 1-pound trays were stacked into a polyurethane foamed box selected
      for its insulating properties and, after adding a small amount of dry ice,
      the box was sealed and shipped 1,400 miles by air. At the same time, the
      control sample was shipped at room temperature with no further treatment.
      At their destination, the frozen and liquid samples were analyzed for
      purity by the method of Johnson and Funk (Anal. Chem, 27, 1464, 1955). The
      frozen sample after 36 hours in the frozen state analyzed at its original
      purity of 99.1% within experimental error. However, the liquid sample
      shipped at room temperature had decomposed from the original purity to
      87.3% with resultant loss of activity.
PAC  EXAMPLE III
PAR  A 1 pound frozen sample, frozen as described in Example II, was placed in a
      5 gallon stainless pressure tank by expelling the frozen block by pressure
      on the bottom of the tray and dropping the block in the bottom of the
      pressure tank. The tank was then sealed and pressurized to 50 psi, with
      dry nitrogen gas. The pressure tank was then placed in the 20.degree.C
      water bath.
PAR  The pressure tank was then connected to an injection machine and the thawed
      dimethyl dicarbonate was introduced into an orange drink composed of
      reconstituted orange juice, water, citric acid, sodium citrate, various
      orange essential oils and flavorings, and sucrose. The orange drink was
      pumped at 10.degree.C to the bottling line filler where just prior to
      filling, dimethyl dicarbonate was introduced at the level of 200 ppm.
      After sealing the glass bottles, the bottles were warmed to 35.degree.C in
      a hot water spray warmer, labelled and then cased. In the case, the
      bottles cooled to room temperature in about 18 hours. Although orange
      drink is an excellent medium for microbiological growth due to its high
      sucrose and growth factor content, the samples treated did not exhibit any
      manifestations of microbiological activity, both by plating and by storage
      for 60 days. Control untreated samples of the orange drink, however,
      spoiled within 4 days after bottling as evidenced by gas development and
      sour off-flavors. Plating indicated gross contamination with wild yeasts
      and bacteria.
PAC  EXAMPLE IV
PAR  Single strength juice, comprising a blend of reconstituted concentrated and
      freshly extracted juice, was treated according to U.S. Pat. No. 3,754,932,
      so as to stabilize the cloud without the addition of heat. Dimethyl
      dicarbonate, prepared in the manner of Examples II and III, was injected
      into the juice at the level of 300 ppm. with the juice at 1.degree.C just
      prior to filling. After filling, the sealed cans of treated juice were
      then heated to 30.degree.C and allowed to cool to ambient temperatures
      before being shipped 24 hrs. later. The treated samples were examined 14
      days after packaging and were found to be sterile.
PAR  Control samples of identical untreated juice, however, spoiled within 72
      hrs. after filling, as shown by gas formation and acidic off-flavors.
PAC  EXAMPLE V
PAR  Lager beer at a temperature of 1.degree.C, comprising a formulation of 60%
      malt and 40% adjunct with an alcohol content of 3.8 percent by weight was
      treated just prior to filling with dimethyl dicarbonate at the level of 50
      ppm. The beer was warmed to 30.degree.C before shipment and the treated
      sample was sterile after storage at 20.degree.C for 90 days, while
      untreated controls developed bacterial growth in 30 days as indicated by
      turbidity and the formation of diacetyl under the same storage conditions.
PAC  EXAMPLE VI
PAR  Freshly extracted, filtered, apple juice, was sterile filtered and heated
      to 30.degree.C and then treated with 75 ppm. dimethyl dicarbonate prior to
      bottling. The bottles were sealed and then allowed to cool to ambient
      temperatures prior to shipment. The treated samples were examined after
      120 days of storage at 20.degree.C and were found to be sterile. Untreated
      samples, however, after 100 days developed mold growth around the neck of
      the beverage-headspace interface. Such contamination developed during the
      filling process of the untreated juice in spite of the sterile filtration
      step.
PAC  EXAMPLE VII
PAR  A pickle relish batch was heated to 40.degree.C and held in the packaging
      tank. The relish was then introduced to the filler by means of a gravity
      feed system. Dimethyl dicarbonate was introduced at the level of 200 ppm.
      just prior to filling. After filling, the relish bottles were sealed and
      allowed to cool down to ambient temperatures before shipment. The treated
      samples were stored at 20.degree.C for 120 days and examined
      microbiologically and were found to be sterile. Untreated relish packages
      developed bacterial ropiness, and mold within 90 days.
PAC  EXAMPLE VIII
PAR  A large rectangular 500 gallon stainless steel tank was filled with a
      mixture of Freon and dimethyl dicarbonate so that the dimethyl dicarbonate
      level was approximately 1%. A stainless steel, chicken carcass conveying
      system was designed so that the chicken carcasses, prior to packaging,
      were momentarily dipped into the dimethyl dicarbonate solution. A residual
      film of dimethyl dicarbonate completely coated the surface of the chicken
      carcass after the Freon has been vaporized. The coating of dimethyl
      dicarbonate was then solidified by maintaining the chicken carcass below
      16.degree.C during packaging, transportation and storage prior to sale.
      The coating prevented microbiological growth on the surface of the chicken
      carcass, eliminating spoilage and the development of off-odors and
      flavors. Just prior to cooking, the dimethyl dicarbonate is removed by
      washing the surface of the chicken with water. Any residue of dimethyl
      dicarbonate would be destroyed by the cooking process due to the
      instability of dimethyl dicarbonate at elevated temperatures.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of sterilizing a perishable material, comprising the steps of
      heating frozen dimethyl dicarbonate to a temperature sufficient to liquify
      the dimethyl dicarbonate while maintaining the dimethyl dicarbonate under
      an atmosphere of a dry inert gas, admixing the liquified dimethyl
      dicarbonate with a perishable material, immediately thereafter subjecting
      the perishable material to a temperature in the range of 25.degree. to
      50.degree.C to increase the antimicrobial activity of the dimethyl
      dicarbonate, and thereafter cooling the material to room temperature.
NUM  2.
PAR  2. The method of claim 1, and including the step of packaging the
      perishable material in a sealed container after admixing the dimethyl
      dicarbonate with said material and before heating said material.
NUM  3.
PAR  3. The method of claim 1, and including the step of maintaining the
      material at a temperature in the range of -5.degree. to 13.degree.C when
      the dimethyl dicarbonate is admixed therewith.
NUM  4.
PAR  4. The method of claim 1, wherein said dry inert gas is nitrogen.
NUM  5.
PAR  5. The method of claim 1, and including the step of maintaining the liquid
      dimethyl dicarbonate under the dry inert gas atmosphere while the dimethyl
      dicarbonate is admixed with said material.
NUM  6.
PAR  6. The method of claim 1, wherein the dimethyl dicarbonate is heated to a
      temperature above 16.degree.C to liquify the dimethyl dicarbonate.
NUM  7.
PAR  7. The method of claim 1, wherein the dimethyl dicarbonate is admixed with
      said material in an amount of 1 to 1000 ppm.
NUM  8.
PAR  8. The method of claim 7, wherein the dimethyl dicarbonate is admixed with
      said material in an amount of 25 to 200 ppm.
NUM  9.
PAR  9. A method of sterilizing a perishable material, comprising the steps of
      heating frozen dimethyl dicarbonate to a temperature sufficiently high to
      melt the dimethyl dicarbonate while maintaining the dimethyl dicarbonate
      under an inert atmosphere, admixing an effective sterilizing amount of the
      liquified dimethyl dicarbonate with a perishable material, packaging the
      perishable material in a sealed container, immediately thereafter
      subjecting the perishable material to a temperature in the range of
      25.degree. to 50.degree.C to increase the antimicrobial activity of the
      dimethyl dicarbonate, and thereafter cooling the material to room
      temperature.
NUM  10.
PAR  10. The method of claim 9, wherein the perishable material is a liquid
      having an aqueous phase, and the liquified dimethyl dicarbonate is admixed
      with said material by dissolving said dimethyl dicarbonate in said aqueous
      phase.
NUM  11.
PAR  11. The method of claim 9, wherein said material is at a temperature of
      -5.degree. to 13.degree.C when the dimethyl dicarbonate is admixed
      therewith.
NUM  12.
PAR  12. The method of claim 9, wherein the perishable material is freshly
      extracted citrus fruit juice, and said method includes the step of adding
      to said perishable material along with said dimethyl dicarbonate, a
      proteolytic enzyme and a pectinase having a high level of
      polygalacturonase.
NUM  13.
PAR  13. The method of claim 12, wherein the proteolytic enzyme is a member
      selected from the group consisting of ficin, papain, and bromelin.
PATN
WKU  039362701
SRC  5
APN  2623137
APT  1
ART  171
APD  19720613
TTL  Portable gas sterilizer system
ISD  19760203
NCL  10
ECL  1
EXA  Hollander; Barry I.
EXP  Wolk; Morris O.
NDR  1
NFG  2
INVT
NAM  Gunther; Donald Albert
CTY  Erie
STA  PA
ASSG
NAM  American Sterilizer Company
CTY  Erie
STA  PA
COD  02
CLAS
OCL   21 91
XCL   21 58
XCL   21103
XCL   21104
XCL   21DIG4
XCL  261 18R
XCL  261 69R
XCL  261 78A
EDF  2
ICL  A61L  300
ICL  A61L  302
ICL  A61L 1300
ICL  B05B  700
FSC   21
FSS  58;91;103;104;DIG. 4
FSC  261
FSS  78 A
UREF
PNO  3068064
ISD  19621200
NAM  McDonald
OCL   21 58
UREF
PNO  3404946
ISD  19681000
NAM  Reis
XCL   21104
UREF
PNO  3436173
ISD  19690400
NAM  Power
XCL   21 58
UREF
PNO  3489505
ISD  19700100
NAM  Schumann et al.
XCL   21 58
UREF
PNO  3653182
ISD  19720400
NAM  Welch
OCL  261 78A
UREF
PNO  3730682
ISD  19730500
NAM  Brubaker et al.
OCL   21 58
OREF
PAL  Hackh's Chemical Dictionary, 4th ed. p. 709 (1969).
LREP
FRM  Shanley, O'Neil and Baker
ABST
PAL  Humidifying composition is introduced into a portable gas sterilizer in
      droplet form. The composition is packaged in an aerosol can and comprises
      water, preferably water and organic solvent. Automatic controls effect a
      predetermined relative humidity in the sterilizer before initiating
      sterilizing gas introduction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to gas sterilization and in particular to such
      sterilization in a portable sterilizer.
PAR  Gas sterilizers are typically utilized for example in hospitals for
      treating articles, for example of plastic, paper, rubber or the like which
      cannot withstand heat sterilization. Sterilization is effected when
      gaseous sterilizing agent reacts with contaminating microorganisms to kill
      or inactivate them. The most popular sterilizing agent presently employed
      is ethylene oxide in admixture with an inert diluent such as
      dichlorodifluoromethane.
PAR  The aforementioned reaction is carried out most effectively with the aid of
      a reaction solvent, typically water. It is theorized that the reaction
      solvent forms a coating on a microorganism, and the reaction occurs in
      this coating at the microorganism surface. The introduction of the
      reaction solvent into the sterilizer is referred to in the art as
      humidification.
PAR  In larger permanently emplaced sterilizers, humidification is expediently
      accomplished by introduction of low-pressure steam. However, in small (for
      example, one-half to three cubic feet), portable sterilizers, it is not
      feasible to connect a steam line for humidification purposes. For portable
      sterilizers the most common method of humidification comprises pouring a
      measured amount of water on the sterilizer floor after loading and just
      prior to closing the sterilizer door and initiating ethylene oxide
      introduction; this method is referred to as "puddling."
PAR  The puddling method has disadvantages. Firstly, it is slow. The water must
      vaporize from the puddle in order to be distributed through the load and
      penetrate to the microorganisms. This takes time. Secondly, this method
      relies on the operator to remember to add the water.
PAR  A main object of this invention is the provision of a system and method
      whereby humidification is carried out so that a significant savings in
      time is achieved. Another object is to provide a system which minimizes
      reliance on an operator for humidification and produces a precise
      predictable humidity level from run to run. Still another object of one
      very preferred embodiment of the invention is the provision of a more
      effective humidification composition.
PAR  These objects and others will be evident from the following detailed
      description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In describing preferred embodiments of the invention, reference is made
      hereinafter to the accompanying drawings in which:
PAR  FIG. 1 is a schematic diagram of the system of a preferred embodiment of
      the invention.
PAR  FIG. 2 is a graph as more fully described in an example hereinafter and
      depicts the advantage of various embodiments of the invention over the
      commonly used puddling method.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a preferred embodiment of a sterilizing system within
      the scope of the present invention includes a sterilizing chamber 10
      having an ethylene oxide introduction conduit 12 and humidification
      atomizing nozzle 14 in the form of a pipe with holes drilled in it
      communicating therewith. Conduit 12 contains a solenoid-operated valve 16.
      A conduit 18 communicates with nozzle 14. It communicates at its upstream
      end with a solenoid-operated  valve 20 and contains a metering valve 22.
      Communicating with conduit 18 through valve 20 is a conduit 24. This
      conduit has a longitudinal axis which is vertically oriented and has its
      upstream end beveled to provide puncturing means and has its outer surface
      at its upstream end threaded to threadably receive an aerosol container to
      be punctured. Such an aerosol container is shown in place denoted by
      reference numeral 26. Conduit 24 carries a can support 28 which is adapted
      to receive and provide a seat for can 26. A pressure sensing means in the
      form of a diaphragm 30 is positioned inside chamber 10. A controller 32
      including a pressure sensitive switch operates in response to diaphragm 30
      to generate signals for the operation of solenoid-operated valves 16 and
      20.
PAR  The aerosol container 26 is pressurized to a relatively low pressure, e.g.,
      15 p.s.i.g. It contains humidifying composition and a propellant. The
      humidifying composition is discussed in detail below. Suitable propellants
      are well known in the aerosol art. Preferably, the propellant is
      dichlorodifluoromethane inasmuch as this component is conventionally
      introduced into the system. A container 26 holds sufficient humidifying
      composition and propellant for a number of sterilizing cycles, e.g., 30
      cycles. It is connected into the system by engaging a threaded portion on
      conduit 24 and screwing down so that the container is punctured and is
      supported on structure 28. When used up, container 26 is disconnected from
      the system by unscrewing and a fresh container is connected. When the
      sterilizer is not being operated, flow into chamber 10 is prevented by
      valve 20 which is normally in closed position.
PAR  In practice, chamber 10 is loaded with articles to be sterilized and the
      door to it (not depicted) is closed. Then controller 32 is activated. Such
      activation can be automatically responsive to the closing of the door of
      chamber 10 or can be manual utilizing a switch in the system energizing
      controller 32. Controller 32 then signals valve 20 to open and the
      pressure head in container 26 forces the humidifying composition therein
      through conduits 24 and 18 and such fluid emits from atomizing nozzle 14
      in droplet form, for example as a mist or fine spray, denoted by reference
      numeral 34. The sprayed particles rapidly evaporate and the vapor
      penetrates to the microorganisms in the load being sterilized. Metering
      valve 22 is provided to slow the entry of humidifying composition into
      chamber 10 so as to permit humidification over a time period such that
      maximum penetration to the microorganisms in the load is achieved. Valve
      22 is an optional component in the system but is quite desirable as it
      permits precise control over the humidification process. While the optimum
      time period for introduction of the humidifying composition into chamber
      10 will depend upon the loading density in the chamber and the type of
      articles loaded (whether they are easy or hard to penetrate), a typical
      time would be 15 minutes and the metering valve 22 can be set to provide a
      time on this order.
PAR  When the predetermined degree of humidifying has been achieved in chamber
      10, this is sensed by element 30 as the relative humidity in the chamber
      is directly proportional to the pressure in the chamber. Controller 32
      thereupon signals valve 20 to close and at the same time signals valve 16
      to open. Upon opening of valve 16, ethylene oxide is introduced into
      chamber 10 and the sterilization cycle is begun.
PAR  The above system and method has the advantage of providing the
      humidification composition into the chamber in droplet form so that it can
      rapidly evaporate and have a chance to penetrate to the microorganisms in
      time for the sterilization cycle. It delivers a precise predetermined
      quantity of the contents at the optimum time in the sterilization cycle,
      that is at the beginning of the cycle. It assures that the proper humidity
      level is achieved without relying upon the memory of the operator or the
      operator's skill in measuring or estimating the amount of water to be
      added. Moreover, it assures that the sterilization cycle will not be
      started unless a proper humidification level is present thereby assuring
      that sterilization will not fail because of improper humidification.
PAR  While the above system and method provides significant advantage over the
      puddling method when the humidifying composition is water alone, it has
      been discovered that a further significant improvement is achieved when
      the humidifying composition comprises water and organic solvent. The
      organic solvent which has been found useful for this very preferred
      embodiment is one that is water soluble and whose presence increases the
      vapor pressure, decreases the surface tension and lowers the polarity of
      the humidifying composition. It has been surprisingly discovered that the
      inclusion of such an organic solvent improves the permeability of the
      humidifying composition through the pores of the articles being sterilized
      thereby increasing the probability of the water reaching the
      microorganisms and thereby increasing sterilization efficiency. The
      inclusion of such solvent also increases the wetting ability of the
      humidifying composition thereby increasing sterilization efficiency.
PAR  With respect to the percentage of such solvent in the humidifying
      composition, the upper limit is that amount which is soluble in water. It
      is to be recognized that very low percentages of solvent will have only
      slight effect, and that very high percentages may require large amounts of
      humidifying composition to achieve a particular relative humidity.
PAR  Suitable organic solvents are selected, for example, from the group of
      lower (C.sub.1 - C.sub.4) alcohols, ketones and ethers. For example, lower
      alcohols such as methanol, ethanol, isopropanol and n-butanol are quite
      suitable for use herein. A suitable ketone is acetone and a suitable ether
      is diethyl ether. Isopropanol and n-butanol are the most preferred organic
      solvents.
PAR  The advantage over the puddling method of humidifying a portable gas
      sterilizer by introducing water in droplet form and the further advantage
      of utilizing a humidifying composition consisting not only of water but
      also of particular organic solvents is shown in the following example.
PAC  EXAMPLE
PAR  The sterilizer utilized is a portable gas sterilizer having a volume of
      approximately 1 cubic foot. An electronic humidity sensor is loosely
      wrapped with polyethylene film of two mils thickness. The sensing element
      is approximately one inch in diameter and three to four inches long. It is
      positioned on a rack at the geometric center of the sterilizer.
PAR  Four runs are carried out. In Run A humidifying is carried out by the
      puddling method, and the humidifying composition consists of water. In
      Runs B, C and D humidifying is carried out by atomizing, that is
      aerosoling, humidifying composition into the sterilizer in droplet form.
      In Run B the humidifying composition consists of water. In Run C the
      humidifying composition consists by volume of 50% isopropanol and 50%
      water. In Run D the humidifying composition consists by volume of 5%
      n-butanol and 95% water. In each run an amount of humidifying composition
      is introduced to provide a relative humidity of 100% in the sterilizer. In
      each run the sterilizer is maintained at 130.degree.F. which is a typical
      gas sterilizing temperature.
PAR  Puddling is carried out by filling a measured amount of water into a
      graduated cylinder and dumping on the sterilizer floor. For atomizing, a
      hypodermic syringe is utilized with a needle bent so as to supply
      droplets; the needle is pierced through a septum in the sterilizer wall
      and the proper amount of humidifying composition injected.
PAR  Humidity readings are taken at various time intervals, and the relative
      humidity at the various times is plotted for each run with results as
      depicted in FIG. 2. Referring to the graph of FIG. 2, Curve A depicts the
      results of Run A, Curve B corresponds to Run B, Curve C to Run C and Curve
      D to Run D.
PAR  The graph shows that with water only, 50% relative humidity is achieved
      with aerosoling in approximately 30 minutes (Curve B) as compared to over
      40 minutes where water only is puddled (Curve A) indicating a time
      advantage of over 25% for the run within the scope of the invention over
      the run carried out conventionally. In Run C, a 50% relative humidity is
      achieved in about 24 minutes and in Run D in about 15 minutes thereby
      demonstrating a further significant advantage where the humidifying
      compositions including organic solvent are utilized. The 50% relative
      humidity level used for comparison purposes, is a very typical humidity
      level used in gas sterilizing.
PAR  In view of the variations that are readily understood to come within the
      limits of the invention, such limits are defined by the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Portable gas sterilizer system comprising
PA1  means defining a sterilizing chamber capable of holding articles for gas
      sterilization and gas under pressure,
PA1  atomizing means communicating with such sterilizing chamber to introduce
      humidifying composition into such chamber in droplet form,
PA1  means for supplying humidifying composition to such atomizing means at a
      pressure above that within the sterilizing chamber,
PA1  means to control such humidifying composition supplying means to obtain in
      such sterilizing chamber a predetermined degree of humidification for
      coaction in the sterilizing reaction, and
PA1  means to introduce sterilizing gas into the sterilizing chamber subsequent
      to the introduction of humidifying composition.
NUM  2.
PAR  2. Sterilizer system as recited in claim 1 where the means for supplying
      humidifying composition includes valve means and the control means is
      adapted to open such valve means when a sterilization cycle is initiated
      and to close the valve means when a predetermined relative humidity is
      obtained in the chamber.
NUM  3.
PAR  3. Sterilizer system as recited in claim 1 comprising means for sensing gas
      pressure in the sterilizing chamber and wherein the means to control the
      humidifying composition supplying means comprises a controller responsive
      to such gas pressure sensing means.
NUM  4.
PAR  4. Sterilizer system as recited in claim 3 wherein the controller comprises
      a pressure sensitive switch and the pressure sensing means comprises a
      pressure-sensitive diaphragm means located within the sterilizer chamber.
NUM  5.
PAR  5. Sterilizer system as recited in claim 2 wherein the means for supplying
      humidifying composition includes metering means.
NUM  6.
PAR  6. Sterilizer system as recited in claim 1 wherein the means for supplying
      humidifying composition includes puncturing means adapted to puncture an
      aerosol container comprising humidifying composition under pressure.
NUM  7.
PAR  7. Sterilizer system as recited in claim 1 wherein the means for supplying
      humidifying composition comprises an aerosol container.
NUM  8.
PAR  8. Sterilizer system as recited in claim 2 wherein the sterilizing gas
      introduction means includes valve means actuated by the control means for
      humidifying composition supplying means to introduce sterilizing gas
      subsequent to introduction of humidifying composition.
NUM  9.
PAR  9. Sterilizer system as recited in claim 8 wherein the means for supplying
      humidifying composition includes a metering means.
NUM  10.
PAR  10. Sterilizer system as recited in claim 7 wherein the aerosol container
      contains a propellant and a humidifying composition comprising water and
      organic solvent.
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PAL  A dye-binding method for the rapid and accurate colorimetric determination
      of the percentage of protein in meat. The method is accurate irrespective
      of the degree of denaturization of the protein or coarseness of the meat
      to be analyzed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for the colorimetric determination of
      the percentage of protein in meat.
PAR  The rapid and accurate determination of the percentage of protein in meat
      is of particular importance to the meat processing industry to assure
      accurate batch-to-batch composition control whereby product uniformity and
      cost control may be optimized. For many years the most commonly utilized
      standard quantitative test for percentage of protein in meat and dairy
      products was generally considered to be Kjeldahl analysis, and
      particularly averaged duplicate Kjeldahl analyses.
PAR  Because of the length of time involved in carrying out an otherwise
      heretofore generally acceptable quantitive test such as a Kjeldahl
      analysis such tests are generally inadequate for in-plant quality and cost
      control. This is particularly so in large volume rapid meat processing
      plants utilizing computerized batch component/cost programming. In such
      plants it is necessary for on-line control purposes to have a rapid and
      accurate protein determination of all protein containing components of the
      batch as well as the final batch.
PAR  Thus, procedures are desired which combine a sufficient accuracy with
      simplicity in conducting the procedures. Direct colorimetric procedures
      are particularly desirable whereby involved analytical procedural steps
      and flammable or dangerous materials as in Kjeldahl analysis, can be
      dispensed with.
PAR  D. C. Udy, Nature Vol. 178, p 314 1956 and Cereal Chem. Vol. 33, p 190
      describes methods for estimating protein in milk and wheat flour by dye
      binding procedures. In addition the Udy Dye Method adopted as official by
      the Assoc. Off. Anal. Chem. and U.S. Ashworth, Journal of Food Science,
      Vol. 36, p 509 (1971) describe methods wherein proteins in meat and egg
      products are determined colorimetrically by dye binding utilizing Acid
      Orange 12.
PAR  The foregoing conventional colorimetric methods for determination of the
      percentage of protein in meats exhibit disadvantages as to their accuracy
      and/or the time required for performance, and accordingly a relatively
      simple sufficiently accurate control test procedure has not heretofore
      been attained.
PAR  The foregoing dye binding methods depend upon the reaction between Acid
      Orange 12, a monoazo dye, Colour Index Constitution Number 15970, and the
      proteins of meat to form insoluble complexes. The complexes can be removed
      by filtration and the free dye concentration of the filtrate measured
      colorimetrically. A standard curve relating free dye concentration to mg
      of protein in the sample as determined by the Kjeldahl method can be
      prepared for various raw and processed meat products. In the above cited
      literature it has, for example, been reported that cooking, which effects
      the degree of denaturization of the protein, has little effect on the dye
      binding capacity, and therefore little effect upon the accuracy or
      variation in analysis performed in accordance with the therein described
      colorimetric methods. In addition, these conventional tests due to the
      therein described parameters of time and temperature, lead to inaccuracies
      that are unacceptable for present day computerized batch formulation of
      processed meat products.
PAC  DETAILED DISCUSSION
PAR  Generally, the method of the invention comprises the use of a known
      biological stain and indicator, Acid Orange 12, which is a monoazo dye,
      Colour Index Constitution Number 15970, which is aqueous solution is a
      bright orange. The dye reacts with the protein to form insoluble
      complexes. These complexes are removed by filtration and the free
      non-bound dye concentration measured colorimetrically. The dye bound to
      the protein is determined by difference and the dye binding capacity of
      the meat sample calculated as mg dye bound per mg of protein. Analysis of
      duplicate meat samples by Kjeldahl are utilized to chart a standard curve
      relating free dye concentration to mg of protein in the sample. This
      procedure is carried out for each type of meat product for which rapid
      accurate colorimetric determination of the protein content is required for
      on-line production control. The aforementioned Ashworth paper is
      incorporated by reference herein for the procedure of establishing a
      standard curve relating free dye concentration to total protein in a
      sample measured for dye binding.
PAR  To insure reaction of the Acid Orange 12 with the protein of the meat
      sample, the sample is macerated in the presence of an aqueous solution of
      a weak organic acid so as to emulsify the meat protein on the acid side of
      the iso-electric point to facilitate binding of the acid dye with the
      protein. The preferred solution is 0.1 M reagent grade aqueous citric acid
      solution. The minimum end point temperature at which the
      emulsification-acidification is accomplished is highly significant, if not
      critical, to the carrying forth of the method of the present invention.
PAR  A known amount of the emulsified, acidified meat sample before any
      reduction in temperature below the minimum end point temperature is then
      combined with a given volume of a standardized aqueous buffered solution
      of Acid Orange 12 dye and the suspension agitated. The dye binding
      reaction is then permitted to go to completion. The time required for the
      dye binding reaction to go to completion has been found to vary with the
      meat sampled, contrary to the prior art teachings which would appear to
      lead one to assume that a generally fixed reaction time suffices for the
      protein analysis of any type of meat or meat product. While I do not wish
      to be bound by this statement, it is theorized that the degree of
      denaturization of the protein of the meat sample, such as by heat or other
      denaturants, effects the rate at which the protein forms on insoluble
      complex with the Acid Orange 12 dye. Therefore reliance upon a fixed
      reaction time can lead to unacceptable deviation, and thus error in
      determining the protein content of a meat sample. The now discovered
      parameters of minimum end point reaction temperature and time are highly
      significant, if not critical, to the rapid accurate determination of the
      protein content of meat samples in accordance with the colorimetric method
      of this invention.
PAR  It has been found through considerable experimentation that the critical
      minimum emulsification-acidification end point temperature is about
      40.degree.C and that the time required for the dye binding reaction to go
      to completion is in the order of about 5 minutes for raw meat or
      emulsified raw meat and in the order of about 20 minutes for coarse or
      chopped cooked meat or meat products. In addition, to assure greater
      sample reliability, the present method preferably emulsifies a sample in
      preparing the acidified protein emulsion, which is approximately 5 to 40
      times that of the procedures of Ashworth and Kjeldahl, for example. In
      this regard, the present invention is also distinguished procedurally from
      prior art methods in that a larger amount, approximately double the
      amount, of emulsified-acidified sample, namely 6 grams is reacted with the
      buffered aqueous Acid Orange 12 dye solution which is also doubled, namely
      50 ml. The increase in the sample size and dye solution does not effect
      the stoichiometric relation of the reactants but does provide a more
      representative sample while reducing error due to weighing variations.
      However, such procedure of increasing accuracy is well recognized in the
      analytical art and is not considered, per se, to be responsible for the
      improved analytical results attendant the method of the present invention.
PAR  The reacted sample is then filtered and the free nonbound dye in the
      filtrate colorimetricaly determined by use of a colorimeter set at 475 mu
      utilizing a 0.3 mm flow-through cuvette. The percentage of protein, by
      difference, is then determined from the transmisivity of the filtrate as
      compared to standard charts such as prepared in accordance with the method
      described by Ashworth. The colorimeter is of course, as in standard
      procedure, calibrated by use of a reference dye solution. The phosphate
      buffer solution, reference dye solution, and buffered working reagent dye
      solution are prepared as follows:
PAR  Reference dye solution-- dissolve 0.600 g dry Acid Orange 12 (100% dye
      content) and 1 ml propionic acid in 100 ml warm H.sub.2 O. Dilute to 1 L
      with H.sub.2 O at 20.degree.C to produce a solution having 42%
      transmission at 475 mu and a pH of 2.0.
PAR  Reagent dye solution-- dissolve 1.300 g dry Acid Orange 12 (100% dye
      content) in 100 ml warm 0.05 M phosphate buffer. Dilute to 1 L with buffer
      solution at 20.degree.C to produce a solution having 8% transmission at
      475 mu.
PAR  0.05 M phosphate buffer-- dissolve 3.4 g KH.sub.2 PO.sub.4, 3.4 ml H.sub.3
      PO.sub.4 (1 (85%) + 1) v/v, 60 ml HOAc, 1 ml propionic acid, and 2 g
      oxalic acid in 800 ml H.sub.2 O. Dissolve oxalic acid and KH.sub.2
      PO.sub.4 each separately in H.sub.2 O then combine with other components.
      Dilute to 1 L with H.sub.2 O at 20.degree..
DETD
PAR  It is believed that one skilled in the art can, using the preceding
      description, carry forth the present invention. The following preferred
      specific embodiments are, therefore, to be construed as illustrative.
PAC  EXAMPLE 1
PAR  Emulsified meat and non-cooked meat blend or raw individual meats were
      analyzed as follows:
PA1  a. Weigh out 40 grams of meat sample and place in blender provided with a
      rotary shear blade;
PA1  b. Add 250 ml of 0.1 M citric acid;
PA1  c. Emulsify and acidify sample to am homogeneous condition by blending at
      high speed for 3 to 5 minutes being certain that the temperature of the
      homogeneous mixture reaches at least 40.degree.C;
PA1  d. Weigh 6 grams of homogenate into a bottle and add 50 ml of buffered
      reagent dye solution and agitate;
PA1  e. Calibrate colorimeter with reference dye solution to 42% transmission at
      475 mu;
PA1  f. Allow the reactants of (d) to stand for about 5 minutes to reach an end
      point;
PA1  g. Filter the reaction product of (f) and determine % transmission of
      filtrate to light of 475 mu using a 0.3 mm continuous flow cuvette and
      determine % protein from standard curve established as set forth above.
PAC  EXAMPLE 2
PAR  Coarse chopped cooked meats, namely smoked hams and shoulders were analyzed
      by the procedure of Example 1 with the exception that the period of time
      for the dye binding reaction of (f) was at least 20 minutes.
PAR  The following table illustrates additional examples wherein the method of
      Example 1, for raw meats, and the method of Example 2 for cooked meats was
      compared with Kjeldahl analyses of the same samples.
TBL                Table I                                                     
     ______________________________________                                    
                      % Protein by                                             
                                 % Protein by                                  
     Sample           Kjeldahl   Present Method                                
     ______________________________________                                    
     1.     Franks        12.72      13.08                                     
     2.     Raw Bung Bologna                                                   
            Emulsion      10.88      11.26                                     
     3.     Bundle Franks 11.51      11.77                                     
     4.     Franks        12.18      12.22                                     
     5.     Garlic Bologna                                                     
                          11.04      11.36                                     
     6.     Bung Bologna  11.90      12.05                                     
     7.     German Bologna                                                     
                          12.38      12.31                                     
     8.     1 lb. Franks  11.32      11.62                                     
     9.     Garlic Bologna                                                     
                          11.81      11.93                                     
     10.    Knockwurst    11.60      11.79                                     
     11.    Ham           14.51      14.73                                     
     12.    Knockwurst    10.91      11.32                                     
     13.    12/1 lb. Franks                                                    
                          10.89      10.66                                     
     14.    Franks        11.52      11.95                                     
     15.    All Beef Franks                                                    
                          11.39      11.36                                     
     16.    All Beef Franks                                                    
                          11.68      11.72                                     
     17.    All Beef Franks                                                    
                          12.04      12.06                                     
     18.    All Beef Franks                                                    
                          11.63      11.48                                     
     19.    All Beef Franks                                                    
                          11.64      11.48                                     
     20.    BBQ           11.96      11.93                                     
     21.    BBQ           12.12      11.93                                     
     22.    BBQ           11.48      12.15                                     
     23.    BBQ           11.38      11.93                                     
     24.    Special Frank 11.64      11.78                                     
     25.    Special Frank 11.78      11.93                                     
     26.    Special Frank 11.72      11.98                                     
     27.    Special Frank 11.39      11.65                                     
     28.    Special Frank 11.40      11.45                                     
     29.    Special Frank 11.64      11.78                                     
     30.    Soy Frank     12.20      12.10                                     
     31.    Soy Frank     12.12      11.72                                     
     32.    Soy Frank     11.80      11.58                                     
     33.    Soy Frank     12.20      12.06                                     
     34.    Soy Frank     11.78      12.28                                     
     35.    Soy Frank     11.56      11.41                                     
     36.    Soy Frank     11.88      11.87                                     
     37.    Soy Frank     11.79      11.78                                     
     38.    Bologna       11.70      11.63                                     
     39.    Bologna       11.40      12.25                                     
     40.    Raw Lean Blend                                                     
                          14.7       14.67                                     
     41.    Raw Fat Blend 8.2        7.87                                      
     42.    Raw Lean Blend                                                     
                          13.9       14.57                                     
     43.    Raw Fat Blend 8.0        8.45                                      
     44.    Raw Lean Blend                                                     
                          14.1       14.7                                      
     45.    Raw Fat Blend 8.3        9.19                                      
     46.    Raw Lean Blend                                                     
                          13.5       13.94                                     
     47.    Raw Fat Blend 7.5        7.83                                      
     48.    Raw Lean Blend                                                     
                          13.57      13.72                                     
     49.    Raw Fat Blend 6.75       6.68                                      
     50.    Raw Lean Blend                                                     
                          13.89      14.28                                     
     51.    Raw Fat Blend 9.97       8.98                                      
     52.    Raw Lean Blend                                                     
                          13.71      14.14                                     
     53.    Raw Fat Blend 9.74       9.71                                      
     54.    Raw Lean Blend                                                     
                          13.57      13.50                                     
     55.    Raw Fat Blend 10.83      10.27                                     
     56.    Raw Lean Blend                                                     
                          14.88      14.31                                     
     57.    Raw Fat Blend 9.69       9.46                                      
     58.    Raw Lean Blend                                                     
                          14.19      15.02                                     
     59.    Raw Fat Blend 8.85       8.76                                      
     60.    Raw Lean Blend                                                     
                          12.81      12.79                                     
     61.    Raw Fat Blend 7.74       7.75                                      
     62.    Raw Lean Blend                                                     
                          14.03      14.74                                     
     63.    Raw Fat Blend 9.31       8.90                                      
     64.    Raw Lean Blend                                                     
                          12.76      12.94                                     
     65.    Raw Fat Blend 10.24      10.85                                     
     66.    Raw Lean Blend                                                     
                          14.55      14.78                                     
     67.    Raw Fat Blend 9.37       9.48                                      
     68.    Raw Lean Blend                                                     
                          13.41      13.71                                     
     69.    Raw Fat Blend 8.91       8.89                                      
     70.    Raw Lean Blend                                                     
                          13.54      13.55                                     
     71.    Raw Fat Blend 9.14       8.63                                      
     72.    Raw Lean Blend                                                     
                          13.6       13.63                                     
     73.    Raw Fat Blend 7.5        7.63                                      
     74.    Raw Lean Blend                                                     
                          13.1       13.63                                     
     75.    Raw Fat Blend 9.1        8.13                                      
     76.    Raw Lean Blend                                                     
                          13.3       13.28                                     
     77.    Raw Fat Blend 9.2        8.64                                      
     78.    Raw Lean Blend                                                     
                          14.1       13.9                                      
     79.    Raw Fat Blend 10.1       10.0                                      
     80.    Wiener        11.7       11.48                                     
     81.    Bologna       11.7       11.77                                     
     82.    Wiener        11.1       10.73                                     
     83.    Bologna       11.2       11.35                                     
     84.    Wiener        11.2       11.01                                     
     85.    Bologna       11.1       11.23                                     
     86.    Wiener        11.3       11.10                                     
     87.    Bologna       11.4       11.66                                     
     88.    Wiener        10.9       9.94                                      
     89.    Bologna       10.9       11.10                                     
     90.    Wiener        10.8       9.42                                      
     91.    Bologna       11.0       10.91                                     
     92.    Wiener        11.5       11.2                                      
     93.    Bologna       11.1       11.0                                      
     94.    Wiener        11.3       11.6                                      
     95.    Bologna       11.0       11.4                                      
     96.    Wiener        11.9       11.4                                      
     97.    Bologna       11.2       11.2                                      
     98.    Wiener        10.9       10.7                                      
     99.    Bologna       11.1       10.6                                      
     100.   Wiener        11.1       11.6                                      
     101.   Bologna       11.2       11.1                                      
     102.   Wiener        11.3       11.0                                      
     103.   Bologna       11.1       11.0                                      
     104.   Wiener        11.2       11.1                                      
     105.   Bologna       11.1       10.8                                      
     106.   Wiener        11.1       11.4                                      
     107.   Bologna       11.3       11.3                                      
     108.   Wiener        11.1       11.5                                      
     109.   Bologna       11.4       11.1                                      
     110.   Wiener        11.5       11.5                                      
     111.   Bologna       11.0       11.3                                      
     112.   Wiener        10.9       10.7                                      
     113.   Bologna       10.7       10.6                                      
     114.   Wiener        12.4       12.0                                      
     115.   Bologna       11.3       11.3                                      
     116.   Wiener        11.0       10.8                                      
     117.   Bologna       10.8       11.0                                      
     118.   Wiener        11.2       11.0                                      
     119.   Bologna       11.5       11.1                                      
     ______________________________________                                    
PAR  From the foregoing description, one skilled in the art can easily
      colorimetrically ascertain the percentage of protein of meat products, and
      without departing from the spirit and scope thereof, can make various
      changes and modifications of the non-critical aspects of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an Acid Orange 12 dye binding method for the colorimetric
      determination of the percentage of protein in meat or meat products by
      emulsification of a sample of the meat or meat products in an acidulant
      and subsequent reaction with the dye wherein determination of the
      non-bound dye in a filtrate obtained from the emulsion is utilized to
      arrive, by difference and reference to a standard curve prepared by a
      non-colorimetric quantative method, at the percentage protein, the
      improvement which comprises:
PA1  a. emulsifying the meat and meat products under conditions wherein the
      temperature of the emulsified-acidified sample emulsion is at least about
      40.degree.C; and
PA1  b. reacting the sample emulsion with a solution of the dye before the
      temperature drops below about 40.degree.C and allowing from about 5
      minutes to about 20 minutes for the dye binding reaction.
NUM  2.
PAR  2. The method of claim 1 wherein the sample of meat or meat product is in
      the order of about 40 g and is emulsified in the presence of about 250 ml
      0.1 M citric acid solution for a period of about 3 to 5 minutes and the
      dye binding reaction comprises reacting about 6 g of the
      emulsified-acidified meat sample with about 50 ml of said Acid Orange 12
      dye solution.
NUM  3.
PAR  3. The method of claim 1 wherein the sample being analyzed is raw or
      emulsified meat and said reaction of (b) reaches an end point in about 5
      minutes.
NUM  4.
PAR  4. The method of claim 1 wherein the sample being analyzed is coarse,
      chopped, cooked meat and said reaction of (b) reaches an end point after
      at least about 20 minutes.
NUM  5.
PAR  5. The method of claim 1 wherein the Acid Orange 12 dye is a buffered
      aqueous solution having about 8% transmission at 475 mu.
NUM  6.
PAR  6. The method of claim 1 wherein the emulsification and temperature set
      forth in (a) is achieved by means of a rotary shear blender.
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ABST
PAL  A method of separating and immobilizing constituent cells of heterogenuous
      intact organic cells and the molecular components of organic cells into
      bands in quartz tubes and scanning the bands with ultraviolet light to
      identify the cells by the degree in which they decrease the amount of
      transmitted light and the molecules by the wavelengths of light which they
      absorb. The method is useful in analyzing the cells of patients to
      determine a pathological condition, to predict a crisis in a patient
      undergoing therapy and to scan body fluids of normal individuals over a
      period of time to detect a pathological condition at a very early stage
      without the services of highly skilled technicians.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the art of organic cell analysis useful in
      diagnosing existing or developing pathological conditions in patients and
      specifically deals with a gradient system to develop patterns from
      biological materials that can be scanned for diagnosis of a pathological
      condition.
PAC  PRIOR ART
PAR  In an article entitled "Ultracentrifugation of Yeast Cells in a Gradient of
      Acrylamide Gel and Sucrose" by myself and others published in
      "Experientia" volume 25--1969 (Birkhauser Verlag Basel Switzerland), there
      is disclosed a technique for separating "starved" and "non-starved" yeast
      cells to provide a diagnostic or investigative tool indicating variation
      in cell parameters. This technique involves centrifuging in cellulose
      nitrate tubes to form a four layer gradient in a mixture of sucrose and
      acrylamide followed by photopolymerization with fluorescent light to
      immobilize the bands of cells in a gel. Such technique is limited to the
      scanning of cells or heavy precipitates due to the decrease in
      transmission of light and is ineffective to identify molecules in the
      cells or heavy precipitates.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention a sucrose-acrylamide liquid gradient is
      produced in a quartz tube in the dark with an added photo-sensitive
      solution. An organic cell sample is layered on top of the gradient, the
      tube and contents are ultracentrifuged, the acrylamide is polymerized with
      light forming a gel phase which immobilizes bands formed by accumulations
      of particles of the cell material or viable cells which have been
      separated. These bands are scanned with an ultraviolet densitometer and
      compared with a reference tube produced in the same way but without thee
      added cell sample. Visible patterns of the scanned bands are compared to
      show variations from standard, changes in previous samples of cellular
      material from the same patient or otherwise studied and analyzed, as for
      example, by chemical analysis of the bands cut out from the gel. Staining
      of the sample can be made to the upper bath of an electrophoretic
      equipment permitting the stain to run through the tube during
      electrophoresis. De-staining is accompanied by electrophoresis with acetic
      acid. Protein and non-protein bands can be identified by contact with
      specific antibodies after the bands have been formed. A white precipitate
      forms if an antibody-antigen reaction occurs and subsequently staining
      with amido Schwartz stain and de-staining with electrophoresis intensifies
      the bands with color.
PAR  It will, therefore, be understood that the invention provides a very
      effective tool for identification and analysis of organic cells, molecules
      constituting these cells or material synthesized by the living cells.
PAR  It is then an object of this invention to provide a gradient system which
      develops patterns of biological cellular material useful in analysis and
      diagnosis.
PAR  Another object of the invention is to provide a sucrose-acrylamide gradient
      system for identification, analysis, and separation of organic cells.
PAR  A specific object of this invention is to provide a research tool for
      separating organic cells and their molecular components into bands that
      can be analyzed with ultraviolet light.
PAR  Another specific object of the invention is to provide a method of
      analyzing the cells of body fluids to determine or predict pathological
      conditions of a patient without requiring the services of highly skilled
      technicians.
DETD
PAR  Other and further objects of this invention will be apparent to those
      skilled in this art from the following detailed descriptions and specific
      examples but it should, of course, be understood that the scope and
      principals of this invention are not avoided by departures from the
      specific hereinafter contained description and that alternatives and
      variations will be available to those skilled in the art without departing
      from the scope of the herein claimed invention.
PAC  EXAMPLE:
PAR  A sucrose-acrylamide photo-sensitive gradient is prepared in the dark in a
      quartz tube, the organic cellular material to be separated and analyzed is
      layered on top of the pre-formed gradient and the tube is centrifuged at
      very high speeds. The gradient is in a liquid phase initially but after
      centrifugation,the acrylamide is polymerized by light forming a gel phase
      thereby immobilizing bands formed by the accumulation of particles from
      the specimen being analyzed. Then the cellular material or the viable
      cells which have been separated are scanned with an ultraviolet
      densitometer and it is not necessary to use stains to identify the bands.
      A specific technique involves the preparation of the following solutions:
TBL  MATERIALS:                                                                
            1.                                                                 
              Solution A:                                                      
                      48.0 ml 1N HC1 (Use 100 ml vol.                          
                      flask)                                                   
                      36.3 ml TRIS (2-amino-2-(hydroxy-                        
                      methyl) - 1, 3 propanediol)                              
                      0.23 ml TEMED (tetramethyl-                              
                      ethylene-diamine)                                        
                      Add water to make 100 ml.                                
            2.                                                                 
              Solution C:                                                      
                      60.0 g Acrylamide                                        
                      1.6 g Bis acrylamide                                     
                      Add water to make 100 ml.                                
            3.                                                                 
              Solution E:                                                      
                      0.2 g Riboflavin                                         
                      Add water to make 100 ml                                 
                      Centrifuge, use cleared sols                             
                      only.                                                    
            4.                                                                 
              Aqueous 2.4, 2.1, 1.8, 1.5, 1.2 and                              
              Sucrose 1.0 M. Increments may be                                 
              Solutions:                                                       
                      increased or decreased and                               
                      aqueous solutions varying in                             
                      percentage of sucrose by weight                          
                      or volume instead of varying                             
                      molar concentrations may be used.                        
PAC  PROCEDURE
PA0  1. put into 6 test tubes (10 ml size), 4.0 ml of the 6 different molar
      sucrose solutions. The solution should be prepared in sufficient amounts
      for a week's supply.
PA0  2. Add 1.0 ml of A and 1.0 ml of C to each of the test tubes. Mix on a
      shaker in the light.
PA0  3. Add 0.2 ml of E to each tube. Since this solution is photosensitive it
      must be added in the dark. From this step forward, the procedure must be
      performed in the dark until after centrifugation. If the operator works
      quickly; the procedure can be performed in the light.
PA0  4. Mix all the tubes on the shaker again.
PAR  Six syringes with long needles are set up on a stand and quartz tubes,
      plugged with epoxy imbedded corks, are placed underneath in containers or
      holders. A linear measurement of the gradients may also be used instead of
      volume. The linear system increases the speed of preparation. Each quartz
      tube has a total capacity of 2.0 mls. The plungers are greased with
      immersion oil to facilitate the ejection of solution from the syringes.
      First, the 2.4 M solution of sucrose-acrylamide solution is placed in each
      syringe (1.0 ml). The needle is aimed against the wall of the centrifuge
      tube and the volume of solution is allowed to flow freely. This solution
      is then followed by those of decreasing density. Caution must be taken
      when adding new layers so that the preceeding ones are not disturbed.
      After all of the solutions have been added, opaque lines which are clearly
      visible identify the distinct layers of the gradient. The specimen to be
      studied is placed on the top of the gradient, the tubes are wrapped in
      rubber tubing, and centrifuged in a Beckman swinging bucket for 60 minutes
      at 3,000 rpm (800 .times. g). The resilient rubber support in the swinging
      buckets prevents distortion of the bands that are formed. After
      centrifugation, the tubes are exposed to fluorescent light for about 20
      minutes causing the gradient to solidify. If the specimen is too
      concentrated, it is diluted 1:1 with the 1.0 M sucrose solution. Usually
      the 1.0 M sucrose-acrylamide solution is not part of the gradient, but is
      used as a diluent for the specimen. After the gel is formed, the tube is
      placed in an ISCO gel scanner, Model 65 with Type 6 optical unit and Model
      UA 5 Absorbance Monitor and scanned with ultraviolet light, with a
      reference tube prepared in the same way as the sample tube but with water
      instead of the sample.
PAR  The patterns formed by the bands of molecules or cells immobilized in the
      gel phase are recorded to form a pattern which can be compared to previous
      studies of the same individual or a predetermined normal pattern. Storage
      of the recordings on tapes is useful for comparative studies.
PAR  The method of this invention avoids heretofore cumbersome identification of
      sucrose gradients wherein the material could not be scanned and
      identification of the material is made chemically after removal from the
      tube drop by drop. The present method makes possible analysis without
      removal from the quartz centifuge tubes. The entire process from
      preparation of gradients to scanning and recording can be automated so
      that many samples can be studied continuously with minimal untrained
      technical help.
PAC  Variations
PAR  The method has been expanded in the following ways:
PA0  1. The concentration of the acrylamide described above is 7%, however,
      different concentrations from approximately 5-11% by weight can be used. A
      decrease in concentration causes an increase in pore size so that larger
      cells or molecules can pass through the gradient during centrifugation.
      The reverse holds for increased concentrations.
PA0  2. Changes in concentrations of sucrose and a decrease or increase of
      layers can be made for greater definition of bands.
PA0  3. Dialysis of serum or urine through membranes of known pore size, then
      concentrated through freeze-vacuum, has been used to isolate
      mini-molecules of less than 3500 MW and to prevent interference by
      macro-molecules during centrifugation.
PA0  4. Use of ammonium persulfate instead of vitamin E (Riboflavin) to
      polymerize acrylamide has been satisfactory.
PA0  5. The gradients need not be made up in the dark as indicated above if the
      prepared solutions are wrapped in aluminum foil and the gradients covered
      with foil. This technique is useful if the process must be slowed down for
      any reason. Usually the gradient takes only a few minutes to prepare and
      no gel is formed within this short period of time.
PAC  Uses
PA0  1. Study of urine containing cells and/or molecules and after processing,
      the normal individuals can be separated from those having a pathological
      condition.
PA0  2. Study of patients undergoing therapy of various diseased conditions such
      as dialysis patients or kidney transplant patients. Patterns of their
      serum or urine or both may predict a crisis or used to monitor between
      treatments since protein molecules and cells vary in serum and urine
      depending on the patients condition and treatment given.
PA0  3. Scanning of normal individuals over a period of time before they develop
      abnormal conditions. If the patterns of their body fluids is known, the
      development of a pathological condition could be detected at an early
      stage. This technique can be used to identify an early stage of cervical
      cancer since this pathological condition takes many years to develop.
      Cancer cells are heavier than normal cells which whenn recorded would
      shift the usual normal pattern in the recording. Highly skilled
      technicians are used now to process cervical specimens for the Pap test to
      test for cancer or other abnormal conditions. However, these technicians
      are in short supply and they are not able to handle that vast number of
      individuals who should be studied periodically, or even those thought to
      be in jeopardy or who are admitted in our hospitals today for other
      reasons.
PAC  STUDIES MADE
PAR  1. As a monitoring system:
PAR  a. Obtained patterns of the molecules and cells excreted from urological
      patients that had various conditions and those that had kidney
      transplants. Patients that were beginning to reject their transplanted
      kidneys produced an extra band than those not rejecting. This system may
      be useful to predict rejection of kidney transplants before they happen.
PAR  b. The system can detect mini-protein molecules excreted by patients with
      abnormal urological conditions. It can be used as a system for detection
      and effect of treatment and subsequent prognosis. Mini-Molecules cannot be
      detected with present systems.
PAR  c. The system can be used to monitor the blood or patients before and after
      blood dialysis and thus possibly indicate adequate treatment or predict a
      crisis before clinically evident.
PAR  2. To study cellular characteristics:
PAR  a. Isolation of three different types of lymphocytes in tissue culture
      showing use of the method as a monitoring technique in the production of
      mammalian cells. It can also be used to obtain patterns of white cell
      populations in patients with blood abnormalities.
PAR  b. Obtained different patterns of yeast cells that were cultured in
      different media and that were treated in different ways. The technique is
      so sensitive that it was possible to differentiate between well fed and
      "starved" yeast cells.
PAR  3. As a screening system:
PAR  a. Recorded patterns of urines obtained from test animals receiving
      chemotherapy, usually given to human patients with cancer, to determine
      the lethal and destructive effect of the drugs. Therefore, this system may
      be used to screen for effects of chemotherapy in other animals before use
      in humans.
PAR  b. Recorded patterns of urines obtained from patients with cancer of the
      breast, colon, cervix and so forth, with and without metastasis. The
      patterns were not similar or identical to patterns obtained from normal
      individuals. Therefore, this method may be used as a screening method to
      detect patients with other types of cancer other than that of the
      excretory system.
PAR  From the above descriptions, it should be understood to those skilled in
      this art that this invention provides a very useful (1) monitoring system,
      (2) research tool in the study of organic cells and molecules (3) and
      screening system.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method of studying organic cells and molecules which comprises
      layering photosensitive sucrose-acrylamide solutions of decreasing density
      in a quartz centrifuge tube, placing a specimen of organic material to be
      studied on top of the layered solutions, centrifuging the quartz tube and
      contents to separate constituents of the specimen into the various layers
      of the solution, exposing the quartz tube and contents to light until the
      solution is solidified, scanning the resulting gel with ultraviolet light
      to obtain patterns formed by bands of molecules or cells from the sample
      that are immobilized in the gel, and recording the bands which form
      patterns for comparative study.
NUM  2.
PAR  2. The method of claim 1, wherein the photosensitive acrylamide sucrose
      solutions of decreasing density are prepared from aqueous hydrochloric
      acid solutions of tris(-2-amino-2-(hydroxymethyl)-1, 3, propanediol) and
      tetramethylethylenediamine, an aqueous solution of acrylamide and bis
      acrylamide, an aqueous riboflavin solution and a plurality of aqueous
      sucrose solutions of varying concentrations.
NUM  3.
PAR  3. The method of claim 2, wherein the sucrose solutions for the various
      layers decrease in density from 2.4 to 1 Molar.
NUM  4.
PAR  4. The method of claim 1 wherein the concentration of the acrylamide
      solution is from 5 to 11 % by weight.
NUM  5.
PAR  5. The method of claim 1 wherein the organic material is a body fluid.
NUM  6.
PAR  6. The method of claim 5 wherein the body fluid is urine.
NUM  7.
PAR  7. The method of claim 5 wherein the body fluid is first dialyzed through a
      membrane and then concentrated by freezing under vacuum.
NUM  8.
PAR  8. The method of detecting a pathological condition which comprises
      layering photosensitive sucrose-acrylamide solutions of decreasing
      densities, placing a specimen of a body fluid on the layered solutions,
      ultracentrifuging the specimen containing solutions to separate the cell
      constituents of the specimen into the various layers, gelling the layered
      solution with fluorescent light to form bands of the separated
      constituents of the body fluid in the layers, scanning the bands with
      ultraviolet light and comparing the band patterns with similar bands of a
      control specimen.
NUM  9.
PAR  9. The method of claim 8 including recording the band patterns for future
      comparison with subsequent specimens from the same patient.
NUM  10.
PAR  10. The method of claim 8 wherein the layered solutions are formed in
      quartz tubes and the specimen is injected with needles into the tubes.
NUM  11.
PAR  11. The method of claim 10 wherein the tubes are plugged with epoxy resin
      treated corks to prevent leakage during the ultracentrifugation.
NUM  12.
PAR  12. The method of claim 10 wherein the tubes are wrapped in foil to exclude
      light prior to the fluorescent light exposure.
NUM  13.
PAR  13. The method of claim 10 wherein the quartz tubes are wrapped in rubber
      tubing and supported in swinging buckets during ultracentrifugation to
      prevent distortion of the bands.
NUM  14.
PAR  14. The method of claim 1 wherein the specimen is a body fluid and
      successive specimens from the same patient are similarly layered and
      gelled and the patterns of the bands, molecules or cells form the specimen
      are successively compared to monitor the condition of the patient.
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ABST
PAL  A test apparatus for determining the corrosion protection performance of
      fluids includes a housing, an axial shaft mountable therein, a heating
      element, and a drive motor. The housing which contains the test fluid is
      preferably sealable to maintain a predetermined environment therein. The
      housing also includes a port or ports for introduction of corrosion
      initiating substances. The heating element is adjacent to a lower portion
      of the housing to provide increased temperatures within the housing when
      desired. Test specimens are mounted on the shaft and may be rotated in
      partially immersed emplacement within the bath.
PAL  The process for determining the corrosion protection performance of a fluid
      comprises forming a bath of the test fluid and rotating a partially
      immersed, substantially corrosion free test specimen therein in the
      presence of a corrosive environment. Thereafter the specimen may be
      maintained in static and partially immersed emplacement within the bath.
      After a sufficient processing period the specimen is examined to determine
      the degree of corrosion thereon.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an apparatus and method for evaluating the
      corrosion protection performance of fluids. More particularly, the present
      invention is directed toward an apparatus and method for evaluating the
      moisture corrosion protection performance of lubricating oils as, for
      example, automotive gear lubricants.
PAC  BACKGROUND OF THE INVENTION
PAR  The corrosion of machine components in the presence of moisture and other
      corrosive substances is an important cause of mechanical system failures.
      One of the widely used means of controlling or preventing this corrosion
      is to employ the corrosion preventing properties of the lubricants, fuels,
      and functional fluids (for example, hydraulic brake fluids) used in the
      system. The rust preventing properties of lubricants, fuels and functional
      fluids can be enhanced by the addition of chemical additives. In order to
      determine the performance of these fluids in preventing the corrosion of
      machine elements a wide number of tests have been devised and have been
      used by industry. Some of the most widely used tests are described
      hereinbelow.
PAR  The Humidity Cabinet Test (ASTM D-1748) evaluates the ability of the test
      lubricant or other coating to protect a specially prepared steel specimen
      from rusting when stored in a chamber at an elevated temperature in air
      substantially saturated with water vapor.
PAR  The Turbine Oil Rust Test (ASTM D-6665) evaluates the corrosion
      characteristics of a fluid on a cylindrical steel sample while the sample
      is submerged in a constantly stirred mixture of the test fluid in water.
PAR  The Test for Corrosiveness and Oxidation Stability of Light Oils (Federal
      Test Method 5308) evaluates the corrosion of coupons of several metals
      while immersed in a sample of oil which is heated and aerated
      continuously.
PAR  The Test for Corrosion of Lead by Lubricating Oils (Federal Test Method
      5321) employs the immersion of lead samples in the presence of a copper
      catalyst in heated test oil with continuous aeration in order to determine
      corrosion protection performance.
PAR  These and several other similar methods measure the ability of the test oil
      to prevent corrosion in either a totally liquid or totally vapor phase
      environment. None of the foregoing tests, however, have proven to produce
      results or data which correlate with the test which is generally accepted
      as the standard within the industry for measuring the corrosion protection
      performance of automotive gear lubricants (The Coordinating Research
      Counsel L-33 Moisture Corrosion Test).
PAR  The CRC L-33 Test is a method for measuring the moisture corrosion
      protection of lubricating oils which is both time-consuming (about 7 days)
      and physically cumbersome to perform (the entire automotive rear axle is
      employed in carrying out the testing procedure). Thus, there is a need in
      the lubricating materials art for a test procedure which may be
      expeditiously performed, which utilizes small test specimens and small
      amounts of test fluids, and which furthermore correlates to the CRC L-33
      moisture corrosion test.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed toward a method and apparatus for
      determining the corrosion protection performance of various fluids. The
      test is of relatively short duration and uses small test samples.
      Moreover, the results obtained through the implementation of the apparatus
      and process of the present invention appear to correlate with the CRC L-33
      Moisture Corrosion Test which is presently employed by the federal
      government for the qualification of automotive gear lubricants.
PAR  Generally, the method of the present invention comprises the steps of
      forming a bath of the fluid to be tested; rotating a specimen partially
      immersed in said bath for a predetermined period of time, the specimen
      being initially substantially free of corrosion; subjecting the specimen
      to a corrosion initiating substance during at least a portion of said
      rotation period; removing the specimen from said bath; and determining the
      degree of corrosion of said specimen. The specimen may also be maintained
      in static and partially immersed emplacement within said bath for a second
      predetermined period of time subsequent to said rotation period and prior
      to removing the specimen from the corrosive environment.
PAR  The apparatus contemplated by the present invention includes a housing for
      containing the test fluid; means for mounting a test specimen within said
      housing; means for rotating said mounting means with the test specimen
      mounted thereon; means for heating said fluid within said housing and
      means for regulating the temperature of said fluid therein; and said
      housing including a sealable port means for introducing into said housing
      a corrosion initiating substance.
PAR  The foregoing method and apparatus may use a variety of test specimen made
      of different materials, test fluids and corrosion initiating substances.
      Therefore, the corrosion prevention properties of the test fluid or
      lubricant may be evaluated within an environment which simulates that of a
      variety of machines or mechanical systems.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features which are believed to be characteristic of the invention
      are set forth in the appended claims. The invention itself, however,
      together with further objects and attendant advantages thereof, will be
      best understood by reference to the following description taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a side elevational view of the apparatus of the present invention
      in partial section for clarification.
PAR  FIG. 2 is a cross-sectional view of the apparatus taken along line 2--2 of
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, the test apparatus of the present invention
      includes a housing, designated generally as 10, a shaft 12 mounted within
      the housing 10 and axially extending therein, a heating element 14 which
      is disposed adjacent to the lower portion of the housing 10, and a motor
      16 which detachably engages shaft 12 and rotates the same within the
      housing 10.
PAR  The housing 10 includes a lateral wall 20 and two endwalls, 22 and 24
      respectively. While the housing 10 may be composed of various materials,
      it is preferred that materials be utilized which are immune to corrosion
      by the corrosion initiating substance which is employed in the test
      method. These materials are preferred since corrosion on the interior
      surfaces of the housing 10 would retain moisture and test fluids from
      previous test runs and thereby contaminate and adversely affect subsequent
      test runs. Thus, the use of corrosion free materials insures uniformity in
      testing. Of course, the particular materials to be used will be dependent
      upon the particular corrosion initiating substance. For example, in
      testing the ability of gear lubricants to protect ferrous metals from
      water corrosion nickel or chrome plated steel, stainless steel or plastic
      have been found to be suitable.
PAR  While different modes of construction will occur to those skilled in the
      art, it is preferred for ease in cleaning that the lateral wall 20 and
      endwalls 22 and 24 be capable of disassembly. As can be seen in FIG. 1,
      endwalls 22 and 24 are removably secured to lateral wall 20 by suitable
      fastening means, as for example bolts 26. Suitable sealing means, as for
      example gaskets or O-rings 27, are also employed within endwalls 22 and 24
      so as to maintain the endwalls in sealed engagement with lateral wall 20.
      This arrangement insures that the environment maintained within the
      housing 10 will not be contaminated. Of course, any well known means may
      be employed in the endwalls 22 and 24 to support the shaft 12. The endwall
      22 also includes a small aperture or port 28 in its upper portion which is
      utilized to introduce into the housing 10 a corrosion initiating
      substance. The aperture 28 may include a self-sealing penetrable diaphragm
      which maintains the environment within the housing 10 free of
      contamination and through which a syringe may be inserted to introduce a
      corrosion initiating substance. Alternatively, aperture 28 may be provided
      with a suitable closing means, as for example pipe plug 30, which sealably
      closes aperture 28 before and after the introduction of the corrosion
      initiating substance.
PAR  As is also shown in FIG. 1, a means 32 for measuring the temperature of the
      test fluid is mounted within the lower portion of the housing 10. The
      temperature sensing means 32, for example a thermocouple or other
      temperature sensing transducer, is connected to a temperature controller
      34 which modulates the heat generated by heating element 14. In this
      manner the apparatus of the present invention may accurately simulate the
      temperature of the machine environment in which the test fluid and test
      specimen materials are to be used. If desired, a plurality of test
      specimens 36 may be simultaneously employed. The specimens 36 are mounted
      on the rotatable shaft 12 within the housing 10 wherein they are subjected
      to corrosive attack. Threaded collars 38 and spacing elements 39 can be
      utilized to maintain the test specimens 36 in fixed and space emplacement,
      thereby permitting free flow of vapor and liquid there between. For the
      reasons mentioned above, it is also desirable that the shaft 12, the
      collars 38, and spacers 39 be made of a non-corrosive material.
PAR  The apparatus described hereinabove can be advantageously utilized in the
      process of the present invention. This process provides a relatively short
      and accurate means for determining the corrosion protection performance of
      various fluids.
PAR  In accordance with the process, the apparatus is first thoroughly cleaned
      with a dry-cleaning naptha and rinsed with a suitable solvent such as
      n-pentane.
PAR  The test specimens 36 are then mounted on the rotatable shaft 12 and
      assembled into position within the housing 10 as is shown in FIG. 1.
PAR  It is, of course, preferable that the surfaces of the test specimens be
      initially substantially free of corrosion. Therefore, the test specimens
      should be subjected to mechanical cleaning action, as for example by sand
      blasting, prior to use. Moreover, since the degree of surface roughness of
      the test specimens 36 has an influence upon the rate of corrosion, it is
      important that a particular mechanical cleaning process be used
      consistently throughout a given series of tests. It is recommended that
      sand blasting be performed at an air pressure of about 90 psi and that a
      sand having 99.8% silicon dioxide with a moh hardness number 7 and an
      American Foundryman's Society grain fineness number 26 be employed (Wedron
      Sand No. 4098, Wedron Silicon Co., Chicago, Ill.). Subsequent to
      mechanical cleaning the test specimen should be thoroughly washed in
      dry-cleaning naptha, rinsed with a suitable solvent such as n-pentane and
      air dried. With the use of forceps the test specimens should be immersed
      in a small sample of the fluid to be tested so that all surfaces are
      coated. This tends to arrest premature corrosion of the sample. After
      allowing the excess fluid to drain from the specimens they are assembled
      on shaft 12 with elements 39 and collars 38 utilized to maintain the
      specimens in a spaced and fixed position. The entire test specimen and
      shaft assembly are then mounted within the housing 10.
PAR  A bath of the test fluid, designated as 40 in FIG. 2, is formed in the
      lower portion of the housing 10 and is provided in an amount sufficient to
      bring the level L of the test fluid to a point just below the threaded
      collars 38 and spacing elements 39. The test fluid can be placed within
      the housing 10 before the endwall 24 is assembled, or alternatively, a
      sealable port, suitably located, may be employed to introduce the test
      fluid into the housing 10, after the assembly of endwall 24 to lateral
      wall 20.
PAR  From this point forward it is preferable to maintain the interior of the
      housing 10 substantially sealed from the external environment in order to
      assure uniform test parameters.
PAR  After connecting the drive motor 16 onto shaft 12 the test specimens are
      initially rotated while partially immersed in the test fluid for a time
      sufficient to thoroughly wet the surfaces of the test specimens with the
      test fluid. This insures that no corrosion initiating substance will
      contact an uncoated specimen. In testing automotive gear lubricants with
      ferrous metal test specimens it has been found that an initial rotation
      period of between about 5 to 30 minutes is suitable for adequately wetting
      the test specimen surfaces. At this point the corrosion initiating
      substance is introduced into the housing 10 through aperture 28 and the
      rotation period is continued for an additional time sufficient to allow
      adequate mixing of the test fluid and the corrosion initiating substance
      and the development of an environment which simulates that of a given
      machine. The amount of corrosion initiating substance employed for a
      particular test will of course vary so as to simulate the machine
      environment in which the fluid and specimen are to be used. For example,
      automotive gear lubricants are tested to determine their ability to
      protect metals from oxidation corrosion in the presence of water.
      Accordingly, it has been found that in such tests water should be
      introduced into the housing 10 in an amount equal to about 1-5% of the
      test lubricant by volume. It has been found, further, that in testing
      automotive gear lubricants with ferrous metal specimens the rotation
      period should be continued for about 30 minutes subsequent to the
      introduction of the water through aperture 28.
PAR  Oftentimes it is necessary to heat the bath 40 in order to develop the
      appropriate environment within the housing 10. Thus, during the rotation
      period the heating element 14, the temperature sensing device 32 and
      temperature controller 34 are employed to provide within the housing 10
      the temperature which is considered appropriate for the particular test.
      When testing automotive gear lubricants with ferrous metal specimens it
      has been found that a temperature of approximately 180.degree.F is
      desirable to activate the chemical additives of the test fluid and also to
      vaporize a portion of the corrosion initiating substance, in this case
      water, in order to provide a liquid and vapor phase corrosive environment.
PAR  Having run the rotation period for a predetermined length of time found
      suitable for the particular test, the motor 16 is turned off and the test
      specimen 36 is maintained in static and partially immersed emplacement
      within bath 40 for a second predetermined period of time. In this manner a
      simultaneous test is made for both liquid and vapor phase environments.
      The stationary period of the test is preferably of sufficient length to
      allow the corrosion mechanism to progress to the point where corrosion
      will be ascertainable by visual inspection. For example, when testing
      automotive gear lubricants with ferrous metal specimens, it has been
      discovered that at least about 5 hours are necessary to identify corrosive
      action on the specimen and preferably about 20 hours are employed for the
      stationary period. This longer period allows for overnight testing and
      insures adequate corrosive action on the specimen to insure accurate and
      consistent data.
PAR  It is also preferably to maintain the corrosion initiating substance in
      intimate association with the test specimen during the stationary period.
      Accordingly, at least some of the vapor generated during the rotation
      period may be condensed onto the specimens 36 by cooling the bath 40
      through adjustment of the temperature controller 34. For example, the
      temperature of the bath 40 should be lowered to about 125.degree.F during
      the rotation period when testing automotive gear lubricants with ferrous
      metals.
PAR  At the termination of the stationary period the test specimen 36 is removed
      from the housing 10 and the shaft 12. Care should be taken not to disturb
      or remove the corrosion which has developed, and it is desirable,
      therefore, to use forceps to handle the specimen.
PAR  Finally, the test fluid is rinsed from the specimen with a suitable solvent
      and a determination is made as to the degree of corrosion. The examination
      of the specimen can be made by visual inspection, with or without
      auxiliary optical equipment, or by other means capable of detecting and
      measuring corrosion or chemical degradation. Generally, the data is
      reported as a percentage of the total specimen area covered by the
      corrosion, both above and below the test fluid level.
PAR  Of course, it should be understood that various modifications may be made
      to the preferred embodiments disclosed herein without departing from the
      spirit and scope of the present invention. For example, corrosion
      protection is not limited to the arrest or impedence of ferrous oxidation
      but is intended to include other forms of chemical degradation. Likewise,
      the apparatus and method disclosed herein is not intended to be limited to
      particular test fluids, test specimens, or corrosion initiating
      substances. Thus, the test specimen may include metals, wood, plastic, and
      the like; while the corrosion initiating substance may be in liquid, vapor
      or solid form.
PAR  Other modes of applying the principles described herein are intended to
      fall within the scope of the invention provided the features stated in any
      of the following claims or the equivalent of such be employed.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for determining the corrosion protection performance of a
      fluid comprising:
PA1  a sealably encloseable and disassemblable housing, said fluid being
      contained therein;
PA1  means for mounting test specimens, said mounting means including a shaft,
      means for axially spacing a plurality of test specimens on said shaft and
      collar means which engage said shaft and maintain said specimens in fixed
      position thereon, said mounting means disposed within said housing and in
      spaced relation with the bottom thereof such that said test specimens may
      be partially immersed in the liquid phase of said fluid;
PA1  means for rotating said mounting means with said specimens mounted thereon;
PA1  means for regulating the temperature of said fluid and including a heating
      element positioned externally of, adjacent to and abutting a lower portion
      of said housing; and
PA1   sealable port means disposed in said housing for introducing into said
      housing a corrosion initiating substance.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said housing includes a cylindrical
      lateral wall and a pair of end walls, and wherein said temperature
      regulating means includes a temperature sensing component which is mounted
      on one of said end walls and extends into an internal lower portion of
      said housing.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said housing means and said mounting
      means are composed of a material which is immune to corrosion by said
      corrosion initiating substance.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said material is selected from the
      group consisting of: chrome plated steel, nickel plated steel, stainless
      steel, and plastic.
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ABST
PAL  A new self-cleaning salt dissolver construction which includes a special
      dissolving zone which supports the salt for dissolution while at the same
      time permitting the collection of sludge-impurities in the dissolving zone
      such that the sludge-impurities can be removed by a special cleaning
      operation when desired, without requiring the removal of the salt bed from
      the dissolver.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention broadly relates to a new salt dissolver construction.
PAR  State of the art is indicated by U.S. Pat. Nos. 3,365,280; 3,374,098; and,
      3,307,914.
PAR  In the past there has been a problem with salt dissolver constructions, for
      example of the type used to dissolve rock salt, wherein impurities present
      in the salt (typically 1-5% of impurities such as sludge, calcium sulfate,
      shale, etc., are present in the salt) collected near the bottom of the
      salt bed within the dissolver during the operation thereof and eventually
      require that the dissolver be drained and that the salt bed be shoveled
      out or removed therefrom in one manner or another so that the
      sludge-impurities can be cleaned out of the dissolver. This of course is a
      time-consuming, burdensome, and uneconomical procedure to have to carry
      out.
PAR  Accordingly, one object of the present invention is to provide a new
      self-cleaning salt dissolver construction which alleviates the above
      problem.
PAR  Another object of this invention is to provide a new salt dissolver
      construction suitable for use in dissolving rock salt, evaporated salt,
      solar salt, or any configuration thereof (i.e., numerous salt
      configurations can be molded therefrom).
PAR  Another object of the invention is to provide a new and improved rock salt
      dissolver construction.
PAR  Another object of this invention is to provide a new salt dissolver
      construction which utilizes a special salt dissolving zone which has a
      special self-cleaning system.
PAR  Another object of this invention is to provide a new salt dissolver
      construction which has a special collection chamber conduit for collecting
      the brine product from the dissolver which collection chamber can be
      removed from the dissolver tank and cleaned without the necessity of
      completely draining the dissolver or removing the salt from the dissolver.
PAR  Other objects, features and advantages of the present invention will become
      apparent from the subsequent description and the appended claims taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates an elevational view in cross section demonstrating a
      salt dissolver construction in accordance with this invention.
PAR  FIG. 2 illustrates a cross-sectional view taken along the line 2--2 of FIG.
      1; and,
PAR  FIG. 3 illustrates a cross-sectional view taken along the line 3--3 of FIG.
      2.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  Broadly stated, the present invention comprises a new salt dissolver
      construction which is capable of self cleaning relative to
      sludge-impurities formed therein during dissolving, said construction
      comprising a tank for holding the salt therein, a generally conical bottom
      portion on said tank, a drain outlet near the lowermost part of the
      conical bottom, a water inlet near the lowermost portion of the conical
      bottom, a brine outlet means for removing dissolved salt in the form of
      brine from the tank and being located substantially above the bottom of
      the tank but below a liquid (e.g., aqueous, water, or the like) level
      maintained within said tank, which liquid level in turn is maintained
      below a salt level in said tank, dissolving zone means located generally
      near the top of said conical portion and operative to support the salt for
      dissolving therein while preventing flow of the salt into said conical
      portion, said dissolving zone means including a plurality of transverse
      metal fiberglass, plastic or other materials support member means
      positioned crosswise in the tank with spaces therebetween and operative to
      support the salt in the tank, a plurality of umbrella like means
      positioned over and overlapping said spaces and additionally being
      operative to support the salt in the tank and to prevent the salt from
      passing downwardly through said spaces, said overlapping being such that
      salt which falls downwardly over said umbrella means will pile up on said
      support members to form salt piles thereon which have an angle of repose
      sufficient to enable said salt to be retained on the support members
      without falling through said spaces; and water spray conduit means located
      just above said support members and adjacent to and below said umbrella
      means for periodically rinsing and cleaning out the sludge-impurities
      which collect in the dissolving zone after first draining all liquid from
      the tank through said drain outlet.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The drawing figures illustrate a preferred embodiment in accordance with
      the invention, wherein like numerals in different figures indicate like
      elements.
PAR  FIGS. 1, 2 and 3 show a salt dissolver in accordance with this invention
      designated 10 which is comprised of a tank 12, a conical bottom portion
      14, a drain outlet 16 which includes a removable cover 17 of any suitable
      construction, a water inlet 18, a brine outlet designated 20, and a
      dissolving zone portion designated 30.
PAR  As shown in FIG. 3, a salt level designated 40 is maintained within the
      dissolver 10 and a liquid level designated 42 is maintained as shown
      beneath the salt level 40 and above the brine outlet 20, with the water
      being continuously or intermittently introduced through the water inlet 18
      and the brine product being continuously or intermittently withdrawn
      through the brine outlet 20.
PAR  The salt dissolving zone portion 30 includes a plurality of transverse
      support members 31 positioned crosswise within the tank 12 with spaces 33
      between each support member 31. There are also a plurality of umbrella
      like members 35 positioned over and overlapping said spaces 33 and these
      umbrella members 35 in combination with the side umbrella members 37
      function to support the salt in the tank and prevent the salt from passing
      downwardly through said spaces 33. Support members 36 act to support the
      umbrella members 35. It is to be noted that the overlapping is such that
      when the salt falls downwardly over said umbrella members 35 (e.g., when
      the tank 12 is loaded in a dry condition before initiating upward water
      flow) that the salt will pile up on said metal support members 31, with
      the salt pile being shown as designated at 39 in FIG. 1 and the salt pile
      will generally form an angle of repose of approximately 45.degree. as
      shown at 41 in FIG. 1. This angle of repose should preferably be within
      the range of about 40.degree. to about 60.degree. depending on the type of
      salt being dissolved in the dissolver. Preferably this angle of repose
      will be maintained within the range of approximately
      42.degree.-50.degree.. Best results in the dissolving of rock salt (NaCl)
      are obtained with an angle of repose of about 45.degree. as designated at
      41 in FIG. 1.
PAR  This angle of repose as designated at 41 is chosen such that it will be
      sufficient to enable the salt to be retained on the metal support members
      31 without falling through the spaces 33.
PAR  The blocks 29 are securely fastened in any suitable manner to the side of
      the tank 12 and these blocks 29 act to support the transverse support
      members 31.
PAR  It is to be noted that the dissolving zone 30 also includes water spray
      conduit members 50 which water spray conduits 50 are located just above
      the support members 31 but adjacent to and below the lower part of the
      umbrella members 35 and 37. These water spray conduits 50 function to
      periodically spray water, generally in a horizontal outward direction as
      indicated by the arrows 51 in order to periodically rinse away and clean
      out the sludge-impurities which collect at the bottom of the dissolving
      zone. The water spray conduits are activated after first draining all
      liquid from the tank through the drain outlet 16. It is also to be noted
      that the downwardly inclined angle 43 (as shown in FIG. 1) for the sides
      of the umbrella members 35 should be steep enough such that the angle 43
      will cause the sludge to slide down the umbrella members so that the
      sludge is generally collected and ready for removal at the bottom of the
      dissolving zone 30. The angle 43 preferably should be about 60.degree.,
      however, broadly the angle 43 may be within the range of about 50.degree.
      to about 70.degree..
PAR  Still further, it should be noted that substantial self-cleaning of this
      new dissolver construction can be carried out by shutting off the inlet
      water flow at 18, and then dropping or drawing the liquid from the tank 12
      without ever turning on the water sprays 50. However, the preferred
      self-cleaning operation utilizes the sprays 50.
PAR  The brine collection chamber or outlet designated 20 includes a ring like
      support element 61 which supports a first inner conduit 63 which extends
      transversely across the tank 12. Within the conduit 63 there is a
      collection chamber pipe 65 supported within the conduit 63 by transverse
      support rods 67. Several large openings designated 69 are present on the
      bottom side of the conduit 63 to permit the entry of brine into the
      collection chamber 65. The brine passes upwardly through the opening 69
      and into the collection chamber pipe 65 with the brine entering the
      conduit 65 through the small porous plastic filters 71. These porous
      plastic filters have numerous small holes therein with a pore size within
      the range of approximately 250 microns to about 500 microns in size. The
      porous plastic filters are inserted in holes formed in the conduit 65. As
      an alternative to the porous plastic filters inserted as shown at 71,
      there may be used instead a sleeve which completely covers the conduit 65
      with the sleeve being made entirely of the plastic porous material having
      a pore size within the range of about 250 to about 500 microns and with
      the conduit 65 then simply being formed with a high number of holes
      therein. The brine once passing into the conduit 65 is removed in the
      direction of the arrow 73 through the outlet pipe 75 for collection as
      brine product. It is also to be noted that the upper side of the conduit
      63 is formed with numerous additional openings therein designated 77 with
      there being four sets of these openings 77 as shown in FIG. 3. Each set of
      four openings 77 is covered by a second umbrella like member designated 79
      which may be welded or otherwise suitably attached to the conduit 63 to
      cover the openings 77. The second umbrella member also acts to vent air
      and oil. It is to be noted that the angle of repose for the salt piles up
      adjacent the ends 81 of these umbrella members 79 is such that the angle
      of repose designated 81 is sufficient to prevent the salt from flowing
      through the openings 77. This angle of repose 81 should also be within the
      broad range of about 40.degree. to about 60.degree. and preferably within
      the range of about 42.degree. to about 50.degree.. Best results are
      obtained when this angle of repose is maintained at about 45.degree. for
      the dissolving of rock salt. The brine outlet means 20 also include a
      removable lid designated 91. This lid 91 is suitably connected to the
      support conduit 62 by any suitable means such as screws 93. The support
      conduit 62 acts to support the right hand end of the conduit 63 in
      cooperation with the support member 61. The removable lid 91 permits
      removal of the collection chamber pipe 65 for cleaning of same, that is
      for example, the filters 71 can be cleaned and any sludge-impurities which
      collect on the small filters 71 can be removed. It is to be noted that
      this cleaning of the collection chamber pipe 65 can be carried out while
      the tank is fully loaded with salt because the conduit 63 and the umbrella
      members 79 support the salt above the collection chamber pipe 65 and
      permit the removal of same from the tank when the lid 91 is removed.
PAR  The salt to be dissolved in the dissolver of this invention is generally of
      the sodium chloride salt type, that is, rock salt, evaporated salt, solar
      salt, or any configuration thereof. Excellent results have been obtained
      utilizing a salt dissolver construction essentially as shown in the
      drawings.
PAR  The advantages of the invention should be fairly apparent from the
      disclosure set forth above. However, certain specific advantages are as
      follows. First, utilizing the salt dissolver of this invention it is
      possible to carry out a much more efficient salt dissolving operation
      wherein considerably less water usage is required than in prior salt
      dissolvers. Second, the salt dissolver of this invention requires
      considerably less disposal gallonage of impure brine. Third, the salt
      dissolver of this invention can be automated for labor savings. Fourth,
      for reasons explained above the salt dissolver of this invention is
      self-cleaning. Fifth, the salt dissolver herein requires essentially no
      moving parts in the makeup of its basic construction. Sixth, the salt
      dissolver herein makes a higher purity brine and the dissolver
      construction is adaptable to numerous different kinds of salt. Seventh,
      the salt dissolver herein is capable of saving approximately 34-40 tons of
      salt per day in large scale salt dissolving operations wherein
      approximately 30-40 tons of salt per hour are dissolved. This is possible
      in that prior large salt dissolving tanks had to be cleaned out at least
      twice per day. This cleaning out operation was time-consuming in that the
      prior salt tanks had to be drained and salt removed therefrom before the
      sludge-impurities could be removed. Utilizing the salt dissolver
      construction of this invention such a time-consuming clean-out is not
      required.
PAR  While it will be apparent that the preferred embodiments of the invention
      disclosed are well calculated to fulfill the objects above stated, it will
      be appreciated that the invention is susceptible to modification,
      variation and change without departing from the proper scope or fair
      meaning of the subjoined claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A new salt dissolver construction which is capable of self cleaning
      relative to sludge-impurities formed therein during dissolving, said
      construction comprising:
PA1  a tank for holding the salt therein,
PA1  a generally conical bottom portion on said tank,
PA1  a drain outlet near the lowermost part of the conical bottom,
PA1  a water inlet near the lowermost portion of the conical bottom,
PA1  a brine outlet means for removing dissolved salt in the form of brine from
      the tank and being located substantially above the bottom of the tank but
      below a liquid level maintained within said tank, which liquid level in
      turn is maintained below a salt level in said tank,
PA1  dissolving zone means located generally near the top of said conical
      portion and operative to support the salt for dissolving therein while
      preventing flow of the salt into said conical portion,
PA2  said dissolving zone means including, a plurality of transverse support
PA2  member means positioned crosswise in the tank with spaces therebetween and
      operative to support the salt in the tank,
PA2  a plurality of umbrella like means positioned over and overlapping said
      spaces and additionally being operative to support the salt in the tank
      and to prevent the salt from passing downwardly through said spaces,
PA2  said overlapping being such that salt which falls downwardly over said
      umbrella means will pile up on said support members to form salt piles
      thereon which have an angle of repose sufficient to enable said salt to be
      retained on the support members without falling through said spaces;
PA2  and water spray conduit means located just above said support members and
      generally adjacent to and below said umbrella means for periodically
      rinsing and cleaning out the sludge-impurities which collect in the
      dissolving zone after first draining all liquid from the tank through said
      drain outlet.
NUM  2.
PAR  2. The invention of claim 1 wherein,
PA1  said angle of repose is approximately 45.degree. and said umbrella means
      form a downwardly inclined angle of about 60.degree. to permit the
      sludge-impurities to slide down and be collected on the support member
      means.
NUM  3.
PAR  3. The invention of claim 1 wherein,
PA1  said brine outlet means includes, a removable collection chamber conduit
      means through which the brine is collected and removed and which
      collection chamber can itself be removed for cleaning.
NUM  4.
PAR  4. The invention of claim 3 wherein,
PA1  said brine outlet means is covered by a second umbrella like means to
      prevent salt from falling on said collection chamber and vent air and oil.
NUM  5.
PAR  5. The invention of claim 3 wherein,
PA1  said collection chamber conduit means includes porous plastic filter means
      having a pore size of about 250 microns to about 500 microns.
NUM  6.
PAR  6. The invention of claim 1 wherein,
PA1  said angle of repose is between about 40.degree. and about 60.degree..
NUM  7.
PAR  7. The invention of claim 1 wherein,
PA1  said angle of repose is between about 42.degree. and about 50.degree..
NUM  8.
PAR  8. The invention of claim 1 wherein,
PA1  said salt is of the NaCl type and is selected from at least one of the
      group consisting of rock salt, evaporated salt, solar salt, and
PA2  any salt configuration made therewith.
NUM  9.
PAR  9. The invention of claim 1 wherein,
PA1  said salt is rock salt.
NUM  10.
PAR  10. A new salt dissolver construction which is capable of self cleaning
      relative to sludge-impurities formed therein during dissolving, said
      construction comprising:
PA1  a tank for holding the salt therein,
PA1  a generally conical converging bottom portion on said tank,
PA1  a drain outlet near the lower part of the bottom,
PA1  a brine outlet means for removing dissolved salt in the form of brine from
      the tank and being located substantially above the bottom of the tank but
      below a liquid level maintained within said tank, which liquid level in
      turn is maintained below a salt level in said tank,
PA1  dissolving zone means located generally near the top of said bottom portion
      and operative to support the salt for dissolving therein while preventing
      flow of the salt into said bottom portion,
PA2  said dissolving zone means including,
PA3  a plurality of support member means positioned crosswise in the tank with
      spaces therebetween and operative to support the salt in the tank,
PA3  a plurality of umbrella like means positioned over and overlapping said
      spaces and additionally being operative to support the salt in the tank
      and to prevent the salt from passing downwardly through said spaces,
PA3  said overlappping being such that salt which falls downwardly over said
      umbrella means will pile up on said support members to form salt piles
      thereon which have an angle of repose sufficient to enable said salt to be
      retained on the support members without falling through said spaces,
PA3  water spray conduit means for periodically rinsing and cleaning out the
      sludge-impurities which collect on the support member means after first
      draining all liquid from the tank through said drain outlet.
NUM  11.
PAR  11. The invention of claim 10 wherein,
PA1  said angle of repose is approximately 45.degree. and said umbrella means
      form a downwardly inclined angle of about 60.degree. to permit the
      sludge-impurities to slide down and be collected on the support member
      means.
NUM  12.
PAR  12. The invention of claim 10 wherein,
PA1  said brine outlet means includes,
PA2  a removable collection chamber conduit means through which the brine is
      collected and removed and which collection chamber can itself be removed
      for cleaning.
NUM  13.
PAR  13. The invention of claim 12 wherein,
PA1  said brine outlet means is covered by a second umbrella like means to
      prevent salt from falling on said collection chamber, and vent air and
      oil.
NUM  14.
PAR  14. The invention of claim 12 wherein,
PA1  said collection chamber conduit means includes porous plastic filter means
      having a pore size of about 250 microns to about 500 microns.
NUM  15.
PAR  15. The invention of claim 10 wherein,
PA1  said angle of repose is between about 40.degree. and about 60.degree..
NUM  16.
PAR  16. The invention of claim 10 wherein,
PA1  said angle of repose is between about 42.degree. and about 50.degree..
NUM  17.
PAR  17. The invention of claim 10 wherein,
PA1  said salt is of the NaCl type and is selected from at least one or a
      mixtures of the groups
PA2  consisting of rock salt, evaporated salt, solar salt, and any salt
      configuration made therewith.
NUM  18.
PAR  18. The invention of claim 10 wherein,
PA1  said salt is rock salt.
NUM  19.
PAR  19. The invention of claim 10 wherein,
PA1  said construction also includes,
PA2  water spray conduit means located just above said support members and
      generally adjacent to and below said umbrella means for periodically
      rinsing and cleaning out the sludge-impurities which collect in the
      dissolving zone after first draining all liquid from the tank through said
      drain outlet.
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PAL  A method and an apparatus for the combustion of liquid sulphur in a
      combustion chamber. The injection device for the liquid sulphur and the
      primary air comprises a double spraying arrangement : a simple mechanical
      spraying device in which the liquid sulphur is driven through a spray
      nozzle without the aid of an auxiliary driving fluid and a pneumatic
      spraying device in which a turbulent rotational primary air stream mixes
      with the relatively coarse spray produced by the spray nozzle through a
      constriction zone and into the combustion chamber, transforming the
      relatively coarse spray into a relatively fine spray. The fine spray
      enters the combustion chamber at the apex of a conical end wall of the
      combustion chamber and is driven into contact with the conical end wall
      due to the whirling action of the primary air. Secondary air is introduced
      along the lateral walls of the combustion chamber, in order to protect
      these walls of refractory material from the radiation heat produced during
      combustion.
PARN
PAR  This is a division, of application Ser. No. 232,672 filed Mar. 8, 1972, now
      U.S. Pat. No. 3,879,530.
BSUM
PAR  This invention relates to the field of the combustion of sulphur and in
      particular to the manufacture of sulphuric acid.
PAR  In the most commonly used apparatus for the combustion of sulphur, sulphur
      in a liquid state is brought to a mechanical spraying device which is
      followed by a combustion chamber. The droplets of sulphur are vaporized in
      the chamber and sulphur vapor obtained is burned therein.
PAR  The mechanical spraying is effected by passing liquid sulphur under
      pressure through a calibrated small-diameter orifice, called a spray
      nozzle (without an auxiliary driving fluid). In order to avoid the
      frequent clogging of the spray nozzle by solid particles always present in
      the liquid sulphur, very small diameter spray nozzles are not used, and
      one has had to be content with relatively coarse sprays. The droplets of
      sulphur are therefore long in evaporating and the combustion chamber must
      be of relatively large dimensions: in a 1 m.sup.3 chamber an input flow
      rate of sulphur in the order of 100 kg per hour is most common.
PAR  In order to accelerate the evaporation of the sulphur it has already been
      proposed to create turbulent movements in the combustion chamber by
      setting into rotation liquid sulphur arriving at the spray nozzle or by
      placing baffles in the combustion chamber.
PAR  Another known method of burning sulphur consists in the spraying of sulphur
      with compressed air, known as pneumatic spraying, and passing the mixture
      thus obtained through a fluidized bed of refractory material.
PAR  It has also been proposed to evaporate the sulphur in a fluidized bed by
      using heat coming from the combustion of a portion of the sulphur and
      burning the vapor obtained in an independent chamber.
PAR  When the combustion of sulphur must be effected in a pressurized container,
      as in the case of methods of manufacturing sulphuric acid operating under
      pressure, for reasons of economy, simple devices having as small a volume
      as possible have been sought.
PAR  Certain prior art methods have proposed the combustion of liquid
      hydrocarbons (fuel-oil) or gas hydrocarbons (natural gas, butane, propane,
      etc.). Such methods consist in effecting a rapid vaporization of the
      sprayed fuel by heat transfer between a very hot, axial, low-pressure zone
      situated downstream of the fuel injection device and the droplets of the
      fuel directed axially, obliquely or laterally with respect to the axis of
      the combustion chamber. Such known methods are not directly usable for the
      combustion of sulphur under pressure because the physical properties of
      liquid sulphur are very different from those of hydrocarbons and the heat
      of combustion is substantially greater; in particular the vapor tension of
      the sulphur and therefore its volatility is much lower than that of
      domestic fuel-oil for example, and its viscosity and its density does not
      enable the spraying of fine droplets under the same conditions as with
      hydrocarbons.
PAR  An aim of the present invention is a method and an apparatus specially
      adapted to the combustion of sulphur.
PAR  Another aim of the invention is a method for the combustion of liquid
      sulphur, which may be operated under pressure from atmospheric pressure up
      to 12 bars, and preferably up to about 6 bars.
PAR  Another aim of the invention is a method for the combustion of liquid
      sulphur directly producing a gas mixture suitable for the production of
      sulphuric acid, i.e. having a sulphur dioxide concentration between 4 and
      15%, and preferably between 11 and 13%.
PAR  Another aim of the present invention is a method for the combustion of
      liquid sulphur in which the pressure differential between the primary
      combustion-supporting air and the pressure in the combustion chamber is
      not greater than 2 bars and preferably less than 1 bar.
PAR  Another aim of the invention is an apparatus for carrying out the method as
      described hereinabove, the said apparatus enables very high sulphur flow
      rates to be attained per unit volume of the combustion chamber.
PAR  Another aim of the invention is an apparatus of the type described having a
      simple construction and being easy to maintain.
PAR  Various other advantages of the invention will be brought out in the
      detailed description which follows.
PAR  This invention relates to a method for the combustion of sulphur in which a
      spray of liquid sulphur is injected into a combustion chamber concurrently
      with a primary combustion-supporting gas, comprising first mechanically
      spraying the sulphur by passing the stream of liquid sulphur through a
      small-diameter orifice in the primary gas stream, then pneumatically
      spraying the sulphur by passing the mixture leaving the said orifice
      through a constriction zone coaxial with the axis defined by the orifice
      and the cylindrical combustion chamber, setting the primary gas into
      turbulent movement before its entry into the constriction zone,
      introducing the mixture leaving the said zone into a space in the
      combustion chamber defined by a conical wall, the said wall being coaxial
      with the combustion chamber and forming one of the end portions thereof,
      the injection of the said mixture being effected in the vicinity of the
      apex of the conical end wall, and introducing a secondary
      combustion-supporting gas stream along the lateral walls of the combustion
      chamber beyond the conical space relative to the direction of flow of the
      said mixture.
PAR  Preferably, the pressure of the gaseous mixture in the combustion chamber
      is between atmospheric pressure and 12 bars, and preferably between
      atmospheric pressure and 6 bars.
PAR  Preferably, the liquid sulphur is introduced into the so-called mechanical
      spraying device in a liquid state at a temperature between 245.degree. and
      155.degree.C.
PAR  Preferably, the pressure difference between the primary
      combustion-supporting gas used and the gas pressure in the combustion
      chamber is not greater than 2 bars, and preferably less than 1 bar.
PAR  The primary combustion-supporting gas flow rate is preferably equal to or
      greater than the flow rate of air corresponding to a stoichiometric
      combustion of sulphur into sulphur dioxide, the flow rate of the secondary
      combustion-supporting gas being calculated so as to provide the desired
      concentration of sulphur dioxide in the gaseous mixture leaving the
      combustion chamber.
PAR  Thus, the concentration of sulphur dioxide in the gaseous mixture leaving
      the combustion chamber is maintained between 4 and 15% and preferably
      between 11 and 13% by volume.
PAR  For the needs of the present method, air is suitable as the primary and
      secondary combustion-supporting gas.
PAR  One having ordinary skill in the art will therefore understand that an
      adjustment of the composition of the mixture leaving the combustion
      chamber is possible, for example for synthesizing sulphuric acid by simply
      varying the flow rate of the secondary combustion-supporting gas, such as
      air, being introduced into the combustion chamber. For automatic
      operation, the desired composition of the mixture may be controlled as a
      function of the flow rate.
PAR  The conical wall disposed immediately downstream of the injection zone
      after the constriction zone previously described has a dual function: (1)
      it creates a low pressure zone downstream of the injection zone which
      favours the formation of a fine, intimate liquid sulphur-air mixture and
      (2) it helps the guiding of the secondary air into the vicinity of the
      lateral walls of the combustion chamber.
PAR  The invention further consists in an apparatus for carrying out the method
      and comprises a liquid sulphur injection device, a primary
      combustion-supporting gas intake and a generally cylindrical combustion
      chamber, the said injection device being disposed along the axis of the
      chamber, a conical wall forming one of the end walls of the combustion
      chamber with its apex extending outwardly from the combustion chamber, the
      injection device for the liquid sulphur being disposed in the vicinity of
      the said apex and along the axis of the chamber, a so-called mechanical
      spraying device with a spray head being fixed axially along a tube
      partially closed off by a constricting member at the end of the chamber,
      the said tube comprising means for setting into rotation movement the
      primary combustion-supporting gas which circulates within the tube and
      means for carrying the secondary combustion-supporting gas into the
      combustion chamber in the vicinity of the lateral walls thereof beyond the
      conical end wall.
PAR  Preferably, the injection head comprises a double spraying system
      comprising a so-called mechanical spraying device and a pneumatic spraying
      device, the mechanical spraying device effecting a relatively coarse
      dispersion of liquid sulphur by passing it through a spray nozzle and a
      pneumatic spraying device transforming the relatively coarse spray into a
      relatively fine spray by passing the relatively coarse dispersion mixed
      with primary combustion air through a constriction member.
PAR  Preferably, the primary combustion-supporting gas used for pneumatic
      spraying of the relatively coarse liquid sulphur dispersion formed by the
      mechanical spraying device is set into rotational motion.
PAR  In a preferred embodiment, the rotational motion of the primary
      combustion-supporting gas is caused by inclined fins placed in the tube
      enclosing the mechanical spraying device and carrying the relatively
      coarse liquid sulphur spray in the primary combustion-supporting air
      towards the constriction member, which effects the pneumatic spraying of
      the coarse dispersion into a fine dispersion. It should also be noted that
      this arrangement of fins could be replaced by any other equivalent means
      for causing the rotational motion or turbulence of the primary air stream.
DRWD
PAR  An embodiment of the apparatus according to the invention will now be
      described, but merely as an illustration and in no way as a limitation
      thereof, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is an axial section view of the sulphur burner;
PAR  FIG. 2 is an axial section view on a larger scale of the sulphur injection
      means;
PAR  FIG. 3 is a left sectional view along the line III--III in FIG. 1;
PAR  FIG. 4 is an enlarged sectional view taken along the line IV--IV of FIG. 1.
PAR  FIG. 5 is a view of an end wall of a combustion chamber employing three
      injection means in accordance with invention.
DETD
PAR  The apparatus illustrated by way of example in the accompanying drawings is
      a sulphur burner.
PAR  The sulphur burner comprises a combustion chamber 1 of a general
      cylindrical configuration with thermally insulated lateral walls 2
      thermally insulating the chamber 1 from the exterior with a refractory
      liner or filler 3. The burner casing has the reference number 4. A conical
      wall is disposed at the end of the chamber 1 (FIG. 1) for delimiting the
      end of the chamber. In an industrial construction the conical portion is
      hollowed out of the mass of refractory material forming the liner 3. The
      injection devices, designated generally by the reference numeral 6 and
      described hereinafter in detail (see FIG. 2), open into the apex of the
      conical end wall 5. The conical end wall 5 opens into the combustion
      chamber 1 per se. The means 6 effect at the same time the injection of the
      sprayed sulphur and the primary combustion-supporting air. The liquid
      sulphur is introduced by the pipe 7. The primary air is introduced by the
      conduit 8.
PAR  The conduits 9 are provided for introducing secondary air into the chamber
      1. In the preferred embodiment, there are six such conduits (see FIG. 3).
      The particular arrangement of the conduits 9, which open obliquely into
      the chamber 1 in the vicinity of the lateral walls 2 and downstream of the
      conical portion 5 in the direction of the fluid flow, has to be noted.
      FIG. 1 also shows the conduits 10 for the intake of additional, secondary
      air which are placed in the combustion chamber 1 further downstream. In
      the preferred embodiment the conduits 10 are also six in number. In an
      industrial arrangement the conduits 9, 10, for the secondary air will pass
      through the mass forming the refractory lining 3.
PAR  The burner casing is delimited by the lateral outer walls 4 and end walls.
      At the outlet of the burner the end wall 11 is traversed by an opening 12,
      which enables the free passage of burned gases containing SO.sub.2. A
      boiler 13 is shown schematically at the outlet which takes advantage of
      the heat available in the exhaust gas.
PAR  A double end wall is provided at the inlet to the burner. A first end wall
      14 extends between the lateral walls 4 and ends in the vicinity of the
      outlet end of the injection device 6. A second end wall 15 substantially
      parallel to the end wall 14 extends between the extensions 16 of the
      lateral walls and the inlet end of the injection device 6. The walls 14,
      15 and 16 thus delimit a closed zone into which the primary air is
      introduced by the conduit 8. Openings 17, 18 are also shown in FIG. 1
      which are closable in a fluid-tight manner by inspection ports associated
      with the injection device 6 and the combustion chamber 1 respectively.
PAR  The injection device 6 will now be described in detail with reference to
      FIGS. 2 and 4. The injection device essentially comprises an axial pipe 7
      for the liquid sulphur intake. The pipe 7 has a spray nozzle 19 at its end
      for ensuring the coarse mechanical spraying of the liquid sulphur in the
      primary air stream. The pipe 7 is surrounded at a certain distance by a
      tube 20 having orifices 21 for introducing primary air into the injection
      device. As can be seen from FIG. 2, the orifices 21 are in communication
      with the zone delimited by the walls 14, 15 described with respect to FIG.
      1 and in which is carried the primary air. The tube 20 is closed off at
      its upstream end by an end wall 22 which closes off the pipe 7 in a
      fluid-tight manner. In the vicinity of this end, the wall 15 joins with
      the tube 20 by a welded sheet metal assembly generally designated by the
      reference numeral 23. This example which is conventional is clearly
      illustrated in the drawings.
PAR  At the other end, the tube 20 is provided with a constricting member or
      diaphragm 24 which ensures the fine pneumatic spraying of the sulphur and
      the opening of which defines an entrance port into combustion chamber 1.
      The constricting member 24 is joined herametically to the intake end of
      the conical end wall 5 described above. The insulating mass 3 which
      surrounds the conical end wall is also shown. The wall 14 is connected to
      this end of the tube 20 by another welded sheet metal assembly 25.
      Further, the arrangement of the zone surrounding the constricting member
      24 is as shown in the drawings. A free zone 26 of generally annular shape
      surrounds the tube 20 and is itself enclosed in the mass of refractory
      material forming the liner 3. It will be noted that cooling means such as
      a coil carrying a liquid refrigerant, such as water, can surround the tube
      20 in line with the spraying device 19 by extending the zone 26. This coil
      is not shown in the drawings for reasons of clarity.
PAR  Finally, it will be noted that the pipe 7 carries fins which in the present
      embodiment are four in number and located downstream of the orifices 21.
      The arrangement clearly appears in FIG. 4. The fins 27 bring the air in
      rotational motion inside the tube 20.
PAR  In the apparatus described the liquid sulphur injecting device 6 ensures
      both the spraying of the liquid sulphur and the introduction of the
      primary combustion-supporting air. The mechanical spraying device 19 may
      be a simple cylindrical orifice or preferably a nozzle dispersing the
      liquid in a solid conical shape having an apex angle of up to 120.degree..
      The liquid sulphur arrives under pressure in the spraying device via pipe
      7. The interior of the tube 20 is traversed at high speed by primary
      combustion-supporting air carried through the conduits 8. The primary air
      meets within the tube 20 the fin arrangement 27 inclined with respect to
      the axis and is brought into the rotational motion. The constricting
      member 24, which limits the diameter of the outlet section of the tube 20,
      further accelerates the speed of the gas stream.
PAR  In order to obtain a rapid and regular combustion of the liquid sulphur, it
      is necessary to disperse the same in the form of droplets having afineness
      such that the vaporization is complete before the mixture leaves the
      chamber. Whatever the type of spraying device used, the diameter of the
      droplets depends amongst other physical properties on the viscosity of the
      liquid, the droplets being smaller with lower viscosity. The sulphur is
      therefore advantageously delivered at a temperature at which the viscosity
      is a minimum, i.e. between 145.degree.C and 155.degree.C.
PAR  In pneumatic spraying, where the breaking up of the jet of liquid is
      effected by the difference of speed between the spraying or driving air
      and the speed of the liquid in order to obtain the required degree of
      dispersion leads to a relatively large pressure differential --at least 5
      bars-- the corresponding energy requirement would render the method hardly
      attractive. In mechanical spraying the liquid is driven at a high pressure
      through a spray nozzle but this does not give droplets which are fine
      enough; such spraying has moreover, numerous drawbacks; lack of
      flexibility in controling the flow rate of the liquid sulphur, great risk
      of forming deposits and clogging necessitating frequent cleaning and
      interruption. In the present apparatus the combination of the two types of
      spraying overcomes these disadvantages. With this combined spraying, a
      relatively coarse spray is effected mechanically, which is then brought to
      the required fineness pneumatically. In this arrangement the spraying
      nozzle has a sufficiently large cross-sectional area to avoid deposits and
      clogging; the quality of the final spray remains that of the pneumatic
      spraying, but the pressure differential and the energy consumption are
      substantially reduced with respect to the case where only pneumatic
      spraying is used which yields the same degree of dispersion. Instead of
      the pressure differential reaching at least 5 bars, it does not exceed 1
      bar under normal operating conditions.
PAR  An additional advantage of the spraying arrangement resides in the
      distribution of the diameter of the drops as a function of the spraying
      angle: the smallest drops are found in the circumference, the largest
      drops stay along the axis of the chamber. The drops are therefore
      subjected to higher temperature when they are larger which enables a
      complete vaporization within a short chamber.
PAR  At the outlet of the injection device the dispersed sulphur and primary air
      mixture is driven in a whirling motion and because of this whirling motion
      is projected along the conical wall. The low pressure zone which results
      thereof in the axial portion of the chamber in front of the injection
      device is filled with very hot burned gases. This low pressure zone
      radiates towards the sulphur-air mixture, causing the vaporization of the
      liquid sulphur heating this mixture until it reaches its ignition
      temperature.
PAR  The dividing of all the combustion-supporting air between the primary air
      supplied by the burner and the secondary air fed along the lateral walls
      of the chamber is not critical. Preferably, the amount of air used as
      primary air corresponds to a stoichiometric combustion of sulphur into
      sulphur dioxide. The amount of secondary air is calculated so as to obtain
      the desired concentration of SO.sub.2 in the final gas mixture. The amount
      of primary air may be increased by 5 to 10% by decreasing the secondary
      air by the same amount without being prejudicial to the satisfactory
      operation of the apparatus. The amount of secondary air that sweeps across
      the lateral walls of the chamber and the conical wall simply must remain
      sufficient to protect these walls from the excessive heating due to
      radiation from the flame. A portion of the secondary air could also be
      introduced into the chamber downstream of the flame.
PAR  The liquid sulphur combustion device described herein above permits very
      high unitary flow rates of sulphur. These flow rates obviously depend on
      the pressure present in the chamber: for example, for a chamber pressure
      of 4.5 bars, the flow rates are between 650 and 900 kilograms per hour and
      per cubic meter of the chamber. The operation of the apparatus is very
      versatile; the flow rate of liquid sulphur may be varied by plus or minus
      50% with respect to the normal flow rates without observing irregularities
      or disturbances. It is also very economical: the energy consumption by the
      compression of the air for combustion is slightly greater than that which
      would be consumed by the compression of this air from atmospheric pressure
      to the chamber pressure since the pressure difference between the primary
      air and the gas inside the chamber is very small and preferably less than
      1 bar. The construction of the apparatus is simple and its maintenance
      only rarely causes shut down.
PAR  The invention has been illustrated above by an apparatus comprising a
      single injection device, however a plurality of preferably identical
      injection devices may easily be utilized. In an industrial set-up, three
      such injection devices were arranged at 120.degree. about the axis of the
      apparatus, as shown in FIG. 5. In this case, a corresponding number of
      conical portions 5A, 5B and 5C in the appropriate end of the cylindrical
      combustion chamber must be provided. Thus with three injection devices 6A,
      6B and 6C arranged at 120.degree. relative to the axis of the cylindrical
      chamber, three conical zones also having their axes at 120.degree. from
      each other, relative to the axis of the combustion chamber. The other
      parts of such an apparatus with a plurality of injection devices are
      identical to a device having a single injection device of the type
      described above in detail.
PAR  The example which follows illustrates the results obtained in the operation
      of the sulphur burner of the type described in FIGS. 1-4.
PAC  EXAMPLE
PAR  The combustion chamber had a diameter of 450mm Its length between the
      outlet constricting member of the injection device and the opposite end
      was 1,750mm. The apex angle of the conical end wall extending the
      injection device was 30.degree..
PAR  The mechanical spraying device had a spray nozzle having an outlet orifice
      with a diameter of 1.2mm. The mechanical spraying device was located 45 mm
      upstream of the constricting member. The fins in the tube directing the
      primary air were inclined at 45.degree. with respect to the axis of the
      combustion chamber. The constricting member had a diameter of 26 mm. The
      injection device had a liquid sulphur flow rate of 176 kg/hr and a primary
      air flow rate of 756 kg/hr corresponding to a stoichiometric combustion of
      sulphur into sulphur dioxide. The secondary air flow rate was 538 kg/hr.
PAR  The pressure in the combustion chamber was 4.5 bars absolute and the
      primary air pressure was 5.3 bars. The pressure difference was therefore
      0.8 bar The temperature in the chamber was about 1,150.degree.C.
PAR  The analysis of the gases leaving the combustion chamber indicated that the
      percentage of SO.sub.2 was 12%.
PAR  The absence of sparks at the outlet end of the apparatus already indicated
      that the yield was excellent. The amounts of unburned sulphur confirmed
      this observation; there was less than 0.01 ppm thereof.
PAR  During this trial run the amount of the primary air was varied. It was
      increased by 5% and then 10%. The quantity of unburned sulphur remained
      very low, i.e., 0.03 ppm at the maximum.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for the combustion of liquid sulphur, comprising a tubular
      combustion chamber having an upstream end wall having at least one conical
      wall portion, said conical wall portion having an entrance port the
      entrance port being at the apex of the conical wall portion, the cross
      sectional area of the conical wall portion enlarging as the wall portion
      approaches the combustion chamber, an injector means for said at least one
      conical wall portion for injecting liquid sulphur and primary
      combustion-supporting gas into the apex of the conical wall portion and
      toward the interior of the combustion chamber, each of said injector means
      including a tube, means for introducing primary combustion-supporting gas
      into said tube, a spray head disposed substantially coaxially in the tube
      for spraying liquid sulphur toward the entrance port, means for delivering
      liquid sulphur to the spray head, means in the tube upstream of the spray
      head for setting the primary combustion-supporting gas in rotational
      motion therein, and a constricting member partially closing off the end of
      the tube adjacent to the apex of the conical wall portion, and first means
      for introducing a dilution and cooling gas into the combustion chamber
      along the lateral walls thereof and downstream of the end wall in the
      direction of the flow of gaseous mixture therein.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein the constricting member
      ending the tube at the apex of the conical end wall is hermetically sealed
      to the conical end wall portion, and wherein said liquid sulphur delivery
      mean includes a pipe disposed within the tube, the tube having an end wall
      spaced from the constricting member, the pipe passing through said end of
      the tube, the spray head being provided at the end of the pipe upstream of
      the constricting member, and wherein a plurality of apertures are provided
      in the tube upstream of the spray head for introducing the primary
      combustion-supporting gas into the tube.
NUM  3.
PAR  3. An apparatus according to claim 2, wherein said means for setting the
      primary combustion-supporting gas into rotational motion includes fins
      fixed to the pipe carrying the liquid sulphur inside the tube between the
      portion of the tube having the apertures and the spray head, said fins
      being inclined in the same direction relative to the axis of the tube.
NUM  4.
PAR  4. An apparatus according to claim 1, wherein additional means for
      introducing the dilution and cooling gas along the lateral walls of the
      combustion chamber are provided downstream of said first means.
NUM  5.
PAR  5. An apparatus according to claim 1, wherein the combustion chamber is
      formed of a mass of refractory material, and wherein the means for
      introducing the dilution and cooling gas pass therethrough.
NUM  6.
PAR  6. An apparatus according to claim 1, wherein the total apex angle of the
      conical wall portion is of about 30.degree..
NUM  7.
PAR  7. An apparatus according to claim 1, wherein said upstream end wall has a
      plurality of said conical wall portions and an injector means for each oof
      the conical wall portions.
NUM  8.
PAR  8. An apparatus according to claim 7, wherein three wall portions and
      corresponding injector means are disposed at 120.degree. relative to each
      other about the axis of the combustion chamber.
NUM  9.
PAR  9. Apparatus as in claim 1 wherein the means for introducing dilution gas
      comprises at least one obliquely disposed conduit for injecting the
      dilution and cooling gas into the combustion chamber with the major
      component of motion in a direction parallel to the longitudinal axis of
      the combustion chamber, the conduit having an opening thereof adjacent the
      junction of side walls of the combustion chamber and the upstream end
      wall.
NUM  10.
PAR  10. Apparatus as in claim 1 wherein the constricting member is spaced
      axially downstream of the spray head whereby the relatively coarse
      dispersion of liquid sulphur from the spray head is transformed into a
      fine dispersion as the mixture of primary combustion supporting gas and
      liquid sulphur passes through the constricting member.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein the spray head is positioned
      substantially at the apex of the cone defined by the conical portion of
      the end wall of the combustion chamber.
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PAL  A process for producing amethyst crystals which involves growing colourless
      quartz crystals by a hydrothermal method of a temperature drop in a
      high-pressure autoclave on crystalline quartz seed plates oriented
      parallel to pinacoid crystallographic planes {0001} or to planes inclined
      to said pinacoid planes at an angle of up to 15.degree. with the use of
      silica as a charge, said growing being effected from aqueous solutions of
      ammonium fluoride with a concentration of from 5 to 30% by weight and
      containing iron introduced into the autoclave in the form of its oxydic or
      hydroxydic compounds in an amount ranging from 5 to 30 g/l of the
      solution. Said growing of colourless quartz crystals is effected at a
      crystallization temperature within the range of from 150.degree. to
      500.degree.C under a pressure of from 10 to 1,200 kg/cm.sup.2 and at a
      crystal growth rate of from 0.05 to 1.5 mm/day. It is preferable to
      introduce inorganic compounds of lithium or sodium into the autoclave,
      prior to the crystal growing, in an amount ranging from 0.5 to 2.0 g/l of
      the solution. The resulting grown colourless quartz crystals are exposed
      to an ionizing radiation. In the process of the present invention the
      crystal growing is effected under specified physico-chemical process
      parameters enabling a good reproducibility of said process. Crystal growth
      rates are high enough and the process according to the present invention
      makes it possible to produce amethyst crystals with a high colour purity
      (without any smoky tint) and with no cracks whatsoever.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to processes for the production of amethyst
      crystals which find an extensive use in jeweller's art as semi-precious
      stones.
PAR  Known in the art is a process for producing amethyst crystals by growing
      colourless quartz crystals using a hydrothermal method of a temperature
      drop in a high-pressure autoclave on crystalline seed plates oriented
      parallel to crystallographic planes of the major {1011} rhombohedron or
      the minor {1101} rhombohedron and with the use of silica as a charge; the
      crystal growth is effected from aqueous solutions of potassium carbonates
      containing iron introduced into the autoclave in the form of metallic
      iron; the thus-grown colourless quartz crystals are exposed to an ionizing
      radiation.
PAR  This prior art process for amethyst crystal growing has the following
      disadvantages:
PAR  1. Rather poor reproducibility of the process of growing colourless quartz
      crystals due to non-specified process parameters, namely crystallization
      temperature and pressure in the autoclave.
PAR  2. Relatively low growing rates (of the order of 0.005 to 0.02 mm/day) of
      colourless quartz crystals on seed plates of said crystallographic
      orientations.
PAR  3. Insufficient purity of amethyst crystal colour. This may be attributed
      to the fact that during growing colourless quartz crystals from aqueous
      solutions of potassium carbonate said crystals intensively entrain
      aluminium accumulated in such solutions as a result of the charge
      dissolution. The aluminium forms, in the colourless quartz crystals,
      potential centers of the smoky colour which after the exposure to an
      ionizing radiation result in the formation of a smoky tint in amethyst
      crystals, whereby the value of the amethyst crystals is substantially
      reduced.
PAR  4. Considerable fracturing of the amethyst crystals.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a process for producing
      amethyst crystals, wherein the growing of colourless quartz crystals would
      be effected under specified physico-chemical process parameters, whereby a
      good reproducibility of the process could be ensured.
PAR  It is another object of the present invention make it possible to
      substantially increase the growth rates of colourless quartz crystals.
PAR  Still another object of the present invention is to provide such a process
      which would enable the production of amethyst crystals with a high colour
      purity (without a smoky tint).
PAR  A further object of the present invention is to provide such a process
      which would make it possible to produce amethyst crystals without cracks.
PAR  These and other objects of the present invention are accomplished by
      growing colourless quartz crystals by a hydrothermal method of a
      temperature drop in a high-pressure autoclave on crystalline quartz seed
      plates oriented parallel to pinacoid crystallographic planes {0001} or to
      planes inclined to said pinacoid planes at an angle of up to 15.degree.
      using silica as a charge; said growing is effected from aqueous solutions
      of ammonium fluoride with a concentration of from 5 to 30% by weight and
      containing iron introduced into the autoclave in the form of its oxydic
      and hydroxydic compounds in an amount ranging from 5 to 30 g/1 of the
      solution; said growing of colourless quartz crystals is effected at a
      crystallization temperature ranging from 150.degree. to 500.degree.C,
      under a pressure within the range of from 10 to 1,200 kg/cm.sup.2 at a
      crystal growth rate of from 0.05 to 1.5 mm/day; the grown colourless
      quartz crystals are exposed to an ionizing radiation.
PAR  Said conditions of crystal growing enable the production of colourless
      quartz crystals and, consequently, high-quality amethyst crystals. The
      process of crystal growing is well reproducible due to specified
      physico-chemical parameters thereof.
PAR  Analysis of crystals grown from aqueous solutions of ammonium fluoride on
      the seed plates of the above-mentioned orientations according to the
      present invention has shown that on said seed plates the crystals grow by
      way of regeneration, becoming coated with numerous minor (up to 1 mm)
      faces of a trigonal dipyramid. Therewith, a built-up crystal layer
      consisting of a combination of such dipyramids does not lose its
      integrity, while the crystal growth rate exceeds by 10 to 70 times that of
      crystals grown from aqueous solutions of potassium carbonate at the same
      crystallization temperatures and pressures on seed plates oriented
      parallel to crystallographic planes of the major and minor rhmobohedrons.
PAR  As it has been mentioned hereinbefore, in the process of the present
      invention iron is introduced into the autoclave in the form of its oxydic
      or hydroxydic compounds. This accounts for the presence, in the ammonium
      fluoride solution, of iron in a trivalent condition which is necessary, as
      it is well known, for the formation of potential centers of violet
      (amethyst) colour in the colourless quartz crystals. Under the action of
      an ionizing irradiation upon said crystals, these potential centers give
      rise to the formation of amethyst colour centers imparting violet colour
      to the colourless quartz crystals.
PAR  The introduction of metallic iron into the autoclave as in the prior art
      method is excluded, since metallic iron reacts with ammonium fluoride with
      the evolution of hydrogen, whereby a reducing medium is created in the
      autoclave thus preventing iron from transition into a trivalent state.
PAR  The process of the present invention makes it possible to produce
      high-purity colour amethyst crystals. This may be attributed to the fact
      that aluminium accumulated in aqueous solutions of ammonium fluoride upon
      dissolution of a charge forms a stable hexafluoride complex in these
      solutions. But even in the case where aluminium is incorporated into the
      growing crystals, there is no formation, therein, of aluminium-alkali
      centers of a smoky colour, but there are formed, as proven by optic- and
      radiospectroscopic analysis, aluminium-hydrogen defects which are not
      developed within the visible spectrum region after the exposure to an
      ionizing radiation. Therefore, the presence of aluminium in aqueous
      solutions of ammonium fluoride does not hinder the formation of amethyst
      crystals with a high colour purity (without a smoky tint). Since, as
      mentioned hereinabove, the source of aluminium in the solutions is
      represented by the soluble charge and since aluminium in the process of
      the present invention does not hinder the formation of high-quality
      amethyst crystals, the charge may be made of crystalline quartz or other
      polymorphic varieties of crystalline silica as well as amorphous silica
      without limitations as to the content of the aluminium impurity in the
      charge.
PAR  It should also be noted that an essential feature of the crystals grown
      from aqueous solutions of ammonium fluoride on seed plates oriented
      parallel to the pinacoid crystallographic planes or to the planes inclined
      to said pinacoid planes at an angle of up to 15.degree. resides in a total
      absence of cracks.
PAR  As mentioned hereinbefore, iron is introduced into the autoclave in the
      form of its oxydic or hydroxydic compounds. Among the oxydic compounds of
      iron it is most preferred to employ ferric oxide Fe.sub.2 O.sub.3 and
      among hydroxydic ones - ferric hydroxide Fe(OH).sub.3.
PAR  It is advisable that the growing of colourless quartz crystals be effected
      from aqueous solutions of ammonium fluoride with a concentration of from
      10 to 15% by weight; oxydic or hydroxydic iron compounds should be charged
      into the autoclave in an amount of from 15 to 20 g/l of the solution and
      the growing of said crystals should be conducted at a crystallization
      temperature within the range of from 300.degree. to 350.degree.C under a
      pressure ranging from 100 to 240 kg/cm.sup.2 and at a crystal growth rate
      of from 0.25 to 0.5 mm/day.
PAR  At a long period of growing the colourless quartz crystals there occurs an
      irreversible breakdown of potential colour centers due to the instability
      of these potential centers of amethyst colour against the action of
      elevated temperatures (300.degree. to 500.degree.C) within the growth
      zones adjacent to a seed plate. Such zones do not become violet coloured
      after the exposure to an ionizing radiation.
PAR  In order to prevent said potential colour centers from the thermal
      breakdown and to produce amethyst crystals with a uniform colour over the
      entire volume of the crystals, it is advisable that, prior to the growing
      of the colourless quartz crystals, inorganic compounds of lithium or
      sodium be introduced into the autoclave in an amount of from 0.5 to 2 and
      preferably 1 g/l of the ammonium fluoride solution.
PAR  As the inorganic compounds of lithium and sodium it is advisable to employ
      fluorides, nitrites or nitrates of these metals.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The process for producing amethyst crystals according to the present
      invention is embodied in the following manner.
PAR  A nutrient charge is placed in a high-pressure autoclave viz. into its
      bottom portion-dissolution chamber. The autoclave is provided with a
      protective lining such as made of copper or polytetrafluoroethylene. The
      charge may be made of any polymorphic modifications of crystalline silica
      such as naturally-occurring vein quartz, quartz sand, synthetic quartz,
      cristobalite or tridymite, as well as amorphous silica. After placing the
      charge into the autoclave, a perforated transverse partition is mounted
      inside the autoclave to separate the dissolution chamber from the upper
      portion of the autoclave comprising a growth chamber. Thereafter, the
      growth chamber is equipped with crystalline quartz seed plates oriented
      parallel to pinacoid crystallographic planes {0001} or to planes inclined
      to said pinacoid planes at an angle of up to 15.degree..
PAR  After placing the charge and seed plates, the autoclave is fed with an
      aqueous solution of ammonium fluoride with a concentration of from 5 to
      30% by weight. Prior to the performance of the crystal growing process,
      additives of oxydic or hydroxydic iron compounds (such as FeO, Fe.sub.2
      O.sub.3, Fe.sub.3 O.sub.4 ; Fe(OH).sub.2, Fe(OH).sub.3) are charged into
      the autoclave in an amount ranging from 5 to 30 g/l of the solution and,
      when required, the autoclave contents is incorporated with additives of
      inorganic compounds of lithium or sodium such as fluorides, nitrites,
      nitrates, carbonates, sulphates, oxides or hydroxides of said metals in an
      amount of from 0.5 to 2.0 g/l of the solution.
PAR  On completion of charging, the autoclave is hermetized and set under
      predetermined growth conditions (the term growth conditions as used herein
      means crystallization temperature, pressure in the autoclave, aand crystal
      growth rate). As it has been mentioned hereinbefore, the growing of
      colourless quartz crystals is effected at a crystallization temperature
      within the range of from 150.degree. to 500.degree.C, under a pressure of
      from 10 to 1,200 kg/cm.sup.2 and a crystal growth rate of from 0.05 to 1.5
      mm/day. The predetermined growth conditions are maintained in the
      autoclave during the entire cycle period. The cycle duration .tau.
      (expressed in days) is calculated according to the formula: .tau. = d/v,
      wherein d (mm) represents a given thickness of a crystalline quartz layer
      to be grown-up on a seed plate, and v (mm/day) is the rate of growth on
      the seed plate of a given orientation. On completion of the growing cycle,
      the autoclave heating is discontinued, and the autoclave is cooled to room
      temperature, whereupon colourless quartz crystals are discharged
      therefrom. To colour the crystals with a violet (amethyst) colour, they
      are exposed to an ionizing radiation (.gamma. -rays, hard X-rays,
      accelerated electrons) with a dose ranging from 1 .times. 10.sup.3 to 1
      .times. 10.sup.7 and preferably from 5 .times. 10.sup.5 to 1 .times.
      10.sup.6 r.
PAR  For a better understanding of the present invention the following examples
      illustrating the production of amethyst crystals are given hereinbelow.
DETD
PAC  EXAMPLE 1
PAR  Into a copper-lined high-pressure autoclave there were placed a charge,
      viz. amorphous silica, crystalline seed plates oriented parallel to planes
      inclined to pinacoid crystallographic planes {0001} at an angle of 7
      .degree.; thereafter, into the autoclave was poured an aqueous solution of
      ammonium fluoride of a 5% by weight concentration with ferrous oxide FeO
      added in an amount of 5 g/l of the solution. The growing of colourless
      quartz was effected at a crystallization temperature of 500.degree.C,
      under a pressure of 1,200 kg/cm.sup.2 and a crystal growth rate of 1.5
      mm/day.
PAR  The thus-grown colourless crystals were transparent and had no cracks.
      These crystals were exposed to .gamma. -radiation using a Co.sup.60 source
      with an irradiation dose of 1 .times. 10.sup.6 r. After the irradiation,
      the crystals were coloured in the external zone of a 1.5 mm. thickness
      with a high-pure violet colour (with no smoky tint).
PAC  EXAMPLE 2
PAR  Into a high-pressure autoclave lined with polyfluorotetraethylene there
      were placed a charge, viz. cristobalite, crystalline quartz seeding plates
      oriented parallel to planes inclined to pinacoid crystallographic planes
      {0001} at an angle of 15.degree.; thereafter into the autoclave was poured
      an aqueous solution of ammonium fluoride having a concentration of 30 per
      cent by weight with iron hydroxide Fe(OH).sub.3 added in an amount of 10
      g/l of the solution. The growing of colourless quartz crystals was
      effected at a crystallization temperature of 150.degree.C, under a
      pressure of 10 kg/cm.sup.2 and a crystal growth rate of 0.05 mm/day.
PAR  The thus-grown colourless crystals were transparent and exhibited no
      cracks. These crystals were exposed to .gamma. -radiation with a dose of 3
      .times. 10.sup.4 r. After the irradiation the crystals were coloured in
      the two-millimeter external zone with a pale violet colour (with no smoky
      tint).
PAC  EXAMPLE 3
PAR  Into a copper-lined high-pressure autoclave there were placed a charge
      (naturally-occurring crystalline quartz), crystalline quartz seed plates
      oriented parallel to pinacoid crystallographic planes {0001;} then there
      was poured an aqueous solution of ammonium fluoride with a concentration
      of 10% by weight and ferric oxide Fe.sub.2 O.sub.3 in an amount of 20 g/l
      of the solution. The growing of colourless quartz crystals was effected at
      a crystallization temperature of 350.degree.C, under 240kg/cm.sup.2
      pressure and a crystal growth rate of 0.5 mm/day.
PAR  The thus-grown colourless crystals were transparent and had no cracks.
      After irradiation with .gamma.-rays of a dose of 5 .times. 10.sup.5 r.
      these crystals were coloured in the external 1.5 mm thickness zone with a
      dark-violet colour of a high purity (with no smoky tint).
PAC  EXAMPLE 4
PAR  Into a copper-lined high-pressure autoclave there were placed a charge
      (naturally-occurring crystalline quartz), crystalline quartz seed plates
      oriented parallel to pinacoid crystallographic planes, an aqueous ammonium
      fluoride solution of a 10% by weight concentration, ferric oxide Fe.sub.2
      O.sub.3 in an amount of 30 g/l of the solution, and lithium fluoride LiF
      in an amount of 2 g/l of the solution. The growing of colourless quartz
      crystals was effected at a crystallization temperature of 350.degree.C,
      under a pressure of 240 kg/cm.sup.2 and a crystal growth rate of 0.35
      mm/day.
PAR  The thus-grown crystals were transparent and contained no cracks. After the
      exposure to .gamma.-radiation with a dose of 1 .times. 10.sup.6 r these
      crystals acquired a dark-violet colour of a high purity (with no smoky
      tint) uniformly distributed within the entire crystal volume.
PAC  EXAMPLE 5
PAR  Into a copper-lined high-pressure autoclave there were placed a charge
      (naturally occurring crystalline quartz), crystalline quartz seed plates
      oriented parallel to pinacoid crystallographic planes {0001} , an aqueous
      solution of ammonium fluoride with a concentration of 10% by weight,
      ferrous hydroxide Fe(OH).sub.2 in an amount of 5 g/l of the solution, and
      sodium fluoride NaF in an amount of 0.5 g/l of the solution. The growing
      of colourless crystals was effected at a crystallization temperature of
      350.degree.C, under a pressure of 240 kg/cm.sup.2 and a crystal growth
      rate of 0.4 mm/day.
PAR  The thus-grown crystals were transparent and contained no cracks. After
      exposure to .gamma. -radiation with a dose of 1 .times. 10.sup.6 r these
      crystals were coloured with a high-pure violet colour (with no smoky tint)
      uniformly distributed within the entire volume of the crystals.
PAC  EXAMPLE 6
PAR  Into a copper-lined high-pressure autoclave there were placed a charge
      (naturally-occurring crystalline quartz), crystalline quartz seed plates
      oriented parallel to pinacoid crystallographic planes {0001}, an aqueous
      solution of ammonium fluoride with a concentration of 10% by weight,
      ferric oxide Fe.sub.2 O.sub.3 in an amount of 15 g/l of the solution and
      lithium nitrite LiNO.sub.2 in an amount of 1 g/l of the solution. The
      growing of colourless quartz crystals was effected at a crystallization
      temperature of 350.degree.C, under a pressure of 240 kg/cm.sup.2 and a
      crystal growth rate of 0.5 mm/day.
PAR  The thus-grown colourless crystals were transparent and contained no
      cracks. After exposure to .gamma. -radiation with a dose of 1 .times.
      10.sup.6 r these crystals were coloured with a pale-violet colour of a
      high purity (with no smoky tint) uniformly distributed over the entire
      volume of the crystals.
PAC  EXAMPLE 7
PAR  In a copper-lined high-pressure autoclave there were placed a charge
      (naturally-occurring quartz), crystalline quartz seed plates oriented
      parallel to pinacoid crystallographic planes {0001}, an aqueous solution
      of ammonium fluoride with a concentration of 10% by weight, ferric
      hydroxide in an amount of 10 g/l of the solution and lithium nitrate
      LiNO.sub.3 in an amount of 2 g/l of the solution. The growing of
      colourless quartz crystals were effected at a crystallization temperature
      of 350.degree.C, under a pressure of 240 kg/cm.sup.2 and a crystal growth
      rate of 0.42 mm/day.
PAR  The thus-grown colourless crystals were transparent and contained no
      cracks. After exposure to .gamma. -radiation with a dose of 1 .times.
      10.sup.6 r these crystals were coloured with a high-pure dark-violet
      colour (with no smoky tint) uniformly distributed over the entire volume
      of the crystals.
PAC  EXAMPLE 8
PAR  Into a polytetrafluoroethylene-lined high-pressure autoclave there were
      placed a charge (synthetic quartz containing 1.10.sup..sup.-2 wt.% of
      aluminium), crystalline quartz seed plates oriented parallel to planes
      inclined to pinacoid crystallographic planes {0001} at an angle of
      1.degree., an aqueous solution of ammonium fluoride with a concentration
      of 15% by weight, ferric-ferrous oxide Fe.sub.3 O.sub.4 in an amount of 20
      g/l of the solution and sodium nitrite NaNO.sub.2 in an amount of 1.5 g/l
      of the solution. The growing of colourless quartz crystals was effected at
      a crystallization temperature of 300.degree.C under a pressure of 100
      kg/cm.sup.2 and a crystal growth rate of 0.25 mm/day.
PAR  The thus-grown colourless crystals were transparent and contained no
      cracks. After exposure to .gamma. -radiation with a dose of 1 .times.
      10.sup.6 these crystals were coloured with a violet colour without any
      smoky tint.
PAC  EXAMPLE 9
PAR  Into a copper-lined high-pressure autoclave there were placed a charge
      (naturally-occurring crystalline quartz), crystalline quartz seed plates
      oriented parallel to pinacoid crystallographic planes {0001}, an aqueous
      solution of ammonium fluoride with a concentration of 8% by weight,
      naturally-occurring hematite (Fe.sub.2 O.sub.3) in an amount of 20 g/l of
      the solution and sodium nitrate NaNO.sub.3 in an amount of 2 g/l of the
      solution. The growing of colourless quartz crystals was effected at a
      crystallization temperature of 400.degree.C, under a pressure of 500
      kg/cm.sup.2 and a crystal growth rate of 0.45 mm/day.
PAR  The thus-grown colourless crystals were transparent and contained no
      cracks. After exposure to .gamma. -radiation with a dose of 1.10.sup.6 r
      these crystals were coloured with a violet colour without any smoky tint.
PAC  EXAMPLE 10
PAR  Into a copper-lined high-pressure autocalve there were placed a charge
      (naturally-occurring quartz), quartz crystalline seed plates oriented
      parallel to planes inclined to pinacoid crystallographic planes {0001} at
      an angle of 3.degree., an aqueous ammonium fluoride solution of a 10%
      concentration, ferric oxide Fe.sub.2 O.sub.3 in an amount of 30 g/l of the
      solution and lithium hydroxide LiOH in an amount of 1 g/l of the solution.
      The growing of colourless quartz crystals was effected at a
      crystallization temperature of 320.degree.C, under a pressure of 700
      kg/cm.sup.2 and a crystal growth rate of 0.3 mm/day.
PAR  The thus-grown colourless crystals were transparent and contained no
      cracks. After the exposure to .gamma. -radiation with a 6 .times. 10.sup.5
      r these crystals were coloured with a high-purity violet colour (with no
      smoky tint) uniformly distributed over the entire volume of the crystals.
PAC  EXAMPLE 11
PAR  Into a copper-lined high-pressure autoclave there were placed a charge
      (naturally-occurring crystalline quartz), crystalline quartz seed plates
      oriented parallel to pinacoid crystallographic planes {0001}, an aqueous
      solution of ammonium fluoride with a concentration of 10% by weight,
      ferric hydroxide Fe(OH).sub.3 in an amount of 7 g/l and sodium oxide
      Na.sub.2 O in an amount of 0.5 g/l of the solution. The growing of
      colourless quartz crystals was effected at a crystallization temperature
      of 400.degree.C under a pressure of 100 kg/cm.sup.2 and a crystal growth
      rate of 0.8 mm/day.
PAR  The thus-grown colourless crystals were transparent and contained no
      cracks. After exposure to .gamma. -radiation with a dose of 1 .times.
      10.sup.6 r these crystals were coloured with a violet colour without any
      smoky tint.
PAC  EXAMPLE 12
PAR  Into a copper-lined high-pressure autoclave there were placed a charge
      (naturally-occurring quartz), crystalline quartz seed plates oriented
      parallel to pinacoid crystallographic planes {0001}, an aqueous solution
      of ammonium fluoride with a concentration of 10% by weight, ferric oxide
      Fe.sub.2 O.sub.3 in an amount of 20 g/l and lithium carbonate Li.sub.2
      CO.sub.3 in an amount of 1 g/l of the solution. The growing of colourless
      quartz crystals was effected at a crystallization temperature of
      450.degree.C under a pressure of 900 kg/cm.sup.2 and a crystal growth rate
      of 0.85 mm/day.
PAR  The thus-grown colourless crystals were transparent and contained no
      cracks. After exposure to .gamma. -radiation with a dose of 5 .times.
      10.sup.5 r these crystals were coloured with a high-purity violet colour
      with no smoky tint uniformly distributed over the entire volume of the
      crystals.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing amethyst crystals which comprises: introducing
      into a high-pressure autoclave a silica charge, crystalline quartz seed
      plates oriented parallel to pinacoid crystallographic planes {0001} or to
      planes inclined to said pinacoid planes at an angle up to 15.degree. and
      an aqueous solution of ammonium fluoride with a concentration of from 5 to
      30% by weight and containing iron in the form of its oxydic and hydroxydic
      compounds in an amount of from 5 to 30 g/l of the solution; growing
      colourless quartz crystals on the seed plates in the autoclave at a
      crystallization temperature within the range of from 150.degree. to
      500.degree.C under a pressure of from 10 to 1,200 kg/cm.sup.2 and at a
      crystal growth rate of from 0.05 to 1.5 mm/day; and exposing the resulting
      colourless quartz crystals to an ionizing radiation.
NUM  2.
PAR  2. The process as claimed in claim 1, wherein the oxydic iron compound is
      ferric oxide Fe.sub.2 O.sub.3.
NUM  3.
PAR  3. The process as claimed in claim 1, wherein the hydroxydic compound is
      ferric hydroxide Fe(OH).sub.3.
NUM  4.
PAR  4. The process as claimed in claim 1, wherein the concentration of the
      aqueous solution of ammonium fluoride ranges from 10 to 15% by weight;
      said iron compounds are added in an amount of from 15 to 20 g/l of the
      solution; and the growing of said crystals being effected at a
      crystallization temperature ranging from 300.degree. to 350.degree.C under
      a pressure of from 100 to 240 kg/cm.sup.2 and at a crystal growth rate of
      from 0.25 to 0.5 mm/day.
NUM  5.
PAR  5. The process as claimed in claim 1, further comprising the step of
      introducing inorganic compounds of metals selected from the group
      consisting of lithium and sodium into the autoclave in an amount of from
      0.5 to 2 g/l of the ammonium fluoride solution prior to the growing of
      said colourless quartz crystals.
NUM  6.
PAR  6. The process as claimed in claim 5, wherein the inorganic compounds of
      said metals are introduced into the autoclave in the amount of 1 g/l of
      the ammonium fluoride solution.
NUM  7.
PAR  7. The process as claimed in claim 5, wherein the inorganic compounds are
      selected from the group consisting essentially of fluorides, nitrites and
      nitrates of said metals.
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ABST
PAL  Fiber reinforced metal sheets coated with an alloying material for use in
      forming fiber reinforced metal matrix composite structures by means of
      eutectic bonding processes and the structures formed by said sheets.
BSUM
PAR  Fiber reinforcement with materials such as boron fibers or filaments has
      become an increasingly attractive way to add strength and rigidity to
      metal parts especially aluminum metal parts, without increasing, and in
      some cases even reducing, the weight of the parts. This is especially
      important in the aerospace industries where methods for increasing the
      strength to weight and modulus to weight ratios of compressor blades,
      skins, spars, ribs longerons and other primary structures are constantly
      being sought. Unfortunately, heretofore high material costs and difficult
      and costly fabrication procedures have severly limited utilization of
      fiber reinforced metal composite structures to small and/or highly
      critical parts or to parts which are substantially flat in shape. This is
      so because the primary fabrication processes that have been used to
      manufacture such composite structures have been diffusion or solid state
      bonding processes which by their very nature require that extremely high
      pressures be applied to the structures during bonding. The high diffusion
      bonding pressures required heretofore, typically in the range from about
      6,000 to about 80,000 psi, have limited the size of parts which can be
      formed because such high pressures are difficult to obtain and maintain
      uniformally over large surface areas, and the use of higher temperatures
      to allow lower pressures would result in detrimental fiber-matrix
      interaction. Diffusion bonding is also time consuming, not adaptable to
      high production rates, and under certain circumstances induces warpage
      into the members being fabricated. In addition, where parts other than
      flat sheets have been fabricated, it has been necessary to use high
      temperature creep forming processes and to leave the fibers out of the
      metal altogether in regions where bending is required. High temperature
      creep forming is very costly and so difficult to control that many rejects
      and wasted parts result therefrom. Also the deletion of fibers from
      regions of the composite sheets in which the bends are to be made greatly
      increases the cost of their production and substantially reduces the
      overall strength of the finished members as compared to the strength of
      similar members having fibers located in them where they have bends.
      Furthermore, metal matrices heretofore commonly used for fiber reinforced
      metal composite structures have been relatively low ductility, high
      strength alloys which for the most part are not as ductile for forming
      operations as is sometimes desirable even neglecting the effect of the
      fibers.
PAR  The present invention in part resides in the construction and use of fiber
      containing sheets, tapes, or foils which can be produced in standard
      thicknesses of either monolayer or multi-layer construction with the
      desired fiber orientation and then be used as an intermediate product to
      produce composite members of just about any size, shape, or thickness. In
      addition, by careful orientation of the subject sheets, composite
      structures can be produced whose tensile strength and/or stiffness varies
      differently in different directions and/or portions of the member. The
      subject sheets, of which any desired number can be used in a single
      structure, are eutectically bonded together to form the detail parts,
      structural elements, integrally stiffened panels and/or during
      construction of a composite structure and during the bonding process an
      alloying agent which is used in the eutectic bonding process is diffused
      throughout the metal matrix material to change the parent or base metal of
      the sheets from a relatively low strength, ductile material to a
      relatively strong, less ductile alloy. Since the subject sheets can be
      produced in standard thicknesses with the fibers relatively uniformly
      distributed throughout a ductile, low strength matric metal, the
      production of such sheets is anticipated to be relatively economical and
      therefore the overall cost of composite structures constructed therefrom
      will be reduced in relation to the cost of other comparable structures.
      Also, since the subject sheets are constructed to allow eutectic bonding
      therebetween rather than diffusion or solid state bonding, and since the
      individual sheets themselves are relatively flexible and ductile before
      being bonded, a fiber reinforced composite member such as materials,
      structural elements, assemblies, parts, even one having a relatively
      complex shape, can be built by merely stacking a plurality of the subject
      sheets on, in or over a mold or form of the desired shape and bonding them
      together. The temperatures and pressures involved in such an eutectic
      bonding process are relatively low and can be easily obtained and
      maintained in economical and easy to operate means such as in autoclaves.
      This means that relatively large and complex shaped members can be
      constructed at relatively high production rates because the bonding time
      is comparable to welding and brazing and at relatively low cost with the
      present invention as compared to all known processes and techniques.
PAR  It is therefore a principal object of the present invention to provide
      improved means and methods for fabricating fiber reinforced metal matrix
      composite members.
PAR  Another object is to provide means for constructing stronger and more rigid
      structural members.
PAR  Another object of the present invention is to provide means which enable
      construction of fiber reinforced metal composite structures having
      relatively complex shapes.
PAR  Another object is to provide means which enable construction of fiber
      reinforced metal matrix composite structural members having unequal
      thickness parts by the relatively simple means of adding layers as
      required.
PAR  Another object is to reduce the cost of constructing fiber reinforced metal
      composite structures.
PAR  Another object is to provide an improved fiber reinforced metal sheet which
      is particularly useful as an intermediate product in the fabrication of
      fiber reinforced metal alloy composite structures.
PAR  Another object is to provide an improved process for bonding together metal
      sheets having reinforcing fibers therein.
PAR  Another object is to provide a process for changing a relatively low
      strength matrix metal into a high strength matrix alloy.
PAR  Another object is to provide an improved process whereby the parent or base
      metal is alloyed to a heat treatable alloy by an agent used in the
      eutectic bonding process.
PAR  Another object is to increase the strength-to-weight and modulus-to-weight
      ratios of structural members.
PAR  Another object is to provide an improved method for manufacturing boron
      fiber, aluminum alloy composite structures at lower cost and at relatively
      higher production rates than has been possible heretofore using known
      methods and techniques.
PAR  Another object is to provide means for bonding boron fiber, aluminum alloy
      sheets by a molten metal fusion process wherein the molten metal in the
      joint is sufficiently thin so as to not allow the molten aluminum to
      contact the boron fibers.
PAR  Another object is to provide an improved method for fabricating relatively
      large and/or complex shaped fiber reinforced metal structures.
PAR  Another object is to provide a fiber reinforced metal alloy structure
      constructed by eutectically bonding together a plurality of fiber
      containing metal foils.
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PAR  These and other objects and advantages of the present invention will become
      apparent after considering the following detailed specification which
      discloses several preferred embodiments or structures and several methods
      of making same in conjunction with the accompanying drawing, wherein:
PAR  FIG. 1 is a perspective view partially in cross-section showing a partion
      of a fiber reinforced sheet constructed according to the present
      invention;
PAR  FIG. 2 is a schematic view showing several sheets similar to the sheet of
      FIG. 1 being formed into a composite structure by an eutectic bonding
      process according to the present invention;
PAR  FIG. 3 is an enlarged view showing a fragment of another composite
      structure similar to the composite structure of FIG. 2 after the eutectic
      bonding process has been performed thereon;
PAR  FIG. 4 is an enlarged view showing a fragment of a composite structure
      after the eutectic bonding process has been performed thereon whose
      reinforcing fibers are oriented in various directions; and,
PAR  FIG. 5 is a perspective view showing a portion of a composite structural
      member after the eutectic bonding process has been performed thereon, said
      member having portions of different thicknesses achieved by selectively
      placing monolayer fiber reinforced metal sheets.
DETD
PAR  Referring to the drawings more particularly by reference numbers, number 10
      in FIG. 1 refers to a fiber reinforced sheet suitable for eutectically
      bonding to other similar sheets, and constructed according to the present
      invention. The sheet 10 includes a body portion formed of metal foil 12
      which has a plurality of reinforcing fibers 14 running therethrough. The
      reinforcing fibers 14 ideally but not necessarily are arranged to be
      parallel to each other in the structure 10 and are formed in a single
      plane which is parallel to both opposite surfaces 16 and 18 of the foil
      12. In order to get the most possible fiber material in the foil 12, it is
      preferable that the diameter of the fibers 14 be only slightly less than
      the thickness of the foil 12. Although the preferable parent or base metal
      of which the foil is constituted has been found to be relatively pure
      aluminum (1100 series aluminum or purer), the parent metal can also be an
      alloy of aluminum or any other metal which forms a liquid eutectic with
      some other material at a temperature below the melting point of the parent
      metal and of the reinforcing fibers 14. Relatively pure aluminum has been
      found to be particularly desirable, however, because it is relatively
      ductile and allows the intermediate sheets 10 constructed thereof to be
      easily formed even into relatively complex shapes. The reinforcing fibers
      14 are preferably boron fibers which are formed by being grown around
      tungsten wires 20 as is relatively well known in the art. Boron fibers are
      known to work well in metal reinforcement applications because of their
      relatively high melting point, their low specific gravity and their high
      tensile strength and modulus although other fibers such as silicon carbide
      coated boron, graphite, beryllium, molybdenum, tungsten, tantalum, steel,
      wires, and similar materials can also be used especially in cases when
      other metals or alloys are used as the matrix. Where high temperatures
      will be encountered, typical matrices may be nickel, cobalt, titanium,
      iron, columbium, and other similar materials or their alloys.
PAR  A film 22 of bonding material is applied on one or both surfaces 16 and 18
      of the foil 12 by any suitable method wherein the thickness thereof can be
      controlled as desired. Typical methods for applying the films 22 to the
      foil 12 have included vapor deposition and electrodeposition, both of
      which have advantageous features. It has also been found through
      experimentation that less care is required to apply a suitable bonding
      film 22 utilizing vapor deposition methods while electro-deposition may be
      faster and more economical in the long run. The bonding material from
      which the film 22 is constructed is chosen from those materials which form
      a liquid eutectic with the parent metal in the foil 12 at a temperature
      below the melting temperature of the reinforcing fibers 14. In addition,
      bonding materials which form high strength alloys with the parent metal
      are also usually preferable. In the case of the relatively pure aluminum
      foil 12 having boron fibers 14 therein as discussed above, a film 22 of a
      material such as copper works very satisfactorily because the
      aluminum-copper alloy which results after the eutectic bonding process is
      completed has a substantially greater strength than the original aluminum
      sheet alone, increasing as much as three-fold or more in strength. Also
      copper forms an eutectic with aluminum at temperatures between about
      900.degree.F and 1200.degree.F which is below the temperature at which the
      aluminum melts. This is important because if the aluminum were permitted
      to melt, the boron fibers would then tend to undesirably be dissolved by
      or diffused into the aluminum thus destroying or substantially weakening
      the fibers 14 and weakening or ruining the resulting structure. Film
      forming materials other than copper which can also be used include
      silicon, silver, gold, tin, magnesium, manganese, and zinc to name a few.
      However, none of these seems to have all of the advantages and simplicity
      of copper.
PAR  It is desirable that the film 22 be relatively thin, having a thickness in
      a range between about 10.sup.-.sup.3 and 10.sup.-.sup.5 inches, so that
      undesirable, brittle intermetallic compounds are not formed at the
      interfaces between adjacent eutectically bonded sheets 10 since such
      brittle compounds when present substantially decrease the overall strength
      of the bonded structure and so that the molten zone will be thin and not
      contact the fibers 14. A thin bonding material film 22 is also desirable
      because very little of the bonding material is actually required to form
      an eutectic bond, and only relatively small amounts of bonding material
      need be diffused throughout the foil 12 to form alloys like the above
      mentioned aluminum-copper alloy. The thickness is normally set by the
      amount of bonding material required to form the alloy desired.
PAR  A typical apparatus in which to construct a fiber reinforced metal
      composite structure 24 (FIG. 3) using the teachings of the present
      invention is shown in FIG. 2 wherein similar sheets 10 are stacked one on
      the other on a mold 26, the surface of which preferably is separated from
      the sheets 10 with a suitable release agent. The number of sheets 10
      stacked together to form the final structure can be varied widely as
      desired and the number and thickness of the sheets controls the final
      thickness of the completed structure. Although it is not mandatory it has
      been found that the outermost sheets numbered 10' in FIG. 2, which will
      form the exposed surfaces of the final structure 24 need have bonding
      material deposited only on the surfaces thereof that are to be bonded to
      adjacent sheets. Since the sheets 10 are relatively ductile when they are
      stacked, they can be easily conformed to the shape of a mold such as the
      mold 26 as shown in FIG. 2. A sealed chamber 28 is formed around the
      sheets 10 stacked on the mold 26 by welding or other suitable sealing
      methods of attaching metal foil 30 to the mold 26 in the position as
      shown. The pressure within the chamber 28 formed by the mold 26 and the
      foil 30 is dropped by means of a line 31 which connects the chamber 28
      with a vacuum pump (not shown) which operates to remove air from the
      chamber 28 including particularly any air which might be between the
      stacked sheets 10 which otherwise might prevent a proper bond from being
      formed. Chambers such as this can be constructed from the relatively
      flexible stainless steel foils 30 and have been found to work well but
      other chambers or containers which can be evacuated such as might be
      formed by tightly sealed male and female molds can also be used. The
      sheets 10 are then heated to around 1000.degree.F by suitable means such
      as by the electrical resistance heating cloths 32 and 34 which are shown
      positioned on opposite sides or around the chamber 28 as shown. Insulation
      means such as fiberglass cloth members 35 can be positioned about the
      chamber 28 and about the heating means 32 and 34 to assure that the heat
      that is produced is uniformly distributed to the sheets 10 being formed
      into the structure 24. A thermocouple 36 is included within the chamber 28
      so that the temperature therein can be measured or monitored and
      regulated.
PAR  Pressure is applied to the sheets 10 during the bonding process and this
      pressure may be applied by some external means such as by placing the mold
      in a pressured chamber or autoclave 38. The pressure applied in this way
      should be in a range from about 15 to 1,000 psi. The pressure thus applied
      causes the sheets 10 to remain in intimate contact with each other and
      also assures that the sheets will closely conform to the shape and curves
      of the mold member 26. The pressure may be applied by placing the
      structure as shown in FIG. 2 in the autoclave 38 or it may be applied by
      any other suitable means such as by positioning the structure in an
      hydraulic pressure chamber or between the platens of an hydraulic press
      when tightly sealed male and female molds are used or the like. Such
      pressure applying means are important because they distribute their
      pressure uniformly over the structure being made and they also only
      require that a single mold member such as the member 26 be used rather
      than requiring mating mold members.
PAR  The subject process can also be performed without the use of an autoclave
      by placing the members or sheets to be bonded on a mold member such as the
      member 26 and moving a seam resistance or high frequency welder electrode
      back and forth over the exposed surface of the stacked sheets. If this is
      done it will usually not be necessary to provide a vacuum environment and
      the process can be performed in air because the movable electrode will
      then operate to force the sheets together as it moves thereover. Movable
      seam resistance and high frequency electrodes and welding processes are
      well known in the art. In this case that stationary mold member will also
      serve as the other welding electrode.
PAR  Since the sheets 10 are usually rather thin and flexible, they are
      relatively easy to conform to the shapes and curves of a mold such as the
      mold 26 especially if the principal mold curves or contours run parallel
      to the direction of the reinforcing fibers 14. The proper orientation of
      the fibers 14 in the stacked sheets 10 has a great deal to do with the
      ultimate strength and the modulus of elasticity of the completed structure
      24. The fibers 14 are preferably located or arranged in a single layer or
      plane in each sheet 10, and therefore bending of one of the sheets 10 to
      make it conform to the shape of a contoured mold does not ordinarily exert
      nearly as much stress on the fibers 14 as would be the case if a single
      sheet had a plurality of layers of fibers especially if the fibers in the
      different layers were differently oriented. The net result is that when
      using sheets with single layers of fibers there is very little
      pre-stressing or degradation of the strength of the fibers 14 when
      conforming the sheets 10 to the mold. Also, if the fibers 14 are oriented
      parallel to the curves of the mold as is the case shown in FIG. 2, little
      or no degradation or weakening of the fibers seems to result. The
      orientation of the fibers in different bonded sheets 10, however, can be
      multi-directional. This is especially desirable if a completed structure
      40, a fragment of which is shown in FIG. 4, will be subjected to loads in
      more than one direction. The fibers 14 can also be oriented
      unidirectionally, that is in only one direction, when forming parts such
      as spars which carry relatively great loads in certain predetermined
      directions and relatively small loads in other directions. Experimental
      unidirectional composite fiber reinforced structures similar to the
      structure 24 have been constructed having tensile strengths which vary by
      factors of as much as nine to one in different directions therein. It
      should be understood that the strength characteristics of the completed
      structures 24, 40 and 41 are varied by careful orientation and stacking of
      the sheets 10 and that the orientation of the sheets 10 does not otherwise
      effect the method of the construction of the structures 24, 40 and 41.
PAR  The sheets 10 when constructed of pure aluminum with copper layers 22, when
      heated are held at temperatures in the range from about 900 to
      1200.degree.F as aforesaid during which time the thin layers of bonding
      agent 22 diffuse into the metal 12 until the eutectic composition is
      reached and thin layers of liquid eutectic form between the sheets 10. The
      liquid eutectics form only between the adjacent sheets 10 and then only
      briefly because the bonding material quickly diffuses throughout the
      structure 24, 40 or 41. The thin layers of liquid eutectic therefore never
      come in contact with the fibers 14 even though the fibers 14 extend close
      to the coated surfaces of the foils 12. This is highly desirable
      especially in the case of boron-aluminum-copper structures because boron
      will be dissolved by and diffuse readily into the liquid aluminum-copper
      eutectic, if it comes in contact therewith, which dissolution of diffusion
      would undesirably weaken or destroy the fibers. The time required for the
      bonding material to diffuse may be as short as only a few minutes, such as
      five minutes, or longer in other cases depending on the materials and
      dimensions used. Alternatively, the diffusion of the bonding agent 22 into
      the parent metal 12 to form the desired homogeneous alloy can be completed
      in another heat treating operation thereby reducing the time to produce a
      structural member. After a length of time sufficient to allow complete
      diffusion of the bonding material into the matrix metal of the foil 12 to
      form the desired homogeneous alloy, the structure 24, 40 or 41 is allowed
      to cool. The pressure applied to the structure during bonding is then
      removed and the completed structure 24, 40 or 41 in its final form is
      removed from the autoclave 38 and from the chamber 28. As can be seen from
      the above explanation three separate operations take place at about the
      same time when the material is being bonded as follows, first the various
      sheets 10 are bonded together by the liquid eutectic phase to form a
      single integral structure reinforced with the fibers, secondly, a
      secondary forming operation may take place, and finally the strength of
      the parent metal is increased by the diffusion of the bonding material
      throughout.
PAR  Since boron fibers 14 are relatively lightweight and yet have high tensile
      strength and modulus characteristics, the combination thereof in a
      composite member or structure of aluminum-copper alloy results in
      structures 24, 40 and 41, which may have a tensile strength and modulus of
      elasticity approaching or exceeding that of high strength steel, but at
      about one-third the weight of the equivalent steel structure. It is
      therefore obvious that structures such as the structures 24, 40 and 41 are
      highly advantageous for use in aircraft and other applications where the
      strength-to-weight and modulus-to-weight ratios of the structural
      components may have a large effect on the overall efficiency and weight of
      the final construction. Also, since the bonding material diffuses
      throughout the structure, except for the fibers, the maximum temperature
      at which the structure can be used is not limited by the eutectic
      formation temperature because the proper percentages of the two materials
      to form the eutectic no longer exist anywhere in the completed structure
      24, 40 or 41.
PAR  The following examples are offered to illustrate several possible
      embodiments of the invention in greater details, but it is not intended to
      restrict or limit the invention to the specific details of the examples
      since many variations are possible. The examples are therefore merely
      illustrative of the many possible variations that could be used.
PAC  EXAMPLE I
PAR  This example relates to forming a flat fiber reinforced composite structure
      which is 1 1/2 inches square and is formed by eutectically bonding fiber
      reinforced aluminum members. Copper films approximately 6 .times.
      10.sup.-.sup.5 inch thick are vacuum deposited on boron fiber reinforced
      aluminum mono-layer sheets 5 .times. 10.sup.-.sup.3 inch thick, which
      sheets are constructed of 1100 series aluminum previously cleaned by glow
      discharge means. Four of the copper coated reinforced sheets are stacked
      together on a steel tool coated with a suitable release agent which
      enables the finished member to be easily separated therefrom, and the
      stacked sheets are then placed into a stainless steel envelope similar to
      that shown in FIG. 2. The envelope is then welded shut to seal it and a
      vacuum of 750 mm. Hg. is drawn inside the envelope. The envelope with the
      sheets in it is then placed in an hydraulic press where a pressure of 15
      psi is applied. At the same time, the temperature inside the envelope is
      raised to about 1030.degree.F and is maintained for about fifteen minutes
      while the eutectic bonding and diffusion takes place. The bonded sheets
      are then cooled to 200.degree.F, the pressure is removed, and the envelope
      reopened so that the completed structure can be removed. Photomicrograph
      analysis of a completed structure formed in this way determined that the
      structure was integral, that the copper bonding material diffused
      completely throughout the aluminum matrix to form a high strength alloy,
      and that the boron fibers therein were uneffected during the process
      thereby retaining their intrinsic mechanical properties.
PAC  EXAMPLE II
PAR  The same procedure is followed in Example II as for Example I except that
      twenty sheets are stacked instead of only four and all the sheets are
      oriented so their fibers are parallel in the structure. A pressure of
      1,000 psi is then applied and the sheets are held at the elevated
      temperature for one hour after which the device is cooled and removed from
      the envelope. Again photomicrograph analysis shows that for a structure
      formed in this way, the sheets had been bonded into an integral structure,
      that the bonding material had diffused completely throughout the aluminum,
      and that the boron fibers were relatively uneffected by the bonding
      process.
PAC  EXAMPLE III
PAR  The same procedure is followed as in Example I except that three sheets are
      stacked on a male mold having a shape similar to that of the mold 26 shown
      in FIG. 2 with the fibers in all three sheets running in a direction
      parallel to the principal contours or bends of the mold. The sheets are
      held against each other and against the mold by a pressure of 700 psi
      which pressure is developed and maintained in an autoclave for twenty
      minutes at the elevated temperature. Photomicrograph analysis of a 2
      .times. 3 .times. 10 inch aircraft longeron composite structure
      constructed in this way shows that the structure is integral, that the
      resultant aluminum alloy is homogeneous throughout the structure, and that
      the boron fibers are relatively uneffected by the eutectic bonding
      process.
PAC  EXAMPLE IV
PAR  A flat fiber reinforced composite structure 0.022 .times. 6 .times. 16
      inches is formed by vacuum depositing 6 .times. 10.sup.-.sup.5 inch thick
      copper film on mono-layer sheets formed of 1100 series aluminum 5 .times.
      10.sup.-.sup.3 inch thick and reinforced with boron fibers. The copper
      plated sheets are stacked on a steel tool coated with a release agent in
      such a way that all the sheets have their fibers oriented to extend in the
      same direction. The sheets are eutectically bonded together as in Example
      I using a bonding pressure of 100 psi and a bonding temperature of
      1040.degree.F in an autoclave. These conditions are maintained for fifteen
      minutes. Photomicrograph analysis of resulting structure shows that the
      sheets have been eutectically bonded into an integral structure, that the
      copper bonding material has diffused uniformly throughout the aluminum,
      and that the fibers are relatively uneffected by the bonding process.
      Tests of the composite structure showed that it had the following
      mechanical properties which clearly illustrate the effect of having all of
      the fibers extend in the same longitudinal direction:
TBL  longitudinal flexural strength                                            
                         = 260,000 psi                                         
     longitudinal tensile strength                                             
                         = 170 .times. 10.sup.3 psi                            
     longitudinal modulus of elasticity                                        
                         =  31 .times. 10.sup.6 psi                            
     transverse tensile strength                                               
                         =  26 .times. 10.sup.3 psi                            
     transverse modulus of elasticity                                          
                         =  23 .times. 10.sup.6 psi                            
     shear strength      = 26,500 psi                                          
PAR  Thus there has been shown and described several different embodiments of
      structural members and several methods of making same all according to the
      present invention including the construction of intermediate members used
      in the making of composite structures as well as the completed structures
      themselves and the methods of their manufacture, which members, structures
      and methods fulfill all of the objects and advantages sought for the
      present invention. Many changes, modifications, variations and other uses
      and applications of the subject structures and methods, however, will
      become apparent to those skilled in the art after considering this
      specification together with the accompanying drawing. All such changes,
      modifications, variations and other uses and applications which do not
      depart from the spirit and scope of the invention are deemed to be covered
      by the invention which is limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aluminum alloy-boron fiber composite structure constructed by the
      method of stacking a plurality of similar foils in surface-to-surface
      relationship on a mold having the shape of the desired composite structure
      to be formed, each of said foils including a sheet of relatively ductile
      aluminum having a plurality of boron fibers distributed in a layer
      throughout, and each of said aluminum sheets having a coating on at least
      one surface thereof of copper capable of forming a liquid eutectic with
      the aluminum of the foil and of diffusing relatively uniformly throughout
      the aluminum without producing melting of any material, said foils being
      stacked on the mold so that at least one layer of said coating material is
      between each pair of adjacent foils in the stack, said composite structure
      being formed by subjecting said stacked foils under pressure to a
      predetermined temperature sufficient to form a liquid eutectic at the
      interfaces between the aluminum sheets and the coatings of material
      thereon, said predetermined temperature being greater than the eutectic
      temperature but less than the melting temperatures of the foils and the
      coatings thereon, said eutectic temperature being maintained for a
      sufficient time for the copper in the coating to diffuse substantially
      uniformly throughout the foil so as to lose its identity as a distinct
      coating and to integrally unite adjacent foils.
NUM  2.
PAR  2. The alloy member defined in claim 1 wherein said fibers are oriented in
      a single layer in each of said sheets parallel to the coated surfaces
      thereof, said sheets to be bonded being oriented in the desired direction
      before being bonded together.
NUM  3.
PAR  3. The alloy member defined in claim 1 wherein said alloy member has at
      least one curved portion, said sheets being oriented before being bonded
      such that the radii of curvature of the fibers at the curved portion are
      at least equal to the radius of curvature of the member itself at the
      curved portion.
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PAL  Article incorporating at least one tensile reinforcing element such as a
      metal ribbon twisted in helical fashion but having at least one edge
      thereof intermittently deformed out of its helical configuration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the reinforcement of articles of a kind having
      the general characteristic that reinforcing strand elements may be
      incorporated therein during the manufacture of such articles or of their
      constituent materials, for example by embedding such strand elements in
      the material if its manufacture involves a molding step, or by
      incorporating such elements between layers of a laminated material. The
      invention is thus applicable to the reinforcement of articles made of
      materials of the most varied kinds, such as for example concrete,
      plastics, rubber in either molded or laminated sheet form, and fabricated
      sheet material of the nature of hardboard, chipboard and laminated board.
      Articles of this kind are those hereinafter referred to as being of the
      kind described.
PAR  It is wellknown to reinforce such articles against the effects of tension
      by means of metal strands incorporated therein. In a simple form such
      strands can be metal ribbons or cylindrical wires. The reinforcing effect
      of a metal ribbon is however substantially increased if, as is also known,
      it is twisted either about itself or about an imaginary cylinder so that
      the edges thereof follow respective helical paths which are of equal
      diameter if the ribbon is twisted about itself or of diameters which
      differ by approximately the width of the ribbon if it is twisted about an
      imaginary cylinder. However, the increased reinforcing effect obtained by
      employing such a twisted metal ribbon is somewhat offset by the fact that
      a screw effect is thereby introduced when the reinforced material is in
      tension which tends in time to loosen the engagement between the
      reinforcing strand and the surrounding material. The present invention
      provides a reinforced article in which the latter disadvantage is overcome
      or substantially reduced.
PAC  SUMMARY OF THE INVENTION
PAR  Viewed from a broad aspect the invention provides an article of the kind
      described, which article incorporates at least one tensile reinforcing
      element, such element comprising a metal ribbon twisted in helical fashion
      but shaping at least one edge thereof intermittently deformed out of its
      helical configuration.
PAR  The reinforcing ribbon or ribbons may if desired be prestressed before
      their incorporation in the said article or in the constituent material
      thereof. Where a number of reinforcing ribbons are present these may be
      disposed in a predetermined alignment or in random fashion, as desired.
      The lengths of the ribbons may vary substantially, i.e. from less than an
      inch upwards to lengths commensurate with the dimensions of the article
      concerned.
PAR  The said intermittent deformation of at least one edge of the twisted
      ribbon out of its helical configuration destroys the aforementioned screw
      effect which previously tended to weaken the gripping engagement between
      such a ribbon and its surrounding material. The desired deformation may
      most conveniently be achieved by passing the helically twisted ribbon
      through the nip of a pair of rollers before it is incorporated in the
      article to be reinforced, so that at least one edge of the ribbon is
      flattened at successive regions spaced by one complete turn of the helix.
PAR  It will be understood that if the ribbon is one which has been twisted
      about itself its passage through rollers as mentioned above will result in
      both of its edges being so intermittently deformed; if on the other hand
      the ribbon is one which is twisted about an imaginary cylinder, and which
      will in fact have been so formed by twisting it about a cylindrical
      mandrel, the twisted ribbon will be passed through the rollers while still
      mounted on such mandrel and only the outer edge of the ribbon will thereby
      be intermittently flattened.
PAR  It will be further understood that if the twisted ribbon is deformed by
      passing it through the nip of a pair of rollers as aforesaid its
      thickness/width ratio must be such as to prevent its buckling rather than
      simply being flattened on its edges as desired; it has been found that a
      thickness/width ratio of about 1:4 produces satisfactory results. The
      possibility of buckling may be reduced by deforming the ribbon in two
      stages, e.g. by passing it through two successive pairs of rollers.
PAR  The degree of deformation that may be applied to the twisted ribbon is also
      limited by certain factors, because such deformation despite its
      aforementioned advantages also tends to reduce that helical nature of the
      twisted ribbon which improves its reinforcing qualities as compared with
      those of an untwisted ribbon of the same dimensions. We have found that a
      degree of deformation which, in the deformed regions of a ribbon which has
      been twisted on itself, reduces its overall diameter by about two-fifths
      produces a satisfactory result.
PAR  When the ribbon is deformed by passing it through the nip of one or more
      pairs of rollers the surfaces of the latter may be cylindrical as is
      preferred or of outwardly concave shape, i.e. waisted.
PAR  If desired the stresses set up in the twisted and deformed ribbon in its
      manufacture may be relieved by heat treatment of the ribbon.
PAR  The invention also extends to a reinforcing ribbon alone and thus, viewed
      from another aspect, provides a tensile reinforcing element for
      incorporation in an article of the kind described, comprising a metal
      ribbon twisted in helical fashion but having at least one edge thereof
      deformed out of its helical configuration at regularly spaced regions
      along the length thereof.
PAR  It should be understood that although a very convenient way of deforming a
      twisted ribbon according to the invention is by passing it through the nip
      of one or more pairs of rollers the edge or edges of the ribbon may be
      deformed in many other ways, so long as the basic desideratum of
      intermittently breaking the helical configuration of such edge or edges is
      met so as to destroy the aforementioned screw effect. Thus for example the
      ribbon may be passed through a press which will stamp flats on its edge or
      edges either at every helical turn or in spaced groups of such turns, or
      through a pair of indented rollers which will engage it intermittently so
      as to deform the ribbon at every second or third helical turn thereof, for
      example. In another alternative a series of notches could be cut in the
      edge or edges of the ribbon at spaced intervals therealong.
PAR  Two or more twisted and deformed ribbons according to the invention may if
      desired be twisted together to form a composite reinforcing strand.
PAR  We have found that, while the adhesion in tension between a twisted but
      undeformed ribbon and its surrounding material is approximately four times
      as great as if an untwisted ribbon is used, the adhesion in the case of a
      twisted and deformed ribbon according to the invention is approximately
      five times as great again as in the case of twisted but undeformed ribbon.
PAR  It will be understood that any desired number of reinforcing ribbons
      according to the invention may be incorporated in a material in any
      desired arrangement relative to one another, for example, in parallel
      relationship or so as to form a regular or irregular lattice, depending on
      design requirements.
PAR  Various specific purposes, features and advantages will clearly appear from
      the detailed description given below taken in connection with the
      accompanying drawing which forms part of this specification and illustrate
      merely by way of examples certain embodiments of the barbed wire according
      to the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the following description and in the claims, parts will be identified by
      specific names for convenience, but such names are intended to be as
      generic in their application to similar parts as the art will permit. Like
      reference characters denote like parts in the several figures of the
      drawing, in which:
PAR  FIGS. 1 and 2 are a plan and side elevation respectively of part of a first
      embodiment of a reinforcing element according to the invention;
PAR  FIGS. 3 and 4 illustrates two alternative ways of forming the element of
      FIGS. 1 and 2, and;
PAR  FIGS. 5 and 6 illustrate the manners of forming three other embodiments of
      reinforcing elements according to the invention.
DETD
PAR  In order that the invention may be more readily understood certain
      embodiments of tensile reinforcing elements according to the invention
      will now be described by way of example and referring first to FIGS. 1 and
      2, there is shown a portion of steel ribbon 1 which is helically twisted
      about itself. The twisted ribbon is formed at spaced intervals, i.e. one
      in every helical turn, with mutually opposite flat surfaces 2 impressed on
      edges of the twisted ribbon.
PAR  The twisted ribbon of FIGS. 1 and 2 may be flattened by passing it through
      the nip of a pair of rollers 3 and 4, as shown in FIG. 3. An alternative
      way of flattening the ribbon is by passing it step-wise through a press,
      as shown in FIG. 4, having jaws 5 and 6 between which spaced regions of
      the edges of the twisted ribbon are flattened.
PAR  FIG. 5 illustrates another form of press, in which the faces 7 and 8 of
      jaws 9 and 10 are each provided with a concave portion 11. It is evident
      that by this method every other two consecutive helical turns of the
      twisted ribbon 1 will be flattened, so forming a somewhat modified
      element.
PAR  FIG. 6 illustrates another method of flattening the twisted ribbon 1. In
      this instance a pair of rollers 12 and 13 are formed with complementary
      teeth 14 and 15. As the rollers rotate the twisted ribbon is flattened by
      being nipped between their teeth. In this particular embodiment alternate
      helical turns of the ribbon are flattened, but clearly every turn could be
      flattened if the teeth were spaced more closely on the respective rollers.
PAR  In a preferred form of the invention the reinforcing element comprises a
      steel ribbon having a width of 0.5 mm. and a thickness of 0.125 mm. which
      has been helically twisted about itself so as to have a pitch of about
      1.25 mm. The twisted ribbon has then been passed through the nip of a pair
      of cylindrical rollers spaced from one another by 0.3 mm. so that, once in
      each turn of the helically twisted ribbon, the width thereof has been
      reduced by compression and flattening of its opposite edges to 0.3. mm. In
      this way the two similar helices followed by the respective edges of the
      ribbon have been intermittently broken by a flattened portion of such edge
      having a length of about 0.5 mm. Thus, the screw-like configuration of the
      ribbon which is incorporated in the material to be reinforced, enables the
      surrounding material, as a result of its molding or compression about the
      ribbon, to closely follow the lines of the edges of the ribbon with the
      result that material and ribbon will grip one another tightly.
PAR  If desired the twisted and deformed ribbon may be provided with a
      non-ferrous, or indeed non-metallic, coating to inhibit corrosion thereof.
PAR  While the invention has been described and illustrated with respect to
      certain preferred examples which give satisfactory results, it will be
      understood by those skilled in the art after understanding the principle
      of the invention, that various changes and modifications may be made
      without departing from the spirit and scope of the invention and it is
      intended therefor in the appended claims to cover all such changes and
      modifications.
CLMS
STM  What is claimed is;
NUM  1.
PAR  1. A tensile reinforcing element for molded or laminated articles
      consisting of a metal ribbon of rectangular cross section uniformly
      twisted into a helix along the longitudinal centerline of said ribbon, and
      a plurality of flattened areas uniformly spaced on at least one edge of
      said helically twisted ribbon along the length of said ribbon so as to
      deform the otherwise helically curved edge of said ribbon.
NUM  2.
PAR  2. A tensile reinforcing element according to claim 1, wherein both of its
      helical edges are flattened at regions which lie opposite one another
      across the width of the ribbon.
NUM  3.
PAR  3. A tensile reinforcing element according to claim 2, wherein the edges
      are each flattened once in each helical revolution.
NUM  4.
PAR  4. A tensile reinforcing element according to claim 1, wherein the edge is
      flattened so that the overall diameter of the helix is reduced by
      substantially 2/5 in its flattened regions.
NUM  5.
PAR  5. A tensile reinforcing element according to claim 1, wherein the
      thickness/width ratio of the rectangular cross section of the ribbon is
      about 1:4.
NUM  6.
PAR  6. A tensile reinforcing element according to claim 1, said ribbon being
      formed of steel and having an anti-corrosive coating.
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PAL  Distillate fuels containing minor amounts of hexahydropyrimidines
      sufficient to inhibit fuel deterioration.
BSUM
PAR  This invention relates to improved fuel oil compositions. More
      particularly, this invention relates to fuel oils which have been
      stabilized against the formation of color and sediment therein during
      storage by the addition of a hexahydropyrimidine additive thereto.
PAR  In Ser. No. 292,494 filed on September 27, 1972 there is described and
      claimed substituted 2, 3, 4, 5-tetrahydropyrimidines (THP)
      ##SPC1##
PAL  which are prepared by the following reactions:
PA1  1. The reaction of a carbonyl compound (ketone or aldehyde) with (NH.sub.3
      or NH.sub.4 OH) and a sulfur-containing catalyst.
PA1  2. The reaction of an .alpha., .beta. -unsaturated ketone and a carbonyl
      compound and NH.sub.3 (or NH.sub.4 OH) without a catalyst.
PA1  3. Reaction of an .alpha., .beta. -unsaturated ketone, a 1-amino-alcohol
      and NH.sub.3 (or NH.sub.4 OH) without a catalyst.
PAR  In the above formula, R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and
      R.sub.6, which may be the same or different, are hydrogen or substituted
      group such as alkyl, aryl, cycloalkyl, alkaryl, aralkyl, heterocyclic,
      substituted derivatives thereof, etc. In addition R groups may be joined
      in a cyclic configuration which makes the THP structure a part of the
      substituted group.
PAR  Alkyl includes methyl, ethyl, propyl, butyl, amyl, hexyl, heptyl, octyl,
      nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
      hexadecyl, heptadecyl, octadecyl, escosyl, docosyl, etc. for example
      having about 1-25 or more carbons such as from about 1-18 carbons, but
      preferably about 1-12 carbons. The term "alkyl" also includes isomers of
      the straight chain where branching occurs.
PAR  Cycloalkyl includes cyclopentyl, cyclohexyl, etc. and derivatives thereof
      such as alkyl cyclohexyl, dialkylcyclohexyl, etc.
PAR  Aryl, alkaryl and aralkyl include phenyl, alkylphenyl, polyalkylphenyl,
      chlorophenyl, alkoxyphenyl, naphthyl, alkylnaphthyl, etc., benzyl,
      substituted benzyl, etc.
PAR  The joining of the R groups into a ring structure include those structures
      derived from reactants of the general formula (CH.sub.2).sub.n C = O such
      as cyclohexanone, cyclopentanone, substituted derivatives thereof such as
      alkyl-cyclohexanone, dialkyl-cyclohexanone.
PAR  Ser. No. 406,544 filed Oct. 15, 1973 describes and claims a class of
      compounds which are prepared by reducing THP.
PAR  Said Ser. No. 406,544 also describes and claims a unique method of
      preparing HHP which comprises using a formate salt such as ammonium
      formate. The use of ammonium formate is unique for the following reasons:
PAR  1. In the preparation of THP from a carbonyl compound and ammonia, ammonium
      formate operates as a very efficient catalyst without being consumed.
PAR  2. In the preparation of HHP from THP, ammonium formate serves as a
      reducing agent, yielding CO.sub.2 and NH.sub.3 as byproducts. It is often
      preferred to form ammonium formate by allowing ammonia to react with
      formic acid present during the initial phase of the reaction. The
      byproducts, produced in the process of preparing HHP from a carbonyl
      compound, formic acid and ammonia, are H.sub.2 O, CO.sub.2, and NH.sub.3
      and are all easily removed. The specific reaction is as follows:
      ##SPC2##
PAL  If a symmetric carbonyl compound is employed, i.e., R = CH.sub.2 R' a
      single HHP will be produced, for example in the case of cyclohexanone, the
      reaction may be summarized as follows:
      ##SPC3##
PAR  In the preferred method of Ser. No. 406,544, the carbonyl compound is
      reacted with ammonia in the presence of ammonium formate (or formic acid
      so as to form ammonium formate in situ) under pressure to keep the
      volatile components in the reaction mixture. The reaction is carried out
      at a temperature and time sufficient to produce THP, for example at a
      temperature of 20.degree. - 100.degree.C. or higher, such as from
      20.degree.-55.degree.C. for preferably from 2-18 hrs.
PAR  In general the molar ratio of carbonyl to NH.sub.3 to formic acid is at
      least 3 to 3 to 1 but preferably 3 to 3-4 to 1.
PAR  After completion of the formation of THP, the reaction mixture is further
      heated, preferably under reduced pressure to remove H.sub.2 O CO.sub.2 and
      NH.sub.3 at a temperature of 40.degree.-200.degree.C. for 0.5 to 24 hrs.
      to produce HHP.
PAR  The preferred carbonyl compound is cyclohexanone. Not all carbonyl
      compounds can be used. For example methyl ethyl ketone (MEK) when reacted
      with ammonia in the presence of formic acid yields a mixture of
      2,4,5,6-tetramethyl-2,4-diethyl and
      2,4-dimethyl-2,4,6-triethyl-2,3,4,5-tetrahydropyrimidine which upon
      further reaction with ammonium formate gives a mixture of
      dihydropyridines, a process involving deammoniation rather than reduction
      of the tetrahydropyrimidine moiety. However, MEK in combination with
      cyclohexanone yields the HHP.
PAR  Substituted cyclohexanones can also be used. Also mixtures of
      cyclohexanones and other ketones or aldehydes can be used so as to yield
      mixtures of substituted hexahydropyrimidines.
PAR  The following examples are presented by way of illustration and not of
      limitation.
DETD
PAC  EXAMPLE 1
PAC  2,2,4,4-Dipentamethylene-5,6-tetramethylene hexahydropyrimidine
PAR  A mixture of 294 grams of cyclohexanone and 51 grams of 90 percent formic
      acid were placed in a pressure reactor. To the mixture was added with
      cooling and stirring 58.6 grams of ammonia gas over a 1/2 hour period. The
      mixture was stirred for 18 hours at ambient temperature. The resulting
      product was subjected to a vacuum (25 mm Hg) at 60.degree.C. and the
      distillate 18 grams of unreacted cyclohexanone (6 percent) and water was
      discarded. The product was further heated for 3 hours at
      120.degree.-125.degree.C. The resulting product 237.6 grams (86 percent)
      was identified as 2,2,4,4-Dipentamethylene-5,6-tetramethylene
      hexahydropyrimidine, b.sub.0.5 153.degree.-155.degree.C.
PAR  Anal. Calc.ed for C.sub.18 H.sub.32 N.sub.2 ; C, 78.20; H, 11.67 N, 10.14
      Found; C, 77.94; H, 11.74 N, 10.08
PAC  EXAMPLE 2
PAC  2,2,4,4-Dipentamethylene-5,6-tetramethylene hexahydropyrimidine
PAR  A mixture of 294 grams of cyclohexanone and 63 grams of ammonium formate
      were placed in a pressure reactor. To the mixture was added 41 grams of
      ammonia gas over a 1 hour period. The mixture was stirred for 18 hours at
      ambient temperature. The resulting heterogeneous mixture was heated under
      diminished pressure to 125.degree.C. and kept at 125.degree.C. for 31/2
      hours. The resulting product, 238 grams, was identical in all respects to
      the product described in example 1.
PAR  In a manner as described in example 1, HHP's were prepared from 2-methyl
      cyclohexanone, 3-methyl cyclohexanone, 4-methyl cyclohexanone, mixture of
      cyclohexanone and acetone; cyclohexanone and methyl ethyl ketone;
      cyclohexanone and cyclopentanone; cyclohexanone and propionaldehyde;
      cyclohexanone and cycloheptanone.
PAR  They are summarized as follows.
TBL                CARBONYL EMPLOYED                                           
     ______________________________________                                    
                                          Molar                                
     Ex    A               B              Ratio                                
                                          A/B                                  
     ______________________________________                                    
     3     2-methyl cyclohexanone                                              
                           --                                                  
     4     3-methyl cyclohexanone                                              
                           --                                                  
     5     4-methyl cyclohexanone                                              
                           --                                                  
     6     cyclohexanone   acetone        2                                    
     7     cyclohexanone   methyl ethyl ketone                                 
                                          2                                    
     8     cyclohexanone   cyclopentanone 1                                    
     9     cyclohexanone   propionaldehyde                                     
                                          2                                    
     10    cyclohexanone   cycloheptanone 1                                    
     ______________________________________                                    
PAR  The products of the above reactions where HHP are prepared are summarized
      in the following table:
      ##SPC4##
TBL  RING Position                                                             
                  6 5  4   4     2     2                                       
     Ex. Subst. Group                                                          
                  R.sub.1                                                      
                    R.sub.2                                                    
                       R.sub.3                                                 
                           R.sub.4                                             
                                 R.sub.5                                       
                                       R.sub.6                                 
     __________________________________________________________________________
     1     (CH.sub.2).sub.4                                                    
                      (CH.sub.2).sub.5                                         
                                 (CH.sub.2).sub.5                              
     2     (CH.sub.2).sub.4                                                    
                      (CH.sub.2).sub.5                                         
                                 (CH.sub.2).sub.5                              
           --CH (CH.sub.2).sub.3                                               
                      --CH (CH.sub.2).sub.4                                    
                                 --CH (CH.sub.2).sub.4                         
     3     .vertline. .vertline. .vertline.                                    
           CH.sub.3   CH.sub.3   CH.sub.3                                      
           --CH.sub.2 --CH--(CH.sub.2).sub.2                                   
                      --CH.sub.2 --CH--(CH.sub.2).sub.3                        
                                 --CH.sub.2 --CH--(CH.sub.2).sub.3 --          
     4     .vertline. .vertline. .vertline.                                    
           CH.sub.3   CH.sub.3   CH.sub.3                                      
            (CH.sub.2).sub.2 --CH--CH.sub.2 --                                 
                       (CH.sub.2).sub.2 --CH--(CH.sub.2).sub.2                 
                                  (CH.sub.2).sub.2 --CH--(CH.sub.2).sub.2 --   
     5     .vertline. .vertline. .vertline.                                    
           CH.sub.3   CH.sub.3   CH.sub.3                                      
         Mixtures                                                              
     6   of   CH.sub.3                                                         
                    H  CH.sub.3                                                
                           CH.sub.3                                            
                                 CH.sub.3                                      
                                       CH.sub.3                                
     Products or  (CH.sub.2).sub.4                                             
                      or  (CH.sub.2).sub.5                                     
                                 or  (CH.sub.2).sub.5                          
         Mixtures                                                              
              CH.sub.3                                                         
                    CH.sub.3                                                   
                       CH.sub.3                                                
                           C.sub.2 H.sub.5                                     
                                 CH.sub.3                                      
                                       C.sub.2 H.sub.5                         
     7   of   or C.sub.2 H.sub.5                                               
                    H                                                          
         Products                                                              
              or  (CH.sub.2).sub.4                                             
                      or  (CH.sub.2).sub.5                                     
                                 or  (CH.sub.2).sub.5                          
         Mixtures                                                              
               (CH.sub.2).sub.4                                                
                       (CH.sub.2).sub.5                                        
                                  (CH.sub.2).sub.5                             
     8   of                                                                    
         Products                                                              
              or --(CH.sub.2).sub.3                                            
                      or  (CH.sub.2).sub.4                                     
                                 or  (CH.sub.2).sub.4                          
         Mixtures                                                              
              --(CH.sub.2).sub.4                                               
                       (CH.sub.2).sub.5                                        
                                  (CH.sub.2).sub.5                             
     9   of                                                                    
     Products or H  C.sub.2 H.sub.5                                            
                       or H                                                    
                           C.sub.3 H.sub.7                                     
                                 or H   C.sub.3 H.sub.7                        
         Mixtures                                                              
               (CH.sub.2).sub.4                                                
                       (CH.sub.2).sub.5                                        
                                  (CH.sub.2).sub.5                             
      10 of                                                                    
         Products                                                              
              or  (CH.sub.2).sub.5                                             
                      or  (CH.sub.2).sub.6                                     
                                 or  (CH.sub.2).sub.6                          
     __________________________________________________________________________
PAR  In addition THP can be prepared by the methods described in said Ser. No.
      292,494 and reduced to HHP by any conventional reducing technique such as
      for example with sodium-ethanol, sodiumborohydride, LiAlH.sub.4, sodium
      bisulfite, magnesium-methanol, a hydrogenation catalyst such as platinum,
      palladium, cobalt, nickel, etc.
PAC  EXAMPLE A
PAR  To a mixture of 294 grams of cyclohexanone and 5 grams of ammonium chloride
      placed in a pressure reactor was added over a 3/4 hour period 38.8 grams
      of ammonia gas. After the addition was completed, the mixture was stirred
      for 5 hours at ambient temperature. The product was taken up in toluene
      and the aqueous phase which separated was discarded. The toluene solution
      was evaporated under diminished pressure to yield 268 grams of
      2,2,4,4-dipentamethylene-5,6-tetramethylene-2,3,4,5-tetrahydropyrimidine.
PAR  A sample of 27.4 grams of
      2,2,4,4-dipentamethylene-5,6-tetramethethylene-2,3,4,5-tetrahydropyrimidin
     e was dissolved in 50 grams of ethanol. To the ethanolic solution was added
      6.9 grams of sodium metal at such a rate that a temperature of
      70.degree.-80.degree.C. was maintained. After the addition was completed,
      the mixture was heated for 1 hour at 85.degree.-95.degree.C. The mixture
      was allowed to cool to ambient temperature and water was added. The
      organic layer which separated was taken up in toluene. The toluene
      solution after washing with water was evaporated under diminished pressure
      to yield 22.1 grams of 2,2,4,4-dipentamethylene-5,6-tetramethylene
      hexahydropyrimidine identical to the product prepared in example 1.
PAC  EXAMPLE B
PAR  To a sample of 27.4 grams of
      2,2,4,4-dipentamethylene-5,6-tetramethylene-2,3,4,5-tetrahydropyrimidine
      dissolved in 95 grams of ethanol was added 2 grams of 5 percent
      platinum/charcoal catalyst. The mixture was hydrogenated in a hydrogenator
      for 7 hours at an initial pressure of 40 psi of hydrogen. The catalyst was
      filtered off and the ethanolic solution evaporated under diminished
      pressure to yield 26 grams of 2,2,4,4-dipentamethylene-5,6-tetramethylene
      hexahydropyrimidine identical to the product described in example A.
PAC  EXAMPLE C
PAR  A sample of 81.2 grams of
      2,2,4,4-dipentamethylene-5,6-tetramethylene-2,3,4,5-tetrahydropyrimidine
      and 32.3 grams of triethylamine were heated to 85.degree.C. Over a 2 hour
      period was added 23 grams of 90 percent formic acid while a reaction
      temperature of 85.degree.C. was maintained. After the addition was
      completed, the mixture was kept at 85.degree.C. for 16 hours. Water was
      added and the organic layer isolated and evaporated under diminished
      pressure to yield 60.3 grams of
      2,2,4,4-dipentamethylene-5,6-tetramethylene hexahydropyrimidine.
PAR  In summary, the hexahydropyrimidines of this invention contain at least one
      cycloalkylene or substituted cycloalkylene and most preferably three
      cycloalkylene or substituted cycloalkylene groups preferably those having
      a ring of 5-7 carbons and most preferably 6 carbons, i.e., cyclohexyl.
PAR  These are ideally presented by the following formulae
      ##SPC5##
PAL  where the R's are hydrogen, alkyl, cycloalkyl, alkaryl, aralkyl,
      heterocyclic, and substituted derivatives thereof and the circles
      represent cycloalkylene structures.
PAC  USE AS FUEL ADDITIVE
PAR  As is well known, fuel oils have a tendency to deteriorate in storage and
      form soluble colored bodies and insoluble sludge therein. This
      deterioration of the oil is highly undesirable in that it causes serious
      adverse effects on the characteristics of the oil, particularly on the
      ignition and burning qualities thereof. It is also a contributory factor,
      along with the presence of other impurities in the oil, such as rust, dirt
      and moisture, in causing clogging of the equipment parts, such as screens,
      filters, nozzles, etc., as is explained further herein. An important
      economical factor is also involved in the problem of oil deterioration in
      storage, viz., customer resistance. Thus, customers judge the quality of
      an oil by its color and they oftentimes refuse to purchase highly colored
      oils. It will be appreciated then that since fuel oils of necessity are
      generally subject to considerable periods of storage prior to use, the
      provision of a practical means for preventing the deterioration of the
      fuel oil during storage would be a highly desirable and important
      contribution to the art.
PAR  The problem of the formation of color bodies and sludge is further
      aggravated because fuels, such as diesel and jet fuels, are often
      preheated for some time before consumption, thus introducing the
      additional problem of thermal instability.
PAR  We have now found that oil deterioration, with attendant formation of color
      and sludge in the oil, can be inhibited by employing the
      hexahydropyrimidine additives of this invention in the oil. In general,
      one employs a minor amount of the additive which is sufficient to inhibit
      oil deterioration with the attendant formation of color and sludge.
PAR  The amount of additive employed will vary depending on various factors, for
      example the particular oil to be stabilized, the conditions of storage,
      etc. The stability of an oil depends largely on the nature of the crude
      oil from which it is made, the type of processing involved during
      refining, etc., and therefore some oils will require more additive to
      stabilize them than others. For example, caustic-treated oil will, in
      general, require less additive than untreated oil of similar character. In
      practice, one generally employs at least about 0.0001 percent (1 p.p.m.),
      such as from about 0.0001 to 0.1 percent (1-1000 p.p.m.), for example
      about 0.0002 to 0.05 percent (2-500 p.p.m.), but preferably about 0.003 to
      0.03 percent (3-300 p.p.m.) based on weight of oil. Larger amounts, such
      as 1 percent or higher, can be employed but in general there is usually no
      commercial advantage in doing so.
PAR  Fuel oils in general are contemplated by the invention. The fuel oils with
      which this invention is especially concerned are hydrocarbon fractions
      having an initial boiling point of at least about 100.degree.F. and an end
      point not higher than about 750.degree.F., and boiling substantially
      continuously throughout their distillation range. Such fuel oils are
      generally known as distillate fuel oils. It will be understood, however,
      that this term is not restricted to straight-run distillate fractions.
      Thus, as is well known to those skilled in the art, the distillate fuel
      oils can be straight-run distillate fuel oils, catalytically or thermally
      cracked (including hydrocracked) distillate fuel oils, or mixtures of
      straight-run distillates, naphthas and the like, with cracked distillate
      stocks. Moreover, such fuel oils can be treated in accordance with well
      known commercial methods, such as acid or caustic treatment, solvent
      refining, clay treatment, etc.
PAR  The distillate fuel oils are characterized by their relatively low
      viscosities, low pour points, and the like. The principal property which
      characterizes the contemplated hydrocarbon fractions, however, is the
      distillation range. As mentioned herein, this range will lie between about
      100.degree.F. and about 750.degree.F. Obviously, the distillation range of
      each individual fuel oil will cover a narrower range falling,
      nevertheless, within the above-specified limits. Likewise, each fuel oil
      will boil substantially continuously throughout its distillation range.
PAR  Especially contemplated herein are Nos. 1, 2 and 3 fuel oils used in
      domestic heating and as diesel fuel oils, particularly those made up
      chiefly or entirely of cracked distillate stocks. The domestic heating
      oils generally conform to the specifications set forth in A.S.T.M.
      Specifications D396-48T. Specifications for diesel fuels are defined in
      A.S.T.M. Specifications D975-48T. Also contemplated herein are fuels for
      jet combustion engines. Typical jet fuels are defined in Military
      Specification MIL-F-5624B.
PAR  The following diesel fuel test is a standard test for diesel fuel stability
      and is regarded as a rapid screening test for discovering new systems,
      which can be used to stabilize petroleum distillate fuels.
PAC  DIESEL FUEL TEST
PAC  90 minutes at 300.degree. F.
PAR  In the operation of a diesel engine, a portion of the fuel sent to the fuel
      injection system is injected and burned; the remainder is circulated back
      to the fuel reservoir. The injection system is located on the engine such
      that the fuel being returned to the reservoir is subjected to high
      temperatures. Consequently, diesel fuels should exhibit good thermal
      stability as well as good storage stability. Since the fuels used as
      diesel fuel are interchangeable with furnace oils, the following procedure
      is used to screen the thermal stability of fuel oils in general.
PAR  The test involves exposing 50 ml. samples of fuel, containing desired
      quantities of fuel additives, to the test where a bath is held at
      300.degree.F. and the samples are exposed for 90 minutes.
PAR  After cooling to room temperature the exposed fuel is passed through a
      moderately retentive filter paper and the degree of stain on the filter
      paper noted. The filter paper pads are compared according to a rating of
      5, 4, 3, 2 or 1, where 5 = worst and 1 - best.
PAR  The data in the following Table shows that excellent stability was achieved
      in the 90-minute 300.degree.F. diesel fuel test.
TBL  ______________________________________                                    
     Test                             20                                       
     Ex.  Additive    Fuel and Additive Conc.                                  
                                      (p.p.m.)                                 
     ______________________________________                                    
     1    commercial A                                                         
                      2     2   3   2   1   2   2   3   1   1                  
     2    commercial B                                                         
                      3     3   1   2   2   1   1   2   1   2                  
     3    N,N-di-                                                              
          methylcy-                                                            
          clohexyl-                                                            
          amine       4     4   1   3   3   2   1   3   2   3                  
     4    Product of                                                           
          Example 1   2     1   2   1   2   3   1   2   1   1                  
     5    Product of                                                           
          Example 2   2     1   2   1   2   3   1   2   1   1                  
     6    Product of                                                           
          Example 3   2     1   2   1   2   3   1   2   1   1                  
     7    Formulation 1                                                        
                      1     1   1   1   1   2   1   1   1   1                  
     8    Formulation 2                                                        
                      1     1   1   1   1   2   1   1   1   1                  
     9    2,2,4,4-Di-                                                          
          pentameth-                                                           
          ylene-5,6-te-                                                        
          tramethylene-                                                        
                      4     5   4   4   3   4   3   3   3   4                  
          2,3,4,5-tetra-                                                       
          hydropyrimi-                                                         
          dine                                                                 
     ______________________________________                                    
PAR  The above tests were carried out with 10 different fuels, each vertical
      column indicating a different fuel. Each additive was tested at 20 p.p.m.
PAR  Formulation 1 (Test Example 7) contained product of Example 1 60 percent;
      dispersant 10 percent; metal deactivator 5 percent; solvent 20 percent.
PAR  Formulation 2 (Test Example 8) contained product of Example 1 60 percent;
      dispersant 15 percent; metal deactivator 5 percent; solvent 20 percent.
PAR  The dispersant is an acrylic polymer.
PAR  The metal deactivator is N,N-disalicylidene-1,3-propanediamine
PAR  Note that in contrast the excellent performance of the hexahydropyrimides
      (Test Examples 4,5,6,7,8) the poor performance of the corresponding
      tetrahydropyrimidene (Test Example 9).
PAR  Although hexahydropyrimidines are useful as fuel additives per se their
      performance may be enhanced by employing certain auxiliary chemical aids.
      Among these chemical aids are dispersants, for example acrylic polymers of
      copolymers which can be employed in conjunction with the
      hexahydropyrimides.
PAR  One such auxiliary chemical component is the copolymer derived from an
      acrylic ester of the formula:
      ##EQU1##
      and N-vinyl-2-pyrrolidone, for example, a copolymer containing the
      following units:
      ##EQU2##
      having a molecular weight for example of at least 50,000, for example
      50,000-500,000, or higher, but preferably 100,000-400,000 with an optimum
      of 300,000-400,000 of which vinyl pyrrolidone comprises at least 1 percent
      by weight, of the polymer, for example 1-30 percent, but preferably 3-15
      percent with an optimum of 5-10 percent; where Y is hydrogen, a lower
      alkyl group such as methyl, ethyl, etc., Z is an hydrocarbon group having,
      for example, 1-30 carbon atoms, but preferably 8 to 18 carbon atoms. These
      polymers are preferably acrylic or methacrylic polymers, or polymers
      derived from both in conjunction with vinyl pyrrolidone. The Z group on
      the polymer, which can be the same throughout or mixed, can be octyl,
      nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
      octadecyl, etc. Lower alkyl groups can also be employed such as methyl,
      ethyl, propyl, butyl, pentyl, hexyl, heptyl, etc., but they preferably are
      employed as copolymers of the higher Z groups, for example a copolymer of
      dodecyl methacrylate and methyl acrylate, etc. The acrylic ester units may
      be derived from one or more acrylic type monomers and may be fully acrylic
      or fully methacrylic or both acrylic and methacrylic. The polymer may be
      random, block, graft, etc.
PAR  Also, Z may also be an alkylated aromatic group such as butyl phenyl, amyl
      phenyl, etc., or a cycloaliphatic group such as cyclohexyl. Thus,
      non-limiting specific examples of suitable monomeric esters are: methyl
      acrylate, ethyl acrylate, propyl methacrylate, amyl acrylate, lauryl
      acrylate, cetyl acrylate, octadecyl acrylate, amyl methacrylate, lauryl
      methacrylate, cetyl methacrylate, octadecyl methacrylate, amylphenyl
      methacrylate, cyclohexyl methacrylate, etc., including the analogous
      acrylate or methacrylate esters. Copolymers of the above and other acrylic
      esters may be used, for example, a copolymer of methyl or ethyl acrylate
      and dodecyl methacrylate in conjunction with vinyl pyrrolidone. However,
      it should be understood that this description does not preclude the
      presence of small amounts of unesterified groups being present in the
      polymer, i.e., approximately 5 percent or less of where Z=H.
PAR  It should be understood, of course, that when the above compounds are
      polymerized, the polymerization should not be carried to such an extent as
      to form polymers which are insoluble or non-dispersible in the petroleum
      hydrocarbon used. The polymerization may be carried out by methods known
      to the art, such as by heating mildly in the presence of a small amount of
      benzoyl peroxide, but the method of polymerization is not part of this
      invention. For examples of acrylic-vinyl pyrrolidone copolymers see French
      Pat. No. 1,163,033.
TBL                                    VINYL PYRROLIDONE-ACRYLIC ESTER TYPE    
     RESINS                                                                    
     __________________________________________________________________________
                             Vinyl pyrro-                                      
                                    Mol                                        
                             lidone, per-                                      
                                    ratio Av. mol                              
     Ex.                                                                       
        Monomer 1                                                              
               Monomer 2                                                       
                      Monomer 3                                                
                             cent by wt.                                       
                                    1:2:3 weight                               
     __________________________________________________________________________
     1  Tridecyl                                                               
               Octadecyl                                                       
        methacrylate                                                           
               methacrylate  7.5    1:1   300,000                              
     2  Dodecyl                                                                
        methacrylate         10                                                
     3  Dodecyl                                                                
               Butyl                                                           
        methacrylate                                                           
               acrylate      15     2:1   400,000                              
     4  Octadecyl                                                              
        methacrylate         5            450,000                              
     5  Tridecyl                                                               
        methacrylate         20           350,000                              
     6  Octadecyl                                                              
               Methyl                                                          
        methacrylate                                                           
               methacrylate  10     3:1   500,000                              
     7  Dodecyl                                                                
               Ethyl                                                           
        methacrylate                                                           
               acrylate      5      4:1   400,000                              
     8  Cetyl  Octadecyl                                                       
                      Butyl                                                    
        methacrylate                                                           
               methacrylate                                                    
                      methacrylate                                             
                             7.5    2.1:0.5                                    
                                          350,000                              
     __________________________________________________________________________
PAR  Another auxiliary chemical component is a metal deactivator for example
      those conveniently employed in deactivating copper, iron an other metals
      from hydrocarbon systems. Typical examples are those described in U.S.
      Pat. No. 2,282,513. Of course, one skilled in the art is aware that many
      other metal deactivators are known and can be employed.
PAR  The compounds employed as metal deactivators are preferably of the type of
      Schiff bases and may be represented by the formulae
EQU  (1) A - CH = N - R - N = CH - B
PAL  and preferably,
EQU  (2) HO - A - CH = N - R - N = CH - B - OH
PAL  wherein A and B each represents an organic radical and preferably a
      hydrocarbon radical. In Formula 2 A and B each preferably represents an
      aromatic ring or an unsaturated heterocyclic ring in whic the hydroxyl
      radical is attached directly to a ring carbon atom ortho to the - CH =
      N-group. R represents an aliphatic radical having the two N atoms attached
      directly to different carbon atoms of the same open chain.
PAR  Typical examples of aldehyde and polyamines employed in preparing these
      Schiff bases include the following:
PAC  ALDEHYDES
PAL  Benzaldehyde
PAL  2-methylbenzaldehyde
PAL  3-methylbenzaldehyde
PAL  4-methylbenzaldehyde
PAL  2-methoxybenzaldehyde
PAL  4-methoxybenzaldehyde
PAL  2-naphthaldehyde
PAL  1-naphthaldehyde
PAL  4-phenylbenzaldehyde
PAL  Propionaldehyde
PAL  n-Butyraldehyde
PAL  Heptaldehyde
PAL  Aldol
PAL  2-hydroxybenzaldehyde
PAL  2-hydroxy-6-methylbenzaldehyde
PAL  2-hydroxy-3-methoxybenzaldehyde
PAL  2-4-dihydroxybenzaldehyde
PAL  2-6-dihydroxybenzaldehyde
PAL  2-hydroxynaphthaldehyde-1
PAL  1-hydroxynaphthaldehyde-2
PAL  Anthrol-2-aldehyde-1
PAL  2-hydroxyfluorene-aldehyde-1
PAL  4-hydroxydiphenyl-aldehyde-3
PAL  3-hydroxyphenanthrene-aldehyde-4
PAL  1-3-dihydroxy-2-4-dialdehyde-benzene
PAL  2-hydroxy-5-chlorobenzaldehyde
PAL  2-hydroxy-3-5-dibromobenzaldehyde
PAL  2-hydroxy-3-nitrobenzaldehyde
PAL  2-hydroxy-3-cyanobenzaldehyde
PAL  2-hydroxy-3-carboxybenzaldehyde
PAL  4-hydroxypridine-aldehyde-3
PAL  4-hydroxyquinoline-aldehyde-3
PAL  7-hydroxyquinoline-aldehyde-8
PAC  POLYAMINES
PAL  Ethylenediamine
PAL  1-2-propylenediamine
PAL  1-3-propylenediamine
PAL  1-6-hexamethylenediamine
PAL  1-10 -decamethylenediamine
PAL  1-10-decamethylenediamine
PAL  Diethylenetriamine
PAL  Triethylenetetramine
PAL  Pentaerythrityltetramine
PAL  1-2-diaminocyclohexane
PAL  Di-(b-aminoethyl)ether
PAL  Di-(b-aminoethyl)sulfide
PAR  The ratio of hexahydropyrimides to the metal deactivator can vary widely
      depending on the particular system, the fuel, etc. employed. Thus, the
      weight ratio of hexahydropyrimides to metal deactivator may be from about
      0.1 to 20 or more, such as from about 8-15, but preferably from about
      10-12.
PAR  The weight ratio of hexahydropyrimides to the acrylic type polymer can also
      vary widely from about 0.1-20 or more, such as from 8-15, but preferably
      from about 10-12.
PAR  For ease of handling a concentrate of the additive of this invention in a
      solvent such as a hydrocarbon, for example in concentrations of 5-75
      percent or higher, such as from 20-60, but preferably from 40-60 percent.
PAR  The additives of this invention may also be used in petroleum products to
      inhibit the formation of deposits on metal surfaces such as occurs in
      tubes, evaporators, heat exchangers, distillation and cracking equipment
      and the like.
CLMS
STM  We claim:
NUM  1.
PAR  1. A distillate fuel containing a minor but deterioration inhibiting amount
      of a hexahydropyrimidine having the formula
      ##SPC6##
PAL  where each of the circles represents a cycloalkylene structure having from
      5 to 7 carbon atoms and where the R's are hydrogen alkyl, cycloalkyl,
      alkaryl or aralkyl.
NUM  2.
PAR  2. The distillate fuel of claim 1 where the hexahydropyrimidine has the
      formula
      ##SPC7##
PAL  where the R's are hydrogen, alkyl, cycloalkyl, alkaryl or aralkyl.
NUM  3.
PAR  3. The distillate fuel of claim 1 where the hexahydropyrimidine has the
      formula
      ##SPC8##
PAL  where the R's are hydrogen or alkyl.
NUM  4.
PAR  4. The distillate fuel of claim 3 where the R's in the formula are hydrogen
      or methyl.
NUM  5.
PAR  5. The distillate fuel of claim 3 wherein the R's in the formula are
      hydrogen.
NUM  6.
PAR  6. The distillate fuel of claim 3 where the R's in the formula are methyl.
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ABST
PAL  The combustion by-products in the effluvium of an internal combustion
      engine are treated in a magnetic field to remove electrons from the atoms
      of the combustion by-products which may thereafter be removed from the
      effluvium preferably by means carried within the confines of a second
      magnetic field. In the preferred embodiment, the combustion by-products
      are mixed to enhance commingling of the by-products of combustion prior to
      treatment in the magnetic field.
BSUM
PAR  This invention relates to the control and elimination of the by-products of
      combustion in the exhaust of internal combustion engines, in particular
      those of the heptane-air burning type, such as automobile engines.
PAR  While many attempts have been made in the art to achieve the above
      mentioned desirous results, until the present, the means employed and
      resultant effects therefrom have not only been extremely expensive to the
      consuming public but inefficient in eliminating the hazardous conditions
      which effect all living things in the environment where such energy
      producing units are used.
PAR  One object of this invention is to provide a method and means for the
      commingling of the various by-products of combustion adjacent the efflux
      orifice of the exhaust manifold, thus prolonging the propagation of flame
      within the commingled effluvium.
PAR  Another object of the invention is the arrangement of coacting means, which
      allows for said commingling, in such a manner as to provide each
      succeeding efflux area to be slightly larger than the preceding efflux
      area, whereby the normal back pressure within the exhaust manifold is not
      increased.
PAR  A further object is to provide means for stripping of the atoms of the
      issuing effluvium of their respective electrons and capturing same as
      current flow and thence to ground.
PAR  A still further object is to provide means for the capture of the ionized
      nuclei of said atoms as electrical entities of current flow and thence to
      ground.
PAR  A still further object is to achieve these and other advantageous results
      in an inexpensive and efficient manner, the means being employed are
      neither difficult of manufacture or assembly, simple to apply and without
      the deleterious effect upon the engine, such as heretofore practiced in
      the art.
PAR  The invention accordingly consists in the features of construction,
      combination of elements, arrangement of parts and in the several steps and
      relation and order of each of the same to one or more of the others
      thereof, all as will be illustratively described herein, and the scope of
      the application of which will be indicated in the following claims.
DRWD
PAR  In the accompanying drawings, in which are illustratively shown the
      mechanical and electrical features of a preferred embodiment of my
      invention and in which similar reference characters refer to similar parts
      throughout the several views.
PAR  FIG. 1 is a vertical view, partly in section and partly broken away,
      showing the arrangement of an efflux orifice of an exhaust manifold, and
      its co-acting elements affixed thereto;
PAR  FIG. 2 is a view looking in the direction of 2--2 of FIG. 1 showing the
      intercepting semi-toroid, the vertical axis of which is arranged
      coincidental with the vertical axis of the efflux orifice of the manifold.
PAR  FIG. 3 is a view, partly broken away, looking in the direction of 3--3, of
      FIG. 1, showing the reversing semi-toroid, the vertical axis of which is
      coincidental with the vertical axis of the efflux orifice of the manifold.
PAR  FIG. 4 is a sectional view, enlarged, looking in the direction of 4--4 of
      FIG. 1, showing the arrangement of various components, the vertical axis
      of said sectional view also being coincidental with the efflux orifice.
PAR  FIG. 5 is a schematic outline of the circuitry applied to the device to
      achieve the results as claimed.
PAR  FIG. 6 is a partial circuit arrangement which may be substituted in FIG. 5,
      within the perimeter of the dot and dash outline in FIG. 5, whereby higher
      voltages may be accommodated in said circuit.
PAR  FIG. 7 is a schematic circuit arrangement of a preferred embodiment in
      which a cyclic time gate is incorporated therein, the purpose of which
      will be fully described hereinafter with respect to the device and as
      pointed out in the claims.
DETD
PAR  Referring to the drawings of a preferred embodiment of the invention, FIG.
      1 shows an exhaust manifold 10, provided with an efflux orifice 11,
      intermediate the ends thereof, it to be fully understood that said efflux
      orifice and its co-acting elements could advantageously be formed at the
      end of said manifold in a like manner. The efflux orifice 11 is formed
      integral with said manifold 10, in such a manner as to provide an annular
      flange 12, having formed within the body of flange 12 a semi-toroid 13,
      having a parabolic surface of revolution 14 adjacent to and coaxial with
      said efflux orifice 11.
PAR  Affixed to said flange 12, by bolts 15, is an annular flange 16, having
      depending therefrom and formed integral therewith a cylindrical body
      portion or housing 17, the longitudinal axis of which is coincidental with
      the axis of the efflux orifice 11. Carried within and formed integral with
      body portion 17, adjacent the upper end thereof by ribs 18, there is found
      an intercepting semi-toroid 19, having a parabolic surface of revolution
      20, the axis of which is coincidental with the axis of semi-toroid 13,
      with which it is arranged to co-act in a manner hereinafter described.
      Below semi-toroid 19, the internal cylindrical body surface 21 is formed
      inwardly to a diameter which provides a diametrical neck area 22, which is
      at least equal to the diametrical area of the efflux orifice 11.
PAR  The function of the co-acting opposed surfaces of semi-toroids 13, 19, will
      now be described. As the exhaust issues from the efflux orifice 11,
      carrying the by-products of combustion and attendant gases, it is
      intercepted by semi-toroid 19, which reverses the flow from its initial
      direction out through the annular efflux area 23, which lies intermediate
      the inner cusp of the reversing semi-toroid 13, and the outer cusp of the
      intercepting semi-toroid 19, whereupon the flowing effluvium encounters
      the semi-toroid 13, which reverses the reversed flow in the direction of
      the initial flow direction out through the annular efflux area 23,
      intermediate the outer cusp of the intercepting semi-toroid 19, and the
      outer cusp of the reversing semi-toroid 13, thence the flowing effluvium
      enters the neck area 22, of the body 17. It is understood that each
      succeeding efflux area as between the co-acting semi-toroids is slightly
      larger than its respective preceding efflux area, whereby the normal back
      pressure in the exhaust manifold is not increased, and the flow stream of
      the exhaust is not restricted by the several reversings.
PAR  In providing the mixing members above described, commingling of the
      by-products of combustion is greatly enhanced, and the propagation of
      flame within the flowing effluvium is prolonged, thus the co-acting
      semi-toroids as arranged function as an after burner without the
      inducement of air, whereby any burnable constituents of the effluvium,
      such as free hydrocarbons and carbon monoxide, are eliminated.
PAR  Below the neck 22, above referred to, the body portion 17, is formed to
      provide an internal diameter considerably larger than the internal
      diameter of neck 22, and within this enlarged diameter a plurality of heat
      resistant ceramic sleeves 25, having the form of elongated cylindrical
      rings, are provided. Each sleeve 25, has imbedded therein a wound,
      electrically insulated, coil 26; also imbedded within the outlines of said
      sleeves 25 are a plurality of female electrical connectors 27; these
      female connectors are spaced advantageously circumferentially, 180.degree.
      apart.
PAR  It will be obvious from FIG. 1 that the internal diameters of sleeves 25,
      throat 22, and efflux orifice 11, are substantially equal, whereby the
      flow area throughout the device is constant. Also, there are provided in
      depending body 17, a plurality of access apertures 28, so displaced
      therein, 180.degree. apart circumferentially, so that when the ceramic
      sleeves 25, are assembled within body 17, the transverse axis of the
      female connectors 27, and apertures 28, are respectively coincidental.
PAR  Each of the ceramic sleeves 25 has, suspended within the flow area thereof,
      a capturing spiral helix 29, conoidial in form, with longitudinal axis
      lying substantially upon the longitudinal axis of the flow area. Each
      helix 29, has affixed to its respective terminal ends a male connector 30,
      which is arranged to interengage the respective female connectors 27,
      imbedded in their respective ceramic sleeve 25. These capturing helixes
      29, are advantageously formed of flat steel wire, having dimensions of
      approximately thirty thousandth of an inch thick and one-eighth inch in
      width, and of steel having a high resistance to oxidation at high
      temperatures, such as chrome-nickel austenitic steel, such as S.A.E.
      30310.
PAR  In respect to the imbedded coils 26, as shown in FIGS. 1-4, where they are
      illustrated as trapezoidal in cross-section, and the spiral helixes 29,
      conoidal in outline, carried by sleeves 25, through the female connectors
      27 and male connectors 30, since these members are identical in parts and
      assembly with respect to said parts, it will not be necessary to explain
      the function of but one of the assemblies. It will also be seen that the
      lower sleeve 25, carrying its various parts has been assembled in the
      device in a reversed position as respects the upper sleeve 25. The purpose
      for this reversed position will be more fully explained hereinafter with
      respect to the effluvium flow.
PAR  The magnetic coils 26, being wound in such a manner, substantially
      trapezoidal in cross-section, so that when energized through circuit leads
      31, 31a, inter-connected to female connectors 27, will cause the magnetic
      field acting upon the effluvium stream, flowing therethrough, to
      substantially conform to the conoidal outline of the capturing helix 29,
      since the greater magnetic flux density is about the smaller diameter of
      the capturing helix 29, the flux density graduating to a lesser density
      about the larger diameter of the capturing helix 29.
PAR  As described heretofore the sleeves 25, carrying related parts are alike in
      form and assembly, but the lower sleeve assembly, as shown in FIG. 1, is
      in a reversed position in relation to the other. In thus reversing the
      lower unit, advantage is taken of the results obtained by the function of
      the upper unit acting upon the effluvium flow, which has been more
      compressed adjacent the lower end of the upper sleeve 25, whereupon the
      stream flow enters the greater magnetic flux density of the lower unit,
      whereby the effluvium stream flow is caused to assume an hour-glass
      outline as it passes through the device in close conformity to the area
      encompassed by the capturing helixes 29, suspended in the path of said
      stream.
PAR  The upper spiral helix 29 is supplied with an appropriate EMF of positive
      current voltage through the circuit connectors 32 of such potential that
      the atoms of the by-products of combustion are stripped of their
      respective negative electrons which are removed and drawn off as current
      to the ground. The remaining nuclei having thus been ionized, pass through
      the device, whereupon they encounter the lower magnetic field of the
      suspended spiral helix 29 upon which an EMF of negative current voltage of
      sufficient potential is impressed through the circuit connectors 33
      whereby the positive ionized nuclei are captured and collected by the
      negative current in the spiral helix 29 and drawn off or conducted as
      current to ground. The potential of the current supplied to the helix 29
      will in each case be determined by the particular composition of the
      combustion by-products and by the volume and flow characteristics of the
      by-products to be treated. An appropriate EMF of positive current voltage
      having a minimum potential of 100,000 electron volts which is impressed
      through the circuit connectors 32 is in general satisfactory. Increasing
      or decreasing the EMF in known manner to reduce the objectionable
      by-products of combustion to the desired level may be readily carried out
      and adjusted to the particular effluvium at hand.
PAR  FIG. 5 illustrates one conventional circuit arrangement that may be used
      for generating the magnetic field in the apparatus of FIG. 1. FIG. 6
      illustrates a partial circuit arrangement which may be substituted in the
      dot and dash box of FIG. 5 whereby higher voltages may be accommodated in
      the circuit of FIG. 5. A preferred form of circuit is shown in FIG. 7 and,
      since the same numerals in FIGS. 5, 6 and 7 refer to identical parts, it
      is not deemed necessary to describe the circuits of FIGS. 5 and 6 in
      detail.
PAR  Referring to FIG. 7, there is provided a circuit comprising an EMF 50, of
      direct current connected to a means for alternating said current, such as
      a vibrator 52, which is connected to a transformer 53, the leads from
      which, as shown, are interconnected in known manner, with a plurality of
      diodes 54, capacitors 55 and choke coils 56, as will provide a
      substantially straight line high voltage of positive and negative current
      on the leads 32, 33, respectively. The positive lead 32 is connected to
      the upper capturing helix 29, and the negative lead 33 is connected
      intermittently, to the lower capturing helix 29, the purpose of which will
      be more fully described hereinafter.
PAR  Also connected to positive lead 32, are leads 31, 31a, connected to upper
      coil 26 and lower coil 26, respectively, and each of said leads 31, 31a,
      is provided with a variable resistance 58 for control, when energized, of
      the magnetic flux density of said coils.
PAR  There is also optionally provided in the circuit a transducer 60 or time
      gate, cyclical in function, and comprised of a variable resistance 62, a
      capacitor 64, a neon tube 68, and a relay coil 70, which when energized
      through lead 72, connected to the direct current source, actuates a spring
      loaded swing switch 74, from the negative pole of lead 33, to the positive
      pole of lead 32. In thus providing the variable resistance 62, for the
      loading of the capacitor 64, any chosen time cycle desired may be
      achieved; whereupon when the capacitor 64 reaches its highest potential,
      current flows into the neon tube 68, ionizing the gas therein, which
      allows current to flow into the relay coil 70, which is energized by the
      dumping of the potential stored in capacitor 64, thus acting as an
      electro-magnet, to attract the spring loaded swing switch 74, to the
      positive pole of lead 32. Following the dumping of said potential of
      capacitor 64, the neon tube 68 becomes deionized, whereupon the relay coil
      70 is de-energized and the spring loaded swing switch 74 returns to the
      negative pole of the lead 33.
PAR  From the above description of the replicating action of the time gate, it
      will be obvious that any particulates captured by the normally negative
      lower helix will be rejected therefrom and scavenged by the velocity of
      the flow stream, thereby inhibiting the insulation of the lower helix by
      the accumulation of any captured particulates.
PAR  The device is also provided with a plurality of gaskets 80 appropriately
      affixed at surfaces of juncture and compression as illustrated in FIG. 1,
      thus prohibiting the infusion of ambient atmosphere into the effluvium
      passage. Also affixed to the depending body portion 17, as by clamping
      ring 82, and bolts 84, is the header pipe 86, of a muffler exhaust system,
      not shown.
PAR  As many possible embodiments may be made of the above invention and as the
      art herein described might be varied in various parts, all without
      departing from the scope of the invention, it is to be understood that all
      matter hereinbefore set forth, or shown in the accompanying drawings, is
      to be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of treating and removing combustion by-products in an
      effluvium from an internal combustion engine in a housing having means for
      generating at least one magnetic field within said housing and a first
      member for removing one or more negative electrons from atoms of said
      combustion by-products positioned within the housing in said at least one
      magnetic field and a second member positioned within said magnetic field
      downstream from said first member for collecting ionized nuclei resulting
      from the said removal of electrons from said atoms which comprises the
      steps of:
PA1  a. supplying electric current to said means to generate one magnetic field
      within said housing,
PA1  b. passing combustion by-products of said effluvium through said housing,
PA1  c. supplying positive current voltage to said first member to give it a
      positive charge to thereby remove one or more negative electrons from said
      atoms of said combustion by-products,
PA1  d. supplying negative current voltage to said second member located
      downstream of said first member to give it a negative charge to thereby
      collect ionized nuclei resulting from said removal of electrons from said
      atoms by said first member, and
PA1  e. the said magnetic field directing the charged particles toward the said
      first and second members.
NUM  2.
PAR  2. The method specified in claim 1 which includes the step of mixing the
      combustion by-products in the effluvium to enhance the commingling thereof
      prior to passing the effluvium through said magnetic field.
NUM  3.
PAR  3. The method specified in claim 1 which includes the step of generating a
      second magnetic field within said housing in the area of said second
      collecting member downstream from said first member for removing
      additional ionized nuclei from suspension in the effluvium.
NUM  4.
PAR  4. Apparatus for treating the atoms in combustion by-products in an
      effluvium from an internal combustion engine which comprises a housing,
      passage means within said housing for passage of effluvium from inlet to
      outlet thereof, first means for generating a magnetic field in said
      housing, a first capturing means within the area of said magnetic field
      within the housing adapted to receive positive current voltage and thereby
      strip one or more negative electrons from said atoms of the combustion
      by-products to produce ionized nuclei, a second capturing means for
      collecting said ionized nuclei from said effluvium within said magnetic
      field, means for supplying positive and negative voltage current to said
      first and second capturing means respectively, and said first means for
      generating a magnetic field being effective to direct the charged
      particles toward the said first and second capturing means.
NUM  5.
PAR  5. Apparatus specified in claim 4 in which mixing members are provided
      upstream from said first means for generating a magnetic field to enhance
      the commingling of the combustion by-products.
NUM  6.
PAR  6. Apparatus specified in claim 4 which include means for collecting and
      removing said ionized nuclei comprise a capturing member downstream from
      said first means, said capturing member having a negative current voltage
      flowing therethrough which collects the ionized nuclei and conducts them
      as current to ground and a member adapted to generate a magnetic field in
      the area occupied by said capturing member.
NUM  7.
PAR  7. Apparatus specified in claim 6 in which means are provided for
      intermittently changing the polarity of said negative current flowing
      through said capturing member.
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ABST
PAL  A method and apparatus for deodorizing waste gases containing foul-smelling
      constituents that are chemically decomposable on being washed with aqueous
      acid formed by dissolving an acid-forming gas, such as chlorine or
      sulphur, in water and wherein the waste gas is washed with the aqueous
      acid containing a suspension of one or more alkaline earth metal
      carbonates, such as magnesium carbonate or calcium carbonate. In a vessel,
      the carbonate suspension may be sprayed downward at the top, and the waste
      gases directed upwardly at the bottom. Both the suspension and the gases
      pass through loose layers of limestone intermediate the top and bottom of
      the vessel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Strongly foul-smelling biological waste gases are produced, for example, in
      animal utilizing plants, fish meal factories, large cattle sheds and where
      cattle are kept in large numbers. To deodorize waste gas it is known that
      foul-smelling constituents in the waste gases are often decomposable by
      being washed with aqueous acid formed by dissolving an acid-forming gas in
      water. This is particularly true when the waste gas is a biological waste
      gas as described above. Chlorine and sulphur dioxide are often used as the
      acid-forming gases, although others can be used.
PAR  The normal way of carrying out the process is to mix the waste gases and
      acid-forming gases with a flowing stream of water in a layer of moist
      limestone. The desired reaction takes place at the surfaces of the pieces
      of limestone, the gas mixture passes through the layer of limestone while
      the salts formed are washed off the limestone by the flowing stream of
      water.
PAR  The process is effective in that biological and other waste gases leaving
      the limestone layer are practically odorless and ready for discharge into
      the atmosphere and the materials used in the process are relatively cheap.
      However, in order to achieve this adequate deodorization, the bed of
      limestone has to be such that there is considerable pressure loss across
      it, as a result of which it is necessary to provide powerful, and
      therefore expensive, pumping apparatus for forcing the gases through the
      limestone.
PAC  SUMMARY OF THE INVENTION
PAR  It has been our object to achieve satisfactory deodorization of waste gases
      while reducing, or eliminating in its entirety, this disadvantage.
PAR  According to the invention waste gas containing foul-smelling constituents
      that are chemically decomposable on being washed with aqueous acid formed
      by dissolving an acid-forming gas in water are deodorized by washing the
      waste gas with the aqueous acid containing a suspension of one or more
      alkaline earth metal carbonates. The carbonates generally used are
      magnesium or calcium, calcium carbonate being preferred.
PAR  Due to the use of carbonates in powder form suspended in water, a large
      reaction surface is created, so that all the excess acid constituents can
      be bound to the suspended carbonates.
PAR  Moreover, the gas mixture can pass through the suspension without great
      flow resistance, so that the pressure loss while the method according to
      the invention is being performed is small. Thus, no large pumping capacity
      is needed to pass the gas mixture through, so that both the operating and
      the investment costs can be kept low.
PAR  Preferably, in an apparatus for carrying the method according to the
      invention into effect, distributing nozzles for spraying carbonate
      suspension are arranged in the upper part of a mixing vessel and a feed
      pipe for the gases to be deodorized is arranged in the lower part thereof
      so the liquid and gases pass in counter-current.
PAR  Particularly suitable apparatus for carrying out the method of the
      invention comprises a vessel divided by a grate into a washing zone above
      a turbulence zone, spray nozzles positioned at the top of the washing zone
      for spraying aqueous carbonate suspension down through the zone, an inlet
      for waste gases leading into the turbulence zone and means for forcing
      waste gas into the turbulence zone through the inlet, an outlet for gas
      from the top of the washing zone and an outlet for liquid that has
      descended through the washing zone.
DRWD
PAC  DRAWING
PAR  Suitable apparatus is illustrated diagrammatically in the accompanying
      drawing, comprising, substantially, a section view on a vertical plane.
DETD
PAC  DETAILED DESCRIPTION
PAR  In this, the apparatus consists essentially of an upright cylindrical
      vessel 1 having a shell 2 and a base 3. Shell 2 may be in several
      sections, and interconnected by flanges 22. Arranged in the upper part of
      the cylindrical vessel 1 is a spray ring 4 through which a suspension of
      carbonate in powder form in water is introduced into the vessel 1 from
      nozzles 5. This suspension is delivered to the spray ring 4 by a
      circulating pump 6. It issues from the nozzles 5 with a slight excess
      pressure and is distributed uniformly in the interior space of the vessel
      1. The foul-smelling waste gas enters the turbulence zone 7 of the vessel
      1 by way of a pressure connection 8 serving as an inlet, the gas having
      been drawn off from the premises to be ventilated and supplied to the
      inlet by means of a waste-gas fan 9. The waste gas ascends through a grate
      11 into the washing zone above and mixes with the downward flowing
      suspension as in a mixing battery and finally escapes from the top of the
      vessel through any appropriate outlet 21.
PAR  For uniform distribution of the suspension and the waste gas over the
      entire cross-section of the vessel 1, grates 11 and one or more other
      grates 10, through which both the suspension and the waste gas must pass
      are provided on two levels or decks. On the grates 10, 11 there are
      arranged irregular layers of limestone or other granular material forming
      a loose packing through which the waste gas and the suspension must pass.
      In the process intimate contact takes place between the suspension and the
      waste gas on the surfaces of the pieces of limestone.
PAR  The suspension trickling down within the cylindrical vessel 1 accumulates
      on a collecting plate 12 mounted below the inlet 8 and separating the
      turbulence zone 7 of the cylindrical vessel 1 from a collecting vessel 13
      for the suspension. A gas trap 14 extends from the lower part 7 into the
      collecting vessel 13, the gas trap being in the form of a gravity tube
      which reaches to a point immediately above the bottom 15 of the collecting
      vessel 13. In this way it is ensured that the end of the gravity tube
      constantly has the suspension flowing around it, so that no smells can
      reach the collecting vessel 13 from the lower part 7 and reach the
      circulating pump 6 from the collecting vessel.
PAR  The suspension of water and carbonates is prepared in a preparing tank,
      into which a stream of air is passed to stabilize the suspension. From
      this preparing tank that proportion of carbonates in circulation which is
      consumed while the method according to the invention is in progress is
      replenished.
PAR  The acid-forming gas may be introduced into the apparatus with the
      carbonate suspension, as through valve 20, or with the waste gases. If it
      is introduced with the suspension then the nozzles 5 are usually made of
      plastic, preferably PVC. Conveniently, one may continuously mix in any
      suitable preparation unit the acid-forming gases with the aqueous
      suspension and supply the resultant mixture through suitable piping or
      other means to the spray nozzles.
PAR  In another method, the waste gas may be mixed with acid-forming gas in the
      turbulence chamber 7 and that may be provided with impingement plates 16
      to increase the turbulence and therefore the mixing in the chamber.
PAR  Other types of apparatus may be used instead of that illustrated. For
      example, in some instances it is convenient to use co-current (or
      parallel) flow of the waste gas and suspension instead of the
      counter-current flow described.
PAR  The purpose of the granular material on the grates 10 and 11 is to provide
      means for improving the contact between the aqueous suspension and waste
      gas and so it is not necessary to use limestone. Any other granular
      material that will give a large surface area can be used. For example,
      coke is very satisfactory due to its irregular surface.
PAR  A suitable acid-forming gas chlorine which, upon being mixed with the water
      of the suspension, forms hydrochloric acid and hypochlorous acid. The
      hypochlorous acid gives off nascent oxygen, which destroys the odorous
      substances. Hydrochloric acid is formed. The whole of the hydrochloric
      acid formed in these reactions reacts with the carbonates, forming the
      corresponding chlorides, which are taken up by the water of the
      suspension. The carbonate therefore operates as an activator by removing
      the free hydrochloric acid.
PAR  Another suitable acid-forming gas is sulphur dioxide and it is convenient
      to provide this by using flue gas from a boiler. The use of flue gas or
      other sulphur dioxide-containing gas is particularly useful for
      eliminating waste gases from animal body utilizing plants. The sulphurous
      acid, to which the foul-smelling gases are bound as acid salts, is reacted
      with the calcium or other carbonate to form the corresponding calcium or
      other salts, which are odorless and remain in the water of the suspension.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the deodorizing of waste gas containing foul-smelling constituents
      that are chemically reactive with an aqueous acid formed by desolving an
      acid-forming gas in water, the method including the steps of:
PA1  moving the waste gas upwardly through a loose bed of granular material
      supported by a grate in a vessel, the bed providing minimal flow
      resistance to the moving waste gas,
PA1  spraying downwardly in the vessel an aqueous suspension of a powdered
      alkaline earth metal carbonate, the aqueous carbonate suspension trickling
      downwardly through the bed of granular material in counter-current flow to
      the simultaneous upward flow of waste gas through the bed and the
      carbonate suspension providing a large reaction surface, and
PA1  continuously mixing the acid-forming gas with the aqueous carbonate
      suspension prior to trickling the latter through the granular material
      bed.
NUM  2.
PAR  2. The method according to claim 1 in which the acid-forming gas contains
      chlorine.
NUM  3.
PAR  3. The method according to claim 1 in which the acid-forming gas contains
      sulphur dioxide.
NUM  4.
PAR  4. In the deodorizing of waste gas containing foul-smelling constituents
      that are chemically reactive with an aqueous acid formed by desolving an
      acid-forming gas in water, the method including the steps of:
PA1  moving the waste gas upwardly through a loose bed of granular material
      supported by a grate in a vessel, the bed providing minimal flow
      resistance to the moving waste gas,
PA1  spraying downwardly in the vessel an aqueous suspension of a powdered
      alkaline earth metal carbonate, the aqueous carbonate suspension trickling
      downwardly through the bed of granular material in counter-current flow to
      the simulataneous upward flow of waste gas through the bed and the
      carbonate suspension providing a large reaction surface, and
PA1  continuously mixing the acid-forming gas and the waste gas prior to moving
      the latter upwardly through the bed of granular material.
NUM  5.
PAR  5. The method according to claim 4 in which the acid-forming gas contains
      chlorine.
NUM  6.
PAR  6. The method according to claim 4 in which the acid-forming gas contains
      sulphur dioxide.
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ABST
PAL  A motor cooling arrangement and device for a vacuum cleaner which is
      provided with a temperature sensitive means that communicates with a valve
      and acts on a valve diaphragm when the motor temperature exceeds a
      predetermined level. When the valve is opened, atmospheric air is
      permitted to pass into both the dust collecting space and the space
      housing the motor. In the latter space the motor is subject to an
      increased air flow that functions to improve the cooling of the working
      motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In vacuum cleaners utilizing suction to pick up dirt and dust, it is known
      that the air flow through the vacuum cleaner, after having the dust and
      dirt particles removed, functions to cool the motor. However, this air
      flow is reduced successively upon continued use of the vacuum cleaner due
      to the clogging of the pores in the container walls, and the increased
      pressure reduction by the container walls. The result is an increased load
      on the motor as well as the risk of overheating of the motor.
PAR  It is known to provide overheating protection to a vacuum cleaner motor in
      order to avoid damage thereto due to insufficient cooling of the motor
      when the dust cannister is clogged to a certain degree. One such
      overheating protection device is described in Swedish Pat. No. 192,337 in
      which a temperature sensing body is used that is filled with liquid and
      connected to a servomotor constituted of a closed bellows. In this device,
      when the motor temperature increases, the liquid present in the device
      expands and the volume increase is propelled through a conduit to the
      bellows which then enlarges lengthwise. The bellows is caused to move and
      this movement is transmitted through a rod to a valve body that moves to
      open an opening in the casing for supplying atmospheric air to the
      motor-fan unit. Thus, air, in this known arrangement, moves directly to
      the fan without first passing through the dust container. Desirably, the
      motor is cooled to a normal operating temperature, and the risk of
      overloading and overheating the motor is eliminated.
PAR  The above described known device has a serious drawback in that it is
      expensive to manufacture because of its relatively complex construction.
      Furthermore, the use of liquid-filled receptacles and conduits presents a
      danger in that there is always a risk of leakage from this arrangement due
      to the vibrations which occur when the vacuum cleaner motor is switched
      on. Interruption of the vacuum cleaner operation may be the unwanted
      result.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to device for use with vacuum cleaners having at
      least one fan driven by a motor unit for drawing air into the vacuum
      cleaner and separating the dust in the dust container, and the device
      constitutes a temperature sensing means for said motor unit and a
      communication channel between the atmosphere and the suction side of the
      fan depending upon the temperature of the motor unit in order to open the
      channel.
PAR  It is an object of the present invention to provide protection against the
      overheating of a vacuum cleaner motor that is simple in construction and
      requires less space than other devices and arrangements constructed for
      the same purpose.
PAR  A further object of the present invention is to provide a protective device
      against overheating of a vacuum cleaner motor which is safe in operation
      and does not require the use of liquid in the system.
PAR  Another object of the present invention is to provide a valve for opening
      and closing the air supply to the interior of the vacuum cleaner housing.
      The valve has a diaphragm, one side of which communicates with the space
      between the dust container and the suction side of the fan and the other
      side of the diaphragm communicates with a space having higher pressure
      through an air conduit. Moreover, a blocking means is provided which is
      associated with the conduit and is acted upon by the temperature sensing
      means in such a manner that it opens the conduit to the atmosphere when
      the temperature of the motor is too high.
DRWD
PAR  The invention will now be more fully described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is an elevational view of the device partly in section, and showing
      the temperature sensing assembly on an enlarged scale.
PAR  FIG. 2 is a sectional view on an enlarged scale of the valve incorporated
      in the present device, said valve being shown in its open position and
PAR  FIG. 3 is a cross-sectional view on an enlarged scale of the temperature
      sensing assembly of the present device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a vacuum cleaner is shown having the general
      configuration V. A motor 10 is mounted in the space 11 that is separated
      from the dust collecting space 13 having a dust receptacle 14 by means of
      a partition 12. The dust collecting space 13 communicates with the suction
      side of the motor-fan unit through an opening 15 in the partition wall 12
      and another opening 16 in the wall 17 adjacent to the motor and supporting
      the latter.
PAR  As seen in FIGS. 1 and 2, the dust collecting space 13 is provided with a
      valve structure 18 which opens or closes an opening 19 in the upper wall
      20 of the valve. The valve 18 is connected to a temperature sensing
      assembly 22 located in the motor space 10 through an air conduit 21. The
      sensing means is shown as a bi-metallic spring 23 which is constructed and
      arranged to close the opening 24 of the air conduit 21 when the operating
      temperature is normal and to uncover the opening 24 of the air conduit 21
      when the motor temperature exceeds normal, thus providing an open
      communication between the motor space 11 and the valve 18.
PAR  The bi-metallic spring 23 comprises a bendable bi-metal strip in which the
      action is adjustable by means of an adjusting screw 25. A rocker plate 28
      is shown pivotable on the support 26 and is connected to the strip by a
      spiral spring 27. When the operating temperature of the motor is normal
      the rocker plate 28 assumes the solid line position shown in FIG. 3 in
      which the opening 24 of the air conduit 21 is closed. However, at a
      predetermined temperature which exceeds the normal operating temperature
      of the motor, the plate 28 will pivot due to the bending of the bi-metal
      strip, and the plate 28 will assume the position shown in dotted lines in
      which it abuts a stop surface 29 of the temperature sensing assembly. In
      this latter position the air conduit opening 24 is open and the inlet
      opening 30 of the valve 18 communicates with the motor space 11 via the
      conduit 21.
PAR  As seen in FIG. 2, the inlet opening 30 is located in the lower part of the
      valve 18. A chamber 33 is also formed in the lower part of the valve which
      is divided into two parts by means of the diaphragm 31. A through hole 34
      appears in the bottom of the chamber by which the latter communicates with
      the space 13 outside the dust container 14. The upper side of the
      diaphragm 31 supports an upstanding rod 35, the free end of which is
      provided with a valve body 36 that functions to close the opening 19.
      Another space 32 in the valve body is separated from the chamber 33 by
      means of a partition 37 having a central opening 38 for accommodating the
      rod 35. It will be noted that the valve body 36 is normally biased into
      the closed position against the inner edges of the opening 19 by means of
      a spring 39 having one end resting on the upper surface of the spring 39
      while the other end engages the valve body. The entire valve assembly 18
      is enclosed by a casing C which is provided with at least one aperture 40
      located above the partition 37. Thus, atmospheric air flows to the space
      outside the dust container 14 when the opening 19 is uncovered by the
      valve body 36.
PAR  During normal operation air passes through the dust container 14, and after
      separation of the dust from the air, the latter flows further through the
      openings 15 and 16, shown in FIG. 1, to the suction side of the fan. From
      the fan the air passes through the motor, thereby cooling it, and leaves
      the motor space 11 by means of an outlet opening (not shown).
PAR  During the continued operation of the vacuum cleaner the dust container
      pores become clogged causing the flow resistance of the air to increase
      and consequently the air flow per unit of time is reduced. This results in
      an increased load on the motor causing increased motor temperature due to
      impaired cooling. The temperature of the bi-metal strip increases until
      the rocker plate 28 which closes the opening 24 of the air conduit 21 at a
      given temperature pivots to its second position as shown in dotted lines
      and abuts the stop surface 29. In this position, the opening 24 is
      uncovered.
PAR  Referring to FIGS. 1 and 2, it will be observed that the pressure P in
      motor space 11 is somewhat higher than atmospheric pressure. Thus, air
      will flow through the air conduit 21 to the chamber 33 of the valve 18.
      Shortly before this occurs, all the spaces in the valve have the same
      pressure R.sub.2 as well as the dust collecting space 13, which is less
      than P.sub.1. This condition is due to the communication between these
      spaces and the dust collecting space 13. The action of the valve 18 is
      such that when air of the pressure P.sub.1 flows to the chamber 33 the
      diaphragm 31 as well as the rod 35 connected thereto and the valve body 36
      moves downwardly against the action of the spring so that the opening 24
      is uncovered permitting atmospheric air to enter the interior of the
      vacuum cleaner housing.
PAR  As seen in FIG. 2, atmospheric air can flow through the opening 19 and the
      apertures 40 directly into the space 13 and about the dust container 14.
      The air flow further passes to the suction side of the fan without passing
      through the dust container. Thus, the air flow which continues on through
      the motor 10 will increase and cause improved cooling, thereby eliminating
      the risk of overloading and overheating of the motor.
PAR  Although not shown it is possible to have a signal device, such as a lamp
      on the vacuum cleaner housing, which is operated by the movement of the
      rocker plate 28 to indicate when it is desirable to change the dust
      container or bag 14 of the vacuum cleaner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A temperature-responsive vacuum cleaner motor cooling device comprising
      a vacuum cleaner housing having a first and second compartments at least
      one fan driven by the vacuum cleaner motor, a dust container,
      communicating with an inlet the latter together with said motor and fan
      being located within said housing, said fan when operating functioning to
      transport air through said compartments while the dust is separated out in
      said dust container, a temperature sensing means for and adjacent said
      motor, a valve having a valve body normally covering an opening in said
      housing and comprising a chamber provided with a diaphragm, one part of
      said chamber on one side of said diaphragm having an opening communicating
      with said first compartment in a first space being located between said
      dust container and the suction side of said fan, an air conduit connecting
      said one part of said chamber on said one side of the diaphragm to said
      second compartment downstream of the fan and having a higher pressure and
      housing said motor, and a blocking means associated with said air conduit
      and said temperature responsive means being acted upon by said temperature
      sensing means when the motor temperature is too high to open said valve
      and thereby establish communication between the atmosphere and said first
      space and said motor whereby cooling air is permitted to flow about said
      motor.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein said temperature sensing means is
      a bimetallic spring.
NUM  3.
PAR  3. A device as claimed in claim 1 wherein said valve is provided with an
      upstanding rod, said valve body being connected to said rod at the free
      end thereof, the other end of said rod being connected to said diaphragm,
      a spring acting against said valve body to normally urge the same to cover
      the opening in said housing, and when said diaphragm is moved in a
      predetermined direction against the spring bias said opening is uncovered.
NUM  4.
PAR  4. A device as claimed in claim 1 further providing the other part of said
      chamber located on the other side of said diaphragm, and a hole in said
      other part communicating with said first space.
NUM  5.
PAR  5. A device as claimed in claim 1 wherein said one part of the chamber is
      provided with an upper portion that has peripheral apertures for the
      passage of atmospheric air flowing through the opening in said housing to
      the space adjacent to the outside of said dust container and further to
      the suction side of said fan.
NUM  6.
PAR  6. A device as claimed in claim 5 wherein said chamber is further provided
      with a partition having an opening therethrough separating said upper
      portion from said one part of said chamber, an upstanding rod provided
      with a valve body at the free end thereof, and means normally urging said
      valve body to a position to cover said opening in the housing, said rod
      passing through the opening in said partition.
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ABST
PAL  This invention is a compact gas purifier useful as a home air purifier. Gas
      scrubber action is achieved in a specially shaped bowl partially filled
      with liquid. A central rotor drives the liquid by centrifugal force out
      and up the wall of the bowl to a re-entrant rim which directs the liquid
      back into the central region of the bowl in a spray. Gas to be purified is
      drawn in over the rim of the bowl, down through the spray of liquid and up
      out through a central cylindrical tube which surrounds the top of the
      rotor.
BSUM
PAC  BACKGROUND
PAR  Hundreds of thousands of people suffer from hay fever and other allergies
      caused by dust pollen and smog in the air. Conventional filters with pore
      size small enough to remove the irritant particles plug readily and
      require heavy noisy blowers to drive the air through the filters. Such
      filters do not remove chemical vapors which make up much of the common
      "smogs."
PAR  Gas scrubbers provide an excellent method of gas purification and gas
      conditioning. They have been in use in various applications for nearly a
      hundred years. Although scrubbing can be achieved by bubbling the gas
      through a liquid, much greater gas cleaning efficiency is achieved by
      dispersing the liquid as a spray in the gas and then separating the liquid
      droplets from the gas. The spray is generally created by some jetting or
      centrifugal precipitator. These usually involve a large noisy piece of
      equipment and consequently there has been no application of the method to
      home air purification or conditioning.
PAR  Recent developments in the ecology field have made it clear how significant
      air pollutants are in impairing health. There is a desparate need for
      simple, economical and practical air purification systems for home use.
PAC  SUMMARY
PAR  This invention describes a small, portable gas scrubber system. The compact
      centrifugal spray generator operates in a specially shaped bowl such that
      centrifugal force actually throws the liquid inward toward the rotor. The
      gas is drawn into the system in a direction parallel to the motion of the
      liquid so that liquid is not driven or splashed back out the gas inlet.
      The gas is drawn out of the system upward through a vertical column so
      that gravity acts as a gas-liquid separator. The gas is drawn out over the
      top of the centrifugal rotor giving some centrifugal separation. Most
      important of all, the liquid droplets are generated by a mechanism that
      gives each droplet a velocity directing it back into the liquid reservoir.
      By a proper choice of the liquid solution some conditioning of the gas is
      possible with respect to humidity and desirable vapours. In hot arid
      climates the scrubber can act as an evaporator cooler. In humid weather a
      liquid such as ethylene glycal solution can remove moisture from the air.
      The air inlet and outlet parts are designed to set up an air circulation
      pattern in a closed room such that continued operation will cause
      essentially all of the air in the room to be cycled through the purifier.
PAR  It is an object of this invention to provide a compact, portable gas
      purifier and conditioner.
PAR  It is an object of this invention to provide a room air purifier which
      circulates the air in a room recycling it continuously through the
      purifier.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section of the air purifier.
PAR  FIG. 2 is a plan view of a horizontal section taken across the elevation
      2--2.
DETD
PAR  The bowl 23 contains water or other liquid 22. The motor 28 drives the
      rotor 21 at high speeds causing the liquid 22 to be thrown outward against
      the specially curved wall 25 so that the moving fluid is carried by
      inertia up the wall and back in along the upper surface 26 of the bowl.
      The inertia of the liquid causes it to be thrown from the upper surface 26
      in a sheet inward against the wall of the inner cylinder 24 from whence it
      splashes downward in a spray. This liquid spray is driven downward by its
      own inertia and gravity back on to the rotor 21 to be recycled.
PAR  The float 31 rests on the liquid 22 in the bowl and when it falls below a
      predetermined level, it activates the switch 32 turning on the light 33 to
      indicate the need for additional liquid.
PAR  The blower 30 at the top of the inner cylinder 24 draws air in through the
      vents 27, down through the sheet of liquid directed off of the surface 26
      on to the cylinder wall 24, and then through the spray generated by the
      liquid splashing off of the wall 24. The air is then drawn up through the
      inner cylinder 24 past the motor 28 and out through the blower 30. The
      vanes 29 provide a large surface area on which any droplets of liquid
      carried upward with the flowing air may impinge and condense. This liquid
      then flows down the vanes 29 and inner cylinder wall 24 to the bowl 23 to
      be recycled.
PAR  The liquid 22 may be water or any combination of water and organic liquids.
      It may contain salts to lower the vapor pressure of the water or bases to
      cause absorption of carbon dixoide and other acidic vapors. It may contain
      antiseptics, medicinal vapours, or odorants. An optimum carrier liquid
      would be a solution of water and ethylene glycol such that air in
      equillibrium with this solution at ambient temperatures would have a
      relative humidity of about 50%. Water would be absorbed from air of higher
      humidity and would evaporate from the solution into air of lower humidity.
PAC  PREFERRED EMBODIMENT
PAR  The preferred embodiment is that shown in FIGS. 1 and 2. The liquid spray
      is generated in the specially shaped bowl by the centrifugal rotor which
      hurls the liquid out and back in from the re-entrant rim. Air is drawn in
      over the rim, down through the spray and up out the central cylindrical
      column. The preferred liquid is a solution of water and ethylene glycol
      with a water vapor pressure corresponding to approximately 50% relative
      humidity containing disinfectants and deodorizers, such as pinene, in
      solution.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved gas purifier comprising:
PA1  a A bowl with a reentrant outer rim, said rim pointing in and down toward
      the central region of said bowl
PA1  b A liquid contained in said bowl
PA1  c A rotor in the center of said bowl
PA1  d Means for spinning said rotor with such force that said liquid in said
      bowl is carried outward, up the wall of said bowl, around said reentrant
      rim and is hurled back down toward the  central region of said bowl to be
      recycled,
PA1  e A hollow tube like structure opening into said central region of said
      bowl through which gas may flow out of said central region of said bowl
      allowing additional gas to flow into said central region of said bowl past
      said reentrant rim of said bowl through said liquid being hurled downward
      and inward from said rim,
PA1  f Means for drawing gas into said bowl between said rim and said tube and
      out through said tube so as to cause gas to flow through said purifier.
NUM  2.
PAR  2. The improved gas purifier claimed in claim 1 wherein the tube by which
      said gas is drawn out of said bowl is a hollow vertical cylinder above the
      central region of said bowl, the bottom of said cylinder extending down
      into said bowl such that said liquid hurled inward from said reentrant rim
      strikes said cylinder and is deflected back outward and downward, said gas
      entering into said central region of said bowl between the rim of said
      bowl and said hollow central cylinder and exiting up through said hollow
      central cylinder.
NUM  3.
PAR  3. A gas purifier as claimed in claim 2 wherein said means for drawing gas
      into said bowl comprises a motor and blower located in said hollow
      vertical cylinder above said bowl said motor driving said blower and said
      blower drawing gas into said bowl between said rim and said cylinder and
      out through said cylinder.
NUM  4.
PAR  4. The improved gas purifier claimed in claim 1 wherein said liquid is a
      solution of water and ethylene glycol.
NUM  5.
PAR  5. The improved gas purifier claimed in claim 1 wherein said liquid is a
      solution of water and ethylene glycol, and said liquid also contains
      disinfectants and deodorants.
NUM  6.
PAR  6. The improved gas purifier as claimed in claim 1 further comprising, a
      float in said bowl which floats on said liquid, an electric light external
      to said bowl controlled by an electric switch external to said bowl, means
      by which said switch is connected to said float so as to cause said switch
      to be activated, turning on said light, when said float falls below some
      preset level.
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ABST
PAL  An air filtering apparatus is disclosed utilizing a prefilter at the inlet
      side and a HEPA type filter at the outlet side. The interior chamber of
      the apparatus is divided into two subchambers with a blower forceably
      pumping air from the inlet chamber to the outlet chamber. A first
      indicator means is responsive to a predetermined decrease in pressure in
      the inlet chamber for indicating when the prefilter needs changing, and a
      second indicator means is responsive to a predetermined increase in
      pressure in the outlet chamber indicating when the HEPA type filter
      requires changing. A plurality of the apparatuses may be utilized in an
      air filtering system controlled remotely by radio transmitting and
      receiving devices.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an air filtering apparatus of the type which
      filters from the air not only large particulates, such as street and house
      dust, but also odors and submicron-size particulates, such as tobacco
      smoke. The particulates are removed by the apparatus efficiently without
      the use of electrostatic devices, and thus the apparatus is particularly
      useful in filtering the air in rooms where the crackling noises from an
      electrostatic filter and a buildup of ozone in the air might be
      objectionable.
PAR  The air filtering apparatus of this invention utilizes replaceable filter
      elements, and one of the features of this invention is the provision of
      means to continuously monitor the condition of each of the filter elements
      so that the apparatus will automatically signal when the particulates have
      accumulated on one of the filter elements to such an extent as to require
      replacement of that element.
PAR  In an air filtering apparatus, it is essential that the filter elements be
      properly maintained in order to assure that the proper quantity of air is
      passing through the device and in order to assure the filtering quality of
      the device. Regardless of whether the filtering apparatus is of the
      electrostatic type or of the replaceable element type, there is a need for
      periodic maintenance, either by way of cleaning or replacement of those
      elements. Although an air filter unit may be serviced by cleaning or
      replacing of the elements at regular intervals of time, this is really not
      satisfactory or practical, particularly in connection with a replaceable
      filter element where the cost of unnecessary replacement may make the
      operation of the apparatus prohibitive in cost. The accumulation of
      particles on the filter elements depends not only upon the period of time
      the filter is in operation but also upon the condition of the air passing
      through the filter. The filter may be completely clogged in a very short
      time if the air passing through it is particularly dirty; in other
      instances where the air is relatively clean, the filter may be operated
      for much longer periods of time without requiring cleaning or changing.
PAR  The maintenance and operation problems are multiplied in connection with a
      filtering apparatus which utilizes a prefilter and a final filter, because
      two filter elements will usually require servicing at different times.
      Although, prior to this invention, various devices have been developed to
      signal when a single filter requires cleaning or changing, no satisfactory
      means has heretofore been developed for monitoring simultaneously the
      conditions of filter elements which sequentially filter the air passing
      through the apparatus.
PAR  One of the principal objects of this invention is to provide an integrated
      signaling device which will monitor both the prefilter and the final
      filter in an air filtering apparatus, and independently signal when one or
      the other of these filters has accumulated sufficient particulates from
      the air to require changing.
PAR  Another feature of the invention is the utilization of one or more of the
      apparatuses in a system which is remotely controlled for monitoring the
      condition of the filters and for controlling the amount of air flowing
      through the individual units. This is particular important in an
      installation where there are a number of air filtering devices in a single
      room. The air filtering operation may be turned down to a low speed level,
      or it may be turned up to the high speed, filter-condition monitoring
      level. The preferred remote control system employs a portable radio
      transmitter and a switch-operating receiver in the air filtering
      apparatus. Thus, the individual filters in each of the filtering
      apparatuses of the system is monitored separately, but simultaneously, by
      simultaneous remote control of the operation of the several apparatuses of
      the system from any location within range of the portable transmitter.
PAR  In some installations, it may be desirable to have two or more
      independently operated and controlled systems, each for example in a
      separate room or area and having one or more separate air filtering
      apparatuses. In such an installation, if desired, the remote radio control
      for each system may be tuned to a different frequency, so that there will
      be no interference or "cross-controlling" among the systems.
PAC  SUMMARY OF THE INVENTION
PAR  The air filtering apparatus of this invention is adapted to utilize a
      prefilter and a final filter for filtering air passing through the
      apparatus. In accordance with one embodiment, the apparatus comprises a
      chamber having an inlet and an outlet. A first, or prefilter means is
      disposed across the chamber inlet and a second or final filter means is
      disposed across the chamber outlet. A dividing means, preferably in the
      form of a wall, is disposed between the two filter means and divides the
      chamber into two adjacent subchambers, and this wall has an opening
      through which air may pass from the first, or inlet, subchamber into the
      second, or outlet, subchamber. Blower means also disposed between the two
      filter means is provided for forceably blowing air from the first
      subchamber into the second subchamber. Thus, the air will be drawn through
      the first or prefilter means into the first, or inlet, subchamber and then
      will be forced into the second, or outlet, subchamber and exhausted
      through the second or final filter means.
PAR  The apparatus utilizes two simultaneously operative indicator means. The
      first indicator means is disposed in the first or inlet subchamber and is
      responsive to a predetermined decrease in pressure in that subchamber for
      indicating when the first or prefilter means requires changing. The second
      indicator means is disposed in the second or outlet subchamber and is
      responsive to a predetermined increase in pressure in that subchamber for
      indicating when the second or final filter means requires changing. Thus,
      the conditions of both the first and second filter means may be
      simultaneously monitored.
PAR  Means may also be provided responsive to a predetermined signal for varying
      the speed of the blower means between at least two predetermined speed
      levels, one of which will produce pressure differentials in the
      subchambers sufficient to actuate the first and second indicator means
      independently when the corresponding first and second filters require
      changing.
PAR  In the preferred embodiment, the first filter means includes a spun
      fiberglass mat prefilter panel and an adsorptive charcoal filter panel,
      and the second filter means is a HEPA type filter panel.
PAR  In accordance with one aspect of the preferred embodiment of the invention,
      the control means for the apparatus preferably includes a remote control
      means responsive to a predetermined signal altering the speed at which the
      blower means is operated. This remote control means may comprise a radio
      frequency receiver, a signal circuit operated by the receiver in response
      to receipt of a predetermined transmitted frequency, and means for
      generating that predetermined radio frequency for actuating the radio
      receiver. Thus, the blower means may be remotely controlled to test the
      conditions of the first and second filter means. In many installations, it
      may be desirable to provide a plurality of air filtering apparatuses with
      the radio receiver of each being responsive to the same predetermined
      transmitted radio signal, whereby the conditions of the filter means in
      each of the apparatuses may be simultaneously checked by a single radio
      frequency generating means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a large room wherein there are installed
      three air filtering apparatuses constructed in accordance with this
      invention, all three of the apparatuses being operated by means of a
      single portable remote control device which generates a radio frequency to
      which all three filtering apparatuses are responsive;
PAR  FIG. 2 is a front elevation view of one of the apparatuses of FIG. 1,
      showing the prefilter, the final filter, the means dividing the chamber
      between the filters into two adjacent subchambers, and the blower means
      for blowing air from the inlet chamber to the outlet chamber; and
PAR  FIG. 3 is a schematic electrical diagram of the apparatus of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The air filtering apparatus of this invention is adapted to be installed
      within a room and to draw the room air in through one side of the
      apparatus and exhaust the filtered clean air out through the other side of
      the apparatus. In the process of filtering, the apparatus is adapted to
      remove approximately 95% or more of all particulates 0.3 of a micron in
      size in the air passing therethrough.
PAR  In FIG. 1, there is illustrated a room 10 having an air filtering system
      consisting of three wall-mounted air filtering apparatuses 12, 12a and
      12b, which are controlled by a single radio frequency transmitting control
      device 14. The installation in FIG. 1, of course, represents but one type
      of installation to which the apparatus of this invention are adapted. It
      will be understood, of course, that in many installations only one
      apparatus will be required in a room, and the installation may be, for
      example, on the ceiling rather than on a wall. Moreover, even if there are
      more than one of the apparatuses within a single room, it may be desirable
      to provide a separate control for each. However, the remote control of a
      number of the units by a single radio frequency transmitting portable
      control device 14 provides very convenient control for the air filtering
      system within a room and also provides an excellent means for
      instantaneously, simultaneously, and independently checking the conditions
      of the two filter elements within each of the individual air filtering
      apparatuses.
PAR  The detailed construction of the preferred embodiment of air filtering
      apparatus 12 is illustrated in FIG. 2. This particular embodiment
      illustrated has a box-shaped cabinet 15. The cabinet includes an air-tight
      front panel 16 (which has been removed for illustration purposes in FIG.
      2), an air-tight back panel 18, and air-tight top and bottom panels 20 and
      22. The front panel is preferably provided with a hinge and lock or is
      otherwise removably attached to permit access to the cabinet interior. The
      cabinet is open at the ends 24 and 26, except, if desired, these ends may
      be covered with a screening material, such as a very open weave cloth,
      metal screening or even fixed or adjustable louvres offering little or no
      resistance to the passage of air therethrough. Air is thus permitted to
      circulate freely through the tubular cabinet, entering from the inlet end
      24 and existing from the outlet end 26. At the inlet end of the cabinet,
      there is a first or prefilter means, which in the illustrated embodiment
      comprises two filter panels or elements 28 and 30, which are used to
      filter out large particulates and adsorb odors from the air. These
      prefilter panels will be more fully hereinafter described. At the outlet
      end 26 of the apparatus is a second or final filter means consisting of a
      single filter element 32 (also more fully hereinafter described) which
      filters the fine particles from the air so that the air which is exhausted
      from the apparatus has 95% or more of all particulates removed which are
      0.3 of a micron or larger.
PAR  The chamber formed between the first or prefilter means 28-30 and the
      second or final filter means 32 is divided into two subchambers 34 and 36
      by means of a partition or wall 38. The wall 38 has an opening through
      which air may pass from the inlet subchamber 34 to the outlet subchamber
      36, and across the opening in the partition 38 is mounted a blower 40,
      operated by means of an electric motor 42. The blower 40 serves to pump
      air through the opening in the partition 38 so that the air will be drawn
      in through the first subchamber 34 and will be forced through the opening
      in the partition 38 into the second subchamber 36 and exhausted through
      the second filter means 32.
PAR  The prefilter means 28-30 may consist of one or more prefilter elements or
      panels. In the illustrated embodiment, the two prefilter panel 28 and 30
      are utilized. Panel 28 is used to filter large particulates such as street
      and house dust, lint, and other particulates, which constitutes
      approximately 90% by weight of all the particulates found in the average
      indoor or outdoor air. This inexpensive filter may be constructed of spun
      fiberglass or other synthetic material and is of the type found in
      conventional furnaces, and it is preferably impregnated with a
      conventional sticky viscous substance which greatly increases its
      efficiency.
PAR  The second prefilter element 30 is preferably an activated charcoal type of
      filter specifically designed to absorb odors out of the air passing
      through it. This filter is not principally used to filter particulates,
      but rather services principally to remove (by adsorption) over 300 types
      of odors. If desired, a second spun fiberglass type prefilter element may
      be employed, either in addition to or in place of the activated charcoal
      filter, although it has been found that a single spun fiberglass prefilter
      will work quite satisfactorily, particularly if it is treated with the
      sticky viscous substance to aid in the adherence of particulates thereto.
PAR  The final filter panel 32 employs a HEPA type filter medium, HEPA being the
      acronym for High Efficiency Particulate Airfilter. This type of filter
      developed by the U.S. Army Chemical Corps and covered by Federal Standard
      209 and Military Standard 282 (See also U.S. Pat. No. 3,498,032). This
      filter is a glass asbestos membrane having intimately distributed pores
      capable of filtering from the air passing therethrough extremely large
      volumes of dust particles submicron in size, thus thoroughly cleansing the
      air. This type of filter is so fine that in the highest efficiency models
      (i.e. 99.97% efficiency) it is known in the industry and the medical
      profession as the "absolute" filter. The filter panel 32 is of the same
      construction but is rated at a slightly lower efficiency, which is quite
      adequate for room air filtering purposes. This filter is approximately six
      inches thick and has an amazing capacity for trapping and holding 95% of
      all particulates as small as 0.3 micron in size (DOP test). This is the
      size of a high percentage of particulates in tobacco smoke, for example.
      When this filter is used in conjunction with an efficient prefilter, it
      has a very long useful life span before it must be replaced. Usually the
      prefilter must be replaced many times before it is necessary to replace
      the HEPA type filter. One manufacturer of this type of filter is Cambridge
      Filter Corp. of Syracuse, N.Y.
PAR  In any type of air filtering appliance, the maintenance, or replacement, of
      the filter elements presents one of the biggest problems. Although the
      filters may be replaced at regular intervals, a user who maintains a
      regular periodic maintenance schedule is a rarity. In the air filtering
      apparatus herein described, there are two types of filter elements, the
      prefilter, which filters out the relatively large particulates, and the
      final, or HEPA type, filter element, which filters out the relatively
      small particulates. These two types of filter elements tend to accumulate
      particulate matter at different rates depending upon both the amount and
      the type of particulates in the air entering the apparatus, and therefore
      these elements would require changing at different intervals of time. If,
      for example, the air contains an abundance of large particulate matter,
      such as household dust, the prefilter elements will require changing more
      often than normal, whereas if the air entering the apparatus contains
      relatively small size particulates, such as in tobacco smoke, the
      accumulation on the HEPA type filter would be at a much higher rate, and
      this filter would require changing more often. It would therefore be
      extremely difficult to arrive at a satisfactory maintenance schedule based
      solely upon the amount of time that the filters were in place or the
      amount of time that the unit was actually on filtering the air.
PAR  One of the features of the present invention is the provision of means for
      separately, independently and yet simultaneously monitoring the condition
      of each of the two distinctly different types of filter elements in the
      two stage filtering system, i.e. a system having a prefilter and a final
      filter, with the air being filtered passing sequentially through both of
      these in the filtering operation.
PAR  Applicant has found that by partitioning the chamber between the first and
      second filter means into two subchambers and placing a blower between
      these filter means to pump air from one subchamber 34 into the adjacent
      subchamber 36, two different pressure conditions are made to exist in the
      subchambers. In the inlet, or first, subchamber 34, there is created a
      condition of negative pressure, or partial vacuum, whereas in the outlet,
      or second, subchamber 36, there is created a positive pressure. When a
      spun fiberglass filter 28 and charcoal filter 32 are employed as the first
      filter means of the system, as in the illustrated embodiment, the pressure
      condition within the first subchamber 34 is initially less than 0.1 inches
      water column of pressure below atmospheric. When the second filter means
      32 is a HEPA type filter, as in the illustrated embodiment, there is
      created in the outlet subchamber 36 a condition of positive pressure of on
      the order of 0.4 inches water column of pressure above atmospheric. It has
      further been found that the accumulation of particulate matter on the
      first filter elements 28 and 30 (filter 30 being principally an adsorption
      filter) will result in a direct, proportionate and predictable increase in
      the negative pressure within the inlet chamber 34. In the same manner, the
      accumulation of particulate matter on the HEPA type filter 32 will result
      in a direct, proportionate and predictable increase in the positive
      pressure within the outlet chamber 36. Surprisingly enough, however, it
      has been found that the accumulation of particulate matter on the
      prefilter elements 28 and 30 will have relatively insignificant effect on
      the pressure generated by the blower 40 in the outlet chamber 36. Also,
      the accumulation of particulate matter on the HEPA type filter 32 will
      have relatively insignificant effect upon the pressure within the inlet
      chamber 34. It has actually been found that the blower motor 42 tends to
      speed up when there is a buildup of positive pressure in subchamber 36.
PAR  The present invention utilizes this phenomenon in providing a novel means
      of continuously and independently monitoring the condition of each of the
      two filter means in the air filtering apparatus of this invention. As
      schematically illustrated in FIG. 2, there is provided within the inlet
      subchamber 34 a first indicator means 44, which is responsive to a
      predetermined decrease in pressure (below atmospheric) in this subchamber
      for indicating when the prefilter or first filter means, i.e. the
      particulate filter element 28 of the prefilter, has accumulated sufficient
      particulate matter thereon to require changing. In the second or outlet
      subchamber 36, there is provided a second indicator means 46 responsive to
      a predetermined increase in pressure (above atmospheric) in that
      subchamber indicating when the second or HEPA type filter means require
      changing. The first indicator means 44 is preferably set for response to a
      decrease of pressure in the first subchamber 34 to approximately 0.4 water
      column inches below atmospheric, and second indicator means 46 is set for
      response to an increase of pressure in the second subchamber 36 to
      approximately 1.0 water column inches. At these levels the rate of air
      passing through the apparatus will have gradually decreased, but it is
      still acceptable for operation under design conditions. For example, the
      air will be forced through the apparatus at the rate of between 300 and
      400 CFM with clean filter elements. At the pressure levels of response of
      the two indicator means, the flow rate will have been gradually reduced to
      from between 33 to 50% to about 200 CFM, and thereafter the rate begins to
      drop rapidly. Thus, the aforementioned pressure levels are important in
      maintaining proper operation of the apparatus. The indicator means 44 and
      46 are thus warning indicators that the apparatus has reached a degree of
      efficiency at which a change in the filter elements is recommended if
      continued efficiency is desired.
PAR  The conditions of the first and second filter means may be thus
      simultaneously monitored by the first and second indicator means 44 and
      46. In the present embodiment, each of the indicator means 44 and 46
      includes a diaphragm-operated pressure switch, which controls a circuit
      having indicator elements such as warning lights to indicate when the
      respective filters require changing.
PAR  In FIG. 3, there is illustrated the wiring diagram for the apparatus. The
      air filtering apparatus is operated by means of a 115-volt A.C. line
      through an on-off switch 50. The 115-volt line provides the voltage to
      operate the motor 42 of the blower 40 at a predetermined speed. The motor
      42 is preferably a squirrel cage motor, so that by varying the voltage
      applied to the motor, the speed of the motor may be varied. For this
      purpose, the electrical system of the apparatus incorporates a voltage
      supply circuit providing, in addition to the 115-volt line voltages, two
      alternative lower voltages. The lower voltages are provided by means of a
      reactor 52 which may comprise a coil having a line voltage input terminal
      54a, a low voltage output terminal 54b at the opposite end of the coil,
      and a center tap intermediate voltage output terminal 54c. In this
      particular embodiment, the voltage is decreased to 65 volts, which is the
      output at the low voltage terminal 54b. At the center terminal 54c, the
      intermediate voltage is 85 volts. Thus, there are provided three
      alternative voltages for operating the blower motor 42 at three
      alternative speeds.
PAR  The 85-volt and 65-volt output from the reactor 52 are led to a single
      pole, double throw switch 56, having a sliding contact 56a, which is
      manually movable between two alternative positions to apply the selected
      one of these lower voltages to an output line 58 leading to a lower
      voltage fixed switch contact 60 of one switch section of a latching relay
      62. The other fixed switch contact 64 of that switch portion of the
      latching relay 62 is connected to the 115-volt A.C. line, and the movable
      contact 66 of that switch portion is connected to the blower motor 42.
      Thus, when the movable contact 66 is moved upwardly into engagement with
      the fixed contact 64, 115 volts will be applied to the blower motor 42,
      and when the movable contact 66 is moved downwardly into engagement with
      the lower voltage fixed contact 60 of that switch portion of the latching
      relay 62, one of the two aforementioned lower voltages will be applied to
      the blower motor 42. The lower voltage to be applied to the blower motor
      42 when the movable contact 66 is in engagement with the lower voltage
      fixed switch contact 60 is dependent upon the position of the sliding
      contact 56a of the switch 56. In one position of the switch 56, the 65
      volts from the low voltage output terminal 54b of the reactor 52 will be
      applied to the lower voltage terminal 60 of the latching relay. In the
      other position of the switch 56, the 85-volt output from intermediate
      voltage terminal 54c of the reactor will be applied to the lower voltage
      terminal 60 of the latching relay. Thus, the switch 56 governs the amount
      of lower voltage which is applied to the fixed contact 60, and the movable
      contact 66 determines whether the selected lower voltage or the voltage
      from the 115-volt line is to be applied to the blower motor 42. In some
      models, the above-mentioned voltage changing mechanism may be a sequential
      relay which will allow a choice of up to 12 different voltages, all
      controlled either manually at each apparatus or remotely by the method
      previously described.
PAR  A separate low-voltage operating circuit is provided for operating the
      latching relay 62, the blower speed indicating means, and the first and
      second filter element condition indicator means 44 and 46. A transformer
      68 is employed to step the line voltage down to 24 volts A.C. This low
      voltage is applied to a control circuit including the switch-operating
      relay 70 of the latching relay 62. Also in this control circuit is a
      rocker switch 72 and a remote control switch 74. The switches 72 and 74
      are so arranged that when either is closed momentarily, the relay coil 70
      will be energized by a 24-volt "signal" applied thereto. The remote
      control switch 74 is operated by means of a radio receiver 76 which, upon
      receipt of a predetermined transmitted radio frequency signal, will
      amplify that signal and operate a relay to close the switch 74. This
      particular type of receiver 76 is a conventional relay operating radio
      receiver and may be of the type commonly utilized in the operation of
      automatic garage door opening and closing mechanisms.
PAR  Also contained in the latching relay 62 is the second switch portion
      consisting of a fixed contact 78, a fixed contact 80, and a movable
      contact 82. This switch portion together with two indicator lights 84 and
      86 constitute the blower speed indicating means for the apparatus. The
      movable contact 82 is linked to and movable with the movable contact 66 of
      the upper switch portion of the latching relay, and is effective for
      operating the indicator lights 84 and 86. When the movable contact is
      moved upwardly into engagement with the terminal 78, the indicator light
      84 will be energized, and when the movable contact 82 is in engagement
      with the lower contact 80, the indicator light 86 will be energized. As a
      result of the linkage of the movable contacts 66 and 82 of the two switch
      portions in the latching relay 62, the indicator light 86 will be
      energized when the movable contacts are in their low position, i.e. when
      the upper switch portion is applying the lower voltage to the blower motor
      42, and the indicator light 84 will be energized when the movable contacts
      66 and 82 are in their upward position when 115 volts A.C. is being
      applied to the blower motor 42. The latching relay is so designed that
      when the relay coil 70 is energized, the movable contacts 66 and 82 will
      move from one position in engagement with one set of contacts to the
      opposite position in engagement with the other set of contacts, and these
      contacts will remain latched in this position until the relay coil 70 is
      again energized.
PAR  The relay coil 70 thus serves as a control means responsive to a signal in
      the form of the momentary closure of the 24-volt circuit for moving the
      movable contacts of the latching relay switch portions from one position
      to the other, thereby changing the voltage applied to the blower motor 42,
      and indicating the change on the indicator lights 84 and 86.
PAR  An indicator light 88 connected in parallel across the 24-volt A.C. low
      voltage line is energized whenever the 24-volt A.C. circuit is energized,
      i.e. whenever the on-off switch 50 is closed. The light 88 thus indicates
      when the apparatus is turned on.
PAR  The first and second filter condition indicator means 44 and 46 are
      controlled by means of diaphragm-operated pressure switches 90 and 92,
      respectively, as schematically illustrated in FIG. 3. The pressure switch
      90 has a first fixed contact 94 connected to a first indicator light 96,
      and the pressure switch has a second fixed contact 98 connected to a
      second indicator light 100. A movable contact 102 in the pressure switch
      90 may have an operating arm 104 which is connected by suitable linkage
      106 to a flexible diaphragm 108 mounted in one end of a tube 110. The
      opposite end of the tube 110 opens into the first subchamber 34 of the air
      filtering apparatus. The other side of the diaphragm 108 is open to the
      atmosphere through an opening 112 in the wall of the pressure switch
      housing. Thus, when the pressure within the subchamber 34 is lowered with
      respect to atmospheric, the diaphragm 108 will move to the left (as viewed
      in FIG. 3), pulling the operating lever 104 of the movable contact to the
      left, and swinging the movable contact from engagement with the fixed
      contact 94, and into engagement with the second fixed contact 98. This
      will cause the indicator lamp 96 to go out, and the indicator light 100 to
      be energized, indicating that the first filter means, consisting of the
      filter panels 28 and 30, require changing.
PAR  The pressure switch 92 of the second filter condition indicator means 46
      may be similarly constructed. This pressure switch has a fixed contact 114
      connected to an indicator light 116 and a second fixed contact 118
      connected to a second indicator light 120. The movable contact 122 of the
      pressure switch 92 has an operating arm 124 which is connected by suitable
      linkage 126 to the diaphragm 128, mounted at the end of the tube 130. The
      other end of the tube 130 extends into the subchamber 36 of the air
      filtering apparatus, and the inside end of the diaphragm 128 is open to
      the atmosphere through an opening 132 in the side wall of the pressure
      switch housing. Thus, when the pressure within the subchamber 36 raises
      above a predetermined level above atmospheric, the diaphragm 128 will be
      pushed to the right (as indicated in FIG. 3), moving the operating arm 124
      and the movable contact 122 in the clockwise direction, and from a
      position of engagement with the fixed contact 114 to a position of
      engagement with the fixed contact 118. Thus, the indicator light 116,
      which was energized when the fixed contact 114 was in engagement with the
      movable contact 122, will be de-energized, and the indicator light 120
      will be energized to indicate that the HEPA type filter 32 has accumulated
      a sufficient amount of particulates to recommend changing.
PAR  Each of the filtering apparatuses 12a and 12b (as illustrated in FIG. 1)
      are identically constructed. The receiver 76 of each such apparatus is
      designed to receive and close the switch 74 only upon receipt of a single
      transmitted radio signal from the transmitter 14 to control the speed of
      the blower motor 42. When the blower motor is operating at its highest
      speed, the pressure conditions in the subchambers 34 and 36 will be most
      severe, and thus the condition of the first and second filter means can
      best be determined during this operation. The blower motor may be operated
      continually at its highest speed, if desired, and in a room which has much
      tobacco smoke or other particulates in the air, this may be a highly
      desirable mode of operation. A slower and more quiet operation of the
      blower, however, may be achieved by the operation at the lower speed. This
      speed regulation may be accomplished either by remote control from the
      transmitter 14 to the receiver 76 which closes the remote control switch
      74, or it may be accomplished by manual operation of the rocker switch 72.
      The "normal" speed of the motor may be further regulated manually by the
      switch 56, which can switch alternately from the 85-volt output to the
      65-volt output of the reactor 52. The indicator lights 84 and 86 will
      indicate whether the motor is operating at its high or one of the lower
      speeds. Usually, the blower will be operating at one of the lower speeds
      and, if a check of the condition of the filter elements is desired, this
      may be remotely controlled to instantaneously check the condition of the
      filters. This remote control of one or more filtering apparatuses to
      control the speed of the blowers in the various apparatuses greatly
      facilitates the operation and maintenance of the filter system, whether
      that system comprises one or several of the air filtering apparatuses.
PAR  It will be understood that the foregoing description has been given only by
      way of example and that various changes and modifications of the apparatus
      may be undertaken without departing from the spirit and scope of the
      invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An air filtering apparatus comprising a chamber having an inlet and an
      outlet, a prefilter panel disposed across said chamber inlet, a HEPA type
      filter panel disposed across said chamber outlet, dividing means
      intermediate said prefilter panel and said HEPA type filter panel for
      dividing said chamber into adjacent first and second subchambers, said
      dividing means having an opening through which air may pass from said
      first subchamber into said second subchamber, blower means intermediate
      said prefilter panel and said HEPA type filter panel for forcibly blowing
      air from said first subchamber through said dividing means opening and
      into said second subchamber, whereby air will be drawn through said
      prefilter panel into said first subchamber and will be forced into said
      second subchamber and exhausted through said HEPA type filter panel,
      pressure responsive indicator means responsive to a predetermined increase
      in pressure in said second subchamber for indicating when said HEPA type
      filter panel requires changing, said blower means including an electric
      blower motor, the speed of which may be varied by varying the voltage
      applied thereto, a voltage supply circuit, and means for varying the
      voltage applied by said circuit to said blower means, said voltage varying
      means including switch means connected to said voltage supply circuit and
      operable in two alternative positions for supplying two alternative
      voltages for operation of said blower motor at two alternate speeds, one
      of which is sufficient to generate pressure conditions within said second
      subchamber sufficient to actuate said pressure responsive means if the
      HEPA type filter panel requires changing, control means responsive to a
      predetermined signal for effecting movement of said switch means from one
      of said alternative positions to the other, signal applying means
      operatively connected to said control means for applying an actuating
      signal to said control means, said signal applying means including radio
      frequency receiver and signal circuit means operated by said receiver in
      response to receipt of a predetermined transmitted frequency for applying
      an actuating signal to said control means, and means for generating the
      predetermined radio frequency for actuating said radio receiver, whereby
      said blower means may be remotely controlled to test the condition of said
      HEPA filter panel.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said first filter means includes a spun
      fiberglass mat prefilter panel.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said first filter means also includes a
      panel of an odor adsorptive material.
NUM  4.
PAR  4. The structure of claim 1 wherein said voltage supply circuit further
      includes means for varying the lower one of the two alternative voltages,
      whereby the normal operating speed of the blower means may be further
      regulated.
NUM  5.
PAR  5. The structure of claim 1 wherein there are provided a plurality of air
      filtering apparatuses, the radio receiver of each being responsive to a
      single predetermined transmitted radio signal, whereby the conditions of
      the filter means in each apparatus may be simultaneously checked by a
      single radio frequency generating means.
NUM  6.
PAR  6. The structure of claim 1 and further including a prefilter indicator
      means in said first chamber for indicating when said prefilter requires
      changing.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said pressure responsive indicator
      means comprises a switch having a pressure responsive contact movable in
      response to pressure within the corresponding subchamber from a first
      position to energize a first indicator element and a second position to
      energize a second indicator element.
NUM  8.
PAR  8. The apparatus of claim 1 wherein the flow characteristics of said first
      and second filter means and the air pumping characteristics of said blower
      means are such as to provide less than 0.1 inches water column of pressure
      below atmospheric in said first subchamber and approximately 0.4 inches
      water column above atmospheric in said second subchamber and said pressure
      responsive indicator means is responsive to an increase in positive
      pressure above atmospheric of approximately 1.0 inches water column,
      indicating that there has been such a change in the flow characteristics
      of the HEPA type filter panel as to require replacement of that filter
      means.
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PAL  A glass fiber sizing composition for the reinforcement of resin matrices is
      provided which comprises a homogeneous aqueous composition of two
      polyester resins. The first polyester resin is a water solubilized
      condensation cross-linkable, polyester resin, insoluble in aromatic
      solvents. The second polyester resin is insoluble but dispersible in water
      but insoluble in the first polyester resin. Thus, when the second
      polyester is blended with a water solution of the first polyester, a
      dispersion is produced. In this dispersion the water and the first
      polyester form the continuous phase and the second polyester forms the
      dispersed phase. A plasticizer and two silane coupling agents are also
      incorporated into the sizing composition. The first coupling agent is
      provided to promote adhesion between the glass fibers and the resin matrix
      and the second silane coupling agent is employed in the sizing composition
      to control the wetting of the glass fibers by the first silane coupling
      agent. A thermoplastic polymer of sufficiently low molecular weight is
      employed to impart pressure sensitive adhesive characteristics to the
      sizing composition. Glass fibers sized with the sizing composition of the
      invention have found particular utility when incorporated into resin
      matrices which are utilized as molding compounds.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a glass fiber sizing composition, a method of
      applying the sizing composition to glass fibers during formation, and
      glass fibers for incorporation into molding compounds.
PAC  BACKGROUND OF THE INVENTION
PAR  A glass fiber strand is composed of a multitude of fine glass filaments
      which are formed by being drawn at a high rate of speed from molten cones
      of glass at the tips of small orifices in a bushing such as shown in U. S.
      Pat. No. 2,133,238. During formation, the filaments are coated while
      moving at a speed on the order of 1,524 to 6,096 meters per minute with a
      size which contains a binder to give the strand integrity and workability
      for any standard textile or reinforcement use. The size also contains a
      lubricant for the filaments to prevent damage to the strand by abrasion of
      the individual filaments against each other or against handling equipment
      during processing.
PAR  The attenuative force supplying the high speed drawing force to form the
      fine glass filaments is usualy provided by a winder or a wheel puller. A
      winder is typically a rotating drum on which a paper tube (forming tube)
      is placed. As the fibers are drawn and gathered into strands, the strands
      are collected on the forming tube which rotates with the winder. The wheel
      puller, as an attenuative device, is primarily a pair of tractive,
      juxtaposed surfaces which pull the strand and project or direct it to a
      collecting apparatus.
PAR  Glass fibers in the form of strand, both continuous and chopped, mat and
      roving having found utility in the area of reinforcing resinous matrices.
PAR  Roving is formed by mounting a plurality of glass fiber forming packages on
      a creel or support and gathering the strands from the separate packages in
      parallel, to form a rope or roving. This braided rope or roving is wound
      on a rotating drum to collect the roving. The roving so produced has a
      plurality of uses. It can be chopped and separated into separate strands
      to form chopped strand. It can be woven to form woven roving or it can be
      used by merely unwinding and impregnating it with resin for applications
      such as filament winding and pultrusion. Roving in whatever form utilized
      imparts substantial strength to resin composites reinforced therewith.
PAR  Roving which has been chopped to form chopped strand has found utility in
      the area of glass fiber reinforced molding compounds. In one area of glass
      fiber reinforced molding compounds, glass fibers which have been chopped
      are dispersed through a thickened, polymerizable polyester resinous
      material. This thickened resinous material with the glass fibers dispersed
      therethrough has a substantial viscosity in order that it may be handled
      by conventional techniques for such molding compounds.
PAR  In order to obtain a glass fiber roving which is acceptable for utilization
      in not only the molding compound area but also any reinforcement area the
      formation and processing of the roving must present as few problems in
      production as possible. The glass fiber strand, to form the roving must
      have integrity in order to tolerate the processing necessary in forming
      the roving and in subsequent unwinding and chopping. also when the strands
      are gathered in parallel to form the roving, it is desirable that they
      cohere to each other to form a uniform rope. However, this adhesion
      between strands in the roving should not be too great because unwinding of
      the roving and passage of the roving through the chopping apparatus will
      be difficult if too much tack is imparted to the strand and the roving
      formed therefrom.
PAR  The strands within the roving must also be capable of being dissociated
      from each other during the chopping of the roving so that they may
      uniformly disperse throughout the molding premix.
PAR  Another problem associated with the forming of glass fibers is the
      migration of the binder and sizing composition when the fibers are dried
      after formation. The aqueous sizing composition is coated onto the fibers
      as they are formed and the strand, which consists of gathered fibers. The
      strand is then wound on a forming package. These forming packages are
      subsequently dried in an oven and if desired, under reduced pressure.
      During this drying process, the solids of the sizing composition have a
      tendency to migrate from the inside of the package to the outside of the
      package. Therefore, the strands which are on the outside of the package
      have substantially more sizing composition thereon than the inside strands
      of the package. This causes nonuniformity of the performance of the
      strands and roving formed from the strands. Hence, it is desirable to have
      a sizing composition which is nonmigratory and produces a uniform
      distribution of sizing composition on the strands throughout the forming
      package.
PAR  Along with the processing properties, the strand must also demonstrate
      excellent adhesion to the resin matrix to effectively reinforce the
      plastic article formed thereform. Therefore both the chemical and physical
      properties of the glass fiber strand in the resin matrix are determined
      primarily by the sizing composition placed on the strand during formation.
PAR  The instant invention provides a sizing composition and a glass fiber
      roving formed from strand with the sizing composition thereon which is
      useful in the production of fiber reinforced molding compounds. Further,
      this invention provides composites formed from such molding compounds with
      improved strength and uniformity.
PAR  Further, the instant invention provides a sized glass fiber strand which is
      easily processed both during formation and subsequent to formation, in
      that the sizing composition is nonmigratory. Still further, the invention
      provides a strand which is easily formed into roving, is pliable, chops
      and disperses easily, and imparts adequate wet-out and wet-through
      characteristics to SMC and BMC formed therefrom.
PAR  Further advantages of the instant invention will become apparent with the
      further description thereof.
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PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The sizing composition of the instant invention comprises two polyester
      resins. The first polyester resin is a water solubilized condensation
      cross-linkable unsaturated polyester resin salt which is substantially
      insoluble in aromatic solvents when cross-linked. The second polyester
      resin is an unsaturated water dispersible polyester resin insoluble in the
      first polyester resin. Thus, when a solution of the first polyester resin
      salt is formed and the second polyester is added thereto, a dispersion is
      formed with the first polyester resin salt and water forming the
      continuous phase and the second polyester resin forming the dispersed
      phase. A plasticizer is included in the composition to provide flexibility
      to the strand and to control the coalescence of the polymers on the strand
      to form a uniform fiber. The coupling agent which is used to couple the
      glass to the resin matrix is a dual-coupling agent system, both coupling
      agents being silanes. The first silane is highly adhesive in nature and
      promotes adhesion between the glass fibers and the resin matrix. The
      second silane coupling agent has substantially lesser bonding
      characteristics than the first silane coupling agent, but controls the
      wetting of the glass fibers by the first silane coupling agent. Finally, a
      thermoplastic polymer of sufficiently low molecular weight to impart
      pressure sensitive adhesive characteristics to the sizing composition is
      included. Typically the sizing solution is applied to glass fibers during
      formation at a total solids content of about 2 to 20 percent by weight,
      preferably 9 to 17 percent by weight.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  By "water soluble resin" is meant that a mixture of water and resin yields
      a single phase homogeneous solution. By "water dispersible resin" is meant
      that a mixture of water and resin yields a two-phase homogeneous mixture.
      By "substantially insoluble" is meant that a given solvent will form a
      heterogeneous mixture with a given resin.
PAR  Typically a first water soluble polyester resin is incorporated in the
      sizing composition in an amount from about 1 to 10 percent by weight of
      the total solids. This polyester resin can be formed from carboxylic acids
      and polyhydric alcohols by techniques known to those skilled in the art.
      In all cases, however, an ethylenically unsaturated carboxylic acid or
      anhydride such as maleic anhydride, maleic acid, fumaric acid or the like
      must be a major component in the formation of the polyester condensation
      product in order to impart adhesive characteristics between the dispersed
      strand and the resin matrix. It is believed that this adhering
      characteristic is imparted by the interpolymerization of the size on the
      strand and the resin matrix through the double bonds in the size and the
      resin. A typical water soluble unsaturated polyester resin has a
      polycarboxylic acid having more than two carboxyls per molecule as a
      component in the synthesis thereof. Therefore, because a portion of the
      carboxylic acids employed in the synthesis of the polyester resin have a
      functionality of greater than 2, a substantial amount of free carboxyl
      will be available for subsequent dispersion of the polyester resin in
      water by salt formation and condensation cross-linking thus producing
      substantial insolubility of the size in aromatic solvents when the size is
      cross-linked. The solubilization is accomplished by means of the addition
      of a volatile amine which is capable of forming a salt with the pendant
      carboxyl groups on the polyester chain. Typically, triethyl amine,
      dimethyl ethanol amine, ammonia and the like can be utilized in
      solubilizing the polyester resin provided the solubilizing agent can be
      dissociated from the sizing composition and evaporated at acceptable
      curing temperatures and times, i.e., 120.degree. to 177.degree.C. from 2
      to 24 hours.
PAR  The curing time and degree of curing of the polyester can be adjusted by
      the selection of the nitrogenous base used to solubilize the polyester
      resin. A high boiling amine, i.e., dimethyl ethanolamine, will require
      substantial time and temperature to fully dissociate from the strand,
      hence if complete cure of the size is not desired, complete dissociation
      of the amine will not be conducted. If a low boiling solubilizing base,
      e.g., ammonia is used, cure times and temperatures can be substantially
      reduced.
PAR  This first water solubilized polyester resin provides a glass fiber strand
      with good wet out.
PAR  The excess carboxyl functionality of the polyester resin necessitates care
      in its synthesis in order to avoid cross-linking by condensation. The acid
      functional polyester resin is condensation polymerized to a point near its
      gel or cross-linking point so that when the glass fiber strand with the
      size thereon is subjected to heat, the polyester resin will condensation
      cross-link with itself or other hydroxyl functionality present in the
      solids of the sizing composition. Typically, trimellitic anhydride or
      trimellitic acid is used in the synthesis of the polyester resin along
      with maleic anhydride and a polyhydric alcohol to obtain the
      solubilization and condensation cross-linkable properties of the
      polyester.
PAR  Further, other saturated dicarboxylic acids may be used in the condensation
      of this first polyester resin. However, only a minor amount of the
      difunctional, saturated dicarboxylic acid may be used in order that no
      substantial detraction of unsaturation or pendant carboxylation in the
      polyester is obtained which will detract from the water solubility and the
      condensation cross-linking properties of the final sizing solution.
PAR  The second polyester resin which is water dispersible but insoluble in the
      first polyester resin is incorporated at a level of 2 to 10 percent by
      weight of the sizing composition. Typically, this polyester is formed from
      maleic, fumaric or the like previously mentioned unsaturated carboxylic
      acids or anhydrides and a polyhydric alcohol such as those previously
      discussed. Further, non-free radically polymerizable dicarboxylic acids
      may be utilized in the synthesis of the polyester in a mole ratio which
      does not detract from the capability of the second polyester to bond the
      glass with the resin matrix to be subsequently applied to the surface of
      the glass fibers. Further, the second polyester resin imparts nonmigrating
      characteristics to the size. This second polyester resin is believed to
      provide good wet through to the glass fiber strand. This good wet through
      is provided by retarding the wet out with the polyester molding compound
      of the glass. By having a polyester resin in the sizing composition which
      has an affinity for the polyester molding compound to be reinforced
      therewith, extreme intimacy of contact between the resin and the glass
      will be obtained.
PAR  The plasticizer is added to the sizing composition to impart pliability to
      the glass fiber strand and the roving associated therewith for ease in
      processing during forming, fabrication of the roving, chopping of the
      roving prior to incorporation into the resin matrix and to aid in the
      coalescence of the sizing composition solids into a continuous film on the
      strand. Generally, the plasticizer is incorporated into the sizing
      composition at a level of 2 to 10 percent by weight based on the total
      sizing solution. A particularly advantageous plasticizer is tricresyl
      phosphate. Other plasticizers known to those skilled in the art may be
      utilized so long as they impart the necessary properties of flexibility
      and processability necessary to the strand and roving formed therefrom and
      to aid in the coolance of the sizing solids. Typical other plasticizers
      are dioctyl phthalate, dibutyl phthalate, ethyl ortho-benzol benzoate, and
      the like.
PAR  The combined coupling agent system of the invention utilizes two coupling
      agents both preferably silanes. The first coupling agent is one having
      amino functionality which can be designated by the general formula
EQU  NH.sub.2 R--Si--(OR.sub.2).sub.3
PAL  wherein R is an alkylene radical having from two to eight carbon atoms and
      R.sub.2 is a lower alkyl radical or hydrogen; the lower alkyl radical
      having one to five carbon atoms, preferably one or two carbon atoms.
PAR  The second silane coupling agent characteristically has a reactive moiety
      thereon which is free radically polymerizable such as acrylate,
      methacrylate, alkyl, vinyl or the like. A particularly advantageous
      acrylate coupling agent is gamma-methacryloxypropyltriethoxysilane.
      However, other unsaturated coupling agents such as vinyl triethoxy silane,
      vinyl trimethoxy silane and the like may be utilized as the second
      coupling agent.
PAR  Typically, each silane coupling agent is incorporated into the sizing
      composition at a level of 0.1 to 5 percent by weight based on the total
      weight of the sizing solution.
PAR  The thermoplastic polymer is incorporated into the sizing composition to
      provide a strand which is sufficiently tacky to adhere the strands
      together to ease in the production of the roving. However, much tack of
      the strand should be avoided so that the roving can be readily unwound and
      processed through the chopping device without filament breakage.
PAR  Typical thermoplastic pressure sensitive polymers useful for incorporation
      into the size are low molecular weight acrylic resins synthesized from the
      homopolymerization, copolymerization or interpolymerization of methyl
      methacrylate, ethyl acrylate, 2-ethyl-hexyl acrylate, butylacrylate,
      styrene, vinyl acetate and the like. Other thermoplastic polymers may be
      used so long as they provide a sufficient tack level to the glass fiber
      strand. One polymer has been found to be particularly useful in the size
      of the invention. This polymer is a PAISLEY 76-3663 which is a
      vinylacrylic copolymer emulsion supplied as a 50 percent .+-. 2 percent
      water emulsion having an average particle size of 0.5 micron, a viscosity
      of 1500 to 2000 centipoises and a pH of 6 to 7.
PAR  In preparing the sizing composition of the invention, the water solubilized
      polyester resin solution is diluted further with water. To this water
      solution is added the second polyester resin to form a dispersion. The
      water and the first polyester resin which has been solubilized forms the
      continuous phase of the dispersion and the second polyester resin forms
      the dispersed phase of the dispersion. This physical relationship between
      the first polyester resin and the second polyester resin prevents the
      migration of the sizing composition during drying. A completely water
      soluble sizing composition migrates to the surface of the forming package
      during drying because the water carries the sizing solids with it as it
      travels to the surface of the package. Typically when a water soluble size
      is used, a variation in loss on ignition of the strand varies between 0.6
      percent on the interior of the forming package to 3.5 percent on the
      exterior of the package.
PAR  By having the one polyester resin in a continuous aqueous phase of a
      dispersion and a second polyester resin in the dispersed phase of the
      dispersion, the variation in loss on ignition of the strand is about 2.2
      on the interior of the forming package to 2.6 on the exterior of the
      package.
PAR  Further, the pH of the mixture of the first and second polyester resin
      should be controlled to be between 3 and 7 and more preferably 6 to 7. At
      pH ranges of 8 and above, it has been found that the second polyester
      dissolves in the water and solubilized polyester phase of the dispersion
      thus forming a solution hence distracting from the nonmigratory
      characteristics of the sizing composition.
PAR  Generally there are two types of chemically thickened molding compounds
      which have found major utility for making articles formed therefrom. These
      are bulk molding compounds (BMC) and sheet molding compounds(SMC). Both
      BMC and SMC are formed from a thickened polyester resin having a
      polymerizable monomer therein. Typically the polyester resin is thickened
      with magnesium oxide or magnesium hydroxide. A relatively low viscosity is
      encountered on initial mixing of the magnesium oxide with the unsaturated
      polyester-monomer solution. After aging this solution, it substantially
      thickens to form a compound having a viscosity much like a dough (i.e., 10
      to 70 million centipoise).
PAR  The polyester may also contain fillers such as clay, talc, calcium
      carbonate, silica, calcium silicate and the like. Additionally, pigments
      may be added to impart color to the molding compound.
PAR  The unsaturated polyester resinous material is based on an unsaturated
      condensation polyester blended with an alpha, beta ethylenically
      unsaturated monomer and may further include a thermoplastic polymer.
      Typically the polyester is used in amounts ranging from 20 to 80 parts by
      weight of the total resinous system and preferably in amounts ranging from
      25 to 65 parts by weight. This class of unsaturated polyesters in itself
      is not unique and methods of preparing them are well known. These
      polyesters are synthesized by the condensation of an unsaturated
      dicarboxylic acid or anhydride or mixtures thereof with a polyhydric
      alcohol. Further, other carboxylic acids not having free radically
      polymerizable functionality may be utilized so long as enough unsaturated
      carboxylic acid is condensed into the polymer chain to provide adequate
      cross-linking with the ethylenically unsaturated monomer. Preferably,
      maleic anhydride, maleic acid or fumaric acid are among the preferred
      unsaturated carboxylic acids or anhydrides. However, other unsaturated
      acids may be used, for example, chloromaleic acid or anhydride,
      tetrahydrophthalic acid or anhydride and the like. Typically, the nonfree
      radically polymerizable carboxylic acids or anhydrides may be used in an
      amount up to about 25 mole percent based on the total dicarboxylic acid
      and/or anhydride incorporated into the condensation polymer. Examples of
      such nonfree radically polymerizable dicarboxylic acids or anhydrides are
      phthalic, isophthalic, terephthalic, succinic, adipic, sebasic, methyl
      succinic, hexahydrophthalic and the like.
PAR  The polyhydric alcohols useful in preparing the unsaturated polyester
      resins to be used in the resinous material are the dihydric alcohols such
      as propylene glycol, dipropylene glycol, diethylene glycol,
      1,3-butanediol, 1,5-tetramethylene glycol and the like, the trihydric
      alcohols such as trimethylol propane, trimethylol ethane, clycerol and the
      like and the tetrols such as pentaerythritol and the like. Typically the
      condensation polymers have a molecular weight of about 500 to 5,000 and
      preferably from about 700 to 2,000 and have an acid number of less than
      100 and more preferably less than 70.
PAR  The ethylenically unsaturated monomer must be copolymerizable with the
      unsaturated polyester resin hereinbefore described to provide a
      cross-linked final product. Typically, styrene and vinyl toluene are the
      preferred ethylenically unsaturated monomers. Other monomers may be
      utilized such as the acrylic monomers, preferably the lower alkyl esters
      (i.e., 1 to 10 carbon atoms) of acrylic acid; aromatic monomers such as
      chlorostyrene and the like; and in some cases difunctional ethylenically
      unsaturated monomers may be utilized such as diethyleneglycol diacrylate,
      1,3-butane diol dimethacrylate and the like. Typically the monomer is used
      at a level of 20 to 80 parts by weight of the total system and preferably
      between 35 to 75 parts by weight.
PAR  In order to free radically polymerize and thereby cross-link the polyester
      resin, free radical initiators such as benzoyl peroxide, tertiary butyl
      peroctoate, ditertiary butyl peroctoate, cyclohexanone peroxide,
      ditertiary butyl peroxide, lauryl peroxide and the like, must be utilized.
      Usually a concentration of 0.1 to 3 percent by weight based on the
      resinous system is incorporated to provide adequate curing.
PAR  Further, to impart minimum shrinkage during the curing cycle, e.g., to
      minimize the density difference between the cured resinous molding
      compound and the liquid resinous molding compound, thermoplastic polymers
      are normally incorporated into the molding compound. These are usually
      acrylic polymers such as polymethylmethacrylate, polyethylmethacrylate,
      polybutylacrylate, polymethylacrylate, polystyrene and the like, and
      copolymers thereof. Further, vinyl halide polymers such as vinylchloride
      or vinylchloride - vinylacetate copolymers may be utilized and also the
      cellulosic polymers such as cellulose acetate butyrate, or cellulose
      acetate propionate. Also, vinyl acetate polymers and ethylene vinyl
      acetate copolymers may be used to reduce shrinkage.
PAR  Bulk molding compound (BMC) is prepared by mixing in a high shear mixer the
      unaged polyester monomer solution having the thickening agent and the
      other ingredients therein along with chopped glass fiber strand or roving.
      This high shear mixer homogeneously disperses the glass fibers throughout
      the resinous phase of the composition thus forming a bulk molding compound
      which, after thickening on aging, can be sliced into desired shapes such
      as cubes and the like and placed in a press to form articles of the
      desired design.
PAR  Sheet molding compound (SMC) is formed by first coating the polyester resin
      premix, with a thickening agent therein, on a nonadhering surface such as
      a polyethylene sheet. A uniform film of the desired thickness is applied
      to the sheet as it travels on a conveyor belt. Chopped glass fiber roving,
      strand or mat is uniformly disposed into the polyester resin coating. A
      second nonadhering substrate is coated with the same polyester resin
      premix and brought in contact with the first polyester resin with the
      glass fibers thereon. Subsequent to the joining of the two polyester
      coatings, the sandwich is kneaded with a plurality of rollers having
      varying configurations of uniformly distribute the glass fibers throughout
      the polyester premix. The sandich is then taken up on a roll and can be
      used in subsequent molding operations.
PAR  The glass fiber chopped strand which is dispersed across the surface of the
      first polyester resin premix coated substrate is normally formed by taking
      a plurality of roving packages, threading the ends of each roving package
      through a plurality of guide eyes into a chopping device which chops the
      roving to the desired length, and disperses the glass onto the polyester
      resinous coated substrate in the form of chopped glass strand.
PAR  In order to form an acceptable bulk or sheet molding compound, glass fibers
      must have an acceptable size on their surface. The solubility of the glass
      fiber sizing composition in ethylenically unsaturated aromatic solvents
      can affect the final properties of the molded product. In instances where
      severe shear is necessary to disperse the glass fibers throughout the
      polyester premix, it is desirable to have a sizing composition which is
      substantially insoluble or totally insoluble in the polyester resin premix
      to prevent filamentation of the strand, i.e., to keep the filaments in
      discrete bundles. When severe shear is not necessary to homogeneously
      disperse the glass fiber strand throughout the polyester premix during
      compounding and molding, increased solubility of the size on the strand
      can be tolerated. Further, and especially in SMC, the individual strands
      of fibers are to be homogeneously dispersed throughout the premix in order
      to form a uniform sheet molding compound.
PAR  If the sizing composition on the glass fibers is not properly formulated,
      the fibers will not disperse uniformly through the resin premix. The
      characteristic of the molding compound formed from the polyester and glass
      fibers which describes the homogeneity of the premix composite is called
      "wet through" or "flow through". It is desirable to have a high degree of
      wet through in a sheet molding compound in order that the final physical
      properties of the molded articles and the processability thereof be at
      their maximum level. On the other hand, it is also desirable that the
      glass fiber strands be wet out during compounding which means that the
      resin encapsulates the glass fiber strands and no bare glass is visible
      throughout the formed molded compound. Wet out during compounding is a
      measure of the apparent intimacy of contact between the resin matrix and
      the glass fiber strand. If the glass fibers are not immediately wet out
      following compounding and it is not expected that they will wet out on
      aging due to the increasing of the viscosity of the compound, there will
      be adverse effects on the processability, molding characteristics and
      surface properties of the final molded article.
PAR  The following examples will further elucidate the concept of the invention.
PAC  EXAMPLE I
PAC  (Polyester A)
PAR  Four moles of propylene glycol, 1 mole of maleic anhydride, and 1 mole of
      isophthalic acid were charged to a reaction vessel equipped with a
      stirrer, a heating apparatus, an inert gas inlet, a thermometer to
      determine the temperature of the reaction and a thermometer placed at the
      top of a distillation column to determine the temperature of the effluent
      from the reaction mixture. The above ingredients were esterified to an
      acid value of 8.2. One mole of trimellitic anhydride was added thereto and
      reacted with the above formed polyester until a cure time of less than 30
      seconds at 220.degree.C. was obtained. The resin was stoichiometrically
      neutralized with an aqueous triethyl amine solution.
PAR  The following table demonstrates the progress of the reaction:
TBL                                    Table I                                 
     __________________________________________________________________________
          Kettle                                                               
               Effluent   Inert Gas                                            
     Time Temp.                                                                
               Temp.                                                           
                    Distillate                                                 
                          Sparge Rate                                          
                                  Acid                                         
                                      Cure Time                                
     (hrs.)                                                                    
          (.degree.C.)                                                         
               (.degree.C.)                                                    
                    (mls.)                                                     
                          (liters/hr.)                                         
                                  No. (sec.)                                   
                                            Remarks                            
     __________________________________________________________________________
     0     RT  RT    0    14.16   --  --    Materials charged, heat on.        
     1    180  98   1st drop                                                   
                          14.16   --  --    First water off.                   
     3    195  97   52    14.16   --  --       --                              
     4.7  210  91   69    28.32   --  --    Increase sparge.                   
     6.3  215  74   80    28.32   20.2                                         
                                      --       --                              
     8.6  216  39   82    28.32    8.2                                         
                                      --       --                              
     8.8  216  35   83    14.16   --  --    Cool lower sparge.                 
     9    205  --   --    14.16   --  --    Charge TMA, empty distillate.      
     9.25 195  97   1st drop                                                   
                          14.16   --  --    Charge completed.                  
     9.9  202  90   29    14.16   --  --    No vortex - reduce heat.           
     10.8 192  60   40    14.16   63.2                                         
                                      42       --                              
     11   192  55   41    14.16   --  27    Heat off. Begin to blend           
                                            resin into distilled water         
                                            and appropriate amount of          
                                            triethylamine.                     
     __________________________________________________________________________
PAR  The final resin had an acid number of 57.2, a cure time of 28 seconds, a
      nonvolatile content of 30 percent, a Gardner-Holt viscosity of A-1 at
      25.degree.C., a Gardner color of 1, and a pH of 7.4. Of particular
      importance is the cure time of the final resin so that when such a resin
      is incorporated into the sizing composition and the fibers are sized
      therefrom, subsequent heating will condense the free carboxylic acid in
      the polyester resin. The cure time is determined by heating the polyester
      at 200.degree.C. and measuring the time required for gelation. Generally
      in the above type of polyester, an acid value from 30 to 90, preferably 40
      to 60, is necessary to obtain paper solubilization and cross-linking of
      the sizing composition.
PAC  (Polyester B)
PAR  A polyester resin was synthesized in the conventional manner using 6 moles
      of maleic anhydride, 4 mols phthalic anhydride, 10.5 mols of ethylene
      glycol, 0.2 mole of CARBOWAX 1540 w, a high molecular weight, polyethylene
      glycol. The components were condensed to an acid value between 18 and 26
      and a Gardner viscosity of 0 to Q at 60 percent resin solids in ethyl
      CELLUSOLVE.
PAR  Seventy-five parts of the above polyester resin are mixed with 25 parts of
      ethyle CELLUSOLVE, 0.1 part of 2,6-ditertiarybutyl paracresol and 0.002
      part of methyl quinone.
PAC  Preparation of the Size
PAR  75.71 liters of water were charged to a mix tank equipped with an agitator
      and 2,682 grams of alpha-aminopropyltriethoxy silane were added to the mix
      tank with agitation. 75.71 liters of water were charged to an
      emulsification tank equipped with a high shear EPPENBAUCH agitator. 1,722
      grams of ABEX 18S, an anionic emulsifier having a solids content of 35
      .+-. 170 and pH of 7.5 to 8.5 at 25.degree.C. sold by Alcolar Chemical
      Corporation, 1,722 grams of tricresol phosphate, and 38,499 grams of
      polyester B were charged sequentially to the emulsification tank with
      agitation. The agitation was continued until a homogeneous emulsion was
      obtained. 37.85 liters of water were charged to a premix tank equipped
      with an agitator, 73,547 grams of polyester A were charged to the premix
      tank with agitation. To a second premix tank was charged, with agitation,
      2 grams of acetic acid, 56.78 liters of water and 2,682 grams of
      alpha-methacryloxypropyltriethoxy silane. The contents of the
      emulsification tank, the first premix tank and the second premix tank were
      charged sequentially to the mix tank and agitated until homogeneous at
      which time 1,344 grams of vinyl acrylic thermoplastic polymer, 50 percent
      solids in water was added to the mix tank after being diluted with 7.5
      liters of water. The total volume of the size was brought to 378.5 liters.
      The size had a pH of 6.7 .+-. 2, a solids content of 17 .+-. 2 percent.
PAR  The following table shows the composition of the sizing solution:
TBL                Table II                                                    
     ______________________________________                                    
     Ingredient                 Amount (%)                                     
     ______________________________________                                    
     Polyester resin A          5.84                                           
     Polyester resin B          7.66                                           
     Anionic surfactant         0.45                                           
     Tricresol phosphate        0.45                                           
     Gamma-aminopropyltriethoxysilane                                          
                                0.58                                           
     Gamma-methacryloxypropyltrimethoxysilane                                  
                                0.58                                           
     Methyl methacrylate copolymer                                             
                                1.78                                           
     Deionized water            82.66                                          
     ______________________________________                                    
PAR  The above sizing solution provides a glass strand with about 2.2 to 2.6
      percent by weight of the dried size composition on the strand based on the
      total weight of the glass and with the dried residue of the sizing
      solution thereon.
PAR  Glass fibers drawn from a bushing were sized with the above sizing
      composition during formation. The individual sized filaments were gathered
      into strands and collected on a forming tube mounted on an 20.32 cm collet
      which was rotating at 4100 revolutions per minute. A plurality of forming
      packages as above formed were dried in an oven at 133.degree.C. for 11
      hours. Fifteen of these forming packages were mounted on a creel, braided
      into roving, and collected on a rotating spindle to form a roving ball.
      The ends of 22 of such roving balls were threaded into the chopper of a
      SMC machine.
PAR  A sheet molding compounding resin having the following composition was used
      to form the sheet molding compound:
TBL                Table III                                                   
     ______________________________________                                    
     Ingredient               Amount                                           
     ______________________________________                                    
     Resin -- 1:1 propylene maleate polyester                                  
                              65%                                              
     Styrene                  35% (60 parts)                                   
     Thermoplastic acrylic polymer (polyvinyl-                                 
     acetate)                 30 parts                                         
     Calcium oxide filler     150 parts                                        
     Peroxide catalyst benzoyl peroxide                                        
                              .5 part                                          
     Thickening agent -- Magnesium oxide                                       
                              .65 part                                         
     Release agent            5 parts                                          
     Pigment (black)          .26 part                                         
     ______________________________________                                    
PAR  The above SMC formulation was applied to the surface of a polyethylene
      sheet at a uniform coating thickness. The glass fiber roving was chopped
      and the strand inherently separated from the roving and uniformly
      dispersed upon the coated polyester. The same polyester was coated on a
      second polyethylene sheet and the two resin surfaces were joined together
      to form a sandwich. The sandwich was kneaded with a plurality of rolls to
      uniformly mix the glass fiber chopped strand and the polyester molding
      compound. The sandwich was then wound on a roll.
PAR  Several sheet molding composites were made in accordance with the above
      method using different thicknesses of polyester coating on the
      polyethylene sheet and adjusting the linear speed of travel of the
      polyester fiber glass sandwich. A linear speed of 152 centimeters per
      minute with a density of 3417 grams per square meter produced a sheet
      molding compound with a 100 percent wet through which means that the glass
      fiber strand was homogeneously mixed throughout the polyester molding
      compound. Also the strands had complete encapsulation by the polyester
      molding compound and no bare glass was observed. At a linear speed of 670
      centimeters per minute at a density of 5858 grams per square meter, the
      wet through and wet out were still maintained at 100 percent. At a linear
      speed of 609 centimeters per minute at a density of 8298 grams per square
      meter, observation showed that the wet through was 90 percent and the wet
      out was 60 percent on a relative basis.
PAC  EXAMPLE II
PAR  A commercial glass fiber roving was used in sheet molding compound
      utilizing the same polyester for the molding compound in the same method
      as above described. Sheet molding compound made from the roving of Example
      I and the commercial roving were molded and tested for flexural strength,
      flexural modulus, tensile strength and Izoid notched impact.
PAR  The following table illustrates the superiority of the instant glass fiber
      sized roving in comparison with the commercially used sheet molding
      compound using glass fiber roving. The molded articles produced with the
      roving of the instant invention are designated as roving A and those
      produced by the commercial roving as roving B.
TBL                                    TABLE III                               
     __________________________________________________________________________
                  GLASS                    TENSILE   IZOD IMPACT               
         CHARGE SHAPE                                                          
                  CONTENT                                                      
                        FLEX STR.                                              
                                 FLEX MODULES                                  
                                           STRENGTH  (NOTCHED)                 
     ROVING                                                                    
         CM .times. CM                                                         
                  %     NEWTONS/METER.sup.2                                    
                                 NEWTONS   M.sup.2 .times. 10.sup.6            
                                                     NEWTONS/M.sup.2 .times.   
                                                     10.sup.6 NEWTONS          
     __________________________________________________________________________
     A   11.43 .times. 26.61                                                   
                  17.3  580,527  50.18     158,644   488.9  --                 
     B            19.9  476,670  50.55     168,974   415.3                     
     A            29.7  1,147,403                                              
                                 63.09     450,475   934.1                     
     B            32.0  977,691  58.6      398,455   800.6                     
     A            34.7  1,313,426                                              
                                 68.99     520,205   448.7                     
     B            35.3  132,818  70.10     441,252   944.8  --                 
     SMC at 3661 g/m.sup.2                                                     
     2.54 cm .times. 46.64 cm moulded panel dimension                          
     A   17.78 .times. 17.78                                                   
                  25.0  1,125,267                                              
                                 62.72     453,796   822.0                     
     B                  1,110,509                                              
                                 59.03     361,561   800.6                     
     A   11.42 .times. 26.67                                                   
                        1,005,361                                              
                                 55.34     383,697   741.9  --                 
     B                  878,077  59.03     339,424   709.9                     
     A   17.78 .times. 33.02                                                   
                        966,622  55.34     411,368   1056.8                    
     B                  881,766  59.03     332,046   816.7                     
     A   21.59 .times. 39.37                                                   
                        962.933  59.03     354,182   1121.0                    
     B                  914,971  62.72     324,667   827.3  --                 
     SMC at 3417 g/m.sup.2                                                     
     22.86 cm .times. 40.64 cm moulded panel dimensions                        
     A   17.78 .times. 17.78                                                   
                        1,036,721                                              
                                 59.03     391,076          --                 
     B                  885,456  51.65     287,773                             
     A   12.7 .times. 25.4                                                     
                        1,365,078                                              
                                 70.10     586,614                             
     B                  1,103,130                                              
                                 66.41     461.175                             
     A   29.21 .times. 29.21                                                   
                        922,350  55.34     317,288                             
     B                  771,084  55.34     265.636                             
     SMC SMC at 3417 g/m.sup.2                                                 
         30.48 cm .times. 30.48 cm moulded panel dimensions                    
     A   117.78 .times. 7.78                                                   
                        1,180,608                                              
                                 62.72     376,329   864.7                     
     B                  1,106,820                                              
                                 62.72     332,055   822.0                     
     A   10.54 .times. 26.67                                                   
                        894,679  55.34     354,192   779.3  --                 
     B                  774,774  55.34     280,402   731.3                     
     A   17.78 .times. 30.48                                                   
                        889,145  55.34     335,744   774.0                     
     B                  872,543  59.03     298,849   763.3                     
     A   21.59 .times. 39.37                                                   
                        787,686  59.03     306,228   790.0                     
     B                  760,016  59.03     273,023   816.7  --                 
     SMC at 8299 g/m.sup.2                                                     
     __________________________________________________________________________
PAR  As is shown in Table III glass fibers formed by the practice of the
      invention impart superior physical properties to molded sheet molding
      compounds with such fibers incorporated therein.
PAR  Glass fibers formed with the sizing composition of the invention have
      further utility in reinforcing thermoplastic resins.
PAR  Further, glass fibers formed with the sizing composition of the instant
      invention have found use in the areas of preform roving, filament winding
      continuous glass fiber mat, chopped strand mat and pultrusion, showing
      superior reinforcing characteristics.
PAR  As can be recognized by those skilled in the art, variations in components
      specified in the example and ranges thereof may be made without departing
      from the scope of the invention. Therefore, the invention is limited only
      as is set forth in the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the method of forming glass fibers comprising:
PA1  forming glass fibers from molten cones of glass at the tips of orifices in
      a bushing by attenuation;
PA1  sizing said glass fibers with an aqueous sizing composition;
PA1  gathering said fibers into strand; and
PA1  collecting said glass fiber strand, the improvement comprising:
PA1  sizing said glass fibers with an aqueous sizing composition comprising:
PA2  1to 10 percent of a water solubilized carboxylated unsaturated polyester
      resin, said polyester resin substantially insoluble and aromatic solvents;
PA2  2 to 10 percent by weight of a second unsaturated, water insoluble
      polyester resin, said second polyester resin being insoluble in said first
      solubilized polyester resin, said second polyester resin preventing the
      migration of said sizing composition;
PA2  2 to 10 percent by weight of a plasticizer;
PA2  0.1 to 1.5 percent by weight of methacryloxyalkyltrialkoxy silane to
      promote adhesion between said glass fibers and said resin matrix;
PA2  0.1 to 1.5 percent by weight of an amino silane coupling agent;
PA2  1 to 6 percent by weight of an acrylic thermoplastic polymer being of
      sufficient low molecular weight to impart pressure sensitive adhesive
      characteristics to said sizing composition and a major amount of water.
NUM  2.
PAR  2. The method of claim 1 wherein said sizing composition has a pH of less
      than 7.
NUM  3.
PAR  3. The method of claim 2 wherein said sizing composition is comprised of 1
      to 10 percent by weight of said first polyester; 2 to 10 percent by weight
      of said second polyester; 2 to 10 percent by weight of said plasticizer;
      0.5 to 1.5 percent by weight of said silane coupling agent; 0.1 to 1.5
      percent by weight of said second coupling agent and 1 to 6 percent by
      weight of said thermoplastic polymer.
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ABST
PAL  A fiberizer with an ignition system is provided. The fiberizer includes an
      annular combustion chamber with a downwardly directed annular slot
      positioned to direct the hot products of combustion toward a fiber
      spinner. The fiberizer has a plurality of radiant cup burners disposed
      uniformly therearound in an upper portion of the chamber. An ignition
      burner is located between two of the radiant cup burners and directs a
      long ignition flame therebetween. The ignition system includes a spark
      plug for igniting an air-gas mixture in an end of the ignition burner and
      controls are designed to supply the air-gas mixture to the burner and to
      provide a spark for the spark plug simultaneously.
BSUM
PAR  This invention relates to a fiberizer with an ignition system.
PAR  A fiberizer, as is known in the glass fiber-forming art, includes an
      annular combustion chamber narrowing in width from the top toward the
      bottom. The combustion chamber terminates in a lower, annular opening or
      slot which is positioned to direct hot products of combustion past a
      cylindrical wall or face of a fiber-forming spinner. Molten glass or other
      mineral material is supplied interiorly of the spinner which is rotated at
      high speed to direct the molten glass out through orifices in the
      aforesaid spinner wall. The hot combustion products or gases intercept the
      fibers and aid in turning them downwardly and in further attenuating them
      into finer diameters. The hot combustion products emanate from a plurality
      of radiant cup burners located in the upper portion of the combustion
      chamber and facing downwardly toward the annular opening.
PAR  In accordance with the invention, an ignition burner is provided for the
      combustion chamber which burner directs an ignition flame inwardly through
      a side wall portion of the fiberizer between two of the radiant cup
      burners. The ignition burner port, being located between two of the
      radiant cup burners, avoids possible erosion due to impingement by the
      combustion products of the radiant cup burners. This position also keeps
      the ignition flame in a relatively calm area to prevent the possibility of
      blow-off. In order to provide a long ignition flame, the ignition burner
      includes a central or main orifice through which an air-gas mixture is
      directed and further includes transverse passages communicating with an
      annular, low velocity ignition space around the main orifice, with a spark
      plug being located in this annular space. The spark plug thereby can
      provide positive and effective ignition for the air-gas mixture and, at
      the same time, the long flame is achieved by the air-gas mixture passing
      at relatively high velocity through the central orifice.
PAR  The air-gas mixture for the ignition burner is controlled through a
      solenoid-operated valve and the spark for the spark plug is achieved
      through a transformer. Power is supplied to the spark plug and the
      solenoid-operated valve is simultaneously opened through a single control
      switch. This arrangement prevents the accidental supply of the air-gas
      mixture to the ignition burner without ignition and provides a relatively
      simple operation. When the operator closes the switch to provide the spark
      for the spark plug and the air-gas mixture for the burner, the spark will
      occur slightly before the air-gas mixture reaches the burner to assure
      initial ignition of the mixture. With the switch held closed, the operator
      can then simply turn on the main air-gas mixture valve for the radiant cup
      burners with the other hand. When ignition of the main air-gas mixture is
      achieved, the switch can then simply be released to terminate the ignition
      flame.
PAR  It is, therefore, a principal object of the invention to provide a
      fiberizer with an ignition system.
PAR  Another object of the invention is to provide a fiberizer with an ignition
      burner positioned between two of the fiberizer burners to provide more
      effective ignition of the burners.
PAR  Still another object of the invention is to provide an ignition system
      which produces a long ignition flame.
PAR  Yet another object of the invention is to provide an ignition system in
      which an air-gas mixture and an ignition spark are applied to an ignition
      burner at substantially the same time through a single control.
DRWD
PAR  Many other objects and advantages of the invention will be apparent from
      the following detailed description of a preferred embodiment thereof,
      reference being made to the accompanying drawings, in which:
PAR  FIG. 1 is a somewhat schematic side view in elevation, with parts broken
      away and with parts in section, of fiber-forming apparatus embodying the
      invention, certain parts in section being taken along the line 1--1 of
      FIG. 2;
PAR  FIG. 2 is a view in horizontal section, taken along the line 2--2 of FIG.
      1;
PAR  FIG. 3 is an enlarged, fragmentary view, with parts broken away and with
      parts in section, of an ignition burner forming part of the ignition
      system of FIG. 1; and
PAR  FIG. 4 is a front end view of the burner of FIG. 3.
DETD
PAR  Referring particularly to FIG. 1, fiber-forming apparatus embodying the
      invention is indicated at 10. The apparatus includes a fiber-forming
      spinner 12 having a generally cylindrical side wall or face 14, a closed
      bottom wall 16, and an open top 18. The spinner 12 is mounted on a spindle
      20 which is rotatably carried by bearings 22 in a support housing 24
      mounted on a frame 26. The spindle 20 is rotated through a sheave 28 by a
      belt 30 driven through a suitable motor (not shown).
PAR  Molten glass or other mineral material is supplied in a stream 32 to the
      spinner 12 from an outlet tip 34 of a suitable melter 36. This stream is
      intercepted by the bottom wall 16 of the spinner and the molten glass is
      directed to the cylindrical wall 14 from which it is attenuated into
      primary fibers through orifices 38 located in the spinner wall.
PAR  An outer annular stream of steam or hot gases is supplied through an
      annular slot 40 of an annular chamber 42 to which the steam or gas is
      supplied through a supply line 44. This outer annular stream aids in
      turning the fibers emitted from the orifices 38 downwardly so that the
      fibers can be collected on a conveyor or other suitable surface, as is
      known in the art.
PAR  An inner annular stream of hot products of combustion is supplied by a
      fiberizer indicated at 46. This inner hot stream of combustion products
      aids in further attenuating the primary fibers of molten material from the
      orifices 38 and also aids in directing the resulting fibers in a downward
      direction. The fiberizer 46 includes an annular combustion chamber 48 in a
      refractory body 50 and formed by an upper wall 52, an inner side wall 54,
      and an outer side wall 56 which terminate in a lower annular slot or
      opening 58. The side walls 54 and 56 converge as they approach the slot 58
      so that the combustion chamber 48 is of decreasing width from the top to
      the bottom.
PAR  Radiant cup burners indicated at 60 are located in the top wall 52 of the
      combustion chamber 48 and are uniformly disposed therearound, as shown
      particularly in FIG. 2. Each of the burners 60 includes a refractory body
      or core 62 (FIG. 1) terminating in a recess or cup 64 in the upper wall
      52. The core 62 has vertical passages therein which terminate in diagonal
      passages to direct an air-gas mixture along the surface of the cup where
      the mixture burns effectively with the aid of surface combustion. A
      resulting flame front exists just below the core 62 across the recess 64.
      The air-gas mixture for the burners 60 is supplied from an annular
      manifold chamber 66 formed above the burners and receiving the mixture
      from a suitable line 68. The air-gas mixture entering the chamber 66 is
      directed therearound by a baffle 70 (FIG. 2) to aid in uniform
      distribution of the mixture. The combusted gases from the burners 60 are
      directed downwardly and are emitted from the annular slot 58 at
      substantial velocity. The hot, high-velocity gases intercept the primary
      fibers from the orifices 38 and cause further attenuation of them as well
      as aid in directing them downwardly from their horizontal path.
PAR  It will be understood that the ignition of the burners 60 in the chamber 48
      of the fiberizer 46 is extremely difficult since the only access is
      through the slot 58. Heretofore, a substantial explosive mixture resulted
      before ignition could be achieved. This would cause a small explosion
      within the chamber 48 and sometimes damage the refractory body 50 in which
      the chamber is formed. Ignition also constituted a hazard for the operator
      and was both laborious and time consuming.
PAR  In accordance with the invention, an ignition system indicated at 72 is
      provided for the fiberizer 46 to overcome the previous difficulties. The
      system 72 includes an ignition flame passage 74 formed in the refractory
      block 50 and terminating in an oval opening 76 in the outer side wall 56
      of the chamber 48 near the upper wall. The passage 74 can be formed
      integrally in the refractory body 50 with the aid of a removable core when
      the chamber 48 is formed. The passage 74 directs the ignition flame toward
      the inner side wall 54 between two of the burners 60, as shown
      particularly in FIG. 2. This position of the ignition flame is more
      effective in providing rapid ignition of the air-gas mixtures for the
      burners 60. The position also places the ignition flame in a relatively
      calm area to reduce the possibility of blow-off by the burning gases
      emanating from the main burners. Finally, this position minimizes the
      possibility of erosion of the opening 76 of the passage 74.
PAR  The system 72 further includes an ignition burner 78 which is located
      entirely outside of the fiberizer 46 and communicates with the flame
      passage 74. The burner 78, as shown in FIGS. 3 and 4, includes a
      cylindrical metal member 80 having a threaded end 82 which is received in
      outer metal walls 84 of the fiberizer 46. The member 80 forms an internal
      combustion chamber 86 and has a transverse threaded opening 88
      communicating therewith. The burner 78 also includes a rear orifice member
      or spud 90 suitably affixed to the metal member 80 and forming a main
      orifice 92 and transverse orifices or passages 94. The member 90 also has
      a forwardly extending spout 96 which defines an outer short annular
      ignition space or chamber 98 with the metal member 80 at the rear end of
      the cylindrical combustion chamber 86.
PAR  An air-gas mixture supplied through a rear threaded fitting 100 is directed
      at high velocity through the main orifice 92 with smaller portions of the
      air-gas mixture directed outwardly through the transverse passages 94 into
      the annular ignition space 98. A spark plug 102 has a threaded opening 88
      and has electrodes 106 and 108 positioned in the annular space 98. When a
      sufficient voltage appears across the electrodes 106 and 108 and a spark
      occurs therebetween, the small amount of air-gas mixture in the annular
      space 98 is ignited and this in turn causes ignition of the main ignition
      flame which extends from the main orifice 92 through the combustion
      chamber 86, the passage 74, and into the combustion chamber 48. The
      relatively low velocity of the gases in the annular ignition space 98
      assures proper ignition of those gases which in turn assures positive
      ignition of the main ignition flame.
PAR  The air-gas mixture for the burner 78 is supplied through a line 110 from a
      manifold 112. This same manifold 112 can supply the air-gas mixture for
      the line 68 for the burners 60, if desired. A solenoid-operated valve 114
      is located in the line 110 to control the supply of the air-gas mixture
      from the manifold 112 to the burner 78. This valve 114 is normally closed
      but is open when the solenoid coil is energized.
PAR  A suitable transformer 116 supplies power to the spark plug 102 through a
      line 118, the transformer having a rating of 5000 volts, by way of
      example. Power for both the solenoid-operated valve 114 and the
      transformer 116 can be supplied from main lines 120 and 122 through branch
      lines 124 and 126. A single control switch 128, when closed, connects the
      lines with both the solenoid-operated valve 114 and the transformer 116.
      This causes substantially simultaneously a spark between the electrodes
      106 and 108 in the annular space 98 and also a flow of the air-gas mixture
      through the line 110 to the burner 78. The spark will actually occur
      slightly before the air-gas mixture reaches the burner 78, depending upon
      the relative position of the burner and the valve 114, so that an air-gas
      mixture cannot build up in the burner 78 prior to ignition.
PAR  In the operation of the ignition system, the operator, when desiring to
      fire up the fiberizer 46, simply closes the switch 128 to cause the
      ignition flame to originate and be directed into the chamber 48. The
      operator holds the switch 128 in while he turns on an adjacent valve 130
      to supply the main air-gas mixture through the line 68 to the burners 60.
      The switch 128 then can be released and opened to shut off the ignition
      flame and enables the burners 60 to continue operating in the usual
      manner.
PAR  Various modifications of the above-described embodiment of the invention
      will be apparent to those skilled in the art and it is to be understood
      that such modifications can be made without departing from the scope of
      the invention if they are within the spirit and tenor of the accompanying
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for forming fibers from molten glass including in
      combination, a hollow spinner having an orificed peripheral wall, means
      for supplying molten glass to said spinner, means for rotating said
      spinner thereby centrifuging streams of molten glass from said orifices,
      attenuating means including an annular combustion chamber having an
      annular exit adjacent the peripheral wall of said spinner such that the
      mixture combusted therein exits said chamber transversely engaging the
      molten streams of glass, the improvement comprising, a combustion chamber
      lighting system including an ignition burner located outside of said
      combustion chamber and having a flame passage communicating with said
      combustion chamber, and means for supplying an air-fuel mixture to said
      ignition burner.
NUM  2.
PAR  2. In apparatus for forming fibers from molten glass including in
      combination, a hollow spinner having an orificed means for rotating said
      spinner thereby centrifuging streams of molten glass from said orifices,
      an annular combustion chamber having a plurality of radiant cup burners
      equally spaced and positioned in the upper wall portion of said combustion
      chamber, said combustion chamber circumferential walls converging from
      said cup burners to form an annular exit adjacent the peripheral wall of
      said spinner such that the mixture combusted therein exits said combustion
      chamber transversely engaging said molten streams of glass thereby
      attenuating said streams of molten glass into fibers, the improvement
      comprising, a combustion chamber lighting system including an ignition
      burner located outside said annular combustion chamber and having a flame
      passage communicating with said chamber between two of said radiant cup
      burners and extending transversely to the direction of flow of the
      combustable mixture flowing from said radiant cup burners, said ignition
      burner including a combustion chamber, means for supplying an air-fuel
      mixture to the combustion chamber of said ignition burner, means for
      igniting said air-fuel mixture in the ignition burner, and means for
      simultaneously operating the air-fuel  mixture supply means and ignition
      means.
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ABST
PAL  This invention is concerned with glass-ceramic articles having compositions
      within a very narrowly-delimited area of the MgO-Al.sub.2 O.sub.3 -B.sub.2
      O.sub.3 -SiO.sub.2 field and having alpha-quartz and sapphirine as the
      principal crystal phases, resulting from nucleation through a combination
      of TiO.sub.2 and ZrO.sub.2. Upon contacting such articles with lithium
      ions at an elevated temperature, said lithium ions will replace magnesium
      ions on a two Li.sup.+-for-one Mg.sup..sup.+2 basis within the crystal
      structures, thereby providing a unitary glass-ceramic article having an
      integral surface layer wherein the principal crystal phase is a
      lithium-stuffed beta-quartz solid solution. That transformation of crystal
      phases results in compressive stresses being set up within the surface
      layer as the articles are cooled. Through the careful control of
      composition, crystallization treatment, and the parameters of the
      replacement reaction in the crystal structures, a tremendous degree of
      stored elastic energy can be developed within the articles such that they
      will demonstrate frangibility when fractured but will not exhibit
      undesirable spontaneous breakage and/or spalling.
BSUM
PAR  The invention described herein was made in the course of, or under, a
      contract with the United States Atomic Energy Commission.
PAR  U.S. application Ser. No. 375,724, filed July 2, 1973, describes the
      production of hard, high-modulus glass-ceramic articles consisting
      essentially, by weight on the oxide basis, of about 10-16% MgO, 0.5-3.5%
      B.sub.2 O.sub.3, 20-28% Al.sub.2 O.sub.3, and 44-58% SiO.sub.2, with 3-9%
      TiO.sub.2 and 3-7% ZrO.sub.2 as nucleating agents, the total of these
      latter two ingredients being about 8-13%. Such articles exhibited modulus
      of rupture values, as formed, of between about 25,000-60,000 psi, a Knoop
      hardness (KHN.sub.100) in excess of 800, a coefficient of thermal
      expansion (25.degree.-300.degree.C.) between about 90-110 .times.
      10.sup.-.sup.7 /.degree.C., and contained alpha-quartz and sapphirine
      (4MgO.sup.. 5Al.sub.2 O.sub.3.sup.. SiO.sub.2) as the predominant crystal
      phases.
PAR  That application also discloses the fact that those glass-ceramic articles
      can be strengthened to exhibit modulus of rupture values in excess of
      150,000 psi through an ion exchange reaction undertaken at elevated
      temperatures involving the replacement of Mg.sup.+.sup.2 ions in the
      structure of the crystals within a surface layer of the article with
      Li.sup.+ ions on a two Li.sup.+ ions-for-one Mg.sup.+.sup.2 ion basis.
      This exchange leads to the transformation of the high expansion
      MgO-containing crystals to crystals of lithium-stuffed beta-quartz solid
      solution (also referred to as beta-eucryptite solid solution), which have
      a much lower coefficient of thermal expansion. Therefore, when the article
      is cooled to room temperature after the ion exchange reaction, compressive
      stresses are developed in the surface layer resulting from the presence
      therein of the low expansion crystals. It is this surface compression
      layer which imparts the dramatic increase in mechanical strength to the
      articles.
PAR  The desirability of improving the strength of glass-ceramic articles is
      seemingly self-evident. However, there has been a need for articles which
      are inherently strong but which, upon fracture, will exhibit frangibility,
      i.e., the articles will fragmentize violently, when broken through the
      application of essentially no external energy, into virtually innumerable
      small pieces. This type of breakage has frequently been termed dicing. In
      many applications, the optimum situation will comprise having the diameter
      of these pieces measure less than the thickness dimension of the original
      article. This phenomenon, in one form, has been utilized in command-break
      systems, i.e., systems for controlling the frangibility of materials by
      tailoring the sizes of particles resulting from the initiation of a
      planned break. Hence, those materials have applications in such varied
      products and components as fast-opening containers, molds, rocket parts,
      diaphragms, mateiral-dispensing containers, highway sign posts, aircraft
      canopies, and security systems. A system can be designed so that the
      controlled break of one component will trigger the break of a series of
      components. Or, the fracture of a component can be made to break or
      connect an electrical circuit. With respect to security systems, the very
      fine particles resulting from the violent fragmentation leave no useful
      identification.
PAR  This phenomenon of violent fragmentation upon breakage is founded upon
      stress variations built up within the article as a result of the ion
      exchange reaction. Hence, compressive stresses are developed within a
      surface layer which are balanced through tensile stresses concurrently set
      up in the interior portion of the article. A frangible fracture will take
      place when a tremendous amount of stored elastic energy is developed
      within the article as a result of these surface compressive stresses and
      concomitant internal tensile stresses.
PAR  The presence of such vast stored elastic energy leads to the situation that
      the articles can be subject to spontaneous disintegration due to checks in
      the surface and/or inhomogeneities within the body of the article. Hence,
      such checks and inhomogeneities provide sites for stress buildup with
      consequent failure. This failure can be total destruction of the article
      or, frequently, particularly in articles of thick-walled dimensions,
      spalling of the surface. Surface checks can, in general, be observed in a
      quality control inspection and, where advisable, can be removed through
      treatment of the surface with a leachant such as hydrofluoric acid.
      However, body inhomogeneities cannot be removed in such a manner and can
      only be avoided through careful control of glass composition and
      crystallization treatment.
PAR  The instant invention has for its principal objective the production of
      unitary, hard, high elastic modulus glass-ceramic articles demonstrating
      average modulus of rupture values in excess of 150,000 psi which are not
      subject to spontaneous disintegration or spalling but, which, when broken
      even with the application of essentially no external energy, will
      fragmentize violently into many small pieces.
PAR  That objective can be accomplished with glass-ceramic articles having
      compositions within a very sharply delimited area of those disclosed in
      Ser. No. 375,724 above, which are subjected to the two
      Li.sup.+-ions-for-one Mg.sup.+.sup.2 ion exchange reaction described in
      that application but conducted in a specifically-defined manner.
PAR  The initial glass-ceramic articles are produced through the crystallization
      in situ of glass articles consisting essentially, by weight on the oxide
      basis, of about 13-15% MgO, 1-3% B.sub.2 O.sub.3, 23-26% Al.sub.2 O.sub.3,
      and 48-51% SiO.sub.2, with about 4-8% TiO.sub.2 and 3-7% ZrO.sub.2 as
      nucleating agents, the total TiO.sub.2 + ZrO.sub.2 ranging between about
      9-13%. The glass articles are crystallized in situ by being subjected to a
      heat treatment within the temperature range of about
      900.degree.-1050.degree.C. The glass-ceramic articles are highly
      crystalline, viz., at least 75% by volume crystalline, and the crystals
      are very fine-grained, i.e., essentially all finer than 1 micron in
      diameter. Alpha-quartz and sapphirine comprise the predominant crystal
      phases with minor amounts of spinel (MgO.sup.. Al.sub.2 O.sub.3), rutile
      (TiO.sub. 2), zircon (ZrSiO.sub.4), and tetragonal zirconia (ZrO.sub.2)
      normally being present also. The crystals are homogeneously dispersed, but
      randomly oriented, within a residual glassy matrix (less than 25% by
      volume of the article) which is highly siliceous in composition.
PAR  The most desirable physical characteristics will be secured when the glass
      compositions consist only of the above-recited components within the
      delineated ranges. However, very minor additions of other metal oxides or
      fluoride to the starting batches can be tolerated as melting or forming
      aids, fining agents, or to modify a specific property of the crystallized
      body. The sum of all such additions will preferably not exceed about 3% by
      weight. It is most desirable that the original glass be essentially free
      from the alkali metal oxides Li.sub.2 O, Na.sub.2 O, and K.sub.2 O. The
      presence of those oxides can lead to the development of crystal phases
      other than those set out above and/or the formation of a greater residual
      glass phase. Furthermore, their presence can dilute the effect produced in
      the subsequent ion exchange reaction.
PAR  The growth of crystals within the glass article is a function of both time
      and temperature. Thus, in the cooler zone of the
      900.degree.-1050.degree.C. range, relatively long exposure times may be
      demanded to attain the desired high degree of crystallinity, perhaps as
      long as 24 hours or even longer. In contrast, at the hotter extreme of the
      crystallization range, as little time as 15 minutes may provide the
      crystallinity sought.
PAR  The general steps involved in the production of glass-ceramic articles are
      three. First, a batch for a glass is compounded and melted. Second, an
      article is formed directly from the melt utilizing appropriate glass
      forming procedures or the glass is cast into stock form from which desired
      shapes can later be made. Third, the glass article is heat treated to
      cause crystallization in situ.
PAR  In carrying out the second step, it is customary to cool the glass shape to
      ambient temperature to permit visual inspection of glass quality. However,
      cooling to room temperature is not necessary to secure the desired high
      degree of crystallization in the subsequent heat treatment step. It is
      required, nevertheless, that the melt be cooled to a temperature at least
      within the transformation range thereof before exposing the article to the
      crystallization heat treatment. Such cooling is demanded to achieve
      homogeneous nucleation withh consequent fine-grained crystallization. The
      transformation range has been defined as the temperature at which a liquid
      is deemed to have been converted into an amorphous solid. In general, the
      transofrmation range has been considered to lie in the vicinity of the
      annealing point of a glass.
PAR  In undertaking crystallization of the glass article, the preferred practice
      involves two steps. First, the article is heated to a temperature somewhat
      above the transformation range of the glass, e.g., a temperature between
      about 775.degree.-850.degree.C., and held within that range for a period
      of time adequate to obtain satisfactory nucleation. Second, the nucleated
      article is heated to a temperature within the crystallization range for a
      sufficient length of time to assure extensive crystal growth. This
      preferred practice contemplates a nucleation time of about 1-6 hours and
      crystallization in about 1-8 hours.
PAR  The two-step procedure of nucleation at one temperature followed by the
      growth of crystals on those nuclei at a higher temperature is desirable
      since very uniformly-sized, fine-grained crystals are developed thereby.
      However, satisfactorily crystallized articles can be achieved where a
      specific nucleation step as such is not employed but the articles are
      simply heated to a temperature within the crystallization ranges. Caution
      must be exercised in carrying out this latter one-step crystallization
      procedure to avoid deformation of the article.
PAR  Thus, as has been observed above, the rate of crystal growth is dependent
      upon temperature. At temperatures near the transformation range, crystal
      growth is quite slow and the glass article is subject to deformation.
      Therefore, the rate at which the glass article is heated to temperatures
      above the transformation range must not be so rapid that there is
      insufficient time for a growth of crystals adequate to supply support for
      the article. Hence, the preferred two-step crystallization heat treatment
      has the added advantage in minimizing article deformation since the
      substantial dwell period within the nucleation range insures more rapid
      and uniform subsequent crystallization.
PAR  As has been observed above, frangibility coupled with freedom from
      spontaneous breakage is directly related to the development of crystalline
      glass-ceramic articles devoid of surface defects and inhomogeneities or
      flaws within the body thereof. The occurrence of these latter
      inhomogeneities is primarily a function of both composition and
      crystallization heat treatment. Hence, the desired article will be
      uniformly fine-grained with no crystal phases present other than the
      alpha-quartz, sapphirine, spinel, rutile, zircon, and tetragonal zirconia
      noted above. For example, the development of large-sized crystals or of
      crystals exhibiting a low coefficient of thermal expansion instead of that
      inherent in the alpha-quartz-sapphirine crystal assemblage can provide the
      undesired inhomogeneity or flaw.
PAR  One type of internal inhomogeneity which has frequently been observed on
      fractured surfaces of the crystallized articles consists of inclusions of
      foreign matter which have been termed nodules. These nodular inclusions
      are typically about 10 microns in diameter. Absolute identification of the
      particles has not been secured but circumstantial evidence suggests the
      crystal cordierite which, by reason of its low coefficient of thermal
      expansion in comparison with alpha-quartz and sapphirine, introduces
      stress concentrations into the glass-ceramic body.
PAR  The nodules are believed to be sources or catalysts for spontaneous
      breakage of the crystallized articles during or subsequent to the ion
      exchange strengthening step. Thus, experience has demonstrated that the
      probability of the glass-ceramic articles surviving the cooling from the
      temperature of the ion exchange step to room temperature is an inverse
      function of the nodule content.
PAR  The formation of these inclusions is sensitive to base glass composition
      and to the crystallization treatment. Hence, compositions outside of the
      above prescribed ranges are more prone to the development of nodules.
      Furthermore, the growth of these inhomogeneities can apparently be
      inhibited by utilizing a relatively short period in the crystallization
      range (900.degree.-1050.degree.C.). Such a practice will seemingly produce
      a satisfactorily highly crystallized article (although obviously not as
      crystalline as will be obtained after longer exposure times) but does not
      provide time for the growth of nodules.
PAR  Hence, for example, when a glass article of this invention was heated at
      the rate of about 5.degree.C./minute from room temperature to about
      1050.degree.C. and then immediately allowed to cool to room temperature
      within the heating chamber, the article was exposed to the crystallization
      range for about 2 hours. Some deformation of the article was observed and
      the crystals present were not as fine-grained as desired for optimum
      properties, but the body was reasonably highly crystalline and essentially
      free of nodules. In another instance, when a glass article of like
      composition was first nucleated for 4 hours at 825.degree.C., then heated
      at 5.degree.C./minute to 1050.degree.C., and thereafter immediately cooled
      to room temperature within the heating chamber, the article was again
      subjected to the crystallization range for about two hours. No deformation
      of the article was observed; the article was highly crystalline; the
      crystals were relatively uniformly fine-grained; and nodules were
      essentially absent. In still another instance, when a glass article of
      similar composition was first nucleated at 825.degree.C. for four hours,
      then heated at 5.degree.C./minute to 1050.degree.C., held at that
      temperature for four hours, and thereafter cooled to room temperature
      within the heating chamber, the article remained within the
      crystallization range for about six hours. No deformation of the article
      was observed; the article was substantially completely crystallized; the
      crystals were very uniformly fine-grained; but several nodules were found
      when cross sections of the article were examined. In view of those
      findings, the most preferred crystallization practice contemplates
      maintaining the nucleated glass within the crystallization temperature
      range for no more than about two hours.
PAR  The inclusion of SiO.sub.2 in the base glass composition in amounts greater
      than about 51% and/or the presence of MgO in excess of about 15% commonly
      results in the growth of cordierite crystals (2MgO.sup.. 2Al.sub.2
      O.sub.3.sup.. 5SiO.sub.2) which display a low coefficient of thermal
      expansion. SiO.sub.2 must be utilized in an amount not less than about 48%
      to insure good glass stability, i.e., devitrification of the melt is
      avoided during cooling to a glass. Such devitrification produces large
      crystals. The addition of B.sub.2 O.sub.3 is vital to inhibit
      devitrification of the melt during cooling and forming and to forestall
      cracking of the body in the crystallization step. Nevertheless, more than
      about 3% exercises an adverse effect upon the strength developed during
      the ion exchange reaction. Al.sub.2 O.sub.3 will be held below about 26%
      to avoid liquidus problems and general glass instability. Also, spalling
      of the glass-ceramic surface is a frequent problem at high Al.sub.2
      O.sub.3 levels. TiO.sub.2 is a very efficient nucleating agent for the
      glasses of this invention but, unfortunately, has the tendency to cause
      the growth of the low expansion cordierite crystals. ZrO.sub.2 is a less
      efficient nucleating agent than TiO.sub.2 but has the favorable property
      of not causing the growth of cordierite. Therefore, the desired highly
      crystalline articles, wherein the crystals are uniformly very
      fine-grained, are attained through nucleation via a combination of
      TiO.sub.2 and ZrO.sub.2. An adequate amount of ZrO.sub.2 is included to
      stabilize the formation of the assemblage of alpha-quartz and sapphirine
      against the development of cordierite.
PAR  As was observed above, the preferred crystallization heat treatment
      contemplates two steps. The exposure of the glass article for a period of
      time to a temperature at which nucleation takes place assures the
      subsequent growth of more uniformly fine crystallization, since this step
      provides for the development of nuclei throughout the glass body which
      will act as sites for homogeneous crystal growth. Crystallization
      temperatures in excess of 1050.degree.C. hazard grain growth of the
      crystals and lead to the development of undesirable low expansion phases
      such as cordierite even in the presence of ZrO.sub.2. Crystallization
      temperatures below about 900.degree.C. result in such slow crystal growth
      that the desired assemblage of crystal phases and, consequently, the
      desired physical properties are not developed within a practical length of
      time.
PAR  Table I reports compositions of glasses, expressed in weight percent on the
      oxide basis, which, when exposed to the defined crystallization practice
      of this invention, can be crystallized in situ to glass-ceramic articles
      containing uniformly-sized, very fine-grained crystals of alpha-quartz and
      sapphirine with, commonly, spinel, rutile, zircon, and/or tetragonal
      zirconia randomly oriented, but homogeneously dispersed, within a glassy
      matrix. The actual ingredients of the initial glass batches can be any
      materials, either oxides or other compounds, which, upon being melted
      together, are converted into the desired oxide compositions in the proper
      proportions.
PAR  The batch ingredients were compounded, ballmilled together to assist in
      securing a homogeneous melt, and melted in a small continuous tank or in
      platinum crucibles at temperatures ranging between about
      1550.degree.-1650.degree.C. Bars (10 .times. 31/2 .times. 1 inch) and
      discs (6 diameter .times. 1 inch) were formed and immediately annealed at
      a temperature of about 750.degree.C. As.sub.2 O.sub.5 was included as a
      fining agent and is reported as As.sub.2 O.sub.3 in the analyses listed in
      Table I. Other fining agents such as chloride, nitrate, and Sb.sub.2
      O.sub.5 can also perform that function.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     1         2    3    4    5    6    7    8                                 
     __________________________________________________________________________
     SiO.sub.2                                                                 
          50.1%                                                                
               49.3%                                                           
                    48.6%                                                      
                         49.2%                                                 
                              49.3%                                            
                                   48.4%                                       
                                        48.3%                                  
                                             48.4%                             
     Al.sub.2 O.sub.3                                                          
          23.6 24.5 25.4 24.6 24.3 24.6 27.2 26.2                              
     MgO  14.0 13.9 13.9 14.0 14.0 12.0 11.8 12.4                              
     B.sub.2 O.sub.3                                                           
          1.5  1.5  1.4  1.4  1.5  1.4  1.4  1.4                               
     TiO.sub.2                                                                 
          6.9  7.0  6.8  6.9  6.9  8.4  6.9  6.9                               
     ZrO.sub.2                                                                 
          3.6  3.5  3.6  3.4  3.4  3.4  3.4  3.5                               
     As.sub.2 O.sub.3                                                          
          0.3  0.3  0.3  0.5  0.6  0.6  0.7  0.4                               
     __________________________________________________________________________
PAR  After annealing to room temperature, the bars and discs were visually
      examined for glass quality. Test specimens were sawed, fine-ground, and
      edge-finished to eliminate a pristine surface that could effect subsequent
      measurements. To insure absence of surface checks, each sample was
      immersed in a HF-containing solution for a time to remove about 0.001 inch
      of the body surface. After washing in tap water, each specimen was placed
      in an electrically-fired furnace and heated at a rate of about
      5.degree.C./minute to the dwell temperature set out in Table II. Upon
      completion of the crystallization schedule, the electric current to the
      furnace was cut off and the articles cooled to room temperature within the
      furnace. That practice has been termed "cooling at furnace rate" and the
      rate of such cooling has been estimated to average about
      3.degree.-5.degree.C./minute. More rapid rates of cooling can be utilized,
      especially in those instances of thin-walled articles, but the above
      practice has been customarily employed simply out of convenience.
PAR  Table II also records a visual description of the product and the crystal
      phase identified therein through X-ray diffraction analysis. Elastic
      modulus (.times. 10.sup.6 psi), Knoop hardness (KHN.sub.100), modulus of
      rupture (psi) and coefficient of thermal expansion over the range
      25.degree.-300.degree.C. (.times. 10.sup.-.sup.7 /.degree. C.) are
      tabulated where measured on individual samples utilizing conventional
      techniques.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Example                                  Elastic                          
                                                   Knoop                       
                                                        Coeff.                 
                                                              Modulus of       
     No.  Heat Treatment                                                       
                     Visual Description                                        
                                Crystal Phases                                 
                                              Modulus                          
                                                   Hardness                    
                                                        Expansion              
                                                              Rupture          
     __________________________________________________________________________
     1    820.degree.C. for 4 hours                                            
                     White, opaque, very                                       
                                alpha-quartz, sapphirine,                      
                                              20.6 951  105   45,000           
          950.degree.C. for 4 hours                                            
                     fine-grained                                              
                                zircon, tetragonal ZrO.sub.2,                  
                                rutile                                         
     1    820.degree.C. for 4 hours                                            
                     White, opaque, very                                       
                                alpha-quartz, sapphirine,                      
                                              21.7 996  104   35,000           
          975.degree.C. for 4 hours                                            
                     fine-grained                                              
                                zircon, rutile                                 
     1    820.degree.C. for 4 hours                                            
                     White, opaque, very                                       
                                alpha-quartz, sapphirine,                      
                                              20.6 856  104                    
          1050.degree.C. no hold                                               
                     fine-grained                                              
                                zircon,-rutile                                 
     2    820.degree.C. for 4 hours                                            
                     Gray, translucent,                                        
                                alpha-quartz, sapphirine,                      
                                              19.2 831   92   38,000           
          925.degree.C. for 4 hours                                            
                     very fine-grained                                         
                                zircon, tetragonal ZrO.sub.2,                  
                                rutile                                         
     2    820.degree.C. for 4 hours                                            
                     White, opaque, very                                       
                                alpha-quartz, sapphirine,                      
                                              20.7 976  105                    
          950.degree.C. for 4 hours                                            
                     fine-grained                                              
                                zircon, tetragonal ZrO.sub.2,                  
                                rutile                                         
     2    820.degree.C. for 4 hours                                            
                     White, opaque, very                                       
                                alpha-quartz, sapphirine,                      
                                              21.7 1090 103                    
          975.degree.C. for 4 hours                                            
                     fine-grained                                              
                                zircon, tetragonal ZrO.sub.2,                  
                                rutile                                         
     2    825.degree.C. for 4 hours                                            
                     White, opaque, very                                       
                                alpha-quartz, sapphirine,                      
                                              21.1 833  103                    
          1025.degree.C. no hold                                               
                     fine-grained                                              
                                zircon, tetragonal ZrO.sub.2,                  
                                rutile                                         
     3    820.degree.C. for 4 hours                                            
                     White, opaque, very                                       
                                alpha-quartz, sapphirine,                      
                                              20.0 980  102   42,000           
          950.degree.C. for 4 hours                                            
                     fine-grained                                              
                                rutile, tetragonal ZrO.sub.2                   
     3    820.degree.C. for 4 hours                                            
                     White, opaque, very                                       
                                alpha-quartz, sapphirine,                      
                                              21.2 831  105                    
          1050.degree.C. no hold                                               
                     fine-grained                                              
                                zircon, tetragonal ZrO.sub.2,                  
                                rutile                                         
     4    820.degree.C. for 4 hours                                            
                     White, opaque, very                                       
                                alpha-quartz, sapphirine,                      
          965.degree.C. for 4 hours                                            
                     fine-grained                                              
                                spinel, ZrO.sub.2, rutile                      
     5    820.degree.C. for 4 hours                                            
                     White, opaque, very                                       
                                alpha-quartz, sapphirine,                      
                                              21.2 1031 103   36,000           
          965.degree.C. for 4 hours                                            
                     fine-grained                                              
                                spinel, zircon, ZrO.sub.2,                     
                                rutile                                         
     6    825.degree.C. for 4 hours                                            
                     Gray, opaque, very                                        
                                alpha-quartz, sapphirine,                      
                                                          51.1                 
                                                              weak             
          950.degree.C. for 4 hours                                            
                     fine-grained                                              
                                spinel, ZrO.sub.2, rutile                      
     7    825.degree.C. for 4 hours                                            
                     White, opaque, very                                       
                                alpha-quartz, sapphirine,                      
                                                         107.4                 
                                                              48,200           
          950.degree.C. for 4 hours                                            
                     fine-grained                                              
                                spinel, ZrO.sub.2, rutile                      
     8    820.degree.C. for 4 hours                                            
                     White, opaque, very                                       
                                alpha-quartz, sapphirine,                      
                                              21.5       105.4                 
          970.degree.C. for 4 hours                                            
                     fine-grained                                              
                                spinel, ZrO.sub.2, rutile                      
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PAR  Table II is illustrative of the high elastic modulus, Knoop hardness, and
      mechanical strength exhibited by the articles. Thus, elastic moduli up to
      22 .times. 10.sup.6 psi are attainable, Knoop hardness values well in
      excess of 800 are invariably achieved, and modulus of rupture measurements
      are secured ranging between about 25,000-50,000 psi.
PAR  The strength demonstrated by the articles is considered to be the result of
      compressive stresses being set up in the surface thereof because of phase
      transformation occurring within the surface and interior portions of the
      articles. In essence, there is believed to be a self-strengthening
      mechanism involved founded upon the phenomenon of a greater volume
      shrinkage taking place in the interior portion than in the surface layer.
      This greater contraction of the interior portion gives rise to compressive
      stresses being developed within the surface layer. Commonly, the overall
      shrinkage undergone by the articles during the crystallization heat
      treatment will range between about 3-5%.
PAR  The exceptional hardness illustrated on the surface of these articles is
      postulated to be caused by the growth of very hard and dense crystal
      phases (alpha-quartz and sapphirine) which are also responsible for the
      substantial shrinkage taking place during the crystallization step. The
      Knoop hardness determinations (KHN.sub.100) greater than 800 and,
      frequently, in excess of 1000, are much improved over those normally
      exhibited by glass-ceramic articles. For example, Corning Code 9606 and
      Corning Code 9608, two commercially-marketed glass-ceramic products, have
      Knoop hardness measurements (KHN.sub.100) of 698 and 703, respectively.
PAR  U.S. application Ser. No. 375,724 supra, discusses the fundamental
      mechanics involved in an ion exchange reaction taking place in
      glass-ceramic articles containing alpha-quartz and sapphirine as the
      predominant crystal phases wherein two lithium ions from an external
      source replace one magnesium ion in the crystal structure. Thus, this
      exchange causes the transformation of the MgO-containing crystals to
      crystals of lithium-stuffed beta-quartz solid solution, also termed
      beta-eucryptite solid solution.
PAR  As is explained in that application, beta-eucryptite is a crystal in the
      trapezohedral class of the hexagonal system with the classical formula
      Li.sub.2 O.sup.. Al.sub.2 O.sub.3.sup.. 2SiO.sub.2. However, in
      glass-ceramic articles it has been found that the crystal composition does
      not conform strictly to the nominal formula of the naturally-occurring
      crystal but, rather, is more akin in nature to a solid solution
      represented generally by the formula Li.sub.2 O.sup.. Al.sub.2
      O.sub.3.sup.. nSiO.sub.2, where n can range between 2-7 and even higher
      depending upon the SiO.sub.2 content of the parent glass. Nevertheless,
      the characteristic geometric pattern of the crystal, as defined through
      X-ray diffraction analysis, delineates the trapezohedral class of the
      hexagonal system.
PAR  Where the oxide stoichiometry in the crystal is such that n ranges between
      about 2-3.5, a stable beta-eucryptite solid solution crystal will commonly
      be secured. However, where n rises to above about 3.5, stability is
      generally lost and the beta-eucryptite converts to beta-spodumene solid
      solution as the stable phase.
PAR  The potential for tremendous improvement in mechanical strength and a
      concurrent frangible-type breakage characteristic exhibited by the
      articles of the instant invention is founded in the presence of
      alpha-quartz, sapphirine, and, frequently, spinel as crystal phases
      therein. Thus, sapphirine and spinel possess high coefficients of thermal
      expansion and provide a source of Mg.sup.+.sup.2 ions. Also, the MgO and
      Al.sub.2 O.sub.3 contents of those crystals are nearly equimolar, thereby
      providing a modifier-to-alumina ratio aproximating 1:1 which is required
      for producing beta-eucryptite solid solution within the surface of the
      glass-ceramic article as a result of the exchange reaction.
      Beta-eucryptite solid solution crystals (Li-stuffed beta-quartz solid
      solution) demonstrate very low coefficients of thermal expansion. This
      conversion of sapphirine and spinel to Li-stuffed beta-quartz solid
      solution in the ion exchange surface has been shown through X-ray
      diffraction analyses.
PAR  The silica component of the glass-ceramic articles is desirably present in
      the form of trigonal alpha-quartz, which polymorph of silica exhibits a
      high coefficient of thermal expansion. This crystal phase will be
      converted to the hexagonal beta-quartz form at the temperatures utilized
      in the ion exchange reaction (generally about 850.degree.-1000.degree.C.).
      The beta-quartz polymorph has a low coefficient of thermal expansion.
PAR  Beta-quartz and beta-eucryptite are isostructural in nature leading to a
      gradational merging therebetween with strong bonding developing during the
      ion exchange reaction. Hence, since the body portion of the glass-ceramic
      article contains quartz as a major crystal phase accompanied with
      sapphirine and, frequently, spinel and the exchanged surface layer
      consists of Li-stuffed beta-quartz solid solution (beta-eucryptite solid
      solution), mutual solid solution can occur. To promote the development of
      beta-eucryptite in the surface layer and simultaneously inhibit the growth
      of beta-spodumene during the ion exchange reaction, inasmuch as
      beta-spodumene forms sharp and, generally, weak interfaces with the
      quartz-rich body portion of the article, the composition of the
      glass-ceramic will be held below the Si.sub.2 O.sub.4 :MgAl.sub.2 O.sub.4
      mole ratio necessary to form beta-eucryptite, viz., about 3:2. Mole ratios
      of Si.sub.2 O.sub.4 :MgAl.sub.2 O.sub.4 less than about 1:1 are
      undesirable for reasons of glass stability.
PAR  Table III records various ion exchange treatments carried out on the
      several examples of Table II, the particular crystallization schedules
      utilized to produce the glass-ceramic article also being tabulated. In
      each instance, measurements of mechanical strength were determined on bar
      samples (3 .times. 1/2 .times. 1/8 inch) and a visual qualitative measure
      of the fragmentation or dicing character was obtained on 2 .times. 2
      .times. 1/8 inch squares. As is customary in the glass-ceramic
      strengthening art, a bath of a molten lithium salt comprised the source of
      lithium ions, although it will be appreciated that other environments such
      as pastes and gases can also be employed. Normally, the samples were
      briefly exposed to a temperature in the proximity of the salt bath
      operating temperature to lessen the chance for thermal breakage. High
      strength plus frangibility are functions both of the time and temperature
      of immersion utilized in the ion replacement reaction. Furthermore,
      inasmuch as the property of frangibility is dependent upon the presence of
      extremely high stored energy density which, in turn, is related to the
      depth of the surface compression layer and the magnitude of the stress
      therein, the immersion time required to achieve good frangibility will
      usually be considerably longer than that adequate to yield high strength.
      Hence, the characteristic of frangibility mandates relatively deep surface
      compression layers, i.e., a depth of at least about one percent of the
      cross section of an article, with a consequent great buildup of internal
      tension. For example, in an article having a wall thickness of 1/8 inch, a
      minimum depth of about 35 microns will normally be required. At least
      about 4 hours will commonly be necessary to develop frangible character in
      an article of 1/8 inch cross section with longer immersion times, such as
      16 hours, normally being employed to attain deeper surface layers. With
      articles of thicker cross section, still longer immersion times may,
      obviously, be demanded.
PAR  Molten Li.sub.2 SO.sub.4 comprises the source of lithium ions in the ion
      exchange reactions set out in Table III. It must be recognized that other
      lithium compounds can be operable which are fluid at the exchange
      temperatures employed. Mixtures of sodium salts such as Na.sub.2 SO.sub.4
      and NaHSO.sub.4 and potassium salts such as K.sub.2 SO.sub.4 and
      KHSO.sub.4 with Li.sub.2 SO.sub.4 can be useful in securing a range of
      bath temperatures and control of spalling. The Na.sup.+ and K.sup.+ ions
      are much larger in size, thereby exhibiting relatively slow mobility when
      compared with Li.sup.+ ions and, therefore, do not adversely affect the
      Li.sup.+ -for-one Mg.sup.+.sup.2 ion exchange.
PAR  A qualitative measure of the dicing quality of the ion exchanged 2 .times.
      2 .times. 1/8 inch squares was achieved by visually observing the fracture
      resulting through the application of minimum pressure to a firthite point
      contacting the center of the square necessary to penetrate the surface
      compression layer. Inasmuch as the area of contact between the firthite
      point and the sample is so small, when compared to the total area of the
      square, the external energy applied to the square through the point
      contact was deemed to be essentially negligible. Therefore, the resulting
      breakage was considered to be due solely to the stored elastic energy
      within the square developed as a result of the ion exchange reaction. It
      can be appreciated that other devices, such as sandblasting, can be
      employed to cause fracture with the application of essentially no external
      energy. And, under actual service conditions as, for example, aircraft
      canopies and highway sign posts, the means of fracture will depend upon
      the use of the product. Nevertheless, breaking the articles through the
      application of essentially no external energy is a useful test of the
      frangible character of an article.
PAR  It will be appreciated, of course, that the articles will demonstrate
      dicing when fractured under the impact of considerable external energy,
      but the use of such force in a testing procedure would mask the violent
      fragmentation arising solely through the stored elastic energy within the
      body. Hence, the above test utilizing a very highly localized impact of
      overall low force is believed to reasonably indicate the behavior an
      article will display when fractured through the application of essentially
      no external energy.
PAR  A high dicing character denotes that substantially all of the pieces
      resulting from the break were no larger than 1/8 inch in diameter, i.e.,
      the thickness of the original sample. Low dicing signifies that most of
      the broken pieces were greater than 1/8 inch in diameter.
TBL                                    TABLE III                               
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     Example                                                                   
          Crystallization                                                      
                      Salt Bath and                                            
                                  Modulus of                                   
     No.  Treatment   Treatment   Rupture Frangibility                         
     __________________________________________________________________________
     1    820.degree.C. for 4 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
          950.degree.C. for 4 hours                                            
                      910.degree.C. for 48 hours                               
                                  163,000 psi                                  
                                          high                                 
     1    820.degree.C. for 4 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
          975.degree.C. for 4 hours                                            
                      910.degree.C. for 48 hours                               
                                  187,000 psi                                  
                                          high                                 
     1    820.degree.C. for 4 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
          1050.degree.C. for no hold                                           
                      910.degree.C. for 48 hours                               
                                  153,000 psi                                  
                                          high                                 
     2    820.degree.C. for 4 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
          925.degree.C. for 4 hours                                            
                      910.degree.C. for 48 hours                               
                                  153,000 psi                                  
                                          high                                 
     2    820.degree.C. for 4 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
          950.degree.C. for 4 hours                                            
                      910.degree.C. for 48 hours                               
                                  168,000 psi                                  
                                          high                                 
     2    820.degree.C. for 4 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
          975.degree.C. for 4 hours                                            
                      910.degree.C. for 48 hours                               
                                  176,000 psi                                  
                                          high                                 
     2    825.degree.C. for 4 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
          1050.degree.C. for no hold                                           
                      910.degree.C. for 48 hours                               
                                  159,000 psi                                  
                                          high                                 
     3    820.degree.C. for 4 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
          950.degree.C. for 4 hours                                            
                      910.degree.C. for 48 hours                               
                                  162,000 psi                                  
                                          high                                 
     3    820.degree.C. for 4 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
          975.degree.C. for 4 hours                                            
                      910.degree.C. for 48 hours                               
                                  150,000 psi                                  
                                          high                                 
     3    820.degree.C. for 4 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
          1050.degree.C. for no hold                                           
                      910.degree.C. for 48 hours                               
                                  151,000 psi                                  
                                          high                                 
     4    815.degree.C. for 4 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
          965.degree.C. for 4 hours                                            
                      910.degree.C. for 4 hours                                
                                  160,000 psi                                  
                                          high                                 
     5    800.degree.C. for 2 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
          940.degree.C. for 2 hours                                            
                      910.degree.C. for 48 hours                               
                                  176,000 psi                                  
                                          high                                 
     6    820.degree.C. for 4 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
          950.degree.C. for 4 hours                                            
                      920.degree.C. for 16 hours                               
                                   70,000 psi                                  
                                          low                                  
     7    820.degree.C. for 4 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
                                  125,000 psi                                  
                                          samples spalled                      
          980.degree.C. for 4 hours                                            
                      880.degree.C. for 16 hours                               
                                          after exchange                       
     8    820.degree.C. for 4 hours                                            
                      100% Li.sub.2 SO.sub.4                                   
                                          samples spalled                      
          970.degree.C. for 4 hours                                            
                      900.degree.C. for 18 hours                               
                                  162,000 psi                                  
                                          after exchange                       
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PAR  It will be appreciated, of course, that in the case of very thick-walled
      articles, dicing may not be complete but the breakage will still be
      explosive. However, as is apparent from Examples 6-8 of Table III, the
      composition and process parameters promulgated previously must be rigidly
      observed to insure high strength with accompanying frangibility and to
      avoid such other disadvantages properties as spalling and/or spontaneous
      breakage after the ion exchange process.
PAR  As defined herein, spalling involves the separation of the
      surface-exchanged layer from the body portion of the article, normally
      commencing at corners and edges and the working across a face of the
      article. Generally, the extent of spalling will be greater where longer
      times of ion exchange are employed. The occurrence of spalling is believed
      to sharply reduce the frangibility potential of an article by decreasing
      the built-in stresses. Furthermore, spalling of the surface layer can
      increase the hazard of spontaneous breakage.
PAR  Microscopic examination of the surface of the glass-ceramic articles
      immersed into a bath of molten Li.sub.2 SO.sub.4 has frequently manifested
      surface porosity, apparently resulting from attack by the salt. And,
      occasionally, minor spalling of the exchanged layer, especially at a sharp
      edge of a sample, would be observed after the immersion. These phenomena
      were more likely present after very extended immersion times, e.g., 72-168
      hours. The surface porosity was normally undesirable, if only from an
      aesthetic point of view, since cleaning of an article is rendered more
      difficult. The spalling was a more serious problem since, as was noted
      above, it releases stored energy, thereby reducing sample frangibility,
      and also heightens the possibility of spontaneous breakage.
PAR  The addition of up to 25% by weight of the sulphate and/or bisulphate of
      sodium and/or potassium has been found to inhibit the occurrence of these
      phenomenon. The bisulphate additions have been particularly useful for two
      reasons, the preferred mixtures being 91% Li.sub.2 SO.sub.4 - 9%
      NaHSO.sub.4 and 91% Li.sub.2 SO.sub.4 - 9% KHSO.sub.4. First, the addition
      of bisulphate increases the acidity of the bath which has the salutary
      effect of reducing the surface attack leading to porosity. Second, the
      presence of the larger cation, i.e., Na.sup.+ and/or K.sup.+, is believed
      to alter the ion exchanged stress and compositional interface with a
      concomitant reduction in tendency to spall. Hence, it is thought that the
      larger cation penetrates into the glass-ceramic article resulting in a
      more gradual stress profile.
PAR  In sum, the inclusion of sodium and/or potassium salts with lithium salts
      not only provides means for obtaining a range of salt bath temperatures,
      but also can function, particularly in instances of long time immersions,
      to relieve surface porosity and spalling tendencies.
PAR  As illustrative of those results, when Example No. 5 reported in Table III
      was maintained immersed within the 100% Li.sub.2 SO.sub.4 bath at
      910.degree.C. for 168 hours, some surface porosity and edge spalling were
      observed. However, samples immersed for 168 hours in a bath of molten 91%
      Li.sub.2 SO.sub.4 -9% NaHSO.sub.4 operating at 910.degree.C. showed clean
      surfaces and no edge spalling.
PAR  As has been observed above, the depth of ion exchange necessary to secure a
      high degree of frangibility upon fracture is dependent upon the thickness
      dimension of the article being treated, an article of greater thickness
      necessitating greater depths of ion exchange. Frangibility is believed to
      be a function of the stored energy density within the article as well as
      the magnitude of the tensile stresses contained within the inner or body
      portion of the article. The stored energy has been determined to be
      approximately directly proportional to the depth of the exchanged layer
      and the square of the compressive stress at the surface, while being
      inversely proportional to the elastic modulus. The depth of the exchange
      and the consequent stored energy is approximately proportional to the
      square root of the exchange time at constant temperature. Hence, through a
      series of treatments wherein the time and temperature of the ion exchange
      process are varied, the optimum ion exchange treatment can be readily
      derived which will produce the desired fragmentation pattern for a
      particular article geometry.
PAR  There is an adverse relationship existing between the mechanical strength
      derived through the ion exchange reaction and the degree of frangibility
      demonstrated by an article. Thus, frangibility demands a relatively deep
      surface reaction layer such that the stored energy density within the body
      of the article will be very high. However, the mechanical strength
      exhibited by an article, as measured in terms of modulus of rupture, will
      be greater where the surface exchanged layer is relatively thin.
      Nevertheless, here again, the optimum ion exchange schedule can be readily
      determined empirically which will yield the desired combination of high
      mechanical strength and frangibility.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for making a unitary glass-ceramic article exhibiting a modulus
      of rupture in excess of about 150,000 psi which will, upon fracture
      through the application of essentially no external energy, fragmentize
      violently, and wherein the crystal assemblage thereof constitutes at least
      75% by volume of the article, said article having an integral surface
      compressive stress layer and an interior tensile stress portion which
      comprises:
PA1  a. melting a batch for a glass consisting essentially, by weight on the
      oxide basis, of about 13-15% MgO, 1-3% B.sub.2 O.sub.3, 23-26% Al.sub.2
      O.sub.3, 48-51% SiO.sub.2, 4-8% TiO.sub.2, and 3-7% ZrO.sub.2, wherein the
      total TiO.sub.2 + ZrO.sub.2 ranges between about 9-13%;
PA1  b. simultaneously cooling the melt to at least within the transformation
      range thereof and shaping a glass body therefrom;
PA1  c. heating said glass body to a temperature between about
      900.degree.-1050.degree.C. for a period of time sufficient to crystallize
      said glass body to a glass-ceramic article wherein the crystal assemblage
      constitutes at least 75% by volume of the article and consists
      predominantly of alpha-quartz and sapphirine;
PA1  d. contacting said glass-ceramic article with a source of lithium ions at a
      temperature between about 850.degree.-1000.degree.C. for a period of time
      sufficient to replace at least part of the magnesium ions of said
      Mg.sup.+.sup.2 ion-containing crystals in a surface layer within the
      article to a depth of at least 1% of the cross section thereof with
      lithium ions on a two lithium ions-for-one magnesium ion basis to produce
      crystals of lithium-stuffed beta-quartz solid solution crystals in said
      surface layer; and then
PA1  e. cooling said article to room temperature to thereby produce an article
      having an integral compressively stressed surface layer and an interior
      tensilely stressed portion.
NUM  2.
PAR  2. A method according to claim 1 wherein said glass body is heated to
      775.degree.-850.degree.C. for about 1-8 hours to cause substantial
      nucleation thereof prior to crystallizing said glass body at about
      900.degree.-1050.degree.C.
NUM  3.
PAR  3. A method according to claim 2 wherein said time sufficient to
      crystallize the glass body ranges between about 1-6 hours.
NUM  4.
PAR  4. A method according to claim 3 wherein said time is no more than about 2
      hours.
NUM  5.
PAR  5. A method according to claim 1 wherein said period of time sufficient to
      replace at least part of the magnesium ions with lithium ions is at least
      4 hours.
NUM  6.
PAR  6. A method according to claim 1 wherein said source of lithium ions is a
      bath of a molten lithium salt.
NUM  7.
PAR  7. A method according to claim 6 wherein said lithium salt is Li.sub.2
      SO.sub.4.
NUM  8.
PAR  8. A method according to claim 6 wherein said source of lithium ions is a
      bath of molten lithium salt containing up to 25% by weight of a molten
      sodium and/or potassium salt.
NUM  9.
PAR  9. A method according to claim 8 wherein said source of lithium ions is a
      bath of molten Li.sub.2 SO.sub.4 with 9% by weight of NaHSO.sub.4 and/or
      KHSO.sub.4.
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ABST
PAL  The novel embodiments disclosed herein also illustrate a novel method for
      making a recuperator structure. First and second pluralities of layers of
      elongated tubes are provided which are formed of a glass that is thermally
      crystallizable to a low expansion glass-ceramic. Each of the tubes is
      filled with a fluid medium that is expansible in response to the
      application of heat and the tubes have sealed ends to retain the
      expansible fluid medium entrapped therein. Each of the tubes has an
      essentially straight central portion and header connector portions
      continuing from each end of the central tube portions to the sealed end of
      the tube. The header connector tube portions of the first plurality of
      layers diverge away from the header connector tube portions of the second
      plurality of layers at the ends of the central tube portions when the
      first and second layers are placed on top of each other. The central tube
      portions of the first and second pluralities of layers are stacked one
      above the other with the axes thereof all essentially parallel and with
      the central tube portions of each first plurality layer in heat exchange
      relationship with the central tube portions of a second plurality layer.
      The header connector tube portions at each end of the central tube
      portions of each layer are arranged so that the header connector tube
      portions of the first layers diverge from the header connector tube
      portions of the second layers to provide four sets of separated header
      connector tube portion ends. Each set of header connector tube portion
      ends on one of the first and second pluralities of layers extend from the
      stacked array of tubes as a plurality of tube layers spaced apart by the
      central tube portions of the other of the first and second plurality of
      layers. The spaces between the layers and around the tubes adjacent the
      ends thereof of each set of header connector tube portions are filled with
      a header connecting material that is thermally crystallizable to a low
      expansion glass-ceramic which has substantially the same coefficient of
      lineal thermal expansion as the tubes to seal each set against fluid flow
      between the tubes. The outer surfaces of the assembly of tube layers and
      header connecting materials are constrained to prevent outward movement of
      the assembly. The constrained assembly is heat treated to soften the
      elongated tubes and enable the fluid medium therein to expand and urge the
      tubes into contact with adjacent tubes and with the header connecting
      material to fuse the assembly into an integral mass, and to effect
      crystallization of the tubes and the header connecting material into a low
      expansion glass-ceramic.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a division of my application Ser. No. 333,402, filed
      Feb. 16, 1973.
BSUM
PAR  This invention constitutes an improvement over the structure and method
      disclosed in my copending patent application Ser. No. 30,859, filed in the
      U.S. Patent Office on Apr. 22, 1970 now abandoned and assigned to the
      assignee of the present invention, and an improvement over the structures
      and methods disclosed in the patent application of Donald F. Mold and
      Ronald G. Rice also copending with the present application and also
      assigned to the assignee of the present invention.
PAR  In the above-referenced copending application of mine, there is disclosed
      an assembly or matrix of integrally fused tubes useful as a compact
      regenerative heat exchanger, buoyancy material, sound absorption material,
      heat insulation material, and the like. The advantages of this type of
      structure and the requirements for each of the structures of this type,
      particularly a regenerator structure, are set forth fully in my
      above-referenced application and need not be repeated here.
PAR  In that application, the regenerator structure consists of a plurality of
      individual, axially parallel, open end glass-ceramic tubes which are
      thermally bonded to one another and integrated into an overall regenerator
      structure. Gas flow through the regenerator occurs through the individual
      tubes, one open end of each tube forming an inlet and the other open end
      of each tube forming the outlet. In a typical regenerator installation,
      one or both faces of the regenerator is contacted by a seal bar. The
      regenerator matrix is rotated relative to the seal bar which is urged
      against the regenerator end surface under an appreciable axial load.
      Because of matrix end face-seal bar contact under the sealing load, some
      abrasive wearing of the matrix end face will occur over an extended
      surface period, particularly since the matrix end face is defined by the
      open ends of the individual tubes. Additionally, the strength of the
      matrix and its ability to withstand axially or radially applied loads in
      operation is dependent upon the degree of integral bonding between
      adjacent tubes. While such matrices made in accordance with the disclosure
      in my copending application are capable of functioning satisfactorily as
      regenerators, and although improvements have been made in increasing
      resistance of the matrix end faces to wear, it is desirable to avoid the
      seal bar wear problems while retaining a high heat exchange efficiency. It
      is further desirable to do away with drive connections, drive power, and
      rotating support required by a regenerator.
PAR  In my hereinbefore referenced application, there is also disclosed a heat
      exchange module which is constructed by superimposing a plurality of
      layers of tubes, one layer above the other in successive parallel planes,
      with the tubes in each plane being essentially parallel to each other and
      transverse to the tubes in at least one of the adjacent layers. The matrix
      of tubes, each of the tubes having both ends sealed, is heated to soften,
      expand and fuse the tubes together into an integral module. The sealed
      ends are opened and a plurality of such modules may be assembled into a
      toroidally-shaped structure, each module being separated from an adjacent
      module by a wedge-shaped member.
PAR  In this latter module structure, the problem of seal bar wear has been
      removed. Although there is no movement of the module in this latter
      structure, it is desirable to improve the heat exchange efficiency over
      that provided by a crossflow relationship, while retaining the advantages
      of an integral low expansion glass-ceramic structure of the type described
      over the metal or ceramic heat exchange structures of the prior art.
PAR  A counterflow recuperator has one of the highest heat exchange efficiencies
      known to the prior art. However, parallel and counterflow recuperators,
      when made of metals such as nickle alloys, are expensive and difficult to
      shape and braze. Such metal recuperators often leak after repeated
      cycling. Recuperators have also been made of corrugated sheets of ceramic
      which are stacked to form a crossflow and counterflow patterns and then
      sintered. However, it is difficult to make the joints of these prior art
      recuperators and failures usually occur in the joint areas. Heat-resistant
      materials used in the prior art recuperator bodies are expensive and often
      fail in thermal fatigue, while sintered ceramic recuperators may be
      undesirably porous.
PAR  In the above-referenced application of Mold and Rice a parallel and
      counterflow recuperator structure has been disclosed which utilizes first
      and second pluralities of layers of tubes with the axes of the
      intermediate portions of the tubes in each layer essentially parallel to
      each other. A high heat exchange efficiency is achieved, but in the
      above-noted structure one of the pluralities of layers is shorter than the
      other of the plurality of layers so that internal header connections must
      be made to maintain two fluid streams separated. Such structures will
      operate satisfactorily and achieve good heat exchange efficiencies but may
      present fluid flow problems and assembly problems that are difficult to
      overcome in high production applications.
PAR  Accordingly, it is an object of this invention to provide a recuperator
      structure and a method for making same wherein the structure has superior
      properties and utilizes a low expansion, nonporous heat exchange body such
      as made from glass-ceramic materials, and which does not have the
      deficiencies of the previous regenerator and recuperator structures.
PAR  It is another object of this invention to provide an improved method for
      making a novel recuperator heat exchange assembly.
PAR  A still further object of this invention is to provide an improved
      apparatus, and a method for making such apparatus, for conducting fluids
      in heat exchange passageways which are substantially parallel to each
      other and which keeps the fluid streams separated, thereby maintaining a
      high heat efficiency while providing a structure with separated header
      connection areas which are easily connected to the two fluid streams
      between which heat is being exchanged. The structure does not require any
      moving parts to function properly.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects are illustrated in the several embodiments of this
      invention herein of recuperator heat exchange assemblies. Each finished
      assembly includes a first plurality of layers of tubes, each tube in the
      plurality of layers having open ends and a portion intermediate the open
      ends which is essentially parallel to corresponding intermediate portions
      of the other tubes in the same layer and to corresponding tube portions in
      the other of said first plurality of layers to form a first series of
      longitudinally extending essentially parallel passageways for receiving a
      first fluid.
PAR  A second plurality of layers of tubes, each tube in the second plurality of
      layers having open ends and a portion intermediate the open ends which is
      essentially parallel to corresponding intermediate portions of the other
      tubes in the same layer and to corresponding intermediate tube portions in
      the other of the second plurality of layers, forms a second series of
      longitudinally extending essentially parallel passageways for receiving a
      second fluid.
PAR  The intermediate tube portions of each of the first plurality of layers are
      disposed adjacent to, essentially parallel with, and in heat exchange
      relationship with the intermediate tube portions of at least one of a
      second plurality of layers. The intermediate tube portions of each of the
      second plurality of layers are disposed adjacent to, essentially parallel
      with, and in heat exchange relationship with intermediate tube portions of
      at least one of the first plurality of layers. There is thus formed a
      stacked array of tubes having four sets of open ends for receiving and
      discharging first and second fluids.
PAR  The portions of the tubes in each of one of the first and second
      pluralities of layers between the intermediate portions thereof and a
      first set of the open ends thereof extend obliquely with respect to the
      intermediate portions thereof to position the first set of open tube ends
      outside of the stacked array of tubes, thereby forming a first plurality
      of obliquely extending tube portions having a first of said four sets of
      open ends outside of said stacked array and available for connection to a
      first header means.
PAR  Another portion of each of the tubes in each of one of the first and second
      pluralities of layers between the intermediate portions thereof and a
      second set of the open ends thereof extend obliquely with respect to the
      intermediate portions thereof to position the second set of open tube ends
      outside of the stacked array of tubes, thereby forming a second plurality
      of obliquely extending tube portions having a second of said four sets of
      open ends outside of the stacked array and available for connection to a
      second header means.
PAR  The remaining tube portions of the tubes in the first and second
      pluralities of layers between the intermediate portions thereof and the
      third and fourth sets of the open ends thereof extend outwardly from the
      intermediate portions thereof to position the third and fourth sets of
      open ends away from the stacked array of contiguous intermediate tube
      portions and away from each other to form the third and fourth sets of
      open ends available for connection to third and fourth header means.
PAR  Header connecting means are provided for each of the four sets of open ends
      for receiving the open ends of each set and for closing the spaces between
      and around the open ends of each set to prevent leakage of the fluids from
      a header means between the tube ends of each set.
PAR  The tubes and the header connecting means are constructed of material
      having essentially zero porosity, consisting essentially of an inorganic
      crystalline oxide ceramic material, and having an average coefficient of
      lineal thermal expansion of about -18 to +50 .times. 10.sup.-.sup.7
      /.degree.C over the range of 0.degree. - 300.degree.C. The stacked layers
      of tubes and the header connecting means are fused together to form an
      integral assembly. While the integral assembly described hereinbefore
      desirably has an average coefficient of lineal thermal expansion within
      the range set forth above, the coefficient of lineal thermal expansion is
      advantageously about -12 to +12 .times. 10.sup.-.sup.7 /.degree.C over the
      range 0.degree. - 300.degree.C, and preferably has an average coefficient
      of lineal thermal expansion of about -5 to +5 .times. 10.sup.-.sup.7
      /.degree.C over the range 0.degree. - 300.degree.C.
PAR  In a first embodiment disclosed herein the first plurality of tubes has
      obliquely extending tube portions on each end of the intermediate tube
      portions thereof. The second plurality of tubes in the first embodiment
      may have essentially straight tube portions extending from each end of the
      intermediate tube portions. In the first embodiment of the invention the
      second plurality of tubes may also have obliquely extending tube portions
      on each end of the intermediate tube portions.
PAR  In the embodiment illustrated first in the drawings, the oblique tube
      portions of the first plurality of layers both extend obliquely away from
      the intermediate tube portions thereof on the same side of the axes of the
      intermediate tube portions of the stacked array, while the oblique tube
      portions of the second plurality of layers both extend obliquely away from
      the intermediate tube portions thereof on the opposite side of the axes of
      the intermediate tube portions of the stacked array.
PAR  In yet another embodiment disclosed herein the first oblique tube portions
      of the first plurality of layers on one end of the intermediate tube
      portions thereof extend obliquely away on one side of the axes of the
      intermediate tube portions while the second oblique tube portions of the
      first plurality of layers on the other end of the intermediate tube
      portions thereof extend obliquely away on the other side of the axes of
      the intermediate tube portions. The first oblique tube portions of the
      second plurality of layers on one end of the intermediate tube portions
      thereof extend obliquely away from the axes of the intermediate tube
      portions at the same end of and in an opposite direction away from the
      axes as does the first oblique portion of the first plurality of layers.
      The second oblique tube portions of the second plurality of layers on the
      other end of the intermediate tube portions thereof extend obliquely away
      from the axes of the intermediate tube portions at the same end of and in
      an opposite direction away from the axes as the second oblique portion of
      the first plurality of layers.
PAR  In still another embodiment of the invention herein the first plurality of
      tubes has obliquely extending tube portions at one end of the intermediate
      tube portions thereof and essentially straight header connecting tube
      extending portions at the other end of the intermediate tube portions
      thereof. The second plurality of tubes has obliquely extending tube
      portions at one end of the intermediate tube portions thereof and
      essentially straight extending header connecting tube portions at the
      other end of the intermediate tube portions thereof. The obliquely
      extending tube portions of the first and second plurality of layers are
      disposed at opposite ends of the stacked array.
PAR  The header connecting means may comprise a foamed ceramic cement molded and
      heat treated in place around the tubes adjacent the open ends thereof of
      each of the four sets of open ends of the first and second pluralities of
      layers of tubes.
PAR  Each of the sets of tube ends may extend from the array in the form of a
      plurality of tube layers having spaces formed therebetween where the
      intermediate tube portions for one of the first and second layers of tubes
      of the stacked array space apart the intermediate tube portions of the
      other of the first and second layers of tubes. The header connecting means
      may then include a foamed ceramic cement molded and heat treated in place
      in the spaces between the plurality of layers of tubes and around the
      tubes adjacent the open ends thereof of each of the sets of open tube
      ends, to provide a closure around each set of open tube ends which has
      essentially zero porosity, has substantially the same coefficient of
      lineal thermal expansion as the tubes, and which fuses together with the
      tubes around the open ends thereof to provide an integral connecting means
      for a header for delivering fluid to or receiving fluid from the set of
      open ends.
PAR  An alternative header connecting structure for each of the sets of open
      tube ends may include a plurality of tightly packed individually axially
      elongated elements arranged with their axes parallel to each other and in
      layers in the spaces between the tube end layers, and sealant means
      interposed in the interstices between header elements, between tube ends,
      and between layers of header elements and tube ends to provide an integral
      connecting means. The sealant means may be a ceramic cement, a foamed
      ceramic cement, a sintered frit, or other suitable sealant which
      accomplishes the objectives set forth herein. Advantageously, each layer
      of header elements includes at least one axially elongated tube having
      relatively thin walls and sealed ends, each such tube having been expanded
      by heat treatment to compress the sealant material to insure closing the
      interstices between header elements and the tube end portions of the tubes
      in adjacent layers.
DRWD
PAR  Other objects, features and advantages will become apparent from the
      following description when taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a view in perspective of an embodiment of a recuperator structure
      assembly illustrating the teachings of this invention;
PAR  FIGS. 2 and 3 are plan views of the different types of layers of tubes
      utilized in the structure illustrated in FIG. 1;
PAR  FIG. 4 is a cross-sectional view of the assembly illustrated in FIG. 1
      placed in a mold for heat treatment;
PAR  FIG. 5 is a cross-sectional view of the apparatus illustrated in FIG. 4
      taken along lines V--V of FIG. 4;
PAR  FIG. 6 is a cross-sectional view of a portion of the intermediate tube
      portions of a first embodiment of this invention before heat treatment;
PAR  FIG. 7 is a cross-sectional view of the sections illustrated in FIG. 6
      showing the expansion of the tube after heat treatment;
PAR  FIG. 8 is a cross-sectional view of the intermediate tube portions of a
      second embodiment of the teachings of this invention taken before heat
      treatment of the assembly;
PAR  FIG. 9 is a cross-sectional view of the section illustrated in FIG. 8 taken
      after heat treatment has been applied thereto;
PAR  FIG. 10 is a plan view of apparatus for preparing pluralities of layers of
      tubing used in making the novel recuperator structures of this invention;
PAR  FIG. 11 is a side elevational view of the apparatus illustrated in FIG. 10;
PAR  FIG. 12 is a cross-sectional view of a portion of the apparatus illustrated
      in FIG. 11 taken along lines XII--XII of FIG. 11;
PAR  FIG. 12a is a cross-sectional view of the apparatus shown in FIG. 12
      illustrating an alternative tube bending apparatus and method;
PAR  FIG. 13 is a view in perspective of a second embodiment of the teachings of
      this invention;
PAR  FIG. 14 is a schematic representation of a portion of the assembly
      illustrated in FIG. 13;
PAR  FIG. 15 is a schematic representation of an alternate embodiment for the
      apparatus illustrated in FIG. 13; and
PAR  FIGS. 16, 17, and 18 schematically illustrate third, fourth, and fifth
      alternate embodiments of the teachings of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 through 3, there is illustrated a recuperator heat
      exchange assembly 20 which embodies the teachings of this invention. The
      assembly 20 includes a first plurality of layers or groups 30 of tubes 32.
      Each tube 32 in the plurality of layers 30 has open ends 39 and a portion
      34 intermediate the open ends 39 which is essentially parallel to
      corresponding intermediate portions 34 of the other tubes 32 in the same
      layer and corresponding intermediate tube portions 34 in the other of the
      first plurality of layers 30 to form a first series of longitudinally
      extending essentially parallel passageways for receiving a first fluid.
PAR  A second plurality of layers or groups 40 of tubes 42 are interposed
      between the first plurality of layers of tubes 30. Each tube 42 in the
      second plurality of layers 40 has open ends 49 and a portion 44
      intermediate the open ends 49 which is essentially parallel to
      corresponding intermediate portions 44 of the other tubes 42 in the same
      layer and the corresponding intermediate tube portions 44 in the other of
      the second plurality of layers 40 to form a second series of
      longitudinally extending essentially parallel passageways for receiving a
      second fluid.
PAR  The intermediate tube portions 34 of each of the first plurality of layer
      30 are disposed adjacent to, essentially parallel with, and in heat
      exchange relationship with the intermediate tube portions 44 of at least
      one of the second plurality of layers 40. The intermediate tube portions
      44 of each of the second plurality of layers are disposed adjacent to,
      essentially parallel with, and in heat exchange relationship with the
      intermediate tube portions 34 of at least one of the first plurality of
      layers 30. There is thus formed a stacked array of tubes which has four
      sets of open ends for receiving and discharging first and second fluids.
PAR  The portions 36 of the tubes in each of one of the first and second
      plurality of layers (such as layer 30) between the intermediate portions
      thereof 34 and a first set of the open ends 39 thereof, extend obliquely
      with respect to the intermediate portions 34 thereof to position the first
      set of open tube ends 39 outside of the stacked array of tubes, thereby
      forming a first plurality of obliquely extending tube portions having a
      first of the four sets of open ends outside of the stacked array and
      available for connection to a first header means.
PAR  Another portion 38 of each of the tubes 32 in each of one of the first and
      second pluralities of layers (in this instance the layers 30) between the
      intermediate portions 34 thereof and a second set of the open ends 39
      thereof, extends obliquely with respect to the intermediate portions 34
      thereof to position the second set of open tube ends outside of the
      stacked array of tubes, thereby forming a second plurality of obliquely
      extending tube portions 38 having a second of the four sets of open ends
      outside of the stacked array and available for connection to a second
      header means.
PAR  The remaining tube portions 46, 48 of the tubes 42 in the first and second
      pluralities of layers (in this instance the plurality of layers 40)
      between the intermediate portions 44 thereof and the third and fourth sets
      of open ends 49 extend outwardly from the intermediate portions 44 to
      position the third and fourth sets of open ends 49 away from the stacked
      array of contiguous intermediate tube portions 34, 44 and away from each
      other and the other sets of open ends to form the third and fourth sets of
      open ends available for connection to third and fourth header means.
PAR  In the embodiment illustrated in FIG. 1 the oblique tube portions 36, 38 of
      the first plurality of layers 30 both extend obliquely away from the
      intermediate tube portions 34 thereof on the same side of the axes of the
      intermediate tube portions 34, 44 of the stacked array, while the oblique
      tube portions 46, 48 of the second plurality of layers 40 both extend
      obliquely away from the intermediate tube portions 44 thereof on the
      opposite side of the axes of the intermediate tube portions 34, 44 of the
      stacked array.
PAR  Each of the sets of oblique tube end portions extend from the array in the
      form of a plurality of tube layers having spaces 50 formed therebetween
      where the intermediate tube portions of one of the first and second layers
      30, 40 of tubes 32, 42 of the stacked array space apart the intermediate
      tube portions 34, 44 of the other of the first and second layers of tubes
      30, 40.
PAR  Header connecting means 52 are provided for the assembly in FIG. 1 and in
      this embodiment includes a foamed ceramic cement molded and heat treated
      in place in the spaces 50 between the plurality of layers of tubes and
      around the tubes adjacent the open ends 39, 49 thereof each of the sets of
      open tube ends, to provide a closure around each set of open tube ends
      which has essentially zero porosity, has substantially the same
      coefficient of lineal thermal expansion as the tubes, and fuses together
      with the tubes around the open ends thereof to provide an integral
      connecting means for a header for delivering fluid to or receiving fluid
      from the set of open ends.
PAR  Although not shown herein, it is to be understood that additional layers of
      tubes or glass rods may be utilized on the outside surfaces of the
      assembly 20 of FIG. 1 to provide insulation and protective skins for the
      assembly. Such insulation and protective skins of rods and tubes are fully
      disclosed in the copending application of Mold and Rice which is
      referenced hereinbefore.
PAR  The tubes 32, 42 and the header connecting means 52 are formed from
      material having essentially zero porosity, consisting essentially of an
      inorganic crystalline oxide ceramic material, and having an average
      coefficient of lineal thermal expansion of about -18 to +50 .times.
      10.sup.-.sup.7 /.degree.C over the range of 0.degree. - 300.degree.C. The
      stacked layers of tubes 32, 42 and the header connecting means 52 are
      fused together to form an integral assembly as illustrated at 20.
PAR  As noted above, while the assembly desirably has an average coefficient of
      lineal thermal expansion within the range just set forth, the coefficient
      of lineal thermal expansion is advantageously about -12 to +12 .times.
      10.sup.-.sup.7 /.degree.C over the range 0.degree. - 300.degree.C, and
      preferably has an average coefficient of lineal thermal expansion of about
      -5 to +5 .times. 10.sup.-.sup.7 /.degree.C over the range of 0.degree. -
      300.degree.C.
PAR  A ceramic cement and foamable ceramic cement suitable for use in
      manufacturing the assembly of FIG. 1 and the structures illustrated
      hereinafter is disclosed in U.S. Pat. No. 3,189,512, issued June 15, 1965,
      and in U.S. Pat. No. 3,634,111, issued Jan. 11, 1972. Usually round
      thermally crystallizable tubing is used in forming the structure of the
      invention, the drawing of round glass tubing to controlled dimensions
      being an old established art in the industry.
PAR  Referring to FIGS. 4 through 11 there is illustrated apparatus for and a
      method of making the assemblies illustrated herein. Referring first to
      FIGS. 10, 11, and 12 there is illustrated apparatus for forming the layers
      of tubes to be utilized. To facilitate the assembly of the tubes 72 in
      FIGS. 10 through 12 so that the layers may be superimposed one upon
      another, a plurality of straight tubes 72 with open ends which have been
      precut to a specified length are fed into a hopper 80 by means not shown.
      The hopper 80 may be continuously vibrated by means of a vibrator 82 in
      contact therewith, so that the tubes are maintained in parallel
      relationship and are deposited individually through the hopper opening 84
      at the base of the hopper 80 onto a forming conveyor 120 disposed directly
      beneath the opening 84 and continuously moving in a direction away from
      the hopper 80.
PAR  A tube dispensing mechanism is indicated generally at 90 and is utilized to
      periodically permit the exit from the hopper opening 84 of a predetermined
      number of tubes 72 in succession to form separate layers 74. The mechanism
      90 includes a hopper gate 92 having a sharp bottom edge 94 which enables
      separation of successively issuing tubes. The sharp bottom edge may be
      made of hard rubber or other suitable material which will not damage the
      tubes as they are separated as each group exits from the hopper opening
      84. The hopper gate 92 is mounted to be reciprocated vertically in gate
      slides 96. A motor 100 rotates a reciprocating wheel 102 which has a wheel
      stud 104 offset from the center thereof. The wheel stud 104 extends
      through a slot 106 formed in a connector bar 108. The connector bar 108
      extends downwardly to the hopper gate 92 and has a second connector bar
      slot 110 formed therethrough. A gate slide stud 112 extends from the gate
      92 through the slot 110.
PAR  In operation, as the motor 100 rotates the wheel 102, the stud 104 is
      raised and lowered with respect to the connector bar 108 and the gate
      slide 92. The slots 106 and 110 are formed in the connector bar 108 so
      that the relative reciprocation of the studs 104, 112 enables the lifting
      of the gate 92 for a predetermined interval and the lowering of the gate
      for a second predetermined interval. A predetermined number of tubes 72
      may exit from the hopper 80 after the gate is raised and before the gate
      is again lowered to provide separation of the issuing tubes 72 into layers
      74 on the conveyor 120. The rate of movement of the conveyor 120 and the
      rate of deposit of the tubes 72 thereon are adjusted so that the tubes 72
      are deposited and maintained in parallel, contacting relationship with
      adjacent tubes in each layer 74. As the conveyor 120 and each layer 74
      moves away from the hopper 80 an overhead conveyor 130 contacts the layers
      74 and holds them together and firmly on the conveyor 120 to retain the
      layers 74 in place while operations are performed thereon.
PAR  As the layers 74 move away from the hopper 80 the ends of the tubes 72 in
      each layer pass through flames from oppositely disposed ribbon burners 140
      mounted on either side of the conveyor belt 120. The flames of the burners
      140 fuse and close the tubes to trap air within the tubes. The flames from
      the burners 140 are directed so they do not adversely affect any other
      portion of the tube 72 in the layer 74, but only impinge on the tube ends.
PAR  As the layers 74 of tubes continue along the conveyor 120, a second set of
      ribbon burners 150 is directed downwardly at an angle toward the ends of
      the intermediate or central straight parallel portions of the tubes 72. As
      the layers 74 pass by the ribbon burners 150 the glass tubes receive heat
      at the desired point of bending. As the glass in each tube softens, the
      weight of the cantilevered portion of the tubing 72 bends the tubing to a
      desired angle as provided by the trapezoidal cross-section of the belt 122
      of the conveyor 120. This is illustrated in FIG. 12 wherein the solid line
      configuration of the layer 74 represents the layer as it is entering the
      area between the oppositely disposed burners 150, while the dotted line
      portion of the layers 74 indicates the obliquely extending position that
      the tube end portions have assumed in response to having the portion at
      the ends of the central parallel parts of the tube softened by the heat
      from the burners 150.
PAR  It has been found that under certain circumstances the method of tube
      bending does not always function satisfactorily. That is, for certain tube
      diameters, glass compositions, and the weight and lengths of tube portions
      that are cantilevered, the tube portions will either not bend in response
      to gravitational forces and/or the heat applied to obtain a gravitational
      bend may be excessive and cause a sealing of or a reduced size in the
      internal passageway of a tube at the bend.
PAR  Therefore, alternative bending method and apparatus are illustrated in FIG.
      12a. Although the ribbon burners 150 are not shown in FIG. 12a, it is
      assumed that the tube layers 74 have already passed beneath the burners
      150 and have received enough heat at the bending areas of the tubes to
      soften the bending areas.
PAR  The layers 74 then pass below a pair of oppositely disposed bending cam
      means 124. The cam means 124 are cam wheels rotatably driven on offset
      shafts 126. The speed of rotation of the cams 124 is such that the tube
      engaging portions of the cams 124 are rotated out of the way to allow the
      straight ends of the tubes of a layer 74 to be moved into position between
      the oppositely disposed cams 124. The cams 124 then rotate in the
      direction of the arrows to move downwardly into contact with the
      cantilevered portion of the tube ends of the layers 74 and bend the heated
      tubes to the position shown in FIG. 12a.
PAR  It is obvious that the conveyor flight 122 and/or the cams 124 may be
      indexable or have continuous movement to produce the desired results. The
      apparatus illustrated in FIG. 12a may be positioned between the burners
      150 and the end of the upper flight 122 of the conveyor 120.
PAR  After the tube ends are bent to the desired angle the layers 74 are
      discharged from the conveyor 120 down a guide slide plate 160. The width
      of the plate 160 may be such so that the intermediate or central portions
      of the tubes 72 are retained in alignment. As each layer of tubes reaches
      a flattening or layer-shaping conveyor 170, the downwardly depending tube
      ends contact the upper flight of the conveyor 170 and are moved forwardly
      with respect to the intermediate tube portions thereof so that the tube
      layers assume the configuration illustrated in FIG. 10 on conveyor 170.
PAR  A thin layer of air-setting bonding material may be sprayed on the upper
      surface of the layers 74 on the conveyor 170 by means of a nozzle 180 of a
      spray gun, which material bends the tubes together so that the layers of
      tube become rigid enough to be handled like a thin sheet of plastic
      material. For example, a urethane compound such as Spraylat No. 6210 may
      be used.
PAR  Referring now to FIGS. 4 and 5 there is illustrated a constraining mold
      indicated generally at 60. The mold 60 includes a bottom wall portion 62,
      side walls 64, end walls 66, and a heavy top cover wall 68. Perforations
      60 may be formed in the top cover 68 and the bottom wall 62 to permit the
      escape of gas from between the interstices of the tubing as the assembly
      is heat treated.
PAR  The layers of tubing 74 as produced by the apparatus illustrated in FIGS.
      10 through 12 may be utilized to form the assembly 20 illustrated in FIG.
      1 by stacking a first layer 74 in the mold 60, then an inverted layer 74,
      and proceeding in this manner to provide the first and second plurality of
      layers 30, 40. The tubes in the layers are tightly packed in the mold 60
      and the spaces 50 filled with a foamable ceramic cement material 52 as
      described hereinbefore. The end walls 66 may then be put into place and
      the top cover 68 placed on top of the assembly 20. The outer surfaces of
      the assembly 20 are then constrained or restricted against movement in a
      direction outwardly from the assembly.
PAR  The mold 60 with the assembly therein is then placed in a furnace and
      subjected to a heat sufficient to soften the glass walls of the sealed end
      tubes to cause the walls of sealed end tubes to bloat or expand in
      response to the heating of the expansible fluid medium in each tube so
      that adjoining contacting wall surfaces within the layers and between the
      layers are fused together and so that the foamable ceramic cement material
      52 is activated to completely fill the interstices between the tubes
      between the spaces 50 and around the ends of the tubes to form a unitary
      assembly 20. As the individual tubes expand, the air or other gases in the
      interstices may exit through the perforations 69 which are formed in the
      restraining top and bottom walls 68, 62 of the mold 60.
PAR  The heating of the thin-walled sealed end tubes expands them into close
      contact with each other, and into the interstices between the tubes and
      between the layers of the sealed end tubes to a greater or lesser extent,
      ideally to an extent to substantially fill the interstices. Referring to
      FIGS. 6 and 7 a cross-sectional view of the intermediate portions of the
      tube layers 30 and 40 is illustrated in which the axes of each
      intermediate tube portion in each layer each lie in a plane formed by the
      lines of contact between adjacent tubes. That is, the tubes are directly
      one above the other.
PAR  Referring to FIG. 7 there is illustrated a cross-section of the portion
      illustrated in FIG. 6, after heat treatment, in which the tube walls have
      been expanded to substantially fill the interstices. In this instance the
      resulting bloated tubes become essentially square or rectangular in
      cross-section.
PAR  The glass tubes are fusing to each other and with the foamable ceramic
      material 52 and are also undergoing nucleation during the heat treatment,
      and heating of the assembly is continued for a time sufficient to in situ
      crystallize the glass to an at least partially crystalline material,
      commonly referred to as a glass-ceramic.
PAR  After the assembly has been crystallized, and usually after cooling to room
      temperature, the assembly 20 may be removed from the mold 60 and the tube
      ends removed by grinding, by diamond saw, or other suitable methods to
      obtain the opened ends 39, 49 as illustrated in FIG. 1.
PAR  Well suited for use in the methods of this invention are thermally
      crystallizable glasses that are convertible by heating to glass-ceramic
      bodies. As used herein, a glass-ceramic is an organic, essentially
      crystalline oxide ceramic material derived from an amorphous inorganic
      glass by in situ bulk thermal crystallization.
PAR  Prior to thermal in situ bulk crystallization, thermally crystallizable
      glasses can be drawn into tubing using conventional glass-forming
      techniques and equipment. Similarly, the thermally crystallizable glasses
      may be made into various ceramic cements suitable for use as the material
      52 and as disclosed in the U.S. Pat. Nos. 3,189,512 and 3,634,111
      referenced hereinbefore.
PAR  After being assembled in the manner shown in FIGS. 4 and 5, the thermally
      crystallizable glass tubes and ceramic cement material are subjected to a
      controlled heat treatment until the sealed end tubes have been expanded,
      the foamable ceramic cement activated, the assembly portions have been
      fusion sealed to each other and crystallization of the entire structure
      has been effected.
PAR  Thermally crystallizable glass compositions and the glass-ceramics
      resulting from thermal in situ crystallization thereof which are useful in
      the method and product of this invention are those which have, in the
      crystallized state, a coefficient of thermal expansion in the range of
      from -18 to +50 .times. 10.sup.-.sup.7 /.degree.C over the range 0.degree.
      - 300.degree.C and preferably as low as -12 to +12, or -5 to +5, .times.
      10.sup.-.sup.7 /.degree.C over the range 0.degree. - 300.degree.C. The
      compositions usually used are those containing lithia, alumina, and
      silica, together with one or more nucleating agents including TiO.sub.2,
      ZrO.sub.2, SnO.sub.2 or other known nucleating agents. In general, such
      compositions containing in weight percent about 55 to 75 SiO.sub.2, about
      15 to 25 Al.sub.2 O.sub.3 and about 2 to 6 Li.sub.2 O, together with about
      1.5 to 4 weight percent of nucleating agents selected from one or more of
      TiO.sub.2, ZrO.sub.2 and SnO.sub.2, can be employed. Preferably, not more
      than about 2.5 weight percent TiO.sub.2 is usually used or the
      crystallization is undesirably rapid to be compatable with the fullest
      expansion of the tubes in the bloating process.
PAR  Other ingredients can be present in small amounts, as is understood in the
      art, such as even as much as 4 or 5 weight percent ZnO, up to as much as 3
      or 4 weight percent CaO, up to as much as 8 percent MgO, and up to as much
      as 5 percent BaO, as long as the silica plus alumina plus lithia and the
      nucleating agent(s) are at least about 85, usually 90, weight percent of
      the total glass and the glass composition will thermally crystallize to a
      glass-ceramic having the desired low expansion coefficient set forth
      hereinbefore. Exemplary compositions which can be used in the process of
      the invention include those compositions disclosed in U.S. Pat. No.
      3,380,818; those compositions disclosed in U.S. Ser. No. 464,147 filed
      June 15, 1965, now abandoned; and corresponding British Pat. Nos.
      1,124,001 and 1,124,002 dated Dec. 9, 1968; and also those compositions
      disclosed in U.S. application Ser. No. 866,168 filed Oct. 13, 1969, which
      issued as Pat. No. 3,625,718 on Dec. 7, 1971, and corresponding
      Netherlands Printed Patent Application 6805259; and also those
      compositions set forth in U.S. application Ser. No. 146,664 filed May 25,
      1971, now abandoned.
PAR  In any event, the thermally crystallizable glass tubing, glass rods if used
      as discussed hereinafter, and the sealent materials in the
      lithia-alumina-silica field containing nucleating agents as before
      described, are assembled as previously set forth and the constrained
      assembly of sealed tubing (containing the heat-expansible fluid) and the
      header connecting and sealing material 52 are heated at any suitable rate
      that will not thermally shock the assembly up to a temperature range in
      the maximum nucleating range of the glass. The maximum nucleation range
      can be determined for all such glasses by the general method outlined in
      the above-referenced U.S. Pat. No. 3,380,818, beginning at Column 9, line
      54.
PAR  For the process of the present invention, where expansion and fusion are to
      be effected or initiated while nucleation is occurring, it is preferred
      that the assembled tubes be heated in the range of 50.degree.F to
      250.degree.F above the annealing point for a period of one hour or more.
      This time can be extended to 10 or 20 hours, and even longer times are not
      harmful. During this time of heating in such temperature range, nucleation
      is effected as well as fusion aided by pressure exerted by expansion of
      the trapped fluid in the sealed end tubes. Thereafter, the temperature is
      raised to a higher temperature than the first heating range, which higher
      temperature is at least 200.degree.F above the annealing point temperature
      or may be as high as the final crystallization temperature (usually
      1800.degree. to 2300.degree.F). The final crystallization can be effected
      at any such temperature range higher than the nucleation-expansion-fusion
      temperature (50.degree. to 250.degree.F above the annealing point
      temperature) and can be as low as 200.degree.F above the annealing point
      or as high as 2300.degree.F or as high as the upper liquidus temperature.
PAR  In this second stage of heating further expansion and the beginning of
      crystallization is effected, followed by the completion of crystallization
      on continued heating to a degree such that the assembly has an average
      coefficient of expansion in the range set forth hereinbefore.
PAR  While the temperature may be raised directly to the final crystallization
      temperature range at a suitable furnace heating rate, usually in the range
      of 10.degree. to 300.degree.F per hour, it is usually preferred to allow
      crystallization to be effected slowly while further expansion of the
      sealed end tubes and the fusion of sealed end tubes and rods, if used, and
      the header connecting material is being effected by having an intermediate
      step between the first nucleation-and-fusion temperature range and the
      final crystallization temperature, which range is usually about
      200.degree.F to about 700.degree.F usually from 200.degree. to
      500.degree.F, above the annealing point of the original glass. Exemplary
      holding times in this intermediate range are from 1 to 8 hours, after
      which the assembly is heated up to the final crystallization temperature,
      usually in the range from about 1800.degree. to 2300.degree.F.
PAR  Obviously, no specific heat treatment instructions can be given suitable
      for all thermally crystallizable glass compositions. As is well-known,
      glass-ceramics do not have adequate strength if they are not sufficiently
      nucleated before crystals are allowed to grow appreciable in size, so that
      routine experiments known to those skilled in the art are used to
      determine what length of time is best to obtain an adequate number of
      crystallization centers or nuclei in the glass in the nucleation
      temperature range of 50.degree. to 250.degree.F above the annealing point.
PAR  Another point that must be kept in mind is that, if it is an object to
      obtain appreciable expansion beyond that necessary to get good fusion
      between the tubes, in other words to get appreciable reshaping of the
      sealed end tubes to fill the interstices between tubing, one should not
      raise the temperature too slowly when going from a nucleation temperature
      range to the intermediate range, since a rigid crystalline network may
      begin to set in and to prevent further expansion. It is found that some
      compositions can be heated at a rate as low as 10.degree. to 50.degree.F
      per hour to this intermediate temperature range and still get sufficient
      expansion of the tubing. On the other hand, some compositions have been
      found not to fully expand unless the heating rate from the initial
      nucleation-fusion temperature range to the intermediate temperature range
      is used, sometimes on the order of at least 200.degree.F to 300.degree.F
      per hour or higher.
PAR  The length of time of heating in the final crystallization temperature
      range of 1800.degree.F to about 2300.degree.F is from 1/2 hour to 5 or 6
      hours, although longer times normally are in no way deleterous. After the
      crystallization has been completed, the structure can be cooled at furnace
      rate or, dependent upon its expansion characteristics, in air because the
      structure is of such low expansion that thermal shock will not harm it.
PAR  After the heat treatment just described, the product can now be cooled and
      the sealed ends of the tubes in the layers 30 and 40 cut or ground away to
      open each tube to atmospheric pressure. Alternatively, if the intermediate
      step of crystallization heat treating at a temperature range of
      200.degree. to 700.degree.F above the annealing point temperature is used,
      the heat treatment can be interrupted after this intermediate step and
      cooled somewhat or even cooled to room temperature, and the ends of the
      tubes in the layers 30, 40 cut or ground away and opened to atmospheric
      pressure. Then the assembly can be heated up again into the final
      crystallization heat treatment range, where further and final
      crystallization is effected.
PAR  Referring now to FIG. 13, there is illustrated a second embodiment of the
      teachings of this invention in which an assembly generally indicated at
      20a, again has first and second pluralities of layers of tubes 30a, 40a
      stacked on top of each other. In this instance the intermediate or central
      tube portions 34a, 44a of the tubes 32a, 42a are again essentially
      straight, essentially parallel to the other central tube portions in the
      same layer and to the central tube portions in the other layers. However,
      the header connecting tube portions are formed somewhat differently. In
      the layers 30a the header connecting tube portions 36a extend obliquely
      with respect to the axes of the intermediate tube portions 34a, 44a so
      that the first set of open ends 39a are disposed or offset to one side of
      the assembly 20a. The other header connecting tube portions 38a of the
      tubes 32a, however, extend directly straight and outwardly from the ends
      of the stacked array of intermediate portions 34a, 44a until the open ends
      39a thereof are separated from the rest of the body or assembly.
PAR  Correspondingly, the header connected tube portions 48a of the layers 40a
      extend obliquely with respect to the axes of the intermediate tube
      portions 34a and 44a so that the tube openings 49a are offset to the side
      and away from the tube openings 39a of the header connector tube portions
      38a. The other header connector tube portions 46a of the layers 40a are
      extended straight out from the ends of the stacked array of intermediate
      tube portions 34a, 44a for a distance sufficient to place the open ends
      49a past and away from the set of open ends 39a of the header connector
      tube portions 46a.
PAR  Thus, the first plurality of tubes 30a has obliquely extending tube
      portions 36a at one end of the intermediate tube portions 34a thereof and
      essentially straight extending tube portions 38a at the other end
      intermediate tube portions 34a thereof. The second plurality of tubes 42a
      has obliquely extending tube portions 48a at one end of the intermediate
      tube portions 44a thereof and essentially straight extending tube portions
      46a at the other end of the intermediate tube portions 44a thereof. The
      obliquely extending tube portions 36a and 48a of the first and second
      plurality of layers 30a, 40a are disposed at opposite ends of the stacked
      array.
PAR  Thus, four sets of open ends are again provided in separated positions for
      easily connecting header means thereto for directing two separate fluid
      streams into the intermediate portions 34a, 44a to obtain a heat exchange
      therebetween.
PAR  An alternative embodiment of header connecting means 52a is illustrated in
      the spaces 50a formed between the extending header connector tube portion
      layers of the assembly 20a in FIG. 13. As best shown in FIG. 14, the
      header connecting means 52a may comprise a plurality of tightly packed
      individually axially elongated elements 54 arranged with their axes
      parallel to each other and disposed in layers between the header
      connecting tube portion layers, such as 36a. Sealant material 56 is
      interposed between the adjacent elements 54 and between the tube layers
      36a (or 38a, 46a, 48a) and around the header connector tube portions and
      header connector elements to join the elements into an integral mass which
      is nonporous and prevents a fluid from a header connecting means from
      flowing between the interstices of the header connecting tube portions.
      The sealant material 56 may be a ceramic cement or a foamable ceramic
      cement such as described in the hereinbefore referenced U.S. Pat. Nos.
      3,189,512 and 3,634,111. The sealant material 56 may also be a sinterable
      frit, the use and disposition of a sinterable frit material to close
      interstices between tubes or rods being disclosed in the copending
      application Ser. No. 169,216, filed Aug. 5, 1971, by Marion I. Gray, Jr.
      now U.S. Pat. No. 3,773,484, issued Nov. 20, 1973. and assigned to the
      same assignee as the assignee of the present invention.
PAR  In a manner fully described in the above-referenced application Ser. No.
      169,216, each of the glass rods, or of the glass tubes to be described
      hereinafter, utilized in the manufacture of the header connecting means
      52a receives a coating of a sinterable thermally crystallizable frit. The
      entire exterior surfaces of these tubes or rods are preferably coated with
      a frit composition identified in the above-referenced application Ser. No.
      169,216, the composition preferably being of the same thermally
      crystallizable glass composition of which the tubes and rods are formed.
PAR  It is advantageous to include at least one individually axially elongated
      tube with sealed ends and expansible fluid medium entrapped therein in the
      layers of the header connecting material 52a. It is most advantageous, if
      a sinterable frit sealant material 56 is being utilized, to utilize sealed
      glass tubes as shown at 54a in FIG. 15 for the entire layers of header
      connecting means 52a. Thus, during the heat treating of the assembly 20a
      and during the bloating or expanding of the tubes 32a, 42a and of the
      tubes in the header connecting means 52a and the fusion of the tube wall
      surfaces, and interspersed rods if utilized, into the unitary assembly,
      the finely divided frit will sinter and distribute itself in the
      interstices between the tube walls (and between the tube walls and rods if
      utilized) to aid in securing and fusing the walls and/or rods to one
      another.
PAR  The frit interposed in the interstices between the expanding tubes may be
      subjected to substantial pressures generated by the expansion of the
      sealed end tubing walls. The resultant sintering, melting, and
      distribution of the frit will adhere to expanded tube walls to one another
      and to its own sintered glass-ceramic mass to join the assembly 20a into
      an integral unit and seal the spaces between and around the ends of the
      tubes of the header connecting portions of the layers 30a, 40a to prevent
      leakage of fluids from a header which is attached to the header connecting
      tube portion assemblies.
PAR  There have thus been described a recuperator heat exchange assembly which
      comprises a plurality of layers of tubes having central tube portions
      superimposed one above the other in successive parallel planes to form a
      stacked array. The central portions of the tubes within each plane are
      essentially parallel to each other and to central tube portions in the
      other planes. The central tube portions of part of the layers form a first
      series of longitudinal passageways while the remaining central tube
      portions in the rest of the layers form a second series of longitudinal
      passageways. Each layer of first series passageways are in heat exchange
      relationship with at least one layer of the second series passageways.
      Each layer of tubes has header connector tube portions continuing
      outwardly from each end of each central tube portion and away from the
      stacked array. The header connecting tube portions have open ends for
      supplying fluid to and receiving fluid from the central tube portions.
PAR  The header connector tube portions of the first series of passageways
      diverge from the header connector tube portions of the second series of
      passageways at each end of the central tube portions in the array, to
      separate the sets of open tube ends thereof from each other to enable
      connection of a separate header to each of the resulting four sets of open
      tube ends. In the embodiment illustrated in FIG. 13 the header connecting
      tube portions 36a and 48a diverge away from the axes of the stacked array
      of intermediate tube portions, while the header connecting tube portions
      38a and 46a extend straight out from the stacked array of intermediate
      tube portions. However, there is a relative divergence between the tube
      portions 46a, 36a and between the tube portions 38a and 48a, even though
      the tube portions 46a and 38a are straight with respect to the axes of the
      intermediate tube portions 34a, 44a. Thus, the header connector tube
      portions will be described as diverging with respect to each other,
      whether they are aligned with or oblique to the central tube portions.
PAR  Header connecting means are provided for receiving each of the four sets of
      open tube ends, for supporting the tube ends and for closing the spaces
      between and around the open ends to prevent fluid leakage from the header
      between the header connecting tube portions.
PAR  The header connecting means illustrated in FIG. 13 includes a plurality of
      tightly packed individually axially elongated elements, either tubes or
      rods or a mixture thereof, arranged with their axes parallel with each
      other and in layers in the spaces between the header connector tube
      portion layers. As shown in FIG. 13 the axes of the header connector
      elements are also parallel with the axes of the header connector tube
      portions of the layers 30a and 40a. However, it is to be understood, that
      the axes of the header connector elements may be arranged transverse to
      the header connector tube portions if the proper composition and the
      proper amount of sealant is interposed in the interstices between the
      header elements and the header connector tube portions. Sealant means is
      interposed in the interstices between the header connector elements, and
      between layers of header connector elements and layers of header connector
      tube portions, to provide a nonporous integral header connecting means in
      conjunction with the header elements.
PAR  In the embodiment illustrated in FIG. 13 the axes of the intermediate or
      central tube portions 34a, 44a of each layer are aligned between the axes
      of the intermediate tube portions of adjacent layers as illustrated in
      FIG. 8. Thus when the tubes are expanded the interstices between the tubes
      are more substantially filled or are substantially filled, depending upon
      the amount of expansion during heat treatment, and will result in the
      substantially hexagonal cross-sectional areas as illustrated in FIG. 9
      when the heat treatment is completed. The substantially hexagonal
      configuration of FIG. 9 provides the most effective heat transfer
      efficiency.
PAR  Referring now to FIGS. 16 through 19 there are illustrated alternative
      embodiments in a schematic form for building a structure, with separated
      sets of open tube ends for connection to external headers, according to
      the teachings of this invention. In FIG. 16 the tube 32b has an
      essentially straight central portion 34b and a header connector tube
      portion 36b extending obliquely downwardly, while a header connection tube
      portion 38b extends upwardly. A tube 42b has a central tube portion 44b
      disposed in heat relationship with the central or intermediate tube
      portion 34b and has a header connector tube portion 46b extending
      upwardly, while the header connection tube portion 48b extends obliquely
      downwardly.
PAR  In FIG. 17 the tube 32c has an intermediate portion 34c which is
      substantially straight while the header connector tube portions 36c and
      38c extend straight outwardly from the intermediate tube portion 34c. The
      tube 42c has a substantially straight central portion 44c while the header
      connecting tube portions 46c and 48c are diverged away from the tube
      portions 36c, 38c and obliquely away from the axes of both of the
      intermediate tube portions 44c, 34c.
PAR  In FIG. 18 the tube 32d has a straight intermediate portion 34d and again
      has straight header connector portion tubes 36d, 38d extending outwardly
      from the ends of the intermediate portion 34d. The tube 42d has a straight
      intermediate tube portion 44d, while the header connector tube portion 46d
      extends obliquely away from the intermediate portion 44d in one direction
      and the header connector tube portion 48d extends away from the
      intermediate tube portion 44d in the other direction, to again separate
      the tube ends into the four sets desired.
PAR  In describing the various embodiments of the invention therein there has
      been disclosed a novel method for making the novel recuperator heat
      exchange assemblies which includes forming a multiplicity of elongated
      tubes of a glass that is thermally crystallizable to a low expansion
      glass-ceramic. Each of the tubes have an essentially straight central or
      intermediate portion and header connector portions continuing from each
      end of the central tube portion thereof. Each tube is filled with a fluid
      medium that is expansible in response to the application of heat and the
      ends of the tubes are sealed to retain the expansible fluid medium
      therein. The juncture of the header connector tube portions and the
      central tube portions are heated and the header connector tube portions of
      at least part of the multiplicity of tubes are bent with respect to the
      central tube portions, so that first and second groups of tubes are formed
      in which the header connector portions of the two groups diverge from each
      other when the central tube portions of tubes from each group are placed
      side by side or are stacked one above the other.
PAR  The tubes of the first and second groups are arranged into pluralities of
      layers with the central tube portions in each layer essentially parallel
      to each other. The plurality of layers of tubes are superimposed one above
      the other in successive parallel planes with the central tube portions of
      each layer essentially parallel to the central tube portion of adjacent
      layers and with the layers of central tube portions arranged next to each
      other in a stacked array. Each layer of central tube portions of the first
      group are disposed in heat exchange relationship with the layer of central
      tube portions of the second group. The plurality of layers are arranged so
      that the header connector tube portions of the two groups diverge from
      each other at each end of the stacked array of central tube portions to
      provide four sets of separated header connector tube portion ends.
PAR  The spaces between and around the ends of each of the four sets of
      separated header connector tube portions are filled with a header
      connecting material that is thermally crystallizable to a low expansion
      glass-ceramic having substantially the same coefficient of lineal thermal
      expansion as the elongated tubes. The outer surfaces of the assembly of
      the layers of tubes and header connector material are constrained to
      restrict outward movement of the assembly.
PAR  The constrained assembly is subjected to a heat treatment which includes
      temperatures sufficient to soften the elongated tubes and to cause the
      fluid medium therein to expand to urge the tubes into contact with the
      adjacent tubes and the header connecting material to fuse the assembly
      portions into an integral mass. The heat treatment further includes
      temperatures sufficient to effect crystallization of the tubes and the
      header connector material into a low expansion glass-ceramic. The sealed
      ends of the tubes are then opened to enable reception and discharge of
      fluids therethrough for heat exchange therebetween.
PAR  The thermally crystallizable tubes have a wall thickness sufficient to
      permit substantially complete expansion of the stacked array of central
      tube portions by the fluid medium therein during the heat treatment of the
      assembly. The central tube portions of one layer may be arranged with
      their axes in vertical planes extending through the lines of contact with
      tubes above and below, the tubes expanding to have a substantially square
      or rectangular cross-section. The central tube portions of one layer may
      also have their axes aligned between the axes of the corresponding tube
      portions in adjacent layers, the tubes then expanding to have a
      substantially hexagonal cross-section which substantially fills all of the
      interstices between the central tube portions.
PAR  There has thus been described novel heat exchange structures utilizing
      counterflow techniques to obtain the most efficient heat exchange, which
      have no moving parts, and which have external header connections to aid in
      assembly of the structures to systems and which provide reduced turbulence
      in fluid flow through the structures.
PAR  There has also been described herein novel apparatus for making the tubular
      component layers of the novel heat exchange assembly.
PAR  A conveying means, which may include more than one conveyor as shown in
      FIGS. 10 and 11, is provided for receiving layers of tubular components
      and moving the layers through successive operation stations.
PAR  Means are provided for periodically depositing a plurality of elongated
      tubes, in contiguous relationship with each other on the conveying means,
      to form spaced pluralities of layers of tubes. Each of the tubes is
      deposited so that a central portion is supported by the conveying means
      while at least one header connector portion extends outwardly from the
      supported central tube portion in a cantilevered arrangement with respect
      to the conveying means.
PAR  A tube forming station is provided which includes means for heating each
      tube at the junction of the central portion and at least one of the header
      connector portions. Means are also provided at the forming station for
      bending the heated tube to dispose the header connector portion at a
      predetermined angle with respect to the central tube portion. The bending
      means may include a conveyor edge portion formed to receive and retain the
      bend of the header connector tube portion at the desired angle as the
      force of gravity pulls the cantilevered header connector portion down on
      the conveyor edge portion. The conveyor edge portion is formed at angle
      with respect to the horizontal portion of the upper flight of the
      conveyor.
PAR  Alternatively, for certain applications the tube bending means may also
      include means for mechanically engaging the header connector tube
      portions, after the tube junctions have been heat softened, and moving the
      header connecting tube portions to form the required predetermined angle
      with the central tube portions.
PAR  Finally, means are provided for adhering or binding the tubes together in a
      layer to form an integral unit that may be easily handled.
PAR  The elongated tubes may be provided with their ends already sealed.
      However, if open-end tubes are deposited on the conveyor a tube sealing
      station is provided which may include heating means for softening and
      sealing the open ends.
PAR  The apparatus also advantageously includes an aligning station located
      intermediate the tube forming and tube layer binding stations for moving
      the bent header connector tube portions of a layer into a planar
      relationship with respect to the central tube portions, with the header
      connector tube portions all extending in the same direction. In the
      embodiment disclosed herein the header connector tube portions are engaged
      by a second conveyor, as the layer moves along a guide ramp or slide, to
      move the header connector tube portions up into a plane defined by the
      central tube portions.
PAR  An overhead conveyor arrangement may be utilized to cooperate with the
      layer conveying means to hold the tube layers in place while various
      operations are performed on the tube layers.
PAR  While there have been shown and described and pointed out the fundamental
      novel features of the invention with reference to the preferred
      embodiments thereof, those skilled in the art will recognize that various
      changes, substitutions, omissions and modifications in the methods and
      structures described may be made by those skilled in the art without
      departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for making a recuperator heat exchange assembly, comprising
PA1  a. forming a multiplicity of elongated tubes of a glass that is thermally
      crystallizable to a low expansion glass-ceramic having a coefficient of
      lineal thermal expansion of about -18 to +50 .times. 10.sup.-.sup.7
      /.degree.C over the range of 0.degree. - 300.degree.C, each of said tubes
      having an essentially straight central portion and header connector
      portions continuing from each end of the central tube portion thereof;
PA1  b. filling each tube with a fluid medium that is expansible in response to
      the application of heat, and sealing the ends of the tubes to retain the
      expansible fluid medium therein;
PA1  c. heating and bending the header connector tube portions with respect to
      the central tube portions of at least part of the multiplicity of tubes so
      that first and second groups of tubes are formed in which the header
      connector portions of the two groups diverge from each other when the
      central tube portions of tubes from each group are placed side by side;
PA1  d. arranging tubes of said first and second groups into pluralities of
      layers with the central tube portions in each layer essentially parallel
      to each other;
PA1  e. superimposing pluralities of layers of tubes one above the other in
      successive parallel planes with the central tube portions of each layer
      essentially parallel to the central tube portions of adjacent layers and
      with the layers of central tube portions arranged next to each other in a
      stacked array, each layer of the central tube portions of the first group
      being disposed in heat exchange relationship with a layer of central tube
      portions of the second group, said plurality of layers being arranged so
      that the header connector tube portions of the two groups diverge from
      each other at each end of the stacked array of central tube portions to
      provide four sets of separated header connector tube portion ends;
PA1  f. filling the spaces between and around the ends of each of the four sets
      of separated header connector tube portion ends with header connecting
      material that is thermally crystallizable to a low expansion glass-ceramic
      having substantially the same coefficient of lineal thermal expansion as
      said elongated tubes;
PA1  g. constraining the outer surfaces of the assembly of the layers of tubes
      and header connecting material to restrict outward movement of the
      assembly; and
PA1  h. subjecting said constrained assembly to a heat treatment which includes
      temperatures sufficient to soften said elongated tubes and to cause said
      fluid medium therein to expand to urge the tubes into contact with
      adjacent tubes and said header connecting material to fuse said assembly
      portions into an integral mass, and which further includes temperatures
      sufficient to effect crystallization of said tubes and said header
      connecting material into a low expansion glass-ceramic.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the average coefficient of lineal
      thermal expansion of said thermally crystallized tubes is about -12 to +12
      .times. 10.sup.-.sup.7 /.degree.C over the range of 0.degree. -
      300.degree.C.
NUM  3.
PAR  3. A method as defined in claim 1 wherein the average coefficient of lineal
      thermal expansion of said thermally crystallized tubes is about -5 to +5
      .times. 10.sup.-.sup.7 /.degree.C over the range of 0.degree. -
      300.degree.C.
NUM  4.
PAR  4. A method as defined in claim 1 which further includes opening the sealed
      ends of said tubes to enable reception and discharge of fluids
      therethrough for heat exchange therebetween.
NUM  5.
PAR  5. A method as defined in claim 1 in which said space filling step includes
      interposing a foamable ceramic cement between and around each set of
      header connector tube portions adjacent the ends thereof.
NUM  6.
PAR  6. A method as defined in claim 1 in which said layers of tubes are
      arranged so that each set of header connector tube portions for one of
      said first and second groups of tubes extend from the stacked array as a
      plurality of tube layers spaced apart by the central tube portions of the
      other of said first and second groups of tubes.
NUM  7.
PAR  7. A method as defined in claim 6 in which the space filling step includes
      molding a foamable ceramic cement mixture in place between the plurality
      of layers of each set of header connector portion tubes and around the
      header connector tube portions adjacent the ends thereof to provide a
      closure and support for each set of header connector tube portions which
      has substantially the same coefficient of lineal thermal expansion as said
      tubes, and is fused together and to the tubes to form a seal having
      essentially zero porosity.
NUM  8.
PAR  8. A method as defined in claim 6 in which said space filling step includes
PA1  a. tightly packing a plurality of individually axially elongated elements
      arranged with their axes parallel to each other and in layers in the
      spaces between the header connector tube portion layers; and
PA1  b. interposing a sealant material in the interstices between said space
      filler elements, between header connector tube portions, and between
      layers of space filler elements and layers of header connector tube
      portions to provide a nonporous integral header connection.
NUM  9.
PAR  9. A method as defined in claim 8 in which said space filling step further
      includes arranging the axially elongated space filling elements with their
      axes parallel to the header connector tube portions and providing such
      space filling elements with a length so that they extend from the ends of
      the header connector tube portions back to the stacked array to provide
      structural strength.
NUM  10.
PAR  10. A method as defined in claim 8 in which said sealant material is a
      ceramic cement.
NUM  11.
PAR  11. A method as defined in claim 8 in which said sealant material is a
      foamable ceramic cement.
NUM  12.
PAR  12. A method as defined in claim 8 in which said sealant material is a
      sinterable frit.
NUM  13.
PAR  13. A method as defined in claim 8 in which said space filling step further
      includes disposed at least one axially elongated tube in each layer of
      space filling elements with each such tube having relatively thin walls,
      sealed ends and an expansible fluid medium entrapped therein, each such
      tube being softened and expanded by said heat treatment to compress said
      sealant material into the interstices and to urge each layer of tightly
      packed spacing elements together to aid in closing interstices and form a
      nonporous seal between and around tubes and elements.
NUM  14.
PAR  14. A method as defined in claim 1 wherein the thermally crystallizable
      tubes have a wall thickness sufficient to permit substantially complete
      expansion of the stacked array of central tube portions by the fluid
      medium therein during the heat treatment of said assembly.
NUM  15.
PAR  15. A method as defined in claim 14 wherein the central tube portions of
      one layer are arranged with their axes in vertical planes extending
      through the lines of contact with tubes above and below, said tubes
      expanding to have a substantially rectangular cross-section.
NUM  16.
PAR  16. A method as defined in claim 14 wherein the central tube portions of
      one layer have their axes aligned between the axes of the corresponding
      tube portions in adjacent layers, said tubes expanding to have a
      substantially hexagonal cross section which substantially fills all of the
      interstices between said central tube portions.
NUM  17.
PAR  17. A method for making a recuperator heat exchange assembly, comprising
PA1  a. providing first and second pluralities of layers of elongated tubes
      formed of a glass that is thermally crystallizable to a low expansion
      glass-ceramic having a coefficient of lineal thermal expansion of about
      -18 to +50 .times. 10.sup.-.sup.7 /.degree.C over the range of 0.degree. -
      300.degree.C, each of said tubes being filled with a fluid medium that is
      expansible in response to the application of heat and having sealed ends
      to retain said expansible fluid medium entrapped therein;
PA1  b. each of said tubes having an essentially straight central portion and
      header connector portions continuing from each end of the central tube
      portion to the sealed ends of the tube, the header connector tube portions
      of said first plurality of layers diverging away from the header connector
      tube portions of said second plurality of layers at the ends of said
      central tube portions when one of said layers is placed on top of the
      other of said layers;
PA1  c. stacking the central tube portions of said first and second pluralities
      of layers one above the other with the axes thereof all essentially
      parallel and with the central tube portions of each first plurality layer
      in heat exchange relationship with the central tube portions of a second
      plurality layer, the header connector tube portions at each end of said
      central tube portions of each layer being arranged so that the connector
      tube portions of said first layers diverge from the connector tube
      portions of the second layers to provide four sets of separated header
      connector tube portion ends, each set of header connector tube portion
      ends for one of said first and second pluralities of layers extending from
      the stacked array of tubes as a plurality of tube layers spaced apart by
      the central tube portions of the other of said first and second
      pluralities of layers;
PA1  d. filling the spaces between the layers and around the tubes adjacent the
      ends thereof of each set of header connector tube portions with a header
      connecting material that is thermally crystallizable to a low expansion
      glass-ceramic having substantially the same coefficient of lineal thermal
      expansion as said tubes to seal each set against fluid flow between the
      tubes;
PA1  e. constraining the outer surfaces of the assembly of tube layers and
      header connecting material to prevent outward movement of the assembly;
      and
PA1  f. heat treating the constrained assembly to soften the elongated tubes and
      enable the fluid medium therein to expand and urge the tubes into contact
      with adjacent tubes and said header connecting material to fuse said
      assembly into an integral mass, and to effect crystallization of said
      tubes and header connecting material into a low expansion glass-ceramic.
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PAL  An advancing layer or sheet of glass is supported on molten metal and its
      central portion is selectively cooled by direct conductive and convective
      heat transfer to and through the supporting molten metal. To accomplish
      this the depth of molten metal beneath the glass is made to differ across
      the width of the glass layer transverse to the intended path of glass
      advance. This controlled heat transfer between the glass and the
      supporting molten metal is particularly useful in a process wherein the
      molten glass is delivered onto the molten metal along a substantially
      horizontal path.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for the manufacture of a
      continuous sheet of flat glass by supporting molten glass on a pool of
      molten metal and advancing it along the surface of the pool of molten
      metal while cooling it to form a continuous sheet of flat glass. More
      particularly, this invention relates to a method for selectively adjusting
      and maintaining the condition of the glass at different locations across
      its width to stabilize the path of movement of the glass as it advances
      along the surface of the pool of molten metal.
PAR  2. Description of the Prior Art
PAR  Flat glass may be produced in many different ways. Several methods have
      been disclosed in the past which involve floating or supporting glass on
      the surface of a pool of molten metal as it is advanced along that surface
      and cooled to form a continuous sheet of flat glass. For example, molten
      glass may be delivered onto a pool of molten metal and formed into a
      continuous sheet or ribbon or glass according to the teachings of Heal,
      U.S. Pat. No. 710,357 or of Hitchcock, U.S. Pat. No. 789,911 or according
      to the methods disclosed in the patents of Pilkington, U.S. Pat. Nos.
      3,083,551 and 3,220,816 or according to the teachings of Edge and Kunkle
      found in U.S. Pat. No. 3,843,346. These patents describe processes in
      which molten glass delivery techniques vary, yet they share the common
      disclosure that a continuous sheet of flat glass may be formed by
      advancing a layer of glass along the surface of a pool of molten metal
      while cooling the glass until it assumes a final width and thickness as a
      dimensionally stable, continuous sheet of glass.
PAR  In the method of Heal, molten glass is delivered over a refractory bridge
      and then flows slightly downwardly onto the surface of a pool of molten
      metal confined between two side walls of a forming chamber. This layer of
      glass advances along the surface of the pool of molten metal between the
      side walls and remains in contact with them as it is advanced and cooled
      to form a dimensionally stable, continuous sheet of glass. In the method
      of Hitchcock, molten glass is delivered through a slot in a refractory
      wall and flows horizontally onto the surface of a pool of molten metal in
      a forming chamber. The glass advances along the surface of the pool of
      molten metal as a layer of constant width and is cooled and advanced at a
      sufficient speed to form a dimensionally stable, continuous sheet of glass
      of desired thickness. In the method described by Pilkington, molten glass
      is delivered through a long, narrow canal and over a refractory lip and
      then falls freely downwardly onto the surface of a pool of molten metal.
      It then spreads laterally, outwardly and rearwardly in an unhindered
      fashion. An advancing layer of glass is drawn along the surface of the
      pool of molten metal from this laterally, outwardly moving body of molten
      glass. This layer of glass is advanced as its width diminishes and as it
      is cooled to form a dimensionally stable, continuous sheet of glass of
      desired thickness and width. In the method disclosed by Edge and Kunkle,
      molten glass in a pool of molten glass is conditioned to establish a
      region of forward flow near its surface, and this forwardly flowing glass
      is delivered over a threshold member substantially horizontally onto the
      surface of a pool of molten metal maintained at or near the elevation of
      the threshold over which the glass is delivered. This flowing molten glass
      is advanced along the surface of the pool of molten metal as it is
      initially cooled either having its marginal edges free of contact with
      side members or having them in contact with selected side members for a
      short distance. The glass is thereafter advanced along the surface of the
      pool of molten metal while being further cooled to form a dimensionally
      stable, continuous sheet of glass.
PAR  The present invention provides a method and apparatus for steering and
      stabilizing an advancing layer or ribbon of glass supported on molten
      metal in a forming chamber to avoid the persistent tendency of advancing
      glass to drift from side to side when the glass is delivered and formed in
      the manner disclosed by Pilkington. Meanwhile, the present method and
      apparatus provide for a further improvement in the flattening of the
      velocity for the flow of molten glass immediately following its delivery
      for forming. This assists in the making of glass having excellent optical
      quality extending throughout the width of the glass.
PAR  In the practice of this invention a continuous sheet of flat glass is
      produced by a method including the following steps: A layer of molten
      glass is delivered onto the surface of a pool of molten metal maintained
      within a forming chamber. The molten metal is preferably tin, an alloy of
      tin or some other metal having a specific gravity greater than the glass
      and having a melting point lower than the glass to be formed while being
      substantially nonreactive to the glass at its melting temperature. The
      layer of molten glass is advanced along the surface of the pool of molten
      metal and is cooled during such advance to form a dimensionally stable,
      continuous sheet of glass.
PAR  Forces are applied to the glass while it is advanced along the surface of
      the pool of molten metal. Forces are applied to the glass which are
      aligned substantially along its path to cause it to be advanced. These
      forces may be sufficient to cause the glass to be attenuated to a
      thickness less than an equilibrium thickness during its advance. These
      forces are characterized as longitudinal tractive forces and may be
      applied to the glass at any location along the length of the glass sheet.
      They are preferably applied to the glass at locations well along its path
      of advance, preferably beyond the supporting pool of molten metal, and are
      transferred to the hot or more fluid glass primarily due to the surface
      tension of the glass. Other forces may be applied to the glass in a manner
      such that they are aligned substantially across or transverse to the path
      of glass advance. These forces are characterized as transverse forces. The
      resultant forces caused by the application of the described forces in
      combination with the reactive surface tension and gravity forces acting on
      the glass cause the glass to be formed into a continuous, flat sheet of
      desired thickness.
PAR  After the glass has been cooled sufficiently to become dimensionally stable
      (that is, if it has reached its final width and thickness) it is advanced
      farther along the surface of molten metal and then is lifted from the
      surface of the pool of molten metal and conveyed from the forming chamber.
      It may be lifted slightly and conveyed along a substantially horizontal
      path from the forming chamber, or it may be lifted and conveyed upwardly
      from the pool of molten metal in the manner described by Gerald E. Kunkle
      in his copending, commonly assigned patent application, Ser. No. 483,508,
      filed June 27, 1974, which is incorporated by reference herein. The glass
      is cooled sufficiently prior to lifting it from the surface of the pool of
      molten metal so that its width and thickness remain unchanged during
      lifting and conveyance from the forming chamber.
PAR  As the glass is being formed during its advance along the surface of the
      pool of molten metal and as it is conveyed from the pool of molten metal,
      it is controllably cooled. The cooling is coordinated with the rate of
      glass advance to form a continuous sheet of glass of desired width and
      thickness. If the layer of glass is permitted initially to spread
      laterally outwardly in an unhindered manner, the cooling and rate of glass
      advance are advantageously coordinated to simultaneously attenuate the
      thickness and the width of the glass in the manner disclosed by Charnock
      in U.S. Pat. No. 3,352,657 and by Dickinson et al. in U.S. Pat. No.
      3,695,859. Nevertheless, a preferred practice involves maintenance of the
      width of the glass equal to or less than the width of the initially
      delivered layer of glass for this in and of itself helps to stabilize the
      path of advance of the glass.
PAC  SUMMARY OF THE INVENTION
PAR  Immediately following delivery of the molten glass onto the pool of molten
      metal and during its initial advance following delivery the glass is
      supported over a greater depth of molten metal in its central portion and
      over a lesser depth of molten metal in its marginal portions. As the metal
      conducts heat from the glass and transfers that heat by convection and
      conduction to and through the bottom and sides of the forming chamber, the
      central portion of the advancing glass is preferentially cooled.
PAR  Not only is the highly conductive molten metal more shallow beneath the
      marginal portions of the advancing glass, but also the less conductive
      bottom (usually refractory) of the forming chamber is thicker beneath the
      marginal portions of the advancing glass. Both of these features decrease
      the overall effective thermal conductivity of the composite structure
      supporting the marginal portions of an advancing layer of glass relative
      to that of the composite structure supporting the central portion of the
      advancing layer of glass. Thus, the marginal portions of the glass lose
      their fluidity less rapidly compared to the rate at which the central
      portion of the glass loses its fluidity. This permits the reduction of
      transverse velocity gradients in the glass and promotes the transversely
      uniform transmission of traction and attenuating forces along the glass.
PAR  The bottom of the forming chamber provides for a deeper pool of molten
      metal in the central portion of the chamber than in the marginal portions
      of the chamber adjacent the side walls. Thus, conductive heat transfer
      from the glass to the molten metal is enhanced in the central portion of
      the chamber relative to similar heat transfer in the marginal portions of
      the chamber. In a preferred embodiment the surface of the molten metal is
      maintained at or near the elevation of a layer of molten glass flowing
      through a delivery facility connected to the forming chamber. Such bottom
      construction is particularly beneficial in a glass forming apparatus such
      as described by Edge and Kunkle in U.S. Pat. No. 3,843,346, the disclosure
      of which is incorporated herein to illustrate an apparatus and process for
      delivering molten glass along a substantially horizontal path between side
      wall members of jambs onto a pool of molten metal for forming it into a
      continuous sheet of glass while supporting it thereon. In that environment
      a bottom, such as described here, has the particular utility of enhancing
      the forward flow of glass in the marginal edge portions of an advancing
      layer of glass relative to the forward flow of glass in the central
      portion of the advancing layer of glass. This materially assists in
      further minimization of "herringbone" distortion in the marginal edge
      portions of a sheet of glass being produced. "Herringbone" distortion is,
      of course, an optical distortion pattern of repeating angular regions of
      differing optical thickness along the length (direction of advance) of a
      continuous sheet of glass.
PAR  In a preferred embodiment of this invention, the bottom of a forming
      chamber immediately downstream of a glass delivery facility is scooped out
      in its central portion with the depth for a pool of molten metal over the
      bottom gradually increasing to a maximum depth near the centerline of the
      chamber. The depth also gradually increases as one moves along the chamber
      centerline or central portion downstream from the delivery facility. At a
      convenient distance downstream from the delivery facility, preferably at a
      location where a delivered layer of glass will reach either an equilibrium
      thickness or half its delivery thickness, whichever distance is shorter,
      the bottom of the forming chamber may be flat without adversely affecting
      the beneficial effects obtained through use of a scooped bottom upstream
      of that location.
PAR  In a particularly preferred embodiment of this invention wherein a layer of
      glass is delivered along a substantially horizontal path onto a pool of
      molten metal, the scooped-out, central portion of the forming chamber
      bottom is preferably in the shape of a truncated paraboloid.
PAR  Since the thermal conductivity of molten metal is much greater than that of
      glass and since the heat transfer from the delivered glass to the adjacent
      molten metal beneath it is directly proportional to the temperature
      difference between them and consequently directly proportional to the
      thermal gradients in the molten metal, the differing molten metal
      thickness serves to balance heat transfer rates across the width of the
      delivered layer of glass and to favor heat transfer from the glass in the
      central portion of the layer. Just as conductance is inversely
      proportional to the cross-sectional area of a conductor so, too, is the
      rate of heat transfer made to vary across the width of the pool of molten
      metal. This tends to stabilize the path of advance of the glass. As
      relatively more heat is removed from the central portion of the advancing
      glass, longitudinal tractive forces are more effectively transferred along
      the central portion of the glass. Since any occasional imbalance in
      transmitted force acts with less leverage on the layer of glass if it acts
      near the center of the glass than if it acts near a margin of the glass,
      any relative concentration of transmitted forces along the central portion
      of the glass, rather than along its marginal edges, tends to stabilize the
      path of advance of the glass.
PAR  This invention also takes advantage of the fact that the viscosity of a
      glass at temperatures in the forming range is highly responsive to and
      dependent upon the temperature of the glass. Since longitudinal tractive
      forces acting upon a layer of glass to advance it and to form or attenuate
      it into a continuous sheet of glass are transmitted through the glass
      itself due to the surface tension of the glass, it has been discovered
      that the effectiveness of such force transfer is subject to thermal
      control. Thus, it is now possible to effectively adjust and maintain the
      extent of force transfer along one marginal edge portion of the glass
      independently with respect to adjustment and maintenance of force transfer
      along the other marginal edge portion of the glass. In this manner the
      advancing glass may be steered. As a greater force is transmitted to more
      fluid glass in the upstream portion of a forming chamber, the greater that
      glass tends to accelerate, and at its marginal edge, it then tends to seek
      a shorter (and, thus, straighter) path of advance. Thus, by transmitting
      more force through the glass along one marginal edge, it is possible to
      move that marginal edge into more perfect alignment with the side walls of
      the forming chamber. For example, if a marginal edge of the glass has
      drifted or bulged outwardly toward a side wall, the transmission of more
      longitudinal force to the glass in the region of such bulge or drift will
      move the glass away from the side wall.
PAR  This invention will be further understood with reference to the
      accompanying drawings and the detailed description of the illustrated
      embodiments which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional elevation view of an apparatus for producing flat
      glass in accordance with this invention;
PAR  FIG. 2 is a partial sectional elevation view of the delivery facility and
      upstream end of the forming chamber shown in FIG. 1 illustrating in detail
      the preferred forming chamber bottom;
PAR  FIG. 3 is a partial sectional plan view of the delivery facility and
      upstream end of the forming chamber seen in FIG. 2 and taken along section
      line 3--3 of FIG. 2; and
PAR  FIG. 4 is a partial sectional elevation of the bottom of the forming
      chamber taken along section line 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 there is shown a view of a suitable apparatus for
      carrying out the present invention. The glassmaking apparatus comprises a
      furnace 11, delivery means 13 and a forming chamber 15 and a glass removal
      facility 17. It will be understood that the lifting and conveying
      apparatus employed in the practice of this invention may be designed to
      cause the glass to be conveyed along either a horizontally extending path
      as shown or along an upwardly extending path.
PAR  The glassmaking furnace 11 includes a melting section (not shown) and a
      refiner or conditioner, the end of which is shown. The refining or
      conditioning section of the furnace 11 comprises a furnace bottom 19
      preferably with a raised section 20, side walls 21 and a front basin wall
      23. The furnace further comprises an upper front wall 25 which is
      preferably suspended or supported from above by a structural support 26
      and a roof overlying the upper portion of the furnace.
PAR  The delivery means 13 includes a threshold 31 resting on a cooling block 33
      or other support. A cast refractory seal 35 or the like is disposed
      between the threshold 31 and the cooling block 33. Extending through the
      holes in the threshold are conduits or pipes 36 for transporting coolant
      or the like through the interior of the threshold 31 and for controlling
      its temperature during use. At the ends of the threshold 31 there are side
      wall portions or jambs 37 on the sides of the channel through which molten
      glass may be delivered from the pool of molten glass 27 residing in the
      bottom portion of the furnace 11. The top of the delivery means 13 is
      defined by a roof 39. The roof is preferably a flat arch which is
      supported by supporting means (not shown) extending above it and connected
      to flat arch supporters embedded in the flat arch itself. Extending
      transversely across the delivery means 13 are two gates or tweels. The
      first tweel is a backup tweel 41 connected to a support assembly (not
      shown) for raising or lowering it into engagement in the pool of molten
      glass 27. The second tweel is a control tweel 45 supported by support
      assembly (not shown) for raising and lowering the tweel. The tweel is held
      in operating position in contact with the molten glass to be delivered for
      forming. The control tweel 45, along with the threshold 31 and the jambs
      37, defines an opening through which a layer of molten glass may be
      delivered for forming.
PAR  The forming chamber 15 comprises a bottom casing 51. This casing is
      preferably a casing constructed of metal, such as steel. The casing is
      preferably impervious to the molten metal in the chamber. The forming
      chamber 15 further comprises a top casing 53 including a top, ends and
      side portions. The top casing is also preferably constructed of impervious
      metal. An end piece or lip casing 55 is disposed across the forming
      chamber at its downstream end and, connected to the bottom casing 51.
      Disposed within the bottom casing 51 is a refractory bottom 57, preferably
      a refractory bottom that has been cast in place inside the bottom casing
      51 between the inlet end bottom 35 and an exit lip 59 mounted or cast
      against the lip casing 55. Preferably embedded within the bottom
      refractory 57 are pipes such as shown in the copending application of
      Kunkle which is incorporated by reference herein. Coolant or other fluid
      may be directed through such pipes for controlling the temperature of the
      forming chamber 15 at discrete locations along its length. Particularly in
      a short forming chamber, dams or weirs are mounted in the refractory
      bottom 57, and these extend across its width. These dams are preferably
      vertically movable and are held down at their ends at each side of the
      forming chamber. They are preferably constructed of material that is less
      dense than the molten metal in the forming chamber so that their vertical
      position may be varied upwardly or downwardly by controlled adjustment of
      their holddown devices at their ends.
PAR  The forming chamber 15 further comprises refractory side walls 61. These,
      along with the bottom refractory 57, the threshold 31 and the exit lip 59,
      define a container for holding a pool of molten metal.
PAR  The upper portion of the chamber further includes a lintel 63 at its
      upstream end. This lintel 63 may be used as a means for supporting
      delivery means roof 39. Additionally the upper portion of the chamber
      includes a ceiling or roof 65 preferably constructed of refractory
      material suitable for radiating or absorbing heat uniformly over the area
      facing the glass beneath it during operation. Extending through the
      ceiling of the forming chamber are controllable heating elements 67 used
      to control the rate of heat removal from the glass during forming. These
      heating elements are connected to bus bars (not shown) which are
      connected, in turn, to a source of power (not shown). The upper portion of
      the forming chamber 15, preferably includes a top casing end wall that
      extends over the glass removal or withdrawal facility 17 at the downstream
      end of the forming chamber 15. Disposed within the bottom container
      portion of the forming chamber is a pool of molten metal 69, preferably
      molten tin or an alloy of tin.
PAR  At the downstream end of the forming chamber is the glass removal facility
      17 for withdrawing a continuous sheet of glass from the surface of the
      pool of molten metal 69 and for conveying a withdrawn sheet of glass from
      the forming chamber 15. The glass removal facility includes curtains 71 or
      other barriers or seals to segregate the headspace of the forming chamber
      from the outside environment. These are preferably flexible curtains of
      heat resistant cloth (e.g., asbestos) or the like. The glass removal
      facility further includes liftoff rolls 73 mounted in a position to lift
      and convey a glass sheet from the forming chamber. These rolls 73 are
      provided with seals 75, usually of graphite, to seal the bottom portion of
      the forming chamber from the outside environment.
PAR  When making flat glass using the apparatus described, a layer of molten
      glass 77 is delivered onto the molten metal 69 in the upstream end of the
      forming chamber. This glass is cooled and forces are imparted to the
      glass, for example, by the action of rolls 73. This causes the glass to
      advance along the surface of the pool of molten metal and to form a
      continuous sheet of glass that is dimensionally stable (that is, it
      assumes a stable thickness and width that is maintained as the glass is
      withdrawn from the forming chamber).
PAR  Referring now to FIGS. 2, 3 and 4, the details of the bottom structure of a
      preferred forming chamber may be appreciated. The bottom seal portion 35
      of the upstream end of a forming chamber is provided with a top portion
      105 comprising a forming chamber entrance floor. This may be a separate
      refractory piece or may merely be the upper portion of the refractory
      bottom at that location.
PAR  The forming chamber entrance floor 105 generally slopes downwardly from its
      upstream end which is adjacent a threshold 31 in the preferred embodiment
      of this invention. This downward slope is apparent along the sides of the
      entrance floor 105 closest the side walls 61 of the forming chamber. In
      the central portion of the entrance floor 105 is a depression or
      scooped-out portion 107 providing for a greater depth of molten metal
      under the central portion of a delivered layer of glass 77 than under the
      marginal edge portions of a delivered layer of glass. In an apparatus
      wherein a layer of glass is delivered substantially horizontally onto the
      molten metal, the depression 107 in the entrance floor 105 preferably has
      the shape of a section of a paraboloid as shown in the drawings. Such a
      shape enhances development of a heat transfer pattern between delivered
      glass and the molten metal beneath it which preferentially cools the
      central portion of the glass and increases its viscosity relative to the
      viscosity of the glass in the marginal edge portions of the glass. This,
      in turn, provides a counteracting resistance to the otherwise favored
      velocity gradient in an advancing layer of molten glass.
PAR  When carrying out the method of glass manufacture using the described
      apparatus, a layer of molten glass (for example, soda-lime-silica glass)
      is delivered onto the surface of molten tin in the forming chamber at a
      rate of about 40 tons per day (36 .times. 10.sup.3 kilograms per day). The
      average temperature of the delivered glass is about 2050.degree.F.
      (1120.degree.C.). The glass is delivered as a layer having a depth of 1/2
      inch (1.27 cm) and a width of 6 feet (1.83 meter). The chamber has an
      entrance floor extending 6 feet (1.83 meter) from a threshold. A molten
      metal depth of 1/2 inch (1.27 cm) is provided at the upstream end of the
      entrance floor and a depth of 2.5 inches (7.6 cm) is provided at the
      downstream end of the entrance floor. This depth is maintained for 6 feet
      (1.87 meter) farther downstream in the chamber; thereafter the bottom
      provides for a metal depth of 2 inches (5.1 cm). The depression in the
      entrance section begins about 6 inches (15.3 cm) from the threshold; its
      width at the downstream end of the entrance floor is about 5 feet (1.52
      meter); and it is approximately parabolic.
PAR  The advancing glass is observed for an extended time and it remains in a
      path aligned along the center of the forming chamber. This is in contrast
      to the drift commonly experienced in operating forming chambers of the
      kind where glass is poured onto molten metal and allowed to spread before
      forming.
PAR  A rod is inserted into the forming chamber through the right side wall
      about 6 feet (1.87 meter) from the threshold, and the glass is pushed
      about 6 inches (15.3 cm) toward the left side wall. The glass is observed
      and in about 15 minutes the glass has almost returned to its original
      alignment; within 30 minutes its path appears to be in perfect alignment
      with the forming chamber.
PAR  The sheet of glass that is produced has excellent optical quality across
      its width.
PAR  Although this invention has been described with reference to particular
      embodiments of it which are illustrated here, those skilled in the art of
      glassmaking will appreciate that the specific embodiments described may be
      modified without departing from the spirit or scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for making flat glass wherein molten glass is delivered
      onto the surface of a pool of molten metal in an enclosed forming chamber
      having a bottom, an upstream inlet end, a downstream outlet end, and a
      roof and side walls extending from the upstream end to the downstream end
      of the chamber and providing an enclosed space between them and beneath
      the roof; advancing the glass along the surface of the pool of molten
      metal from the upstream end toward the downstream end of the chamber;
      cooling the advancing glass to form a dimensionally stable, continuous
      sheet of glass therefrom; and removing the continuous sheet of glass from
      the forming chamber, wherein the advancing glass has a tendency to drift
      from a direct path of advance; the improvement for treating the glass
      substantially immediately following its delivery onto the molten metal
      comprising
PA1  maintaining the depth of the molten metal beneath the glass sufficiently
      deeper in the central portion of the chamber than in the marginal portions
      of the chamber spaced inwardly from the side walls such that the glass in
      the central portion is cooled to a greater degree than the glass in the
      marginal portions, whereby the glass maintains its advance along a path
      substantially aligned with the centerline of the chamber midway between
      the side walls of the chamber.
NUM  2.
PAR  2. The method according to claim 1 wherein the glass is delivered onto the
      pool of molten metal along a substantially horizontal path and the molten
      metal beneath the glass is maintained at a greater depth along the central
      portion of the chamber than along the marginal portions of the chamber
      spaced inwardly from the side walls in a region extending from the
      vicinity of the upstream end of the forming chamber to a location
      downstream therefrom where the advancing glass has a thickness of less
      than about one-half its delivered thickness.
NUM  3.
PAR  3. The method according to claim 2 wherein the depth of the molten metal
      beneath the central portion of the advancing glass substantially
      immediately following its delivery in such that the molten metal in that
      central portion is maintained as a truncated paraboloid having its
      truncated section as a plane substantially parallel to the glass
      supporting surface of the molten metal and its apex facing the upstream
      end of the forming chamber.
NUM  4.
PAR  4. In an apparatus for making flat glass comprising a forming chamber,
      means for delivering a layer of molten glass to the forming chamber; and
      means for removing a formed continuous sheet of flat glass from the
      forming chamber; wherein the forming chamber includes a bottom, an
      upstream end adjacent the molten glass delivery means, a downstream end
      adjacent the glass sheet removal means, side walls extending from the
      upstream end to the downstream end and upwardly from the bottom and a roof
      extending between the side walls and between the upstream and downstream
      ends providing an enclosed space, the enclosed space containing a pool of
      molten metal on the bottom for receiving and supporting glass delivered
      thereto and a headspace overlying the pool of molten metal; means for
      advancing glass along the surface of the pool of molten metal; and means
      for cooling the glass during its advance for forming it into a continuous
      sheet; the improvement wherein
PAR  the bottom of the chamber in a region spaced inwardly from the side walls
      of the chamber and adjacent the upstream end of the chamber is shaped to
      provide a sufficiently greater depth of molten metal in a central portion
      of the chamber than along marginal portions of the chamber spaced inwardly
      from the side walls of the chamber such that the glass in said central
      portion is cooled to a greater degree than the glass in said marginal
      portions.
NUM  5.
PAR  5. The apparatus according to claim 4 wherein the bottom of the chamber in
      the region adjacent the upstream end of the chamber includes a concave
      depression extending a sufficient distance downstream from the upstream
      end of the chamber to underlie an advancing layer of glass until its
      thickness may be caused to be reduced to half the thickness of a delivered
      layer of molten glass.
NUM  6.
PAR  6. The apparatus according to claim 4 wherein the surface of molten metal
      is maintained substantially at the elevator for delivering molten glass
      along a substantially horizontal path thereto and the bottom of the
      chamber in the region adjacent the upstream end of the forming chamber
      includes a concave depression having a continuously curved surface of
      increasing size moving from the upstream end of the chamber.
NUM  7.
PAR  7. The apparatus according to claim 6 wherein the concave depression has
      the shape of a truncated paraboloid having its apex facing the upstream
      end of the chamber.
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ABST
PAL  A novel tank-type furnace is disclosed for producing flat glass from a
      glass which has a high melting temperature and which contains highly
      volatile ingredients. The furnace has a tapered end wall construction
      leading from the melter into the canal. Such a construction results in the
      formation of better quality flat glass.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to tank-type furnaces for producing flat glass. More
      particularly, this invention relates to a tank-type furnace for producing
      a flat glass made from a highly volatile, high temperature melting glass
      composition, such as a crystallizable glass composition.
PAR  2. Brief Description of the Prior Art
PAR  Crystallizable glasses are a special class of glass which can be heat
      treated to transform the glass into a semi-crystalline ceramic. The
      ceramic differs considerably from the original glass in physical,
      chemical, mechanical and electrical properties. Such ceramics are
      transparent or opaque and generally have a much lower thermal expansion
      coefficient than the original uncrystallized glass. These properties make
      the semi-crystalline product particularly attractive for stove top
      applications.
PAR  U.S. Pat. Nos. 2,920,971 to Stookey and 3,625,718 to Petticrew describe
      typical crystallizable glass compositions.
PAR  Crystallizable glasses which are of particular importance are those which
      can be transformed into the crystalline phase, beta-spodumene solid
      solution. Such glasses are made with the alkali metal oxide Li.sub.2 O and
      contain very little of the good fluxing agents Na.sub.2 O and K.sub.2 O,
      since these latter ingredients adversely affect the expansion coefficient
      of the resultant crystallized glass product. As a result, the
      crystallizable glasses have very high melting temperatures, that is, some
      200.degree. to 400.degree.F. above that required for melting
      soda-lime-silica glasses.
PAR  To provide some fluxing activity, certain preferred crystallizable glass
      compositions contain heavy metal oxides such as ZnO. ZnO is a particularly
      attractive ingredient because it not only acts as a fluxing agent but also
      acts as a promoter for crystallization acting to increase the rate of
      crystallization. Also, the ZnO does not adversely affect the expansion
      coefficient.
PAR  Unfortunately, heavy metal oxides such as ZnO are quite volatile at the
      high temperatures employed in melting crystallizable glass. The high
      melting temperatures in conjunction with high volatility negates the use
      of conventional flat glass furnaces which are generally about 150 to 200
      feet in overall length. The amount of energy required to keep the glass in
      the melt form for this long a period of travel would be prohibitive. Also,
      the loss of volatile constituents over this length of travel would be
      excessive resulting in a glass deficient in volatile constituents and of
      poor quality. Thus, shorter furnaces with heat applied across the entire
      length of the furnace are usually employed.
PAR  Producing, in a short furnace, glass which has a high melting temperature
      and which contains highly volatile ingredients presents quality control
      problems. As the glass is heated and melted, convection currents are set
      up in the molten melt; the flow being from the hotter to the cooler
      regions. Therefore, on the surface of the melt, there is a flow of glass
      outwardly to the side walls of the tank which act as a heat sink. At the
      front end of the furnace where the side walls are conventionally at a
      90.degree. angle to the front end wall, surface convection currents are
      particularly strong because of the large side wall-end wall surface area
      exposure. As a result, a significant portion of the glass throughput
      stream will be diverted into the corner regions of the furnace rather than
      through a delivery canal which extends through the front end of the
      furnace. With conventional soda-lime-silica glasses, the diversion of the
      glass into the corner regions is not particularly critical, because the
      glass melts at a fairly low temperature and the glass-making ingredients
      do not contain any exceptionally volatile constituents. However, with a
      high temperature melting, highly volatile glass such as a crystallizable
      glass containing ZnO, diversion of the glass into the corner regions is
      undesirable. While in these corners, the glass which is at a fairly high
      temperature, loses its volatile constituents. The glass in the corners
      becomes less dense and resists any tendency to flow back into the
      throughput stream (which is more dense). The glass stagnates in the
      corners becoming more and more deficient in volatile constituents, more
      and more silica-rich (silica is the least volatile constituent in the
      glass) and becoming lighter and lighter in density. Eventually, however,
      as more glass is pulled into the corner areas, some of the silica-rich,
      volatile component-deficient glass necks out into the throughput stream at
      the throat of the canal. Consequently, the throughput glass in the canal
      and the resultantly formed glass ribbon will not be of uniform
      composition. The upper portions of the edges of the ribbon are of a
      different composition from the main body of the glass ribbon, being
      silica-rich and deficient in volatile components. The result is a glass of
      very poor quality which is optically distorted. The difference in
      composition of the corners from the main body of the glass can be observed
      by examining a cross-section of the glass under cross-polaroids. When the
      glass composition is a crystallizable glass, the above-described problem
      of ribbon inhomogeneity is particularly acute. When the glass is heat
      treated to crystallize it, the different compositions across the ribbon
      result in different rates of crystallization and warpage and cracking of
      the sheet.
PAR  From the above, it is apparent that a new method and furnace design were
      needed for making high quality flat glass from high temperature melting
      glass compositions containing highly volatile ingredients.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a novel method and furnace design for
      producing high quality homogeneous flat glass, particularly flat glass
      made from a high temperature melting glass containing highly volatile
      ingredients. The novel furnace of the present invention comprises a melter
      and a canal section. The melter comprises generally parallel side walls, a
      top and bottom wall defining a channel in which molten glass proceeds from
      the back end or batch feeding end of the furnace to a front end wall which
      has an opening therein to permit the glass to flow into a canal which is
      somewhat narrower than the melter. In the canal, the glass cools to a
      forming temperature and is then passed between forming rolls to form a
      ribbon. In the furnace of the present invention, the front end walls,
      instead of being normal or at right angles to the side walls of the
      melter, are tapered, converging inwardly towards one another from the
      width of the side walls to the width of the canal such that the angle the
      end walls make with the side wall is at least about 140.degree. rather
      than 90.degree. as is the case with conventional flat glass furnaces. The
      tapered end wall design provides for more uniform glass flow patterns
      leading into the canal and for the production of a more homogeneous glass
      ribbon.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a sectional plan view of the furnace of the present
      invention showing tapered front end walls of the melter leading to the
      canal.
DETD
PAC  DETAILED DESCRIPTION
PAR  The drawing shows a sectional plan view of the novel furnace 13 of the
      present invention. The furnace is referred to in the art as a tank-type
      furnace. The furnace 13 includes a top or roof, not shown, opposed
      generally parallel side walls 15, a bottom or floor 17, all made of a
      suitable refractory material. The walls define a channel in which molten
      glass proceeds from the back wall 19 to the front end walls 11.
PAR  The glass batch making materials or raw batch is introduced into the
      charging end 21 of the furnace. Heat for reducing the batch to molten
      glass is provided by the rows of overhead burners 23 which discharge hot
      flames and products of combustion down onto the level of molten glass. In
      all, for a furnace with an overall length of some 40 to 50 feet and a
      length-to-width ratio of about 4 to 6:1, six to eight rows of burners are
      needed to melt the glass and keep it in a molten state as it passes from
      the back end to the front end of the furnace. The batch is usually
      completely melted by the first few rows of burners. The remaining burners
      serve to keep the glass molten as it advances through the melting zone. As
      can be seen in the drawing, the rows of overhead burners extend over
      substantially the entire length of the furnace. Instead of overhead
      burners, heating could be by regenerative firing in which ports are
      positioned or arranged at intervals on both sides of the furnace. Firing
      is conducted first on one side of the furnace and then on the other.
PAR  After the flow of molten glass advances past the last rows of overhead
      burners, it advances along the tapered end walls 11 being progressively
      and gradually reduced in cross-section until the glass flows into the
      relatively narrow canal region 5. The canal is narrower than the melter
      principally to give a sheet which can be easily handled. In general, the
      ratio of melter widths to canal widths should be about 2 to 4:1. The
      molten glass cools in a canal, increasing in viscosity until it is high
      enough to be formed between forming rolls 25 as a flat glass ribbon 27.
PAR  As is shown in the drawing, the front end walls of the furnace are tapered
      with respect to the side walls 15, and converge inwardly towards one
      another until they reach the throat of the canal 5. The tapered front end
      wall construction provides a significant structural and processing
      advantage over conventional flat glass furnaces which are rectangular
      having front end walls which are at an angle of 90.degree. to the side
      walls. With the tapered front wall design, there is less surface area
      exposed to the molten glass than with a conventional "squared off" front
      end wall. The situation is analogous to the glass flowing along the
      hypotenuse of the right triangle as compared to flowing along its two
      sides. Since there will be less surface area exposed to the molten glass
      by the tapered end wall, there will be less surface available to act as a
      heat sink and less of a tendency for the glass to be drawn to the sides of
      the tank where it can accumulate, stagnate and lose volatiles. By
      eliminating the corner areas of the furnace, one reduces the area of
      cooling per unit area of heating and the flow of glass that wants to
      diverge from the main stream to the sides of the tank is reduced. Instead,
      more of the throughput glass flows directly into the throat of the canal.
PAR  The angle of taper .theta. that the end wall makes with the side wall
      should be at least about 140.degree., preferably between about 150.degree.
      to 160.degree.. Also, if the walls of the canal 5 are parallel with the
      side walls 15 of the furnace, the front end wall makes the same angle
      .theta. with the canal walls. Angles less than 140.degree., that is, about
      135.degree., are unacceptable. Such angles are too sharp, acting too much
      as corners which leads to accumulation and stagnation of glass and
      problems associated therewith as described above.
PAR  The location in the furnace where the tapering of the furnace walls begins
      will depend somewhat on the length-to-width ratio of the furnace and the
      ratio of the width of the melter to the width of the canal, keeping in
      mind that the angle of taper should be at least about 140.degree.. In
      general, with furnaces having length-to-width ratios of about 4 to 6:1 and
      melter widths to canal widths of about 2 to 4:1, the ratio of
PA0  a. the furnace distance from the back end wall to the point at which the
      front end walls begin to converge inwardly to
PA0  b. the furnace distance from the point at which the end walls begin to
      converge inwardly to the beginning of the canal should be within the range
      of 6 to 8:1.
PAR  The glass which is melted by the method in the furnace described above can
      be any high melting, highly volatile glass composition. An example of such
      a glass is crystallizable glass which contains ZnO, a very volatile
      glass-making ingredient. Typical crystallizable glass compositions
      containing ZnO are described in U.S. Pat. No. 3,625,718 to Petticrew.
      Particularly suitable compositions are as follows:
     Component    Percent by Weight on the Oxide Basis                         
     ______________________________________                                    
     SiO.sub.2    64 - 74                                                      
     Al.sub.2 O.sub.3                                                          
                  15 - 23                                                      
     Li.sub.2 O   3.3 - 4.8                                                    
     ZnO           1 - 3.8                                                     
     TiO.sub.2    1.2 - 2.4                                                    
     ZrO.sub.2    0 - 2                                                        
     Sb.sub.2 O.sub.3                                                          
                   0 - 0.5                                                     
     As.sub.2 O.sub.3                                                          
                   0 - 0.5                                                     
     Sb.sub.2 O.sub.3 + As.sub.2 O.sub.3                                       
                  0.2 - 1.0                                                    
     ______________________________________                                    
PAC  EXAMPLE I
PAC  Description of the Preferred Embodiment
PAR  The following well-mixed batch ingredients were charged on a continuous
      basis to the charging end of a commercial-sized glass melting furnace with
      a tapered front end wall design according to the present invention.
TBL  ______________________________________                                    
     Ingredient          Parts by Weight                                       
     ______________________________________                                    
     silica              700                                                   
     hydrated alumina    296                                                   
     lithium carbonate   83                                                    
     lithium fluoride    13.50                                                 
     titanium dioxide    6.0                                                   
     zinc zirconium silicate                                                   
                         31                                                    
     zinc oxide          10.5                                                  
     antimony trioxide   4.0                                                   
     potassium carbonate 2.5                                                   
                         1146.5                                                
     Cullet.sup.1        1360                                                  
     ______________________________________                                    
      .sup.1 The glass cullet had the following composition expressed as percen
      by weight: Na.sub.2 O, 0.31 percent; Li.sub.2 O, 3.98 percent; F.sup.-,  
      0.27 percent; SiO.sub.2, 70.67 percent; Al.sub.2 O.sub.3, 19.39 percent; 
      ZrO.sub.2, 1.54 percent; ZnO, 1.53 percent; TiO.sub.2, 1.56 percent;     
      K.sub.2 O, 0.18 percent; As.sub.2 O.sub.3, 0.01 percent; Sb.sub.2 O.sub.3
      0.33 percent.                                                            
PAR  The glass melting furnace was about 47 feet in overall length and had a
      melting area which was about 81/2 feet wide and was capable of holding
      about 55 tons of glass. The canal section measured about 6 feet from its
      throat to the forming rolls and was about 31/2 feet wide. The front end
      walls of the furnace were tapered such as generally shown in the drawing.
      The angle of taper .theta. was 150.degree.. The tapered end walls were
      about 51/2 feet in length and extended back about 5 feet into the melter
      from the throat of the canal. The furnace was designed to hold a depth of
      about 24 inches of molten glass. The furnace contained eight rows of
      overhead burners which fired onto the level of the molten glass. Using
      natural gas firing, the glass was melted for about 24 hours (average
      residence time) in the furnace. The temperature profile in the furnace was
      somewhat as follows: At the doghouse, the melt temperature was about
      2200.degree.F. At about the third row of burners, a distance of about 1/3
      the overall length of the furnace, measured from the back wall, the melt
      temperature was about 2700.degree.F. At about the fifth row of burners or
      a distance of about 2/3 the overall length of the furnace, the melt
      temperature was about 3100.degree.F. From this point to where the glass is
      removed at the rolls, the glass temperature decreased from a high of about
      3100.degree.F. to about 2950.degree.F.
PAR  The molten glass was continuously removed from the furnace and formed
      between a pair of high temperature-resistant alloyed water-cooled rolls.
      The rolls were set against the delivery lip of the tank so that the glass
      was forced into the pinch of the rolls and thus squeezed to the desired
      thickness in the form of a continuously formed ribbon. As the glass passes
      from the water-cooled rolls, the surfaces had sufficiently chilled to form
      a more or less self-sustaining sheet or ribbon, even though the body of
      the glass is still very hot.
PAR  The formed sheet was picked up on smaller apron rolls, which were actually
      a part of an annealing lehr mechanism but were not enclosed as was the
      rest of the lehr. In this area, the glass lost heat rapidly and the
      temperature fell to about 2300.degree.F. leaving the rolls to about
      1500.degree.F. entering the lehr. In the lehr, the glass was annealed to
      release thermal strains which were introduced into the glass by forming.
      After annealing, the glass was inspected and cut to size. The glass at
      this stage had a nominal thickness of about 0.2 inch and had the following
      composition:
TBL  Component        Percent by Weight                                        
     ______________________________________                                    
     SiO.sub.2        70.50                                                    
     Al.sub.2 O.sub.3 19.20                                                    
     Li.sub.2 O       3.98                                                     
     TiO.sub.2        1.60                                                     
     ZrO.sub.2        1.50                                                     
     ZnO              1.60                                                     
     Sb.sub.2 O.sub.3 0.35                                                     
     As.sub.2 O.sub.3 0.01                                                     
     F.sup.-          0.28                                                     
     ______________________________________                                    
PAR  The glass was of excellent quality and when a cross-section of the glass
      was examined under cross-polaroids, was considered to have a uniform
      composition throughout the thickness of the ribbon, that is, there were no
      gross differences in composition on the edge of the ribbon as opposed to
      the main body of the ribbon. This uniformity of composition was
      substantiated when the glass was transferred to a kiln for crystallizing
      heat treatment. The glass was crystallized and became opaque and milky
      white in appearance and X-ray analysis indicated that the heat treated
      glass was a glass-ceramic with the principal crystal phase being
      betaspodumene solid solution and the extent of crystallization being about
      98 percent. The glass crystallized uniformly and there was no evidence of
      cracking or warping.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a continuous tank-type furnace producing flat glass of high
      temperature melting, highly volatile glass batch making ingredients
      comprising a melter, a canal and flat glass forming means, said melter
      comprising:
PA1  a. a back end wall and front end walls,
PA1  b. a top and bottom wall, two generally parallel side walls which define a
      channel in which the molten glass proceeds from the back wall to the front
      end walls,
PAL  said front end walls having an opening therethrough to permit the passage
      of glass to flow into the canal which has a narrower cross-section than
      the melter, the improvement comprising tapered front end walls converging
      inwardly towards one another from the width of the melter to the width of
      the canal, such that the angle the front end walls make with the side
      walls is at least about 140.degree..
NUM  2.
PAR  2. The furnace of claim 1 in which the angle the front end walls make with
      the side walls is within the range of 150.degree. to 160.degree.
      inclusive.
NUM  3.
PAR  3. The furnace of claim 1 which has heaters along substantially the entire
      length of the melter.
NUM  4.
PAR  4. The furnace of claim 3 in which the heaters are overhead burners.
NUM  5.
PAR  5. The furnace of claim 4 which has a length-to-width ratio in the melter
      within the range of 4 to 6:1.
NUM  6.
PAR  6. The furnace of claim 5 which has a melter width to canal width ratio
      within the range of 2 to 4:1.
NUM  7.
PAR  7. The furnace of claim 6 in which the ratio of
PA1  a. the furnace distance from the back end wall to the point at which the
      front end walls begin to converge inwardly to
PA1  b. the furnace distance from the point at which the end walls begin to
      converge inwardly to the beginning of the canal
PAL  is within the range of 6 to 8:1.
NUM  8.
PAR  8. A method of making glass comprising:
PA1  introducing into a melting zone a glass batch containing an ingredient
      which is volatile at the elevated temperatures required for melting over a
      prolonged time so as to cause an adverse loss of said ingredient from the
      glass, said melting zone having an initial portion thereof defined by
      spaced substantially parallel boundaries extending toward a molten glass
      outlet,
PA1  heating said glass batch until it is in a molten state,
PA1  flowing said molten glass through said initial portion of said melting zone
      toward the end of the melting zone and said molten glass outlet along a
      substantially straight linear path of flow, and applying forces to said
      flowing molten glass at the terminal end of each said boundary of the
      initial portion of said melting zone and maintaining said forces so as to
      divert and constrict the flow of molten glass to said outlet, said forces
      being sufficient to divert the flow of the molten glass at each side edge
      thereof along lines of flow forming an angle of at least about 140.degree.
      with the line of flow of the molten glass along the edge thereof at the
      adjacent boundary of said melting zone,
PA1  whereby to streamline the flow of portions of the molten glass along said
      side edges and thereby decrease the average residence time of said glass
      portion and decrease the loss of volatilizable components of the molten
      glass.
NUM  9.
PAR  9. The method of claim 8 in which the advancing flow of glass is
      continuously heated by heaters as it advances through the melter.
NUM  10.
PAR  10. The method of claim 9 in which the heating is from overhead burners.
NUM  11.
PAR  11. The method of claim 8 wherein said application of forces is sufficient
      to reduce the width of the glass flow to one half to one fourth the width
      of flow through the initial portion of said melting zone.
NUM  12.
PAR  12. The method of claim 8 wherein said step of introducing batch
      ingredients into a melting zone includes introducing ZnO as a component of
      the batch.
NUM  13.
PAR  13. The method of claim 12 wherein molten glass is withdrawn through said
      outlet with the following composition:
TBL  COMPONENT    PERCENT BY WEIGHT ON THE OXIDE BASIS                         
     ______________________________________                                    
     SiO.sub.2    64-74                                                        
     Al.sub.2 O.sub.3                                                          
                  15-23                                                        
     Li.sub.2 O   3.3-4.8                                                      
     ZnO           1-3.8                                                       
     TiO.sub.2    1.2-3.0                                                      
     ZrO.sub.2     0-2.                                                        
     ______________________________________                                    
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ABST
PAL  A glass tempering blasthead including a pair of plenum chambers with
      opposed banks of nozzles for directing air or other fluid flow onto
      opposite surfaces of a sheet of glass disposed therebetween for quenching
      or cooling the glass subsequent to heat treatment of the glass. Each
      plenum chamber has a fluid flow distributing assembly including a pair of
      complementary sheet members. Each of the sheet members is stamped so that
      when secured in complementary relationship with the other sheet member a
      series of nozzles are formed having flared inlets communicating with a
      transverse feed passage for directing flow from the plenum chamber into
      the flared inlets of the nozzles. When the glass sheets are disposed
      horizontally between the opposed nozzles, the nozzles have their axes
      disposed parallel to the vertical. When the glass sheets are disposed
      vertically between the opposed nozzles, the nozzles are inclined
      downwardly to drive the heat and spent air downwardly off the bottom of
      the glass sheet and to better maintain a pressure balance on the opposite
      surfaces of the glass sheet. Further, the nozzles located adjacent the
      upper ends of the plenum chambers are inclined downwardly at a greater
      angle than the remaining nozzles to direct the flow therefrom away from
      the carrier of the glass sheet to reduce the likelihood of heat distortion
      of the carrier. The vertically disposed blasthead is supported in such a
      manner that it reciprocates during a quenching operation to apply uniform
      cooling temperature to the opposite surfaces of the sheet. In order to
      prevent contamination of the fluid flow from the nozzles, a dry, rolling
      seal is provided between the plenum chamber and the supply ducts to the
      plenum chambers.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 280,617,
      filed Aug. 14, 1972, now abandoned, and of application Ser. No. 435,130,
      filed Jan. 21, 1974, the latter application Ser. No. 435,130 being a
      continuation-in-part of application Ser. No. 365,939, filed June 1, 1973
      now abandoned. The entire disclosures of application Ser. No. 280,617,
      filed Aug. 14, 1972, now abandoned; application Ser. No. 435,130, filed
      Jan. 21, 1974; and application Ser. No. 365,939 now abandoned, filed June
      1, 1973, are incorporated herein by reference.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to apparatus for tempering glass, and is
      particularly concerned with apparatus of the type, sometimes referred to
      as "blastheads," in which air or other cooling fluid under pressure is
      directed onto opposite surfaces of a sheet of glass subsequent to heating
      of the glass for quenching or rapidly cooling the sheet of glass.
PAR  2. Description of the Prior Art
PAR  The tempering of glass sheets by first heating the sheet and then suddenly
      cooling the heated sheet increases the mechanical strength of the glass
      sheet, which, in and of itself, increases the safety and the use of the
      glass. In addition, however, the safety is increased because the tempered
      glass, when broken, disintegrates and shatters into small, relatively dull
      and harmless particles instead of into large, sharp slivers as is the case
      with untempered glass.
PAR  Conventional glass tempering processes include systems wherein untempered
      glass sheets are first conveyed into a furnace and heated to a desired
      temperature, after which the heated glass sheets are conveyed to a
      quenching apparatus wherein the temperature of the glass is rapidly
      reduced to complete the tempering process. Conventionally, the quenching
      apparatus is of the type sometimes referred to as a "blasthead" wherein
      air, or other fluid, under pressure, is directed from nozzles onto
      opposite surfaces of the glass sheet to cool the glass.
PAR  Typically, blastheads include a pair of plenum chambers with opposed banks
      of nozzles projecting from the respective plenum chambers for directing
      air under pressure onto opposite surfaces of a sheet of glass disposed
      between the opposed banks of nozzles. It is, of course, important with
      this type of apparatus to maintain uniform flow and pressures through the
      nozzles from the respective plenum chambers -- it being highly undesirable
      to subject the heated glass sheet to any significant variation in pressure
      over its surface.
PAR  In some systems, the glass sheets are disposed in a horizontal plane as
      they are conveyed through the quenching apparatus, in which case, one
      plenum chamber is disposed above the other, with the lower plenum chamber
      having upwardly directed nozzles, and the upper plenum chamber having
      downwardly directed nozzles so that the upwardly and downwardly directed
      nozzles respectively direct fluid flow onto the lower and upper surfaces
      of the glass sheets. See, for example, U.S. Pat. No. 2,188,401.
PAR  In other systems, the untempered glass sheets are suspended in a vertical
      plane by tongs on a carrier or other conveying element. The vertically
      disposed sheets are conveyed by the carrier from the furnace to the
      blasthead. The blasthead plenum chambers are oriented vertically, that is,
      with their opposed banks of nozzles located on opposite sides of the
      vertically disposed sheet of glass. See, for example, U.S. Pat. Nos.
      2,134,797; 2,146,390; 3,353,946 and 3,402,038.
PAR  Particularly in systems in which the glass sheets are disposed vertically
      for both heat treatment and quenching in a tempering process, the glass
      sheets are generally conveyed step-by-step through the heat treating
      furnace and quenching apparatus so that the sheets are, for a time,
      stationary while disposed between the opposed banks of nozzles of the
      blasthead. Since the glass sheets are at a high temperature as they move
      into position between the blasthead nozzles, delivery of high pressure
      fluid at fixed points on the glass can produce irregularities in the
      surface of the glass. This condition can be alleviated somewhat by causing
      the blasthead nozzles to move relative to the stationary glass sheets
      during the quenching operation. See, for example, U.S. Pat. Nos. 2,263,679
      and 2,724,215 wherein the blasthead is caused to oscillate or reciprocate
      relative to the glass sheet during the quenching operation.
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of the present invention is to provide a glass tempering
      blasthead having a fluid flow distributing assembly in which pairs of
      complementary sheet members are formed with a series of nozzles each
      communicating with a transverse feed passage in such a manner that abrupt
      pressure changes are substantially eliminated as the fluid flows through
      the nozzle from the plenum chamber to provide a substantially uniform
      distribution of pressure among the nozzles.
PAR  A further object is to provide an improved blast-head or quenching
      apparatus for cooling glass sheet material and the like uniformly over its
      entire surface.
PAR  A further object is to provide a blasthead having an improved fluid
      distribution system that can be fabricated from stamped sheet metal or the
      like wherein a high pressure cooling fluid can be directed onto a glass
      sheet at substantially uniform pressures over the entire surface of the
      glass sheet.
PAR  A further object is to provide a reciprocating blasthead having improved
      means for causing reciprocation of the blasthead.
PAR  A further object is to provide a reciprocating blasthead having a dry seal
      between the reciprocating inlet ducts to the blasthead and the discharge
      duct from a bore or the like to reduce the likelihood of contamination of
      the cooling fluid as it enters the plenum chamber.
PAR  A further object is to provide a reciprocating blast-head for tempering
      heated glass sheets disposed in a vertical plane as the glass sheets are
      conveyed between the opposed banks of nozzles of the blasthead, wherein
      the blasthead nozzles are oriented in such a manner that the cooling fluid
      is directed away from the supporting carrier for the glass sheets to
      reduce the likelihood of heat distortion caused by sudden cooling of the
      carrier.
PAR  In carrying out the foregoing, and other objects, a glass tempering
      blasthead according to the present invention may include a pair of plenum
      chambers each having fluid flow distributing assemblies providing opposed
      banks of nozzles for directing cooling fluid onto opposite surfaces of a
      sheet of glass disposed between the opposed banks of nozzles. The fluid
      flow distributing assemblies are formed by complementary pairs of stamped
      sheet members. Each of the sheet members has a free edge spaced from its
      respective plenum chamber and is formed with a series of depressions
      spaced from each other by nozzle portions, each of the nozzle portions and
      depressions extending from the free edge of the respective sheet member
      with a depression between each adjacent pair of nozzle portions. The inner
      end of each depression curves away from the free edge of the sheet member
      as well as the inner ends of the adjacent pair of nozzle portions, and
      each sheet member is formed with a transverse feed passage portion
      projecting transversely outwardly from the inner ends of the depressions.
      The pair of complementary sheet members are joined together such that each
      depression of one sheet member is in complementary abutting relationship
      with a depression of the other sheet member, and each nozzle portion of
      one sheet member is in opposed, complementary relationship with a nozzle
      portion of the other sheet member to form a nozzle having an outlet at the
      juxtaposed free edges of the sheet members and a flared inlet defined by
      the curved inner ends of the depression on opposite sides of the nozzles.
      The transverse feed passage portions of the sheet members cooperate to
      define a transverse feed passage projecting from the respective plenum
      chamber and extending transversely of the nozzles and communicating along
      its length with the plenum chambers such that abrupt pressure changes
      between the plenum chamber and inlets of the nozzles is substantially
      eliminated.
PAR  In accordance with other aspects of the invention, a blasthead having
      vertically disposed opposed banks of nozzles for cooling glass sheets
      disposed in a vertical plane includes a pair of spaced plenum chambers
      carried by a yoke member which is supported on a roller mounted
      eccentrically on a shaft. Rotation of the shaft thereby imparts vertical
      reciprocating motion to the yoke and plenum chambers. In addition to being
      supported on the eccentric rollers, the blasthead is suspended by tension
      springs to provide a smooth reciprocating motion of the blasthead during
      rotation of the eccentric roller.
PAR  The plenum chamber of the vertically disposed blasthead discussed in the
      preceding paragraph are supplied from overhead blowers, and a novel seal
      arrangement is provided at the connection between the reciprocating plenum
      chambers and the fixed blower outlets. A resilient, dry rolling seal is
      provided to allow a smooth reciprocating motion between the plenum
      chambers and blower outlets, and to prevent contamination of the fluid
      entering the plenum chamber of the type that could possibly result from
      lubricant or the like.
PAR  The nozzles of the vertically disposed, reciprocating blasthead are
      inclined downwardly so that when a sheet of glass is removed from the
      furnace and disposed in the space between the opposed banks of nozzles,
      the heated sheet of glass is bathed uniformly over its surface by the
      reciprocating motion of the plenum chambers, and the downward inclination
      of the nozzles directs the fluid downwardly to center the glass sheet
      between the two sets of nozzles. A damper is provided to regulate the
      pressure from the blower so that the pressure in the plenum chambers is
      equalized.
DRWD
PAR  Other objects, advantages and features of the invention will become
      apparent from the following description, taken in connection with the
      accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a glass tempering blasthead according to
      the present invention, the blast-head of FIG. 1 being of the type wherein
      glass sheets are disposed in a horizontal plane between the opposed
      nozzles of the blasthead;
PAR  FIG. 2 is an enlarged fragmentary cross-sectional view of a portion of the
      fluid distribution system of the blasthead of FIG. 1;
PAR  FIG. 3 is a fragmentary view taken on lines 3--3 of FIG. 2;
PAR  FIG. 4 is a plan view of a stamped sheet metal component using the assembly
      shown in FIGS. 2 and 3;
PAR  FIG. 5 is an elevational view of the component of FIG. 4 as viewed along
      lines 5--5 of FIG. 4;
PAR  FIG. 6 is a sectional view taken on lines 6--6 of FIG. 4;
PAR  FIG. 7a is an elevational view of a vertically disposed glass tempering
      blasthead embodying the present invention;
PAR  FIG. 7b is an elevational view of the blower portion of the blasthead of
      FIG. 7a;
PAR  FIG. 8 is a view taken along lines 8--8 of FIG. 7a;
PAR  FIG. 9 is a sectional view taken along lines 9--9 of FIG. 8; and
PAR  FIG. 10 is an enlarged detailed view of the area enclosed by the circle 10
      in FIG. 7a illustrating the dry rolling seal provided at the connection
      between the reciprocating plenum chambers and the fixed blower outlets.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, reference numeral 10 collectively designates a glass tempering
      blasthead having opposed upper and lower assemblies 14 and 16,
      respectively. The upper and lower assemblies 14 and 16 are supported in
      spaced, opposed relationship on a frame structure that includes the
      vertical structural members indicated by reference numeral 12 in FIG. 1.
PAR  The assemblies 14 and 16 include plenum chambers 18 and 20, respectively,
      each having fluid flow distributing assemblies providing opposed banks of
      nozzles 25 for directing air or other cooling fluid onto the opposite
      surfaces of a sheet of glass disposed in a horizontal plane between the
      opposed banks of nozzles 25. Various conventional means (not shown) but
      which are known in the prior art may be utilized for supporting sheets of
      glass horizontally in the space between the opposed banks of nozzles 25.
      For example, the glass sheets may be floated on gases, or supported on
      rollers.
PAR  The fluid flow distributing assemblies of the plenum chambers 18 and 20 are
      made up of basic sheet metal components indicated by reference numeral 22
      in the drawings. With reference to FIGS. 2 through 6, each of the sheet
      metal components 22 is of general U-shape in cross-section and includes a
      bottom or base portion 32 with spaced parallel sheet-like leg portions 30
      projecting from opposite side edges of the base portion 32. Formed in each
      of the sheet-like leg portions 30 is a series of arcuate passage or nozzle
      portions 24 spaced from each other by flat depressions 26. When the
      sheet-like leg member 30 of one of the components 22 is disposed in
      opposed, complementary relationship with the sheet-like leg member 30 of
      another component 22, each depression 26 of one of the leg members abuts a
      depression 26 of the other leg member, and each of the nozzle portions 24
      of one leg member cooperates with a nozzle portion 24 of the other leg
      member to form the nozzles 25 having elongated passages 28. As shown in
      FIGS. 2 and 3, the components 22 extend across the side walls of the
      respective plenum chambers with their leg portions 30 in opposed,
      complementary relationship such that the base portions 32 define the walls
      or faces of the plenum chambers from which the nozzles 25 project.
PAR  The depressions 26 formed in the sheet-like, or plate-like leg portions 30
      are offset from the plane of the leg portions so that each depression 26
      of one leg portion 30 abuts a depression of the opposed, complementary leg
      portion 30 of the adjacent component 22. The abutting depressions 26
      extend between the adjacent nozzles 25 which are defined by the
      complementary passage or nozzle portions 24 in the opposed, complementary
      leg portions 30 of the adjacent components 22.
PAR  As shown particularly in FIGS. 2, 5 and 6, the depressions 26 extend
      inwardly from the outer free edges 33 of the sheet-like leg members 30
      toward the bottom or base portion 32. The depressions 26 each have inner
      ends 34, the inner end 34 of each depression curving away from the free
      edge 33 as well as the inner ends of the adjacent pair of nozzle portions
      24. Consequently, when the leg portion 30 of one component 22 is joined
      together in complementary relationship with the leg portion 30 of another
      component 22, nozzles 25 are formed by the nozzle portions 24, each having
      a passage 28 with an outlet at the juxtaposed free edges 33 of the
      complementary leg members 30, and a flared inlet defined by the curved
      inner ends 34 of the abutting depressions 26 on opposite sides of each
      nozzle 25.
PAR  Each of the leg portions 30 has a transverse feed passage portion 35
      defined between the inner ends 34 of the depressions 26 and the base
      portion 32. The feed passage portion 35 of one of the sheet-like leg
      members 30 cooperates with the feed passage portion 35 of its
      complementary leg portion 30 to define a transverse feed passage 36
      projecting from the plenum chamber and extending transversely of the
      nozzles 25. The transverse feed passage 36 communicates along its length
      with the plenum chamber and the inlet ends of the nozzles for transmitting
      fluid flow from the plenum chamber into the flared inlets of the nozzles
      35. The flared inlets defined by the arcuate inner ends 34 of the
      depressions 26 reduces turbulence in the flow of fluid from the plenum
      chamber into the passages 28 of the nozzles.
PAR  Each of the sheet metal components 22 is made of metal and adjacent pairs
      of the components 22 are joined together by welding the abutting
      depressions 26 together along the upper extremities at the free edge 33 of
      the leg portions 30, and between the adjacent nozzle or passage portions
      24 so as to effect a seal along the edges of the nozzles to prevent fluid
      flow between the abutting depressions 26 of adjacent leg members 30.
PAR  As best illustrated in FIGS. 4-6, the depressions 26 are offset outwardly
      from the plane of the respective leg portions 30 so as to extend outwardly
      from the space between the leg portions 30 of each component 22.
      Consequently, when the free edges 33 of complementary leg portions of
      adjacent components 22 are juxtaposed, the depressions 26 of the leg
      portion 30 of one component 22 will abut a depression 26 of the
      complementary leg portion 30 of the adjacent component 22 with the nozzles
      or passage portions 24 aligned with one another in complementary
      relationship to define the nozzles and fluid passages 28 spaced from one
      another by the depressions 22.
PAR  Each of the sheet metal components 22 is fabricated by stamping or
      otherwise forming the spaced, offset depressions 26 along opposite edges
      of a sheet member or plate and thereafter bending the sheet member along
      spaced parallel lines, which spaced parallel lines define the junction
      between the base or bottom 32 and the leg portions 30.
PAR  A plurality of the sheet metal components 22 may be associated with one
      another to form a plurality of vertically disposed or horizontally
      disposed rows of nozzles 25 having passages 28 for directing gases or
      fluid against a sheet of glass. The plenum chambers 18 and 20 have side
      walls interconnected by a top wall in the case of plenum chamber 18 and
      interconnected by the bottom wall in the case of plenum chamber 20. A
      plurality of the sheet metal components 22 extend between the side walls
      of the plenum chamber and the base portions or bottom portions 32 of the
      components close the space of each plenum chamber so that fluid within the
      plenum chamber flows through the transverse feed passages 36 between
      adjacent leg portions 30 and out through the passages 28 of the nozzles 25
      as defined by the nozzle portions 24 of adjacent components 22. Among the
      advantages attained by the fluid flow distributing assembly illustrated in
      FIGS. 1-6 are the low cost of fabrication resulting from the fact that the
      components 22 may be stamped out of sheet metal and quickly and easily
      assembled together, and the significant strength provided by the abutting
      depressions 26 making it difficult to bend or change the position of the
      nozzles 25 from the position at which they are formed. Furthermore, broken
      glass may be easily cleaned from the channels formed between the adjacent
      rows of nozzles by the leg portions 30.
PAR  FIGS. 7a through 10 illustrate a glass tempering blasthead having a pair of
      plenum chambers with opposed, vertically disposed banks of nozzles for
      directing air or other cooling fluid onto opposite surfaces of a sheet of
      glass disposed in a vertical plane between the nozzles. The blasthead in
      FIGS. 7a through 10 is indicated collectively by reference character B.
PAR  With reference to FIG. 7a, the blasthead B includes a plenum chamber and
      nozzle assembly designated collectively by reference numeral 130 which is
      supported for reciprocating movement on a stationary frame. The stationary
      frame includes spaced upright post members 132 and 134 with an overhead
      beam 136 extending between the upper ends of the posts. A base member 138
      extends between the lower ends of the posts.
PAR  The plenum chamber and nozzle assembly 130 includes U-shaped supporting
      frames or yokes 139 (FIG. 11) as shown in FIG. 10a, each yoke 139 includes
      a pair of spaced, vertical legs having lower segments 140 secured to upper
      segments 142, and an upper, horizontal base member 144. The base member
      144 of each yoke is supported on an eccentric 146 nonrotatably secured to
      a shaft 148 driven by a motor 150 through a gear box 152. In addition to
      being supported on the eccentrics 146, the assembly 130 is suspended from
      the overhead beam 136 on springs 154 having their upper ends secured to
      the overhead beam 136 and their lower ends secured to support brackets 156
      mounted on the leg members 140 of the yoke.
PAR  The assembly 130 further includes a pair of plenum chambers 158 having
      inclined outer side walls 162 extending downwardly and inwardly from a
      peripheral rectangular frame or collar member 160, and straight, parallel
      inner side faces 164. Projecting inwardly from the inner side faces 164 in
      opposed relationship with each other is a bank or series of nozzle members
      166. Each series of nozzle members 166 extends from each inner side face
      164 throughout its entire length. Each of the nozzles 166 is inclined
      downwardly from its respective inner side face 164 and does not extend
      perpendicularly from its face 164.
PAR  As a glass sheet G is moved by a carrier 2 supported on an overhead
      conveyor (not shown) into the space between the opposed banks of nozzles
      166, air or other cooling fluid is impinged onto the sheet G. Rotation of
      the shaft 148 causes the assembly 130 to reciprocate in a vertical path
      with respect to the supporting frame due to the engagement of the
      eccentrics 146 with the upper horizontal base members 144 of the
      respective yokes 139. Consequently, the nozzles 166 reciprocate at the
      same time that they are directing jets of cooling fluid onto the sheet G
      so that the surfaces of the sheet G are uniformly bathed by the cooling
      fluid and do not create depressions or other distortions in the surface of
      the sheet G before it hardens. The downward inclination of the nozzles 166
      drives the heat and spent air downwardly off the bottom of the sheet G to
      better maintain a pressure balance on the opposite surfaces of the sheet G
      to center the glass between the nozzles.
PAR  As shown in FIG. 7a, the nozzles 166 at the upper ends of each bank of
      nozzles have a greater downward inclination than the other nozzles. The
      air from the upper nozzles does not impinge on the carrier 2 which thus
      reduces the likelihood of heat distortion of the carrier 2 while it is
      located in the blasthead.
PAR  The entire weight of the assembly 130 including the plenum chambers 158 and
      the yoke consisting of the members 140, 142 and 144 is not supported on
      the pair of eccentrics 146. A substantial portion of the weight is carried
      by the springs 154 to provide a smooth reciprocating motion during
      rotation of the shaft 148 and eccentric 146.
PAR  The construction of the eccentrics 146 is illustrated in detail in FIG. 9.
      Each eccentric includes an assembly including a circular disc 170 fixed to
      the shaft 148 about an axis eccentric to the circular disc. The disc 170
      is rotatably received in a concentric ring member 168 having an inwardly
      projecting rib 176. Roller bearing assemblies 174 are received between the
      periphery of the disc 170 and the inner periphery of the ring 168 on
      opposite sides of the rib 176. The bearing assemblies 174 are held captive
      by end plates 172, the peripheries of which project beyond the periphery
      of the disc 170. As the disc 170 rotates with the shaft 148, the
      horizontal base member 144 of the yoke reciprocates relative to the shaft
      148 because of the eccentric relationship between the disc 170 and the
      shaft 148.
PAR  Air is supplied to the plenum chambers 158 by a pair of blowers 178 (FIG.
      7b) which, in the illustrated embodiment, are mounted above the blasthead
      B. The blowers 178 feed into a common duct 180 which then divides into
      separate ducts 182 and 184. A damper 185 having a shaft 186 with
      conventional adjustable control means 186a interconnected with shaft 186
      provided to maintain equal pressures in the ducts 182 and 184, and hence
      in the two plenum chambers 158.
PAR  Again referring to FIG. 7a, each of the ducts 182 and 184 has an outlet end
      187 which is received in the collar 160 defining the upper end of the
      plenum chamber 158. The outlet end 187 of the duct has an outwardly
      projecting flange 189, and rolling seal members 191 are received in the
      space between the outer surfaces of the outlet duct 187 and the inner
      surface of the plenum chamber. The seal members 191 are in the form of
      straight rods of metal, such as steel, encased in rubber or other
      elastomeric material. The seals roll relative to the reciprocating
      surfaces 187 and 193 without permitting the leakage of pressure.
      Furthermore, the seal 191 may be a completely dry seal. No oil is required
      for lubrication which would possibly contaminate the air supply impinged
      onto the glass sheet G, and to which broken glass particles would stick
      and damage the seal. FIG. 10 shows an enlarged view of this construction.
PAR  While specific forms of the invention have been illustrated and described
      in the foregoing specification and accompanying drawings, it will be
      apparent to those skilled in the art that the invention is not limited to
      the exact construction shown, and that alterations and modifications in
      the construction and arrangement of parts, all falling within the scope
      and spirit of the invention, can be made by those skilled in the art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A glass tempering blasthead comprising: a pair of plenum chambers, each
      of said plenum chambers having fluid flow distributing assemblies
      providing opposed banks of nozzles for directing cooling fluid onto
      opposite surfaces of a sheet of glass disposed therebetween, said fluid
      flow distributing assemblies each including a pair of complementary sheet
      members, each of said sheet members having a free edge spaced from its
      respective plenum chamber and being formed with a series of depressions
      spaced from each other by nozzle portions, each of said nozzle portions
      and depressions extending inwardly from the free edge of the respective
      sheet member with a depression between each adjacent pair of nozzle
      portions, each depression and nozzle portion having an inner end remote
      from said free edge, the inner end of each depression curving away from
      said free edge and the inner ends of the adjacent pair of nozzle portions,
      said sheet members each being formed with a transverse feed passage
      portion projecting transversely outwardly from the inner ends of said
      depressions, said pair of complementary sheet members being joined
      together such that each depression of one sheet member is in complementary
      abutting relationship with a depression of the other sheet member, and
      each nozzle portion of one sheet member is in opposed complementary
      relationship with a nozzle portion of the other sheet member to form a
      nozzle having an outlet at the juxtaposed free edges of said sheet members
      and a flared inlet defined by the curved inner ends of the depressions on
      opposite sides of the nozzle, and said transverse feed passage portions of
      said sheet members cooperate to define a transverse feed passage
      projecting from the respective plenum chamber and extending transversely
      of said nozzles, said transverse feed passage communicating along its
      length with said plenum chamber and nozzles for transmitting fluid flow
      from said plenum chamber into the flared inlets of said nozzles each of
      said plenum chambers having side walls, and further including a plurality
      of U-shaped components extending across the side walls of the plenum
      chambers, said U-shaped components having base portions forming the inner
      faces of the respective plenum chambers and each having a pair of spaced,
      parallel leg portions projecting from its respective base portions, said
      leg portions being defined by said sheet members, said components being
      disposed in side-to-side relationship across the edges of the side walls
      of the respective plenum chambers such that a leg portion of one component
      is disposed in complementary relationship with a leg portion of the
      adjacent components.
NUM  2.
PAR  2. A glass tempering blasthead as claimed in claim 1 wherein said pair of
      plenum chambers have spaced, opposed vertical inner faces and said nozzles
      project from said vertical inner faces, and wherein each of said nozzles
      is inclined downwardly with respect to the inner faces.
NUM  3.
PAR  3. A glass tempering blasthead as claimed in claim 2 wherein the nozzles at
      the upper end of each of said inner faces have a greater downward
      inclination than the other nozzles.
NUM  4.
PAR  4. A glass tempering blasthead comprising: a pair of plenum chambers, each
      of said plenum chambers having fluid flow distributing assemblies
      providing opposed banks of nozzles for directing cooling fluid onto
      opposite surfaces of a sheet of glass disposed therebetween; each of said
      plenum chambers having peripheral walls; said fluid flow distributing
      assemblies each including a plurality of U-shaped sheet metal components,
      each of said components having a base portion and a pair of spaced,
      parallel leg portions extending from the edges of said base portion; the
      base portions of each of said components extending across the peripheral
      walls of the respective plenum chamber to form an inner face of said
      plenum chamber; each of said leg portions having a free edge spaced from
      its respective base portion and being formed with a series of depressions
      spaced from each other by arcuate nozzle portions; each of said nozzle
      portions and depressions extending inwardly from said free edge with a
      depression formed between each adjacent pair of nozzle portions; each
      depression and nozzle portion having an inner end remote from said free
      edge, the inner end of each depression being arcuate and curving away from
      said free edge as well as the inner ends of the adjacent pair of nozzle
      portions; said leg portions each being formed with a transverse feed
      passage portion projecting transversely outwardly from the inner ends of
      said depressions and located between the inner ends of said depression and
      said base portion; said components being disposed on said plenum chamber
      such that each leg portion of one component is in opposed, complementary
      relationship with the leg portion of another component, said complementary
      leg portions being joined together such that each depression of one
      complementary leg portion is in abutting relationship with a depression of
      the other complementary leg portion and each nozzle portion of one
      complementary leg portion is in opposed, complementary relationship with
      the nozzle portion of the other complementary leg portion to form a nozzle
      having an outlet at the juxtaposed free edges of said complementary leg
      portions and a flared inlet defined by the curved inner end of the
      abutting depressions on opposite sides of the nozzle; and said transverse
      feed passage portions of the complementary leg portions cooperating to
      define a transverse feed passage projecting from the respective plenum
      chamber and extending transversely of the nozzles of said complementary
      leg portions, said feed passage communicating along its length with said
      plenum chamber and nozzles for transmitting fluid flow from said plenum
      chamber into the flared inlets of said nozzles.
NUM  5.
PAR  5. A glass tempering blasthead as claimed in claim 4 wherein said inner
      faces of said plenum chambers are disposed vertically for directing
      cooling fluid onto the opposite surfaces of a sheet of glass disposed in a
      vertical plane between the opposed nozzles of said plenum chambers; and
      wherein each of said nozzles is inclined downwardly with respect to the
      inner faces of said plenum chambers.
NUM  6.
PAR  6. A glass tempering blasthead as claimed in claim 4 wherein the inner
      faces of said pair of plenum chambers are disposed vertically with the
      nozzles projecting from said inner faces for directing cooling fluid from
      said plenum chambers onto opposite surfaces of a sheet of glass disposed
      in a vertical plane between said nozzles; and wherein each of said nozzles
      is inclined downwardly with respect to said inner faces, the nozzles at
      the upper end of each of said inner faces having a greater downward
      inclination than the other nozzles.
NUM  7.
PAR  7. A glass tempering blasthead as claimed in claim 6 including a supporting
      frame, spring means resiliently supporting said plenum chambers on said
      frame, and means for reciprocating said plenum chambers with respect to
      said frame.
NUM  8.
PAR  8. A glass tempering blasthead as claimed in claim 7 wherein each plenum
      chamber has an open end; and further including a stationary inlet duct
      received in the inlet end of each plenum chamber; and dry seal means
      mounted between the relatively reciprocating surfaces of said inlet ducts
      and the inlet ends of said plenum chambers to prevent leakage
      therebetween.
NUM  9.
PAR  9. A glass tempering blasthead as claimed in claim 8 wherein said dry seal
      means comprises a metal rod encased in elastomeric material.
NUM  10.
PAR  10. A glass tempering blasthead comprising: a pair of plenum chambers
      having spaced, opposed vertical inner faces; a series of nozzles
      projecting from said inner faces for directing fluid from said plenum
      chambers onto opposite surfaces of a sheet of glass received between said
      nozzles; a supporting frame; means for reciprocating said plenum chambers
      with respect to said supporting frame; each of said plenum chambers having
      an open inlet end of polygonal cross-section; a stationary inlet duct of
      polygonal cross-section received in the inlet end of each plenum chamber;
      and a straight dry rolling seal member mounted between each of the
      relatively reciprocating surfaces of said inlet ducts and inlet ends of
      said plenum chambers to prevent leakage therebetween.
NUM  11.
PAR  11. A glass tempering blasthead as claimed in claim 10 wherein said dry
      seal means comprises a metal rod encased in elastomeric material.
NUM  12.
PAR  12. A glass tempering blasthead as claimed in claim 10 wherein said dry
      seal means comprises a rod.
NUM  13.
PAR  13. A glass tempering blasthead comprising: a pair of plenum chambers
      having spaced, opposed, vertical inner faces; a series of nozzles
      projecting from said inner faces for directing fluid from said plenum
      chambers onto opposite surfaces of a sheet of glass received between said
      nozzles; a supporting frame; means for reciprocating said plenum chambers
      with respect to said supporting frame; each of said plenum chambers having
      an open inlet end; a stationary inlet duct received in the inlet end of
      each plenum chamber; and dry seal means mounted between the relatively
      reciprocating surfaces of said inlet ducts and inlet ends of said plenum
      chambers to prevent leakage therebetween; and including spring means
      resiliently supporting said plenum chambers on said frame.
NUM  14.
PAR  14. A glass tempering blasthead as claimed in claim 13 further including a
      motor driven shaft mounted on said frame; a pair of eccentrics
      nonrotatably secured to said shaft and spaced from each other along the
      length thereof; a pair of yokes, each yoke having a horizontal base member
      supported on one of said eccentrics and a pair of leg members secured to
      one of said plenum chambers such that rotation of said shaft causes said
      yokes and plenum chambers to reciprocate with respect to said frame.
NUM  15.
PAR  15. A glass tempering blasthead as claimed in claim 14 wherein each
      eccentric includes a circular disc fixed to said shaft about an axis
      eccentric to the circular disc; a concentric ring member rotatably
      receiving said disc; and bearing members located between the opposed
      surfaces of said disc and rings such that said ring is rotatable with
      respect to said disc, said ring being in direct contact with said base
      member of the respective yoke.
NUM  16.
PAR  16. A glass tempering blasthead as claimed in claim 15 wherein said ring
      member has an inwardly projecting rib 176 and said bearing assemblies are
      received between the periphery of said disc and the inner periphery of
      said ring on opposite sides of said rib; and further including end plates
      mounted on opposite surfaces of said disc, each of said end plates
      projecting beyond the periphery of said disc to hold said bearing
      assemblies captive against axial displacement with respect to said disc
      and ring.
NUM  17.
PAR  17. A glass tempering blasthead as claimed in claim 16 further including a
      pair of blowers for supplying fluid pressure to the inlet ends of said
      plenum chambers, a common duct; said blowers having their outlets
      connected with the inlet end of said common duct, and said inlet ends of
      said plenum chambers being connected with the outlet end of said common
      duct; and further including a damper in said common duct selectively
      movable to equalize the pressure in the inlet ducts to said plenum
      chambers.
NUM  18.
PAR  18. A glass tempering blasthead comprising a stationary supporting frame
      having a pair of spaced overhead beams; a motor driven shaft rotatably
      supported on said overhead beams; an eccentric nonrotatably secured to
      said shaft; a yoke; said yoke having a base portion supported on said
      eccentric and a pair of depending leg portions; a pair of plenum chambers;
      said plenum chambers being supported by the leg members of the yoke; a
      spring connected between each overhead beam and each plenum chamber for
      resiliently supporting the plenum chamber with respect to said overhead
      beam; each of said plenum chambers having an open inlet end; and including
      a stationary inlet duct received in the inlet end of each of said plenum
      chambers for conducting air under pressure to said plenum chamber; and dry
      seal means mounted between the relatively reciprocating surfaces of said
      inlet ducts and inlet ends of said plenum chambers to prevent leakage
      therebetween.
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ABST
PAL  Compositions useful in agriculture as soil modifiers and fertilizers are
      prepared by contacting the waste materials, obtained in the manufacture of
      titanium dioxide from ilmenites by the sulphate process, and which consist
      essentially of ferrous sulphate, with oxides, hydroxides or carbonates of
      alkali metals or alkaline earth metals or ammonium carbonate, and then
      submitting the reaction product to oxidation to convert the ferrous
      hydroxide into ferric hydroxide. Ferric hydroxide is further converted to
      ferric sulphate by treatment with sulphuric acid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to new compositions for use in agriculture as soil
      modifiers and fertilizers and their method of manufacture.
PAR  More particularly, this invention relates to new compositions suitable for
      use in agriculture as soil modifiers and fertilizers, obtained from the
      waste materials of the manufacture of titanium dioxide from ilmenites or
      ilmenite slags by the sulphate process, these materials consisting
      essentially of heptahydrated ferrous sulphate. Obtention of ferrous
      sulphate and titanium dioxide from ilmenites via sulphate is described in
      British Patent 279,786 and in an article by W. J. O'Brien in
      Chem.Eng.Progress 44, pages 809-14 (1948).
PAR  On account of the limited possibility of utilizing the above-mentioned
      waste material, and considering also its high impurity content as well as
      the fact that its direct disposal is the source of severe contamination
      which causes considerable disruptions to the natural environment due to
      its reducing properties, toxicity and the large quantities involved, the
      problem has become increasingly important to convert such waste to
      products which are free from the above-described drawbacks.
PAR  Obviously, the preferred course would be the conversion of the waste
      material obtained in the production of titanium dioxide into an
      advantageously usable material.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that it is possible to easily and economically
      convert the ferrous sulphate, obtained as a by-product in the method of
      manufacturing titanium dioxide from ilmenites or ilmenite slags sulphate,
      into novel compositions which can be advantageously used in agriculture as
      soil modifiers and fertilizers.
PAR  Thus, the present invention provides a process for preparing compositions
      useful in agriculture as soil modifiers and fertilizers starting from the
      waste materials in the manufacture of titanium dioxide obtained from
      ilmenites or ilmenite slags by the sulphate process, these waste materials
      consisting essentially of heptahydrated ferrous sulphate, characterized by
      thoroughly contacting these waste materials in a solid phase with a
      compound or a mixture of compounds chosen from the group consisting of the
      oxides, hydroxides or carbonates of alkali metals or alkaline earth metals
      or of ammonium carbonate, alone or in a mixture in an ore, to thereby
      obtain a conversion reaction product consisting essentially of one or more
      alkali metal ammonium or alkaline earth metal sulphates, and ferrous
      hydroxide, and submitting the product to oxidation with molecular oxygen
      to convert the ferrous hydroxide into ferric hydroxide.
PAR  The conversion reaction is conveniently carried out at a temperature from
      room temperature (20.degree.-25.degree.C) up to a temperature at which the
      ferrous sulphate heptahydrate melts (approximately 64.degree.C) until at
      least 90 percent of the ferrous sulphate is converted to ferrous
      hydroxide.
PAR  In this range of temperatures the reaction is very speedy and practically
      quantitative when using waste materials of a grain size up to 3 mm,
      preferably from 0.1 to 2 mm, and these compounds, or when employing ores
      having a grain size from 0.01 to 0.8 mm, preferably not exceeding 0.5 mm.
PAR  According to the preferred embodiment of the invention, the conversion
      reaction is carried out through a thorough dry mixing of the waste
      material with oxide, hydroxide or carbonate of calcium or magnesium,
      potassium carbonate or ammonium carbonate.
PAR  The oxidation reaction is advantageously carried out in a simple manner by
      treatment with oxygen or a gas containing molecular oxygen, such as air,
      conveniently at a temperature in the range from 20.degree.C to a
      temperature not exceeding 80.degree.C, and preferably from 20.degree.C to
      60.degree.C, until at least 90 percent of the ferrous hydroxide is
      converted to ferric hydroxide.
PAR  It is not advisable to exceed the above-mentioned limits of temperature
      both in the conversion reaction and in the oxidation reaction, as
      otherwise the final composition would undergo a considerable decrease in
      its soil modifying properties.
PAR  The process according to the invention is economically highly convenient
      since it can be carried out simply with any conventional means for
      intermixing powders and effecting gas-solid reactions.
PAR  Thus, when the conversion reaction and oxidation reaction are carried out
      separately, powder mixers can simply be employed for intermixing.
PAR  Oxidation can be effected simply by exposing to ambient air the conversion
      reaction product arranged in a layer of a thickness sufficiently small to
      ensure a satisfactory mutual contact of the product and air.
PAR  However, the conversion reaction and oxidation reaction can be carried out
      simultaneously, and the process can be then carried out in a simple manner
      in a static condition in the air or by means of a tubular rotary reactor
      to which an air stream is fed in countercurrent fashion to the stream of
      solid mixture, or a fluidized bed technique can be employed.
PAR  When carrying out both conversion reaction and oxidation in a single step,
      the waste material, the reactant compound or mixture of compounds, alone
      or in mixture in the ore, and oxygen or a gas containing molecular oxygen
      are simultaneously contacted at a temperature from 20.degree. to
      64.degree.C.
PAR  In order to improve the soil-modifying properties of the compositions
      according to the invention, the oxidation product which consists
      essentially of one or more alkali metal, ammonium or alkaline earth
      sulphates, and ferric hydroxide can be submitted to a treatment with
      sulphuric acid in order to partly or totally convert the ferric hydroxide
      into ferric sulphate.
PAR  This reaction, which is a practically quantitative one, is conveniently
      carried out at a temperature of 50.degree.-60.degree.C, which is reached
      in effect of the heat evolved by the reaction.
PAR  Advantageously, the oxidation product is brought to a finely subdivided
      form, preferably of a grain size of 0.05 to 1 mm.
PAR  The quantities of sulphuric acid are usually adjusted to effect a
      conversion of the ferric hydroxide amounting to 40 percent by weight at
      least, preferably from 80 to 95 percent by weight.
PAR  This conversion can be carried out simply by spraying highly concentrated
      sulphuric acid, such as commercial 98 wt. percent sulphuric acid, on the
      oxidation product.
PAR  The compositions according to this invention can be advantageously employed
      as modifiers for compact soils, more particularly the soils containing
      alkali metal clays, and, when they include nitrogen or potassium or both,
      also as fertilizers.
PAR  In the soils containing alkali metal clays, which are very frequent and
      hardly suitable for cultivation, the soil structure is such that the
      arrangement of the soil particles allows practically no circulation of air
      and water. Under these conditions, the vital cycle of the plants becomes
      difficult and at times impossible. Moreover, these soils are subject to
      washing away and erosion by atmospheric precipitations.
PAR  It was known in the art that the properties of compact soils, more
      particularly the clay-type ones, could be modified by application of
      ferric salts in order to make them suitable for cultivation. These salts
      cause the minute clay particles to agglomerate in the form of clumps,
      whereby the soil becomes of a porous granular structure. This structure
      allows considerable improvements in the soil permeability and aeration, as
      water and air can then easily penetrate the free spaces between the
      individual clumps, this being highly advantageous for cultivation.
PAR  Moreover, a porous granular structure eliminates practically quantitatively
      the danger of washing away and erosion of the soil.
PAR  Direct use of ferric salts in agriculture is, however, expensive, and for
      this reason a number of measures are usually taken in order to reduce the
      quantity to be used.
PAR  The compositions according to the present invention, in addition to being
      prepared in a very simple and inexpensive manner, are also particularly
      advantageous in that they can be used in widely different soils by varying
      their components.
PAR  More particularly, the compositions containing ammonium or potassium
      sulphate alone or jointly can be advantageously employed in less compact
      clay-type soils, above all in soils which are already cultivated and,
      generally, in soils which do not require over 20-30 metric quintals
      modifier per hectar in order to ensure a satisfactory modifying effect. In
      fact, the compositions containing ammonium or potassium sulphate, alone or
      jointly, cannot be employed beyond certain limits, inherent to each
      culture, and generally in quantities exceeding 20-30 metric quintals
      hectar, without adversely affecting the culture.
PAR  The compositions containing alkaline earth metal sulphates, more
      particularly those of magnesium and calcium alone or jointly, are,
      however, subject to no limitation in use.
PAR  For this reason the compositions can be advantageously employed in
      particularly compact clay-type soils which, in order to be effectively
      modified, require very high modifier quantities, even to the extent of
      100-200 metric quintals per hectar.
PAR  Summarizing, with less compact soils the compositions containing ammonium
      or potassium sulphate alone or jointly can be employed, while with more
      compact soils the compositions containing magnesium or calcium sulphate
      alone or jointly are useful.
PAR  Moreover, a mixture of the compositions containing alkali metal, ammonium
      or alkaline earth metal sulphates can be employed, of course while
      complying with the conditions enumerated above.
PAR  Thus, for instance, the compositions containing ammonium or potassium
      sulphate can be employed also with less compact clay-type soils, provided
      their quantity does not exceed 20 and 30 metric quintals hectar, and they
      can be mixed with further quantities of compositions containing alkaline
      earth metal sulphates, in order to obtain a sufficient modifying effect on
      the soils. Obviously, even with less compact soils the compositions
      containing alkaline earth metal sulphates can be substituted all or in
      part of the compositions containing ammonium and potassium sulphate.
PAR  Further factors should be taken into account, such as the lower cost of
      calcium carbonate, the requirements of the cultures, the composition and
      requirements of the soils, these factors being beyond the scope of this
      invention. Finally, the compositions according to the present invention
      are characterized by anti-chlorosis activity. It is known that chlorosis
      is a plant disease resulting from insufficiency of iron. Though it has not
      ascertained with certainty whether iron is absorbed by plants in its
      bivalent or trivalent form, the general opinion is that iron is absorbed
      in the form of ferrous iron.
PAR  The compositions of the invention, when applied to soils containing alkali
      metal clays where the existing plants suffered from chlorosis, have
      afforded an easy remedy against this disease.
PAR  Without expressing any theory about chlorosis, since under the pH
      conditions of soils containing alkali metal clays the only soluble iron
      form which can therefore be assimilated by the plants is the bivalent one,
      the anti-chlorosis activity of the compositions of the application could
      be justified by the small quantities (about 0.1 to 2 percent by weight) of
      bivalent iron present in the compositions.
PAR  The compositions and process of the invention will be illustrated by the
      following examples which should, however, not be understood in a limiting
      sense.
DETD
PAC  EXAMPLE 1
PAR  200 g ferrous sulphate, obtained as by-product of the processing of
      ilmenite into titanium dioxide, were mixed by hand in a vertical
      cylindrical glass container with 67.5 g calcium carbonate of a 98.5
      percent by weight concentration.
PAR  The ferrous sulphate had the following chemical composition (percentages by
      weight): FeSO.sub.4 .7H.sub.2 O = 88.6 percent; MgSO.sub.4. 7H.sub.2 O =
      6.8 percent; Al.sub.2 (SO.sub.4).sub.3.18 H.sub.2 O = 0.8 percent;
      MnSO.sub.4.5H.sub.2 O = 0.56 percent; CaSO.sub.4.2H.sub.2 O = 0.26
      percent; TiOSO.sub.4 = 0.18 percent; sulphates of chromium, vanadium,
      zirconium, hafnium and rare earths 0.01 percent; free sulphuric acid 0.09
      percent; H.sub.2 O 2.7 percent.
PAR  Moreover, the grain size distribution of the ferrous sulphate ranged
      essentially from 0.5 to 2 mm. The calcium carbonate was of the finely
      ground type, its grain size being by 80 percent less than 0.05 mm. The
      reactants were allowed to ripen statically in air in a layer of about 8
      cm. The temperature during progress of the reaction reached 41.degree.C as
      a maximum.
PAR  The conversion reactions of ferrous sulphate into calcium sulphate and
      ferrous hydroxide, and the oxidation of the latter into ferric hydroxide
      were analytically followed as a function of time and the following results
      were obtained:
TBL  time period  conversion      oxidation                                    
     (hrs)        (% by weight)   (% by weight)                                
     ______________________________________                                    
     1            61.8            30.4                                         
     3            72.5            67.3                                         
     5            81.0            70.5                                         
     24           99.8             99.3.                                       
     ______________________________________                                    
PAR  The resulting product A, which was slightly aggregate, was submitted to
      rapid grinding to reduce the grain size to less than 0.5 mm.
PAR  By way of testing of the soil structure modifying properties of the
      resulting product A a percolation rate test and a determination of the
      distribution of the clay/silt/sand fractions was effected as compared with
      a sample of non-treated soil. In the following, particles smaller than
      0.002 mm in diameter are defined as clay; particles between 0.002 and 0.02
      mm are defined as silt; particles exceeding 0.02 mm in diameter are
      defined as sand.
PAR  The soil employed for testing the product was of the alkali metal clay type
      from Santaluce (Pisa) and its nature was as follows:
PA1  pH = 8
PA1  Al.sub.2 O.sub.3 = 11.8 percent; SiO.sub.2 = 39.1 percent; Na.sub.2 O =
      0.55 percent; K.sub.2 O = 3.5 percent; TiO.sub.2 = 0.8 percent; CaO = 11.4
      percent; MgO = 3.2 percent; Fe.sub.2 O.sub.3 = 6.1 percent;
PA1  Co.sub.2 = 5.7 percent; SO.sub.4 = 0.01 percent.
PAR  The percentages are by weight.
PAR  For testing the product was incorporated with the soil in a proportion of 1
      percent by homogeneously distributing it therein. The resulting mixture
      was moistened, then allowed to ripen during 50 hours, whereupon it was
      disaggregated and sieved.
PAR  The product smaller than 2 mm in grain size was charged in a layer 100 mm
      high to a percolator 50 mm in diameter.
PAR  The percolation test was carried out at constant water head amounting to
      100 mm over the soil surface. The comparative test was carried out in the
      same manner on the same soil, without addition of modifier, but prepared
      similarly to the modified soil.
PAR  As a result, the modified soil allowed percolation of 150 ml water in two
      hours, while the comparative non-modified soil allowed percolation of 80
      ml water only.
PAR  The test for determining the clay/silt/sand fractions was effected along
      the S.I.S.S. (International Society for Soil Science) process.
PAR  This process effects disaggregation of the soil by treatment at boiling
      temperature with ammonium carbonate solutions, subsequently with a sodium
      hydroxide solution. The grain size of the fractions is then determined on
      the disaggregated soil by Andreasen's apparatus. Both S.I.S.S. process and
      Andreasen's apparatus are described in Soil Sci. 39, 263 (1935).
PAR  The following distribution by weight was ascertained on the modified soil
      sample: clay 13.4 percent; silt 58.6 percent; sand 28 percent. The
      non-modified comparative soil sample exhibited the following distribution
      by weight: clay 40 percent, silt 38 percent; sand 22 percent.
PAR  The above-mentioned product A was also sprayed, after grinding, with 86 g
      98 wt. percent sulphuric acid and allowed to ripen during 24 hrs at room
      temperature. The conversion of ferric hydroxide into ferric sulphate
      amounted to about 90 percent by weight.
PAR  The resulting product B was also submitted to both percolation test and
      determination of the distribution of the modified soil sample under the
      abovementioned conditions.
PAR  The modified soil allowed percolation of 310 ml water in 2 hours.
PAR  The following distribution by weight was ascertained on the modified soil
      sample: clay 4 percent; silt 60 percent; sand 36 percent.
PAC  EXAMPLE 2
PAR  A steel mixer of a conventional type for compounding powders was charged
      with 4,000 g ferrous sulphate and 1,350 g calcium carbonate both of the
      same nature as in Example 1. Mixing was carried out during 30 minutes,
      whereupon the product was allowed to ripen in air. The temperature reached
      a maximum value of 40.degree.C. After 4 hours the conversion reaction into
      calcium sulphate and the oxidation reaction into ferric hydroxide reached
      99 percent by weight.
PAR  The resulting product was quickly ground to a grain size of less than 0.5
      mm, then sprayed with 1,700 g sulphuric acid of a concentration of 98 wt.
      percent, and allowed to ripen during 24 hours. The conversion of ferric
      hydroxide into ferric sulphate amounted to over 90 percent.
PAR  The new resulting product was subjected to the tests described in Example 1
      and yielded results slightly superior to those of the product B of Example
      1.
PAC  EXAMPLE 3
PAR  Example 1 was repeated but 200 g ferrous sulphate were mixed with 91.9 g
      technical potassium carbonate of a 98 wt. percent K.sub.2 CO.sub.3
      concentration. The conversion reactions of ferrous sulphate into potassium
      sulphate and ferrous hydroxide and the oxidation of the latter into ferric
      hydroxide yielded the following results:
TBL  time (hrs)                                                                
               conversion (% b.w.)                                             
                                Oxidation (% b.w.)                             
     ______________________________________                                    
     1         38.8             32.4                                           
     2         45.5             41.3                                           
     4         93.1             86.0                                           
     24        98.2             97.7                                           
     ______________________________________                                    
PAR  The temperature reached 42.degree.C approximately as a maximum. The
      resulting product A.sub.1 was submitted to grinding to a grain size below
      0.5 mm. At the percolation test effected on the same soil as in Example 1
      and under the same conditions, the modified soil allowed percolation of
      170 ml water in two hours against 80 ml water for the non-modified soil.
PAR  The test for determining the clay/silt/sand fractions on the modified soil
      yielded the following percentages by weight: clay 17 percent; slit 53.7
      percent; sand 29.3 percent.
PAR  The above-mentioned product A.sub.1 was sprayed, after grinding, with 86 g
      98 wt. percent sulphuric acid and allowed to ripen during 24 hours. The
      conversion of ferric hydroxide into ferric sulphate amounted to over 90
      percent.
PAR  The resulting product B.sub.1 was also submitted to both percolation test
      and determination of the distribution of the modified soil sample under
      the conditions defined in Example 1.
PAR  The percolation was 324 ml water in two hours.
PAR  The distribution by weight on the modified soil sample was: clay 4 percent;
      silt 63 percent; sand 33 percent.
PAC  EXAMPLE 4
PAR  The Example 1 was repeated, however 200 g ferrous sulphate were mixed with
      120 g magnesium hydrated carbonate (MgCO.sub.3.Mg(OH).sub.2.3H.sub.2 O) of
      the commercial type with a 97 percent by weight concentration.
PAR  The conversion reactions of ferrous sulphate into magnesium sulphate and
      ferrous hydroxide and the oxidation of the latter into ferric hydroxide
      yielded the following results:
TBL  time period (hrs)                                                         
                 conversion (% b.w.)                                           
                                oxidation (% b.w.)                             
     ______________________________________                                    
     1           50             35                                             
     2           68.7           55.5                                           
     4           84.5           74.3                                           
     24          97.5           96.5                                           
     ______________________________________                                    
PAR  The temperature reached 35.degree.C as a maximum.
PAR  The resulting product A.sub.2 was submitted to grinding to a grain size of
      less than 0.5 mm.
PAR  The percolation test carried out on the same soil as Example 1, under the
      same conditions, exhibited with the modified soil a percolation of 155 ml
      water in two hours.
PAR  The test for determining the clay/silt/sand fractions gave with the
      modified soil and the following distribution by weight: clay 14.5 percent;
      silt 57 percent; sand 28.5 percent.
PAR  The above-mentioned product A.sub.2 was sprayed, after grinding, with 86 g
      98 wt. percent sulphuric acid and allowed to ripen during 24 hours. The
      conversion of ferric hydroxide into ferric sulphate amounted to over 90
      percent.
PAR  The resulting product B.sub.2 was submitted to both percolation test and
      determination of the distribution of the modified soil sample under the
      conditions defined in Example 1.
PAR  The percolation was 315 ml water in 2 hours. The distribution by weight on
      the modified soil sample was: clay 5 percent; silt 64 percent; sand 31
      percent.
PAC  EXAMPLE 5
PAR  Example 1 was again repeated, however 200 g ferrous sulphate were mixed
      with 71.8 g commercial ammonium carbonate with a NH.sub.3 concentration of
      31.5 percent by weight.
PAR  The conversion reactions of ferrous sulphate into ammonium sulphate and
      ferrous hydroxide and the oxidation of the latter into ferric hydroxide
      yielded the following results:
TBL  time period (hrs)                                                         
                 conversion (% b.w.)                                           
                                oxidation (% b.w.)                             
     ______________________________________                                    
     1           99.9           30.4                                           
     2           99.9           65.8                                           
     4           99.9           85.6                                           
     24          99.9           97.5                                           
     ______________________________________                                    
PAR  The temperature reached 50.degree.C as a maximum.
PAR  The resulting product was submitted to grinding to a grain size of less
      than 0.5 mm, then sprayed with 86 g 98 wt. percent sulphuric acid and
      allowed to ripen during 24 hours. The conversion of ferric hydroxide into
      ferric sulphate amounted to over 90 percent. The percolation test effected
      on the same soil as Example 1 under the same conditions exhibited with the
      modified soil a percolation of 330 ml water in two hours.
PAR  The test for determining the fractions of clay/silt/ sand exhibited with
      the modified soil the following values: clay 4 percent; silt 62 percent;
      sand 34 percent by weight.
PAC  EXAMPLE 6
PAR  Example 1 was again repeated, however mixing 200 g ferrous sulphate with
      39.3 g calcium oxide of a 95 wt. percent CaO concentration.
PAR  The conversion reactions of ferrous sulphate into calcium sulphate and
      ferrous hydroxide and the oxidation of the latter into ferric hydroxide
      gave the following results:
TBL  time period (hrs)                                                         
                 conversion (% b.w.)                                           
                                oxidation (% b.w.)                             
     ______________________________________                                    
     1           85.1           22.3                                           
     2           88.2           34.3                                           
     4           95.0           65.0                                           
     24          99.9           98.1                                           
     ______________________________________                                    
PAR  The temperature reached 55.degree.C as a maximum.
PAR  The resulting product was submitted to grinding to a grain size of less
      than 0.5 mm then sprayed with 86 g 98 wt. percent sulphuric acid and
      allowed to ripen during 24 hours. The conversion of ferric hydroxide into
      ferric sulphate amounted to over 90 percent.
PAR  The percolation test carried out on the same soil as Example 1 under the
      same conditions exhibited with the modified soil a percolation of 225 ml
      water in 2 hours.
PAR  The test for determining the clay/silt/sand fractions exhibited with the
      modified soil the following results: clay 6 percent; silt 62 percent; sand
      32 percent by weight.
PAC  EXAMPLE 7
PAR  Example 1 was again repeated, however mixing 200 g ferrous sulphate with 34
      g 98 wt. percent calcium carbonate and 46 g 98 wt. percent commercial
      potassium carbonate.
PAR  The conversion reactions of ferrous sulphate into calcium sulphate,
      potassium sulphate and ferrous hydroxide and the oxidation of the latter
      into ferric hydroxide gave the following results.
TBL  time period (hrs)                                                         
                 conversion (% b.w.)                                           
                                oxidation (% b.w.)                             
     ______________________________________                                    
     1           49.6           31.8                                           
     2           63.6           52.7                                           
     4           87.3           78.9                                           
     24          99.2           98.8                                           
     ______________________________________                                    
PAR  The temperature reached about 43.degree.C as a maximum.
PAR  The resulting product was submitted to grinding to a grain size of less
      that 0.5 mm, then sprayed with 86 g 98 wt. percent sulphuric acid, then
      allowed to ripen during 24 hours. The conversion of ferric hydroxide into
      ferric sulphate amounted to over 90 percent. The percolation test carried
      out on the same soil as Example 1 under the same conditions exhibited with
      the modified soil a percolation of 321 ml water in two hours.
PAR  The test for determining the clay/slit/sand fractions exhibited with the
      modified soil the following results: clay 4 percent; slit 64 percent; sand
      32 percent by weight.
PAC  EXAMPLE 8
PAR  Example 1 was again repeated, however mixing 200 g ferrous sulphate with 34
      g 98.5 wt. percent calcium carbonate and 36 g commercial ammonium
      carbonate of a 31.5 percent NH.sub.3 concentration. The conversion
      reactions of ferrous sulphate into calcium sulphate, ammonium sulphate and
      ferrous hydroxide and the oxidation of the latter into ferric hydroxide
      gave the following results:
TBL  period of time (hrs)                                                      
                 conversion (% b.w.)                                           
                                oxidation (% b.w.)                             
     ______________________________________                                    
     1           78.6           30.4                                           
     2           82.2           66.2                                           
     4           92.1           78.4                                           
     24          99.8           98.8                                           
     ______________________________________                                    
PAR  The temperature reached 45.degree.C as a maximum.
PAR  The resulting product was submitted to grinding to a grain size of less
      than 0.5 mm, then sprayed with 86 g 98 wt. percent sulphuric acid and
      allowed to ripen during 24 hours. The conversion of ferric hydroxide into
      ferric sulphate amounted to over 90 percent. The percolation test carried
      out on the same soil as Example 1 under the same conditions exhibited with
      the modified soil a percolation of 322 ml water in two hours.
PAR  The test for determining the clay/slit/sand fractions exhibited with the
      modified soil the following results: clay 5 percent; slit 57 percent; sand
      38 percent by weight.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for preparing a composition useful in agriculture as a soil
      modifier and fertilizer starting from a waste material which is obtained
      in the manufacture of titanium dioxide from ilmenites or ilmenite slags by
      the sulphate process and consists essentially of heptahydrated ferrous
      sulphate, comprising the steps of thoroughly contacting by a dry mixing
      the waste material having a grain size up to 3 mm with a compound or a
      mixture of compounds chosen from the group consisting of potassium
      carbonate, ammonium carbonate and the oxides, hydroxides and carbonates of
      calcium and magnesium, said compound or mixture of compounds being alone
      or in mixture in an ore and said compound or said ore having a grain size
      from 0.01 to 0.8 mm, at a temperature of from 20.degree.C to the melting
      point of the heptahydrated ferrous sulphate, thereby obtaining a
      conversion reaction product consisting essentially of ferrous hydroxide
      and at least one sulphate of the group consisting of sulphates of calcium,
      magnesium, potassium and ammonium, and submitting the said conversion
      reaction product to oxidation in the presence of oxygen or a gas
      containing molecular oxygen at a temperature from 20.degree. to
      80.degree.C to convert at least 90 percent of the ferrous hydroxide into
      ferric hydroxide.
NUM  2.
PAR  2. The method of claim 1, wherein the conversion reaction and the said
      oxidation are carried out in a single step by simultaneously contacting
      the waste material, the said compound or mixture of compounds, alone or in
      mixture in the ore, and oxygen or a gas containing molecular oxygen at a
      temperature from 20.degree.C to the melting point of the said ferrous
      sulphate.
NUM  3.
PAR  3. The method of claim 1, wherein the oxidation step is carried out by
      exposing to ambient air the said conversion reaction product arranged in a
      layer.
NUM  4.
PAR  4. The method of claim 1, wherein the product obtained at the oxidation
      step is treated with sulphuric acid to thereby convert the ferric
      hydroxide into ferric sulphate in a proportion of at least 40% by weight.
NUM  5.
PAR  5. The method of claim 2, wherein the product obtained is treated with
      sulphuric acid to thereby convert the ferric hydroxide into ferric
      sulphate in a proportion of at least 40 percent by weight.
NUM  6.
PAR  6. The method of claim 5, wherein the ferric hydroxide is converted in a
      proportion from 80 to 95 percent by weight.
NUM  7.
PAR  7. The method of claim 1 wherein the waste material is of a grain size from
      0.1 to 2 mm and the said compound or said ore is of a grain size not
      exceeding 0.5 mm.
NUM  8.
PAR  8. The method of claim 1 wherein the oxidation reaction temperature is from
      20.degree. to 60.degree.C.
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ABST
PAL  Agent for the regulation of plant growth, which agent contains as active
      substance at least one acylamine of the formula
      ##SPC1##
PAL  Wherein R.sub.1 represents hydrogen, methyl or ethyl, R.sub.2 represents
      hydrogen, methyl, ethyl, n-propyl, isopropyl, methoxyethyl, allyloxymethyl
      or lower alkyloxymethyl, and n denotes the number 3 or 4.
PARN
PAR  This is a division of application Ser. No. 331,168, filed on Feb. 9, 1973
      now U.S. Pat. No. 3,875,228.
BSUM
PAR  The present invention relates to acylamines of bicyclic hydrocarbons, to
      processes for their production, also to plant-regulating agents containing
      these compounds as active substances, as well as to processes for plant
      regulation, particularly for the control of weeds by application of the
      new active substances or of agents containing them.
PAR  The new acylamines correspond to formula I
      ##SPC2##
PAL  wherein
PA1  R.sub.1 represents hydrogen, methyl or ethyl,
PA1  R.sub.2 represents hydrogen, methyl, ethyl, n-propyl, isopropyl,
      methoxyethyl, allyloxymethyl or lower alkyloxymethyl, and
PA1  N represents the number 3 or 4.
PAR  The new active substances of the present invention are acylated
      5-amino-tetralins and acylated 4-aminoindanes.
PAR  The lower alkyl radical in the lower alkyloxymethyl group can be: methyl,
      ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec.butyl or tert.butyl.
PAR  Preferred active substances are those compounds of formula I wherein n = 3.
PAR  Of these compounds, particularly valuable ones are compounds in which
      R.sub.1 represents methyl or ethyl, and R.sub.2 represents a
      methoxymethyl, ethoxymethyl or isopropoxymethyl group.
PAR  The compounds of formula I are obtained according to the present invention
      by a process in which an amine of formula II
      ##SPC3##
PAL  is reacted with a compound suitable for halogenoacetylation, preferably
      with a chloroacetanhydride or a chloroacetyl halide. In formula II, the
      symbols R.sub.1, R.sub.2 and n have the meanings given under formula I.
PAR  The reactions can be performed in the presence or absence of solvents or
      diluents inert to the reactants. The following are, for example, suitable:
      aliphatic, aromatic or halogenated hydrocarbons such as benzene, toluene,
      xylenes, petroleum ether, chlorobenzene, methylene chloride, ethylene
      chloride, chloroform; ethers and ethereal compounds such as dialkyl ether,
      dioxane, tetrahydrofuran; nitriles such as acetonitriles; N,N-dialkylated
      amides such as dimethylformamide; also dimethylsulphoxide as well as
      mixtures of these solvents with each other.
PAR  Chloroacetylation can also be performed with chloroacetic acid, its esters
      or amides. The reaction temperatures are between 0.degree. and
      200.degree., preferably between 20.degree. and 100.degree.C. In some cases
      the chloroacetylation is carried out in the presence of an acid-binding
      agent. Suitable acid binding agents for this purpose are tertiary amines
      such as trialkylamines, e.g. triethylamine, pyridine and pyridine bases,
      or inorganic bases such as the oxides and hydroxides, hydrogen carbonates
      and carbonates of alkali metals and alkaline-earth metals. The acid
      binding agent may also be the respective amine of formula II, which in
      this case has to be used in excess.
PAR  Compounds of formula I wherein R.sub.2 represents an allyloxymethyl group
      or lower alkyloxymethyl group can be produced by a process in which an
      amide of formula III
      ##SPC4##
PAL  is converted in a manner known per se with formaldehyde into the
      corresponding azomethine of formula IV
      ##SPC5##
PAL  this then reacted with a halogenoacetyl chloride of formula V
EQU  Hal - CO CH.sub.2 Cl (V),
PAL  and subsequently with an alkanol of formula VI
EQU  R.sub.3 - OH
PAL  in the presence of an acid-binding agent.
PAR  In formulae III and IV, the symbols R.sub.1 and n have the meanings given
      under formula I. Hal in formula V stands for halogen, preferably for
      chlorine or bromine, while R.sub.3 in formula VI represents the lower
      alkyl group or the allyl group.
PAR  The individual reaction steps of this second process are performed in the
      presence of solvents or diluents inert to the reactants, such as are given
      above, with the absence of moisture. A chloroacetamide is obtained as the
      intermediate, which can be reacted, after the solvent has been distilled
      off, direct with the alkanol of formula VI. This step of the process is
      performed in the presence of an acid-binding agent; suitable acid-binding
      agents in this case are: inorganic and organic bases such as, e.g. alkali
      metal and alkaline-earth metal hydroxides and -carbonates; trialkylamines
      such as trimethylamine, triethylamine, dialkylanilines, pyridine and
      pyridine bases; alkali alkanolates of lower alkanols such as sodium
      methylate, sodium ethylate, potassium ethylate, etc. The reaction
      temperatures are between -20.degree. and 110.degree.C.
PAR  In the performance of this second process it is advisable not to isolate
      either the azomethines given as intermediates of formula IV, or the
      compounds obtained therefrom with halogenoacetyl chloride, but to use them
      as crude products in the form of solutions in the further reactions.
PAR  In the case of the starting materials of formula III, these are
      4-amino-indanes and 5-amino-tetralins, of which only certain ones have
      been hitherto described in the literature.
PAR  4-Amino-5-ethylindanes according to formula III which have not been
      hitherto described are obtained by processes known per se by reaction of
      4-amino-indane with ethylene in the presence of aluminium powder and
      aluminium chloride (Friedel-Crafts reaction).
PAR  5-Methyl-4-amino-indane is obtained from indane by chloromethylation,
      subsequent hydrogenating dehalogenation, nitration and reduction of the
      nitro group. 5-Aminotetralins (= 5-amino-1,2,3,4-tetrahydronaphthalenes)
      are obtained by catalytic hydrogenation of the corresponding
      6-alkyl-.alpha.-naphthylamines [cp. Schroeter, Ann. 426, from p. 1,
      (1922)].
PAR  The following examples illustrate the process according to the invention.
      Further compounds of formula I which have been produced by the described
      processes are listed in the following table. The temperatures are
      expressed in degrees Centigrade.
DETD
PAC  EXAMPLE 1
PAR  a. An amount of 40 g of 4-amino-indane is mixed with 40 ml of
      isopropylbromide, and the mixture heated for 5 hours in a sealed tube at
      130.degree. - 140.degree.. After cooling of the reaction mixture, diluted
      ammonia is added until an alkaline reaction is obtained, and extraction
      then performed with diethyl ether. The organic phases are concentrated by
      evaporation and the residue distilled in high vacuum. There is thus
      obtained 47 g of 4-isopropylamino-indane (B.P. 95.degree./1 Torr;
      n.sub.D.sup.20 = 1.5533).
PAR  b. An amount of 34 g of chloroacetic acid anhydride is added to 29 g of
      4-isopropylamino-indane; the reaction temperature rises in the process to
      50.degree.. The homogeneous mixture is heated for one hour on a boiling
      water-bath; the mixture is then cooled to 35.degree. - 40.degree., an
      addition made of 150 ml of diethyl ether, and the whole cooled to
      0.degree.. There thus crystallises 29 g of
      N-chloroacetyl-N-isopropyl-4-amino-indane, M.P. 59.degree. to 61.degree.
      (compound No. 1).
PAC  EXAMPLE 2
PAR  a. 5-Amino-1,2,3,4-tetrahydronaphthalene is obtained by hydrogenation of
      .alpha.-naphthylamine with Raney-nickel at 15 atm. and at a temperature of
      180.degree. [anolog. to Schroeter, Ann. 426, p. 1 (1922)]. The boiling
      point is at 92.degree./0.7 Torr; n.sub.D.sup.20 = 1.5910.
PAR  b. An ethereal solution of 90 g of chloroacetic acid anhydride is added
      dropwise to 73.6 g of 5-amino-1,2,3,4-tetrahydronapthalene in 1000 ml of
      diethyl ether. The temperature should not exceed 30.degree.. The mixture
      is stirred for a further half hour at room temperature, then cooled to
      0.degree. and the precipitated product filtered off. After
      recrystallisation from ethanol, there is obtained 100 g of
      5-chloroacetamino-1,2,3,4-tetrahydronaphthalene having a melting point of
      155.degree. - 157.degree. (compound No. 2).
PAC  EXAMPLE 3
PAR  a. A mixture of 106 g (0.8 mole) of 4-amino-indane, 4 g of aluminium
      chloride and 1.6 g of aluminium shot is heated in an autoclave to
      300.degree.C. After injection of ethylene at 200 bar, the reaction mixture
      is maintained for one hour at 300.degree.C. By distillation of the
      green-black crude product in high vacuum there is obtained 106.9 g of
      5-ethyl-4-amino-indane, B.P. 72 to 74.degree.C/0.001 Torr.
PAR  b. An amount of 1 ml of 25 percent methanolic trimethylamine solution is
      added to the solution of 53 g (0.33 mole) of 5-ethyl-4-amino-indane and 12
      g (0.4 mole) of paraformaldehyde in 250 ml of benzene, and the whole
      refluxed for 5 hours under a water separator. The slightly yellow solution
      is concentrated by evaporation and in the crude condition further
      processed.
PAR  c. The solution of 17.3 g (0.1 mole) of the azomethine obtained according
      to b) in 20 ml of absolute benzene is added dropwise in the course of 20
      minutes at -3.degree. to 0.degree.C to a solution of 11.3 g (0.1 mole) of
      chloroacetyl chloride in 40 ml of absolute benzene, and the temperature of
      the reaction mixture thereupon raised within 30 minutes to 25.degree.C.
      After the addition of 60 ml of absolute methanol, the temperature is
      increased to 60.degree.C; an addition is made dropwise to the solution
      within 20 minutes of 11.3 g (0.11 mole) of triethylamine, and the whole
      finally stirred for 1 hour at 60.degree.C. After concentration of the
      reaction solution in vacuo, the crystalline residue is taken up in 300 ml
      of diethyl ether, the ether solution repeatedly washed with water, dried
      and concentrated by evaporation. By dissolving of the distillation residue
      in petroleum ether, and crystallising at -30.degree.  to -40.degree.C,
      there is obtained N-methoxy-methyl-N-chloroacetyl-5-ethyl-4-amino-indane
      (compound No. 3) as colourless crystals, M.P. 57.degree. to 60.degree.C.
PAR  All together there are produced the following compounds of formula I:
      ##SPC6##
TBL  Comp.                             Physical                                
     No.   R.sub.1     R.sub.2    n    data                                    
     ______________________________________                                    
     1     H        isoC.sub.3 H.sub.7                                         
                                  3    M.P. 59 - 61.degree.                    
     2     H        H             4    M.P. 155 - 157.degree.                  
     3     C.sub.2 H.sub.5                                                     
                    --CH.sub.2 --O--CH.sub.3                                   
                                  3    M.P. 57 - 60.degree.                    
     4     C.sub.2 H.sub.5                                                     
                    --CH.sub.2 --O--isoC.sub.3 H.sub.7                         
                                  3    n.sub.D.sup.20 1.5350                   
     5     C.sub.2 H.sub.5                                                     
                    --CH.sub.2 --O--C.sub.2 H.sub.5                            
                                  3    M.P. 42 - 45.degree.                    
     6     H        --CH.sub.2 --O--CH.sub.3                                   
                                  3    M.P. 52 - 54.degree.                    
     7     CH.sub.3 --CH.sub.2 --O--CH.sub.3                                   
                                  4    M.P. 56 - 58.degree.                    
     8     C.sub.2 H.sub.5                                                     
                    --CH.sub.2 --O--CH.sub.3                                   
                                  4    viscous oil                             
     9     CH.sub.3 H             4    M.P. 59 - 61.degree.                    
     10    H        H             3    M.P. 128 - 131.degree.                  
     11    H        isoC.sub.3 H.sub.7                                         
                                  4    M.P. 61 - 63.degree.                    
     12    H        n-C.sub.3 H.sub.7                                          
                                  4    M.P. 71 - 73.degree.                    
     13    H        C.sub.2 H.sub.5                                            
                                  4    M.P. 51 - 52.degree.                    
     14    H        n--C.sub.3 H.sub.7                                         
                                  3    M.P. 41 - 42.degree.                    
     15    H        CH.sub.3      3    M.P. 60 - 61.degree.                    
     16    H        CH.sub.3      4    M.P. 106 - 107.degree.                  
     17    H        --CH.sub.2 --CH.sub.2 --O--CH.sub.3                        
                                  3    M.P. 57 - 59.degree.                    
     18    H        --CH.sub.2 --CH.sub.2 --O--CH.sub.3                        
                                  4    M.P. 41 - 42.degree.                    
     19    H        --CH.sub.2 --O--CH.sub.2 --CH--CH.sub.2                    
                                  3    n.sub.D.sup.20 1.5479                   
     20    H        --CH.sub.2 'O--C.sub.2 H.sub.5                             
                                  3    n.sub.D.sup.20 1.5494                   
     21    H        --CH.sub.2 --O--nC.sub.3 H.sub.7                           
                                  3    n.sub.D.sup.20 1.5396                   
     22    H        --CH.sub.2 --O--tert.C.sub.4 H.sub.9                       
                                  3    n.sub.D.sup.20 1.5310                   
     23    H        --CH.sub.2 --O--isoC.sub.3 H.sub.7                         
                                  3    n.sub.D.sup.20 1.5411                   
     24    H        --CH.sub.2 --O--nC.sub.4 H.sub.9                           
                                  3    n.sub.D.sup.20 1.5381                   
     25    H        --CH.sub.2 --O--Sec.C.sub.4 H.sub.9                        
                                  3    n.sub.D.sup.20 1.5340                   
     26    H        --CH.sub.2 --O--isoC.sub.4 H.sub.9                         
                                  3    n.sub.D.sup.20 1.5329                   
     27    C.sub.2 H.sub.5                                                     
                    --CH.sub.2 --O--CH.sub.3                                   
                                  4    highly viscous oil                      
     ______________________________________                                    
PAR  One of the problems at present associated with weed control is that of
      effecting the construction of difficulty controllable perennial grasses
      known biologically under the collective term of `millet-related` plants.
      Belonging to these are species such as Setaria, Digitaria and Echinochloa.
      It has now been shown that the compounds of formula I effectively and
      lastingly destroy precisely these weeds that are known to be extremely
      resistant, and simultaneously control also other species of grasses such
      as Cyperaceae (e.g. Cyperus esculentus), or such as the Lolium and
      Alopecurus species.
PAR  Useful-plant crops, such as maize, cereals, soya bean, lucerne, peas,
      beans, potatoes, cotton, brassica (rape and cabbage), sugar beet, sugar
      cane, sunflower or rice, are not damaged. The compounds of formula I
      therefore have a very wide practical field of application.
PAR  To be particularly emphasised is the use of the said compounds for the
      control of grass (Echinochloa sp.) in upland rice crops and in paddy rice
      crops. Since the active substances in the normally applied concentrations
      are not toxic and do not impair the biological equilibrium, they are
      particularly suitable for application in paddy rice crops. They can also
      be used for the control of weeds in border areas, such as in ditches,
      canal beds and on embankments, etc.
PAR  The active substances are applied before (pre-emergence) or after
      (post-emergence) emergence of the plants, preferably before. The applied
      amounts are between 0.1 and 10 kg per hectare; however, excellent control
      or destruction of weeds is effected even with applied amounts of 0.5 kg
      per hectare. In order to prevent weed infestation, e.g. of railway
      embankments, factory sites, streets, etc., the amounts applied are usually
      up to 10 kg or more per hectare.
PAR  Furthermore, the active substances of formula I also possess
      growth-regulating properties in that, in the case of grasses (e.g. on
      existing cultivated lawns), they retard growth height and increase
      tillering. Weeds that intensively and rapidly run to seed are inhibited in
      germination and sprouting, and thus removed from crops of useful plants.
      The present acylated amines of formula I possess moreover defoliating
      properties, and can be used for the retarding of blossom. The capacity of
      plants to store plant constituents is, as a rule, improved by the present
      active substances. Thus, for example, the sugar content in sugar beet and
      sugar cane is increased, and likewise the starch content in potatoes, or
      the fat content in soya beans or in groundnuts.
PAC  1. Herbicidal action with application of the active substances before
      emergence of the plants
PAR  Immediately after the sowing of the test plants in seed trays, the active
      substances are applied as an aqueous dispersion (obtained from a 25
      percent wettable powder) to the surface of the soil. The seed trays are
      then maintained at 22.degree. - 25.degree. with 50 - 70 percent relative
      humidity. The results of the test are evaluated after 28 days. These
      results are given in Table I.
PAR  Evaluation is on the basis of the following scale of values:
TBL   9 = plants undamaged (as in control test)                                
      1 = plants dead                                                          
     8-2 = intermediate stages of damage                                       
      - = not tested                                                           
TBL                                    Table 1                                 
     __________________________________________________________________________
     Com-                                                                      
         Applied                                                               
     pound                                                                     
         amount Ama-                                                           
                    Echino-                                                    
                         Setarin                                               
                             Digitaria                                         
                                  Poa                                          
                                     Cyperus                                   
                                          Alope-                               
                                              Lolium                           
                                                  maize                        
                                                      cotton                   
                                                          soya                 
                                                             wheat             
                                                                 sugar         
     No. in kg of                                                              
                ranthus                                                        
                    chloa                 curus           bean   beet          
         active                                                                
         subst./hectare                                                        
     __________________________________________________________________________
         4      --  1    1   1    1  1    1   1   7   9   8  8   8             
         2      --  1    1   1    2  1    2   2   7   9   8  8   9             
     7   1      --  2    2   2    2  2    4   2   8   9   9  9   9             
         0.5    --  2    2   3    3  3    --  3   9   9   9  9   9             
     __________________________________________________________________________
         4      --  1    1   1    -- 1    --  1   9   9   -- 8   9             
         2      --  1    2   1    -- 1    --  1   9   9   -- 9   9             
     15  1      --  1    2   2    -- 2    --  2   9   9   -- 9   9             
         0.5    --  2    4   --   -- 3    --  2   9   9   -- 9   9             
     __________________________________________________________________________
         4      1   1    1   1    1  --   1   1   --  9   7  --  --            
         2      1   1    1   1    1  --   2   1   7   9   7  --  --            
     3   1      1   1    1   1    1  --   2   2   8   9   8  --  --- 0.5 1 1 2 
                                                                 1 3 -- 2 2 9 9
                                                                  9 -- --      
     __________________________________________________________________________
         4      1   1    1   1    1  --   1   1   8   8   8  --  --            
         2      1   1    1   1    1  --   1   1   8   9   9  8   --            
     4   1      1   1    1   1    1  --   2   2   9   9   9  8   --            
         0.5    2   1    2   4    1  --   2   2   9   9   9  9   --            
     __________________________________________________________________________
         4      1   1    1   1    1  --   1   1   8   --  7  --  --            
         2      1   1    1   1    1  --   2   2   8   9   7  --  7             
     5   1      1   1    1   1    1  --   2   2   9   9   8  --  8             
         0.5    1   1    1   1    2  --   2   2   9   9   9  --  8             
     __________________________________________________________________________
         4      1   1    1   1    -- --   2   --  9   9   9  7   8             
         2      1   1    2   2    -- --   2   --  9   9   9  8   8             
     20  1      1   2    2   2    -- --   3   --  9   9   9  9   9             
         0.5    2   2    3   2    -- --   --  --  9   9   9  9   9             
     __________________________________________________________________________
         4      1   1    1   1    -- 1    --  --  9   8   9   9* 9             
         2      1   2    2   2    -- 1    --  --  9   9   9   9* 9             
     23  1      1   2    2   3    -- 1    --  --  9   9   9   9* 9             
         0.5    1   2    3   4    -- 2    --  --  9   9   9   9* 9             
     __________________________________________________________________________
         4      --  1    1   1    1  1    --  1   9   9   9  9   9             
         2      --  1    1   1    2  1    --  1   9   9   9  9   9             
     1   1      --  1    1   3    2  1    --  1   9   9   9  9   9             
         0.5    --  2    2   3    2  2    --  2   9   9   9  9   9             
     __________________________________________________________________________
      *Evaluation for barley instead of wheat                                  
PAC  2. CONTROL OF WEEDS IN RICE
PAR  Rice (Oryza oryzoides) is sown in garden soil contained in clay dishes, and
      in a similar manner likewise weeds. The active-substance solution,
      prepared from a 25 percent wettable powder, is applied to the surface of
      the soil immediately after sowing. The dishes are kept in a greenhouse at
      24.degree.-27.degree. with 70 percent relative humidity. An evaluation of
      the test results is made after 28 days based on the scale of values used
      in the previous example.
TBL  ______________________________________                                    
     Compound No                                                               
               Applied amount                                                  
                           Setaria  Echinochloa                                
                                             Rice                              
               in kg AS/hect.                                                  
                           itolica  crus galli                                 
     ______________________________________                                    
               4           --       1        9                                 
      6        2           --       1        9                                 
               1           --       2        9                                 
     ______________________________________                                    
               4           1        1        7                                 
     20        2           1        1        8                                 
               1           2        2        9                                 
     ______________________________________                                    
               4           2        1        7                                 
     21        2           2        1        8                                 
               1           2        2        9                                 
     ______________________________________                                    
               4           1        1        9                                 
     24        2           2        1        9                                 
               1           3        1        9                                 
     ______________________________________                                    
               4           1        1        8                                 
     25        2           2        1        9                                 
               1           3        1        9                                 
     ______________________________________                                    
               4           1        1        --                                
     19        2           2        1        9                                 
               1           3        1        9                                 
     ______________________________________                                    
               4           1        1        7                                 
     15        2           2        1        9                                 
               1           2        1        9                                 
     ______________________________________                                    
PAR  In the production of herbicidal agents, the active substances are mixed
      with suitable carriers and/or distributing agents. For the widening of the
      sphere of action of these agents, it is possible to add to them other
      herbicides, for example, of the series of triazines such as
      halogen-diamino-s-triazines, alkoxy- and alkylthio-diamino-s-triazines,
      triazoles, diazines such as uracils, aliphatic carboxylic acids and
      halogencarboxylic acids, halogenated benzoic acids and phenylacetic acids,
      aryloxyalkanecarboxylic acids, hydrazides, amides, nitriles, esters of
      such carboxylic acids, carbamic acid and thiocarbamic acid esters, and
      phenylureas.
PAR  Herbicidal agents according to the invention are produced in a manner known
      per se by the intimate mixing and grinding of active substances of the
      general formula I with suitable carriers, optionally with the addition of
      dispersing agents or solvents which are inert to the active substances.
      The active substances can be obtained and used in the following forms:
PAR  solid preparations: dusts, scattering agents, granulates, (coated
      granulates, impregnated granulates and homogeneous granulates):
PAR  water-dispersible concentrates of the active substance: wettable powders,
      pastes, emulsions;
PAR  liquid preparations: solutions.
PAR  The solid preparations (dusts, scattering agents, granulates) are produced
      by the mixing of the active substances with solid carriers. Suitable
      carriers are, e.g. kaolin, talcum, bole, loess, chalk, limestone, ground
      limestone, Attaclay, dolomite, diatomaceous earth, precipitated silicic
      acid, alkaline-earth silicates, sodium and potassium aluminium silicates
      (feldspar and mica), calcium and magnesium sulphates, magnesium oxide,
      ground synthetic materials, fertilisers such as ammonium sulphate,
      ammonium phosphate, ammonium nitrate, urea, ground vegetable products such
      as bran, bark dust, sawdust, ground nutshells, cellulose powder, residues
      of plant extractions, active charcoal, etc., alone or in admixture with
      each other.
PAR  The particle size of the carriers is for dusts advantageously up to about
      0.1 mm; for scattering agents from about 0.075 mm to 0.2 mm; and for
      granulates 0.2 mm or coarser.
PAR  The concentrations of active substance in the solid preparation forms are
      from 0.5 to 80 percent.
PAR  To these mixtures may also be added additives stabilising the active
      substance, and/or non-ionic, anion-active, and cation-active substances,
      which, for example, improve the adhesiveness of the active substances on
      plants and on parts of plants (adhesives and agglutinants), and/or ensure
      a better wettability (wetting agents) and dispersibility (dispersing
      agents). Suitable adhesives are, for example, the following: olein/chalk
      mixture, cellulose derivatives (methyl cellulose, carboxymethyl
      cellulose), hydroxyethylene glycol ethers of monoalkyl and dialkyl phenols
      having 5 to 15 ethylene oxide radicals per molecule and 8 to 9 carbon
      atoms in the alkyl radical, ligninsulphonic acid, its alkali metal and
      alkaline-earth metal salts, polyethylene glycol ethers (carbowaxes), fatty
      alcohol polyethylene glycol ethers having 5 to 20 ethylene oxide radicals
      per molecule and 8 to 18 carbon atoms in the fatty alcohol moiety,
      condensation products of ethylene oxide, propylene oxide, polyvinyl
      pyrrolidones, polyvinyl alcohols, condensation products of urea and
      formaldehyde, as well as latex products.
PAR  Water-dispersible concentrates of active substance, i.e., wettable powders,
      pastes and emulsion concentrations, are agents which can be diluted with
      water to obtain any desired concentration. They consist of active
      substance, carrier, optionally additives which stabilise the active
      substance, surface-active substances, and anti-foam agents and,
      optionally, solvents. The concentration of active substance in these
      agents is 5 to 80 percent.
PAR  The wettable powders and the pastes are obtained by the mixing and grinding
      of the active substances with dispersing agents and pulverulent carriers,
      in suitable devices, until homogeneity is attained. Suitable carriers are,
      e.g. those previously mentioned in the case of solid preparations. It is
      advantageous in some cases to use mixtures of different carriers. As
      dispersing agents it is possible to use, e.g.: condensation products of
      sulphonated naphthalene and sulphonated naphthalene derivatives with
      formaldehyde, condensation products of naphthalene or of
      naphthalenesulphonic acids with phenol and formaldehyde, as well as
      alkali, ammonium and alkaline-earth metal salts of ligninsulphonic acid,
      also alkylaryl sulphonates, alkali metal salts and alkaline-earth metal
      salts of dibutyl naphthalenesulphonic acid, fatty alcohol sulphates such
      as salts of sulphated hexadecanols, heptadecanols, octadecanols, and salts
      of sulphated fatty alcohol glycol ether, the sodium salt of oleyl methyl
      tauride, ditertiary acetylene glycols, dialkyl dilauryl ammonium chloride,
      and fatty acid alkali-metal and alkaline-earth metal salts.
PAR  Suitable anti-foam agents are, for example, silicones.
PAR  The active substances are so mixed, ground, sieved and strained with the
      above mentioned additives that the solid constituent in the case of
      wettable powders has a particle size not exceeding 0.02 to 0.04 mm, and in
      the case of pastes not exceeding 0.03 mm. Dispersing agents such as those
      mentioned in the preceding paragraphs, organic solvents and water are used
      in the preparation of emulsion concentrates and pastes. Suitable solvents
      are, e.g. the following: alcohols, benzene, xylenes, toluene,
      dimethylsulphoxide, N,N-dialkylated amides, N-oxides of amines, especially
      trialkylamines, and mineral oil fractions boiling in the range of
      120.degree. to 350.degree.. The solvents must be practically odourless,
      non-phytotoxic, inert to the active substances, and not readily
      inflammable.
PAR  Furthermore, the agents according to the invention can be used in the form
      of solutions. For this purpose the active substance (or several active
      substances) of the general formula I is (or are) dissolved in suitable
      organic solvents, mixtures of solvents, water, or mixtures of organic
      solvents with water. As organic solvents it is possible to use aliphatic
      and aromatic hydrocarbons, their chlorinated derivatives,
      alkylnaphthalenes, mineral oils on their own or in admixture with each
      other. The solutions should contain the active substances in a
      concentration of from 1 to 20 percent. These solutions can be applied
      either with the aid of a propellent gas (as a spray), or with special
      spraying devices (such as aerosol).
PAR  Other biocidal active substances or agents may be added to the described
      agents according to the invention. For the widening of their sphere of
      action, the new agents may also contain, in addition to the stated
      compounds of the general formula I, e.g. insecticides, fungicides,
      bactericides, fungistatics, bacteriostatics or nematocides. The agents
      according to the invention can also contain fertilisers, trace elements,
      etc.
PAR  Preparations of the new active substances of the general formula I are
      described in the following. The term `parts` denotes parts by weight.
PAC  GRANULATE
PAR  The following substances are used to produce a 5 percent granulate:
PA1  5 parts of active substance No. 1,
PA1  0.25 parts of epichlorohydrin,
PA1  0.25 parts of cetyl polygylcol ether,
PA1  3.50 parts of polyethylene glycol,
PA1  91 parts of kaolin (particle size 0.3 to 0.8 mm).
PAR  The active substance is mixed with epichlorohydrin and the mixture
      dissolved in 6 parts of acetone; the polyethylene glycol and cetyl
      polyglycol ether are then added. The thus obtained solution is sprayed on
      kaolin and the acetone subsequently evaporated off in vacuo.
PAC  WETTABLE POWDER
PAR  The following constituents are used for the preparation of a) a 50 percent,
      b) a 25 percent and c) a 10 percent wettable powder:
TBL  a)  50      parts of active substance No. 2,                              
         5       parts of sodium dibutyl naphthylsulphonate,                   
         3       parts of naphthalenesulphonic acid phenolsulphonic            
                   acid/formaldehyde condensate 3:2:1,                         
         20      parts of kaolin,                                              
         22      parts of Champagne chalk;                                     
     b)  25      parts of active substance No. 1,                              
         5       parts of the sodium salt of oleyl methyl tauride,             
         2.5     parts of naphthalenesulphonic acid/formaldehyde               
                   condensate,                                                 
         0.5     parts of carboxymethylcellulose,                              
         5       parts of neutral potassium aluminium silicate,                
         62      parts of kaolin;                                              
     c)  10      parts of active substance No. 3,                              
         3       parts of a mixture of the sodium salts of                     
                   saturated fatty alcohol sulphates,                          
         5       parts of naphthalenesulphonic acid/formaldehyde               
                   condensate,                                                 
         82      parts of kaolin.                                              
PAR  The given active substance is absorbed onto the appropriate carriers
      (kaolin and chalk) and the whole subsequently mixed and ground. Wettable
      powders are obtained having excellent wettability and suspension
      properties. It is possible to prepare from such wettable powders, by
      dilution with water, suspensions of any desired concentration of active
      substance. These suspensions are employed for the control of weeds and
      wild grasses in cultivated crops.
PAC  PASTE
PAR  The following substances are used for the preparation of a 45 % paste:
PA1  45 parts of active substance No. 19 or No. 2,
PA1  5 parts of sodium aluminium silicate,
PA1  14 parts of cetyl polyglycol ether having 8 moles of ethylene oxide,
PA1  1 part of oleyl polyglycol ether having 5 moles of ethylene oxide,
PA1  2 parts of spindle oil,
PA1  10 parts of polyethylene glycol,
PA1  23 parts of water.
PAR  The active substance is intimately mixed and ground, in suitable apparatus,
      with the additives. A paste is obtained from which can be prepared, by
      dilution with water, suspensions of any desired concentration.
PAC  EMULSION CONCENTRATE
PAR  The following substances are mixed together in the preparation of a 25
      percent emulsion concentrate:
PA1  25 parts of active substance No. 2,
PA1  5 parts of a mixture of nonyl phenol polyoxyethylene and calcium
      dodecylbenzene sulphonate,
PA1  35 parts of 3,5,5-trimethyl-2-cyclohexen-1-one,
PA1  35 parts of dimethylformamide.
PAL  This concentrate can be diluted with water to obtain emulsions of suitable
      concentration. Such emulsions are suitable for the control of weeds in
      cultivated crops.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for the selective control of undesired plant growth in useful
      plant crops which comprises applying to the plant area a growth
      controlling effective amount of an active substance corresponding to the
      formula
      ##SPC7##
PAL  wherein R.sub.1 represents hydrogen, methyl or ethyl; R.sub.2 represents
      hydrogen, methyl, ethyl, n-propyl, isopropyl, methoxyethyl, allyloxymethyl
      or lower alkyloxymethyl; and n denotes the number 3 or 4.
NUM  2.
PAR  2. The process of claim 1, wherein n=3 in said active substance.
NUM  3.
PAR  3. The process of claim 2, wherein in said active substance R.sub.1
      represents methyl or ethyl, and R.sub.2 represents methoxymethyl,
      ethoxymethyl or isopropoxymethyl.
NUM  4.
PAR  4. The process of claim 2, wherein said active substance is
      N-ethoxymethyl-N-chloroaceto-4-amino-5-ethyl-indane.
NUM  5.
PAR  5. The process of claim 2, wherein said active substance is
      N-isopropoxymethyl-N-chloroaceto-4-amino-5-ethyl-indane.
NUM  6.
PAR  6. The process of claim 2, wherein said active substance is
      N-methoxymethyl-N-chloroaceto-4-amino-5-ethyl-indane.
NUM  7.
PAR  7. The process of claim 2, wherein said active substance is
      N-isopropyl-N-chloroaceto-4-amino-indane.
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ABST
PAL  A method of activating zinc sphalerite mineral is provided. Zinc sphalerite
      is crushed and ground in a known manner then cleaned and sent to an
      activating station. An ammoniated aqueous solution of CuCO.sub.3 or
      CuCl.sub.2 is used to activate the zinc sphalerite. This activator is a
      substitute for the heretofore universally used CuSO.sub.4 but is less
      expensive and superior in many ways. After activation a flotation agent is
      added and air bubbles are introduced into the aqueous media to cause the
      zinc to float to the surface.
BSUM
PAR  This invention relates generally to zinc mining and, more particularly, to
      a method of floatation of zinc sphalerite mineral.
PAR  For many years the mining of zinc was limited to zinc oxides in various
      forms. Although it was known that ZnS in the form of sphalerite mineral
      was an abundant source of the metal, the ability to economically extract
      the mineral did not exist. The difficulty in mining zinc sphalerite is
      attributable to its unusual behavior in water. Most ground metallic ores
      are readily wetted and water affinic. However, when a flotation agent,
      such as a xanthate is introduced into the aqueous media and air bubbles
      are formed in the media, the attraction forces between the flotation agent
      and the ground metal are normally exceeding those of the water-ore and the
      latter attaches itself to the flotation agent which, because it is water
      repellant, is carried to the surface with the induced air bubbles. Zinc
      sphalerite is an exception. There is no affinity between zinc sphalerite
      and presently known flotation agents.
PAR  It was discovered a number of years ago, however, that zinc sphalerite
      could be "activated" with a very small quantity of CuSO.sub.4 so as to
      render it attracted to known flotation agents. As world supplies of
      non-sulfide zinc ores have become virtually exhausted, the mining of zinc
      has become totally dependent upon the activation of zinc sphalerite to
      permit its separation and concentration by known techniques. The only
      known reagent for activating zinc sphalerite, heretofore, has been
      CuSO.sub.4.
PAR  The cost of CuSO.sub.4 has increased even more rapidly than other overhead
      items in zinc mining and, accordingly, the cost increase has been more
      rapid than the price increases which have been implemented for zinc at the
      mine. While others have attempted to find a substitute activator for zinc
      sphalerite, to use in place of CuSO.sub.4 , the search has not met with
      success.
PAR  It is, therefore, a primary object of the present invention to provide a
      method of zinc flotation utilizing an activator for zinc sphalerite other
      than CuSO.sub.4.
PAR  As a corollary to the above object, it is an aim of this invention to
      provide a method of activating zinc sphalerite for flotation utilizing an
      activator which is present in a basic, rather than acid, media thereby
      reducing the quantity of base required to adjust the pH of the floatation
      media to the desired level.
PAR  It is also an objective of my invention to provide a method of activating
      zinc sphalerite for flotation utilizing an activator having greater
      solubility in water than CuSO.sub.4 thereby allowing lesser quantities of
      a higher strength activating solution to be utilized for CuSO.sub.4
      solutions.
PAR  Still another object of this invention is to provide a method of activating
      zinc sphalerite for flotation as described in the foregoing objects
      wherein the activator is compatible with known flotation agents.
PAR  It is also an aim of the invention to provide a method of activating zinc
      sphalerite utilizing an activator other than CuSO.sub.4 and which is
      affective even in relatively impure solutions thereby minimizing the cost
      of the activator.
DRWD
PAR  Other objects of the invention will be made clear or become apparent when
      the following description and claims are read in light of the accompanying
      drawing wherein:
PAR  The single FIGURE is a flow diagram showing a typical zinc mining operation
      utilizing the method of the present invention.
DETD
PAR  With reference to the drawing, it is seen that the first stage in the
      processing of zinc ore after its removal from the mineral deposit is an
      initial crushing. This normally takes place underground and the ore is
      reduced in size to approximately 5 inches diameter or less by a jaw
      crusher. The crushed ore is brought to the surface where it undergoes
      further crushing to reduce the size to less than 1 inch, preferably less
      than 1/2  inch.
PAR  A number of variations in the grinding step are possible depending upon the
      quality and content of the ore, the capacity of the mill, and the extent
      to which modern technology and equipment may be implemented in the mill.
      Either single or multiple stage grinding may be used, the latter being
      preferred although the former being adequate in some instances. Both ball
      and rod mills of a type well known to those skilled in the art are used to
      accomplish the grinding step with dilution water being added in optimum
      proportions.
PAR  Classification of the ground product takes place on a sequential basis with
      oversize material being returned for reprocessing and the remaining
      material being forwarded to the next station. Examples of two types of
      classifier which may be employed are rake classifiers and cyclone
      classifiers. Differential grinding may also be employed wherein a
      flotation step is interposed between first and second grinding steps. In
      differential grinding the overflow of the primary classifier passes to the
      rougher lead or copper circuit. A portion of the rougher concentrate is
      then removed by flotation and the tailing is passed to the secondary
      grinding circuit. Many other variations in the grinding and classification
      steps will be readily apparent to those skilled in the art.
PAR  In the large majority of zinc deposits the zinc mineral is contaminated
      with other elements, most frequently lead, copper and cadmium. These
      metals are themselves valuable enough to economically justify recovery.
      Separation of zinc from other metals in its preserve can be effectively
      and economically accomplished utilizing differential flotation techniques.
      A detailed discussion of the differential flotation of zinc, copper and
      lead is not required for a complete and full understanding of the present
      invention although these steps are represented in the accompanying
      drawing. A detailed discussion of differential flotation techniques along
      with other aspects of zinc mining is contained in AIME World Symposium on
      Mining and Metallurgy of LEAD and ZINC; Vol. 1, Rausch and Mariacher,
      eds., The American Institute of Mining, Metallurgical and Petroleum
      Engineers, Inc. (1970).
PAR  After flotation of the copper-lead fraction of the mineral ore, the
      non-floating fraction containing the zinc sphalerite is advanced to an
      activation station. At this point a preferably saturated solution of
      either ammoniated aqueous CuCl.sub.2 or ammoniated aqueous CuCO.sub.3 is
      added to the aqueous media containing zinc sphalerite. The specific
      quantity of the activating solution utilized will vary considerably
      depending upon a number of factors. In general, a sufficient quantity of
      either ammoniated CuCl.sub.2 or ammoniated CuCO.sub.3 should be added to
      assure complete flotation of ZnS and, while some excess of the activating
      solution can be tolerated, economic conditions dictate that excesses be
      avoided. The quantity of solution utilized to activate will, of course,
      vary with the strength of the solution. The content of ZnS in the ore is
      another inherent variable in determining the quantity of activating
      solution to be utilized. Still another factor to be considered in
      activating the ZnS for flotation is the quantity of soluble Cu or CuO
      present in the mineral ore. The presence of this contaminate naturally
      reduces the quantity of activating solution required. In the absence of
      copper contamination and employing a saturated solution of either
      ammoniated CuCl.sub.2 or ammoniated CuCO.sub.3 the following formula may
      be used to determine the quantity of activating solution utilized:
      ##EQU1##
      where X = pounds of saturated solution of ammoniated CuCl.sub.2 or
      ammoniated CuCO.sub.3 per ton of mineral ore; and
PA1  y = weight per cent of zinc in the mineral ore
PAL  It is to be understood that the above range for the quantity of activating
      solution is not intended to be limiting; variations determined empirically
      in accordance with specific conditions are contemplated.
PAR  After activation of the zinc sphalerite, preferably immediately prior to
      floatation, a suitable flotation agent is added to the aqueous media.
      Typical flotation agents which may be utilized include sodium ethyl
      xanthate, amyl xanthate, methyl isobutyl carbinol, compounds sold under
      the trademark "Aerofloat" by American Cyanamid Co. and those sold under
      the trademark "Minerec" by Minerec Corporation. Lime is added during the
      floating step to control the pH of the aqueous media above 9.0 and
      preferably about 9.2. Temperature is also controlled according to known
      techniques with the pH being varied in accordance with the operating
      temperature. These parameters of pH and temperature control are well known
      within the knowledge of those skilled in the art and the present invention
      is not concerned with these known practices which will not be discussed in
      detail in the interest of brevity.
PAR  The primary zinc concentrate from the flotation step is passed to the zinc
      upgrading circuit where the pH is lowered and the concentrate heated. At
      this stage additional flotation agent is added to separate pyrite from the
      primary zinc concentrate to upgrade the ore. The pyrite is returned to the
      primary zinc flotation circuit for additional reclamation. The zinc
      concentrate is advanced for dewatering by thickening, filtering and
      drying, by the use of conventional equipment. Likewise, tailings are
      disposed of according to techniques well known to those skilled in the
      art.
PAR  It is to be understood that the foregoing description is intended as only
      one example of applying the method of the present invention to the
      recovery of zinc sphalerite ore. Many variations in the specific mill
      procedure will be apparent to those skilled in the art. It is contemplated
      that the present invention will find use and advantage whenever it is
      desired to separate zinc sphalerite using flotation techniques.
PAR  Among the advantages afforded by the present invention is the fact that the
      ammoniated CuCl.sub.2 and CuCO.sub.3 solutions are readily attainable at a
      fraction of the cost of the heretofore universally employed CuSO.sub.4.
      One source for the solution utilized in the present invention is spent
      etching solution utilized in the printed circuit board industry. Another
      advantage of the invention is the increased solubility of CuCl.sub.2 and
      CuCO.sub.3 in ammoniated aqueous solution in comparison with CuSO.sub.4.
      This offers advantages in shipping and handling as well as further
      increased economy. Still another major advantage of the present invention
      is the basic nature of the ammoniated CuCl.sub.2 and CuCO.sub.3 as opposed
      to the acidic nature of CuSO.sub.4. This reduces the requirements for the
      addition of lime during the flotation step and also enhances efficiency of
      flotation.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. A method of activating zinc sphalerite mineral for flotation in an
      aqueous media comprising adding to said media a quantity of a solution
      selected from the group consisting of an ammoniated aqueous solution of
      CuCl.sub.2, an ammoniated aqueous solution of CuCO.sub.3, and an
      ammoniated aqueous solution comprising CuCl.sub.2 and CuCO.sub.3.
NUM  2.
PAR  2. A method as set forth in claim 1, wherein said addition step comprises
      adding a quantity of said solution according to the formula:
      ##EQU2##
      where X = pounds of saturated solution per ton mineral ore; and
PA1  y = weight per cent zinc in the mineral ore.
NUM  3.
PAR  3. A method as set forth in claim 1, wherein said addition step comprises
      adding said solution immediately prior to the addition of a flotation
      agent.
NUM  4.
PAR  4. A method as set forth in claim 3, wherein said addition step comprises
      adding said solution subsequent to cleaning of said mineral.
NUM  5.
PAR  5. A method of flotation of zinc sphalerite mineral ore comprising the
      steps of:
PA1  guiding the zinc sphalerite ore in an aqueous media;
PA1  separating the zinc sphalerite from contaminate metal ores;
PA1  adding to said media a quantity of a solution selected from the group
      consisting of an ammoniated aqueous solution of CuCl.sub.2, an ammoniated
      aqueous solution of CuCO.sub.3, and an ammoniated aqueous solution
      comprising CuCl.sub.2 and CuCO.sub.3 ;
PA1  adding a flotation agent to said media; and
PA1  introducing air into said media to cause the formation of air bubbles
      whereby to float said zinc sphalerite to the surface of the media.
NUM  6.
PAR  6. A method as set forth in claim 5 wherein the step of adding a solution
      to the media comprises adding a quantity according to the formula:
      ##EQU3##
      where X = pounds of saturated solution per ton mineral ore; and
PA1  y = weight per cent zinc in the mineral ore.
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PAL  The invention comprises bearing members having a coated wear surface
      applied by plasma-spraying an aggregate of particles thereon consisting of
      nickel-aluminum particles, nickel-molybdenum particles, tungsten carbide
      particles, and intermetallic alloy particles to form a high temperature,
      oxidation resistant, wear resistant, and scuff resistant coating. Alloying
      of the constituents in the final coating is desired and is achieved by
      encapsulating both the aluminum and molybdenum particles with nickel
      (alternatively the nickel-aluminum may be in the form of a bonded
      aggregate), by sintering the tungsten carbide in a matrix of cobalt, and
      by alloying nickel-cobalt, carbon, silicon, chromium, boron, and iron into
      an intermetallic alloy to form an aggregate of four types of particles for
      plasma-spraying onto the wear surface.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of application Ser. No. 322,482, now
      abandoned, filed Jan. 10, 1973, by Glenn F. Hyde and John E. Cromwell for
      Molybdenum-tungsten Carbide Coated Bearing Members and assigned to the
      assignee of the present invention.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates generally to bearing members such as piston rings,
      packing rings, and valves and, more particularly to the bearing faces of
      such members having a high temperature, oxidation-resistant,
      wear-resistant and scuff-resistant coating thereon applied by
      plasma-spraying a particle composition onto such bearing faces.
PAR  2. Description of the Prior Art:
PAR  In internal combustion engines, each piston usually has a plurality of
      compression rings and oil control rings in grooves located on the side
      face of the piston which bear against the cylinder wall of the engine to
      provide a seal between the piston and the cylinder wall. Failure of the
      piston rings to properly seal the piston and the cylinder results in
      leakage between the rings and the cylinder thereby causing low engine
      compression, bad ignition, incomplete combustion and accelerated erosion
      of the piston rings and cylinder wall. Because the piston rings
      reciprocate at high speeds against the cylinder walls at high operating
      temperatures, the rubbing surfaces tend to wear rapidly. Accordingly, many
      attempts have been made to develop coatings for the wear surfaces on the
      piston rings and cylinder walls that can extend their life.
PAR  Many flame-sprayable compositions have been developed for coating such wear
      surfaces. For example, one composition includes commercially pure
      elemental molybdenum as one constituent of the coating such as shown in
      Hyde et al. Pat. No. 3,556,747. Such coatings have improved the wear
      resistance of piston rings that operate at relatively low temperatures
      but, at elevated operating surface temperatures, the elemental molybdenum
      apparently oxidizes and forms molybdenum oxides at a threshold temperature
      of about 450.degree. Fahrenheit. These oxides seem to migrate to the grain
      boundaries of the molybdenum coating causing the cohesive strength of the
      coating to decrease and eventually results in flaking of the coating from
      the piston ring or other wear surfaces to which it is applied.
PAR  Other refractory metals such as molybdenum, chromium, and tungsten carbides
      have been used such as shown in Prasse Pat. No. 3,539,192 and McCormick
      Pat. No. 3,606,359. While these carbide coatings have made the piston
      rings more wear resistant, it has been discovered that they are often too
      abrasive and tend to induce engine cylinder wear and usually have
      insufficient mechanical strength to withstand the high speed and high
      temperatures in modern engines. In fact, this problem has been recognized
      by McCormick in Pat. No. 3,606,359. McCormick states that metal carbide
      coatings carry sharp-edged or globular particles that pull out of the
      coating in operation in the engine causing excessive wear of the piston
      rings and cylinders. McCormick attacked this particular problem by placing
      the carbides in solution with cobalt. He also believed that if the amount
      of aluminum in the coating is less than 1% by weight, the problem of
      "scuffing" would be avoided.
PAR  Scuffing occurs when the coating has an adhesive affinity for the wall of
      the engine cylinder. The coating on the piston ring contacts the bearing
      face of the adjacent member through minute asperities. Since the areas of
      actual contact are so small, plastic flow occurs and the two surfaces
      become cold welded. Relative motion between the surfaces shears the welded
      junctions and generates loose particles of debris which contribute to the
      scuffing of the cylinder wall or other adjacent member.
PAR  Although coatings comprised of or containing elemental molybdenum are
      usually scuff-resistant at low temperatures, high frictional surface
      temperatures in excess of 1000.degree. F are now present in some newer
      engines; thus, more scuff-resistant and oxidation-resistant coatings are
      now needed such as provided by the use of more oxidation-resistant
      carbides and alloys of this invention.
PAR  In U.S. Pat. 3,615,099, Prasse proposes the use of multiple layers of
      flame-sprayed compositions and specifically the use of an outer layer of
      elemental molybdenum and an inner layer of a more refractory material such
      as a tungsten carbide alloy. Yet, Prasse recognizes that the outer
      molybdenum layer will not last long and uses it specifically as a break-in
      layer that shortly wears away after a new piston ring has been broken in.
      After the outer molybdenum layer vanishes, the more refractory layer of a
      tungsten carbide alloy becomes the effective seal.
PAR  The coatings described in the foregoing patents generally share one thing
      in common; they all use an intermetallic alloy as the starting material
      which serves as a bonding agent in the final coating. To this alloy are
      added specific amounts of other materials in an attempt to capture the
      beneficial characteristics of the added materials.
PAR  From this it might be theorized that one has only to add those materials
      possessing the desired characteristics to produce an improved coating.
PAR  Unfortunately, the synergistic qualities desired in the coating cannot be
      predetermined by formulas, rules, or knowledge of the characteristics of
      the individual materials used. If this could be done, then it would only
      be necessary to select materials having the desired characteristics and
      combine them to achieve a coating having all of the desired qualities.
      Obviously, this cannot be done; otherwise an ultimate coating would have
      been developed long ago. As it is, only inventive effort succeeds in
      achieving the desired result because of the complex interaction of various
      materials when subjected to the intense heat of the plasma flame and only
      testing proves the results of the inventive effort.
PAR  In addition, those working in the prior art have not recognized the
      importance of preparing the starting material such that substantial
      alloying of the materials occurs in the final coating, except that it has
      been recognized that tungsten carbide should be alloyed with cobalt to
      form one constituent of the starting material.
PAR  We have discovered that the wear-resistance and scuff-resistance of a
      coating can be greatly improved by alloying molybdenum with tungsten
      carbide, nickel, and aluminum in the final coating, especially for use
      where surface temperatures in excess of 1000.degree.F occur in an internal
      combustion engine or other apparatus in which the coating is used and that
      it improves adhesion of the coating to the underlying ferrous body,
      improves the cohesive strength of the coating itself, and improves the
      anti-welding properties of the coating.
PAR  We have also discovered that alloying of the materials in the final coating
      can best be achieved by properly preparing the aggregate to be sprayed.
      Doing so prevents the aluminum constituent from buring up in the plasma
      flame, prevents oxidation of and preserves the scuff-resistant properties
      of the molybdenum, enables the formation of nickel-molybdenum alloys, and
      permits the tungsten carbide to at least partially if not completely alloy
      with the other materials in the coating.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, an aggregate of particles is prepared for
      plasma-spraying onto the wear surface of a bearing member such that the
      final coating comprises an alloy consisting principally of nickel,
      aluminum, tungsten carbide, and molybdenum. To achieve alloying of these
      materials, the composition to be sprayed is prepared as a loose aggregate
      (hereinafter called "starting aggregate") including four types of
      particles of which the first is either a bonded aggregate of nickel and
      aluminum particles or preferably, aluminum particles encapsulated in
      nickel, and which preferably comprises 10.5% of the weight of the starting
      aggregate; the second being molybdenum particles encapsulated in nickel
      and which preferably comprises 30.0% of the weight of the aggregate; the
      third being a sintered matrix of cobalt containing particles of tungsten
      carbide and preferably comprising 35.0% of the weight of the aggregate;
      and, the fourth being an intermetallic alloy including principally nickel
      with lesser quantities of cobalt, carbon, silicon, chromium, boron, and
      iron and preferably comprising 24.5% of the aggregate.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings wherein like parts are marked alike:
PAR  FIG. 1 is a sectional view of a cylinder with a piston carrying piston
      rings therein;
PAR  FIG. 2 is an enlarged view of a portion of the cylinder, piston, and piston
      rings of FIG. 1;
PAR  FIG. 3 is a phase diagram illustrating the maximum percent weight ranges of
      the constituents of the aggregate composition in comparison with the
      ranges of similar elements found in compositions of the prior art; and
PAR  FIG. 4 is a table setting forth the ranges of the constituents of the
      aggregate composition within the boundaries of points A, B, C, and D of
      FIG. 3 and the preferred percentages of point E.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a typical internal combustion engine piston assembly
      operating in an engine cylinder generally denoted by numeral 10. Assembly
      10 includes a piston 12 within a cylinder 14; the piston includes three
      grooves 16, 18, and 20 in which are placed rings 22, 24, and 26
      respectively. The top ring 22 is a split compression ring; the second ring
      24 is a split intermediate compression ring having a tapered face; and,
      the third ring 26 is a split wide channel oil control ring expanded
      outwardly by a garter spring 28.
PAR  The rings shown in FIG. 1 are shown in greater detail in the enlarged view
      of FIG. 2. The top compression ring 22 is usually made of ductile cast
      iron and includes a groove 32 in which is deposited coating 33 of this
      invention to form a wear face on the ring in contact with the cylinder
      bore 36.
PAR  The second ring 24 is also usually made of ductile cast iron and includes a
      tapered face 38 as shown in FIG. 2 on which is deposited the coating 33 of
      this invention to form a bearing or wear face thereon.
PAR  The third ring 26 is also usually made of ductile cast iron and includes
      two spaced wear surfaces or lands 30 formed by a groove 31 cut in the face
      of the ring. The coating 33 of this invention may also be deposited on
      lands 30 to provide wear surfaces thereon. An arcuate groove 35 in the
      inner periphery of the ring provides a seat for the conventional garter
      spring expander ring 28 which urges the lands 30 into contact with the
      cylinder bore 36. Ring 26 usually includes a plurality of radially
      extending holes spaced circumferentially around the ring between outer
      groove 31 and inner groove 35; these holes permit oil to drain from groove
      31.
PAR  Thus, it can be seen that the bearing faces of these conventional
      compression and oil control rings may be coated with the coating 33 of
      this invention. The bearing faces slidably engage the bore 36 of the
      engine cylinder 14 and the rings are compressed therein in accordance with
      usual practice so as to be expanded tightly against the bore 36 to
      maintain good sealing engagement therewith.
PAR  Piston rings of different designs and of different cross-sectional
      configurations may be coated with the composition of this invention such
      as, for example, rectangular flat-faced rings with or without grooves or
      keystone piston rings with or without grooves. The faces of the piston
      ring not in contact with the cylinder walls may also be coated with the
      composition although it is not usually necessary to do so.
PAR  The engine cylinder 14 preferably includes a cylinder liner 44 that is made
      from a gray iron casting having a carbon content of about 3.0 to 3.5
      percent by weight, a silicon content of about 1.8 to 2.2 percent by
      weight, a manganese content of about 0.6 to 1.0 percent by weight and a
      maximum sulfur content of about 0.15 percent by weight and a maximum
      phosphorus content of about 0.50 percent by weight. Such typical gray iron
      compositions for use as liners in engine cylinders are designated as SAE
      G-3500 and G-4500 materials.
PAR  The starting aggregate is applied to the piston rings to be coated by
      well-known and conventional flame-spray techniques using a plasma arc gun.
      The plasma flame of such a gun produces temperatures of approximately
      32,000.degree. Fahrenheit achieved by applying electrical energy to a gas
      mixture (such as, for example, a ten to one nitrogen to hydrogen mixture)
      which causes the gas molecules of the mixture to dissociate into an atomic
      state. The gases are then ionized, producing electrons and charged ions.
      The electrical energy absorbed by such ionization is converted to heat
      energy by de-ionization of the gas. The aggregate is directed into the
      plasma flame by a carrier gas such as, for example, nitrogen. The
      particles of the aggregate are propelled by the gas escaping through the
      nozzle of the gun as a stream of molten particles. The nozzle is aimed at
      the surface to be coated so that the molten particles impinge thereon. The
      molten particles solidify to provide a continuous, adherent coating on the
      surface that results from a combination of mechanical and atomic bonding
      at the interface of the coating and the substrate body and between the
      particles themselves to form an alloy of the constituents of the starting
      aggregate.
PAR  In accordance with the invention, the material to be sprayed generally
      comprises a loose aggregate of thoroughly mixed finely divided particles
      of the required physical composition. The aggregate contains particles of
      particular amounts by weight of nickel-aluminum, tungsten carbide,
      nickel-molybdenum, and an intermetallic alloy consisting principally of
      nickel. Advantageously, the aggregate can be blended from commercially
      available flame-sprayable particles or powders as will be discussed in
      greater detail. The diameter of the particles may vary from 5 to 100
      microns but the preferred diameter is 15 to 44 microns, it being
      understood that the particles are not perfectly spherical. The particle
      size distribution of the aggregate can be readily ascertained by screening
      the particles in accordance with ASTM Test B214. The various particles
      should have the general overall shape and configuration of conventional
      flame-sprayable compositions and should be as uniform in diameter as
      possible.
PAR  If the diameter of the particles is less than 5 microns, then vaporization
      of these particles readily occurs in the plasma flame and consequently the
      final coating may not contain the desired amount of a particular material.
      On the other hand, if the diameter of the particles is greater than 100
      microns, then the particles may not readily melt during the short time
      they are in the plasma flame so that the desired alloying of all the
      particles does not occur. Unalloyed particles may pull from the coating in
      use and cause abrasion.
PAR  As previously mentioned, the aggregate to be sprayed contains particles of
      nickel-aluminum, nickel-molybdenum, tungsten carbide, and an intermetallic
      alloy consisting principally of nickel. It is believed that the final
      coating is essentially a nickel, molybdenum, tungsten carbide-cobalt alloy
      wherein the tungsten carbide-cobalt alloy ingredient, if not completely
      alloyed with the other materials, is at least bound in a fused and alloyed
      matrix of molybdenum, nickel and chromium. The coating has a hard phase
      randomly dispersed throughout several softer phases; the hard phase
      consists of tungsten carbides in solid solution with cobalt and of a solid
      solution of tungsten and carbon; one of the softer phases consists of an
      alloy of nickel, chromium, silicon and boron and the other softer phase
      consists of an alloy of nickel and molybdenum. The starting aggregate is
      preferably prepared as a blend of four commercially available
      flame-sprayable constituents. The first constituent is a nickel-molybdenum
      clad power composition in which each particle comprises a molybdenum core
      encapsulated in nickel. Such clad particles are commercially available
      from Koppers Company, Inc. under the trademark K-1020 and are the subject
      of pending patent application Ser. No. 41,038 filed by John E. Cromwell on
      May 27, 1970, which application is assigned to the assignee of the present
      invention. The composition of these particles is 40.0 - 60.0 percent by
      weight of elemental nickel with the preferred percentages being 55 percent
      molybdenum and the balance 45 percent nickel. The typical size range of
      the particles is from 15 to 88 microns in diameter.
PAR  The cross section of a typical particle of this component illustrates a
      distinctive shell of commercially pure nickel surrounding a particle of
      commercially pure molybdenum. The nickel shell constitutes from about 5-10
      percent of the diameter of the molybdenum particle. After the particles
      pass through the plasma gun, the cross section of a particle illustrates a
      composition that ranges from commercially pure nickel at the surface to a
      commercially pure molybdenum at the center. Between the surface and the
      center of the particle various alloys of nickel and molybdenum appear such
      as Ni.sub.4 MO and Ni.sub.3 Mo and NiMo. It is believed that the reason a
      variable composition appears from the surface to the center of the
      particle is that, when the particles are flame-sprayed or are heated above
      their melting point of about 2400.degree. Fahrenheit, a partial alloying
      occurs during the residence period of the particle in the gun and its
      flight time from the gun to the piston ring.
PAR  The second constituent of the aggregate is a tungsten carbide-cobalt
      aggregate powder composition in which each particle comprises tungsten
      carbide particles having a diameter of 3-5 microns dispersed through a
      matrix of elemental cobalt. The tungsten carbide-cobalt particles may be
      made by mixing particles of tungsten carbide with particles of cobalt in a
      liquid phenolic resin binder which, after hardening, is ground to form the
      composite particles of tungsten carbide-cobalt. However, the particles are
      preferably made by mixing the tungsten carbide and cobalt particles into a
      mass which is then sintered to form what may be called a welded connection
      between the particles. Thereafter, the mass is ground into fine particles
      ranging in size from 15 to 44 microns in diameter. The particles appear as
      particles of tungsten carbide dispersed in a matrix of cobalt with the
      tungsten carbide comprising about 88.0 percent by weight and the cobalt
      comprising about 12.0 percent by weight. This second constituent is
      commercially available and may be obtained from a number of sources such
      as, for example, Avco Bay State Abrasive Division of Industrial Products
      Subdivision or Refractory Metal Inc.
PAR  The third constituent of the aggregate is essentially a
      nickel-chromium-silicon alloy powder in which each particle has the
      following chemistry in percent by weight:
TBL  CARBON               0.60 -  1.30%                                        
     SILICON              3.00 -  5.00%                                        
     CHROMIUM            13.00 - 20.00%                                        
     NICKEL-COBALT       63.90 - 77.60%                                        
     (Cobalt             Less Than 1.00%)                                      
     IRON                 3.00 -  5.00%                                        
     BORON                2.75 -  4.75%                                        
PAL  These individual materials are mixed and then melted to form a complete
      alloying of the materials, the alloy then being processed to form
      particles ranging from 15 to 53 microns in diameter with a cross section
      of a typical particle being spherical. The composition has a melting point
      of approximately 1875.degree.  Fahrenheit. When it alone is flame sprayed
      onto a metal substrate, the resultant coating has essentially the same
      composition as the constituent powder and it forms a dense, hard, and
      corrosion-resistant coating. This third constituent is readily
      commercially available and may be obtained from a number of commercial
      sources including the above-named sources.
PAR  The fourth constituent of the aggregate is essentially a nickel-aluminum
      composition. There are two types of commercially available powders that
      may be used, one being referred to as a nickel-aluminide composition and
      the other being referred to as a nickel-aluminum bonded aggregate. The
      nickel-aluminide composition has a typical particle size range of 53 to 88
      microns in diameter. The cross section of a typical particle exhibits a
      commercially pure elemental aluminum core with commercially pure elemental
      nickel uniformly surrounding the aluminum particle. The composition of the
      nickel-aluminide composition is 18-22 percent by weight of aluminum and a
      balance of 82-78 percent by weight of nickel. This material is available
      from Metco Company and is sold under the tradename of Metco 404NS. It is
      an exothermic material and liberates heat upon being melted in the plasma
      flame thus creating a superior metallurgical bond of the material to the
      metal substrate. It is also synergistic because it creates a better
      combination of nickel and aluminum than can be created in any other way.
PAR  The other nickel-aluminum composition is a physical admixture of particles
      of commercially pure elemental aluminum and elemental nickel held together
      by a phenolic resin and may be referred to as a bonded aggregate. The
      particles range in size from 44-88 microns in diameter. The composition of
      the bonded aggregate is 4.5 percent by weight of aluminum and a balance of
      95.5 percent by weight of nickel. This particular composite provides a
      good overall flame-sprayable material but has a smaller aluminum content
      as compared to the nickel-aluminide composition of nickel encapsulated
      aluminum. This composition is commercially available from Metco Company
      and is sold under the tradename of Metco 450.
PAR  These four constituents are blended together in a conventional blender in
      selected weight ratios to form the starting aggregate for spraying onto
      the wear surface to be coated. The following table sets forth the minimum,
      preferred, and maximum amounts of the four constituents by weight in the
      starting aggregate that is sprayed to produce the desired coating.
TBL  ______________________________________                                    
                  BLENDS (PERCENT BY WEIGHT)                                   
                  MINIMUM PREFERRED  MAXIMUM                                   
     ______________________________________                                    
     1ST CONSTITUENT                                                           
                  26.7    30.0       85.0                                      
                  NI-MO PARTICLES                                              
                  2ND CONSTITUENT                                              
                          15.0       35.0 39.0                                 
                  WC-CO PARTICLES                                              
                  3RD CONSTITUENT                                              
                          0          24.5 47.8                                 
                  INTERMETALLIC                                                
                  ALLOY PARTICLES                                              
                  4TH CONSTITUENT                                              
                          0          10.5 10.5                                 
                  NICKEL-ALUMINUM                                              
                  PARTICLES                                                    
     ______________________________________                                    
PAR  The starting aggregate may be manufactured or blended from other
      commercially available composite powders so long as the constituents are
      formed as previously described; the foregoing being an illustration of the
      manner in which the flame-sprayable aggregate of our invention may be
      derived from commerically available materials. The minimum and maximum
      weight limits of the flame-sprayable constituents are the critical limits
      of the aggregate.
PAR  We have also found that the oxygen content of the aggregate should not
      exceed 0.15 percent by weight as oxides in the aggregate tend to lower the
      cohesive strength of the coating on the wear surfaces to which it is
      applied.
PAR  As previously mentioned, the maximum amount of molybdenum in the
      nickel-molybdenum constituent of the aggregate is 60 percent by weight.
      When the molybdenum content exceeds this amount, it is believed that when
      the final coating is exposed to the high tempertures generated by the
      environment to which the piston ring is exposed, deleterious molybdenum
      oxides are formed that eventually migrate to the grain boundaries of the
      flame-sprayed coating and thereby weaken the cohesive strength of the
      coating. Consequently, the coating on the piston ring will fall apart in
      use and such problems as scuffing will occur.
PAR  We have also found that the presence of molybdenum in the final coating
      improves and aids the adhesion of the coating to the underlying metal
      substrate and that the molybdenum improves the wear characteristics of the
      coating. When the amount of molybdenum in the nickel-molybdenum
      constituent of the starting aggregate is less than 40.0 percent by weight,
      then the final coating has an inferior adhesion to the substrate.
      Moreover, this minimum amount of molybdenum improves the cohesive strength
      of the coating itself because it, at least partially, is alloyed to the
      other materials in the coating. The molybdenum also serves as a metallic
      lubricant and has excellent anti-welding properties because the melting
      temperature of molybdenum is 4730.degree. Fahrenheit. The anti-welding
      properties of molybdenum prevent adhesive wear in cases where metal
      contact is encountered in marginal conditions lubrication which oftentimes
      exist in an internal combustion engine. However, oxides of molybdenum do
      not alloy well with other materials and are also abrasive when present in
      the final coating. In accordance with this invention, oxidation of the
      pure molybdenum particles is minimized during plasma spraying since they
      are encapsulated in an elemental commercially pure nickel shell as
      previously described. We have also found that the use of molybdenum
      carbide in place of the nickel encapsulated molybdenum produces a coating
      inferior to that of the invention.
PAR  Similarly, encapsulation of the aluminum particles is preferred over a
      bonded nickel-aluminum aggregate constituent since the nickel capsule
      protects the aluminum during plasma spraying, preventing the aluminum from
      being completely burned up during the spraying process. The proportions
      selected for the nickel and aluminum result in an alloying of the nickel
      and aluminum and an alloying of both to the other materials in the final
      coating and to the ring body.
PAR  Before coating the bearing surface of the piston ring with the composition
      of this invention, the surface is preconditioned by well-known techniques.
      Typical preconditioning includes degreasing and grit blasting the surface
      to roughen it.
PAR  In the process of our invention, the piston rings are conventionally
      stacked on an arbor with their side faces tightly pressed against each
      other and with the outer or bearing surfaces fully exposed. The bearing
      surfaces are coated by using a plasma jet gun. The starting aggregate is
      sprayed on the ring to the desired thickness of the coating. The coating
      thickness depends on the geometry of the part to be coated and the type of
      finish required. However, a coating of approximately 0.012 inches to 0.020
      inches in thickness is usually applied. Subsequently, the coating is
      ground by conventional grinding techniques to a thickness of about 0.006
      to 0.008 inches. In some cases the coating is crowned about 0.0002 to
      0.0006 inches in the conventional manner. The resultant coating is hard
      and adheres tenaciously to the bearing surface of the piston ring. The
      ring is then ready for use in a conventional manner in an internal
      combustion engine.
PAR  As mentioned, the coating made in accordance with this invention is
      superior to the coatings of the prior art. The reason for this is not
      clearly known; however, it is believed that the coating is heterogeneous.
      Apparently, there is a distribution of alloyed or partially components in
      the coating each of which serves a distinct function. The particles that
      do not completely alloy with other materials are at least held together by
      partial alloying with each other and with the other materials.
PAR  For example, resistance to abrasive wear is attributable to the presence of
      hard components in the coating. These components are mostly tungsten
      carbides in solid solution with cobalt. Typical alloys of tungsten
      carbides and cobalt have a hardness of about 74 Rockwell Scale C. The
      alloy as found in the final coating normally appears in platelet form
      without sharp edges with the platelets being aligned substantially
      parallel with the substrate to which they are applied. It is believed that
      the alignment results from the molten state of the particles in the plasma
      stream flattening out upon impact with the substrate similar to a water
      droplet falling upon a flat surface. Some of the softer alloys in the
      coating contain chromium, nickel, silicon, and boron in an alloy form.
      Typical alloys of such elements have a hardness of about 53 Rockwell Scale
      C and also usually appear in platelet form without sharp edges.
PAR  The coating also contains alloys of molybdenum and nickel. Typical alloys
      of such elements have a hardness of about 34-47  Rockwell Scale C. The
      nickel component of these alloys resists oxidation and protects the
      molybdenum component which is susceptible to oxidation. The molybdenum
      component of the alloys resists welding and prevents such problems as
      scuffing. It is also believed that the molybdenum supplies a very thin
      smear layer of atomic dimensions over the coating itself and thereby
      enhances the coating's resistance to scuffing.
PAR  From a corrosive wear viewpoint, the tungsten carbides also resist acid
      corrosion as well as do chromium, nickel and silicon. Another desirable
      feature of the coating is its porosity which is sufficient to absorb and
      hold oils. As the coating is heated, the absorbed oil in the coating
      expands and exudes to the surface of the coating to provide lubrication.
PAR  As already explained, it is not only important for the starting aggregate
      to contain the desired materials but also the have them in particular form
      to achieve the desired characteristic in the final coating. Nevertheless,
      it can be seen that the starting aggregate will contain total amounts of
      some materials even though portions of the same materials will be in
      different forms. For example, nickel is used to encapsulate both the
      aluminum and the molybdenum and is also found in the intermetallic alloy.
      For the sake of completeness, the total amounts of individual materials in
      the starting aggregate are set forth in the following table which shows
      the minimum and maximum amounts thereof in weight percent.
TBL  ______________________________________                                    
                      MINIMUM    MAXIMUM                                       
     ______________________________________                                    
     NICKEL             10.7         96.5                                      
     ALUMINUM           0            2.1                                       
     MOLYBDENUM         10.7         51.0                                      
     TUNGSTEN CARBIDE   12.9         35.1                                      
     COBALT             1.5          5.5                                       
     CARBON             0            .6                                        
     CHROMIUM           0            9.6                                       
     BORON              0            2.3                                       
     IRON               0            2.4                                       
     ______________________________________                                    
PAR  However, the minimum and maximum weight percent ranges of the four
      constituents of the aggregate are better illustrated in the phase diagram
      of FIG. 3. For purposes of illustration, the amounts of nickel-aluminum
      and nickel-molybdenum have been combined and are represented by the scale
      on the lower side of the diagram; the individual amounts are shown in the
      table of FIG. 4. The tungsten carbide-cobalt content of the aggregate is
      represented by the scale on the left side of the diagram and the
      intermetallic alloy content is represented by the scale on the right side
      of the diagram. The maximum limits of these materials in the starting
      aggregate is illustrated by the vertically-shaded portion of the phase
      diagram. The four corners of the shaded portion are identified by letters
      A, B, C, and D which correspond to columns A, B, C, and D of the table of
      FIG. 4. The preferred weight percent of these constituents in the
      aggregate is set forth in the last column of FIG. 4 and is graphically
      illustrated by the small circle denoted E in FIG. 3.
PAR  For the sake of comparison, the maximum amounts of nickel-aluminum and
      nickel-molybdenum, tungsten carbide-cobalt, and intermetallic alloy used
      in the prior art are illustrated by the horizontally-shaded portion of the
      diagram with the preferred amounts being illustrated by the small circle
      denoted F. But, it should be understood that these materials in the prior
      art are not all in the same form as they are in the starting aggregate of
      the invention.
PAR  Although it can be seen that there is an overlap in the amounts of tungsten
      carbide-cobalt and intermetallic alloy that are used both in the starting
      aggregate and in the prior art, there is no overlap in the amounts of
      nickel-aluminum and nickel-molybdenum that are used. This difference is
      content alone results in a significantly improved final coating. But, it
      should also be recognized that other differences also contribute to
      improvement of the coating. For example, the coatings described in Hyde et
      al. 3,556,747 and Prasse 3,615,099 both utilize particles of bare
      molybdenum whereas this invention utilizes particles of molybdenum
      encapsulated in a shell of nickel which preserves the scuff-resistant
      properties of the molybdenum itself and also results in alloys of nickel
      and molybdenum which also enhances the wear properties of the coating. It
      is believed that the residence time in the plasma flame is too short to
      result in alloying reactions between merely blended particles of nickel
      and molybdenum; thus, the molybdenum oxidizes and the beneficial
      properties of the molybdenum and nickel-molybdenum alloys are lost in
      blends of such particles whereas the beneficial properties are preserved
      by encapsulating the molybdenum with nickel.
PAR  The final coating is also improved by the use of nickel encapsulated
      molybdenum rather than the use of molybdenum carbides such as described in
      Prasse 3,539,192 and McCormick 3,606,359. The reason is believed to be
      that molybdenum carbides break down under temperatures generated by
      sliding friction and form oxides of molydenum which are very abrasive thus
      causing excessive wear on the mating part. And, it should be appreciated
      that, to be a good coating, the coating must be compatible with the
      surface against which it wears. Actually, if a choice had to be made, it
      would be preferrable to have the coated part, such as a piston ring, wear
      more than the mating part since the coated parts are usually more cheaply
      and easily replaceable.
PAR  It might also be theorized that molybdenum carbide particles could be
      substituted for the tungsten carbide particles in the cobalt matrix in the
      starting aggregate. However, such does not seem to be the case, apparently
      because molybdenum carbides do not alloy with the cobalt and other
      elements in the coating as well as does tungsten carbide. Thus, the
      tungsten carbide provides a hard alloy phase to provide wear resistence
      and the pure molybedenum and nickel-molybdenum alloys provide wear
      resistance, scuff resistance, and lubrication in the final coating. For
      these reasons, the tungsten carbide-cobalt particles and nickel
      encapsulated molybdenum particles are preferred as two of the four
      constituent particles of the starting aggregate.
PAR  It should also be appreciated that the minimum and maximum amounts of the
      constituents in the starting aggregate are difficult to establish since
      testing is naturally conducted with the object of obtaining the best
      possible coating. Therefore, as tests are conducted, the results indicate
      trends from which it can be postulated that the aggregate content of a
      particular constituent below and above certain amounts will result in
      unsatisfactory results. However, the preferred amount of a particular
      constituent will be fairly accurate since it represents the amount that
      has produced the best coating in a series of tests. Accordingly, the
      foregoing examples illustrate the preferred content of the various
      constituents in the starting aggregate and the minimum and maximum amounts
      that produced results which logically dictate the minimum and maximum
      amounts that are believed would produce a satisfactory coating.
PAR  As an illustration of the invention, the bearing faces of piston rings
      having a keystone cross-sectional configuration measuring 4.250 .times.
      5/32 inches were degreased in a conventional manner and grit blasted prior
      to receiving the subsequently applied flame-sprayable aggregate. The
      aggregate was flame-sprayed onto the bearing faces of the piston rings
      with a plasma flame gun in a conventional manner. The aggregate contained
      the following particles in weight percent:
TBL  NICKEL ENCAPSULATED ALUMINUM                                              
                                10.5%                                          
     (95% NICKEL --- 5% ALUMINUM)                                              
     NICKEL ENCAPSULATED MOLYBDENUM                                            
                                30.0%                                          
     (45% NICKEL --- 55% MOLYBDENUM)                                           
     SINTERED TUNGSTEN CARBIDE-COBALT                                          
                                35.0%                                          
     (88% TUNGSTEN CARBIDE --- 12% COBALT)                                     
     INTERMETALLIC ALLOY        24.5%                                          
     (63.9% NICKEL-COBALT)                                                     
     (1.3% CARBON)                                                             
     (5.0% SILICON)                                                            
     (20.0% CHROMIUM)                                                          
     (4.7% BORON)                                                              
     (5.0% IRON)                                                               
PAR  The coating on the ring after flame-spraying had a thickness of about
      0.012-0.014 inches. This coating was subsequently ground by conventional
      techniques to a thickness of 0.006-0.008 inches. Twelve rings were tested,
      two rings per piston.
PAR  The rings were placed in a conventional turbo-charged wet sleeve diesel
      engine having a bore measuring 4.250 inches. Conventional lubricants were
      used. The engine was run for a total of 916 test hours. Subsequently, the
      rings were removed from the engine, visually examined and the end
      clearance increase of the piston rings and the diametral bore increase of
      the cylinder liners were measured.
PAR  The end clearance increase of a piston ring is determined by measuring the
      free end gap of each piston ring while the ring is placed in a gauge
      having a diameter equal to the diameter of the cylinder. The free end gap
      of the piston ring is measured before and after engine testing and the
      difference between these two measurements is taken to determine the end
      clearance increase of the piston ring.
PAR  The diametral bore increase of the cylinder liner is determined by
      measuring the diameter of the cylinder liners before and after engine
      testing at the turn around point of the top piston ring and taking the
      difference between these two measurements. The greatest amount of cylinder
      wear will occur at the turn around point of the top piston ring.
PAR  The average end clearance increase of the twelve piston rings tested was
      0.003 inches and the average maximum bore increase of the six cylinder
      liners at the turn around point of the top piston ring was 0.00013. These
      measurements indicated that very little ring wear and cylinder liner wear
      occurred and the coatings on the piston rings were very compatible with
      the cylinder liners.
PAR  Other tests were conducted in a diesel engine running at 2000 R.P.M. and
      developing 191 B.M.E.P. (brake mean effective pressure) at 430 H.P. using
      S.A.E. 30 weight lubricating oil in the engine. The cylinder bores
      included hard cylinder liners at 450-500 B.H.N. (Brinell hardness number).
      Duration of the tests ranged from 213 to 600 hours.
PAR  The coatings tested are listed below by identifying number with the percent
      weight of the constituents given for each:
TBL  K-1033A  NICKEL ENCAPSULATED ALUMINUM                                     
                                      10.5%                                    
              NICKEL ENCAPSULATED MOLYBDENUM                                   
                                      30.0%                                    
              SINTERED TUNGSTEN CARBIDE-COBALT                                 
                                      35.0%                                    
              INTERMETALLIC ALLOY                                              
     24.5                                                                      
     K-1045A  NICKEL ENCAPSULATED ALUMINUM                                     
                                      3.7%                                     
              NICKEL ENCAPSULATED MOLYBDENUM                                   
                                      50.0%                                    
              SINTERED TUNGSTEN CARBIDE-COBALT                                 
                                      37.5%                                    
              INTERMETALLIC ALLOY     8.8%                                     
     K-1045C  NICKEL ENCAPSULATED ALUMINUM                                     
                                      3.0%                                     
              NICKEL ENCAPSULATED MOLYBDENUM                                   
                                      60.0%                                    
              SINTERED TUNGSTEN CARBIDE-COBALT                                 
                                      30.0%                                    
              INTERMETALLIC ALLOY     7.0%                                     
PAR  The results of the tests are summarized in the table below which sets forth
      the coating number, the engine test number, the hours duration of the
      test, the increase in ring end clearance and increase in cylinder liner
      diameter in inches at the conclusion of the test.
TBL  __________________________________________________________________________
     COATING                                                                   
           TEST                                                                
               TEST INCREASE-END CLEARANCE                                     
                                    INCREASE-CYL. DIAMETER                     
     NO.   NO. HOURS                                                           
                    AT TEST HRS.                                               
                            AT 600 HRS.                                        
                                    AT TEST HRS.                               
                                            AT 600 HRS.                        
     __________________________________________________________________________
     K-1033A                                                                   
           94  600.0                                                           
                    .0015   .0015   .00016  .00016                             
     K-1033A                                                                   
           95  213.3                                                           
                    .0012   .0021*  .00024  .00030*                            
     K-1033A                                                                   
           96  457.1                                                           
                    .0018   .0021*  .00018  .00020*                            
                    Average ----                                               
                            .0019   Average ----                               
                                            .00022                             
     K-1045A                                                                   
           95  213.3                                                           
                    .0025   .0035*  .00034  .00054*                            
     K-1045C                                                                   
           96  457.1                                                           
                    .0029   .0038*  .00036  .00044*                            
     __________________________________________________________________________
      *EXTRAPOLATED VALUES                                                     
PAL  It can be seen by reference to the test numbers that testing of coatings
      K-1033A and K-1045A occurred simultaneously in the same engine; similarly,
      testing of coatings K-1033A and K-1045C occurred simultaneously. In test
      No. 95 which ran for 213.3 hours and test No. 96 which ran for 457.1
      hours, the wear of the coatings and cylinder liners was projected to 600
      hours.
PAR  On the basis of the foregoing tests, the coating K-1033A was judged to be
      the best since less ring wear occurred as measured by the increase in end
      clearance of the rings with much less wear on the cylinder liner as
      measured by an increase in the diameter of the cylinder liner.
PAR  From the foregoing it has been concluded that the preferred amount of
      nickel encapsulated molybdenum particles in the starting aggregate is
      about 30% but if the amount exceeds 85% or is less than 26.7%, the
      resultant coating will wear beyond acceptable commercial limits over a
      given period of time.
CLMS
STM  Accordingly, the invention having been described in its best embodiment and
      mode of operation, that which is desired to be claimed by Letters Patent
      is:
NUM  1.
PAR  1. A powder mixture for plasma spraying onto a wear surface of a bearing
      member comprising by weight:
PA1  0 - 10.5% Ni-Al particles,
PA2  said Ni-Al particles consisting of
PA2  4.5 - 22% elemental aluminum and
PA2  78 - 95.5% elemental nickel;
PA1  26.7 - 85% Ni-Mo particles;
PA2  said Ni-Mo particles consisting of a core of
PA2  40 - 60% elemental molybdenum encapsulated in
PA2  60 - 40% elemental nickel;
PA1  15 - 39% sintered WC-Co particles,
PA2  said sintered particles consisting of a matrix of
PA2  10 - 14% elemental cobalt particles containing
PA2  86 - 90% tungsten carbide particles; and
PA1  0 - 47.8% intermetallic alloy particles,
PA2  said alloy particles consisting of
PA2  63.9 - 77.6% nickel-cobalt alloy of which no more than 1% is cobalt,
PA2  0.6 - 1.3% carbon,
PA2  3.0 - 5.0% silicon,
PA2  13.0 - 20.0% chromium,
PA2  2.75 - 4.75% boron, and
PA2  3.0 - 5.0% iron.
NUM  2.
PAR  2. The powder mixture of claim 1 wherein said Ni-Al particles consist of a
      bonded aggregate of
PA1  4.5 - 5.0% elemental aluminum particles and
PA1  95.5 - 95.0% elemental nickel particles
NUM  3.
PAR  3. The powder mixture of claim 1 wherein the weight percentage of said
      Ni-Al particles is substantially 10.5%.
NUM  4.
PAR  4. The powder mixture of claim 1 wherein the weight percentage of said
      Ni-Mo particles is substantially 30.0%.
NUM  5.
PAR  5. The powder mixture of claim 1 wherein the weight percentage of said
      sintered WC-Co particles is substantially 35.0%.
NUM  6.
PAR  6. The powder mixture of claim 1 wherein the weight percentage of said
      intermetallic alloy matrix particles is substantially 24.5%.
NUM  7.
PAR  7. The powder mixture of claim 1 wherein the diameter of the particles of
      said powder is from 5 to 100 microns.
NUM  8.
PAR  8. The powder mixture of claim 1 wherein said mixture contains no less than
      7.0% and no more than 41.0% elemental nickel by weight.
NUM  9.
PAR  9. The powder mixture of claim 1 wherein said mixture contains said Ni-Al,
      Ni-Mo, WC-Co, and intermetallic alloy particles by weight percent within
      the limits of points A, B, C, and D of FIG. 3.
NUM  10.
PAR  10. The powder mixture of claim 1 wherein said Ni-Al particles consist of a
      core of
PA1  18 - 22% elemental aluminum encapsulated in
PA1  78 - 82% elemental nickel.
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ABST
PAL  An integrated process for continuously making iron-containing materials is
      provided in which a finely-divided iron ore is at least partially reduced
      in a staged fluidized iron ore reduction process and subsequently
      transferred and further treated in a melting zone. A carbonaceous fuel and
      oxygen are reacted in the melting zone to generate sufficient heat to melt
      the added prereduced ore and also to generate a reducing gas rich in CO
      which is used to fluidize and prereduce the iron ore in the reduction
      zone. A carbonaceous fuel is mixed with the iron bearing material in the
      last stage of the reduction process to provide for absorption of excess
      heat from the hot reducing gases which are generated in the melting zone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In processing good quality iron ore in lump form to obtain higher iron
      content materials, such as steel and the like, generally two separate
      reactors are employed. The processing steps of drying, preheating,
      reducing, cementation, melting and refining of said ore are conventionally
      effected in one reactor, i.e., in a blast furnace, to produce pig iron.
      Subsequently the pig iron is processed in another furnace to provide
      molten steel.
PAR  In processing pulverized iron ore materials, the various processing steps
      such as drying, preheating and reducing the ore generally are effected in
      several distinct reaction zones provided in the same or separate reactors.
      For example, pulverized ore frequently is dried and preheated in a
      separate reactor or ore preheater. Next, the preheated ore is reduced by
      passing through a series of fluidized reduction zones, often provided in a
      single reactor. Thereafter, the finely-divided partially reduced ore is
      compacted in the form of briquettes. Then, briquettes are cooled under
      controlled conditions to prevent reoxidation of the reduced iron ore.
      Finally, the briquettes are ultimately utilized in steelmaking furnaces to
      produce molten steel.
PAR  Prereduced finely-divided iron ore is compacted for a variety of reasons
      including some relating to handling and storage of reduced metals.
      However, when the prereduced ore is to be charged in a blast furnace for
      subsequent processing, generally it is considered absolutely necessary
      that the prereduced ore be in a compacted form. Finely-divided prereduced
      ore would be swept out of a blast furnace by the heat reducing gases
      generated in the furnace.
PAR  Some processes have been suggested in the art for combining the reduction
      of pulverized iron ore containing materials with a melting and refining
      step to provide a more direct process for obtaining iron-containing
      materials.
PAR  In general, the combined reduction and melting of pulverized iron ore
      solids known to the art requires the use of a separate gasification zone
      in which either a reducing gas is generated by partially reacting a
      carbonaceous material with oxygen or steam, or a combustion gas from the
      melting zone is upgraded to provide a gas of sufficient reducing power
      with respect to the ore to be processed. Also, such process requires the
      use of special reactors to recycle and prevent the loss of finely-divided
      ore which is swept out of the melting furnace by hot combustion gases
      generated there.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an integrated process for continuously making
      high iron content materials from finely-divided iron ores in which the ore
      is partially reduced in a fluidized iron ore reduction process.
      Subsequently the partially reduced ore is transferred and processed in a
      melting, final reducing, and refining zone. Sufficient carbonaceous fuel
      is introduced into the melting, reducing and refining zone to complete the
      reduction of the transferred ore and to react with added oxygen to
      generate sufficient heat to melt the transferred partially reduced ore and
      to liberate a hot reducing gas which is rich in CO. The liberated reducing
      gas is transferred to fluidize and reduce the iron ore in the reduction
      zone thereby eliminating the need for a separate reducing gas generation
      zone.
PAR  In a preferred embodiment of the present invention a finely-divided
      prereduced iron ore is transferred from a final zone of a staged fluidized
      iron ore reduction process and introduced in a melting zone below the
      level of the molten iron to facilitate the complete melting of the
      iron-containing material and to prevent loss of the finely-divided iron
      material from the melting zone by being carried out in a gas stream such
      as the reducing gas stream generated therein.
PAR  In still another preferred embodiment of the present invention a CO
      containing reducing gas generated in the melting zone is introduced into
      the final stage of the fluidized ore reducion process at a point whereby
      coke and the partly reduced ore are mixed so that excess heat from the
      reducing gas will be absorbed by the endothermic reaction of reduced iron
      oxides in the ore with coke. In this way the fluidization and reduction of
      the solid materials can be conducted at temperatures below that at which
      individual ore particles begin to cling or weld together to form
      agglomerates. The temperature at which the particles will cling together
      is referred to herein as the effective fusing temperature. It is
      particularly important in the fluidized reduction of iron ore to conduct
      the reduction step below the effective fusing temperature of the ore to
      prevent agglomeration and the resulting loss of fluidization.
PAR  In still another embodiment of the present invention the reducing gas from
      the melting zone is first mixed with a recycle gas from said reducing zone
      to provide a reducing gas mixture having a temperature sufficient to
      maintain the temperature in the reducing zone below the effective fusing
      temperature of the ore.
PAR  These and other embodiments of the present invention will become more
      apparent from the detailed description of the invention which follows.
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PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram illustrating a preferred embodiment of the
      process of the invention.
PAR  FIG. 2 is a schematic diagram of a segment of the process of the invention
      illustrating one possible modification of the FIG. 1 process. Although the
      process will be described by reference to the Figures, the invention is
      not intended to be limited thereby.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the FIG. 1, finely-divided iron ore which previously has been
      dried, ground and sized, is introduced into ore preheater 2 via line 1.
PAR  The ore which is used in this process may be any of the well-known
      iron-oxide-containing ores including, but not limited to hematite,
      limonite, and goethite. Such iron-oxide-containing ores include a small
      amount of gangue. Gangue is the mineral matter mined with the metal
      oxides. Gangue typically consists mostly of silica and alumina.
PAR  The drying, grinding and sizing of the ore is accomplished by any technique
      known in the art. The ore can be dried, for example, by heating the ore in
      a kiln to about 150.degree.F. Selection of proper time and temperature for
      drying the ore will depend upon the allowable water content of the ore.
      Generally after drying the ore will contain less than 2 wt. percent water
      and preferably less than 1 wt. percent water.
PAR  Grinding can be achieved by subjecting the ore to gyratory, impact or
      autogenous crushing and the like. Sizing of the ore is accomplished
      generally by screening.
PAR  For the purpose of this invention the ore is properly sized for
      fluidization in the reduction reactor. The fine-divided ore consists of
      particles having diameters essentially below about 25,000 microns in size.
      The average particle size will range generally from about 200 to 500
      microns in size. Preferably the particle sizes will range from 6000
      microns in size and finer with no more than 10 wt. percent of particles
      below 44 microns in size.
PAR  In the preheater 2, the finely-divided ore generally is fluidized and
      heated for about 15 minutes at a temperature of about 1100.degree. to
      1600.degree.F., preferably at about 1200.degree. to 1500.degree.F. and
      more preferably at about 1450.degree.F. The temperature is maintained in
      ore preheater 2 by the combustion of partially spent reducing gas with
      air. The reducing gas is introduced in preheater 2 through line 6 and the
      air is introduced through line 17.
PAR  The preheated ore then is delivered via line 4 to fluidized bed reactor 5.
      Next, the heated ore is permitted to flow downwardly in reactor 5 while
      being reduced, at least partially, by hot, ascending, reducing gases
      introduced via line 9. This reduction is accomplished with a CO rich
      reducing gas at temperatures below the effective fusing temperature of the
      ore to prevent undesirable agglomeration. Generally, the reduction is
      conducted below about 1900.degree.F. and preferably at from about
      1400.degree.F. to about 1600.degree.F. Typically, several reducing beds
      are arranged as separate reduction zones within a single reactor, such as
      reactor 5. For example, three reducing beds are shown in the reactor 5 and
      they are designated as 5-A, 5-B and 5-C. The number of reducing beds
      provided is a matter of choice and depends upon the nature of the ore
      being processed, the quality of the product desired and the type of
      reducing gas employed, among other factors. Alternatively, individual
      reactors connected in series may be provided.
PAR  In any event, iron ore is introduced into the top of the reactor, or
      reactors and flowed downwardly from bed to bed with a progressively lower
      oxidation state of the ore within each zone being achieved as the ore
      comes in contact with the ascending fluidizing reducing gas.
PAR  The proper temperature for the reducing step depends upon several factors.
      One factor effecting selection of the proper reducing temperature is the
      reducing gas composition. The reduction of iron ore, for example, is known
      to occur at relatively low temperatures with a CO rich reducing gas
      mixture. Another factor that must be considered is the effective fusing
      temperature of the ore. In order to prevent agglomeration that will result
      in loss of fluidization, the reduction must be conducted below the
      effective fusing temperature or temperatures where agglomeration of the
      ore occurs.
PAR  The reducing gas is generated in melter 8 by the interaction of a
      carbonaceous fuel with the residual oxygen in the partially reduced ore
      and by interaction of the fuel with oxygen introduced in the melting zone
      via lines 10 and 12 as will later be described. The reducing gas has a
      CO/CO.sub.2 mole ratio generally of from about 4:1 to about 9:1,
      preferably from about 4:1 to about 4.5:1. The reducing gas is evolved at a
      temperature in the range generally of 2600.degree. to 3000.degree.F., and
      preferably in the range of 2700.degree. to 2900.degree.F.
PAR  Prior to introduction of the reducing gas by line 9 into the final stage or
      bed of fluidized bed reactor 5, the reducing gas optionally is mixed with
      recycle or effluent gas from the reducing reactor. The recycle gas is
      introduced into line 9 via line 15. The partially spent reducing gas
      leaving the first reduction stage via line 6 which is recycled via line 15
      preferably is treated to remove CO.sub.2 before introduction in line 9.
      Treatment of the recycle gas is shown schematically in FIG. 2 as a
      CO.sub.2 removal zone. In any event, recycle gas optionally is mixed with
      the reducing gas to be introduced into the final stage of reactor 5, to
      provide a gas mixture having a temperature sufficient to maintain the
      reducing zones of reactor 5 in the range of 1200.degree. to 1900.degree.F.
      and preferably in the range of 1400.degree. to 1600.degree.F.
PAR  Partially spent reducing gas leaving the first reduction stage via line 6,
      which is not recycled as previously described, is introduced into ore
      preheater 2 and combusted in the ore preheater with air introduced via
      line 17. The combustion of the reducing gas with air in the preheater is
      an exothermic reaction and the heat generated is thereby efficiently
      utilized in preheating the ore.
PAR  As a preferred embodiment of the present invention, the reducing gas is
      introduced by line 9 into the final reducing stage or bed of reactor 5.
      Coke also is introduced into the final reducing stage of reactor 5 via
      line 16 and mixed with the partially reduced iron ore. The temperature of
      the reducing gas stream is effectively lowered by the endothermic reaction
      of coke and iron ore in the final bed so that the temperature in the
      reactor 5 can be maintained below about 1900.degree.F., preferably at from
      about 1400.degree.F. to about 1600.degree.F. The partially reduced iron
      ore which is mixed with coke in the final bed of the reactor is obtained
      from the next preceding fluidized iron ore reduction bed in a multiple bed
      reactor. For example, the ore admixed with coke in bed 5-C of reactor 5
      has been obtained from bed 5-B of reactor 5.
PAR  As mentioned previously, the temperature in reduction reactor 5 is
      maintained below about 1900.degree.F. to prevent agglomeration which
      results in loss of fluidization of the ore. The pressure at which the
      reducing gas is delivered for fluidization of the ore depends upon the
      operating pressure selected for the entire system including the pressure
      desired for the preheater, reduction reactor and melter. Typically, the
      reducing gas is introduced into the bottom of the reactor at a pressure
      greater than about 2 atm. absolute. A pressure greater than 30 atm.
      generally is not employed. Preferably the gas is introduced into the
      reactor at a pressure in the range of from about 3 to about 10 atm.
PAR  After the finely-divided iron ore is partially reduced, the solilds are
      pressurized with reducing or inert gas and delivered via line 7 to melter
      8. In general, the prereduced ore will be from about 30 percent to about
      85 percent metallized when delivered to melter 8. However, the extent to
      which the ore is prereduced before delivery to melter 8 depends primarily
      upon whether reducing gas is recycled via line 15 as previously described.
      When the reducing gas is recycled, the prereduced ore is in the range of
      about 65 percent to about 85 percent metallized; whereas, when little or
      no reducing gas is recycled, the prereduced ore is in the range of about
      30 percent to about 50 percent metallized.
PAR  The extent that the ore is metallized, or the percent metallization, refers
      to the percentage of the total iron in the ore which is present as
      elemental iron.
PAR  In a preferred embodiment of this invention, the prereduced iron ore from
      the final reduction stage is introduced below the molten metal in melter 8
      thereby preventing entrainment of the finely-divided solid in the gas
      stream generated in melter 8. The finely-divided prereduced ore from
      reactor 5 generally is at a temperature below 1900.degree.F. and
      preferably in the range of about 1400.degree.F. to about 1600.degree.F.
PAR  Lime for slagging can be introduced into the melter 8 by line 11.
      Optionally, lime can be added through an oxygen lance. The amount of lime
      and other additives to be added depends upon the chemistry of the ore and
      the desired molten product and proper selection is within the ordinary
      skill of the art. In addition to lime, other materials may be added such
      as calcium fluoride for controlling slag quality, and manganese or other
      additives used in making iron alloys such as steel and the like.
PAR  A carbonaceous fuel, preferably coke, is fed into melter 8 through line 12
      and oxygen is introduced into the melter via line 10 through an oxygen
      lance (not shown). The coke and oxygen are introduced at a rate sufficient
      to generate the requisite heat to melt and to effect the final reduction
      of the prereduced iron ore and also to generate a reducing gas having a
      mole ratio, as previously specified, of carbon monoxide to carbon dioxide
      most generally of about 4:1 to about 9:1, and preferably from about 4:1 to
      about 4.5:1. A CO rich containing gas is required to effect rapid
      reduction of the iron ore to about 30 percent metallization or more at
      temperatures generally below the effective fusing temperature of the
      finely-divided ore.
PAR  The prereduced ore introduced into melter 8 is finely-divided at an
      elevated temperature. Consequently, melting, reducing and refining of the
      prereduced ore is extremely rapid. Advantageously then, the other
      materials introduced into the melter such as coke, lime and oxygen are
      preheated also by any convenient means. Obviously, the lower the extent
      metallization of the ore introduced into the melter, the more advantageous
      preheating the other materials will be in achieving thermal efficiency.
PAR  The reducing gas is withdrawn from melter 8 by line 9. The gas is at a
      temperature generally in the order of about 2600.degree. to 3000.degree.F.
      Since it is desirable to maintain the bed temperature in the fluidized bed
      reactor generally in the range of about 1400.degree.F. to about
      1600.degree.F., the reducing gas is introduced by line 9 into the bottom
      of reactor 5 in the manner previously described.
PAR  The hot waste gas removed via line 3 may be further processed for sensible
      heat recovery.
PAR  Finally, slag is removed as required from melter 8 via line 13 and the
      molten iron-containing material is recovered by withdrawal through line
      14.
PAR  Optionally, melter 8 can be provided with a separate chamber or accumulator
      where additional fluxes or alloys are added to adjust the chemical
      composition of the molten steel product. An accumulator separate from
      melter 8 can even be provided and the temperature maintained therein by
      techniques such as oxygen lancing. Generally and preferably, however,
      chemical composition of the molten iron-containing material is adequately
      adjusted in melter 8. Thus controlled amounts of lime can be added, for
      example, to control the lime to gangue ratio and effect desulfurization
      and any necessary dephosphorization. Additional carbonaceous material can
      be added to adjust the carbon content of the molten iron-containing
      material. Generally, the iron-containing material will have a carbon
      content of about 0.05 percent to about 4.3 percent.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of reducing and refining iron ore by combining separate
      reducing refining zones whereby the gas generated in the refining zone is
      used to fluidize and partially reduce finely divided iron ore in the
      reduction zone at temperatures below about 1900.degree.F. and the partial
      reduced ore is subsequently transferred and processed in the refining
      zone, the improvement comprising:
PA1  a. introducing the partially reduced iron ore transferred from the reducing
      zone and processed in the refining zone below the molten iron-containing
      metal in the refining zone;
PA1  b. introducing a carbonaceous fuel and oxygen in the refining zone to
      generate sufficient heat to melt and refine the transferred partially
      reduced iron ore and to liberate a reducing gas having a CO/CO.sub.2 ratio
      of from about 4:1 to about 9:1 at a temperature of about 2600.degree.F. to
      3000.degree.F., and
PA1  c. transferring said reducing gas from the refining zone to fluidize and
      partially reduce the iron ore in the reducing zone to a metallization
      ranging from about 30 pecent to about 85 percent.
NUM  2.
PAR  2. The process of claim 1 wherein the carbonaceous fuel is coke.
NUM  3.
PAR  3. The process of claim 1 wherein the reducing gas is transferred to the
      bottom of the reducing zone to fludiize coke mixed with iron ore so as to
      maintain the temperature in the reducing zone in the range of about
      1400.degree.F. to about 1600.degree.F. and wherein the partially reduced
      ore transferred to the refining zone is from about 30 percent to about 50
      percent metallized.
NUM  4.
PAR  4. The process of claim 1 wherein the transferred reducing gas is admixed
      with a recycle gas from the reducing zone therby providing a reducing gas
      for fluidization of the iron ore which will maintain the temperature in
      the reducing zone in the range of about 1400.degree.F. to about
      1600.degree.F and wherein the partially reduced ore transferred to the
      refining zone is from about 65 percent to about 85 percent metallized.
NUM  5.
PAR  5. The process of claim 1 wherein the amount of carbonaceous fuel also is
      controlled to provide a molten iron-containing material having a carbon
      content in the range of from about 0.05 percent to about 4.3 percent.
NUM  6.
PAR  6. A process for making iron-containing materials for finely divided iuron
      ore by combining separate reducing and refining steps and comprising the
      steps of:
PA1  a. fluidizing the iron ore in the reduction zone with a reducing gas to
      effect a partial reduction of the iron ore at temperatures below about
      1900.degree.F. to a metallization in the range from about 30 percent to
      about 85 percent;
PA1  b. transferring the partially reduced iron ore from the reduction zone to a
      refining zone for melting and processing;
PA1  c. introducing the iron ore transfer from the reducing zone to the melting
      zone below the molten metal in the melting zone;
PA1  d. introducing carbonaceous fuel and oxygen into the refining zone to
      generate sufficient heat for melting, and finally reducing the partially
      reduced ore and to liberate a hot CO rich reducing gas at a temperature
      range of about 2600.degree.F. to 3000.degree.F. and having a CO/CO.sub.2
      mole ratio of about 4:1 to about 9:1;
PA1  e. transferring said reducing gas from a refining zone to the reduction
      zone to fluidize and partially reduce the iron therein; and
PA1  f. recovering a molten iron-containing material.
NUM  7.
PAR  7. The process of claim 6 wherein a carbonaceous fuel and oxygen introduced
      in the refining zone in Step (d) is adjusted to provide a reducing gas
      with a CO/CO.sub.2 mole ratio of from about 4:1 to about 9:1 at a
      temperature of about 2600.degree. to 3000.degree.F.
NUM  8.
PAR  8. The process of claim 7 further characterized by admixing the transferred
      reducing gas of step (e) with coke and iron ore in the bottom of the
      reducing zone whereby the temperature in the reducing zone is maintained
      in the range of about 1400.degree.F. to about 1600.degree.F. and in which
      transferred ore of step (b) is about 30 percent to about 50 percent
      metallized.
NUM  9.
PAR  9. The process of claim 7 wherein the reducing gas transferred from the
      refining zone to the reducing zone is mixed before introduction in the
      reducing zone with a recycle gas from said zone to provide a reducing gas
      mixture having a temperature sufficient to maintain the temperature in the
      reducing zone in the range of about 1,400.degree.F. to about
      1600.degree.F. and wherein the ore transferred in step (b) is about 65
      percent to about 85 percent metallized.
NUM  10.
PAR  10. The process of claim 6 including the steps of controlling the carbon
      content in the refining zone to provide a molten iron containing material
      having a carbon content of from about 0.05 wt. percent to about 4.3 wt.
      percent.
NUM  11.
PAR  11. The process of claim 6 including the steps of providing lime and
      process additives in the refining zone to obtain a molten iron-containing
      material and slag.
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ABST
PAL  A substantially nonporous, austenitic stainless steel, and a method for
      producing it; consisting essentially of, in weight percent, from 10 to 30%
      chromium, from 15 to 45% manganese, from 0.85 to 3% nitrogen, up to 1%
      carbon, up to 2% silicon, balance essentially iron and residuals.
      Moreover, a steel wherein said elements are balanced in accordance with
      the following equations:
      ##EQU1##
EQU  %Cr + 0.8 (%Mn) - 11.88 (%N - 0.1) - 28.25 .gtoreq. 0
PARN
PAR  This is a division of application Ser. No. 251,637, filed May 8, 1972, now
      U.S. Pat. No. 3,820,980.
BSUM
PAR  The present invention relates to a nonporous, high
      nitrogen-chromium-manganese, austenitic stainless steel, and to a method
      for producing it.
PAR  Today, stainless steels are available in a variety of structures exhibiting
      a range of mechanical properties which, combined with their excellent
      corrosion resistance, makes them highly versatile from a design
      standpoint. Of them, austenitic stainless steels generally possess the
      best corrosion resistance and the best strength at elevated temperatures.
      Austenitic stainless steels have generally been comprised of iron,
      chromium and nickel.
PAR  Shortages of nickel, one of the primary constituents of austenitic
      stainless steels, have caused considerable concern during critical times
      in history, and have resulted in it becoming a costly element. Out of the
      concern and high cost, arose extensive investigations aimed at providing
      austenitic steels having part or all of their nickel replaced by other
      elements. At the present time, the two preferred substitutions are
      manganese and nitrogen. The use of manganese and/or nitrogen does,
      however, have its drawbacks. Manganese is only half as powerful an
      austenitizer as is nickel and nitrogen has a tendency to produce a porous
      ingot.
PAR  Through the present invention, there is provided a high
      nitrogen-chromium-manganese, austenitic stainless steel characterized by
      high strength, good corrosion resistance and excellent ductility in the
      annealed condition. Moreover, an austenitic steel wherein the elements are
      carefully balanced to insure the integrity of its austenitic structure and
      wherein sufficient chromium and manganese are present to provide a
      nonporous structure. The steel contains from 0.85 to 3% nitrogen, from 10
      to 30% chromium and from 15 to 45% manganese. At first glance it appears
      to be somewhat similar to the steels disclosed in U.S. Pat. Nos. 2,778,731
      and 2,745,740. However, the steel of Pat. No. 2,778,731 has a maximum
      equated chromium and manganese content below the minimum equated sum of
      chromium and manganese imposed upon the steel of the present invention and
      U.S. Pat. No. 2,745,740 does not disclose a composition balanced within
      the hereinbelow discussed austeniticity and porosity equation limitations
      imposed upon the present invention, as exemplified by the specific alloys
      therein. Still other references disclose relatively high nitrogen
      contents, but yet maximum contents below the minimum taught herein. These
      references are U.S. Pat. No. 2,909,425 and an article entitled Study of
      Austenitic Stainless Steels With High Manganese and Nitrogen Contents,
      which appeared on pages 399-412 of Revue de Metallurgie, No. 5, May 1970.
PAR  It is accordingly an object of this invention to provide a nonporous high
      nitrogen-chromium-manganese, austenitic stainless steel.
PAR  It is a further object of this invention to provide a method for producing
      a nonporous, high nitrogen-chromium-manganese, austenitic stainless steel.
PAR  The nonporous, austenitic stainless steel of the present invention has a
      composition consisting essentially of, in weight percent, from 10 to 30%
      chromium, from 15 to 45% manganese, from 0.85 to 3% nitrogen, up to 1%
      carbon, up to 2% silicon, balance essentially iron and residuals. In
      addition, its elements are balanced in accordance with the following
      equations.
      ##EQU2##
EQU  %Cr + 0.8 (%Mn) - 11.88 (%N - 0.1) - 28.25 .gtoreq. O      (2)
PAL  Equation 1 is a measure of the steels austeniticity and equation 2 is an
      indicator of its porosity or lack thereof. Steels which do not satisfy the
      equations are outside the scope of the invention. As a general rule, the
      steel of the invention is melted at an ambient pressure of about one
      atmosphere, and this method of making it is incorporated as a part of the
      present invention. The particular form in which nitrogen is added is not
      critical. Illustrative forms includes activated nitrogen, cyanides, and
      high nitrogen ferro-chrome.
PAR  Nitrogen, a strong austenitizer, is present in amounts of from 0.85 to 3%.
      At least 0.85% is required as it is the steel's primary strengthening
      element. An upper limit of 3% is imposed as higher nitrogen contents
      appear to be unrealistic from a melting standpoint. A preferred nitrogen
      content is from 1.05 to 1.5%.
PAR  Chromium is present in amounts of from 10 to 30%. At least 10 % is required
      in order to give the steel its outstanding corrosion resistance. Chromium
      also has a secondary effect upon the strength of the steel and is a
      primary element in increasing the steel's solubility for nitrogen. An
      upper limit of 30% is imposed as chromium is a ferrite former and
      excessive amounts of ferrite might form with higher levels, and in turn
      degrade the steel's properties. A preferred chromium content is from 15 to
      27%. Steels with chromium contents below 15% and above 27% are difficult
      to process. Those with contents below 15% exhibit a greater tendency to
      hot short while those with contents in excess of 27% exhibit a greater
      tendency to crack during handling and forming.
PAR  Manganese is present in amounts of from 15 to 45%. At least 15%, and
      preferably 21% is necessary as manganese is an austenitizer and since
      manganese increases the steel's solubility for nitrogen. An upper limit of
      45%, and a preferred upper limit of 30%, is imposed for economic
      considerations, and since manganese exhibits a tendency to attack furnace
      refractories.
PAR  Carbon is a powerful austenitizer and strengthener and is present in
      amounts up to 1%. Its content must, however, be controlled as it can
      disadvantageously remove chromium from solid solution by combining
      therewith to form chromium carbides, and since it can reduce the steel's
      solubility for nitrogen by occupying interstitial sites normally filled by
      nitrogen. A preferred maximum carbon content is 0.15%. Higher carbon
      contents necessitate higher annealing temperatures to put the carbon into
      solution.
PAR  Silicon levels are maintained below 2% and preferably below 1%. Higher
      levels increase the inclusion content of the steel to an undesirable
      degree, and moreover, tie up excessive amounts of manganese in the form of
      manganese silicates.
PAR  As stated above, the steel may also contain a number of residuals. These
      residuals include elements such as copper, molybdenum, phosphorus, sulfur,
      tungsten, cobalt and nickel.
DETD
PAR  The following examples, are illustrative of the invention.
PAR  Thirty steel heats having chromium contents from 10.0 to 40.49%, manganese
      contents from 9.94 to 30.1%, nitrogen contents from 0.92 to 1.95%, carbon
      contents from 0.015 to 0.118% and silicon contents from 0.19 to 0.55% were
      melted at an ambient pressure of about one atmosphere. Their chemistry
      appears hereinbelow in Table I.
PAR  The heats were prepared by introducing solid materials in the proportions
      required to provide the desired amount of chromium, manganese, carbon,
      silicon, and iron into the furnace which was maintained at atmospheric
      pressure. These materials were melted, after which nitrogen was introduced
      into the melt at atmospheric pressure. The composition of the melt is such
      that the desired amount of nitrogen, up to 3%w, is taken into the melt at
      atmospheric pressure.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     CHEMISTRY                                                                 
     __________________________________________________________________________
     HEAT                                                                      
         C    Mn   P    S    Si  Cr   Ni  Mo   Cu  N                           
     __________________________________________________________________________
     A.  0.069                                                                 
              21.40                                                            
                   0.007                                                       
                        0.010                                                  
                             0.19                                              
                                 24.16                                         
                                      0.27                                     
                                          0.025                                
                                               0.10                            
                                                   1.06                        
     B.  0.062                                                                 
              25.60                                                            
                   0.012                                                       
                        0.011                                                  
                             0.23                                              
                                 25.26                                         
                                      0.26                                     
                                          0.026                                
                                               0.12                            
                                                   1.30                        
     C.  0.118                                                                 
              23.60                                                            
                   0.007                                                       
                        0.010                                                  
                             0.41                                              
                                 23.25                                         
                                      0.27                                     
                                          0.020                                
                                               0.10                            
                                                   1.05                        
     D.  0.068                                                                 
              21.50                                                            
                   0.006                                                       
                        0.011                                                  
                             0.51                                              
                                 23.22                                         
                                      0.25                                     
                                          0.025                                
                                               0.24                            
                                                   1.11                        
     E.  0.084                                                                 
              23.62                                                            
                   0.008                                                       
                        0.013                                                  
                             0.44                                              
                                 22.98                                         
                                      0.25                                     
                                          0.020                                
                                               0.23                            
                                                   1.20                        
     F.  0.100                                                                 
              21.62                                                            
                   0.009                                                       
                        0.012                                                  
                             0.46                                              
                                 24.90                                         
                                      0.25                                     
                                          0.020                                
                                               0.23                            
                                                   1.26                        
     G.  0.086                                                                 
              26.00                                                            
                   0.013                                                       
                        0.013                                                  
                             0.55                                              
                                 25.76                                         
                                      0.25                                     
                                          0.026                                
                                               0.23                            
                                                   1.58                        
     H.  0.033                                                                 
              21.40                                                            
                   0.009                                                       
                        0.010                                                  
                             0.52                                              
                                 23.26                                         
                                      0.32                                     
                                          0.010                                
                                               0.24                            
                                                   1.45                        
     I.  0.10 21.00                                                            
                   L    L    0.50                                              
                                 25.00                                         
                                      0.20                                     
                                          0.010                                
                                               0.20                            
                                                   1.55                        
     J.  0.031                                                                 
              21.80                                                            
                   0.006                                                       
                        0.008                                                  
                             0.49                                              
                                 24.54                                         
                                      0.27                                     
                                          0.024                                
                                               0.25                            
                                                   1.16                        
     K.  0.10 25.00                                                            
                   L    L    0.50                                              
                                 25.00                                         
                                      0.20                                     
                                          0.010                                
                                               0.20                            
                                                   1.95                        
     L.  0.020                                                                 
              25.25                                                            
                   0.012                                                       
                        0.009                                                  
                             0.51                                              
                                 24.98                                         
                                      0.32                                     
                                          0.025                                
                                               0.20                            
                                                   1.20                        
     M.  0.023                                                                 
              25.75                                                            
                   0.016                                                       
                        0.006                                                  
                             0.40                                              
                                 29.64                                         
                                      0.25                                     
                                          NA   0.19                            
                                                   1.03                        
     N.  0.032                                                                 
              10.60                                                            
                   0.008                                                       
                        0.011                                                  
                             0.50                                              
                                 30.10                                         
                                      0.22                                     
                                          NA   0.21                            
                                                   1.04                        
     O.  0.029                                                                 
              16.00                                                            
                   0.008                                                       
                        0.011                                                  
                             0.42                                              
                                 25.08                                         
                                      0.22                                     
                                          NA   0.19                            
                                                   1.04                        
     P.  0.05 10.00                                                            
                   L    L    0.50                                              
                                 25.00                                         
                                      0.20                                     
                                          NA   0.20                            
                                                   1.05                        
     Q.  0.032                                                                 
              25.56                                                            
                   0.013                                                       
                        0.010                                                  
                             0.42                                              
                                 29.82                                         
                                      0.28                                     
                                          NA   0.24                            
                                                   1.20                        
     R.  0.054                                                                 
              24.50                                                            
                   0.010                                                       
                        0.009                                                  
                             0.39                                              
                                 19.84                                         
                                      0.26                                     
                                          NA   0.18                            
                                                   1.00                        
     S.  0.049                                                                 
              20.30                                                            
                   0.010                                                       
                        0.009                                                  
                             0.37                                              
                                 20.06                                         
                                      0.26                                     
                                          NA   0.19                            
                                                   1.00                        
     T.  0.05 25.00                                                            
                   L    L    0.40                                              
                                 15.00                                         
                                      0.20                                     
                                          NA   0.20                            
                                                   1.05                        
     U.  0.05 30.00                                                            
                   L    L    0.40                                              
                                 10.00                                         
                                      0.20                                     
                                          NA   0.20                            
                                                   1.05                        
     V.  0.022                                                                 
              10.32                                                            
                   0.012                                                       
                        0.009                                                  
                             0.41                                              
                                 35.22                                         
                                      0.21                                     
                                          NA   0.12                            
                                                   1.05                        
     W.  0.028                                                                 
              16.65                                                            
                   0.011                                                       
                        0.010                                                  
                             0.38                                              
                                 30.29                                         
                                      0.20                                     
                                          NA   0.12                            
                                                   1.05                        
     X.  0.025                                                                 
              29.99                                                            
                   0.007                                                       
                        0.010                                                  
                             0.34                                              
                                 15.02                                         
                                      0.22                                     
                                          NA   0.15                            
                                                   1.10                        
     Y.  0.019                                                                 
              29.84                                                            
                   0.008                                                       
                        0.006                                                  
                             0.51                                              
                                 40.34                                         
                                      0.29                                     
                                          NA   0.18                            
                                                   0.97                        
     Z.  0.016                                                                 
              30.10                                                            
                   0.015                                                       
                        0.001                                                  
                             0.28                                              
                                 35.51                                         
                                      0.28                                     
                                          NA   0.20                            
                                                   0.96                        
     AA. 0.015                                                                 
              19.62                                                            
                   0.014                                                       
                        0.001                                                  
                             0.45                                              
                                 35.55                                         
                                      0.29                                     
                                          NA   0.18                            
                                                   0.93                        
     BB. 0.015                                                                 
              19.61                                                            
                   0.016                                                       
                        0.001                                                  
                             0.44                                              
                                 39.79                                         
                                      0.29                                     
                                          NA   0.20                            
                                                   0.98                        
     CC. 0.018                                                                 
              9.94 0.015                                                       
                        0.004                                                  
                             0.52                                              
                                 40.49                                         
                                      0.31                                     
                                          NA   0.18                            
                                                   1.02                        
     DD. 0.017                                                                 
              9.98 0.013                                                       
                        0.003                                                  
                             0.52                                              
                                 35.08                                         
                                      0.27                                     
                                          NA   0.20                            
                                                   0.92                        
     __________________________________________________________________________
PA1  L - low concentration requested
PA1  Na - analysis not performed
PAR  The structure of each heat was examined. Those having chromium contents of
      35% and more were tapped at 2650.degree.F, sectioned and optically
      examined at magnifications up to 1000 X. All of them had duplex structures
      (austenite and ferrite), as shown in Table II hereinbelow. Those remaining
      heats which were porous could be detected by the naked eye. They were
      sectioned and classified porous if they had voids in excess of 1/8 inch.
      Table II also shows which heats were porous. The remaining heats were
      ground to remove casting defects, hot processed, cold processed and
      examined. Hot processing involved a preheat of 1500.degree.-
      1700.degree.F for 1 - 2 hours, a heating at 2200.degree.- 2350.degree.F
      for 2 - 3 hours, and a rolling or forging at a minimum temperature of
      1700.degree.- 1800.degree.F. Cold processing involved an anneal at
      1900.degree.- 2000.degree.F for 120 minutes per inch of thickness, an air
      cool, at least one cold roll adding up to a reduction of up to 80%, an
      anneal at 1950.degree. F and an air cool. The examination involved optical
      observations at magnifications up to 500X and transmission
      electronmicroscopy observations at magnifications up to 50,000X. The
      results of this examination are reproduced in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     HEAT               STRUCTURE                                              
     ______________________________________                                    
     A.                 AUSTENITIC                                             
     B.                 AUSTENITIC                                             
     C.                 AUSTENITIC                                             
     D.                 AUSTENITIC                                             
     E.                 AUSTENITIC                                             
     F.                 AUSTENITIC                                             
     G.                 AUSTENITIC                                             
     H.                 POROUS                                                 
     I.                 POROUS                                                 
     J.                 AUSTENITIC                                             
     K.                 POROUS                                                 
     L.                 AUSTENITIC                                             
     M.                 AUSTENITIC                                             
     N.                 POROUS                                                 
     O.                 POROUS                                                 
     P.                 POROUS                                                 
     Q.                 AUSTENITIC                                             
     R.                 AUSTENITIC                                             
     S.                 POROUS                                                 
     T.                 POROUS                                                 
     U.                 POROUS                                                 
     V.                 AUSTENITE & FERRITE                                    
     W.                 AUSTENITE & FERRITE                                    
     X.                 POROUS                                                 
     Y.                 AUSTENITE & FERRITE                                    
     Z.                 AUSTENITE & FERRITE                                    
     AA.                AUSTENITE & FERRITE                                    
     BB.                AUSTENITE & FERRITE                                    
     CC.                AUSTENITE & FERRITE                                    
     DD.                AUSTENITE & FERRITE                                    
     ______________________________________                                    
PAR  From Table II, it is noted that heats A through G, J, L, M, Q and R had
      austenitic structures, that heats H, I, K, N through P, S through U, and
      X, had porous structures, and that heats V, W, and Y through DD had duplex
      structures of austenite and ferrite.
PAR  The carbon, nitrogen, manganese, chromium and silicon values for both the
      austenitic and duplex heats were inserted into the following equation,
      discussed hereinabove and referred to as equation 1 therein:
      ##EQU3##
      The calculated ratios for each of the heats is set forth below in Table
      III.
TBL                TABLE III                                                   
     ______________________________________                                    
                                CALCULATED                                     
     HEAT    STRUCTURE          VALUE                                          
     ______________________________________                                    
     A.      AUSTENITIC         1.78                                           
     B.      AUSTENITIC         2.14                                           
     C.      AUSTENITIC         2.0                                            
     D.      AUSTENITIC         1.95                                           
     E.      AUSTENITIC         2.14                                           
     F.      AUSTENITIC         2.06                                           
     G.      AUSTENITIC         2.40                                           
     J.      AUSTENITIC         1.86                                           
     L.      AUSTENITIC         1.88                                           
     M.      AUSTENITIC         1.52                                           
     Q.      AUSTENITIC         1.61                                           
     R.      AUSTENITIC         2.22                                           
     V.      AUSTENITE & FERRITE                                               
                                1.07                                           
     W.      AUSTENITE & FERRITE                                               
                                1.34                                           
     Y.      AUSTENITE & FERRITE                                               
                                1.09                                           
     Z.      AUSTENITE & FERRITE                                               
                                1.26                                           
     AA.     AUSTENITE & FERRITE                                               
                                1.01                                           
     BB.     AUSTENITE & FERRITE                                               
                                0.98                                           
     CC.     AUSTENITE & FERRITE                                               
                                0.85                                           
     DD.     AUSTENITE & FERRITE                                               
                                0.89                                           
     ______________________________________                                    
PAR  From Table III it is clear that all the austenitic heats have calculated
      ratios in excess of 1.5, a limitation imposed upon the steel of the
      present invention, and that all the duplex heats (austenite & ferrite)
      have calculated ratios below 1.5. The lowest ratio for any of the
      austenitic heats is 1.52 whereas the highest ratio for any of the duplex
      heats is 1.34.
PAR  The chromium, manganese and nitrogen contents for both the austenitic and
      porous heats were inserted into the following equation, discussed
      hereinabove and referred to as equation 2 therein:
EQU  % Cr + 0.8 (% Mn) - 11.88 (% N - 0.1) - 28.25 .gtoreq. O
PAL  The calculated value for each of the heats is set forth below in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
                              CALCULATED                                       
     HEAT      STRUCTURE      VALUE                                            
     ______________________________________                                    
     A.        AUSTENITIC     1.65                                             
     B.        AUSTENITIC     3.35                                             
     C.        AUSTENITIC     2.65                                             
     D.        AUSTENITIC     0.15                                             
     E.        AUSTENITIC     0.55                                             
     F.        AUSTENITIC     0.15                                             
     G.        AUSTENITIC     0.75                                             
     J.        AUSTENITIC     1.05                                             
     L.        AUSTENITIC     3.85                                             
     M.        AUSTENITIC     10.94                                            
     Q.        AUSTENITIC     8.95                                             
     R.        AUSTENITIC     0.45                                             
     H.        POROUS         -3.85                                            
     I.        POROUS         -3.65                                            
     K.        POROUS         -5.25                                            
     N.        POROUS         -0.75                                            
     O         POROUS         -1.55                                            
     P.        POROUS         -6.55                                            
     S.        POROUS         -2.65                                            
     T.        POROUS         -4.55                                            
     U.        POROUS         -5.55                                            
     X.        POROUS         -1.11                                            
     ______________________________________                                    
PAR  From Table IV it is clear that all the austenitic heats have calculated
      values in excess of 0, a limitation imposed upon the steel of the present
      invention, and that all the porous heats have calculated values below 0.
      The lowest value for any of the austenitic heats is 0.15 whereas the
      highest (least negative) value for any of the porous heats is - 0.75.
PAR  As stated above, the properties of the steel of this invention are
      dependent upon the attainment of an austenitic structure. To demonstrate
      this, the properties of austenitic heat J are compared to those of duplex
      heat V, in Table V hereinbelow. No comparison is made between the
      properties of a porous heat and those of an austenitic heat as porous
      heats are obviously inferior, and since it is near impossible to get
      meaningful property measurements for them.
PAR  Table V compares the 0.2% yield strength, the ultimate tensile strength,
      the elongation and the hardness for austenitic heat J with duplex heat V.
      These properties are compared after hot rolling, after annealing at
      1950.degree.F for 7 minutes, and after cold reductions of 10, 25 and 50%.
TBL                                    TABLE V                                 
     __________________________________________________________________________
                           PROPERTIES                                          
                           0.2%YS                                              
                                 UTS   ELONGATION                              
     HEAT                                                                      
         STRUCTURE                                                             
                CONDITION  (psi) (psi) (%)    HARDNESS                         
     __________________________________________________________________________
     J.  AUSTENITIC                                                            
                HOT ROLLED 177,300                                             
                                 190,200                                       
                                       23.8   46.0 Rc                          
     V.  AUSTENITE                                                             
                HOT ROLLED  75,690                                             
                                 108,470                                       
                                       17.0   97.0 Rb                          
         & FERRITE                                                             
     J.  AUSTENITIC                                                            
                ANNEALED   118,700                                             
                                 157,900                                       
                                       44.7   33.5 Rc                          
     V.  AUSTENITE                                                             
                ANNEALED    84,680                                             
                                 109,810                                       
                                       19.0   97.0 Rb                          
         & FERRITE                                                             
     J.  AUSTENITIC                                                            
                10% COLD REDUCTION                                             
                           140,300                                             
                                 177,800                                       
                                       29.3   41.7 Rc                          
     V.  AUSTENITE                                                             
                10% COLD REDUCTION                                             
                           119,560                                             
                                 126,030                                       
                                       8.5    26.0 Rc                          
         & FERRITE                                                             
     J.  AUSTENITIC                                                            
                25% COLD REDUCTION                                             
                           184,400                                             
                                 218,200                                       
                                       13.8   43.7 Rc                          
     V.  AUSTENITE                                                             
                25% COLD REDUCTION                                             
                           138,500                                             
                                 144,390                                       
                                       5.0    30.5 Rc                          
         & FERRITE                                                             
     J.  AUSTENITIC                                                            
                50% COLD REDUCTION                                             
                           231,700                                             
                                 269,300                                       
                                       7.0    48.7 Rc                          
     V.  AUSTENITE                                                             
                50% COLD REDUCTION                                             
                           156,610                                             
                                 164,020                                       
                                       3.5    32.5 Rc                          
         & FERRITE                                                             
     __________________________________________________________________________
PAR  From Table V, it is clear that austenitic heat J is superior to duplex heat
      V. Heat J had better properties than heat V after hot rolling, after
      annealing, and after cold rolling. Ferrite diminishes the steel's yield
      strength, ultimate tensile strength, elongation and hardness. In addition,
      it detrimentally affects the steel's corrosion resistance and promotes the
      formation of undersirable sigma phase.
PAR  The steel of this invention has utility in a wide range of applications.
      Included therein are high strength fasteners, motor/generator retaining
      rings, marine cable, and castings for pump housings.
PAR  It will be apparent to those skilled in the art that the novel principles
      of the invention disclosed herein in connection with specific examples
      thereof, will suggest various other modifications and applications of the
      same. It is accordingly desired that in construing the breadth of the
      appended claims they shall not be limited to the specific examples of the
      invention disclosed herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for producing a substantially nonporous, austenitic stainless
      steel consisting essentially of, in weight percent, from 10 to 30%
      chromium, from 21 to 45% manganese, from 0.85 to 3% nitrogen, up to 1%
      carbon, up to 2% silicon, balance essentially iron and residuals; which
      comprises the steps of: preparing a melt containing from 10 to 30%
      chromium, from 15 to 45% manganese, up to 1% carbon up to 2% silicon and
      balance iron and residuals, alloying the melt at an ambient pressure of
      about one atmosphere, with nitrogen in an amount of from 0.85 to 3%;
      balancing the elements in accordance with the following equations:
      ##EQU4##
EQU  %Cr + 0.8 (%Mn) - 11.88 (%N - 0.1) - 28.25 .gtoreq. 0
PAL  and solidifying the melt.
NUM  2.
PAR  2. A method according to claim 1 adapted to produce a substantially
      nonporous, austenitic stainless steel having from 15 to 27% chromium.
NUM  3.
PAR  3. A method according to claim 1 adapted to produce a substantially
      nonporous, austenitic stainless steel having from 21 to 30% manganese.
NUM  4.
PAR  4. A method according to claim 1 adapted to produce a substantially
      nonporous austenitic stainless steel having from 1.05 to 1.5% nitrogen.
NUM  5.
PAR  5. A method according to claim 1 adapted to produce a substantially
      nonporous, austenitic stainless steel having up to 0.15% carbon.
NUM  6.
PAR  6. A method according to claim 1 adapted to produce a substantially
      nonporous, austenitic stainless steel having up to 1% silicon.
NUM  7.
PAR  7. A method according to claim 1 adapted to produce a substantially
      nonporous, austenitic stainless steel having from 15 to 27% chromium, from
      21 to 30% manganese, from 1.05 to 1.5% nitrogen, up to 0.15% carbon and up
      to 1% silicon.
NUM  8.
PAR  8. A method according to claim 1 adapted to produce a substantially
      nonporous, austenitic stainless steel having at least 21% manganese.
NUM  9.
PAR  9. A method according to claim 1 adapted to produce a substantially
      nonporous, austenitic stainless steel having at least 15% chromium.
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ABST
PAL  This invention provides a composite composition comprising a metallic
      matrix having a concentration of third phase solid particles homogeneously
      dispersed throughout the metallic matrix. The metallic matrix can be
      liquid, solid or partially solid and can have (a) a dendritic structure or
      (b) up to 65 weight percent of a structure comprising degenerate dendritic
      or nodular primary discrete solid particles suspended in a secondary phase
      having a lower melting point than the primary particles which secondary
      phase can be solid or liquid. The third phase particles can be metallic,
      non-metallic or a combination metallic-nonmetallic compositions and have a
      surface composition which is not wet by the metallic matrix when the
      matrix is a liquid.
GOVT
PAR  The invention herein described was made in the course of work performed
      under Contract No. DAHC 04-70-C-0063 with the Department of the Army.
PARN
PAR  This is a division of application Ser. No. 379,990 filed July 17, 1973.
      This application in-turn is a continuation-in-part of application Ser. No.
      278,457, filed Aug. 7, 1972, and now abandoned.
BSUM
PAR  This invention relates to a composite composition of metallic alloy
      matrixes containing third phase metallic, nonmetallic, or combination
      metallic-nonmetallic solid particles, to a method for preparing the
      composition and to a method for casting the composition.
PAR  At the present time solid particles are added to metal alloy compositions
      to provide desirable characteristics to the solidified product obtained
      from the composite composition such as hardness or strength
      characteristics. For example, particles which are softer than the metal
      alloy composition are added thereto to improve its use as a bearing while
      harder particles are added to the metal alloy composition to extend its
      life under conditions where extreme friction forces are encountered.
      Presently, this particle addition is conducted when the metal alloy
      composition is in the liquid state prior to forming a casting therefrom or
      powders of the desired constituents are mixed together and subsequently
      sintered. When adding particles to a melt, only a small amount of the
      particles, generally about 3 weight percent, can be added since they
      generally are rejected by the metal alloy composition and float to the
      surface or sink to the bottom thereof. It is believed that the major cause
      for this rejection is because the particles are not wetted by the metal
      alloy and therefore no intimate contact can be attained. Thus, the degree
      to which the characteristics of the original metal alloy composition can
      be changed is unduly limited.
PAR  It has been proposed to coat the particles to be added with a material
      which is wetted by the molten metal alloy or to add to the molten metal
      alloy a material which wets the added particles. For example it has been
      proposed to coat graphite particles with nickel which are then introduced
      into an aluminum alloy melt with the view of increasing the proportion of
      the particles in the melt. Unfortunately, even with vigorous agitation to
      attain a homogeneous particle dispersion within the melt, it has been
      possible to add only 3% of the graphite particles and furthermore the
      graphite particles are distributed nonhomogeneously within the metal
      composition.
PAR  Also, it has been proposed to add liquid or solid particles which are
      heavier than the melt by freezing the metal composition from its bottom
      surface so that dendritic networks are grown from the bottom towards the
      top of the melt and the heavier solid of liquid added to the top of the
      melt is reatined by the dendritic structures at a vertically intermediate
      layer or layers within the metal alloy composition after it is totally
      solidified. This process is generally undesirable since the distribution
      of the added material within the metal alloy composition is very
      nonhomogeneous and the characteristics of the resultant solidified
      composite composition varies greatly as a function of metal thickness.
PAR  In powder metallurgy wherein a powdered composition is sintered, it is
      possible to obtain a metal alloy composition containing a relatively high
      concentration of solid particles dispersed within a metal or metal alloy.
      However, the process is undesirable for a variety of reasons including
      high cost, particularly when it is desired to obtain articles having
      dimensions within close tolerances. Furthermore, sintered articles have
      low ductility and low tensile, and impact strengths which are a direct
      result of pores in the article and which is generally unavoidable in
      powder metallurgy compacts. Articles formed by powder metallurgy have a
      grain structure wherein the grains have an oxide film. The spacing between
      oxide films is of the same order as the size of the powdered particles
      initially employed. This spacing can be harmful to the physical properties
      of the sintered material by rendering it more brittle and hindering
      machineability.
PAR  The present invention provides a metal-metal or metal-nonmetal composite
      composition comprising a metal or metal alloy matrix containing third
      phase solid particles homogeneously distributed within the matrix, having
      a composition different from the metal or metal alloy and having a surface
      composition which is not wet by the metal alloy matrix when the matrix is
      a liquid. The third phase particles are present in concentrations up to
      about 65 weight percent. The metal or metal alloy can be liquid, solid or
      partially solid and when solid or partially solid can have (a) a dendritic
      structure or (b) up to 65 weight percent of a structure comprising
      degenerate dendritic or nodular primary discrete solid particles suspended
      in a secondary phase having a lower melting point than the primary
      particles which secondary phase can be solid or liquid. These compositions
      are formed by heating a metallic composition to a temperature at which
      most or all of the metallic composition is in a liquid state, and
      vigorously agitating the composition to convert any solid particles
      therein to degenerate dendrites or nodules having a generally spheroidal
      shape. The agitation can be initiated either while the metallic
      composition is all liquid or when a small portion of the metal is solid,
      but containing less solid than that which promotes the formation of a
      solid dendritic network. Agitation can be initiated with cooling and
      continued or can be initiated after cooling is initiated. Solid particles
      comprising the third phase of the composition are added to the
      liquid-primary solid metallic composition after all or a portion of the
      primary solids have been formed and the third phase particles are
      dispersed within the metal composition such as by agitation. After the
      third phase particles have been dispersed in the metallic composition, the
      melt can be cast to a desired form, can be cooled to form a slug which can
      be formed or cast subsequently by heating and shaping; in which either
      case the final composition contains primary solids, or the temperature of
      the metallic composition can be increased to liquify the primary solids
      and then solidified in which case the final composition does not contain
      primary solids.
PAR  The metal matrix in the composition of this invention can be formed from a
      wide variety of metals or alloys which, when frozen from a liquid state
      without agitation form a dendritic structure. When the composition of this
      invention includes primary solid discrete particles, the composition
      contains a secondary phase which can be either solid or liquid and a solid
      third phase which third phase has a composition different from the primary
      solid particles and the secondary phase and which has a surface
      composition which is not wet by the metal matrix when it is liquid. The
      secondary phase is solid when the metal composition is solid and liquid
      when the metal composition is partially liquid. The primary particles
      comprise small degenerate dendrites or nodules which are generally
      spheroidal in shape and are formed as a result of agitating the melt when
      it contains solids and when the secondary phase is liquid. The primary
      solid particles are made up of a single phase or a plurality of phases
      having an average composition different from the average composition of
      the surrounding secondary phase, which secondary phase can itself comprise
      primary and secondary phases upon further solidification.
PAR  By the term "primary solid" as used herein is meant the phase or phases
      solidified to form discrete degenerate dendrite particles as the
      temperature of the melt is reduced below the liquidus temperature of the
      metal into the liquid-solid temperature range prior to casting the
      liquid-solid slurry form. By the term "secondary solid" as used herein is
      meant the phase or phases that solidify from the liquid existing in the
      slurry at a lower temperature than at which the primary solid particles
      are formed after agitation ceases and exclusive of the third phase. The
      primary solids obtained in the composition of this invention differ from
      normal solidified structures in that they comprise discrete particles
      suspended in the remaining liquid phase. Normally solidified alloys, in
      absence of agitation, have branched dendrites separated from each in the
      early stages of solidification, i.e. up to 15 to 20 wt. percent solid, and
      develop into an interconnected network as the temperature is reduced and
      the weight fraction solid increase. The composition containing primary
      solids on the other hand prevents formation of the interconnected network
      by maintaining the discrete primary particles separated from each other by
      the liquid phase even up to solid fractions of about 65 weight percent.
      The primary solids are degenerate dendrites in that they are characterized
      by having smoother surfaces and less branched structures which approaches
      a spherical configuration than normal dendrites and may have a
      quasi-dendritic structure on their surfaces, but not to such an extent
      that interconnection of the primary particles is effected to form a
      network dendritic structure. The primary particles may or may not contain
      liquid entrapped within the particles during particle solidification
      depending upon severity of agitation and the period of time the particles
      are retained in the liquid-solid range. However, the weight fraction of
      the entrapped liquid is less than that existing in a normally solidified
      alloy at the same temperature employed in the present processes to obtain
      the same weight fraction solid.
PAR  This secondary solid which is formed during solidification from the liquid
      phase subsequent to forming the primary solid contains one or more phases
      of the type which would be obtained during solidification, exclusive of
      the third phase, by presently employed casting processes. That is, the
      secondary phase comprises solid solutions, or mixtures of dendrites,
      compounds and/or solid solutions.
PAR  The size of the primary particles depends upon the alloy or metal
      composition employed, the temperature of the solid-liquid mixture, the
      time the alloy spends in the solid-liquid temperature range, the degree of
      agitation employed with larger particles being formed at the lower
      temperature and when using less severe agitation. Thus, in general the
      size of the primary particles depends on composition and thermo-mechanical
      history of the slurry and can range from about 1 to about 10,000 microns.
      It is preferred that the composition contain between 10 and 50 weight
      percent primary solids since these compositions have a viscosity which
      promotes ease of casting or forming.
PAR  The compositions of this invention can be formed from any metal alloy
      system or pure metal regardless of its chemical composition which, when
      frozen from the liquid state without agitation forms a dendritic
      structure. Even though pure metals and eutectics melt at a single
      temperature, they can be employed to form the composition of this
      invention since they can exist in liquid-solid equilibrium at the melting
      point by controlling the net heat input or output to the melt so that, at
      the melting point, the pure metal or eutectic contains sufficient heat to
      fuse only a portion of the metal or eutectic liquid. This occurs since
      complete removal of heat of fusion in a slurry employed in the casting
      process of this invention cannot be obtained instantaneously due to the
      size of the casting normally used and the desired composition is obtained
      by equating the thermal energy supplied, for example by vigorous
      agitation, and that removed by a cooler surrounding environment.
      Representative suitable alloys include lead alloys, magnesium alloys, sinc
      alloys, aluminum alloys, copper alloys, iron alloys, nickel alloys, cobalt
      alloys. Examples of these alloys are lead-tin alloys, zinc-aluminum
      alloys, zinc-copper alloys, magnesium-aluminum alloys,
      magnesium-aluminum-zinc alloys, magnesium-zinc alloys, aluminum-copper
      alloys, aluminum-silicon alloys, aluminum-copper-zinc-magnesium alloys,
      copper-tin bronzes, brass, aluminum bronzes, steels, cast irons, tool
      steels, stainless steels, super-alloys, and cobalt-chromium alloys, or
      pure metals such as iron, copper or aluminum.
PAR  The third phase of the compositions of this invention is formed by the
      solid particles which are added to the primary solid-secondary liquid
      phase slurry. For purposes of this invention, the composition of the
      particles forming the third phase can include any solid or liquid
      composition which normally are added to metal alloy compositions to change
      one or more physical characteristics of the metal alloy composition and
      which has a surface composition which is not wet by the metal matrix when
      the matrix is liquid. Representative suitable examples of solid particles
      include graphite, metal carbides, sand, glass, ceramics, metal oxides such
      as thorium oxide, pure metals and alloys, etc. As employed herein, a
      composition that is not wet by the matrix refers to compositions which,
      when added to a metal or metal alloy at or slightly above the liquidus
      temperature of the metal or metal alloy and mixed therein, as by
      agiatation with rotating blades for a suitable period to effect intimate
      contact therewith, e. g. about 30 minutes, are not retained homogeneously
      in measurable concentrations within the liquid after agitation thereof has
      ceased and the resultant composition is allowed to return to a quiescent
      state when the metal or metal alloy is at or slightly above the liquidus
      temperature.
PAR  It has been found that compositions containing third phase particles can be
      formed having a greatly increased weight percentage of such particles as
      compared to compositions obtained by presently available processes. It is
      believed that the primary solid particles present in the slurry provide
      mechanical interaction with the newly added particles forming the third
      phase and prevent the third phase particles from floating up or sinking in
      the melt upon addition. Furthermore, the additional liquid-solid
      interfaces between the primary solids and the secondary phase liquid
      provide energetically favorable conditions for the new particles to become
      attached thereto and permit them to be retained. While applicants do not
      desire to be bound by a theory to explain the mechanism by which the third
      particles are retained, it is believed that the interaction of the
      secondary liquid in the metal and the third phase particles can occur by
      one or more of the following mechanisms: (1.) reaction and formation of a
      new phase at the metal-third phase particle interface, (2.) corrosion of
      the third phase particle and formation of a very fine interfacial layer.
      (3.) penetration of metal along grain boundaries of the third phase
      particle and (4.) formation of solid solutions by diffusion. The
      compositions that can be obtained in accordance with this invention
      contain these third phase particles homogeneously distributed within the
      basic metal alloy composition. Accordingly, this invention provides
      substantial advantages over the prior art in that the latitude available
      for changing the basic characteristics of metal alloy compositions is
      greatly widened and these characteristic changes can be effected
      homogeneously throughout the metal alloy composition.
DRWD
PAR  This invention will be more fully described with reference to the
      accompanying drawings.
PAR  FIG. 1 is an elevation view, schematic in form and partially in cross
      section, of apparatus adapted to practice the method herein disclosed;
PAR  FIG. 2 is a reproduction of a photomicrograph showing the structure of an
      aluminum-4.1 percent silicon -1.8 percent iron casting made from the
      partially liquid-partially solid slurry state to which slurry third phase
      particles can be added by the present teachings;
PAR  FIG. 3 is a reproduction of a picture made with a scanning electron
      microscope of a casting made with the alloy of FIG. 2 to which were added
      glass particles;
PAR  FIG. 4 is a reproduction of a picture made with a scanning electron
      microscope of a casting made with the alloy of FIG. 2 to which were added
      glass particles;
PAR  FIG. 5 is a reproduction of a picture made with a scanning electron
      microscope of a casting made with the alloy of FIG. 2 to which were added
      silicon carbide particles;
PAR  FIG. 6 is a reproduction of a photomicrograph showing the structure of the
      alloy of FIG. 2 to which were added silicon carbide particles;
PAR  FIG. 7 is a reproduction of a picture made with a scanning electron
      microscope showing the alloy of FIG. 2 to which were added aluminum oxide
      particles;
PAR  FIG. 8 is a reproduction of a picture made with a scanning electron
      microscope showing the structure of a casting formed from the alloy of
      FIG. 2 containing no primary particles and to which were added aluminum
      oxide particles;
PAR  FIG. 9 is a reproduction of a picture made with a scanning electron
      microscope of a casting of the composition of FIG. 8; and
PAR  FIG. 10 is a reproduction of a photomicrograph showing the structure of a
      casting having the same compositions as that of FIG. 2 to which were added
      titanium carbide particles.
DETD
PAR  Referring to the figures, an apparatus for forming a liquid-solid mixture
      of metal alloys that solidify over a range of temperatures is shown at 1
      in FIG. 1. Prior to adding the particles forming the third phase, the
      temperature of the metal in a crucible 2 within an electric furnace 3 is
      heated until all or a substantial portion of the melt 1 is in the liquid
      state. At this juncture counter-rotating blades 4 and 4' are introduced
      into the melt 1 and caused to rotate at from 300 to 500 RPM by an electric
      motor 5 to effect vigorous agitation of the melt 1. The crucible 2 is also
      caused to rotate (but at the reduced speed of 5 to 10 RPM) by motor 6.
      Temperature control of the furnace is accomplished by using a thermocouple
      14 to provide inputs in a furnace control device represented by block 15.
      Thereafter the temperature of the melt is reduced to effect some
      solidification or to effect additional solidification if some solid
      already exists. It is to be understood the temperature reduction and
      vigorous agitation need not be coextensive. The melt can be first cooled
      to form a small weight percentage of solids and then it can be agitated to
      form the degenerate dendrites either with or without further cooling. The
      temperature can be reduced by employing the present teachings to obtain up
      to about 65 percent primary solids in the mixture. Thereafter, the
      particles forming the third phase are added to the liquid-solid mixture
      and the resultant composition then is agitated to obtain a relatively
      homogeneous distribution of third phase particles within the liquid metal.
      After mixing, for sufficient lengths of time for particle-liquid metal
      interaction to occur the composition can be cast employing the usual
      techniques or it can be reheated up to or above the liquidus temperature
      of the initial alloy composition while agitation continues and then cast
      employing the usual techniques.
PAR  FIG. 2 is a reproduction of a photomicrograph taken at 50 times
      magnification showning the structure of the casting made of an alloy of
      aluminum-4.14 percent silicon -1.8 percent iron which was agitated for
      about 30 minutes at a temperature of 613.degree.C and poured when the
      liquid-solid mixture was about 40 to 45 percent primary solid. The casting
      comprises globular-type primary solid metal formations 10 and secondary
      solids 11.
PAR  FIG. 3 is a reproduction of a picture taken with a scanning electron
      microscope at 420 times magnification of an aluminum-4.14 percent
      silicon-1.8 percent iron alloy to which were added 20 weight percent of
      glass particles of 20-40 micron size. The glass particles were added to
      the alloy at 613.degree.C after the alloy had been agitated to form a
      composition containing about 45 weight percent primary solids. The metal
      alloy-glass particle mixture was then agitated for about 30 minutes at
      613.degree.C to obtain a homogeneous distribution of the glass particles
      in the secondary liquid phase. As shown in FIG. 3, the casting obtained by
      solidifying the metal alloy-glass composition comprises primary solids 13,
      a secondary phase 14 and glass particles 15 homogeneously distributed
      within the secondary phase 14.
PAR  FIG. 4 is a reproduction of a picture taken with a scanning electron
      microscope taken at 1700 times magnification of an aluminum-4.14 percent
      silicon-1.8 percent iron alloy to which were added 20-40 micron size glass
      particles. The glass particles comprise 10 weight percent of the casting
      and were added to the alloy containing about 45 weight percent primary
      particles. After the glass particles were added, the resultant composition
      was agitated for about 30 minutes at 613.degree.C to obtain a homogeneous
      distribution of the glass within the secondary phase. The casting obtained
      by solidifying the metal alloy glass-mixture comprises primary solids (not
      shown), glass particles 17 bound over their entire surfaces to the
      secondary phase 18.
PAR  FIG. 5 is a reproduction of a photomicrograph taken at 1760 times
      magnification of an aluminum-4.14 percent silicon-1.8 percent iron alloy
      to which was added 44 micron average size silicon carbide particles. The
      silicon carbide particles comprise 20 weight percent of the casting and
      were added to the alloy maintained at a temperature of 613.degree.C when
      the alloy contained about 45 weight percent primary solids. After the
      silicon carbide particles were added, the resultant composition was
      agitated for about 30 minutes at 613.degree.C to obtain a homogeneous
      distribution of the silicon carbide within the secondary phase. The
      casting obtained by solidifying the metal alloy-silicon carbide mixture
      comprises primary solids (not shown) and silicon carbide particles 19 in
      intimate contact with the secondary phase 20.
PAR  FIG. 6 is a reproduction of a photomicrograph taken at 50 times
      magnification of the casting shown in FIG. 5. The silicon carbide
      particles comprise 20 weight percent of the casting and were added to the
      alloy maintained at a temperature of 613.degree.C when the alloy contained
      about 45 weight percent primary solids. After the silicon carbide
      particles were added, the resultant composition was agitated for about 30
      minutes at 613.degree.C to obtain a homogeneous distribution of the
      silicon carbide within the secondary phase. The casting obtained by
      solidifying the metal alloy silicon carbide mixture comprises primary
      solids 21 which contained a solid 22 which is secondary phase liquid
      entrapped within the primary solids during their formation and silicon
      carbide particles 19 homogeneously distributed within the secondary phase
      20.
PAR  FIG. 7 is a reproduction of a picture made with a scanning electron
      microscope at 190 times magnification of an aluminum-4.14 percent silicon
      -1.8 percent iron alloy to which was added 30 weight percent of 44 micron
      size aluminum oxide particles. The aluminum oxide particles were added to
      the alloy at 617.degree.C after it was agitated for 30 minutes and it
      contained 40 weight percent primary solid. After the aluminum oxide
      particles were added, the resultant composition then was mixed for about
      30 minutes prior to casting it. The casting obtained by solidifying the
      metal alloy-aluminum oxide mixture comprised primary solids 23 and a
      secondary phase 24 within which was homogeneously dispersed aluminum oxide
      particles 25.
PAR  FIG. 8 is a reproduction of picture taken with a scanning electron
      microscope at 205 magnification of an aluminum-4.14 percent silicon-1.8
      percent iron alloy to which was added 10 weight percent of 44 micron size
      aluminum oxide particles. The aluminum oxide particles were added to the
      alloy at 617.degree.C after it was agitated for 30 minutes and it
      contained 40 weight percent primary solid. After the aluminum oxide
      particles were added, the resultant composition was mixed for an
      additional 30 minutes. Subsequently the temperature of the metal alloy
      oxide composite was raised to the liquidus temperature of the alloy,
      635.degree.C, while agitation was continued. With increasing temperature
      from 617.degree.C the primary solid particles existing in the slurry were
      gradually remelted, thus decreasing their weight fraction from 40 to 0
      weight percent. The liquid alloy now in a completely molten state and
      containing 10 weight percent of retained aluminum particles were cast. The
      casting obtained by solidifying the metal alloy-aluminum oxide mixture
      comprises homogeneously dispersed aluminum oxide particles 26 in an
      otherwise normally solidified alloy matrix 27.
PAR  FIG. 9 is a reproduction of a picture taken with a scanning electron
      microscope at 2050 magnification of the composition shown in FIG. 8. As
      shown, the interface between the aluminum oxide particle 26 and the alloy
      27 is hole-free.
PAR  FIG. 10 is a reproduction of a photomicrograph taken at 500 times
      magnification of an aluminum-4.14 percent silicon-1.8 percent iron alloy
      to which was added 1 to 5 micron size titanium carbide particles. The
      titanium carbide particles were added to the alloy when it was at a
      temperature of 613.degree.C and after it was agitated for 30 minutes to
      form 45 weight percent primary solids therein. The casting obtained by
      solidifying the metal alloy-titanium carbide mixture comprised 3 weight
      percent titanium carbide particles 27 homogeneously dispersed within the
      secondary phase 28 as well as primary solids 29.
PAR  The weight percent of particles forming the third phase particles that can
      be added to a metal alloy can be varied widely. Higher weight percent of
      third phase particles can be added when the weight percentage of primary
      solids is relatively low or when addition of the third phase particles is
      accompanied by reheating of the melt thus reducing the weight percent of
      the primary solid particles already existing in the melt. The third phase
      particles added to such a mixture become distributed within the secondary
      phase liquid and since there is more secondary phase liquid present, more
      third phase particles can be added. However the primary particles should
      not be so small or widely distributed in the secondary phase as to present
      substantially no interaction with the third phase particles added.
      Generally, the primary particles should be present in the alloy in amounts
      of at least 5 weight percent and can vary up to about 65 weight percent.
      Furthermore, when it is desired to homogeneously distribute the third
      phase particles throughout the metal matrix, irrespective of the weight
      percent of third phase added, after the third phase particles are
      sufficiently dispersed into the secondary liquid phase, the slurry is
      heated, while agitation continues, to or above the liquidus temperature of
      metal alloy composition, remelting all the primary solid particles and
      casting the resulting composition of completely molten metal with
      homogeneous distribution of third phase particles. When it is desired to
      add large amounts of third phase particles, it is preferred to add them in
      a manner wherein the first addition is conducted when the metal alloy
      composition contains a relatively high weight percent of primary
      particles, and subsequently heating the metal alloy composition-particle
      mixture to reduce the weight percent of primary particles, thereby forming
      more secondary phase liquid and permitting the mixture of additional third
      phase particles. During this procedure, the third phase particles are
      added and the resultant composition agitated to attain the desirable
      wetting and interaction of the third phase particles with the metal
      matrix. The composition then is further heated to reduce the concentration
      of primary particles thereby forming more secondary phase liquid and
      permitting the addition of more third phase particles. Futhermore,
      additional liquid secondary phase can be obtained without heating by
      adding a component of the original alloy to change the alloy composition
      so that the temperature at which the new alloy becomes a liquid-solid
      mixture is less than that of the original alloy.
PAR  In one aspect of our invention, the process for adding third phase
      particles by a sequence of particle addition steps is applicable to third
      phase particles that are wet by the liquid portion of the metal alloy
      matrix to which they are added as well as third phase particles that are
      not wet by the liquid metal alloy matrix. As used herein, wet particles
      are those particles which when added to the metal matrix and the resultant
      mixture is agitated as with rotating blades for a suitable period of time
      to effect intimate contact therewith, e.g. about 30 minutes and
      subsequently allowed to return to a quiescent state are retained in the
      liquid metal matrix in measurable concentrations. The wet particles are
      retained therein in concentrations from a measurable concentration of
      slightly above 0% by weight, and generally up to about 5% by weight. In
      some cases, the concentration of wet particles can be up to about 40% by
      weight. Representative examples of wetting comprises a system including
      nickel-coated graphite in aluminum alloys as disclosed by U.S. Pat. No.
      3,600,163 or tungsten carbide in aluminum, magnesium or zinc as disclosed
      by U.S. Pat. No. 3,583,471. These patents are incorporated herein by
      reference.
PAR  In each particle addition step, the particles are added up to the capacity
      for the secondary phase to retain them and/or up to a weight fraction
      where the total weight fraction of primary particles and third phase
      particles does not exceed 65 percent. This capacity of retention of the
      third phase particles by the secondary phase is exceeded when the
      particles are observed to begin floating to the melt surface or sinking to
      the bottom of the melt. On the other hand, when the total weight percent
      of the primary solid particles and third phase particles exceeds 65
      percent the slurry viscosity increases and it behaves like a solid. The
      formation of additional liquid subsequent to the third phase particle
      addition does not effect the removal of the previously added third phase
      particles since they have had time to become wet by the secondary liquid
      phase and/or to interact with the primary particles present therein so
      that they are retained in the metal composition. This result is obtained
      even when the composition is heated to or above the liquidus temperatures
      of the metal composition. By operating in this manner, it is possible to
      attain up to about 65 weight percent third phase particle addition into
      the metal alloy. The preferred concentration of third phase particles
      depends upon the characteristics desired for the final metal composition
      and thus depends upon the metal alloy and particle compositions. The third
      phase particles are of a size which promotes their admixture to form
      homogeneous compositions and prefereably of a size of between 1/100 and
      10,000 microns. It has been found that when third phase particles having a
      harder surface than the primary solid particles are added to the metal
      alloy composition, the size of the primary particles can be reduced during
      vigorous agitation by mechanical interaction with the harder third phase
      particles.
PAR  It is desirable to attain uniform distribution of the third phase particles
      which can be controlled by increasing the degree and duration of mixing,
      employing relatively low rates of addition of the third phase particles
      and by controlling the weight percent of third phase particles added to
      the metal for a given weight of primary solids in the metal.
PAR  When the desired composition has been formed, which in the first case can
      consist of primary solid-secondary liquid-third phase addition or in the
      second case, just reheated, completely molten, liquid metal with third
      phase addition, it can be cooled to form a solid slug or ingot for easy
      storage. Later the slug or ingot can be heated to a temperature wherein a
      primary solid-secondary liquid-third phase mixture is attained in the
      first case mentioned above, or to a temperature where the alloy is
      completely molten with the still homogeneously distributed third phase
      particles in the second case mentioned above, and recast using the usual
      techniques. Furthermore, a slug prepared according to the first case
      procedure just outlined possesses thixotropic properties when reheated to
      the liquid-solid state. It can, thus be fed into a modified die casting
      machine or other apparatus in apparently solid form. However, shearing
      resulting when this apparently solid slug is forced into a die cavity
      causes the slug to transform to a metal alloy whose properties are more
      nearly that of a liquid thereby permitting it to be shaped in conformance
      to the die cavity.
PAR  Alternatively, casting can be effected directly after the third phase
      particles have been successfully added to the primary solid-liquid mixture
      or the reheated lower weight percent primary solid or completely melted
      alloy-third phase particles mixture by pouring, injection or other means.
      The process disclosed is useful for die casting, permanent mold casting,
      continuous casting, closed die forging, hot pressing, vacuum forming and
      other forming processes. The effective viscosity of the compositions
      therein and the high viscosity that can be obtained with the compositions
      of this invention result in less metal spraying in their entrapment in die
      casting and permits higher metal entrance velocities in this casting
      process. Furthermore, more uniform strength and more dense castings result
      from the present method.
PAR  Vigorous agitation can be effected, with counter rotating blades,
      electromagnetic stirring, gas bubbling with relatively large bubbles not
      retained in the metal, or other agitation-inducing mechanisms. The
      agitation is sufficient to prevent the formation of interconnected
      dendritic networks or to substantially eliminate or reduce dendritic
      branches already formed on the primary solid particles.
CLMS
STM  We claim:
NUM  1.
PAR  1. A metal composition comprising a metal alloy containing discrete
      degenerate dendritic primary solid particles in a concentration of up to
      65 percent by weight based upon said alloy, said primary solid particles
      being derived from the alloy and being suspended homogeneously in a
      secondary phase, said secondary phase being derived from the alloy and
      having a lower melting point than said primary solid particles, said
      secondary phase containing third phase solid particles homogeneously
      dispersed in said secondary phase, said third phase particles having a
      different composition from said primary solid particles and said secondary
      phase and having a surface composition that is not wet by the metal alloy
      when said alloy is a liquid.
NUM  2.
PAR  2. The composition of claim 1 wherein said secondary phase is solid.
NUM  3.
PAR  3. The composition of claim 1 wherein said secondary phase is liquid.
NUM  4.
PAR  4. The composition of claim 1 wherein the composition is thixotropic.
NUM  5.
PAR  5. The composition of claim 1 containing from about 10 to 50 weight percent
      primary particles.
NUM  6.
PAR  6. The composition of claim 2 containing from about 10 to 50 weight percent
      primary particles.
NUM  7.
PAR  7. The composition of claim 3 containing from about 10 to 50 weight percent
      primary particles.
NUM  8.
PAR  8. The composition of claim 4 containing from about 10 to 50 weight percent
      primary particles.
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PAL  Roberts et al., "Tool Steels," 3rd Ed., ASM, 1962, p. 719.
ABST
PAL  This invention relates to a tool steel consisting essentially of, in weight
      percent, carbon 1 to 1.4 or 2.5, chromium 4 to 6, vanadium 1 to 1.5 or 8,
      tungsten 7.5 to 13, molybdenum 3.5 to 7, cobalt 9 to 15, nitrogen at least
      about 0.03 and preferably 0.03 to 0.08, and the balance iron. The
      invention also relates to a tool steel compact of this steel produced by a
      powder-metallurgy technique also in accordance with this invention. The
      tool steel article is characterized by a combination of good cutting
      performance and machinability.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 822,672, filed May 7, 1969 now U.S. Pat. No. 3,627,514.
BSUM
PAR  For all tool steel articles for cutting applications, it is desired to have
      a combination of machinability and good cutting performance. This is a
      somewhat difficult combination to achieve in that for good cutting
      performance the alloy from which the tool steel article is made must be
      characterized by high hardness. On the other hand, the harder the
      material, the more difficult it will be to machine. In addition, and more
      specifically, this desired combination of properties is affected by the
      carbide size and distribution within the steel. A fine, even dispersion of
      adequate carbides will provide the required hardness and thus tool life.
      However, to achieve substantial carbide formation it is necessary to
      employ high austenitizing temperatures, on the order of 2200.degree.F, so
      that the carbide formers present in the alloy go into solution and are
      thus available to precipitate as carbides upon tempering. The higher the
      austenitizing temperature, the greater will be the amount of carbide
      formers in solution, and thus the amount of carbides formed upon
      tempering. It is known, however, that the use of high austenitizing
      temperatures results in grain coarsening of the alloy and excessive
      carbide growth and agglomeration. Grain coarsening and excessive
      coarsening of carbides, as is well known, impair cutting performance of
      tool steel articles.
PAR  It is accordingly the primary object of this invention to provide a tool
      steel that overcomes the above-described disadvantages in that it is
      characterized by a good combination of machinability and cutting
      performance.
PAR  A more specific object of the invention is to provide a tool steel that may
      be austenitized at the high temperature required to take the carbide
      formers present in the material into solution, without causing attendant
      grain coarsening.
PAR  Another more specific object of the invention is to provide a tool steel
      alloy wherein a good combination of machinability and cutting performance
      is achieved by a critical combination of a controlled nitrogen content in
      combination with specific carbide formers wherein a fine, uniform carbide
      distribution is maintained even in the presence of high austenitizing
      temperatures.
PAR  Another related object of the invention is to provide a tool steel compact
      produced in accordance with a powder metallurgy process that results in
      said article having a desired combination of good machinability and
      cutting performance resulting from the presence of a fine, uniform carbide
      distribution throughout the compact.
DRWD
PAR  These and other objects of the invention, as well as the complete
      understanding thereof, may be obtained from the following description and
      drawings, in which:
PAR  FIGS. 1A and 1B are photomicrographs of a steel in accordance with the
      present invention and a conventional tool steel, respectively, wherein the
      effect of the invention is shown in respect to the carbide form, size and
      distribution; and
PAR  FIGS. 2A and 2B are three-dimensional plots of grain size vs. austenitizing
      temperature and carbon content, and grain size vs. austenitizing
      temperature and carbon plus nitrogen content, respectively.
DETD
PAR  The tool steel of the invention consists essentially of, in weight percent,
      carbon 1 to 1.4 or 2.5, chromium 4 to 6, vanadium 1 to 1.5 or 8, tungsten
      7.5 to 13, molybdenum 3.5 to 7, cobalt 9 to 15, nitrogen at least about
      0.03 and preferably 0.03 to 0.08, and the balance iron. In accordance with
      the invention, this steel is used in the form of a powder of about -8 mesh
      U.S. Standard. This powder is placed in a metal container, which is gas
      tight. The container is heated to an elevated temperature in excess of
      about 2000.degree.F and its interior is pumped to a low pressure whereupon
      the gaseous reaction products and principally those resulting from the
      reaction of carbon and oxygen are removed. Upon removal of the gaseous
      reaction products and while the container is at low pressure and elevated
      temperature it is sealed against the atmosphere, and transferred to a
      compacting apparatus. Compacting may be by mechanical apparatus wherein
      the container is placed in a die and a ram is inserted to compact the
      container and charge. Alternately, the container may be placed in a
      fluid-pressure vessel, commonly termed an autoclave, where a fluid
      pressurizing medium, and as helium gas, may be employed to provide the
      desired compacting. In any event, however, compacting is completed prior
      to the charge cooling below a temperature of about 1900.degree.F, and
      during the operation a compacted density greater than about 95% is
      achieved. After compacting, conventional forming and machining operations
      are performed on the compact, during which a density of 100% is achieved,
      to produce the desired final tool steel product. To achieve the required
      nitrogen content in the alloy, in accordance with the present invention,
      sucy may be either included in the melt or, alternately, nitrogen in
      gaseous form may be introduced to the container, as above described, after
      outgassing and prior to compacting. In this manner, the charge of powdered
      metal in the container will be nitrided to the desired nitrogen level in
      accordance with the invention.
PAR  The carbon content of the alloy, as above disclosed, must be properly
      balanced against the carbide-forming elements, such as vanadium, tungsten
      and molybdenum, to produce the carbide precipitation upon cooling from
      austenitizing temperature required to prevent softening during subsequent
      annealing. Of the carbide formers, vanadium functions to produce carbides
      that have been found to be wear-resistant and thus contribute greatly to
      the tool life of articles made from the alloy. However, if too much
      vanadium is used these wear-resistant carbides make the steel difficult to
      machine the grind. Tungsten, on the other hand, provides carbides that
      retain hardness at high temperature, principally because they do not
      appreciably or substantially grow and agglomerate at high austenitizing
      temperatures and, therefore, grain coarsening of the alloy is retarded.
      Molybdenum acts in the same manner as tungsten with respect to carbide
      formation, except that tungsten is critical for the purposes of preventing
      grain coarsening, which result cannot be achieved by the use of molybdenum
      alone. Specifically, in the processing of the steel it is austenitized at
      a high temperature on the order of 2200.degree.F and then hardened during
      cooling. The austenitizing step involves heating to dissolve the
      carbide-forming elements. After quenching from austenitizing temperature,
      the material is subjected to reheating at a lower temperature at which the
      carbide-forming elements are precipitated in the form of carbides. This,
      of course, produces the desired secondary hardening. During austenitizing,
      the carbon is dissolved in the austenite, which upon cooling transforms to
      a required hard carbon-containing martensite. The carbide-forming elements
      remain in solution in the martensite. Subsequently, however, the
      carbide-forming elements during tempering combine with the carbon in the
      steel and form carbides. This carbide precipitation results in the desired
      secondary hardening. The cobalt present in the alloy contributes to the
      retention of hardness at high temperatures. As above described, the
      presence of nitrogen in an amount of at least 0.03%, and preferably within
      the range of 0.03 to 0.08%, is necessary to achieve a fine carbide
      distribution. This result of nitrogen has been found not to increase
      significantly at nitrogen levels substantially above 0.08%. It should be
      noted that the maximum amount of nitrogen present in the alloy is limited
      by the solubility of nitrogen in the melt, unless the nitrogen is added by
      gaseous diffusion as above described. The principal role of chromium in
      the alloy is to delay the precipitation of carbides upon tempering to
      contribute to the high-temperature hardness.
PAR  It may be seen, therefore, that the combination of nitrogen and tungsten is
      critical for the purpose of preventing carbide growth and agglomeration
      and hance grain coarsening; whereas, vanadium provides the wear-resistance
      carbides necessary for good tool life.
PAR  To demonstrate the present invention samples of the steels with the
      compositions listed in Table I were produced. In addition to the Rex 71
      P/M steels listed in Table I, two additional compacts with similar
      compositions except for having nitrogen contents of 0.003 and 0.017% were
      prepared.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                 COMPOSITION.sup.(a)                                           
             AISI                                                              
                 Chemical Composition, Percent                                 
     Steel   Type                                                              
                 C   Cr  W    Mo  V   Co   N                                   
     __________________________________________________________________________
     Rex 71 P/M                                                                
             --  1.20                                                          
                     4.00                                                      
                         10.0 5.00                                             
                                  1.15                                         
                                      12.00                                    
                                           0.03                                
                 1.25                                                          
                     4.50                                                      
                         10.5 5.50                                             
                                  1.40                                         
                                      12.50                                    
                                           0.08                                
     Rex 49  M41 1.10                                                          
                     4.25                                                      
                         6.75 3.75                                             
                                  2.00                                         
                                      5.0  --                                  
     Rex M42 M42 1.10                                                          
                     3.75                                                      
                         1.5  9.5 1.15                                         
                                      8.0  --                                  
     Maxicort                                                                  
             --  1.25                                                          
                     4.25                                                      
                         10.5 3.75                                             
                                  3.25                                         
                                      10.5 --                                  
     (German Norm                                                              
     S 10-4-3-10)                                                              
     __________________________________________________________________________
      .sup.(a) All steels contain nominally 0.3% Mn, 0.3% Si, 0.025% S max. and
      0.025% P max.                                                            
PAR  The Rex 71 P/M materials were made from particles of the alloy of a mesh
      size of -50 + 325 U.S. Standard. A charge of these particles was placed
      into a mild steel cylinder about 4 in. long and having a 33/4 in.
      diameter. This container, which was gas tight, was heated to a temperature
      of 2100.degree.F for about 4 hours at which time the container interior
      was connected to a pump which was used to remove the gaseous reaction
      products from the container. The container, at a temperature of about
      200.degree.F, was placed in a die and a ram of a 200-ton press was used to
      compact the container and charge to a density greater than 95%. After
      compacting, the material was forged into 3/4 in. square bars, during which
      operation a density of essentially 100% was achieved. The other steels, as
      reported in Table I, were conventionally cast and wrought from 50-pound,
      air-induction heats. Specifically, they were cast into 4 .times. 4 .times.
      10 in. ingots and forged to 3/4 in. bars as were the above samples
      produced by the described powder metallurgy technique. All of the steels
      reported in Table I were austenitized at a temperature of about
      2200.degree.F for 4 minutes and oil quenched. The steels of Table I were
      tested for machinability by the conventional Drill Machinability Test. In
      this test 1/4 in. drills were used to drill holes 0.250 in. deep while
      operating at 460 rpm using a constant thrust at the quill of 150 pounds.
TBL                                    TABLE II                                
     __________________________________________________________________________
                             MACHINABILITY                                     
            Hardness                                                           
                 Average Time (Sec.) Required to Drill                         
            R.sub.c                                                            
                 Four 1/4-in. Holes            Machinability                   
            (Annealed                                                          
                 Drill                                                         
                      Drill                                                    
                           Drill                                               
                                Drill                                          
                                     Drill                                     
                                          Drill                                
                                               Index.sup.(a)                   
     Steel  (Stock)                                                            
                 No. 1                                                         
                      No. 2                                                    
                           No. 3                                               
                                No. 4                                          
                                     No. 5                                     
                                          No. 6                                
                                               M.I.%                           
     __________________________________________________________________________
     Rex 49 21   29.6 26.8 25.4 25.4 27.0 23.3 100                             
     Rex M42                                                                   
            21.5 26.6 23.6 21.7 --   --   --   114                             
     Rex 71 P/M                                                                
            26   23.0 23.7 20.9 20.3 20.8 18.7 124                             
     __________________________________________________________________________
            Average time to drill standard (Rex 49)                            
     .sup.(a) M.I. =           .times.x 100                                    
            Average time to drill test material                                
PAR  As may be seen from the results present in Table II, the Rex 71 P/M sample
      while having a hardness of 26 R.sub.c was 24% easier to machine than, for
      example, the annealed commercial Rex 49, which had a hardness of 21
      R.sub.c. All the samples as reported in Table II, were subjected to an
      annealing cycle of 1350.degree.F for a period of about 12 hours. The
      results presented in Table II show an unexpectedly improved machinability
      in spite of the significantly higher hardness of the Rex 71 P/M sample.
PAR  The superiority of the steels of the invention as shown in Table I over the
      conventional steels also shown in that Table is further demonstrated by
      the comparative Continuous-Cut Lathe Turning Test results reported in
      Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     CONTINUOUS-CUT LATHE TURNING.sup.a                                        
                         Average Tool Life.sup.b in Minutes                    
     Cutting    Hardness at Indicated Cutting Speed                            
     Tool       R.sub.c  32 sfpm   35 sfpm 40 sfpm                             
     ______________________________________                                    
     Workpiece: AISI H13 Die Steel at 53 R.sub.c                               
     Rex 49     67.5     10.0      2.8     1.3                                 
     Rex M42    67.5     19.1      6.2                                         
     Maxicort   67.5     20.0      5.1                                         
     Rex 71 P/M 70.0     40.3      16.0    4.5                                 
     Workpiece: C-125 AVT Titanium                                             
     (140,000 psi Tensile Strength)                                            
     Rex 49     67.5     --        22.7    3.7                                 
     Rex M42    67.5     --        53.8    --                                  
     Rex 71 P/M 70.0     --        86.0    13.0                                
     ______________________________________                                    
      .sup.(a) Feed 0.010 in./rev.; depth-of-cut 0.062 in.; cutting oil: none  
      tool geometry: 3.degree., 6.degree., 10.degree., 10.degree., 10.degree., 
      10.degree. 0.030-in. nose radius                                         
      .sup.(b) Complete Tool Nose Failure                                      
PAR  It may be seen from the test results of Table III that the average tool
      life of the Rex 71 P/M lathe cutting tools is four times that of Rex 49
      (M41) during use in the test to continuously turn the reported
      difficult-to-machine alloys at identical speed, feed, and depth-of-cut.
      Specifically, as shown in Table III, the Rex 71 P/M cutting tools averaged
      16 minutes before failure in cutting at 35 sfpm a workpiece of AISI H13
      die steel having a hardness of 53 R.sub.c ; whereas, the best performance
      of tools made from conventional high-performance high-speed steels was an
      average of 2.8 minutes for M41 and 6.2 minutes for M42 cutting tools used
      to cut the same workpiece. A cutting tool of the steel of the invention
      also showed superior performance when compared with cutting tools of
      conventional tool steels in cutting a workpiece of C-125 AVT titanium. In
      this application, as shown in Table III, the Rex 71 P/M cutting tool of
      the invention averaged 86  minutes before failure; whereas, the cutting
      tools made from M42 and M41 averaged 53.8 minutes and 22.7 minutes,
      respectively, before failure.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     CHEMICAL COMPOSITION OF EXPERIMENTAL STEELS                               
                    Composition, Weight Percent                                
     Steel                                                                     
         C   N    Mn  S    P    Si  Cr  V   W   Mo  Co                         
     __________________________________________________________________________
     Molybdenum High-Speed Steels                                              
     A   0.86                                                                  
              0.01                                                             
                  0.37                                                         
                      0.019                                                    
                           0.010                                               
                                0.35                                           
                                    3.87                                       
                                        1.75                                   
                                            1.85                               
                                                8.74                           
                                                    --                         
     B   0.85                                                                  
              0.06                                                             
                  0.30                                                         
                      0.018                                                    
                           0.015                                               
                                0.29                                           
                                    3.74                                       
                                        2.11                                   
                                            1.80                               
                                                8.74                           
                                                    --                         
     C   1.00                                                                  
             &lt;0.01                                                             
                  0.31                                                         
                      0.13 0.014                                               
                                0.30                                           
                                    4.00                                       
                                        2.13                                   
                                            1.66                               
                                                8.45                           
                                                    --                         
     D   0.91                                                                  
              0.08                                                             
                  0.35                                                         
                      0.13 0.016                                               
                                0.28                                           
                                    3.95                                       
                                        2.29                                   
                                            1.66                               
                                                8.95                           
                                                    --                         
     E   1.09                                                                  
             &lt;0.01                                                             
                  0.25                                                         
                      0.020                                                    
                           0.020                                               
                                0.27                                           
                                    3.75                                       
                                        2.05                                   
                                            1.75                               
                                                8.86                           
                                                    --                         
     F   0.98                                                                  
              0.08                                                             
                  0.24                                                         
                      0.020                                                    
                           0.020                                               
                                0.35                                           
                                    3.75                                       
                                        2.05                                   
                                            1.75                               
                                                8.75                           
                                                    --                         
     G   0.94                                                                  
             &lt;0.01                                                             
                  0.54                                                         
                      0.020                                                    
                           0.020                                               
                                0.25                                           
                                    3.75                                       
                                        2.05                                   
                                            1.75                               
                                                8.68                           
                                                    --                         
     __________________________________________________________________________
PAR  To demonstrate the criticality of nitrogen within the ranges of the present
      invention in controlling carbide form, size, and distribution, steels of
      the compositions reported in Table IV were produced. In these steels the
      tungsten content, in particular, was maintained at a low level so that its
      effect with regard to grain refinement could be substantially discounted.
PAR  All the steels reported in Table IV were melted as 50-pound induction
      heats, teemed into 4-inch square ingot molds and hot forged to 3/4-inch
      square bars. The melting charges of Steels A, C, E and G contained
      high-purity electrolytic chromium to limit the nitrogen content to 0.01%
      or less. Melting and teeming were carried out under a protected argon
      blanket to prevent nitrogen absorption from the atmosphere. The
      highnitrogen Steels B, D and F were melted with ferrochromium-containing
      nitrogen. Before heat-treating, all the steels of Table IV were
      spheroidize annealed at 1600.degree.F for 2 hours, cooled to
      1400.degree.F, held for 4 hours, and then air-cooled to room temperature.
      Laboratory size specimens cut from these bar samples were austenitized at
      10.degree. intervals between 2200.degree.F and 2270.degree.F and
      thereafter oil quenched. The grain-coarsening characteristics of the
      as-quenched microstructures were determined.
PAR  A metallographic examination of the samples, which were austenitized at
      temperatures between 2200.degree.F and 2270.degree.F, showed that the high
      nitrogen Steels B, D, and F retained a fine grain structure in the
      presence of higher temperatures than did the nitrogen-free Steels A, c, E,
      and G with an equivalent interstitial alloy content. This comparison
      between the highnitrogen steels and the nitrogen-free steels is shown in
      FIGS. 2A and 2B. In both of these Figures a three-dimensional plot of
      grain size vs. austenitizing temperature and total interstitial content is
      presented. In FIG. 2A the total interstitial content consists of carbon;
      whereas, with FIG. 2B the interstitial content consists of carbon plus
      nitrogen. The range of total interstitial content is from 0.85 to 1.10%.
      It may be seen from the results presented in this Figure that although
      grain size increases both with and without nitrogen in the presence of
      increased austenitizing temperatures, a nitrogen addition, within the
      scope of the present invention, drastically depresses this
      grain-coarsening effect. For example, with the total interstitial content
      being equal in the absence of nitrogen an austenitizing temperature of
      2240.degree.F results in a grain size of 9 Snyder-Graff; whereas, in the
      presence of nitrogen an austenitizing temperature of 2240.degree.F results
      in a grain size of 13 Snyder-Graff.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for producing a tool steel article characterized by fine,
      globular, evenly dispersed carbides, and a combination of good cutting
      performance and machinability comprising compacting a powdered alloy
      charge of the following composition, in weight percent:
     Carbon            1 to 2.5                                                
     Chromium          4 to 6                                                  
     Vanadium          1 to 8                                                  
     Tungsten          7.5 to 13                                               
     Molybdenum        3.5 to 7                                                
     Cobalt            9 to 15                                                 
     Nitrogen          At least about .03                                      
     Iron              Balance                                                 
PAL  said compacting being conducted after heating said charge and with said
      charge at elevated temperature to produce a compact of a density greater
      than about 95%.
NUM  2.
PAR  2. The method of claim 1 wherein said alloy has a nitrogen content of about
      0.03 to 0.08%.
NUM  3.
PAR  3. The method of claim 1 wherein prior to compacting said powdered alloy
      charge is placed in a gas-tight container, said container and charge are
      heated to an elevated temperature in excess of about 2000.degree.F, the
      container is pumped to remove gaseous reaction products resulting from
      said heating and said compacting is completed prior to cooling of said
      charge below about 1900.degree.F.
NUM  4.
PAR  4. The method of claim 3 wherein, after removal of said gaseous reaction
      products and prior to compacting, nitrogen in gaseous form is introduced
      to said container to provide said nitrogen content of at least about
      0.03%.
NUM  5.
PAR  5. The method of claim 1 wherein said alloy has a vanadium content of 1 to
      1.5% and a carbon content of 1 to 2.5%.
NUM  6.
PAR  6. A method for producing a tool steel article characterized by fine,
      globular, evenly dispersed carbides, and a combination of good cutting
      performance and machinability comprising placing in a gas-tight container
      a powdered metal charge of the following composition, in weight percent:
TBL  Carbon              1 to 1.4                                              
     Chromium            4 to 6                                                
     Vanadium            1 to 1.5                                              
     Tungsten            7.5 to 13                                             
     Molybdenum          3.5 to 7                                              
     Cobalt              9 to 15                                               
     Nitrogen            .03 to .08                                            
     Iron                Balance                                               
PAL  heating said container and charge to an elevated temperature in excess of
      about 2000.degree.F, removing from said container gaseous reaction
      products resulting from said heating and compacting said charge to a
      density greater than about 95% prior to said charge cooling below a
      temperature of about 1900.degree.F.
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ABST
PAL  The present invention is directed to novel photographic products for use in
      color diffusion transfer systems wherein at least one of the layers of the
      film unit contains an amount of a glucoside humectant effective to
      stabilize the silver halide emulsion(s) thereof against fog during
      storage.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 303,008 filed Nov. 2, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the stabilization of photographic elements
      against fog and, more particularly, to photographic elements and emulsions
      containing a fog stabilizing amount of a glucoside humectant.
PAR  2. Description of the Prior Art
PAR  It is well known that the photosensitive emulsions of photographic film
      units storage tend to "fog", i.e., become spontaneously developable
      without light exposure. While fog increases with the degree of development
      of any given emulsion, with constant development conditions fog tends to
      increase with time and temperature. It is, of course, desirable to have
      emulsions as stable as possible under conditions of prolonged storage and
      high temperature, and hence many antifoggants and stabilizers have been
      proposed in the art as emulsion addenda to protect, to some extent,
      against the effects of such conditions.
PAR  Various polyhydric alcohols have been described as effectively reducing the
      formation of fog when added to emulsions as antifoggants, for example, the
      1,2-glycols of Sonada et al, U.S. Pat. No. 3,650,759, and the polyhydroxy
      carboxylic acid derivatives of Humphlett, U.S. Pat. No. 3,396,028. It has
      also been proposed that plasticizers such as glycerine, ethylene glycol
      and certain other polyols, when added to silver halide emulsions, may
      result in the reduction of fog, particularly fog caused by mechanical
      stress. See, for example, Milton et al, U.S. Pat. No. 2,960,404; Albus et
      al, U.S. Pat. No. 3,042,524; and Nishio et al, U.S. Pat. No. 3,520,694.
PAR  Humectants such as glycerine and alpha methyl glucoside have been
      described, for example, in Farney, U.S. Pat. No. 3,666,460 as being
      effective in lowering the processing time and/or the amount of processing
      composition necessary to form an image in a silver diffusion transfer film
      unit. However, the superior fog-stabilizing effect of a glucoside
      humectant in a film unit for forming color images by diffusion transfer
      has heretofore been unknown and unanticipated.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention is directed to a photographic film unit, particularly
      a film unit suitable for use in color diffusion transfer systems, wherein
      one or more layers contains an amount of a glucoside humectant, such as
      alpha methyl glucoside, which is effective to stabilize the emulsion(s) of
      the film unit against fog. The presence of the glucoside provides greater
      D.sub.max stability upon prolonged storage than that shown by film units
      which do not contain the glucoside or which contain prior art polyhydroxyl
      compounds such as glycerine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE is an enlarged, fragmentary, diagrammatic sectional view of a
      film unit contemplated by this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As noted above, the present invention has special applicability to
      multicolor diffusion transfer film units and, for convenience, the
      following illustrative description will be in connection with such film
      units, although the invention in its broadest aspects is not limited
      thereto.
PAR  Various diffusion transfer for forming color images have heretofore been
      disclosed in the art. Generally speacking, such systems rely for color
      image formation upon a differential in mobility or solubility of a dye
      image-providing material obtained as a function of development so as to
      provide an imagewise distribution of such material which is more
      diffusible and which is, therefore, selectively transferred, at least in
      part, by diffusion, to a superposed dyeable stratum to impart thereto the
      desired color transfer image. The differential in mobility or solubility
      may, for example, be obtained by a chemical action such as a redox
      reaction or a coupling reaction.
PAR  The dye image-providing materials which may be employed in such processes
      generally may be characterized as either (1) initially soluble or
      diffusible in the processing composition but are selectively rendered
      nondiffusible in an imagewise pattern as a function of development; or (2)
      initially insoluble or nondiffusible in the processing composition but
      which are selectively rendered diffusible in an imagewise pattern as a
      function of development. These materials may be complete dyes or dye
      intermediates, e.g., color couplers.
PAR  As examples of initially soluble or diffusible materials and their
      application in color diffusion transfer, mention may be made of those
      disclosed, for example, in U.S. Pat. Nos. 2,647,049; 2,661,293; 2,698,244;
      2,698,798; 2,802,735; 2,744,668; and 2,983,606. As examples of initially
      nondiffusible materials and their use in color transfer systems, mention
      may be made of the materials and systems disclosed in U.S. Pat. Nos.
      3,443,939; 3,443,940; 3,227,550; 3,227,551; 3,227,552; 3,227,554;
      3,243,294; and 3,445,228.
PAR  In any of these systems, multicolor images are obtained by employing a film
      unit containing at least two selectively sensitized silver halide layers
      each having associated therewith a dye image-providing material exhibiting
      desired spectral absorption characteristics. The most commonly employed
      elements of this type are the so-called tripack structures employing a
      blue-, a green- and a red-sensitive silver halide layer having associated
      therewith, respectively, a yellow, a magenta and a cyan dye
      image-providing material.
PAR  A particularly useful system for forming color images by diffusion transfer
      is that described in U.S. Pat. No. 2,983,606, employing dye developers
      (dyes which are also silver halide developing agents) as the dye
      imageproviding materials. In such systems, a photosensitive element
      comprising at least one silver halide layer having a dye developer
      associated therewith (in the same or in an adjacent layer) is developed by
      applying an aqueous alkaline processing composition. Exposed and
      developable silver halide is developed by the dye developer which in turn
      becomes oxidized to provide an oxidation product which is appreciably less
      diffusible than the unoxidized dye developer, thereby providing an
      imagewise distribution of diffusible dye developer in terms of undeveloped
      areas of the silver halide layer, which imagewise distribution is then
      transferred, at least in part, by diffusion, to a dyeable stratum to
      impart thereto a positive dye transfer image. Multicolor images may be
      obtained with a photosensitive element having two or more selectively
      sensitized silver halide layers and associated dye developers, a tripack
      structure of the type described above and in various patents including the
      aforementioned U.S. Pat. No. 2,983,606 being especially suitable for
      accurate color recordation of the original subject matter.
PAR  In color diffusion transfer systems of the foregoing description, color
      images are obtained by exposing a photosensitive element or "negative
      component" comprising at least a light-sensitive layer, e.g., a gelatino
      silver halide emulsion layer, having a dye image-providing material
      associated therewith in the same or in an adjacent layer, to form a
      developable image; developing this exposed element with a processing
      composition to form an imagewise distribution of a soluble and diffusible
      image-providing material; and transferring this imagewise distribution, at
      least in part, by diffusion, to a superposed receiving element or
      "positive component" comprising at least a dyeable stratum to impart to
      this stratum a color transfer image. The negative and positive components
      may be separate elements which are brought together during processing and
      thereafter either retained together as the final print or separated
      following image formation; or they may together comprise a unitary
      structure, e.g., integral negative-positive film units wherein the
      negative and positive components are laminated and/or otherwise physically
      retained together at least prior to image formation.
PAR  While the present invention is applicable both to those systems wherein the
      dyeable stratum is contained on a separate element and to those systems
      wherein the dyeable stratum and the photosensitive strata comprise a
      unitary structure, of particular interest are those integral
      negative-positive film units adapted for forming color transfer images
      viewable without separation, i.e., wherein the positive component need not
      be separated from the negative component for viewing purposes. Generally,
      such film units comprise a plurality of essential layers including a
      negative component comprising at least one light-sensitive silver halide
      and associated dye image-providing material and a positive component
      comprising dyeable stratum. These components may be laminated together or
      otherwise secured together in physical juxtaposition as a single
      structure. Film units intended to provide multicolor two or more
      selectively sensitized silver halide layers each having associated
      therewith an appropriate dye image-providing material exhibiting desired
      spectral absorption characteristics. As was heretofore mentioned, the most
      commonly employed negative components for forming multicolor images are of
      the tripack structure containing a blue-, a green- and a red-sensitive
      silver halide layer having associated therewith in the same or in a
      contiguous layer a yellow, a magenta and a cyan dye image-providing
      material, respectively. Interlayers or spacer layers may if desired be
      provided between the respective silver halide layers and associated dye
      imageproviding materials. In addition to the aforementioned essential
      layers, such film units further include means for providing a reflecting
      layer between the dyeable stratum and the negative component in order to
      mask effectively the silver image or images formed as a function of
      development of the silver halide layer or layers and any remaining
      associated dye image-providing material and to provide a background for
      viewing the color image formed in the dyeable stratum, without separation,
      by reflected light. This reflecting layer may comprise a preformed layer
      of a reflecting agent included in the essential layers of the film unit or
      the reflecting agent may be provided after photoexposure, e.g., by
      including the reflecting agent in the processing composition. These
      essential layers are preferably contained on a transparent dimensionally
      stable layer or support member positioned closest to the dyeable stratum
      so that the resulting transfer image is viewable through this transparent
      layer. Most preferably, another dimensionally stable layer which may be
      transparent or opague is positioned on the opposed surface of the
      essential layers so that the aforementioned essential layers are
      sandwiched or confined between a pair of dimensionally stable layers or
      support members, at least one of which is transparent to permit viewing
      therethrough of a color transfer image obtained as a function of
      development of the exposed film unit in the accordance with the known
      color diffusion transfer system such as will be detailed hereinafter. In a
      particularly preferred form, such film units are employed in conjunction
      with a rupturable container of known description containing the requisite
      processing composition and adapted upon application of pressure of
      applying its contents to develop the exposed film unit, e.g., by applying
      the processing composition in a substantially uniform layer between the
      dyeable stratum and the negative component. It will be appreciated that
      the film unit may optionally contain other layers performing specific
      desired functions, e.g., spacer layers, etc.
PAR  Opacifying means be provided on either side of the negative component so
      that the film unit may be processed in the light to provide the desired
      color transfer image. In a particularly useful embodiment, such opacifying
      means comprise an opaque dimensionally stable layer or support member
      positioned on the free or outer surface of the negative component, i.e.,
      on the surface of the film unit opposed from the positive component
      containing the dyeable stratum to prevent photoexposure by actinic light
      incident thereon from this side of the film unit and an opacifying agent
      applied during development between the dyeable stratum and the negative
      component, e.g., by including the opacifying agent in a developing
      composition so applied, in order to prevent further exposure (fogging) by
      actinic light incident thereon from the other side of the film unit when
      the thus exposed film unit is developed in the light. The last-mentioned
      opacifying agent may comprise the aforementioned reflecting agent which
      masks the negative component and provides the requisite background for
      viewing the transfer image formed thereover. Where this reflecting agent
      does not by itself provide the requisite opacity it may be employed in
      combination with an additional opacifying agent in order to prevent
      further exposure of the light-sensitive silver halide layer or layers by
      actinic light incident thereon. A preferred opacification system to be
      contained in the processing composition is described in, for example, U.S.
      Pat. No. 3,647,437.
PAR  In lieu of having the reflecting pigment contained in the processing
      composition, the reflecting pigment needed to mask the photosensitive
      strata and to provide the requisite background for viewing the color
      transfer image formed in the receiving layer may be contained initially in
      whole or in part as a preformed layer in the film unit, as that disclosed
      in U.S. Pat. Nos. 3,615,421 and 3,620,724. The reflecting pigment may be
      generated in situ as is disclosed in U.S. Pat. Nos. 3,647,434 and
      3,647,435.
PAR  As examples of such integral negative-positive film units for preparing
      color transfer images viewable without separation as reflection prints,
      mention may be made of those described and claimed in U.S. Pat. Nos.
      3,415,644; 3,415,645; 3,415,646; 3,473,925; 3,573,043; 3,576,625;
      3,573,042; 3,594,164; and 3,594,165.
PAR  In the various color diffusion transfer systems which have previously been
      described and which employ an aqueous alkaline processing fluid, it is
      well known to employ an acid-containing layer to lower the environmental
      pH following substantial dye transfer in order to increase the image
      stability and/or to adjust the pH from a first pH at which the imaging
      dyes are diffusible to a second (lower) pH at which they are not. For
      example, U.S. Pat. No. 3,362,819 discloses systems wherein the desired pH
      reduction may be effected by providing a polymeric acid layer adjacent the
      dyeable stratum. As examples of other useful neutralizing layers, in
      addition to those disclosed in the aforementioned U.S. Pat. No. 3,362,819,
      mention may be made of those disclosed in U.S. Pat. Nos. 3,756,815;
      3,765,885; 3,754,910;; and application Ser. No. 231,835 of Sahatjian et
      al, filed Mar. 6, 1972, etc.
PAR  An inert interlayer or spacer layer may be and is preferably disposed
      between the polymeric acid layer and the dyeable stratum in order to
      control the pH reduction so that it is not premature and hence interferes
      with the development process, e.g., to "time" control the pH reduction.
      Suitable spacer or "timer" layers for this purpose are described with
      particularity in Pat. No. 3,362,819 and in others, including U.S. Pat.
      Nos. 3,419,389; 3,421,893; 3,433,633; 3,455,686; and 3,575,701.
PAR  While the acid layer and associated spacer layer are preferably contained
      in the receiving element employed in systems wherein the dyeable stratum
      and photosensitive strata are contained on separate elements, e.g.,
      between the support for the receiving element and the dyeable stratum; or
      associated with the dyeable stratum in those integral film units, e.g., on
      the side of the dyeable stratum opposed from the negative component, they
      may, if desired, be associated with the photosensitive strata, as is
      disclosed, for example, in U.S. Pat. Nos. 3,362,821 and 3,573,043.
PAR  In film units such as those described in the aforementioned U.S. Pat. Nos.
      3,594,164 and 3,594,165, they also may be contained on the spreader sheet
      employed to facilitate application of the processing fluid.
PAR  In accordance with this invention, at least one layer of the
      above-described film unit, and preferably all of the silver halide
      emulsion layers of the film unit, contain an amount of a glucoside
      humectant which is effective to stabilize the emulsion or emulsions of the
      film unit against fog, particularly during the storage of the film unit.
      In other words, the present invention is directed to the use of such
      glucosides as antifoggants and emulsion stabilizers in diffusion transfer
      film units.
PAR  As used herein, the term "glucoside" denotes the reaction product of an
      alcohol and glucose (which product is sometimes characterized as an
      acetal). As examples of such glucosides, mention may be made of alpha
      methyl glucoside, beta methyl glucoside, alpha ethyl glucoside, etc. Of
      course, the selected glucoside should be photographically innocuous in the
      system, i.e., it should be compatible with the other components of the
      film unit and the layer in which it is incorporated, and not adversely
      affect the light-sensitive emulsion or the processing of a developable
      image produced by photoexposure thereof.
PAR  It is contemplated that the glucoside humectant may be incorporated in any
      of the layers of a film unit which also contains a silver halide emulsion
      layer. It has been found that the retention of moisture within the film
      unit environment as the result of the incorporation of the glucoside
      humectant contributes to the reduction of fog in the emulsion during
      storage in accordance with this invention. Accordingly, any site in the
      film unit wherein this moisture retention is accomplished is within the
      scope of the invention, e.g., a dye layer, an interlayer, an overcoat
      layer, etc. As previously stated, the glucoside is preferably added
      directly to the silver emulsion layer(s).
PAR  The amount of glucoside humectant needed will vary according to the
      structure and character of the film unit and the developing composition
      employed as well as the processing conditions. Generally, between about 5
      and 100 mgs./ft..sup.2 of glucoside may be employed per film unit or about
      5 to 50 mgs./ft..sup.2 per silver halide emulsion layer. Particularly good
      results have been obtained when about 15 to 35 mgs./ft..sup.2 of glucoside
      is present in each emulsion layer; however; any amount found to be
      effective in stabilizing the emulsion against fog is contemplated as
      suitable in the practice of the invention.
PAR  The Figure shows a preferred integral positive-negative film unit of the
      invention which may comprise a layer 13 of cyan dye developer,
      red-sensitive silver halide emulsion layer 14 containing a glucoside
      humectant, interlayer 15, a layer of magenta dye developer 16,
      green-sensitive silver halide emulsion layer 17 containing a glucoside
      humectant, interlayer 18, yellow dye developer layer 19, blue-sensitive
      silver halide emulsion layer 20 containing a glucoside humectant,
      auxiliary layer 21, image-receiving layer or dyeable stratum 22, spacer
      layer 23, and a pH-reducing or neutralizing layer 24. Layers 13 to 21
      comprise the negative component and layers 22 to 24 comprise the positive
      component. These layers are shown to be confined between a dimensionally
      stable layer or support member 12 which is preferably opaque so as to
      permit development in the light and dimensionally stable layer or support
      member 25 which is effectively transparent to permit viewing of a color
      transfer image formed as a function of development in receiving layer or
      dyeable stratum 22.
PAR  Layers 12 and 25 are preferably dimensionally stable liquid-impermeable
      layers which when taken together may possess a processing composition
      solvent vapor permeability sufficient to effect, subsequent to substantial
      transfer image formation and prior to any substantial environmental image
      degradation to which the resulting image may be prone, osmotic
      transpiration of processing composition solvent in a quantity effective to
      decrease the solvent from a first concentration at which the
      color-providing material is diffusible to a second concentration at which
      it is not. Although these layers may possess a vapor transmission rate of
      1 or less gms./24 hrs./100 in..sup. 2 /mil., they preferably possess a
      vapor transmission rate for the processing composition solvent averaging
      not less than about 100 gms./24 hrs./100 in..sup. 2 /mil., most preferably
      in terms of the preferred solvent, water, a vapor transmission rate
      averaging in excess of about 300 gms. of water/24 hrs./ 100 in..sup. 2
      /mil., and may advantageously comprise a microporous polymeric film
      possessing a pore distribution which does not unduly interfere with the
      dimensional stability of the layers or, where required, the optical
      characteristics of such layers. As examples of useful materials of this
      nature, mention may be made of those having the aforementioned
      characteristics and which are derived from ethylene glycol terephthalic
      acid; vinyl chloride polymers; polyvinyl acetate; cellulose derivatives,
      etc. As heretofore noted, layer 12 is of sufficient opacity to prevent
      fogging from occurring by light passing therethrough, and layer 26 is
      transparent to permit photoexposure and for viewing of a transfer image
      formed on receiving layer 23.
PAR  The silver halide layers preferably comprise photosensitive silver halide,
      e.g., silver chloride, bormide or iodide or mixed silver halides such as
      silver iodobromide or chloroiodobromide dispersed in a suitable colloidal
      binder such as gelatin and such layers may typically be on the order of
      0.6 to 6 microns in thickness. As previously indicated, the glucoside of
      the invention may be present in one or more of the silver halide emulsion
      layers and is preferably present in each emulsion layer. It will be
      appreciated that the silver halide layers may and in fact generally do
      contain other adjuncts, e.g., chemical sensitizers such as are disclosed
      in U.S. Pat. Nos. 1,574,944; 1,623,499; 2,410,689; 2,597,856; 2,597,915;
      2,487,850; 2,518,698; 2,521,926; etc.; as well as other additives
      performing specific desired functions, e.g., coating aids, hardeners,
      viscosity-increasing agents, stabilizers, preservatives, ultraviolet
      absorbers and/or speed-increasing compounds. While the preferred binder
      for the silver halide is gelatin, others such as albumin, casein, zein,
      resins such as cellulose derivatives, polyacrylamides, vinyl polymers,
      etc., may replace the gelatin in whole or in part.
PAR  The respective dye developers, which may be any of those heretofore known
      in the art and disclosed, for example in U.S. Pat. No. 2,983,606, etc.,
      are preferably dispersed in an aqueous alkaline permeable polymeric
      binder, e.g., gelatin as a layer from about 1 to 7 microns in thickness.
PAR  Interlayers 15, 18 and 21 may comprise an alkaline permeable polymeric
      material such as gelatin and may be on the order of from about 1 to 5
      microns in thickness. As examples of other materials for forming these
      interlayers, mention may be made of those disclosed in U.S. Pat. Nos.
      3,421,892; 3,575,701; 3,615,422; and 3,625,685. These interlayers may also
      contain additional reagents performing specific functions and the various
      ingredients necessary for development may also be contained initially in
      such layers in lieu of being present initially in the processing
      composition, in which event the desired developing composition is obtained
      by contacting such layers with the solvent for forming the processing
      composition, which solvent may include the other necessary ingredients
      dissolved therein.
PAR  The image-receiving layer may be on the order of 0.25 to 0.4 mil. in
      thickness. Typical materials heretofore employed for this layer include
      dyeable polymers such as nylon, e.g., N-methoxymethyl poly-hexamethylene
      adipamide; partially hydrolyzed polyvinyl acetate; polyvinyl alcohol with
      or without plasticizers; cellulose acetate with filler as, for example,
      one-half cellulose acetate and one-half oleic acid; gelatin; polyvinyl
      alcohol or gelatin containing a dye mordant such as poly-4-vinylpyridine,
      etc. Such receiving layers may, if desired, contain suitable mordants,
      e.g., any of the conventional mordant materials for acid dyes such as
      those disclosed, for example, in the aforementioned U.S. Pat. No.
      3,227,550; as well as other additives such as ultraviolet absorbers,
      pH-reducing substances, etc. It may also contain specific reagents
      performing desired functions, e.g., a development restrainer, as
      disclosed, for example, in U.S. Pat. No. 3,265,498.
PAR  The spacer or timing layer may be on the order of 0.1 to 0.7 mil. thick.
      Materials heretofore used for this purpose include polymers which exhibit
      inverse temperature-dependent permeability to alkali, e.g., as disclosed
      in U.S. Pat. No. 3,445,686. Materials previously employed for this layer
      include polyvinyl alcohol, cyanoethylated polyvinyl alcohol, hydroxypropyl
      polyvinyl alcohol, polyvinyl methyl ether, polyethylene oxide, polyvinyl
      oxazolidinone, hydroxypropyl methyl cellulose, partial acetals of
      polyvinyl alcohol such as partial polyvinyl butyral and partial polyvinyl
      propional, polyvinyl amides such as polyacrylamide, etc. One preferred
      timing layer comprises a graft polymer of the type described in U.S. Pat.
      No. 3,575,701.
PAR  The neutralizing layer may be on the order of 0.3 to 1.5 mil. in thickness.
      The neutralizing layer will preferably contain less than 2000 mgs. of
      solids per square foot of surface area. It may also contain other reagents
      performing specific desired functions, e.g., stabilizers, small amounts of
      a cross-linking agent such as gelatin, UV absorbers, etc.
PAR  The implementation of this invention may be more readily understood if
      further description is made in the context of specific examples, which are
      presented for purposes of illustration only and are not intended to limit
      the invention to the details set forth therein.
PAC  EXAMPLE I
PAR  A series of multicolor diffusion transfer film units of the type shown in
      the Figure were prepared having approximately 32 mgs./ft..sup.2 of alpha
      methyl glucoside in each of the red- and green-sensitive silver halide
      emulsions and approximately 16 mgs./ft..sup.2 in the blue-sensitive silver
      halide emulsion. The glucoside was dispersed in the liquid emulsion prior
      to coating the layers. A second series of film units, identical to those
      just described except for the absence of the alpha methyl glucoside in the
      emulsion layers, were also prepared at the same time to serve as controls.
PAR  It should be recognized that further specific details of the components of
      the above film units are not important for the purposes of the present
      illustration since these components were maintained constant throughout
      the comparison. The only essential difference in the film units tested was
      the presence or absence of the indicated amounts of alpha methyl
      glucoside. While the exact amounts of materials actually employed may
      differ to a certain extent from that outlined below, the structure and
      composition of the film units employed were essentially as follows, with
      the numbers of the layers corresponding with those in the FIG.:
PAR  The negative component was prepared, for example, by coating, in
      succession, on a gelatin subbed, opaque film base support 12, the
      following layers:
PAR  13. a layer of cyan dye developer dispersed in gelatin and coated at a
      coverage of about 100 mgs./ft..sup.2 of dye and about 80 mgs./ft..sup.2 of
      gelatin;
PAR  14. a red-sensitive gelatino silver iodobromide emulsion coated at a
      coverage of about 140 mgs./ft..sup.2 of silver and about 70 mgs./ft..sup.2
      of gelatin;
PAR  15. a layer of a 60-30-4-6 copolymer of butylacrylate, diacetone
      acrylamide, styrene and methacrylic acid and polyarylamide coated at a
      coverage of about 150 mgs./ft..sup.2 of the copolymer and about 5
      mgs./ft..sup.2 of polyacrylamide;
PAR  16. a layer of magenta dye developer dispersed in gelatin and coated at a
      coverage of about 100 mgs./ft..sup.2 of dye and about 100 mgs./ft..sup.2
      of gelatin;
PAR  17. a green-sensitive gelatino silver iodobromide emulsion coated at a
      coverage of about 100 mgs./ft..sup.2 of silver and about 50 mgs./ft..sup.2
      of gelatin;
PAR  18. a layer containing the copolymer referred to above in layer 3 and
      polyacrylamide coated at a coverage of about 100 mgs./ft..sup.2 of
      copolymer and about 12 mgs./ft..sup.2 of polyacrylamide, and about 10
      mgs./ft..sup.2 of succindialdehyde;
PAR  19. a layer of yellow dye developer dispersed in gelatin and coated at a
      coverage of about 70 mgs./ft..sup.2 of dye and about 56 mgs./ft..sup.2 of
      gelatin;
PAR  20. a blue-sensitive gelatino silver iodobromide emulsion layer including
      the auxiliary developer 4'- methylphenylhydroquinone coated at a coverage
      of about 120 mgs./ft..sup.2 of silver, about 60 mgs./ft..sup.2 of gelatin
      and about 30 mgs./ft..sup.2 of auxiliary developer; and
PAR  21. a layer of gelatin coated at a coverage of about 50 mgs./ft..sup.2 of
      gelatin.
PAR  The three dye developers employed above were the following:
      ##SPC1##
PAL  a cyan dye developer;
      ##SPC2##
PAL  a magenta dye developer; and
      ##SPC3##
PAL  a yellow dye developer.
PAR  The coated surface of a gelatin sub-coated transparent film base support 25
      was coated, in succession, with the following illustrative layers, to form
      the positive component:
PAR  22. a polymeric acid neutralizing layer prepared by containing a 7:3
      mixture, by weight, of polyethylene/ maleic anhydride copolymer and 88 to
      90% hydrolyzed polyvinyl acetate at a coverage of about 1000
      mgs./ft..sup.2 ;
PAR  23. a timing layer containing about a 40:1 ratio of a 60-30-4-6 copolymer
      of butylacrylate, diacetone acrylamide, styrene and methacrylic acid and
      polyacrylamide at a coverage of about 500 mgs./ft..sup.2 ;
PAR  24. a 2:1 mixture, by weight, of polyvinyl alcohol and
      poly-4-vinylpyridine, at a coverage of about 400 mgs./ft..sup.2 and
      including about 20 mgs./ft..sup.2 of a development restrainer,
      1-phenyl-5-mercaptotetrazole, to provide a polymeric image-receiving layer
      containing development restrainer.
PAR  The two components were then laminated together to provide the desired
      integral film unit.
PAR  A rupturable container comprising an outer layer of lead foil and an inner
      liner or layer of polyvinyl chloride retaining an aqueous alkaline
      processing solution was fixedly mounted on the leading edge of each of the
      laminates, by pressure-sensitive tapes, interconnecting the respective
      container and laminates so that, upon application of compression pressure
      to the container to rupture the container's marginal seal, its contents
      was distributed between the image-receiving layer and the auxiliary layer.
PAR  An illustrative processing composition employed in the rupturable container
      may comprise the following ingredients:
     Water                   100        cc.                                    
     Potassium hydroxide     11.2      gms.                                    
     Hydroxyethyl cellulose (high                                              
     viscosity) (commercially avail-                                           
     able from Hercules Powder Co.,                                            
     Wilmington, Delaware, under the                                           
     trade name Natrasol 250)                                                  
                             3.4       gms.                                    
     N-phenethyl-.alpha.-picolinium bromide                                    
                             2.7       gms.                                    
     Benzotriazole           1.15      gms.                                    
     Titanium dioxide        50.0      gms.                                    
     (A)                     2.08      gms.                                    
      ##SPC4##
      ##SPC5##
PAR  Both test and control film units were stored at room temperature conditions
      (i.e., 75.degree.F. - 45% RH) in sealed tins. After 1 month, 2 months, 3
      months and 8 months had passed, duplicate samples of both test and control
      film units were exposed to a sensitometric step wedge target and processed
      under identical conditions at room temperature. The following Table 1
      summarizes the maximum transfer densities (D.sub.max) obtained from each
      film unit:
TBL                TABLE 1                                                     
     ______________________________________                                    
                D.sub.max                                                      
                R         G          B                                         
     ______________________________________                                    
     1 month storage                                                           
      Test        1.78        2.25       1.98                                  
      Control     1.82        2.15       1.89                                  
      Difference  -0.04       +0.10      +0.09                                 
     2 months storage                                                          
      Test        1.77        2.28       2.01                                  
      Control     1.80        2.14       1.89                                  
      Difference  -0.03       +0.14      +0.12                                 
     3 months storage                                                          
      Test        1.78        2.31       2.05                                  
      Control     1.69        2.09       1.85                                  
      Difference  +0.09       +0.22      +0.20                                 
     8 months storage                                                          
      Test        1.80        2.26       1.98                                  
      Control     1.71        1.76       1.63                                  
      Difference  +0.09       +0.50      +0.35                                 
     ______________________________________                                    
PAR  It can be seen from Table 1 that D.sub.max stability, i.e., resistance to
      fog during storage, is significantly greater for the test film units
      having alpha methyl glucoside in the emulsion layers than for the control
      film units which did not contain the glucoside. It is also noted that
      green and blue D.sub.max are initially higher for the film units with
      alpha methyl glucoside than for the control film units, indicating some
      antifoggant activity as well as the above-mentioned fog-stabilization
      during storage. Improvements in D.sub.max stability were also achieved
      with 14, 14 and 8 mgs./ft..sup.2 , and 32, 32 and 0 mgs./ft..sup.2 of
      alpha methyl glucoside disposed in the red-, green- and blue-sensitive
      emulsion layers, respectively.
PAC  EXAMPLE II
PAR  Test and control film units were prepared essentially as described in
      Example I with about 32 mgs./ft..sup.2 of alpha methyl glucoside in the
      red- and green-sensitive emulsion layers of the test film units and about
      16 mgs./ft..sup.2 in the blue-sensitive emulsion layer. Another series of
      film units were also prepared with about 15 mgs./ft..sup.2 of glycerine in
      each of the silver halide emulsion layers, and another series of film
      units were prepared with about 30 mgs./ft..sup.2 of glycerine in each of
      the silver halide emulsion layers.
PAR  The film units were subjected to a standard accelerated ageing test which
      consisted of incubating the film units in foil bags at a temperature of
      120.degree. F. for 6 days. Thereafter, the film units were cooled to room
      temperature, exposed to a sensitometric target and processed. Table 2
      summarizes the D.sub.max values obtained with each film unit. In Table 2,
      A represents the control film units with no additives, B and C,
      respectively, represent the film units with 15 mgs./ft..sup.2 and 30
      mgs./ft..sup.2 in each emulsion layer, and D represents the film units
      having the alpha methyl glucoside in the emulsion layers according to the
      present invention:
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     FILM UNIT                                                                 
                         B (15 mgs./ft..sup.2                                  
                                     C (30 mgs./ft..sup.2                      
                                                 D (alpha methyl               
             A (Control) glycerine)  glycerine)  glucoside)                    
     __________________________________________________________________________
             R   G   B   R   G   B   R   G   B   R   G   B                     
     D.sub.max Before                                                          
     Incubation                                                                
             1.885                                                             
                 1.960                                                         
                     2.025                                                     
                         1.875                                                 
                             1.930                                             
                                 2.095                                         
                                     1.905                                     
                                         1.965                                 
                                             2.075                             
                                                 1.935                         
                                                     2.000                     
                                                         2.175                 
     D.sub.max After                                                           
     Incubation                                                                
             1.775                                                             
                 1.875                                                         
                     1.840                                                     
                         1.730                                                 
                             1.795                                             
                                 1.775                                         
                                     1.425                                     
                                         1.455                                 
                                             1.430                             
                                                 1.885                         
                                                     1.940                     
                                                         1.980                 
     Change in                                                                 
     D.sub.max                                                                 
             -.110                                                             
                 -.085                                                         
                     -.185                                                     
                         -.145                                                 
                             -.135                                             
                                 -.320                                         
                                     -.480                                     
                                         -.510                                 
                                             -.645                             
                                                 -.050                         
                                                     -.060                     
                                                         -.195                 
     __________________________________________________________________________
PAR  Table 2 shows that the film units containing alpha methyl glucoside would
      be expected to lose significantly less D.sub.max upon ageing than either
      the film units containing no glucoside or the film units containing
      comparable amounts of glycerine, a polyhydroxyl emulsion additive of the
      prior art. In fact, it appears from the data of Table 2 that the presence
      of glycerine in the film units' emulsions would have an adverse effect on
      D.sub.max stability since density loss increases with the amount of
      glycerine in the film unit.
PAR  Since certain changes may be made in the above product and process without
      departing from the scope of the invention herein involved, it is intended
      that all matter contained in the above description or shown in the
      accompanying drawing shall be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a photosensitive element including at least one light-sensitive
      silver halide emulsion layer, each of which having a dye image-providing
      material associated therewith, the improvement which comprises including
      in at least one of the layers of said element an amount of a glucoside
      humectant effective to stabilize said emulsion against fog during storage;
      wherein said glucoside humectant is alpha methyl glucoside.
NUM  2.
PAR  2. An element as defined in claim 1 which includes a red-sensitive gelatino
      silver halide emulsion having a cyan dye image-providing material
      associated therewith; a green-sensitive gelatino silver halide emulsion
      having a magenta dye image-providing material associated therewith and a
      blue-sensitive gelatino silver halide emulsion having a yellow dye
      image-providing material associated therewith.
NUM  3.
PAR  3. An element as defined in claim 2 wherein each of said silver halide
      emulsions contains an effective amount of said glucoside humectant.
NUM  4.
PAR  4. An element as defined in claim 1 wherein said glucoside is present at a
      level of about 5 to 100 mgs./ft..sup.2.
NUM  5.
PAR  5. An element as defined in claim 4 wherein said glucoside is present in
      said emulsion layer at a level of about 15 to 35 mgs./ft..sup.2.
NUM  6.
PAR  6. An element as defined in claim 1 which includes a positive component
      including at least a dyeable stratum.
NUM  7.
PAR  7. A photographic film unit which comprises, in combination:
PA1  a photosensitive element having a diffusion transfer image-receiving
      element affixed to at least one edge thereof, said photosensitive element
      comprising a support carrying:
PA1  a. a red-sensitive silver halide emulsion having associated therewith a
      cyan dye developer;
PA1  b. a green-sensitive silver halide emulsion having associated therewith a
      magenta dye developer;
PA1  c. a blue-sensitive silver halide emulsion having associated therewith a
      yellow dye developer; at least one of said silver halide emulsions having
      associated therewith an amount of a glucoside humectant effective to
      stabilize said emulsion against fog during storage wherein said glucoside
      humectant is alpha methyl glucoside;
PA2  said diffusion transfer image-receiving element comprising a support layer
      carrying:
PA2  an alkaline processing composition permeable and dyeable layer wherein said
      photosensitive and said image-receiving elements are adapted to be
      superposed, the support layers of each comprising the extremities of the
      superposed structure.
NUM  8.
PAR  8. The product as defined in claim 7 wherein said glucoside humectant is
      disposed in each of said silver halide emulsion layers.
NUM  9.
PAR  9. The product as defined in claim 7 including a rupturable container
      retaining an aqueous alkaline processing composition affixed one edge of
      said photosensitive and said image-receiving elements and adapted upon
      rupture to distribute its contents intermediate said superposed
      photosensitive and said image-receiving elements.
NUM  10.
PAR  10. The product as defined in claim 9 wherein said image-receiving element
      support layer is transparent.
NUM  11.
PAR  11. The product as defined in claim 10 wherein said photographic film unit
      comprises a composite structure comprising said photosensitive element and
      said image-receiving element permanently affixed each to the other in
      superposed relationship, the support layers of each of said elements
      comprising the extremities of said composite structure.
NUM  12.
PAR  12. A process for forming photographic images which comprises, in
      combination, the steps of:
PA1  a. exposing a photographic film unit which comprises a plurality of layers
      including at least a first photosensitive silver halide emulsion layer
      having associated therewith diffusion transfer dye image-providing
      material and a glucoside humectant in an amount effective to stabilize
      said emulsion against fog during storage wherein said glucoside humectant
      is alpha methyl glucoside; and a diffusion transfer process
      image-receiving layer adapted to receive solubilized image-forming
      material diffusing thereto;
PA1  b. contacting said photosensitive silver halide emulsion with an aqueous
      alkaline processing composition;
PA1  c. effecting thereby substantial development of said silver halide
      emulsion;
PA1  d. forming thereby an imagewise distribution of mobile image-forming
      material as a function of the point-to-point degree of emulsion exposure;
      and
PA1  e. transferring by diffusion at least a portion of said imagewise
      distribution of mobile image-forming material to said layer adapted to
      receive said material to provide thereto an image in terms of said
      imagewise distribution.
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ABST
PAL  In contact type photolithographic masking processes for fabricating planar
      structures, a photoresist is applied to a wafer and a mask is placed over
      the photoresist. Illumination through the mask, which has a pattern of
      opaque areas, produces a photochemical reaction in the photoresist which
      upon developing creates a duplicate of the mask pattern. However, the
      photoresist is conventionally applied by a spinning process and the
      rotation produces a build-up of the photoresist around the edges of the
      wafer. This build-up prevents the pattern portion of the mask from making
      good physical contact with the photoresist with a resultant decrease in
      reproducibility and accuracy of the fabricated pattern. A modified mask is
      formed with a channel corresponding to the peripheral build-up. The
      channel accepts the build-up so that good contact may be maintained
      between the photoresist and the patterned portion of the mask.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to photolithographic fabrication of planar
      structures and, more particularly, to contact printing techniques using
      liquid photoresists.
PAR  Planar structures for microsized circuitry and small semiconductor devices
      are often fabricated by photolithographic masking techniques. As
      applications for high frequency circuits increase, greater precision of
      these miniature circuits and devices is required, and accordingly, the
      photolithographic techniques must provide increased accuracy and
      reproducibility.
PAR  The basic form of photolithographic masking utilizes a process called
      contact printing. In this process, a layer of light-sensitive material is
      applied to a wafer, and a mask, having opaque and transparent portions
      arranged in a preformed pattern thereon, is placed in contact with the
      applied layer. Light is then passed through the preformed mask so that an
      image of the desired pattern is formed on the light-sensitive material.
      The solubility of this material, termed a photoresist, changes when
      exposed to optical frequency radiation, especially in the ultraviolet
      range; negative photoresists become less soluble by illumination and
      positive photoresists become more soluble when illuminated. However, with
      illumination through an appropriate mask pattern, either type of
      photoresist can be used to form and then, with its corresponding solvent,
      to develop a desired pattern in the photoresist. Selective etching of the
      underlying wafer material follows in accordance with the developed
      photoresist pattern. Then the remaining photoresist is removed, leaving a
      duplicate of the mask pattern in the wafer.
PAR  It is essential for high-quality photolithographic reproduction by contact
      printing for the mask to be maintained in good physical contact with the
      photoresist during the illumination. If it is not, the light image on the
      photoresist will be blurred and will not replicate the pattern formed in
      the mask. Any bumps or irregularities in the bearing surface of the mask,
      or in the surface of the photoresist, will preclude the requisite contact.
      Conventionally, the photoresist material is applied in liquid form to a
      rotating wafer. The spinning technique is used to insure a flat surface of
      the photoresist. However, centrifugal forces inherently produce a build-up
      of the photoresist material at the periphery of the wafer and this ridge
      obviously prevents the mask from being placed in intimate contact with the
      photoresist.
PAR  In addition, other irregularities in the photoresist surface, or the
      bearing surface, result in loss of physical contact and degraded
      reproduction.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, contact between the patterned
      portion of the mask and the photoresist is insured in spite of the
      peripheral build-up by modifying the mask to include grooves in the
      bearing surface of the mask. These grooves form a channel which accepts
      the excessive photoresist build-up and allows the operative portion of the
      mask to bear uniformly on the flat interior portion of the photoresist
      layer.
PAR  It is anticipated that the mask pattern would be of the metal-oxide or
      metal type, formed by materials such as iron oxide or chromium, so that a
      mechanical process, such as milling, grinding or laser machining, would be
      suitable for forming the grooves. The mask surface of these masks will not
      be affected by the debris from such a mechanical process as it would if
      the pattern were formed by emulsion-coating.
PAR  In order to cope with surface roughness the bearing surface of the mask may
      be made flexible. In addition, problems associated with imperfect linear
      flatness can be overcome if the opaque portions of the mask are placed on
      mounds or mesas.
PAR  The invention is directed to both the grooved mask structure and the
      contact printing process using the mask.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a series of cross-sections showing the contact photolithographic
      process for making semiconductor devices in accordance with the present
      invention;
PAR  FIG. 2 is a flow chart describing the contact printing photolithographic
      process shown in FIG. 1;
PAR  FIG. 3 is a view of the bearing surface of the mask in accordance with the
      present invention;
PAR  FIGS. 4 and 5 are cross-sections illustrating additional modifications
      which may be made to a mask in accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Contact printing photolithography may be used to create a wide variety of
      planar structures. The mask pattern and choice of materials will, of
      course, depend upon the end product being fabricated. A semiconductor
      array is used herein as an illustrative example, but the invention is
      directed to the contact printing process and the associated mask; it is
      not in any way limited to the specific pattern or structure being
      produced.
PAR  The illustrative example of a contact printing process for producing an
      array of semiconductor diodes is presented in FIG. 1. Individual steps are
      shown in FIGS. 1A through 1H. The flow chart of FIG. 2 presents the
      process in verbal form in FIGS. 2A through 2H, corresponding to steps of
      FIGS. 1A through 1H.
PAR  A wafer of substrate 10 must first be selected. If the wafer material is
      expensive, such as GaAs, as shown, its upper and lower surfaces 12 and 11,
      respectively, will usually be square or rectangular. If the desired end
      product utilizes a cheaper substrate, such as Si, a wafer having circular
      upper and lower surfaces might be used since the wasted material is of
      little consequence. Of course, in still other circuit applications, the
      underlying substrate is of importance only for its physical support
      properties and the electrical properties are provided by a coating
      material.
PAR  To produce the diode array, the upper surface 12 is covered with an
      insulating material 14, such as SiO.sub.2, by sputtering to form a layer
      about 4000 A thick, but the insulator may be applied by many alternative
      methods, such as, for example, vapor phase deposition, anodizing, thermal
      oxidation or plasma oxidation. This step is shown in FIG. 1A and may also
      include lapping or polishing the surface 11 of the wafer to reduce its
      thickness to a depth appropriate for semiconductor devices (about 125
      .mu.m). In FIG. 1B a layer of conductive coating material 15, such as
      Au-SnNi-Au alloy is plated on the lower surface 13 to produce the ohmic
      back contact of the diode.
PAR  In FIG. 1C the photoresist material 16 is applied on the top of insulating
      layer 14. This is conventionally spun on by rotating the substrate wafer
      10 while applying the liquid photoresist, which may be any appropriate
      commercially available material, such as Eastman Kodak 747, or others
      listed at page 7-25 25 of Handbook of Thin Film Technology, by L. I.
      Maissel and R. Glang, McGraw-Hill, 1970. Spinning the wafer at about 6000
      RPM produces a flat portion of photoresist surrounded by a peripheral
      ridge or build-up 17 which may be on the order of 25 .mu.m. It is assumed
      that the surface 12 of wafer 10 is square and therefore the resultant
      build-up 17 is not uniformly distributed around the periphery, but rather
      is denser at the corners. If the wafer were circular the build-up would be
      uniform around the circumference. As an alternative to spinning-on the
      photoresist, the liquid may be sprayed onto a stationary wafer, but this
      also produces a peripheral build-up because the surface tension of the
      liquid prevents free flow over the edge of the substrate.
PAR  After the photoresist is applied it is normally prebaked in order to drive
      out residual solvents and improve adhesion to the underlying layer. In the
      case of Kodak 747, baking at 70.degree. C for 15 minutes is sufficient.
PAR  FIG. 1D shows the mask 20. It is a glass slab having an operative portion
      in which is formed the desired pattern of opaque material by any
      well-known technique, such as etching. The bearing surface 21 of the mask
      is shown in FIG. 3 and it can be seen that four straight-line grooves 22
      are cut into the glass and they are oriented so that the operative portion
      25 is surrounded by a channel 23 formed by the intersection of grooves 22.
      This channel is dimensioned to correspond to the peripheral build-up 17 in
      the photoresist. The mask pattern is shown simply as an array of opaque
      areas 24. These areas are opaque at the optical wavelengths (usually
      ultraviolet) which photochemically affect the photoresist 16, and they may
      be formed of metal oxides, such as iron-oxide, which are highly absorbing
      at the optical frequencies or of metals, such as chromium, which are good
      reflectors at the optical frequencies. It is assumed that the pattern will
      be formed by deposition of a hard material, such as either an absorbing
      metal-oxide or a reflecting metal because commercially available masks of
      this type will produce a hard surface which will not be adversely affected
      by debris produced during the grinding or milling of the grooves 22. Of
      course, other types of masks, such as those made by emulsion coating,
      could be used if the pattern were appropriately protected when the grooves
      were made. Alternatively, the grooves could be made by laser cutting or an
      etching technique which would yield no objectionable debris.
PAR  The grooves 22 are both wider and deeper than the corresponding dimensions
      in the build-up 17 so that when the mask is placed in contact with the
      photoresist 16 as shown in FIG. 1E, the build-up 17 fits within the
      channel 23 and no resistance is offered while the operative portion 25 of
      the mask 20 makes good contact with the photoresist. Appropriate
      illumination, such as at ultraviolet (UV) frequencies, is then radiated
      through the mask. The opaque areas 24 will, of course, prevent
      transmission of light to the photoresist through the selected regions, and
      the exposed pattern on the photoresist is then an image of the mask
      pattern.
PAR  Photoresist 16 is assumed to be a negative photoresist so that the light
      renders the exposed portions less soluble. FIG. 1F shows the result of
      developing the photoresist pattern to form the duplicate of the mask
      pattern. The developing is done in a conventional manner which includes,
      for Kodak 747, immersion developing followed by an immersion rinse. The
      photoresist 747 is then postbaked at 120.degree. C for 15 minutes.
PAR  After using an etching acid, such as buffered HF, to remove the SiO.sub.2
      exposed by the photoresist development, holes 18 are formed into SiO.sub.2
      thus duplicating the developed photoresist pattern as seen in FIG. 1G.
PAR  The fabrication of the diodes is then completed by stripping the remaining
      photoresist with an appropriate solvent, cleaning the holes 18 and plating
      the conductor 19, such as Au, into the holes.
PAR  The process of FIG. 1 produces an array of diodes, but the contact printing
      process may be used to produce many planar structures by appropriate
      substitution of materials and masking pattern, provided the bearing
      surface of the mask includes a channel 23 which, by accepting the
      photoresist build-up 17, will permit the operative portion of the mask to
      make good contact with the photoresist surface as shown in FIG. 1E. Other
      irregularities in the photoresist surface or the bearing surface of the
      mask should also be overcome in order to insure intimate physical contact.
PAR  If variations on the surfaces of either the photoresist, the mask, or both
      are large relative to the size of the opaque areas of the mask, this lack
      of linear flatness of these mating surfaces will prevent good contact and
      poor reproduction will result. If, as shown in FIG. 4, the mask 40 is
      modified so that the opaque areas 42 are raised from the mask surface on
      mounds or mesas 41, only the mesas will bear against the photoresist layer
      46 and the nonlinearity of the surfaces have no significant effect upon
      the accuracy of the image formed on the photoresist. The mesa may be
      formed by etching the surface of the mask surrounding the opaque areas 42
      to a depth of approximately 1 .mu.m after applying the opaque material.
      This etching is, of course, in addition to the channel 43 formed to accept
      the photoresist build-up 47 formed on the photoresist surface.
PAR  It is possible that these mesas will reduce multiple reflections which
      occur between the wafer surface and the bearing surface of the opaque
      material 42 especially where the opaque material is metal and therefore
      reflective. The rise of the mesa refracts light rays so that they tend to
      experience fewer multiple reflections than they would if the opaque
      material were on the bearing surface of the mask.
PAR  Small variations in the surface of the photoresist produce a surface
      roughness. If the bearing surface of the mask is made flexible, such as
      could be done by applying a durable and flexible coating, the effect of
      this roughness will be reduced. This coating may be, for example, a fully
      exposed and heat-treated photoresist. The opaque areas would then be
      applied over the flexible coating, or might be selectively included in the
      coating. FIG. 5 shows a mask 50 having the flexible coating 51 between the
      body of the mask and the opaque material 54, as well as the mesa
      structures 52 and the channel 53. In combination, these features allow
      intimate contact between the opaque portions 54 of the mask and the
      photoresist layer 56, and the resultant image on the photoresist could
      have resolution as high as .+-. 0.5 .mu.m.
PAR  In all cases it is to be understood that the above-described arrangements
      are merely illustrative of a small number of the many possible
      applications of the principles of the invention. Numerous and varied other
      arrangements in accordance with these principles may readily be devised by
      those skilled in the art without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for photolithographic printing of a planar structure on a
      substrate wafer comprising the steps of:
PA1  applying a photoresist material onto the surface of the substrate wafer to
      form a relatively flat portion and a build-up at the periphery of the
      wafer,
PA1  forming a mask having a desired pattern thereon,
PA1  cutting in the mask a channel corresponding to the peripheral build-up of
      the photoresist,
PA1  placing the mask in contact with the relatively flat portion of the
      photoresist, the build-up being positioned within the channel,
PA1  exposing the photoresist to light through the mask to form a pattern in the
      photoresist, and
PA1  removing portions of the wafer surface in accordance with the pattern in
      the photoresist.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein the desired pattern is
      formed on the mask by deposition of a material opaque at the frequency of
      the exposing light, and the step of cutting the channel in the mask
      includes mechanically grinding the mask to produce the channel.
NUM  3.
PAR  3. A process in accordance with claim 2 wherein the desired pattern formed
      on the mask is formed on the mask by deposition of a metal oxide.
NUM  4.
PAR  4. A process in accordance with claim 2 wherein the desired pattern formed
      on the mask is formed on the mask by deposition of a metal.
NUM  5.
PAR  5. A process in accordance with claim 1 wherein the wafer surface is
      rectangular and the step of cutting a channel in the mask includes cutting
      a plurality of intersecting linear grooves to form the channel which
      defines a rectangle corresponding to the photoresist buildup at the
      periphery of the rectangular surface of the wafer.
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ABST
PAL  A fluorescent screen including a plurality of parallel stripes of three
      colour phosphors is prepared by projecting light from a linear light
      source positioned in parallel with the stripes on photosensitive
      substances coated on the inner surface of the panel through a plurality of
      stripe shaped perforations of a colour selecting member, each divided into
      a plurality of slit shaped sections by means of bridges. The linear light
      source is constituted by reciprocating a point light source in parallel
      with the stripe shaped perforations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of manufacturing a colour picture tube
      and more particularly to a method of exposing the photosensitive
      substances coated on the panel of the tube for preparing a fluorescent
      screen including a plurality of continuous stripe shaped three colour
      phosphors. The exposure light is projected through a plurality of parallel
      stripe shaped perforations of a colour selecting member or electrode
      (hereinafter called a colour selecting member), the perforations extending
      in one direction of deflection of the electron beam, and each one of said
      stripe shaped perforations being divided into a plurality of slit shaped
      sections by bridges extending in a direction perpendicular to the
      longitudinal direction of the perforation.
PAR  As is well known in the art the fluorescent screen of a colour picture tube
      is prepared by regularly coating photosensitive substances on the inner
      surface of the face plate and then exposing the photosensitive substances
      to light by using an exposure device 1 as diagrammatically shown in FIG.
      1. The exposure device shown in FIG. 1 comprises a source of point light 2
      and a correcting lens 3 for causing the light emanated from the source 2
      to approximate the actual locus of the electron beam of a completed colour
      picture tube. A colour selecting member 4, typically a perforated shadow
      mask, and a panel 5 supporting the colour selecting member 4 are mounted
      on the exposure device 1. Photosensitive substances are coated on the
      inner surface of the panel 5 and exposed to the light emanated from the
      source of point light 2 and transmitting through the colour selecting
      member 4 and correcting lens 3 to form a fluorescent screen of a
      predetermined pattern.
PAR  With a widespread use of colour television receivers in recent years,
      various types of colour picture tubes have been developed. In one type, a
      colour selecting member provided with a plurality of parallel stripe
      shaped perforations is used. With this type of the colour selecting
      member, because it is not necessary to adjust the electron gun assembly in
      the longitudinal direction of the stripe shaped perforations it is
      possible to obtain reproduced pictures of higher colour purity with more
      simple electronic circuit than the well known shadow mask type colour
      picture tube.
PAR  However, since the stripe shaped perforations are formed to cover
      substantially the full width of the colour selecting member its mechanical
      strength is small so that it tends to vibrate due to mechanical shocks or
      large volume sound from a speaker incorporated in a colour television
      receiver during the use thereof, thereby causing undesirable colour
      shading. To obviate this difficulty, the stripe shaped perforations are
      divided into a plurality of slit shaped sections by providing suitably
      spaced apart bridges extending in a direction perpendicular to the
      longitudinal direction of the perforations. Such bridges function to
      reinforce the colour selecting member. However, these bridges intercept
      the light utilized to expose the photosensitive substances so that
      resulting stripe shaped three colour phosphors are interrupted at portions
      corresponding to the bridges.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a method of
      manufacturing a colour picture tube having an excellent colour purity and
      free from colour shading.
PAR  Another object of this invention is to provide an improved method of
      preparing a fluorescent screen having continuous stripe shaped trios of
      three colour phosphors.
PAR  Still another object of this invention is to provide a method of preparing
      a fluorescent screen having continuous stripe shaped trios of three colour
      phosphors by utilizing a linear source of exposure light.
PAR  Yet another object of this invention is to provide a novel method of
      manufacturing a fluorescent screen having continuous stripe shaped trios
      of three colours by reciprocating a source of point light.
PAR  A further object of this invention is to provide a simple apparatus for
      manufacturing a fluorescent screen having a plurality of continuous stripe
      shaped three colour phosphors by using a colour selecting member having a
      plurality of parallel stripe shaped perforations each divided into a
      plurality of slit shaped sections by means of bridges.
PAR  In accordance with this invention these and other objects can be
      accomplished by providing a method of manufacturing a fluorescent screen
      for use in a colour picture tube wherein photosensitive substances coated
      on the inner surface of the panel of the tube are exposed to light
      emanated from a source of light through a plurality of parallel stripe
      shaped perforations of a colour selecting member thereby forming a
      fluorescent screen including a plurality of parallel stripes of three
      colour phosphors, said perforations extending over substantially the
      entire length of one side of said colour selecting member, characterized
      in that respective stripe shaped perforations are divided into a plurality
      of slit shaped sections by means of bridges extending at substantially
      right angles with respect to the longitudinal direction of said
      perforations, that the exposure light emanated from a linear light source
      is projected upon said photosensitive substances through said divided slit
      shaped sections, and that said linear light source is positioned parallel
      with said perforations.
PAR  According to another aspect of this invention, there is provided apparatus
      for forming a fluorescent screen of a colour picture tube wherein light
      from a point light source is projected upon photosensitive substances
      coated on the inner surface of the panel of the tube through a plurality
      of stripe shaped perforations of a colour selecting member thereby forming
      a fluorescent screen including a plurality of parallel stripes of three
      colour phosphors, said perforations extending over substantially the
      entire length of one side of said colour selecting member, characterized
      in that there is provided means for reciprocating said point light source
      in a direction parallel to said stripe shaped perforations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 shows a diagrammatic longitudinal section of a conventional exposure
      device utilized to prepare a fluorescent screen of a colour picture tube;
PAR  FIG. 2A shows a portion of the fluorescent screen prepared by the method of
      this invention and a colour selecting member and viewed from the side of
      the electron gun assembly;
PAR  FIGS. 2B and 2C are views similar to FIG. 2A but showing different
      constructions of the fluorescent screen prepared by the method of this
      invention;
PAR  FIG. 3 shows a schematic perspective view of a light source utilized to
      carry out the method of this invention;
PAR  FIG. 4 is a diagram to show the relationship between the light and the
      colour selecting member when the light source shown in FIG. 3 is used; and
PAR  FIG. 5 is a schematic perspective view of a modified light source utilized
      to carry out the method of this invention.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  According to this invention, a fluorescent screen is prepared including
      continuous stripe shaped trios of three colour phosphors and utilized for
      a colour picture tube having a colour selecting member provided with a
      plurality of parallel stripe shaped perforations extending in one
      direction of deflecting the electron beam, each stripe shaped perforation
      being divided into slit shaped sections by means of bridges extending in a
      direction perpendicular to the perforation.
PAR  FIG. 2A shows one example of a fluorescent screen manufactured by the
      method of this invention and a colour selecting member cooperating
      therewith of a colour picture tube. The fluorescent screen 7 comprises a
      plurality of regularly arranged continuous stripe shaped trios of three
      colour phosphors 6a, 6b and 6c extending to cover the full width (in the
      direction of vertical deflection, for example, of the electron beams) of
      the colour selecting member. The sets of vertical stripes of three colour
      phosphors are formed continuously in the horizontal direction.
PAR  Such stripes of three colours can be prepared by applying photosensitive
      substance containing phosphors for three colours on the inner surface of
      the face plate of a colour picture tube and then exposing to light the
      photosensitive substances by utilizing an exposure device similar to that
      shown in FIG. 1. However, instead of utilizing a stationary point light
      source, the point light source is reciprocated in a manner to be described
      later.
PAR  The colour selecting member 10 is provided with a plurality of parallel
      stripe shaped perforations 8 extending in the same direction as the three
      colour phosphors 6a, 6b and 6c. These perforations have approximately the
      same vertical length as the three colour phosphors. To reinforce the
      colour selecting member, each stripe 8 is divided into a plurality of slit
      shaped sections by means of horizontal bridges 9.
PAR  In the examples shown in FIGS. 2B and 2C stripe shaped three colour
      phosphors 6a, 6b and 6c are shaped apart from each other by a
      predetermined spacing in the horizontal direction. In the case of FIG. 2C,
      the regions between the stripe shaped three colour phosphors are coated
      with black non-luminous substance 6d such as graphite. In these figures,
      component parts identical to those shown in FIG. 2A are designated by the
      same reference characters.
PAR  The fluorescent screen shown in FIG. 2C is manufactured in the following
      manner. A photoresist is applied onto the entire inner surface of the face
      plate of the colour picture tube and is then exposed to light through the
      stripe shaped perforations 8 of the colour selecting member 10. Then the
      not exposed portions of the photoresist are removed to form stripes of the
      photoresist corresponding to the stripe shaped three colour phosphors 6a,
      6b and 6c. The black non-luminous substance 6d is applied onto the entire
      inner surface of the face plate and then the photoresist film is removed.
      Thereafter the stripe shaped three colour phosphors 6a, 6b and 6c are
      applied onto the portions of the face plate from which the photoresist has
      been removed thereby completing the fluorescent screen shown in FIG. 2C.
PAR  The colour picture tubes manufactured as above described have the following
      advantages. More particularly, in the case of FIG. 2A, since the
      continuous stripe shaped trios of three colour phosphors 6a, 6b and 6c are
      regularly formed in the direction of vertical deflection, in the actual
      use of the colour picture tube, it is not necessary to adjust the colour
      purity in the vertical direction whereby the adjusting means of the colour
      television receiving set can be simplified.
PAR  In the case shown in FIG. 2B, because the stripe shaped three colour
      phosphors 6a, 6b and 6c are spaced apart in the horizontal direction, in
      addition to the advantage just mentioned, the colour shading caused by
      improper adjustment of the electron beam, that is the tendency of the
      electron beam to impinge upon adjacent phosphor can be greatly reduced. In
      the construction shown in FIG. 2C, it is possible to obtain the merit of
      the so-called black matrix in addition to the advantages of the
      constructions shown in FIGS. 2A and 2B. In other words, it is possible to
      improve contrast.
PAR  FIG. 3 shows one example of the method of moving the exposure light source
      utilized to carry out the method of this invention. The exposure light
      source 11 is to be disposed at the position of the point light source 2 of
      the exposure device 1 shown in FIG. 1. Parallel guide members 12a and 12b
      are secured to a stationary bed 14 by screws 13. The guide members 12a and
      12b are formed with guide grooves 15a and 15b on their confronting side
      surfaces. A movable plate 16 supporting the point light source 17 is
      received in the guide grooves 15a and 15b. The point light source 17 may
      have the same construction as the prior art point light source. In the
      illustrated example, the point light source 17 comprises a tubular mercury
      arc lamp 18, a conical collimator 19 mounted above the mercury arc lamp 18
      for collimating the light to the apex, a reflector 20 for reflecting
      downwardly radiated light toward the collimator 19 and a casing 21
      enclosing the collimator, the mercury arc lamp and the reflector except
      the apex of the collimator. An electric motor 22 is mounted on the
      stationary bed 14 and a circular disc 25 is mounted on the shaft 24 of
      motor 22 with a small eccentricity. An operating arm 26 is provided with
      one end rotatably mounted on the circular disc 25 through a bearing 27,
      the other end of the operating arm 26 being pivotally connected to a pin
      28 secured to the movable plate 16.
PAR  When the motor 22 is energized, due to the small eccentricity of disc 25,
      the operating rod 26 mounted thereon is reciprocated as shown by a double
      headed arrow. Consequently, the movable plate 16 is reciprocated along
      guide grooves 15a and 15b. The light emitted by the mercury lamp 18 is
      reflected by reflector 20 and collimated to the apex of the collimator 19
      to form a point light source at the apex. However, as the movable plate 16
      is reciprocated with an amplitude of about 7 to 8 mm, the point light
      source 17 is also reciprocated with the same amplitude. Accordingly, the
      light source 17 operates as a linear source of light having a length of
      about 7 to 8 mm. The longitudinal direction of the linear source of light
      coincides with the longitudinal direction of the stripe shaped
      perforations of the colour selecting member.
PAR  In this manner, as shown in FIG. 4, by reciprocating a point light source
      to form a linear light source and by exposing the photosensitive substance
      to the light from this linear source of light and transmitting through the
      slit shaped sections of the colour selecting member 29 the light 31 will
      impinge obliquely upon the colour selecting member 29 so that the portions
      33 of the fluorescent screen corresponding to bridges 32 will be
      irradiated by the oblique light. Consequently, it is possible to expose
      uniformly the entire vertical width of the fluorescent screen to form
      continuous stripe shaped three colour phosphors although the slit shaped
      sections 30 of the colour selecting member 29 is not continuous by the
      presence of the bridges 32.
PAR  In the above described embodiment, a point light source is reciprocated to
      cause it to act as a linear light source for exposing and forming
      continuous stripe shaped three colour phosphors. This is to make uniform
      the intensity of light at any portion of the linear light source. However,
      it is also possible to project the light from a stationary linear source
      of light through a stationary slit having a width of 2 mm and a length of
      10 mm, for example. Of course, in this case it is not necessary to use the
      collimator.
PAR  FIG. 5 shows another method of moving an exposure light source utilized in
      this invention. The apparatus shown in FIG. 5 comprises a U shaped
      supporting frame 34 secured to a stationary base 35 by means of screws. A
      shaft 36 is secured to two legs of the supporting frame 34 and an
      operating arm 37 is rotatably mounted on shaft 36 through a bearing 38. A
      point light source (not shown) similar to that described above is mounted
      on the upper end of the operating arm 37. An electromagnet 40 with a core
      disposed to attract the operating arm 37 is secured to the upper end of an
      L shaped support 39 which is fastened to the stationary base 35. The
      operating arm 37 is biased to move away from the electromagnet 40 by means
      of a spring 41.
PAR  When the electromagnet 40 is energized by alternating current or a pulse
      signal of low frequency, the operating arm 37 will be vibrated in the
      direction of arrow A to reciprocate the point light source with an
      amplitude of about 7 to 8 mm thereby causing it to act as a linear light
      source. When the fluorescent screen is exposed with this apparatus
      continuous stripe shaped portions thereof are exposed over the entire
      range of vertical deflection. Thereafter, the continuous stripe shaped
      three colour phosphors are formed in the manner well known in the art.
PAR  It should be understood that the point light source is not limited to the
      above described type which comprises a mercury arc lamp and a collimator,
      and that it is possible to reciprocate the point light source by other
      mechanism than those described above.
PAR  As above described since according to this invention, the photosensitive
      substance of the fluorescent screen is exposed to light by reciprocating a
      point light source in a predetermined direction, the exposure light
      transmits obliquely through the stripe shaped perforations divided into
      slit shaped sections of the colour selecting member. For this reason,
      notwithstanding the provision of horizontal bridges which divide the
      stripe shaped perforations into a plurality of slit shaped sections it is
      possible to form stripe shaped trios of three colour phosphors which are
      continuous over the entire range of vertical deflection. It should be
      noted that these stripe shaped phosphors can also be formed in the
      direction of horizontal deflection.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing a fluorescent screen for use in a colour
      picture tube wherein photosensitive substances coated on the inner surface
      of the panel of the tube are exposed to light emanated from a source of
      light through a plurality of parallel stripe shaped perforations of a
      colour selecting member each of which is divided into a plurality of slit
      shaped sections by means of bridges extending at substantially right
      angles with respect to the longitudinal direction of said perforation
      thereby forming a fluorescent screen including a plurality of parallel
      stripes of three colour phosphors, said perforations extending over
      substantially the entire length of one side of said colour selecting
      member, improvement in which said fluorescent screen is formed by
      projecting the exposure light emanated from a linear light source upon
      said photosensitive substances through said divided slit shaped sections,
      said linear light source being positioned parallel to said perforations
      and having an effective length sufficient to expose continuous stripes
      corresponding to said perforations on said photosensitive substances
      including the regions behind said bridges.
NUM  2.
PAR  2. The method according to claim 1 wherein said linear light source is
      constituted by reciprocating a point source in a direction parallel to
      said stripe shaped perforations.
NUM  3.
PAR  3. The method according to claim 1 wherein said light source comprises a
      stationary elongated tubular lamp disposed in parallel with said stripe
      shaped perforations.
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ABST
PAL  A silver halide photographic photosensitive element having a hydrophilic
      colloidal layer prepared by dispersing photographic additives in a fatty
      oil which is liquid at room temperature; which boils at temperatures
      higher than 250.degree.C under atmospheric pressure; which is soluble in
      water in a proportion of less than about 10% by weight at 25.degree.C; and
      which dissolves water in a proportion of less than about 5% by weight at
      25.degree.C, and a developing method thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to photographic photosensitive elements which
      can be produced and developed without using organic materials which tend
      to cause environmental pollution, and a developing method thereof. More
      particularly, the present invention relates to photographic photosensitive
      members which are produced by dispersing photographic additives in
      specific fatty oils.
PAR  2. Description of the Prior Art
PAR  Heretofore, an oil-soluble coupler has been dissolved in an appropriate
      organic solvent having a high boiling point and dispersed in a gelatin
      solution in the presence of a surface active agent, and the resulting
      mixture has been used as a silver halide photographic emulsion. In this
      case, phthalic ester based compounds and phosphoric ester based compounds
      have been used as the high boiling organic solvent.
PAR  Nowadays, these types of solvents are used in preparing most color
      photographic photosensitive elements in which oil-soluble incorporated
      type couplers are used.
PAR  Other various kinds of compounds are known as the high boiling organic
      solvent, which are described, for example, in U.S. Pat. Nos. 2,322,027,
      2,533,514, and 3,287,134; German Pat. No. 1,152,610; and British Patent
      No. 1,272,561.
PAR  The phthalic ester based compounds and phosphoric ester based compounds,
      however, are considered to be the most excellent compounds of the known
      compounds with respect to dispersion capability of a coupler, affinity to
      a gelatin-colloid layer, influence on the stability of a color formed,
      chemical stability in photosensitive materials, low price, etc.
PAR  The phthalic ester based compounds and phosphoric ester based compounds do
      not have any harmful action on the human body even in contact therewith if
      they are contained in a photographic photosensitive element. However,
      there is a possibility that they cause environmental pollution at the time
      of producing a photosensitive element or when the photosensitive element
      is abandoned after the developing treatment.
PAR  To the incorporated type color photographic photosensitive element,
      antioxidants such as the so-called "DIR-hydroquinone" are added alone or
      in combination with a coupler or other additives for the purpose of
      preventing color mixing due to the diffusion of an oxidized color forming
      developer, improving the image quality, preventing the formation of fog at
      the time of color forming development, preventing the formation of stain,
      improving the stability of the formed color image, etc. Most of these
      antioxidants are dispersed in phthalic ester based compounds or phosphoric
      ester based compounds. The antioxidants also must possess properties such
      as excellent dispersion capability in solvents, high reactivity with the
      reaction product of the color forming developer, high chemical stability,
      etc.
PAR  The incorporated type color photographic photosensitive element and the
      black and white photographic photosensitive element generally contain
      filter dyes and fluorescent brightening agents for absorbing visible light
      or ultraviolet light for the purpose of improving color reproduction and
      color sharpness, and stabilizing the color image, in addition to the
      antioxidant for preventing the oxidation of photosensitive nuclei, the
      latent image or the silver image.
PAR  For the filter dyes and fluorescent brightening agents, phthalic ester
      based compounds and phosphoric ester based compounds are often used as a
      solvent. N-dialkyl substituted alkylamide compounds as disclosed in U.S.
      Pat. No. 3,502,474 are used as the solvent for filter dyes and fluorescent
      brightening agents, but they have the drawback that a bad odor often
      remains. Although Japanese Pat. Laid-open No. 14322/1973 describes that
      biphenyl derivatives can be used as a high boiling organic solvent,
      biphenyl derivatives can not be employed for the reason that they cause
      environmental pollution.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention removes the abovedescribed drawbacks.
PAR  An object of the present invention is to provide photographic
      photosensitive elements which can be produced without using any harmful
      materials.
PAR  Another object of the present invention is to provide photographic
      photosensitive elements which are produced by dispersing photographic
      additives such as couplers, filter dyes or antioxidants in high boiling
      organic solvents which are not harmful and do not cause any environmental
      pollution after being a discarded.
PAR  A further object of the present invention is to provide photographic
      photosensitive elements which permit a reduction of environmental
      pollution at the time of development.
PAR  A still further object of the present invention is to provide photographic
      photosensitive elements wherein high boiling solvents are used which can
      provide a more excellent image quality than with phthalic ester based
      compounds or phosphoric ester based compounds.
PAR  These and other objects and advantages will be apparent from the following
      description of the invention.
PAR  The objects of the present invention can be attained by a photosensitive
      element in which the photographic additives are dispersed in a hydrophilic
      colloid using fatty oils which are liquid at room temperature (at
      25.degree.C), which fail at temperatures higher than 250.degree.C under
      atmospheric pressure, which are soluble in water in a proportion less than
      about 10% by weight, and which dissolve water in a proportion less than
      about 5% by weight.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The fatty oils which can be used in the present invention satisfy the
      following requirements:
PAR  1. They are liquid at room temperature;
PAR  2. Their boiling point is higher than about 250.degree.C under ordinary
      pressure (a pressure of one atmosphere);
PAR  3. Their solubility in water (at 25.degree.C) is less than about 10% by
      weight; and
PAR  4. Their water dissolving capacity of the fatty oil (e.g., the amount of
      water which can be dissolved in the oil) is less than about 5% by weight.
PAR  Aliphatic esters of glycerin and derivatives thereof, alkyl esters of
      aliphatic dicarboxylic acids and derivatives thereof, and alkyl esters of
      aliphatic tricarboxylic acids and derivatives thereof are particularly
      useful as the fatty oils. It is preferred that these ester portions
      contain not more than 8 carbon atoms, e.g., about 1 to about 8 carbon
      atoms.
PAR  Preferred compounds for use in the present invention are those represented
      by the general formulae (I), (II) and (III):
      ##EQU1##
      wherein R.sub.1, R.sub.2 and R.sub.3, which may be the same or different,
      each is an acyl group containing about 2 to 8 carbon atoms, such as
      acetyl, propionyl, ethoxycarbonyl, butyloyl, hexanoyl, octanoyl,
      acetoacetyl, 2-butenoyl, butoxypropionyl, phenylacetyl, and the like; and
      at least one of R.sub.1 and R.sub.3 can be
      ##EQU2##
      wherein R.sub.4 and R.sub.5, which may be the same or different, each are
      the same group as defined for R.sub.2 ;
      ##EQU3##
      wherein R.sub.6 is the same as defined for R.sub.2 ; R.sub.7, R.sub.8 and
      R.sub.9, which may be the same or different, each is an alkoxycarbonyl
      group containing not more than 8 carbon atoms, such as methoxycarbonyl,
      ethoxycarbonyl, propoxycarbonyl, allyloxycarbonyl, benzyloxycarbonyl and
      the like; and
EQU  R.sub.10 -- CH.sub.2 -- (CH.sub.2).sub.n -- CH.sub.2 -- R.sub.11 (III)
PAL  wherein R.sub.10 and R.sub.11 are the same as defined for R.sub.7 and n is
      an integer of 1 to 6.
PAR  Representative examples of the fatty oils of the present invention are
      shown in the Table below together with the properties thereof although the
      present invention is, not to be interpreted as being limited thereto. In
      the Table, A indicates the physical state at 25.degree.C, B indicates the
      solubility in water at 25.degree.C (% by weight), C indicates the amount
      of water which can be dissolved, and D indicates the boiling point at
      atmospheric pressure.
TBL                                    Table                                   
     __________________________________________________________________________
                        A   B   C   D                                          
     __________________________________________________________________________
     (1) Glycerol Triacetate                                                   
                        liquid                                                 
                            7   5   above                                      
                                    250.degree.C                               
     (CH.sub.3 CO--OCH.sub.2).sub.2 CHO.COCH.sub.3                             
     (2) Glycerol Tripropionate                                                
                        do  0.3 below                                          
                                    do                                         
                                0.1                                            
     C.sub.3 H.sub.5 (O--CO--C.sub.2 H.sub.5).sub.3                            
     (3) Glycerol Tributyrate                                                  
                        do  below                                              
                                do  do                                         
                            0.1                                                
     C.sub.3 H.sub.5 (O--CO--C.sub.3 H.sub.7).sub.3                            
     (4) Glycerol Monolaulate                                                  
                        do  3   do  do                                         
     Triacetate                                                                
     (5) Tributyl Citrate                                                      
                        do  below                                              
                                do  do                                         
                            0.1                                                
     (C.sub.4 H.sub.9 O--CO--CH.sub.2).sub.2 C(OH)CO--OC.sub.4 H.sub.9         
     (6) Acetyl Triethyl Citrate                                               
                        do  0.7 do  do                                         
     (C.sub.2 H.sub.5 O--COC--CH.sub.2).sub.2 C(O--COCH.sub.3)CO--OC.sub.2     
     H.sub.5                                                                   
     (7) Acetyl Tri-n-butyl Citrate                                            
                        do  below                                              
                                do  do                                         
                            0.1                                                
     (C.sub.4 H.sub.9 O--CO--CH.sub.2).sub.2 --C(O--COCH.sub.3)CO--OC.sub.4    
     H.sub.9                                                                   
     (8) Di-2-ethyloxy Adipate                                                 
                        do  do  0.1 do                                         
     C.sub.8 H.sub.17 O--CO--(CH.sub.2).sub.4 COOC.sub.8 H.sub.17              
     (9) Dioctyl Sebacate                                                      
                        do  do  below                                          
                                    do                                         
                                0.1                                            
     C.sub.8 H.sub.17 O--CO--(CH.sub.2).sub.8 CO--OC.sub.8 H.sub.17            
     __________________________________________________________________________
PAR  The high boiling organic solvents of the present invention are
      characterized in that they are substantially harmless and hardly cause
      environmental pollution. Moreover, the high boiling solvents of the
      present invention are superior over phthalic ester based compounds, e.g.
      dibutyl phthalate, and phosphoric ester based compounds, e.g. tricrecyl
      phosphate, with respect to dispersion property and color image stability.
      These matters will be understood from the Examples described hereinafter.
PAR  As photographic additives which can be dispersed in a hydrophilic colloid
      using the high boiling solvents of the present invention, all of the
      compounds which have been dispersed in the hydrophilic colloid using
      conventional high boiling solvents can be employed. Representative
      additives are couplers which are coupling-reactable with the oxidation
      product of an aromatic primary amine color forming developer; antioxidants
      for preventing color-fog and oxidation of the formed color image due to
      the oxidation product of the aromatic primary amine color forming
      developer; filter dyes or ultraviolet absorbers for selectively absorbing
      visible light or ultraviolet light, etc.
PAR  Couplers as used herein include those compounds which are capable of
      forming color upon color forming development using aromatic primary amine
      developers such as phenylenediamine derivatives, aminophenol derivatives,
      and the like. For instance, examples of such couplers are 5-pyrazolone
      couplers, cyanoacetyl cumarone couplers, open chain acylacetonitrile
      couplers, acylacetamide couplers such as the benzoylacetanilides and the
      pivaloylacetanilides, naphthol couplers, phenol couplers and the like.
PAR  In greater detail, as magenta couplers, 5-pyrazolone couplers, cyanoacetyl
      cumarone couplers, indazolone couplers and the like can be used. The
      couplers represented by the general formula (IV) are particularly useful.
      ##EQU4##
      wherein R.sub.11 is an alkyl group selected from the group consisting of a
      primary, secondary, or tertiary alkyl group, such as methyl, propyl,
      n-butyl, t-butyl, hexyl, 2-hydroxyethyl, 2-phenylethyl and the like; an
      aryl group; a heterocyclic group such as quinolinyl, pyridyl,
      benzofuranyl, oxazolyl, and the like; an amino group such as methylamino,
      diethylamino, phenylamino, tolylamino, 4-(3-sulfobenzamino)anilino,
      2-chloro-5-acylaminoanilino, 2-chloro-5-alkoxycarbonylanilino,
      2-trifluoromethylphenylamino and the like; a carbonamido group such as
      alkylcarbonamido such as ethylcarbonamido, arylcarbonamido, heterocyclic
      carbonamido such as benzothiazolylcarbonamido, sulfonamido, heterocyclic
      sulfonamido and the like; or a ureido group such as alkylureido,
      arylureido, heterocyclicureido and the like; and R.sub.12 is an aryl group
      such as naphthyl, phenyl, 2,4,6-trichlorophenyl,
      2-chloro-4,6-dimethylphenyl, 2,6-di-chloro-4-methoxyphenyl,
      4-methylphenyl, 4-acylaminophenyl, 4-alkylaminophenyl, 4-trichloromethyl
      phenyl, 3,5-dibromophenyl, and the like; or a heterocyclic group such as
      benzofuranyl, naphthooxazolyl, quinolinyl, and the like; and Z.sub.1 is a
      hydrogen atom or a group which is removable at color development, such as
      acyloxy, aryoxy, halogen, thiocyano, disubstituted amino,
      allyloxycarbonyloxy, alkoxycarbonyloxy, benzotriazolyl, indazolyl,
      arylazo, heterocyclic azo, and the like. These compounds are described in
      U.S. Pat. Nos. 3,227,550, 3,252,924, 3,311,476, and 3,419,391; German Pat.
      Laid-open (OLS) No. 2,015,867; and U.S. Pat. application Ser. No. 471,639,
      filed May 20, 1974.
PAR  Arylmonothio groups such as 2-aminophenylthio, 2-hydroxycarbonylphenylthio
      and the like; heterocyclic monothio groups such as tetrazolyl, triazinyl,
      triazolyl, oxazolyl, oxadiazolyl, diazolyl, thiazyl, thiadiazolyl and the
      like; heterocyclic imido groups such as 1-benzotriazolyl, 1-indazolyl,
      2-benzotriazolyl, and the like, etc., which liberate development
      inhibitors at the time of development, can be also used for Z.sub.1. These
      compounds are described in U.S. Pat. Nos. 3,148,062, 3,227,554, 3,615,506
      and 3,701,783.
PAR  Yellow couplers are open chain acylacetamide couplers such as
      pivaloylacetanilide coupler, benzoylacetanilide coupler, and the like;
      open chain acylacetonitrile coupler; and like. The compounds represented
      by the following general formula (V) are particularly useful.
      ##EQU5##
      wherein R.sub.13 is a primary alkyl, secondary alkyl, or tertiary alkyl
      group such as t-butyl, 1,1-dimethylpropyl,
      1,1-dimethyl-1-methoxyphenoxymethyl and the like; or an aryl group such as
      phenyl, alkylphenyl, e.g. 3-methylphenyl, 3-octadecylphenyl, alkoxyphenyl,
      e.g. 2-methoxyphenyl, 4-methoxyphenyl, halophenyl,
      2-halo-5-alkamidophenyl, e.g.
      2-chloro-5-[.alpha.-(2,4-di-tert-amylphenoxy)butylamido]phenyl,
      2-methoxy-5-alkamidophenyl, 2-chloro-5-sulfonamidophenyl, and the like;
      and R.sub.14 is an aryl group such as 2-chlorophenyl,
      2-halo-5-alkamidophenyl, e.g.
      2-chloro-5-[.alpha.-(2,4-di-tert-amylphenoxy)acetamido]phenyl,
      2-chloro-5-(4-methylphenylsulfonamido)phenyl,
      2-methoxy-5-(2,4-di-tert-amylphenoxy)acetamidophenyl; and Z.sub.2 is a
      hydrogen atom or a group which is removable at color development. Examples
      of removable groups are halogen atoms, particularly fluoride, and acyloxy,
      aryloxy, heterocyclic carbonyl, oxy, sulfimido, alkylsulfoxy, aryl,
      sulfoxy, phthalimido, dioxoimidazolyzinyl, dioxooxazolyzynyl, indazolyl,
      dioxothiazolyzyl and like groups. These compounds are described in U.S.
      Pat. Nos. 3,227,550, 3,253,924, 3,277,155, 3,265,506, 3,408,194 and
      3,415,652; French Patent No. 1,411,384; British Pat. Nos. 944,490,
      1,040,710 and 1,118,028; and German Pat. Laid-open (OLS) Nos. 2,057,941,
      2,163,812, 2,213,461 and 2,219,971.
PAR  Arylmonothio groups such as phenylthio, 2-carboxyphenylthio, and the like;
      heterocyclic thio groups; 1-benzotriazol groups; 1-benzodiazole groups;
      and the like, which liberate development inhibitors, can also be used as
      Z.sub.2. Particularly, the groups as described in U.S. Pat. application
      Ser. No. 454,525 filed Mar. 25, 1974 can be used.
PAR  The cyan coupler is, for example, a naphthol coupler or a phenol coupler.
      The couplers represented by the following general formulae (VI) and (VII)
      are particularly useful.
      ##SPC1##
PAL  wherein R.sub.15 is a substituent as used in cyan couplers such as a
      carbamyl group, e.g. alkylcarbamyl, aryl carbamyl, such as phenyl
      carbamyl, heterocyclic carbamyl such as benzothiazolylcarbamyl and the
      like; a sulfamyl group, e.g. alkylsulfamyl, arylsulfamyl such as
      phenylsulfamyl, heterocyclic sulfamyl, and like; an alkoxycarbonyl group;
      an aryloxy-carbonyl group or the like; and R.sub.16 is an alkyl group; an
      aryl group; a heterocyclic group, an amino group such as amino,
      alkylamino, arylamino and the like; a carbonamido group such as
      alkylcarbonamido, arylcarbonamido and the like; a sulfonamido group; a
      sulfmamyl group such as alkylsulfamyl, arylsulfamyl and the like; a
      carbamyl group or the like; and R.sub.17, R.sub.18 and R.sub.19 are the
      same as described for R.sub.16, and also a halogen atom, or an alkoxy
      group; and Z.sub.3 is a hydrogen atom or a group which is removable at
      color development such as those defined for Z.sub.2. Z.sub.3 can be a
      halogen atom such as chloro, bromo, iodo, and the like, or an indazolyl,
      heterocyclic imido, acyloxy, allyloxy, alkoxy, sulfo, arylazo,
      heterocyclic azo, or the like group. These compounds are described in U.S.
      Pat. Nos. 2,423,730, 3,227,550 and 3,311,476; and British Pat. Nos.
      1,084,480 and 1,165,563; etc.
PAR  The coupler of the present invention can be colored coupler. Colored
      couplers are described in U.S. Pat. Nos. 2,983,608, 3,005,712 and
      3,034,892; British Pat. Nos. 936,621, 1,269,073, 586,211 and 627,814; and
      French Pat. Nos. 980,372, 1,091,903, 1,257,887, 1,398,308 and 2,015,649;
      etc.
PAR  The couplers as used in the present invention are preferably
      diffusion-resistant. To render the coupler diffusion-resistant, groups
      containing hydrophobic radicals of about 8 to 32 carbon atoms are
      introduced in the molecule. These groups are called ballast groups. The
      ballast group can be connected to the coupler nucleus directly or through
      an imino, ether, carbonamido, sulfonamido, ureido, ester, imido,
      carbamoyl, sulfamoyl, or like bond.
PAR  Representative examples of ballast groups are shown in the specific
      examples couplers of the present invention given hereinafter.
PAR  The following are representative examples of the ballast groups.
PA1   (I) Alkyl and alkenyl groups
EQU  e.g., --CH.sub.2 --CH(C.sub.2 H.sub.5).sub.2, --C.sub.12 H.sub.25,
      --C.sub.16 H.sub.33, --C.sub.17 H.sub.33, etc.
PA1  (II) Alkoxyalkyl groups
EQU  e.g., --(CH.sub.2).sub.3 --O--(CH.sub.2).sub.7 CH.sub.3,
      ##EQU6##
      etc. as described in Japanese Patent Publication No. 27563/1964.
      ##SPC2##
PA1  (V) Acylamidoalkyl groups
      ##EQU7##
      as described in U.S. Pat. Nos. 3,333,344 and 3,418,129. (VI) Alkoxyaryl
      and aryloxyaryl groups
      ##SPC3##
PA1  (VII) Groups containing long chain aliphatic groups such as alkyl or
      alkenyl group and groups such as carboxy or sulfo groups which are
      water-solubilizing groups
      ##EQU8##
      (VIII) Ester substituted alkyl groups
      ##EQU9##
EQU  --CH.sub.2 --CH.sub.2 --COOC.sub.12 H.sub.25 (n), etc.
      ##SPC4##
PAR  The following are representative examples of the present invention although
      the present invention is not to be construed as being limited thereto.
PAC  Yellow Couplers
PA1  (1)
      a-{3-[.alpha.-(2,4-di-tert-aminophenoxy)butyramido]benzoyl}-2-methoxyaceta
     nilide
PA1  (2)
      .alpha.-Acetoxy-.alpha.-3-[.gamma.-(2,4-di-tert-amylphenoxy)butyramido]-be
     nzoyl-2-methoxyacetanilide
PA1  (3) N-(4-Anisoylacetamidobenzenesulfonyl)-N-benzyl-N-toluidine
PA1  (4)
      .alpha.-(2,4-Dioxo-5,5-dimethyloxazolyzinyl)-.alpha.-pivaloyl-2-chloro-5-[
     .alpha.-(2,4-di-tert-aminophenoxy)butyramido]acetanilide
PA1  (5)
      .alpha.-(4-Carboxyphenoxy)-.alpha.-pivaloyl-2-chloro-5-[.alpha.-(2,4-di-te
     rt-amylphenoxy)butyramido]acetanilide
PA1  (6)
      .alpha.-[3-(1-Benzyl-2,4-di-oxo)hydrantoin]-.alpha.-pivaloyl-2-chloro-5-[.
     alpha.-2,4-di-tert-amylphenoxy)butyramido]acetanilide
PA1  (7)
      .alpha.-Benzoyl-.alpha.-(2-benzothiazolythio)-4-[N-(.gamma.-phenylpropyl)-
     N-4-tolyl)sulfamyl]acetanilide
PA1  (8) .alpha.-Pivaloyl-.alpha.-(5- or
      6-bromo-1-benztriazole-5-[.alpha.-(2,4-di-tert-amylphenoxy)propionamido]-2
     -chloroacetanilide
PAC  Magenta Couplers
PA1  (9)
      1-(2,4,6-Trichlorophenyl)-3-[3-(2,4-di-tert-amylphenoxyacetamido)benzamido
     ]-5-pyrazolone
PA1  (10)
      1-(2,4,6-Trichlorophenyl)-3-{3-[.alpha.-(2,4-di-tert-amylphenoxy)acetamido
     ]benzamido}-4-acetoxy-5-pyrazolone
PA1  (11)
      1-(2,4,6-Trichlorophenyl)-3-dodecylamido-4-(4-hydroxyphenyl)azo-5-pyrazolo
     ne
PA1  (12)
      1-(2,4,6-Trichlorophenyl)-3-[(3-tridecanoylamino-6-chloro)anilino]-5-pyraz
     olone
PA1  (13)
      1-(2,4,6-Trichlorophenyl)-3-(3-tetradecyloxycarbonyl-6-chloro)anilino-4-(1
     -naphthylazo)-5-pyrazolone
PA1  (14)
      1-(2,4-Dichloro-6-methoxyphenyl)-3-[(3-tridecanoylamino-6-chloro)anilino]-
     4-benzyloxycarboxy-5-pyrazolone
PA1  (15)
      1-14-[.gamma.-(2,4-Di-tert-aminophenoxybutyramido)phenyl]-3-piperidinyl-4-
     (1-phenyl-5-tetrazolylthio)-5-pyrazolone
PA1  (16)
      1-(2,4,6-Trichlorophenyl)-3-{4-[.alpha.-(2,4-di-tert-amylphenoxy)butyramid
     o]anilino}-4-(1-phenyl-5-tetrazolylthio)-5-pyrazolone
PA1  (17)
      1-{4-[.alpha.-(2,4,-Di-tert-aminophenoxy)acetamido]phenyl}-3-methyl-4-(5-
      or 6-bromo-1-benztriazole)-5-pyrazolone
PAC  Cyan Couplers
PA1  (18) 1-Hydroxy-N-[.gamma.-(2,4-di-tert-aminophenoxypropyl)]-2-naphthamide
PA1  (19) 1-Hydroxy-4-[2-(2-hexyldecyloxycarbonyl]-2-[N-(1-naphthyl)]naphthamide
PA1  (20)
      1-Hydroxy-4-chloro-N-[.alpha.-(2,4-di-tert-amylphenoxy)butyl]-2-naphthamid
PA1  (21)
      5-Methyl-4,6-dichloro-2-[.alpha.-(3-n-pentadecylphenoxy)butyramido]phenol
PA1  (22) 1-Hydroxy-4-iodo-N-dodecyl-2-naphthamide
PA1  (23)
      5-Methoxy-2-[.alpha.-(3-n-pentadecylphenoxy)butyramido]-4-(1-phenyl-5-tetr
     azolylthio)phenol
PAC  Non-color Forming Coupler
PA1  (24)
      N-[.alpha.-(2,4-Di-tert-amylphenoxy)acetyl]-.omega.-(1-phenyl-5-tetrazolyl
     thio)-m-aminoacetophenone
PAR  Antifading agents for the formed color image such as those agents as
      described in U.S. Pat. Nos. 3,764,337 and 3,432,300 and German Pat.
      Laid-open (OLS) No. 2,146,668 can be dispersed in the solvents of the
      present invention together with the couplers.
PAR  Antioxidants as used in the present invention include phenol, hydroquinone
      or precursors thereof having an aliphatic group containing 8 or more
      carbon atoms such as those antioxidants as described in U.S. Pat. Nos.
      2,336,327, 2,728,659, 2,835,579 and 3,700,453.
PAR  The filter dyes which can be used in the present invention include
      oleophilic oxonol dyes, benzotriazole based ultraviolet absorbents, and
      benzophenone based ultraviolet absorbents such as those compounds as
      described in U.S. Pat. Nos. 3,253,921, 3,533,794, 3,794,493, 3,785,827,
      and 3,707,375, etc.
PAR  As the antioxidants for the formed color image, the compounds as described
      in U.S. Pat. Nos. 3,432,300 and 3,764,337, German Pat. Laid-open (OLS) No.
      2,146,668 are useful. The compounds represented by the formulae (VIII)
      (IX) and (X) are particularly useful.
      ##SPC5##
PAL  wherein R.sub.21 is a straight or branched chain alkyl group containing 8
      to 20 carbon atoms; R.sub.22 is a hydrogen atom or a straight or branched
      chain alkyl group containing 8 to 20 carbon atoms; and A is a hydrogen
      atom or a group which is removable with alkali, such as an acyl group
      (e.g., acetyl), an alkoxycarbonyl group, and the like. The benzene nucleus
      can be substituted with other alkyl groups containing 8 or less carbon
      atoms, halogen or thelike;
      ##SPC6##
PAL  wherein R.sub.23 and R.sub.24 each is a hydrogen atom or an alkyl group
      containing 5 or less carbon atoms; and R.sub.25 is a hydrogen atom, an
      alkoxy group, or a halogen atom;
      ##SPC7##
PAL  wherein P, Q and R each is a hydrogen atom; an alkyl group such as methyl,
      allyl, ethyl, octyl, dodecyl and the like; a hydroxy group such as
      methoxy, ethoxy, etc.; an amino group; an alkylthio group such as
      nonylthio, tridecylthio, and the like; an arylthio group; an aryl group
      such as phenyl, tolyl, and the like; a halogen atom; or a heterocyclic
      group such as tetrazolyl, thiazolyl, quinolynyl; and the S-Z moiety is
      tetrazolylthio, thiazolylthio, or the like; and P and Q can combine to
      form a carbon containing ring; and A and A' each is a hydrogen atom or a
      group which is removable with alkali, such as an acyl group, an
      alkoxycarbonyl group or the like; and Z is a heterocyclic group which is
      substantially photographically inert and is removable at development, such
      as tetrazolyl, e.g. 1-phenyltetrazolyl, 1-alkoxyphenyltetrazolyl, and the
      like; triazolyl, e.g. 1-phenyl-3-n-amyl-1,2,4-triazolyl; thiadiazolyl,
      e.g. 5-methylthiothiadiazolyl, 5-propylthiadiazolyl and the like;
      oxazolyl, e.g. 4-methyloxazolyl, benzooxazolyl, .alpha.-naphthoxazolyl and
      the like; oxadiazolyl; thiazolyl; pyrimidyl, or the like.
PAR  The high boiling solvents of the present invention can be used in
      combination with substantially water-insoluble low boiling auxiliary
      solvents such as methyl acetate, ethyl acetate, butyl acetate, and the
      like or water-soluble organic auxiliary solvents such as methyl isobutyl
      ketone, .beta.-ethoxy ethyl acetate, methyl carbitol, methyl cellusolve,
      dipropylene glycol, dimethyl formamide, dioxane or the like. These
      solvents are described in U.S. Pat. Nos. 2,801,170, 2,801,171, 2,949,360
      and 2,835,579. These auxiliary solvents can be removed by washing as
      described in U.S. Pat. Nos. 2,801,171, 2,949,360 and 3,396,027 or can be
      removed by evaporation as described in U.S. Pat. Nos. 2,322,027 and
      2,801,171; and German Pat. Laid-open (OLS) No. 2,045,464.
PAR  Solutions which are prepared by dispersing photographic additives such as
      couplers, antioxidants, and filter dyes in the high boiling solvent of the
      present invention, either alone or in combination with auxiliary solvents,
      are dispersed in hydrophilic colloids, particularly aqueous solutions of
      gelatin. The dispersion procedures are described, for example, in U.S.
      Pat. Nos. 2,304,939; 2,322,027; 2,801,170; 2,801,171 and 2,949,360.
PAR  As auxiliary dispersion agents, commonly used anionic surface active agents
      such as sodium alkylbenzene sulfonate, sodium octylsulfosuccinate, sodium
      dodecyl sulfonate, sodium alkylnaphthalene sulfonate, Fischer type
      couplers and the like; amphoteric surface active agents such as
      N-tetradecyl-N,N-dipolyethylene-.alpha.-betaine, and the like; and
      nonionic surface active agents such as sorbitan monolaurate can be used. A
      suitable amount of the auxiliary dispersing agent can range from about
      1/50 to 1/2 parts by weight of the high boiling solvent.
PAR  Of the anionic surface active agents used as the auxiliary dispersion
      agent, alkylbenzene sulfonic acid based compounds and alkylnaphthalene
      sulfonic acid based compounds are generally used.
PAR  Those anionic surface active agents represented by the general formula (XI)
      are preferably used for the dispersion in which the high boiling solvents
      of the present invention are used.
      ##EQU10##
      wherein R.sub.26 and R.sub.27 each is a straight or branched chain alkyl
      group containing 4 to 20 carbon atoms; and M is a cation such as a sodium
      ion, potassium ion, ammonium ion, onium cation or the like.
PAR  The compounds represented by the general formula (XI) disperse a solution
      (oil droplet) and stabilize the colloid to the same extent as or greater
      than with the conventionally used alkanol B (a sodium alkylnaphthalene
      sulfonate produced by E. I. du Pont de Nemours and Co.) or alkylbenzene
      sulfonic acid. Moreover, they do not exert any harmful action on the human
      body.
PAR  Those anionic surface active agents represented by the general formula
      (XII) are also usable.
EQU  R.sub.28 ( O --.sub.p SO.sub.3 M                           (XII)
PAL  wherein R.sub.28 is an aliphatic group including a straight or branched
      chain alkyl group containing 6 to 20 carbon atoms; and p is 0 or 1; and M
      is the same as defined for M of the general formula (XI). Suitable
      aliphatic groups include octyl, decyl, dodecyl, octadecyl, 5-methylhexyl,
      ##EQU11##
      and the like.
PAR  An unexpected effect can be obtained using a dispersion which is prepared
      by dispersing photographic additives such as a coupler, an antioxidant and
      a filter dye in the high boiling solvent of the present invention.
PAR  German Pat. No. 1,152,610 describes the use of mixed glycerine esters of
      natural higher aliphatic acids. These esters, however, are deficient in
      disperability and color density as compared with phthalic ester based
      compounds and phosphoric ester based compounds. Moreover, when used as an
      industrial starting material, they suffer from a drawback that a
      photographically unifrom quality cannot be maintained. Thus, these esters
      are different from the high boiling solvents of the present invention with
      respect to their chemical structure and moreover, they are quite inferior
      over the solvents of the present invention in the photographic properties.
PAR  British Pat. No. 1,272,561 describes the use of a water-in-soluble wax.
      This wax is obviously different from the solvents of the present invention
      in view of the descriptions in the specification, in Rikagaku Jiten, 3rd.,
      page 1465 Yuwanami Shoten (1971) and in Tatsuo Karikome Shokubutsu Seibun
      No Kagaku (Chemistry of Plant Components) 7th, Chapter 6, Nanazndo (1962).
      That is, the solvents of the present invention are different from waxs in
      that they are esters of lower aliphatic acids and tthat they are always
      liquid at room temperature.
PAR  U.S. Pat. No. 2,322,027 describes various high boiling solvents. However,
      neither the solvents of the present invention nor the objects of the
      present invention are disclosed in this U.S. Patent.
PAR  The silver halide emulsions which can be used in the present invention, are
      photographic emulsions comprising silver halides such as silver bromide,
      silver iodide, silver chloride, or mixtures thereof, e.g. silver
      chlorobromide, silver iodobromide, and silver chloroiodobromide. When at
      least one layer of the photographic emulsion layers contains silver
      chloroiodide silver iodobromide or silver chloroiodobromide with an iodide
      content of about 1 to 10 mol%, good results can be obtained.
PAR  The hydrophilic colloids which can be used in the present invention include
      gelatin, cellulose derivatives, alginates, hydrophilic synthetic polymers
      such as polyvinyl alcohol, polyvinyl pyrrolidone, polystyrene sulfonic
      acid and the like, plasticizers for improving the dimensional stability of
      the film, polymer latexs such as polymethyl methacrylate, polyethyl
      acrylate and the like, etc.
PAR  To the silver halide emulsions as used in the present invention
      conventionally used chemical sensitizing procedures can be applied. For
      instance, gold sensitization as described in U.S. Pat. Nos. 2,399,083,
      2,597,856 and 2,597,915; reduction sensitization as described in U.S. Pat.
      Nos. 2,487,850 and 2,521,925; sulfur sensitization as described in U.S.
      Pat. Nos. 1,623,499 and 2,410,698; sensitization using different metal
      ions as described in U.S. Pat. Nos. 2,448,060, 2,566,245 and 2,566,263;
      and combinations of the above mentioned processes can be employed.
PAR  The silver halide photographic emulsions which can be used in the present
      invention can be used in combination with conventional optical
      sensitizers, for example, a cyanine dye or a merocyanine dye as described
      in U.S. Pat. Nos. 2,526,632; 2,503,776; 2,493,748; 3,384,486; 2,933,390
      and 2,937,089, such as
      anhydro-9-methyl-5,5'-dimethyl-3,3'-di(3-sulfopropyl)benzcarboncyanine,
      5,5'-dichloro-9-ethyl-di(2-hydroxyethyl)thiacarbocyanine bromide,
      anhydro-5,5'-diphenyl-9-ethyl-3,3'-di(2-sulfoethyl)benzoxazolocarbocyanine
      hydroxide and the like, and they may be sensitized with sensitizing dyes
      for use in spectral sensitization of color photosensitive materials alone
      or in admixture with each other.
PAR  The silver halide emulsions which can be used in the present invention can
      contain conventionally used stabilizers such as
      4-hydroxy-1,3,3a,7-tetrazaindene derivatives and the like; antifog agents
      such as mercapto compounds, benzotriazole derivatives, and the like;
      auxiliary coating agents such as saponin, sodium alkylbenzene sulfonates,
      and the like; hardening agents such as formaldehyde, mucobromic acid,
      2,4-dichloro-6-hydroxy-s-triazone sodium salt and the like; wetting agents
      and sensitizing agents such as onium derivatives, e.g., the tertiary
      ammonium salts as described in U.S. Pat. Nos. 2,271,623, 2,288,226; and
      2,334,864 and e.g. polyalkyleneoxide derivatives as described in U.S. Pat.
      Nos. 2,708,162, 2,531,832, 2,533,990, 3,210,191, and 3,158,484; etc.
      Moreover, irradiation preventing dyes can be included and a filter layer,
      a mordant dyeing layer, or a colored layer containing a hydrophobic dye
      can be provided as a constituent of the color photosensitive element of
      the present invention.
PAR  The photosensitive emulsions as used herein can be coated on various kinds
      of supports. As the support, cellulose acetate film, polyethylene
      terephthalate film, polyethylene film, glass plate, baryta paper, resin
      laminated paper, synthetic paper can be used.
PAR  For the photographic photosensitive elements of the present invention,
      developers are used which can reduce silver halide particle to silver at
      the time of color image formation. In the case of black and white
      photography, developers mainly containing polyhydroxy benzenes,
      N-alkylaminophenols, 1-phenyl-3-pyrazolidones, or mixtures thereof can be
      used.
PAR  Examples of polyhydroxy benzenes include hydroquinone, pyrocatechol,
      pyrogallol, and the like. Examples of N-alkylaminophenols are
      N-methylaminophenol, N-ethylaminophenol and the like; and of the
      1-phenyl-3-pyrazolidones include 1-phenyl-3-pyrazolidone,
      1-phenyl-4,4-dimethyl-3-pyrazolidone and the like.
PAR  In the case of color forming development, developers mainly containing of
      para-phenylene diamine derivatives such as 4-amino-N,N-diethylaniline,
      4-amino-3-methyl-N-methyl-N-(.beta.-methylsulfonamidoethyl)aniline,
      4-hydroxyaniline, 4-hydroxy-2,6-dibromoaniline and the like, can be used.
PAR  The photographic photosensitive elements of the present invention can be
      processed at ordinary temperatures, e.g. 20.degree. to to 30.degree.C and
      it is also possible to process the elements at higher temperatures, e.g.
      about 30.degree. to 60.degree.C or higher.
PAR  Preferred procedures for processing the color photosensitive elements of
      the present invention are described in Japanese Pat. Publication No.
      35749/1970, Japanese Pat. Application Nos. 67798/1969, 13313/1971 and
      19516/1971; H. Gordon The British Journal of Photography, 558 (Nov. 15,
      1954), ibid, 440 (Sept. 9, 1955), ibid., 2 (Jan. 6, 1956); S. Horwitz The
      British Journal of Photography, 212 (Apr. 22, 1960); E. Gehret The British
      Journal of Photography, 396 (May 7, 1965), J. Meech The British Journal of
      Photography, 182 (Apr. 3, 1959); German Patent Laid-open (OLS) No.
      2,238,051, etc.
PAR  Various techniques for removing or reducing the causes of environmental
      pollution must be used at the development.
PAR  First, benzyl alcohol having a development accelerating action which is
      usually contained in a color forming developer, causes the biological
      oxygen demand (BOD) to be increased. When the solvents of the present
      invention are used in combination with couplers wherein hydroxyl or
      carboxylic acid is used as the ballast and removable group (for example,
      Z.sub.1, Z.sub.2, or Z.sub.3 of general formulae (IV), (V) or (VI) ), a
      sufficiently rapid development rate can be obtained and an excellent color
      image can be obtained without using benzyl alcohol.
PAR  Secondly, ferricyanide or ferrocyanide, which is contained in a bleaching
      solution for the reduced silver, causes the harmful cyan ion to be
      produced, and chelate agents of oxidizable metal salts render the
      treatment of waste water to be difficult.
PAR  In the color photographic photosensitive elements wherein the solvents of
      the present invention are used, the silver image obtained and reduced
      silver can be easily bleached. Thus, the color photographic photosensitive
      elements can be advantageously used for preventing pollution.
PAR  The oxidation-reduction potential (E.sub.redox) as defined hereinafter of
      the silver bleaching solutions used with the color photographic
      photosensitive elements ranges from about -150 mv to 1000 mv the elements
      and can be silver-bleached with a bleaching solution containing halide ion
      and metal salts or organic oxidants. Examples of metal salts are
      transition metal salts, particularly salts or complex salts of
      Ti.sup.4.sup.+, V.sup.5.sup.+, Cr.sup.6.sup.+, Mn.sup.7.sup.+,
      Mn.sup.3.sup.+, Cu.sub.2.sup.+, Fe.sup.3.sup.+, Co.sub.3.sup.+ and like;
      and the organic oxidants are p-sulfophenyl quinone, sulfonaphthoquinone,
      Brewster Blue radical, Weitz-radical and the like. These compounds are
      described in U.S. Pat. Nos. 2,507,183, 2,529,981, 2,625,477, 2,748,000,
      2,810,648 and 2,705,201; British Pat. Nos. 1,111,313, 777,635, 1,032,024,
      1,014,396 and 982,984; and Japanese Pat. Publication Nos. 14035/1970 and
      13944/1971, etc.
PAR  "E.sub.redox "  as used herein is measured as follows.
PAR  The measurement was carried out using a conjugated platinum electrode
      (EA-216; manufactured by Metrohm Ltd.) equipped with silver/silver
      chloride electrode and a potentiometer (E-436; manufactured by Metrohm
      Ltd.) at 25.degree.C.+-.0.2.degree.C. The test results are shown below.
PAL  Bleaching-Fixing Solution used in Example 3
PA1  pH=6.8 E.sub.redox =- 30 mV
PAL  Bleaching Solution
PA1  pH=1.5 E.sub.redox =720 mV
PA1  Potassium Bromide 20 g
PA1  Ferric Chloride 41.5 g
PA1  (hexahydrate)
PAR  To the resulting mixture is added water to prepare 1 liter of an aqueous
      solution.
PAR  The following examples are given to illustrate the invention in greater
      detail. Unless otherwise indicated, all parts, percents, ratios and the
      like are by weight.
DETD
PAC  EXAMPLE 1
PAR  A solution prepared by heating at 60.degree.C a mixture of 10 g of Coupler
      (21), 10 ml of Compound (3) of the present invention as a high boiling
      solvent, 20 ml of ethyl acetate, and 2 ml of a 20% solution of sorbitol
      laurate in methanol was added to 100 ml of an aqueous solution at
      60.degree.C which contained 10 g of gelatin, 0.5 g of sodium
      di-2-ethylhexyl sulfosuccinate and 0.7 g of phenol. The resulting mixture
      was stirred vigorously mechanically with a homogenizer to prepare a
      coupler Emulsion (1).
PAR  The above procedure was repeated except that 10 ml of Compound (7), 10 ml
      of di-n-butylphthalate and 10 g of glycerol tri-n-stearate were used in
      place of Compound (3) to prepare Emulsion (2), and Comparison Emulsions
      (A) and (B), respectively.
PAR  These emulsions were cooled to about 5.degree.C and stored at this
      temperature and the variation in the particle size of the oil droplet and
      the amount of the coupler precipitated were measured. The results obtained
      are shown in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     STABILITY OF EMULSIONS                                                    
     Emulsions                                                                 
           Particle Size                                                       
                    Particle Size                                              
                             Amount of Precipi-                                
           just after                                                          
                    after Storage                                              
                             ate after Storage                                 
           Dispersion                                                          
                    at 5.degree.C for 14                                       
                             at 5.degree.C for 14                              
                    Days     Days                                              
     __________________________________________________________________________
           (.mu.)*  (.mu.)*  (mg)**                                            
     (1)   0.19     0.20     3.5                                               
     (2)   0.21     0.21     4.0                                               
     (A)   0.21     0.22     5.5                                               
     (B)   0.27     0.30     8.5                                               
     __________________________________________________________________________
      *About 0.3 g of an emulsion was added to 100 ml of hot water and the     
      average particle size of the resulting mixture was measured using a      
      light-scattering method.                                                 
      **10 g of an emulsion was precisely weighed, diluted with hot water three
      times, and suction-filtered using Toyo filter paper No. 5-B (produced by 
      Toyo Roshi Co., Ltd.). The residue on the filter paper was weighed.      
PAR  The results in Table 1 show that the oil droplets contained in Emulsions
      (1) and (2) were finer than those contained in Comparison Emulsions (A)
      and (B), and that the particle size of the droplets contained in Emulsions
      (1) and (2) changed little during storage. Moreover, the amount of the
      coupler precipitated during storage was small and a stable emulsion could
      be obtained.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated except that 10 g of Coupler (4) was
      used in place of Coupler (21) and that 2 ml of Compound (3), 2 ml of
      Compound (7), 2 ml of di-n-butylphthalate, and 2 g of glycerol
      tri-n-stearate were used as a high boiling solvent to prepare Emulsions
      (3) and (4), and Comparison Emulsions (C) and (D), respectively.
PAR  The stability of the emulsions is shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     STABILITY OF EMULSIONS                                                    
     Emulsions                                                                 
           Particle Size                                                       
                    Particle Size                                              
                             Amount of Precipitate                             
           just after                                                          
                    after Storage at                                           
                             after Storage at                                  
           Dispersion                                                          
                    5.degree.C for 14 Days                                     
                             5.degree.C for 14 Days                            
     __________________________________________________________________________
           (.mu.)   (.mu.)   (mg)                                              
     (3)   0.14     0.16     1.3                                               
     (4)   0.17     0.17     1.4                                               
     (C)   0.16     0.21     1.6                                               
     (D)   0.17     0.26     2.7                                               
     __________________________________________________________________________
PAR  The results show that the solvents of the present invention markedly
      stabilize an emulsion as compared with conventional high boiling solvents
      and wax.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was repeated except that 10 g of Coupler (12)
      was used in place of Coupler (21), and that 2 ml of Compound (3), 2 ml of
      Compound (7), 2 ml of di-n-butyl phthalate and 2 g of glycerol
      tri-n-stearate were used as a high boiling solvent to prepare Emulsions
      (5) and (6), and Comparison Emulsions (E) and (F), respectively.
PAR  36.8 g of Emulsion (5) was mixed with 80 g of a photographic emulsion
      containing 3.17 .times. 10.sup.-.sup.2 mol of silver chloride bromide
      (silver bromide: 95 mol%; silver chloride; 5 mol%) and 6.5 g of gelatin,
      to which 4 ml of a 2% methanol solution of
      5-methyl-7-hydroxy-1,3,4,7a-tetrazaindene, 6.4 ml of a 2% aqueous solution
      of potassium polystyrene sulfonate, 8 ml of a 1% solution of sodium
      di-2-ethylhexyl sulfosuccinate and 8 ml of a 2% aqueous solution of
      2-hydroxy-4,6-dichloro-S-triazine sodium salt were added. After adjusting
      the pH to 6.5, the mixture was coated on a cellulose triacetate film in a
      dry thickness of 6.2 .mu. to prepare Film (5). The Film (5) contained 1.63
      .times. 10.sup.-.sup.3 mol of the coupler and 1.3 .times. 10.sup.-.sup.2
      mol of silver chloride bromide.
PAR  The above procedure was repeated using Emulsions (6), (E), and (F) to
      prepare Films (6), (E), and (F), respectively.
PAR  These Films were subjected to stepwise exposure and then developed using
      Color Developer (a) containing benzyl alcohol or Color Developer (b) not
      containing benzyl alcohol.
TBL  ______________________________________                                    
     (I)  Color Development Steps                                              
     ______________________________________                                    
     1.      Color Development                                                 
                             30.degree.C                                       
                                      6 minutes                                
     2.      Washing         "        2 minutes                                
     3.      Bleaching Fixing                                                  
                             "        11/2 minutes                             
     4.      Washing         "        2 minutes                                
     5.      Stabilizing     "          "                                      
     6.      Washing         "          "                                      
     7.      Drying                                                            
     ______________________________________                                    
PAR  The compositions of Color Developers (a) and (b) were as follows.
TBL  ______________________________________                                    
     (II)  Color Developer (a)                                                 
     ______________________________________                                    
     Benzyl Alcohol            12.0 ml                                         
     Diethylene Glycol         3.5 ml                                          
     Sodium Hydroxide          2.0 g                                           
     Sodium Sulfite (anhydrous salt)                                           
                               2.0 g                                           
     Potassium Bromide         0.4 g                                           
     Sodium Chloride           1.0 g                                           
     Borax                     4.0 g                                           
     Sodium Trinitroacetate    1.6 g                                           
     Hydroxylamine Sulfate     2.0 g                                           
     4-(N-ethyl-N-methanesulfonamidoethyl)                                     
                               4.3                                             
     amino-2-methyl Aniline Sesquisulfate                                      
     ______________________________________                                    
PAR  These ingredients were mixed and diluted with water to prepare 1000 ml of
      Color Developer (a).
PAC  (III) Color Developer (b)
PAR  Color developer (b) was prepared by excluding only benzyl alcohol from the
      ingredients of Color Developer (a).
PAC  (IV) Bleaching Fixing Solution
TBL  ______________________________________                                    
     (IV)  Bleaching Fixing Solution                                           
     ______________________________________                                    
     Ethylenediamine Tetraacetic Acid                                          
                               40.0 g                                          
     Ferric Salt                                                               
     Ammonium Thiosulfate (70%)                                                
                               150.0 ml                                        
     Sodium Sulfite (anhydrous)                                                
                               12.0 g                                          
     ______________________________________                                    
PAR  These ingredients were mixed and diluted with water to prepare 1000 ml of
      the solution.
TBL  ______________________________________                                    
     (V)   Stabilizing Solution                                                
     ______________________________________                                    
     Sodium Benzoate         0.5 g                                             
     Glacial Acetate Acid    13.0 ml                                           
     Citric Acid (dihydrate) 4.2 g                                             
     Sodium Citrate (dihydrate)                                                
                             3.9 g                                             
     ______________________________________                                    
PAR  These ingredients were mixed and diluted with water to prepare 1000 ml of
      the stabilizing solution.
PAR  The photographic properties of the thus-obtained films are shown in Table
      3.
TBL                Table 3                                                     
     ______________________________________                                    
                       Films                                                   
                  (5)    (6)      (E)     (F)                                  
     ______________________________________                                    
     Color Developer (a)                                                       
     Fog            0.5      0.5      0.5   0.5                                
     Gamma          3.1      3.3      3.1   3.0                                
     Relative Sensitivity                                                      
                    100      100      100    87                                
     Maximum Color Forming                                                     
     Density         3.09     3.21     3.08  2.91                              
     Color Developer (b)                                                       
     Fog            0.6      0.4      0.6   0.7                                
     Gamma          2.2      2.1      2.2   1.9                                
     Relative Sensitivity*                                                     
                     80       80       79    56                                
     Maximum Color Forming                                                     
     Density         3.09     2.98     2.79  2.49                              
     ______________________________________                                    
      Note:                                                                    
      *The relative sensitivity is the reciprocal of the exposure amount       
      required for providing a density of fog +1.0.                            
PAR  The results of Table 3 show that high sensitivity and high maximum color
      forming density can be obtained without reducing the gradation by using
      the high boiling solvents of the present invention. Particularly, in the
      case of using the color developer not containing benzyl alcohol, the
      reduction of sensitivity and maximum color forming density is small as
      compared with the comparison examples.
PAC  EXAMPLE 4
PAR  Emulsion (1) (59.2 g) of Example 1 was coated in the same manner as shown
      in Example 3 in a dry thickness of 3.1 .mu. to prepare Film (1). The film
      contained 1.63 .times. 10.sup.-.sup.3 mole of the coupler per square meter
      of the film.
PAR  The above procedure was repeated using Emulsion (A) to obtain Film (A).
PAR  These films were exposed and developed in the same manner as in Example 3.
PAR  The films so developed were stored in a dark place at 60.degree.C and at a
      relative humidity of 75% for 20 days, and the image density thereof was
      measured. The results obtained are shown in Table 4 as the image density
      reduction ratio (%) relative to the initial image density.
TBL                Table 4                                                     
     ______________________________________                                    
     COLOR IMAGE STABILITY (Image Density Reduction Ratio %)                   
     Color Development                                                         
           Color Developer (a)                                                 
                            Color Developer (b)                                
     Films Initial Image Density                                               
                            Initial Image Density                              
     0.5        1.0     2.0     0.5    1.0   2.0                               
     ______________________________________                                    
     (1)   0        3       5     0      1     2                               
     (A)   2        7       10    1      2     5                               
     ______________________________________                                    
PAR  The results show that the high boiling solvents of the present invention
      provide an image of high stability to high temperature and humidity.
PAC  EXAMPLE 5
PAR  Emulsion (4) (89.6 g) of Example 2 was coated in the same manner as shown
      in Example 3 in a dry thickness of 3.1 .mu. to prepare Film (4). The film
      contained 1.63 .times. 10.sup.-.sup.3 mole of the coupler and 6.5 .times.
      10.sup.-.sup.3 mole per square meter of the film.
PAR  The above procedure was repeated using Emulsion (c) to obtain Film (C).
PAR  These films were exposed and developed in the same manner as in Example 3.
PAR  The films so developed were exposed through an ultraviolet filter for
      substantially removing ultraviolet light having a wavelength below 400 mm
      to a daylight fluorescent lamp having an illumination intensity of about
      100,000 lux for 10 days and the image density thereof was measured. The
      light stability is shown in terms of the image density reduction ratio (%)
      in Table 5.
TBL                Table 5                                                     
     ______________________________________                                    
     Color Development                                                         
           Color Developer (a)                                                 
                            Color Developer (b)                                
     Films Initial Image Density                                               
                            Initial Image Density                              
     0.5        1.0     2.0     0.5    1.0   2.0                               
     ______________________________________                                    
     (4)   3        10      12    3      7     12                              
     (C)   4        12      15    6      9     15                              
     ______________________________________                                    
PAR  It can be seen from these results that the high boiling solvents of the
      present invention provide an image of high stability to light.
PAR  The techniques of the present invention can be applied to color negative
      photosensitive element, color reversal photosensitive elements, color
      direct positive type photosensitive elements, transparent color positive
      photosensitive element, color papers, photosensitive elements for
      diffusion transfer process, color X-ray photosensitive elements,
      monochromatic industrial photographic elements, etc. Where antioxidants
      and filter dyes are used, the techniques of the present invention are
      applicable to black and white photosensitive elements and unconventional
      photosensitive element, for example, thermodevelopable materials.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A silver halide photographic photosensitive element comprising a
      hydrophilic colloidal layer having dispersed therein photographic
      additives in a fatty oil which:
PA1  is liquid at room temperature;
PA1  boils at temperatures higher than 250.degree.C under atmospheric pressure;
PA1  is soluble in water in a proportion of about 10% by weight or less; and
PA1  dissolves water in a proportion of about 5% by weight or less, said fatty
      oil being selected from the group consisting of the compounds of the
      general formula (I)
      ##EQU12##
      wherein R.sub.1, R.sub.2, and R.sub.3, which can be the same or different,
      each is an acyl group containing 8 or less carbon atoms, and where at
      least one of R.sub.1 and R.sub.3 may be
      ##EQU13##
      wherein R.sub.4 and R.sub.5, which can be the same or different, each is
      the same as R.sub.2, or the fatty oil is selected from the group
      consisting of the compounds of the general formula (II):
      ##EQU14##
      wherein R.sub.6 is the same as R.sub.2, and R.sub.7, R.sub.8, and R.sub.9,
      which may be the same or different, each is an alkoxycarbonyl group
      containing 4 to 8 carbon atoms; or
PA1  the fatty oil is selected from the group consisting of compounds of the
      general formula (III):
EQU  R.sub.10 -- CH.sub.2 -- (CH.sub.2).sub.n -- CH.sub.2 -- R.sub.11 (III)
PA1  wherein R.sub.10 and R.sub.11 which may be the same or different, each is
      the same as R.sub.7, and n is an integer of 1 to 6.
NUM  2.
PAR  2. The photosensitive element according to claim 1, wherein R.sub.1,
      R.sub.2 and R.sub.3 each is selected from the group consisting of an
      acetyl group, a propionyl group, an ethoxycarbonyl group, a butyryl group,
      a hexanoyl group, an octanoyl group, an acetacetyl group, a 2-butenoyl
      group, a butoxypropionyl group, and a phenylacetyl group.
NUM  3.
PAR  3. The photosensitive element according to claim 1, wherein the fatty oil
      is glycerol triacetate.
NUM  4.
PAR  4. The photosensitive element according to claim 1, wherein the fatty oil
      is glycerol tripropionate.
NUM  5.
PAR  5. The photosensitive element according to claim 1, wherein the fatty oil
      is glycerol tributyrate.
NUM  6.
PAR  6. The photosensitive element according to claiam 1, wherein the fatty oil
      is glycerol monolactate triacetate.
NUM  7.
PAR  7. The photosensitive element according to claim 1, wherein the R.sub.7 and
      R.sub.8 each is, selected from the group consisting of a propoxycarbonyl
      group, an allyoxycarbonyl group, and a benzyloxycarbonyl group.
NUM  8.
PAR  8. The photosensitive element according to claim 1, wherein the fatty oil
      is tributyl citrate.
NUM  9.
PAR  9. The photosensitive element according to claim 1, wherein the fatty oil
      is acetyl tri-n-butyl citrate.
NUM  10.
PAR  10. The photosensitive element according to claim 1, wherein the fatty oil
      is di-2-ethyloxy adipate.
NUM  11.
PAR  11. The photosensitive element according to claim 1, wherein the fatty oil
      is dioctyl sebacate.
NUM  12.
PAR  12. The photosensitive element according to claim 1, wherein the
      photographic additive comprises at least one color coupler.
NUM  13.
PAR  13. The photosensitive element according to claim 12, wherein the coupler
      is selected from the group consisting of compounds of the general formula
      (IV):
      ##EQU15##
      wherein R.sub.11 is an alkyl group, an aryl group, a heterocyclic group,
      an amino group, a carbonamido group, or a ureido; R.sub.12 is an aryl
      group, or a heterocyclic group; and Z.sub.1 is a hydrogen atom or a group
      removable on coupling with the oxidation product of a primary aromatic
      amino color developing agent.
NUM  14.
PAR  14. The photosensitive element according to claim 12, wherein the coupler
      is selected from the group consisting of the compounds of the general
      formula (V):
      ##EQU16##
      wherein R.sub.13 is an alkyl group or an aryl group; R.sub.14 is an aryl
      group; and Z.sub.2 is a hydrogen atom or a group removable on coupling
      with the oxidation product of a primary aromatic amino color developing
      agent.
NUM  15.
PAR  15. The photosensitive element according to claim 12, wherein the coupler
      is selected from the group consisting of the compounds of the general
      formula VI:
      ##SPC8##
PAL  wherein R.sub.15 is a carbamyl group, a sulfamyl group, an alkoxycarbonyl
      group, or an aryloxycarbonyl group; and Z.sub.3 is a hydrogen atom or a
      group removable on coupling with the oxidation product of a primary
      aromatic amino color developing agent, and the compounds of the general
      formula (VII):
      ##SPC9##
PAL  wherein R.sub.17, R.sub.18, and R.sub.19 which may be the same or
      different, each is the same as R.sub.16 ; and Z.sub.3 is an iodine atom or
      a group removable on coupling with the oxidation product of a primary
      amino color developing agent.
NUM  16.
PAR  16. The photosensitive element according to claim 1, wherein the fatty oil
      is in combination with at least one auxiliary solvent.
NUM  17.
PAR  17. The photosensitive element according to claim 16, wherein the auxiliary
      dispersing aid is selected from the group consisting of anionic surface
      active agents of the general formula (XI):
      ##EQU17##
      wherein R.sub.26 and R.sub.27 which may be the same or different, each is
      a straight or branched chain alkyl group containing 4 to 20 carbon atoms;
      and M is a cation.
NUM  18.
PAR  18. The photosensitive element according to claim 16, wherein the auxiliary
      dispersing aid is selected from the group consisting of anionic surface
      active agents of the general formula (XII): R.sub.28 --O ).sub.p SO.sub.3
      M                                                         (XII)
PAL  wherein R.sub.28 is a straight or branched chain alkyl group containing 6
      to 20 carbon atoms; and M is a cation.
NUM  19.
PAR  19. A color photographic photosensitive element comprising
PA1  1. a hydrophilic colloid layer having dispersed therein at least one member
      selected from the group consisting of the compounds represented by the
      general formula (IV)
      ##EQU18##
      wherein R.sub.11 is an alkyl group, an aryl group, a heterocyclic group,
      an amino group, a carbonamido group, a sulfonamido, or an ureido group;
      R.sub.12 is an aryl group or a heterocyclic group; and Z.sub.1 is a
      hydrogen atom or a group removable on coupling with a primary aromatic
      amino color developing agent in at least one member selected from the
      group consisting of the fatty oils represented by the general formula (I)
      ##EQU19##
      wherein R.sub.1, R.sub.2, and R.sub.3, which may be the same or different,
      each is an acyl group containing 8 or less carbon atoms, and where at
      least one of R.sub.1 and R.sub.3 may be
      ##EQU20##
      wherein R.sub.4 and R.sub.5, which may be the same or different, each is
      the same as R.sub.2 ; the general formula (II)
      ##EQU21##
      wherein R.sub.6 is the same as R.sub.2, and R.sub.7, R.sub.8, and R.sub.9,
      which may be the same or different, each is an alkoxycarbonyl group
      containing 4 to 8 carbon atoms; and the general formula (III)
EQU  R.sub.10 - CH.sub.2 - (CH.sub.2).sub.n - CH.sub.2 - R.sub.11 (III)
PAL  wherein R.sub.10 and R.sub.11, which may be the same or different, each is
      the same as R.sub.7, and n is an integer of 1 to 6; in combination with at
      least one member selected from the group consisting of anionic surface
      active agents represented by the general formula (XI)
      ##EQU22##
      wherein R.sub.26 and R.sub.27, which may be the same or different, each is
      a straight or branched chain alkyl group containing 4 to 20 carbon atoms;
      and M is a cation; and the general formula (XII)
EQU  R.sub.28 --O ).sub.p SO.sub.3 M                            (XII)
PAL  wherein R.sub.28 is a straight or branched chain alkyl group containing 6
      to 20 carbon atoms; p is 0 or 1; and M is a cation;
PAR  2. a hydrophilic colloid layer having dispersed therein at least one member
      selected from the group consisting of the compounds represented by the
      general formula (V)
      ##EQU23##
      wherein R.sub.13 is an alkyl group or an aryl group; R.sub.14 is an aryl
      group; and Z.sub.2 is a hydrogen atom or a group removable on coupling
      with the oxidation product of a primary aromatic amino color developing
      agent in at least one member selected from the group consisting of the
      fatty oils represented by the general formula (I),
      ##EQU24##
      wherein R.sub.1, R.sub.2, and R.sub.3, which may be the same or different,
      each is an acyl group containing 8 or less carbon atoms, and where at
      least one of R.sub.1 and R.sub.3 may be
      ##EQU25##
      wherein R.sub.4 and R.sub.5, which may be the same or different, each is
      the same as R.sub.2 ; the general formula (II)
      ##EQU26##
      wherein R.sub.6 is the same as R.sub.2, and R.sub.7, R.sub.8, and R.sub.9,
      which may be the same or different, each is an alkoxycarbonyl group
      containing 4 to 8 carbon atoms; and the general formula (III)
EQU  R.sub.10 -- CH.sub.2 -- (CH.sub.2).sub.n -- CH.sub.2 -- R.sub.11 (III)
PAL  wherein R.sub.10 and R.sub.11, which may be the same or different, each is
      the same as R.sub.7, and n is an integer of 1 to 6; in combination with at
      least one member selected from the group consisting of anionic surface
      active agents represented by the general formula (XI)
      ##EQU27##
      wherein R.sub.26 and R.sub.27, which may be the same or different, each is
      a straight or branched chain alkyl group containing 4 to 20 carbon atoms;
      and M is a cation; and the general formula (XII)
EQU  R.sub.28 --O ).sub.p SO.sub.3 M                            (XII)
PAL  wherein R.sub.28 is a straight or branched chain alkyl group containing 6
      to 20 carbon atoms; p is 0 or 1; and M is a cation; and (3) a hydrophilic
      colloid layer having dispersed therein at least one member selected from
      the group consisting of the compounds represented by the general formula
      (VI) and (VII)
      ##SPC10##
PAL  wherein R.sub.15 is a carbamyl group, a sulfamyl group, an alkoxycarbonyl
      group, or an aryloxycarbonyl group; and Z.sub.3 is a hydrogen atom or a
      group removable on coupling with the oxidation product of a primary
      aromatic amino color developing agent; R.sub.17, R.sub.18, R.sub.19 which
      may be the same or different, each is the same as R.sub.16 ; and Z.sub.3
      is a group removable on coupling with the oxidation product of a primary
      aromatic amino color developing agent in at least one member selected from
      the group consisting of the fatty oils represented by the general formula
      (I)
      ##EQU28##
      wherein R.sub.1, R.sub.2, and R.sub.3, which may be the same or different,
      each is an acyl group containing 8 or less carbon atoms, and where at
      least one of R.sub.1 and R.sub.3 may be
      ##EQU29##
      wherein R.sub.4 and R.sub.5, which may be the same or different, each is
      the same as R.sub.2 ; the general formula (II)
      ##EQU30##
      wherein R.sub.6 is the same as R.sub.2, and R.sub.7, R.sub.8, and R.sub.9,
      which may be the same or different, each is an alkoxycarbonyl group
      containing 4 to 8 carbon atoms; and the general formula (III)
EQU  R.sub.10 -- CH.sub.2 -- (CH.sub.2).sub.n -- CH.sub.2 -- R.sub.11 (III)
PAL  wherein R.sub.10 and R.sub.11, which may be the same or different, each is
      the same as R.sub.7, and n is an integer of 1 to 6; in combination with at
      least one member selected from the group consisting of anionic surface
      active agents represented by the general formula (XI)
      ##EQU31##
      wherein R.sub.26 and R.sub.27, which may be the same or different, each is
      a straight or branched chain alkyl group containing 4 to 20 carbon atoms;
      and M is a cation; and the general formula (XII)
EQU  R.sub.28 --O ).sub.p SO.sub.3 M
PAL  wherein R.sub.28 is a straight or branched chain alkyl group containing 6
      to 20 carbon atoms; p is 0 or 1; and M is a cation.
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ABST
PAL  When titanium phosphate is used as a white pigment to an article of which
      surface comprises polyolefin composition, the article is remarkably
      whitened.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part application of copending application, Ser.
      No. 213,531 filed Dec. 29, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an article having a whitened polyolefin surface,
      and in particular to a remarkably whitened surface of an article wherein
      the surface is a novel polyolefin composition.
PAR  2. Description of the Prior Art
PAR  Articles having a polyolefin surface include fibrous articles, films,
      molded articles and articles prepared by providing materials other than a
      polyolefin, such as other synthetic resins, metals, paper, ceramic
      products, woods, etc., with a polyolefin as a coating layer or laminate.
      These articles are used in many fields. For example, laminates with a
      synthetic resin or metal are used in utensils, household articles, e.g., a
      furniture, or a poster, laminates with paper are used as supports for
      photographic materials, various printing papers, covers for books, etc.
PAR  In certain special uses the polyolefin surface required to be white,
      especially in uses such as a material for a photographic support, a
      printing paper or a poster, and the polyolefin surface layer whitened by
      adding thereto a white pigment.
PAR  A very special case is that of light-sensitive materials comprising a
      light-sensitive emulsion layer on a support. Upon exposure to light, light
      is reflected by the support and the reflected light influences the exposed
      emulsion layer and causes deterioration in the sharpness of final
      photographic image. To diminish the light-reflection, various means have
      been used. Usually, in the case of photographic paper, the support is
      filled with a white pigment and made opaque. For example, photographic
      baryta paper has a BaSO.sub.4 -rich surface layer, and polymer films for
      photographic use contain white pigments such as titanium dioxide, zinc
      oxide, basic lead carbonate, antimony oxide, zinc sulfide, calcium
      sulfate, etc.
PAR  However, among these white pigments, only titanium oxide and zinc sulfide
      have a high refractive index to the light, and hence the polyolefin
      surface wherein other white pigments are used has the defect that it does
      not become sufficiently opaque. White zinc sulfate is excellent in its
      action of making the surface opaque, when applied to, for example, a
      photographic light-sensitive material, it has the serious defect that it
      causes fog on the photographic light-sensitive emulsion, and hence it
      cannot be applied to a light-sensitive material. Since titanium dioxide
      itself is not pure white, a polyolefin surface to which titanium dioxide
      is added has a yellowish tint and hence a polyolefin surface containing
      titanium dioxide has the defect that sufficient whitening effect by a
      fluorescent agent cannot be obtained due to the small reflectance to
      ultraviolet rays of wave lengths shorter than 400 m.mu.. Therefore, it is
      difficult to make the surface pure-white using titanium dioxide.
PAC  SUMMARY OF THE INVENTION
PAR  The inventors have investigated the problems of the prior art to improve
      the whiteness of the polyolefin-coated surface of such articles as are
      described above and, as a result, have found that those problems can be
      avoided by adding titanium phosphate to a polyolefin composition
      constituting the surface of an articles as a white pigment, whereby a
      remarkable whitening as compared to conventional white pigments can be
      obtained.
PAR  The present invention thus relates to an article having a whitened
      polyolefin surface which is characterized in that titanium phosphate is
      used as the whitening pigment.
PAR  The object of the present invention is to provide an article having a
      whitened polyolefin surface.
PAR  Another object of the present invention is to provide a mark or a signal
      with pure white background.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWING
PAR  FIGURE shows the curves as determined relative to % spectral reflection vs.
      wavelength (m.mu.). Curve a and curve b show the ultraviolet reflection
      spectra when the molar ratio of TiO.sub.2 :P.sub.2 O.sub.5  are 3:1 and
      7:1, respectively and curve c shows the ultraviolet reflection spectrum of
      rutile-type titanium dioxide.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Titanium phosphate is an eutectic crystal of titanium dioxide (TiO.sub.2)
      and phosphorous pentaoxide (P.sub.2 O.sub.5) represented by the general
      formula:
PAC  mTiO.sub.2.nP.sub.2 O.sub.5
PAR  Processes for producing this material are described in detail in U.S. Pat.
      No. 3,471,252, Japanese Pat. Publication Nos. 26,618/70 and 26,619/70,
      which can summarized as follows.
PAR  An organic or inorganic salt of titanium is prepared by treating a raw ore
      containing titanium dioxide, such as ilmenite, iron sand slag, rutile ore,
      high titanium slag, etc. with an inorganic acid such as sulfuric acid,
      nitric acid, etc., or an organic acid such as oxalic acid, formic acid.
      Aqueous solutions thereof can of course be used. The resulting organic or
      inorganic salt of titanium is reacted with an oxy acid of phosphorus to
      obtain the titanium phosphate. Orthophosphoric acid (H.sub.3 PO.sub.4),
      metaphosphoric acid (HPO.sub.3), pyrophosphoric acid (H.sub.4 P.sub.2
      O.sub.4), etc. can be used as the oxy acid of phosphorus. According to the
      usual processes, the value of m/n is from 1/1 to 7/1, but, when an
      increased amount of the TiO.sub.2 ingredient is especially required,
      denatured titanium phosphate having an m/n value more than 7, and whose
      reflectance to ultraviolet of a wavelength lying between 360 and 400 m.mu.
      is more than 30%, can be prepared by the process described in Japanese
      Patent Publication No. 26,618 and U.S. Pat. No. 3,471,252, that is, by
      extracting the P.sub.2 O.sub.5 ingredient from the titanium phosphate of a
      1/1 to 7/1 m/n value. This denatured titanium phosphate can be used in the
      present invention. Titanium phosphate of m/n value higher than 2.0 was
      used as the white pigment in this invention.
PAR  In the extrusion of polyolefin filled with titanium phosphate, small m/n
      value of titanium phosphate causes a serious defects of voids in
      extrudates and discoloration of extrudates.
PAR  In this invention, we found that the smaller the m/n value was, the lower
      the possible extrusion temperature was, and when the titanium phosphate of
      m/n value smaller than 2.0 was used at high extrusion temperature, the
      extrudates looked like lace or net and color of them were not white but
      gray or brown.
PAR  Hence we concluded that titanium phosphate of m/n value smaller than 2.0
      could not be used as the white pigment for polyolefin extrudates.
PAR  In addition to the independent use of titanium phosphate, a mixture of
      titanium phosphate and other white pigments such as titanium dioxide,
      barium sulfate, etc., or a pigment dust prepared by covering the surface
      of particles of other white pigments with titanium phosphate can also
      preferably be used in the present invention.
PAR  The spectra showing the reflection of titanium phosphate and rutile-type
      titanium oxide to the ultraviolet light measured by a 139-type
      spectrophotometer made by Hitachi, Ltd. are given in the drawing wherein
      curve a and curve b show the ultraviolet reflection spectra when the molar
      ratio of TiO.sub.2 :P.sub.2 O.sub.5 are 3:1 and 7:1, respectively and
      curve c shows the ultraviolet reflection spectrum of rutile-type titanium
      oxide.
PAR  As shown in FIGURE, titanium phosphate has large value of reflectivity for
      ultraviolet rays of wavelengths shorter than 400 m.mu. as compared to
      titanium dioxide. Titanium phosphate having this characteristic is used in
      the present invention.
PAR  The amount of titanium phosphate, added based on polyolefin can be selected
      to be in the range of less than 70%, but, there exist preferred, range
      according to the use of the article. For example, when used as a support
      for a water proof photographic paper, the desirable range thereof is 5 to
      40%. That is, 5 to 40 parts by weight of titanium phosphate is kneaded
      with 100 parts by weight of polyolefin.
PAR  The term polyolefin as is used in the present specification means
      polyethylene, polypropylene, or copolymer having these polymers as major
      components, (more than 50 mole%, for example, ethylene-vinyl acetate
      copolymer and ethylene-ethylacrylate copolymer) and mixtures thereof.
PAR  The term article includes all variously shaped articles such as
      thread-formed, string-formed or belt-formed articles, molded articles
      (block), etc. made of polyolefin and to combinations of polyolefins and
      other materials such as other synthetic resins, metals, papers, ceramic
      products, wood, etc., having a polyolefin-coated surface. In this point
      since the present invention aims at whitening any polyolefin surface, it
      is quite natural that all articles having a polyolefin surface are
      intended.
PAR  In the prior art, polyolefin surface has, in some cases, been whitened by
      the combined use of a white pigment and a fluorescent brightening agent.
      The application of titanium phosphate by the present invention brings
      about similarly preferred results in combined use of titanium phosphate
      and a fluorescent brightening agent. In fact, as is shown in the examples,
      the whitening effect thereof is far superior to that in the case of
      titanium oxide. Examples of the fluorescent brightening agent are
      Kayalight-O (made by Nippon Kayaku K.K.) whitefluor PEN, -PHR (made by
      Sumitomo Chemical Co., Ltd.) Blankophore-KU, -KL (made by Farbenfabriken
      Bayer), etc.
PAR  Others are as follows:
      ##SPC1##
PAR  Titanium phosphate used in accordance with the present invention exhibits a
      remarkable effect, especially when applied to a support for photographic
      light-sensitive material. In this case, in addition to the whitening
      effect, photographically harmful influences casued by titanium phosphate,
      such as fog, etc., are not observed at all, and hence titanium phosphate
      is excellent as a material for a water proof photographic paper.
PAR  The present invention is further explained below by several examples. In
      the Examples, the whiteness of the polyolefin surface was measured as
      follows. The polyolefin surface was irradiated with white light from a
      wolfram lamp using a 139-type spectrophotometer made by Hitachi, Ltd. The
      whiteness was determined by the reflection intensity of the reflected
      light of wavelengths of 380 and 440 m.mu.. The reflection intensity of a
      standard reflection plate (MgO) was calculated as 100.
PAC  EXAMPLE 1
PAR  Polyolefin films A and B having the following composition (240 microns in
      thickness) were prepared according to the flat-die process.
TBL  ______________________________________                                    
     Composition of polyolefin film A (within the invention)                   
     Polyethylene (0.96 g/cm.sup.3 in density)                                 
                               10 Kg                                           
     Titanium phosphate (TiO.sub.2 :P.sub.2 O.sub.5 =3:1)                      
                                1.5 Kg                                         
     Composition of the polyethylene film B (comparison)                       
     Polyethylene (the same as above)                                          
                               10 Kg                                           
     Titanium oxide (rutile-type)                                              
                                1.5 Kg                                         
     ______________________________________                                    
PAR  The whiteness of the films A and B thus obtained was measured to obtain the
      following results.
TBL  ______________________________________                                    
     Whiteness                                                                 
                  380 m.mu.  440 m.mu.                                         
     ______________________________________                                    
     Film A         77           95                                            
     Film B         17           79                                            
     ______________________________________                                    
PAR  From these results, it was confirmed that the whiteness of film A prepared
      by the combination of polyethylene and titanium phosphate was greater than
      that of the film B prepared by the conventional combination of
      polyethylene and titanium oxide.
PAR  Both of these films were used as a base for a poster and a photographic
      paper. In the case of both the poster and the photographic paper, the
      above described difference in whiteness remained as such. Thus, it was
      confirmed that the film by the present invention was excellent in these
      applied fields.
PAC  EXAMPLE 2
PAR  Polyethylene compounds of following compositions were extruded through the
      die and coated on the surface of paper.
PAR  The density and melt index of raw polyethylene was 0.916 g/cm.sup.3 and
      7.0, respectively, and the thickness of coated layers were 30 microns.
TBL  ______________________________________                                    
     Composition No.                                                           
                 Polyethylene                                                  
                            Titanium Phosphate                                 
     ______________________________________                                    
                   Kg         Kg                                               
     C           10         1.5     (TiO.sub.2 /P.sub.2 O.sub.5 =1:1)          
     D           10         1.5     (TiO.sub.2 /P.sub.2 O.sub.5 =1.6:1)        
     E           10         1.5     (TiO.sub.2 /P.sub.2 O.sub.5 =2:1)          
     F           10         1.5     (TiO.sub.2 /P.sub.2 O.sub.5 =3:1)          
     G           10         1.5     (TiO.sub.2 /P.sub.2 O.sub.5 =4.5:1)        
     ______________________________________                                    
PAR  The highest extrusion temperatures of these polyethylene compounds without
      voids and whiteness of coated paper were as follows.
TBL  ______________________________________                                    
     Composition No.  Possible Highest                                         
                      Extrusion Temperature                                    
     ______________________________________                                    
     C                180.degree.C                                             
     D                220.degree.C                                             
     E                300.degree.C                                             
     F                higher than 320.degree.C                                 
     G                higher than 320.degree.C                                 
     ______________________________________                                    
TBL  Composition No.                                                           
                   Extrusion  Whiteness                                        
                 Temperature                                                   
                          380 m.mu.                                            
                                   440 m.mu.                                   
     ______________________________________                                    
     C             180.degree.C                                                
                              11       42                                      
     D             220.degree.C                                                
                              15       66                                      
     E             300.degree.C                                                
                              92       101                                     
     F             320.degree.C                                                
                              75       94                                      
     G             320.degree.C                                                
                              80       99                                      
     ______________________________________                                    
PAR  From these results it is apparent that titanium phosphates of m/n
      (TiO.sub.2 /P.sub.2 O.sub.5) values of 1.0 and 1.6 could not be used as
      the white pigments, while those of m/n values higher than 2.0 are
      excellent as the white pigments for polyethylene extrudate.
PAC  EXAMPLE 3
PAR  Polyethylene films H and I (240 microns in thickness) were prepared in the
      same manner as in Example 1.
TBL  ______________________________________                                    
     Composition of polyethylene film H (within the invention)                 
     Polyethylene (0.96 g/cm.sup.3 in density)                                 
                               10 Kg                                           
     Titanium phosphate (TiO.sub.2 :P.sub.2 O.sub.5 =3:1)                      
                                1.5 Kg                                         
     Whitefluor (a fluorescent brightening                                     
                                0.015 Kg                                       
     agent made by Sumitomo Chemical Co., Ltd.)                                
     Composition of polyethylene film I (comparison)                           
     Polyethylene (the same as the                                             
                               10 Kg                                           
     above described polyethylene)                                             
     Titanium oxide (rutile-type)                                              
                                1.5 Kg                                         
     Whitefluor                 0.015 Kg                                       
     ______________________________________                                    
PAR  The whiteness of films H and I was measured as in Example 1 to obtain the
      following results.
TBL  ______________________________________                                    
                  Whiteness                                                    
                  380 m.mu.  440 m.mu.                                         
     ______________________________________                                    
     Film H         98           110                                           
     Film I         28            88                                           
     ______________________________________                                    
PAR  As is apparent from these results, when the polyolefin surface was whitened
      with a fluorescent brightening agent, the effect of the titanium phosphate
      was remarkably greater than that of titanium oxide.
PAC  EXAMPLE 4
PAR  Polyethylene tubes of 15 mm in diameter were extruded by following
      compositions to prepare white tube J and K.
PAR  The thickness of tube was 1.5 mm and the extrusion temperature was
      200.degree.C.
TBL  ______________________________________                                    
     Composition of the polyethylene compound for tube J.                      
     Polyethylene (0.92 g/cm.sup.3 in density)                                 
                               10 Kg                                           
     Titanium Phosphate (TiO.sub.2 :P.sub.2 O.sub.5 =4.5:1)                    
                                1 Kg                                           
     Kayalight-O (a fluorescent brightening                                    
                                0.015 Kg                                       
     agent made by Nippon Kayaku K.K.)                                         
     Composition of the polyethylene compound for tube K                       
     Polyethylene (0.92 g/cm.sup.3 in density)                                 
                               10 Kg                                           
     Titanium dioxide (rutile-type)                                            
                                1 Kg                                           
     Kayalight-O (the same as described above)                                 
                                0.015 Kg                                       
     ______________________________________                                    
PAR  The whiteness of the tube J and tube K thus obtained was measured
      immediately after the production and after exposing them to sunlight for 1
      year outdoors and the results obtained were as follows.
TBL  ______________________________________                                    
     Whiteness immadiately                                                     
                          Whiteness after                                      
     after the production 1 year exposing                                      
     380 m.mu.      440 m.mu. 380 m.mu.  440 m.mu.                             
     ______________________________________                                    
     Tube J  97         108       96       103                                 
     Tube K  28          85       17        78                                 
     ______________________________________                                    
PAR  As is apparent from these results, the tube J is higher than the tube K in
      whiteness and the decrease of whiteness by sunlight exposure is smaller
      than that of the tube J.
PAC  EXAMPLE 5
PAR  A photographic base paper of 180 g/m.sup.2 weight was backed with
      polyethylene of 0.92 g/cm.sup.3 in density. The other surface of the
      resulting photographic base paper backed with polyethylene was coated with
      polyethylene to prepare a support L for use as water proof photographic
      paper. The polyethylene layers on both sides of the paper were 30 microns
      in thickness, and the coating was by an extrusion coating process.
TBL  ______________________________________                                    
     Composition of the polyethylene coated on the surface                     
     of the support L for a water proof photographic paper                     
     Polyethylene (0.92 g/cm.sup.3 in density)                                 
                               10 Kg                                           
     Barium sulfate             0.2 Kg                                         
     Titanium phosphate (TiO.sub.2 :P.sub.2 O.sub.5 =20:1)                     
                                0.8 Kg                                         
     Kayalight-O (a fluorescent brightening                                    
                                0.015 Kg                                       
     agent made by Nippon Kayaku K.K.)                                         
     ______________________________________                                    
PAR  The whiteness of the surface of a water proof photographic paper obtained
      by coating a silver halide photographic emulsion onto the surface of the
      support L was 97 (at 380 m.mu.) and 110 (at 440 m.mu.), which is
      sufficient for use as a photographic material.
PAC  EXAMPLE 6
PAR  Denatured titanium phosphate deposited on the surface of dust particles of
      titanium oxide was prepared as follows.
PAR  A slurry suspension consisting of 800 g of rutile-type titanium oxide and
      3,200 g of water was kept at 30.degree.C. Then, 64 g of titanium sulfate
      aqueous solution containing 30% by weight of titanium sulfate was added
      thereto, and the suspension stirred well. Thereafter, 56 g of an aqueous
      solution containing 10% by weight of orthophosphoric acid was gradually
      added thereto. The pH of the resulting suspension was then adjusted to 8.0
      by adding sodium hydroxide, and the liquid phase filtered off. The solid
      phase produced was washed with water to remove soluble salts, dried, and
      calcined in a furnace at 500.degree.C. The resulting pigment mass was
      crushed in a ball mill to obtain denatured titanium phosphate.
PAR  The weight ratio of titanium phosphate to titanium oxide in the denatured
      titanium phosphate obtained in this example was 10/100.
PAR  A water proof paper M was prepared by coating the surface of a printing
      paper of high quality (100 g/m.sup.2 in weight) with polyethylene having
      the following composition.
TBL  ______________________________________                                    
     Composition of the layer coated on the surface                            
     of the water proof paper M                                                
     Polyethylene (0.92 g/cm.sup.3 in density)                                 
                               10 Kg                                           
     Denatured titanium phosphate as                                           
                                1 Kg                                           
     prepared above                                                            
     Kayalight-O                0.015 Kg                                       
     ______________________________________                                    
PAR  The whiteness of the surface of the water proof paper M was measured. The
      results were as follows.
TBL  ______________________________________                                    
                      Whiteness                                                
                      380 m.mu.                                                
                               440 m.mu.                                       
     ______________________________________                                    
     Water proof paper M                                                       
                        96         108                                         
     Water proof paper N                                                       
                        28          88                                         
     (for comparison)                                                          
     ______________________________________                                    
PAR  As is obvious from the above results, in the embodiment where titanium
      phosphate exists as a shell around titanium oxide dust particles, the
      whiteness thereof was more excellent than that for the combined use of
      polyethylene and titanium oxide (water proof paper N).
PAC  EXAMPLE 7
PAR  Denatured titanium phosphate was deposited on the surface of zinc oxide
      particles as in the Example 6, and a water proof paper O similar to that
      in Example 6 was produced using the resulting denatured titanium
      phosphate.
TBL  ______________________________________                                    
     Composition of the layercoated on the surface of the                      
     water proof paper O                                                       
     Polyethylene (0.92 g/cm.sup.3 in density)                                 
                               10 Kg                                           
     Denatured titanium phosphate                                              
                                1 Kg                                           
     Kayalight-O                0.015 Kg                                       
     ______________________________________                                    
PAR  The whiteness of the surface of the water proof paper O was measured to
      obtain the following results.
TBL  ______________________________________                                    
                      Whiteness                                                
                      380 m.mu.                                                
                               440 m.mu.                                       
     ______________________________________                                    
     Water proof paper O                                                       
                        98         112                                         
     Water proof paper N                                                       
                        28          88                                         
     (for comparison)                                                          
     ______________________________________                                    
PAR  From the above results, the same conclusions as in the Example 6 were
      drawn.
PAC  EXAMPLE 8
PAR  Crystalline polypropylene films P and Q of 240 microns thickness having the
      following composition were prepared.
TBL  ______________________________________                                    
     Composition of polypropylene film P (within the invention)                
     Crystalline polypropylene 10 Kg                                           
     Titanium phosphate (TiO.sub.2 :P.sub.2 O.sub.5 =3:1)                      
                                1.5 Kg                                         
     Whitefluor                 0.015 Kg                                       
     Composition of polypropylene film Q                                       
     Crystalline polypropylene 10 Kg                                           
     Titanium oxide (rutile-type)                                              
                                1.5 Kg                                         
     Whitefluor                 0.015 Kg                                       
     ______________________________________                                    
PAR  The whiteness of the polypropylene films P and Q immediately after the
      production thereof and after exposure to sunlight for 1 year was measured.
      The results were as follows.
TBL  ______________________________________                                    
              Whiteness immediate-                                             
                            Whiteness after                                    
              ly after the  exposure to sun-                                   
              production    light for 1 year                                   
              380 m.mu.                                                        
                      440 m.mu. 380 m.mu.                                      
                                         440 m.mu.                             
     ______________________________________                                    
     Polypropylene                                                             
                98        110       92     100                                 
     film P                                                                    
     Polypropylene                                                             
                27         85       16      75                                 
     film Q                                                                    
     ______________________________________                                    
PAR  From this example, it is apparent that polypropylene film P containing
      titanium phosphate is excellent in its whiteness and weather-durability.
      In addition, it is clear that polypropylene as well as polyethylene
      produce the same preferred results.
PAC  EXAMPLE 9
PAR  Injection molding was conducted according to a conventional method using
      the polyolefin-titanium phosphate compositions described in the above
      Examples to produce molded articles, whose surface had the whiteness
      described in the aforesaid corresponding example. By this example, it was
      shown that the present invention provides the same results when the
      polyolefin-titanium phosphate composition is molded and processed into any
      form of articles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An article comprising a substrate coated with a layer of a polyolefin
      composition containing particulate titanium phosphate as a white pigment,
      the titanium phosphate (mTiO.sub.2.nP.sub.2 O.sub.5) having an m/n ratio
      larger than 2.0, said polyolefin composition reflecting large proportions
      of ultraviolet rays of wavelengths shorter than 400 m/.mu. as compared to
      titanium dioxide.
NUM  2.
PAR  2. The article of claim 1 further comprising a light-sensitive photographic
      emulsion layer coated on said layer of said polyolefin composition.
NUM  3.
PAR  3. The article of claim 2 wherein said layer of said polyolefin composition
      further comprises a fluorescent brightening agent.
NUM  4.
PAR  4. The article of claim 2 wherein from 5 to 40 parts of said titanium
      phosphate are present per 100 parts by weight of polyolefin.
PATN
WKU  039363058
SRC  5
APN  5289254
APT  1
ART  166
APD  19741202
TTL  Color photographic photosensitive material containing ultraviolet
      ray-absorbing compound
ISD  19760203
NCL  13
ECL  1
EXP  Smith; Ronald H.
INVT
NAM  Hiraishi; Shigetoshi
CTY  Nagaokakyo
CNT  JA
INVT
NAM  Futaki; Kiyoshi
CTY  Nagaokakyo
CNT  JA
INVT
NAM  Horii; Shoichi
CTY  Nagaokakyo
CNT  JA
INVT
NAM  Yamashita; Kiyoshi
CTY  Nagaokakyo
CNT  JA
ASSG
NAM  Mitsubishi Paper Mills, Ltd.
CNT  JA
COD  03
PRIR
CNT  JA
APD  19731203
APN  48-134404
CLAS
OCL   96 84UV
XCL  252300
XCL  260308B
XCL  427160
EDF  2
ICL  G03C  184
FSC   96
FSS  84 UV
FSC  427
FSS  160
FSC  260
FSS  308 B
FSC  252
FSS  300
UREF
PNO  3184472
ISD  19650500
NAM  Carboni
OCL  260308B
UREF
PNO  3684729
ISD  19720800
NAM  Tuite
UCL   96 84
UREF
PNO  3700455
ISD  19721000
NAM  Ishikawa et al.
UCL   96 84
UREF
PNO  3705805
ISD  19721200
NAM  Nittel et al.
UCL   96 84
UREF
PNO  3754919
ISD  19730800
NAM  Sobel et al.
UCL   96 84
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  Compounds represented by the following general formula are extremely
      effective as ultraviolet ray-absorbing agent, especially, for color
      photographic photosensitive materials.
      ##SPC1##
PAL  (wherein R.sub.1 is an alkyl group having 1 to 13, preferably 5 to 13
      carbon atoms, R.sub.2 is an alkyl group having 1 to 18 carbon atoms and X
      is hydrogen, a halogen, an alkyl, an alkoxy, an aryloxy, an aralkyloxy or
      an aryl group).
BSUM
PAR  The present invention relates to a novel ultraviolet ray-absorbing compound
      and color photographic photosensitive materials containing the same.
PAR  It is well known that ultraviolet ray gives adverse effect on photographic
      images. Especially, color images formed by color development of color
      photographic photosensitive material are made of dyes produced in
      photosensitive emulsion layer by reaction between a color former and an
      oxidation product of an aromatic primary amine developer and said color
      images are apt to cause discoloration and fading by irradiation with
      ultraviolet ray. Moreover, color former which remains in the
      photosensitive emulsion layer after formation of color image causes color
      change, coloration in a final color photograph due to action of
      ultraviolet ray.
PAR  Incorporation of an ultraviolet ray-absorbing agent into color photographic
      photosensitive materials has been generally conducted to intercept
      ultraviolet ray which has the adverse action as referred to above to
      eliminate the defects in photographs.
PAR  It is required for ultraviolet ray-absorbing agents used for color
      photography that they effectively absorb light of ultraviolet region of
      300 - 400 m.mu., they are colorless or nearly colorless, namely do not
      absorb visible light having a wavelength of more than 420 m.mu., they are
      not decomposed or colored due to exposure to light and ultraviolet
      ray-absorbing ability of them does not decrease. Furthermore, the
      ultraviolet ray-absorbing agents used for color photography must not have
      adverse action on photographic photosensitive materials during their
      preparation or storage. Moreover, they must not be lost during development
      to prevent coloration of photographic layers. In addition, they should
      have good compatibility with a solvent used for adding them to
      photosensitive materials and at the same time they must be stable against
      ultraviolet ray.
PAR  A number of compounds have been known as ultraviolet ray-absorbing agent,
      but a few of them satisfy said requirements, among which
      hydroxybenzotriazole is known as an excellent ultraviolet ray-absorbing
      agent. This hydroxybenzotriazole type ultraviolet ray-absorbing agent
      exhibits excellent ultraviolet ray-absorbing effect when it is dispersed
      and incorporated in photosensitive materials by the so-called protect
      method, namely, a solution obtained by dissolving the ultraviolet
      ray-absorbing agent in an organic solvent of high boiling point or a mixed
      organic solvent comprising organic solvents of high boiling point and low
      boiling point is emulsified and dispersed in a hydrophilic protective
      colloid solution such as gelatin. In order to increase ultraviolet
      ray-absorbing effect, amount of the ultraviolet ray-absorbing agent used
      has been increased. However, if the agent has low compatibility with the
      organic solvent, naturally a larger amount of the organic solvent is used
      to result in adverse effects on photographic characteristics such as
      deterioration of emulsion layer, reduction in color formability, etc. On
      the other hand, when amount of ultraviolet ray-absorbing agent is
      increased without increasing amount of the organic solvent, the
      ultraviolet ray-absorbing agent is crystallized out in preparation of
      photosensitive material or storage thereof to cause great decrease in
      ultraviolet ray-absorbing effect and to give extremely adverse effect on
      photographic characteristics. Therefore, in order to eliminate the adverse
      effect on photographic characteristics in the case of employing said
      dispersing method, it is essential that the ultraviolet ray-absorbing
      agent has high solubility in the organic solvent. Ultraviolet
      ray-absorbing agent excellent in solubility does not damage the
      photographic characteristics and increases ultraviolet ray-absorbing
      effect. Therefore, it is not separated in crystal state or oily state from
      protective layer in the dispersion and can be used in a stable high
      concentration in an emulsion layer of 1 - 3 .mu.m in thickness.
PAR  It has been found that compounds represented by the following formula [I]
      are markedly effective as ultraviolet ray-absorbing agent.
      ##SPC2##
PAL  (wherein R.sub.1 is an alkyl group having 1 to 13 carbon atoms, preferably
      5 to 13 carbon atoms, R.sub.2 is an alkyl group having 1 to 18 carbon
      atoms and X is hydrogen, a halogen, an alkyl group, an alkoxy group, an
      aryloxy group. aralkyloxy group or an aryl group).
PAR  The compounds represented by the general formula [I] can be incorporated
      into photosensitive material, for example, in the following manner. That
      is, the compound is dissolved in a water-immiscible organic solvent of
      high boiling point or a mixed liquid of organic solvents of high boiling
      point and low boiling point, the resultant solution is emulsified and
      dispersed in a hydrophilic protective colloid solution such as gelatin
      used in a photosensitive material and this is incorporated in suitable
      layers. Examples of said high boiling point organic solvents are phthalic
      acid ester, phosphoric acid ester, benzoic acid ester, sebacic acid ester,
      stearic acid ester, adipic acid ester, maleic acid ester, succinic acid
      ester, biphenyl derivatives, etc. Examples of said low boiling point
      organic solvents are ethyl acetate, ethyl propionate, sec-butyl alcohol,
      chloroform, ethanol, ethylene glycol, hexane, cyclohexane, dioxane, etc.
      These are merely examples and any solvents which can stably disperse the
      compounds of the present invention in protective colloid may be used.
PAR  Representative examples of the compounds represented by the general formula
      [I] are as follows:
      ##SPC3##
PAR  Among the compounds of the present invention, those having the general
      formula [I] where R.sub.1 is an alkyl group of 5 - 13 carbon atoms are
      especially excellent as compare with those where R.sub.1 is an alkyl group
      of 1 - 4 carbon atoms in solubility in solvent and the former compounds
      contained in a gelatin layer or an emulsion layer have no adverse effects
      such as separation of crystals and furthermore can be contained in a
      larger amount.
PAR  The novel compounds of the present invention may be synthesized by the
      following method.
PAC  Synthesis of compound No. 1 (2,2'-octylidene
      bis[4-methyl-6-(5"-methylbenzotriazolyl)-phenol])
PAR  Dried hydrogen chloride is introduced into a benzene solution containing
      129.6 g of p-cresol, 64.1 g of n-caprylaldehyde and 2 ml of
      n-dodecylmercaptan at room temperature for 4 hours. This is left to stand
      overnight at room temperature. Thereafter, the reaction liquid is washed
      with water, washed with 1N aqueous solution of sodium bicarbonate until
      the wash liquid shows weak acidicity and then again washed with water.
      After the benzene layer is dried, the solvent is distilled out and the
      residue is distilled under reduced pressure to obtain a fraction of
      165.degree. - 175.degree.C/1 Torr. The fraction is recrystallized from
      n-hexane to obtain white crystal of 2,2'-octylidene bis(4-methylphenol)
      having a melting point of 107.8.degree. - 108.8.degree.C.
PAR  Separately, 120 ml of concentrated hydrochloric acid and 40 ml of water are
      added to 60.8 g of 4-methyl-2-nitroaniline and these are sufficiently
      stirred. Thereafter, 50 ml of water containing 28.9 g of sodium nitrite is
      added dropwise thereto at 0.degree.C over a period of 10 minutes.
      Furthermore, this is stirred for another 100 minutes and a small amount of
      sulfamic acid is added thereto and undissolved matter is filtered off to
      obtain a diazonium solution.
PAR  32.6 g of 2,2'-octylidene bis(4-methylphenol) obtained hereinabove is
      dissolved in a mixed solvent of 300 ml of methyl alcohol and 200 ml of
      acetone in which 50 g of sodium hydroxide is dissolved. To this solution
      is added dropwise said diazonium solution with stirring at a temperature
      of 0.degree. - 10.degree.C. After stirring for another 2 hours, glacial
      acetic acid is added thereto to obtain a pH of 4. Thus obtained oily
      product is recrystallized from ethanol.
PAR  6.5 g of this 2,2'-octylidene
      bis[4-methyl-6-(4"-methyl-2"-nitrophenylazo)phenol] is suspended in 100 ml
      of ethanol and heated to reflux temperature. 50 ml of water containing 8.4
      g of sodium hydroxide is added to the suspension and furthermore, 6.5 g of
      zinc powder is added little by little. Refluxing is further carried out
      for 1 hour. Thereafter, the zinc powder is filtered out with warm and pH
      of the filtrate is made 4 - 5 with 1N hydrochloric acid to separate
      crystal, which is filtered off. The crystal is recrystallized from ethanol
      to obtain compound No. 1 having a melting point of 144.2.degree. -
      145.5.degree.C.
PAR  Elementary Analysis: Found: C: 73.63, H: 6.80, N: 14.36.
PAL  Calcd.: C: 73.44, H: 6.85, N: 14.27. Mass analytical value: 588. (calcd:
      588.75).
PAR  Other compounds of the present invention may be synthesized in the similar
      manner.
PAR  For example, compound No. 4 is synthesized in the same manner as mentioned
      above except that n-dodecyl aldehyde is substituted for n-caprylaldehyde
      and 2-nitroaniline is substituted for 4-methyl-2-nitroaniline. The
      compound No. 4 has a melting point of 100.5.degree. - 102.0.degree.C.
PAR  The compound according to the present invention may be incorporated into
      color photographic elements in a wide range of concentration. Usually, the
      compound is contained in an amount of 50 - 4000 mg per 1 m.sup.2 of the
      color photographic photosensitive material and preferably in an amount of
      200 - 2000 mg/m.sup.2. Optimum concentration of the compound should be
      determined depending upon color photographic photosensitive material to be
      protected.
PAR  The compound according to the present invention may be added to silver
      halide emulsion layer containing color former or may be added to
      photosensitive materials other than the silver halide emulsion layer. The
      layer containing the compound according to the present invention can be
      disposed at an optional position in the photosensitive material, but
      preferably it should be placed above the layer which forms color images.
PAR  The compound of the present invention may be used alone or in combination
      of two or more. Furthermore, the compound may also be used in combination
      with other ultraviolet ray-absorbing agents.
PAR  The compound of the present invention is excellent in compatibility with
      solvent and is stable for a long period of time in the state of dispersion
      in hydrophilic protective colloid solution such as gelatin which contains
      a high boiling point organic solvent, etc. Furthermore, it has an
      extremely high absorbance per unit weight. Moreover, the layer containing
      the compound of the present invention is completely transparent and
      colorless at dry state. The compound is very stable in a photographic
      treating bath containing color developing solution, etc., causes no
      coloration of itself, has no adverse effect on other photosensitive
      materials and shows no yellowing due to exposure for a long period of
      time.
PAR  Therefore, the compound of the present invention is markedly effective as
      ultraviolet ray-absorbing agent in photographic photosensitive materials.
PAR  The following Examples show that the novel compound of the present
      invention is superior, as ultraviolet ray-absorbing agent for photograph,
      to the known hydroxybenztriazole ultraviolet ray-absorbing agent. The
      known hydroxybenztriazole compounds used as comparative compounds are as
      follows:
      ##SPC4##
PAR  "Parts" used in this specification are given as parts by weight.
DETD
PAC  EXAMPLE 1
PAR  A photosensitive silver halide emulsion containing usual color former,
      stabilizer, and hardener was coated on an undercoated polyester film. As
      the color former, 1-(2',4',6'-trichlorophenyl)-3-{.alpha.
      -(m-pentadecylphenoxy)butylamide}-5-pyrazolone was used. Then, a
      dispersion of dibutylphthalate (3 parts) containing the ultraviolet
      ray-absorbing agent (2 parts) enumerated in Table 1 in aqueous solution of
      gelatin was coated on said emulsion layer and was dried. The ultraviolet
      ray-absorbing agent was added so that it was contained in an amount of 400
      mg per 1 m.sup.2. Thus obtained photosensitive materials were exposed
      through an optical wedge and then were treated with developer having the
      following compositions for 6 minutes.
TBL  ______________________________________                                    
     Sodium hydroxide          1.6 g                                           
     Sodium metaborate         50 g                                            
     Anhydrous sodium sulfite  1.8 g                                           
     Potassium bromide         0.5 g                                           
     4-Amino-N-ethyl-N-(.beta.-methane                                         
     sulfonamide ethyl)-m-toluidine                                            
     sesquisulfate             4.4 g                                           
     Sodium hexametaphosphate  0.5 g                                           
     Hydroxylamine chlorate    1.0 g                                           
     Benzyl alcohol            24 ml                                           
     Diethylene glycol         10 ml                                           
     Water to make 1.0 l                                                       
     ______________________________________                                    
PAR  Then, the photosensitive materials were bleached and fixed with EDTA iron
      salt bleaching and fixing solution having the following compositions for 4
      minutes.
TBL  ______________________________________                                    
     EDTA-iron salt          56 g                                              
     EDTA-2-sodium salt      2.0 g                                             
     Ammonium thiosulfate    60 g                                              
     Anhydrous sodium sulfite                                                  
                             20 g                                              
     Acid sodium sulfite     5.0 g                                             
     Phosphoric acid-2-sodium salt                                             
                             12 g                                              
     Water to make 1.0 l                                                       
     ______________________________________                                    
PAR  Then, the fixed photosensitive materials were washed with water for 8
      minutes and thereafter dipped for 3 minutes in a stabilizing bath which
      was usually employed and dried to obtain samples having magenta dye
      images. Thus obtained samples were exposed to light from luminescent lamp
      (5,000 lux) for 4 weeks and to sun light for 2 weeks, respectively. Using
      Macbeth color densitometer TD404, relative fading degree of these samples
      at an initial density of 1.0 with transmitting light through Wratten
      filter No. 93 and relative yellowing degree thereof at minimum initial
      density with transmitting light through Wratten filter No. 92 were
      measured to obtain the results as shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
                Relative fading de-                                            
                                Relative yellowing                             
     Ultraviolet ray-                                                          
                gree of samples after                                          
                                degree of samples                              
     absorbing agent                                                           
                exposed to lumines-                                            
                                after exposed to                               
                cent lamp for 4 sun light for 2                                
                weeks           weeks                                          
     ______________________________________                                    
     None       100             100                                            
     Compound No.                                                              
     12                                                                        
     (not the present                                                          
                58              48                                             
     invention)                                                                
     Compound No. 3                                                            
                24              48                                             
     Compound No. 4                                                            
                43              50                                             
     ______________________________________                                    
PAL  As is clear from the above results, the ultraviolet ray-absorbing agents of
      the present invention had ultraviolet ray-absorbing effect which is not
      less than that of the known hydroxybenzotriazole.
PAC  EXAMPLE 2
PAR  One part of dibutyl phthalate and one part of ultraviolet ray-absorbing
      agent were heated and melted at 60.degree. and then left to stand at room
      temperature to measure time required for separation of crystal of the
      ultraviolet ray-absorbing agent. The results are shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
                  Time required                                                
                               Time required for                               
     Ultraviolet ray-                                                          
                  for beginning                                                
                               complete crystalli-                             
     absorbing agent                                                           
                  of separation                                                
                               zation                                          
                  of crystal                                                   
     ______________________________________                                    
     Compound No. 12                                                           
     (not the present                                                          
                  7 minutes    20 minutes                                      
     invention)                                                                
     Compound No. 13                                                           
     (not the present                                                          
                  not dissolved                                                
                               --                                              
     invention)                                                                
     Compound No. 14                                                           
     (not the present                                                          
                  4 minutes    7 minutes                                       
     invention)                                                                
     Compound No. 15                                                           
     (not the present                                                          
                  not dissolved                                                
                               --                                              
     invention)                                                                
     Compound No. 3                                                            
                  110 minutes  more than 24 hours                              
     Compound No. 4                                                            
                  95 minutes   more than 24 hours                              
     ______________________________________                                    
PAR  As is clear from the above results, the ultraviolet ray-absorbing agents of
      the present invention are markedly superior to the known
      hydroxybenzotriazole ultraviolet ray-absorbing agents in solubility in
      organic solvent.
PAC  EXAMPLE 3
PAR  A dispersion comprising 0.4 g of ultraviolet ray-absorbing agent, 0.8 ml of
      cyclohexane, 0.6 ml of dibutyl phthalate and 0.9 g of gelatin and 6 ml of
      water was added to 100 ml of aqueous solution containing 6 g of gelatin.
      These samples were kept at 40.degree.C. Separation of crystal of the
      ultraviolet ray-absorbing agents in these samples was observed. The
      results are shown in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     Ultraviolet ray-absorbing                                                 
                        State of the dispersion                                
     agent                                                                     
     ______________________________________                                    
     Compound No. 13    After lapse of 1 hour,                                 
     (not the present invention                                                
                        crystal began to be                                    
                        separated.                                             
                        No crystal was separated                               
     Compound No. 3     even after lapse of more                               
                        than 23 days.                                          
     Compound No. 4     "                                                      
     Compound No. 2     Crystal was not separat-                               
                        ed for 10 days.                                        
     ______________________________________                                    
PAR  As is clear from the above results, the ultraviolet ray-absorbing agents of
      the present invention maintain extremely stable state in the dispersion.
      These results show that the ultraviolet ray-absorbing agents of the
      present invention are very useful in color photographic photosensitive
      materials.
PAR  As shown in the above Examples, the ultraviolet ray-absorbing agents of the
      present invention have excellent compatibility with solvents and maintain
      stable dispersion state for a long time when dispersed in hydrophilic
      protective colloid solution such as gelatin together with a high boiling
      point organic solvent. Therefore, the ultraviolet ray-absorbing agents of
      the present invention can be used in color photosensitive materials
      together with a small amount of organic solvent. Furthermore, amount of
      the ultraviolet ray-absorbing agents added may be increased without giving
      adverse effect on photographic characteristics. In addition, the
      ultraviolet ray-absorbing agents of the present invention show no
      coloration, change in color due to exposure to light, are inert and
      extremely stable in photographic treating bath containing color
      development treating solution, show a great light absorbancy per unit
      weight and do not damage photographic characteristics.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color photographic photosensitive material which comprises a support
      and photographic layers coated thereon, said photographic layers having
      incorporated therein an ultraviolet ray-absorbing compound represented by
      the formula:
      ##SPC5##
PAL  wherein R.sub.1 is an alkyl group having 1 to 13 carbon atoms, R.sub.2 is
      an alkyl group having 1 to 18 carbon atoms and X is a member selected from
      the group consisting of hydrogen, halogens, alkyl, alkoxy, aryloxy,
      aralkyloxy and aryl groups.
NUM  2.
PAR  2. A color photographic sensitive material according to claim 1, wherein
      R.sub.1 is an alkyl group of 5 to 13 carbon atoms.
NUM  3.
PAR  3. A color photographic sensitive material according to claim 1 wherein the
      ultraviolet ray-absorbing compound is:
      ##SPC6##
NUM  4.
PAR  4. A color photographic sensitive material according to claim 1 wherein the
      ultraviolet ray-absorbing compound is:
      ##SPC7##
NUM  5.
PAR  5. A color photographic photosensitive material according to claim 4,
      wherein the amount of the ultraviolet ray-absorbing compound incorporated
      is 50 - 4,000 mg/m.sup.2.
NUM  6.
PAR  6. A color photographic sensitive material according to claim 1 wherein the
      ultraviolet ray-absorbing compound is:
      ##SPC8##
NUM  7.
PAR  7. A color photographic photosensitive material according to claim 6,
      wherein the amount of the ultraviolet ray-absorbing compound incorporated
      is 50 - 4,000 mg/m.sup.2.
NUM  8.
PAR  8. A color photographic sensitive material according to claim 1 wherein the
      ultraviolet ray-absorbing compound is:
      ##SPC9##
NUM  9.
PAR  9. A color photographic sensitive material according to claim 1 wherein the
      ultraviolet ray-absorbing compound is:
      ##SPC10##
NUM  10.
PAR  10. A color photographic sensitive material according to claim 1 wherein
      the ultraviolet ray-absorbing compound is:
      ##SPC11##
NUM  11.
PAR  11. A color photographic sensitive material according to claim 1 wherein
      the ultraviolet ray-absorbing compound is:
      ##SPC12##
NUM  12.
PAR  12. A color photographic sensitive material according to claim 1 wherein
      the ultraviolet ray-absorbing compound is:
      ##SPC13##
NUM  13.
PAR  13. A color photographic sensitive material according to claim 1 wherein
      the ultraviolet ray-absorbing compound is:
      ##SPC14##
PATN
WKU  039363066
SRC  5
APN  4840186
APT  1
ART  166
APD  19740628
TTL  Process for producing gelatino-silver halide photographic
      light-sensitive materials having a high silver halide content
ISD  19760203
NCL  5
ECL  1
EXA  Hightower; Judson R.
EXP  Klein; David
INVT
NAM  Minoda; Minoru
CTY  Minami-ashigara
CNT  JA
INVT
NAM  Masuda; Haruo
CTY  Minami-ashigara
CNT  JA
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NAM  Suzuki; Mitsuru
CTY  Minami-ashigara
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NAM  Chikamasa; Hirohi
CTY  Minami-ashigara
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NAM  Fuji Photo Film Co., Ltd.
CNT  JA
COD  03
PRIR
CNT  JA
APD  19690507
APN  44-34967
RLAP
COD  71
APN  35547
APD  19700507
PSC  03
CLAS
OCL   96 87R
XCL  427377
XCL  427379
XCL  427380
EDF  2
ICL  G03C  176
FSC   96
FSS  94;50;114.7;67;50 PL
FSC  117
FSS  119.6
FSC  427
FSS  377;379;380
UREF
PNO  2611716
ISD  19520900
NAM  Robijns
OCL   96114.7
UREF
PNO  3039871
ISD  19620600
NAM  Scott
OCL   96114.7
UREF
PNO  3507678
ISD  19700400
NAM  Shimizu
OCL   96 94
OREF
PAL  "An Appraisal of Drying Systems," Fisher, O., Photographic Engineering,
      Vol. 4, 1953, pp. 226-230.
PAL  Making And Coating Photographic Emulsions, Zelikman, V. L., 1964, p. 30.
PAL  Photographic Emulsion Chemistry, Duffin, G. F., 1966, p. 158.
PAL  Photographic Chemistry, D. H. O. John, 1963, pp. 170-173.
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  In a process for producing a gelatino silver halide light-sensitive
      material containing a high silver halide content comprising applying a
      gelatino silver halide emulsion layer having a silver halide to gelatin
      weight ratio of at least 0.8 and a gelatin-containing protective layer to
      a non-hygroscopic film support having good dimensional stability and then
      drying the layers, the improvement which comprises drying the layers on
      the support when the water content becomes less than 300% based on the
      mean drying amount defined as:
      ##EQU1##
      BY CONTACTING SAID MATERIAL WITH AIR HAVING A RELATIVE HUMIDITY OF FROM 50
      TO 75%.
PARN
PAR  This is a continuation of application Ser. No. 35,547, filed May 7, 1970,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a process for the production of gelatino
      silver halide photographic light-sensitive material having a high content
      of silver halide. More particularly, it relates to a process for the
      production of a gelatino silver halide photographic light-sensitive
      material having, on a non-hygroscopic film support having good dimensional
      stability, a gelatino silver halide emulsion layer having a silver halide
      to gelatin ratio (by weight) of higher than 0.8, preferably from 1.0 to
      4.0, and a protective layer containing gelatin.
PAR  2. Description of the Prior Art
PAR  The drying of gelatino silver halide photographic light-sensitive materials
      is conducted, after applying various layers to a support such as a
      gelatino silver halide emulsion layer and a gelatin-containing protective
      layer, by (a) setting the layers by contacting them with low-temperature
      air having a dry-bulb temperature of from -10.degree. to 10.degree.C, (b)
      supplying to the layers air having a dry-bulb temperature of
      15.degree.-45.degree.C and a relative humidity of 10-35% in accordance
      with the dried state of the layers while carrying the light-sensitive
      material by means of either a suspension-type carrying method, a
      straight-type carrying method, an arch-type carrying method, a zigzag-type
      carrying method, or an air-support type carrying method, and c) then
      supplying thereto air having a dry-bulb temperature of
      20.degree.-26.degree.C and a relative humidity of 50-75%. The photographic
      light-sensitive material thus dried has a moisture content suitable for
      storing for a long period of time.
PAR  The drying method described above gives good results in the drying of
      photographic light-sensitive material having a low silver halide content
      but one encounters difficulty by using the process in the drying of a
      photographic light-sensitive material having a high silver halide content
      to be used in a quick process and for high sensitivity and high resolving
      power.
PAR  In other words, when a photographic light-sensitive material having a high
      content of silver halide dried by the above-mentioned process is subjected
      to a developing process, the formation of fog is remarkably increased
      ("fog" as used in the present specification is defined as the amount of
      silver in the non-exposed portion of the emulsion layer reduced by the
      development).
PAR  This tendency is particularly remarkable when a gelatin-containing
      protective layer is formed on a high-content silver halide photographic
      light-sensitive material which utilizes a non-hygroscopic film having good
      dimensional stability, such as a polyester film as the support.
PAR  The above-mentioned difficulty is caused by the following reasons. Namely,
      as the weight ratio of silver halide to gelatin in the gelatino silver
      halide emulsion layer increases, the gelatin suddenly shrinks due to the
      action of the low-humidity air and the silver halide in the emulsion layer
      is apt to be influenced by this straining of the gelatin. Further, the
      tendency is accelerated when a film such as a polyester film, a
      polycarbonate film or a polystyrene film is used as the support, caused by
      the low shrinkability and the lack of hygroscopivity.
PAR  Therefore, an object of this invention is to provide a process for
      producing a silver halide photographic light-sensitive material having a
      high content of silver halide and having a silver halide emulsion layer
      and a protective layer on a non-hygroscopic support having good
      dimensional stability.
PAR  Another object of the present invention is to provide a drying process for
      a high-content silver halide photographic light-sensitive material without
      being accompanied with increased fog formation.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of the present invention can be attained by applying to a
      non-hygroscopic support having good dimensional stability a gelatino
      silver halide emulsion layer having a silver halide to gelatin weight
      ratio of higher than 0.8 and a gelatin-containing protective layer, and
      then drying the layers on the support such that when the water content
      becomes less than 300%, based on a mean dry amount, the drying is with air
      having a relative humidity of from 50 to 75%.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In order to produce a high-content silver halide photographic
      light-sensitive material without causing increased fog formation, it is
      necessary to dry the light-sensitive material without straining the
      gelatin by shrinking the gelatin, and for this purpose, the photographic
      light-sensitive material having a water content of less than 300%, based
      on a mean dry amount as follows:
      ##EQU2##
      may be dried using air having a relative humidity of from 50  to 75% and a
      dry-bulb temperature of from 2.degree. to 35.degree.C.
PAR  Further, it is necessary that the water content be lower than that required
      for the dry amount standard water content to be in a state of equilibrium
      with air of 50 to 75% relative humidity, i.e., it should not reach a value
      lower than 6-12%.
PAR  The above-mentioned mean dry amount standard moisture content of 300% is
      near the critical moisture content of a varying drying state, that is,
      each surface of the layers formed on the support is in a wet state during
      a constant rate drying period and is dried without the formation of a
      large water-content distribution in the direction of the layer thickness.
      However, during a falling-rate drying period less than the critical
      moisture content, a large moisture-content distribution begins to form in
      the width direction and at the same time a non-uniform drying state or
      uneven drying results, whereby the layers achieve a state which is likely
      to result in an extremely low moisture-content locally throughout the
      layer.
PAR  This tendency becomes remarkable when the light-sensitive material is
      rapidly dried using air having a low relative humidity, which increases
      the formation of fog. The dry amount standard moisture content necessary
      to obtain the state of drying air having a relative humidity of 50 to 75%
      is influenced by the average silver halide content in the silver halide
      emulsion layer applied to the support and the thickness of each layer
      after drying. The range of moisture content of the material may vary from
      a value above the dry amount standard moisture content necessary for a
      state of equilibrium to exist with air having a relative humidity of 50 to
      75% to below that value, but generally if it is in a range lower than the
      critical water content, good results are obtained.
PAR  Moreover, in order to obtain a dry standard moisture content for defining
      the drying air within the above-mentioned range of 50 to 75% relative
      humidity, it is necessary that the dry amount standard moisture content in
      each layer formed on the support be maintained throughout the whole layer
      at a value lower than the dry amount standard moisture content necessary
      for a state of equilibrium to exist with air of 50 to 75% relative
      humidity.
DETD
PAR  The invention will be further illustrated by the following non-limiting
      examples.
PAC  EXAMPLE 1
PAR  A gelatino silver halide emulsion for negative film containing 50
      mg/100cm.sup.2 of silver halide and 45 mg/100cm.sup.2 of gelatin and a
      protective layer containing gelatin were applied to a polystyrene film and
      after setting by cooling, the light-sensitive film was cut into two
      samples (A and B).
PAR  Sample A was dried using air having a dry-bulb temperature of
      28.degree.-32.degree.C and a relative humidity of 25-30% and then
      subjected to humidity adjusting under conditions of a dry-bulb temperature
      of 22.degree.C and a relative humidity of 60%.
PAR  Sample B was treated by the process of this invention. That is to say, the
      moisture constituting that above 300% of the average dry amount standard
      moisture content of sample B was dried with air at a dry-bulb temperature
      of 28.degree.C and at a relative humidity of 30% and the water of less
      than 300% was dried at a drying temperature of 32.degree.C and at a
      relative humidity of 60%, and then sample B was subjected to humidity
      adjusting by contacting with cooling air at a dry-bulb temperature of
      22.degree.C and at a relative humidity of 64%.
PAR  Both sample A and sample B were then subjected to the same amount of
      exposure through an optical wedge and then developed, fixed, washed, and
      dried under the same conditions.
PAR  The results of fog measurement about the two samples thus processed showed
      that the sensitivity of sample A was the same as that of sample B and the
      fog of sample B was about two-thirds of that of sample A.
PAC  EXAMPLE 2
PAR  A gelatino silver halide emulsion for X-ray film containing 100
      mg/100cm.sup.2 of silver halide and 35 mg/100cm.sup.2 of gelatin was
      applied to a polyester film support together with a protective layer
      containing gelatin and after setting the layers by cooling, the
      light-sensitive film was cut into two samples (A and B).
PAR  Sample A was processed in a conventional manner, i.e., dried by air at a
      dry-bulb temperature of 28.degree.-32.degree.C and at a relative humidity
      of 25-30% and subjected to humidity adjustment by air at a dry-bulb
      temperature of 22.degree.C, and at a relative humidity of 60%.
PAR  Sample B was processed according to the process of this invention. The
      water constituting more than 250% of the average dry amount standard
      moisture content was dried with air at a dry-bulb temperature of
      30.degree.C and at a relative humidity of 30%, the water of less than 250%
      of the moisture content was dried with air at a dry-bulb temperature of
      32.degree.C and at a relative humidity of 60%, and then the sample thus
      dried was subjected to humidity adjustment by cooling with air at a
      dry-bulb temperature of 22.degree.C and at a relative humidity of 65%.
PAR  To the opposite surfaces of each of sample A and sample B thus dried was
      applied the same silver halide emulsion as above followed by setting by
      cooling. The samples were then dried and subjected to the humidity
      adjustment in a conventional manner about sample A and according to the
      process of this invention about sample B. Each of the samples having
      emulsion layers at both surfaces was exposed through an optical wedge to
      the same exposure amount and processed under the same conditions using a
      roller-type automatic developing machine.
PAR  The results of measuring the characteristics of the developed samples, such
      as sensitivity and fog, showed that the sensitivity of sample A was the
      same as that of sample B and the fog of sample A was 0.10, whereas the fog
      of sample B was 0.06.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for producing a gelatino silver halide light-sensitive
      material containing a high silver halide content which includes applying
      first a gelatino silver halide emulsion layer having a silver halide to
      gelatin weight ratio of at least 0.8 and then a gelatin-containing
      protective layer to a non-hygroscopic film support having good dimensional
      stability, and then drying of said layers, the improvement which comprises
      drying said layers on the support in two stages wherein
PA1  a. in a first stage said layers are dried to a water content less than 300%
      and near the critical moisture content with air having a relative humidity
      of from 10 to 35% and
PA1  b. in a second stage said layers are dried to remove water content of less
      than 300% and below the critical moisture content with air having a
      relative humidity of from 50 to 75%, said water content being based on the
      mean drying amount as defined by:
      ##EQU3##
NUM  2.
PAR  2. The process as in claim 1, wherein said air has a dry-bulb temperature
      of from 2.degree. to 35.degree.C.
NUM  3.
PAR  3. The process as in claim 1, wherein said silver halide to gelatin weight
      ratio ranges from 1.0 to 4.0.
NUM  4.
PAR  4. The process as in claim 1, wherein said protective layer is a gelatin
      layer.
NUM  5.
PAR  5. The process as in claim 1, wherein said air employed has a relative
      humidity of 30%.
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ABST
PAL  A light and heat sensitive composition useful particularly in photographic
      reproduction, the composition comprising a combination of an electron
      donative material, such as a .pi.-base and an electron acceptive material
      such as a .pi.-acid both dispersed in an aqueous dispersion medium in the
      form of discrete particles, at least one of the electron donative and
      electron acceptive materials being capable of polymerization upon
      irradiation by actinic light or an actinic corpuscular ray and the
      materials producing a colored charge transfer complex under predetermined
      heating conditions.
BSUM
PAR  This invention relates to a photographic composition which is sensitive to
      a radiation such as of light or heat, or a corpuscular ray such as an
      electron beam, and more particularly to novel and unique photographic
      compositions containing organic substances, which are useful in recording
      an image by the use of the radiation or corpuscular ray and which are
      suitable for photographic reproduction purposes.
PAR  The radiations as herein used are intended to generically mean
      electromagnetic radiations emitted from an object, including .gamma.-ray,
      X-rays, visible light rays, infra-red rays and ultra-violet rays. The
      corpuscular rays as herein used are intended to generically means a stream
      of particles, charged or not charged, flowing in one direction with a
      narrow width, including streams of atom, molecule, and ions thereof,
      atomic nucleus, electron and/or neutron, i.e., .alpha.-ray, .beta.-ray or
      cathode rays.
PAR  Generally, image-forming organic materials used in photographic systems are
      broadly classified into three categories by the particular kinds of
      organic materials employed: (1) materials sensitive to light, (2)
      materials sensitive to heat, and (3) materials sensitive to both light and
      heat.
PAR  With regard to materials sensitive to light, U.S. Pat. No. 3,476,562
      describes compositions which are particularly useful in print-out
      photography. The compositions comprise an organic halogen compound and an
      N-vinyl compound or an aryl amine as main components thereof. These
      compounds are coreacted in response to actinic light for producing colors.
      For example, N-vinyl carbazole, carbon tetrachloride, water and gelatin
      are mixed together, with violent agitation, to form a dispersion, which is
      then applied onto a sheet of baryta-coated paper and dried to obtain a
      light sensitive sheet. In order to obtain a print out picture, the thus
      obtained light sensitive sheet is initially subjected to image-wise
      exposure to light having a wavelength of 4,000 - 7,800 A, and then to
      development by the use of actinic near ultraviolet light having a
      wavelength of 3,000 - 4,000 A, followed by heating to about 70.degree.C
      for fixing the developed image on the sheet. In short, the photographic
      system of the U.S. Pat. No. 3,476,562 involves exposing a light sensitive
      material-coated sheet to light in two steps, and heating the exposed sheet
      to obtain a positive or negative image. This is well known as a thoroughly
      dry-type photographing method.
PAR  Various heat sensitive photographic systems involving a thermal
      color-forming reaction between two or more materials have also been known,
      including a system using crystal violet and bisphenol. Furthermore, in IBM
      Technical Disclosure Bulletin Vol. 9, No. 11, Page 1488, a photographic
      system is described which employs a heat sensitive composite containing
      hexamethylbenzene and tetracyanoethylene. The image-producing or
      color-forming principle of these heat sensitive systems is to utilize a
      thermal reaction between two colorless materials, i.e., electron donative
      and electron acceptive materials which produce a colored charge-transfer
      complex.
PAR  Furthermore, with regard to photographic materials sensitive to both light
      and heat, Eastman Kodak Co. have proposed light and/or heat sensitive
      compositions for use on photographic films, which comprise an oxidizing
      and reducing image-forming combination of a heavy metal salt of an organic
      carboxylic acid and a mixture of a major portion of a reducing agent and a
      minor portion of merocyanine dye.
PAR  Though various kinds of heat and/or light sensitive materials or
      compositions are known as described hereinbefore, the present invention
      has for its main object the provision of a photographic composition which
      is novel in chemical and/or physical aspects and in image-forming and
      color-developing principles and which is capable of recording an image in
      two-steps, i.e., exposure by the use of an actinic light ray or a
      corpuscular ray and development by heating.
PAR  It is a further object of the present invention to provide a photographic
      composition which is excellent in photosensitivity and thus photographic
      results.
PAR  According to the present invention, there is provided a light and heat
      sensitive composition which comprises an electron donative material
      (hereinafter referred to simply as a "donor") or a .pi.-base and an
      electron acceptive material (hereinafter referred to as an "acceptor") or
      a .pi.-acid, both dispersed in the form of discrete particles in a solid
      hydrophilic film-forming vehicle in which the .pi.-base and .pi.-acid are
      substantially insoluble, at least one of the .pi.-base and .pi.-acid being
      polymerized upon exposure to an actinic ray, and the .pi.-base and
      .pi.-acid producing a colored charge transfer complex under predetermined
      heating conditions.
PAR  An essential feature of the present invention is that a light and heat
      sensitive system using a particular combination of a donor or .pi.-base
      and an acceptor or .pi.-acid involves two different reactions, i.e., a
      polymerization reaction and a heat reaction for producing a colored charge
      transfer complex, and that the difference between the melting points of
      the .pi.-base and .pi.-acid is greater than 10.degree.C. In other words,
      at least one of the donor and acceptor is polymerized upon exposure to an
      actinic ray, and the donor and acceptor can form a colored charge transfer
      complex when fusingly mixed with each other in a molecular state under
      predetermined heating conditions. In order to fusingly mix the two
      components with each other, it is required to carry out color development
      at a temperature between the melting points of the two components. In
      addition, the donor and/or acceptor once exposed turns into a polymerized
      material or materials which have melting points far higher than the
      respective original donor and/or acceptor, so that there is no possibility
      of the polymerized donor and/or acceptor forming a colored charge transfer
      complex with non-polymerizable or non-polymerized acceptor and/or donor
      unless heated up to a temperature level higher than the melting point of
      the component of a higher melting point.
PAR  In application, the composition of the present invention is coated on a
      suitable substrate or supporting means, preferably in the form of a sheet,
      and dried to obtain a light and heat sensitive layer coated thereon. In
      order to record an image in the light and heat sensitive layer-coated
      substrate, the layer is exposed to actinic light through an image pattern
      for forming a latent image or for polymerizing the polymerizable component
      or components (donor and/or acceptor) contained in the exposed image
      areas. Then, the exposed sheet is heated to a predetermined temperature,
      i.e., at a temperature higher than the melting point of the polymerizable
      component but lower than the melting point of the non-polymerizable
      component if only one component is polymerizable, or at a temperature
      between melting points of the two components if both are polymerizable,
      for fusingly mixing the polymerizable component in non-exposed image areas
      with the non-polymerizable component in a molecular state. This mixing in
      a molecular state of the donor and acceptor in the non-exposed image areas
      results in formation of a colored charge transfer complex. While, no color
      develops in the exposed areas since the polymerized material is not melted
      under such low heating conditions and can not thus react with the other
      counter component.
PAR  In order to obtain an image picture of clear and distinct contrast, it is
      preferred that if one component is polymerizable, the polymerizable
      component has a melting point at least 10.degree.C lower than the that of
      the non-polymerizable component, or if both are polymerizable, the
      difference in melting points of the two components is at least
      10.degree.C. This will be described in more detail hereinafter.
PAR  When the donor and acceptor as employed in the present invention are
      associated with each other in a molecular state, a colored charge transfer
      complex is readily formed. However, no colored charge transfer complex is
      formed when these two materials are held in contact or coexistence with
      each other in the form of discrete particles. In order to permit the
      association of the donor with the acceptor in a molecular state, it is
      sufficient to mix these materials with each other in a gaseous, liquefying
      or fusing state at a color-developing or image-forming stage. In the
      present invention, such association is suitably established, as described
      hereinbefore, by fusing one component having a lower melting point under
      predetermined heating conditions for dissolving therein the counter
      component to produce a color.
PAR  The light and heat sensitive composition of the present invention can be
      prepared in the following manner. Either a donor or acceptor is first
      introduced into an aqueous dispersion medium containing a film-forming
      vehicle with sufficient agitation to obtain a dispersion. Then, the other
      component is further added to the dispersion together with a suitable
      additive, if desired, to obtain a dispersion wherein the donor and
      acceptor components are dispersed in the form of discrete particles. It is
      essentially required that the donor and acceptor components are
      substantially insoluble in the aqueous dispersion medium so as not to
      permit association of both components in molecular states at this
      dispersion stage. In this connection it is preferred that particles of the
      donor or acceptor components which is first introduced into an aqueous
      dispersion medium be suitably discretely dispersed by the use of a known
      microcapsulating or protective-colloidal technique. The particles to be
      introduced have preferably a size as small as 10.mu..
PAR  Then, the dispersion containing discrete particles of the donor and
      acceptor is applied onto a suitable sheet or substrate, including a sheet
      of baryta-coated paper, a glass plate, etc., and dried to obtain a light
      and heat sensitive recording medium.
PAR  In order to ensure high sensitivity to an actinic ray of the recording
      medium, only if one component is polymerizable, the donor and acceptor are
      preferably dispersed separately in a similar aqueous dispersion medium
      containing a film-forming vehicle thereby to form two dispersions, one
      containing the donor and the other the acceptor. In this case, one
      dispersion containing a non-polymerizable component which may be either a
      donor or an acceptor is initially coated on a suitable sheet and dried.
      Then, the other dispersion which contains a polymerizable component is
      applied over the first-formed coating or layer of the non-polymerizable
      component for enhancing sensitivity to an actinic ray of the resultant
      light and heat sensitive sheet.
PAR  When the light and heat sensitive sheet is exposed to an actinic ray
      through an image pattern, the polymerizable component or components (a
      donor and/or acceptor) are polymerized in the exposed image areas.
PAR  Then, the exposed sheet is heated to a temperature higher than the melting
      point of the polymerizable or one component and lower than the melting
      point of the non-polymerizable or the other component having a melting
      point higher than that of the former for bringing the donor with the
      acceptor into association in a molecular state. The component of a lower
      melting point existing in the non-exposed image areas is melted or fused
      and reacts with the other counter component dissolved therein, forming a
      colored charge transfer complex. It is to be noted that the melting point
      of the non-polymerizable component or components having a higher melting
      component is preferred to be at least 10.degree.C higher than that of the
      polymerizable or the other component. By heating the exposed sheet at a
      temperature level between the melting points of the two components, the
      polymerized material is not melted and thus does not react with the
      non-polymerizable or other counter component, since the polymer has a
      melting point far higher than the temperature level employed in the
      thermal treatment and the component of a higher melting point is also not
      melted at such heating temperatures.
PAR  As is apparent from the foregoing, by heating the photographic
      material-coated sheet at a temperature higher than a melting point of the
      polymerizable component or components of a lower melting point but lower
      than a melting point of the non-polymerizable component or components,
      having a higher melting point, the former existing in the unexposed image
      areas is fused and dissolves therein the latter to form a colored charge
      transfer complex. On the other hand, the exposed and polymerized material
      is not fused by heating under such conditions as well as the
      non-polymerizable component or components having a higher melting point,
      thus with no color-formation occurring in the exposed areas. Accordingly,
      when a photographic sheet coated with the composition of the present
      invention is exposed to an actinic ray through a suitable image pattern
      and then properly heated, the exposed image portions are not colored but
      the no-exposed image portions show distinctive coloration, thereby
      producing an image picture corresponding to the image pattern.
PAR  It has been found that if the difference between the melting points of the
      donor and acceptor is greater than 10.degree.C, color development can be
      conducted satisfactorily without paying special attention to a heating
      source or a heating manner. However, with a temperature difference smaller
      than 10.degree.C, polymerized portions may also disadvantageously be
      colored, unless temperatures applied are exactly controlled by the use of
      a particular heating source which allows high-precision control of the
      treating temperatures. Moreover, the melting point T.sub.p, of polymerized
      material or polymer produced is required to be at least 10.degree.C higher
      than that of the non-polymerizable material having a higher melting point
      for producing a distinct, clear picture image. For instance, if the
      acceptor is assumed to be a polymerizable or lower melting point material
      and the donor to be a non-polymerizable or higher melting point material,
      it is preferred that the following relationships are held between the
      acceptor melting point, T.sub.A the donor melting point T.sub.D and the
      polymer melting point T.sub.P.
EQU  T.sub.A + 10.degree.C &lt; T.sub.D
EQU  T.sub.D + 10.degree.C &lt; T.sub.P
PAL  It should be noted that if the donor is a polymerizable or lower melting
      point material and the acceptor is a non-polymerizable or higher melting
      point material, the relationship between T.sub.D and T.sub.A will be
      reversed.
PAR  At least one of the donor and acceptor as used in the practice of the
      present invention is preferred to have a vinyl group which is capable of
      polymerization with aid of an actinic ray. Additionally, a polymerization
      initiator or a photosensitizer which has excellent sensitivity to light of
      a predetermined wavelength and causes a polymerization reaction to a donor
      and/or acceptor may be added. In this case, it is necessary that the
      initiator or sensitizer has a melting point 10.degree.C or more, higher
      than that of the polymerizable or lower melting point component. Examples
      of the initiator include uranyl nitrate, benzil, a combination of eosin
      and ascorbic acid, CuClO.sub.4, etc.
PAR  The donors useful in the present invention are, for example, .pi.-bases
      including nitrogen-containing aromatic compounds or other aromatic
      compounds containing therein a donative group: N-vinylcarbazole,
      vinylanthracene, N-benzylacrylamide, N-methoxyphenylmethaacrylamide,
      .beta.-naphthylvinyl ether, p-phenylstyrene, vinyldiphenylamine,
      acenaphthylene, vinyl fluorene, .beta.-vinylnaphthalene,
      2-vinylphenanthrene, 3-vinylphenanthrene, 1-vinylpyrene and
      p-phenylenediacrylpropionate as a polymerizable material; and
      .beta.-naphthylamine, 1,6-diaminopyrene, phenothiazine,
      dibenzophenothiazine, acridine, phenazine, o-phenanthroline,
      tetramethylbenzene, anthracene, benzidine, and diaminodiphenylamine as a
      non-polymerizable component.
PAR  The acceptors which are useful in the present invention are preferred to be
      .pi.-acids which have a double bond conjugated with an electron attractive
      group: tetrabromoethylene, 1,2-dibromo-1-iodoethylene, and
      .alpha.-chloro-3,5-dinitrostyrene as a polymerizable component; and
      tetracyanoquinodimethane, tetracyanoethylene, chloranil, bromanil,
      quinone, anthraquinone, 2,4,7-trinitrofluorenone, trinitrobenzene, and
      tetranitropyrene as a non-polymerizable component.
PAR  As described hereinbefore, the difference between the melting points of the
      two components is preferred to be greater than 10.degree.C, for conducting
      color development in a satisfactory manner. In this sense, the
      aforementioned compounds should be properly selected in combination in
      practical applications. For instance, where the donor or .pi.-base is a
      polymerizable material such as N-vinylcarbazole [melting point
      (hereinafter referred to simply as M.P.) 65.degree.C], vinylanthracene
      (M.P. 68.degree.C), n-benzylacrylamide (M.P. 66.degree.C)
      .beta.-naphthylvinyl ether (M.P. 54.degree.C), .beta.-vinylnaphthalene
      (M.P. 66.degree.C), 3-vinylphenanthrene (M.P. 35.degree.C),
      N-p-methoxyphenylmethacrylamide (M.P. 91.degree.C), acenaphthylene (M.P.
      93.degree.C), vinyl fuorene (M.P. 92.degree.C) 2-vinylphenanthrene (M.P.
      96.degree.C), 1-vinylpyrene (M.P. 88.degree.C) or
      p-phenylenediacrylpropionate (M.P. 83.degree.C), there is used in
      combination as a non-polymerizable acceptor or .pi.-acid
      tetracyanoquinodimethane (M.P. 293.degree.C), tetracyanoethylene (M.P.
      199.degree.C), chloranil (M.P. 290.degree.C), bromanil (M.P.
      151.degree.C), quinone (M.P. 116.degree.C), anthraquinone (M.P.
      286.degree.C), 2,4,7-trinitrofluorene (M.P. 175.degree.C), trinitrobenzene
      (M.P. 123.degree.C), or tetranitropyrene (decomposition point
      330.degree.C). Furthermore, where p-phenylstyrene which has a relatively
      high melting point of 119.degree.C is used as a polymerizable donor, the
      above-mentioned non-polymerizable acceptors except quinone can be
      preferably employed. Additionally, where polymerizable acceptors or
      .pi.-acids including tetrabromoethylene (M.P. 57.degree.C),
      1,2-dibromo-1-iodoethylene (M.P. 66.degree.C) and
      .alpha.-chloro-3,5-dinitrostyrene (M.P. 56.degree.C) are used, the
      following donors or .pi.-bases can be suitable selected for use in
      combination with the .pi.-acids: .beta.-naphthylamine (M.P.
      111.degree.-113.degree.C),  1,6-diaminopyrene (M.P. 156.degree.C),
      phenothiazine (M.P. 185.degree.C), dibenzophenothiazine (M.P.
      236.degree.C), acridine (110.degree.C), phenazine (M.P. 171.degree.C),
      o-phenanthroline (M.P. 94.degree.C), tetramethylbenzene (M.P.
      80.degree.C), anthracene (M.P. 218.degree.C), benzidine (M.P.
      115.degree.-120.degree.C), and diaminodiphenylamine (M.P. 158.degree.C) as
      a non-polymerizable .pi.-base; and N-p-methoxyphenylmethacrylamide (M.P.
      91.degree.C), p-phenylstyrene (M.P. 119.degree.C), acenaphthylene (M.P.
      93.degree.C), vinylfluorene (M.P. 92.degree.C), and 2-vinylphenanthrene
      (M.P. 96.degree.C) as a polymerizable .pi.-base.
PAR  Various kinds of film-forming vehicles are usable in present invention,
      including natural film-forming materials such as gelatin, casein,
      alginate, gums, starch derivatives and the like materials, and synthetic
      film-forming materials such as polyvinyl alcohol, water-soluble
      polyacrylics, various amine or aldehyde resins, and other water-soluble
      resins. These film-forming materials should be water-soluble. The donor
      and acceptor should not be dissolved in the film-forming vehicle.
      Furthermore, water is most suitable as a dispersing medium.
DETD
PAR  The above discussed and other features and advantages of the present
      invention will become clear from the following examples which illustrates
      the invention in a particular manner.
PAC  EXAMPLE 1
PAR  10g of polyvinyl alcohol serving as a dispersing or film-forming vehicle
      was introduced into 80ml of water which was used as a solvent for the
      alcohol, to which was dropped 0.03g of a defoaming agent. Then, 10g of
      tetracyanoquinodimethane which was used as an acceptor or a .pi.-acid was
      mixed with the resultant solution while sufficiently agitating by means of
      an agitator, thereby obtaining a dispersion. While, 10g of N-vinyl
      carbazole which was employed as a donor or a .pi.-base was sufficiently
      admixed with 0.5g of uranyl nitrate. The mixture was then introduced into
      the dispersion with sufficient agitation to obtain a dispersion. The thus
      obtained dispersion was uniformly applied onto a sheet of barytacoated
      paper by means of a doctor blade and dried in the air to obtain a light
      and heat sensitive sheet. The thus obtained light and heat sensitive sheet
      was then exposed through a positive film for 30 seconds to light from a
      250W xenone lamp at a distance of 30cm from the film and of a wave-length
      in the vicinity of 4,000  A. After the exposure, the resultant sheet was
      heated for 30 seconds at 80.degree.C in a heating developer to form a dark
      or black positive image. A maximum optical density of the resultant image
      was 2.0.
PAC  EXAMPLE 2
PAR  10g of polyvinyl alcohol employed as a film-forming vehicle was introduced
      into 80ml of water, to which 0.03g of a defoaming agent was dropwise
      added. Then, 10g of tetracyanoquinodimethane which was used as an acceptor
      or a .pi.-acid was mixed with the resultant solution and agitated
      sufficiently by means of an agitator to obtain a first dispersion. The
      first dispersion was applied uniformly onto a sheet of baryta-coated paper
      and dried. While, a mixture of 10g of N-vinyl carbazole employed as a
      donor or a .pi.-base and 0.1g of carbon tetrabromide employed as a
      photopolymerization initiator was introduced into another solution which
      had been previously prepared and contained 80ml of water, 10g of polyvinyl
      alcohol and 0.03g of a defoaming agent, and agitated sufficiently by means
      of an agitator to obtain a second dispersion. The thus obtained second
      dispersion was applied over the layer on the sheet which had been formed
      by the use of the first dispersion, and dried to obtain a highly light
      sensitive sheet. The light sensitive sheet thus obtained was exposed for 1
       second through a positive film to light from a 250W xenone lamp at a
      distance of 30cm from the film and of a wavelength in the vicinity of
      4,000 A. The exposed sheet was then heated at 80.degree.C for 30 seconds
      to form a dark positive image having its maximum density of 2.0.
PAC  EXAMPLE 3
PAR  8g of gelatin serving as a film-forming vehicle was dissolved in 50ml of
      water, to which were added 12g of anthraquinone used as an acceptor or a
      .pi.-acid and 0.03g of a defoaming agent. The resultant mixture was
      agitated sufficiently to obtain a dispersion. While, 10g of
      9-vinylanthracene which was used as a donor or a .pi.-base was
      microcapsulated by the use of a known microcapsulating technique. The
      microcapsulated 9-vinylanthracene was introduced into the dispersion and
      agitated sufficiently to obtain an ultimate dispersion. The ultimate
      dispersion was applied onto a glass plate having transparent electrodes
      and dried to obtain an electron beam recording plate. The recording plate
      was placed in a high vacuum container the inside of which was kept at
      10.sup.-.sup.5 Torr. or over. Then, an electron beam which was accelerated
      at 5KV was irradiated partly upon the plate at 10.sup.-.sup.8
      colomb/cm.sup. 2. Then, the irradiated plate was heated at 75.degree.C to
      obtain a colored image, i.e., the electron beam-irradiated areas were
      colorless and the non-irradiated areas turned reddish brown.
PAR  In this example, since 9-vinylanthracene was polymerized by means of an
      electron beam, no colored charge transfer complex was formed in the
      beam-irradiated areas. Additionally, 9-vinylanthracene used as a
      polymerizable donor was microcapsulated, so that formation of a colored
      charge transfer complex was completely suppressed at a stage prior to the
      heating step. It will be appreciated that microcapsulation may be
      conducted for either a donor or an acceptor.
PAC  EXAMPLE 4
PAR  A mixture of 6g of polyvinylpyrrolidone and 0.02g of a defoaming agent was
      introduced into 50ml of water. 6g of .beta.-naphthylamine used as a donor
      or a .pi.-base was further added to the mixture and agitated by means of
      an agitator. To the resultant mixture were added 8g of
      .alpha.-chloro-3,5,-dinitrostyrene and 0.005g of azoisobutyronitrile used
      as a photopolymerization accelerator with sufficient agitation thereby to
      obtain a dispersion. The thus obtained dispersion was uniformly applied
      onto a sheet of baryta-coated paper and dried to form a light sensitive
      sheet. The light sensitive sheet was exposed for 60 seconds through a
      positive film to light from a 250W xenone lamp and heated at 65.degree.C
      to form a reddish brown positive image.
PAR  In any of the foregoing Examples, light sensitive sheets are subjected to
      exposure to light or electron beam, and then to thermal development for
      forming a colored image. However, the photographic composition of the
      present invention may be effectively used as a heat sensitive material,
      wherein a reproduced image may be fixed by exposure to light in a
      subsequent stage. The following two examples show the composition of the
      invention used as a heat sensitive material for reproducing a colored
      image without prior exposure to an actinic ray.
PAC  EXAMPLE 5
PAR  10g of tetracyanoquinodimethane having a melting point of 293.degree.C was
      introduced as an acceptor or a .pi.-acid into a solution which contained
      80ml of water and 10g of polyvinyl alcohol, to which was dropwise added
      0.03g of a defoaming agent. The resultant dispersion was agitated at a
      high speed by the use of an agitator, and then 10g of N-vinylcarbazole
      having a melting point of 68.degree.C was added as a donor or a .pi.-base
      to the dispersion with sufficient agitation to obtain a dispersion. The
      thus obtained dispersion was uniformly applied onto a sheet of
      baryta-coated paper and dried to obtain a heat sensitive sheet. The
      resultant sheet was brought into contact with a heating head of
      80.degree.C. Dark color appeared at the contacted portions since the donor
      and acceptor were combined together to form a dark or black colored charge
      transfer complex. Then, the resultant sheet was subjected for fixing to
      uniform exposure to light from a xenone lamp of a wavelength in the
      vicinity of 4,000 A. By this fixing, N-vinylcarbazole in the non-heated
      portions photo-polymerized, turning into a polymer having a melting point
      of 300.degree.C or higher. Accordingly, light-fixed sheet became thermally
      stable at least up to 293.degree.C which is the melting point of the
      acceptor used, so that even if the sheet was heated to a temperature as
      high as 100.degree.C - 200.degree.C, there appeared no thermal fogging of
      the image.
PAR  As is apparent from the foregoing Example 5, the light and heat sensitive
      sheet of the present invention becomes thermally stable after fixing by
      light. No fogging occurs even if heat is imposed spontaneously on the
      reproduced picture image thereafter. On the other hand, in prior-art heat
      sensitive sheets with incomplete fixing of a reproduced image, fogging
      occurs when the image-bearing sheet is subjected afterwards to a
      temperature to which the heat sensitive components are sensitized. Such
      fogging due to incomplete fixing can be well prevented in the present
      invention.
PAC  EXAMPLE 6
PAR  10g of tetracyanoquinodimethane having a melting point of 293.degree.C was
      dispersed as an acceptor or a .pi.-acid in a solution which contained 80ml
      of water and 10g of polyvinyl alcohol. 0.03g of a defoaming agent was
      further dropped to the dispersion. The resultant dispersion was agitated
      at high speed by means of an agitator, to which were added 10g of
      N-vinylcarbazole as a donor or a .pi.-base having a melting point of
      68.degree.C, and 0.5g of uranyl nitrate and sufficiently agitated to
      obtain a dispersion. The resultant dispersion was uniformly applied onto a
      sheet of baryta-coated paper and dried to obtain a heat sensitive sheet.
      The thus obtained sheet was contacted with a heating head of 80.degree.C,
      so that the contacted portions were turned into dark color since the donor
      and acceptor combined together to form a colored charge transfer complex.
      The color-formed sheet was allowed to stand under room light for
      photo-polymerizing N-vinylcarbazole by the action of the
      photo-polymerization initiator. The resultant sheet became thermally
      stable due to fixing by exposure to the room light.
PAR  As is apparent from the foregoing Examples, the composition of the present
      invention comprises an electron donative material (donor) and an electron
      acceptive material (acceptor) which yield a colored charge transfer
      complex by the action of a heat radiation, and one of which is capable of
      polymerization with aid of actinic light or corpuscular rays, the
      resultant polymer being not capable of forming a charge transfer complex.
PAR  It should be noted that a light and heat sensitive sheet coated with the
      composition of the invention may be either initially exposed to actinic
      light or actinic corpuscular rays through an image pattern for
      polymerizing one of the donor and acceptor existing in the areas exposed,
      and then suitable heated for forming a colored charge transfer complex in
      the non-exposed areas, or initially heated for producing color in an image
      pattern, and then uniformly exposed to light for fixing, as the case may
      be.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photosensitive composition essentially consisting of a dispersion
      phase in the form of discrete particles of (a) an aromatic compound having
      an electron donative group and being polymerizable upon exposure to
      actinic light and (b) an organic compound having a double bond conjugated
      with an electron attracting group relative to said electron donative group
      in a solid-hydrophilic-film-forming vehicle in which said combination is
      insoluble, said compound (a) being a compound selected from the group
      consisting of N-vinylcarbazole, vinylanthracene, N-benzylacrylamide,
      N-methoxyphenylmethaacrylamide, .beta.-naphthylvinyl ether,
      p-phenylstyrene, vinyldiphenylamine, acenaphthylene, vinyl fluorene,
      .beta.-vinylnaphthalene, 2-vinylphenanthrene, 3-vinylphenanthrene,
      1-vinylpyrene and p-phenylenediacrylpropionate, said compound (b) being a
      compound selected from the group consisting of tetrabromoethylene,
      1,2-dibromo-1-iodoethylene, .alpha.-chloro-3,5-dinitrostyrene,
      tetracyanoquinodimethane, tetracyanoethylene, chloranil, bromanil,
      quinone, anthraquinone, 2,4,7-trinitrofluorenone, trinitrobenzene, and
      tetranitropyrene, said combination being selected such that melting points
      of said compounds (a) and (b) differ from each other by more than
      10.degree.C and that said compounds (a) and (b) react with each other and
      produce a colored charge transfer complex when said combination is heated
      above the lower one of said melting points.
NUM  2.
PAR  2. A photosensitive composition essentially consisting of a dispersion
      phase in the form of discrete particles of (a) an aromatic compound having
      an electron donative group and (b) an organic compound having a double
      bond conjugated with an electron attracting group relative to said
      electron donative group and being polymerizable upon exposure to actinic
      light in a solid-hydrophilic-film-forming vehicle in which said
      combination is insoluble, said compound (a) being a compound selected from
      the group consisting of .beta.-naphthylamine, 1,6-diaminopyrene,
      phenothiazine, dibenzophenothiazine, acridine, phenazine,
      o-phenanthroline, tetramethylbenzene, anthracene, benzidine, and
      diaminodiphenylamine, said compound (b) being a compound selected from the
      group consisting of tetrabromoethylene, 1,2-dibromo-1-iodoethylene,
      .alpha.-chloro-3,5-dinitrostyrene, said combination being selected such
      that melting points of said compounds (a) and (b) are different from each
      other by more than 10.degree.C and that said compounds (a) and (b) react
      with each other and produce a colored charge transfer complex when said
      combination is heated above the lower one of said melting points.
NUM  3.
PAR  3. A photosensitive composition as claimed in claim 2, wherein said
      solid-hydrophilic-film-forming vehicle is selected from the group
      consisting of gelatin, casein, gums, starch derivatives, polyvinyl
      alcohol, water-soluble polyacryl acids and polyvinylpyrrolidone.
NUM  4.
PAR  4. A photosensitive composition as claimed in claim 2, wherein said
      combination is admixed with a sensitizing amount of an additive capable of
      initiating photopolymerization of said compound (b), said additive having
      a melting point at least 10.degree.C higher than the lower value of the
      respective melting points of said compounds.
NUM  5.
PAR  5. A photosensitive composition as claimed in claim 1 wherein compound (a)
      is N-vinylcarbazole and compound (b) is tetracyanoquinodimethane.
NUM  6.
PAR  6. A photosensitive composition as claimed in claim 1 wherein compound (a)
      is vinylanthracene and compound (b) is anthraquinone.
NUM  7.
PAR  7. A photosensitive composition as claimed in claim 2 wherein compound (a)
      is .beta.-naphthylamine and compound (b) is
      .alpha.-chloro-3,5-dinitrostyrene.
NUM  8.
PAR  8. A photosensitive composition as claimed in claim 1, wherein said
      solid-hydrophilic-film-forming vehicle is selected from the group
      consisting of gelatin, casein, gums, starch derivatives, polyvinyl
      alcohol, water-soluble polyacryl acids and polyvinylpyrrolidone.
NUM  9.
PAR  9. A photosensitive composition as claimed in claim 1, wherein said
      combination is admixed with a sensitizing amount of an additive capable of
      initiating photopolymerization of said compound (a), said additive having
      a melting point at least 10.degree.C higher than the lower value of the
      respective melting points of said compounds.
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ABST
PAL  Light-sensitive photographic emulsions are provided which feature at least
      one methine dye containing a 1H-imidazo[4,5-b]pyrazine nucleus.
BSUM
PAR  This invention relates to polymethine dyes, and more particularly to
      photographic emulsions and elements containing these dyes.
PAR  It is, accordingly, an object of the invention to provide sensitizers or
      light absorbing dyes for photographic elements. Another object is to
      provide photographic silver halide emulsions containing new dye compounds
      as desensitizers. Another object is to provide methods for preparing these
      new compounds and photographic materials thereof. Other objects will
      become apparent hereinafter from a consideration of the description and
      examples.
PAR  In accordance with one embodiment of this invention photographic emulsions
      are provided which contain a dye having a 1H-imidazo[4,5-b]pyrazine
      nucleus.
PAR  In another embodiment of this invention, photographic emulsions are
      provided which comprise at least one cyanine dye having two nuclei joined
      together by methine linkages, one of the nuclei being a
      1H-imidazo[4,5-b]pyrazine nucleus, which is joined through the 2-carbon
      atom thereof to the methine linkage, and a second nucleus to complete the
      cyanine dye. Advantageously, the second nucleus of such dyes contains a
      heterocyclic nitrogen atom, and the methine linkage is part of a polyene
      chain containing an equal number of alternating single and double bonds,
      one terminal carbon atom of the polyene chain being the 2-carbon atom of a
      1H-imidazo[4,5,b]pyrazine nucleus, the other terminal carbon atom of the
      polyene chain being in the second nucleus and attached to the heterocyclic
      nitrogen atom.
PAR  The second nucleus in these dyes can be either a sensitizing or a
      desensitizing nucleus. When the 1H-imidazo[4,5-b]pyrazine nucleus is
      combined with a second sensitizing nucleus the resultant dye is an
      excellent sensitizer of negative silver halide emulsions. When the
      1H-imidazo[4,5-b]pyrazine nucleus is combined with known desensitizing
      nuclei as the second nucleus or when the 1H-imidazo[4,5-b]pyrazine nucleus
      contains strong electron withdrawing substituents, the dyes are useful
      desensitizers and spectral sensitizers for fogged, direct-positive
      emulsions.
PAR  As used herein and in the appended claims, "desensitizing nuclei" refers to
      those nuclei which, when converted to a symmetrical carbocyanine dye and
      added to a gelatin silver chlorobromide emulsion containing 40 mole
      percent chloride and 60 mole percent bromide, at a concentration of from
      0.01 to 0.2 gram dye per mole of silver, cause, by electron trapping, at
      least an 80% loss in the blue speed of the emulsion when it is
      sensitometrically exposed and developed 3 minutes at 20.degree.C. in Kodak
      developer D-19. Preferably, the desensitizing nuclei are those which, when
      converted to a symmetrical carbocyanine dye and tested as just described,
      essentially completely desensitize the test emulsion to blue radiation.
      Substantially complete desensitization as used herein refers to nuclei
      which, when tested as described above, result in at least about a 90%, and
      preferably more than a 95%, loss of speed to blue radiation.
      Nitro-substituted heterocyclic nuclei of the type used in cyanine dyes are
      typical desensitizing nuclei.
PAR  In another embodiment of the invention, photographic emulsions are provided
      which comprise at least one merocyanine dye wherein said dye comprises two
      nuclei joined together through an acyclic methine group which is part of a
      polyene chain containing an equal number of alternating single and double
      bonds, one of the terminal atoms of the polyene chain being the 2-carbon
      atoms of a 1H-imidazo[4,5-b]pyrazine nucleus, and the other terminal
      carbon atom of the polyene chain being in a second heterocyclic ring and
      attached to an extracyclic carbonylic oxygen atom.
PAR  In a further embodiment of this invention, photographic emulsions are
      provided which comprise at least one cyanine dye wherein said dye
      comprises two 1H-imidazo[4,5-b]pyrazine nuclei joined together through a
      polyene chain containing an equal number of alternating single and double
      bonds, the terminal carbon atoms of the polyene chain being the 2-carbon
      atoms, respectively, of the 1H-imidazo[4,5-b]pyrazine nuclei.
PAR  In still another embodiment, a photographic element is provided wherein at
      least one of the emulsion layers contain a dye having the
      1H-imidazo[4,5-b]pyrazine nucleus.
PAR  The new dyes of this invention include those represented by the following
      general formulas:
      ##SPC1##
PAL  and
      ##SPC2##
PAL  wherein n represents a positive integer of from 1 to 4, g represents a
      positive integer of from 1 to 2, d represents a positive integer of from 1
      to 3; R, R.sub.1, R.sub.3, R.sub.4 and R.sub.5 each represents a
      substituent independently selected from the group consisting of an alkyl
      group of from 1 to 12 carbon atoms, e.g., methyl, .gamma.-sulfopropyl,
      isopropyl, butyl, sec-butyl, .omega.-sulfobutyl, dodecyl,
      .beta.-hydroxyethyl, .gamma.-hydroxypropyl, .beta.-methoxyethyl,
      .beta.-eththoxyethyl, allyl, benzyl, .beta.-phenylethyl,
      .beta.-carboxyethyl, carboxymethyl, .gamma.-carboxypropyl,
      .beta.-acetoxyethyl, .gamma.-acetoxypropyl, carbomethoxymethyl,
      carboxyethoxyethyl, etc. and alkenyl substituents, preferably of 2 to 4
      carbon atoms such as allyl, 1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl
      and 3-butenyl, etc.; alkaryl substituents preferably of 7 to 12 carbon
      atoms such as benzyl and .beta.-phenylethyl; and, aryl substituents
      preferably of 6 to 20 carbon atoms, e.g., phenyl, naphthyl, anthryl,
      4-methoxyphenyl, p-tolyl, o-tolyl, 3,4-dichlorophenyl, 4-cyanophenyl etc.;
      R.sub.4 and R.sub.5 may also be hydrogen, a lower alkoxy group, halogen or
      a cyano group; X.sup.- represents an acid anion, e.g., chloride, bromide,
      iodide, thiocyanate, sulfamate, methyl sulfate, ethyl sulfate,
      perchlorate, p-toluenesulfonate, etc., Z represents the nonmetallic atoms
      required to complete a heterocyclic nucleus containing 5 or 6 atoms in the
      heterocyclic ring, which may also include, in addition to the hetero
      nitrogen atom, a second hetero atom such as an oxygen atom, a sulfur atom,
      a selenium atom, or a second nitrogen atom, such as the atoms required to
      complete a thiazole nucleus (e.g., thiazole, 4-methylthiazole,
      4-phenylthiazole, 5-methylthiazole, 5-phenylthiazole,
      4,5-dimethylthiazole, 4,5-diphenylthiazole, 4-(2-thienyl) thiazole, etc.);
      a benzothiazole nucleus (e.g., benzothiazole, 4-chlorobenzothiazole,
      5-chlorobenzothiazole, 6-chlorobenzothiazole, 7-chlorobenzothiazole,
      4-methylbenzothiazole, 5-methylbenzothiazole, 6-methylbenzothiazole,
      5-bromobenzothiazole, 6-bromobenzothiazole, 4-phenylbenzothiazole,
      5-phenylbenzothiazole, 4-methoxybenzothiazole, 5-methoxybenzothiazole,
      6-methoxybenzothiazole, 5-iodobenzothiazole, 6-iodobenzothiazole,
      4-ethoxybenzothiazole, 5-ethoxybenzothiazole, tetrahydrobenzothiazole,
      5,6-dimethoxybenzothiazole, 5,6-dioxymethylenebenzothiazole,
      5-hydroxybenzothiazole, 6-hydroxybenzothiazole, etc.); a naphthothiazole
      nucleus (e.g., .alpha.-naphthothiazole, .beta.-naphthothiazole,
      5-methoxy-.beta.-naphthothiazole, 5-ethoxy-.beta.-naphthothiazole,
      8-methoxy-.alpha.-naphthothiazole, etc.); a
      thianaphtheno-7',6',4,5-thiazole nucleus (e.g.,
      4'-methoxythianaphtheno-7',6',4,5-thiazole, etc.); an oxazole nucleus
      (e.g., 4-methyloxazole, 5-methyloxazole, 4-phenyloxazole,
      4,5-diphenyloxazole, 4-ethyloxazole, 4,5-dimethyloxazole, 5-phenyloxazole,
      etc.); a benzoxazole nucleus (e.g., benzoxazole, 5-chlorobenzoxazole,
      5-methylbenzoxazole, 5-phenylbenzoxazole, 6-methylbenzoxazole,
      5,6-dimethylbenzoxazole, 4,6-dimethylbenzoxazole,  5-methoxybenzoxazole,
      5-ethoxybenzoxazole, 6-chlorobenzoxazole, 6-methoxybenzoxazole,
      5-hydroxybenzoxazole, 6-hydroxybenzoxazole, etc.); a naphthoxazole nucleus
      (e.g., .alpha.-naphthoxazole, .beta.-naphthoxazole, etc.); a selenazole
      nucleus (e.g., 4-methylselenazole, 4-phenylselenazole, etc.); a
      benzoselenazole nucleus (e.g., benzoselenazole, 5-chlorobenzoselenazole,
      5-methoxybenzoselenazole, 5-hydroxybenzoselenazole,
      tetrahydrobenzoselenazole, etc.); a naphthoselenazole nucleus (e.g.,
      .alpha.-naphthoselenazole, .beta.-naphthoselenazole, etc.); a thiazoline
      nucleus (e.g., thiazoline, 4-methylthiazoline, etc.); a 2-quinoline
      nucleus (e.g., quinoline, 3-methylquinoline, 5-methylquinoline,
      7-methylquinoline, 8-methylquinoline, 6-chloroquinoline,
      8-chloroquinoline, 6-methoxyquinoline, 6-ethoxyquinoline,
      6-hydroxyquinoline, 8-hydroxyquinoline, etc.); a 4-quinoline nucleus
      (e.g., quinoline, 6-methoxyquinoline, 7-methylquinoline,
      8-methylquinoline, etc.); a 1-isoquinoline nucleus (e.g., isoquinoline,
      3,4-dihydroisoquinoline, etc.); a 3-isoquinoline nucleus (e.g.,
      isoquinoline, etc.); a 3,3-dialkylindolenine nucleus (e.g.,
      3,3-dimethylindolenine, 3,3,5-trimethylindolenine,
      3,3,7-trimethylindolenine, etc.), a 2-pyridine nucleus (e.g., pyridine,
      3-methylpyridine, 4-methylpyridine, 5-methylpyridine,
      3,4-dimethylpyridine, 4-chloropyridine, 3-hydroxypyridine,
      3-phenylpyridine, etc.); a 4-pyridine nucleus (e.g., 2-methylpyridine,
      3-methylpyridine, 3-chloropyridine, 2,6-dimethylpyridine,
      3-hydroxypyridine, etc.); a 1-alkylimidazole nucleus (e.g.,
      1-methylimidazole, 1-ethyl-4-phenylimidazole,
      1-butyl-4,5-dimethylimidazole, etc.); a 1-alkylbenzimidazole nucleus
      (e.g., 1-methylbenzimidazole, 1-butyl-4-methylbenzimidazole,
      1-ethyl-5,6-dichlorobenzimidazole, etc.); and, a 1-alkylnaphthimidazole
      nucleus (e.g., 1-ethyl-.alpha.-naphthimidazole,
      1-methyl-.beta.-naphthimidazole etc.); and, Q represents the nonmetallic
      atoms required to complete a alicyclic nucleus such as, for example,
      indanedione, cyclopentane, cyclohexane, etc. or a 5 to 6 membered
      heterocyclic nucleus, typically containing a hetero atom selected from
      nitrogen, sulfur, selenium, and oxygen, such as a 2-pyrazolin-5-one
      nucleus (e.g., 3-methyl-1-phenyl-2-pyrazolin-5-one,
      1-phenyl-2-pyrazolin-5-one,
      1-(2-benzothiazolyl)-3-methyl-2-pyrazolin-5-one, etc.); an isoxazolone
      nucleus (e.g., 3-phenyl-5(4H)-isoxazolone, 3-methyl-5-(4H)-isoxazolone,
      etc.); an oxindole nucleus (e.g., 1-alkyl-2,3-dihydro-2-oxindoles etc.), a
      2,4,6-triketohexahydropyrimidine nucleus (e.g., barbituric acid or
      2-thiobarbituric acid as well as their 1-alkyl (e.g., 1-methyl, 1-ethyl,
      1-propyl, 1-heptyl, etc.) or 1,3-dialkyl (e.g., 1,3-dimethyl, 1,3-diethyl,
      1,3-dipropyl, 1,3-diisopropyl, 1,3-dicyclohexyl,
      1,3-di(.beta.-methoxyethyl), etc., or 1,3-diaryl (e.g., 1,3-diphenyl,
      1,3-di(p-chlorophenyl), 1,3-di(p-ethoxycarbonylphenyl), etc.), or 1-aryl
      (e.g., 1-phenyl, 1-p-chlorophenyl, 1-p-ethoxycarbonylphenyl), etc.) or
      1-alkyl-3-aryl (e.g., 1-ethyl-3-phenyl, 1-n-heptyl-3-phenyl, etc.)
      derivatives); a rhodanine nucleus (i.e., 2-thio-2,4-thiazolidinedione
      series (such as rhodanine, 3-alkylrhodanines (e.g., 3-ethylrhodanine,
      3-allylrhodanine, etc.), 3-carboxyalkylrhodanines (e.g.,
      3-(2-carboxyethyl)rhodanine, 3-(4-carboxybutyl)rhodanine, etc.),
      3-sulfoalkylrhodanines (e.g., 3-(2-sulfoethyl)rhodanine,
      3-(3-sulfopropyl)rhodanine, 3-(4-sulfobutyl)rhodanine, etc.), or
      3-arylrhodanines (e.g., 3-phenylrhodanine, etc.), etc.; a
      2(3H)imidazo[1,2-a]pyridone nucleus; a
      5,7-dioxo-6,7-dihydro-5-thiazolo[3,2-a]pyrimidine nucleus (e.g.,
      5,7-dioxo-3-phenyl-6,7-dihydro-5-thiazole[3,2-a]pyrimidine, etc.); a
      2-thio-2,4-oxazolidinedione nucleus (i.e., those of the
      2-thio-2,4-(3H,5H)-oxazoledione series) (e.g.,
      3-ethyl-2-thio-2,4-oxazolidinedione,
      3-(2-sulfoethyl)-2-thio-2,4-oxazolidinedione,
      3-(4-sulfobutyl)-2-thio-2,4-oxazolidine,
      3-(3-carboxypropyl)-2-thio-2,4-oxazolidinedione, etc.); a thianaphthenone
      nucleus (e.g., 3-(2H)-thianaphthenone, etc.); a
      2-thio-2,5-thiazolidinedione nucleus (i.e., the
      2-thio-2,5-(3H,4H)-thiazolidinedione series) (e.g.,
      3-ethyl-2-thio-2,5-thiazolidinedione, etc.); a 2,4-thiazolidinedione
      nucleus (e.g., 2,4-thiazolidinedione, 3-ethyl-2,4-thiazolidinedione,
      3-phenyl-2,4-thiazolidinedione, 3-.alpha.-naphthyl-2,4-thiazolidinedione,
      etc.); a thiazolidinone nucleus (e.g., 4-thiazolidinone,
      3-ethyl-4-thiazolidinone, 3-phenyl-4-thiazolidinone,
      3-.alpha.-naphthyl-4-thiazolidinone, etc.); a 2-thiazolin-4-one series
      (e.g., 2-ethylmercapto-2-thiazolin-4-one,
      2-alkylphenylamino-2-thiazolin-4-one, 2-diphenylamino-2-thiazolin-4-one,
      etc.); a 2-imino-4-oxazolidinone (i.e., pseudohydantoin) nucleus; a
      2,4-imidazolidinedione (hydantoin) series (e.g.., 2,4-imidazolidinedione,
      3-ethyl-2,4-imidazolidinedione, 3-phenyl-2,4-imidazolidinedione,
      3-.alpha.-naphthyl-2,4-imidazolidinedione,
      1,3-diethyl-2,4-imidazolidinedione,
      1-ethyl-3-phenyl-2,4-imidazolidinedione,
      1-ethyl-3-.alpha.-naphthyl-2,4-imidazolidinedione,
      1,3-diphenyl-2,4-imidazolidinedione, etc.); a
      2-thio-2,4-imidazolidinedione (i.e., 2-thiohydantoin) nucleus (e.g.,
      2-thio-2,4-imidazolidinedione, 3-ethyl-2-thio-2,4-imidazolidinedione,
      3-(4-sulfobutyl)-2-thio-2,4-imidazolidinedione,
      3-(2-carboxyethyl)-2-thio-2,4-imidazolidinedione,
      3-phenyl-2-thio-2,4-imidazolidinedione,
      3-.alpha.-naphthyl-2-thio-2,4-imidazolidinedione,
      1,3-diethyl-2-thio-2,4-imidazolidinedione,
      1-ethyl-3-phenyl-2-thio-2,4-imidazolidinedione,
      1-ethyl-3-.alpha.-naphthyl-2-thio-2,4-imidazolidinedione,
      1,3-diphenyl-2-thio-2,4-imidazolidinedione, etc.); a 2-imidazolin-5-one
      nucleus (e.g., 2-propylmercapto-2-imidazolin-5-one, etc.), etc.
      (especially useful are nuclei wherein Q represents a heterocyclic nucleus
      containing 5 atoms in the heterocyclic ring, 3 of said atoms being carbon
      atoms, 1 of said atoms being a nitrogen atoms, and 1 of said atoms being
      selected from the group consisting of a nitrogen atom, an oxygen atom, and
      a sulfur atom).
PAR  Many of the above defined dye compounds containing desensitizing nuclei are
      powerful desensitizers for light-sensitive photographic silver halide
      emulsions and may be used when desensitization by means of dyes is
      required. The dyes absorb strongly and sharply, and their colors are
      uniform and deep. A number of them are bleachable dyes in filter layers or
      backing layers in photographic elements. The dye compounds can also be
      used as biological stains. Many of the above defined dye compounds without
      desensitizing nuclei are excellent sensitizers for negative silver halide
      emulsions.
PAR  Combinations of these novel dyes with themselves and with other sensitizing
      dyes may, of course, be used.
PAR  In accordance with the invention, we prepare the dye compounds defined, by
      the above Formulas I, II and III from 1H-imidazo[4,5-b]pyrazine nucleus
      salt intermediates represented by the formula:
      ##SPC3##
PAL  wherein R, R.sub.1, R.sub.4, R.sub.5 and X.sup.- are as previously defined
      and R.sub.2 represents a member selected from an alkyl group of from 1 to
      4 carbon atoms, e.g., methyl, ethyl, propyl, butyl, secbutyl, etc. In
      general, our dyes are produced by heating a mixture of quaternary salt of
      above Formula IV with the appropriate intermediate. The reaction mixtures
      are advantageously heated in any of the suitable solvents used in dye
      snythesis including solvents such as ethanol, propanol, dioxane, pyridine,
      quinoline, and the like, at temperatures up to the reflux temperature of
      the mixture. Advantageously, the reaction is carried out in the presence
      of a basic condensing agent such as pyridine or other amines, e.g.,
      trimethylamine, triethylamine, tri-n-propylamine, tri-n-butylamine,
      N-methylpiperidine, N-ethylpiperidine, N,N,-dimethylaniline,
      N,N,-diethylaniline, etc.
PAR  The symmetrical cyanine dyes of Formula I are prepared to advantage by
      heating a mixture of a compound of Formula IV (in which R.sub.2 is methyl)
      with diethoxymethyl acetate (forms carbocyanine), trimethoxypropene (forms
      dicarbocyanine), 1-anilino-5-phenylimino-1,3-pentadiene hydrochloride
      (forms tricarbocyanine), etc., preferably in a solvent and in the presence
      of a basic condensing agent such as mentioned above.
PAR  The unsymmetrical cyanine dyes of Formula II are prepared advantageously by
      heating a mixture of a compound of Formula IV with a compound of the
      formula:
      ##EQU1##
      wherein R.sub.3, X and Z are as previously defined, g and q each
      represents a positive integer of from 1 to 2, R.sub.6 represents an aryl
      group of from 6 to 20 carbon atoms, e.g., phenyl, naphthyl, etc., and
      R.sub.7 represents an alkyl group of from 1 to 12 carbon atoms. This
      preferably carried out in a suitable solvent and in the presence of a
      basic condensing agent.
PAR  Our merocyanine dyes of Formula III are made to advantage by heating a
      mixture of compound of Formula IV (in which R.sub.2 is methyl) with a
      compound of the formula:
      ##EQU2##
      wherein Q is as defined previously and p represents a positive integer of
      from 1 to 2 and R.sub.6 and R.sub.7 are as previously defined.
DETD
PAR  The following examples will serve to illustrate more fully the manner
      whereby we prepare the dyes and show their utility in photographic
      emulsions. Temperatures are given as degrees centigrade in each of the
      examples.
PAC  EXAMPLE 1
PAC  1,1',3,3',5,5',6,6'-Octaphenyl-1H-imidazo[4,5-b]pyrazinocarbocyanine
      perchlorate
      ##SPC4##
PAR  A mixture of 2-methyl-1,3,5,6-tetraphenyl-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate (2.44 g, 0.004 mole) and diethoxymethyl acetate (2.59
      g, 0.016 mole) is heated with stirring in pyridine (15 ml) at reflux for
      1.5 minutes. The mixture is then chilled and diluted to 350 ml by the slow
      addition of ether. The solid is collected by filtration, dissolved in hot
      methanol (200 ml) and treated with a hot aqueous solution of excess sodium
      perchlorate. The yield of dye after filtration is 2.1 g (71%). The yield
      after two recrystallizations from methanol is 0.3 g (15%), m.p. &gt;
      300.degree.C.
PAC  EXAMPLE 2
PAC  1,1',3,3'-Tetrakis(4-cyanophenyl)-5,5',6,6'-tetraphenyl-1H-imidazo[4,5-b]py
     razinocarbocyanine perchlorate
      ##SPC5##
PAR  1,3-bis(4-cyanophenyl)-2-methyl-5,6-diphenyl-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate (1.32 g, 0.002 mole) is slurried in pyridine and
      diethoxymethyl acetate (1.30 g, 0.008 mole) is added. The mixture is
      heated with stirring at reflux for 2 minutes, then cooled. Ether (400 ml)
      is added slowly causing a blue oil to separate. The ether is decanted from
      the oil and methanol (300 ml) is added. The solution is filtered and the
      filtrate is treated with a concentrated solution of sodium perchlorate
      (excess) The slurry is chilled and filtered to collect the solid dye.
      Yield 0.19 g (17%).
PAR  The dye is dissolved in hot acetonitrile (10 ml), and the solution is
      diluted while hot with ethyl alcohol. It is then chilled. The yield of
      purified dye is 0.10 g (9%), m.p. &gt; 310.degree.C.
PAC  EXAMPLE 3
PAC  1,1',3,3'-Tetrakis(4-methoxyphenyl)-5,5',6,6'-tetraphenyl-1H-imidazo[4,5-b]
     pyrazinocarbocyanine perchlorate
      ##SPC6##
PAR  1,3-bis(4-methoxyphenyl)-2-methyl-5,6-diphenyl-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate (2.71 g, 0.004 mole) is moistened with enough pyridine
      to make a thick slurry, to which diethoxymethyl acetate (2.59 g, 0.016
      mole) is added. The mixture is heated at reflux for 2 minutes, then
      chilled. Ether is added to separate the dye as a blue oil. The ether is
      decanted and the oil is dissolved in hot methanol. The solution is treated
      with a warm aqueous solution of sodium perchlorate (excess). After
      cooling, the solid is filtered off, stirred in 500 ml hot ethyl alcohol,
      filtered again and the filtrate chilled. The solid dye is filtered off and
      then dried. Yield 1.33 g (60%). The dye is recrystallized again from 400
      ml ethyl alcohol plus 4 ml triethylamine. After still another
      recrystallization from methanol, the yield of pure dye is 0.10 g (4.5%),
      m.p. 354.degree.-355.degree.C (dec.).
PAC  EXAMPLE 4
PAC  1,1',3,3'-Tetraethyl-5,5',6,6'-tetraphenyl-1H-imidazo[4,5-b]pyrazinocarbocy
     anine perchlorate
      ##SPC7##
PAR  1,3-diethyl-2-methyl-5,6-diphenyl-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate (2.06 g, 0.004 mole) is slurried in pyridine.
      Diethoxymethyl acetate (2.59 g, 0.016 mole) is added and the mixture is
      heated at reflux for 2 minutes, then chilled. Ether (500 ml) is added
      which causes the dye to separate as an oil. The ether is decanted and the
      oil taken up in methanol, treated with aqueous solution of sodium
      perchlorate and chilled. The solid is filtered off, suspended in 200 ml
      boiling ethyl alcohol and filtered hot. After chilling, the solid dye
      which precipitates is filtered off and dried. Yield 0.26 g. The dye is
      recrystallized again from ethyl alcohol plus 1.5 ml triethylamine. Yield
      0.24 g (15%), m.p. 259.degree.-260.degree.C (dec.).
PAC  EXAMPLE 5
PAC  1,1',3,3'-Tetraethyl-5,5',6,6'-tetramethyl-1H-imidazo[4,5-b]pyrazinocarbocy
     anine perchlorate
      ##SPC8##
PAR  1,3-diethyl-2,5,6-trimethyl-1H-imidazo[4,5-b]pyrazinium p-toluenesulfonate
      (1.00 g, 0.0025 mole) is slurried in pyridine. Diethoxymethyl acetate
      (1.66 g, 0.0103 mole) is added and the mixture heated at reflux for 2
      minutes, then cooled and diluted with ether (400 ml). The solid is
      filtered off and dissolved in hot tetrahydrofuran. The solution is
      filtered to remove insoluble colorless crystals and the filtrate is
      evaporated to dryness. The residue is dissolved in methanol, treated with
      an aqueous solution of sodium perchlorate (excess) and the solid dye which
      precipitates is filtered off and dried. Yield 0.13 g (19%), m.p.
      272.degree.-273.degree.C (dec.).
PAC  EXAMPLE 6
PAC  1,1',3,3'-Tetramethyl-1H-imidazo[4,5-b]pyrazinocarbocyanine
      p-toluenesulfonate
      ##SPC9##
PAR  A mixture of 1,2,3-trimethyl-1H-imidazo[4,5-b]pyrazinium p-toluenesulfonate
      (3.34 g, 0.01 mole) and diethoxymethyl acetate (4.86 g, 0.03 mole) is
      dissolved in dimethylformamide (10 ml) containing acetic anhydride (10
      drops) and heated at gentle reflux for 3 minutes. The reaction mixture is
      chilled, diluted with ether (200 ml) and the solid which separates is
      filtered off and dried. The dye is recrystallized from ethyl alcohol.
      Yield 0.40 g (39%).
PAR  The following examples describe the preparation of unsymmetrical
      carbocyanines.
PAC  EXAMPLE 7
PAC  2-[2-(1-Methyl-2-phenyl-3-indolyl)vinyl]-1,3,5,6-tetraphenyl-1H-imidazo[4,5
     -b]pyrazinium bromide
      ##SPC10##
PAR  A mixture of 2-methyl-1,3,5,6-tetraphenyl-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate (1.53 g, 0.0025 mole) and
      3-formyl-1-methyl-2-phenylindole (0.58 g, 0.0025 mole) are suspended in
      acetic anhydride and heated at reflux for 1.5 minutes, then chilled and
      diluted to 350 ml volume by the slow addition of ether. The solid which
      separates is filtered off, dissolved in methanol, treated with an aqueous
      methanol solution of sodium bromide (excess). The solid dye is filtered
      off and recrystallized from methanol (300 ml). Yield 0.56 g (30%). The dye
      is recrystallized again from methanol (60 ml). Yield 0.37 g (20%), m.p. &gt;
      300.degree..
PAC  EXAMPLE 8
PAC  1,3-Bis(4-cyanophenyl)-2-[2-(1-methyl-2-phenyl-3-indolyl)vinyl]-5,6-dipheny
     l-1H-imidazo[4,5-b]pyrazinium perchlorate
      ##SPC11##
PAR  A mixture of
      1,3-bis(4-cyanophenyl)-2-methyl-5,6-diphenyl-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate (1.00 g, 0.0015 mole) and
      3-formyl-1-methyl-2-phenylindole (0.40 g, 0.0017 mole) is suspended in
      acetic anhydride (5 ml) and heated at reflux for 4 minutes. After being
      chilled, diluted with p-dioxane (10 ml) and filtered to remove colorless
      solid, the filtrate is diluted to 200 ml with ether and the crude solid
      dye is filtered off and dried. The yield of crude dye is 0.75 g. The dye
      is dissolved in methanol and treated with an aqueous solution of sodium
      perchlorate (excess). The dye which precipitates is filtered off. Yield
      0.29 g. It is purified once more by dissolving it in acetonitrile (10 ml)
      to which a trace of perchloric acid has been added, filtering the
      solution, and diluting the filtrate with ethyl alcohol (60 ml). A solution
      of sodium perchlorate (4 g) in methanol is added and the filtrate chilled.
      The solid dye is filtered off, washed with methanol and dried. The yield
      is 0.13 g (11%), m.p. &gt; 310.degree.C.
PAC  EXAMPLE 9
PAC  1,3-Bis(4-methoxyphenyl)-2-[2-(1-methyl-2-phenyl-3-indolyl)vinyl]-5,6-diphe
     nyl-1H-imidazo[4,5-b]pyrazinium perchlorate
      ##SPC12##
PAR  A mixture of
      1,3-bis(4-methoxyphenyl)-2-methyl-5,6-diphenyl-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate (2.20 g, 0.0033 mole) and
      3-formyl-1-methyl-2-phenylindole (0.77 g, 0.0033 mole) is suspended in
      acetic anhydride (13 ml) and heated at reflux for 2.5 minutes. After
      cooling, the mixture is diluted with ether (400 ml), the ether is decanted
      and the orange oil, which has separated, is dissolved in methanol, treated
      with sodium perchlorate (excess) in aqueous solution and chilled. The
      solid is filtered off and dried. Yield 2.07 g. It is suspended in 200 ml
      boiling ethyl alcohol containing 0.5 ml triethylamine and the suspension
      is chilled and filtered. Yield 1.31 g. This material is recrystallized
      from a tetrahydrofuran acetonitrile mixture. Yield 0.38 g (14%), m.p.
      339.degree.-341.degree.C dec.
PAC  EXAMPLE 10
PAC  1,3-Diethyl-2-[2-(1-methyl-2-phenyl-3-indolyl)vinyl]-5,6-diphenyl-1H-imidaz
     o[4,5-b]pyrazinium perchlorate
      ##SPC13##
PAR  A mixture of 1,3-diethyl-2-methyl-5,6-diphenyl-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate (2.00 g, 0.0039 mole) and
      3-formyl-1-methyl-2-phenylindole (0.91 g, 0.0039 mole) is suspended in
      acetic anhydride (11 ml) and heated at reflux for 2.5 minutes, then
      cooled. After diluting slowly to 400 ml volume with ether the
      semi-crystalline solid is filtered off, redissolved in methanol and
      treated with an aqueous solution of excess sodiumm perchlorate. The solid
      which separates is filtered off, washed with methanol and dried. The solid
      is suspended in ethyl alcohol (15 ml) to which 0.3 ml triethylamine has
      been added. This is heated to boiling, cooled, and filtered. The solid is
      washed with ethyl alcohol and dried. Yield 1.61 g. This material is
      recrystallized three more times from ethyl alcohol. The yield of pure dye
      is 0.33 g (13%), m.p. 265.degree.-267.degree.C dec. (melted at 173.degree.
      then resolidified).
PAC  EXAMPLE 11
PAC  1,3-Diethyl-5,6-dimethyl-2-[2-(1-methyl-2-phenyl-3-indolyl)vinyl]-1H-imidaz
     o[4,5-b]pyrazinium perchlorate
      ##SPC14##
PAR  A mixture of 1,3-diethyl-2,5,6-trimethyl-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate (0.51 g, 0.0013 mole) and
      3-formyl-1-methyl-2-phenylindole (0.32 g, 0.0013 mole) is suspended in 10
      ml acetic anhydride and the mixture is heated, with stirring, to reflux
      for 75 minutes. After cooling, it is diluted with ether to a 200 ml volume
      and chilled overnight. The ether is decanted ad the coil left behind is
      dissolved in methanol and treated with an aqueous solution of sodium
      perchlorate (excess). Water is added until precipitation begins. The solid
      is filtered off, washed with water and methanol and dried. Yield 0.21 g.
      This material is recrystallized from an acetonitrile-ethyl alcohol
      mixture. Yield 0.18 g (26%), m.p. 272.degree.-274.degree.C dec.
PAC  EXAMPLE 12
PAC  3'-Ethyl-1,3,5,5',6-pentaphenyl-1H-imidazo[4,5-b]pyrazinooxacarbocyanine
      p-toluenesulfonate
      ##SPC15##
PAR  2-methyl-1,3,5,6-tetraphenyl-1H-imidazo[4,5-b]pyrazinium p-toluenesulfonate
      (2.00 g, 0.0033 mole) is added to a solution of
      2-(2-anilinovinyl)-3-ethyl-5-phenylbenzoxazolium iodide (1.53 g, 0.0033
      mole) in a mixture of acetic anhydride (5 ml) and acetonitrile (5 ml),
      which has been heated to reflux then cooled to room temperature.
      Triethylamine (1.2 g) is added and a spontaneous exothermic dye forming
      reaction occurs which is allowed to proceed for 10 minutes. After
      chilling, the solid dye is filtered off, washed with acetonitrile and
      dried. A yield of 2.20 g of dye iodide is obtained. This material is
      suspended in methanol (25 ml), p-toluenesulfonic acid (1.00 g) and
      propylene oxide (1.00 g) are added and the mixture is refluxed for 22
      hours. It is stirred at room temperature for another 36 hours. The solid
      is filtered off, washed with methanol and dried. Yield 1.19 g (53%), m.p.
      295.degree.-296.degree.C dec.
PAC  EXAMPLE 13
PAC   3'-Ethyl-1,3-bis(4-methoxyphenyl)-5,5',6-triphenyl-1H-imidazo[4,5-b]pyrazi
     n
     ooxacarbocyanine-p-toluenesulfonate
      ##SPC16##
PAR  1,3-bis(4-methoxyphenyl-2-methyl-5,6-diphenyl-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate (2.22 g, 0.003 mole) is added to a solution of
      2-(2-anilinovinyl)-3-ethyl-5-phenylbenzoxazolium iodide in a solvent
      mixture of acetic anhydride (5 ml) and acetonitrile (5 ml) which has been
      heated to reflux then cooled to room temperature. Triethylamine (1.16 g)
      is added and the resulting exothermic dye forming reaction is allowed to
      proceed for 10 minutes, warmed briefly and chilled. The solid dye is
      filtered off, washed with acetonitrile and dried. The yield of dye is 2.37
      g. This material is suspended in methanol (25 ml) and then
      p-toluenesulfonic acid (1.5 g) and propylene oxide (1.5 g) are added. The
      mixture is refluxed 17 hours, chilled, filtered and the solid dye is
      dried. It is recrystallized from 1,4-dioxane (50 ml). Yield 0.17 g (7%),
      m.p. 258.degree.-259.degree.C dec.
PAC  EXAMPLE 14
PAC  1,3,3'-Triethyl-5,5',6-triphenyl-1H-imidazo[4,5 -b]pyrazinooxacarbocyanine
      chloride
      ##SPC17##
PAR  1,3-diethyl-2-methyl-5,6-diphenyl-1H-imidazo-[4,5-b]pyrazinium
      p-toluenesulfonate (2.00 g, 0.0039 mole) is added to a solution of
      2-(2-anilinovinyl)-3-ethyl-5-phenylbenzoxazolium iodide (1.82 g, 0.0039
      mole) in a solvent mixture of acetic anhydride (5 ml) and acetonitrile (7
      ml) which has been heated to boiling and then cooled. Triethylamine (1.4
      g) is added and the resulting exothermic dye forming reaction is allowed
      to proceed for 10 minutes, warmed briefly and then chilled. The solid dye
      is filtered off, washed with acetonitrile and dried. A yield of 2,61 g of
      dye is obtained. A 0.25 g portion of the dye iodide is dissolved in
      methanol and treated with an aqueous solution of sodium perchlorate
      (excess) and chilled. The solid dye is filtered off and dried. Yield 0.21
      g of dye perchlorate. This material is suspended in methanol (50 ml) and
      Amberlite IRA-400 anion exchange resin, Cl.sup.-, is added and the mixture
      is stirred and warmed for 3 hours. The resin is filtered off, washed with
      methanol and the filtrate concentrated to dryness. The residue is
      dissolved in 50% aqueous ethyl alcohol, heated to boiling and cooled.
      After filtration the filtrate is concentrated to a small volume and more
      water is added. The solid dye is filtered off and dried. Yield 0.10 g (40%
      overall yield based on theoretical iodide to chloride conversion), m.p.
      262.degree.-263.degree.C dec.
PAC  EXAMPLE 15
PAC  1,3,3'-Triethyl-5,6-dimethyl-1H-imidazo[4,5-b]-pyrazinooxacarbocyanine
      perchlorate
      ##SPC18##
PAR  A mixture of 1,3-diethyl-2,5,6-trimethyl-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate (1.50 g, 0.0038 mole) and
      2-(2-acetanilidovinyl)-3-ethylbenzoxazolium iodide (1.67 g, 0.0038 mole)
      is suspended in acetonitrile and triethylamine (0.8 g) is then added. The
      mixture is warmed to 70.degree. then chilled and filtered. The solid dye
      is washed with acetonitrile and dried. The yield is 1.75 g. A 0.9 g
      portion is dissolved in methanol, treated with an aqueous solution of
      sodium perchlorate and the solid dye perchlorate filtered off, washed with
      methanol and dried. Yield 0.87 g. The dye is recrystallized from
      acetonitrile (25 ml) washed with ethyl alcohol and dried. Yield 0.71 g,
      (70% based on theoretical iodide to perchlorate conversion), m.p.
      283.degree.-284.degree..
PAC  EXAMPLE 16
PAC  3'-Ethyl-1,3-dimethyl-1H-imidazo[4,5-b]pyrazinooxacarbocyanine iodide
      ##SPC19##
PAR  A mixture of 1,2,3-trimethyl-1H-imidazo[4,5-b] pyrazinium
      p-toluenesulfonate (0.63 g, 0.0019 mole) and
      2-(2-acetanilidovinyl)-3-ethylbenzoxazolium iodide (0.82 g, 0.0019 mole)
      is suspended in acetonitrile (100 ml). Ethyl diisopropylamine (0.25 g) is
      added and the reaction mixture is refluxed 15 minutes and then cooled. The
      solution is poured into ether and stirred. The precipitate is filtered
      off, stirred in hot water and cooled, filtered again to obtain 0.87 g
      crude dye. After two recrystallizations from methanol, the yield of dye is
      0.12 g (14%), m.p. 274.degree.-275.degree.C.
PAC  EXAMPLE 17
PAC  1,3,3'-Triethyl-5,6-dimethyl-4',5'-benzo-1H-imidazo[4,5-b]pyrazinothiacarbo
     cyanine perchlorate
      ##SPC20##
PAR  1,3-diethyl-2,5,6-trimethyl-1H-imidazo[4,5-b]pyrazinium p-toluenesulfonate
      (1.50 g, 0.0038 mole) is added to a solution of
      2-(2-anilinovinyl)-1-ethylnaphtho[1,2-d]thiazolium p-toluenesulfonate
      (1.93 g, 0.0038 mole) in a solvent mixture of acetic anhydride (5ml) and
      acetonitrile (5ml) which has been heated to boiling and then cooled. An
      immediate, exothermic dye forming reaction occurs when triethylamine is
      added. The reaction is heated to 70.degree.-80.degree. briefly and then
      chilled. The dye is filtered off, washed with tetrahydrofuran and dried.
      The yield of crude dye is 2.41 g (92%). The yield of dye after
      recrystallization from acetonitrile (100 ml/g) is 54%, m.p.
      295.degree.-296.degree.C dec.
PAC  EXAMPLE 18
PAC  3'-Ethyl-1,3-dimethyl-4',5'-benzo-1H-imidazo[4,5-b]pyrazinothiacarbocyanine
      iodide
      ##SPC21##
PAR  A mixture of 1,2,3-trimethyl-1H-imidazo[4,5-b]pyrazinium p-toluenesulfonate
      (0.40 g, 0.0012 mole) and triethylamine (0.17 ml) is added to a suspension
      of 2-(2-anilinovinyl)-1-ethylnaphtho[1,2-d]thiazolium p-toluenesulfonate
      (0.60g, 0.0012 mole) and acetic anhydride (0.12 g) in pyridine (100 ml),
      the suspension having been first heated briefly. The rection mixture is
      refluxed 15 minutes then poured into an aqueous sodium iodide solution
      (14.6 g/800 ml H.sub.2 O). The dye is filtered off, washed with water and
      methanol and then dried. Yield 0.43 g. After two recrystallizations from
      ethyl alcohol the yield is 0.14 g (22%), m.p. 275.degree.-276.degree.C.
PAC  EXAMPLE 19
PAC  5,6-Dichloro-1,3-diethyl-1',3',5',6'-tetraphenylbenzimidazolo-1H-imidazo[4,
     5-b]pyrazinocarbocyanine perchlorate
      ##SPC22##
PAR  2-methyl-1,3,5,6-tetraphenyl-1H-imidazo[4,5-b]pyrazinium p-toluenesulfonate
      (2.00 g, 0.0033 mole)
      5,6-dichloro-1,3-diethyl-2-[(N-phenyl-p-toluenesulfonamido)]vinyl
      benzimidazolium iodide (2.11 g, 0.0033 mole) and ethyldiisopropyl amine
      (0.85 g) are added to pyridine (15 ml) and the mixture heated at reflux
      for 12 minutes. After cooling, the reaction mixture is filtered to remove
      some nearly colorless crystals and then diluted with ether (100 ml). The
      solid which precipitates is filtered off and extracted with hot
      tetrahydrofuran. The extracts are filtered an the filtrate evaporated to
      dryness. The residue is dissolved in methanol and treated with an aqueous
      solution of sodium perchlorate (5 g). The perchlorate which precipitates
      is filtered off and recrystallized twice from methanol. Yield 0.10 g (4%),
      m.p. 296.degree.-297.degree. dec.
PAC  EXAMPLE 20
PAC  1,3-Dimethyl-2-[2-(1-phenyl-3-idazolyl)vinyl]-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate
      ##SPC23##
PAR  A mixture of 1,2,3-trimethyl-1H-imidazo[4,5-b]pyrazinium p-toluenesulfonate
      (1.67 g, 0.050 mole) and 3-formyl-1-phenylindazole (1.11 g, 0.050 mole) is
      heated together in acetic anhydride (15 ml) at reflux for 30 minutes.
      After chilling, ether (500 ml) is added and the solid which separates is
      filtered off and dried. Yield 1.92 g, (72%). After recrystallization from
      water the yield of dye is 0.55 g (41%).
PAC  EXAMPLE 21
PAC  1',3'-Dimethyl-1,3,5,6-tetraphenyl-1H-imidazo[4,5-b]pyrazino-1H-imidazo[4,5
     -b]quinoxalinocyanine perchlorate
      ##SPC24##
PAR  A mixture of 2-methyl-1,3,5,6-tetraphenyl-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate (1.83 g, 0.003 mole) and
      2-hydroxyiminomethyl-1,3-dimethyl-1H-imidazo[4,5-b]quinoxalinium
      perchlorate (0.95 g, 0.003 mole) is heated in acetic anhydride (15 ml)
      with triethylamine (0.30 g, 0.003 mole) at reflux for 2 minutes and then
      chilled. Ether (150 ml) is added and the solid which separates is filtered
      off, washed with ether and dried. Yield 1.2 g (55%). After two
      recrystallizations from acetic acid the yield is 0.7 g (32%). The solid is
      suspended in refluxing benzene (200 ml.) and filtered while hot. Yield 0.6
      g (27%), m.p. 254.degree.-257.degree.C dec.
PAC  EXAMPLE 22
PAC  3'-Ethyl-6'-nitro-1,3,5,6-tetraphenyl-1H-imidazo[4,5-b]pyrazinothiacarbocya
     nine bromide
      ##SPC25##
PAR  A mixture of 2-methyl-1,3,5,6-tetraphenyl-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate (1.53 g, 0.0025 mole) and
      3-ethyl-2-formylmethylene-6-nitrobenzothiazoline (0.63 g, 0.0025 mole) is
      heated at reflux in acetic anhydride for 2 minutes and then chilled and
      diluted with ether (200 ml). The ether is decanted and the semi-solid
      residue is stirred with water (50 ml) and filtered. The yield of crude dye
      is 2.1 g. The crude dye is dissolved in hot methanol (75 ml) and the
      solution treated with an aqueous solution of excess sodium bromide. The
      dye is precipitated. It is filtered off, washed with methanol and dried.
      Yield 1.3 g (69%). The dye is recrystallized from methanol (400 ml). Yield
      0.8 g (43%), m.p. 241.degree.-244.degree.C dec.
PAC  EXAMPLE 23
PAC  1',3'-Diallyl-1,3,5,6-tetraphenyl-1H-imidazo[4,5-b]pyrazino-1H-imidazo[4,5-
     b]quinoxalinocarbocyanine perchlorate
      ##SPC26##
PAR  A mixture of 2-methyl-1,3,5,6-tetraphenyl-1H-imidazo[4,5-b]pyrazinium
      p-toluenesulfonate (1.41 g, 0.0023 mole) and
      1,3-diallyl-2-formylmethylene-2,3-dihydro-1H-imidazo[4,5-b]quinoxaline
      (0.67 g, 0.0023 mole) is heated in acetic anhydride (15 ml) for 2 minutes
      and then chilled. Ether (400 ml) is added and the solid which separates is
      filtered, washed with ether and then dried. It is dissolved in hot
      methanol (150 ml) and treated with an aqueous solution of excess sodium
      perchlorate. The precipitated dye is filtered off and dried. Yield 1.5 g
      (80%). After two recrystallizations from methanol, the yield is 0.75 g
      (40%), m.p. 273.degree.C dec. The following example illustrates the
      preparation of a merocyanine dye containing an imidazo[4,5-b]pyrazine
      nucleus.
PAC  EXAMPLE 24
PAC  3-Ethyl-5-[2-(2,3-dihydro-1,3-dimethyl-1H-imidazo[4,5-b]pyrazolylidene)ethy
     lidene]rhodanine
      ##SPC27##
PAR  1,2,3-trimethyl-1H-imidazo[4,5-b]pyrazinium-p-toluenesulfonate (0.37 g,
      0.0012 mole), 5-acetanilidomethylene-3-ethylrhodanine (0.40 g, 0.0012
      mole) and triethylamine (2.0 ml) are added in order to ethyl alcohol (100
      ml) and the resulting mixture is refluxed for ten minutes. After chilling,
      the crude solid dye is filtered off and dried. Yield 0.22 g. The dye is
      purified by dissolving it in a small amount of pyridine and recrystalized
      by the addition of ethyl alcohol. The yield after two such
      recrystallizations is 0.21 g (55%), m.p. 324.degree.-325.degree.C dec.
PAC  EXAMPLE 25
PAR  This example describes tests for acid-base sensitivity of the dyes of the
      invention. The sensitivity is determined in buffered solutions at pH 10.1
      and at pH 2.4. The spectrophotometric analyses are conducted in yellow
      light and the dye solutions are stored in the dark between tests.
      Approximate spectral half lives, t.sub.1/2, are given in Table 1. This
      example indicates that the dyes are useful as filter dyes since at high
      pH, such as those used in processing solutions, they could be decolorized.
TBL                Table 1                                                     
     ______________________________________                                    
     Dye       t.sub.1/2 at pH 10.1                                            
                                 t.sub.1/2 at pH 2.4                           
     ______________________________________                                    
     Example 7 1 hour            stable                                        
     Example 14                                                                
               8 days            stable                                        
     Example 3 2 weeks           stable                                        
     Example 13                                                                
               4 days            2 weeks                                       
     Example 4 very slightly sensitive                                         
                                 stable                                        
     Example 2 1 hour            2 weeks                                       
     Example 8 5 minutes         5 days                                        
     ______________________________________                                    
PAC  EXAMPLE 26
PAR  This example illustrates the use of the dyes of this invention as
      photobleachable image dyes.
PAR  The dye of Example 20 is dissolved in a chloroform solution of Geon 222
      polymer (B.F. Goodrich product; contains cyano groups but no carbonyl
      groups) and this solution is coated on Estar film base at thickness of
      0.008 inch.
PAR  Two strips are exposed for 21/2 minutes each to a General Electric Tungsten
      500 watt photospot at a distance of 20 inches through WRIA filter (to
      remove UV radiation of wavelengths less than 400 nm) and a positive
      imaging transparency. Both strips have a good recognizable image which is
      very light yellow in exposed areas and dark yellow in unexposed areas.
PAR  Strip 1 is kept in the dark for 13 days at the end of which time the strip
      shows no apparent change in contrast. Strip 2 is left exposed to ordinary
      room illumination. The image gradually fades and completely disappearas in
      45 minutes. The strip is uniform pale yellow with a green fluorescence
PAC  EXAMPLE 27
PAR  The dyes in Table 2 are tested in a 0.2 .mu.m sulfur- and gold-sensitized,
      cubic-grained gelatino-silver bromoiodide emulsion containing 2.5 mole
      percent iodide. The dyes are added to separate portions of the emulsion
      and the emulsion coated at 11 mg/dm.sup.2 on a cellulose acetate support.
      A sample of each coating is exposed to a tungsten light source in an
      Eastman 1B Sensitometer through a wedge spectrograph and through a
      continuous step wedge, using a Wratten 16 filter (minus blue). The
      coatings are developed in a Kodak Versamat roller transport processor for
      80 seconds at 23.degree.C in an Elonhydroquinone developer, fixed, washed
      and dried.
PA1  Control 1 - Undyed Emulsion
PA1  Control 2 - Emulsion with the dye
      3-carboxymethyl5-[(3-methyl-2-thiazolidinylidene)-1-methylethylidene]-rhod
     anine.
TBL                                    Table 2                                 
     __________________________________________________________________________
            Level                                                              
                 Relative                                                      
                      Relative                                                 
            .times. 10.sup.-.sup.4                                             
                 365  Minus                                                    
            moles/                                                             
                 Line Blue     Sensitizing                                     
                                      Sensitizing                              
     Dye    mole Ag                                                            
                 Speed                                                         
                      Speed                                                    
                           Fog max (nm)                                        
                                      Range (nm)                               
     __________________________________________________________________________
     Control 1                                                                 
            --   100  --   .06                                                 
     Control 2                                                                 
            6.0  214  100  .06 540                                             
     Example 5                                                                 
            6.0  229  631  .35 600    500-625                                  
     Example 15                                                                
            6.0  269  363  .32 555    480-590                                  
     Example 17                                                                
            6.0  246  631  .33 610    500-650                                  
     Example 11                                                                
            6.0   78  --   .06 --     --*                                      
     Control 1   100  --   .06                                                 
     Control 2        100  .08 540                                             
     Example 14                                                                
            6.0  246  151  .09 570    480-610                                  
     Example 13                                                                
            6.0  141  48   .08 565    490-610                                  
     Example 3                                                                 
            6.0  105  7.6  .20 640    600-660                                  
     Example 4                                                                 
            6.0  289  331  .30 610    500-660                                  
     Example 2                                                                 
            6.0  --   --   .23 --     --*                                      
     __________________________________________________________________________
      *No Spectral Response                                                    
PAC  EXAMPLE 28
PAR  The dyes in Table 3 are tested as those in Table 2 except that they are
      developed 8 minutes in Kodak Developer DK-50, fixed, washed and dried.
PAR  The controls are the same as for Table 2.
TBL                                    Table 3                                 
     __________________________________________________________________________
            Level                                                              
                 Relative                                                      
                      Relative                                                 
            .times. 10.sup.-.sup.4                                             
                 365  Minus                                                    
            moles/                                                             
                 Line Blue    Sensitizing                                      
                                     Sensitizing                               
     Dye    mole Ag                                                            
                 Speed                                                         
                      Speed                                                    
                           Fog                                                 
                              max (nm)                                         
                                     Range (nm)                                
     __________________________________________________________________________
     Control 1                                                                 
            --   100  --   .04                                                 
     Control 2                                                                 
            6.0  269  100  .04                                                 
                              540                                              
     Example 19                                                                
            6.0  302  372  .09                                                 
                              580    490-620                                   
     Example 1                                                                 
            6.0  10.2 --   .10                                                 
                              --     --*                                       
     Example 12                                                                
            6.0  282  186  .07                                                 
                              570    500-620                                   
     Example 9                                                                 
            6.0  58    7.8 .06                                                 
                              545    500-580                                   
     Example 10                                                                
            8.0  50    3.5 .07                                                 
                              515    490-560                                   
     __________________________________________________________________________
      *No Spectral Response?                                                   
PAC  EXAMPLE 29
PAR  The following dye is tested as a reversal sensitizer in a fogged direct
      positive emulsion. The emulsion is a 0.2 .mu.m cubic-grained
      gelatino-silver bromoiodide emulsion, which contains 2.5 mole percent
      iodide, and which is reduced and gold-fogged as in Example 3 of U.S. Pat.
      No. 3,501,307.
PAR  The dye is added to the emulsion at the concentration indicated and coated
      at 11.0 mg/dm.sup.2 on a cellulose acetate support. A sample of the
      coating is exposed to a tungsten light source in an Eastman 1B
      Sensitometer through a wedge spectrograph with a continuous step wedge,
      using no filter.
PAR  The coating is developed for 8 minutes in Kodak DK-50 developer, fixed,
      washed and dried. Table 4 lists the results.
TBL                                    Table 4                                 
     __________________________________________________________________________
            Level                                                              
            .times. 10.sup.-.sup.4                                             
                 Relative                                                      
                       Relative                                                
            moles/                                                             
                 365 Line                                                      
                       Clear    Sensitizing                                    
                                       Sensitizing                             
     Dye    mole Ag                                                            
                 Speed Speed                                                   
                            Fog max (nm)                                       
                                       Range (nm)                              
     __________________________________________________________________________
     Control 1                                                                 
            --   0.00  --   165 --     --                                      
     Control 2                                                                 
            8.0  100   100  136 550    460-610                                 
     Example 9                                                                 
            6.0  105   41    62 540    550-590                                 
     __________________________________________________________________________
     Control 1 -                                                               
              Undyed Emulsion (Average)                                        
     Control 2 -                                                               
              Emulsion plus 1,3-Diethyl-2-[2-(1-methyl-2-phenyl-3-indolyl)     
              vinyl]-1H-imidazo[4,5-b]quinoxalinium iodide.                    
PAR  The examples which follow illustrate the preparation of a number of
      intermediate compounds.
PAC  EXAMPLE 30-35
PAR  The 2-methyl-1H-imidazo[4,5-b]pyrazinium salts are prepared by reaction of
      a 1,2-bis(N-substituted amino) pyrazine of the formula
      ##SPC28##
PAL  with acetic anhydride (Ac.sub.2 O) in the presence of p-toluenesulfonic
      acid hydrate (PtSH.H.sub.2 O) with the R and Z substituents defined
      according to Table 5. Table 5 lists the reaction conditions and salts
      formed of the formula:
      ##SPC29##
TBL                                    Table 5                                 
     __________________________________________________________________________
     Example                                                                   
          Amount of                                                            
                Amount of                                                      
                      Amount of            Reflux                              
                                                 Crude                         
                                                     Recrystal.                
                                                           Recrystal.          
     No.  Reactant                                                             
                AC.sub.2 O                                                     
                      PtSH.sup.. H.sub.2 O                                     
                              R    Z       Time  Yield                         
                                                     Solvent                   
                                                           Yield mp            
     __________________________________________________________________________
     30   11.0 g                                                               
                50 ml 8.0 g  C.sub.6 H.sub.5                                   
                                C.sub.6 H.sub.5                                
                                           45 min.                             
                                                 13.0 g                        
                                                     EtOH 55%  280-281.degree. 
          (0.027 m)   (excess)                   (75%)         dec.            
     31   2.26 g                                                               
                20 ml 1.45 g C.sub.6 H.sub.5                                   
                                           few min.                            
                                                  2.8 g                        
                                                     MeCN 52%  300-305.degree. 
          (0.0049 m)  (0.0073 m)                 (87%)         dec.            
     32   6.50 g                                                               
                30 ml 4.08 g C.sub.6 H.sub.5                                   
                                           3 hr.*                              
                                                  8.8 g                        
                                                     MeCN,                     
                                                          --   293-294.degree. 
                                                               9               
          (0.0137 m)  (0.02 m)                   (96%)                         
                                                     ethyl     dec.            
                                                     alcohol                   
     33   6.24 g                                                               
                31 ml 4.70 g C.sub.6 H.sub.5                                   
                                C.sub.2 H.sub.5                                
                                           90 min.                             
                                                  8.0 g                        
                                                     Me.sub.2 CO,              
                                                          22%  217-219.degree. 
                                                               .               
          (0.020 m)   (0.024 m)                  (78%)                         
                                                     MeCN      dec.            
     34   5.96 g                                                               
                58 ml 5.83 g CH.sub.3                                          
                                C.sub.2 H.sub.5                                
                                           51/4  hr.***                        
                                                 10.3 g                        
                                                     --   --   167-169.degree. 
          (0.031 m)   (0.031 m)**                (86%)         dec.            
     35   6.9 g 30 ml 11 g   H  CH.sub.3   30 min.                             
                                                 13.4 g                        
                                                     i-PrOH                    
                                                          60%  --              
          (0.005 m)   (0.0055 m)                 (80%)                         
     __________________________________________________________________________
      *Product oiled out on addition of ether to the chilled reaction mixture. 
      With the addition of tetrahydrofuran the product solidifies.             
      **Only 0.2 g of PtSH.sup.. H.sub.2 O is added initially. After 11/4  hr  
      the remainder is added.                                                  
      ***Heating at 60.degree.C product precipitates with addition of 30 ml    
      tetrahydrofuran and 400 ml ether.                                        
PAC  EXAMPLE 36
PAR  The 1,2-bis(N-substituted amino) pyrazine compounds are prepared according
      to the following reaction scheme:
      ##SPC30##
PAL  The 1,2-dichloropyrazines (11) are obtained either by bromination of (8) to
      yield (9), followed by treatment with phosphoryl chloride or by nitration
      of (8) to yield (10), followed by treatment with phosphoryl chloride.
      Treatment of (11) with primary amines yields the 1,2-bis(N-substituted
      amino) pyrazines (12) which are ring closed with acetic anhydride in the
      presence of strong acid to complete the synthesis of the desired
      quaternary salts as described in Examples 30-35.
PAR  The following examples illustrate the preparation of intermediates which
      can be used to prepare dyes of Formulas I, II and III wherein R and
      R.sub.1 are different substituents. The methods of Examples 1, 12 and 24
      can be employed to form the dyes.
PAC  EXAMPLE 37
PAC  2-Chloro-3-ethylamino-5,6-diphenylpyrazine
      ##SPC31##
PAR  2,3-Dichloro-5,6-diphenylpyrazine (2.00 g, 0.0066 moles), is suspended in
      dimethylformamide (DMF) (12 ml) and treated with a solution of ethylamine
      (70% in water) (3.5 ml) in DMF (6ml) and the mixture is warmed at
      40.degree.-45.degree.C for 30 minutes then allowed to stand at room
      temperature for 6 hours. The solution is diluted with water (80 ml) and
      after standing overnight the solid is filtered off, washed with water and
      dissolved in hot ethyl alcohol, filtered, concentrated and cooled to yield
      1.19 g of greenish-yellow solid. m.p. 115.degree.-122.degree.. This
      material is recrystallized from an ethyl alcohol-hexane mixture, yield
      0.84 g, m.p. 121.degree.-125.degree.. Identity of the product is confirmed
      by infrared, nuclear magnetic resonance and mass spectra.
PAC  EXAMPLE 38
PAC  1-Ethyl-2-methyl-5,6-diphenyl-1H-imidazo[4,5-b]pyrazine
      ##SPC32##
PAR  2-Chloro-3-ethylamino-5,6-diphenylpyrazine, (3.10 g, 0.01 moles) is
      dissolved in benzene (50 ml) and then triethylamine (1.29 g, 0.013 moles)
      and acetyl chloride (1.00 g, 0.013 moles) are added. The solution is
      refluxed 41/2 hours, cooled to 15.degree.C and filtered. The filtrate is
      diluted with ethanol (3ml), warmed briefly at 50.degree.C and then all
      volatile materials evaporated. The resultant brown oil is treated with
      liquid ammonia (17 g) in ethanol (60 ml) in a bomb at 165.degree.C for 12
      hours. The solution is diluted with water (200 ml), cooled and the yellow
      precipitate filtered off. The solid is triturated with boiling 50% aqueous
      methanol, filtered, and the filtrate chilled. The product is collected by
      filtration. Yield 0.45 g (14%). It is recrystallized from benzene-heptane,
      m.p. 178.5.degree.-180.degree.C.
PAR  The identity of the product is confirmed by conversion of some of the
      product to the quaternary salt of Example 33 by treatment with ethyl
      p-toluenesulfonate. The alkylation by conventional methods with other
      alkylating agents such as propane sultone or chloroacetic acid yields the
      corresponding 3-sulfoalkyl or carboxymethyl analogs.
PAR  This invention has been described in detail with particular reference to
      certain preferred embodiments thereof, but it will be understood that
      variations and modifications can be effected within the spirit and scope
      of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A light-sensitive photographic silver halide emulsion containing a
      sensitizing dye selected from those having one of the following formulas:
      ##SPC33##
PAL  wherein n represents a positive integer of from 1 to 4; g represents a
      positive integer of from 1 to 2; d represents a positive integer of from 1
      to 3; R, R.sub.1, R.sub.3, R.sub.4 and R.sub.5 each represents a member
      selected from the group consisting of an alkyl, alkenyl, alkaryl and an
      aryl substituent; R.sub.4 and R.sub.5 also each represent in the
      alternative a member selected from the group consisting of hydrogen and
      alkoxy; X.sup.- represents an acid anion; Z represents the nonmetallic
      atoms required to complete a sensitizing heterocyclic nucleus of the type
      used in cyanine dyes containing from 5 to 6 atoms in the heterocyclic ring
      and Q represents the nonmetallic atoms required to complete a sensitizing
      heterocyclic nucleus of the type used in merocyanine dyes containing from
      5 to 6 atoms in the heterocyclic ring.
NUM  2.
PAR  2. A light-sensitive photographic element comprising a support having
      coated thereon at least one layer of the photographic emulsion of claim 1.
NUM  3.
PAR  3. A light-sensitive photographic silver halide emulsion containing a
      sensitizing dye of the following formula:
      ##SPC34##
PAL  wherein n represents a positive integer of from 1 to 4; R, R.sub.1, R.sub.4
      and R.sub.5 each represents a member selected from the group consisting of
      an alkyl, alkenyl, alkaryl and an aryl substituent; R.sub.4 and R.sub.5
      can also each represent hydrogen; and X.sup.- represents an acid anion.
NUM  4.
PAR  4. A light-sensitive photographic silver halide emulsion containing a
      sensitizing dye of the following formula:
      ##SPC35##
PAL  wherein n represents a positive integer of from 1 to 4; g represents a
      positive integer of from 1 to 2; R, R.sub.1, R.sub.3, R.sub.4 and R.sub.5
      each represents a member selected from the group consisting of an alkyl,
      alkenyl, alkaryl and an aryl substituent; R.sub.4 and R.sub.5 can also
      each represent hydrogen; X.sup.- represents an acid anion; and Z
      represents the non-metallic atoms required to complete a sensitizing
      heterocyclic nucleus of the type used in cyanine dyes containing from 5 to
      6 atoms in the heterocyclic ring.
NUM  5.
PAR  5. An emulsion according to claim 4 wherein Z is selected from the group
      consisting of a thiazole, benzothiazole, naphthothiazole, oxazole,
      benzoxazole, naphthoxazole, selenazole, benzoselenazole,
      naphthoselenazole, thiazoline, quinoline and a pyridine nucleus.
NUM  6.
PAR  6. A light-sensitive photographic silver halide emulsion containing a
      sensitizing dye of the following formula:
      ##SPC36##
PAL  wherein d represents a positive integer of from 1 to 3; R, R.sub.1,
      R.sub.4, and R.sub.5 each represents a member selected from the group
      consisting of an alkyl, alkenyl, alkaryl and an aryl substituent; R.sub.4
      and R.sub.5 can also each represent hydrogen; and Q represents the
      non-metallic atoms required to complete a sensitizing heterocyclic nucleus
      of the type used in merocyanine dyes containing from 5 to 6 atoms in the
      heterocyclic ring.
NUM  7.
PAR  7. An emulsion according to claim 6 wherein Q represents a heterocyclic
      nucleus containing 5 atoms in the heterocyclic ring, 3 of said atoms being
      carbon atoms, 1 of said atoms being a nitrogen atom and 1 of said atoms
      being selected from the group consisting of a nitrogen atom, an oxygen
      atom and a sulfur atom.
NUM  8.
PAR  8. A light-sensitive photographic silver halide emulsion containing a
      sensitizing dye selected from the group consisting of
      1,1',3,3'-tetraethyl-5,5',6,6'-tetraphenyl-1H-imidazo[4,5-b]pyrazinocarboc
     yanine perchlorate,
      1,1',3,3'-tetraethyl-5,5',6,6'-tetramethyl-1H-imidazo[4,5-b]pyrazinocarboc
     yanine perchlorate,
      1,3,3'-triethyl-5,5',6-triphenyl-1H-imidazo[4,5-b]pyrazinooxacarbocyanine
      chloride,
      1,3,3'-triethyl-5,6-dimethyl-1H-imidazo[4,5-b]pyrazinooxacarbocyanine
      perchlorate and
      1,3,3'-triethyl-5,6-dimethyl-4',5'-benzo-1H-imidazo[4,5-b]pyrazinothiacarb
     ocyanine perchlorate.
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ABST
PAL  A heat-sensitive recording composition comprising a normally colorless or
      pale-colored chromogenic substance, a phenolic substance capable of
      developing the color of said chromogenic substance at an elevated
      temperature, and a water-soluble binder is not water resistant, but when
      incorporated with a compound having 2 to 10 1,2-epoxy ring structures
      ##EQU1##
      in one molecule as a hardner for said binder, the composition is rendered
      highly water resistant. Further, a coating liquid containing the said
      composition is prevented from coloration, and a recording sheet prepared
      by coating the said coating liquid on a support is prevented from
      coloration in texture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a heat-sensitive recording composition and a
      recording sheet prepared by use of said composition. More particularly,
      the invention pertains to a heat-sensitive recording composition
      comprising a normally colorless or pale-colored chromogenic substance, a
      phenolic substance capable of developing the color of said chromogenic
      substance at an elevated temperature, and a water-soluble binder,
      characterized by containing as a hardener for said binder a compound
      having 2 to 10 1,2-epoxy ring structures in one molecule, and to a
      recording sheet prepared by use of said composition.
PAR  Heretofore, the fact that a chromogenic substance such as Crystal Violet
      Lactone, for example, reacts with a phenolic substance to form a color has
      been well known according to O. Fischer and F. Romer: Berichte der
      Deutschen Chemishen Gesellschaft, Vol. 42, pages 2934 - 2936 (1909).
      Further, applications of the above-mentioned reaction to heat-sensitive
      recording sheets have also been well known according to, for example,
      Japanese patent publication No. 14,039/70.
PAR  The heat-sensitive recording sheet of the present invention, in which are
      used a normally colorless of pale-colored chromogenic substance and a
      phenolic substance, is prepared by individually dispersing fine particles
      of the above-mentioned two substances in an aqueous medium containing a
      binder, mixing the resulting dispersions with each other, adding to the
      mixed dispersion a compound having 2 to 10 1,2-epoxy ring structures, and
      coating the resulting composition on a support, followed by drying.
PAR  As a binder for use in a heat-sensitive recording composition comprising
      the above-mentioned chromogenic substance and phenolic substance, there
      may be shown polyvinyl alcohol, methyl cellulose, hydroxyethyl cellulose,
      gum arabic, gelatin, styrene-maleic anhydride copolymer or acrylic resin.
      However, a heat-sensitive recording sheet prepared by coating the said
      composition by use of the above-mentioned water-soluble binder has no
      water resistance at all, and when water is spilt or dropped on the
      recording sheet, the surface coating is undesirably flowed away or
      stained. Accordingly, it is necessary to harden the coating layer to make
      the recording sheet water-resistant.
PAR  As crosslinking hardeners for the above-mentioned water-soluble binders,
      there have been known formalin, glyoxal, chromium alumn and
      melamine-formalin resin. These hardeners, however, have such drawbacks
      that they crosslink during preparation of coating liquids, thereby
      agglomerating the coating liquids to make them uncoatable, they have
      little hardening effects, and they bring about marked coloration in
      texture of recording sheets.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a compound having 2 to 10 1,2-epoxy
      ring structures
      ##EQU2##
      in one molecule is added to a heat-sensitive recording composition
      comprising a somewhat pale-colored chromogenic substance, a phenolic
      substance and a binder, whereby the aforesaid drawbacks of the prior art
      are overcome to make it possible to obtain a heat-sensitive recording
      sheet excellent in water resistance.
PAR  That is, when a compound having 2 to 10 1,2-epoxy ring structures in one
      molecule is used as the hardener, the coating liquid becomes so stable as
      to cause no agglomeration or viscosity increase even when allowed to stand
      for one day and is scarcely colored. When the coating liquid is coated on
      a support and dried, the resulting coating shows a high water resistance
      and is not peeled off or stained even when wetted with water and then
      rubbed with a finger. Further, the degree of coloration in texture of the
      recording sheet can be made lower by addition of the above-mentioned
      compound having epoxy ring structures. Thus, the said compound has a great
      effect on the prevention of the recording sheet from coloration in texture
      as well.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Typical examples of the compound having 2 to 10 1,2-epoxy ring structures
      in one molecule are as shown below, though these are not limitative.
      ##EQU3##
      ##SPC1##
      ##SPC2##
      ##SPC3##
PAR  The above-mentioned compound, i.e., hardener, is used in an amount within
      the range from 0.1 to 30 % by weight, preferably from 0.5 to 20 % by
      weight, based on the weight of the water-soluble binder.
PAR  Typical examples of the normally colorless or somewhat pale-colored
      substance used in the present invention are as shown below, though these
      are not limitative.
PA1  Crystal Violet Lactone
PA1  Malachite Green Lactone
PA1  3,3-Bis(p-dimethylaminophenyl)-6-aminophthalide
PA1  3,3-Bis(p-dimethylaminophenyl)-6-p-(toluenesulfonamide)phthalide
PA1  3-Diethylamino-7-dibenzylaminofluoran
PA1  3-Diethylamino-7-(N-methylanilino)fluoran
PA1  3-Diethylamino-7-(N-methyl-p-toluidino)fluoran
PA1  3-Dimethylamino-6-methoxyfluoran
PA1  3-Diethylamino-7-chlorofluoran
PA1  3-Diethylamino-6-methyl-7-chlorofluoran
PA1  3-Dibutylamino-6-methyl-7-chlorofluoran
PA1  3-Diethylamino-7-phenylfluoran
PA1  3-Morpholino-5,6-benzofluoran
PA1  6'-Chloro-8'-methoxyindolino-benzospiropyran
PAR  The phenolic substance used in the present invention is a compound which
      liquefies or vaporizes above at normal temperature, preferably above
      70.degree.C., and reacts with the aforesaid chromogenic compound to
      develop the color of the chromogenic compound. Typical examples of the
      phenolic substance are as shown below, though these are not limitative.
PA1  4,4'-Isopropylidene diphenol
PA1  4,4'-Isopropylidenebis(2-chlorophenol)
PA1  4,4'-Isopropylidenebis(2-tert-butylphenol)
PA1  4,4'-sec-Butylidenediphenol
PA1  p,p'-(1-Methyl-n-hexylidene)diphenol
PA1  4-Phenylphenol
PA1  4-Hydroxydiphenoxide
PA1  Methyl-4-hydroxybenzoate
PA1  Phenyl-4-hydroxybenzoate
PA1  4-Hydroxyacetophenone.
PA1  Salicylanilide
PA1  Novolak type phenol resin
PA1  Halogenated novolak type phenol resin
PA1  .alpha.-Naphthol
PA1  .beta.-Naphthol
PAR  Among these, the phenolic substances having at least 2 hydroxy groups in
      one molecule display particularly prominent effects. It is also possible
      to lower the coloration temperature of the recording sheet by using a
      mixture of 2 or more of the phenolic substances.
PAR  The binder used in the present invention is such a binder as mentioned
      previously which is ordinarily used in combination with the
      above-mentioned chromogenic substance and phenolic substance. Preferably,
      however, the binder is used in combination with hydroxyethyl cellulose and
      a styrene-maleic anhydride copolymer.
PAR  In the present invention, the normally colorless or pale-colored
      chromogenic substance, the phenolic substance, etc. are dispersed in the
      above-mentioned binder. In this case, the substances to be dispersed are
      desirably pulverized as far as possible by means of a pulverizer such as a
      ball mill or the like so as to have a particle size of less than several
      microns. If necessary, the pulverization may be carried out in the
      presence of defoaming agent, dispersing agent and the like active agent.
      At the time of preparation of a coating liquid of the heat-sensitive
      recording composition, a filler such as talc, clay or starch may be added
      in order to enhance the whiteness of the recording paper or to prevent the
      coating from adherence to thermal head at the time of thermal recording,
      or a surface active agent or the like may be added in order to enhance the
      coatability of the coating liquid. Further, a wax or the like may be
      incorporated into the dispersion in order to minimize such pressure
      coloration that the recording sheet is colored due to scratch, abrasion or
      pressure to stain the texture thereof.
PAR  The support used in the present invention is ordinarily a paper.
      Alternatively, however, a synthetic resin film or a sheet of woven cloth
      may also be used.
PAR  The present invention is illustrated in more detail below with reference to
      examples.
TBL                Example 1                                                   
     ______________________________________                                    
     Liquid A:                                                                 
     ______________________________________                                    
     Crystal Violet Lactone                                                    
                          1 g.                                                 
     20 % Aqueous styrene-maleic                                               
     anhydride copolymer solution                                              
     (trade name "Malon MS"                                                    
     produced by Daido Kogyo K.K.)                                             
                          1 g.                                                 
     Water                4 g.                                                 
     Liquid B:                                                                 
     ______________________________________                                    
     4,4'-Isopropylidene diphenol                                              
                          6 g.                                                 
     20 % Aqueous styrene-maleic                                               
     anhydride copolymer solution                                              
                          6 g.                                                 
     Water                24 g.                                                
     ______________________________________                                    
PAR  The above-mentioned liquids A and B were individually pulverized in a ball
      mill for 2 days, and then mixed with each other. The mixed liquid was
      sufficiently mixed with 0.7 cc. of a 10 % aqueous solution of
      1,2-bis(2,3-epoxypropoxy) ethane [the compound (7) (m=2)] to form a
      heat-sensitive coating liquid. This coating liquid was coated on an
      ordinary paper having a basis weight of 50 g/m.sup.2, so that the amount
      of the coated liquid after drying became about 3 g/m.sup.2, to obtain a
      heat-sensitive recording sheet.
PAR  For comparison, heat-sensitive recording sheets were prepared in the same
      manner as above, except that any of the hardeners shown in Table 1 was
      used in place of the 1,2-bis(2,3-epoxypropoxy)ethane.
PAR  Properties of these heat-sensitive recording sheets were as set forth in
      Table 1.
PAR  As is clear from Table 1, the coating liquid containing potassium alum or
      chromium alumn is so agglomerated as not to be coatable, and the coating
      liquid containing formalin, glyoxal or no hardener cannot form a
      water-resistant coating. In contrast to this, the coating liquid
      containing 1,2-bis(2,3-epoxypropoxy)ethane is not agglomerated and can
      give a coating which is sufficiently high in water resistance and is not
      stained or peeled off even when wetted with water and then rubbed with a
      finger. Further, the texture of the recording sheet containing the said
      compound according to the present invention is whiter than that of a
      recording sheet containing no hardener, and thus the above-mentioned
      compound is high in effect of preventing the coloration in texture of the
      recording sheet, as well.
TBL                                    Table 1                                 
     __________________________________________________________________________
                      Agglomeration                                            
                              Water Texture                                    
     Hardener         of coating                                               
                              resistance                                       
                                    coloration                                 
                                           Remarks                             
                      liquid                                                   
     __________________________________________________________________________
     1 No hardener used                                                        
                      None    Low   More or less                               
                                           Control                             
     2 1,2-Bis(2,3-epoxypropoxy)           Present                             
       ethane         None    High  None   invention                           
     3 Formalin       None    Low   More or less                               
                                           Control                             
     4 Glyoxal        None    Low   Marked "                                   
     5 Chromium alum  Observed                                                 
                              Untestable                                       
                                    untestable                                 
                                           "                                   
     6 Potassium alum "       "     "      "                                   
     7 Melamine-formalin resin                                                 
       (trade name "Sumirez Resin                                              
       613" produced by Sumitomo                                               
                      More or Low   Marked "                                   
       Kagaku Kogyo K.K.)                                                      
                      less                                                     
     8 Polyethylene oxide (trade                                               
       name "Alkox E-30" produced                                              
       by Meisei Kagaku K.K.)                                                  
                      None    Medium                                           
                                    Marked "                                   
     9 Alkylketone dimer (trade                                                
       name "Newpel No. 2000"                                                  
       produced by Arakawa                                                     
       Rinsan K.K.)   None    Low   Marked "                                   
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  A heat-sensitive recording sheet was prepared in the same manner as in
      Example 1, except that polyvinyl alcohol (trade name "Gosenol NH-20"
      produced by Nippon Gosei Kagaku K.K.) was used in place of the
      styrene-maleic anhydride copolymer and .beta.-(2,3-epoxypropoxy)ethyl
      ether [the compound (8) (m=2)] was used in place of the
      1,2-bis(3,4-epoxypropoxy)ethane. This recording sheet was also high in
      water resistance and less in texture coloration.
PAC  EXAMPLE 3
PAR  A heat-sensitive recording sheet was prepared in the same manner as in
      Example 1, except that 3-ethylamino-7-chlorofluoran was used in place of
      the Crystal Violet Lactone, hydroxyethyl cellulose (trade name "HEC BL-15"
      produced by Fuji Chemical K.K.) was used in place of the styrene-maleic
      anhydride copolymer, and 1,4-bis(2,3-epoxypropoxy)butane [the compound (7)
      (m=4)] was used in place of the 1,2-bis(2,3-epoxypropoxy)ethane. This
      recording sheet was high in water resistance and less in texture
      coloration, and thus was an excellent red color-developing recording
      sheet.
TBL                Example 4                                                   
     ______________________________________                                    
     Liquid A:                                                                 
     ______________________________________                                    
     3-Diethylamino-7-(N-methyl-                                               
     p-toluidino)fluoran  1 g.                                                 
     5 % Aqueous hydroxyethyl                                                  
     cellulose solution   4 g.                                                 
     20 % Aqueous styrene-maleic                                               
     anhydride solution   3.75 g.                                              
     Water                2.2 g.                                               
     Liquid B:                                                                 
     ______________________________________                                    
     4,4'-Isopropylidene diphenol                                              
                          5 g.                                                 
     5 % Aqueous hydroxyethyl                                                  
     cellulose solution   20 g.                                                
     20 % Aqueous styrene-maleic                                               
     anhydride copolymer solution                                              
                          18.75 g.                                             
     Water                11 g.                                                
     ______________________________________                                    
PAR  The above-mentioned liquids A and B were individually pulverized in the
      same manner as in Example 1 and then mixed with each other. The mixed
      liquid was sufficiently mixed with 20 g. of a 50 % flour starch
      dispersion, 5 g. of a 20 % wax emulsion (trade name "Repol No. 50"
      produced by Daikyo Kagaku K.K.) and 14 g. of a 10 % aqueous
      p-bis(1,2-epoxyethyl) benzene [the compound (5)] as a hardener to form a
      heat-sensitive coating liquid. This coating liquid was coated on an
      ordinary paper having a basis weight of 50 g/m.sup.2, so that the amount
      of the coated liquid after drying became about 5.5 g/m.sup.2, to obtain a
      heat-sensitive recording sheet. This recording sheet was sufficiently high
      in water resistance, and the coating formed thereon was not peeled off
      even when wetted with water and then rubbed with a finger. Further, the
      recording sheet was extremely less in texture coloration and thus was high
      in effect of prevention of texture coloration, and gave a brilliant green
      image.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a heat-sensitive recording composition comprising a normally
      colorless or somewhat pale-colored chromogenic substance, a phenolic
      substance capable of developing the color of said chromogenic substance at
      an elevated temperature, and a water-soluble binder, the improvement
      wherein a compound having 2 to 10 1,2-epoxy ring structures
      ##EQU4##
      is added as a hardener to the composition.
NUM  2.
PAR  2. A composition according to claim 1, wherein the compound having epoxy
      ring structures is selected from the group consisting of:
      ##EQU5##
      ##SPC4##
      ##EQU6##
      ##SPC5##
      ##EQU7##
      ##SPC6##
      ##EQU8##
NUM  3.
PAR  3. A composition according to claim 1, wherein the amount of the hardener
      is 0.1 to 30 % by weight based on the weight of the water-soluble binder.
NUM  4.
PAR  4. A composition according to claim 1, wherein the amount of the hardener
      is 0.5 to 20 % by weight based on the weight of the water-soluble binder.
NUM  5.
PAR  5. A composition according to claim 1, wherein the phenolic substance has
      at least two hydroxy groups in one molecule.
NUM  6.
PAR  6. A heat-sensitive recording sheet which comprises a support and, coated
      thereon, the heat-sensitive recording composition defined in claim 1.
NUM  7.
PAR  7. A heat-sensitive recording sheet according to claim 6, wherein the
      compound having epoxy ring structures is selected from the group
      consisting of:
      ##EQU9##
      ##SPC7##
      ##EQU10##
      ##SPC8##
      ##EQU11##
      ##SPC9##
      ##EQU12##
NUM  8.
PAR  8. A heat-sensitive recording sheet according to claim 6, wherein the
      amount of the hardener is 0.5 to 30 % by weight based on the weight of the
      water-soluble binder.
NUM  9.
PAR  9. A heat-sensitive recording sheet according to claim 6, wherein the
      amount of the hardener is 0.5 to 20 % by weight based on the weight of the
      water-soluble binder.
NUM  10.
PAR  10. A heat-sensitive recording sheet according to claim 6, wherein the
      phenolic substance has at least two hydroxy groups in one molecule.
NUM  11.
PAR  11. A composition according to claim 1, wherein the water-soluble binder is
      selected from the group consisting of polyvinyl alcohol, methyl cellulose,
      hydroxyethyl cellulose, gum arabic, gelatin, styrene-maleic anhydride
      copolymer and acrylic resin.
NUM  12.
PAR  12. A composition according to claim 11, wherein the amount of the hardener
      is 0.1 to 30% by weight based on the weight of the water-soluble binder.
NUM  13.
PAR  13. A composition according to claim 11, wherein the water soluble binder
      is hydroxyethyl cellulose.
NUM  14.
PAR  14. A composition according to claim 11, wherein the water soluble binder
      is styrene-maleic anhydride copolymer.
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LREP
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ABST
PAL  A hydraulic composition comprising 100 parts by weight of a hydraulic
      substance and 0.01 - 5 parts by weight of a sulfosuccinic acid derivative,
      which latter compound is obtained by the addition reaction of a compound
      selected from the group consisting of maleic acid, fumaric acid citraconic
      acid, mesaconic acid and the monoalkali metal salts, dialkali metal salts,
      alkaline earth metal salts, monoammonium salts and diammonium salts of
      these acids, with a compound selected from the group consisting of
      sulfurous acid, alkali metal sulphites, alkaline earth metal sulphites,
      ammonium sulphite, alkali metal hydrogen sulphites, alkaline earth metal
      hydrogen sulphites and ammonium hydrogen sulphite.
BSUM
PAR  This invention relates to a hydraulic composition which not only can
      provide mortar or concrete of good workability by the addition of a
      relatively small amount of water but also makes possible the development
      of high strength after the cure of the mortar or concrete is completed.
PAR  As this type of hydraulic composition, that obtained by the admixture with
      the hydraulic substance of such additives as a polyalkylarylsulfonate or
      the lignosulfonate obtained from the sulfite pulp process, etc., has been
      known and is used with preference in many areas. However, these additives
      were not entirely satisfactory since the desired results were not
      developed by the use of these additives in small amounts and that, on the
      other hand, their use in excess results in the entrainment of an excessive
      amount of air in the mortar or concrete, retardation of the cure thereof,
      or an undesirable decline in the strength of the hardened product.
PAR  The object of the present invention is to provide an improved hydraulic
      composition by the discovery of a new additive not possessing the
      aforementioned shortcomings.
PAR  I found that a sulfosuccinic acid derivative obtained by the addition
      reaction of a compound selected from the group consisting of maleic acid
      ##EQU1##
      fumaric acid
      ##EQU2##
      citraconic acid
      ##EQU3##
      mesaconic acid
      ##EQU4##
      and the monoalkali metal salts, dialkali metal salts, alkaline earth metal
      salts, monoammonium salts and diammonium salts of these acids, with a
      compound selected from the group consisting of sulfurous acid, alkali
      metal sulphites, alkaline earth metal sulphites, ammonium sulphite, alkali
      metal hydrogen sulphites, alkaline earth metal hydrogen sulphites and
      ammonium hydrogen sulphite was an additive that could achieve the object
      of the present invention. Accordingly, there is provided in accordance
      with the present invention a novel hydraulic composition that consists of
      a hydraulic substance in which has been incorporated this additive.
PAR  Hydraulic substance, as used herein, denotes in accordance with the usual
      definition a substance which has the property of setting up a hydration
      reaction and hardening when mixed with water. As typical examples of
      hydraulic substances, included are portland cement, alumina cement, blast
      furnace slag and mixtures of quicklime and siliceous sand.
PAR  On the other hand, as specific examples of the aforementioned sulfosuccinic
      acid derivatives, mention can be made of sulfosuccinic acid and
      sulfomethylsuccinic acid as well as the salts of the alkali metals, such
      as sodium and potassium, the salts of the alkaline earth metals, such as
      magnesium and calcium, and the ammonium salts, of these compounds.
PAR  These sulfosuccinic acid derivatives are effective even when used in
      smaller amounts than in the case of the conventional additives. Moreover,
      even when these sulfosuccinic acid derivatives are used in relatively
      large amounts, there is no manifestation of any objectionable side effects
      amount - such as a decline in strength but, instead, they possess the
      excellent property of enhancing the effects that are had by their
      addition. Hence, no particular restrictions are imposed as regards the
      proportion in which these sulfosuccinic acid derivatives are admixed with
      the hydraulic substance in this invention. However, for usual purposes,
      the sulfosuccinic acid derivatives are suitably used in an amount of 0.01
      -  5 parts by weight, and especially 0.05 - 1.0 part by weight, per 100
      parts by weight of the hydraulic substance.
PAR  The hydraulic composition of this invention consisting of the hydraulic
      substance incorporated with the aforesaid sulfosuccinic acid derivatives
      excels not only in its workability when it is to be mixed with water but
      also when the resulting mortar or concrete is to be used. In addition, it
      is possible to impart the hardened mortar or concrete with a high degree
      of strength at an early stage. It is not known by what mechanism these
      effects are brought about in the hydraulic composition of this invention.
      However, it is presumed, in all liklihood, that this is ascribable to the
      fact that since the aforesaid sulfosuccinic acid derivatives are highly
      soluble in water, the solubility of the hydrated alumina or siliceous
      substance present at the surface of the particles of the hydraulic
      substance is increased, with the consequence that the hydration reaction
      is enhanced.
PAR  Needless to say, the invention hydraulic composition can contain the other
      known additives such, for example, as curing accelerators, retarders,
      waterproofing agents, shrinkage reducing agents, etc., in conjunction with
      the foregoing sulfosuccinic acid derivatives.
PAR  The following examples will now be given for specifically illustrating the
      invention.
DETD
PAC  EXAMPLE 1
PAR  Eight parts by weight of sodium hydroxide and 9.8 parts by weight of maleic
      anhydride are added to 100 parts by weight of water to obtain a
      homogeneous solution of disodium maleate. On addition of 10.4 parts by
      weight of sodium bisulfite to the foregoing solution and stirring, the
      reaction proceeds exothermically. After the evolution of heat has settled
      down, the stirring is continued for a further 3 hours at 60.degree.C. A
      rotary evaporator is then used and the water is removed from the reaction
      mixture to obtain 26.4 parts by weight of a white powder of trisodium
      sulfosuccinate.
PAR  A concrete test was conducted for determining the properties of the so
      obtained powder when used as a concrete additive. The results obtained are
      shown in Table 1.
PAR  The composition of the concrete used in the test was as follows: 300 parts
      by weight of portland cement, as coarse aggregate 1200 parts by weight of
      river gravel (heat loss = 0.1% by weight) of maximum particle diameter of
      25 millimeters, and as fine aggregate either 760 parts by weight of river
      gravel (heat loss = 0.3% by weight) of maximum particle diameter of 2.5
      millimeters (ratio of fine aggregate = 38.8%) when the additive was used
      or 800 parts by weight of the same river gravel (ratio of fine aggretate =
      40%) when the additive was not used.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Additive                                                                  
                   Amount added                                                
                            Water-  Amount                                     
                                        Compressive strength                   
                   based on cement                                             
                            cement                                             
                                Slump                                          
                                    of air                                     
                                        (Kg/cm.sup.2)                          
     Experiment                                                                
           Class   (%)      ratio                                              
                                (cm)                                           
                                    (%) 7 days                                 
                                             28 days                           
     __________________________________________________________________________
     Invention                                                                 
           trisodium                                                           
           sulfosuccinate                                                      
                    0.125   0.45                                               
                                6.5 1.6 256  359                               
     do.   do.     0.25     0.45                                               
                                7.8 1.8 262  369                               
     do.   do.     0.5      0.45                                               
                                7.5 1.7 274  374                               
     Control                                                                   
           commercial                                                          
           lignosulfonic                                                       
           type additive                                                       
                   0.25     0.45                                               
                                7.1 4.1 264  361                               
     do.   not added                                                           
                   --       0.53                                               
                                6.5 1.4 218  322                               
     __________________________________________________________________________
      Note.                                                                    
      The slump, amount of air and compressive strength were measured in       
      accordance with the JIS Methods A1101, A1116 and A1108, respectively.    
PAR  It can be seen from the results presented in Table 1 that the results
      obtained when the trisodium sulfosuccinate of the invention was added were
      comparable, if not superior, to the instance where the commercial
      lignosulfonic acid type additive was added, not to mention the instance
      where no addition was made.
PAC  EXAMPLE 2
PAR  The reaction is operated exactly as in Example 1 but using 11.2 parts by
      weight of citraconic acid anhydride instead of maleic anhydride to
      synthesize 27.8 parts by weight of trisodium sulfomethhylsuccinate. A
      concrete test was conducted for ascertaining the properties of the so
      obtained sulfosuccinate when used as a concrete additive. The results
      obtained are shown in Table 2. The composition of the concrete was the
      same as that of Example 1.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Additive                                                                  
                      Amount added                                             
                               Water-  Amount                                  
                                           Compressive strength                
                      based on cement                                          
                               cement                                          
                                   Slump                                       
                                       of air                                  
                                           (Kg/cm.sup.2)                       
     Experiment                                                                
           Class      (%)      ratio                                           
                                   (cm)                                        
                                       (%) 7 days                              
                                                28 days                        
     __________________________________________________________________________
     Invention                                                                 
           trisodium                                                           
           sulfomethylsuccinate                                                
                       0.125   0.45                                            
                                   6.7 1.6 254  360                            
     do.   do.        0.25     0.45                                            
                                   7.1 1.8 257  366                            
     do.   do.        0.5      0.45                                            
                                   7.6 2.0 279  381                            
     Control                                                                   
           commercial                                                          
           lignosulfonic                                                       
           acid type                                                           
           additive   0.25     0.45                                            
                                   6.7 4.2 257  350                            
     do.   not added  --       0.53                                            
                                   6.5 1.6 208  305                            
     __________________________________________________________________________
PAR  It can be seen from Table 2 that the trisodium sulfomethylsuccinate of the
      present invention demonstrates exceedingly good performance when used as a
      water reducing agent.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulic composition comprising 100 parts by weight of a hydraulic
      substance and 0.01 - 5 parts by weight of a sulfosuccinic acid derivative,
      which latter compound is obtained by the addition reaction of a compound
      selected from the group consisting of maleic acid, fumaric acid,
      citraconic acid, mesaconic acid and the monoalkali metal salts, dialkali
      metal salts, alkaline earth metal salts, monoammonium salts and diammonium
      salts of these acids, with the compound selected from the group consisting
      of sulfurous acid, alkali metal sulphites, alkaline earth metal sulphites,
      ammonium sulphite, alkali metal hydrogen sulphites, alkaline earth metal
      hydrogen sulphites and ammonium hydrogen sulphite.
NUM  2.
PAR  2. The composition of claim 1 wherein said hydraulic substance is portland
      cement.
NUM  3.
PAR  3. The composition of claim 1 wherein said sulfosuccinic acid derivative is
      trisodium sulfosuccinate or trisodium sulfomethylsuccinate.
NUM  4.
PAR  4. The composition of claim 1 wherein said sulfosuccinic acid derivative is
      trisodium sulfosuccinate.
NUM  5.
PAR  5. The composition of claim 1 wherein said sulfosuccinic acid derivative is
      trisodium sulfomethylsuccinate.
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ABST
PAL  A coating material for buildings which renders them water repellent,
      consisting of cement and/or lime, fillers and water, which contains as a
      hydrophobing additive 0.1 - 3% by weight, calculated on dry substance, of
      one or more water soluble esters of sacharose with fatty acids having
      preferably a chain length of 10-20 carbon atoms.
BSUM
PAR  The present invention relates to a coating material for buildings which
      renders them water repellent.
PAR  It is known that buildings can be made water repellent or hydrophobic by
      coatings of lime or cement and by plaster when it has an addition of
      powdery silicones or salts of fatty acids, e.g. zinc stearate. As a
      result, buildings coated with the materials containing the above mentioned
      hydrophobing agents will prevent rain from seeping through, and protect
      the walls below.
PAR  The coating materials made with powdery hydrophobing additives have the
      disadvantage that they cannot be properly wetted when mixed with water. As
      a consequence, a smaller amount of hydrophobing agent will have to be used
      than would be required for making the coating sufficiently water
      repellent. Another drawback of the additives is that the coating materials
      for buildings become more difficult to process.
PAR  It is an object of the present invention to provide a coating material for
      buildings containing a hydrophobing agent which will not detract from the
      workability of the coating agents and which will yet impart to the
      coatings a high degree of water repellence after application to the
      building.
PAR  According to the invention, such a protective coating for buildings
      consists of cement and/or lime, fillers and water, containing from 0.1- 3%
      by weight, preferably 0.2- 2% by weight, calculated on the dry substance,
      of at least one water-soluble ester of sacharose and fatty acids.
PAR  The hydrophobing agents according to the invention do not detract in the
      least from the processing properties of the coating materials for
      buildings. Since they are soluble in water, the wettability of the
      components of the coating by water is not impaired. However, when the
      coating material has been applied and set, the additives will cause a
      considerable degree of hydrophobing so that the seeping of water into the
      walls of the building is completely prevented.
PAR  In principle, all water-soluble esters of fatty acids with sacharose are
      useful. More particularly, the fatty acids should have a chain length of
      10-20 C-atoms. The following formula expresses the structure of the
      additives:
      ##SPC1##
PAR  Alternatively, the radical R can also be bonded to the other two CH.sub.2
      O-- groups.
EQU  R = C.sub.9-19 H.sub.19-39 CO
PAR  As a rule, the mono-, di-, and triesters or their mixtures are used. In the
      di- and triesters, the other CH.sub.2 OH groups in the above formula are
      esterified with fatty acids. Examples for the acid components are the
      following:
PAR  Capric acid, lauric acid, myristic acid, stearic acid, palmitic acid,
      arachic acid, oleic acid, linoleic acid, and mixtures thereof. Both
      saturated and unsaturated acids are important. Preferably, the acids used
      have 16- 18 carbon atoms.
PAR  One way of preparing the esters consists of reesterification of, e.g. fatty
      acid methyl ester, with sacharose. The products are mostly of powdery
      consistence.
PAR  Examples of coating materials for buildings, which may use the additives,
      are cement and/or lime-containing plasters, particularly high-grade
      plasters, mortars, priming materials and caulking slurries. Those
      materials consist of cement and/or lime, fillers and water, and if
      desired, many other additives. From these components (with the exception
      of water) a homogeneous mixture is prepared by known procedures. The
      mixture can be stored. Water is only added a short time before use of the
      coating material, for instance at the building site.
PAR  The ordinary coating materials for buildings contain for instance;
PA1  One part by weight of cement and/or lime;
PA1  1-12 parts by weight of filler, and
PA1  10-50 parts by weight of water, calculated on the dry substances.
PAR  For preparing plasters the following formulation may be used, which serves
      as a guide line:
PA1  1 part by weight of lime and/or cement;
PA1  3-12 parts by weight of fillers, grain size 0.7-7 mm
PA1  10-30 % by weight of water, calculated on dry substance.
PAR  Priming materials consist mostly of
PA1  1 part by weight of cement and/or lime
PA1  1-5 parts by weight of fillers of a grain size 0.01-2 mm and
PA1  15-40 % by weight of water calculated on dry substance.
PAR  Mortars and caulking slurries may have, for instance, the following
      composition:
PA1  1 part by weight cement and/or lime
PA1  2-5 parts by weight fillers, grain size 0.01-7 mm, and 10-50% of water.
PAR  These formulations are given for guidance; to them may be added
      hydrophobing additives in the quantities above indicated without impairing
      the processing properties.
PAR  Lime and cement may be taken in the usual qualities, e.g., white cement,
      Portland cement, blast furnace cement, alumina melt cement, hydrated lime,
      e.g. white lime or dolomite lime, carbide lime, highly hydraulic lime
      and/or mixtures of these.
PAR  As fillers we may use any weather-proof material, e.g. stone materials,
      quartz sand, Kaolin, calcium carbonate or calcium carbonate powder,
      dolomite, feldspar, barium sulfate, light spar, chalk, and/or highly
      dispersed silica, of varying grain size (for instance 0.07-7 mm). As
      additives we may use e.g. titanium dioxide, zinc oxide and/or zinc sulfide
      in amounts up to 15 % by weight.
PAR  Frequently, leveling additives are added to the coating materials for
      buildings such as hydroxycarboxylic acids, lignin sulfonates, melamin
      resin sulfonates.
PAR  In many cases, casein in amounts of 0.2-5% by weight, calculated on dry
      substance, is added to the coating materials to achieve self-leveling
      properties.
PAR  Other auxiliaries, particularly for water retention, are watersoluble
      cellulose ethers, e.g. methyl cellulose or starch ether, or polyvinyl
      alcohols in amounts of 0.01- 0.5% by weight calculated on the dry
      substance of the coating material for buildings. Also, anionic or
      non-anionic wetting agents, such as polyphosphates, naphthalene
      sulfonates, ammonium and sodium acrylic acid salts, or mixtures thereof.
PAR  Other frequent additives are redispersible synthetic powders in quantities
      of 0.1- 5% by weight, calculated on the dry substance, or synthetics in
      the form of aqueous dispersions to provide a good adhesion of the coating
      to the substrate. Examples of such synthetic powders or dispersions are
      vinyl acetate homo or copolymers, e.g. ethylene vinylacetate copolymers,
      butadiene styrene copolymers, acrylic ester homo or copolymers, or
      mixtures thereof. These polymers often contain silanol groups in the
      polymer structure in order to improve their adhesive power.
PAR  Further additives are:
PA1  Foam-preventing agents, e.g. silicone oils,
PA1  Alcohols and hydrocarbons in amounts of 0.1-0.5% by weight
PA1  Fungicides, such as phenol or cresol derivatives, mercury-or tin organic
      compounds in amounts of 0.01-2% by weight
PA1  Dyes, such as organic or inorganic colored pigments, and anti-freezes, such
      as methanol and glycol in amounts of 1-5% by weight.
DETD
PAC  EXAMPLE I
PAR  A lime cement plaster is made according to the following formulation:
PA1  37.00 kg quartz sand grain 0.2 to 3.5 mm
PA1  38.00 " quartz sand 0.2- 0.7 mm
PA1  25.00 " quarts sand 0.1- 0.4 mm
PA1  8.00 " quartz powder below 40 .mu. particle size
PA1  2.00 " Kaolin with particle size ca. 2 .mu.
PA1  4.00 " titanium dioxide (rutile)
PA1  4.00 " white cement
PA1  8.00 " calcium hydroxide
PA1  0.02 " methylcellulose
PA1  3.00 " redispersible polyvinylacetate copolymer powder base
      ethylenevinylacetate, as well as various amounts of
PA2  a. sacharose monopalmitate
PA2  b. sacharose distearate
PA2  c. zinc stearate
PA2  d. powdered silicone building protective agent
PAL  The plasters are made into a paste with about 20 liters of water until they
      have a processable consistence, and the time needed is measured. At this
      time, the wetting properties are evaluated. Subsequently, the plasters are
      applied to a pre-wetted porous concrete plate and their processing
      properties are evaluated. After 3 days of aging, the following tests are
      made for establishing the water repellent properties of the plaster:
PAC  Water drop test
PAR  A drop of water of 2 cc is applied to the plaster, which is in horizontal
      position, and the time is measured until a dark zone is formed around the
      drop (1 mm water rim) which indicates wetting of the plaster. The time
      until the water was absorbed is likewise recorded.
PAC  Absorption test
PAR  The plaster is placed in vertical position and small elbow shaped test
      tubes are glued thereto; the length of the tubes is about 15 cm, the
      diameter 1 cm. After three hours, the quantity of water absorbed by the
      plaster is determined. The results are shown in Table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Sacharose                                                                 
           % in                                                                
     monopalmi-                                                                
           Form-                                                               
               0  0.5                                                          
                     0.75                                                      
                        1  2                                                   
     tate  ula                                                                 
     Sacharose                                                                 
           "                                                                   
     distearate               0.5                                              
                                 0.75                                          
                                    1  2                                       
     Zinc  "                              0.5                                  
                                             0.75                              
                                                 1  2                          
     stearate                                                                  
     Silicone                                                                  
           "                                           0.5                     
                                                          0.75                 
                                                              1  2             
     powder                                                                    
     Stirring  6  5  5  5  5  5  5  5  5  5  6   6  7  5  7   7  10            
     time in -Minutes                                                          
     Wetting   good                                                            
                  good                                                         
                     very                                                      
                        very                                                   
                           very                                                
                              good                                             
                                 very                                          
                                    very                                       
                                       very                                    
                                          good                                 
                                             accept-                           
                                                 bad                           
                                                    bad                        
                                                       good                    
                                                          accept-              
                                                              bad              
                                                                 bad           
                     good                                                      
                        good                                                   
                           good  good                                          
                                    good                                       
                                       good  able         able                 
     Workability                                                               
               me-                                                             
                  good                                                         
                     very                                                      
                        good                                                   
                           me-                                                 
                              good                                             
                                 very                                          
                                    very  me-                                  
                                             bad bad                           
                                                    bad                        
                                                       bad                     
                                                          bad bad              
                                                                 bad           
     on Possibil-                                                              
               dium  good  dium  good                                          
                                    good                                       
                                       good                                    
                                          dium                                 
     ity to make                                                               
     porous                                                                    
     on gas con-                                                               
     crete                                                                     
     foamed                                                                    
     concrete                                                                  
     Water drop                                                                
               1  15 15 15 25 15 15 15 27 1  4   4  25 4  5   5  5             
     test run                                                                  
     after                                                                     
     minutes                                                                   
     Time for  25 90 240                                                       
                        330                                                    
                           360                                                 
                              100                                              
                                 120                                           
                                    150                                        
                                       300                                     
                                          25 37  39 40 70 80  80 80            
     absorbing                                                                 
     in minutes                                                                
     Water     &gt;5 1,8                                                          
                     1,4                                                       
                        0,4                                                    
                           0,4                                                 
                              3,2                                              
                                 2,2                                           
                                    1,8                                        
                                       0,8                                     
                                          &gt;5 &gt;5  5  4,1                        
                                                       4,3                     
                                                          4   3,7              
                                                                 0,7           
     absorption                                                                
     with test                                                                 
     tube in cc                                                                
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  A priming material is made according to the following formulation:
PA1  55.0 kg quartz powder, grain size 150 .mu.
PA1  5.0 kg limestone powder, grain size up to a maximum of 60 .mu.
PA1  36.0 kg Portland cement 350.degree.F
PA1  4.0 kg casein
PA1  35.0 kg water
PAR  To this priming material, we add 0, 0.5, 0.75, 1 and 2% of a sacharose
      trioleate. The priming material was poured onto a concrete pavement plate
      and allowed to harden. After 7 days, the water drop test was carried out
      as described in example 1. The results were as follows:
TBL                TABLE 2                                                     
     ______________________________________                                    
     % Additive    0    0.5      0.75  1       2                               
     ______________________________________                                    
     Water rim after                                                           
                  20    120     200    260    &gt;260                             
     minutes                                                                   
     Time for absorption                                                       
                  40    300     360    &gt;360   &gt;360                             
     of the drop                                                               
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  In analogy to DIN 1164, a mortar consisting of 1 part Portland cement and 3
      parts quartz sand of grain size 0-0.7 was prepared to which was added (a)
      0 % (b) 1% calculated on cement of a sacharose ester consisting of about
      70% monoester and 30% di- and triester; the fatty acid of the ester being
      about 30% stearate and 70% palmitate. Of the mortar according to DIN 1164,
      prisms were made of a size 4 .times. 4 .times. 16 cm which were stored for
      28 days in standard climate at 23.degree.C with a relative humidity of the
      air of 50%. Subsequently, they were stored under water for 7 days. The
      test pieces were then broken up and it was determined to what extent they
      had been wetted during the storage in water. The mortar prisms without
      added sacharose ester were completely wetted through; those with 1%
      sacharose ester calculated on cement, showed water absorption in depth of
      about 1- 2 mm.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coating composition for application to buildings to render them water
      repellent, comprising:
PA1  a. 1 part by weight of a member of the group consisting of cement, lime,
      and mixtures thereof;
PA1  b. from about 1 to 12 parts by weight of a weatherproof filler material
      having a grain size not greater than about 7 mm.;
PA1  c. as a hydrophobing additive, about 0.1 to about 3% by weight, calculated
      on the total weight of dry material, of at least one water soluble ester
      of saccharose with a fatty acid containing from 10 to 20 carbon atoms.
NUM  2.
PAR  2. The coating composition of claim 1 in which said fatty acid contains 16
      to 18 carbon atoms.
NUM  3.
PAR  3. The coating composition of claim 1 which further contains about 0.2 to
      5% by weight of casein calculated on the total weight of dry material.
NUM  4.
PAR  4. The coating composition of claim 1 which further contains about 0.01 to
      0.5% by weight, calculated on the total weight of dry material, of an
      ether selected from the group consisting of a water soluble cellulose
      ether and a starch ether.
NUM  5.
PAR  5. The composition of claim 1 which further contains from 0.1 to 5% by
      weight, calculated on the total weight of dry material, of a redispersible
      powder additive selected from the group consisting of a copolymer of
      ethylene and vinyl acetate, a homopolymer of vinyl acetate, a copolymer of
      butadiene and styrene, and an acrylic ester polymer.
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ABST
PAL  Meat and sausage goods are preserved by applying a coating composition
      containing a high viscosity cellulose propionate and fully acetylated
      monoglyceride having a high iodine number, dissolved in a volatile organic
      solvent.
BSUM
PAR  This invention relates to an agent for the preparation of coatings on meat
      and sausage goods which contains acetylated monoglyceride and cellulose
      propionate.
PAR  From the German Specification (Auslegeschrift) 1,178,539 a solvent-free
      protective agent is known, in particular for foodstuffs, on the basis of
      acetyl glycerides with the addition of cellulose esters. As ecetyl
      glycerides di-or tri-substituted products are suggested, for example 2, 3
      diacetyl mono oleic acid glyceride. As preferred cellulose esters those of
      the cellulose acetobutyrate type are mentioned; the butyric acid residue
      may be replaced for example by the propionic acid residue. In respect of
      the degree of polymerization of these cellulose esters it is emphasized,
      that cellulose esters with viscosities of at least 0.25 to about 35
      seconds are used; for cellulose esters with a content of approx. 10 - 20%
      acetyl, cellulose esters with viscosities in the range of about 15 - 30
      seconds are preferred. These viscosities are measured according to the
      ASTM- method D-871-48in a 20% solution of the polymer in acetone at
      25.degree.C. It is claimed as a particular advantage of these solvent-free
      protective agents, that owing to their particular physical characteristics
      they can readily be applied by hot-spraying.
PAR  From German Specification (Offenlegungsschrift) 2,030,429 meltable coatings
      for foodstuffs and pharmaceutical products on the basis of glycerides are
      also known, which give low viscosities in melted condition; these
      glycerides have at least the acetyl or the propionate group and at least
      one alkanoyl group with 16 - 24 carbon atoms.
PAR  The known melt coatings in many respects no longer meet the high demands
      made by today's buyer with regard to appearance and keeping quality of
      coated meat goods. It need only be mentioned that the appearance of many
      protective coatings, merely to be described as transparent, leaves much to
      be desired, together with the fact that the known protective coatings
      prevent any olfactory perception.
PAR  It has now been found that coatings with surprising characteristics can be
      produced on meat goods by dipping into a solution comprising 20 to 50
      parts by weight of a high viscosity cellulose propionate with a viscosity
      (20% in acetone, measured in seconds according to ASTM D 871-56, formula
      B) of 15 to 95 poise, 80 to 50 parts by weight of a fully acetylated,
      distilled monoglyceride with a high iodine value (i.e., an iodine value
      from about 40 to 70, or higher), and, related to the propionate, 2.5 to
      4.5 times the amount of an organic solvent.
PAR  In accordance with a further development of the invention, the solution may
      also contain 51 to 75 parts by weight of the cellulose propionate and 49
      to 25 parts by weight of the monoglyceride.
PAR  If the cellulose propionate has a viscosity of 15 to 50 poise, the solvent,
      related to the propionate, is present preferably in 2.5 to 3.5 times the
      amount.
PAR  If the cellulose propionate has a viscosity of 50 to 95 poise, the solvent,
      related to the propionate, is present preferably in 3.5 to 4.5 times the
      amount.
PAR  The cellulose propionate of the aforementioned viscosity which is
      commercially available is a white, finely grained powder of the following
      parameters:
     acetyl content     approx.  3.6%                                          
     acetyl content, calculated                                                
     as acetic acid     approx.  5.0%                                          
     butyryl content    approx.  --                                            
     butyryl content, calculated as                                            
     butyric acid       approx.  --                                            
     propionyl content           44.8%                                         
     propionyl content calculated as                                           
     propionic acid     approx.  58.0%                                         
     hydroxyl content            1.75%                                         
     density at 20.degree.C                                                    
                        approx.  1.22                                          
     bulk weight        approx.  300 g/l                                       
     bulk volume        approx.  3.3 l/kg                                      
     thermal stability  approx.  220.degree.C                                  
     melting range      approx.  200 to 220.degree.C.                          
PAR  This propionate is soluble in many organic solvents, for example, in
      acetone, methylethylketone, methyl acetate, ethyl acetate, butyl acetate,
      methyl glycol and ethyl glycol.
DETD
PAR  In the following will be given some examples of distilled, completely
      acetylated monoglycerides with a high iodine value which are particularly
      useful for the purposes of the invention. Distilled, fully acetylated
      monoglycerides, were obtained from best quality lard, with the following
      parameters.
TBL  ______________________________________                                    
     Physical characteristics:                                                 
     ______________________________________                                    
     Appearance      clear, almost colourless, liquid                          
     solidification point                                                      
                     at approx. +8.degree.C                                    
     refractive index                                                          
                     1447(40.degree.C)                                         
                     1443(50.degree.C)                                         
     viscosity at +20.degree.C                                                 
                     50 cps                                                    
     at +50.degree.C 19 cps                                                    
     spec. gravity                                                             
     at +20.degree.C 0.99                                                      
     at +50.degree.C 0.96                                                      
     Chemical characteristics:                                                 
     ______________________________________                                    
     iodine value    42                                                        
     saponification value                                                      
                     380                                                       
     un- and partially acetylated %                                            
     monoglyceride   0-2                                                       
     Reichert-Meissel number                                                   
                     145                                                       
     acid value      less than 4                                               
     perioxide value less than 2                                               
     ______________________________________                                    
     Distilled, fully acetylated monoglyceride was obtained from               
     partially hydrogenated vegetable oil with the following parameters:       
     Physical characteristics:                                                 
     ______________________________________                                    
     appearance      clear, almost colourless liquid                           
     solidification point                                                      
                     approx. 7.degree.C                                        
     refractive index                                                          
                     1447(40.degree.C)                                         
     viscosity at +20.degree.C                                                 
                     56 cps                                                    
     at +50.degree.C 19 cps                                                    
     spec. gravity                                                             
     at +20.degree.C 0.98                                                      
     at +50.degree.C 0.96                                                      
     Chemical characteristics:                                                 
     ______________________________________                                    
     iodine value    44                                                        
     saponification value                                                      
                     380                                                       
     un- and partially acetylated %                                            
     monoglyceride   0-2                                                       
     Reichert-Meissel number                                                   
                     146                                                       
     acid value      less than 4                                               
     ______________________________________                                    
     Distilled, fully acetylated monoglyceride was obtained from cotton        
     seed oil with the following parameters:                                   
     Physical characteristics:                                                 
     ______________________________________                                    
     appearance      clear, very slightly yellow coloured                      
                     liquid                                                    
     solidification point                                                      
                     at about +1.degree.C                                      
     refractive index                                                          
                     1451(40.degree.C)                                         
     viscosity at +20.degree.C                                                 
                     47 cps                                                    
     at +50.degree.C 18 cps                                                    
     spec. gravity                                                             
     at +20.degree.C 0.98                                                      
     at +50.degree.C 0.96                                                      
     Chemical characteristics:                                                 
     ______________________________________                                    
     iodine value    70                                                        
     saponification value                                                      
                     380                                                       
     un- and partially acetylated %                                            
     monoglyceride   0-2                                                       
     Reichert-Meissel number                                                   
                     145                                                       
     acid value      less than 4                                               
     ______________________________________                                    
PAR  The distilled, fully acetylated monoglycerides with a high iodine value may
      for the purposes of the invention also be used as a mixture, the
      monoglyceride recovered from lard being the preferred compound.
PAR  Among the solvents which are possible for the purposes of the invention
      acetone is preferred because it completely evaporates, so that not a trace
      of smell remains behind.
PAC  EXAMPLE
PAR  As an example of a solution the following composition is given:
PA0  16 parts by weight of cellulose propionate with a viscosity of 53 poise for
      a 20% solution in acetone,
PA0  24 parts by weight of fully acetylated monoglyceride with a high iodine
      value from lard,
PA0  64 parts by weight of acetone.
PAR  In view of the multitude of fundamentally differing kinds of meat and
      sausage goods it is impossible from the start to give examples for all
      such goods, and this is hardly necessary, since it cannot be difficult for
      the meat expert to determine by manual tests the solution with the optimum
      composition for each particular kind of meat. The dipping into the
      solution for the coating of the meat goods takes place at room temperature
      in the well-known manner.
PAR  Solutions with the aforementioned higher content of 51 to 75 parts by
      weight of the cellulose propionate and the lower content of 49 to 25 parts
      by weight of the monoglyceride are recommended in particular for the
      coating of meat goods which are stored at low temperatures.
PAR  The coatings obtained are glass-clear, extremely thin, and they can easily
      be removed again from the meat goods. Moreover they have the remarkable
      characteristic of having a limited permeability for water vapour.
      Furthermore the coatings in accordance with the invention do not prevent
      the penetration of olfactory matter so that the buyer can evaluate the
      goods, as he is accustomed to, not only with the eyes but also with the
      nose; the buyer is thus in a position to examine the meat goods for their
      natural consistency.
PAR  The coatings moreover permit a molecular gas exchange, by means of which
      the pH-value of the meat is stabilized, which in turn is decisive with
      regard to the keeping properties of the meat goods. The coatings resist
      boiling up to about +100.degree.C and low temperatures down to about
      -40.degree.C without any detrimental effect upon the meat goods; the
      coatings are exceptionally shock and impact-proof which is important in
      particular for the transport and the non-expert handling of the meat goods
      by unskilled personnel. The coatings ward off photons or reduce their
      effect and also protect the meat goods from microbic contamination and
      against oxidation, so that the natural colour of the meat is preserved.
PAR  Thus the following advantages can be obtained with the coatings: prolonged
      maintaining of a biologically perfect condition of the wrapped meat goods,
      in particular with regard to their freshness, colour, aroma (relative
      enhancement of the aroma) and stabilization of the pH-range desired for
      the maturing of the meat; with the help of the stabilization a
      considerable prolongation of the optimum effectivenesss of the inherent
      enzymes of the meat is achieved to attain maximum tenderness and
      chewability without chewing residues.
PAR  The total bacterial-counts and the pH value of an untreated piece of meat
      and of a piece of meat provided with a coating in accordance with the
      invention are determined by known methods. The results of the tests are
      given in the following.
TBL  __________________________________________________________________________
                 1st Check: 7 days after slaughtering                          
                  (4 days after preparation of the coating)                    
               Control sample  coated piece of meat                            
     __________________________________________________________________________
     pH value  5.6 (edge and core)                                             
                               5.5 (edge and core)                             
     bacterial count/g                                                         
               10.sup.2                                                        
                   (lactobacilli, yeasts)                                      
                               10.sup.1                                        
                                   (micrococci)                                
     __________________________________________________________________________
                2nd check: 11 days after slaughtering                          
                 (8 days after preparation of the coating)                     
               control sample  coated piece of meat                            
     __________________________________________________________________________
     pH value  5.4 (edge and core)                                             
                               5.5 (edge and core)                             
     bacterial count/g                                                         
               10.sup.3                                                        
                   (pseudomonads,aerobic                                       
                               10.sup.3                                        
                                   (pseudomonads,aerobic                       
                   spore producers,                                            
                                   spare producers,                            
                   micrococci,lacto-                                           
                                   micrococci,lacto-                           
                   bacilli)        bacilli)                                    
     __________________________________________________________________________
                3rd check: 13 days after slaughtering                          
                 (10 days after preparation of the coating)                    
     __________________________________________________________________________
     pH value  5.9 (edge) and  5.6 (edge) and                                  
               5.8 (core)      5.5 (core)                                      
     bacterial count/g                                                         
               10.sup.3                                                        
                   (pseudomonads,aerobic                                       
                               10.sup.3                                        
                                   (lactobacilli,aerobic                       
                   spore producers,micro-                                      
                                   spore producers)                            
                   cocci,lactobacilli)                                         
     __________________________________________________________________________
                4th check: 17 days after slaughtering                          
                 (14 days after preparation of the coating)                    
     __________________________________________________________________________
     pH-value  5.7 (edge and core)                                             
                                5.5                                            
                                   (edge and core)                             
     bacterial count/g                                                         
               10.sup.5                                                        
                   (pseudomonads,aerobic                                       
                               10.sup.2                                        
                                   (lactobacilli)                              
                   spore producers,micro                                       
                   cocci,lactobacilli,                                         
                   yeasts)                                                     
     __________________________________________________________________________
                5th check: 20 days after slaughtering                          
                 (17 days after preparation of the coating)                    
     __________________________________________________________________________
     pH-value  5.7 (edge and core)                                             
                               5.6 (edge and core)                             
     bacterial count/g                                                         
               10.sup.5                                                        
                   (pseudomonads,aerobic                                       
                               10.sup.1                                        
                                   (lactobacilli)                              
                   spore producers,micro-                                      
                   cocci,lactobacilli,                                         
                   yeasts)                                                     
     __________________________________________________________________________
PAR  The results of the experiments justify the assertion, that by virtue of a
      coating in accordance with the invention the pH remains practically
      constant and such a coating protects the meat goods from an attack by
      bacteria.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A coating composition for meat and sausage goods comprising a solution
      containing about from 20 to 75 parts by weight of a high viscosity
      cellulose propionate having a viscosity of about from 15 to 95 poise,
      about from 80 to 25 parts by weight of a fully acetylated distilled
      monoglyceride having a high iodine value from about 40 to at least 70, and
      about from 2.5 to 4.5 parts by weight of an organic solvent per part of
      cellulose propionate present.
NUM  2.
PAR  2. The composition in accordance with claim 1 wherein the solution contains
      about from 20 to 50 parts by weight of cellulose propionate and about from
      80 to 50 parts by weight of monoglyceride.
NUM  3.
PAR  3. The composition in accordance with claim 1 wherein the solution contains
      about from 51 to 75 parts by weight of cellulose propionate and about from
      49 to 25 parts by weight of monoglyceride.
NUM  4.
PAR  4. The composition in accordance with claim 1 wherein the cellulose
      propionate has a viscosity of about from 50 to 95 poise and the
      composition containing from about 3.5 to 4.5 parts organic solvent per
      part of cellulose propionate.
NUM  5.
PAR  5. The composition in accordance with claim 1 wherein the fully acetylated
      distilled monoglyceride is a monoglyceride of lard fatty acids.
NUM  6.
PAR  6. The composition in accordance with claim 1 wherein the fully acetylated
      distilled monoglyceride is a monoglyceride of partially hydrogenated
      vegetable oil.
NUM  7.
PAR  7. The composition in accordance with claim 1 wherein the fully acetylated
      distilled monoglyceride is the monoglyceride of cottonseed fatty acids.
NUM  8.
PAR  8. The composition in accordance with claim 2 wherein the fully acetylated
      distilled monoglyceride is a monoglyceride of lard fatty acids.
NUM  9.
PAR  9. The composition in accordance with claim 2 wherein the fully acetylated
      distilled monoglyceride is the monoglyceride of partially hydrogenated
      vegetable oil.
NUM  10.
PAR  10. The composition in accordance with claim 2 wherein the fully acetylated
      distilled monoglyceride is the monoglyceride of cottonseed oil fatty
      acids.
NUM  11.
PAR  11. The composition in accordance with claim 3 wherein the fully acetylated
      distilled monoglyceride is the monoglyceride of lard fatty acids.
NUM  12.
PAR  12. The composition in accordance with claim 3 wherein the fully acetylated
      distilled monoglyceride is the monoglyceride of partially hydrogenated
      vegetable oil.
NUM  13.
PAR  13. The composition in accordance with claim 3 wherein the fully acetylated
      distilled monoglyceride is the monoglyceride of cottonseed oil fatty
      acids.
NUM  14.
PAR  14. A process for preserving meat or sausage goods which comprises applying
      to said meat or sausage goods a coating composition containing about from
      20 to 75 parts by weight of a high viscosity cellulose propionate having a
      viscosity of about from 15 to 95 poise and from about 80 to 25 parts by
      weight of a high iodine number, distilled, fully acetylated monoglyceride
      of a fatty acid having from 14 to 18 carbon atoms, said monoglyceride
      having an iodine number from about 40 to at least 70.
NUM  15.
PAR  15. The process in accordance with claim 14 wherein the coating composition
      applied contains about from 20 to 50 parts by weight of the high viscosity
      cellulose propionate and about from 80 to 50 parts by weight of the
      monoglyceride.
NUM  16.
PAR  16. The process in accordance with claim 14 wherein the coating composition
      applied contains about from 51 to 75 parts by weight of cellulose
      propionate and about 49 to 25 parts by weight of the monoglyceride.
NUM  17.
PAR  17. The process in accordance with claim 14 wherein the monoglyceride is
      the monoglyceride of lard fatty acids.
NUM  18.
PAR  18. The process in accordance with claim 14 wherein the monoglyceride is
      derived from partially hydrogenated vegetable oil fatty acids.
NUM  19.
PAR  19. The process in accordance with claim 14 wherein the monoglyceride is
      derived from cottonseed oil fatty acids.
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ABST
PAL  A process is provided for preparing calcium sulphate plaster compositions
      having water-retaining and retarding characteristics, and comprising a
      water-soluble cellulose ether prepared by reacting cellulose mercerized
      with alkali hydroxide, and suitable reactants and a retarder. The
      mercerized cellulose still contains alkali impurities and an acid, the
      alkali salt of which is adapted to serve as calcium sulphate plaster
      retarder is added in an amount substantially equivalent to the amount of
      alkali hydroxide remaining in the cellulose ether.
PAL  Calcium sulphate plaster compositions also are provided as obtained by this
      process.
BSUM
PAR  When calcined gypsum (plaster of Paris) is used in the construction
      industry, it is usual to improve the properties of the calcium sulphate
      plaster by adding various substances in the preparation of the calcium
      sulphate plaster composition. Thus, it is common to add substances having
      a retarding action on the setting of the calcium sulphate plaster; such
      substances are referred to as retarders. Examples of such retarders are
      sodium salts of organic or inorganic acids. The addition of retarders is
      necessary, since otherwise setting of the plaster may occur too rapidly in
      as little as 5 minutes. The plaster should also exhibit good water
      retention, since this improves the workability and facilitates complete
      setting as well as increasing the strength of the plaster. This is of
      special importance for calcium sulphate plasters which are applied in such
      thin layers that quick drying occurs. As water retaining substances
      purified water soluble cellulose ethers are commonly used. The preparation
      of such cellulose ethers is relatively complicated, since it is necessary
      to remove from the cellulose ether any residues of sodium hydroxide
      introduced in the previous mercerization (causticization) of the
      cellulose, because any free sodium hydroxide present tends to degrade the
      cellulose ether. It is difficult to wash out sodium hydroxide from many
      cellulose ethers due to their having a high flocculating temperature, so
      that they can be purified only by means of using very hot water and/or
      organic solvents.
PAR  It has been found, in accordance with the present invention that the
      preparation of cellulose ethers for use in calcium sulphate plaster
      compositions can be simplified considerably by neutralizing the sodium
      hydroxide remaining from the mercerization of the cellulose by using an
      organic or inorganic acid, the alkali salt of which has retarding
      properties, without prior purification of the cellulose ether before such
      neutralization. If the acid is added in an amount of 95-105% of the amount
      stoichiometrically required for neutralization, a practically complete
      inhibition of the degradation of the cellulose ether is achieved. This has
      the advantage that the cellulose ether is storage stable without washing
      or other purification of the cellulose ether being required. Also, such
      cellulose ether then contains retarding substances which may completely or
      partly replace any addition of retarders. Thus, this method results in a
      utilization of the sodium hydroxide previously removed by washing (as such
      or as a salt) at the same time, but while a process step is eliminated.
      Since the washing step is unnecessary, it is also possible to use
      cellulose ethers which cannot be washed in hot water and have flocculating
      temperatures of 90.degree.C. or above.
PAR  Accordingly, the present invention relates to a method of preparing a
      calcium sulphate plaster additive composition having water-retaining and
      retarding properties, said additive composition comprising (1) a
      water-soluble cellulose ether obtained by reacting cellulose mercerized
      with alkali hydroxide with suitable reactants, and (2) a retarding
      constituent. The method includes the step of adding to the resulting
      cellulose ether containing alkali hydroxide impurity, without prior
      purification of said cellulose ether to remove residual alkali hydroxide,
      an acid, the alkali salt of which serves as a calcium sulphate plaster
      retarder, in an amount approximately stoichiometrically equivalent to the
      amount of alkali hydroxide remaining from the reaction. In comparative
      tests made with a calcium sulphate plaster additive prepared in accordance
      with the present invention and a calcium sulphate plaster additive wherein
      the cellulose ether had been purified of alkali in the conventional way,
      and the retarding alkali salt had been prepared separately in a
      conventional manner and then dry blended, it was surprisingly found that
      the additive according to this invention dissolves considerably more
      rapidly in water which resulted in a more rapid distribution of the
      additive in the calcium sulphate plaster. The reason is not known, but it
      is believed that this effect is due to the fact that the additive obtained
      according to this invention is a homogeneous composition of
      water-retaining and retarding cellulose ether salt components.
PAR  The invention is applicable to any water-soluble cellulose ether commonly
      used in calcium sulphate plaster compositions, including water-soluble
      hydroxyalkyl cellulose ethers, alkyl cellulose ethers and alkyl
      hydroxyalkyl cellulose ethers. Examples of hydroxyalkyl cellulose ethers
      include hydroxyethyl cellulose and hydroxypropyl cellulose. The
      hydroxyalkyl cellulose ethers do not consume sodium in the addition of
      hydroxyalkyl groups to the cellulose chain. Examples of alkyl and alkyl
      hydroxyalkyl cellulose ethers include methyl cellulose, ethyl cellulose,
      propyl cellulose, methyl hydroxyethyl cellulose, ethyl hydroxyethyl
      cellulose, propyl hydroxyethyl cellulose, propyl hydroxypropyl cellulose,
      methyl hydroxypropyl cellulose and ethyl hydroxypropyl cellulose, as well
      as other water-soluble alkyl cellulose ethers and alkyl hydroxyalkyl
      cellulose ethers.
PAR  The amount of alkali hydroxide, usually sodium hydroxide, remaining in the
      cellulose ether prior to the neutralizing step, may, if desired, be
      controlled by the amount of alkali hydroxide used in the mercerization
      step and is preferably within the range from about 0.1 to about 10 parts
      per part of cellulose, on a weight by weight basis. If a particularly
      strong retarding action is desired, a supplementary addition of retarder
      may be made in a subsequent step. In principle, it is possible to use as a
      neutralizing acid any inorganic or organic acid, the alkali salts of which
      have a retarding action on the setting of calcium sulphate plaster.
      Exemplary acids include in particular phosphoric, sulfuric, boric,
      hydrochloric, acetic, formic, oxalic, adipic, maleic, malic, glutaric,
      butyric, trichloroacetic, propionic, succinic, lactic, tartaric, citric
      and gluconic acid, the sodium salts of which are excellent retarders.
      Preferred acids are phosphoric acid and succinic acid and especially
      citric acid.
PAR  The calcium sulphate plaster additive prepared by the method of this
      invention is usually added to the calcium sulphate plaster composition in
      an amount within the range from about 0.1 to about 5%, preferably from
      about 0.2 to about 0.5%, based on the weight of calcined sodium sulphate,
      the ratio by weight of the water-retaining cellulose ether to the retarder
      being within the range from about 20:1 to about 1:1.
PAR  In a particularly preferred embodiment of the present invention, the
      cellulose ether is hydroxyethyl hydroxypropyl cellulose or ethyl
      hydroxyethyl hydroxypropyl cellulose having a flocculating temperature
      above about 70.degree.C, preferably above about 80.degree.C. The preferred
      ether usually has an MS (molecular substitution) from about 0.5 to about 2
      for hydroxyethyl, an MS of from about 1 to about 2 for hydroxypropyl, and
      a DS (degree of substitution) for ethyl from about 0.1 to about 0.4. These
      cellulose ethers which may be prepared by adding ethylene oxide and
      propylene oxide to the alkali mercerized cellulose, and then ethylating
      with ethyl chloride have been found to exhibit very good water retaining
      properties in calcium sulphate plaster compositions, and sodium hydroxide
      is not only to a small extent consumed during the addition reactions. This
      means that the sodium hydroxide added in the mercerization step can be
      utilized to a considerable extent to form retarding sodium salts in situ.
      The reason why hydroxyethyl hydroxypropyl cellulose and ethyl hydroxyethyl
      hydroxypropyl cellulose have such excellent water-retaining and working
      improving action is not known, but presumably it is related to the high
      tendency of aqueous sodium solution of these cellulose ethers to gel even
      at high solids contents.
PAR  Also, the calcium sulphate plaster additives in accordance with this
      invention impart to the calcium sulphate plaster composition a low
      adhesion to metal surfaces and a reduced tendency to flow.
DETD
PAR  The following Examples in the opinion of the inventor represent preferred
      embodiments of the invention.
PAC  EXAMPLE 1
PAR  Ethyl-hydroxyethyl hydroxypropyl cellulose, EHEHPC (DS.sub.ethyl = 0.15;
      MS.sub.hydroxyethyl = 0.05; MS.sub.hydroxypropyl = 1.8) was produced by
      mercerizing 1 part by weight of cellulose with 20% aqueous sodium
      hydroxide for 30 minutes at room temperature. After the mercerization was
      complete, the cellulose was squeezed to a press factor of 2.5. The
      resulting 2.5 parts of alkali cellulose was shredded, after which it was
      transferred to an autoclave. Air was removed from the autoclave, and a
      reaction mixture comprising 1.5 parts of ethyl chloride, 1.4 parts of
      propylene oxide and 0.3 part of ethylene oxide was charged in the
      autoclave. After charging the temperature was raised to 70.degree.C in 30
      minutes and held at this level for 3 hours. The reaction was then stopped
      and the remaining ethyl chloride vented. One half of the resulting
      cellulose ether which had a flocculating temperature of about 65.degree.C,
      was neutralized with 0.4 part of citric acid for 1 part of cellulose; then
      it was ground to form a slightly yellowish white and very loose powder.
PAR  The remainder of the cellulose ether was processed in a conventional manner
      by slurrying and washing the cellulose ether in hot water at about
      95.degree.C. The residue of alkali was neutralized with acetic acid. The
      produce was dried and ground in the same way as the product according to
      the invention, resulting in a relatively hard, greyish white and
      manifestly sintered product. Sodium citrate was mixed with the product in
      an amount corresponding to the amount of sodium citric in the product of
      this invention.
PAR  The two products were tested and compared with respect to their dissolving
      characteristics by dissolving 3 g. of each product in 147 g. of water at
      20.degree.C. with mild agitation with a glass rod. The calcium sulphate
      plaster additive according to the invention dissolved with rapid increase
      in viscosity and was considered completely dissolved after about 30
      minutes. The control product gave a relatively slow increase in viscosity.
      It was considered completely dissolved only after about 70 minutes.
PAR  The two products were also tested with respect to setting time measured
      according to Vicat (ASTM C-191-58) in a calcium sulphate plaster. The
      amount of water was 520 g. per 1000 g. of calcium sulphate. The following
      results were obtained.
TBL                TABLE I                                                     
     ______________________________________                                    
     Amount of additive % Setting time, mins.                                  
     by weight based on                                                        
     calcium sulphate plaster                                                  
                          Initial   Final                                      
     ______________________________________                                    
     0.25% EHEHPC                                                              
     (including 0.03% Na citrate)                                              
                          92        107                                        
     (Example 1)                                                               
     0.22% EHEHPC + 0.03% Na citrate                                           
                          30         45                                        
     (control)                                                                 
     ______________________________________                                    
PAR  It is seen from the setting times that the product prepared according to
      this invention exhibits a substantially longer setting time than the
      control product, although the amount of retarder is the same in both
      cases. The reason cannot be fully explained, but it is believed that a
      contributing factor is that the product according to the invention is
      rapidly dissolved and dispersed in the calcium sulphate plaster without
      forming gel lumps.
PAR  For comparison it may be mentioned that calcium sulphate plaster containing
      only washed cellulose ether (the EHEHPC ether of the control) has a
      setting time of about 5 minutes.
PAC  EXAMPLES 2 and 3
PAR  In a manner similar to Example 1, hydroxyethyl cellulose and hydroxypropyl
      cellulose were neutralized, without prior washing, with sufficient citric
      acid to neutralize sodium hydroxide present from the mercerizing step. The
      resulting products were added in varying amounts to calcium sulphate
      plaster the setting time of which was measured according to Vicat. The
      following results were obtained.
TBL                                    TABLE II                                
     __________________________________________________________________________
                                     Water, g.                                 
                                     per 1000 g.                               
                                             Added amount                      
                                                      Setting time,            
                Amount of additive   calcium sul-                              
                                             of acid (g.) per                  
                                                      minutes                  
                % by weight based    phate (to ob-                             
                                             kg. cellulose                     
                on calcium sulphate  tain normal                               
                                             for complete      Con-            
                plaster              consistency)                              
                                             neutralization                    
                                                      Initial                  
                                                           Final               
                                                               sistency        
     __________________________________________________________________________
     Hydroxyethyl                                                              
                0.1                  500     563      21   26  Good            
     cellulose  0.2                  490     563      46   51  Good            
     MS.sub.hydroxyethyl =2.3                                                  
                0.3                  470     563      63   74  Good            
     (Example 2)                                                               
     Hydroxypropyl                                                             
                0.1                  455     262      12   17  Good            
     cellulose  0.2                  450     262      23   26  Good            
     MS.sub.hydroxypropyl =3.75                                                
                0.3                  455     262      27   31  Good            
     (Example 3)                                                               
     __________________________________________________________________________
PAR  The results show that the presence of cellulose ethers containing sodium
      citrate considerably increased the setting time of the calcium sulphate
      plaster. The setting time for a control composition without any additive
      was 5 minutes. Storage tests made with the compositions show that they
      also have excellent storage stability. This indicates that the sodium
      hydroxide present in the cellulose ether has been well neutralized.
PAC  EXAMPLE 4
PAR  Ethyl hydroxyethyl hydroxypropyl cellulose, EHEHPC (DS.sub.ethyl = 0.2;
      MS.sub.hydroxyethyl = 0.5; MS.sub.hydroxypropyl = 1.0) was prepared
      according to the same method as in Example 1 by adding to cellulose
      mercerized with 20% aqueous sodium hydroxide, 1 mole of ethylene oxide and
      2 moles of propylene oxide per mole anhydroglucose unit in the presence of
      ethyl chloride as a reaction medium. After alkoxylation was complete,
      phosphoric acid was added to the crude cellulose ether until the product
      was neutralized, after which it was ground. The effect of the resulting
      product on the setting of calcium sulphate plaster was tested, and the
      following results were obtained.
TBL                TABLE III                                                   
     ______________________________________                                    
     Amount of additive       Setting time,                                    
     % by weight based                                                         
                  Water, grams                                                 
                              minutes                                          
     on calcium sulphate                                                       
                  per 1000 g. of           Con-                                
     plaster      calcium sulphate                                             
                              Initial Final                                    
                                           sistency                            
     ______________________________________                                    
     0.1          480         27       38  Some                                
                                           Stiffening                          
     0.2          480         59       73  Good                                
     0.3          480         75      100  Good                                
     ______________________________________                                    
PAR  It appears from the data that phosphoric acid can be used advantageously
      for direct neutralization of crude cellulose ethers and that the resulting
      composition has a good retarding action on the setting of calcium sulphate
      plaster.
PAC  EXAMPLE 5
PAR  The cellulose ether prepared according to Example 1 was compared, as
      regards adhesion to iron surfaces, flowability and setting time, with
      conventional calcium sulphate plaster additives comprising dry blends of
      methyl hydroxyethyl cellulose (MHEC) and hydroxyethyl cellulose (HEC) with
      sodium citrate added separately and mixed therewith. The adhesion was
      determined by weighing the amount of plaster adhering to an iron plate
      which had been immersed for 5 seconds in the calcium sulphate plaster.
      Flowability was obtained by measuring the flow of a specific amount of
      calcium sulphate plaster according to ASTM C124-39. In all tests, the
      amount of water was 485 g. per 1000 g. of plaster. The following results
      were obtained.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Amount of additive,                                                       
                 Setting time, mins.                                           
                                Adhesion, grams, minutes after blending        
     % by weight based                                                         
     on calcium sulphate     Flow                                              
     plaster     Initial                                                       
                       Final mm.                                               
                                1   2   3   4   5   10  15  20  25             
     __________________________________________________________________________
     0.25 EHEHPC                                                               
     (including 0.03%                                                          
                 32    37    177                                               
                                0.04                                           
                                    0.10                                       
                                        0.14                                   
                                            0.15                               
                                                0.05                           
                                                    0.04                       
                                                        0.03                   
                                                            0.03               
                                                                0.02           
     Na citrate)                                                               
     (Example 5)                                                               
     0.22 HEC +                                                                
     0.03% Na    20    25    287                                               
                                2.61                                           
                                    1.93                                       
                                        1.58                                   
                                            1.02                               
                                                0.77                           
                                                    0.03                       
                                                        0.03                   
                                                            sets               
                                                                --             
     citrate                                                                   
     (control A)                                                               
     0.22 MHEC +                                                               
     0.03% Na    17    20    191                                               
                                0.92                                           
                                    0.63                                       
                                        0.28                                   
                                            0.04                               
                                                0.04                           
                                                    0.03                       
                                                        sets    --             
     citrate                                                                   
     (control B)                                                               
     __________________________________________________________________________
PAR  It is seen from the results that the sodium citrate-containing ethyl
      hydroxyethyl hydroxypropyl cellulose prepared according to this invention
      provides a considerably longer setting time than the conventional dry
      blends (control A and control B). Also, the product of this invention
      provides a comparatively small flow value which shows that the cellulose
      ether has an excellent thickening and water-retaining effect. Finally, the
      adhesion to metal surfaces of the product of this invention is low and
      clearly better than that of the controls. An adhesion of 0.25 gram or
      lower is acceptable in the test described, and the calcium sulphate
      plaster additives of this invention easily satisfy this requirement.
PAR  In the specification and claims all parts are by weight, unless otherwise
      indicated.
CLMS
STM  Having regard to the foregoing disclosures, the following is claimed as the
      inventive and patentable embodiments thereof:
NUM  1.
PAR  1. A process for preparing calcium sulphate plaster compositions comprising
      a water-retaining and setting-retarding cellulose ether salt dissolving
      rapidly in water and modifying the setting and water-retaining
      characteristics of the composition, which comprises adding to a
      water-soluble cellulose ether containing residual alkali resulting from
      alkali mercerization of the cellulose prior to etherification, an acid the
      alkali salt of which serves as a calcium sulphate plaster setting
      retarder, in an amount approximately stoichiometrically equivalent to the
      amount of alkali hydroxide present in the cullulose ether, thereby
      neutralizing the alkali and forming said retarder salt in situ in a ratio
      by weight of the water-retaining cellulose ether to the retarder salt
      within the range from about 20:1 to about 1:1, and then adding the
      cellulose ether-retarder salt additive to a calcium sulphate plaster
      composition in an amount within the range from about 0.1 to about 5% based
      on the weight of calcium sulfate of the composition.
NUM  2.
PAR  2. A process according to claim 1, in which the acid is selected from the
      group consisting of phosphoric acid, succinic acid, lactic acid, tartaric
      acid, citric acid and gluconic acid.
NUM  3.
PAR  3. A process according to claim 1, in which the acid is an inorganic acid.
NUM  4.
PAR  4. A process according to claim 1, in which the acid is an organic acid.
NUM  5.
PAR  5. A process according to claim 1, in which the cellulose ether is a
      hydroxyalkyl cellulose ether.
NUM  6.
PAR  6. A process according to claim 5, in which the hydroxyalkyl cellulose
      ether is hydroxyethyl cellulose.
NUM  7.
PAR  7. A process according to claim 5, in which the hydroxyalkyl cellulose is
      hydroxypropyl cellulose.
NUM  8.
PAR  8. A process according to claim 1, in which the cellulose ether is an alkyl
      cellulose ether.
NUM  9.
PAR  9. A process according to claim 1, in which the cellulose ether is an alkyl
      hydroxyalkyl cellulose ether.
NUM  10.
PAR  10. A process according to claim 9, in which the alkyl hydroxyalkyl
      cellulose is ethyl hydroxyethyl hydroxypropyl cellulose.
NUM  11.
PAR  11. A process according to claim 9, in which the alkyl hydroxyalkyl
      cellulose ether is methyl hydroxypropyl cellulose.
NUM  12.
PAR  12. A process according to claim 1, in which the cellulose ether is
      selected from the group consisting of methyl hydroxyethyl cellulose,
      hydroxyethyl cellulose, ethyl hydroxyethyl cellulose, methyl hydroxypropyl
      cellulose, ethyl hydroxypropyl cellulose, hydroxypropyl cellulose,
      hydroxyethyl hydroxypropyl cellulose and ethyl hydroxyethyl hydroxypropyl
      cellulose.
NUM  13.
PAR  13. A process according to claim 1, in which the cellulose ether is
      selected from the group consisting of ethyl hydroxyethyl hydroxypropyl
      cellulose and hydroxyethyl hydroxypropyl cellulose having a flocculating
      temperature above 70.degree.C.
NUM  14.
PAR  14. A calcium sulphate plaster composition comprising calcium sulphate and
      a calcium sulphate plaster additive composition for modifying the setting
      and water retention characteristics of calcium sulphate plaster
      compositions and prepared in accordance with the process of claim 1.
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PAL  Sodium tetraborate based carrier coatings for wire drawing are prepared by
      dispersing a water insoluble fatty acid metal salt in a sodium tetraborate
      coating bath. The carrier coatings on rod are made resistant to
      atmospheric moisture by heating at an elevated temperature.
PAR  Carrier coatings on wire rod provide a vehicle to pick up the wire drawing
      lubricant in the soap box and carry the lubricant into the die. Since the
      coated wire rod is often stored for long periods between coating and
      drawing it is susceptible to corrosion from atmospheric moisture.
PAC  BACKGROUND OF THE INVENTION
PAR  The two principal carrier coatings for drawing rod are based on borax or
      lime. Lime carrier coatings have two main disadvantages. First, it is
      difficult to apply a lime coating since the lime floats in the water.
      Secondly, the lime coating flakes off lime particles in the work area
      causing disagreeable breathing conditions and dirty work areas.
PAR  Borax carrier coatings do not have the dusty flaking problem associated
      with lime coatings but borax carrier coatings suffer from the disadvantage
      that they pick up excessive moisture from the air during storage periods
      in the hot humid spring and summer weather. Excessive moisture from the
      air causes the borax coating to become soft and unuseable with the result
      that the coil must be sent back for recoating.
PAR  In addition to providing a carrier to pick up the drawing lubricant and
      carry it into the die the carrier coating should also be compatible with
      the wire processing steps following the drawing operation. If the wire is
      to be copper or tin coated then the carrier coating residue must be easily
      removed in a cleaning operation. If the wire is to be welded it is
      important that the carrier coating does not interfere with the welding
      operation. If the wire is for making nails then the carrier coating should
      not interfere with any wire cutting operation in the nail machine. Any
      lubricating qualities provided by the carrier coating is, of course, an
      added advantage.
PAC  SUMMARY OF INVENTION
PAR  I have now discovered that if a substantial amount of a water-insoluble
      metal soap is incorporated into a borax carrier coating under specified
      conditions, it will render the coating resistant to softening by
      atmospheric moisture. These metal soaps will be in the form of calcium,
      aluminum, barium, magnesium or zinc soaps. Suitable soaps are derived from
      the fatty acids having about 12 to about 18 carbon atoms. It is
      unimportant whether or not the fatty acids are saturated or unsaturated.
      One or a mixture of metal soaps are satisfactory for incorporating into
      the borax.
PAR  The amount of water-insoluble metal soap that will make the borax carrier
      coating retard moisture pickup will vary from about 10 to about 30% by
      weight of the coating. In addition the coating will contain from about 1
      to about 5% by weight of organic dispersing or emulsifying agents required
      to keep the metal soap emulsified in the coating bath. The balance of the
      carrier coating will be from about 65% to about 89% sodium tetraborate.
      Various other ingredients may appear in the coating as may be required in
      the wire coating bath for neutralizing pickling acid, for wire corrosion
      resistance, for iron sequestering and for modifying the viscosity of the
      bath.
PAR  The carrier coating is placed on the rod either by immersion of wire coils
      in the coating bath or by continuously running the wire through the bath.
      After immersion in the coating bath the coils of rod are put into a baker
      where the coils are heated to about 300.degree.-450.degree.F for 2 to
      about 5 minutes to dry the coating.
PAR  After the coils are removed from the baker they can be stored for several
      days without deteriorating due to moisture pick-up from the atmosphere
      until they are required for drawing.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The sodium tetraborate based carrier coating is obtained from a coating
      bath into which the rod coils are immersed or else the rod is passed
      through the bath continuously as a strand. The rod is wetted by the
      coating dispersion and/or emulsion and as the rod leaves the coating bath
      the rod carries with it a quantity of the dispersion and/or emulsion. The
      terms dispersion and emulsion are used interchangeably throughout the
      specification and claims. The excess of the dispersion drops off after
      which the residue dries on the rod. The composition of the coating
      dispersion determines the composition of the carrier coating. The coating
      must then be heated at an elevated temperature to remove water and to
      render it moisture resistant.
PAR  The coating bath is prepared by first adding water to a tank and then the
      coating concentrate is added, preferably in powder or granular form with
      agitation. The concentrate is added to the water at about 8 to about 32
      oz. per gallon of water.
PAR  The carrier coating concentrate will contain about 10 to about 30% by
      weight of one or more water-insoluble metal soaps, from about 65 to about
      89% by weight of sodium tetraborate and from about 1 to about 5% by weight
      of one or more organic emulsifying agents which are stable under alkaline
      conditions. The water-insoluble metal soaps in the coating concentrate
      will be obtained from one or more of the metal soaps selected from the
      group consisting of calcium, magnesium, aluminum, barium and zinc soaps of
      12 fatty acids having from about 12 to about 18 carbon atoms. These fatty
      acids may be saturated, unsaturated or mixtures thereof.
PAR  Calcium derived from lime is the cheapest metal available and is widely
      used for this purpose. Calcium stearate is a preferred metal soap because
      of its availability and low cost.
PAR  Suitable fatty acid sources for the metal soaps are tridecoic, myristic,
      palmitic, stearic, linoleic, oleic, and linolinic acids. Mixtures of the
      above acids are also suitable such as tallow acid which is a mixture of
      oleic, stearic and palmitic acids. These acids will have a titer ranging
      from about 39.degree. to 60.degree.. The amount of free fatty acid in the
      metal soap should not exceed about 0.1% by weight.
PAR  If the metal soap is not commercially available the soaps can be prepared
      by saponifying the fatty acid with a metal base using procedures well
      known in the art for making soap. Stearic acid is a preferred source of
      fatty acid because of its availability and low cost.
PAR  The sodium tetraborate can be added as either the 5 water or 10 water of
      crystallization salt. The sodium tetraborate concentration will be about
      65 to about 89% by weight of the concentrate calculated as the five water
      compound. The balance of the concentrate will be about 1 to about 5% by
      weight of an organic emulsifier required to disperse and emulsify the
      water-insoluble metal soap in the coating bath. Sodium tetraborate is
      readily soluble in water.
PAR  The emulsifier can be one or more of a large group of organic emulsifiers
      as are well known in the art which are stable in alkaline solutions.
      Examples of suitable emulsifiers are:
PA1  Alkamine C. Concentrate
PA1  Alrosol S solid
PA1  Aminol OL
PA1  Ardet DC
PA1  Clindrol 200 CGN
PA1  Conco Emulsifier K
PA1  Drutergent E
PA1  Emcol 5120, 5100, 5130
PA1  Emkagen Concentrate
PA1  Hallcomid M18-OL
PA1  Isoslushoff
PA1  Monamid 150-AD
PA1  Unamide 75
PA1  Witco 960
PAR  The composition of these emulsifiers as given in McCutcheon's Detergents
      and Emulsifiers are incorporated herein by reference. Combinations of one
      or more emulsifiers may be used as desired. Minor amounts of wetting
      agents may be employed to facilitate wetting of the wire with the coating
      solution but these are generally unnecessary as most emulsifiers also have
      some wetting properites.
PAR  In the manufacture of rod for wire drawing, acid pickling of the rod is
      usually required to remove mill scale and to clean the wire. On leaving
      the acid pickling operation the coils of rod are washed with water but
      nevertheless will carry with them a residual amount of acid into the
      carrier coating dispersion depending on the efficiency of the rinsing
      process. If this acid is allowed to build up it will split out the fatty
      acids from the metal soaps and render them useless. Accordingly, the
      coating concentrate preferably contain alkaline materials such as
      neutralizing alkali and alkaline buffering agents to overcome the acid
      drag-in. Additional alkaline materials may be added to the coating bath
      from time to time to adjust the pH within the range of about 7 to about 12
      if desired.
PAR  Suitable alkalis for this purpose are one or more of the hydroxides,
      carbonates, and bicarbonates, where available, of sodium, potassium,
      barium, magnesium, calcium and aluminum.
PAR  Suitable buffering agents are the sodium or potassium polyphosphates. By
      polyphosphates is meant the pyrophosphates, for example the tetrasodium or
      tetrapotassium pyrophosphates; the tripolyphosphates such as sodium or
      potassium tripolyphosphates; and the hexametaphosphates such as sodium or
      potassium hexametaphosphates. In addition to their ability to neutralize
      acid, the polyphosphates are useful as sequestering agents. Mixtures of
      the neutralizing and buffering agents may be used as desired.
PAR  The amount of neutralizing or buffering agents, used in my coating
      concentrates are not critical and will usually be in the range of about 2
      to about 10% by weight of the dry concentrate. Sufficient alkali must be
      present to keep the pH of the coating bath above 7 and preferably within
      the range of 7 to 12. However, separate additions of alkaline materials
      can be added to the coating dispersion when needed.
PAR  Other additives may be present in the coating concentrate and the coating
      dispersion for special purposes such as for corrosion inhibition and for
      foam prevention. Sodium nitrite is a typical corrosion inhibitor while
      octyl alcohol is a useful foam depressent. These agents are generally used
      at of concentration of 0.002 to 2.0% by weight of the dry concentrate.
PAR  The coating dispersion is prepared by adding water to a suitable tank such
      as a mild steel tank. Agitation must be applied to the tank in order to
      keep the water-insoluble metal soap in suspension. The agitation is
      conveniently supplied by pump recirculation of the coating liquid. The
      temperature of the water is adjusted within the range of 160.degree. to
      200.degree.F.
PAR  The coating concentrate is then added in an amount ranging from about 8 to
      about 32 ounces per gallon of water. The concentration of the bath is
      maintained by periodic additions of the concentrate to the bath as may be
      determined by titrating for total alkalinity using methyl orange indicator
      and titrating with 1 normal hydrochloric acid. It has been determined that
      the insoluble metal soap leaves the bath on the wire rod at about the same
      rate as the water-soluble components.
PAR  At a concentration range of about 8 to about 32 ounces per gallon of water
      there will be added for each gallon of water from about 0.8 to about 9.6
      ounces of water-insoluble metal soap, from about 7.4 to about 41.5 ounces
      of sodium tetraborate and from 0.1 to about 1.6 ounces of an organic
      dispersant. The 7.4 to 41.5 ounces per gallon of sodium tetraborate (five
      waters of crystallization) are equivalent to about 5.2 to about 28.5
      ounces per gallon of anhydrous sodium tetraborate and from about 9.9 to
      about 54.3 ounces per gallon of the ten hydrate salt.
PAR  The coating dispersion will preferably contain from about 0.2 to about 3.2
      ounces per gallon of alkaline materials as described above. It should be
      remembered in this connection that sodium tetraborate is an excellent
      buffering agent for acid in its own right. The coating dispersion must be
      maintained alkaline preferably within a pH of about 7 to about 12
      otherwise the fatty acid will split out from the metal soap. Periodic
      additions of the alkaline materials may be made to the coating dispersion
      as required.
PAR  Corrosion inhibitors and/or other special additives are used in the coating
      bath at about 0.002 to about 2.0 ounces per gallon of coating dispersion.
PAR  The concentration of the bath is one method of controlling the thickness of
      the carrier coating on the wire rod with heavier coatings produced by the
      more concentrated solutions.
PAR  During coating of the wire rod by immersion in the coating bath the
      temperature of the dispersion is maintained at about 160.degree. to about
      200.degree.F. Slightly heavier coatings are produced at the higher
      temperature. The immersion time is not critical and will generally be from
      about 6 seconds to about one minute. Slightly heavier coatings are
      obtained with the longer immersion periods.
PAR  The sodium tetraborate-metal soap layer which forms on the rod is a smooth,
      shiny amorphous coating. As the sodium tetraborate leaves the coating bath
      on the wire rod it will contain a number of waters of crystallization
      which are then removed after the coating film has dried by heating at
      elevated temperatures.
PAR  The ability of the sodium tetraborate metal soap coating to resist moisture
      is obtained by heating the coated rod, for example in a baker, at a
      temperature ranging from about 300.degree. to about 450.degree.F. The
      baker is a conventional gas fired, forced air circulation oven. Generally
      the rod coils will remain in the baker for a period ranging from about 1
      minute to about 30 minutes. The heat retained by the coil from immersion
      in the coating bath also assists in the drying of the coating.
PAR  After baking the rod coils are placed in storage until they are required
      for drawing. I have found that the rods which are coated with the metal
      soap-sodium tetraborate coating as described above will resist softening
      from atmospheric humidity for periods of 2 to 3 days, even in the summer
      months. Borax coatings without the metal soap are often unuseable after 3
      to 4 hours under the same conditions of high temperature and high
      humidity.
PAR  For wire drawing processes the wire rod coated with the sodium
      tetraborate-metal soap carrier coating is drawn through a soap box where
      the drawing lubricant is picked up and carried into the drawing die or
      dies depending on the number of holes required. The sodium
      tetraborate-metal soap coating has another advantage over the prior art
      lime or borax coatings in that the sodium tetraborate-metal soap
      combination provides a certain amount of lubricity for the wire drawing.
PAR  The sodium tetraborate-metal soap carrier coating also acts as a welding
      flux and cleaning of the coated rod prior to welding is unnecessary. Where
      cleaning of the wire is necessary such as for tin or copper plating, the
      residue of the sodium tetraborate-metal soap coating is readily removed by
      water and detergents.
PAR  In another aspect of my invention I have been able to mix my sodium
      tetraborate metal soap concentrate with a typical borax carrier coating
      concentrate and render the resultant mixture substantially less
      susceptable to moisture pickup.
PAR  The best mode of carrying out my invention will be evident from a
      consideration of the following examples.
PAC  EXAMPLE 1
PAR  A calcium-stearate carrier coating concentrate was prepared by placing 71.3
      lbs. of sodium tetraborate (5 waters of crystallization) in a double arm
      sigma blade mixer. The steam to the heating jacket was turned on and 4.5
      lbs. of tetrasodium pyrophosphate, 4.5 lbs. of soda ash and 1.9 lbs. of
      sodium nitrite were added with the mixer blade operating. After about 15
      minutes of mixing, 15.4 lbs. of calciumstearate, 1 lb. of diethylene
      glycol, 1.6 lbs. of emulsifier (1.0 lb. Witco 960 and 0.6 lb. of Emcol
      5130), were added to the mixer. Mixing was continued with the heat applied
      until there was a thorough fusing of the salts after which mixing and
      heating was continued until there was no longer any tacky feeling of the
      chemicals to the touch. Upon completion of the mixing the concentrate,
      weighing about 100 lbs. was discharged into drums and after air cooling
      was ground so that it passed through 1/4 inch mesh screen.
PAC  EXAMPLE 2
PAR  Following the procedure of Example 1, a calcium stearate-borax coating
      concentrate was prepared from the following ingredients:
     Sodium tetraborate (5H.sub.2 O)                                           
                             63 lbs.                                           
     Trisodium phosphate     10 lbs.                                           
     Soda ash                2 lbs.                                            
     Sodium nitrite          5 lbs.                                            
     Emulsifiers             5 lbs.                                            
     Calcium stearate        15 lbs.                                           
     Total                   100 lbs.                                          
PAR  The above concentrate was dispersed in water and then used to coat wire
      rod. Immersion time was 1 minute at 190.degree.F. At a coating weight of
      0.311 grams per kilogram of wire rod the moisture pick-up versus time in a
      humidity chamber at 100% relative humidity and 68.degree.F. temperature
      was observed:
TBL  Time (Hours)      Moisture (% weight)                                     
     ______________________________________                                    
      1/2              19.1                                                    
     2 1/2             29.7                                                    
     3 1/2             31.8                                                    
     5                 32.2                                                    
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Following the procedure of Example 2, a calcium stearate-borax coating
      concentrate was prepared from the following ingredients:
TBL  Sodium Tetraborate (5H.sub.2 O)                                           
                             57 lbs.                                           
     Tetrasodium pyrophosphate                                                 
                             2 lbs.                                            
     Soda ash                8 lbs.                                            
     Sodium nitrite          3 lbs.                                            
     Emulsifiers (as above)  5 lbs.                                            
     Calcium stearate        25 lbs.                                           
     Total                   100 lbs.                                          
PAR  Wire coated from an aqueous dispersion of the above concentrate at a
      coating thickness of 0.297 grams per kilogram of wire showed the following
      moisture absorption.
TBL  Time (Hours)      Moisture (% weight)                                     
     ______________________________________                                    
      1/2              27.1                                                    
     2 1/2             28.0                                                    
     3 1/2             30.3                                                    
     5                 31.3                                                    
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Following the procedure of Example 2, a calcium tallowateborax coating
      concentrate was prepared from the following ingredients:
TBL  Sodium tetraborate (5H.sub.2 O)                                           
                             71 lbs.                                           
     Soda ash                5 lbs.                                            
     Tetrasodium pyrophosphate                                                 
                             5 lbs.                                            
     Sodium nitrite          2 lbs.                                            
     Emulsifiers (as above)  5 lbs.                                            
     Calcium tallowate       12 lbs.                                           
     Total                   100 lbs.                                          
PAR  Wire coated from an aqueous dispersion of the above concentrate at a
      coating thickness of 0.329 grams per kilogram of wire showed the following
      moisture absoption:
TBL  Time (Hours)      Moisture (% weight)                                     
     ______________________________________                                    
      1/2              29.7                                                    
     2 1/2             31.9                                                    
     3 1/2             34.8                                                    
     5                 37.3                                                    
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Following the procedure of Example 2, an aluminum stearate-borax coating
      concentrate was prepared from the following ingredients:
TBL  Sodium tetraborate (5H.sub.2 O)                                           
                             71 lbs.                                           
     Tetrasodium pyrophosphate                                                 
                             5 lbs.                                            
     Soda ash                5 lbs.                                            
     Sodium nitrite          2 lbs.                                            
     Emulsifiers (as above)  5 lbs.                                            
     Aluminum stearate       12 lbs.                                           
     Total                   100 lbs.                                          
PAR  Wire coated from an aqueous dispersion of the above concentrate at a
      coating thickness 0.340 grams per kilogram of wire showed the following
      moisture absorption:
TBL  Time (Hours)      Moisture (% weight)                                     
     ______________________________________                                    
      1/2              26.4                                                    
     2 1/2             32.2                                                    
     3 1/2             36.9                                                    
     5                 40.0                                                    
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  Following the procedure of Example 2, a zinc stearate-borax coating
      concentrate was prepared from the following ingredients:
TBL  Sodium tetraborate (5H.sub.2 O)                                           
                             71 lbs.                                           
     Tetrasodium pyrophosphate                                                 
                             5 lbs.                                            
     Soda Ash                5 lbs.                                            
     Sodium Nitrite          2 lbs.                                            
     Emulsifiers (as above)  5 lbs.                                            
     Zinc stearate           12 lbs.                                           
     Total                   100 lbs.                                          
PAR  Wire coated from an aqueous dispersion of the above concentrate at a
      coating thickness of 0.249 grams per kilogram of wire showed the following
      moisture absorption:
TBL  Time (Hours)      Moisture (% weight)                                     
     ______________________________________                                    
      1/2              22.6                                                    
     2 1/2             25.5                                                    
     3 1/2             25.5                                                    
     5                 29.0                                                    
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  Under the same conditions as the preceeding examples, wire coated with a
      borax concentrate (72.5% weight borax (10H.sub.2 O) not containing any
      water insoluble metal soap was tested for moisture absorption with the
      following results:
TBL             Coating Thickness                                              
                  0.411 g/Kg.    0.305 g/Kg.                                   
     Time (Hours) Moisture (% wt.)                                             
                                 Moisture (% wt.)                              
     ______________________________________                                    
      1/2         38.3           51.7                                          
     2 1/2        42.7           53.3                                          
     3 1/2        42.8           82.0                                          
     5            47.8           84.4                                          
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  Calcium-stearate was prepared from stearic acid and lime in a steam jacket
      sigma blade mixer. 52 1/2 lbs. of acid and 27 1/2 lbs. water were charged
      to the mixer and the steam was turned on in the jacket and the mixer
      started. Heating was continued until the stearic acid reached the
      temperature of 150.degree. to 160.degree.F. 10 lbs. of lime were added to
      the melted stearic acid and mixing was continued for 5 to 10 minutes until
      the saponification was complete. This was determined by analyzing the
      mixture for free fatty acids which should analyze 1/10% or less by weight
PAC  EXAMPLE 9
PAR  The effect of temperature on the coating weight of a calcium stearate
      carrier coating was determined by placing the coating concentrate of
      Experiment 1 in water at a concentration of 24 oz. per gallon. Coating
      weights were determined at 180.degree., 190.degree. and 200.degree.F. The
      coating weights were observed by immersion of a coil of rod in the bath
      and holding it in the bath for a time of about 2 minutes to allow the rod
      to reach the bath temperature. Thereafter, the coils were removed from the
      coating baths, allowed to drain and dry. The coating was then stripped
      from a portion of each coil and coating weight determinations were made.
      At 180.degree.F., the coating weighed 0.844 grams per kilogram of rod. At
      190.degree.F., the coating weighed 1.06 grams per kilogram of rod. At
      200.degree.F., the coating weighed 1.07 grams per kilogram of rod.
PAC  EXAMPLE 10
PAR  The effect of coating time on coating weight was determined by immersion of
      wire rod in the carrier coating baths for varying periods and then
      determining the amount of coating after drying. The composition of
      Experiment 1 was added to water at a concentration of 24 ounces per
      gallon. Rod coils were immersed in this bath for periods of 15, 30, and 60
      seconds, respectively. The coils were removed from the coating bath,
      allowed to drain and dry, and thereafter the coatings were stripped from a
      portion of the rod and coating weights determined. At 15 seconds, the
      coating weighed was 0.793 grams/kilogram of rod. At 30 seconds, the
      coating weighed 0.862 grams/kilogram of rod. At 60 seconds, the coating
      weighed 1.06 grams/kilogram of rod. Bath temperatures were maintained at
      190.degree.F. in all of the determinations.
PAC  EXAMPLE 11
PAR  The ability of the sodium tetraborate-water insoluble soap carrier coatings
      to carry lubricant in wire drawing was observed in a wire drawing plant.
PAC  Coating Dispersion Makeup
PAR  A mild steel tank was completely cleaned and washed out to remove all
      traces of previous carrier coatings. Approximately 1,720 gallons of water
      were added to the tank and heated to 160.degree.F. 1,200 lbs. of the
      composition of Experiment 1 were then added with agitation to the tank.
      After a uniform dispersion was obtained a portion of the dispersion was
      titrated with 1N hydrochloric acid and 9.6 milliliters of solution was
      used. 90 to 100 lbs. of additional concentrate were then added and on
      retesting the dispersion, 11.5 milliliters of titrating solution were
      used. At a bath temperature of 175.degree. the dispersion had a milky
      white color.
PAC  Coatings
PAR  Pin No. 1 contained three coils of seven-thirtyseconds of an inch C1008 low
      carbon steel. Each coil weighed about 1200 lbs., making a compacted bundle
      of 3,600 lbs. The coils had been acid cleaned and water rinsed. Pin No. 1
      containing the three coils was dipped into the carrier coating bath for a
      total of 6 seconds immersion time at 175.degree.F. A second pin containing
      three coils of the same rod was immersed for a total time of about 6
      seconds at 175.degree.F. Both pins were then placed on an endless conveyor
      which moved through the baker which was set at a temperature of
      300.degree.F. Time in the baker was from 1 to about 3 minutes. The coating
      on the rod was difficult to see but had a dry smooth surface to the touch
      of the hand.
PAR  Five additional loads of seven thirty-seconds inch C1008 coils were coated
      with total immersion times between 5 and 8 seconds at 175.degree.F. The
      baker was set at 350.degree.F. for these 5 loads of coils, and the drying
      time was approximately 1 to 3 minutes.
PAC  Wire Drawing
PAR  The first load of the seven thirty-seconds inch C1008 coated rod was taken
      to No. 11 wire drawing machine. It was drawn 3 holes down to 0.142 inch
      size. The drafting was 0.191 inch, 0.165 inch and finish size 0.142 inch.
      The machine speed was 1350 FPM. The blocks were all running hot. The
      lubricant used was R. H. Miller CXH in the ripper box only. The residual
      coating was stripped off at No. 2 die but on the final block, the finish
      was satisfactory. There was good carry-through of lubricant on all three
      of the blocks and the wire was for chain link fabric and would be
      galvanized.
PAR  A second load of wire was taken to No. 18 machine which was a 2 hole double
      deck motor block and it would be drawn 2 holes to 0.142. The first draft
      was 0.176 inch and the finish draft was 0.142 inch. The speed of this
      motor block was 800 FPM. The lubricant used was R. H. Miller CXH in the
      ripper only and the second soap box remained empty. The carry-through of
      lubricant and coating was very good and the finish on the wire was
      satisfactory and this wire was also used for chain link fabric and was
      galvanized.
PAR  A third load was taken to No. 1 machine and was drawn 5 holes to 0.080
      inch; no draftings were recorded. The finish speed was 1700 FPM and all
      blocks were hot. The lubricant used was half CXH and half lime in the
      ripper box only. The carry-through on all blocks was good and the finish
      was satisfactory and acceptable and this wire was also for continuous
      galvanizing.
PAC  EXAMPLE 12
PAR  The ability of the sodium tetraborate-water-insoluble metal soap carrier
      coatings to resist atmospheric humidity was observed by comparing the
      moisture absorbed by the coating with a sodium tetraborate carrier coating
      containing a water-soluble sodium soap. The amount of moisture absorbed
      was measured at varying coating weights.
PAR  The sodium tetraborate-water insoluble soap used had the composition of the
      concentrate disclosed in Experiment 1. The Boraxwater soluble sodium soap
      had the following composition expressed in percent by weight: sodium
      tetraborate (10 waters)--72.5%, soda-ash--12%, sodium tallow soap--5%,
      sodium nitrite--3.0%, tetrasodium pyrophosphate--5.0%, sodium
      metasilicate--2.0%, emulsifier--0.5%.
PAR  All coating bath temperatures were maintained at 190.degree.F. Various
      amounts of the concentrates were used in the coating baths to obtain
      different coating weights on the wire rod. After the rod was cooled, the
      rods were placed in humidity chambers held at 90 to 95% relative humidity
      at 68.degree.F temperature. The increase in weight as a percentage of the
      coating weight was determined at varying time intervals. The increase in
      weight as a percentage of the coating weight was determined at varying
      time intervals. The results are shown in Table 1 for the sodium
      tetraborate-water insoluble soap and in Table 2 for the
      sodium-tetraborate-water soluble soap coating.
TBL                TABLE I                                                     
     ______________________________________                                    
     Moisture Pickup of Sodium Tetraborate-Water Insoluble -Soap Coating       
     Concentration in                                                          
     Coating Baths                                                             
                 24 oz/gal. 12 oz/gal.  12 oz/gal.                             
     Coating Weights                                                           
                 1.07 g/Kg. 0.402 g/Kg. 0.349 g/Kg.                            
     Time (Hours)                                                              
                 Moisture Pick-up (% Wt.)                                      
     ______________________________________                                    
      1/2        18.2       23.0        30                                     
     1           27.3       --          --                                     
     11/2        --         25.4        34.1                                   
     21/2        --         26.4        --                                     
     3           --         --          38.8                                   
     31/2        36.4       --          --                                     
     51/2        --         24.9        --                                     
     61/2        36.4       --          --                                     
     71/2        --         24.9        --                                     
     ______________________________________                                    
TBL                TABLE II                                                    
     ______________________________________                                    
     Moisture Pick-up of Sodium Tetraborate-Water Soluble -Soap Coating        
     Concentration in                                                          
     Coating Baths                                                             
                 24 oz/gal.  24 oz/gal.                                        
                                       24 oz/gal.                              
     Coating Weights                                                           
                 0.166 g/Kg. 0.320 g/Kg.                                       
                                       0.457 g/Kg.                             
     Time (Hours)                                                              
                 Moisture Pick-up (% wt.)                                      
     ______________________________________                                    
      1/2        100         45.2      35.7                                    
     1           150         --        --                                      
     11/2        --          64.9      52.0                                    
     21/2        --          --        72.1                                    
     3           --          69.9      --                                      
     31/2        150         --        --                                      
     51/2        --          --        --                                      
     61/2        150         --        --                                      
     71/2        --          --        --                                      
     ______________________________________                                    
PAR  In all cases, the moisture pick-up was much greater for the combination of
      sodium tetraborate-water soluble soap as compared with the sodium
      tetraborate-water-insoluble soap composition.
PAC  EXAMPLE 13
PAR  It was determined that a typical water absorbing sodium tetraborate carrier
      coating could be rendered much more resistant to water pick-up by adding
      varying portions of the sodium tetraborate-metal soap concentrate shown in
      Example 1. The borax concentrate contained 97.9% by weight borax and 2.1%
      tetrasodium pyrophosphate. Coatings were applied from baths held at
      temperatures of 190.degree.F. and varying bath concentrations were used in
      an attempt to obtain similar coating weights for comparing moisture
      absorption. The results are shown in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Moisture Pick-up-Borax Carrier Coating Compared to Borax-Carrier          
     Concentrate Mixed with Sodium Tetraborate Calcium Stearate Concentrate    
                       1 Part Borax Concentrate                                
                                       1 Part Borax Concentrate                
                       4 Parts Sodium Tetraborate                              
                                       9 Parts Sodium-Tetraborate              
              Borax Coating                                                    
                       Calcium Stearate Concentrate                            
                                       Calcium Stearate Concentrate            
     Concentration in                                                          
     Coating Bath                                                              
              24 oz/gal.                                                       
                       12 oz/gal.      10 oz/gal.                              
     Coating Weight                                                            
              0.350 g/Kg.                                                      
                       0.374 g/Kg.     0.394 g/Kg.                             
     Time (Hours)                                                              
              Moisture Pick-Up (% wt.)                                         
     __________________________________________________________________________
      1/2     24.3     22.6            21.9                                    
     1        30.9     26.1            20.7                                    
     2        44.9     33.5            22.1                                    
     41/2     53.6     38.6            21.9                                    
     61/2     58.9     39.7            20.2                                    
     __________________________________________________________________________
PAR  The moisture reduction caused by the addition of the sodium
      tetraborate-water insoluble metal soap to the borax concentrate is quite
      apparent.
CLMS
STM  I claim:
NUM  1.
PAR  1. The carrier coating concentrate consisting essentially of from about 10
      to about 30% by weight of one or more waterinsoluble metal soaps selected
      from the group consisting of calcium, barium, aluminum, magnesium and zinc
      soaps of fatty acids having from about 12 to about 18 carbon atoms, from
      about 65 to about 89% by weight of sodium tetraborate, and from about 1 to
      about 5% by weight of one or more organic dispersing agents.
NUM  2.
PAR  2. The concentrate of claim 1 in granular or powder form.
NUM  3.
PAR  3. The carrier coating bath comprising from about 8 to about 32 ounces of
      the concentrate of claim 1 dispersed in each gallon of water.
NUM  4.
PAR  4. The carrier coating bath of claim 3 in which the pH is maintained within
      the range of 7 to about 12.
NUM  5.
PAR  5. The carrier coating bath of claim 4 in which the pH is adjusted within
      the range of about 7 to about 12 by the addition of alkaline materials as
      required.
NUM  6.
PAR  6. The carrier coating concentrate consisting essentially of from about 10
      to about 30% by weight of one or more water-insoluble metal soaps selected
      from the group consisting of calcium, barium, aluminum, magnesium and zinc
      soaps of fatty acids having from about 12 to 18 carbon atoms, from about
      65 to 89% by weight of sodium tetraborate, from about 1 to about 5% by
      weight of one or more organic dispersing agents, and from about 2 to about
      10% by weight of one or more alkaline materials selected from the group
      consisting of the hydroxides, carbonates and bicarbonates of sodium,
      potassium, barium, magnesium, calcium and aluminum and the polyphosphates
      of sodium and potassium.
NUM  7.
PAR  7. The concentrate of claim 6 in powder or granular form.
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ABST
PAL  A salt grinding process is described for converting crude phthalocyanines
      into pigments having improved strength, cleanliness and transparency. The
      process is carried out by grinding an anhydrous charge of dry
      phthalocyanine crude, salt grinding aid, organic liquid conditioning agent
      and a specified amount of an alkali metal hydroxide under conditions of
      shear and then recovering the pigment from the charge. The process is
      particularly useful for crudes of unsubstituted or halogen substituted
      copper phthalocyanines.
BSUM
PAR  This invention relates to a process for conditioning crude organic pigments
      and particularly to a process for converting phthalocyanine crudes into
      pigments having exceptional tinctorial strength, cleanliness and
      transparency.
PAR  The crude reaction products of phthalocyanine-forming reactants as obtained
      from their various syntheses are not suitable for direct use as pigments
      and require conditioning before acceptable pigmentary properties are
      attained.
PAR  One method for converting crude (non-pigmentary) phthalocyanines into
      pigments is described in U.S. Pat. No. 2,982,666 to Chun et al. (May 2,
      1961) and involves grinding the dry crude with a finely-divided salt
      grinding aid such as sodium chloride in the presence of a sufficient
      amount of an organic conditioning agent such as polyethylene glycol to
      provide a doughy, coherent mass under conditions of high shear until a
      pigment possessing the desired tinctorial strength is obtained.
      Modifications of the above salt grinding method have also been proposed to
      improve various properties of the pigment. For example, in U.S. Pat. No.
      3,351,481 Nov. 7, 1967) Hopmeier et al. teach that pigments possessing
      high tinctorial strength and tinctorial stability in aromatic vehicles are
      obtained by carrying out the salt grinding in the presence of an organic
      solvent such as dimethyl sulfoxide, morpholine or a polyglycol amine.
      Another modification is shown by Akamatsu et al. in U.S. Pat. No.
      3,748,164 (July 24, 1973) and proposes carrying out the salt grinding in
      the presence of an aminoplast tackifying agent such as urea, thiourea,
      melamine, etc., and optionally other additives such as water, diethylene
      glycol, surfactants, rosin, etc., to obtain brighter shades and superior
      tinctorial strength. The above prior art salt grinding techniques
      generally provide phthalocyanine pigments having a soft texture in the dry
      state, good dispersibility in oil or aqueous systems and good tinctorial
      strength. However, optimum properties are not realized with all crudes and
      in some cases, such as crudes which are not completely pure, the strength,
      cleanliness and transparency of the pigment leave much to be desired.
PAR  It has also been suggested that crude phthalocyanines can be converted into
      pigments having good strength, brilliance and high purity by grinding the
      crude in water. One such method is described in U.S. Pat. No. 3,752,688 to
      Fuchs et al. (Aug. 14, 1973) and involves steel ball milling crude
      phthalocyanines in aqueous medium containing 0.1 to 20% of an alkali metal
      hydroxide or carbonate. The presence of base in the aqueous medium is said
      to improve the transmission of grinding energy and to result in purer
      pigments of greater strength in shorter grinding times. The strength of
      pigment obtained by wet grinding, however, is much lower than by salt
      grinding. Furthermore, contamination frequently results, especially when
      the wet grinding is carried out with steel balls which are small in size.
PAR  Now in accordance with this invention it has been found that further
      improvement in the strength, cleanliness and transparency of
      phthalocyanine pigments can be realized by the salt grinding of crude
      provided the grinding is carried out in the presence of a substantial but
      minor amount of an alkali metal hydroxide. Accordingly, the present
      invention relates to a process for converting a phthalocyanine crude into
      a pigment having high tinctorial strength, cleanliness and transparency,
      which process comprises grinding under conditions of shear an essentially
      anhydrous charge comprising dry phthalocyanine crude, from about 2 to
      about 8 parts per part of crude of a particulate salt grinding aid, from
      0.1 to 0.6 part per part of crude of an alkali metal hydroxide and
      sufficient of an organic liquid conditioning agent to form a dough-like
      cohesive mass and to maintain the charge under conditions of shear during
      grinding until a pigment of high tinctorial strength is obtained, and
      recovering the pigment from the ground charge.
PAR  The crude phthalocyanines which can be conditioned in accordance with this
      invention include the metal-free or metal phthalocyanines, and
      particularly the copper, nickel, cobalt, zinc, aluminum, tin and manganese
      phthalocyanines. The phthalocyanine nucleus can be unsubstituted or
      substituted, for instance, with halogen or sulfonic acid groups. The
      invention is particularly useful for crudes of unsubstituted copper
      phthalocyanine and the halogen substituted copper phthalocyanines.
PAR  The phthalocyanine crudes can be prepared conventionally using well-known
      solvent or fusion techniques and can be preground as by dry hammer milling
      prior to conditioning to break up large lumps or oversized material and
      provide a crude of more uniformly sized particles, if desired.
      Pregrinding, however, is not essential to the practice of the invention.
      Likewise, other pretreatments designed to remove impurities, synthesis
      byproducts and the like can be used if desired but are not necessary.
PAR  As stated, dry phthalocyanine crude is ground under conditions of shear in
      the presence of about 2 to about 8 parts of a particulate salt grinding
      aid and from 0.1 to 0.6 part of an alkali metal hydroxide per part of
      crude and sufficient of an organic liquid conditioning agent to form a
      dough-like cohesive mass and to maintain shear conditions. Grinding is
      continued until a pigment of high tinctorial strength is obtained and the
      exact time period employed will, of course, vary depending upon such
      factors as the type and particle size of crude, efficiency and power input
      of the grinding apparatus, viscosity of the grinding mass, particle size
      of the grinding aid, etc. Usually the time will vary from about 1 hour to
      about 24 hours and preferably from about 4 to about 12 hours. Extended
      grinding is not harmful but grinding beyond 24 hours is not necessary
      under usual conditions.
PAR  The temperature during grinding is not critical and can vary over a
      considerable range. It is preferred, however, for reasons of economy to
      operate between a temperature range of about 20.degree. to 140.degree.C.
      and more preferably about 40.degree. to 125.degree.C.
PAR  As stated, grinding is carried out under conditions of shear. Forces which
      are shearing in nature can be realized using known grinding or milling
      apparatus such as the Baker Perkins sigma mixer, the Werner-Pfleiderer
      sigma mixer, the Banbury mixer or a continuous heavy duty mixer of the
      Baker Perkins M-P or Ko-Kneader type. Usually, any mixing apparatus which
      is capable of delivering a power input of at least 0.10 H.P. per pound of
      pigment in the crude will be adequate to provide shear conditions in
      accordance with the invention.
PAR  The grinding step of the invention utilizes a particulate salt as the solid
      grinding aid. Preferred grinding aids are the water-soluble salts of
      mineral acids such as an alkali metal halide, sulfate or phosphate and
      particularly sodium and potassium chlorides, sulfates, acid sulfates,
      phosphates, acid phosphates and the like. The salt will usually be in
      finely divided form and the amount can be varied within relatively wide
      limits. Usually from about 2 to about 8 parts, and preferably from 2 to 6
      parts, per part of crude will be employed.
PAR  As stated, salt grinding of the crude in accordance with this invention is
      carried out in the presence of from 0.1 to 0.6 part per part of crude of
      an alkali metal hydroxide. Preferred alkali metal hydroxides are sodium,
      potassium and lithium hydroxide, and particularly preferred is sodium
      hydroxide flake. The exact amount of alkali necessary within the limits
      recited to achieve the advantages of the invention will depend upon the
      particular phthalocyanine crude and the amount of pigment contained
      therein. In general copper phthalocyanine crudes give pigments of
      exceptional strength when the amount of alkali hydroxide is at least equal
      on a weight basis to the amount of impurity present in the crude. An
      excess is not detrimental but large excesses and usually more than a
      two-fold excess does not appear to offer additional improvement.
PAR  The anhydrous charge which is ground in accordance with this invention also
      comprises, in addition to the phthalocyanine crude, salt grinding aid and
      alkali metal hydroxide, sufficient of at least one organic liquid
      conditioning agent to provide cohesiveness during mixing and to maintain
      conditions of shear. Ideally the conditioning agent should be at least
      slightly water-soluble or readily separable from the pigment and should
      have a low volatility under grinding conditions. Conditioning agents
      having the above properties are well known to the art and include
      alcohols, ethers, ketones, aliphatic and aromatic hydrocarbons,
      halogenated hydrocarbons, amines, amides, etc. Crystallizing type organic
      liquids which are known to permit transformation of phthalocyanine pigment
      to a different polymorphic form and hence alter the shade of the pigment
      can be used as all or part of the conditioning agent. Preferred liquid
      conditioning agents of the non-crystallizing type include ethylene glycol,
      triethylene glycol, diethanolamine, triethanolamine, glycerol, and the
      like, and the preferred crystallizing type liquids include aniline,
      N-methyl-2-pyrrolidone, xylene, nitrobenzene, chlorobenzene and
      cyclohexanol. If a mixture of crystallizing and non-crystallizing type
      liquids is employed, the mixture will preferably contain about 10 to about
      80%, and most preferably about  10 to about 50%, of crystallizing type
      liquid.
PAR  In order to maintain conditions of shear during grinding of the charge, it
      is important that the proper amount of conditioning agent be present. If
      too little conditioning agent is employed based on the weight of solids,
      the charge will remain powdery and grinding will not produce sufficient
      energy to reduce the particle size and give the desired conditioned
      pigment. On the other hand, if too high a proportion of conditioning agent
      is added, the power input will fall off due to loss of viscosity and
      grinding likewise will not give the desired conditioned pigment. When
      sufficient conditioning agent is present to form a dough-like cohesive
      mass, a high amount of energy is required to grind the charge and shear is
      developed. It is the grinding of the charge under conditions of shear in
      the presence of an alkali metal hydroxide which conditions the crude to
      give the superior pigments of this invention. For most charges, from about
      3 to about 25% and preferably from about 10 to about 20% of conditioning
      agent based on the total solid constituents of the charge, i.e., the
      phthalocyanine crude, salt grinding aid and alkali hydroxide, will provide
      the cohesiveness necessary for grinding under conditions of shear.
PAR  Following grinding of the crude in the presence of the salt, alkali metal
      hydroxide, and conditioning agent, the conditioned pigment can be
      separated from the ground charge by conventional techniques. Generally the
      charge is treated with water or dilute acid to dissolve the salt grinding
      aid, alkali metal hydroxide and liquid conditioning agent, and the treated
      charge filtered, washed and dried to yield the desired pigment.
PAR  The phthalocyanine pigments produced in accordance with this invention
      possess outstanding quality in terms of shade, intensity, cleanliness,
      transparency and dispersibility, and are particularly useful as colorants
      for printing inks, coating compositions, plastics and the like. Because of
      their high transparency and strength they are particularly important in
      fluid ink and similar applications requiring high gloss and/or iridescent
      effects.
DETD
PAR  The invention is further illustrated by the following examples. All parts
      and percentages are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  Into a Baker Perkins sigma mixer (Model No. 4AN2) having a working capacity
      of 0.7 U.S. gallon were charged:
TBL                        Parts                                               
     Sodium chloride (325 mesh)                                                
                             787                                               
     Sodium hydroxide flake (98.3%)                                            
                              30                                               
     Crude copper phthalocyanine                                               
     (89.7% pure; 0.03% chlorine)                                              
                             263                                               
     Ethylene glycol         145                                               
     Aniline                  39                                               
PAL  Mixing was commenced and the charge was ground for 61/2 hours without
      cooling, 66 additional parts of ethylene glycol being added in small
      increments during the grinding period to maintain the charge in a cohesive
      state. A strong evolution of ammonia occurred during the first hours of
      grinding and the temperature of the charge rose to 75.degree.C. After the
      61/2 hour period, grinding was terminated and 50 parts of the grind were
      withdrawn and mixed with 1,000 parts of water containing 21 parts of 93%
      sulfuric acid. The mixture was stirred for 1 hour at
      85.degree.-90.degree.C., and the pigment was recovered by filtration,
      washed with water until neutral, dried at 70.degree.C. and pressed through
      a 60-mesh screen. The product was a bright blue, green shade beta-copper
      phthalocyanine pigment.
PAR  The pigment of this example and a control pigment prepared as above except
      that no sodium hydroxide was used were evaluated for strength and
      transparency in litho varnish using the following procedure. Masstone inks
      were prepared by mixing 0.5 part of dry pigment color and 0.9 part of
      litho varnish and mulling for 300 revolutions on a Hoover Muller. The
      masstone inks and tint inks therefrom (made by mixing one part of the
      masstone ink with 50 parts of white ink) were drawn down on glass slides
      and on paper and compared. The masstone strength of the ink prepared with
      the pigment of this example was cleaner and more transparent than the ink
      prepared with the control pigment. The tint strength of the ink from the
      pigment of this example was slightly stronger than the tint ink from the
      control pigment.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated except that no aniline was present
      in the charge, the amount of additional ethylene glycol added to maintain
      the charge cohesive during the grinding was 39 parts, and the temperature
      during grinding rose to 81.degree.C. The pigment of this example was a
      mixture of alpha and beta copper phthalocyanine and gave with litho
      varnish a very strong transparent, clean, reddish blue masstone ink. The
      tint ink was redder, about 5 parts stronger and much cleaner than the tint
      ink from a control pigment prepared in the same manner as above except
      that no sodium hydroxide was used, 26 parts of additional ethylene glycol
      were added during the grinding, and the temperature rose to 63.degree.C.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was repeated except the mixer was charged with:
TBL                        Parts                                               
     Sodium chloride (325 mesh)                                                
                             960                                               
     Sodium hydroxide flake (98.3%)                                            
                              37                                               
     Crude copper phthalocyanine                                               
     hammer milled through a                                                   
     1/16" screen (94.7% pure,                                                 
     0.43% chlorine)         168                                               
     Ethylene glycol         215                                               
PAL  The grinding time was 8 hours with jacket cooling, additional ethylene
      glycol was not added incrementally, 11 parts of ethylene glycol were added
      after 61/2 hours of grinding time and the maximum temperature during
      grinding was 56.degree.C. The pigment was red shade alpha-copper
      phthalocyanine which gave with litho varnish a cleaner masstone ink which
      was a brighter reddish blue shade than the masstone ink of a control
      pigment prepared in the same manner except that no sodium hydroxide was
      used. The tint ink of the pigment of this example was stronger and cleaner
      than the tint ink of the control pigment.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 was repeated except that the charge contained 60
      parts of sodium hydroxide, 129 parts of ethylene glycol were necessary to
      maintain cohesiveness, the grinding time was 9 hours and the temperature
      rose to 95.degree.C. The resulting pigment was beta-copper phthalocyanine
      which gave masstone and tint inks which were very strong and clean. The
      pigment was comparable to the pigment of Example 1.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 was repeated except that the mixer was charged
      with:
TBL                        Parts                                               
     Sodium chloride (325 mesh)                                                
                             1240                                              
     Sodium hydroxide flake (98.3%)                                            
                              47                                               
     Crude copper phthalocyanine                                               
     hammer milled through a 1/32"                                             
     screen (92.4% pure, 0.11%                                                 
     chlorine)               230                                               
     Ethylene glycol         238                                               
     Aniline                  36                                               
PAL  The grinding time was 9 hours, no additional ethylene glycol was added
      during grinding, and the temperature rose to 70.degree.C. The pigment was
      green beta-copper phthalocyanine which gave with litho varnish a masstone
      ink which was much cleaner, stronger and more transparent than the
      masstone ink of a control pigment prepared in the same manner of this
      example except that sodium hydroxide was omitted from the charge, 208
      parts of ethylene glycol were added initially and 11 parts of ethylene
      glycol were added after 55 minutes of grinding and the temperature rose to
      61.degree.C. The tint ink of the pigment of this example was much stronger
      and much cleaner than the control tint ink.
PAC  EXAMPLE 6
PAR  The procedure of Example 5 was repeated except that 208 parts of
      triethylene glycol were substituted for the 238 parts of ethylene glycol
      and the temperature rose to 84.degree.C. The masstone and tint inks of
      pigment of this example were comparable in shade, strength and cleanliness
      to the inks of the pigment of Example 5.
PAC  EXAMPLE 7
PAR  The procedure of Example 5 was repeated except that an equal amount ot
      triethanolamine was substituted for the ethylene glycol, an additional 40
      parts of triethanolamine were added in small increments during the
      grinding period and the temperature rose to 80.degree.C. The masstone and
      tint inks of the pigment of this example were comparable in shade,
      strength and cleanliness to the inks of the pigment of Example 5.
PAC  EXAMPLE 8
PAR  A jacketed Baker Perkins mixer (Model No. 6CWE) having a working capacity
      of 2.25 U.S. gallons, cooling water running through the jacket and the
      mixer blades set at a speed of 45 r.p.m. for the front blade and 30 r.p.m.
      for the back blade was charged sequentially with 3180 parts of sodium
      chloride (325 mesh), 2080 parts of fusion synthesized copper
      phthalocyanine crude having a purity of 68.1% and containing 0.5% chlorine
      (prepared according to Example 1 of U.S. Pat. No. 3,188,318 to Mack, June
      8, 1965, and hammer milled through a 1/32 inch screen) and 3180 parts of
      sodium chloride (325 mesh). Grinding was commenced and after 5 minutes of
      time 458 parts of sodium hydroxide flake (98.3%) were added to the mixture
      and a nitrogen atmosphere was provided over the mixer contents. Grinding
      was continued for 15 minutes following which time 1100 parts of
      diethanolamine (m.p. 26.degree.-28.degree.C.) were charged to the mixer.
      Grinding was continued for 10 minutes, 225 parts of aniline were charged
      to the mixer, and grinding was continued for an additional 7 hours, sodium
      chloride (325 mesh) being added in the amount of 50 parts after 5 hours
      and 51/4 hours respectively. During gringing the batch temperature rose to
      107.degree.C. and the net power input to the mixer rose to a maximum of
      1.77 H.P. After the 7 hour grinding period, grinding was terminated and 25
      parts of the ground mixture were withdrawn and stirred with 500 parts of
      water containing 21 parts of 93% sulfuric acid at 85.degree.-90.degree.C.
      for 1 hour, following which time the pigment was recovered using the
      procedure of Example 1. When tested in litho varnish, the masstone and
      tint inks of the pigment of this example gave a very green, clean color
      comparable in strength, cleanliness and transparency to the inks of the
      pigment of Example 1.
PAC  EXAMPLE 9
PAR  Example 8 was repeated except that the initial charge was
TBL                        Parts                                               
     Sodium chloride (325 mesh)                                                
                             5360                                              
     Crude copper phthalocyanine,                                              
     finely ground (75.4% pure,                                                
     0.01% chlorine)         1915                                              
     Chlorinated copper phthalo-                                               
     cyanine (purified by acid                                                 
     pasting, 11.5% chlorine)                                                  
                             121                                               
     Sodium hydroxide flake (98.3%)                                            
                             458                                               
     Diethanolamine (m.p. 26-28.degree.C.)                                     
                             800                                               
     Aniline                 252                                               
PAL  The grinding time was 71/2 hours, an additional 1000 parts of sodium
      chloride were added after 13/4 hours of grinding, an additional 136 parts
      of diethanolamine were added incrementally as 12 or 25 part portions
      during the first 3 hours of grinding, and the batch temperature rose to
      80.degree.C. The product of this example was a green beta-copper
      phthalocyanine pigment containing 1.0% chlorine. The pigment gave a very
      green, clean, transparent masstone ink. The masstone and tint inks were
      comparable to the inks of Example 5.
PAC  EXAMPLE 10
PAR  The procedure of Example 9 was repeated except that the initial charge was
TBL                        Parts                                               
     Sodium chloride (325 mesh)                                                
                             6360                                              
     Crude copper phthalocyanine,                                              
     finely ground (75.4% pure,                                                
     0.01% chlorine)         2080                                              
     Sodium hydroxide flake (98.3%)                                            
                             458                                               
     Diethanolamine (m.p. 26-28.degree.C.)                                     
                             974                                               
     N-methyl-2-pyrrolidone  200                                               
PAL  The grinding time was 71/2 hours, an additional 350 parts of salt were
      added after 11/3 hours, an additional 300 parts of diethanolamine were
      added in 5, 10 or 25 part increments over a 7 hour period to maintain
      cohesiveness, and the batch temperature rose to 112.degree.C. The product
      of this example was a green shade beta-copper phthalocyanine pigment. When
      tested in litho varnish, the pigment gave a very strong clean, transparent
      masstone ink. The tint ink was slightly less green than the tint ink of
      Example 9.
PAC  EXAMPLE 11
PAR  The procedure of Example 5 was repeated except that 36 parts of xylene were
      substituted for the 36 parts of aniline. The pigment of this example gave
      masstone and tint inks comparable to the inks of Example 5 in strength,
      cleanliness and transparency but slightly greener in shade.
CLMS
STM  What we claim and desire to secure by letters patent is:
NUM  1.
PAR  1. A process for converting a phthalocyanine crude into a pigment having
      high tinctorial strength, cleanliness and transparency, which process
      comprises grinding under conditions of shear, an essentially anhydrous
      charge consisting essentially of dry phthalocyanine crude, from about 2 to
      about 8 parts per part of crude of a particulate salt grinding aid, from
      0.1 to 0.6 part per part of crude of an alkali metal hydroxide and
      sufficient of at least one organic liquid conditioning agent to form a
      dough-like cohesive mass and to maintain the charge under conditions of
      shear during grinding until a pigment of high tinctorial strength is
      obtained, and recovering the pigment from the ground charge.
NUM  2.
PAR  2. The process of claim 1 wherein the phthalocyanine is copper
      phthalocyanine.
NUM  3.
PAR  3. The process of claim 2 wherein the alkali metal hydroxide is sodium
      hydroxide.
NUM  4.
PAR  4. The process of claim 3 wherein the conditioning agent comprises ethylene
      glycol, triethylene glycol or triethanolamine.
NUM  5.
PAR  5. The process of claim 4 wherein the conditioning agent also contains an
      organic crystallizing agent.
NUM  6.
PAR  6. The process of claim 5 wherein the organic crystallizing agent is
      aniline.
NUM  7.
PAR  7. The process of claim 5 wherein the organic crystallizing agent is
      N-methyl-2-pyrrolidone.
NUM  8.
PAR  8. The process of claim 5 wherein the organic crystallizing agent is
      xylene.
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ABST
PAL  The invention is for a process and composition for pickling metals,
      especially iron based metals, prior to metal finishing. A hydrohalide acid
      pickling solution is used which solution is characterized by the addition
      of urea. The urea substantially reduces, even completely eliminates, the
      excessive liberation of noxious and corrosive hydrohalide acid fumes
      normally associated with such pickling operations. This is an advantage as
      it greatly reduces the cost of the pickling operation as the consumption
      of acid is dramatically reduced. Moreover, there is less injury to
      personnel and equipment contacted with said fumes. Finally, a metal
      surface treated with the pickling solution of the invention is improved as
      there is less pitting and the surface is more active to a metal depositing
      solution.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Introduction
PAR  This invention relates to a process for pickling metals in acid baths to
      prepare the surface for a further finishing operation such as metal
      plating, electrolessly or electrolitically, painting and the like, and
      more particularly, to pickling metals with hydrohalide acid solutions,
      particularly hydrochloric acid solutions.
PAR  2. Description of the prior art.
PAR  Sulfuric acid is the acid which is used in the largest quantities for the
      pickling of metals because of its low cost. However, the art has recently
      turned to hydrohalide acids, particularly hydrochloric acid, because of
      difficulties associated with the disposal of spent sulfuric acid solutions
      and various advantages associated with the use of the hydrohalide acids
      such as faster pickling rate at room temperature, better solubility for
      various types of rust and scale, superior surface conditions of the
      pickled part and finally, the acid which remains on the surface of the
      part is both less in volume due to a lower viscosity and more easily
      removed from the surface of the part by rinsing. The subject of
      hydrohalide acid pickling of iron and steel is discussed in detail by Max
      Straschill, Pickling of Metals, Robert Draper, Lmtd. Teddington, England,
      1963, pages 42 to 44 incorporated herein by reference. The pickling of
      other metals with hydrohalide acids is disclosed in the Metal Finishing
      Guidebook Directory for 1972, Metal and Plastics Publications, Westwood,
      N.J., pp. 206 to 214, also incorporated herein by reference.
PAR  Though the art is turning to hydrohalide acids for pickling, there are
      certain disadvantages associated with their use. At the concentration at
      which the acid is used, there is substantial evolution of gas even at room
      temperature and considerable fuming in moist air due to the formation of
      hydrohalide acid mist. As well as possessing a sharp odor, these fumes
      attack the human respiratory organs and mucous membranes and are corrosive
      to steel and other metal parts with which they come into contact.
      Moreover, this fuming results in a large loss of acid substantially
      increasing the cost of the overall pickling procedure. Finally, the
      excessive fuming limits the pickling process to a room temperature process
      as increased temperatures cause even greater fuming. Room temperature
      operation results in a slower pickling rate. Moreover, because the
      pickling operation is exothermic, cooling equipment was required further
      adding to cost.
PAR  Attempts have been made in the prior art to reduce cost using hydrohalide
      acids by providing systems for the recovery of spent solutions. The
      recovery of hydrochloric acid from the spent pickling liquors used for the
      pickling of iron based metals is discussed in detail in articles by
      Perkins et al and Pool, Iron and Steel Engineer, April, 1965, pages 156 to
      163, incorporated herein by reference. According to said publication, the
      high cost associated with the use of hydrochloric acid as a pickling
      solution is in part compensated for by the economy associated with the
      recovery system. Thus, the chloride salt formed during a pickling
      operation is recovered and decomposed thermally with almost complete
      recovery of the chloride ion which is used for the formation of reusable
      hydrochloric acid. This feature of the process enables hydrochloric acid
      to compete with sulfuric acid despite its high cost.
PAR  Even with the above described recovery process, the pickling operation is
      still expensive because of the excessive fuming of the acid during the
      pickling operation and the resultant loss thereof. The acid lost in this
      manner cannot be recovered and converted back to reusable hydrochloric
      acid.
PAR  In U.S. Pat. No. 3,423,240 incorporated herein by reference, there is
      taught a modification of the hydrochloric acid recovery system shown by
      Perkins et al which is stated to further improve the economy of the
      operation. According to said patent, the overall economy is improved by a
      modification comprising the use of extra chloride ion in the pickling bath
      in the form of a salt such as sodium chloride to compensate for losses in
      the system. The addition of the sodium chloride to the pickling solution
      accompanied by at least a stoichiometric amount of a sulphur containing
      substance capable of reacting with sodium chloride, oxygen and water vapor
      to produce hydrogen chloride and sodium sulphate is said to result in an
      almost quantitative conversion of the sodium chloride to hydrogen
      chloride. In plants operating both hydrochloric acid pickling lines and
      sulfuric acid pickling lines, the waste sulfuric acid pickling solution is
      an ideal source of the sulphur containing material. In situations where
      sulfuric acid pickling solutions are not readily available, recourse can
      be had to many other economical, commercially available sources of
      reactive sulphur.
PAR  Though the above procedure does make the overall process of pickling with
      hydrochloric acid and other hydrohalide acids more economical, it is still
      not as economical as might be desired because there is still an excessive
      loss of acid by fuming, thereby increasing the cost of the operation,
      attacking steel equipment and more importantly, presenting a health hazard
      due to attack on the respiratory system.
PAC  SUMMARY OF THE INVENTION
PAR  The subject invention provides a hydrohalide acid pickling solution,
      preferably a hydrochloric acid pickling solution, especially useful for
      iron based metals which solution is safer, more effective and more
      economical to use than hydrohalide pickling solution of the prior art. The
      invention is predicated upon the discovery that the addition of urea in
      sufficient quantity to a hydrohalide acid pickling solution substantially
      reduces, even completely eliminates, the fuming associated with the use of
      such solutions. Accordingly, the hydrohalide acid is not lost by fuming
      and there is a corresponding decrease in consumption of hydrohalide acid
      during a pickling operation. As a result, with the recovery system for the
      spent pickling solution described above and the elimination of fuming, the
      subject invention provides a hydrohalide acid pickling solution that is
      safe to use and at least economically competitive with sulfuric acid.
PAR  In addition to the advantages noted above, there are additional advantages
      to the invention described herein. For example, the pickling solution can
      be used at elevated temperature without fuming thereby obtaining increased
      pickling rate and further reducing costs as cooling equipment is not
      necessary. Also, for reasons not fully understood, the surface of a part
      treated with the solutions of this invention are less pitted and more
      active to a metal depositing solution than parts treated with pickling
      solutions of the prior art.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents graphically the relationship between hydrofluoric acid
      content in a pickling solution as a function of the ratio of urea to acid;
PAR  FIG. 2 is similar to FIG. 1, but for hydrochloric acid; and
PAR  FIG. 3 is also similar to FIG. 1, but for hydrobromic acid.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The term "pickling solution" as used herein is defined as a solution for
      removing dirt, scale, oxide, rust and the like from the surface of a metal
      as well as a solution to remove metal by dissolution thereof.
PAR  The term "hydrohalide acid pickling solution" as used herein is intended to
      mean hydrochloric acid, hydrofluoric acid and to a limited extent,
      hydrobromic acid as used in the prior art for the pickling of metals.
      Consequently, the term is intended to include within its scope acid
      solutions used in concentrations as used in the prior art except as
      discussed below, and containing additives such as surfactants, inhibitors,
      cleaners and the like as used in the prior art. The pickling solutions of
      the invention are used to pickle the same metals as the hydrohalide acid
      solutions of the prior art. Typical metals include iron based metals,
      aluminum, copper, nickel and its alloys, titanium, zirconium and the like.
PAR  Hydrofluoric acid is fully soluble in water and is itself a liquid. It is
      commercially available as a 20N solution (20 moles per liter of solution)
      and is used at about one-half this strength for the pickling of metals.
      Its most important property, which distinguishes it from other pickling
      solutions, is its ability to dissolve hydrosilic acid and its salts. For
      this reason, hydrofluoric acid is particularly suitable for pickling sand
      castings. Fine particles of sand that remain in the recesses of a surface,
      which cannot be removed by mechanical methods or other pickling solutions,
      are readily removed with the aid of hydrofluoric acid.
PAR  Hydrochloric acid is the most commonly used pickling acid of the
      hydrohalide acids. It is commercially available as a 12N solution (12
      moles per liter) though 3N to 6N solutions are typically used for pickling
      of metals, especially iron based metals.
PAR  Hydrobromic acid, because of high cost, is rarely used for pickling of
      metals, but to the extent that it is used, is within the scope of this
      invention. Concentrated hydrobromic acid commercially available is about
      5N (5 moles per liter) and is used for pickling in strengths of about 3N.
PAR  For purposes set forth herein the acid concentration is at least 0.5 moles
      per liter as lower concentrations will not provide a satisfactory etch
      rate. The maximum concentration is as set forth in FIGS. 1-3 as will be
      discussed in greater detail below.
PAR  Urea is added to the hydrohalide solution in an amount at least sufficient
      to reduce fuming and preferably sufficient to substantially totally
      eliminate fuming. Though not wishing to be bound by theory, it is believed
      that an adduct of urea and the hydrohalide acid is formed that requires at
      least one mole of urea for each mole of the hydrohalide acid.
      Consequently, fuming is reduced by the addition of urea to the hydrohalide
      acid solution in amounts less than 1 mole per mole of hydrohalide acid as
      some adduct is formed and is substantially eliminated when used in larger
      amounts, e.g., in excess of one mole of urea per mole of hydrohalide acid
      which constitutes a preferred minimum concentration.
PAR  There is an upper limit on the amount of urea that can be added to the acid
      solution. This is due to the fact that the urea in solution substantially
      adds to the volume. Every gram of urea in solution substantially adds
      about 0.75 milliliters to volume. Consequently, this limits the maximum
      concentration of acid that may be used since the volume occupied by the
      urea serves to dilute the acid.
PAR  The relationship between the ratio of urea and acid as a function of
      maximum acid concentration is set forth in FIGS. 1 to 3 of the drawing.
      With reference to FIG. 1 first, there is set forth the curve showing
      maximum concentration of hydrofluoric acid (based upon commercially
      available concentrated hydrofluoric acid) as a function of the mole ratio
      of urea to hydrofluoric acid. It can be seen that as the ratio increases,
      and more urea is added to solution thus occupying a greater volume, the
      maximum concentration of the acid decreases. It should be understood that
      the entire area under the curve represents formulations within the scope
      of the invention and that the curve itself merely represents the maximum
      concentration of acid at any given urea to acid ratio. As noted above, the
      minimum concentration of acid practical for purposes set forth herein is
      usually 0.5 moles of acid per liter. The maximum concentration is as
      represented by the curve in FIG. 1. Preferably, for hydrofluoric acid, the
      ratio of urea to hydrofluoric acid is at least 1 to 1 and more preferably
      varies between 2 to 1 and 16 to 1. Most preferably, the ratio varies
      between 4 to 1 and 8 to 1 while the concentration of acid varies between
      2.5 moles per liter of solution and the maximum represented by the curve
      within the boundaries set forth by the ratio limitations.
PAR  The relationship between concentration of acid and ratio of urea to acid
      for hydrochloric acid and hydrobromic acid (based upon commercially
      available concentrated solutions) is quite similar to that for
      hydrofluoric acid. As with hydrofluoric acid, the minimum concentration
      for hydrochloric acid is 0.5 moles of acid per liter of solution and the
      maximum concentration is as represented by the curve in FIG. 2.
      Preferably, for hydrochloric acid, the ratio of urea to acid is at least 1
      to 1 and more preferably varies between 2 to 1 and 10 to 1. Most
      preferably, the ratio varies between 2 to 1 and 6 to 1 while the
      concentration of acid varies between 2.5 moles per liter of solution and
      the maximum represented by the curve within the boundaries set forth by
      the curve within the boundaries set forth by the ratio limitations.
PAR  For hydrobromic acid, the relationship between acid concentration and ratio
      of urea to acid is set forth in FIG. 3. Again, the minimum concentration
      of acid is 0.5 moles per liter and the maximum is as set forth in FIG. 3.
      The preferred ratio of urea to acid is at least 1 to 1 and more preferably
      varies between 2 to 1 and 8 to 1. Most preferably, the ratio varies
      between 2 to 1 and 5 to 1 while the concentration of acid most preferably
      varies between 2.5 moles per liter of solution and the maximum represented
      by the curve within the boundaries set forth by the ratio limitations.
PAR  As noted above, the pickling solutions of this invention are capable of use
      at temperatures higher than solutions of the prior art. In this respect,
      the solutions are operative at room temperature, but may be used at
      temperatures up to just below the boiling point of the solution.
      Consequently, the temperature of the solution may vary between about
      70.degree. and 210.degree.F, preferably varies between 110.degree. and
      180.degree.F and most preferably, varies between about 125.degree. and
      165.degree.F, especially since the urea provides somewhat of an inhibiting
      effect on the acid.
PAR  The pickling solutions of this invention are used in the same manner as the
      pickling solutions of the prior art. Consequently, immersion time of a
      part in the pickling solution may vary between about 1 and 10 minutes
      dependent upon the particular metal pickled, the pickling temperature and
      other factors known to those skilled in the art.
TBL                Example                                                     
     ______________________________________                                    
     Hydrochloric acid (concentrated)                                          
                          200 ml                                               
     Urea                 200 grams                                            
     Citric acid           10 grams                                            
     Surfactant            5 grams                                             
     Water                to 1 liter                                           
     ______________________________________                                    
PAR  In the above formulation, the hydrochloric acid is present in solution in a
      concentration of about 2.5 moles per liter and the urea is present in an
      amount of about 3.3 moles per liter. The citric acid in solution serves as
      a chelating agent for extraneous ions.
PAR  Mild steel was immersed in the above formulation maintained at 160.degree.F
      for 4 minutes. Upon removal of the steel and rinsing with cold water, a
      smooth, matted surface was evident. Microscopic examination failed to
      reveal pits. The steel was then metal plated electrolessly in conventional
      manner with nickel using an electroless nickel plating solution identified
      as NL-61 which comprised a nickel salt, hypophosphite as a reducing agent
      therefore and proprietary complexing agents. The mild steel was highly
      active to the catalytic deposition of nickel and a smooth, coherent layer
      of nickel was obtained.
PAR  Throughout the pickling operation, there was no odor of hydrochloric acid
      whatsoever and no fumes of hydrochloric acid could be detected if the air
      immediately over the pickling solution was inhaled.
PAR  The procedure of the above example was repeated using Korvar in place of
      the mild steel and a 314 stainless steel with similar results. For the
      stainless steel, the pickling time was increased to 8 minutes.
PAR  The above example can be repeated with a pickeling solution at a
      temperature of both 75.degree.F and 120.degree.F with similar results
      though the pickling time is increased as the temperature decreases.
PAR  The procedure of the above example was repeated five times with varying
      concentration of urea as follows:
PAR  0 grams per liter, 50 grams per liter, 100 grams per liter, 200 grams per
      liter and 400 grams per liter. Heavy fuming was encountered with the
      formulation containing no urea while no fuming whatsoever was detected
      using the formulations containing 200 and 400 grams per liter of urea
      respectively. Fuming was evident with the solution containing 50 grams per
      liter of urea, but was somewhat reduced compared to the solution
      containing no urea. Finally, the formulation containing 100 grams per
      liter did fume, but in an amount substantially less than that solution
      containing no urea.
PAR  The above five formulations were used to pickle steel and all behaved in a
      similar manner. The pickled surface was best with those solutions
      containing 200 and 400 grams per liter of urea, respectively.
PAR  The procedure of the example can be repeated with the following
      formulations:
TBL  A.  Hydrofluoric acid (concentrated)                                      
                               100 ml                                          
         Urea                  240 grams                                       
         Citric acid            10 grams                                       
         Surfactant             5 grams                                        
         Water                 to 1 liter                                      
     B.  Hydrobromic acid (concentrated)                                       
                               100 ml                                          
         Urea                  300 grams                                       
         Citric acid            10 grams                                       
         Surfactant             5 grams                                        
         Water                 to 1 liter                                      
PAL  Similar results to those set forth above are obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydrohalide acid pickling solution consisting essentially of an
      aqueous solution of a hydrohalide acid, selected from the group consisting
      of hydrochloric acid and hydrobromic acid, in an amount of at least 0.5
      moles per liter of solution and urea in an amount of at least 0.5 moles
      per mole of acid and sufficient to substantially reduce fuming of said
      acid.
NUM  2.
PAR  2. The pickling solution of claim 1 where the concentration of urea is at
      least 1 mole per mole of acid.
NUM  3.
PAR  3. The pickling solution of claim 2 where the acid is hydrochloric acid in
      a concentration of at least 0.5 moles per liter and the mole ratio of urea
      to acid varies between 2/1 and a maximum for a given concentration of
      acid, the given concentration being taken on the ordinate, the maximum
      mole ratio being found at the intersection of the horizontal line for the
      given concentration of acid, as depicted in FIG. 2 of the drawings along
      line B.
NUM  4.
PAR  4. The pickling solution of claim 3 where the urea concentration varies
      between 2 moles of urea per mole of acid and 10 moles of urea per mole of
      acid.
NUM  5.
PAR  5. The pickling solution of claim 3 where the urea concentration varies
      between 2 moles of urea per mole of acid and 6 moles of urea per mole of
      acid.
NUM  6.
PAR  6. The pickling solution of claim 5 where the minimum concentration of acid
      is at least 2.5 moles per liter of solution.
NUM  7.
PAR  7. The pickling solution of claim 2 where the acid is hydrobromic acid in a
      concentration of at least 0.5 moles per liter and the mole ratio of urea
      to acid varies between 2/1 and a maximum for a given concentration of
      acid, the given concentration being taken on the ordinate, the maximum
      ratio being found at the intersection of the horizontal line for the given
      concentration of acid, as depicted in FIG. 3 of the drawings along line C.
NUM  8.
PAR  8. The pickling solution of claim 7 where the urea concentration varies
      between 2 moles of urea per mole of acid and 8 moles of urea per mole of
      acid.
NUM  9.
PAR  9. The pickling solution of claim 7 where the urea concentration varies
      between 2 moles of urea per mole of acid and 5 moles of urea per mole of
      acid.
NUM  10.
PAR  10. The pickling solution of claim 9 where the minimum concentration of
      acid is 2.5 moles per liter of solution.
NUM  11.
PAR  11. In a process for pickling a metal comprising the step of contacting
      said metal with a hydrohalide acid pickling solution consisting
      essentially of a hydrohalide acid, selected from the group consisting of
      hydrochloric acid and hydrobromic acid, where said acid is present in an
      amount of at least 0.5 moles per liter of solution, the improvement
      comprising the addition of urea to said hydrohalide acid in an amount of
      at least 0.5 moles per mole of acid and sufficient to substantially reduce
      fuming of said acid.
NUM  12.
PAR  12. The process of claim 11 where the metal is an iron based metal.
NUM  13.
PAR  13. The process for pickling of claim 11 where the concentration of urea is
      at least 1 mole per mole of acid.
NUM  14.
PAR  14. The process for pickling of claim 13 where the temperature of the
      pickling solution varies between 70.degree. and 210.degree.F.
NUM  15.
PAR  15. The process for pickling of claim 13 where the temperature of the
      pickling solution varies between 125.degree. and 165.degree.F.
NUM  16.
PAR  16. The process of pickling of claim 13 where the acid is hydrochloric acid
      in a concentration of at least 0.5 moles per liter and the maximum mole
      ratio of urea to acid for a given concentration of hydrochloric acid is
      depicted in FIG. 2 of the drawings along line B, the given concentration
      being taken on the ordinate, the maximum mole ratio being found at the
      intersection of the horizontal line for the given concentration of acid.
NUM  17.
PAR  17. The process for pickling of claim 16 where the urea concentration
      varies between 2 moles of urea per mole of acid and 10 moles of urea per
      mole of acid.
NUM  18.
PAR  18. The process for pickling of claim 16 where the urea concentration
      varies between 2 moles of urea per mole of acid and 6 moles of urea per
      mole of acid.
NUM  19.
PAR  19. The process for pickling of claim 18 where the minimum concentration of
      acid is at least 2.5 moles per liter of solution.
NUM  20.
PAR  20. The process of pickling of claim 13 where the acid is hydrobromic acid
      in a concentration of at least 0.5 moles per liter and the maximum mole
      ratio of urea to acid for a given concentration of hydrobromic acid is
      depicted in FIG. 3 of the drawings along line C, the given concentration
      being taken on the ordinate, the maximum mole ratio being found at the
      intersection of the horizontal line for the given concentration of acid.
NUM  21.
PAR  21. The process for pickling of claim 20 where the urea concentration
      varies between 2 moles of urea per mole of acid and 8 moles of urea per
      mole of acid.
NUM  22.
PAR  22. The process for pickling of claim 20 where the urea concentration
      varies between 2 moles of urea per mole of acid and 5 moles of urea per
      mole of acid.
NUM  23.
PAR  23. The process for pickling of claim 22 where the minimum concentration of
      acid is 2.5 moles per liter of solution.
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ABST
PAL  A dishwashing and cleansing agent composition for manual dishwashing based
      upon anionic surface-active surfactants consists essentially of (A) from
      20% to 90% by weight of a higher sulfonate or sulfate of the group of the
      alkyl sulfonates, olefin sulfonates, .alpha.-sulfofatty acid alkyl esters,
      dialkyl sulfosuccinic esters, alkylbenzene sulfonates and alkyl sulfates,
      each having 8 to 20 carbon atoms in the hydrophobic moiety, and (B) from
      10% to 80% by weight of a mono- or polyglycol ether sulfate of a higher
      1,2-alkanediol having 10 to 22 carbon atoms; as well as a dishwashing
      concentrate containing this composition and a method of using this
      composition.
PARN
PAC  REFERENCE TO A PRIOR APPLICATION
PAR  This application is a continuation-in-part of our copending U.S. patent
      application Ser. No. 362,324, filed May 21, 1973, now abandoned.
BSUM
PAC  PRIOR ART
PAR  Mainly high-sudsing anionic surface-active surfactants are used for manual
      dishwashing particularly alkyl sulfonates, alkyl benzene sulfonates, fatty
      alcohol sulfates and fatty alcohol polyglycol ether sulfates, with
      mixtures of these surfactants being mostly used in practice. Since these
      combinations are used frequently as aqueous liquid concentrates or as
      aqueous alcoholic concentrates, the packing and shipping costs become an
      important consideration because of the relatively high content of inactive
      solvents.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to increase the cleansing power of
      cleansing concentrates while lowering the necessary amounts to be used by
      the additional use of monoglycol ether sulfates or polyglycol ether
      sulfates of higher 1,2-alkanediols.
PAR  It is another object of the present invention to provide an anionic
      surface-active composition for manually washing and cleansing dishes
      consisting essentially of (A) from 20% to 90% by weight of a first
      component selected from the group consisting of alkyl sulfonates having 8
      to 20 carbon atoms, olefin sulfonates having 8 to 20 carbon atoms,
      .alpha.-sulfo-fatty acid alkyl esters having 8 to 20 carbon atoms in the
      .alpha.-sulfofatty acid and 1 to 4 carbon atoms in the alkyl, dialkyl
      sulfosuccinic acid esters having 8 to 20 carbon atoms in the alkyls,
      alkylbenzene sulfonates having 8 to 20 carbon atoms in the alkyl, alkyl
      sulfates having 8 to 20 carbon atoms and the mixtures thereof and (B) from
      10% to 80% by weight of a second component selected from the group
      consisting of a monoglycol ether sulfate of a 1,2-alkanediol having 10 to
      22 carbon atoms and a polyglycol ether sulfate of a 1,2 -alkanediol having
      10 to 22 carbon atoms, said components (A) and (B) being present in the
      form of their salts selected from the group consisting of alkali metal
      salts, ammonium salts, lower alkanol amine salts, lower alkylamine salts
      and the mixtures thereof.
PAR  It is a further object of the present invention to provide a dishwashing
      and cleansing agent concentrate for manual dishwashing based upon anionic
      surface active surfactants consisting essentially of (I) from 10% to 60%
      by weight of the above washing composition, (II) from 0% to 10% by weight
      of other customary dishwashing concentrate ingredients, and (III) the
      remainder to 100% by weight of an aqueous liquid.
PAR  It is still another object of the present invention to provide a
      development in the process for the manual washing of dishes which
      comprises subjecting dirty dishes to the action of a washing solution,
      subjecting the washed dishes to at least one rinsing solution and
      recovering said washed dishes, the improvement consisting of utilizing an
      aqueous solution containing from 0.01 to 10 gm/liter of the above anionic
      surface active composition, as said washing solution.
PAR  These and further objects of the present invention will become apparent as
      the description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention concerns dishwashing and cleansing agents for the
      manual washing of dishes based upon anionic surface active surfactants
      which give synergistic cleansing results.
PAR  The present invention therefore provides an anionic surface active
      composition for manually washing and cleansing dishes consisting
      essentially of (A) from 20% to 90% by weight of a first component selected
      from the group consisting of alkyl sulfonates having 8 to 20 carbon atoms,
      olefin sulfonates having 8 to 20 carbon atoms, .alpha.-sulfofatty acid
      alkyl esters having 8 to 20 carbon atoms in the .alpha.-sulfofatty acid
      and 1 to 4 carbon atoms in the alkyl, dialkyl sulfosuccinic acid esters
      having 8 to 20 carbon atoms in the alkyls, alkyl-benzene sulfonates having
      8 to 20 carbon atoms in the alkyl, alkyl sulfates having 8 to 20 carbon
      atoms and the mixtures thereof and (B) from 10% to 80% by weight of a
      second component selected from the group consisting of a monoglycol ether
      sulfate of a 1,2-alkanediol having 10 to 22 carbon atoms and a polyglycol
      ether sulfate of a 1,2-alkanediol having 10 to 22 carbon atoms, said
      components (A) and (B) being present in the form of their salts selected
      from the group consisting of alkali metal salts, ammonium salts, lower
      alkanol amine salts, lower alkylamine salts and the mixtures thereof.
PAR  The present invention also provides a dishwashing and cleansing agent
      concentrate for manual dishwashing based upon anionic surface active
      surfactants consisting essentially of (I) from 10% to 60% by weight of the
      above washing composition, (II) from 0% to 10% by weight of other
      customary dishwashing concentrate ingredients, and (III) the remainder to
      100% by weight of an aqueous liquid selected from the group consisting of
      water and an aqueous solution of water-miscible lower alkanol.
PAR  The present invention further provides a development in the process for the
      manual washing of dishes which comprises subjecting dirty dishes to the
      action of a washing solution, subjecting the washed dishes to at least one
      rinsing solution and recovering said washed dishes, the improvement
      consisting of utilizing an aqueous solution containing from 0.01 to 10
      gm/liter of the above anionic surface active composition as said washing
      solution.
PAR  Suitable examples of sulfonates and sulfates of component (A) include the
      alkanesulfonates of 8 to 20 carbon atoms, olefin sulfonates of 8 to 20
      carbon atoms, .alpha.-sulfofatty acid esters of alkyls having 8 to 20
      carbon atoms in the fatty acid moiety and 1 to 4 carbon atoms in the
      alkyl, dialkyl sulfosuccinic acid esters of 8 to 20 carbon atoms in the
      alkyls, saturated and unsaturated fatty alcohol sulfates of 12 to 18
      carbon atoms and mixtures thereof, as they are obtained from naturally
      occurring fatty substances, as well as alkyl benzene sulfonates of 10 to
      14 carbon atoms in the alkyl, for example, dodecyl benzene sulfonate.
      According to the invention, olefin sulfonates of 10 to 20 carbon atoms and
      alkyl benzene sulfonates of 10 to 14 carbon atoms in the alkyl are
      preferred. The sulfonates are present preferably as alkali metal salts
      such as sodium or potassium salts, ammonium salts, or amine salts, for
      example, lower alkylamine salts and lower alkanol amine salts such as
      triethanolamine salts; and can be used individually or as mixtures of
      salts.
PAR  Examples of component (B) are preferably straightchained compounds of the
      following formula:
      ##EQU1##
      wherein at least one of the groups X and Y is --(OCH.sub.2 --CHR).sub.n
      --Z and the other group is Z where Z is --OH or --OSO.sub.3 Me, m is an
      integer from 8 to 20, n is a number from 1 to 2, R is hydrogen or methyl,
      Me is sodium, potassium, or ammonium or the cation of an organic ammonium
      base such as lower alkylammonium or lower alkylolammonium for example
      mono-, di- or triethanolammonium or the morpholinium cation, with the
      proviso that at least 50% of the compounds must have at least one --
      OSO.sub.3 Me group. The surfactants of component (B) according to the
      invention are therefore comprised of a mixture in which the monosulfated
      compounds of the following formulae II to Va represent the majority, that
      is, more than 50 mol percent as follows:
      ##EQU2##
PAR  Unreacted 1,2-alkanediols and compounds which contain either no sulfate
      groups or no glycol-ether groups, as well as disulfates of the following
      formulae VI to XIV can also be present:
      ##EQU3##
PAR  Preferred are those compounds of formula (I) wherein the average number n
      of the alkylene oxide groups is 1, and wherein the integer m ranges from
      13 to 16.
PAR  In the production of the surfactants of component (B) the starting material
      is 1,2-epoxyalkanes of 10 to 22 carbon atoms or 1,2-alkanediols of 10 to
      22 carbon atoms. The epoxides are reacted with an excess of ethylene
      glycol and/or propylene glycol, the excess being subsequently removed
      again. The 1,2-alkanediols are reacted in a molar ratio of 1:1 to 1:5
      preferably 1:1 to 1:2, with ethylene oxide and/or propylene oxide. The
      ether alcohols obtained, which can contain unreacted starting material,
      are subsequently sulfated in known manner. Suitable sulfation agents are
      sulfuric acid, oleum, chlorosulfonic acid, and surfur trioxide, which can
      be dissolved in gas form, diluted with inert gases or dissolved in
      solvents, such as dichlorethane, carbon tetrachloride, dioxane or liquid
      sulfur dioxide. So much of the sulfation agent is used that after the
      sulfation reaction, the sulfation product contains from 0.7 to 1.1 mols of
      sulfuric acid ester groups per one mole of ether alcohol. Small amounts of
      the initial products, that is unalkoxylated and unsulfated diols, can also
      be present. The neutralization of the sulfuric acid ester can be effected
      in known manner with alkali metal hydroxides such as sodium hydroxide or
      with alkali metal carbonates (or both) of sodium, potassium or ammonium or
      with organic ammonium bases.
PAR  Suitable examples of component (B) include monoalkylene glycol ether
      sulfates or polyalkylene glycol ether sulfates of higher 1,2-alkanediols
      which are derived from 1,2-alkanediols of 10 to 20 carbon atoms,
      preferably 15 to 18 carbon atoms. The glycol ethers are obtained by
      hydrolysis of the corresponding long-chained, terminal epoxidized olefins
      to the corresponding 1,2-alkanediols and then reaction of these diols with
      1 to 5 moles of alkylene oxide, preferably 1 to 2 moles of alkylene oxide.
      The glycol ethers are also obtained by direct reaction of the epoxidized
      olefins with one mole of a polyalkylene glycol having 1 to 5 alkoxy
      groups, preferably 1 to 2 alkoxy groups.
PAR  The reaction is also effected in known manner with alkylene oxides, such as
      ethylene oxide and/or propylene oxide in the presence of acid or alkaline
      catalysts, preferably under pressure and at elevated temperatures. The
      alkoxylation products are generally used as starting materials for the
      subsequent sulfation without further purification.
PAR  The sulfation of the adducts is effected in known manner by reaction with
      strong sulfating agents, such as those discussed above in the same ratio.
      Suitable examples of sulfation products include the sulfation products
      containing about one --SO.sub.3 Me groups per mol of the adducts of 1 to 5
      moles, preferably 1 to 2 moles, of ethylene oxide on 1,2-alkanediols of 10
      to 20 carbon atoms, preferably 15 to 18 carbon atoms, or the sulfation
      products of the adducts of 1 to 5 moles, preferably 1 to 2 moles, of
      propylene oxide on 1,2-alkanediols of 10 to 20 carbon atoms, preferably 15
      to 18 carbon atoms. All of these products are preferably present in the
      form of their sodium or potassium salts. The weight ratio of the
      components (A) to (B) is from 20:80 to 90:10. Preferred is a mixture in
      which component (A) is predominate in the ratio of (A) to (B),
      particularly a ratio of (A) to (B) which ranges from 70:30 to 90:10.
PAR  The compositions are preferably used in the form of aqueous concentrates or
      aqueous alcoholic concentrates containing from 10% to 60% by weight,
      preferably from 20% to 45% by weight based upon the total weight of
      components (A) and (B). The concentrates can contain from 0% to 10% by
      weight of other customary dishwashing concentrate ingredients such as
      preservatives and disinfectants, and if desired perfume oils, dyes, skin
      protectors, solution aids or opacifiers. The balance of the concentrate
      composition to 100% by weight is made up of an aqueous liquid such as
      water or an aqueous solution of water-miscible lower alkanols.
PAR  The surfactant concentrates are preferably used for manual dishwashing.
      They are added to the cleansing bath in amounts of about 0.01 to 10
      gm/liter preferably 0.5 to 2 gm/liter, based upon the concentrate. The
      compositions of the invention have a synergistic cleansing effect when
      compared to the individual anionic surfactants of component (A) or when
      compared to the mixtures of these anionic surfactants of component (A).
PAR  With the same amount of active substance, the number of cleansed and washed
      dishes in a specific volume of wash liquor is considerably increased.
PAR  The combinations of the invention can also be used for other cleansing
      jobs, for example, for cleansing tiles, table tops, metal coverings, etc.
      They can therefore be used around the house for many other types of
      cleansing apart from dishwashing.
DETD
PAC  EXAMPLES
PAR  The following examples are merely illustrative of the present invention
      without being deemed limitative in any manner thereof.
PAR  A few compositions are given below which have proved especially good in
      practice. The invention is not restricted to the following mixtures,
      however, and these can be varied in many ways or be supplemented by the
      additional washing agent substances mentioned in the description. The
      sulfate and sulfonate basic surface-active washing components are
      generally used as the sodium salts although other alkali metal salts may
      be employed. If liquid preparations are used, the anionic detergent
      substances may advantageously be used in the form of the mono-, di- or
      tri- ethanolammonium salts.
PAR  Liquid dishwashing and cleansing agents may contain from 30% to 90% by
      weight of aqueous liquid solvents such as water or aqueous solutions of
      watermiscible organic solvents from the class of C.sub.2 to C.sub.3
      alcohols for example lower alkanols having 2 to 3 carbon atoms such as
      ethanol, propanol or isopropanol, and the ether alcohols of the C.sub.2 to
      C.sub.3 alcohols.
PAR  The cleansing results compiled in the following Table were determined with
      the "Mechanized Dish Test With Photometric End Point Determination" (See
      Fette, Seifen, Anstrichmittel, Vol. 74, 163-165 (1972 No. 3)). For
      comparison, a dishwashing combination of 80% dodecyl benzene sulfonate and
      20% of the sulfate of a fatty alcohol mixture of 12 to 14 carbon atoms
      with 2 moles of ethylene oxide adducted thereon, was used. This
      corresponds in its composition to known commercial dishwashing detergents.
PAR  In the following table:
PAR  EO = moles ethylene oxide
PAR  PrO = moles propylene oxide
      ##EQU4##
PAC  EXAMPLE 5
PAR  A liquid dish washing agent concentrate had a content of 60% by weight of
      the following composition:
PAR  16% by weight Na--salt of C.sub.18 -- olefin sulfonate,
PAR  4% by weight Na-- (C.sub.16 --1,2-alkanediol + 3 EO) monosulfate,
PAR  5% by weight urea,
PAR  0.1% by weight Na-benzoate,
PAR  (0.1% by weight perfume oil if desired and about 0.002% by weight dyes if
      desired)
PAR  the balance up to 100% by weight of water.
PAC  EXAMPLE 6
PAR  Another liquid dishwashing agent concentrate had a content of 45% per
      weight of the following composition:
PAR  16% by weight Na-dodecysulfate,
PAR  2% by weight Na-dodecylbenzene sulfonate,
PAR  2% by weight Na--(C.sub.15 --to C.sub.18 -- 1,2--alkanediol + 1
      PrO)monosulfate,
PAR  0.2% by weight EDTA, and
PAR  the balance up to 100% by weight of water.
PAR  Although the present invention has been disclosed in connection with a few
      preferred embodiments thereof, variations and modifications may be
      resorted to by those skilled in the art without departing from the
      principles of thee new invention. All of these variations and
      modifications are considered to be within the spirit and scope of the
      present invention as disclosed in the foregoing description and defined by
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Anionic surface active composition for manually washing and cleansing
      dishes consisting essentially of (A) from 20% to 90% by weight of a first
      component selected from the group consisting of alkyl sulfonates having 8
      to 20 carbon atoms, olefin sulfonates having 8 to 20 carbon atoms,
      .alpha.-sulfofatty acid alkyl esters having 8 to 20 carbon atoms in the
      .alpha.-sulfofatty acid and 1 to 4 carbon atoms in the alkyl, dialkyl
      sulfosuccinic acid esters having 8 to 20 carbon atoms in the alkyls,
      alkylbenzene sulfonates having 8 to 20 carbon atoms in the alkyl, alkyl
      sulfates having 8 to 20 carbon atoms and the mixtures thereof and (B) from
      10% to 80% by weight of a second component selected from the group
      consisting of a monoglycol ether monsulfate of a 1,2-alkanediol having 10
      to 22 carbon atoms and a polyglycol ether monosulfate of a 1,2-alkanediol
      having 10 to 22 carbon atoms, said sulfation product containing per mol of
      ether diol from 0.7 to 1.1 moles of sulfuric acid ester and said sulfation
      product being an adduct of no more than 5 mols of an alkylene oxide having
      2 to 3 carbon atoms on said diol said components (A) and (B) being present
      in the form of their salts selected from the group consisting of alkali
      metal salts, ammonium salts, lower alkanolamine salts, lower alkylamine
      salts, and the mixtures thereof.
NUM  2.
PAR  2. The composition of claim 1, wherein said second component (B) is
      selected from the group consisting of a monoglycol ether monosulfate of a
      1,2-alkanediol having 10 to 20 carbon atoms and a polyglycol ether
      monosulfate of a 1,2-alkanediol having 10 to 20 carbon atoms.
NUM  3.
PAR  3. The composition of claim 1, wherein said first component (A) is selected
      from the group consisting of olefin sulfonates having 10 to 20 carbon
      atoms and alkylbenzene sulfonates having 10 to 14 carbon atoms in the
      alkyl.
NUM  4.
PAR  4. The composition of claim 1, wherein said second component (B) is the
      sulfation product containing about one sulfate group per mol of an adduct
      of 1 to 2 mols of an alkylene oxide having 2 to 3 carbon atoms on a
      1,2-alkanediol having 15 to 18 carbon atoms.
NUM  5.
PAR  5. The composition of claim 1, wherein the weight ratio of component (A) to
      component (B) is from 70:30 to 90:10.
NUM  6.
PAR  6. A dishwashing and cleansing agent concentrate for dishwashing based upon
      anionic surface active surfactants consisting essentially of (I) from 10%
      to 60% by weight of an anionic surface active surfactant mixture
      consisting essentially of (A) from 20% to 90% by weight of a first
      component selected from the group consisting of alkyl sulfonates having 8
      to 20 carbon atoms, olefin sulfonates having 8 to 20 carbon atoms,
      .alpha.-sulfofatty acid alkyl esters having 8 to 20 carbon atoms in the
      .alpha.-sulfofatty acid and 1 to 4 carbon atoms in the alkyl, dialkyl
      sulfosuccinic acid esters having 8 to 20 carbon atoms in the alkyls,
      alkylbenzene sulfonates having 8 to 20 carbon atoms in the alkyl, alkyl
      sulfates having 8 to 20 carbon atoms and the mixtures thereof and (B) from
      10% to 80% by weight of a second component selected from the group
      consisting of a monoglycol ether monosulfate of a 1,2-alkanediol having 10
      to 22 carbon atoms and a polyglycol ether monosulfate of a 1,2-alkanediol
      having 10 to 22 carbon atoms said sulfation product containing per mol of
      ether diol from 0.7 to 1.1 moles of sulfuric acid ester and said sulfation
      product being an adduct of no more than 5 mols of an alkylene oxide having
      2 to 3 carbon atoms on said diol, said components (A) and (B) being
      present in the form of their salts selected from the group consisting of
      alkali metal salts, ammonium salts, lower alkanolamine salts, lower
      alkylamine salts, and the mixtures thereof; (II) from 0% to 10% by weight
      of a preservative, a disinfectant, a perfume oil, a dye, a skin protector,
      a solution aid, an opacifier or mixtures thereof; and (III) the remainder
      to 100% by weight of an aqueous liquid selected from the group consisting
      of water and aqueous solution of a water-miscible lower alkanol.
NUM  7.
PAR  7. The concentrate of claim 6, wherein said second component (B) is
      selected from the group consisting of a monoglycol ether monosulfate of a
      1,2-alkanediol having 10 to 20 carbon atoms and a polyglycol ether
      monosulfate of a 1,2-alkanediol having 10 to 20 carbon atoms.
NUM  8.
PAR  8. In the process for the manual washing of dishes which comprises
      subjecting dirty dishes to the action of a washing solution, subjecting
      the washed dishes to at least one rinsing solution and recovering said
      washed dishes, the improvement consisting of utilizing an aqueous solution
      containing from 0.01 to 10 gm/liter of an anionic surface active
      composition for washing and cleansing dishes consisting essentially of (A)
      from 20% to 90% by weight of a first component selected from the group
      consisting of alkyl sulfonates having 8 to 20 carbon atoms, olefin
      sulfonates having 8 to 20 carbon atoms, .alpha.-sulfofatty acid alkyl
      esters having 8 to 20 carbon atoms in the .alpha.-sulfofatty acid and 1 to
      4 carbon atoms in the alkyl, dialkyl sulfosuccinic acid esters having 8 to
      20 carbon atoms in the alkyls, alkylbenzene sulfonates having 8 to 20
      carbon atoms in the alkyl, alkyl sulfates having 8 to 20 carbon atoms and
      the mixtures thereof and (B) from 10% to 80% by weight of a second
      component selected from the group consisting of a monoglycol ether
      monosulfate of a 1,2-alkanediol having 10 to 22 carbon atoms and a
      polyglycol ether monosulfate of a 1,2-alkanediol having 10 to 22 carbon
      atoms said sulfation product containing per mol of ether diol from 0.7 to
      1.1 moles of sulfuric acid ester and said sulfation product being an
      adduct of no more than 5 mols of an alkylene oxide having 2 to 3 carbon
      atoms on said diol, said components (A) and (B) being present in the form
      of their salts selected from the group consisting of alkali metal salts,
      ammonium salts, lower alkanolamine salts, lower alkylamine salts and the
      mixtures thereof, as said washing solution.
NUM  9.
PAR  9. The process of claim 8, in which said aqueous solution contains from 0.5
      to 2 gm/liter of said anionic surface active composition.
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ABST
PAL  An improved electrical energy storage battery is provided having a case, at
      least two porous electrolyte containers positioned within the case, a
      solid hydrogel positioned within the case and between the electrolyte
      containers, the hydrogel containing an effective amount of an electron
      transferring agent to render said hydrogel conductive, at least one anode
      positioned within at least one of the electrolyte containers, at least one
      cathode positioned within at least one other of the electrolyte
      containers, a second solid hydrogel positioned within the container for
      the cathode, said gel being saturated with a compound selected from the
      group consisting of zinc chloride, zinc oxide, cadmium chloride, and
      cadmium oxide to render same conductive, and a third solid hydrogel
      positioned within the container for the anode, said gel being saturated
      with a compound selected from the group consisting of chromium chloride,
      chromium oxide, and alkali metal-containing chromate salts to render same
      conductive. The electron transferring agent employed in the solid hydrogel
      is selected from alkali metal salts, alkali metal hydroxides, alkaline
      earth metal salts, and alkaline earth metal hydroxides.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved electrical energy storage
      battery. In one aspect, the invention relates to an improved storage
      battery which is readily rechargeable. In normal battery operation, it is
      difficult to employ, in currently used systems, a solid electrolyte since
      it is necessary to keep the electrolyte in close contact with the
      electrode to be oxidized. Further, in most of the electrical storage
      batteries of the prior art, relatively expensive metals are employed as
      the various electrode components. Further, the design of such batteries
      has not enabled one to produce a high voltage output while maintaining a
      low current output. Thus, a need has long been known for an improved
      electrical energy storage battery which provides a higher voltage output
      than the traditional lead-acid battery, which is rechargeable, which can
      be produced from inexpensive materials, and, which has a low current
      output.
PAC  SUMMARY
PAR  In accordance with this invention, an improved rechargeable electrical
      energy storage battery is provided in which the electron transferring
      medium is maintained in a substantially solid state. In addition, the
      battery of the present invention produces improved voltage at
      substantially lower current than the conventional batteries known
      heretofore.
PAR  The improved electrical energy storage battery of the present invention
      comprises:
PA1  A. a case means;
PA1  B. at least two porous electrolyte container means positioned within said
      case means;
PA1  C. a solid hydrogel positioned within said case means and between said
      electrolyte container means, said hydrogel containing an effective amount
      of an electron transferring agent to render said hydrogel conductive;
PA1  D. at least one anode means positioned within at least one of said
      electrolyte container means;
PA1  E. at least one cathode means positioned within at least one other of said
      electrolyte container means;
PA1  F. a second solid hydrogel prositioned within said container means for said
      cathode, said gel being saturated with a compound selected from the group
      consisting of zinc chloride, zinc oxide, cadmium chloride and cadmium
      oxide to render same conductive; and,
PA1  G. a third solid hydrogel positioned within said container means for said
      anode, said gel being saturated with a compound selected from the group
      consisting of chromium chloride, chromium oxide, and alkali metal
      containing chromate salts to render same conductive.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide an improved electrical
      energy storage battery.
PAR  Another object of the present invention is to provide an improved
      electrical energy storage battery which can readily be recharged and does
      not suffer from the deficiencies of the prior art batteries.
PAR  Another object of the present invention is to provide an improved
      electrical energy storage battery which produces an improved voltage
      output while maintaining a low current output.
PAR  These and other objects, advantages, and features of the present invention
      will become apparent to those skilled in the art from the reading of the
      following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Drawings accompany and are part of this disclosure. These drawings depict
      preferred specific embodiments of the improved electrical energy storage
      battery means of the invention, and it is to be understood that the
      drawings are not to unduly limit the scope of the invention. In the
      drawings:
PAR  FIG. 1 is a partially broken prospective view of the improved electrical
      energy storage battery of the present invention.
PAR  FIG. 2 is a partially broken plain elevational view of the electrical
      energy storage battery of FIG. 1.
PAR  FIG. 3 is a partially broken prospective view of a second embodiment of the
      improved electrical storage battery of the present invention.
DETD
PAR  In the following discussion and description of the invention reference will
      be made to the drawings wherein the same referenced numerals will be used
      to indicate the same or similar parts and/or structure. The discussion and
      the description is of specific embodiments of the improved electrical
      energy storage battery of the invention, and it is to be understood that
      the discussion and the description is not to unduly limit the scope of the
      invention.
PAR  Referring now to all the drawings and particularly to FIGS. 1 and 2, an
      embodiment of the improved electrical energy storage battery 11 of the
      present invention is shown. Battery 11 comprises a case member 12 and a
      cover member 13. Case member 12 has positioned therein two porous
      electrolyte containers 14 and 16. Porous containers 14 and 16 are
      positioned inside case 12 which also contains a solid hydrogel 17 which
      separates containers 14 and 16. An anode means 18 and a cathode means 19
      are positioned in electrolyte containers 14 and 16 respectively. Anode
      means 18 and cathode means 19 are connected to electrical connectors 21
      and 22 which are in electrical contact with an external load not shown.
      Container 16 containing cathode 19 contains a second solid hydrogel 23.
      Porous container 14 containing anode 18 contains a third hydrogel 24.
PAR  Hydrogel 17 positioned inside case 12 and between electrolyte containers 14
      and 16 contains an effective amount of an electron transferring agent to
      render hydrogel 17 electrically conductive so that electrons can pass
      between anode 18 and cathode 19. While any suitable electron transferring
      agent can be employed to render hydrogel 17 conductive, it is desired in
      the unique battery of the present invention, that such transfer agent be
      selected from the group consisting of alkali metal salt, alkali metal
      hydroxide, alkaline earth metal salt, and alkaline earth metal hydroxide.
      Examples of such transfer agents are sodium chloride, potassium chloride,
      lithium chloride, sodium hydroxide, potassium hydroxide, lithium
      hydroxide, calcium chloride, barium chloride, and calcium hydroxide and
      barium hydroxide. While the amount of transfer agent employed in the
      hydrogel can vary widely, I have found that desirable results can be
      obtained when the amount of transferring agent employed with hydrogel 17
      varies from about 20 to 70 weight percent of said transfer agent.
PAR  The term hydrogel as used herein is understood to means those compounds
      which when admixed with warm water dissolve therein and upon cooling, form
      a solid gel. Such compounds are illustrated by the following group:
      agar-agar, water glass, hydroxymethylcellulose, hydroxyethylcellulose,
      modified cellulose, flour, starch and the like. While any of the above can
      be employed, especially desirable results from a physical property
      standpoint are obtained when the hydrogel is selected from the group
      consisting of agar-agar, water glass, hydromethylcellulose,
      hydroxyethylcellulose, and modified cellulose.
PAR  In addition to the electron transfer agent employed in hydrogel 17
      positioned between containers 14 and 16, it is often desirable to
      incorporate into hydrogel 17 an effective amount of graphite powder. By
      employing such graphite powder the life of the cell is improved. Such is
      believed to be primarily due to the lower internal resistance present in
      the cell when the graphite powder is incorporated along with the electron
      transfer agent into the solid hydrogel. While the amount of graphite can
      vary widely, desirable results are obtained when from about 2 to 8 weight
      percent of graphite is incorporated into hydrogel 17.
PAR  As previously stated, at least two porous electrolyte containers 14 and 16
      are positioned inside case 12 of battery 11. Porous electrolyte container
      16 containing cathode means 19, is adapted to have positioned therein a
      solid hydrogel 23, said gel being saturated with a compound selected from
      the group consisting of zinc chloride, zinc oxide, cadmium chloride, and
      cadmium oxide, such compounds being important to render the gel conductive
      so that electrons can flow therethrough into contact with conductive
      hydrogel 17 positioned between electrolyte containers 14 and 16.
PAR  Electrolyte container 14 containing anode 18, is likewise provided with
      solid hydrogel 24 positioned within said container, said gel being
      saturated with a compound selected from the group consisting of chromium
      chloride, chromium oxide, and alkali metal containing chromate salts, such
      being required to render the hydrogel condutive to electron transfer. When
      desirable, an effective amount of graphite can be incorporated into the
      hydrogen positioned in electrolyte container 14 containing anode 18. While
      the amount of such graphite can vary widely, desirable results are
      obtained wherein the amount of graphite incorporated into the hydrogel 24
      varies from about 2 to 8 weight percent.
PAR  Porous electrolyte containers 14 and 16, which can be employed in equal
      numbers, i.e., 2, 4, 6, 8 and the like, or in odd numbers (see FIG. 3) can
      be produced of any suitable material which will serve as a flow barrier
      between the various hydrogel compositions. However, such barriers must be
      porous so that charged particles such as ions, electrons and the like can
      readily flow between anode 18 and cathode 19 of the battery 11. Examples
      of suitable materials which can be employed for the porous electrolyte
      container means are microporous polymeric materials such as polyethylene,
      polypropylene, polyvinyl chloride, and the like and ceramic materials such
      as microporous porcelain containers.
PAR  In the battery means of the present invention, many types of material can
      be employed as the anode and the cathode. However, especially desirable
      results have been obtained when such are formed of graphite.
PAR  Referring now to FIG. 3, a second embodiment of the electrical energy
      storage battery of the present invention is depicted.
PAR  Improved electrode storage battery 11 comprises a case member 12 and a
      cover member 13. Case member 12 has positioned therein three porous
      electrolyte containers 14, 16 and 16'. Containers 14, 16 and 16' are
      positioned inside case means 12 and are separated by a solid hydrogel 17
      which is also positioned inside casing means 12. Anode 18 and cathodes 19
      and 19' are positioned in containers 14, 16, and 16', respectively. Anode
      18 and cathode 19 and 19' are connected to electrical connectors 21, 22
      and 22', respectively. The electrical connectors are in electrical contact
      with an external power source not shown for charging battery 11 or an
      external load. As illustrated, cathode 19 and 19' are optionally connected
      in series with each other. Porous containers 16 and 16' contain a second
      solid hydrogel 23. Porous container 14 contains a third hydrogel 24.
PAR  Hydrogel 17, positioned within case member 12 and between electrolyte
      containers 14, 16 and 16' contains an effective amount of electron
      transferring agent to render said hydrogel conductive so that electrons
      can pass from between the anode and the cathode. While any suitable
      electron transferring agent can be employed to render the hydrogel
      conductive, it is desired in the unique battery of the present invention,
      that such transfer agent be selected from the group consisting of alkali
      metal salt, alkali metal hydroxide, alkaline earth metal salt, and
      alkaline earth metal hydroxide. Examples of such transfer agents are
      sodium chloride, potassium chloride, lithium chloride, sodium hydroxide,
      potassium hydroxide, lithium hydroxide, calcium chloride, barium chloride,
      and calcium hydroxide and barium hydroxide. While the amount of transfer
      agent employed in the hydrogel can vary widely, I have found that
      desirable results can be obtained when the amount of transferring agent
      employed with said hydrogel varies from about 20 to 70 weight percent of
      said transfer agent.
PAR  In addition to the electron transfer agent employed in the solid hydrogel
      position between porous electrolyte containers 14, 16 and 16' it is often
      desirable to incorporate into said hydrogel an effective amount of
      graphite powder. By employing such graphite powder the life of the cell is
      improved. Such is primarily believed to be due to the lower cell internal
      resistance present when the graphite powder is incorporated along with the
      electron transfer agent into the solid hydrogel. While the amount of
      graphite can vary widely, desirable results are obtained when about 2 to 8
      weight percent of graphite is incorporated into the hydrogel.
PAR  As previously stated, the three porous electrolyte containers 14, 16 and
      16' are positioned within case 12 of battery 11. Porous electrolyte
      containers 16 and 16' containing cathodes 19 and 19' are adapted to have
      positioned therein a solid hydrogel 23, said gel being saturated with a
      compound selected from the group consisting of zinc chloride, zinc oxide,
      cadmium chloride, and cadmium oxide, such compounds being important to
      render the gel conductive so that electrons can flow there through into
      contact with conductive hydrogel 17 position between electrolyte
      containers 14, 16 and 16'.
PAR  Electrolyte container 14 containing anode 18, is likewise provided with
      solid hydrogel 24 positioned within container 14, the gel being saturated
      with a compound selected from the group consisting of chromium chloride,
      chromium oxide, an alkali metal containing chromate salts, such being
      required to render the hydrogel conductive to electron transfer. When
      desirable, an effective amount of graphite can be incorporated into the
      hydrogel positioned within the electrolyte container 14 containing anode
      18. While the amount of such graphite can vary widely, desirable results
      are obtained wherein the amount of graphite incorporated into the hydrogel
      varies from about 2 to 8 weight percent.
PAR  In order to better illustrate the operation and efficiency of the improved
      electrical energy storage means of the present invention, the following
      Examples are set forth. However, it is to be understood that the Examples
      are for illustrative purposes only and are not intended to limit the scope
      of the invention.
PAC  EXAMPLE I
PAR  A battery was constructed similar to FIGS. 1 and 2. Porous procelain
      containers, having dimisions of 9 cm .times. 7 cm .times. 2 cm were
      employed as the electrolyte container means. Carbon plates were utilized
      as both the anode and cathode. The hydrogel employed between the porcelain
      containers was an agar gel saturated with sodium chloride. The hydrogel
      employed in the procelain container containing the anode was an agar gel
      saturated with chromium chloride. The hydrogel employed in the porcelain
      container containing the cathode was an agar gel saturated with zinc
      chloride. The battery was attached to an external power source and
      electrically charged at 0.6 amperes for 4 hours. After the 4 hour charge
      the power source was removed and measurements made on the battery. These
      measurements are as follows:
TBL  Open circuit          2.457 volts                                         
     Short circuit         2.0 amperes                                         
     Battery and Short                                                         
     Circuit Resistance    1.228 ohms                                          
PAL  Measurements were then made to determine the battery open circuit voltage
      over a period of about 4 hours. The data is as follows:
TBL  Voltage (volts)         Time (minutes)                                    
     ______________________________________                                    
     2.139                    0                                                
     2.129                    23                                               
     2.125                    34                                               
     2.108                   113                                               
     2.104                   144                                               
     2.098                   178                                               
     2.094                   198                                               
     2.085                   243                                               
     2.083                   248                                               
                    Current                                                    
     Load Voltage (volts)                                                      
                    (Milliamperes)                                             
                                  Time (Minutes)                               
     ______________________________________                                    
     1.635          72             0                                           
     1.335          60             10                                          
     1.268          57             60                                          
     1.262          57             87                                          
     1.258          56.5          105                                          
     1.252          56            133                                          
     1.250          56            145                                          
     1.208          54.5          340                                          
     ______________________________________                                    
PAL  All of the above data was collected at 72.degree. F.
PAC  EXAMPLE II
PAR  A battery was constructed similar to the one depicted in FIG. 3. In this
      battery three porous porcelain containers similar to those of Example I
      were employed. The hydrogel employed between the containers was an agar
      gel containing about 25 weight percent NaCl and about 4 weight percent
      graphite powder. One porcelain container was used to house the anode and
      two porcelain containers were used to house the cathodes. The hydrogel
      employed in the procelain container containing the anode was saturated
      with chromium chloride. Thereafter, about 3 weight percent of graphite
      powder was incorporated into the chromium chloride saturate agar solution.
      The hydrogel employed in the two porcelain containers containing the
      cathodes was an agar gel saturated with zinc chloride.
PAR  Once the battery was constructed it was charged with an external power
      source for 3 hours at 2 amperes. No short circuit cycling was used during
      the charging operation. Tests were then made on the charged battery over a
      300 minute interval to determine the amount of discharge of the battery.
      The load imposed on the battery was 12 OHMS. The data measured is as
      follows:
TBL                Current                                                     
     Voltage (volts)                                                           
                   (Milliamperes) Time (minutes)                               
     ______________________________________                                    
     2.40          200             0                                           
     2.28          185             32                                          
     2.24          181             62                                          
     2.24          180             90                                          
     2.21          172            120                                          
     2.05          165            180                                          
     1.95          160            210                                          
     1.75          142            240                                          
     1.58          128            270                                          
     1.34          108            300                                          
     ______________________________________                                    
PAL  The above test data and Examples clearly illustrate the operability of the
      improved electrical energy storage battery means of the present invention.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. An improved electrical energy storage battery means comprising:
PA1  a. a case means;
PA1  b. at least two porous electrolyte container means positioned within said
      case means;
PA1  c. a solid hydrogel positioned within said case means and between said
      electrolyte container means, said hydrogel containing an effective amount
      of an electron transferring agent to render said hydrogel conductive;
PA1  d. at least one anode means positioned within at least one of said
      electrolyte container means;
PA1  e. at least one cathode means positioned within at least one of said
      electrolyte container means;
PA1  f. a second solid hydrogel positioned within said container means for said
      cathode, said gel being saturated with a compound selected from the group
      consisting of zinc chloride, zinc oxide, cadmium chloride and cadmium
      oxide to render same conductive; and,
PA1  g. a third solid hydrogel positioned within said container means for said
      anode, said gel being saturated with a compound selected from the group
      consisting of chromium chloride, chromium oxide, and alkali metal
      containing chromate salts to render same conductive.
NUM  2.
PAR  2. The storage battery of claim 1 wherein said electron transferring agent
      is selected from the group consisting of an alkali metal salt, and alkali
      metal hydroxide, an alkaline earth metal salt, and an alkaline earth metal
      hydroxide.
NUM  3.
PAR  3. The storage battery of claim 2 wherein said electron transferring agent
      is present is in an amount of from about 20 to 70 weight percent.
NUM  4.
PAR  4. The storage battery of claim 1 wherein said hydrogel is selected from
      the group consisting of agar-agar, water glass, hydroxymethylcellulose,
      hydroxethylcellulose and modified cellulose.
NUM  5.
PAR  5. The storage battery of claim 1 wherein three of said porous electrolyte
      container means are positioned within said case means.
NUM  6.
PAR  6. The storage battery of claim 5 wherein said anode and cathode are
      provided with connecting means so that said battery can be connected to a
      power source and recharged.
NUM  7.
PAR  7. The storage battery of claim 6 wherein said solid hydrogel is an agar
      gel saturated with sodium chloride, said second solid hydrogel is an agar
      gel saturated with zinc chloride, said third solid hydrogel is an agar gel
      saturated with chromium chloride, and said anode and cathode means are
      carbon plates.
NUM  8.
PAR  8. The storage battery of claim 6 wherein said solid hydrogel is an agar
      gel containing about 25 weight percent sodium chloride and about 4 weight
      percent graphite powder, said second solid hydrogel is an agar gel
      saturated with zinc chloride, said third solid hydrogel is an agar
      solution saturated with chromium chloride and containing about 3 weight
      percent graphite powder, and where said anode and cathode means are carbon
      plates.
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ABST
PAL  A solar cell with improved efficiency is provided with a convoluted P-N
      junction whereby a higher proportion of carriers produced by exposure of
      the solar cell to a source of radiation will be collected by the P-N
      junction rather than being lost by recombination. The solar cell has an
      increased resistance to radiation damage. The solar cell is made from a
      body of semiconductor material in which two regions of opposite type
      conductivity are formed. The material of one region is substantially the
      same as the body and the material of the other region is recrystallized
      material of the first region having solid solubility of a metal therein to
      impart a selective type conductivity and resistivity thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to solar cells and particularly to an improved solar
      cell having essentially a convoluted, single P-N junction providing a
      plurality of generally parallel P-N junction planes separated by distances
      of the order of not over one diffusion length whereby carriers generated
      within the cell are more efficiently collected by the P-N junction of the
      cell. The P-N junction may be parallel to or perpendicular to the top
      surface of the cell or a combination of the two.
PAR  2. Description of the Prior Art
PAR  One of the factors limiting the efficiency of a solar cell is the fraction
      of photoelectrically produced minority carriers which reach the P-N
      junction of the solar cell before recombining. Surface and bulk
      recombination can both play important roles in the recombination of
      minority carriers generated within the solar cell. Even in the best of
      present day solar cells, approximately one-quarter to one-third of the
      generated carriers are lost through recombination.
PAR  In an N/P type solar cell, holes produced in the N-region may be lost by
      recombination in the bulk or at the front surface of the cell. Similarly,
      electrons produced in the P-region may recombine internally or at the rear
      surface of the solar cell. In order to minimize recombination in the
      N-region or at the front surface on which the solar radiation falls, the
      depth of the P-N junction (actually the N-region thickness) is generally
      made quite small, of the order of one-half micron. In this instance most
      photons will pass through this N-layer and be absorbed in the P-region
      thereby producing hole-electron pairs, with a major portion being
      generally absorbed in the forward portion of the P-region near the P-N
      junction. The major contributing cause of low collection efficiency then
      becomes bulk recombination of the electrons in the P-region, and surface
      recombination of holes at the electrical contact affixed to the rear of
      the solar cell. Generally speaking, all carriers generated in the back
      half of the P-region of the N/P solar cell will be lost by recombination
      since they are more likely to reach the back surface of the solar cell
      rather than the P-N junction. Some of these carriers do, however, reach
      the P-N junction but a corresponding fraction of those produced in the
      front half of the P-region also reach the back surface of the solar cell,
      with no net gain in efficiency. Of those carriers generated in the forward
      portion of the P-region which migrate towards the P-N junction, many are
      lost by bulk recombination. Fortunately for solar cell efficiency, the
      exponential absorption of light results in most of the carrier generation
      occurring near the front of the solar cell.
PAR  Carrier collection efficiency is, therefore, a significant problem in solar
      cell design. To date, approaches to solution of the problem have included
      making the lifetime, and therefore the diffusion length, for minority
      carriers in the P-region as high as possible, and/or introducing a graded
      distribution of impurities into the P-region near the P-N junction,
      thereby providing a built-in electric field which urges electrons towards
      the P-N junction. Even with these improvements approximately one-third of
      the generated carriers in a solar cell are lost through recombination.
PAR  A. I. Bennett in his U.S. Pat. No. 3,682,708, proposes a multilayer solar
      cell having one convoluted P-N junction to improve the efficiency of the
      cell. The construction of the cell requires numerous epitaxial growth,
      diffusion and masking processes. Repeated temperature excursions required
      for the process involved can detrimentally affect the initial substrate
      material, the epitaxial material subsequentially grown and the electrical
      characteristics of the numerous P-N junctions which are joined together to
      make the one convoluted P-N junction. Additionally, the processes involved
      inherently have a detrimental effect on the P-N junctions formed in that
      impurities can be trapped at the interfaces of alternate regions of
      opposite type conductivity and degrade the electrical characteristics of
      the P-N junction formed thereat.
PAR  An object of the invention is to provide a new and improved solar cell
      which overcomes the deficiencies of the prior art solar cells.
PAR  An object of this invention is to provide a solar cell having a P-N
      junction construction for improving the efficiency of collecting the
      photoelectrically produced minority carriers.
PAR  An object of this invention is to provide a solar cell having an improved
      resistance to nuclear particle radiation damage.
PAR  Another object of this invention is to provide a semiconductor solar cell
      having a convoluted P-N junction so as to present a plurality of generally
      parallel P-N junctions contained in the semiconductor body.
PAR  A further object of this invention is to provide a solar cell wherein one
      region is recrystallized semiconductor material having solid solubility of
      metal therein to impart a selected type conductivity and resistivity
      thereto.
PAR  A still further object of this invention is to provide a solar cell wherein
      a greater proportion of the P-N junction is perpendicular to the top
      surface of the solar cell.
PAR  Other objects of this invention will, in part, be obvious and will, in
      part, appear hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the teachings of this invention, there is provided a
      solar cell comprising a body of semiconductor material having two
      substantially parallel opposed major surfaces, one of the surfaces being
      exposed to radiation. The material of at least one region is substantially
      the same as that of the body and the material of the other region is
      essentially recrystallized material of the body having solid solubility of
      a metal therein to impart an opposite type conductivity and specific
      resistivity thereto. P-N junctions formed by mutually adjacent regions of
      opposite type conductivity are connected together by electrical means to
      effectively form one convoluted P-N junction. A substantial portion of the
      convoluted P-N junction comprises a plurality of segments substantially
      parallel to each other and spaced a predetermined distance from each
      other. The substantial portion of the convoluted P-N junction is
      preferably substantially perpendicular to the opposed major surfaces.
      However, it may also be substantially parallel to the opposed major
      surfaces of the solar cell. The solar cell may be fabricated by thermal
      gradient zone melting procedures or by a combination of the same with
      epitaxial growth techniques.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1, 2 and 3 are elevation views, in cross-section, of a body of
      semiconductor material processed in accordance with the teachings of this
      invention;
PAR  FIG. 4 is an isometric view of a solar cell made in accordance with the
      teachings of this invention;
PAR  FIG. 5 is a top planar view of another embodiment of a solar cell made in
      accordance with the teachings of this invention;
PAR  FIG. 6 is an elevation view, in cross-section, of the solar cell of FIG. 5
      taken along the cutting plane VI--VI;
PAR  FIGS. 7 and 8 are elevation views, partly in cross-section, of other
      embodiments of solar cells made in accordance with the teachings of this
      invention;
PAR  FIGS. 9 through 11 are vertical cross-sectional views of a solar cell being
      processed in accordance with the teachings of this invention;
PAR  FIG. 12 is a cross-section of the solar cell of FIG. 4 taken along the
      cutting plane XII--XII;
PAR  FIG. 13 is an isometric view of a solar cell made in accordance with the
      teachings of this invention;
PAR  FIG. 14 is an isometric view, partly in cross-section, of the solar cell of
      FIG. 13;
PAR  FIG. 15 is an exploded view of the solar cell of FIG. 13;
PAR  FIG. 16 is a top planar view of another embodiment of a solar cell made in
      accordance with the teachings of this invention;
PAR  FIG. 17 is a vertical cross-sectional view of the solar cell of FIG. 16
      taken along the cutting plane XVII--XVII;
PAR  FIG. 18 is an elevation view, in cross-section, of the completed solar cell
      of FIG. 17 illustrating the ohmic contacts affixed thereto; and
PAR  FIG. 19 is an elevation view, in cross-section of another alternate
      embodiment of a solar cell.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  With reference to FIG. 1, there is shown a body 10 of semiconductor
      material having a selected resistivity and a first type conductivity. The
      body may be a wafer of suitably doped semiconductor material or an
      elongated strip or flat body of semiconductor material such, for example,
      as webbed dendritic material such as disclosed in U.S. Pat. Nos. 3,129,061
      and 3,162,507. The body 10 has opposed major surfaces 12 and 14 which are
      substantially parallel to each other and are the top and bottom surfaces
      respectively thereof. The semiconductor material comprising the body 10
      may be silicon, germanium, silicon carbide, gallium arsenide, a compound
      of a Group II element and a Group VI element and a compound of a Group III
      and a Group V element. In order to describe the invention more fully, the
      body 10 will be described as being of silicon semiconductor material.
PAR  The body 10 is mechanically polished, chemically etched to remove any
      damaged surfaces, rinsed in deionized water and dried in air. An acid
      resistant mask 16 is disposed on the surface 12 of the body 10.
      Preferably, the mask is of silicon oxide which is either thermally grown
      or vapor deposited on the surface 14 by any of the methods well known to
      those skilled in the art. Employing well known photolithographical
      techniques, a photoresist, such, for example, as Kodak Metal Etch Resist,
      is disposed on the surface of the silicon oxide layer 16. The resist is
      dried by baking at a temperature of about 80.degree.C. A suitable mask of
      spaced lines of a predetermined thickness and spaced a predetermimed
      distance apart is disposed on the layer of photoresist and exposed to
      ultraviolet light. Preferably the spacing between the lines and the
      thickness of the lines is less than the diffusion length of the minority
      carrier generated within the completed solar cell where it is exposed to
      solar radiation. After exposure, the layer of photoresist is washed in
      Xylene to open windows in the mask where the lines are desired so as to be
      able to selectively etch the silicon dioxide layer 16 exposed in the
      windows.
PAR  Selective etching of the layer 16 of silicon oxide is accomplished with a
      buffered hydrofluoric acid solution (NH.sub.4 F--HF). The etching is
      continued until a second set of windows corresponding to the windows of
      the photoresist mask are opened in the layer 16 of silicon oxide to expose
      selective portions of the surface 12 of the body 10 of silicon. The
      processed body 10 is rinsed in deionized water and dried. The remainder of
      the photoresist mask is removed by immersion in concentrated sulphuric
      acid at 180.degree.C or immersion in a solution of 1 part of hydrogen
      peroxide and 1 part of concentrated sulphuric acid immediately after
      mixing.
PAR  Selective etching of the exposed surface areas of body 10 is accomplished
      with a mixed acid solution. The mixed acid solution is 10 parts by volume
      nitric acid, 100%, 4 parts by volume acetic acid, 100%, and 1 part by
      volume hydrofluoric acid, 48%. At a temperature of from 20.degree.C to
      30.degree.C, the mixed acid solution selectively etches the silicon of the
      body 10 at a rate of approximately 5 microns per minute. A trough 18 is
      etched in the surface 12 of the body 10 beneath each window of the oxide
      layer 16. The selective etching is continued until the depth of the trough
      18 is approximately equal to the width of the window in the silicon oxide
      layer 16. However, it has been discovered, that the trough 18 should not
      be greater than approximately 100 microns in depth because undercutting of
      the silicon oxide layer 16 will occur. Undercutting of the layer 16 of
      silicon oxide has a detrimental effect on the width of the device to be
      migrated through the body 10. Etching for approximately 5 minutes at a
      temperature of 25.degree.C will result in a trough 18 of from 25 to 30
      microns in depth for a window width of from 10 to 500 microns. The etched
      body 10 is rinsed in distilled water and blown dry. Preferably a gas such,
      for example, as freon, argon and the like is suitable for drying the
      processed body 10.
PAR  The processed body 10 is disposed in a metal evaporation chamber. A metal
      layer 20 is deposited on remaining portions of the layer 16 of silicon
      oxide and on the exposed silicon in the troughs 18. The metal in the
      troughs 18 are the metal "wires" to be migrated through the body 10. The
      metal of the layer 20 comprises a material, either substantially pure in
      itself or suitably doped by one or more materials to impart a second and
      opposite type conductivity to the material of the body 10 through which it
      migrates. The thickness of the layer 20 is approximately equal to the
      depth of the troughs 18. Therefore if the troughs 18 is 20 microns deep,
      the layer 20 is approximately 20 microns in thickness. A suitable material
      for the metal layer 20 is aluminum to obtain P-type regions in N-type
      silicon semiconductor material. Prior to migrating the metal wires in the
      troughs 18 through the body of silicon 10, the excess metal of the layer
      20 is removed from the silicon oxide layer 16 by such suitable means as
      grinding away the excess metal with a 600 grit carbide paper, selective
      etching and the like.
PAR  It has been discovered that the vapor deposition of the layer 20 of
      aluminum metal should be performed at a pressure of approximately 1
      .times. 10.sup.-.sup.5 torr but not less than 3 .times. 10.sup.-.sup.5
      torr. When the pressure is greater than 3 .times. 10.sup.-.sup.5 torr, we
      have found that in the case of aluminum metal deposited in the troughs 18,
      the aluminum does not penetrate into the silicon and migrate through the
      body 10. It is believed that the layer of aluminum is saturated with
      oxygen and prevents good wetting of the contiguous surfaces of silicon.
      The initial melt of aluminum and silicon required for migration is not
      obtained because of the inability of aluminum atoms to diffuse into the
      silicon interface. In a like manner, aluminum deposited by sputtering is
      not desirable as it appears to be saturated with oxygen from the process.
      The preferred methods of depositing aluminum on the silicon body 10 are by
      the electron beam method and the like wherein little if any oxygen can be
      trapped in the aluminum.
PAR  The processed body 10 is placed in a thermomigration apparatus, not shown,
      and the metal wires in the troughs 18 are migrated through the body 10 by
      a thermal gradient zone melting process. A thermal gradient of
      approximately 50.degree.C per centimeter between the bottom surface 14,
      which is the hot face, and the surface 12, which is the cold face, has
      been discovered to be appropriate for an average temperature of the body
      10 from 700.degree.C to 1350.degree.C. The process is practiced for a
      sufficient length of time to migrate all the metal wires through the body
      10. For example, for aluminum wires of 20 microns thickness, a thermal
      gradient of 50.degree.C/cm, a pressure of 1 .times. 10.sup.-.sup.5 torr, a
      furnace time of less than 12 hours is required to migrate the wires
      through a silicon body 10 of 1 centimeter thickness.
PAR  The temperature gradient zone melting process and apparatus for the
      practicing of the same is not a part of this invention. For a more
      thorough understanding of the temperature gradient zone melting process
      employed in this invention and for a more thorough description of the
      apparatus employed for practicing the process, one is directed to the
      following copending applications filed concurrently with this patent
      application and assigned to the same assignee of this invention: Method of
      Making Deep Diode Devices, Ser. No. 411,150; Deep Diode Device Production
      and Method, Ser. No. 411,021; Deep Diode Devices and Method and Apparatus,
      Ser. No. 411,001; High Velocity Thermomigration Method of Making Deep
      Diodes, Ser. No. 411,015; Deep Diode Device Having Dislocation-Free P-N
      Junctions and Method, Ser. No. 411,009; and The Stabilized Droplet Method
      of Making Deep Diodes Having Uniform Electrical Properties, Ser. No.
      411,008.
PAR  The invention has been described relative to practicing thermal gradient
      zone melting in a negative atmosphere. However, it has been discovered
      that the thermal gradient zone melting process may be practiced in an
      inert atmosphere of a suitable gas such, for example, as hydrogen, helium,
      argon and the like in a furnace having a positive atmosphere. A wafer of a
      thickness of the order of 10 mils may be processed in a positive inert
      atmosphere without the protection of thermal gradient guards about the
      outer periphery. The thinness of the wafer apparently makes any lateral
      thermal gradient experienced substantially ineffective in altering the
      desired vertical thermomigration of metal wires and droplets.
PAR  The thermomigration of metal wires is preferably practiced in accordance
      with the planar orientations, thermomigration directions, stable wire
      directions and stable wire sizes of Table I.
TBL                Table I                                                     
     ______________________________________                                    
     Wafer    Migration  Stable Wire   Stable Wire                             
     Plane    Direction  Directions    Sizes                                   
     ______________________________________                                    
     (100)    &lt;100&gt;        &lt;011&gt;*      &lt;100 microns                            
                           &lt;011&gt;*      &lt;100 microns                            
     (110)    &lt;110&gt;        &lt;110&gt;*      &lt;150 microns                            
     (111)    &lt;111&gt;      a) &lt;011&gt;                                              
                           &lt;101&gt;       &lt;500 microns                            
                           &lt;110&gt;                                               
                         b) &lt;112&gt;*                                             
                           &lt;211&gt;*      &lt;500 microns                            
                           &lt;121&gt;*                                              
                         c)  Any other*                                        
                           Direction in                                        
                                       &lt;500 microns                            
                           (111) plane*                                        
     ______________________________________                                    
      *The stability of the migrating wire is sensitive to the alignment of the
      thermal gradient with the &lt;100&gt;, &lt;110&gt; and &lt;111&gt; axis, respectively.     
      +Group a is more stable than group b which is more stable than group c.  
PAL  For a discussion of the preferred orientation of the crystal lattice of the
      semiconductor material for the depositing of metal "wires" thereon and the
      migration of the same one is directed to the copending application
      entitled Thermomigration of Metal-Rich Liquid Wires Through Semiconductor
      Materials, Ser. No. 411,018, also filed concurrently with this application
      and assigned to the same assignee of this invention.
PAR  Upon completion of the temperature gradient zone melting process the
      resulting processed body 10 is as shown in FIG. 2. The thermal migration
      of the metal wires in the troughs 18 through the body 10 produces a
      lamellar body 10 having a plurality of first spaced regions 22 of a second
      and opposite type conductivity than that of the body 10. Each region 22 is
      recrystallized material of the body 10 having solid solubility of a dopant
      material which comprises the metal wire and imparts the desired type
      conductivity to the regions 22. Each region 22 is heavily doped and has
      low resistance which is desirable for solar cells. The region 22 has a
      substantially constant uniform level of impurity concentration throughout
      the entire planar region. This occurs because the slope of the solid
      solubility curve of aluminum within the process temperature range is
      small. The thickness of the region 22 is substantially constant for the
      entire region. The peripheral surface of each planar region 22 comprises
      in part the top surface 12, the bottom surface 14 and the peripheral side
      surface of the body 10. In addition, the total area of the surface 12
      which is devoted to P-type region 22 should be minimized as much as
      possible to enable as much N-type material as possible to be exposed to
      radiation.
PAR  Additionally, the body 10 is divided into a plurality of spaced regions 24
      having the same, or first, type conductivity, as the body 10. A P-N
      junction 26 is formed by the contiguous surfaces of each pair of mutually
      adjacent regions 22 and 24 of opposite type conductivity. The P-N junction
      26, as formed, is very abrupt and distinct resulting in a stepped
      junction. Each P-N junction is approximately 0.3 to 18 microns in width
      for the process temperature range.
PAR  The resulting structure is one large area multiple planar regions of
      alternative type conductivity as shown in FIG. 3. The structure may also
      be divided into a plurality of chips having a similar configuration.
PAR  Should the body 10 be of material which is not heavily doped and therefore
      having a higher electrical resistance then deemed desirable, a second
      temperature gradient zone melting (TGZM) process may be practiced. In the
      second TGZM process the metal "wires" which are migrated through the body
      overlap the aluminum enriched regions to preserve the step junction.
      However, a post TGZM heat treatment may be practiced to achieve lateral
      diffusion of the P-N junctions 26 and a graded structure thereof to
      accelerate the diffusion of generated carriers to a P-N junction and be
      collected thereby.
PAR  When radiation impinges upon the upper surface 12 of the solar cell and
      penetrates into the plurality of regions 22 and 24, photons are absorbed
      in the structure of the solar cell. Hole electron pairs result from the
      absorption of the photons and minority carriers produced anywhere within
      the body 10 will have only a short distance to diffuse to be collected by
      a P-N junction 26. The short diffusion distance to a P-N junction 26 is
      due to each region 22 and 24 being less than one diffusion length. The
      collection efficiency of the solar cell of this invention is an
      improvement over prior art solar cells, including that of Allan I.
      Bennett, as a result of the unique cell structure and either one or both
      of the regions 22 and 24 being of recrystallized semiconductor material,
      having a substantially uniform level of concentration of dopant impurity
      throughout the respective region and each region being of approximately
      the most highly doped material obtainable.
PAR  Electrical contacts for collecting the carriers which are collected by the
      P-N junction 26 are kept clear of the top surface 12. It is desirable to
      keep the top surface 12 clear of ohmic electrical contacts in order that
      the surface 12 may have as great a photon-penetrable area exposed to the
      impinging radiant energy source as is possible. Therefore, ohmic
      electrical contacts are preferably disposed on respective regions 22 and
      24 in any of the side surfaces 30 and 32 and the bottom surface 14 of the
      body 10 to electrically connect the solar cell to electrical circuitry
      external to the cell. Referring now to FIG. 4, a typical electrical
      contact arrangement for the solar cell of this invention is shown disposed
      on the surface 30. Ohmic electrical contacts 34 and 36 are shown disposed
      on, and in an electrical conductive relationship with the respective
      regions 22 and 24. The contacts 34 and 36 effectively connect the
      plurality of P-N junctions 26 into one P-N junction. Preferably, each
      contact 34 and 36 has a comb-like structure having integral contact
      members 38 and 40 respectively which permit greater electrical contacting
      of the respective regions 22 and 24. A layer 42 of an electrical
      insulating material such, for example, as silicon oxide, silicon nitride
      and the like permits bridging by contact 34 and 36 of regions of opposite
      type conductivity and P-N junctions 26 associated therewith. Electrical
      leads 44 and 46 are affixed to respective contacts 34 and 36 for
      electrically connecting the solar cell to the electrical circuitry
      external to the cell.
PAR  With reference to FIGS. 5 and 6, there is shown a solar cell 50 which is an
      alternate embodiment of the solar cell of FIG. 4. The reference numerals
      which are the same as those in FIG. 4 denote items which are the same, and
      function in the same manner, as those items in FIG. 4. The solar cell
      structure differs in that the regions 22 are a columnar array of rods of
      recrystallized material having solid solubility of metal therein to impart
      the type conductivity and resistivity thereto.
PAR  The regions 22 are preferably formed by the thermomigration of metal
      droplets through the body 10. It has been discovered that when the body 10
      is of silicon, germanium, silicon carbide, gallium arsenide semiconductor
      material and the like, the migrating metal droplet has a preferred shape
      which also gives use to the region 22 being of the same shape as the
      migrating droplet. In a crystal axis direction of &lt;111&gt; of thermal
      migration, the droplet migrates as a triangular platelet laying in a (111)
      plane. The platelet is bounded on its edges by (112) planes. A droplet
      larger than 0.10 centimeter on an edge is unstable and breaks up into
      several droplets during migration. A droplet less than 0.0175 centimeter
      does not migrate into the body 10 because of a surface barrier problem.
PAR  The ratio of the droplet migration rate over the imposed thermal gradient
      is a function of the temperature at which thermomigration of the droplet
      is practiced. At high temperatures, of the order of from 1,100.degree.C to
      1,400.degree.C, the droplet migration velocity increases rapidly with
      increasing temperature. A velocity of 10 centimeters per day or 1.2
      .times. 10.sup..sup.-4 centimeter per second is obtainable for aluminum
      droplets in silicon.
PAR  The droplet migration rate is also affected by the droplet volume. In an
      aluminum-silicon system, the droplet migration rate decreases by a factor
      of two when the droplet volume is increased by a factor of 200.
PAR  A droplet thermomigrates in the &lt;100&gt; crystal axis direction as a pyramidal
      bounded by four forward (111) planes and a rear (100) plane. Careful
      control of the thermal gradient and migration rate is a necessity.
      Otherwise, a twisted region 22 may result. It appears that there is a
      non-uniform dissolution of the four forward (111) facets in that they do
      not always dissolved at a uniform rate. Non-uniform dissolution of the
      four forward (111) facets may cause the regular pyramidal shape of the
      droplet to become distorted into a trapezoidal shape.
PAR  The preferred distance d between the center line of the rows and columns of
      the regions 22 and the preferred diameter D of each region 22 is less than
      one diffusion length of the minority carriers generated within the cell
      50. Ohmic electrical contact 52 is affixed to the region 24 at the bottom
      surface 14 of the body 10. A layer 54 of an electrical insulating material
      such, for example, as silicon oxide, silicon nitride and the like is
      disposed on the contact 52, each of the P-N junctions 26 exposed in the
      bottom surface 14 and a selected portion of the regions 22 and 24 adjacent
      the respective P-N junctions 26. An ohmic electrical contact 56 is
      disposed on the layer 52 and is affixed to the regions 22.
PAR  Referring now to FIG. 7, there is shown a solar cell 110 which is an
      alternate embodiment of the solar cell of FIG. 4. All items denoted by the
      same reference numerals as those used in conjunction with FIG. 4 are the
      same, and function in the same manner, as the item in the solar cell of
      FIG. 4. Upon completion of the thermal gradient zone melting process to
      form the regions 22 and 24 of the cell 110. Thereafter a region 116 is
      formed by a layer 112 of semiconductor material of the same type
      conductively as the regions 22 and heavily doped so as to have
      substantially the same resistivity as the regions 22 which is epitaxially
      grown on the bottom surface 14 of the body 10. The region 116 is less than
      one diffusion length in thickness of the minority carriers generated in
      the cell 110 or about 0.3 to 0.5 micron. A plurality of P-N junctions 114
      are formed by the contiguous surfaces of the regions 24 and 116 of
      opposite type conductivity. Each P-N junction 114 is integral with at
      least one P-N junction 26. The P-N junctions 114 are substantially
      parallel to the surface 12 of the body 10 and substantially perpendicular
      to the one or more respective integral P-N junctions 26. Ohmic electrical
      contact 118 is affixed to the region 116. Again the arrangement of the
      electrical contacts 36 and 118 effectively join the plurality of P-N
      junctions 26 and 114 into one P-N junction.
PAR  With reference to FIG. 8, there is shown a solar cell 150 which is an
      alternate embodiment of the solar cell 110. All items denoted by the same
      reference numerals are the same, and function in the same manner, as those
      items of solar cell 110. A region 152 of sremiconductor material is
      epitaxially grown on the top surface 12 of the body 10. The region 152 has
      the same conductivity as the regions 24 and forms a P-N junction 154 with
      each region 24 of opposite type conductivity. The plurality of P-N
      junctions 154 are substantially parallel to the top and bottom surfaces
      156 and 158 of the solar cell and the plurality of P-N junctions 114 and
      substantially perpendicular to the one or more P-N junctions 26 with which
      it is integral. P-N junctions 26, 114 and 154 form one convoluted P-N
      junction in the solar cell 150. The thickness of the region 152 is very
      thin, preferably 0.3 to 0.5 micron. This preferred thickness minimizes
      light absorption and carrier generation in the region 152. This region 152
      is exposed to the source of radiation and more than one-half of the
      carriers generated by the light photons in the region 152 are lost by
      recombination at the surface 156. The material of the region 152 is
      heavily doped to reduce the resistivity of the region 152 and therefore
      lower the cell series resistance.
PAR  Alternatively, the regions 116 and 152 are epitaxially grown on the
      respective surfaces 14 and 16 of the body 10 and the regions 22 are formed
      thereafter. The regions 22 are formed by the thermal gradient zone melting
      process embodying droplets and metal wires wherein the thermomigration is
      practiced from surface 158 to predetermined distance into the body 10 and
      then reversed to withdraw the metal to achieve substantially the same
      structure as that as shown in FIG. 8.
PAR  Referring now to FIG. 9, there is shown a solar cell 210 comprising two
      regions or layers 212 and 214 of N-type semiconductivity and one
      intermediate layer or region 216 of P-type semiconductivity. Three or a
      higher odd number of N-type layers can be employed with a P-type layer
      between each two successive N-type layers. Essentially parallel P-N
      junctions 218 and 220 are present between respective adjoining contiguous
      layers or regions 216 and 212 and 216 and 214. The cell 210 has
      substantially flat, parallel top and bottom surfaces 222 and 224,
      respectively. As compared to a conventional photocell with a single N-type
      surface layer and a single P-type back layer, a photocell with three
      N-type layers and two interposed P-type layers should have a substantial
      increase, in the order of 20% to 25%, in collection efficiency.
PAR  The uppermost layer 212, which is exposed to the impinging source of
      radiation, is very thin, its thickness being preferably from 0.3 micron to
      0.5 micron. This thinness minimizes light absorption and carrier
      generation in the layer 212. Since it is the exposed region, more than
      one-half of the carriers generated by the light photons in this layer 212
      are lost by recombination at the surface 222. The semiconductor material
      of the layer 212 is heavily doped to reduce the resistivity of the region
      and therefore lower the cell series resistance.
PAR  The layers 214 and 216 each have a preferred thickness of less than the
      diffusion length of the minority carriers generated within the cell 210
      when it is activated by exposure to solar radiation. Should the layers 212
      and 214 be epitaxially grown or formed as a result of the migration of
      metal wires by the temperature gradient zone melting process to form
      either one or both of the layers, then the thickness and impurity
      concentration of each of these layers can be independently controlled. In
      particular, the layer 216 is formed by the migration of metal wires
      through a body of semiconductor material by the thermal gradient zone
      melting process thereby producing a solar cell similar in configuration to
      that of FIG. 1. The layer 214 need not be of the same level of impurity
      concentration as the layer 212. Since the layer 214 is not exposed
      directly to the impinging radiant source of energy, the layer 214 can
      therefore have a lower level of impurity concentration than the layer 212.
      The layer 214 may also be greater in thickness than the layer 212 provided
      it does not exceed the preferred thickness equal to approximately the
      diffusion length of the minority carriers generated within layer 214 of
      the cell 210. The layer 214 is preferably thicker than the layer 212, but
      is thinner than the layer 216. The preferred thickness of the layer 214 is
      to minimize carrier loss since many of the carriers can be lost at the
      surface 224 by recombination.
PAR  When light impinges on the upper surface 222 and penetrates into and
      through layer 212, photons are absorbed in the structure of the solar cell
      210 whereby hole-electrons pairs result and minority carriers produced
      anywhere within the body of cell 210 will have only a short distance to
      diffuse to reach one of the P-N junctions 218 and 220 and be collected.
      Since the layers 212, 214 and 216 each have a thickness of less than the
      diffusion length of the carrier generated, generated carriers will be much
      more likely to reach the junctions 218 and 220 than to recombine and
      thereby the collection efficiency of cell 210 is improved over that of
      conventional two-region solar cells of the prior art devices.
PAR  It is desirable to keep the top surface 222 of the solar cell 210 clear of
      any ohmic electrical contacts in order that the surface 222 may have as
      great a photon-penetrable area exposed to the impinging radiant energy
      source as is possible. Electrical contacts can be affixed to the end
      surfaces of the layers 212, 214 and 216. However, the carriers collected
      in the areas of the respective layers a considerable distance from the
      contacts must travel laterally a relatively long distance within the layer
      before reaching the ohmic contacts of each layer. The electrical
      resistivity of the layers 212, 214 and 216, particularly of 212, is
      relatively high so that this electrical current flowing laterally to the
      electrical contacts on the side surface encounters a high cell series
      resistance. Therefore, the electrical contacts to the layers 212, 214 and
      216 are all made from the surface 224 which is the opposed surface to
      surface 222 which is exposed to the source of radiant energy, in a manner
      described in the succeeding paragraphs.
PAR  The structure of the solar cell 210 can be made from wafers of suitably
      doped semiconductor material such, for example, as silicon. Top and bottom
      layers 212 and 214 of N-type semiconductor material are formed, by the
      migration of aluminum "wires" through the wafer by the temperature
      gradient zone melting (TGZM) process. Thereafter, as shown in FIG. 10, a
      sufficient area of the layer 216 is made available such, for example, as
      by diffusion or TGZM to form one or more rod-like regions 217 through
      region 214 from the bottom surface 224 to region 216 to provide for a good
      ohmic electric contact 226 to be applied to the region 217 and hence to
      the region 216. An ohmic electrical contact 228 is affixed to the layer
      214. The contacts 226 and 228 are separated from each other by an
      isolation groove 230 which prevents an electrical short circuit from
      occurring between the contacts 226 and 228 and prevents either of the
      contacts 226 and 228 from electrically short-circuiting a P-N junction 232
      formed by the contiguous surfaces of the P-type and N-type semiconductor
      materials. The P-N junction 232 is exposed in, and extends from, the
      surface 224 to intersect, and electrically connect with, the P-N junction
      220.
PAR  The layer 212 may be electrically connected to the contact 228 by suitable
      means such, for example, as by diffusing of an N-type dopant into the side
      surfaces of the material comprising the solar cell 210 or by the migration
      of the aluminum "wires" by the TGZM process through only a selected
      portion of the N-type material. The diffusion or TGZM process may be
      accomplished simultaneously when the layers 212 and 214 are formed. In
      either case, the layers 212 and 214 are joined together electrically by a
      region 213 of like semiconductivity and a P-N junction 234 intersecting
      and electrically connecting together the P-N junctions 218 and 220. Being
      electrically joined together the P-N junctions 218, 220, 232 and 234 form
      one convoluted P-N junction being essentially parallel to both the top
      surface 222 and the bottom surface 224. The multilayer solar cell is
      therefore now, for all intents and purposes, a two region solar cell
      having higher efficiency than prior art two region solar cells.
PAR  As shown, the regions 213 and 217 enable one to eliminate the need for any
      electrical contact being disposed on the top surface 222 therefore making
      the entire area of the surface 222 an active surface area for the cell
      210. The layer 216 of P-type semiconductor material is at least thick
      enough to trap nearly all of the photons impinging on the solar cell 210,
      and it is approximately two diffusion lengths in thickness. The layer 212
      is from 0.3 micron to 0.5 micron in thickness. The layer 214 need not be
      of the same uniform impurity concentration throughout and need not have
      the same thickness as the layer 212. The thickness of layer 214, like that
      of layer 212, is a compromise between requirements of low generatedcarrier
      recombination loss and low cell series resistance. But, since the photons
      are mostly absorbed before reaching layer 214, the generated-carrier
      density is much less there than in layer 212. Therefore, the thickness of
      layer 214 is much less critical than that of layer 212, although optimally
      it should still be considerably less than a diffusion length, probably in
      the range of 3 to  10 microns.
PAR  Should the edge or side region 213 fail to achieve a sufficient low
      resistance path between layers 212 and 214, other low resistance paths may
      be formed between the layers 212 and 214 as shown in FIGS. 11 and 12. With
      reference to FIGS. 11 and 12, the layers 212 and 214 are connected
      electrically by centrally disposed low resistance rod-like regions 36 and
      38 formed between the aforementioned layers by temperature gradient zone
      melting (TGZM). As shown in FIG. 12, during the process which produced
      region 213 there also are produced several centrally located regions 236
      and 238 of N-type semiconductivity each of which also forms a low
      resistance electrical connection between layer 212 and 214. Alternatively,
      a separate TGZM process is employed to migrate suitably doped metal
      "wires" or droplets to form the N-type regions 236 and 238 after the
      formation of the P-type regions 216. P-N junctions 240 and 242 are formed
      between each of the respective regions 236 and 238, and the layer 216 of
      P-type material, the P-N junctions 218, 220, 232, 234, 240 and 242 all
      being physically and electrically connected together to form one
      convoluted P-N junction within the cell 210, whereby photons of radiated
      energy impinging on surface 222 will pass through two parallel portions of
      the convoluted P-N junction in reaching the back surface 224.
PAR  The number of layers of semiconductor material of opposite type
      semiconductivity alternately disposed in contact with each other and
      substantially parallel to the top surface of a solar cell constructed in
      accordance with the teachings of this invention need not be restricted to
      only three layers as shown, but may also be made with four or more layers
      of semiconductor material.
PAR  Employing the teachings of this invention as presented herein, there is
      shown in FIGS. 13, 14 and 15 a solar cell 310 which is an embodiment
      having some advantages over the solar cell 210 described heretofore.
      Generally, this improved solar cell 310 comprises an N-region and a
      P-region interconvoluted or interconnected so as to present to a passing
      photon of light a plurality of substantially parallel alternately and
      successively disposed N-type and P-type layers of semiconductor material.
      Each of the layers has a preferred thickness of less than the diffusion
      length of the minority carriers generated within the cell when it is
      activated to exposure to solar radiation. The top layer is very thin,
      preferably from 0.3 to 0.5 micron in thickness, and has a high level of
      impurity concentration to reduce the electrical resistance within the
      layer. The bottom layer may be of the same thickness and doping
      concentration as the top layer, though as heretofore described it may have
      a thickness greater than that of the top layer but less than that of the
      intermediate layers. For some purposes the bottom layer may also have a
      level of doping impurity concentration less than that of the top layer.
      When initially prepared, a P-N junction 316 exists as several separate P-N
      junctions formed by the contiguous surfaces of the adjacent layers 312 and
      314 of different type semiconductivity. Employing the thermomigration of
      metal wires enriched in either N-type or P-type dopant impurity as
      required by the temperature gradient zone melting (TGZM) process, N-type
      regions 318 and P-type regions 320 are produced in any suitable
      arrangement about the sides and ends of the cell 310. The N-type regions
      318 connect the N-type layers 312 together and the P-type regions 320
      connect the P-type layers together whereby only common regions 312 and 314
      exist. Each contiguous surface of each region 318 with a layer 314 forms a
      P-N junction which is a segment of the convoluted P-N junction 316. In the
      same manner, each contiguous surface of region 320 and a layer 312 forms a
      P-N junction which is a segment of the convoluted P-N junction 316. The
      exploded view in FIG. 15 illustrates how the cell 310 comprises basically
      five parallel flat integral layers or plates. Each layer or plate has at
      its sides or edges regions 118 and 120 formed by either TGZM or by
      diffusion. The contiguous surfaces of the opposite type semiconductor
      material form P-N junctions which are small segments of the complete P-N
      junction 316, whereas the contiguous surfaces of the flat contacting
      surfaces of layers 312 and 314 are the major P-N junction When of the
      convoluted junction 316. Whenn all the plates or layers 312 and 314 of
      FIG. 15 are stacked together all the segments of the convoluted P-N
      junctions 316 are physically connected together to form one continuous
      common P-N junction. FIG. 14 illustrates in perspective and section both
      the horizontal and the vertical physical connecting of all the segments of
      the junction 316. Appropriate ohmic electrical connections can be made to
      the regions of opposite type conductivity to make the cell 310 operative
      as a source of electrical energy when irradiated.
PAR  As previously prescribed heretofore, the external top layer 312 is
      preferably from 0.3 micron to 0.5 micron in thickness. All the other
      layers, 312 and 314 are preferably less than one diffusion length in
      thickness of the minority carriers generated in the cell. However, as
      discussed previously, the bottom layer 312 may be thicker than the front
      layer and have a lesser impurity concentration than the top external
      layer.
PAR  Ohmic electrical contacts may be affixed to the bottom of the solar cell
      310 following the technique employed in applying contacts 226 and 228 in
      fabricating the solar cell 210.
PAR  Referring to FIGS. 16, 17 and 18, there is shown another form of solar cell
      410 in accordance with the invention, comprising a plurality of
      substantially parallel layers 412 of N-type semiconductivity material and
      a plurality of substantially parallel layers 414 of P-type semiconductor
      material. Any or all of the layers or regions 412 and 414 are formed by
      the temperature gradient zone melting (TGZM) process. Preferably, at least
      the regions 414 are formed by TGZM by migrating aluminum "wires" in N-type
      silicon semiconductor material. The contiguous surfaces of opposite type
      semiconductivity form P-N junctions 416, 418, 420 and 422. The alternately
      disposed layers 412 and 414 form a solar cell 410 of N-P-N-P-N
      configuration. The front layer 412 is of approximately the same thickness
      as the top layer previously described, from 0.3 micron to 0.5 micron. The
      thinness of this surface layer 412 minimizes light absorption and carrier
      generation in this surface layer 412 since many of these carriers can be
      readily lost by surface or bulk recombination.
PAR  A plurality of rod-like P-type semiconductivity regions 424 are formed in
      the structure of the solar cell 410 by the TGZM process from either one of
      the opposite surfaces 426 and 428, from the sides, or the ends of the
      structure thereby forming P-N junctions 430 where the surface is
      contiguous with an N-type region 412. Similarly, a plurality of rod-like
      N-type semiconductivity regions 432 are formed in the P-type regions 414
      of the cell 410 foor interconnecting the top, bottom and middle layers of
      the N-type layers 412 and forming P-N junctions 434 when a surface of any
      of the regions 412 is contiguous with a P-type region 414. These rod-like
      regions 424 and 432 provide a ready means whereby the P-N junctions formed
      by the contiguous surfaces of regions of opposite type semiconductivity
      are connected together both physically and electrically to form one
      contiguous P-N junction having a convoluted shape. Thus a photon of light
      can penetrate through a series of parallel P-N junctions and when it
      finally generates a minority carrier anywhere in the cell 410, such
      carrier is so near a P-N junction that it is highly likely to reach such
      junction, and very few carriers are lost through recombination.
PAR  The ohmic electrical connections to the solar cell 410 may be made by any
      of the methods described heretofore for any of the previous solar cells
      and particularly with reference to the solar cell 50 as depicted in, and
      described with reference to, FIGS. 5 and 6. Referring to FIG. 18, there is
      shown a method of affixing electrical connections to the cell 410 whereby
      a large area electrical contact 438 and a layer 423 of electrically
      insulating material as required, affixed to the surface 428 is employed to
      provide an external electrical contact to the region 412 of cell 410.
      Electrical contacts 440 electrically insulated from the contact layer 438
      are affixed to the P-type regions of the cell 410 in the same manner as
      the electrical contacts 26 and 28 of the solar cell 10 as shown in FIGS. 6
      and 11.
PAR  Although all solar cell examples described herein have been described as
      having three or five contiguous layers, or regions, of opposite type
      semiconductor material, any number either even or odd of layers or
      regions, may be employed so long as one can efficiently collect the
      majority of carriers generated by the radiation source impinging on the
      active surface area of the cells. Preferably, the surface layer, or
      region, of each solar cell, made in accordance with the teachings of this
      invention, is composed entirely of one type of conductivity. If electrical
      contact grids are employed on the surface of the cell exposed to the
      radiant source of energy, the total area of the surface covered by the
      grid should be no greater than 10 percent, and preferably no greater than
      5 percent. The overall size of the interconnecting regions, exposed in the
      top surface of a solar cell should be as small as practical since they
      contribute less carrier generation potential than the balance of the
      regions comprising the solar cell. The greatest portion of the convoluted
      P-N junction is preferably substantially parallel to the surface exposed
      to the source of radiation when the solar cell configuration is as shown
      for solar cells 210, 310 and 410. Preferably, the solar cell configuration
      is that as shown for the FIGS. 3 through 8. Both regions of opposite type
      conductivity comprising the rear side of the solar cell must have
      sufficient area in order to make a good electrical contact thereto.
PAR  Referring now to FIG. 19, there is shown a solar cell 510 having three
      regions 512, 514 and 516 of N-type conductivity and two regions 218 and
      220 of P-type conductivity. P-N junctions 522, 524, 526 and 528 are
      between respective regions 512 and 518, 518 and 514, 514 and 520, and 520
      and 516. Opposed major surfaces 530 and 532 are, respectively, top and
      bottom surfaces of the cell 510.
PAR  The thickness of the regions, the material of each of the regions, and the
      electrical characteristics of each of the regions of the cell 510 are the
      same as described heretofore for the solar cells of this invention.
PAR  Rod-like regions 534 of P-type conductivity extend through the layer 514 to
      connect the regions 518 and 520 and P-type conductivity. The distribution
      of the region 534 is the same as described heretofore. As a result of the
      interconnection of the layers 518 and 520 into essentially one region of
      P-type conductivity, the P-N junctions 524 and 526 are joined together by
      P-N junctions 536 formed between the regions 534 and the region 514 into
      one convoluted P-N junction.
PAR  An electrical contact grid 538 is affixed to the top surface 530 thereby
      forming an electrical connection to the region 412. A layer 540 of
      electrically insulating material such, for example, as silicon oxide,
      silicon nitride, aluminum nitride and the like is disposed on an exposed
      end portion of each of the P-N junctions 524 and 526 and the adjacent
      surface area of the regions 518, 514 and 520. Electrically conductive
      metal is deposited as a layer 542 on the region 540 and the exposed
      surface of the region 514 therebetween to form an electrical connection to
      the region 514.
PAR  Electrical contacts 544 and 546 are affixed to the respective regions 516
      and 520 in the same manner as described heretofore in describing the solar
      cell 410 and its electrical contacts 438 and 442 to the respective regions
      14 and 16. Rod-like P-type regions 548 provide electrically conductive
      means from the contact 546 in the surface 532 to the layer 520. Electrical
      leads 550, 552 and 554 electrically connect all of the layers of N-type
      conductivity together via electrical lead 556 into an electrical circuit
      external to the cell 510. An electrical lead 558 electrically connects all
      the P-type regions into an electrical circuit external to the cell 510.
PAR  By means of the electrical connections shown in FIG. 19, all N-type regions
      are joined together and all P-type regions are joined together. P-N
      junctions 522 and 528 are connected in a parallel circuit relationship
      with each other. P-N junctions 524 and 526 are joined together as one
      convoluted P-N junction geometrically independent of the two P-N junctions
      but electrically connected in parallel with them by means of the leads.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A solar cell comprising
PA1  a body of semiconductor material having two opposed major surfaces
      substantially parallel to each other and a plurality of side surfaces;
PA1  at least one of the surfaces having a preferred planar orientation which is
      one selected from the group consisting of &lt; 100 &gt;, &lt; 110 &gt; and &lt;111 &gt;;
PA1  the body having a lamellar structure of integral alternate first and second
      regions of opposite type conductivity and a selected level of resistivity,
      the material of the second regions comprising recrystallized semiconductor
      material of the body having solid solubility of a dopant material therein
      to impart thereto the type of conductivity and the level of resistivity;
PA1  a plurality of first P-N junctions, each P-N junction being formed by the
      contiguous surfaces of each pair of mutually adjacent first and second
      regions and extending between and terminating in at least two opposed
      surfaces of the body;
PA1  means for electrically connecting all layers of the same type conductivity
      semiconductor material together into an electrical circuit arrangement,
      and
PA1  means for electrically connecting the regions of like conductivity into an
      electrical circuit external to the solar cell.
NUM  2.
PAR  2. The solar cell of claim 1 in which:
PA1  the distance between adjacent P-N junctions is less than approximately one
      diffusion length of a minority carrier generated within the solar cell.
NUM  3.
PAR  3. The solar cell of claim 1 in which
PA1  the P-N junctions are substantially perpendicular to the two opposed major
      surfaces and substantially parallel to each other, each first and second
      region having selected surface areas comprising respectively the top and
      bottom surfaces of the body and being oriented in a preferred wire
      direction for the particular surface planar orientation.
NUM  4.
PAR  4. The solar cell of claim 3 in which
PA1  the distance between adjacent P-N junctions is approximately one diffusion
      length of a minority carrier generated within the solar cell.
NUM  5.
PAR  5. The solar cell of claim 4 including
PA1  a first layer of semiconductor material having second type conductivity and
      a selected resistivity disposed on the bottom surface of the body
      substantially perpendicular to the plurality of a first and second
      regions, and
PA1  a plurality of second P-N junctions, each of the second P-N junctions being
      formed by the contiguous surfaces of a first region of first type
      conductivity and the first layer of second type conductivity, each of the
      plurality of second P-N junctions being integral with at least one of the
      plurality of first P-N junctions.
NUM  6.
PAR  6. The solar cell of claim 5 including
PA1  a second layer of semiconductor material having first type conductivity and
      a selected resistivity disposed on the top surface of the body
      substantially perpendicular to the plurality of first and second regions,
      and substantially parallel to the first layer of second type conductivity;
PA1  a plurality of third P-N junctions, each of the third P-N junctions being
      formed by the contiguous surfaces of a second region of second type
      conductivity and the second layer of first type conductivity, each of the
      plurality of third P-N junctions being integral with at least one of the
      plurality of first P-N junctions, and
PA1  a convoluted P-N junction formed by the plurality of integral first, second
      and third P-N junctions.
NUM  7.
PAR  7. The solar cell of claim 6 in which
PA1  each of the first and second layer of semiconductor material has a
      thickness of from 0.3 to 0.5 micron.
NUM  8.
PAR  8. The solar cell of claim 2 in which:
PA1  the body of semiconductor material has two P-N junctions substantially
      parallel to each other and to the two major opposed surfaces and three
      alternate regions of conductivity, the first and the third regions being
      of first type conductivity and the second layer being of second type
      conductivity, a surface of each of the first and third regions comprising
      the two opposed major surfaces of the body.
NUM  9.
PAR  9. The solar cell of claim 8 in which:
PA1  the means for connecting the first and third regions together electrically
      comprises a first electrical contact electrically connected to one of the
      two major opposed surfaces and a second electrical contact electrically
      connected to the other of the two major opposed surfaces, the two
      electrical contacts being electrically connectable into an external
      electrical circuit.
NUM  10.
PAR  10. The solar cell of claim 9 in which:
PA1  a selective portion of the third region of the body of semiconductor
      material is removed to expose a selected surface area of the second region
      substantially parallel to the two major opposed surfaces; and
PA1  the means for electrically connecting the second region into an electrical
      circuit external to the solar cell comprises an electrical contact
      disposed on the selected surface area of the second region and
      electrically connected to the second region.
NUM  11.
PAR  11. The solar cell of claim 9 including:
PA1   at least one fourth region of semiconductor material having the same type
      conductivity as the second region disposed within and extending entirely
      through the third region from the second region the, at least one fourth
      region having a surface area exposed in, and comprising in part, the other
      of the two major opposed surfaces; and
PA1  the means for electrically connecting the second layer into an electrical
      circuit external to the solar cell comprises an electrical contact
      disposed on at least the exposed surface area of the at least one fourth
      region of semiconductor material disposed within and extending entirely
      through the third layer.
NUM  12.
PAR  12. The solar cell of claim 11 in which
PA1  the material of each fourth region is recrystallized semiconductor material
      of at least the third region having solid solubility of a dopant material
      therein to impart second type conductivity and a preselected level of
      resistivity thereto.
NUM  13.
PAR  13. The solar cell of claim 11 in which
PA1  the material of each fifth region is recrystallized semiconductor material
      of the second region and at least one of the first and third regions
      having a dopant material therein to impart first type conductivity and a
      preselected level of resistivity thereto.
NUM  14.
PAR  14. The solar cell of claim 8 in which:
PA1  the means for electrically connecting the first and the third region of
      first type conductivity together consists of a region of first type
      conductivity formed in the entire outer peripheral portion of, and
      extending entirely through, the second region to join together both
      physically and electrically the first and third region and enclosing the
      second region therein;
PA1  the means for electrically connecting the second region of second type
      conductivity into an electrical circuit external to the solar cell
      comprises at least one fourth region of second type conductivity formed
      within, and extending entirely through, at least one of the first and
      third regions from at least one of the two opposed major surfaces to the
      second region and an electrical contact electrically connected to at least
      one of the at least one region of second type conductivity, and
PA1  the means for electrically connecting the first and the third regions of
      first type conductivity into an electrical circuit external to the solar
      cell comprises an electrical contact electrically connected to the opposed
      major surface to which the at least one region of second conductivity
      extends.
NUM  15.
PAR  15. The solar cell of claim 14 in which:
PA1  the means for electrically connecting the first and the third regions of
      first type conductivity includes at least one fifth region of
      recrystallized semiconductor material having solid solubility of a dopant
      metal therein and extending entirely through the second region thereby
      electrically joining together the first and third regions.
NUM  16.
PAR  16. The solar cell of claim 15 in which:
PA1  the means for electrically connecting together all layers of like
      conductivity type comprises at least one region of the same type
      conductivity as the layers being electrically joined together formed in an
      exposed peripheral surface of the body and extending the entire distance
      between the two opposed major surfaces of the body.
NUM  17.
PAR  17. The solar cell of claim 2 in which:
PA1  the means for electrically connecting together all regions of like
      conductivity type comprises a plurality of regions of recrystallized
      semiconductor material having solid solubility of a metal therein to
      impart the same type conductivity as the regions being electrically joined
      together, each of the plurality of regions extending entirely through at
      least one region of opposite type conductivity semiconductor material to
      electrically connect at least two regions of like semiconductivity
      together.
NUM  18.
PAR  18. The solar cell of claim 17 in which each region of semiconductor
      material having a major surface comprising substantially all of one of the
      two opposed major surfaces of the body has a first type conductivity;
PA1  the means for electrically connecting all regions of second type
      conductivity into an electrical circuit external to the solar cell
      comprises at least one region of second type conductivity formed within
      one of the two regions of first type conductivity having a surface
      comprising one of the two major opposed surfaces and extending through the
      at least one of the regions from one of the regions of second type
      conductivity to the one of the two major opposed surfaces where the at
      least one region has a surface exposed thereat thereby comprising in part
      a portion of the one of the two opposed major surfaces of the body, and
PA1  an electrical contact electrically connected to the exposed surface of the
      at least one region of second type conductivity.
NUM  19.
PAR  19. The solar cell of claim 18 in which:
PA1  the means for electrically connecting the layers of first type conductivity
      into an electrical circuit external to the solar cell comprises an
      electrical contact affixed to, and electrically connected to, the one of
      the two opposed major surfaces in which the at least one region of second
      type conductivity has a surface exposed thereat.
NUM  20.
PAR  20. The solar cell of claim 19 in which:
PA1  an electrical contact is affixed to, and electrically connected to, the
      other of the two opposed major surfaces, the electrical contacts affixed
      to the two opposed major surfaces being electrically connected together.
NUM  21.
PAR  21. The solar cell of claim 8 in which:
PA1  the first region of semiconductor material having a major surface
      comprising one of the two opposed major surfaces has a thickness of from
      0.3 micron to 0.5 micron; and
PA1  the third region of semiconductor material having a major surface
      comprising the other of the two opposed major surfaces has a thickness
      greater than the first region of semiconductor material and less than each
      of the remaining regions of semiconductor material of said body.
NUM  22.
PAR  22. The solar cell of claim 21 in which:
PA1  the body has four P-N junctions, each of which is substantially parallel to
      the two opposed major surfaces thereby dividing the body into five
      alternate regions of first type and second type conductivity semiconductor
      material, the first and the third regions each having first type
      conductivity, a fifth region of first type conductivity disposed between
      and in abutting contact with the second and the fourth regions of second
      conductivity, the third region having an exposed side surface; the second
      region in a physically abutting contact relationship with the first region
      and the fourth region in a physically abutting contact relationship with
      the second region; and including:
PA1  a first electrical contact disposed on the major surface of, and
      electrically connected to, the first region;
PA1  a second electrical contact disposed on the major surface of, and
      electrically connected to, the second region;
PA1  a third electrical contact disposed on the exposed surface of, and
      electrically connected to, the third region;
PA1  at least one sixth region of second type conductivity disposed within and
      extending entirely through the third region to electrically interconnect
      the second and the fourth regions, thereby forming a convoluted P-N
      junction of two of the four P-N junctions;
PA1  at least one region of recrystallized semiconductor material having solid
      solubility of a metal therein to impart second type conductivity thereto
      disposed within and extending entirely through the second region from the
      fourth region to the other of the two opposed major surfaces, each of the
      at least one sixth region having a surface exposed therein;
PA1  a fourth electrical contact disposed on, and electrically connected to,
      each of the at least one sixth region of second type conductivity, the
      fourth electrical contact being electrically insulated from the second
      region and the second electrical contact; and
PA1  the first, the second and the third electrical contacts are connected
      together electrically whereby the convoluted P-N junction and each of the
      remaining P-N junctions are connected into a parallel electrical circuit
      relationship.
NUM  23.
PAR  23. The solar cell of claim 3 in which
PA1  the semiconductor material is silicon,
PA1  the conductivity of the first regions is N-type, and
PA1  the conductivity of the second regions is P-type.
NUM  24.
PAR  24. The solar cell of claim 23 in which
PA1  the second regions have aluminum as a dopant impurity, the concentration of
      which is approximately 2 .times. 10.sup.19 atoms per cubic centimeter.
NUM  25.
PAR  25. The solar cell of claim 3 in which
PA1  at least one of the two major opposed surfaces has a preferred planar
      orientation of &lt; 100 &gt;, and
PA1  at least each of the second regions has a preferred wire direction which is
      one selected from the group consisting of &lt; 011 &gt; and &lt; 011 &gt;.
NUM  26.
PAR  26. The solar cell of claim 25 in which
PA1  the semiconductor material of the body is silicon, and
PA1  the dopant material of the recrystallized second regions is aluminum.
NUM  27.
PAR  27. The solar cell of claim 3 in which
PA1  at least one of the two major opposed surfaces has a preferred planar
      orientation of (100), and
PA1  at least each of the second regions has a preferred wire direction of &lt; 110
      &gt;.
NUM  28.
PAR  28. The solar cell of claim 27 in which
PA1  the semiconductor material of the body is silicon, and
PA1  the dopant material of the recrystallized second regions is aluminum.
NUM  29.
PAR  29. The solar cell of claim 3 in which
PA1  at least one of the two major opposed surfaces has a preferred planar
      orientation of &lt; 111 &gt;.
NUM  30.
PAR  30. The solar cell of claim 29 in which
PA1  the semiconductor material of the body is silicon, and
PA1  the dopant material of the recrystallized second regions is aluminum.
NUM  31.
PAR  31. The solar cell of claim 29 in which
PA1  at least each of the second regions has a preferred wire direction which is
      one selected from the group consisting of &lt; 011 &gt;, &lt; 101 &gt; and &lt; 110 &gt;.
NUM  32.
PAR  32. The solar cell of claim 29 in which
PA1  at least each of the second regions has a preferred wire direction which is
      one selected from the group consisting of &lt; 112 &gt;, &lt; 211 &gt; and &lt; 121 &gt;.
NUM  33.
PAR  33. The solar cell of claim 6 including
PA1  a first ohmic electrical contact affixed to the first layer of
      semiconductor material, and
PA1  a plurality of second ohmic electrical contacts, each second contact being
      affixed to a selected surface area of each first region, and
PA1  means for electrically connecting the plurality of second ohmic electrical
      contacts into the electrical circuit arrangement.
NUM  34.
PAR  34. The solar cell of claim 1 in which:
PA1  the body has at least two exposed lateral surfaces,
PA1  the means for electrically connecting all regions of first type
      conductivity comprises a first layer of an electrically insulating
      material disposed on the exposed portions of the P-N junctions at one
      portion of the lateral surfaces and all of the exposed regions of second
      type conductivity,
PA1  a first layer of an electrically conductive material disposed on the layer
      of electrically insulating material and all adjacent exposed surfaces of
      the layers of first type conductivity whereby to electrically connect the
      layers of first type conductivity,
PA1  a second layer of electrically insulating material disposed on the exposed
      portion of the P-N junctions at another portion of the lateral surfaces
      and exposed regions of the first type conductivity adjacent thereto, and
PA1  a second layer of electrically conductive material disposed over the second
      layer of electrically insulating material and any adjacent surface area of
      the last mentioned exposed regions of the body.
NUM  35.
PAR  35. A method for making a solar cell comprising a lamellar structure of a
      plurality of integral regions of alternate and opposite type conductivity
      and a selective resistivity, the method comprising the process steps of:
PA1  a. selecting a body of semiconductor material having two opposed surfaces
      substantially parallel to each other, at least one of the surfaces having
      a preferred planar orientation which is one selected from the group
      consisting of &lt; 100 &gt;, &lt; 110 &gt; and &lt; 111 &gt;;
PA1  b. etching selectively the at least one surface having a preferred planar
      orientation to form at least one depression in the etched surface;
PA1  c. vapor depositing a layer of substantially oxygen free metal in the
      depression, the metal comprising at least one dopant material to dope the
      semiconductor material of the body to a specific type conductivity and a
      selected level of resistivity;
PA1  d. heating the body and the vapor deposited metal to an elevated
      temperature to form a melt of the semiconductor material and the metal;
PA1  e. establishing a temperature gradient substantially along a preferred
      crystallographic axis of the body, the selectively etched surface being at
      the lower temperature, and
PA1  f. migrating the melt of semiconductor material and metal through the body
      substantially aligned with the preferred crystallographic axis of the body
      from the selectively etched surface to the opposed surface to form a
      region of recrystallized semiconductor material of the body having solid
      solubility of at least the dopant material therein to impart a selected
      type conductivity and a selected level of resistivity thereto and a first
      P-N junction at the contiguous surfaces of each pair of regions of
      opposite type conductivity.
NUM  36.
PAR  36. The process of claim 35 wherein
PA1  the semiconductor material of the body is silicon of N-type conductivity,
      and the dopant material of the substantially oxygen free metal is
      aluminum.
NUM  37.
PAR  37. The method of claim 35 wherein
PA1  the at least one surface has a preferred planar orientation of (100), and
PA1  the preferred crystallographic axis of migration is &lt; 100 &gt;.
NUM  38.
PAR  38. The method of claim 37 wherein
PA1  the at least one etched depression has a trough-like configuration which
      has a wire direction which is one selected from the group consisting of &lt;
      011 &gt; and &lt; 011 &gt;.
NUM  39.
PAR  39. The method of claim 35 wherein
PA1  the at least one surface has a preferred planar orientation of (110), and
PA1  the preferred crystallographic axis of migration is &lt; 110 &gt;.
NUM  40.
PAR  40. The method of claim 39 wherein
PA1  the at least one etched depression has a trough-like configuration which
      has a &lt; 011 &gt; wire direction.
NUM  41.
PAR  41. The method of claim 35 wherein
PA1  the at least one surface has a preferred planar orientation of (111), and
PA1  the preferred crystallographic axis of migration is &lt; 111 &gt;.
NUM  42.
PAR  42. The method of claim 35 wherein
PA1  the at least one etched depression has a trough-like configuration which
      has a wire direction which is one selected from the group consisting of &lt;
      011 &gt;, &lt; 101 &gt;, &lt; 110 &gt;, &lt; 112 &gt;, &lt; 211 &gt; and &lt; 121 &gt;.
NUM  43.
PAR  43. The method of claim 35 and further wherein
PA1  the plurality of integral regions are substantially perpendicular to the
      opposed surfaces, and further including the process steps of
PA1  forming a region of first type conductivity and a selected level of
      resistivity on the at least one surface having a preferred planar
      orientation, and a
PA1  second P-N junction at the contiguous surfaces of each pair of regions of
      opposite type conductivity, each second P-N junction being integral with
      at least one first P-N junction, and
PA1  forming a region of second type conductivity and a selected level of
      resistivity on the other of the two opposed surfaces and a third P-N
      junction at the contiguous surfaces of each pair of regions of opposite
      type conductivity, each third P-N junction being integral with at least
      one first P-N junction, whereby
PA1  said first, said second and said third P-N junctions form a single
      convoluted P-N junction within the solar cell.
NUM  44.
PAR  44. The process of claim 43 wherein
PA1  the semiconductor material of the body is silicon of N-type conductivity,
      and
PA1  the dopant material of the substantially oxygen free metal is aluminum.
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ABST
PAL  Novel header for use in nuclear applications comprised of a base containing
      at least one bore, a niobium terminal passing through said bore sealed in
      an alumina plug which, in turn, is sealed in a bore defined in the base.
PARN
PAR  This is a continuation of application Ser. No. 189,838, filed Oct. 18,
      1972, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are, at present, several devices implantable within a human body for
      aiding or supporting a bodily function. For instance, it is well known in
      the art that cardiac pacemakers have been implanted within the human body
      and serve as an electric heart pulser. Such devices require a source of
      energy which must also be implanted within the human body. In the past,
      chemical batteries have been employed for this purpose. These sources of
      electrical power have limited lifetimes and may last, on the average, for
      only one or two years after which a surgical procedure is necessary to
      replace the device.
PAR  Obviously, a person, in whom such a device has been implanted, who is not
      amenable to withstanding the shocks or stresses that one is subjected to
      during such surgical procedures, is benefited by any means which can serve
      to prolong the life of the electrical power supply.
PAR  Although it has been suggested that the electrical power supply should be a
      nuclear energy source and experimental work has been performed in this
      area, to date, no one has been able to develop a fully reliable and
      long-lasting nuclear electric power supply to power implantable devices.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a microwatt thermoelectric generator,
      small in size, efficient in operation and which will last for a
      considerable period of time.
PAR  Accordingly, it is the principal object of the present invention to provide
      a microwatt thermoelectric generator that contains a nuclear power system
      to produce an electrical output suitable to service implanted electronic
      systems which generator will operate efficiently and effectively for
      longer time periods than such batteries or generators as are currently
      available. The devices of the present invention are intended to have power
      outputs of 150 microwatts or higher, operating at efficiencies of above
      0.5 percent and more likely at 0.75 percent or above. Also, it is a
      principal object of the present invention to provide a generator as
      described that will be relatively small in size to be able to be well
      tolerated by the human body within spaces available for same and which
      will be extremely reliable in function.
PAR  The foregoing is accomplished by providing a unique nuclear power system
      essentially comprised of two subsassemblies. One subassembly consists of
      an outer casing containing an insulation system and getter and a nuclear
      fuel capsule, and the other subassembly consists of a thermopile and a
      closure system. The nuclear fuel capsule may be made part of the other
      subassembly. The subassemblies are designed to be assembled and sealed at
      a single weld joint.
PAR  In addition to the foregoing broad concept of providing a highly efficient
      and long-lasting microwatt thermoelectric generator for powering implanted
      electronic systems, there are several design features of the generator
      which are unique.
PAR  For example, the getter system is considered to be a novel feature. The
      particular getter system configuration of the present invention enables
      performance at more efficient total power output from the smallest
      quantity of nuclear fuel, resulting in the least fuel cost for a
      generator. This feature gives the added advantage of the lowest possible
      radiation damage to surrounding tissue. The arrangement of the fuel
      capsule within the generator is considered to be a novel feature and is
      arranged to maintain the maximum possible temperature of the getter
      assembly while, at the same time, not overheating the thermopile. This
      concept assures maximum efficiency of both components despite quite
      different operating temperature requirements.
PAR  A further feature of the present invention which is considered to be novel
      is the thermopile assembly and the manner in which it is treated. The
      construction of the thermopile itself has novel features which give rise
      to an efficient and reliable unit that maintains its efficiency for
      considerable time periods while occupying a relatively small volume. The
      thermopile is comprised of semiconductor thermoelectric elements which, it
      is known, are inherently brittle and exhibit low strength compared to
      metals when subjected to tensile or shearing loads. Tensile and shear
      loading tends to break or crack the semiconductor thermoelectric elements
      and/or electrical connectors (shoes) thereby causing electrical
      discontinuity and failure. Such elements, however, have reasonable
      strength when subjected to compression loading. Accordingly, one of the
      features of the thermopile mounting is the provision of a support harness
      to maintain the thermoelectric elements compressively loaded even under
      loading conditions which would otherwise result in tension or shear
      stresses.
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PAC  DETAILED DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  The foregoing objects of the invention and novel features are depicted in
      the accompanying drawings in which:
PAR  FIG. 1 is a view in perspective of the novel microwatt thermoelectric
      generator;
PAR  FIG. 2 is a vertical section of FIG. 1 taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a vertical section of FIG. 2 taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a detail view showing the thermal connection to the thermopile;
PAR  FIG. 5 is a detail section taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is an exploded perspective view illustrating the manner of assembly;
PAR  FIG. 7 is a sectional view showing the mounting of the fuel capsule; and
PAR  FIG. 8 is a sectional view like FIG. 2 showing a preferred arrangement for
      the fuel capsule and getter assembly.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawings, an embodiment of the invention will be described
      in detail. The novel microwatt thermoelectric generator of the present
      invention is capable of an electrical power output of 300 - 400 microwatts
      at approximately 0.3 volts using a nuclear power source equivalent to
      approximately 50 milliwatts of thermal energy. This is generally
      equivalent to 1/10 gram of a suitable form of plutonium (oxide). The
      generator consists of a cylindrical outer casing 10 which is closed at one
      end by a cap 12 by means of a weld joint 14. The joint is formed by
      electronic beam welding or equivalent means to provide a vacuum-tight seal
      between the casing 10 and the cap 12. Within the casing 10 is positioned a
      foil insulation package generally designated by the reference numeral 16.
      The foil insulation package 16 which includes a spirally wrapped foil 18
      which is tapered as indicated by reference numeral 20 from about the
      midpoint of the casing 10 to the end of the casing opposite the cap 12.
      The foil 18 is tapered to prevent the hotter portions (inner wraps) from
      conducting heat from the hot side to the cold side of the generator. It
      has been discovered that conduction of heat down the foils could
      constitute a substantial parasitic loss. The foil 18 laid out is
      trapezoidal in configuration and is wrapped about an inner can 22 a number
      of turns until it has reached a predetermined thickness. During this time,
      a series of disks 24 of increasing diameter are placed against the end 22'
      of the inner can 22 registering with the turns 18 of the foil insulation
      package along the bevel line 26. It will be noted that the end 22' of the
      inner can 22 is provided with a central opening 22", the purpose of which
      will become more apparent hereinafter. When a suitable number of foil
      turns 18 and disks 24 has been assembled about the inner can 22, a plate
      30 is placed against the outer disk 24 and an open-mouthed outer can 32 is
      fitted over the platte 30 and encloses the foil insulation package 16. The
      outer can 32 is provided at its end 32' with an opening 32".
PAR  The foil insulation, approximately 1/2 mil thick, is comprised of any heat
      reflecting material, such as platinum, aluminum or stainless steel, and is
      provided with a coating of zirconia. The coating is an extremely think
      layer of approximately 0.1 mils thickness or less. As the foil is wrapped
      about the inner can 22, every fifth wrapping 18 is tabbed and spot welded
      or tacked to a corresponding numbered disk 24 to provide the insulation
      package with structural integrity and to make it easier to handle during
      assembly. The disks 24 are similar in nature and comprise 1/2 mil foils
      provided with the same zirconia coating. As already noted, the foil disks
      24 increase in diameter from the inside to the outside to provide the
      bevel contact line 26 with the foil wrappings 18.
PAR  The insulation package is effective only in a vacuum and therefore a hard
      vacuum environment is required. Above approximately 10.sup.-.sup.3 torr or
      10 microns pressure, the insulating properties of the package begin to
      degrade.
PAR  Located at the innermost part of the foil insulation is a getter assembly
      designated as 40. The getter assembly consists of a tantalum can provided
      with a plurality of holes in which is located a barium powder pellet. The
      can may be composed of other metals or alloys such as aluminum, titanium
      or stainless steel.
PAR  What has been described so far comprises one of the two major subassemblies
      of the microwatt thermoelectric generator and consists of three main
      components, namely, the outer casing 10 and end closure 12; the foil
      insulation package comprised of the wrappings 18 and the disks 24; and the
      getter assembly comprised of the perforated can with the barium pellet
      contained within. Since the microwatt thermoelectric generator is to be
      implanted within a human body with the electronic device it powers and
      since the effectiveness of the overall assembly is dependent in large
      measure upon maintenance of a vacuum within the casing, it is important
      that the getter have sufficient capacity to maintain the vacuum integrity
      for a long period of time and to be able to getter gases at a rate in
      excess of that at which they are produced. One of the important properties
      of the getter in this respect is the exposed surface area and, for this
      reason, although a solid barium pellet may be employed, it is believed
      that significant improvement is obtainable using a porous barium pellet or
      other configuration having high surface to volume ratio. In this respect,
      the density of the pellet is of importance due to the correlation with
      porosity.
PAR  The other subassembly of the generator comprises generally a fuel capsule
      50, a thermopile assembly 60 and end cap 70.
PAR  The fuel capsule assembly consists of double cans 52 of a suitable
      containment material such as HASTELLOY C-276, a nickel base superalloy
      manufactured under this trade name by Stellite Division of Cabot
      Corporation of Kokomo, Ind. within which is positioned a suitable quantity
      of plutonium oxide having the desired and preferred properties and
      characteristics. The welded sealed double cans 52 are positioned loosely
      within an open skirt 54 comprised of stainless steel material which is
      provided on its closed end with a stud 56. The open cylinder 54 has a wall
      thickness of approximately 25 mils and two wires 58 are attacked across
      its open end in cruciform pattern for the purpose of holding the double
      cans within the cylinder 54.
PAR  The stud 56 of the cylinder 54 is threaded into an aluminum plate 62
      serving as the hot plate of the thermopile assembly 60. Between the
      aluminum plate 62 and the outer surface of the end of cylinder 54 is a 4
      mil stainless steel spacer 63 comprised of a hub surrounding stud 56 and
      having radial arms projecting from the hub. The aluminum plate 62 serves
      as the hot plate or hot end of the thermopile assembly which is shown in
      detail in FIG. 3, and the plate 62 has ax oxide coating on its face
      contacting the thermopile to insulate same therefrom.
PAR  In lieu of the arrangement shown and described for the fuel capsule 52, the
      open-ended can 54 can be eliminated and the capsule 52 connected directly
      to the getter assembly 40. The hot plate 62 will, in this form, simply be
      brought into proximity with the fuel capsule 52 and either loosely
      physically contact same or be separated therefrom by a small thermal gap.
PAR  The thermopile assembly consists of a series of elongated semiconductor
      thermoelectric elements 64, such as P-and N-type bismuth telluride, with
      the elements 64 being stacked together in a parallel array with the P and
      N elements alternating. The semiconductor thermoelectric elements are 15
      mils square and about 3/4 inch long with the stack or array comprised of
      such elements. The elements within the array are separated by 5 mil
      polyimide films 67 such as are obtained commercially under the trade name
      KAPTON from E. I. du Pont de Nemours & Co. The interconnection within the
      thermopile, that is the shoes 66 to connect adjacent elements so that the
      thermopile constitutes a single series-connected electrical path, is
      comprised of shoes which have been alloyed into the end faces of the
      elements as shown in FIGS. 4 and 5. The procedure for making the
      connection consists of laying lengths of wire or bar (straps) across the
      two elements to be interconnected and then applying a capacitive discharge
      or similar high energy heat source through spaced locations at which it is
      desired to alloy the wire and form the alloy contact 68. This technique is
      known as weld brazing in the art. The bismuth telluride beneath the wire
      has a melting point considerably below that of the wire. The heat is
      applied to the wire and not to the bismuth telluride until the metal of
      the wire alloys with the bismuth telluride by forming an eutectic or other
      phase molten zone. The wire or bar is folded at either end before weld
      brazing to raise the portion of the shoe that passes over the insulating
      film 67. The final configuration of the alloy contact and the
      interconnection made by the shoe is illustrated in FIG. 5. The wire
      material is preferably palladium, although gold, nickel, gold-plated
      nickel, and gold 92%-palladium 8% may be used, but not as effectively.
PAR  The semiconductor thermoelectric materials suitable for practicing the
      invention are Bi.sub.2 Te.sub.3, Sb.sub.2 Te.sub.3, Bi.sub.2 Se.sub.3,
      Sb.sub.2 Se.sub.3, and solid solutions and alloys of the foregoing such as
      Bi.sub.2 Te.sub.3  -- Sb.sub.2 Te.sub.3 (P-type), Bi.sub.2 Te.sub.3 --
      Sb.sub.2 Te.sub.3 (N-type), Bi.sub.2 Te.sub.3 -- Bi.sub.2 Se.sub.3
      (N-type), and Bi.sub.2 Te.sub.3 -- Bi.sub.2 Se.sub.3 (P-type), all with
      appropriate dopants. To produce N-type conductivity, the following dopants
      are appropriate: AgCl, AgBr, AgI, CuBr.sub.2, SbCl.sub.3, Cu, Ag, Te, and
      I. To produce P-type conductivity, the following dopants are appropriate:
      Bi, Pb, Na, Cd, In, Sn, Sb, and Ni.
PAR  A cold plate 71 is provided at the other end of the thermopile. The faces
      of the aluminum plates 62 and 71 which bear against the thermopile are
      provided with an oxide coating which maintains electrical isolation while
      permitting desirable heat transfer. The cold plate 71 is provided with a
      central boss 73 which is received within a recess 73' defined centrally in
      the inside surface of a bearing plate 72. Outer rings or cylinders 74 and
      76 of titanium are each welded at one end to the bearing plate 72 in a
      vacuum-tight manner with the weld joints being indicated by the reference
      numerals 78 and 80, respectively. Rings 74 and 76 may be composed of other
      suitable materials. The other end of the cylinder 74 is welded to an end
      closure plate or header of niobium 82 by a vacuum-tight joint 84. An
      electrical outlet or terminal 86 composed of niobium passes through the
      end plate 82 and is sealed in an alumina plug 88 which, in turn, is sealed
      in end plate 82. Alumina plug 88 is annular in configuration and is
      prepared by washing a molymanganese slurry on the inner and outer surfaces
      of the plug 88 and oxidizing in wet hydrogen at 1400.degree. C. to alloy
      with the alumina. A nickel coating is placed over both surfaces of the
      niobium header 88 and terminal 86 to be attached to the alumina plug 88. A
      silver-coppper or gold-copper braze is used to connect nickel coated
      niobium parts to the alumuna plug 88.
PAR  The use of a niobium header, niobium lead and alumina plug seal is
      considered to be a unique feature as these materials have good
      compatibility regarding expansion characteristics. One or two such
      electrical outlets 86 may be employed depending upon design
      considerations. If two are employed, then both pass through the plate 82
      and are sealed within an alumina plug as described. If only one lead
      passes out of the casing, then the other lead is connected between the
      thermopile and the casing 10.
PAR  In a preferred embodiment of the header, the end plate 82 is composed of
      tantalum. This combination, tantalum-alumina-niobium, gives superior
      results as on cool-down, the area of greatest concern and technical
      difficulty; the tantalum seems to shrink faster than the alumina or
      niobium lead and thereby maintains substantial pressure directed radially
      inward toward the center of the header.
PAR  The interconnection between the outlet 86 and the thermopile is achieved by
      means of a gold palladium lead 90 connected at one end to the output 86,
      which lead 90 passes through a hole 92 formed in the bearing plate 72 and
      is connected to a palladium wire 94 -- palladium being the preferred
      material -- which, in turn, is connected to an appropriate end of one of
      the semiconductor thermoelectric elements. The connection is achieved by
      drilling a small hole in the selected element and inserting the wire and
      then brazing by heating the wire with a plasma torch, welding by a
      capacitive discharge or similar weld-brazing technique so that the
      palladium alloys with the bismuth telluride within the hole. The second
      electrical connection is made to another appropriate semiconductor
      thermoelectric element in the same fashion and is either connected to
      another outlet 86 via a wire 90 or is connected to the casing via a wire
      90. The connections to the thermopile by means of the wires arefurther
      enhanced by potting the connections with epoxide cement to strengthen the
      joint and prevent a breaking of the lead or the alloy contact due to
      stress.
PAR  In addition to the foregoing, the thermopile is positively connected to the
      plates 62 and 71 by means of an epoxide cement or glue having matching
      characteristics to the polyimide film spacers in the thermopile. The
      epoxide cement film that effects this connection is about one mil in
      thickness and serves the purpose of eliminating any gap between the
      thermopile and the plates 62 and 71. As the interior of the container 10
      is to be maintained under a severe vacuum (at least 10.sup.-.sup.3 torr),
      it is essential that the heat transfer through the thermopile and between
      the plates be maximized. Any gap in this thermal path would pose severe
      thermal resistance due to the vacuum. Similarly, an annealed gold foil 98
      is interposed between the cold plate 71 and the bearing plate 72 and
      between the hot plate 62 and the skirt plate 63 or capsule 50 for the same
      reason. The gold foil 98 is 2 mils thick and due to its ductility will
      serve to fill the gap between the aluminum plate 71 and the bearing plate
      72 and between members 62 and 63 or 50 caused by surface disparities.
PAR  The thermopile assembly also includes a support harness to maintain a
      compressive load on the thermoelectric elements. This support harness is
      comprised of a series of four equally spaced tension wires 120 about
      sixmils in diameter to minimize parasitic heat losses. The wires are
      composed of 94.5 percent titanium, three percent aluminum and 2.5 percent
      vanadium. The purpose of this particular composition is to provide the
      highest possible structural strength with the lowest possible thermal
      conductivity as the tension wires provide a direct path between the hot
      and cold plates and, therefore, tend to serve as a thermal bypass to the
      thermopile. The hot plate 62 is suitably recessed as indicated by the
      reference numeral 122 at four equally spaced locations about its periphery
      on the side of the plate 62 remote from the thermopile. Axial bores 124
      are formed in the plate 62 extending from the recesses 122. One end of the
      tension wires 120 passes through axial bores 124 and is brazed into bores
      formed in stainless steel caps 126 using a copper-nickel alloy. In a
      specific example, the wires used have a strength for loadings up to
      125,000 pounds per square inch and a thermal conductivity of 4.6 BTU per
      foothour-degree Fahrenheit. The ratio of wire strength to thermal
      conductivity is greater than 250,000 and preferably 300,000 or greater.
PAR  Externally threaded studs 130 provided with a central bore receive the
      other ends of the tension wires 120 within their central bores, and these
      other ends are similarly fixed inside the bores of the studs 130 by the
      intermediary of a copper-nickel braze. The threaded studs 130 pass through
      holes in the cold plate 71 and the bearing plate 72 and receive on their
      ends remote from the thermopile threaded nuts 136. The nuts are tightened
      to apply a compressive loading to the thermopile by tensioning the wires
      120. As an example, the wires 120 are loaded to approximately 1.2 pounds
      per wire to place a total preload on the pile of 4.8 pounds.
PAR  In an alternative and preferred embodiment of the invention, the tension
      wires are fabricated by threading the ends of 0.03-inch diameter titanium
      alloy wires containing 3% aluminum and 2.5% vanadium and then chemically
      milling the center section of the wires to a diameter of about 0.006
      inches. The threaded ends are held by nuts directly in recesses 122, and
      nuts 136 are used to tighten down the harness against the bearing plate
      72.
PAR  To assemble the microwatt thermoelectric generator, the containter 10 is
      first welded to the end cap 12, and then the foil insulation package
      consisting of the wrappings 18 and disks 24 are inserted within the
      container 10 as previously described. Container 10 is comprised of
      tantalum, titaniumor niobium, as are the bearing plate 72 and end plate
      82. Likewise, the outlet or lead 86 is comprised of niobium, tantalum or
      titanium. Next, the getter assembly 40 comprised of the porous barium
      pellet contained within the perforated tantalum can having a wall
      thickness of 5 mils is inserted into the container and foil insulation
      package. The container is then placed in a vertical position with the open
      end upward and within an electron beam welding apparatus located in a
      vacuum chamber. The vacuum is drawn down to the desired level of
      10.sup.-.sup.6 mm Hg, and then the barium pellet is heat treated in a
      novel manner to activate same and greatly enhance its getter properties.
      The barium pellet prior to this time has been maintained in an inert gas
      atmosphere (argon), and the surfaces are saturated with adsorbed argon and
      other gases. Accordingly, a heater is lowered into the container and
      placed in close proximity with the greater assembly and the temperature
      elevated to about 800.degree. F. where it is maintained for about two
      hours to outgas the barium. This procedure activates the barium and
      renders its surfaces more active, thereby greatly improving its efficiency
      to getter gases.
PAR  In the meantime, the other subassembly consisting of the fuel capsule, and
      the thermopile assembly, including its hot and cold plates, is outgassed
      at a temperature of about 500.degree. F. to about 550.degree. F. for 24
      hours to one week and then assembled, together with the harness, the
      bearing plate 72, and end plate 82, and rings 74 and 76, the tension wires
      120 having been brought to their proper load settings during this
      assembly.
PAR  This other subassembly is then checked for electrical resistance to be
      certain the path through the thermopile is of proper electrical
      resistance, for example, about 60-90 ohms. As the thermoelectric elements
      are very small and brittle, micro-cracks are present which cannot be
      detected visually but affect the pile resistance raising it to 1000 or
      2000 ohms. The heating to 500.degree. F. or above for 24 hours or longer
      serves to heal some of the micro-cracks by diffusion and improves shoe
      bonds, but usually the pile resistance is still too high. It has been
      discovered that if the pile is subjected to pressure endwise and a
      capacitive discharge (about 2.0 watt-seconds or higher) the irregularities
      of the pile heal, and the resistance drops to its proper value. The
      capacitive discharge is in the form of a high current pulse of short
      duration (milliseconds) and has been found effective to heal defects and
      irregularities of the pile.
PAR  The components of this other subassembly have, previous to assembly of the
      tension wire harness, been subjected to an outgassing at a temperature of
      about 500.degree. F. This is an extremely advantageous procedure as it
      serves to minimize the load upon the getter and enables long and more
      efficient getter life. These subassembly components may be outgassed at
      such an elevated temperature because the shoes and electrical contacts
      have been connected to the thermopile in a special way and because of the
      thermal stability of the component materials. For example, the various
      alloy contacts made to the thermopile have high temperature, as well as
      non-poisoning characteristics, and, therefore, the thermopile may be
      subjected to this elevated temperature without danger that these contacts
      will be dislodged or deleterious diffusions will occur.
PAR  The other subassembly, prepared as described, is then brought into the
      first subassembly by lowering, fuel capsule first, into container 10. The
      final weld and sealing of the unit occurs at the joint 140 between the
      free end of the ring or cylinder 76 and the open end of the container 10.
      As will be noted, the cylinder 76 slides over the end of the container 10,
      and the weld joint is made between the edge of the cylinder 76 and a
      flange 142 defined by the container 10. As with all other weld joints,
      this one must be vacuum tight.
PAR  The preferred arrangement for the fuel capsule and getter is illustrated in
      FIG. 8. The fuel capsule 50 and getter assembly 40 are reversed inside the
      foil insulation package 16, and the getter assembly 40 is positioned
      between the fuel capsule 50 and thermopile assembly 60. In detail, a skirt
      or cylinder 150 is provided having a central transverse web 152 and a
      recessed part 154 defining a shoulder 156. The fuel capsule 50 is provided
      with a stud 158 which is received in a threaded bore 160 formed in web
      152. A gold foil 162 is located between the fuel capsule 50 and web 152 to
      preclude a thermal gap. Insulating foils 164 like those of insulation
      package 16 are stacked in the recess defined by part 154. The getter
      assembly 40 is contained within the skirt 150. This configuration gives
      the highest operating temperature (about 400.degree. F.) for the getter
      assembly 40 and, therefore, provides the best gettering capability. The
      bottom of the thermopile (the hot plate 62) is provided with a threaded
      bore 170, and a skirt plate 172 with threaded stud 174 is connected to the
      hot plate 62 with a gold foil 176 interposed therebetween to prevent a
      thermal gap. The skirt plate 172 is separated from the end of the getter
      assembly by a gap 178 of 0.050 inches to provide a thermal shunt and
      essentially limit heat transfer to that heat which radiates from getter 40
      and the top of cylinder 150. Located between the cylinder 150 and skirt
      plate 172 is a stack of insulating annular foils 180 like those of
      insulation package 16.
PAR  The microwatt thermoelectric generator assembled as described has several
      distinct advantages. First, the construction of the insulation and the
      thermopile, as well as the other components, enables the use of the
      smallest possible fuel supply to obtain the largest possible electrical
      output. As noted previously, using a fuel supply of approximately 50
      milliwatts of thermal energy, the generator is able to provide an output
      of approximately 350 microwatts at 0.3 volts. The getter assembly must
      operate at the highest possible temperature in order to work at the best
      possible efficiency. On the other hand, the thermopile and outer case must
      reject heat at a relatively lower temperature for the simple reason that
      the device will be in the human body. The cold end of the thermopile, the
      cold plate 71, should be about 100.degree. F. to match normal body
      temperature. The power generation in the thermopile requires about
      100.degree. F. of temperature difference and, therefore, the hot plate 62
      should be operating at about 200.degree. F.
PAR  If the internal assembly were efficiently thermally interconnected, the
      getter assembly would be functioning close to 200.degree. F., and its
      efficiency would be greatly impaired. Thus, the getter assembly should be
      functioning at temperatures above 250.degree. F. and more preferably at
      about 400.degree. F. as noted in connection with the arrangement of FIG.
      8. Coupled with this information is the further fact that the fuel capsule
      itself can generate a maximum temperature level dependent upon the limited
      quantity of nuclear fuel contained in the double cans 52.
PAR  To harmonize these various features and to achieve the maximum effect, the
      generator has been judiciously designed so that the getter will operate at
      a relatively high temperature and yet the hot end of the thermopile will
      be maintained at the preferred 200.degree. F. level. These results are
      achieved by the technique of locating the fuel container 52 within the
      cylinder 54 so that a small space exists, or a loose mechanical contact is
      present, between the fuel container 52 and the end of the cylinder 54 or
      by relating the fuel capsule 52 to the getter assembly 40 and leaving a
      thermal gap between the fuel capsule 52 or getter assembly 40 and the hot
      plate 62. This will allow the fuel container to operate at a higher
      temperature than would be possible if there would be good thermal contact.
      Also, in one form, the stainless steel spacer 63 inserted between the
      cylinder 54 and the hot plate 62 will provide further thermal resistance
      to assure the proper operating temperature of the hot plate 62. On the
      other hand, the getter will be exposed to the higher temperature of the
      capsule, and, since it is surrounded by maximum insulation, its operating
      temperature will be above 250.degree. F.
PAR  It will thus be evident that a thermal drop has been purposely introduced
      between the fuel container 52 and the hot plate 62, and, although this
      would seem to be inconsistent with efficient operation of a thermoelectric
      generator, nevertheless, in the circumstances of the present case, this
      turns out to be necessary for efficient operation of the generator for the
      reasons explained.
PAR  Although the present invention has been described with reference to a
      preferred embodiment, various changes and modifications will be evident to
      those skilled in the art which do not depart from the inventive concepts
      taught herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A novel header for use in nuclear applications comprising a plate
      containing at least one bore, the inside surfaces of which carry a nickel
      coating, an alumina plug in said bore, said alumina plug sealed in said
      plug by means of a braze, and an integral niobium terminal passing through
      said plug, said niobium terminal carrying a nickel coating on at least
      those surfaces where said terminal passes through said alumina plug, said
      niobium terminal being sealed in said plug by means of a gold-copper or
      silver-copper braze heated to about 930.degree.C.
NUM  2.
PAR  2. Novel header according to claim 1 in which said plate defines two bores
      with a terminal passing through each via alumina plugs.
NUM  3.
PAR  3. A novel header according to claim 1 wherein said plate is niobium.
NUM  4.
PAR  4. A novel header according to claim 1 wherein said plate is composed of a
      material selected from the group consisting of tantalum and its alloys.
NUM  5.
PAR  5. A novel header according to claim 1 wherein the inner and outer surfaces
      of said alumina plug are formed by an alloy of alumina with molybdenum and
      manganese.
NUM  6.
PAR  6. A vacuum tight seal for use in nuclear applications comprising: a
      substantially flat baseplate made from niobium, tantalum or tantalum
      alloys, said baseplate having a bore passing therethrough, the surfaces of
      said bore carrying a nickel coating; and an integral niobium electrical
      terminal passing through said bore, said niobium terminal adapted to make
      an electrical connection at each end thereof, said niobium terminal
      carrying a nickel coating; said apparatus further characterized in that
      said niobium terminal is sealed in said baseplate by means of an alumina
      plug whose inner and outer surfaces are composed of an alloy of alumina,
      manganese and molybdenum, the outer surfaces of said alumina plug being
      sealed to the nickel coated surfaces of said bore by means of a
      silver-copper or gold-copper braze heated to about 930.degree.C. and the
      inner surfaces of said alumina plug being sealed to the nickel coated
      surfaces of said niobium terminal by means of a silver-copper or
      gold-copper braze heated to about 930.degree.C.
NUM  7.
PAR  7. The device of claim 6 wherein the outer surfaces of said alumina plug
      are generally similar in configuration to the cross section of said bore,
      and further wherein the inner surfaces of said alumina plug are generally
      similar in configuration to the cross section of said niobium terminal.
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ABST
PAL  A method is provided for making a semiconductor layer having a high
      resistivity comprising the steps of implanting ions into a semiconductor
      comprising gallium and arsenic at a first acceleration voltage at a
      concentration higher than the limit of solid solubility of said ions in
      said semiconductor, the ions being of a material which forms a deep energy
      level in said semiconductor; implanting protons into said semiconductor at
      an acceleration voltage less than said first acceleration voltage; and
      then heating the semiconductor, for example, from 300.degree.C to
      700.degree.C.
BSUM
PAR  The present invention relates to methods of making a compound semiconductor
      comprising gallium and arsenic with increased resistivity.
PAR  In recent years, compound semiconductors such as gallium arsenide have
      widely been used for various semiconductor devices. The conventional
      process technique in the art using compound semiconductor involves a
      number of problems which await solution, unlike the technique where
      silicon is used.
PAR  For example, in the compound semiconductor such as gallium arsenide having
      a larger band gap than in silicon, the impurity such as chromium or iron
      forms a deep energy level around the center of the band gap. This makes it
      possible to form gallium arsenide with a resistivity as high as 10.sup.5
      to 10.sup.8 ohm-cm, if the impurity such as chromium is doped by suitable
      method. In practice, however, if the impurity is doped to a high
      concentration by vapor phase, the crystal structure becomes disordered to
      hamper the formation of single crystal.
PAR  An improvement on the prior art is such as described in "Solid-State
      Electronics" 1969 vol. 12, pp. 209/214, in which proton is implanted into
      gallium arsenide by ion implantation technique to a concentration of
      10.sup.13 /cm.sup.2. According to this method, the layer where proton is
      implanted becomes highly resistive. In this prior art, however, the high
      resistivity layer loses its resistivity when it is subjected to heat
      treatment at a temperature above 400.degree.C.
PAR  Therefore, a principal object of the invention is to provide a method of
      forming a high resistivity layer in a given area on the surface of
      epitaxial crystal of low resistivity gallium arsenide or its mixed
      compound.
PAR  Another object of the invention is to provide a method of forming a high
      resistivity layer sufficiently stable against high temperature, free of
      drawbacks inherent in the prior art method employing proton implantation
      process.
PAR  Briefly, the method of the invention comprises processes in which ions such
      as chromium ions and iron ions which form a deep energy level in a
      compound semiconductor containing gallium and arsenic are implanted into
      the compound semiconductor, and proton is implanted thereinto at an
      acceleration voltage which is the same or higher than that used in the
      process of the ion implantation, and then the compound semiconductor is
      subjected to heat treatment at a temperature of 300.degree. to
      700.degree.C.
PAR  According to the present invention, impurity ions such as chromium ions and
      iron ions can be doped into the compound semiconductor to an impurity
      concentration of higher than 10.sup.17 cm.sup..sup.-3, while it is
      impossible in the prior art to dope chromium ions to that impurity
      concentration. Therefore the present invention permits sufficiently low
      resistivity compound semiconductor to turn into high resistivity compound
      semiconductor.
PAR  Further, the depth of the high resistivity layer formed in the compound
      semiconductor can be suitably controlled by the acceleration voltage at
      which impurity ions such as chromium and iron ions and proton are
      implanted. Furthermore, the high resistivity layer can be formed with high
      stability against high temperatures around 700.degree.C.
PAR  These advantages may be based on the following facts. The impurity ions
      such as chromium and iron ions which form a deep energy level can be
      implanted further than the limit of solid solubility. The impurity atoms
      implanted are deeply diffused in the semiconductor in the subsequent
      proton implantation and heat treatment, thus forming an electrically
      active, deep energy level at a high rate.
DRWD
PAR  The other objects, features and advantages of the invention will becom more
      apparent from the description taken in conjunction with the accompanying
      drawings.
PAR  FIG. 1 is a sectional view showing a sample used for measuring the
      distribution of carrier concentration in the depth direction in the ion
      implantation region obtained by this invention;
PAR  FIG. 2 is a graphical view showing the distribution of carrier
      concentration in the depth direction in the ion implantation region
      obtained by the invention applied to gallium arsenide;
PAR  FIGS. 3(a) and 3(b) are sectional views of the semiconductor device showing
      the formation of an isolated region in the epitaxial layer according to
      the present invention; and
PAR  FIG. 4 is a sectional view showing a Schottky diode formed according to
      another embodiment of the present invention.
DETD
PAR  Referring now to FIG. 1, an epitaxial layer 2 of n-type gallium arsenide
      with a carrier concentration of 1 .times. 10.sup.17 cm.sup..sup.-3 is
      formed by vapor growth to a thickness of about 2.mu. on an n.sup.+ -type
      gallium arsenide substrate 1 whose resistivity is 0.002 ohm-cm. Prior to
      the ion implantation process, the surface of this sample is cleaned by a
      solution mixture of sulfuric acid and hydrogen perioxide. Then, the sample
      is placed in a sample chamber of an ion implantation apparatus. The sample
      chamber is evacuated to a high vacuum of 10.sup..sup.-6 Torr. Chromium
      ions accelerated by an acceleration voltage of 150 KeV are implanted into
      the epitaxial layer 2 at a rate of 1 .times. 10.sup.13 cm.sup..sup.-2, and
      then protons are implanted into the layer 2 at the same acceleration
      voltage. The sample is taken out of the chamber and subjected to heat
      treatment for two hours at a temperature of 500.degree.C in nitrogen
      atmosphere.
PAR  The distribution of electron concentration in the depth direction of the
      sample after the heat treatment is shown in FIG. 2, in which a curve 11
      indicates the distribution thereof obtained according to the invention,
      and a curve 12 the distribution obtained by the implantation of chromium
      ions alone. The distribution of electron concentration was measured in
      such manner that gold is vapor-deposited on the surface of the sample,
      thereby forming a Schottky diode, and the distribution is calculated from
      the voltage dependency of the capacitance of the Schottky diode. It will
      be seen from FIG. 2 that the surface of the epitaxial layer 2 is more
      deeply turned to a high resistivity according to the invention than the
      prior art method.
PAR  Referring now to FIGS. 3(a) and 3(b) showing an application of the
      invention, an n-type gallium arsenide layer having a thickness of 0.5 .mu.
      and an carrier concentration of 1 .times. 10.sup.17 cm.sup..sup.-3 is
      formed by chemical vapor deposition on a gallium arsenide substrate 21
      which has been converted into a semi-insulator by being doped with
      chromium. A 1.5 .mu. thick silicon dioxide film 24 is formed in a given
      area on the n-type gallium arsenide layer. This silicon dioxide film 24
      serves as a mask for the subsequent ion implantation. The surface of the
      exposed portion of the gallium arsenide layer 22 is cleaned with the
      mixture solution of sulfuric acid and hydrogen peroxide. The sample 20 is
      placed in a chamber of an ion implantation apparatus, the chamber being
      evacuated to a vacuum of 10.sup..sup.-6 Torr. Chromium ions are implanted
      at a surface concentration of 1 .times. 10.sup.13 cm.sup..sup.-2 at an
      acceleration voltage of 150 KeV. Then proton is implanted at a surface
      concentration of 1 .times. 10.sup.13 cm.sup..sup.-2 at the same
      acceleration voltage. The sample is taken out of the iron implantation
      apparatus and subjected to heat treatment in nitrogen atmosphere at a
      temperature of 500.degree.C for two hours. In the resultant sample, the
      portion 23 whose surface has been exposed is converted to the high
      resistivity region having a resistivity of more than 10.sup.7 ohm-cm, and
      the masked portion 22 keeps its original resistivity. Thus, such a
      structure is obtained that the masked portion 22 of the epitaxial layer is
      electrically isolated by the unmasked portion 23 and the substrate 21.
PAR  After the surface of the sample 20 is covered with a protective silicon
      oxide film, the sample is subjected to heat treatment at a temperature of
      800.degree.C for two hours it was experimentally proved that the resultant
      sample 20 did not give rise to change in the resistivity and was capable
      of maintaining stability.
PAR  In the isolated region 22 of the epitaxial layer, an element such as a
      insulated-gate field effect transistor or a MOS diode may be formed. FIG.
      3(b) shows an example of an insulated-gate field effect transistor formed
      therein. In FIG. 3(b), silicon dioxide 25 is deposited on the whole
      surface of the gallium arsenide layer 22, a p-type impurity is selectively
      diffused into the isolated region 22, thereby forming a source region 26
      and a drain region 27. Then a gate oxide film 29 is formed on the surface
      of the isolated region 22, between the source and drain regions 26 and 27,
      and a source electrode 26', a drain electrode 27', and a gate electrode 28
      are formed.
PAR  In this transistor, surface leak current is very small. A large number of
      elements each formed in the respective isolated region 22 and the like and
      electrically isolated from each other by the high resistivity region 23
      can be formed on one gallium arsenide substrate.
PAR  Referring now to FIG. 4, an n-type gallium arsenide layer 32 having a
      carrier concentration of 2 .times. 10.sup.16 cm.sup..sup.-3 and a
      thickness of 1 .mu. is formed by chemical vapor deposition on an n.sup.+
      -type gallium arsenide substrate 31, and chromium ions and proton are
      continuosly implanted thereinto at 50 KeV using a mask of a 1.5 .mu. thick
      silicon dioxide film (not shown). This sample is subjected to heat
      treatment in nitrogen atmosphere at a temperature of 500.degree.C for one
      hour, thereby forming a high resistivity region 33 of 0.5 .mu. thickness.
      The mask of silicon dioxide is removed and gold electrode 34 is deposited,
      thus forming a Schottky diode. The gold electrode 34 covers such part of
      the surface of the layer 32 that has been masked by the silicon dioxide
      mask. The edge of the gold electrode 34 is in contact with the high
      resistivity region 33.
PAR  In this Schottky diode, the surface leak current is small, and the
      deterioration of the peak voltage which occurs at the edge portion of the
      metal electrode 34 can be prevented. Furthermore, as in the previous
      example, the high resistivity region is stable against high temperatures.
PAR  In the present invention, the heat treatment is carried out preferably at a
      temperature range from 300.degree. to 700.degree.C. More specifically,
      effective temperatures for the heat treatment should be at around
      500.degree.C. At temperatures below 300.degree.C, the effect due to heat
      treatment is not very appreciated, and at temperatures above 700.degree.C,
      there are possibilities of changing the composition of a compound
      semiconductor. Further, iron ions whose energy level is near that of
      chromium may be used instead of the chromium ions implanted in the
      foregoing examples. Also, instead of gallium arsenide, other compound
      semiconductor, for example GaAsxP.sub.1.sub.-x and GaAl.sub.1.sub.-x As
      where x has value greater than zero but less than one, which consist
      essentially of gallium and arsenic may be used whereby the same effects of
      the invention can be realized.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making a semiconductor layer having a high resistivity
      comprising the steps of:
PA1  implanting ions into a semiconductor comprising gallium and arsenic at a
      first acceleration voltage at a concentration higher than the limit of
      solid solubility of said ions in said semiconductor, said ions being of a
      material which forms a deep energy level in said semiconductor;
PA1  implanting protons into said semiconductor at an acceleration voltage not
      less than said first acceleration voltage; and
PA1  heating said semiconductor.
NUM  2.
PAR  2. A method of making a semiconductor layer as claimed in claim 1, wherein
      said material is selected from the group consisting of chromium and iron.
NUM  3.
PAR  3. A method of making a semiconductor layer as claimed in claim 1, wherein
      said semiconductor is selected from the Group III compounds of GaAs,
      GaAs.sub.x P.sub.1.sub.-x and GaAl.sub.1.sub.-x As where x has a value
      greater than zero but less than one.
NUM  4.
PAR  4. A method of making a semiconductor layer as claimed in claim 1, wherein
      said semiconductor is heated at temperatures ranging from 300.degree. to
      700.degree.C.
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ABST
PAL  A method for improving the current confinement capacity of a double
      heterojunction laser by using a high energy implantation of oxygen in the
      regions of an injection laser surrounding the active region of such laser
      so as to make such regions semi-insulating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One of the first successful fabrications of a continuously operating
      double-heterojunction (DH) laser at room temperature was reported by I.
      Hayashi et al. in the Applied Physics Letters of 1970, Volume 17, Pages
      109+. Such a laser is comprised of an n-type GaAs substrate and four
      epitaxial layers comprised of an n-type Ga.sub.(1.sub.-x) Al.sub.x As
      layer followed by successively built up layers of p-type GaAs, p-type
      Ga.sub.(1.sub.-x) Al.sub.x As and p-type GaAs. The end product is a single
      GaAs region surrounded by two heterojunctions, namely, a p-p
      heterojunction and a p-n heterojunction. When provided with an appropriate
      resonator, the DH laser exhibits lower thresholds at higher temperatures
      than are attainable by a single heterojunction laser.
PAR  The early DH laser had the disadvantage that the current that produced the
      necessary carrier injection across a junction for the ultimate
      light-producing recombination step took place across a relatively large
      area of the junction. This makes control over the modes of oscillation and
      removal of the heat from the junction difficult. It was found necessary to
      fabricate a DH laser so that the active region of the laser was narrowed,
      confining the carrier injection region to a narrow stripe. Such
      confinement of the current, hence carrier injection region, to this narrow
      stripe would facilitate the removal of heat from the junction region and
      provide laser operation at low threshold currents.
PAR  One well known way of obtaining such current confinement is to etch away
      areas on both sides of a narrow stripe of the active region of the DH
      laser so that current that produces lasing will only pass through this
      narrowed region. The portion of the multilayered DH laser that is unetched
      stands higher than the remaining portion of the laser very much like a
      mesa rock formation, hence the term "mesa etched."
PAR  In another article entitled "Continuous Operation of GaAs-Ga.sub.(1.sub.-x)
      Al.sub.x As Double-Heterostructure Lasers with 30.degree.C Half-Lives
      Exceeding 1000 Hours," by R. L. Hartman et al. which appeared in Applied
      Physics Letters, Vol. 23, No. 4, Aug. 15, 1973, pp. 181-183, the narrowed
      region of lasing or current confinement is attained by bombarding both
      sides of a chosen narrow strip of the active region with protons. Such
      proton bombardment can achieve a lasing stripe width of only 13 microns in
      that the proton bombarded regions becomes so highly resistive that
      carrier-injection current can only traverse the unbombarded regions.
PAR  It has been found that where proton bombardment is used to attain the high
      resistivity, no current flow, regions, the bombarded regions are unstable
      when heated about 350.degree.C. Moreover, the regions adjacent to the
      active region are damaged, causing increased optical loss in the narrow
      stripe regions. Additionally, it has been observed that the crystalline
      damage caused by proton bombardment, close to the active region of the DH
      laser, will favor and enhance the unwanted diffusion of impurities into
      that active region. It is also believed that the dark lines that occur in
      degrading DH lasers may be due to lack of crystalline perfection, and
      proton bombardment produces such crystalline imperfection.
PAR  Where mesa etch is relied upon to achieve current confinement through the
      DH laser, the end product is a non-planar device having exposed junction
      edges. Such non-planarity adds to the difficulty of mounting the DH laser
      to a heat sink, and the exposed edges require additional fabrication steps
      to passivate.
PAR  Two other means have been utilized to obtain the desired current
      confinement in DH lasers. In one means the electrical contact on the
      p-type GaAs top layer is made through a conventional oxide mask in such a
      fashion that the electrical contact does not cover the entire area but
      only a stripe running from one cleaved face to the other. Depending on the
      electrical resistivity of the top layers, this has the effect of causing
      the current flow to occur predominantly in the region below the stripe,
      although some spreading occurs.
PAR  Current confinement to stripes has also been achieved by others by growing
      the top two layers n-type rather than p-type and diffusing a p-type dopant
      in the form of a stripe in the region where current flow is desired.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  It would be highly desirable to achieve the desired confinement of current
      to a very narrow stripe in a DH laser without the concommitant drawbacks
      noted above when mesa etching, proton bombardment or other methods are
      used. A method which achieves such active narrowing without diminishing
      the life of DH laser consists in implanting oxygen ions, at energies of
      1.5-3.0 million electron volts, into the DH laser to achieve very high
      resistive regions on both sides of a very narrow line of the laser. Oxygen
      implantation serves to make either n- or p-type GaAs highly resistive and
      when such implantation takes place, it is as a chemical dopant. It any
      damage is introduced into the crystalline structure of the GaAs due to the
      oxygen implantation, such damage can be removed by annealing; and the DH
      laser's operation remains stable even if the annealing temperature is as
      high as 800.degree.C.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the prior art structure of the semiconductor portion of a DH
      laser.
PAR  FIG. 2 sets forth the preferred embodiment of the invention.
PAR  FIG. 3 is an illustration of a dopant diffusion step employed to assist in
      attaching an electrode to the DH laser.
PAR  FIG. 4 depicts an intermediary step for applying an electrode to the DH
      laser prior to achieving the final product shown in FIG. 5.
PAR  FIG. 6 is a plot of implanted oxygen ion concentration as a function of
      distance into the two upper layers of the DH laser.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 depicts a conventional, prior art, double heterojunction laser L
      that comprises a substrate 2 of n-type GaAs, over which are grown, by
      standard liquid phase epitaxial growth, a 2-5.mu. alayer 4 of n-type
      Ga.sub.0.7 Al.sub.0.3 As, a 0.3.mu. layer 6 of GaAs, a 1.mu. layer 8 of
      p-type Ga.sub.0.7 Al.sub.0.3 As, and a 1.mu. layer 10 of p-type GaAs. The
      active region, or region where recombination of electrons and holes takes
      place to produce light during the normal operating state of the DH laser,
      is in the 0.3.mu. region of the GaAs between the Ga.sub.0.7 Al.sub.0.3 As
      regions 4 and 8. When electrodes or contacts, not shown, are provided to
      the most removed surfaces of the DH laser so that current can traverse all
      five layers to produce laser action, the current required is large because
      the whole width of the device is active rather than a narrow region.
PAR  FIG. 2 depicts the initial stage of how such current restraint to a narrow
      region of the laser is attained. Atop of the GaAs layer 10 are deposited
      uniform bars 12 of metal, serving as ion implant masks, the widths of such
      bars 12 being about 6 - 25 microns, with 6 microns being the preferred
      width. The thickness of each bar 12 should be such that for the intensity
      of oxygen ions to be implanted into layers 10 and 8 of the DH laser from
      ion source 14 such bars 12 will prevent the ions from penetrating into
      layer 10, or into any other layer below it. Between such bars 12 are
      deposited markers 16, which are substantially thinner than the masking
      bars 12. When oxygen ions are implanted into layers 10 and 8, the thick
      masking bars 12 prevent the entry of oxygen but the markers provide
      negligible interference to such entry of ions.
PAR  Masks 12 can be stencils made of nickel, gold or evaporated metal masks.
      The could also be applied using a photoresist material. The markers 16 are
      made of aluminum oxide produced by deposition and photoetching steps. The
      oxygen ions are implanted into layers 10 and 8 at an energy of 1.8 million
      electron-volts at a dosage of 1 .times. 10.sup.14 ions/cm.sup.2. As seen
      in FIG. 6, the GaAs and GaAlAs layers 10 and 8, respectively, have their
      own concentration of impurity levels determined by the concentration of
      impurities in the solutions from which these layers were grown. The
      function of the oxygen ions is to serve as deep level impurities. These
      deep level impurities serve as electronic carrier "sinks" for permanently
      trapping carriers, thus making semi-insulators out of the regions treated
      with such oxygen ions. In the materials used for making a DH laser, the
      GaAs and GaAlAs themselves have many ionized impurities at room
      temperature, approximately 1 .times. 10.sup.17 ions/cm.sup.3.
      Consequently, the density of deep level traps produced by oxygen ion
      bombardment should be greater than this density so that all free electrons
      or holes in these materials are permanently trapped by the implanted
      oxygen ions, assuring negligible, if any, current flow through the
      bombarded regions. The implantation of a dose of 1 .times. 10.sup.14
      ions/cm.sup.2 or more when distributed over a buried region of
      approximately 1 - 2.mu. will provide sufficient carrier traps. Shaded
      densities of impurities shown in FIG. 6 are desirable to achieve current
      constraint, whereas impurity levels less than 10.sup.17 ions/cm.sup.3 do
      not effectively achieve such current restraint. The dotted regions of FIG.
      2, FIG. 4 and FIG. 5 indicate the regions that have been made into
      semi-insulators. Oxygen ions have been chosen to make GaAs and GaAlAs
      semi-insulating because they have a low atomic weight and need relatively
      little energy to make them penetrate layers 8 and 10. Chromium and iron
      ions are suggested alternates for oxygen ions to achieve the
      semi-insulating regions, but these are heavier ions and more energy is
      required to attain deep penetration into the GaAs and GaAlAs. Such
      increased energy will produce more damage in the GaAs and GaAlAs layers
      than oxygen ions do. The energy used for the implantation of the oxygen
      into layers 10 and 8 is such that subsequent annealing serves to remove
      the damage caused by the oxygen ions but does not remove the deep traps
      created by their presence.
PAR  In order to complete the DH laser, mask 12 is removed and the top surface
      of layer 10 (see FIG. 3) is highly doped by diffusion resulting in a
      surface concentration of 10.sup.20  atoms/cm.sup.3 of zinc. Such doping
      enables a low resistance electrode 18 (See FIG. 4) to be contacted to the
      GaAs layer 10 and the doping takes place at a temperature of about
      600.degree.C, a temperature that removes the damage in the GaAs and GaAlAs
      due to the oxygen ion bombardment. After electrode 18 has been deposited,
      which electrode 18 can be made of layers of chrome-gold, but any low
      resistance metal could be used. The markers 16 and electrode 18 above it
      are selectively etched away, leaving individual electrode 18 regions for
      current to flow from battery 20, electrode 22, confined regions 24 to
      those confined regions. To make the completed device a laser array,
      cleaved mirrors are formed on both ends of the array, which mirrors are
      not shown in FIG. 5, but they are disposed perpendicular to electrode 18
      and electrode 22.
PAR  The chart below shows the test results from lasers made from three
      different oxygen implantation dosages. It indicates that for the three
      separate groups of DH lasers that were made, that sample C, which had
      sufficient dosage
     Sample      A        B        C                                           
     __________________________________________________________________________
     I   Thickness of                                                          
         Layer 10                                                              
                 1.1.mu.  1.1.mu.  1.1.mu.                                     
     II  Thickness of                                                          
         Layer 8 0.6.mu.  0.6.mu.  0.6.mu.                                     
     III Thickness of                                                          
         Layer 6 1.0.mu.  1.0.mu.  1.0.mu.                                     
     IV  Dopant for                                                            
         Region 6                                                              
                 Si       Si       Si                                          
     V   Energy of                                                             
         Oxygen Ions                                                           
                 1.8MeV   1.8MeV   1.8MeV                                      
     VI  Dosage of                                                             
         Oxygen (ions/                                                         
         cm.sup.2)                                                             
                 1 .times. 10.sup.11                                           
                          1 .times. 10.sup.12                                  
                                   1 .times. 10.sup.13                         
     VII Oxygen Con-                                                           
         centration in                                                         
         Layers 8-10                                                           
         (Atoms/cm.sup.3)                                                      
                 1 .times. 10.sup.15                                           
                          1 .times. 10.sup.16                                  
                                   1 .times. 10.sup.17                         
     VIII                                                                      
         Threshold                                                             
                 9.7 K Amps/cm.sup.2                                           
                          8.9 K Amps/cm.sup.2                                  
                                   1.8 K Amps/cm.sup.2                         
         Current                                                               
         Density                                                               
     __________________________________________________________________________
PAL  of oxygen ions (at least 10.sup.17 ions/cm.sup.3), produced a threshold
      current density of 1.8 K Amps/cm.sup.2 Samples A and B which had oxygen
      dosages which produced trap concentrations less than 10.sup.17
      ions/cm.sup.3 produced threshold current densities of 9.7 K Amps/cm.sup.2
      and 8.9 K Amps/cm.sup.2, respectively. A DH laser having a threshold
      current density greater than 2.5 K Amps/cm.sup.2 is considered a poor
      laser.
PAR  Not only has oxygen ion implantation for attaining semi-insulators produced
      higher yields in the fabrication of DH lasers, but using oxygen ions
      provides a forgiving method in that it eliminates the need to very
      accurately control a relatively low critical annealing temperature
      otherwise required to repair damage produced by proton bombardment.
PAR  As seen in FIG. 6, assume that the background impurity levels of both the
      GaAs 10 and Ga.sub.(1.sub.-x) Al.sub.x As layer 8 are 10.sup.17
      atoms/cm.sup.3 range, then only if the density of the implanted oxygen
      ions exceeds 10.sup.17 atoms/cm.sup.3 will there be sufficient trapping of
      all the electrons in layers 8 and 10 by the traps produced by the oxygen
      ions.* If the density of the implanted oxygen ions (or atoms in that once
      the ions are implanted, they combine with electrons to become atoms) is
      less than 10.sup.17 atoms/cm.sup.3, then the regions around the narrow
      stripe may still conduct because there are electrons not trapped by the
      deep level oxygen-produced traps.
FNT  * In the example illustrated in FIG. 6, a density of oxygen atoms of 5
      .times. 10.sup.17 atoms/cm.sup.3 was achieved.
PAR  The chart noted hereinabove shows some test results on three lasers
      (identified as A, B, and C, respectively). In all examples, GaAs layer 10
      is 1.mu. thick, Ga.sub.(1.sub.-x) Al.sub.x As layer 8 is 0.6.mu. thick and
      GaAs layer 6 is 1.mu. thick. The next line, IV, shows that silicon was
      used as the dopant for the active region layer 6. In all cases, the energy
      of the implanted oxygen ions was 1.8MeV and the dosage of oxygen ions
      varied from 10.sup.11 - 10.sup.13 ions/cm.sup.2 for the respective laser
      samples.** The diffusion of zinc into the layer 10 to enable one to make
      an electrode attachment to layer 10 took place at 600.degree. from a
      source of ZnAs.sub.2 and the time diffusion was 30 minutes. Such
      temperatures and times, coincidentally, annealed the laser so that the
      damage produced by oxygen implantation was repaired. The last column shows
      threshold current density for each sample and it is noted that samples A
      and B had, respectively, thresholds of 9.7 and 8.9 K Amps/cm.sup.2 because
      the dosage of oxygen was insufficient. The threshold current of sample C
      was noticeably reduced to 1.8 K Amps/cm.sup.2 because the oxygen ion
      implantation was sufficiently high.
FNT  **Since the width of the distribution of these ions into the material was
      on the order of 1.mu. (1.times. 10.sup.-.sup.4 cm) the density of traps
      formed
      ##EQU1##
      or for example
      ##EQU2##
      varied from 1 .times. 10.sup.15 to 1 .times. 10.sup.17 per cm.sup.3.
PAR  In summary, the use of oxygen ion implantation to make semi-insulators in a
      double heterojunction laser about a very narrow strip (about 6 -25
      microns) makes the laser fabrication process more forgiving in that (a)
      oxygen is a deep level dopant, allowing for permanent electron traps, and
      (b) oxygen can remain in its host material even when the latter is heated
      to 800.degree.C during the process of annealing to repair damage due to
      ion bombardment, or when zinc is being diffused at elevated temperatures
      into the GaAs layer 10 to enable that layer to accept a metal electrode
      layer. Moreover, whereas high resistivity regions produced by proton
      bombardment are unstable when heated above 350.degree.C, oxygen implanted
      materials can be annealed to remove damage even at temperatures of
      800.degree.C, providing such materials, per se, can tolerate such
      temperatures. In addition, the completed laser device remains planar after
      oxygen implantation. This invention has been successfully applied to laser
      fabrication wherein the structure has been of this configuration p-p-p-n-n
      (substrate) or of the configuration having the opposite polarity
      (n-n-p-p-p (substrate)).
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for making a narrow stripe double heterostructure junction
      laser having at least three superimposed layers wherein the first layer is
      GaAs, the second is Ga.sub.(1.sub.-x) Al.sub.x As and the third layer is
      GaAs, the latter region serving as the active region of the laser,
PA1  the improvement comprising bombarding through all said layers, save for a
      very narrow region, with a beam of oxygen ions so as to dope said
      bombarded regions and make them non-conducting at the operating currents
      of said junction laser,
PA1  and heating said layers after bombardment at a temperature of approximately
      600.degree.C for approximately 30 minutes.
NUM  2.
PAR  2. In the method of claim 1 wherein said first two layers are of the order
      of 1 micron each in thickness.
NUM  3.
PAR  3. In the method of claim 2 wherein the energy of said implanted oxygen is
      between 1.5 to 3.0 million electron volts.
NUM  4.
PAR  4. In the method of claim 1 wherein the implanted oxygen ions have a
      density greater than the normal background impurity levels of the GaAs and
      Ga.sub.(1.sub.-x) Al.sub.x As.
NUM  5.
PAR  5. In the method of claim 1 wherein said non-bombarded regions has a width
      of 6 - 25 microns.
NUM  6.
PAR  6. In the method of claim 1 wherein said oxygen ions are implanted at a
      density greater than 10.sup.17 ions/cm.sup.3.
NUM  7.
PAR  7. In a method for making a narrow stripe double heterostructure junction
      laser having at least three superimposed layers wherein said first layer
      is GaAs, the second is Ga.sub.(1.sub.-x) Al.sub.x As and the third layer
      is GaAs, the latter serving as the active region of the laser,
PA1  the improvement comprising bombarding through all said layers, save for a
      very narrow region, with a beam of oxygen ions so as to make the bombarded
      regions non-conducting at the operating currents of said junction laser,
      said oxygen dosages being such as to produce trap concentrations in excess
      of the background impurity levels of said GaAs and Ga.sub.(1.sub.-x)
      Al.sub.x As layers.
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ABST
PAL  There is disclosed a method for preparing nominally 13% chromium-0.3%
      columbium ferritic stainless steel by producing the steel to have very low
      content of residuals, carbon and nitrogen, hot rolling the steel,
      annealing the hot rolled steel, and cold rolling the annealed material to
      reduce the thickness at least 65 percent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ferritic stainless steels have good properties for many uses that are not
      too demanding. For example, kitchen sinks, hubcaps, wheel covers and
      similar articles can be made of ferritic stainless steels. Ferritic
      stainless steel is strong, tough, corrosion resistant to environments
      found in uses such as those mentioned above, and it takes a high polish.
      In addition, the ferritic stainless steels, which usually contain about 13
      % chromium and iron, are relatively inexpensive for stainless alloys.
PAR  For many such uses of ferritic stainless steel, it is necessary to subject
      the stainless steel to a deep drawing process. However, deep drawing
      processes produce a condition known as roping or ridging in steels that
      are not adapted to deep drawing. Roping and ridging is characterized by
      parallel marks in the direction in which the material was previsouly
      rolled which creates a poor appearance that cannot be removed by polishing
      but must be removed by grinding if indeed it can be removed at all.
PAR  Steels having high anisotropy have good deep drawing characteristics. A
      measure of anisotropy is a mathematical relationship among the plastic
      strain ratios in the direction of rolling, across the direction of
      rolling, and 45 percent to the direction of rolling. This relationship is
      indicated by the notation "R" and it is expressed as a number. The higher
      the number, the greater the anisotropy; and accordingly, the better the
      steel is for deep drawing. As an example, aluminum killed low carbon steel
      is an excellent steel for deep drawing, and it has an anisotropy (R) of
      about 1.6.
PAC  THE INVENTION
PAR  This invention is a method for producing ferritic stainless steel having
      high anisotropy and, accordingly, having ability to be deep drawn. The
      process involves constituting a steel to contain iron, from about 12%w to
      about 14%w chromium, from about 0.2%w to about 1.0%w columbium, and a very
      low content of nitrogen, carbon, and residuals. Specifically, the steel
      should not contain more then 0.75%w total of carbon, nitrogen, silicon,
      manganese, molybdenum, nickel, and copper.
PAR  The alloy is cast and hot rolled to an intermediate thickness, after which
      the hot rolled material is annealed between 1600.degree.F and
      1900.degree.F for a period of from 50 to 150 minutes per inch of
      thickness. The annealed material is then cold rolled to reduce its
      thickness at least 65 percent followed by another anneal of between
      1600.degree.F/1900.degree.F and from 50/150 MPI. Steels made in accordance
      with the foregoing process have high anisotropy, and in fact have R values
      substantially higher than those values for aluminum killed low carbon
      steel.
DETD
PAR  To demonstrate this invention, three alloys were prepared which were all
      nominally 13% chromium ferritic stainless steels. The compositions of
      these alloys are set forth in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Alloy                                                                     
         Composition %w                                                        
     No. C    Mn  P    S    Si   Cr   Ni  Al  N    Cb                          
     __________________________________________________________________________
     1   0.022                                                                 
              0.19                                                             
                  0.023                                                        
                       0.012                                                   
                            0.055                                              
                                 13.55                                         
                                      0.18                                     
                                          0.05                                 
                                              0.029                            
                                                   &gt;0.05                       
     2   0.021                                                                 
              0.20                                                             
                  0.023                                                        
                       0.011                                                   
                            0.14 13.44                                         
                                      0.17                                     
                                          0.25                                 
                                              0.034                            
                                                    0.32                       
     3   0.018                                                                 
              0.18                                                             
                  0.026                                                        
                       0.012                                                   
                            0.06 13.51                                         
                                      0.25                                     
                                          0.12                                 
                                              0.030                            
                                                    0.34                       
     __________________________________________________________________________
PAR  All of the alloys were prepared by melting suitable materials to produce a
      melt of the proper composition, casting the melt as solid ingots, and then
      hot rolling to a thickness of 0.125 inches. Some specimens of Alloy 2 were
      then annealed after hot rolling while others were not. Annealing was
      conducted at 1750.degree.F for 100 minutes per inch of thickness. The
      annealed hot rolled alloy was then air cooled and cold reduced different
      amounts followed by an anneal with results shown in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                     % Cr      R                                               
     ______________________________________                                    
     No anneal         40         0.99                                         
     No anneal         53         1.26                                         
     No anneal         67         1.54                                         
     Anneal            40         1.37                                         
     Anneal            53         1.78                                         
     Anneal            67         2.20                                         
     ______________________________________                                    
PAR  Alloy No. 3 was prepared in the same manner as Alloy No. 2 except that it
      was annealed at 1700.degree.F for 100 minutes per inch of thickness and
      cold reduced 84 percent. With this treatment, Alloy No. 3 had an
      anisotropy of 1.90.
PAR  Alloy No. 1 which contains no columbium, when hot rolled, annealed and cold
      rolled to a thickness reduction of 67 percent, followed by an anneal, had
      an anisotropy of 0.87.
PAR  When the alloys prepared with the process of the present invention are deep
      drawn, the deep drawing process is effected successfully without roping or
      ridging being evident in the products.
PAR  The data presented above indicate that the presence of columbium in the
      alloy employed in the process of this invention is essential. The data
      also indicate that annealing and cold reduction of at least 65 percent are
      required to produce the qualities in the alloy that make it suitable for
      deep drawing.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for preparing deep drawing, stainless steel comprising:
PA1  A. preparing an alloy to contain from 12- 14%w chromium, from 0.2- 1.0%
      columbium, and not more than 0.75%w total of carbon, nitrogen, silicon,
      manganese, molybdenum, nickel, and copper;
PA1  B. hot rolling said alloy;
PA1  C. annealing said hot rolled alloy at a temperature of from
      1600.degree.F-1900.degree.F for a period of from 50-150 minutes per inch
      of thickness; and
PA1  D. cold rolling the annealed steel to reduce the thickness at least 65
      percent.
NUM  2.
PAR  2. The method of claim 1 wherein said alloy contains from about 0.02-0.5%w
      columbium.
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ABST
PAL  A steel being substantially made and adjusted within the range of 0.04 to
      0.12% C, 0.50 to 2.00% Si, and 0.10 to 1.60% Mn, passed through ordinary
      hot and cold rolling processes, is subjected to a full continuous
      annealing process comprising the following steps:
PA0  1. recrystallization heating step; rapid heating up to the range of
      650.degree.C to 900.degree.C at a rate of 200.degree.C/min. and more;
PA0  2. keeping and soaking step; holding for 10 to 120 sec. at the above
      heating temperature;
PA0  3. ordinary cooling step; cooling to room temperature from the holding
      temperature;
PA0  4. and then ordinary cooling step;
PAL  Becomes a utility cold reduced steel having the most suitable mechanical
      properties required as a safe countermeasure for an automobile and similar
      vehicles.
BSUM
PAR  This invention relates to an improved method of making a high strength cold
      reduced steel having the most suitable mechanical properties required as a
      safe countermeasure for an automobile, and more particularly being easily
      pressable into a required shape and stepping up the strength by a
      coating-baking treatment after the above presswork.
PAR  In recent years, a demand for high tensile cold reduced steel sheets is
      increasing in view of taking steps to secure the safety of an automobile
      and similar vehicles. However, the research and development for this type
      of steel has not always been sufficient to respond to such demand. The
      present situation is such that there is little effective or suitable means
      established. In viewing the situation prevailing today in the industry, it
      is found that the usual practice for making the above-mentioned high
      strength cold reduced steel is to add expensive elements such as Mn, Ti,
      Nb or V and to anneal the steel by a batch type. However, it is well known
      that such a method has the following defects.
PA0  1. addition of expensive elements in a large amount causes an increase in
      costs;
PA0  2. cold reducing operation becomes difficult owing to hard quality; and
PA0  3. non-uniformity in strength is unavoidable.
PAR  Various improvements have been proposed and put to practice to replace the
      addition of these special elements. The representative examples of such
      methods are disclosed in Japanese Pat. Publication No. 40-3020, known as
      the BISRA Process (in U.K.) and Japanese Patent Publications No. 46-9541
      and No. 46-9542, known as the Inland Steel Processes (in U.S.A.). Of these
      arts, the BISRA type process heats up the cold reduced steel strip to 740
      to 850.degree.C, quenches the same down to 150.degree. to 250.degree.C,
      coils the quenched strip immediately, with self-annealing based on such
      coiling temperature. However, C content must be increased greatly in order
      to obtain the required strength through such a process, and such increased
      amount of C naturally results in the lowering of its ductility. The
      process is not a completely continuous one, since the art requires the
      self-annealing for the coil as an indispensable step, which lowers its
      productivity.
PAR  The above-mentioned Inland Steel type process heats a cold reduced steel
      strip to a temperature above the A.sub.3 point and quenches the same in
      water to raise its strength. However, the steel sheet obtained by this
      process shows a weak point in that its strength is lowered by about 15
      kg/m.sup.2 in a coating-baking stage after press-forming, while its
      ductility is inferior to its strength. In other words, the steel is hard
      when it is to be subjected to press-forming and becomes soft when it is
      finished into a product. Such a steel sheet is very difficult to deal with
      and calls for a greater improvement in promoting safety of an automobile,
      etc. No proposal has been made for making an inexpensive steel sheet which
      does not cause lowering of the strength after coating-baking without the
      addition of special elements.
PAR  The present invention has been developed to save the above-mentioned
      situation. The features consist in that, first, Si content in the usual
      composition is increased up to 0.5 to 2.00%, and, secondly, the above
      strip made by the ordinary process is subjected to the following full
      continuous annealing process. That is, the above full continuous annealing
      process is to be selected from the following processes depending upon the
      intended use and the required strength level.
PA0  1. Rapid heating to 650.degree.C to 900.degree.C at 200.degree.C/min. or
      faster .fwdarw. holding for 10 to 120 seconds at the above temperature
      .fwdarw. ordinary cooling .fwdarw. coiling;
PA0  2. Rapid heating as mentioned above .fwdarw. holding as mentioned above
      .fwdarw. quenching in jet water .fwdarw. reheating to 300.degree.C to
      500.degree.C .times. 10 to 300 seconds .fwdarw. ordinary cooling .fwdarw.
      coiling;
PA0  3. Rapid heating to 700.degree.C to 900.degree.C at 200.degree.C/min. or
      faster .fwdarw. holding as mentioned above .fwdarw. quenching as mentioned
      above .fwdarw. reheating to 180.degree.C to 300.degree.C for 4 to 300
      seconds .fwdarw. ordinary cooling .fwdarw. coiling.
PAR  An object of this invention is to provide a high strength cold reduced
      steel to secure safety of vehicles by a continuous annealing process.
PAR  Another object of this invention is to provide a high strength cold reduced
      steel exhibiting an increase in the initial strength of steel, at least to
      the same level, in the following coating-baking stage after a required
      press-forming.
PAR  A further object of this invention is to provide a high strength cold
      reduced steel having good workability in spite of an increase in strength
      without adding special elements.
PAR  Other objects and advantages of this invention will be apparent from the
      following description and with the accompanying drawing.
DRWD
PAR  The drawing shows three patterns of heat cycles based on this invention
      process.
DETD
PAR  The composition of a steel effective for the purpose of this invention is
      controlled as follows in the steel making stage:
PA0  C: 0.04 to 0.12%
PA0  Si: 0.5 to 2.0%
PA0  Mn: 0.10 to 1.6%.
PAR  The above-mentioned composition and other elements are thus limited for the
      reasons given below.
PAR  C: The lower limit of 0.04% is set at the critical limit in blowing
      operations on an industrial scale in a converter, while the upper limit is
      set at 0.12% in order not to damage workability and spot weldability of
      steel.
PAR  Si: This element is one of the important requirements for this invention.
      When Si is less than 0.5%, hardly any effect of the present invention is
      apparent, whereas more than 2.00% Si will radically lower the ductility,
      almost rendering the cold reducing operation impossible. Si effects should
      be such that the workability is not damaged and TS value is improved as
      well as dispersion in strength is restrained to a minimum, in view of the
      balance between the tensile strength and the elongation, (TS + El) value.
      When a strip is subjected to a full continuous annealing process, the Si
      effects (other than solution hardening) based on the addition become
      apparent much more notably than in other processes. When the cause for
      such phenomenon was investigated, it was found that lower structure,
      particularly dislocation structure, in the cold reduced state shows an
      idiomorphic manner by the above-mentioned addition of Si, which causes the
      formation of numerous and small grains along with rapid heating-up, to
      which reference will be made later. Further, the said grain growth is
      restrained because of the short holding time, to which reference will also
      be made later. Such an effect of grain refining raises the tensile
      strength and improves the elongation. At the same time, the very narrow
      dispersion in strength indicates generation of hard quenching structure
      being restrained to a low value by Si addition even when the heating
      temperature is higher. Si thus plays an unparalleled role in the
      continuous annealing process and may be called a truly effective and
      suitable element in achieving the objects of the present invention.
      Concretely speaking, Si of 0.7 to 1.5% is recommended as the most
      preferable range.
PAR  Mn: The lower limit of 0.10% is set in view of red shortness, while the
      upper limit thereof is set at 1.6% considering the limitations in steel
      making operations by an open hearth or converter. The more preferable
      range is 0.10 to 1.00% on the side of still lower Mn content. When Mn is
      more than 1.00%, a two phase structure comprising said hard quenching
      structure and soft ferrite structure tends to form, which brings about
      lowering of ductility and an increase in the influence of the heating
      temperature on strength, and results in increasing the chance of giving a
      greater dispersion in material quality, particularly in tensile strength.
PAR  Al: This is added merely to adjust a degree of deoxidation and its range
      may be 0.002 to 0.2%.
PAR  S, P and O: They should be low in view of workability.
PAR  The steel strip consisting of the above composition does not require any
      special manufacturing process. Any ordinary process will suffice. In other
      words, they may be:
TBL  Steel making by open hearth or converter .fwdarw.                         
            ingot making .fwdarw. slabbing                                     
                            hot rolling                                        
            continuous casting                                                 
            pickling .fwdarw. cold reducing.                                   
PAR  In the hot rolling stage, finishing at and coiling at a low temperature is
      preferred, because the coiling at a low temperature is more advantageous
      than that of high temperature for obtaining the strength required. The
      strip is then subjected to either of the following three types of
      continuous annealing, which is another important requirement in this
      invention.
PAR  Cycle I: Cold reduced strip must be subjected to a rapid heating-up at a
      minimum of 200.degree.C/min., in the first step of a full continuous
      annealing process. This is performed to obtain a fine recrystallization
      structure by synergistic effect of the above idiomorphic structure caused
      by the addition of 0.50 to 2.00% Si and the above-mentioned rapid heating.
      Heating temperature x holding time is set within the range of 650.degree.
      to 900.degree.C .times. 10 to 120 seconds. 650.degree.C .times. 10 seconds
      is the lower limit to obtain substantially perfect recrystallization
      structure. 900.degree.C .times. 120 seconds is the upper limit to prevent
      lowering of strength and ductility caused by its grain growth. When the
      strip is held for more than 120 seconds, it will lower the line speed,
      consequently, productivity, proving industrial disadvantages. The cooling
      subsequent to the above step may be performed in an ordinary manner.
      Normal air cooling or forced air cooling is inexpensive equipment-wise and
      easy operation-wise. One modified method is to cool the strip to about
      400.degree.C by forced cooling, to hold the same for about 300 seconds and
      then cool down to room temperature for coiling. The steel thus obtained
      shows an increase in tensile strength by about 8 kg/mm.sup.2 compared to
      that of a steel having the same composition and subjected to ordinary
      batch type annealing, and it has workability similar to that of a batch
      type annealed steel having the same level in strength. This demonstrates
      the possibility of making high strength cold reduced steel without any
      addition of expensive special elements and without any trouble in the cold
      reducing. This is the effect of Si addition being characteristic of the
      full continuous annealing process based on this invention process as
      mentioned above.
PAR  Cycle II: The strengthening mechanism in Cycle II aims at fine
      precipitation hardening of solute treated carbon in steel besides the
      above-mentioned hardening by said grain refining. Accordingly, the
      requirements for heating and holding are the same as those for Cycle I,
      with special care given to the rigorous observation of the lower limit in
      temperature x time. The upper limit set at 900.degree.C .times. 120
      seconds is required by the following reasons in addition to the retraining
      of the recrystallized grain growth. That is, if it exceeds the above
      limit, difference in hardness between ferrite being ground and quenching
      second structure being second phase becomes greater and deteriorates the
      workability. Then the strip is quenched from the above heating temperature
      holding time to room temperature in a jet of water. Such a jet stream of
      cooling water is used to eliminate the vapor film generated on the surface
      of travelling strip, consequently to obtain a very rapid cooling rate.
      Solute C is frozen thereby as it is. Generally, the method employed is to
      jet a great amount of cooling water to the travelling strip in air or in
      water. As has been mentioned above, the travelling strip is quenched down
      to the room temperature, which process plays a very remarkable role in the
      successive step of carbon precipitation process. The strip, which has been
      quenched to room temperature, is re-heated to a temperature between
      300.degree. and 500.degree.C. In this reheating stage, precipitation
      nuclei, where the majority of said solute carbon becomes fine carbides,
      are formed. These fine carbides cause an increase in strength and play a
      major part in restraining to a minimum the lowering of strength brought
      about by full precipitation of solute carbon. Such re-heating temperature
      is held for the period of 10 to 300 seconds. The lower limit of
      300.degree.C .times. 10 seconds is the minimum rate possible to
      precipitate the solute carbon to which reference has been made so far. The
      upper limit is set at 500.degree.C .times. 300 seconds to prevent the
      coarsening of fine carbides and to secure contribution of such carbides
      toward strength. If the holding time exceeds 300 seconds, the line speed
      will be slowed down and its productivity will be low. Such a precipitating
      treatment (a low temperature aging treating), that is, the treatment of
      precipitating the solute C as fine carbides in advance by the
      above-mentioned quenching, is very effective in preventing the lowering of
      strength accompanying precipitation of a great amount of solute carbon in
      the coating-baking process after press-forming, and it is also a
      prerequisite in Cycle II along with the above-mentioned rapid heating-up
      treatment. The strip thus treated is finally cooled down to room
      temperature and coiled, but there is no restriction laid on the cooling
      and a normal, forced air cooling proves advantageous industrially.
PAR  The quality of steel obtained in the above-mentioned manner shows further
      improvement over that of Cycle I, and the raising of 3 to 15 kg/mm.sup.2
      over that of Cycle I in tensile strength is confirmed. It also shows a
      better formability compared to the batch type annealed materials being of
      the same level in strength. It is needless to say that this is caused by
      the synergistic effect of grain refining by Si addition, which is brought
      about a continuous annealing process, and precipitation hardening of fine
      carbides.
PAR  Cycle III: Cycle III differs from the above Cycle II in that a part of
      solute C is left as it is in its low temperature aging treatment. For this
      purpose, reheating after quenching should be performed within 180.degree.
      to 300.degree.C .times. 4 to 300 seconds. If reheating is below
      180.degree.C .times. 4 seconds, said solute C becomes impossible to
      precipitate in such a heat treatment of continuous annealing process,
      while if it exceeds 300.degree.C .times. 300 seconds, the precipitation of
      solute C is full. The reason why the reheating process, i.e., the low
      temperature aging process, in Cycle III is thus limited is because
      so-called AA effects (accelerated aging effects) are not anticipated in
      the coating-baking stage after press-forming In other words, the solute
      carbon partically remaining after precipitation treating as mentioned
      above becomes precipitated as fine carbides in the coating-baking stage
      after press-forming and these carbides bring about the improved increase
      in strength (AA effects). That steel is comparatively soft at the time of
      press-forming and shows a higher strength as a baked product than that of
      its mother steel, and is most preferable for vehicle safety.
PAR  In order to further promote the effect by a carbon precipitation treatment
      based on low temperature aging, it is necessary to further increase the
      amount of the solute C by more quenching than that in Cycle II.
      Accordingly, the heating-up temperature after cold reducing should be set
      at least at 700.degree.C and higher. Thereby, the solute C at the time of
      reheating after quenching increases; consequently, sufficient AA
      properties are obtained with ease.
PAR  The requirements other than the heating-up temperature after cold reducing
      and in the carbon precipitation treating may be identical to those in
      Cycle II. The thus obtained coil is temper-rolled by 0.5 to 2.0% and
      shipped to the users. When the user is an automobile-maker, a car shell is
      completed through the process of press-forming .fwdarw. assembling
      .fwdarw. coating .fwdarw. baking. The baking process is usually performed
      for 100.degree.C to 180.degree.C .times. 10 minutes to 60 minutes, wherein
      the AA effects of its steel are fully exerted. It is possible to raise its
      yield strength exceeding 10 kg/mm.sup.2, and to raise its tensile strength
      by 5 to 30 kg/mm.sup.2 more than those of Cycle I, while formability is
      better than a batch type annealed steel showing the same level in
      strength.
PAR  The accompanying drawing shows a pattern of the above three types of
      continuous annealing heat cycles. These cycles should be selected
      concretely depending on the intended use of steel and the required level
      in strength. Even if any cycle is selected, it is possible to make a high
      strength cold reduced steel with high productivity, low costs and ease,
      and the resulting steel shows excellent formability and strength compared
      to those produced in accordance with the usual batch type annealing.
PAR  The examples showing effects by this invention process are shown in Table
      I. The manufacturing requirements not shown in Table I are:
PA0  Hot rolling finishing temperature: 830.degree. to 880.degree.C
PA0  Hot rolling coiling temperature: 550.degree. to 620.degree.C
PA0  Hot rolled final thickness of strip: 2.8 mm.
PA0  Cold reduced final thickness of strip: 0.8 mm.
PA0  Temper rolling rate: 0.8 to 1.5%
PA0  Baking requirements: 180.degree.C .times. 30 minutes.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     (.degree. the present invention steels)                                   
                 Composition (%)           Heat treating requirements          
     Steel Object                                                              
                 C   Si  Mn  Al   Cycle    Heating Rate                        
                                                   Heating Soaking             
     __________________________________________________________________________
       1   Influence                                                           
                 0.08                                                          
                     1.02                                                      
                         0.35                                                  
                             0.027                                             
                                  Batch annealing                              
                                           100.degree.c/hr                     
                                                   800.degree.c .times. 3hr    
     .degree.                                                                  
       2   of    "   "   "   "    Cycle I  800.degree.c/min                    
                                                   800.degree.c .times. 60sec  
     .degree.                                                                  
       3   heating                                                             
                 "   "   "   "    Cycle II "       "                           
     .degree.                                                                  
       4   cycle "   "   "   "    Cycle III                                    
                                           "       "                           
       5   Influence                                                           
                 0.07                                                          
                     0.09                                                      
                         0.48                                                  
                             0.033                                             
                                  Batch annealing                              
                                           40.degree.c/hr                      
                                                   700.degree.c .times. 3hr    
       6   of    "   "   "   "    Cycle II 800.degree.c/min                    
                                                   720.degree.c .times. 60sec  
     .degree.                                                                  
       7   Si    0.06                                                          
                     0.75                                                      
                         0.31                                                  
                             0.012                                             
                                   "       "       "                           
     .degree.                                                                  
       8   content                                                             
                 0.08                                                          
                     1.39                                                      
                         0.27                                                  
                             0.004                                             
                                   "       "       "                           
       9         0.08                                                          
                     2.51                                                      
                         0.47                                                  
                             0.072                                             
                                    --     --      --                          
     .degree.                                                                  
       10  Influence                                                           
                 0.08                                                          
                     1.02                                                      
                         0.35                                                  
                             0.027                                             
                                  Cycle II 800.degree.c/min                    
                                                   800.degree.c .times. 60sec  
           of C                                                                
       11  content                                                             
                 0.15                                                          
                     0.92                                                      
                         0.42                                                  
                             0.046                                             
                                   "       "       "                           
     .degree.                                                                  
       12  Influence                                                           
                 0.08                                                          
                     1.02                                                      
                         0.35                                                  
                             0.027                                             
                                  Cycle III                                    
                                           600.degree.c/min                    
                                                   800.degree.c .times. 40sec  
           of                                                                  
     .degree.                                                                  
       13  Mn    0.06                                                          
                     0.96                                                      
                         0.99                                                  
                             0.012                                             
                                   "       "       "                           
     .degree.                                                                  
       14  content                                                             
                 0.07                                                          
                     1.11                                                      
                         1.58                                                  
                             0.051                                             
                                   "       "       "                           
       15  Influence                                                           
                 0.08                                                          
                     1.02                                                      
                         0.35                                                  
                             0.027                                             
                                  Cycle I  10.degree.c/min                     
                                                   720.degree.c .times.        
                                                   120sec                      
           of                                                                  
     .degree.                                                                  
       16  heating-                                                            
                 "   "   "   "     "        600.degree.c/min                   
                                                   "                           
     .degree.                                                                  
       17  rate  "   "   "   "     "       4200.degree.c/min                   
                                                   "                           
     __________________________________________________________________________
     Heat treating requirements                                                
                       1% temper-rolling                                       
                                      After baking   AA effects                
     Quenching                                                                 
              Aging treatment                                                  
                       YP   TS   El   TS+El YP   TS  .DELTA. YP                
                       kg/mm.sup.2                                             
                            kg/mm.sup.2                                        
                                 %          kg/mm.sup.2                        
                                                 kg/mm.sup.2                   
                                                     kg/mm.sup.2               
     __________________________________________________________________________
     --       --       27.5 38.3 38.6 76.9  27.7 38.1                          
     --       --       38.6 50.2 33.8 84.0  38.8 50.5                          
                                                     +0.2                      
     In jet of water                                                           
              400.degree.c .times. 60sec                                       
                       42.2 58.1 26.7 84.8  44.5 58.2                          
                                                     +4.3                      
     "        250.degree.c .times. 60sec                                       
                       47.2 62.3 24.5 86.8  58.6 62.5                          
                                                     +10.4                     
     --       --       19.2 33.1 46.0 79.1  19.0 33.0                          
     In jet of water                                                           
              350.degree.c .times. 60sec                                       
                       30.1 42.2 35.0 77.2  31.1 42.3                          
     "        "        40.2 55.7 29.2 84.9  45.2 55.9                          
     "        "        49.2 60.3 25.2 85.5  54.2 60.7                          
     --       --       --   --   --   --    --   --  --                        
     In jet of water                                                           
              400.degree.c .times. 60 sec                                      
                       42.2 58.1 26.7 84.8  44.5 58.2                          
     "        "        55.1 69.3 12.5 81.8  58.1 69.2                          
     "         250.degree.c .times. 120sec                                     
                       47.2 61.3 25.9 87.2  57.7 63.2                          
                                                     +10.5                     
     "        "        55.0 74.6 22.1 96.7  67.0 75.9                          
                                                     +12.0                     
     "        "        56.3 77.3 16.3 93.6  68.9 77.5                          
                                                     + 12.6                    
     --       --       28.6 41.2 40.0 81.2  29.9 41.2                          
     --       --       37.2 49.8 34.1 83.9  39.2 49.6                          
     --       --       40.0 51.0 34.0 85.0  39.8 51.3                          
     __________________________________________________________________________
     (.degree. the present invention steels)                                   
     Steel       Composition (%)         Heat treating requirements            
          Object C   Si  Mn  Al   Cycle  Heating Rate                          
                                                 Heating Soaking               
     __________________________________________________________________________
          18     Influence                                                     
                     0.08                                                      
                         1.02                                                  
                             0.35 0.027  Cycle II                              
                                                  600.degree.c/min             
                                                            600.degree.c       
                                                            .times. 90sec      
     .degree.                                                                  
          19     of  "   "   "    "      "       "          700.degree.c       
                                                            .times. 90sec      
     .degree.                                                                  
          20     heating                                                       
                     "   "   "    "      "       "          800.degree.c       
                                                            .times. 90sec      
          21     temperature                                                   
                     "   "   "    "      "       "          920.degree.c       
                                                            .times. 90sec      
          22     Influence                                                     
                     "   "   "    "      Cycle III                             
                                                 4200.degree.c/min             
                                                            800.degree.c       
                                                            .times. 60sec      
                 of rapid                                                      
     .degree.                                                                  
          23     cooling                                                       
                     "   "   "    "      "       "          "                  
          24     Influence                                                     
                     "   "   "    "      --      "          "                  
     .degree.                                                                  
          25     of  "   "   "    "      Cycle II                              
                                                 "          "                  
          26     aging                                                         
                     "   "   "    "      "       "          "                  
          27     treatments                                                    
                     "   "   "    "      "       "          "                  
          28     Material                                                      
                     0.15                                                      
                         t r 0.52 0.013  "       "          "                  
          29     of  0.06                                                      
                         "   1.21 0.036  "       "          700.degree.c       
                                                            .times. 60sec      
          30     no Si-                                                        
                     "   "   "    "      "       "          800.degree.c       
                                                            .times. 60sec      
          31     addition                                                      
                     "   "   "    "      "       "          900.degree.c       
                                                            .times. 60         
     __________________________________________________________________________
                                                            sec                
     Heat treating requirements                                                
                         1% temper-rolling                                     
                                        After baking   AA effects              
                         YP   TS   E1         YP   TS  .DELTA.YP               
     Quenching Aging treatment                                                 
                         kg/mm.sup.2                                           
                              kg/mm.sup.2                                      
                                   %    TS+E1 kg/mm.sup.2                      
                                                   kg/mm.sup.2                 
                                                       kg/mm.sup.2             
     __________________________________________________________________________
     In jet of water                                                           
               450.degree.c .times. 30sec                                      
                         --   --   --   --    --   --  --                      
     "         "         40.4 55.2 29.2 84.4  45.6 55.5                        
     "         "         43.2 58.3 27.6 85.9  46.3 58.2                        
     "         "         52.1 65.2 13.6 78.8  53.0 65.5                        
     In still water                                                            
               250.degree.c .times. 60sec                                      
                         42.1 55.0 25.0 80.0  47.0 54.7                        
                                                       +4.9                    
     In jet of water                                                           
               250.degree.c .times. 60sec                                      
                         46.3 60.3 26.5 86.8  57.2 61.7                        
                                                       +10.9                   
     "         --        60.1 75.1 18.5 93.6  50.3 60.1                        
                                                       -9.8                    
     "         350.degree.c .times. 90sec                                      
                         42.5 57.3 28.5 85.8  45.9 58.5                        
     "         600.degree.c .times. 90sec                                      
                         40.0 50.7 32.1 82.8  41.1 50.5                        
     "         350.degree.c .times. 10min                                      
                         39.5 50.2 33.5 83.7  40.0 50.7                        
     "         350.degree.c .times. 90sec                                      
                         53.1 65.3 15.2 80.5  54.2 65.4                        
     "         "         37.2 48.3 30.2 78.5  39.2 49.1                        
     "         "         50.5 65.1 18.6 83.7  51.2 65.0                        
     "         "         55.3 75.7 15.3 91.0  56.5 75.2                        
     __________________________________________________________________________
PAR  Table II shows the standard levels of the ordinary type batch annealed
      materials in mechanical properties.
TBL                                    TABLE II                                
     __________________________________________________________________________
     TS Standard Composition                                                   
                          TS   E1  TS + E1                                     
        level      System Kg/mm.sup.2                                          
                               %   Kg/mm.sup.2 +%                              
     __________________________________________________________________________
     45 Kg/mm.sup.2                                                            
             Grade                                                             
                 C-Si-Mn-Nb                                                    
                          47.2 32.9                                            
                                   80.1                                        
     50 "    "   C-Si-Mn-Nb                                                    
                          53.3 27.8                                            
                                   81.1                                        
     55 "    "   C-Si-Mn-Nb-Ti                                                 
                          57.8 24.9                                            
                                   82.7                                        
     60 "    "   C-Si-Mn-Nb-Ti                                                 
                          62.5 21.7                                            
                                   84.2                                        
     70 "    "   C-Si-Mn-Nb-Ti                                                 
                          71.2 16.9                                            
                                   88.1                                        
     Annealing requirement:                                                    
                       720.degree.C .times. 3 hrs.                             
     Thickness:        0.8 mm.                                                 
     __________________________________________________________________________
PAR  Generally speaking on the mechanical properties of steel, its elongation
      tends to be lowered as its tensile strength is increased. Accordingly, the
      workability of steel should be evaluated by considering a variation in its
      tensile strength along with a value of its elongation since it is
      insufficient to be done by said elongation alone. In the above-mentioned
      Table I, a value of (TS + El) is employed as a yardstick to represent said
      workability. That is to say, the larger the value of (TS + El) becomes,
      the better the workability becomes for its strength. Table II shows the
      standard level in workability of steel manufactured in an ordinary batch
      type annealing process, which is specially expressed with the above
      yardstick of (TS + El). Table II shows that steels of 50 kg/mm.sup.2 to 55
      kg/mm.sup.2 in TS show about 82 in said (TS + El); 60 kg/mm.sup.2 grade,
      that of 84; and 70 kg/mm.sup.2, that of 88. Comparing steels in the above
      yardstick, i.e., a value of (TS + El), the excellent workability of this
      invention steel is made clear.
PAR  Steels 1 to 4 in Table I were observed in respect of a fundamental effect
      by the heating cycles. It is found that the tensile strength of a steel
      having such composition as that of this invention steel which is subjected
      to ordinary batch type annealing process (Steel 1) is only about 40
      kg/mm.sup.2 grade; whereas that of the above steel subjected to Cycle I of
      this invention (Steel 2) is increased by more than 10 kg/mm.sup.2, and
      said steel of 40 kg/mm.sup.2 grade was raised to a high strength cold
      reduced steel of 50 kg/mm.sup.2 grade. Simultaneously, the workability of
      said Steel 2 (i.e., TS + El) was very good for its strength, that is,
      84.0. This value exceeds that of 50 kg/mm.sup.2 grade steel shown in Table
      II, eloquently demonstrating the grain refining effect by the full
      continuous annealing performed on Si added steel. The fact that .DELTA.YP
      of steel after baking was +0.2 kg/mm.sup.2 without lowering its yield
      point bespeaks that the grain refining effect is still held on a finished
      product and that said Cycle I process on the Si-added steel is very useful
      along with high productivity depending upon the full continuous annealing
      process.
PAR  When Cycle II in accordance with the present invention is applied to the
      above steel (Steel 3) in place of said Cycle I, it is possible to further
      improve the properties of the above steel, as is clear from the above.
      That is to say, said TS is thereby increased by about 8 kg/mm.sup.2 ;
      consequently, the steel is raised to a high strength cold reduced steel of
      60 kg/mm.sup.2 grade shown in Table II, and its workability (TS + El)
      showed the same value of 84.8 as that of said Cycle I for the above
      increase in strength. The fact that its .DELTA.YP after baking is +4.3
      kg/mm.sup.2 should be noted as a good AA effect. It is needless to say
      that this is based on a synergistic effect of the grain refining by adding
      Si and the precipitation of fine carbides. When Cycle III of this
      invention is applied to the above-mentioned steel, to which Cycles I and
      II were applied as mentioned above respectively, its mechanical properties
      are further improved over those of Cycle II. These results are as shown on
      Steel 4 in Table I. That is, the value of (TS + El) is raised to 86.8 in
      spite of the increased TS of more than 62 kg/mm.sup.2 and more
      particularly the increasing of .DELTA.YP reached more than +10
      kg/mm.sup.2, which means an excellent AA effect and is a match for that of
      C-Si-Mn-Nb-Ti system steel of 60 kg/mm.sup.2 grade shown in Table II. And
      moreover, such a special element as Nb or Ti in the referred steel is not
      included in said Steel 4, which results in a low cost along with high
      productivity of a full continuous annealing process. It will be understood
      that the precipitation effect of the solute carbon being partially caused
      to stay in steel at the full continuous annealing stage as fine carbides
      at the baking stage is very good. Thus, either one of Cycles I, II and III
      in accordance with the present invention is quite effective for a safety
      feature in automobiles, etc., and a selection from these Cycles naturally
      depends on the full continuous annealing facilities to be employed as well
      as on a level of strength required for the intended use of steel obtained.
      The influence by other requirements, except those by the above heat
      cycles, is clarified in respect of the examples, Steel 5 and others.
PAR  Steels 5 and 9 were investigated as to Si content. Steels 5 and 6 both
      contain Si in an amount less than the range of this invention. Even if the
      above heat Cycle II was applied to such low Si steel (Steel 6) there is
      not seen sufficient effect by the full continuous annealing process on a
      Si-added steel nor improvement in workability. However, Steels 7 and 8, to
      which Si is added sufficiently, show truly remarkable improvement in
      strength and workability. When Si is increased to 2.51% as in the case of
      Steel 9, edge crack was caused during cold reducing, making further sample
      manufacture impossible. Si content, therefore, should be limited to below
      2.00% at most and preferably within the range of 0.7 to 1.5% as in the
      case of Steels 7 and 8.
PAR  Steels 10 and 11 were observed in respect of an influence of Mn on them. As
      Mn content increased, its strength is found to improve greatly. However,
      if Mn is as high as 1.38%, as in Steel 14, (TS + El) value tends to become
      lower in spite of the very excellent strength and .DELTA.YP value
      representing said AA effect. This is because of the appearance of the
      quenching structure (i.e., martensite) as Mn% becomes unnecesarily higher.
      Accordingly, such high Mn content should be avoided and Steel 13, which
      contains about (1% Si + 1% Mn) shows the most stably balanced properties
      and may be called a most preferable steel. Steel 13 shows about 20
      kg/mm.sup.2 in strength and excellent value of (TS + El), namely 96.7, far
      surpassing those of the low alloy steels shown in Table II. It is
      recommended that Mn be suitably selected on the lower side of 1.00%,
      depending upon the level of strength required.
PAR  Steels 15 and 17 were studied in respect of the influence of a heating rate
      on cold reduced steel, which is one characterizing factor of the present
      invention. When said heating rate is slow, as in the case of Steel 17,
      said grain refining effect caused by Si addition, which is not apparent in
      a batch type annealing process, cannot be exerted, and the resulting
      strength is only about 40 kg/mm.sup.2. However, as the heating rate is
      accelerated, its strength is increased, as is the case for Steels 16 and
      17, wherein the strength is 50 kg/mm.sup.2 grade and (TS + El) value
      exceeds 83. These surpass the values of low alloy steels in Table II and
      truly demonstrate the utility of the present invention employing only the
      above Cycle I.
PAR  Steels 18 to 21 reveal the influence of heating temperature for a cold
      reduced steel. When said temperature is as low as 600.degree.C, as in the
      case of Steel 18, the steel obtained shows no elongation whatsoever and no
      tension test was possible. On the contrary, Steel 21 shows radical
      deterioration in workability for an increase in strength with its very
      high temperature of 920.degree.C. This should be avoided. Steels 19 and
      20, however, show that their strength and workability are well balanced
      and their yield points after baking are considerably raised as shown in
      Table I.
PAR  Steels 22 and 23 were observed in respect of the influence of the quenching
      method employed. Quenching in still (not agitated) water, as for Steel 22,
      makes unclear the characteristics of Cycle III specially aiming at AA
      effect. That is, .DELTA.YP is about 44.9 kg/mm.sup.2, which is not much
      different from that of said Steel 19 subjected to Cycle II, specially not
      aiming at AA effect. While .DELTA.YP of Steel 23, which was quenched in
      said jet stream of water, is as large as +10.9 kg/mm.sup.2, and its (TS +
      El) value is very high at 86.8 for its increased strength of 60.3
      kg/mm.sup.2. Thus, said quenching in the still water alone is undeniably
      insufficient for forming the solute C in steel.
PAR  Steels 24 to 27 were observed in respect of the influence of aging
      treatment requirements. Steel 24 is an example where no carbon
      precipitation treatment by low temperature aging was performed. This steel
      is very hard and has a TS value of 75 kg/mm.sup.2, and radically lowered
      values of YP and TS after baking, namely, -9.8 kg/mm.sup.2 and -15
      kg/mm.sup.2, respectively. These steels are naturally most unsuitable for
      any ordinary uses, let alone for automobiles, etc., for safety
      considerations. On the other hand, Steel 26 with a high treating
      temperature of 600.degree.C and Steel 27 with a long holding time of more
      than 10 minutes tend to lower their strength and their workability. These
      are the undesirable influences caused by grain growth of said fine carbide
      precipitated in the treatment of the above temperature time. If the steels
      are within the limited range of said treating temperature x time, as in
      the case of Steel 25, both .DELTA.YP and .DELTA.TS will not be decreased
      and it is easily possible to maintain stable strength and workability.
PAR  Steels 28 to 31 are examples aiming at an increase in strength by other
      element alone without any substantial addition of Si. Steel 28 is obtained
      by increasing C content alone and shows a low (TS + El) value of 80.5 for
      a TS value of 65.3 kg/mm.sup.2. It is evident that this is far inferior to
      the level of the same strength of steel in Table II. Steels 29 to 31 are
      obtained by increasing Mn content alone. These steels were heated up to
      700.degree.C (Steel 29), 800.degree.C (Steel 30) and 900.degree.C (Steel
      31), respectively. In every case, workability is found to be quite
      inferior for its strength. What should be noted here is a remarkable
      influence of a heating-up temperature on strength. This means that the
      variance in TS corresponding to that of the heating-up temperature is very
      great when the variance in the heating-up temperature of the continuous
      annealing process is considered. When Si in the range of the present
      invention is added with the treating requirements being within the limited
      range, such aforementioned variance is not seen and uniform quality of
      material is easily obtainable.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved method of making a high strength cold reduced steel having
      most suitable mechanical properties required as safe countermeasures for
      an auto-car and other vehicles, chracterized in that the chemical
      composition is substantially adjusted within the range of 0.04 to 0.12% C.
      0.50 to 2.00% Si, 0.10 to 1.60% Mn, unavoidable impurities and Fe, after
      cold reducing through the ordinary making process, the obtained cold
      reduced steel strip is subjected to the following full continuous
      annealing process in which:
PA1  a. recrystallization heating step rapidly heating the travelling strip to
      the range of 650.degree.C to 900.degree.C at rate of 200.degree.C/min and
      more,
PA1  b. keeping and soaking step holding the strip for 10 to 120 sec. at the
      above heating temperature,
PA1  c. ordinary cooling down step to the room temperature from the above
      holding temperature,
PA1  d. and then ordinary coiling step.
NUM  2.
PAR  2. The improved method as set forth in claim 1 wherein the full continuous
      annealing process comprises the following;
PA1  a. recrystallization heating step rapidly heating the travelling strip to
      the range of 650.degree.C to 900.degree.C at rate of 200.degree.C/min and
      more,
PA1  b. keeping and soaking step holding the strip for 10 to 120 sec. at the
      above heating temperature,
PA1  c. rapid cooling step quenching the strip into a jet stream of water to the
      room temperature,
PA1  d. re-heating step to the range of 300.degree.C to 500.degree.C,
PA1  e. keeping and soaking step holding the strip for 10 to 300 sec. at the
      above re-heating temperature,
PA1  f. ordinary cooling down step to the room temperature from the above
      holding temperature,
PA1  g. and then ordinary coiling step.
NUM  3.
PAR  3. The improved method as set forth in claim 1 wherein the full continuous
      annealing process comprises the following;
PA1  a. recrystallization heating step rapidly heating the travelling strip to
      the range of 650.degree.C to 900.degree.C at rate of 200.degree.C/min and
      more,
PA1  b. keeping and soaking step holding the strip for 10 to 120 sec. at the
      above temperature,
PA1  c. rapid cooling step quenching the strip into a jet stream of water to
      room temperature,
PA1  d. re-heating step to the range of 180.degree. to 300.degree.C,
PA1  e. keeping and soaking step holding the strip for 4 to 300 sec. at the
      above re-heating temperature,
PA1  f. ordinary cooling down step to the room temperature from the above
      holding temperature,
PA1  g. and then ordinary coiling step.
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ABST
PAL  This invention relates to the use of a zinc-ammonium chloride solder flux
      of the type intended to be used on high temperature solder baths of an
      inert or partially inert three dimensional fibrous blanket to impede the
      circulation of the thin melted zinc-ammonium chloride flux on the surface
      of the high temperature solder bath and thus extend the life of the solder
      flux by reducing the volatilization of the ammonium chloride active
      fluxing agent.
PAL  This invention also relates to the use in a zinc-ammonium chloride solder
      flux of the type intended to be used on high temperature solder baths of a
      viscosity thickening ingredient which increases the viscosity of the
      melted flux sufficiently to stop the normal circulatory stirring motion of
      the thin liquid melted zinc-ammonium chloride flux but permits a limited
      turn-over motion at the interface of the rotating solder roll and the bath
      of melted flux, with the balance of the melted flux remaining essentially
      stationary. This circulation inhibiting action results in the top surface
      of a large portion of the melted flux bath becoming cooler than the high
      temperature of the solder and thus extends the life of the solder flux by
      reducing the volatilization of the ammonium chloride active fluxing agent.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of my prior copending application Ser.
      No. 311,513, filed Dec. 4, 1972, and now abandoned, which in turn was in
      part a continuation of my prior copending application Ser. No. 96,598,
      filed Dec. 9, 1970, and now abandoned; and in part a continuation of my
      prior copending application Ser. No. 96,631, filed Dec. 9, 1970, and now
      abandoned, and contains no subject matter not disclosed in any of the
      aforesaid prior copending applications.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This inventiion relates to an inert or partially inert fibrous blanket
      especially suitable for use in connection with solder fluxes intended for
      use on high temperature solder baths. This invention also relates to
      solder fluxes especially adapted to be used on high temperature solder
      baths and containing the aforesaid blanket-forming fibers which are inert
      or partially inert at the temperature of use in the presence of the molten
      solder and the melted flux.
PAR  This invention also relates to the use in a zinc-ammonium chloride solder
      flux of the type intended to be used on high temperature solder baths of a
      viscosity thickening ingredient which increases the viscosity of the
      melted flux sufficiently to stop the normal circulatory stirring motion of
      the thin liquid melted zinc-ammonium chloride flux but permits a limited
      turnover motion at the interface of the rotating solder roll and the bath
      of melted flux. This invention also relates to solder fluxes especially
      adapted to be used on high-temperature solder baths and containing the
      aforesaid viscosity thickening ingredient.
PAR  The purpose of the present invention is to provide means for extending the
      useful life of fluxes, especially fluxes of the type used in conjunction
      with high temperature solder baths such as those employed in the
      can-making industry. The normal can is made by first forming a tubular can
      body and thereafter applying a can end to both ends of this body. The
      normal can body is made by forming a flat, sheet metal, body blank in
      which a pair of marginal edges opposing one another are bent back upwardly
      on one edge, downwardly on the other, to form "body hooks." In the can
      body maker, the body blanks are bent to form a cylinder with the body
      hooks interlocked. The hooks are then flattened by bumping and molten
      solder is flowed into the interlocked seam by passing the seam over a
      solder roll which rotates in a bath of molten solder.
PAR  Historically, except for a few specialty cans, where a pure tin solder is
      used for the side seams, the conventional solder used in the can industry
      was a solder containing 40% tin and 60% lead--a so-called 40-60 solder.
      More recently the tendency has been to use a low tin solder with a tin
      content ranging from between 2 to 4% such as the co-called 2-98 solder
      which contains 2% tin and 98% lead for the side seam of normal tin cans.
      The change-over from a 40-60 solder to a 2-98 solder has been accelerated
      for two reasons. In the first place, a solder containing 2 to 4% tin such
      as the 2-98 solder, has a much quicker freezing point, or a much smaller
      solidification temperature range than does a 40-60 solder. The use of such
      a low tin solder not only permits the body maker to be operated at a
      faster rate, but also reduces the possibility that the side seam will be
      distorted between the time that the solder is applied and the time that
      the solder solidifies. Secondly, since the cost of tin is somewhat higher
      than the cost of lead, the use of a low tin solder reduces the cost of
      manufacture. As a result, under present can making practice, approximately
      90% of all cans having a solder side seam are made using a low tin solder.
PAR  The change-over from the use of 40-60 solder to 2-98 solder has not been
      without its difficulties. In the first place, the melting point of a 2-98
      solder is substantially higher than that of a 40-60 solder. As a result in
      replacing a 40-60 solder with the 2-98 solder it has been necessary to
      raise the temperature of the solder bath. Since a 2-98 solder has a
      melting point of about 625.degree. F. and it is necessary to maintain the
      temperature of the solder in the bath at a level about 100.degree. F. in
      excess of the melting point, solder baths containing a 2-98 solder are
      normally maintained at a temperature of about 725.degree. F. but may vary
      between 690.degree. F. and 760.degree. F.
PAR  In addition, as is well known, it is necessary in order to form a smooth
      even film of solder on the solder roll, that the steel solder roll be well
      "tinned," i.e. that a layer of FeSn.sub.2 be maintained on the surface of
      the roll. The reduction of the tin content of the solder makes it that
      much more difficult to maintain the roll in a well tinned condition. To do
      so requires the use of a very strong, highly active flux.
PAR  Such a flux is the zinc-ammonium chloride flux of the general type that has
      been used by can makers for the past fifty years to protect the molten
      solder on the solder bath, and to clean and tin the surface of the solder
      roll. When used to maintain the surface of the solder roll in a well
      tinned condition in the presence of a low tin solder such as 2-98 solder
      it is necessary that the flux be maintained in a molten state and that it
      contain a relatively high percentage of ammonium chloride in combination
      with the zinc chloride. There is a limit, however, to the proportion of
      ammonium chloride that can be used in combination with zinc-chloride in
      such a flux. If the proportion of ammonium chloride in such flux exceeds
      about 38% by weight on the total weight of the zinc chloride plus the
      ammonium chloride the flux will not melt even at temperatures in excess of
      760.degree. F. Rather the excess ammonium chloride is released by
      sublimation. Pure ammonium chloride sublimes at a temperature of
      640.degree. F. The 2:1 zinc ammonium chloride double salt which contains
      two mols of ammonium chloride for each mol of zinc chloride and is
      therefore 44% by weight of ammonium chloride on the total weight of the
      double salt loses ammonium chloride by sublimation at about this same
      temperature.
PAR  When a zinc ammonium chloride flux composition containing more than 38% by
      weight of ammonium chloride is heated to 650.degree. F. or above, the loss
      of ammonium chloride by sublimation is quite rapid with the flux
      composition evolving voluminous clouds of white ammonium chloride smoke.
      When through the loss of ammonium chloride the ratio of ammonium chloride
      by weight to the weight of the total zinc ammonium chloride is reduced to
      38% the zinc ammonium chloride melts readily into a thin oily liquid. The
      rate of loss of ammonium chloride by sublimation however, is not reduced
      substantially until the proportion of ammonium chloride by percent weight
      of the total chlorides is reduced to a much lower level than the 38% at
      which the zinc ammonium chloride composition melts. Thus the melted zinc
      ammonium chloride flux composition continues to boil vigorously unless
      something is done to prevent the rapid loss of ammonium chloride. If the
      flux is maintained at a temperature of 650.degree. F. the loss of ammonium
      chloride will continue until the percentage by weight of the ammonium
      chloride based on the total weight of the zinc chloride plus ammonium
      chloride falls to about 15%. At this point an equilibrium condition is
      reached and the rate of loss of the ammonium chloride from the zinc
      ammonium chloride composition is drastically reduced. If, however, the
      temperature of the melted zinc ammonium chloride flux is maintained at a
      level of 725.degree.-750.degree. F. such an equilibrium condition is not
      reached until the precentage by weight of the ammonium chloride in the
      flux reaches a level of about 5 or 6%, and the ammonium chloride will
      continue to boil away from the flux composition until sufficient ammonium
      chloride has been lost to bring the weight percent down to this level.
PAR  This loss of ammonium chloride from the zinc ammonium chloride flux
      composition reduces the fluxing efficiency, and eventually, when the
      percentage of ammonium chloride becomes too low, the flux becomes "spent"
      and must be removed from the solder bath and replaced by a layer of fresh
      flux. The spent flux still has considerable capacity to absorb lead and
      tin oxide, but its speed of action has become too slow to maintain a
      uniform layer of solder on the rapidly rotating steel solder roll. In a
      typical body maker where a 4 inch diameter solder roll is rotated at 120
      r.p.m., the time of contact of the surface of the roll with a 1/2 inch
      layer of melted fux on the suface of the solder bath during each
      revolution is only 1/50 second which is an extremely short interval of
      time. Hence a storng active flux is needed to provide the fast fluxing
      action required.
PAR  Although most solder baths are maintained at a temperature of about
      725.degree. F., over the past five years many can manufacturers have
      increased the operating speeds of their can bodymakers, -- some to speeds
      as high as 500 to 525 cans per minute. This has necessitated higher solder
      bath temperatures to obtain the proper flow of the 2-98 solder in the
      locked side seam. Today about one-third of all bodymakers employing 2-98
      solder use an operating temperature of 750.degree. F. and the trend is to
      this temperature.
PAR  At 750.degree. F., a typical zinc-ammonium chloride flux has a total life
      of less than three hours even with the addition of additional fresh flux
      composition. During this period and especially during the first hour from
      the start, the melted flux boils and circulates vigorously on the surface
      of the hot molten solder evolving voluminous clouds of white ammonium
      chloride smoke. The average solder pot uses a 5 pound initial charge of
      solder flux. During the first hour, the 5 pounds of solder flux lose about
      1 pound of ammonium chloride as a white aerosol smoke whose particle size
      ranges from 3 microns to 0.1 microns. According to W. L. Faith, "Air
      Pollution Control", Wiley, 1959, "An atmosphere having an aerosol
      concentration of about 1 mg./m.sup.3 has been estimated to limit
      visibility to 1600 ft. The mass would contain perhaps 16,000
      particles/ml."
PAR  An average can plant has about ten can lines, which when started up in the
      morning would emit during the first hour ten pounds of volatilized
      ammonium chloride. This is equal to 4,540,000 mgs. At a concentration of 1
      mg. per cubic meter this would produce a fog with one-third of a mile
      visibility in 160,000,000 cubic feet of air,-- enough to completely
      envelop a 100,000 square foot can plant.
PAR  I am not familiar with the nucleating property of micron size particles of
      ammonium chloride, but since these extremely fine crystals are somewhat
      hygroscopic I should imagine that they would have a tendency to produce
      smog. At any rate, the Texas Air Control Board has set a limit for
      particulate matter of 125 micrograms per cubic meter in any 24-hour period
      with an annual average of 55 micrograms per cubic meter. To meet this
      Texas 125 micrograms per cubic meter air pollution regulation the ten
      pounds of white ammonium chloride smoke would have to be dispersed through
      1.3 billion cubic feet of air. The problem is serious because ammonium
      chloride dissociates into NH.sub.3, a weak base, and HCl, a strong acid,
      and is extremely corrosive.
PAR  In the specification of my U.S. Pat. No. 3,350,244, I have described this
      boiling out of ammonium chloride from a zinc ammonium chloride melted flux
      at 725.degree. F. as follows:
PAR  For a 31% NH.sub.4 Cl Flux.
PAR  "The flux melted readily with active boiling and an initial evolution of
      voluminous clouds of white ammonium chloride smoke".
PAR  For a 36% NH.sub.4 Cl Flux.
PAR  "After melting, it boiled violently with an evolution of voluminous clouds
      of white ammonium chloride smoke".
PAR  As explained earlier, many can-makers have had to raise their solder bath
      temperatures from 725.degree. F. to 750.degree. F. to accommodate the
      speed-up of their can body-makers, which now frequently exceed 500 cans
      per minute. A 25.degree. F. increase in temperature from 725.degree. F. to
      750.degree. F. may not at first glance seem significant or important; but
      it raises the differential above the subliming point, 650.degree. F., from
      75.degree. F. to 100.degree. F.,-- an increase of 33%. The result is
      startling. Earlier methods of suppressing the rapid loss of the active but
      volatile ammonium chloride begin to break down under this high vapor
      pressure differential.
PAR  The viscosity of zinc ammonium chloride melted solder fluxes at 750.degree.
      F. is very low,-- almost that of gasoline at room temperature. The thin
      melted flux is subjected to two strong circulating forces, (1) the normal
      thermal action of a liquid on a very hot surface assisted by the
      sublimation of the ammonium chloride and (2) the mechanical stirring
      caused by the downward moving face of the solder roll. This latter action
      is highly interesting. It resembles the action at the base of a waterfall
      where the descending stream of water carries below the surface of the pool
      and causes whirlpools of high intensity.
PAR  I have described this simply as a circulatory motion of the melted flux on
      the surface of the solder bath; but the motion or motions are more complex
      than this. In order to study the circulation I placed a few of the active
      granules described in my U.S. Pat. No. 3,350,244 on the surface of the
      melted flux and watched the pattern traced by these granules as they
      whirled around the circuit. Sometimes there were two oval circuits joining
      in the middle of the solder pot. Sometimes there were three whirlpools and
      sometimes four. All had two common characteristics:--they were rapid and
      they kept bringing the hot flux from the surface of the molten solder to
      the top of the liquid, thereby accelerating the sublimation of ammonium
      chloride.
PAC  DETAILED DESCRIPTION
PAR  I have discovered an effective way to impede this free circulation of the
      very thin melted flux and thus extend the life of the solder flux by
      reducing the volatilization of the ammonium chloride active fluxing agent.
      My improved composition at the same time greatly reduces the air pollution
      which is acute because the sublimed ammonium chloride is in the form of an
      aerosol.
PAR  Briefly, this is accomplished by providing the flux composition with a
      sufficient quantity of inert or partially inert fibrous materials to form
      a three-dimensional blanket which extends over the area encompassed by the
      flux when the flux is molten.
PAR  In the following examples I describe the performance of my new solder flux
      compositions containing various proportions of inorganic fibers and
      compare them with control fluxes.
PAR  The various solder fluxes were tested under conditions that duplicated
      commercial conditions as closely as possible. In these tests a roll solder
      bath was used that was made to duplicate a typical commercial roll solder
      bath in every detail except for the width of the bath and of the roll.
PAR  Specifically, the solder bath used in all of the following tests comprises
      a thick walled metal tank 10 inches long, 61/4  inches wide and 4 inches
      deep. A solder roll 6 inches long and 4 inches in diameter was mounted
      across the tank with its center line equidistant between the ends and 21/2
       inches above the bottom of the tank. The tank was filled with a quantity
      of 2-98 solder sufficient to maintain the level of the molten solder at
      the center line of the roll (about 35 pounds). The tank is gas heated and
      thermostatically controlled to maintain the temperature of the solder to
      within 5.degree. F. .+-. of the indicated temperature. The roll was
      rotated at 120 r.p.m.
PAR  In each test, the flux was placed on top of the molten solder in that
      portion of the tank where the rotating roll reentered the solder an area 3
      inches by 61/4 inches. The flux in each instance was stirred once each
      hour. In every test the flux was considered to be spent as soon as
      noticeable areas on the rotating roll failed to be wetted by the molten
      solder. The test results were reproducible to less than fifteen minutes
      and the test results correlated very well with field results under
      commercial conditions.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     FLUX                                                                      
     Parts by Weight                                                           
                                    %                                          
                                    NH.sub.4 Cl                                
     Exam-                                                                     
          Composition      ZnCl.sub.2.                                         
                                    after                                      
     ple  Code   ZnCl.sub.2                                                    
                      NH.sub.4 Cl                                              
                           2NH.sub.4 Cl                                        
                                ZnO melting                                    
     __________________________________________________________________________
     A    Control A        940  60  35                                         
     B    Control B                                                            
                 650  350           35                                         
     C    Control C        800  70   31.5                                      
     D    Control D                                                            
                 500       500      22                                         
     E    Control E                                                            
                 100       700  100 21                                         
     F-1  LFA-2.0          926  59  35                                         
     F-2  LFA-1.5A         926  59  35                                         
     F-3  LFA-1.5B                                                             
                 650  350           35                                         
     F-4  LFA-1.0          926  59  35                                         
     F-5  LFA-0.5          926  59  35                                         
     F-6  LFA-0.3          926  59  35                                         
     F-7  LFA-0.2          926  59  35                                         
     F-8  LFA-1.0D                                                             
                 500       500      22                                         
     F-9  LFA-3.0          926  59  35                                         
     F-10 LFA-4.5          926  59  35                                         
     F-11 LFA-4.5D                                                             
                 500       500      22                                         
     F-11Z                                                                     
          CHR3Z-0.5        926  59  35                                         
     F-12 AMS33-2.0        940  60  35                                         
     F-13 AMS33-1.0        940  60  35                                         
     F-14 AMS33-0.5        940  60  35                                         
     F-15 AMS33-0.2        940  60  35                                         
     F-16 AMS33-0.1        940  60  35                                         
     F-17 AMD11-0.1        940  60  35                                         
     F-18 CRS80-2.0        940  60  35                                         
     F-19 CRS80-1.0        940  60  35                                         
     F-20 CRS80-0.5        940  60  35                                         
     F-21 CRS80-0.2        940  60  35                                         
     F-22 CRS80-0.1        940  60  35                                         
     F-23 CRH-0.1          940  60  35                                         
     F-24 CRS80-3.5                                                            
                 500       500      22                                         
     F-25 CARBON-0.2       940  60  35                                         
     INORGANIC FIBERS                                                          
     Parts by Weight                                                           
                            Smoke                                              
                            1/2                                                
                            hour                                               
     Exam-                  after  Flux Life                                   
     ple                    Start  minutes                                     
     __________________________________________________________________________
     A                      Vol.   160                                         
     B                      Vol.   160                                         
     C                      Vol.   145                                         
     D                      V.Heavy                                            
                                   140                                         
     E                      V.Heavy                                            
                                   135                                         
     F-1  20 Chrysotile Asbestos 3-R                                           
                            Light  470                                         
     F-2  15                Medium 435                                         
     F-3  15                Medium 435                                         
     F-4  10                Medium 400                                         
     F-5   5                V.Heavy                                            
                                   285                                         
     F-6   3                V.Heavy                                            
                                   220                                         
     F-7   2                V.Heavy                                            
                                   200                                         
     F-8  10                Light  375                                         
     F-9  30                Light  400                                         
     F-10 45                Too much fiber                                     
     F-11 45      "         Too much fiber                                     
     F-11Z                                                                     
           5 Chrysotile Asbestos 3-Z                                           
                            Heavy  380                                         
     F-12 20 Amosite Asbestos S-33                                             
                            V.Light                                            
                                   505                                         
     F-13 10                Light  480                                         
     F-14  5                Medium 360                                         
     F-15  2                Heavy  215                                         
     F-16  1      "         Heavy  205                                         
     F-17  1 Amosite Asbestos D-11                                             
                            Heavy  205                                         
     F-18 20 Crocidolite Asbestos S-80                                         
                            Light  455                                         
     F-19 10                Light  475                                         
     F-20  5                Medium 540                                         
     F-21  2                Heavy  260                                         
     F-22  1                V.Heavy                                            
                                   185                                         
     F-23  1      "         V.Heavy                                            
                                   185                                         
     F-24 35 Crocidolite Asbestos S-80                                         
                            V.Light                                            
                                   315                                         
     F-25  2 Carbon Fiber Tow                                                  
                            Light  270                                         
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
     FLUX                                                                      
     Parts by Weight                                                           
                                   %                                           
                                   NH.sub.4 Cl                                 
     Exam-                                                                     
         Composition      ZnCl.sub.2.                                          
                                   after                                       
     ple Code   ZnCl.sub.2                                                     
                     NH.sub.4 Cl                                               
                          2NH.sub.4 Cl                                         
                               ZnO melting                                     
     __________________________________________________________________________
     A   Control A        940  60  35                                          
     B   Control B                                                             
                650  350           35                                          
     C   Control C        800  70   31.5                                       
     D   Control D                                                             
                500       500      22                                          
     E   Control E                                                             
                100       700  100 21                                          
     F-26                                                                      
         BFG-2.0          940  60  35                                          
     F-27                                                                      
         BFG-1.0          940  60  35                                          
     F-28                                                                      
         Pyrex-2.5        940  60  35                                          
     F-29                                                                      
         Pyrex-1.5        940  60  35                                          
     F-30                                                                      
         Pyrex-0.5        940  60  35                                          
     F-31                                                                      
         Pyrex-0.2        940  60  35                                          
     F-32                                                                      
         Pyrex-0.3C       800  70   31.5                                       
     F-33                                                                      
         Pyrex-0.1D                                                            
                500       500      22                                          
     F-34                                                                      
         RW-2.0           940  60  35                                          
     F-35                                                                      
         RW-1.0           940  60  35                                          
     F-36                                                                      
         WRW-8.0          940  60  35                                          
     F-37                                                                      
         WRW-4.0          940  60  35                                          
     F-38                                                                      
         WFF-3.0          940  60  35                                          
     F-39                                                                      
         WFF-2.0          940  60  35                                          
     F-40                                                                      
         WFF-1.0          940  60  35                                          
     F-41                                                                      
         WFF-0.5          940  60  35                                          
     F-42                                                                      
         LSFF-0.2         940  60  35                                          
     F-43                                                                      
         QW-1.0           940  60  35                                          
     F-44                                                                      
         QW-0.1           940  60  35                                          
     INORGANIC FIBERS                                                          
     Parts by Weight                                                           
                             Smoke                                             
                             1/2                                               
                             hour                                              
     Exam-                   after                                             
                                  Flux Life                                    
     ple                     Start                                             
                                  minutes                                      
     __________________________________________________________________________
     A                       Vol. 160                                          
     B                       Vol. 160                                          
     C                       Vol. 145                                          
     D                       V.Heavy                                           
                                  140                                          
     E                       V.Heavy                                           
                                  135                                          
     F-26                                                                      
         20 Baked Fiberglas Corning No. 8670                                   
                             Medium                                            
                                  465                                          
     F-27                                                                      
         10      "           Medium                                            
                                  410                                          
     F-28                                                                      
         25 Pyrex Fiberglas Corning No. 3950                                   
                             Medium                                            
                                  400                                          
     F-29                                                                      
         15                  Light                                             
                                  430                                          
     F-30                                                                      
          5                  Medium                                            
                                  370                                          
     F-31                                                                      
          2                  Heavy                                             
                                  340                                          
     F-32                                                                      
          3                  Medium                                            
                                  210                                          
     F-33                                                                      
          1      "           Medium                                            
                                  220                                          
     F-34                                                                      
         20 Rock Wool USG    V.Heavy                                           
                                  365                                          
     F-35                                                                      
         10      "           V.Heavy                                           
                                  245                                          
     F-36                                                                      
         80 Washed Rock Wool USG                                               
                             V.Light                                           
                                  360                                          
     F-37                                                                      
         40       "          V.Light                                           
                                  490                                          
     F-38                                                                      
         30 Washed Bulk Fiberfrax                                              
                             Heavy                                             
                                  430                                          
     F-39                                                                      
         20                  Heavy                                             
                                  485                                          
     F-40                                                                      
         10                  Light                                             
                                  320                                          
     F-41                                                                      
          5      "           Medium                                            
                                  330                                          
     F-42                                                                      
          2 Long Staple Fiberfrax                                              
                             Medium                                            
                                  225                                          
     F-43                                                                      
         10 Fused Quartz Wool                                                  
                             Light                                             
                                  340                                          
     F-44                                                                      
          1      "           Light                                             
                                  250                                          
     __________________________________________________________________________
PAC  Discussion of Selected Flux Tests
PAR  Test A (35% NH.sub.4 Cl Control)
TBL  Composition of Flux A                                                     
                         Parts by weight                                       
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                         940                                                   
      Zinc oxide          60                                                   
     ______________________________________                                    
PAR  300 grams of Flux A were added to the solder bath at 750.degree. F. The
      flux melted readily with active and violent boiling and with an initial
      evolution of voluminous clouds of white ammonium chloride smoke which
      eventually decreased as the melted flux lost a large percentage of its
      initial ammonium chloride content. One hour after the start, an addition
      of 100 grams of Flux A was made. Total charge to the solder bath was 400
      grams of flux.
PAR  Flux A was spent at the end of 160 minutes.
PAR  When Flux A is heated, the zinc oxide reacts with some of the ammonium
      chloride, thereby reducing the amount of the ammonium chloride and
      increasing the amount of zinc chloride. After melting and reacting, the
      ammonium chloride is 35% of the total chlorides. Zinc ammonium chloride
      containing 35% of ammonium chloride has a melting point of 600.degree. F.
      and a subliming point of 650.degree. F. At 750.degree. F. it is very thin,
      almost as thin as gasoline.
PAR  Test D (22% NH.sub.4 Cl Control)
     Composition of Flux D                                                     
                         Parts by weight                                       
     ______________________________________                                    
      Powdered zinc chloride                                                   
                         500                                                   
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                         500                                                   
     ______________________________________                                    
PAR  300 grams of Flux D were added to the solder bath at 750.degree. F. The
      flux melted readily with active boiling and with an initial evolution of
      voluminous clouds of white ammonium chloride smoke. However, the active
      boiling was not as violent as with the higher ammonium chloride Flux A and
      the voluminous clouds of white smoke decreased in half an hour to very
      heavy smoke. Immediately after melting Flux D contained 22% ammonium
      chloride on the total chlorides, as compared with 35% for Flux A.
PAR  One hour after the start, an addition of 100 grams of Flux D was made.
      Total charge to the solder bath was 400 grams of flux.
PAR  Flux D was spent at the end of 140 minutes.
PAR  Zinc ammonium chloride containing 22% of ammonium chloride has a melting
      point of 440.degree. F. and a subliming point of 665.degree. F. At
      750.degree. F. it also is very thin, almost as thin as gasoline.
PAR  Test E (21% NH.sub.4 Cl Control)
     Composition of Flux E                                                     
                         Parts by weight                                       
     ______________________________________                                    
      Powdered zinc chloride                                                   
                         100                                                   
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                         700                                                   
      Zinc oxide         100                                                   
     ______________________________________                                    
PAR  300 grams of Flux E were added to the solder bath at 750.degree. F. The
      flux melted readily with active boiling and with an initial evolution of
      voluminous clouds of white ammonium chloride smoke. The active boiling was
      not as violent as it was with Flux A but it was more vigorous than Flux D,
      because of the evolution of NH.sub.3 and H.sub.2 O (as steam) resulting
      from the reaction of zinc oxide with some of the ammonium chloride.
PAR  Immediately after melting Flux E contained 21% ammonium chloride on the
      total chlorides, slightly less than the 22% of Flux D. The melting of Flux
      E was complete in about 5 minutes and the boiling decreased. At this time
      the appearance of the melted Flux E was the same as Flux D.
PAR  One hour after the start, an addition of 100 grams of Flux E was made.
      Total charge to the solder bath was 400 grams of Flux.
PAR  Flux E was spent at the end of 135 minutes.
PAR  Zinc ammonium chloride containing 2l% of ammonium chloride has a melting
      point of 445.degree. F. and a subliming point of 668.degree. F. At
      750.degree. F, it is very thin, almost as thin as gasoline is at room
      temperature.
PAR  Test F-2 (Composition Code LFA-1.5A)
     Composition of Flux F-2 Parts by weight                                   
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                             926                                               
      Zinc oxide             59                                                
      Chrysotile long fiber asbestos                                           
      3-R                    15                                                
     ______________________________________                                    
PAR  300 grams of Flux F-2 were added to the solder bath at 750.degree. F. The
      flux melted rapidly within 5 minutes with vigorous boiling. After the
      reaction of the zinc oxide with some of the ammonium chloride has been
      completed the melted flux quieted down, but there were still bubbles of
      sublimed ammonium chloride rising from the hot surface of the solder to
      the top of the layer of melted flux. The flux contained 35% of ammonium
      chloride on the total weight of chlorides and thus had a melting point of
      600.degree. F. and a subliming point of 650.degree. F.
PAR  The long fiber asbestos was dispersed throughout the layer of very thin
      melted flux in the form of a loose open textured, 3-dimensional floating
      blanket. The thin liquid is free to flow through this blanket because the
      volume of the actual fibers is less than 1.5% of the volume of the liquid
      flux. This fibrous blanket is effective in impeding the free thermal
      circulation of the thin melted flux and also in stopping the rapid
      circulatory motion of the melted flux which I have described previously
PAR  The smoke rating taken 1/2 hour after the start was medium, a striking
      reduction from the voluminous smoke of control Flux A. One hour after the
      start an addition of 100 grams of Flux F-2 was made. A smoke rating taken
      21/2  hours after the start was very slight smoke.
PAR  Flux F-2 was spent at the end of 435 minutes.
PAR  This flux was a very satisfactory solder flux in every respect.
PAR  Test F-10 (Composition Code LFA-4.5)
TBL  Composition of Flux F-10                                                  
                          Parts by weight                                      
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                          926                                                  
      Zinc oxide           59                                                  
      Chrysotile long fiber                                                    
      asbestos 3-R         45                                                  
     ______________________________________                                    
PAR  300 grams of Flux F-10 were added to the solder bath at 750.degree. F. The
      flux melted very slowly with constant stirring. When melted there was
      practically no free liquid, but the roll was tinned.
PAR  The smoke rating taken 1/2 hour after the start was very light. One hour
      after the start, an addition of 100 grams of F-10 flux was stirred into
      the flux on the bath. Shortly thereafter the solder roll started "forming
      lead", which describes the formation of a layer of lead contaminated with
      lead oxide which forms on top of the clean pure solder layer on the solder
      roll when the flux is too heavy and so lays up too closely against the
      face of the solder roll. Stirring the flux would remove this "lead" and
      the roll would run satisfactorily for a few minutes before it started
      "forming lead" again.
PAR  It was evident from the outset that Flux F-10 had too much fiber and was
      not an effective solder flux, but I continued the test for a total time of
      two hours to see what it would do. By that time the "lead" formed quickly
      after each stirring and the solder roll showed traces of de-wetting. Flux
      F-10 contains (4.5%) of long fiber asbestos 3-R, which is enough to absorb
      practically all of the liquid.
PAR  Flux F-10 was not an effective flux.
PAR  Test F-11Z (Composition Code CHR3Z-0.5)
     Composition of Flux F-11Z                                                 
                             Parts by weight                                   
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                             926                                               
      Zinc oxide              59                                               
      Chrysotile long fiber asbestos                                           
      3-Z                     5                                                
     ______________________________________                                    
PAR  300 grams of Flux F-11Z were added to the solder bath at 750.degree. F. The
      flux melted rapidly within 5 minutes with vigorous boiling which helped to
      disperse the small amount of 3-Z asbestos fibers throughout the melted
      flux. Although the volume of the asbestos fibers is less than 0.5% of the
      volume of the melted flux, nevertheless the loose open textured fibrous
      blanket effectively impeded the normal circulation of thin melted flux.
PAR  The smoke rating taken 1/2 hour after the start was heavy and this
      decreased to slight 4 hours after the start. One hour after the start an
      addition of 100 grams of Flux F-11Z was made.
PAR  Flux F-11Z was spent at the end of 380 minutes.
PAR  Test F-16 (Composition Code AMS33-0.1)
TBL  Composition of Flux F-16                                                  
                             Parts by weight                                   
     ______________________________________                                    
      ZnCl.sub.2. 2NH.sub.4 Cl                                                 
                             940                                               
      Zinc oxide              60                                               
      Amosite long fiber asbestos                                              
      S-33                    1                                                
     ______________________________________                                    
PAR  300 grams of Flux F-16 were added to the solder pot at 750.degree. F. The
      flux melted rapidly within 5 minutes with vigorous boiling, The Amosite
      asbestos fibers appeared to react with the hot zine ammonium chloride and
      swelled greatly, but they did not dissolve. There were not enough fibers
      and they were not springy enough to cover the entire surface of the melted
      flux, but they covered a large portion of the surface and changed the
      normal rapid circulation to a slow circulation which resulted in reduced
      smoke and substantially longer life than control Flux A which contained
      the same 35% ammonium chloride.
PAR  The smoke rating taken 1/2 hour after the start was heavy. One hour after
      the start an addition of 100 grams of flux F-16 was made.
PAR  Flux F-16 was spent at the end of 205 minutes.
PAR  Test F-19 (Composition Code CRS-80-1.0)
TBL  Composition of Flux F-19                                                  
                           Parts by weight                                     
     ______________________________________                                    
      ZnCl.sub.2 ..2NH.sub.4 Cl                                                
                           940                                                 
      Zinc oxide            60                                                 
      Crocidolite long fiber                                                   
      asbestos S-80         10                                                 
     ______________________________________                                    
PAR  300 grams of Flux F-19 were added to the solder pot at 750.degree. F. The
      flux melted slowly but was melted within 10 minutes. During melting the
      flux boiled through the release of absorbed moisture and the usual zinc
      oxide reaction with ammonium chloride. The solder roll tinned immediately
      and stayed perfectly tinned throughout the test.
PAR  The smoke rating 1/2 hour after the start was light,-- an outstanding
      reduction in smoking from the voluminous rating of control Flux A. One
      hour after the start an addition of 100 grams of Flux F-19 was made,
      making the total charge 400 grams.
PAR  Flux F-19 contained 1.0% of Crocidolite S-80 long fiber asbestos, which is
      a stiff, springy, acid resistant fiber. The 400 gram charge contained 4.0
      grams of this Crocidolite fiber. Before starting this test I weighed out
      4.0 grams of this fiber and placed it on the solder pot. I found that it
      completely covered the area with a fibrous blanket 1/2 inch thick, which
      is the same thickness of the 400 gram layer of melted flux. Thus the
      surface of the solder pot is covered with a fibrous blanket 1/2 inch
      thick; yet the volume of the actual Crociolite asbestos fibers is less
      than 1% of the volume of the melted flux.
PAR  Flux F-19 was spent at the end of 475 minutes.
PAR  This F-19 flux was a very satisfactory solder flux in every respect.
PAR  Test F-25 (Composition Code CARBON - 0.2)
TBL  Composition of Flux F-25                                                  
                           Parts by weight                                     
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                           940                                                 
      Zinc oxide            60                                                 
      Carbon fiber tow      2                                                  
     ______________________________________                                    
PAR  300 grams of Flux F-25 were added to the solder pot at 750.degree. F. The
      flux melted rapidly within 5 minutes with vigorous boiling. After the
      reaction of the zinc oxide with ammonium chloride the melted flux quieted
      down, but there were still bubbles of sublimed ammonium chloride rising
      through the very loose open textured blanket. The density of this carbon
      fiber tow is very low, 1.6 grams per cubic centimeter, the lowest fiber
      density of any of the fibers that I studied. The carbon fiber is
      remarkably strong, 160,000 psi, and was completely inert to the active
      zinc ammonium chloride flux at 750.degree. F. The fiber diameter, although
      much greater than individual asbestos fibrils, was at 7.5 microns still in
      the micron range, where a little bit went a long way.
PAR  The smoke rating taken at the usual 1/2 hour after start was light, an
      excellent performance for such a small amount of fiber. One hour after the
      start an addition of 100 grams of F-25 flux was made.
PAR  F-25 flux was spent at the end of 270 minutes.
PAR  Test F-26 (Composition Code BFG-2.0)
TBL  Composition of Flux F-26                                                  
                             Parts by weight                                   
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub. 4 Cl                                               
                             940                                               
      Zinc oxide              60                                               
      Baked Fiberglas, Corning No. 8670                                        
                              20                                               
     ______________________________________                                    
PAR  300 grams of Flux F-26 were added to the solder pot at 750.degree. F. The
      flux melted slowly in 15 minutes with some stirring, which is in the
      commercial range. The glass fibers completely filled all of the space
      occupied by the flux in the solder pot. The measured bulk density of these
      loose, springy, uncompressed baked Fiberglass fibers is 0.0273 grams per
      cc. The initial charge of 300 grams of Flux F-26 contains 6.0 grams of
      Fiberglass with an uncompressed volume of 220 cubic centimeters. The total
      volume of the solder pot with a 1/2 inch layer is 200 cc and with a 1 inch
      layer is 400 cc.
PAR  The melted flux is very thin and there is some vertical up-and-down motion
      through the open textured fibrous blanket. There is also some circulation
      and movement at the face of the rapidly rotating solder, roll, which
      brings fresh melted flux constantly to working area. The fibrous blanket
      acts like a wick to feed fresh flux to the solder roll when it is needed.
PAR  The smoke rating 1/2 hour after the start was medium. The final addition of
      100 grams of flux F-26 was made 1 hour after the start.
PAR  Flux F-26 was spent at the end of 465 minutes.
PAR  This flux was highly satisfactory although it contained somewhat more fiber
      than needed. However, the baked Fiberglas is very cheap, since it is
      merely the glass fiber in ordinary rolls of Fiberglas insulation, baked at
      800.degree. F. to burn off the pink colored resin.
PAR  Test F-33 (Composition Code Pyrex - 0.1D)
TBL  Composition of Flux F-33                                                  
                           Parts by weight                                     
     ______________________________________                                    
      Powdered zinc chloride                                                   
                           500                                                 
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                           500                                                 
      Pyrex Fiberglas, Corning                                                 
      No. 3950              1                                                  
     ______________________________________                                    
PAR  300 grams of Flux F-33 were added to the solder bath at 750.degree. F. The
      flux melted readily with active boiling and for the first few minutes
      behaved just about the same as the control Flux D which had the same 22%
      of ammonium chloride. It should be remembered that Flux F-33 was identical
      with control Flux D, except that it contained 1 part per 1000 of a very
      high quality springy, open glass fiber which quickly formed an impeding
      blanket and stopped the rapid circulatory motion.
PAR  The smoke rating taken 1/2 hour after the start was medium, a big reduction
      from the control's rating of very heavy.
PAR  One hour after the start, an addition of 100 grams of F-33 Flux was made.
      Total charge to the solder bath was now 400 grams of flux.
PAR  Flux F-33 was spent at the end of 220 minutes.
PAR  This represents an increase of 57% in flux life from control D's 140
      minutes, and is a remarkable demonstration of the effectiveness of my
      3-dimensional undulating fibrous blanket in impeding the normal
      circulatory movement of the thin melted flux. I have searched the
      Dictionary to try to find words to describe the action of this
      insignificant amount of Pyrex glass fiber, and have concluded that since
      the fibers "float" half-submerged in the liquid and the fibrous blanket is
      free to move up and down,-- and most importantly keep away from but close
      to the solder roll, the behavior of my inorganic fiber blanket can best be
      described as "undulating".
PAR  Test F-37 (Composition Code WRW-4.0)
TBL  Composition of Flux F-37                                                  
                           Parts by weight                                     
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                           940                                                 
      Zinc oxide            60                                                 
      Washed rock wool, USG                                                    
                            40                                                 
     ______________________________________                                    
PAR  300 grams of Flux F-37 were added to the solder bath at 750.degree. F. The
      flux melted slowly but readily with moderate boiling. The solder pot is
      rather full of clumps of washed rock wool, but there is plenty of thin
      melted flux around and underneath the clumps.
PAR  The smoke rating taken 1/2 hour from the start was very light. Apparently
      the clumps were trapping some of the sublimed ammonium chloride. There was
      essentially no apparent circulation, but there must have been some
      circulation of thin melted flux under the fibrous rock wool blanket, or
      else the solder roll would not have kept perfectly tinned, as it did.
PAR  One hour from the start 100 grams of Flux F-37 were added.
PAR  Flux F-37 was spent at the end of 490 minutes.
PAR  This was a highly satisfactory solder flux for high temperature solder
      baths. It takes more washed rock wool by weight than some other fibers to
      make an effective blanket; but, on the other hand, rock wool is very cheap
      and the washing process is simple and inexpensive.
PAR  Test F-39 (Composition Code WFF-2.0)
TBL  Composition of Flux F-39                                                  
                             Parts by weight                                   
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                             960                                               
      Zinc oxide              40                                               
      Washed bulk Fiberfrax fibers                                             
                              20                                               
     ______________________________________                                    
PAR  300 grams of Flux F-39 were added to the solder bath at 750.degree. F. The
      flux melted very slowly with only moderate boiling, but at the end of 15
      minutes almost all, except a small island in the middle, was melted.
      However, there was no problem of tinning the solder roll, because flux
      which melted first was liquid and kept the roll clean and perfectly
      tinned. This slow melting is due to the heat insulating properties of the
      bulky Fiberfrax fibers It is not objectionable commercially because it
      moderates the violent boiling characteristic of control Flux A.
PAR  After melting there was thin clear liquid zinc ammonium chloride flux on
      the surface of the solder and through the ceramic fiber blanket, which
      covered the entire surface of the solder pot.
PAR  The smoke rating taken 1/2 hour from the start was heavy. Most of the smoke
      was coming from the side walls of the pot and from the thin melted flux
      which was turning over nicely at the face of the rotating roll. One hour
      from the start 100 grams of flux F-39 were added. Two hours after the
      start the smoke rating had dropped to very slight.
PAR  Flux F-39 was spent at the end of 485 minutes. This was a highly efficient
      solder flux for high temperature solder baths.
PAR  Test F-44 (Composite on Code QW- 0.1)
TBL  Composition of Flux F-44                                                  
                           Parts by weight                                     
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                           940                                                 
      Zinc oxide            60                                                 
      Fused quartz wool     1                                                  
     ______________________________________                                    
PAR  300 grams of Flux F-44 were added to the solder bath at 750.degree. F. The
      flux melted readily within 10 minutes with the usual boiling. The small
      amount of fused quartz wool had a high volume because of its springiness
      and extremely low bulk density, and provided an effective blanket to
      impade the circulation of the thin melted zinc ammonium chloride flux.
PAR  The smoke rating taken 1/2 hour after the start was light. One hour from
      the start 100 grams of Flux F-44 were added. The solder roll was perfectly
      tinned and bright, fed by a supply of thin flux which wicked through the
      open textured fibrous blanket.
PAR  Flux F-44 was spent at the end of 250 minutes.
PAC  IDENTIFICATION OF INORGANIC FIBERS USED IN EXAMPLES
PAR  Chrysotile Asbestos - Grade 3-R
PAR  This long fiber chrysotile asbestos was obtained from ABsestos Corporation
      Limited, Thetford Mines, P.Q., Canada and meets the Canadian Standard 3-R
      Grade.
PAR  Chrysotile asbestos is a hydrous magnesium silicate, 3MgO .sup.. 2SiO.sub.2
      .sup.. 2H.sub.2 O. The formula Mg.sub.12 Si.sub.8 O.sub.20 (OH).sub.16 is
      sometimes used to indicate the unit cell composition. Its specific gravity
      varies from 2.4 to 2.6, but 2.5 is the commonly used average figure Fiber
      diameter is 180 to 400 Angstroms, or 0.018 to 0.040 microns. This is the
      diameter of the individual fiber, or fibril as it is sometimes called.
      Most of the fibers in the commercial asbestos consist of bundles of these
      infinitely fine submicron dimeter fibers.
PAR  Chrysotile Asbestos - Grade 3-Z
PAR  This is a lower price grade of long fiber Chrysotile asbestos with less of
      the very long fibers than (Grade 3-R. It meets the Canadian Standard 3-Z.
PAR  Amosite Asbestos - Grade S-33
PAR  This is long fiber Amosite asbestos and was obtained from North American
      Asbestos Corporation, Chicago, Illinois. It is their GRADE S-33 AMOSITE
      FIBRE.
PAR  Amosite asbestos is a member of the fibrous Amphibole Mineral family, and
      is described as essentially a ferrous silicate in which a proportion of
      the iron is replaced by magnesium. Its chemical formula is:
EQU  MgFe.sub.6 [(OH) Si.sub.4 O.sub.11 ].sub.2
PAR  The fiber thickness of Amosite is 0.1 to 0.2 microns.
PAR  Amosite Asbestos - Grade D-11
PAR  This is another grade of Amosite asbestos, similar to the Grade S-33 and
      was obtained from North American Asbestos Corporation, Chicago, Illinois.
PAR  Crocidolite Asbestos - Grade S-80
PAR  This long fiber Crocidolite asbestos was obtained from North American
      Asbestos Corporation, Chicago, Illinois. It is their Grade S-80 Blue
      Asbestos Fibre.
PAR  Crocidolite asbestos is a member of the fibrous Amphibole Mineral family
      and is described as a sodium ferrosoferric silicate. Its chemical formula
      is:
EQU  Na.sub.2 MgFe.sub.5 ](OH)SiO.sub.4 O.sub.11 ].sub.2.
PAL  It is more acid resistant than Chrysotile or Amosite asbestos. The fibers
      have great resilience, or springiness, and high specific volume.
PAR  The fiber thickness of Crocidolite is 0.1 to 0.2 microns. Fiber length: 1/4
      to 3/4 inches.
PAR  Crocidolite Asbestos - Grade H
PAR  This is another grade of Crocidolite asbestos, similar to the Grade S-80
      and was obtained from North American Asbestos Corporation, Chicago,
      Illinois. Fiber length: 1/8 inch to 1/2 inch.
PAR  Carbon Fiber Tow
PAR  The carbon fiber was a grade known as Tow and was obtained from Kurcha
      Chemical Industry Co., Ltd., Tokyo, Japan, with offices in New York City.
PAR  It assayed 99.5% carbon and had a density of 0.058 pounds per cubic inch.
      The carbon fiber had a diameter of 7.5 microns and high tensile strength,
      160,000 psi.
PAR  The Kurcha Company treats this carbon fiber with a graphitization process
      to make a graphite fiber.
PAR  Baked Fiberglas, Corning -8670
PAR  I purchased at Sears Roebuck & Co. a large roll, 70 sq. ft. .times. 3 1/2
      inches thick, of Owens Corning Pink Fiberglas insulation -8670. It had
      been treated with a pink colored resin, which I was unable to remove with
      solvent, so I baked the Fiberglas for 2 hours at 800.degree. F. The baking
      carbonized the resin and the oxidized most of it.
PAR  I could not measure it precisely, but it appeared to be 0.0003 inches (8
      microns) in diameter. It was springy and very resilient. The fibers are
      extremely long.
PAR  Pyrex Fiberglas, Corning No. 3950
PAR  This was a very high grade of Pyrex Fiberglas used in chemical filtrations
      which I purchased from Will Scientific, Inc., Cambridge, Massachusetts.
PAR  Fiber diameters vary between 0.0002 and 0.0003 inch (5 microns and 7 1/2
      microns). The fibers are extremely long and there appears to be no "shot",
      or unfibrilized particles. I believe these fibers were "drawn glass
      filaments."
PAR  Rock Wool USG
PAR  I purchased a bag of US Gypsum's "blow-in" grade of rock wood insulation.
      It was in the form of large clumps and contained a high percentage of
      "shot" or unfibrilized particles. Apparently it was made by the blown
      process. Rock wool is sometimes called mineral wool.
PAR  According to the literature the fiber diameter of rock wool is 1 to 22
      microns.
PAR  Washed Rock Wool USG
PAR  In order to remove some of the shot, I washed the commercial US Gypsum rock
      wool insulation in a Waring blender and strained in a sieve under running
      water. I then dried the wet rock wool for two hours at 400.degree. F.
PAR  Although this removed a large amount of shot, there was a great deal left.
      An advantage was that the Waring blender broke up the large clumps of rock
      wool into smaller clumps the size of a bean, and these dispersed nicely in
      my solder flux compositions.
PAR  Washed Bulk Fiberfrax
PAR  I purchased the washed bulk Fiberfrax fiber No. 3800, from the Carborundum
      Company, Niagara Falls, New York. The washing process removes most of the
      unfiberized particles.
PAR  Fiberfrax is an alumina-silica ceramic fiber with high resiliency and low
      bulk density. Mean diameter is 2 microns. Length of fiber ranges from
      shorts to 1 1/2 inches.
PAR  Long Staple Fiberfrax
PAR  Long staple Fiberfrax, No. 3753, is an alumina-silica ceramic fiber with
      average length of 2 to 3 inches and a mean diameter of 5 to 6 microns. It
      has high resiliency and very low bulk density.
PAR  Fused Quartz Wool Fibers
PAR  I purchased the pure fused quartz wood fiber from Thermal American Fused
      Quartz Co., Montville, New Jersey. The fib are extremely long, essentially
      continuous, with a diameter of 6 microns. There is not evidence of any
      unfiberized particles and this is confirmed by the almost unbelievable
      loose, springy bulk density of 0.003 grams per cubic centimeter.
PAR  However, with a small amount of pressure the quartz wool can be compressed
      ten times to a bulk density of 0.03 grams per cubic centimeter.
PAR  I have also discovered an extremely simple but highly effective formulating
      technology which greatly decreases the rate of loss of ammonium chloride
      from a melted zinc-ammonium chloride flux system by controlling the
      viscosity of the melted flux by means of viscosity thickening agents. It
      is so simple that once the secret is known, it is easy to formulate and,
      as my examples illustrate, it permits a very wide choice of viscosity
      thickening agents to use in my formulating technology. The usable
      viscosity thickening agents have many things in common. They must be inert
      or partially inert to the extremely active zinc-ammonium chloride melted
      solder flux at 750.degree. F. Since ammonium chloride dissociates into HCl
      and NH.sub.3 much below 750.degree. F. and is partially held in solution
      in the zinc chloride melt, the chemical activity is amazing. In addition
      the ultimate particle size must be in the micron or submicron range below
      about 10 microns in diameter.
PAR  In the following examples I describe the performance of my new solder flux
      compositions containing various proportions of various viscosity
      thickening ingredients and compare them with control fluxes.
PAR  The various solder fluxes were tested under conditions that duplicated
      commercial conditions as closely as possible. In these tests a roll solder
      bath was used that was made to duplicate a typical commercial roll solder
      bath in every detail except for the width of the bath and of the roll.
PAR  Specifically, the solder bath used in all of the following tests comprises
      a thick walled metal tank 10 inches long, 6 1/4 inches wide and 4 inches
      deep. A solder roll 6 inches long and 4 inches in diameter was mounted
      across the tank with its center line equidistant between the ends and 2
      1/2 inches above the bottom of the tank. The tank was filled with a
      quantity of 2-98 solder sufficient to maintain the level of the molten
      solder at the center line of the roll (about 35 pounds). The tank is gas
      heated and thermostatically controlled to maintain the temperature of the
      solder to within 5.degree. F..+-.  of the indicated temperature. The roll
      was rotated at 120 r.p.m.
PAR  In each test, the flux was placed on top of the molten solder in that
      portion of the tank where the rotating roll re-entered the solder an area
      3 inches by 6 1/4 inches. The flux in each instance was stirred once each
      hour. In every test the flux was considered to be spent as soon as
      noticeable areas on the rotating roll failed to be wetted by the molten
      solder. The test results were reproducible to less than fifteen minutes
      and the test results correlated very well with field results under
      commercial conditions.
TBL                                    TABLE III                               
     __________________________________________________________________________
     FLUX                                                                      
     Parts by Weight                                                           
                                            %                                  
                                            NH.sub.4 Cl                        
     Exam-   Composition       ZnCl.sub.2   after                              
     ple     Code       ZnCl.sub.2                                             
                               2NH.sub.4 Cl                                    
                                      ZnO   melting                            
     __________________________________________________________________________
     X       Control X         926    59    35                                 
     Y       Control Y  500    500          22                                 
     Z       Control Z  100    700    100   21                                 
     V-1     A-0.5             926    59    35                                 
     V-2     A-1.0             926    59    35                                 
     V-3     A-1.5             926    59    35                                 
     V-4     A-2.2             926    59    35                                 
     V-5     A-2.6             92.6   59    35                                 
     V-6     A-3.0             926    59    35                                 
     V-7     A-4.5             926    59    35                                 
     V-8     A-6.0             926    59    35                                 
     V-9     A-7.5             926    59    35                                 
     V-10    A-10.0            926    59    35                                 
     V-11    A-13.0            926    59    35                                 
     V-12    AF6D-0.3          926    59    35                                 
     V-13    AF6D-1.5          926    59    35                                 
     V-14    C-0.5             926    59    35                                 
     V-15    C-1.0             926    59    35                                 
     V-16    C-1.3             926    59    35                                 
     V-17    C-2.0             926    59    35                                 
     V-18    C-3.0             926    59    35                                 
     V-19    C-4.5             926    59    35                                 
     V-20    S-0.5             926    59    35                                 
     V-21    S-1.0             926    59    35                                 
     V-22    S-2.0             926    59    35                                 
     V-23    S-4.0             926    59    35                                 
     V-24    S-6.0             926    59    35                                 
     V-25    AEROSIL - 1.5     926    59    35                                 
     V-26    AEROSIL - 3.0     926    59    35                                 
     VISCOSITY THICKENERS                                                      
     Parts by Weight                                                           
                                 Turn-over                                     
                                 Rating Smoke                                  
                                 11/2 hrs.                                     
                                        1/2 hr.                                
                                              Flux                             
     Exam-                       after  after life                             
     ple                         Start  Start minutes                          
     __________________________________________________________________________
     X                           Complete                                      
                                        Volum.                                 
                                              160                              
     Y                           Complete                                      
                                        V. heavy                               
                                              140                              
     Z                           Complete                                      
                                        V. heavy                               
                                              135                              
     V-1 5     Fine Asbestos Filler No. 7-TS                                   
                                 2 inch V. heavy                               
                                              220                              
     V-2 10                      1 inch V. heavy                               
                                              270                              
     V-3 15                      1 inch Heavy 330                              
     V-4 22                      1 inch Medium                                 
                                              425                              
     V-5 26                      1 inch Medium                                 
                                              430                              
     V-6 30                      1 inch Medium                                 
                                              420                              
     V-7 45                      3/4 inch                                      
                                        Medium                                 
                                              400                              
     V-8 60                      1/2 inch                                      
                                        Light 470                              
     V-9 75                      1/4 inch                                      
                                        Light 440                              
     V-10                                                                      
         100                     1/4 inch                                      
                                        Light 520                              
     V-11                                                                      
         130        "            Too heavy to use commercially.                
     V-12                                                                      
         3     Fine Asbestos Filler No. 6-D                                    
                                 2 inch V. heavy                               
                                              210                              
     V-13                                                                      
         15         "            3/4 inch                                      
                                        Medium                                 
                                              340                              
     V-14                                                                      
         5     CAB-O-SIL Silica M-5                                            
                                 Complete                                      
                                        V. heavy                               
                                              210                              
     V-15                                                                      
         10                      Complete                                      
                                        V. heavy                               
                                              235                              
     V-16                                                                      
         13                      11/2 inch                                     
                                        Heavy 310                              
     V-17                                                                      
         20                      1/2 inch                                      
                                        Medium                                 
                                              340                              
     V-18                                                                      
         30                      0      Medium                                 
                                              500                              
     V-19                                                                      
         45         "            Too heavy to use commercially.                
                                 Would not melt properly.                      
     V-20                                                                      
         5     SANTOCEL Silica - C                                             
                                 Complete                                      
                                        V. heavy                               
                                              200                              
     V-21                                                                      
         10                      11/2 inch                                     
                                        Heavy 260                              
     V-22                                                                      
         20                      1/2 inch                                      
                                        Medium                                 
                                              385                              
     V-23                                                                      
         40                      O      Light 580                              
     V-24                                                                      
         60         "            Too heavy. Would not melt.                    
     V-25                                                                      
         15    DEQUSSA AEROSIL 2491/380                                        
                                 Complete                                      
                                        Heavy 210                              
     V-26                                                                      
         30         "            1 inch Medium                                 
                                              390                              
     FLUX                                                                      
     Parts by Weight                                                           
                                            %                                  
                                            NH.sub.4 Cl                        
     Exam-   Composition       ZnCl.sub.2.  after                              
     ple     Code       ZnCl.sub.2                                             
                               2NH.sub.4 Cl                                    
                                      ZnO   melting                            
     __________________________________________________________________________
     V-27    SYL-0.5           926    59    35                                 
     V-28    SYL-2.0           926    59    35                                 
     V-29    QUSO-1.5          926    59    35                                 
     V-30    QUSO-3.0          926    59    35                                 
     V-31    5M SILICA-12.0                                                    
     V-32    5M SILICA-16.0    926    35                                       
     V-33    5M SILICA-20.0    926    59    35                                 
     V-34    10M SILICA        926    59    35                                 
     V-35    MINUGEL-8.0       926    59    35                                 
     V-36    CaSil-6.0         926    59    35                                 
     V-37    BMFF-8.0          926    59    35                                 
     V-38    BMFF-20.0         926    59    35                                 
     V-39    ALON-3.0          926    59    35                                 
     V-40    ALON-5.0B  500    500          22                                 
     V-41    BAYMAL-7.5        926    59    35                                 
     V-42    HT BAYMAL-7.5     926    59    35                                 
     V-43    CABOT I-4.0       926    59    35                                 
     V-44    CABOT I-8.0       926    59    35                                 
     V-45    CABOT I-7.5B                                                      
                        500    500          22                                 
     VISCOSITY THICKENERS                                                      
     Parts by Weight                                                           
                                  Turn-over                                    
                                  Rating Smoke                                 
                                  11/2 hrs.                                    
                                         1/2 hr.                               
                                               Flux                            
     Exam-                        after  after life                            
     ple                          Start  Start minutes                         
     __________________________________________________________________________
     V-27                                                                      
         5    SYLOID Silica No. 244                                            
                                  Complete                                     
                                         V.Heavy                               
                                               195                             
     V-28                                                                      
         20        "              1/2 inch                                     
                                         Light 375                             
     V-29                                                                      
         15   QUSO Microfine Silica F-22                                       
                                  1 inch V.Heavy                               
                                               340                             
     V-30                                                                      
         30        "              1/4 inch                                     
                                         Medium                                
                                               505                             
     V-31                                                                      
         120  5-MICRON Silica     1 inch Medium                                
                                               300                             
     V-32                                                                      
         160                      1/2 inch                                     
                                         Medium                                
                                               300                             
     V-33                                                                      
         200       "              0      Light Alls                            
     V-34                                                                      
         200  10-MICRON Silica    1 inch Medium                                
                                               280                             
     V-35                                                                      
         80   MIN-U-GEL No. 200 Attapulgite                                    
                                  1 inch Heavy 315                             
     V-36                                                                      
         60   MICRO-CEL Hydrous Calcium                                        
              Silicate            1/4 inch                                     
                                         Light 365                             
     V-37                                                                      
         80   FIBERFRAX Ball Milled Ceramic Fiber                              
                                  Complete                                     
                                         Volum.                                
                                               150                             
     V-38                                                                      
         200       "              11/2 inch                                    
                                         Medium                                
                                               260                             
     V-39                                                                      
         30   Cabot's ALON fumed alumina                                       
                                  1 inch Heavy 270                             
     V-40                                                                      
         50        "              3/4 inch                                     
                                         Light 285                             
     V-41                                                                      
         75   BAYMAL Alumina, untreated                                        
                                  11/2 inch                                    
                                         V.Heavy                               
                                               210                             
     V-42                                                                      
         75   BAYMAL heated above 2000.degree. F.                              
                                  1 inch Medium                                
                                               305                             
     V-43                                                                      
         40   Cabot's CAB-O-T I Fumed TiO.sub.2                                
                                  Complete                                     
                                         Volum.                                
                                               135                             
     V-44                                                                      
         80                       1 inch Medium                                
                                               320                             
     V-45                                                                      
         75        "              1/2 inch                                     
                                         Light 360                             
     __________________________________________________________________________
PAC  DESCRIPTION OF SELECTED FLUX TESTS
PAR  Test X (35% NH.sub.4 Cl Control)
TBL  Composition of Flux X Parts by weight                                     
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                           926                                                 
      Zinc oxide            59                                                 
     ______________________________________                                    
PAR  300 grams of Flux X were added to the solder bath at 750.degree. F. The
      flux melted readily with active and violent boiling and with an initial
      evolution of voluminous clouds of white ammonium chloride smoke, which
      eventually decreased as the melted flux lost a large percentage of its
      initial ammonium chloride content. One hour after the start, an addition
      of 100 grams of Flux X was made. Total charge to the solder bath was 400
      grams of flux.
PAR  Flux X was spent at the end of 160 minutes.
PAR  When Flux X is heated, the zinc oxide reacts with some of the ammonium
      chloride, thereby reducing the amount of the ammonium chloride and
      increasing the amount of zinc chloride. After melting and reacting, the
      ammonium chloride is 35% of the total chlorides. Zinc ammonium chloride
      containing 35% of ammonium chloride has a melting point of 600.degree. F.
      and a boiling point of 650.degree. F. At 750.degree. F. it is very thin,
      almost as thin as gasoline.
PAR  Test Y (22% NH.sub.4 Cl Control)
TBL  Composition of Flux Y Parts by weight                                     
     ______________________________________                                    
      Powdered zinc chloride                                                   
                           500                                                 
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                           500                                                 
     ______________________________________                                    
PAR  300 grams of Flux Y were added to the solder bath at 750.degree. F. The
      flux melted readily with active boiling and with an initial evolution of
      voluminous clouds of white ammonium chloride smoke. However, the active
      boiling was not as violent as with the higher ammonium chloride Flux X and
      the voluminous clouds of white smoke decreased in half an hour to very
      heavy smoke. Immediately after melting Flux Y contained 22% ammonium
      chloride on the total chlorides, as compared with 35% for Flux X.
PAR  One hour after the start, an addition of 100 grams of Flux Y was made.
      Total charge to the solder bath was 400 grams of flux.
PAR  Flux Y was spent at the end of 140 minutes.
PAR  Zinc ammonium chloride containing 22% of ammonium chloride has a melting
      point of 440.degree. F. and a boiling point of 665.degree. F. At
      750.degree. F. it also is very thin, almost as thin as gasoline.
PAR  Test Z (21% NH.sub.4 Cl Control)
TBL  Composition of Flux Z Parts by weight                                     
     ______________________________________                                    
      Powdered zinc chloride                                                   
                           100                                                 
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                           700                                                 
      Zinc oxide           100                                                 
     ______________________________________                                    
PAR  300 grams of Flux Z were added to the solder bath at 750.degree. F. The
      flux melted readily with active boiling and with an initial evolution of
      voluminous clouds of white ammonium chloride smoke. The active boiling was
      not as violent as it was with Flux X but it was more vigorous than Flux Y,
      because of the evolution of NH.sub.3 and H.sub.2 O (as steam) resulting
      from the reaction of zinc oxide with some of the ammonium chloride.
PAR  Immediately after melting Flux Z contained 21% ammonium chloride on the
      total chlorides, slightly less than the 22% of Flux Y. The melting of Flux
      Z was complete in about five minutes and the boiling decreased. At this
      time the appearance of the melted Flux Z was the same as Flux Y.
PAR  One hour after the start, an addition of 100 grams of Flux Z was made.
      Total charge to the solder bath was 400 grams of Flux.
PAR  Flux Z was spent at the end of 135 minutes.
PAR  Zinc ammonium chloride containing 21% of ammonium chloride has a melting
      point of 445.degree. F. and a subliming point of 668.degree. F. At
      750.degree. F. it is very thin, almost as thin as gasoline is at room
      temperature.
PAR  Test V-6 (Composition Code A-3)
TBL  Composition of Flux V-6 Parts by weight                                   
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                             926                                               
      Zinc oxide              59                                               
      Fine Chrysotile asbestos Filler                                          
      No. 7-TS                30                                               
     ______________________________________                                    
PAR  300 grams of Flux V-6 were added to the solder bath at 750.degree. F. The
      flux melted somewhat slowly but was completely melted within 10 minutes.
      During this melting period the zinc oxide reacted with some of the
      ammonium chloride to form zinc chloride and release H.sub.2 O and NH.sub.3
      as gases at this high temperature, producing active boiling and stirring
      of the melted flux. During this period the fine asbestos filler No. 7-TS
      which had been mixed thoroughly with the solder flux crystals were
      dispersed throughout the melted flux, producing an immediate increase in
      viscosity. In a few minutes the viscosity increased somewhat, apparently
      due to the swelling of the submicron fine asbestos fibers by the strong
      hot active zinc ammonium chloride flux.
PAR  The viscosity of the melted V-6 Flux appeared to be about the same as a 40
      viscosity motor oil, many times thicker than control Flux X, which had the
      same 35% ammonium chloride after melting and reacting. However, the effect
      of this viscosity increase on the motion of the liquid on the solder bath
      was much more striking than I would have expected.
PAR  Likewise, the increased viscosity greatly reduced the rate of evolution of
      white ammonium chloride smoke from the voluminous rating of control Flux X
      to medium with V-6 Flux. This rating is taken 1/2 hour after start,-- that
      is after placing the initial charge of 300 grams on the bare metal surface
      of the solder pot.
PAR  Test V-8 (Composition Code A-6.0)
TBL  Composition of Flux V-8 Parts by weight                                   
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                             926                                               
      Zinc oxide              59                                               
      Fine Chrysotile asbestos filler                                          
      No. 7-TS                60                                               
     ______________________________________                                    
PAR  300 grams of Flux V-8 were added to the solder bath at 750.degree. F. The
      flux melted slowly in about 10 minutes. During this period there was
      active boiling and stirring of the melted flux by the released H.sub.2 O
      and NH.sub.3 gases. This assisted in dispersing the fine asbestos filler
      throughout the melted flux which had an immediate large increase in
      viscosity. The viscosity of melted Flux V-8 at 750.degree. F. was much
      greater than that of melted Flux V-6 at the same temperature. It appeared
      to be about the same as a heavy oil at room temperature.
PAR  The heavy viscosity reduced the smoke rating taken 1/2 hour after the start
      for Flux V-8 to light as compared to voluminous for control Flux X with
      the same 35% ammonium clhoride.
PAR  The turn-over of the melted flux was slow right from the start. One and
      one-half hours after the start the turn-over rating for Flux V-8 was 1/2
      inch.
PAR  One hour after the start, an addition of 100 grams of Flux V-8 was made.
      Total charge to the solder bath was 400 grams of flux.
PAR  Flux V-8 was spent at the end of 470 minutes.
PAR  This is about three times the flux life of the control X which has the same
      zince ammonium chloride composition but which had a flux life of only 160
      minutes. I attribute this much longer life to the fact that the increased
      viscosity of Flux V-8 stops the normal circulatory motion of the very thin
      melted zinc ammonium chloride basic flux but permits a limited turn-over
      motion at the interface of the rotating solder roll and the bath of melted
      flux. This greatly reduces the loss by volatilization of the ammonium
      chloride active agent. Ammonium chloride reacts with lead oxide to form
      lead chloride and with tin oxide to form tin chloride, thus removing the
      large quantity of oxides produced on the solder roll and solder bath at
      750.degree. F.
PAR  Even though all loss of ammonium chloride by volatilization were
      eliminated, the flux would eventually become spent. My many experiments
      show that with a 400 gram charge on my small solder pot operating at
      750.degree. F. with 2-98 solder I have been unable to make a commercially
      usable flux with a life of more than 500 to 580 minutes. From this data
      and commercial experience in can plants, I have calculated that on my
      small solder pot about 60 grams of ammonium chloride in the 400 gram
      charge are used up during the life of the flux to form about 150 grams of
      lead chloride. Lead oxidizes very rapidly at 750.degree. F., much more
      rapidly than tin, and since 2-98 solder contains only 2% tin, there is
      very little tin chloride formed. The lead and tin chlorides become mixed
      with the melted zinc ammonium chloride. This is evidenced by the fact that
      a high ammonium chloride content flux at 750.degree. F. has a specific
      gravity of 2.0. After running several hours on the solder pot it loses
      some ammonium chloride and picks up enough lead chloride to voice the
      750.degree. F. specific gravity to 3.0.
PAR  My regular smoke rating is taken 1/2 hour after the start when all the
      fluxes have a high percentage of ammonium chloride and there has not been
      enough time to form much lead chloride. It is interesting to note that
      Flux V-8, containing about 6% of the fine asbestos filler No. 7-TS, showed
      further reduction in smoking as the test went on. One half hour from the
      start Flux V-8's smoke rating was light smoke. At 2 hours it was very
      light smoke and at 3 1/2 hours it was very slight smoke. At 5 hours there
      was practically no smoke and the turn-over rating was 1/4 inch turn-over,
      barely moving.
PAR  This is interesting because it points up the manner in which I have taken
      advantage of the high rate of shear occurring as the face of the rapidly
      rotating solder roll passes down through the layer of melted flux and into
      the molten solder underneath. The linear velocity of the face of the
      solder roll at 120 r.p.m. is 25 inches per second. This shear stirring
      reduces the viscosity of the flux near the solder roll. By maintaining the
      turn-over motion of the melted flux it keeps the flux hot,-- at or close
      to the solder bath and solder roll temperature of 750.degree. F.
PAR  My next example shows the effect of too much viscosity thickening
      ingredient.
PAR  Test V-11 (Composition Code A-13.0)
TBL  Composition of Flux V-11                                                  
                             Parts by weight                                   
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                             926                                               
      Zinc oxide              59                                               
      Fine Chrysotile asbestos filler No. 7-TS                                 
                             130                                               
     ______________________________________                                    
PAR  300 grams of Flux V-11 were added to the solder bath at 750.degree. F. The
      flux melted very slowly and required stirring during the melting period.
      The evolution of H.sub.2 O and NH.sub.3 gases assisted in the melting.
      After melting the viscosity of the flux was very heavy. The smoke rating
      taken 1/2 hour after the start was light, which is the same rating as Flux
      V-8 which contained only 6% of the fine asbestos filler. This is explained
      by the fact that there always is some smoke adjacent to the surface of the
      solder roll where the flux is stirred and by the fact that the steel sides
      of the solder pot are frequently about 850.degree. F. when the solder is
      at 750.degree. F. Flux V-11 contained 35% ammonium chloride having a
      subliming point of 650.degree. F. With the steel side walls of the solder
      pot so hot, some of the sublimed ammonium chloride just had to get out
      into the atmosphere.
PAR  One hour after the start, an addition of 100 grams of V-11 Flux was stirred
      into the heavy viscosity flux. Total charge to the solder bath was 400
      grams of flux.
PAR  The turn-over of the melted flux was very slow right from the start and the
      flux required stirring every half hour. One and one-half hours after the
      start the turn-over rating for V-11 Flux was 0; but there was barely
      enough turn-over providing fresh flux to keep the solder roll tinned. The
      smoke was now very slight. Although I realized that this flux was too
      heavy to use commercially I kept the test going by stirring every 15
      minutes or oftener and it ran for 480 minutes at which time the
      consumption of ammonium chloride and production of lead chloride turned
      the flux into a thick pastry mass.
PAR  Test V-30 (Composition Code CUSO-3.0)
TBL  Composition of Flux V-30                                                  
                             Parts by weight                                   
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                             926                                               
      Zinc oxide              59                                               
      QUSO micro fine silica F-22                                              
                              30                                               
     ______________________________________                                    
PAR  300 grams of Flux V-30 were added to the solder pot at 750.degree. F. The
      flux melted very slowly in about 20 minutes with a little stirring but the
      solder roll stayed perfectly tinned during the slow melting period. There
      was always a layer of melted flux turning over next to the face of the
      solder roll. The melted flux had a very heavy viscosity but it looked
      good. The smoke rating 1/2 hour after the start was medium, somewhat
      higher than I would have expected from this highly viscous flux. This
      might have been due to the fact that the rating was taken only 10 minutes
      after the last of the crystals had melted or it might have been due to the
      burners being on the UP stage and the steel sides of the solder pot being
      hotter than average. One hour after the start, an addition 100 grams was
      made.
PAR  The turn-over rating taken 1 1/2 hours after the start was 1/4inch. At that
      time the smoke was very light. An hour later there was very little
      turn-over, but two hours afterwards,- that is, 4 1/2 hours after the start
      the melted flux had thinned appreciably, although it was still highly
      viscous. The solder roll was receiving a steady supply of fresh flux,
      aided by the standard practice of stirring once an hour.
PAR  Flux V-30 was spent at the end of 505 minutes.
PAR  Test V-41 (Composition Code Baymal - 7.5)
TBL  Composition of Flux V-41                                                  
                           Parts by weight                                     
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                           926                                                 
      Zinc oxide            59                                                 
      Baymal alumina untreated                                                 
                            75                                                 
     ______________________________________                                    
PAR  300 grams of Flux V-41 were added to the solder pot at 750.degree. F. The
      flux melted rapidly with active and violent boiling and with the evolution
      of voluminous clouds of smoke which looked and smelled different from the
      smoke evolved from all my other examples. The smoke had an acid, acrid,
      choking odor while the smoke from control X Flux is non-choking and smells
      distinctly of ammonia. There also was vigorous fine boiling and it
      appeared that the Baymal alumina was reacting with the melted zincammonium
      chloride.
PAR  One half hour after the start the smoke rating was very heavy and there was
      slow but complete circulation of the melted flux on the solder bath. One
      hour after the start an addition of 100 grams of Flux V-41 was made.
PAR  The turn-over rating for Flux V-41, taken 1 1/2 hours after the start was 1
      1/2 inches. At that time the smoke had decreased to light.
PAR  Flux V-41 was spent at the end of 210 minutes.
PAR  The literature on Baymal alumina states that it is boehmite, A100H, and
      that contains adsorbed acetate ions and is not acid resistant. I suspect
      that most of the 7.5% of Baymal reacted with the hot zinc-ammonium
      chloride, but that enough of it remained to show a substantial improvement
      over control X. The intense initial evolution of acid fumes would be
      objectionable, but with excellent ventilating hoods might be tolerated.
PAR  Test V-42 (Composition Code HT Baymal-7.5)
TBL  Composition of Flux V-42                                                  
                             Parts by weight                                   
     ______________________________________                                    
      ZnCl.sub.2 . 2NH.sub.4 Cl                                                
                             926                                               
      Zinc oxide              59                                               
      Baymal alumina, heated above 2000.degree.F.                              
                              75                                               
     ______________________________________                                    
PAR  300 grams of Flux V-42 were added to the solder pot at 750.degree. F. The
      flux melted readily with the usual active boiling and stirring produced
      the evolving NH.sub.3 and H.sub.2 O gases. The smoke smelled of ammonia
      and looked the same as other fluxes, such as Flux V-6. The behavior of the
      melted flux and the nature of the smoke was entirely different from Flux
      V-41 which was tested at the same time on a duplicate solder pot.
PAR  According to the suppliers literature, heating Baymal A100H to
      1000.degree.-1100.degree. C. converts it to alpha alumina which is highly
      acid resistant. The heating to much lower temperatures is sufficient to
      drive off the adsorbed acetic acid.
PAR  One-half hour after the start the smoke rating for Flux V-42 was medium.
      One hour after the start an addition of 100 grams of Flux V-42 was made.
PAR  The turn-over rating taken for Flux V-42 1 1/2 hours after the start was
      one inch and the smoke was then very light.
PAR  Flux V-42 was spent at the end of 305 minutes.
PAR  Test V-45 (Composition Code CABOTI-7.5B)
TBL  Composition of Flux V-45                                                  
                             Parts by weight                                   
     ______________________________________                                    
      Powdered zinc chloride 500                                               
      ZnCl.sub.2 . 2NH.sub. 4 Cl                                               
                             500                                               
      Cabot's CAB-O-T I fumed TiO.sub.2                                        
                              75                                               
     ______________________________________                                    
PAR  This flux after melting contains 22% ammonium chloride, the same as control
      Flux Y.
PAR  300 grams of Flux V-45 were added to the solder pot at 750.degree. F. The
      flux melted slowly with the usual active boiling and stirring which helped
      to disperse the extremely fine fumed titanium dioxide throughout the
      melted flux.
PAR  The smoke rating taken 1/2 hour after the start was light. At that time the
      melted flux was somewhat pasty,-- perhaps thixotropic but it was not too
      heavy since it had a one inch turnover. One hour after the start, an
      addition of 100 grams of Flux V-45 was made.
PAR  The usual turn-over rating taken 1 1/2 hours after the start was 1/2 inch,
      although the melted flux was distinctly pseudo-plastic or thixotropic. At
      that time the smoke had decreased to slight. The high rate of shear at the
      solder roll face kept the first 1/2 inch of melted flux fluid although the
      rest of it had set up into a soft gel.
PAR  Flux V-45 was spent at the end of 360 minutes.
PAR  This compares with a 140 minute flux life for control Flux Y which had the
      same 22% ammonium chloride flux composition. In general a flux with 22%
      ammonium chloride has a shorter flux life than one with 35%.
PAC  IDENTIFICATION OF VISCOSITY THICKENING INGREDIENTS
PAR  Fine Asbestos Filler No. 7 -TS
PAR  This is Chrysotile asbestos fibrous mineral filler, Canadian Grade 7-TS,
      obtained from Asbestos Corporation, Ltd., Thetford Mines, Quebec, Canada
      and known as their KB-795-TS. Chrysotile asbestos is a hydrous magnesium
      silicate, Mg.sub.12 Si.sub.8 O.sub.20 (CH).sub.16
PAR  Fine Asbestos Filler No. 6-D
PAR  This is Chrysotile asbestos fibrous mineral filler, Canadian Grade 6-D,
      obtained from Asbestos Corporation, Ltd., Thetford Mines, Quebec, Canada
      and known as their KB-653-6-D. This Grade 6-D is a slightly more expensive
      grade than the Grade 7-TS and contains some somewhat longer fine fibers.
      It is, however, also a filler grade and not a spinning grade of asbestos.
      Both grades are extremely fine, 180 to 400 Angstroms in fiber diameter,
      and although very short fibers are nevertheless 5000 Angstroms in length,
      or longer.
PAR  The specific gravity of Chrysotile asbestos varies, but is about 2.5.
PAR  CAB-O-SIL SILICA M-5
PAR  CAB-O-SIL is a submicroscopic collodial silica produced by the hydrolysis
      of silicon tetrachloride at 1100.degree. C. which is generally classified
      as a "fumed" silica. It is manufactured by Cabot Corporation, Boston,
      Massachusetts.
PAR  The M-5 grade has a particle size of 0.012 microns, a bulk density of 2.3
      pounds per cubic foot and a specific gravity of 2.2.
PAR  SANTOCEL SILICA C
PAR  SANTOCEL C is a microfine silica acrogel manufactured by Monsanto Company,
      St. Louis, Missouri. It occurs in the form of agglomerates having a
      diameter of about 5 microns with the ultimate particle size about 0.02
      micron. The bulk density is about 6.7 pounds per cubic foot.
PAR  DEGUSSA AEROSIL 2491/380
PAR  AEROSIL is a submicroscopic pyrogenic silica produced by flame hydrolysis
      of silicon tetrachloride in a gaseous environment of 1100.degree. C. It is
      manufactured by Degussa, Inc., Kearny, New Jersey. The 2491/380 grade has
      a particle size of 3 to 15 millimicrons and a bulk density of 3 pounds per
      cubic foot.
PAR  SYLOID SILICA No. 244
PAR  SYLOID No 244 is a low aerogel size acrogel silica made by W. R. Grace &
      Co., Baltimore, Maryland. It has high oil absorption properties and an
      average particle size of 3 microns.
PAR  QUSO Microfine Silica F-22
PAR  QUSO is a microfine precipitated silica made by Philadelphia Quartz
      Company, Philadelphia, Pennsylvania. The ultimate particle is extremely
      fine,- 12 millimicrons in diameter but they agglomerate into clusters with
      an agglomerate diameter of 1.3 microns. These agglomerates can be
      subdivided with (moderate) energy. Bulk density is 4 pounds per cubic
      foot.
PAR  5-MICRON and 10-MICRON SILICA
PAR  These are fine grades of silica with the trade name, MINUSIL, made by
      Pennsylvania Glass Sand Corp., Pittsburgh, Pennsylvania.
PAR  MIN-U-GEL No. 200 Attapulgite
PAR  MIN-U-GEL No. 200 is a fine grade of colloidal attapulgite clay,- hydrous
      magnesium aluminum silicate. It analyzes 59% silicon dioxide, 11% aluminum
      oxide, 11% magnesium oxide and has a loss on ignition of 11% Specific
      gravity is 2.4. MIN-U-GEL is made by Floridin Company, Pittsburgh,
      Pennsylvania. The particle size is not known but 95% passes through a 325
      mesh screen.
PAR  MICRO-CEL Hydrous Calcium Silicate
PAR  MICRO-CEL is a synthetic, hydrous calcium silicate produced by
      Johns-Manville, New York, N.Y. it analyses about 50% silicon dioxide and
      has a specific gravity of 2.25 and a bulk density of about 10 pounds per
      cubic foot. The average particle size is about 3 microns.
PAR  FIBERFRAX Ball Milled Ceramic Fiber
PAR  FIBERFRAX ceramic fiber is an alumina-silica synthetic fiber manufactured
      by The Carborundum Company, Niagara Falls, New York. Some of the FIBERFRAX
      fibers are chopped and then ball milled to form a fine white powder. The
      mean diameter of these tiny fibers is 2 microns and the fiber lengths
      range from 12 microns to 100 microns.
PAR  Cabot's ALON Fumed Alumina
PAR  ALON is a fumed alumina made by the hydrolysis of aluminum chloride in a
      flame process, which produces a material of extremely small particle
      diameter. The average particle diameter is 0.03 micron. Its specific
      gravity is 3.6 and loose bulk density 2 pounds per cubic foot. Alon is
      manufactured by Cabot Corporation, Boston, Massachusetts.
PAR  Baymal Alumina, Untreated
PAR  Baymal colloidal alumina is a white powder, consisting of clusters of
      minute fibrils of boehmite (A100H) alumina. The surface of the fibrils is
      modified by adsorbed acetate ions, and a bottle of Baymal smells strongly
      of acetic acid. It is manufactured by E. I. duPont de Nemours & Co.,
      Wilmington, Delaware. The diameter of the fibrils is reported as 77
      Angstroms with the length 25 to 50 times diameter.
PAR  Baymal heated above 2000.degree. F.
PAR  Heating Baymal colloidal alumina above 2000.degree. F. drives off the
      adsorbed acetic acid and converts the boehmite (A100H) alumina to alpha
      alumina (Al.sub.2 O.sub.3). It is still colloidal in particle size, but
      now has high acid resistance. There is no difference in appearance between
      heat treated Baymal and non-heat treated Baymal.
PAR  Cabot's CAB-O-T I fumed TiO.sub.2.
PAR  CAB-O-T I is an extremely fine fumed non-pigmentary titanium dioxide made
      by flame hydrolysis of titanium tetrachloride. It has an average particle
      diameter of 0.03 micron, a specific gravity of 3.9 and a loose bulk
      density of 4 pounds per cubic foot.
CLMS
STM  I claim:
NUM  1.
PAR  1. A solder flux of the type adapted to be used on high temperature solder
      baths, said flux consisting essentially of a fusible fluxing composition
      consisting essentially of a zinc-ammonium chloride composition and an
      effective amount in the order of at least about 0.1% by weight of the
      weight of the fusible fluxing composition of inorganic fibers.
NUM  2.
PAR  2. A solder flux as claimed in claim 1 wherein said inorganic fibers are
      selected from the group consisting of asbestos, glass fiber, mineral fiber
      (so-called rock wool), ceramic alumina-silica fiber, fused quartz fiber,
      carbon fiber and graphite fiber.
NUM  3.
PAR  3. A solder flux as claimed in claim 1 wherein said inorganic fibers are
      inert or partically inert at the temperature of use in the presence of the
      molten solder and the melted flux.
NUM  4.
PAR  4. A solder flux of the type adapted to be used on high temperature solder
      baths, said flux consisting essentially of a fusible fluxing composition
      consisting essentially of a zinc-ammonium chloride composition and an
      effective amount in the order of at least about 0.3% by weight of the
      weight of the fusible fluxing composition of a viscosity thickening
      ingredient selected from a group consisting of micron-sized particles of
      fine asbestos, non-fibrous metal silicates, silica, alumina,
      alumina-silica ceramic and titanium dioxide.
NUM  5.
PAR  5. A solder flux as claimed in claim 4 wherein the particles have an
      average minor dimension of less than about 10 microns.
NUM  6.
PAR  6. In a solder flux of the type adapted to be used on high temperature
      solder baths wherein the active fluxing ingredient is a fusible
      zinc-ammonium chloride composition, the improvement which consists of the
      incorporation therein of an amount effective to impede the normal
      circulation of the molten fused active fluxing ingredient at the operating
      temperature of said bath, of a material which is at least partially inert
      in said molten fused fluxing ingredient and which has an average minor
      dimension of less than about 10 microns.
NUM  7.
PAR  7. A solder flux as claimed in claim 6 wherein the inert material is an
      inorganic fiber present in an amount in the order of at least 0.1 per cent
      by weight of the weight of the fusible fluxing composition.
NUM  8.
PAR  8. A solder flux as claimed in claim 6 wherein the inert material is a
      finely divided particle present in an amount in the order of at least 0.3
      per cent by weight of the weight of the fusible fluxing ingredient.
NUM  9.
PAR  9. A solder flux as claimed in claim 8 wherein the finely divided particle
      is selected from a group consisting of micron-sized particles of fine
      asbestos, non-fibrous metal silicates, silica, alumina, alumina-silica
      ceramic and titanium dioxide.
NUM  10.
PAR  10. A solder flux as claimed in claim 9 wherein the non-fibrous metal
      silicate is magnesium silicate.
NUM  11.
PAR  11. In a solder flux of the type adapted to be used on high temperature
      solder baths wherein the active fluxing ingredient is a fusible
      zinc-ammonium chloride composition, the improvement which consists of the
      incorporation therein of an effective amount of at least 0.3 per cent by
      weight of the weight of the fusible fluxing composition, of a finely
      divided magnesium silicate.
NUM  12.
PAR  12. A solder flux as claimed in claim 11 wherein between 0.3 and 11.7 per
      cent by weight of the weight of the fusible flux composition of finely
      divided magnesium silicate is incorporated.
NUM  13.
PAR  13. A solder flux as claimed in claim 11 wherein the magnesium silicate is
      sufficiently finely divided that substantially all of said magnesium
      silicate will pass through a 325 mesh screen.
NUM  14.
PAR  14. A solder flux as claimed in claim 11 wherein the magnesium silicate has
      an average minor dimension of less than about 10 microns.
NUM  15.
PAR  15. A solder flux as claimed in claim 7, wherein said inorganic fiber is
      selected from the group consisting of asbestos, glass fiber, mineral fiber
      (so-called rock wool), ceramic-alumina-silica fiber, fused quartz fiber,
      carbon fiber and graphite fiber.
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ABST
PAL  This invention relates to a smokeless fluxing agent for hot-tinning,
      hot-galvanizing, and hot-leading iron articles comprising a mixture of
      zinc chloride, potassium chloride, sodium chloride and lithium chloride,
      and containing no ammonium chloride.
BSUM
PAR  Used as fluxing agents in hot-metallizing practice -- irrespective of
      whether working is conducted according to the wet process or according to
      the dry process -- are systems which contain essentially zinc chloride and
      ammonium chloride, or also ammonium chloride alone. In the wet process,
      stain-moist objects are dipped into the molten metal through a melt-liquid
      covering formed by the fluxing agent. In the dry process, the articles or
      objects are dipped into a fluxing agent solution, the fluxing agent is
      dried, and the objects are then dipped into the uncovered metal bath.
PAR  The use of ammonium chloride serves for obtaining a good after-staining
      effect during hot-metallizing. The ammonium chloride is largely
      dissociated to ammonia and hydrogen chloride at the temperatures employed.
      The ammonia combines with the zinc chloride present to form the known,
      very stable and low-viscosity compound zinc ammonium chloride. The
      hydrochloric acid effects the extremely strong re-dyeing.
PAR  However, at temperatures of 300.degree. to 470.degree.C, at which the
      metallizations are carried out, the component ammonium chloride has a very
      high vapor pressure and the sublimation temperature of ammonium chloride,
      which is approximately 350.degree.C, is already exceeded. This has the
      adverse consequence that, at these elevated temperatures, excess ammonium
      chloride sublimates into the atmosphere as a white mist.
PAR  It is the object of the present invention to obtain the effect of the
      ammonium chloride by means of substances in which the economically adverse
      and environmentally harmful smoke development does not occur.
PAR  Surprisingly, a smokeless fluxing agent has been found which has an
      effective content of lithium chloride, and which fluxing agent is free of
      ammonium chloride. The function of the extremely good re-staining by the
      ammonium chloride is performed in this case by the lithium chloride.
PAR  A further embodiment of the smokeless fluxing agent according to the
      present invention contains a mixture of zinc chloride, potassium chloride,
      sodium chloride, lithium chloride, and, if desired, calcium chloride.
PAR  One advantage of this fluxing agent is that it boils off very well from the
      objects or articles to be metallized. In a preferred embodiment of the
      smokeless fluxing agent, use is made of a mixture of 65 to 85% by weight
      of zinc chloride, 10 to 35% by weight of potassium chloride and sodium
      chloride, 2 to 8% by weight of lithium chloride, and 0 to 6% by weight of
      calcium chloride.
PAR  For the purpose of reducing the melting temperature and the viscosity of
      the zinc chloride melts, it is particularly advantageous to utilize the
      potassium chloride and sodium chloride in the form of the eutectic mixture
      thereof. The eutectic mixture consists of 56 parts by weight of potassium
      chloride and 44 parts by weight of sodium chloride. In a preferred
      embodiment of the present invention, the lithium chloride is added to this
      eutectic mixture in an amount which corresponds to the potassium
      chloride-lithium chloride eutectic mixture. The potassium chloride-lithium
      chloride eutectic mixture consists of 55.7 parts by weight of potassium
      chloride and 44.3 parts by weight of lithium chloride. Accordingly, the
      ternary eutectic mixture has the following composition:
PA1  55.7 parts by weight of potassium chloride,
PA1  43.8 parts by weight of sodium chloride, and
PA1  44.3 parts by weight of lithium chloride.
PAR  The smokeless fluxing agent of the present invention may be used both in
      the form of a solution and also in the form of a melt.
DETD
PAR  The present invention will now be further described hereinafter on the
      basis of the following examples:
PAC  EXAMPLE 1
PAR  100 Parts by weight of a salt mixture of 75 parts by weight of zinc
      chloride, 20 parts by weight of potassium chloride/sodium chloride
      eutectic mixture, 4 parts by weight of lithium chloride, and 1 part by
      weight of calcium chloride are dissolved in 200 parts by weight of water.
      Obtained are 230 parts by volume of a solution having a density of
      33.degree.Be = d.sub.4.sup.15 = 1.295. Dipped into this solution are
      stained-moist iron objects, previously rinsed in water. The solution is
      then allowed to dry for 15 minutes at a temperature of 180.degree.C. The
      metallization is performed in a zinc bath with approximately 1% by weight
      lead and 0.2% by weight aluminum. The fluxing agent boils off of the
      objects without perceptible smoke development. The objects are galvanized
      flawlessly.
PAC  EXAMPLE 2
PAR  A mixture of 83.7 parts by weight of zinc chloride, 11.3 parts by weight of
      sodium chloride/potassium chloride eutectic mixture, and 5.0 parts by
      weight of lithium chloride is melted down on a lead bath with a 2% by
      weight tin content, which was heated to 370.degree.C. In this case,
      practically no smoke development occurs. Stain-moist iron parts may be
      leaded faultlessly through the fluxing agent melt covering.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A smokeless fluxing agent for hot-tinning, hot-galvanizing, and
      hot-leading iron articles comprising a mixture of zinc chloride, lithium
      chloride, an eutectic mixture of potassium chloride and sodium chloride,
      and containing no ammonium chloride.
NUM  2.
PAR  2. A fluxing agent according to claim 1 including calcium chloride.
NUM  3.
PAR  3. A fluxing agent according to claim 1 comprising a mixture of about 65 to
      85% by weight of zinc chloride, about 10 to 35% by weight of an eutectic
      mixture of potassium chloride and sodium chloride, and about 2 to 8% by
      weight of lithium chloride.
NUM  4.
PAR  4. A fluxing agent according to claim 3 including up to about 6% by weight
      of calcium chloride.
NUM  5.
PAR  5. A fluxing agent according to claim 3 in which the lithium chloride is
      present in a quantity corresponding to that of the potassium
      chloride-lithium chloride eutectic mixture.
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PAL  The present invention relates to powdered boriding compositions for the
      production of single-phase boride layers on metal articles being
      substantially free from cracks in the case of mechanical stress, which
      comprise an activator and a mixture of a boron-releasing agent and an
      unreactive refractory material, such as silicon carbide.
PARN
PAR  The present application is a continuation-in part application based on our
      U.S. Ser. No. 287,093, filed Sept. 7, 1972, now abandoned.
BSUM
PAR  The present invention relates to a powdered boriding composition for the
      production of single-phase boride layers, substantially free from cracks,
      on metal articles, which comprises an activator and a mixture of a
      boron-releasing agent and an unreactive, refractory material, said
      unrefractory material being present in said mixture in amounts of 75 -
      99.5%, by weight, based on the weight of said mixture. More particularly,
      it relates to conventional boriding compositions containing a
      boron-releasing agent and an unreactive, refractory material in said
      specified ratios.
PAR  The production of very hard surfaces of borides on metal articles by
      diffusion of boron into the surfaces thereof, has long been known. For
      this purpose it is possible, for example, to use gaseous boriding agents,
      such as diborane, boron halides, and organic boron compounds, as well as
      liquid substances, such as borax melts, with viscosity-reducing additives,
      with or without the use of electric current. The use of such boriding
      agents, however, has never gained commercial importance due to the fact
      that they are not very economical, they are partially toxic, and because
      of the non-uniformity of the boride layers obtained therewith.
PAR  Solid boriding agents based on boron-releasing compounds, such as boron
      carbide, amorphous boron or ferrocarbon, together with activating
      additives, such as alkali metal or ammonium borofluorides, can be handled
      more easily and above all do not represent any hazard to the environment.
PAR  A particular disadvantage of the boriding procedure of the prior art
      consists in the fact that their use results in the formation of poly-phase
      boride layers having undesirable properties. For example, when boriding
      iron articles the initial formation of Fe.sub.2 B is followed by a second
      phase, richer in boron, which starts from the surface of the Fe.sub.2
      B-phase and consists of FeB, after the temperature and time has been
      exceeded, both of which are specific to the particular metal being
      borided.
PAR  However, this second phase is undesirable for technical reasons though its
      Vickers-hardness (HV.sub.0.2) is about 100 kp/mm.sup.2 higher, because it
      is disproportionately more brittle than the Fe.sub.2 B-phase. Because of
      this fact differently directed tensions exist between the two phases,
      which cause cracks and burstings in/of the layer in the case of mechanical
      stress.
PAR  It has now been discovered, in accordance with the present invention, that
      substantially crack-free, single-phase boride layers on metal articles can
      be formed which are substantially free from the disadvantages of the prior
      art boriding processes and agents therefor. These desirable effects are
      obtained by using boriding compositions in which the ratio of the
      boron-releasing agent is materially reduced by the incorporation in said
      boriding compositions of substantially increased proportions of unreactive
      refractory materials.
PAR  Using the boriding composition according to the invention it is possible,
      for example, when boriding iron articles, to prevent the formation of
      undesired FeB even with prolonged boriding times and at higher
      temperatures which are sometimes necessary when a thicker boride layer is
      required for special applications. Whilst it was necessary to determine
      optimum treatment conditions for each material in the hitherto known
      procedures, that is to say to determine certain limiting values of the
      temperature and time, above which a second phase begins to form, it proves
      possible, using the boriding composition according to the invention, to
      obtain the desired singlephases of low boron content, in substantial layer
      thicknesses, even at higher temperatures and with longer boriding times.
      This effects substantial savings in boriding operations and at the same
      time gives boride layers of substantially improved properties.
PAR  The powdered boriding composition for the production of single-phase boride
      layers, substantially free from cracks, on metal articles, according to
      the invention comprises an activator and a mixture of a boron-releasing
      agent and an unreactive refractory material, said refractory material
      being present in said mixture in amounts of 75 -  99,5 % by weight, based
      on the weight of said mixture.
PAR  The composition according to the invention can comprise any conventional
      type of metal borofluoride as an activator, alkali borofluorides, such as
      sodium borofluoride, potassium borofluoride, and ammonium borofluoride are
      preferred. The amount in which the activator is present in the composition
      can range from 1 to 10 % by weight, based on the total weight of the
      composition. Most preferred as activator is potassium borofluoride
      (KBF.sub.4) being present in the amount of 5 % by weight, based on the
      total weight of the composition. The composition according to the
      invention can comprise any conventional type of a boron-releasing agent,
      such as boron carbide, amorphous boron and ferro boron; boron carbide is
      preferred.
PAR  The composition according to the invention comprises said boron-releasing
      agent in admixture with a refractory material, which is unreactive under
      boriding conditions, that means that the proper boron-releasing agent is
      partially replaced by an unreactive material, and that is the critical
      feature by which the composition according to the invention is
      distinguished of the solid boriding agents of the prior art. Silicon
      carbide is the preferred unreactive, refractory material, suitable for use
      in said mixture with the boron-releasing agent. Furthermore, free carbon
      can be used, which may also be present as an impurity in technical
      products. Said refractory material, such as silicon carbide has to be
      present in said mixture in amounts of 75 to 99,5 % by weight, preferably
      in the amount of about 95 % by weight, based on the weight of said
      mixture.
PAR  The solid boriding agents of the prior art have usually contained borax in
      concentration ranging from 12 to 60 % by weight. It has been stated,
      however, that borax alone is not sufficient to react as a boron-releasing
      agent when used with the unreactive refractory material under the
      conditions of the invention. The composition according to the invention
      can therefor comprise borax in an amount up to 16 % by weight, based on
      the total weight of the composition provided that at least one of the
      above mentioned boron-releasing agents is present. In such a case the use
      of borax does not affect adversely the formation of a single-phase boride
      layer on metals. The borax however melts during the heat treatment
      required for the boriding step and wets the non-melting portions of the
      solid boriding agent. After completion of the boriding step and cooling of
      the treated article a solid sintered cake is formed which must be removed
      from the borided article after soaking in warm water. Such cleaning
      operation materially increases the cost of the borided article,
      particularly when the latter are complicated in shape and are manufactured
      by mass production.
PAR  In the boriding composition according to the present invention the borax
      content is therefor preferably reduced to 4 to 0% and most preferably to
      0% by weight, making it possible to remove much more easily the residues
      on the borided articles. An additional advantage results from the fact
      that the recovery and reutilization of the boriding composition of the
      present invention can be much more readily and economically effected.
      These advantages together with the improved properties of the single-phase
      crack-free boride layers produced with less operation control make the
      improvement of the present invention particularly important from an
      economic point of view.
PAR  The metal articles which can be borided with the powdered boriding
      composition according to the invention include articles of any shape
      consisting of iron, steel, nickel, titanium and the like.
PAR  The following specific examples are intended to illustrate the invention
      but in no manner to limit the broad disclosure hereinabove set forth.
DETD
PAC  EXAMPLE 1
PAR  (Comparison)
PAR  A plate of unaloyed quenched and tempered steel of the quality St 37 was
      borided by heating for 4 hours at 900.degree.C in the following boriding
      composition:
PA1  79 % by weight of boron carbide
PA1  16 % by weight of borax
PA1  5 % by weight of potassium borofluoride
PAL  After heating the composition was sintered into a solid cake. A micrograph
      of the borided steel plate prepared as above described, showed a typical
      two-phase boride layer consisting of the intermetallic phases Fe.sub.2 B
      and FeB, each showing "teeth" vertically oriented to the surface. A
      continuous crack was clearly visible and developed by the mechanical
      stress produced by the cutting disc. The layer had burst off at various
      points. The total thickness of the borided layer was 170 microns, 75
      microns of which was FeB.
PAR  The above results clearly showed that when using a prior art boriding
      composition consisting of boron carbide as the boron-releasing compound,
      an activator such as potassium borofluoride and borax the resulting
      borided plate was quite unsatisfactory.
PAC  EXAMPLE 2
PAR  The operation described in Example 1 was repeated with the exception that
      the amount of boron-releasing compound was reduced to 3.95 % by weight,
      and 75,05 % by weight of an unreactive refractory, silicon carbide was
      added to the mixture, which had the following composition:
PA1  3.95 % by weight of boron carbide
PA1  75.05 % by weight of silicon carbide
PA1  16.0 % by weight of borax
PA1  5.0 % by weight of potassium borofluoride
PAL  (95 % of the boron-releasing compound, boron carbide was replaced by the
      unreactive refractory, silicon carbide).
PAR  A micrograph of the resulting borided plate showed that it contained only a
      single-phase boride layer consisting essentially of only the intermetallic
      phase Fe.sub.2 B with teeth vertically oriented to the surface. The
      thickness of the boride layer was 110 microns. No cracks were visible
      which could have been developed by the mechanical stress when cutting by
      means of a cutting disc. Due to avoiding the formation of a second phase
      no cracks were formed in the case of mechanical stress. The use of borax
      does not affect adversely the formation of a single-phase layer. It
      caused, however, sintering of the composition which required an additional
      cleaning step with hot water.
PAC  EXAMPLE 3
PAR  This experiment was run under the same conditions as Experiment 1 using a
      boriding composition consisting of:
PA1  4.75 % by weight of boron carbide
PA1  90.25 % by weight of silicon carbide
PA1  0.00 % by weight of borax
PA1  5.00 % by weight of potassium borofluoride
PAL  (95 % by weight of the boron-releasing compound, boron carbide, was
      replaced by unreactive refractory, silicon carbide).
PAR  After the above treatment the resulting composition was not sintered to a
      solid cake, as when 16 % of borax was used, but crumbled apart when tapped
      slightly. The lumps could be ground between the fingers into a powder,
      which could be reused for boriding purposes. The surface of the borided
      sample was completely free from glass-like molten attachments and there
      was no need to cleanse it with warm water. A micrograph showed a
      single-phase boride layer consisting only of the intermetallic phase
      Fe.sub.2 B forming teeth vertically oriented to the surface, the thickness
      of the layer being 120 microns. No cracks were visible that could have
      been developed by the mechanical stress when cutting by means of the
      cutting disc.
PAC  EXAMPLE 4
PAR  In this experiment all of the conditions were the same as in Experiment 3
      with the exception of the fact that the temperature was increased to
      1000.degree.C and the time to 6 hours.
PAR  The properties of the resulting borided sample did not differ appreciably
      from those of the sample in Example 3. A micrograph showed a single-phase
      boride layer consisting only of the intermetallic phase Fe.sub.2 B having
      teeth oriented vertically to the surface. The thickness of the layer was
      300 microns. No cracks were visible that could have been developed by
      means of the cutting disc. This test showed that the only substantial
      different result obtained was in producing a thicker layer.
PAC  EXAMPLE 5
PAR  (comparison)
PAR  In this experiment the conditions were the same as in Example 1 with the
      exception that the composition used consisted of
PA1  0.00 % by weight of boron carbide
PA1  79.00 % by weight of silicon carbide
PA1  16.00 % by weight of borax
PA1  5.00 % by weight of potassium borofluoride
PAR  The resulting sample contained an interrupted boride layer with only
      partially formed teeth vertically orientated to the surface, showing that
      a continuous boride layer was not formed. This shows that borax alone is
      not sufficient to react as a boron-releasing agent when used with the
      unreactive refractory material, silicon carbide under the conditions of
      the invention.
PAC  EXAMPLE 6
PAR  In this experiment a plate of electrolytic nickel was heated for 4 hours at
      900.degree.C in the following boriding composition:
PA1  3.95 % by weight of boron carbide
PA1  75.05 % by weight of silicon carbide
PA1  16.0 % by weight of borax
PA1  5.0 % by weight of potassium borofluoride
PAL  (95 % of the boron-releasing compound, boron carbide was replaced by the
      unreactive, refractory silicon carbide). The resulting borided sample
      contained a single-phase layer 60 microns thick and contained no flaws.
PAC  Experiment 7
PAR  In this experiment a titanium plate was treated for 6 hours at
      1100.degree.C in the boriding composition shown in Example 6, using argon
      gas as a protective gas. A single-phase boride layer of 15 microns
      thickness was obtained showing substantially no cracks.
PAC  Experiment 8
PAR  In this experiment a plate of steel, of the quality St 37, was heated for a
      period of 4 hours at 900.degree.C in a boriding mixture consisting of:
PA1  4.5 % by weight of boron carbide
PA1  86.5 % by weight of silicon carbide
PA1  4.0 % by weight of borax
PA1  5.0 % by weight of potassium borofluoride
PAL  (95,05 % of the boron-releasing compound, boron carbide was replaced by the
      unreactive, refractory silicon carbide).
PAR  The resulting single-phase boride layer was free from cracks and 120
      microns in thickness. The lumps of solid boriding agent could be crumpled
      between fingers. Very few deposits of borax were noted and their size was
      small.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Powdered boriding composition which consists essentially of 1 - 10%, by
      weight, of an activator selected from the group consisting of alkali metal
      and ammonium borofluorides, and a mixture of 75 -  99.5%, by weight, of
      silicon carbide and 25 -  0.5%, by weight, of a boron-releasing agent
      selected from the group consisting of boron carbide, amorphous boron and
      ferroboron, based on the total weight of said mixture.
NUM  2.
PAR  2. The powdered boriding composition according to claim 1, wherein said
      boron-releasing agent is boron carbide.
NUM  3.
PAR  3. The powdered boriding composition according to claim 1 wherein said
      activator is present in said composition in the amount of 5%, by weight,
      based on the total weight of said composition.
NUM  4.
PAR  4. The powdered boriding composition according to claim 1, wherein said
      composition may contain 16 -0%, by weight of borax.
NUM  5.
PAR  5. The powdered boriding composition according to claim 1, wherein said
      composition may contain 4 - 0%, by weight of borax.
NUM  6.
PAR  6. The powdered boriding composition according to claim 1, wherein said
      silicon carbide is present in said composition in the amount of 95%, by
      weight, based on the total weight of said composition.
NUM  7.
PAR  7. The powdered boriding composition according to claim 1, consisting
      essentially of:
PA1  5%, by weight, of potassium borofluoride,
PA1  3.95 -  4.75%, by weight, of boron carbide,
PA1  75.05 -  90.25%, by weight, of silicon carbide,
PA1  16 - 0%, by weight, of borax.
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ABST
PAL  A cylindrical substrate of semiconductive material is repeatedly incised by
      a saw to be formed with many parallel grooves while it has one portion of
      the peripheral portion remaining uncut throughout its length. Thus, the
      grooves define between them many parallel wafer units integrally
      interconnected through the uncut portion. Then all the wafer units are
      simultaneously cleaned, diffused with an impurity, etched, and so on.
      After the completion of all the simultaneous processing operations, the
      wafer units are removed from the uncut portion to form separate wafers.
PARN
PAR  The application is a continuation-in-part of my U.S. application Ser. No.
      354,144 filed Apr. 24, 1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process of manufacturing semiconductor devices,
      and more particularly to processing steps conducted at a relatively
      initial stage of such a process.
PAR  Previously, upon manufacturing different types of semiconductor devices,
      the general practice has been to use a suitable cutting machine called "a
      sawing machine" to cut away a substrate or an ingot of semiconductive
      material, for example, a single crystal thereof in the form of a rod into
      separate wafers after which suitable implements are used to separately
      subject the wafers to cleaning, etching, diffusing processes, etc. Such
      processes, however, have included troublesome operations of picking up the
      wafers one after another with a pincette to place them in and remove them
      from associated containers or boats. Also, it has been required to pay
      close attention to the contamination with impurities caused from the
      pincette and other sources and/or breaks and cracks of the wafers that
      might occur during their handling. Further in the cleaning and etching
      operations, the wafers have been processed by having implements used to
      accommodate them in isolated relationship therein because the overlap of
      any wafer upon another one causes those wafers to be partly impeded from
      being cleaned and etched. In addition, where the wafers are put in a
      suitable diffusion furnace to be diffused with a desired impurity, it has
      been required to set the wafers on their edges in the associated quartz
      boat so as not to overlap them. A greater part of the implements serving
      to hold or place the wafer thereby or therein have shown wear and tear
      while such implements have been required to be handled so as to be
      maintained chemically pure. Further, the quartz boat used in the diffusion
      process has given rise to problems of contaminating the wafers because it
      is directly contacted by the wafers and heated at elevated temperatures.
      This causes defects in the wafers resulting from thermal strain developed
      in the wafer due to a difference in coefficients of thermal expansion
      between the materials of the wafer and quartz boat. Also since the quartz
      boat has been placed in an associated quartz tube to be directly contacted
      by the latter, the boat might be fused with the tube during the diffusion
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved process of manufacturing semiconductor devices by which a
      plurality of semiconductive wafers can be handled as a single unit in at
      least some processing steps without the necessity of individually handling
      them.
PAR  It is a particular object of the present invention to provide a process of
      manufacturing semiconductor devices including a new and improved diffusion
      step requiring no special tool for holding each of a plurality of
      semiconductive wafers and without the necessity of individually handling
      the wafers.
PAR  The present invention accomplishes these objects by a process of
      manufacturing semiconductor devices including the steps of forming a
      plurality of cut grooves in a substrate of semiconductive material
      substantially parallel to one another while one portion of the substrate
      is left uncut, thereby to form a wafer bunch including a plurality of
      semiconductive wafer units each defined by a different pair of adjacent
      cut grooves, all the wafer units being integral with one another through
      the uncut portion of the substrate, and processing the wafer bunch so that
      all the wafer units of the bunch are simultaneously processed as required
      at least one time.
PAR  The plurality of cut grooves may preferably extend toward the uncut portion
      from a common side of the substrate opposing the uncut portion.
PAR  Advantageously, the substrate may be of a circularly cylindrical shape and
      all the plurality of cut grooves may extend toward the uncut portion of
      the substrate and perpendicularly to the longitudinal axis of the
      substrate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will become more readily apparent from the following
      detailed description taken in conjunction with the accompanying drawings,
      in which:
PAR  FIG. 1 is a sectional view illustrating a diffusion step of a process of
      manufacturing semiconductor devices in accordance with the principles of
      the prior art;
PAR  FIGS. 2a and 2b are, respectively, a front and a side elevational view of
      one form of a bunch of a plurality of wafer units of semiconductive
      material for use in manufacturing semiconductor devices in accordance with
      the principles of the present invention;
PAR  FIGS. 3 and 4 are sectional views illustrating different diffusion steps
      using the bunch of semiconductive wafer units shown in FIGS. 2a and 2b;
PAR  FIGS. 5a and 5b are views similar to FIGS. 2a and 2b, respectively, but
      illustrating a modification of the bunch of semiconductive wafer units
      shown in FIGS. 2a and 2b; and
PAR  FIGS. 6a and 6b are views similar to FIGS. 2a and 2b, respectively, but
      illustrating another modification of the bunch of semiconductor wafer
      units shown in FIGS. 2a and 2b.
PAR  FIG. 7 is a sectional view of a crucible for effecting the
      growth-from-liquid phase on the wafer member shown in FIGS. 2a and 2b
      which has been prepared for such growth, and FIG. 7a is a view similar to
      FIG. 7 but illustrating the crucible of FIG. 7 in its operating position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 of the drawings, there is illustrated a
      conventional process of diffusing a conductivity imparting impurity into
      wafers of semiconductive material. The arrangement illustrated comprises a
      quartz boat 1 including a plurality of parallel grooves 2 on one surface,
      in this case the upper surface as viewed in FIG. 1 and one wafer 3 of
      semiconductive material set on its edge in each groove 2. The quartz boat
      1 is disposed in place within a quartz tube 4 by having the other or lower
      surface directly contacted by the internal wall surface of the tube 4. The
      quartz tube 4 has one end fully open and the other end partly closed to
      leave a small opening and is fitted into a heating coil 5 to form a
      diffusion furnace.
PAR  In operation, a suitable gas containing a conductivity type imparting
      impurity is introduced into the interior of the quartz tube 4 through the
      small opening disposed on the other end thereof. The wafers 3 are heated
      at a diffusion temperature, for example on the order of 1250.degree.C. by
      the heating coil 5 and diffused with the impurity for a predermined time
      interval in the well known manner. The diffusion process as above
      described is generally called an "open tube method" and very frequently
      used in manufacturing semiconductor devices through the utilization of the
      diffusion from the gaseous phase.
PAR  The arrangement of FIG. 1 has, in addition to the disadvantages as above
      described attributing to the use of the quartz boat, other disadvantages
      in that while the use of the quartz boat has led to the necessity of
      increasing the cross-sectional area of the quartz tube, its capacity to
      accommodate the wafers is restricted and so on.
PAR  The present invention contemplates to eliminate the disadvantages of the
      prior art practices as above described. The production of semiconductor
      devices is generally started with the step of cleaning wafers of
      semiconductive material and following this the etching, diffusing, etc.
      are conducted. In this case, it has been previously practiced to handle
      the wafers while they have been separated away from one another.
PAR  Upon practicing the present invention, a member having a plurality of
      integral wafer units of any suitable semiconductive material is first
      prepared. As an example, a member having semiconductive wafer units is
      illustrated in FIGS. 2a and 2b and generally designated by the reference
      numeral 10 in FIG. 2a.
PAR  The member 10 is formed of an ingot of single crystal silicon in the form
      of a circular rod, but it is to be understood that such a wafer member may
      be formed of any other semiconductive material. The peripheral surface of
      the rod-shaped ingot is partly lapped in the axial direction thereof to be
      formed into a longitudinally elongated flat surface 14 with a
      predetermined fixed width extending in parallel relationship with the
      longitudinal axis of the rod. After having measured the resistivity of the
      flat surface 14, the ingot is cut into appropriate lengths to form
      substrates 12 of semiconductive silicon. The substrate 12 is of a circular
      cross-section having a short straight portion formed of the longitudinally
      elongated flat surface 14 as best shown in FIG. 2b. This flat surface 14
      allows the substrate to be placed on any supporting plate.
PAR  In order to facilitate the handling of the semiconductive substrate 12
      during the succeeding processing steps, the substrate 12 is provided on
      both cut ends with a pair of small holes 16 centrally located therein.
      Upon automatically cleaning or etching the substrate, the holes 16 are
      utilized to attach the substrate to the associated machine as by having
      chucks fitted thereinto.
PAR  Then a suitable sawing machine is used to repeatedly incise the substrate
      12 in a direction substantially orthogonal to the longitudinal axis of the
      substrate 12 to form a plurality of parallel grooves 18 at substantially
      equal intervals in the substrate. The parallel grooves 18 extend toward
      the uncut portion 20 from that portion diametrically opposite to the flat
      surface 14, in this example, the upper portion of the substrate 12,
      although the grooves 18 terminate short of the flat surface 14 to leave an
      uncut portion 20 having a predetermined thickness. A general plane formed
      of bottoms of the grooves 18 is substantially parallel and opposite to the
      flat surface 14. All the grooves 18 except for both end grooves 18 are
      equal in axial width to one another to define therebetween a plurality of
      semiconductor wafer units 22 substantially equal in thickness to one
      another and physically interconnected through the uncut portion 20.
PAR  On the other hand, both end grooves 18 are wider in axial width than the
      remaining grooves 18 to define holding portions 24 with both ends of the
      substrate 12 serving to hold the substrate 12 through the holes 16 as
      above described. Therefore, the holding portions 24 are not used as wafers
      of semiconductive material and accordingly is not necessary to have their
      resistivity controlled. However, that portion of the substrate disposed
      between the holding portions 24 must have a resistivity required for the
      semiconductor device. In other words, all the wafer units 22 should have
      respective resistivities within the limits required for the semiconductor
      device. It will readily be understood that for n grooves 18 (n - l)
      semiconductive wafer units 22 are formed therebetween.
PAR  In this way the substrate 12 has been formed into a comb-shaped section.
PAR  The existing sawing machines decrease the width of the grooves 18 as viewed
      axially or lengthwise of the substrate 12 to a minimum magnitude of 250
      microns. However, the axial width of the grooves 18 may be advantageously
      larger than the magnitude just specified for particular applications.
      Where the grooves 18 have been cut into the substrate 12 with the axial
      width such as above described, it is possible to simultaneously process a
      multiplicity of wafer units 22 by processing the single substrate 12.
PAR  As well known in the art, the surface of the wafer unit 22 as cut by the
      existing sawing machines alone may include a damaged layer having a
      minimum depth of 5 microns. In semiconductor devices such as power
      rectifiers, and power thyristors required to render the depth of diffusion
      equal to or greater than 5 microns, even the damage layer of such a
      thickness remaining on the surface thereof particularly offers no problem.
      This permits the omission of the steps of lapping and etching
      semiconductive wafers, leading to a great decrease in manufacturing costs.
PAR  On the other hand, in semiconductor devices including a shallow diffusion
      layer whereby the presence of the damaged layer having a thickness as
      above specified adversely affects the characteristics theeof, the member
      10 as formed by cutting the semiconductor ingot by a suitable sawing
      machine in the manner as above described can be suitably etched to render
      the damaged layer thin. Alternatively, the utilization of a suitable
      cutting device other than the sawing machine will make it possible to form
      semiconductive wafer units having thinner damaged layers.
PAR  While the wafer units 22 are shown in FIG. 2a as being identical in
      thickness to one another, it is to be understood that the wafer units may
      have their widths variable at will in accordance with their required
      resistivity.
PAR  Because of its configuration as shown in FIGS. 2a and 2b, wherein the
      respective wafer units 22 are integrally joined at one end to one portion
      of the semiconductive rod or their blank to be put in the form of a comb,
      the substrate has several advantages. For example, a multiplicity of wafer
      units can be processed at a time and yet fixtures previously required for
      holding semiconductive wafers while physically isolating them from one
      another, for example, binding agents, quartz boats, etc. become
      unnecessary. Further, since all the grooves 18 extend from a common side
      of the substrate 12 toward the uncut portion 20, the wafer units 22 can
      readily be cleaned and/or etched. After the completion of the cleaning
      operation, the cleaned substrates can be dried and then placed in a
      suitable diffusion furnace in the manner shown in either FIG. 3 or FIG. 4.
PAR  FIG. 3 illustrates a process of diffusing a conductivity imparting impurity
      or a dopant into a substrate of semiconductive material called a "closed
      tube process", while FIG. 4 illustrates a similar process called an "open
      tube process". In an arrangement as shown in FIG. 3, the wafer member 10,
      as shown in FIG. 2, is put in a quartz tube 30 having one end closed along
      with a suitable impurity source 32 including an amount of silicon alloyed
      with aluminum. Thus, the wafer bunch 10 is directly contacted by the
      internal wall surface of the quartz tube 30 by having the flat surface 14
      thereof disposed upon that wall surface. Then a short quartz rod 34 plugs
      the other or open end of the quartz tube 30 after which the quartz tube 30
      is evacuated. While the interior of the quartz tube 30 is maintained
      evacuated, the quartz rod 34 is fused to the other end of the quartz tube
      30 to form a vacuum seal therebetween. The assembly thus prepared is put
      in place within an open ended quartz tube 36 forming a diffusion furnace
      with a heating coil 5. Within the furnace the wafer member 10 is heated at
      a predetermined temperature for a predetermined time interval to permit
      the aluminum from the source 32 to be diffused into the surface of each
      wafer unit 22 in the manner well known in the art.
PAR  FIG. 4 shows an arrangement similar to that illustrated in FIG. 1 with the
      exception that the wafer member 10 is directly contacted by the internal
      wall surface of a quartz tube 4 identical to that shown in FIG. 1 with the
      inner quartz tube 30 as shown in FIG. 3 omitted. As in the arrangement of
      FIG. 1, a gas containing a suitable impurity is introduced into the quartz
      tube 4 from the righthand end, as viewed in FIG. 4, and exhausted through
      the lefthand end, thereby to diffuse the impurity into the wafer units of
      the member 10.
PAR  After the completion of the required diffusion, the wafer member is removed
      from the diffusion quartz tube and then processed as desired as far as all
      the wafer units of the member can be simultaneously treated. The wafer
      units thus processed are broken away from the uncut portion 20 of the
      member 10 to be separated away from one another. If the wafer units are
      broken away from the uncut portion 20 in a particular direction of the
      single crystal blank, for example, along a plane of cleavage thereof, the
      fracture surfaces thereof will be neat.
PAR  The wafer units thus separated can be processed as required to form desired
      semiconductor devices.
PAR  While the invention has been illustrated and described in terms of the
      semiconductive wafer units formed by repeatedly incising the substrate in
      a direction perpendicular to the longitudinal axis thereof, it is to be
      understood that within the scope of the present invention the substrate
      may be repeatedly incised in a direction other than such a perpendicular
      direction in accordance with the particular semiconductor devices or
      processes of manufacturing the same. This will now be described in
      conjunction with FIGS. 5 and 6.
PAR  FIG. 5 shows a substrate 12 repeatedly incised in a direction forming a
      predetermined acute angle with the longitudinal axis thereof to include
      cut grooves 18 tilted to that longitudinal axis with the lower portion
      thereof as viewed in FIG. 4 remaining uncut.
PAR  FIG. 6 shows a substrate 12 repeatedly incised in a direction parallel to a
      plane passing through the longitudinal axis thereof to include cut grooves
      18 perpendicular to those shown in FIG. 2. The arrangement illustrated is
      effective for providing semiconductive wafers large in area.
PAR  In other respects, each of the arrangements shown in FIGS. 5 and 6 is
      substantially identical to that illustrated in FIG. 2 and like reference
      numerals have been employed to identify the components which are similar
      or corresponding to those shown in FIG. 2.
PAR  An arrangement as illustrated in FIG. 7 comprises a container or a crucible
      generally designated by the reference numeral 40 and formed of quartz or
      graphite. The crucible 40 includes a bottom wall 40A, a pair of opposite
      side walls 40B disposed in spaced substantially parallel relationship, and
      another pair of similar side walls (not shown) and is opened at one end
      40D, the upper end as viewed in FIG. 7. The open end 40D is hermetically
      closed with a detachable lid 42 made of a material similar to that of the
      crucible 40.
PAR  The side walls 40B of the crucible 40 have a pair of openings 44 on
      opposite sides of the crucible and extending through the upper portion
      thereof. A push bolt 46 of quartz or graphite extends through each opening
      44 into the interior of the crucible 40 and includes a generally
      cone-shaped portion 46a disposed at the inner end thereof to be opposite
      that formed at the inner end of the other bolt 46 for a purpose that will
      be apparent hereinafter. Both push bolts 46 are adjustably fixed to the
      mating side walls 40B by means of graphite lock nuts 48 screw threaded
      thereonto and contacting the outer surfaces of the adjacent side walls
      40B, respectively.
PAR  As shown in FIG. 7, a wafer member 10, such as shown in FIGS. 2a and 2b is
      disposed in place within the crucible 40 by fitting the inner end portions
      46a of the push bolts 46 into the central holes 16 on both end faces
      thereof, respectively, to longitudinally support the wafer member 10.
PAR  A melt 50 is shown in FIG. 7 as being charged into the crucible 40, but
      only to such a level that the melt does not contact the wafer member 10 in
      the position of the crucible 40 illustrated in FIG. 7, where the lid 42 is
      located at the top while the bottom wall 40A is located at the bottom.
PAR  As is well known in the art, the melt has a composition including a solvent
      or a molten metal, a solute and a conductivity type imparting impurity
      properly selected in accordance with the type of the semiconductive
      material of the particular wafer bunch. For example, semiconductive
      materials of the wafer member and the associated solvent metal, solutes
      and impurities are listed in the following Table.
TBL                                    Table                                   
     __________________________________________________________________________
             Melt                                                              
     Semiconductive                                                            
             Solvent,       Conductivity Type                                  
     Material of                                                               
             Molten Metal                                                      
                      Solute                                                   
                            Imparting impurity                                 
     Wafer Member            N Type  P Type                                    
     __________________________________________________________________________
      Si     Ga, Sn or Au                                                      
                      Si    Sb, Por As                                         
                                    Ga, B or Al                                
     GaAs    Ga      GaAs or                                                   
                            S, Te or Se                                        
                                    Zn,Mg or Cd                                
     GaP     Ga      GaP    S, Te or Se                                        
                                    Zn, Mg or Cd                               
     GaAlAs  Ga      GaAlAs or                                                 
                            S, Te or Se                                        
                                    Zn, Mg or Cd                               
                     GaAs                                                      
     GaSb    Ga      Gasb   S, Te or Se                                        
                                    Zn, Mg or Cd                               
     __________________________________________________________________________
PAR  As an example, it is assumed that a wafer member is formed of gallium
      phosphide (Gap) in order to produce semiconductor luminescent diodes.
      Under the assumed condition, a corresponding melt can be prepared by
      dissolving a solute, GaP into molten Ga until the molten Ga is saturated
      with the GaP and adding to the melt a proper amount of that impurity
      imparting the desired type conductivity. If an N type impurity is
      selected, then the resulting melt may include 157 gr. of molten Ga and a
      mixture of 46 .times. 10.sup.-.sup.3 molar % of Te, 2.9 molar % of GaP and
      0.088 molar % of Ga.sub.2 O.sub.3.
PAR  The arrangement of FIG. 7 is then fixedly secured in a quartz tube placed
      within a growth furnace, although the quartz tube and furnace are not
      illustrated for purposes of simplicity and ease of understanding. The
      quartz tube is arranged to be turned upside down within the furnace. With
      the quartz tube turned upside down, the crucible 40 is inverted, as shown
      in FIG. 7a, wherein like reference numerals designate components identical
      to those illustrated in FIG. 7.
PAR  As shown in FIG. 7a, the crucible 40 is inverted so that the lid 42 is
      located at the bottom, while the bottom wall 40A is located at the top. As
      a result, the wafer member 10 is fully immersed into the melt 50 with all
      the grooves 18 of the wafer member 10 filled with the melt 50.
PAR  In FIGS. 7 and 7a, the crucible 40 is shown as including a pair of minute
      holes 52 extending horizontally through the opposite side walls 40B at the
      centers thereof. More specifically, the holes 52 are positioned to prevent
      the melt 50 from overflowing externally of the crucible 40 in either of
      the positions of the crucible illustrated in FIGS. 7 and 7a, respectively.
      The purpose of the holes 52 is to permit a gas or gases within the
      crucible 40 to be externally exhausted or to introduce the desired
      impurity in the form of a gas into the melt 50 after the interior of the
      crucible 40 has been hermetically closed by the lid 42. It is noted that
      the holes 52 are not always required to be provided on the crucible 40 and
      that the same may be omitted, if desired.
PAR  The growth from liquid phase can be accomplished as follows. Before the
      wafer member 10 is disposed in place within the crucible 40, melt 50 such
      as above-specified is first charged in the crucible 40 with the lid 42
      removed therefrom. Then a wafer member 10 is put in the crucible 40, after
      which the push bolts 46 are moved toward each other until the crucible 40
      is sandwiched between and firmly held by the bolts 46. Then the nuts 48
      are turned to fix the bolts 46 to the mating side walls 40B of the
      crucible 40 and the crucible 40 is hermetically closed by the lid 42.
PAR  Following this, the hermetically closed crucible 40 is fixedly disposed in
      a quartz tube (not shown) and placed in a growth furnace (not shown) while
      the bottom wall 40A and the lid 42 are located down and up, respectively,
      as shown in FIG. 7. Then hydrogen is circulated through the furnace. Under
      these circumstances, the furnace is heated to a temperature of
      1030.degree.C and held at that temperature for about 15 minutes.
      Thereafter the quartz tube is turned upside down within the furnace so
      that the wafer member 10 is fully immersed in the melt 50 as shown in FIG.
      7a. the temperature of the furnace is then decreased to 900.degree.C. at a
      cooling rate of from 2.degree. to 3.degree.C. per minute to grow a
      semiconductor layer (not shown) on the wafer member 10 from the melt 50.
      When the temperature of the furnace has reached 900.degree.C., the
      crucible 40 is again turned to its original position as shown in FIG. 7,
      whereby growth of the semiconductor layer on the wafer member 10 stops.
      The furnace is left to be cooled to a sufficiently low temperature, such
      as room temperature, after which the crucible 40 is removed from the
      quartz tube. Then the wafer member 10 with the semiconductor layer grown
      thereon is removed from the crucible 40.
PAR  In the process as above-described, the use of the melt as specified would
      result in the growth of N type gallium phosphide (GaP) in the form of a
      layer having a uniform thickness of about 45 microns upon each main face
      of all wafer units 22 of the wafer member 10.
PAR  If desired, one groove similar and parallel to the grooves 18 on the main
      faces may be provided after growing the semiconductor material thereon. As
      a result, that portion of the melt 50 contacting these opposite main faces
      has a width uniform along each groove 18. This is effective for forming
      grown layers of uniform thickness on the main faces of the wafer units 22.
PAR  As previously described, the wafer member 10 includes a multiplicity of
      wafer units 22 united to one another. Thus, uniform layers can be
      simultaneously grown upon all the wafer units 22 from the melt 50 or the
      liquid phase, resulting in an increase in working efficiency.
PAR  A plurality of semiconductor wafers may be cut into each wafer unit 22 with
      the layers grown on both main faces to divide each of the wafer units 22
      into two portions thereby forming wafer units including the grown layers
      on one main face thereof alone. It is also possible to repeat the process
      as above described to grow semiconductor layers on the main faces of each
      of the divided wafer units.
PAR  It is important that the growth from the liquid phase be effected while all
      the grooves 18 of the wafer member 10 are filled with the melt 50. More
      specifically, all the grooves 18 are parallel to each other and therefore
      each pair of adjacent wafer units 22 has its opposite ends separated from
      one another and may be disposed and maintained in parallel relationship by
      spacers interposed therebetween and subject to a growth-from-liquid phase
      process as in the prior art practice. However, this operation takes a long
      time and results in a poor working efficiency. Also, upon carrying the
      wafers between the spacers, the wafers are apt to be broken. Thermal
      stresses, furthermore, can be undesirably applied to the wafers during
      heating for growth-from-liquid phase, and this may cause the electric
      characteristics of the wafers to deteriorate. In addition, the use of the
      spacers inevitably causes an increase in spacing between each pair of
      adjacent wafers. Thus, the resulting assembly including a multiplicity of
      wafers becomes large and this leads not only to an increase in the
      required dimension of a crucible housing of the wafer assembly therein,
      but also to the use of a large amount of an expensive melt from which the
      growth is effected.
PAR  However, the objections to and disadvantages of the prior art practices
      using the spacers as above-described can be substantially eliminated by
      using the wafer member disclosed in the present invention in growing the
      semiconductor layer on the member from the liquid phase. It has been found
      that the spacing between the adjacent wafer units can be as narrow as on
      the order of from 0.3 to 0.5 mm. This results in a great increase in the
      degree to which the wafer units are integrated. Accordingly, a wafer
      member including a multiplicity of wafer units can be quite small as
      compared with the prior art wafer assemblies, and therefore the required
      amount of an expensive melt can also be decreased.
PAR  While the process of growing a semiconductor layer on a wafer member from
      the liquid phase has been described as comprising the use of the crucible
      40 adapted to be turned upside down to cover the wafer member 10 with the
      melt 50, it is to be understood that the wafer member 10 may be
      effectively used for the growth-from-liquid phase by utilizing the
      well-known dipping technique. In the latter event, the wafer member is
      suspended into a melt and pulled up from the latter after the melt has
      been cooled to a predetermined temperature.
PAR  The present invention has several advantages. For example, it eliminates
      the necessity of separately handling individual wafers of semiconductive
      material for cleaning, etching, diffusing, etc. as in the prior art
      practice. Therefore, much manual effort is saved and a large number of
      wafers can be simultaneously processed. This is because the wafer member
      has a large number of semiconductive wafer units integrally connected at
      one edge to one portion thereof and the member in that condition is
      processed as desired.
PAR  The member may also go through various processes previously considered
      inapplicable to work semiconductive wafers unless the wafers had been
      separated from one another. The wafer member may be advantageously
      processed so that another layer of semiconductive material is grown on
      each of the wafer units from the liquid phase. This is advantageous since,
      due to their connection to a common blank, the wafer units are
      simultaneously processed, and a good temperature distribution results from
      the heat conduction through that portion of the blank connecting them and
      spacing between the wafer units are maintained parallel and constant which
      leads to further advantageous results.
PAR  In addition, the wafer units of each member may be handled at any desired
      angle of inclination and the space occupied by the wafer units for storing
      and housing purposes can be reduced. Further, the wafer units can be
      collectively processed for each lot of the single crystal leading to the
      facilitation of their control. To this end, a lot number may be designated
      on one of the end surfaces of the substrate, as shown by "Lot No. 0136" in
      FIG. 2b or on both end faces thereof, to facilitate the handling of the
      members.
PAR  Since the wafer member is placed in a diffusion furnace without a quartz
      boat otherwise required to be used, as above-described in conjunction with
      FIGS. 3 and 4, the following advantages are particularly provided:
PA1  a. the diffusion cost can be reduced;
PA1  b. the wafers of semiconductive material are capable of being
      simultaneously diffused with an impurity increase in the number;
PA1  c. the wafers are prevented from being contaminated with impurities
      originating from the quartz boat;
PA1  d. since no space is required for the quartz boat, the diffusion furnace
      can be decreased in diameter, leading to a reduction in the cost of
      installation; and
PA1  e. because no fusion occurs between the diffusion quartz tube and the
      quartz boat, the diffusion can be conducted at temperatures higher than
      that previously employed. This permits an increase in an impurity
      concentration on and adjacent the surface of each wafer and/or a decrease
      in a diffusion time.
PAR  While the present invention has been illustrated and described in
      conjunction with a few preferred embodiments thereof, it is to be
      understood that numerous changes and modifications may be resorted to
      without departing from the spirit and scope of the invention. For example,
      the quartz tube as shown in FIGS. 3 and 4 may have disposed therein more
      than one of the wafer members in accordance with a length of a soaking
      zone established therein. Also if desired, the diffusion quartz tube may
      be disposed vertically rather than horizontally. In the latter event, the
      associated wafer member or members may readily be longitudinally disposed
      in the vertical tube for diffusion.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process of manufacturing semiconductor devices comprising the steps of
      first forming a plurality of grooves in a substrate of semiconductive
      material to be substantially parallel to one another while an uncut
      portion is left in one portion of said substrate, thereby to form a wafer
      member including a plurality of semiconductive wafer units each defined by
      a different pair of adjacent grooves, all the wafer units being maintained
      integrally with one another through said uncut portion of said substrate
      and then processing said wafer member by growing semiconductor material on
      each of said plurality of wafer units from a liquid phase.
NUM  2.
PAR  2. A process of manufacturing semiconductor devices as claimed in claim 1
      wherein all said plurality of cut grooves extend toward said uncut portion
      from a common side of the substrate opposing the uncut portion.
NUM  3.
PAR  3. A process of manufacturing semiconductor devices as claimed in claim 2
      wherein said substrate is provided on the outer peripheral surface with a
      flat surface extending along the longitudinal axis of the substrate and
      disposed on said uncut portion of the substrate.
NUM  4.
PAR  4. A process of manufacturing semiconductor devices as claimed in claim 1
      wherein said substrate is of a cylindrical shape and wherein all said
      plurality of cut grooves extend toward said uncut portion of said
      substrate perpendicularly to the longitudinal axis of the substrate.
NUM  5.
PAR  5. A process of manufacturing semiconductor devices as claimed in claim 1
      wherein said substrate is of a cylindrical shape and wherein all said
      plurality of cut grooves extend toward said uncut portion and in a
      direction tilted at a predetermined acute angle to the longitudinal axis
      of the substrate.
NUM  6.
PAR  6. A process of manufacturing semiconductor devices as claimed in claim 1
      wherein said substrate is of a cylindrical shape and wherein said
      plurality of cut grooves extend toward said uncut portion in parallel
      relationship with the longitudinal axis of the substrate.
NUM  7.
PAR  7. A process of manufacturing semiconductor devices as claimed in claim 1
      wherein said processing step involves growing the semiconductive material
      on each of said plurality of wafer units while all said grooves are filled
      with a melt.
NUM  8.
PAR  8. A process of manufacturing semiconductor devices as claimed in claim 7
      wherein said melt includes a molten metal, a solute, and a conductivity
      type imparting impurity.
NUM  9.
PAR  9. A process of manufacturing semiconductor devices as claimed in claim 7
      wherein said processing step is effected in a crucible having said wafer
      member disposed therein.
NUM  10.
PAR  10. A process of manufacturing semiconductor devices as claimed in claim 9
      comprising the further steps of disposing a melt in said crucible along
      with said wafer member and inverting said crucible to grow the
      semiconductive material, thereby filling all of said grooves of said wafer
      member with said melt.
NUM  11.
PAR  11. A process of manufacturing semiconductor devices as claimed in claim 10
      comprising the further step of placing in a furnace and inverting said
      crucible upon said furnace reaching a predetermined temperature.
NUM  12.
PAR  12. A process of manufacturing semiconductor devices as claimed in claim 1
      comprising the further step of forming another groove parallel to said
      groove on each of said plurality of wafer units after growing the
      semiconductive material on the latter.
NUM  13.
PAR  13. A process of manufacturing semiconductor devices as claimed in claim 12
      comprising the step of further growing a semiconductive material from a
      melt on each of said plurality of wafer units after forming said another
      groove.
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ABST
PAL  The disclosure relates to the formation of very thin silicon slices, 1/10
      of a mil, and the mechanical strengthening of such thin silicon slices and
      to the formation of electronic circuitry in such slices and the use
      thereof. These slices are formed, in accordance with one embodiment of the
      invention, by etching grooves in an n+ wafer using an orientation
      dependent etch and etching along the {111} plane in {110} n+ wafers. After
      oxide removal, the surface of the wafer opposite the grooves is
      epitaxially coated with n-type silicon and the original grooves are then
      further etched by an electrolytic etch or by a concentration dependent
      etch which will remove only the n+ material, thereby leaving the thin
      wafer with a honeycomb-like supporting structure with struts in the shapes
      of parallelograms, diamonds and the like.
PAL  The thin slice can be used to purify electron beams since, for given
      energies, only ions passing in the direction of the lattice structure or
      along the channel will completely pass through the slice, the other ions
      being stopped by collisions with the atoms of the silicon slice. The slice
      can also be used as a channel multiplier since light impinging on the
      slice will generate electrons which will pass between struts or
      honeycomb-like members and gradually pick up additional electrons by
      secondary emission. These electrons are made to fall on a phosphor screen
      or the like whereby light is again generated, but in multiplied fashion.
BSUM
PAR  This invention relates to the formation and processing of very thin
      semiconductor slices and, more specifically, to the formation and
      processing of such slices which are accessible from both sides and are
      sufficiently strong due to struts or the like thereon so that they can be
      maintained flat and handleable for operation thereon from both sides.
PAR  Very thin semiconductor slices on the order of 1/10 of a mil would appear
      to have great utility in the present semiconductor technology since,
      theoretically, they can be operated upon the device formation from both
      sides and provide other unique properties. Unfortunately, the formation of
      semiconductor devices and the like in such thin semiconductor slices has
      not met with success due to the inability to maintain such slices straight
      and flat and, even more important, due to the fact that slices of such
      thin dimensions are not equally handleable and therefore cannot be
      utilized in semiconductor processing steps on a commercial basis.
PAR  In accordance with the present invention, the above problems of the prior
      art are overcome and there is provided a very thin semiconductor slice on
      the order of 1/10 of a mil in thickness, which is sufficiently flat and
      straight and has sufficient strength for processing and later use on a
      commercial scale. There are also provided several uses of such thin slices
      wherein components can be formed from both sides of the slice and wherein
      the slice itself can perform various functions heretofore unavailable on a
      commercial basis. Briefly, in accordance with one embodiment of the
      invention, by etching grooves in an n+  wafer using an ODE and etching
      along the {111} plane in {110} n+ wafers. After oxide removal, the surface
      of the wafer opposite the grooves is epitaxially coated with n-type
      silicon and the grooves are then further etched by an electrolytic etch or
      by a concentration dependent etch such as 1:3:8 by volume of stock
      solutions of HF:HNO.sub.3 :Acetic which will remove only the n+ material,
      thereby leaving the thin wafer with supporting structures such as struts,
      parallelogram, honeycomb, diamond and the like.
PAR  In accordance with the second embodiment of the invention, the thin silicon
      slices are formed by depositing or forming an n-type region over a {110}
      n+ wafer. Silicon oxide is then grown or deposited over the n-type region
      and holes are opened therein. Single crystal silicon is then deposited
      through the holes to form struts, diamonds or whatever shape of opening
      was formed into the silicon oxide, there being negligible polycrystalline
      silicon formed on the oxide using well-known orientation dependent growth
      conditions. The n+ region is then removed by electrolytic processes or by
      use of the well-known concentration dependent etch mentioned earlier. The
      oxide and polycrystalline silicon are removed by etching the oxide with
      hydrofluoric acid.
PAR  The thin slice can be used to purify electron beams since, for given
      energies, only ions passing in the direction of the lattice structure or
      along the channel will completely pass through the slice, the other ions
      being stopped by collisions with the atoms of the silicon slice. The slice
      can also be used as a channel multiplier since light impinging on the
      slice will generate electrons which will pass between struts or
      honeycomb-like members and which, if biased along the grooves with an
      electric field exceeding about 2 .times. 10.sup.5 volts/cm will pick up
      additional electrons by secondary emission. These electrons are made to
      fall on a phosphor screen or the like whereby light is again generated,
      but in multiplied fashion.
PAR  Semiconductor devices can be formed in the thin slice by any of the
      well-known techniques which are compatible therewith. However, due to the
      thinness of the slice, regions can be formed by operations from both sides
      of the slice, such as by ion implantation to form p-type, n-type or
      isolation regions, localized out-diffusion caused by ion bombardment and
      the like.
PAR  It is therefore an object of this invention to provide very thin single
      crystal semiconductor slices which can be maintained straight and flat and
      which are handleable without breakage on a commercial basis.
PAR  It is a further object of this invention to provide very thin semiconductor
      slices which are accessible thereon from both sides.
PAR  It is yet a further object of this invention to provide very thin
      semiconductor slices having struts thereon of predetermined shape to
      provide strength to the slice and prevent breakage thereof during handling
     .
DRWD
PAR  The above objects and still further objects of the invention will
      immediately become apparent to those skilled in the art after
      consideration of the following preferred embodiments thereof, which are
      provided by way of example and not by way of limitation wherein:
PAR  FIGS. 1a to 1e show the steps required to provide thin semiconductor slices
      in accordance with a first embodiment of the present invention;
PAR  FIGS. 2a to 2d show the steps required to provide thin semiconductor slices
      in accordance with a second embodiment of the present invention;
PAR  FIG. 3 is a diagram of a beam purifier in accordance with the present
      invention;
PAR  FIG. 4 is a diagram of a photomultiplier in accordance with the present
      invention;
PAR  FIG. 5 shows the formation of a first semiconductor structure in a thin
      semiconductor slice in accordance with the present invention;
PAR  FIG. 6 shows the formation of a second semiconductor structure in a thin
      semiconductor slice in accordance with the present invention.
DETD
PAR  Referring first to FIGS. 1a to 1c, there is shown a first method for
      forming thin semiconductor slices in accordance with the present
      invention. It should be understood that though the discussion will be
      presented with respect to a starting n+ silicon wafer, other conductivity
      types of silicon can be used as can the other semiconductor material such
      as germanium, gallium arsenide and the like. Therefore, the invention is
      not restricted just to silicon. Referring now specifically to FIG. 1a,
      there is provided an n+  silicon wafer with {110} crystallographic
      orientation 1 onto which a mask of silicon oxide 3 has been formed. The
      wafer which is of {110} orientation is then etched with an orientation
      dependent etch (ODE) along the {111} planes to provide rectangularly
      shaped grooves 7. The bottom of the groove may also be V-shaped. The oxide
      is then removed and n-type material 5 is then deposited into the grooves 7
      as well as on the surface of the wafer 1, as shown in FIG. 1b. The n+
      region 1 is now removed by standard methods. Such methods could be
      electrolytic etch or by the use of the well-known 1:3:8 etch which is one
      part HF, 3 parts HNO.sub.3 and 8 parts acetic acid. The final structure
      will have a flat semiconductor surface 8 which is approximately 1/10 mil
      across and struts 9 which are 1/10 mil to 2 mils across in their short
      dimensions. The final structure in FIG. 1c is shown as a flat
      semiconductor slice with struts 9 thereon. However, it should be
      understood that the struts 9 could be in the form of parallelograms as
      shown in FIG. 1d. In FIG. 1d, only the strut portion is actually shown, it
      being understood that either the top or bottom of the parallelogram struts
      would include the very thin semiconductor slice portion. The formation of
      these reinforcing walls in purely dependent upon the initial masking in
      FIG. 1a. However, in order to form the parallelograms with optimum
      geometries, it will be required to repeat the steps shown in FIGS. 1a and
      1b before proceeding to the n+  removal step. Thus after forming the
      structure shown in FIG. 1b, the slice is re-oxidized in steam, and
      patterned with narrow parallel openings as before, but along the other set
      of {111} planes that intersect the surface {110} plane at 90.degree..
      These openings lie at an angle of about 70.5.degree. to the first set of
      openings. After etching this second set of grooves using an orientation
      dependent etch and thereafter removing the oxide coating, the grooves are
      filled with n-type silicon as before. Finally, the n+ silicon is removed,
      thereby forming the structure shown in FIG. 1d.
PAR  Referring now to FIGS. 2a to 2d, there is shown a second embodiment for
      formation of thin semiconductor slices in accordance with the present
      invention. Again, the procedure starts with an n+ slice of silicon 11,
      over which is formed a layer 13 of n-type silicon. A relatively thick
      oxide coating 15 is then formed over the layer 13, the oxide layer then
      being etched in accordance with the desired pattern. This is shown in FIG.
      2b. Silicon is then deposited over the device shown in FIG. 2b to form
      struts 18 as well as depositing some polycrystalline silicon 17 onto the
      oxide layer 15 as shown in FIG. 2c. The n+ layer is then removed by
      electrolytic etching or by use of the 1:3:8 etch as mentioned with regard
      to the embodiment of FIG. 1, and the oxide layer 15 and polycrystalline
      silicon 17 is removed, in standard manner, such as by the use of HF, to
      provide the final structure as shown in FIG. 2d.
PAR  The device formed by the methods of FIGS. 1 and 2 can be used, for example,
      as an ion beam divergence purifier. Referring to FIG. 3, the dots 25
      represent the atoms which make up the thin portion of the silicon slice.
      These atoms are therefore formed according to a known lattice structure
      and have channels between the groups of atoms. It can be seen that if an
      ion 21 passes with sufficient energy along a straight path along a channel
      when entering the thin slice, it would pass between atoms 25 and 25A and
      emerge from the other side of the slice. On the other hand, an atom 23
      which is coming in at an angle larger than the critical angle with respect
      to the channel, will stack up within the thin slice and not emerge. In
      this way, the ion beam is purified to remove divergent ions that enter the
      lattice at angles greater than the critical angle. The critical angle has
      a magnitude of several degrees for large ions such as arsenic or gallium
      but is only a small fraction of a degree for hydrogen ions (protons).
PAR  The description with regard to FIG. 3 can be extended to form erasable
      masks within the semiconductor slice. If a very low energy beam of ion
      enters the slice, they are all stacked up in the channel. Furthermore, if
      the energy is low enough, the entering atoms will not displace silicon
      atoms in the lattice structure even if a head-on collison occurs.
      Therefore, the ions entering the lattice structure can be stacked up in a
      predetermined array to form a mask by eventually clogging up the channel
      and preventing the movement of ion therethrough. Such a mask could be
      erasable and would be compatible with all-vacuum processing of
      semiconductor devices. Erasing can take place by heating up the slice to
      about 700.degree.C in order to open up the lattice structure as is well
      known in the art. The plugged lattice structure could also be utilized in
      the formation of semiconductor devices in conventional thick slices since
      they could be used to act as a plug against later impurity implants in the
      zones in which the mask has been formed.
PAR  The structure provided in FIGS. 1 and 2 can also be used as a channel
      multiplier by use of the photoelectric effect as shown in FIG. 4. A
      negative voltage is placed, for example, on the thin slice portion 31 and
      a phosphor screen 33 is provided with a positive voltage impressed
      thereon. Light, h.nu., which impinges upon the slice 31 will release
      electrons which will travel in the channel between struts 35, the
      electrons striking the struts 35 and bouncing back and forth therein to
      provide even additional electrons due to the secondary emission. In this
      way, the number of electrons striking the phosphor screen 33 is enhanced
      to provide a multiplication of the amount of light initially impinging
      upon the thin slice 31. This is accomplished since it is known that impact
      ionization in silicon, gallium arsenide and several other semiconductor
      materials occurs at an electric field of about 2 .times. 10.sup.5 volts
      per centimeter. Any field greater than this, for a given semiconductor or
      insulator-like silicon dioxide or glass, will cause impact ionization. In
      the structure of FIG. 4, a field of about 4 .times. 10.sup.5 volts per
      centimeter is applied from one side of the structure to the other, by
      impressing 4000 volts across a structure of 10.sup.-.sup.2 centimeters.
      The front of this structure is made into a photo-emitter by cesiation
      thereof. The thin front can be silicon itself, or it can be coated with
      gallium arsenide, gallium phosphide or other photo-emitting materials. The
      supporting structure can be made of silicon, gallium arsenide, gallium
      phosphide or other materials capable of electron multiplication. For
      example, if the structure were originally made from single crystal
      silicon, its surface would be treated to cause efficient electron
      multiplication. Alternatively, the structure could be oxidized to form a
      silicon dioxide supporting structure which would then be coated with
      material to cause more efficient multiplication. The channel walls could
      either be the same as the thin photo-emitter material or could be of a
      different material. In still another variant, the photo-emitter would be
      separated from the honeycomb-like structure by a small distance, thereby
      not requiring the integral thin region. The advantage of such a channel
      multiplier would be that it provides more open area for electron
      multiplication than is possible using the space between small glass fiber
      arrays as used in the prior art. The transmission or open area represents
      only 21.5% of the total area in the prior art glass bundle, but it could
      be about 81% in the structure, such as in FIG. 1d of the present invention
      for struts of 0.1 mils thickness separated by 1.0 mils. Furthermore, in
      conjunction with the photoemitter, it can provide signal amplification or
      energy intensification of the original light signal. Also, the
      photoemitter and channel multiplier can be made an integral part of each
      other, thereby simplifying the manufacturing process and providing for
      more efficient electron collection.
PAR  Referring now to FIG. 5, there is shown the formation of a semiconductor
      device on the thin silicon slices of the present invention. The devices
      are formed between the struts or wall patterns as shown in FIGS. 1 and 2
      starting with a P++ slice 41, there being an isolation region 43 formed by
      implanting an isolation material such as oxygen, nitrogen or carbon to
      form silicon oxide, silicon nitride, or silicon carbide. The P-type region
      at 45 is formed by ion-enhanced out-diffusion of boron. This is
      accomplished by bombarding with protons in the P++ region 45 sufficiently
      to out-diffuse enough of the boron impurity therein so that a remaining
      slow diffusing impurity such as indium will determine the final
      concentration. This is most readily accomplished using the technique of
      U.S. Pat. No. 3,810,791, "Process for the Fabrication of Semiconductor
      Materials" - Don L. Kendall. The emitter 47 and collector 49 are formed by
      ion implantation of an n-type impurity, such as arsenic or phosphorous. It
      can be seen that impurities have been entered into selected portions of
      the thin slice 41 which was the starting material. As is well known, the
      depth of penetration of the ion beam will depend upon the thickness of the
      slice and the energy of the beam, this being predetermined empirically.
      This structure further includes a base contact 51 which can be formed
      later as well as oxide regions 53 and an isolation region 55 which is
      formed in the same manner as the isolation region 43. It is apparent that
      there is now a complete semiconductor device formed in the thin slice
      which is accessible from both sides of the slice and which has been formed
      from both sides of the slice.
PAR  Referring now to FIG. 6, there is shown the formation of a semiconductor
      device formed in the thin slices of the present invention. In this
      embodiment, the starting material is a P+ wafer 61. Isolation regions 63
      are implanted therein in the same manner as described with respect to the
      embodiment of FIG. 5. Oxide regions 65 are formed in standard manner and
      then emitter region 67 and collector region 69 are formed by ion
      implantation from opposide sides of the thin slice in the manner above
      described. It can be seen that the P+ region along with the region 67 and
      69 form a bipolar transistor. Furthermore, by formation of the n+ regions
      71 and 73 by diffusion or ion implantation with the contact region 75,
      there is formed an MOS device in the same thin slice which is isolated
      from the bipolar transistor.
PAR  It can be seen that there have been provided methods for forming very thin
      semiconductor slices which are accessible from both sides and which are
      strong, straight and flat so that they can be handled in normal commercial
      processing operations without material breakage or the like. Furthermore,
      there have been described many embodiments of structures which can be
      formed therein for various uses, which uses are apparent to those skilled
      in the art.  pg,13
PAR  Though the invention has been described with respect to specific preferred
      embodiments thereof, many variations and modifications will immediately
      become apparent to those skilled in the art. It is therefore the intention
      that the appended claims be interpreted as broadly as possible in view of
      the prior art to include all such variations and modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming very thin semiconductor slices which comprises the
      steps of:
PA1  a. providing a wafer of semiconductor material of predetermined
      crystallographic orientation and of predetermined conductivity type;
PA1  b. forming a mask on a surface of said wafer;
PA1  c. etching in said wafer through said mask to form parallelogram shaped
      grooves
PA1  d. removing said mask and depositing semiconductor material in said grooves
      and along said surface of said wafer of the same conductivity type as said
      wafer but of lower dopant concentration; and
PA1  e. removing the original wafer.
NUM  2.
PAR  2. A method as set forth in claim 1, wherein said etch in step (c) is an
      orientation dependent etch.
NUM  3.
PAR  3. A method as set forth in claim 1, wherein step (e) includes etching
      using an electrolytic etch.
NUM  4.
PAR  4. A method as set forth in claim 2, wherein step (e) includes etching
      using an electrolytic etch.
NUM  5.
PAR  5. A method as set forth in claim 1, wherein step (e) includes etching with
      a concentration dependent etch.
NUM  6.
PAR  6. A method as set forth in claim 2, wherein step (e) includes etching with
      a concentration dependent etch.
NUM  7.
PAR  7. A method as set forth in claim 1, wherein said grooves are formed in the
      shape of parallel struts.
NUM  8.
PAR  8. A method as set forth in claim 6, wherein said grooves are formed in the
      shape of parallel struts.
NUM  9.
PAR  9. A method as set forth in claim 1, wherein said grooves are formed in the
      shape of a parallelogram array.
NUM  10.
PAR  10. A method as set forth in claim 6, wherein said grooves are formed in
      the shape of a parallelogram array.
NUM  11.
PAR  11. A method of forming very thin semiconductor slices which comprises the
      steps of:
PA1  a. providing a wafer of semiconductor material of predetermined
      conductivity type with more concentrated layer of said conductivity type
      at one surface;
PA1  b. forming a mask over said layer;
PA1  c. depositing said semiconductor material through said mask onto said layer
      to form an elevated pattern of said semiconductor material of said more
      concentrated conductivity type in the shape of the pattern of said mask;
PA1  d. removing said mask and any material deposited thereon; and
PA1  e. removing the portion of said wafer of predetermined conductivity type.
NUM  12.
PAR  12. A method as set forth in claim 11, wherein step (e) comprises etching
      with a concentration dependent etch.
NUM  13.
PAR  13. A method as set forth in claim 11, wherein said grooves are formed in
      the shape of parallel struts.
NUM  14.
PAR  14. A method as set forth in claim 12, wherein said grooves are formed in
      the shape of parallel struts.
NUM  15.
PAR  15. A method as set forth in claim 11, wherein said grooves are formed in
      the shape of a parallelogram array.
NUM  16.
PAR  16. A method as set forth in claim 12, wherein said grooves are formed in
      the shape of a parallelogram array.
PATN
WKU  039363309
SRC  5
APN  386815&
APT  1
ART  223
APD  19730808
TTL  Composition and method for inflation of passive restraint systems
ISD  19760203
NCL  17
ECL  1,13
EXP  Lechert, Jr.; Stephen J.
INVT
NAM  Dergazarian; Thomas E.
CTY  Midland
STA  MI
INVT
NAM  Lane; George A.
CTY  Midland
STA  MI
ASSG
NAM  The Dow Chemical Company
CTY  Midland
STA  MI
COD  02
CLAS
OCL  149 35
XCL  149 42
XCL  149 75
XCL  149 77
XCL  149 82
XCL  280150AB
EDF  2
ICL  C22C 3700
FSC  149
FSS  35;42;75;77;82
FSC  280
FSS  150 AB
UREF
PNO  2981616
ISD  19610400
NAM  Boyer
OCL  149 35
UREF
PNO  3718513
ISD  19730200
NAM  Baer et al.
XCL  149 35
UREF
PNO  3785674
ISD  19740100
NAM  Poole et al.
XCL  149 35
LREP
FR2  Kanuch; Bruce M.
FR2  Korfhage; G. H.
ABST
PAL  Disclosed is a pyrotechnic composition and a method for the inflation of
      passive restraint systems, i.e., crash bags. The method utilizes gases
      produced by the ignition and burning of a pyrotechnic composition
      containing an alkali metal azide, a metal halide and an inorganic
      perchlorate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years emphasis has been placed upon the development of systems
      for holding automobile passengers in their seats during the sudden
      deceleration experienced as a result of a collision. Seat belts and
      shoulder harnesses have been shown to be effective to decrease both the
      frequency and the severity of injuries resulting from automobile
      accidents. However, these devices suffer from one major drawback. They
      must be buckled by the passenger. The widespread failure on the part of
      the motoring public to "buckle up" has led to a demand for devices which
      will hold the passenger in his seat without the need for any overt act.
      Such a passive restraint system would be built into the automobile and be
      automatically activated upon a collision.
PAR  One promising passive restraint system is the inflatable gas cushion or
      crash bag. In this system, a flow of gas is employed to rapidly fill a
      flexible bag upon activation of the system. The inflated bag provides
      cushioning during the rapid deceleration, thus preventing contact of the
      occupant with the car interior and reducing the chance of serious injury
      during an accident. After the initial contact, the bag slowly deflates to
      avoid entrapment of the passenger. During this process, gases employed to
      inflate the bag also escape into the atmosphere surrounding an occupant.
      Thus, the gases must not in themselves be detrimental to human health
      since the benefits of the restraint system would then be lost.
PAR  One type of crash bag system employs high pressure nitrogen stored in a gas
      bottle to fill a bag. Activation of the unit releases the nitrogen which
      flows into the bag. Such a stored gas system is undesirable from the
      standpoint of cost and poor adaptability to automotive styling caused by
      its size and weight. An alternative to the compressed gas system lies in
      the use of a pyrotechnic gas generator. In this system, a small
      pyrotechnic charge is set off upon activation and upon burning evolves
      sufficient gas to fill the bag. This type of system offers a cost
      advantage as well as adaptability to a relatively compact light weight
      generating device such as that disclosed in a copending application
      entitled "Gas Generator," filed in the U.S. Pat. Office by Gerald R.
      Staudacher, et al. on July 31, 1972 as application Ser. No. 276,397.
PAR  In order for a pyrotechnic to be useful in such a system, the composition
      of the pyrotechnic must meet several criteria. First, the composition must
      release sufficient gas to fill a bag of suitable volume to a pressure of
      at least about one psig. within 20 to 60 milliseconds after ignition.
      Secondly, the gases released upon ignition of the pyrotechnic composition
      should not be toxic to the automobile occupants. In addition, the gas
      produced should not increase the temperature of the bag to the point of
      causing serious thermal injury or pain. Furthermore, the noise level upon
      functioning should remain below about 170 DB and preferably below 150 DB.
      A further requirement is that such a composition should remain operable
      between temperatures ranging from about -20.degree. to about 220.degree.F.
PAR  It is an object of the present invention to provide a method and
      composition for inflating crash bag type passive restraint systems which
      meets or exceeds the above criteria.
PAC  SUMMARY OF THE INVENTION
PAR  The pyrotechnic composition of the present invention comprises an intimate
      mixture of an alkali metal azide, a metal halide and an inorganic
      perchlorate oxidizer. The composition may optionally contain granulated
      carbon, such as graphite, and a particulate metal which acts as a
      scavenger during the burning of the composition to reduce such toxic
      materials as CO, HCN and NO.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The composition of the present invention comprises an intimate mixture,
      preferably in a compacted form, i.e., a grain, of an alkali metal azide
      designated by the formula MN.sub.3 wherein M is an alkali metal,
      preferably potassium or sodium: a metal halide represented by the formula
      RX.sub.n wherein X is Cl, Br or I, preferably Cl, R is selected from the
      group consisting of Ca, Co, Ni, Sn, Zn or Mg and n is equal to the valence
      of R. Also included is an inorganic perchlorate oxidizer represented by
      the general formula A(ClO.sub.4).sub.m wherein A is potassium, sodium, or
      magnesium, and m is equal to the valence of A.
PAR  The above-defined constituents should be provided in amounts to allow the
      following reaction to proceed:
EQU  MN.sub.3 +A(ClO.sub.4).sub.m +RX.sub.n .fwdarw. MX + N.sub.2 + ACl.sub.m +
      RO (or R.sub.2 O.sub.n)
PAL  Preferably, the composition should be stoichiometric or under-oxidized to
      minimize nitrogen oxide formation and to suppress the following reaction:
EQU  MN.sub.3 +A(CLO.sub.4).sub.m .fwdarw. N.sub.2 + ACl.sub.m + M.sub.2 O
PAL  since the alkali metal oxides are generally toxic.
PAR  A particulate metal fuel, for example, magnesium, aluminum, titanium,
      silicon, or zinc, is optionally provided in a minor to react with such
      toxic constituents of the combustion reaction as hydrogen cyanide, carbon
      monoxide or nitric oxide to produce a corresponding metal oxide which is
      generally nontoxic.
PAR  Graphite may also be added in a minor amount to aid in manufacturing
      processes and in maintaining the physical integrity of the pyrotechnic
      grain.
PAR  The composition preferably contains an intimate mixture of the following
      constituents, as percent by weight: MN.sub.3, about 48 to about 53
      percent; RX.sub.n, about 32 to about 40 percent; A(ClO.sub.4).sub.m, about
      10 to about 15 percent; a particulate metal, 0 to about 5 percent and
      graphite, from 0 to about 2 percent.
PAR  One preferred pyrotechnic composition comprises, as percent by weight,
      sodium azide, about 50.7 percent; potassium perchlorate, about 12.2
      percent and magnesium chloride, about 37.1 percent. Another preferred
      composition comprises 49.7% NaN.sub.3, 11.9% KClO.sub.4, 36.4% MgCl.sub.2,
      graphite, about 1 percent and magnesium powder, about 1 percent.
PAR  The pyrotechnic composition of the present invention comprises an intimate
      mixture, preferably compressed, containing the constituents in a
      particulate form having a particle size preferably of about 250 microns or
      less. It is preferred that the grain be substantially water free.
PAR  One method of forming propellant grains of the present invention comprises
      first separately drying the constituents of the composition at a
      temperature ranging from about 80.degree. to about 100.degree.C. The
      particulate materials are then ground to a particle size of about 250
      microns or less. The required amount of each ingredient is then
      incorporated into a blending device, sealed and placed on blending rolls.
      The dry powder is blended together for a minimum of about 2 hours. The
      blended pyrotechnic powder is then compressed into grains of a desired
      weight, diameter and density. For example, 2 inch diameter grains should
      be compacted at a pressure of about 17,000-17,500 psi.
PAR  The so-produced grains may be employed in many different processes wherein
      the gases or pressures generated by the burning of the grain are desired.
      A particularly useful process wherein the grain provides a definite
      improvement comprises generating gases to inflate passive restraint
      systems. These systems generally consist of a gas generator which is in
      fluid connection with an inflatable cushion or bag. The gas generator is
      connected to a deceleration sensor and activation means. Upon sensing a
      certain minimum deceleration, e.g., a crash, the sensor activates the gas
      generator and the pyrotechnic composition is ignited, producing gases
      which immediately flow to the bag and inflate the same to protect the
      occupant of the automobile. The following examples will facilitate a more
      complete understanding of the present invention.
PAC  EXAMPLE 1
PAR  Pressed grains were prepared containing as a base ingredient, as parts by
      weight, 50.7 parts sodium azide, 12.2 parts potassium perchlorate and 37.1
      parts magnesium chloride. The grains were prepared in the manner set forth
      hereinbefore in the specification. Several other grains were prepared
      containing the same basic ingredients and in addition certain amounts of
      graphite, particulate magnesium or particulate magnesium and graphite
      together. These grains were employed to inflate inflatable bags employing
      a gas generator such as that disclosed in U.S. Pat. application Ser. No.
      276,397 described hereinbefore. The combustion gases were analyzed for
      potentially toxic species. Mass spectrometry, infrared spectroscopy, and
      colorimetric reaction tube analysis of the combustion gases were
      performed. The compositions of the grains tested and the resulting
      analysis of the combustion gases are set forth in the following Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
             Constituents in Combustion Gases                                  
                                    Basic Comp.                                
     Constituent            Basic Comp.                                        
                                    + 1% by Wt. Mg                             
     in Combustion                                                             
             Basic          + 2% by Wt.                                        
                                    2% by Wt.                                  
                                             Basic Comp.                       
     Gas     Composition    Graphite                                           
                                    Graphite + 1% by Wt. Mg                    
     __________________________________________________________________________
     N.sub.2 95.5% (Mass Spec.)                                                
     NO      50-100 ppm. (Drager tube)                                         
                            150-300 ppm.                                       
                                    70 ppm.  0                                 
     NO.sub.2                                                                  
             0 ppm. (Drager tube)                                              
     H.sub.2 2.6% (Mass Spec.)                                                 
     NH.sub.3                                                                  
             400-1700 ppm. (IR, Drager                                         
                              &gt;1%   &lt;1%      &gt;1%                               
             Tube)                                                             
     HCN     0-100 ppm.     20-50 ppm.                                         
                                    0        0                                 
             (Drager Tube)                                                     
     CH.sub.4                                                                  
             3300 ppm. (Mass Spec.)                                            
     O.sub.2 3700 ppm. (Mass Spec.)                                            
     CO      2000-6000 ppm. (Drager                                            
                            .85%-1%  1%      3000 ppm.                         
             Tube)                                                             
     CO.sub.2                                                                  
             1600 ppm. (Mass Spec.)                                            
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition which burns to produce gases which are rich in nitrogen
      and substantially free of elemental alkali metals, oxides of nitrogen and
      alkali metal oxides, which comprises:
PA1  an intimate mixture of an alkali metal azide of the formula MN.sub.3, a
      metal halide of the formula RX.sub.n and an inorganic oxidizer
      corresponding to the formula A(ClO.sub.4).sub.m wherein M is an alkali
      metal; R is tin, zinc, cobalt, nickel, calcium or magnesium; X is
      chlorine, bromine or iodine, n is an integer representing the valence
      state of R; A is potassium, sodium, or magnesium and m is equal to the
      valence of A, said constituents provided in amounts so that upon burning
      of the composition, the combustion products are substantially free of
      oxides of nitrogen, elemental alkali metals, HCN and alkali metal oxides.
NUM  2.
PAR  2. The composition of claim 1 including in addition up to about 5 percent
      by weight of a particulate metal fuel.
NUM  3.
PAR  3. The composition of claim 1 including in addition up to about 2 percent
      by weight of particulate graphite.
NUM  4.
PAR  4. The composition of claim 1 wherein said constituents are provided in the
      following amounts as percent by weight; MN.sub.3, about 48 to about 53
      percent; RX.sub.n, about 32 to about 40 percent and A(ClO.sub.4).sub.m,
      about 10 to about 15 percent.
NUM  5.
PAR  5. The composition of claim 4 including in addition up to about 5 percent
      by weight of a particulate metal selected from the group consisting of
      magnesium, aluminum, titanium, silicon or zinc.
NUM  6.
PAR  6. The composition of claim 5 including in addition up to about 2 percent
      by weight of graphite.
NUM  7.
PAR  7. The composition of claim 4 including up to about 2 percent by weight of
      graphite.
NUM  8.
PAR  8. The composition of claim 4 wherein M is sodium or potassium.
NUM  9.
PAR  9. The composition of claim 4 including in addition up to about 5 percent
      by weight of a particulate metal selected from the group consisting of
      magnesium, aluminum, titanium, silicon or zinc; up to about 2 percent by
      weight of graphite wherein all the constituents are provided in
      particulate form having a particle size of about 250 microns or less.
NUM  10.
PAR  10. A pyrotechnic grain comprising: an intimate mixture of particles
      wherein said particles comprise, as percent by weight of the grain, sodium
      azide, about 50.7 percent; potassium perchlorate, about 12.2 percent; and
      magnesium chloride, about 37.1 percent, said grain being further
      characterized in that upon burning of the grain, the combustion products
      are substantially free of oxides of nitrogen, elemental alkali metals, HCN
      and alkali metal oxides.
NUM  11.
PAR  11. A pyrotechnic grain comprising, as percent by weight:
PA1  about 49.7 percent NaN.sub.3, about 11.9 percent KClO.sub.4, about 36.4
      percent MgCl.sub.2, about 1 percent magnesium and about 1 percent
      graphite, said grain being further characterized in that upon burning of
      the grain, the combustion products are substantially free of oxides of
      nitrogen, elemental alkali metals, HCN and alkali metal oxides.
NUM  12.
PAR  12. The composition of claim 11 wherein the individual constituents are in
      particulate form ranging in size from about 250 microns or less.
NUM  13.
PAR  13. A method of rapidly generating gases which are rich in nitrogen and
      substantially free of elemental alkali metals, alkali metal oxides and
      oxides of nitrogen which comprises:
PA1  igniting an intimate mixture of an alkali metal azide of the formula
      MN.sub.3, a metal halide of the formula RX.sub.n and an inorganic oxidizer
      corresponding to the formula A(ClO.sub.4).sub.m wherein M is an alkali
      metal; R is tin, zinc, cobalt, nickel, calcium or magnesium; X is
      chlorine, bromine or iodine, n is an integer representing the valence
      state of R; A is potassium, sodium, or magnesium, and m is equal to the
      valence of A, said constituents provided in amounts so that upon burning
      of the composition, the combustion products are substantially free of
      oxides of nitrogen, elemental alkali metals, HCN and alkali metal oxides.
NUM  14.
PAR  14. The method of claim 13 wherein the mixture of metal azide and metal
      halide is ignited while in fluid communication with an inflatable flexible
      container, thereby filling and inflating the container with combustion
      gases upon ignition of the mixture.
NUM  15.
PAR  15. The method of claim 14 wherein said container is located in an
      automobile.
NUM  16.
PAR  16. The method of claim 15 wherein the mixture comprises, as percent by
      weight, about 50.7 percent sodium azide, about 12.2 percent potassium
      perchlorate and about 37.1 percent magnesium chloride.
NUM  17.
PAR  17. The method of claim 14 wherein said mixture comprises, as percent by
      weight, about 49.7 percent NaN.sub.3, about 11.9 percent KClO.sub.4, about
      36.4 percent MgCl.sub.2, about 1 percent magnesium, and about 1 percent
      graphite.
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ABST
PAL  A structure which achieves a sloped topography where a layer of
      polycrystalline silicon contacts a single crystal silicon substrate and a
      process for fabricating the structure are disclosed. The structure
      comprises a sloped tip of a single crystal silicon material located at the
      end of the polycrystalline silicon layer and making contact with the
      single crystal silicon substrate. The process involves defining the
      polycrystalline silicon layer by applying an orientation-selective etch
      which etches unwanted polycrystalline silicon preferentially to single
      crystal silicon so that the sloped tip remains essentially intact to
      achieve said sloped topography contact area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a structure and process for forming an electrical
      contact between polycrystalline silicon and single crystal silicon and,
      more particularly, relates to a structure and process for forming a sloped
      topography contact between a layer of polycrystalline silicon and a single
      crystal silicon substrate.
PAR  In the traditional fabrication of semiconductor devices, external
      electrical contact with active regions within the semiconductor substrate
      has been made by laying metal lines over the surface of an insulator on
      the substrate and making physical contact with the active regions through
      apertures in the insulation. Recently, polycrystalline silicon doped
      appropriately with p- or n-type impurities has been used in addition to
      metal to make such electrical contacts. Typically, a polycrystalline
      silicon layer would be formed over insulation resting on the semiconductor
      substrate. The conductive polycrystalline silicon would contact the
      substrate through apertures in the insulation. These contacts are called
      diffused or buried contacts. Metal lines would then be placed on further
      layers of insulation placed on the polycrystalline silicon. The added
      capability of polycrystalline silicon connectors has resulted in new
      applications and cost savings due to the elimination of process steps,
      increased yields and denser device geometries made possible by the
      multilevel connection patterns. However, the use of polycrystalline
      silicon to make electrical contacts is often accompanied by relatively
      deep crevices, on the order of 1.5 -2.5 .mu.deep and 2-10 .mu.wide, which
      result from etching of the single crystal silicon substrate by the etchant
      used to define the polycrystalline silicon pattern.
PAR  The cratered device topography created by the buried contact crevices
      introduces design inflexibility as subsequent metal lines will either have
      to avoid these crevices or be subject to random shorting through the
      intermediate insulation. The irregular contours of the crevices may also
      adversely affect execution of any subsequent photoresist step, since the
      photoresist solution will not evenly coat the contours. Thus, it would be
      highly desirable to obtain sloped topography contact areas which would
      accept an even coat of photoresist and over which metal lines could be
      laid without shorting to the underlying polycrystalline silicon.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, the structure for forming a sloped topography contact area
      between a layer of polycrystalline silicon and a silicon substrate
      includes: a single crystal silicon substrate; an insulating layer
      overlying a portion of the silicon substrate; and a layer of
      polycrystalline silicon overlying at least a portion of the insulating
      layer and contacting the substrate through an opening in said insulating
      layer, the polycrystalline silicon layer including a contiguous tip of
      single crystal silicon material which contacts the silicon substrate, the
      tip having a gradually sloped contour with respect to the substrate.
PAR  The process of the invention for forming a sloped topography contact area
      between a polycrystalline silicon layer and a single crystal silicon
      substrate through openings in the insulation material overlying the
      substrate includes the steps of: forming a polycrystalline silicon layer
      over at least a portion of the insulating material and over the single
      crystal silicon substrate exposed by the openings in the insulation
      material, the polycrystalline silicon layer including a contiguous tip of
      single crystal silicon material where the polycrystalline silicon layer
      contacts the exposed single crystal silicon substrate; and defining the
      polycrystalline silicon layer by masking those areas of the
      polycrystalline silicon layer to be retained and etching unmasked
      polycrystalline silicon areas including the contact area with an
      orientation selective etch which etches polycrystalline silicon
      preferentially to single crystal silicon.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a portion of a semiconductor device
      showing a sloped topography buried contact area and a gate region covered
      by the polycrystalline silicon deposition;
PAR  FIG. 1a is a pictorial view of the cross-section of FIG. 1, illustrating
      the crystal structure of the deposited polycrystalline silicon;
PAR  FIG. 2 is a further view of FIG. 1 in which a layer of silicon dioxide has
      been grown from the polycrystalline silicon layer and on which a layer of
      photoresist has been selectively deposited;
PAR  FIG. 3 is a further view of FIG. 2 in which those areas of oxide not
      covered by photoresist have been etched away;
PAR  FIG. 4 is a further view of FIG. 3 in which the photoresist has been
      removed;
PAR  FIG. 5 is a further view of FIG. 4 illustrating the state-of-the-art
      structure obtained after the layer of polycrystalline silicon and the gate
      oxide have been defined;
PAR  FIG. 6 is a still further view of FIG. 4 illustrating the structure
      obtained by the process of the present invention after the layer of
      polycrystalline silicon and the gate oxide have been defined;
PAR  FIG. 7 is a pictorial view of the cross-section of FIG. 6 illustrating the
      crystal structure of the sloped topography contact area between the
      polycrystalline silicon layer and the silicon substrate; and
PAR  FIG. 8 is a plan view of die locations in a standard wafer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The use of polycrystalline silicon conductors in addition to metal in the
      fabrication of semiconductor devices is a beneficial development because
      the double interconnection layer allows a denser layout of active
      components. Polycrystalline silicon also allows formation of the
      source/drain regions by using the polycrystalline silicon as a diffusion
      mask, thereby eliminating the possibility of overlapping mask alignments
      which can produce additional device capacitance and associated reduction
      in frequency response. Since polycrystalline silicon utilizes the same
      types of techniques as are used in processing the silicon substrate and
      insulating layers, there is an inherent advantage in both the capital
      costs of process equipment and the number of process steps required to
      produce a particular device. One particular area-saving advantage is that
      direct electrical contact may be made by forming diffused or buried
      contacts between the polycrystalline silicon and the silicon substrate.
      This advantage, however, is counterbalanced by the fact that single
      crystal silicon may be affected by some of the process steps used to lay
      out and define the polycrystalline silicon. In particular, the single
      crystal silicon substrate may be etched by the etchant used to define the
      polycrystalline silicon. For practical applications, then, it is necessary
      to establish process steps for the polycrystalline silicon which do not
      affect single crystal silicon. Shielding, if used, would introduce
      additional process steps, which would be self-defeating. Thus, the process
      provided by the present invention which differentially etches the two
      types of silicon is highly desirable and useful.
PAR  The process steps which produce the structure of the present invention are
      set out in the FIGS. FIG. 1 illustrates an intermediate stage of wafer
      processing in which field oxide 11 has been opened up in order to allow
      electrical contact with the semiconductor substrate 10. Gate oxide 12 has
      been grown on a portion of the open area which will become the effective
      insulating layer between a polycrystalline silicon gate located at
      interval 8 and the semiconductor substrate 10. A layer of polycrystalline
      silicon 13 of uniform thickness has been deposited over the field oxide
      11, gate oxide 12 and the open interval 9 to the substrate 10 at which the
      buried contact will be made.
PAR  The crystal structure of the polycrystalline silicon layer 13 is shown in
      FIG. 1a. It is polycrystalline silicon wherever the deposited material
      overlies silicon dioxide (as shown by horizontal shading 7) and
      predominently single-crystal silicon (as shown by vertical shading 6)
      wherever the deposited material overlies the single crystal silicon
      substrate 10. This structure results from the growth of single crystal
      silicon on the seed crystal structure available where the single crystal
      substrate is exposed. Where the atomic silicon, typically obtained from a
      silane and hydrogen or nitrogen reaction, encounters the amorphous silicon
      dioxide surface, the amorphous crystal character of polycrystalline
      silicon is obtained. The influence of the single crystal substrate 10 is
      reduced as the deposited layer becomes thicker so that the single crystal
      growth tends to be triangular in shape.
PAR  A layer of protective oxide 14 is grown from the polycrystalline silicon
      layer 13 by oxidation as shown in FIG. 2. Next, a photoresist pattern 15
      is formed on the protective oxide layer 14 by standard masking means. Then
      the areas of the protective oxide layer 14 which are not covered by the
      photoresist layer 15 are removed by etching, for example, with a buffered
      hydroflouric acid solution, with the result shown in FIG. 3. The removal
      of selected portions of the protective oxide layer 14 defines those areas
      of the polycrystalline silicon which are ultimately to be removed.
      Finally, the photoresist pattern is removed, for example, by dissolving in
      a strong inorganic acid bath, and the defined protective oxide pattern 16
      remains as shown in FIG. 4.
PAR  The state-of-the-art method for removing the unwanted polycrystalline
      silicon as defined by protective oxide pattern 16 is to etch it with an
      etchant which etches polycrystalline silicon and single crystal silicon
      but does not etch the protective oxide pattern 16 or at least etches it at
      such a slow rate that negligible amounts of the oxide are removed. A
      typical etch is 4% HF and 96% nitric acid. Such an etch takes about 20
      seconds to define the polycrystalline silicon on a 3 -inch wafer. The
      structure which results after the state-of-the-art step is shown in FIG.
      5. The groove 17 is formed in the state-of-the-art step because most
      conventional etches will etch standard single crystal silicon at a rate
      equivalent to that for polycrystalline silicon. Nonuniformities in the
      thickness of the polycrystalline silicon layer cause the thinner portions
      to be etched for periods longer than necessary to remove polycrystalline
      silicon so that some portions of the single crystal silicon substrate are
      exposed before all unwanted polycrystalline silicon is removed. The
      problem of exposure of the single crystal silicon substrate is compounded
      by the "center die" phenomenon which causes each die on a wafer to
      experience a different etch rate. This differential etch rate is
      particularly aggravated on large three-inch wafers. Such a large wafer 21
      is shown in FIG. 8 to contain many hundreds of individual dice 22. The
      differential etch rate occurs because one component of the etchant
      diffuses through a liquid to the surface of the wafer and the larger solid
      angle around the periphery of the wafer allows more active etching. Also,
      wafers are often lined up in rows for processing, thereby further
      restricting access of the etchant to the central regions of the wafer.
      Consequently, it is difficult to maintain dimensional control for any
      given physical item such as corresponding lines 23, 24 and 25 of die 26,
      27 and 28, respectively. Due to the differential etch rate, die 26 will
      have a higher etch rate than die 27, which in turn will have a higher etch
      rate than die 28. Since the ultimate goal of semiconductor fabrication is
      to obtain optimum overall yield, it is necessary to maintain the etch as
      long as necessary to etch all die in the central region. Thus, die on the
      periphery will be exposed to the etch much longer than absolutely
      necessary. For these reasons, deep grooves such as groove 17 in FIG. 5
      will be formed in some dice where the etch encounters single crystal
      silicon after it has etched off the unwanted polycrystalline silicon. Some
      of the polycrystalline silicon and gate oxide is also etched away but not
      enough to affect the operation of the final device. The process of the
      present invention is to use an orientation-selective etch to define the
      polycrystalline silicon so that polycrystalline silicon is etched
      preferentially to single crystal silicon. As recited above, the
      polycrystalline silicon layer has been deposited in a manner well known to
      those skilled in the semiconductor fabrication art to achieve a contiguous
      tip of single crystal silicon where the silicon substrate has been
      exposed. Thus, when the contiguous single crystal tip is reached by the
      etchant before all unwanted polycrystalline silicon is removed, the tip
      will remain essentially intact and no crevices in the single crystal
      silicon substrate will be formed. An added benefit is that the
      orientation-selective etch is slower and allows the operator a greater
      margin for controlling the definition operation.
PAR  The process of the present invention is carried out between the stages
      shown in FIGS. 4 and 6. An orientation-selective etch which etches
      polycrystalline silicon at a much faster rate than it etches standard
      single crystal silicon is used. Thus, the unprotected polycrystalline
      silicon is completely etched away while little etching of the tip 6 of
      single crystal material shown in FIG. 1a occurs. Known etches will etch
      single crystal silicon with a (1, 0, 0) orientation much faster than (1,
      1, 1) single crystal silicon. These etches have also been found to etch
      polycrystalline silicon at a much faster rate than single crystal silicon
      and particularly standard (1, 0, 0) and (1, 1, 1) single crystal silicon.
      These etches include heated KOH, hydrazine and ammonium flouride-nitric
      acid. Ammonium flouride-nitric acid is preferred because there is less
      contamination of the substrate and because the preferential etch rate is
      greater than five to one.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for forming a sloped topography buried contact area between a
      polycrystalline silicon conductive layer and a single crystal silicon
      substrate through openings in insulation material overlying said substrate
      without creation of deep crevices in said contact area, comprising:
PA1  forming a polycrystalline silicon layer over at least a portion of said
      insulating material and over the single crystal silicon substrate exposed
      by said openings in said insulation material, said polycrystalline silicon
      layer including a contiguous tip of single crystal silicon material where
      said polycrystalline silicon layer contacts said exposed single crystal
      silicon substrate; and
PA1  defining said polycrystalline layer by masking those areas of said
      polycrystalline silicon layer to be retained and
PA1  etching unwanted polycrystalline silicon areas including said contact area
      with an orientation selective etch which etches polycrystalline silicon
      preferentially to single crystal silicon whereby unwanted polycrystalline
      silicon is removed while said contiguous tip of single crystal silicon
      material inhibits creation of deep crevices in said contact area.
NUM  2.
PAR  2. A process for forming a sloped topography contact area in accordance
      with claim 1 wherein said silicon substrate has a (1, 0, 0) crystal
      orientation.
NUM  3.
PAR  3. A process for forming a sloped topography contact area in accordance
      with claim 1 wherein said silicon substrate has a (1, 1, 1) crystal
      orientation.
NUM  4.
PAR  4. A process for forming a sloped topography contact area in accordance
      with claim 3 wherein said orientation selective etch preferentially etches
      said polycrystalline silicon over said (1, 1, 1) orientation single
      crystal silicon by a factor of greater than five to one.
NUM  5.
PAR  5. A process for forming a sloped topography contact area in accordance
      with claim 4 wherein said orientation selective etch is ammonium
      flouride-nitric acid.
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ABST
PAL  This invention provides cooper and copper alloy etching solutions
      comprising a mixed aqueous solution of a peroxysulfate with a diazine
      compound and a halogen compound added as the catalyst. There is also
      provided a process for etching copper and copper alloys with said etching
      solutions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to copper and copper alloy etching solutions and an
      etching process using said solutions. More particularly it is concerned
      with copper and copper alloy etching solutions containing catalysts for
      greatly increasing the rate of etching.
PAR  2. Description of the Prior Art
PAR  Etching of copper and copper alloys is widely used in various industrial
      fields.
PAR  Particularly with development of the electronic industry, it has been
      technologically adopted in the production of printed circuit boards and
      lead frame of the IC circuit, and thereby acquired a greater importance.
PAR  Etching of copper and copper alloys has been performed using ferric
      chloride, cupric chloride, chromic-sulfuric acid mixtures, peroxysulfates
      and the like. Among them, use of chromic anhydridesulfuric acid mixtures
      produces a waste containing dissolved copper and chromium and use of
      ferric chloride a waste containing a large amount of metallic copper and
      iron ions. Simultaneous and complete removal of these metals is so
      difficult that the process producing such a waste is unsuitable for use
      owing to the resulting pollution problem. On the other hand, use of a
      peroxysulfate solution, which produces a waste containing copper only, is
      preferable as the etching solution because of the relative ease in removal
      of the copper. However, as the rate of etching copper and copper alloys is
      very slow with a persulfate alone, a catalyst should be added in order to
      achieve a rate of etching approximately equal to the rate usually achieved
      with ferric chloride. As described in Japanese Patent Publication
      16008/1961, mercury salts are usually used as the catalyst. The waste from
      the etching is then contaminated with mercury ions, which being very
      hazardous to living bodies, should be removed. However, as the complete
      removal of mercury is very difficult, development of substitute catalysts
      is eagerly desired.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide aqueous, catalyzed
      peroxysulfate solutions for etching copper and copper alloys which
      accelerate the etch rate with a lasting catalytic effect and in which
      inexpensive but non-hazardous and non water-polluting substances are
      employed.
PAR  After extensive investigations of the process for etching copper and copper
      alloys with an aqueous peroxysulfate solution we have found that addition
      of one or more diazine compounds and one or more halogen compounds as the
      catalyst to an aqueous peroxysulfate solution greatly increases the etch
      rate as well as providing a lasting catalytic effect.
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention is based upon the unique action exerted in the coexistence
      of a diazine compound and a halogen compound. The object of the invention
      will not be realized in the absence of either the diazine or the halogen
      compounds.
PAR  Diazine compounds suitable for use in the invention are compounds having a
      pyrimidine, pyrazine or pyridazine nucleus such as, for example,
      pyrimidine, aminopyrimidines, methylpyrimidines, pyrazine,
      pyrazinecarboxamide, quinoxaline, pyridazine, phthalazine, cinnoline and
      the like.
PAR  As the halogen compounds are used substances liberating halogen in an
      aqueous solution, which includes, for example, hydrofluoric acid and salts
      thereof, hydrochloric acid and salts thereof, hydrobromic acid and salts
      thereof, hydroiodic acid and salts thereof, oxides of fluorine, chlorine,
      bromine and iodine, oxygen-containing acids of chlorine, bromine and
      iodine and salts thereof, dichloroisocyanuric acid and salts thereof,
      1-chlorodiethylether and the like. Copper and copper alloys to which the
      invention can be applied include copper, brass, bronze, beryllium copper,
      constantan and the like. The peroxysulfates used for etching these metals
      are described in Japanese Patent Publication Nos. 9463/1964 and
      11324/1966, these include ammonium, potassium, sodium and lithium salts of
      peroxymonosulfuric acid and ammonium, potassium, sodium, barium and
      lithium salts of peroxydisulfuric acid and the like. Ammonium
      peroxymonosulfate and peroxydisulfate are particularly preferred for the
      invention.
PAR  Concentration of the peroxysulfate in etching copper and copper alloys
      according to the invention is from 5 percent by weight to the solubility
      limit and preferably from 5 percent by weight to 25 percent by weight, and
      that of the diazine compound is from 50 p.p.m. to the solubility limit and
      preferably from 100 p.p.m. to 2000 p.p.m. Whereas addition of the
      compounds in concentrations in excess of 2000 p.p.m. will not produce
      adverse reactions, it is not economical. Concentration of the halogen
      compound is from 5 p.p.m. to 2000 p.p.m. and preferably from 10 p.p.m. to
      1000 p.p.m.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The invention is illustrated by the following examples:
DETD
PAC  EXAMPLES 1 - 12
PAR  Etching solutions were prepared at concentrations of 250 g./l. of ammonium
      peroxydisulfate and 50 ml./l. of 75 percent by weight orthophosphoric acid
      with a diazine compound and sodium chloride in combination. The etching
      solution was placed in a small plate-rotary spray etcher, which was then
      used for etching the copper of a copper laminated board 5 .times. 5 cm. in
      size with copper foil 35 .mu. in thickness at a spray pressure of 0.5
      kg./cm..sup.2 while maintaining the temperature at 40.degree.C. Results
      are shown in Table I
TBL                                    Table I                                 
     __________________________________________________________________________
     Example   Name and concentration of diazine compound                      
                                  Concentration                                
                                          Rate of                              
                                  of sodium                                    
     No.                          chloride                                     
                                          etching                              
                          Concentration                                        
                                  p.p.m. (in                                   
                          mg./l.  terms of Cl.sup.-)                           
                                          .mu./min.                            
     __________________________________________________________________________
     1         Pyrimidine 400     --      5.3                                  
     2         "          "       10      52.8                                 
     3         5-Methylpyrimidine                                              
                          "       --      5.5                                  
     4         "          "       10      53.8                                 
     5         2-Aminopyrimidine                                               
                          600     --      5.5                                  
     6         "          "       10      27.6                                 
     7         Pyrazine   200     --      5.0                                  
     8         "          "       10      47.9                                 
     9         "          400     --      6.2                                  
     10        "          "       10      55.3                                 
     11        Pyrazinecarboxamide                                             
                          600     --      5.8                                  
     12        "          "       10      34.0                                 
     13        Quinozaline                                                     
                          200     --      4.9                                  
     14        "          "       10      21.2                                 
     15        Pyridazine 800     --      3.6                                  
     16        "          "       10      20.0                                 
     17        Phthalazine                                                     
                          200     --      4.6                                  
     18        "          "       10      31.8                                 
     19        Cinnoline  200     --      5.9                                  
     20        "          "       10      20.5                                 
     Reference example                                                         
     (1)       --         --      --      5.0                                  
     (2)       --         --      10      2.7                                  
     __________________________________________________________________________
PAR  The data in Table I indicates that only the use of a diazine compound and a
      halogen compound in combination greatly increases the rate of etching.
PAC  EXAMPLES 21 - 30
PAR  Etching solutions were prepared at 250 g./l. of ammonium peroxydisulfate,
      50 ml./l. of 75 percent by weight orthophosphoric acid and 400 mg./l. of
      pyrazine with sodium chloride of varied concentrations added. Etching of
      copper was performed using the solution in the same way as in Examples
      1-20. Results are shown in Table II.
TBL                Table II                                                    
     ______________________________________                                    
     Example                                                                   
            Concentration of sodium chloride                                   
                                 Rate of etching                               
     No.    p.p.m. (in terms of Cl.sup.-)                                      
                                 .mu./min.                                     
     ______________________________________                                    
     21     20                   55.3                                          
     22     50                   "                                             
     23     100                  "                                             
     24     200                  53.5                                          
     25     400                  "                                             
     26     600                  50.0                                          
     27     800                  "                                             
     28     1000                 38.0                                          
     29     2000                 30.0                                          
     30     3000                 24.1                                          
     ______________________________________                                    
PAR  The data in Table II indicates that the presence of chlorine ion at
      concentrations of 1,000 p.p.m. or more decreases the rate of etching.
PAC  EXAMPLES 31 - 34
PAR  A solution was prepared at concentrations of 250 g./l. of ammonium
      peroxydisulfate, 50 ml./l. of 75 percent by weight orthophosphoric acid
      and 400 ml./l. of 5-methylpyrimidine, to which were added sodium bromide,
      potassium iodide, dichloroisocyanuric acid and 1-chlorodiethylether
      respectively. Etching of copper was made using respectively these
      solutions in the same way as in Examples 1-20.
TBL                                    Table III                               
     __________________________________________________________________________
     Example                                                                   
          Name of the halogen compound                                         
                         Concentration (in                                     
                                         Rate of                               
     No.                 terms of halogen                                      
                                         etching                               
                         p.p.m.          .mu./min.                             
     __________________________________________________________________________
     31   Sodium bromide 50              52.9                                  
     32   Sodium iodide  50              50.5                                  
     33   Dichloroisocyanuric acid                                             
                         50              48.7                                  
     34   1-chlorodiethylether                                                 
                         50              52.5                                  
     __________________________________________________________________________
PAC  EXAMPLE 35
PAR  A solution was prepared of ammonium peroxymonosulfate at 100 g./l.,
      sulfuric acid at 50 g./l., phthalazine at 400 mg./l. and sodium chloride
      at 10 p.p.m. in terms of Cl.sup.-. Etching of copper was performed using
      the solution in the same way as in Examples 1-20. The rate of the copper
      etching was 38.5 .mu./min. As a comparative example, etching of copper was
      performed in the same way as above except that a solution of ammonium
      peroxymonosulfate at 100 g./l. and sulfuric acid at 50 g./l. was used with
      no catalyst added. The rate of the copper etching was 6.3 .mu./min.
PAC  EXAMPLE 36
PAR  A solution was prepared of ammonium peroxymonosulfate at 250 g./l.,
      pyrazine at 400 mg./l. and sodium chloride at 10 p.p.m. in terms of
      Cl.sup.-. pH of the solution was 3.2. Etching of copper was made using the
      solution in the same way as in Examples 1-20. Rate of the copper etching
      was 53.9 .mu./min.
PAC  EXAMPLE 37
PAR  A solution was prepared of ammonium peroxydisulfate at 250 g./l., pyrazine
      at 400 mg./l. and sodium chloride at 10 p.p.m. in terms of Cl.sup.-, pH
      being adjusted with ammonium carbonate to 5.0. Etching of copper was made
      in the same way as in Examples 1-20. Rate of the copper etching was 55.3
      .mu./min.
CLMS
STM  We claim:
NUM  1.
PAR  1. An etching solution for copper and copper alloys comprising an aqueous
      peroxysulfate solution containing from 5 percent by weight to its
      solubility limit therein of a peroxysulfate, from 50 parts per million to
      its solubility limit therein of a diazine compound, and from 5 parts per
      million to 2,000 parts per million of a halogen compound which liberates
      halogen in an aqueous solution.
NUM  2.
PAR  2. An etching solution according to claim 1, wherein the peroxysulfate is
      ammonium peroxymonosulfate or ammonium peroxydisulfate.
NUM  3.
PAR  3. An etching solution according to claim 1, wherein the diazine compound
      is a member selected from the group consisting of pyrimidine,
      aminopyrimidines, methylpyrimidine, pyrazine, pyrazinecarboxamide,
      quinoxaline, pyridazine, phthalazine and cinnoline.
NUM  4.
PAR  4. An etching solution according to claim 1, wherein the halogen compound
      is a member selected from the group consisting of hydrofluoric acid and
      salts thereof, hydrochloric acid and salts thereof, hydrobromic acid and
      salts thereof, oxides of fluorine, chlorine, bromine and iodine,
      oxygen-containing acids of chlorine, bromine and iodine and salts thereof,
      dichloroisocyanuric acid and salts thereof and 1-chlorodiethylether.
NUM  5.
PAR  5. An etching solution for copper and copper alloys comprising a mixed
      aqueous solution containing a peroxysulfate at a concentration of from 5
      percent by weight to 25 percent by weight, a diazine compound at a
      concentration of from 100 p.p.m. to 2,000 p.p.m. and a halogen compound at
      a concentration of from 10 p.p.m. to 1,000 p.p.m., said halogen compound
      being a compound which liberates halogen in an aqueous solution.
NUM  6.
PAR  6. In the process for etching copper and copper alloys with an aqueous
      peroxysulfate solution containing from 5 percent by weight to its
      solubility limit therein of a peroxysulfate, the improvement which
      comprises adding to said aqueous solution from 50 p.p.m. to its solubility
      limit therein of a diazine compound and from 5 p.p.m. to 2,000 p.p.m. of a
      halogen compound, thereby increasing rate of the etching, said halogen
      compound being a compound which liberates halogen in an aqueous solution.
NUM  7.
PAR  7. Process according to claim 6, wherein said diazine compound at a
      concentration of from 100 p.p.m. to 2,000 p.p.m. and said halogen compound
      at a concentration of from 10 p.p.m. to 1,000 p.p.m. are added to said
      aqueous solution.
NUM  8.
PAR  8. Process according to claim 6, wherein the peroxysulfate is ammonium
      peroxymonosulfate or ammonium peroxydisulfate.
NUM  9.
PAR  9. Process according to claim 6, wherein the diazine compound is a member
      selected from the group consisting of pyrimidine, aminopyrimidines,
      methylpyrimidines, pyrazine, pyrazinecarboxamide, quinoxaline, pyridazine,
      phthalazine and cinnoline.
NUM  10.
PAR  10. Process according to claim 6, wherein the halogen compound is a member
      selected from the group consisting of hydrofluoric acid and salts thereof,
      hydrochloric acid and salts thereof, hydrobromic acid and salts thereof,
      oxides of fluorine, chlorine, bromine and iodine, oxygen-containing acids
      of chlorine, bromine and iodine and salts thereof, dichloroisocyanuric
      acid and salts thereof and 1-chlorodiethylether.
PATN
WKU  039363333
SRC  5
APN  4514297
APT  1
ART  161
APD  19740315
TTL  Method for prefabricating brick panels
ISD  19760203
NCL  6
ECL  6
EXP  Whitby; Edward G.
NDR  5
NFG  10
INVT
NAM  Behunin; Gage B.
CTY  Arvada
STA  CO
ASSG
NAM  Masonry Systems International, Inc.
CTY  Denver
STA  CO
COD  02
RLAP
COD  72
APN  192027
APD  19711026
PSC  03
CLAS
OCL  156 60
XCL   52747
XCL   52749
XCL  156 71
XCL  156557
XCL  182 12
XCL  264 31
EDF  2
ICL  E04B  200
FSC   52
FSS  745;747;749
FSC  156
FSS  71;60;557
FSC  264
FSS  31
FSC  182
FSS  12
UREF
PNO  3350833
ISD  19671100
NAM  Larger
OCL   52749
UREF
PNO  3438171
ISD  19690400
NAM  Demarest
OCL   52749
UREF
PNO  3529395
ISD  19700900
NAM  Edwards
OCL   52749
UREF
PNO  3696576
ISD  19721000
NAM  DEBarros
OCL   52747
LREP
FRM  Burton, Crandell & Polumbus
ABST
PAL  An assembly line method of prefabricating brick panels in a factory for
      shipment to the intended site of use includes the steps of mixing a supply
      of mortar in one area of the plant, placing the mortar in a plurality of
      pressurized containers which are mounted on a rack located adjacent to the
      mixing area, delivering each of the pressurized containers and a supply of
      bricks as required for placement on a horizontally and vertically movable
      platform, advancing the platform in a direction along the side of a
      workbench, placing a first row of bricks on the workbench as the platform
      is advanced in the first direction, reversing the movement of the platform
      so that it returns in a second direction opposite to the first direction,
      dispensing under pressure a continuous flow of mortar from each
      pressurized container along the top of the bricks in the first row, again
      reversing the movement of the platform to advance in the first direction,
      and placing a second row of bricks on the previously dispensed mortar.
PARN
PAR  This application is a continuation-in-part of my application Ser. No.
      192,027 filed Oct. 26, 1971 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a novel and improved method for
      prefabricating construction panels and more particularly to a method of
      prefabricating in an assembly line operation a plurality of brick panels.
PAR  2. Description of the Prior Art
PAR  The construction industry has been revolutionized by the advent of
      prefabricated parts and panels. Until recently, these parts and panels
      were limited to wooden or concrete forms or wall sections. However, recent
      improvements in flexural and tensile strengths of mortar along with rapid
      curing rates have increased interest in prefabricated brick panels.
PAR  An example of an apparatus and method of prefabricating brick panels is
      disclosed in U.S. Pat. No. 3,585,092 issued to R. L. Storer on June 15,
      1971. The Storer apparatus is adapted to fabricate brick walls from the
      top row of bricks down, i.e., a row is laid and subsequent rows are formed
      underneath then bonded to the next adjacent upper row with a layer of
      mortar.
PAR  Examples of prior art apparatus adapted for fabricating brick walls, at a
      construction site as opposed to in a prefabricating plant, are disclosed
      in U.S. Pat. No. 3,177,621 issued to D. O. Demarest; U.S. Pat. No.
      3,438,171, issued to D. M. Demarest; U.S. Pat. No. 3,325,960 issued to H.
      H. James; and U.S. Pat. No. 2,599,552 issued to E. L. Harney.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a new and improved
      method of prefabricating brick panels.
PAR  It is another object of the present invention to provide a new and improved
      method of prefabricating brick panels wherein a complete row of brick and
      a complete horizontal layer of mortar are laid alternately in elevating
      paths until a completed panel has been fabricated.
PAR  It is still another object of the present invention to provide a method of
      fabricating brick panels in a quick and efficient manner whereby
      substantial savings in labor and overall costs are realized.
PAC  SUMMARY OF THE INVENTION
PAR  The brick panel prefabricating system of the present invention is a compact
      system adapted for incorporation into a relatively small prefabricating
      plant. The plant includes a mixing room where a supply of dry bonding
      material is mixed in a mixer with sand and water to form mortar. The
      mortar mixer is pivotally mounted and is provided with a discharge chute
      whereby mortar can be poured into pressurized mortar dispensing pots on an
      underlying motorized service cart. The service cart has a plurality of
      racks for storing pressurized mortar dispensing pots such as of the type
      disclosed in the copending U.S. Pat. Application Ser. No. 192,016 filed 26
      Oct. 1971, now U.S. Pat. 3,786,966, of Gage B. Behunin, which is of common
      ownership with the present application. Basically the mortar dispensing
      pots are pressurized containers each having a flexible discharge hose with
      an adjustable trowel on the end to regulate the rate at which mortar is
      dispensed from the dispensing pot.
PAR  The main body of the prefabricating plant is provided with rows of unique
      workbenches each of which has two parallel work platforms in back-to-back
      relation to one another so that a brick panel or panels can be fabricated
      on each platform by working from both sides of the workbench. Each
      workbench is provided with movable and readily adjustable panel guides
      between which the brick panels are fabricated.
PAR  Motorized scaffolds are provided to run along tracks disposed on both sides
      of the workbench adjacent to the work platforms. The scaffolds have a
      mason support platform which is universally movable in a vertical plane
      adjacent the workbenches and is also provided with means for supporting a
      supply of bricks and a mortar dispensing pot so that the mason with his
      work supplies can conveniently position himself at any desired position
      adjacent to the wall-to-be. A scaffold specifically adapted for use in the
      present method of prefabricating brick panels is disclosed in copending
      U.S. Pat. application Ser. No. 192,015 filed 26 Oct. 1971, now U.S. Pat.
      No. 3,785,454, of Gage B. Behunin et al which is also of common ownership
      with the present invention.
PAR  An overhead crane services the motorized scaffolds, ensuring that an
      adequate supply of brick and mortar is available to the masons at all
      times. The overhead crane which is universally movable in a horizontal
      plane above the workbenches, transports bricks from a storage area to the
      scaffolds and also transports the mortar dispensing pots between the
      storage racks and the scaffolds. The crane is also used to remove
      completed panels from the workbenches and transport them to a separate
      storage area in the plant.
PAR  With the aforementioned apparatus, brick panels can be easily and
      efficiently prefabricated in a controlled environment. Aside from the fact
      that the brick panels can be fabricated on a year-round basis, regardless
      of the weather conditions outside the plant, it is also possible to
      control the humidity and temperature within the plant so that the setting
      time of the mortar can be accurately controlled. By appropriately
      controlling the environmental conditions, it is possible to fabricate the
      panels in accordance with a predetermined schedule and procedure without
      having to concern oneself with unavoidable hazards that are commonplace in
      on-the-site construction of brick walls.
PAR  A preferred method of fabricating brick panels with the apparatus of the
      present invention includes the steps of mixing a supply of mortar, placing
      the mortar in a pressurized container, placing the pressurized container
      and a supply of bricks on a horizontally movable platform, moving the
      platform in a first direction along the side of a workbench while placing
      a first row of bricks on the workbench as the platform moves in the first
      direction, thereafter reversing the movement of the platform so that it
      moves in a second direction opposite to said first direction while
      dispensing under pressure a continuous flow of mortar on the top of the
      bricks in the first row, followed by again reversing the movement of the
      platform so that it moves in the first direction and placing a second row
      of bricks on the previously dispensed mortar and repeating the steps of
      dispensing a continuous flow of mortar on bricks in one row and
      subsequently placing a row of bricks on the mortar until a completed brick
      panel has been fabricated.
DRWD
PAR  Other objects, advantages and capabilities of the present invention will
      become more apparent as the description proceeds taken in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a brick panel fabricating plant with parts
      broken away incorporating the apparatus of the present invention;
PAR  FIG. 2 is a plan view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a side elevation of the apparatus shown in FIG. 1;
PAR  FIG. 4 is an end elevation of the apparatus shown in FIG. 1;
PAR  FIG. 5 is an enlarged plan view of the motorized mortar pot storage cart of
      the present invention;
PAR  FIG. 6 is an enlarged side elevation of the cart of FIG. 5;
PAR  FIG. 7 is an enlarged section taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is an end elevation of the workbench of the present invention;
PAR  FIG. 9 is an enlarged plan view of the panel guide assembly shown as part
      of the workbench of FIG. 8; and
PAR  FIG. 10 is an enlarged fragmentary side elevation with parts in section of
      the panel guide assembly of FIG. 9.
DETD
PAR  Referring first ro FIG. 1, a brick panel fabricating plant 20 is seen to
      house the fabricating apparatus of the present invention. The plant is
      broadly comprised of a mortar mixing room 22 and a main body portion 24.
      The mortar mixing room is provided with a conventional mortar mixer 26, an
      auger-type conveyor 30 for bringing sand from a concrete-lined sand pit 28
      outside the mixing room into the confines of the mixing room, a
      conventional grain or sand scale 31 mounted above the mixer 26 adjacent
      the end of the auger 30, and a roller-type conveyor 32 on which heavy bags
      34 of dry bonding material can be handled.
PAR  Inasmuch as prefabricated brick panels must be transported from the
      prefabrication plant to the construction site, it is desirable that the
      completed panels are constructed to be strong and durable so that they can
      be suspended by overhead cranes, trucked or handled in various other ways
      before being permanently incorporated into a building structure. To this
      end, preferably the panels are bonded together with special mortar mixes
      which give the desired strength; however, if the panels are handled more
      delicately, other more conventional mortar mixes could be used. Preferred
      mortar mixes would include as an additive, a latex liquid such as:
      "Sarabond", manufactured by Dow Chemical Company; "Rohplex", manufactured
      by Rohm and Haas Chemical Company; "Vinnapas T 53/25 VL", manufactured by
      Wacker Chemie GmbH; "Vipolet VCA 702", manufactured by Lonza AG, or other
      suitable alternatives. For illustrative purposes, Sarabond has the
      following properties:
PA1  46% solids
PA1  Specific gravity of 1.23
PA1  10.25 Pounds per Gallon
PA1  Ph of 2.0
PA1  Particle size approximately 1400 Angstroms
PA1  Surface tension at 25.degree.C of 33 dynes per square centimeter
PA1  Specific gravity of the solids 1.60
PA1  Freezing point of 32.degree.F
PAR  Sarabond increases flexural strength of masonry four fold and the tensile
      strength of masonry three fold over conventional mortar compounds. It is
      preferable that the proper amounts of ingredients be blended together in a
      controlled environment to give the desired quality and quantity of mortar.
      A typical mortar mix utilizing Sarabond would have the following component
      parts:
TBL  "Sarabond"           3-5 gallons                                          
     Cement               94 pounds                                            
     Workability additive 40-75 pounds                                         
     Sand                 21/2 - 31/2 cubic feet                               
     Water                As required                                          
PAL  A mortar mix having the additive Sarabond and mixed according to the above
      specifications has a minimum compressive strength of 5,000 pounds per
      square inch and a minimum flexural bond of 3,000 pounds per square inch.
PAR  The dry bonding material comes in pre-weighed bags and is easily mixed with
      a proper amount of water, but to add the proper amount of sand, the
      conventional grain scale 31 is affixed to the end of the housing
      surrounding the auger-conveyor in a position to receive and weigh sand
      conveyed by the auger. With this arrangement, when the desired weight of
      sand has been placed on the scale, the auger is stopped and weighed sand
      dumped into the underlying mortar mixer 26.
PAR  The mortar mixer 26, as stated before, is a conventional unit having a
      discharge chute 35 through which prepared mortar can be poured. The mixer
      is mounted for pivotal movement about a horizontal axis whereby it can be
      tilted to allow prepared mortar to pass through the discharge chute into
      an awaiting portable mortar dispensing pot 36. The mixer is positioned
      above a motorized storage cart 38, to be hereinafter described in more
      detail, adapted to support a plurality of the pressurized mortar
      dispensing pots 36 which may be of the type disclosed in the copending
      U.S. Pat. application Ser. No. 192,016 filed 26 Oct. 1971 of Gage B.
      Behunin. The portable mortar pots are provided with removable caps so that
      mortar can be poured into the pots through the discharge chute 35 of the
      mortar mixer 26 thereby filling the pots with any desired quantity of
      mortar. After the pots have been filled with mortar the caps are replaced
      and hermetically sealed on the pot so that the pots can be pressurized.
      When the pots are pressurized and ready for use they are transferred from
      the storage cart 38 to a motorized scaffold 40 such as the type disclosed
      in the copending U.S. Pat. application Ser. No. 192,015 filed 26 Oct. 1971
      Behunin et al. The mortar pots are transferred to the motorized scaffold
      40 by an overhead crane assembly 42 which is universally movable in a
      horizontal plane overlying the main body 24 of the fabricating plant. A
      detailed description of a desirable overhead crane may be had by reference
      to copending U.S. application Ser. No. 192,026 filed 26 Oct. 1971 of
      Charles Staadt, now U.S. Pat. No. 3,786,936 which is also of common
      ownership with the present application. In general, however, the overhead
      crane 42 is provided with a cab 44, mounted on the end of a longitudinally
      extending beam 45, in which an operator sits while operating the crane
      from an advantageous viewpoint. The crane is provided with two
      cable-supported hooks 46 and 48 mounted on the beam 45 which are designed
      to work in unison so that working supplies as well as completed brick
      panels can be moved about in the main body of the plant. The hook 46 is
      mounted for reciprocating movement along the horizontal beam 45 while the
      hook 48 is stationary at one end of the beam 45 thereby providing more
      versatility for picking up various length panels. The crane has a pair of
      cross frame members 50 and 52 which support the beam 50 and are provided
      with roller wheels on each end which are adapted to ride along
      longitudinal rails 56 on both sides of the main body of the plant.
PAR  Within the plant, it can be seen that one end is provided with a storage
      area 58 wherein supplies of brick can be stored together with completed
      brick panels. A truck loading and unloading dock 60 is provided adjacent
      the storage area 58 outside the plant where truck loads of material can be
      conveniently loaded and unloaded. It will be noted that the end wall of
      the plant 20, between the storage section 28 and the loading dock 60, is
      provided with a generally T-shaped opening 61, having displaceable flaps
      (not shown), through which the crane 42 can pass when properly oriented to
      move out of the plant over the loading dock. With this capacity, the same
      crane that services the interior of the plant can also service the loading
      dock. It will of course be apparent that the longitudinal rails 56 extend
      out over the loading dock to support the crane when it is servicing the
      loading dock.
PAR  The remainder of the main body 24 of the plant 20 is provided with a
      plurality of rows of workbenches 62 on which various sized brick panels
      can be fabricated. In FIGS. 1-4, only four such workbenches are shown,
      however, it is understood that any number of workbenches can be provided
      in the plant by varying the size of the main body 24. Each workbench 62
      has elongated parallel back-to-back work support platforms, as will be
      described in more detail later, on which brick panels can be fabricated so
      as to most efficiently utilize the floor space in the plant. Each work
      support platform is provided with a plurality of panel guide assemblies,
      also to be described in more detail later, for properly aligning the ends
      of the panels as they are fabricated and a track 64 running parallel along
      the floor adjacent to each work support platform to guide one of the
      motorized scaffolds 40 associated with the particular work support
      platform. With this arrangement, two parallel rows of brick panels can be
      fabricated on each workbench by working from both sides of the workbench.
      It will be apparent that more than one panel can be fabricated in
      side-by-side relationship on each work support platform depending on the
      length of the panels.
PAR  The scaffolds 40 have motor driven means for driving the scaffolds in a
      horizontal direction along the tracks 64 and also have means for elevating
      a mason support platform so that the mason positions himself at any
      location in a vertical plane alongside the workbench. The platform on
      which the mason stands is also provided with a storage shelf for a supply
      of bricks and a saddle support for one of the pressurized mortar
      dispensing pots 36. The controls for operating the motorized scaffold 40
      are foot-operated and are on the mason support platform so that the mason
      can control the movement of the scaffold while leaving his hands free for
      performing conventional brick-laying functions. It will thus be
      appreciated that a mason on the motorized scaffold can drive the scaffold
      back and forth in front of a workbench laying a row of brick when moving
      in one direction and dispensing an intermediate layer of mortar when
      moving in the other direction. By repeating this procedure and elevating
      the mason support platform as the panel height increases, it is possible
      to fabricate in a quick and efficient manner a brick panel of any desired
      height and length, within a range determined by the size of the
      workbenches and panel guides. When the panels are completed, they may be
      elevated by the overhead crane 42 and transported to the storage area 58
      of the plant 20 or to the loading dock from which they can be later loaded
      onto trucks or other suitable transfer vehicles.
PAR  From an overall viewpoint, it is seen that a compact brick panel
      fabricating plant is provided in which prefabricated brick panels can be
      economically produced at a relatively rapid rate. The apparatus in the
      plant is designed and laid out so that the cooperative use of the various
      components is maximized. More specifically, it can be observed that the
      mortar is efficiently prepared and poured into a plurality of mortar pots
      that are stored on a cart and are ready for use as required by masons
      operating the motorized scaffolds 40. When a mason depletes his supply of
      mortar in the pot on his scaffold, he needs only to signal the overhead
      crane operator and the crane can pick up the empty mortar pot, place it on
      the storage cart 38, pick up a full mortar pot from the cart, and carry
      the full pot to the scaffold. In practice, and empty mortar pot can be
      replaced by a full one while the mason is laying a row of bricks so that
      there is no loss of operating time while the mortar pots are being
      exchanged. Also, since the overhead crane is universally movable over the
      work area in the plant, its movements are minimized so that the time
      required for servicing the various scaffolds and for transferring
      completed panels from the workbenches to the storage area 58 is minimized.
PAR  Referring now to FIGS. 5-7, the motorized mortar pot storage cart 38 is
      shown. The motorized cart 38 can be seen to have a longitudinally
      extending side frame member 80 and two transverse frame members 82 and 84
      which are welded at one end to the side frame member 80 so that they
      extend normally away therefrom. The side frame member and the transverse
      frame members are tubular elements which have square cross-sections. Both
      of the transverse frame members 82 and 84 have an axle 86 journaled
      therein. Each of the axles carries on both of its ends a pneumatic wheel
      88. The axle 86 in the transverse frame member 82 is provided near each
      end adjacent the pneumatic wheels 88 with a sprocket 90 rigidly fixed on
      the end thereof and in vertical alignment with smaller sprockets 91 on the
      ends of a transfer shaft 92 journaled in brackets 94 mounted on the top of
      the transverse frame member 82. The transfer shaft 92 also carries a drive
      sprocket 96 which is aligned with a drive sprocket 98 rigidly affixed to
      the output shaft of a reversible electric motor 100. The drive sprocket 96
      is operably linked to the drive sprocket 98 on the motor by a chain 102
      whereby rotary motion of the drive sprocket 98 is transferred to the
      transfer shaft 92. Rotary motion of the transfer shaft 92 is transferred
      to the pneumatic wheels 88 on the axle 86 by a pair of chains 104 which
      connect the sprockets 91 on the ends of the transfer shaft 92 to the
      sprockets 90 on the axle 86. It is thus apparent that by operating the
      motor 100, the carriage can be reciprocally driven in a straight line
      extending beneath the mortar mixer 26, so that any one of the mortar
      dispensing pots 36 supported by the storage cart 38 can be appropriately
      positioned beneath the mixer 26 for filling.
PAR  Welded to the longitudinal side frame member 80 of the storage cart at
      spaced intervals along its length are angularly disposed supporting arms
      110 each of which has a saddle-shaped upper end 112 adapted to receive
      diametrically extending supporting shafts on the mortar dispensing pots.
      The supporting arms 110 are welded to the side frame member 80 so as to
      provide a sturdy support structure. It will be observed that seven
      supporting arms are provided on the cart shown in FIGS. 5-7, so that six
      mortar dispensing pots can be supported on the cart at any time. However,
      depending upon the size of the plant and the need for dispensing pots, a
      storage rack of any length with supports for any desired number of mortar
      dispensing pots could be provided.
PAR  The workbenches 62 are all identical and can be seen in FIG. 8 to be
      mounted on a base plate 120 which also has the tracks 64 for the motorized
      scaffold mounted thereon. The workbenches are provided with a plurality of
      vertical base frame member assemblies 122 which are comprised of two
      vertical side frame members 124 and a horizontal transverse frame member
      126 welded to the side frame members 124 near the tops thereof. Two
      longitudinally extending work support platforms 128, which have inverted
      U-shaped cross-sections, are supported by the top ends of associated
      longitudinally aligned vertical side frame members 24 so that the work
      support platforms extend parallel to, slightly offset from, and above the
      tracks 64. To provide additional support for the work support platforms,
      separate pairs of support plates 132 are welded to the upper surface of
      the horizontal frame members 126 and extend upwardly against the underside
      of the associated work support platform. It is thus seen that each
      workbench has two work support platforms so that back-to-back brick panels
      can be constructed on each workbench. It should also be understood that
      the work support platforms are long enough so that a plurality of panels,
      depending on their length, can be constructed end-to-end on one work
      support platform.
PAR  Movable panel guide assemblies 138 (FIGS. 8-10) are provided with the work
      support platforms for the purpose of separating panels being fabricated
      thereon and for guiding and aligning the ends of the panels so that
      vertical side edges are attained. Each panel guide assembly is the same
      and can be seen in FIGS. 8-10 to have a substantially square-shaped base
      plate 140 which has two downturned edges 144 and 145 on opposite sides
      thereof. The downturned edges are seen to fit loosely down over the work
      support platform 128. An angle iron bar 146 is welded to the underside of
      the base plate adjacent to the edge 145 to positively position the base
      plate on the work support platform. The downturned edge 144 has an
      inwardly extending terminal end 147 which is adapted to extend underneath
      one of the downturned sides of the work support platform to hook the panel
      guide assembly to that side of the work support platform. The opposite
      side of the base plate 140 is anchored to the work support platform by a
      clamp assembly 148. The clamp assembly 148 is comprised of a stud bolt 150
      which has a hook-shaped clamp 152 secured to its lower end adapted to hook
      under the opposite downturned side of the work support platform. The upper
      end of the stud bolt 150 has an adjustment knob 154 threaded thereon in a
      manner such that the clamp 152 can be drawn tightly against the downturned
      side of the work support platform by tightening the adjustment knob
      against the upper surface of the work support platform. The stud bolt 150
      passes through a transversely extending elongated slot 155 in the work
      support platform so that the clamp assembly 148 can be released by
      loosening the adjustment knob 154 and pivoting the stud bolt 150 in the
      slot 155 so that the clamp 152 slides out from underneath the downturned
      side of the work support platform.
PAR  Welded to the upper surface of the base plate 140 adjacent the downturned
      side 144 are two longitudinally spaced internally threaded nuts 156. Each
      of the nuts 156 receives a threaded stub shaft 158 which has a lower end
      that extends through an aperture in the base plate 140 abutting against
      the upper surface of the work support platform, and an upper end that is
      rigidly secured to an adjustment knob 160. The function of the adjustment
      knobs 160 will be explained later.
PAR  An elongated support bar 162 welded to the upper surface of the base plate
      140 extends parallel to the workbench and provides an attachment means for
      a pair of story poles or standards 164. The lower ends of the story poles
      are welded to one side of the support bar 162 in spaced relation from the
      base plate 140, with one story pole adjacent one end of the base plate and
      the other story pole adjacent the opposite end of the base plate. The
      story poles are thus suitably disposed for guiding and aligning the ends
      of brick panels fabricated adjacent to and on either side of the panel
      guide assembly. It is, therefore, very important that the story poles be
      perfectly vertical so that the adjacent ends of the brick panels will also
      be vertical. To align the story poles so that they are vertical, as viewed
      from the sides of the workbench, the adjustment knobs 160 are tightened or
      loosened, regulating the pressure of the associated stud bolt 150 against
      the top of the work support platform so that the base plate 140 is raised
      or lowered adjacent the respective adjustment knobs, causing the base
      plate and the story poles to be angularly adjusted in one direction or
      another. To vertically align the story pole when viewed from the ends of
      the workbench, the effective length of a pair of tie rods 170 is
      regulated. The tie rods 170 are connected at their upper ends to the lower
      one of two vertically spaced cross bars 172. The respective cross bars 172
      are secured to the story poles adjacent the top and the middle thereof to
      maintain a constant spacing between the story poles and to provide an
      attachment means on the story poles whereby the tie rods can be secured to
      the story poles at a location substantially removed from the base plate.
      The tie rods are each associated with one of the story poles and have
      threaded lower ends which receive one end of a pair of turnbuckles 174.
      The other end of the turnbuckles are threadedly received on a pair of stud
      bolts 176 horizontally spaced in a lateral direction from the associated
      story pole and welded to the top of the base plate 140. By turning a
      turnbuckle it will be apparent that the effective length of associated tie
      rod will be changed thereby causing the associated story pole to be pulled
      or pushed in a lateral direction so as to affect the vertical disposition
      of the story pole as viewed from the end of the workbench. Each story pole
      can flex slightly at its welded connection to the elongated support bar
      152 so that the pole can be pivoted small amounts about that connection.
      Lock nuts 178 are threaded onto the lower end of the tie rods 170 and to
      the stud bolts 176 to lock the turnbuckle in position when the story poles
      have been properly aligned.
PAR  It will be apparent that in actual practice a panel guide assembly would be
      anchored to the workbench at either end of a wall to be fabricated on the
      workbench. With this arrangement, there would be a story pole 164 at
      either end of the panel or panels fabricated on one work support platform
      to vertically guide and align the ends of the brick panel as it is
      fabricated.
PAR  It is helpful when laying a row of bricks to have a horizontal string guide
      to maintain each row of bricks in a perfectly horizontal orientation. The
      panel guide assemblies of the present invention are perfectly suited for
      anchoring the ends of the horizontal string guide through the use of clamp
      assemblies 184 which are adapted to be attached to the story poles at any
      desired elevation. A clamp assembly 184, best seen in FIGS. 8 and 10, can
      be seen to have a substantially U-shaped configuration with the hooked end
      of the assembly adapted to be tightly received on a story pole with the
      remainder of the assembly extending horizontally away therefrom. A leaf
      spring 186 is riveted to the clamp assembly in a position to tighten the
      hooked end of the clamp onto the story pole. The leaf spring is designed
      so that pressure on its outwardly extending end 188 loosens the clamp from
      the story pole so that it can be easily removed or slid along the length
      of the story pole to a new desired position. A string tied to clamp
      assemblies at both ends of a panel could be tautly maintained so that a
      perfectly horizontal guide line would be provided for the mason.
PAR  When fabricating brick panels according to the method of the present
      invention, a workman in the mixing room 22 would operate the auger
      conveyor 30 to transport a desired quantity of sand from the sand pit 28
      to the scale 31. The quantity of sand, of course, is dependent on the
      quantity of mortar to be mxied and upon the specific proportions of sand,
      bonding material, and water. When the desired quantity of sand has been
      conveyed to the scale 31, the auger conveyor is turned off and the sand on
      the scale dumped into the mixer 26 along with the desired proportions of
      water and the bonding material.
PAR  When the ingredients have been properly blended, the motorized mortar pot
      storage cart 38 is driven forward or back by the workman in the mixing
      room to position an empty mortar pot 36 beneath the mixer 26. The cap of
      the selected mortar pot is then lifted by the crane 42 and the mixer is
      pivoted to allow the mixed mortar to pass through the discharge chute and
      be poured into the mortar pot. The cap is then lowered back onto the
      mortar pot and sealed in position.
PAR  The mortar pot is transferred by the crane from the storage cart 38 to a
      motorized scaffold 40. After lowering the mortar pot onto the motorized
      scaffold 40, the crane moves into a position overlying the brick storage
      section 58 of the plant 20, picks up a bundle of bricks and transports
      them to the same scaffold 40. As mentioned before, the crane is also
      utilized to keep the scaffold supplied with the mortar and bricks as the
      mason depletes his supplies.
PAR  The mason who operates the scaffold, before beginning to fabricate a brick
      panel, locks a pair of panel guide assemblies 138 to the adjacent work
      support platform 128 at each location where a panel is to be fabricated
      and at a spacing equivalent to the length of the brick panel to be
      fabricated. He then aligns the story poles 164 using a workman's level and
      the adjustments provided on the panel guide assemblies for aligning the
      story poles.
PAR  The mason, then having completed his preparations, positions the scaffold
      at one end of the work area adjacent one of the story poles and starts the
      scaffold moving along the track 64 adjacent the work support platfom
      toward the other story pole. As the scaffold moves along the side of the
      work support platform, the mason places a first row of brick in end-to-end
      relation, filling the vertical joints between the bricks with mortar from
      the mortar pot on the scaffold. A conventional hand trowel is used to
      facilitate filling of the vertical joints. It may be desirable when laying
      a row of bricks to intermittently drive the scaffold along the track 64 so
      that adequate time is allowed for placing the bricks and filling the
      vertical joints. For this reason it is desirable that the scaffold be
      provided with foot-operated controls so that the mason's hands are free to
      perform the conventional bricklaying functions.
PAR  When the first row of bricks has been laid, the mason positions the
      horizontal string guide clamp 184 on the adjacent story pole so that it is
      elevated from the top of the first row of bricks a distance equivalent to
      the height of a brick and a horizontal mortar joint. He then reverses the
      direction of movement of the scaffold so that it is moving back toward his
      starting position. As the scaffold moves along the work support platform,
      the mason spreads an even layer of mortar on top of the previously laid
      bricks to form the horizontal mortar joints. The horizontal mortar joints
      are spread with mortar dispensed under pressure from the mortar pot and
      the scaffold is continuously driven so that a smooth layer of mortar is
      spread.
PAR  Upon reaching his starting position, he raises the horizontal string guide
      clamp 184 on the then adjacent story pole so that the guide string is
      perfectly horizontal and at a level which is elevated a brick height from
      the horizontal mortar joint. The positioning of the horizontal string
      guide clamps 184 can be done by sight with but a little experience in
      laying brick so that no positioning notches are necessary on the story
      poles to position the clamps 184. Notches could be provided however at
      predetermined locations along the story poles if desired.
PAR  After the horizontal string guide clamp 184 has been positioned, the mason
      again reverses the direction of movement of the scaffold and places a
      second row of bricks on top of the horizontal mortar joint, again filling
      the vertical mortar joints between the bricks with a hand trowel. The
      horizontal string guide assures the mason that each row of bricks is
      substantially horizontal.
PAR  As the panel height increases, the mason elevates the scaffold so that the
      top row of bricks is conveniently disposed, i.e., at waist level. It is
      therefore desirable that a scaffold be used which is capable of moving
      vertically as well as horizontally so that the mason can position himself
      anywhere within vertical plane adjacent to or alongside the work support
      platform.
PAR  When the desired height panel has been laid, the mason drives the scaffold
      back and forth in front of the panel, stripping excess mortar from the
      mortar joints, thereby finally preparing the panel. The panel, after the
      mortar has dried, is lifted from the workbench and transported to the
      storage area 58 or onto the loading docks for storage until ready for
      shipment to a construction site.
PAR  It will be evident that, depending on the length of panel being fabricated,
      more than one panel can be fabricated simultaneously on a single work
      support platform by setting up a plurality of panel guide assemblies and
      fabricating end-to-end panels on the same work support platform. When
      fabricating a plurality of panels on a single work support platform, the
      scaffold is driven along the work support platform so that each panel is
      worked on with each pass of the scaffold whereby the panel heights of the
      separate brick panels rise together.
PAR  It is to be understood from the foregoing that various changes and
      modifications may be made therein without departing from the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of fabricating a panel of brick on a workbench comprising the
      steps of placing a supply of bricks and a supply of mortar on a
      horizontally movable platform, moving the platform in a first horizontal
      direction adjacent the workbench, placing bricks from the platform in a
      first row on the workbench as the platform moves along the side thereof,
      reversing the direction of movement of the platform so that it moves in a
      second horizontal direction opposite to the first direction while
      spreading a layer of mortar from the mortar supply onto the top of the
      bricks in the first row as the platform moves in the second direction,
      reversing the direction of the platform again so that it is again moving
      in the first direction while placing a second row of bricks on the spread
      layer of mortar, and repeating the steps of successively spreading mortar
      on a completed row and placing a row of bricks thereon in each successive
      traversal of a row until a completed panel of the selected length and
      height is formed.
NUM  2.
PAR  2. The method of claim 1 further including the steps of filling mortar in
      the vertical joints between bricks in said first row and filling mortar in
      the vertical joints between bricks in said second row.
NUM  3.
PAR  3. The method of claim 1 wherein said platform is also vertically movable
      and further including the step of elevating said platform relative to said
      work-bench prior to placing said second row of bricks on said workbench.
NUM  4.
PAR  4. The method of claim 1 wherein the movement of the platform in the first
      direction is intermittent and the movement in the second direction is
      continuous.
NUM  5.
PAR  5. The method of claim 1 wherein each successive row of bricks is laid in a
      plurality of horizontally spaced side-by-side sections whereby more than
      one panel is fabricated on the same workbench.
NUM  6.
PAR  6. A method of prefabricating brick panels in a plant having a storage area
      for a supply of bricks, a plurality of workbenches, and motorized
      scaffolds disposed for reciprocal movement along both sides of the
      workbenches comprising the steps of mixing a supply of mortar, pouring the
      mortar into a plurality of mortar pots stored on a storage cart,
      transferring the mortar pots by overhead crane means from the storage cart
      to the motorized scaffolds, transferring bricks from the storage area to
      the motorized scaffolds, moving the scaffolds in a first horizontal
      direction adjacent the side of the associated workbenches, placing bricks
      from the scaffolds in a first row on the associated workbenches as the
      scaffolds move along the sides thereof, reversing the direction of
      movement of the scaffolds in a second horizontal direction opposite to
      said first direction and spreading a layer of mortar onto the top of the
      bricks in said first row as the scaffolds move in said second direction,
      again reversing the direction of movement of the scaffolds in said first
      direction and placing a second row of bricks on the spread layer of
      mortar.
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ABST
PAL  A process for forming a collapsable tube having a flexible inner tube and a
      resilient outer tube. A shoulder member is formed having connecting
      surfaces. A flexible inner tube is joined to the shoulder member at a
      connecting surface. An outer tube encompassing the inner tube is joined to
      the shoulder member at a separate connecting surface so that the outer
      tube overlaps the joint between the inner tube and shoulder member. To
      resist permeation, the inner tube is formed by lap welding a laminated
      sheet of different natured materials and depositing a molten material
      along an edge of the sheet to seal it.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a Continuation-In-Part of our copending application,
      Ser. No. 314,920 filed Dec. 14, 1972 entitled "Collapsable Tube", now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to collapsable tubes formed of synthetic resin
      materials.
PAR  2. Description of the Prior Art
PAR  To date, there are different collapsable tubes available for holding tooth
      paste, medicinal paste, paste food and the like. Most of these tubes, in
      the past, were formed of metal such as aluminium and such tubes had a
      disadvantage in that the body thereof was left ugly without returning to
      its original shape after having been compressed. Recently, collapsable
      tubes which are formed of synthetic resin materials have been in common
      use, which not only eliminate the aforementioned disadvantage of the prior
      known metal tubes but offer numerous advantages such as reduced cost and
      increased productivity. These tubes are constructed of synthetic resin
      materials that are sufficiently elastic to permit the body to return to
      its original shape after having been compressed. However, during the
      return process, air is allowed to enter into the body of the tube, tending
      to oxidize the substance contained therein as well as, when it is rapidly
      compressed, to cause a spattering of the substance due to the fact that it
      is forced to burst out with the air. Furthermore, because of the generally
      high permeability of synthetic resin to oxygen gas, water vapor and odor
      and their poor oil-resisting property, there is a tendency for the
      substance contained in such a tube to be adversely affected physically or
      chemically.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an improved and economical
      method for fabricating a double-walled collapsable tube.
PAR  It is a further object of the invention to provide a method for fabricating
      a double-walled collapsable tube in which the outer tube is of seamless
      construction.
PAR  It is another object of the invention to provide a method for fabricating a
      double-walled collapsable tube having an inner tube which is highly
      resistant to oil and water and has extremely low permeability to oxygen,
      water and odor.
PAR  It is another object of the invention to provide a method for fabricating a
      double-walled collapsable tube in which the outer tube is resilient and
      returns to its original shape after having been compressed, whereas the
      inner tube is flexible and maintains its compressed shape thus preventing
      egress and ingress of atmosphere each time the tube is compressed and
      released.
PAR  According to one feature of the invention, a shoulder member is formed
      having a lower peripheral face, an annular connecting portion extending
      downwardly from the inner edge of the face, and a circumferential edge
      adjacent to and above the peripheral face. A flexible inner tube is joined
      to the shoulder member at the lower peripheral face and at the annular
      connecting portion. A resilient outer tube is joined to the shoulder
      member at the circumferential edge so as to encompass the inner tube and
      overlap the joint between the inner tube and the shoulder member.
PAR  According to another feature of the invention, the outer tube is a seamless
      tube and the inner tube is a laminated lap-welded tube formed of a
      plurality of films of different natured materials. A molten material is
      deposited on a longitudinal edge of the laminated tube to seal the edge of
      the laminations.
DRWD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  These and other objects will be readily apparent from the following
      description of the invention when taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is an elevation showing a collapsable tube embodying the invention;
PAR  FIG. 2A is a longitudinal section taken along the line II--II of FIG. 1,
      showing the tube in a filled-up condition;
PAR  FIG. 2B is a view similar to FIG. 2A showing the tube after having been
      compressed, the cap being removed;
PAR  FIG. 2C is an enlarged fragmentary longitudinal section of the tube shown
      in FIG. 2A;
PAR  FIG. 2D is a view similar to FIG. 2C showing another embodiment of the
      tubes;
PAR  FIG. 2E is a view similar to FIG. 2C showing a further embodiment of the
      tube;
PAR  FIG. 3 is a cross section showing an inner tube of the present collapsable
      tube;
PAR  FIGS. 4A and 4B are enlarged fragmentary cross sections showing various
      sheets of laminated films of which the inner tube is constructed;
PAR  FIG. 5A is an enlarged fragmentary cross section showing the manner in
      which a molten, water-resistant material such as polyethylene is deposited
      on the inner end surface of the sheet;
PAR  FIG. 5B is a view similar to FIG. 5A showing the manner in which the
      molten, water-resistant material is deposited on each end surface of the
      sheet;
PAR  FIG. 6 is a schematic view showing a typical process of forming the inner
      tube; and
PAR  FIG. 7 is an enlarged cross section taken along the line VII--VII of FIG. 6
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a collapsable tube 1, embodying the invention,
      includes a body 2 which comprises a tubular portion 4, a neck 7 (see FIG.
      2) on which a cap 3 is removably mounted, and a shoulder member 8 provided
      between the tubular portion 4 and the neck 7. The tubular portion 4, as
      best seen in FIGS. 2A and 2B, has a double-walled structure which
      comprises an inner tube 5 and an outer tube 6. At their upper peripheral
      ends the inner and outer tubes 5 and 6 are sealed or welded to the lower
      peripheral end of the shoulder portion 8 which is preformed integrally
      with the neck 7. The lower ends of the inner and outer tubes 5 and 6 are
      sealed in the manner shown in FIGS. 2A and 2B, but may be fused to the
      periphery of a suitable bottom member (not shown).
PAR  The outer tube 6 is formed by extrusion-moulding a cylindrical tube and
      then cutting it into segments of a predetermined length. The outer tube 6
      is formed of a material that is sufficiently elastic to permit the outer
      tube to return to its original shape after having been compressed, such as
      polyethylene, polypropylene and the like. As seen in FIGS. 2A and 2B, an
      opening 10 is provided in the outer tube 6 adjacent the shoulder 8, which
      opens to a space defined between the inner tube 5 and the outer tube 6 for
      purposes as will appear later.
PAR  As shown in FIGS. 2C-2E, the shoulder member 8 has a lower peripheral face
      8b, an annular connecting portion 8c extending downwardly from the inner
      edge of the face, and a circumferential edge 8a adjacent to and above the
      peripheral face. The upper end of the inner tube 5 abuts the lower
      peripheral face 8b and is affixed to it. The inside surface of the inner
      tube 5 adjacent its upper end is affixed to the outer surface of the
      annular connecting portion 8c. Thus, the inner tube 5 is firmly attached
      to the shoulder 8 at the peripheral face 8b and at the annular connecting
      portion 8c.
PAR  The outer tube 6 is attached to shoulder 8 by affixing its upper inside
      surface to the circumferential edge 8a of the shoulder. The outer tube
      thereby overlaps and supports the joint between the inner tube 5 and the
      shoulder member 8. The joints may be sealed or welded in accordance with
      conventional techniques.
PAR  Referring to FIG. 3, the inner tube 5 is formed in a generally cylindrical
      shape by bending a sheet 11 of laminated films with the side ends 12
      thereof overlapping each other. In order that the inner tube 5 may be
      flexible and yet it may not readily return to its original shape after
      having been compressed, the sheet 11 is so formed as to be sufficiently
      thin as a whole and, in one preferred embodiment (shown in FIG. 4A),
      comprise a polyvinyl alcohol film 13 and two polyethylene films 14
      deposited coextensively on both surfaces thereof. In another embodiment
      (shown in FIG. 4B), an aluminium foil 15 is used in place of the polyvinyl
      alcohol film 13.
PAR  As is well known, a polyvinyl alcohol film has an extremely low
      permeability to oxygen gas and odor and, in addition, is highly resistant
      to oil. Since, however, the material is water-soluble, the polyvinyl
      alcohol film 13 is deposited on both surfaces thereof with the
      polyethylene films 14 which are highly resistant to water.
PAR  With the arrangement described and shown in FIGS. 1 through 4, since the
      outer tube 6 is sufficiently elastic to be able to return to its original
      shape but, in contrary, the inner tube 5 is not capable of returning to
      its original shape after having been compressed, then the tubular portion
      4 changes from the condition shown in FIGS. 2A to 2B as the substance
      contained therein is squeezed out. The inner tube 5 remains in the
      condition shown in FIG. 2B until further application of pressures to the
      body 2 takes place. When pressures developed inside the body 2 are
      released, the outer tube 6 of itself returns to its original shape and
      simultaneously air enters into the space between the inner tube 5 and the
      outer tube 6 through the opening 10. Thus, as is best seen in FIG. 2B, the
      tube can always have an appearance which is not ugly, even after having
      been compressed. The fact that there is no air flowing into the inner tube
      5 through an orifice in the neck 7 serves to prevent the substance
      contained therein from spattering with the air when the body 2 is rapidly
      compressed. Furthermore, due to the provision of the opening 10, there is
      no vacuum produced within the space defined between the inner tube 5 and
      the outer tube 6. A further advantage to be realized through the present
      invention is that there is little or substantially no loss of odor and
      oxidation of the substance contained because of the provision of the
      polyvinyl alcohol film 13 and further that the substance is prevented from
      drying due to the deposition of the polyethylene films 14 on the film 13.
PAR  The details of the manner in which the side ends 12 of the sheet 11 are
      secured to form the cylindrical inner tube 5 will be described hereinafter
      with reference to FIGS. 5 through 7.
PAR  In FIG. 5A, the sheet 11 has its side ends overlapping each other, which
      are secured or fused by electric heating or any other suitable method. A
      small amount of suitable water-resistant material 17, such as
      polyethylene, that is in a molten condition is applied on the inner end
      surface 16a of the sheet 11 to prevent the end of the water-soluble
      polyvinyl alcohol film 13 from exposure to the substance to be contained
      in the inner tube 5. If desired, such as a water-resistant material 17 may
      also be applied on the outer end surface 16b of the sheet 11, as shown in
      FIG. 5B.
PAR  In FIG. 6, there is schematically shown a typical process of forming the
      sheet 11 of laminated films in a generally cylindrical shape. The sheet 11
      is supplied from a feed roll 18 to a tubing apparatus 20 by way of a guide
      roller 19. The tubing apparatus 20 comprises a cylindrical rod 21 of a
      diameter slightly smaller than the internal diameter of the inner tube 5,
      which rod is held in a generally horizontal position. A U-shaped guide
      member 22 is provided adjacent the fore end of the cylindrical rod 21 so
      as to form the sheet 11 in a channel shape in cooperation with the
      cylindrical rod 21. Provided adjacent the U-shaped guide member 22
      downstream thereof is a nozzle 23 from which is discharged the
      water-resistant material 17 which is held molten. As seen in FIG. 7, the
      nozzle 23 is positioned so that its orifice is held at a point immediately
      above one end surface 16 of the channel-like sheet 11 in order to apply
      the material 17 thereonto. If desired, the nozzle 23 may be carried by a
      mechanism for horizontally moving the nozzle 23 to a position in which to
      apply the material 17 onto the other end surface 16 of the sheet 11, as is
      represented by the phantom line of FIG. 7.
PAR  An electric heating device 24 is provided downstream of the nozzle 23 to
      heat the overlapping portions 12 of the sheet 11 for fusion. The tube thus
      formed is pressed by a roller 25 which acts to apply a pressure onto the
      overlapping portions 12, and then is cooled by a cooling roller 26. The
      tube is further guided between a pair of transfer rollers 27 by which the
      speed of the tube in the tubing apparatus 20 is regulated. Although not
      shown, the tube is thereafter cut into segments of a predetermined length
      by a suitable device.
PAR  From the foregoing, it will be apparent that the present invention provides
      an improved collapsable tube of a double-walled construction comprising an
      inner tube and an outer tube, the inner tube being highly resistant to oil
      and water and having an extremely low permeability to oxygen gas, water
      vapor and odor, and the outer tube being sufficiently elastic to be able
      to return to its original shape after having been compressed.
      Additionally, it will be apparent that the present invention provides an
      improved collapsable tube of a double-walled construction in which the
      inner tube is constructed of a sheet consisting of a polyvinyl alcohol
      film and two polyethylene films deposited coextensively on both surfaces
      thereof. Furthermore, it will be apparent that the present invention
      provides an improved collapsable tube of a double-walled construction in
      which the inner tube is formed in a generally cylindrical shape by bending
      a sheet of laminated films with the side ends thereof overlapping each
      other and simultaneously applying on the end surface of the sheet a small
      amount of a suitable synthetic resin material that is fusible and water
      resistant.
PAR  From the foregoing, it can be readily realized that this invention can
      assume various embodiments. Thus, it is to be understood that the
      invention is not limited to the specific embodiments described herein, but
      is to be limited only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for fabricating a double-walled collapsable tube, comprising:
PA1  forming a shoulder member having a lower peripheral face, an annular
      connecting portion extending downwardly from the inner edge of said face,
      a circumferential edge adjacent to and above said peripheral face, and a
      neck on an upper portion of said shoulder member and adapted to receive a
      closure member;
PA1  joining an end of a flexible inner tube to said shoulder member with said
      end abutting said lower peripheral face and with the inside surface of
      said inner tube adjacent said end mating against the outside surface of
      said annular connecting portion; and
PA1  joining an end of a resilient outer tube to said shoulder member with the
      inside surface of said end abutting said circumferential edge of said
      shoulder member, said outer tube encompassing said inner tube and
      overlapping the joint between said inner tube and said shoulder member.
NUM  2.
PAR  2. The process as claimed in claim 1, wherein said outer tube comprises a
      seamless tube of synthetic resin material.
NUM  3.
PAR  3. The process as claimed in claim 1, wherein said inner tube is a
      laminated lap-welded tube formed of a plurality of films of different
      natured materials making said tube resistant to oil and water, and of low
      permeability to oxygen, water vapor and odor.
NUM  4.
PAR  4. The process as claimed in claim 3, wherein said films comprise a
      polyvinyl alcohol film and two polyethylene films deposited on both
      surfaces of said polyvinyl alcohol film.
NUM  5.
PAR  5. The process as claimed in claim 3, wherein said films comprise an
      aluminium foil and two polyethylene films deposited on both surfaces of
      said foil.
NUM  6.
PAR  6. The process as claimed in claim 1, including closing the ends of said
      inner tube and said outer tube opposite said shoulder member.
NUM  7.
PAR  7. The process as claimed in claim 3, wherein said laminated lap-welded
      tube is formed by:
PA1  providing a laminated strip of at least two-different natured materials;
PA1  depositing a separate molten material on at least one longitudinal edge of
      said laminated strip;
PA1  overlapping the longitudinal edges of said strip to form a tube with said
      one edge positioned inside said tube; and
PA1  heat fusing the overlapped surfaces of said strip.
NUM  8.
PAR  8. A process for forming a multi-ply inner tube for use in a double-walled
      collapsable tube comprising:
PA1  providing a laminated strip of at least two different natured materials;
PA1  depositing a separate molten material on at least one longitudinal edge of
      said laminated strip;
PA1  overlapping the longitudinal edges of said strip to form a tube with said
      one edge positioned inside said tube; and
PA1  heat fusing the overlapped surfaces of said strip.
NUM  9.
PAR  9. The process as claimed in claim 8, wherein said molten material is
      deposited on both longitudinal edges of said strip.
NUM  10.
PAR  10. The process as claimed in claim 8, wherein said providing a laminated
      strip comprises:
PA1  depositing two polyethylene films on both surfaces of a polyvinyl alcohol
      film.
NUM  11.
PAR  11. The process as claimed in claim 8, wherein said providing a laminated
      strip comprises:
PA1  depositing two polyethylene films on both surfaces of an aluminium foil.
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ABST
PAL  A buoyant fishing line is produced with foamed core surrounded by a
      filamentous line with or without being coated with a flexible surface
      layer.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of my copending application, Ser. No.
      221,148 filed Jan. 27, 1972 now U.S. Pat. No. 3,849,929.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to production of an improved fishing line. This
      invention further relates to an improved buoyant fishing line having a
      foamed core.
PAR  A good buoyant line for fly casting should have, besides buoyancy, at least
      the following properties: (1) weight sufficient for casting; (2) little
      visibility for the fish; (3) flexibility; and (4) retain its buoyancy with
      use.
PAR  Since the lure usually has little weight, the propelling force for a cast
      is generated initially in the line and then transmitted to the leader and
      lure. The fishing line therefore should have sufficient weight for the
      force to develop and be transmitted.
PAR  The diameter of the line should be relatively small to reduce its
      visibility to the fish and avoid friction with the guides during the cast.
      A visible line will distract the fish away from the lure.
PAR  A good line should also be flexible and retain its flexiblity. If the line
      is not sufficiently flexible it will not generate sufficient energy, nor
      trnsmit the energy necessary for proper casting.
PAR  Retention of buoyancy is another feature required for a good line. Many
      lines, during use, develop cracks in the surface coating permitting water
      to enter the line decreasing the bouyancy of the line and also weakening
      or breaking the bond between the line and the coating. The line therefore
      becomes useless after a relatively short period of use.
PAR  Many attemptes have been made to overcome these disadvantages, most without
      success. The lines developed as a result of these attempts either did not
      overcome all the disadvantages or developed new disadvantages in the
      process.
PAR  Increased bouyancy of a line by the incorporation of microbeads or foaming
      of the surface coating has been attempted. Both methods increase the
      line's diameter decreasing its flexibility and increasing its visibility
      to the fish. The surface coating is also weakened by the incorporation of
      particles, thus permitting cracking to occur and seepage of water into the
      line's center.
PAR  The incorporation of buoyant material in a surface coating cannot be used
      however to prepare a bouyant fishing line which does not require the
      additional weight imparted by the surface coating.
PAR  It is thus an object of this invention to overcome the disadvantages
      enumerated above.
PAR  Another object of this invention is to produce an improved bouyant fishing
      line having a foamed core.
PAR  Still another object of this invention is to produce an improved buoyant
      fishing line having a foamed core but no surface coating.
PAR  These and other objects of this invention will be apparent from the
      description of the drawings and the following discussion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a drawing showing a longitudinal section of a coated fishing
      line.
PAR  FIG. 2 is a cross-sectional view of a fishing line, along the line 2--2 of
      FIG. 1.
PAR  FIG. 3 is a view with parts broken away of a fishing line.
PAR  In the preparation of commercial fishing lines a filamentous material, such
      as nylon, dacron, silk and the like, is braided, twisted or laid side by
      side to provide the bulk of the line and its tensile strength. In most
      lines the filamentous material is braided and machines for the braiding of
      this material are commercially available. Regardless of the process used
      for preparing the fishing line, a core is usually formed within the
      filamentous material. It is this core which, according to the present
      invention, is filled with a foamed material and which imparts the improved
      buoyancy to the line.
PAR  In FIGS. 1 and 2, the foamed core material 1 is shown surrounded, or
      encased, in the filamentous line material 2.
PAR  In FIG. 3, the filamentous line material is shown in a braided form which
      is the preferred form of the line material. It is also preferred that the
      line material by nylon.
PAR  The core material 1 may be a monofilament or filaments of foamed material
      or filamentous material (such as thread) impregnated or coated with foamed
      material.
PAR  The surface coating 3 of the line is any of the conventional coating known
      to those skilled in this art. The coating may be applied directly to the
      line or there may be an intermediate adhesive (primer) layer. It is
      preferred to have the intermediate adhesive layer. This improves the
      adherence of the surface coating to the line material. The primer should
      be a relatively non-viscous liquid which is compatible with the plastisol
      used as the surface coating. Suitable primers are vinyl chloride - vinyl
      acetate copolymer in methyl isobutyl ketone or acrylonitrile-butadiene
      copolymer in methyl-ethyl or methyl-isobutyl ketone.
PAR  After the primer has been applied and the solvent evaporated, the surface
      coating plastisol is applied to the line.
PAR  The polymeric component of the plastisol may be vinyl chloride or vinyl
      chloride copolymers. The polymer is mixed with one or more plasticizers
      and a stabilizer.
PAR  Suitable plasticizers for vinyl chloride polymers include di-octyl adipate,
      di-2-ethylhexyl phthalate, dicapryl phthalate, tricresyl phosphate and
      trioctyl phosphate.
PAR  Suitable stabilizers include lead, zinc and cadmium soaps and epoxides. The
      stabilizer is included to combine -- pick up -- with any hydrogen chloride
      which may be liberated from the polyvinyl chloride. Liberated hydrogen
      chloride, if not absorbed, will deteriorate the surface coating.
PAR  The amount of plasticizer present in the plastisol varies dependent upon
      the polymer content but is usually in the range of about 30 to 70 parts by
      weight of plasticizer per 100 parts by weight of polyvinyl chloride.
PAR  After the line has been coated with the plastisol it is "cured" by heat
      treatment at a temperature in the range of about 350.degree. to
      380.degree.F.
PAR  A typical surface coating plastisol formulation, in parts by weight, is as
      follows:
TBL  Polyvinyl chloride (Geon 121)                                             
                              100                                              
     Dioctyl adipate          53                                               
     Epoxidized tall oil (Flexol E P8)                                         
                              10                                               
     Lead soap                 3                                               
PAR  A typical plastisol formulation for a fishing line has a specific gravity
      in the range of about 1.2 to 1.3. In order to have a buoyant fishing line,
      the resulting specific gravity must be reduced. As was discussed
      previously, the specific gravity has, in the past, been reduced by the
      addition of microspheres of air in the plastisol and thus in the surface
      coating. The disadvantages of this procedure have been enumerated.
PAR  It has now been found that an improved bouyancy and an improved line is
      obtained by the addition of a foamed material to the core of the line. It
      should be pointed out that the definition of core as used in this
      specification and appended claims refers to that area within the line
      proper, such as the area within a braided nylon line. In the prior art the
      term core refers to the braided nylon line itself.
PAR  In the process for the production of a fishing line, such as the braiding
      of nylon filaments or fibers, a hollow area within the center of the line
      is formed. It is this hollow area which is referred to as the core in this
      application and which is substantially occupied by a foamed material. The
      diameter of this core varies with the means of producing the line. It is
      usually in the range of about 0.005 to 0.015 inches.
PAR  In most commercial lines, this core remains empty and any air in the core
      aids in the buoyancy of the line. However, when a crack develops in the
      surface coating, any water which enters the line eventually reaches the
      core and fills the core. This decreases the buoyancy of the line because
      (1) the air in the core is displaced by water, ands (2) an added weight,
      water, is supplied to the line. Because of the small diameter of the core,
      it is extremely difficult to dry out the water in the core. The line,
      therefore, rapidly becomes useless.
PAR  The presence of a foamed material, according to this invention, in the core
      prevents any significant amount of water to enter the core. In addition,
      since the air is "trapped" within the foamed core material it cannot be
      displaced. Buoyancy of the line is thus maintained.
PAR  The foamed material, which substantially fills the core, can either be a
      thread material impregnated or coated with foamed material, or be
      filaments of foamed material.
PAR  In either case, the material may be foamed prior to incorporation in the
      line or after incorporation in the line.
PAR  As was discussed previously, in the production of a fishing line, a surface
      coating, when used, is applied to the line in the form of a plastisol
      which is then cured. It is possible to take advantage of this curing step
      to also foam the core material. Many synthetic compositions are available
      which will expand upon heating forming a cellular structure. This material
      incorporated within the core will expand during the curing (heating) step
      and substantially occupy the core space.
PAR  The other process utilizes a foamed material and braids the line around the
      foamed material. In this process, the diameter of the foamed material may
      be slightly larger than the normal diameter range of the inner core of a
      fishing line. The line as it is being braided will compress the foamed
      material thus ensuring that the core will be substantially occupied by the
      foamed material.
PAR  Preparation of a thread, such as cotton or nylon, impregnated with a
      foamable material can be prepared utilizing conventionally known
      processes, such as described in U.S. Pat. No. 3,479,811.
PAR  One of the processes comprises the feeding of the thread to a tank
      containing a foamable coating mixture. As the thread passes through the
      coating mixture, the coating adheres to the thread. The amount of coating
      which will adhere to the thread can be regulated by the speed with which
      the thread is passed through the coating mixture. Another means by which
      the amount of coating adhering to the thread is regulated is by passing
      the thread, after it leaves the tank, through an adjustable orifice. The
      excess coating is removed during the passage through the orifice.
PAR  This procedure provides mainly a surface coating on the thread. However,
      depending upon the viscosity of the mixture, some impregnation occurs. The
      more fluid the liquid, the greater the degree of impregnation.
PAR  Coating mixtures of foamable material are commercially available or easily
      prepared. Polystyrene beads are available in bead diameters of 0.8 mm and
      less. The beads containing a low boiling aliphatic solvent and foaming
      occurs at about 200.degree.F.
PAR  Vinyl and polyethylene beads and pellets are also commercially available.
      The foaming agent varies and may be a chemical or a low boiling solvent.
PAR  Other beads and pellets and other diameters are also available.
PAR  These are just a small number of the commercial available products which
      may be utilized.
PAR  The coated and/or impregnated thread is then dried to remove the solvent.
      If the material is to be foamed prior to incorporating into the line, the
      removal of solvent can be conducted at a higher temperature or under
      conditions which would also foam the coating mixture. If foaming is to be
      delayed then the solvent is removed under milder temperature or conditions
      to prevent foaming.
PAR  In either case, the resultant thread is then encompassed within a fishing
      line. This may be accomplished by passing the thread up through the center
      of a braiding machine and have the line braided around the coated thread.
      Machines capable of accomplishing this process are commercially available
      or can be easily adapted.
PAR  The line with its foamed or foamable core is then coated with a primer and
      finally the surface coating.
PAR  As was discussed previously, most line coatings are cured at elevated
      temperatures. This curing step will also foam the core material if
      necessary. It should be remembered that the temperature in the core will
      be less than at the surface of the line. It may thus be necessary to cure
      the surface coating at a temperature in the upper portion of the range in
      order to supply sufficiently high temperatures to cure the core material.
      It is not necessary, and in many instances it will not be required, that
      the core material and surface material require the same temperature for
      foaming and curing, respectively.
PAR  Foaming of the core material and curing of the surface coating at the same
      time requires a better control over operating conditions than required
      when only curing of the surface coating occurs.
PAR  In addition, there always exists the possibility that during the foaming of
      the core material some gas might escape and rupture or blister the surface
      coatings. For these reasons it is preferrable that the core material be
      foamed prior to being encompassed by the line material.
PAR  The procedure for the preparation of a buoyant line utilizing as a core
      material filaments or a filament of a foamed or formable material is
      basically similar to that previously discussed for the coated thread. The
      main difference between the two processes resides in the preparation of
      the core material. Foamed or foamable filaments are commercially available
      or easily prepared by known methods and do not have to be coated as
      discussed previously for the thread. Their incorporation into the fishing
      line and subsequent treatment, if necessary, is similar to the coated
      thread operation already discussed.
PAR  In another embodiment of this invention, the buoyant fishing line has the
      same buoyant filamentous center and line as previously discussed but does
      not have a flexible outer surface coating. This type of line is desirable
      where the buoyancy feature is desired but the added weight due to the
      surface coating is not needed or desired.
PAR  The process for preparing this type of line is identical with the previous
      discussion. Since there is no surface coating, foaming of the core can be
      delayed until after the line has been formed around the foamable core
      material.
PAR  While the illustrative embodiments of the invention have been described
      hereinbefore with particularity, it will be understood that various other
      modifications will be apparent to and can readily be made by those skilled
      in the art without departing from the scope and spirit of the invention.
      Accordingly, it is not intended that the scope of the claims appended
      hereto be limited to the examples and description set forth herein but
      rather the claims be construed as encompassing all the features of
      patentable novelty which reside in the present invention including all
      features which would be treated as equivalents thereof by those skilled in
      the art to which the invention pertains.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the preparation of a buoyant fishing line comprising (a)
      coating a thread with foamable material; (b) foaming said foamable
      material; (c) braiding a filamentous line around a core comprised of said
      foamed material; (d) coating the resultant line, from step (c), with a
      primer; (e) coating the resultant line, from step (d), with a flexible
      surface coating; and (f) curing said surface coating.
NUM  2.
PAR  2. A process for the preparation of a buoyant fishing line according to
      claim 1, wherein the filamentous line is nylon.
NUM  3.
PAR  3. A process for the preparation of a buoyant fishing line according to
      claim 2, wherein said surface coating is polyvinyl chloride.
NUM  4.
PAR  4. A process for the preparation of a buoyant fishing line comprising
      coating a thread with foamable material; braiding a filamentous line
      around said foamable material; and foaming said foamable material whereby
      there is a foamed core filling said filamentous line.
NUM  5.
PAR  5. A process according to claim 4, wherein the foaming step is carried out
      after the braiding step.
NUM  6.
PAR  6. A process according to claim 5, further comprising coating the
      filamentous line with a primer; applying a flexible surface coating onto
      said primer; and curing said surface coating.
NUM  7.
PAR  7. A process according to claim 6, further comprising foaming said foamable
      material during the step of curing said surface coating.
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ABST
PAL  A reinforced plastic rod is produced by placing resin impregnated fibres
      within a tube of deformable openwork construction, for example braided or
      knitted material, arranged so that elongation of the tube results in a
      decrease in its cross section, elongating the tube so that it compacts the
      resin and fibres and also squeezes out excess resin through the openwork
      tube, and then curing the resin.
BSUM
PAR  The present invention is concerned with reinforced plastics and a method
      for the production thereof.
PAR  In accordance with the present invention a process for the production of a
      reinforced plastics article comprises the steps of placing the
      reinforcement and the plastics, in an uncured or part cured state, within
      a tube of deformable openwork construction, for example braided or knitted
      material, arranged so that elongation of the tube results in a decrease in
      its cross section, elongating said tube so that it compacts the plastics
      and reinforcement, and curing said plastics.
PAR  The reinforcement may be in the form of short randomly oriented lengths or
      preferably it may be in the form of extended lengths which are
      substantially continuous throughout the length of the rod which they are
      reinforcing. Advantageously the reinforcement comprises continuous lengths
      of carbon fibres of high modulus and high ultimate tensile strength, say
      modulus greater than about 20 .times. 10.sup.6 p.s.i. and strength greater
      than about 100 .times. 10.sup.3 p.s.i. such as may be obtained by the
      process described in U.K. Pat. Specification No. 1,110,791.
PAR  The plastic may be of the hot curing or cold curing variety. Suitable hot
      curing plastics include epoxy resins, phenol-formaldehyde resins,
      Friedel-Crafts resins or polyimides. By Friedel-crafts resins is meant the
      product of a condensation reaction between an aromatic compound having at
      least two halogeno-methyl (preferably chloromethyl) or alkoxymethyl
      (preferably methoxymethyl) groups attached directly to an aromatic nucleus
      and an aromatic compound having at least two nuclear hydrogen atoms
      available and activated toward such condensation reaction as disclosed in
      U.K. Pat. Specifications Nos. 1,024,222 and 1,094,181.
PAR  Cold curing plastics remain formable until an accelerator or catalyst is
      added to cause the curing reaction to take place; heat may or may not be
      required to assist in this curing reaction. It should be noted that once
      the catalyst has been added plastics of this type cure in a finite time
      and the steps of the present invention must be completed within the curing
      time of the system. Suitable cold curing resins include unsaturated
      polyesters, UV catalysed monomeric methyl methacrylate, amine hardened and
      polyamide hardened epoxy resins, furane resins and resorcinol/formaldehyde
      resins.
PAR  The braided or knitted tube is preferably of glass fibre, and may be
      removed from the rod after the plastic is cured or it may be left in
      position. The tube may alternatively be of braided or knitted carbon
      fibre, or a combination of glass and carbon fibre.
DRWD
PAR  Embodiments of the invention will now be described by way of example with
      reference to the following drawings in which:
PAR  FIG. 1 illustrates a method of producing a reinforced plastic rod.
PAR  FIGS. 2 and 3 illustrate methods of producing a reinforced plastic article
      which conforms to the shape of a former.
DETD
PAR  Referring to FIG. 1 a method of producing a reinforced plastic rod is
      operated by charging a braided glass fibre tube 1 with a core of resin
      impregnated carbon fibre reinforcement 2, hanging the tube vertically by
      one end, attaching sufficient weights 3 to the other end to reduce the
      diameter of the braided tube thus causing the tube to closely fit and
      compact the resin impregnated fibres and also causing excess resin to be
      squeezed out through the braiding, and then curing the resin. Some of the
      resin penetrates the spaces within the braided material and this
      facilitates bonding between the tube and the fibre 2. This produces
      straight reinforced plastic rod of substantially circular cross-section.
PAR  The forces causing elongation of the braided tube need not be linearly
      opposed as can be seen with reference to FIG. 2 wherein a braided glass
      fibre tube 4 is charged with lengths of resin impregnated carbon fibre
      reinforcement 5 and is then hung over a former 6, tension is applied to
      both ends of the tube 4 and the resin is cured so that the reinforced
      plastic rod conforms to the shape of the former 6. The product of this
      process has a flattened cross-section.
PAR  The former may be treated with a parting agent to permit removal of the
      shaped rod produced or the former may be a thin sheet of material, for
      example, fibre glass, which it is sought to reinforce, in which instance
      an excess of plastic is arranged so that it seeps through the braided tube
      and attaches the rod to the material sought to be reinforced on curing.
      Other means such as a thermosetting or cold setting adhesive, may be used
      to attach the rod to the material sought to be reinforced.
PAR  Referring now to FIG. 3 a reinforced plastics tube is produced by arranging
      lengths of resin impregnated carbon fibre 7 around a tubular plastic
      former 8, feeding a braided glass fibre tube 9 over the carbon fibre and
      former causing the braided tube 9 to compact the carbon fibre within the
      annular space between the two tubes and the former, and then curing the
      resin. The former may be selected from a number of materials such as wood
      or metal of various cross sections dependent upon design requirements. The
      former may be separated from the fibre subsequent to curing.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the production of a reinforced plastics article comprising
      the steps of placing the reinforcement and the plastics, in an uncured or
      part cured state, within a tube of deformable openwork construction
      arranged so that elongation of the tube results in a significant decrease
      in its internal cross-sectional area cross-section, supporting the tube
      with at least a portion of the external surface of the tube exposed to
      allow a significant flow of said plastics through said surface, elongating
      said tube so that it compacts the plastics and reinforcement, and
      providing for the curing of said plastics.
NUM  2.
PAR  2. A process for the production of a reinforced plastics article according
      to claim 1 wherein at least some of the fibrous reinforcement comprises
      carbon fibres.
NUM  3.
PAR  3. A process for the production of a reinforced plastics article according
      to claim 2 wherein the openwork tube is constructed of braided fibre at
      least some of which is glass fibre.
NUM  4.
PAR  4. A process for the production of a reinforced plastics article according
      to claim 2, wherein the openwork tube is constructed of braided fibre at
      least some of which is carbon fibre.
NUM  5.
PAR  5. A process for the production of a reinforced plastics article according
      to claim 1 wherein said tube containing the plastics and reinforcement is
      placed over a former prior to the step of elongating so that the
      reinforced plastics article conforms to the shape of the former.
NUM  6.
PAR  6. A process for the production of a reinforced plastics article comprising
      the steps of positioning lengths of fibre, in an uncured or part cured
      state, on to a former, feeding a tube of openwork construction arranged so
      that elongation of the tube results in a decrease in its cross section
      over the former and fibre, elongating said tube so that it compacts the
      plastics and reinforcement, and curing said plastics.
NUM  7.
PAR  7. A method of making an oriented filamentary reinforced plastic article
      comprising the steps of
PA1  applying a plastic binder in a partially cured or uncured state to the
      filamentary material,
PA1  placing a tubular, flexible porous mold over the composite mass of binder
      and filaments,
PA1  stretching the tubular mold along its longitudinal direction thereby
      compressing radially the composite mass therein and aligning the
      filamentary material within the binder;
PA1  such radial compression forcing a flow of binder material through the walls
      of said porous mold, and
PA1  curing the binder material.
NUM  8.
PAR  8. A method as in claim 7, wherein the tubular mold containing the
      composite mass is subjected to a transverse force in at least one
      direction on at least a portion of the mold by forming the mold containing
      the composite mass over a shaper member before the binder material is
      cured.
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ABST
PAL  An apparatus and process for smoothing and densifying both the upper and
      lower surfaces of a filamentary mat or sheet as rows of freshly melt spun
      filaments are permitted to fall freely onto the surface of a liquid
      cooling bath whereby the individual filaments spread laterally at the bath
      surface to form helical to sinuous loops which then become self-bonded at
      overlapping points of intersection within a short distance below the bath
      surface. A flattening or densifying of upper and lower surfaces of the mat
      into a more rigid structural member is accomplished by inserting at least
      one pair of downwardly diverging plates within the bath such that the
      upper apex thereof extends parallel to the rows of filaments and falls
      within at least one outermost row of filaments, thereby deflecting such a
      row inwardly and upwardly over the apex as it is incorporated into an
      outer bonded surface of the mat.
BSUM
PAR  A process for producing a resilient mat or cushion composed of rows of
      helically to sinuously looped and self-bonded filaments has been described
      in U.S. Pat. No. 3,687,759, and because this prior process represents the
      essential point of departure of the present invention, said patent is
      incorporated herein by reference as fully as if set forth in its entirety.
      In principle, the patent discloses a molten thermoplastic polymer being
      spun in the form of amorphous filament strands from a spinning nozzle for
      free fall onto a cooling bath, preferably water. The vertically spun
      continuous filament coil into laterally spread loops on the bath surface
      due to the upward buoyant force of the cooling liquid. These laterally
      coiled loops adhere to each other upon contact at overlapping points of
      intersection during the cooling process at or just below the bath surface.
      This coherent mat of looped filaments is drawn downwardly into the bath
      and continuously pulled out after being solidified. The resulting mat or
      cushion has parallel rows of predominately helically to sinuously looped
      filaments resembling a spring cushion with the axes of the springs
      extending parallel to the sides or outer surfaces of the mat. Mats or
      cushions manufactured in this manner have irregularly shaped outer
      surfaces caused by the filament loops being positioned perpendicularly to
      these surfaces.
PAR  A further process has been disclosed in U.S. Pat. No. 3,691,004 whereby at
      least one surface of such a mat is flattened or densified by bringing the
      vertically spun filaments of an outermost row in contact with an inclined
      plate simultaneously with the submersion of the filaments into the bath,
      this plate intersecting the bath surface at an angle of 10.degree. to
      80.degree.. It is recommended by the patent that the intersecting line of
      the bath surface and the plate be positioned approximately along the line
      projected on the bath surface by the outermost row of the freshly spun
      filaments. The result of bringing the filaments in contact with the plate
      and the bath surface was to rearrange or deform the loops making up the
      outermost filament rows so as to extend horizontally in the plane of the
      mat surface. One mat surface thereby became smooth and exhibited a higher
      density than the rest of the mat.
PAR  The possibility of achieving a mat with two flat surfaces was also
      explained in U.S. Pat. No. 3,691,004. For this purpose, the mat being
      formed was to be brought into contact with the supporting plate on one
      side while simultaneously being put under light pressure from the opposite
      side by means of a rotatable roller. This roller, being submerged in the
      solution, caused frequent disturbances, especially due to the unfavorable
      circulation of the bath liquid which affects the formation of the loops
      and the mat in an adverse manner.
PAR  The use of two opposing rollers or plates has also been suggested but
      without achieving satisfactory results.
PAR  One object of the present invention is to provide a process and an
      apparatus for the manufacturing of filamentary mats or sheets having
      either one or two flat and densified surfaces while avoiding the
      disadvantages of a rotating roller. It is especially an object of the
      invention to provide a process and apparatus which maintains a uniform
      helical to sinuous looping of filaments in regular parallel rows inside of
      the mat being formed while flattening and filling in one and preferably
      both outer surfaces, thereby offering smooth outer surfaces which can be
      made much more rigid in the form of a structural mat or sheet. These and
      other objects and advantages will become more apparent from the following
      detailed disclosure.
PAR  It has now been found in accordance with the invention, that one can
      continuously melt-spin and produce a generally open-structured
      thermoplastic filamentary mat with much more highly densified and
      reinforced upper and/or lower mat surfaces by providing a precise
      variation in the path of the corresponding outermost row or rows of the
      freshly spun molten filaments as they are received for loop formation on
      the bath surface and then joined to the body or intermediate rows of the
      remaining melt-spun and looped filaments. The conventional steps are
      followed in part and include melt-spinning continuous thermoplastic
      polymer filaments vertically downwardly in a plurality of rows onto the
      surface of a liquid cooling bath which exerts a sufficient buoyant force
      to laterally spread the individual filaments at the bath surface into
      helical to sinuous loops which become self-bonded at overlapping points of
      intersection of adjacent filaments within a bonding zone lying a short
      distance below the bath surface and then withdrawing the resulting
      coherent mat from the bath. The improvement in the process of the present
      invention includes the steps of at least slightly compressing the mat
      between opposing stationary guide surfaces as it is withdrawn from said
      bonding zone; and contacting an outermost row or rows of filaments
      corresponding to at least one of the upper and lower surfaces of the mat
      with a second stationary guide surface which diverges outwardly from one
      of said first-mentioned guide surfaces to extend for at least a short
      distance below the bath surface such that at least one outermost row of
      filaments is deflected in a path inwardly and upwardly over an apex and
      then downwardly on said first-mentioned quide surface so as to be
      incorporated into the formation of an outer bonded and flattened surface
      of the mat.
PAR  Especially good results have been achieved in the process of the present
      invention when using a linear fiber-forming polyamide (nylon 6 or nylon
      6,6) or polyester (polyethylene terephthalate) for spinning substantially
      amorphous filaments, preferably onto the surface of a water or aqueous
      cooling bath. However, it is feasible to process other well-known
      thermoplastic filaments in this same manner, e.g. polyolefins or polyvinyl
      chloride.
PAR  In carrying out the generally known steps of this new process, it is
      possible to follow the same procedures or combine features used in both of
      the above-noted U.S. Pat. Nos. 3,687,759 and 3,691,004 so that the latter
      of these two patents is also to be included herein by reference as fully
      as if set forth in its entirety. Suitable variations or especially
      preferred conditions and features of the present invention are explained
      more fully below.
DRWD
PAR  Apparatus which is especially suitable for purposes of the present
      invention as well as the process carried out therewith will be described
      in conjunction with the accompanying drawing in which:
PAR  FIG. 1 is a partly schematic view illustrating an especially advantageous
      arrangement of the required spinning head and bath containing special
      guide members in accordance with the invention;
PAR  FIG. 2 is a similar illustration of another useful embodiment combining the
      special guide member of the present invention with the previously
      suggested inclined plate guide;
PAR  FIG. 3 is a partial schematic view of still another useful arrangement of
      the special guide members in a slightly different embodiment of the
      invention; and
PAR  FIGS. 4a and 4b are segmental views of the left-hand portions of still
      other variations of the guide members of the invention.
DETD
PAR  Similar parts are designated by similar reference numerals in each of the
      figures of the drawing, it also being understood that the process is
      carried out in substantially the same manner in spite of variations in the
      construction or arrangement of the apparatus.
PAR  Referring first to FIGS. 1 and 2, a spinning head 1 containing a plurality
      of spinning nozzles 2 in sixteen rows is positioned above a spinning tank
      or cooling bath vessel 3 such that the distance or gap between the face 1'
      of the nozzle plate and the bath surface 4 is about 20 mm., the filaments
      F falling freely over this gap so as to be melt spun vertically in a
      substantially amorphous state onto the bath surface. Due to the buoyancy
      effect of the liquid cooling medium, preferably water, the individual
      filaments form laterally spreading helical to sinuous loops at the bath
      surface, these loops preferably overlapping with each adjacent filamentary
      loop so as to become bonded to each other at their points of intersection
      (FIG. 2) although it is feasible for the rows to be separated sufficiently
      so that there is no initial overlapping from row to row (FIG. 1). The rows
      of filaments F in the drawing are viewed in each case from one end or as a
      cross-section perpendicular to the mat or sheet being produced.
PAR  For purposes of the present invention, it is preferable to provide a gap
      between the nozzle face 1' and the bath surface 4 of about 4 to 20 cm. The
      individual spinning nozzles are ideally positioned at equal distances in a
      plurality of parallel rows, preferably staggered from one row to the next,
      with a distance between each filament from side to side and preferably
      from row to row of at most 15 mm. and preferably about 4 to 8 mm. Such
      dimensions normally permit the overlapping of each helically to sinuously
      looped filament with its adjacent filaments, i.e. from row to row and from
      side to side. Within reasonable limits, variable spacing can be used
      between spinning nozzles or their corresponding filaments in each row as
      compared to the distance from row to row. However, equal spacing is
      desirable so that the distance between the rows themselves is less than
      the distance between the nozzles or filaments in each row. A nozzle or
      filament spacing of less than 3 - 3.5 mm. usually will not yield
      satisfactory results, even with an extremely fine filament of about 0.1
      mm. in diameter.
PAR  The width of the mats being formed is variable within a very broad range
      and essentially depends only on the end use of the structural mat.
      Likewise, the thickness of the mat may be varied within relatively broad
      limits although a minimum of about five and preferably at least eight rows
      of filaments is usually desirable to provide both outer dense surfaces and
      a much more open and three-dimensional helical to spiral filament
      structure in the center of the mat.
PAR  These various intervals may be readily adjusted in a routine manner,
      depending upon the polymer being spun, its diameter and the temperature of
      the spun filaments, so as to achieve the desired helical to sinuous
      looping with a lateral extension of the loops at or just below the bath
      surface sufficient to permit overlapping and self-bonding, e.g. as though
      adjacent coil springs were to be abutted and adhered to each other.
PAR  In order to provide a deflected path for at least one of the outermost rows
      of filaments, for example approximately the first three rows of filaments
      5,6,7 and 8,9,10 on each side of the mat, two triangular shaped guide
      members 11 and 12 having downwardly diverging plates or guide faces 13,14
      and 15,16 (respectively) are positioned in the bath vessel 3 so that the
      upper apex or joint line of these plates 17 and 18 in each instance is
      parallel to the rows of filaments and falls just inside the third
      outermost row of filaments 7 and 10.
PAR  In FIG. 1, the inner converging plates or guide faces 14 and 16 opposing
      each other are at an angle of about 45.degree. to the bath surface and
      provide a narrowing intermediate compression zone in the bath extending
      downwardly from the bonding zone. Once the looped filaments are bonded,
      they still are sufficiently hot and plastic to be further deformed and
      flattened as they are withdrawn in contact with the opposing guide faces
      14 and 16. However, if the three outermost rows 5,6,7 and 8,9,10 were to
      be omitted, the resulting flat surfaces still tend to be relaitvely open
      and inadequately reinforced in terms of the desired use as a structural
      mat or sheet.
PAR  Therefore, it is essential to provide at least one and preferably two up to
      about eight outermost rows which first contact the bath surface 4 with the
      usual loop formation, but then come in contact with the outer or outwardly
      diverging guide faces 13 and 15 so as to be deflected upwardly thereon
      over the apex 17 and 18 in each instance and only then incorporated into
      the formation of the flattened and bonded upper and lower surfaces of the
      mat under the influence of the opposing guide faces 14 and 16.
PAR  The upper apex 17 and 18 of the individual guide members 11 and 12, while
      preferably being positioned from about the second to eighth outermost row
      of nozzles or filaments (counting from the outside row inwardly) and being
      parallel to these rows and the bath surface, should ordinarily be
      positioned not more than about 5 mm. below the bath surface and is
      preferably within or very close to the plane of the bath surface. One row
      of filaments can be permitted to fall very close to this apex and/or the
      path of the filaments as they are deflected over the apex may even
      penetrate the bath surface.
PAR  The apex angle or angle of divergence of the two guide surfaces 13,14 or
      15,16 may be from about 20.degree. up to as much as 160.degree. while the
      inner opposing surfaces 14 and 16 will usually be placed at an inclined
      angle of about 10.degree. to 80.degree. with respect to the bath surface
      4. relatively
PAR  The following working example, based upon the apparatus, illustrated in
      FIG. 1, will serve to provide an especially preferred embodiment of the
      process according to the invention and its resulting product.
PAC  EXAMPLE 1
PAR  In this case, both the upper (left-hand) and the lower (right-hand)
      surfaces of the mat as it is shown in FIG. 1 are formed equally to provide
      the same density.
TBL  ______________________________________                                    
     Filament material:                                                        
                     Nylon-6.                                                  
     Nozzle plate:   4669 nozzle bores in 29 rows,                             
                     161 bores each.                                           
     Space between bores:                                                      
                     5 mm.                                                     
     Space between rows:                                                       
                     4.35 mm.                                                  
     Bore (orifice) diameter:                                                  
                     500 .mu.m.                                                
     Distance from nozzle plate                                                
     to bath surface:                                                          
                     20 cm.                                                    
     Width of mat:   800 mm.                                                   
     ______________________________________                                    
PAR  The triangular guide members 11 and 12 are constructed so that the
      diverging guide faces are inclined in each instance at an angle of
      60.degree. to the bath surface so that the apex angle is also 60.degree..
      Each apex 17 and 18 is located at the bath surface or only very slightly
      below the surface, and each apex is positioned vertically below the fourth
      row of nozzle bores or spinning openings from the outer sides, leaving 21
      rows therebetween. However, about the first three of these intermediate
      rows also become flattened so that the denser structure is made up of
      approximately seven rows along the upper and lower surfaces of the mat,
      respectively, and the remaining fifteen rows in the middle are relatively
      uniformly looped in the nature of predominately helical to sinuous loops
      or coils extending in parallel adjacent overlapping and self-bonded rows.
      The density of these fifteen inner rows is relatively homogeneous so as to
      provide a lightweight structure with flat, smooth, outer reinforcing
      surfaces of much higher density than is possible with the same number of
      rows flattened only beginning with the outermost row.
PAR  Not only do the deflected three or four outermost rows become strongly
      bonded and incorporated into the upper and lower mat surfaces, but also
      there is evidence that the initially forming loops tend to become more
      deformed so as to spread more evenly over the outer mat surfaces to give a
      much more even or smooth appearance. This effect may also be accompanied
      by some degree of orientation along the outer surfaces of the formed mat
      so that one achieves an even further strengthening or reinforcement with
      the upper and lower mat surfaces. Depending upon the number of rows of
      filaments involved, one may observe three stages or variations in density
      proceeding from the outermost portions to the interior of the mat or sheet
      structure.
PAR  In the next working example, carried out with the apparatus of FIG. 2, a
      very similar process is carried out but using only a single plate guide
      member 13 for the upper surface while introducing a single inclined plate
      guide 19 intersecting the bath along the outermost row at the bottom
      surface of the mat being formed.
PAC  EXAMPLE 2
PAR  In this case, the upper surface is provided with a greater density than the
      bottom surface which is nevertheless more dense than the interior of the
      mat.
PAR  The same polyamide, i.e. nylon-6, is used as in Example 1 and is melt spun
      from the same nozzle plate with all features and conditions being the same
      except the type and position of the guide elements:
PAC  Upper Surface
PAR  The same triangular guide member 13 in this instance is placed with its
      apex 17 at the bath surface but under the third row of nozzle bores or
      spinning openings corresponding to filament 20. The outermost two rows 21
      and 22 are thus deflected upwardly over the apex 17 as in Example 1, and a
      relatively dense upper surface is thereby formed from about the first five
      rows of filaments and has a thickness of about 1.5 mm.
PAC  Lower Surface
PAR  The plate 19 is inclined at an angle of 45.degree. to the bath surface 4,
      intersecting this surface along the outermost row 26 of the spun filaments
      as spun from the corresponding last row of nozzles in the spinning head 1.
      The narrowest interval between plate 19 and the inner opposing guide face
      15 of member 11 is 10 mm. This guide plate, as also used in U.S. Pat. No.
      3,691,004, caused a slight increase in density over the outermost thirteen
      rows of filaments corresponding to the bottom surface of the mat with
      compression of this surface to a thickness of about 2.5 mm. The overall
      thickness of the mat amounted to about 20 mm. By comparison to Example 1,
      both outermost surfaces of the finished mat were either less thick or less
      dense and less satisfactory as a smooth reinforcing surface layer,
      especially when using only the inclined plate 19.
PAR  In both of the foregoing examples and in other similar embodiments, the
      initially formed and surface-flattened mat is drawn off from the bath
      around a guide roll or guide cylinder 27 in the direction of the arrow 28
      by any suitable take-up means. The draw-off speed is preferably about the
      same as the speed at which the mat is formed, i.e. without placing excess
      tension on the mat or drawing it out. On the other hand, a minimal drawing
      out of the dense surface portions to provide linear orientation and
      greater strength is possible to the extent that the interior self-bonding
      of the looped filaments is not seriously impaired.
PAR  Yet another useful embodiment is that shown in FIG. 3 in which the guide
      blocks or members 29 and 30 support the inner guide plates 31 and 32
      providing the elongated guide surfaces 31' and 32', respectively, in
      vertical or nearly vertical positions and parallel to each other. The
      outwardly diverging legs or deflecting guide surfaces 33 and 34 are at a
      relatively shallow angle with reference to the bath surface, but follow
      the same principle in terms of the position of the apex formed at the top
      of the plates. In this case, the outermost filaments are channeled
      upwardly and over the apex in a sufficient volume to still cause a certain
      degree of compression between vertical surfaces 31 and 32 while tending to
      even further draw out the initial loops of the outermost deflected rows of
      filaments. The guide blocks 29 and 30 may also be heated along one or both
      guide surfaces, for example with electrical heating elements 35 and 36, in
      order to ensure the plasticity or deformability of the filaments being
      incorporated and flattened along the top and bottom surfaces of the mat.
PAR  In FIGS. 1 and 2, the diverging guide surfaces 13, 14 or the like are
      usually made of flat plates or surfaces which meet along a single edge,
      apex or intersection line at the required angle. On the other hand, as
      shown in FIG. 3, this apex 37 and 37' may have a convex rounded shape to
      facilitate the movement of the outermost filaments as they are drawn
      inwardly over the apex and down along the outer mat surfaces.
PAR  Still other useful embodiments are shown in FIGS. 4a and 4b in providing
      different forms of left-hand guide members which are advantageous in
      extending or limiting the distance below the bath level and/or the
      inclination of the guide surfaces. It will be understood that a right-hand
      guide member (not shown) is always used therewith, usually as the mirror
      image in shape.
PAR  FIG. 4a, for example, shows a left-hand guide block 38 with a concave guide
      surface 39 extending downwardly away from the apex 40. The inclined guide
      surface 41 which faces or compresses the mat has a flat or even shape as
      in FIGS. 1-3.
PAR  FIG. 4b illustrates how one may use several small plates or bars in a large
      number of adjustable positions so that both the inclination and depth of
      the guide surfaces can be changed in producing different mat structures or
      in using different types of thermoplastic polymers. A pegboard type of
      supporting member 42 can be placed on either side of the spinning head,
      e.g. fastened to the walls of the bath vessel, preferably for horizontal
      movement along the rails 43,44. It is also preferable to provide means for
      a slight accurate vertical adjustment of support 42 within about 5 mm. of
      the bath surface, for example by using the spring loaded pins 45 on the
      bottom rail 43 to urge the member 42 upwardly against set screws 46 in top
      rail 44. The larger bar or cross-piece 47 is pivoted on its own end pins
      48 fitted in member 42 so that the attached and interchangeable inner
      guide plate 49 may be set at any desired inclination to the bath surface,
      e.g. with the aid of a stop pin block 50 or the like. The deflecting
      surfaces for the outermost looped filaments are provided by additional
      small plates 51 and 52 so as to provide a concave type surface similar to
      the curved surface of FIG. 4a. These small plates 51 and 52 may be mounted
      on brackets 53 and 54, respectively, such brackets having their own pins
      to fit the pegboard member 42.
PAR  The above-described forming and shaping apparatus and other suitable
      variations thereof may be very easily constructed and assembled for use
      with conventional spinning heads and bath vessels. All parts remain
      stationary in the bath so that waves, ripples or other disturbances are
      kept to a minimum and the individual loops of the filaments can be formed
      at and just below the bath surface to achieve an ideal helical to sinuous
      configuration as they are brought together into the mat or sheet being
      manufactured.
PAR  The guide surfaces, i.e. both the inwardly facing surfaces contacting the
      mat and the outwardly diverging surfaces for deflecting the outermost
      filaments, are preferably constructed of metal with a smooth and usually
      polished surface. They may be coated to prevent sticking of the hot or
      still tacky polymer and they may also be heated as shown in FIG. 3 or by
      using hollow blocks heated with steam or similar heating fluids.
PAR  By changing the length of the guide surfaces or their relative position
      below the bath surface, a further variation in density can be achieved in
      the inner or middle portion of the mat as well as in the upper and lower
      surfaces. Thus, it will be found that the thickness of the homogeneous
      middle portion of the mat increases proportionately as the compression is
      reduced, for example by increasing the angle of inclination of the inner
      guide surfaces with reference to the bath level. While the diameter of the
      nozzle bores and their side-by-side spacing as well as the row spacing are
      used to determine the basic structure of the mat, the distance below the
      bath surface and the angle of inclination of the guide surfaces has a
      definite influence on the density of the outer mat surfaces. In general,
      one begins with the desired diameter of the individual filaments and then
      adjusts the remaining parameters.
PAR  One and preferably both upper and lower surfaces of the mat are produced
      with the use of the outer deflecting guides as well as the inner opposing
      guides to maximize the density and rigidity of these surfaces. However, it
      is quite feasible to achieve this desired effect on only one of the upper
      and lower surfaces so that the other surface has a substantially different
      density. A variation in the density of the two surfaces may also be
      achieved by varying the number of outermost filaments or the length and/or
      inclination of the outer guide surfaces. In this latter case, one can vary
      the density while still achieving the desired high density and relatively
      greater reinforcing strength in both surfaces.
PAR  Mats produced in accordance with the present invention, especially with
      both upper and lower surfaces being relatively smooth and dense, are
      useful as structural members for many different purposes. For example,
      they can serve as synthetic. light weight construction panels for
      non-supporting walls. They are further useful as acoustical tiles,
      insulating panels, partitions, false ceilings, packaging materials,
      display panels and the like. These mats or sheets can be made in
      continuous lengths with practically any desired thickness and, depending
      on their flexibility or resilience, may also be used as floor coverings or
      underlaying support mats.
PAR  With the wide variations of sandwich type structure and density provided by
      the present invention, there are many applications for the mats in
      industry and commerce where it is essential to combine smooth, dense
      surfaces of reasonable strength or rigidity with an open-looped and
      self-bonded filamentary core. The process of the invention is especially
      advantageous because no bonding agents are required and it is unnecessary
      to make separate layers and then laminate in different steps. At the same
      time, the apparatus used is inexpensive and has no moving parts.
PAR  All of these features offer an opportunity to obtain mats of a novel and
      very useful structure, best characterized as a unitary, coherent mat
      consisting essentially of a helically to sinuously looped open core and
      upper and lower or outer enclosing surfaces formed by flattened and
      intermingled looped filaments of a density of at least twice and
      preferably 4 to 5 times that of the core. Even more preferred is at least
      one outer surface or both upper and lower surfaces having a density of
      more than 4 or 5 times that of the inner open core. Polyamide (nylon)
      filaments are especially useful, and the structural mats of the invention
      can be made of such a fiber-forming polymer or similar polymers to provide
      great durability with extended use. The filaments may also be dyed or
      pigmented. If desired, other layers may be easily applied to the smooth
      surfaces of the mats, e.g. wood panels, metal foils, paper and the like.
      Other end uses and variations or additions in structure to the mats will
      be suggested by the foregoing discussion of the new mats and their
      particular method of production.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. In a process for the manufacture of a structural mat by melt-spinning
      continuous thermoplastic polymer filaments vertically downwardly in a
      plurality of rows onto the surface of a liquid cooling bath which exerts a
      sufficient buoyant force to laterally spread the individual filaments at
      the bath surface into helical to sinuous loops which become self-bonded at
      overlapping points of intersection of adjacent filaments within a bonding
      zone lying a short distance below the bath surface and then withdrawing
      the resulting coherent mat from the bath, the improvement which comprises:
PA1  at least partly compressing the mat between opposing stationary guide
      surfaces as it is withdrawn from said bonding zone; and
PA1  contacting at least one of the outermost rows of filaments corresponding to
      at least one of the upper and lower surfaces of the mat with a second
      stationary guide surface which diverges outwardly from one of said
      first-mentioned guide surfaces at a short distance below the bath surface
      such that said at least one outermost row of filaments is deflected in a
      path inwardly and upwardly over an apex onto said one of said
      first-mentioned guide surfaces so as to be incorporated into an outer
      bonded and flattened surface of the mat.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the filaments are composed of a
      linear fiber-forming polyamide.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the filaments are composed of a
      linear fiber-forming polyester.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein said at least one outermost row
      of filaments is deflected over an apex located substantially within the
      bonding zone of the liquid cooling bath.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the outermost rows forming both
      the upper and lower surfaces of said mat are respectively contacted with
      second guide surfaces so as to be incorporated into the upper and lower
      bonded and flattened surface of the mat.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein said filaments have a diameter
      of about 0.1 to 1.5 mm., and are melt spun over an air gap of about 2 to
      30 cm. onto the bath surface in parallel rows with the distance between
      adjacent rows and adjacent filaments being not more than 15 mm. and said
      apex is not more than about 5 mm. below the surface of the liquid cooling
      bath.
NUM  7.
PAR  7. A process as claimed in claim 6 wherein the path of deflection of said
      at least one outermost row of filaments forms an angle of about 20.degree.
      to 160.degree. in passing from the second to the first of said guide
      surfaces.
NUM  8.
PAR  8. In apparatus for the manufacture of a coherent structural mat of
      parallel rows of continuously looped thermoplastic filaments with the mat
      being flattened and densified on both its upper and lower surfaces, the
      improvement in combination with a spinning head having a plurality of
      parallel rows of spinning nozzles to melt-spin said filaments, a cooling
      bath means to receive and helically to sinuously loop the filaments and
      means to withdraw the mat from the bath which comprises:
PA1  opposing stationary guide plates converging downwardly toward each other
      below the bath surface and intersecting the bath surface in a line
      parallel to the filament rows to provide means to compress the mat
      therebetween to form its upper and lower surfaces;
PA1  at least one additional stationary guide plate diverging downwardly and
      outwardly from one of said first-mentioned guide plates to form an apex
      therewith in a line positioned at or below the bath surface parallel to
      and falling within at least one outermost row of filaments falling
      vertically down from said spinning nozzles such that said at least one
      outermost row of filaments is drawn inwardly and upwardly on said
      additional guide plate over the apex and then downwardly between the two
      opposing guide plates.
NUM  9.
PAR  9. Apparatus as claimed in claim 8 wherein said spinning nozzles are
      positioned about 2 to 30 cm. above the bath surface to provide filaments
      having a diameter of about 0.1 to 1.5 mm., the distance between adjacent
      rows and adjacent nozzle openings being not more than 15 mm. and the apex
      formed by said additional guide plate with said first mentioned guide
      plate providing said compressing means is located not more than about 5
      mm. below the surface of the bath.
NUM  10.
PAR  10. Apparatus as claimed in claim 9 wherein the angle of divergence between
      said additional guide plate and said first-mentioned guide plate is about
      20.degree. to 160.degree..
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PAL  A method for joining the ends of an endless belt or for joining two belts
      side by side by stripping the weft from the ends of the belt or by
      stripping the warp from the adjoining sides of the belt; interdigiting the
      protruding weft or warp ends and applying a film of a thermo-plastic
      material therebetween and above and below the joint and bonding the joint
      by heat and pressure.
BSUM
PAR  This invention relates to an improved method for the production of endless
      woven belts and more particularly to PTFE coated fibre glass belting.
PAR  According to the invention a method for jointing an endless belt formed
      from woven fibre glass yarn coated with a plastics material comprises
      applying coated fibre glass tapes having a film of heat fusible, high
      temperature resistant material, sandwiched between the two layers of the
      coated glass fabric across each of the ends of the belt, heating the tapes
      to soften the plastics material laminated therebetween, stripping the
      tapes from the belt with the plastics coating, removing the weft yarn from
      the stripped portions, interdigiting the stripped warp or weft ends,
      applying a film of a heat fusible high temperature resistant plastics
      material above and below the interdigited warp or weft ends to form a
      joint and heating the joint to cause the films to adhere to the warp or
      weft ends and to consolidate together.
DRWD
PAR  The invention will be described with reference to the accompanying
      drawings:-
PAR  FIG. 1 is a perspective view of a portion of an end of a coated fibre glass
      belt;
PAR  FIG. 2 is a perspective view of one end of a belt showing tapes applied
      thereto;
PAR  FIG. 3 is a perspective view of the ends of the belt prepared for jointing:
PAR  FIG. 4 is a diagrammatic sectional elevation of the joint to an enlarged
      scale;
PAR  FIG. 5 is a diagrammatic sectional elevation of a further joint reinforced
      on the underside.
PAR  FIG. 6 is a perspective view of parts of two belts joined together
      longitudinally of the belts with the intermediate film 5 and the top film
      4 omitted for clearness.
DETD
PAR  A woven fibre glass belt A.sup.1 coated with a plastics material such as
      PTFE is cut to length with an excess of say one inch for jointing the
      ends. A tape B of similar PTFE coated glass fibre having a film of heat
      fusible high temperature resistant material, sandwiched between the two
      layers of PTFE coated glass fabric is cut to the width of the belt with an
      overlap at each end and is applied over the top and bottom of each belt
      end. The tapes B are adhered to the belt ends by the coated tapes of
      sandwiched interleaf material which may be of PTFE or FEP or other high
      temperature resistant heat fusible fluoro-polymer material.
PAR  The tapes are bonded to the coating on the belt by the application of heat
      and after being allowed to cool to ambient temperature are stripped from
      the belt to remove the coating from each side of the belt A.sup.1 together
      with any PTFE or the like from the sandwiched layer. The weft yarns 2 are
      now stripped from the exposed ends of the warp ends 3 of the belt to leave
      the warp ends 3 free as also shown in FIG. 3, the warp ends 3 being
      trimmed back to say a quarter of an inch.
PAR  The belt A.sup.1 is transferred to a heat fusion press and aligned and
      clamped therein on the heater bars of the press.
PAR  A jointing film 4 is applied to the upper and lower surfaces of the exposed
      warp ends 3 which are interdigited with an intermediate film 5 (FIG. 4).
      Normally one layer is applied as shown in FIG. 4 but a second layer may be
      inserted. The bonding films 4,5, may comprise a 0.001 inches thick strip
      of FEP or other heat fusible polymer.
PAR  The thickness of the interleaved heat fusible film is chosen to match the
      belt thickness so that a fully contoured joint is produced after final
      fusion.
PAR  In order to further strengthen the joint, a reinforcing strip 4.sup.1 of
      the same material as the belt may be applied to the underside of the belt
      as shown in FIG. 5. This ensures that the top surface is contoured but the
      back surface is slightly stepped as for a conventional belt joint. The
      reinforcing strip 4.sup.1 is applied over one of the outer layers of FEP
      or other heat fusible polymer film (see FIG. 5).
PAR  After ensuring correct centralisation and alignment of the belt and the
      constituent jointing laminates on the main beam, the press is closed at
      said 40 pounds/square inch, current is applied to raise the temperature to
      the neighbourhood of 350.degree.C and when this temperature is attained
      the pressure is increased to 60 pounds/square inch.
PAR  The belt is now allowed to cool to 120.degree.C before removal from the
      press and allowed to cool to ambient temperature and trimmed.
PAR  The sides of the laminates overlapping the belt are trimmed off to leave
      the joint of substantially the same thickness as that of the belt A.sup.1
      to provide a flush joint. The belt may then be provided with
      reinforcements 4.sup.1 on the underside of the joint so that the underside
      is not contoured.
PAR  FIG. 6 shows two belts A joined longitudinally to produce a wider welt in
      which the tapes B are applied longitudinally of the adjoining edges of the
      belt to strip the coating therefrom and the warp yarns 3 are removed
      leaving the ends of the weft yarns 2 exposed to receive the films 4 as
      hereinbefore described with reference to the jointing of the ends of the
      belt.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a method of making a permanent joint between the edges of two woven
      fiberglass yarn belt sections that are surface coated on both sides with a
      high temperature resistant heat fusible fluoro-polymer material and
      wherein the yarns in said belt sections comprise one group extending
      generally parallel to the belt edges and another group extending generally
      at right angles to said edges, the steps of
PA1  a. applying strips of glass fibre tape on the upper and lower surfaces of
      said belt sections along each of the edges to be joined, said tapes having
      films of heat fusible fluoro-polymer material in contact with the
      fluoro-polymer material on the belt section ends,
PA1  b. applying heat to fuse said contacting fluoro-polymer materials together,
PA1  c. stripping said tapes off the belt sections for removing along therewith
      fused coating from the yarns at said belt section edges;
PA1  d. removing the uncoated yarns of said one group, leaving the yarns of said
      other group projecting at substantially right angles from the belt section
      edges,
PA1  e. bringing together the belt end sections to be joined and interdigiting
      the projecting yarns in a joint region,
PA1  f. applying films of high temperature resistant heat fusible fluoro-polymer
      material over the interdigited yarn region and across the adjacent belt
      section end surfaces, and
PA1  g. applying heat and pressure to fuse said films and consolidate them with
      said belt section edges and the yarns in said region for forming a
      permanent bonded joint having substantially the thickness of the belt
      sections.
NUM  2.
PAR  2. In the method defined in claim 1 wherein said belt sections are
      longitudinally extending sections having transverse edges to be joined,
      and said groups of yarns are respectively weft yarns and warp yarns.
NUM  3.
PAR  3. In the method defined in claim 2 said belt sections being the opposite
      ends of a single length belt section whereby completion of said joint
      forms an endless belt.
NUM  4.
PAR  4. In the method defined in claim 1 wherein said belt sections are
      longitudinally extending side by side with their adjacent side edges to be
      joined, and said groups of yarns are respectively warp yarns and weft
      yarns whereby a belt of increased width is formed.
NUM  5.
PAR  5. A method for jointing a belt as in claim 1 comprising applying an
      intermediate film of a heat fusible plastics material between the
      interdigited yarn ends before bonding the joint.
NUM  6.
PAR  6. A method of making a belt as in claim 1 comprising trimming off the side
      edges to leave the joint substantially of the same width as the belt.
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ABST
PAL  An efficient, inexpensive, in-line process is provided for producing
      additive-impregnated corrugated board, such as those having excellent
      rigid-when-wet and rigid-when-humid strengths. The process comprises
      applying an additive, such as water- and moisture-resistant resin, flame
      retardant, fire proofing agent, fungicide, mold-inhibitor, insecticide, or
      the like, in the form of a collapsible foam of a dispersion or solution of
      the additive to the corrugated medium, and desirably the liners, at the
      time the corrugated board is being formed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an inexpensive, efficient, in-line process
      for incorporation of useful additives during the production of corrugated
      board. The process is particularly useful in producing corrugated board
      have excellent rigid-when-wet and rigid-when-humid strengths.
      Additionally, flame retardants, fire retardants, fungicides, mold
      inhibitors, insecticides, and the like are readily incorporated into the
      board in an in-line process. The process comprises applying a collapsible
      foam of a dispersion or solution of the desired additive to the corrugated
      medium, and desirably the liners, during in-line assembly of the
      corrugated board from the corrugated medium and facing liner components.
PAR  In the manufacture of corrugated paperboard, it is the practice to form the
      corrugated assembly by sandwiching a corrugated medium between a pair of
      spaced-apart linerboards in a corrugating machine. The corrugated
      paperboard is then cut into sections or into blanks for storage and scored
      to form containers for shipment of goods therein.
PAR  While conventional corrugated paperboard materials have enjoyed a high
      degree of commercial success, this type of material is normally relatively
      unsatisfactory when exposed to high-humidity or wet conditions, such as
      those encountered when shipping produce, dressed poultry, or the like,
      packed in ice. The exposure of the corrugated board to water and water
      vapor rapidly deteriorates the corrugated board so that it will completely
      collapse in a relatively short period of time, or at least lose its
      strength and rigidity. Also, corrugated board is subject to fire, mold,
      fungus and insect attack, and the like, and the industry has long sought
      an efficient means for incorporating additives into corrugated board which
      will counteract these attacks.
PAR  Accordingly, the industry has expended much time and effort to solve the
      problem. One approach to the solution of the problem of moisture attack
      has been to impregnate the linerboard and corrugated medium with a wax
      material to form a water barrier and thereafter fabricate the corrugated
      container-board. This approach has not been successful because the
      wax-impregnated linerboard and corrugating medium do not form satisfactory
      barriers against the encroachment of water vapor into the corrugated
      board. Therefore, the level of performance has not been all that is to be
      desired.
PAR  Another approach to a solution of this problem has been to form the
      corrugated board and then impregnate it with a wax. However, this approach
      has not been entirely satisfactory because water vapor is still able to
      penetrate the wax coating of the corrugated board. A still further
      approach has been to utilize a blend of wax-extendible copolymers as a
      coating for the respective elements of paperboard containers, as described
      in British Pat. No. 957,933.
PAR  Other attempts have also been made to produce corrugated board having
      enhanced rigid-when-wet or rigid-when-humid strength properties. These
      attempts have also been less than satisfactory. In general, these methods
      have involved resin impregnation of completed corrugated board or by
      impregnation with resin of the medium prior to corrugating and assembly of
      the corrugated board.
PAR  One method of resin-impregnation of finished corrugated board is disclosed
      in Arian et al. U.S. Pat. application, Ser. No. 54,201, filed July 13,
      1970. In that method, liquid impregnating resins are poured into the open
      ends of finished corrugated boards and allowed to drain out the other
      ends. Another process for treating finished corrugated board is disclosed
      in U.S. Pat. No. 3,523,058.
PAR  Attempts have been made to employ in-line methods of resin treatment, such
      as Canadian Pat. No. 849,480, granted Aug. 18, 1970. These have not been
      satisfactory for commercial processing because of the difficulty in
      producing a uniformly resin-impregnated corrugated medium.
PAR  British Pat. No. 1,039,540 describes a process for coating materials with a
      foam produced from a coating material. However, the patent makes no
      suggestion as to how the problems of producing corrugated board having an
      additive incorporated into the board might be produced.
PAR  In general, if resin impregnation is performed prior to fluting the
      corrugated medium, the medium sticks to the corrugating rolls and board
      cracking is encountered during manufacture of the board. If resin
      impregnation is attempted after corrugation, it has not been possible to
      impregnate the board with any uniformity. Thus prior attempts at in-line
      resin impregnation have not provided uniform resin impregnation.
PAC  SUMMARY OF THE INVENTION
PAR  By means of the present invention there is provided an inexpensive,
      efficient, in-line process for producing corrugated board and
      incorporating into the board an additive, such as will provide excellent
      rigid-when-wet and rigid-when-humid strengths, fire retardant, flame
      retardant, fungicidal, mold inhibiting, insecticidal properties, and the
      like. Additionally, the resultant corrugated board has excellent test
      properties when tested for flat crush, short column compression, dry
      stacking strength, etc. The process provides a corrugated board having
      components uniformly impregnated with resin.
PAR  In accordance with the process, the corrugated medium is impregnated with a
      collapsible foam of a solution or dispersion of additive, such as liquid
      water- and moisture-resistant resin, fire retardant, flame retardant,
      fungicide, mold inhibitor insecticide, etc. Desirably, where the resin is
      added, it may be thermo-setting or thermo-plastic; preferably
      thermo-setting. The foam is desirably applied to the conventional single
      facer of a corrugated board machine at the nip as the first liner and
      fluted medium meet in the corrugator or at the inside of either of the
      liner or fluted medium and carried into the nip. In addition, the foam may
      be applied to the open flutes of the single faced board, the inside of the
      second liner or at the nip where the second liner and single faced medium
      meet to form the completed board. The application of the foam to the
      corrugating medium has been found to provide particularly effective
      results. Either the first and/or third foam applicators may be replaced by
      a conventional roll coating applicator.
PAR  The process of the invention is applicable to standard corrugating
      equipment and board-forming equipment. The only additional equipment
      needed are foamers and applicators to apply the foam to the fluted medium
      or liner member. Drying and curing ovens can also be used to supplement
      the heating capacity of the conventional corrugating machine. The foam
      producers are standard units of apparatus commercially available, such as
      the Oaks mixer, manufactured by E. T. Oakes Corporation, or the Votator,
      manufactured by Chemetron Corporation. Both of these units operate by
      blowing air into the aqueous solution or dispersion of the resin or other
      additive until a foam of desired density is obtained. The foam is applied
      to the board with an applicator which consists of a long slit orifice
      feeding a pond behind a doctor blade. A roll applicator, also commercially
      available, and a device with those skilled in the art are quite familiar,
      can be used to apply the resin to the liners.
PAR  The process employs standard medium and liner components which are normally
      employed in the manufacture of corrugated board. The medium to be fluted
      is desirably an absorbent paper of any type desired, including kraft or
      semi-chemical fiber. The liner papers may be any of those conventionally
      employed in forming corrugated board.
PAR  A resin-containing foam employed to provide rigid-when-wet properties may
      be of a solution or dispersion, preferably aqueous, of any of a number of
      water- or moisture-resistant thermo-setting or thermo-plastic resins.
      These include:
PAR  A. Condensation polymers, thermosetting or not, such as urea-formaldehyde
      (such as mol ratio of formaldehyde to urea of between 1.5 and 2.0 to 1),
      melamine-formaldehyde, phenol-formaldehyde, polyesters and polyamides, and
      addition polymers such as epoxies.
PAR  B. Vinyl polymers and copolymers, such as polyvinyl chloride,
      polyvinylidene chloride, polymethyl methacrylate and other acrylics,
      butadiene-styrene, acrylonitrile butadiene-styrene (ABS), polyisoprene,
      polystyrene, polybutadiene, vinyl chloridevinyl acetate copolymer latex,
      etc.
PAR  C. Ethyl cellulose, cellulose acetate, etc.
PAL  Indeed, any water-repellent resin which, in aqueous solution or dispersion,
      can be foamed, may be employed. The amino- and phenolic-aldehyde
      thermosetting condensation resins are preferred, especially the
      thermosetting urea-formaldehyde resins. Desirably, from about 10 to 30
      lbs. of resin per thousand square foot (M.S.F.) of corrugated board are
      employed to provide excellent rigid-when-wet properties. For preferred
      results, from about 16 to 20 lbs./M.S.F. are employed. For lower
      rigid-when-wet strengths or for resistance to short term moisture
      exposures or mere humid conditions, lesser amounts of resin may be
      employed.
PAR  The resin is introduced, as a collapsible foam, at successive stages in the
      process of producing the corrugated board. Desirably, about 6 lbs./M.S.F.
      of resin are introduced at the time of assembling the fluted medium and
      the single liner with an additional 10 lbs./M.S.F. being added to the
      exposed fluted single faced medium prior to introducing the second liner
      before introducing the components into the double backer. Additionally, 4
      lbs./M.S.F. of resin are desirably applied to the second liner before it
      goes into the double backer.
PAR  It is important that the collapsible impregnating foam of the resin have
      only sufficient stability to fill the voids between the fluted medium and
      the liner and to remain as a foam until the single faced board is formed
      and only until introduced into the heated dryer. At the time of
      introducing into the dryer, the single faced board may contain 20 to 30%
      and preferably only 23 to 27% water. Water content will depend on resin
      and adhesive pick up. The introduction of the single faced board into the
      heated dryer causes the foam to expand substantially and assists in the
      collapse of the foam and its absorption into the board. If the foam does
      not collapse prior to any curing of the resin, the resin will cure or set
      as a foam rather than as an impregnate in the fluted medium and liner. As
      to the foam introduced at the double backer, sufficient collapsible foam
      should be added to fill the valleys of the flutes and facing but to
      collapse when penetrating or impregnating the medium and the liner. In any
      event, the foam must collapse before the resin is set or cured. The
      density of the foam is desirably regulated so as to provide for collapse
      prior to the entry of the single faced medium into the dryer or the double
      faced board into the final heater.
PAR  It is desirable, but not essential, to apply the customary conventional
      adhesives to the crests of the fluted medium, so as to provide enhanced
      adherence of the liners to the fluted medium. For this purpose, starch
      modified with acid-catalyzed urea-formaldehyde resins and/or polyvinyl
      alcohol may be employed. Other adhesives, such as Staybind, a
      resorcinol-starch adhesive, or a starch polyvinyl alcohol adhesive may
      also be employed as the adhesive to be applied to the crests of the
      medium.
PAR  In order to provide drying of the board and collapse of the foams and
      curing of thermosetting resins with which the medium end liners are
      impregnated, it is necessary to heat the board at the single faced stage
      and again at the double backer stage. Heat for this purpose is necessary
      in order to effect condensation or curing of the resins. The rate of cure
      depends on the time, temperature and acidity of impregnating resin system.
      The greater the temperature, and the acidity of the resin foam, the more
      rapid is the curing rate.
PAR  As referred to above, the present in-line process also permits impregnation
      of corrugated board with other desired additives, such as fire retardants,
      including phosphates, such as ammonium phosphates, and antimony compounds
      such as antimony trioxide, mold inhibitors, including copper salts such as
      copper naphthenate, and insecticides, etc., such as chlordane, fungicides,
      such as metal salts of dithiocarbamic acid or 2-mercaptobenzothiazole,
      etc.
PAR  It is an object of the invention to provide an efficient economical in-line
      process for impregnating corrugated board with a desired additive.
PAR  It is also an object of the present invention to provide an efficient,
      economical, in-line process for imparting rigid-when-wet strength to
      corrugated board.
PAR  It is another object of the present invention to provide an in-line process
      for impregnating corrugated board with an impregnating, collapsible foam
      of a dispersion of a resin to impart rigid-when-wet strength.
PAR  It is a further object of the present invention to provide corrugated board
      having excellent rigid-when-wet strength uniformly throughout the
      corrugated board.
DRWD
PAR  Other objects of the present invention will be apparent to those skilled in
      the art from reading the present disclosure, taken in conjunction with the
      appended drawings, in which:
PAR  FIG. 1 is a diagrammatic flow sheet showing the alignments of the apparatus
      and treatments which comprise the process.
PAR  FIG. 2 is an enlarged section of that portion of the single facer portion
      of the process indicated by the dotted circle II in FIG. 1, showing in
      greater detail the operation involved.
PAR  While the drawings are directed primarily to illustrate the in-line process
      of the invention for impregnating corrugated board with a resin, it will
      be apparent that the same process and apparatus are also employed in
      impregnating with other additives, merely by incorporating the additive
      into the foam employed.
DETD
PAC  DETAILED DESCRIPTION OF PROCESS
PAR  A detailed description of the process taken in conjunction with the
      drawings will now follow.
PAR  In order to disclose more clearly the nature of the present invention, the
      following examples illustrating the invention are given. It should be
      understood, however, that this is done solely by way of example and is
      intended neither to delineate the scope of the invention nor limit the
      ambit of the appended claims. In the examples which follow, and throughout
      the specification, the quantities of material are expressed in terms of
      parts by weight, unless otherwise specified.
PAC  EXAMPLE 2
PAC  In-line Production of Rigid-When-Wet Corrugated Board By Impregnation With
      A resin
PAR  An aqueous saturating or impregnating foaming resin dispersion was first
      prepared by mixing the following:
TBL  Component              Parts by Weight                                    
     ______________________________________                                    
     65% solids urea-formaldehyde                                              
      resin (Gulf Oil Company resin                                            
      L-100 having a mol ratio of                                              
      formaldehyde to urea of 2 to 1)                                          
                            200                                                
     Pearl starch           10                                                 
     Urea                   23.6                                               
     Water                  160                                                
     Ammonium sulfate (catalyst for resin)                                     
                            5                                                  
     Triton X-100 (alkylated aryl polyether                                    
      alcohol surfactant)   8                                                  
     DN 65 (a non-ionic surfactant pro-                                        
      duced by Rohm & Haas Company)                                            
                            4                                                  
     ______________________________________                                    
PAR  In preparing the resin dispersion, part of the water was used to dissolve
      the ammonium sulfate catalyst prior to mixing it with the other
      components. In the foregoing composition, the purpose of the Triton X-100
      surfactant and DN 65 surfactant was to assist in producing foam when air
      was beat into the aqueous resin dispersion. While not essential, the
      starch acts as an extender or filler for the resin and a thickener for the
      resin dispersion. Other fillers, such as wood flour, clay, etc. may be
      employed.
PAR  A collapsible impregnating foam of the resin dispersion was prepared by
      beating the dispersion while injecting air into it in an Oaks mixer.
      Sufficient air was injected to provide a foam having a density of between
      about 2 and 8 lbs., preferably 4 to 8 lbs. per cubic foot; or until the
      original volume of the resin dispersion was increased by about 8 to 30
      times.
PAR  A standard corrugated line was modified as shown in the drawing by the
      addition of two foam applicators shown at A and B and a reverse roll
      applicator shown at C. The foam applicator, shown in enlargement as A in
      FIG. 2, is provided with a nozzle, as shown, which is connected with the
      Oaks mixer or other foam producer, to apply foam, containing additive, to
      the liner or other component of the corrugated board.
PAR  The first applicator A is located at the single faced liner immediately
      prior to the single facer and the second applicator B is located at the
      bridge where the single faced medium is carried to the drying oven 5. The
      reverse roll applicator C is positioned just prior to the double back
      station 8 between the double back glue unit 6 and the double back station
      8.
PAR  The foregoing resinous composition was whipped with the incorporation of
      air in an Oaks mixer (not shown) at each of the two foam applicators A and
      B to provide a foam having a density of 4 to 8 lbs. per cubic foot of
      foam.
PAR  Employing a corrugator as provided, conventional medium paper sheeting 1 of
      a weight of about 33 lbs. per M.S.F. and liner paper 2 of a weight of
      about 69 lbs. per M.S.F. were run through the corrugator at a speed of
      about 50 to 60 feet per minute.
PAR  By means of adhesive applicator 2A there was applied to the tips of the
      fluted medium an adhesive comprising an aqueous dispersion of polyvinyl
      alcohol adhesive (comprising an aqueous dispersion of 9% polyvinyl alcohol
      and 5% starch). The polyvinyl alcohol adhesive is desirable for use with
      the urea-formaldehyde resin, since it crosslinks with the resin to provide
      a stronger bond between the liner and the fluted medium and also provides
      better wet-strength bonds.
PAR  The foam previously prepared was applied by the foam applicator A just
      prior to the single facer 3 and corrugator 4 of the corrugating medium.
      The foam was applied to the liner in sufficient quantity to provide
      approximately 6 lbs. of resin per M.S.F. of liner. The foam fills the
      spaces between the single facing and the corrugating medium. The second
      foam applicator B then applied additional resin foam to the corrugated
      side of the single faced material at approximately the depths of the
      flutes with sufficient amount of foam being employed to provide
      approximately 10 lbs. of resin per M.S.F. of corrugated medium. The foam
      treated single faced medium is then passed to and through a dryer and
      curing oven 5 (as shown in the drawing), which was maintained at a
      temperature of about 300.degree. to 450.degree.F. at a travel speed of
      about 50 to 100 ft. per minute so that it has a residence time in the
      drying and curing oven of about 40-60 seconds. The foam was readily
      absorbed by the liner and corrugated medium by the time that the single
      faced medium passes through the initial portions of the drying oven 5 and
      had thus collapsed before any substantial curing had taken place. This
      treatment in the oven dries the board and partially cures the resin. The
      temperatures recommended for the drying oven are desirable since lower
      temperatures may not provide sufficient drying and curing of the resin and
      excessively high temperatures may produce scorching of the board.
PAR  After passing through the drying oven, additional adhesive of the same
      composition applied at 2A was applied to the exposed tips of the fluted or
      corrugated member in the usual manner, at the double backer glue unit 6.
      Double backer liner 7, then had resin solution with surfactants omitted as
      described above in an amount of about 4 lbs./M.S.F. of liner applied at
      reverse roll applicator C. The single faced medium, with its fluted peaks
      having glue attached and backing liner 7 with resin affixed to the inner
      surface are brought together at roll 8.
PAR  The now double backed medium or board was then passed through the heating
      zone which comprises a series of steam chests 9 maintained at a
      temperature of about 300.degree.F. and then finally through another curing
      oven 9a, as shown. The continuous sheet of corrugated board was then cut
      into desired sizes at the cut-off 10. The curing of the impregnating resin
      is essentially completed immediately, some residual curing may take place
      gradually over a period of a day or so in stacked piles of the sheets of
      corrugated board.
PAR  The resulting product was found to have excellent rigid-when-wet strength.
PAR  As pointed out hereinabove, the resin foam is only sufficiently stable that
      it will collapse rapidly after being applied to the facer liners or fluted
      member upon impregnating the liners and fluted member. Total collapse
      takes place prior to passing through more than the initial portion of the
      drying and curing oven 5.
PAC  EXAMPLE 2
PAC  In-line Production of Rigid-When-Wet Corrugated Board By Impregnation With
      A Resin
PAR  Example 1, above, was repeated except that Triton X-100 and the DN 65
      surfactants were replaced with approximately three parts by weight of
      Scriptset 520, a paper sizing agent sold by the Monsanto Company and which
      is a styrene-maleic anhydride copolymer.
PAC  EXAMPLE 3
PAC  In-Line Impregnation With A Resin Foam Employing Also A Defoaming Agent
PAR  Example 1, above, was repeated except that there was applied to the foam
      treated medium, immediately after the application of foam by Foam
      Applicator B, a mist of substantially 100% tributyl phosphate defoaming
      agent. This defoaming agent assisted in accelerating the rate of collapse
      of the foam before the corrugated assembly reached drying and curing oven
      5.
PAC  EXAMPLE 4
PAC  In-Line Production of Rigid-When-Wet Corrugated Board By Impregnation With
      A Phenolic Resin
PAR  Example 1, above, was repeated but an aqueous dispersion of a
      phenolic-aldehyde resin was employed in place of the urea-formaldehyde
      resin. The initial aqueous dispersion had the following composition:
TBL  Component            Parts by Weight                                      
     ______________________________________                                    
     65% solids phenol-formaldehyde                                            
     resin having a mol ratio of                                               
     formaldehyde to phenol of 2 to 1                                          
                          50                                                   
     Triton X-100 (surfactant)                                                 
                           3                                                   
     Water                50                                                   
     ______________________________________                                    
PAR  The process of Example 1 was repeated providing a phenol formaldehyde resin
      impregnated corrugated board having excellent rigid-when-wet
      characteristics.
PAC  EXAMPLE 5
PAC  In-Line Impregnation Of A Corrugated Board With An Insoluble
      Flame-Retardant
PAR  Example 1, above, was repeated, employing instead of the resin impregnating
      dispersion, an aqueous dispersion of a water-insoluble flame retardant,
      namely, antimony oxide. The initial impregnating dispersion had the
      following composition:
TBL  Component          Parts by Weight                                        
     ______________________________________                                    
     Antimony Oxide     10                                                     
     Triton X-100 (surfactant)                                                 
                        3                                                      
     Water              100                                                    
     ______________________________________                                    
PAL  The procedure of Example 1 was repeated, using the above composition to
      provide the impregnating foam. Drying of the product was more rapid,
      employing a temperature of 300.degree.F. for about 2 minutes.
PAC  EXAMPLE 6
PAC  In-Line Impregnation Of A Corrugated Board With A Soluble Flame-Retardant
PAR  Example 1, above, was repeated, employing instead of the resin impregnating
      dispersion, an aqueous dispersion of a water-soluble flame retardant,
      namely, diammonium phosphate. The initial impregnating dispersion had the
      following composition:
TBL  Component          Parts by Weight                                        
     ______________________________________                                    
     Diammonium Phosphate                                                      
                        10                                                     
     Triton X-100 (surfactant)                                                 
                        3                                                      
     Water              100                                                    
     ______________________________________                                    
PAL  The procedure of Example 1 was repeated, using the above composition to
      provide the impregnating foam. Drying of the product employed a
      temperature of 300.degree.F. for about 2 minutes.
PAC  EXAMPLE 7
PAC  In-Line Impregnation Of A Corrugated Board With A Fungicide
PAR  Example 1, above, was repeated, employing instead of the resin impregnating
      dispersion, an aqueous dispersion of a fungicide. The initial impregnating
      dispersion had the following composition:
TBL  Component            Parts by Weight                                      
     ______________________________________                                    
     Vancide 51Z (mixture of zinc salts                                        
      of methyl-dithiocarbamic acid                                            
      and 2-mercaptobenzothiazole)                                             
                          1                                                    
     Triton X-100 (surfactant)                                                 
                          1                                                    
     Water                100                                                  
     ______________________________________                                    
PAR  As will be apparent to those skilled in the art, more than one impregnating
      additive may be employed in producing the corrugated board. Thus by
      providing two or more additives in the aqueous solution or dispersion from
      which the impregnating foam is produced, these additives will become
      impregnated into the corrugated board by the practice of the in-line
      process of the invention. It is particularly advantageous to incorporate
      one of the non-resinous impregnating additives along with a rigid-when-wet
      producing resin. For example, a desirable combination to be used with a
      urea-formaldehyde impregnating resin is a mold inhibitor or a fire
      retardant.
PAR  It is also believed to be apparent to those skilled in the art that the
      non-resinous impregnating additives may be employed in widely varying
      amounts, depending upon the amount which it is desired to impregnate into
      the corrugated board to achieve the intended property.
PAR  As will be apparent from the foregoing, two properties of the foam are
      essential to achieve satisfactory results. First, the foam must be
      relatively unstable and collapse within a short time of being applied to
      the component of the corrugated board. If it does not collapse, it will
      not be possible to impregnate the board and, if foam contains a resin,
      especially a thermosetting resin, the resin is likely to set in the curing
      oven 5 before it can impregnate the board components.
PAR  Second, the foam must impregnate and desirably saturate the corrugated
      medium of the board, and preferably the liners also.
PAR  It has been found that a surfactant is desirable in the impregnating foam.
      The surfactant tends to cause the foam to be absorbed into the components
      of the board and thereby assists in causing the foam to collapse promptly
      after application to the liners and medium of the board. Substantially any
      surfactant will provide beneficial results. Although most of the foregoing
      examples employ Triton X-100, a preferred surfactant for use in the
      process of the invention, many other surfactants may be employed, although
      non-ionic surfactants are preferred. Among the surfactants which may be
      employed are: alkyl aryl sulfonates, sorbitan fatty acid esters,
      polyoxyethylene ether, alkyl sulfonates, lauryl alcohol sulfate, etc.
      However, as demonstrated by Example 2, surfactants are not necessary.
PAR  A number of factors will influnece the rapidity with which the foam will
      collapse. In addition to the composition of the foam, the temperature
      conditions will influence collapse. The higher the temperature, the more
      rapid is the collapse. The composition of the foam plays an important part
      in the time of collapse. Thus, the amount of additive in the foam will
      play a role; the greater the concentration, usually the more rapid the
      rate of collapse. The density of the foam is also a factor. The more
      dense, the more rapid the collapse. The volume of foam applied per area of
      board is also a factor. The less the volume, the more rapid the collapse.
      Foam collapse can also be speeded up by incorporating a defoamer, such as
      tributyl phosphate or a higher alcohol, in the base paper, or where
      possible, by spraying on a defoamer solution of one of the foregoing.
PAR  The terms and expressions which have been employed are used as terms of
      description and not of limitation, and there is no intention in the use of
      such terms and expressions of excluding any equivalents of the features
      shown and described or portions thereof, but it is recognized that various
      modifications are possible within the scope of the invention claimed.
CLMS
STM  We claim:
NUM  1.
PAR  1. An in-line method of making corrugated paperboard with excellent
      rigid-when-wet strength and having a corrugated medium and at least one
      liner attached thereto, which method comprises applying to at least one
      liner or said corrugated medium a rapidly collapsible foam of a dispersion
      of a water resistant impregnating resin, bringing said corrugated medium
      and said liner into adhesive contact with each other, heating the
      resulting composite to complete collapsing of said foam and to thereby
      complete the impregnation of said medium with said resin, and finally
      drying said composite after the completion of the collapse of said foam by
      further heating.
NUM  2.
PAR  2. An in-line method according to claim 1 wherein said dispersion contains
      an additional additive which is a member selected from the class
      consisting of resins, flame retardants, fire retardants, mold inhibitors,
      fungicides, and insecticides.
NUM  3.
PAR  3. An in-line method according to claim 2, wherein the additional additive
      is a fire retardant.
NUM  4.
PAR  4. An in-line method according to claim 2, wherein the additional additive
      is a mold inhibitor.
NUM  5.
PAR  5. An in-line method according to claim 2, wherein the additional additive
      is a fungicide.
NUM  6.
PAR  6. An in-line method according to claim 2, wherein the additional additive
      is an insecticide.
NUM  7.
PAR  7. An in-line method according to claim 1, wherein there is also applied to
      the foam treated medium a defoaming agent to accelerate collapse of the
      foam.
NUM  8.
PAR  8. An in-line method according to claim 1 wherein the resin used is a
      thermosetting resin selected from the group consisting of phenol-aldehyde,
      urea-aldehyde, and melamine-aldehyde resins.
NUM  9.
PAR  9. An in-line method according to claim 8 wherein the thermosetting resin
      is a urea-formaldehyde resin.
NUM  10.
PAR  10. An in-line method according to claim 1 wherein the resin employed is
      applied in an amount ranging from about 10 to 30 lbs. per thousand square
      feet of corrugated board.
NUM  11.
PAR  11. An in-line method according to claim 1 wherein the resin is
      subsequently cured.
NUM  12.
PAR  12. A method according to claim 1 wherein the resin employed is applied in
      an amount ranging from about 16 to 20 lbs. per thousand square feet of
      corrugated board.
NUM  13.
PAR  13. A method according to claim 1 wherein the resin employed is a
      urea-formaldehyde resin characterized by a mol ratio of about 1.5 and 2.0
      to 1 of formaldehyde to urea.
NUM  14.
PAR  14. A method according to claim 1 wherein the foam has a density of about 2
      lbs. to 8 lbs. per cubic foot.
NUM  15.
PAR  15. A method according to claim 1 wherein the corrugated medium having said
      foam applied is heated to a temperature of between about 300.degree. to
      450.degree.F.
NUM  16.
PAR  16. A method according to claim 1 wherein the collapsible impregnating foam
      is applied to the liner.
NUM  17.
PAR  17. A method according to claim 1 wherein the collapsible impregnating foam
      is applied to the corrugating medium.
NUM  18.
PAR  18. A method according to claim 1 wherein the foam has a volume of from
      about 8 to 30 times the original volume of the resin dispersion.
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ABST
PAL  Disclosed is a method for making corrugated collimators for radiation
      imaging devices. Strips of lead foil are corrugated in a pair of gear-like
      members, and the corrugated strips are mounted between straight strips to
      build up a honeycomb-like collimator structure. Specific techniques for
      producing parallel channel and converging or diverging channel collimators
      are illustrated.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 52,924,
      filed July 7, 1970, now abandoned.
BSUM
PAR  Radiation cameras typically employ a radiation collimator of some type
      between the radiation sensitive transducer and the radioactive object
      under investigation. The most widely used radiation camera is the
      Anger-type scintillation camera (U.S. Pat. No. 3,011,057), which is
      employed in hospitals to obtain an image of the distribution of a
      radiopharmaceutical introduced into the body of a human patient. The
      purpose of a radiation collimator is to provide substantially one gamma
      ray transmissive passageway between each elemental volume of the
      radioactive object and a corresponding elemental volume of the transducer.
      The most commonly used collimator is the multichannel collimator which
      comprises a number of collimating apertures separated from each other by a
      volume of radiation-opaque material--most commonly lead.
PAR  It is well known that radiation collimator design involves basically the
      parameters of aperture size and shape, septal thickness, and aperture
      length. These are the parameters which determine the resolution and
      efficiency of the collimator for gamma rays of a particular energy. In
      general, the septal thickness, which is the thickness of the walls
      separating adjacent collimating apertures, is chosen in accordance with
      the energies of gamma rays to be collimated so that the collimator will
      block substantially all gamma rays which enter the collimator at an angle
      and location such that they would otherwise traverse the wall between two
      apertures. Thus the septal thickness must be relatively large for high
      energy gamma emitting isotopes, but for low energy isotopes the septum or
      wall between apertures may be quite thin. Indeed, it is desirable to
      employ only the septal thickness actually required for the gamma ray
      energy involved in order to avoid unnecessary loss of efficiency.
PAR  Initially, all multi-channel collimators were of the parallel channel type.
      The first parallel channel collimators were cast-lead collimators. Later,
      extruded lead collimators consisting of comb-shaped pieces assembled to
      provide square-channels were designed to achieve better imaging efficiency
      for low energy isotopes. As imaging with technetium-99m having a 140 KEV
      gamma energy began to dominate imaging procedures and improvements in
      resolution of radiation cameras were made, radiation collimators with very
      thin septa (i.e. about 0.010 inches) were needed to avoid loss of
      efficiency in imaging.
PAR  Faced with this need, some investigators turned to the general approach of
      using corrugated foil of a material which is relatively opaque to low
      energy gamma rays. The corrugation approach would at first seem to offer a
      simple solution to the problem of constructing a collimator with septa of
      about 0.010 inch in thickness by enabling a large number of corrugated
      strips of metal foil to be mounted together in rows to build up a
      structure of the desired size. It turns out, however, that the use of a
      multiplicity of corrugated strips creates rather severe tolerance problems
      because the corrugations must be extremely uniform from strip-to-strip or
      they won't match up at the surfaces which are to be mated and fastened
      together throughout the length of each strip. The larger the collimator
      and the smaller the corrugation, the greater the tolerance problem. In
      addition, since lead is the preferred collimator material from a cost
      standpoint, the corrugating of lead foil which has a very low tensile
      strength creates an additional problem, especially when relatively large
      volume production is needed.
PAR  The problems involved in employing corrugated lead foil in the construction
      of a low energy radiation collimator are solved in accordance with the
      present invention by mounting the corrugated strips of foil between
      successive straight strips of foil, thereby eliminating the basic
      tolerance problem in forming the corrugated strips so they can be matched
      up and in handling the rather easily distorted strips after they have been
      formed. In accordance with another aspect of this invention, this solution
      also leads to an improved method of constructing a corrugated-strip
      collimator using adhesives such as epoxy rather than welding or similar
      techniques. In addition, in accordance with a further aspect of this
      invention, the problem of forming corrugated lead strips is solved by
      using a highly advantageous new method in which straight strips of lead
      foil are corrugated by using a pair of substantially meshed gear-like
      members. These initially corrugated strips either are employed as is or,
      to produce a collimator with superior uniformity, are subjected to further
      forming by pressing them between male and female forming dies.
PAR  The general techniques of this invention are also extremely useful in
      manufacturing corrugated diverging or converging collimators in an
      inexpensive manner. A diverging collimator has the multiple collimator
      channels focused at a point some distance away and arranged to diverge in
      the transducer to object sense so that objects larger than the transducer
      can be imaged. A converging collimator has the focused channels arranged
      to converge in the transducer to object sense so that objects smaller than
      the transducer are imaged in a magnified way.
PAR  The first commercially available diverging collimator was designed for
      medium energy gamma rays because such a design employs thick septa between
      channels and can be made by conventional lead casting or drilling
      techniques. Attempts to use casting techniques to produce a low energy
      diverging collimator failed because void areas in the thin septa could not
      be avoided. An approach involving assembling about 15,000 individual
      thin-walled lead tubes, each having an appropriate taper to produce
      divergent channels, was successful, but turned out to be extremely costly
      to manufacture. Adapting the corrugated collimator approach to produce
      diverging and converging collimators reduces the manufacturing cost
      dramatically and produces a collimator which is virtually identical in
      performance to the multiple tapered tube design.
PAR  To produce a collimator with converging channels a pair of gear-like
      members having tapered teeth are employed to produce initial corrugated
      strips which have tapered corrugations generally pointing to a common
      focus. The initial corrugated strips are pressed between a set of male and
      female forming dies to produce highly regular, tapered, triangular
      corrugations which focus to a point. These corrugated strips are mounted
      between straight strips, using an alignment fixture, and the taper of each
      strip causes the assembled strips to focus to a common line. The final
      collimator structure has collimating apertures which focus to a short line
      segment such that no observable distortion due to imperfect focus is
      noticeable.
DRWD
PAR  Other features and advantages of this invention will be apparent from a
      consideration of the detailed description below together with the
      accompanying drawings which are briefly described as follows:
PAR  FIG. 1 is an exemplary portion of a section view through a collimator
      constructed in accordance with this invention (along the lines 1--1 in
      FIG. 6);
PAR  FIGS. 2-5 are exemplary of a method for constructing a collimator in
      accordance with this invention;
PAR  FIG. 6 is a schematic view of the employment of a parallel channel
      corrugated collimator in an Anger camera system;
PAR  FIGS. 7-9 are exemplary of an improved method for constructing a parallel
      channel collimator in accordance with this invention;
PAR  FIGS. 10-16 are exemplary of a method of constructing a diverging or
      converging channel collimator in accordance with this invention;
PAR  FIGS. 17A and 17B are schematic views of the employment of a diverging
      channel collimator and a converging collimator, respectively; and
PAR  FIGS. 18 and 19 are exemplary of an alternate approach to performing some
      of the steps of the method of this invention.
DETD
PAR  Referring to FIG. 1, the basic cross-sectional configuration of a
      collimator in accordance with this invention is shown as corrugated lead
      foil strips 13 mounted between successive straight strips 12 of lead foil.
      In FIG. 1 the thickness of the foil is exaggerated, and for 140 KEV gamma
      rays the preferred thickness would be about 0.010 inches. It should be
      understood that foils of material other than lead but which are highly
      opaque to gamma rays could also be used here but lead is preferred from a
      cost standpoint. The sinusoidal-like corrugations are formed by a
      technique later to be described, but it should be understood that other
      forms of regularly corrugated strips such as the triangular form shown in
      FIG. 9 could also be employed. The corrugated strips are preferably
      substantially aligned so that triple-thicknesses of metal are avoided, but
      the employment of straight strips of lead foil between corrugated strips
      eliminates any severe tolerance problem in forming and assembling the
      strips. As will later be explained in more detail, the strips may be
      mounted together with an adhesive such as epoxy and the use of straight
      strips thus also eliminates the need for more sophisticated fastening
      techniques, such as welding. As is evident, the open areas formed by the
      walls of the straight and corrugated strips are the collimating apertures
      through which gamma rays may pass unhindered, and as previously mentioned
      the fact that the apertures are not axially symmetric does not seriously
      affect the performance of the collimator.
PAR  As shown in FIG. 2, corrugated strips of lead foil may be constructed by
      passing a strip 50 of lead foil through a pair of substantially meshed
      gear-like members, such as pinion wire rollers 42, 43. Lead foil strip 50
      has a straight portion 51 entering the rollers and a corrugated portion 52
      coming out of the rollers. Rollers 42 and 43 are mounted on a support
      structure 40 having vertical members 41 on which the rollers are rotatably
      mounted. One of the rollers is turned by a hand crank 44 with a handle 45.
      The rotation could also be mechanized. Rollers 42 and 43 must be mounted
      in slightly less than a completely meshed relation to accommodate the
      thickness of lead foil so that the foil will not be stretched to a lesser
      thickness at certain points as it is pulled through the rollers. "24
      pitch" pinion wire rollers produce corrugated strips which have an
      effective aperture size of about 1.6 or 1.7 millimeters with lead foil of
      0.010 inch thickness.
PAR  FIG. 3 shows a collimator being assembled from the corrugated and straight
      lead strips (the size of the corrugations is exaggerated for pictorial
      clarity). A fixture 30 is useful in assembling the strips since the walls
      of support sections 32 and 33 mounted on base 31 intersect at a 90.degree.
      angle and can be used to keep the strips at a 90.degree. angle to the
      resulting face of the collimator. Using the fixture 30, a collimator may
      be constructed by the following technique. A flat strip with epoxy spread
      on one side is placed on support 33, epoxy side up (an epoxy such as
      "Bondmaster 773B" from PPG Industries may be used). Then, a corrugated
      strip is placed on top of the epoxied strip. A second flat strip with
      epoxy spread on both sides is placed on top of the corrugated strip, and a
      second corrugated strip is then placed upon the flat strip. Preferably the
      second corrugated strip is aligned with the first one as closely as the
      eye can tell. This laying down of a flat strip with epoxy on both sides
      followed by a corrugated strip is continued until the desired size of
      collimator is achieved. Of course, the lengths of the strips must also be
      selected in accordance with the desired size of collimator. It is
      preferable to "load" the collimator structure after every inch or so of
      strips is built up to insure that the strips are tightly packed together.
      This can be done by resting a solid lead block on the strips for a short
      time. In FIG. 3 a partial collimator assembly 34 is shown on the fixture
      30.
PAR  When the desired number of strips have been assembled into a square array
      of appropriate size, a pair of thin aluminum sheets 22 and 23 may be
      epoxied onto the square honeycomb-like array 21 as shown in FIG. 4 to
      build up the assembly 20. At least one such sheet should be used to
      provide addtional structural rigidity to the assembly as well as to
      protect the edges of the strips from performance-damaging deformations.
      Two sheets are preferred to provide even more rigidity and protection. The
      thin aluminum sheets are essentially transparent to gamma rays of 140 KEV
      energy.
PAR  After the epoxy in assembly 20 has set, the corners 11 thereof may be
      removed with a band saw, leaving a circular central portion 10 as the
      resulting collimator. This circular collimator disc usually serves as an
      insert in a collimator mounting frame which attaches to the head of a
      scintillation camera. A schematic side view of the elements in an
      Anger-type scintillation camera are shown in FIG. 6. Collimator 10 is
      interposed between a subject 90 containing a radioisotope distribution and
      a thin sodium iodide crystal 60. A light pipe 70 transmits light from
      crystal 60 to a matrix of photomultiplier tubes 80. Parallel channel
      collimator 10 functions essentially to allow only those gamma rays which
      are emitted from a location in object 90 in a direction substantially
      perpendicular to crystal 60, i.e. substantially parallel to apertures in
      collimator 10, to reach crystal 60. Thus a gamma ray 92 from a location 91
      interacts in crystal 60 to produce a scintillation 93. A gamma ray headed
      off at a different angle such as the ray designated 94 will probably be
      absorbed in one or more walls of collimator 10. All of the functional
      details of a scintillation camera are well known and need not be further
      explained here.
PAR  FIG. 9 shows an alternate form of a corrugated collimator according to this
      invention. Here corrugated strips 113 have a triangular configuration. A
      collimator constructed with this form of corrugated strip has a somewhat
      improved performance which is more reproducible in volume production.
      Highly regular triangular corrugations are produced by first forming
      initial corrugated strips in gear-like members 42 and 43 in FIG. 2, and
      then pressing each strip between male and female forming dies 100, 110
      shown in FIGS. 7 and 8. Gear-like members 42 and 43 are either pinionwire
      rollers, as previously disclosed, or rollers with triangular teeth. It is
      vital to form initial corrugated strips in order to have sufficient metal
      between forming dies 100, 110 such that no tearing or excessive stretching
      of the lead strips is produced. Thin lead strips are not sufficiently
      ductile to enable the corrugated strips to be formed directly from
      straight strips in forming dies 100 and 110. The method of forming highly
      regular, triangular corrugations thus involves an additional step, and the
      collimator produced with triangular corrugations is somewhat superior to
      one with sinusoidal-like corrugations.
PAR  The corrugation method of collimator construction is also highly
      advantageously employed to produce converging or diverging channel
      collimators. The equipment shown in FIGS. 10-14 is employed to form
      corrugated strips of lead foil which have the characteristics that the
      triangular corrugations focus to a common point and are tapered, with
      wider and deeper corrugations at portions remote from the focal point.
      Because of the tapered corrugations, the strips stack in such a way that
      they all point to a common focal line. The resultant collimator is a
      highly satisfactory diverging or converging collimator for use in imaging
      low energy radiopharmaceuticals.
PAR  FIG. 10 shows apparatus 120 for producing an initial corrugated strip for a
      converging or diverging collimator. A base 121 supports in a rotatable
      fashion a tapered gear-like member 124 on a pair of posts 126, 127. A
      support arm 122 is mounted on base 121 by way of a pivot structure 123.
      Support arm 122 carries a second tapered gear-like member 125 on a pair of
      posts 128, 129. 130 refers to a crank for turning tapered gear-like member
      125. 140 refers generally to a locking apparatus for maintaining base 121
      and arm 122 in a set relationship when the gear-like members are engaged.
      When arm 122 is pivoted downward, surfaces 128A and 129A on posts 128 and
      129 rest on surfaces 126A and 127A on posts 126 and 127. These surfaces
      are machined or shimmed such that, when in contact, the degree of meshing
      or engagement of gear-like members 124 and 125 is proper for receiving and
      forming an initial corrugated strip.
PAR  FIGS. 13 and 14 show that gear-like member 124 has tapered triangular teeth
      to form tapered triangular corrugations in a flat strip. The diameter of
      gear-like member 124 and the size and taper of triangular teeth thereon
      determine the focal point of the initial corrugated strip.
PAR  Preferred method steps for producing an initial corrugated strip will now
      be detailed in conjunction with FIGS. 10 and 13-15. The first step is to
      form a flat strip of lead foil with curved top and bottom edges (strip
      161A, FIG. 15). This is formed by cutting or stamping curved strip 161
      from rectangular piece 160. The next step is to form in strip 161A an
      initial central corrugation having a tapered triangular configuration. The
      result is strip 161B with initial corrugation 162. Initial corrugation 162
      must be carefully formed to have its axis perpendicular to an intersecting
      tangent line of the curved strip. A tapered file of the proper size or a
      specially made tapered forming tool is used to produce the initial
      corrugation, which is then marked for later reference with paint or ink.
PAR  Strip 161B is then inserted between gear-like members 124 and 125 with
      initial corrugation 162 over one of the tapered teeth, and gear-like
      members 124 and 125 are brought together and locked by locking apparatus
      140 into a substantially meshed relationship. Crank 130 is then turned in
      one direction to form the first half of an initial strip. Preferably, the
      strip is removed and repositioned with the central reference corrugation
      between substantially meshed teeth, and crank 130 is turned in the
      opposite direction to form the second half of an initial corrugated strip.
      These steps result in a strip such as 161C in FIG. 15.
PAR  It should be noted that, when strip 161B is inserted in the apparatus 120
      of FIG. 10, it is placed on the left end of gear-like members 124 and 125;
      and as crank 130 is turned, the strip is pulled toward the right. Strip
      161C therefore has generally triangular, tapered corrugations which vary
      in width and depth from center to edge and have rounded corners.
PAR  The next step is to press initial corrugated strip 161C between male and
      female forming dies, the male die 150 being shown in FIGS. 11 and 12. This
      step produces the final corrugated strip 161D which is trimmed to a
      rectangle while in the forming dies. A large number of these final
      corrugated strips are made for assembly into a final collimator product.
PAR  FIG. 16 shows a collimator assembly fixture 170 which is employed in
      assembling the final product. A base 171 holds a collimator base plate 180
      on which individual corrugated and straight strips will be mounted and
      fastened during the process of gluing individual strips together. Support
      members 172 and 173 are rigidly mounted to base 171, and alignment arm 176
      is pivotally mounted to support member 172 by a pivoting mechanism 174.
      Alignment arm 176 has a telescoping portion 175 with an alignment wiper
      arm 177 at the end thereof. A stop block 178 rests on top of base plate
      180 during the construction of the first half of the collimator.
PAR  Final assembly of the collimator follows this procedure. Base 171 is tilted
      somewhat so that an initial corrugated strip may be rested on stop block
      178 such that it touches base plate 180 and points along line 179 to the
      pivot line of alignment arm 176. A first straight strip with both sides
      glued is rested on the initial corrugated strip and a second corrugated
      strip is mounted on the first straight strip. Alignment wiper arm 177 is
      employed to press the strips together to ensure good contact and to ensure
      that the second corrugated strip points toward the pivot of alignment arm
      176. It should be noted that the pivot line is set in terms of the taper
      of the individual corrugated strips so that the strips quite naturally
      stack to point toward that pivot line. The alignment arm ensures that the
      strips are tightly pressed together and proper alignment is maintained.
      Straight and corrugated strips are added, each time using alignment arm
      176 until one half of a collimator is built up. The glue on the strips
      tends to run down between assembled strips and automatically glues the
      assembled strips to base plate 180. To assemble the second half of the
      collimator, stop block 178 is removed and base plate 180 is turned around
      so that strips can be built up in the other direction. The resultant
      collimator has triangular channels which generally focus to a short line
      segment, which is entirely adequate for purposes of gamma imaging with a
      radiation camera.
PAR  FIG. 17A shows the imaging properties of a diverging collimator 210A which
      enables the imaging, on a radiation sensitive transducer 260A, of an
      object 290A which is larger than transducer 260A. It is called a diverging
      collimator because its collimating apertures diverge in the transducer to
      object direction. Dashed lines 211A and 212A portray the diverging field
      of view of the collimator.
PAR  FIG. 17B shows the imaging properties of a converging collimator 210B which
      enables magnification imaging, on a radiation transducer 260B, of an
      object 290B which is smaller than transducer 260B. It is considered a
      converging collimator because its collimating apertures converge in the
      transducer to object direction.
PAR  From the above it should be apparent that the method of this invention is
      capable of producing all three forms of low energy multichannel
      collimators--parallel, converging, and diverging channel units. The method
      results in high quality collimators at low manufacturing cost.
PAR  FIGS. 18 and 19 illustrate an alternate method of forming initial
      corrugated strips. A pair of forming tools 273 and 274 pivoted at point
      275 press portions of lead foil 161E into tapered grooves of male forming
      die 150. Forming heads 271 and 272 are tapered to match grooves in forming
      die 150. After making an initial central corrugation, using head 272 to
      push foil 161E into the groove in the forming die, head 272 holds the
      initial corrugation in that groove while head 271 pushes foil into an
      adjacent groove to form the next corrugation. Both heads are then shifted
      one groove and head 272 holds the last made corrugation while head 271
      forms the next adjacent corrugation. This continues until all the
      corrugations are formed in an initial corrugated strip, and then the
      female die is mated to the male die and pressure exerted to make the final
      corrugated strip. Assembly of corrugated strips made by this alternate
      method into a final collimator would proceed as set forth above.
PAR  The above description is intended to be exemplary of general concepts of
      methods of constructing corrugated collimators, and many changes could be
      made without departing from the scope of the invention as claimed in the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a radiation imaging collimator having collimating
      apertures converging substantially to a common focus comprising the steps
      of:
PA1  a. producing a plurality of flat strips of lead foil about 0.01 inches in
      thickness and of uniform width having opposing curved concave and convex
      edges;
PA1  b. inserting each strip, one-at-a-time, between a pair of partly meshed
      bevel gears having longitudinally extending teeth that focus to a common
      point such that each of said strips is positioned with said convex edge
      proximate to said focal point and with said concave edge remove from said
      focal point;
PA1  c. rotating said bevel gears in a direction to sequentially form individual
      longitudinal corrugations so as to produce an initial corrugated strip;
PA1  d. pressing, one-at-a-time, said initial corrugated strips between male and
      female forming dies to produce final corrugated strips having highly
      regular, reproducible configurations;
PA1  e. mounting each of said corrugated strips between successive straight
      strips of lead foil each about 0.01 inches in thickness to produce a
      plurality of collimator apertures wherein all of said initial corrugated
      strips are positioned in alignment with each other; and
PA1  f. compressing said mounted strips to ensure alignment of said apertures
      such that all of said apertures are directed toward a common focus.
NUM  2.
PAR  2. The method of claim 1, further comprising initially forming in each lead
      strip to be corrugated an initial central corrugation having a tapered
      triangular configuration; inserting each strip to be corrugated between
      said pair of partly meshed bevel gears with said initial central
      corrugation between partly engaged teeth of said bevel gears; rotating
      said bevel gears in a first direction to form one half of the inital
      corrugations; repositioning said strip between said bevel gears with said
      initial central corrugation between partly engaged teeth as aforesaid; and
      rotating said bevel gears in the direction opposite said first direction
      to form the other half of said initial corrugations.
NUM  3.
PAR  3. The method of claim 2, further comprising the step of marking said
      central corrugations subsequent to their formation for later reference in
      aligning said corrugated strips.
NUM  4.
PAR  4. The method of claim 1, further comprising the step of coating each of
      said straight strips on both sides with an adhesive prior to mounting said
      corrugated strips therebetween.
NUM  5.
PAR  5. The method of claim 1, wherein said mounted strips are compressed
      against a base with an arm hinged at said common focus to ensure alignment
      and orientation of said straight and corrugated strips toward the
      aforesaid common focus.
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ABST
PAL  An adhesive lacquer is provided which comprises tetrahydrofuran and an
      acrylate ester polymer containing at least 50 mol% of an acrylate ester.
      The adhesive lacquer is especially useful in joining a thermoplastic resin
      to a thermosetting resin. A layer of the adhesive lacquer preferably is
      first applied on the thermoplastic resin and the thermosetting resin is
      thereafter applied to the layer of adhesive laquer to effect the joining
      of the two resins.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new adhesive lacquer, a process for
      joining a thermoplastic resin to a thermosetting resin by means of this
      lacquer as well as the products obtained at the various stages of this
      process.
PAR  It has already been proposed to combine the properties of thermoplastic
      resins such as, for example, polyvinyl chloride, polystyrene and
      acrylonitrile-butadiene-styrene resins with those of thermosetting resins
      such as, for example, polyester resins, by producing structures in which
      these two types of material are joined by gluing.
PAR  However, it has not been possible hitherto to produce this combination
      satisfactorily because the various methods proposed for producing adhesion
      do not succeed in imparting sufficient resistance to delamination to this
      combination.
PAR  Thus, for example, it has been proposed, in British Pat. No. 866,776 in the
      name of ARTRITE RESINS Ltd. of Mar. 12th, 1957 to produce containers made
      of polyvinyl chloride equipped with an outer layer of reinforced polyester
      resin containing a crosslinking monomer (acrylate ester) which exerts a
      dissolving effect on polyvinyl chloride. This process in fact leads to an
      excellent result when the layer of polyester resin, as is claimed, is
      placed outside the container. It has been found, however, that if the
      polyester resin is placed inside the container, the adhesion between the
      layer of thermosetting resin and the wall of polyvinyl chloride becomes
      very uncertain.
PAR  This defective result can be explained by the fact that, during their
      crosslinking, polyester resins undergo shrinkage. Consequently, this
      phenomenon leads to adhesion of a mechanical nature between the two layers
      of resin when the layer of polyester resin is placed outside the
      reinforced article while it promotes delamination when, on the other hand,
      the layer of polyester resin is placed inside the article.
PAR  According to German Pat. application No. 1,958,647 in the name of
      KARLSKRONA-VARVET A. B. of Nov. 22nd, 1969, adhesion of a sheet of plastic
      such as polyvinyl chloride to a layer of thermosetting resin is achieved
      by using, as the adhesive, a solution of polymethyl methacrylate in
      methylene chloride. However, the laminates produced according to this
      process have insufficient resistance to delamination to enable them to be
      used in practice.
PAR  Accordingly, there has been a continuing search for an adhesive that can
      join a thermoplastic resin with a thermosetting resin to produce an
      article that has good resistance to delamination.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention describes an adhesive lacquer which is particularly
      suitable for joining a thermoplastic resin to a thermosetting resin and
      which imparts extremely high resistance to delamination to this
      combination.
PAR  The adhesive lacquer according to the present invention comprises
      tetrahydrofuran and an acrylate ester polymer containing at least 50 mol%
      of an acrylate ester.
PAR  The lacquer of the present invention preferably can contain a second
      solvent selected from the group consisting of amide solvents and sulfoxide
      solvents. Also, the lacquer preferably can contain a diluent selected from
      the group consisting of chlorinated hydrocarbons, ketones and alkyl
      esters.
PAR  In accordance with the method of the present invention a thermoplastic
      resin is joined to a thermosetting resin preferably by applying a layer of
      the above adhesive lacquer to the thermoplastic resin, and thereafter
      applying the thermosetting resin to the adhesive lacquer layer and curing
      the thermosetting resin. The adhesive lacquer layer is preferably dried on
      the thermoplastic resin so that the lacquer layer contains a total of no
      more than 15% of solvent and diluent.
PAR  It is to be understood that both the foregoing general description and the
      following detailed description are exemplary and explanatory but are not
      restrictive of the invention.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE of the attached drawing schematically illustrates a test
      device for measuring adhesion between two layers.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, the adhesive lacquer contains
      tetrahydrofuran. The tetrahydrofuran acts as a solvent for the acrylate
      ester polymer and is an essential ingredient of the lacquer compositions
      because it produces an adhesive that provides markedly better resistance
      to delamination of thermoplastic resin that is joined to thermosetting
      resin than other solvents that have been used individually with acrylate
      ester polymers.
PAR  According to a preferred embodiment of the present invention, however, the
      lacquer can also advantageously contain one or more other solvents chosen
      from the group formed by amide solvents and sulfoxide solvents.
PAR  By way of examples of these amide solvents, there may be mentioned
      dimethylformamide, methylformamide, diethylformamide, ethylformamide,
      diemthylacetamide and dimethylpropionamide which are very suitable.
PAR  Among the sulfoxide solvents, dimethylsulfoxide and diethylsulfoxide may be
      mentioned by way of examples. Dimethylformamide is the preferred second
      solvent for use in the lacquers of the present invention.
PAR  It has also been found that it can be advantageous to introduce one or more
      diluents into the composition of the adhesive lacquer. These diluents can
      be selected from the group consisting of chlorinated hydrocarbons, ketones
      and alkyl esters.
PAR  Thus, the introduction into the adhesive lacquer of chloroform, methylene
      chloride, ethyl acetate, amyl acetate, methyl ethyl ketone, diethyl ketone
      or methyl isobutyl ketone makes it possible, in many cases, to achieve
      particularly noteworthy resistances to delamination.
PAR  The adhesive lacquer preferably contains 5 to 20 % by weight of the
      acrylate ester polymer. The latter is preferably chosen from among
      polymers containing at least 50 mol % and still more preferably at least
      75 % of an acrylic acid ester derived from an alcohol containing 1 to 4
      carbon atoms. The best results are obtained with polymethyl methacrylates.
PAR  However, other acrylate ester polymers such as, for example, polymethyl
      acrylate and copolymers of methyl acrylate and methyl methacrylate have
      been used successfully in adhesive lacquers according to the present
      invention.
PAR  In copolymers, the comonomer may advantageously be selected among vinyl
      chloride, vinyl acetate styrene, substituted derivatives of styrene and
      acrylic or methacrylic acid esters derived from alcohols containing from 1
      to 4 atoms of carbon different from those constituting the main component
      of the copolymer.
PAR  The best results are however obtained when the acrylate or methacrylate
      ester polymer is a homopolymer.
PAR  It has also been observed that the resistance to delamination achieved with
      the adhesive lacquer according to the invention is the better, the higher
      is the molecular weight of the acrylate ester polymer. Thus, with a
      polymethyl methacrylate of molecular weight of the order of 50,000,
      noteworthy results are already achieved, but by working under the same
      conditions with the polymethyl methacrylate of molecular weight of the
      order of 300,000, the results are further improved.
PAR  In practice, a polymethyl methacrylate of molecular weight higher than
      20,000 and preferably higher than 100,000 can be used. It has also been
      found that it can be very advantageous to add to the adhesive lacquer 2 to
      15% by weight of a vinyl chloride polymer which is preferably a copolymer
      of vinyl chloride and vinyl acetate.
PAR  Thus, the incorporation into the adhesive lacquer of 2 to 15% by weight of
      a copolymer of vinyl chloride and vinyl acetate containing up to 15 mol %
      of vinyl acetate makes it possible to obtain products which have a
      noteworthy impact strength when a thermoplastic resin is joined to a
      thermosetting resin.
PAR  The quantity of tetrahydrofuran present in the composition of the adhesive
      lacquer can vary between 5 and 95% by weight of the lacquer. It depends
      especially on the number of constituents used to produce the latter.
PAR  Thus, it is quite obvious that the quantity of tetrahydrofuran can vary
      between 80 and 95% by weight of the lacquer when the latter consists
      solely of this solvent and of the acrylate ester polymer.
PAR  On the other hand, when one or more other solvents as defined above are
      used in addition, the quantity by weight of tetrahydrofuran varies between
      10 and 65%, and preferably between 20 and 55%, while the quantity be
      weight of the other solvent or solvents varies between 20 and 85%, and
      preferably between 30 and 75%.
PAR  The best results are achieved when tetrahydrofuran, one or more other
      solvents and one or more diluents as defined above are used in
      conjunction.
PAR  In the latter case, the proportions by weight of the various constituents
      of the adhesive lacquer can vary between 5 and 20%, and preferably between
      10 and 15%, in the case of tetrahydrofuran, and between 15 and 45%, and
      preferably between 20 and 40%, in the case of the other solvent or
      solvents, while the quantity by weight of diluent(s) can be as much as
      60%.
PAR  As has been stated, the adhesive lacquer according to the present invention
      is very particularly suitable for joining a thermoplastic resin to a
      thermosetting resin, by gluing.
PAR  In this use, the preferential procedure consists of applying a layer of the
      adhesive lacquer according to the invention to the surface of the
      thermoplastic resin to be glued, then applying the thermosetting resin to
      the layer of adhesive lacquer and effecting the curing of the
      thermosetting resin.
PAR  The term "thermoplastic resin" as used in the specification and claims
      means any resin, the shape of which can be altered during successive
      reheatings at least to its softening point and which retains the
      successive shapes which are imparted to it after cooling to below its
      softening point.
PAR  The thermoplastic resins preferentially used are vinyl polymers containing
      at least 50 mol % of vinyl chloride, polystyrene and polymers based on
      acrylonitrile, butadiene and styrene. Vinyl chloride polymers are very
      particularly suitable.
PAR  Before applying the layer of adhesive lacquer to the thermoplastic resin,
      it is often useful to subject the latter to a degreasing treatment, for
      example, by washing with a chlorinated hydrocarbon which dissolves
      greases.
PAR  The adhesive lacquer is applied to the surface of the thermoplastic resin
      to be glued at the rate of 100 to 300 g/m.sup.2. Any known technique
      whatsoever such as, for example, spraying, roller coating, knife coating,
      brush coating or transfer coating and the like, can be used for this
      application.
PAR  After having carried out this coating, it is desirable, in order to achieve
      the best results, to leave the adhesive layer deposited to dry in such a
      way that, at the time of applying the thermosetting resin, the lacquer
      film applied contains less than 15% by weight of solvent and diluent. This
      result can especially be achieved by prolonged drying in air. However,
      this drying can be activated, when this is necessary for productivity
      reasons, by heating the thermoplastic resin at a temperature below its
      melting point for a sufficient period of time. This heating can, for
      example, be carried out by leaving the product in an oven or by passing it
      through a furnace.
PAR  In order to facilitate the deposition of the film of adhesive lacquer, it
      is preferable for the thermoplastic resin to be in the form of a flat
      structure such as, for example, a film, a sheet or a plate.
PAR  It has been further found that it is possible to subject the thermoplasitc
      resin coated with dried adhesive lacquer to a treatment which has the
      effect of changing its shape.
PAR  Thus, for example, it is possible to subject the flat films, sheets and
      plates of thermoplastic resin coated with the lacquer to a vacuum shaping
      treatment without in any way altering the subsequent adhesive power of the
      lacquer deposited.
PAR  When this shape changing treatment is a vacuum heat-shaping, the heating of
      the thermoplastic resin coated with adhesive lacquer plays a part in
      drying this lacquer.
PAR  The term "thermosetting resin" as used in the specification and claims
      means any resin which can, under the effect of heat, undergo a chemical
      change which manifests itself by an increase in hardness and the
      appearance of infusibility and insolubility in practically all solvents.
PAR  Among these thermosetting resins, it is preferred to use unsaturated
      polyester resins containing a crosslinking monomer.
PAR  The latter resins can be prepared especially by esterification of saturated
      dibasic acids such as, for example, phthalic, adipic, succinic and sebacic
      acids with an unsaturated alcohol such as, for example, an allyl alcohol,
      or by esterification of a saturated polyhydric alcohol such as, for
      example, ethylene glycol, diethylene glycol, trimethylene glycol,
      1,2-propylene glycol or glycerol with an unsaturated polycarboxylic acid
      or an anhydride derived from these acids, such as, for example, maleic,
      fumaric, itaconic and citraconic acids or anhydrides. However, any
      unsaturated polyesters can of course be used.
PAR  As has been stated, the unsaturated polyester resin also contains a
      crosslinking monomer such as, for example, diallyl phthalate or styrene.
PAR  The unsaturated polyester resin can also contain a source of free radicals
      which promotes the crosslinking reaction such as, for example, an organic
      peroxide and a catalyst such as cobalt naphthenate or cobalt octoate. This
      source can be chosen so that it initiates the crosslinking reaction at the
      desired moment, for example by giving preference to a catalyst which
      becomes active only above a temperature markedly higher than ambient
      temperature.
PAR  It is also possible to use peroxides which are active at ambient
      temperatures by making use of known techniques which consist of combining
      the various ingredients which initiate the crosslinking only at the time
      of their use.
PAR  The thermosetting resin can be applied to the film of adhesive lacquer by
      any known technique such as, for example, spraying or brush coating.
      Moreover, these resins can be reinforced, for example, with glass fibers.
PAR  When the layer of thermosetting resin is applied by simultaneously spraying
      glass fibers and crosslinkable polyester resin, it is advantageous also to
      use glass micro-spheres which act as a filler, facilitate the subsequent
      operation of removing bubbles and reduce shrinkage during crosslinking.
PAR  According to another technique, the layer of thermosetting resin can
      advantageously consist of a non-woven or a woven fabric of glass fibers
      impregnated with crosslinkable unsaturated polyester resin, known
      commercially by the trade name of "prepreg".
PAR  After applying the layer of thermosetting resin, the crosslinking reaction
      is initated, for example, by heating the combination to a sufficiently
      high temperature. Of course, this crosslinking is initated automatically
      when the free radical sources and catalysts used are active at ambient
      temperature.
PAR  The thermoplastic resins coated with adhesive lacquer according to the
      present invention can, after drying, be stored for a long period of time
      without the lacquer film losing its adhesive properties.
PAR  Because of this, it is possible to prepare flat or shaped articles made of
      thermoplastic material coated with a film of dried adhesive lacquer
      according to the invention, and then to transport the latter thereafter to
      a factory which specializes in processing thermosetting resins, even if
      the factory is a very long way away.
PAR  This possibility thus makes it feasible to carry out the first part of the
      operations -- coating with lacquer and optionally shaping -- in a factory
      suitable for processing thermoplastic materials, and then to transfer the
      half-finished product, optionally after storage, to a factory which
      specializes in processing thermosetting resins.
PAR  By working in accordance with the process described, shaped finished
      articles have been produced, including articles such as boat hulls,
      door-frame components, panels, roofing components and the like, consisting
      of a layer of thermoplastic material and of a layer of thermosetting
      resin, which are characterized by great rigidity and by amazing adhesion
      between the constitutent layers.
PAR  The adhesive lacquer according to the invention and the process for its use
      are further explained in more detail by the practical embodiments which
      now follow and which are given purely by way of illustration and not by
      way of limitation.
PAC  TEST FOR MEASURING ADHESION
PAR  As no method for measuring adhesion exists in the literature which can be
      transposed directly for measuring the adhesion between the layers of the
      product produced by the present invention, a special method for measuring
      this adhesion was developed which is described below with reference to the
      only FIGURE of the attached drawing.
PAR  A square sample 1 of side length 100 mm is cut out of a product containing
      a thermoplastic resin 4, bound by an adhesive to a thermosetting resin 6,
      with the cutting taking place after complete crosslinking of the
      thermosetting resin. Then the portion of the layer of thermosetting resin
      6, such as polyester resin, situated at the center of the sample is
      removed by milling in such a way as to lay bare the layer of thermoplastic
      resin 4, taking care not to damage this layer. The milling of
      thermosetting resin 6 is performed in such a way as to produce in the
      thermosetting resin 6 a circular hollow 2 having a diameter of 30 mm. The
      sample 1 is then centered over the aperture of a metal pipe 3 of external
      diameter 70 mm and internal diameter 66 mm, the metal pipe being in a
      vertical position, by laying the layer of thermoplastic resin 4 over the
      aperture of the said pipe. The part of sample 1 which has been laid bare
      of the thermosetting layer is then subjected to the action of a circular
      piston 5 of diameter 25 mm of a tensometer, for example of the INSTRON
      type, the rate of downward movement of which is 5 mm/minute. The
      force/deformation diagram of this experiment is drawn up and the force
      corresponding to the appearance of a maximum on the curve obtained is
      noted. It will be agreed that this maximum corresponds to the force
      necessary to cause delamination between the layers of resin at the
      periphery of the hollow.
PAR  In the examples which now follow, it should be noted further that Examples
      1 to 3, which are given by way of comparison, are not part of the scope of
      the invention since the lacquers used are free from tetrahydrofuran.
PAC  EXAMPLES 1 to 18
PAR  Lacquers are produced, the composition by weight of which is given in Table
      1 below, by gradually introducing polymethyl methacrylate resin in powder
      form or a mixture of this resin with a copolymer of vinyl chloride and
      vinyl acetate into the other constituent or constituents of the lacquer
      which are stirred constantly.
PAR  The polymethacrylate resin used is a resin of molecular weight of the order
      of 300,000 sold by ROHM and HAAS under the trade name PLEXIGUM M 920. The
      copolymer of vinyl chloride and vinyl acetate used is a resin containing
      11.8 mol % of vinyl acetate sold by SOLVIC S.A. under the trade name
      SOLVIC 523 KC.
PAR  A layer of this lacquer is then applied at the rate of 200 g/m.sup.2 to a
      sheet of polyvinyl chloride of thickness 1.5 mm, produced by extrusion,
      the surface of which is free from grease. The polyvinyl chloride used is a
      product obtained by suspension polymerization, with a K-number of between
      64 and 68 (measured in 1,2-dichloroethane) and sold by SOLVIC S.A. under
      the trade name SOLVIC 239. The formulation extruded is stabilized by means
      of a lead salt and is free from plasticizer. The application of the
      lacquer is carried out by means of a roller dipping into the lacquer.
PAR  After having applied the lacquer, the coated sheet of polyvinyl chloride is
      dried in air for 3 minutes and then in an oven at 100.degree. C for 3
      minutes.
PAR  The dried sheet is then vacuum-formed after heating to 130.degree.C by
      means of an infra-red ray generator.
PAR  After the sheet has been released from the mold and cooled, a layer of
      polyester resin reinforced with glass fibers of thickness 2.5 mm is
      applied to the coated face of the thermoshaped sheet.
PAR  For this purpose, a spray gun with two nozzles is used, each nozzle being
      connected to a feed pot. A mixture of 70 parts by weight unsaturated
      polyester derived from maleic acid, phthalic acid and propylene glycol
      sold by UNION CHIMIQUE BELGE under the trade name UCEFLEX R66SL, 30 parts
      by weight styrene, and 2.5 parts by weight methyl ethyl ketone peroxide is
      introduced into the first pot.
PAR  An identical composition, except that the 2.5 parts of methyl ethyl ketone
      peroxide are replaced by 1 part of cobalt octoate, is introduced into the
      second pot.
PAR  Simultaneously, glass fibers of length 3 cm are sprayed in a proportion
      such that they form 30% by weight of the coating applied.
PAR  After removing bubbles from the applied layer, the coated sheet is
      introduced into an oven kept at 50.degree.C for a dwell time of 1 hour so
      as to bring about the crosslinking of the polyester. Finally, after
      cooling, a square and flat test piece of side length 100 mm is cut out of
      the article produced and is subjected to the test described above after it
      has been stored for 24 hours at 20.degree.C.
PAR  The values of the force necessary to cause delamination of each sample as a
      function of the composition of the adhesive lacquer used are given in
      Table 1. A study of Table 1 shows that the use of a lacquer containing
      only tetrahydrofuran, as in Example 4, gives a markedly better result than
      the other solvents methylene chloride, methyl ethyl ketone, and
      dimethylformamide used individually in Examples 1, 2 and 3, respectively.
      Table 1 also shows that the use of a lacquer containing tetrahydrofuran,
      an amide solvent or a sulfoxide solvent and one or more diluents makes it
      possible to achieve remarkable delamination forces. The table further
      shows that the use of a small proportion of a copolymer of vinyl chloride
      and vinyl acetate leads to products which have a very satisfactory impact
      strength. Thus the products of Examples 6, 7, 9, 10, 12, 13 and 14 which
      contain a copolymer of vinyl chloride and vinyl acetate are very resistant
      to the impact of boxwood balls of diameter 30 mm thrown against the sheet
      of polyvinyl chloride at a speed of 35 m/second, while the products
      produced in the reference examples 1, 2 and 3 are not resistant thereto.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Composition of the lacquer                                                
     No. of                                                                    
         A   B   C   D   E   F   G   H   I    J  K   L     Notes               
     exam-                                                                     
     ples                                                                      
     __________________________________________________________________________
     1   14.5                                                                  
             --  --  --  --  --  --  85.5                                      
                                         --  --  --   70                       
     2   14.5                                                                  
             --  --  --  85.5                                                  
                             --  --  --  --  --  --  --    poor adhesion to    
                                                           polyvinyl chloride  
     3   14.5                                                                  
             --  --  85.5                                                      
                         --  --  --  --  --  --  --  --    production of a gel 
                                                           which cannot be     
                                                           applied to          
                                                           polyvinyl chloride  
     4   14.5                                                                  
             --  85.5                                                          
                     --  --  --  --  --  --  --  --  160                       
     5   14.5                                                                  
             --  42.75                                                         
                     42.75                                                     
                         --  --  --  --  --  --  --  180                       
     6   9   5.5 42.75                                                         
                     42.75                                                     
                         --  --  --  --  --  --  --  185   remarkable impact   
                                                           strength            
     7   14.5                                                                  
             10  35  --  --  40.5                                              
                                 --  --  --  --  --  200   remarkable impact   
                                                           strength            
     8   14.5                                                                  
             --  30.5                                                          
                     55  --  --  --  --  --  --  --  200                       
     9   12  6   12  25  30  15  --  --  --  --  --   400* remarkable impact   
                                                           strength            
     10  10.5                                                                  
             5.5 12  26  31  15  --  --  --  --  --   400* remarkable impact   
                                                           strength            
                                             M                                 
     11  14  --  16  21  --  --  38  11  --  --  --  200                       
     12  10.5                                                                  
             3.5 16  21  --  --  38  11  --  --  --  200   remarkable impact   
                                                           strength            
     13  9   5.5 14.5                                                          
                     35.5                                                      
                         35.5                                                  
                             --  --  --  --  --  --   400* remarkable impact   
                                                           strength            
     14  9   5.5 14.5                                                          
                     35.5                                                      
                         --  --  --  35.5                                      
                                         --  --  --   400* remarkable impact   
                                                           strength            
     15  18  --  12  25  30  15  --  --  --  --  --  300                       
     16  14.5                                                                  
             --  10.5                                                          
                     --  25  --  --  25  25  --  --  275                       
     17  14.5                                                                  
             --  10.5                                                          
                     --  25  --  --  25  --  25  --  300                       
     18  14.5                                                                  
             --  10.5                                                          
                     --  25  --  --  25  --  --  25  170                       
     __________________________________________________________________________
      *In these tests, it is found that delamination is due to rupture of the  
      layer of polyvinyl chloride and not to true detachment of the latter     
      A -- polymethyl methacrylate % by                                        
      B -- Copolymer of vinyl chloride and vinyl acetate % by weight           
      C -- Tetrahydrofuran % by weight                                         
      D -- Dimethylformamide % by weight                                       
      E -- Methyl ethyl ketone % by weight                                     
      F -- Ethyl acetate % by weight                                           
      G -- Chloroform % by weight                                              
      H -- Methylene chloride % by weight                                      
      I -- Diethylformamide % by weight                                        
      J -- Dimethylacetamide % by weight                                       
      K -- Dimethylsulfoxide % by weight                                       
      L -- Delamination force according to the method given, kg                
      M -- Dimethylsulfoxide % by weight                                       
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for joining a thermoplastic resin to a thermosetting resin,
      comprising applying a layer of an adhesive lacquer to the surface of the
      thermoplastic resin, said lacquer comprising tetrahydrofuran as a solvent
      and an acrylate ester polymer containing at least 50 mol % of an acrylate
      ester, and thereafter applying the thermosetting resin in uncured form to
      the layer of adhesive lacquer and curing the thermosetting resin.
NUM  2.
PAR  2. The process according to claim 1, wherein the thermoplastic resin is
      chosen from the group comprising vinyl polymers containing at least 50 mol
      % of vinyl chloride, polystyrene, and polymers based on acrylonitrile,
      butadiene and styrene.
NUM  3.
PAR  3. Process according to claim 2, wherein the thermoplastic resin is a vinyl
      chloride polymer.
NUM  4.
PAR  4. Process according to claim 1, wherein the surface of the thermoplastic
      resin is cleaned with a chlorinated hydrocarbon before applying the
      adhesive lacquer.
NUM  5.
PAR  5. The process according to claim 1, wherein the adhesive lacquer is
      applied to the thermoplastic resin at the rate of 100 to 300 g/m.sup.2.
NUM  6.
PAR  6. The process according to claim 1, wherein after having applied the layer
      of adhesive lacquer to the surface of the thermoplastic resin, the lacquer
      is dried until it does not contain more than 15% by weight of solvent, and
      the thermosetting resin is applied to the dry lacquer.
NUM  7.
PAR  7. The process according to claim 6 wherein the lacquer contains a second
      solvent selected from the group consisting of amide solvents and sulfoxide
      solvents.
NUM  8.
PAR  8. The process according to claim 6 wherein the lacquer contains a diluent
      selected from the group consisting of chlorinated hydrocarbons, ketones
      and alkyl esters, and the lacquer is dried on the thermoplastic resin
      until it does not contain more than 15% by weight of solvent and diluent,
      and the thermosetting resin is applied to the dry lacquer.
NUM  9.
PAR  9. The process according to claim 6 wherein the thermoplastic resin layer
      is heated to dry the lacquer.
NUM  10.
PAR  10. The process according to claim 1, wherein the thermoplastic resin
      coated with adhesive lacquer is shaped before applying the thermosetting
      resin.
NUM  11.
PAR  11. The process according to claim 10 wherein the shaping of the
      thermoplastic resin is effected by vacuum forming.
NUM  12.
PAR  12. The process according to claim 1, wherein the thermosetting resin is a
      polyester resin.
NUM  13.
PAR  13. The process according to claim 12 wherein the polyester resin is
      reinforced.
NUM  14.
PAR  14. The process according to claim 13, wherein the polyester resin is
      reinforced with glass fibers.
NUM  15.
PAR  15. A process for joining a thermoplastic resin to a thermosetting resin by
      applying an adhesive lacquer to one of the two resins comprising using as
      the adhesive lacquer a composition comprising tetrahydrofuran and an
      acrylate ester polymer containing at least 50 mol % of an acrylate ester.
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ABST
PAL  A process for bonding steel sheets, e.g., into metallic cans, which
      comprises applying first a primer comprising 0.1 to 2.5 weight parts of a
      bisphenol type A epoxy resin having a mean molecular weight of more than
      about 800, preferably 2000 to 4000, and 1 weight part of thermosetting
      phenolic resin, which is obtained by heating an aqueous solution
      comprising phenol, orthocresol and formaldehyde in the presence of a
      catalyst and reacting them with each other under refluxing conditions, on
      the surface of the steel sheets, heating the resultant steel sheets, and
      then bonding the steel sheets with a polyamide, and a primer composition
      for use in the process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for bonding steel sheets, such as
      chromated steel sheets, tin plates, or untreated rolled steel sheets, with
      a polyamide adhesive which comprises applying first a primer of 0.1 to 2.5
      weight parts of a bisphenol A type epoxy resin having a mean molecular
      weight of more than about 800 and 1 weight part of a thermosetting
      phenolic resin, which is obtained by reacting a mixture of orthocresol,
      about 10 to 60 weight parts, and phenol, about 40 to 90 weight parts, with
      formaldehyde in the presence of an alkali catalyst, on the surfaces of the
      steel sheets, and then heating the treated steel sheets.
PAR  2. Description of the Prior Art
PAR  Although many attempts have been made to bond steel sheets with adhesives,
      fully satisfactory results have not yet been obtained with respect to
      bonding speed, bonding strength (variations in the bonding strength
      occur), water proofing properties and heat resistance.
PAR  The speed for producing metallic cans by soldering is about 400 cans/min,
      while that using bonding must be 600 to 800 cans/min. Such high speed
      bonding work requires a heating and compressing time of at most 10
      seconds, preferably 2 to 3 seconds.
PAR  Polyamide forms an advantageous adhesive together with an epoxy resin, a
      phenol resin or a like thermosetting resin, but this adhesive mixture
      requires a long time for three-dimensional hardening.
PAR  For example, the time required for fully hardening the adhesive mixture is
      several minutes to several tens of minutes at a temperature of 150.degree.
      to 250.degree.C. Accordingly, the polyamide-thermosetting resin mixture
      adhesive is not suitable for quick bonding work.
PAR  A very high bonding strength must be retained for food cans over a wide
      temperature range, for example, such cans are subjected to a vapor
      sterilizing treatment and cold storage at a temperature of -20.degree. to
      30.degree.C.
PAR  Further, U.S. Pat. No. 3,663,354 discloses a primer which is adhesive to
      both metals and linear polyamides which is a precondensate of (1) a resole
      type phenolic resin prepared from a mixture of phenols comprising p-cresol
      and at least one tri- or higher functional phenol and (2) an epoxy resin.
      However, the present inventors have unexpectedly found that the present
      invention can provide a superior bonding strength under a high temperature
      than that of the above cited U.S. Patent.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, an object of this invention is to provide a process for bonding
      steel sheets, e.g., into cans, with an extremely quick bonding rate of
      less than 10 sec/can, preferably 2 to 3 sec/can, and a primer composition
      for use in the process.
PAR  Another object of this invention is to provide a process for bonding steel
      sheets into metallic cans in which the zone bonded retains fully a high
      bonding strength over a broad temperature range of -30.degree. to
      130.degree.C and is durable under conditions employed in vapor
      sterilizing, and a primer composition use in the process.
PAR  The process of this invention comprises applying first a primer of 0.1 to
      2.5 weight parts, preferably 0.5 to 1.0 weight parts, of a bisphenol type
      A epoxy resin having a mean molecular weight of more than about 800,
      preferably 2000 to 4000, and 1 weight part of a thermosetting phenolic
      resin, which is obtained by heating an aqueous solution of (a) phenol and
      orthocresol as a phenolic component and (b) formaldehyde as an aldehyde
      component, with the proportion by weight of the orthocresol to the phenol
      ranging from about 60 : 40 to 10 : 90, in the presence of a catalyst and
      reacting them with each other under refluxing conditions, on the surface
      of the steel sheets, and then bonding the steel sheets with a polyamide.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A feature of this invention is such that steel sheets can be bonded to each
      other and the zone bonded retains high strength over a wide temperature
      range, especially in an atmosphere saturated with water and under
      sterilizing temperature conditions (about 120.degree.C).
PAR  Another feature of this invention lies in the special heat treating
      conditions for the phenol-epoxy resin composition, wherein the time
      required for heat treating the composition is less than 10 min., usually 1
      to 5 min., at a heat treating temperature of 210.degree. to 280.degree.C.
      (In contrast to this, phenol-epoxy resin compositions are conventionally
      heat-treated for 10 to 30 min. at 200.degree. to 210.degree.C.)
PAR  The weight ratio of orthocresol to the phenol in the thermosetting phenolic
      resin used in the process of this invention must be about 60 : 40 to 10 :
      90, preferably 50 : 50 to 15 : 85. With such a weight ratio, the
      advantageous effects of this invention are fully exhibited. The
      thermosetting phenolic resin can be modified using small amounts of other
      cresols, xylenols, other alkylphenols such as p-tert.-butylphenol and
      ethylphenol, or mono- or polyhydric phenols such as resorcin, naphthol,
      bisphenol A and the like. The amount of the phenols which can be employed
      is less than 20% by weight to the total phenolic component employed, i.e.,
      the total of the phenol and the orthocresol.
PAR  Such thermosetting phenols can be produced by reacting the phenol, the
      orthocresol and the formaldehyde aqueous solution with each other in the
      presence of an alkali catalyst under heating at a temperature ranging from
      about 60.degree.C to refluxing, with refluxing conditions being preferred
      and removing the water from the resultant resin. Sodium hydroxide,
      potassium hydroxide, calcium hydroxide, ammonia, hexamethylene tetramine,
      trimethyl amine, triethylamine and pyridine can be suitably used as the
      alkali catalyst. Ammonia and hexamethylene tetramine are preferred
      catalysts used in the process of this invention. A suitable amount of the
      catalyst employed is about 0.2 to 5% by weight, preferably 0.5 to 3% by
      weight, based on the amount of the reactants employed.
PAR  The removal of water from the resultant resin is carried out, for example,
      by extracting the resin contained with butanol, ethanol, ethyl acetate,
      methyl ethyl ketone, benzene, toluene or a mixture thereof, washing the
      extracted solution with water to remove the unreacted formaldehyde and the
      catalyst, and heating the resultant solution under normal or reduced
      pressures to expel the solvent and water.
PAR  The resin thus obtained is a resole type mixed phenolic resin having a mean
      molecular weight of 250 to 350, which is mainly composed of phenol nuclei
      and orthocresol nuclei, both being combined through a methylene bond or a
      methylether bond and having a terminal methylol group.
PAR  The bisphenol A type epoxy resin as used in this invention is a
      condensation polymer obtained by reacting epichlorohydrin with 2,2-bis
      (4'-hydroxyphenol) propane and having the following structural formula;
      ##SPC1##
PAL  where n is such that the molecular weight of the bisphenol A type epoxy
      resin is within the above-described molecular weight range.
PAR  The mean molecular weight is the numeral mean molecular weight calculated
      from the epoxy equivalent.
PAR  Suitable examples of bisphenol A type epoxy resins having a mean molecular
      weight of more than about 800 are Epikote 828 (epoxy equivalent 182-194,
      hydroxyl group content 0.06, mean molecular weight 355), Epikote 1001
      (epoxy equivalent 450-500, hydroxyl group content 0.29, mean molecular
      weight 900), Epikote 1004 (epoxy equivalent 900-1000, hydroxyl group
      content 0.33, mean molecular weight 1400), Epikote 1007 (epoxy equivalent
      1750-2150, hydroxyl group content 0.36, mean molecular weight 2900),
      Epikote 1009 (epoxy equivalent 2400-3500, hydroxyl group content 0.40,
      mean molecular weight 3750), Epikote 1031 (epoxy equivalent 200-240,
      hydroxyl group content 0, mean molecular weight 703), trade names,
      produced by Shell Oil Co., Ltd., and Araldite 6097 (epoxy equivalent
      1750-2150), trade names, produced by Ciba, Ltd.
PAR  The epoxy equivalent is the number of grams of the resin containing 1 g
      equivalent of epoxy groups. The hydroxyl group content is the number of OH
      groups in 100 g of the resin.
PAR  Sufficient strength is not obtained where a bisphenol type A epoxy resin,
      alicyclic epoxy resin or tetraepoxy resin, each having a mean molecular
      weight of less than about 800, is used. On the other hand, a bisphenol A
      type epoxy resin having a mean molecular weight of more than 5000 is not
      advantageous to use due to its poor solubility.
PAR  When more than 2.5 weight parts of bisphenol A type epoxy resin is used
      with 1 weight part of the thermosetting phenolic resin, severe curing
      conditions are required and an unpractically long curing time is required.
      On the other hand, if less than 0.1 weight parts of the bisphenol A type
      epoxy resin is used, full bonding strength is not achieved.
PAR  The curing of the thermosetting phenolic resin and bisphenol phenol A type
      epoxy resin composition is carried out at about 180.degree. to
      300.degree.C for about 30 sec. to 15 min., preferably at 210.degree. to
      280.degree.C for 1 to 5 min.
PAR  Where the thermosetting phenolic resin and bisphenol A type epoxy resin
      composition is applied to steel sheets, the composition is dissolved in a
      solvent, such as acetone, methyl ethyl ketone, methyl isobutyl ketone,
      cyclohexanone, isophorone or like ketones, benzene, toluene, xylene or
      like aromatic compounds, ethylene glycol monomethyl ether, ethylene glycol
      monoethyl ether, ethylene glycol monobutyl ether or like cellosolves,
      ethylene glycol monomethyl ether acetate, ethylene glycol monoethyl ether
      acetate, ethylene glycol monobutyl ether acetate, ethyl acetate or like
      esters, diacetone alcohol, n-butanol or like alcohols, or a mixture
      thereof, and the solvent is removed from the coated resin layer by drying
      thereby to cure the resin layer, suitably having a thickness of 1 to 10
      .mu., especially 2 to 6 .mu.. A suitable solution concentration which is
      generally used ranges from about 25 to 40% by weight although this will
      vary depending on the blending ratios, the kind of solvent employed, the
      coating technique, etc.
PAR  Preferred polyamides used in this invention contain relatively long
      methylene chains, have a low water absorption rate and have favorable
      dimensional stability, such as nylon 11 which is a condensate of
      11-aminoundecanoic acid, nylon 12 which is a ring opened polymer of
      .omega.-lauryl lactam, nylon 610 which is obtained by the condensation of
      hexamethylene diamine and sebacic acid, and nylon 612. If desired, various
      polyamide copolymers can be used. To increase the durability, these
      polyamides have preferably more than 6 methylene groups per acid amide
      bond in the main chain.
PAR  The polyamides above described contain therein repeating units of the
      formula
EQU  --(CH.sub.2).sub.n --CO.NH].sub.m
PAL  in which n &gt; 6, for example, for the nylon 11, 12 and 13 series with n
      being 10 for nylon 11, n being 11 for nylon 12 and n being 12 for nylon
      13; of the formula
EQU  --NH--CH.sub.2).sub.m --NH--CO--CH.sub.2).sub.n --CO].sub.1
PAL  in which (m+n)/2&gt;6, for example, for the nylon 610, 612 and 613 series with
      m being 6 and n being 8 for nylon 610, m being 6 and n being 10 for nylon
      612 and m being 6 and n being 11 for nylon 613; and for copolymerized
      nylons repeating units of the formula
EQU  --NH--CH.sub.2).sub.1 --NH--CO--CH.sub.2).sub.m --CO].sub.o
      [NH--CH.sub.2).sub.n --CO].sub.p
PAL  in which
      ##EQU1##
      for example, nylon 612/12, o/( o+p) being 0.1, p/(o+p) being 0.9, l being
      6, m being 10 and n being 11,
PAL  and the formula
     --NH--CH.sub.2).sub.m --CO].sub.o [NH--CH.sub.2).sub.n --CO].sub.p        
PAL  in which
      ##EQU2##
      for example, nylon 12/6, o/(o+p) being 0.9, p/(o+p) being 0.1, m being 11
      and n being 5.
PAR  Prior to the application of the composition, the steel sheets can be
      degreased using, for example, trichloroethylene.
PAR  The polyamide, usually in the form of film or powder, is fully melted and
      applied to the steel sheets; for example, the nylon 12 is applied at
      200.degree. to 300.degree.C, preferably 220.degree. to 270.degree.C, in 1
      to 10 sec. A suitable temperature for applying the polyamide can range
      from about 20.degree.C above the melting point of the polyamide to about
      150.degree.C above the melting point of the polyamide. A suitable
      thickness for the polyamide ranges from about 10 to 200 .mu., preferably
      50 to 120 .mu..
PAR  The assembly of the steel sheets having thereon the cured primer
      composition and the polyamide adhesive can be suitably bonded in a short
      time using a pressure ranging from about 1 to 50 Kg/cm.sup.2, preferably 2
      to 15 Kg/cm.sup.2.
PAR  The process according to this invention is applicable to various types of
      steel sheets as described below, but especially preferred results are
      obtained with chromated steel sheets.
PAR  Chromated steel sheets are produced using an electrolyzing process, in
      which the steel sheet is electrolyzed in a bath of a solution containing
      CrO.sub.3 of a relatively low concentration of less than 100 g/l of
      CrO.sub.3 and a small amount of phenol disulfonic acid, catecholdisulfonic
      acid or a salt thereof, H.sub.2 SO.sub.4, or a fluorine compound such as
      sodium silicofluoride (Na.sub.2 SiF), or using another electrolyzing
      process in which the steel sheet is electrolyzed in a high concentration
      CrO.sub.3 solution containing more than 100 g/l of CrO.sub.3 to form a Cr
      plated layer. The plate is then washed with water, and electrolyzed in a
      low concentration CrO.sub.3 solution. "Hi-top" and "Supercoat" (trade
      names produced by Toyo Kohan K.K.) are commercially available examples of
      chromated steel sheets produced according to the first electrolyzing
      process, and "Cansuper" (trade name, produced by Nippon Steel Corp.), and
      "Weirchrome" (trade name, produced by National Steel) are commercially
      available examples of chromated steel sheets produced according to the
      second electrolyzing process. All of these chromated steel sheets have an
      extremely thin metallic chromium layer and a hydrated chromate layer. The
      thickness of the metallic chromium layer is usually 0.05 to 2 mg/dm.sup.2.
      Recently, a steel sheet having a thinner layer has been developed. Another
      chromated steel sheet commercially available as "Hinak" (trade name
      produced by Nippon Kokan K.K.) is produced by dipping a steel sheet in an
      aqueous solution containing CrO.sub.3 and a reducing agent, removing the
      steel sheet, and heating and drying the dipped sheet to form a single
      layer of hydrated chromate.
PAR  A zinc plated steel sheet is produced usually by dipping a steel sheet
      cleaned using sulfuric acid or hydrochloric acid in a molten zinc bath,
      and a tin plated steel sheet is produced by dipping a steel sheet in a
      molten tin bath or by electroplating the steel sheet in a bath of stannous
      chloride 76 g/l, sodium fluoride 25 g/l, potassium fluoride 50 g/l and
      sodium chloride 45 g/l.
PAR  The following examples are given to illustrate the invention in greater
      detail. Unless otherwise indicated, all parts, percents, ratios and the
      like are by weight.
DETD
PAC  EXAMPLE 1
PAR  Phenol (70 g) and orthocresol (30 g) were dissolved in 37% formalin (106
      g), and a 25% ammonia aqueous solution (10 g) was added to the solution.
      The resultant mixture was reacted under refluxing conditions in a vessel
      provided with a reflux condenser for 1 hour, and the resin layer was
      dissolved in n-butanol (100 g). Benzene (100 g) and ethanol (100 g) were
      added to the solution, which was then washed 3 times with water (200 g).
      Subsequently, the organic layer obtained was condensed under reduced
      pressure to obtain an orthocresol modified phenolformaldehyde resin
      (thermosetting phenolic resin) which was yellow-brown in color and a
      viscous material.
PAR  The resin thus obtained and "Epikote 1007" (mean molecular weight 2900), as
      a bisphenol A type epoxy resin, were mixed together in the proportion
      shown in Table 1, and dissolved in methyl ethyl ketone to prepare a resin
      solution of a concentration of 20%.
PAR  This resin solution was applied to a chromated steel sheet ("Cansuper",
      thickness: 0.24 mm), an untreated rolled steel sheet (thickness: 0.27 mm)
      and a zinc plated steel sheet (thickness about 0.25 mm; amount of zinc
      applied to the steel sheet: 183 g/m.sup.2), and these steel sheets were
      dried at 60.degree.C in an air stream. Then, the applied resin solution
      layers on the steel sheet surfaces were cured at 240.degree.C for 3 min.
      The resin amount cured and adhered to the steel sheet surface was 50
      mg/100 cm.sup.2.
PAR  Then, a dried film of nylon 12 ("Platilon L", produced by Toagosei Chemical
      Industry Co., Ltd.) having a thickness of 100 .mu. was put between a pair
      of the steel sheets, and the resultant assembly was hot-pressed at
      280.degree.C for 3 sec. The laminated sheets obtained were exposed to room
      temperature (about 20 to 30.degree.C) for 1 day, and subjected to testing
      to examine the T-peel strength using a tension tester controlled at a
      constant temperature of 120.degree.C .+-. 1.degree.C. The test results
      obtained are shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Test Bisphenol A Type Epoxy Resin /                                       
                               T-peel Strength                                 
     No.  Thermosetting Phenol Resin                                           
                               (Kg/25 mm)                                      
     (weight ratio)        A       B      C                                    
     ______________________________________                                    
     *1   0.5 / 9.5            8.9     10.3 7.6                                
     2    2 / 8                26.1    23.5 20.2                               
     3    4 / 6                29.4    30.1 25.5                               
     4    6 / 4                25.0    27.1 24.2                               
     *5   8 / 2                10.0    10.2 8.8                                
     ______________________________________                                    
      A - Chromated Steel Sheet                                                
      B - Untreated Rolled Steel Sheet                                         
      C - Zinc Plated Steel Sheet                                              
      *Comparative Examples                                                    
PAC  EXAMPLE 2
PAR  The same resins as described in Example 1 were applied to chromated steel
      sheets ("Cansuper," thickness: 0.24 mm) keeping the weight proportion of
      the bisphenol A type epoxy resin to the thermosetting phenol resin at a
      ratio of 4/6. A film (100 .mu. thickness) of nylon 11 ("Platilon E,"
      produced by Toagosei Chemical Industry Co., Ltd.) was used to produce
      laminated steel sheets using the same conditions as described in Example
      1.
PAR  The influence of the tension temperature on the T-peel strength was
      examined by varying the tension temperature. The test results obtained are
      shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Test No. Tension Temperature                                              
                               T-peel Strength                                 
              (.degree.C)      (Kg/25 mm)                                      
     ______________________________________                                    
              -20              38.8                                            
     2         0               42.0                                            
     3        25               49.1                                            
     4        50               51.0                                            
     5        80               42.4                                            
     6        100              37.6                                            
     7        120              30.8                                            
     8        130              20.4                                            
     ______________________________________                                    
PAR  It will be apparent from the results contained in Table 2 that the peeling
      strength of the bonded zone of the chromated steel sheets is unexpectedly
      high over a broad temperature range, especially at higher temperatures of
      more than 100.degree.C.
PAC  EXAMPLE 3
PAR  Various types of bisphenol A type epoxy resins were used in the test
      described in Example 1, keeping the weight ratio of the epoxy
      resin/thermosetting phenolic resin at 4/6 and using the chromated steel
      sheet as described in Example 1 ("Cansuper"). The other treating
      conditions were the same as those described in Example 1. The T-peel
      strength of the resultant laminated sheets at 120.degree.C .+-. 1.degree.C
      is shown in Table 3. In Table 3, the "Epikotes" are as previously
      described and "Chisso nox CX-221"  is a trade name for an alicyclic epoxy
      resin produced by Chisso Ltd. "Epikote 1031" is the tetraglycidyl ether of
      tetrakis(hydroxyphenyl)ethane.
TBL                Table 3                                                     
     ______________________________________                                    
     Test No.                                                                  
              Type of Epoxy Resin                                              
                               T-peel Strength                                 
             (mean molecular weight)                                           
                               (Kg/25 mm)                                      
     ______________________________________                                    
     *1      Epikote 828 (380) 5.6                                             
      2      Epikote 1004 (1400)                                               
                               24.6                                            
      3      Epikote 1007 (2900)                                               
                               30.9                                            
     *4      Epikote 1031 (703)                                                
                               9.8                                             
     *5      Chisso nox CX-221**(252)                                          
                               4.1                                             
     ______________________________________                                    
      *Comparative Examples?                                                   
      **Epoxy equivalent 134-140; hydroxy group content 0; and mean molecular  
      weight 252                                                               
PAC  EXAMPLE 4
PAR  Chromated steel sheets ("Cansuper", thickness: 0.24 mm) were bonded into a
      laminated sheet in the same manner as described in Example 1 except for
      using the thermosetting phenolic resins produced using various weight
      ratio of phenol to orthocresol in the resin. Table 4 shows the test
      results of the T-peel strength at 120.degree.C .+-. 1.degree.C. The weight
      ratio of the epoxy resin to the thermosetting phenol resin was 4/6.
TBL                Table 4                                                     
     ______________________________________                                    
     Test No. Phenol    Orthocresol T-peel Strength                            
              (g)       (g)         (Kg/25 mm)                                 
     ______________________________________                                    
     *1       100        0          6.5                                        
     2        90        10          24.6                                       
     3        80        20          30.3                                       
     4        70        30          30.9                                       
     5        50        50          27.7                                       
     *6       30        70          10.1                                       
     *7        0        100         6.1                                        
     ______________________________________                                    
      *Comparative Examples                                                    
PAR  While this invention has been described in detail and with reference to
      particular embodiments thereof, it will be understood that the various
      changes and modifications can be made therein without departing from the
      spirit and scope of the invention.
PAR  Therefore, the appended claims are intended to cover all such equivalent
      variations as coming within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for bonding steel sheets which comprises applying a primer
      composition comprising 0.1 to 2.5 weight parts of a bisphenol type A epoxy
      resin having a mean molecular weight greater than about 800 per 1 weight
      part of a thermosetting phenolic resin obtained by reacting an aqueous
      solution of a mixture of orthocresol and phenol in a weight ratio of
      orthocresol to phenol ranging from about 60 : 40 to 10 : 90 with
      formaldehyde in the presence of an alkali catalyst, to the surface of the
      steel sheets, curing the applied primer composition on the steel sheet
      surfaces, and then bonding said steel sheets with a polyamide.
NUM  2.
PAR  2. The process according to claim 1, wherein said steel sheets are
      chromated steel sheets.
NUM  3.
PAR  3. The process according to claim 1, wherein said steel sheets are zinc
      plated steel sheets.
NUM  4.
PAR  4. The process according to claim 1, wherein said steel sheets are
      untreated rolled steel sheets.
NUM  5.
PAR  5. The process according to claim 1, wherein said bisphenol type A epoxy
      resin has a mean molecular weight of 2000 to 4000.
NUM  6.
PAR  6. The process according to claim 1, wherein the weight ratio of
      orthocresol to phenol in said thermosetting phenolic resin ranges from 50
      : 50 to 15 : 85.
NUM  7.
PAR  7. The process according to claim 1, wherein said applying is conducted for
      less than 5 minutes at a temperature of higher than 210.degree.C.
NUM  8.
PAR  8. The process according to claim 7, wherein said polyamide is selected
      from the group consisting of nylon 11, nylon 12, nylon 13, nylon 610,
      nylon 612, nylon 613, nylon 612/12 and nylon 12/6.
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ABST
PAL  Pressure-sensitive tape attached to and extending beyond the front edge of
      a stiff card is removed by grasping the extending end in jaws in a wind-up
      roller. Rotating the roller winds the tape thereon, facing outward. Upon
      completion of winding, the roller is stopped, the clamp jaws released, and
      the wrap of tape is thrust off the end of the cantilevered roller.
BSUM
PAC  BACKGROUND
PAR  This invention is directed to a tape removal machine, and particularly a
      tape removal machine where pressure-sensitive adhesive tape is removed
      from the surface of a stiff card.
PAR  In one particularly important utility, tape is applied to printed circuit
      boards. Printed circuit boards are insulated substrates, often of epoxy
      filled fiberglass, with conductor paths on the surface. These conductor
      paths are formed in a laminated metallic layer by optical-chemical
      methods, by deposition or etching away. In the continued treatment of such
      printed circuit boards, it is often desirable to chemically treat an area
      thereof which is delineated by a straight line.
PAR  In modern practice this straight line is created by the application of
      pressure-sensitive tape to the board. In order to protect both sides of
      the board, pressure-sensitive tape is usually applied to both sides of the
      board, in exact alignment across the board. Now, this tape permits the
      partial immersion of the board for chemical purposes to treat the board
      for circuit purposes, and a line of demarcation beyond which the chemical
      is stopped is readily established.
PAR  The board thus having pressure-sensitive tape applied thereto, after the
      chemical treatment it is desirable and usually necessary to remove the
      tape. Prior methods of tape removal have been slow and have required a
      considerable amount of manpower.
PAC  SUMMARY
PAR  In order to aid in the understanding of this invention it can be stated in
      essentially summary form that it is directed to a tape removal machine.
      The tape removal machine includes clamp jaws in a tape winding roller. The
      machine is arranged so that the tape end extending beyond the edge of the
      stiff card can be inserted into the clamp jaws, and after clamping the
      jaws, rotation of the roller causes unwinding of the tape from the card.
PAR  It is thus an object of this invention to provide a tape removal machine
      which quickly, economically, accurately, and easily removes tape from a
      stiff card.
PAR  It is a further object of this invention to provide a tape removal machine
      which has a roller, with clamp jaws associated with the roller so that an
      extending tape end can be clamped in the jaws and with roller rotation the
      tape is wound off of the stiff card and on to the roller, thus to remove
      tape from the card. It is a further object to provide a tape removal
      machine which has the necessary controls and interlocks so that it quickly
      and reliably operates.
PAR  Other objects and advantages of this invention will become apparent upon
      the study of the following portion of the specification, the claims, and
      the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the tape removal machine of this invention.
PAR  FIG. 2 is a plan view thereof, with the top cover removed, as seen along
      the line 2--2 of FIG. 1.
PAR  FIG. 3 is an end view of the machine, with the cover removed, as seen from
      along the line 3--3 of FIG. 2.
PAR  FIGS. 4a, 4b, and 4c are sections taken through the tape removal roller
      showing the roller in three different winding conditions.
PAR  FIG. 5 is a substantially schematic diagram of the pneumatic system of
      signalling devices and actuators which control the tape removal machine.
DETD
PAC  DESCRIPTION
PAR  The tape removal machine is generally indicated at 10 in FIGS. 1 and 2.
      FIGS. 4a, 4b, and 4c show the roller 12 which actually engages the tape
      and removes it. FIG. 4a illustrates board 14 which has tape lengths 16 and
      18 attached to opposite sides of it. As described above, tape is applied
      to printed circuit boards to physically mask off a certain area and expose
      one board edge so that board edge may be chemically treated. The tapes are
      applied in any convenient way and are required to be as accurately located
      as is required by the board design. Pressure-sensitive tape is employed
      for this purpose. In the application of the pressure-sensitive tape, the
      tape ends 20 and 22 extend beyond the end of the board. These tape ends
      are adhesively secured together by the same pressure-sensitive adhesive
      that holds the main part of the tape lengths against the board.
PAR  Roller 12 is a substantially cylindrical roller having an outer surface 24.
      The roller is preferably of uniform cross-section, and is preferably made
      by extrusion. Externally, roller 12 has three grooves 26, 28, and 30
      extending the length thereof. These grooves are axial. An important
      structure of the roller is the clamp formed therein. Fixed clamp jaw 32 is
      formed as part of the main part of the roller. Movable jaw 34 is formed on
      pivoted jaw carrier 36. Jaw carrier 36 pivots on integrally formed pivot
      pin 38. Piston 40 is formed on the rear of the jaw carrier away from
      movable jaw 34. Rectangular cylinder 42 is formed in the body of roller
      12. Sealing is accomplished by means of 0 ring 44 placed in the
      rectangular O ring groove formed around the exterior rectangular piston
      40. The arcuate shape of the piston and its cylinder corresponds to the
      location of the pivot point 38. It is seen that introduction of pressure
      fluid into cylinder 42 causes clamping of the movable jaw onto the fixed
      jaw.
PAR  FIGS. 4a, 4b, and 4c illustrate the tape removal process. Just prior to the
      condition of FIG. 4a, cylinder 42 is not pressurized and the jaws are
      open. The roller is in a predetermined position, and the board 14 is
      inserted through guides so that tape end 20 enters between the open jaws.
      Upon operation of the start signal, the jaws are closed to clamp tape end
      20, and roller 12 is rotated in the direction of the arrow in FIGS. 4a,
      4b, and 4c. Tape 16 is tensioned where it crosses the forward upper edge
      of board 14 and becomes tape end 20, as the roller starts rotating. The
      tape tears at that location. If necessary, the tape can be weakened or cut
      at that point to aid in this separation. Now, while both layers of tape
      end 20 are clamped, only tape length 18 is attached. As the roller 12
      rotates in a counter-clockwise direction of FIG. 4, board 14 is propelled
      to the left and tape 18 is unwound on the outer surface 24 of the roller.
      Board 14 is propelled to the left over the top of the roller and is
      appropriately guided. The pressure sensitive portion of the tape is
      directed outward as tape length 18 is unwound off the bottom of the board.
      As this unwinding proceeds, the board moves to the left under the guidance
      of the necessary guides within the housing of the machine. When unwinding
      proceeds to the point that tape end 22 is reached by roller 12, there is
      sufficient adhesion at tape end 22 so that the two tapes are held
      together. FIG. 4b illustrates the position of the board and the tape when
      the tape length 18 is completely unwound, and the right end of board 14 is
      passing around the left end of the roller. The right end of the board
      follows the roller around, with tape end 22 on the roller, and tape
      removal proceeds with removal of tape length 16. FIG. 4c illustrates the
      condition of unwinding with board 14 now below roller 12, and with tape
      length 16 being removed from the upper surface of the board and wound onto
      the roller. Board 14 is moving to the right and is finally ejected.
      Following ejection, the roller 12 is stopped and the tape removed in the
      manner described below.
PAR  Support and rotary management of roller 12 is accomplished by the structure
      within housing 46 of the machine. Roller 12 is mounted on bearings 50 and
      52. The bearings are fixed within the housing and provide the necessary
      cantilever support for roller 12.
PAR  Motor 54 is mounted on the housing and drives sprocket 56 through clutch
      assembly 58. Clutch assembly 58 is of such structure that when the clutch
      is appropriately energized, sprocket 56 is driven, and when the brake is
      appropriately energized, sprocket 56 is locked. Chain 60 interconnects
      sprocket 56 with sprocket 62. Sprocket 62 is mounted directly on the end
      of roller 12 so that they are rotated when the clutch is engaged.
PAR  In order that the roller 12 be properly positioned at the beginning of the
      cycle for insertion of the tape end, and for purposes of cleaning the
      roller, described below, it is necessary that the roller stop in a
      predetermined position. Cam 64 is fixed on sprocket 62. Cam 64 has a sharp
      drop-off, as is seen in FIG. 3. Valve 124 is operated by the cam to signal
      when the shaft is in the desired "home" position. Additionally, roller 12
      has a tapered lock hole therein. For adjustment, this lock hole can be in
      a disc under sprocket 62. Cylinder 70 has a lock plunger 72 which can
      engage in the lock hole for locking roller 12 in its home position. The
      operation of these controls is described below with respect to the control
      circuit.
PAR  Cleaning cylinder 74 is pivotally mounted on housing 46. Its piston rod 76
      is pivotally connected to cleaning lever 78. The rear end of cleaning
      lever 78 is slidably and pivotally connected at pivot pin 80, which is
      secured to housing 46. The inner end is pivoted to guide collar 82 which
      slides on guide rod 84. Fork 86 is mounted on guide collar 82 and engages
      around cleaning collar 88. Fork 86 is conveniently fixed to cleaning
      collar 88 because the cleaning collar rotates with roller 12. By operation
      of cleaning cylinder 74, cleaning collar can be removed from the parking
      position where it is retracted within bearing housing tube 90, out along
      the length of roller 12 all the way to the end. Cleaning collar 88 has
      fingers which extend into the grooves 26, 28, and 30 so that it properly
      engages under any tape wound on the roller. It should be noted that, due
      to the position of pivot pin 38 with respect to the center axis of surface
      24, when the clamp is disengaged, the surface at jaw carrier 36 is
      retracted below the circumferential line of outer surface 24 to release
      the tension on the tape. Thus, with engagement of the fingers in the
      grooves, the tape can be slid along the length of the roller and off its
      free end.
PAR  Guides are provided for the printed circuit board as it passes through the
      machine. The right side of the board is guided on wall 92, and the left
      side on adjustable side guide 94. Side guide 94 is adjustable in position
      by means of screw 96, controlled by crank in accordance for adjustment
      inaccordance with the width of a printed circuit board to be stripped of
      its tape. In addition, the several bars visible in FIG. 1 control the
      board as it moves through the removal cycle illustrated in FIGS. 4a, 4b,
      and 4c, to prevent the board from rotating in accordance with the torque
      imparted onto it by the rotation of the stripping roller. Furthermore, a
      sensor detects the presence of a board in the machine. The sensor can work
      directly from board pressure or it can be proximity sensing, or it can be
      operated by contact with the board guide rods. In any event, the machine
      10 knows when the board 14 is being ejected after having its tape removed.
PAR  The electrical system of machine 10 is fairly elementary. Electric motor 54
      is supplied with electricity through an air-operated on-off control
      switch. The pneumatic system thus controls the turning on and off of motor
      54.
PAR  FIG. 5 schematically illustrates the pneumatic control circuit. Air inlet
      100 supplies air to distributor 102 which has four air outlets. Line 104
      supplies air under pressure to start valve 106 which is available to the
      operator by which he starts the cycle. The operator places the board into
      the board guide slot so that its forward tape end 20 goes into the slot
      between the open jaws of mandrel 12. Thereupon he presses start valve 106.
      Pressing of the valve supplies air to volume chamber 108 so that line 110
      normally remains pressurized even after start valve 106 is manually
      released. Valve 112 is arranged so that it operates when the board is
      ejected. With the board in the inlet position at the beginning of the
      cycle, line 110 is opened through valve 112 to line 114. Upon arrival of
      the front edge of the board, valve 112 vents line 110 and volume chamber
      108 to atmosphere through exhaust 116. Upon arrival of the rear edge of
      the board, valve 112 vents line 114 to volume 108 to reduce its pressure
      below critical to drop valve 120. Reset valve 118 is normally closed and
      does not normally enter into the normal operation sequence. It is employed
      in the event of a machine malfunction. Reset valve 118 is normally closed
      and does not normally vent line 114. Line 114 goes to the bottom of
      sequence valve 120. Sequence valve 120 is also supplied by air under
      pressure and has an internal spool which is lifted by pressure in line
      114. When lifted, air from the supply is passed through from manifold 102
      to line 122. When line 122 is pressurized clutch 58 is actuated, clamp jaw
      36 is operated by pressurizing of clamp cylinder 42, and air goes to the
      bottom of cylinder 70 to lift lock plunger 72, and air goes to motor
      sequence valve 124. Out of the motor sequence valve 124 the air goes
      through an adjustable needle valve 126 which controls flow to control
      delay. Flow out of the needle valve supplies air volume chamber 128. When
      the chamber pressure rises to a sufficient level, air-operated switch 130
      starts the motor. With the time delay provided by needle valve 126 and
      chamber 128, the necessary preliminary steps are made before the motor
      starts. With motor start, winding occurs, so that the tape is wound off
      the board and the board is ejected.
PAR  Upon ejectment of the board, valve 112 vents, causing dropping of the
      sequence valve 120. This action releases clutch 58, depressurizes cylinder
      42, causes lock direction urging of the lock plunger 72. The windup
      mandrel 12 continues rotation through inertia and internal clutch drag
      until it reaches its stop point. Then the lock plunger 72 is inserted.
      Now, the machine is ready for the mandrel cleaning part of the cycle. With
      the jaw carrier 36 retracted, the circumference of the mandrel is reduced
      so that tape wound on the mandrel is sufficiently loose to be thrust off
      the end. Springs urge the piston 40 into the cylinder 42 so that the jaw
      carrier 36 goes to the open position as soon as air is released from
      cylinder 42. Motor sequence valve 124 has an internal valve, which permits
      outflow of air from chamber 128 out line 122. When the follower on motor
      sequence valve 124 reaches the low point in cam 64, motor sequence valve
      124 is thus actuated to vent chamber 128 to line 122, thus turning off
      switch 130 to turn off the motor. With sequence valve 120 in the position
      where line 122 is de-pressurized, line 132 is pressurized to thrust pin 72
      into its shaft locking position.
PAR  With line 132 pressurized, line 133 is pressurized to supply air under
      pressure to valve 134. When the lid is closed, valve 134 is open to permit
      continued cycling. Valve 134 is a lid-closed interlock for safety
      purposes. With the lid closed, line 135 is then pressurized and supplies
      air to cleaning ring delay needle valve 136. The needle valve 136 has
      controlled flow in the upward direction as seen in the drawing, as an
      adjustable needle valve, but has a bypass check valve in the down
      direction to permit free flow. Flow upward through needle valve 136
      supplies air to cleaning ring time delay volume chamber 138, so that the
      pre-determined dealy is achieved depending upon the air flow through
      needle valve 136, the volume of chamber 138 and the pressure at which the
      downstream device operates. The downstream device is pilot actuated
      three-way valve 140 which actuates at a pre-determined pressure and
      connects air under pressure when so actuated to the input of one shot
      valve 142. One shot valve 142, when actuated, builds pressure in line 143
      and then shuts off. Line 143 is connected to four-way pilot operated valve
      144 which is connected between pressure distributor 102 and cleaning ring
      actuating cylinder 74. When the pilot is pressurized on valve 144, the
      cleaning ring is driven in the cleaning direction toward the cantilever
      outer end of roller 12. Thus, the cleaning ring is moved toward the outer
      end of its stroke. When it reaches the outer end of its stroke, cleaning
      ring return valve 146 is actuated to dump the air from lines 143 and 145
      to atmosphere. No more air is supplied to this line during this cycle
      because valve 142 is a one shot valve. Thus, pilot operated cleaning ring
      valve 144 is returned to a position where the pressure on cylinder 74 is
      reversed and the cylinder is retracted to retract the cleaning ring. Valve
      120 is still down and line 132 is still pressurized, and the circuit is
      thus ready for the next cycle. As previously described, the next cycle is
      initiated by pressing the start valve 106.
PAR  Reset valve 118 is in effect a double two-way valve. In its normal
      condition, lines 114 and 143, connected to reset valve 118, are both shut
      off, that is, not vented or not connected to anything at the valve.
      However, by actuation of reset valve 118, both lines 114 and 143 are
      separately vented to atmosphere. This shuts off the entire pneumatic
      circuit so that there is no danger to the operator that parts will be
      moved under power. Thus, the operator is safe from harm while making
      adjustments or the like. If it were not for such a valve, the operator
      might work in the machine to remove a jam or the like, and inadvertently
      operate a valve which would start operation to result in harm to the
      operator. Thus, reset valve 118 is a safety valve.
PAR  The pneumatic logic circuit of FIG. 5 thus provides a structure which
      automatically cycles the machine and provides safety to the operator, so
      that the machine is automatic in operation. The components in connection
      with the pneumatic logic circuit are shown in physical position in the
      other figures of the drawings.
PAR  This invention having been described in its preferred embodiment, it is
      clear that it is susceptible to numerous modifications and embodiments
      within the ability of those skilled in the art and without the exercise of
      the inventive faculty. Accordingly, the scope of this invention is defined
      by the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tape removing machine for removing tape which is adhesively secured to
      one side of a board so that it extends beyond one edge of the board
      comprising:
PA1  a roller, said roller comprising a mandrel and a jaw carrier, said mandrel
      having a substantially cylindrical exterior surface, said mandrel having
      an axis substantially central of said cylindrical surface and said mandrel
      having a jaw thereon, said jaw carrier being pivoted on said mandrel and
      having another jaw thereon, said jaw carrier being pivoted on said mandrel
      on the side of said mandrel axis away from said jaw carrier surface, a
      cylinder and piston respectively formed in said mandrel and on said jaw
      carrier so that fluid under pressure in said cylinder causes clamping of
      said jaws to clamp tape between said jaws and upon release of fluid
      pressure to release clamped tape and release circumferential tension;
PA1  means for rotating said roller so that as said roller is rotated when the
      tape is grasped in said jaws the tape is wound around said roller; and
PA1  means for removing tape wrapped around said roller.
NUM  2.
PAR  2. The machine of claim 1 wherein said rotating means comprises a motor,
      said motor being connectible to rotate said roller, said rotating means
      including stop means for stopping said roller at the predetermined angular
      position at which the jaws are positioned for entry of the tape end.
NUM  3.
PAR  3. The machine of claim 2 wherein said stop means comprises the stop pin
      engageable in a stop hole for locking said roller in a particular angular
      position and angular position detecting means for controlling entry of
      said pin into said stop hole.
NUM  4.
PAR  4. The machine of claim 3 wherein said rotating means includes an electric
      motor for driving said roller and a clutch interposed between said motor
      and said roller, said clutch being engagable to rotate said roller.
NUM  5.
PAR  5. A tape removing machine for removing tape which is adhesively secured to
      one side of a board so that it extends beyond one edge of the board
      comprising:
PA1  a roller, said roller comprising a mandrel having a substantially
      cylindrical exterior surface, said mandrel having an axis substantially
      central of said circumferential surface, a jaw on said mandrel, a jaw
      carrier pivoted on said mandrel, another jaw on said jaw carrier, said jaw
      carrier being pivoted on said mandrel on the side of said mandrel axis
      away from said jaw carrier surface, a cylinder and a piston respectively
      formed in said mandrel and on said jaw carrier so that fluid under
      pressure in said cylinder causes clamping of said jaws to clamp tape
      therebetween;
PA1  means for rotating said roller so that, as said roller is rotated when the
      tape is grasped in said jaws, the tape is wound around said roller, said
      rotating means comprising a motor, said motor being connectible to rotate
      said roller, said rotating means including stop means for stopping said
      roller at the predetermined angular position at which the jaws are
      positioned for entry of the tape end, said stop means comprising a stop
      pin engageable in a stop hole for locking said roller in the particular
      angular position, and angular position-detecting means for controlling
      entry of said pin into said hole; and
PA1  means for removing tape wrapped around said roller.
NUM  6.
PAR  6. The machine of claim 5 wherein said tape removing means comprises a
      cleaning ring embracing said roller and motive means for moving said
      cleaning ring along the length of said roller to remove tape from said
      roller.
NUM  7.
PAR  7. A tape removing machine for removing tape which is adhesively secured to
      one side of a board so that it extends beyond one edge of the board
      comprising:
PA1  a roller;
PA1  jaws on said roller for clamping on the end of the tape extending beyond
      the board;
PA1  means for rotating said roller so that as said roller is rotated when the
      tape is grasped in said jaws, the tape is wound around said roller;
PA1  means for removing tape wrapped around said roller, said means for removing
      tape comprising a cleaning ring embracing said roller and motive means for
      moving said cleaning ring along the length of said roller, axial grooves
      along the exterior length of said roller, said cleaning ring having lugs
      which extend into said axial grooves so that said lugs extend below the
      circumferential surface of said roller to urge tape along the length of
      said roller to remove tape from said roller as said cleaning ring is urged
      along said roller.
NUM  8.
PAR  8. The machine of claim 7 wherein said means to urge said cleaning ring is
      a fluid cylinder.
NUM  9.
PAR  9. A tape removing machine for removing tape which is adhesively secured to
      one side of a board so that it extends beyond one edge of the board
      comprising:
PA1  a roller, said roller comprising a mandrel having a substantially
      cylindrical exterior surface and having an axis substantially central of
      said circumferential surface, a jaw on said mandrel, a jaw carrier pivoted
      on said mandrel, another jaw on said jaw carrier, said jaw carrier being
      pivotable on its pivot axis so that its jaw goes into clamping
      relationship to said jaw on said mandrel, said jaw carrier having an
      exterior surface which is substantially in line with said cylindrical
      surface of said mandrel when in the clamped position and is retrated below
      the line of said circumferential surface when said jaw carrier is moved to
      the unclamped position to release tension on tape wrapped on said mandrel;
PA1  a cylinder and a piston respectively formed in said mandrel and on said jaw
      carrier so that fluid under pressure in said cylinder causes clamping of
      said jaws;
PA1  means for rotating said roller so that, as said roller is rotated when the
      tape is grasped in said jaws, the tape is wound around said roller, said
      means for rotating comprising a motor, said motor being connectible to
      rotate said roller, said rotating means including stop means for stopping
      said roller at the predetermined angular position at which the jaws are
      positioned for entry of the tape end, said stop means comprising a stop
      pin engageable in a stop hole for locking said roller in a particular
      angular position and angular position detecting means for controlling
      entry of said pin into said stop hole; and
PA1  means for removing tape wrapped around said roller.
NUM  10.
PAR  10. A tape removing machine for removing tape which is adhesively secured
      to one side of a board so that it extends beyond one edge of the board
      comprising:
PA1  a roller, said roller being an extrusion of uniform cross-section
      throughout its length, said roller having a substantially cylindrical
      surface which is cylindrical substantially about the axis of roller
      rotation, a fixed jaw on said roller, a movable jaw carrier pivotable on
      said roller on a jaw carrier pivot axis, a jaw on said movable jaw
      carrier, means for moving said jaw carrier to move said movable jaw in a
      clamping direction towards said fixed jaw comprising a fluid cylinder
      formed in said roller, said fluid cylinder having a substantially
      rectangular cross-section in a plane which contains the axis of rotation
      of said roller and having side walls which are substantially cylindrical
      about the pivot axis of said jaw carrier so that, upon introduction of
      fluid under pressure into said cylinder, a tape can be clamped to retain
      said jaws, an exterior surface on said jaw carrier, said exterior surface
      lying in a plane with said cylindrical surface of said roller when said
      jaw carrier is in clamped position, said axis of rotation of said jaw
      carrier on said roller being positioned so that, when said jaw carrier is
      in the jaw unclamped position, said surface on said jaw carrier is
      retracted below the cylindrical surface of said roller to release tension
      on tape wound thereon;
PA1  means for rotating said roller so that, as said roller is rotated when the
      tape is grasped in said jaws, the tape is wound around said roller; and
PA1  means for removing tape wrapped around said roller.
NUM  11.
PAR  11. The machine of claim 10 further including a pneumatic logic system for
      sequentially controlling the operations of said tape removing machine.
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ABST
PAL  Apparatus for use in the manufacture of a wiring harness includes a
      platform upon which the harness leads are supported. Each of the leads
      comprises an outer thermoplastic sheath containing a conductive core, and
      the apparatus is provided with a thermoplastic tape dispenser whereby
      thermoplastic tape can be dispensed onto the harness leads. A heater is
      provided for heating the mutually presented surfaces of the leads and the
      tape, and a pressure member urges the heated surfaces of the tape and the
      leads into contact so that the sheaths of the leads fuse to the tape. The
      heater, the dispenser and the pressure member define a unit which is
      movable along the length of the leads fusing tape to the leads as it
      progresses. The heater means can take a number of different forms
      including hot air blowing apparatus and radiant heating apparatus.
BSUM
PAR  This invention relates to apparatus for use in the manufacture of a wiring
      harness.
PAR  Apparatus according to the invention includes a platform upon which the
      harness leads, each including an outer, thermoplastic sheath, are
      supported, a dispenser for dispensing thermoplastic tape onto the harness
      leads, means for heating the mutually presented surfaces of the leads and
      the tape, a pressure member urging the heated surfaces of the tape and the
      leads into contact so that the sheaths of the leads fuse to the tape, and
      further means whereby the leads and the tape can be moved relative to the
      heater means and the pressure member in the direction of the length of the
      tape so that the sheaths of the leads are fused to the tape along its
      length.
PAR  Preferably the heater means is a hot air blower.
PAR  Alternatively the heater means includes a radiant heat source and means for
      focussing radiant heat from the source onto the mutually presented
      surfaces of the leads and the tape.
PAR  As a further alternative the heater means can be a laser.
PAR  Desirably the radiant heat source is an infra-red source and the associated
      focussing means is an ellipsoidal reflector.
PAR  Alternatively the radiant heat source is an incandescent filament and the
      focussing means associated with the filament is a lens system.
PAR  Preferably, said pressure member is a roller with a resilient surface
      whereby the roller can accommdate leads of different diameter in the same
      operation.
PAR  Conveniently where the harness to be produced includes leads of different
      diemater then said platform includes an upstanding rib whereby leads of
      large diameter can be spaced from leads of smaller diameter laterally of
      the platform.
PAR  Conveniently the tape dispenser, the pressure member, and the heater means
      are combined to form a single unit supported on the platform.
PAR  Desirably the leads are stationary on the platform, during operation of the
      apparatus, and said unit moves along the platform so that tape is
      dispensed onto, and fused to, the leads as the unit moves along the
      platform.
PAR  Conveniently said unit includes a drive arrangement whereby the unit is
      driven along the platform, the platform including guideways guiding the
      movement of the unit along the platform.
PAR  Preferably the platform includes a pair of parallel lead supporting
      portions extending along the length of the platform and spaced apart, the
      platform including at one end thereof a turntable whereby said unit can
      perform an operating stroke along one of said lead supporting portions,
      and then can be rotated through 180.degree. using said turntable in order
      to perform an operating stroke in the other direction along said other
      lead supporting portion.
PAR  Desirably the platform includes a turntable at both ends thereof.
PAR  Conveniently the or each lead supporting portion of the platform is
      provided with transversely extending apertures whereby leads can be
      inserted and led out of the harness intermediate the ends of the taped
      portion of the harness.
DRWD
PAR  One example of the invention is illustrated in the accompanying drawings,
      wherein
PAR  FIG. 1 is a perspective view of apparatus for use in the manufacture of an
      electrical wiring harness,
PAR  FIG. 2 is a fragmentary transverse sectional view of part of the apparatus
      shown in FIG. 1, but to an enlarged scale,
PAR  FIG. 3 is a diagrammatic representation of a further part of the apparatus
      shown in FIG. 1,
PAR  FIG. 4 is a sectional view, to an enlarged scale, on the line 4--4 in FIG.
      3,
PAR  FIGS. 5, 6 and 7 are diagrammatic representations of three alternative
      heating systems for use in the apparatus shown in FIG. 1, and
PAR  FIG. 8 is a view similar to FIG. 4 illustrating an alternative platform
      construction.
DETD
PAR  Referring first to FIGS. 1 to 4 of the drawings the apparatus includes an
      elongated platform 11 having a turntable unit 12 at each end thereof. That
      portion of the platform 11 intermediate the turntable units 12 includes a
      pair of parallel longitudinally extending lead supporting portions 13, 14
      the portions 13, 14 defining the opposite longitudinal edges of the
      platform. The upper surface of the platform 11 carries a pair of guideways
      15, 16 each of which is adjacent, and associated with a lead supporting
      portion. Each of the guideways 15, 16 includes a pair of separate end
      portions indicated by the suffixes a and b carried by the turntables of
      the units 12. The guideways 15, 16 are defined by metal stock of L-shaped
      cross-section secured on the platform 11 with its apex upper most.
PAR  Positioned on the platform 11 is a unit 17 including a tape dispenser spool
      18, a pressure member 19 and a heater 21. The unit 17 includes an electric
      motor which drives a platform engaging wheel 22 whereby the unit is driven
      along the platform the unit further including an idler wheel 23 having
      therein a circumferentially extending V-shaped groove, the wheel 23
      engaging one or other of the guideways 15, 16 depending upon which of the
      lead supporting portions 13, 14 is in use. The spool 18 is free running,
      and carries a tape of thermoplastic material. The pressure member 19 is in
      the form of a cylindrical roller the outer surface of which is defined by
      a rubber sleeve 19a. The roller 19 is driven at the same speed as the
      wheel 22 by the electric motor of the unit 17. The heater 21 is the kind
      including a shaped nozzle 24, the nozzle 24 directing heated air to the
      region adjacent the roller 19. The electric heater element and the fan of
      the heater 21 are housed within the casing of the unit 17, and the nozzle
      24 is movable between a rest position wherein the heater is automatically
      switched off, and an operative position wherein the heater is operating
      under the control of manually settable devices on a control panel of unit
      17.
PAR  The operation of the apparatus is as follows.
PAR  The unit 17 is positioned on the right hand turntable unit 12 with the
      idler wheel 23 engaged on the guideway 15. Conductive leads each encased
      in a thermoplastic sheath are laid on the lead supporting region 13
      extending along the length of the region 13 and conveniently the leads are
      side by side and touching. The leads can be of different diameters if
      necessary, and the region 13 is provided at predetermined points along its
      length with transverse apertures 13a whereby leads can be inserted into,
      or led out of the wiring harness. At the ends of the region 13 the leads
      extend down ramp surfaces so as to lie below the level of the platform 11.
      The free end of the tape carried by the spool 18 is fed under the roller
      19, and the unit 17 is moved along the guideway 15 until the roller 19
      engages the leads laid on the lead supporting region 13. The roller 19
      presses the free end of the tape 18a (FIG. 3) onto the leads 25 (FIGS. 3
      and 4) and the nozzle 24 is then brought manually to its operative
      position. Upon reaching its operative position the nozzle 24 directs hot
      air onto the leads 25 and the tape 18a in the region of the roller 19, and
      simultaneously the drive motor of the unit 17 is energised. Thus the unit
      17 is driven along the length of the platform 11 and as the unit 17
      progresses along the platform 11 tape 18a is drawn from the spool 18 and
      applied by the roller 19 to the leads 25. The temperature of the air
      issuing from the nozzle 24 is sufficient to raise the temperature of the
      tape 18a and the sheaths of the leads 25 to a point at which the sheaths
      fuse to the tape as the tape is pressed into contact with the sheaths by
      the roller 19. Thus the leads on the lead supporting region 13 of the
      platform 11 are secured together along the length of the region 13 by a
      length of tape 18a. As the unit 17 reaches the left-hand turntable 12 a
      mechanism (not shown) switches off the heater 21 and the drive motor of
      the unit. The tape 18a can then be cut and the leads 25 together with
      their length of tape can be removed from the lead supporting region 13.
PAR  While the leads are being positioned on the region 13, and secured together
      by means of the tape 18a further leads can be positioned on the lead
      supporting region 14 of the platform 11. Thus when the region 17 reaches
      the left hand turntable unit 12 the unit 17 can be rotated through
      180.degree. by means of the turntable so that the guideway portion 15b
      alignes with the guideway 16 and the unit 17 can perform an operating
      stroke along the lead supporting region 14, terminating on the right hand
      turntable unit 12 whereupon the unit 17 can again be rotated trhough
      180.degree. in readiness for a further operation on the lead supporting
      region 13.
PAR  Referring now to FIG. 5 the heating system shown is intended to replace the
      hot air system including the nozzle 24 of the basic apparatus. Thus the
      heater system of FIG. 3 will be part of a unit similar in other respects
      to the unit 17. The system includes a source of radiant heat 31,
      conveniently an infra-red source in the form of an electrically heated
      filament in a glass, or quartz envelope. The filament is elongated, and is
      positioned at right angles to the major axis of an ellipsoidal reflector
      32. The filament is so positioned that one focus of the ellipsoidal
      reflector 32 occurs mid-way between the ends of the elongated source 31,
      and the source is arranged to be parallel with the line of contact between
      the tape 18a, and so heat radiated from the source 31, in this case in the
      form of infra-red radiation, is focussed by the reflector 32 to form a
      line, or band image along the line of contact between the tape 18a and the
      leads 25. Thus the mutually presented surfaces of the tape and the leads
      are heated, and the arrangement is such that the mutually presented
      surfaces are heated to a temperature sufficient to cause fusion between
      the tape and the sheaths of the leads when the tape is pressed into
      contact with the sheaths of the leads by the roller 19.
PAR  An alternative heating system is shown in FIG. 6, and it is to be
      appreciated that again the system will be incorporated into a unit similar
      to the unit 17. The source of radiant heat is the elongated filament of a
      generally conventional light bulb, the filament being heated to
      incandescense by an electric current in the normal manner. The filament is
      positioned with its axis parallel to the line of contact between the tape
      18a and the leads 25, and radiation from the filament, both radiated heat,
      and radiated light, is focussed by a condenser lens system 34. Thus one
      focus of the condenser lens system 34 is mid-way between the ends of the
      filament, and the other focus of the condenser lens system is between the
      ends of the line of contact between the tape and the leads. Since the
      filament is elongated, then a parallel line image is formed at the line of
      contact between the tape 18a and the leads 25 by means of which the
      mutually presented surfaces of the tape and the leads are heated.
PAR  FIG. 7 is a modification of the arrangement shown in FIG. 6 in that a
      meniscus convex lens 35 is interposed between the filament 33 and the
      condenser lens system 32. The lens 35 is provided to collect radiation
      from the filament 33 over an increased angle by comparison with the
      condenser lens system 34 used alone.
PAR  Since in both of the condenser lens arrangements described above the source
      is elongated, then the lenses can be spherical convex lenses. If it is
      desired to use a point light source then the second lens of the condenser
      lens system should be a cylindrical convex lens positioned to produce the
      line, or band image along the line of contact between the tape 18a and the
      leads 25. Moreover, it is envisaged that other forms of image spreading
      optical devices could be utilized, and it is to be appreciated that there
      are many possible different forms of optical system for achieving a line
      image from line, or point sources.
PAR  Where the source of radiant heat produces predominantly infra-red radiation
      then it is desirable to use a reflector in preference to lenses to produce
      the line image. This preference arises from the necessity to manufacture
      lenses for infra-red systems from specialised and expensive materials.
PAR  In a further modification not shown the heat source of the apparatus is a
      laser the radiation output of which is concentrated, or collimated in
      known manner to produce a line, or band of radiation along the line
      contact between the tape and the leads.
PAR  The constructions described above differ in the form of heater means which
      is utilized. The platform 11 will be basically the same for each of the
      alternatives, and in order to provide automatic identification of the
      harnesses produced the platform 11 on which the leads 24 are laid is
      provided adjacent the lateral boundary of the leads with legends
      indicative of the harness being produced, and if desired the date of
      manufacture. The legends are formed in relief, in panels secured to the
      platform 11, and are so positioned as to be overlapped by an edge region
      of the tape 18a during construction of the harness. Thus since the legends
      are in relief, then when the heated tape is pressed into contact with the
      legends by the roller 19 then the legends will be impressed onto the tape,
      and so will be visible on the marginal region of the tape of the finished
      harness. Since the panels carrying the legends are readily detachable, the
      information impressed onto the tape can be readily changed.
PAR  In addition to impressing for example the code number and date of
      manufacture of the particular harness onto the tape of the harness it is
      possible in the same manner to provide on the tape of the harness
      identification of leads leaving the main run of the harness laterally
      between the ends of the harness.
PAR  When the harness is being manufactured the leads 25 are cut to the exact
      length required and are provided with connectors at their ends prior to
      arranging leads 25 on the platform 11. The leads 25 are then arranged on
      the platform 11 in the desired manner, it being appreciated that leads
      will enter and leave the main run of the harness intermediate the ends of
      the platform. The tape 18a is then fused to the sheaths of the leads along
      the length of the platform and as described above where leads enter and
      leave the main run the tape can carry identification impressed into the
      tape, of the intended function of the lead. Such information is of course
      particularly useful when the harness is being assembled into a road
      vehicle, since it would not be essential for the person assembling the
      harness into the vehicle to rely only on his knowledge of conventional
      colour coding of cables. Thus a lead leaving the main run of the harness
      to go to for example the horn of a road vehicle could be identified by the
      word "horn" impressed onto the tape adjacent the point at which the lead
      leaves the main run of the harness.
PAR  It will be appreciated that for many applcations it will be necessary for
      the harness to include leads of different diameters. The rubber sleeve 19a
      on the roller 19 is sufficiently resilient to accommodate leads of
      different diameter in the same operation, the sleeve 19a deforming by
      different amounts so that the tape 18a is pressed firmly onto the leads
      even though they are of different diameter. However, in order to minimise
      the amount of distortion which is required of the sleeve 19a of the roller
      19 the modification shown in FIG. 8 can be employed. The platform 11 is
      provided with an upstanding rib 11a the height of which is slightly less
      than the diameter of the small diameter leads. The small diameter leads
      are positioned at one side of the rib 11a and the large diameter leads are
      positioned at the opposite side of the rib 11a. Thus rather than having a
      very steep change in level between the large diameter leads and the small
      diameter leads the two sizes of leads are spaced apart by the rib 11a
      which of course has the effect of reducing the steepness of the change in
      level by spacing the two sets of leads laterally.
PAR  Where a number of different diameters of lead are used, then where possible
      they will be graduated in size across the width of the platform, and in
      such a situation of course there is no need to utilize the rib 11a since
      the leads of intermediate size will perform a similar function.
PAR  It is to be appreciated that since by using the apparatus described above
      the leads can be initially cut to the exact required length, and can be
      provided before assembly into the harness, with their requisite terminals,
      considerable savings both in wire, and manufacturing time are achieved by
      comparison with conventional methods of manufacture.
PAR  It will be recognised that the lead supporting regions 13, 14 of the
      platform 11 need not be the same. Moreover, the harness constructed on
      either of the regions 13, 14 may be a complete harness, or may be a part
      of a larger harness. For example, in a harness there may be a plurality of
      harness portions each of which includes leads secured together by lengths
      of thermoplastic tape in the manner described above. The harness portions
      being interconnected by conventional harness portions which are bound with
      insulating tape.
PAR  Good fusion has been achieved between leads having polyvinylchloride
      sheaths and polyvinylchloride tape using the apparatus described above.
      However, it is believed that satisfactory results will also be obtained
      using sheaths and tape of any one of polyethylene, melamine, acrylic
      materials, nylon and polypropylene.
PAR  It is to be appreciated that the speed at which the unit 17 transverses the
      platform, and the heat output of whichever heater means is utilized are so
      controlled in relation to the material of the tape and the sheaths of the
      leads that the tape and the sheaths of the leads are raised to a
      temperature sufficiently high to achieve fusion between the tape and the
      sheaths, without causing burning of the sheaths and the tape.
PAR  The harnesses, and harness parts produced by any of the various forms of
      the apparatus described above are particularly intended for use in motor
      vehicles. However, it is to be appreciated that wiring harnesses for other
      applications can be manufactured using the apparatus. For example, the
      type of harness which is produced by this apparatus may also be extremely
      useful in marine applications, and in domestic applications, for example
      in automatic washing machines and the like.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for use in the manufacture of a wiring harness, the apparatus
      including s platform upon which the harness leads, each including an outer
      thermoplastic sheath, are supported, the platform being arranged to
      support the leads in the pattern which they will occupy in the harness,
      and being apertured to permit lead-in, and branch-out of leads
      intermediate the ends of the harness, and, a heater unit movable along the
      length of the platform, said heater unit including a dispenser for
      dispensing thermoplastic tape onto the harness leads as the unit traverses
      the platform, means for heating the mutually presented surfaces of the
      thermoplastic tape and the thermoplastic sheaths of the leads, and, a
      pressure member urging the heated surfaces of the tape and the leads into
      contact so that the sheaths of the leads fuse to the tape along the length
      of the tape as the unit traverses the length of the platform.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein the heater means is a hot air
      blower.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein the heater means includes a
      radiant heat source and means for focussing radiant heat from the source
      onto the mutually presented surfaces of the leads and the tape.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 wherein the radiant heat source is an
      infra-red source and the associated focussing means is an ellipsoidal
      reflector.
NUM  5.
PAR  5. Apparatus as claimed in claim 3 wherein the radiant heat source is an
      incandescent filament and the focussing means associated with the filament
      is a lens system.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 wherein the heater means is a laser.
NUM  7.
PAR  7. Apparatus as claimed in claim 1 wherein said pressure member is a roller
      with a resilient surface whereby the roller can accommodate leads of
      different diameter in the same operation.
NUM  8.
PAR  8. Apparatus as claimed in claim 1 where the harness to be produced
      includes leads of different diameter then said platform includes an
      upstanding rib whereby leads of large diameter can be spaced from leads of
      smaller diameter laterally of the platform.
NUM  9.
PAR  9. Apparatus as claimed in claim 1 wherein said unit includes a drive
      arrangement whereby the unit is driven along the platform, the platform
      including guideways guiding the movement of the unit along the platform.
NUM  10.
PAR  10. Apparatus as claimed in claim 1 wherein the platform includes a pair of
      parallel lead supporting portions extending along the length of the
      platform and spaced apart, the platform including at one end thereof a
      turntable whereby said unit can perform an operating stroke along one of
      said lead supporting portions, and then can be rotated through 180.degree.
      using said turntable in order to perform an operating stroke in the other
      direction along said other lead supporting portion.
NUM  11.
PAR  11. Apparatus as claimed in claim 10 further including a second turntable
      at the opposite end of the platform from the first mentioned turntable.
NUM  12.
PAR  12. Apparatus as claimed in claim 1 wherein the or each lead supporting
      portion of the platform is provided with transversely extending apertures
      whereby leads can be inserted and led out of the harness intermediate the
      ends of the taped portion of the harness.
NUM  13.
PAR  13. Apparatus as claimed in claim 1 wherein the platform upon which the
      leads are supported includes, in relief, legends associated with the
      harness being produced, and the tape dispensed onto the leads overlaps the
      legends so that during passage of the pressure member over the legends on
      the platform the legends are impressed onto the tape.
NUM  14.
PAR  14. Apparatus as claimed in claim 13 wherein the legends are carried by one
      or more detachable panels on the platform.
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ABST
PAL  A method and apparatus are disclosed for welding a plurality of flexible,
      elongated members, such as thermoplastic members, at their respective end
      points to form a frame. One-half of the members are arranged in
      receptacles in a holder with all the members being in a generally U-shaped
      configuration and in side-by-side relationship to one another. The
      remaining members are arranged in receptacles in a second holder which
      lies adjacent the first holder, with all members in this holder also being
      in a generally U-shaped configuration with one member partially
      surrounding all the other members which are situated in side-by-side
      relationship to one another within the U-shaped mouth of the member
      surrounding them. Each end portion of the members in one holder lies in
      the same horizontal plane as the end portion of the member in the other
      holder to which it is to be welded, and all members protrude outwardly
      from their respective holder and are pointed at the members to which they
      are to be welded at an angle corresponding to the internal angle at the
      corners of the frame which is to be formed. After at least one of the
      holders is moved to bring the end portions of one set of members in close
      proximity to the corresponding end portions in the other holder, the
      respective end portions are welded to one another by suitable welding
      apparatus, such as a welding mirror, to form a unitary frame.
PARN
PAR  This is a division of application Ser. No. 261,241, filed June 9, 1972, now
      U.S. Pat. No. 3,853,655.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method of and apparatus for welding
      elongated, flexible members, such as thermoplastic members, into a frame.
PAR  2. Description of the Prior Art
PAR  Heretofore, frames consisting of elongated, flexible members, such as
      thermoplastic sealing profiles used on refrigerator doors, have been
      individually and successively welded at all four corners. In such a
      method, however, the legs have to be clamped, heated, welded, and
      unclamped four successive times until the frames are completed. Such a
      method cannot be carried out automatically and gives a relatively slow
      rate of production and a consequent high cost for the frame that is
      produced.
PAR  Another known method comprises loading the individual members which form
      the legs of a frame and then simultaneously and automatically welding the
      corners to form the frame. However, this method has the disadvantage that
      the operator, who loads the legs and who then starts the automatic
      sequence of operations, must wait until the joints have been heated,
      welded, and cooled before he can remove the frame and initiate a new cycle
      with the loading of new legs.
PAR  It is therefore an object of the present invention to provide a method of
      and a fixture for simultaneously welding the corners of a frame which
      avoids the foregoing disadvantages of the prior art methods and fixtures.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a method and apparatus in which one-half of the
      elongated, flexible members are placed in receptacles in a holder so that
      the members have a generally U-shaped configuration. The remaining members
      are placed in receptacles in a second holder adjacent the first holder.
      Each of the end portions of the members in one holder lies just opposite
      the particular end portion of the member in the other holder to which it
      is to be welded and points towards that member at an angle which
      corresponds to the internal angle formed by a corner in the frame which is
      to be formed. In order to form the frame, at least one of the holders is
      shifted to bring all end portions into close proximity and all are
      simultaneously welded to one another.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is further understood by referring to the present
      specification and to the drawings which form a portion of the
      specification and which are appended hereto wherein:
PAR  FIG. 1 is a side view of two holders which form a part of the apparatus of
      the present invention;
PAR  FIG. 2 is a top view showing two receptacles in the holders of the present
      invention;
PAR  FIG. 3 is a sectional view taken along line I--I of FIG. 2;
PAR  FIG. 4 shows a holder in the position of insertion;
PAR  FIG. 5 is a sectional view along line II--II of FIG. 2;
PAR  FIG. 6 is a top view of rotating circular knives which can be used to meter
      the ends of the flexible members; and
PAR  FIG. 7 shows a heating mirror which is moved between the holders to fuse
      the ends of the flexible members.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The apparatus of the present invention as depicted in FIG. 1 comprises two
      holders 15 and 16 which are mounted on two conventional machine frames 21
      and 22, respectively. The machine frames 21 and 22 comprise the means to
      move the holders 15 and 16 and are only shown in part. At least one of the
      machine frames 21 and 22 is movable towards and away from each other in
      the direction of the double arrows 25 and 26. The holder 15 in a preferred
      embodiment has four receptacles A, B, C, D and the holder 16 also has four
      corresponding receptacles A', B', C', D'. The receptacles A, A' are
      located in one horizontal plane, and the same applies to the receptacles
      B, B', C, C', and D, D'. All receptacles are pointed towards one another
      at an angle of 90.degree. as best seen in FIG. 2. These receptacles serve
      to accommodate the end portions of four flexible members which are
      preferably formed of thermoplastic material and which when welded together
      at their end portions form a frame. The ends of the members 11 and 13 are
      inserted into the receptacles A, D and B, C of the holder 15,
      respectively, and the ends of the members 12 and 14 are inserted into the
      receptacles C', D' and A', B', respectively, of the holder 16. After
      insertion, the ends of the members 11-14 project from the contact surfaces
      34 and 35 of the holders 15 and 16, respectively.
PAR  In order to form a four-legged frame, the members 11 and 14 must be
      inserted into the holders 15 and 16 as shown in FIG. 1. In this
      arrangement one end portion of the member 11 lies opposite an end portion
      of the member 12, and the other end of the member 12 lies opposite an end
      portion of the member 13. The other end of the member 13 lies opposite one
      end of the member 14, and the other end of the member 14 lies opposite the
      other end of the member 11. The reference numerals of the members 11, 12,
      13 and 14 are chosen so as to designate in a cyclical sequence the four
      legs of the frame to be formed. It is absolutely necessary that the
      insertion scheme shown in FIG. 1 be followed because insertion of the
      members 11 to 14 in a different order would result either in formation of
      two ring-like configurations or a joggled frame. The members 11-14 may all
      be of equal length if a square frame is desired, or they may be in pairs
      of equal lengths if a rectangular frame is desired.
PAR  The invention scheme comprises having one-half of the members, i.e., the
      members 12 and 14, arranged in side-by-side relationship and in a U-shaped
      configuration in the holder 16. The other holder 15 contains the member 11
      which is arranged in such a way so that its two ends A and D lie opposite
      the outer ends A' and D' of the members 12 and 14. This member 11
      partially surrounds the member 13 and both the members 11 and 13 are in a
      U-shaped configuration. Each end portion of one of the members 11-14 lies
      in the same horizontal plane and at an angle of 90.degree. to the end of
      the respective end portion of the other member to which it is to be
      welded.
PAR  The method and apparatus can of course be modified to weld together frames
      made up of a larger number of members. For example, a six-member frame is
      formed when three members are inserted in side-by-side relationship in one
      holder, e.g. holder 16, with three members being placed in the other
      holder so that two are in side-by-side relationship within the U-shaped
      mouth of a surrounding member. Each end of the members lies in the same
      horizontal plane as, and at an angle of 120.degree. to, the end of the
      other member to which it is to be welded.
PAR  To weld eight members into a frame, four members are inserted in
      side-by-side relationship in one holder and the remaining are placed in
      the other holder with three being in side-by-side relationship to one
      another and one surrounding these three. All members are in a generally
      U-shaped configuration. The end portions of the members lie in the same
      plane as, and at an angle of 135.degree. to, the end portion of the other
      member to which it is to be welded.
PAR  The holders 15 and 16 used in practicing any of the preferred embodiments
      of the invention comprise two halves 17, 18 and 17', 18', respectively, as
      shown in FIGS. 2, 6 and 7. The holder half 17 is firmly mounted on the
      machine frame 21, and the holder half 17' on the machine frame 22. The
      holder halves 18 and 18', in a preferred embodiment, are shiftable in the
      direction of the double arrows 23 and 24. The profiles of the holder
      halves 17 and 18 gear into each other as shown in FIGS. 4 and 5. FIG. 4
      shows the holder halves 17 and 18 in the position they occupy when members
      11-14 are inserted in the holders. At this position they are several
      millimeters apart due to the thickness of the member to be processed. When
      moved together, the holder halves 17 and 18 form the receptacles A, B, C
      and D. The flexible members to be processed are inserted into these
      accommodations, in the direction of arrow 19, as shown in FIG. 6. In a
      similar manner the end portions of the members are inserted in the
      direction of the arrow into the receptacles A', B', C' and D' of the
      holder 16. To facilitate the process of inserting the members,
      trumpet-shaped widenings (not shown) facing in the direction of insertion
      are provided. FIG. 6 shows a stop 31 with two stop faces 32 and 33, which
      form an angle of 90.degree.. This stop serves to simplify the operation of
      inserting the members in the holders. However, it is not an absolute
      necessity that these stop members be provided since members can be used
      which, after extrusion, have been accurately cut to the desired length.
      Some well-trained operators, in addition, have no difficulty in inserting
      members accurately in the holder to within 1 or 2 millimeters of the
      correct position without the aid of stop means. Even the presence of such
      small dimensional variations in the finished frame is of no great
      consequence due to the flexibility of the material of the member.
PAR  FIG. 6 shows two rotating circular knives 27 situated between holders 15
      and 16 with which the members are metered or cut to the proper length. The
      circular knives 27 have a serration formed by grinding to aid them in
      cutting through the flexible material. After the members 11-14 have been
      cut to the proper length, the rotary knives 27 are tilted out of the
      position shown so as to free the space between the holders 15 and 16.
PAR  It is also possible to use members which have been metered prior to their
      insertion as mentioned above so that the rotary knives 27 are not needed
      for the manufacture of the frame.
PAR  FIG. 7 shows a suitable welding apparatus 28, e.g. a welding mirror, which
      may be placed into the space between the holders 15 and 16 when the
      flexible members comprise a thermoplastic material. This welding mirror 28
      is of known design having an aluminum heating coil, and it serves to
      plasticize the ends of the thermoplastic members. The welding can be
      carried out either by moving the members into close proximity, i.e., about
      1 mm., to the mirror 28, or directly against the mirror 28. If the member
      is formed of a low-viscosity thermoplastic material the former is
      preferred to prevent sticking of the material to the mirror.
PAR  A fillet 29 is formed in contact surfaces 34 and 35 around the receptacles
      A, A', B, B', C, C', and D, D' in order to remove the excess portion of
      material formed during the welding together of the members when the
      holders 15 and 16 are moved towards each other and make contact.
PAR  The apparatus of the present invention operates in a relatively simple
      manner. In order to allow insertion of the members 11, 12, 13 and 14
      which, in the preferred embodiment are used to form a four-legged frame,
      the machine frames 21 and 22 are moved into the position shown in FIG. 6.
      At the same time the holder halves 18 and 18' are moved away from the
      holder halves 17 and 17', respectively, into the position shown in FIG. 4.
      The members 11-14 are now inserted as shown in FIG. 1, and the holder
      halves 18 and 18' are again moved towards the holder halves 17 and 17',
      respectively. Thereafter, if necessary, the rotary knives 27 are rotated
      and moved between the holders 15 and 16 to meter the members. After the
      rotary knives 27 have been removed from the space between holders 15 and
      16, the welding mirror 28 is placed into this space and the machine frames
      21 and 22 are moved towards each other to urge the ends of the members
      11-14 against the heating mirror 28. The machine frames 21 and 22 at this
      point move against a stop (not shown) in order to insure that an
      accurately dimensioned fusion of the ends of the members 11-14 is achieved
      during the welding operation. After the heating of the member ends the
      heating mirror 28 is moved back and the frames 21 and 22 are moved
      together for welding until the contact surfaces 34 and 35 of the holders
      15 and 16 meet as shown in FIG. 2. The weld reinforcement 30 shown in FIG.
      3 is then sheared off by the fillet 29.
PAR  After a preset cooling period, the holder halves 17 and 18 are opened and
      the machine frames 21 and 22 are moved apart so that the finished welded
      frame can be taken out.
PAR  The whole sequence after the insertion of the members 11, 12, 13 and 14
      into the holders 15 and 16 takes place automatically. The movements of the
      machine frames 21 and 22, of the holders 15 and 16, of the stop 31, of the
      rotary knives 27, and of the heating mirror 28, are controlled with the
      aid of limit switches, while the heating, welding, and cooling times are
      controlled with adjustable watches.
PAR  In a further preferred embodiment of the invention, two or more processing
      stations with two holders each are arranged on a rotary table.
PAR  The inventive method and the inventive fixture have another advantage in
      that they can be used to manufacture frames of any different size. For the
      manufacture of frames of different sizes, it is not even necessary to
      specially adjust the holders for each frame size. Another advantage
      achieved by the invention results from the arrangement of different
      processing stations on a rotary table. After the insertion and the
      indexing of the rotary table to the next position with which the following
      automatic sequence is simultaneously switched on, the operator immediately
      has two holders of the next processing station at his disposal. Thus, the
      operator can work without interruption and there is no idle time. Compared
      with conventional methods, the method in accordance with the invention
      makes possible up to a fourfold increase of output.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for welding together elongated, flexible members at their
      respective end points to form a frame comprising:
PA1  a. two holders for the flexible members, at least one of said holders being
      adapted to move towards and away from the other, each having an equal
      number of separate receptacles for the ends of flexible members, the
      receptacles holding the members in a generally U-shaped configuration in a
      respective holder such that the first holder contains at least two of the
      flexible members in side-by-side relationship whereas the second holder
      contains at least one flexible member lying, at least in part, within the
      U-shaped mouth of one other flexible member, each of said receptacles in
      one holder lying opposite a corresponding receptacle in the other holder
      such that the respective end portions of the members which are to be
      welded together to form a frame lie adjacent each other;
PA1  b. means for moving at least one of the holders towards the other holder
      and thereby allow for their relative movement to bring the end portions of
      the flexible members into a position at which they can be welded to form
      the frame; and
PA1  c. means for welding the respective end portions of the flexible members
      together to form the frame.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 wherein each separate receptacle in
      each holder lies parallel to the other receptacles in the same holder and
      in the same horizontal plane as a receptacle in the other holder.
NUM  3.
PAR  3. An apparatus as claimed in claim 1 wherein each holder has four
      receptacles which will hold the end portions of the flexible members in
      one holder at an angle of 90.degree. to the end portions of the flexible
      members in the other holder.
NUM  4.
PAR  4. An apparatus as claimed in claim 1 wherein each holder has six
      receptacles which will hold the end portions of the flexible members in
      the respective holder at an angle of 120.degree. to the end portions of
      the flexible members in the other holder.
NUM  5.
PAR  5. An apparatus as claimed in claim 1 wherein each holder has eight
      receptacles which will hold the end points of the flexible members in the
      respective holder at an angle of 135.degree. to the end portions of the
      flexible members in the other holder.
NUM  6.
PAR  6. An apparatus as claimed in claim 1 which further comprises a fillet
      adjacent the contact surfaces of the receptacles in the holder to remove
      excess material formed at the junction point of the flexible members.
NUM  7.
PAR  7. An apparatus for welding together elongated flexible members at their
      respective end points to form a frame comprising a rotary table containing
      a plurality of the apparatus claimed in claim 1 at a plurality of work
      stations.
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ABST
PAL  The disclosure relates to the growth of single crystal material from
      polycrystalline material by combining the pedestal and cold crucible
      techniques to yield a method of producing large, high purity single
      crystals on a commercial scale. The method includes feeding a bar of
      polycrystalline material, such as silicon, into a cold cage which can be a
      cold silver crucible or the like having an aperture in the bottom thereof
      to permit insertion of the polycrystalline feed bar. An RF coil surrounds
      the cold cage and melts the silicon as it reaches into the cage, the RF
      coil providing a temperature to the silicon material which is slightly
      above the melting point thereof. A rod of single crystal material, the
      same as the feed bar, is positioned in the melt from the top surface of
      the cold cage and acts as a seed crystal. The single crystal rod is then
      pulled upwardly from the cage while polycrystalline silicon is fed into
      the cage through the aperture in the bottom thereof. By continuously
      forcing the polycrystalline rod into the cage and pulling a rod at the top
      of the cage, a large single crystal can be grown while maintaining only a
      small melt volume. The diameter of the single crystal rod being pulled
      will have a relation to the upper diameter of the cold cage as well as the
      ratio of the feed rate of the polycrystalline bar relative to the pull
      rate of the single crystalline bar.
BSUM
PAR  This invention relates to the formation of single crystal rods of material
      capable of electrical conduction in the region of their melting
      temperature and, more specifically, to the growth of such rods by
      combining the pedestal and cold crucible techniques of crystal rod
      formation to provide large, high purity single crystals on a substantially
      continuous commercial scale.
PAR  Several prior art methods are known for producing single crystal material,
      particularly single crystal semiconductor material such as silicon,
      germanium and the like from polycrystalline materials. One such prior art
      method is known as the Pedestal technique and is a technique wherein a
      large diameter bar of polycrystalline material is placed in the field of
      an RF coil which induces melting. A seed of single crystal of the same
      material is dipped into the melt formed until fusion occurs and then the
      seed is slowly withdrawn. In this way, the feed bar which is
      polycrystalline is converted to a single crystal bar. Disadvantages of
      this method are in obtaining optimum conditions for melting and supporting
      the melt that will also support the growth of the full diameter crystal. A
      further disadvantage is the high degree of skill required of the crystal
      grower. In addition, these disadvantages increase significantly as the
      crystal diameter increases.
PAR  A second well-known method of crystal growth is the cold crucible growth
      method. In accordance with this method, a cold crucible, which is
      essentially an array of conducting tubes with water passing through them,
      forms the secondary of an RF transformer. The spacing between each tube is
      sufficiently small such that the surface tension of the molten material
      prevents the material falling through. The tube array is also designed
      such that the RF currents flowing in it support rather than cancel each
      other. A simple example of such an arrangement is a silver boat used in
      conjunction with silicon. A silver tube of about 3 inches diameter has a
      trough indented into it. The silver tube acts as the secondary of an RF
      transformer made up of the silver tube itself and an RF coil fed by an
      induction heater operating at a frequency in the range of 0.5 to 10 MHz.
      Induced currents set up in the tube induce currents in the silicon. The
      geometry is such that these currents support each other and melting
      occurs. Further, the two sets of induced currents give rise to mechanical
      forces that raise the molted silicon above the silver. This significantly
      reduces contamination by the silver. There are many geometrical
      arrangements that can be made using the above-noted principles. For
      example, a single crystal seed may be dipped into the molten material to
      grow a single crystal by, essentially, the Czochralski technique. The
      disadvantage of the cold crucible for single crystal growth is that only a
      small volume of material can be melted and subsequently only small
      experimental crystals can be grown.
PAR  In accordance with the present invention, there is provided a method of
      forming single crystal semiconductor rods, such as silicon rods, which
      overcome the disadvantages of the above described prior art techniques and
      result in a combination of the Pedestal and Cold Crucible Techniques to
      yield a method of producing high purity single crystals on a commercial
      scale. Briefly, the above is accomplished by providing a feed bar of
      polycrystalline material. In the present discussion, reference will be
      made to silicon though it should be understood that other appropriate
      materials such as germanium and the like which can form single crystals
      and which can conduct electric current in the vicinity of their melting
      temperature can be used. The polycrystalline silicon feed bar is passed
      into a cold cage which is preferably formed of silver though it can be
      formed with any electrically conducting material. The cold cage has an
      aperture at the bottom thereof through which the polycrystalline silicon
      feed bar is fed. An RF coil surrounds the cold cage and melts the silicon
      in the region within the cage, the silicon essentially taking the shape of
      the cage but not quite touching the edges thereof. A single crystal
      silicon seed is placed into the molten silicon and, when fusion takes
      place, the seed is pulled upwardly from the molten silicon mass within the
      cold cage while polycrystalline silicon is being fed in through the
      aperture at the bottom. In this way, polycrystalline silicon is converted
      to single crystalline silicon. The diameter of the single crystal silicon
      rod pulled in this manner is dependent in part upon the diameter of the
      cold cage upper portion as well as the ratio of the feed rates between the
      insertion of a polycrystalline material into the cold cage and the
      extraction of the single crystal silicon from the top of the cold cage. It
      is apparent that if the polycrystalline material is fed at a faster rate
      than the single crystalline material is being pulled, the diameter of the
      single crystal rod will be increased. Conversely, if the reverse ratio is
      provided, the diameter of the single crystal rod will be decreased.
PAR  The above-described technique provides the advantages of maintaining a
      low-oxygen low-carbon content associated with pedestal growth; avoidance
      of balancing a large melt; large diameter pedestal crystal growth; feed
      bar dimensions are not nearly so critical; operator techniques are
      substantially reduced; and effective heat shielding of the reactor
      components is obtained.
PAR  It is therefore an object of this invention to provide a method of forming
      large single crystal semiconductor rods of a higher quality than is
      obtainable by prior art techniques.
PAR  It is a further object of this invention to provide a method of forming
      monocrystalline semiconductor rods that can be formed at relatively lower
      cost than by prior art techniques.
PAR  It is a yet further object of this invention to provide a method for
      forming monocrystalline semiconductor rods having increased rod diameter
      capability relative to prior art methods.
PAR  It is a still further object of this invention to provide a substantially
      continuous method of converting polycrystalline semiconductor rods to
      single crystal semiconductor rods.
PAR  It is a further object of this invention to provide a method for forming
      single crystal semiconductor rods which combines the pedestal and cold
      crucible techniques of the prior arts to provide a method of producing
      relatively larger, higher purity single crystal semiconductor rods on a
      commercial scale relative to prior art methods.
DRWD
PAR  The above objects and still further objects of the invention will
      immediately become apparent to those skilled in the art after
      consideration of the following preferred embodiment thereof, which is
      provided by way of example and not by way of limitation wherein:
PAR  The FIGURE is a schematic diagram for apparatus for performing the method
      in accordance with the present invention.
DETD
PAR  Referring now to the FIGURE, there is shown a cross-section of a cold cage
      1 which is resting on an electrically insulating platform 3. The cold cage
      is preferably formed from silver or other electrically conducting material
      of very high purity. A set of RF coils 5 surrounds the cold cage and
      induces current in the cold cage in well-known manner. The cold cage is
      essentially a cold crucible and includes an aperture 7 at the bottom
      thereof to permit insertion of a rod 9 of polycrystalline material which
      is to be melted within the cold cage 1. The polycrystalline rod can be
      silicon, germanium or any other material which is capable of conducting
      current at temperatures in the vicinity of its melting point. The
      polycrystalline feed bar 9 which, for the sake of the preferred embodiment
      herein will be described with reference to silicon, is inserted into the
      aperture 7 of the cold cage 1, and, upon entering the cold cage 1 is
      heated up due to the heat produced by the RF coils 5 which induce currents
      in the cold cage 1, this current then being transferred to the silicon
      material within the cold cage. This heat forces the silicon to melt and
      the molten silicon is shown within the cold cage by the reference 11. The
      silicon 11 does not come in contact with the surfaces of the cold cage 1,
      there being a slight gap as shown in the FIGURE. A single crystal silicon
      seed is then positioned in the upper surface of the molten silicon 11 and,
      when fusion takes place, the single crystal is pulled upwardly to form a
      single crystal silicon rod 13 in well known manner. The rod 13 can
      continue to be pulled upwardly solong as there is molten silicon within
      the cold cage 1. This molten silicon is provided by continually feeding
      polycrystalline silicon via the polycrystalline feed bar 9 through the
      aperture 7. It can therefore be seen that a continuous process is provided
      for converting polycrystalline silicon or other semiconductor material
      into monocrystalline rods.
PAR  The advantages of this technique over prior art techniques is quite
      apparent in that there is a maintenance of low-oxygen and low-carbon
      content which is associated with the pedestal growth technique. There is
      also no necessity of balancing a large melt. Furthermore, large diameter
      pedestal crystals can be grown by this method. This is apparent from the
      fact that the diameter of the single crystal rod 13 is determined by the
      ratio of the feed rate of the polycrystalline feed bar 9 relative to the
      pull rate of the monocrystalline rod 13. As the feed rate of the feed bar
      9 is increased relative to the pull rate of the single crystal bar 13, the
      diameter of the rod 13 will increase, the converse also being true. It can
      be seen that the diameter of the rod 13 will be limited by the diameter of
      the upper surface of the cold cage 1.
PAR  It is apparent that, in accordance with the present method, the dimensions
      of the feed bar 9 are not very critical and need only be somewhere in the
      vicinity of and slightly less than the diameter of the aperture 7.
      Furthermore, operator skills of high degree are not required to operate in
      accordance with the above-described method. In addition, effective heat
      shielding of the reactor components is easily provided.
PAR  Though the invention has been described with respect to a specific
      preferred embodiment thereof, many variations and modifications will
      immediately become apparent to those skilled in the art. It is therefore
      the intention that appended claims be interpretated as broadly as possible
      in view of the prior art to include all such variations and modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming single crystal material from polycrystalline
      material which comprises the steps of
PA1  a. Providing an electrically conducting cold cage container having top and
      bottom apertures surrounded by RF coils,
PA1  b. feeding a rod of polycrystalline material into said bottom aperture,
PA1  c. inducing an electrical current in said container and said material to
      melt and levitate said material within said container, and to maintain
      said material free of said container,
PA1  d. placing a seed crystal in said metl to initiate crystal growth, and
PA1  e. continuing the crystal growth by pulling said seed away from said melt
      at a controlled rate while maintaining levitation of said melt.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein the rate of feed of said rod in
      step (b) and the rate of pulling said seed in step (e) are predetermined
      and relatively independent.
NUM  3.
PAR  3. A method as set forth in claim 1 wherein said rod is silicon and said
      seed is silicon.
NUM  4.
PAR  4. A method as set forth in claim 2 wherein said rod is silicon and said
      seed is silicon.
NUM  5.
PAR  5. A method as set forth in claim 4 wherein said container is silver.
NUM  6.
PAR  6. A method as set forth in claim 4 wherein said electrical current is
      induced by an RF coil surrounding said container.
NUM  7.
PAR  7. A method as set forth in claim 5 wherein said electrical current is
      induced by an RF coil surrounding said container.
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PAL  A specific paper, which is soluble in and easily destroyable with water, is
      obtained by subjecting to papermaking a suspension of fibers of pullulan,
      which is a linear high polymer having repetition units, bonded through
      .alpha.-1,6-linkages, of maltotriose, a trimer of glucose, and has a
      structure represented by the formula,
      ##SPC1##
PAL  Wherein n is an integer of 20 to 10,000 which represents the polymerization
      degree, or, if necessary, a suspension of said pullulan fibers in
      admixture with vegetable fibers such as wood fibers, flax or ramie fibers.
BSUM
PAR  This invention relates to a novel paper. More particularly, the invention
      pertains to a specific paper composed mainly of pullulan fibers, and to a
      method of producing the same.
PAR  The specific paper of the present invention is soluble in and easily
      destroyable with water, and is produced by subjecting to papermaking a
      suspension of pullulan fibers which are soluble in water, edible, and
      non-digestible in the digestive organs of man, or a suspension of said
      pullulan fibers in admixture with vegetable fibers such as wood fibers
      (pulps), flax or ramie fibers.
PAR  Specific papers of this kind have heretofore been proposed as papers for
      secret documents, but there has never been proposed a paper obtained, like
      the paper of the present invention, from natural carbohydrate fibers which
      are quite quickly soluble in water, edible, and non-toxic and
      non-digestive to man.
PAR  An object of the present invention is to provide a novel paper composed of
      pullulan fibers, or a mixture of pullulan fibers and vegetable fibers.
PAR  Another object of the invention is to provide a method for producing the
      said novel paper.
PAR  Other objects and advantages of the invention will become apparent from the
      explanation given below.
PAR  Characteristic features of the present invention are as follows:
PAR  1. The starting pullulan used for production of the paper of the present
      invention is a natural polysaccharide capable of being produced in large
      quantities by cultivation of microorganisms, and hence can be obtained at
      a relatively low cost.
PAR  2. Since the starting pullulan is high in water solubility, the paper of
      the present invention is quickly dissolved when dipped in water, or is
      destroyed when discarded in the fields, and hence is usable as a paper for
      secret documents.
PAR  3. Since the starting pullulan is decomposable by microorganisms existing
      in nature, no direct or indirect public pollution is brought about by the
      paper of the present invention.
PAR  4. Since the starting pullulan is edible, non-digestive, and water-soluble,
      the paper of the present invention, when used as internal packaging
      materials for medicines in the form of powders or tablets, or for instant
      food seasonings, powdered tea, coffee and the like foods, is not required
      to be removed at the time when the said medicines or foods are taken or
      served.
PAR  5. Since the starting pullulan can be freely processed into fibers of
      various forms, fibers of any form suitable for application purpose of the
      final paper can be provided.
PAR  6. The pullulan paper of the present invention is high in strength and
      folding resistance, is more tough than a wood pulp paper, and requires no
      particular paste or size.
PAR  7. The pullulan paper of the present invention, because of its high
      hydrophilic property, is not only favorable in ink receptivity but also
      not blurred with inks, and hence is suitable for printing and writing.
PAR  8. The pullulan paper of the present invention is heat-sealable and hence
      can be processed with extreme ease.
PAR  The pullulan used in the present invention is a linear high polymer having
      repetition units, bonded through .alpha.-1,6 linkages, of maltotriose,
      which is a trimer of glucose, and has a molecular structure represented by
      the formula,
      ##SPC2##
PAL  wherein n is an integer of 20 to 10,000 which represents the polymerization
      degree.
PAR  The pullulan is merely known as a water-soluble slime, and the physical
      properties or uses thereof have not been studied extensively hitherto. In
      this sense, the pullulan is equal to an unknown compound, in practice.
PAR  The pullulan is a linear compound that is different in molecular structure
      from other polysaccharides such as starch, and hence can be synthesized by
      a chemical process or other process using an enzyme. At present, however,
      it is obtained as a slime secreted in a culture liquor from a strain
      belonging to the species pullularia pullulans which is an incomplete
      microorganism [H. Bender, J. Lehmann et al.: Biochem. Biophys. Acta, 36,
      309 (1959); Seinosuke Ueda: Kogyo Kagaku Zasshi (Journal of Industrial
      Chemistry), 67, 757 (1964)].
PAR  The pullulan is produced by a process comprising incubation of
      pullulan-producing strains on an aqueous medium containing as a carbon
      source oligosaccharides and/or dextrin, i.e., partially hydrolyzed starch
      having dextrose equivalent (hereinafter referred to as DE) of 20 - 70
      which is obtained by acidic or enzymatic hydrolysis of starch as disclosed
      in Japanese Patent Application laid-open Nos. 44492/73 and 42894/74.
PAR  The employable pullulan-producing strains includes various strains which
      belong to genus Pullularia such as Pullularia fermentans var fermentans
      IFO 6401, Pullularia fermentans var fusca IFO 6402, Pullularia pullulans
      AHU 9553, Pullularia pullulans IFO 6353, Pullularia pullulans IFO 4464
      etc. The strains should be selected to obtain pullulan with suitable
      polymerization degree according to its specific applications.
PAR  Starches employable as the carbon sources include the cereal starches such
      as corn maize, waxy maize, and wheat starches, and the root or tuber
      starches such as sweet potato, potato and tapioca starches.
PAR  Employable partially hydrolyzed starch syrups include those produced by
      acidic or enzymatic hydrolysis of purified starches. Products having the
      DE in the range of 20 - 70 may be used, preferably in the range of 35 -
      60.
PAR  The employable concentrations of the partially hydrolyzed starch syrups in
      the culture media are in the range of 3 - 30 %. However, in view of the
      yield of pullulan, the range of 5 - 15 % is preferable.
PAR  Employable nitrogen sources in the culture media include common organic or
      inorganic nitrogen compounds. Common inorganic salts such as potassium
      phosphate, sodium chloride, magnesium sulfate, ferrous sulfate, etc. are
      also employed. The preferable initial pH should lie in the range of 5.0 -
      7.5 and the suitable incubation temperature range is 24.degree. -
      30.degree.C. Three to 8 days are required for incubation and the highest
      pullulan yield is attained at the point when no residual sugar remains in
      the culture liquor.
PAR  After completion of the incubation, the solution is heated to inactivate
      the enzyme used and the cells are removed from the solution by
      contrifugation. Thereafter pullulan may be recovered from the solution by
      precipitation with the addition of an organic solvent such as methanol
      etc. in an equivalent amount or more to that of the solution
      (volume/volume). The recovered pullulan is purified by repeating
      dissolution in water and precipitation with the organic solvent and then
      dried to obtain pullulan powder.
PAR  The pullulan is white, tasteless and odorless powder, and the degrees of
      decomposition thereof with various digestive enzymes are one several tenth
      the degrees of starch. Further, the molecular weight of the pullulan can
      be controlled by varying the pH or phosphate concentration of the medium
      (Japanese Patent Application Laid-open No. 42894/74).
PAR  The molecular weight of the pullulan used in the present invention is not
      particularly limited, but is preferably 10,000 to 5,000,000, more
      preferably 50,000 to 1,000,000.
PAR  An example of the precedure for production of pullulan is as follows:
PAR  A strain, Pullularia pullulans IFO 6353 is subjected to shaking culture at
      24.degree.C. for 5 days in a medium containing 10 % of partially
      hydrolyzed starch, 0.5 % of K.sub.2 HPO.sub.4, 0.1 % of NaCl, 0.02 % of
      MgSO.sub.4 . 7H.sub.2 O, 0.06 % of (NH.sub.4).sub.2 SO.sub.4 and 0.04 % of
      yeast extract. The culture liquor is freed from the cells by
      centrifugation, and the supernatant is charged with methanol to form a
      pullulan precipitate. After repeating water-dissolution and
      methanol-precipitation, white pullulan is separated, washed with methanol
      and dried, whereby dry pullulan is obtained in a yield of 60 to 70 % based
      on the amount of the starch.
PAR  For preparation of papermaking fibers from pullulan, there may be adopted
      various processes. For example, powders or flakes of hydrous pullulan
      having a water content of more than 10 % are extruded through fine
      orifices while heating and melting at 80.degree. to 160.degree.C. and then
      dry-cooled, whereby long pullulan fibers are obtained. The thus obtained
      fibers are cut to a proper length to obtain short pullulan fibers.
      Alternatively, a 5 to 15 % aqueous solution of pullulan is charged, under
      vigorous stirring, with more than an equivalent of a hydrophilic organic
      solvent such as acetone, or a lower alcohol such as methanol or ethanol,
      whereby pullulan is deposited as a fibrous white precipitate, which is
      then separated by filtration or centrifugation. The said precipitate is an
      aggregate of fine pullulan fibers, and is insoluble in organic solvents.
PAR  The papermaking operation in the present invention is carried out according
      to an ordinary procedure, and the concentration of the starting fibers is
      preferably about 0.3 to 1.0 %. Since the starting fibers are water-soluble
      pullulan fibers, either one or a mixture of a hydrophilic lower alcohol
      such as methanol, ethanol or isopropanol, and a hydrophilic organic
      solvent such as acetone, is used as a dispersion medium at a concentration
      of 60 to 100 % to homogeneously disperse the fibers.
PAR  What is to be noted in the papermaking of the pullulan fibers is that the
      pullulan fibers are water-soluble, and hence are extremely weak and are
      extremely weak and are easily damaged in a hygroscopic and swollen state.
      It is to be also noted that the pullulan fibers adhere to one another when
      properly heated and pressed in a hygroscopic state, and hence are not
      required to possess any entangling properties, but if the heating and
      pressing are excessive, the fibers completely adhere to form a film.
      Accordingly, the papermaking operations should be conducted with care
      while paying sufficient attention to the above-mentioned points. That is,
      in the beating step, the pullulan fibers, particularly those precipitated
      from an aqueous pullulan solution, should be beaten to a minimum extent
      necessary to disperse the fibers uniformly, which extent may be attained
      by vigorous stirring. Further, the fiber dispersion is flowed on a
      papermaking wire screen in an amount corresponding to the weight of the
      resulting paper, and water in the paper web is drained as much as possible
      so that the amount of the fibers in the paper web before a couch roll
      becomes about 10%. Subsequently, the water in the paper web is removed as
      completely as possible by means of squeeze rolls to bring the fiber
      content of the paper web before drying cylinders to about 40 %, and the
      drying cylinder temperature is gradually elevated up to a final
      temperature of about 90.degree.C. It is particularly necessary that the
      water removal with the squeeze rolls is conducted completely, so that a
      major portion of the drying is completed by elevating the temperature of
      the drying rolls to about 20.degree. to 60.degree.C. The resulting paper,
      which has been decreased in water content to about 15 %, is then passed
      through the final calender rolls, and the extents of heating and pressing
      are properly controlled so as not to become excessive. If the paper is
      strongly pressed at a temperature higher than 100.degree.C., there arises
      such danger that it is formed into a film.
PAR  The pullulan fibers used in the present invention are short pullulan fibers
      obtained by the aforesaid melt spinning, pullulan fibers formed from an
      aqueous pullulan solution by use of a hydrophilic organic solvent, or
      pullulan fibers prepared by any other suitable processes. When heated and
      pressed by means of a papermaking machine, these pullulan fibers form a
      tough paper without addition of any particular size or paste. In this
      case, the pullulan fibers may be subjected to papermaking in admixture
      with vegetable fibers such as wood fibers in a proportion of 10 to 80 % of
      the total fibers. Depending on the use purpose of the final paper, the
      pullulan fibers may be freely mixed with wood pulps, flax or ramie fibers,
      but in case the pullulan fibers are mixed with large quantities of wood
      fibers, it is desirable to add a suitable size.
PAR  The paper produced by the present invention is tough and elastic. While the
      paper is somewhat low in folding resistance when produced from only the
      pullulan fibers, the elasticity of the paper can be controlled by
      incorporating into the fibers 1 to 40 % by weight of a polyhydric alcohol
      such as glycerin, ethylene gylcol, sorbitol, propylene glycol or maltitol
      as a plasticizer. Further, the folding resistance of the paper can be
      increased by blending the pullulan fibers with vegetable fibers such as
      wood fibers.
PAR  The pullulan paper of the present invention which is produced from the
      pullulan fibers, or a mixture thereof with vegetable fibers, is similar in
      texture to a Japanese paper and is free from uneven sheeting or nap. The
      surface smoothness and gloss of the paper can be controlled by controlling
      the pressure and temperature of calender rolls.
PAR  The pullulan paper of the present invention is not only favorable in
      printing ink receptivity and causes no picking at the time of printing,
      but also is smoothly writable with writing inks and pencils without being
      blotted or penetrated with inks. Further, the present pullulan paper is
      far more quickly soluble in water than a water-soluble paper composed of
      polyvinyl alcohol or the like or other starch film, and swells and
      dissolves within several seconds when dipped cold water. This dissolving
      speed is several times higher than that of said polyvinyl alcohol paper or
      starch film. Moreover, pullulan is non-toxic and scarcely attacked by
      digestive enzymes. Accordingly, even when foods or medicines packaged with
      the present pullulan composed only of the pullulan fibers are taken as
      they are, the paper not only dissolves immediately but also provides no
      calorie and hence is freely usable as materials of packaging foods or
      medicine for even diabestics. Further, the present pullulan paper is
      several times higher in quick water solubility than other similar paper or
      film, and hence may be used for specific purpose such as a paper for
      secret documents which, after use, may be dissolved in water. Even when
      the paper contains wood fibers, there is no such fear at all that public
      pollution is caused later, because the wood fibers are completely
      destroyed.
PAR  As mentioned above, the paper composed only of pullulan fibers can be used
      as a paper for packaging or enveloping medicines or instant foods, while
      the paper composed of pullulan and vegetable fibers can be used as a paper
      for secret documents or securities. Further, the said papers, as being
      high in water solubility, can be used as substitutes for toilet papers,
      tissue papers and women's sanitary cotton, and can advantageously be
      discarded without any public pollution.
DETD
PAR  The present invention is illustrated in detail below with reference to
      examples, but the invention is not limited to the examples.
PAC  EXAMPLE 1
PAC  Preparation of pullulan fibers
PAR  Pullularia pullulans IF) IFO 4464 was used as pullulan-producing strain.
      For the cultivation of the stains, a culture medium comprising the
      following composition was prepared. As a carbon source, enzymatic
      hydrolyzed starch syrup (DE 40) was used.
PAR  Composition of the culture medium:
TBL  Carbon source          10 %                                               
     K.sub.2 HPO.sub.4     0.2 %                                               
     Peptone               0.2 %                                               
     NaCl                  0.2 %                                               
     MgSO.sub.4.7H.sub.2 O 0.04 %                                              
     FeSO.sub.4.7H.sub.2 O 0.001%                                              
PAR  100 ml of the medium with the above composition was placed in a 500 ml
      flask and sterilized by heating according to the usual method.
PAR  Strains obtained by slant-cultures for 2 days and then by seed-culture for
      2 days were inoculated on the medium placed in the flask, and then was
      cultivated in a rotary shaker at 27.degree.C., with pH 7.5 under a
      vigorous stirring for 5 days.
PAR  The resulting viscous liquor was centrifuged to precipitate and remove the
      cells, decolored by addition of 0.5 % by weight, based on the weight of
      the liquor, of active carbon, and then filtered to obtain a transparent
      colorless liquid. To this liquid, 2 times the volume of the liquid of
      isopropanol was added with vigorous stirring, whereby a white fibrous
      pullulan precipitate is deposited. This precipitate was recovered by
      filtration to obtain 65 %, based on the starting starch, of pullulan
      (after drying) having an average molecular weight of 250,000. The thus
      obtained wet pullulan fibers are referred to as "pullulan fibers A,"
      hereinafter.
PAR  The pullulan fibers A were decreased in water content to 15 % and then
      powdered, and the resulting powder was extruded, by use of a heat-kneading
      type spinning machine, through fine orifices at a temperature of
      100.degree. to 160.degree.C. under a pressure of 100 to 150 kg/cm.sup.2
      and stretched to obtain fine pullulan fibers, which were then cut to a
      length of 5 to 10 cm. to prepare short pullulan fibers. The thus prepared
      short pullulan fibers are referred to as "pullulan fibers B," hereinafter.
PAC  EXAMPLE 2
PAR  The pullulan fibers A obtained in Example 1 were dispersed in a 90 %
      aqueous acetone solution to a concentration of 0.5 %, and the resulting
      dispersion was sufficiently stirred to prepare a homogeneous dispersion.
      This dispersion was subjected to a Fourdrinier machine. That is, the
      dispersion was flowed on a wire screen and sufficiently drained, with
      vibration, to a concentration of about 9 % to form a paper web. The paper
      web was repeatedly dehydrated by means of squeeze rolls to a concentration
      of about 39 %, thereafter dried with drying rolls and hot air at
      30.degree. to 40.degree.C. and finally dried at a temperature of
      80.degree.C. to obtain a paper having a water content of 15 %.
PAR  The thus obtained paper had a thickness of 0.1 mm., was high in
      flexibility, had a surface similar to that of a Japanese paper, was
      suitable for writing with pens and pencils, and was not penetrated nor
      blotted with inks.
PAC  EXAMPLE 3
PAR  A mixture comprising 2 parts of the pullulan fibers A obtained in Example 1
      and 1 part of wood cellulose pulp was suspended in a 80 % aqueous acetone
      solution to a concentration of 0.3 %, and the resulting suspension was
      sufficiently stirred to prepare a homogeneous suspension. This suspension
      was subjected to papermaking treatment according to the procedure of
      Example 2 to obtain a paper, which was then treated with final calender
      rolls at 80.degree.C. to make the surface thereof somewhat glossy.
PAR  The thus obtained paper had a thickness of 0.1 mm., showed such excellent
      properties as an elongation of 1.5 in lengthwise direction and 2.6 in
      widthwise direction, a tearing strength of 2.5 kg/cm.sup.2, and a folding
      strength of 980 in lengthwise direction and 560 in widthwise direction,
      was high in flexibility, had a smooth but less glossy surface, and was
      similar in texture to a Japanese paper. The paper was favorable in
      printing ink receptivity, and was not blotted nor penetrated with inks.
PAR  When charged in stationary cold water, the paper lost its original shape
      within 8 seconds and formed a suspension of wood pulp.
PAC  EXAMPLE 4
PAR  The pullulan fibers B obtained in Example 1 were sprayed with one-third the
      weight thereof of a 80 % aqueous maltitol solution, and then allowed to
      absorb the solution for 10 hours. Thereafter, the fibers were
      homogeneously suspended in 250 times by volume, based on the weight of
      said fibers, of pure methanol to prepare a homogeneous suspension. This
      suspension was sufficiently drained and dehydrated in the same manner as
      in Example 2, and the resulting paper web was sufficiently dried with air,
      gradually heated, and then subjected to final rolls at 80.degree.C. to
      obtain a paper having a water content of 14 %.
PAR  The thus obtained paper was relatively flexible, had a thickness of 0.08
      mm., and showed such excellent properties as a folding strength of 1150 in
      lengthwise direction and 630 in widthwise direction, and a tearing
      strength of 2.1 kg/cm.sup.2. Further, the paper was quite quickly and
      highly soluble in water such that a small bag containing a cocoa powder
      for a cup of cocoa was prepared by use of said paper, and charged into 130
      cc. of hot water, and then the water was stirred, whereby the small bag
      immediately dissolved and dispersed in the water to give a cocoa liquid
      containing no residue of the small bag.
PAC  EXAMPLE 5
PAR  A mixture comprising 1 part by weight of the pullulan fibers B obtained in
      Example 1 and 1 part by weight of wood pulp was homogeneously suspended in
      150 parts by volume of 90 % aqueous isopropyl alcohol solution. The
      homogeneous suspension thus obtained was subjected to the same papermaking
      treatment as in Example  2, except that the paper web was dried with
      drying rolls kept at 55.degree. to 90.degree.C. and passed between
      calender rolls under a slight pressure.
PAR  The resulting paper was relatively bulky but had a smooth surface less in
      nap and was elastic. When dipped in water, the paper was easily swelled
      and destroyed, and when subjected to printing or writing, the paper showed
      excellent ink receptivity and was smoothly printable or writable without
      penetration of inks.
PAC  EXAMPLE 6
PAR  Dry pullulan flakes were sprayed with 20 % by weight, based on the weight
      thereof, of a 80 % aqueous maltitol solution, and then allowed to stand
      overnight. Thereafter, the flakes were subjected to a melt-spinning
      machine and melt-extruded at 120.degree.C. to prepare pullulan fibers. The
      thus prepared fibers were cut to a length of 8 to 10 cm., and the
      resulting short pullulan fibers were subjected to the same papermaking
      treatment as in Example 4 to obtain a paper high in folding strength.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A paper composed of pullulan fibers, or a mixture of 90 to 20% of
      pullulan fibers with 10 to 80% of vegetable fibers.
NUM  2.
PAR  2. A paper according to claim 1, wherein the pullulan has a molecular
      weight of 10,000 to 5,000,000.
NUM  3.
PAR  3. A paper according to claim 1, wherein the pullulan fibers are short
      pullulan fibes obtained by melt spinning.
NUM  4.
PAR  4. A paper according to claim 1, wherein the fibers are obtained by adding
      a hydrophilic organic solvent to an aqueous pullulan solution.
NUM  5.
PAR  5. A paper according to claim 1, wherein the vegetable fibers are wood
      fibers, flax or ramie fibers.
NUM  6.
PAR  6. A paper according to claim 1, wherein the pullulan fibers are
      incorporated with 1 to 40 % by weight of a polyhydric alcohol as a
      plasticizer.
NUM  7.
PAR  7. A paper according to claim 6, wherein the polyhydric alcohol is
      glycerin, ethylene glycol, sorbitol, propylene glycol or maltitol.
NUM  8.
PAR  8. A method for producing a paper, characterized by forming pullulan
      fibers, either singly or a mixture of 90 to 20% of pullulan fibers with 10
      to 80% of vegetable fibers, into a suspension using a hydrophilic organic
      solvent as a dispersion medium, and subjecting the suspension to
      papermaking.
NUM  9.
PAR  9. A method according to claim 8, wherein the pullulan fibers are short
      pullulan fibers obtained by melt spinning.
NUM  10.
PAR  10. A method according to claim 8, wherein the pullulan fibers are obtained
      by adding a hydrophilic organic solvent to an aqueous pullulan solution.
NUM  11.
PAR  11. A method according to claim 8, wherein the vegetable fibers are wood
      fibers, flax or ramie fibers.
NUM  12.
PAR  12. A method according to claim 8, wherein the dispersion medium is one or
      more of methanol, ethanol, isopropanol and acetone.
NUM  13.
PAR  13. A method according to claim 8, wherein the concentration of the
      dispersion medium is 60 to 100 %.
NUM  14.
PAR  14. A method according to claim 8, wherein the pullulan fibers are
      incorporated with 1 to 40 % by weight of a polyhydric alcohol as a
      plasticizer.
NUM  15.
PAR  15. A method according to claim 14, wherein the polyhydric alcohol is
      glycerin, ethylene glycol, sorbitol, propylene glycol or maltitol.
PATN
WKU  039363481
SRC  5
APN  3296350
APT  1
ART  244
APD  19730205
TTL  Method and apparatus for detection of nuclear fuel rod failures
ISD  19760203
NCL  1
ECL  1
EXA  Shoon; Frederick
EXP  Queisser; Richard C.
NDR  2
NFG  7
INVT
NAM  Wachter; William J.
CTY  Pittsburgh
STA  PA
INVT
NAM  Rohrer; Wesley M.
CTY  Pittsburgh
STA  PA
ASSG
NAM  Rohrer; Wesley M.
CTY  Pittsburgh
STA  PA
COD  14
ASSG
NAM  Wachter; William J.
CTY  Pittsburgh
STA  PA
COD  14
ITX  Part interest to each
CLAS
OCL  176 19LD
XCL   73 714
ICL  G01m  324
ICL  G21c 1706
FSC   73
FSS  67;69;71.4
FSC  176
FSS  19
UREF
PNO  3240674
ISD  19660300
NAM  Ledwidge
OCL   73 69
UREF
PNO  3264863
ISD  19660800
NAM  Maropis
OCL   73 67
LREP
FRM  Brown, Murray, Flick & Peckham
ABST
PAL  The present invention generally relates to nuclear fuel reactors, and more
      particularly relates to a method and apparatus, based upon vibration
      detection and analysis techniques, for detecting a failure or rupture of
      fuel elements or tubes containing nuclear fuel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is known, a nuclear reactor consists of thousands of vertical metal
      tubes supported in parallel arrays. The tubes are grouped into fuel
      assemblies. Each of the fuel tubes contains uranium oxide nuclear fuel or
      the equivalent and is sealed to contain fission products generated during
      the operation of the reactor. Present methods of locating assemblies with
      fuel tubes that have failed are very slow and usually entail placing a
      fuel assembly into a container in a spent fuel pool and drawing water from
      the container through the fuel assembly. The water drawn through the
      container is then monitored for detection of fission products. Such a
      process requires a long time, over an hour per fuel assembly. Since the
      power generated by a large nuclear reactor during full operation is worth
      a great deal of money, it will be appreciated that a quick method and
      apparatus for detection of faulty fuel tubes is highly desirable, since it
      reduces the time that the reactor must be shut down. Such faults usually
      occur when a hole or crack forms in the wall of a fuel tube. This permits
      water to enter the interior of the tube where it contacts the uranium
      oxide or the like, causing corrosion of the fuel tube and further damage.
      When the fuel is at its usual high temperature during reactor operation,
      the water within the rod will contact the hot fuel and will boil.
PAC  SUMMARY OF THE INVENTION
PAR  As an overall object, the present invention provides a method and apparatus
      for quickly and easily detecting fuel assemblies containing a fault in
      tubing containing nuclear fuel after the fuel has been irradiated.
PAR  More specifically, an object of the invention is to provide a detection
      method and apparatus of the type described employing vibration detection
      and analysis techniques.
PAR  In accordance with the invention, there is provided a long probe made of a
      material having a high modulus of elasticity, together with a vibration
      detector attached to the upper end of the probe. The lower end of the
      probe is disposed so as to intimately contact the fuel assembly to
      transmit to the vibration detector the vibrations resulting from highly
      turbulent or boiling water or other liquid which has leaked into the fuel
      element tubes. Hence, by detecting a vibration signal having a frequency
      and/or amplitude characteristic of the vibrations induced by highly
      turbulent or boiling water or other liquid which has leaked into the fuel
      element tubes, a faulty tube can be easily identified without the
      necessity for placing the fuel assembly in a container in the spent fuel
      pool and thereafter drawing water from the pool through the container and
      monitoring it for detection of fission products.
DRWD
PAR  The above and other objects and features of the invention will become
      apparent from the following detailed description taken in connection with
      the accompanying drawings which form a part of this specification, and in
      which:
PAR  FIG. 1 is a simplified plan view of a nuclear reactor installation with
      which the detection apparatus of the present invention may be used;
PAR  FIG. 2 is an elevational view showing the manner in which the detection
      apparatus of the invention is placed against the top or side of a fuel
      assembly immersed within water or other protective atmosphere;
PAR  FIG. 3 is a top view of the vibration measurement apparatus of the
      invention;
PAR  FIG. 4 is an elevational side view of the vibration detection apparatus of
      the invention showing the upper end of the probe which, at its bottom,
      contacts a fuel assembly;
PAR  FIG. 5 is a side view of the apparatus of FIGS. 3 and 4;
PAR  FIG. 6 is a schematic circuit diagram showing the manner in which
      vibrations induced in the detecting probe of the invention are converted
      into electrical oscillations which are displayed on a CRT tube; and
PAR  FIG. 7 is an enlarged view of a typical fuel assembly showing a
      representative location of the bottom of the detecting probe of the
      invention with respect to that fuel assembly for detection of a fuel
      assembly having a faulty fuel tube.
DETD
PAR  Referring now to FIG. 1, the numeral 10 designates generally a nuclear
      reactor which is carried within a concrete housing 12. The housing 12
      forms part of a dome-shaped concrete enclosure 14 which includes a basin
      16 above the reactor 10. During refueling of the reactor 10, the basin 16
      is filled with water up to the level, generally indicated at 18. However,
      during normal operation of the reactor, the liquid is drained from the
      basin 16. At the top of the basin 16 are tracks, not shown, which carry a
      manipulator crane. The manipulator crane, also not shown, is provided to
      remove or insert reactor components, such as fuel assemblies or control
      rods, into the reactor 10. One of such fuel components is schematically
      illustrated at 20.
PAR  Communicating with the basin 16 is a refueling canal or compartment 22 of
      concrete which terminates at the wall 24 of the concrete dome-shaped
      enclosure 14 for the entire nuclear reactor installation. The basin 16 and
      canal 22 are lined with stainless steel plates, not shown herein for
      purposes of simplicity.
PAR  Outside the dome-shaped enclosure 14 is a spent fuel pit or compartment 26,
      also constructed of concrete walls and filled with water up to the level
      indicated at 28. In the past, it has been common practice, in order to
      detect holes in nuclear fuel rods, to transfer fuel assemblies from the
      enclosure 14 to the spent fuel pit 26 while maintaining each spent fuel
      assembly beneath the level of the protective water baths. The system for
      accomplishing this includes a transfer tube 30 which runs horizontally
      through the plant enclosure wall 24. At the opposite ends of the transfer
      tube 30 are manipulator tubes 32 and 34. The operation of these
      manipulator tubes and the construction of the transfer tube 30 may be had
      by reference to U.S. Pat. No. 3,294,435 issued Dec. 27, 1966. For purposes
      of the present description, however, it will be sufficient to state that a
      fuel rod assembly 20, for example, is initially inserted into tube 32
      while in a vertical position. Thereafter, the tube 32 is rotated in a
      clockwise direction as viewed in FIG. 1 such that it is aligned with the
      tube 30. The assembly 20 is then moved through the tube 30 to the
      manipulator tube 34 which is in a horizontal position. The tube 34 is then
      rotated, for example, in a counterclockwise direction until it is in a
      vertical position; whereupon the assembly 20 is removed within the spent
      fuel pit 26.
PAR  As was explained above, it sometimes happens that holes form in the nuclear
      fuel-containing tubes which make up the fuel assembly 20. Furthermore,
      when this occurs, water will enter the tube, engage the nuclear fuel and
      boil, thereby causing damage to the tube, and enlarging the size of the
      hole. In the past, this condition was detected by periodically
      transferring each fuel assembly from the reactor to the spent fuel pit 26
      during normal refueling operations. Thereafter, the assembly was permitted
      to remain in a special container in the spent fuel pit for a period of
      time. If a leak existed, the water within the container would become more
      radioactive. Therefore, by repeatedly draining water from the container
      for each fuel assembly tested, and monitoring it for detection of fission
      products, a fuel assembly possessing a defective fuel tube could be
      detected. Needless to say, however, this is a lengthy, expensive, and
      time-consuming process resulting in considerable downtime of the reactor.
PAR  The apparatus of the invention for detecting a fuel assembly having a
      defective fuel rod without the necessity for using a special container,
      and drawing water from the container and analyzing the same is shown in
      FIGS. 2-5. With specific reference to FIG. 2, a spent fuel assembly 20,
      for example, within the spent fuel pit 26 is engaged by the lower end of a
      long probe 36. As will be explained hereinafter, it is necessary only to
      intimately contact the integral upper flange or nozzle of the fuel
      assembly since, if a hole exists in any fuel tube and the water entering
      that hole is boiling, a characteristic vibration of the tube will result.
      This vibration will be transmitted to the upper flange of the fuel
      assembly. The probe 36 may be formed of a number of different materials
      (e.g., metal or plastic), just so long as it has a high modulus of
      elasticity in order that it can transmit vibrations from the fuel assembly
      20 to a vibration detector 38 which can be hand-held by an operator 40
      standing on a support 42 located, for example, above the spent fuel pit
      26. In this respect, the probe 36 must have a modulus of elasticity in
      excess of 2,000,000 psi. As will be understood, of course, the higher the
      modulus of elasticity, the better the performance of the device.
PAR  With specific reference now to FIGS. 3-5, the details of the vibration
      detector 38 of FIG. 2 are shown. It includes an outer enclosure 39
      provided with a pair of oppositely-projecting handles 41 and 44 which are
      grasped by the operator 40 shown in FIG. 2. Carried within the enclosure
      39 is a battery-operated CRT tube, the face of which is identified by the
      numeral 46 in FIG. 3. The probe 36 is carried, at its upper end, within a
      flange 48 which projects downwardly from the enclosure 39.
PAR  The circuitry carried within the enclosure 39 is shown in FIG. 6. The upper
      end of the probe 36 within the enclosure 39 is engaged by the needle 50 of
      a crystal detector 52. The detector 52 may, for example, comprise a
      conventional phonographic needle assembly capable of converting the
      mechanical vibrations induced in the probe 36 into an electrical signal
      having a frequency proportional to the frequency of the vibrations and an
      amplitude also proportional to the magnitude of the vibrations. The
      resulting electrical signal produced by the transducer 52 is applied
      through a variable or selective filter 54 and an amplifier 56 to a CRT
      tube 58 whose face 46 appears at the top of the enclosure 39 and can be
      viewed by the operator 40 shown in FIG. 2. Additionally, the vibration
      signal passing through the amplifier 56 can be applied through a detector
      60 to an audible buzzer 62 and/or a signal lamp 64. In a fuel assembly
      containing a defective fuel tube, water entering a hole in the tube will
      cause boiling or extreme turbulence. This, in turn, produces a
      characteristic vibration in the tube and in the entire fuel assembly 20.
      In the operation of the invention, when the bottom of the probe is placed
      against an assembly containing a defective tube, this characteristic
      vibration is transmitted through the probe 36 to the transducer 52 which
      then produces an electrical signal having a frequency and amplitude
      indicative of that characteristic vibration. The filter 54 is, therefore,
      tuned to the characteristic vibration. Assuming, therefore, that the fuel
      assembly 20 contains a defective fuel rod and that the characteristic
      vibration results, the variable filter 54 will pass the resulting
      electrical signal to the amplifier 56 and the CRT tube 58. This can be
      viewed as waveform 55 on the face of the CRT tube 58 or it can be used to
      energize the buzzer 62 or lamp 64. In either case, when a fuel rod
      assembly is engaged by the lower end of the probe 36 and the
      characteristic vibration noted on the CRT tube face 46, the operator
      immediately knows that the fuel assembly contains a defective fuel rod.
      Dials 65 and 67 (FIG. 5) can be used to vary the passband of filter 54 and
      gain of amplifier 56, respectively. The dials 65 and 67 carry numbers or
      other indicia on their peripheries which can be viewed through slots 69 in
      the top of enclosure 39 (FIG. 3).
PAR  A typical fuel rod assembly is shown in FIG. 7. It comprises a plurality of
      individual fuel rods 66 carried within a plurality of spaced egg-crate
      grids, only the top two grids 68 being shown in FIG. 7. The tubes 66 are
      attached to a top nozzle 70 in accordance with usual practice.
      Reciprocable within and removable from the top nozzle and the bundle of
      tubes 66 are control rods 72 connected to a control rod assembly handle
      74. All of this is in accordance with usual reactor construction and need
      not be described herein in detail. The lower end of the probe 36
      preferably contacts the top edge or the side of the top nozzle 70 as shown
      in FIG. 7. However, it can contact the assembly at almost any point since
      the vibrations caused by boiling or turbulence will be transmitted to all
      integral parts of the assembly.
PAR  The probe 36, in the preferred embodiment, is preferably hollow and carries
      at its lower end a cap 76 to prevent the entrance of water. In one
      specific example of the invention, the probe was formed of stainless steel
      and had a one-half inch outer diameter and a 0.024 inch wall thickness.
PAR  It can thus be seen that by simply contacting the top of the fuel rod
      assembly and observing the waveform on the face of the CRT tube 58, a fuel
      assembly having a defective fuel rod can be detected.
PAR  While the foregoing description assumes that the fuel rod assembly was
      transferred from the reactor to the spent fuel pit 26, the present
      invention is not limited to this procedure. Rather, it may be possible in
      certain cases to detect a defective fuel assembly without even removing
      the fuel assembly from the reactor 10. Alternatively, a fuel assembly can
      be removed from the reactor 10 while it is immersed beneath the liquid
      level 18 as shown in FIG. 1 and the lower end of the probe 36 engaged with
      the top of the assembly while it is suspended from an overhead crane. In
      this case, the assembly simply need be removed from the reactor, a test
      performed, and the assembly thereafter reinserted into the reactor, if no
      fault is detected.
PAR  Instead of contacting the assembly directly as shown in FIG. 7, the probe
      36 can be connected to an inverted bell 80, shown in broken line outline,
      which slides down over and contacts the sides of the fuel assembly. The
      bell displaces water or other liquid within its interior such that
      vibrations due to defective fuel tubes will not be materially damped by
      the surrounding liquid.
PAR  Likewise, the vibration pickup can be mounted on the bottom of the probe 36
      and connected through electrical leads to suitable indicating circuitry
      above the surface of the bath in the reactor or spent fuel pit.
PAR  Although the invention has been shown in connection with a certain specific
      embodiment, it will be readily apparent to those skilled in the art that
      various changes in form and arrangement of parts may be made to suit
      requirements without departing from the spirit and scope of the invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. Apparatus for detecting a defective nuclear fuel rod in an assembly of
      such fuel rods immersed in a liquid, comprising a probe having a lower end
      adapted to engage said assembly of rods, a vibration detector attached to
      said probe, the lower end of said probe contacting a fuel assembly
      immersed in said liquid whereby vibrations resulting from boiling or
      turbulent liquid which has leaked into a fuel rod will be transmitted
      through said probe to the vibration detector which will indicate the
      existence of a defective fuel rod, and an inverted bell connected to the
      lower end of said probe and adapted to slide down over a fuel rod
      assembly, whereby the bell displaces liquid within its interior such that
      the vibrations due to defective fuel rods will not be damped materially by
      the surrounding liquid.
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ABST
PAL  A nuclear reactor core comprises an array of closely packed components
      which include fuel elements and may include control rod guide tubes. The
      components are arranged with their longitudinal axes vertical and in
      groups. The components of each group are urged laterally into firm
      engagement with one another by tilting at least some of them towards the
      centre of the group. The fuel elements of the group have interlocking
      bearing pads to resist relative lateral movement of fuel elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to nuclear reactors of the kind having a core
      composed of closely packed parallel fuel elements which are provided with
      bearing pads at selected levels whereby the elements are firmly positioned
      against one another to prevent them rattling. Such a nuclear reactor core
      is disclosed in U.S. Pat. No. 3,383,287 and the fuel elements in that
      reactor core are arranged in groups in each of which each element is
      supported in such a manner as to tend to tilt the element towards the
      centre of the respective group whereby the elements of each group are
      urged laterally into firm engagement either with one another or with a
      structural member around which the group may be arranged. Thus the
      elements of each group are jammed together, and, where desirable, about a
      central post on which the surrounding elements lean.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, in a nuclear reactor core comprising an
      array of closely packed components which include fuel elements, the
      components being arranged with their longitudinal axes generally vertical
      in groups, at least some of the components in each of several groups are
      supported in such manner as to tend to tilt the components towards the
      centre of the respective group whereby the components of each group are
      urged laterally into abutment with one another, and the fuel elements have
      interlocking bearing pads intermediate their ends whereby relative lateral
      movement of two adjacent fuel elements is resisted. By reducing sideways
      slip of fuel elements the stability of of the reactor core is improved
      during refuelling operations.
PAR  The invention also resides in a nuclear reactor fuel element for a nuclear
      reactor core in accordance with the preceding paragraph, the fuel element
      comprising a cluster of parallel fuel pins enclosed by a peripheral
      wrapper of hexagonal cross-section, the bearing pads being in the form of
      spline-like ribs extending parallel to the longitudinal axis of the fuel
      element and interlockable with complementary ribs of pads on adjacent fuel
      elements in the group.
PAR  The invention is applicable to a nuclear reactor core wherein the
      components, which comprise fuel elements and control rods, are generally
      arranged in modules each module comprising a cluster of four components at
      least three of which are fuel elements, one fuel element being rigidly
      supported whilst the remaining components are resiliently tilted towards
      the centre of the cluster to lean on the rigidly supported element.
PAR  The invention is also applicable to a nuclear reactor core wherein the fuel
      elements are arranged in modules, each module comprising a cluster of six
      fuel elements, each resiliently tilted towards a central void to form a
      circular arch. The modules may include additional fuel elements disposed
      outside the cluster and resiliently tilted towards the central void. The
      central void may be used to accommodate a control rod.
PAR  By using a module arrangement of fuel elements wherein one element serves
      to support the remaining elements and control rods of the cluster, or
      wherein the elements lean on each other in a circular arch, the need for
      structural members to form leaning posts in the manner described in U.S.
      Pat. No. 3,383,287 is avoided. Such structural members are subject to
      irradiation embrittlement which could lead to failure within the core.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Constructional embodiments of the invention will now be described, by way
      of example, with reference to the accompanying drawings wherein:
PAR  FIG. 1 is a diagrammatic plan view of a nuclear reactor core,
PAR  FIG. 2 is a detail of FIG. 1 drawn to a large scale
PAR  FIG. 3 is a side view of a nuclear reactor fuel element,
PAR  FIG. 4 is a plan view of part of the fuel element shown in FIG. 3 and is a
      cross-section on line IV--IV of FIG. 3,
PAR  FIG. 5 is a plan view of part of the element shown in FIG. 3 and is a
      cross-section on line V--V of FIG. 3,
PAR  FIG. 6 is fragmentary detail of FIG. 3 drawn to a larger scale,
PAR  FIG. 7 is a diagrammatic plan view of a second construction of nuclear
      reactor core, and
PAR  FIG. 8 is a detail of FIG. 7 drawn to a larger scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 there is shown a fast neutron nuclear reactor comprising a
      central zone 1 having plutonium enriched fuel elements, an intermediate
      zone 2 having more highly enriched fuel elements and a zone 3 of breeder
      fuel elements. In addition to fuel elements the central and intermediate
      zone include some control rod guide tubes (only two being indicated and
      designated `C`) and the inner zone also includes some shut down rod guide
      tubes (only one being indicated and designated `S`). Except at the
      periphery of the breader zone 3, the components are generally arranged in
      modules each comprising a cluster of four components of which at least
      three are fuel elements. One of the fuel elements of each module is
      rigidly supported in upright position whilst the remaining fuel elements
      are tilted towards the rigidly supported fuel element. Where one of the
      components of the module is a central rod guide tube it may be free
      standing or may lean on the fuel elements but does not have interlocking
      bearing pads. FIG. 2 shows a module of four components comprising types X,
      Y and Z wherein the component type Z is rigidly supported whilst
      components type X and Y are tilted towards the centre of the cluster as
      indicated by arrows designated 4. The rigidly supported components are
      indicated by cross-hatching in FIG. 1 and the four associated components
      of each module are indicated by broken lines. The arrows 4a in FIG. 1
      indicate the loading direction of the components which are not in regular
      module. Either of components type `X` can be a control rod or shut down
      rod guide tube but neither type `Y` or type `Z` can be so used; type Y is
      excluded because stability of the module depends on the interlocking
      afforded by this component during refuelling of type `Z`, and type Z is
      excluded because it defines the position of the module with respect to the
      remainder of the core.
PAR  The fuel elements, control rod guide tubes and shut down rod guide tubes
      are generally similar in outward form except that the guide tubes do not
      have the interlocking bearing pads. A fuel element is shown in FIGS. 3, 4
      and 5. Each fuel element comprises a cluster of fuel pins (not shown)
      enclosed by a wrapper of hexagonal cross-section and designated 5 in FIG.
      3. The fuel element has a lower spike 6 which is engageable with a socket
      associated with a diagrid, for example, as in the manner described in U.S.
      Pat. No. 3,383,287 whereby the fuel elements are disposed generally
      upright. The elements types X Y which are arranged to tilt have resilient
      spikes 6 and the tilt is achieved in conventional manner as disclosed in
      U.S. Pat. No. 3,383,287 by eccentrically in the diagrid sockets. The
      rigidly supported element type Z, of course, has a substantially rigid
      spike 6. The upper end region of the element has a cylindrical portion 7
      and the transition from circular section to hexagonal section is effected
      by a hexagonal taper 8. The transition from hexagonal section to circular
      section at the lower end region of the element is effected by a circular
      taper 9. Immediately above the circular taper there is a group of rib like
      extended corner features or splines 10 projecting outwardly as shown in
      FIG. 4. Intermediate the ends of the element there are bearing pads 11 in
      the form of spline like ribs 11a on each side of the wrapper 5. Each pad
      11 comprises one full width and one half width ribs 11a which can
      interlock with co-operating ribs and half width ribs 11a on adjacent fuel
      elements as shown in FIG. 2. A single bearing pad 11 is shown in FIG. 6
      the ribs 11a having taper lead in surfaces 11b and 11c at each end.
PAR  When a fuel element is being loaded into a reactor core in the presence of
      installed fuel elements, the fuel element is suspended and lowered to
      enter the spike 6 alongside the upper cylindrical portion 7 of an
      installed adjacent element. Further lowering brings the circular taper 9
      in contact with a side of the hexagonal taper 8 of the adjacent element so
      that the fuel element is displaced sideways generally into its correct
      azimuthal position relative to the centre of the cluster of components. By
      further lowering of the fuel element the extended corner features 10 abut
      the sloping hexagonal tapers 8 of the adjacent element and the reaction
      between the corner features and the adjacent element causes rotation of
      the element to a position such that the bearing pads 11 will pass between
      adjacent fuel element wrappers 5, and the wrapper 5 of the suspended
      element will pass between the pads 11 on adjacent elements. When the fuel
      element is lowered sufficiently to engage the lower ends of the ribs 11a
      with the upper ends of the ribs 11a of adjacent elements, the taper lead
      in surfaces 11b of the ribs assist in radial and fine rotational
      adjustment of the fuel element, and the taper surfaces 11a assist in
      radial alignment, to engage the ribs accurately so that the fuel element
      can be fully lowered and spiked into the diagrid. The interlocking ribs
      11a of the bearing pads 11 accurately locate all the components of the
      cluster and lateral slip of the components is reduced to very small
      limits.
PAR  The second construction of nuclear reactor shown in FIGS. 7 and 8 is
      generally similar to the first construction except that fuel elements only
      are arranged generally in clusters of six, each resiliently tilted towards
      a central void to form a circular arch. The central void can be occupied
      by a free standing control rod or shut down rod guide tube. In FIG. 7 some
      of the control rod and shut down rod guides tubes are shown and again
      designated `C` and `S` respectively, but in the breeder zone some of the
      voids are left vacant some examples being designated `O`. A basic module
      12 of six fuel element is enlarged in some regions, for example, the
      module designated 13 has an additional fuel element appended to it and the
      module designated 14 has two additional fuel elements appended to it. The
      appended fuel elements are arranged to tilt towards the centre of the
      basic cluster.
CLMS
STM  I claim:
NUM  1.
PAR  1. A nuclear reactor core comprising
PA1  an array of closely packed elongate components, the components being
      arranged in groups with their longitudinal axes generally vertical,
PA1  support means for the array of components,
PA1  means for arranging at least some of the components of each group so that
      they tilt towards the centre of their respective group wherein at least
      some of the components of the group are urged laterally into abutment with
      one another, at least some of the components being nuclear fuel elements
      having interengaging splined bearing pad means intermediate their ends for
      resisting relative lateral movement of two adjacent fuel elements.
NUM  2.
PAR  2. A nuclear reactor core according to claim 1 wherein the components
      comprise fuel elements and control rods and are generally arranged in
      modules, each module comprising a cluster of four components at least
      three of which are fuel elements, one fuel element being rigidly supported
      whilst the remaining components are resiliently tilted towards the centre
      of the cluster to lean on the rigidly supported element.
NUM  3.
PAR  3. A nuclear reactor core according to claim 1 wherein the fuel elements
      are arranged in modules, each module comprising a cluster of six fuel
      elements, each resiliently tilted towards a central void to form a
      circular arch.
NUM  4.
PAR  4. A nuclear reactor core according to claim 3 wherein at least some of the
      modules have additional fuel elements disposed outside the clusters and
      resiliently tilted towards the central voids.
NUM  5.
PAR  5. A nuclear reactor core according to claim 3 wherein the central voids of
      at least some of the modules accommodate control rods.
NUM  6.
PAR  6. A nuclear reactor fuel element comprising:
PA1  a cluster of parallel fuel pins, a peripheral wrapper of hexagonal
      cross-section enclosing the fuel pins, the wrapper having bearing pads for
      abutment with corresponding pads of similar fuel elements, the bearing
      pads being disposed on each side of the wrapper intermediate the ends of
      the wrapper, the bearing pads being in the form of spline like ribs
      extending parallel to the longitudinal axis of the fuel element and
      interengagable with complementary ribs of pads of similar fuel elements.
NUM  7.
PAR  7. A nuclear reactor fuel element according to claim 6 wherein the spline
      like ribs of the bearing pads have taper lead-in surfaces at each end at
      least on one side and on their faces.
NUM  8.
PAR  8. A nuclear reactor fuel element according to claim 7 wherein the wrapper
      has a correspondingly hexagonal taper in an end region which is uppermost
      when the element is in a nuculear reactor core and a circular taper at a
      lower end region of the wrapper, and a groups of rib like corner features
      disposed above and adjacent the conical taper.
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PAL  A thermal expansion compensation system for nuclear reactor fuel assemblies
      is disclosed herein which utilizes materials with different rates of
      thermal expansion in appropriate components so to: retain alignment of the
      assembly; reduce or eliminate thermal bow; and reduce or eliminate jump
      movement of fuel assemblies.
PARN
PAR  This is a continuation, of application Ser. No. 92,981 filed Nov. 25, 1970,
      now Defensive Publication T901,027 published Aug. 15, 1972 in 901 O. G. 77
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BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains in general to nuclear reactor fuel assemblies and
      in particular to a new thermal expansion compensation system for such
      assemblies.
PAR  The number of fuel elements which are used to form the reactive region in a
      nuclear reactor is ordinarily determined by the critically necessary mass
      of fissile material and by other considerations, such as the desired
      energy output and the allowable thermal character of the region.
      Conventionally, the fuel elements are formed into bundles or
      sub-assemblies, with the sub-assemblies being assembled or combined to
      form an overall assembly or reactive region.
PAR  The spaced fuel elements located within the same bundle or sub-assembly can
      experience varying rates of heat generation resulting in differing rises
      in temperature. Moreover, such factors as flux peaking in adjacent coolant
      channels, unequal distribution of coolant flow through the core region,
      presence of adjacent structural material, xenon-tilt and other flux
      perturbations, also lead to the same effect. Accordingly, the spaced fuel
      elements respond with correspondingly different thermal expansions or
      contractions so that, unless means are provided for offsetting this
      thermal effect, the bundle will be subjected to deformation or bowing,
      which, in general, is undesirable since "hot spots" or regions of extreme
      temperature rise in the fuel elements can than result and removability of
      the fuel bundle is impaired. An additional undesirable effect arises when
      peripherally located fuel elements bow to jam or obstruct control rod
      movement.
PAR  The aforementioned problems experienced in the boiling water reactors and
      pressurized water reactors is amplified in the liquid metal fast breeder
      reactors where the temperature gradients in different parts of the core
      are even more extreme. The different temperatures expected for the various
      sections of the liquid metal breeder reactor will cause different thermal
      expansions among these various sections. Thus, components made of the same
      material which are aligned at room temperature will not be aligned at
      operating conditions. For instance, control rods, their drive mechanism
      and the guide tubes in the reactor core will not remain aligned when the
      core support plate is exposed to inlet sodium at approximately
      750.degree.F, the top of the core assemblies are exposed to outlet sodium
      at approximately 1000.degree.F and the head, to which the control rod
      drive mechanism is fastened, is maintained at approximately 400.degree.F.
      This misalignment causes control rods to bind and not insert when
      required, thus creating a serious control problem.
PAR  The heat generated in the fuel is highest in the center of the core and
      decreases away from the center. This descrease in heat generation causes a
      corresponding decrease in the temperature of the fuel, the cladding and
      the assemblies. Thus a given part of the core will have a higher
      temperature on the side toward the center than on the outside, causing a
      temperature gradient through the part. This change in temperature through
      the part causes uneven thermal expansion with the side closest to the
      center expanding more, because it is hotter. The uneven thermal expansion
      causes the part to bend or bow as mentioned above. The thermal bowing in
      turn causes the fuel sub-assemblies to move toward the center of the core,
      creating an unstable nuclear characteristic, due to the increased
      concentration of fissile material, which presents control problems.
PAR  The problem becomes extremely critical when the movement of the fuel
      sub-assembly towards the center of the core occurs in a short period of
      time. This might occur if a subassembly is twisted slightly and pushes
      against a neighboring sub-assembly. The increasing bowing force will
      sooner or later overcome the friction between the sub-assemblies, or a
      random vibration will trigger the movement. Then, the sub-assembly will
      bend very rapidly towards the center. Even worse, a chain reaction could
      be caused thereby where several subassemblies jump one after the other.
      This motion of subassemblies towards the center increases the effective
      heavy metal mass density with a resultant increase in power, possibly to a
      dangerous level.
PAR  The prior art has been able to minimize the problems caused by the uneven
      thermal expansion of the various components within the reactor by
      utilizing different structural support designs in the fuel assembly as
      illustrated by application No. 19,851 entitled "FUEL ARRANGEMENT FOR A
      NUCLEAR REACTOR" filed Apr. 4, 1960, now abandoned, and assigned to the
      Westinghouse Electric Corporation. Another support method was illustrated
      in application No. 19,760 entitled "MEANS FOR SUPPORTING FUEL ELEMENTS IN
      A NUCLEAR REACTOR" filed Apr. 4, 1960, now U.S. Pat. No. 3,182,003, and
      assigned to the Westinghouse Electric Corporation. While the techniques
      presented in the aforementioned applications for Letters Patent have been
      able to overcome the problems caused by the thermal gradients in the
      pressurized water reactor and boiling water reactor, it is not expected
      that they will be able to solve problems caused by the extreme temperature
      graidents anticipated in the liquid metal fast breeder reactors.
PAC  SUMMARY OF THE INVENTION
PAR  This invention utilizes materials with different thermal expansion rates to
      compensate for the varying temperature gradients encountered in reactor
      operation.
PAR  For example, when a nuclear reactor core had a top plug, bottom support
      plate and core bundling device, each laterally supporting the fuel rods in
      the core and when each of these lateral supports is constructed of the
      same material, a temperature gradient between the supports causes the
      supports to expand at different rates and thereby to deform the fuel rods.
      In order to avoid this problem the present invention provides fuel rod and
      control rod support means which are constructed from materials having such
      rates of thermal expansion that under the environmental operating
      conditions at their respective positions of support, the total expansion
      of each support member substantially equal the thermal expansion of every
      other support member, under the environmental operating conditions, thus
      retaining alignment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a better understanding of the invention, reference may be had to the
      exemplary embodiment shown in the accompanying drawing which shows a
      schematic longitudinal sectional view of a nuclear reactor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  This invention utilizes support members formed from preselected materials
      with different rates of thermal expansion to compensate for the different
      temperature gradients encountered during reactor operation. The
      accompanying drawing shows a schematic illustration of a nuclear reactor
      10, illustrating the relative positions of various reactor components such
      as the top plug 12 (top closure with control rod drive mechanisms 14), the
      core bottom support plate 16, which positions the core fuel assemblies 18
      and a coretop hold down plate or core bundling 20. It may be seen from the
      figure that the aforementioned reactor components provide lateral support
      to the fuel sub-assembly 18 and control rod drive mechanism 14. However it
      is to be noted that this invention need not be limited to the specific
      components shown and described herein, but may be applied to any
      arrangement of reactor components that experience thermal gradients at
      reactor operation. Thus, the aforementioned components will be used as an
      illustration of the principles of this invention and the scope of the
      invention is not meant to be limited thereby.
PAR  The reactor components, such as, the fuel rod and the control rod supports,
      are constructed out of materials having thermal expansion rates such that
      the total expansion of each component, under the environmental operating
      conditions at its respective location, substantially equals the thermal
      expansion of every other reactor component which functions to provide
      support in a parallel plane within the reactor, thus balancing the thermal
      expansions of the various supports to retain alignment.
PAR  The balancing of the thermal expansions is achieved as illustrated in the
      following example. The top plug 12 is to be maintained at, for example,
      400.degree.F, the bottom support plate 16 at 750.degree.F and the top
      "hold down" plate or "core bundling device" 20 at 1000.degree.F. These are
      the anticipated temperature gradients for the fast breeder reactor. The
      following equation is then used to calculate the per unit length thermal
      expansion of each component:
EQU  E = .alpha. (T.sub.2 - T.sub.1);
PA1  where "E" equals the per unit length thermal expansion of the reactor
      component;
PA1  ".alpha." equals a constant called the coefficient of thermal expansion,
      which is readily obtainable in precalculated tables; and
PA1  "(T.sub.2 - T.sub.1 )" is the temperature gradient experienced by the
      reactor component, which is the difference between room temperature or the
      temperature at which alignment is originally obtained and the operating
      temperature.
PAL  The materials to be used for the individual components may then be
      determined by first specifying the material to be used in the construction
      of one of the aforementioned reactor components. This choice is arbitrary
      and is only limited to a material which will satisfy the components
      characteristics. Thus, specifying type 304 stainless steel as the material
      used in the construction of the top plug 12, the coefficient of thermal
      expansion (.alpha.) for Type 304 stainless steel is then found to be 10
      .times. 10.sup.-.sup.6 in/in. The temperature gradient as defined above is
      then (400-70). Substituting these values in the equation we obtain:
EQU  E = 10 .times. 10.sup.-.sup.6 (400-70) = 3300 .times. 10.sup.-.sup.6 =
      0.0033 in./in.
PAL  Then to balance the thermal expansion of the bottom support plate 16, with
      the thermal expansion of the top plug 12, we use this value of per unit
      length thermal expansion and the thermal gradient for the bottom support
      plate 16, which is (750-70 ) and substitute it into the equation:
      ##EQU1##
      Using this coefficient of thermal expansion we then consult the tables of
      coefficients of thermal expansion and select a material that has an
      .alpha. approximately equal to 4.86 .times. 10.sup.-.sup.6 and the other
      desired characteristics necessary for constructing the bottom support
      plate 16. Such a material is vanadium, which has a coefficient of thermal
      expansion equal to 5.0 .times. 10.sup.-.sup.6 in./in.
PAR  The same procedure is followed in selecting a material for the top core
      bundling plate 20:
      ##EQU2##
      Molybdenum is an example of a material which satisfies this criteria with
      a coefficient of thermal expansion of 3.2 .times. 10.sup.-.sup.6 in./in.
PAR  If the alignment dimensions are based on a heated assembly, for a hot
      sodium with a temperature of 400.degree.F and a top plug 12 at room
      temperature, the stainless steel plug 12 expansion will remain 3300
      .times. 10.sup.-.sup.6 in./in. For the bottom support plate 16:
      ##EQU3##
      Therefore Type 304 stainless steel with a coefficient of thermal expansion
      of 10 .times. 10.sup.-.sup.6 may also be used for the bottom support plate
      16. For the top core bundling plate 20:
      ##EQU4##
      Therefore Vanadium with a coefficient of thermal expansion of 5.0 .times.
      10.sup.-.sup.6 could be used for the top core bundling plate 20.
PAR  In addition to balancing the thermal expansions to retain alignment, the
      present invention permits the reduction of the gap between fuel
      sub-assemblies 18, wherein thermal bowing occurs. Some nominal gap is
      required at reloading temperatures (approximately 400.degree.F) so that
      the sub-assemblies 18, can be inserted and removed. This gap may be
      selected to be about 0.030 inches for a fuel sub-assembly 18 about 5
      inches wide wherein the structural components of the subassembly are
      formed from Type 304 stainless steel.
PAR  Then of a 0.030 gap exists at 400.degree.F this would be reduced at
      operating conditions as follows. The change in width of a fuel
      sub-assembly 18 is:
EQU  .DELTA.w = .alpha. (T.sub.2 - T.sub.1) W;
PA1  where ".DELTA.W" is the change in width of the sub-assembly 18;
PA1  ".alpha." is the coefficient of thermal expansion of the sub-assembly 18;
PA1  "(T.sub.2 - T.sub.1)" is the thermal gradient, which is the operating
      temperature of the sub-assembly 18 (i.e., 1000.degree.F), minus the
      loading temperature (i.e., 400.degree.F); and
PA1  "W" is the width of the sub-assembly 18.
PAL  Thus substituting the aforementioned values in the equation we obtain:
EQU  .DELTA. W = .alpha. (T.sub.2 - T.sub.1) W = 10 .times. 10.sup.-.sup.6
      (1000-400) 5 = .030 inches.
PAL  The change in the spacings between sub-assemblies 18 is then calculated
      from the equation:
EQU  .DELTA. S = .alpha. (T.sub.2 - T.sub.1) S;
PA1  where ".DELTA.S" is the change in spacing;
PA1  ".alpha."  is the coefficient of thermal expansion of the core bundling
      device 20 which would effect the change in spacing of the fuel-assemblies
      18, (in this example it is assumed, the core bundling device 20 is
      constructed out of vanadium as calculated above); "(T.sub.2 - T.sub.1)" is
      the thermal quadrant of the core bundling device 20 (1000-400); and
PA1  "S" is the spacing between the centers of the fuel sub-assemblies 18 at
      loading temperatures (approximately 5 inches).
PAL  Substituting these values in the equation we obtain:
EQU  .DELTA.S =.alpha. (T.sub.2 - T.sub.1) S = 5.0 .times. 10.sup.-.sup.6
      (750-400) 5 = 0.0084.
PAL  The gap between fuel sub-assembies 18 at operating conditions is then:
EQU  gap = (the gap at loading temperature) - .DELTA.W + .DELTA.S
EQU  gap = 0.030 - 0.030 + 0.0084 = 0.0084 inches.
PAL  Thus, the reduction in the gap between fuel sub-assemblies 18 reduces the
      amount of bow which can develop from 0.030 to 0.0084 inches per
      sub-assembly 18. If the gap between sub-assemblies 18 is reduced, as shown
      above, then the "jump movement" problem is also reduced by the same amount
     .
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A nuclear reactor, including an upstanding vessel, a reactor core
      comprising a plurality of assemblies of elongated fuel rods housed within
      the vessel, and means within the vessel for supporting the fuel rods at a
      plurality of locations along the longitudinal dimension of the rods for
      maintaining the rods in a predetermined structural arrangement within the
      vessel, wherein the support means is constructed to have a measure of
      thermal expansion under designed reactor operating temperatures at each of
      the support locations along the rods substantially equal to the thermal
      expansion of the support means at the other support locations providing
      support in a parallel plane within the reactor vessel, thus balancing the
      thermal expansions along parallel planes of support at the plurality of
      support locations to substantially retain alignment of core components.
NUM  2.
PAR  2. The reactor of claim 1 wherein said support means comprises a bottom
      support plate for supporting said core positioned laterally across one end
      of the fuel rods and a core hold down plate for supporting said core
      positioned laterally across the other end of the fuel rods, said bottom
      support plate and core hold down plate providing support for the fuel rods
      along parallel planes and being supported in position from a wall of the
      vessel.
NUM  3.
PAR  3. The nuclear reactor of claim 1 including means for controlling the
      reactivity of the core wherein the control means is slidably mounted to be
      movable into and out of the core along an axis parallel with the
      longitudinal dimension of the rods and is supported in alignment with the
      rods by the support means.
NUM  4.
PAR  4. The nuclear reactor of claim 3 having an open ended vessel enclosed by a
      top plug having penetrations into and through which the control means
      extend wherein the top plug is constructed to have a measure of thermal
      expansion in a given plane under designed reactor operating temperatures
      substantially equal to the thermal expansion of the support means along
      parallel planes to the given plane along which the support means provide
      support for the control means.
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ABST
PAL  Method for preparing glucuronyl-glucosamino-glycan sulphates exhibiting
      antilipasaemic activity, according to which the duodenum of pancreas of
      animals are subjected to a hydrolysis, the liquid is removed,
      precipitation is carried out with a quaternary ammonium, the precipitate
      is separated with a saline solution of NaCl, KCl or CH.sub.3 COONa, then
      filtering and adding the liquid with an alcohol causing the precipitation
      of the desired product.
BSUM
PAR  This invention relates to a method of extraction which makes it possible to
      obtain glucuronyl-glucosamino-glycan-sulphates with a high specific
      antilipemic action (10-20 U.LS/mg, where 1 U.LS. is the titre of the
      quantity of substance which, injected intravenously into a rat of 200 g.,
      can induce after 10 minutes the release into the blood stream of
      lipoproteinolipases such as to cause a 50% fall in the optical density of
      a 1:2 mixture of the plasma with Ediol (Trade Mark), a 50% coconut oil
      emulsion, after 15' incubation in vitro).
PAR  These products are already used in therapy for their hypolipemic action,
      but preparations currently in use do not exceed 1 U.LS./mg: these are
      polysulphates, polysulphated and polycarboxylated mucopolysaccharides.
PAR  Extracting them requires a process of proteolysis or alkaline extraction in
      order to hydrolyse the protein-glycan complex and so liberate the
      polysaccharide part.
PAR  Some known processes for the preparation of
      glucuronyl-glucosamaino-glycan-sulphates with antilipemic action require
      successive precipitation with solvents of the material extracted,
      dissolving of the precipitate, and purification by various methods, such
      as resin column chromatography and/or selective precipitation of insoluble
      salts and complexes.
PAR  These processes, by their length and complexity, result in a considerable
      loss of material and time and in general a fairly low biological titre in
      the final product (about 1-2 U.LS./mg).
PAR  Examples of this type of process are described in British Pat. No.
      1,172,919 and No. 889,010.
PAR  The fundamental aim of this invention is to realise a process which:
PAR  1. PERMITS OF DIRECTLY OBTAINING PRODUCTS OF A HIGH DEGREE OF PURITY, WITH
      ANTILIPEMIC ACTION, FREE OF ANAPHYLAXIS, HISTAMINE OR PYROGENS.
PAR  2. PROVIDES FOR SELECTIVE PRECIPITATION OF INSOLUBLE COMPLEXES IN WATER IN
      THE PHASE IMMEDIATELY FOLLOWING PROTEOLYSIS OR ALKALINE HYDROLYSIS ON THE
      ANIMAL ORGAN TREATED AND SUCCESSIVE REMOVAL OF IMPURITIES BY WASHING THE
      PRECIPITATE WITH A SALINE SOLUTION OF THE REQUIRED CONCENTRATION.
PAR  Such a process comprises the following steps:
PAR  - ANIMAL DUODENUM OR PANCREAS IS SUBJECTED TO HYDROLYSIS ADDING TO THESE
      ORGANS AN AQUEOUS SOLUTION OF PH between about 5 and about 10 in the
      presence of an antibacterial agent acting exclusively as a bacterial flora
      inhibitor,
PAR  - THE SUSPENSION IS KEPT AT 30.degree.-70.degree.C for up to 48 hours
      without contact with air and then heated to 70.degree.-100.degree.C for
      10-40 minutes,
PAR  - the solid parts are separated, the method being characterised by the fact
      that the following steps are then taken:
PAR  - to the liquid obtained after separation is added an organic base with an
      aliphatic chain of at least 7 carbon atoms, in a quantity between 1% and
      4% in weight of the weight of the animal organ treated and the liquid is
      brought to a pH between 7.5 and 8.5 with a 20-40% solution of an inorganic
      base,
PAR  - the liquid is heated to 70.degree.-100.degree.C for a period of 2 to 20
      minutes, to increase the precipitate and encourage its centrifugation,
PAR  - the solid parts are separated from the liquid,
PAR  - the precipitate is washed first with distilled water and then with an
      aqueous saline solution with a molarity between 0.5 and 1,
PAR  - the precipitate is fractionated with an aqueous solution of the same salt
      used for the previous washing with a molarity between 2.5 and 4,
PAR  - the desired compound is precipitated from the solution using an alcohol
      having less than 4 carbon atoms with pH between 3 and 5.
PAR  The hydrolysis to which the animal organ (duodenum or pancreas) are
      subjected at the beginning of the process should preferably be an
      enzymatic hydrolysis effected by proteolytic enzymes such as pepsin,
      trypsin, papain etc. In this case the pH of the aqueous solution of the
      said animal organs should correspond to the optimum for the action of each
      type of enzyme used in the hydrolysis.
DETD
PAR  For greater clarity some examples of this method are now given, such
      examples not being limitative for the purposes of the protection claimed.
PAC  EXAMPLE 1
PAR  To 100 kg of minced swine duodenum are added 10 kg of NaCl, 400 g of NaOH
      and 200 liters of H.sub.2 O giving a pH around 6-7. The suspension is kept
      boiling for 15-30 minutes and then cooled to 60.degree.C. 1,500,000 I.U.
      of penicillin, 600 g of papain (1:100), 600 g of sodium hyposulphite are
      added and the whole is allowed to incubate for 16 hours at 60.degree.C,
      after which the mixture is brought to the boil and kept boiling for 15-30
      minutes. It is then centrifuged and the centrifuged liquid filtered.
PAR  To the perfectly clear liquid are added 3 liters of a quaternary ammonium
      base formed by a mixture composed of:
PA1  40% methyl dodecyl benzyl trimethyl ammonium chloride
PA1  10% methyl dodecyl xylylene bis(trimethyl ammonium chloride)
PA1  50% water
PAR  The liquid is brought to pH 7.7 with NaOH at 30%, kept boiling for 5
      minutes to give flocculation of the precipitate and centrifuged or
      filtered (the liquid is discarded).
PAR  The precipitate is washed twice with 20 liters of distilled H.sub.2 O (and
      the washing water discarded) to remove excess mixture of any pyrogenic
      substances present in the precipitate which will form the product to be
      injected; the precipitate is then washed with 20 liters of a 0.8M NaCl
      solution (and the washing solution discarded) in order to remove
      substances weakly bound (carboxylic compounds) to the previously-used
      quaternary ammonium base which present no biological activity.
PAR  The precipitate is treated with 20 liters of a 3M NaCl solution to
      encourage fractionation of those substances only to which the activity is
      linked. Centrifugation is then carried out (solid matter being discarded)
      and the centrifuged liquid brought to pH 4.5 with glacial acetic acid.
PAR  1.5 volumes of methanol are added, the whole is centrifuged, and the
      centrifuged precipitate dissolved in 50 liters of a 2M NaCl solution and
      filtered until clear.
PAR  To the clear liquid, adjusted to pH 4, are added 1.5 volumes of methanol.
PAR  This is centrifuged and the precipitate washed twice with methyl alcohol
      and once with ethyl ether.
PAR  The precipitate is finally dried in vacuum: this operation gives the
      product to be injected, free of pyrogens, histamine and anaphylaxis,
      constituted of glucuronyl glucosamino glycan sulphates, with a clearing
      activity of approximately 20 U.LS.
PAR  The substance obtained also possesses an average content of: hexuronic
      acids, 180 mcg/mg; sulphates, 260 mcg/mg; hexosamines, 310 mcg/mg.
PAR  In the above example papain has been used as the proteolytic enzyme, but
      the process can be carried out with any other proteolytic enzyme, such as
      pepsin, trypsin, or chymotrypsin, adapting the ph and the working
      temperature to the enzyme used.
PAR  The same procedure as in the above example can be followed using reagents
      which are different but of the same type as those specified. For instance,
      the quaternary ammonium base added to the clear liquid may be n-alkyl (50%
      C.sub.14 -- 40% C.sub.12 -- 10% C.sub.16) dimethyl benzyl ammonium
      chloride; the saline solution used for washing the precipitate may be a
      0.5M KCl solution or a 1M CH.sub.3 COONa solution; the aqueous solution
      used for fractionating the precipitate may be a 3.5M KCl aqueous solution
      or a 2.5M CH.sub.3 COONa aqueous solution.
PAC  EXAMPLE 2
PAR  To 100 kg of minced bovine pancreas are added 15 kg of NaCl, 50 liters of
      H.sub.2 O, 1,500,000 I.U. of penicillin and NaOH up to pH 5 and the whole
      is left to incubate for 44 hours at about 40.degree.C, resulting in
      autolysis of the pancreas.
PAR  The mixture is brought to the boil and kept boiling for 15 minutes, then
      centrifuged and filtered.
PAR  To the completely clear liquid, brought to pH 8.2 by KOH at 25%, is added 1
      kg of trimethyl acetyl ammonium bromide. The mixture thus obtained is
      maintained for 10 minutes at about 80.degree.C to help flocculation of the
      precipitate.
PAR  The liquid is then centrifuged and filtered (the liquid is discarded).
PAR  The precipitate is washed twice with 20 liters of distilled water (and the
      washing water discarded) and with 20 liters of a 0.5M KCl solution
      (washing solution is discarded).
PAR  The precipitate is then treated with 20 liters of a 4M KCl solution to
      encourage fractionation of those substances only to which the biological
      activity is linked.
PAR  The solution is then centrifuged (solid matter being discarded) and the
      opalescent liquid brought to pH 3.5 with HCl at 10%.
PAR  2 volumes of ethanol are added, the whole centrifuged, and the centrifuged
      precipitate washed twice with methyl alcohol and once with ethyl ether.
PAR  The precipitate is dried in vacuum; this operation gives a product which
      can be injected, free of pyrogens, histamine and anaphylaxis, constituted
      of glucuronyl glucosamino glycan sulphates, with a clearing activity of
      approximately 20 U.LS./mg.
PAR  The substance obtained also possesses an average content of: hexuronic
      acids, 270 mcg/mg; sulphates, 270 mcg/mg; hexosamines, 330 mcg/mg.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of preparing glucosamino glycan sulphates with antilipaemic
      action comprising the steps of:
PA1  subjecting animal duodenum or pancreas to hydrolysis, in a suspension an
      aqueous solution of pH between about 5 and about 10 in the presence of an
      antibacterial agent acting exclusively as a bacterial flora inhibitor,
PA1  keeping the suspension at 30.degree.-70.degree.C for up to 48 hours without
      contact with air and then heating it to 70.degree.-100.degree.C for 10-40
      minutes,
PA1  separating off the solid parts,
PA1  adding to the liquid obtained by separation an organic base having an
      aliphatic chain of at least 7 carbon atoms, in a quantity from 1% to 4% by
      weight of the weight of the animal organ treated, the liquid being then
      brought to pH from 7.5 to 8.5 with a 20-40% solution of an inorganic base,
PA1  heating the liquid to 70.degree.-100.degree.C for from 2 to 20 minutes to
      increase the precipitate and prepare it for centrifugation,
PA1  separating the solid parts from the liquid,
PA1  washing the precipitate first with distilled water and then with a saline
      aqueous solution of molarity from 0.5 to 1,
PA1  fractionating the precipitate with an aqueous solution of the same salt
      used for the previous washing with molarity from 2.5 to 4,
PA1  precipitating the desired compound from the solution using an alcohol
      having 4 carbon atoms or less and pH from 3 to 5.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the final compound precipitated
      is redissolved with a 1-3M saline solution, then clear filtered and
      finally precipitated to pH from 3 to 5 using an alcohol having 4 carbon
      atoms or less.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the said hydrolysis is
      proteolytic enzymatic and the pH to which the said aqueous solution of the
      said animal organs is brought corresponds substantially to the optimum for
      activity of each type of enzyme used in the hydrolysis.
NUM  4.
PAR  4. A method as claimed in claim 1, wherein the saline aqueous solution used
      for washing the precipitate is a 0.8M NaCl solution, a 0.5M KCl solution,
      or a 1M CH.sub.3 COONa solution.
NUM  5.
PAR  5. A method as claimed in claim 1, wherein the precipitate is fractionated
      with a saline aqueous solution consisting of a 3M NaCl solution, a 3.5M
      KCl solution, or a 2.5M CH.sub.3 COONa solution.
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ABST
PAL  The invention relates to a process for the production of citric acid which
     omprises subjecting a carbohydrate-containing material to a submerged
      fermentation with a citric acid producing strain of Aspergillus niger in
      the presence of metals such as iron and copper.
PAL  The object of the invention is to provide a process in which control of the
      trace metal content can be achieved in an economic and convenient manner.
PAL  The improvement according to the invention comprises carrying out said
      fermentation in the presence of refined steel which in addition to iron
      and copper contains at least one component selected of the group
      comprising chromium, manganese, nickel, molybdenum, niobium and titanium.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part application of U.S. application
      Ser. No. 146,555 filed May 24, 1971, now abandoned, on which this
      application relies for priority. This patent application Ser. No. 146,555
      filed May 24, 1971 is incorporated herein by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a process for the production of citric acid which
      comprises subjecting a carbohydrate-containing material to a submerged
      fermentation with a citric acid producing strain of Aspergillus niger in
      the presence of metals such as iron and copper.
PAR  It is known that trace amounts of various metals such as iron, copper and
      zinc have a vital effect on the physiology of the organism used in the
      fermentation process. The metals not only promote the growth of the
      organism, they also have an effect on the yield of citric acid obtained
      from the carbohydrate-containing material used. It is known that although
      iron is required for the growth of microorganisms including Aspergillus
      niger, the presence of this metal can have a very detrimental effect on
      the citric acid yield obtained if this metal is present in the
      fermentation medium in larger than trace amounts. Various attempts have
      been made to remove surplus amounts of this metal e.g. by ion exchange,
      precipitation or complexation processes, also when using
      carbohydrate-containing materials which contain relatively small amounts
      of this metal. It has also been found that copper or morpholine can be
      used to counteract the detrimental effects of surplus amounts of iron.
PAR  It is an object of the invention to provide a process in which control of
      the trace metal content can be achieved in an economic and convenient
      manner.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention the improvement comprises carrying out said
      fermentation in the presence of refined steel which in addition to iron
      and copper contains at least one component selected of the group
      comprising chromium, manganese, nickel, molybdenum, niobium and titanium.
PAR  In this, the refined steel acts as the source of trace elements whereby an
      optimum concentration of trace metals in the fermentation mash and thereby
      a high yield of citric acid is obtained.
PAR  This effect is surprising as according to conventional practices the use of
      refined steel in the production of citric acid is avoided or at least
      contact between the fermentation solution and the refined steel is reduced
      to a minimum by coating the fermenting vessels e.g. with rubber or by
      using fermenting vessels which are made of non-ferrous metals such as
      titanium, aluminum or glass.
PAC  DETAILED DESCRIPTION
PAR  By way of exemplification, not by way of limitation, the invention will be
      more readily understood by the description of the preferred embodiment
      which follows. The invention comprises preparing citric acid by subjecting
      a carbohydrate-containing material to a submerged fermentation with a
      citric acid producing strain of Aspergillus niger in the presence of
      refined steel.
PAR  Suitable for the process according to the invention are the stainless
      steels, set forth on page 159 and 151 of Nachschlagewerk Stahlschlussel,
      8., Edition 1968, Publication and Distribution of Verlagstahlschussel
      Wegst Kg, West Germany, identified as steels Standard No. 1.4505 and
      1.4586. The Publication Stahlschlussel, identified above, at pages 150 and
      151 is incorporated herein by reference. Two other steels listed in the
      Stahlschlussel publication at pages 150 and 151, the steels identified as
      Standard No. 1.4571 and 1.4541, serve as comparisons. These steels will be
      referred to hereafter by their numbers 1.4505, 1.4586, 1.4541 and 1.4571.
PAR  The exact compositions of these steels are set forth in Table II. Table II
      corresponds substantially to Table II of the co-pending parent application
      Ser. No. 146,555 filed May 24, 1971, as to the compositions of the refined
      steels useful in this invention. The compositions set forth in Table II
      are expressly recited at pages 150 and 151 of the Stahlschlussel reference
      incorporated herein by reference. As is obvious, values of the components
      set forth in Table II are proportions, rather than ranges.
PAR  The steels 1.4505 and 1.4586 contain as components, in addition to iron and
      carbon, silicon, manganese, chromium, molybdenum, nickel, copper and
      niobium. As set forth in Table II, the components in the steels 1,4505
      have values of 2% manganese, about 0.07% carbon, about 1% silicon, 17.5%
      chromium, 2.25% molybdenum, 20% nickel, 2% copper and niobium in an amount
      eight times greater than that of the carbon component. 1.4586 contains
      about 0.07% carbon, about 1% silicon, 2% manganese, 18,0% chromium, 2.75%
      molybdenum, 22.0% nickel, 2% copper and an amount of niobium eight times
      greater than that of carbon. Steel 1.4541 contains about 0.10% carbon and
      about 1% silicon, as well as manganese, chromium, nickel and titanium.
      Steel 1.4571 contains about 0.10% carbon, about 1% silicon, as well as
      manganese, chromium, molybdenum, nickel and titanium. The titanium
      component of steels 1.4571 and 1.4541 is said to be present in an amount
      five times greater than that of carbon, as is set forth in Table II.
PAR  It is of advantage to adjust the pH value to approximately 2.8 after
      addition of the nutrient solution. It is useful to follow this up with
      sterilization at temperatures of 100.degree.C. or above and, after cooling
      off, the addition of e.g. the refined steel and its coming into contact
      with the nutrient solution, respectively, if parts of the construction of
      the fermenter, feeder lines, cooling coils or the entire fermenter are
      made of this steel.
PAR  Then, the solution is inoculated with the spores of Aspergillus niger and
      fermentation is carried out at temperatures of approximately 30.degree.-
      32.degree.C. The improvement in yield in submerged fermentation in the
      presence of refined steel as compared to fermentation without the addition
      of metal is illustrated by the following examples:
DETD
PAC  EXAMPLE 1
PAR  A decationized sugar solution of 20% by weight per volume was adjusted to a
      pH value of 2.8 after the addition of nutrient salts.
PAR  80 ml each of the solution mentioned above were placed in 4 vibrator
      flasks, sterilised in streaming steam for half an hour at 100.degree.C.
      and cooled off to 30.degree.C. In two of the vibrator flasks, a piece of
      sterilized stainless steel 1.4505 or 1.4586, respectively, with a surface
      ratio of 1.2 cm.sup.2 /100 ml was introduced into the sugar-containing
      solution. The other two vibrator flasks were left without metal addition.
PAR  All 4 flasks were inoculated with a suspension of spores of Aspergillus
      niger and subjected to vibration for about 12 days at a temperature of
      30.degree.- 32.degree.C. The results of fermentation are evident from the
      following table.
TBL                Table I :                                                   
     ______________________________________                                    
     Test Addition of  Fermentation                                            
                                   Citric Acid Yield                           
          Refined Steel                                                        
                       Time in Days                                            
                                   in %                                        
     ______________________________________                                    
     1    -            12          35.5                                        
     2    -            12          30.1                                        
     3    +            11          61.1                                        
     4    +            13          59.8                                        
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  11 liters of a sugar solution partially purified by decationization with a
      content of 25% by weight per volume of sugar were adjusted to a pH value
      of 2.8 after the addition of nutrient salts, sterilized in streaming steam
      at a temperature of 100.degree.C. cooled off to 30.degree.C. and then
      transferred to a glass fermenter with a diameter of 150 mm and a height of
      1000 mm under sterile conditions. Ventilation was effected by a
      distributor pipe at the bottom of the fermenter. The fermenter contained a
      piece of refined steel of the type 1.4541 with a surface area of 131
      cm.sup.2. The fermentation solution was inoculated with Aspergillus niger
      at a temperature of 30.degree.C. After a fermentation period of 14 days,
      614 g citric acid crystals, were obtained, which corresponds to a yield of
      22.3%.
PAC  EXAMPLE 3 :
PAR  The fermentation solution treated as described in Example 2 was put into a
      fermenter as described in Example 2 containing a piece of refined steel of
      the type 1.4571 with a surface area of 131 cm.sup.2. The fermentation
      solution was inoculated at a temperature of 30.degree.C. with spores of
      Aspergillus niger and at the same time 11 mg of potassium hexacyano
      ferrate-II were added. On the third day, 6.6 mg., on the fifth day, 4.4 mg
      and on the eighth day, 3.3 mg. of potassium hexacyano ferrate-II were
      added. After a fermentation period of 12 days, 1.254 g of citric acid
      crystals were obtained, which corresponds to a yield of 45.6%.
PAC  EXAMPLE 4
PAR  The fermentation solution treated as described in Examples 2 and 3 was put
      into a fermenter as described in Example 2 containing a piece of refined
      steel of the type 1.4505 with a surface area of 131 cm.sup.2. The
      inoculation with Aspergillus niger was effected. The fermentation period
      was terminated after 10 days. 2.456 g of citric acid crystals were
      obtained, which corresponds to a yield of 89.3%.
PAC  EXAMPLE 5
PAR  The fermentation solution treated according to the preceding examples was
      placed into a fermenter as described in Example 2 which had been provided
      with a piece of refined steel of the type 1.4586 with a surface area of
      131 cm.sup.2. After inoculation with the spores of Aspergillus niger, 11
      mg. of potassium hexacyano ferrate-II were added to the fermenting mash on
      the first day, 3.3 mg. on the fifth day and 2.2 mg. on the seventh day.
      After a fermentation period of 10 days, 2.480 g of citric acid crystals
      were obtained, which corresponds to a yield of 90.18%.
TBL                Table II :                                                  
     ______________________________________                                    
     Examples                                                                  
            Refined Steel added,                                               
                            Fermentation                                       
                                        Citric Acid                            
            Standard No.    Time in Days                                       
                                        Yield in %                             
     ______________________________________                                    
     2      1.4541          14          22.3                                   
     3      1.4571          12          45.6                                   
     4      1.4505          10          89.3                                   
     5      1.4586          10           90.18                                 
     Composition of the Steels used in the Examples:                           
     Steels                                                                    
           C       Si    Mn  Cr    Mo    Ni    Cu  others                      
     ______________________________________                                    
     1.4505                                                                    
           0.07%   1%    2%  17.5% 2.25% 20.0% 2%  Nb 8.times.C                
     1.4586                                                                    
           0.07%   1%    2%  18.0% 2.75% 22.0% 2%  Nb 8.times.C                
     1.4541                                                                    
           0.10%   1%    2%  18.0% --    10.0% --  Ti 5.times.C                
     1.4571                                                                    
           0.10%   1%    2%  17.5% 2.25% 11.5% --  Ti 5.times.C                
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for the production of citric acid which comprises
      subjecting a decationized sugar solution to submerged fermentation with a
      citric acid producing strain of Aspergillus niger in the presence of
      metals such as iron and copper, the improvement which comprises providing
      a decationized sugar solution with a pH of about 2.8 and carrying out said
      fermentation in the presence of a refined steel which in addition to iron
      and copper contains at least one component selected from the group
      consisting of carbon, silicon, manganese, chromium, molybdenum, nickel,
      niobium and titanium, wherein the amount of copper in the steel is 2%.
NUM  2.
PAR  2. The process of claim 1, wherein the refined steel contains, in addition
      to iron and copper, at least one component selected from the group
      consisting of carbon, silicon, manganese, chromium, molybdenum, nickel and
      niobium.
NUM  3.
PAR  3. The process of claim 2, wherein the refined steel contacts said nutrient
      solution, by the introduction of a piece of said refined steel into the
      nutrient solution.
NUM  4.
PAR  4. The process of claim 1, wherein the refined steel contacts said nutrient
      solution, by employing a fermenter, the construction of the whole of which
      or the construction of parts of which require use of said refined steels.
NUM  5.
PAR  5. In a process for the production of citric acid which comprises
      subjecting a decationized sugar solution to submerged fermentation with a
      citric acid producing strain of Aspergillus niger in the presence of
      metals such as iron and copper, the improvement which comprises carrying
      out the fermentation in the presence of a refined steel selected from the
      group consisting of steels containing
PA1  a. about 1% silicon, 17.5% chromium, 2% manganese, 20% nickel, 2.25%
      molybdenum, 2% copper, about 0.07% carbon and an amount of niobium which
      is greater than 8 times the carbon content; and
PA1  b. about 1% silicon, 18% chromium, 2% manganese 22.0% nickel, 2.75%
      molybdenum, 2% copper, about 0.07% carbon and an amount of niobium which
      is greater than 8 times the carbon content.
NUM  6.
PAR  6. The process according to claim 5, wherein said refined steel is employed
      with a surface ratio of 1.2 cm.sup.2 /100 ml nutrient solution.
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ABST
PAL  Microbial conversion of agricultural carbohydrate materials to alcohols
      followed by direct conversion of the oxygenated microbial reaction product
      to a hydrocarbon product comprising a substantial highly aromatic fraction
      which is liquid at normal temperatures and pressures. This latter
      conversion is carried out in the effective presence of a high silica to
      alumina ratio zeolite like ZSM-5.
BSUM
PAR  This invention relates to the production of synthetic petroleum type
      hydrocarbons. It more particularly refers to the conversion of
      carbohydrates to hydrocarbons.
PAR  The fermentation of sugar to alcohol is many thousands of years old. It is
      almost equally as old to first convert carbohydrates to sugars and then to
      convert the sugars to alcohol. This procedure makes excellent alcohol in
      terms of taste but it is expensive. A large part of the expense involved
      is in the concentrations stage, that is, the portion of the process in
      which the fermentation produced alcohol is separated from the water
      byproduct.
PAR  In conventional production of alcohols by fermentation, the fermenter mash
      is usually subjected to rather extensive distillation in order to recover
      as much of the produced alcohol as possible in as concentrated a form as
      possible. Since this mash has a water content which is usually higher than
      its alcohol content, this distillation step is extensive and expensive and
      is in fact the heart of alcohol production in a "distillery." Thus
      distillery produced alcohol is generally too expensive to be used as a
      chemical intermediate and is usually sold only for drinking and medicinal
      purposes, which uses can support the extra costs.
PAR  There has recently been discovered a process of converting lower alcohols
      or other similar heteroatom containing organic compounds to highly
      aromatic hydrocarbon compositions which predominate in the gasoline
      boiling range, that is have an atmospheric pressure boiling point of up to
      about 400.degree. to 430.degree.F. Applications Serial Nos. 387,222, now
      U.S. Pat. No. 3,894,106, 387,223 now U.S. Pat. No. 3,894,107, and 387,224,
      now U.S. Pat. No. 3,907,915 all filed Aug. 9, 1973, are directed to this
      conversion. Since gasoline is a relatively cheap commodity when derived
      from petroleum oil, it has been very difficult in the past to develop
      processes to convert non-petroleum raw materials to gasoline boiling range
      hydrocarbons of appropriate gasoline quality. In fact, the governments of
      some countries around the world have, at various times, legislated the
      inclusion of grain alcohol is "gasoline" compositions as a means of
      supporting the local grain industry. This indicates that alcohol is too
      inherently expensive to be used as a gasoline fuel in the free
      marketplace. However, with the development of the new alcohol conversion
      technology referred to above, and the recent worldwide increases in the
      cost of crude oil, the economic incentives for converting alcohol to
      gasoline have improved.
PAR  It is an object of this invention to provide an improved process for
      converting alcohol to gasoline.
PAR  It is another object of this invention to provide improved means of
      converting natural materials, such as grain, to gasoline.
PAR  It is a further object of this invention to improve the economics of
      inclusion of cellulose and/or sugar derived alcohol into gasoline.
PAR  Other and additional objects of this invention will become apparent from a
      consideration of this entire specification including the claims hereof.
DETD
PAR  In accord with and fulfilling these objects, one aspect of this invention
      resides in the process of: microbially converting carbohydrates and/or
      cellulosics to an oxygenated lower aliphatic organic compound product
      comprising ethanol and water in a conventional manner; directly, and
      without intermediate separation of all of the water from the organic
      components of this product, converting the liquid portion of this product
      at a temperature of about 500.degree. to 1000.degree.F in effective
      contact with a crystalline aluminosilicate zeolite having a silica to
      alumina ratio of at least 12 and a constraint index of 1 to 12; and then
      recovering at least the liquid hydrocarbon portion of the product of this
      conversion. This last separation is suitably by decantation thus reducing
      the energy consumption of the overall process as compared to separation of
      the ethanol and water by fractionation.
PAR  The class of zeolites utilized in this invention has some unusual
      properties. These zeolites by themselves induce profound transformations
      of aliphatic hydrocarbons to aromatic hydrocarbons in commercially
      desirable yields. Although they have unusually low alumina contents, i.e.,
      high silica to alumina ratios, they are very active even when the silica
      to alumina ratio exceeds 30. The activity is surprising since the alumina
      in the zeolite framework is believed responsible for catalytic activity.
      They retain their crystallinity for long periods in spite of the presence
      of steam at high temperature which induces irreversible collapse of the
      framework of other zeolites, e.g. of the X and A type. Furthermore,
      carbonaceous deposits, when formed, may be removed by burning at higher
      than usual temperatures to restore activity.
PAR  An important characteristic of the crystal structure of this class of
      zeolites is that it provides constrained access to, and egress from this
      intracrystalline free space by virtue of having a pore dimension greater
      than about 5 Angstroms and pore windows of about a size such as would be
      provided by 10-membered rings of oxygen atoms. It is to be understood, of
      course, that these rings are those formed by the regular disposition of
      the tetrahedra making up the anionic framework of the crystalline
      aluminosilicate, the oxygen atoms themselves being bonded to the silicon
      or aluminum atoms at the centers of the tetrahedra. Briefly, the preferred
      zeolites useful in this invention possess, in combination: a silica to
      alumina ratio of at least about 12; and a structure providing constrained
      access to the crystalline free space.
PAR  The silica to alumina ratio referred to may be determined by conventional
      analysis. This ratio is meant to represent, as closely as possible, the
      ratio in the rigid anionic framework of the zeolite crystal and to exclude
      aluminum in the binder or in cationic form within the channels. Although
      zeolites with a silica to alumina ratio of at least 12 are useful, it is
      preferred to use zeolites having higher ratios of at least about 30. Such
      zeolites after activation, acquire an intracrystalline sorption capacity
      for normal hexane which is greater than that for water, i.e., they exhibit
      "hydrophobic properties". It is believed that this hydrophobic character
      is advantageous in the present invention.
PAR  The type zeolite useful in this invention freely sorb normal hexane and
      have a pore dimension greater than about 5 Angstroms. In addition, the
      structure must provide constrained access to larger molecules. It is
      sometimes possible to judge from a known crystal structure whether such
      constrained access exists. For example, if the only pore windows in a
      crystal are formed by eight membered rings of oxygen atoms, then access to
      molecules of larger cross-section than normal hexane is excluded and the
      zeolite is not of the desired type. Windows of ten-membered rings are
      preferred, although excessive puckering or pore blockage may render these
      zeolites ineffective. Twelve-membered rings do not generally appear to
      offer sufficient constraint to produce the advantageous conversions,
      although structures can be conceived, due to pore blockage or other cause,
      that may be operative.
PAR  Rather than attempt to judge from crystal structure whether or not a
      zeolite possesses the necessary constrained access, a simple determination
      of the "constraint index" may be made by passing continuously a mixture of
      equal weight of normal hexane and 3-methylpentane over a small sample,
      approximately 1 gram or less, of zeolite at atmospheric pressure according
      to the folllowing procedure. A sample of the zeolite, in the form of
      pellets or extrudate, is crushed to a particle size about that of coarse
      sand and mounted in a glass tube. Prior to testing, the zeolite is treated
      with a stream of air at 1000.degree.F for at least 15 minutes. The zeolite
      is then flushed with helium and the temperature adjusted between
      550.degree.F and 950.degree.F to give an overall conversion between 10%
      and 60%. The mixture of hydrocarbons is passed at 1 liquid hourly space
      velocity (i.e. 1 volume of hydrocarbon per volume of zeolite per hour)
      over the zeolite with a helium dilution to give a helium to total
      hydrocarbon mole ratio of 4:1. After 20 minutes on stream, a sample of the
      effluent is taken and analyzed, most conveniently by gas chromatography,
      to determine the fraction remaining unchanged for each of the two
      hydrocarbons.
PAR  The "constraint index" is calculated as follows:
      ##EQU1##
      The constraint index approximates the ratio of the cracking rate constants
      for the two hydrocarbons. Zeolites suitable for use as catalyst for the
      present invention are those having a constraint index from 1.0 to 12.0,
      preferably 2.0 to 7.0.
PAR  The class of zeolites defined herein is exemplified by ZSM-5 type including
      ZSM-11, ZSM-21 and other similar materials. Recently issued U.S. Pat. No.
      3,702,886 describing and claiming ZSM-5 is incorporated herein by
      reference.
PAR  ZSM-11 is more particularly described in U.S. Pat. No. 3,709,979, the
      entire contents of which are incorporated hereby reference.
PAR  ZSM-21 is more particularly described in U.S. application, Ser. No.
      358,192, filed May 7, 1973, the entire contents of which are incorporated
      herein by reference.
PAR  The specific zeolites described, when prepared in the presence of organic
      cations, are catalytically inactive, possibly because the intracrystalline
      free space is occupied by organic cations from the forming solution. They
      may be activated by heating in an inert atmosphere at 1000.degree.F for
      one hour, for example, followed by base exchange with ammonium salts
      followed by calcination at 1000.degree.F in air. The presence of organic
      cations in the forming solution may not be absolutely essential to the
      formation of this type zeolite; however, the presence of these cations
      does appear to favor the formation of this special type of zeolite. More
      generally, it is desirable to activate this type zeolite by base exchange
      with ammonium salts followed by calcination in air at about 1000.degree.F
      for from about 15 minutes to about 24 hours.
PAR  Natural zeolites may sometimes be converted to this type zeolite by various
      activation procedures and other treatments such as base exchange,
      steaming, alumina extraction and calcination, in combinations. Natural
      minerals which may be so treated include ferrierite, brewsterite,
      stillbite, dachiardite, epistilbite, heulandite, and clinoptilolite. The
      preferred crystalline aluminosilicates are ZSM-5, ZSM-11 and ZSM-21 with
      ZSM-5 particularly preferred.
PAR  In a preferred aspect, zeolites used herein are selected as those having a
      crystal density, in the dry hydrogen form, of not substantially below
      about 1.6 grams per cubic centimeter. It has been found that zeolites
      which satisfy all three of these criteria are most desired. Therefore, the
      preferred catalysts of this invention utilize zeolites having a constraint
      index as defined above of about 1 to 12, a silica to alumina ratio of at
      least about 12 and a dried crystal density of not less than about 16 grams
      per cubic centimeter. The dry density for known structures may be
      calculated from the number of silicon plus aluminum atoms per 1000 cubic
      Angstroms, as given, e.g. on page 11 of the article on Zeolite Structure
      by W. M. Meier. This paper, the entire contents of which are incorporated
      herein by reference, is included in "Proceedings of the Conference on
      Molecular Sieves, London, April 1967", published by the Society of
      Chemical Industry, London, 1968. When the crystal structure is unknown,
      the crystal framework density may be determined by classical pyknometer
      techniques. For example, it may be determined by immersing the dry
      hydrogen form of the zeolite in an organic solvent which is not sorbed by
      the crystal. It is possible that the unusual sustained activity and
      stability of this class of zeolites is associated with its high crystal
      anionic framework density of not less than about 1.6 grams per cubic
      centimeter. This high density of course must be associated with a
      relatively small amount of free space within the crystal, which might be
      expected to result in more stable structures. This free space, however, is
      important as the locus of catalytic activity.
PAR  One aspect of this invention resides in the novel use of carbohydrates as
      raw materials for the production of higher hydrocarbons, particularly
      gasoline boiling range, highly aromatic hydrocarbon mixtures. These
      carbohydrates include sugars, starches and cellulosics, i.e. all
      vegetation and algae. Carbohydrates can be considered to be composed of
      carbon and water. Therefore, decarboxylation of carbohydrates, in
      rejecting carbon and oxygen, leaves oxygenated hydrocarbons behind. This
      is the crux of the process of fermentation of grains to ethanol. It is
      carried out at low temperatures and is mildly exothermic. It is well
      suited to be carried out in a water medium which eliminates the need for
      removing water from the vegetation prior to conversion thereof into
      alcohol. This fermentation reaction is, as above-noted, well known and has
      been widely practiced for thousands of years.
PAR  Conventionally, the fermentation product is a very dilute aqueous solution
      of alcohol. It is conventional that this solution also has admixed with it
      solid fermentation residue and various inorganic nutrients.
      Conventionally, the "mash" is subjected to fractional distillation of
      concentrate and purify the alcoholic solution as well as separate it from
      the solid portion of the mash. This fractional distillation removes very
      large quantities of water and is the most expensive and energy consuming
      step in the process of making alcoholic liquor.
PAR  The crux of the instant invention is, however, based upon the fact that the
      particular zeolite catalysts used herein to convert the alcohol to
      aromatic hydrocarbon gasoline are not particularly sensitive to water or
      to the other components of the mash under the conditions which are useful
      for this conversion. The fact is that alcohol has a higher vapor pressure
      than water and can, therefore, be inexpensively separated from the
      fermented mash in a stripping column if the purity and anhydrousness of
      the alcohol is not critical. Unlike a fractionation column, which is
      needed to separate a concentrated purified alcohol solution from the mash,
      the energy consumption of a stripping column is relatively small because
      the distillate overhead does not need to be condensed and recycled
      (refluxed), i.e. operating with a high reflux ratio in order to increase
      the efficiency of separation. The stripping column can be of any
      conventional design such as a packed tower or a bubble-plate column. The
      fermenter mash, suitably after being separated from its solid components,
      is preheated in a conventional heat exchanger and fed to the top of the
      column. In the production of ethyl alcohol, the fermenter mash suitably
      contains between 6 and 12% ethyl alcohol, the vapor in equilibrium with
      this liquid suitably containing 39 to 54% ethyl alcohol. Heat is supplied
      at the bottom of the column removing the last trace of ethyl alcohol from
      the liquid.
PAR  It is appropriate that the mash distillate (that is the stripper overhead)
      contain about 40 to 70 weight per cent water. Preferred water content is
      about 50%. This highly aqueous solution of alcohol is then converted to
      gasoline over a suitable zeolite catalyst as aforesaid. Not only is the
      water which is carried through the alcohol conversion reaction not
      detrimental to this reaction and its catalyst, but it actually serves a
      most useful purpose. The conversion of alcohols to gasoline boiling range
      hydrocarbons is quite exothermic and must be cooled to a substantial
      extent to keep the reaction from running away out of control. The large
      amount of water fed to the conversion reaction as well as the large amount
      of water made in the conversion reaction act as a heat sink for the heat
      generated in the alcohol conversion.
PAR  One of the advantages of the instant invention over the prior art
      technology is in the amount of energy required to carry out the process.
      The reason for the big difference in the amount of energy required is
      because of the high temperatures required in the prior art technology.
      This will become clear when we examine the similarities and differences
      between prior art technology and the process of the instant invention.
PAR  From an overall reaction point of view, all the processes including the
      instant invention of converting carbohydrates to motor fuel are the same,
      i.e. they may be described as a process of decarboxylation and dehydration
      of carbohydrates to produce a hydrocarbon mixture with CO.sub.2 and
      H.sub.2 O as byproducts. The overall reaction may be written as follows:
TBL  C.sub.6 H.sub.12 O.sub.6                                                  
                  (CH.sub.2).sub.4                                             
                                + 2CO.sub.2 +2H.sub.2 O                        
     Carbohydrates                                                             
                  Hydrocarabon                                                 
                  mixture                                                      
PAL  However, to carry out this reaction in a practical scheme, there are major
      differences among various processes. In the case of prior art technology,
      the agricultural or other raw material must first be dried to reduce its
      moisture content and the initial processing step generally involves a high
      temperature gasification step, such as high temperature pyrolysis or steam
      reforming, and a water gas shift reaction or combinations thereof to yield
      a mixture of carbon monoxide and hydrogen of the desired ratio for further
      conversion. CO.sub.2 is released as a byproduct in this step. After
      elaborate purification steps, the mixture of CO and H.sub.2 is reacted at
      high pressure and high temperature, for example, in the Fisher-Tropsch
      synthesis to produce liquid hydrocarbons or alternatively reacted under
      pressure to produce methanol and then reacting methanol over a crystalline
      aluminosilicate zeolite catalyst, (see application Ser. No. 387,222, filed
      Aug. 8, 1973 and other applications referred to therein, to produce liquid
      hydrocarbons).
PAR  In the instant invention, the raw material need not be dried, in fact,
      additional water may be desirable during processing. The first step
      generally involves the conversion of the carbohydrates to fermentable
      sugars, (except, of course, when sugar such as molasses is the raw
      material). Included in this step are grinding, cooking and hydrolysis,
      enzymic or acid, all of which are conventional and conducted at
      temperatures not much above the boiling point of water. Examples of
      enzymic hydrolysis process for starchy raw materials, e.g., grains,
      potatoes, etc. include the use of barley-malt amylases and Fungal
      amylases. The latter can be produced by the use of microorganisms of the
      genera Rhizopus and Asperigillus. For cellulosie raw materials, Fungi of
      the genera Trichoderma, Irpex, Myrothecium and Bacteria of the genus
      Cellvibrio can be used. Acid hydrolysis is usually carried out in the
      presence of a dilute inorganic acid solution such as hydrochloric acid.
      Following hydrolysis, the fermentable sugar solution is innoculated with a
      yeast culture, and the conversion of sugar to ethanol take place
      anaerobically at room temperature (60.degree.-90.degree.F) and atmospheric
      pressures. CO.sub.2 is released as a byproduct in this step. After
      fermentation, the fermenter mash is stripped of its alcohol and converted
      to hydrocarbons as described above.
PAR  To further quantify the difference in the amount of energy required to
      carry out the process, a reasonable and direct comparison may be made
      between a process converting glucose to methanol and the instant
      invention, part of which involves the conversion of glucose to a 50%
      ethanol solution, since the energy required for the following step
      converting the alcohols to hydrocarbons is similar for both processes.
PAR  The major energy demanding steps (including evaporation and heat of
      reaction only) for the methanol synthesis process may be listed as
      follows:
TBL                      Btu/lb. carbon                                        
                         in glucose                                            
     Removal of moisture from raw                                              
     material (endothermic)                                                    
                           5,750                                               
     Steam reforming (endothermic)                                             
                           3,500                                               
     Water gas shift (exothermic)                                              
                            485                                                
     Methanol synthesis (exothermic)                                           
                           2,177                                               
     Total                 11,912                                              
PAR  It is noted that the individual steps in the prior art technology are all
      either high exotermic or highly endothermic and the sum of the energy
      demand represents approximately 85% of the heating value of the carbon
      content of the feed. Thus, in order to improve the thermal efficiency of
      converting the energy stored in carbohydrates to energy in liquid
      hydrocarbon fuel, expensive investment in heat transferring equipment,
      such as boilers, heat exchangers, recycle compressors, specialized
      reactors, etc. must be used, and most of which must withstand both high
      temperatures and high pressures.
PAR  The major energy demand step for producing a 50% aqueous ethanol solution
      by the instant invention may be listed as follows:
TBL                 Btu/lb. carbon                                             
                     in sugars                                                 
     Fermentation (exothermic)                                                 
                         560                                                   
     Stripping (endothermic)                                                   
                        1,700                                                  
     Total              2,260 Btu/lb. Carbon                                   
                        in glucose                                             
PAR  It is noted that many of the highly endothermic and exothermic reaction
      steps in the prior art technology are now combined and the combined
      reaction is only mildly exothermic. Furthermore, by eliminating the
      necessity of producing pure ethanol as a product, the energy required to
      separate ethanol from the fermenter mash is not large. Thus, the inherent
      thermal efficiency will be high. Since the process is preferably carried
      out at about atmospheric pressure and only slightly above the boiling
      point of water, expensive heat transfering equipment will not be required.
PAR  It is interesting to note that the hydrocarbon yield from green vegetation
      according to this invention is about 9 weight percent based upon the total
      harvested weight of the vegetation. This equates quite nicely to the yield
      from oil bearing shale and is substantially less ecologically destructive.
      Further, while hydrocarbon fuels from shale or crude oil or coal are a
      resource which will eventually at some future time be completely depleted,
      hydrocarbons produced by the instant process are continually renewed; the
      hydrocarbons produced are burned to make carbon dioxide and water which
      the plants then reconvert to carbohydrates which are harvested and
      converted as set forth herein thus producing a truly cyclical process.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the process of converting carbohydrates to gasoline boiling range
      hydrocarbons comprising fermenting said carbohydrates to an intermediate
      product comprising water, alcohol and solid fermentation products;
      distilling the alcohol from said intermediate product; and converting said
      alcohol to said hydrocarbons by contacting such with a crystalline
      aluminosilicate zeolite catalyst having a silica to alumina ratio of at
      least 12 and a constraint index of about 1 to 12 at about 500.degree. to
      1000.degree.F; the improvement which comprises instead of distilling said
      intermediate product, flashing said intermediate product to remove a
      distillate of alcohol and about 40 to 70 weight percent water therefrom;
      and directly contacting said wateralcohol distillate from said flashing
      with said zeolite at said temperature.
NUM  2.
PAR  2. The improved process claimed in claim 1 including stripping the
      fermenter mash to a distillate of about half water, half alcohol.
NUM  3.
PAR  3. The improved process claimed in claim 1 wherein said zeolite is a ZSM-5.
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ABST
PAL  Wild strain Lechien of the organism Clostridium perfringens is attenuated
      with nitrosoguanidine. To produce an anti-tumor preparation, the
      attenuated organism is grown first on a growth medium then on a
      sporulation medium and the resulting growth recovered as a bacillary
      suspension, a spore suspension, or culture filtrates. The preparation in
      any of these forms has the property of inhibiting the growth of Ehrlich's
      solid tumor, of reducing the tumor size, and lengthening the survival time
      of the host.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a new attenuated strain of bacteria, an
      anti-tumor product, and a method for their preparation.
PAR  2. Description of the Prior Art
PAR  The wild strain Lechien of Clostridium perfringens (Welchia perfringens) is
      on deposit at the Institut Pasteur, Paris, France. This wild strain has
      pathogenicity for mice and guinea pigs.
PAC  SUMMARY OF THE INVENTION
PAR  The applicants have now developed a new attenuated strain of Clostridium
      perfringens, which they identify as LNG-11. This is derived by attenuating
      the wild Lechien strain with nitrosoguanidine. The new attenuated strain
      retains the original fermentation characteristics of the wild strain, but
      unlike the wild strain lacks pathogenicity for mice and guinea pigs.
PAR  To produce the anti-tumor product, the attenuated strain is grown by a
      sequential method first on a growth medium then on a sporulation medium in
      a cellophane tube apparatus as described by Vinet and Fredette in Science,
      Volume 114, No. 2969, pgs. 549-550, Nov. 23, 1951.
PAR  The growth medium may be Trypticase-Soy broth or other suitable growth
      medium. The sporulation medium is of the Wagenaar-Dack broth type. Growth
      is preferably carried out to substantially the maximum vegetative cell
      count. Sporulation is preferably carried out to substantially the maximum
      spore count. The resulting product is harvested as a bacillary suspension,
      a spore suspension or as filtrates. The activity of each is determined by
      intravenous injection in mice bearing Ehrlich's solid tumor.
PAR  The activity of the product is specific to tumor tissue and, at the same
      time lacks pathogenicity. The bacillary suspension, the spore suspension
      of filtrates, when injected into mice bearing Ehrlich's solid tumors have
      the property of reducing the tumor size, lengthening the survival of the
      mice, and, in a certain number of cases, bringing about complete
      regression of the tumors.
DETD
PAR  The following examples illustrate preferred procedures according to the
      invention.
PAC  EXAMPLE I
PAR  A fully virulent classical strain of Clostridium perfringens which is on
      deposit at the Institut Pasteur, Paris, France, was treated during its
      logarithmic growth phase with 100 .mu.g/ml of
      N-methyl-N'-nitro-N-nitrosoguanidine, the bacteria being exposed to the
      mutagen for 30 minutes at 37.degree.C in a phosphate buffer adjusted to pH
      = 6.2. After treatment the suspension was streaked on sheep blood agar
      plates and colonies which showed an alteration in the .theta.-hemolysis
      pattern were selected for isolation. The resulting attenuated strain
      identified as LNG-11 was completely avirulent.
PAC  EXAMPLE II
PAR  The attenuated strain LNG-11 as prepared in Example I was grown at
      37.degree.C on Trypticase-Soy broth (Baltimore Biological Laboratories)
      for 48 hours. Then the medium was changed for modified version of Wagenaar
      and Dack's sporulation medium. Then the growth was carried on for an
      additional 48 hours. The growth was then harvested with centrifugation and
      washing. The supernatent was filtered on a 0.45 micron "Millipore" (trade
      mark) membrane.
PAC  EXAMPLE III
PAR  Ehrlich's solid carcinoma was maintained in male Swiss albino mice,
      weighing from 17 to 22 grams, by six weekly transfers in the peritoneal
      cavity. The mice were inoculated by the sub-continuous route using 0.5
      millilitres of the fluid from the peritoneal cavity after 8 to 11 days,
      animals bearing a developed nodule were randomized for treatment with
      preparations from strain LNG-11. The product of Example II in the form of
      a bacillary suspension, a spore suspension, or filtrates was injected by
      the intravenous route, never using more than 0.5 millilitres per dose.
      When multiple doses had to be administered these were done at 24 hour
      intervals.
PAR  In mice bearing a 200 square millimeter tumor 100 .times. 10.sup.6
      vegetative cells produced a statistically significant retardation of tumor
      growth as did 10 doses of the corresponding crude filtrate. In large as
      well as in small tumors 4 .times. 10.sup.5 to 4 .times. 10.sup.6 viable
      thermoresistant spores induced a highly significant inhibition of tumor
      growth. The spores brought about an increase of at least 10 days in the
      mean survival time.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process of deriving an attenuated mutant strain of Clostridium
      perfringens which comprises attenuating the wild strain Lechien of
      Clostridium perfringens with N-methyl-N'-nitro-N-nitrosoguanidine.
NUM  2.
PAR  2. A process of making an anti-tumor product effective against Ehrlich's
      solid tumor which comprises selecting an attenuated strain of Clostridium
      perfringens derived by attenuating the wild strain Lechien of Clostridium
      perfringens with N-methyl-N'-nitro-N-nitrosoguanidine
PA1  growing the attenuated mutant strain by a sequential method using first a
      growth medium then on a sporulation medium in a cellophane tube apparatus,
PA1  and recovering the resultant growth in the form of a bacillary suspension,
      a spore suspension or culture filtrates.
NUM  3.
PAR  3. A composition comprising a liquid carrier and an antitumor product
      having specific activity to tumor tissue made by selecting the attenuated
      strain of Clostridium perfringens derived by attenuating the wild strain
      Lechien of Clostridium perfringens with
      N-methyl-N'-nitro-N-nitrosoquanidine,
PA1  growing the attenuated strain by a sequential method first on a growth
      medium then on a sporulation medium in a cellophane tube apparatus,
PA1  and recovering the attenuated strain in the form of a bacillary suspension,
      a spore suspension or culture filtrates,
PA1  the product having the property of inhibiting the growth of Ehrlich's solid
      tumor, reducing the tumor size, and lengthening the survival time of the
      mice.
PATN
WKU  039363554
SRC  5
APN  4150139
APT  1
ART  172
APD  19731112
TTL  Microorganism growth media and the stabilization thereof
ISD  19760203
NCL  4
ECL  1
EXA  Fan; C. A.
EXP  Monacell; A. Louis
INVT
NAM  Lawson; John W.
CTY  Kansas City
STA  MO
ASSG
NAM  The Regents of the University of California
CTY  Berkeley
STA  CA
COD  02
CLAS
OCL  195100
EDF  2
ICL  C12K  110
FSC  195
FSS  100;101;102
UREF
PNO  3669846
ISD  19720600
NAM  Thuillier
OCL  195 96
UREF
PNO  3671400
ISD  19720600
NAM  Cekoric et al.
OCL  195100
UREF
PNO  3816261
ISD  19740600
NAM  Torney
OCL  195100
OREF
PAL  Tissue Culture Reagents, Hyland Laboratories, p. 14, Oct. 1963.
LREP
FRM  Phillips, Moore, Weissenberger Lempio & Strabala
ABST
PAL  Media for supporting the growth of certain types of microorganisims,
      especially Neisseria gonorrhoeae and Neisseria meningitidis, are
      described. These media, when supplemented with polyvinylpyrrolidone (PVP),
      albumin and penicillin induce microorganism transformation to the
      wall-defective or "L-form." The PVP is necessarily "detoxified" for use in
      the L-form inducing media.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has been postulated that penicillin failures in the treatment of
      gonorrhea may be the result of conversion of normal cell forms of
      Neisseria gonorrhoeae to the wall-defective or L-form. The L-form of the
      gonococcus can continue to exist and reproduce in the presence of
      penicillin and this may account for chronic infection despite antibiotic
      therapy. Similar conversions of normal cells to wall-defective forms has
      been noted in the case of Neisseria meningitidis.
PAR  In order to elucidate the role of wall-defective gonococi, it is necessary
      to secure their in vitro conversion and growth. However, success in this
      area has not been easy to achieve, although some success has been reported
      by Roberts in the Journal of Bacteriology, vol. 92, pages 1609-1614 (1966)
      on a sucrose stabilized medium. Lawson and Douglas have reported in the
      Canadian Journal of Microbiology, September 1973, (abstracted at 1972
      Annual Meeting of the American Society for Microbiology) that PVP
      stabilized media comprising brain heart infusion broth, agar, horse serum,
      and penicillin is useful in inducing conversion to the L-form. Also of
      interest in U.S. Pat. No. 3,669,846, issued June 13, 1972 in class 195/96
      for "Process for Obtaining and Preserving Stable Bacterial Variants"; as
      well as U.S. Pat. No. 3,687,816,  issued Aug. 29, 1972 in class 195/100
      for "Bacterial Growth Media"; U.S. Pat. No. 3,098,016, issued July 16,
      1963 in class 195/102 for "Process for Preparing Sterile Vials Containing
      Culture Media and a Carbon Dioxide Atmosphere"; U.S. Pat. No. 3,477,914,
      issued Nov. 11, 1969 in class 195/96 for "Treating Method of Streptococcus
      Hemolytics and the Preparation Containing the Said Microorganism"; and
      U.S. Pat. No. 3,527,712, issued Sept. 8, 1970 in class 252/316 for "Dried
      Agarose Gel, Method of Preparation Thereof, and Production of Aqueous
      Agarose Gel".
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Defined media have now been devised that are suitable for converting cocci
      to the L-form and further propagating the L-form organisms.
PAR  More specifically a medium has been devised that is eminently suitable for
      growing strains of N. gonorrhoeae or N. meningitidis either in broth or on
      agar. This medium comprises a standard virology tissue culture medium
      known as "Medium 199" in combination with cysteine, the sodium salt of
      glycerophsophate, KCl, NaCl, NH.sub.4 Cl, MgSO.sub.4.hydrate and glucose.
PAR  Medium 199 is a standardized tissue culture medium available from Grand
      Island Biological Co., Grand Island, N.Y., and comprises an extensive list
      of amino acids, salts, and other nutrients. This medium is "standardized"
      and is well known to microbiologists. It is available on an
      "off-the-shelf" basis.
PAR  Specifically, standardized Medium 199 has the following composition, with
      amounts stated per liter of the Medium:
TBL  L-Arginine            70      mg                                          
     L-Histidine           20      mg                                          
     L-Lysine monohydrochloride                                                
                           70      mg                                          
     DL-tryptophane        20      mg                                          
     DL-Phenylalanine      50      mg                                          
     DL-Methionine         30      mg                                          
     DL-Serine             50      mg                                          
     DL-Threonine          60      mg                                          
     DL-Leucine            120     mg                                          
     DL-Isoleucine         40      mg                                          
     DL-Valine             50      mg                                          
     DL-Glutamic acid                                                          
     monohydrate           150     mg                                          
TBL  DL-Aspartic acid       60        mg                                       
     DL-.alpha.-Alanine     50        mg                                       
     L-Proline              40        mg                                       
     L-Hydroxyproline       10        mg                                       
     Glycine (Aminoacetic acid)                                                
                            50        mg                                       
     L-Glutamine            100       mg                                       
     Sodium acetate trihydrate                                                 
                            50        mg                                       
     L-Cystine              20        mg                                       
     L-Tryosine             40        mg                                       
     L-Cysteine hydrochloride                                                  
                            0.1       mg                                       
     Adenine                10        mg                                       
     Guanine                0.3       mg                                       
     Xanthine               0.3       mg                                       
     Hypoxanthine           0.3       mg                                       
     Uracil                 0.3       mg                                       
     Thymine (5-methyl uracil)                                                 
                            0.3       mg                                       
     Disodium .alpha.-tocopherol phosphate                                     
                            0.01      mg                                       
     Thiamine               0.01      mg                                       
     Pyridoxine hydrochloride                                                  
                            0.025     mg                                       
     Riboflavin             0.01      mg                                       
     Pyridoxal hydrochloride                                                   
                            0.025     mg                                       
     Niacin                 0.025     mg                                       
     Calcium pantothenate   0.01      mg                                       
     i-Inositol             0.05      mg                                       
     Ascorbic acid          0.05      mg                                       
     Folic acid             0.01      mg                                       
     p-Aminobenzoic acid    0.05      mg                                       
     Ferric Nitrate         0.1       mg                                       
     Biotin                 0.01      mg                                       
     Menadione              0.01      mg                                       
     Glutathione            0.05      mg                                       
     Vitamin A              0.1       mg                                       
     Calciferol             0.1       mg                                       
     Adenosine triphosphate (disodium salt)                                    
                            1.0       mg                                       
     Tween 80 (Atlas Powder Co.)                                               
                            5.0       mg                                       
     Cholesterol            0.2       mg                                       
     Niacinamide            0.025     mg                                       
     Adenylic acid          0.2       mg                                       
     Desoxyribose           0.5       mg                                       
     D-Ribose               0.5       mg                                       
     Choline chloride       0.5       mg                                       
     NaCl                   8.0       mg                                       
     KCl                    0.4       mg                                       
     MgSO.sub.4.7H.sub.2 O  0.2       mg                                       
     Na.sub.2 HPO.sub.4.7H.sub.2 O                                             
                            0.09      mg                                       
     KH.sub.2 PO.sub.4      0.06      mg                                       
     Glucose                1.0       mg                                       
     Phenol Red             0.02      mg                                       
     CaCl.sub.2             0.14      mg                                       
     NaHCO.sub.3            0.35      mg                                       
PAR  If the medium for growing cocci is modified, appreciable conversion of the
      cocci to the wall defective L-form takes place and this medium is also
      suitable for propagating the L-form. The medium is modified by the
      addition of albumin, detoxified, PVP, and penicillin thereto.
PAR  L-form propagation is also advantageously carried out on a solid medium,
      and in this instance, the medium is solidified with agarose.
PAR  It is also extremely important to utilize detoxified PVP to secure the
      highest induction of the L-form and good propagation thereof. The method
      for producing detoxified PVP is fully explained hereinafter.
PAR  It is therefore an object of the invention to provide a medium that is
      useful for propagation of cocci.
PAR  It is another object of the invention to provide media, in both liquid and
      solid form, suitable for effecting induction of the L-form of cocci,
      especially Neisseria gonorrhoeae and Neisseria meningitidis.
PAR  It is another object of the invention to provide detoxified
      polyvinylpyrrolidone useful in stabilizing L-form induction and growth
      media. Other objects and advantages of the invention will become apparent
      from the following specification and claims appended hereto.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention provides a synthetic medium suitable for the growth
      of cocci, e.g., N. gonorrhoeae. The same medium may be utilized in either
      the broth or solidified form. Normally the liquid or broth medium is
      solidified through the addition of agar thereto. Transformation of the
      normal cocci into the L-form is achieved by growing the cocci in the
      synthetic medium to which detoxified PVP and albumin as well as penicillin
      has ben added. Normally induction of the L-form is carried out on the
      solid synthetic medium but it is contemplated that the same may also be
      conducted in the liquid medium.
PAR  The liquid medium for growth of the normal gonococci principally comprises
      a standard tissue culture medium known as Medium 199. This medium is a
      standardized composition of amino acids, salts and the like obtainable
      from the Grand Island Biological Company of Grand Island, New York. To the
      Medium 199 base is added cysteine, the sodium salt of glycerophosphate,
      potassium chloride, sodium chloride, ammonium chloride, hydrated magnesium
      sulfate and glucose. A preferred synthetic growth medium comprises, per
      liter, about 50 mls of Medium 199 at 10x dilution, about 0.012 grams of
      L-cysteine hydrochloride, about 2.5 grams of sodium glycerophosphate,
      about 0.09 grams potassium chloride, about 6.0 grams sodium chloride,
      about 1.25 grams ammonium chloride, about 0.6 grams magnesium sulfate
      septahydrate and about 5 grams of glucose. The pH is adjusted to about 7.0
      by the addition of 2N-sodium hydroxide to the broth. Triple distilled
      water is utilized in all formulations.
PAR  Standard procedures in utilizing pharmaceutical grade components and
      biologically sterilized equipment are followed.
PAR  When growth is to be carried out in the liquid medium the desired strains
      of cocci are inoculated into the broth. The broth is incubated at
      37.degree.C and the cultures are sub-cultured daily. An initial inoculum
      size of about 10% is followed. However, once the organisims are adapted to
      the synthetic medium the inoculum size can be decreased in a stepwise
      fashion from the 10% down to about 1%.
PAR  For induction to the L-form, solid medium is most suitable. The solid
      medium is prepared by the addition of about 15 grams of agarose added to
      the above-noted liquid medium per liter. The solidified medium also has
      detoxified PVP and albumin incorporated therein. The solid medium is
      prepared in the form of plates and penicillin is spread over the surface
      thereof prior to inoculation with cocci cultures obtained from the liquid
      broth.
PAR  Conversion of the cocci to the L-form and subsequent propogation thereof is
      carried out by incubating the plates at about 37.degree.C in a sealed
      chamber. For a high yield conversion to the L-form it has also been found
      necessary to flush the sealed chamber with a gaseous mixture of CO.sub.2
      in air. CO.sub.2 should be present in an amount of at least 5%, but
      preferably 10% CO.sub.2 should be maintained in the atmosphere over the
      plates. Under the conditions stated above colonies of the L-form cocci
      appear on the solid medium within 18-24 hours.
PAR  Incubation for 18-30 hours results in the growth of visible colonies of
      cocci. Sampling of these colonies will reveal that conversion to the
      L-form has taken place in good yield. The L-form may be harvested and
      thereafter propogated by inoculating the same onto additional plates of
      the same medium.
PAR  In L-form induction on solid medium excellent induction and growth occurs
      in the presence of about 2% albumin. Bovine albumin such as fraction V
      from bovine plasma avaiable from Reheis Chemical Company, Chicago,
      Illinois is particulary suitable for this purpose. Similarly agarose
      (obtainable from Bio-Rad Laboratories, Richmond, California) is preferred
      for solidifying the liquid medium. Induction and growth of L-form
      gonococci proceeds well on medium solidified with agarose.
PAR  It is especially important to provide osmotic stabilization of the medium
      by the addition of detoxified PVP. Detoxification is necessary to insure
      adequate conversion and propogation of the L-form. Detoxification is
      achieved as follows:
PAR  Pharmaceutical grade PVP having an average molecular weight of
      approximately 40,000 (available from Sigma Chemical Company, St. Louis,
      Missouri) is dialyzed at 4.degree.C against two ion exchange resins
      (carboxymethyl cellulose and DEAE dextran) in sequence. Subsequent to the
      dialysis against the ion exchange resins, the PVP is dialyzed for a period
      of 48 hours against deionized distilled water. The water is frequently
      changed during the dialysis period. The retentate is then concentrated by
      freeze drying.
PAR  The detoxified PVP is rehydrated and mixed into the growth medium in an
      amount of approximately 8% by weight. Prior to cocci inoculation,
      penicillin in an amount of about 20 units per milliliter is applied to the
      growth medium on which conversion to the L-form is desired.
DETD
PAC  EXAMPLE
PAR  Cultures of Neisseria gonorrhoeae, strains 474, a genital isolate, 448, a
      throat isolate, and GC3, a fresh clinical isolate were obtained from the
      Neisseria Repository, Naval Medical Research Unit No.1, University of
      California, Berkeley, California.
PAR  All three strains were initially grown in MuellerHinton broth, which is a
      medium known to support N. gonorrhoeae growth. After establishment, the
      strains were inoculated into a broth comprising:
TBL  Medium 199-10X      50 ml/l                                               
     1-cysteine-HCl      0.012 g/l                                             
     Na-glycerophosphate 2.5 g/l                                               
     KCl                 0.09 g/l                                              
     NaCl                6.0 g/l                                               
     NH.sub.4 Cl         1.25 g/l                                              
     MgSO.sub.4.7H.sub.2 O                                                     
                         0.6 g/l                                               
     Glucose             5 g/l                                                 
PAR  The broth cultures were subcultured daily and incubated at 37.degree.C.
      Once the strains were adapted to the medium, the inoculum size was
      decreased in a step-wise fashion from 10% to 1%.
PAR  The strains, after adaptation to the synthetic broth medium, were
      transferred for induction to the L-form, by sampling 12 hour cultures.
      These cultures were plated on solid media prepared by mixing the broth
      composition stated above with about 2% albumin, and about 8% detoxified
      PVP. Solidification was achieved by addition of about 2% agarose, while
      about 20 units/ml. of penicillin G was also added.
PAR  The solid medium plates were then incubated at 37.degree.C in a sealed
      chamber flushed with an atmosphere of 10% CO.sub.2 in air. Incubation was
      continued for 10-14 days in the CO.sub.2 enriched atmosphere.
PAR  The number of parental gonococci was determined by plating samples from
      culture dilutions made in the broth medium on both solid medium without
      the addition of penicillin and on Mueller-Hinton blood agar plates.
PAR  Colonies of L-form strains 474 and 448 became visible on the solid medium
      plates within 18-24 hours. The growth of L-form strain GC3 tended to be
      slower, but colonies were usually visible after 30 hours.
PAR  The growth and induction of the L-form for the strains is shown in the
      Table below:
TBL  Parental Viable Counts                                                    
                         L-Form viable                                         
                                   % Induction                                 
     (CFU/ml)b           count (CFU/ml).sup.b                                  
                                   to the                                      
     Strain                                                                    
         MH-BAP.sup.a                                                          
               L-Medium without                                                
                         L-Medium with                                         
                                   L-Form                                      
               penicillin                                                      
                         penicillin                                            
     __________________________________________________________________________
     474 2.3.times.10.sup.8                                                    
               2.7.times.10.sup.8                                              
                         7.9.times.10.sup.5                                    
                                   0.3                                         
     448 2.8.times.10.sup.8                                                    
               2.6.times.10.sup.8                                              
                         9.8.times.10.sup.4                                    
                                   0.04                                        
     GC3 3.7.times.10.sup.8                                                    
               3.2.times.10.sup.8                                              
                         5.8.times.10.sup.4                                    
                                   0.02                                        
     __________________________________________________________________________
      .sup.a = Mueller-Hinton blood agar plates                                
      .sup.b = colony forming units/ml.                                        
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A medium for the induction of the wall defective forms of cocci,
      including the genus neisseria, comprising a standard virology tissue
      culture medium known as Medium 199, and added amounts of cysteine,
      glycerophosphate, alkali metal chloride salts, ammonium chloride salt,
      magnesium sulfate, glucose, detoxified polyvinylpyrrolidone albumin, and
      penicillin.
NUM  2.
PAR  2. The medium of claim 1 solidified with agarose.
NUM  3.
PAR  3. The medium of claim 1 wherein the components are present in the amounts
      of about 50 ml/l of the standard virology tissue culture, and added
      amounts of about 0.012 g/l of cysteine, about 2.5 g/l of glycerophosphate,
      about 0.09 g/l of KCl, about 6 g/l of NaCl, about 1.25 g/l of NH.sub.4 Cl,
      about 0.6 g/l of MgSO.sub.4.7H.sub.2 O, about 5 g/l of glucose, about 2%
      by weight albumin, about 8% by weight detoxified polyvinylpyrrolidone, and
      about 20 units/ml of penicillin.
NUM  4.
PAR  4. The medium of claim 3 solidified with agarose.
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ABST
PAL  A suspension of an unknown micro-organism is introduced into a plurality of
      reaction chambers, each containing a different specific biochemical
      reagent. The presence or absence of each reaction is subsequently
      transformed to a multi-digit numerical profile, which serves to identify
      the micro-organism by means of a numerical Profile Register. Apparatus is
      also provided to facilitate the transformation of the test result data to
      the numerical profile while simultaneously providing a verification of the
      transformation.
PARN
PAR  This is a continuation-in-part of application Ser. No. 349,698, filed Apr.
      10, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the identification of unknown bacteria by means
      of simultaneously performed biochemical reactions. More particularly it
      relates to a unique method for transforming the results of the biochemical
      reactions into a numerical profile representative of the bacterium being
      tested and subsequently consulting a Profile Register to obtain the
      identification.
PAR  A mechanical coder is provided which enables the user to efficiently
      transform the above-stated results to the numerical profile. This
      mechanical coder may also be provided with a color check feature to enable
      the user to visually verify his results.
PAR  The identification of bacteria is based on several characteristics of these
      organisms: reaction to certain biochemicals, serological behavior,
      lysotyping, bacteriophage, morphology, physiology, cell arrangement, etc.
PAR  In the routine clinical laboratory, the biochemical reactions form the
      primary basis for classification at the level of the tribe and the genus
      within the family Enterobacteriaceae. The behavior of bacterial organisms
      with particular biochemicals has been reported by several investigators.
      See, e.g., Edwards, P. R. and Ewing, W. H. Identification of
      Enterobacteriaceae. Third edition. Burgess Publishing Company,
      Minneapolis, Minnesota., 1972; Le Minor, L. Le diagnostic de laboratoire
      des bacilles a gram negatifs Enterobacteries. Tome 1, 4.sup.e edition,
      1972. Editions de la Tourelle, St. Mande - 94, France; Cowan, S. T. and
      Steel, K. J. Manual for the Identification of medical bacteria. Cambridge
      at the University Press, 1970; Kauffman, F. The bacteriology of
      Enterobacteriaceae. Second edition, 1969. The Williams and Wilkins
      Company, Baltimore, Maryland.
PAR  Some of these reactions are clear-cut, being mostly positive or negative,
      whereas some others are variable. Based on a large number of organisms,
      percentages of positive or negative reactions have been established and
      reported. Several schema to interpret the results of biochemical reactions
      have been developed.
PAR  Because of the complexity of the interpretation of the data obtained, a
      sequential method of dichotomous keys, presented in the form of flow
      diagrams, is presently widely used. These flow diagrams base the selection
      of each succeeding biochemical test on the results of the previous one.
      This approach, even though practical in routine, is a simplification
      which, in the case of less common biotypes, can lead to misidentification.
PAR  The possible application of computer technology in the clinical laboratory
      has allowed a new approach toward the identification of an organism in
      testing it simultaneously with a large number of biochemicals. The
      computer memory can store probability of occurrence for each biochemical
      and, when matched with an unknown, the computer can provide a diagnosis
      based on probability. Minimum level of probability can establish the
      acceptability of the answer provided. This approach requires a huge memory
      which imposes the use of a computer and has the setback of describing
      combinations of reactions which are mathematically possible, but never
      encountered in organisms.
PAR  The Profile Recognition Method of this invention also tests the organisms
      simultaneously with a large number of biochemical characters, but only
      describes combinations which are most probably to occur with actual
      organisms. For example, for twenty biochemical reactions, the computer
      would allow 1,048,576 combinations. On the other hand traditional flow
      diagram techniques would only provide less than one hundred combinations.
      The Profile Recognition Method of the invention provides about 1500
      combinations which is a more realistic number of combinations considering
      the probable number of biotypes.
PAR  The method of this invention enables the user to convert the results of the
      biochemical tests into a Profile Recognition Number, which is utilized to
      identify the bacterium by consulting a Profile Register. Methods are
      provided in the Profile Register to account for rare strains of bacteria
      as well as to aid in correcting errors in interpreting the biochemical
      test results made by the user.
PAR  The identification process can be further simplified by use of a coder to
      generate the Profile Recognition Number. This enhances the speed of
      identification.
PAR  Errors in transforming the biochemical test results into the Profile
      Recognition Number may be made by the user. To reduce these errors, the
      coder may also be provided with a color-check feature, whereby the user
      can visually compare the colors produced in the reaction chambers with a
      set of colors generated on the coder corresponding to the indicated
      Profile Recognition Number.
PAR  As used herein, the terms "numerical profile," "Profile Recognition
      Number," "number" and "digit" are understood to include both numerical and
      alphanumerical representations.
PAC  SUMMARY OF THE INVENTION
PAR  The Profile Recognition Method of this invention tests the micro-organism
      simultaneously with a large number of biochemical characters, attributing
      to each of them the same weight. The Profile Recognition Method not only
      considers each character, but also the probability of simultaneous
      occurrence or mutual exclusion of biochemical characters. This method has
      long been advocated by taxonomists.
PAR  This classification of micro-organisms such as bacteria, on the basis of
      overall similarities, has also long been advocated by microbiologists.
      Yet, it has not found a wide acceptance in the routine clinical laboratory
      because of the work involved in performing a large number of biochemical
      reactions simultaneously and because of the complexity to interpret the
      results gathered. The method of this invention allows the very accurate
      performance of a large number of biochemical tests with convenience, speed
      and economy.
PAR  The system allows standardization of the technique. The Profile Recognition
      Method will now allow consistency of the interpretation. This method will
      increase further the confidence of the technologist in an accurate
      identification and a shorter reporting time to the clinicians for better
      patient therapy.
PAR  It is an object of this invention to provide a simple, fast, efficient and
      economical method for identification of bacteria. It is a further
      objection to provide a more errorproof method for said identification.
PAR  It is still a further object to provide a more consistent method for
      recognition of bacteria.
PAR  It is also an object to provide a simple and convenient coder for
      mechanically aiding said identification.
PAR  It is still a further objection of this invention to provide a means to
      check on the accuracy of the identification.
PAR  Further objects will become apparent from the detailed specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a biochemical test strip of twenty
      individual reaction chambers.
PAR  FIG. 2 is a perspective view of a representative section of the test strip
      along the long axis of each chamber.
PAR  FIG. 3 is an enlarged vertical section view of an individual reaction
      chamber taken along the line 3--3 in FIG. 1.
PAR  FIG. 4 is a perspective view of a preferred form of the coder device.
PAR  FIG. 5 is a vertical section view of the coder device taken along the line
      5--5 in FIG. 4.
PAR  FIG. 6 is an illustration of the seven indicator slides for the preferred
      form of the coder device.
PAR  FIG. 7 is a representation of the steps of the method of the invention.
PAR  FIG. 8 is a perspective view of another coder device.
PAR  FIG. 9 is an illustration of one indicator slide for the coder device of
      FIG. 8.
PAR  FIG. 10 is a representation of the time variation chart of this invention.
PAR  FIGS. 11A and 11B are representations of a time variation chart which
      includes the score values, the intermediate values and the final values of
      this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention relates to a simple and efficient method for the
      identification of micro-organisms including bacteria. The method generally
      comprises the steps of culturing and isolating the unknown bacterium on a
      selective medium, reacting small portions of the culture with preselected
      biochemical test reagents, transforming the results of these biochemical
      tests into a numerical profile, and then consulting a tabulated list such
      as a catalog or register of numerical profiles (Profile Register) to
      identify the bacterium.
PAR  The unknown bacterium may be cultured by any convenient standard method and
      in the usual nutrient broths. The culturing should be done for a
      sufficient time to produce a reasonable concentration of bacteria in the
      culturing medium. The reliability of the biochemical tests will be
      increased by allowing the medium to culture for a longer period of time.
PAR  After the desired culturing period, an individual colony is suspended in
      about 2 to 5 milliliters of an appropriate diluent, which may or may not
      contain a nutrient. This bacterial suspension is then transferred in
      micro-quantities to the reaction chambers by any suitable means, such as a
      Pasteur pipette.
PAR  While the biochemical test reactions can be carried out in any convenient
      equipment and by any convenient method, it is preferably to carry out the
      test reactions in a special plate manufactured for the purpose. One such
      test plate is manufactured by Analytab Products, Inc. of Carle Place, Long
      Island, New York.
PAR  As shown in FIG. 1, the test plate 11 comprises a plurality of small
      identified reaction chambers 12 (identified by numbers for example)
      disposed linearly along the strip. As shown in FIG. 2, the strip is
      conveniently formed attaching two molded plastic strips 13 and 14 so as to
      form individual compartments 15. FIG. 3 illustrates the configuration of
      each reaction chamber.
PAR  As supplied by the manufacturer, there is a measured quantity of test
      reagent 16 and possible nutrients situated in the closed end of each
      reaction chamber. It is most convenient if the reagent mixture therein is
      in solid form (dehydrated), as then the test plates may be more easily
      stored and handled. As some of the reagent mixtures tend to be slightly
      unstable, it is preferable to keep the unused test plates refrigerated
      until ready for use.
PAR  Referring again to FIG. 1, each test plate 11 contains a plurality of
      micro-reaction chambers 12. Each micro-reaction chamber along the plate
      has a different predetermined reaction mixture contained therein. Thus
      each biochemical test can be performed simultaneously. The test plates can
      be supplied with differing numbers of tests. Rapid identification has been
      done with a series of ten tests and more accurate ones have been performed
      using a series of twenty tests and even fifty tests.
PAR  The sequence of twenty micro-tests for enterobacteriaceae has been about
      88% accurate, and reaches about 93% when using a more concentrated liquid
      culture. See, Washington, J. A. et al, Evaluation of Accuracy of Multitest
      Micromethod System for Identification of Enterobacteriaceae, Applied
      Microbiology, 22:267-9 (Sept. 1971) A later investigator obtained 96.4%
      accuracy. Smith, P. B. et al, API System: a Multitube Micromethod for
      Identification of Enterobacteriaceae, Applied Microbiology, 24:449-52
      (Sept. 1972)
PAC  TWENTY TEST METHOD
PAR  While any of these or other numbers of tests may be used with the method of
      this invention, it has been found to be preferable to utilize a series of
      twenty tests. The following description will illustrate the use of one
      twenty-test method for the identification of enterobacteriaceae, but it is
      important to realize that it is for purposes of illustration only and may
      be adapted to any number of tests.
PAR  The twenty tests selected are:
PA1  1. B-galactosidase (ONPG)
PA1  2. arginine dihydrolase (ADH)
PA1  3. lysine decarboxylase (LDC)
PA1  4. ornithine decarboxylase (ODC)
PA1  5. citrate (CIT)
PA1  6. h.sub.2 s
PA1  7. urease (URE)
PA1  8. tryptophane deaminase (TDA)
PA1  9. indole (IND)
PA1  10. acetoin (VP)
PA1  11. gelatin (GEL)
PAL  and fermentation tests of
PA1  12. glucose (GLU)
PA1  13. mannitol (MAN)
PA1  14. inositol (INO)
PA1  15. sorbitol (SOR)
PA1  16. rhamnose (RHA)
PA1  17. saccharose (SAC)
PA1  18. melibiose (MEL)
PA1  19. amygdaline (AMY)
PA1  20. arabinose (ARA)
PAR  Commercially available test strips containing the reagents and nutrients
      necessary to perform the above twenty biochemical tests are available from
      Analytab Products, Inc., Carle Place Long Island, New York, referred to as
      the API Enteric System.
PAR  Also available from Analytab Products, Inc. are test strips containing
      materials to conduct only ten of the above biochemical tests. These ten
      biochemical tests can provide quick test results with some sacrifice of
      accuracy compared to the twenty-test method.
PAR  For anaerobic bacteria, a similar set of twenty biochemical tests is
      available. The following list represents the specific biochemical tests
      which are provided for in the available strips:
PA1  1. Indole
PA1  2. Urea
PA1  3. Glycerol
PA1  4. L (+) arabinose
PA1  5. D (+) xylose
PA1  6. Glucose
PA1  7. Mannose
PA1  8. Rhamnose
PA1  9. Mannitol
PA1  10. Sorbitol
PA1  11. Gelatine
PA1  12. Esculine
PA1  13. Salicine
PA1  14. Cellobiose
PA1  15. Maltose
PA1  16. Lactose
PA1  17. Saccharose
PA1  18. Trehalose
PA1  19. Melezitose
PA1  20. Raffinose
PAR  The above three sets of available test strips are meant to be
      representative only. Other sets of biochemical, chemical enzymatic, etc.,
      tests can be utilized. The number of tests in the set is not critical, but
      should be of sufficient number to produce reasonable accuracy.
PAR  The order of tests on the test strip is of no consequence as all tests are
      performed simultaneously and are given equal weighting for the final
      identification. While the ordering of tests on the test strip is
      immaterial, once an order is selected, it is important to consistently use
      this same order. In each case, the Profile Register will depend on the
      ordering of tests on the strip.
PAR  The description of the methods of this invention below will be illustrated
      by using the API Enteric System of Analytab Products, Inc. This is meant
      to be illustrative only and the methods of this invention are equally
      applicable to any set of biochemical tests.
PAR  Referring again to FIG. 3, each reaction chamber 12 is filled with the
      bacterial suspension using the open end 17 of each reaction chamber 12. No
      attempt is made to agitate or otherwise distribute the contents. The
      entire test plate 12 is then placed into an incubation chamber and allowed
      to incubate for about 18 to 24 hours at a temperature range of about
      35.degree. to 40.degree.C. The incubation chamber can be close-fitting
      with the test plate and may contain water, thereby reducing evaporation
      from the reaction chambers.
PAR  When the test strip for anaerobic bacteria is used, provision is made in
      the incubation chamber (not shown) to replace the air contained therein
      with a suitable non-oxidizing atmosphere. Thus the test strip is placed
      into the special incubation chamber, the chamber sealed, the air replaced
      by a non-oxidizing gas and the test performed. In this case, the
      incubation chamber is preferably manufactured from a transparent material
      in order to facilitate the checking of reaction results without
      introducing air into the system.
PAR  For each test, the presence or absence of a reaction is detected. In the
      chart for enterobacteriaceae below, positive means that a reaction has
      taken place in the numbered test chamber and negative means the absence of
      any reaction.
PAR  By merely checking the color, except for test 11 where the presence or
      absence of diffusion constitutes the test, the user can easily determine
      those tests giving a positive result and those giving a negative result.
TBL  ______________________________________                                    
     TEST             POSITIVE    NEGATIVE                                     
     ______________________________________                                    
      1.   ONPG (Lactose) Yellow      Clear                                    
      2.   Arginine       Red         Yellow                                   
      3.   Lysine         Red         Yellow                                   
      4.   Ornithine      Red         Yellow                                   
      5.   Citrate        Blue        Green                                    
      6.   H.sub.2 S      Black       Clear                                    
      7.   Urea           Red         Yellow                                   
      8.   Tryptophane    Brown       Yellow                                   
      9.   Indole         Red         Yellow                                   
     10.   Voges-Proskauer                                                     
                          Red         Clear-Pink                               
     11.   Gelatin        diffusion   no diffusion                             
     12.   Glucose        Yellow      Blue-Green                               
     13.   Mannitol       Yellow      Blue-Green                               
     14.   Inositol       Yellow      Blue-Green                               
     15.   Sorbitol       Yellow      Blue-Green                               
     16.   Rhamnose       Yellow      Blue-Green                               
     17.   Saccharose     Yellow      Blue-Green                               
     18.   Melibiose      Yellow      Blue-Green                               
     19.   Amygdaline     Yellow      Blue-Green                               
     20.   Arabinose      Yellow      Blue-Green                               
     ______________________________________                                    
PAR  It is also possible to perform an oxidase (OXI) test as an additional test.
      This test can be performed in either chamber No. 1 (ONPG) or No. 6
      (H.sub.2 S) whenever either is negative. As used herein, this test will be
      referred to as test No. 21.
PAR  Referring to FIG. 7, which is an outline of the method of this invention,
      the test results are arranged into a plurality of groups. It has been
      found to be preferable to arrange the tests into groups of three. Thus the
      above twenty-one tests would produce seven groups of three tests each.
PAR  While the arranging by groups of three tests each is not essential, the
      number within a group should maximize both simplicity and efficiency. For
      example, should the tests be segrated into groups of four tests each, the
      resulting numerical profile will either be in hexadecimal notation, which
      could be more difficult to the untrained or will entail more than a single
      digit. Larger groupings could become absurd. Should smaller groupings be
      selected, then more digits will be required than by the grouping by
      threes. The grouping by three tests each of the method of this invention
      enables the transforming of the test results of the group into a single
      score such as a single digit. Each test within a group can be assigned a
      weighted score. The selection should be made so that the sum of any
      combination of scores is unique and preferably of a single digit. For
      example, assigning a score of zero to all negative results and score of 1,
      3 and 5 to positive results of each of the three tests, respectively, will
      produce a unique set of such sums.
PAR  While any such set of scores will suffice, it is preferred to assign the
      following scores. These twenty-one tests of the API Enteric System plus
      the oxidase test are divided into seven groups of three:
TBL  ONPG  ODC      URE     VP     MAN   RHA    AMY                            
     ADH   CIT      TDA     GEL    INO   SAC    ARA                            
     LDC   H.sub.2 S                                                           
                    IND     GLU    SOR   MEL    OXI                            
PAL  After the results have been reported, a score is given to each positive
      result:
PA1  A score of ONE for the first biochemical of any group of three (i.e., ONPG,
      ODC, URE . . . )
PA1  A score of TWO for the second biochemical of any group of three (i.e., ADH,
      CIT, TDA . . . )
PA1  A score of FOUR for the third biochemical of any group of three (i.e., LDC,
      H.sub.2 S, IND . . . )
PAL  All negative tests score zero, producing the following for each combination
      of results:
TBL  Test Results         Sum                                                  
     ______________________________________                                    
     All negative         0                                                    
     No. 1 positive, No. 2, 3 negative                                         
                          1                                                    
     No. 2 positive, No. 1, 3 negative                                         
                          2                                                    
     No. 1, 2 positive, No. 3 negative                                         
                          3                                                    
     No. 3 positive, No. 1, 2 negative                                         
                          4                                                    
     No. 1, 3 positive, No. 2 negative                                         
                          5                                                    
     No. 2, 3 positive, No. 1 negative                                         
                          6                                                    
     All positive         7                                                    
     ______________________________________                                    
      Each digit of the seven-digit number is obtained by totaling the score of
      the positive reaction of each group of three. Example: 5 044 552 = E. coli
      ##EQU1##
      It should be noted that each number corresponds to only one combination
      and, therefore, for each seven-digit number there will be only one
      corresponding profile.
PAR  In effect, this selection of scores results in the conversion of the binary
      results (positive or negative) of each test into a single octal digit.
      Thus, the grouping of these twenty-one tests in the API Enteric System
      into groups of three will produce seven individual octal digits which will
      characterize all twenty-one tests. Thus the user characterizes each test
      as positive or negative and assigns the score for each test in the group.
      Then the scores for each in the group are added together, thereby
      producing a one-digit number. For example, if in group 4, test 10 is
      positive, 11 is negative and 12 is positive, then test 10 has a score
      value of one, test 11 scores zero, and test 12 scores four. Adding the
      scores together, the score of five is obtained for test grouping number 4.
PAR  The digits representing the sum of the scored for each test group are
      combined to form a seven-digit octal number. The seven digits are written
      down sequentially. Thus, the digit from test group 1 becomes the high
      order digit, the digit from test group 2 is next, etc., and the digit from
      test group 7 becomes the lowest order digit. Naturally any similar
      predetermined method of combining these digits will suffice. The
      seven-digit number thus produced is the Profile Recognition Number.
PAR  A Profile Register 18 (FIG. 7) of sequentially listed Profile Recognition
      Numbers is then consulted and the bacterium identified. As an example, if
      tests 1, 9, 12, 13, 18 and 20 are positive and the remainder of tests
      negatives, the identification proceeds as follows:
PAR  Group No. 1 has its first test positive and second and third negative and
      gets a score of 1.
PAR  Group No. 2 is all negative and receives a score of 0.
PAR  Group 3 has its third test positive and others negative and receives a
      score of 4.
PAR  Group No. 4 also has its third test positive and others negative and
      receives a score of 4.
PAR  Group No. 5 has its first test positive only and receives a score of 1.
PAR  Group No. 6 has its third test positive only and receives a score of 4.
PAR  Group No. 7 has its second test positive, others negative and receives a
      score of 2.
PAR  Combining all digits produces the Profile Recognition Number 1044142. The
      Profile Register identifies this number as being associated with the
      bacterium E. coli.
PAR  A profile Register of pre-identified profiles has been established. The
      establishment of these pre-identified profiles has first been performed on
      a theoretical basis and then matched with more than 25,000 results
      obtained using the API 20 Enteric device.
PAR  Initially a theoretical register has been established based on percentage
      data which has been previously reported in technical publications.
      Reactions have been considered as variable whenever a percentage of
      positive reactions was 95% or less. Profile numbers have been established
      considering all possible combinations obtained by permutation of the
      variable reactions. If, for example, three reactions were variable, eight
      profile numbers have been established. For eight variable reactions, 256
      profile numbers have been established. The purpose of this theoretical
      register was to determine the possibility for one profile number to
      correspond to more than one organism. Because twenty biochemicals are
      considered simultaneously, we encountered very few such occurrences.
PAR  Results obtained on this system, mainly from clinical laboratories, have
      been gathered. These results came mainly from the following countries: the
      United States, Canada, France, England and Germany. Inasmuch as possible,
      results have been gathered from several geographical areas. For example,
      results from the U.S. were obtained from the following states: California,
      Georgia, Louisiana, Maine, Michigan, Minnesota, Nebraska, New Jersey,
      Texas and Washington, D.C.
PAR  Whenever more than one organism name has been reported for the same profile
      number, consideration of theoretical results and probability have been
      considered and whenever necessary and possible, the organism has been run
      through the API 50 Research system which provides for a profile based on
      fifty biochemicals.
PAR  Whenever organisms could not be separated on the basis of the 20
      biochemicals, reference is being made to a note which suggests
      complementary tests required to separate such organisms.
PAR  The Profile Register is used as follows:
PAR  After a profile number has been recorded, either using the mathematical
      conversion method or the Coder device 22 (FIG. 4), discussed below, the
      number is then searched in the Profile Register.
PAR  1. Whenever a number of an unknown is matched with a number of the Profile
      Register, there is an extremely high probability that the designation of
      this organism is the one indicated by the Profile Register. The three last
      digits of the profile number may appear in either small or larger
      typeface, or in large typeface underlined. The underlined large typeface
      indicates a very common biotype. The large type (without underlining)
      indicates a common biotype and the small typeface indicates a rare
      biotype.
PA1  Example: 5144552- E. coli -very common biotype 5144550 - E. coli -common
      biotype 5 004 552 - E. coli -rare biotype (IND -)
PAR  2. Whenever a number refers to another number, it is implied that a
      biochemical test has been misinterpreted. The user should refer to the
      correct number for proper identification and go back to the misinterpreted
      results for further improvement of color interpretation.
PA1  Example: 7 304 733 - See 5 304 733
PAL  The difference is only the first digit
      ##EQU2##
      This indicates that the arginine of orange color should have been
      interpreted as negative for S. liquefaciens.
PAR  3. If the number obtained is not in the Register, the number should first
      be rechecked using both the mathematical and Coder approaches. If the
      number is still not in the Register, it will mean that the strain is a
      very rare biotype which has not yet been listed in the Register or that
      there is an error in the laboratory procedure. In this case, the approach
      of a diagnosis by elimination should be considered and, if not conclusive,
      a new test strip should be rerun after a new isolation has been made and
      the results compared. If the number then obtained is the same as initially
      which does not fit any preset pattern, this organism should be sent to
      competent authorities for further identification. At this time, the use of
      the API 50 Research system can prove to be very useful.
PAR  When an organism does not fit the profile expected, diagnosis by
      elimination can be considered. This approach is to try to match the
      unknown profile with each of the species of the familty Enterobacteriaceae
      and see the reason why this unknown profile cannot be successively each of
      them.
PAR  The selection system, as discussed below, has been based on the experience
      gathered in studying more than 25,000 organisms for the establishment of
      the Profile Register. The numbers indicated in black for each organism are
      numbers which correspond to very common biotypes. The black numbers in any
      column represent about 90% of the organisms encountered for this specie.
      The numbers indicated in blue are numbers representing very seldom
      encountered biotypes. These blue numbers represent percentages of
      occurrence generally between 1 and 5%.
PAC  EXAMPLE:
PAR  0 054 210 -- This profile is not found in the Profile Register. The use of
      the Selector will permit the following deduction and elimination:
PA1  a. because of its two first digits, "0 0", this unknown should not be S.
      sonnei, Salmonella, P. mirabilis, P. morganii, KES group, Citrobacter
      species. Actually, what we are saying is that the above-mentioned
      organisms must have at least one positive reaction within the first six
      biochemical tests on the API 20 Enteric system. By elimination, it can
      only be: E. coli, Shigella, P. vulgaris, P. rettgeri, Providencia,
      Pectobacterium, Y. enterocolitica.
PA1  b. because of its third digit, "5", this unknown should not be E. coli,
      Shigella, Providencia. By elimination, it can only be: P. vulgaris, P.
      rettgeri, Pectobacterium or Y. enterocolitica.
PA1  c. the fourth digit, "4", is of no assistance to eliminate any of these
      four organisms.
PA1  d. the last three digits, "210", eliminates Pectobacterium and Y.
      enterocolitica. This unknown can therefore theoretically be either a P.
      vulgaris or a P. rettgeri. We can now consider what the highest
      probability for each of these organisms is by counting the black and blue
      figures.
TBL  ______________________________________                                    
     P. vulgaris   3 black       4 blue                                        
     P. rettgeri   5 black       2 blue                                        
     ______________________________________                                    
PAL  The highest probability is that this organism is a P. rettgeri which can be
      verified by checking the result with the API Per Cent Chart.
PAR  Referring now to FIG. 4, the apparatus represented therein is the preferred
      form of a coder 22 to partially automate the above method. The coder
      allows the conversion of positive and negative results into the Profile
      Recognition Number.
PAR  Preferred embodiments of the Coder as shown in FIGS. 4, 5 and 8 comprise a
      base member 22a fixedly attached on three sides to a cover member 22b, in
      such manner as to form a support frame and to leave a thin flat elongated
      chamber 22c defined by these members. The material may be any convenient
      one such as acrylic (Plexiglass) material, but should be fairly rigid and
      is preferably opaque. A plurality of rib members 22d are fixedly attached
      within the defined chamber to provide for a plurality of equal sized
      chambers. It is most convenient for carrying out the above method if the
      rib, base and cover members define seven individual chambers as shown in
      FIG. 4. The embodiment shown in FIG. 8 where five individual chambers are
      used is the preferred embodiment of the Coder when using the fifty test
      method, described below.
PAR  A slidably mounted flat member 23 or slide is fitted into each of the
      chambers 22c. Thus if seven chambers are provided, seven slide members 23
      are provided. The slide members can be of such size as to fit closely to
      the dimensions of the chambers as to be held therein by friction, for
      example, should the entire apparatus be disposed with the open slide
      downward. Conversely each slide member can be easily moveable by means of
      a pencil, probe, stylus or the like 24, inserted in indentations 23a in
      each slide member (FIG. 6). The number of chambers and number of slide
      members may differ from seven when using other than the API Enteric
      System. The seven slide members of the apparatus of this invention
      correspond to the seven test groups described in the above method. Thus,
      while each slide member is structurally identical to each other slide
      member, each may differ in marking in accordance with the specific
      biochemical test represented thereon.
PAR  FIG. 6 is a representation of the seven slide members corresponding to the
      21 tests of the API Enteric System described above. Each slide member 23
      is generally of elongated rectangular top surface with a thickness adopted
      to fit its related chambers.
PAR  The slides 23 are fitted with a plurality of indentations 23a in order that
      the slide may be moved by inserting the tip of the stylus and pushing the
      slide. These are disposed into three columns of equally spaced
      indentations. The three columns represent the three tests of the group.
      Should some other grouping be used, suitable modification must be made in
      the slide member. Each slide member is also imprinted thereon with the
      possible digits 23b representing the sum of the scores for each test. When
      used with the illustrative tests described herein, the digits will be 0
      through 7. The digits are placed on the slide member in such order that
      the correct digit will be generated whenever the slide member is moved in
      accordance with the instructions below. For the API Enteric System, they
      are placed sequentially, reading from the bottom of the member as shown in
      FIG. 6.
PAR  The cover member 22b shown in FIG. 4 contains a series of three slots 25,
      26, 27 corresponding to each slide 23. There is also a window 28 overlying
      each slide member. The slots are in appropriate lengths or increments to
      linearly represent the scores designated for each of the three tests of
      the group. With the system herein described, the slots 25, 26, 27
      generally have lengths or increments in the ratio of 1:2:4 respectively.
      The slots 25, 26, 27 and the window 28 are disposed in such manner that
      when the slide member is mounted in the Code 22, apparatus the
      indentations in the slide member are accessible through the slots and one
      digit imprinted on the slide member is visible through the window.
PAR  The cover member 22b may also contain 21 additional windows 29 disposed in
      such manner that three correspond to each slide member. The number of such
      windows will be the same as the number of tests being performed. Each
      slide member is provided with three columns 30, 31 and 32 of eight areas
      30a-h, 31a-h and 32a-h, respectively, each for color coding. When the
      slide member is inserted into the apparatus, one color area of each column
      on the slide member will be visible through the corresponding window 29 in
      the cover member.
PAR  The colored areas can be determined as follows:
PAR  Color column 30 relates to the first test of the test group and color areas
      30a, 30c, 30e and 30g (from bottom) of the column are colored the negative
      color of this test, while areas 30b, 30a, 30f and 30h receive the positive
      reaction color.
PAR  Column 31 relates to the second test of the group. Areas 31a, 31b, 31e and
      31f are imprinted with the negative color and areas 31c, 31d, and 31g and
      31h with the positive.
PAR  Column 32 relates to the third test of the group. Areas 32a, 32b, 32c and
      32d are in the negative color and areas 32e, 32f, 32g and 32h are in the
      positive one.
PAR  Each biochemical reaction corresponds to a slot (25, 26, or 27) and window
      29 on the cover 22b (FIG. 4). Each group of three reactions corresponds a
      slide 23 and a window 28. The operating principle of the coder 22 is to
      move the slide parts only when the reactions are positive. The apparatus
      is made ready for use by having all slide members fully inserted into the
      base-cover combination. At this time, the digits 23b (FIG. 6) visible in
      each of the windows 28 (FIG. 4) must be zero. Likewise, the colors visible
      in windows 29 must all be the colors indicating the negative for each
      reaction. The cover member 22b identifies each elongated hole 25, 26 and
      27 and each window 29 with the test to which it corresponds. These are
      arranged in numerical order from left to right or viewed in FIG. 4.
PAR  The reactions are reported from the left to the right. When a reaction is
      positive, the pen is inserted in the upper part of the slot and lowered to
      the extremity of the slot, moving the slide therewith. If a reaction is
      negative, the sliding part remains unmoved. After each reaction has been
      reported, a color matching the positive reaction obtained on the API strip
      should appear in the corresponding opening.
PAR  After each group of three biochemicals have been reported, the opening on
      the lower part corresponding to the three biochemicals will show the
      proper number which will be one of the seven digits number. Upon
      completion of recording of the 21 biochemical reactions, the Coder 22 will
      provide the user with a seven digit number visible in the seven windows
      18.
PAR  The Coder has a built-in verification system which allows the matching of
      color patterns obtained on the test strip 11 with the color pattern
      obtained on the Coder 22 after the slide members have been moved in
      accordance with instruction. The colors are visible in windows 29.
PAR  In case a reaction has been mis-recorded, it is suggested that the three
      reactions corresponding to the sliding part where the mistake occured be
      placed back into original position and the three reactions recorded
      properly. For example: If the reaction ADH is mis-reported, it is
      recommended that the first slide member corresponding to the reaction
      ONPG, ADH, LDC be placed in its original position.
PAR  After completion of the reporting, the API Coder should be returned to its
      initial position by placing the Coder vertically and pushing it down in
      order to reinsert the sliding members.
PAC  FIFTY TEST METHOD
PAR  As hereinbefore stated, the method of this invention may be used to
      interpret the results from any number of tests. It has been found that a
      particularly sensitive test result may be obtained when using a series of
      fifty tests.
PAR  The following purely illustrative description will illustrate the use of
      one fifty-test method for the identification of Enterobacteriaceae.
PAR  Test strips, essentially similar to that illustrated in FIG. 8, are
      available commercially from Analytab Products, Inc., Carle Place, New York
      11514 and sold under the name API 50 Research System.
PAR  The following description will illustrate the method of the invention using
      the API 50 Research System. It is understood, however, that any similar
      set of tests may be utilized.
PAR  It is not necessary that the user utilize a commercially available test
      strip. It is within the intent and scope of this invention to describe a
      method of conversion of test results into a numerical profile. It is
      entirely possible to utilize no prepared test strip, but to perform the
      individual tests separately in culture tubes or the like. This latter
      procedure will however, reduce the speed and convenience of the overall
      method.
PAR  The ordering of the tests on the test strip is of no consequence as all
      tests are performed simultaneously and are given equal weight in
      evaluating the results. However, it is necessary to arbitrarily preselect
      a given sequence and to adhere to that sequence. The Profile Register
      tabulations will depend on the order selected.
PAR  The API 50 Research System utilizes the following fifty tests in the order
      listed.
PA1  1. phenol red-control tube
PA1  2. glycerol
PA1  3. erythoritol
PA1  4. d(-) arabinose
PA1  5. L (=) arabinose
PA1  6. ribose
PA1  7. d (+) xylose
PA1  8. L (-) xylose
PA1  9. adonitol
PA1  10. methyl-xyloside
PA1  11. galactose
PA1  12. d (+) glucose
PA1  13. d (+) levulose (fructose)
PA1  14. d (+) mannose
PA1  15. L (-) sorbose
PA1  16. rhamnose
PA1  17. dulcitol
PA1  18. meso-inositol
PA1  19. mannitol
PA1  20. sorbitol
PA1  21. methyl-d-mannoside
PA1  22. methyl-d-glucoside
PA1  23. N acetyl-glucosamide
PA1  24. amygdalin
PA1  25. arbutine
PA1  26. esculine
PA1  27. salicin
PA1  28. d (+) cellobiose
PA1  29. maltose
PA1  30. lactose
PA1  31. d (+) melibiose
PA1  32. saccharose (sucrose)
PA1  33. d (-) trehalose
PA1  34. inuline
PA1  35. d (+) melizitose
PA1  36. d (+) raffinose
PA1  37. dextrine
PA1  38. amylose
PA1  39. starch
PA1  40. glycogen
PA1  41. ONPG
PA1  42. arginine
PA1  43. lysine
PA1  44. ornithine
PA1  45. citrate
PA1  46. thiosulfate
PA1  47. urea
PA1  48. tryptophane
PA1  49. tryptophane-peptone
PA1  50. pyruvic acid
PAR  Reaction chambers Nos. 1-25, 25-40, 42-44 and 47 also contain phenol red as
      an indicator. The material in reaction chamber No. 25 includes a mixture
      of phenol red and ferric chloride and chamber No. 26 contains ferric
      chloride as indicators. Reaction chambers Nos. 41, 45-46 and 48-50 do not
      contain an indicator.
PAR  The above-described test strips are particularly designed for the
      determination of enterobacteriaceae. The first forty tests are
      carbohydrate fermentations. The same test strips may also be used for the
      identification of bacterial families for which carbohydrate metabolism is
      important, such as streptococcus, staphylococcus, pasteurelleae,
      vibrionaceae and some pseudomanadaceae.
PAR  Tests 41 through 50 are identical to tests 1-10 of the previously described
      API Enteric System.
PAR  The test strips for the API Research System include nutrients in reaction
      chambers Nos. 41-50. No nutrient is included in reaction chambers Nos.
      1-40, thereby providing a greater versatility to the test strips. The user
      can then utilize differing nutrient media depending on the particular
      bacterium being tested.
PAR  The bacterium may be cultured by any convenient method. If it is cultured
      on an agar plate, small sections may be selected with a wire loop for
      suspension. If cultured in a liquid medium, then it is preferable to
      centrifuge the liquid to obtain a more concentrated culture. In any event,
      it is necessary to use proliferant bacteria in an exponential phase
      growths.
PAR  The sample of culture bacteria is then suspended into a suitable medium. It
      is necessary to prepare two different suspension media for use with this
      test strip.
PAR  The first suspension is prepared for use in research chambers Nos. 1-40.
      These chambers do not contain any culture medium. Hence the bacterial
      suspension for use with these chambers must include the culture medium. In
      this manner, the system has a greater flexibility of use with different
      types of bacteria, by allowing the use of differing culture media
      depending on the suspected identity of the unknown bacterium.
PAR  The culturing medium selected must be rich enough to promote the rapid
      growth of the bacteria. It should not contain any fermentative substances
      and preferably has a pH of about 7.4.  Classical culturing media may be
      used. For example, when the bacterium is a suspected enterobacteriaceae a
      standard peptane broth may be used. It is preferable to use a peptane
      broth enriched with yeast extract when the unknown bacterium is suspected
      to be one which is more difficult to grow, such as a streptococcus.
PAR  The bacterial culture suspension should be sufficiently dense to permit
      multiplication, but not excessively dense. Generally, its optical density
      should be about the same as tube 1 of the standard McFarland optical
      density scale.
PAR  The McFarland scale is prepared by introducing different quantities of 1%
      barium chloride and 1% sulfuric acid into ten identical tubes. For
      example, ten 16mm test tubes are used. It is convenient if they are
      graduated to contain 10ml. 0.1 ml. of the barium chloride solution is
      introduced into the first tube, 0.2ml. into the second and so on up to
      1.0ml. added to the tenth tube. Each tube is then filled to the 10ml
      graduation with the sulfuric acid solution, the tube stoppered and the
      contents thoroughly mixed. It will be necessary to shake the tubes prior
      to each use to distribute the sediment throughout the liquid. The
      bacterial suspension and the McFarland standard tubes are then visually
      compared.
PAR  If both oxidation and fermentation of the bacterium in the presence of the
      various carbohydrates is studyed, then the suspension medium is preferably
      0.7% agar. The suspension is prepared by warming the medium to about
      40.degree.C and the bacterial culture introduced. The suspension must then
      be inoculated into the reaction chambers while still likewarm, before
      gelification.
PAR  Reaction chambers Nos. 41-50 contain, in addition to the aforementioned
      materials, the culture medium. Hence none is to be added to the bacterial
      suspension designed for use in these chambers. It is preferable that the
      bacteria be suspended in either distilled water or normal saline solution.
      A suspension having an optical density of tube 1 on the McFarland scale is
      preferable.
PAR  The reaction chambers are inoculated by introducing the appropriate
      bacterial suspension into the interior of each reaction chamber, such as
      by use of a Pasteur pipette. Care should be taken to avoid the
      introduction of air bubbles into the suspension.
PAR  It is preferable that each reaction chamber be filled properly. The
      quantity of suspension to be introduced will vary with the suspected
      identity of the unknown bacterium.
PAR  Referring again to FIG. 3, each reaction chamber 15 can be visualized as
      being divided into regions: the tube section 15a, and the cupule 15b,
      which is that region encircled by flange 17.
PAR  Reaction chambers Nos. 1-40 are preferably filled with the bacterial
      suspension in the following manner. It is generally only necessary to fill
      the tube region with the suspension. However, if the suspected identity of
      the bacterial family is one which is known to produce either volatile
      acids or relatively small quantities of acids, such as Streptococcus and
      Pasturella, the chamber should be sealed by filling the cupule with
      sterile paraffin oil. When the unknown bacterium is suspected to be one
      which both grows and produced acid, then both the tube region and the
      cupule are filled with the suspension. It is with such bacteria that the
      preferred culture medium is the ag 2.
PAR  Reaction chambers Nos. 41-50 are filled as follows regardless of the
      suspected identity of the bacterium.
PAR  In reaction chambers Nos. 41-44 and 46-49, only the tube region is filled.
      Both the tube region and the cupule are filled in chambers Nos. 45 and 50.
      Reaction chambers Nos. 42-44 and 47 should be sealed by filling the cupule
      with sterile paraffin oil.
PAR  The inoculated test plate is then incubated in the same manner as described
      for the API Enteric System. It is preferable to incubate the test plate
      for at least 18 hours before making a determination of the results.
PAR  After the proper incubation period a determination is made of whether the
      bacterium has or has not reacted with each test reagent.
PAR  Prior to making this determination, several drops of Ferric chloride are
      added to chamber No. 48; several drops of Kovaks reagent to chamber No. 49
      and several drops of a potassium hydroxide- and .alpha.-napthol solution
      to chamber No. 50.
PAR  The determinations of evidence of reaction are made by visually observing
      the color of the material in a manner similar to that described for the
      API Enteric System.
TBL  ______________________________________                                    
     Test                Positive   Negative                                   
     ______________________________________                                    
      1.   Phenol red          remains red                                     
      2.   Glycerol          yellow     red                                    
      3.   Erythoritol       yellow     red                                    
      4.   d(-) Arabinose    yellow     red                                    
      5.   L(+) Arabinose    yellow     red                                    
      6.   Ribose            yellow     red                                    
      7.   d(+) Xylose       yellow     red                                    
      8.   L(-) Xylose       yellow     red                                    
      9.   Adonitol          yellow     red                                    
     10.   Methyl-xyloside   yellow     red                                    
     11.   Galactose         yellow     red                                    
     12.   d(+) Glucose      yellow     red                                    
     13.   d(+) Levulose (Fructose)                                            
                             yellow     red                                    
     14.   d(+) Mannose      yellow     red                                    
     15.   L(-) Sorbose      yellow     red                                    
     16.   Rhamnose          yellow     red                                    
     17.   Dulcitol          yellow     red                                    
     18.   Meso-inositol     yellow     red                                    
     19.   Mannitol          yellow     red                                    
     20.   Sorbitol          yellow     red                                    
     21.   Methyl-d-mannoside                                                  
                             yellow     red                                    
     22.   Methyl-d-glucoside                                                  
                             yellow     red                                    
     23.   N-acetyl-glucosamide                                                
                             yellow     red                                    
     24.   Amygdalin         yellow     red                                    
     25.   Arbutine          yellow-black                                      
                                        red                                    
     26.   Esculin           black      colorless                              
     27.   Salicin           yellow     red                                    
     28.   d(+) cellobiose   yellow     red                                    
     29.   Maltose           yellow     red                                    
     30.   Lactose           yellow     red                                    
     31.   d(+) Melibiose    yellow     red                                    
     32.   Saccharose (sucrose)                                                
                             yellow     red                                    
     33.   d(-) Trehalose    yellow     red                                    
     34.   Inuline           yellow     red                                    
     35.   d(+) Melizitose   yellow     red                                    
     36.   d(+) Raffinose    yellow     red                                    
     37.   Dextrine          yellow     red                                    
     38.   Amylose           yellow     red                                    
     39.   Starch            yellow     red                                    
     40.   Glycogen          yellow     red                                    
     41.   ONPG              yellow     colorless                              
     42.   Arginine          red        red                                    
     43.   Lysine            red        yellow                                 
     44.   Ornithine         red        yellow                                 
     45.   Citrate           blue       green                                  
     46.   Thiosulfate       black      colorless                              
     47.   Urea              red        yellow                                 
     48.   Tryptophane       brown      yellow                                 
     49.   Tryptophane-peptane                                                 
                             red rind   yellow red                             
     50.   Pyruvic acid      bright red colorless                              
     ______________________________________                                    
PAR  Each determination that a reaction has assigned is assigned a value of +
      and each determination is assigned a value of -.
PAR  It is most convenient to group the fifty tests in groups of five. Thus, ten
      such groups are assigned. For example, the first group would include the
      following five determinations.
PA1  1. Phenol red
PA1  2. Glycerol
PA1  3. Erythritol
PA1  4. d(-) Arabinose
PA1  5. L(+) Arabinose
PAR  For each group, there are 32 possible combinations of determinations of
      whether the specimen has or has not reacted. A set of 32 digits or
      intermediate values has been selected to represent each of the 32
      conditions within each group. Each digit thus represents the results of
      one group of five tests.
PAR  The following list of digits has been selected. To avoid confusion, the
      letters i and o, and the numbers 1 and 0 have not been used. Of course,
      any list of representations may be used, but once selected, the same list
      must always be used.
TBL                LISTING OF 32 SYMBOLS                                       
     ______________________________________                                    
     A       -        -        -      -      -                                 
     B       +        -        -      -      -                                 
     C       -        +        -      -      -                                 
     D       -        -        +      -      -                                 
     E       -        -        -      +      -                                 
     F       -        -        -      -      +                                 
     G       +        +        -      -      -                                 
     H       -        +        +      -      -                                 
     J       -        -        +      +      -                                 
     K       -        -        -      +      +                                 
     L       +        -        +      -      -                                 
     M       -        +        -      +      -                                 
     N       -        -        +      -      +                                 
     P       +        -        -      +      -                                 
     Q       -        +        -      -      +                                 
     R       +        -        -      -      +                                 
     S       -        +        +      +      -                                 
     T       +        -        +      +      -                                 
     U       -        +        +      -      +                                 
     V       +        +        -      +      -                                 
     W       +        -        +      -      +                                 
     X       -        +        -      +      +                                 
     Y       +        +        +      -      -                                 
     Z       +        +        -      -      +                                 
     2       +        -        -      +      +                                 
     3       -        -        +      +      +                                 
     4       +        +        +      +      -                                 
     5       +        +        +      -      +                                 
     6       +        +        -      +      +                                 
     7       +        -        +      +      +                                 
     8       -        +        +      +      +                                 
     9       +        +        +      +      +                                 
     ______________________________________                                    
PAR  Thus, for example, if in the first group there is a positive reaction with
      Erythritol and none with the other reagents, the representation for the
      group would be:
PAC  - - + - -
PAL  which yields the value of "D" from the listing.
PAR  A similar determination is then made for each of the ten groups of
      determinations. The ten digits thus selected are combined to form a ten
      digit numerical representation which is indicative of the identity of the
      unknown bacterium. A preferred method of generating this numerical
      representation or final value is to list the intermediate values in
      identical order to that in which they are generated, starting with the
      lowest order test numbers.
PAR  For example, if after incubation, the following tests yield a positive
      result:
PA1  2. Glycerol
PA1  6. Ribose
PA1  11. Galactose
PA1  12. d(+) Glucose
PA1  13. d(+) Levulose
PA1  14. d(+) Mannose
PA1  16. Rahmnose
PA1  18. Meso-inositol
PA1  19. Mannitol
PA1  20. Sorbitol
PA1  23. N acetyl-glucosamide
PA1  24. Amygdalin
PA1  25. Arbutine
PA1  26. Esculin
PA1  27. Salicin
PA1  28. d(+) Cellobiose
PA1  29. Maltose
PA1  30. Lactose
PA1  32. Saccharose
PA1  33. d(-) Trehalose
PA1  35. d(+) Melizitose
PA1  41. ONPG
PA1  42. arginine
PAL  and the remainder negative, the result would be:
TBL  Group   Results                 Value                                     
     ______________________________________                                    
     1       -       +       -     -     -     C                               
     2       +       -       -     -     -     B                               
     3       +       +       +     +     -     4                               
     4       +       -       +     +     +     7                               
     5       -       -       +     +     +     3                               
     6       +       +       +     +     +     9                               
     7       -       +       +     -     +     U                               
     8       -       -       -     -     -     A                               
     9       +       +       -     -     -     G                               
     10      -       -       -     -     -     A                               
     ______________________________________                                    
PAL  and the final value would be:
PAC  CB473 9UAGA
PAR  A Profile Register has been established for the API 50 Research System in
      similar manner to that established for the API Enteric System. Consulting
      the Profile Register for this system,
EQU  CB473 9UAGA = Streptococcus
PAR  It is important to realize that the results of the determination may depend
      upon the nature of the culture medium in which the bacterium is suspended.
      It is thus a further feature of the Profile Register to enable the user to
      obtain the correct identification of regardless of the culture medium
      used.
PAR  It has been found convenient to identify the correct tabular listing by
      means of color coding the printing in the Profile Register. For example,
      the following printing colors can be utilized.
TBL  Suspension Medium  Print Color                                            
     ______________________________________                                    
     tryptocose broth   Black                                                  
     yeast extract broth                                                       
                        Blue                                                   
     nitrated broth     Green                                                  
     ______________________________________                                    
PAR  While the above color-coding method has proven convenient, the same result
      can be obtained by other means, such as by using standard type, italics,
      bold face, etc.
PAR  The step of converting the score values for each group of determinations
      into the intermediate value can also be performed in a manner similar to
      the mathematical method described for the example of the API Enteric
      System.
PAR  When using such method with the API 50 Research System, the determinations
      are grouped in groups of five test each. Each of the five tests within the
      group is then assigned a weighted score value.
PAR  It is convenient to assign score values to each determination where the
      first determination within a group receives a score value of 1, the second
      a score value of 2, the third 31 4, the fourth -8 and the fifth -16. The
      intermediate value can then be the sum of the score values within the
      group. This method is inconvenient as the intermediate value for each
      group may not be a single digit.
PAR  However, this method of forming the intermediate value is utilized when
      using a mechanical coder device similar to that used for the API Enteric
      System.
PAR  A coder device useful with the 50 test system could be constructed
      utilizing ten chambers and slide members, each corresponding to a single
      test group. However, such coder would be cumbersome and unwiedly. It is
      thus preferable to utilize a coder having only five slide members, wherein
      score values of the first five groups of determinations are converted to
      the five intermediate values, the slide members replaced and the process
      repeated for the second set of five groups.
PAR  Referring to FIG. 8, the preferred form of the coder used with the 50 test
      system is generally constructed similarly to the coder (FIG. 4) used with
      the 21 test system.
PAR  Five chambers 22c are provided into each of which a single slidably mounted
      flat member 23 is fitted.
PAR  FIG. 9 is a representation of a single slide member 23 adapted for use with
      the coder of FIG. 8. Each slide member is designed to fit snugly into its
      respective chamber in the coder.
PAR  Each slide member is fitted with a plurality of indentations (not shown) in
      order that the slide may be moved by inserting the top of a stylus and
      moving the slide. These are disposed in five columns of equally spaced
      indentations. The five columns represent the five tests of the group.
PAR  Each slide member is also imprinted with a set of indicia 41, representing
      the 32 possible combinations of test results within the group. The indicia
      are ordered as shown to be consistent with the method previously described
      for converting the score value to the intermediate value and to allow the
      use of the same Profile Register.
PAR  The cover member 22b (FIG. 8) contains a series of five slots 42, 43, 44,
      45, 46 corresponding to each slide. There is also a window 47 overlying
      each slide member. The slots are of such lengths as to linearly represent
      the weighted score value for each test within the group. Generally, for
      the described system, they will be in the ratio of 1:2:4:8:16. The slots
      are disposed in such manner as to allow the tip of a stylus to be inserted
      through the slot into the indentations in the slide member. The window 47
      is disposed in such position so that one of the indicia 41 is visible
      through the windows.
PAR  The cover member 22b may also contain five additional windows 48 for each
      chamber 22c. Each slide member has imprinted thereon five columns 49 of 32
      characters each. When the slide member is inserted into each chamber, one
      character from each column is visible through each window 48.
PAR  The coder device of the 50 test system is operated in a manner similar to
      that described for the 20 test system. The intermediate value for each
      group of tests is read through windows 47.
PAR  The characters 49 visible through windows 48 provide a check for the
      operator. The characters visible through these window will correspond to
      whether the unknown bacterium has or has not reached. A - visible through
      the window can indicate an absence of reaction and a + the presence of
      reaction.
PAR  These areas on the slide can of course be color coded with the colors
      indicating whether the bacterium has or has not reacted, as described
      previously.
PAR  A generally similar test plate is also commercially available from Analytab
      Products, Inc., Carle Place, New York, which is adopted for use with
      Lactobacillus. In this system, the following tests are utilized, and the
      corresponding colors.
TBL  ______________________________________                                    
     Test              Positive   Negative                                     
     ______________________________________                                    
      1. Bromcresol purple   remains purple                                    
      2. Glycerol          yellow     purple                                   
      3. Erythoritol       yellow     purple                                   
      4. d(-) Arabinose    yellow     purple                                   
      5. L(+) Arabinose    yellow     purple                                   
      6. Ribose            yellow     purple                                   
      7. d(+) Xylose       yellow     purple                                   
      8. L(-) Xylose       yellow     purple                                   
      9. Adonitol          yellow     purple                                   
     10. Methyl-xyloside   yellow     purple                                   
     11. Galactose         yellow     purple                                   
     12. d(+) Glucose      yellow     purple                                   
     13. d(+) Levulose (Fructose)                                              
                           yellow     purple                                   
     14. d(+) Mannose      yellow     purple                                   
     15. L(-) Sorbose      yellow     purple                                   
     16. Rhamnose          yellow     purple                                   
     17. Dulcitol          yellow     purple                                   
     18. Meso-inositol     yellow     purple                                   
     19. Mannitol          yellow     purple                                   
     20. Sorbitol          yellow     purple                                   
     21. Methyl-d-mannoside                                                    
                           yellow     purple                                   
     22. Methyl-d-glucoside                                                    
                           yellow     purple                                   
     23. N-acetyl-glucosamide                                                  
                           yellow     purple                                   
     24. Amygdalin         yellow     purple                                   
     25. Arbutine          yellow black                                        
                                      purple                                   
     26. Esculin           black      colorless                                
     27. Salicin           yellow     purple                                   
     28. d(+) cellobiose   yellow     purple                                   
     29. Maltose           yellow     purple                                   
     30. Lactose           yellow     purple                                   
     31. d(+) Mellibiose   yellow     purple                                   
     32. Saccharose (sucrose)                                                  
                           yellow     purple                                   
     33. d(-) Trehalose    yellow     purple                                   
     34. Inuline           yellow     purple                                   
     35. d(+) Melizitose   yellow     purple                                   
     36. d(+) Raffinose    yellow     purple                                   
     37. Dextrine          yellow     purple                                   
     38. Amylose           yellow     purple                                   
     39. Starch            yellow     purple                                   
     40. Glycogen          yellow     purple                                   
     41. Arginine          red        yellow                                   
     42. Glucose           bubbles    no bubbles                               
     43. Teepol 0.4%       growth-yellow                                       
                                      inhibition-purple                        
     44. Teepol 0.6%       growth-yellow                                       
                                      inhibition-purple                        
     45. Na Cl 4%          growth-yellow                                       
                                      inhibition-purple                        
     46. Na Cl 6%          growth-yellow                                       
                                      inhibition-purple                        
     47. Na Cl 10%         growth-yellow                                       
                                      inhibition-purple                        
     48. ONPG              yellow     purple                                   
     49. KNO.sub.3 + glucose                                                   
                           red        colorless                                
     50. Pyruvic Acid      red        colorless                                
     ______________________________________                                    
PAR  The color indicator for audification used in this system is bromcresol
      purple, which is included in reaction chambers Nos. 1-25, 27-40 and 42-47.
      Phenol red is used in chamber No. 41 and iron citrate is present in
      chambers Nos. 25 and 26.
PAR  This system is particularly designated to enable the user to determine the
      particular strain of the lactobacillus.
PAR  The invention includes a method for the identification of lactobacilli by
      cultural and biochemical characteristics. It can also be used for the
      identification of lactic streptococci and leuconostoc (betacocci).
PAR  To obtain reproduceable results, the experimental conditions must remain
      identical. These are generally easy to obtain. All the strains are grown
      on the same medium, during the same time and at the same temperatures. The
      in-growth culture is washed by centrifugation. With the sediment, a
      bacterial suspension is prepared in the "identification" medium defined by
      its optical density or numeration. The suspension is inoculated in each of
      the microtubes of identical capacity. During incubation, the speed of the
      appearances of the biochemcial reactions is reported on a result sheet
      forming a profile (FIG. 10). A comparison of the obtained profile with the
      reference profile enables control of the production.
PAR  It is necessary to employ a satisfactory nutritional medium. The
      identification can only be performed on strains which are in continuous
      growth for several days and in the phase of exponential growth.
PAR  The suspensions prepared should contain an identical number of bacteria.
      The optic density can be measured with a photometer (at 525 nm the
      appropriate density is about 0.200 in a 1.0 cm cell). For greater
      precision, particularly in the suspension of the industrial production of
      the same strain, the bacteria are counted by using a Coulter counter. For
      practical usage, the density can be compared to the McFarland scale.
PAR  The plate 11 is sterile. Each plate contains 50 biochemical reactions. The
      plate is then placed into a plastic box provided with the plate and some
      water is poured into the bottom of the box to create a humid atmosphere.
PAR  Using a Pasteur pipette, all the tubes are filled avoiding the introduction
      of air bubbles. To do so, place the tip of the pipette on the side of the
      tube. The tube portion (0.12 ml) is filled on all the tubes except tube 50
      where the tube and cup section are filled so that the reading can be
      performed in the cup (aerobic conditions). Two drops of sterile mineral
      oil are added to all the tubes underlined (0, 1, 2, etc.)
PAR  The plastic box containing the inoculated plate is closed and placed in the
      incubator. If the incubator does not circulate humid atmosphere, the box
      should be placed on one of the top shelves far from the heating units. The
      incubation is performed at 37.degree.C except for the L. viridenscens when
      a temperature of 30.degree.C is recommended.
PAR  In forming a profile, the results can be compiled on the result sheet 51.
      When the reaction is considered as positive, it is reported on the result
      sheet by blackening only the positive reactions corresponding to the time
      of appearance (See FIG. 10.).
PAC  TESTS 1 THROUGH 40 -- FERMENTATION AND GROWTH
PAR  The acid production precedes the growth and is easier to read during the
      first 6 hour period. The changing from purple to yellow of the bromcresol
      purple is reported after 3 and 6 hours of incubation.
PAR  After 24 hours of incubation, the bacterial growth is also reported by
      observing an opaque deposit at the bottom of the tube when the plates are
      observed by transparence on a black background. This reaction appears in
      addition to the fermentation. With some species such as the
      THERMOBACTERIUM the bacterial growth is sometimes easier to read than the
      fermentation. Gas Production: The heterofermentative species are producing
      gas which forms small bubbles on the upper part of the tube from 6 to 24
      hours of incubation. Some species produce more gas with the maltose than
      with the glucose and the gas production may be observed with other
      carbohydrates during fermentation.
PAR  The gas production will be read and reported in tube 42 (glucose) only.
PAR  The readings of the results after 3, 6 and 24 hours should be sufficient to
      enable the diagnosis. It is useless to report the results of the
      fermentation after 48 hours of incubation.
PAR  POSITIVE REACTION: YELLOW and GROWTH of the organism
PAR  NEGATIVE REACTION: PURPLE and NO GROWTH of the organism
PAR  The 50 biochemical reactions have been selected to enable the diagnosis of
      the group, the species and recognition of a strain from its profile.
TBL                DIAGNOSIS OF GROUPS                                         
     ______________________________________                                    
                 THERMO-    STREPTO-   BETA-                                   
     TEST        BACTERIUM  BACTERIUM  BACTERIUM                               
     ______________________________________                                    
     RIBOSE      -          +          +                                       
     ARGININ     -          -          +                                       
     GAS PRODUCTION                                                            
                 -          -          +                                       
     IN GLUCOSE                                                                
     ______________________________________                                    
PAR  Under each profile the differentiating characteristics which enable one to
      diagnose the group are indicated by the following symbols:
PAR    BLACK CIRCLES 52 for the tests which are positive.
PAR  O WHITE CIRCLES 53 for the tests which are negative.
PAC  DIAGNOSIS OF THE SPECIES
PAR  Under each diagram the differentiating characteristics of the species are
      indicated by the following symbols:
PAR    BLACK TRIANGLES 54 for positive reactions
PAR  .DELTA. WHITE TRIANGLES 55 for negative reactions
PAL  For example:
PAR  White circles under the ribose test arginin ADH and gas are a presumption
      of a THERMOBACTERIUM.
PAR  The black triangle under the maltose test on the L. helveticus profile
      differentiates this specie from the L. jugurti by the fermentation of this
      carbohydrate.
PAC  DIAGNOSIS OF A STRAIN
PAR  The profile of a strain must always remain identical to itself during the
      preparation, or at all times during the continuous culture. When the
      experimental conditions are carefully reproduced, it is possible to report
      a modification in the profile much faster than with conventional methods.
      The strain can be checked every hour or every two hours. As an example,
      the follow-up of a continuous culture of a L. helvecticus strain and its
      stopping because of a variation in the aspect of the profile.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for the identification of an unknown substance, a specimen
      of the substance having been prepared to be analyzed, portions of the
      prepared specimen being caused to undergo a plurality of different tests,
      each test having a predetermined indicia when the specimen has not reacted
      and a different predetermined indicia when the specimen has reacted, the
      improvement which comprises:
PA1  a. arranging the tests into at least one group which includes a plurality
      of individual test determinations, each test determination being assigned
      a score value, the score value for each determination being different
      depending upon whether the specimen has or has not reacted, the score
      value of each determination in a group being weighted differently for the
      condition when the specimen has reacted, and the sum of any combination of
      score values in a group being different from the sum of any other
      combination of score values within the group;
PA1  b. comparing the predetermined indicia and the different predetermined
      indicia of each test to an apparatus having a supporting frame and at
      least one member corresponding to a group of determinations and containing
      a representation for the condition when the specimen has not reacted and a
      representation for the condition when the specimen has reacted, each
      member being divided into fixed increments, the magnitude of each
      increment being a function of the weighted score value for each
      determination in a group corresponding to the movable member, wherein
      sequential movements of the movable member provide a total movement
      representative of the combining of score values of the group and the
      correct indicia of reaction for each determination in a group;
PA1  c. in response to the step of comparing, moving each movable member through
      the increment for each determination in a group to which the movable
      member is related when the specimen has reacted, the moving of the movable
      member both exposing the representation for the condition when the
      specimen has reacted and forming a score value for each determination, the
      movable member being moved sequentially until a total group score value
      for each group is obtained, the representation of each movable member
      after moving enabling the representation to be checked against the
      predetermined indicia and different predetermined indicia of the test; and
PA1  d. assembling the score values of all groups into a final value which is
      distinctive for each different combination of group score values, the
      final value being indicative of the identification of the unknown
      substance.
NUM  2.
PAR  2. In a method in accordance with claim 1 in which the step of arranging
      the tests into at least one group comprises arranging the tests into
      groups containing equal numbers of determinations.
NUM  3.
PAR  3. In a method in accordance with claim 1 in which each group includes
      three determinations.
NUM  4.
PAR  4. In a method in accordance with claim 1 in which each group includes five
      determinations.
NUM  5.
PAR  5. In a method in accordance with claim 1 in which the score value
      comprises a numerical score value.
NUM  6.
PAR  6. In a method in accordance with claim 5 in which the numerical score
      value is zero for the condition in which the specimen has not reacted and
      a numerical score value different from zero for the condition in which the
      specimen has reacted.
NUM  7.
PAR  7. In a method in accordance with claim 6 in which the numerical score
      value different from zero for each different determination in a group is
      weighted with an increasing numerical value in a predetermined manner.
NUM  8.
PAR  8. In a method in accordance with claim 7 in which the numerical score
      value which is weighted with an increasing numerical value in a
      predetermined manner is weighted as a function of powers of a
      predetermined base.
NUM  9.
PAR  9. In a method in accordance with claim 8 in which the predetermined base
      is two.
NUM  10.
PAR  10. In a method in accordance with claim 5 in which each group includes
      three determinations and in which the numerical score value is zero for
      the condition in which the specimen has not reacted and a numerical score
      value of 1, 2, and 4 for the three determinations, respectively, for the
      condition in which the specimen has reacted.
NUM  11.
PAR  11. In a method in accordance with claim 5 in which each group includes
      five determinations and in which the numerical score value is zero for the
      condition in which the specimen has not reacted and a numerical score
      value of 1, 2, 4, 8 and 16 for the five determinations, respectively, for
      the condition in which the specimen has reacted.
NUM  12.
PAR  12. In a method in accordance with claim 5 in which each numerical score
      value of a group is mathematically combined with a preceding recorded
      score value.
NUM  13.
PAR  13. In a method in accordance with claim 12 in which the numerical score
      values are mathematically combined by summation of the numerical score
      values, the resulting sum being the group score value.
NUM  14.
PAR  14. In a method in accordance with claim 1 in which the step of assembling
      the score values of all groups into a final value comprises the step of
      placing the score value of all groups into different positions in
      accordance with a predetermined format, the format presenting the final
      value.
NUM  15.
PAR  15. In a method in accordance with claim 14 in which the step of
      positioning the score values of all groups into a predetermined format
      comprises arranging the score values in a sequence in correspondence to
      the predetermined order of the groups.
NUM  16.
PAR  16. In a method in accordance with claim 1 and further comprising the step
      of identifying the unknown substance by consulting a tabular register of
      possible final values.
NUM  17.
PAR  17. In a method in accordance with claim 16, wherein the tabular register
      includes representations of the final values which are in at least one of
      a plurality of different predetermined forms, each different predetermined
      form corresponding to a different predetermined condition of the prepared
      specimen, and wherein the step of consulting the tabular register includes
      the step of consulting the predetermined form corresponding to the
      predetermined condition of the prepared specimen.
NUM  18.
PAR  18. In a method for the identification of an unknown micro-organism, a
      specimen of the micro-organism having been prepared to be analyzed,
      portions of the prepared specimen being caused to undergo a plurality of
      different biochemical tests with different biochemical test reagents each
      test having a predetermined indicia when the specimen has not reacted and
      a different predetermined indicia when the specimen has reacted, at least
      certain of the reagents having a chemical reaction indicating substance,
      the improvement which comprises:
PA1  a. arranging the tests into at least one group which includes a plurality
      of individual test determinations, each test determination being assigned
      a score value, the score value for each determination being different
      depending upon whether the specimen has or has not been reacted, the score
      value of each determination in a group being weighted differently for the
      condition when the specimen has reacted, and the sum of any combination of
      score values in a group being different from the sum of any other
      combination of score values within the group;
PA1  b. comparing the predetermined indicia and the different predetermined
      indicia of each test to an apparatus having a supporting frame and at
      least one member corresponding to a group of determinations and containing
      a representation for the condition when the specimen has not reacted, and
      a representation for the condition when the specimen has reacted each
      member being divided into fixed increments, the magnitude of each
      increment being a function of the weighted score value for each
      determination in a group corresponding to the movable member, wherein
      sequential movements of the movable member provide a total movement
      representative of the combining of score values of the group and the
      correct indicia of reaction for each determination in a group;
PA1  c. in response to the step of comparing, moving each movable member through
      the increment for each determination in a group to which the movable
      member is related when the specimen has reacted, the moving of the movable
      member both exposing the representation for the condition when the
      specimen has reacted and forming a score value for each determination, the
      movable member being moved sequentially until a total group score value
      for each group is obtained, the representation of each movable member
      after moving enabling the representation to be checked against the
      predetermined indicia and different predetermined indicia of the test; and
PA1  d. assembling the score values of all groups into a final value which is
      distinctive for each different combination of group score values, the
      final value being indicative of the indentification of the unknown
      substance.
NUM  19.
PAR  19. In a method for the identification of an unknown bacterium, a specimen
      of the bacterium having been prepared to be analyzed, portions of the
      prepared specimen being caused to react with a plurality of tests with
      different biochemical test reagents each test having a predetermined
      indicia when the specimen has not reacted and a different predetermined
      indicia when the specimen has reacted, at least certain of the reagents
      having a chemical reaction indicating substance, the improvement which
      comprises:
PA1  a. arranging the tests into at least one group which includes a plurality
      of individual test determinations, each test determination being assigned
      a score value, the score value for each determination being different
      depending upon whether the specimen has or has not reacted, the score
      value of each determination in a group being weighted differently for the
      condition when the specimen has reacted, and the sum of any combination of
      score values in a group being different from the sum of any other
      combination of score values within the group;
PA1  b. comparing the predetermined indicia and the different predetermined
      indicia of each test to an apparatus having a supporting frame and at
      least one member corresponding to a group of determinations and containing
      a representation for the condition when the specimen has not reacted and a
      representation for the condition when the specimen has reacted, each
      member being divided into fixed increments, the magnitude of each
      increment being a function of the weighted score value for each
      determination in a group corresponding to the movable member, wherein
      sequential movements of the movable member provide a total movement
      representative of the combining of score values of the group and the
      correct indicia of reaction for each determination in a group;
PA1  c. in response to the step of comparing, moving each movable member through
      the increment for each determination in a group to which the movable
      member is related when the specimen has reacted, the moving of the movable
      member both exposing the representation for the condition when the
      specimen has reacted and forming a score value for each determination, the
      movable member being moved sequentially until a total group score value
      for each group is obtained, the representation of each movable member
      after moving enabling the representation to be checked against the
      predetermined indicia and different predetermined indicia of the test; and
PA1  d. assembling the score values of all groups into a final value which is
      distinctive for each different combination of group score values, the
      final value being indicative of the indentification of the unknown
      substance.
NUM  20.
PAR  20. In a method in accordance with claim 19 in which the step of arranging
      the tests into at least one group comprises arranging the tests into
      groups containing equal numbers of determinations.
NUM  21.
PAR  21. In a method in accordance with claim 20 in which each group includes
      five determinations.
NUM  22.
PAR  22. In a method in accordance with claim 19 in which the step of assembling
      the numerical score values of all groups into a final value comprises the
      step of placing the numerical score values of all groups into different
      positions in accordance with a predetermined format. The format presenting
      the final value.
NUM  23.
PAR  23. In a method in accordance with claim 22 in which the step of
      positioning the numerical group score values of all groups into a
      predetermined format comprises arranging the numerical group score values
      into a sequence in correspondence to the predetermined order of the
      groups.
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ABST
PAL  A diagnostic test device comprising an absorbent medium adapted to receive
      and retain a measured amount of fluid containing the substance to be
      tested and reagents adapted to contact said fluid to provide a visual
      determination of the presence and/or concentration of the substance,
      wherein the absorbent medium comprises a substantially non-swellable
      material of substantially uniform and constant porosity and thickness.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A variety of devices are known today for analysis of body fluids such as
      urine, blood, etc. Such devices generally employ extremely accurate
      procedures and provide a valuable diagnostic tool. However, most such
      devices are expensive, require trained personnel and involve
      time-consuming techniques. Obviously, such devices are unavailable for use
      by a layman in, for example, daily monitoring of a diabetic condition.
PAR  To fill this very important need a number of relatively simple devices and
      test strips have been developed and marketed. Many of the so-called simple
      devices developed for use by untrained personnel suffer from a variety of
      deficiencies. Accuracy, the ability of the operator to discern relatively
      minor changes and ease of use are some of the problems encountered with
      such prior art devices.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a relatively simple diagnostic test
      device wherein a predetermined quantity of fluid containing the substance
      to be tested is contacted with suitable reagents which will provide a
      visual, preferably colorimetric determination of the presence and/or
      concentration of the substance. The predetermined quantity is provided by
      an absorbent material of uniform and constant porosity and thickness. The
      present invention is also concerned with preferred devices employing such
      absorbent materials.
PAR  One of the principal problems of such devices involves the accurate
      metering of the fluid to provide an accurate determination of the
      substance under test. Pipettes, syringes and the like are expensive,
      bulky, require some degree of skill and care in use and are frequently
      fragile.
PAR  It is an object of the present invention to provide techniques and devices
      not susceptible to the deficiencies of the prior art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged, cross-sectional view of the testing device of the
      present invention;
PAR  FIG. 2 is an enlarged, cross-sectional view of the testing device of FIG. 1
      in the first stage of operation; and
PAR  FIG. 3 is an enlarged, cross-sectional view of the device of FIG. 1 in the
      second stage of operation.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention is directed to a relatively simple diagnostic test
      device for use in analyzing a substance contained in a body fluid.
PAR  As stated above, one of the principal drawbacks in employing sufficiently
      reliable diagnostic test devices involves the difficulty in accurately
      introducing the specific amount of body fluid into contact with the
      reagents which will provide the quantitative determination.
PAR  By means of the present invention, an accurate amount of fluid is made
      available for analysis by employing an absorbent material of uniform and
      constant porosity as the receiving medium for the fluid. The
      aforementioned material will receive and retain a predetermined amount
      which then can be expelled into a reaction zone by exerting a compressive
      force thereon, or alternatively, the reactants adapted to provide the
      visual determination of the substance are introduced into the material
      with the analytical reaction occurring therein.
PAR  Thus, by means of the present invention, analysis of substances in blood,
      urine, etc., can be carried out quickly and easily without the need of
      trained personnel to provide an accurate measure of the substance under
      consideration in a body fluid.
PAR  Materials suitable for use in the present invention as an absorbent
      material are well known to the art.
PAR  In a preferred embodiment of the present invention, the above-described
      absorbent medium is disposed between and attached to first and second
      sheets in substantially parallel relationship. The absorbent medium is
      pivotally attached at its leading and trailing edges, respectively, to
      said first and second sheets. At least one of said first and second sheets
      contain reagents to provide the determination of the substance under test,
      said reagents adapted to contact said absorbent medium when the first and
      second sheets are moved into a superposed first position. The first and
      second sheets are then movable to a superposed second position where
      reaction products formed in said first sheet contact indicator means to
      provide a visual determination of the substance.
PAR  Thus, in operation, fluid is applied to the absorbent medium intermediate
      the first and second sheets. As stated above, the nature of the absorbent
      medium permits the retention of a predetermined, accurate quantity of
      fluid. The sheets are then moved into a first superposed position,
      sandwiching the absorbent medium in contact with said sheets. The fluid in
      the absorbent means contacts reagents disposed on one or preferably both
      of said sheets. The reaction products produced by the reagents and the
      substance in the fluid are formed in the first sheet adjacent the
      absorbent medium. After sufficient time has elapsed for the reaction, the
      sheets are moved to a second superposed position by pivoting the sheets
      around the absorbent medium, contacting the aforementioned reaction
      products with visual indicator means, where the quantity or presence of
      the substance can be ascertained by inspection.
PAR  In one embodiment, the visual determination is a colorimetric determination
      and is viewed through a transparent portion of one of the sheets and
      compared against a standard scale, either attached to the test device or
      separate therefrom. By matching the color produced in the test device with
      the scale, an accurate determinatiion is readily available. The test
      device may then be discarded. Since a measured amount of fluid is
      contacted with a premeasured amount of reactants, a quantitative
      determination is achieved.
PAR  In an alternative embodiment, the second or indicator position includes a
      precipitation chromatograph. Thus, the reaction products, when the sheets
      are moved into the second position, would be eluted by a solvent and
      diffused into a chromatographic medium which contains a compound which
      forms an insoluble, colored compound upon contact with the reaction
      product produced from the substance. Since the colored material is
      insoluble and thus not diffusible, the only compound moving up the
      chromatographic medium would be the aforementioned reaction products. As
      the reaction product is converted to a nonreactable form, the colored wave
      front on the chromatographic medium is halted and the length of the
      colored zone measured by an appropriate standard scale to provide a
      quantitative determination of the substance under test.
PAR  To describe the operation of the diagnostic test device in more detail, the
      operator will expose the absorbent fluid receiving medium, preferably by
      lifting a portion of one of the sheets, and place the fluid containing the
      substance to be tested on the absorbent material. It is not necessary to
      apply a measured amount; it is only necessary that the absorbent medium be
      saturated. As stated above, the construction of the absorbent medium will
      provide for the retention of a predetermined quantity of fluid.
PAR  The first and second sheets are then moved into superposed relationship to
      a first position with the absorbent medium in contacting relationship
      therebetween. Preferably, pressure is applied to the device to expel
      excess fluid from the absorbent medium and enable the reaction to be
      carried out in zones of the sheets.
PAR  Pressure is preferably applied by moving the device relative to and between
      a pair of juxtaposed members. These members may comprise a pair of
      substantially parallel rollers, a roller and a plate or any other
      apparatus that will, as the device is moved through it, force the fluid
      from the absorbent medium. Alternatively, rollers may be moved relative to
      the device.
PAR  The test reagents which are adapted to react with the substance being
      tested for are disposed on the inner surfaces of the first and second
      sheets in contact with the absorbent medium when the device is in the
      first position. The substance in the fluid undergoes reactions which
      provide reaction products capable of being measured by means described
      above. These reaction products are formed and retained in the first sheet
      adjacent the absorbent medium in the first position.
PAR  The test device is moved to the second position where the reaction products
      contact the colorimetric determination means, e.g., a colorimetric
      indicator or precipitation chromatograph. Preferably, the reactants
      comprise enzymes, coenzymes and a colorimetric indicator.
PAR  Turning now to the drawings, a preferred diagnostic test device is shown in
      each step of the operation.
PAR  The diagnostic test device 10 of the present 13 is composed of absorbent
      medium 18 pivotally attached at the ends to first sheet 11 at point 14 and
      second sheet 12 at point 15. First sheet 11 carries on an inner surface
      reagent layer 18 adapted to react with the substance under test,
      preferably enzymes and coenzymes and also carries, adjacent an end
      thereof, colorimetric determination means 25 in the embodiment shown a
      precipitation chromatographic sheet. Second sheet 12 carries on an inner
      surface reagent layer 17, preferably enzymes adapted to provide the
      abovedescribed reaction, as well as an eluting solvent layer 20,
      preferably in a semi-swollen gel. In order to protect the semi-swollen gel
      a cover sheet 21 is pivotally attached to second sheet 12 at point 22. A
      transparent portion 27 of second sheet 12 enables the viewing of the
      colorimetric determination as described below.
PAR  In operation, a section of first sheet 11 is pivoted, exposing absorbent
      medium 13 and the fluid containing the substance to be tested is applied
      thereto. The diagnostic test device is then moved to a first superposed
      position as shown in FIG. 2 with layer 18 of sheet 11 and layer 17 of
      sheet 12 in contact with absorbent means 13. When the reagents of layers
      18 and 17 react with the substance in the fluid, the reaction products are
      formed in layer 18. After permitting the necessary time to elapse for the
      reactions to occur, the diagnostic test device is moved to a second
      superposed position whereby layer 18 contacts the eluting solvent in layer
      20. The cover sheet 21 is retracted exposing layer 20 prior to moving the
      device to said second position. The solvent in layer 20 would dissolve the
      reaction products of layer 18, carrying them down the chromatographic
      sheet where a colored moiety would be generated providing the numerical
      determination of the concentration of the substance.
PAR  It may be desirable to remove some components of the fluid prior to
      contacting the fluid with the reactants. Such components may be removed by
      superposing a filter over the absorbent means to remove the components
      from the test area. Alternatively, precipitants may be employed in the
      absorbent medium itself. Protein is one example of a component of the
      fluid that may be removed prior to the reaction.
PAR  The sheets which comprise the walls of the device are preferably
      transparent and may be composed of any suitable material which will retain
      the reactants without leakage or without interfering with the reaction.
PAR  As stated above, the novel device of the present invention may be employed
      for a variety of diagnostic tests. For example, hemoglobin in blood may be
      ascertained by application of a blood sample to the absorbent material and
      disposing an oxidizing agent and a suitable indicator intermediate the
      superposed sheets. Suitable indicators are known to the art for such a
      test.
PAR  The novel test device of the present invention is particularly suitable for
      the enzymatic analysis of glucose in body fluids. The test for glucose is
      based on the following reaction sequence:
EQU  Glucose + ATP .sup.(hexokinase) .fwdarw. Glucose-6-phosphate + ADP
EQU  Glucose-6-phosphate + NADP .sup.(G-6-PDH) .fwdarw. NADPH +
      6-phosphogluconate
PAL  The absorption of NADPH at 340 nm is a measure of the glucose content in
      the sample fluid. Since 340 nm is beyond the visible region of the
      electromagnetic spectrum, a suitable indicator may be included in the
      system which will react with NADPH to give a suitable color change.
EQU  NADPH + 2,3',6-trichloroindophenol(oxidized form) .fwdarw. NADP +
      2,3',6-trichloroindophenol(reduced form)
PA0  Atp = adenosine triphosphate
PA0  Adp = adenosine diphosphate
PA0  Nadp = nicotinamide adenine dinucleotide phosphate
PA0  Nadph = nicotinamide adenine dinucleotide phosphate reduced
PA0  G-6-pdh = glucose-6-phosphate dehydrogenase
PAR  The body fluid containing the glucose would be applied to the absorbent
      material. The reactants, ADP and NADP would be located intermediate the
      sheets, preferably coated thereon. Suitable indicators include methylene
      blue, the sodium salt of 3'-chloroindophenol, the sodium salt of
      2,3'-trichloroindophenol and the sodium salt of 2,6-dichloroindophenol and
      would be located on a sheet adapted to contact the reaction products
      derived from the fluid, ADP and NADP. In a preferred embodiment,
      precipitation chromatography was employed using the ferric complex of
      4,7-diphenyl-1,10-phenanthroline to form an insoluble colored product upon
      reacting with NADPH. It may be desirable to apply suitable time delay
      layers, e.g., polymeric layers of specific solubility or permeability, to
      one or more of the reactants to ensure the order of reaction. The color
      generated by the reaction will be compared visually with suitable color
      reference standards.
PAR  In a preferred embodiment, the ATP and NADP and/or enzymes would be applied
      to layers 17 and 18 and water in a semi-swollen gel would be coated on
      layer 20. The ATP and NADP and/or enzymes may be disposed in the reaction
      zone just prior to application of the compressive force. However, in a
      particularly preferred embodiment, the enzymes are in a stable,
      immobilized state which, upon contact with the fluid to be tested, is
      activated. NADH would be generated in layer 18 and then eluted therefrom
      by the water in layer 20. The concentration of the NADH would be
      determined by the height of the colored column in the chromatographic
      sheet.
PAR  If the fluid to be analyzed contains a reducing substance (e.g., ascorbic
      acid in urine), it is preferred to employ a colorimetric indicator system
      that does not rely on a redox system to avoid any interference in the
      determination or inaccurate readings. For example, in a glucose
      determination a suitable indicator system may comprise a ferric salt, such
      as ferric nitrate coated on silica gel. A ferric-NADH salt is formed which
      is purple. While the thus-formed colorimetric determination is suitable
      for the aforementioned glucose determination, if a permanent record of the
      test is desired then 1,10-phenanthroline or
      4,7-diphenyl-1,10-phenanthroline also coated on the silica gel will
      provide a pink, permanent colorimetric indication.
PAR  In still another embodiment, in addition to the above-mentioned time delay
      layers, the reactants may be disposed in a suitable polymeric material and
      a layer of such a material cast on the aforementioned surface.
PAR  It is also known to bind enzymes to polymeric matrices. For example, in a
      cross-linked dextrose gel, adjacent hydroxyl groups can react with
      cyanogen bromide and then combine with amino groups of the enzyme. Other
      systems for incorporating enzymes into the matrix of a polymer are also
      known.
PAR  In an alternative embodiment, a mordant for the colored moiety produced in
      the present invention is employed. This would provide a degree of
      immobility to the colored species rendering the visual comparison more
      effective and accurate and still further lessening time of examination as
      a factor. The use of a mordant would also minimize any reversible reaction
      which might lead to inaccuracy in the determination. Mordants are well
      known to the art for a variety of colored materials and the particular
      mordant will be selected with the particular colored material in mind.
PAR  As stated above, the novel device of the present invention is suitable for
      use in a variety of diagnostic tests. In the following table,
      representative substances to be analyzed are indicated with examples of
      specific enzymes required for the determination.
TBL  ______________________________________                                    
     Substance         Enzymes                                                 
     ______________________________________                                    
     Glucose           Hexokinase                                              
                       Glucose-6-phosphate dehydro-                            
                        genase                                                 
     Alcohol           Alcohol dehydrogenase                                   
     Triglycerides     Glycerol kinase                                         
                       Pyruvate kinase                                         
                       Lactate dehydrogenase                                   
     Blood urea nitrogen                                                       
                       Urease                                                  
                       1-glutarate dehydrogenase                               
     Aldolase          Triosephosphate isomerase                               
                       Glyceraldehyde-3-phosphate                              
                        dehydrogenase (GDH)                                    
     Creatine phospho- Hexokinase                                              
      kinase           Glucose-6-phosphate dehydro-                            
                        genase                                                 
     Glutamate-oxalacetate                                                     
                       Malate dehydrogenase                                    
      transaminase                                                             
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for determining concentration of a substance in a fluid which
      comprises fluid absorbing means carrying a substantially non-swellable,
      absorbent material of constant porosity and thickness; a first and second
      sheet which are carrying a predetermined amount of reagents adapted to
      react with said substance to provide a visual indication of the
      concentration of said substance; at least one of said first and second
      sheets is transparent; said fluid absorbing means intermediate and
      pivotally secured at each end to said first and second sheets adapted to
      be moved to a first superposed position where said reagents and said
      substance coact; said fluid absorbing means and said first and second
      sheets adapted to be moved to a second superposed position to contact
      means for generating the visual indication of the concentration of said
      substance.
NUM  2.
PAR  2. The device of claim 1 wherein said reagents comprise enzymes, coenzymes
      and said means for generating the visual indication of the concentration
      of said substance comprise colorimetric indicators.
NUM  3.
PAR  3. The device of claim 1 wherein said absorbent fluid means comprises a
      microporous filter.
NUM  4.
PAR  4. The device of claim 1 wherein said fluid comprises blood.
NUM  5.
PAR  5. The device of claim 4 wherein said reactants comprise hexokinase,
      glucose-6-phosphate dehydrogenase, nicotinamide adenine dinucleotide
      phosphate and adenosine triphosphate.
NUM  6.
PAR  6. The device of claim 2 wherein said colorimetric indicator is
      incorporated in a precipitation chromatographic sheet.
NUM  7.
PAR  7. The device of claim 1 wherein one of said transparent sheets includes a
      scale indicating concentration standards for said substance.
NUM  8.
PAR  8. The device of claim 1 which includes means for removing undesirable
      components from said fluid prior to contacting said reagents with said
      fluid.
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ABST
PAL  In the delayed coking process wherein hot coke is formed by destructive
      distillation of a petroleum feed in a coking drum to provide solid coke
      and distillate petroleum products, the method of regulating the rate of
      quenching the hot coke after the drum is full and coking has ceased which
      comprises regulating the rate of feeding quench water to the coking drum
      in accordance with the internal pressure measured within the drum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Delayed coking is a process which in general provides a means whereby a
      petroleum fraction is heated to a temperature at which it will thermally
      decompose to provide a solid coke product and a hydrocarbon distillate
      product. Specifically, the process provides that a heavy petroleum
      fraction can be fed into a coking drum under conditions which prevent the
      petroleum fraction from vaporizing until it has partially decomposed. The
      decomposition process provides a petroleum distillate which is recovered
      from the coking drum and a heavy tar which continues to decompose until a
      porous coke is deposited as a mass within the drum.
PAR  In general practice delayed coking is accomplished by first distilling a
      liquid petroleum feed stock until the lighter ends have been recovered and
      a heavy residium remains. This heavy residium is thereafter heated and fed
      into a coking drum wherein it is subject to temperatures up to
      1000.degree.F. to thereby effect decomposition of the petroleum to a vapor
      distillate product and a solid coke product. The petroleum distillate is
      recovered from the coke oven and a solid coarse coke remains within the
      drum. The vapors formed during the decomposition of the heavy residium
      produce pores and channels in the coke. Incoming oil from the furnace or
      the heater passes through these channels. Normally, fresh residium is fed
      to the coking drum until the drum is essentially filled with a mass of
      coke at which time the residium feed is discontinued and the coke is
      thereafter cooled and cut to be recovered.
PAR  When the coking drum is filled and feed material cut off, the coke is
      purged with steam to remove any remaining volatile components. After the
      steam purging, the coke is quenched with water to cool the coking drum and
      coke therein to a temperature below 200.degree.F. This quenching operation
      is provided in a controlled manner so as not to subject the coking oven to
      excessive steam pressure created when water is fed to the coke at
      temperatures in the range of 700.degree.F. to 900.degree.F. One of the
      problems encountered in the delayed coking process is the substantial
      amount of time normally required to quench the hot coke to a point where
      it can be removed from the drum. By the process of the present invention,
      it has been discovered that the quench time of the process can be reduced
      by utilizing the maximum safe feed rates of quenching water into the
      filled coke drum.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been discovered that the process of cooling uncut coke in a
      coker drum can be substantially improved by the methods of the present
      invention. Specifically, it has been discovered that the most efficient
      rate of safely cooling coke in a coker drum can be achieved by use of the
      methods and apparatus of the present invention. More specifically, it has
      been discovered that by regulating the rate of feeding quench water to a
      hot coke-filled coking drum to a rate determined in accordance with and in
      response to the internal pressure in the drum resulting from steam
      generated during the quench process, the rate of cooling the uncut coke
      therein can be maximized to provide a safe efficient method of quenching
      hot coke.
PAR  As one means of defining the present invention, the drawing is provided.
      Referring to the drawing, petroleum feed stock suitable for delayed coking
      is preheated to a temperature in the range of 700.degree.F. to
      900.degree.F. by means not shown and thereafter transferred to coker drum
      10 through line 16 via line 11. In coker drum 10 the petroleum feed is
      decomposed into solid coke and hydrocarbon vapors. The coke remains in
      coker drum 10 and the hydrocarbon vapors are withdrawn via line 14 and
      further processed by means not shown. When the drum is substantially full
      of coke, the petroleum feed is discontinued and steam is added to the drum
      via line 16 from line 15 which is fed via line 13. Steam is added in
      sufficient quantity to strip the remaining hydrocarbon vapors from the
      coke bed in the coker drum. The steam and hydrocarbon vapor mixture is
      withdrawn via line 12 and further processed to recover the hydrocarbons by
      means not shown. Thereafter the hot coke is quenched by the addition of
      water through 16 fed via line 15 until its temperature is reduced to a
      point below 200.degree. F. The coke is then cut and removed from the drum.
      This general method of delayed coking is well known in the art.
PAR  The present invention provides an improvement in the quenching step of this
      process. The prime advantage accomplished by this improvement is the
      ability to safely quench the hot coke in the shortest time possible. The
      end result of the efficiencies enjoyed by the present invention is the
      shortening of the total coking cycle thereby increasing the capacity for
      coking of each coking drum.
PAR  In standard practice when the coking drum is filled and the petroleum feed
      discontinued, the coke in the drum is purged with steam followed by the
      addition of quench water at a very low rate until the coke is cooled. The
      addition of water to coke at the temperature of about 900.degree.F.
      naturally generates substantial steam pressure within the coking drum.
      Therefore, in order to avoid excessive pressure and possible rupture of
      the drum, the water must be added in limited quantities until the
      temperature of the coke is reduced to a point where steam is no longer
      generated during the quenching step.
PAR  In the past the problem of overpressuring the coking drum with steam during
      the quenching step has been avoided by adding only small quantities of
      quench water over an extended period of time. This procedure although
      widely used and proven safe is costly in that the time of the coking cycle
      is substantially extended because of the slow quench procedures employed.
PAR  By the method of the present invention, quench water is added at a rate at
      which the maximum rate of cooling the coke in the drum is effected within
      safety limitations of the drum.
PAR  By the method of the present invention, the coking drum is provided with a
      means to detect and record the internal pressure of the drum. This
      pressure sensing device is connected to a means for regulating the opening
      in the valve controlling the quench water feed rate. The valve opening is
      set in accordance with the pressure limitations of the coking drum. Quench
      water is added to the hot coke at a rate which maintains the steam
      pressure in the drum at a safe level while at the same time cooling the
      hot coke as rapidly as possible.
PAR  The improvement achieved by the present invention can be more fully
      realized by again referring to the drawing. After coking a petroleum feed
      substantially in the manner disclosed above, the petroleum feed is
      discontinued. Steam is then added to coker drum 10 via line 13 through
      lines 15 and 16. The coke in coker drum 10 is purged with steam to remove
      the remaining volatile liquids. After the steam purge, quench water from
      line 19 is added to the coker drum 10 through valve 17 via lines 15 and
      16. The rate of addition of quench water to coker drum 10 is adjusted in
      accordance with the internal pressure in the drum as determined by
      pressure indicator 21. Pressure regulating means 20 opens and closes valve
      17 in response to the pressure in the coker drum as detected by indicator
      21 and relayed to the pressure regulating means through line 18. Valve 17
      in response to the impulse from regulator 20 opens and closes in a manner
      inversely proportional to the pressure measured in coker drum 10.
PAR  As an example, a coker drum having an internal volume of 32,000 cubic feet
      is normally operated with an internal pressure between 20 and 40 psig and
      has a coking cycle of 20 to 24 hours and a normal operating cycle of 40 to
      48 hours. During the coking process, the overhead vapor temperature is
      somewhere in the range of 700.degree.F. to 900.degree.F. and preferably in
      the range of 770.degree.F. to 840.degree.F. The temperature of the
      petroleum feed stock which is fed to the coker is normally within the
      range of 900.degree.F. to 1000.degree.F., and more preferably
      900.degree.F. to 940.degree.F.
PAR  In general practice, cokers are operated as dual units, that is, two
      separate coking drums in parallel having a single feed source and a single
      vapor recovery system. When in operation, the first coking drum receives
      the petroleum feed material and begins the coking cycle. When the drum is
      full of coke, the feed from the first coking drum is discontinued and
      applied to the second coking drum. While the second coking drum is going
      through the coking step, the first coking drum is being quenched and the
      coke removed.
PAR  During the quenching step, the inlet water pressure into the coke-filled
      drum is normally maintained in the range of 0 to 100 psig and the internal
      pressure of the drum is maintained in the range of 0 to 40 psig. During a
      normal coking cycle, about 70,000 to 80,000 pounds per hour of coke is
      produced in the 24 hour coking cycle. In order to more clearly illustrate
      the advantages of the method of the present invention, the following
      examples are herewith presented.
PAC  EXAMPLE I
PAR  A coker drum having an internal volume of approximately 32,000 cubic feet
      is fed a heavy bituminous petroleum feed stock made up of bitumen froth
      recovered from the hot water extraction of tar sands at the rate of 983
      gallons per minute at a temperature of 940.degree.F. maintaining internal
      pressure of 40 psig in the drum and providing for the recovery of vapors
      from the drum at approximately 800.degree.F. to 850.degree.F. at the rate
      of 1600 actual cubic feet per minute. After 20 hours of continuous feed of
      heated petroleum stock, the coker drum is substantially full and the
      petroleum feed is discontinued. Thereafter, steam at 400.degree.F. is fed
      into the coker drum for 11/2 hours to purge the remaining volatile
      hydrocarbons from the drum. Thereafter quench water at 60.degree.F. is fed
      manually into the drum at increasing rates from 25 to 1000 gallons per
      minute at which rates it requires 6 hours to cool the coker drum to a
      point where the coke is cool enough to be cut from the drum.
PAC  EXAMPLE II
PAR  A coking operation identical to that disclosed in Example I is conducted
      under identical conditions with identical feed with the exception that the
      coker is provided with a pressure sensing device in accordance with the
      methods of the present invention to regulate the quench water fed into the
      drum at the end of the coking cycle. Using this device and this mechanism,
      coker quench water is fed beginning at 25 gallons per minute and regulated
      in accordance with the pressure within the coking drum for a period of 4
      hours until the coke is cooled to below 200.degree.F.
PAR  A comparison of the time of cooling the hot coke of Example I with that of
      Example II reveals that two hours more of cooling time was required by the
      method of Example I. The reason for this longer cooling time is that the
      water added to cool the coke of Example I was provided at a lower rate to
      the drum than that of Example II. The water was added at this slower rate
      because this rate, although lower than the possible maximum cooling rate,
      was known to be a rate at which the drum would not be overpressured. As
      demonstrated by a comparison of the time of quenching of Example II with
      the time of quenching achieved in Example I, the necessary time to cool
      the coke to a condition where it can be removed from the drum by the
      method of this invention is substantially reduced. Thus the present
      invention provides a more efficient and safe coking method by the process
      as herein disclosed.
PAR  The pressure sensing device suitable for use in the apparatus of the
      present invention can be any one of the well-known pressure sensing
      instruments available to the art. Mechanisms connected to the quench water
      feed which respond to or operate in accordance with preset conditions are
      standard articles of equipment well-known to those skilled in the art.
DRWD
PAR  In actual operating conditions as shown in Example II and the drawing, a
      minimum valve opening to provide 25 gallons per minute feed of quench
      water is set and a maximum opening in the valve to permit the flow of 1000
      gallons per minute of quench water is also preset. The valve thereafter
      opens and closes to provide quench water feed rates within these limits in
      response to the pressure readings on the pressure measuring device as
      transmitted through the valve actuating mechanism as shown in the drawing.
DETD
PAR  Thus the present invention comprises a method for quenching hot coke in a
      coker drum comprising the steps of:
PA1  a. feeding quench water to a bed of hot coke in a coker drum,
PA1  b. measuring the internal pressure in the coker drum and
PA1  c. regulating the feed rate of the quench water in response to the internal
      pressure in said drum.
PAR  In actual operation of the method of the present invention, quench water at
      about 60.degree.F. is transferred into a coker drum full of coke. The
      temperature of the coke is normally within the range of 600.degree.F. to
      900.degree.F. The quench water is fed at the initial rate of about 25
      gallons per minute. The feed rate of the quench water is increased rapidly
      until the pressure measuring device indicates that the internal pressure
      in the drum is approaching the maximum safety limitations. The valve
      controlling the quench water feed closes and opens in response to the
      pressure measured in the coker drum. As the pressure approaches the preset
      maximum limitation, the valve closes to restrict the flow of quench water
      to a rate which will maintain the internal pressure of the drum below the
      maximum safe limit. As the coke cools, the quantity of steam generated by
      the quench water decreases on a volume per volume basis so that the
      internal pressure in the drum decreases. The flow rate of quench water is
      then increased by opening the quench water feed valve so that the internal
      pressure of the drum is maintained just below the maximum safe internal
      pressure limitation of the drum and thereby permit maximum cooling of the
      coke under safe, efficient conditions.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. In a process for preparing coke from a petroleum feed comprising
      thermally decomposing said petroleum feed in a coking drum at a
      temperature in the range of 700.degree.F. to 1000.degree.F. to provide a
      petroleum distillate product and a residual coke product, cooling the
      residual coke product with quench water, thereby producing steam which
      further cools the coke product and which increases the internal pressure
      in the coking drum the improvement which comprises measuring the internal
      pressure in the coking drum and in response thereto adjusting the rate of
      flow of said quench water to maximize said rate of flow while maintaining
      a substantially constant and safe internal pressure within the coking
      drum.
NUM  2.
PAR  2. In a process for preparing coke from a petroleum feed comprising
      thermally decomposing said petroleum feed in a coking drum at a
      temperature in the range of 700.degree.F to 1000.degree.F to provide a
      petroleum distillate product and a residual coke product, cooling the
      residual coke with quench water, thereby producing steam which further
      cools said coke and which increases the internal pressure in the coking
      drum, the improvement which comprises:
PA1  a. feeding said quench water to said coking drum containing coke at a
      temperature above 700.degree.F;
PA1  b. measuring the internal pressure of said coking drum; and
PA1  c. regulating the feed rate of the quench water to the coking drum by:
PA2  i. decreasing the feed rate when the internal pressure of the drum
      increases and
PA2  ii. increasing the feed rate when the internal pressure of the drum
      decreases so as to provide a substantially constant and safe internal
      pressure in said coking drum during the quenching process.
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PAL  A process is disclosed for the purification of crude dehydroacetic acid by
      means of simple vacuum or reduced pressure distillation wherein activated
      charcoal is added to the still. The term reduced pressure is used in the
      sense that it excludes complicated distillations such as fractional
      distillation and it is synonymous with simple vacuum distillation.
      Preferably a pressure of about 10 to about 20 torr is maintained in the
      vacuum distillation still. Preferably, 0.1 to 1 percent by weight,
      relative to the total amount of the crude dehydroacetic acid, of activated
      charcoal is added to the still before the distillation occurs. Crude
      dehydroacetic acid, particularly that obtained from diketene, is quite
      impure and discolored. The process of this invention produces a pure
      dehydroacetic acid, which is pure white, has a transparency of 96 percent
      and which has a purity of greater than 99.9 percent. Data shows that when
      distillation is affected without activated charcoal the transparency of
      the resultant product is less than the crude starting material. The very
      pure dehydroacetic acid obtained by the process of this invention is
      useful as a food preservative.
PARN
PAR  This is a continuation-in-part of U.S. Ser. No. 197,525, filed on Nov. 10,
      1971 now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the production of dehydroacetic acid and more
      particularily to a process of purifying dehydroacetic acid.
PAR  2. Prior Art
PAR  Several processes are known whereby dehydroacetic acid is produced from
      diketene. Various catalysts are available for that reaction and that
      reaction can be carried out in various different solvents. The
      dehydroacetic acid obtained in those various prior art methods,
      particularly if the solvent is used several times, shows very considerable
      discoloration. As dehydroacetic acid can be used as a food preservative,
      any impurities in it are undesirable, particularily colored impurities
      which would be visible to the consumer. Impurities are also undesirable
      since one of the uses of the dehydroacetic acid is in foods.
PAR  Swiss Pat. No. 362,700 describes processes for the production of
      dehydroacetic acid by the dimerization of diketene in an inert solvent at
      a temperature below 30.degree.C., in the presence of a tertiary amine (as
      the catalyst) and in the absence of water. Dehydroacetic acid is
      crystallized; filtered out of the reaction mixture; washed with toluene;
      dried; and then purified by distillation after being mixed with methyl
      acetoacetate (specifically, see page 2, lines 11 to 15 and 42 to 54). This
      reference does not disclose or suggest the purification of dehydroacetic
      acid by means of reduced pressure or simple vacuum distillation in the
      presence of activated charcoal or carbon. Methyl acetoacetate acts as a
      co-distillant in the distillation step of this reference. The use of that,
      or any co-distillant, results in very serious disadvantages in the
      distillation purification process. An expensive distillation step and or
      subsequent separation scheme are needed when a co-distillant is used.
PAR  French Pat. No. 1,040,626 discloses a process for the purification of
      dehydroacetic acid by co-distillation of a mixture, which contains impure
      dehydroacetic acid and a glycol compound, at a distillation temperature of
      60.degree.C. at 1 mm pressure to 150.degree.C. at 15 mm pressure. The
      process then involves crystallization to obtain the dehydroacetic acid.
      This reference does not disclose or suggest the purification of
      dehydroacetic acid by means of reduced pressure or simple vacuum
      distillation in the presence of activated charcoal or carbon. The glycol
      compound acts as a co-distillant in the distillation step of this
      reference. The use of that co-distillant results in very serious
      disadvantages in the distillation purification. An expensive distillation
      step and a subsequent separation scheme are needed when a co-distillant is
      used.
PAR  French Pat. No. 1,121,186 teaches a process for the production of
      dehydroacetic acid by the dimerization of diketenes. The crude
      dehydroacetic acid, resulting from the dimerization, is purified by
      distillation at an pressure of 10 to 25 mm below atmospheric pressure and
      using a distillation temperature between 200.degree. and 270.degree.C. A
      mixture of hydrocarbons is first added to the crude dehydroacetic acid.
      The hydrocarbon mixture acts as a co-distillant in the distillation step
      of this reference. The use of that co-distillant results in very serious
      disadvantages in the distillation purification process. An expensive
      distillation step and a subsequent separation scheme are needed when a
      codistillant is used. This reference does not disclose or suggest the
      purification of dehydroacetic acid by means of reduced pressure or simple
      vacuum distillation in the presence of activated charcoal or carbon.
PAR  Swiss Pat. No. 401,086 discloses a process for the purification of
      dehydroacetic acid by distillation of melted dehydroacetic acid in the
      presence of an inert gas at a temperature of 100.degree. to 200.degree.C.
      An aromatic hydrocarbon is also present and acts as a co-distillant. Then,
      after liquefying the gas by the cooling thereof, dehydroacetic acid is
      separated out by crystallization. This reference does not disclose or
      suggest the purification of dehydroacetic acid by means of reduced
      pressure or simple vacuum distillation in the presence of activated
      charcoal or carbon. The use of the co-distillant in this reference results
      in very serious disadvantages in the distillation purification process. An
      expensive distillation step and a subsequent separation scheme are needed
      when a co-distillant is used.
PAR  Any purification process which uses a co-distillant is expensive because it
      requires additional processing steps after distillation to remove or
      separate out the co-distillant. Further, there is the added expensive of
      having to distill the large volume of co-distillant. Also, reduced
      pressure or simple vacuum distillation cannot be used when a co-distillant
      is admixed with the crude dehydroacetic acid. In one sense, the
      introduction of a co-distillant is merely the addition of large amounts of
      an impurity which must be subsequently removed. Examples of known
      co-distillants which have been used in distillation separation schemes for
      difficult-to-remove impurities from crude dehydroacetic acid, are methyl
      acetoacetate, aliphatic hydrocarbons, aromatic hydrocarbons and various
      glycols.
PAR  The co-distillants are additives which come off with the dehydroacetic acid
      and subsequently can be separated from the dehydroacetic acid. There is no
      chemical conversion of the codistillate. The known co-distillates all
      appear to be liquids; for example, methyl acetoacetic acid is liquid at
      room temperatures and glycol (ethylene glycol) is a liquid at room
      temperature.
PAR  Attention is also drawn to U.S. Pat. Nos. 2,125,383, 2,229,204, 2,729,652,
      2,849,456, 2,997,482, 3,367,847, 3,408,267, and 3,575,816, plus: Brown,
      "Unit Operations", Weley & Sons, Inc. (1951), pp 398 and 399; Lauer,
      "Chemical Engineering Techniques," Reinhold Pub. Co., (1952), pp 412 and
      413; Perry et al., Chemical Engineers Handbook, 4th Ed., MccGraw-Hill,
      (1963), pp 16-2 to 16-5; "Rompps Chemie Lexikon," 7th Ed., Vol. 2, p. 792;
      "Ullmanns Enzyklopadie der Technischen Chemie," 3rd Ed., (1961), Vol.
      2/1.pp. 53 and 54.
PAC  BROAD DESCRIPTION OF THIS INVENTION
PAR  This invention involves a process for the purification of crude or
      contaminated dehydroacetic acid. The process includes: admixing crude
      dehydroacetic acid and activated charcoal in a reduced pressure or simple
      vacuum distillation still; distilling said admixture, the distillate being
      vaporized, and the impurities or discoloring agents in the crude
      dehydroacetic acid not being vaporized and being adsorbed by the activated
      charcoal; and collecting the distillate, which is comprised of very pure,
      white dehydroacetic acid. Preferably the pressure in the still during the
      vacuum distillation step is maintained at between about 10 and about 20
      millimeters of Hg. The process of this invention produces a dehydroacetic
      acid which is very white, usually has a transparency of at least 96
      percent and which has a purity of greater than 99.9 percent. This pure
      product is obtained in the face of data which shows that, when such a
      distillation is conducted without the use of activated charcoal in the
      process, the transparency percentage of the resultant dehydroacetic acid
      decreases and the discoloration gets worse.
PAR  An advantage of the purification process of this invention is that it is
      more rapid and simpler than the known processes, and produces a more pure
      end product. Further, the process of this invention can utilize reduced
      pressure or simple vacuum distillation schemes. A very important advantage
      of this invention is reduced pressure or simple vacuum distillation is
      used to obtain very pure dehydroacetic acid from crude dehydroacetic acid
      without the addition of or presence of a co-distillant (also termed a
      retarding agent).
PAR  The very pure dehydroacetic acid obtained by the purification process of
      this invention is useful as a food additive and it useful in anti-enzyeme
      toothpastes. This is one reason why it should be pure white and contain no
      impurities.
PAR  If one sought to decolor crude dehydroacetic acid through
      recrystallization, even with the addition of decolorants such as activated
      carbon, one would succeed in improving the color (i.e., making the acid
      whiter) only with great expenditure, and would find that it is practically
      impossible to produce a really white dehydroacetic acid by the use of such
      a scheme. If one tries to purify the dehydroacetic acid by distillation,
      for example, using a vacuum of 10 to 20 torr, the discoloration of the
      distillate, as compared to the starting material, is intensified which
      defeats the purpose of the attempt. If the vacuum is increased, one enters
      the field of sublimation, which with regard to the apparatus for
      industrial production, leads to considerable complications and greatly
      increased costs.
PAR  A white dehydroacetic acid can be obtained by a distillation separation
      scheme using water, but the need to process (heat, distill, cool and
      separate) the very large volumes of water is technically and economically
      infeasible. The water can be replaced by lesser, yet still vast amounts of
      a co-distillant, such as, glycol. But the process (heat, distill, color
      and separate) is still technically and economically unfeasible due to the
      large amounts of co-distillant that have to be processed.
DETD
PAC  DETAILED DESCRIPTION OF THIS INVENTION
PAR  Dehydroacetic acid is 3-acetyl-6-methyl-1,2-pyran-2,4(3H)-dione, or
      dehydroacetic acid or methylacetopyronone. Dehydroacetic acid has the
      structural formula:
      ##EQU1##
      Dehydroacetic acid is a solid at room temperature.
PAR  As used herein, the term reduced pressure distillation is used in the sense
      that it excludes complicated distillations such as fractional distillation
      and it is synonymous with simple vacuum distillation. (If a co-distillant
      were used, fractional distillated would have to be used.) The reduced
      pressure or simple vacuum distillation is done in the course vacuum range
      (760 to 1 torr); but preferably a pressure of about 10 to about 20 torr is
      maintained in the vacuum distillation still, and most preferably a
      pressure of about 10 torr is maintained.
PAR  Perry et al., "Chemical Engineering Handbook," 3rd Ed., McGraw-Hill Book
      Co., Inc., (1950), at page 563, defines distillation as the separation of
      the constituents of a liquid mixture by partial vaporization of the
      mixture and separate recovery of the vapor and residue. This is exactly
      what this invention involves in that the liquid impurities or discoloring
      agents are not vaporized and are adsorbed by the activated charcoal,
      thereby forming part of the residue. The adsorption by activated charcoal
      prevents the discoloring agents from being distilled off. Prior art which
      uses a co-distillant apparently leaves behind the discoloring agents but
      achieves this only by the use of expensive fractional distillation,
      expensive heating and processing of the co-distillant and subsequent
      expensive separation of the co-distillant from the dehydroacetic acid. To
      have to remove one agent by the addition of another agent that
      subsequently has to be removed is cumbersome self-defeating in a sense and
      expensive. Unexpectedly, applicant is able to remove the liquid impurities
      in a liquid system by the addition of activated carbon in a distillation
      scheme. Also, unexpectedly the activated carbon adsorbs the liquid
      impurities instead of the dehydroacetic acid.
PAR  This invention encompasses the purification of crude dehydroacetic acid
      obtained from diketene acid (such processes being well known). The process
      usually involves dimerizing the diketene in an inert solvent at room
      temperature, or below, in the presence of a catalyst and in the absence of
      water. The catalysts are well known. Diketene or 3-buten-.beta. lactone
      has the formula:
      ##EQU2##
      Diketene is usually prepared commercially from ketene or from
      bromoacetylbromide and zinc. Diketene is soluble in most common organic
      solvents. The solvents for diketene do not include water because water
      reacts with diketene.
PAR  This invention also includes the purification of crude dehydroacetic acid
      prepared by any method and from any starting materials. For example, it
      includes the purification of crude dehydroacetic acid prepared from
      acetoacetic ester, i.e., ethyl acetoacetate. This invention also includes
      the purification of contaminated dehydroacetic acid.
PAR  Any reduced pressure or simple vacuum distillation equipment (which
      operates in the coarse vacuum range) can be used to carry out the
      purification process of this invention. Preferably a pressure of about 10
      to about 20 torr is maintained in the vacuum distillation still, and most
      preferably a pressure of about 10 torr is maintained. Typically the
      temperature at the head of the still will be about 135.degree.C.
      Complicated distillation means such as fractional distillation means is
      not within the scope of this invention.
PAR  The activated charcoal can be any activated charcoal which can be used in
      liquid separations, as opposed to those which are used in gaseous
      separation. This distinction is well recognized in the literature and by
      those ordinarily skilled in the art. Activated charcoals are regularily
      sold under one or the other designation. Liquid-separation activated
      carbons are those in powdered form whereas gas-separation activated
      carbons are those in granular form. Generally the activated charcoals
      having the highest densities are those used for vapor adsorption.
      Structural hardness also plays an important role in that the vapor
      adsorption activated charcoals usually have high structural hardness.
PAR  The amount of activated charcoal or carbon used in the still preferably
      amounts to about 0.5 to about 1 percent by weight, based on the amount of
      crude dehydroacetic acid in the still, and most prepferably about 0.7
      percent by weight on the same basis.
PAR  Dehydroacetic acid purified by the method of this invention is
      distinguished from that purified by the prior art processes by a much
      higher degree of purity. Most importantly, through the addition of
      activated charcoal, the undesirable yellowish-brown color or tone
      disappears from the dehydroacetic acid (distillate) leaving it pure white.
PAR  The FIGURE is a flow diagram of the process of this invention.
PAR  The following examples illustrate but do not limit the scope of this
      invention. In the examples, all percentages are expressed on a weight
      basis, based on the weight of the crude dehydroacetic acid.
PAC  EXAMPLE 1
PAR  100 gm. of a crude dehydroacetic acid (having a transparency of 70 percent
      in the absorption range of 420 nm) is placed in a Claisen flask (still)
      having a volume of 250 ml. The temperature of the ingredients in the flask
      are raised to a level where distillation of product occurs, after a vacuum
      of 10 torr is established in the still. The temperature at the head of the
      still is about 135.degree.C. The distillate (dehydroacetic acid) is
      collected and it weighs 98.5 gm. The distillate (dehydroacetic acid) has a
      strong yellow tinge or color. This, pulse the fact that the transparency
      of the distillate has dropped to 60 percent, established that the product
      is still a crude dehydroacetic acid.
PAC  EXAMPLE 2
PAR  100 gm of the same crude dehydroacetic acid as used in Example 1 (having a
      transparency of 70 percent in the absorption range of 420 nm) and 0.7 gm.
      of activated charcoal (Norit SX 1) are placed in a Claisen flask having a
      volume of 250 ml. "Norit SX 1" is the trade designation for a
      highly-adsorptive activated carbon which is commercially available from
      the American Norit Co. The crude dehydroacetic acid is distilled at a
      vacuum pressure of 10 torr. The collected dehydroacetic acid (distillate)
      is pure white, has a melting point which is greater than 111)C., has a
      transparency of 96 percent, and has a purity of greater than 99.9 percent.
      The distillate has the requisite solubility for pure dehydroacetic acid in
      aqueous ammonia. This example, when compared with Example 1, establishes
      the unexpected and novel advantages of using activated charcoal.
PAC  EXAMPLE 3
PAR  Crude dehydroacetic acid is prepared by the procedure described in Swiss
      Pat. No. 362,700. That process involves dimerizing diketene in an inert
      solvent at temperatures below 30.degree.C. in the presence of a tertiary
      amine (as the catalyst). The dimerization is conducted in the absence of
      water. The crude dehydroacetic acid is crystallized out of the resultant
      mixture.
PAC  EXAMPLE 4
PAR  100 gm. of the crude dehydroacetic acid from Example 3 and 0.7 gm. of
      activated charcoal (Norit SX 1) are placed into a Claisen flask having a
      volume of 250 ml. The ingredients in the flask are completely admixed. The
      admixture in the flask is distilled under a vacuum of 10 torr. A
      distillate is collected which is a very pure, white dehydroacetic acid.
PAC  EXAMPLE 5
PAR  Example 2 is repeated except that a pressure of 20 torr is maintained in
      the still during the purification step. A distillate is collected which is
      a very pure, white dehydroacetic acid.
PAC  EXAMPLE 6
PAR  Example 2 is repeated except that 0.5 gm. of activated charcoal is used. A
      distillate is collected which is a very pure, white dehydroacetic acid.
PAC  EXAMPLE 7
PAR  Example 2 is repeated except that 1.0 gm. of activated charcoal is used. A
      distillate is collected which is a very pure, white dehydroacetic acid.
PAC  EXAMPLE 8
PAR  Example 2 is repeated except that the activated charcoal which is used is a
      liquid-separation activated charcoal which is commercially available under
      the trade designation "Agichar" from Agrashell, Inc. A distillate is
      collected which is a very pure, white dehydroacetic acid.
PAC  EXAMPLE 9
PAR  Example 2 is repeated except that the activated charcoal which is used is a
      liquid-separation activated charcoal which is commercially available under
      the trade designation "Cliffchar" (10 to 30 mesh) from the Cliffs Dow
      Chemical Co. A distillate is collected which is a very pure, white
      dehydroacetic acid.
PAC  EXAMPLE 10
PAR  Example 2 is repeated except that the activated charcoal which is used is a
      liquid-separation activated charcoal which is commercially available under
      the trade designation "Darco D-3" from Atlas Powder Co., Darco Dept. A
      distillate is collected which is a very pure, white dehydroacetic acid.
PAC  EXAMPLE 11
PAR  Example 2 is repeated except that the activated charcoal which is used is a
      liquid-separation activated charcoal which is commercially available under
      the trade designation "Darco G-60" from Atlas Powder Co., Darco Dept. A
      distillate is collected which is a very pure, white dehydroacetic acid.
PAC  EXAMPLE 12
PAR  Example 2 is repeated except that the activated charcoal which is used is a
      liquid-separation activated charcoal which is commercially available under
      the trade designation "Darco S-51" from Atlas Powder Co., Darco Dept. A
      distillate is collected which is a very pure, white dehydroacetic acid.
PAC  EXAMPLE 13
PAR  Example 2 is repeated except that the activated charcoal which is used is a
      liquid-separation activated charcoal which is commercially available under
      the trade designation "R-P Carbon" from Research Products Corp. A
      distillate is collected which is a very pure, white dehydroacetic acid.
PAC  EXAMPLE 14
PAR  Example 2 is repeated except that the activated charcoal which is used is a
      liquid-separation activated charcoal which is commercially available under
      the trade designation "Filtrex" from Stauffer Chemical Co. A distillate is
      collected which is a very pure, white dehydroacetic acid.
PAC  EXAMPLE 15
PAR  Example 1 was repeated, except that in order to obtain a pure white
      dehydroacetic acid, enough water and dehydroacetic acid were used so that
      there was a weight ratio of water to dehydroacetic acid of 100 to 1. The
      mixture of 101 parts had to be heated, distilled, cooled and separated in
      order to purify one part of dehydroacetic acid.
PAC  EXAMPLE 16
PAR  Example 1 was repeated, except that in order to obtain a pure white
      dehydroacetic acid, enough glycol and dehydroacetic acid were used so that
      there was a weight ratio of glycol to dehydroacetic acid of 6.5 to 1. The
      mixture of 7.5 parts had to be heated, distilled, cooled and separated in
      order to purify one part of dehydroacetic acid.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the purification of crude dehydroacetic acid which
      comprises: admixing crude dehydroacetic acid and activated charcoal in a
      reduced pressure, simple vacuum distillation still; vacuum distilling said
      admixture, the distillate being vaporized, and the discoloring agents in
      the crude dehydroacetic acid not being vaporized and being adsorbed by the
      activated charcoal; and collecting the distillate, which is comprised of
      very pure, white dehydroacetic acid.
NUM  2.
PAR  2. A process as described in claim 1 wherein the pressure in said still
      during said vacuum distillation step is maintained at between about 10 and
      about 20 millimeters of Hg.
NUM  3.
PAR  3. A process as described in claim 2 wherein between 0.5 and 1 percent by
      weight, based on the amount of said crude dehydroacetic acid, of said
      activated charcoal is used in said still.
NUM  4.
PAR  4. A process as described in claim 2 wherein about 0.7 percent by weight,
      based on the amount of said crude dehydroacetic acid, of activated
      charcoal is used in said still.
NUM  5.
PAR  5. A process as described in claim 2 wherein said activated charcoal is
      powdered liquid-separation activated carbon.
NUM  6.
PAR  6. A process as described in claim 2 wherein said still is maintained at a
      pressure of about 10 millimeters of Hg during said vacuum distillation
      step.
NUM  7.
PAR  7. A process as described in claim 2 wherein said crude dehydroacetic acid
      was prepared from diketene.
NUM  8.
PAR  8. A process for the purification of crude dehydroacetic acid which
      consists of: admixing crude dehydroacetic acid and activated charcoal in a
      reduced pressure, simple vacuum distillation still; vacuum distilling said
      admixture, the distillate being vaporized, and the discoloring agents in
      the crude dehydroacetic acid not being vaporized and being adsorbed by the
      activated charcoal; and collecting the distillate, which is comprised of
      very pure, white dehydroacetic acid.
NUM  9.
PAR  9. A process as described in claim 8 wherein the pressure in said still
      during said vacuum distillation step is maintained at between about 10 and
      about 20 millimeters of Hg.
NUM  10.
PAR  10. A process as described in claim 9 wherein between 0.5 and 1 percent by
      weight, based on the amount of said crude dehydroacetic acid, of said
      activated charcoal is used in said still.
NUM  11.
PAR  11. A process as described in claim 9 wherein about 0.7 percent by weight,
      based on the amount of said crude dehydroacetic acid, of activated
      charcoal is used in said still.
NUM  12.
PAR  12. A process as described in claim 9 wherein said activated charcoal is a
      powdered liquid-separation activated carbon.
NUM  13.
PAR  13. A process as described in claim 9 wherein said still is maintained at a
      pressure of about 10 millimeters of Hg during said vacuum distillation
      step.
NUM  14.
PAR  14. A process as described in claim 9 wherein said crude dehydroacetic acid
      was prepared from diketene.
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ABST
PAL  Substantial capital and operating cost savings and improved recovery of
      acrylonitrile and methacrylonitrile are realized by the recycle of the
      product column bottoms to the quench liquid of the reactor effluent quench
      system.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my prior application Ser. No.
      132,008 filed Apr. 7, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Recovery and purification systems for acrylonitrile and methacrylonitrile
      obtained by the ammoxidation of propylene or isobutylene are known, see
      for example U.S. Pat. Nos. 3,433,822; 3,399,120; and 3,535,849. The
      systems used involve the direct contact of the reactor effluent with an
      aqueous quenching liquid in a quenching system. In the quenching system,
      the reactor effluent is usually cooled to a temperature between about
      90.degree. to about 230.degree.F.
PAR  The gases from the quenching system are then normally conducted to an
      absorber where the acrylonitrile or methacrylonitrile and water-soluble
      by-products are absorbed in water. The aqueous solution formed in the
      absorber is then treated in various distillation columns to obtain the
      desired product. The total system for recovery and purification may vary
      widely in the make-up of the individual components. Usually, however, they
      involve at least four components: one that removes acetonitrile; one that
      removes hydrogen cyanide; one that dries the acrylonitrile or
      methacrylonitrile product; and one that recovers the product. Many systems
      also use an ammonium sulfate recovery component. The particular components
      in the total recovery and purification system are not critical in the
      present invention.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered according to the present invention that
      substantial capital and operating cost savings can be realized along with
      improved recovery of acrylonitrile or methacrylonitrile by the recycle of
      the product column bottoms to form at least part of the quench liquid in
      the quench system. More specifically, this improvement in the recovery and
      purification of acrylonitrile or methacrylonitrile produced by the
      ammoxidation reaction of propylene or isobutylene, molecular oxygen and
      ammonia in the presence of an ammoxidation catalyst applies to the known
      system which consists of the steps of (a) contacting the ammoxidation
      reactor effluent with a quench liquid in a quench system to produce a
      gaseous quench effluent from said quench system having a temperature from
      about 90.degree.F. to about 230.degree.F.; (b) absorbing the gaseous
      quench effluent in water to form a solution and removing most of the
      by-products produced in the ammoxidation reaction and most of the water
      from the solution to obtain a crude acrylonitrile or crude
      methacrylonitrile product; and (c) distilling the crude acrylonitrile or
      crude methacrylonitrile to obtain an overhead stream of product-quality
      acrylonitrile or methacrylonitrile and a bottoms stream containing
      acrylonitrile or methacrylonitrile and impurities. The invention as
      applied to this known recovery and purification comprises recycling at
      least part of the bottoms stream obtained in step (c) and using this
      bottoms stream as at least part of the quench liquid in step (a). This
      improvement of the present invention saves the capital cost of a
      fractional distillation column that has been employed in the art and saves
      the operating expense of this eliminated column. Moreover, the efficiency
      of the recovery and purification system is improved.
PAR  The central aspect of the present invention is the recycle of the product
      column bottoms to form at least part of the quench liquid in the quenching
      step of the recovery and purification of acrylonitrile or
      methacrylonitrile.
PAR  The process of the present invention is applicable to any system that has
      two components: the first of which is a quench system and the second of
      which is a final product distillation column. Of course, all recovery and
      purification systems contain a number of intermediate separation and
      purification steps, but the exact nature of these steps is not critical in
      the present invention.
PAR  The first critical point of the recovery and purification is the quench
      system. The quench system in the recovery and purification scheme directly
      contacts a quench liquid with the effluent from the ammoxidation reactor.
      The reactor effluent gas susually has a temperature between about
      700.degree. and 900.degree.F. Normally, this reactor effluent gas is
      cooled to a temperature of about 450.degree.F. in a gas cooler. Cooling to
      gas temperatures below 450.degree.F., in indirect contact coolers however,
      is undesirable because of deposits that form on the cooler surfaces.
PAR  In the quench system, the effluent from the ammoxidation reactor is cooled
      to a temperature of about 90.degree. to about 230.degree.F. In the
      preferred practice of the invention, the reactor effluent is cooled to a
      temperature of about 100.degree. to about 210.degree.F. and in the most
      preferred practice of the invention, the reactor effluent is cooled to
      about 200.degree.F. These temperatures are attained by controlling the
      flow rate and temperature of the quench liquid in relation to the flow
      rate and temperature of the gas quenched.
PAR  The quench system effluent goes to an intermediate system that is not
      critical in the present invention. The intermediate system normally
      consists of an absorber where the water-soluble products are dissolved to
      form a solution, and a number of distillation columns where the components
      of the solution are separated and purified. This intermediate system is
      not critical to the present invention because this recovery, separation
      and purification can be conducted by a number of known techniques.
PAR  In the present invention, however, the most preferred separation and
      purification of the solution formed in the absorber consists of the steps
      of (i) passing the solution into a distillation column where distillation
      is conducted to produce a gaseous overhead stream containing acrylonitrile
      or methacrylonitrile, HCN and water and a liquid bottoms stream containing
      acetonitrile and water; (ii) condensing said gaseous stream and allowing
      an aqueous layer and an organic layer to form; (iii) transferring the
      organic layer to a distillation column and distilling the organic layer to
      produce a gaseous overhead product that contains substantially all of the
      HCN, and a liquid bottoms stream that contains acrylonitrile or
      methacrylonitrile and water; and (iv) transferring the bottoms stream from
      (iii) to a distillation column wherein the water is removed as overhead
      and crude acrylonitrile or crude methacrylonitrile is produced in a
      bottoms stream. This preferred intermediate treatment could be replaced by
      any one of a number of known systems for producing a crude nitrile product
      from the absorber solution.
PAR  The second critical step in the recovery and purification is the step where
      the crude acrylonitrile or crude
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ABST
PAL  A recording member having a recording layer comprising an electrically
      conductive agent, an image forming agent, and a binder wherein the
      electrically conductive agent consists of at least one zeolitic water
      containing compound.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to image recording members for recording an
      image by applying electricity, which are usable in recording such as
      receiving signal of facsimile, output of computor and its terminal
      equipments and datum of a various kind of measuring apparatuses for
      industry, medicine, bussiness and the like.
PAR  2. Description of the Prior Art
PAR  Recording of an electrical signal as an image has been increasing annually
      with development of facsimile and the like. Some conventional widely used
      methods are for example electrical discharge recording, electrolite
      recording and like methods.
PAR  In the electrical discharge recording method, a white pigment surface layer
      is provided on a black electrically conductive layer or an electrically
      conductive layer such as aluminum is provided on the black layer, and an
      electrical discharge is applied from a recording needle (hereinafter
      referred to as stylus) to remove the surface pigment so that the black
      layer may be revealed, forming an image.  On the other hand, in accordance
      with the electrolite recording method, a paper is impregnated with an
      electrolite solution, kept in a wet state, and subjected to application of
      electricity and thus an image can be obtained. The resulting image is a
      colored substance formed by reaction of an ionized stylus metal and an
      electrolyte or a colored decomposition product formed by electrolysis of
      electrolyte by electricity applied from the stylus.
PAR  According to the electric discharge recording method, the surface layer is
      perforated by discharge heat generated by the stylus and therefore the
      recording method has several disadvantages such that an extremely strong
      irritating odor is generated, perforation dust off the surface layer is
      scattered, and consumption of the stylus is large. Furthermore, since the
      black layer is apt to be revealed by mechanical forces such as bending,
      pressure and so on, the paper easily becomes dirty. Furthermore, the
      surface layer is made thin so that discharge is easily generated and thus
      the black layer cannot be completely covered. Therefore, the paper is not
      white, but grey, resulting in bad appearance.
PAR  On the other hand, since the electrolite recording method is a wet type
      method, the durability of the recording paper is poor and image properties
      are deteriorated by blotting. In addition, the paper is subject to
      deformation such as wrinkle after recording. These disadvantages are
      inherent to the wet type of recording method.
PAR  Also a dry electrosensitive recording sheet is described in Japanese Pat.
      Nos. 22341/1963 and 29630/1969 wherein electrically reducable metal
      compounds are dispersed in an insulative resin and reduced to free metals
      by application of electricity, thereby forming an image. In that case,
      most of the metal compounds of relatively high electric conductivity are
      colored and non-colored metal compounds are of such low conductivity that
      they require chemical and physical treatments prior to application of
      electricity. However, such treatment causes coloration of metal compounds,
      thereby increasing the original color density of the recording paper. At
      the stage of application of electricity, discharge is caused and there
      occur disadvantages such as offensive odor is caused and consumption of
      the stylus is large. Furthermore, Japanese Pat. Nos. 5476/1967 and
      13239/1967 disclose a method wherein an electrically conductive layer is
      formed on white or transparent compounds such as silica and the like by
      means of evaporation-deposit and thereafter they are dispersed in a matrix
      and subjected to application of electricity. However, this method has
      encountered some serious problems in the treatment stage. As stated above,
      recording members effective for forming an image have not been proposed.
PAC  SUMMARY OF THE INVENTION
PAR  It is a main object of the present invention to provide image recording
      members whose recording layer is improved with respect to conductivity.
PAR  It is another object of the present invention to provide image forming
      members which are seemingly in completely dry condition and are stable
      regardless of high and low humidity.
PAR  It is further object of the present invention to provide image recording
      members which are capable of responsing to slight change in quantity of
      electricity applied and which provide recorded images of high quality and
      furthermore which are excellent in reproduction of tone of image.
PAR  It is further object of the present invention to provide image recording
      members which are of high white background and of excellent touch.
PAR  It is further object of the present invention to provide image recording
      members which are produced by an extremely simple procedure.
PAR  It is further object of the present invention to provide image recording
      members which are excellent in storage stability.
PAR  It is further object of the present invention to provide image recording
      members which are non-toxic and of high safety at the stages of production
      and use.
PAR  It is further object of the present invention to provide recording methods
      which are capable of responsing to slight changes in quantity of
      electricity applied, and which provide recorded image of excellent quality
      and of excellent tone reproduction.
PAR  The present invention is directed to recording members provided with
      recording layers which contain at least an electrically conductive agent,
      an image forming agent, and a binder, characterized in that the conductive
      agent contain zeolitic water. Furthermore, the present invention is
      characterized by applying electricity to recording layers which contain at
      least zeolitic water containing compound, image forming agents, and
      binders, to form an image.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1, 2, and 3 schematically illustrate the structure of image recording
      member of the present invention and recording method.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The term "zeolitic water containing compound" as used herein mean those
      compounds satisfying the following requirements.
PAR  1. The compound contains water (zeolitic water) slightly combined with a
      "cavity" within the structure thereof. Even at the state that the compound
      contains a sufficient zeolitic water, it is free from stickiness due to
      deliquescenece and efflorescence such as seen with sodium chloride and the
      like, and it is seemingly kept in dry condition.
PAR  2. Even after zeolitic water contained in the compound is completely
      removed by means such as heating and reduced pressure, the structure is
      free from deterioration.
PAR  3. The compound from which zeolitic water is completely removed, re-absorbs
      water promptly at low humidity condition and recovers the original
      saturated condition.
PAR  4. The zeolitic water coexists with a various kind of ions that the
      compound contains and thus the compound exhibits excellent conductivity.
PAR  As stated above, the zeolitic water containing compound exhibits highly
      specific physical properies when the compound is dispersed in a binder or
      when it is used alone, it exhibits substantially identical properties. The
      present invention is based upon the specific properties of the zeolitic
      water containing compound. Other properties of zeolites are more fully
      discussed in C. B. Amphlett, Inorganic Ion Exchangers, Chapter Three,
      (1964).
PAR  The representative examples of these compounds may be given below.
PAR  A typical example of such compounds is natural zeolite. It is called
      aluminum silicate and represented by the general formula:
PAC  [M.sup.2.sup.+, (M.sup.+).sub.2 ] O . Al.sub.2 O.sub.3 . mSiO.sub.2 .
      nH.sub.2 O (3.ltoreq.m.ltoreq.10)
PAL  M.sup.2.sup.+  and M.sup.+ indicate, respectively, divalent and monovalent
      metal ions and they are usually Ca.sup.2.sup.+  and sometimes
      Sr.sup.2.sup.+,Ba.sup.2.sup.+  and K.sup.+ which are replaceable with
      other cationic ions. These zeolites contain a specific "cavity" in a three
      dimensional structure, and the above replaceable cations are held in this
      cavity with a water molecule. Other organic solvents may be absorbed in
      the cavity, and solvents of high polarity are selectively absorbed. There
      are a number of synthetic zeolites which have the substantially same
      three-dimentional structure as the natural zeolite and which are identical
      to zeolite with regard to its basic properties. Furthermore, there are
      natural or synthetic compounds which have chemical compositions completely
      different from zeolite although they have the same basic properties as
      zeolite, that is, they have a "cavity" and do not change their structures
      in absorption and desorption of water. They are called zeolite-like
      compounds and also are used in the present invention.
PAR  Zeolites as used herein including natural as well as synthetic compounds
      may be classified as below.
TBL  __________________________________________________________________________
     (1) Analcime Group:                                                       
     Analcite            NaAlSi.sub.2 O.sub.6.H.sub.2 O                        
     Pollucite           (Cs,Na)AlSi.sub.2 O.sub.6..times.H.sub.2 O            
                         (.times.&lt;10)                                          
     Viseite             Ca.sub.10 Na.sub.2 Al.sub.10 Si.sub.6 P.sub.10        
                         (H.sub.3).sub.12 (H.sub.2 O).sub.16.O.sub.96          
     Kehoesite           Zn.sub.5.5 Ca.sub.2.5 Al.sub.16 P.sub.16 (H.sub.3).sub
                         .16 (H.sub.2 O).sub.32 O.sub.96                       
     (2) Sodalite Group:                                                       
     Hydrosodalite       Na.sub.8 (Al.sub.6 Si.sub.6 O.sub.12)(OH).sub.2       
     Faujasite           Na.sub.28.6 Ca.sub.14.8 (Al.sub.57.6 Si.sub.134.4     
                         O.sub.384) 262.3H.sub.2 O                             
     Molecular sieve                                                           
              *A         Na.sub.12 (Al.sub.12 Si.sub.12 O.sub.24)Na AlO.sub.2. 
                         29H.sub.2 O                                           
     "        *X         Na.sub.2 (Al.sub.2 Si.sub.2.8 O.sub.9.6)..times.H.sub.
                         2 O (.times..apprxeq.6)                               
     "        *Y         Na.sub.2 O.Al.sub.2 O.sub.3.3.about.6                 
                         SiO.sub.2..times.H.sub.2 O                            
     "        *SK        substantially identical to faujasite                  
     (3) Chabazite Group:                                                      
     Chabazite           (Ca.Na.sub.2)Al.sub.2 Si.sub.4 O.sub.12.6H.sub.2 O    
     Gmelinite           (Na.sub.2 Ca)Al.sub.2 Si.sub.4 O.sub.12.6H.sub.2 O    
     Erionite            (Ca.Mg.Na.sub.2.K.sub.2).Al.sub.2 Si.sub.             
                         4 O.sub.12.6H.sub.2 O                                 
     Levynite            Ca(Al.sub.2 Si.sub.4 O.sub.12).6H.sub.2 O             
     Molecular sieve                                                           
              *R         the same as Chabazite                                 
     "        *S         the same as Gmelinite                                 
     "        *T         the same as Elionite                                  
     (4) Natrolite Group:                                                      
     Natrolite           Na.sub.2 (Al.sub.2 Si.sub.3 O.sub.10).2H.sub.2 O      
     Mesolite            Na.sub.2 Ca.sub.2 (Al.sub.6 Si.sub.9 O.sub.30).8H.sub.
                         2 O                                                   
     Scolecite           Ca(Al.sub.2 Si.sub.3 O.sub.10).3H.sub.2 O             
     Thomsonite          NaCa.sub.2 (Al.sub.5 Si.sub.5 O.sub.20).6H.sub.2 O    
     Edingtonite         Ba(Al.sub.2 Si.sub.3 O.sub.10).4H.sub.2 O             
     Gonnardite          Na.sub.2 Ca(Al.sub.4 Si.sub.6 O.sub.20).6H.sub.2 O    
     Rhodesite           KnaCa.sub.2 (H.sub.2 Si.sub.8 O.sub.20).5H.sub.2 O    
     Mountainite         KNa.sub.2 Ca.sub.2 (HSi.sub.8 O.sub.20).5H.sub.2 O    
     (5) Harmotome Group:                                                      
     Harmotome           Ba.sub.2 (Al.sub.4 Si.sub.12 O.sub.32).4H.sub.2 O     
     Phillipsite         (K.times.Na.sub.1 -.times.).sub.5 Al.sub.5 Si.sub.11  
                         O.sub.32.10H.sub.2 O                                  
     Gismondite          Ca(Al.sub.2 Si.sub.2 O.sub.8).4H.sub.2 O              
     Molecular sieve *B  Na.sub.2 (Al.sub.2 Si.sub.3 O.sub.10).5H.sub.2 O      
     Garronite           NaCa.sub. 2.5 (Al.sub.3 Si.sub.5 O.sub.16).sub.2.13.5H
                         .sub.2 O                                              
     (6) Mordenite Group:                                                      
     Mordenite           Na(AlSi.sub.5 O.sub.12).3H.sub.2 O                    
     D'achiardite        (Na.sub.2 Ca).sub.2 Al.sub.4 Si.sub.20 O.sub.48.12H.su
                         b.2 O                                                 
     Ferrierite          Na.sub.1.5 Mg.sub.2 (Al.sub.5.5 Si.sub.30.5 O.sub.72).
                         18H.sub.2 O                                           
     Zeolon**            the same as Mordenite                                 
     (7) Zeolites of non-determined structure                                  
     Heulardite          Ca(Al.sub.2 Si.sub.7 O.sub.18)6H.sub.2 O              
     Clinoptilotite      Na.sub.0.95 K.sub.0.30 Ca.sub.0.5 (Al.sub.1.35        
                         Si.sub.7.05 O.sub.18)5H.sub.2 O                       
     Stilbite            Ca(Al.sub.2 Si.sub.7 O.sub.18)7H.sub.2 O              
     Epistilbite         Ca(Al.sub.2 Si.sub.6 O.sub.16).5H.sub.2 O             
     Brewsterite         (Sr,Ba,Ca)Al.sub.2 Si.sub.6 O.sub.16.5H.sub.2 O       
     Laumontite          Ca(AlSi.sub.2 O.sub.6).4H.sub.2 O                     
     Yugawaralite        Ca(Al.sub.2 Si.sub.5 O.sub.14).3H.sub.2 O             
     Paulingite          (K,Ca,Na).sub.120 [(Al,Si).sub.580 O.sub.1160         
                         ]690H.sub.2 O                                         
     Aschcroftine        [KNa(Ca,Mg,Mn)].sub.120 (Al.sub.160 Si.sub.200        
                         O.sub.720)320H.sub.2 O                                
     Bikitaite           LiAlSi.sub.2 O.sub.6.H.sub.2 O                        
     All the above compounds are applicable to the invention.                  
     (8) Zeolite-like compounds:                                               
     (8 - 1) Zeolite-like silicate                                             
     These are not classified as zeolites per se but they contain zeolitic     
     water.                                                                    
     Beryl               Al.sub.2 Be.sub.3 [Si.sub.6 O.sub.18 ].nH.sub.2 O     
     Cordierite          Mg.sub.2 Al.sub.3 [AlSi.sub.5 O.sub.18 ]nH.sub.2 O    
     Milarite            KCa.sub.2 AlBe.sub.2 [Si.sub.12 O.sub.30 ]0.5H.sub.2  
                         O                                                     
     Osumilite           (K,Na,Ca)(Mg,Fe).sub.2 (Al,Fe).sub.3 [(Si,Al).sub.12  
                         O.sub.30 ].H.sub.2 O                                  
     Hydrated Nepheline  KNa.sub.3 (Al.sub.4 Si.sub.4 O.sub.16).nH.sub.2 O     
     Cancrinite          Na.sub.6 Ca.sub.6 (Al.sub.6 Si.sub.6 O.sub.24)CO.sub.3
                         .3H.sub.2 O                                           
     Buddingtonite       NH.sub.4 AlSi.sub.3 O.sub.8.0.5H.sub.2 O              
     (8 - 2) Other Zeolite-like compounds                                      
      I) Germanate       M.sub.3 [HGe.sub.4 (GeO.sub.4).sub.3 O.sub.4 ].4H.sub.
                         2 O: M is a metal ion.                                
      II) Phosphate, Arsenate,                                                 
     Scorodite           FeAsO.sub.4.2H.sub.2 O                                
     Pharmacosiderite    K[Fe.sub.2 (OH).sub.4 (AsO.sub.4).sub.3 ].6.about.7H.s
                         ub.2 O                                                
     III) Water containing metal oxide                                         
     Psilomelane         (Ba,H.sub.2 O).sub.2,Mn.sub.5 O.sub.10                
      IV)  IV) structure complex                                               
     Prussian blue       M.sub.3 [Fe(CN)6].sub.2.12H.sub.2 O,(M-Mn,Fe,Co,Ni,Zn,
                         Cd)                                                   
     Weddellite          CaC.sub.2 O.sub.4.(2+.times.)H.sub.2 O, (.times.      
     __________________________________________________________________________
                         0.5)                                                  
      *Synthetic Zeolite manufactured by Union Carbide Co.                     
      **manufactured by Norton Co.                                             
PAR  The above listed compounds are all applicable to the present invention as
      well as those compounds which have large "cavity" volume and a high water
      content, thereby exhibiting good conductivity, are preferred.
PAR  The image forming agents as used herein are those capable of forming an
      image in response to a change of energy by application of electricity. Any
      known compound can be employed. For example, an oxidation type of color
      former, reduction type of color former, PH indicator, heat sensitive color
      former and the like can be used. In a type of color former as the leuco
      compound of diphenylmethane dye, there may be used Michler's methane bases
      such as bis (P-dimethylamino-phenyl) methane,
      9,9'-diethyl-6,6'-dichloro-3,3'-dicarbazoylmethane,
      (9-ethyl-6-methyl-3-carbazoryl)-P-dimethylaminophenylmethane and the like
      and leucoauramines such as leucoauramine, N,N-diethylleucoauramine,
      phenylsulfoneamide-bis-(P-dimethylaminophenyl)methane, bis
      (P-dimethylaminophenyl) benzotriazylmethane, bis (p-diethylaminophenyl)
      morphonylmethane and the like. As the leuco compound of triphenylmethane
      dye, there may be used diaminotriphenyl methanes such as leuco-malachite
      Green, 3,3'-dicarbazolylphenyl methane and the like,
      triamino-phenylmethanes such as leuco Crystal Violet,
      9,9',9"-triethyl-3,3',3"-tricarbazolylmethane and the like, and
      hydroxy-triphenylmethanes such as bis
      (3-methyl-4-hydroxy-5-carboxyphenyl)-2,6-dichlorophenylmethane, bis
      (3-methyl-4-hydroxy-5-carboxyphenyl)-4-diethylaminophenylmethane and the
      like. Furthermore, there may be used leuco compounds of xanthene such as
      3,6-di (dimethylamino) xanthene, leuco compounds of acridine dye such as
      3,6-di-amino-2,7-dimethyl-9-phenyl-acridane, 3,6-di (dimethylamino)
      acridane and the like, leuco compounds of azine dyes such as
      2-methyl-3-amino-7-dimethyl amino-5,10-dihydrophenazine,
      3,7-diamino-5-phenyl-5,10-dihydrophenazine and the like, leuco compounds
      of oxazine dyes such as 3,7-di (dimethylamino) phenoxazine and the like,
      and leuco compounds of thiazines such as 3,7-di (dimethylamino)
      phenothiazine and the like.
PAR  Moreover, reductants of indigo and indigoid dye, leucoferrocyanine, and
      leuco base fast colors of paraquinones such as benzoquinone dyes,
      naphtoquinone dyes, antraquinones and the like also may be used. Aromatic
      amino compounds such as p-aminodiphenylamine, diphenylbenzizine, oxidation
      bases which produce oxidation dyes and phenols such as
      4-methoxy-1-naphtol, 1,5-dihydroxynaphthalene, and the like, and
      reductants of sulfide dyes such as
      2-mercapt-3-hydroxy-7-dimethylaminophenothiazine and the like may be used.
PAR  As the reduction type of color former, there may be used tetrazolium salts
      such as triphenyltetrazolium chloride, ditetrazolium chloride and the
      like, long chain aliphatic acid ion salts such as ferric stearate, and the
      like, organic acid nobel metal salts such as silver vehenate, silver
      stearate, and the like, oxalic acid metal salts such as silver oxalate,
      nickel oxalate and the like, metal carbonates such as manganese carbonate,
      cobaltous carbonate and the like, metal chlorides such as nickel chloride,
      copper chloride, and the like, and heterocyclic quaternary ammonium salts
      which are capable of forming anhydro salts by reduction such as
      1-methyl-2-2',4'-dinitrobenzylpiridium p-toluene sulfonate,
      1-methyl-4-chloroquinaldium sulphate and the like. Metal compounds such as
      molybdenum trioxide, thorium oxide, cerium oxide, phosphotungstic acid,
      phosphomolibdenum acid, ammonium phosphomolibdenate and the like, also may
      be used.
PAR  As the heat sensitive color former there may be used such single heat
      sensitizers as indole derivatives-, phrolone derivatives-, and substituted
      amino dithio formic acid heavy metal salts, and two-component
      heatsensitizers such as long chain aliphatic acid ion salts (such as
      ferric steatate)-phenols (such as tannic acid, ammonium salicylate),
      organic heavy metal salts (such as nickel acetate and the like)-alkali
      earth metal sulfides or organic chlates (such as diphenylcarbazone),
      organic acid nobel metal salts (such has silver behenate)-aromatic organic
      reductant (such as hydroquinone, protocatechuic acid), higher aliphatic
      heavy metal salts (such as ferric stearate)-desubstituted dithiocarbamine
      acid zinc derivatives (such as zinc dibutylthiocarbamate), and the like.
      In addition, there may be used a two component based color forming heat
      sensitive agent such as combinations of one member selected from color
      formable lactone compounds such as Crystal Violet lactone,
      3-dimethyl-amino-6-methoxyfuruorane; color formable lactam compounds such
      as Rhodamine B lactam; leuco compounds of dyes such as leuco Crystal
      Violet, leuco Malachite Green; and spiropyran compounds such as
      1,3,3-trimethylindolyno-8'-methoxybenzopyryl spiran, 1-amyl-3,3-dimethyl
      indolyno-8'-ethoxybenzopyryl-spiran and one member selected from acidic
      compounds such as bisphenol A, .alpha.-naphthol, and palmitic acid.
PAR  There is known in the art a method in which iodo compounds such as
      potassium iodide is included in a recording layer and iodo is electrically
      generated, thereby forming color due to starch iodide reaction and thus a
      visible image can be obtained, and a method in which iodo compounds,
      amines, and their leuco derivatives are included in a recording layer, and
      after electrically liberating iodine, the amine and its derivative are
      reacted with the iodine, and thus an image is recorded. These methods are
      also applicable to the present invention.
PAR  Binders as used herein include gelatine, natural high polymeric compound
      such as starch; cellulose derivatives such as cellulose nitrate, carboxy
      methyl cellulose and the like; half-synthetic polymers such as natural
      rubber plasticizer, for example, chlorinated rubber, cyclized rubber and
      the like; polymerization type of synthetic polymers such as
      polyisobutylene, polystyrene, terpene resin, polyacrylic acid, polyacrylic
      ester, polymethacrylic ester, polyarylonitrile, polyacrylamide, polyvinyl
      acetate, polyvinyl alcohol, polyvinyl pyrrolidone, polyacetal, polyvinyl
      chloride, polyvinylpiridine, polyvinyl carbazole, polybutadiene,
      styrene-butadiene copolymer, butyl rubber, polyoxymethylene, polyethylene
      imine, polyethyleneimine hydrochloride, poly (2-acryloxyethyl
      dimethylsulfonium chloride), and the like; condensation polymerization
      type of polymers such as phenol resin, amino resin, toluene resin, alkyd
      resin, unsaturated polyester resin, allyl resin, polycarbonate, polyamide
      resin, polyether resin, silicone resin, furan resin, thiocol rubber and
      the like; and addition polymerization type of polymers such as
      polyurethane, polyurea, epoxy resin and the like.
PAR  The recording members of the present invention are prepared in the
      following manner.
PAR  The zeolitic water containing compound, image forming agent and binder (if
      necessary, together with pigment, color controlling agent and other
      additives) are preferably uniformly dispersed and the dispersion is placed
      on a suitable substrate by coating, dipping, or like methods to form a
      recording layer. The zeolitic water containg compound is generally used in
      an amount of 30 to 98% by weight based upon the total weight of the
      recording layer, and preferably 50 to 95% by weight, and more preferably
      70 to 90% by weight. However, the present invention is not limited to
      them.
PAR  As the substrate, there can be used paper, resin film, conductive material
      such as metal film treated paper, metal vapor depositted paper, metal
      powder coated paper, carbon treated conductive paper, and the like.
PAR  The present invention will be described in more detail with reference to
      the drawings.
PAR  FIGS. 1 to 3 illustrate embodiments of the recording members of the present
      invention and also schematically illustrate recording method using the
      recording members.
PAR  FIG. 1 shows a recording sheet comprising a recording layer 1, a conductive
      layer 2 and a substrate 3. The recording layer 1 contains at least a
      zeolitic water containing compound, an image forming agent and a binder.
      FIG. 2 shows a recording sheet in which a conductive layer 5 is prepared
      by removing the image former from the composition of the recording layer 1
      of FIG. 1 and an image forming layer 6 contains at least an image forming
      agent. In this case, the layers 5 and 6 combined to form the recording
      layer 1. FIG. 3 shows a recording sheet comprising a substrate 3 and the
      recording layer 1. In FIGS. 1 to 3, 4 indicates a power source and an
      electrode 8 may be connected directly to the conductive layer or the
      recording layer, or the image forming layer. Polarity of voltage applied
      to stylus 7 may be either positive or negative and the current may be
      alternating current.
PAC  EXAMPLE 1
PAR  Two grams of leuco-malachite green, 30 grams of faujasite type synthetic
      zeolite (manufactured by Union Carbide Co. under the trade name of
      Molecular Sieve 13X), 10 grams of titanium oxide of rutile type titanium
      oxide, 10 grams of polyvinyl butyral (degree of polymerization of 1,500),
      and 150 grams of ethanol were mixed and kneaded in a ball mill for two
      days. The resulting mixture was coated on a carbon conductively treated
      paper in a film thickness of about 8 .mu. by a coating rod and allowed to
      dry in order to form a recording layer. The recording paper was then
      subjected to recording by application of electricity. A tungsten stylus
      was connected to positive electrode and the carbon layer was connected to
      negative electrode. A voltage of about 150 volts was applied and the
      stylus was acanned at a speed of 1 meter per second.
PAR  As a result, the portion at which the stylus was scanned formed green color
      and an excellent image was obtained. At that time, a maximum recording
      current was 30mA and no liberation of odor and gas was observed.
PAC  EXAMPLE 2
PAR  Various kinds of recording papers were prepared in the same manner as
      described in Example 1 except that a various kinds of image forming agents
      were used in place of leuco-malachite green and then they were subjected
      to recording by application of electricity. The results were tarbulated in
      Table I below.
TBL                                    Table I                                 
     __________________________________________________________________________
     Image forming agent     Recording                                         
                                   Recorded                                    
                                          Polarity of                          
                             ability                                           
                                   color  stylus                               
     __________________________________________________________________________
     Leuco Auramine          O     Yellow +                                    
     3,6-Di(dimethylamino)xanthene Red    +                                    
     3,7-Diamino-5-phenyl-5,10-dihydrophenazine                                
                                   Red    +                                    
     3,7-Di(dimethylamino)phenothiazine                                        
                                   Blue   +                                    
     4-Methoxy-1-naphtol           Blue   +                                    
     Bis(p-dimethylaminophenyl)methane                                         
                             O     Blue   +                                    
     Leuco Crystal Violet          Blue-Purple                                 
                                          +                                    
     Bis(3-methyl-4-hydroxy-5-carboxyphenyl)-2,6-                              
                                   Red-Purple                                  
                                          +                                    
     dichlorophenyl methane                                                    
     3,6-Diamino-2,7-dimethyl-9-phenylacridan                                  
                             O     Red    +                                    
     3,7-Di(diethylamino)phenoxazine                                           
                                   Blue   +                                    
     Indigo White                  Dark-Blue                                   
                                          +                                    
     p-Aminodiphenyl amine         Dark-Blue                                   
                                          +                                    
     1-Methyl-2-2',4'-dinitrobenzyl piridinium-                                
                                   Purple-Blue                                 
                                          -                                    
     p-toluene sulfonate                                                       
     Dibromo phenol sulfophthalane Red    -                                    
     Phenolphthalane         O     Red    -                                    
     Triphenyl tetrazorium chloride                                            
                                   Red    -                                    
     Ditetrazorium chloride        Dark Blue                                   
                                          -                                    
     Nickel oxalate          O     Gray-Brown                                  
                                          -                                    
     Cobaltuns carbonate     O     Gray-Brown                                  
                                          -                                    
     Silver behenate         O     Gray-Brown                                  
                                          -                                    
     Phospho tungustatic acid      Gray-Black                                  
                                          -                                    
     Nickel hypophosphite    O     Gray-Brown                                  
                                          -                                    
     Zinc oxide                    Gray-Black                                  
                                          -                                    
     __________________________________________________________________________
      Note:                                                                    
        . . . Excellent                                                        
      O . . . Good                                                             
PAC  EXAMPLE 3
PAR  Two grams of ditetrazorium chloride, 10 grams of polyvinyl butyral (degree
      of polymerization of 1,500), 150 grams of ethanol and 30 grams of one
      member selected from the following geolitic water containing compounds as
      listed in Table II below were mixed and kneaded for two days. The
      resulting mixture was coated on an aluminum laminated paper by coating rod
      in a thickness of about 10 .mu. and dried at 100.degree.C for 5 minutes.
      Then, the recording paper was subjected to recording by application of
      electricity. Tungusten stylus and the aluminum layer were connected to
      negative and positive electrodes, respectively. DC voltage of about 150
      volts was applied and the stylus was scanned at a speed of 1 m/sec. The
      results are shown in Table II.
TBL                Table II                                                    
     ______________________________________                                    
     Geolitic water containing                                                 
                           Recording                                           
     Compounds             ability                                             
     ______________________________________                                    
     Hydrosodalite         .DELTA.                                             
     Faujasite                                                                 
     Chabazite             .DELTA.                                             
     Gmelinite             O                                                   
     Erionite              O                                                   
     Levynite              O                                                   
     Weddellite            O                                                   
     Molecular Sieve SK-40                                                     
     Molecular Sieve 13.times.                                                 
     Molecular Sieve 5A    O                                                   
     Analcite              .DELTA.                                             
     Pollucite             .DELTA.                                             
     Viseite               .DELTA.                                             
     Kehoesite             .DELTA.                                             
     Harmotome             .DELTA.                                             
     Phillipsite           O                                                   
     Gismondite            .DELTA.                                             
     Garronite             O                                                   
     Mordenite             .DELTA.                                             
     D'achiardite          .DELTA.                                             
     Ferrierite            O                                                   
     Zeolon                O                                                   
     Natrolite             .DELTA.                                             
     Mesolite              .DELTA.                                             
     Scolecite             .DELTA.                                             
     Thomsonite            O                                                   
     Edingtonite           .DELTA.                                             
     Gonnardite            O                                                   
     Rhodesite             .DELTA.                                             
     Mountainite           .DELTA.                                             
     Clinoptilotite        .DELTA.                                             
     Paulingite            .DELTA.                                             
     Bikitaite             .DELTA.                                             
     Cancrinite            .DELTA.                                             
     Scorodite             .DELTA.                                             
     Psilomelane           .DELTA.                                             
     Rutile type titanium* X                                                   
     oxide                                                                     
     No addition*          X                                                   
     ______________________________________                                    
      *Comparative Examples                                                    
PAR  Rutile type titanium oxide does not contain geolitic water.
PA1    . . . Excellent
PA1  O  . . . good
PA1  .DELTA. . . . Recording observed
PA1  X . . . no recording observed
PAR  The maximum recording currents were corresponding to the above recording
      abilities.
PA1    . . . about 25 to 35 mA
PA1  O . . . about 15 to 25 mA
PA1  .DELTA. . . . about 5 to 15 mA
PA1  X  . . . substantially 0 mA
PAC  EXAMPLE 4
PA1  Synthetic zeolite (U.C.C., Molecular Sieve SK-40) . . . . 30g
PA1  Rutile titanium oxide . . . . . 10g
PA1  Acrylic resin (Toa Gosei Co. Ltd. Aron S 1001. . . . 20g
PA1  Toluene/MEK = 1/1 . . . . . 100g
PA1  Leucomalachite green . . . . . 3g
PAR  These ingredients were kneaded in a ball mill for two days and coated on
      aluminum vapor depositted paper in a thickness of about 12 .mu. by a
      coating rod. Recording was carried out by DC voltage of 150 volts.
PAR  The aluminum layer and stylus were connected to negative and positive
      electrodes, respectively. Good green color was obtained.
PAC  EXAMPLE 5
PAR  Two layer recording paper as shown in FIG. 2 was prepared.
PAC  Composition of conductive layer
PA1  Synthetic Zeolite (U.C.C., Molecular sieve SK 40) ... . . . 30g
PA1  Acrylic resin (Toa Gosei Co. Ltd., Aron S-1001)
PA1  Toluene/MEK = 1/1 . . . . . 70g
PAR  These ingredients were kneaded in ball mill for two days and coated on an
      aluminum vapor-depositted paper in a thickness of about 10 .mu. to form a
      conductive layer.
PAC  Composition of Recording Layer
PA1  Triphenyltetrazorium chloride . . . . . 2g
PA1  Synthetic zeolite (Molecular sieve 13x) . . . . . 5g
PA1  Polyvinyl butyral (degree of polymerization of 4,000) . . . . . 2g
PA1  Ethanol . . . . . 20g
PAR  These ingredients were kneaded in ball mill for two days and coated on the
      above conductive layer with coating rod in a thickness of about 5 .mu..
PAR  To the thus prepared sheet was applied a DC voltage of about 150v, the
      stylus was connected to the negative electrode and aluminum layer was
      connected to positive electrode. When the stylus was scanned at a speed of
      2m/sec, electricity of about 20 mA flowed and thus a good red image was
      obtained.
PAC  EXAMPLE 6
PAR  When 3 grams of polyvinyl alcohol (degree of polymerization of 1,000,
      degree of saponification of 85%) was used in place of polyvinylbutyral in
      Example 5, an excellent red image was obtained.
PAR  At recording, neither odor nor gas was observed.
PAC  EXAMPLE 7
PA1  Crystal Violet Lact one . . . . . 5g
PA1  Synthetic zeolite (U.C.C., Molecular Sieve 13x) . . . . . 5g
PA1  Rutyl type titanium oxide . . . . . 1g
PA1  Polyvinylalcohol (degree of polymerization of 1,000, degree of
      saponification of 85%) . . . . . 3g
PA1  Water . . . . . 12g
PAR  These ingredients were kneaded in ball mill for two days to produce
      component A.
PA1  Bisphenol A . . . . . 5g
PA1  Synthetic zeolite (U.C.C., Molecular Sieve 13x) . . . . . 5g
PA1  Polyvinyl alcohol (degree of polymerization of 1,000, degree of
      saponification of 85%) . . . . . 3g
PA1  Water . . . . . 12g
PAR  These ingredients were kneaded in ball mill for two days to form Component
      B. Then Components A and B were coated on an aluminum vapor-depositted
      paper in a thickness of about 8 .mu. by coating rod. After drying,
      recording was effected. In this case, the stylus and the aluminum
      vapordepositted paper were connected to negative and positive electrodes,
      respectively. Voltage of about 250 volts was applied and the stylus was
      scanned and thus a blue image was obtained.
PAC  EXAMPLE 8
PA1  Synthetic zeolite (U.C.C., Molecular Sieve SK-40) . . . . . 30g
PA1  Silver behenate . . . . . 7g
PA1  Protocatechuic acid . . . . . 1.5g
PA1  Polyvinyl butyral . . . . . 12g
PA1  Ethanol . . . . . 130g
PAR  A dispersion containing the above ingredients was coated on an aluminum
      vapor-depposited paper in a thickness of about 10 .mu. by a coating rod
      thereby providing a recording paper. DC voltage of about 150 volts was
      applied, and the stylus and the aluminum vapor-depositted layer were
      connected to negative and positive layers, respectively. On scanning the
      stylus, electricity of about 30 mA flowed and excellent color forming was
      obtained by Joule's heat.
PAC  EXAMPLE 9
PAR  An overlay paper was dipped in a mixture of Components A and B and allowed
      to dry to provide a recording paper. The recording paper was adhered to
      aluminum plate and positive and negative electrodes of power source were
      connected to the aluminum layer and the stylus, respectively. On scanning
      the stylus while applying voltage of about 350 volts, blue image was
      obtained.
PAC  EXAMPLE 10
PAR  Two-color recording paper was prepared in accordance with the following
      procedure.
PA1  Synthetic zeolite (U.C.C., Molecular Sieve SK-40) . . . . . 30g
PA1  Rutyl type titanium oxide . . . . . 5g
PA1  Color former A (which forms color when the stylus is connected to positive
      electrode) . . . . . 2g
PA1  Color former B (which forms color when the stylus is connected to negative
      electrode) . . . . . 2g
PA1  Polyvinyl butyral (degree of polymerization of 1,500) . . . . . 10g
PA1  Ethanol . . . . . 150g
PAR  These ingredients were kneaded in a ball mill for two days and coated on an
      aluminum laminated paper in a film thickness of about 8 .mu.. After
      allowing to dry, electricity was applied. By changing polarity of the
      stylus while connecting the aluminum laminated surface to ground, a two
      color recorded paper was obtained. Color formers A and B used herein are
      as listed in Table III below.
TBL                                    Table III                               
     __________________________________________________________________________
     Color former A    Color former B                                          
     Name         Recorded                                                     
                       Name         Recorded                                   
                  color             color                                      
     __________________________________________________________________________
     4-Methoxy-1-naphthol                                                      
                  Blue Tripenyltetrazorium                                     
                                    Red                                        
                       chloride                                                
     Leuco auramine                                                            
                  Yellow                                                       
                       Ditetra zorium chloride                                 
                                    Dark Blue                                  
     3,6-Di(dimethylamino)                                                     
                  Red  Phosphotungstic acid                                    
                                    Gray-Black                                 
     xanthene                                                                  
     3,7-Diamino-5-phenyl-5-                                                   
                  Red  Tetrazorium violet                                      
                                    Dark-Purple                                
     10 dihydrophenazine                                                       
     3,7-Di(dimethylamino)                                                     
                  Blue Silver beherate                                         
                                    Gray-Brown                                 
     phenazine                                                                 
     Leuco malachite green                                                     
                  Green                                                        
                       2,4,6-Trinitrobenzoate                                  
                                    Brown                                      
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. In an electrical recording member provided with a recording layer
      consisting essentially of an image-forming agent, an
      electrically-conductive agent and a binder therefor, the improvement
      comprising said electrically-conductive agent comprising at least a
      compound containing zeolitic water, whereby an image is formed in said
      recording layer by the application thereto of electrical current.
NUM  2.
PAR  2. The electrical recording member according to claim 1 wherein the
      recording layer comprises a single layer composed of at least one zeolitic
      water-containing compound, an image-forming agent and a binder therefor.
NUM  3.
PAR  3. The electrical recording member according to claim 1 wherein the
      recording layer comprises an electrically-conductive layer containing at
      least one zeolitic water-containing compound, and an image-forming layer
      containing at least one image-forming agent.
NUM  4.
PAR  4. An electrical recording member according to claim 1 wherein the zeolitic
      water-containing compound is a zeolite mineral.
NUM  5.
PAR  5. An electrical recording member according to claim 1 wherein the zeolitic
      water-containing compound is a silicate compound containing zeolitic
      water.
NUM  6.
PAR  6. An electrical recording member according to claim 1 wherein the amount
      of said zeolitic water-containing compound in said recording layer is from
      30 to 98% by weight, based upon the total weight of the recording layer.
NUM  7.
PAR  7. An electrical recording member according to claim 1 wherein the amount
      of said zeolitic water-containing compound in said recording layer is from
      70 to 90% by weight, based upon the total weight of the recording layer.
NUM  8.
PAR  8. An electrical recording member according to claim 4 wherein the zeolite
      material is from the analcime group.
NUM  9.
PAR  9. An electrical recording member according to claim 4 wherein the zeolite
      mineral is from the sodalite group.
NUM  10.
PAR  10. An electrical recording member according to claim 4 wherein the zeolite
      mineral is from the chabazite group.
NUM  11.
PAR  11. An electrical recording member according to claim 4 wherein the zeolite
      mineral is from the natrolite group.
NUM  12.
PAR  12. An electrical recording member according to claim 4 wherein the zeolite
      mineral is from the harmotome group.
NUM  13.
PAR  13. An electrical recording member according to claim 4 wherein the zeolite
      mineral is from the mordenite group.
NUM  14.
PAR  14. A process for electrically recording an image in an electrical
      recording member by the application of electrical current thereto, which
      comprises applying electrical current to a recording layer of said
      electrical recording member wherein said recording layer consists
      essentially of an electrically-conductive agent composed of at least one
      compound containing zeolitic water, an image-forming agent and a binder
      therefor.
NUM  15.
PAR  15. A process according to claim 14 wherein the zeolitic water-containing
      compound is a zeolite mineral.
NUM  16.
PAR  16. A process according to claim 14 wherein electrical current is applied
      from a stylus to said recording layer.
NUM  17.
PAR  17. An electrical recording member according to claim 1 wherein said
      zeolitic water-containing compound is a natural zeolite of the formula:
PAC  [M.sup.+.sup.2, (M.sup.+.sup.1).sub.2 ]O . Al.sub.2 O.sub.3 . m SiO.sub.2 .
      nH.sub.2 O
PAL  wherein M.sup.+.sup.2 and M.sup.+.sup.1 represent, respectively, divalent
      and monovalent metal ions which are replaceable with other cations, m is
      from 3 to 10 and n is a positive integer.
NUM  18.
PAR  18. An electrical recording member according to claim 1 wherein said
      zeolitic water-containing compound is a synthetic zeolite.
NUM  19.
PAR  19. An electrical recording member according to claim 1 wherein said
      image-forming agent is a compound which is capable of forming an image in
      response to a change of energy caused by the application of the electrical
      current thereto, and is selected from the group consisting of an
      oxidation-type color former, a reduction-type color former, a pH indicator
      and a heat-sensitive color former.
NUM  20.
PAR  20. An electrical recording member according to claim 1 wherein said binder
      is selected from the group consisting of gelatin, natural polymers,
      cellulose derivatives, semi-synthetic polymers, polymerization-type
      synthetic polymers, condensation polymerization-type synthetic polymers
      and addition polymerization-type synthetic polymers.
NUM  21.
PAR  21. An electrical recording member according to claim 1 wherein said
      recording layer is provided on a substrate.
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PAL  Ammonium tungstate, ammonium paratungstate, ammonium metatungstate or
      hydrated tungsten trioxide is produced by passing tungstate anions through
      an anion exchange membrane into an aqueous solution containing ammonium
      cations under the driving force of an electrical potential for a time
      sufficient to achieve a pH within the range in which the desired tungsten
      compound will form.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electrolytic process for the manufacture of
      ammonium tungstate, ammonium paratungstate, ammonium metatungstate and
      hydrated tungsten trioxide by the use of an anion exchange membrane, and
      more particularly relates to the manufacture of one of the above tungsten
      compounds by the control of the pH of the electrolyte in the anodic
      compartment.
PAR  An important and characteristic feature of the tungstates is the formation
      of condensed complex anions of isopolytungstates in acid solution. If one
      considers polytungstates as formed by the addition of hydrated acid
      (H.sub.3 O.sup.+) to the tungstate anion (WO.sub.4.sup.2.sup.-), then a
      series of isopolytungstates appear in which the ratio of hydrated acid
      groups to tungstate anion (and thus molecular weight), increases as pH is
      lowered. Paratungstates are formed at a ratio of 0.33 to 1.167;
      metatungstates are formed at a ratio of 1.5, and tungstic acid is formed
      at a ratio of 2.0.
PAR  These isopolytungstate compounds are widely used in the catalyst industry,
      usually as the ammonium salts, since the alkali metal and other salts
      would normally act as contaminants of the catalyst material.
PAR  Tungstic acid or hydrated tungsten trioxide is normally used as a starting
      material for the production of tungsten powder, which has a variety of
      uses including the starting material in various powder metallurgy
      processes.
PAR  Several techniques for the production of the ammonium tungstate compounds
      and tungstic acid exist.
PAR  Tungstic acid may be prepared by the acidification with mineral acid of
      most tungsten salts, for example sodium tungstate plus hydrochloric acid
      or calcium tungstate digested in hydrochloric acid gives a hydrated
      tungsten trioxide precipitate. This precipitate must then be washed,
      filtered and dried and must be kept strongly acidic during washing in
      order to prevent conversion to a colloidal form, rendering recovery by
      filtering exceedingly difficult. This process results in considerable free
      mineral acid and salt byproducts such as sodium chloride or calcium
      chloride, which must be disposed of.
PAR  Ammonium tungstate or ammonium paratungstate may be produced by dissolving
      hydrated tungstic trioxide in aqueous ammonia. This technique of course
      first requires the preparation of the hydrated tungsten trioxide, which
      tends to be time consuming and requires a large investment in equipment to
      handle the mineral acid.
PAR  Ammonium paratungstate may also be produced by the reaction in aqueous
      solution of ammonium chloride and sodium tungstate to precipitate
      insoluble ammonium paratungstate crystals. This method results in very low
      yields, and the ammonium paratungstate crystals tend to have entrapped
      sodium chloride, which cannot be easily removed.
PAR  Another method for the production of ammonium paratungstate is by liquid
      ion exchange (LIX) extraction of tungsten from sodium tungstate, followed
      by stripping the tungsten off the extractant with aqueous ammonia. This
      technique requires the addition of large amounts of strong mineral acid to
      the sodium tungstate solution in order to achieve the pH needed for LIX
      extraction. In consequence large amounts of the sodium salt such as sodium
      chloride or sodium sulfate are formed, which must be disposed of.
PAR  Ammonium metatungstate may be formed by dissolving hydrated tungsten
      trioxide in ammonium tungstate solution until a pH of about 2.5 to 4.0 is
      reached. This technique requires the addition of large amounts of hydrated
      tungsten trioxide which with lower pH values becomes less soluble in the
      solution. The excess must then be filtered out which may be difficult due
      to the tendency of the hydrated tungsten trioxide to colloidal formation.
      In addition, the yield is approximately 50%.
PAR  Another technique for the production of ammonium metatungstate is by
      addition of an ion exchange resin to ammonium tungstate solution or a
      slurry of ammonium paratungstate crystals until the required pH for
      formation of ammonium metatungstate is achieved. The use of ion exchange
      resins requires regeneration of these materials by the use of a strong
      mineral acid and the consequent formation of unwanted salt byproducts.
PAR  Other techniques for producing ammonium metatungstate involve boiling a
      slurry of ammonium paratungstate crystals or baking ammonium paratungstate
      crystals until at least about 6 moles of NH.sub.3 are lost. These
      techniques tend to require excessive times or excessive handling for the
      production of commercial quantities.
PAR  The search thus continues for simple and inexpensive methods for producing
      the ammonium isopolytungstates and tungstic acid in good yield and
      relatively pure form.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention a method has been discovered for
      manufacturing ammonium tungstate, ammonium paratungstate, ammonium
      metatungstate and tungstic acid requiring only ammonium hydroxide or other
      source of ammonium cations and a tungstate anion source as raw materials.
      These tungsten compounds can be manufactured in accordance with the
      invention without the production of useless byproducts and without the use
      of strong mineral acids, solvent extraction or precipitation reactions.
PAR  These tungsten compounds can all be produced in good yield and relatively
      free from cation impurities by passing tungstate anions under the
      influence of an electrical potential through an anion exchange membrane
      into an aqueous electrolyte containing ammonium cations until the desired
      pH of the electrolyte is reached for formation of the desired tungsten
      compound.
PAR  In another aspect of the invention, ammonium metatungstate or tungstic acid
      may be produced from normally insoluble ammonium paratungstate by using
      ammonium paratungstate crystals as the source of tungsten anions.
PAR  In another aspect of the invention, the alkali metal hydroxide formed by
      the removal of tungstate ions from alkali metal tungstate solution may be
      recovered and used to form additional alkali metal tungstates from
      tungsten sources such as ore concentrates.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The anion exchange membrane may be any membrane which under the influence
      of an applied electrical potential will selectively pass the tungstate
      anions from the solution. Such membranes are well known in the art and are
      described for example in U.S. Pat. Nos. 3,784,457 and 3,795,595. These
      membrances may have ion exchange groups or material impregnated or
      distributed throughout a polymeric matrix or binder, or such groups may be
      associated only with the outer surface of a membrane backing or
      reinforcing sheet. In addition the entire membrane structure having ion
      exchange characteristics may be formed by molding or casting a partially
      polymerized ion exchange resin into a sheet. Various known anion exchange
      groups such as amine groups, ammonium groups, the guanidine group, the
      dicyandiamine group and other nitrogen-containing basic groups may be
      attached to a polymeric compound such as polystyrene resin, phenol
      formaldehyde resin, styrene-divinyl benzene copolymer, urea-formaldehyde
      resin, melamine-formaldehyde resin, polyalkylenepolyamine-formaldehyde
      resin, etc.
PAR  In addition to these organic membranes, inorganic ion exchange membranes
      may also be used, and a description thereof may be found in U.S. Pat. Nos.
      3,479,267 and 3,463,713.
PAR  Typically these ion exchange membranes are reinforced by a backing sheet of
      a relatively inert material such as for example a porous structure of
      glass or ceramic or fabrics of asbestos, polyesters, polyamides, acrylics,
      rayons, polypropylene, and the like.
PAR  The thickness of the exchange membrane is not particularly critical, and
      will depend upon the particular operating conditions. While thicker
      membranes have a longer useful life, their electrical resistance increase
      proportionately to their thickness. In general, suitable membrane
      thicknesses may range from 0.5 mm to 1.5 mm.
PAR  Typical commercially available anion exchange membranes include those
      available from Ionics Inc., Watertown, Massachusetts; Ionic Chemical
      Company, Burmingham, New Jersey and AMF Inc., New York, New York.
PAR  In the practice of the invention, the anion exchange membrane divides an
      electrolytic cell container into two compartments. One compartment
      contains an electrode of positive polarity and the other contains an
      electrode of negative polarity. Both electrodes should be of a relatively
      nonreactive or inert material with regard to the electrolytes. Suitable
      electrode materials include graphite and the noble metals such as gold and
      platinum.
PAR  The aqueous solution of tungstate anions is added to the negative side
      (cathodic compartment) of the electrolytic cell. The concentration in
      solution may vary over a considerable range for example, from 10 grams
      WO.sub.3 per liter up to saturation.
PAR  While any soluble metal tungstate salts are suitable, the alkali metal (Li,
      Na, K, Rb and Cs) salts are preferred because of their ready solubility
      and because upon removal of tungstate ion, they form alkali metal
      hydroxides which can be reused to form additional alkali metal tungstate,
      such as by leaching of tungsten ore concentrates.
PAR  The electrical potential required to remove tungstate anions from the
      aqueous salt solution will depend upon the concentration of the
      electrolyte, and the thickness of the cation membrane and the cell
      geometry. However, suitable operating potentials for the membrane
      generally range from 5 to 80 volts.
PAR  The solution containing ammonium cations is added to the positive side
      (anodic compartment) of the cell. The concentration should of course be
      sufficient to provide at least the stoichiometric amount for formation of
      the desired tungsten compound. When current passes through the cell,
      tungstate ion passes into the ammonium ion-containing solution and
      ammonium tungstate first forms at a pH of about 14 to 7. Then insoluble
      ammonium paratungstate precipitates at a pH of about 8 to 6. With
      continued passage of current, this normally insoluble precipitate will
      dissolve and act as a source of tungsten anions for the formation of
      ammonium metatungstate and tungstic acid, which form at a pH of about 4 to
      2 and 2 to 0, respectively. When the concentration of WO.sub.3 is at least
      200 grams per liter and the applied potential is from 10 to 15 volts,
      these species successively begin to form after about 1 to 4 hours, 4 to 6
      hours, 6 to 12 hours and 12 to 24 hours for ammonium tungstate, ammonium
      paratungstate, ammonium metatungstate and tungstic acid, respectively.
PAR  These times may be shortened by using an intermeidate compound as the
      tungsten anion source for successive compounds. Thus, ammonium tungstate
      may be a source for producing ammonium paratungstate, ammonium
      metatungstate and tungstic acid; ammonium paratungstate may be a source
      for ammonium metatungstate and tungstic acid; and ammonium metatungstate
      may be a source for tungstic acid.
PAC  EXAMPLE I
PAR  An electrolytic cell is divided into positive and negative sides by placing
      an anion exchange membrane (111BZ6066 from Ionics Inc., Watertown,
      Massachusetts) between 2 platinum electrodes each having a surface area of
      about 6 square inches and suspended by means of a platinum wire in the
      cell. 450 Milliliters of a sodium tungstate solution containing 213 grams
      of WO.sub.3 per liter is placed on the negative side of the membrane. A
      solution of 400 milliliters of water with 10 milliliters of reagent grade
      (28% by weight) ammonium hydroxide is placed on the positive side of the
      membrane. A potential of about 12 volts is applied to the cell resulting
      in a current flow of about 1 ampere. After about 1 1/2 hours the current
      has increased to about two amperes, the pH has decreased from about 10 to
      about 9, and ammonium tungstate is formed. After about 6 hours the current
      has increased to about 3 amperes, the pH has decreased to about 8 and
      ammonium paratungstate crystals are formed. After about 12 hours, most of
      the ammonium paratungstate has dissolved, the pH has decreased to about
      2.8, and ammonium metatungstate is formed. At this point the solution is
      removed from the positive side, evaporated down to form crystals, and the
      crystals identified by x-ray analysis as ammonium metatungstate.
PAC  EXAMPLE II
PAR  The procedure of Example I is followed, except that 400 mls. of tungstate
      solution containing 317 grams of WO.sub.3 per liter is placed on the
      negative side of the membrane, a solution of 10 milliliters of 28%
      ammonium hydroxide in 400 milliliters of water is placed on the positive
      side, and a potential of about 10 volts is applied to the cell resulting
      in a current initially of about 0.5 amperes. After about 81/2 hours the
      current has increased to about 2.5 amperes, and ammonium paratungstate
      crystals have formed. After about 29 hours, the pH has decreased to about
      1.5 and tungstic acid has formed. The solution is evaporated to dryness
      and analyzed. Results show that the product contains hydrated tungsten
      trioxide, and the following impurities in the total amount of less than
      0.1 weight percent: aluminum, calcium, copper, iron, magnesium,
      molybdenum, silicon, tin, and sodium. With the exception of molybdenum,
      all listed impurities are present in amounts less than about 100 parts per
      million.
PAC  EXAMPLE III
PAR  The procedure of Example I is followed, except that a 400 ml solution of
      sodium tungstate containing about 79 grams WO.sub.3 /liter is placed on
      the negative side of the membrane, and 10 milliliters of 28% ammonium
      hydroxide in 400 milliliters of water is placed on the positive side.
      After about 24 hours the current had increased from 1.5 to 4.5 amperes and
      ammonium paratungstate crystals have formed.
PAC  EXAMPLE IV
PAR  The procedure of Example I is followed except that in order to increase the
      current flow through the cell a solution of 1:1 by volume of ammonium
      tungstate (280 grams WO.sub.3 per liter) and 28% ammonium hydroxide is
      placed on the positive side of the cell, and a solution of 280 grams per
      liter of WO.sub.3 (sodium tungstate) is placed on the negative side of the
      cell. After about 61/2 hours of cell operation, solution from the negative
      side is analyzed to show that 86.3% of the tungsten is removed.
      Essentially 100% of this tungsten is recovered in the form of ammonium
      paratungstate crystals from the positive side of the cell. These crystals
      as indicated by spectrographic analysis contain a total impurity content
      of less than 0.1 weight percent. Such impurities include the following:
      Al, Ca, Cu, Fe, Mn, Mo, Si. All the listed impurities each are less than
      100 parts per million except molybdenum which was about 200 parts per
      million.
PAR  While there has been shown and described what are at present considered the
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrolytic method for producing a tungsten compound selected from
      the group consisting of ammonium tungstate, ammonium paratungstate,
      ammonium metatungstate and tungstic acid, the method comprising:
PA1  a. contacting the negative side of an anion exchange membrane with an
      aqueous electrolyte containing a source of tungstate anions, and
      contacting the opposing side of the membrane with an aqueous electrolyte
      containing a source of ammonium cations, and
PA1  b. applying an electrical potential across the anion exchange membrane, the
      potential having a magnitude and polarity to cause passage of the
      tungstate anions through the membrane into the electrolyte containing the
      ammonium cation source for a time sufficient to achieve a pH of the
      electrolyte to form the desired tungsten compound.
NUM  2.
PAR  2. The method of claim 1 in which the source of tungstate anions is an
      alkali metal tungstate, and the source of ammonium cations is at least one
      member selected from the group consisting of ammonium hydroxide, ammonium
      tungstate, ammonium paratungstate and ammonium metatungstate.
NUM  3.
PAR  3. The method of claim 1 in which the electrolyte containing tungstate
      anions has a concentration of at least 200 grams of WO.sub.3 per liter,
      the electrical potential across the membrane is from 10 to 15 volts, and
      in which ammonium tungstate solution begins to form after about 1 to 4
      hours, ammonium paratungstate begins to form after about 4 to 6 hours,
      ammonium metatungstate solution begins to form after about 6 to 12 hours,
      and tungstic acid begins to form after about 12 to 24 hours.
NUM  4.
PAR  4. The method of claim 2 in which the source of tungstate anions is
      ammonium paratungstate, and the tungsten compound produced is selected
      from the group consisting of ammonium metatungstate and tungstic acid.
NUM  5.
PAR  5. The method of claim 1 in which the tungsten compound produced is
      ammonium tungstate.
NUM  6.
PAR  6. The method of claim 1 in which the tungsten compound produced is
      ammonium paratungstate.
NUM  7.
PAR  7. The method of claim 1 in which the tungsten compound produced is
      ammonium metatungstate.
NUM  8.
PAR  8. The method of claim 1 in which the tungsten compound produced is
      tungstic acid.
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ABST
PAL  Apparatus for electrolytically recovering metallic ions from a solution is
      disclosed in which the solution is passed through a sealed electrolytic
      cell by operating the cell under negative pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the electrolytic recovery of metals and, more
      particularly, to apparatus for electrolytically recovering a metal from a
      solution containing ions of the metal in which an electrolytic cell is
      operated under negative pressure.
PAR  2. Description of the Prior Art
PAR  The technique of electrolytically recovering a metal from a solution which
      contains ions of such metal is well known. Regardless of the design of the
      apparatus employed, it has long been recognized that effective agitation
      of the solution must be provided to achieve a reasonable efficiency of
      recovery. Many prior art electrolytic cells utilized in metal recovery
      apparatus provide mechanical agitation of the solution by the use of
      inter-electrode stirring devices, e.g., rotating paddlewheels or impellers
      positioned between an anode and a cathode in the cell. Such cells are
      typically of rather complex construction and relatively large, since space
      must be provided between the cell anode and the cathode to accommodate the
      stirring devices.
PAR  Recently, smaller, sealed electrolytic cells of relatively simple design
      have been developed which produce a turbulence in the electrolytic
      solution flowing through them by directing the flow along a path of a
      particular geometry. The solution agitation resulting from this turbulence
      is sufficient to eliminate the need for using mechanical stirring devices
      in the cells. Examples of cells of this type are described in the
      following U.S. patents: A. C. Cooley, U.S. Pat. No. 3,728,244, issued Apr.
      17, 1973; and J. S. Zankowski, U.S. Pat. No. 3,751,351, issued Aug. 7,
      1973. Cells such as, for example, the Cooley and Zankowski cells, have in
      the past been operated under a positive pressure. The Zankowski cell
      consists of a housing that holds an anode and a cathode in contact with
      the opposite edges of a spiral-like or involute partition. The involute
      partition directs solution flow along a spiral path through the cell,
      between the anode and cathode, and produces sufficient agitation of the
      solution to allow efficient electrolytic plating. Since solution agitation
      is produced in a Zankowski cell by directing a solution along a spiral
      path defined by a partition, solution agitation and, hence, the efficiency
      of the cell, is reduced if part of the solution flowing through the cell
      leaks between partition sections, instead of following the spiral path
      defined by the partition. Obviously, the probability of such leakage
      occurring is increased when the solution is forced through the cell under
      positive pressure, as is done in the prior art. The pressure created by
      forcing the solution through the cell tends to produce a bulge in the cell
      enclosure, and this may result in the anode or cathode, or both,
      separating from the edges of the involute partition, producing an opening
      through which the solution leaks between sections of the partition. To
      eliminate this problem, the cell is constructed of relatively expensive,
      rigid materials, which add to the cost of producing a cell. Additionally,
      another problem resulting from operating a cell under positive pressure is
      the safety hazard that can arise if the cell housing fractures or bursts,
      and debris and solution are hurled outwardly from the cell as a result of
      such pressure. In summary, while the prior art practice of using a
      positive pressure to force a solution through an electrolytic cell
      produces satisfactory results, this practice requires the use of a
      relatively expensive cell and presents a potential safety hazard in the
      event the cell housing is damaged.
PAC  SUMMARY OF THE INVENTION
PAR  The invention eliminates the problems inherent in prior art electrolytic
      metal recovery apparatus by operating a sealed electrolytic cell used in
      such apparatus under a negative pressure. More specifically, ion bearing
      solution is circulated through the cell by reducing pressure in the cell
      below the pressure in the environment in which the cell is used. Normally,
      electrolytic cells are used in atmospheric pressure; whereas, the cell
      used in the present invention is operated by maintaining the pressure in
      its interior below atmospheric pressure. The pressure differential created
      by such operation forces the various cell components together, producing a
      good seal, and eliminates the possibility of debris and solution being
      hurled outwardly from the cell if the cell is fractured or broken.
PAR  The advantages of operating an electrolytic cell under negative pressure in
      accordance with the invention are apparent. Since such operation reduces
      the possibility of solution leakage from the cell enclosure, and leakage
      between sections of the partition within the enclosure of a cell, such as
      a Zankowski cell, the cell is more reliable and efficient. Furthermore,
      operating a cell under negative pressure eliminates the need to use
      expensive, rigid materials in the construction of the cell components to
      avoid leakage problems, and this allows the cost of producing a cell to be
      reduced. Additionally, as a result of the increased efficiency of a cell
      operated under negative pressure, the solution may be circulated through
      the cell at a lower flow rate, allowing the use of a low capacity pump for
      circulating the solution. The use of a low capacity pump eliminates
      problems that can arise due to cavitation when high capacity pumps are
      used in a negative pressure system. Finally, negative pressure operation
      of a cell eliminates a potential safety hazard.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide improved apparatus for
      electrolytically recovering metallic ions from solutions.
PAR  Another object of this invention is to increase the efficiency of
      electrolytic metal recovery apparatus that includes a sealed electrolytic
      cell by operating the cell under negative pressure.
PAR  Another object of this invention is to provide electrolytic apparatus that
      is suitable for use in automatic film processing equipment for removing
      silver ions from photographic fixing solutions used in the equipment.
PAR  Still another object of the present invention is to reduce the cost of
      electrolytic cells used in electrolytic metal recovery apparatus.
PAR  A still further object of the invention is to provide electrolytic metal
      recovery apparatus in which the seal between the internal components of an
      electrolytic cell in the apparatus is improved by operating the cell under
      negative pressure created by a pump used to circulate solution through the
      cell.
PAR  The invention, and its objects and advantages, will become more apparent in
      the detailed description of the illustrative embodiment presented below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the detailed description of the illustrative embodiment of the invention
      presented below, reference is made to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic drawing of illustrative electrolytic silver recovery
      apparatus embodying the invention;
PAR  FIG. 2 is a vertical sectional view of a double chamber electrolytic cell,
      taken along line 2--2 in FIG. 3, that is suitable for use in the
      illustrative embodiment shown in FIG. 1; and
PAR  FIG. 3 is an elevational view, partly in section, taken along line 3--3 in
      FIG. 2 for one chamber of the cell.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENT
PAR  In the apparatus represented by FIG. 1, the operation of a pump 6 reduces
      the pressure inside an electrolytic cell 4, and at the pressure reduction
      device 12, resulting in a solution 2, such as a photographic fixing
      solution, in a container 1 being drawn through the cell and the pressure
      reduction device 12. Views of one type of a cell 4 suitable for use with
      such apparatus are shown in FIGS. 2 and 3. Such a cell 4 may be comprised
      of two flexible shells, 18 and 19, sealed together to form a housing which
      encloses two flexible anodes, 22 and 23, a flexible cathode 21, a first
      involute partition 40 separating the anode 22 and the cathode 21, and a
      second involute partition 42, similar to the partition 40, separating the
      anode 23 and the cathode 21. The pressure reduction device 12, along with
      a similar device 12', may be any one of numerous well-known devices that
      allow the pump 6 to reduce the pressure in the flow path of the solution
      between the two devices 12, 12', and the intake of the pump 6. For
      example, these devices could be orifices restricting the solution flow
      path or pressure reduction valves.
PAR  As a result of the operation of the pump 6 (FIG. 1), the solution 2 is
      drawn through the pressure reduction device 12, the tube 3, the junction
      13, and the tube 5 into the intake side of the pump 6. When the solution
      is being recirculated, it is pumped from the outlet side of the pump 6
      through the valve unit 8, the pressure reduction device 12', and the tube
      11 into the inlet 4a of the cell 4. The reduced pressure in the cell 4,
      produced by the pump suction, results in the solution being drawn through
      an inwardly turning path 41 defined by the partition 40 (FIG. 3), located
      between the cathode surface 21a (FIG. 2) and the anode 22, to the center
      of the cell 4. At this point, the solution is drawn through an opening 4b
      in the center of the cathode 21. The solution is then drawn through an
      outwardly turning path 43 (FIG. 2), defined by the partition 42, located
      between the cathode surface 21b and the anode 23, to the periphery of the
      cell 4 where it leaves the cell through an outlet opening 4c. After
      leaving the cell at the outlet 4c, the solution is drawn through the
      junction 13 (FIG. 1), along with solution 2 from the container 1, through
      the tube 5, and passes through the pump 6 for recirculation. A difference
      in potential applied to the anodes 22, 23 and the cathode 21 results in
      the metal ions in the circulating solution being deposited on the cathode
      surfaces 21a and 21b.
PAR  As previously mentioned, when the solution is circulated through the cell 4
      under positive pressure, there is a tendency for the solution to leak
      around the edges of the partitions 40, 42 (FIG. 2); for instance, along
      the path 50 where the partition 40 meets the anode 22 and along the path
      51 where partition 40 meets the cathode surface 21a. This tendency,
      however, is minimized when the cell 4 is operated under negative pressure
      in accordance with the invention. More specifically, since atmospheric
      pressure is greater than the pressure within the cell, a force is exerted
      on the exterior surface of the cell 4 that compresses the cell housing,
      and this results in the elements inside the cell being held in tight,
      substantially leakproof contact.
PAR  The solution drawn from the container 1 (FIG. 1) and the cell 4, by the
      pump 6, travels through the pump and a tube 7 to a valve unit 8. The valve
      unit 8 controls the amount of solution directed through a tube 11 for
      recirculation through the cell 4, through a tube 10 which returns the
      solution to the container 1, and through a tube 9 which drains solution
      from the recovery apparatus. The valve unit 8 may be three individually
      adjustable valves, one three-way valve, or any other suitable means for
      controlling the amount of solution that is diverted into the tubes 9, 10,
      and 11. The valves may be either manually adjusted or adjusted by an
      electrical control unit 20.
PAR  Since the valve unit 8 (FIG. 1) is on the positive pressure side of the
      pump 6, the solution directed into the tube 11 for recirculation through
      the cell 4 is under a positive pressure. As previously mentioned, the cell
      4 is operated under negative pressure and, hence, it operates most
      efficiently if it is supplied solution at substantially atmospheric
      pressure. Consequently, the pressure reduction device 12' is included as
      part of the tube 11 to reduce the solution pressure travelling in this
      tube toward the inlet opening 4a of the cell to approximately atmospheric
      pressure. Additionally, it is obvious that various other valves may be
      included in the apparatus to purge it of air and to control the solution
      pressure in the tubes.
PAR  The operation of the apparatus is controlled by signals generated by a
      control unit 20. Since this control unit may be any one of a number of
      well-known electrical control devices, it will not be described in detail.
      A sensor 36 provides the control unit 20 with a signal that represents the
      silver content of the solution 2. Alternatively, the control unit 20 may
      be supplied a signal indicating the amount and type of film conveyed
      through the solution 2. In response to the application of either of these
      signals, the control unit 20 which is attached to the cathode 21 at 31 and
      to the anodes 22 and 23 at 33a and 33b respectively applies a DC
      difference in potential between the cell's anodes and cathode to produce a
      current flow through the cell that results in the efficient recovery of
      the silver in the solution. The control unit 20 also controls the
      application of power to the pump 6 via line 34 and, as mentioned above, it
      may also control the operation of the valve unit 8 by signals transmitted
      over the line 35.
PAR  In essence, the foregoing has disclosed an invention that overcomes the
      problems inherent in the operation of prior art electrolytic metal
      recovery apparatus by operating the electrolytic cell used in such
      apparatus under a negative pressure. While the invention has been
      described in terms of a particular illustrative embodiment using a
      particular type of electrolytic cell to recover silver ions from a
      photographic fixing solution, it is clear that the invention is not
      limited to such an embodiment. Obviously, the invention is useful in
      electrolytic recovery apparatus that recovers metals other than silver.
      Similarly, the electrolytic cell described is merely illustrative and can
      be replaced with other types of cells. Additionally, it is further
      apparent that the amount of the negative pressure utilized during the
      metal recovery process depends upon the apparatus being used, the cell
      design, the nature of the material used to construct the cell, and the
      type of solution being processed.
PAR  In summary, the invention has been described in detail with particular
      reference to an illustrative embodiment thereof, but it will be understood
      that variations and modifications can be effected within the spirit and
      scope of the invention as described hereinabove, and as defined in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for electrolytically removing metal from a solution
      containining ions thereof, comprising, in combination, an electrolytic
      cell comprising an enclosed chamber having at least one cathode and at
      least one anode adapted to be connected to means for impressing an
      electrical potential, said cell being sealed, against communication with
      the ambient atmosphere, and said cell having an inlet and an outlet for
      solution; a source of such a solution; conduit means connected between
      said outlet and said inlet for recycling solution through said cell, said
      conduit means comprising a first conduit connected to said inlet for
      supplying solution to said cell; a second conduit connected to said outlet
      for removing solution from said cell; a pump having an inlet connected to
      said second conduit and an outlet connected to said first conduit, said
      pump being so constructed and arranged as to suck solution from said cell
      and said second conduit at a subatmosphere pressure and to discharge
      solution to said first conduit, whereby to maintain a subatmosphere
      pressure in said cell; and a third conduit connecting said source to said
      conduit means for supplying solution to said cell.
NUM  2.
PAR  2. A system in accordance with claim 1, also comprising a pressure
      reduction device between said outlet of said pump and said inlet of said
      cell for reducing the pressure of solution entering said cell.
NUM  3.
PAR  3. Apparatus for electrolytically recovering metals from a solution
      furnished the apparatus from a source, the solution containing ions of the
      metal to be recovered, the apparatus comprising:
PA1  an electrolytic cell comprising two shells sealed together to form a cell
      housing having an inlet and an outlet, a first electrode disposed within
      said housing, a second electrode disposed within said housing spaced apart
      from said first electrode, and partition means extending between said
      first and second electrodes and forming therewith a passageway between
      said inlet and said outlet;
PA1  means for applying a voltage to said electrodes;
PA1  means for defining a solution flow path between the source and said cell;
      and
PA1  means for reducing the pressure of solution at said outlet thereby creating
      a negative pressure within said cell to draw solution into, through, and
      out of said cell, the ions being deposited on one of said electrodes as
      the solution passes through said cell, said shells being responsive to
      negative pressure within said cell to flex towards each other thereby
      reducing leakage from the cell housing.
NUM  4.
PAR  4. An apparatus as claimed in claim 3 further comprising at least one means
      for controlling pressure within the means for defining a solution flow
      path.
NUM  5.
PAR  5. An apparatus as claimed in claim 3 wherein the means for reducing the
      pressure comprises a pump.
NUM  6.
PAR  6. An apparatus as claimed in claim 3 wherein said means for defining a
      solution flow path recirculates through the electrolytic cell at least a
      portion of the solution leaving the electrolytic cell before returning it
      to the source.
NUM  7.
PAR  7. Apparatus for electrolytically recovering metals from a solution
      furnished the apparatus from a source, the solution containing ions of the
      metal to be recovered, the apparatus comprising:
PA1  an electrolytic cell including a cell housing having an inlet, an outlet, a
      flexible cell wall, a first electrode disposed within said cell housing
      generally parallel to said flexible cell wall, a second electrode disposed
      within said cell housing spaced apart from said first electrode, and
      partition means extending between said first and second electrodes and
      forming therewith a passageway between said inlet and said outlet;
PA1  means for applying a voltage to said electrodes;
PA1  means for defining a solution flow path between the source and said
      electrolytic cell; and
PA1  means for reducing the pressure of solution at said outlet thereby creating
      a negative pressure within said electrolytic cell to draw solution into,
      through, and out of said cell, the ions being deposited on one of said
      electrodes as the solution passes through said electrolytic cell, said
      flexible cell wall being responsive to negative pressure within said cell
      to flex towards the interior of said electrolytic cell, said electrodes
      and said partition means being related to said flexible wall such that the
      electrodes and said partition means are urged into sealing contact with
      one another in response to flexing of said wall toward the interior of
      said cell.
NUM  8.
PAR  8. An apparatus as claimed in claim 7 further comprising at least one means
      for controlling pressure within the means for defining a solution flow
      path.
NUM  9.
PAR  9. An apparatus as claimed in claim 7 wherein the means for reducing the
      pressure comprises a pump.
NUM  10.
PAR  10. An apparatus as claimed in claim 7 wherein said means for defining a
      solution flow path recirculates through the electrolytic cell at least a
      portion of the solution leaving the electrolytic cell before returning it
      to the source.
NUM  11.
PAR  11. An apparatus as claimed in claim 7 wherein said cell housing is
      comprised of two flexible shells in sealing relation, said shells being
      urged together to enhance said sealing relation in response to negative
      pressure being created within said electrolytic cell.
NUM  12.
PAR  12. A method for electrolytically recovering metal from a solution
      containing ions of the metal using a sealed, electrolytic cell having
      flexible cell walls, an inlet, an outlet, and electrodes separated by
      partition means for forming a passageway from the inlet to the outlet for
      the solution, the method comprising:
PA1  delivering the solution from a source to the cell;
PA1  applying a plating voltage to the electrodes whereby the ions in the
      solution are deposited on at least one of the electrodes as the solution
      flows through the cell;
PA1  creating a negative pressure at the outlet of the cell for drawing the
      solution into, through, and out of the cell, whereby the walls of the cell
      are flexed toward the interior of the cell in response to negative
      pressure within the cell to compress the partition means between the
      electrodes so that leakage around the partition means between the parts of
      the passageway is reduced.
NUM  13.
PAR  13. The method of claim 12, including:
PA1  delivering a portion of the solution leaving the cell to the source; and
PA1  returning a portion of the solution leaving the cell to the cell.
NUM  14.
PAR  14. The method according to claim 12 further comprising:
PA1  controlling the pressure of the solution furnished to the cell.
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ABST
PAL  Disclosed is a method and apparatus for treatment of water wherein
      contaminated water is passed through a series of water treatment modules
      so that it can be rendered safe for contact with and consumption by humans
      and animals. Circuit means are disclosed whereby electrodes in the modules
      can be energized to perform said treatment.
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PAC  BACKGROUND OF THE INVENTION
PAR  The need for purification, disinfection, and sterilization of water to
      produce water safe for human contact and consumption is of growing
      importance in recent times. More and more of the nation's water supply has
      become polluted and unsafe for human use.
PAR  Virtually all metropolitan areas employ various water treatment processes
      to eliminate suspended solids, unpleasant tastes and odors, and harmful
      bacteria from their water supply. It would, of course, be more desirable
      to use water purified by natural means such as sunlight and aeration for
      surface water and percolation and infiltration through soil for ground
      water, but such pure sources of water are increasingly scarce. Recently,
      even some rural areas must purify water before use by humans and animals.
PAR  Virtually all surface water employed for human contact and consumption must
      be disinfected before use. Filtration, coagulation and similar processes
      are employed to remove solid matter from water, but disinfection is
      required to remove harmful microorganisms, bacteria and the like. Examples
      of such bacteria are organisms of the coliform group and fecal
      streptococci.
PAR  The most common water disinfection method employed at the present time is
      chlorination. The degree of contamination of the water determines the
      amount of chlorine necessary to disinfect the water, and many municipal
      water supplies must be treated with so much chlorine that the consumer can
      actually smell and taste the chlorine in the water. Such a concentration
      of chlorine may be required to disinfect the water but it is unpleasant to
      the consumer.
PAR  Silver ions have long been known to be a good antiseptic and disinfecting
      agent. Very minute quantities of silver exercise great bactericidal power,
      but prior attempts to employ silver in commercial water disinfecting
      processes have met with limited success. One reason for such limited
      success is the necessity to maintain the silver concentration in the water
      at an acceptable and safe level for human or aninal consumption. Various
      authorities differ on a safe level of silver concentration, but it is
      noted that a silver concentration of 0.2 parts per million (ppm) (0.200
      mg/l) can be of no physiological significance. The Public Health Service
      has viewed a concentration of silver in excess of 0.050 mg/l (milligrams
      per liter) as grounds for rejection of the supply of silver-treated water.
PAR  Silver ions, in concentrations sufficient to kill bacteria, do not affect
      the color, taste or smell of water. But, at the maximum safe concentration
      levels or below, many types of bacteria are not killed instantly, so some
      residence time is required to achieve sterilization. Silver ions may be
      introduced into water by several conventional means such as chemical ion
      exchange or by electrolysis.
PAR  A considerable demand exists for a practical method and apparatus for
      treating water from small, single dwelling wells such as the type of well
      found on a farm. Since long residence times for disinfecting water are not
      practicable for water coming from a well as compared to a municipal
      treatment facility, some practical method and apparatus for raising the
      level of silver concentration above the safe, maximum levels, so that
      disinfection can proceed at a faster rate, and then lowering the
      concentration to within safe levels so as to produce potable water, would
      find great use in conjunction with unsafe farm wells.
PAR  Chlorination is also a typical method used to treat and disinfect swimming
      pool water to kill harmful bacteria. Chlorine is frequently objectionable
      because it has a strong odor and it causes the unpleasant sensation of
      burning eyes that swimmers frequently feel. A need therefore exists for a
      method and apparatus which will kill harmful bacteria in swimming pool
      water and yet will neither create objectionable odors nor be irritating to
      the swimmer.
PAC  SUMMARY OF THE INVENTION
PAR  Disclosed is a method and apparatus for the treatment of water by
      electrolytically introducing silver ions into the water and rendering it
      safe for contact with and consumption by humans and animals.
PAR  A series of water treating modules are provided and each includes a water
      treatment chamber, a flow inlet, and a flow outlet. In the first module,
      hereinafter sometimes referred to as Module A, silver electrodes, either
      solid or plated, are provided within the module. The silver electrodes are
      arranged in two sets or groups with all electrodes in a given group being
      electrically connected to each other. The electrodes are positioned within
      the chamber so that water flowing through the chamber will contact and
      surround the electrodes. The second module, hereinafter sometimes referred
      to a Module B, is of a construction similar to that of Module A, except
      that the electrodes are steel coated or plated with zinc.
PAR  Electrical circuit means are provided to supply current to each of the
      modules. Two separate transformers and two separate rectifiers are used to
      allow pulsating, filtered direct current to pass through each of the
      modules. A voltage divider permits the application of a given voltage to
      the primary winding of the first transformer and a lesser voltage from the
      secondary winding is applied across the first, full wave rectifier, which
      is connected to the electrodes in Module A. Voltage is also supplied to
      the second transformer. A lesser voltage from the secondary winding of the
      second transformer is applied across a second, full wave rectifier, which
      is connected to the electrodes in Module B. A voltage divider is not
      necessary to the operation of Module B, but one could be used if desired.
PAR  A timing device in the circuit for Module A actuates a switch and
      periodically reverses the direction of current flow through the module. As
      disclosed herein, a current reversal period of approximately 1 minute is
      employed. Since both sets of electrodes are silver or silver coated, the
      reversal of the direction of the current tends to minimize the rate of
      destruction of the set of electrodes.
PAR  Module B need not be run with a several of the current and so is operated
      by merely passing the filtered, direct current through the module.
PAR  Appropriate flow activated valving means are provided to automatically
      break the circuit when the flow of water falls below a certain level. An
      example of a suitable fow control switch is Penn Control Flow Switch,
      Model No. 60B1000, which operates at a low of 10 P.S.I. and a high of 150
      P.S.I. Since Module A and Module B are operated in series, when flow drops
      below said level, both modules are shut down. When the modules are shut
      down, silver ions will cease to be introduced into the residual water
      remaining in the modules, and thus a buildup of silver ions, which could
      be harmful, can be avoided.
PAR  The method and apparatus of the present invention is most successful when
      the water to be treated is free of chlorine in order to avoid the
      formation of a silver chloride compound in the water.
PAR  The just-described apparatus is employed to perform the method of the
      present invention by introducing water into water treatment Module A
      through the flow inlet and allowing the water to flow through the module
      and in contact with the silver electrodes that are mounted in the module.
      Pulsating, filtered direct current is supplied to the two sets of
      electrodes and the direction of flow of the current is periodically
      reversed within a time range in excess of one-half minute up to
      approximately 2 minutes. Current level may be determined by an inspection
      of an ammeter placed in the circuit and it is noted that the current level
      will decay during the period in which the current is flowing in a given
      direction. The water leaving the flow outlet of Module A is then
      introduced into water treatment Module B. The silver-treated water enters
      the flow inlet and flows through Module B where it contacts the zinc
      coated electrodes that are mounted in the module. Pulsating, filtered
      direct current is supplied to the electrodes. The flow of the current need
      not be periodically reversed. From Module B, the water flows out the flow
      outlet to whatever use is desired for the water. The disinfected water can
      be used in swimming pools, to water plants, or for contact with or
      consumption by people or animals.
PAR  The flow rate of the water is controlled and coordinated with the current
      level so that a sufficient concentration of silver ions pass into the
      water to kill bacteria and yet the concentration can be lowered to below
      the safety levels for potable water.
PAR  My method for the disinfection and sterilization of water, and an apparatus
      for performing my method, can best be understood with reference to the
      drawings and examples.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic of the electrical circuit employed in the device used
      to perform my method of treating water.
PAR  FIG. 2 is a side view of one of the water treating modules employed in my
      invention, with a portion of the figure in section.
PAR  FIG. 3 is an end view of a portion of the water treating module, taken on
      line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Water treatment module 10 (FIG. 2), although indicated as Module A in FIG.
      1, is typical of that used as either Module A or Module B. The sole
      distinction between the two is that the electrodes in Module A will be
      silver surfaced, while the electrodes in Module B, indicated by the
      numeral 10' in FIG. 1, will be zinc surfaced.
PAR  Water treating module 10 (FIG. 2) is a cylindrically shaped element with a
      side wall 11, which may be formed of a transparent material, and end
      plates 12, 13 placed in sealing relation thereto. Resilient gasket means
      14, 15 may, if desired, be placed between the end of the side wall and the
      mating face of the end plates to facilitate such a sealing relationship.
      The side wall may be formed from a transparent material to permit a visual
      inspection of the interior of the module for purposes of determining when
      the module should be cleaned.
PAR  End plate 12 has a fluid inlet fitting 16 attached thereto so that fluid
      may be introduced into the interior of module 10. In like manner, a fluid
      outlet fitting 17 is attached to end plate 13 so that fluid may be
      continually passed through module 10.
PAR  Each end plate 12, 13 has an electrical terminal post 18, 19, respectively,
      passing therethrough. Terminal post 18, shown in FIG. 2, will be explained
      in detail, but it is to be understood that terminal post 19 is of the same
      construction as post 18. A screw threaded rod 20 passes through hole 21 in
      end plate 12 and has sealing gasket 22 attached thereto on the inside of
      the end plate. A nut 23 is screwed onto the exterior end of the rod and
      may be tightened against fastening means 24. The fastening means may be
      any conventional fastener such as a threaded washer, a split ring, or the
      like, and it functions to hold rod 20 and its associated elements firmly
      to end plate 12. An electrically conductive wire 25 may be clamped between
      nut 23 and fastener 24 to insure good electrical contact between wire 25
      and post 20.
PAR  The interior end of rod 20 is attached to or integrally formed with an
      electrode carrying disc 26. This disc is formed in a manner to
      electrically connect rod 20 to the electrodes that are mounted on disc 26
      and has a plurality of holes 27 passing therethrough to facilitate the
      passage of fluid through the module. The diameter of disc 26 is somewhat
      less than the diameter of the water treatment chamber inside the module so
      that additional space for fluid flow is provided around the edge of the
      disc. Electrode carrying disc 26A is attached to terminal post 19 as
      illustrated in FIG. 3, and holes 27A, corresponding to holes 27 in disc
      26, are best visible in this FIGURE.
PAR  A plurality of electrodes 28 are attached to the side of disc 26 that faces
      the interior of the module. Disc 26 and electrodes 28 can be constructed
      of the same materials, e.g., in Module A, these can be either silver or
      silver coated, or disc 26 can be coated with an insulative material. In
      any event, compatibility is necessary between disc 26 and electrodes 28,
      as well as disc 26A and its respective electrodes, so as to prevent any
      interference with the silver ions and to prevent the introduction of any
      other ions into the water. The electrodes are arranged to extend axially
      of the module, and parallel to each other. The electrodes are supported
      within the module by two supporting elements 29, 29A which are disc shaped
      members of electrically non-conductive material and of a size to fit
      snugly against the interior surface of side wall 11. The electrodes pass
      through holes in supporting elements 29, 29A. Fluid passage holes 30 are
      also formed through disc 29 to permit fluid to pass through the module.
PAR  It is to be noted that disc 26 and its attached electrodes are positioned
      relative to the corresponding disc and electrodes at the other end of the
      module in a manner that will permit both sets of electrodes to be
      interleaved with each other yet free of contact with each other. As
      mentioned, supporting elements 29, 29A are electrically non-conductive and
      thus any current flowing from one set of electrodes to the other set of
      electrodes must pass through the fluid being treated in the module.
PAR  The circuit employed to energize the modules is represented schematically
      in FIG. 1. Leads 51, 52 are connected to a standard 120 volt, 60Hz, A.C.
      source. Fuse 53 protects the circuit against overload. Switch 54 is a flow
      control switch that breaks the circuit if the fluid, passing through the
      pipe leading to the water treating modules, drops below a given flow rate.
      Since silver ions will cease to be introduced into the water, a harmful
      buildup of silver ions in the residual water remaining in the modules can
      be avoided. Flow can be measured by any standard measuring device 76 (FIG.
      1) which can be put in the inlet line 16 leading to Module A. A signal
      representing flow rate is transmitted as indicated by dotted line 90 to
      the flow control switch 54. Manual switch 55 is employed by the operator
      as a master switch for the circuit.
PAR  Leads 51 and 52 are attached to both voltage divider 56, which permits the
      application of zero to 120 volts across primary winding 58 of transformer
      57, and to leads 86 and 87, which permits application of 120 volts across
      the primary winding 92 of transformer 91. While a voltage divider is not
      necessary to the operation of Module B, one could be employed if desired.
      Secondary winding 59 is connected to full wave rectifier 60 and leads 61
      and 62 from rectifier 60 are connected to switch 63. Meter 64 is graduated
      in milliamps and gives a visual indication of the amount of current
      passing through Module A. A condensor 84 is connected to rectifier 60 to
      filter the D.C. voltage going to Module A. Condensor 84 may be a 100 MFD
      (microfarads) condensor.
PAR  Leads 65 and 66 are connected to timing motor 67 and to opposite sides of
      microswitch 68. As indicated by dotted line 69, motor 67 actuates
      microswitch 68 by conventional means such as a camming mechanism attached
      to the shaft of motor 67, and positioned adjacent the microswitch. As the
      cam turns, switch 68 may be closed for a given length of time and open for
      a given length of time.
PAR  Switch 68, when closed, actuates relays 70 and 71. Relay 70 is associated
      with switch 63 and is employed to throw switch 63 to reverse the direction
      of current passing through Module A. Switch 63 contacts terminals 63A and
      63C for one direction of current through the module and contacts terminals
      63B and 63D for current in the other direction through the module. When
      microswitch 68 opens, relay 70 is disabled and switch 63 will return to
      its original position.
PAR  Relay 71 operates in a manner similar to relay 70, but it controls switch
      72. Both relays are shown schematically connected to the corresponding
      switches by means of dotted lines. Each side of switch 72 is connected to
      a separate indicator light 73, 74 and both lamps are connected to lead 66
      by means of lead 75. Energizing relay 71 will cause switch 72 to be thrown
      and energize one of the indicator lamps. The disabling of relay 71 will
      permit the switch to return to its initial position and energize the other
      indicator lamp.
PAR  As is apparent lamp an inspection of FIG. 1, relays 70 and 71 are enabled
      and disabled simultaneously so that indicator lamps 73 and 74 function as
      a visual indicator of the direction of current through module 10. One lamp
      is lit for one direction of current through the module and the other lampl
      is lit for the other direction of current.
PAR  The flow of water through the two modules is indicated in FIG. 1 by arrows
      77-80. Arrows 77 and 78 indicate the flow of water into and out of Module
      A and arrows 79 and 80 indicate the flow of water into and out of Module
      B.
PAR  Module B operates in a manner similar to that of Module A. Voltage is taken
      off leads 51 and 52, by leads 86 and 87, and passes to the primary winding
      92 of transformer 91. Secondary winding 93 is connected to a second, full
      wave rectifier 83 to posts 18' and 19' in Module B. Posts 18' and 19' are
      similar to posts 18 and 19 in Module A. A condensor 85, is connected to
      rectifier 83 to filter the D.C. voltage going to Module B. Condensor 85
      may be a 40 MFD condensor. Timing means to change the direction of the
      current is not necessary to the operation of Module B, since it is
      operated by merely passing the filtered, direct current through the
      module. But, if it was desireable to operate Module B by periodically
      reversing the direction of the current, timing means, similar to that used
      for Module A could be employed.
PAC  EXAMPLES
PAR  The following examples are given for the purpose of creating a better
      understanding of the invention, but are not to be considered as limiting
      in any sense.
PAC  EXAMPLE I
PAR  A sample of the untreated sewer water, taken from the Columbus, Nebraska
      Sewage Treatment Plant, was analyzed and showed a positive test result of
      bacteria and a silver level of 0.05 mg/l. This sewer water was used as the
      starting material to be treated using the method and apparatus of the
      invention. It was noted that even at a silver concentration of 0.05 mg/l,
      the sample still showed a positive test result for bacteria. The bacteria
      count was 4,100 colonies/100 mls. This was not a count for total bacteria;
      it was a count of the number of coliform colonies. Coliform contamination
      is the indicator on which the purity test is based. The U.S. Department of
      Health, Education and Welfare has stated that the coliform count of
      drinking water shall not exceed 40 colonies/100 mls.
PAC  EXAMPLE II
PAR  A sample of the untreated sewer water was passed, at a rate of 240 gallons
      per hour through a 1/2 inch pipe line, through water treatment modules A
      and B. Module A was run at a reading of 40 milliamps, while the polarity
      was periodically reversed in a 5 minute time period cycle. An analysis of
      the water coming out of Module B showed a silver concentration of 0.05
      mg/l and a bacteria test result of negative, indicating that the water was
      safe for human contact and consumption.
PAC  EXAMPLE III
PAR  The same method was followed as in Example II, except that the polarity was
      periodically reversed in a 2 minute time period cycle. An analysis of the
      water coming out of Module B showed a silver concentration of 0.02 mg/l
      and that the bacterial level was negative. The silver concentration in
      this example was well below the Public Health Service maximum of 0.05
      mg/l.
PAC  EXAMPLE IV
PAR  The same method was followed as in Example II, except that Module B was not
      used and Module A was run using a polarity reversal time period of 8
      minutes, and the ammeter gage was read while in the positive post of the
      cycle. An analysis of the water coming out of Module A showed a negative
      bacterial test and a silver concentration of 0.84 mg/l. This silver
      concentration was clearly high enough to disinfect the sewer water flowing
      into Module A, but, by not using Module B, the concentration of silver
      exceeded the Public Health Service maximum level.
PAC  EXAMPLE V
PAR  The same method was followed as in Example IV, except that the ammeter
      reading was taken on the negative post during the cycle. An analysis of
      the water leaving Module A showed a negative bacteria test and a silver
      concentration of 0.85 mg/l. This example would seem to confirm the results
      of Example IV, in that without Module B, the silver concentration is high
      enough to disinfect the water but is considered to be too high a level to
      be safe for contact with and consumption by humans.
PAR  As can be seen from the foregoing examples, using only Module A of the
      apparatus of the invention, the silver concentration was high enough to
      disinfect the sewer water, but was too high for the water to be considered
      safe for human contact and consumption. When Module B was used along with
      Module A, high enough silver concentrations were achieved to disinfect the
      sewer water, and yet the silver ion concentration was kept at or below
      what is generally considered a safe level for drinking water.
PAR  Merely having a silver ion concentration at or below the maximum Public
      Health Service level would appear to be insufficient to disinfect the
      water. Example I showed a silver concentration of 0.05 mg/l but was not
      considered safe for human contact or consumption, because it showed a
      positive bacteria test result. When both Module A and Module B were used
      to treat sewer water by the method of this invention, satisfactory
      bacteria and silver levels were achieved and thus the water could then be
      considered safe for human contact and consumption.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of treating water comprising the steps of:
PA1  placing said water in a first chamber,
PA1  passing said water in said first chamber into contact with a first set of
      electrodes, at least the surfaces of which are silver;
PA1  supplying direct current to said silver surfaced electrodes so that said
      current passes in a direction from one of said silver surfaced electrodes
      to another of said silver surfaced electrodes, whereby silver ions are
      introduced into said water at a concentration sufficient to reduce the
      amount of bacteria in said water to a level which would be acceptable for
      contact with humans or animals;
PA1  reversing the direction of said current at intervals of between one-half
      and two minutes whereby the effective lifetime of said silver surfaced
      electrodes is maximized;
PA1  transferring said water into a second chamber,
PA1  passing said water in said second chamber into contact with a second set of
      electrodes, at least the surfaces of which are zinc, supplying direct
      current to said zinc surfaced electrode so that said current passes in a
      direction from one of said zinc surfaced electrodes to another of said
      zinc surfaced electrodes, whereby said concentration of silver ions is
      reduced to a level acceptable for contact with humans and animals;
PA1  removing said water from said second chamber and from contact with said
      second set of electrodes for utilization.
NUM  2.
PAR  2. The method of claim 1 wherein said step of reversing includes the step
      of:
PA1  reversing said current at intervals of approximately 1 minute.
NUM  3.
PAR  3. An apparatus for treating water, comprising:
PA1  a first fluid chamber,
PA1  means to introduce water into said first fluid chamber,
PA1  a first set of elongate electrodes, at least the surfaces of which are
      silver, within said first fluid chamber;
PA1  a second fluid chamber,
PA1  a second set of elongate electrodes, at least the surface of which are
      zinc, within said second fluid chamber;
PA1  said first and second fluid chambers comprising cylindrically shaped side
      walls, first and second spaced, insulated end plates within each chamber
      lying transverse to and integral with the long axes of the side walls of
      said chambers, said insulated end plates supporting the ends of oppositely
      chargeable elongate electrodes, and electrical terminal means for coupling
      said electrodes to suitable circuit means;
PA1  means for fluid commumication between said first and second fluid chambers,
PA1  means to remove water from said second fluid chamber,
PA1  circuit means to energize said silver-surfaced set of electrodes and said
      zinc-surfaced set of electrodes whereby silver ions are introduced into
      said water in said first fluid chamber to provide a predetermined
      concentration thereof, said concentration being subsequently reduced in
      said second fluid chamber;
PA1  said circuit means including means to pass direct current from one of said
      silver-surfaced electrodes to another of said silver-surfaced electrodes
      and means to pass direct current from one of said zinc-surfaced electrodes
      to another of said zinc-surfaced electrodes; and,
PA1  timer means included in said circuit means for periodically reversing the
      direction of said current passing between said silver-surfaced electrodes
      at intervals of between one-half and two minutes.
NUM  4.
PAR  4. The apparatus of claim 3 wherein:
PA1  said side walls of said first and second fluid chambers are constructed of
      transparent material to permit a visual inspection of the interior of said
      enclosures.
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ABST
PAL  Polymer blends having high impact resistance after mechanical working are
      produced by blending together a non-elastomeric monovinylidene aromatic
      polymer such as polystyrene with an elastomeric copolymer, such as a block
      copolymer of styrene and butadiene, in the form of crosslinked, colloidal
      size particles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for making improved high impact polymer
      blends, particularly high impact blends of monovinylidene aromatic
      polymers with elastomeric polymers.
PAR  Heretofore high impact polymer compositions, such as impact polystyrene
      compositions, have been formed by first making an elastomeric polymer such
      as polybutadiene or styrene/butadiene copolymer, adding the elastomeric
      polymer to monovinylidene aromatic monomer such as styrene, and then
      polymerizing the monovinylidene aromatic monomer to form a graft copolymer
      comprising a polymer of the monovinylidene aromatic monomer grafted onto
      the polybutadiene. Also heretofore elastomeric copolymers have been
      mechanically blended with a monovinylidene aromatic polymer to improve
      impact resistance of the latter.
PAR  In the latter instance involving mechanical blending of the polymers,
      experience has shown that one or more properties of the polystyrene such
      as impact strength cannot be improved without substantial sacrifice of one
      or more other, often equally important, properties such as tensile
      strength and flexural modulus. In order to achieve improvement in impact
      strength while eliminating or at least minimizing the loss of other
      physical properties, low amounts of high performance rubbers such as the
      block copolymers of styrene and butadiene have been blended with the
      polystyrene.
PAR  However, even in view of such improved blends, it remains highly desirable
      to provide blends having further improved impact strength while retaining
      tensile strength and modulus comparable to polystyrene.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a polymer blend comprising a
      non-elastomeric monovinylidene aromatic polymer and an elastomeric
      copolymer of conjugated diene and monovinylidene aromatic monomer, said
      blend having improved impact resistance even after mechanical processing,
      is provided by the following method. This novel method comprises the steps
      of subjecting the elastomeric copolymer in the form of colloidal size
      particles to conditions sufficient to crosslink the copolymer, and
      combining the crosslinked copolymer particulate with the monovinylidene
      aromatic polymer. For the purposes of this invention, the term
      "elastomeric" means a substance capable of being extended to twice its own
      length at 68.degree.C by applying a stress and on release of the stress
      returns with force to approximately its original length.
PAR  Surprisingly, the impact resistance of the polymer blend prepared by the
      aforementioned method and then mechanically worked as is typical in
      polymer fabrication is superior to the impact resistance of a polymer
      blend of the same components which is prepared under conditions which do
      not crosslink the elastomeric copolymer.
PAR  The resultant high impact polymer blends produced by the method of this
      invention are useful in generally any application known for high impact
      polymers such as rubber-modified polystyrene compositions. For example,
      the polymer blends produced in accordance with this invention can be
      employed in making appliance housings, furniture, luggage shells, tote
      boxes, architectural trim, translucent covers for light fixtures and the
      like.
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The non-elastomeric monovinylidene aromatic polymer is intended to mean one
      or more polymerized monovinylidene aromatic compounds of the benzene
      series such as styrene, .alpha.-methylstyrene, t-butylstyrene, vinyl
      toluene, vinyl xylene, ethyl vinyl benzene, chlorostyrene, ethyl vinyl
      toluene, isopropenyl toluene, diethyl vinyl benzene. Also included are
      copolymers of at least about 70 weight percent of one or more of such
      monovinylidene aromatic monomers with up to 30 weight percent of other
      ethylenically unsaturated monomers copolymerizable with the monovinylidene
      aromatic compound such as acrylonitrile, methacrylonitrile, acrylic acid,
      methacrylic acid, maleic anhydride, vinyl chloride, vinylidene chloride,
      methyl methacrylate, ethyl acrylate, acrylamide, butadiene, isoprene and
      the like. The preferred monovinylidene aromatic polymers are polystyrene,
      polyvinyl toluene, styrene/vinyl toluene copolymers, and copolymers of
      about 70 to about 75 weight percent styrene and about 25 to about 30
      weight percent of acrylonitrile. Such preferred polymers have molecular
      weights and physical property characteristics such that they can be
      employed alone for fabrication by molding, extrusion, etc. into articles
      of hardness, toughness and utility as exemplified by polystyrene presently
      in such commercial uses. Accordingly, such preferred polymers have
      molecular weights of at least 50,000, by the Staudinger viscosity method
      (Schildknecht, "Vinyl and Related Polymers," New York, Wiley, 1952, pp.
      30-31). Such polymers may be prepared by any of the well-known
      polymerization processes disclosed in the prior art.
PAR  The elastomeric copolymers employed in the present invention are preferably
      polyvinylaromatic-polydiene block copolymers having an A-B configuration
      and polyvinylaromatic-polydiene-polyvinylaromatic block copolymers having
      an ABA configuration and hereinafter referred to as A-B block copolymers
      and A-B-A block copolymers. Other block copolymers of polyvinylaromatic
      and polydiene blocks are suitably employed as the elastomeric block
      copolymer in the present invention. It is further understood that blends
      of the foregoing block copolymers may also be suitably employed.
      Preferably the block copolymers have inherent viscosities of from about
      0.6 to about 2.5 deciliters/gram (0.6 gram of copolymer per 100  grams of
      toluene at 25.degree.C). Such block copolymers comprise from about 80 to
      about 20 weight percent of A-block, preferably from about 70 to about 30
      weight percent, and from about 20 to about 80 weight percent of B-block,
      preferably from about 30 to about 70 weight percent.
PAR  The A-blocks are non-elastomeric polymer blocks of predominantly
      monovinylidene aromatic monomer or monomers such as styrene,
      .alpha.-methylstyrene, ar-methylstyrene, .alpha.,ar-dimethylstyrene,
      ar-t-butylstyrene, ar-chloro- and ar,ar-dichlorostyrene, ar-bromo- and
      ar,ar-dibromostyrene, vinyl naphthalene and others as described
      hereinbefore. The A-block advantageously has a molecular weight generally
      in the range of from about 10,000 to about 150,000.
PAR  The B-blocks are elastomeric polymer blocks of predominantly aliphatic
      conjugated diene or dienes such as 1,3-butadiene, isoprene,
      methylisoprene, and the like. The B-block advantageously has a molecular
      weight generally in the range of from about 40,000 to about 300,000.
PAR  The block copolymers can be made by processes involving the sequential
      formation of the individual blocks. More specifically, the copolymers are
      formed, for example, by (1) polymerizing monovinylidene carbocyclic
      aromatic monomer such as styrene in the presence of a lithium based
      initiator or a Ziegler type catalyst and (2) introducing aliphatic
      conjugated diene such as butadiene and permitting polymerization to
      continue until all of the monomer is consumed. Other suitable processes
      for making the block copolymer are described in Journal of Polymer
      Science, Part C, Polymer Symposia, No. 26 1969, Interscience Publishers.
PAR  In addition to the foregoing block copolymers, elastomeric graft copolymers
      of monovinylidene aromatic monomer and conjugated diene are also suitably
      employed as the elastomeric copolymer.
PAR  In the practice of the invention, the elastomeric copolymer, singularly or
      as a blend of the elastomeric copolymer and another elastomeric polymer
      such as a similar copolymer or polybutadiene, usually in the form of a
      mass or a polymer solution is preferably converted to a colloidal-size
      particulate in the following manner. The elastomeric copolymer is first
      dissolved in an organic liquid. Exemplary solvents are the cyclic alkanes
      such as cyclopentane, cyclohexane, cycloheptane, and the like; aromatic
      hydrocarbons such as benzene, toluene, naphthalene and xylene; acyclic
      alkanes such as n-pentane, n-hexane, n-heptane, n-octane, iso-octane;
      other solvents such as methyl ethyl ketone, tetrahydrofuran, and methylene
      chloride and mixtures thereof.
PAR  Solutions of the elastomeric copolymer advantageously contain from about 5
      to about 30 weight percent of the block copolymer, preferably from about
      10 to about 15 weight percent.
PAR  The resulting solutions are then emulsified in an aqueous emulsifying
      medium in amounts such that the volume ratio of polymer solution to
      aqueous emulsifying medium is in the range of from about 1:0.5 to about
      1:1.5. By "aqueous emulsifying medium" is meant water containing an
      emulsifying amount of surface active agent, usually from about 0.2 to
      about 5 weight percent based on the medium of the surface active agent
      preferably from about 0.4 to about 1 weight percent. The concentration of
      surface active agent is usually dependent on the volume ratio of polymer
      solution to aqueous medium, the viscosity of the polymer solution and the
      nature of the surface active agent. Surface active agents which are
      particularly useful for successful practice of this invention are anionic
      emulsifiers or mixtures thereof with non-ionic emulsifiers. Examples of
      suitable anionic emulsifiers and non-ionic emulsifiers for this purpose
      are set forth in McCutcheon's Detergents and Emulsifiers, Allured Pub.
      Co., Ridgewood, N.J. (1970 Annual).
PAR  Emulsification is effected by subjecting the combined polymer solution and
      aqueous medium to high shear agitation conditions commonly employed in
      emulsifying polymer solutions in aqueous media. Emulsification is
      successfully accomplished using a colloid mill, a homogenizer or similar
      high shear dispersing device. The foregoing is merely illustrative, as the
      particular method or means of emulsification is not critical and does not
      form an essential aspect of the present invention.
PAR  Following formation of the emulsion as described, the organic liquid
      solvent and excess water are removed by conventional flashing techniques
      to form a stable latex containing from about 25 to about 60 weight percent
      of polymer solids wherein the particles of the dispersed phase (polymer
      particles) are colloidal size, e.g., in the range from about 0.2 to about
      5 micrometers, preferably from about 0.5 to about 2 micrometers.
PAR  The desired crosslinking of the elastomeric copolymer is suitably achieved
      by any conventional means including use of chemical crosslinking agents
      such as peroxygen compounds, e.g., t-butyl peroxide, and azo compounds,
      e.g., azobisisobutyronitrile; heat, irradiation or combination thereof
      with irradiation being the preferred means.
PAR  Preferably irradiation is effected by subjecting a latex of the elastomeric
      copolymer to high energy radiation obtainable from any of various high
      energy sources and can be of various types whether regarded as having
      corpuscular or wave form. By the term "high energy radiation" is meant a
      high intensity radiation having a voltage greater than 0.3 mev.,
      preferably from about 1 to about 10 mev. Representative types of radiation
      suitable for the purposes of this invention are alpha rays, beta rays,
      gamma rays, X-rays, electron beams, high energy neutrons and the like
      including radiations such as thermal neutron.
PAR  The dosage of radiation employed in the method of this invention is that
      dosage which is sufficient to enable (strengthen) the elastomeric
      copolymer to remain as a colloidal size particulate during the subsequent
      mechanical processing which is common in polymer fabrication, but which is
      less than that dosage which would destroy the elastomeric (rubbery)
      characteristic of the elastomeric copolymer. While suitable dosages vary
      with different elastomeric copolymers, it is generally observed that
      dosaages are suitably in the range from about 5 to about 15 megarads,
      preferably from about 5 to 10 megarads. In order to avoid destruction of
      the elastomeric character of the elastomeric copolymer, the dosage of
      radiation should be less than that providing a gel content in the
      elastomeric copolymer of 65 weight percent, preferably less than that
      providing a gel content of 55 weight percent. The required high energy
      radiation can be supplied from any of the well-known sources such as
      cobalt or cesium sources. Examples are the electro-mechanical devices for
      producing high velocity particles such as a Van de Graaff generator, a
      resonant transformer, a cyclotron, a betatron, a synchrotron, a
      synchrocylotron, or a linear accelerator, X-ray tubes, and radioactive
      isotopes emitting beta particles (high-velocity electrons) and/or gamma
      rays. Irradiation of the colloidal-size particulate is carried out under
      conditions of temperature, etc., such that the particles retain their
      discrete character and original colloidal size.
PAR  It is understood that, if a means other than irradiation is chosen to
      effect crosslinking of the elastomeric copolymer, the degree of
      crosslinking should be that which is sufficient to enable the elastomeric
      copolymer to remain as a colloidal size particulate during the subsequent
      mechanical processing, but which is less than that which would destroy its
      elastomeric (rubbery) characteristic.
PAR  In one embodiment, the latex of the irradiated elastomeric copolymer can be
      blended with a latex of the monovinylidene aromatic polymer. The desired
      polymer blend is recovered from the latex blend as described hereinafter.
      Alternatively, the crosslinked block copolymer latex is recovered from the
      latex in the form of the desired colloidal-size particulate prior to
      blending with monovinylidene aromatic polymer.
PAR  Preferably, recovery is accomplished by conventional freeze-drying
      techniques which comprise the steps of (a) freezing the latex to a frozen
      mass, usually at temperatures from about -10.degree. to about
      -20.degree.C, and (b) drying the frozen mass under vacuum to remove water.
      Suitably, the latex may be recovered by other conventional means such as
      by salt coagulation, freeze-thaw destabilization, spray drying, etc. so
      long as the recovered block copolymer remains in the form of discrete,
      colloidal-size particles or agglomerates thereof that can be readily
      redispersed. When the latex is to be recovered by destabilizing, the
      colloidal-size copolymer particles of the destabilized latex are separated
      from the latex serum by filtration and then drying under conditions which
      allow the collected particles to remain as discrete particles.
PAR  If not mixed in latex form, the non-elastomeric, monovinylidene aromatic
      polymer and the colloidal size particles of the crosslinked elastomeric
      copolymer can be mixed or blended in any conventional manner which
      provides an intimate mixture of the components. Generally, blending in an
      internal mixer is preferred such as a Banbury, twin screw extruder,
      Brabender Plastograph, or the like, but an open mill can be employed.
      Also, mixing in an inert atmosphere can also be carried out as desired.
      Mixing temperatures can vary widely but will generally be in the range of
      from about 250 .degree. to about 600.degree., preferably from about
      300.degree. to about 500.degree.F, with mixing times in the range of from
      about 30 seconds to about 30 minutes, preferably from about 1 to about 20
      minutes.
PAR  The amount of elastomeric copolymer combined with the non-elastomeric
      polymer is at least that amount which measurably improves the impact
      strength of the non-elastomeric polymer. Preferably, the amount of
      elastomeric copolymer is in the range from about 5 to about 40 weight
      parts per 100 weight parts of the non-elastomeric polymer.
PAR  In order that the primary advantages of this invention over the prior art
      methods be realized, the blend or mixture of non-elastomeric polymer and
      the elastomeric copolymer is subjected to mechanical processing at some
      point after the colloidal size particles of the elastomeric copolymer have
      been crosslinked. For the purposes of this invention, the term "mechanical
      proocessing" means working the aforementioned blend to a degree sufficient
      to degrade (break down) colloidal size particles of non-crosslinked
      elastomeric copolymer. Examples of mechanical processing include the
      mechanical mixing or blending of the polymers in the dry state as
      described hereinbefore as well as fabricating the polymers into articles
      of desired shape by extrusion. It is found that further crosslinking of
      the elastomeric copolymer may occur during mechanical processing. In most
      instances, this additional cross-linking is beneficial. However conditions
      of mechanical processing should be chosen so that excessive crosslinking
      causing loss of elastomeric characteristics does not occur.
PAR  The following examples are set forth to illustrate the invention and should
      not be construed to limit its scope. In the examples, all parts and
      percentages are by weight unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  A polymer solution containing 10.2% of styrene/ butadiene (70/30) A-B block
      copolymer ([.eta.].sub.inh = 1.4) in benzene is emulsified in water
      containing 3.0 percent sodium dodecyl benzene sulfonate and 0.83 percent
      nonylphenylethylene oxide (1 mole:9 moles) adduct based on copolymer by
      using a homogenizer. The ratio of oil phase to aqueous phase is 1.65:1.0.
      The resulting emulsion is then stripped of solvent and concentrated to 53
      percent latex polymer solid in a rotating evaporator under reduced
      pressure.
PAR  A portion (Sample No. 1) of the resulting latex is subjected to gamma
      radiation to a total dose of 10  megarads at a rate of 125 kilorads/hour
      using a cobalt source. The crosslinked copolymer is recovered from the
      latex as a colloidal-size particulate by freeze-drying technique using a
      dry ice-methylene chloride bath to freeze the latex following which water
      is removed from latex under vacuum of 5 mm Hg.
PAR  Another portion (Sample No. A) of the latex which is not irradiated is
      similarly recovered as a colloidal-size particulate.
PAR  The recovered portions are blended on compounding rolls for 6 minutes at
      160.degree.C with polystyrene having a molecular weight of 280,000 at a
      ratio of 25 parts of block copolymer to 75 parts of polystyrene. The
      resulting polymer blends are compression molded at 185.degree.C for 5
      minutes to give test specimens which are measured for physical properties
      as indicated in Table I.
PAR  Also for purposes of comparison (Sample No. B), 75 parts of the polystyrene
      is blended with the non-irradiated block copolymer in massive form and
      molded into test specimens which are tested for physical properties as
      indicated in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                             Izod                              
                                      Vicat  Impact                            
         Yield Yield                                                           
                    Rupture                                                    
                          Rupture                                              
                               Tensile                                         
                                      Heat   Strength,                         
     Sample                                                                    
         Strength,                                                             
               Elong.,                                                         
                    Strength,                                                  
                          Elong.,                                              
                               Mod..times.10.sup.5,                            
                                      Distortion,                              
                                             ft.-lbs/                          
     No. psi (1)                                                               
               % (2)                                                           
                    psi (3)                                                    
                          % (4)                                                
                               psi (5)                                         
                                      .degree.C (6)                            
                                             in. notch (7)                     
     __________________________________________________________________________
     1   4500  1.65 4435  1.71 3.31   102    1.89                              
     A*  5521  1.83 5460  1.90 3.7    102    0.16                              
     B*  4263  1.25 4185  1.26 3.59   101    0.28                              
     __________________________________________________________________________
      *Not an example of the invention.                                        
      (1)-(5) ASTM D-638.                                                      
      (6) ASTM D-1525-70.                                                      
      (7) ASTM D-256 Method A.                                                 
PAC  EXAMPLE 2
PAR  A polymer solution containing 10.2 percent styrene/butadiene (ABA type)
      block copolymer (.about.15:70:15 ABA wherein A represents styrene block
      and B represents butadiene block) in benzene is emulsified in water
      containing 3.0 percent sodium dodecylbenzene sulfonate and 0.83 percent
      nonylphenol-9-mole ethylene oxide adduct by using a homogenizer. The ratio
      of oil phase to aqueous phase is 1.54:1.0. The resulting emulsion is
      stripped of solvent and concentrated to 53.3 percent solids in a rotating
      evaporator under reduced pressure.
PAR  A portion (Sample No. 1) of the resulting latex is irradiated and recovered
      as described in Example 1. For purposes of comparison, another portion
      (Sample No. C) of the latex which is not irradiated is similarly
      recovered. The recovered portions are blended with polystyrene and molded
      as described in Example 1 and tested for physical properties which are
      recorded in Table II. A portion of the recovered irradiated latex is
      tested for gel content and gel swell ratio and the results are also
      recorded in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Sample No.         1          C*                                          
     ______________________________________                                    
     Yield Strength,                                                           
     Yield, psi (1)     2537       No Yield                                    
     % Elongation (2)   1.26       None                                        
     Rupture Strength                                                          
     Yield, psi (3)     2512       2328                                        
     % Elongation (4)   13.8       1.6                                         
     Tensile Modulus .times. 10.sup.5, psi(5)                                  
                        2.96       2.04                                        
     Vicat Heat Distortion, .degree.C(6)                                       
                        99         103                                         
     Impact Strength, ft. lbs/in(7)                                            
                        1.86       0.82                                        
     Block Copolymer                                                           
     % Gel (8)          48         0                                           
     Gel Swell Ratio (9)                                                       
                        34         .infin.                                     
     ______________________________________                                    
      *Not an example of the invention.                                        
      (1)-(7) Same as in Table I.                                              
      (8)-(9) A sample of the irradiated latex of the block copolymer is dried 
      under vacuum at 60.degree.C to constant weight and 0.5 g of dried polymer
      is placed in 50 ml of toluene in a closed glass bottle for 70 hours at   
      room temperature. The amount of copolymer solubilized in the sample is   
      determined. The remainder is the gel content expressed as percent of the 
      original sample. The swell ratio is determined as the weight of the gel  
      fraction containing the imbibed toluene divided by the weight of the drie
      gel fraction.                                                            
PAC  EXAMPLE 3
PAR  The aqueous polymer dispersion of the block copolymer as prepared in
      Example 1 [irridiated (Sample No. 1) and non-irradiated (Sample No. C)] is
      blended with a polystyrene latex (50 percent solids) in the ratio to give
      a polymer blend composition of 25 percent block copolymer/75 percent
      polystyrene on dry weight basis. The polymer is isolated from these latex
      blends by removal of water under vacuum at 60.degree.C. The resulting
      polymer is compounded on rolls at 165.degree.C for 7 minutes and then
      compression molded into test samples at 185.degree.C and 30 tons for 2
      minutes. The resulting samples are then tested for physical properties
      which are recorded in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     Sample No.           1         C*                                         
     ______________________________________                                    
     Rupture Strength                                                          
     Yield, psi (3)       4362      4505                                       
     % Elongation(4)      1.7       1.6                                        
     Tensile Modulus(5), lbs/in.sup.2                                          
                          3.2       3.45                                       
     Vicat Point (6), .degree.C                                                
                          104       103                                        
     Impact Strength (7), ft. lbs/in                                           
                          1.45      0.41                                       
     Block Copolymer                                                           
     % Gel (8)            51        0                                          
     Gel Swell Ratio (9)  22        .infin.                                    
     ______________________________________                                    
      *Not an example of the invention.                                        
      (3)-(7) Same as in Table I.                                              
      (8)-(9) Same as in Table II.                                             
PAC  EXAMPLE 4
PAR  A 40 percent solids latex of styrene/butadiene (A/B type, 30/70) block
      copolymer ([.eta.].sub.inh = 1.5) is made by emulsifying a 10 percent
      benzene solution of the copolymer in accordance with the procedure of
      Example 1. The resulting latex is divided into three portions. The first
      and second portions are subjected to .gamma.-radiation in doses of 5 and
      10 megarads respectively. Each of the three latex portions are blended
      with polystyrene latex (50 percent solids) in the ratio to give a polymer
      blend composition of 25 parts of block copolymer per 75 parts of
      polystyrene on a dry weight basis.
PAR  The polymer component of each of the resulting blends is isolated by
      removal of water under vacuum and dried. Each of the recovered dried
      polymers is milled on compounding rolls for 7 minutes at 165.degree.C and
      then compression molded into test samples at 185.degree.C and 30 tons
      pressure for 2 minutes. The resulting samples are then tested for physical
      properties which are recorded in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Sample No.     1         2*        C*                                     
     ______________________________________                                    
     Radiation Dosage, megarad                                                 
                    5         10        0                                      
     Tensile Strength                                                          
     Yield(1),lbs/in.sup.2                                                     
                    3303      0         2882                                   
     % Elongation(2)                                                           
                    1.67      0         1.43                                   
     Rupture Strength                                                          
     Break(3),lbs/in.sup.2                                                     
                    2269      3572      2509                                   
     % Elongation(4)                                                           
                    26.5      1.8       17.3                                   
     Tensile Mod.(5),lbs/in.sup.2                                              
                    2.64.times.10.sup.5                                        
                              2.71.times.10.sup.5                              
                                        2.6.times.10.sup.5                     
     Vicat Point(6),.degree.C.                                                 
                    104       104       104                                    
     Impact Strength (7),                                                      
                    3.79      0.48      0.91                                   
     ft.lbs/in                                                                 
     Block Copolymer                                                           
     % Gel (8)      10        78        0                                      
     Gel Swell Ratio (9)                                                       
                    60        17.8      .infin.                                
     ______________________________________                                    
      *Not an example of the invention.                                        
      (1)-(7) Same as in Table I.                                              
      (8)-(9) Same as in Table II. Analysis of the block copolymer of Sample No
      1 after milling on compounding rolls indicates a gel content of 41.2%.   
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for improving the impact resistance of a normally solid
      non-elastomeric monovinylidene aromatic polymer which is subjected to
      mechanical processing, said method comprising the steps of ( 1) subjecting
      colloidal size particles of an elastomeric block copolymer of from about
      20 to about 80 weight percent of an elastomeric block of conjugated diene
      and from about 80 to about 20 weight percent of a non-elastomeric block of
      monovinylidene aromatic monomer to high energy irradiation sufficient to
      effect crosslinking of the block copolymer and (2) combining an amount of
      the resulting irradiated block copolymer particulate with the
      non-elastomeric monovinylidene aromatic polymer containing at least 70
      weight percent of polymerized monovinylidene aromatic monomer wherein the
      amount of copolymer is sufficient to improve the impact strength of the
      non-elastomeric polymer, said crosslinking being sufficient to enable the
      block copolymer to remain in the form of colloidal size particles during
      mechanical processing, but less than that required to render the copolymer
      non-elastomeric.
NUM  2.
PAR  2. The method of claim 1 wherein the copolymer is subjected to high
      intensity radiation having a voltage greater than 0.3 mev employing
      conditions sufficient to crosslink the copolymer with a radiation dose in
      the range from about 5 to about 15 megarads.
NUM  3.
PAR  3. The method of claim 2 wherein the non-elastomeric polymer is
      polystyrene.
NUM  4.
PAR  4. The method of claim 3 wherein the elastomeric copolymer is a block
      copolymer of polystyrene block and polybutadiene block in which the block
      copolymer is present in the amount of from about 5 to about 40 weight
      parts per 100 weight parts of the non-elastomeric polymer.
NUM  5.
PAR  5. The method of claim 1 wherein the non-elastomeric polymer and
      elastomeric polymer are combined by blending together latexes of the
      polymers.
NUM  6.
PAR  6. A blend of non-elastomeric monovinylidene aromatic polymer and
      elastomeric block copolymer of conjugated diene and nonovinylidene
      aromatic monomer prepared by the method of claim 1.
NUM  7.
PAR  7. The method of claim 4 wherein the dose rate is 125 kilorads per hour
      using a cobalt source.
NUM  8.
PAR  8. The method of claim 4 wherein the copolymer is block copolymer having an
      A-B configuration with the A-block representing the polystyrene block and
      the B-block representing the polybutadiene block.
NUM  9.
PAR  9. The method of claim 8 wherein the dosage of radiation is less than that
      providing a gel content in the elastomeric copolymer of 55 weight percent.
NUM  10.
PAR  10. The method of claim 9 wherein the elastomeric copolymer contains from
      about 30 to about 70 weight percent of the polymerized diene and from
      about 70 to about 30 weight percent of the polymerized aromatic monomer.
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ABST
PAL  Compounds having at least three 3-sorboyloxy-2-hydroxypropyl groups
      directly attached to ether oxygen atoms are polymerised by exposure to
      actinic radiation, preferably in the presence of a sensitiser such as
      Michler's ketone or benzoin. The compounds may be obtained by the reaction
      either of sorbic acid with a substance having at least three glycidyl
      ether groups or of glycidyl sorbate with a substance having at least three
      phenolic or alcoholic hydroxyl groups: if desired, not all of the glycidyl
      groups may be consumed, so that, after actinically-induced polymerisation,
      the epoxide-containing polymer may be cross-linked by reaction with a
      curing agent for epoxide resins.
PAL  The compounds are useful in making printed circuits or printing plates for
      offset printing.
BSUM
PAR  This invention relates to compositions containing substances which
      polymerise on exposure to actinic radiation, to methods of polymerising
      such substances by means of actinic radiation and of coating a surface
      with such compositions, to supports bearing thereon such a composition in
      the polymerisable state, and to supports bearing thereon a substance
      polymerised by means of actinic radiation.
PAR  Compositions containing compounds capable of becoming polymerised on
      exposure to actinic radiation are used in, for example, the preparation of
      printing plates for offset printing and of printed circuits, and for
      coating metals, such as in the manufacture of cans. There are various
      drawbacks in the compositions presently available which may be polymerised
      by exposure to actinic radiation. Some are so unstable that they must be
      applied to a substrate only immediately prior to exposing them to actinic
      radiation. Others are relatively insensitive and need lengthy exposure to
      actinic radiation in order to become sufficiently polymerised. Others,
      after being polymerised, are not resistant to etching baths used in
      subsequent processes. Almost all the polymerisable compounds hitherto
      employed have to be isolated or purified after manufacture before they are
      suitable for use.
PAR  We have now found that these drawbacks can be at least substantially
      overcome by the use of certain polysorbates having on average at least
      three 3-sorboyloxy-2-hydroxypropyl (--CH.sub.2 CH(OH)CH.sub.2
      --OCO--CH=CH--CH=CH--CH.sub.3) groups per molecule.
PAR  One aspect of the present invention thus provides a process for
      polymerising a polysorbate having, per average molecule, at least three
      3-sorboyloxy-2-hydroxypropyl groups directly attached to ether oxygen
      atoms which comprises subjecting the aforesaid polysorbate to actinic
      radiation, optionally in the presence of a sensitiser.
PAR  Another aspect of this invention provides a composition which polymerises
      on exposure to actinic radiation, comprising
PAR  A. A COMPOUND HAVING, PER AVERAGE MOLECULE, AT LEAST THREE
      3-SORBOYLOXY-2-HYDROXYPROPYL GROUPS DIRECTLY ATTACHED TO ETHER OXYGEN
      ATOMS, AND
PAR  B. A SENSITISER.
PAR  The polysorbates employed in the process of this invention are, in general,
      known compounds (see British Patent Specification No. 887702) but hitherto
      it has been known to effect their polymerisation only by means of a
      Diels-Alder reaction.
PAR  The aforesaid polysorbates are usually obtained by the additive reaction of
      a substance having, per average molecule, at least three glycidyl ether
      groups with an equivalent amount, based on the epoxide content of the
      polyglycidyl ether, of sorbic acid, or of glycidyl sorbate with an
      equivalent amount of a compound having, on average, at least three
      phenolic hydroxyl or alcoholic hydroxyl groups per molecule. These
      reactions may be effected in solution in the presence of a catalyst such
      as a tertiary amine or a quaternary ammonium salt, triethylamine or
      tetramethylammonium chloride being particularly suitable, and preferably
      in the presence of an inhibitor of free radicals, such as hydroquinone.
PAR  The polyglycidyl ethers are in turn obtainable by reaction of a compound
      containing at least three free alcoholic hydroxy or phenolic hydroxy
      groups per molecule with epichlorohydrin or glycerol dichlorohydrin under
      alkaline conditions or, alternatively, in the presence of an acidic
      catalyst and subsequent treatment with alkali. These glycidyl ethers may
      be derived from acyclic alcohols, from alcohols having aromatic nuclei,
      from phenols such as novolaks, and from phenolic alcohols.
PAR  If desired, the polyglycidyl ether may first be treated with a dicarboxylic
      acid, such as sebacic acid and maleic acid, or with a dihydric phenol,
      such as resorcinol, 2,2-bis(p-hydroxyphenyl)propane,
      2,4-dihydroxyacetophenone, 2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane,
      2,2'-dihydroxybenzophenone, 2,2'-dihydroxy-4-methoxybenzophenone,
      bis(p-hydroxyphenyl) sulphone, and
      1,1-bis(p-hydroxyphenyl)-2,2,2-trichloroethane, in order to advance the
      polyepoxide, that is to say, to link two or more molecules and so increase
      the number of epoxide groups per average molecule. Of course, it is
      important to avoid using too large a quantity of the dicarboxylic acid or
      dihydric phenol, otherwise the polyepoxide would become cured, i.e.,
      cross-linked, insoluble, and infusible. If, on the other hand, it is so
      desired, the polysorbate employed in the process of the invention may be
      used admixed with a compound containing, per average molecule, only two
      3-sorboyloxy-2-hydroxypropyl groups directly attached to ether oxygen
      atoms. These disorbates are obtainable analogously to the aforesaid
      polysorbates from sorbic acid and an equivalent amount, calculated on its
      epoxide group content, of a diglycidyl ether, or from glycidyl sorbate and
      an equivalent amount of a dihydric alcohol or phenol.
PAR  The preferred polyglycidyl ethers are those of phenols, especially of a
      phenol-formaldehyde or cresol-formaldehyde novolak or of
      1,1,2,2-tetra(p-hydroxyphenyl)ethane, and of phenolic alcohols (bearing
      glycidyl ether groups on phenolic and alcoholic hydroxyl groups) such as
      those of the formula
      ##EQU1##
      where Z is the residue of a dihydric phenol after removal of two phenolic
      -OH groups, and preferably denotes
      ##SPC1##
PAL  and
PA1  p is an integer of average value at least 1 and at most 50.
PAR  Of the compounds, having on average at least three hydroxy groups, which
      may be treated with glycidyl sorbate to give the polymerisable
      polysorbate, phenolic novolaks (especially phenol-formaldehyde and
      cresol-formaldehyde novolaks) and 1,1,2,2-tetra(p-hydroxyphenyl)ethane are
      preferred.
PAR  It is within the scope of the invention to employ in the process a
      polysorbate containing 1,2-epoxide groups, especially an adduct of a
      polyglycidyl ether with sufficient sorbic acid so that the adduct has at
      least three 3-sorboyloxy-2-hydroxypropyl groups but a proportion of the
      epoxide groups remains unconsumed. The irradiated polysorbate may then be
      cross-linked through reaction with a polycarboxylic acid anhydride or
      other heat-curing agent for epoxide resins, especially dicyandiamide.
      (Epoxide resins are substances containing on average more than one
      1,2-epoxide group per molecule.). Such additional cross-linking often
      enhances the adhesion of the polymerised composition to the support.
PAR  In polymerising the polysorbate and polymerisable compositions containing
      it, according to this invention, actinic radiation of wavelength 200 to
      600 nm is preferably used.
PAR  Polymerisation of the polysorbate is accelerated by employing a sensitiser.
      Most substances known as sensitisers in conventional processes involving
      actinically-induced polymerisation are suitable. Those which are preferred
      are bis(dialkylamino)benzophenones, especially
      bis(p-dimethylamino)benzophenone, i.e., Michler's ketone, and
      bis(p-diethylamino)benzophenone, and benzoyl phenyl carbinols, especially
      benzoin and their alkyl ethers. Usually from 0.1 to 20%, and preferably
      from 0.5 to 15%, by weight of the sensitiser calculated on the weight of
      the polysorbate, is employed.
PAR  As prepared, the polysorbates may contain small quantities of a
      hydroquinone or other free-radical inhibitor added to prevent free radical
      polymerisation taking place during preparation of the polysorbate. Such
      inhibitors are usually not deleterious since they maintain the stability
      of the composition during storage but do not prevent polymerisation on
      exposure to actinic radiation.
PAR  The polysorbates used in the process of this invention are of particular
      value in the production of printing plates and printed circuits. A layer
      of the polysorbate may be applied to a support by coating the support with
      a solution of the polysorbate in any convenient solvent, e.g., a mixture
      of toluene and acetone or of toluene and ethyl methyl ketone, or
      cyclohexanone, and allowing or causing the solvent to evaporate: the layer
      may be applied by dipping, spinning, spraying, or by means of a roller.
PAR  This invention therefore also includes a method of coating a surface with a
      polysorbate and a sensitiser, which comprises applying to that surface a
      solution of a polysorbate, and a sensitiser, and allowing or causing the
      solvent to evaporate. It further includes a plate sensitive to actinic
      radiation, comprising a support, which may be of, for example, paper,
      copper, aluminum or other metal, synthetic resin, or glass, carrying a
      layer of a polysorbate, and a sensitiser, also a support bearing upon its
      surface a polysorbate which has been polymerised by exposure to actinic
      radiation. It also provides a method of polymerising a polysorbate,
      optionally in the presence of a sensitiser, which comprises subjecting a
      plate carrying a layer of the polysorbate to actinic radiation, optionally
      imagewise as through a negative, and removing the unpolymerised portions,
      if any, of the polysorbate by means of a solvent.
PAR  The coating of the polysorbate should be applied to the support so that,
      upon drying, its thickness will be in the range of from about 1 to 250
      .mu.m. The thickness of the polymerisable layer is a direct function of
      the thickness desired in the relief image, which will depend on the
      subject being reproduced and particularly on the extent of the
      non-printing areas. The wet polymer coating may be dried by air drying or
      by any other known drying technique, and the polymerisable system may then
      be stored until required for use.
PAR  The polymerisable coatings can be insolubilised by exposure to actinic
      radiation through an image-bearing transparency consisting of
      substantially opaque and transparent areas. Suitable sources of actinic
      radiation include carbon arcs, mercury vapour arcs, fluorescent lamps with
      phosphors emitting ultra-violet light, argon and xenon glow lamps,
      tungsten lamps, and photographic flood lamps. Of these, mercury vapour
      arcs, particularly sun lamps, fluorescent sun lamps, and metal halide
      lamps are most suitable. The time required for the exposure of a
      polysorbate will depend upon a variety of factors which include, for
      example, the individual polysorbate being utilised, the thickness of the
      coating, the nature of the sensitiser, and the type of light source and
      its distance from the coating.
PAR  Subsequent to their exposure, the coatings are "developed" by being washed
      with a suitable liquid, such as perchloroethylene, methylene chloride,
      ethylene dichloride, acetone, ethyl methyl ketone, cyclohexanone,
      n-propanol, ethanol, toluene, benzene, ethyl acetate, and mixtures
      thereof, to dissolve and remove that portion of the coating which was not
      polymerised by exposure to actinic radiation. Liquids used for this
      operation must be selected with care since they should have good solvent
      action on the unexposed areas yet have little effect upon either the
      polymerised polysorbate or the substrate. The developing solvent should
      normally be allowed to remain in contact with the coating for from about
      30 seconds to 3 minutes, depending upon which solvent is utilized. The
      developed polymer coating should next be rinsed with fresh solvent and
      dried.
PAR  If appropriate, for example, in the production of printed circuits where
      the support is of copper or of other suitable electrical-conducting metal,
      the exposed metal is etched in a conventional manner using ferric chloride
      or ammonium persulphate solutions.
PAR  The polysorbate may, if desired, be partially polymerised before applying
      it to the support, in order to improve the film-forming or mechanical
      properties of the irradiated product. Such a partial prepolymerisation can
      be effected by heating: it should not, however, proceed beyond the stage
      at which a correctly differentiated image is obtained on the plate when
      the plate is exposed. The composition may also be heated after exposure to
      actinic radiation to enhance the degree of polymerisation.
DETD
PAR  The invention is illustrated by the following Examples, in which all parts
      are by weight, unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A mixture of 85 g of an epoxy novolak resin (having an epoxide content of
      5.48 equiv./kg and being a polyglycidyl ether made from a
      phenol-formaldehyde novolak of number average molecular weight 420,
      hereinafter called "Epoxy novolak I"), sorbic acid (56 g), triethylamine
      (1.4 g), hydroquinone (0.14 g), and toluene (400 g) was heated under
      reflux for 5 hours, by which time the epoxide content of the mixture had
      fallen to a negligibly low value. Toluene (562 g) and acetone (321 g) were
      added to give a clear (10%) solution of the polysorbate. To this solution
      was added Michler's ketone as sensitiser (6.75 g, i.e., 5% of the weight
      of the polysorbate) and the composition was used to prepare a printed
      circuit in the following manner.
PAR  A copper-clad laminate was coated with the composition and the solvent was
      allowed to evaporate, leaving a film about 10 .mu.m thick. This film was
      irradiated for 30 seconds through a negative using a 125 watt medium
      pressure mercury lamp at a distance of 230 mm. After irradiation the image
      was developed in a mixture of acetone and toluene (1:3), washing away the
      unexposed areas to leave a good relief image on the copper. The uncoated
      copper areas were then etched using an aqueous solution of ferric chloride
      (60% w/v FeCl.sub.3) containing concentrated hydrochloric acid (10% v/v).
PAC  EXAMPLE 2
PAR  The polymerisable composition of Example 1, to which had been added benzoin
      methyl ether (5% by weight of the polysorbate) as sensitiser in place of
      Michler's ketone, was used to produce a protective coating as follows.
PAR  The solution was applied to an aluminum surface and the solvent was allowed
      to evaporate, leaving a film between 10 and 20 .mu.m thick. This film was
      irradiated for 30 minutes as described in Example 1 to give a good coating
      of a polymer which was resistant to solvents -- 20 rubs with a cotton wool
      swab soaked in acetone did not remove the coating.
PAC  EXAMPLE 3
PAR  A mixture of 50 g of the tetraglycidyl ether of
      1,1,2,2-tetra(p-hydroxyphenyl)ethane (having an epoxide content of 5.2
      equiv./kg), sorbic acid (28.8 g), triethylamine (0.8 g), hydroquinone (0.1
      g), and toluene (200 g) was heated under reflux for 5 hours, by which time
      the epoxide content was negligible.
PAR  A solution (10%) was made up as in Example 1 and tested. A good image was
      obtained after 3 minutes' irradiation and was developed with ethanol.
PAC  EXAMPLE 4
PAR  In this Example the epoxy novolak is advanced with resorcinol. Epoxy
      novolak I (50 g), sorbic acid (23 g), resorcinol (3.8 g), triethylamine
      (0.8 g), hydroquinone (0.08 g), and toluene (150 g) were heated together
      under reflux for 5 hours, by which time the mixture was epoxide-free.
PAR  A polymerisable composition was prepared by adding acetone (60 g),
      2-methoxyethanol (20 g), toluene (220 g), and Michler's ketone (3.75 g, 5%
      by weight of the polysorbate). This solution was tested as in Example 1. A
      good image was obtained after 3 minutes' irradiation and was developed
      with acetone-toluene (1:3).
PAC  EXAMPLE 5
PAR  In this Example the epoxy novolak is advanced with
      2,2-bis(p-hydroxyphenyl)propane.
PAR  Epoxy novolak I (50 g), sorbic aid (15.3 g),
      2,2-bis(p-hydroxyphenyl)propane (3.8 g), triethylamine 0.7 g),
      hydroquinone (0.7 g), and ethyl methyl ketone (150 g) were heated together
      under reflux for 30 hours, by which time the epoxide content was
      negligible.
PAR  The solution was diluted with ethyl methyl ketone (480 g), Michler's ketone
      (3.5 g, 10% by weight of the polysorbate) was added, and this composiiton
      was tested as in Example 1. A good image was obtained after 90 seconds'
      irradiation and was developed with acetone-toluene (1:3).
PAC  EXAMPLE 6
PAR  A diglycidyl ether of 2,2-bis (p-hydroxyphenyl)propane having an epoxide
      content of 5.3 equiv./kg (10 g), the tetraglycidyl ether employed in
      Example 3 (40 g), sorbic acid (28 g), triethylamine (0.8 g), hydroquinone
      (0.1 g), and toluene (200 g) were heated together under reflux for 5
      hours, by which time the epoxide content was negligible.
PAR  A 10% solution of the product in acetone-toluene (1:3) containing Michler's
      ketone (5% by weight of the polysorbate) was tested as described in
      Example 1. A good image was obtained after 5 minutes'  irradiation and was
      developed with ethanol.
PAC  EXAMPLE 7
PAR  A phenol-formaldehydr novolak resin, having a number average molecular
      weight of 420 (12.6 g), gylcidyl sorbate having an epoxide content of 5.95
      equiv./kg (20 g), triethylamine (0.3 g), hydroquinone (0.03 g), and
      toluene (50 g) were heated together under reflux for 5 hours, by which
      time the epoxide content was nil.
PAR  A solution of the polysorbate was made up as described in Example 1 and
      tested. A good image was obtained after 3 minutes' irradiation and and was
      developed as Example 1.
PAC  EXAMPLE 8
PAR  In this Example an epoxy novolak is advanced with sebacic acic. A mixture
      of Epoxy novolak I (50 g), sorbic acid (22.4 g), sebacic acid (7.5 g),
      triethylamine (0.8 g), hydroquinone (0.1 g), and toluene (200 g) was
      heated under reflux for 5 hours, by which time it was epoxide-free.
      Toluene (334 g), acetone (178 g), and Michler's ketone (4 g) were then
      added. The solution was tested as in Example 1. A good image was obtained
      after 3 minutes' irradiation and was developed with acetone-toluene (1:3).
PAC  EXAMPLE 9
PAR  A mixture of an epoxy novolak having an epoxide content of 5.3 equiv./kg
      and being a polyglycidyl ether of a novolak of number average molecular
      weight 950 (50 g), sorbic acid (29.5 g), triethylamine (0.8 g),
      hydroquinone (0.1 g), and toluene (200 g) was heated under reflux for 5
      hours, by which time the epoxide content was negligible.
PAR  A solution was made up as in Example 1 and tested. A good image was
      obtained after 30 seconds' irradiation and was developed with
      acetone-toluene (1:3).
PAC  EXAMPLE 10
PAR  Epoxy novolak I (50 g), sorbic acid (24.5 g), tetramethylammonium chloride
      (0.4 g), hydroquinone (0.1 g), and toluene (200 g) were heated under
      reflux for 5 hours. The solvent was removed under reduced pressure to give
      the product which had an epoxide content of 0.76 equiv./kg.
PAR  A polymerisable composition was prepared by dissolving 10 g of the product,
      0.1 g of dicyandiamide, and 0.5 g of Michler's ketone in 30 g of
      cyclohexanone. A copper-clad laminate was coated with this composition and
      the solvent was allowed to evaporate, leaving a film about 20 .mu.m thick.
      This film was irradiated for 3 minutes through a negative using a 500 watt
      medium pressure mercury lamp at a distance of 450 mm. The plate was
      developed in ethanol, leaving a good relief image on the copper. The plate
      was then heated at 180.degree.C for 15 minutes: the coating of the polymer
      in the image areas had very good adhesion to the copper and excellent
      solvent resistance -- 20 rubs with a cotton wool swab soaked in acetone
      did not remove the coating. The coated copper areas were completely
      resistant to the etching solution described in Example 1.
PAC  EXAMPLE 11
PAR  The process of Example 1 was repeated, omitting, however, the Michler's
      ketone. A satisfactory image was obtained on irradiation for 30 minutes.
PAC  EXAMPLE 12
PAR  In this Example a tetraglycidyl ether is advanced with
      2,2-bis(p-hydroxyphenyl)propane.
PAR  A mixture of 50 g of the tetraglycidyl ether used in Example 3, sorbic acid
      (21.6 g), 2,2-bis(p-hydroxyphenyl)propane (7.35 g), triethylamine (0.8 g),
      hydroquinone (0.1 g), and toluene (200 g) was heated under reflux for 5
      hours, by which time the epoxide content was negligible.
PAR  A solution (10%) was made up as in Example 1, Michler's ketone (5% on the
      weight of polysorbate) was added, and the solution was tested. A good
      image was obtained after 3 minutes' irradiation and was developed with
      acetone-toluene (1:3).
PAC  EXAMPLE 13
PAR  In this Example the epoxy novolak is advanced with maleic acid. Epoxy
      novolak I (50 g), sorbic acid (22.4 g), maleic acid (8.6 g), triethylamine
      (0.8 g), hydroquinone (0.1 g), and toluene (200 g) were heated together
      under reflux for 5 hours, by which time the mixture was epoxide-free.
PAR  A solution (10%) was made up as in Example 1, 5% of Michler's ketone,
      calculated on the weight of polysorbate, was added, and the solution was
      tested. In this Example the film was irradiated using a 550 watt medium
      pressure mercury lamp at a distance of 450 mm. A good image was obtained
      after 3 minutes' irradiation and was developed in acetone-toluene (1:3).
PAC  EXAMPLE 14
PAR  In this Example the epoxy novolak is advanced with
      2,2-bis(p-hydroxyphenyl)propane in the presence of tetramethylammonium
      chloride as catalyst.
PAR  Epoxy novolak I (50 g), sorbic acid (16.7 g),
      2,2-bis(p-hydroxyphenyl)propane (11.45 g), tetramethylammonium chloride
      (0.3 g) and cyclohexanone (80 g) were stirred together at 120.degree.C for
      7 hours, by which time the epoxide content was negligible.
PAR  A polymerisable composition was prepared by adding cyclohexanone (230 g)
      and Michler's ketone (0.8 g, approximately 1% by weight of polysorbate).
      This solution was tested as in Example 13. A good image was obtained after
      20 seconds' irradiation and was developed with cyclohexanone.
PAC  EXAMPLE 15
PAR  In another experiment a coating of the solution of the polysorbate (without
      additional cyclohexanone and the Michler's ketone) was dried at
      90.degree.C for 10 minutes and irradiated for 6 minutes at a distance of
      250 mm with a 5,000 watt metal halide lamp. A good image was obtained and
      was developed with cyclohexanone.
PAC  EXAMPLE 16
PAR  In this Example the epoxy novolak is advanced with
      2,2-bis(p-hydroxyphenyl)propane in n-butanol-xylene.
PAR  Epoxy novolak I (50 g), sorbic acid (16.8 g), 2,2-bis(p-hydroxyphenyl)
      propane (10.5 g), tetramethylammonium chloride (0.3 g), n-butanol (16 g),
      and xylene (64 g) were stirred together at 120.degree.C for 6 hours, by
      which time the epoxide content was negligible. 2-Ethoxyethyl acetate (80
      g) was added to give a clear solution of the polysorbate.
PAR  To this solution was added Michler's ketone as sensitiser (1% by weight of
      the polysorbate) and the mixture was tested as in Example 13. A good image
      was obtained after 30 seconds' irradiation and was developed with
      n-butanol-xylene (1:4).
PAC  EXAMPLE 17
PAR  In this Example an epoxy novolak made from a cresol-formaldehyde resin is
      advanced.
PAR  A mixture of 50 g of an epoxy cresol novolak (having an epoxide content of
      4.25 equiv./kg and being a polyglycidyl ether made from a
      cresol-formaldehyde novolak of number average molecular weight 1270),
      sorbic acid (16.5 g), 2,2-bis(p-hydroxyphenyl)propane (16.5 g),
      tetramethylammonium chloride (0.2 g), hydroquinone (0.07 g), and
      cyclohexanone (71 g) was stirred at 120.degree.C for 6 hours, by which
      time the epoxide content was negligible.
PAR  The solution was diluted with cyclohexanone (213 g), Michler's ketone (1%
      by weight of the polysorbate) was added, and this composition was tested
      as in Example 13. A good image was obtained after 30 seconds' irradiation
      and was developed with cyclohexanone.
PAC  EXAMPLE 18
PAR  In this Example the polysorbate used is made from a substance containing
      glycidyl groups attached to both aryl and alkyl ether oxygen atoms.
PAR  The epoxide resin of formula
      ##EQU2##
      where Z denotes
      ##SPC2##
PAL  and p is an integer of average value in the range 2.0 to 2.5, containing
      1.9 to 2.2 epoxide-equiv./kg, was glycidylated at its .beta.-hydroxy
      groups to afford a polyglycidyl material containing 4.25
      epoxide-equiv./kg. (Glycidylation of such .beta.-hydroxy groups is
      described in Technical Report No. 3323 of the Plastics and Packaging
      Laboratory, Feltman Research Laboratories, Picatinny Arsenal, Dover, N.J.
      USA, Clearing House Report No. AD 686100.)
PAR  This glycidylated material (50 g), sorbic acid (23.7 g), triethylamine (0.8
      g), hydroquinone (0.08 g), and toluene (200 g) was heated under reflux for
      5 hours, by which time the epoxide content of the mixture had fallen to a
      negligible value. Toluene (4.71 g) was added to give a solution (10%) of
      the polysorbate.
PAR  The solution containing Michler's ketone (5% by weight of the polysorbate)
      was tested according to Example 13. A good image was obtained after 2
      minutes'irradiation and was developed with toluene.
PAC  EXAMPLE 19
PAR  In this Example the glycidylated epoxide resin made as described in Example
      18 is advanced with 2,2-bis(p-hydroxyphenyl)propane.
PAR  A mixture of 40 g of the polyglycidyl ether, sorbic acid (14.2 g),
      2,2-bis(p-hydroxyphenyl)propane (4.8 g), triethylamine (0.7 g),
      hydroquinone (0.08 g), and toluene (200 g) was heated under reflux for 5
      hours. The solvent was removed under reduced pressure to leave a
      polysorbate which was epoxide-free.
PAR  A 20% solution of this product in cyclohexanone containing Michler's ketone
      (5% by weight of the polysorbate) was tested according to Example 13. A
      good image was obtained after 4 minutes' irradiation and was developed
      with cyclohexanone.
PAC  EXAMPLE 20
PAR  In this Example, a glycidylated epoxide resin similar to that employed in
      Example 18 but of higher molecular weight is used.
PAR  An epoxide resin of formula II, where p is an integer of average value in
      the range 15.5 to 27, was glycidylated to give a product containing 3.28
      epoxide equiv./kg. This product (100 g), sorbic acid (30 g),
      tetramethylammonium chloride (0.4 g), hydroquinone (0.1 g), and
      cyclohexane (235 g) was stirred at 120.degree.C for 5 hours.
PAR  The solution was diluted with cyclohexanone (300 g), Michler's ketone (1%
      by weight of the polysorbate) was added, and this composition was tested
      as in Example 13. A good image was obtained after 20 seconds' irradiation
      and was developed with cyclohexanone.
PAC  EXAMPLE 21
PAR  A mixture of 50 g of glycerol triglycidyl ether (having an epoxide content
      of 6.0 equiv./kg), sorbic acid (33.6 g), hydroquinone (0.1 g),
      tetramethylammonium chloride (0.2 g) and cyclohexanone (85 g) was stirred
      at 120.degree.C for 3 hours, by which time the epoxide content of the
      mixture was negligible.
PAR  To the mixture was added Michler's ketone (1% by weight of the polysorbate)
      and the solution was tested as in Example 13. A good image was obtained
      after 10 minutes' irradiation and was developed in toluene. The film was
      slightly tacky but lost its tackiness on being left in air for a few
      hours.
PAC  EXAMPLE 22
PAR  Epoxy novolak I (100 g), an advanced resin (prepared by heating together 46
      g of 2,2-bis(p-hydroxyphenyl)propane with 38 g of
      2,2-bis(p-hydroxyphenyl)propane diglycidyl ether having an epoxide content
      of 5.3 equiv./kg in the presence of 0.2 g of tetramethylammonium chloride
      at 180.degree.C for 11/2 hours), sorbic acid (33.4 g), tetramethylammonium
      chloride (0.5 g), hydroquinone (0.16 g), and cyclohexanone (218 g) were
      heated together at 120.degree.C for 5 hours.
PAR  The solution was diluted with cyclohexanone (655 g), Michler's ketone (1%
      by weight of the polysorbate) was added, and this composition was tested
      as in Example 13. A good image was obtained after 30 seconds' irradiation
      and was developed with cyclohexanone.
PAC  EXAMPLE 23
PAR  A mixture of Epoxy novolak I (50 g), 2,4-dihydroxyacetophenone (7.6 g),
      sorbic acid (16.7 g), tetramethylammonium chloride (0.25 g), hydroquinone
      (0.08 ), and cyclohexanone (78 g) was stirred at 120.degree.C for 5 hours,
      by which time the epoxide content was negligible.
PAR  The mixture was diluted with cyclohexanone (160 g) and Michler's ketone
      (0.8 g) was added. This solution was tested as in Example 13. A good image
      was obtained after 5 minutes' irradiation and was developed with
      cyclohexanone.
PAC  EXAMPLE 24
PAR  A mixture of Epoxy novolak I (50 g), sorbic acid (16.7 g),
      2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane (27.3 g), hydroquinone (0.2
      g), tetramethylammonium chloride (0.25 g), and cyclohexanone (68 g) was
      stirred at 120.degree.C for 31/2 hours, by which time the epoxide content
      of the mixture was 0.3 equiv./kg.
PAR  To the mixture was added cyclohexanone (200 g) and Michler's ketone (0.9
      g). This solution was tested as in Example 13. A good image was obtained
      after 31/2 minutes' irradiation and was developed with cyclohexanone.
PAC  EXAMPLE 25
PAR  A mixture of Epoxy novolak I (25 g), sorbic acid (8.35 g),
      2,2-bis(p-hydroxyphenyl)propane (3.7 g),
      2,2'-dihydroxy-4-methoxybenzophenone (2.15 g), hydroquinone (0.05 g),
      tetramethylammonium chloride (0.1 g), and cyclohexanone (39 g) was stirred
      at 120.degree.C for 5 hours, by which time the epoxide content of the
      mixture was negligible. To this mixture was added 80 g cyclohexanone and
      the solution was tested as in Example 13. A good image was obtained after
      20 minutes' irradiation and was developed with cyclohexanone.
PAC  EXAMPLE 26
PAR  The procedure of Example 25 was repeated except that Michler's ketone (1%
      by weight of the polysorbate) was added as photosensitiser. A similar
      image was obtained after only 5 minutes' irradiation.
PAC  EXAMPLE 27
PAR  A mixture of Epoxy novolak I (25 g) sorbic acid (8.35 g),
      2,2-bis(p-hydroxyphenyl)propane (3.7 g), 2,4-dihydroxybenzophenone (1.9
      g), hydroquinone (0.05 g), tetramethylammonium (0.1 g), and cyclohexanone
      (39 g) was stirred at 120.degree.C for 5 hours, by which time the epoxide
      content of the mixture was negligible. The results obtained on irradiation
      in the presence of Michler's ketone were the same as those in Example 25.
PAC  EXAMPLE 28
PAR  A mixture of Epoxy novolak I (50 g), sorbic acid (16.7 g),
      bis(p-hydroxyphenyl) sulphone (12.55 g), hydroquinone (0.1 g),
      tetramethylammonium chloride (0.25 g), and cyclohexanone (79 g), was
      stirred at 120.degree.C for 5 hours, by which time the epoxide content of
      the mixture had fallen to 0.43 equiv./kg. To this mixture was added
      cyclohexanone (160 g) and Michler's ketone (0.8 g). The solution was
      tested as in Example 13. A good image was obtained after 5 minutes'
      irradiation and was developed with cyclohexanone.
PAR  In place of the ferric chloride solution used for etching in this Example
      could be employed a 30% aqueous solution of ammonium persulphate at
      40.degree.C.
PAC  EXAMPLE 29
PAR  A mixture of Epoxy novolak I (50 g), sorbic acid (16.7 g),
      1,1-bis(p-hydroxyphenyl)-2,2,2-trichloroethane (15.9 g), hydroquinone (0.1
      g), tetramethylammonium chloride (0.25 g), and cyclohexanone (83 g) was
      stirred at 120.degree.C for 31/2 hours, by which time the epoxide content
      of the mixture had fallen to 0.39 equiv./kg. To this mixture was added
      cyclohexanone (160 g) and Michler's ketone (0.8 g). The solution was
      tested as in Example 13. A good image was obtained after 3 minutes'
      irradiation and was developed with cyclohexanone.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for polymerising a polysorbate having, per average molecule,
      at least three 3-sorboyloxy-2-hydroxypropyl groups directly attached to
      ether oxygen atoms, which polysorbate has been obtained by the additive
      reaction of a compound containing at least three glycidyl groups with
      sorbic acid or of glycidyl sorbate with a substance having at least three
      phenolic or aliphatic hydroxyl groups, which comprises subjecting the
      polysorbate to actinic radiation.
NUM  2.
PAR  2. A process according to claim 1, in which the compound containing at
      least three glycidyl ether groups is a polyglycidyl ether of a phenol
      containing at least three phenolic hydroxyl groups.
NUM  3.
PAR  3. A process according to claim 2, in which the phenol is a
      phenol-formaldehyde novolak, a cresol-formaldehyde novolak, or
      1,1,2,2-tetrakis(p-hydroxyphenyl)ethane.
NUM  4.
PAR  4. A process according to claim 1, in which the compound containing at
      least three glycidyl ether groups is a phenolic alcohol bearing glycidyl
      ether groups or phenolic hydroxyl and alcoholic hydroxyl groups.
NUM  5.
PAR  5. A process according to claim 4, in which the phenolic alcohol is of the
      formula
      ##EQU3##
      where Z is the residue of a dihydric phenol after removal of two phenolic
      --OH groups, and
PA1  p is an integer of average value from 1 to 50.
NUM  6.
PAR  6. A process according to claim 5, in which Z denotes
      ##SPC3##
NUM  7.
PAR  7. A process according to claim 1, in which the polysorbate is an adduct of
      such a polyglycidyl ether which has been advanced by reaction with a
      dicarboxylic acid or with a dihydric phenol.
NUM  8.
PAR  8. A process according to claim 7, in which the dicarboxylic acid is
      sebacic acid or maleic acid.
NUM  9.
PAR  9. A process according to claim 7, in which the dihydric phenol is
      resorcinol, 2,2-bis(p-hydroxyphenyl)propane, 2,4-dihydroxyacetophenone,
      2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane, 2,2'-dihydroxybenzophenone,
      2,2'-dihydroxy-4-methoxybenzophenone, bis(p-hydroxyphenyl) sulphone, or
      1,1-bis(p-hydroxyphenyl)-2,2,2-trichloroethane.
NUM  10.
PAR  10. A process according to claim 1, in which the polysorbate contains free
      1,2-epoxide groups.
NUM  11.
PAR  11. A process according to claim 10, in which the polysorbate is, after
      polymerisation through irradiation, cross-linked through reaction of its
      1,2-epoxide groups with a heat-curing agent for epoxide resins.
NUM  12.
PAR  12. A process according to claim 1, in which the polysorbate is subjected
      to actinic radiation on a support and then any unpolymerised polysorbate
      is removed by means of a solvent.
NUM  13.
PAR  13. A process according to claim 1, in which the polysorbate is subjected
      to actinic radiation imagewise.
NUM  14.
PAR  14. A process according to claim 1, in which the polysorbate is subjected
      to actinic radiation in the presence of a photo-sensitiser.
NUM  15.
PAR  15. A process according to claim 14, in which the sensitiser is a
      bis(dialkylamino)benzophenone, a benzoyl phenyl carbinol, or an alkyl
      ether of a benzoyl phenyl carbinol.
NUM  16.
PAR  16. A process according to claim 14, in which there is used from 0.1 to 20%
      by weight of the sensitiser, calculated on the weight of the polysorbate.
NUM  17.
PAR  17. A composition which polymerises on exposure to actinic radiation,
      comprising
PA1  a. a polysorbate having, per average molecule, at least three
      3-sorboyloxy-2-hydroxypropyl groups directlyy attached to ether oxygen
      atoms, which polysorbate has been obtained by the additive reaction of a
      compound containing at least three glycidyl groups with sorbic acid or of
      glycidyl sorbate with a substance having at least three phenolic or
      aliphatic hydroxyl groups, and
PA1  b. a photo-sensitiser.
NUM  18.
PAR  18. A composition according to claim 17, in which the compound containing
      at least three glycidyl ether groups is a polyglycidyl ether of a phenol
      containing at least three phenolic hydroxyl groups.
NUM  19.
PAR  19. A composition according to claim 18, in which the phenol containing at
      least three phenolic hydroxyl groups is a phenol-formaldehyde novolak, a
      cresol-formaldehyde novolak, or 1,1,2,2,-tetrakis(p-hydroxyphenyl)ethane.
NUM  20.
PAR  20. A composition according to claim 17, in which the compound containing
      at least three glycidyl ether groups is a polyglycidyl ether of a phenolic
      alcohol bearing glycidyl ether groups on phenolic hydroxyl and alcoholic
      hydroxyl groups.
NUM  21.
PAR  21. A composition according to claim 20, in which the phenolic alcohol is
      of the formula
      ##EQU4##
      where Z is the residue of a dihydric phenol after removal of two phenolic
      --OH groups, and
PA1  p is an integer of average value from 1 to 50.
NUM  22.
PAR  22. A composition according to claim 21, in which Z denotes
      ##SPC4##
NUM  23.
PAR  23. A composition according to claim 17, in which the polysorbate is an
      adduct of such a polyglycidyl ether which has been advanced by reaction
      with a dicarboxylic acid or with a dihydric phenol.
NUM  24.
PAR  24. A composition according to claim 23, in which the dicarboxylic acid is
      sebacic acid or maleic acid.
NUM  25.
PAR  25. A composition according to claim 23, in which the dihydric phenol is
      resorcinol, 2,2-bis(p-hydroxyphenyl)propane, 2,4-dihydroxyacetophenone,
      2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane, 2,2'dihydroxybenzophenone,
      2,2'-dihydroxy-4-methoxybenzophenone, bis(p-hydroxyphenyl) sulphone, or
      1,1-bis(p-hydroxyphenyl)-2,2,2-trichloroethane.
NUM  26.
PAR  26. A composition according to claim 17, in which the polysorbate contains
      free 1,2-epoxide groups.
NUM  27.
PAR  27. A composition according to claim 17, in which the sensitiser is a
      bis(dialkylamino)benzophenone, a benzoyl phenyl carbinol, or an alkyl
      ether of a benzoyl phenyl carbinol.
NUM  28.
PAR  28. A composition according to claim 17, containing 0.1 to 20% by weight of
      the sensitiser, calculated on the weight of the polysorbate.
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PAL  Heater for indirectly heated cathodes with a homogeneous dark colored
      insulating layer which is formed by introducing aluminum oxide, tungsten
      oxide and chromium oxide, all in powder form, into a coating bath and
      coating the heaters in a combined electrophoretic-electrolytic process by
      dipping them into the bath only once.
PAL  Advantages: simplified production (only one coating process); improved heat
      radiation; short heating time; longer service life.
BSUM
PAR  The present invention relates to a method of producing a layer of dark
      colored heat radiating insulating material for heaters of indirectly
      heated cathodes.
PAR  It is known from earlier publications, such as German Pat. No. 1,141,388,
      German Application Ser. No. 1,183,602 and German application Ser. No.
      2,230,750, that aluminum oxide which is deposited electrophoretically in a
      coating bath or by being sprayed onto the filament forms a compact, white,
      highly insulating layer. A disadvantage lies in the fact that due to the
      white color the heat radiation of the insulating layer can hardly be
      utilized for the heat transfer from the filament to the cathode sleeve
      carrying the emitting layer.
PAR  According to the above publications, the filament is generally first coated
      with an insulating layer of alumina on which a second layer is then
      deposited which consists of a mixture of alumina and a dark-coloring
      additive, preferably tungsten. This does not, however, result in a
      decisive improvement with respect to heat radiation.
PAR  Homogeneous dark coloring of the insulating layer is not suggested in those
      publications because this was obviously possible only at the expense of
      the electrical insulating properties and of the service life.
PAR  A method has been proposed wherein the heaters of indirectly heated
      cathodes can be covered with a homogeneous dark colored coating of
      insulating material without adversely affecting the electrical insulating
      properties or the service life.
PAR  In that method, the coating of the heaters is carried out in two process
      steps. First, the heaters are coated electrophoretically with aluminum
      oxide. Then, in a second step, they are homogeneously blackened by being
      dipped into an aqueous ammonium-tungstate solution.
PAR  It is the object of the present invention to provide a method of producing
      an electrically insulating coating for heaters of indirectly heated
      cathodes which is as simple as possible and wherein the advantage of the
      pure aluminum oxide regarding the electrical insulating properties is
      preserved, while the thermal properties are improved in comparison with
      the prior art known from the publications.
PAR  The invention is characterized in that aluminum-oxide powder is intimately
      mixed with tungsten-oxide powder and chromium-oxide powder, that a coating
      bath is prepared with said mixture and additions of aluminum nitrate,
      magnesium nitrate, ethanol and water, that the heaters dipped into said
      coating bath are coated electrophoretically with a porous, dark colored
      heat radiating layer of insulating material, with electrolysis taking
      place simultaneously, and that the heaters are then rinsed, in known
      manner, in a suitable liquid such as methanol, dried, and finally sintered
      in a nitrogen-hydrogen atmosphere at about 1,600.degree.C.
PAR  Regarding the thermal and mechanical properties of the layer of insulating
      material, experiments have shown that it is particularly advantageous if
      the powdery mixture consists of about 86% by weight of aluminum oxide,
      about 10% by weight of tungsten oxide, and about 4% by weight of chromium
      oxide.
PAR  The method in accordance with the invention and the heaters manufactured by
      this method have several advantages over the methods and heaters disclosed
      in the prior art. While the conventional, outwardly blackened heaters
      require two or three coating processes, in the method according to the
      invention a homogeneous dark colored, elastic coating is produced on the
      heaters in only one coating process. Insulating properties, service life
      and heat radiation are improved. The emissive power remains equally high
      for the entire service life while being reduced in the case of the
      outwardly blackened heaters because of the decomposition of the outer,
      dark colored heat radiating layer. Because of their short heating time,
      the heaters in accordance with the invention are also suitable for use in
      the so-called fast-heating cathodes.   The short heating time is due to
      the fact that, because of the homogeneous dark coloring of the insulating
      layer, the latter's heat radiation is higher throughout than in the case
      of the prior art heaters, and that the thickness of the layer can be kept
      small.
DETD
PAR  The method according to the invention will now be described in more detail.
      Finely ground aluminum-oxide powder (Al.sub.2 O.sub.3), tungsten-oxide
      powder (WO.sub.3) and chromium-oxide powder (Cr.sub.2 O.sub.3) are
      intimately mixed. With this mixture and additions of aluminum nitrate,
      magnesium nitrate, ethanol and water, a coating bath of green color is
      prepared. The heaters dipped into this bath are covered with insulating
      compound by an electrophoretic process. This insulating compound consists
      of the insulating material aluminum oxide, the high-melting metal
      tungsten, and an addition of chromium which is of importance during the
      sintering of the insulating layer. Through an electrolytic process which
      takes place simultaneously with the electrophoretic process and during
      which hydrogen is formed at the cathode, the insulating layer becomes
      porous whereby the heat-radiating surface of the heaters is enlarged.
      Following the coating process, the heaters are freed from loosely adhering
      aluminum oxide by being dipped into a suitable liquid such as methanol.
      The heaters are then dried and finally sintered at about 1,600.degree.C in
      a nitrogen-hydrogen atmosphere. This results in a highly insulating
      greyish black mixed crystal. During sintering, the aluminum oxide tends to
      become sandy. By the addition of chromium it is precipitation-hardened and
      given a definite elasticity.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a dark colored heat radiating layer of insulating
      material for heaters of indirectly heated cathodes, characterized in that
      aluminum-oxide powder is intimately mixed with tungsten-oxide powder and
      chromium-oxide powder, that a coating bath is prepared with said mixture
      and additions of aluminum nitrate, magnesium nitrate, ethanol and water,
      that the heaters dipped into said coating bath are coated
      electrophoretically with a porous, dark colored heat radiating layer of
      insulating material, with electrolysis taking place simultaneously, and
      that the heaters are then rinsed, in known manner, in a suitable liquid
      such as methanol, dried, and finally sintered in a nitrogen-hydrogen
      atmosphere at about 1,600.degree.C.
NUM  2.
PAR  2. The method according to claim 1, characterized in that the powdery
      mixture consists of about 86% by weight of aluminum oxide, about 10% by
      weight of tungsten oxide, and about 4% by weight of chromium oxide.
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ABST
PAL  A method for curing a coating film wherein a filmforming, polymerizable,
      organic coating material is electrodeposited upon an electroconductive
      object as an anode immersed in an aqueous dispersion of an acidic alkyd
      resin modified with conjugated unsaturated fatty acid and/or oil, wherein
      the acidic alkyd resin has an oil length in the range of 10 to 60 wt % and
      a resin acid value in the range of 30 to 100, being neutralized with water
      soluble bases, and then the curing coating film thus obtained by applying
      ionizing radiation.
BSUM
PAR  This invention relates to a method of curing a coating film, and more
      particularly to a method of curing a coating film wherein a film-forming,
      polymerizable, organic coating material is electrodeposited upon an
      electroconductive object immersed in an aqueous dispersion and the coating
      film thus obtained is cured by applying ionizing radiation.
PAR  In ordinary method of curing the electrophoretic coating films, baking in a
      heating oven is generally used, and it takes relatively long curing time.
      When the coating film is cured at a room temperature, a very long time is
      required to obtain a desirable hardness. These curing methods have the
      disadvantages that a long curing time and a large floor space for the
      coating process are required.
PAR  Recently, it is known that a tough coating film can be obtained from a
      composition of resin containing polymerizable groups and polymerizable
      liquid monomer by applying ionizing radiation to excite the monomer to
      radically polymerize and to form cross-linking structure by combining with
      the resin molecule. However, such composition is not suitable for the
      electrophoretic coating method, and it is generally accepted that the
      curing of the coating film obtained from an aqueous composition by
      applying ionizing radiation is impossible. In the radical polymerization
      of curing by applying ionizing radiation, it has been the problem that the
      polymerization type of the surface of the coating film is inhibited by the
      oxygen in air.
PAR  The above-mentioned defects are resolved, and a novel method of curing has
      been invented, in which an aqueous dispersed composition is applied on the
      surface of an electroconductive object by the electrophoretic coating
      method, and then electro-deposited coating is applied by ionizing
      radiation, especially a high power electron beam, to cure the coated film.
PAR  In this invention, an alkyd resin modified with conjugated unsaturated
      fatty acid and/or conjugated unsaturated oil and having resin acid value
      of 30 to 100, is neutralized by nitrogen containing bases, inorganic
      alkalis or their salts, or their mixtures in the range of 0.7 to 1.2
      stoichiometrical equivalents to the carboxyl groups of the resin, and then
      the resulting product is dispersed in water to obtain an aqueous dispersed
      composition. Said composition is applied on the surface of an
      electroconductive object by the electrophoretic coating method, and the
      electrodeposited coating is cured by ionizing radiation.
PAR  The alkyd resin having an acid value in the range of 30 to 100 can be
      produced by the known method. The conjugated unsaturated fatty acid and/or
      conjugated unsaturated oil such as tung oil, tung oil fatty acid, oiticica
      oil, oiticica oil fatty acid, dehydrated castor oil, dehydrated castor oil
      fatty acid, conjugated safflower oil, conjugated safflower oil fatty acid
      and highly conjugated linoleic acid is an essential component of the alkyd
      resin.
PAR  Without using said unsaturated material, the hardness of the cured film
      cannot be expected by applying ionizing radiation. Non-conjugated
      unsaturated fatty acid or non-conjugated unsaturated oil cannot be
      polymerized or hardly be polymerized by applying ionizing radiation. This
      fact is similar to the cases of thermal polymerization reaction and
      oxidation polymerization reaction.
PAR  Further, when said conjugated unsaturated fatty acid or conjugated
      unsaturated oil is compared with an .alpha.,.beta.-ethylenically
      unsaturated compound such as maleic anhydride as the hardening components,
      the former acts as an internal plasticizer as well as a hardening agent
      and gives elasticity to the coating film, and the curing is promoted by
      the existence of oxygen in air while the latter is inhibited from the
      curing by oxygen in air. Furthermore, thermal polymerization reaction of
      the former has not taken place as compared with that of the latter, and
      accordingly, the production of the resin from the former material is
      easier.
PAR  As aforementioned, said conjugated unsaturated fatty acid and/or conjugated
      unsaturated oil perform an important role as a hardening component and is
      to be contained in the resin in the range of 10 wt% to 60 wt%. If it is
      less than said amount, the coating film cannot be cured by applying
      ionizing radiation.
PAR  In this invention, non-conjugated unsaturated fatty acid or oil is also
      used. In this case, the non-conjugated unsaturated fatty acid or oil must
      be used as a mixture with a conjugated unsaturated fatty acid or oil, and
      the mixing ratio of said conjugated unsaturated fatty acid and
      non-conjugated unsaturated fatty acid is an important factor to the
      hardening reaction. The conjugated unsaturated fatty acid in the amount of
      30 wt% or more (against the total weight of fatty acid component) is
      necessary, otherwise substantial curing cannot be expected by applying
      ionizing radiation.
PAR  The alkyd resin is obtained by esterifying the polyalcoholic components
      with organic acid components. As the alcoholic components, for example,
      ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol,
      trimethylolethane, trimethylolpropane, pentaerythritol and neopentyl
      glycol are used. As the acid components, for example, phthalic anhydride,
      hexahydrophthalic anhydride, tetrahydrophthalic anhydride, isophthalic
      anhydride, trimellitic anhydride, acid, adipic acid, maleic anhydride,
      itaconic anhydride, linseed oil fatty acid and soybean oil fatty acid are
      used. Said alkyd resin, modified with conjugated unsaturated fatty acid
      and/or conjugated unsaturated oil, having an acid value in the range of 30
      to 100 is prepared according to the usual preparation of the ordinary
      water dispersed alkyd resin for electrophoretic coating except that
      conjugated unsaturated fatty acid and/or conjugated unsaturated oil are
      used and the resin acid value is adjusted into the range from 30 to 100.
      When the resin acid value is less than 30, water dispersibility becomes
      worse and when the resin acid value is more than 100, the property of the
      coating film becomes worse.
PAR  The carboxyl groups of the alkyd resin thus obtained are neutralized with
      water soluble bases. As the water soluble bases, for example, water
      soluble amino compounds, inorganic alkali compounds and alkaline salts are
      used. As the water soluble amino compounds, alkylamines such as
      diethylamine, triethylamine and trimethylamine, and alkanolamines such as
      monoethanolamine, diethanolamine, triethanolamine, diisopropanolamine,
      dimethylaminoethanol and diethylaminoethanol are used. As inorganic
      alkalis, aqueous ammonia, sodium hydroxide and potassium hydroxide are
      used, and as alkaline salts, ammonium carbonate, sodium carbonate and
      potassium carbonate are used. Each base can be used either in single or in
      a mixture of two or more. The aqueous dispersion can be obtained by
      neutralizing the carboxyl groups in the alkyd resin with 0.7 to 1.2
      stoichiometrical equivalents of the water soluble bases. In the step of
      dispersing in water, hydrophilic solvent may be used, if necessary. As
      this hydrophilic solvent, for example, n-butanol, isopropanol, benzyl
      alcohol, diacetone alcohol, ethylene glycol monoalkyl ether and
      methyl-2-methyl-2-methoxypropyl ketone are used.
PAR  The electrophoretic coating method of this invention is the same as the
      ordinary one. For example, the aqueous dispersed composition is charged
      into the bath. The bath may be used as a cathode, or an electroconductive
      object is immersed as a cathode in the composition. The electroconductive
      object to be coated is immersed into an aqueous dispersed composition and
      said object may be used as an anode. Then an electric current is passed
      between both electrodes to effect sufficient deposition of
      electrodeposited film upon said anode.
PAR  Thus, an insoluble coating can be electrodeposited on the surface of said
      anode by the electrochemical reaction. As the temperature and the voltage
      in the bath may be changed in the process of electrophoretic method, an
      ion-exchange membrane may be used in an apparatus for performing the
      process of said method to keep a suitable aqueous dispersed composition.
PAR  The ionizing radiations as used in the method of this invention are proton
      beam, alpha-ray, beta-ray, gamma-ray, accelerated electron beam, X-ray,
      etc., in which said accelerated electron beam, beta-ray and gamma-ray are
      preferable. As the sources of these radiations, several electron
      accelerators, strontium 90, cobalt 60 and cesium 137 are used.
PAR  In general, the coating film obtained from aqueous dispersed compositions
      cannot be cured by applying ionizing radiation. However, the coating film
      which is obtained by using an aqueous dispersed composition of the alkyd
      resin in this invention and electrodeposition can be cured by applying
      ionizing radiation. Furthermore, the coating film electrodeposited in this
      invention can be cured in a moment by applying ionizing radiation because
      the water content of the coating film which is electrodeposited by the
      electrophoretic method is small, and in addition, the small quantity of
      water does not inhibit the radical polymerization reaction and a very
      small amount of amine in the coating film acts as a promoter. Accordingly,
      the method of this invention is exceedingly advantageous as compared with
      the ordinary method.
PAR  The temperature of the object to be coated when ionizing radiation is
      applied is not particularly specified, however, a temperature in the range
      of 50.degree. to -5.degree.C is substantially preferable. The period of
      time the ionizing radiation is to be applied is different according to the
      strength of the radiation, and generally known period of radiation time is
      efficient within the range of several seconds to several minutes. When a
      high-powered electron accelerator is used in applying ionizing radiation,
      the coating film can be cured in a few seconds, which can be
      advantageously adopted in a high speed continuous production process. The
      dose rate can be varied in accordance with the condition of radiation. The
      dose of the radiation is in the range of 0.1 to 40 M rad, preferably 0.5
      to 20 M rad.
PAR  Before the curing of the coating film by applying ionizing radiation, or
      while applying the radiation, or after the application of the radiation,
      heating by hot air or by an infrared lamp can be done without any
      disadvantages, and in some cases, the heating is preferable in the curing
      process.
PAR  In the method of this invention, the thickness of the coating film can be
      made uniform and that the coating film of a desired thickness can be
      obtained. Further, the film can be cured completely in a very short period
      of time by applying ionizing radiation, and the obtained coating film is
      superior in its property. In a high speed coating process such as coil
      coating, the electrophoretic coating have advantages as compared with the
      ordinary method using a roll coating. Further, as to the curing of the
      coating film, a large floor space is required when a stove for baking is
      used as in the ordinary method, however in accordance with the curing
      method of this invention, only a small floor space is necessary for the
      curing equipment as the curing time is very short. Therefore, the method
      of this invention is very advantageous for the industrial process of high
      speed coating.
PAR  The folllowing examples are offered for the purpose of illustration of the
      invention and are not intended as limiting.
PAR  In each example, all parts or percents are by weight unless otherwise
      specified.
DETD
PAC  EXAMPLE 1
PAR  Into a sealed reaction vessel which is provided with a thermometer, an
      agitator, an inlet pipe for inert gas and a water separator, a mixture
      consisting of the following ingredients was charged.
TBL  ______________________________________                                    
     Phthalic anhydride   377 parts                                            
     Pentaerythritol      69 parts                                             
     Trimethylolethane    241 parts                                            
     Linoleic acid, highly conjugated (Trade name                              
     HIGHDIENE, made by Soken Kagaku Kabushiki                                 
     Kaisha, Japan; neutralization value 200 and                               
     iodine value 175)    343 parts                                            
     p-tert-butyl benzoate                                                     
                          44 parts                                             
     Xylene, as an azeotrope forming solvent                                   
     (mixture of 30% o-xylene, 30% m-xylene and                                
     40% p-xylene)        60 parts                                             
     ______________________________________                                    
PAR  The mixture of the above ingredients was esterified by the conventional
      method of preparing alkyd resin by heating upto 220.degree.C under
      nitrogen atomosphere and agitation for 5 hours and maintaining said
      temperature until the resin acid value to 15. Then the reaction product
      was cooled to 170.degree.C and 102 parts of phthalic anhydride was added.
      The temperature of the contents was kept at 150.degree.C and was
      half-esterified a further one and a half hours with agitation.
PAR  The acid value of the obtained half-esterified product was 54. The reaction
      product was diluted with 440 parts of ethylene glycol monobutyl ether and
      110 parts of butanol, and was neutralized by an addition of 87 parts of
      dimethylaminoethanol (0.9 equivalent to the carboxyl groups in the said
      product). 1013 parts of water was added to obtain an aqueous dispersed
      alkyd resin varnish of 40% concentration.
PAR  Into 325 parts of the above resin varnish, 1.3 parts of 60% cobalt
      naphthenate in toluene solution was added and mixed well, and a further
      675 parts of water was added with agitaiion to obtain an aqueous dispersed
      composition having 13% of nonvolatiles.
PAR  Using zinc galvanized iron sheet of 0.27 mm in thickness as an anode (anode
      area: 100 cm.sup.2) and polished steel plate as a cathode (cathode area:
      100 cm.sup.2), electrophoretic coating was carried out for each ten
      seconds in a bath of the above-mentioned composition at 40.degree.C, while
      the electric voltage was changed. The electrodeposited plate was rinsed
      with water, and was cured by baking for 30 minutes at 150.degree.C. The
      result is shown in the following Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Number       1        2        3      4                                   
     ______________________________________                                    
     Voltage applied (V)                                                       
                  40       50       60     70                                  
     Weight of coating                                                         
      (mg/100 cm.sup.2)                                                        
                  25.8     29.3     56.9   136.6                               
      ...(Note 1)                                                              
     Thickness of coating                                                      
      (micron)    2.7      3.1      6.0    14.3                                
     ______________________________________                                    
PAR  Note 1: Weight of coating after the baking for 30 minutes at 150.degree.C.
PAR  Another test plate was applied with coating by electrophoretic method in
      accordance with the above test No. 3.
PAR  After water rinse and air blowing, the coating film was caused to cure by a
      transformer type electron accelerator with a radiation of electron beam of
      300 KV in acceleration energy, 25 mA in electric current and 3 M rad in
      total dose.
PAR  The above-mentioned result is shown in Table 2 together with two results
      not using an electron beam, one of which is cured at room temperature and
      the other is cured by baking at 100.degree.C for 5 minutes.
TBL                Table 2                                                     
     ______________________________________                                    
     Curing         Without   3 M rad   Baked at                               
                    electron  electron  100.degree.C                           
     Tests          beam      beam      for 5 min.                             
     ______________________________________                                    
     Pencil scratch test                                                       
                    HB        2H        H                                      
     (Note 2)                                                                  
     Impact resistance                                                         
                    good      Excellent good                                   
     (Note 3)                                                                  
     Erichsen resistance                                                       
                    slightly  Excellent good                                   
     (Note 4)       peeled off                                                 
     Solvent resistance                                                        
                    60        More than 90                                     
     (Note 5)                 100                                              
     Salt-spray resistance                                                     
                    bad       Less than 3 mm                                   
     (Note 6)                 1 mm                                             
     ______________________________________                                    
PAR  Note 2: According to JIS (Japanese Industrial Standard) K 5652 (5.15)
      (1957), Method of testing pecil scratch value.
PAR  Note 3: Used Du Pont impact tester. The diameter of the impact core was a
      half an inch. Cracked or peeled off portions of the coatings were observed
      after 1 kg weight was dropped from 50 cm height.
PAR  Note 4: Tested according to JIS B 7777 (1952), Erichsen film test method.
      Test plate was pushed out from Erichsen film tester in 6 mm, Scotch tape
      was attached to the pushed out portion and then the tape was peeled off to
      the 180.degree.counter direction. Then cracked or peeled off portions of
      the coating were observed.
PAR  Note 5: The surface of the coating was rubbed with xylene soaked gauze
      until the ground metal became visible. The number of rubbing was counted.
PAR  Note 6: Tested according to JIS Z 2371 (1955). The test panel was given
      cross cut and exposed to the salt-spray. After 72 hours' duration,
      blisters, rust and other defects of the coating at the cuts were observed.
PAR  As will be understood from Table 2, the coating which was applied by
      electrophoretic method and cured by electron beam, was superior in its
      property.
PAC  EXAMPLE 2
PAR  The following ingredients were charged into a reaction vessel as used in
      Example 1.
TBL  ______________________________________                                    
     Example 2                                                                 
     The following ingredients were charged into a reaction                    
     vessel as used in Example 1.                                              
     Phthalic anhydride         384 parts                                      
     Pentaerythritol            115 parts                                      
     Trimethylolethane          233 parts                                      
     Tung oil fatty acid        288 parts                                      
     p-tert-butyl benzoate      49 parts                                       
     Sodium carbonate (Na.sub.2 CO.sub.3, chemically pure                      
     reagent first grade)       5 parts                                        
     Xylene, as azeotrope forming solvent                                      
                                50 parts                                       
     ______________________________________                                    
PAR  Under nitrogen atmosphere, the mixture was heated upto 200.degree.C with
      agitation and further reacted for 8 hours until the acid value dropped 14.
      The temperature of the reaction product was cooled to 110.degree.C, and
      then 96 parts of maleic anhydride and 0.6 part of hydroquinone were added
      and was further half-esterified for 1 hour at 110.degree.C with agitation.
PAR  The resin acid value of the obtained half-esterified product was about 65.
      The reaction product was diluted by adding 550 parts of ethylene glycol
      monobutyl ether and 110 parts of butanol, and was then neutralized by
      adding 107 parts of diethanolamine (0.8 equivalent to the carboxyl groups
      in the said product). 883 parts of water was added into the product to
      obtain a 40% aqueous dispersed alkyd resin composition.
PAR  An amount of 625 parts of the above resin composition was added with 2.5
      parts of 60% toluene solution of cobalt naphthenate and mixed well, and
      thereafter 375 parts of water was added with agitation to obtain a
      composition with 25% non-volatiles. 50 parts of ferric oxide pigment was
      added and dispersed by a ball mill for 20 hours, thus obtaining an aqueous
      dispersed enamel. Into 526 parts of the above enamel, 474 parts of water
      was added gradually with agitation and an aqueous dispersed composition
      with 15% non-volatiles was obtained.
PAR  Electrophoretic coating was carried out using the above-mentioned
      composition, in which the temperature of the bath was 35.degree.C, a
      surface treated steel plate of 0.8 mm in thickness (anode area 100
      cm.sup.2) was used as the anode, a polished steel plate (cathode area 100
      cm.sup.2) was used as the cathode, supplied electric voltage was 70 volts
      and the time of coating was 15 seconds. The obtained coating film was 13
      microns in thickness after being dried.
PAR  Several test plates were applied with coatings in accordance with the above
      method, and a first group was coated a further 20 microns of electron beam
      curing type unsaturated polyester white enamel film and was not applied
      with the electron beam radiation. A second group of test plates was
      treated with 3 M rad radiation of electron beam in the same conditions as
      those in Example 1 and thereafter 20 microns in thickness of the above
      unsaturated polyester white enamel film were applied. These two kinds of
      the test plates were then treated with 6 M rad electron beam radiation
      under the same conditions as in Example 1, and the resultant properties of
      the coatings are shown in the following Table 3. For comparison, the
      properties of coatings of the above two kinds of plates which were coated
      with electrophoretic coating only, and further of the two kinds of plates
      which were coated with further 20 microns film of the following mixture
      and left for 8 hours in a constant temperature room at 20.degree.C, are
      also shown in the following Table 3. Said mixture was prepared by adding 1
      part of 60% dibutyl phthalate solution of methylethyl ketone peroxide as
      polymerization initiator, into 100 parts of said unsaturated polyester
      white enamel for metals, and mixed well, and thereafter 0.5 part of a 60%
      toluene solution of cobalt naphthenate was added thereto.
PAC  Table 3
PAR  Note 1: The same as the Note 2 in Example 1.
PAR  Note 2: The same as the Note 3 in Example 1 except that 500 g weight was
      dropped from 30 cm height.
PAR  Note 3: A checker pattern consisting of 100 1 mm squares was made by a
      knife blade, in which each cut was to reach the surface of the base metal.
      Then a self-adhesive tape was attached onto the surface of the coating and
      the tape was then peeled off to the 180.degree. counter direction.
PAR  Note 4: The same as the Note 6 in Example 1.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Electrophoretic coating                                                   
                     Not applied with electron beam                            
                                       Applied 3 M rad electron                
     __________________________________________________________________________
                                       beam                                    
        Top coating        Cured with                                          
                                 Cured with  Cured with                        
                                                   Cured with                  
                           polymeri-                                           
                                 6 M rad     polymeri-                         
                                                   6 M rad                     
                           zation                                              
                                 electron    zation                            
                                                   electron                    
     Test            None  initiator                                           
                                 beam  None  initiator                         
                                                   beam                        
     __________________________________________________________________________
     Pencil scratch test (Note 1)                                              
                     B     B     H     F     HB - F                            
                                                   2H                          
     Impact resistance (Note 2)                                                
                     Good  Good  Excellent                                     
                                       Good  Good  Excellent                   
     Adhesion resistance (Note 3)                                              
                     Slightly                                                  
                           Slightly                                            
                                 Good  Good  Good  Excellent                   
                     peeled off                                                
                           peeled off                                          
     Salt-spray resistance                                                     
                     Bad   Bad   Less than                                     
                                       Less than                               
                                             Gloss Less than                   
     (Note 4)                    1 mm  1 mm  reduced                           
                                                   1 mm                        
                                             slightly                          
     __________________________________________________________________________
PAR  The results obtained from the electrophoretic coating cured by electron
      beam were superior in respect of the impact test, the adhesion test and
      the anti-corrosiveness, as will be understood from Table 3.
PAC  EXAMPLE 3
PAR  The following ingredients were charged into the same reaction vessel as in
      Example 1.
TBL  ______________________________________                                    
     Phthalic anhydride         282 parts                                      
     Pentaerythritol            32 parts                                       
     Trimethylolethane          264 parts                                      
     Isomerized linseed oil fatty acid (conjugated)                            
     fatty acid content 30%, neutralization value                              
     201 and iodine value 135)  400 parts                                      
     Xylene, as azeotrope forming solvent (the same                            
     as in Example 1)           50 parts                                       
     ______________________________________                                    
PAR  Under nitrogen atmosphere, the mixture was heated upto 180.degree.C and
      reacted for 1 hour at this temperature. The temperature of the above was
      raised to 200.degree.C and further reacted for 1 hour. Into the above
      reaction product, 91 parts of trimellitic anhydride was added and further
      reacted for 4 hours at 210.degree.C until the resin acid value dropped 55.
      The reaction product was cooled to 180.degree.C and was diluted with 400
      parts of diacetone alcohol and 100 parts of butanol, and then neutralized
      by adding 102 parts of diethanol amine (1.0 equivalent to the carboxyl
      groups in the said product). The above product was further added with 898
      parts of water to obtain 40% aqueous dispersed alkyd resin varnish.
PAR  Into 750 parts of the above resin varnish, 3.0 parts of 50% toluene
      solution of cobalt octinate was added with agitation and a further 1250
      parts of water was added and mixed well to obtain an aqueous dispersed
      composition with 15% non-volatiles.
PAR  Electrophoretic coating was carried out using the abovementioned
      composition, in which the temperature of the bath was 30.degree.C, a
      polished steel plate of 0.8 mm in thickness was used as the anode (anode
      area 200 cm.sup.2), also a polished steel plate of 0.8 mm in thickness was
      used as the cathode (cathode area 200 cm.sup.2), supplied electric voltage
      was 70 volts and the time of coating was 60 seconds. The obtained coating
      film was 20 microns in thickness after dried.
PAR  5 M rad electron 4 radiation under the same conditions of Example 1 was
      applied to the thus coated test plates and then the test plates were
      subjected to pencil scratch test and gel fraction measurement, the results
      of which are shown in Table 4. For comparison, the test results of the
      plates which were not applied with electron beam radiation and of the
      plates which were baked at 100.degree.C for 5 minutes, are shown together.
TBL                Table 4                                                     
     ______________________________________                                    
          Curing      Without   5 M rad Baked at 100.degree.C                  
     Test             radiation radiation                                      
                                        for 5 min.                             
     ______________________________________                                    
     Pencil scratch test                                                       
                  6B        B - HB    2B                                       
     (Note 1)                                                                  
     Gel fraction (%)                                                          
                  4.8       72.1      57.6                                     
     (Note 2)                                                                  
     ______________________________________                                    
PAR  Note 1: The same as the Note 2 in Example 1.
PAR  Note 2: The coating was scraped off from the test plate, and the scraped
      coating film was wrapped by a stainless steel wire net of 300 mesh and was
      extracted by acetone in a Soxhlet's extractor for 20 hours and dried at
      110.degree.C, then finally weighed. Gel fraction was calculated according
      to the following formula.
      ##EQU1##
PAR  The relative degree of cross linkage can be known by this gel fraction.
PAC  EXAMPLE 4
PAR  The following ingredients were charged into the same reaction vessel as
      used in Example 1.
TBL  ______________________________________                                    
     Phthalic anhydride       377 parts                                        
     Pentaerythritol           69 parts                                        
     Trimethylolethane        241 parts                                        
     Highly conjugated linoleic acid                                           
                              343 parts                                        
     p-tert-butyl benzoate     44 parts                                        
     Xylene, as azeotrope forming solvent                                      
                               60 parts                                        
     ______________________________________                                    
PAR  Under nitrogen atomosphere, the temperature of mixture was raised to
      220.degree.C with agitation, and the mixture was reacted for 5 hours until
      the resin acid value dropped 15. Thereafter, the temperature of the
      reaction product was cooled to 170.degree.C and 56 parts of phthalic
      anhydride was added, and the reaction product was half-esterified further
      at 150.degree.C for one and a half hour with agitation.
PAR  The acid value of obtained half-esterified product was about 35. The
      reaction product was diluted with 528 parts of diacetone alcohol and 106
      parts of butanol, and then neutralized by adding with 84 parts of
      diethanolamine (1.2 equivalent of the carboxyl groups in the said
      product). Thereafter 866 parts of deionized water was added to obtain 40%
      aqueous dispersed alkyd resin composition.
PAR  An aqueous dispersed composition with 13% non-volatile was obtained by
      adding 1350 parts of deionized water gradually into 650 parts of the above
      resin composition.
PAR  Electrophoretic coating was carried out using said composition, in which
      the temperature of bath was 35.degree.C, a polished steel plate of 0.8 mm
      in thickness was used as the anode (anode area 200 cm.sup.2), the same
      plate was also used as the cathode (cathode area 200 cm.sup.2), supplied
      electric voltage was 80 volts and the time of coating was 10 seconds. The
      dried thickness of thus formed coating was 15 microns.
PAR  To the thus formed coating film was applied 5 M rad of electron beam
      radiation in the same conditions as in Example 1 and, thereafter the
      coating film was subjected to pencil scratch test and gel fraction
      measurement, the results of which are shown in Table 4. For comparison,
      the test results of the coating without the curing of electron beam and of
      the coating baked at 100.degree.C for 5 minutes in a hot blast stove are
      shown together.
TBL                Table 4                                                     
     ______________________________________                                    
          Curing      Without   5 M rad Baked at 100.degree.C                  
     Test             radiation radiation                                      
                                        for 5 min.                             
     ______________________________________                                    
     Pencil scratch test                                                       
                  B         H - 2H    HB                                       
     (Note 1)                                                                  
     Gel fraction (%)                                                          
                  4.0       68.9      49.7                                     
     (Note 2)                                                                  
     ______________________________________                                    
PAR  Note 1: The same as the Note 2 in Example 1
PAR  Note 2: The same as the Note 2 in Example 3.
PAC  EXAMPLE 5
PAR  The following ingredients were charged into the same reaction vessel as
      used in Example 1.
TBL  ______________________________________                                    
     Phthalic anhydride       377 parts                                        
     Pentaerythritol           69 parts                                        
     Trimethylolethane        241 parts                                        
     Highly conjugated linoleic acid                                           
                              343 parts                                        
     p-tert-butyl benzoate     44 parts                                        
     Xylene, as azeotrope forming solvent                                      
                               60 parts                                        
     ______________________________________                                    
PAR  Under nitrogen atmosphere, the mixture was heated to 220.degree.C with
      agitation, and was reacted for 5 hours until the resin acid value dropped
      15. Thereafter, the reaction product was cooled to 170.degree.C and 322
      parts of tetrahydrophthalic anhydride added, and further was
      half-esterified at 160.degree.C for one and a half hour with agitation.
PAR  The obtained half-esterified product was about 93 in the acid value. The
      reaction product was diluted with 661 parts of ethylene glycol monobutyl
      ether and 132 parts of butanol. Into the above diluted product, 1190 parts
      of alkaline solution made from 86 parts of potassium hydroxide (chemically
      pure reagent, first grade) and 1104 parts of deionized water, was added.
      An aqueous dispersed alkyd resin composition of 40% resin concentration
      was obtained. The neutralization equivalent in this case was 0.7.
PAR  Into 650 parts of the above alkyd resin composition, 1350 parts of
      deionized water was added gradually with agitation to obtain an aqueous
      dispersed composition with 13% non-volatiles.
PAR  Electrophoretic coating was carried out using the above-mentioned
      composition, in which the temperature of the bath was 30.degree.C, a
      polished steel plate of 0.8 mm in thickness was used as the anode (anode
      area 200 cm.sup.2), the same plate was also used as the cathode (cathode
      area 200 cm.sup.2), supplied electric voltage was 80 volts, and the time
      of coating was 8 seconds. The dried thickness of the coating film was 16
      microns.
PAR  To this coating film was applied 6 M rad electron beam radiation and
      subjected to pencil scratch test and gel fraction measurement, the results
      of which are shown in Table 5.
PAR  For comparison, the test results of the coating without the curing of
      electron beam and the coating baked at 100.degree.C for 5 minutes in a hot
      blast stove, are shown in the same table.
TBL                Table 5                                                     
     ______________________________________                                    
          Curing      Without   5 M rad Baked at 100.degree.C                  
     Test             radiation radiation                                      
                                        for 5 min.                             
     ______________________________________                                    
     Pencil scratch test                                                       
                  B         H - 2H    HB - H                                   
     Gel fraction (%)                                                          
                  5.1       70.3      48.9                                     
     (Note 2)                                                                  
     ______________________________________                                    
PAR  Note 1: The same as the Note 2 in Example 1.
PAR  Note 2: The same as the Note 2 in Example 3.
PAR  As shown in the Examples 1 to 5 inclusive, the coating film of the present
      invention which was applied by electrophoretic coating method can be cured
      in a short period of time, and the properties of the obtained coating are
      superior.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for curing a coating film upon a coated electroconductive
      object comprising in combination the steps of:
PA1  a. immersing said object in an electrophoretic bath comprising an aqueous
      dispersed composition characterized in that said composition is both
      electrodepositable as an adherent film upon an anode immersed therein and
      polymerizable thereon by applying ionizing radiation, said aqueous
      dispersed composition comprising an aqueous dispersion of an acidic
      film-forming binder, and said acidic film-forming binder being a
      conjugated unsaturated fatty acid, conjugated unsaturated oil or mixture
      thereof modified alkyd resin having an oil length in the range of 10-60
      weight percent and a resin acid value in the range of 30-100, the
      carboxylic groups of said modified alkyd resin being neutralized with at
      least one water-soluble base selected from amino compounds, inorganic
      alkali compounds and alkaline salts, in the range of 0.7 to 1.2
      stoichiometrical equivalents of the carboxyl groups of said modified alkyd
      resin,
PA1  b. providing a direct current through said bath sufficient to effect
      deposition of a film of said composition upon said object as an anode by
      providing a difference of electrical potential between said anode and
      other electrode,
PA1  c. transferring the resultant coated object from said bath containing said
      composition into an irradiation zone, and
PA1  d. applying to the electrodeposited film upon said object, a 0.1-40 M rad
      dose of ionizing radiation until said film is cured by polymerization.
NUM  2.
PAR  2. A method for curing a coating film upon a coated electroconductive
      object as claimed in claim 1, in which said conjugated unsaturated fatty
      acid or conjugated unsaturated oil is at least one material selected from
      the group consisting of tung oil, tung oil fatty acid, oiticica oil,
      oiticica oil fatty acid, dehydrated castor oil, dehydrated castor oil
      fatty acid, conjugated safflower oil, conjugated safflower oil fatty acid
      and highly conjugated linoleic acid.
NUM  3.
PAR  3. A method for curing a coating film upon a coated electroconductive
      object as claimed in claim 1, in which said water soluble base is at least
      one compound selected from the group consisting of alkylamines
      alkanolamines inorganic alkali compounds and alkaline salts.
NUM  4.
PAR  4. A method for curing a coating film upon a coated electroconductive
      object as claimed in claim 3 in which said alkylamine is diethylamine,
      triethylamine or trimethylamine; said alkanolamine is monoethanolamine,
      diethanolamine, triethanolamine, diisopropanolamine, dimethylaminoethanol
      or diethylaminoethanol; said inorganic alkali compound is aqueous ammonia,
      sodium hydroxide or potassium hydroxide; and in which said alkaline salt
      is ammonium carbonate, sodium carbonate or potassium carbonate.
NUM  5.
PAR  5. A method for curing a coating film upon a coated electroconductive
      object as claimed in claim 1, in which said ionizing radiation is selected
      from proton beam, alpha-ray, beta-ray, gamma-ray, electron beam and X-ray.
NUM  6.
PAR  6. A method for curing a coating film upon a coated electroconductive
      object as claimed in claim 5 in which the dose of the radiation is 0.5-20
      M rad.
NUM  7.
PAR  7. A method for curing a coating film upon a coated electroconductive
      object as claimed in claim 1 wherein said modified alkyd resin is of
      ingredients consisting of phthalic anhydride, pentaerythritol,
      trimethanolethane, highly conjugated linoleic acid and p-tert-butyl
      benzoate, and wherein said water-soluble base is dimethylaminoethanol.
NUM  8.
PAR  8. A method for curing a coating film upon a coated electroconductive
      object as claimed in claim 1 wherein said modified alkyd resin is of
      ingredients consisting of phthalic anhydride, pentaerythritol,
      trimethanolethane, highly conjugated linoleic acid and p-tert-butyl
      benzoate, and wherein said water-soluble base is diethanolamine or
      potassium hydroxide.
NUM  9.
PAR  9. A method for curing a coating film upon a coated electroconductive
      object as claimed in claim 1 in which said modified alkyd resin is of
      ingredients consisting of phthalic anhydride, pentaerythritol,
      trimethanolethane, tung oil fatty acid and p-tert-butyl benzoate, and in
      which said water-soluble base is sodium hydroxide and diethanolamine.
NUM  10.
PAR  10. A method for curing a coating film upon a coated electroconductive
      object as claimed in claim 1 in which said modified alkyd resin is of
      ingredients consisting of phthalic anhydride, pentaerythritol,
      trimethanolethane, isomerized linseed oil and p-tert-butyl benzoate, and
      in which said water-soluble base is diethanolamine.
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ABST
PAL  The performance of a hydrocarbon conversion process using a trimetallic
      acidic catalytic composite, comprising a combination of catalytically
      effective amounts of a platinum or palladium component, an iridium
      component, a germanium component, and a halogen component with a porous
      carrier material, is improved by sulfiding the catalytic component, prior
      to any contact with hydrocarbon, so that about 0.05 to 0.5 wt. % of sulfur
      is incorporated therein, thereby diminishing undesired exothermic
      hydrocracking and demethylation during initial operation of the process.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my prior, copending
      application Ser. No. 365,782 filed May 31, 1973, now patent no. 3,839,193,
      which in turn in a continuation-in-part of my prior, now abandoned,
      application Ser. No. 27,457 filed April 10, 1970. All of the teachings of
      these prior applications are incorporated herein by reference.
BSUM
PAR  The subject of the present invention is a novel acidic sulfided trimetallic
      catalytic composite which has exceptional activity and resistance to
      deactivation when employed in a hydrocarbon conversion process that
      requires a catalyst having both a hydrogenation-dehydrogenation function
      and a cracking function. More precisely, the present invention involves a
      novel dual-function, acidic, trimetallic, and sulfided catalytic composite
      which, quite surprisingly, enables substantial improvements in hydrocarbon
      conversion processes that have traditionally used a dual-function
      catalyst. In another aspect, the present invention comprehends the
      improved processes that are produced by the use of a sulfided catalytic
      composite comprising a combination of catalytically effective amounts of a
      platinum or palladium component, an iridium component, a germanium
      component, and a halogen component with a porous carrier material;
      specifically, an improved reforming process which utilizes the subject
      catalyst to improvde activity, selectivity, and stability characteristics.
PAR  Composites having a hydrogenation-dehydrogenation function and a cracking
      function are widely used today as catalysts in many industries, such as
      the petroleum and petrochemical industry, to accelerate a wide spectrum of
      hydrocarbon conversion reactions. Generally, the cracking function is
      thought to be associated with an acid-acting material of the porous,
      adsorptive, refractory oxide type which is typically utilized as the
      support or carrier for a heavy metal component such as the metals or
      compounds of metals of Groups V through VIII of the Periodic Table to
      which are generally attributed the hydrogenation-dehydrogenation function.
PAR  These catalytic composites are used to accelerate a wide variety of
      hydrocarbon conversion reactions such as hydrocracking, isomerization,
      dehydrogenation, hydrogenation, desulfurization, cyclization, alkylation,
      polymerization, cracking, hydroisomerization, etc. In many cases, the
      commercial applications of these catalysts are in processes where more
      than one of these reactions are proceeding simultaneously. An example of
      this type of process is reforming wherein a hydrocarbon feed stream
      containing paraffins and naphthenes is subjected to conditions which
      promote dehydrogenation of naphthenes to aromatics, dehydrocyclization of
      paraffins to aromatics, isomerization of paraffins and naphthenes,
      hydrocracking of naphthenes and paraffins and the like reactions to
      produce an octane-rich or aromatic-rich product stream. Another example is
      a hydrocracking process wherein catalysts of this type are utilized to
      effect selective hydrogenation and cracking of high molecular weight
      unsaturated materials, selective hydrocracking of high molecular weight
      materials, and other like reactions, to produce a generally lower boiling,
      more valuable output stream. Yet another example is an isomerization
      process wherein a hydrocarbon fraction which is relatively rich in
      straight-chain paraffin components is contacted with a dual-function
      catalyst to produce an output stream rich in isoparafin compounds.
PAR  Regardless of the reaction involved or the particular process involved, it
      is of critical importance that the dual-function catalyst exhibit not only
      the capability to initially perform its specified functions, but also that
      it has the capability to perform them satisfactorily for prolonged periods
      of time. The analytical terms used in the art to measure how well a
      particular catalyst performs its intended functions in a particular
      hydrocarbon reaction environment are activity, selectivity, and stability.
      And for purposes of discussion here, these terms are conveniently defined
      for a given charge stock as follows: (1) activity is a measure of the
      catalyst's ability to convert hydrocarbon reactants into products at a
      specified severity level where severity level means the conditions
      used--that is, the temperature, pressure, contact time, and presence of
      diluents such as H.sub.2 ; (2) selectivity refers to the amount of desired
      product or products obtained relative to the amount of reactants charged
      or converted; (3) stability refers to the rate of change with time of the
      activity and selectivity parameters--obviously, the smaller rate implying
      the more stable catalyst. In a reforming process, for example, activity
      commonly refers to the amount of conversion that takes place for a given
      charge stock at a specified severity level and is typically measured by
      octane number of the C.sub.5 + product stream; selectivity refers to the
      amount of C.sub.5 + yield relative to the amount of the charge that is
      obtained at the particular activity or severity level; and stability is
      typically equated to the rate of change with time of activity, as measured
      by octane number of C.sub.5 + product, and of selectivity, as measured by
      C.sub.5 + yield. Actually, the last statement is not strictly correct
      because generally a continuous reforming process is run to produce a
      constant octane C.sub.5 + product with severity level being continuously
      adjusted to attain this result; and, furthermore, the severity level is
      for this process usually varied by adjusting the conversion temperature in
      the reaction zone so that, in point of fact, the rate of change of
      activity finds response in the rate of change of conversion temperatures
      and changes in this last parameter are customarily taken as indicative of
      activity stability.
PAR  As is well known to those skilled in the art, the principal cause of
      observed deactivation or instability of a dual-function catalyst when it
      is used in a hydrocarbon conversion reaction is associated with the fact
      that coke forms on the surface of the catalyst during the course of the
      reaction. More specifically, in thse hydrocarbon conversion processes, the
      conditions utilized typically result in the formation of heavy, high
      molecular weight, black, solid or semi-solid, carbonaceous material which
      coats the surface of the catalyst and reduces its activity by shielding
      its active sites from the reactants. In order words the performance of
      this dual-function catalyst is sensitive to the presence of carbonaceous
      deposites on the surface of the catalyst. Accordingly, the major problem
      facing workers in this area of the art is the development of more active
      and selective catalytic composites that are not sensitive to the presence
      of these carbonaceous materials and/or have the capability to suppress the
      rate of the formation of these carbonaceous materials on the catalyst.
      Viewed in terms of performance parameters, the problem is to develop a
      dual-function catalyst having superior activity, selectivity, and
      stability. In particular, for a reforming process the problem is typically
      expressed in terns of shifting and stabilizing the C.sub.5 + yield octane
      relationship--C.sub.5 + yield being representative of selectivity and
      octane being proportional to activity.
PAR  I have now found an improvement in a dual-function trimetallic acidic
      catalytic composite which possesses improved activity, selectivity, and
      stability characteristics when it is employed in a process for the
      conversion of hydrocarbons of the type which have heretofore utilized
      dual-function acidic catlytic composites such as processes for
      isomerization, hydroisomerization, dehydrogenation, desulfurization,
      denitrogenization, hydrogenation, alkylation, dealkylation,
      hydrodealkylation, transalkylation, cyclization, dehydrocyclization,
      cracking, hydrocracking, reforming, and the like processes. In particular,
      I have ascertained that a catalyst, comprising a sulfided combination of
      catalytically effective amounts of a platinum or palladium component, an
      iridium component, a germanium componet, and a halogen component with a
      porous refractory carrier material, can enable the performance of
      hydrocarbon conversion processes utilizing dual-function catalysts to be
      substantially improved if the metallic components are uniformly dispersed
      throughout the carrier material, if their oxidation states are controlled
      to be in the states hereinafter specified, and if the catalyst is sulfided
      in the manner indicated herein before use in the conversion of
      hydrocarbons. Moreover, I have determined, as will be hereinafter
      demonstrated, that an acidic sulfided catalytic composite, comprising a
      combination of catalytically effective amounts of a platinum or palladium
      component, a germanium component, an iridium component, and a chloride
      component with an alumina carrier material, can be utilized to
      substantially improve the performance of a reforming process which
      operates on a low-octane gasoline fraction to produce a high-octane
      reformate if the metallic components are uniformly distributed throughout
      the alumina carrier material, if their oxidation states are fixed in the
      states hereinafter specified, and if the catalyst is properly sulfided
      before use in the conversion of hydrocarbons. In the case of a reforming
      process, the principal advantage associated with the use of the sulfided
      catalyst of the present invention involves the acquisition of the
      capability to operate in a stable manner in a high severity operation; for
      example, an intermediate pressure reforming process designed to produce a
      C.sub.5 + reformate having an octane of about 100 F-1 clear. As indicated,
      the present invention essentially involves the finding that the addition
      of a germanium component and an iridium component to a dual-function acid
      hydrocarbon conversion catalyst containing a platinum or palladium
      component can enable the performance characteristics of the catalyst to be
      sharply and materially improved, if the hereinafter specified limitations
      on amounts of ingredients, oxidation states of metals, distribution of
      metallic components in the support and sulfiding are met.
PAR  It is accordingly, one subject of the present invention to provide an
      improvement in a trimetallic hydrocarbon conversion catalyst having
      superior performance characteristics when utilized in a hydrocarbon
      conversion process. A second object is to provide a sulfided catalyst
      having dual-function hydrocarbon conversion performance characteristics
      that are relatively insensitive to the deposition of hydrocarbonaceous
      material thereon. A third object is to provide preferred methods of
      preparation of this sulfided catalytic composite which insures the
      achievement and maintenance of its properties. Another object is to
      provide an improved reforming catalyst having superior activity,
      selectivity, and stability. Yet another object is to provide a
      dual-function sulfided hydrocarbon conversion catalyst which utilizes a
      combination of a germanium component and an iridium component to promote
      an acidic catalyst containing a platinum or palladium metal component.
PAR  In brief summary, the present invention is, in one embodiment, an
      improvement in a process for converting a hydrocarbon which comprises
      contacting the hydrocarbon, at hydrocarbon conversion conditions with a
      catalytic composite comprising a porous carrier material containing, on an
      elemental basis, about 0.01 to about 2 wt. % platinum or palladium metal,
      about 0.01 to 2 wt. % iridium metal, about 0.01 to about 5 wt. %
      germanium, and about 0.1 to about 3.5 wt. % halogen, wherein the platinum
      or palladium, germanium, and iridium are uniformly dispersed throughout
      the porous carrier material, wherein substantially all of the platinum or
      palladium and iridium are present in the corresponding elemental metallic
      state and wherein substantially all of the germanium is present in an
      oxidation state above that of the elemental metal. The improvement in this
      process relates to sulfiding the catalytic composite, prior to contact
      with the hydrocarbon, with a sulfiding gas at sulfiding conditions
      selected to incorporate about 0.5 to about 0.5 wt. % sulfur.
PAR  A second embodiment relates to a sulfided catalytic composite comprising a
      porous carrier material containing, on an elemental basis, about 0.01 to
      about 2 wt. % platinum or palladium metal, about 0.01 to about 2 wt. %
      iridium metal, about 0.01 to about 5 wt. % germanium, about 0.1 to about
      3.5 wt. % halogen, and about 0.05 to about 0.5 wt. % sulfur, wherein the
      platinum or palladium, germanium, and iridium are uniformly dispersed
      throughout the porous carrier material, wherein substantially all of the
      platinum or palladium and iridium are present in the corresponding
      elemental metallic state or in a sulfided state, wherein substantially all
      of the germanium is present in an oxidation state above that of the
      elemental metal and wherein the catalytic composite is sulfided prior to
      use in the conversion of hydrocarbons.
PAR  Yet another embodiment relates to a process for the conversion of a
      hydrocarbon comprising contacting the hydrocarbon and hydrogen with the
      sulfided catalytic composite described above in the second embodiment at
      hydrocarbon conversion conditions.
PAR  A preferred embodiment relates to a process for reforming a gasoline
      fraction which comprises contacting the gasoline fraction and hydrogen
      with the sulfided catalytic composite described above in the second
      embodiment at reforming conditions selected to produce a high-octane
      reformate.
PAR  Other objects and embodiments of the present invention relate to additional
      details regarding preferred catalytic ingredients, preferred amounts of
      ingredients, suitable methods of composite preparation, operating
      conditions for use in the hydrocarbon conversion processes, and the like
      particulars which are hereinafter given in the following detailed
      discussion of each of these facets of the present invention.
PAR  The sulfided trimetallic catalyst of the present invention comprises a
      porous carrier material or support having combined therewith catalytically
      effective amounts of a platinum or palladium component, an iridium
      component, a germanium component, and a halogen component.
PAR  Considering first the porous carrier material utilized in the present
      invention, it is preferred that the material be a porous, adsorptive,
      high-surface area support having a surface area of about 25 to about 500
      m.sup.2 /g. The porous carrier material should be relatively refractory to
      the conditions utilized in the hydrocarbon conversion process, and it is
      intended to include within the scope of the present invention carrier
      materials which have traditionally been utilized in dual-function
      hydrocarbon conversion catalysts such as: (1) activated carbon, coke, or
      charcoal; (2) silica or silica gel, silicon carbide, clays, and silicates
      including those synthetically-prepared and naturally-occurring, which may
      or may not be acid treated, for example, attapulgus clay, china clay,
      diatomaceous earth, fuller's earth, kaoline, kieselguhr, etc.; (3)
      ceramics, porcelain, crushed firebrick, bauxite; (4) refractory inorganic
      oxides such as alumina, titanium dioxide, zirconium dioxide, chromium
      oxide, zinc oxide, magnesia, thoria, boria, silica-alumina,
      silica-magnesia, chromia-alumina, alumina-boria, silica zirconia, etcl;
      (5) crystalline zeolitic alluminosilicates such as naturally-occuring or
      synthetically-prepared mordenite and/or faujasite, either in the hydrogen
      form or in a form which has been treated with multi-valent cations; ( 6)
      spinels such as MgAl.sub.2 O.sub.4, FeAl.sub.2 O.sub.4, ZnAl.sub.2
      O.sub.4, MnAl.sub.2 O.sub.4, and other like compounds having the formula
      Mo.sup.. Al.sub.2 O.sub.3 where M is a metal having a valence of 2; and
      (7) combinations of elements from one or more of these groups. The
      preferred porous carrier materials for use in the present invention are
      refractory inorganic oxides, with best results obtained with an alumina
      carrier material. Suitable alumina materials are the crystalline alumina
      known as the gamma-, eta-, and theta-alumina, with gamma- or eta-alumina
      giving best results. In addition, in some embodiments the alumina carrier
      material may contain minor proportions of other well known refractory
      inorganic oxides such as silica, zirconia, magnesia, etc.; however, the
      preferred support is substantially pure gamma-, or eta-alumina. Preferred
      carrier materials have an apparent bulk density of about 0.3 to about 0.7
      g/cc and surface area characteristics such that the average pore diameter
      is about 20 to 300 Angstroms, the pore volume is about 0.1 to about 1
      cc/g, and the surface area is about 100 to about 500 m.sup.2 /g. In
      general, best results are typically obtained with a gamma-alumina carrier
      material which is used in the form of spherical particles having: a
      relatively small diameter (i.e. typically about one-sixteenth inch), an
      apparent bulk density of about 0.5 to about 0.6 g/cc, a pore volume of
      about 0.4 ml/g, and a surface area of about 175 m.sup.2 /g.
PAR  The preferred alumina carrier material may be prepared in any suitable
      manner and may be synthetically prepared or natural occurring Whatever
      type of alumina is employed it may be activated prior to use by one or
      more treatments including drying, calcination, steaming, etc., and it may
      be in a form known as activated alumina, activated alumina of commerce,
      porous alumina, alumina gel, etc. For example, the alumina carrier may be
      prepared by adding a suitable alkaline reagent such as ammonium hydroxide
      to a salt of aluminum such as aluminum chloride, alumina nitrate, etc., in
      an amount to form an aluminum hydroxide gel which upon drying and
      calcining is converted to alumina. The alumina carrier may be formed in
      any desired shape such as spheres, pills, cakes, extrudates, powders,
      granules, tablets, etc., and utilized in any desired size. For the purpose
      of the present invention, a particularly preferred form of alumina is the
      sphere; and alumina spheres may be continuously manufactured by the well
      known oil drop method which comprises: forming an alumina hydrosol by any
      of the techniques taught in the art and preferably by reacting aluminum
      metal with hydrochloric acid, combining the resulting hydrosol with a
      suitable gelling agent and dropping the resultant mixture into an oil bath
      maintained at elevated temperatures. The droplets of the mixture remain in
      the oil bath until they set and form hydrogel spheres. The spheres are
      then continuously withdrawn from the oil bath and typically subjected to
      specific aging treatments in oil and an ammoniacal solution to further
      improve their physical characteristics. The resulting aged and gelled
      particles are then washed and dried at a relatively low temperature of
      about 300.degree. to about 400.degree. F. and subjected to a calcination
      procedure at a temperature of about 850.degree. F. to about 1,300.degree.
      F. for a period of about 1 to about 20 hours. This treatment effects
      conversion of the alumina hydrogel to the corresponding crystalline
      gamma-alumina. See the teachings of U.S. Pat. No. 2,620,314 for additional
      details.
PAR  One essential constituent of the trimetallic catalyst of the present
      invention is a germanium component. It is an essential feature of the
      present invention that substantially all of the germanium component is
      present in the catalyst in an oxidation state above that of the elemental
      metal. This component may exist within the composite as a compound such as
      the oxide, sulfide, halide, oxychloride, aluminate, etc., or in
      combination with the carrier material or other ingredients of the
      composite. Although it is not intended to restrict the present invention
      by this explanation, it is believed that best results are obtained when
      the germanium component is present in the composite in the +2 or +4
      oxidation state, with the +4 oxidation state being preferred. Preferably,
      the germanium component is used in an amount sufficient to result in the
      final catalytic composite containing, on an elemental basis, about 0.01 to
      about 5 wt. % germanium, with best results typically obtained with about
      0.05 to about 2 wt. % germanium.
PAR  This germanium component may be incorporated in the catalytic composite in
      any suitable manner known to the art to result in a uniform dispersion of
      the metal moiety throughout the carrier material such as by
      coprecipitation or cogellation with the porous carrier material,
      ion-exchange with the gelled carrier material, or impregnation of the
      carrier material either after or before it is dried and calcined. It is to
      be noted that it is intended to include within the scope of the present
      invention all conventional methods for uniformly distributing a metallic
      component in a catalytic composite and the particular method of
      incorporation used is not deemed to be an essential feature of the present
      invention. One method of incorporating the germanium component into the
      catalytic composite involves coprecipitating the germanium component
      during the preparation of the preferred carrier material, alumina. This
      method typically involves the addition of a suitable germanium compound
      such as germanium tetrachloride or finely divided germanium oxide to the
      alumina hydrosol and then combining the hydrosol with a suitable gelling
      agent and dropping the resulting mixture into an oil bath, etc., as
      explained in detail hereinbefore. After drying and calcining the resulting
      gelled carrier material there is obtained an intimate combination of
      alumina and germanium oxide. A preferred method of incorporating the
      germanium component into the catalytic composite involves utilization of a
      soluble, decomposable compound of germanium to impregnate the porous
      carrier material. In general, the solvent used in this impregnation step
      is selected on the basis of the capability to dissolve the desired
      germanium compound and is preferably an aqueous, acidic solution. Thus,
      the germanium component may be added to the carrier material by
      commingling the latter with an aqueous, acidic solution of suitable
      germanium salt or suitable compound of germanium such as germanium oxide,
      germanium tetraethoxide, germanium tetrapropoxide, germanium
      tetrachloride, germanium difluoride, germanium tetrafluoride, germanium
      di-iodide, germanium monosulfide, and the like compounds. One particularly
      preferred impregnation solution comprises nascent germanium metal
      dissolved in chlorine water to yield a germanium oxychloride. A second
      preferred impregnation solution comprises germanium tetrachloride
      dissolved in an anhydrous alcohol such as ethanol or propanol. In general,
      the germanium component can be impregnated either prior to, simultaneously
      with, or after the other metallic components are added to the carrier
      material. However, I have found excellent results when the germanium
      component is impregnated simultaneously with the other metallic
      components. In fact, I have determined that a preferred impregnation
      solution comprises chloroplatinic acid, hydrogen chloride, chloroiridic
      acid, and germanium tetrachloride dissolved in ethanaol. Best results are
      believed to be obtained when this component exists in the composite as
      germanium oxide.
PAR  Regardless of which germanium compound is used in the preferred
      impregnation step, it is important that the germanium component be
      uniformly distributed throughout the carrier material. In order to achieve
      this objective, it is necessary to maintain the pH of the impregnation
      solution in a range of about 1 to about 7 and to dilute the impregnation
      solution to a volume which approximates the volume of the carrier material
      which is impregnated. It is preferred to use a volume ratio of
      impregnation solution to carrier material of at least 0.5:1 and preferably
      about 1:1 to about 10:1 or more. Similarly, it is preferred to use a
      relatively long contact time during the impregnation step ranging from
      about 1/4 hour up to about 1/2 hour or more before drying to remove excess
      solvent in order to insure a high dispersion of the germanium component
      through the carrier material. The mixture of impregnation solution and
      carrier material is, likewise, preferably constantly agitated during this
      preferred impregnation step.
PAR  A second essential ingredient of the subject catalyst is the platinum or
      palladium component. That is, it is intended to cover the use of platinum
      or palladium or mixtures thereof as a second component of the present
      composite. It is an essential feature of the present invention that
      substantially all of this platinum or palladium component exists within
      the final catalytic composite in the elemental metallic state or in a
      sulfided state. Generally, the amount of this component present in the
      final catalyst composite is small compared to the quantities of the other
      components combined therewith. In fact, the platinum or palladium
      component generally will comprise about 0.01 to about 2 wt. % of the final
      catalytic composite, calculated on an elemental basis. Excellent results
      are obtained when the catalyst contains about 0.05 to about 1 wt. % of the
      platinum or palladium metal.
PAR  This platinum or palladium component may be incorporated in the catalytic
      composite in any suitable manner known to result in a relatively uniform
      distribution of this component in the carrier material such as
      coprecipitation or cogellation, ion-exhange, or impregnation. The
      preferred method of preparing the catalyst involves the utilization of a
      soluble, decomposable compound of platinum or palladium to impregnate the
      carrier material in a relatively uniform manner. For example, this
      component may be added to the support by commingling the latter with an
      aqueous solution of chloroplatinic or chloropalladic acid. Other
      water-soluble compounds of platinum or palladium may be employed in
      impregnation solutions and include ammonium chloroplatinate, bromoplatinic
      acid, platinum dichloride, platinum tetrachloride hydrate, platinum
      dichlorocarbonyl dichloride, dinitrodiaminoplatinum, palladium chloride,
      palladium nitrate, palladium sulfate, etc. The utilization of a platinum
      or palladium chloride compound, such as chloroplatinic or chloropalladic
      acid, is preferred since it facilitates the incorporation of both the
      platinum or palladium component and at least a minor quantity of the
      preferred halogen component in a single step. Hydrogen chloride or the
      like acid is also generally added to the impregnation solution in order to
      further facilitate the incorporation of the halogen component and the
      uniform distribution of the metallic component throughout the carrier
      material. In addition, it is generally preferred to impregnate the carrier
      material after it has been calcined in order to minimize the risk of
      washing away the valuable platinum or palladium compounds; however, in
      some cases it may be advantageous to impregnate the carrier material when
      it is in a gelled state.
PAR  Yet another essential ingredient of the present catalytic composite is an
      iridium component. It is of fundamental importance that substantially all
      of the iridium component exists within the catalytic composite of the
      present invention in the elemental state or in a sulfided state and the
      subsequently described reduction and sulfiding procedure is designed to
      accomplish this objective. The iridium component may be utilized in the
      composite in any amount which is catalytically effective, with the
      preferred amount being about 0.01 to about 2 wt. % thereof, calculated on
      an elemental iridium basis. Typically, best results are obtained with
      about 0.05 to about 1 wt. % iridium. It is, additionally, preferred to
      select the specific amount of iridium from within this broad weight range
      as a function of the amount of the platinum or palladium component, on an
      atomic basis, as is explained hereinafter.
PAR  This iridium component may be incorporated into the catalytic composite in
      any suitable manner known to those skilled in the catalyst formulation art
      which results in a relatively uniform dispersion of iridium in the carrier
      material. In addition, it may be added at any stage of the preparation of
      the composite--either during preparation of the carrier material or
      thereafter--and the precise method of incorporation used is not deemed to
      be critical. However, best results are thought to be obtained when the
      iridium component is relatively uniformly distributed throughout the
      carrier material, and the preferred procedures are the ones known to
      result in a composite having this relatively uniform distribution. One
      acceptable procedure for incorporating this component into the composite
      involves cogelling or coprecipitating the iridium component during the
      preparation of the preferred carrier material, alumina. This procedure
      usually comprehends the addition of a soluble, decomposable compound of
      iridium such as iridium tetrachloride to the alumina hydrosol before it is
      gelled. The resulting mixture is then finished by conventional gelling,
      aging, drying, and calcination steps as explained hereinbefore. A
      preferred way of incorporating this component is an impregnation step
      wherein the porous carrier material is impregnated with a suitable
      iridium-containing solution either before, during, or after the carrier
      material is calcined. Preferred impregnation solutions are aqueous
      solutions of water soluble, decomposable iridium compounds, such as
      iridium tribromide, iridium dichloride, iridium tetrachloride, iridium
      oxalic acid, iridium sulfate, potassium iridochloride, chloroiridic acid,
      and the like compounds. Best results are ordinarily obtained when the
      impregnation solution is an aqueous solution of chloroiridic acid or
      sodium chloroiridate. This component can be added to the carrier material,
      either prior to, simultaneously with, or after the other metallic
      components are combined therewith. Best results are usually achieved when
      this component is added simultaneously with the other metallic components.
      In fact, excellent results are obtained, as reported in the examples, with
      a one step impregnation procedure using an aqueous solution comprising
      chloroplatinic or chloropalladic acid, chloroiridic acid, hydrochloric
      acid, and germanium tetrachloride dissolved in anhydrous alcohol.
PAR  It is essential to incorporate a halogen component into the trimetallic
      catalytic composite of the present invention. Although the precise form of
      the chemistry of the association of the halogen component with the carrier
      material is not entirely known, it is customary in the art to refer to the
      halogen component as being combined with the carrier material, or with the
      other ingredients of the catalyst in the form of the halide (e.g. as the
      chloride). This combined halogen may be either fluorine, chlorine, iodine,
      bromine, or mixtures thereof. Of these, fluorine and, particularly,
      chlorine are preferred for the purposes of the present invention. The
      halogen may be added to the carrier material in any suitable manner,
      either during preparation of the support or before or after the addition
      of the other components. For example, the halogen may be added, at any
      stage of the preparation of the carrier material or to the calcined
      carrier material, as an aqueous solution of a suitable, decomposable
      halogen-containing compound such as hydrogen, fluoride, hydrogen chloride,
      hydrogen bromide, ammonium chloride, etc. The halogen component or a
      portion thereof, may be combined with the carrier material during the
      impregnation of the latter with the platinum or palladium or iridium
      components; for example, through the utilization of a mixture of
      chloroplatinic acid and hydrogen chloride. In another situation, the
      alumina hydrosol which is typically utilized to form the preferred alumina
      carrier material may contain halogen and thus contribute at least a
      portion of the halogen component to the final composite. For reforming,
      the halogen will be typically combined with the carrier material in an
      amount sufficient to result in a final composite that contains about 0.1
      to about 3.5%, and preferably about 0.5 to about 1.5% by weight of halogen
      calculated on an elemental basis. In isomerization or hydrocracking
      embodiments, it is generalaly preferred to utilize relatively larger
      amounts of halogen in the catalyst--typically, ranging up to about 10 wt.
      % halogen calculated on an elemental basis, and more preferably about 1 to
      about 5 wt. %.
PAR  Regarding the preferred amounts of the various metallic components of the
      subject catalyst, I have found it to be a good practice to specify the
      amounts of the iridium component and the germanium component as a function
      of the amount of the platinium or palladium component. On this basis, the
      amount of the iridium component is ordinarily selected so that the atomic
      ratio of iridium to platinium or palladium metal contained in the
      composite is about 0.1:1 to about 2:1, with the preferred range being
      about 0.25:1 to about 1.5:1. Similarly, the amount of the germanium
      component is ordinarily selected to produce a composite containing an
      atomic ratio of germanium to platinum or palladium metal of about 0.3:1 to
      about 10:1, with the preferred range being about 0.6:1 to about 6:1.
PAR  Another significant parameter for the instant catalyst is the "total metals
      content" which is defined to be the sum of the platinum or palladium
      component, the iridium component, and the germanium component, calculated
      on an elemental metal basis. Good results are ordinarily obtained with the
      subject catalyst when this parameter is fixed at a value of about 0.15 to
      about 3 wt. %, with best results ordinarily achieved at a metals loading
      of about 0.3 to about 2 wt. %.
PAR  In embodiments of the present invention wherein the instant trimetallic
      catalytic composite is used for dehydrogenation of dehydrogenatable
      hydrocarbons or for the hydrogenation of hydrogenatable hydrocarbons, it
      is ordinarily a preferred practice to include an alkali or alkaline earth
      metal component in the composite. More precisely, this optional component
      is selected from the group consisting of the compounds of the alkali
      metal--cesium, rubidium, potassium, sodium, and lithium-- and the
      compounds of the alkaline earth metals--calcium, strontium, barium, and
      magnesium. Generally, good results are obtained in these embodiments when
      this component constitutes about 1 to about 5 wt. % of the composite,
      calculated on an elemental basis. This optional alkali or alkaline earth
      metal component can be incorporated in the composite in any of the known
      ways, with impregnation with an aqueous solution of a suitable
      water-soluble, decomposable compound being preferred.
PAR  An optional ingredient for the trimetallic catalyst of the present
      invention is a Friedel-Crafts metal halide component. This ingredient is
      particularly useful in hydrocarbon conversion embodiments of the present
      invention wherein it is preferred that the catalyst utilized has a strong
      acid or cracking function associated therewith--for example, an embodiment
      wherein hydrocarbons are to be hydrocracked or isomerized with the
      catalyst of the present invention. Suitable metal halides of the
      Friedel-Crafts type include aluminum chloride, aluminum bromide, ferric
      chloride, ferric bromide, zinc chloride, and the like compounds, with the
      aluminum halides and particularly aluminum chloride ordinarily yielding
      best results. Generally, this optional ingredient can be incorporated into
      the composite of the present invention by any of the conventional methods
      for adding metallic halides of this type; however, best results are
      ordinarily obtained when the metallic halide is sublimed onto the surface
      of the carrier material according to the preferred method disclosed in
      U.S. Pat. No. 2,999,074. The component can generally be utilized in any
      amount which is catalytically effective with a value selected from the
      range of about 1 to about 100 wt. % of the carrier material generally
      being preferred.
PAR  Regardless of the details of how the components of the catalyst are
      combined with the porous carrier material, the final catalyst generally
      will be dried at a temperature of about 200.degree. to about 600.degree.
      F. for a period of at least about 2 to about 24 hours or more, and finally
      calcined or oxidized at a temperature of about 700.degree. F. to about
      1100.degree. F. in an air atmosphere for a period of about 0.5 to about 10
      hours in order to convert substantially all of the metallic components
      substantially to the oxide form. Because a halogen component is utilized
      in the catalyst, best results are generally obtained when the halogen
      contact of the catalyst is adjusted during the calcination step by
      including a halogen or a halogen-containing compound in the air atmosphere
      utilized. In particular, when the halogen component of the catalyst is
      chlorine, it is preferred to use a mole ratio of H.sub.2 O to HCl of about
      5:1 to about 100:1 during at least a portion of the calcination step in
      order to adjust the final chlorine content of the catalyst to a range of
      about 0.1 to about 3.5 wt. %.
PAR  It is an essential feature of the present invention that the resultant
      oxidized catalytic composite is subjected to a substantially water-free
      reduction step prior to its use in the conversion of hydrocarbons. This
      step is designed to selectively reduce the platinum or palladium and
      iridium components to the corresponding metals and to insure a uniform and
      finely divided dispersion of these metallic components throughout the
      carrier material, while maintaining the germanium component in a positive
      oxidation state. Preferably, substantially pure and dry hydrogen (i.e.
      less than 20 vol. ppm. H.sub.2 O) is used as the reducing agent in this
      step. The reducing agent is contacted with the oxidized catalyst at
      conditions including a temperature of about 800.degree. to about
      1,200.degree. F. and a period of time of about 0.5 to 2 hours effective to
      reduce substantially all of the platinum or palladium and iridium
      components to their elemental metallic state while maintaining the
      germanium component in an oxidation state above that of the elemental
      metal. This reduction treatment may be performed in situ as part of a
      start-up sequence if precautions are takenn to predry the plant to a
      substantially water-free state and if substantially water-free hydrogen is
      used.
PAR  Another feature of the instant invention involves recognition that the
      resulting reduced catalytic composite can be beneficially subjected to a
      presulfiding operation designed to incorporate in the catalytic composite
      from about 0.05 to about 0.5 wt. % sulfur calculated on an elemental
      basis. This presulfiding procedure is performed prior to use of the
      catalytic composite in the conversion of hydrocarbons. Preferably, this
      presulfiding treatment takes place in the presence of hydrogen and a
      suitable sulfur-containing compound such as hydrogen sulfide, lower
      molecular weight mercaptans, organic sulfides, etc. Typically, this
      procedure comprises treating the selectively reduced catalyst with a
      sulfiding gas such as a mixture of hydrogen and hydrogen sulfide having
      about 10 moles of hydrogen per mole of hydrogen sulfide at conditions
      sufficient to effect the desired incorporation of sulfur, generally
      including a temperature ranging from about 50.degree. up to about
      1100.degree. F. or more. It is generally a good practice to perform this
      presulfiding step under substantially water-free conditions.
PAR  According to the present invention, a hydrocarbon charge stock and hydrogen
      are contacted with a trimetallic catalyst of the type described above in a
      hydrocarbon conversion zone. This contacting may be accomplished by using
      the catalyst in a fixed bed system, a moving bed system, a fluidized bed
      system, or in a batch type operation; however, in view of the danger of
      attrition losses of the valuable catalyst and of well known operational
      advantages, it is preferred to use a fixed bed system. In this system, a
      hydrogen-rich gas and the charge stock are preheated by any suitable
      heating means to the desired reaction temperature and then are passed,
      into a conversion zone containing a fixed bed of the catalyst type
      previously characterized. It is, of course, understood that the conversion
      zone may be one or more separate reactors with suitable means therebetween
      to insure that the desired conversion temperature is maintained at the
      entrance to each reactor. It is also important to note that the reactants
      may be contacted with the catalyst bed in either upward, downward, or
      radial flow fashion with the latter being preferred. In addition, the
      reactants may be in the liquid phase, a mixed liquid-vapor phase, or a
      vapor phase when they contact the catalyst, with best results obtained in
      the vapor phase.
PAR  In the case where the trimetallic catalyst of the present invention is used
      in a reforming operation, the reforming system will comprise a reforming
      zone containing a fixed bed of the catalyst type previously characterized.
      This reforming zone may be one or more separate reactors with suitable
      heating means therebetween to compensate for the endothermic nature of the
      reactions that take place in each catalyst bed. The hydrocarbon feed
      stream that is charged to this reforming system will comprise hydrocarbon
      fractions containing naphthenes and paraffins that boil within the
      gasoline range. The preferred charge stocks are those consisting
      essentially of naphthenes and paraffins, although in some cases aromatics
      and/or olefins may also be present. This preferred class includes straight
      run gasolines, natural gasolines, synthetic gasolines, and the like. On
      the other hand, it is frequently advantageous to charge thermally or
      catalytically cracked gasolines or higher boiling fractions thereof.
      Mixtures of straight run and cracked gasolines can also be used to
      advantage. The gasoline charge stock may be a full boiling gasoline having
      an initial boiling point of from about 50.degree. to about 150.degree. F.
      and an end boiling point within the range of from about 325.degree. to
      about 425.degree. F., or may be a selected fraction thereof which
      generally will be a higher boiling fraction commonly referred to as a
      heavy naphtha--for example, a naphtha boiling in the range of C.sub.7 to
      400.degree. F. In some cases, it is also advantageous to charge pure
      hydrocarbons or mixtures of hydrocarbons that have been extracted from
      hydrocarbon distillates--for example, straight-chain paraffins--which are
      to be converted to aromatics. It is preferred that these charge stocks be
      treated by conventional catalytic pretreatment methods such as
      hydrorefining, hydrotreating, hydrodesulfurization, etc., to remove
      substantially all sulfurous, nitrogenous and water-yielding contaminants
      therefrom and to saturate any olefins that may be contained therein.
PAR  In other hydrocarbon conversion embodiments, the charge stock will be of
      the conventional type customarily used for the particular kind of
      hydrocarbon conversion being effected. For example, in a typical
      isomerization embodiment the charge stock can be a paraffinic stock rich
      in C.sub.4 to C.sub.8 normal paraffins, or a normal butane-rich stock, or
      a n-hexane-rich stock, or a mixture of xylene isomers, etc. In a
      dehydrogenation embodiment, the charge stock can be any of the known
      dehydrogenatable hydrocarbons such as an aliphatic compound containing 2
      to 30 carbon atoms per molecule, a C.sub.4 to C.sub.30 normal paraffin, a
      C.sub.8 to C.sub.12 alkylaromatic, a naphthene, and the like. In
      hydrocracking embodiments, the charge stock will be typically a gas oil,
      heavy cracked cycle oil, etc. In addition, alkylaromatic and naphthenes
      can be conveniently isomerized by using the catalyst of the present
      invention. Likewise, pure hydrocarbons or substantially pure hydrocarbons
      can be converted to more valuable products by using the trimetallic
      catalyst of the present invention in any of the hydrocarbon conversion
      processes, known to the art, that use a dual-function catalyst.
PAR  In a reforming embodiment, it is generally preferred to utilize the novel
      trimetallic catalytic composite in a substantially water-free environment.
      Essential to the achievement of this condition in the reforming zone is
      the control of the water level present in the charge stock and the
      hydrogen stream which is being charged to the zone. Best results are
      ordinarily obtained when the total amount of water entering the conversion
      zone from any source is held to a level less than 50 ppm. and preferably
      less than 20 ppm.; expressed as weight of equivalent water in the charge
      stock. In general, this can be accomplished by careful control of the
      water present in the charge stock and in the hydrogen stream. The charge
      stock can be dried by using any suitable drying means known to the art
      such as a conventional solid adsorbent having a high selectivity for
      water; for instance, sodium or calcium crystalline aluminosilicates,
      silica gel, activated alumina, molecular sieves, anhydrous calcium
      sulfate, high surface area sodium, and the like adsorbents. Similarly, the
      water content of the charge stock may be adjusted by suitable stripping
      operations in a fractionation column or like device. And in some cases, a
      combination of adsorbent drying and distillation drying may be used
      advantageously to effect almost complete removal of water from the charge
      stock. Preferably, the charge stock is dried to a level corresponding to
      less than 20 ppm. of H.sub.2 O equivalent. In general, it is preferred to
      dry the hydrogen stream entering the hydrocarbon conversion zone down to a
      level of about 10 vol. ppm. of water or less. This can be conveniently
      accomplished by contacting the hydrogen stream with a suitable desiccant
      such as those mentioned above.
PAR  In the reforming embodiment, an effluent stream is withdrawn from the
      reforming zone and passed through a cooling means to a separation zone,
      typically maintained at about 25.degree. to 150.degree. F., wherein a
      hydrogen-rich gas is separated from a high octane liquid product, commonly
      called an unstabilized reformate. When a super-dry operation is desired,
      at least a portion of this hydrogen-rich gas is withdrawn from the
      separating zone and passed through an adsorption zone containing an
      adsorbent selective for water. The resultant substantially water-free
      hydrogen stream can then be recycled through suitable compressing means
      back to the reforming zone. The liquid phase from the separating zone is
      typically withdrawn and commonly treated in a fractionating system in
      order to adjust the butane concentration, thereby controlling frontend
      volatility of the resulting reformate.
PAR  The conditions utilized in the numerous hydrocarbon conversion embodiments
      of the present invention are those customarily used in the art for the
      particular reaction, or combination of reactions, that is to be effected.
      For instance, alkylaromatic and paraffin isomerization conditions include:
      a temperature of about 32.degree. to about 1000.degree. F. and preferably
      about 75.degree. to about 600.degree. F.; a pressure of atmospheric to
      about 100 atmospheres; a hydrogen to hydrocarbon mole ratio of about 0.5:1
      to about 20:1, and a LHSV (calculated on the basis of equivalent liquid
      volume of the charge stock contacted with the catalyst per hour divided by
      the volume of conversion zone containing catalyst) of about 0.2
      hr..sup..sup.-1 to 10 hr..sup..sup.-1. Dehydrogenation conditions include:
      a temperature of about 700.degree. to about 1,250.degree. F., a pressure
      of about 0.1 to about 10 atmospheres, a liquid hourly space velocity of
      about 1 to 40 hr..sup..sup.-1, and a hydrogen to hydrocarbon mole ratio of
      about 1:1 to 20:1. Likewise, typically hydrocracking conditions include: a
      pressure of about 500 psig. to about 3,000 psig.; a temperature of about
      400.degree. to about 900.degree. F.; an LHSV of about 0.1 hr..sup..sup.-1
      to about 10 hr..sup..sup.-1 ; and hydrogen circulation rates of about 1000
      to 10,000 SCF per barrel of charge.
PAR  In the reforming embodiment of the present invention, the pressure utilized
      is selected from the range of about 0 psig. to about 1,000 psig., with the
      preferred pressure being about 50 psig. to about 600 psig. Particularly
      good results are obtained at low pressure; namely, a pressure of about 50
      to 350 psig. In fact, it is a singular advantage of the present invention
      that it allows stable operation at lower pressure than have heretofore
      been successfully utilized in so-called "continuous" reforming systems
      (i.e. reforming for periods of about 15 to about 200 or more barrels of
      charge per pound of catalyst without regeneration) with all platinum
      monometallic catalysts. In other words, the trimetallic catalyst of the
      present invention allows the operation of a continuous reforming system to
      be conducted at lower pressure (i.e. 100 to about 350 psig.) for about the
      same or better catalyst life before regeneration as has been heretofore
      realized with conventional monometallic catalysts at higher pressures
      (i.e. 400 to 600 psig.). On the other hand, the stability feature of the
      present invention enables reforming operations conducted at pressures of
      400 to 600 psig. to achieve substantially increased catalyst life before
      regeneration.
PAR  Similarly, the temperature required for reforming is generally lower than
      that required for a similar reforming operation using a high quality
      catalyst of the prior art. This significant and desirable feature of the
      present invention is a consequence of the selectivity of the trimetallic
      catalyst of the present invention for the octane-upgrading reactions that
      are preferably induced in a typical reforming operation. Hence, the
      present invention requires a temperature in the range of from about
      800.degree. to about 1100.degree. F., and preferably about 900.degree. to
      about 1050.degree. F. As is well known to those skilled in the continuous
      reforming art, the initial selection of the temperature within this broad
      range is made primarily as a function of the desired octane of the product
      reformate considering the characteristics of the charge stock and of the
      catalyst. Ordinarily, the temperature then is thereafter slowly increased
      during the run to compensate for the inevitable deactivation that occurs
      to provide a constant product. Therefore, it is a feature of the present
      invention that the rate at which the temperature is increased in order to
      maintain a constant octane product, is substantially lower for the
      catalyst of the present invention than for a high quality reforming
      catalyst which is manufactured in exactly the same manner as the catalyst
      of the present invention except for the inclusion of the iridium and
      germanium components. Moreover, for the catalyst of the present invention,
      the C.sub.5 + yield loss for a given temperature increase is substantially
      lower than for a high quality reforming catalyst of the prior art. In
      addition, hydrogen production is substantially higher.
PAR  The reforming embodiment of the present invention also typically utilizes
      sufficient hydrogen to provide an amount of about 1 to about 20 moles of
      hydrogen per mole of hydrocarbon entering the reforming zone, with
      excellent results being obtained when about 5 to about 10 moles of
      hydrogen are used per mole of hydrocarbon. Likewise, the liquid hourly
      space velocity (LHSV) used in reforming is selected from the range of
      about 0.1 to about 10 hr..sup..sup.-1, with a value in the range of about
      1 to about 5 hr..sup..sup.-1 being preferred. In fact, it is a feature of
      the present invention that it allows operations to be conducted at higher
      LHSV than normally can be stably achieved in a continuous reforming
      process with a high quality reforming catalyst of the prior art. This last
      feature is of immense economic significance because it allows a continuous
      reforming process to operate at the same throughput level with less
      catalyst inventory than that heretofore used with conventional reforming
      catalysts at no sacrifice in catalyst life before regeneration.
PAR  The following working examples are given to illustrate further the
      preparation of the trimetallic catalytic composite of the present
      invention and the use thereof in the conversion of hydrocarbons. It is
      understood that the examples are intended to be illustrative rather than
      restrictive.
DETD
PAC  EXAMPLE I
PAR  This example demonstrates a particularly good method of preparing the
      preferred catalytic composite of the present invention.
PAR  An alumina carrier material comprising 1/16 inch spheres is prepared by:
      forming an aluminum hydroxyl chloride sol by dissolving substantially pure
      aluminum pellets in a hydrochloric acid solution, adding
      hexamethylenetetramine to the resulting sol, gelling the resulting
      solution by dropping it into an oil bath to form spherical particles of an
      aluminum hydrogel, aging and washing the resulting particles to form
      spherical particles of gamma-alumina containing about 0.3 wt. % combined
      chloride. Additional details as to this method of preparing the preferred
      carrier material are given in the teachings of U.S. Pat. No. 2,620,314.
PAR  A measured amount of germanium tetrachloride is dissolved in anhydrous
      ethanol. The resulting solution is then aged at room temperature until an
      equilibrium condition is established therein. An aqueous solution
      containing chloroplatinic acid, chloroiridic acid, and hydrogen chloride
      is then prepared. The two solutions are then intimately admixed and used
      to impregnate the gamma-alumina particles in amounts, respectively,
      calculated to result in a final composite containing, on an elemental
      basis, 0.375 wt. % platinum, 0.375 wt. % iridium, and 0.5 wt. % germanium.
      In order to insure uniform distribution of the metallic components
      throughout the carrier material, the amount of hydrogen chloride
      corresponds to about 2 wt. % of the alumina particles. This impregnation
      step is performed by adding the carrier material particles to the
      impregnation mixture with constant agitation. In addition, the volume of
      the solution is approximately the same as the volume of the carrier
      material particles. The impregnation mixture is maintained in contact with
      the carrier material particles for a period of about one-half hour at a
      temperature of about 70.degree. F. Thereafter, the temperature of the
      impregnation mixture is raised to about 225.degree.  F. and the excess
      solution is evaporated in a period of about 1 hour. The resulting dried
      particles are then subjected to a calcination treatment in an air
      atmospheres at a temperature of about 925.degree. F. for about 1 hour. The
      calcined spheres are then contacted with an air stream containing H.sub.2
      O and HCl in a mole ratio of about 40:1 for about 4 hours at 975.degree.
      F. in order to adjust the halogen content of the catalyst particles to a
      value of about 0.90.
PAR  The resulting catalyst particles are analyzed and found to contain on an
      elemental basis, about 0.375 wt. % platinum, about 0.375 wt. % iridium,
      about 0.5 wt. % germanium, and about 0.85 wt. % chloride. For this
      catalyst, the atomic ratio of germanium to platinum is 3.56:1 and the
      atomic ratio of iridium to platinum is 1.02:1.
PAR  Thereafter, the catalyst particles are subjected to a dry prereduction
      treatment designed to reduce the platinum and iridium components to the
      elemental state while maintaining the germanium component in a positive
      oxidation state by contacting them for 1 hour with a substantially pure
      hydrogen stream containing less than 5 vol. ppm. H.sub.2 O at a
      temperature of about 1050.degree. F., a pressure slightly above
      atmospheric and a flow rate of the hydrogen-stream through the catalyst
      particles corresponding to a gas hourly space velocity of about 720
      hr..sup..sup.-1.
PAR  The resulting reduced catalyst particles are then contacted with a
      sulfiding gas comprising a mixture of H.sub.2 S and H.sub.2 in a mole
      ratio of about 1:10 at a temperature of about 1000.degree. F., atmospheric
      pressure and GHSV of about 800 hr..sup..sup.-1 for a period effective to
      incorporate about 0.1 wt. % sulfur.
PAC  EXAMPLE II
PAR  A portion of the spherical trimetallic sulfided catalyst particles produced
      by the method described in Example I are loaded into a scale model of a
      continuous, fixed bed reforming plant of conventional design. In this
      plant a heavy Kuwait naphtha and hydrogen are continuously contacted at
      reforming conditions: a liquid hourly space velocity of 1.5
      hr..sup..sup.-1, a pressure of 100 psig., a hydrogen to hydrocarbon mole
      ratio of 8.1, and a temperature sufficient to continuously produce a
      C.sub.5 + reformate of 102 F-1-clear. It is to be noted that these are
      exceptionally severe conditions.
PAR  The heavy Kuwait naphtha has an API gravity at 60.degree. F. of 60.4, an
      initial boiling point of 184.degree., a 50% boiling point of 256.degree.,
      and an end boiling point of 360.degree. F. In addition, it contains about
      8 vol. % aromatics, 71 vol. % paraffins, 21 vol. % naphthenes, 0.5 wt.
      parts per million sulfur, and 5 to 8 wt. parts per million water. The F-1
      clear octane number of the raw stock is 40.0.
PAR  The fixed bed reforming plant is made up of a reactor containing the
      trimetallic catalyst, a hydrogen separation zone, a debutanizer column,
      and suitable heating, pumping, cooling, and controlling means. In this
      plant, a hydrogen recycle stream and the charge stock are commingled and
      heated to the desired temperature. The resultant mixture is then passed
      downflow into a reactor containing the trimetallic catalyst as a fixed
      bed. An effluent stream is then withdrawn from the bottom of the reactor,
      cooled to about 55.degree. F. and passed to a separating zone wherein a
      hydrogen-rich gaseous phase separates from a liquid hydrocarbon phase. A
      portion of the gaseous phase is continuously passed through a high surface
      area sodium scrubber and the resulting water-free hydrogen stream recycled
      to the reactor in order to supply hydrogen thereto, and the excess
      hydrogen over that needed for plant pressure is recovered as excess
      separate gas. The liquid hydrocarbon phase from the hydrogen separating
      zone is withdrawn therefrom and passed to a debutanizer column of
      conventional design wherein light ends are taken overhead as debutanizer
      gas and a C.sub.5 + reformate stream recovered as bottoms.
PAR  The test run is continued for a catalyst life of about 20 barrels of charge
      per pound of catalyst utilized, and it is determined that the activity,
      selectivity, and stability of the present sulfided trimetallic catalyst
      are vastly superior to those observed in a similar type test with a
      conventional commercial reforming catalyst. More specifically, the results
      obtained from the subject catalyst are superior to the platinum
      metal-contining catalyst of the prior art in the areas of hydrogen
      production, C.sub.5 + yield at octane, average rate of temperature
      increase necessary to maintain octane, and C.sub.5 + yield decline rate.
      Also it is noted that the principal effect of the sulfiding step on the
      performance of the instant catalyst involves diminished undesired
      exothermic hydrocracking and demethylation activity during the initial
      portion of the test run.
PAR  It is intended to cover by the following claims all changes and
      modifications of the above disclosure of the present invention which would
      be self-evident to a man of ordinary skill in the catalyst formulation art
      or the hydrocarbon conversion art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a process for converting a hydrocarbon which comprises contacting the
      hydrocarbon at hydrocarbon conversion conditions with a catalytic
      composite, comprising a porous carrier material containing, on an
      elemental basis, about 0.01 to about 2 wt. % platinum or palladium, about
      0.01 to about 2 wt. % iridium, about 0.01 to about 5 wt. % germanium, and
      about 0.1 to about 3.5 wt. % halogen, wherein the platinum or palladium,
      iridium, and germanium are uniformly dispersed throughout the porous
      carrier material, wherein substantially all of the platinum or palladium
      and iridium are present in the corresponding elemental metallic states and
      wherein substantially all of the germanium is present in an oxidation
      state above that of the elemental metal, the improvement which comprises
      sulfiding the catalytic composite, prior to contact with the hydrocarbon,
      by treating the composite with a sulfiding gas at conditions selected in
      incorporate about 0.05 to about 0.5 wt. % sulfur.
NUM  2.
PAR  2. An improved process as defined in claim 1 wherein the composite contains
      about 0.05 to about 1 wt. % platinum, about 0.05 to about 1 wt. % iridium,
      about 0.05 to about 2 wt. % germanium, and about 0.5 to about 1.5 wt. %
      halogen.
NUM  3.
PAR  3. An improved process as defined in claim 1 wherein the contacting of the
      hydrocarbon with the catalytic composite is preformed in the presence of
      hydrogen.
NUM  4.
PAR  4. An improved process as defined in claim 1 wherein the type of
      hydrocarbon conversion is catalytic reforming of a gasoline fraction to
      produce a high octane reformate, wherein the hydrocarbon is contained in
      the gasoline fraction, wherein the contacting is performed in the presence
      of hydrogen, and wherein the hydrocarbon conversion conditions are
      reforming conditions.
NUM  5.
PAR  5. An improved process as defined in claim 4 wherein the reforming
      conditions include a temperature of about 800.degree. to about
      1100.degree. F., a pressure of about 0 to about 1,000 psig., a liquid
      hourly space velocity of about 0.1 to about 10 hr..sup..sup.-1, and a mole
      ratio of hydrogen to hydrocarbon of about 1:1 to about 20:1.
NUM  6.
PAR  6. An improved process as defined in claim 1 wherein the sulfiding gas is a
      mixture of hydrogen and hydrogen sulfide.
NUM  7.
PAR  7. An improved process as defined in claim 1 wherein the sulfiding
      conditions include a temperature of about 50.degree. to about 1150.degree.
      F.
NUM  8.
PAR  8. A sulfided catalytic composite comprising a porous carrier material
      containing, on an elemental basis, about 0.01 to about 2 wt. % platinum or
      palladium metal, about 0.01 to about 2 wt. % iridium metal, about 0.01 to
      about 5 wt. % germanium, about 0.1 to about 3.5 wt. % halogen and about
      0.05 to about 0.5 wt. % sulfur, wherein the platinum or palladium,
      germanium, and iridium are uniformly dispersed throughout the porous
      carrier material, wherein substantially all of the platinum or palladium
      and iridium were present in the corresponding elemental metallic state
      prior to the composite being sulfided, wherein substantially all of the
      germanium was present in an oxidation state above that of the elemental
      metal prior to the composite being sulfided.
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ABST
PAL  A multiple stage hydrodesulfurization process is described for the
      catalytic hydrodesulfurization and hydrodemetallization of a residual
      petroleum oil boiling above the gasoline range to prepare a zeolite riser
      cracking feed. The product of the hydrodesulfurization section comprises
      essentially material boiling above the gasoline range and comprises little
      material boiling within the gasoline range in order to preserve the feed
      for subsequent cracking to gasoline without added hydrogen. The
      hydrodesulfurization-demetallization section comprises an initial stage
      involving relatively high hydrogen pressure in the presence of a catalyst
      comprising a relatively low proportion of catalytically active
      hydrogenation metals. The process employs a final stage in series
      employing a relatively lower hydrogen pressure and a catalyst comprising a
      relatively higher proportion of hydrogenation metals. The stream entering
      the final stage contains an amount up to 10, 20 or even 25 weight percent
      of the asphaltene content of the charge to the first stage while the
      effluent from the final stage is essentially free of asphaltenes. The
      metals content of the final stage effluent is so low that said effluent
      can be charged without blending with a distillate oil to a fluidized
      zeolite riser cracking unit (FCC) to produce gasoline and fuel oil so that
      the zeolite catalyst make-up requirement due to metals accumulation on the
      zeolite catalyst is no greater than the zeolite make-up requirement when a
      distillate gas oil comprises the entire feed to the riser.
BSUM
PAR  This invention is based upon the hydrodesulfurization of
      asphaltene-containing residual petroleum oils having relatively high
      sulfur and metal contents. The residual oils boil above the gasoline range
      and can have a boiling point of 375.degree.F.+ (191.degree.C.+),
      400.degree.F.+ (204.degree.C.+), 650.degree.F.+ (343.degree.C.+) or even
      1,050.degree.F.+ (565.degree.C.+).
PAR  The present invention is based upon a multiple stage hydrodesulfurization
      process wherein the effluent from the final hydrodesulfurization stage is
      essentially free of asphaltenes as determined by pentane extraction and
      contains less than about 1, generally, or preferably less than about 0.6
      ppm of nickel equivalent (nickel equivalent is equal to the ppm by weight
      of nickel plus one-fifth the ppm by weight of vanadium which is present).
      The metals content from the effluent of the final hydrodesulfurization
      stage is so low that the total final stage effluent without dilution can
      be employed as the entire stream to a fluid catalytic cracking (FCC)
      process employing a zeolite catalyst in a riser wherein the catalyst and
      hydrocarbon flow at about the same velocity without catalyst build-up due
      to catalyst slippage within the riser and without an increase in catalyst
      to oil ratio in the riser. In the FCC process the build-up of nickel and
      vanadium on the zeolite catalyst is so low when charging undiluted
      hydrodesulfurization effluent that the zeolite catalyst make-up rate is no
      more than about 0.2 pounds of zeolite catalyst per barrel of feed (571
      g/m.sup.3) to the FCC riser. This zeolite catalyst make-up rate level is
      no higher than the normally required zeolite catalyst make-up rate in an
      FCC riser operation employing a distillate gas oil as the entire feed
      stream. Of course, the total hydrodesulfurization effluent can be blended
      with other streams prior to FCC.
PAR  If desired, the present invention can be employed for desulfurization of a
      full crude oil in the same unit or in separate units. For example, a
      650.degree. F.+ (343.degree. C.+) metals containing residual oil can be
      hydrodesulfurized in a first unit according to the present invention while
      the lighter distillate or a portion thereof can be hydrodesulfurized
      separately without the problems of metals contamination and high catalyst
      deactivation. Thereupon, the desulfurized distillate or a portion thereof
      and the desulfurized residuum can be reblended to provide a total
      desulfurized crude for use as a fuel oil or to provide a blended residual
      and distillate oil low in sulfur and boiling above the gasoline range for
      feeding to an FCC unit. If a full crude is charged to a single unit, the
      gasoline in the effluent is removed by distillation and utilized without
      cracking.
PAR  It is a characteristic of the present operation that the
      hydrodesulfurization process performs very little hydrocracking of feed
      oil boiling above the gasoline range, i.e. above about 375.degree.F.
      (191.degree.C.) or 400.degree.F. (204.degree.C.) to gasoline or lighter
      materials, i.e. to materials boiling below 375.degree.F. (191.degree.C.)
      or 400.degree.F. (204.degree.C.). This is an important feature of the
      present process since cracking of feed oil in the hydrodesulfurization
      operation involves the consumption of hydrogen which is wasteful, whereas,
      if cracking is deferred until the stream reaches the FCC unit, gasoline is
      produced without consumption of hydrogen and without addition of
      extraneous hydrogen to the FCC unit. Furthermore, gasoline produced in the
      FCC unit without added hydrogen has a higher octane value than gasoline
      produced by cracking in the presence of added hydrogen. Therefore, the
      function of the hydrodesulfurization unit is confined to the removal of
      sulfur, metals and asphaltenes rather than the production of gasoline and
      the function of the FCC unit is confined predominantly to the production
      of gasoline and also to low-sulfur fuel oil with a greater gasoline
      selectively based on feed than if a distillate gas oil feed only were
      charged to FCC, although the zeolite catalyst to feed ratio requirement in
      the FCC riser is not increased to obtain this greater gasoline selectivity
      in spite of the fact that the entire bottoms portion is being processed in
      the FCC riser.
PAR  While hydrogen is charged to the hydrodesulfurization process, no hydrogen
      is charged to the FCC process. The hydrodesulfurization process is
      essentially free of hydrocracking of feed components boiling above the
      gasoline range feed to material boiling within or below the gasoline range
      feed. In the hydrodesulfurization process not more than 20 percent,
      generally, of feed components boiling above the gasoline range, or
      preferably, not more than 10 percent, and most preferably, not more than 2
      to 5 percent of feed components to the hydrodesulfurization process
      boiling above the gasoline range are converted to gasoline range or
      lighter materials. The hydrodesulfurization process is so free of
      hydrocracking to lighter materials that when charging atmospheric tower
      bottoms, i.e. 650.degree.F.+ (343.degree.C.+) residue, not more than 25 or
      35 percent of this feed will be converted to material boiling below
      650.degree.F. (343.degree.C.) and preferably not more than 20 or 30
      percent of this feed will be converted to material boiling below
      650.degree.F. (343.degree.C.). It is therefore seen that the
      hydrodesulfurization process is capable of hydrodesulfurization to produce
      an effluent wherein 70 or 80 percent by volume of the feed is recovered
      having a boiling point at least as high as the initial boiling point of
      the hydrodesulfurization feed oil.
PAR  In accordance with the present invention, it is shown that in the
      hydrodesulfurization process at start-of-run with a fresh catalyst, the
      weight percentage of demetallization increases generally uniformly with
      increases in hydrogen partial pressure. Since most of the metal content of
      the residual oil is generally present in the asphaltenes present in the
      residual oil (the residual oil comprising relatively low boiling saturates
      and aromatics plus higher boiling resins and asphaltenes) this means that
      as the hydrogen partial pressure is increased and the asphaltene content
      of the hydrodesulfurization effluent decreases the metals content of the
      residue also decreases.
PAR  The present invention employs a hydrodesulfurization catalyst having
      essentially no cracking activity. The hydrodesulfurization catalyst
      comprises at least one Group VIII metal and at least one Group VI metal on
      an alumina support containing less than 1 weight percent silica.
      Preferably, the support contains less than 0.5 weight percent silica, and
      most preferably, the support contains as low as 0.1 weight percent silica.
      The support can be essentially alumina. It is important that the support
      be sufficiently free of silica so that the catalyst is essentially devoid
      of ability to hydrocrack the feed below its initial boiling point.
PAR  The present invention is based upon the surprising discovery that in
      hydrodesulfurization the increase in weight percent demetallization in a
      residue oil feed with increases in hydrogen partial pressure is a
      transitory phenomenon only. In accordance with this invention, the
      unexpected discovery is disclosed that as the catalyst ages the reverse
      situation rapidly occurs. That is, at the higher hydrogen partial
      pressures, whereat at the beginning of the run the weight percentage of
      demetallization is the highest, catalyst aging tends to reduce this high
      ratio so that the longer the catalyst ages at a high hydrogen partial
      pressure the greater the fall off in weight ratio of demetallization to
      desulfurization. Furthermore, the higher the initial hydrogen partial
      pressure the more rapid is the fall off in weight ratio of demetallization
      to desulfurization during catalyst aging.
PAR  In contrast, relatively low hydrogen partial pressures, which at start of
      run conditions produce a reduced weight percentage of demetallization,
      exhibit an increase in weight ratio of demetallization to desulfurization
      in the feed upon catalyst aging. Furthermore, within the hydrogen pressure
      limits of this invention, the lower the hydrogen partial pressure the more
      rapid is the increase in weight ratio of demetallization to
      desulfurization upon catalyst aging. In accordance with this invention, it
      is important that for optimum demetallization in the relatively low
      pressure stages wherein operations preferential to demetallization are
      desired, that the hydrogen partial pressure not be permitted to be too low
      because if the initial rate of demetallization is too low the increase in
      demetallization selectivity upon catalyst aging is unable to effectively
      overcome the initial disadvantage within an acceptably short catalyst
      aging period. Furthermore, the hydrogen partial pressure should not be so
      low in a hydrodesulfurization stage of this invention that excessive and
      continual coke build-up on the catalyst is permitted to occur which would
      lead to an excessively short cycle life in the catalyst. The hydrogen
      partial pressure can be sufficiently low to permit appreciable catalyst
      coke formation whereby when equilibrium is achieved the level of coke on
      the catalyst stabilizes so that catalyst coke is removed by hydrogenation
      and leaves the catalyst surface at about the same rate that new coke forms
      on the catalyst surface.
PAR  The present multiple stage hydrodesulfurization process requires that the
      initial stage have a hydrogen partial pressure which is higher than the
      hydrogen partial pressure of the final stage. This is in direct contrast
      to U.S. Pat. No. 3,155,608 which is a prior art hydrodesulfurization
      patent employing multiple stages, which disposes hydrogen recycle and
      fresh hydrogen streams to produce a higher hydrogen pressure in the final
      stage than in the initial stage. The pressure drop of this invention can
      be accomplished by interstage flashing, restrictive pressure drop lines
      and by regard to points of recycle of pressurized purified hydrogen or of
      introduction of fresh hydrogen. Since the hydrogen partial pressure is
      lower in the final stage and since excessively low hydrogen partial
      pressures are conducive to continual coke build-up on the catalyst, it is
      not only necessary that the hydrogen partial pressure in the final stage
      not be so low that a continual build-up of coke is permitted but also that
      the catalyst in the final stage have a different composition to impart a
      higher hydrogenation activity as compared to the catalyst in the first
      stage. Since the catalyst in the first stage is relatively protected
      against excessive coke formation and coke build-up with aging due to
      elevated hydrogen partial pressure and since its desulfurization rate is
      also assisted by relatively high hydrogen partial pressure, the first
      stage catalyst requires a lower Group VI and Group VIII metal content than
      the content of Group VI and Group VIII metal on the catalyst in the final
      stage of the hydrodesulfurization process to balance the aging cycles
      between the stages and to avoid needlessly excessive active metals deposit
      on the first stage catalyst, which is economically wasteful. Furthermore,
      because of the low hydrogen pressure in the final stage and because of its
      enhanced activity due to increased metals content and therefore increased
      catalytic sites, the activity of the final stage catalyst must be
      protected in accordance with this invention against excessive aging caused
      by coke build-up by continuous or periodic injection of a
      sulfur-containing material such as hydrogen sulfide or hydrogen
      sulfide-producing hydrocarbon not present in the final stage feed stream
      to serve as a catalyst sulfiding agent in the final stage to replace loss
      of sulfur from the catalyst and to maintain high hydrogenation activity in
      the catalyst in the presence of relatively low hydrogen partial pressures.
      The particular reason that an extraneous catalyst sulfiding agent is
      required in the final stage is that the feed to the final stage has too
      low a sulfur level and the sulfur in the feed is so refractory that
      insufficient hydrogen sulfide is produced to maintain the catalyst at its
      start-of-run or presulfided sulfur level. In contrast, in the first stage
      the feed is so rich in non-refractory sulfur that the hydrogen-sulfide
      produced in the first stage not only maintains the catalyst at its
      presulfided fully sulfided level, but being a reaction product it even
      inhibits the desulfurization rate in the first stage if it is not removed
      by flashing, as explained below.
PAR  In general, the maximum hydrogen partial pressure to be employed in the
      first catalyst stage should not exceed 2,300 to 2,500 psi (161.0 to 175.0
      Kg/cm.sup.2) and preferably should not exceed 1,900 to 2,000 psi (133.0 to
      140.0 Kg/cm.sup.2). If higher hydrogen partial pressures are employed in
      the first stage an economic waste will result because as the catalyst ages
      its initial advantage in demetallization activity is lost more rapidly at
      high hydrogen partial pressures than at lower hydrogen partial pressures
      so that the highest hydrogen partial pressure to be employed in the first
      hydrodesulfurization stage can be correlated with the length of the cycle
      so that maximum total metals removal can be achieved in the first stage
      considering the entire length of the catalyst cycle. In accordance with
      the present invention, and in order to achieve commercial utility, the
      catalyst cycle should be at least 5 and preferably at least 8 and more
      preferably at least 10 or 12 barrels of feed per pound of catalyst (at
      least 0.00175 and preferably at least 0.00280 and more preferably at least
      0.00350 or 0.00420 m.sup.3 /g). The catalyst system is balanced so that
      the high and low pressure hydrodesulfurization stages are capable of about
      the same cycle life before requiring catalyst regeneration or discard. The
      quantity and composition of catalyst employed in each stage is established
      to provide as long a cycle life as possible with a minimum total quantity
      of catalyst per barrel of feed, considering the catalyst in each stage.
      Each stage of the hydrodesulfurization process can provide a cycle life
      with the available catalyst of at least 4, 5 or 6 months or even at least
      11 or 12 months.
PAR  The hydrogen pressure in the final stage must be balanced so that on the
      one hand it is low enough that with increasing catalyst age it tends to
      maintain or, preferably, to increase the ratio of demetallization to
      desulfurization which is achieved in the final stage as compared to the
      first stage and so that it provides an effluent which is essentially free
      of asphaltenes. At the same time the hydrogen partial pressure in the
      final stage must be sufficiently high so that there is not an excessive
      and continual build-up of coke on the catalyst during the run. In the
      final stage, because of the relatively low hydrogen partial pressure the
      asphaltene particles tend to remain at a catalyst site for a relatively
      long period of time before achieving metal or sulfur removal and accepting
      hydrogen in their place, whereupon the asphaltene particle leaves the
      catalyst site and frees the site for acceptance of another asphaltene
      particle to repeat the procedure. Movement of asphaltene particles to and
      from catalyst sites occurs more rapidly at the higher hydrogen pressure of
      the initial hydrodesulfurization reactor and proceeds more slowly at the
      lower pressure of the final hydrodesulfurization reactor. The hydrogen
      partial pressure in the final hydrodesulfurization reactor should be high
      enough to at least achieve an equilibrium so that after an initial period
      of operation the build-up of asphaltene particles upon the catalyst
      surface stabilizes whereby hydrogenation accompanied by sulfur and metal
      removal from the asphaltene particle occurs at about the same rate as
      acceptance of a fresh asphaltene particle at the catalyst site. In the
      final hydrodesulfurization reactor an asphaltene particle might have to
      move from one catalyst site to another before it is able to accept
      hydrogen and become demetallized or desulfurized or the reaction may occur
      at a single site whereby the asphaltene particle becomes demetallized or
      desulfurized and accepts hydrogen at only one catalyst site and becomes
      converted to either a resin, an aromatic or a saturate and leaves the
      catalyst making the site on the catalyst available for a fresh asphaltene
      molecule. However, because of the requirement for a slow reaction rate in
      the final stage, an increased number of catalyst sites are required, and
      to provide this the weight percentage of active metals in the final stage
      catalyst is greater than in the initial stage catalyst.
PAR  The lowest pressure as well as the optimum pressure for the aforementioned
      functions in the final catalyst stage of this invention is at least 1300
      or 1350 psi (91.0 or 94.5 Kg/cm.sup.2) hydrogen partial pressure and
      preferably 1,400 up to 1,600 or even 1,700, 1,800 or 1,900 psi (98.0 up to
      112.0 or even 119.0, 126.0 or 133.0 Kg/cm.sup.2) hydrogen partial
      pressure. At these pressures, upon catalyst aging an advantageous balance
      is reached in ratio of weight percent demetallization to weight percent
      desulfurization coupled with a stabilization of asphaltene level on the
      catalyst surface so that the asphaltene level on the catalyst reaches a
      plateau at which it is removed and replaced at about the same rate. When
      this occurs, the effluent from the final stage is essentially free of
      asphaltenes.
PAR  The hydrogen pressures in the initial and final stages can be established
      in a number of ways. For example, by the hydrogen compressor pressure
      setting, the amount of diluents in the hydrogen stream and by the amount
      and locale of recycle hydrogen injection into the system or by the amount
      and location of fresh hydrogen injection into the system. The hydrogen
      pressures are preferably balanced so that the length of the catalyst cycle
      before reaching catalyst deactivation in each of the stages is about the
      same. Catalyst deactivation occurs when the average temperature in any
      stage must be raised from a minimum of about 650.degree. or 690.degree.F.
      (343.degree. or 365.degree.C.) to a maximum of from about 790.degree. or
      800.degree.F. (421.degree. or 427.degree.C.) or even 850.degree.F.
      (454.degree.C.) in order to stabilize at a desired constant level the
      sulfur content in the effluent from a reactor. The temperatures are
      continually or intermittently raised in each reactor during a catalyst
      cycle to maintain the desired constant sulfur level in the effluent. For
      example, the temperatures will be adjusted upwardly continually in the
      reactors so that if a residual feed containing about 4 weight percent
      sulfur is charged to a three reactor system of this invention, with the
      reactors in series, the effluent from the first reactor will contain about
      1 weight percent sulfur, the effluent from the second reactor will contain
      about 0.2 to about 0.5 weight percent sulfur and the effluent from the
      third reactor will contain about 0.05 to 0.1 weight percent sulfur. In
      addition, the effluent from the third reactor will contain less than 1 and
      preferably less than 0.6 weight percent nickel equivalent (which is the
      ppm of nickel plus one-fifth of the ppm of vanadium) when the feed to the
      first reactor contains 60 ppm of nickel plus vanadium, or more. Also, the
      effluent from the third reactor will be essentially free of asphaltenes,
      as measured by conventional means, i.e. no normal pentane insolubles will
      be detected in a normal pentane extraction of the effluent.
PAR  The total catalyst quantity required to achieve the hydrodesulfurization
      results of this invention will be sharply minimized by employing a higher
      Group VI and Group VIII metals weight level catalyst in the final stage
      than is employed in the catalyst in the first stage. The higher the weight
      percentage of Group VI and Group VIII metal in the final stage catalyst,
      the higher will be the hydrogenation activity, which will tend to
      compensate for the lower hydrogen partial pressures occurring in the final
      hydrodesulfurization stage. Furthermore, it is an important feature of
      this invention that because the sulfur content in the feed entering the
      final hydrodesulfurization stage is so low and because this sulfur is so
      refractory, there is a dearth of sulfur in the atmosphere of the final
      stage resulting in a loss of sulfur from the presulfided final stage
      catalyst, tending to cause the final stage catalyst to deactivate more
      rapidly than the catalyst in any earlier stage. This loss of sulfur can
      result in a runaway buildup of asphaltenes upon the surface of the
      catalyst in the final stage due to loss of hydrogenation activity. In
      order to stabilize and equalize asphaltene adsorption and desorption at
      the surface of the catalyst in the final stage, it is necessary to provide
      hydrogen sulfide or other sulfiding agent not present in the oil feed to
      the catalyst of the final stage so that the cycle life in the final stage
      is as long as the cycle life in the earlier stages, i.e. each reactor
      reaches its temperature limitation of about 800.degree.F. (427.degree.C.)
      at about the same time. We have found that the addition of a sulfiding
      agent to the final stage can result in a nearly flat aging curve in the
      final stage. The sulfur addition to the final stage can be received
      directly by hydrogen sulfide injection, by injection of a hydrogen sulfide
      producing organic material not present in the feed oil or can be produced
      from the feed stream in an earlier and higher pressure
      hydrodesulfurization stage and transmitted to the final low pressure stage
      by passing the effluent from an earlier higher hydrogen pressure
      hydrodesulfurization stage containing hydrogen sulfide undiluted by fresh
      or make-up hydrogen to the final hydrodesulfurization stage without any
      flashing or hydrogen sulfide absorption step prior to the final
      hydrodesulfurization stage.
PAR  The catalyst in all phases comprises at least one Group VI and at least one
      Group VIII metal in sulfided condition, such as nickel-cobalt-molybdenum
      on alumina. Many metals combinations can be employed, such as a
      cobalt-molybdenum, nickel-tungsten and nickel-molybdenum. A noncracking
      alumina support must be employed, such as an alumina containing less than
      1 weight percent silica, preferably less than 0.5 weight percent silica
      and most preferably no more than 0.1 weight percent silica. The metals
      content on the catalyst is higher in the final stage than in the initial
      stage. Whatever, metals content is employed, the weight percent of active
      Group VI-Group VIII hydrogenation metals in the final stage is higher than
      in the initial stage.
PAR  The present invention is directed towards the hydrodesulfurization of a
      residual oil containing substantially the entire asphaltene fraction of
      the crude from which it is derived and which therefore contains 95 to 99
      weight percent or more of the nickel and vanadium content of the full
      crude. The nickel, vanadium and sulfur content of the liquid charge can
      vary over a wide range. For example, nickel and vanadium can comprise
      0.0005 to 0.05 weight percent (5 to 500 parts per million) or more of the
      feed oil while sulfur can comprise about 2 to 6 weight percent or more of
      the charge oil.
PAR  In the hydrodesulfurization process of this invention it is the partial
      pressure of hydrogen rather than total reactor pressure which determines
      hydrodesulfurization and demetallization activity. Therefore, the hydrogen
      stream should be as free of other gases as possible.
PAR  The gas circulation rate can be between about 2,000 and 20,000 standard
      cubic feet per barrel (between about 36.0 and 360.0 SCM/100L), generally,
      or preferably about 3,000 to 10,000 standard cubic feet per barrel of gas
      (54.0 to 180.0 SCM/100L), and preferably contains 80 percent or more of
      hydrogen. The mol ratio of hydrogen to oil can be between 8:1 and 80:1.
      Reactor temperatures can range between about 650 and 900.degree.F.
      (343.degree. and 482.degree.C.), generally, and between about 680.degree.
      and 800.degree.F. (360.degree. and 427.degree.C.), preferably. The
      temperature should be low enough so that not more than about 10, 15 or 20
      percent of a 650.degree.F. + (343.degree.C.+) residual oil charge will be
      cracked to furnace oil or lighter. At reactor outlet temperatures of
      800.degree. to 850.degree.F. (427.degree. to 454.degree.C.) the steel of
      the reactor walls rapidly loses strength and unless reactor wall
      thicknesses of 7 to 10 inches (17.78 to 25.40 cm) or more are utilized, a
      reactor outlet temperature of about 800 to 850.degree.F. (427 to
      454.degree.C.) constitutes a metallurgical limitation. The liquid hourly
      space velocity in each reactor of this invention based on hydrocarbon oil
      feed to the first stage can be between about 0.2 to 10, generally, between
      about 0.3 and 3, preferably, or between about 0.5 and 1.5, most
      preferably.
PAR  The catalyst employed in the process, as stated above, comprises sulfided
      Group VI and Group VIII metals on a support, such as sulfided
      nickel-cobalt-molybdenum or cobalt-molybdenum on alumina.
      Hydrodesulfurization catalyst compositions suitable for use in the present
      invention are described in U.S. Pat. No. 2,880,171 and also in U.S. Pat.
      No. 3,383,301. However, an advantageous feature of the catalyst particles
      of the present invention is that the smallest diameter of these particles
      is broadly between about 1/20 and 1/40 or 1/50 inch (0.127 and 0.0635 or
      0.051 cm), preferentially between 1/25 and 1/36 inch (0.102 and 0.071 cm),
      and most preferably between about 1/29 and 1/34 inch (0.081 and 0.075 cm).
      Particle sizes below the range of this invention would induce a pressure
      drop which is too great to make them practical. The catalyst can be
      prepared so that nearly all or at least about 92 or 96 percent of the
      particles are within this size range. The catalyst can be in any suitable
      configuration in which the smallest particle diameter is within this size
      range, such as roughly cubical, needle-shaped or round granules, spheres,
      cylindrically-shaped extrudates, etc. By smallest particle diameter is
      meant the smallest surface to surface dimension through the center or axis
      of the catalyst particle, regardless of the shape of the particle. The
      cylindrical extrudate form having a length between about 1/10 to 1/4 inch
      (0.254 and 0.635 cm) is highly suitable.
PAR  It is important in this invention that the catalyst is essentially free of
      dehydrogenation activity to prevent formation of severely hydrogen
      deficient coke on the catalyst. It is to be emphasized that the
      hydrocarbon build-up in the final stage catalyst is not a severely
      hydrogen-deprived material initially but is essentially an asphaltene or
      coke precursor material as received in the feed stream containing somewhat
      higher than the feed hydrogen to carbon ratio. Because the catalyst has
      not rendered the feed asphaltene hydrogen deficient, the asphaltene is
      capable of undergoing desulfurization and demetallization accompanied by a
      reception of hydrogen to convert the feed asphaltene to a more
      hydrogen-rich molecule such as a resin, an aromatic, or a saturate, which
      can then leave the catalyst site by dissolving into the main flow stream
      in the final reactor, thereby stabilizing the asphaltene content on the
      catalyst. An indication that the catalyst support of the present invention
      is not a hydrocracking or coke forming (i.e. a hydrogen depriving)
      catalyst is illustrated by the fact that increasing hydrogen pressures
      with the catalyst does not result in any detectable or significant
      increased hydrogen consumption. Furthermore, after brief conditioning of
      the catalyst under the same conditions of temperature, pressure and
      residence time, the amount of hydrocracking experienced with the catalyst
      of the present invention is about the same as that experienced with inert
      solid particles.
PAR  The various stages in series of the hydrodesulfurization process of the
      present invention are balanced with respect to hydrogen partial pressure,
      relative catalyst volume and catalyst activity in order to encourage
      balancing of relative metals removal in each of the stages. For example,
      in a three-stage operation, the quantity of asphaltenes and metals will be
      greatest in the first stage, intermediate in the second and smallest in
      the third stage. To compensate for this, the percent reduction of
      asphaltenes and metals in the first stage will be the lowest, will be
      intermediate in the second stage and will be the highest in the third
      stage. As an example, consider a residual feed to the hydrodesulfurization
      process of this invention containing about 10 weight percent asphaltenes,
      about 5 percent will be thermally cracked or rendered into smaller
      structures by the enhanced solubility in aromatics at the high hydrogen
      pressure of the first stage. The remaining 5 percent will be more
      refractory to hydrocracking than most of those in the feed. Since the
      first stage possesses the highest hydrogen partial pressure, whatever
      asphaltenes are refractory to hydrocracking in the first stage will not be
      thermally cracked at as great a rate in the subsequent stages since the
      subsequent stages are at a lower pressure. If they were not amenable to
      cracking at the higher pressure of the first stage they will be less
      amenable to hydrocracking at the lower pressures of the subsequent stages.
      Of the 5 percent of the asphaltenes fed to the first stage which is
      refractory to hydrocracking, about 2 percent will be adsorbed on the first
      stage catalyst whereat it will be demetallized and/or desulfurized. This
      amounts to a 40 percent reduction in asphaltenes in the first stage by
      adsorption on the catalyst. The remaining 3 percent of asphaltenes in the
      feed enter the second hydrodesulfurization stage, and in the second stage,
      of this 3 percent, 2 percent will be adsorbed on the second stage catalyst
      where it will be desulfurized and/or demetallized, amounting to a 67
      percent reduction of asphaltenes by adsorption on the catalyst in the
      second stage. This leaves 1 percent of the total asphaltenes in the feed
      for entry into the third catalytic stage. In the third catalytic stage
      essentially the entire 1 percent is adsorbed on the catalyst and is
      demetallized and/or desulfurized for subsequent dissolution into the
      hydrodesulfurization product stream as a resin, aromatic or saturate
      molecule, so that the effluent stream of the third stage is essentially
      free of asphaltenes. Assuming that reduction in asphaltenes in the above
      example generally corresponds to absorption of metals on the surface of
      the catalyst, there is a progressive increase from 40 percent reduction of
      metals in the first stage to 67 percent reduction in metals in the second
      stage to essentially 100 percent reduction of metals in the third stage.
      However, while the percent reduction in metals is increasing in each
      stage, the absolute quantity of metals removed is progressively diminished
      in the stages so that there tends to be a balance of absolute quantity of
      metals removal in the various reactors of the system. However, it is
      emphasized that there is a progressively smaller absolute amount of metals
      removal in each subsequent stage. This balance is important because while
      asphaltene particles reach an equilibrium so that they accumulate and are
      removed at about the same rate on the catalyst surface, the metals that
      build-up can not be removed by ordinary means during the process and they
      therefore contribute toward irreversible limitation of the catalyst cycle
      in each reactor.
PAR  Data are shown below which illustrate not only the optimum and the minimum
      hydrogen pressure to be employed in the final hydrodesulfurization stage
      (the optimum is about 1400 psi [98.0 Kg/cm.sup.2 ] hydrogen partial
      pressure) but also the optimum and maximum hydrogen partial pressure to be
      employed in the initial hydrodesulfurization stage. These data show that
      at very high pressures (2,300 psi [161.0 Kg/cm.sup.2) hydrogen partial
      pressure) the asphaltene content of the catalyst was reduced but the
      sulfur content of the remaining asphaltenes changed very little. This
      indicates that the higher pressure performed a catalytic effect in
      hydrocracking the asphaltenes to lighter molecules without appreciable
      removal of metal or sulfur which require relatively extended adsorption
      time at a catalyst site for their occurrence. Evidently at the higher
      hydrogen pressure of 2,300 psi [161.0 Kg/cm.sup.2 ] even the briefest
      contact with a catalyst site resulted in very rapid reaction thereupon the
      molecule became hydrogenated to a less refractory asphaltene or a
      nonasphaltene or became hydrocracked to smaller fragments before enough
      time elapsed at the catalyst site to permit removal of sulfur or metals.
      The same tests show that at the lower hydrogen partial pressure of 1,950
      psi (136.5 Kg/cm.sup.2) there was essentially no change in the asphaltene
      content in the feed oil although the sulfur content in the asphaltenes was
      diminished sharply. These data indicate that at the lower pressure the
      asphaltenes adsorbed on the catalyst site were permitted sufficient
      residence time for removal of metals and sulfur although the pressure was
      not sufficiently high to accomplish much hydrogenation to less refractory
      nonasphaltenic material and/or hydrocracking. These tests indicate that at
      a pressure as high as 2,300 psi (161.0 Kg/cm.sup.2) desulfurization of
      asphaltenes does not occur to as significant an extent as at low hydrogen
      partial pressures. These tests were taken with an aged catalyst in the
      first reactor.
PAR  In FCC operations the sulfur concentration is highest in the higher boiling
      product fractions of the FCC product. It is an important advantage of this
      invention that the sulfur content of the hydrodesulfurization effluent is
      so low that even the fuel oil range (400.degree. to 650.degree.F.
      [204.degree. to 343.degree.C]) product of FCC has a sulfur content below
      0.25 weight percent, preferably below 0.20 weight percent, which meets
      commercial specifications for home heating oil in the United States, so
      that further desulfurization of the fuel oil is not required. This is
      unusual since usually furnace oil range product from FCC operations must
      be desulfurized to meet home heating oil sulfur commercial specification.
      Therefore, the hydrodesulfurization-FCC combination process of this
      invention accomplishes all required desulfurization requirements in
      advance of the FCC step with no desulfurization operation required after
      the FCC operation. A further and important advantage of this fact is that,
      because the sulfur is removed from the feed in advance of FCC, rather than
      following FCC, the sulfur dioxide in the FCC regenerator off-gas which
      comes from sulfur-containing coke on the zeolite catalyst, is minimized to
      a level meeting commercial requirements without scrubbing of sulfur
      dioxide from the regenerator flue gas. It is extremely difficult to scrub
      sulfur dioxide in a flue gas stream and high sulfur dioxide levels in FCC
      regenerators are rapidly becomming an unacceptable source of air
      pollution. In accordance with this invention this difficulty is obviated.
PAR  The characteristics of the hydrodesulfurization process discussed above are
      illustrated in the data shown in the attached figures. FIG. 1 shows the
      effect of hydrogen partial pressure upon the ratio of weight percent
      demetallization, using demetallization at 1,400 psi (98.0 Kg/cm.sup.2)
      hydrogen partial pressure as a base, of a residual oil employing a fresh
      (unaged) relatively low active metals level hydrogenation catalyst of the
      first hydrodesulfurization reaction stage of this invention. As shown in
      FIG. 1, data taken with an unaged low metals catalyst show that an
      increase of hydrogen partial pressure results in an increase in
      demetallization. Since most of the metals present in the feed are present
      in the asphaltene fraction of the feed, an increase in demetallization
      represents a decrease in asphaltene content of the stream passing through
      the reactor. FIG. 1 tends to indicate that a residual oil
      hydrodesulfurization process wherein it is desired to produce a product
      having a very low metals level, such as a hydrodesulfurization process to
      convert a high metals-containing residual oil to a good quality FCC feed
      stream which will not unduly deactivate the FCC zeolite catalyst by
      excessive metals deposit thereon, requires as high a hydrogen partial
      pressure as possible. However, FIGS. 2 and 3 illustrate the discovery of
      the present invention indicating that the data of FIG. 1 are misleading
      and that as the catalyst ages if it is desired to convert a residual oil
      via hydrodesulfurization in a prolonged catalyst aging cycle to a product
      having a relatively low sulfur and metals content, while employing a
      relatively small quantity of hydrodesulfurization catalyst, it is not
      desirable to operate the total hydrodesulfurization process uniformly at a
      high pressure but rather it is more advantageous to operate the
      hydrodesulfurization system employing both a high pressure phase and a low
      pressure phase. The pressures in the stages should be selected to provide
      an economic optimum quantity of catalyst in the stages based on the length
      of the catalyst cycle desired.
PAR  FIGS. 2 and 3 illustrate residual oil hydrodesulfurization data with a
      relatively low hydrogenation metals catalyst of the first
      hydrodesulfurization stage of this invention under high pressure
      conditions including a run at 2,300 psi (161.0 Kg/cm.sup.2) hydrogen
      partial pressure and a lower pressure run at 1950 psi (136.5 Kg/cm.sup.2)
      hydrogen partial pressure. FIG. 2 shows that at the higher hydrogen
      partial pressure of 2,300 psi (161.0 Kg/cm.sup.2), asphaltene content
      diminishes at a relatively rapid rate whereas at 1950 psi (136.5
      Kg/cm.sup.2) hydrogen partial pressure there is substantially no change in
      asphaltene content. The runs of FIGS. 2 and 3 were made with a catalyst
      that had been aged and not with the fresh catalyst. FIG. 3 represents the
      same tests as shown in FIG. 2 but illustrate what appears to be an
      opposite result. The data of FIG. 3 show that at the higher hydrogen
      partial pressure of 2,300 psi (161.0 Kg/cm.sup.2) there occurs very little
      reduction in sulfur content in the asphaltene fraction of the stream while
      at the lower pressure of 1950 psi (136.5 Kg/cm.sup.2) there is a much
      greater reduction in sulfur content in the asphaltene fraction.
PAR  The dashed line in FIG. 2 indicates that at a much higher hydrogen partial
      pressure of 3,000 psi (210.0 Kg/cm.sup.2), asphaltenes could be completely
      removed in a single reactor at a space time of about 1, completely
      removing the problem of asphaltene sulfur content in the oil in one stage.
      However, at such a high pressure the reactor thickness and operating costs
      would be excessive and impractical. It is the purpose of the present
      invention to employ a lower pressure mode of operation to completely
      remove asphaltenes in a plurality of stages, and more particularly to
      arrange the stages to utilize a plurality of hydrogen pressures, whereby
      reactor thickness and catalyst costs are not excessive. When employing a
      plurality of pressures, it is important to completely remove asphaltenes
      at as low a first stage pressure as possible, since the second phase
      pressure must be a step-down from the first and an excessive pressure
      step-down would be wasteful.
PAR  Although the solid line data of FIGS. 2 and 3 appear to be contradictory,
      they illustrate the underlying discovery of the present invention and show
      the unexpected nature of this discovery. Referring to FIG. 2, at the 2,300
      psi (161.0 Kg/cm.sup.2) hydrogen partial pressure the asphaltene content
      diminishes rapidly as compared to the 1950 psi (136.5 Kg/cm.sup.2)
      pressure test because at the 2,300 psi (161.0 Kg/cm.sup.2) pressure, it is
      pressure rather than residence time at a catalyst site that appears to be
      controlling. An asphaltene particle present at a catalyst site at the
      relatively high hydrogen partial pressure of 2,300 psi (161.0 Kg/cm.sup.2)
      reacts very readily so that at a very short residence time at the catalyst
      site the asphaltene particle is able to chemically accept some hydrogen to
      increase its hydrogen to carbon ratio and either be converted to a less
      refractory resin and/or become hydrocracked to a lower-boiling saturate or
      aromatic compound. At the 1950 psi (136.5 Kg/cm.sup.2) test condition, the
      pressure is not high enough to accomplish much hydrocracking and therefore
      an asphaltene molecule reacting at the catalyst site at the 1950 psi
      (136.5 Kg/cm.sup.2) pressure does not undergo hydrocracking but remains an
      asphaltene. FIG. 3 shows that at the 1950 psi (136.5 Kg/cm.sup.2) hydrogen
      partial pressure test condition the lack of extensive hydrocracking
      permitted the asphaltene molecule to remain at the catalyst site
      sufficiently long to become more extensively desulfurized, specifically
      because it was not first hydrogenated or hydrocracked and thereby enabled
      to readily leave the catalyst site. Therefore, at the lower pressure the
      catalytic effect tends to become controlling in preference to the
      asphaltene adsorption effect caused by the change in pressure. Therefore,
      the longer residence time at the 1950 psi (136.5 Kg/cm.sup.2) pressure
      does not diminish the asphaltene content in the stream but it does
      substantially reduce the sulfur level in the feed asphaltenes, which feed
      asphaltenes tend to remain as asphaltenes. On the other hand, as shown in
      FIG. 3, at the 2,300 psi (161.0 Kg/cm.sup.2) pressure, the hydrogen
      pressure effect tends to become controlling over the catalytic effect,
      causing the residence time at the catalyst site to be so brief the sulfur
      content of the asphaltenes that remained in the stream was diminished very
      little. This shows that a longer residence time at the catalyst site is
      required to accomplish desulfurization of asphaltenes (desulfurization
      being a highly catalytic effect) than is required to merely add hydrogen
      to the asphaltene molecules and thereby to hydrocrack asphaltene molecules
      and the longer residence time is accomplished by reducing hydrogen
      pressure. In this manner, the rate of hydrogenolysis of the asphaltenes is
      no greater than or is less than the rate of desulfurization, thereby
      allowing the controlling reaction to be a desulfurization of those
      asphaltenes which do not readily react to become smaller compounds.
PAR  An important feature of the showing of FIGS. 2 and 3 is that the
      hydrocracking and/or hydrogenation (i.e. hydrogenolysis) that occurred at
      the 2,300 psi (161.0 Kg/cm.sup.2) hydrogen partial pressure, while it
      diminished asphaltene content in the flowing stream, merely produced
      products containing only a slightly reduced quantity of sulfur and metals
      in the asphaltenes. On the other hand, the test made at the 1950 psi
      (136.5 Kg/cm.sup.2) hydrogen partial pressure, while it did not reduce
      asphaltene content in the flowing stream, did succeed in sharply reducing
      sulfur (and also metals) content in the asphaltene flowing stream. FIGS. 2
      and 3 therefore show that if effective desulfurization and demetallization
      is to occur in the asphaltene fraction, it is important that the hydrogen
      partial pressure in the first stage of the hydrodesulfurization process of
      the present invention need not be too high, resulting in lower costs for
      equipment. The data indicate that much greater sulfur removal from the
      asphaltenes is accomplished at 1950 psi (136.5 Kg/cm.sup.2) than is
      accomplished at 2,300 psi (161.0 Kg/cm.sup.2). Therefore, the hydrogen
      partial pressure in the first stage of the present invention with the
      relatively low Group VI-Group VIII metals content catalyst of this
      invention should be less than 2,300 psi (161.0 Kg/cm.sup.2) and preferably
      less than 2,100 or 1,900 psi (147.0 or 133.0 Kg/cm.sup.2) hydrogen partial
      pressure. The hydrogen partial pressure to be employed will generally be
      dependent upon feed properties.
PAR  FIG. 4 illustrates another expected discovery related to the effect of
      hydrogen partial pressure upon catalyst aging. The data shown in FIG. 4
      also illustrate a catalyst aging effect opposite to the effect shown in
      the data of FIG. 1. FIG. 4 shows the results of pilot plant aging tests
      conducted in the initial reactor of applicants' hydrodesulfurization
      process with a 50 percent reduced Kuwait crude residual feed employing an
      alumina-supported hydrodesulfurization catalyst having the relatively low
      Group VI-Group VIII metals content of this invention. The data of FIG. 4
      show the effect of aging on the ratio of percent demetallization to
      percent desulfurization at various hydrogen partial pressures. FIG. 4
      shows that at zero catalyst age the higher the hydrogen partial pressure
      the higher is the ratio of percent demetallization to percent
      desulfurization. This is in conformity with the showing of the data in
      FIG. 1, which was made with a fresh catalyst. However, the unexpected
      showing of FIG. 4 is that with increasing age the exact opposite effect
      occurs. That is, with increasing catalyst age, high hydrogen partial
      pressures cause the ratio of percent demetallization to percent
      desulfurization to become progressively lower. FIG. 4 shows that although
      the data curve for a 2,300 psi (161.0 Kg/cm.sup.2) hydrogen partial
      pressure test initially exhibits the highest ratio of all the tests, the
      decline in selectivity for metals over sulfur removal with increasing age
      is the steepest at this high pressure. FIG. 4 shows that although the data
      for the 1,830 psi (128.1 Kg/cm.sup.2) test initially has a lower ratio of
      demetallization to desulfurization, at this pressure there is a loss in
      demetallization selectivity at a lower rate, so that after an age of about
      5 barrels of feed per pound of catalyst (0.00175 m.sup.3 /g), this test
      pressure surpasses the 2,300 psi (161.0 Kg/cm.sup.2) test in
      demetallization to desulfurization ratio. The test made at 1,660 psi
      (116.2 Kg/cm.sup.2) hydrogen partial pressure had a still lower initial
      demetallization selectivity, but with aging the demetallization activity
      actually tends to increase so that after only about a catalyst age of 2
      barrels per pound (0.00070 m.sup.3 /g) the demetallization to
      desulfurization ratio for the 1,660 psi (116.2 Kg/cm.sup.2) test is higher
      than the ratio for the 1,830 psi (128.1 Kg/cm.sup.2) test. It is
      noteworthy that the tests made at the relatively high pressures of  2,300
      psi (161.0 Kg/cm.sup.2) and 1830 psi (128.1 Kg/cm.sup.2) both have
      negative slopes indicating a decline in demetallization selectivity with
      catalyst aging in an extended aging test. The test made at 1660 psi (116.2
      Kg/cm.sup.2) hydrogen partial pressure is the highest pressure test made
      which exhibits a positive slope, i.e. which shows an actual increase in
      ratio of weight percent demetallization to weight percent desulfurization
      with increasing catalyst age. At progressively lower hydrogen partial
      pressures between 800 psi (56.0 Kg/cm.sup.2) and 1,660 psi (116.2
      Kg/cm.sup.2) the ratio curve becomes increasingly steep with catalyst
      aging. At a pressure generally between 1,700 and 1,800 psi (119.0 and
      126.0 Kg/cm.sup.2), the selectivity aging curve changes in slope from
      negative to positive. It is noted that these values are representative of
      a particular feedstock and catalyst. It also is noted that the tests of
      all the curves of FIG. 4 were made at temperatures which were continually
      or intermittently increased so that a 4 weight percent sulfur feed stream
      was converted to about a 1 weight percent sulfur effluent, except that the
      effluent sulfur in the 1,200 psi (84.0 Kg/cm.sup.2) test was 1.12 weight
      percent and in the 800 psi (56.0 Kg/cm.sup.2) test the effluent sulfur was
      1.5 weight percent due to the fact that it was almost impossible to raise
      temperatures fast enough to compensate for declining catalyst activity.
      The 1,660 psi (116.2 Kg/cm.sup.2) test is the only test shown in FIG. 4
      which was conducted at a constant temperature (775.degree.F.
      [413.degree.C.]) so that as the test progressed the sulfur content in the
      effluent was permitted to increase from 1.0 weight percent to 1.9 weight
      percent.
PAR  Referring again to FIG. 4, the test at 1400 psi (98.0 Kg/cm.sup.2) shows
      the highest ratio of percent demetallization to percent desulfurization of
      all the tests made. The test made at 1,400 psi (98.0 Kg/cm.sup.2) achieves
      this high ratio because of two factors. First, its initial activity at
      this pressure is not so exceedingly low that it cannot be overcome by a
      positive aging slope. Secondly, the aging slope is sufficiently steep so
      that, combined with the relatively high initial catalyst activity, the
      1,400 psi (98.0 Kg/cm.sup.2) pressure achieves high demetallization rates
      very early in the run. For example, the demetallization ratio in the 1,400
      psi (98.0 Kg/cm.sup.2) run exceeds the demetallization ratio for the 1830
      psi (128.1 Kg/cm.sup.2) run at a catalyst age of only 1 barrel per pound
      (0.00035 m.sup.3 /g). After this catalyst age, the 1,400 psi (98.0
      Kg/cm.sup.2) run far exceeds the 1,830 psi (128.1 Kg/cm.sup.2) run in
      demetallization activity. The data in FIG. 4 show that the initial
      activity for the tests made at 800 and 1,200 psi (56.0 and 84.0
      Kg/cm.sup.2) were so low that in spite of the steepness of the slope of
      the demetallization curves upon aging at these two pressures, an
      excessively great time duration elapsed before an appreciably high
      demetallization ratio was achieved. According to the data shown in FIG. 4,
      the final phase reactor is best operated at a pressure of about 1400 psi
      (98.0 Kg/cm.sup.2) of hydrogen and generally between 1,300 psi (91.0
      Kg/cm.sup.2) and 1,600 psi (112.0 Kg/cm.sup.2) or 1,700 psi (119.0
      Kg/cm.sup.2) of hydrogen. An optimum pressure range would be about between
      1,300 psi (91.0 Kg/cm.sup.2) or 1,350 psi (94.5 Kg/cm.sup.2) and 1,500 psi
      ( 105.0 Kg/cm.sup.2) hydrogen pressure. Best results are obtained when the
      first and final stage hydrogen pressures pass the threshold values wherein
      the percent demetallization/percent desulfurization v. catalyst age is
      slightly negative in the first stage whereas this same slope is positive
      in the final stage.
PAR  FIG. 4 shows runs conducted at a sufficiently low pressure that the
      controlling feature in the reactor is the absorption and residence time of
      asphaltene at a catalyst site or sites. At these low hydrogen pressures,
      significant hydrocracking or hydrogenation activity does not occur and
      therefore an asphaltene molecule contacting a catalyst site tends to
      reside at the site or to move to another catalyst site for a significant
      total catalyst residence time before reaction can occur. Due to the
      lengthened on-catalyst residence time at low hydrogen partial pressures,
      the reaction that occurs is not apt to be hydrocracking or simple
      hydrogenation but is more apt to be removal of metals and sulfur
      accompanied by an acceptance of hydrogen to provide a loss of metal and
      sulfur from the asphaltene molecule. At the low pressures, such as 1,400
      psi (98.0 Kg/cm.sup.2) the residence time required is sufficiently great
      that a significant build-up of asphaltene molecule occurs upon the surface
      of the catalyst. The asphaltene content on the catalyst may reach about 20
      to 40 percent by weight of catalyst, as compared with a coke level on the
      catalyst in the first or high pressure hydrodesulfurization stage of only
      about 5-15 weight percent. However, at the low pressure stage and with the
      high level of hydrogenation metals on the low pressure catalyst, the
      asphaltenes do not tend to dehydrogenate and form what is known as carbon
      or coke of very low hydrogen content. Instead, they tend to remain as
      asphaltenes and to reside at the catalyst site while they slowly
      desulfurize and demetallize. Upon reacting by loss of sulfur and/or metal,
      they then may leave the catalyst and may be replaced by a fresh asphaltene
      particle. In the molecules leaving the catalyst, the void left by the
      removed metal or sulfur is replaced by hydogen so that the ratio of
      hydrogen to carbon in the molecule is increased and the treated molecule
      is no loner an asphaltene. In this manner, a substantial equilibrium level
      of asphaltenes is rapidly achieved on the surface of the catalyst.
      Although the residence time required for reaction is low due to the
      relatively low hydrogen partial pressure, the hydrogen pressure is
      selected in relation to the Group VI-Grop VIII metals level on the
      catalyst so that an equilibrium level of asphaltenes on the catalyst is
      achieved. At the equilibrium level or plateau there is no significant
      increase or decrease is asphaltenes content on the surface of the catalyst
      and a significantly long aging run can be achieved so that the total
      catalyst age before deactivation, that is, before the catalyst reaches a
      temperature of 790.degree. or 800.degree.F. (421.degree. or
      427.degree.C.), or above, depending upon reactor metallurgy, to achieve
      the desired effluent metals and sulfur level is as great or is balanced in
      the final reactor as compared to length of the run in the initial or high
      pressure reactor.
PAR  It is noted that the very high percentage metals removal level is only
      useful in the final reactor where the total asphaltene and metals
      concentration in the stream is already low and not in the initial reactor
      where the total asphaltene and metals level is high where very high
      percentage removal of metals would result in excessively rapid catalyst
      aging. Therefore, in the balanced hydrodesulfurization system of this
      invention, the life of the catalyst in the initial stage is metals-limited
      while the life of the catalyst in the final stage is coke-limited, with
      the life cycles being essentially balanced.
PAR  FIG. 4 shows that in a lengthy commercial operation of at least 10 or 12
      barrels of feed oil per pound of catalyst (0.00350 or 0.00420 m.sup.3 /g),
      the only runs that achieved a weight ratio of demetallization to
      desulfurization of greater than 1 at both start-of-run and end-of-run were
      the 1400, 1660 and 1830 psi (98.0, 116.2 and 128.1 Kg/cm.sup.2) runs. A
      ratio greater than 1 indicates the reactor is primarily an asphaltene
      removal reactor since most metals are concentrated in the asphaltenes.
      Since the third stage is capable of maintaining percent demetallization to
      percent desulfurization ratios greater than 1, and can produce an
      asphaltene-free effluent throughout the cycle of 10 - 12 barrels per pound
      (0.00350 - 0.00420 m.sup.3 /g), a considerable savings in catalyst cost is
      realized by employing a relatively lower Group VI-Group VIII metal
      catalyst in the first or first and second stages since a high proportion
      of catalyst cost is based on the Group VI- Group VIII metals content
      thereon. Depending on the space velocities employed, FIG. 4 shows catalyst
      life cycles of 4, 5, 6 or even 11 or 12, or more, months is possible
      before regeneration or discarding of the catalyst.
PAR  FIG. 5 shows a typical aging run in a first stage reactor of this invention
      in terms of catalyst age versus increase in reaction temperature to reduce
      a 650.degree.F.+ (343.degree.C.+) residue from about 4 weight percent
      sulfur to about 1 weight percent sulfur at about 1,830 psi (128.1
      Kg/cm.sup.2) partial pressure of hydrogen with a relatively low
      hydrogenation metals content catalyst of the present invention.
PAR  FIG. 6 shows similar aging runs at various space velocities (as reflected
      by cycle lengths) wherein the effluent from the test of FIG. 5, after
      being flashed to remove hydrogen sulfide and light hydrocarbons, and after
      receiving fresh hydrogen to be repressurized to about nearly the same
      hydrogen pressure as the hydrogen pressure in the first reactor, and
      employing a similar low hydrogenation metals catalyst as employed in the
      first reactor, is further treated in a second reactor to reduce the sulfur
      content from about 1 weight percent down to either 0.3 or 0.5 weight
      percent sulfur.
PAR  FIG. 7 shows the results of aging runs made in the third and final
      hydrodesulfurization reactor of this invention. A comparison of FIG. 7
      with FIGS. 5 and 6 shows that the aging rate of the third reactor (FIG. 7)
      is much more rapid than the aging rate in the earlier reactors and the
      catalyst in the third reactor cannot last the full cycle reached in the
      earlier reactors unless special steps are taken in the third reactor, as
      described, which are not required in the first two reactors. The third
      reactor was operated at 1,700 psi (119.0 Kg/cm.sup.2) hydrogen partial
      pressure and contained a catalyst having a higher Group VI-Group VIII
      metals content than the catalyst of the first two reactors. It is
      emphasized that the feed to the final reactor, after having its sulfur
      content reduced to 0.3 - 0.5 weight percent, has remaining in it the most
      refractory sulfur and also the most refractory metals present in the feed
      oil. This remaining sulfur and metals content is probably most refractory
      because, for example, it is the feed sulfur and metals content which is
      the most deeply embedded within the interior of the feed asphaltene or
      resin molecules. By the time the steam reaches the final stage, most of
      the sulfur and metals content of the total stream is present in the
      remaining asphaltenes. Most of the less refractory sulfur and metals, i.e.
      the metal closest to the fringe of the asphaltene molecule, are more
      readily removed and are extracted in the first two stages. Because the
      sulfur and metals content in the stream entering the final stage contains
      the most refractory metals and sulfur, the asphaltenes in the stream
      require the longest residence time at a catalyst site. They also require a
      catalyst which is enhanced in hydrogenation activity as compared to the
      catalyst used to remove less refractory sulfur and metals. While the
      reaction in the initial stage tends to be hydrogen pressure limited, the
      reaction in the final stage tends to be catalyst contact-time limited and
      low hydrogen pressure in the final stage tends to encourage lengthy
      contact time of the most refractory species, such as asphaltenes, at a
      catalyst site, just as high hydrogen pressure in an initial stage tends to
      inhibit asphaltene residence time at a catalyst site. Furthermore, because
      the sulfur level in the feed in the final stage is so low, even the
      removal of said sulfur as hydrogen sulfide is insufficient to maintain
      sufficient sulfur in the atmosphere to permit the catalyst in the final
      stage to be maintained in a fully or start-of-run sulfided condition, as
      required to prevent its rapid deactivation. Therefore, there is no
      flashing step between the second and third stages of the present invention
      and the hydrogen sulfide produced in the second stage in passed to the
      third stage and is used as a source of sulfur for maintaining the third
      stage catalyst in a highly sulfided condition, as is required for
      maintaining its activity.
PAR  The lack of hydrogen sulfide in the third reactor causes the catalyst to
      lose sulfur so as to maintain an equilibrium, with respect to hydrogen
      sulfide, between the catalyst, the liquid and the gas phases. If the
      catalyst is to be maintained in an adequately sulfided state, it is
      necessary for the reaction stream to contain a sufficient quantity with
      hydrogen sulfide by maintaining a hydrogen sulfide atmosphere in the gases
      in contact with reaction stream. If there is insufficient hydrogen gas in
      contact with the stream to the reactant liquid saturated with hydrogen
      sulfide, the feed liquid will drain sulfur from the catalyst. But if there
      is sufficient gaseous hydrogen sulfide to saturate the feed liquid, the
      liquid will not tend to reduce the sulfur level of the catalyst.
      Therefore, it is important that sufficient hydrogen sulfide is added to
      the third stage to keep the liquid in the third stage saturated with
      hydrogen sulfide and this can only be accomplished if there is sufficient
      hydrogen sulfide partial pressure above the liquid to maintain the active
      catalytic metals in a fully sulfided state.
PAR  The test made in FIG. 7 illustrates the importance of external addition of
      sulfur to the final stage catalyst, whether this sulfur comes from the
      previous stage, is injected as hydrogen sulfide or is injected as an
      extraneous organic sulfur-containing compound which is easily convertible
      to hydrogen sulfide. The data illustrated by the triangle data points in
      FIG. 7 were taken to simulate the final stage of the hydrodesulfurization
      process of this invention except that no hydrogen sulfide from any source
      was added with the feed. As shown, the aging slope was steep throughout
      the run. However, the data in FIG. 7 illustrated by the square shaped
      points show a feed also devoid of hydrogen sulfide from any source until
      the region A denoted by hexanethiol addition was reached. The aging curve
      was just as steep until reaching region A. At region A, the sulfur
      containing compound hexanethiol was added with the feed in order to
      contribute sulfur for sulfiding of the catalyst. As shown in FIG. 7, when
      the hexanethiol was added the aging rate became stabilized and the curve
      became relatively flat, indicating essentially no further catalyst aging
      during the sulfiding of the catalyst. After the hexanethiol addition was
      terminated, at the end of the flat region A, the aging rate again
      increased, indicated by the region of the curve B, illustrating the
      criticality in the final stage of the present invention of maintaining the
      high Group VI-Group VIII metals-content catalyst in a sulfided condition.
      The addition of sulfur from a source other than the sulfur-refractory feed
      stream to sulfide the final stage catalyst during the run is shown to be
      particularly important in the final stage. Of course, the addition of
      hydrogen sulfide is not harmful from the point of view of reducing the
      hydrogen partial pressure because, as explained above, the final stage of
      the hydrodesulfurization process of this invention operates most
      advantageously at low hydrogen partial pressures. Tests were made in which
      the substitution of other hydrogen sulfide precursors, such as
      butanethiol, thiophene and ethanethiol were also found to provide a flat
      aging rate in the third stage.
PAR  The dearth of hydrogen sulfide is not noticed early in a test but depends
      upon the length of the test and the amount of catalyst present. A lack of
      hydrogen sulfide in the third reactor atmosphere results in initial
      desulfurization of the top of the third stage catalyst bed coupled with a
      covering of catalyst sites with hydrogen-deficient hydrocarbons, shifting
      the reaction burden to progressively deeper regions of the bed which are
      not yet desulfided. It is only when the desulfurization of the catalyst
      and covering of the catalyst sites with hydrogen deficient hydrocarbons
      reaches sufficiently deeply into the catalyst bed leaving insufficient
      fully sulfided and non-coated catalyst remaining, that the lack of
      hydrogen sulfide becomes apparent. Therefore, the lack of hydrogen sulfide
      is not immediately apparent in the third stage at start-of-run. Also,
      after a desulfided catalyst is resulfided onstream during a run by
      extraneous hydrogen sulfide addition, termination of hydrogen sulfide
      addition does not show a deleterious effect upon aging rate until the
      desulfiding and catalyst coating procedure has again progressed
      sufficiently deeply into the bed that insufficient fully sulfided and
      uncoated catalyst remains.
PAR  FIG. 8 schematically illustrated a preferred three-stage
      hydrodesulfurization process of this invention. As shown in FIG. 8, a
      reduced crude such as a 650.degree.F.+ (343.degree.C.+) Kuwait reduced
      crude from an atmospheric tower bottoms is charged through line 10 through
      a filter 12 wherein salts and solids are removed. The feed then passes
      into line 14 and is heated in furnace 16 from which it passes to the first
      high pressure reactor 18 through line 20. The catalyst in the first stage
      stabilizes at a coke level of about 14 weight percent throughout
      substantially an entire six month test. The effluent from reactor 18 is
      flashed to remove hydrogen sulfide and light hydrocarbons in flash chamber
      20. These light materials pass through line 22 to line 24 and into a
      recycle gas treatment apparatus 26 from which hydrogen sulfide is
      recovered through line 28 and light hydrocarbons are recovered through
      line 30. Purified hydrogen is then available for recycle through line 52.
PAR  The flashed liquid from reactor 18 containing about 1 percent sulfur is
      passed through line 32 and admixed with purified hydrogen entering through
      line 34. The repressurized stream in line 36 enters the second reactor 38.
      Reactors 18 and 38 have the same type of low Group VI-Group VIII metals
      catalyst. The effluent from the second reactor 38 in line 40 cntains about
      0.5 - 0.3 weight percent sulfur and contains all the hydrogen sulfide
      produced in reactor 38. It enters the third reactor 42 through line 40
      without being flashed for removal of hydrogen sulfide, whereby the
      hydrogen partial pressure in reactor 42 is lower than the hydrogen partial
      pressure in reactors 18 and 38. Furthermore, line 40 introduces a pressure
      drop between reactors 38 and 42 to further lower the hydrogen pressure in
      reactor 42 and so that, in terms of pressure drop, reactor 42 is not
      equivalent to merely an elongated combination reactor 38-42. Fresh
      hydrogen is not added to the charge to reactor 42 in order to maintain a
      low hydrogen partial pressure in reactor 42. Reactor 42 contains a
      catalyst comprising a higher proportion of Group VI and Group VIII metals
      than the catalyst of the first two reactors and operates at a lower
      pressure than does the first two reactors. If additional hydrogen sulfide
      is required to maintain catalyst activity in reactor 42, it can be
      supplied from an extraneous source, not shown, or can be a slip-stream of
      hydrogen sulfide-containing low hydrogen partial pressure gases from the
      first reactor which is charged to third reactor feed line 40 through line
      23.
PAR  The coke level on the third stage catalyst stabilizes at about 20-40 weight
      percent based on original catalyst throughout sustantially an entire 6
      month test but contains only about 0.5 weight percent of metals from the
      feed at the end of a 6 month test. Unless extraneous sulfur is added, the
      NiS catalyst can be reduced to Ni.sub.2 S while the MoS.sub.2 can be
      reduced to Mo.sub.2 S.sub.3. The feed to the third reactor may contain a
      finite amount from less than about 1 to as high as 3 weight percent
      asphaltenes, which is reduced to about zero percent, and clearly below 0.1
      weight percent asphaltenes in the third reactor depending upon the feed to
      the process. The product being asphalt-free constitutes a lubricating oil
      feedstock in a suitable boiling range without a solvent deasphalting step
      required. The asphaltenes have an affinity for the catalyst sites and
      therefore move through the third stage at a lower space velocity than the
      lighter saturates and aromatics, which do not require as much
      desulfurization or demetallization, which lighter materials tend to be
      less attracted to the catalyst sites, moving through the third stage at a
      much higher space velocity than the asphaltenes.
PAR  The effluent from reactor 42 passes through line 44 into flash chamber 46
      from which light gases are removed through line 48 and from which liquid
      is removed through line 50. The light gases in line 48 are admixed with
      the light gases in line 22 and pass to the recycle gas treatment chamber
      26. Recycle hydrogen is recovered from chamber 26 through line 52 and is
      repressurized in compressor 54 for recycle to the feed stream through line
      56 for feeding to the first reactor 18 or through line 58 for charging to
      the second reactor 38 through heater 60. Make-up hydrogen is added through
      line 62. Product liquid from flash chamber 46 is passed through line 50 to
      a fractionator 64 from which low sulfur, low metals, fuel oil suitable for
      feeding to an FCC cracking unit is removed as bottoms through line 66. If
      desired a separate gas oil fuel can be removed through line 68. A small
      amount of naphtha, if produced, is removed through line 70 and off-gas is
      removed through line 72. The process converts less than 20 percent,
      preferably less than 10 percent and most preferably less than 5 or even
      less than 2 percent of the feed in line 10 to material boiling in the
      naphtha range or below.
PAR  The middle stage 38 of the three hydrodesulfurization stages of the present
      invention is pivotal to improved operation in the first stage 18 and to
      improved operation in the third stage 42. Since the middle stage 38 is a
      relatively high pressure stage and employs the same catalyst as the first
      stage 18, it provides a combination relatively high pressure process with
      the first stage 18, wherein less catalyst is required for a given amount
      of sulfur removal in high pressure stages 18 and 42, than if the same
      amount of sulfur were removed in a single stage without intermediate
      flashing. This advantageous effect is the subject of Ser. No. 206,083,
      filed Dec. 8, 1971, now U.S. 3,775,305, which is hereby incorporated by
      reference. It is shown below that the cooperative effect between reactor
      38 and the final reactor 42 causes reactor 42 to reduce catalyst
      consumption also. The intermediate flashing step between stages 1 and 2
      provides the advantages necessary to high pressure operation, i.e.
      removing hydrogen sulfide reaction product and increasing hydrogen partial
      pressure by removal of hydrogen sulfide and light hydrocarbon gases
      produced in the first stage. In this manner a higher average hydrogen
      partial pressure in the first two stages is realized with consequent
      greater sulfur removal occurring in stages 18 and 38 than would occur in a
      single stage with the same total quantity of catalyst or in two stages
      without intermediate flashing with the same total quantity of catalyst.
      The middle or second stage 38 also cooperates with the final and
      relatively low pressure stage 42 utilizing the more highly active
      hydrogenation catalyst by providing hydrogen sulfide required in the low
      pressure stage by virtue of the facts that there is no flashing step
      between the second and third stages, there is no high pressure purified
      hydrogen injection between the second and third stages and the line 40
      between the second and third stages introduces a pressure drop between the
      stages. In this manner, the second stage provides hydrogen sulfide to the
      third stage and thereby helps to keep the third stage catalyst in an
      active, sulfided state, and also helps to reduce the hydrogen partial
      pressure in the gases entering the third stage in order to advantageously
      lower the hydrogen pressure in the third stage.
PAR  The third stage catalyst is more preferential to metal removal than sulfur
      removal as compared to the first stage catalyst. For example, the first
      stage catalyst removes 75 weight percent of both feed sulfur and feed
      metals while the third stage catalyst removes 73 weight percent of its
      feed sulfur but 89 weight percent of its feed metals.
PAR  The low sulfur material in line 66 of FIG. 8 is charged to the FCC system
      shown in FIG. 9 through line 74 and possibly also line 76 of FIG. 9. The
      total feed to the riser is preferably the hydrodesulfurized residual oil
      but distillate can also be added to the riser, if desired. Dispersion
      steam is added to the FCC riser through lines 78 and 80. Hot regenerated
      zeolite catalyst is added through line 82 while recycle oil is added
      through line 84. All catalyst fed to the riser is fed to the riser inlet
      to provide as high a flash equilibrium vaporization temperature as
      possible at the reactor inlet to vaporize the maximum possible quantity of
      residue to prevent coke formation due to non-vaporization of high boiling
      feed oil. There is essentially no increase of catalyst to oil ratio along
      the reaction flow stream in the riser and there is essentially no slippage
      of catalyst relative to hydrocarbon along the reaction flow path. The
      entire mixture passes upwardly through riser cracker 86 which is capped at
      88 and the mixture discharges from the riser through lateral slots 90 into
      a stripper chamber 92. The residence time in the riser in less than 5
      seconds, preferably less than 2 or 3 seconds. Stripping steam is added
      through line 94 to remove hydrocarbons from deactivated catalyst and
      cracked effluent passes through a separation chamber 96 containing
      cyclones, not shown, wherein solids are removed from product and the
      cracked product is removed through line 98. Deactivated catalyst passes
      through line 100 to regenerator 102 wherein it is regenerated by burning
      with combustion gas such as air which enters through line 104 and heater
      106. Flue gas from the regenerator is discharged through line 107.
PAR  It is a particular advantage that all desulfurization in the combination
      hydrodesulfurization-FCC system covered by this invention can occur in
      advance of the FCC unit because this permits the amount of sulfur dioxide
      formed by the burning of sulfur-containing coke in regenerator 102 passing
      through flue gas effluent line 107 to be sufficiently low to meet
      commercial specifications. Sulfur dioxide from a catalytic cracking
      regenerator can be a considerable source of atmospheric pollution and when
      feed sulfur is pre-removed from a cracking feedstock, as contrasted from
      removal of sulfur from cracking effluent, the combination process
      contributes to holding the sulfur dioxide content in the regenerator flue
      gas to a low level.
PAR  FIG. 10 illustrates the savings in hydrodesulfurization catalyst
      (especially in active metals content on the catalyst) made possible by
      employing higher and lower active metal-content catalysts in the
      hydrodesulfurization system in a process which conerts a converts oil
      containing 4 weight percent sulfur to a feed stream suitable for charging
      to an FCC unit containing about 0.1 weight percent sulfur and which is
      free of asphaltenes. As shown in FIG. 10, zone D shows the relative amount
      of low metals catalyst required in the first reactor to reduce the sulfur
      content of the feed from 4 to 1 weight percent. It is emphasized that the
      catalyst in the first reactor is unusual in that it intentionally is of a
      lower activity (i.e. lower active metals content) than the catalyst in the
      final stage. Zone E in FIG. 10 shows that about twice as much of the same
      catalyst is required to reduce the sulfur content further from about 1.0
      to about 0.3 weight percent sulfur with the same type of low metals
      catalyst at about the same hydrogen partial pressure. The greater quantity
      of catalyst is required in the second reactor wherein the quantity of
      sulfur is reduced from 1.0 to 0.3 weight percent because the least
      refractory sulfur is removed in the first reactor and the remaining sulfur
      entering the subsequent reactors is increasingly refractory. Zone F shows
      the amount of catalyst which would be required to further reduce the
      sulfur level from 0.3 to 0.1 weight percent if the same type of low metals
      catalyst was retained in the third reaction zone as was employed in the
      first and second reaction zone because of the increasingly refractory
      nature of the remaining sulfur. Zone F shows that, on the scale used, if
      the same type of catalyst were employed in three zones the total quantity
      of required catalyst would be relatively about 10 to remove the sulfur to
      the level indicated by the shaded area. However, zone G shows the sulfur
      removal characteristics by utilizing a higher Group VI-Group VIII
      metals-content catalyst in the third zone at a lower pressure and with
      hydrogen sulfide addition. By employing a different catalyst in the third
      zone as described, the total amount of catalyst employed in the three
      zones to accomplish the same result in the scale used in a balanced system
      with the catalyst in each reactor having about a six month cycle life is
      about 5. Therefore, FIG. 10 shows that only about half as much catalyst is
      required by employing the two types of catalyst in the present invention
      as described than would be required if only one type of catalyst were
      employed in all three zones.
PAR  The fact that the addition of hydrogen sulfide (which is the reaction
      product) to a hydrodesulfurization reaction was found to be beneficial in
      a hydrodesulfurization reaction is unexpected in view of the published
      literature in this regard. For example, the AIChE Journal, Vol. 18, No. 2,
      page 310, Mar., 1973, specifically states that even hydrogen sulfide
      formed during hydrodesulfurization is detrimental to the
      hydrodesulfurization reaction. In Hydrocarbon Processing, May, 1973, page
      95, in FIG. 4 data are presented in graph form relating to residue
      hydrodesulfurization which show best results are obtained when the gas
      phase has zero mole percent hydrogen sulfide and as the hydrogen sulfide
      increases from zero mole percent a steep fall-off in reaction rate occurs.
      Clearly, the discovered importance of adding hydrogen sulfide to the third
      stage of the present process is a direct contrast to these literature
      references.
PAR  The inability of a single catalyst type of operation to get rid of all
      asphaltenes is illustrated in FIG. 11. FIG. 11 shows that asphaltenes
      content tends to level off at a low value with the low metals catalyst and
      high pressure of the initial stages of the process of this invention and
      that no matter how deep the level of overall desulfurization proceeds, a
      residual asphaltene level remains which becomes increasingly difficult to
      remove. FIG. 11 shows the criticality of the final low pressure stage of
      this invention employing a different catalyst if asphaltenes are to be
      removed. FIG. 11 shows that if reaction conditions and catalyst are not
      changed, valuable hydrogen is wasted by needlessly saturating aromatics
      due to high hydrogen pressures. Defining the terms of FIG. 11, resins and
      asphaltenes are the residue of a n-propane extraction but of this residue,
      resins are soluble in n-pentane while asphaltenes are insoluble.
PAR  An important feature of this invention is regulation of the amount of Group
      VI-Group VIII metals, especially molybdenum, in the fresh catalyst of each
      stage because of the effect in that stage of Group VI-Group VIII metals
      content upon both the demetallization and desulfurization of the residual
      feed oil. As the metals level goes up in The fresh catalyst, the
      start-of-run rate of feed desulfurization and feed demetallization is
      increased, regardless of which stage is involved. However, the catalyst
      age is limited by the total metals loading that the catalyst can bear,
      which is 40-50 weight percent of the total catalyst and also by the
      desired product sulfur level. Total metals loading includes both deposited
      metals from the feed, especially nickel and vanadium, plus the Group
      VI-Group VIII active hydrogenation metals initially on the catalyst.
      Therefore, the first stage catalyst of this invention would be as high in
      demetallization and desulfurization activity as the third stage catalyst
      if its Group VI-Group VIII metal content were as high. But because the
      first stage catalyst treates a high metals feed, the quantity of removal
      of metals from the feed with a high Group VI-Group VIII metals-content
      catalyst would rapidly bring the catalyst to its maximum metals loading
      capacity, because as stated, maximum metals loading for a catalyst of this
      invention is about 40 to 50 weight percent of deposited nickel plus
      vanadium plus the original Group VI-Group VIII active metals on the
      catalyst. As the quantity of Group VI-Group VIII active metals on the
      original catalyst increases, the relative amount of nickel and vanadium
      per unit weight of catalyst support that can be deposited becomes lower.
      As the maximum metals loading on the catalyst (40 to 50 weight percent) is
      approached, the activity of the catalyst tends towards zero. In downflow
      operation, maximum or saturation metals loading occurs first at the top of
      the catalyst bed and then progresses downwardly into the bed with
      increasing catalyst age, leaving progressively less active catalyst
      available. Therefore, there must be a balance in Group VI-Group VIII
      metals content between start-of-run activity and attainable catalyst age
      at full metals loading. This balance must be established so that the
      catalyst in the various stages of this invention experience about the same
      total cycle life, i.e. the reactor temperature in each stage should reach
      about 800.degree.F. (427.degree.C.) at about the same time to prevent
      waste of non-deactivated catalyst in any stage when another stage is
      completely deactivated, since a turn-around of the entire system occurs
      when 800.degree.F. (427.degree.C.) is reached in any single reactor.
PAR  While ultimate deactivation of the initial stage catalyst is primarily due
      to full-metals loading, ultimate deactivation of the final stage catalyst
      is primarily due to coke formation, although each type of deactivation
      occurs to some extent in each stage. Therefore, to assist desorption of
      coke it is necessary for the final stage catalyst to have a relatively
      higher Group VI-Group VIII metals content on the fresh catalyst,
      especially molybdenum. The final stage catalyst can safely employ high
      Group VI and Group VIII metals because its age (in barrels of feed/pound
      of catalyst or in months on-stream) at deactivation is not limited by
      metals deposition from the feed since the feed reaching it has already
      been largely demetallized, but rather by coke formation due to the reduced
      pressure in the final reactor. In order for the final stage to completely
      remove asphaltenes (as determined by n-pentane extraction), it is
      important to largely avoid conversion of the asphaltenes deposited on the
      catalyst to coke of reduced hydrogen to carbon ratio, which dehydrogenated
      material is difficult to remove from the catalyst by hydrogenation to
      resins or other materials. To largely avoid such dehydrogenation of
      asphaltenes it is important to have a high metals content on the final
      stage catalyst, thereby permitting the final stage operation to proceed at
      low temperatures for as large a portion of the catalyst cycle as possible.
PAR  If the first stage catalyst contains 30 weight percent of Group VI-Group
      VIII metals it can accept not more than an amount of metals which will
      increase its weight percent of metals to 50. On the other hand, if the
      first stage catalyst contains 20 weight percent of Group VI-Group VIII
      metals, although its initial activity would be lower, it can endure for a
      longer aging period because it can accept a larger amount of metals from
      the feed before its weight percent of metals reaches 50. It is seen that
      because the level of metals in the feed to the final stage is greatly
      diminished, the final stage catalyst can take advantage of a higher
      molybdenum-content than can the first stage catalyst. Although not as
      important as molybdenum, the amount of cobalt, especially, and to a lesser
      extent, nickel, generally increase and decrease to maintain an
      advantageous ratio of these metals to molybdenum. However, as stated, in
      each reactor stage molybdenum is the fundamental metal entity on the
      catalyst for purposes of hydrogenation activity.
PAR  Following are recommended ranges for active hydrogenation catalyst metals
      content on the catalyst of first, second and third hydrodesulfurization
      stages of this invention.
TBL  ______________________________________                                    
     Catalyst of                                                               
     Stage 1                                                                   
                      Hydrogenation Metal:                                     
                      Weight Percent                                           
                      as Metal on                                              
     Metal            Fresh Catalyst                                           
     ______________________________________                                    
     Molybdenum        3.0 - 16                                                
     Cobalt           0.3 - 6                                                  
     Nickel           0.2 - 2                                                  
     Catalyst of                                                               
     Stage 2                                                                   
                      Hydrogenation Metal:                                     
                      Weight Percent                                           
                      as Metal on                                              
     Metal            Fresh Catalyst                                           
     ______________________________________                                    
     Molybdenum        4.0 - 18                                                
     Cobalt           0.5 - 7                                                  
     Nickel           0.3 - 3                                                  
     Catalyst of                                                               
     Stage 3                                                                   
                      Hydrogenation Metal:                                     
                      Weight Percent                                           
                      as Metal on                                              
     Metal            Fresh Catalyst                                           
     ______________________________________                                    
     Molybdenum        6.0 - 26                                                
     Cobalt           0.7 - 9                                                  
     Nickel           0.4 - 4                                                  
     ______________________________________                                    
PAR  Although the ranges of each metal on the catalyst for each stage overlap,
      it is important that the amount of hydrogenation metal in the final stage
      be greater than the amount in the first stage, especially molybdenum.
      Cobalt generally changes proportionally with the amount of molybdenum, as
      does nickel, although cobalt is a more important component on the catalyst
      than is nickel. The second stage may or may not be present in a
      hydrodesulfurization system of this invention. If the second stage is
      present, it may have an intermediate quantity on the catalyst of
      molybdenum, and probably also of cobalt and nickel, as compared to the
      catalysts of the first and third stages. However, the second stage may
      employ the same catalyst as that employed in the first stage or it may
      employ the same catalyst as that employed in the third stage. The type of
      catalyst employed in the second stage will depend on the metals and sulfur
      content of the feed. The important criterion is that a relatively lower
      active metals content catalyst is employed in any stage of deactivation of
      the catalyst with increasing catalyst age in that stage is limited by feed
      metals deposition upon the catalyst, such as in the initial stage, while a
      relatively higher metals content catalyst is employed in any stage if
      catalyst deactivation upon aging is controlled by the amount of coke
      deposition from the feed, rather than metals deposition. The metals
      content in the second stage will therefore depend upon the extent to which
      is deactivation is a metals deactivation or a coke deactivation.
PAR  FIG. 13 illustrates the results of a test conducted in the third
      hydrodesulfurization stage showing the importance of a relatively high
      metals content catalyst in the third stage. The test was conducted by
      charging the effluent from a second stage containing a catalyst of a
      relatively lower metals content than the third stage catalyst, which
      effluent contained 0.52 weight percent sulfur. The conditions in the third
      stage were 1,890 psi (132.3 Kg/cm.sup.2) total pressure, 5,000 SCF/B (90.0
      SCM/100L) of a gas containing 90 percent hydrogen and 0.7 percent hydrogen
      sulfide and a space velocity of 0.4 LHSV. The catalyst employed in the
      upper curve of FIG. 13 comprised 2.25 weight percent nickel, 1.25 weight
      percent cobalt and 11 weight percent molybdenum. The catalyst of the lower
      curve of FIG. 13 comprised 1.5 weight percent nickel, 4.0 weight percent
      cobalt and 16.0 weight percent molybdenum. Both catalysts were in the form
      of a one-sixteenth inch (0.156 cm) extrudate and supported on alumina.
PAR  FIG. 13 shows that the required temperature increase above a base
      temperature in the third stage throughout the period of the aging test
      shown to produce a third stage effluent containing 0.12 weight percent
      sulfur were significantly higher with a catalyst containing a lower
      molybdenum and a lower cobalt plus nickel content. It is shown in FIG. 13
      that results in the third stage were greatly improved when the third stage
      catalyst contains more than 5.5 weight percent Group VIII metal and more
      than 16 weight percent of Group VI metal on alumina, as compared to a
      third stage catalyst containing a lower proportion of these metals. The
      data illustrated in FIG. 13 indicate that utilization of a high metals
      catalyst in the third stage can be translated into a great savings in
      total catalyst volume in the third stage.
PAR  The effluent of the third hydrodesulfurization stage of this invention
      based on a 650.degree.F.+ (343.degree.C.+) residuum feed to the first
      stage has the boiling range and sulfur characteristics shown in Table 1.
TBL                TABLE 1                                                     
     ______________________________________                                    
     TBP of                                                                    
     Effluent   Percent    Percent   Volume                                    
     Fraction   Sulfur in  of Total  Percent of                                
     (.degree.F.)                                                              
                Fraction   Sulfur    Total Yield                               
     ______________________________________                                    
     IBP-375    0.04        0.38      1.62                                     
     (191.degree.C.)                                                           
     375-650    0.04       3.50      13.71                                     
     (191-343.degree.C.)                                                       
     650-1065   0.09       40.84     68.11                                     
     (343-571.degree.C.)                                                       
     1065+      0.47       55.28     16.56                                     
     (571.degree.C.+)                                                          
     ______________________________________                                    
PAR  The data of Table 1 shows that less than 2 percent of the product boils in
      the gasoline range or below even though all asphaltenes are removed and
      the sulfur content based on feed to the first hydrodesulfurization stage
      is reduced from 4 to 0.1 weight percent. Also, only about 16 percent of
      the product boils at 1065.degree.F. (571.degree.C.) or above. This
      proportion of 1,065.degree.F.+ (571.degree.C.+) material is sufficiently
      small to be vaporized by entrainment with lighter components in an
      equilibrium flash vaporization at the bottom of an FCC riser as long as
      all feed catalyst is charged to the bottom of the riser so that the flash
      vaporization temperature is as high as possible. In this manner, coking on
      the zeolite catalyst caused by nonvaporization of feed is inhibited. It is
      highly surprising that about 55 percent of the total product sulfur is in
      the 1,065.degree.F.+ (571.degree.C.+) fraction of the product while the
      metals content of the product is reduced to the very low level of about
      1.9 ppm, as shown below.
PAR  Table 2 shows the cumulative yield characteristics based on feed of the
      effluent from each of the three stages of the hydrodesulfurization process
      of FIG. 8 wherein the feed is passed downflow through a fixed stationary
      catalyst bed in each stage when charging a 650.degree.F.+ (571.degree.C+)
      bottoms of an atmospheric distillation of a Kuwait C.+containing 4 weight
      percent sulfur to the first stage.
TBL                TABLE 2                                                     
     ______________________________________                                    
                  First    Second        Third                                 
     HDS Effluent Stage    Stage         Stage                                 
     ______________________________________                                    
     Product Sulfur,                                                           
     Wt. % in                                                                  
     650.degree.F.+(343.degree.C.+)                                            
                  1.0      0.5      --     --                                  
     375.degree.F.+(191.degree.C.+) 0.3    0.1                                 
     Average Yields                                                            
     Total C.sub.1 -C.sub.4, Wt.%                                              
                  0.9      1.25     1.42   1.7                                 
     C.sub.5 -375.degree.F.(191.degree.C.)                                     
     Naphtha, Vol. %                                                           
                  2.4      3.5      3.9    4.2                                 
     375-655.degree.F.                                                         
     (191-346.degree.C.)                                                       
     Distillate, Vol.%                                                         
                  7.0      9.6      *      *                                   
     Fuel Oil, Vol. %                                                          
     375.degree.F.+(191.degree.C.+)                                            
                  --       --       98.6   98.6                                
     650.degree.F.+(343.degree.C.+)                                            
                  92.2     89.1     --     --                                  
     ______________________________________                                    
      *Included in Fuel Oil                                                    
PAR  Table 2 shows that the effluent from each hydrodesulfurization stage
      comprises more than 98 volume percent of material boiling above the
      gasoline range and more than 89 or about 90 percent above 650.degree.F.
      (343.degree.C.) which is the IBP of the feed to the first stage.
      Therefore, the hydrodesulfurization process of this invention easily
      surpasses 80 to 90 percent or more of material based on feed boiling above
      the gasoline or naphtha boiling range.
PAR  Table 3 shows the fuel oil quality of the effluent from each
      hydrodesulfurization stage.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Effluent                                                                  
     From stage   1      2      2      3                                       
     __________________________________________________________________________
     Sulfur in Effluent (%)                                                    
                  1      0.5    0.3    0.1                                     
     Residual Fuel Oil                                                         
      Boiling Range, .degree.F.                                                
                  650+   650+   375+   375+                                    
                  (343.degree.C.+)                                             
                         (343.degree.C.+)                                      
                                (191.degree.C.+)                               
                                       (191.degree.C.+)                        
     .degree.API Gravity                                                       
                  21.8   22.0   24.5   26.0                                    
     Viscosity, SUV at                                                         
      100.degree.F. (38.degree.C.)                                             
                  680    490    435    320                                     
     Pour Point, .degree.F.                                                    
                  70     60     20      0                                      
                  (21.degree.C.)                                               
                         (16.degree.C.)                                        
                                (-7.degree.C.)                                 
                                       (-18.degree.C.)                         
     Carbon Residue,                                                           
      Rans., Wt. %                                                             
                  5.4    4.0    3.3    2.2                                     
     Metals (Ni+V), ppm                                                        
                  20     6.0    2.0    0.3                                     
     __________________________________________________________________________
PAR  An important aspect of the three-stage hydrodesulfurization process of this
      invention arising because it produces an asphalt-free residue product
      without any substantial loss of yield, i.e. at better than 98 volume
      percent yield above the gasoline range based on feed, is that its
      asphalt-free characteristic makes it a high quality lubricating oil
      feedstock despite the fact that it is a residual oil which has not been
      subjected to a solvent deasphalting step. Normally, in producing
      lubricating oil from a 1,050.degree.F.+ (565.degree.C.+) residue, the
      1,050.degree.F.+ (565.degree.C.+) residue constitutes the lowest value
      portion of the total crude and in order to enhance its value, it is
      solvent deasphalted or distilled to separate therefrom as much potential
      asphalt-free lubricating oil feedstock as possible, since lubricating oil
      constitutes the most valuable portion of a crude petroleum stock. For
      example, a commercial refinery processing 250,000 barrels (29,750 m.sup.3)
      per day of full range crude oil, produces a normal commercial requirement
      of 13,000 barrels (1,547 m.sup.3) per day of lubricating oil. While the
      lubricating oil constitutes only about five volume percent based on crude
      oil feed to the refinery, it constitutes the highest value portion of the
      crude and its economic value as a lubricating oil is so high that this
      amount of lubricating oil accounts for 30 to 40 percent of the economic
      profit of the total refinery operation.
PAR  In order to constitute an acceptable residue feedstock for a lubricating
      oil hydrotreater to accomplish viscosity index improvement without a prior
      solvent extraction deasphalting step, the feedstock must (1) be free of
      asphalt, and (2) have no more than about 1 ppm metals, or less, in order
      to avoid excessive metals build-up on the lubricating oil hydrotreating
      catalyst which is typically Group VI-Group VIII metal (nickel-tungsten) on
      a cracking support such as silica-alumina. While the second stage
      hydrodesulfurization effluent fails to meet both of these qualifications,
      the third stage hydrodesulfurization effluent of this invention meets both
      of these commercial requirements. Furthermore, the third stage effluent
      meets these requirements without any appreciable loss in yield based on
      feed as compared to the second stage hydrodesulfurization effluent and
      also compared to hydrodesulfurizer feed. The economic significance of this
      type of upgrading in the third stage is illustrated by the following
      volumetric boiling range analysis of a typical 680.degree.F.+
      (360.degree.C.+) virgin oil based on the original full crude:
     Volume percent of total 680.degree.F.+(360.degree.C.+)                    
     based on crude             - 47                                           
     Volume percent of 680 to 1040.degree.F. (360 to                           
     560.degree.C.) based on crude                                             
                                - 27                                           
     Difference: Volume percent in 1040.degree.F.+                             
     (560.degree.C.+) based on crude                                           
                                - 20                                           
PAR  In a usual asphaltene solvent extraction step commonly performed on the
      1,040.degree.F.+ (560.degree.C.+) material, which is too high boiling to
      be further distilled without decomposition, to prepare a lubricating oil
      feed, one-third is recovered from the asphalt as
TBL  Lubricating oil feed, or expressed as                                     
     volume percent based on crude                                             
                               - 6.7                                           
     The solvent extraction leaves as asphal-                                  
     tenes, expressed as volume percent                                        
     based on crude            - 13.3                                          
PAL  The above tabulation, based on a virgin or non-hydrodesulfurized crude,
      shows that 13.3 volume percent based on crude is not available for use as
      the most valuable crude oil product, i.e. lubricating oil feed, but is
      lost as asphalt, which is the least valuable crude oil product. On the
      other hand, the three-stage hydrodesulfurization process of the present
      invention converts essentially without yield loss, the 13.3 volume percent
      based on crude which is otherwise lost as low value asphaltenes into a
      non-asphaltene material of increased hydrogen to carbon ratio and makes it
      available for conversion to high viscosity index lubricating oil. These
      upgraded asphaltenes can be part of a total stream containing less than 1
      ppm metals, which constitutes a commercially acceptable feed for a
      lubricating oil hydro-treater which is fully equivalent to a
      solvent-extracted deasphalted feed.
PAR  In summary, the present three-stage hydrodesulfurization process prepares
      an asphaltene-containing residue for use as a lubricating oil feed by
      upgrading the asphaltenes in the residue with little or no loss in yield,
      thereby increasing potential lubricating oil feed, rather than solvent
      extraction removal of the asphaltenes, which approach decreases potential
      lubricating oil feed.
PAR  In regard to an FCC feed stream, the threshold value of nickel equivalent
      in the feed (Ni + 1/5 V) is 1 ppm if the FCC feed stream is to be employed
      as a feed in a zeolitic FCC system without metals deposition on the
      zeolite being a limiting factor on catalyst make-up rate, as compared to a
      distillate gas oil feed. The catalyst make-up rate when charging a
      distillate gas oil through FCC is 0.2 pounds of zeolite catalyst per
      barrel of feed (571 g/m.sup.3). This low catalyst make-up rate will
      maintain adequate zeolite catalyst activity over a prolonged period only
      if the FCC feed stream contains 1.0 ppm Ni + 1/5 V, or below. The effluent
      from the third stage of the hydrodesulfurization process is the only
      hydrodesulfurization effluent stream listed above whose metals level is
      sufficiently low (0.3 ppm of Ni plus V) that when it is employed as an FCC
      feed, the low zeolite make-up rate of 0.2 pounds of zeolite per barrel of
      feed (571 g/m.sup.3) required for a distillate gas oil feed is adequate.
PAR  The total cumulative hydrogen consumption rates in SCF/Bbl (SCM/100L) after
      reaction in each of the three stages are as follows at SOR conditions: 580
      SCF/Bbl (10.44 SCM/100L) to produce 1 percent S in the first stage, which
      increases to a cumulative total 800 SCF/Bbl (14.4 SCM/100L) to produce 0.3
      percent S in the second stage and finally increases to a cumulative total
      of 900 SCF/Bbl (16.2 SCM/100L) to produce 0.1 percent S in the third
      stage.
PAR  Table 4 is a more complete tabulation of the feed characteristics to the
      first stage and the effluent characteristics from each
      hydrodesulfurization stage. The first column shows the feed
      characteristics to the first stage, the second column represents the first
      stage effluent, the third and fourth columns represent second stage
      effluents, depending upon second stage severity, and the fifth column
      represents the third stage effluent characteristics.
TBL                                    TABLE 4                                 
     __________________________________________________________________________
                            First     Second    Second    Third                
                            Stage     Stage     Stage     Stage                
                   Feed*    Product   Product   Product   Product              
     __________________________________________________________________________
     Sulfur: Wt. % 3.8      1.0       0.5       0.3       0.1                  
     Nitrogen: Wt. %                                                           
                   0.21     0.18      0.14      0.13      0.11                 
     Nickel: ppm   15       7         2.5       1.1       0.2                  
     Vanadium: ppm 45       12        3.5       0.8       0.1                  
     Gravity: .degree.API                                                      
                   16.6     22.5      23.8      24.5      26.0                 
     Vol. % Vacuum Dist.                                                       
      Temperature: .degree.F.                                                  
      5            616(324.degree.C.)                                          
                            482(250.degree.C.)                                 
                                      479(248.degree.C.)                       
                                                468(242.degree.C.)             
                                                          464(240.degree.C.)   
     10            686(363.degree.C.)                                          
                            602(316.degree.C.)                                 
                                      548(286.degree.C.)                       
                                                543(284.degree.C.)             
                                                          541(283.degree.C.)   
     20            740(393.degree.C.)                                          
                            683(362.degree.C.)                                 
                                      646(341.degree.C.)                       
                                                639(337.degree.C.)             
                                                          636(335.degree.C.)   
     30            809(432.degree.C.)                                          
                            745(396.degree.C.)                                 
                                      734(390.degree.C.)                       
                                                726(385.degree.C.)             
                                                          724(384.degree.C.)   
     40            871(466.degree.C.)                                          
                            809(432.degree.C.)                                 
                                      792(422.degree.C.)                       
                                                788(420.degree.C.)             
                                                          778(414.degree.C.)   
     50            950(510.degree.C.)                                          
                            876(468.degree.C.)                                 
                                      841(450.degree.C.)                       
                                                842(450.degree.C.)             
                                                          832(444.degree.C.)   
     60            --       942(505.degree.C.)                                 
                                      913(490.degree.C.)                       
                                                905(485.degree.C.)             
                                                          893(478.degree.C.)   
     70            --       1013(543.degree.C.)                                
                                      1015(543.degree.C.)                      
                                                981(527.degree.C.)             
                                                          963(517.degree.C.)   
     80            --       --        --        --        1048(560.degree.C.)  
                                                          6                    
     Carbon Residue                                                            
      (Ram): Wt. % 8.3      4.8       3.8       3.3       2.2                  
     Aniline Point: .degree.F.                                                 
                   --       --        189(87.degree.C.)                        
                                                189(87.degree.C.)              
                                                          191(88.degree.C.)    
     Heat of Combustion:                                                       
      Btu/lb       --       19,000    19,200    19,250    19,350               
                            (10,556 cal/g)                                     
                                      (10,668 cal/g)                           
                                                (10,695 cal/g)                 
                                                          (10,751 cal/g)       
     Pour Point: .degree.F.                                                    
                   --       60(15.degree.C.)                                   
                                      40(4.degree.C.)                          
                                                20(6.degree.C.)                
                                                          0(-17.degree.C.)     
     Viscosity: SUV at .degree.F.                                              
       100(37.degree.C.)                                                       
                   3500     650       430       435       320                  
       210(98.degree.C.)                                                       
                   160      70        60        55        53.5                 
     Yield: Vol. % of                                                          
      HDS Charge   --       99.9      98.8      98.6      98.6                 
     __________________________________________________________________________
      *Kuwait 650.degree.F.+ (343.degree.C.+) atmospheric bottoms              
PAR  It is important in regard to the data of Table 4 that the third stage
      effluent illustrated in the product distillation comprises 98.6 volume
      percent of material boiling above the gasoline boiling range, indicating
      the non-hydrocracking nature of the process. It is also important that
      only the third stage effluent exhibits a nickel plus one-fifth vanadium
      level below the 1.0 ppm threshold level whereat metals level in an FCC
      feed stream no longer remains a controlling or limiting factor in the FCC
      zeolite catalyst make-up rate, which is 0.2 pounds of zeolite catalyst per
      barrel (571 g/m.sup.3) when a distillate gas oil is charged to FCC.
      Therefore, although FIG. 12, which is explained below, shows that both the
      second and third stage effluents are capable of a higher gasoline
      selectivity at a given feed conversion level in FCC than a gas oil feed,
      the third stage effluent can provide this improved gasoline selectivity
      with no additional catalyst cost while the second stage effluent requires
      a higher zeolite use than a distillate gas oil.
PAR  Table 5 presents additional data from the effluent streams from the three
      hydrodesulfurization stages. The 1.0 percent sulfur product is from the
      first stage, the 0.5 and 0.3 percent sulfur effluents are both from the
      second stage, and the 0.1 percent sulfur level is from the third stage.
TBL                                    TABLE 5                                 
     __________________________________________________________________________
     HDS UNIT YIELDS AND HYDROGEN CONSUMPTION WHEN PRODUCING                   
     0.1-1.0% SULFUR CONTENT PRODUCTS OF 375.degree.F.+(191.degree.C.+)        
     Bases: Kuwait 650.degree.F.+ (343.degree.C.+) Charge, Run Average Data    
     Sulfur Content of 375.degree.F.+                                          
                     Fuel                                                      
     (191.degree.C.+)                                                          
                     Oil    FCC Charge Stock                                   
     __________________________________________________________________________
     HDS Product: % Wt.                                                        
                     1.0    0.5    0.3    0.1                                  
     Cumulative Yields:                                                        
     Wt. % of Charge                                                           
     H.sub.2 S       3.2    3.5    3.8    3.9                                  
     NH.sub.3        0.03   0.04   0.06   0.1                                  
     C.sub.1 -C.sub.4                                                          
                     0.6    0.8    1.2    1.6                                  
     Yields: Vol. % of Charge                                                  
     C.sub.5 -375.degree.F.(191.degree.C.) Naphtha                             
                     1.1    2.4    2.8    3.6                                  
     375.degree.F.+(191.degree.C.+) Product                                    
                     99.9   98.8   98.6   98.6                                 
     Chemical Hydrogen                                                         
     Consumption:                                                              
     SCF/Bbl (SCM/100L)                                                        
                     580(10.44)                                                
                            745(13.41)                                         
                                   800(14.4)                                   
                                           900(16.2)                           
     Chemical Hydrogen                                                         
     Consumption at End-of-Run*:                                               
     SCF/Bbl (SCM/100L)                                                        
                     650(11.7)                                                 
                            845(15.2)                                          
                                   925(16.65)                                  
                                          1050(18.9)                           
     __________________________________________________________________________
      *Used, along with solution loss.                                         
PAR  The above data are noteworthy in that they show that the third stage
      produced only 0.1 weight percent of hydrogen sulfide, based on charge,
      indicating a dearth of hydrogen sulfide for purposes of maintaining the
      third stage catalyst in a fully sulfided condition. The data are also
      noteworthy in that they show less than 4 volume percent of the material in
      the third stage yield boiled in the naphtha range or lighter while more
      than 98 volume percent based on feed comprises material boiling above the
      naphtha range.
PAR  The FCC operation is performed by upflow of catalyst and reactant in a
      riser, as disclosed in U.S. Pat. No. 3,617,512 which is hereby
      incorporated by reference. The FCC reaction temperature is at least about
      900.degree.F. (482.degree.C.). The upper limit can be about 1100.degree.F.
      (593.degree.C.), or more. The preferred FCC temperature range is
      950.degree. to 1050.degree.F. (510.degree. to 565.degree.C.). The FCC
      total pressure can vary widely and can be, for example, 5 to 50 psig (0.35
      to 3.50 Kg/cm.sup.2), or preferably, 20 to 30 psig (1.40 to 2.10
      Kg/cm.sup.2). The maximum residence time is 5 seconds and for most charge
      stocks the residence time will be about 1.5 or 2.5 seconds, or less
      commonly, 3 or 4 seconds. The length to diameter ratio of the FCC riser
      can vary widely, but the riser should be elongated to provide a high
      linear velocity, such as 25 to 75 feet per second, and to this end a
      length to diameter ratio above 20 or 25 is suitable. The reactor can have
      a uniform diameter or can be provided with a continuous taper or a
      stepwise increase in diameter along the reaction path to maintain a nearly
      constant velocity along the flow path.
PAR  The FCC riser linear velocity, while not being so high that it induces
      turbulence and excessive backmixing, must be sufficiently high that
      substantially no catalyst accumulation or buildup occurs in the reactor,
      because such accumulation leads to backmixing. Therefore, the catalyst to
      oil weight ratio at any position throughout the reactor is about the same
      as the catalyst to oil weight ratio in the charge at the base of the
      reactor. Stated another way, catalyst and hydrocarbon at any linear
      position along the reaction path both flow concurrently at about the same
      linear velocity, thereby avoiding significant slippage of catalyst
      relative to hydrocarbon. A buildup of catalyst in the riser reactor leads
      to a dense bed and backmixing which in turn increases the residence time
      in the reactor and induces aftercracking for at least a portion of the
      cracked hydrocarbon. Avoiding a catalyst buildup in the reactor results in
      a very low catalyst inventory in the reactor, which in turn results in a
      high space velocity. Therefore, a space velocity of over 100 or 120 weight
      of hydrocarbon per hour per weight of catalyst inventory is highly
      desirable. The space velocity should not be below 35 and can be as high as
      500, or more. Due to the low catalyst inventory and low charge ratio of
      catalyst to hydrocarbon, the density of the material at the inlet of the
      reactor in the zone where the feed and catalyst are charged can be an
      amount below 4 or 4.5 pounds per cubic foot (64.08 or 72.09 Kg/m.sup.3),
      although these ranges are nonlimiting, since this density range is too low
      to encompass dense bed systems which induce backmixing. Although
      conversion falls off with a decrease in inlet density to very low levels,
      the extent of aftercracking can be a more limiting feature than total
      conversion of fresh feed, even at an inlet density of less than 4 pounds
      per cubic foot (64.08 Kg/m.sup.3). At the outlet of the reactor the
      density will be about half of the density at the inlet because the
      cracking operation produces an increase in mols of hydrocarbon. The
      decrease in density through the reactor can be a measure of conversion.
PAR  Tables 6 and 7 below show the characteristics of the FCC product when the
      375.degree.F.+ (191.degree.C.+) undiluted residue of the second stage (0.5
      percent sulfur and 0.3 percent sulfur) hydrodesulfurization and the
      undiluted residue of the third stage (0.1 percent sulfur)
      hydrodesulfurization are charged to FCC.
TBL                                    TABLE 6                                 
     __________________________________________________________________________
     FCC UNIT YIELDS - PROCESSING KUWAIT HDS RESIDUA                           
     __________________________________________________________________________
     Basis: 375.degree.F.+ (191.degree.C.+) Residua of 0.1-0.5% Sulfur         
     Content.                                                                  
     Sulfur Content of 375.degree.F.+ (191.degree.C.+)                         
     HDS Residua (FCC Charge): Wt. %                                           
                           0.5   0.3   0.1                                     
     Effluent from HDS Stage                                                   
                           2     2     3                                       
     Yields: Vol. % of Charge                                                  
     Total C.sub.3         13.7  13.7  13.6                                    
       (Propylene)         (11.5)                                              
                                 (11.5)                                        
                                       (11.4)                                  
     Total C.sub.4         17.5  17.7  17.9                                    
       (Butenes)           (10.3)                                              
                                 (10.4)                                        
                                       (10.5)                                  
     C.sub.5 -375.degree.F.(191.degree.C.) ASTM EP Naphtha                     
                           54.2  55.3  56.7                                    
     Light Gas Oil (375-650.degree.F.)                                         
       (191-343.degree.C.) ASTM                                                
                           17.2  16.7  16.1                                    
     Decanted Oil (650.degree.F.+) (343.degree.C.+) ASTM                       
                           7.6   7.0   6.2                                     
     Yields: Wt. % of Charge                                                   
     H.sub.2 S             0.10  0.06  0.02                                    
     H.sub.2               0.05  0.05  0.05                                    
     C.sub.1 + C.sub.2     2.8   2.8   2.7                                     
       (Ethylene)          (0.9) (0.9) (0.8)                                   
     Coke                  7.5   7.4   7.0                                     
     Summary Yields                                                            
     Total C.sub.2 & Lighter: Wt. %                                            
                           3.0   2.9   2.8                                     
     Total C.sub.3 + Liquid: Vol. %                                            
                           110.2 110.4 110.5                                   
     Total Conversion: Vol. %                                                  
                           75.2  76.3  77.7                                    
     __________________________________________________________________________
TBL                                    TABLE 7                                 
     __________________________________________________________________________
     PRODUCT PROPERTIES - FCC PROCESSING OF KUWAIT HDS RESIDUA                 
     Basis: 375.degree.F.+ (191.degree.C.+) Residua of 0.1-0.5% Sulfur         
     __________________________________________________________________________
     Content                                                                   
     Sulfur Content of 375.degree.F.+(191.degree.C.+)                          
     HDS Residua (FCC Charge): Wt. %                                           
                        0.5     0.3     0.1                                    
     Effluent from HDS Stage                                                   
                        2       2       3                                      
     C.sub.5 -375.degree.F.(191.degree.C.) ASTM EP Naphtha                     
     .degree.API Gravity                                                       
                        59.0    59.0    59.0                                   
     Sulfur: Wt. %      0.03    0.02    0.01                                   
     Aromatics: Vol. %  25.0    28.5    29.5                                   
     Olefins: Vol. %    35.0    33.0    26.5                                   
     Research O.N., Clear*                                                     
                        95.0    96.8    94.8                                   
     ASTM  10%: .degree.F.                                                     
                         95( 35.degree.C.)                                     
                                 95( 35.degree.C.)                             
                                         95( 35.degree.C.)                     
           50%          182( 83.degree.C.)                                     
                                182( 83.degree.C.)                             
                                        182( 83.degree.C.)                     
           90%          300(148.degree.C.)                                     
                                300(148.degree.C.)                             
                                        300(148.degree.C.)                     
     Light Gas Oil                                                             
     .degree.API Gravity                                                       
                        23.2    23.2    23.2                                   
     Sulfur: Wt. %      0.68    0.45    0.19                                   
     ASTM  10%: .degree.F.                                                     
                        460(237.degree.C.)                                     
                                460(237.degree.C.)                             
                                        460(237.degree.C.)                     
           50%          505(263.degree.C.)                                     
                                505(263.degree.C.)                             
                                        505(263.degree.C.)                     
           90%          580(304.degree.C.)                                     
                                580(304.degree.C.)                             
                                        580(304.degree. C.)                    
     Decanted Oil                                                              
     .degree.API Gravity                                                       
                        0.3     0.7     0.7                                    
     Sulfur: Wt. %      1.86    1.39    0.58                                   
     ASTM  10%: .degree.F.                                                     
                        630(332.degree.C.)                                     
                                630(332.degree.C.)                             
                                        630(332.degree.C.)                     
           50%          751(400.degree.C.)                                     
                                751(400.degree.C.)                             
                                        751(400.degree.C.)                     
           90%          951(511.degree.C.)                                     
                                951(511.degree.C.)                             
                                        951(511.degree.C.)                     
     SO.sub.2 Emission in Regenerator                                          
     Flue Gas (ppm)     230-380 140-230  50-180                                
     __________________________________________________________________________
      *Based on 400.degree.F. (204.degree.C.) ASTM EP Gasoline                 
PAR  It is noted that feed streams to FCC must contain less than 0.3 and not
      more than about 0.1 or 0.15 weight percent of sulfur is the sulfur dioxide
      content in the regenerator stack gas is to meet projected commercial
      standards of low sulfur-dioxide content in the FCC catalyst regenerator
      stack gas, which are about 200 ppm of sulphur dioxide in the flue gas. The
      third stage effluent meets these projected standards but the second stage
      effluents do not, as shown by the following data taken from Table 7.
TBL  ______________________________________                                    
     Weight Percent                                                            
                   PPM by Volume SO.sub.2                                      
     Sulfur in Feed                                                            
                   in FCC Regenerator                                          
     Oil to FCC    Flue Gas                                                    
     ______________________________________                                    
     0.5           230 - 380                                                   
     0.3           140 - 230                                                   
     0.1            50 - 180                                                   
     ______________________________________                                    
PAL  Moreover, the 0.3 weight percent sulfur second stage effluent resulted in a
      distillate light gas oil, following FCC, of 0.45 weight percent sulfur,
      which is far above the prevailing commercial specifications of 0.25 weight
      percent sulfur for home heating oil. Therefore, the 0.45 weight percent
      distillate gas oil must undergo further hydrodesulfurization following the
      FCC step to meet commercial requirements. However, Table 7 shows that the
      test employing the third stage effluent as the FCC feed produced an
      undiluted distillate fuel oil product containing only 0.19 weight percent
      sulfur, which meets the 0.25 weight percent sulfur commercial
      specification for home heating oil, so that this light gas oil does not
      require further hydrodesulfurization following FCC but can be used
      directly as home heating oil. The FCC decanted oil of the third stage
      effluent contained only 0.58 weight percent sulfur, which is expected
      based upon the very low sulphur dioxide make in the FCC regenerator.
      Therefore, when charging the third stage effluent to FCC no further
      hydrodesulfurization reactor is required following FCC. All
      hydrodesulfurization occurs in advance of the FCC step, providing the
      double advantage of minimizing the sulfur dioxide content in the
      regenerator flue gas, thereby meeting commercial flue gas sulfur dioxide
      requirements as a concomitant advantage to obviating the requirement for
      an additional undiluted fuel oil hydrodesulfurization unit downstream from
      the FCC unit in addition to the hydrodesulfurization process of this
      invention.
PAC  EXAMPLE SHOWING THE ADVANTAGE OF FCC OF THE THIRD STAGE
      HYDRODESULFURIZATION EFFLUENT
PAR  The following data were obtained when cracking a feed in a zeolite riser
      comprising entirely a South Louisiana distillate gas oill which was free
      of residue.
TBL  ______________________________________                                    
     Riser Conditions                                                          
     Riser outlet temp.,.degree.F.                                             
                          1,000                                                
                          (537.degree.C.)                                      
     Contact time, sec.   4.6                                                  
     Cat/Oil               9-10                                                
     Feed Preheat, .degree.F.                                                  
                          520-550                                              
                            (271-287.degree.C.)                                
     Catalyst             Zeolite                                              
     Yields: Vol. % F.F.                                                       
     Total C.sub.3 's     15.5                                                 
     C.sub.3              2.2                                                  
     C.sub.3 =            13.0                                                 
     Total C.sub.4 's     21.6                                                 
     iC.sub.4             7.0                                                  
     nC.sub.4             1.3                                                  
     C.sub.4 =            13.3                                                 
     Gasoline             57.9                                                 
     LCGO                                                                      
     D.O.                 18.9                                                 
     Yields: Wt. % F.F.                                                        
     C.sub.2 and Lighter  3.1                                                  
     Coke                 5.1                                                  
     Total C.sub.3 +: Vol. % F.F.                                              
                          113.9                                                
     Conversion: Vol. % F.F.                                                   
                          81.1                                                 
     FCC+ C.sub.3 + C.sub.4 Alkyl. Gasoline:                                   
     Vol. % F.F.          103.9                                                
     ______________________________________                                    
PAR  FCC cracking tests were conducted employing three different
      hydrodesulfurized residual oil feeds, to illustrate the advantage of the
      present invention. Following is a tabulation of the characteristics of
      these hydrodesulfurized feeds.
TBL  ______________________________________                                    
                    Hydrodesulfurized                                          
     Description of 375.degree.F.+(191.degree.C.+)                             
      FCC Feed      Residuums                                                  
     FCC Feed Number                                                           
                    1         2         3                                      
     Inspections    (2-stage  (2-stage  (3-stage                               
                    effluent) effluent) effluent)                              
     ______________________________________                                    
     Gravity: .degree.API                                                      
                    23.7      23.8      26.4                                   
     Sulfur: Wt. %  0.51      0.35      0.15                                   
     Carbon Res.,                                                              
      Rams.: Wt. %  4.02      --        2.20                                   
     Aniline Point: .degree.F.                                                 
                    191       195.5     190.5                                  
                    ( 88.degree.C.)                                            
                              ( 91.degree.C.)                                  
                                        ( 88.degree.C.)                        
     Nitrogen: ppm  1500      1400      990                                    
     Metals: ppm                                                               
      Nickel        2.4       1.0       0.7                                    
      Vanadium      3.6       1.4       0.6                                    
     Distillation: .degree.F.at                                                
     10%            596       543       585                                    
                    (313.degree.C.)                                            
                              (284.degree.C.)                                  
                                        (307.degree.C.)                        
     30%            730       726       716                                    
                    (387.degree.C.)                                            
                              (385.degree.C.)                                  
                                        (380.degree.C.)                        
     50%            845       842       831                                    
                    (452.degree.C.)                                            
                              (450.degree.C.)                                  
                                        (444.degree.C.)                        
     70%            995       981       976                                    
                    (535.degree.C.)                                            
                              (527.degree.C.)                                  
                                        (524.degree.C.)                        
     90%            1140      --        1087                                   
                    (615.degree.C.)     (637.degree.C.)                        
     ______________________________________                                    
PAR  The above data show the third stage hydrodesulfurization effluent is the
      only effluent having a nickel equivalent metals content (ppm nickel plus
      one-fifth the ppm vanadium) of less than 1, which is the threshold FCC
      feed metals content whereby the zeolite catalyst make-up rate in FCC will
      be no higher than 0.2 pounds of zeolite catalyst per barrel of fresh feed
      (571 g/m.sup.3), which is approximately the make-up rate requirement when
      charging a distillate gas oil feed to FCC to maintain high catalyst
      activity. This means that at a feed metals nickel equivalent of one or
      lower, and preferably 0.6 or lower, the feed metals content is not the
      controlling factor in zeolite make-up rate in FCC, but high catalyst
      activity maintenance is controlling in zeolite make-up rate. Since the
      nickel equivalent in the above third stage effluent FCC feed is below one,
      this criterion is met. The above data also show a sharp drop in nitrogen
      level in passage of the residue through the third stage. Nitrogen is
      mainly present in asphaltenes and the absence of asphaltenes from the
      third stage effluent accounts for this drop in nitrogen level. A drop in
      nitrogen level is important because nitrogen is a principal factor in
      color bodies in petroleum oils and because nitrogen is a known FCC zeolite
      catalyst deactivator.
PAR  Following are five FCC cracking runs made with the hydrodesulfurized
      residuum oils of the above table. The first three cracking runs reported
      below were made with FCC feed number 1 of the above table, the fourth
      cracking run reported below was made with FCC feed number 2 of the above
      table, and the fifth cracking run reported below was made with FCC feed
      number 3 of the above table.
TBL  ZEOLITE RISER CRACKING OF HDS KUWAIT 375.degree.F.+(191.degree.C.+)       
     RESIDUUMS                                                                 
     __________________________________________________________________________
     Sulfur Content of Residuum: Wt. %                                         
                        0.51                       0.35     0.15               
     __________________________________________________________________________
     Operating Conditions                                                      
     Contact Time: sec. 1.3      2.7      2.7      2.6      4.0                
     Riser Outlet Temp.: .degree.F.                                            
                        1020(548.degree.C.)                                    
                                 1020(548.degree.C.)                           
                                          1000(537.degree.C.)                  
                                                   1000(537.degree.C.)         
                                                            1000(537.degree.C.)
                                                            8                  
     Feed Preheat: .degree.F.                                                  
                         700(371.degree.C.)                                    
                                  700(371.degree.C.)                           
                                           683(362.degree.C.)                  
                                                    692(366.degree.C.)         
                                                             600(315.degree.C.)
                                                            .                  
     Cat/Oil Ratio: Wt/Wt F.F.                                                 
                        11.3     10.0     8.5      8.5      8.6                
     Carbon on Reg. Cat.: Wt. %                                                
                        0.20     0.20     0.15     0.23     0.18               
     Product Yields: Vol. % F.F.                                               
     Propane            1.7      2.5      2.2      2.2      2.2                
     Propylene          10.0     11.6     11.5     12.0     13.0               
     Butanes            3.7      8.6      7.2      7.7      9.1                
     Butenes            10.5     15.3     10.3     11.0     12.9               
     Deb. Gasoline (430 TBP EP)                                                
                        61.8     57.4     57.2     59.1     59.6               
     LCGO (430-650 TBP) 16.8     12.3     14.8     13.1     10.0               
     Decant Oil         6.7      5.9      7.6      7.1      6.2                
     Total C.sub.3 + Liquid                                                    
                        111.2    113.6    110.8    112.2    113.0              
     Product Yields: Wt. % F.F.                                                
     C.sub.2 and Lighter                                                       
                        2.1      2.6      3.0      2.9      2.3                
     Coke               5.9      6.5      7.4      6.6      6.5                
     Conversion to Gasoline and                                                
     Lighter Products: Vol. % F.F.                                             
                        76.5     81.8     77.6     79.8     83.8               
     Gasoline Blend Stock: Vol. % F.F.                                         
     (C.sub.3 +C.sub.4 Alkylate + Deb. Gaso.)                                  
                        97.7     104.4    96.0     99.4     104.9              
     Debutanized Gasoline                                                      
     Gravity: .degree.API                                                      
                        57.0     57.0     55.6     55.0     57.4               
     Sulfur: Wt. %      0.04     0.04     0.04     0.03     0.014              
     Hydrocarbon Type: Vol. %                                                  
     Aromatics          28.0     31.0     28.0     31.5     32.5               
     Olefins            35.0     29.5     35.0     33.0     26.5               
     Saturates          37.0     39.5     37.0     35.5     41.0               
     Octane Numbers                                                            
     Motor Clear        80.1     82.2     81.5     81.3     82.2               
     M + 3 g Pb         85.0     87.9     86.5     86.6     89.3               
     Research Clear     94.9     94.7     95.0     95.2     95.4               
     R + 3 g Pb         99.0     101.0    100.2    101.0    100.7              
     Distillation: .degree.F. at                                               
     10%                139( 59.degree.C.)                                     
                                 133( 56.degree.C.)                            
                                          136( 57.degree.C.)                   
                                                   136( 57.degree.C.)          
                                                            137(               
                                                            58.degree.C.)      
     50%                220(104.degree.C.)                                     
                                 210( 98.degree.C.)                            
                                          214(101.degree.C.)                   
                                                   215(101.degree.C.)          
                                                            207(               
                                                            97.degree.C.)      
     90%                356(180.degree.C.)                                     
                                 360(182.degree.C.)                            
                                          373(190.degree.C.)                   
                                                   381(194.degree.C.)          
                                                            343(173.degree.C.) 
     EP                 402(205.degree.C.)                                     
                                 410(210.degree.C.)                            
                                          449(232.degree.C.)                   
                                                   455(235.degree.C.)          
                                                            399(204.degree.C.) 
     Furnace Oil (LCGO)                                                        
     Gravity: .degree.API                                                      
                        20.9     16.6     17.9     16.5     --                 
     Sulfur: Wt. %      0.70     0.30     0.68     0.45     --                 
     Distillation: .degree.F. at                                               
     10%                450(232.degree.C.)                                     
                                 450(232.degree.C.)                            
                                          483(251.degree.C.)                   
                                                   492(255.degree.C.)          
                                                            --                 
     50%                495(257.degree.C.)                                     
                                 510(265.degree.C.)                            
                                          519(271.degree.C.)                   
                                                   533(278.degree.C.)          
                                                            --                 
     90%                545(285.degree.C.)                                     
                                 580(304.degree.C.)                            
                                          590(310.degree.C.)                   
                                                   602(316.degree.C.)          
                                                            --                 
     EP                 617(325.degree.C.)                                     
                                 645(341.degree.C.)                            
                                          652(344.degree.C.)                   
                                                   656(346.degree.C.)          
                                                            --                 
     Decant Oil                                                                
     Gravity: .degree.API                                                      
                        7.1      -2.0     4.7      4.5      --                 
     Sulfur: Wt. %      1.95     2.10     1.86     1.39     --                 
     Distillation: .degree.F. at                                               
     10%                658(347.degree.C.)                                     
                                 590(310.degree.C.)                            
                                          595(313.degree.C.)                   
                                                   617(325.degree.C.)          
                                                            --                 
     50%                755(402.degree.C.)                                     
                                 725(385.degree.C.)                            
                                          726(385.degree.C.)                   
                                                   743(395.degree.C.)          
                                                            --                 
     90%                967(520.degree.C.)                                     
                                 965(518.degree.C.)                            
                                          928(497.degree.C.)                   
                                                   949(510.degree.C.)          
                                                            --                 
     EP                 1050(565.degree.C.)                                    
                                 1050(565.degree.C.)                           
                                          1087(582.degree.C.)                  
                                                   1091(587.degree.C.)         
                                                            --                 
     __________________________________________________________________________
PAR  FIG. 12 shows summary results of still other FCC tests and shows that
      although the second stage and third stage hydrodesulfurization effluents
      produced about the same gasoline selectiveity, both resulted in a greater
      C.sub.3 -430.degree.F. (221.degree.C.) gasoline yield at any given
      conversion level than is obtained upon FCC of a virgin gas oil. The
      inclusion of C.sub.3 product in the gasoline yield incorporates potential
      alkylate gasoline in the results. This higher selectivity of
      hydrodesulfurized residuum may be due to the fact that the
      hydrodesulfurized effluent undergoes very little saturative hydrogenation
      (consuming less than 900 to 1000 SCF (16.2 to 18.0 SCM/100L) of hydrogen
      per barrel or less), while removing 90 to 95 weight percent of the sulfur
      in the feed, thereby retaining the refractory cracking nature of a
      residual oil, residual oils being more refractory than lower boiling gas
      oils. Being more refractory, in FCC the gasoline produced from the
      hydrodesulfurized residual oil is less apt to overcrack to lighter
      products than is the gasoline produced from a gas oil FCC feed, whereby a
      higher C.sub.3 - 430.degree.F. (221.degree.C.) gasoline yield at any given
      conversion level is achieved with the hydrodesulfurization effluent of
      this invention.
PAR  The upper curve of FIG. 12 represents FCC gasoline selectivity data for
      both a second stage hydrodesulfurization effluent having about 0.3 weight
      percent sulfur and a third stage hydrodesulfurization effluent having
      about 0.1 weight percent sulfur. Although both the second and third stage
      hydrodesulfurization effluents provide about the same gasoline selectivity
      in FCC in the tests of FIG. 12 because these tests were short cycle tests
      and were terminated before the catalysts were metals-poisoned, it is
      reiterated that only the third stage hydrodesulfurization effluent is
      capable of providing the higher gasoline selectivity over virgin gas oil
      in FCC illustrated in FIG. 12 during a lengthy commercial operation with
      no greater zeolite catalyst make-up rate than is required with a gas oil
      feed. In a long-term commercial FCC operation, the operation employing the
      second stage effluent would be metals-poisoning limited due to metals
      content in the feed stream, so that the undesirable products of hydrogen
      and coke with the second stage hydrodesulfurized effluent would tend to
      increase relative to the third stage effluent FCC feed or the second stage
      effluent feed would require a greater zeolite catalyst make-up rate than
      is required with distillate gas oil to maintain the high gasoline
      selectivity in FCC relative to a distillate gas oil shown in FIG. 12.
      Also, as shown in Table 7, the third stage effluent having 0.1 weight
      percent sulfur provided an undiluted fuel oil FCC product having less than
      0.25 weight percent sulfur, thereby meeting commercial sulfur requirements
      for home heating fuel, whereas the second stage hydrodesulfurization
      effluent was incapable of producing an undiluted fuel oil from FCC meeting
      this commercial requirement, requiring an additional hydrodesulfurization
      unit for the second stage fuel oil fraction after FCC. Finally, the third
      stage effluent FCC produced a zeolite regenerator flue gas effluent
      containing less than 200 ppm of sulfur dioxide, thereby meeting commercial
      requirements in this regard, the second stage hydrodesulfurization
      effluent (having 0.35 weight percent sulfur) produced a regenerator flue
      gas having more than 240 ppm of sulfur dioxide, thereby failing to meet
      commercial requirements in this regard.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for demetallizing a feed residual petroleum oil containing
      asphaltenes, sulfur and metals including between 5 and 500 parts per
      million of nickel and vanadium to an effluent oil wherein the amount of
      nickel plus one-fifth the amount of vanadium is less than one part per
      million without a distillation or solvent extraction step for removal of
      nickel and vanadium comprising passing said feed oil and hydrogen through
      a plurality of hydrodesulfurization stages in series including an initial
      stage and a final stage each operating at a temperature between about
      650.degree. and 800.degree.F., each stage employing a catalyst comprising
      Group VI and Group VIII metals on alumina, increasing the temperature in
      each stage with increasing catalyst age to compensate for catalyst
      activity aging loss, maintaining a lower hydrogen pressure in said final
      stage than in said initial stage, removing asphaltenes, metals and sulfur
      from the feed oil in said initial and said final stages with a greater
      amount of metals and sulfur being removed from the feed oil in said
      initial stage than in said final stage, operating said final stage at a
      hydrogen pressure between 1,300 and 1,900 psi and operating said initial
      stage at a hydrogen pressure up to 2,300 psi which is higher than the
      pressure in said final stage so that the ratio of percent demetallization
      to percent desulfurization is higher in the final stage than in the
      initial stage, the catalyst in said final stage comprising a higher weight
      percent of Group VI and Group VIII metals than the catalyst in said
      initial stage so that the final stage produces an effluent wherein the
      amount of nickel plus one-fifth the amount of vanadium is less than one
      part per million, the effluent from said final stage comprising more than
      80 volume percent boiling above the gasoline range based on feed residual
      oil.
NUM  2.
PAR  2. The process of claim 1 wherein the final temperature in said initial and
      final stages is about the same and is reached at about the same time in
      process operation.
NUM  3.
PAR  3. The process of claim 1 wherein said effluent comprises more than 90
      volume percent boiling above the gasoline range based on feed.
NUM  4.
PAR  4. The process of claim 1 wherein the effluent comprises more than 95
      volume percent boiling above the gasoline range based on feed.
NUM  5.
PAR  5. The process of claim 1 wherein the effluent comprises more than 98
      volume percent boiling above the gasoline range based on feed.
NUM  6.
PAR  6. The process of claim 1, including a hydrodesulfurization stage between
      said initial and final stages.
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ABST
PAL  A hydrocarbon oil, particularly a heavy hydrocarbon oil, containing
      vanadium, nickel, sulfur and asphaltenes is brought into contact with red
      mud at an elevated temperature in the presence of hydrogen. The treatment
      removes vanadium, nickel and asphaltenes from oil in high yields.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is a highly effective method for removing vanadium, nickel,
      sulfur and asphaltenes from hydrocarbon oil, particularly heavy
      hydrocarbon oil.
PAR  Prior to usage of heavy oil, it is necessary to desulfurize the oil at low
      cost. Hitherto, desulfurization has been conducted by
      hydrodesulfurization. This system uses nickel, cobalt and molybdenum
      deposited on a silica-alumina carrier as the catalysts. Heavy oils contain
      metals such as vanadium and nickel and sulfur and asphaltene, etc. When
      such a heavy oil is hydrodesulfurized in the presence of said catalyst,
      vanadium, nickel and carbonaceous substances contained therein adhere to
      the catalyst and consequently block the functioning portion or the active
      site of the catalyst. Accordingly, the catalyst is gradually deprived of
      its activity, namely the ability to hydrodesulfurize the hydrocarbon oil.
      Particularly in the case of vanadium, it is well known the length of life
      of the catalyst is chiefly determined by the amount of this metal
      deposited on the catalyst. In this respect, methods for removing vanadium
      and nickel from heavy oil effectively in such a way that the life of the
      catalyst will be extended have been proposed. For example, Japanese Pat.
      Publication No. 20914/1971, discloses a method whereby heavy oil
      containing vanadium and nickel is brought into contact with a
      vanadium-impregnated activated alumina catalyst in the presence of
      hydrogen to remove said defiling metals from heavy oil. However, the
      production of the vanadium-impregnated activated alumina to be used in
      this method entails a complicated process.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, hydrocarbon oil, particularly heavy hydrocarbon
      oil, is brought into contact with red mud at an elevated temperature in
      the presence of hydrogen. This treatment is highly efficient in removing
      vanadium, nickel, sulfur and asphaltene from hydrocarbon oil as well, if
      the oil is of a type containing such asphaltene. For this treatment, the
      temperature is required to fall in a range between 350.degree. and
      500.degree.C and the hydrogen pressure in a range between 1 and 300
      atmomspheres. The amount of the red mud to be used for the treatment is at
      least 1 percent by weight. The ability of the red mud to remove such
      defiling substances as vanadium, nickel and asphaltene is retained until
      the total of accumulated amounts of these defiling substances therein
      reach about 10 percent by weight.
PAR  The principal object of this invention is to provide a highly economic
      method for removing vanadium, nickel and asphaltene from hydrocarbon oil
      by use of red mud which occurs as a waste product in the production of
      alumina from bauxite.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  When hydrocarbon oil, particularly heavy hydrocarbon oil, containing
      vanadium, nickel and sulfur is brought into contact with red mud
      maintained at an elevated temperatures in the presence of hydrogen, the
      said metals are removed with an extremely high efficiency from the oil.
      This treatment removes asphaltene at a somewhat lesser rate if the oil
      also contains asphaltene.
PAR  Red mud is a residue which occurs when bauxite is dissolved at high
      temperatures to produce alumina as a raw material for the electrolytic
      production of aluminum.
PAR  The red mud in a dry form has a relatively large surface area (80 m.sup.2
      /g, for example). The principal components which make up the red mud vary
      with the type of bauxite from which it originates. A typical composition
      is 18 - 25 percent by weight of Al.sub.2 O.sub.3, 15 - 20 percent by
      weight of SiO.sub.2, 30 - 40 percent by weight of Fe.sub.2 O.sub.3, 2 - 8
      percent by weight of TiO.sub.2, and 8 - 12 percent by weight of matter
      destined for ignition loss. The amount of red mud is substantially equal
      to that of the aluminum obtained in said production. Virtually no method
      has so far been proposed for effective utilization of red mud. Therefore,
      most of the red mud thus produced is discarded as useless into the sea.
PAR  The present inventors have found that in desulfurizing a hydrocarbon oil,
      particularly a heavy hydrocarbon oil, by the process of
      hydrodesulfurization carried out under ordinary conditions, use of
      otherwise wasteful red mud as a catalyst provides a highly effective
      removal of vanadium, nickel, sulfur and asphaltene. The present invention
      is accomplished on the basis of this discovery. To be more specific, when
      a heavy hydrocarbon oil containing vanadium and nickel is brought into
      contact with red mud at elevated temperatures in a range between
      350.degree. and 500.degree.C in the presence of hydrogen pressure of from
      1 to 300 atmospheres, the said vanadium, nickel and sulfur are removed
      from the oil with an extremely high efficiency. The removal is equally
      effected with respect to asphaltenes in the case of an oil containing such
      asphaltene.
PAR  When the reaction temperature falls short of the lower limit of the range,
      350.degree.C, the removal of vanadium and nickel is not accomplished with
      sufficiently high efficiency, making the operation impractical. When it
      exceeds 500.degree.C the upper limit of the range, however, such
      undesirable secondary reactions as carbonization and dehydrogenation occur
      which seriously affect the efficiency of oil purification.
PAR  In the present invention, the presence of hydrogen in the reaction system
      is absolutely necessary. Although the magnitude of hydrogen pressure is
      dependent upon other factors of the reaction, any hydrogen pressure in
      excess of the upper limit of the range, 300 atmospheres, does not increase
      the ratio of removal of vanadium, nickel and asphaltenes. For practical
      purposes, therefore, the hydrogen pressure should not be increased beyond
      the upper limit.
PAR  In aluminum production, red mud discharged is generally in the form of
      slurry having a high water content. When the red mud is used as a catalyst
      in the reaction of this invention, therefore, it must be dehydrated and
      then prepared as in a granulated form, pellet form and powder form.
PAR  Hydrocarbon oils to which the method of this invention is applicable are
      not specifically limited. Generally, however, those oils which require
      removal of vanadium, nickel and sulfur are crude oil, topped heavy oil,
      heavy oil, asphalt, tar, sand oil, shale oil, etc. The present invention,
      therefore, is effective for the treatment of these oils.
PAR  Although the amount of red mud based on that of heavy oil is not definite
      but varies with the compositions of heavy oil and red mud or with the
      reaction conditions, it is generally required to be not less than 1
      percent by weight at least. As described above, heavy oil containing
      vanadium, nickel and asphaltnes can be deprived of said defiling
      substances when the oil is brought into contact with red mud proposed as a
      catalyst in the presence of at elevated temperatures and hydrogen.
      Simultaneously, there ensues a desulfurization reaction which results in
      generation of hydrogen sulfide. The hydrogen sulfide acts on iron oxide,
      which is one of the components of red mud, and forms iron sulfide. This
      iron sulfide catalyzes the hydrogenolysis of the heavy oil.
PAR  Thus, this invention automatically effects the hydrogenolysis of heavy oil.
      Because of this automatic hydrogenolysis, the present invention, even in
      an operation involving desulfurization by destructive hydrogenation
      besides removal of vanadium, nickel, etc., does not require an addition of
      sulfur or other similar substance which are generally utilized effectively
      in hydrogenolysis. In any event, sulfur removal must be conducted later if
      the oil is to be purified. The fact that the hydrogenolysis is
      accomplished without requiring an addition of a substance which must be
      removed later is one of the advantages of the present invention.
PAR  If the treatment of heavy oil involves removal of vanadium, nickel, etc.
      and when hydrogenolysis is required, then it can satisfactorily be
      accomplished by use of red mud in which the iron oxide component has been
      converted in advance to iron sulfide by sulfurization using a mixed gas
      consisting of hydrogen sulfide and hydrogen.
PAR  The function of red mud to remove vanadium, nickel, sulfur and asphaltenes
      from such heavy oils continues until the total weight of vanadium, nickel
      and asphaltenes accumulated therein reaches about 10 percent by weight of
      the weight of the red mud itself.
PAR  While it is possible to purify hydrocarbon oil, particularly a heavy
      hydrocarbon oil, by desulfurization in addition to removal of vanadium,
      nickel, and asphaltene by use of red mud alone, the removal of such
      defiling components, however, is accomplished more effectively when the
      treatment using red mud is carried out in combination with the hitherto
      known desulfurization reaction. In other words, vanadium and nickel is
      removed in advance in the present invention and, thereafter, subjected to
      a desulfurization reaction using known, highly active catalysts of nickel,
      cobalt, molybdenum, etc. When the defiling substances are removed in
      advance from the heavy oil as described, the desulfurizing activity of the
      said expensive catalysts can be prolonged greatly.
PAR  The present invention makes it possible to provide highly effective removal
      of vanadium, nickel, sulfur and asphaltene from hydrocarbon oil,
      particularly heavy hydrocarbon oil, containing said defiling substances by
      use of red mud whose disposal has heretofore posed a serious pollution
      problem. Thus, this invention is advantageous from an economic point of
      view and, in this respect, lends itself greatly to the aluminum industry.
PAR  This invention will more easily be understood from the cases illustrated in
      examples 1 and 2. These examples provide a firm basis of this invention;
      however, the application is not limited to the examples cited here.
PAC  EXAMPLE 1
PAR  A 300-ml autoclave provided with an electromagnetic agitator was loaded
      with 50g of atmospheric distillation residue from Kuwait (4.4 percent by
      weight of sulfur, 49 ppm of vanadium and 11.4 ppm of nickel). To this was
      added 5g of red mud (composed of 13 percent SiO.sub.2, 22 percent Al.sub.2
      O.sub.3, 8 percent Na.sub.2 O, 42 percent Fe.sub.2 O.sub.3, 2 percent
      TiO.sub.2 and 13 percent water) previously pelletized to an average
      particle size of 1mm and sulfurized with hydrogen sulfide and hydrogen at
      370.degree.C. The internal pressure of the loaded autoclave prepared for
      each run was charged to 100 kg/cm.sup.2 with hydrogen gas, raised to the
      given temperatures indicated in Table 1 at a heating rate of
      3.degree.C/minute and thereafter maintained at the temperature required
      for the reaction for 60 minutes. The results are shown in Table 1.
      Analysis for sulfur content was performed by using a commercial apparatus
      "Coulomatic S" made by Kokusai Denki Co., Ltd. Tokyo. The analysis was
      carried out by the following procedure. The sulfur contained in a sample
      was converted with a high-frequency combustion device into sulfur dioxide
      and sulfur trioxide. Then the sulfur oxides were absorbed by an absorbent
      containing hydrogen peroxide having a prescribed hydrogen ion
      concentration. The resulting sulfuric acid in the above absorbent changes
      the original hydrogen ion concentration. Next an electric current is
      passed through the absorbent until the hydrogen ion concentration returns
      to the original value which existed prior to the passage of sulfur oxides.
      The amount of electric current thus passed was converted into pulses. The
      sulfur content was calculated from the indicated number of pulses.
      Analysis for vanadium content was performed by calcining a sample and
      subjecting the resultant ashes to spectroscopic determination in
      accordance with the standard adopted by the Japan Petroleum Society.
      Analysis for nickel content was carried out by use of an atomic absorption
      spectrophotometer.
TBL                                    Table 1                                 
     __________________________________________________________________________
                 Example according to   Comparative                            
                 this invention         example                                
                 Run  Run   Run   Run   Run   Run                              
                 No. 1                                                         
                      No. 2 No. 3 No. 4 No. 5 No. 6                            
                 30g of                                                        
                      Red mud                                                  
                 residual                                                      
                      not sul-                                                 
     Uncommon condition                                                        
                 oil  furized                                                  
     __________________________________________________________________________
     Reaction conditions                                                       
      Temperature (.degree.C)                                                  
                  440 400   400   380   340   300                              
      Pressure (kg/cm.sup.2)                                                   
                  220 195-180                                                  
                            163-158                                            
                                  157-148                                      
                                        191-185                                
                                              180                              
     Oil composition                                                           
     after reaction                                                            
      C.sub.1 -C.sub.5 (% by weight)                                           
                  9.2 3.6   3.4   1.9   0.3   0                                
      C.sub.5 -b.p. 300.degree.C                                               
      (% by weight)                                                            
                 64.7 34.3  37.7  15.9  6.0   2.0                              
      Over b.p. 300.degree.C                                                   
      (% by weight)                                                            
                 26.1 62.1  58.9  82.2  93.7  98.0                             
     Hydrogen                                                                  
     consumption(mol/kg)                                                       
                  8.2 4.6   7.6   6.5   1.1   0.5                              
     Ratio of desulfur-                                                        
     ization (%) 54   33    30    26    25    0                                
     Ratio of vanadium                                                         
     removal (%) 89   94    90    78    19    0                                
     Ratio of nickel                                                           
     removal (%) 86   88    87    84    60    0                                
     __________________________________________________________________________
PAR  From the above Table, it may clearly be seen that the amount of hydrogen
      consumption and the contents of light oil together with the ratios of
      removal of vanadium and nickel are heightened in proporiton to the
      increase of reaction temperature.
PAR  As is evident from the data of the example according to this invention and
      examples, listed for comparison it is essential that the reaction
      temperature should be not less than 350.degree.C.
PAC  EXAMPLE 2
PAR  The autoclave of Example 1 was charged with 50g of vacuum distillation
      residue of Gach Saran (3.6 percent sulfur, 339 ppm vanadium, 106 ppm
      nickel and 10.2 percent asphaltenes) and red mud (having the same
      composition as that of Example 1) which was previously pelletized to an
      average particle size of 1mm and sulfurized at 370.degree.C with hydrogen
      sulfide and hydrogen. The content of the autoclave was charged to 100
      kg/cm.sup.2 with hydrogen and subjected to the treatment by repeating the
      procedure described in Example 1.
PAR  The results are shown in Table 2. Methods of analyses were the same as
      described in Example 1.
TBL                                    Table 2                                 
     __________________________________________________________________________
                 Example according to    Comparative                           
                 this invention          example                               
                 Run No. 1                                                     
                       Run No. 2                                               
                             Run No. 3                                         
                                   Run No. 4                                   
                                         Run No. 5                             
                                               Run No. 6                       
                             Red mud                                           
                                   red mud                                     
     Uncommon                not sul-                                          
                                   not sul-                                    
     condition               furized                                           
                                   furized                                     
     __________________________________________________________________________
     Reaction conditions                                                       
      Temperature (.degree.C)                                                  
                 400   400   400   400   340   300                             
      Pressure (kg/cm.sup.2)                                                   
                 154-129                                                       
                       155-138                                                 
                             161-138                                           
                                   203-172                                     
                                         190-185                               
                                               180                             
      Time (minute)                                                            
                 60    30    60    60    60    60                              
     Oil composition                                                           
     after reaction                                                            
      C.sub.1 -C.sub.5 (% by weight)                                           
                 4.5   3.6   4.8   4.8   0.2   0                               
      C.sub.5 -b.p. 300.degree.C                                               
      (% by weight)                                                            
                 34.4  34.8  29.2  43.1  5.0   0                               
      Over b.p. 300.degree.C                                                   
      (% by weight)                                                            
                 61.1  61.6  66.0  52.1  94.8  100                             
     Hydrogen                                                                  
     consumption (mol/kg)                                                      
                 5.9   4.7   6.1   6.3   1.0   0                               
     Ratio of desulfur-                                                        
     ization (%) 47    44    47    47    25    0                               
     Ratio of vanadium                                                         
     removal (%) 85    86    81    91    20    0                               
     Ratio of nickel                                                           
     removal (%) 84    67    77    74    50    0                               
     Ratio of asphaltenes                                                      
     removal (%) 49    48    42    43    10    0                               
     __________________________________________________________________________
PAR  It is clear from the foregoing working examples and examples for comparison
      that effective removal of vanadium, nickel, sulfur and asphaltenes can be
      obtained by performing the reaction at temperatures of not less than
      350.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for removing vanadium, nickel, sulfur and asphaltenes from
      hydrocarbon oils comprising contacting said hydrocarbon oil with red mud
      having from 18 - 25% by wt. aluminum oxide, 15 - 20% by wt. silicon
      dioxide, 30 - 40% by wt. ferric oxide, 2 - 8% by wt. titanium dioxide, and
      8 - 12% by wt. of matter that is lost by ignition, at elevated
      temperatures and in the presence of hydrogen.
NUM  2.
PAR  2. A method according to claim 1, wherein the hydrocarbon oil is at least
      one member selected from the group consisting of crude oil, topped crude
      oil, heavy oil, asphalt, tar, sand oil and shale oil.
NUM  3.
PAR  3. A method according to claim 1, wherein the elevated temperature falls in
      a range between 350.degree. and 500.degree.C.
NUM  4.
PAR  4. A method according to claim 1, wherein the amount of red mud is at least
      1 percent by weight based on hydrocarbon oil.
PATN
WKU  039363724
SRC  5
APN  5314461
APT  1
ART  177
APD  19741210
TTL  Method for beneficiation of magnesite ore
ISD  19760203
NCL  13
ECL  1
EXP  Halper; Robert
NDR  2
NFG  3
INVT
NAM  Frangiskos; Anthony Z.
CTY  Athens
CNT  GR
ASSG
NAM  Financial Mining-Industrial and Shipping Corporation
CNT  GR
COD  03
PRIR
CNT  GR
APD  19711124
APN  44504
RLAP
COD  71
APN  307521
APD  19721117
PSC  03
CLAS
OCL  209  3
XCL  209  8
XCL  209214
XCL  209 11
EDF  2
ICL  B03B  102
FSC  209
FSS  8;4;11;138;100 AT;3;214
FSC  423
FSS  177
FSC  241
FSS  1
UREF
PNO  1248880
ISD  19171200
NAM  McLaughlin
XCL  423177
UREF
PNO  1266730
ISD  19180500
NAM  Webster
XCL  209  4
UREF
PNO  1269170
ISD  19180600
NAM  Faulkner
XCL  209 11
UREF
PNO  1546854
ISD  19250700
NAM  Miller
XCL  209 11
UREF
PNO  1901102
ISD  19330300
NAM  Holt
XCL  209  8
UREF
PNO  2349556
ISD  19440500
NAM  Kleckner
XCL  423156
UREF
PNO  2586545
ISD  19520200
NAM  LeBaron
XCL  209 11
UREF
PNO  2881048
ISD  19590400
NAM  Bieneck
XCL  241  1
UREF
PNO  3482938
ISD  19691200
NAM  Oaska
XCL  423177
FREF
PNO  274,889
ISD  19280400
CNT  UK
OCL  209  8
FREF
PNO  1,110
ISD  19080100
CNT  UK
OCL  209 11
FREF
PNO  1,322,140
ISD  19630200
CNT  FR
OCL  209138
LREP
FRM  Watson, Cole, Grindle & Watson
ABST
PAL  A method for beneficiation of magnesite ore wherein the ore is subjected to
      calcination to decrease the bulk density of the magnesite relative to the
      gangue. Accordingly, after such calcination, conventional gravimetric
      separations can be conducted with greatly increased efficiency. When the
      calcination is conducted in a reducing atmosphere, initially non-magnetic
      gangue material is converted to a magnetic form and conventional magnetic
      separation procedures are conducted with enhanced efficiency.
PARN
PAR  This is a continuation of application Ser. No. 307,521 now abandoned filed
      Nov. 17th, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is related to the beneficiation of ores and is
      particularly related to beneficiation of magnesite ores by gravimetric or
      magnetic procedures.
PAR  2. Description of the Prior Art
PAR  Run-of-mine magnesite ores usually contain gangue material such as
      serpentines, dunites, pegmatites, silica, etc. Both the serpentines and
      dunites normally contain a small percentage of iron, which thereby enables
      a portion of the gangue to be separated out by a magnetic separation
      process. Generally, such ores are amenable to gravimetric methods of
      separation due to the difference in the specific gravities of the pure
      magnesite (Sp.Gr..perspectiveto.2.70 to 2.80 g/cm.sup.3) and the gangue
      (Sp.Gr. ranging from about 2.55 to about 2.65 g/cm.sup.3), and the most
      commonly used method of separation is the dense media process. Such ores
      are also amenable to concentration by flotation, but this is an expensive
      method, since it first requires grinding the ore to a fine mesh, and
      subsequently requires expensive methods for briqueting the ground
      concentrate to facilitate the firing thereof to produce a dead-burned
      magnesite.
PAR  Some ores are not amenable to gravimetric separation in any event because
      the magnesite contained therein is porous and has an apparent specific
      gravity (bulk density) which is very nearly the same as the gangue. These
      latter described ores are of course amenable to concentration by
      flotation, but as mentioned before, this procedure is generally very
      expensive.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide a method for
      beneficiation of magnesite ores wherein the efficiency of the process is
      enhanced. In accordance with the invention, the efficiency of the
      beneficiation process is enhanced (1) by increasing the difference between
      the specific gravities of the magnesite and the gangue, (2) by causing the
      gangue to become magnetic, or (3) by a combination of these factors.
PAR  In its broader aspects, the invention includes calcining a magnesite ore
      whereby magnesium carbonate is decomposed to form magnesium oxide and the
      latter, being lighter in weight than magnesium carbonate, is more readily
      separated from the gangue which remains substantially unchanged in weight
      during calcination.
PAR  More specifically, the method of the invention comprises a process for
      recovering magnesite from its ores as a caustic-calcined magnesite wherein
      the ore is calcined at a temperature of from about 500.degree.C to about
      1000.degree.C to convert the magnesite in the ore into a caustic-calcined
      magnesite and thereafter the latter is separated from the gangue by
      gravimetric separation.
PAR  If the calcination is conducted in a reducing atmosphere, gangue is
      transformed into a magnetic material which can be separated from either
      magnesium carbonate or magnesium oxide by a magnetic separation process.
      In this latter regard, the invention encompasses a process for recovering
      magnesite from its ores as caustic-calcined magnesite comprising the steps
      of calcining the ore at a temperature of from about 500.degree.C to about
      1000.degree.C in a reducing atmosphere to convert magnesite in the ore
      into a caustic-calcined magnesite and to transform the gangue magnesite
      from the reduced gangue by magnetic separation; and separating
      caustic-calcined magnesite from gangue by a gravimetric procedure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic flowsheet diagram illustrating an ore beneficiating
      process which embodies the principles and concepts of the present
      invention; and
PAR  FIG. 2 is a schematic flowsheet diagram illustrating another ore
      beneficiating process which embodies the principles and concepts of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In its broader aspects, the preferred method of the invention comprises
      calcining a magnesite ore at a temperature sufficient to cause a partial
      or full caustic-calcination of the magnesite contained therein. Such
      calcination can usually be carried out at a temperature above about
      500.degree.C and preferably between about 600.degree.C and 1000.degree.C.
      During such treatment, the magnesite will lose up to about 50% of its
      weight as a result of its decomposition in accordance with the reaction:
      MgCO.sub.3 .fwdarw. MgO + CO.sub.2.
PAL  Calcination of the ore does not cause a great loss of weight in the gangue
      material, and thus, the bulk density of the calcined magnesite becomes
      much lower than the bulk density of the calcined gangue material.
      Separation of the two can thereafter be easily accomplished by the use of
      conventional gravimetric methods. Dry gravimetric separation is preferable
      to wet gravimetric separation since wetting of the caustic-calcined
      material increases its bulk density making the separation more difficult.
      Dry separation on a pneumatic table is usually very successful, although a
      wet separation using a jig or a dense media in a cyclone has also
      sometimes provided acceptable results.
PAR  If necessary, one or more additional gravimetric separations can be
      performed on the light and heavy fractions of the first separation in
      order to improve the quality of the concentrate and increase the yield.
      Additionally, other types of separation (i.e., magnetic) can be performed
      to upgrade the light material or to improve recovery of the heavy
      material.
PAR  Prior to the calcination stage, the ore may be subjected to a preliminary
      mechanical preparation procedure including steps such as crushing,
      washing, screening, etc., and/or to a preconcentration procedure including
      steps such as hand or electronic sorting, magnetic separation, gravimetric
      separation, etc. The following specific example illustrates the specific
      aspects of the method of the invention:
PAC  EXAMPLE NO. 1
PAR  The method of the invention has been applied in the beneficiation of
      several types of ores with very good results. This example presents the
      results of one such application of the method which was conducted in
      accordance with the flowsheet of FIG. 1. One hundred pounds of magnesite
      ore was first subjected to a preliminary mechanical preparation which
      included crushing, washing and screening. This was followed by a
      preliminary concentration step, wherein part of the gangue material was
      removed by handsorting. Final sorting was accomplished using an optical
      separator (SORTEX machine) of a type well known to thos skilled in this
      art. 44.5 pounds of pre-concentrate having a size between about 2 and
      about 17 mm was obtained. This material was calcined in a rotary furnace
      at a temperature in the range of from about 850.degree.C to about
      1000.degree.C. This heat treatment produced 30 pounds of material
      including calcined magnesite having a bulk density in the range of from
      about 1.4 to about 1.6 g/cm.sup.3, and calcined gangue having a bulk
      density in the range of from about 2.2 to about 2.4 g/cm.sup.3. The
      calcined material was screened to produce five separate fractions having
      respective approximate sizes of: less than 2mm; 2 to 4mm; 4 to 8mm; 8 to
      12mm; and larger than 12mm. The larger than 12mm fraction was very lean in
      calcined magnesite and was rejected. The less than 2mm fraction was quite
      rich in calcined magnesite which could be recovered on a Kelly type
      pneumatic table for fine particles. However, this fine fraction could
      create difficulties during the subsequent firing to produce dead-burned
      magnesite and therefore it was excluded from the total recovered
      magnesite. The 2 to 4, 4 to 8, and 8 to 12mm fractions were subjected to a
      treatment on a BERRY type M-100 pneumatic table.
PAR  Due to the big difference in bulk density between the calcined magnesite
      and the calcined gangue material, an excellent separation was obtained on
      the pneumatic table as can be seen from the analyses of the light and
      heavy materials shown in FIG. 1. In order to upgrade the light materials
      separated from each fraction, a magnetic separation was performed on each
      of them. This separation produced a final concentrate comprising 10.90
      pounds of calcined magnesite having the following impurity analysis: 1.51
      wt% SiO.sub.2 ; 1.39 wt% CaO; 4.90 wt% LOI and 1.00 wt% Moisture. This
      recovery of 10.90 pounds of caustic magnesite from the original
      run-of-mine ore corresponds very nearly to a 90% recovery of the magnesite
      originally contained in the ore.
PAR  In another aspect the invention includes a method comprising calcining of
      the ore in a reducing atmosphere. Such a calcination may usually be
      conducted at a temperature in the range of from about 500.degree.C to
      about 1000.degree.C. This treatment will cause the transformation of a big
      percentage of the initially non-magnetic or only slightly magnetic gangue
      material into a strongly magnetic material which is more readily
      separatable from the magnesite. Of course the magnesite will also lose
      part of its weight during the calcination due to its decomposition
      according to the reaction MgCO.sub.3 .fwdarw. MgO + CO.sub.2 while the
      gangue material does not correspondingly suffer a great loss of weight.
PAR  The reduced ore is amenable to a magnetic separation process wherein all
      the gangue material that has been transformed into magnetic material is
      easily removed. This method is particularly applicable to ores in which
      most of the gangue material can be transformed into magnetic material as
      the result of being calcined in a reducing atmosphere. If the magnetic
      separation is not completely satisfactory due to the presence of gangue
      material that remains unaffected by the reduction, a gravimetric
      separation can be performed as described above.
PAR  Prior to the calcination step, the ore may be subjected to a preliminary
      mechanical preparation procedure including steps such as crushing,
      washing, screening etc., and/or a preconcentration procedure including
      steps such as hand or electronic sorting, magnetic separation, gravimetric
      separation etc.
PAR  The following specific example illustrates this aspect of the invention:
PAC  EXAMPLE NO. 2
PAR  The foregoing method has been used to beneficiate magnesite ores with good
      results. Presented below are the results of such a use which was conducted
      in accordance with the flowsheet of FIG. 2. Magnesite ore was first
      crushed, washed and screened to present a fraction wherein the bulk of the
      particles had a size greater than about 2.5mm and smaller than about 8mm.
      One hundred pounds of this fraction was then dried and subjected to a
      first magnetic separation. Sixty-one pounds of nonmagnetic material from
      the first separation was then subjected to calcination in a rotary furnace
      in a reducing atmosphere comprising producers gas at a temperature of
      about 700.degree.C. This calcination produced 33 pounds of reduced
      material which was then subjected to a second magnetic separation, to
      present 10.5 pounds of a final concentrate which includes 4.00 wt%
      SiO.sub.2 and 1.84 wt% CaO.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for recovering magnesite from its ores as a caustic-calcined
      magnesite comprising the steps of:
PA1  calcining a particulate magnesite ore having a particle size between about
      2 and about 17mm by gradually heating the ore at a temperature of from
      about 500.degree.C to about 1000.degree.C so as to gradually raise the
      temperature of the ore for the desired calcination thereby converting the
      ore into a mixture of caustic-calcined magnesite having a bulk density in
      range of from about 1.4 to about 1.6 g/cm.sup.3 and calcined gangue having
      a bulk density in the range of from about 2.2 to about 2.4 g/cm.sup.3 ;
PA1  subsequently separating said caustic-calcined magnesite from said calcined
      gangue by a physical separation process by utilizing the difference
      between said bulk density of the caustic-calcined magnesite and said bulk
      density of the calcined gangue; and
PA1  effecting said separation on said mixture without size reduction of the
      latter.
NUM  2.
PAR  2. A process as set forth in claim 1 wherein the ore is subjected to a
      preconcentration step prior to said calcining.
NUM  3.
PAR  3. A process for recovering magnesite from its ores as set forth in claim 1
      wherein said physical separation is carried out pneumatically.
NUM  4.
PAR  4. A process for recovering magnesite from its ores as set forth in claim 3
      wherein said calcining is conducted in a reducing atmosphere to transform
      the gangue into a material having magnetic properties, and said process
      further including the step of separating calcined magnesite from the
      reduced gangue by magnetic separation.
NUM  5.
PAR  5. A process as set forth in claim 1 further comprising the step of
      screening the mixture of material subsequent to said step of calcining and
      prior to said step of physical separation so as to separate the particles
      of the mixture into separate groups according to size.
NUM  6.
PAR  6. A process for recovering magnesite from its ores as set forth in claim 1
      wherein said physical separation process is a wet gravimetric separation
      process.
NUM  7.
PAR  7. A process for recovering magnesite from its ores as set forth in claim 1
      wherein said physical separation process is a dry gravimetric separation
      process.
NUM  8.
PAR  8. A process for recovering magnesite from its ores as set forth in claim 1
      wherein said calcining is conducted in a reducing atmosphere to transform
      the gangue into a material having magnetic properties, said process
      including the step of separating calcined magnesite from the reduced
      gangue by magnetic separation.
NUM  9.
PAR  9. A process as set forth in claim 8 wherein the ore is subjected to a
      mechanical preparation step prior to said calcining.
NUM  10.
PAR  10. A process as set forth in claim 4 wherein the ore is subjected to a
      preconcentration step prior to said calcining.
NUM  11.
PAR  11. A process as set forth in claim 8 wherein the ore is subjected to a
      preconcentration step prior to said calcining.
NUM  12.
PAR  12. A process as set forth in claim 1 wherein the ore is subjected to a
      mechanical preparation step prior to said calcining.
NUM  13.
PAR  13. A process as set forth in claim 12 where in the ore is subjected to a
      preconcentration step prior to said calcining.
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ABST
PAL  A filter thimble adapted for use in a float-or-sink process of separating
      ova from samples of feces contained in standarized transport receptacles
      has an outside diameter of about 3/4 that of the inside of the receptacle,
      has a bottom, has an open top, has around its upper side surface a closure
      operatively fittable to the transport receptacle, and around its lower
      side surface numerous perforations of dimension only several times larger
      than the ova. The under surface of the closure is frusto-conical, with
      smaller end up and fitted liquid-tight to the outside of the thimble, and
      several of the perforations have their outer openings immediately below
      the point of fit.
PARN
PAC  REFERENCE TO EARLIER APPLICATION
PAR  This application is a continuation in part of application Ser. No. 525231
      filed Nov. 19, 1974 and continuation of application Ser. No. 528585 filed
      Nov. 29, 1974, in the name of Arnold David Studer, each now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to means and method for examining fecal
      matter to determine the presence of ova or eggs of parasites such as might
      be found in the fecal matter. Especially when the infestation is small,
      and also with some variations in the physical condition of feces, it is
      important that a good separation of ova from the feces be obtained. And at
      the same time it is highly desirable that the steps in preparing the feces
      samples, malodorous and esthetically upleasant at unpleasant shall be made
      as few, as simple, and as non-contaminating to the technician and the
      laboratory as possible. Obviously, it is desirable that the receptacles
      and auxiliary apparatus be disposable after one use in order to avoid the
      unpleasantness of clean-up. Yet, for a laboratory handling many samples
      each day, as is common in active veterinary hospitals, disposable
      apparatus must not only cost very little, but must be environmentally
      acceptable. In the present marketplace, these considerations and others
      clearly dictate that the apparatus shall be of inexpensive plastic such as
      polyethylene, and shall have the least possible number and complexity of
      components.
PAR  For many years the preferred laboratory technique, in numerous minor
      variations, has been the use of a float-or-sink process, in which a liquid
      of density between that of the ova and that of the other fecal matter is
      stirred into the feces sample, and opportunity is provided for the ova to
      separate by flotation from the other matter. The ova, having floated to
      the top of the liquid, are then transferred to a microscope slide, as by
      touching the cover glass to the surface of the liquid. Under the
      microscope the kinds of ova can be discerned, and the seriousness of the
      infestation estimated by rough counting of the number of each kind of ova
      seen in the field.
PAR  This prior art process has been improved in several ways, but still suffers
      several problems, not only esthetic, but also of a degree of unreliability
      or inaccuracy.
PAR  Older improvements were (1) Centrifuging the float-or-sink mixture to
      achieve a sharp separation. (2) Filtering the float-or-sink mixture from
      the mixture receptacle into another receptacle by pouring the mixture
      through a strainer, and both metallic and non-metallic strainers have been
      used. Movement through the strainer is by gravity. In the second
      receptacle the ova, largely freed from the other fecal matter, float to
      the top, and are transferred as before mentioned, to a microscope slide
      cover glass. Pertinent references are:
PA0  COLES, E. H. "Veterinary Clinical Pathology," W. B. Saunders Co.,
      Philadelphia, 1967, pg 332
PA0  CHANDLER, A. C. "Introduction to Parasitology" 8th Ed., John Wiley & Sons,
      N.Y. 1949, pg 249 - 251
PA0  BODDIE, G. F. "Diagnostic Methods in Veterinary Medicine," Lippincott,
      Phildadelphia, 1953, pg 309
PA0  HOSKINS, H. P. et al, Ed., "Canine Medicine" American Veterinary
      Publications, Inc., Santa Barbara, California, 1959, pg 605, 606.
PAR  Such methods are described in a most recent improvement, which is disclosed
      in U.S. Pat. No. 3,819,045 issued in June 25, 1974 to Robert J. Greenwald,
      in which is disclosed a combination of apparatus elements, including a
      shallow cup means for original receipt of feces sample, a cover means for
      use during transport of the sample to laboratory, an open tube means for
      thrusting into said cup means whereby to extend it vertically and to form
      a treatment receptacle, a piston means of diameter to fit snugly into said
      tube, the piston having its face perforated, and having a piston-rod-like
      handle extending axially. In use, at the laboratory, the transport cover
      is removed from the shallow cup, the open tube is thrust into the well of
      the cup around the feces, the tube is partially filled with the
      float-or-sink liquid diluent, the feces and the diluent are mixed together
      using a wooden stick supplied with the kit, the piston, held by its
      handle, is inserted into the open top of the cup and pressed downward
      compressing much of the feces material as a cake on the bottom face of the
      piston, while the liquid and some of the ova pass through the perforations
      of the piston into the space above. The length of the piston's handle is
      short enough that when the piston "bottoms," the top of the handle is
      entirely inside the receptacle. If the volume of the original feces sample
      and of the added diluent were not too great, the top of the handle is not
      quite submerged in the mixture and the finger of the operator is not
      contaminated. Additional diluent is then added to fill the tube barely to
      over-flowing, forming a meniscus at the top into which the ova from the
      space above the piston collect within a few minutes. By laying a
      microscope slide cover glass on the meniscus, a drop of liquid with its
      collected ova is picked up, and under the microscope the number and kind
      of ova can be visually determined.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has for some of its objects the following:
PAR  1. A major reduction in the number of special component parts, while
      utilizing standardized commercial mass-produced transport receptacles not
      only for transport but also for sample treatment.
PAR  2. A large improvement in the degree of separation of ova from other fecal
      material, whereby a true estimate may be made of the seriousness of the
      infestation in the animal from which the feces were obtained.
PAR  These objects and others are obtained by the present invention, in which
      there is provided a thimble for use as a component in a fecal examining
      system in which feces samples to be examined for presence of ova are
      supplied in standardized transport receptacles of fixed predetermined
      dimensions, the thimble comprising an open-top generally cylindrical tube
      with a bottom, the tube having outside cross section approximately one
      half of the transport receptacle's cross section and carrying around its
      upper side surface a closure adapted to operatively close the top of the
      transport receptacle upon insertion of the thimble into the transport
      receptacle, and bearing around its lower side surface a screening means
      with numerous perforations with minimum dimension only several times
      larger than the said ova. The under surface of the closure is
      frusto-conical, with smaller end up and fitted liquid-tight to the outside
      of the thimble, and several of the perforations have their outer openings
      immediately below the point of fit.
PAR  The method in the present invention is a fecal examining process for
      detecting the presence of ova in feces supplied in a standardized
      transport receptacle by float-or-sink separation of ova from other fecal
      material, comprising (a) providing a liquid diluent of specific gravity
      intermediate the ova and the other fecal material, and (b) providing an
      open-top thimble of cross-sectional area approximately one half the
      cross-sectional area of the transport receptacle, said thimble provided
      with numerous perforations in its lower side surfaces of dimension only
      several times larger than the ova, said thimble carrying around its upper
      side surface a closure for the said transport receptacle, said closure
      having a a frusto-conical under surface with smaller end up, whereby to
      guide any rising ova inwardly through adjacent perforations to the inside
      of the thimble, (c) forming a mixture of the feces within the transport
      receptacle with liquid diluent, (d) lowering the thimble under its own
      weight into the said mixture, while permitting ova to infiltrate into the
      thimble, (e) closing the transport receptacle with the closure of the
      thimble, (f) adding of liquid diluent in sufficient quantity to slightly
      overfill the thimble, whereby a meniscus of liquid is formed at the
      surface to which the infiltrated ova ascend.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the single FIGURE the preferred thimble of this invention is shown in
      vertical cross section.
PAR  The tubular thimble 1 is closed at its bottom 2, a round bottom being
      shown, although a flat bottom would also suffice. The top of the thimble
      at 3 is open. Surrounding the upper part of the tubular wall is a closure
      4, attached firmly or molded integrally with the upper part of the thimble
      as at 8. The outer portion of the closure is adapted to mate with a
      standardized transport receptacle not shown, such as a plastic vial of
      cylindrical shape as is conventional in the pharmaceutical trade. For the
      particular closure shown in the FIGURE, the vial or receptacle to which
      the closure is to be fitted may be a standard 4 to 9 dram plastic vial,
      which is ordinarily supplied by its manufacturers with a plastic snap cap.
      For this closure, the inside of the lower lip is turned inwardly and
      upwardly as shown at 7, in the same form as that of the plastic snap cap.
      Thereby, if the thimble with its closure be inserted in such a receptacle
      and pressed down firmly its closure will snap around the mouth of the
      receptacle and seal the junction securely. No novelty is claimed as to
      this method of sealing.
PAR  It is most desirable that a large annular clearance exist between the
      inside of the transport receptacle and the outside of the thimble.
      Preferably the cross-sectional area inside the thimble should
      approximately equal the annular cross-sectional area, and this
      relationship is achieved by making the outside diameter of the thimble of
      about 3/4 the inside diameter of the receptacle. This large clearance is
      desirable in order to provide ample room for other fecal material to be
      suspended without packing.
PAR  It will be obvious that should receptacles of other top shape have been
      desired, for example, screw-top, the thimble closure could have been
      shaped and fabricated with gasket to mate with and seal such a screw-top.
      Likewise, the closure could have been so elementary as a cork with a hole
      in it, into which the tubular thimble was thrust.
PAR  An additional convenience in the use of the thimble is provided by making
      the top annular surface 6 of the closure concave, whereby an annular
      recess is formed around the top of the thimble large enough to hold
      several drops of overflow from the thimble top.
PAR  The lower side walls of the thimble are provided with a screening means
      comprising preferably numerous holes 5 of dimension only several times
      larger than the ova. Round holes about 1 to 1.5 mm in diameter spaced
      apart about 1.5 mm and covering the majority of the surface have been
      found very satisfactory. Other shapes of holes, extending even to
      horizontal or vertical slits, would also be satisfactory, as long as their
      smaller dimension will pass the ova while retaining the majority of the
      fibrous or other fecal matter.
PAR  The material of construction of the thimble is not critical. For low-cost
      thimbles disposable by incineration as would likely be applied to the
      disposal of the receptacle, molded polyethylene is entirely satisfactory.
PAR  For a thimble 0.6 in O.D. by 1.0 in. high below the closure, 10 circular
      rows each containing about 19 holes cover the entire cylindrical surface.
PAR  An improvement of the invention relates to the shape of the bottom side of
      closure, relative to the adjacent wall of the thimble. I have realized
      that a need exists to guide those ova which float to the surface of the
      annular space between thimble and receptacle to the perforations in the
      wall of the thimble, and also that perforations must be provided as high
      as possible, next to the under side of the closure, so that the ova can
      float from the annular collection region through the thimble perforations
      into the thimble interior.
PAR  The above need is answered by shaping the bottom side of the closure at 9
      in a form called generally "frusto-conical," with small end up, and by
      providing a set of thimble perforations 10 as close as possible to the
      junction of the cone with the thimble; thereby, ova are guided by the
      frusto-conical surface, (which acts as a nozzle) into the perforations 10,
      and such ova add to those that had already permeated the lower levels of
      perforations as at 5.
PAR  While the surface 9 on the under side of the closure 4 is shown as
      frusto-conical in the FIGURE, and is so termed generically, it should be
      understood that this term also includes in addition to the true conical
      surface, other upwardly converging surfaces, such as bell-shape and such
      as portion of spherical surfaces, the important need being that the
      surface act as a nozzle to guide the ova toward the top most layer of
      perforations 10 in the thimble.
PAR  In the FIGURE the perforations 10 are shown as slits, which taken all
      together occupy nearly all the periphery of the thimble at their level,
      the walls between the ends of the adjacent slits being as thin as
      practical, whereby to provide the maximum amount of passageway for ova,
      while still limiting the passage of other fecal material. The vertical
      width of these slits, as in the perforations below, should be larger than
      the ova, but not more than 1 to 1.5 mm., in order to limit the flow of
      other fecal material.
PAR  While slits are preferred at this top level of perforations, round holes or
      other equivalent perforations are permissible if closely spaced.
PAR  The perforations 5 shown on the lower levels in the FIGURE are round holes,
      but as previously explained, may also be slits, either around the
      periphery as the perforations 10, or vertically. Or they may have other
      shapes, this feature not being critical.
PAR  A practical commercial design is provided as above described, but it is
      also possible and effective to use a thimble-shaped screen of woven or
      punched metal or plastic, adhered to the bottom of the upper tubular part
      of the thimble. Likewise, the lower part could be made as an open-work
      skeleton of plastic, covered with a tube of screen material.
PAC  USE OF THE THIMBLE
PAR  The thimble of this invention is used with the standardized transport
      receptacle in which the feces sample is brought to the laboratory.
      Normally the sampler will have been requested to put in enough sample only
      to occupy about 1/10 of the receptacle's depth. In the laboratory, any
      excess is removed and discarded, using a throw-away wooden or plastic
      spatula, and an amount of flotation liquid added to the receptacle to
      raise the level in it to about 3/4 of the height -- this is about 1/2 inch
      below the top of a standard 7-dram receptacle.
PAR  The flotation liquid may be any of the many prior art liquids, one example
      of which is sodium nitrate dissolved in water to an extent to have a
      specific gravity of 1.200. Low viscosity liquids are preferable, in order
      not to hinder the flotation of the ova.
PAR  After the liquid has been added to the sample in the transport receptacle,
      its cap is replaced and the capped receptacle thoroughly shaken to mix the
      liquid with the sample. The cap is then removed, and may be discarded.
PAR  The thimble of the invention is now inserted into the top of the transport
      receptacle, and allowed to settle under its own weight into the mixture.
      As this settling is taking place, the mixture is rising in the annular
      space between the inside of the receptacle and the outside of the thimble.
      As each of the sets of perforations becomes submerged, flotation liquid
      and ova from the mixture pass into the inside of the thimble, but because
      the submergence rate is low and under only slight pressure, no appreciable
      cake of other fecal material forms against the perforations, and free
      access is maintained for ova to pass into the thimble.
PAR  When the thimble has reached the bottom of its free fall, the technician
      operator presses the thimble's closure into engagement with the top of the
      receptacle, sealing the junction, and then adds additional flotation
      liquid into the thimble to raise the level to the open top of the thimble,
      and to form a slight meniscus. Any slight excess falls into the annular
      recess 6 of the thimble's closure.
PAR  After a wait of several minutes (preferably 9 - 10 minutes) during which
      ova, both some of those still in the mixture and those already in the
      thimble, may rise into the meniscal surface of the flotation liquid, the
      technician lays a microscope cover glass upon the meniscal surface,
      thereby picking up surface liquid and the entrained ova. Placed on a slide
      and viewed under a microscope at 100 power, the ova of various parasites
      will be visible, and the field will be nearly free of other fecal
      material.
PAR  It is to be understood the foregoing detailed description and experimental
      verification are given merely by way of illustration, and that numerous
      variations may be made without departing from the spirit of the invention.
PAC  EXPERIMENTAL RESULTS
PAR  A series of tests has been carried out in the laboratory of a practising
      veteranarian, to compare the results obtained from the Greenwald System as
      described in U.S. Pat. No. 3,819,045 and the device of the present
      invention.
PAC  EXPERIMENTAL OBSERVATIONS
     Feces from Cat with moderate infestation                                  
              ROUND WORM OVA HOOK WORM OVA                                     
     TEST METHOD                                                               
              (Toxocara Species)                                               
                             (Strongyle Species)                               
     ______________________________________                                    
     This Invention                                                            
               75, 75, 57*    42*                                              
     Greenwald                                                                 
              48, 70, 23     40                                                
     ______________________________________                                    
     Feces from Dog with low to moderate infestation                           
              Round                                                            
              Worm Ova  Hook Worm Ova                                          
                                     Whip Worm Ova                             
     ______________________________________                                    
     This Invention                                                            
              17, 5     33           17                                        
     Greenwald                                                                 
              15, 5     32            9                                        
     ______________________________________                                    
     Two Sample Feces from Dogs with heavy infestations                        
                WHIP WORM OVA                                                  
                  Sample 1      Sample 2                                       
     ______________________________________                                    
     This Invention                                                            
                  59            250                                            
     Greenwald    39             75                                            
     ______________________________________                                    
      *The numbers in the table above are the count of ova within the microscop
      field at 100X, over the entire area of a standard cover glass, 3/4 inch  
      square.                                                                  
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fecal examining process for detecting the presence of ova in feces
      supplied in a standardized transport receptacle by float-or-sink
      separation of ova from other fecal material, comprising (a) providing a
      liquid diluent of specific gravity intermediate the ova and the other
      fecal material, and (b) providing an open-top thimble of cross-sectional
      area approximately one half the cross-sectional area of the transport
      receptacle, said thimble provided with a screening means with numerous
      perforations in its lower side surfaces of dimension only several times
      larger then the ova, said thimble carrying around its upper side surface a
      closure for the said transport receptacle, (c) forming a mixture of the
      feces within the transport receptacle with liquid diluent, (d) lowering
      the thimble under its own weight into the said mixture, while permitting
      ova to infiltrate into the thimble, (e) closing the transport receptacle
      with the closure of the thimble, (f) adding of liquid diluent in
      sufficient quantity to slightly overfill the thimble, whereby a meniscus
      of liquid is formed at the surface to which the infiltrated ova ascend.
NUM  2.
PAR  2. In apparatus for the sink-or-float separation of ova from feces
      contained in a transport receptacle, a filter thimble combined with
      receptacle closure means for said transport receptacle, the closure means
      having a top face and a bottom face, the thimble comprising an open-top,
      generally cylindrical tube with a bottom face, the tube carrying below its
      open top around its upper side surface the said closure means, and bearing
      around its lower side surface below said closure means a screening means
      permitting passage of said ova while retaining larger feces components,
      the top face of said closure means carrying an annular concave recess
      surrounding said tube.
NUM  3.
PAR  3. In apparatus for use in the sink-or-float separation of ova from feces
      contained in a transport receptacle, a filter thimble combined with
      receptacle closure means, the closure means having a top face and a bottom
      face, the thimble comprising an open top, generally cylindrical tube with
      a bottom face, the tube carrying below its open top around its upper side
      surface the said closure means, the said closure bottom face having an
      upwardly converging surface, the said tube bearing around its lower side
      surface screening means including perforations at the junction of the said
      converging surface with said tube.
NUM  4.
PAR  4. The filter thimble of claim 3, in which the upwardly converging surface
      on the bottom face of the closure is generally frusto-conical in section.
NUM  5.
PAR  5. The filter thimble of claim 4, in which the perforations at the junction
      of the said converging surface with said tube are circumferentially
      arranged slits occupying the majority of the circumference.
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ABST
PAL  A variable jet separator apparatus is described which is useful for
      separating mixtures of gases and mixtures of liquid having different
      molecular-weight components in them.
BSUM
PAR  The present invention relates to a variable jet separator and more
      particularly pertains to a valve which is a variable jet separator capable
      of operating over a wide range of conditions.
PAR  The variable jet separator of this invention is particularly useful in gas
      chromatograph-mass spectrometer interfacing and is tunable to separate
      different molecular-weight compounds as well as other uses which will be
      disclosed hereinafter.
DRWD
PAR  This invention can be illustrated by reference to the accompanying drawings
      wherein:
PAR  FIG. 1 is a side elevation view partly in section showing an embodiment of
      the variable jet separator of the present invention.
PAR  FIG. 2 is a view taken along line 2--2 in FIG. 1.
PAR  FIG. 3 is a view taken along line 3--3 in FIG. 1.
PAR  FIG. 4 is a close-up fragmented view of the variable capillary jet
      arrangement of FIG. 1.
DETD
PAR  The variable jet separator apparatus 1 is made up of two capillary tubes 2.
      The upper tube 2 can be a conduit for the effluent from a gas
      chromatograph into the separator and the lower tube 2 can be a conduit
      leading into a mass spectrograph. The upper tube is slidably mounted in a
      metering handle 3 which surrounds a bushing 4 and rides on the barrel 5
      which surrounds the bonnet 6. The adjustability of the metering handle can
      be controlled by a locking screw 7 which can be made to contact and
      restrict movement of the actuator 8. The upper capillary tube 2 is
      centered within the apparatus by pins 9 and extends downward through a
      flexible bellows 10 which is confined between a stem 11 and a gasket 12.
      The variable jet separator apparatus 1 may be mounted onto a stand, panel,
      etc., by means of a jam nut 13 and bonnet nut 14. Two outlets 15 to vacuum
      pump and the like are provided near the bottom of the apparatus. The
      capillary tubes 2 are provided with tapered ends 16 and the tapered ends
      of the upper and lower capillary tubes 2 are separated in a chamber within
      the apparatus. The distance between the tapered ends 16 is controlled by
      raising or lowering the upper capillary tube 2 by turning the metering
      handle 3. Thus, the apparatus is tunable by adjustment of the distance
      between the tapered ends 16 to satisfy any particular situation, and the
      distance depends on which two liquids or gases are being passed through
      the apparatus.
PAR  The apparatus of this invention is universal in its application in that it
      can be used as a gas or liquid enrichment separator and a splitter and is
      particularly useful as a tunable mass spectrometer interface for coupling
      the effluent line of a gas or liquid chromatograph to a mass spectrometer.
      The wide range of movement of the relative positions of the jet nozzles
      from each other and the ease of setability allow great operating
      flexibility.
PAR  In a specific example of the use of the apparatus of this invention, the
      upper capillary tube can be connected to a gas chromatograph column and
      transfer line and the lower capillary tube is connected to a mass
      spectrograph analyzer. The two outlets or side parts on the apparatus are
      connected to a vacuum pump which creates a partial vacuum on the internal
      valve system. The spacing between the jets can be closely adjusted as
      desired by turning the metering handle in a clockwise or counterclockwise
      direction. During its operation, the apparatus of this invention can be
      heated or cooled by conventional means such as a heating or cooling jacket
      and the like.
PAR  The effluent from the gas chromatograph, which contains the separated
      chemical component and the carrier gas (helium), passes through the
      variable jet separator through the upper capillary tube and comes out the
      jet of this tube, at which point the helium diffuses faster and is
      selectively pulled off through the two outlets while the enriched chemical
      component, which always is of higher molecular weight than helium, passes
      into the jet of the lower capillary tube and on into the mass
      spectrometer.
PAR  The apparatus of the present invention has many advantages including high
      performance over a wide range of operating conditions, it is not limited
      in terms of the carrier fluid flow, it is readily tunable to separate
      different molecular-weight compounds, it can be adjusted "on the fly" to
      enhance trace component sensitivity when used in conjunction with a mass
      spectrometer, it can be used for liquid chromatography-mass spectrometer
      interface particularly when the solute has a higher molecular weight than
      the solvent, it can produce variable yields from 100 to 0, and it can be
      used as an enrichment sampler for air or liquid pollution studies.
CLMS
STM  We claim:
NUM  1.
PAR  1. A variable jet separator apparatus useful in chromatograph-mass
      spectrometer interfacing for coupling the effluent line of a gas or liquid
      chromatograph to a mass spectrometer comprising an upper capillary tube
      and a lower capillary tube, both of said tubes having tapered ends, the
      ends of said tubes being located adjacent to one another in an enclosed
      chamber, one of said tubes being adjustable to move towards or away from
      said other tube, one of said tubes being coupled to the effluent line of a
      gas or liquid chromatograph and the other of said tubes being coupled to a
      mass spectrometer.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the upper tube is adjustable and the
      lower tube is fixed.
NUM  3.
PAR  3. The apparatus of claim 2 having means for evacuating said chamber at two
      sides thereof.
NUM  4.
PAR  4. A process for enriching one liquid or gaseous component in a mixture of
      a liquid in a liquid or a gas in a gas which is the effluent from a liquid
      or a gas chromatograph comprising passing said mixture through an upper
      first capillary tube out the tapered end of said capillary tube across an
      adjustably controlled gap in an evacuated chamber and into the tapered end
      of a second capillary tube located adjacent to the tapered end of said
      first tube, said second tube being coupled to a mass spectrometer.
NUM  5.
PAR  5. The process of claim 4 wherein the gap may be adjustably controlled
      during the operation of the process.
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ABST
PAL  A proteinaceous aqueous sludge, previously precipitated with a
      precipitating agent, is mixed with calcium chloride, and treated with a
      base selected from the group consisting of alkali metal hydroxides and
      alkaline earth metal hydroxides to adjust the pH to a value in the range
      of 6.5-9.5. The mixture is then heated to a temperature in the range of
      60.degree.-120.degree.C. to coagulate and agglomerate the sludge, which is
      then separated from the aqueous phase containing the precipitating agent.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 342,798, filed Mar. 19, 1973, now abandoned.
BSUM
PAR  It is well known that a number of substances can be used as precipitating
      agents on an industrial scale to remove proteins from effluents such as
      process water. The principal group of precipitating agents in use is
      probably the lignin sulphonic acids and their derivatives. A number of
      installations based on the use of lignin sulphonic acids have been built
      in many countries and these installations are employed to purify
      industrial effluents while recovering a substantial quantity of the
      proteins, see U.S. Pat. No. 3,390,999. Other organic substances that have
      been used as precipitating agents are organic sulphonates, such as aryl or
      aryl alkyl sulphonic acids, as described in Canadian Pat. No. 882,398, and
      organic sulphates, such as sulphuric acid esters or monovalent and
      polyvalent alcohols, such as lauryl sulphate, glyceryltrisulphate and
      sulphated hexavalent alcohols and sulphated hexavalent carbohydrates,
      reference here being made to Norwegian Pat. No. 117,339 and Canadian Pat.
      No. 887,899. Most of these organic sulphonic acids and sulphates have a
      very good purifying effect, but to use them for purifying water on an
      industrial scale involves relatively high costs for chemicals.
PAR  Conventional methods of flocculation by the use of metal salts as e.g.
      aluminum sulphate and iron chloride have also been used for flocculation
      of waste water containing proteins, and preferably in combination with
      organic flocculating agents as e.g. polyacrylamides.
PAR  The previously known and above mentioned patented methods of precipitation
      and flocculation of waste water containing proteins renders it possible to
      remove the separated proteinaceous organic material by sedimentation or
      flotation. After said removal the separated proteinaceous material is
      present as an aqueous sludge containing approximately 5-10 % by weight of
      solids.
PAR  Dependent on the character of the precipitating or flocculating agent the
      separated proteinaceous sludge can be used as an additive to cattle feed,
      Danish Pat. No. 112,149, or it can be further treated as a conventional
      waste sludge. In both cases, however, its high water content and
      consequently its large volume makes it difficult or simply impossible to
      solve the sludge problem.
PAR  Proteins precipitated by means of the said agents can be used as fodder. It
      would, however, be an advantage if it were possible to lessen the content
      of said precipitating agents. By reducing the amount of precipitating
      agents in the precipitate, one would be able at the same time to increase
      the protein content and thus the commercial value of the material as
      fodder.
PAR  Sludge produced by precipitation or flocculation of effluent proteins by
      addition of lignosulphonic acid and reduction of the pH to the range 2-4
      can have concentrations of more than 10 % of solids. This is a recognized
      additive to cattle feed, but due to the too high water content still
      present, it cannot be directly used as a raw material for meat and bone
      flour production.
PAR  It would thus be desirable to find a process which renders it possible to
      concentrate a proteinaceous sludge. It is known that many proteins
      coagulate when heated. The proteinaceous sludges obtained by chemical
      precipitation or flocculation of proteinaceous effluent, however,
      coagulate or agglomerate poorly or not at all when heated.
PAR  The object of the present invention is thus to condition proteinaceous
      sludges by addition of a suitable coagulating agent, so that heating of
      the sludge being conditioned in this manner yields a rapid and
      satisfactory coagulation and agglomeration of proteinaceous organic
      material, and the coagulated material can be removed by sedimentation,
      preferably in a centrifuge.
PAR  This object was surprisingly achieved by the process according to the
      present invention, which provides a method for treating a proteinaceous
      sludge and comprises a chemical-thermal combination method yielding a
      concentrated proteinaceous sludge with a high content of solids
      simultaneously with the utilized precipitating agent going into solution
      in the separated aqueous phase and thus renders it possible to recover
      said precipitating agents.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  In order to understand the present invention more fully, attention is
      directed to the accompanying drawings which are to be entered in
      conjunction with the Specification and wherein:
PAR  FIG. 1 is a diagrammatic graph illustrating the different effects of
      dosages of lignosulphonate on protein solutions, diagram 1 showing the
      effects of optional dosage thereof, diagram 3 the effects of overdosage
      thereof and diagram 4 the effects of using centrifugate as precipitating
      agent, as set forth in the Table of EXAMPLE I;
PAR  FIG. 2 is a diagrammatic graph illustrating the effects of using EXAMPLE I
      centrifugate alone to precipitate protein, diagram 2, as compared to the
      effects of using EXAMPLE II centrifugate alone in overdose amounts,
      diagram 5, as set forth in the Table for EXAMPLE II;
PAR  FIG. 3 is a diagrammatic graph illustrating the effects of precipitating
      protein with precipitate alone or pH increase, diagram 6, as component to
      added dosages of 50 and 100 mg/l of lignosulphonate, diagrams 7 and 8,
      respectively, as set forth the Table for EXAMPLE III;
PAR  FIG. 4 is a diagrammatic graph illustrating the effects of an additional
      100 mg/l of centrifugate of pH 9, diagram 9, in comparison to an optional
      50 mg/l lignosulphonate dosage, diagram 3; and
PAR  FIG. 5 is a diagrammatic graph illustrating the use of other precipitating
      agents for protein as shown in Tabular Results in EXAMPLE V;
PAR  By the process according to the present invention an alkaline earth
      compound is added to the protein sludge and, if necessary, an alkali metal
      hydroxide or alkaline earth metal hydroxide is added until a pH of about
      7-9 is obtained, followed by heating, during which the protein complex
      formed from the precipitating agents and proteins splits, whereupon the
      proteins coagulate as an alkaline earth proteinate and the precipitating
      agent dissolves in the separated hydrous phase. By washing the coagulated
      material, it is moreover possible to recover the precipitating agents
      almost quantitatively. If alkaline earth hydroxide, e.g. Ca(OH).sub.2, is
      used alone before the protein sludge is heated, a smaller proportion of
      the precipitating agent is dissolved and consequently less precipitating
      agent is recovered, probably because the calcium salts of the said
      precipitating agents are less soluble. One advantage of calcium alone is,
      however, that the coagulated material has a firmer consistency and
      separates better; it is, for example, easier to filter.
PAR  By using an alkaline earth salt in a quantity sufficient to form an
      alkaline earth proteinate and alkali hydroxide adequate for
      neutralization, the precipitating agent will dissolve as an alkali salt
      that is highly soluble and thus makes it possible to recover the
      precipitating agent almost quantitatively.
PAR  According to the present invention the proteinaceous material is also
      supplied with heat coagulable protein, whereafter the mixture is agitated
      and heated to a temperature of at least 60.degree.C, preferably by the aid
      of steam supplied directly to the pretreated sludge, and the separated
      water is removed, preferably in a centrifuge or a desludger.
PAR  Thus blood, which is a heat-coagulable protein, is added to this
      proteinaceous sludge. Said mixture is slowly heated with thorough
      agitation until coagulation begins. A continuous flow of said mixture is
      then rapidly heated to 70.degree.-100.degree.C, whereupon the separated
      water is removed in a manner known per se. In this manner a good
      separation of concentrated proteinaceous material is achieved with a
      content of solids of approximately 40%.
PAR  The addition of a heat-coagulable protein also contributes to a better
      coagulation and dewatering but best results are achieved with a
      combination of heat-coagulable protein and alkaline earth compounds at a
      pH about 7-9.
PAC  EXAMPLE I
PAR  The sludge used for the experiment was ligno-protein slude separated by
      precipitation of proteins in slaughterhouse effluents with 14.5% solids.
PAR  The sludge had a pH of 4.1 and calcium hydroxide was added to raise the pH
      to 8.0. The sludge was then heated to a temperature of 95.degree.C, at
      which temperature the sludge coagulated. After a suitable interval and
      reaction time, centrifugation of the sludge was carried out and the
      centrifugate was thereafter used as precipitating agent for a protein
      solution for which the optimal dosage of pure ligno-sulphonic acid was
      known. A certain quantity of the centrifugate was added to the protein
      solution together with varying quantities of ligno-sulphonic acid. The
      protein material in the solution was precipitated and organic substance
      was measured in the resulting decanate by determining COD (a measure of
      oxygen demand).
PAR  Slaughterhouse effluents of the same quality as used to precipitate the
      ligno-protein sludge being examined, were used as the protein solution for
      the recovery test.
PAR  The results of the experiment are shown in the following table.
TBL                                    TABLE FOR EXAMPLE I                     
     __________________________________________________________________________
     Dosage (for 500 ml protein                                                
     solution)                                                                 
                      COD in                                                   
     Lignosul-                                                                 
           Sulphuric                                                           
                 Centri-                                                       
                      decan-                                                   
                            % COD                                              
     phonate                                                                   
           acid  fugate                                                        
                      tate  reduc-                                             
                                 Diagram No.                                   
     mg/l  mg/l  ml   mg O.sub.2 /1                                            
                            tion FIG. No.                                      
     __________________________________________________________________________
      0     0    0    4690  0                                                  
      0    600   0    3886  17.14                                              
      0    700   5    1259  73.15                                              
      50   "     "    1178  74.89                                              
     100   "     "    1189  74.64                                              
                                 1                                             
     150   "     "    1239  73.59                                              
                                 FIG. 1                                        
     200   "     "    1276  72.79                                              
     250   "     "    1300  72.29                                              
      0    600   0    3886  17.14                                              
      0    700   5    1259  73.15                                              
                                 2                                             
      0    "     10   1341  71.41                                              
                                 FIG. 2                                        
      0    "     15   1706  63.64                                              
     250   600   0    1036  77.91                                              
     300   "     0    1016  78.34                                              
                                 3                                             
     350   "     0    1022  78.20                                              
                                 FIG. 1                                        
     400   "     0    1075  77.07                                              
     __________________________________________________________________________
PAR  The table and diagrams clearly show that the centrifugate contains a large
      quantity of recovered precipitating agent. Precipitation of protein
      solution with centrifugate alone gave the best result when 5 ml
      centrifugate was added to 500 ml protein solution. In this case COD
      reduction is 73.15 % as against 17.14 % when only sulphuric acid was
      added. Diagram 2, FIG. 2 shows that the optimal quantity of centrifugate
      for precipitation of protein solution should be about 8 ml per 500  ml,
      whereby one would obtain a COD number in the decantate of about 1.190 mg
      O.sub.2 /l, corresponding to a COD reduction of about 74.6 %. Comparing
      this with the extrapolated part of diagram 3, FIG. 1, it should be
      possible to set the quantity of recovered precipitating agent as being
      equivalent to a dosage of about 175 mg/l or about 87 mg/500 ml. This means
      that the concentration of precipitating agent in the centrifugate should
      be approx. 87/8 mg/ml or approx. 10 g/l.
PAR  Diagram 1, FIG. 1, shows that the optimal dosage of ligno-sulphonate in
      addition to 5 ml centrifugate per 500 ml is about 70 mg/l. If more
      ligno-sulphonate is added, precipitation of protein solution will be less
      effective owing to overdosage. This over-dosage effect can clearly be seen
      from diagram 3, FIG. 1, which shows 300 mg/l as the optimal
      ligno-sulphonate dosage. As COD reduction is not improved by adding more
      than about 70 mg/l ligno-sulphonate in addition to 5 ml centrifugate (see
      diagram 1), one can assume that recovered precipitating agent in the
      centrifugate is equivalent to a dosage of about 300 - 70 = 230 mg/l, or
      approx. 115 mg per 500 ml. Based on this assumption, the centrifugate
      added contains 115/5 mg/ml or approx. 20 g/l.
PAC  EXAMPLE II
PAR  A certain quantity of calcium chloride was added to the same sludge as used
      for Example I, followed by the use of sodium hydroxide to adjust pH to
      8.0. The sludge was then heated to 95.degree.C, when coagulation occurred,
      and after a suitable interval and reaction time at this temperature the
      specimen was subjected to centrifugation. The centrifugate was analyzed
      and used as a source for ligno-sulphonate by adding a certain quantity to
      a protein solution and whereupon varying quantities of lignosulphonic acid
      were added. Unexpectedly it proved that better precipitation of the
      proteins was achieved by using this centrifugate as precipitating agent,
      so that the resulting hydrous phase was clear and clean. The hydrous phase
      of the specimens was analyzed for COD to obtain an indication of the
      recovery of protein precipitating agent.
PAR  The results of the test are given in the following table.
TBL                                    TABLE FOR EXAMPLE II                    
     __________________________________________________________________________
     Dosage (for 500 ml protein                                                
     solution)                                                                 
                      COD in                                                   
     Lignosul-                                                                 
           Sulphuric                                                           
                 Centri-                                                       
                      decan-                                                   
                            % COD                                              
     phonate                                                                   
           acid  fugate                                                        
                      tate  reduc-                                             
                                 Diagram No.                                   
     mg/l  mg/l  ml   mg O.sub.2 /l                                            
                            tion FIG. No.                                      
     __________________________________________________________________________
     0      0    0    4690  0                                                  
     0     600   0    3886  17.14                                              
     0     700   5    1126  75.99                                              
     50    "     "    1084  76.88                                              
     100   "     "    1117  76.18                                              
                                 4                                             
     150   "     "    1148  75.52                                              
                                 FIG. 1                                        
     200   "     "    1173  74.98                                              
     250   "     "    1210  74.20                                              
     0     700   5    1126  75.99                                              
     0     "     10   1146  75.56                                              
                                 5                                             
     0     "     15   1312  72.02                                              
                                 FIG. 2                                        
     __________________________________________________________________________
PAR  The results from Example II can best be compared with the results from
      EXample I by comparing diagram 4, FIG. 1, (Ex. II) with diagram 1, FIG. 1,
      (Ex. I) and diagram 5, FIG. 2, (Ex. II) with diagram 2, FIG. 2, (Ex. I).
      In relation to diagram 1, diagram 4 shows that in Example II a better COD
      reduction is obtained than in Example I and that the optimal dosage is
      somewhat lower than in Example I. This means that the centrifugate
      produced by coagulation with CaCl.sub.2 and NaOH contains more
      precipitating agent than in Example I.
PAR  This is further illustrated by comparing the results from the protein
      precipitation test with centrifugate alone. Diagram 5, FIG. 2, (Ex. II)
      lies clearly below diagram 2, FIG. 2, (Ex. I), which shows that the
      specific COD reduction is better with centrifugate from Ex. II.
      Furthermore, diagram 5, FIG. 2, rises less than diagram 2, FIG. 2, when
      the quantity of centrifugate exceeds the optimal dosage, which means that
      the proportion of substances without protein precipitating properties is
      less in the centrifugate from Example II than in that from Example I.
PAC  EXAMPLE III
PAR  Varying quantities of calcium hydroxide were added to three specimens of
      the same sludge as used in Examples I and II, to obtain pH numbers 7, 8
      and 9 respectively before coagulation at 95.degree.C. Centrifugation was
      carried out as in Example I and the centrifugates were examined as
      described in Examples I and II.
PAR  The results of the test are given in the following table.
TBL                                    TABLE FOR EXAMPLE III                   
     __________________________________________________________________________
          Dosage (for 500 ml protein                                           
                          COD in                                               
                                % COD                                          
                                     Dia-                                      
          solution)       decan-                                               
                                reduc-                                         
                                     gram                                      
     pH when              tate  tion No.                                       
     coagu-                                                                    
          Lignosul-                                                            
                Sulphu-                                                        
                     Centri-         FIG.                                      
     lated                                                                     
          phonate                                                              
                ric acid                                                       
                     fugate          No.                                       
          mg/l  mg/l ml   mg O.sub.2 /l                                        
     __________________________________________________________________________
     7     0    700  5    1.372 70.74                                          
     8     0    700  5    1.259 73.16                                          
                                     6                                         
     9     0    700  5    1.168 75.09                                          
                                     FIG. 3                                    
     7    50    700  5    1.265 73.02                                          
     8    50    700  5    1.178 74.88                                          
                                     7                                         
     9    50    700  5    1.143 75.62                                          
                                     FIG. 3                                    
     7    100   700  5    1.225 73.88                                          
     8    100   700  5    1.189 74.64                                          
                                     8                                         
     9    100   700  5    1.202 74.37                                          
                                     FIG. 3                                    
     __________________________________________________________________________
PAR  Comparing the results here in the same way as in Examples I and II gives an
      indication of the dependence upon or significance of the pH for
      coagulation of the precipitated protein material. Diagram 6, FIG. 3, which
      shows the protein precipitation test with centrifugate alone, indicates a
      distinct improvement in precipitation effect for centrifugate from
      coagulation as the pH increases. Diagram 7 and 8 in FIG. 3 with 50 and 100
      mg/l respectively of additional lignin sulphonate dosage show that an
      additional dosage of 50 mg/l to 5 ml centriguate increases COD reduction
      as compared with centrifugate alone, but that there is very little
      increase for the centrifugate from coagulation at pH 9. On the other hand,
      with an additional dosage of 100 mg/l, the COD reduction obtained with the
      centrifugate from coagulation at pH 9 is worse. Diagram 9, FIG. 4,
      illustrates this, clearly showing that the optimal additional lignin
      sulphonate dosage in addition to 5 ml centrifugate is approx. 50 mg/l. If
      this result is appraised in the same manner as in Example I, one can
      assume that the quantity of recovered precipitating agent in the
      centrifugate from coagulation at pH 9 is equivalent to a dosage of 300 -
      50 = 250 mg/l, or that the concentration of precipitating agent in the
      added centrifugate is 125/5 mg/l or 25 g/l, which is 25 % more than the
      concentration in the corresponding centrifugate from coagulation at pH 8
      (Example I).
PAC  EXAMPLE IV
PAR  Four specimens each of 100 grams of the same lignoprotein sludge as in
      examples I, II and III were coagulated at 95.degree.C after the addition
      of CaCl.sub.2 and NaOH to two specimens and Ca(OH).sub.2 alone to two
      specimens, whereby pH was adjusted to 9.
PAR  Dehydration of the specimens was done in two different ways, so that one
      specimen conditioned by CaCl.sub.2 and NaOH and one specimen conditioned
      by Ca(OH).sub.2 alone were subjected to centrifugation as in the preceding
      examples, while the two remaining specimens with different conditioning
      were filtered through a fibre-glass filter Whatman GF/C and washed twice
      with 50 ml water. The quantities of the centrifugate and filtrate were
      measured and the concentration of precipitating agent was determined by
      protein precipitation tests as in the preceding examples.
     ______________________________________                                    
     RESULTS                                                                   
             Dehydra- Hydrous  Precipitating                                   
     Condition-                                                                
             tion     phase    agent, yield                                    
      ing    method   quantity Concen-                                         
                                      Reco-  % yield                           
                      ml       tration                                         
                                      vered                                    
                               mg/ml  mg                                       
     ______________________________________                                    
     CaCl.sub.2 +                                                              
             Centri-   58      35     2.030  66.6                              
     NaOH    fuge                                                              
     CaCl.sub.2 +                                                              
             Filter   121      20     2.420  79.5                              
     NaOH                                                                      
     Ca(OH).sub.2                                                              
             Centri-   72      25     1.800  59.1                              
             fuge                                                              
     Ca(OH).sub.2                                                              
             Filter   150      15     2.250  73.9                              
     ______________________________________                                    
PAR  In addition filtration speed and volume yield were examined by using cold
      (15.degree.C) and warm (65.degree.C) water for washing out the coagulated
      material. Furthermore tests were carried out by adding cold water
      (15.degree.C) after coagulation and by stirring to cool the material
      before separation. These additional tests showed as expected that
      filtration speed and yield volume are greatest when warm water is used for
      washing out the coagulated material, but by adding cold water and stirring
      before separation one obtained greater filtration speed and yield volume
      for the hydrous phase. Cooling the material to about 50.degree.C before
      separation therefore appears advantageous.
PAR  The yield volumes for centrifugation and filtration show that separability
      is best for sludge conditioned by Ca(OH).sub.2 alone, while the
      precipitating agent yield shows that conditioning with CaCl.sub.2 and NaOH
      before coagulation gives best recovery of precipitating agent from the
      protein material.
PAR  According to the consumption of lignin sulphonate for producing the sludge
      and according to the residue analysis of lignin sulphonate in the
      effluents treated, the lignoprotein sludge containing 14.5 % solids,
      contains in the solids 21 % lignin sulphonate, which is equivalent to 14.5
      .times. 0.21 = 3.045 mg lignin sulphonate in 100 g sludge. As the table
      shows, for coagulated sludge conditioned by CaCl.sub.2 + NaOH or by
      Ca(OH).sub.2 alone, the recovered yield of precipitating agent can by
      washing be increased from 66.6 to 79.5 % and 59.1 to 73.9 % respectively
      by washing out with water.
PAC  EXAMPLE V
PAR  To examine the possibility of removing other precipitating agents from
      precipitated protein material, different types of protein sludge were
      produced by precipitation of effluents containing proteins, using the
      following precipitation agents:
PA1  Lauryl sulphate
PA1  Glyceryl trisulphate
PA1  Dodecyl-benzene-sulphonic acid
PA1  Aluminum sulphate
PAR  The same slaughterhouse effluents were used, with COD = 4.590 mg/O.sub.2
      /l, as for the production of ligno-protein sludge in the four preceding
      examples. Parallel tests were carried out with effluents from destructive
      plant for slaughterhouse waste (production of meat-bone meal and technical
      fats) and with diluted blood water from pig slaughtering.
PAR  The separated sludge was brought to pH 9 by the addition of Ca(OH).sub.2,
      coagulated at 95.degree.C, and centrifugation was carried out. The
      centrifugates from the different types of sludge were subjected to the
      same protein precipitation tests as the preceding examples, 5, 10 and 15
      ml being used as precipitating agent for the same slaughterhouse effluents
      as described in the preceding examples. Sulphuric acid was added to obtain
      pH = 3 for all precipitations except precipitation of the centrifugate
      from the sludge precipitated by aluminum sulphate, for which the pH was
      adjusted to 6. The decantates from the protein precipitation tests were
      characterized by determining COD which served for calculating the amount
      of precipitating agent recovered.
     ______________________________________                                    
     RESULTS                                                                   
     Precipitation                                                             
               Dosage of COD in   % COD                                        
      agent    centrifu- decan-   reduc-                                       
               gate for  tate     tion                                         
               500 ml                   Diagram No.                            
               ml        mg O.sub.2 /l  FIG. No.                               
     ______________________________________                                    
     Lauryl                                                                    
     sulphate   5        1.426    68.9                                         
               10        1.172    74.5  10                                     
               15        1.542    66.4  FIG. 5                                 
     Glyceryl   5        2.380    48.1                                         
     trisulphate                                                               
               10        1.438    68.7  11                                     
               15        1.567    65.8  FIG. 5                                 
     Dodecyl-   5        2.135    53.5                                         
     benzene                                                                   
     sulphonic 10        1.529    66.7  12                                     
     acid                                                                      
               15        1.813    34.0  FIG. 5                                 
     Aluminum   5        3.220    29.8                                         
     sulphate                                                                  
               10        3.072    33.0  13                                     
               15        3.030    34.0  FIG. 5                                 
     ______________________________________                                    
PAR  Compared with the results from Example I, diagram 2, FIG. 2, one can see
      that the precipitating agent is removed from the precipitated protein
      material in the same way. For organic sulphonates and sulphates the degree
      of recovery is comparable, while it is substantially lower for aluminum
      sulphate. Nevertheless it is obvioius that the method as claimed is
      generally applicable for removing precipitating agents from precipitated
      protein material in such a form that they can be re-used.
PAR  The process according to the invention also will be elucidated by means of
      the following examples showing the dewatering effect according to the
      present process.
PAC  EXAMPLE VI
PAR  Samples of 100 ml of a proteinaceous sludge from precipitation of effluent
      from a butchery by means of lignosulphonic acid, said sludge containing
      14.7 % of solids, 7 % of which being protein, were supplied with various
      chemicals in beakers, and after thorough admixing, the mixture was heated
      to the boiling point in 6 minutes.
PAR  The mixture was then rapidly transferred to a graduated cylinder for
      observation of the sedimentation properties after the coagulation.
PAR  The table below shows the test results.
TBL                                    TABLE FOR EXAMPLE VI                    
     __________________________________________________________________________
              ml. clear phase                                                  
     Admixture                  % solids in                                    
              AFter 15 min.                                                    
                       After 30 min.                                           
                                clear phase                                    
     __________________________________________________________________________
     No admixture                                                              
              5.4      7.0      1.7                                            
        "     8.5      9.5      1.7                                            
     Pig blood;                                                                
              17.5     24.5     2.0                                            
     10 % by volume                                                            
     Pig blood;                                                                
              29.0     36.0     1.8                                            
     20 % by volume                                                            
     Ca(OH).sub.2 ; 1 g/l                                                      
              32.0     41.5     1.9                                            
     Ca(OH).sub.2 ; 2 g/l                                                      
              37.0     38.0     2.5                                            
     Ca(OH).sub.2 ; 1 g/l                                                      
     + pig blood;                                                              
              31.5     43.5     2.3                                            
     20 % by volume                                                            
     __________________________________________________________________________
PAC  EXAMPLE VII
PAR  A sludge from a combined dairy, butchery and municipal effluent
      precipitated by aluminum sulphate and containing 3.5 % solids and
      approximately 0.5 % proteins was coagulated in the same manner as in
      Example I.
PAR  The table below shows the test results.
TBL                                    TABLE FOR EXAMPLE VII                   
     __________________________________________________________________________
              ml. clear phase                                                  
     Admixture                  % solids in                                    
              After 15 min.                                                    
                       After 30 min.                                           
                                clear phase                                    
     __________________________________________________________________________
     No mixture                                                                
              10.5     16.5     0.4                                            
        "     11.0     18.0     0.4                                            
     Pig blood;                                                                
     1 % by volume                                                             
              36.5     53.0     0.5                                            
     Pig blood;                                                                
     2 % by volume                                                             
              39.0     57.5     0.6                                            
     Ca(OH).sub.2 ; 0.5 g/l                                                    
              46.0     73.5     0.3                                            
     __________________________________________________________________________
PAC  EXAMPLE VIII
PAR  190 l of a proteinaceous sludge from precipitation of effluent from a
      butchery by lignosulphonic acid, said effluent containing 12.25 % of
      solids, was mixed with 60 l waste blood containing 10.92 % of solids.
      After thorough admixing the mixture was heated slowly to 75.degree.C,
      whereby an initial coagulation without separation of water could be
      observed.
PAR  The conditioned mixture was pumped through a coagulator where the mixture
      was rapidly heated to approximately 90.degree.C by direct exposure to
      steam.
PAR  The coagulated mixture was then separated in a desludger (Alfa-Laval
      NX-214), and the concentrated sludge was collected. A composition test was
      made of the separated water. Yield: 61 kg concentrated sludge containing
      39.6 % solids.
PAR  Content .congruent. 24.2 kg of solids of totally 30.0 kg of solids
      originally.
PAR  The content of solids in the separated water was 2.04 %.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for coagulating and agglomerating a proteinaceous aqueous
      sludge, previously precipitated with a precipitating agent, separating
      said sludge from the water therein contained, and recovering the
      precipitating agent comprising the sequential steps of;
PA1  a. mixing said sludge with, calcium chloride
PA1  b. adjusting the pH to a value in the range of 6.5-9.5 by adding a base
      selected from the group consisting of alkali metal hydroxides and alkaline
      earth metal hydroxides,
PA1  c. heating said mixture to a temperature in the range of
      60.degree.-120.degree.C in order to coagulate and agglomerate said sludge,
      whereby an aqueous phase containing the precipitating agent and a
      coagulated protein phase are formed, and
PA1  d. separating said aqueous phase containing the precipitating agent from
      said coagulated protein phase.
NUM  2.
PAR  2. A process according to claim 1 wherein a heat coagulable protein
      selected from the group consisting of blood, comminuted meat and albumin
      also is added to the mixture in step (a).
NUM  3.
PAR  3. A process according to claim 1 wherein said base is sodium hydroxide.
NUM  4.
PAR  4. A process according to claim 1 wherein said base is calcium hydroxide.
NUM  5.
PAR  5. A process according to claim 1 wherein said heating step (c) is carried
      out in two stages, by first preheating said mixture with agitation until
      the proteinaceous material begins to coagulate, and then forming a
      continuous stream of said precipitated mixture and heating the mixture
      rapidly to a temperature in the range of 60.degree.-120.degree.C by
      injecting steam into the stream of said preheated mixture.
NUM  6.
PAR  6. A process according to claim 1 wherein said separated coagulated protein
      is washed with warm water.
NUM  7.
PAR  7. A process according to claim 1 wherein said heating is carried out by
      injecting super-heated steam into the mixture.
NUM  8.
PAR  8. A process according to claim 7, wherein said super-heated steam is
      injected into the mixture for a period of at least 2 minutes.
NUM  9.
PAR  9. A process according to claim 1 wherein said separation step is carried
      out by centrifugation.
NUM  10.
PAR  10. A process according to claim 9 wherein said heated mixture is cooled
      before the separation step is carried out.
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ABST
PAL  Conglomerations of charged ions of minerals in a water pipe system
      resulting from subjecting the water to an alternating electric field are
      effectively removed from the water flow path by providing first and second
      screens. The first screen is located normal to the flow path so that the
      water flows through the screen. The second screen is located in a chamber
      connected laterally to a water pipe section carrying the water flow
      upstream of the first screen. The first and second screens are charged
      positively and negatively respectively so that the first screen will repel
      conglomerations of minerals and the second screen will attract the same to
      collect them in the chamber.
PARN
PAR  This application is a continuation of Ser. No. 472,545, filed May 23, 1974,
      now abandoned.
BSUM
PAR  This invention relates to water purification methods and more particularly
      to an improved method for removing conglomerations of minerals entrained
      in water passing through pipes resulting from a previous subjecting of the
      water to an alternating electric field.
PAC  BACKGROUND OF THE INVENTION
PAR  In co-pending patent application Ser. No. 310,240 filed Nov. 29, 1972 and
      entitled SCALE INHIBITING APPARATUS, said co-pending application now Pat.
      No. 3,843,507 being assigned to the same assignee as the present
      invention, there is shown and described an improved arrangement of
      electrodes in a pipe section in combination with a square wave voltage
      generator providing alternate polarity charges on the electrodes and pipe
      section itself. Charged ions of minerals in the water are thereby
      inhibited from adhering to the inner walls of water pipes so that the
      build up of scale is inhibited.
PAR  The foregoing arrangement has been extremely efficient and worked well.
      However, it is desirable to further treat the water by removing
      conglomerations of charged ions of minerals entrained in the water flow.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  With the foregoing in mind, the present invention contemplates a method
      including the collection of positively charged conglomerations of minerals
      entrained in water and resulting from a previous subjection of the water
      to an alternating electric field.
PAR  More particularly, the method contemplates the provision of a pipe section
      having a first screen adjacent steps of subjecting flowing water to an
      alternating square wave electric field to cause conglomerations of charged
      ions to be entrained in said flowing water; thereafter confining the
      flowing water to a horizontal flow path; positioning a first screen in a
      vertical plane in the flow path; providing a chamber below the flow path
      in communication with the flow path at a point before the flowing water
      reaches the screen; providing a second screen in an horizontal plane in
      the chamber; charging the first screen with an electrically positive
      charge; and charging the second screen with an electrically negative
      charge. As a result, the conglomerations are repelled by the first screen
      and attracted to the second screen to be collected in the chamber.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the invention will be had by now referring to a
      preferred embodiment thereof as shown in the accompanying drawings in
      which:
PAR  FIG. 1 is a side elevational view of an example of apparatus in combination
      with a scale inhibiting device disposed between a water source and a water
      utilization system for carrying out the method; and,
PAR  FIG. 2 is an enlarged cross section of the collecting apparatus portion of
      the overall combination of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1 there is shown a water source or supply
      designated generally by the block 10 wherein water therefrom is initially
      treated by a scale inhibiting device 11. This device is of the type
      described and claimed in the heretofore referred-to co-pending application
      and includes individual probes 12 which extend radially into the pipe 11
      following a helical path in an axial direction. The probes are
      insulatively supported by the pipe section and these probes and the pipe
      sections themselves are subjected to an alternating square wave voltage
      from a square wave generator 13 as by way of leads 14 and 15.
PAR  With the foregoing arrangement, the water flow in the pipe 11 is subjected
      to an alternating electric field resulting in scale formation from
      conglomerations resulting from charged ions of minerals, the same being
      entrained in the water flow.
PAR  In accord with the present invention, a collecting apparatus includes a
      pipe section 16 having inlet and outlet ends 17 and 18 for connection
      respectively to the outlet of the scale inhibiting device 11 and a water
      utilization system designated generally by the block 19.
PAR  Intermediate the inlet and outlet ends 17 and 18 of the pipe section 16,
      there is provided a lower opening 20 in communication with a closed
      chamber 21. The bottom of this chamber may include a removable base as
      indicated at 22.
PAR  As will become clearer as the description proceeds, there are provided
      first and second screens respectively at the outlet end 18 of the pipe
      section 16 and within the chamber 21 which are subjected to a DC voltage.
      Towards this end, there are provided screen terminals 23 and 24 leading
      from the outlet end of the pipe section and the bottom base of the chamber
      for connection to a DC source as indicated schematically by the battery
      25.
PAR  The foregoing will become clearer by now referring to FIG. 2 constituting
      an enlarged cross section of the pipe section and chamber of FIG. 1.
PAR  In FIG. 2, a portion of the scale inhibiting device 11 is shown wherein the
      configuration of one of the electrodes 12 is shown. The flow path of water
      is from left to right through the pipe section 16 as viewed in FIG. 2. The
      first screen referred to in respect to FIG. 1 is shown at 26 extending
      normal to the flow path at the outlet end 18 of the pipe section 16. It
      will be noted that the screen 26 is insulatively supported with respect to
      the pipe section so that a positive charge placed thereon through the
      screen terminal 23 will not be grounded.
PAR  The second screen within the chamber 21 is shown at 28 spaced from the
      bottom or base member 22. In the embodiment disclosed, the terminal 24 is
      insulatively supported as at 29 to the base and extends upwardly in the
      form of a conductive rod 30 supporting the screen 28.
PAR  As indicated by the positive and negative signs, the first screen 26 is
      charged positively and the second screen 28 is charged negatively. The DC
      voltage source may constitute for example, a six-volt supply.
PAC  OPERATION
PAR  In operation, assume that water from the water source 10 is flowing through
      the pipe section as indicated at 31 to a water utilization system. As a
      consequence of subjection of the water to the alternating square wave
      voltage field in the scale inhibiting device 11 as described in FIG. 1,
      charged ions of minerals will form conglomerations entrained within the
      water flow. These conglomerations which might include calcium ions, for
      example, are positively charged. Some of the conglomerations are indicated
      in exaggerated size at 32.
PAR  As the water flow progresses through the screen 26 because of the positive
      charge on this screen, the conglomerations will be repelled and tend to
      drift downwardly towards the chamber 21. The separating action is enhanced
      as a result of the negative charge on the screen 28 within the chamber 21
      which attracts these conglomerations.
PAR  As illustrated in FIG. 2, the various conglomerations will collect on the
      bottom of the chamber and may be periodically removed by removing the base
      member 22.
PAR  By the method of this invention, water utilized in the water utilization
      system is free of those impurities which cause scale build up on the
      inside of pipes and boilers and the like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of inhibiting scale in flowing water and collecting the same
      comprising, in combination, the steps of:
PA1  a. subjecting said flowing water to an alternating square wave electric
      field to cause conglomerations of charged ions to be entrained in said
      flowing water;
PA1  b. thereafter confining the flowing water to a horizontal flow path;
PA1  c. positioning a first screen in a vertical plane in said flow path;
PA1  d. providing a chamber below said flow path in communication with said flow
      path at a point before the flowing water reaches said screen;
PA1  e. providing a second screen in an horizontal plane in said chamber;
PA1  f. charging said first screen with an electrically positive charge so that
      said conglomerations are repelled by said first screen and thus tend to
      drift downwardly into said chamber; and,
PA1  g. charging said second screen with an electrically negative charge to
      thereby attract said conglomerations for collection in said chamber.
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ABST
PAL  An oil separation method and recovery device which may be towed or
      otherwise propelled over, or left stationary on, the surface of a body of
      oil polluted water. If the unit is in motion, inverted V-shaped troughs
      intersect the liquid surface causing the oil polluted water to flow into
      an inner chamber as the oil rises to the trough vertices. If stationary,
      high pressure water is used to force the oil polluted water along the
      troughs to the inner chamber as a vacuum is created. In either case, but
      particularly the latter, the contaminated water flow path is improved by
      utilizing depolluted discharging water to induce a surface current of the
      oil polluted water to flow toward the troughs. Also, the utilization of a
      heating means keeps the oil flowing expeditiously through the troughs.
PARN
PAR  This is a divisional of application Ser. No. 352,209, filed Apr. 18, 1973,
      now U.S. Pat. No. 3,890,234.
BSUM
PAC  CROSS REFERENCE TO CO-PENDING APPLICATIONS
PAR  This application is related to applicant's copending applications Ser. No
      352,208 filed Apr. 18, 1973 entitled "Rotary Oil Recovery Device with
      Non-Integral Collecting Head" and Ser. No. 352,210 filed Apr. 18, 1973 and
      now U.S. Pat. No. 3,880,758 entitled "Oil Collection Device."
PAC  BACKGROUND OF THE INVENTION
PAR  The subject invention is directed to a mechanical device which may be used
      for removing and collecting oil from bodies of water where oil slicks have
      resulted from marine accidents or other causes. Considerable attention has
      been focused on developing mechanical oil recovery devices in lieu of
      chemical removal techniques largely because of the advantages the
      mechanical approach offers. Thus, the oil recovered may be used, although
      unless it is a very crude oil, it must first be reprocessed; and potential
      danger of pollution resulting from the use of various chemicals is
      eliminated.
PAR  The subject invention is an improvement over a particular embodiment
      disclosed in applicant's U.S. Pat. No. 3,666,099 which issued May 30,
      1972. While that patent discloses a useful mechanical oil recovery device
      which is of substantial value, nevertheless, as disclosed in the subject
      application, a number of improvements have been made to produce a device
      capable of even superior performance.
PAR  Of critical importance with this general type of design is the ability to
      channel the contaminated water into the inverted V-shaped troughs and to
      ensure that it then flows expeditiously to the collecting chamber. Thus,
      applicant has been concerned with improving the flow path of the
      contaminated water which the subject invention accomplishes.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the subject invention to provide a
      separation device utilizing inverted V-shaped troughs for removing a less
      dense liquid from a more dense one in which the flow and separation
      characteristics are improved over prior devices of this nature.
PAR  It is a further object of the subject invention to provide an oil
      collection and recovery device which may be towable, in which the flow
      path of the contaminated liquid, before it enters a separation chamber, is
      substantially improved to facilitate separation.
PAR  It is another object of the subject invention to provide an oil collection
      and recovery device in which depolluted water is used as a means to induce
      a surface current of oil polluted water to flow toward the intake section
      of the device.
PAR  It is yet another object of the subject invention to provide an oil
      collection and recovery device in which the flow characteristics of the
      contaminated liquid are further improved by using a heating means along
      part of the path of travel to improve oil fluidness.
PAR  It is a further object of the subject invention to provide an oil
      collection and recovery device in which channelized low pressure steam is
      used to heat the oil along part of its path of travel, to improve the flow
      characteristics thereof.
PAR  It is still another object of the subject invention to provide an oil
      collection and recovery device which may be either towable or which may be
      used in a stationary position.
PAR  It is another object of the subject invention to provide an oil collection
      and recovery device in which jets of water under pressure are used to
      force floating oil downwardly through the oil-water interface and into a
      receiving chamber.
PAR  In accordance with the above objects, the subject invention has been
      designed to improve performance standards of earlier mechanical oil
      recovery and collection devices, namely the type disclosed in my U.S. Pat.
      No. 3,666,099. While the collection and recovery device may be towable or
      may be propelled by a small craft or other means to skim along the surface
      of the water, it may also be used in a stationary position. If towed, the
      inverted V-shaped troughs are designed to impact against the water and as
      a result of their inclined structure, the contaminated water flows
      downwardly through the water-oil interface with the oil rising to the
      trough vertices because of its buoyancy, and into a collection tank where
      further separation occurs. If the device is motionless, jets of water are
      used to force the oil downwardly along the inverted V-shaped throughs and
      into the separation chamber. Once in the chamber, the oil rises and is
      then pumped out to an oil storage means. The relatively depolluted water
      is forced downwardly, by the pressure of the following liquid, through an
      egress duct where it is discharged from a vent forwardly of the inverted
      V-shaped troughs and below the water surface. Expelling the relatively
      depolluted water in this manner serves to induce a current in the oil
      polluted surface water causing it to flow toward the inverted V-shaped
      troughs. This induced current is particularly beneficial when the device
      is used in the stationary position.
PAR  To further improve the flow characteristics of the contaminated water, low
      pressure steam is piped to the recovery device from another source and may
      be fed through confined V-shaped channels created opposite the inverted
      V-shaped troughs.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the towable oil separation and recovery
      device;
PAR  FIG. 2 is a side sectional view of the recovery device taken along the line
      2--2 of FIG. 1;
PAR  FIG. 3 is an end sectional view of the recovery device taken along line
      3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view of the lower separation chamber taken along line
      4--4 of FIG. 2;
PAR  FIG. 4A is a sectional view of a pattern of troughs which may be used in
      place of the troughs shown in FIGS. 2 and 4;
PAR  FIG. 5 is another perspective view showing an alternate recovery device
      featuring modified inverted V-shaped troughs;
PAR  FIG. 6 is a top view of the recovery device of FIG. 5;
PAR  FIG. 7 is a side sectional view of the recovery device of FIG. 5 taken
      through its center; and
PAR  FIG. 8 is a top sectional view of the device of FIG. 5 taken along lines
      8--8 of FIG. 7 in a manner to emphasize the positioning of the troughs
      within the separation chamber.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference to FIGS. 1-3, the improved recovery and separation device is
      shown. If the device is towed, oil polluted water will be intercepted and
      channeled into a separation chamber where the oil will be pumped to
      containment means and the then depolluted water will be ejected. If the
      device is stationary, water pressure will be used to force oil polluted
      water into the separation chamber and the depolluted water will be used to
      induce a surface current of more oil polluted water toward the channeling
      means to the separation chamber.
PAR  In particular, the recovery and separation device 10 is floatable and
      comprises a deck portion 12 with side members 14 and 16 extending the
      length of the device. Depending from the deck portion 12 is a stern
      transom 18 which defines part of the separation chamber which will be
      described subsequently. A composite keel plate 20 extends upwardly, a part
      of which further defines the chamber as will be described. At the forward
      extremities of the side members 14 and 16 buoyancy tanks 22 serve to keep
      the craft afloat when stationary.
PAR  The composite keel plate 20 comprises a lower portion 24 which serves as a
      wall of the chamber to be described and an upper portion 25 from which
      depend narrow strip-like portions 26 in corrugated fashion which extend
      fore and aft along the device angulated to the horizontal plane of deck 12
      to define inverted V-shaped troughs or channels 28. Baffles 30 extend
      transversely of the striplike  portions 26 and are angled downwardly to
      restrict the eddying effects of the water leaving the troughs 28 as the
      less dense liquids pass rearwardly and downwardly within said troughs 28
      to the chamber. The separation chamber 32 is in the area defined by the
      lower portion of the keel plate 24 and the stern transom 18. The
      separation chamber 32 has an upper portion 34 to which is connected an oil
      recovery pipe 36 used for pumping out the oil. The chamber 32 has in its
      lower portion a series of V-shaped plates 33 through which the incoming
      mixture flows as shown in FIG. 4. A modified form is shown in FIG. 4A
      where top plate 33' is used to dampen and retard the incoming flow of oil
      while the other plates 33" serve to allow the cil to readily rise to upper
      portion 34 of the chamber because of its buoyancy and the pressure of
      following liquid.
PAR  As best seen in FIG. 2, duct 38, of which there may be several (see FIG.
      6), extends from the base of chamber 32 and rises upwardly and forwardly
      terminating in vent 40 positioned forward of and below where the water
      surface will intersect keel plate 24. Depolluted water flows through duct
      38 to induce a surface current in the contaminated water as it is expelled
      from vent 40.
PAR  An inlet pipe 45 receives water from an external source which, by means of
      distribution pipes 42, flows to jets 44. These are positioned to eject a
      high pressure stream of water downwardly into the vertices of the inverted
      V-shaped troughs 28 to force oil polluted water downwardly when the
      recovery device is left in a stationary position. The jets 44 positioned
      as they are also create a vacuum or suction effect on the polluted surface
      water and draw it into the inverted V-shaped troughs.
PAR  Inlet port 46 is connected to an external source and receives steam at low
      pressure which is then fed through the triangle channels 48 which are
      created between the upper keel plate 25 and the strip-like members 26.
      Near the base of triangular channels 48 are a series of channel coupling
      pipes 50 which are connected to succeeding channels 48 to circulate the
      steam until it reaches outlet port 52 for reheating and recirculation.
PAR  As best seen in FIGS. 1 and 2, a keel splash plate 54 extends upwardly at
      an angle above the top of the troughs 28. Side members 56 and 58 depend
      from the keel plate upper portion 25 downwardly to a point below side
      members 14 and 16 and assist in channeling the polluted water flow. Side
      members 14 and 16 have apertures 60 which serve to lighten the device and
      prevent any undue influence from waves and rough seas. It will also be
      noted that duct 38 has a curved portion 62 at its most forward part to
      provide a more streamlined profile in the event it is towed during
      operation and to make towing it to its point of operation easier. Buoyancy
      tanks 61 and 63 as aided by tanks 22 serve to keep the device afloat.
PAR  With reference to FIG. 5, a variation in the design is shown with one of
      the prime changes being the elimination of the cross baffles 30 in device
      10' and the use of depending plates 64 to better channel the oil polluted
      water downwardly into the separation chamber through ports 65 adjacent top
      portion of lower keel plate 66. Extended side panels 56 and 58 of FIG. 1
      are eliminated in the embodiment of FIG. 5 since the plates 64 provide the
      necessary channeling.
PAR  As best seen in FIG. 6, an alternate water jet system is shown.
      Distribution pipes 42' deliver the water from inlet pipe 45' to jets 44'
      which are secured on splash plate 54 and not placed along the troughs 28
      at intervals as shown in FIG. 2. FIG. 6 shows four ducts 38 which are used
      to channel the depolluted water to the discharge points.
PAR  As shown in FIGS. 7 and 8, a modified separation chamber 67 is provided.
      Access is obtained to the chamber 67 through hatch lid 68 located on deck
      12. The lower portion of the chamber has three series of V-plates 69, 70
      and 71. Plates 69 are positioned so that oil polluted water flowing
      downwardly through ports 65 impacts against the plates 69 which serve to
      break its force. Lower inverted plates 70 and 71 then serve to separate
      the oil from the water as the more buoyant oil rises to the top of chamber
      67 where it passes through filtering screen 72 to be pumped out through
      outlet pipe 36. The depolluted water passes through channels 38 as
      previously described. Compartments 74 and 76 are buoyancy tanks.
PAR  In operation, the recovery device 10 or 10' approximates a profile as shown
      in FIG. 2 when it is floating in the water, the approximate level of which
      is indicated by the water line at the craft extremities. The device is
      kept afloat by buoyancy tanks 22, 61 and 63 in the case of the embodiment
      of FIG. 1 and tanks 22, 74 and 76 in the case of the embodiment of FIG. 5.
      If the device is towed or propelled from the rear, the contaminated water
      impacts against the troughs 28 and cross baffles 30 and the water which is
      discharged through jets 44 at high pressures aids in forcing the oil
      polluted surface water to within the inverted V-shaped troughs 28 from
      where it is flushed into the separation chamber 32, or 67 by succeeding
      water. At this time, the oil rises because of its buoyancy to the upper
      portion of the chamber where it is pumped out through oil recovery pipe
      36. As this is happening, and the relatively depolluted water is settling
      to the bottom of chamber 32 or 67, the following intake will force the
      depolluted water through duct 38 and out vent 40. As this water is
      discharged, it induces a surface current of the oil polluted water to flow
      to the trough impact area.
PAR  If the device 10 or 10' is operated in a stationary position, the flow of
      the oil polluted water to the inverted V-shaped troughs 28 and thence
      downwardly into the separation chamber 32 or 67 is occasioned solely by
      the force and suction effect caused by jets 44 or 44' and the surface
      current induced by the discharging depolluted water from vent 40.
PAR  To expedite the passage of heavy viscous oil through the inverted V-shaped
      troughs 28, the troughs may be heated by low pressure steam which is fed
      to the device through inlet port 46 and travels through the triangular
      channels 48.
PAR  As the oil is pumped to the accompanying vessel, it may be stored and then
      reprocessed for future use. In the case of crude oil, it may be in
      satisfactory condition as received, and returned directly to crude oil
      supplies.
PAR  With respect to the embodiment of FIG. 5, the modified trough arrangement
      with plates 64 helps to channel the water and prevent eddying in much the
      same fashion as the cross bevels 30.
PAR  While various embodiments of the invention have been shown and described,
      it will be understood that various modifications may be made. The appended
      claims are, therefore, intended to define the true scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of separating two liquids of different densities which are
      juxtaposed to form a liquid interface, comprising the steps of:
PA1  providing a plurality of float-supported, inclined elongate trough
      structures having a substantially inverted V-shaped cross section;
PA1  providing a separation chamber in fluid communication with the trough
      structures for receiving liquid collected in the inverted V-shaped
      portions thereof; and
PA1  providing duct means having a first end in fluid communication with a lower
      portion of the separation chamber and a second end disposed adjacent the
      inverted V-shaped side of the structures;
PA1  whereby the more dense of the two liquids is discharged from the separation
      chamber through the duct means and in the direction of the trough
      structures to induce a flow of the two liquids toward the troughs.
NUM  2.
PAR  2. The method defined in claim 1, further including the step of providing a
      plurality of elongate, vertically disposed baffle members within said
      separation chamber for encourageing the separation of the two liquids.
NUM  3.
PAR  3. The method defined in claim 2, further including the step of providing a
      pressurized source of the more dense liquid, and directing said liquid
      longitudinally within said trough structures.
NUM  4.
PAR  4. The method defined in claim 3, further including the step of applying
      heat to the lower portion of said trough structures.
NUM  5.
PAR  5. The method defined in claim 4, further including the step of advancing
      said trough structures in said liquids to cause the less dense of said
      liquids to be collected by said trough structures.
NUM  6.
PAR  6. A method for separating first and second liquids of different densities,
      said first liquid being disposed upon the surface of a body of said second
      liquid, comprising the steps of:
PA1  providing a plurality of parallel elongate trough structures each having a
      substantially inverted V-shaped cross section, said trough structures
      being inclined with respect to the surface of said second liquid so that
      the cross sections thereof open in a generally downward direction;
PA1  providing flotation means associated with said trough structures for
      supporting said structures in the second liquid;
PA1  propelling the trough structures through the liquids to urge the first
      liquid into the V-shaped cross sections and downwardly within said trough
      structures;
PA1  collecting the liquid urged downwardly within said trough structures within
      a chamber having upper and lower portions; and
PA1  transporting the liquid collected from the lower portion of said chamber to
      a region before said trough structures;
PA1  whereby the less dense of the liquids is accumulated in the chamber and the
      more dense of the liquids is discharged in advance of the trough
      structures to induce the advance of the less dense liquid into said
      structures.
NUM  7.
PAR  7. The method of claim 6, further including the step of directing a stream
      of said more dense liquid longitudinally within ones of the trough
      structures to urge liquid collected therein downwardly toward the chamber.
NUM  8.
PAR  8. The method of claim 7, further including the step of providing a
      plurality of elongate, vertically disposed baffle members in the chamber
      for encouraging the separation of the two liquids.
NUM  9.
PAR  9. The invention defined in claim 8, further including the step of heating
      the lower portions of the trough structures.
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ABST
PAL  A rotary strainer comprising a revolving box-like structure having a
      horizontal axis of revolution and a filtering net stretched around the
      external periphery of said box-like structure, wherein a mixture of liquid
      and solids is introduced into said box-like structure so as to primarily
      separate said solids and liquid by said filtering net, with the thus
      separated solids being dropped with rotation of said box-like structure
      onto a screw conveyor extending through the inside of said structure so as
      to discharge the separated solids out of the structure by said conveyor,
      and the bottom face of a screw conveyor chute provided below the screw is
      slanted downwardly toward the box-like structure so that the liquid
      adhering to the primarily separated solids will flow back toward said
      box-like structure by dint of said slant for further separation.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to a rotary strainer for separating sludge such as
      chips and a liquid such as washing or cleaning liquid or oil.
PAR  The devices using a filter or a magnet for separating a liquid-solid
      mixture such as above-mentioned are well known, but none of these known
      devices could produce a constant satisfactory separating effect either
      because the filter would become clogged in long time use, lowering the
      filtering performance or because certain types of sludge material would
      not be adsorbed or sucked up by the magnet.
PAR  It is therefore an object of the present invention to provide a strainer
      whereby an excellent separating effect can be constantly obtained.
PAR  Another object of the present invention is to obtain a strainer which has
      high throughput capacity and which is free of trouble such as clogging
      even if it is used for a long time.
PAR  The strainer according to the present invention features a primary
      separating action provided by a filter net stretched over the entire
      periphery of a revolving box-like structure and a secondary separating
      action produced by the liquid flow during carriage of the sludge dropped
      onto a screw conveyor chute having a slant bottom face, said both primary
      and secondary separating actions being combined to achieve effective and
      efficient separation of the sludge such as chips and liquid such as
      washing or cleaning liquid.
DRWD
PAR  The other objects, features and advantages of the present invention will
      become apparent from the following detailed description of the invention
      as taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a front elevation showing schematically an embodiment of the
      present invention; and
PAR  FIG. 2 is a sectional view taken along the line II--II of FIG. 1.
DETD
PAR  Referring to the drawings, there is shown a strainer, generally designated
      1, comprising a hexagonal box-like structure 2 of which the rear side is
      closed with a base plate 3 while the front side is opened through a
      circular opening 4' formed in a plate 4. A filter net 5 is spread over the
      periphery of the box-like structure. The base plate 3 of the strainer 1 is
      secured through a cylindrical retainer 3' to a horizontally disposed
      driving shaft 6 so that the strainer 1 will rotate integral with said
      driving shaft 6.
PAR  The fore end portion of said driving shaft 6 projects out from the opening
      4' of the strainer 1 and is provided therearound with a screw 7 that
      continues from the portion inside the structure 2. Provided below said
      screw 7 is a screw conveyor chute 8 having a bottom face slanted toward
      the strainer 1. It is to be noted that the vane diameter of the screw 7
      changes successively in its axial direction in accordance with the angle
      of slant of said conveyor chute 8. The conveyr chute 8 is provided with an
      upper cover 8'. This upper cover 8' and the fore end of the conveyor chute
      8 define a downwardly bent discharge port 9. Provided beneath the conveyor
      chute 8 is a passage 10 which opens into the box-like structure 2 through
      the opening 4' and which is designed to introduce the mixture materials
      such as sludge and liquid therethrough into the inside of said structure
      2.
PAR  There are also provided a tank 11 and a plurality of partition plates 12
      arranged radially in the inside of the structure 2. These partition plates
      12 function to positively guide the sludge such as chips in the strainer 1
      upwardly with rotation of said strainer 1.
PAR  In operation of the present strainer, it is rotated by the driving shaft 6
      at the rate of about one rotation per minute in the direction of arrow A
      and the mixture materials to be separated are introduced into the box-like
      structure 2 through the passage 10 as shown by arrow B, whereby the liquid
      such as cleaning liquid or oil is guided into the tank 11 through the
      filter net 5 spread around the periphery of said structure 2 while the
      sludge such as chips is reservoired within the structure 2, and thus the
      primary separation is accomplished by the filter net 5. The sludge
      reservoired within the structure 2 is guided upwardly by the partition
      plates 12 with rotation of the strainer 1 until finally it is dropped onto
      the screw conveyor chute 8. The sludge dropped onto said chute 8 has still
      attached thereto the liquid such as cleaning liquid or oil, but such
      liquid is separated from the sludge by the secondary separating action
      that is performed during carriage by the screw 7. That is, as the bottom
      face of the conveyor chute 8 is inclined downwardly toward the inside of
      the structure 2, the liquid such as cleaning oil is obliged to flow to the
      right in FIG. 2 on the inclined bottom face of the conveyor chute 8 when
      the sludge is carried toward the discharge port 9 by the screw 7 with
      rotation of the driving shaft 6, and thereby the liquid is substantially
      separated from the sludge. Arrangement may be made such that the liquid
      remaining on the conveyor chute 8 will be flown over the upper edge of the
      chute, or a suitable hole or holes may be formed in the chute 8 to let the
      liquid fall down through such hole or holes. The liquid dropped from the
      conveyor chute 8 is again guided into the tank 11 by passing through the
      filter net 5.
PAR  Needless to say, the sludge discharged out from the discharge port 9 as
      shown by arrow C is removed by a suitable means. Also, a suitable
      discharge means is provided in the tank 11 so that the surface of the
      liquid in the tank will not rise above a certain level.
PAR  Preferably, an air nozzle 13 for injecting air is provided immediately
      above the strainer 1 as shown in FIG. 2. By this means, the sludge
      particles such as chips adhering to the filter net 5 are forcibly excluded
      to keep the filter net 5 almost perfectly safe from clogging.
PAR  While the present invention has been described by way of a preferred
      embodiment as illustrated in the accompanying drawings, it should be
      understood that the present invention can be also embodied in various
      other forms within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary strainer comprising in combination:
PA1  a box-like structure having a substantially horizontal axis of revolution
      and provided with an opening at one side thereof, with a filter net being
      spread over the entire periphery thereof;
PA1  a screw extending through the inside of said box-like structure and
      protruding out of said structure from said opening thereof;
PA1  a screw conveyor chute provided below said screw and having a slant bottom
      face inclined downwardly toward said box-like structure;
PA1  a shaft axially connected to the screw and to the box-like structure,
PA1  wherein the screw is tapered inward from a maximum dimension near
      connecting means mounted on the box-like structure opposite the opening,
      wherein the screw closely approaches the the inclined chute, and
PA1  wherein the shaft is connected to the box-like structure and to the screw
      for simultaneously rotating the box-like structure and the screw,
PA1  a passage for introducing a liquid-solid mixture to be separated into said
      box-like structure through said opening; and
PA1  driving means connected to the shaft for rotating said box-like structure
      and said screw.
NUM  2.
PAR  2. The rotary strainer as set forth in claim 1, including a plurality of
      partition plates provided in said box-like structure radially to extend
      from the periphery of said structure toward the axis of rotation thereof.
NUM  3.
PAR  3. The rotary strainer as set forth in claim 1, wherein the vane diameter
      of the screw varies in accordance with the angle of slant of the screw
      conveyor chute.
NUM  4.
PAR  4. The rotary strainer as set forth in claim 1, wherein an air nozzle for
      injecting compressed air is provided at a fixed position above the
      periphery of said box-like structure.
NUM  5.
PAR  5. The rotary strainer as set forth in claim 1, wherein a liquid storage
      tank is provided below the box-like structure.
NUM  6.
PAR  6. The rotary strainer as set forth in claim 1, wherein the box-like
      structure and the screw share a same shaft for rotation.
NUM  7.
PAR  7. A rotary strainer comprising in combination
PA1  a box-like structure having a substantially horizontal axis of rotation and
      provided with an opening at one side thereof, with a filter net being
      spread over an entire periphery of the structure,
PA1  connecting means mounted on the box-like structure opposite the opening,
      for connecting a shaft to the structure;
PA1  a shaft connected to the connecting means and extending therefrom into an
      inside of the structure;
PA1  a screw mounted on the shaft extended through the inside of the box-like
      structure and protruded out of the structure through the opening;
PA1  a screw conveyor chute provided below said screw and having a slant bottom
      face inclined upwardly, extended through the inside of the structure and
      out of the box-like structure through the opening,
PA1  wherein the screw is tapered inward from a maximum dimension near the
      connecting means, wherein the screw closely approaches the inclined chute,
      and
PA1  wherein the shaft is connected to the box-like structure and to the screw
      for simultaneously rotating the box-like structure and the screw.
NUM  8.
PAR  8. The rotary strainer apparatus as set forth in claim 7 wherein the shaft
      is substantially horizontal is tapered inward from a maximum dimension
      near the connecting means, and wherein the screw closely approaches the
      inclined chute.
NUM  9.
PAR  9. The rotary strainer apparatus of claim 7, wherein the chute
      substantially surrounds the screw externally of the box-like structure and
      terminates in a downward opening remote from the box-like structure.
NUM  10.
PAR  10. The rotary strainer apparatus of claim 7 wherein the chute has a curved
      bottom and an open top inside the box-like structure.
NUM  11.
PAR  11. The rotary strainer as set forth in claim 7, wherein an air nozzle for
      injecting compressed air is provided at a fixed position above the
      periphery of said box-like structure.
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ABST
PAL  A housing having a chamber has an inlet and an outlet for directing
      therethrough a fluid under pressure to an associated fluid pressure
      responsive apparatus; a filter situated generally in the path of flow of
      such fluid becomes effective after it experiences a degree of clogging by
      dirt to open an additional outlet as to thereby enable such fluid under
      pressure to be directed to the fluid pressure responsive apparatus through
      such additional outlet.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of my co-pending application, Ser. No.
      355,819 filed on Apr. 30, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In many situations in the prior art, as in for example, turbine engine fuel
      controls, a gauged or sensed flow through fluid pressure is employed for
      in turn conveying a signal pressure to related apparatus which
      appropriately respond thereto. That is, some circumstances, again with
      respect to turbine engine fuel control systems for example, an engine
      operating parameter may be sensed in the form of a variable magnitude
      fluid pressure which varies to be indicative of such operating parameter.
      Such fluid pressure may, in turn, be directed to associated apparatus
      which, for example, may respond thereto in a manner whereby a reduction in
      the magnitude of the fluid pressure sensed by such associated apparatus
      causes such associated apparatus to react by dictating that an increased
      rate of fuel flow should be delivered to the engine.
PAR  Quite often in such systems employing pressurized fluid flow, suitable
      filter means must be provided as to continuously filter dirt and foreign
      particles from the flowing pressurized fluid. Where such filter means are
      provided, for example, upstream of the said associated apparatus, problems
      have occurred because as the filter becomes progressively clogged with
      filtered dirt, the filter creates an increasing pressure drop thereacross
      with the result that the said associated apparatus senses what it believes
      to be an actual reduction in the magnitude of the pressurized fluid caused
      by a change in the engine operating parameter and consequently results in
      a greater rate of fuel flow to the engine whereas, in reality, the actual
      reduction in magnitude of pressurized fluid was due solely to the filter
      becoming clogged with dirt. In such situations, the erroneously increased
      rate of fuel flow may well be damaging to the engine.
PAR  Accordingly, the invention as herein disclosed and described is primarily
      directed to the solution of the above as well as other related problems.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, a fail safe device has a housing defining
      chamber means, an inlet for admitting a relatively high pressure fluid
      thereto, a first outlet for directing said fluid from said chamber means
      to associated means for action upon said associated means in response to
      the magnitude of said fluid pressure, and filter means situated generally
      in the path of flow of said fluid, second outlet means for at times
      directing said fluid pressure to said associated means, and valving means
      for controlling the communication between said second outlet means and
      said chamber means, said valving means being operatively controlled by the
      deflection experienced by said filter means due to a pressure differential
      thereacross generated by said fluid pressure due to an increasing
      restrictive effect to flow through said filter means created by clogging
      of said filter means as by particles of dirt.
PAR  Various specific and general objects and advantages of the invention will
      become apparent when reference is made to the following detailed
      description considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, wherein for purposes of clarity certain details and
      elements may be omitted from one or more views:
PAR  FIGS. 1, 2 and 3 are views each illustrating a portion of a fuel control
      constructed in accordance with the teachings of the invention which, when
      combined as indicated, illustrate the preferred embodiment of the turbine
      engine fuel control of the invention;
PAR  FIG. 4 is a graph illustrating engine curves of the invention obtained by
      plotting, generally, a function of engine compressor discharge pressure
      against a function of air flow;
PAR  FIG. 5 is a graph illustrating operating curves obtained by plotting fuel
      flow to the engine against compressor discharge pressure;
PAR  FIG. 6 is a graph illustrating, generally, operating curves and regions
      obtained by plotting fuel flow to the engine against engine speed; and
PAR  FIG. 7 is a schematic logic diagram illustrating in greater detail one of
      the elements shown in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in greater detail to the drawings, FIGS. 1, 2 and 3
      collectively illustrate a preferred embodiment of a fuel control system 10
      employed for controlling the rate of metered fuel flow to an associated
      turbine engine 12 as well as controlling the load of such engine.
PAR  Suitable pumping means 14 provided, as in FIG. 3, functions to take fuel
      out of the related source of fuel 16 and supply such fuel to an inlet 18
      of the fuel control 10 wherein suitable filter means such as a screen 20
      is provided. The pumping means 14 may be provided with a pressure relief
      bypass valve 22; however, since any suitable pumping means may be
      employed, if pumping means 14 should be a centrifugal pump, no such bypass
      return system need be provided.
PAR  An inlet pressure regulator assembly 24 is illustrated as being comprised
      of housing portions 26 and 28 which cooperate with each other as to
      peripherally contain therebetween a pressure responsive diaphragm 30 and
      thereby define an opposite sides thereof chambers 32 and 34 with chamber
      34 being vented as at 36 to the ambient atmosphere while chamber 32 is
      suitably placed in communication with a chamber 38, formed within housing
      portion 26, as by passage means 40. Throttling type valving means
      comprised as of a valve portion 42 and valve stem 44, suitably secured to
      the diaphragm 30, effectively determines separation of chamber 38 and a
      second chamber 46 within housing portion 26, as by cooperation of the
      valve portion 42 with a coacting annular valve seat 48. A spring 50
      generally situated within chamber 34 normally urges diaphragm 30 and
      valving means 41 toward the left and in the opening direction.
PAR  A fuel pump assembly 52 is shown as being of the gear-type having gears or
      rotors 54 and 56 within a housing 58 so as to have an inlet 60 thereof in
      communication with chamber 46 of regulator 24 as via conduit means 62.
      Rotor 56 is suitably drivingly engaged to a shaft 64 which, as will later
      be discussed, is operatively connected to the engine 12. An outlet 66 of
      pump assembly 52 is placed in communication with related speed sensing
      means 70 (FIG. 2) as by conduit means 68.
PAR  The speed sensing means 70 may be comprised of housing means 72 defining
      therein a chamber 74 in which is situated a rotor 76 drivingly engaged to
      suitable motion transmitting means responsive to the speed of engine 12.
      Such motion transmitting means, as shown, may take the form of shaft means
      78 operatively drivingly engaged to shaft 64 and, at its upper end, to
      rotor 76.
PAR  A first radially directed passage 80 formed in rotor 76 intersects and
      communicates with a centrally disposed axially aligned passage 82. A
      second somewhat radially disposed passage 84 communicates as between
      chamber 74 and passage 80. The degree to which communication is permitted
      between passage 80 and axial passage 82 is dependent upon the position of
      valving means 86 and valve portion 88 thereof.
PAR  A cup-like seal 90, urged into sealing engagement with rotor 76 as by a
      spring 92, has an aperture 94 formed therein as to permit continuous
      communication of passage 82 with branch conduit means 96. Conduit means
      98, formed in housing 72, communicates with conduit means 68 and with
      chamber 74 as by conduit portion 100 and calibrated restriction means 102.
PAR  A muscles valve assembly 104 comprised of a housing portion 106 has a
      chamber 108 formed therein which is in continuous communication with
      branch conduit means 110. An inlet 112, communicating with conduit means
      98 as via interconnecting conduit means 114, is in controlled
      communication with chamber 108 by the action of a generally cylindrical
      valve 116 resiliently urged toward the closing direction as by a spring
      118.
PAR  Branch conduit 96 communicates with conduit 110 which leads to conduit
      means 120 having one end in communication with the inlet 122 of a relief
      valve assembly 124 which may be comprised of housing means 126 having a
      chamber 128 formed therein and containing spring means 130 which serves to
      urge a relief valve 132 toward its illustrated closed position. When it
      occurs that valve 132 is suffiently moved to the right, generally radially
      formed ports 134 complete communication between chamber 128 and a medially
      disposed axially extending passage 136 which is in communication with
      inlet conduit portion 122. A conduit 138 serves to complete communication
      as between chamber 128 of relief valve assembly 124 and chamber 46 of the
      inlet pressure regulator assembly 24 (FIG. 3) while a second conduit 140,
      also in communication with chamber 128, leads to a metering pressure head
      regulator assembly 142 shown in FIG. 2.
PAR  The regulator assembly 142 is illustrated as comprising housing means
      including housing sections 144, 146 and 148 with housing sections 144 and
      146 cooperating to peripherally retain therebetween a pressure responsive
      diaphragm 150 so as to thereby define chambers 152 and 154 on opposite
      sides thereof, while housing sections 146 and 148 cooperate to
      peripherally retain therebetween a second pressure responsive diaphragm
      156 so as to thereby define chambers 158 and 160 on opposite sides
      thereof.
PAR  A sleeve-like member 162, provided with a plurality of radially directed
      ports 164, is suitably fixedly secured within housing section 144 in a
      manner so as to have the inner passage 166 of sleeve 162 in communication
      with conduit 120 while ports 164 are in communication with an annular
      chamber 168 formed within housing section 144. As can be seen, conduit
      means 120 also communicates directly with chamber 152.
PAR  A generally tubular axially movable valving member 170 is slideably
      received within sleeve 162. When, as will become evident, valve member 170
      is sufficiently moved to the right, the end 174 thereof will uncover ports
      164 of sleeve 162 and permit such ports to complete communication between
      conduit 120 and conduit 140 leading to the relief valve assembly 124.
PAR  As can be seen, the right end of valve 170 is fixedly secured to, as by
      opposed diaphragm plates, to diaphragm 150 and is urged toward the right
      by resilient means in the form of a spring 176 situated generally within
      chamber 152.
PAR  Motion or force transmitting means in the form of a rod 178 sealingly
      slideably received through a wall of housing section 146 operatively
      abutingly engages, at one end, valve member 170 and, at an other end, a
      member 180 operatively secured to and carried by diaphragm 156. A spring
      182, situated against an adjustable spring seat 184, is contained
      generally within chamber 160 and urges diaphragm 156 to the left.
PAR  Chamber 160 connumicates with one end of conduit means 186 leading to means
      generally sensitive to engine compressor discharge pressure; chamber 158
      is vented to the ambient atmosphere via conduit or port means 188; and
      chamber 154 communicates via conduit means 190 with conduit means 192
      downstream of variable restriction means comprising a portion of an
      assembly 194 generally sensitive and responsive to the inlet temperature
      of the engine burner.
PAR  Assembly 194 is shown as being comprised of housing means 196 having a
      chamber 198 with a valve orifice plate 200 held against one wall thereof
      as to define an orifice 201 for communicating between chamber 198 and a
      second passage or chamber 192. An axially adjustable and slideable valve
      member 202 having a valving surface 203 is threadably secured to an
      axially slideable rod 204 the other end of which is secured to a thermally
      responsive member 207 which, in turn, is secured via member 205 to a
      second thermally responsive member 206. The rates of expansion of members
      206 and 207 are different from each other and are such as to cause valving
      surface 203 to more nearly close orifice 201 as the burner inlet
      temperature increases. Thermal elements 206 and 207 are, of course, placed
      as to be exposed to the air at the inlet of burner 214 as to respond
      thereto. A suitable perforated protective shroud 208 may be provided about
      such thermal elements 206 and 207.
PAR  As indicated, a spring 209 normally urges rod 204 and valving member 202 in
      a direction tending to reduce the effective flow area of orifice 201,
      while a second spring 210 resiliently holds a minimum pressure
      pressurizing valve 211 seated as to force the initial fuel flow to pass
      through the calibrated restriction passage 213 while, when normal fuel
      flow to the engine is attained, permitting valve 211 to move to the left
      and thereby opening additional passages 215 for the flow of fuel
      therethrough.
PAR  Referring to both FIGS. 1 and 2, it can be seen that conduit means 110
      communicates with a vertically depicted conduit means 234 the upper end of
      which is shown in FIG. 1 communicating with an inlet 236 of a housing
      section 238 of a main metering valve assembly 240.
PAR  The main metering valve assembly 240, as shown in FIG. 1, is illustrated as
      being comprised of housing means including housing sections 238 and 242
      which cooperate to peripherally retain therebetween a pressure responsive
      diaphragm 244 which, in turn, is suitably fixedly secured to a valving
      member 246, slideably received and positioned within a cylindrical guide
      portion 248, and defines chambers 250 and 252. Chamber 252, of course,
      communicates with inlet 236 as well as a metering outlet orifice 254,
      while chamber 250 communicates with chamber 74 of the speed sense means 70
      (FIG. 2) as via conduit means 256 and 258. Restriction means 260 is
      preferably provided as a damping means.
PAR  Orifice 254, which communicates with an inlet 255 of assembly 194 as
      through an outlet 262 and conduit means 264, cooperates with end 266 of
      the variably positionable metering valve 246 to determine a first
      effective metering orifice area. That is, the more valve member 246 moves
      to the right, the more nearly the effective flow area through orifice 254
      is reduced. An axially positionable abutment member 268 provides a stop
      against which the end 266 of valve 246 may at times abut thereby enabling
      the manual adjustment of the maximum degree to which the flow area through
      orifice 254 may be reduced and consequently establish an assured minimum
      flow therethrough.
PAR  A rotatable shaft 270, journalled in housing section 238, has a cam 272
      fixedly secured thereto for rotation therewith. The cam 272 is adapted for
      engagement with a cam-follower portion 274 of a lever 276 which has one
      end pivotally anchored, as to a pin 278 carried by the housing section
      238, and an other end 280 of a fork-like or yoke-like configuration
      extending generally about the exterior of the cylindrical guide 248.
PAR  The forked end 280 of lever 276 abuts against the end of a collar-like
      spring seat 282 which serves to contain a spring 284 between itself and
      the diaphragm cup 286 of diaphragm 244. Generally, as shaft 270 and cam
      272 are rotated in a direction cuasing lever end 284 to swing generally to
      the left, spring seat 282 moves spring 284 and, through diaphragm plate
      286, metering valve 246 to the left until such time as manually adjustable
      abutment 288 is engaged after which any further movement of lever fork
      portion 280 and spring seat 282 results in the compression of spring 284
      thereby creating an increased pre-load in the spring 284. An additional
      manually axially adjustable abutment member 290 may be set as to thereby
      provide a stop against which lever 276 may act in order to thereby
      establish a minimum rate of fuel flow through the orifice 254 during
      conditions of idle engine operation.
PAR  As also shown in FIG. 1, shaft 270 has a lever 292 suitably secured thereto
      for free rotation relative thereto. Lever 292 is provided with a first arm
      portion 294 which through linkage means 296, 298 and bellcrank means 300
      is operatively connected as to a vehicle operator's foot controlled pedal
      or lever 302 pivotally mounted as at 304. A second arm portion 306 has a
      pin member 308 secured thereto and passing therethrough as to extend into
      a slot 310 formed in a second lever 313 which is suitably fixedly secured
      to shaft 270 for rotation therewith. In addition to pin 308 and slot 310
      levers 292 and 313 are operatively interconnected as by a spring 314. A
      fixed pivot 316 pivotally supports a lever 318 having one end provided
      with an adjustable abutment 320 adapted to at times operatively engage and
      position a related engine priority valve member 312. The other end of
      lever 318 constitutes a cam follower which operatively engages suitably
      contoured cam surfaces 321 and 322 provided or carried as by angularly
      adjustably positionable means 291 and 293 secured to lever 292. A main
      return spring 324 having one end operatively connected to lever means 292
      as by being engaged with pin 308, has its other end anchored to related
      fixed anchor means 326. Further, adjustably positionable fixed stops or
      abutments 328 and 330 are adapted to provide for abutting engagement with
      lever arm portion 329 of lever 313 to thereby respectively determine what
      may be referred to as a maximum engine speed position and an idle engine
      operating condition.
PAR  Referring now to FIG. 3, a vehicular transmission assembly 332 having an
      input shaft 334 and an output shaft 336 is shown provided with suitable
      control means 338 operatively connected as by conduit means 340 to a
      transmission actuator valve assembly 342 (FIG. 2) which is operatively
      coupled to a related control means 344. The output shaft 336 is shown
      coupled to, for example, the ground-engaging drive wheels 346 of a related
      vehicle.
PAR  The transmission 332 is preferably of the type which has the ability, as is
      well known in the art, to provide variable speed and torque therethrough.
      One such type of transmission employs a fluid-type coupling in the drive
      train with, for example, variably positionable guide vanes in the fluid
      coupling for varying the torque transmitted therethrough. For pusposes of
      discussion, it will be assumed that transmission 332 is so provided with a
      fluid coupling in which guide vanes are variably and adjustably
      positionable and that control means 338 is effective for causing such
      variable adjustment of the guide vanes.
PAR  Referring to FIG. 2, it can be seen that control means 344, among other
      things, comprises assemblies 348, 350 and 352.
PAR  Referring to such in greater detail, it can be seen that assembly 348
      comprises housing sections 354, 356 and 358 with sections 354 and 356
      generally containing therebetween a screen member 360 with such screen
      permitting substantially unrestricted flow from one side thereof or area
      362 to the other side thereof or area 364. Suitable sealing means, not
      shown but well known in the art, may be provided as to prevent any leakage
      out of such areas 362 and 364 generally between housing sections 354 and
      356 and screen 360. As will become apparent, screen 360 does have the
      capability of undergoing deflection. A valving member 366, suitably
      secured to screen 360 is urged into sealing engagement with a portion of
      housing section 354, as by spring means 368, in order to thereby prevent
      communication as between chamber-like area 362 and an otherwise open end
      of a conduit 370. An inlet 372, formed in housing section 354,
      communicates with a source 226 of compressor discharge pressure as via
      conduit means 374.
PAR  Housing sections 356 and 358 also combine to peripherally retain a pressure
      responsive diaphragm 376 therebetween as to define chambers 378 and 380 at
      opposite sides thereof with chamber 378 communicating as via passage 382
      with conduit means 384 leading from chamber-like area 364 while chamber
      380 communicates with the ambient atmosphere as by conduit means 386, 388
      and 390. A spring 392 normally urges diaphragm 376 and a valving member
      394, suitably secured thereto and having valving portions 396 and 398, to
      the left. As can be seen, valving member 394 extends through sized passage
      means 400 which communicates generally between conduit 384 and a conduit
      402 having a calibrated restriction 404 therein. As indicated, suitable
      adjustable stop members 406 and 408 may be provided.
PAR  Assembly 350 is illustrated as comprising housing sections 410 and 412
      which cooperatively peripherally retain therebetween a pressure responsive
      diaphragm member 414 as to define at opposite sides thereof chambers 416
      and 418 with chamber 416 communicating with conduits 420 and 402 as by
      conduit means 422. A valving member 424, slideably received in housing
      section 410, has an upper valving portion 426 adpated for controlling
      communication as between a passage 428 and a chamber 430 while the lower
      disposed body portion 432 is operatively connected to a moveable spring
      seat 434 resiliently urged, as by a spring 436, into operative abutting
      engagement with a diaphragm plate 438 carried by diaphragm 414. A spring
      440 situated in chamber 418 urges the diaphragm 414 and plate 438 upwardly
      into such operative abutting engagement with valve member 424. A suitable
      adjustable spring seat may be provided as at 442 while an adjustable stop
      or abutment member may be provided as at 444. As can be seen, chamber 430
      communicates with conduit means 390, which contains calibrated restriction
      means 446; passage 428 communicates with chamber-like area 364 of assembly
      348 via conduit means 448; while chamber 418 communicates with conduit
      means 450 leading to assembly 352.
PAR  Assembly 352 is illustrated as comprising housing sections 452, 454, and
      456 with sections 452 and 454 combining to peripherally retain
      therebetween a pressure responsive diaphragm 458 which is operatively
      connected, via an intermediate member 460, to a second diaphragm 462 which
      is peripherally retained by housing sections 454 and 456. In such an
      arrangement, chambers 464, 466 and 468 are defined at opposite sides of
      such diaphragms 458 and 462.
PAR  As spring 470 urges diaphragms 458 and 462 along with a valving member 472
      toward seated engagement with a variably adjustable valve seat member 474
      having a passage 476 formed therethrough and communicating with conduit
      means 478 leading to a relatively low pressure hydraulic reservoir or sump
      480. Chamber 468, aside from communicating with chamber 418 via conduit
      means 450, also communicates with conduit means 482 leading to the
      transmission control valve assembly 342. Chamber 464 communicates, as by
      conduit means 484 with a source 486 of total air pressure at the inlet of
      the engine 12, while intermediate chamber 466 communicates with a source
      488 of static air pressure at the inlet of the engine 12 as by conduit
      means 490.
PAR  Transmission control valve assembly 342 is illustrated as comprising
      housing sections 492 and 494 cooperating to peripherally retain a pressure
      responsive diaphragm 496 therebetween so as to define chambers 498 and 500
      on opposite sides thereof. A spring 502, operatively engaging a diaphragm
      plate 504 of diaphragm 496, resiliently urges the diaphragm 496 downwardly
      against a spooltype valve member 506 slideably received within a sleeve
      valve guide 508 fixedly secured within housing section 494. A lower
      disposed spring 510 urges the valving member 506 upwardly against
      diaphragm 496.
PAR  A plurality of radially directed ports 512, formed in sleeve 508, serve to
      complete communication as between the passage 514 slideably containing
      valving member 506 and conduit means 516 leading to conduit means 478 and
      low pressure sump. A second plurality of ports 518 serve to complete
      communication as between a portion of passage 514 and conduit means 520
      leading to pumping means 522 for supplying a relatively high substantially
      constant hydraulic pressure. A third plurality of ports 524 are controlled
      by valve portion 526 of valving member 506 as to selectively complete
      communication between either the relatively low or relatively high
      hydraulic pressure within passage 514 and conduit means 340 leading to the
      transmission control means 338 (FIG. 3).
PAR  As can be seen, the inlet conduit 520 also communicates with conduit means
      482 as by a conduit 528 including calibrated restriction means 530. An
      adjustable spring seat may be provided as at 532, and chamber 498,
      generally containing spring 502, communicates via conduit means 534 with
      conduit 402 as at a point upstream of restriction means 404. As shown at
      536, conduit means 370 is also placed in communication with conduit 534.
PAR  The transmission priority valve assembly 538 (FIG. 1) is shown as being
      comprised of housing means 540 having a chamber 542 formed therein which
      openly communicates with one end of conduit 388 and also restrictively
      communicates with conduit 420 as by means of a contoured valving portion
      546 of valve member 312 coacting with an orifice 548. Spring means 550
      situated as within chamber 542 urges valve member 312 upwardly and away
      from the cooperating orifice 548.
PAR  FIG. 1 also illustrates a compressor inlet air temperature sensor assembly
      552 (also diagrammatically depicted at 552a within the schematically
      illustrated engine assembly 12) which may be comprised of body or housing
      sections 554 and 556 combining to define a chamber 558 which is vented to
      the atmosphere as at 560 and in communication with conduit 420 via conduit
      means 562 and orifice 564. A valve guide portion, about which is located a
      spring 566, slideably contains the shank of a valve member 568 having a
      valving portion 570 adapted to coact with orifice 564. The other end of
      valve member 568 has operatively secured thereto, as by a screw 572, a
      plurality of stacked dish-like thermostatic members 574, 576, 578 and 580
      which, depending on the temperature experienced will either become more
      flattened or more dished and, consequently, by reacting against a portion
      of housing 556, cause valve member 568 to respectively move closer to or
      further away from orifice 564 thereby increasing or decreasing the
      restrictive effect to flow through orifice 564. A suitably perforated
      cuplike guard 582 may be provided to protect the thermostatic means.
PAR  In the preferred embodiment a solenoid operated over temperature responsive
      valve assembly 584 (FIG. 2) is preferably provided as to have passage
      means 586, formed within housing 588, in communication with conduits 562
      and 420. A solenoid assembly 590 controls the position of a valving member
      592 carried thereby so as to at times either terminate or complete
      communication as between passage 586 and a chamber 594 via calibrated
      orifice 596. An electrical conductor 598, for actuating the solenoid 590,
      is operatively connected to suitable related start sequence logic means
      600 (FIG. 3).
PAR  Also, as shown in FIG. 1, pressure responsive switching means 602 are
      preferably provided and, as illustrated, may be comprised of electrically
      non-conductive housing means 604 and 606 which cooperate to peripherally
      retain therebetween a pressure responsive wall member 608 which, for ease
      of illustration and description, may be described as being electrically
      conductive. A chamber 610 formed on one side of wall 608 communicates as
      between conduit means 256 and 258 while chamber 612, on the other side of
      wall 608, communicates with conduit means 234 as by conduit means 614.
PAR  Adjustably positionable fixed contact type terminals 616 and 618, provided
      and placed in general juxtaposed relationship to a moveable contact 620
      carried by the wall member 608, are respectively electrically connected as
      via conductor means 622 and 624 to the control means 600. An electrically
      conductive spring 626 situated generally in chamber 612 and in conductive
      engagement with wall 608 is also in electrically conductive engagement
      with a portion of a third terminal 628 which, in turn, is electrically
      connected as via 630 to the control 600. Spring 626, of course, normally
      biases moveable wall 608 toward chamber 610 and the contact of terminal
      616 which biasing may be generally modified or offset as by a second
      spring within chamber 610.
PAR  Referring now to the remaining portions of the schematically represented
      engine 12, it can be seen that it is of the solid shaft type wherein the
      compressor turbine and power turbine is one and the same turbine wheel 632
      connected by solid shafting means 634 to the compressor 636 so that there
      is no degree of free relative rotation therebeteen. Suitable gear box
      means 638 may be employed for providing speed motion transmitting means
      640 to the shaft 64 of FIG. 3.
PAR  Generally, air flow through the engine is depicted by the lines with arrows
      provided thereon to indicate generally that the air entering the
      compressor is discharged passing through compressor discharge sensing
      means 226 and a heat exchanger or regenerator 642 and then, through an
      area 644 for receiving the heat sensing portion of assembly 194, to the
      combustion chamber or burner 214 from where the hot expanding gases pass
      through stator means 646 and the turbine wheel 632 thereby driving the
      wheel 632 as well as the compressor 636. In the main, the remaining work
      is transmitted as via shaft 634 to the input shaft 334 of transmission
      assembly 332 (FIG. 3). Instead of exhausting the gases directly to
      atmosphere, such are directed to the hot side of the regeneraor 642 to
      thereby recover heat energy and supply such recovered heat to the air
      passing through the cold side of the regenerator. After such hot gases
      complete their passage through the regenerator they are exhausted to the
      atmosphere as by suitable conduit means 646 formed in housing 648. As
      shown, the burner 214 may be interconnected to the metered fuel outlet 650
      as by conduit means 652 and serially situated cooperating valve means 654
      which may comprise a master electrically operated shutdown valve.
PAC  OPERATION OF INVENTION
PAR  Fuel at a pressure P.sub.1 is supplied by pump means 14 (FIG. 3) to chamber
      38 from where the pressure is also applied to chamber 32 and diaphragm 30.
      The fuel passing around throttling valve 41 is reduced in pressure to a
      value of P.sub.2 which, in turn, is communicated to the inlet of pump 52
      and to chamber 128 of valve assembly 124 as well as to chamber 168 of
      metering pressure head regulator assembly 142 (FIG. 2).
PAR  The rotation of pump assembly 52 (FIG. 3) in turn causes the fuel to be
      increased to a pressure P.sub.3 as within passage means 98 and, upon
      passing through muscles valve assembly 104 subsequently is reduced to a
      pressure P.sub.4 as within conduit means 110, 96, 120 and 234. Conduit 234
      leads to the governor valve assembly 240 (FIG. 1) while conduit 120
      communicates between inlet 122 of relief valve assembly 124 and the
      metering head regulator 142 (FIG. 2). As is apparent, whenever pressure
      P.sub.4 should exceed a maximum value, valving member 132 of relief valve
      assembly 124 is moved to the right against spring 130 thereby venting or
      bleeding, via 134, such excess pressure to the low pressure P.sub.2 of
      chamber 128 and conduit 138.
PAR  The value of pressure P.sub.5 within speed sense means 70 is a value
      generally dependent on the speed of rotation of rotor 76 and, as its
      limits, it would have the value of pressure P.sub.3 at its upper magnitude
      limit and pressure P.sub.4 on its lower magnitude limit. That is, rotation
      of rotor 76 causes, by centrifugal force, valve 86 to tend to move
      radially outwardly and such tendency to move outwardly is overcome or
      resisted by the value of the pressure of fuel within chamber 74. As will
      become apparent, valve 86, during transient operating conditions of
      increasing power demands, will remain generally in the position
      illustrated effectively terminating communication through conduit 84 as
      between chamber 74 and passage 82 until the speed of pump means 52 has
      increased sufficiently to cause pressure P.sub.3 to increase to a new
      value which will result in valve 86 being moved radially inwardly.
PAR  Assuming the engine is operating at a steady state condition, some flow
      will be occurring from chamber 74 through passage 84 and into passage 82
      thereby resulting in a stabilized pressure differential of P.sub.5 -
      P.sub.4 which is applied across diaphragm 244 of governor vlave assembly
      240 (FIG. 1). Such pressure differential is suficient ot maintain metering
      valve 246 in a particular relationship with respect to orifice 254 thereby
      permitting a particular rate of flow of fuel therethrough dependent on the
      pressure differential of P.sub.4 - P.sub.6 thereacross. Depending on the
      temperature of the engine burner inlet variable restriction means defined
      by orifice 201 and valve portion 203 will cause the fuel to experience a
      pressure drop of P.sub.6 - P.sub.7 thereacross and such pressure P.sub.7
      is communicated to chamber 154 of metering head regulator 142 (FIG. 2)
      where it acts against diaphragm 150 which has its other side exposed to
      pressure P.sub.4. Accordingly, it can be seen that the actual metering is
      determined by an effective metering orifice size, which is comprised of
      metering orifice 254, of governor valve assembly 240, and variably
      restricted orifice 201 of temperature compensator 194, and a pressure
      differential which is actually determined by P.sub.4 - P.sub.7. Without at
      this time considering the effect of the compressor discharge pressure on
      the overall system, it can be seen that generally valve 174 of the
      metering head regulator assembly 142 (FIG. 2) will, by axial movement,
      cause ports 164 to be opened and/or closed in order to thereby modulate
      the value of pressure P.sub.4 so as to thereby maintain a desired value of
      pressure differential P.sub.4 - P.sub.7.
PAR  As can be seen in both FIGS. 1 and 2, compressor discharge pressure (CDP)
      at a magnitude P.sub.t1 sensed as at 226 of engine 12 is supplied via
      conduit means 374 to assembly 344 (FIG. 2). As such air pressure flows
      through passage 428, regulated by valve 426, of assembly 350, a pressure
      drop is realized, due to the flow permitted by calibrated restriction
      means 446, resulting in a modified pressure signal of P.sub.t4 being
      transmitted via conduit means 390 and 186 to chamber 160 of metering head
      regulator 142 (FIG. 2). Therefore, it should be apparent that as the value
      of magnitude of P.sub.t4 increases diaphragm 156 through force
      transmitting means 178 will exert an increased force against valve member
      174 so as to at least tend to prevent communication as between passage 120
      and conduit means 140 through ports 164. In the main, P.sub.t4 will
      experience such increases in magnitude during increases in engine speed as
      may occur in consequence to requests for increase in engine power.
PAR  If the engine is operating at a steady state condition and an increase in
      power is desired or required, the pedal or power lever 302 is rotated
      causing levers 292 and 313 along with shaft 270 to rotate generally
      clockwise with the result that cam 272 urges lever 276 to move spring seat
      282 to the left causing the governor valve 246 to move against stop 288
      and spring 284 to be possibly compressed, depending on the degree of
      rotation of cam 272. Because of this the effective orifice size of orifize
      254 is substantially increased thereby enabling a greater rate of fuel
      flow to occur therethrough and because of the increased effective flow
      area of orifice 254, the magnitude of pressure P.sub.6 is increased
      resulting in an increased rate of fuel flow through the vaiable
      restriction means 201 and 203 of assembly 194.
PAR  Because of the increased rate of fuel flow to the engine 12, the engine
      speed starts to increase causing an increase in the speed signal, N, as
      well as an increase in P.sub.t1.
PAR  During such engine acceleration, governor valve 246 (FIG. 1) will be held
      open while the pressure differential of P.sub.4 - P.sub.7 will be
      maintained and modulated by the metering regulator assembly 142 as
      previously described. Because of such increasing engine speed, speed sense
      means will increase the magnitude of not only P.sub.5 but alos P.sub.4 so
      as to have the differential therebetween increase in an exponential
      relationship to increase in speed. Generally such increases will continue
      until the value of P.sub.5 within governor chamber 250 is sufficient to
      overcome the combined resistance of the force of spring 284 and pressure
      P.sub.4 (the magnitude of which is influenced by the downstream engine
      pressure, governor valve 246 and assembly 194) so as to return governor
      valve 246 to the right to its then proper position to maintain the
      required fuel flow. Upon this occurring, the value of P.sub.4 has
      increased sufficiently to again place valve member 174 of pressure head
      regulator 142 (FIG. 2) into the steady state modulating mode of operation.
PAR  From the preceding it should be apparent that: (1) as speed N either
      increases or decreases the relative values of P.sub.5 and P.sub.4 will be
      effected causing the governor valve 246 to respond accordingly as well as
      having the modulating valve 174 bypass more or less fuel; (2) as burner
      inlet temperature increases or decreases the effective flow area of
      variable restriction means 201 and 203 decreases or increases thereby
      correspondingly permitting an increase or decrease in the rate of metered
      fuel flow; and (3) as compressor discharge pressure increases, the value
      of P.sub.t4 will generally increase thereby further restricting or
      preventing, in accordance with a schedule determined generally by the
      constants of the system, the degree of fuel being bypassed by modulating
      valve 174.
PAR  In order to ahcieve engine deceleration, shaft 270 is rotated generally
      counter-clockwise thereby permitting spring seat 282 to move lever end 280
      to the right with pressure P.sub.5 in chamber 250 then being able to move
      governor valve 246 to a position relatively close to orifice 254 as
      determined, for example, by the idle abutment 290 if cam 272 is
      sufficiently rotated to a position corresponding to a condition of idle
      engine operation.
PAR  As can be seen, static inlet air pressure P.sub.s is directed from sensing
      means 488 of engine 12 to chamber 466 (FIG. 2) via conduit means 490. The
      value of P.sub.s, because of the location of sensing means 414 as within a
      venturi-like inlet of the engine, may actually be of a magnitude less than
      ambient static air pressure and to that extent may be considered as a
      partial vacuum. In comparison, the total inlet air pressure P.sub.o (which
      is preferably derived at a point in the ambient air which, for practical
      purposes may be considered being static air) is directed from sensing
      means 486 of engine 12 to chamber 464 (FIG. 2) via conduit means 484 so as
      to thereby create a pressure differential of P.sub.o - P.sub.s across
      diaphragm 458 which may be considered as a signal or indicia of weight
      rate or mass rate of air flow to the engine 12. The resulting force on
      diaphragm 458 is, of course, one urging the diaphragm downwardly. The
      resulting force created across diaphragm 458 is therefore a signal
      indicative of the actual rate of air flow to the engine 12. One of the
      problems, however, is that the P.sub.o and P.sub.s pressures are of a
      relatively low magnitude and often not directly employable for other
      control functions.
PAR  Therefore, chamber 468 has a hydraulic pressure P.sub.h2 applied thereto
      which is the result of communication through conduit means 482,
      restriction means 530, and conduit means 528 which communicates with
      conduit means 520 being supplied with a relatively high regulated pressure
      P.sub.h1 from pump means 522. As a consequence thereof, diaphragm 462 has
      a pressure differential thereacross of P.sub.h2 - P.sub.s while, as
      previously described diaphragm 458 has a pressure differential of P.sub.o
      - P.sub.s applied thereto. Further, it can be seen that as diaphragms 462
      and 458 move upwardly valving member 472 will to some degree further open
      the communication as between chamber 468 and passage 476 leading to the
      low pressure, P.sub.h3, return conduit 478. Such opening movement of valve
      member 468 permits an increased rate of return flow and this coupled with
      the restrictive effect of restriction means 530 causes a reduction in the
      magnitude of pressure P.sub.h2 so as to make it more nearly approach the
      lower absolute limit of pressure P.sub.h3. Consequently, since the total
      actual movement of valving member 472 may be very small while the
      variation on the magnitude of pressure P.sub.h2 may be substantial,
      assembly 352 may be considered as a high gain pressure balance apparatus
      functioning as an air flow transducer. The variation in the magnitude of
      pressure P.sub.h2, as should be apparent, may then be considered as a
      signal indicative of one of the engine operating parameters, namely, the
      rate of air flow to the engine.
PAR  Generally, if a graph were plotted of P.sub.h2 - P.sub.s against P.sub.o -
      P.sub.s, the resulting locus of points would define a straight line with
      the slope thereof being determined by the respective areas of diaphragms
      458 and 462 while the intercepts of such resulting plotted line would be
      determined by the original settings of the components thereof.
PAR  Another engine operating parameter, compressor discharge pressure (CDP) and
      designated as P.sub.t1, is sensed as at 226 of the engine 12 and applied
      first, via conduit means 374, to chamber-like areas 362 and 364 of
      assembly 344 from where, as by conduit means 448, it is applied to passage
      428 of assembly 350. As shown, pressure P.sub.h2, of chamber 468 of the
      transducer 352, is also applied via conduit means 450 to chamber 418 on
      one side of diaphragm 414 while a second variable pressure P.sub.t3 is
      applied to chamber 416 on the other side of diaphragm 414 as by conduit
      means 422 thereby creating thereacross a pressure differential of P.sub.h2
      - P.sub.t3. The derivation of pressure P.sub.h2 has already been
      explained; however, pressure P.sub.t3 is obtained by the coaction of two
      restriction means generally down stream of the inlet 372 of assembly 344.
PAR  That is, compressor discharge pressure P.sub.t1 flows from conduit means
      384 to conduit means 402 via orifice 400 which is variably restricted by
      valve portion 396 of valving member 394. The degree to which the flow
      through orifice 400 is restricted is primarily dependent upon the position
      of valving member 394 which, in turn, is determined by the pressure
      differential across diaphragm 376 created by pressure P.sub.t1 in chamber
      378 and ambient atmospheric pressure in chamber 380. Therefore, generally,
      the greater the magnitude of P.sub.t1 or the lesser the ambient
      atmospheric pressure, the more diaphragm 376 will tend to move to the
      right and the greater the restrictive effect to flow through orifice means
      400 with, of course, the greater drop in pressure thereacross resulting in
      a further reduction in the magnitude of pressure P.sub.t2.
PAR  At this point it should be brought out that pressure P.sub.t2 is
      communicated, via conduit means 534, to chamber 498 (of the transmission
      control valve assembly 342) on one side of diaphragm 496 on the other side
      of which chamber 500 is exposed to the hydraulic pressure P.sub.h2 thereby
      resulting in a pressure differential of P.sub.t2 - P.sub.h2 across
      diaphragm 496.
PAR  Referring again to assembly 344, it can be seen that a second restriction
      404 causes the pressure P.sub.t2 to again drop to some value P.sub.t3 in
      conduit means 420. The magnitude of P.sub.t3 will, of course, be dependent
      on, and nearly a percentage (as for example 90%) of, the magnitude of
      pressure P.sub.t2 as well as the rate of flow in conduit means 420. In any
      event, the pressure P.sub.t3 thusly derived is transmitted via conduit
      means 422 to chamber 416 of assembly 350.
PAR  It should also be pointed out that since one of the factors determining the
      magnitude of pressure P.sub.t3 is its rate of flow in conduit means 420,
      that safety solenoid valving assembly 584, ambient temperature sensing
      assembly 552 (FIG. 1), priority valve assembly 538 (FIG. 1) as well as
      exhaust pressure of atmosphere ATM, contribute to the determination of
      such flow. That is, the more valve 570 (of temperature sensing assembly
      552) is opened due to a decrease in sensed ambient temperature, the more
      priority valve member 546 is opened due to the control exercised thereover
      by associated linkage means, and the opening of the orifice 596 is
      solenoid valve means 584 will all contribute to the rate of flow of
      P.sub.t3 to ambient atmosphere and therefore serve to reduce the magnitude
      of pressure P.sub.t3.
PAR  In view of the preceding it can be seen that valving member 394 functions
      as a means for more accurately tailoring or modifying the value of a
      control pressure P.sub.t2 to the requirements of the particular associated
      engine 12. As should be apparent, the value of magnitude of P.sub.t2 is
      generally a function of P.sub.t1 and, in the embodiment disclosed, the
      value of P.sub.t2 is generally permitted to incrementally increase a
      lesser amount than corresponding incremental increases in P.sub.t1.
      However, depending upon the particular engine characteristics, it would be
      just as possible to have valving member 394 provide the reverse effect
      during its normal operating range.
PAR  In any event, with reference to the transmission control valving assembly
      342, when the value of P.sub.t2 in chamber 466 becomes comparatively
      sufficiently low, valve member 506 will move upwardly thereby permitting
      pressure P.sub.h1 to be communicated to conduit means 340 leading to the
      transmission control means 338 of FIG. 3 and in so doing cause the speed
      ratio as between the input shaft 334 and output shaft 336 to change in
      order to effectively vary the torque therebetween so as to have the output
      shaft 634 of engine 12 sense an increase in torque load applied thereto.
      This will result in the speed of the engine tending to decrease; however,
      the speed change is sensed as by speed sensor 70 with the resulting effect
      that additional metered fuel flow is provided in order to maintain the
      selected speed setting and engine temperature.
PAR  Referring to assembly 350, it can be seen that the magnitude of pressure
      P.sub.t4 is dependent upon the magnitude of pressure P.sub.t1 and the
      restrictive effect of the variably positionable valve portion 426 of
      valving member 424. Generally, when the magnitude of the differential
      between pressures P.sub.t3 and P.sub.h2 becomes such as to move valving
      member 424 upwardly, pressure P.sub.t1 is permitted to flow from passage
      428 through chamber 430 and into conduit means 186 and, in the process
      create a lesser pressure of P.sub.t4 within conduit means 186 and chamber
      160 of the metering head pressure regulator assembly 142. Generally, the
      greater the magnitude of pressure P.sub.t4 the greater will diaphragm 156
      of assembly 142 tend to close valving member 170 and thereby reduce the
      amount of fuel flow permitted to be bypassed from conduit 120 to conduit
      means 140 and 138.
PAR  Now considering certain modes of engine operation, the invention as herein
      disclosed provided means for enabling a limited fuel flow to the engine
      upon initiation of the engine start sequence but prior to actual engine
      cranking, which, of course, would mean zero engine speed. That is, upon
      initiation of the start sequence, the boost pump means supplies fuel
      which, by throttling valve 41, is regulated to a relatively low pressure
      P.sub.2 (as for example, 7.0 psi.) within chamber 46 (FIG. 3) from where
      such fuel passes through the related fluid circuitry until it reaches
      chamber 192 of assembly 194 from where it must pass through calibrated
      passage 213 of member 211. During a very short period of flow of such
      zero-engine-speed fuel, the igniter within the engine causes ignition and
      the engine starter means is actuated to cause engine cranking during which
      pumping means 52 (FIG. 3) starts to provide increasing fuel flow to the
      engine with the regulation of such flow being achieved by the pressure
      head regulating assembly 142 (FIG. 2) including the bypass valve 170 which
      receives its back pressure P.sub.7 by virtue of member 211 in assembly 194
      (FIG. 1).
PAR  During conditions of engine acceleration the various components coact
      generally as follows. The throttle control 302 is rotated causing levers
      292 and 313 and shaft 270 to rotate generally clockwise causing cam 272
      to, through lever 274, move governor valve 246 to its fully opened
      position against stop 288 thereby permitting an increase in fuel flow to
      the engine. Such increase in fuel flow causes an increase in engine
      temperature which is reflected as an increase in CDP pressure P.sub.t1 as
      well as increases in pressures P.sub.t2, P.sub.t3 and P.sub.t4. In valve
      assembly 350, (FIG. 2) immediately prior to the initiation of engine
      acceleration, as during steady state operation, valve member 424 was in
      its upper-most position against stop 444 thereby presenting the least
      possible restriction to flow from passage 428 to chamber 430. Therefore,
      as CDP pressure P.sub.t1 increases upon initiation of the acceleration
      mode, the increased magnitude of P.sub.t3 against diaphragm 414 will move
      valve member 424 somewhat downwardly to thereby modulate the resulting
      magnitude of P.sub.t4 which, via conduit means 186, is transmitted to
      chamber 160 of the pressure head regulator assembly 142. The increased,
      but modulated, pressure P.sub.t4 thusly applied to diaphragm 156 results
      in an increased force tending to move the bypass valve member 170 toward a
      more nearly closed position thereby reducing the rate of flow of fuel
      being bypassed back to low pressure via conduits 140 and 138. That is,
      even though the function of assemgly 142 is to modulate bypass fuel during
      all conditions of engine operation, it, nevertheless, bypasses a lesser
      rate during conditions of engine acceleration. According, during the time
      that the engine is undergoing acceleration, the rate of fuel flow, across
      the effective flow areas of the fully opened governor valve 246 and the
      burner inlet temperature sensing assembly 194, is controlled by the
      position of bypass valve 170 which, in turn, is being determined by the
      modulated pressure P.sub.t4 and CDP pressure P.sub.t1. Since pressure
      P.sub.t1 is a function of the temperature of the burner which, in turn, is
      a function of the rate of fuel flow, it becomes apparent that the
      above-described components are functioning in a closed loop manner so that
      only that precise rate of fuel flow will be permitted as will provide the
      desired optimum engine operating temperature. Moreover, should the safe
      operating limits of the engine, that is surge or over-temperature, be
      approached as determined by the relationship of P.sub.t3 to airflow the
      diaphragm 414 will move downwardly causing the valve 426 to further
      restrict orifice 428 and reduce P.sub.t4 to maintain engine operation
      within safe limits. This is the primary closed loop effect.
PAR  It should also be pointed out that at initiation of the acceleration mode,
      pressure P.sub.t2 also increased and such, communicated via conduit means
      534 to chamber 498 of the transmission control valve assembly 342, causes
      the valve member 506 to momentarily move downwardly to reduce the load on
      the engine 12 thereby enabling the engine to start to increase in speed
      more quickly. After the momentary unloading of the engine 12, the
      increased air flow results in a pressure differential of P.sub.o - P.sub.s
      (amplified as previously described) which increases in magnitude causing
      hydraulic pressure P.sub.h2 in chamber 500, of transmission valve assembly
      342, to increase and return valve member 506 to its modulating condition,
      depending on the value P.sub.t2 which also increases as the engine
      increases speed.
PAR  The above described acceleration mode continues until the speed sense 70
      develops a sufficient pressure differential of P.sub.5 - P.sub.4 to cause
      governor valve 246 to again move to the right and again contribute to the
      overall fuel metering function. Because of this, generally, no further
      acceleration fuel flow occurs; however, regulator assembly 142 still
      continues to modulate and, since the magnitude of pressure P.sub.4 in
      chamber 152 at thist time is greater than at initiation of acceleration, a
      greater force is experienced tending to move bypass valve 170 to the right
      with the result that a greater rate of fuel flow can be bypassed to low
      pressure return while maintaining the desired pressure drop of P.sub.4 -
      P.sub.7 during such resulting steady state operation. At such resulting
      steady state, as previously generally indicated, the magnitude of
      hydraulic pressure P.sub.h2 has sufficiently increased to overcome the
      previously increasing force developed by the previously increasing value
      of P.sub.t3 and consequently move valve member 424, of assembly 350,
      upwardly against its stop 444.
PAR  During deceleration the reverse is generally true in that because of the
      closure of governor valve 246 to its then minimum flow, the rate of fuel
      flow therepast is drastically diminished resulting in a decrease in burner
      temperature and CDP pressure P.sub.t1. As a consequence thereof, resulting
      pressures P.sub.t2, P.sub.t3 and P.sub.t4 are reduced. The reduction in
      pressure P.sub.t4 sensed in regulator assembly 142 enables bypass valve
      170 to be moved toward its maximum position so as to bypass a greater
      amount of fuel back to conduit means 140 and 138; the reduction in
      pressure P.sub.t3 serves to assure maximum communication as between
      passage 428 and chamber 430 of valving assembly 350; as engine speed
      decreases during deceleration P.sub.t1 will further decrease resulting in
      a reduction in pressure P.sub.t4 which, in turn, results via the action of
      the bypass valve in a reduction in fuel flow delivered to the engine;
      while the reduction in pressure P.sub.t2 sensed in chamber 498 of assembly
      342 causes valve member 506 to move upwardly thereby loading the engine so
      as to have the engine function as a braking force during vehicular
      deceleration.
PAR  Now, let it be assumed that the engine is operating at idle condition and
      power lever 302 is as shown. In this idle position the minimum engine
      speed is essentially controlled by the idle stop 290 which limits the
      lever 276 from following the cam 272. At this time the engine temperature
      may be set or determined by the position of the priority valve 312 which
      is determined by lever 318 coacting with cam surface 322 of lever-like cam
      member 293. Generally, in adjusting such engine tempeature, if more
      temperature is desired screw 320 is adjusted upwardly relative to lever
      318 so as to result in a greater bleed through orifice 548 thereby
      reducing the magnitude of pressure P.sub.t3.
PAR  As the power lever 302 is slowly rotated from its idle position through
      approximately its first ten percent (10%) of total travel, engine
      temperature and power are gradually increased by gradually opening the
      priority valve means 312 as dictated by the controlling cam surfaces 321
      and 322. Such opening of the priority valve reduces the magnitude of
      P.sub.t3 and P.sub.t2 momentarily causing the transmission actuator valve
      506 to move upwardly and admit higher hydraulic pressure to the
      transmission control means 338. This, in turn, causes the torque converter
      stator angle of the transmission 332 to be changed to a lower torque
      multiplication thereby placing an extra load on the engine. Because of
      this increased load, the engine speed may tend to decrease; however, such
      tendency is overcome by the governor valve 246 providing an increase in
      the rate of fuel flow to the engine which, of course, results in a higher
      engine temperature, CDP pressure P.sub.t1 and engine power output. When
      the power lever or throttle lever 302 reaches about 10 percent of its
      maximum travel, the engine burner temperature has been brought to the
      normal maximum allowable operating temperature which, for example, may be
      in the order of 2,200.0.degree.F. Further throttle advance, in the
      preferred embodiment, will increase engine speed but not burner
      temperature.
PAR  That is, as the control pedal or lever 302 is rotated from its
      approximately 10 percent to its approximately 90 percent of its maximum
      travel, the then position of priority valve 312 is not changed because
      during such range the contour of cam surfaces 321, 322 would be of a
      constant radius. (Such contour, of course, could be any suitable contour
      compatible with the related engine.) This would maintain engine burner
      temperature at a constant value while engine speed would increase due to
      cam 272 placing a greater spring preload force into spring 284 of the
      governor valve assembly 240 as previously described.
PAR  During the last 10 percent of maximum movement of power lever means 302,
      lever 313 will enentually have portion 329 thereof abut against fixed stop
      328. At this time, engine speed has reached a maximum speed imposed by
      such stop 328. However, further throttle advance after lever 313 is
      brought into such abutting engagement, causes lever 292 to move, against
      the spring 314, relative to lever 313 with the limit of such relative
      movement being determined as by the length of slot 310. During such period
      of relative movement between levers 292 and 313 the contour of cam surface
      321 is such as to cause priority valve 312 to open to a further extent
      thereby again reducing the value of P.sub.t3 and P.sub.t2 and causing the
      transmission valve 506 to move upwardly to reduce the torque ratio through
      the transmission assembly 332 and thereby again place an additional load
      on the engine with the result that, as before, additional fuel is metered
      to the engine causing an increase in burner temperature and engine output
      power. This last ten percent of movement can be generally correlated to
      what is commonly referred to as a "passing mode" function in the prior
      art.
PAR  In view of the preceding, it can be seen generally that as the value of
      P.sub.t3 and P.sub.t2 is made to increase or decrease the transmission
      selector valve 506 is moved downwardly or upwardly, respectively, in order
      to thereby correspondingly decrease or increase the torque multiplication
      through the transmission assembly 332 and, in such way, by increasing or
      decreasing the load on the engine, maintain the temperature of the engine
      burner 214 at a selected optimum temperature.
PAR  The preceding is generally depicted by the graph of FIG. 4 wherein the
      value of compressor discharge pressure (CDP) divided by the static ambient
      pressure, P.sub.s(amb.), is plotted against the mass rate of air flow Wa
      ..sqroot.T (wherein T is the ambient air temperature at the engine inlet)
      divided by the same value of static ambient pressure, P.sub.s(amb.). Line
      660 depicts, generally, a nominal steady state curve which may represent a
      burner temperature of, for example, 1,900.degree.F. Line 662 depicts a
      nominal acceleration or increased power curve which, for purposes of
      illustration may represent a burner temperature of 2,200.degree.F., while
      curves 559 and 661 respectively indicate fragmentary portions of curves
      obtained during the "passing mode" previously described.
PAR  Lines 663, 664, 665 and 666 are merely illustrative of characteristic
      governor hooks or curves determined generally by the action of the
      governor valve 246. If it is assumed that hooks 663 and 664 respectively
      depict 50 percent engine speed and 60 percent engine speed, it can be seen
      that with the engine operating at point 667 of the steady state curve and
      acceleration to some point 668 is desired, by rotation of the power lever
      302 burner temperature will increase from point 667 to point 669 and
      thereafter remain at the substantially constant temperature of the
      acceleration curve 662 until the governor valve 246 again reduces fuel
      flow, in accordance with governor hook curve 664 and burner temperature
      decreases until point 668 is attained at the comparatively reduced
      temperature of the steady state curve 660.
PAR  The curves illustrated by portions 559 and 661 depict the resulting
      increase in burner temperature and air flow resulting from the throttle
      lever 302 being moved through the last 10 percent of its maximum travel as
      previously described.
PAR  It should be pointed out that if, for example, 50 percent engine speed is
      considered to be idle engine operation that under idle conditions the
      engine may actually be developing excess power which would normally tend
      to put the associated vehicle in motion. Therefore, the invention as
      herein disclosed, provides means for arbitrarily, at idle engine
      operation, lowering the burner temperature while maintaining engine speed
      thereby effectively reducing the engine power output. This is accomplished
      by the priority valve 312 being urged most nearly closed at conditions,
      indicated by the throttle linkage, to be idle engine operation. The result
      of this is that pressure P.sub.t3 and P.sub.t2 increases, comparatively,
      and more nearly approaches the value of P.sub.t1 thereby causing the
      transmission selector or control valve 506 to move downwardly in order to
      threby reduce the load on the engine 12. As this happens, the engine's
      tendency to increase in speed is offset by the bypass valve 170 and
      governor valve 246 responding in a manner causing an appropriate reduction
      in fuel flow to the engine with, of course, an attendant reduction in
      burner temperature. Consequently, instead of the engine operating at the
      temperature of point 667 of FIG. 4 during idle, it will operate at some
      selected lower temperature indicated at 670.
PAR  With reference to FIG. 1, two other means, namely the compressor inlet
      temperature sensor assembly 552 and the temperature control solenoid
      assembly 584 (FIG. 2) provide functions somewhat similar to the priority
      valve 312 with the exception that the solenoid valve assembly 584 is
      preferably of the "on - off" type whereby it is responsive to a
      predetermined engine over-temperature condition and upon sensing such
      condition causes valve orifice 596 to be closed by valve 592. When this
      happens, all of the curves, 660, 662, 661, and 559 of FIG. 4 are shifted
      to respective lower temperatures until the over-temperature condition is
      corrected. In contrast, valve assembly 570 is of the variable bleed type.
      However, it too, in response to sensed increase in compressor inlet
      temperature more nearly closes off the bleed of P.sub.t3 to atmosphere
      thereby again increasing the value of P.sub.t3 and P.sub.t2 and causing a
      reduction in fuel flow in the manner previously described via transmission
      control valve 506.
PAR  Further, with reference to assemblies 344 and 350, it can be seen that
      during steady state operation valving portion 426 of valve member 424 can
      be considered as permitting substantially free flow through conduit means
      186 applying unmodulated P.sub.t4 to chamber 160 of metering head assembly
      142 (FIG. 2). Consequently, during such periods of operation, the
      variations in CDP pressure p.sub.t1 are reflected in values of P.sub.t4
      which is employed to cause bypass valve 170 to be modulated and thereby
      continually monitor; indirectly, the engine temperature via the agency of
      CDP pressure P.sub.t1.
PAR  The speed switch assembly 602 of FIG. 1 is employed in combination with the
      engine start sequence logic means 600 of FIG. 3 which is shown in greater
      schematic detail in FIG. 7.
PAR  In FIG. 7, the logic means is illustrated as comprising a plurality of AND
      gates 800, 802, 804 and 806; OR gates 808 and 810; electrical latching
      means 812 and 814; timing means 816, 818 and 820; turbine inlet
      temperature sensitive signal producing means 822 and thermocouple 824
      which may be within generally the turbine section of the engine 12;
      temperature reference means 826 and 828; comparators 830 and 832; signal
      producing means 834 and 836 indicative of particular selected ranges of
      engine speed; an inverter 838; and related associated vehicular circuitry
      840.
PAR  At the right side of the logic network are, schematically illustrated,
      solenoid valve assembly 584 (shown also in FIG. 2); vehicular accessory
      means 842 such as, for example, air conditioner means driven by the engine
      12; master fuel shut-off valving means 844 as may be situated within
      conduit means 652 of FIG. 1 leading to the engine 12; and engine starter
      motor solenoid means 846 for cranking the engine during starting
      operations.
PAR  Under normal conditions, the starting sequence would be as follows. When
      the manual ignition switch is moved to the "on" position the accessory
      means 842 will be energized; however, in order to initiate a start, the
      following conditions must be satisfied. That is, switch 850, indicative of
      transmission 332 selector lever position, must be in "park" and engine
      speed, as sensed by switch 602, must be less than 10 percent of maximum
      speed. Signal producing means 834 is responsive to such engine speeds less
      than 10 percent.
PAR  Start is then initiated by a momentary deflection of the ignition switch
      848 to the "start" position. At such start initation the following
      conditions occur: (a) time delay means 818 functions to de-energize the
      accessory means 842 for, for example, 20.0 seconds so as to remove any
      such load from the engine; (b) starter motor means 846 is energized
      causing starter engagement with the engine 12; (c) the master fuel relay
      or valving means 844 is energized thereby switching on the flow of fuel;
      and the safety solenoid valving means 584 is energized opening port 596
      (FIG. 2) and thereby setting the nominal control acceleration and steady
      state operating lines or curves to the normal mode of operation. The
      combustion chamber temperature is compared to a minimum allowable
      reference at, for example, 3.0 seconds after start initiation in order to
      see if ignition had occurred. Such time delay is achieved by time delay
      means 820 while the temperature sensed by probe 824 is compared against
      the minimum temperature reference means 826.
PAR  With the above normal conditions and when engine speed reaches, for
      example, 45 percent of its maximum speed, (as sensed by switch means 602
      and indicated by engine speed signal means 836 with comparable means 834
      now being switched to its other mode) the starter means 846 is
      de-energized and the following normal run conditions are established: (a)
      the solenoid valve means 584 is "on;" (b) the master fuel relay or valve
      means 844 is "on;"  (c) the starter motor means (which, of course,
      comprises its associated relay means) 846 is "off;" and the vehicle
      accessory means (which, of course, also comprises its associated relay
      means) 842 is "on".
PAR  However, the above described normal start sequence will be aborted if any
      of the following conditions should occur. If after supplying fuel to the
      combustion chamber of the engine 12, for example, for 3.0 seconds there is
      absence of or lack of sufficient ignition, the start sequence is aborted.
      The 3.0 seconds delay is achieved by time delay means 820 and a minimum
      temperature of, for example, 1,400.degree.F. is employed as a reference to
      indicate that proper "lite-off" of the combustion chamber has occurred.
      The temperature of the combustor is sensed, of course, by probe 824 and
      compared to the minimum temperature reference of means 826, as at
      1,400.degree.F., to indicate whether the minimum prescribed temperature
      has been attained. If the combustor temperature is below minimum limits
      comparator 830 then, through the action of AND gate 806 and OR gate 808
      applies a signal to the "reset-off" terminal 852 of latch means 812
      shutting-off the master fuel relay means 844 and, at the same time,
      through AND gate 806, OR gate 808 and OR gate 810 applies a signal to the
      "reset-off" terminal 854 or latch means 814 de-energizing starter means
      846.
PAR  If overcrank has occurred, that is, engine speed has not reached the
      assumed selected speed of 45 percent of its maximum speed within, for
      example, 20.0 seconds of start initiation, the start sequence is again
      aborted. The time delay is accomplished by time delay means 818. Since at
      this condition engine speed range signal producing means 836 is providing
      an output signal which is compatible with the output signal of time delay
      means 818, such time delay signal through AND gate 802 and OR gates 808
      and 810 will be applied to the "reset-off" terminals 852 and 854 of latch
      means 812 and 814 thereby de-energizing the master fuel relay 844 and
      starter motor means 846.
PAR  If an over-temperature condition occurrs before the engine speed has
      reached the assumed 45 percent of its maximum speed the start sequence
      will be aborted. For purposes of illustration, it is assumed that a sensed
      temperature in excess of 2,000.degree.F. indicates such over-temperature.
      At this time the temperature is, of course, sensed by probe 824 and
      compared against the temperature reference means 828 which establishes the
      assumed 2,000.degree.F. The signal produced by the comparator means 832 is
      compatible with the signal being produced by speed signal producing means
      836 and therefore through AND gate 806 and OR gates 808 and 810 a signal
      is applied to the "reset-off" terminals 852 and 854 of latching means 812
      and 814 with the resulting de-energization of means 844 and 846 as
      previously described.
PAR  If "lite-off" actually occurs but is followed by a "flame-out" thereby
      reducing the combustor temperature to, for example, 1,200.degree.F. or
      less and this low temperature exists while the engine speed is less than
      the assumed 45 percent and at an assumed time of 3.0 seconds after start
      initiation, the start sequence will again be aborted. This condition is
      again established by the time delay means 820 and temperature reference
      means 826 providing an output to the comparator means 830 which also
      receives a temperature signal from probe 824. Similarly to the "no
      lite-off" condition previously described, the comparator 830 through the
      agency of AND gate 806 and OR gates 808 and 810 again applies a signal to
      the "reset-off" terminals 852 and 854 of latch means 812 and 814 with the
      same result as previously described.
PAR  Obviously, the start sequence is also aborted should the ignition switch
      848 be moved to the "off" position.
PAR  As part of the safety included within the overall turbine control system,
      solenoid valve assembly 584 (see also FIG. 2) is energized to an open
      condition at start initiation thereby establishing the nominal
      acceleration and steady state operating lines or curves to the normal mode
      of operation. However, if an over-temperature condition should exist
      (sensed by probe 824 and compares to temperature reference means 832) for
      a time span of, for example, 3.0 seconds, as determined by time delay
      means 816, the signal from the time delay means will cause de-energization
      of solenoid valve means 584 resulting in closure of orifice 596 (FIG. 2)
      and the consequent lowering of the nominal acceleration and steady state
      operating lines or curves (reduction of rate fuel flow). Although the
      solenoid assembly 584, once de-energized, will not cause an abort
      condition, it will inhibit a re-start.
PAR  In order to reset the solenoid valve assembly 584 and re-initiate the start
      sequence, the entire system must be manually reset which is accomplished
      by returning the ignition switch 848 to its "off" position.
PAR  In view of the preceding, it can be seen that the invention, in at least
      one of its aspects, provides a turbine engine control system which
      automatically monitors certain parameters during engine starting to assure
      the attainment of only normal accepted conditions while automatically
      aborting engine starting should certain established parameters not be met.
PAR  During normal operation, the system functions in a generally closed loop
      fashion to maintain selected optimum engine operating temperatures as by,
      when necessary, increasing or decreasing the load sensed by the engine
      while still providing for increased or decreased fuel flows, if necessary,
      to provide for increased or decreased engine speeds.
PAR  For example, referring to the graph of FIG. 5 the maximum and deceleration
      fuel limits are illustrated at 900 and 902 (such being determined by
      plotting fuel flow to the engine against CDP pressure P.sub.t1). Such
      limits may be considered as being those which the overall fuel control
      system 10 is capable of delivering were it not for the overrriding
      limiting and monitoring effect of the other components operating in closed
      loop control.
PAR  Such interrelationship is illustrated graphically (in somewhat exaggerated
      form) in FIG. 6 wherein the fuel flow is plotted against engine speed, N.
      In FIG. 6, the absolute maximum fuel limit curve 900' corresponds to curve
      900 of FIG. 5 while the minimum deceleration curve 902' corresponds to
      curve 902 of FIG. 5. Also, depicted by the generally shaded portion 904,
      is the region where the system is operating as a closed loop control so as
      to in fact establish a lower maximum fuel limit, as depicted by curve 906.
PAR  In view of the preceding, the invention provides a turbine control system
      which has certain portions thereof operating, during certain operating
      conditions, in a scheduling mode of operation while at other conditions of
      operation other interrelated portions operate in a closed loop mode as to
      closely meter the fuel flow to the engine in order to either maintain a
      selected desired optimum engine operating temperature or to insure surge
      free operation for such conditions. To this end, it should also be brought
      out that during steady state operation, if additional power is required to
      maintain steady state operation, such is initiated by the movement of the
      throttle control or power lever 302 and such movement can be considered as
      a part in the overall feed-back for achieving closed loop operation.
PAR  In addition to the preceding, it can be seen that assembly 344 (FIG. 2)
      along with its related components provides a fail-safe structure. That is,
      generally, as the value of P.sub.t2 should decrease, some related means
      downstream thereof react in a way requiring an increase in fuel flow. If
      the screen 360, which is provided to prevent foreign matter from entering
      the system, should start to become clogged, a substantial pressure drop
      could occur thereacross with the result that P.sub.t2 would become an
      inaccurate signal causing increased fuel flow when in fact no such
      increased fuel flow would be required. Therefore the provision of valve
      means 366 operated by the deflection of the screen 360 (such deflection
      occurring in response to the un-wanted pressure differential thereacross)
      opens conduit means 370 and effectively applies the higher pressure (or
      some significant portion thereof) within the chamber-area 362 to the same
      means downstream of pressure P.sub.t2 which, in turn, causes such means to
      reduce fuel flow instead of increasing it. The engine is thereby protected
      against over-temperature operation and the vehicle operator, upon
      noticing, over a period of time, a reduction in the power output of the
      engine will have the system checked. In view of this, it can be seen that
      such a valving arrangement becomes significant anywhere a filter means is
      required through which flows an actuating fluid with such fluid being
      employed to develop an actuating pressure to a related device downstream
      thereof.
PAR  Also, the compressor inlet temperature sensing means 552 is quite unique in
      that it automatically functions to alter the rate of fuel flow to the
      engine depending on the ambient compressor inlet temperature. Since
      turbine engines are sensitive to inlet temperature the provision of means
      552 enables the entire fuel control system to continue operation generally
      independently of ambient temperature while means 552 provides an
      overriding effect to either increase or decrease the metering rate in
      accordance with variations, in ambient temperature. As can be seen,
      generally, CDP pressure is directed to first restriction means defined as
      by, for example, means 344, which in turn, applies an output signal to the
      remaining fuel control means for determining the required rate of fuel
      flow. From such first restriction means, part of the output signal is bled
      away by the action of the temperature sensitive means 552 and the degree
      of such bleed in turn effects the ultimate magnitude of such output
      signal.
PAR  Although the invention has been disclosed employing a transmission assembly
      332 the invention is not so limited in that other means suitable for
      varying the load of the engine may be employed. For example, suitable
      braking or clutching means may be employed as, for example,
      interconnecting the compressor and power turbine, or other means such as
      variably positionable turbine nozzle means may be employed. Any of such
      means may be employed. Any of such means would be operatively connected to
      suitable servo means such as valving assembly 342 in order to achieve
      engine loading and unloading consistent with the disclosure made herein.
PAR  Although only one preferred embodiment of the invention has been disclosed
      and described, it is apparent that other embodiments and modifications of
      the invention are possible within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Fail safe apparatus, comprising house means, chamber means defined at
      least partly by said housing means, inlet means for admitting a relatively
      high pressure fluid into said chamber means, first outlet means including
      a first restriction for directing said fluid from said chamber means to
      associated means to be acted upon by said fluid in accordance with the
      magnitude of said pressure of said fluid, filter means situated generally
      in the path of flow of said fluid, second outlet means having a lesser
      restriction than said first restriction of said first outlet means for at
      times dircting said fluid from said chamber means to the associated means,
      and valving means for controlling the communication between said second
      outlet means and said chamber means, said valving means being operatively
      controlled by the deflection experienced by said filter means due to a
      pressure differential across said filter means generated by said fluid
      flowing through said filter means and an increasing restrictive effect to
      flow through said filter means created by clogging of said filter means by
      particles of dirt, whereby clogging of said filter in the absence of said
      valve would produce an undetectable, lower-than-normal pressure having an
      undesired effect on the associated means, as compared to said filter not
      being clogged, but whereby, upon said filter becoming clogged sufficiently
      to cause said valve to open, a higher-than-normal pressure is produced and
      said second outlet means, said higher-than-normal pressure being
      detectable and useable to have a desired effect on the associated means.
NUM  2.
PAR  2. Fail safe apparatus according to claim 1 wherein said filter means is
      situtated within said chamber means so as to define a generally movable
      wall-like structure wih first and second chamber-like portions on
      responsive sides thereof.
NUM  3.
PAR  3. Fail safe apparatus according to claim 1 and further comprising
      resilient means for resiliently resisting said deflection of said filter
      means.
NUM  4.
PAR  4. Fail safe apparatus according to claim 1 wherein said filter means is
      situated within said chamber means so as to define a generally movable
      wall-like structure with first and second chamber-like portions on
      respective sides thereof, and further comprising resilient means for
      resiliently resisting said deflection of said filter means, said resilient
      means being situated within one of said chamber-like portions and
      operatively connected to said filter means.
NUM  5.
PAR  5. Fail safe apparatus according to claim 1 wherein said inlet means
      communicates with said chamber means upstream of said filter means,
      wherein said first outlet means communicates with said chamber means
      downstream of said filter means, and wherein said second outlet means
      communicates with said chamber means upstream of said filter means.
NUM  6.
PAR  6. Fail safe apparatus according to claim 1 wherein said chamber means
      comprises passage means for the flow therethrough of said fluid.
NUM  7.
PAR  7. Fail safe apparatus according to claim 6 wherein said filter means
      comprises a relatively flexible wall-like member with a plurality of
      flow-through passages formed therethrough, said flexible wall-like member
      being peripherally anchored within said passage means, wherein said
      flexible wall-like member defines at opposite sides thereof first and
      second chamber-like portions, wherein said second outlet means is adapted
      for communication with said first chamber-like portion, and wherein said
      valving means is carried by said flexible wall-like member for permitting
      varying degrees of communication between said first chamber-like portion
      and said second outlet means in accordance with the degree of deflection
      of said flexible wall-like member.
NUM  8.
PAR  8. Fail safe apparatus according to claim 7 and further comprising spring
      means operatively connected to said flesible wall-like member for normally
      urging said wall-like member and said valving means in a direction at
      least tending to terminate communication between said first chamber-like
      portion and said second outlet means.
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ABST
PAL  A plastic or clay drain system includes porous plastic or clay pipes at
      least partially covered with filter material and a dispenser of tannin for
      introducing tannin into the drain flow.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a division of application Ser. No. 277,470 filed Aug. 2, 1972, now
      abandoned.
BSUM
PAR  The present invention is concerned with means for counteracting clogging of
      drain pipes in drainage plants by earth components which have a tendency
      to form ochre.
PAR  It is known that drain pipes tend to a premature clogging, which is usually
      named "ochre formation" and is due to a conversion of water-soluble
      components present in earth into oxide compounds which are insoluble in
      water and deposit on the internal surfaces of drain pipes and also in
      drain filters. No effective means have hitherto been found to prevent this
      clogging process so that one had to face the fact of a relatively limited
      working life due to this so-called ochre formation.
PAR  It is an object of the present invention to provide means for preventing
      clogging of drain pipes by ochre formation.
PAC  SUMMARY OF THE INVENTION
PAR  For the solution of this problem, the present invention proceeds from the
      consideration that the components of the earth which otherwise would give
      rise to ochre formation are subjected to physico-chemical influences which
      prevent ochre formation at the entrance of the drain stream into the
      cavities of the drain pipe.
PAR  Following from this appreciation of the problem, it has been solved,
      according to the present invention, by the addition of a reagent,
      preferably of a tannin, which converts the above-mentioned components of
      the earth into non-clogging compounds which drain off.
PAR  In order to ensure a conversion of the ochre forming components which is as
      complete as possible, an amount of the reagent should be available which
      is stoichiometrically necessary for the conversion. Therefore, the reagent
      is preferably added in an amount which depends upon the amount of
      ochre-forming components within the drainage area of the drain plant. An
      optimum exploitation of the available amount of reagent may be obtained by
      placing and arranging the reagent in such a manner that it will lead to a
      dissolving of an amount of the reagent by the drain water equal to the
      stoichiometrically necessary amount for a complete conversion of that
      amount of ochre-forming components which is carried along by the drain
      water.
PAR  The effective proportion of solution of ochre-forming components and of the
      reagent, respectively, may be controlled in such a manner that, having
      regard to the given solubilities, the stoichiometric amount is obtained by
      physical influences on the process of dissolving the reagent, for example,
      by the structure of an appropriate reagent dispenser, because the
      effective dissolving of the reagent depends not only upon the solubility
      but also on the manner in which the reagent is connected to or included
      within the dispenser and the manner in which the dispenser is exposed to
      the flow of drain water. In most cases, the desired ratio may be achieved
      by an appropriate arrangement of the reagent dispenser within the area of
      the drain flow.
PAR  When it is not possible or is difficult to ensure the stoichiometric ratio,
      it may be important to utilize a stoichiometric excess of the reagent
      which may be measured in dependence upon the effective ratio of solution
      of said component and reagent inasmuch as this ratio differs from the
      stoichiometric ratio. The desired dependence of the operative amount of
      reagent on the amount of drain water may easily be secured when the
      reagent is subjected to dissolving by suitable exposure to the natural
      drain water; otherwise this dependence may be obtained fairly exact by
      additional means.
PAR  Generally the available amount of reagent should be dependent upon the
      amount of ochre-forming components in the earth, taking into account that
      the operative amounts of both components will depend upon the amount of
      drain water, whereas the ratio of the operative amounts will depend upon
      the ratio of effective dissolving of ochre-forming components and reagent,
      respectively, and also taking into account that the latter ratio should be
      high enough to ensure that at least the stoichiometric amount of reagent
      is reached. On the other hand, tannin-dispensing products are mostly
      available at such a low price that it is preferred to use a large excess
      of reagent in order to ensure the desired stoichiometric ratio, even under
      unfavourable circumstances, which may be reached by a stoichiometric
      excess of, for example, 100% or more.
PAR  It is often advisable to provide a supply of reagent to the drainage area
      which is sufficient for the entire working life of the drain plant. In
      other cases, it may be preferred to provide smaller amounts of reagent
      from time to time during the working life of the drain plant. This may be
      done by inoculation of the drainage area with the reagent. The drain
      ground may be inoculated by placing the reagent upon the surface of the
      drainage area or a drain filter, if present, may be inoculated by
      injecting tannin into it by probes.
PAR  Preferably, the reagent is introduced together with a natural carrier or a
      carrier can be impregnated with the reagent. The drain pipes themselves
      may be used as a carrier when they have been made from porous material
      which can be saturated with the reagent.
PAR  The reagent may also be added, together with water from a supply thereof,
      preferably in a flushing back procedure. Such a method can also be used
      for cleaning out drain pipes after ochre formation has taken place.
PAR  Reagent dispensers are preferably arranged within the drain filter,
      especially in the form of an inner layer of the drain filter or in the
      form of material containing the reagent. It is, of course, also possible
      to provide one or more reagent dispensers within the cavity of a drain
      pipe, for example in the form of a layer on the inner surface of the drain
      pipe or in the form of water-permeable stuffings.
PAR  Drain wells are especially suitable for a subsequent addition of a reagent.
PAR  Reagent dispensers are preferably applied in the form of fibrous or
      granular material which is placed loosely into the drain pipe or into the
      ground to be drained or is included after having been manufactured to form
      water permeable mats or strips.
PAR  The reagent may be a natural or synthetic tannin. Tannin-containing natural
      products are usually available in fibrous or granulate form so that they
      may be used as reagent dispensers without further processing. In most
      cases, natural tannin dispensers with a high content of tannin are
      preferred, for example mimosa bark, catechu, by-products of
      tea-production, quebracho or extracts of tannin-containing natural
      products.
PAR  We have found that particularly good results are obtained when more than 25
      grams and preferably 70 to 100 grams of reagent are used per meter length
      of drain pipe.
PAR  For a better understanding of the present invention, several embodiments
      thereof will now be described in more detail with reference to the
      accompanying drawings, in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a drain pipe with a reagent dispenser in the
      form of granular inclusions;
PAR  FIG. 2 is a longitudinal sectional view of a drain pipe with granular
      inclusions, in another embodiment;
PAR  FIG. 3 is a modification of the embodiment illustrated in FIG. 1;
PAR  FIG. 4 is another modification of the embodiment illustrated in FIG. 1;
PAR  FIG. 5 illustrates a method of inoculating the ground above a drain pipe;
PAR  FIG. 6 illustrates a method of inoculating a drain filter;
PAR  FIG. 7 illustrates a drain pipe in conjunction with a band-like reagent
      dispenser;
PAR  FIG. 8 illustrates a drain pipe with an inside layer which acts as a
      reagent dispenser;
PAR  FIG. 9 illustrates a drain pipe with a water-permeable stuffing;
PAR  FIG. 10 illustrates a drain well with a reagent dispenser;
PAR  FIG. 11 illustrates a longitudinal sectional view through a drain pipe
      coupling constructed as a reagent dispenser; and
PAR  FIG. 12 illustrates another embodiment of a drain pipe coupling.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  According to the embodiments illustrated in FIGS. 1 to 3, a corrugated
      plastic drainage pipe 1 is provided with slots or holes 3 in the
      corrugation troughs 2. The pipe 1 is enveloped by a drainage filter 4,
      several types of which are shown in FIGS. 1, 2 and 3.
PAR  FIG. 1 shows a drainage filter comprising a homogeneous layer 5 of granular
      tannin-containing filter material, for example quebracho, having an
      average thickness of 1 mm. The layer 5 consists of a relative loose
      material in order to obtain a suitably high F/Q ratio of the average
      filter surface F to the total cross-section Q of the water-bearing pores
      and channels between the particles of the filter, which F/Q ratio may be,
      for example 1: 0.4. Furthermore, the thickness d of layer 5 should be
      great enough to ensure a sufficiently long duration of flow T of the drain
      water from its entrance at the outside 6 to its exit at the inside 7 of
      the filter layer 5. This duration of flow is dependent upon the amount of
      drain water per unit of the average filter surface F or per unit of length
      of the drain pipe and is also dependent upon the above mentioned ratio F/Q
      and the thickness d. The duration of flow can be influenced by the
      dimensions of F, Q and d in such a manner that an almost complete
      prevention of ochre formation is achieved, having regard to the properties
      of the reagent and the ochre-forming components in the earth.
PAR  The reactivity of the reagent dispenser is largely dependent upon the
      concentration of tannin within the filter material and also on the size of
      the surface area of the granular or fibrous material, the surface area
      increasing with decreasing grain size. However, the reduction of grain
      size is limited by the demand for a good permeability for the drain water,
      which is subjected to a sufficient size of pores. An average grain size of
      0.2 to 0.03 mm. has proved to be suitable for the present purposes. The
      optimum grain size or fiber size is also dependent upon the nature and
      origin of the reagent dispenser. Thus, the size can be greater if the
      dispenser is made from the bark of tannin-containing trees. The good
      influence of tannin is due to the fact that ferric compounds are formed
      which cannot cause clogging of the drain pipe by ochre formation. The
      filter material may be composed of normal granular or fibrous filter
      material 8 and tannin-containing filter material 9 of greater size as
      reagent dispenser.
PAR  In FIG. 1, the loose filter layer 5 is held in place by water-permeable
      boundary layers in the form of perforated foils 10 and 11, namely, an
      inner foil 10 covering the water-bearing corrugations 12 of the drain pipe
      1 to prevent the ingress of filter material and an outer foil 11 forming
      external holding means and allowing water to enter into the filter layer
      5. The filter layer 5 with foils 10 and 11 can be applied to the drain
      pipe in conventional manner.
PAR  The foils are shown in the drawing diagrammatically. In actual fact, the
      holes in the foils are much smaller in order to prevent the passage of
      particles from the earth into the filter layer 5 and from the filter layer
      into the corrugations of the drain pipe. Furthermore, the number of the
      holes is much greater than shown in the drawing.
PAR  FIG. 2 shows diagrammatically an embodiment in which filter material 8, 9
      is, as in FIG. 1, embedded within the pores 14 of a wide-pore carrier body
      13, a perforated foil 10 being provided on the inside of the carrier body
      13. The carrier body 13 itself can be strong enough to be used as a drain
      pipe so that the inside of the filter layer 5 forms the cavity of the
      drain pipe.
PAR  The carrier body 13 may, for example, be made from a fibrous material, such
      as straw, which is glued together and which has previously been mixed with
      a granular or fibrous reagent-containing material or the wide pores of
      which are consolidation, are filled with granular reagent material,
      Natural reagent dispensers can be used to form a drain pipe or a full
      water-bearing drain track.
PAR  FIG. 3 illustrates an embodiment in which the filter layer 5 is bordered on
      the inside and outside by straw layers 15 and 16. These straw layers are
      preferable because they provide an exceptionally low resistance to the
      passage of drain water and, on the other hand, hold together the filter
      layer 5 in a satisfactory manner.
PAR  The drain filter, together with its boundary layers, can be manufactured as
      a preformed band 4, preferably by quilting, the preformed band being
      placed around the drain pipe by being pulled together with the drain pipe
      1 through a conical nozzle in such a manner that the two edges of the band
      are brought in contact with one another, thus forming a longitudinal seam
      17. The band 4 thus wrapped around the drain pipe 1 is fixed in position
      by a winding 18 consisting, for example, of two counterwound plastic
      threads 19,20. Drain filters 4 of different thickness d may be employed by
      reason of having different qualities. Boundary layers may consist of a
      textile, gauze or fabric which is strong enough to hold together the
      filter 4 from manufacture until laying. A reagent dispenser can also be
      formed by loosely introducing tannin-containing filter material into a
      drain trench during the laying of a drain pipe.
PAR  FIG. 4 illustrates an embodiment in which the drain filter comprises two
      layers, namely, a relative thin inner layer 21 of fibrous
      tannin-containing material, such as quebracho, or mimosa and a relatively
      thick outer layer 22 of a conventional filter material. The outer layer
      preferably consists of straw which can be fixed by a winding 18.
PAR  The addition of tannin or other reagent into an existent drainage can be
      performed easily in liquid form by inoculation of the ground or filter, as
      is shown in FIGS. 5 and 6, tannin being poured on to the surface of the
      ground from a spray device S (FIG. 5) or being injected by a probe 23
      (FIG. 6) into the ground or into filter 4.
PAR  FIG. 7 illustrates a drainage in which band shaped reagent dispensers 24
      are introduced during the mechanical laying of drain pipes beneath and
      possibly above the drain pipe 1.
PAR  Provided that there is a sufficiently high affinity of reagent and
      ochre-forming components of the earth, it is advisable to place the
      reagent within the drain pipe, for example as shown in FIGS. 8 and 9. In
      the embodiment of FIG. 8, the drain pipe 1 is provided with a layer 25 of
      reagent-containing material, whereas in the embodiment of FIG. 9, the
      cavity of the drain pipe 1, especially of a clay pipe with longitudinal
      grooves 26 on its outside over the whole length or over parts of its
      length, is filled with stuffings 27 consisting of water-permeable mimosa
      or other reagent-containing material.
PAR  Reagent dispensers may be continuously distributed or may be concentrated
      at the beginning of the drain pipe or at certain intervals along the drain
      pipe.
PAR  A reagent dispenser 28 may also be located within drain wells 27' as is
      shown in FIG. 10.
PAR  Especially in drain plants, the drain systems of which consist of clay
      pipes or other short pipes which are joined together by sockets or other
      connectors, as is shown in FIG. 11 or 12, the reagent dispenser may be
      formed as a connector 29 (FIG. 11) consisting of a middle disc-like part
      30 of a thickness equal to the gap between the adjoining pipes 1,1 and two
      stuffing like projections 31,32 engaging the two pipes. The middle part 30
      may be provided on its outside with a torus 33 but may also have
      substantially the same diameter as the pipes 1, as is indicated by dotted
      lines 34. The latter shape is especially suitable in the case of
      mechanical laying of drain pipes.
PAR  FIG. 12 illustrates a reagent dispenser formed as a filter ring 37 inserted
      within a conventional socket 36. In drain systems consisting of a row of
      clay pipes, all the drain water flows through the filter rings 37. In
      plastic drain pipes, however, at the joints of which only a small part of
      the entire drain water enters the drain pipe, it is advisable to provide
      additional stuffing shaped reagent dispensers 38, which may be inserted
      into the socket 36, as is shown in FIG. 12.
PAR  The reagent dispensers may consist entirely of biologically decomposable
      material, such as mimosa and quebracho, or partly of biologically
      decomposable natural material and non-decomposable synthetic material.
PAR  Reagent components other than tannins may be used which have the desired
      affinity to the ochre-forming components within the ground to be drained.
      The choice of the appropriate reagent will be best made depending upon the
      results of individual soil research for ochre-forming components.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a drain plant having underground plastic or clay drainpipes which
      have porous walls enveloped by filter material wherein local ground water
      is drained by radial inflow through said walls the improvement comprising,
PA1  tannin dispensing means containing tannin connected to said pipe for
      delivering tannin into the drain flow to convert earth components which
      otherwise would cause the formation of ochre clogging said pipe into
      non-clogging materials.
NUM  2.
PAR  2. Drain plant according to claim 1, wherein said means for dispensing
      tannin is arranged within drain wells of said pipe.
NUM  3.
PAR  3. Drain plant according to claim 1, wherein the said means for dispensing
      tannin is in the form of a layer on the inner surface of said pipe.
NUM  4.
PAR  4. Drain plant according to claim 1, wherein said pipe defines an inside
      cavity that is filled over at least parts of its length by said means for
      dispensing tannin in the form of water permeable stuffings.
NUM  5.
PAR  5. Drain plant according to claim 1, wherein said means for dispensing
      tannin is provided in the form of fibrous or granular loose material.
NUM  6.
PAR  6. Drain plant according to claim 1, wherein said means for dispensing
      tannin is provided in the form of water permeable mats or strips.
NUM  7.
PAR  7. Drain plant according to claim 1, wherein said means for dispensing
      tannin contains by-products of tea-production.
NUM  8.
PAR  8. Drain plant according to claim 1, wherein said means for dispensing
      tannin contains quebracho or an extract of quebracho.
NUM  9.
PAR  9. Drain plant according to claim 1, wherein said tannin dispensing means
      comprises particles containing tannin having a thickness of 0.2 to 3.0 mm
      and preferably a thickness of about 1 mm.
NUM  10.
PAR  10. Drain plant according to claim 1, wherein said means for dispensing
      tannin comprises filter material arranged within the pores of a wide-pore
      carrier body.
NUM  11.
PAR  11. Drain plant according to claim 1, wherein said means for dispensing
      tannin comprises a layer of loose material arranged between
      water-permeable boundary layers having sufficient strength to enclose the
      loose material and form a package enveloping the pipe.
NUM  12.
PAR  12. Drain plant according to claim 11, wherein a porous foil is provided as
      a boundary layer.
NUM  13.
PAR  13. Drain plant according to claim 11, wherein a fabric is provided as a
      boundary layer.
NUM  14.
PAR  14. Drain plant according to claim 11, wherein a straw layer is provided as
      a boundary layer.
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PAL  Domestic sewage water treatment apparatus, comprising an outer tank and an
      inner tank installed within the outer tank, the bottom of the inner tank
      being distant from the bottom of the outer tank. A space is formed between
      the vertical wall of the outer tank and the vertical wall of the inner
      tank. Means provided at the bottom of the inner tank prevent light
      particles from ascending into the clarification tank. Means provided at
      the top of the inner tank create a sufficient upwards suction thus
      providing the homogenization, aeration and recirculation of the bath and
      of the activated sludge contained in the aeration tank. Floating means are
      provided at the top of the inner tank for acting as a protection rampart
      against the turmoil created by the aeration, homogenization and
      recirculation means. Means are provided at the top of the space between
      the vertical wall of the outer tank and the vertical wall of the inner
      tank for trapping the light floating materials collected at the top of the
      space and evacuating these floating materials from the top of the space.
BSUM
PAR  The present invention relates to an apparatus for the treatment of sewage
      water.
PAR  Particularly, the present invention relates to an apparatus for the
      treatment of domestic type sewage water or a bio-degradable effluent and
      for the purification of these waters in the biological sense of the term
      with an output or efficiency of more than 90%.
PAR  In the prior art, the form of the lower part or bottom of the activation
      tank is such that a part of the light suspension particles pass and ascend
      into the clarification tank, these particles or the like being either
      carried along in the discharge thus raising the B.O.D. (biological oxygen
      demand) or are stagnant on the surface of the clarification tank and
      therefore become the center of bad smell by aerobic digestion.
PAR  On the other hand, the movement created by the aeration turbine promotes,
      either by propulsion or on the contrary by an absence of suction and
      therefore by an absence of recirculation, the evacuation of the waste or
      of the activated sludge into the clarification tank.
PAR  The present invention overcomes the above drawbacks.
PAR  One object of the present invention is the form of the lower part or bottom
      of the aeration tank which prevents the passing and the ascension of light
      particles into the clarification tank.
PAR  A further object of the invention is the provision of an aeration system
      which provides a sufficient upwards suction of the water bath contained in
      the aeration tank for homogenizing, aerating and recirculating the
      sludges.
PAR  A further object of the invention is the provision of means closing the
      upper end of the clarification tank for permitting the trapping of the
      fines or the like light particles in suspension which may be formed in the
      clarification tank.
PAR  A further object of the present invention is the provision of nozzles
      provided in the closing means for permitting the evacuation of the fines
      or the like light particles collected at the upper part of the
      clarification tank.
PAR  A further object of the present invention is the provision of a floating
      member which acts as a rampart or dam for the turmoil created by the
      aeration system.
DRWD
PAR  Other objects and a fuller understanding of the invention may be had by
      referring to the following description and claims, taken in conjunction
      with the accompanying drawings in which:
PAR  FIG. 1 is a cross-sectional elevation view of the apparatus according to
      the invention,
PAR  FIG. 2 is a top view of the apparatus shown in FIG. 1,
PAR  FIG. 3 is a top view of the aeration system of the aeration tank of the
      apparatus according to the invention,
PAR  FIG. 4 is a perspective side view of the aeration system shown in FIG. 3,
      and
PAR  FIG. 5 is a perspective bottom view of the aeration system shown in FIG. 3.
DETD
PAR  With reference to the drawings, the apparatus according to the invention is
      shown as being composed of an aeration tank 1 having a bottom 3 provided
      with a central opening 5.
PAR  The bottom 3 may have different forms. The form of the bottom is an
      important feature of the present invention and in the embodiment shown in
      FIG. 1 it has a central part in the form of a frustum of cone the inclined
      side 7 of which forms, in cross section, with adjacent inclined wall 8 of
      the aeration tank 1 a reversed chinese hat or umbrella shaped roof the top
      of which is directed downwardly. The bottom 3 may have also other forms
      such as a half parabola, a half hyperbola, a half torus or the like. In
      the embodiment shown in FIG. 1, the upturned part 7 of the frustum of cone
      bottom is important for directing the flow of water created by an aeration
      turbine, which will be described later, upwards towards the turbine
      according to arrows A for creating a good circulation of the sewage water
      inside the aeration tank 1 and for preventing organic particles from
      settling at the bottom of and passing into a clarification tank which will
      be described later.
PAR  Tank 1, which is tight, may have a cylindrical part and a frustum of a cone
      part as shown in FIG. 1.
PAR  Tank 1 is concentrically installed inside a second tank 9, called
      clarification tank 9, which may have the same form as the aeration tank 1,
      i.e., it may have a cylindrical part and a frustum of a cone part.
PAR  The bottom 3 of the aeration tank 1 forms with the bottom 4 of the
      clarification tank 9 a space which varies as a function of the size of the
      apparatus, the height of the tanks and the type of the used aeration
      turbine which will be described later.
PAR  Between aeration tank 1 and clarification tank 9 there is provided an
      annular space 11 the upper end of which is closed with a plate 13.
PAR  The form of the bottom 3 of the aeration tank is an important feature of
      the invention and prevents, when the aeration turbine stops operating, the
      ascention in the clarification tank 9, i.e., in the annular space 11, of
      light nondecantable particles which would have been driven towards the
      bottom of the aeration tank by the hydraulic movement or turmoil created
      by the aerator turbine. In fact, due to the form of bottom 3 of the
      apparatus of the present invention, these particles ascend by gravitation
      in the aeration tank 1 when the aeration turbine stops.
PAR  As above mentioned, an aerator in the form of an aeration turbine 15 is
      provided on the surface of the aeration tank 1. The turbine is supported
      on a floating member 17 and is driven by a motor 19 also supported by the
      floating member.
PAR  The structure of the aerator 15, which is an important feature of the
      present invention, permits the creation of a sufficient upwards suction,
      thus providing a homogenization, an aeration and a recirculation of the
      bath and the activated sludge contained in the aeration tank.
PAR  The turbine consists of a disc plate 21 (see FIGS. 3, 4 and 5), which is
      provided on its lower surface with curved blades 23, the curved blades
      being three in a number in the represented embodiment, the convex side of
      each curved blade being directed in the rotating direction (see arrow B,
      FIG. 3) of the turbine 15.
PAR  The curved blades 23 are placed at 120.degree. from each other.
PAR  Three further blades 25, which are radial blades, are disposed on the same
      lower surface as the curved blades 23. The lower radial blades 25 are
      shifted or offset angularly forwardly with respect to the curved blades by
      30.degree. to 45.degree.. The lower radial blades project outwardly beyond
      the perimeter of the disc plate 21.
PAR  Three further blades 27 are disposed on the upper surface of the disc plate
      21 and are shifted angularly forwardly with respect to the lower curved
      blades by 60.degree. to 75.degree.. The upper radial blades 27 project
      also outwardly from the perimeter of the disc plate 21 and they stem from
      a central rotating axle 29 of the disc plate 21, whereas the lower curved
      blades and the lower radial blades start a certain distance away from the
      central axle 29 as clearly indicated in FIG. 3.
PAR  The lower curved blades 23 have as function to create a vortex permitting a
      slight suction of the decantable particles and a recirculation of the
      activated sludge of the clarification tank 9.
PAR  The lower radial blades 25 permit the creation of a violent turmoil in
      surface for aerating the bath contained in the aeration tank.
PAR  The upper radial blades 27 permit the stabilization of the above mentioned
      turmoil by laminating the hydraulic thin jets or streams created by the
      lower radial blades 25. The upper radial blades 27 also provide a
      regularity of sprays of water and an excellent aeration.
PAR  The plate 13 placed on the upper end of the clarification tank 3 is at the
      level of the bath contained in the aeration tank 1 and permits the
      trapping at the upper part of the clarification tank 9 of the fines,
      driven by microflotation during an eventual denitrification, or the like
      floating materials. The fines or the like particles which have a lesser
      density than the water raise upwards and are evacuated or discharged, from
      a series of nozzles 31 provided in plate 13, at every rising of the level
      of the aeration tank 1 due to the arrival in the aeration tank 1 of new
      sewage water for treatment by an inlet pipe 33. The number, the height and
      the diameter of nozzles 31 vary according to the quantity of the sewage
      water being introduced in the aeration tank.
PAR  Nozzles 31 slightly project above the level of the water contained in the
      aeration tank and are protected from a reverse circulation of the waves of
      water from the aeration tank towards the clarification tank during the
      operation of the aeration turbine by means of the floating member 17.
      Thus, the floating member 17 acts as a protection rampart against the
      turmoil created by the turbine 15.
PAR  The treated or purified water is discharged through an outlet 35 provided
      in the plate 13 and opening above the level of the water contained in the
      aeration tank every time that there is a new arrival of sewage water in
      the aeration tank 1 by the inlet 33.
PAR  In the embodiment shown in FIG. 1, the floating member 17 is circular and
      has a circular cross section and the motor 19 is placed on this platform
      by means of braces 37.
PAR  A space 39 is provided between the floating member 17 and the upper edge of
      the vertical wall of the aeration tank 1 in order to permit reintroduction
      of the fines evacuated by the nozzles 31 into the aeration tank 1
      according to arrow C (FIG. 1).
PAR  Although the invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      only by way of example and that numerous changes in the details of
      construction and the combination and arrangement of parts may be resorted
      to without departing from the scope of the invention as hereinafter
      claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. Domestic sewage water treatment apparatus, comprising:
PA1  a. an outer tank having inlet means and outlet means,
PA1  b. an inner tank disposed within and spaced from said outer tank, the
      bottom of said inner tank being vertically displaced from the bottom of
      said outer tank,
PA1  c. the bottom of said inner tank having an aperture therein and an upwardly
      directed means for preventing light particles from ascending into said
      outer tank,
PA1  d. means provided at the top of said inner tank for creating a sufficient
      upwards suction providing homogenization, aeration and recirculation of a
      bath and of activated sludge contained in said inner tank,
PA1  e. floating means provided at the top of said inner tank for acting as a
      protection rampart against turmoil created by the aeration, homogenization
      and recirculation means,
PA1  f. means provided at the top of the space between the outer tank and the
      inner tank for trapping light floating materials collected at the top of
      said space and evacuating said floating materials from said top of said
      space.
NUM  2.
PAR  2. Domestic sewage water treatment apparatus according to claim 1, wherein
      said outer tank is a clarification tank and said inner tank is an aeration
      tank and is concentrically installed within the clarification tank.
NUM  3.
PAR  3. Domestic sewage water treatment apparatus according to claim 2, wherein
      the bottom of said inner tank has a cross section in the form of a half
      parabola and has a central opening, the bottom so shaped forming the means
      upwardly directed for preventing the light particles from ascending into
      the clarification tank.
NUM  4.
PAR  4. Domestic sewage water treatment apparatus according to claim 2, wherein
      the bottom of said aeration tank has a cross section in the form of a half
      hyperbola and has a central opening, the bottom so shaped forming the
      means upwardly directed for preventing the light particles from ascending
      into the clarification tank.
NUM  5.
PAR  5. Domestic sewage water treatment apparatus according to claim 2, wherein
      the bottom of said aeration tank has a cross section in the form of a semi
      torus and has a central opening, the bottom so shaped forming the means
      upwardly directed for preventing the light particles from ascending into
      the clarification tank.
NUM  6.
PAR  6. Domestic sewage water treatment apparatus according to claim 2, wherein
      the bottom of said aeration tank has a cross section in the form of a
      reversed chinese hat, the top of which is directed downwardly, the bottom
      so shaped forming the means upwardly directed for preventing the light
      particles from ascending into the clarification tank.
NUM  7.
PAR  7. Domestic sewage water treatment apparatus according to claim 2, wherein
      said means provided at the top of said inner tank for creating said
      upwards suction consist of an aerating turbine.
NUM  8.
PAR  8. Domestic sewage water treatment apparatus according to claim 7, wherein
      said floating means consist of a circular member having a circular cross
      section.
NUM  9.
PAR  9. Domestic sewage water treatment apparatus according to claim 8, wherein
      the aerating turbine is mounted on said floating member, the turbine being
      driven by a motor also mounted on said floating member.
NUM  10.
PAR  10. Domestic sewage water treatment apparatus according to claim 9, wherein
      said means at the top of said clarification tank for trapping and
      evacuating the light floating materials consist of a plate closing the
      upper end of the space between the vertical wall of the inner and outer
      tanks, this plate being provided with nozzles projecting above the level
      of the water contained in the aeration tank for evacuating the light
      floating materials each time that there is a new arrival of sewage water
      into the aeration tank.
NUM  11.
PAR  11. Domestic sewage water treatment apparatus according to claim 10,
      wherein there is a space provided between the floating member and the
      upper edge of the vertical wall of the aeration tank in order to permit
      the reintroduction of the light floating materials evacuated by the
      nozzles into the aeration tank.
NUM  12.
PAR  12. Domestic sewage water treatment apparatus according to claim 10,
      further comprising an outlet for discharging purified water, said outlet
      being provided in said plate and opening above the level of the water
      contained in the aeration tank.
NUM  13.
PAR  13. Domestic sewage water treatment apparatus according to claim 7, wherein
      said aeration turbine comprises a disc plate being provided on its lower
      surface with curved blades placed at 120.degree. from each other, the
      curved blades creating a vortex permitting a slight suction of the
      decantable materials and a recirculation of the activated sludge of the
      clarification tank, said disc plate being further provided on its lower
      surface with radial blades forwardly offset with respect to the curved
      blades by 30.degree. to 45.degree., these lower surface radial blades
      projecting beyond the perimeter of the disc plate and permitting the
      creation of a violent turmoil at the surface for aerating the bath
      contained in the aeration tank, the upper surface of the disc plate being
      provided with radial blades forwardly offset with respect to the curved
      blades by 60.degree. to 75.degree., these upper surface radial blades also
      projecting beyond the perimeter of the disc plate and permitting the
      stabilization of the turmoil by a lamination of the hydraulic streams
      created by the lower surface radial blades.
NUM  14.
PAR  14. Domestic sewage water treatment apparatus according to claim 13,
      wherein said lower surface curved blades are three in number, said lower
      surface radial blades are three in number and said upper surface radial
      blades are three in number.
NUM  15.
PAR  15. Domestic sewage water treatment apparatus according to claim 14,
      wherein said upper surface radial blades stem from a central rotating axle
      and said lower surface curved blades and said lower surface radial blades
      start a predetermined distance away from the central axle.
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ABST
PAL  A fluid eductor for injecting a secondary fluid e.g. air, oxygen, ozone or
      other reactant fluids into a primary fluid, e.g. oxygen, waste water,
      depleted water, sewage fluids or other reactant fluids flowing in a
      conduit. A spool housing having a generally cylindrical header assembly
      interior thereof is mounted in the conduit in the flow path of the primary
      fluid. In a first embodiment, the header assembly comprises a hollow tank,
      an inlet pipe coupled to an external supply of secondary fluid, a
      plurality of flow through pipes extending through the header tank along
      the secondary fluid flow path and terminating downstream of the tank, and
      a corresponding plurality of conical platelet assemblies each arranged
      concentrically of the associated flow through pipe. Each conical platelet
      assembly provides a plurality of flow passages in communication with the
      interior of the tank and the associated flow through pipe to permit
      secondary fluid to be injected into the primary fluid flowing through the
      pipe.
PAL  In a second embodiment, the header assembly comprises a hollow tank with an
      apertured downstream wall, an inlet pipe coupled to an external supply of
      secondary fluid, a plurality of flow through pipes each extending through
      the tank and having an outlet adjacent the apertured downstream wall, and
      a corresponding plurality of conical platelet assemblies each having a
      hollow interior defining a mixture region with a primary fluid inlet
      adjacent the associated flow through pipe outlet. Each conical platelet
      assembly comprises a plurality of concentrically arranged frusto-conical
      plates each having a base end and an apex end and channels formed on the
      inner or outer surface, or both, extending from the base to the apex ends,
      adjacent ones of the plates being arranged in surface contact to seal the
      channels and form a plurality of fluid passageways in communication with
      the interior of the tank via the apertured wall and in communication with
      the mixture region for enabling secondary fluid to flow from the tank to
      the mixture region and intermingle with primary fluid.
PARN
PAC  CROSS-REFERENCE TO PARENT CASE
PAR  This application is a continuation-in-part of U.S. Patent application Ser.
      No. 417,856 filed 11-21-73 for "FLUID EDUCTOR", now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fluid eductor devices for injecting a secondary
      fluid into a flowing primary fluid. More particularly, this invention
      relates to fluid eductor devices for injecting a gas such as air, oxygen,
      ozone or other reactant fluids into a liquid such as water, sewage or
      other reactant fluids flowing along a conduit.
PAR  Devices are known for injecting a secondary fluid, such as a gas, into a
      primary fluid, such as a liquid, flowing within a conduit. While such
      devices have found wide use in many applications, perhaps the most common
      application is the problem of oxygen depleted water. Discharge water from
      many different types of plant installations, such as chemical, petroleum,
      paper/pulp and pharmaceutical plants, as well as food process facilities
      and sewage treatment facilities, is frequently deficient in the
      concentration of oxygen dissolved therein. This oxygen deficiency imposes
      a severe oxygen demand on receiving waters or in subsequent treatment
      facilities.
PAR  In order to remedy this deficiency, the discharge waters are typically
      oxygenated in the feed streams by the injection of oxygen or air in order
      to improve the quality of the discharge water for subsequent use. Examples
      of devices used for this purpose in the past are diffused aerator units,
      swing diffusers, surface aerator installations, turbine aerators and
      spargers. While generally effective in oxygenating the discharge waters,
      such known units are expensive to install, operate and maintain, and also
      impose a power demand which must be met by the consumption of increased
      power by the associated facility. This increase in power consumption
      raises the overall cost of the operation and is accordingly undesirable.
      To date, efforts to devise fluid injection systems which are economical
      and uncomplicated have not met with wide success.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises an economical and simplified device for the
      injection of a secondary fluid such as a gas into a primary fluid which is
      deficient in this secondary fluid, and which imposes a low power demand on
      the associated operating facility. In a first embodiment, the primary
      fluid is conducted through a spool-mounted header assembly which injects
      optimum quantities of the secondary fluid into the primary fluid. The
      header assembly comprises a cylindrical tank having a plurality of flow
      through pipes passing therethrough. Each flow-through pipe is surrounded
      by a conical platelet assembly having a plurality of enclosed fluid flow
      passages in communication with the interior of the header tank through a
      plurality of concentrically arranged rows of openings in a header tank
      wall and in communication with the interior of the associated pipe through
      a plurality of openings arranged circumferentially of the pipe. As primary
      fluid is conducted along the flow-through pipe, the secondary fluid flows
      from the header tank through the platelet passages into the interior of
      the pipe where it mixes with the primary fluid.
PAR  In an alternate embodiment, the header assembly flow through pipes
      terminate at the downstream wall, and each outlet opening defined thereby
      at the downstream wall is surrounded by a modified integral conical
      platelet assembly having a hollow interior defining a mixture region with
      a primary fluid inlet adjacent the associated flow-through pipe outlet.
      Each platelet assembly comprises a plurality of stacked frusto-conical
      plates each having a base end and an apex end and a plurality of channels
      formed in a surface thereof extending between the base end and the apex
      end and along a line defined by a plane passing through the surface and
      the geometrical axis of the plate. In the assembly, adjacent ones of the
      plates are arranged in surface contact so that the channels define
      enclosed fluid flow passages in communication with the interior of the
      header tank through one or more openings in the downstream header tank
      wall and in communication with the mixing region of the platelet assembly.
      Operation of the alternate embodiment is similar to that of the first
      embodiment.
PAR  In the alternate embodiment, the diameter of the fluid flow passages is
      preferably increased with increasing length thereof so that the pressure
      drop experienced by the secondary fluid in flowing from the header tank to
      the mixture region is substantially uniform over each passage, thereby
      providing thorough mixing of the primary and secondary fluids.
PAR  For a fuller understanding of the nature and advantages of the invention,
      reference should be had to the ensuing detailed description taken in
      conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view, partially broken way, showing the
      preferred embodiment;
PAR  FIG. 2 is a front elevation view taken along lines II--II of FIG. 1;
PAR  FIG. 3 is a sectional view of a single platelet assembly taken along lines
      III--III of FIG. 1;
PAR  FIG. 4 is a partial view taken along lines IV--IV of FIG. 3;
PAR  FIG. 5 is a partial view taken along lines IV--IV of FIG. 3 illustrating an
      alternate construction of the header tank wall;
PAR  FIG. 6 is a sectional view similar to FIG. 3 showing an alternate platelet
      assembly;
PAR  FIG. 7 is an upper perspective view showing a pair of platelets used to
      construct the platelet assembly of FIG. 6; and
PAR  FIG. 8 is a lower perspective view showing a pair of platelets with an
      alternate construction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the drawings, FIG. 1 illustrates a side elevational view,
      partially broken away, of a preferred embodiment of the invention adapted
      for use as a water aerator. A spool shaped housing 10 having a pair of end
      flanges 11, 12 is mounted in the flow path indicated by flow arrows 13, 14
      of oxygen depleted water. Spool housing 10 is coupled at the upstream end
      to a water inlet conduit 15 provided with a flanged end portion
      conformable with flange 11. Spool housing 10 is coupled at the downstream
      end to a water outlet conduit 16 having a flanged end portion 17
      conformable to flange 12. Spool housing 10 and conduit sections 15, 16 may
      be secured by any convenient means, such as bolts 18 and nuts 19.
PAR  Mounted in the interior volume of spool housing 10 is a header assembly
      generally indicated by reference numeral 20 and including a generally
      cylindrical hollow tank 21. A fluid inlet pipe 22, in communication with
      the hollow interior of header tank 21 is coupled to a suitable source of
      air or oxygen (not shown). A plurality of flow-through tubes 24 extend
      along the interior of header assembly 20 and terminate downstream thereof.
PAR  Mounted on the downstream or outlet side of header assembly 20 are a
      plurality of platelet assemblies 25 arranged in a predetermined spatial
      pattern as shown in FIG. 2. Platelet assemblies 25 are all of the similar
      construction illustrated in section in FIG. 3. A plurality of conical
      plates 26-30 are concentrically arranged about flow-through tube 24 to
      form a plurality of fluid passages 31-34. Fluid passages 31-34 communicate
      with the interior of header tank 21 via a plurality of openings 35-38 in
      the downstream wall 40 of header tank 21. Fluid passages 31-34 are also in
      fluid communication with the interior of flow-through tube 24 via a
      plurality of circumferentially arranged apertures 42 in the wall of tube
      24.
PAR  FIG. 4 illustrates a first arrangement of openings 35-38 in downstream
      header tank wall 40. As shown in this FIG., openings 35-38 are arranged in
      a plurality of circular rows concentric to the center of tube 24 and
      plates 26-30.
PAR  FIG. 5 shows an alternate arrangement in which openings 35-38 comprise a
      plurality of pairs of circular segmental apertures 35a,b, . . . , 38a,b,
      arranged concentrically of tube 24 and plates 26-30 and alternately
      arranged as depicted.
PAR  The physical dimensions of openings 35-38 in either embodiment, as well as
      the dimensions of apertures 42 in flow-through tube 24 and the spacing
      between plates 26-30, are dependent upon the desired flow parameters of a
      given system and may best be determined for any particular application in
      an empirical manner. For example, when used as a water aerator for
      oxygen-depleted water, the inter-plate spacing and dimensions of openings
      35-38 and apertures 42 are selected in order to provide a flow rate which
      results in the desired degree of air or oxygen absorption in the water
      flowing through tube 24.
PAR  In operation, water flowing in the direction of flow arrow 13 enters spool
      housing 10 and is conducted through flow-through tube 24. Air or oxygen is
      supplied via inlet pipe 22 to the interior of header tank 21, passes
      through openings 35-38, flows along fluid passages 31-34 and through
      apertures 42. The air entering the interior of flow-through tube 24
      encounters the water flowing therethrough and is dissolved therein.
      Aerated water then exits from spool housing 10 and flows along water
      outlet conduit 16 in the direction of flow arrow 14. It is noted that air
      or oxygen may be either supplied under pressure through inlet pipe 22 to
      the interior of header tank 21 or may be drawn thereinto by the vacuum
      produced by the flow of water through flow-through tubes 24 past aperture
      42.
PAR  FIGS. 6-8 illustrate an alternate embodiment of the invention. As shown in
      FIG. 6, in this embodiment flow through tubes 24' of tank 21 terminate at
      downstream wall 40. A stacked integral conical platelet assembly 25' is
      sealingly adhered to the surface of downstream wall 40 by any suitable
      means, such as brazing, welding, gluing, soldering, or the like. Platelet
      assembly 25' comprises a plurality of individual platelets 50, two of
      which are shown in FIG. 7 prior to stacking. Each platelet 50 has a
      plurality of channels 52 formed in the outer surface 53 along a line
      defined by a plane passing through the surface and through the geometrical
      axis P of the platelet 50. Channels 52 may be formed in surfaces 53 by any
      convenient means, such as chemical milling, machining, stamping or other
      equivalent processes known to those skilled in the art. Platelet assembly
      25' is fabricated by stacking the individual platelets 50, mutually
      bonding these elements together by welding, soldering, gluing or the like,
      and trimming the base end as shown. Channels 52 may be formed on either
      the outer surface 53 as shown in FIG. 7, on the inner surface 54 as shown
      in FIG. 8, or on both surfaces, depending on the requirements of a
      particular application.
PAR  In the embodiment shown in FIG. 6, downstream wall 40 of header tank 21
      terminates in a circular opening 56. It is understood, however, that
      downstream wall 40 may be fabricated with openings as shown in FIGS. 4 and
      5 or the equivalent when integral platelet assemblies 25' are employed.
PAR  The interior region 58 defined by the stacked platelet assembly 25' defines
      a mixture region downstream of wall 40 of tank 21. In most applications
      envisioned for the invention, optimum mixing of the primary and secondary
      fluids in mixture region 58 is obtained if the pressure drop experienced
      by the secondary fluid in flowing from tank 21 to mixture region 58 is
      uniform over the several passages formed by channels 52.sub.i having
      different lengths. For this purpose, the individual diameters of the
      channels 52.sub.i are varied.
PAR  For example, the diameter of channels 52.sub.2 are formed larger than the
      diameter of channels 52.sub.1, the diameter of channels 52.sub.3 are
      formed larger than the diameter of channels 52.sub.2, etc. The actual
      dimensions required to provide the desired uniform pressure drop in any
      given application can readily be determined by those of ordinary skill in
      the art in an emperical manner.
PAR  As will be apparent to those skilled in the art, the FIGS. 6-8 embodiment
      lends itself to quick and simple attachment to wall 40 and thus may be
      preferred where ease of installation or economy is a prime concern. In
      addition, channels 52 can be accurately formed to precise tolerances at
      relatively low cost using the techniques noted above and thus integral
      platelet assembly 25' may be preferably employed in applications requiring
      fluid flow passageways dimensioned to precise specifications. It should
      further be noted that channels 52.sub.i of different platelets 50 may be
      formed to other relative dimensions, if desired, to provide differential
      flow rates through different platelet channels 52.
PAR  As will now be apparent, the invention provides a simple, rugged and
      convenient device for injecting a secondary fluid into a primary fluid
      flowing in a conduit which may be quickly installed and later removed, if
      desired, with a minimum of labor and expense. In addition to the uses
      noted above, the invention may be employed for the chlorination of water,
      for the ozonization of sewage, and in other applications in which the
      prime requisite is thorough mixing of two fluids. In addition, since the
      invention utilizes no moving mechanical parts, no additional mechanical
      power is required to operate devices constructed according to the
      invention.
PAR  While the foregoing provides a full and complete disclosure of the
      preferred embodiment of the invention, various modifications, alternate
      constructions and equivalents may be employed without departing from the
      true spirit and scope of the invention. For example, openings 35-38 in
      header tank wall 40 may assume other shapes than those specifically
      illustrated. Therefore, the above description should not be taken as
      limiting the scope of the invention which is defined by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid eductor for injecting a secondary fluid into a primary fluid
      flowing along a path in a conduit, said eductor comprising a tank adapted
      to be coupled to said conduit in the path of said primary fluid, said tank
      having means defining a hollow interior, said means including an apertured
      downstream wall, an inlet pipe in fluid communication with said interior
      and adapted to be coupled to a source of said secondary fluid, a
      flow-through conduit extending through said tank and terminating in an
      apertured portion downstream of said tank, said apertured portion having a
      plurality of apertures formed therein, and a platelet assembly surrounding
      said downstream portion of said flow-through conduit, said platelet
      assembly having a plurality of fluid passageways in communication with
      said hollow interior via said apertured downstream wall and the interior
      of said flow-through conduit via said apertures in said apertured portion
      for enabling said secondary fluid to flow from said tank to the interior
      of said flow-through conduit and intermingle with said primary fluid
      downstream of said wall.
NUM  2.
PAR  2. The combination of claim 1 including a plurality of flow-through
      conduits and a corresponding plurality of platelet assemblies each
      associated to a different one of said flow-through conduits.
NUM  3.
PAR  3. The combination of claim 1 wherein said apertures in said downstream
      portion of said flow through conduit are arranged in a plurality of rows
      of circumferentially arranged apertures, said rows being spaced along the
      length of said flow-through conduit, each one of said rows being arranged
      in fluid communication with a different one of said plurality of fluid
      passageways.
NUM  4.
PAR  4. The combination of claim 1 wherein said platelet assembly comprises a
      plurality of concentrically arranged frusto-conical plates mutually spaced
      to provide said fluid passageways.
NUM  5.
PAR  5. The combination of claim 1 wherein said plurality of apertures in said
      wall are arranged in a plurality of concentric circular rows of spaced
      apertures, each said row being in fluid communication with a different one
      of said fluid passageways, said rows being arranged substantially
      concentric to said flow through conduit.
NUM  6.
PAR  6. The combination of claim 1 wherein said plurality of apertures in said
      wall are arranged in a plurality of pairs of circular segmental apertures
      concentrically arranged, each said pair being in fluid communication with
      a different one of said passageways.
NUM  7.
PAR  7. The combination of claim 1 further including a housing adapted to be
      secured to said conduit in the flow path of said primary fluid, said tank
      being secured to said housing.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said housing is spool shaped.
NUM  9.
PAR  9. The combination of claim 7 further including an outlet conduit coupled
      to the downstream end of said housing.
NUM  10.
PAR  10. A fluid eductor for injecting a secondary fluid into a primary fluid
      flowing along a path in a conduit, said eductor comprising a tank adapted
      to be coupled to said conduit in the path of said primary fluid, said tank
      having means defining a hollow interior, said means including an apertured
      downstream wall, an inlet pipe in fluid communication with said interior
      and adapted to be coupled to a source of said secondary fluid, a
      flow-through conduit extending through said tank and having an outlet
      adjacent said apertured downstream wall, and a platelet assembly having a
      hollow interior defining a mixture region with a primary fluid inlet
      adjacent said flow-through conduit outlet, said platelet assembly having a
      plurality of fluid passageways in communication with said hollow interior
      via said apertured downstream wall and in communication with said mixture
      region for enabling said secondary fluid to flow from said tank to said
      mixture region and intermingle with said primary fluid downstream of said
      wall.
NUM  11.
PAR  11. The combination of claim 10 including a plurality of flow-through
      conduits and a corresponding plurality of platelet assemblies each
      associated to a different one of said flow through conduits.
NUM  12.
PAR  12. The combination of claim 10 wherein said platelet assembly comprises a
      plurality of concentrically arranged frusto-conical plates having a base
      end and a apex end and channels formed on at least one surface thereof
      extending from said base to said apex end, adjacent ones of said plates
      being arranged in surface contact to seal said channels to form said
      plurality of fluid passageways.
NUM  13.
PAR  13. The combination of claim 12 wherein the channels on different ones of
      said plates are formed to different transverse dimensions in order to
      provide a substantially uniform pressure drop between said tank and said
      mixture region for said secondary fluid.
NUM  14.
PAR  14. The combination of claim 12 wherein said channels extend along a line
      formed by the intersection of a plane passing through said surface and
      containing the geometrical axis of said plate.
NUM  15.
PAR  15. The combination of claim 12 wherein said channels are all formed on the
      outer surfaces of said frusto-conical plates.
NUM  16.
PAR  16. The combination of claim 12 wherein said channels are all formed on the
      inner surfaces of said frusto-conical plates.
NUM  17.
PAR  17. The combination of claim 10 further including a housing adapted to be
      secured to said conduit in the flow path of said primary fluid, said tank
      being secured to said housing.
NUM  18.
PAR  18. The combination of claim 17 further including an outlet conduit coupled
      to the downstream end of said housing.
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ABST
PAL  This invention relates to a sol of ultra-fine particles of synthetic
      hectorite prepared by swelling and cleaving Li-hectorite having a formula
      of Li.sub.1/3 Mg.sub.2-2/3 Li.sub.1/3 (Si.sub.4 O.sub.10)F.sub.2 or
      Na-hectorite having a formula of Na.sub.1/3 Mg.sub.2-2/3 Li.sub.1/3
      (Si.sub.4 O.sub.10)F.sub.2 in water or an organic solvent.
PAL  This invention further relates to a sol of the above hectorite in which Li
      or Na ions co-ordinated between lattice layers of the hectorite are
      ion-exchanged with non-hydratable cations.
PAL  This invention still further relates to a product prepared by using the
      above sol.
BSUM
PAC  DETAILED EXPLANATION OF THE INVENTION
PAR  This invention relates to a sol of synthetic mineral layered (lamellar)
      structure material, and to a film or a coating composition prepared by the
      use of the sol.
PAR  According to mineralogy, a silicate mineral having a layered structure
      includes naturally occurring kaolin type clay, mica, montmorillonite,
      talc, pyrophyllite, and artificially synthesized fluorine mica and the
      like. The crystal of a layered structure mineral generally has a
      three-layered lattice as a unit, which comprises two tetrahedron layers
      composed of O and Si disposed at upper and lower parts of the lattice and
      one octahedron layer composed of O and Al disposed at the center of the
      lattice (between the two tetrahedron layers). The various above cited
      minerals can be produced by replacing Si in the tetrahedron layer and Al
      in the octahedron layer with other elements such as Al, Mg and the like.
PAR  Some layered structure materials having strongly hydratable Na or Li
      co-ordinated between the unit layers or adsorbing Na or Li on the surface
      of the particle are able to swell by introducing hydration water between
      the unit layers and thus extending the distance between the unit layers.
      This swelling is caused by water as well as organic solvents. This
      swelling action cleaves a layered structure material into small particles
      composed of several unit layers or even into a molecular unit although
      this depends on the degree of the hydration.
PAR  By using this swelling action, it is possible to prepare a stable colloid
      of a layered structure material dispersed in water. A molded product
      prepared by drying this colloid without ion-exchange is easily re-hydrated
      by absorbing water and swelled again even in air because the molded
      product still has strongly hydratable Li or Na co-ordinated between unit
      layers. Therefore, in order to protect the molded product from being
      re-hydrated, it is necessary to ion-exchange the colloid or the molded
      product by bathing it in a solution containing other cations such as
      K.sup.+, Ag.sup.+, Cu.sup.+, Ba.sup.2.sup.+, Pb.sup.2.sup.+,
      Sn.sup.2.sup.+, Zn.sup.2.sup.+, Al.sup.3.sup.+, Bi.sup.3.sup.+, and
      Sb.sup.3.sup.+. The molded product thus ion-exchanged is not re-hydratable
      and has an excellent insulation resistance. Typical examples of the layer
      structure material having the above mentioned properties are naturally
      occurring montmorillonite and tetra-silicic mica.
PAR  A colloid of cleaved layered structure material is plastic, and has various
      uses. For example, an excellent heat-resistant and insulating film is
      prepared by coating this colloid having a suitable consistency on a
      substrate and drying it. Such a colloid alone or in combination with other
      powdery inorganic mineral may be molded into a desired shape. Further,
      this colloid may be admixed with suitable materials to use as a paint.
      Such a film-like product prepared by using a colloid of layered structure
      materials is flexible.
PAR  The reason why such a film-like product has flexibility is that when a
      colloid of cleaved layered structure material having a fine particle size
      (disk diameter) of less than 1,000 A is dried, the fine particles are
      self-bonded to each other by the action of Van der Waals molecular
      cohesion forces to form a flake-like particle having a thickness of 10-50
      A and a particle diameter (disk diameter) of 100 to 1,000 times as large
      as the thickness, and these flake-like particles are elastic and disposed
      parallel with the film.
PAR  Naturally occurring montmorillonite is easily swellable, plastic and
      flexible, but its crystal structure is not uniform since it includes
      various impurities and ion-exchange with other cations is not completely
      carried out as co-ordination or adsorption of sodium is very complicated.
      Thus, an alkali dissociation, that is, a dissociation of sodium which is
      easily hydratable is not completely carried out, and therefore a dried
      product of montmorillonite is re-hydrated.
PAR  In place of the above mentioned defective montmorillonite, fluorine
      tetra-silicic mica having sodium co-ordinated between unit layers is now
      being used for making heat-resistant paper. The fluorine tetra-silicic
      mica known to be used at present includes sodium fluorine tetra-silicic
      mica having a formula NaMg.sub.2.5 Si.sub.4 O.sub.10 F.sub.2 and its
      derivative of formula NaMg.sub.2 LiSi.sub.4 O.sub.10 F.sub.2.
PAR  It is known that the conventional sodium fluorine tetra-silicic mica is
      hydratable and swellable since it has hydratable sodium elements
      co-ordinated between unit layers and its crystal lattice is tetra-silicic
      mica type. However, the detailed mechanism of the swelling is not clear.
      In connection with this, sodium fluorine tri-silicic mica (NaMg.sub.3
      AlSi.sub.3 O.sub.10 F.sub.2) is not swellable.
PAR  A stable colloid of sodium tetra-silicic mica is prepared by bathing a
      synthesized crystal mass in water to cleave the crystal mass into smaller
      particles. The particles thus obtained by swelling the conventional sodium
      tetra-silicic mica remains large, and the hydration stops at the stage of
      NaMg.sub.2.5 Si.sub.4 O.sub.10 F.sub.2 --4H.sub.2 O in water. Therefore in
      order to make smaller particles, it is necessary to heat the particles to
      300.degree.-550.degree.C 2 or 3 times thereby making fine particles by the
      inflation force of evaporation of the hydration water. Even after the
      above heat-treatment, the cleavage of the crystal mass is not completely
      carried out, and particles composed of more than 10 units of crystal
      pieces are still present. The particles obtained by cleaving the
      conventional sodium tetra-silicic mica are relatively easily
      crystallizable and have particle sizes varying from 1,000 A to 3-4 .mu..
      Consequently, the difference between buoyancy and electric repulsion is
      not uniform, and the particles are not dispersed uniformly in a medium.
PAR  The layered structure material of this invention is derived by
      ion-exchanging pyrophyllite-talc structure material. The pyrophyllite-talc
      structure was first lectured on by Pauling. Pyrophyllite has a structure a
      little different from those of kaoline and mica, but is a relative
      mineral. Pyrophyllite is expressed by a standard formula, Al.sub.2
      Si.sub.4 O.sub.10 (OH).sub.2. This structure has silicic acid tetrahedron
      layers as upper and lower layers of the lattice and a space layer of
      octahedra surrounded by six anions, that is, 4 O and 2 (OH) as a middle
      layer of the lattice, and two-thirds volume of the space layer is occupied
      by Al whereby an electric equilibrium is maintained. This three-layered
      lattice is a unit layer, and many unit layers are piled in parallel. In
      respect of the structure of pyrophyllite, when Si.sup.4.sup.+ in the
      silicic acid tetrahedron layer is replaced by Al.sup.3.sup.+ and
      Al.sup.3.sup.+ in the octahedron layer is replaced by Mg.sup.2.sup.+,
      superfluous negative charges are developed in the three-layered lattice,
      and consequently Ca.sup.2.sup.+ or Na.sup.+ are co-ordinated between the
      three-layered lattices (or unit layers) adjacent to each other to
      neutralize and attain an electric equilibrium. Montmorillonite expressed
      by an ideal standard formula, (Al.sub.1.67 Mg.sub.0.33)Si.sub.4 O.sub.10
      (OH).sub.2 has this ion-exchange system.
PAR  Generally, when strongly hydratable alkali metal cations such as Na are
      co-ordinated between unit layers, hydration water is introduced between
      the layers, and the distance between the layers extends whereby the
      crystal mass is swelled. Actually, however, naturally occurring
      montmorillonite as expressed by the above ideal standard formula cannot be
      obtained. A part of the aluminium ions is replaced by ferric ions and
      another part by siliconions. Between unit layers various cations including
      Na, Ca, Li and K are actually adsorbed, and therefore the swellability
      varies depending on the cations adsorbed. Thus, the various cations are
      adsorbed between unit layers, and therefore it is difficult to
      sufficiently ion-exchange these cations with non-hydratable cations to
      prevent re-hydration.
PAR  One object of this invention is to provide a sol of cleaved particles of a
      layered structure material, having a particle size of less than 1,000 A,
      characterized in that the layered structure material is a hectorite having
      a formula of Li.sub.1/3 Mg.sub.2-2/3 Li.sub.1/3 (Si.sub.4 O.sub.10)F.sub.2
      or Na.sub.1/3 Mg.sub.2-2/3 Li.sub.1/3 (Si.sub.4 O.sub.10)F.sub.2.
PAR  Another object of this invention is to provide a product obtained by using
      the above sol alone or in combination with other materials.
PAR  The layered structure material, which is effectively swelled and cleaved,
      as used in this invention, must satisfy the following conditions.
PAR  a. The ion size of cations co-ordinated between unit layers should be
      small. A cation co-ordinated between unit layers is preferably
      Li.sup.+(0.60 A), Na.sup.+(0.98 A) or Ca.sup.2.sup.+ (0.98 A) which all
      have smaller ion radiuses than that of K.sup.+(1.33 A). The smaller the
      ion size of a cation co-ordinated is, the more the energy level of the
      structure increases. Consequently, the structure becomes unstable, and
      requires the stabilization of energy by swelling.
PAR  b. The hydration energy of a cation to be co-ordinated between unit layers
      should be high. Examples of a cation having a high hydration energy are
      Li.sup.+, Na.sup.+, Ca.sup.2.sup.+. The hydration energy of Li.sup.+ is
      especially high. The relative hydration energy ratio between Li.sup.+ and
      Na.sup.+ is 14 : 8.
PAR  c. The valency of a cation to be co-ordinated between unit layers should be
      low, preferably monovalent. A cation having a high valency strengthens
      bonding between unit layers, and swelling is not sufficiently carried out
      since hydration water is hardly introduced between unit layers.
PAR  d. Ion-exchange with the same type of ion should not take place in silicic
      acid tetrahedra. The vacancy concentration at 12-co-ordinate position
      formed by oxygens laid between adjacent layers one another should be low.
      If a structure complies with this condition, the electric charge density
      on the surface of each silicic acid tetrahedron is low and consequently
      the bonding strength between unit layers is weak.
PAR  e. The solvent to be used for carrying out the cleavage should have a high
      dielectric constant.
PAR  Swellable layered structures which satisfy the above conditions include (i)
      NaMg.sub.2 Li(Si.sub.4 O.sub.10)F.sub.2, (ii) LiMg.sub.2 Li(Si.sub.4
      O.sub.10)F.sub.2, (iii) NaMg.sub.2 Li(Ge.sub.4 O.sub.10)F.sub.2, (iv)
      LiMg.sub.2 Li(Ge.sub.4 O.sub.10)F.sub.2, (v) Ca.sub.0.5 Mg.sub.2
      Li(Si.sub.4 O.sub.10)F.sub.2, (vi) Ca.sub.0.5 Mg.sub.2 Li(Ge.sub.4
      O.sub.10)F.sub.2, (vii) NaMg.sub.2.5 (Si.sub.4 O.sub.10)F.sub.2, (viii)
      NaMg.sub.2.5 (Ge.sub.4 O.sub.10)F.sub.2 and (ix) Ca.sub.0.5 Mg.sub.2.5
      (Si.sub.4 O.sub.10)F.sub.2.
PAR  These layered structures (i) to (ix) are referred as taeniolite type
      synthetic micas, and their swellability by water is not uniform. The
      hydration reaction mechanism of a layered structure material having Na
      co-ordinated is quite different from that of a layered structure material
      having Li co-ordinated. A layer of hydration water having a hexagonal
      network of hydrogen bonds is introduced in 12-co-ordinated positions
      formed by oxygens laid between layers, and a fixed number of water layers
      are introduced between the layers in air or in water depending on the
      cations co-ordinated between the layers. A layered structure material
      having Na co-ordinated between layers is hydrated in water until
      NaMg.sub.2.2 Li(Si.sub.4 O.sub.10)F.sub.2 --4H.sub.2 O is formed and
      hydration stops at this stage, while a layered structure material having
      Li co-ordinated between layers is hydrated in water until LiMg.sub.2.2
      Li(Si.sub.4 O.sub.10)F.sub.2 --2OH.sub.2 O is formed, and further until
      the layer structure breaks down and loses some of its hydration water.
PAR  According to this invention, a major part of Al.sup.3.sup.+ in an
      octahedron layer of pyrophyllite-talc structure is replaced by
      Mg.sup.2.sup.+ (Mg.sub.2-1/3) and a minor part of the Al.sup.3.sup.+ is
      replaced by Li.sup.+Li.sub.1/3), and Li or Na is co-ordinated between unit
      layers. The layered structure material thus prepared satisfies the above
      mentioned conditions (a) to (e) for swelling, and becomes highly
      swellable.
PAR  The novel layered structure material synthesized in accordance with this
      invention is expressed by the chemical formula, Li.sub.1/3 Mg.sub.2-2/3
      Li.sub.1/3 (Si.sub.4 O.sub.10)F.sub.2 or Na.sub.1/3 Mg.sub.2-2/3
      Li.sub.1/3 (Si.sub.4 O.sub.10)F.sub.2, and belongs to a hectorite type
      mineral. The layered structure of this invention may also be called
      Mg-F-montmorillonite, and is different from the conventional mica
      minerals. The novel layered structure material of this invention as
      expressed by the above formula has never been synthesized heretofore.
PAR  Thus, hectorite can be prepared by ion-exchanging talc (Mg.sub.3 Si.sub.4
      O.sub.10 (OH).sub.2) type structure. However, naturally occurring
      hectorite is obtained in a form of a mixture with other layered structure
      material, and a part of the Mg is ion-exchange with Fe and Mn.
      Consequently cleavage by swelling cannot uniformly be carried out, and it
      is impossible to produce fine particles by the cleavage. Uniform fine
      particles can be obtained only when the synthetic hectorite of this
      invention having a formula (Li.sub.1/3 Mg.sub.2-2/3 Li.sub.1/3 (Si.sub.4
      O.sub.10)F.sub.2) or (Na.sub.1/3 Mg.sub.2-2/3 Li.sub.1/3 (Si.sub.4
      O.sub.10)F.sub.2) is cleaved by swelling.
PAR  Materials to be used in synthesizing hectorite in accordance with this
      invention include highly pure magnesia (MgO), silica (SiO.sub.2), lithia
      (Li.sub.2 O), sodium oxide (Na.sub.2 O), magnesium fluoride (MgF.sub.2),
      lithium fluoride (LiF), sodium fluoride (NaF) and the like.
PAR  The hectorite of this invention is synthesized in the following manner. The
      above materials are ground to particles of smaller than 100 mesh, and are
      mixed in a mole ratio corresponding to Li.sub.1/3 Mg.sub.2-2/3 Li.sub.1/3
      (Si.sub.4 O.sub.10)F.sub.2 or Na.sub.1/3 Mg.sub.2-2/3 Li.sub.1/3 (Si.sub.4
      O.sub.10)F.sub.2, for example, in a mol ratio of 1/2-1/3Li.sub.2 O :
      1-11/3MgF.sub.2 : 1-2/3MgO : 4SiO.sub.2 or 2/3-1LiF : 2/3-1MgF.sub.2 :
      2MgO : 4SiO.sub.2 in the preparation of Li-hectorite, or in a mol ratio of
      1/3-2/5LiF: 1/3-2/5NaF : 2/3-1MgF.sub.2 : 2MgO : 4SiO.sub.2 or
      1/6-1/5Li.sub.2 O : 1/6-1/5Na.sub.2 O : 1-11/3MgF.sub.2 : 12/3MgO :
      4SiO.sub.2 in the preparation of Na-hectorite.
PAR  When an "externally heating process" is employed, the mixture is placed in
      an alkali-resistant crucible of alumina, graphite, silicon carbide,
      beryllia, platinum or the like. The mixture in the crucible is heated at
      1,300.degree.C in an electric furnace or cupola furnace to carry out a
      solid reaction, and further heated to more than 1,350.degree.C to melt the
      mixture. When the melt is cooled thereafter, Li-hectorite or Na-hectorite
      as expressed by the above formulas is obtained.
PAR  When an "internally heating process" is employed, the mixture is placed in
      an open furnace having a fireproof wall on the inside, and a pair of
      inactive electrodes such as graphite are embedded in the center of the
      mixture. First, the two electrodes are short-circuited in a carbonaceous
      resistance thereby melting the mixture of the materials around the
      carbonaceous resistance. The melt of the mixture is conducting, and has a
      resistance value of 2-5.OMEGA.. Then the carbonaceous resistance is
      removed at an appropriate time, and the melt of the mixture is thereafter
      used as a resistance for further melting the mixture around the melt. In
      connection with this, the mixture around the melt forms a shell of
      sintered material and works as a lining. Accordingly, it is not necessary
      to worry about the corrosion by alkali.
PAR  The crystal mass of the hectorite thus formed becomes fragile even in air
      by absorbing moisture, and is then decomposed to small particles having a
      diameter of less than 5 mm. The decomposition (i.e. cleavage) is further
      accelerated in steam. The decomposed or cleaved small particles are then
      dipped in water or hot water to further decompose the particles. The
      crystal mass may be dipped in water as soon as it is formed.
PAR  According to the above-mentioned swelling mechanism, the crystal mass is
      cleaved to very fine particles by strongly hydrating the crystal to
      introduce a large amount of water between the layers thereby extending the
      distance and splitting electrostatic bonds between the layers.
PAR  A sol having the above fine particles of hectorite stably suspended in
      water in an amount of less than 10% is prepared, and glassy impurities
      formed in the synthesis of the hectorite are allowed to precipitate on the
      bottom of the vessel and are then removed from the sol. The sol without
      containing the impurities is used for making various products. According
      to the measurement by an electromicroscope, the fine particles suspended
      in the sol are scaly and have an average thickness of less than 20 A and
      an average particle diameter of less than 500 A. These ultra-fine
      particles provide a strong molecular cohesive force and mechanical
      strength when a sol of the ultra-fine particles is formed into a product
      and dried. However, a product prepared by using the sol of these particles
      still having hydratable Li or Na between layers is easily re-hydrated and
      swelled. In order to avoid the re-hydration, it is necessary to replace
      the hydratable Li or Na by less hydratable or non-hydratable cations such
      as K.sup.+, Ba.sup.+, Ag.sup.+, Cu.sup.+, Pb.sup.2.sup.+, Zn.sup.2.sup.+,
      Sn.sup.2.sup.+, Al.sup.3.sup.+, Sb.sup.3.sup.+, Bi.sup.3.sup.+ or the
      like. This ionexchange is carried out by using the salts KCl,
      Ba(NO.sub.3).sub.2, AgNO.sub.3, CuSO.sub.4, Pb(NO.sub.3).sub.2,
      ZnCl.sub.2, SnCl.sub.2, Al(NO.sub.3).sub.3, SbCl.sub.2, Bi(NO.sub.3).sub.3
      or the like. Salts of organic acids may also be used.
PAR  The ion-exchange may be carried out either in the sol state or after
      forming it into a product. In the ion-exchange of a sol, 150-200 g of one
      of the above salts is added to 3 liters of a sol containing the synthetic
      hectorite in an amount of 1-5%, and the ultra-fine particles of the
      synthetic hectorite are then floculated. The ion-exchange is carried out
      for 50 to 100 hours with stirring the cohered hectorite particles and
      dispersing them so that they are slurry-like. After the ion-exchange, the
      suspension is filtered under a vacuum and the filtrate is removed. The
      material remaining on the filter plate is washed with water until
      Li.sup.+, Na.sup.+ and the above electrolite used for the ion-exchange are
      completely removed. The material remained on the filter plate is partially
      cohered flocky, but a stable sol having ultra-fine particles of the
      hectorite dispersed in it is obtained by vigorously stirring the sol with
      ultrasonic waves. The dissociated ions may be removed by an
      electrodialysis technique.
PAR  The sol thus prepared can be used as a coating composition, paint, bonding
      agent or the like for a metal product and the like, and provides a
      wet-proof, heat-resistant and insulating film on the product.
PAR  As mentioned above, the ion-exchange for preventing re-hydration may be
      applied to a sol in advance or to a product later. The ion-exchange of a
      product may be carried out by dipping the product in a solution of the
      above-mentioned salt for 50 to 200 hours depending on the thickness of the
      product; washing the ion-exchanged product by allowing it to stand in
      water; drying the washed product in air for 5 to 10 hours; and further
      drying it in a drier at 100.degree.-300.degree.C.
PAR  A film is one of the important products which can be prepared by using the
      Li-hectorite or Na-hectorite of this invention. A hectorite particle in a
      sol is charged negative on its flat surface and positive at its end.
      Consequently while the sol of the hectorite is coated on a flat plate and
      dried, the flat face of the hectorite particle is electrostatically bonded
      with the end of another particle. In this manner, a film having hectorite
      particles intimately overlapping each other is obtained. In the
      preparation of a film, a sol containing hectorite in an amount of less
      than 10% is used, and the sol is applied to a plate or product by a
      spread-coating method using a centrifuge; a spray-coating method using a
      compressor or electrostatic technique; or a flow-coating method.
PAR  The film thus prepared which comprises the hectorite of this invention
      alone has a tensile strength of 2 kg/mm.sup.2. A film which is prepared by
      using the hectorite in combination with 5-10% of inorganic fibers such as
      glass fiber, silica, mullite, alumina and the like has a tensile strength
      of 5-7 kg/mm.sup.2.
PAR  The ion-exchanged synthetic hectorite particles of this invention are
      negatively charged on the flat surface, and therefore hectorite particles
      are closely adhered in parallel to a metal surface of an article. By using
      this characteristic of the hectorite of this invention, a coating
      composition which provides excellent heat-resistant and insulating
      properties is prepared by mixing the hectorite sol with 5-20% of viscous
      material comprising a mixture of phosphoric acid with an inorganic gel
      such as silica gel, alumina gel or the like. The flat surface of the scaly
      hectorite particle is electrostatically bonded with the end of another
      hectorite particle, and the reaction product of the inorganic gel and
      phosphoric acid fills the gaps between the overlapped scaly hectorite
      particles. Thus, a strong and dense film is firmly adhered to an article.
      The coating composition of this invention is applied not only to a metal
      surface but also to other materials.
PAR  The synthetic Li-hectorite or Na-hectorite of this invention may also be
      used in combination with organic materials. The combination of the
      ion-exchanged synthetic hectorite with organic material is not a mere
      mixture but an organic solvent invades between layers to produce a
      solvated or base-exchanged hectorite.
PAR  Organic materials having a high dielectric constant, which are suitable for
      preparing a solvated hectorite, include amides, amines and glycols, for
      example, formamide, ethyleneglycol, 2-naphthylamine, glycerol, piperidine
      and the like. A polar amino-acid or the like is suitable for preparing a
      base-exchanged hectorite by ion-exchanging Li or Na co-ordinated between
      layers.
PAR  A sol of synthetic hectorite in which Li or Na co-ordinated between layers
      is replaced by other cations is condensed by evaporation until the water
      content of the sol becomes less than 10%. The condensed sol is bathed in
      the above organic solvent thereby having the organic solvent invade
      between layers. The resultant solution is a lipophilic viscous material.
      This lipophilic viscous material is used in combination with pigment as a
      paint, or it is used in combination with oil as a lubricant.
PAR  When a sol of hydrated hectorite particles is mixed with a organic solvent,
      the hydrated water co-ordinated between layers of the hectorite is
      replaced by the organic solvent. For example, a condensed sol of hectorite
      having a water content of 10% is mixed with 200-300% of an organic solvent
      such as acetone, benzol, xylol or the like in the presence of 0.5-1% of a
      cationic surface-active agent with stirring, and the hydration water
      co-ordinated between layers is replaced by the solvent while the mixture
      is being mildly stirred.
PAR  The sol of the hectorite particles of this invention is used in combination
      with a varnish type synthetic resin in the presence of 0.5- 1% of a
      surface-active agent to prevent charging with electricity to produce a
      plastic material. I.e., when the coating composition containing the
      hectorite particles and the resin (less than 40%) is dried by evaporation,
      a large amount of scaly hectorite particles are intimately overlapped in
      parallel, and a firmly adhered strong coating material having
      heat-resistant and insulating properties is obtained. In the same manner,
      a heat-resistant and insulating paper is prepared by coating the above
      coating composition on a substrate and peeling the resultant film off the
      substrate.
PAR  The above composition containing hectorite and resin may also be used for
      preparing an article of desired shape by employing an injection molding or
      casting technique.
PAR  Any type of synthetic resins may be employed in combination with the
      hectorite of this invention, provided that they are water-soluble or
      diluted with solvent.
PAR  Another characteristic of the hectorite of this invention is that it is
      thixotropic. That is, when a sol containing more than 10% of the hectorite
      is allowed to stand for a predetermined period of time, it is gelled to a
      solid, but such a gel easily returns to a sol again by applying a shear
      stress to the gel. Due to this thixotropic property, a mixture of the
      hectorite sol with ceramic minerals or organic materials is easily stirred
      by a mechanical means, and when the stirring is stopped, the hectorite sol
      having the ceramic minerals or organic materials uniformly dispersed is
      gelled to a solid thereby preventing the ceramic minerals or organic
      materials from precipitating or floating on the surface.
PAR  Thus, by using this thixotropic property, organic fibers such as pulp, wood
      fiber, synthetic fiber, flax and cotton; inorganic fibers such as glass
      fiber, rockwool, silica, alumina and mullite; ceramic minerals such as
      calcium carbonate, silica and clay; and a combination thereof may be mixed
      with the hectorite of this invention in an amount of 60-70% to produce an
      intimate mixture. Such a mixture may be dried until the moisture content
      of the mixture becomes about 3%, and molded into a product under a
      pressure. When untreated (not ion-exchanged) hectorite is used, the
      mixture is further dried to remove water content, and is ion-exchanged.
      The ion-exchanged mixture may be molded into a desired shape.
PAR  Still another characteristic of the hectorite of this invention is that it
      can be activated. That is, as mentioned above, the hectorite of this
      invention has Li or Na co-ordinated between layers, which can be
      ion-exchanged with other cations, and in the same manner Li or Na ions can
      be replaced by hydrogen so that the hectorite can be acidic and active.
      According to Hofmeister's series (H.sup.+&gt; Al.sup.3.sup.+ &gt; Ba.sup.2.sup.+
      &gt; Sr.sup.2.sup.+ &gt; Ca.sup.2.sup.+ &gt; Mg.sup.2.sup.+ &gt; NH.sup.+.sub.4 &gt;
      K.sup.+&gt; Li.sup.+), H.sup.+ is more easily adsorbed than other cations in
      the ion-exchange. The adsorption of H.sup.+ on the hectorite is carried
      out by electrolysis in a weakly acidic solution. H.sup.+ developed in the
      electrolysis is selectively adsorbed between layers of the hectorite. The
      adsorption of hydrogen ions is more preferably carried out by employing an
      electrodialysis technique since the purification of the hectorite also
      takes place at the same time. As another method, hydrogen ions may be
      adsorbed by bathing the hectorite in an acid solution such as HCl, H.sub.
      2 SO.sub.4 or the like.
PAR  The above prepared hectorite having hydrogen between layers is called
      "hydrogen-hectorite (H-hectorite)". H-hectorite is useful since the
      hydrogen ion therein ion-exchanges with polar organic ions and other
      cations. In the preparation of H-hectorite by using acid, a treating
      solution should have a pH value of 1-2 because a stronger acid leaches
      even Mg or Li out from an octahedron-layer of the crystal lattice of the
      hectorite. However, when H-hectorite is used as a catalyst, an imbalance
      in electric charges is required for it to be active, and therefore
      H-hectorite in which a small amount of Mg or Li is leached out is
      sometimes preferable depending on the use.
PAR  As mentioned above, an object of this invention is to provide a synthetic
      Li-hectorite or Na-hectorite which is easily swellable and cleaved into
      ultra-fine particles, and to prepare various products by using the
      cohesive force and ion-exchange capacity of the ultra-fine particles.
DETD
PAR  This invention is further illustrated by the following Examples.
PAC  EXAMPLE 1
PAR  Lithium oxide (2.62% by weight), magnesium fluoride (18.46% by weight),
      magnesium oxide (17.7% by weight) and silicic acid (63.22% by weight) were
      mixed in a dry powdery state to prepare 102 kg of mixture, and the mixture
      was intimately stirred in a ball mill for one hour. The resultant mixture
      was placed in an open electric furnace of 50 .times. 50 .times. 100 cm,
      the inside of which was lined with SK 32 fire-brick. Two graphite
      electrodes having a branch electrode of 7 cm.sup.2 were embedded in the
      center of the mixture, and the two graphite electrodes were disposed at
      counter positions by making the distance between the two electrodes 15 cm.
      The branch electrodes were short-circuited with graphite powder, and the
      mixture was melted in the first 15 minutes after turning on an electric
      current by the resistance heat of the graphite powder. The graphite powder
      disappeared by combustion. The melting of the mixture was continued for 3
      hours by using the melted mixture as a pyrogen, and the melt of the
      mixture was allowed to stand for 10 hours to obtain 25 kg of a crystal
      mass of synthetic Li-hectorite (Li.sub.0.33 Mg.sub.2.67 Li.sub.0.33
      (Si.sub.4 O.sub.10)F.sub.2).
PAR  This crystal mass was dipped in a tank containing 150 liters of distilled
      water, and the crystal mass was decomposed into a thick slurry by a
      swelling phenomenon in five hours. While mildly stirring the slurry for
      one hour, the slurry was dispersed in water in a uniform density, and
      glassy impurities and other impurities formed in the above melting step
      were deposited on the bottom of the tank. The Li-hectorite dispersion was
      poured into another tank containing 100 liters of distilled water without
      including the deposited impurities. The resultant dispersion was heated at
      80.degree.-90.degree.C with mild stirring, and was concentrated to obtain
      a uniform sol until the solid amount of Li-hectorite became 9-10%. The
      yield of the synthesized Li-hectorite sol was about 95%. According to a
      measurement by an electron microscope, the Li-hectorite dispersed in the
      state of sol had a thickness of 20-50 A and a particle size of 200-800 A.
PAC  EXAMPLE 2
PAR  Sodium fluoride (3.7% by weight), lithium fluoride (2.3% by weight),
      magnesium fluoride (10.8% by weight), magnesium oxide (20.9% by weight),
      and silicic acid (62.3% by weight) were mixed in a dry powdery state to
      prepare 5 kg of mixture. The mixture was placed in a crucible made from
      silicon carbide having a lid also made from silicon carbide. The crucible
      was then heated in a combustion flame of fuel oil for 2 hours. The mixture
      in the crucible was melted at 1,350.degree.C, and thereafter 4.7 kg of a
      crystal mass of (Na.sub.0.33 Mg.sub.2.67 Li.sub.0.33 (Si.sub.4
      O.sub.10)F.sub.2) was obtained. The crystal mass was then placed on a wire
      netting of 40 mesh, and collapsed into small pieces having a diameter of
      up to 5 mm in 2 hours on the wire netting when steam was contacted with
      the crystal mass through the bottom of the wire netting. The collapse
      pieces of the crystal mass were placed in a tank containing 50 liters of
      distilled water, and were mildly stirred to disperse the crystals in
      water. The crystal dispersion was poured into another tank containing 50
      liters of distilled water, and was stirred at room temperature for 2 hours
      to obtain 80 liters of sol containing 5% of synthesized Na-hectorite. The
      Na-hectorite dispersed in the sol state had a thickness of 10-50 A and a
      particle size smaller than 800 A.
PAC  EXAMPLE 3
PAR  1,250 cc of sol containing 10% of synthesized Li-hectorite prepared in
      Example 1 was poured into a stainless steel pan of 50 cm .times. 50 cm
      having a thickness of 2 mm and having a frame, the surface of the pan
      being coated with silicone varnish. The pan was shaked horizontally to
      make the depth of the sol uniformly 5 mm, and the sol was dried in an
      atmosphere of a relative humidity of 50 % at 20.degree.C for 10 hours. The
      sol was then further dried in a drier at 100.degree.C for 2 hours to
      obtain a film of 500 mm .times. 500 mm .times. 0.2 mm. The above prepared
      films were respectively dipped in the following solutions in enameled
      containers to carry out a cation-exchange. That is, the films were
      respectively dipped in KCl saturated solution for 70 hours;
      Ba(NO.sub.3).sub.2 saturated solution for 70 hours; Zn(NO.sub.3).sub.2
      saturated solution for  70 hours; AlCl.sub.3 saturated solutions for 70
      hours; 20% Pb(C.sub.2 H.sub.3 O.sub.2).sub.2 solution for 24 hours; 20%
      Bi(NO.sub.3).sub.3 solution for 50 hours; and 20% SbCl.sub.3 solution for
      50 hours to exchange Li co-ordinated between layers of the synthesized
      Li-hectorite with K.sup.+, Ba.sup.2.sup.+, Pb.sup.2.sup.+, Zn.sup.2.sup.+,
      Al.sup.3.sup.+, Bi.sup.3.sup.+, and Sb.sup.3.sup.+ respectively.
PAR  The ion-exchanged films were then dipped in distilled water for 24 hours
      and washed with water. The films were then dried in an atmosphere of a
      relative humidity of 60% at 20.degree.C for 10 hours. The films
      ion-exchanged with K and Ba were further dried at 100.degree.C for 2
      hours; 200.degree.C for 2 hours; 200.degree.-350.degree.C raising the
      temperature to 350.degree.C for 1 hour; 350.degree.-550.degree.C raising
      the temperature to 550.degree.C; for 1 hour and 550.degree.C for 1 hour.
      The films ion-exchanged with Pb, Al, Zn, Bi and Sb were further dried at
      100.degree.C for 2 hours; and at 250.degree.C for 2 hours.
PAR  The ion-exchange amount and the insulation resistance of the above prepared
      films were as follows:
TBL              Li amount      Insulation                                     
     Exchange ion                                                              
                 remaining (%)  resistance                                     
     ______________________________________                                    
     K           0.05           2,000 M.OMEGA.                                 
     Ba          0.05           2,000 M.OMEGA.                                 
     Pb          0              .infin.                                        
     Zn          0.03           5,000 M.OMEGA.                                 
     Al          0.03           .infin.                                        
     Bi          0              .infin.                                        
     Sb          0              .infin.                                        
     ______________________________________                                    
PAR  Films prepared in the same manner as the above procedure by using the
      synthesized Na-hectorite of Example 2 have substantially the same
      properties as those of the above films prepared by using the Li-hectorite
      of Example 1.
PAC  EXAMPLE 4
PAR  200 cc of a sol containing 3% of the Li-hectorite of Example 1 or
      Na-hectorite of Example 2 were poured into respective beakers, and to the
      beakers were added 20 g of AgNO.sub.3 ; 25 g of Pb(NO.sub.3).sub.2 ; 50 g
      of Zn(NO.sub.3).sub.2 --6H.sub.2 O; 25 g of SnCl.sub.2 --2H.sub.2 O; 140 g
      of Al(NO.sub.3).sub.3 --9H.sub.2 O; 25 g of Bi(NO.sub.3).sub.3 --5H.sub.2
      O; and 20 g of SbCl.sub.3 as ion-exchanging electrolytes. The respective
      ion-exchanges were carried out for 20 hours with vigorous stirring by a
      propeller to prevent the contents from cohering. After the ion-exchange,
      each of the ion-exchanged sols was decanted into a vacuum filter, and the
      filtrate was removed. The materials remained on the filter were washed
      with distilled water. The washed materials and 200 cc of distilled water
      were placed in the middle chamber or three chambers divided by porcelain
      diaphragm plates in an electrodialysis apparatus. Distilled water was
      placed in both side chamber, and graphite electrodes were respectively
      disposed by making the distance between the electrodes 15 cm. The
      electrodialysis was carried out for 30 minutes under a direct current of
      100 V and 50 mA, and dissociated Li.sup.+ and the remaining electrolytes
      were removed to obtain a sol having refined Li-hectorite or Na-hectorite
      uniformly dispersed therein. The sol was then dried and subjected to
      chemical analysis. The Li or Na amount remaining was in each case less
      than 0.05%.
PAC  EXAMPLE 5
PAR  Each colloid containing 10% of hectorite as prepared in Example 4 was
      coated on a glass cloth of 30 cm .times. 30 cm having a thickness of 0.05
      mm which was closely adhered to a polyethylene plate by impregnating it
      with water. The thickness of the coating was made about 3 mm by the use of
      a glass rod, and the coating was dried in an atmosphere of relative
      humidity of 60% at 30.degree.C for 10 hours. The coating was further dried
      in a drier at 100.degree.C for 1 hour and at 200.degree.C for 2 hours, and
      a hectorite-coated glass fiber film having a thickness of 0.15 mm was
      obtained. These films had almost infinite insulation resistance on the
      surface, and most of the films had a withstanding voltage of more than
      2300 V/0.1 mm, the lowest value being 1800 V/0.1 mm.
PAC  EXAMPLE 6
PAR  A sol of Pb-hectorite as prepared in Example 4 was condensed until the
      water content became 20%. 50 g of the condensed Pb-hectorite sol was added
      to 300 cc of xylene solution, and was rapidly stirred for 10 minutes. The
      solution was further stirred by ultra-sonic waves of 28 KC for 30 minutes
      and the Pb-hectorite was uniformly dispersed in the xylene solution. To
      the Pb-hectorite-dispersed xylene solution were added 10 g of epoxy resin
      and 3 g of glass fiber having a length of 1 cm and a fiber diameter of 20
      .mu.,  and the mixture was stirred by ultra-sonic waves for 20 minutes.
      The mixture was then coated on a fluoroplastic plate, and the thickness of
      the coating was made about 3 mm by the use of a glass rod. The coating was
      then dried in an atmosphere of relative humidity of 60% at 20.degree.C for
      5 hours, and further dried in a drier at 100.degree.C for 30 minutes and
      at 150.degree.C for 1 hour to obtain a film of 20 cm .times. 20 cm having
      a thickness of 0.2 mm. The above prepared film had a tensile strength of 7
      kg/mm.sup.2 and a withstanding voltage of 4 KV/0.1 mm.
PAC  EXAMPLE 7
PAR  200 g of a concentrated sol containing 30% of Al-hectorite as prepared in
      Example 4 were mixed with 40 cc of a sol containing 20% of alumina and 5
      cc of 80% phosphoric acid solution, and the mixture was fully stirred to
      obtain a viscous material. The viscous material was coated on a steel
      plate of 15 cm .times. 15 cm having a thickness of 2 mm, and the thickness
      of the coating was made about 3 mm. The coating was then dried in a drier
      at 50.degree.C for 2 hours, and further dried at 100.degree.C for 1 hour
      to obtain a heat-resistant film having a thickness of 0.5 mm on the steel
      plate. This film on the steel plate was heated at 1,000.degree.C for 1
      hour, but the film did not peel off from the steel plate.
PAR  A viscous material prepared in the same manner as above by mixing 20% of
      silica gel in place of the alumina gel was coated on a copper plate of 15
      cm .times. 15 cm having a thickness of 2 mm, and the coating was dried to
      obtain a film having a thickness of 0.5 mm. This film had the same
      heat-resistance as the film on the steel plate.
PAC  EXAMPLE 8
PAR  60 g of an aqueous mixture containing 65% of Li-hectorite as prepared in
      Example 1 were bathed in 300 cc of ethylamine in a beaker, and were
      stirred for 30 minutes to disperse in and react with ethylamine. The
      ethylamine was removed through a vacuum filter. The hectorite remaining on
      the filter was bathed in 150 cc of silicone oil, and was stirred by
      ultrasonic waves at 28 KC for 10 minutes. Consequently, the hectorite was
      swelled in the oil, and became gel-like. This product had excellent
      properties as a heat-resistant grease.
PAC  EXAMPLE 9
PAR  A sol of Li-hectorite as prepared in Example 1 was condensed until a gel
      containing 10% of Li-hectorite was obtained. To this gel were added glass
      fiber having a fiber length of about 5 cm and a diameter of 19 .mu. (100
      g), crushed palm shell fiber having a fiber length of 5 cm (50 g), 200
      mesh cristobalite (200 g) and 80% phosphoric acid solution (10 cc), and
      the mixture was stirred by a glass rod for 20 minutes. The mixture was
      heated and dried until the water content became 2%. The dried mixture was
      placed in a steel mold, and was press-molded under a pressure of 1,000
      kg/cm.sup.2 by an oil press to obtain a molded product of 30 .times. 30
      .times. 120 mm. The molded product was dried at 100.degree.C for 3 hours,
      and was then bathed in a KCl saturated solution for 100 hours to
      ion-exchange. The ion-exchanged product was then bathed in water for 24
      hours to wash it, and the washed product was dried at 100.degree.C for 3
      hours. This product had a cutting-resistance of 600 kg/cm.sup.2, and it
      was possible to process this product with a drill.
PAC  EXAMPLE 10
PAR  To 200 cc of a sol containing 2% of Li-hectorite as prepared in Example 1,
      was added 20 cc of 10% HCl solution, and the mixture was stirred by a
      propeller for 30 minutes. The mixture was filtered through a filter paper,
      and the hectorite remaining on the filter paper was washed by gradually
      dropping 300 cc of distilled water onto it. The washed hectorite was put
      into 150 cc of distilled water, and was stirred by ultra-sonic waves at 28
      KC to disperse it. According to a substitution test with barium chloride,
      it was proved that hydrogen-hectorite was formed in the sol.
PAC  EXAMPLE 11
PAR  300 cc of a sol containing 2% of Na-hectorite as prepared in Example 2 was
      placed in the middle chamber of three chamber equally divided by mullite
      diaphragms in a glass tank of 20 cm .times. 20 cm .times. 23 cm. Distilled
      water was placed in both side chambers, and graphite electrodes of 3 cm
      .times. 1 cm .times. 20 cm were respectively disposed by making the
      distance between the electrodes 10 cm. 5 cc of 10% HCl solution was put
      into the middle chamber. Electrodialysis was carried out for 30 minutes by
      stirring the contents in the middle chamber under a direct current of 100
      V and 70-100 mA while refreshing the distilled water in both side
      chambers. According to a substitution test with barium chloride, it was
      proved that hydrogen-hectorite was formed by the dialysis.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A sol of ultra-fine particles of synthetic hectorite, prepared by
      swelling and cleaving Li-hectorite having the formula Li.sub.1/3
      Mg.sub.2-2/3 Li.sub.1/3 (Si.sub.4 O.sub.10)F.sub.2 or Na-hectorite having
      the formula Na.sub.1/3 Mg.sub.2-2/3 Li.sub.1/3 (Si.sub.4 O.sub.10)F.sub.2
      in water or an organic solvent, and ion-exchanging the Li or Na ions
      co-ordinated between the lattice layers of the hectorite with a
      non-hydratable cation selected from the group consisting of K.sup.+,
      Ag.sup.+, Cu.sup.+, Ba.sup.2.sup.+, Pb.sup.2.sup.+, Sn.sup.2.sup.+,
      Zn.sup.2.sup.+, Al.sup.3.sup.+, Bi.sup.3.sup.+ and Sb.sup.3.sup.+
NUM  2.
PAR  2. A heat-resistant and insulating film-like product prepared by spreading
      the sol of claim 1 on a flat surface, drying it to remove the water or
      organic solvent therefrom, and removing the film-like product from the
      flat surface.
NUM  3.
PAR  3. A heat-resistant and insulating film-like product prepared by mixing the
      sol of claim 1 with a filler selected from the group consisting of organic
      fibers, inorganic fibers, ceramic minerals and mixtures thereof, spreading
      the thus-prepared mixture on a flat surface, drying it to remove the water
      or organic solvent therefrom and removing the film-like product from the
      flat surface.
NUM  4.
PAR  4. A heat-resistant and insulating film-like composite product prepared by
      coating the sol of claim 1 onto a substrate selected from the group
      consisting of metals, ceramics and organic films and drying the sol to
      produce a composite heat-resistant insulating film-like product.
NUM  5.
PAR  5. A heat-resistant and insulating film-like composite product prepared by
      mixing the sol of claim 1 with a filler selected from the group consisting
      of organic fibers, inorganic fibers, ceramic minerals and mixtures
      thereof, spreading the thus-prepared mixture onto a substrate selected
      from the group consisting of metals, ceramics and organic films and drying
      the mixture to produce the film-like composite product.
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ABST
PAL  A soap bar which is embossed with a religious design on one side and a
      prayer on the other side.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a soap bar which is embossed with religious
      markings and particularly a bar of soap embossed on one face with a
      religious design and on another face with the words of a prayer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a plan view of the top face of a bar of soap;
PAR  FIG. 2 is a side view of the bar of soap; and
PAR  FIG. 3 is a plan view of the bottom face of the bar of soap.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1-3
      illustrate the bar of soap which is embossed on the top face with the
      markings 11 of a crucifixion scene, and on the opposing face with the
      markings 13 of a prayer. A side face may be embossed with markings 12 of
      the designer or producer of the soap bar 10.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the U.S. is:
NUM  1.
PAR  1. A bar of soap which is embossed with religious markings.
NUM  2.
PAR  2. The combination as recited in claim 1 in which a crucifixion scene is
      embossed on one face of the bar.
NUM  3.
PAR  3. The combination as recited in claim 2 in which the words of a prayer are
      embossed on an opposing face of the bar.
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ABST
PAL  Effervescent denture cleanser having excellent plaque-removing properties.
      It comprises a source of free chlorine, such as a dichloroisocyanurate,
      and a peroxygen compound effervescently reactive therewith in water, so as
      to give a denture soaking solution containing at least 100 ppm active
      chlorine and having a pH of at least about 9, preferably at least 10, and
      more preferably about 10.6 to 11.5.
BSUM
PAR  This invention relates to effervescent denture cleansers, particularly
      suitable for the removal of the plaque which forms on dentures when they
      are worn in the mouth. In using the denture cleansers of this invention
      the denture may be simply soaked for a relatively short period of time in
      water in which the denture cleanser, in tablet or powder form, has been
      placed. No mechanical stirring is required; the effervescence of the
      composition is sufficient to effect sufficient agitation and rapid
      dissolution of the solid composition in the water.
PAR  Effervescent denture cleansers have long been known in the art. Most of
      those presently on the market derive their cleansing efficiency mainly
      from peroxy compounds which provide active oxygen. While the active oxygen
      does show a good bleaching action, e.g. on certain dyes, it has relatively
      poor plaque-removing properties. Various peroxygen type denture cleansers
      are described in U.S. Pat. Nos. 2,498,343; 2,498,344; 2,931,776; and
      3,243,377.
PAR  Another type of denture cleanser on the market uses strong acidic
      solutions. This too has poor plaque removing properties.
PAR  Still another type of denture cleanser, described in U.S. Pat. No.
      3,113,111, derives its cleansing efficacy mainly from an active chlorine
      source and has good plaque-removing properties. It is not, however,
      effervescent and has a relatively slow rate of dissolution unless stirred
      mechanically.
PAR  Effervescent denture cleansers made with sodium perborate monohydrate and
      sodium dichloroisocyanurate have been suggested (as in the bulletins of
      the FMC Corp., which is a supplier of both these ingredients). These
      cleansers contain, for instance, 9 to 12 % of the perborate and 2-4 % of
      the diisocyanurate together with certain alkaline ingredients (to give a
      pH of about 7.3-8.1) and are used in amount to provide about 200 ppm
      active oxygen and substantially no hypochlorite chlorine. Like other
      conventional peroxygen-type denture cleansers they have poor
      plaque-removing properties.
PAR  In accordance with one aspect of this invention there is provided a solid
      denture cleanser composition which, on addition to water, effervesces and
      dissolves quickly giving a solution which is highly effective for the
      removal of plaque from dentures soaked therein for relatively short
      periods of time. The solid composition, in dry powder or tablet form, is
      substantially stable on storage.
PAR  One form of denture cleanser in accordance with the invention is an
      alkaline mixture containing a chlorine compound which liberates
      hypochlorite chlorine on contact with water and a peroxygen compound which
      reacts with a component of said mixture in water to liberate oxygen, the
      proportions of the ingredients being such that, when the composition is
      incorporated into the water in which the denture is to be soaked, the
      concentration of active chlorine in the water is at least about 100 ppm
      (preferably above about 400 ppm such as in the range of 500 to 1500 ppm)
      and the pH of the water is at least about 9, preferably at least 10, more
      preferably above 10.5; a particularly suitable range is about 10.6-11.5.
      The concentration of active chlorine in the water can be readily measured
      by conventional chemical analysis such as by addition of potassium iodide
      to the solution and titration for the amount of iodine (the latter being
      liberated from the KI by the action of the active chlorine); this analysis
      can be made conveniently just after bubbling substantially ceases.
PAR  The alkalinity of the composition may be provided by the includion therein
      of a suitable amount of an alkaline material such as an anhydrous alkaline
      alkali metal salt.
PAR  A particularly suitable chlorine compound which liberates hypochlorite
      chlorine on contact with water is a heterocyclic N-chloro imide, e.g., a
      chloroisocyanurate such as sodium dichloroisocyanurate, potassium
      dichloroisocyanurate, or trichloroisocyanuric acid, or a complex salt of
      two or more of these materials, e.g.
      [(mono-trichloro)-tetra-(monopotassium-dichloro)] penta-isocyanurate.
      Other N-chloro imides which may be used are sodium
      p-toluenesulfonohloramide, N,N-dichloro-p-toluenesulfonamide, sodium
      benzenesulfonchloramide, N,N-dichlorobenzenesulfonamide,
      N-chlorosuccinimide. Still other compounds which liberate hypochlorite
      chlorine on contact with water are other imides such as N-chloro
      malonimide, N-chloro phthalimide and N-chloro naphthalimide, the
      hydantoins such as 1,3-dichloro-5,5-dimethyl hydantoin;
      N-monochloro-C,C-dimethylhydantoin; methylene-bis
      (N-chloro-C,C-dimethylhydantoin;
      1,3-dichloro-5-methyl-5-isobutyl-hydantoin;
      1,3-dichloro-5-methyl-5-ethylhydantoin;
      1,3-dichloro-5,5-diisobutylhydantoin;
      1,3-dichloro-5-methyl-5-n-amylhydantoin, and the like. Other
      hypochlorine-liberating agents are trichloromelamine and dry, particulate,
      water-soluble anhydrous inorganic salts such as lithium hypochlorite and
      calcium hypochlorite. It will be understood that two or more of the
      chlorine compounds may be employed in admixture.
PAR  The peroxygen compound is one which yields active oxygen on admixture with
      water. It may, for example, be a peroxyhydrate or hydrogen peroxide
      addition compound as described, for instance in Kirk-Othmer Encyclopedia
      of Chemical Technology first edition Vol. 10, published 1953, pages 49ff,
      which may comprise a borate, carbonate or phosphate. Particularly suitable
      compounds of this type are sodium perborate monohydrate and sodium
      carbonate peroxyhydrate (such as Na.sub.2 CO.sub.3.11/2  H.sub.2 O.sub.2).
      Other very suitable peroxygen compounds are monopersulfates such as
      potassium monopersulfate, KHSO.sub.5. Other peroxygen compounds which may
      be present are, for instance, succinic acid peroxide, sodium peroxide and
      calcium peroxide.
PAR  Particularly suitable materials to provide the alkalinity of the
      composition are trisodium phosphate (a compound which in dilute aqueous
      solution, e.g. at 0.1-1 % concentration, has a pH of 11.5-11.9) or sodium
      carbonate (whose dilute aqueous solutions have a pH which is generally
      above 11). Another highly alkaline salt is sodium metasilicate. Less
      alkaline salts, such as NaHCO.sub.3, Na.sub.2 HPO.sub.4, pentasodium
      tripolyphosphate and tetrasodium pyrophosphate may also be present in
      admixture with the more alkaline compounds. The alkalinity, or a portion
      thereof, may also be provided by suitable hydroxides or peroxides, e.g.
      NaOH or sodium peroxide.
PAR  The ingredients of the composition are preferably of sufficiently low water
      content that the composition is stable on storage, e.g. it retains over 90
      % of its active oxygen and chlorine contents, and preferably over 95 %
      thereof, on storage for 30 days at room temperature (e.g. 25.degree.C) in
      a sealed container; preferred compositions retain over 95 % of said
      contents for at least 180 days under these conditions. To this end the
      alkalinity-imparting material employed, and the other components, are
      preferably substantially anhydrous.
PAR  The denture cleansers of the invention are typically intended for use in
      concentrations of about 2 to 5 grams (preferably about 3 to 4 grams) per
      120 ml. of water.
PAR  In the most preferred forms of the invention, the metallic cations present
      in the compositions are substantially entire sodium and/or potassium.
      These may be replaced, at least in part, by other appropriate cations
      (such as Mg, Li, Ca, Sr, Ba), it being preferred that compounds which are
      water-soluble be employed.
PAR  In one form of the invention the peroxygen compound is one which reacts
      with the chlorine compound and is decomposed by that reaction to liberate
      oxygen gas, causing effervescence. For example the reaction of sodium
      dichloroisocyanurate and a hydrogen peroxide addition compound such as
      sodium perborate monohydrate in the presence of trisodium phosphate may be
      represented by the following equation:
      ##EQU1##
      In that equation the two molecules of sodium perborate are equivalent to
      two atoms of active oxygen and the one molecule of sodium
      dichloroisocyanurate is equivalent to two atoms of active chlorine, so
      that there is a 1:1 ratio of active chlorine to active oxygen in the
      components. It is preferred that this ratio be greater than 1:1 in the
      components, such as at least 1.1:1. For best results, in terms of vigorous
      effervescence providing rapid dissolution and rapid homogeneous mixing
      with high plaque removal effectiveness, it is preferred that this ratio be
      about 2:1 to 3:1 or more; that is, the preferred amounts provide at least
      about two atoms (and more preferably about 2.2 atoms) of hypochlorite
      chlorine, from the chlorine compound, for each atom of active oxygen.
PAR  The preferred proportions are such as to provide sufficient effervescence
      that the composition (in the form supplied, e.g. as a tablet or as
      granules) dissolves substantially completely in water (e.g. in 120 ml of
      water at 49.degree.C, using about 3-4 grams of composition) in well below
      10 minutes, and generally less than 5 minutes, e.g. about 2 to 4 minutes,
      without mechanical stirring. It should be noted that, in the absence of
      the effervescent effect, certain water-soluble materials present in the
      dry composition do not go into solution quickly; for instance, anhydrous
      trisodium phosphate powder when brought into contact with water tends to
      hydrate and form clumps or lumps which are slow to dissolve. The peroxygen
      compound is preferably present in an amount having an active oxygen
      content of more than 0.1 % of the total composition, such as in the range
      of about 0.2 to 2 % (e.g. about 0.4 to 1.3 %) active oxygen.
PAR  As indicated above, effervescence can be produced by the reaction of the
      chlorine compound and a hydrogen peroxide addition product. No
      effervescing reaction takes place when a simple blend of a monopersulfate
      (such as potassium monopersulfate) and the chlorine compound is placed in
      water. When, however, the trisodum phosphate is present in admixture with
      this blend vigorous effervescence occurs. This is believed to be due to a
      reaction between the trisodium phosphate and the monopersulfate yielding
      oxygen gas; it is within the broader scope of this invention to employ
      this reaction for forming other effervescent denture cleansers, such as
      cleansers having no active chlorine. Vigorous effervescence also occurs
      when a carbonate such as sodium carbonate is present in admixture with
      such a blend (of monopersulfate and chlorine compound); in that case it is
      believed that the gas is, at least in part, carbon dioxide. In any case,
      in the preferred cleansers the effervescence is substantially complete in
      less than 10 minutes, such as about one to five minutes.
PAR  The chlorine compound is preferably present in an amount having an active
      chlorine content of over 0.2% (e.g. about 1-10%, more preferably about 2
      to 8%) of the total composition in addition to any amount of active
      chlorine that is consumed in the effervescent reaction.
PAR  In one preferred form of the invention the composition contains a plurality
      of oxidizable dyes which are oxidized at different rates to serve as a
      time lapse indicator to enable the user to know how long the denture has
      been soaking and thus to know when to remove it from the soak solution if
      longer term soaking is not desired. One dye, whose color predominates
      initially, is of a type which is more rapidly bleached than the other. For
      instance, the composition may contain a blue dye (such as FD&C Green No.
      3) mixed with a smaller amount of a more oxidation-resistant red dye (such
      as FD&C Red No. 3). The solution is initially blue when the tablet is
      dropped into warm water (e.g. at 120.degree.F, 49.degree.C); after 7
      minutes the color changes to purple, because the blue dye has been so
      bleached that the effective concentrations of blue and red are now
      similar, giving a purple appearance; after 3 more minutes the blue has
      been practically all bleached out and the solution is thus pink in color,
      owing to the continued presence of the red dye; after about 35 more
      minutes (i.e. a total of about 45) the solution has become colorless. The
      use of a plurality of dyes in this manner constitutes another feature of
      this invention and, in its broader aspects, this feature may be used in
      other denture cleanser compositions, such as known non-effervescent
      compositions providing active chlorine or even known compositions
      providing other bleaching species such as active oxygen. Usually the
      proportion of dye or other coloring agent is less than 1%, preferably less
      than 1/2% of the composition. The time periods at which color changes
      occur can be controlled by the proportions of the dyes; e.g. an increase
      in the amount of the readily bleachable blue dye in the composition causes
      the color change to occur after a longer soaking time. Preferably the
      proportions are such that a color change occurs within several minutes,
      but less than one hour, from the time that the cleanser and water are
      brought together.
PAR  The denture cleanser may also contain a surfactant in amount sufficient to
      promote foaming during effervescence (e.g. about 0.01 to 1%, such as about
      0.1%). The surfactant may be of any of the well known types (e.g. anionic,
      nonionic, cationic, amphoteric); thus it may be an anionic surfactant
      having a long hydrophobic alkyl chain (e.g. of about 8-20 carbon atoms)
      attached to a hydrophilic ionic portion such as sulfate or sulfonate
      radical (e.g., sodium lauryl sulfate). See U.S. Pat. No. 2,498,344 of Feb.
      21, 1950, column 6, for a discussion of the use of wetting agents in
      effervescing denture cleaners.
PAR  The composition may be conveniently formed into tablets, by conventional
      techniques, as by mixing the powders together and subjecting them to
      tabletting pressure. The compositions may contain conventional tabletting
      aids, such as binders and/or lubricants and/or disintegrating aids for
      this purpose. Examples of these materials, which are preferably
      substantially inert under the conditions to which the compositions are
      subjected, are well known in the art. Thus, one may employ the materials
      listed in "Remington's Practice of Pharmacy" by Martin and Cook, 12th
      edition (published 1961 by Mack Publishing Company, Easton, Pa., and the
      tabletting techniques described there, as at p.443-454. Among these
      materials are, for instance, glucose, gum acacia, gelatin, sucrose,
      starches, talc, magnesium stearate, polyethylene glycol of various average
      molecular weights (e.g. 600 or 4000), etc. The tabletting aids are
      generally present in total amount which is less than half (usually well
      below 40%) of the total weight of the composition. The size of the tablet
      may vary, generally its volume is in the range of about 1 to 5 cc, such as
      about 3  cc.
PAR  The composition may also be in the form of a powder, e.g. small granules
      having particle sizes within the range such as to pass through a 10 or 20
      mesh sieve and be retained on, say a 40 mesh sieve (all sieve sizes herein
      being U.S. Standard). It is preferable that most of the granules have
      substantially the same overall composition, so that the individual
      granules will be effervescent. To this end the granules may be produced by
      thoroughly mixing finely powdered ingredients, forming the uniform mixture
      into tablets, then breaking up the tablets mechanically, and screening to
      obtain the desired sizes of granules. Other known techniques for forming
      granules of substantially uniform composition may be employed.
DETD
PAR  The following Examples are given to illustrate this invention further.
      Unless otherwise stated, all proportions in this application are by
      weight.
PAC  EXAMPLES 1-5
PAR  The following are formulations for making suitable effervescent denture
      cleaning tablets.
TBL  __________________________________________________________________________
                      1     2     3     4     5                                
     __________________________________________________________________________
     Fragrance         1.0000%                                                 
                            1.500%                                             
                                   1.0000%                                     
                                         1.0000%                               
                                              1.0000                           
     Amaranth (FD&C Red No. 2)                                                 
                      --    --    --    --    0.0200                           
     Erythrosin (FD&C Red No. 3)                                               
                      0.0025                                                   
                            0.0025                                             
                                  0.0025                                       
                                        0.0025                                 
                                              --                               
     Fast Green (FD&C Green No. 3)                                             
                      0.0200                                                   
                            0.0200                                             
                                  0.0200                                       
                                        0.0200                                 
                                              --                               
     Violet 5NB (FD&C Violet No. 1)                                            
                      --    --    --    --    0.0400                           
     Sodium lauryl sulfate                                                     
                      0.1000                                                   
                            0.1000                                             
                                  0.1000                                       
                                        0.1000                                 
                                              0.1000                           
     Polyox WSR N-10  1.0000                                                   
                            2.0000                                             
                                  10.0000                                      
                                        10.0000                                
                                              10.0000                          
     Sodium perborate monohydrate                                              
                      7.0000                                                   
                            7.0000                                             
                                  7.0000                                       
                                        --    --                               
     Sodium dichloroisocyanurate                                               
                      17.0000                                                  
                            17.0000                                            
                                  17.0000                                      
                                        8.0000                                 
                                              --                               
     Potassium dichloroisocyanurate                                            
                      --    --    --    --    9.0000                           
     Hydrolyzed Cereal Solids                                                  
                      --    --    15.0000                                      
                                        15.0000                                
                                              15.0000                          
     Potassium monopersulfate                                                  
                      --    --    --    16.0000                                
                                              16.0000                          
     Sodium peroxide  --    --    --    --    1.0000                           
     Anhydrous sodium carbonate                                                
                      --    --    --    --    47.8795                          
     Anhydrous trisodium                                                       
                      73.8775                                                  
                            72.3775                                            
                                  49.8775                                      
                                        49.8775                                
                                              --                               
     phosphate                                                                 
     __________________________________________________________________________
PAR  The tablets are made by intimately mixing fine powders of the materials
      (particle size such that 95% or more of each powder passes through a 100
      mesh sieve) and pressing the mixture in a rotary tabletting press, using
      maximum pressure of 10,000 lbs/in.sup.2 to a hardness of about 10 to 12
      Strong-Cobb units. The mass of each tablet is about 3.6 grams and its
      volume is about 3cc (e.g. a round flat tablet 1 inch in diameter and about
      three-eighths inch in thickness). The Polyox WSR N-10 is a water-soluble
      solid ethylene oxide polymer of molecular weight about 100,000 which acts
      as a binder, lubricant and disintegrant; the hydrolyzed cereal solids,
      which serves as a disintegrant, is a water-soluble material sold as "1918
      Mor-Rex" by CPC International Inc. containing polysaccharides (about 4%
      di-, 5% tri, 4% tetra-, 4% penta-, 82% hexa- and above) and 1% glucose.
      The dry compositions contain small amounts of water; thus the
      manufacturer's specifications for the hydrolyzed cereal solids, as sold,
      indicate that it contains up to about 5% water; commercial anhydrous
      trisodium phosphate has up to 11/2 % water; commercial anhydrous sodium
      carbonate has up to 1% water; the manufacturer's specifications for the
      Polyox material indicate it has up to 5% water.
PAR  When the tablet of Example 3 is placed in 120 ml water at 49.degree.C and
      the 3.6 g tablet is permitted to effervesce completely in the water the pH
      of the resulting solution is 11.35; the pH does not change materially
      during soaking of the denture therein. Measurements of active chlorine
      content of the solution (using the tablet of Example 3) are as follows:
      the time period after the tablet is dropped into the water being indicated
      in parentheses: 720 ppm (14 minutes), 711 (20 minutes), 693 (0.8 hour),
      677 (1.5 hours), 677 (2 hours), 391 (18 hours), 320 ppm (24 hours) 8.8 ppm
      (141 hours); the active chlorine content at the outset (e.g. after the 14
      minute period) is in the neighborhood of 80% of the active chlorine
      content calculated from the proportions of diisocyanurate and sodium
      perborate, taking into account the equation, given above, for the reaction
      of these components, thus indicating that some of the active chlorine is
      consumed in reactions with other components of the tablet.
PAR  It will be noted that Example 5 contains also sodium peroxide to provide an
      active oxygen source of greater alkalinity in view of the loss of sodium
      carbonate by reaction with the potassium monopersulfate. Even with this
      addition the pH of the solution is only about 10.25 and the product is not
      preferred.
PAC  EXAMPLES 6-10
PAR  The following are formulations for making suitable effervescent denture
      cleansers, in granular form.
TBL  __________________________________________________________________________
                      6     7     8     9     10                               
     __________________________________________________________________________
     Fragrance         1.0000%                                                 
                             1.0000%                                           
                                   1.0000%                                     
                                         1.0000%                               
                                               1.0000%                         
     Erythrosin (FD&C Red No. 3)                                               
                      0.0025                                                   
                            --    0.0025                                       
                                        --    --                               
     Fast Green (FD&C Green No. 3)                                             
                      0.0200                                                   
                            --    --    --    0.0200                           
     Amaranth (FD&C Red No. 2)                                                 
                      --    0.0040                                             
                                  --    --    --                               
     Malachite Green  --    0.1000                                             
                                  --    0.1000                                 
                                              --                               
     Violet 5NB(FD&C Violet No. 1)                                             
                      --    --    0.4000                                       
                                        0.0400                                 
                                              --                               
     Polyox WSR N-10  5.0000                                                   
                            5.0000                                             
                                  5.0000                                       
                                        5.0000                                 
                                              5.0000                           
     Sodium perborate monohydrate                                              
                      4.9000                                                   
                            3.0000                                             
                                  --    --    4.0000                           
     Sodium dichloroisocyanurate                                               
                      11.7000                                                  
                            8.0000                                             
                                  --    --    4.0000                           
     Potassium dichloroisocyanurate                                            
                      --    --    9.0000                                       
                                        9.0000                                 
                                              --                               
     Hydrolyzed cereal solids                                                  
                      10.0000                                                  
                            10.0000                                            
                                  10.0000                                      
                                        10.0000                                
                                              10.0000                          
     Potassium monopersulfate                                                  
                      --    10.0000                                            
                                  10.0000                                      
                                        10.0000                                
                                              --                               
     Anhydrous sodium carbonate                                                
                      --    --    64.5975                                      
                                        --    --                               
     Anhydrous trisodium phosphate                                             
                      67.3775                                                  
                            62.8960                                            
                                  --    64.8600                                
                                              69.9800                          
     Trichloroisocyanuric Acid                                                 
                      --    --    --    --    6.0000                           
     __________________________________________________________________________
PAC  EXAMPLE 11
PAR  A tablet is prepared as, in Examples 1-5, from a mixture of powders of the
      following ingredients: 3% sodium carbonate peroxyhydrate (14.19% active
      oxygen content); 14% sodium dichloroisocyanurate; 15% of the hydrolyzed
      cereal solids of Examples 3-10; 10% of the ethylene oxide polymer of
      Examples 1-10; 0.1% sodium lauryl sulfate; 1% fragrance; 0.02% FD&C Green
      No. 3; 56.88% anhydrous trisodium phosphate. A solution formed from the
      tablet, as in Example 1, shows an active chlorine content (measured about
      20 minutes after the tablet is added to the water) of about 1270 ppm.
PAC  EXAMPLE 12
PAR  Example 11 is repeated but the content of sodium carbonate peroxyhydrate is
      increased to 4.5% and the trisodium phosphate content is correspondingly
      reduced to 55.38%. The active chlorine content of the solution measured as
      in Example 11 is about 850 ppm.
PAC  EXAMPLE 13
PAR  Example 11 is repeated but the content of sodium carbonate peroxyhydrate is
      increased to 6% and the trisodium phosphate content is correspondingly
      reduced to 53.88%. The active chlorine content of the solution measured as
      in Example 11 is about 640 ppm.
PAR  The pH values of the solutions formed from the tablets of Examples 11 to 13
      (using a 3.6g tablet in 120 ml of water) are in the range of about 11.2 to
      11.3. For the solutions formed from the compositions of Examples 6 and 8
      (using the same concentrations) the pH values are 11.5 and 10.45.
PAC  EXAMPLE 14
PAR  The denture cleanser of this Example is a mixture of dry fine powders,
      comprising 7% powdered sodium perborate monohydrate, 17% powdered sodium
      dichloroisocyanurate and 76% powdered anhydrous trisodium phosphate. In
      use, 2 grams of the mixture is placed in a vessel and 60 ml of warm tap
      water (at 49.degree.C) is added without stirring. Vigorous effervescence
      occurs. The resulting solution, having a pH of about 11.4 to 11.5 and
      containing in the neighborhood of 1560 ppm of active chlorine, is very
      suitable for cleaning dentures by soaking.
PAC  EXAMPLE 15
PAR  The denture cleanser of this Example is a mixture of dry fine powders,
      comprising 7.7% powdered sodium perborate monohydrate, 18.7% powdered
      sodium dichloroisocyanurate, 65.2% powdered Na.sub.2 HPO.sub.4 and 8.4%
      powdered anhydrous trisodium phosphate. In use, 4.5 grams of the mixture
      is placed in a vessel and 120 ml of warm tap water (at 43.degree.C) is
      added without stirring. Vigorous effervescence occurs. The resulting
      solution, having a pH of about 9.0, is effective for cleaning dentures by
      soaking. Much better results are obtained when the relative proportions of
      Na.sub.2 HPO.sub.4 and Na.sub.3 PO.sub.4 are varied (to change the weight
      ratio of these components to 0.87:1) so as to give a pH of 10.6.
PAR  On standing, the solutions formed from the compositions of Examples 1-4 and
      6 (which contain Erythrosin and Fast Green) show the color changes
      described earlier. The solutions of Example 5 and 8 change from violet to
      purple to pink; the solution of Example 7 changes from green to gray to
      pink.
PAR  The denture cleansers of this invention form soaking solutions which are
      safe and non-toxic and can be removed readily from the denture, by simple
      rinsing with running water.
PAR  The content of active chlorine can be determined by conventional analysis
      as follows: Cool the solution to room temperature, then add (to 120 ml of
      the solution) one gram of potassium iodide; this causes the solution to
      turn brown owing to the liberation of iodine by the action of the active
      chlorine. Then titrate with 0.1 N aqueous solution of sodium thiosulfate
      until the brown color just disappears, then acidify with 3 ml of 50%
      aqueous solution of H.sub.2 SO.sub.4 (which causes the solution to turn
      brown again), continue titrating with the sodium thiosulfate until the
      solution becomes light yellow, then add starch which causes the solution
      to turn blue (owing to the reaction of the starch with the remaining
      iodine) and then titrate with the sodium thiosulfate until the blue color
      disappears. The calculation of the ppm of active chlorine based on the
      volume of sodium thiosulfate solution used for titration is conventional.
PAR  The plaque removal and bleaching actions of denture cleansers may be
      measured in the following manner: A denture worn by a person for 16-24
      hours without cleaning is rinsed in water to remove saliva and the loose
      food particles. It is then stained in a 1% aqueous solution of a red dye
      (erythrosin) for 2 minutes to disclose the location and amount of oral
      deposit (plaque) on the denture. The plaque is stained in red color. The
      deeper the red color of the denture, the heavier the plaque accumulation.
      The stained denture is passed through seven rinses of water to remove the
      excessive dye not adhering to the plaque. The denture may then be
      photographed (e.g. with color slide transparency) for the purpose of
      recording its appearance. For a bleaching efficacy test, the stained
      denture is cleaned with the particular denture cleanser product according
      to its instructions, the denture is then passed through seven rinses of
      water to remove the residual cleansing ingredients and photographed. The
      lighter the red color of the denture, the greater the bleaching efficacy
      of that denture cleanser being tested. For cleansing efficacy (plaque
      removal) test the denture is stained once again for 2 minutes in 1%
      erythrosin solution and passed through seven rinses of water and then
      photographed. The lighter the red color on the denture, the greater the
      cleansing (plaque-removing) efficacy of that denture cleanser product.
PAR  A typical denture cleanser of this invention will remove plaque from a
      denture which has been worn, say, about 16 hours, to the following extent:
      about 85% of the plaque is removed if the denture is soaked for about 7
      minutes in a warm (110.degree.-120.degree.F, 43.degree.-49.degree.C)
      solution of the denture cleanser (using about 4 grams of cleanser in 120
      ml water); at total soaking periods of 10, 15 and 30 minutes the
      percentages of plaque removal are 90%, 93% and 100%, respectively. With
      the multicolor changes (owing to the use of two different dyes) described
      above, the denture wearer can obtain the degree of cleaning he desires
      consistent with the available soaking time. Conventional effervescent
      denture cleansers based on active oxygen show very much lower plaque
      removal.
PAR  Conventional dentures are composed of porcelain or organic plastic teeth
      (e.g. of acrylic resin) set into an organic plastic base (e.g. of an
      acrylic resin such as polymerized methyl methacrylate) which is colored
      pink to simulate the gums of the wearer. The plaque accumulates on the
      teeth and on the base as well.
PAR  As is well known in the art, certain combinations of active chlorine and
      nitrogen compounds (e.g. ammonium salts, urea peroxide) yield nitrogen
      chloride which is a toxic gas. It is of course preferable to use such
      ingredients and proportions that formation of significant amounts of
      nitrogen chloride is avoided.
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that variations may be made therein without
      departing from the spirit of the invention. The "Abstract" given above is
      merely for the convenience of technical searchers and is not to be given
      any weight with respect to the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A solid denture cleanser which on mixing with water effervesces and
      dissolves in the water to form a solution for soaking dentures, said
      cleanser comprising a dry stable mixture of a peroxygen compound which
      yields active oxygen on admixture with water and a chlorine compound which
      liberates hypochlorite chlorine on contact with water, said peroxygen
      compound being reactive with the components of said mixture in the
      presence of said water to liberate bubbles of gas effervesantly, said
      chlorine compound being present in amount sufficient to provide an amount
      of hypochlorite chlorine such that the atomic ratio of hypochlorite
      chlorine to active oxygen of said peroxygen compound is at least greater
      than about 1.1:1 whereby to provide at least about 100 ppm. of
      hypochlorite chlorine in water solution after oxygen formation has ceased
      and an alkaline material comprising a water-soluble anhydrous, alkaline
      salt which is sufficiently alkaline to give a pH of at least about 9.
NUM  2.
PAR  2. A cleanser as in claim 1 further containing from about 0.01 to 1% of
      surfactant selected from the group consisting of anionic, nonionic,
      cationic and amphoteric surfactants capable of promoting foaming.
NUM  3.
PAR  3. A cleanser as in claim 1 further containing at least one tabletting aid
      selected from the group consisting of binders, lubricants and
      disintegrating aids substantially inert under the conditions of use of the
      cleanser, the total amount of said tabletting aid being less than 50% of
      the total weight of cleanser composition.
NUM  4.
PAR  4. A cleanser as in claim 5 wherein said tabletting aid is selected from
      the group consisting of glucose, gum acacia, gelatin, sucrose, starches,
      talc, magnesium stearate and polyethylene glycol having a molecular weight
      of from 600 to 4,000.
NUM  5.
PAR  5. A cleanser as in claim 3 in the form of a tablet having a volume of from
      about 1 to 5 cc.
NUM  6.
PAR  6. A cleanser as in claim 3 in the form of a powder the granules of which
      have particle sizes within the range such as to pass through a U.S.
      Standard 10 or 20 mesh sieve and be retained on a U.S. Standard 40 mesh
      sieve.
NUM  7.
PAR  7. A cleanser as in claim 1 in which said alkaline material is present in
      amount to give a pH of above about 10.5.
NUM  8.
PAR  8. A cleanser as in claim 1 in which said peroxygen compound comprises
      sodium perborate monohydrate, potassium monopersulfate or sodium carbonate
      peroxhydrate or mixtures thereof and said chlorine compound comprises
      sodium or potassium dichloroisocyanurate, trichloroisocyanuric acid, or
      mixtures thereof, and said alkaline material comprises sodium carbonate or
      trisodium phosphate or mixtures thereof.
NUM  9.
PAR  9. A cleanser as in claim 1 in which said atomic ratio is at least about
      2:1.
NUM  10.
PAR  10. A cleanser as in claim 9, the proportions and nature of the ingredients
      thereof being such that when 3.6 grams of the composition is mixed with
      120 ml of water, at the conclusion of the effervescence the pH of the
      resulting solution is about 10.6 to 11.5 and the active chlorine content
      of the resulting solution is at least 100 ppm.
NUM  11.
PAR  11. A cleanser as in claim 10 in which said active chlorine content is up
      to about 1500 ppm.
NUM  12.
PAR  12. A cleanser as in claim 11 in which said active chlorine content is
      above about 400 ppm.
NUM  13.
PAR  13. A cleanser as in claim 10 in which said atomic ratio is in the range of
      about 2:1 to 3:1.
NUM  14.
PAR  14. A cleanser as in claim 10 in which said atomic ratio is about 2.2:1.
NUM  15.
PAR  15. A cleanser as in claim 13 in which said peroxygen compound is a
      hydrogen peroxide addition compound.
NUM  16.
PAR  16. A cleanser as in claim 1 in which said peroxygen compound is a
      water-soluble monopersulfate which reacts with at least one alkaline
      component of said cleanser, on admixture of said cleanser with said water,
      to give off oxygen bubbles.
NUM  17.
PAR  17. A cleanser as in claim 16 in which said peroxygen compound is potassium
      monopersulfate and said reactive alkaline component comprises trisodium
      phosphate.
NUM  18.
PAR  18. Process for cleaning dentures comprises mixing water with a solid
      denture cleanser as defined in claim 1 and soaking said denture in said
      solution.
NUM  19.
PAR  19. Process for cleaning dentures having dental plaque thereon as set forth
      in claim 18 in which said solution has a pH of about 10.6 to 11.5 and an
      active chlorine content of at least 100 ppm.
NUM  20.
PAR  20. Process as in claim 19 in which said chlorine content is in the range
      of about 400 to 1500 ppm.
NUM  21.
PAR  21. A denture cleanser as in claim 1 and comprising a first coloring agent
      and a second coloring agent, both of said agents being bleached by the
      action of said solution on standing, with said first coloring agent being
      bleached more rapidly, said first coloring agent being present in such
      concentration that its color predominates in said solution initially and
      for a plurality of minutes thereafter, the color of said second coloring
      agent thereafter becoming visible on standing for a period of less than 1
      hour, owing to loss of color of said first coloring agent.
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ABST
PAL  An agglomerated dishwashing composition containing the following
      components:
     Sodium dichloroisocyanurate                                               
                        0.5-10%                                                
     dihydrate                                                                 
     A polyphosphate having an                                                 
                        25-60%                                                 
     Na.sub.2 O or K.sub.2 O to P.sub.2 O.sub.5 ratio                          
                        (anhydrous basis)                                      
     of about 1:1 to 2:1                                                       
     Sodium carbonate    0-60%                                                 
                        (anhydrous basis)                                      
     A sodium silicate having                                                  
                        10-15%                                                 
     a SiO.sub.2 to Na.sub.2 O ratio of                                        
                        (total silicate                                        
     from about 2.40 to about                                                  
                        solids)                                                
     3.22                                                                      
     Low-foaming chlorine-                                                     
                         1-10%                                                 
     compatible nonionic                                                       
     surfactant                                                                
     Water               5-20%                                                 
PAL  The compositions exhibit lower chlorine loss than similar formulations
      containing commercial anhydrous sodium dichloroisocyanurate as the dry
      bleach component.
BSUM
PAR  This invention relates to detergent compositions, and in particular to
      automatic dishwashing detergent compositions containing a chlorinated
      isocyanurate.
PAR  Automatic dishwashing compositions are well known chemical entities which
      are familiar in the detergent art. Such compositions commonly contain a
      known detergent builder such as sodium tripolyphosphate with alkaline
      inorganic salts such as sodium silicate, sodium carbonate and/or other
      similar salts. A low-foaming, chlorine-compatible nonionic surfactant may
      also be included. For greater cleansing action, a chlorinated alkali metal
      isocyanurate is added as a destainer and germicide.
PAR  The compositions aforesaid are normally formulated by dry-blending or by
      agglomeration. In dry-blending, the pulverized components are merely mixed
      together, as by tumbling, to form the final product. In agglomeration, a
      specialized mixing technique is employed wherein the thoroughly commingled
      dry components are wetted in a controlled manner with the nonionic
      surfactant and the silicate in solution form while the mass is thoroughly
      stirred. The resulting product is a free-flowing granular product. It does
      not cake up during storage nor undergo segregation when handled or in use.
      Commercial automatic dishwashing compositions are usually of the
      agglomerated type.
PAR  A serious problem that is associated with automatic dishwashing
      compositions containing chlorinated isocyanurates is their rather limited
      chemical stability as manifested by the loss of available chlorine during
      formulation and storage.
PAR  In the case of dry blended products, the problem has been mitigated by
      resort to various expedients. For instance, in U.S. Pat. No. 3,166,513 to
      Mizuno et al., it is reported that the rate of chlorine loss is
      substantially reduced where the active chlorine component is potassium
      dichlorocyanurate. Another approach is the incorporation of chemical
      stabilizers such as a nonionic surfactant as proposed in U.S. Pat. No.
      3,352,785 to Corliss et al. or the white paraffin oil additive of the U.S.
      Pat. No. 3,390,092 to Keast et al.
PAR  In the case of agglomerated automatic dishwashing compositions, the problem
      of chlorine loss is much more severe than with the dry mixes. So far as is
      known, an agglomerated product has not been realized containing a
      chlorinated isocyanurate. Commercial automatic dishwashing compositions
      contain chlorinated trisodium phosphate as the active chlorine agent. This
      is a crystalline complex or association of trisodium phosphate and sodium
      hypochlorite. Although stable in the highly alkaline detergent systems,
      its available chlorine is limited - of the order to 3 to 4% by weight of
      the chlorinated trisodium phosphate. As a consequence, large amounts, on
      the order of 50% are needed in order to provide adequate chlorine levels,
      typically about 1.5% in detergent compositions. This is decidedly
      disadvantageous since chlorinated trisodium phosphate contributes little
      or no detergent action and is thus essentially an inert active chlorine
      carrier. Chlorinated isocyanurates, on the other hand, contain high
      concentrations of available chlorine; about 63% in the case of sodium
      dichloroisocyanurate, a commercially available dry bleach. Manifestly, it
      would be highly desirable to utilize sodium dichloroisocyanurate as the
      source of active chlorine in automatic dishwashing compositions since the
      requisite active chlorine levels could be attained without introducing a
      large percentage of inert chlorine carrier such as characterizes the
      presently used chlorinated trisodium phosphate. Thus far, the advantage
      aforesaid has not been realized because of the instability of chlorinated
      isocyanurates under the highly alkaline conditions which prevail in the
      manufacture and use of agglomerated dishwashing composition.
PAR  In accordance with the present invention, the surprising discovery was made
      that a specific chlorinated isocyanurate -- to wit sodium
      dichloroisocyanurate dihydrate (having 56% available chlorine) is
      unexpectedly stable when incorporated as the active chlorine source in
      agglomerated automatic dishwashing compositions. Such compositions which
      exhibit remarkably low chlorine loss contain by weight on a 100% basis the
      following essential components:
TBL  Sodium dichloroisocyanurate                                               
                       0.5-10%                                                 
     dihydrate         preferably 1.0-2.5%                                     
     A polyphosphate having an                                                 
                       25-60"                                                  
     Na.sub.2 O or K.sub.2 O to P.sub.2 O.sub.5 ratio                          
                       (anhydrous basis)                                       
     of about 1:1 to 2:1                                                       
                       preferably 28-50%                                       
     Sodium carbonate  0-60"                                                   
                       (anhydrous basis)                                       
                       preferably 0-30%                                        
     A sodium silicate having a                                                
                       10-15%                                                  
     SiO.sub.2 to Na.sub.2 O ratio of from                                     
                       (total silicate                                         
     about 2.40 to about 3.22                                                  
                       solids)                                                 
     Low-foaming chlorine-com-                                                 
                       1-10%                                                   
     patible nonionic surfactant                                               
     Water             5-20%                                                   
                       (preferably 10-20%)                                     
PAR  In preparing the agglomerated dishwashing compositions herein, the dry
      components are blended together while being moistened with water or a
      suitable aqueous solution. Where the surfactant is a liquid, it is added
      in the same manner. The liquid components can be applied by spraying,
      simple dropwise addition or any of the known procedures for wetting
      solids. The amount of water is at least adequate to wet the anhydrous
      components so as to promote agglomeration but not sufficient to destroy
      the discrete particle characteristic of the mixture.
PAR  Although the sodium silicate can be used in dry powder form, it is
      conveniently introduced with the water as an aqueous sodium silicate
      solution. The water content of liquid sodium silicates herein is generally
      from about 40 to about 75% by weight. In any event, the amounts of water
      added either alone or as silicate solution is such that the overall water
      content by weight of the finished product ranges from about 5 to about 20%
      while the silicate expressed as total sodium silicate solid varies from
      about 10 to 15%. The minimal amount of water is that required to wet the
      condensed phosphate whereby the various constituents are agglomerated. The
      maximum quantity of water added is limited to that which completely
      hydrates the anhydrous polyphosphates and anhydrous sodium carbonate;
      exceeding this quantity would destroy the discrete particle characteristic
      of the mixture.
PAR  The nonionic surfactant components result in a composition high in food
      soil defoaming power, i.e., a composition which has little or no tendency
      to foam by itself or in the presence of a foam-producing food soil. The
      nonionic surfactant employed must have a combination of three properties:
      (1) it must be a low-foaming material; (2) it must be capable of defoaming
      food soils such as milk; and (3) it must be compatible with chlorinated
      isocyanurates, that is, it must not decompose these chlorinated compounds
      markedly in the formulation.
PAR  Nonionic surfactants which meet these requirements include the lower alkyl
      ethers of polyoxyethylated octylphenols such as those sold under the
      Triton CF tradename, for example, "Triton CF-54" which is the butyl ether
      of polyoxyethylated octylphenol; an alkylether of polyoxyethylated alkanol
      such as "Triton DF-12"; polyoxyalkylene glycols having a plurality of
      alternating hydrophobic and hydrophilic polyoxyalkylene chains, the
      hydrophilic chains consisting of linked oxyethylene radicals and the
      hydrophobic chains consisting of linked oxypropylene radicals, said
      product having three hydrophobic chains linked by two hydrophilic chains,
      the central hydrophobic chain constituting 30 to 34% by weight of the
      product, the terminal hydrophobic chains together constituting 31 to 39%
      by weight of the product, the linking hydrophilic chains together
      constituting 31 to 35% by weight of the product, the intrinsic viscosity
      of the product being from about 0.06 to 0.09 and the molecular weight of
      the product being from about 3000 to 5000, all as described in U.S. Pat.
      No. 3,048,548; the alkyl polyoxyalkylene ether alcohols based on straight
      chain biodegradable hydrophobic segments, for example "Tretolite
      H-0307-S"; and the water-soluble benzyl ether of octylphenol condensed
      with ethylene oxide. Other nonionic surfactants are suitable for use in
      the herein dishwashing preparations and it is not intended to exclude any
      surfactant possessing the above properties.
PAR  Sodium dichloroisocyanurate dihydrate is a known chemical entity which is
      documented extensively in the patent literature. Its description and
      preparation is disclosed in U.S. Pat. No. 3,035,056.
PAR  The polyphosphate component functions as a water softener and a detergent
      builder. Polyphosphates of commerce, having an Na.sub.2 O or K.sub.2 O to
      P.sub.2 O.sub.5 mol ratio of about 1:1 to 2:1 can be used. Typical
      polyphosphates of this kind are the preferred sodium tripolyphosphate,
      sodium hexametaphosphate and sodium pyrophosphate as well as the
      corresponding potassium salts of these phosphates. The particle size of
      the polyphosphate is not considered critical and any finely divided
      commercially available product can be employed.
PAR  While the above constitutes the essential ingredients of the composition it
      is to be understood that additional ingredients such as fillers, e.g.,
      sodium chloride, sodium sulfate, etc., coloring agents and perfumes may
      also be added without departing from the basic formulation. All essential
      components listed herein are by weight based on the total composition and
      add up to 100%.
DETD
PAR  The following examples are merely illustrative, the invention being limited
      only by the scope of the appended claims; all parts are by weight.
PAC  METHOD OF PREPARATION
PAR  The sodium tripolyphosphate (anhydrous), sodium carbonate (anhydrous) and
      sodium dichloroisocyanurate (dihydrate) ingredients in each composition
      were thoroughly dry blended in a Hobart Model N-50 laboratory mixer. To
      the resulting homogeneous powder (mainly 20-100 mesh particle size) was
      added the surfactant, at room temperature, followed by the dropwise
      introduction of aqueous sodium silicate. Continuous agitation was
      maintained during addition of the liquid components; no heating or cooling
      was required. The so-obtained free-flowing granular mixture was placed in
      permeable containers (250 ml Erlenmeyer flasks covered with caps of
      polyethylene coated paper) and stored at 100.degree.F and 80% relative
      humidity for two weeks. Before and after this storage period, the products
      were analyzed for available chlorine, and the percentage of the initial
      available chlorine which remained after storage was calculated.
PAR  Using the generalized procedure aforesaid, three exemplary formulations of
      the invention were prepared and identified as comositions 1a, 2a and 3a in
      Table I. Identical comparative formulations were prepared except that
      sodium dichloroisocyanurate (dihydrate) was replaced by commercial sodium
      dichloroisocyanurate (anhydrous) and identified as compositions 1b, 2b and
      3b of Table I.
PAR  The percent of initial available chlorine remaining after storage for the
      two sets of compositions is set forth in Table II. As is readily apparent
      from the comparison data of this table, the stability of the dishwashing
      compositions containing sodium dichloroisocyanurate dihydrate (a series)
      is markedly greater than that of those compositions containing the
      commercial anhydrous sodium dichloroisocyanurate (b series). Clearly, the
      data of Table II demonstrate the feasibility of using sodium
      dichloroisocyanurate in dihydrate form as a means of producing stable,
      agglomerated dishwashing compositions containing a chlorinated
      isocyanurate as the active chlorine agent -- a hitherto unrealized
      objective.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     COMPOSITIONS, % BY WEIGHT                                                 
     Component            1a   1b   2a   2b   3a   3b                          
     __________________________________________________________________________
     Sodium dichloroisocyanurate (dihydrate)                                   
                          2.7  --   2.7  --   2.7  --                          
     (% by weight to give 1.5% available                                       
     chlorine)                                                                 
     Sodium dichloroisocyanurate (anhydrous)                                   
                          --   2.4  --   2.4  --   2.4                         
     (% by weight to give 1.5% available                                       
     chlorine)                                                                 
     Sodium tripolyphosphate (anhydrous)                                       
                          50.0 50.0 50.0 50.0 50.0 50.0                        
     Sodium carbonate (anhydrous)                                              
                          18.3 18.6 17.3 17.6 14.3 14.6                        
     Pluronic RA-40 nonionic surfactant.sup.1                                  
                          5.0  5.0  5.0  5.0  5.0  5.0                         
     RU Brand.sup.2 liquid sodium silicate                                     
                          24.0.sup.3                                           
                               24.0.sup.3                                      
                                    --   --   --   --                          
     SiO.sub.2 :Na.sub.2 O 2.40                                                
     (13.8% Na.sub.2 O, 33.2% SiO.sub.2,                                       
     53.0% H.sub.2 O)                                                          
     K Brand.sup.2 liquid sodium silicate                                      
                          --   --   25.0.sup.4                                 
                                         25.0.sup.4                            
                                              --   --                          
     SiO.sub.2 :Na.sub.2 O 2.90                                                
     (11.0% Na.sub.2 O, 31.9% SiO.sub.2,                                       
     57.1% H.sub.2 O)                                                          
     N Brand.sup.2 liquid sodium silicate                                      
                          --   --   --   --   28.0.sup.5                       
                                                   28.0.sup.5                  
     SiO.sub.2 :Na.sub.2 O 3.22                                                
     (8.9% Na.sub.2 O, 28.7% SiO.sub.2,                                        
     62.4% H.sub.2 O)                                                          
     __________________________________________________________________________
      .sup.1 Low-foaming, chlorine-compatible 100% active liquid nonionic      
      surfactant, modified oxyethylated straight-chain alcohol; product of BASF
      Wyandotte.                                                               
      .sup.2 Philadelphia Quartz Company, proprietary products.                
      .sup.3 Yielding in the final formulation; 11.3% sodium silicate (8%      
      SiO.sub.2) and 12.7% water.                                              
      .sup.4 Yielding 10.7% sodium silicate (8% SiO.sub.2) and 14.3% water.    
      .sup.5 Yielding 10.5% sodium silicate (8% SiO.sub.2) and 17.5% water.    
TBL                TABLE II                                                    
     ______________________________________                                    
     STABILITY DATA                                                            
                  % Initial Available                                          
                  Chlorine Remaining                                           
     Composition  After 2 Weeks Storage*                                       
     ______________________________________                                    
     1a           53                                                           
     1b           33                                                           
     2a           58                                                           
     2b           48                                                           
     3a           47                                                           
     3b           32                                                           
     ______________________________________                                    
      *Storage conditions: Samples were placed in moisture-permeable container 
      such that the entire sample is exposed to a 100.degree.F/80% relative    
      humidity environment.                                                    
PAR  The b compositions contain commercial sodium dichloroisocyanurate as the
      dry bleach component. The a compositions contain sodium
      dichloroisocyanurate dihydrate as the dry bleach component.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An agglomerated dishwashing detergent composition containing by weight
      as its essential ingredients:
TBL  Sodium dichloroisocyanurate                                               
                         0.5-10%                                               
     dihydrate                                                                 
     A polyphosphate having an                                                 
                         25-60%                                                
     Na.sub.2 O or K.sub.2 O to P.sub.2 O.sub.5 ratio                          
                         (anhydrous basis)                                     
     of about 1:1 to 2:1                                                       
     Sodium carbonate    0-60%                                                 
                         (anhydrous basis)                                     
     A sodium silicate having a                                                
                         10-15%                                                
     SiO.sub.2 to Na.sub.2 O ratio of from                                     
                         (total silicate solids)                               
     about 2.40 to about 3.22                                                  
     Low-foaming chlorine-                                                     
                         1-10%                                                 
     compatible nonionic                                                       
     surfactant                                                                
     Water               5-20%.                                                
NUM  2.
PAR  2. The composition of claim 1 wherein the polyphosphate is anhydrous sodium
      tripolyphosphate.
NUM  3.
PAR  3. A process of preparing an agglomerated dishwashing detergent composition
      containing by weight as its essential ingredients:
TBL  Sodium dichloroisocyanurate                                               
                         0.5-10%                                               
     dihydrate                                                                 
     A polyphosphate having an                                                 
                         25-60%                                                
     Na.sub.2 O or K.sub.2 O to P.sub.2 O.sub.5 ratio                          
                         (anhydrous basis)                                     
     of about 1:1 to 2:1                                                       
     Sodium carbonate    0-60%                                                 
                         (anhydrous basis)                                     
     A sodium silicate having a                                                
                         10-15%                                                
     SiO.sub.2 to Na.sub.2 O ratio of from                                     
                         (total silicate solids)                               
     about 2.40 to about 3.22                                                  
     Low-foaming chlorine-                                                     
                         1-10%                                                 
     compatible nonionic                                                       
     surfactant                                                                
     Water               5-20%                                                 
PAL  comprising forming a homogeneous dry mixture of the water-free components
      and adding to the dry mixture with agitation sufficient water to induce
      agglomeration and insufficient to destroy the discrete particle
      characteristic of the mixture, the total amount of water in the finally
      agglomerated composition being in the numerical range aforesaid.
NUM  4.
PAR  4. The process according to claim 3 wherein the water is added with the
      sodium silicate as an aqueous solution thereof.
NUM  5.
PAR  5. The process according to claim 4 wherein the surfactant is a liquid
      which is added to the dry mixture either along with or separately from the
      aqueous silicate.
PATN
WKU  039363872
SRC  5
APN  3916634
APT  1
ART  221
APD  19730827
TTL  Azeotrope of 1,2-dichloro-1-fluoroethane and methanol
ISD  19760203
NCL  3
ECL  1
EXA  Palo; Ralph
EXP  Feinberg; Samuel
INVT
NAM  Reusser; Robert E.
CTY  Bartlesville
STA  OK
ASSG
NAM  Phillips Petroleum Company
CTY  Bartlesville
STA  OK
COD  02
RLAP
COD  72
APN  223779
APD  19720204
PSC  03
CLAS
OCL  252171
XCL  252 67
XCL  252162
XCL  252305
XCL  252364
XCL  252DIG9
EDF  2
ICL  C11D  750
ICL  C23G  502
FSC  252
FSS  DIG. 9;170;171;172;364;66-68
FSC  264
FSS  DIG. 5
FSC  260
FSS  652.5 R;652.5 P
UREF
PNO  2894044
ISD  19590700
NAM  Prill
OCL  260653.7
UREF
PNO  2999816
ISD  19610900
NAM  Bennett
OCL  252171
UREF
PNO  3349009
ISD  19671000
NAM  Ruehlen
OCL  203 67
UREF
PNO  3671444
ISD  19720600
NAM  Schofield
OCL  252171
ABST
PAL  This invention relates to azeotropic compositions of
      1,2-dichloro-1-fluoroethane or of 1,2-dichloro-1,2-difluoroethane with
      certain alcohols, ethers, or ketones.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 233,779
      filed Feb. 4, 1972, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to azeotropic compositions of
      chlorofluorohydrocarbons with alcohols, ethers, or ketones. In a further
      aspect, the invention relates to new solvent compositions. In another
      aspect, the invention relates to methods of removing excess solder flux
      from circuit boards.
PAC  BACKGROUND OF THE INVENTION
PAR  Azeotropic mixtures are liquid mixtures of two or more substances which
      mixtures behave like single substances in that the vapor produced by
      partial evaporation of the azeotropic liquid has the same composition as
      does the liquid. Azeotropic compositions exhibit either a maximum or
      minimum boiling point as compared with that of other but non-azeotropic
      mixtures of the same substances or components.
PAR  Chlorofluorohydrocarbons have found usage for a variety of purposes. For
      some solvent purposes, however, the chlorofluorohydrocarbons in themselves
      have not exhibited adequate abilities. Particularly deficient have been
      the chlorofluorohydrocarbons in dissolving excess solder flux from printed
      circuits. Printed circuits are formed from a soft metal on a solid
      non-conducting surface such as a reinforced phenolic resin. During the
      manufacturing processes, the solid surface or support is coated with the
      soft metal. The particular desired portion or configuration of metal is
      coated with an acid-impervious protective coating, and the excess
      unprotected metal is removed by an acid etching process.
PAR  The protective coating subsequently must be removed since solder joints
      must ultimately be made onto the printed circuit. After the impervious
      coating is removed, the circuits are coated with a rosin flux to permit
      the joints to be soldered, and after soldering the rosin flux itself must
      be removed. For removal of such coatings and fluxes, highly efficient
      uniform composition solvents are desirable.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide novel azeotropic compositions.
PAR  It is a further purpose of this invention to provide new compositions of
      matter useful for dissolving solder flux.
PAR  Other aspects, objects, and the several advantages of my invention will be
      readily apparent to one skilled in the art to which the invention most
      nearly pertains from the reading of my description and consideration of my
      appended claims.
PAC  DESCRIPTION OF THE INVENTION
PAR  I have discovered useful azeotropes of 1,2-dichloro-1-fluoroethane with
      each of the tetrahydrofuran, methyl ethyl ketone, methanol, ethanol,
      isopropanol; and of 1,2-dichloro-1,2-difluoroethane with each of
      tetrahydrofuran, methyl ethyl ketone, acetone, ethanol, and isopropanol.
PAR  An azeotrope may be defined as a constant boiling mixture which distills
      without change in composition. Yet, at a differing pressure, the
      composition indeed may vary, at least slightly, with the change in
      distillation pressure, which also changes, at least slightly, the
      distillation temperature. An azeotrope of A and B may represent a unique
      type of relationship with a variable composition.
PAR  Thus, it should be possible to fingerprint the azeotrope, which may appear
      under varying guises depending upon the conditions chosen, by any of
      several criteria: The composition may be defined as an azeotrope of A and
      B, since the very term azeotrope is at once definitive and limitative,
      requiring that A and B indeed form this unique composition of matter which
      is a constant boiling admixture. Or, the composition may be defined as a
      particular azeotrope of a weight per cent relationship or mole per cent
      relationship of A:B, but recognizing that such values point out only one
      such relationship, whereas a series of relationships of A:B may exist for
      the azeotrope, varied by influence of temperature and pressure. Or,
      recognizing that broadly speaking an azeotrope of A:B actually represents
      a series of relationships, the azeotropic series represented by A:B may in
      effect be fingerprinted or characterized by defining the composition as an
      azeotrope further characterized by a particular boiling point at a given
      pressure, thus giving identifying characteristics without unduly limiting
      the scope of the invention.
DETD
PAC  EXAMPLES
PAR  The following data are presented in order to assist in disclosing and
      describing my invention, and, therefore, are not intended to be limitative
      of the reasonable scope thereof.
PAR  The azeotropes of my invention were prepared by distilling mixtures of the
      chlorofluorohydrocarbon and the other component until the overhead
      temperature reached a constant value and the composition of the distillate
      remained unchanged as verified by GLC analysis, thereby establishing the
      existence of a minimum boiling azeotrope in each case.
PAR  The azeotropes were tested as solvents for solder flux on printed circuits.
PAC  EXAMPLE I
PAR  Azeotropic compositions were prepared and characterized by the properties
      tabulated below.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                Composition                                    
                                of Azeotrope                                   
     Azeotrope.sup.(a)                                                         
                 Chlorofluoro-  Chlorofluoro-                                  
     B.P.  (Pressure)                                                          
                 hydrocarbon                                                   
                         Alcohol                                               
                                hydrocarbon/Alcohol                            
     __________________________________________________________________________
     56.degree.C                                                               
           (742 mm)                                                            
                 141.sup.(b)                                                   
                         Methanol                                              
                                (73.5/26.5 wt.%                                
                                (64.4/35.6 area %                              
     65.degree.C                                                               
           (749 mm)                                                            
                 141     Ethanol                                               
                                81.2/18.8 wt.%                                 
     68.degree.C                                                               
           (740 mm)                                                            
                 141     Isopropanol                                           
                                81.3/16.6.sup.(d) wt.%                         
     52.degree.C                                                               
           (741 mm)                                                            
                 132.sup.(c)                                                   
                         Methanol                                              
                                90.4/9.6 wt.%                                  
     56-57.degree.C                                                            
           (748 mm)                                                            
                 132     Ethanol                                               
                                94.9-95/5-5.1 wt.%                             
     47.degree.C                                                               
           (744 mm)                                                            
                 132     Isopropanol                                           
                                98.7/1.3 wt.%                                  
     __________________________________________________________________________
      .sup.(a) B.P. is the boiling point for the azeotropic composition at     
      substantially atmospheric in each case. The pressure showing was the     
      atmospheric barometric pressure taken from daily laboratory readings.    
      .sup.(b) 141 represents 1,2-dichloro-1-fluoroethane                      
      .sup.(c) 132 represents 1,2-dichloro-1,2-difluoroethane                  
      .sup.(d) Remaining 2.1 weight per cent not identified.                   
PAR  The azeotropes were tested as solvents for removal of solder flux from
      commercial circuit boards, with results as shown below, along with
      comparative runs:
TBL                TABLE II                                                    
     ______________________________________                                    
                                 Wt.% of Flux                                  
     Runs  Solvent Systems       Dissolved                                     
     ______________________________________                                    
     1     141/methanol          97.0                                          
     2     141/ethanol           91.5                                          
     3     141/isopropanol       95.7                                          
     4     132/methanol          98.7                                          
     5     132/ethanol           94.0                                          
     6     132/isopropanol       98.0                                          
     7     113 .sup.(e)          28.4                                          
     8     1,1,1-trichloroethane 82.6                                          
     9     113/ethanol azeotrope 66.5                                          
     10    113/ethanol/acetone azeotrope                                       
                                 57.0                                          
     11    113/isopropanol azeotrope                                           
                                 69.5                                          
     12    141                   51.3                                          
     13    132                   74.2                                          
     ______________________________________                                    
      .sup.(e) 113 represents 1,1,2-trichloro-1,2,2-trifluoroethane.           
PAR  The data in Table II show that the novel azeotropic compositions of this
      invention were more effective than several commercially available solvents
      or of 141 or 132 alone in removing solder flux from printed circuit
      boards.
PAC  EXAMPLE II
PAR  Azeotropic compositions were prepared and characterized by the properties
      tabulated below:
TBL                TABLE III                                                   
     ______________________________________                                    
                                      Approximate                              
                                      Weight Percent                           
                                      Composition                              
                                      of Azeotrope                             
     Azeotrope   Chlorofluoro-        Chlorofluorohy-                          
     B.P.  (Pressure)                                                          
                     hydrocarbon Ether  drocarbon/Ether                        
     ______________________________________                                    
     74.degree.C                                                               
           (739 mm)  141         THF.sup.(f)                                   
                                        61.8/38.2                              
     70.degree.C                                                               
           (739 mm)  132         THF    45.9/54.1                              
     ______________________________________                                    
      .sup.(f) THF represents tetrahydrofuran.                                 
PAL  The azeotropes were tested as solvents for removal of solder flux from
      commercial circuit boards, with results as shown below, along with
      comparative runs with other similar materials.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Runs  Solvent Systems    Wt.% of Flux Dissolved                           
     ______________________________________                                    
     14    141/THF            100                                              
     15    132/THF            100                                              
     16    1,1,1-Trichloroethane                                               
                              82.6                                             
     17    113/ethanol azeotrope                                               
                              66.5                                             
     18    141                51.3                                             
     19    132                74.2                                             
     ______________________________________                                    
PAR  The data in Table IV above show that the novel azeotropic compositions of
      this invention were more effective in removing solder flux from printed
      circuit boards than several commercially available solvents or 141 or 132
      alone.
PAC  EXAMPLE III
PAR  Azeotropic compositions were prepared and characterized by the properties
      tabulated below:
TBL                TABLE V                                                     
     ______________________________________                                    
                                 Approximate Wt.%                              
                                 Composition                                   
                                 of Azeotrope                                  
     Azeotrope   Chlorofluoro-   Chlorofluorohy-                               
     B.P. (Pressure) hydrocarbon                                               
                                Ketone drocarbon/Ketone                        
     ______________________________________                                    
     80.degree.C                                                               
          (atmospheric)                                                        
                     141        MEK.sup.(g)                                    
                                       54.1/45.9                               
     80.degree.C                                                               
          (743 mm)   132        MEK    39.8/60.2                               
     66.degree.C                                                               
          (736 mm)   132        Acetone                                        
                                       72.3/27.7                               
     ______________________________________                                    
      .sup.(g) MEK represents methyl ethyl ketone.                             
PAR  The azeotropes were tested as solvents for removal of excess solder flux
      from commercial circuit boards, with the results as shown below, along
      with comparative runs with other materials.
TBL                TABLE VI                                                    
     ______________________________________                                    
                                Wt.% of                                        
     Runs  Solvent Systems      Flux Dissolved                                 
     ______________________________________                                    
     20    141/MEK              100                                            
     21    132/MEK              98                                             
     22    1,1,1-Trichloroethane                                               
                                82.6                                           
     23    113/ethanol azeotrope                                               
                                66.5                                           
     24    113/ethanol/acetone azeotrope                                       
                                57.0                                           
     25    141                  51.3                                           
     26    132                  74.2                                           
     ______________________________________                                    
PAR  The data in Table VI above show that the novel azeotropic compositions of
      this invention were more effective in removing solder flux from printed
      circuit boards than several commercially available solvents or 141 or 132
      alone.
PAC  EXAMPLE IV
PAR  Flash point data were obtained for azeotropic compositions of my discovery:
TBL                                    TABLE VII                               
     __________________________________________________________________________
                              Flash Point of                                   
                              alcohol, ether                                   
     Run           Azeotrope  or ketone.sup.(i)                                
     No. Azeotrope Flash Point, .degree.F.sup.(h)                              
                              Component Alone                                  
     __________________________________________________________________________
     27  141/methanol                                                          
                   46.degree.F                                                 
                              51.degree.F                                      
     28  141/ethanol                                                           
                     75.degree.F.sup.(j)                                       
                              56.degree.F                                      
     29  141/isopropanol                                                       
                   --         53.degree.F                                      
     30  132/methanol                                                          
                   46.degree.F                                                 
                              51.degree.F                                      
     31  132/ethanol                                                           
                     75.degree.F.sup.(k)                                       
                              56.degree.F                                      
     32  132/isopropanol                                                       
                     75.degree.F.sup.(l)                                       
                              53.degree.F                                      
     33  141/THF   40.degree.F                                                 
                               6.degree.F                                      
     34  132/THF   36.degree.F                                                 
                               6.degree.F                                      
     35  141/MEK   --         23.degree.F                                      
     36  132/MEK   42.degree.F                                                 
                              23.degree.F                                      
     37  132/Acetone                                                           
                   45.degree.F                                                 
                              15.degree.F                                      
     __________________________________________________________________________
      .sup.(h) Flash point determination in accordance with ASTM Method D-56.  
      .sup.(i) Flash point data obtained from Shell Chemical Co. Brochure      
      IC-71-18.                                                                
      .sup.(j) Burned at 75.degree.F, not self-extinguishing.                  
      .sup.(k) Did not burn at 75.degree.F; supported combustion of vapors and 
      air, but was self-extinguishing.                                         
      .sup.(l) Did not burn at 75.degree.F; did not support combustion, but was
      self-extinguishing.                                                      
PAR  Data on two azeotropes were not obtained as indicated by the dashes above.
      The flash point data in general show that the inventive azeotropes are
      less hazardous in most cases than the alcohol, ether, or ketone
      non-chlorofluorohydrocarbon component alone. The azeotropes in most cases
      have higher flash points than does the second component alone.
PAR  It will be understood that the description given hereinabove of the use of
      azeotropic compositions of my invention in cleaning or dissolving solder
      flux is given for illustrative purposes only, that the invention itself is
      not restricted to such specific embodiments, and that other techniques may
      be employed. These unique azeotropic compositions will have applications
      as solvents for greases, oils, waxes, aerosol propellants, and the like;
      and in cleaning electric motors, compressors, photographic film, oxygen
      storage tanks, lithographic plates, typewriters, precision instruments,
      gauges, sound tape, cloth, clothing, and the like. It will be readily
      apparent that the novel azeotropic compositions can be used for a variety
      of purposes as indicated by my general description and suggestions.
CLMS
STM  I claim:
NUM  1.
PAR  1. The azeotrope of (A) 1, 2-dichloro-1-fluoroethane and (B) methanol which
      at substantially atmospheric pressure is characterized as about 73.5
      weight percent (A) and about 26.5 weight percent (B).
NUM  2.
PAR  2. The azeotrope according to claim 1 characterized by a boiling point of
      about 56.degree. C. at substantially atmospheric pressure.
NUM  3.
PAR  3. The azeotrope as defined in claim 1 characterized by a boiling point of
      about 56.degree. C. at about 742 millimeters pressure.
PATN
WKU  039363880
SRC  5
APN  3641163
APT  1
ART  223
APD  19730525
TTL  Process for the production of silicon dioxide ion exchangers
ISD  19760203
NCL  11
ECL  1
EXA  Gluck; Irwin
EXP  Lovering; Richard D.
INVT
NAM  Unger; Klaus
CTY  Darmstadt
CNT  DT
INVT
NAM  Berg; Karlheinz
CTY  Erftstadt-Lechenich
CNT  DT
ASSG
NAM  Merck Patent Gesellschaft mit beschrankter Haftung
CTY  Darmstadt
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720527
APN  2225904
CLAS
OCL  252182
XCL  106308Q
XCL  252179
XCL  252313S
XCL  423335
XCL  427220
XCL  252449
EDF  2
ICL  B01J 2108
ICL  B01J 3702
FSC  252
FSS  179;317;313 S;182;449
FSC  117
FSS  100 S
FSC  106
FSS  308 Q
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FSS  335
FSC  427
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NAM  Wagner
OCL  117100S
UREF
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ISD  19590500
NAM  Alexander et al.
OCL  117100S
UREF
PNO  2993809
ISD  19610700
NAM  Bueche et al.
OCL  117100S
OREF
PAL  Condensed Chemical Dictionary, 6th Edition, Reinhold, 1966, pp. 1017, 1162.
LREP
FRM  Millen, Raptes & White
ABST
PAL  An improved process for the production of silicon dioxide ion exchangers,
      which comprises the step of reacting silicon dioxide with
      benzyltrichlorosilane, in the absence of solvent and air, followed by
      hydrolysis, to produce a benzylated silicon dioxide whose benzyl groups
      can then be substituted with ion exchange reactive groups in a
      conventional manner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known that aryl groups can be chemically bound as functional groups
      by surface reactions to porous silicon dioxide. Conventional functional
      groups possessing exchange properties are then introduced onto these aryl
      groups. Thus, it is possible, for example, to introduce sulfonic acid
      groups by the sulfonation of these superficially positioned aryl groups,
      whereby hydrophilic silicon dioxide products are obtained having
      cation-exchange properties. On the other hand, anionic exchangers can be
      prepared in accordance with the same principle, for example by introducing
      chloromethyl groups into the aryl groups and coupling these with
      exchanging groups, e.g., amine groups.
PAR  However, according to known processes, the Si--C bond is attacked by the
      protons during the sulfonation reaction, and a considerable portion of the
      aryl groups is split off by heterolysis. Thus, the maximally attainable
      exchange capacity is reduced. Furthermore, ion exchange capacity
      additionally decreases considerably after a repeated regeneration of the
      exchanger with acid. These disadvantages occur also in the manufacture of
      corresponding anion exchangers (which has not as yet been described) so
      that it is impossible to obtain a high surface concentration of such ion
      exchanging groups.
PAR  This disadvantage can be avoided if the aryl groups are bound to the
      superficially located silicon atoms via CH.sub.2 -groups, rather than
      being bound directly.
PAR  In the process for the preparation of such cation exchangers known
      heretofore, described, for example, in East German Patent No. 8560, the
      benzylsilyl group is introduced by reacting silicon dioxide with
      benzyltrichlorosilane. The reaction takes place in chloroform with brief
      heating. The thus-obtained product, after separating the excess
      benzyltrichlorosilane with the exclusion of air and moisture, is
      sulfonated in the usual manner with chlorosulfonic acid. The thus-obtained
      acidic exchangers exhibit a maximum capacity of 0.5 meq./g. (milligram
      equivalents per gram).
PAR  It has now been found that it is possible to obtain silicon dioxide ion
      exchangers having considerably higher exchange capacity according to the
      process of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  According to the process of this invention, silicon dioxide is reacted with
      benzyltrichlorosilane in the absence of a solvent and in the absence of
      air and moisture, and the reaction product is hydrolyzed to produce
      silicon dioxide bearing benzyl groups. By the novel process, a maximum
      concentration of exchanging groups on the surface of the silicon dioxide
      is achieved and both porous and nonporous silicon dioxide can be converted
      into intermediates for the production of cation exchangers of high
      capacity.
PAC  DETAILED DISCUSSION
PAR  Examples of suitable starting porous silicon dioxides are those having an
      average pore diameter of &gt; 30 A.
PAR  It is advantageous before reaction to first anneal (bake) the silicon
      dioxide, under reduced pressure, preferably under a vacuum or even under a
      high vacuum, and preferably at temperatures of about
      200.degree.-500.degree. C. After cooling, the thus-pretreated silicon
      dioxide is contacted with the benzyltrichlorosilane, preferably wetting
      with liquid benzyltrichlorosilane. The concentrations to be used are in no
      way critical but usually range between 0.5 to 5 parts by volume of
      benzyltrichlorosilane per part by weight of silicon dioxide.
PAR  The reaction is effected in the absence of both air and moisture, e.g.,
      under a nitrogen atmosphere, preferably at a temperature above 150.degree.
      C., e.g., about 200.degree.-300.degree. C. The reaction times vary widely,
      e.g., between 24 and 100 hours. Thereafter, excess benzyltrichlorosilane
      is removed, likewise advantageously under reduced pressure or high vacuum.
      Once again, it is advantageous to anneal the thus-obtained silicon dioxide
      product containing benzylchlorosilyl groups again under reduced pressure
      and under approximately the same conditions as used in case of the
      starting material, for example at temperatures of up to about 400.degree.
      C.
PAR  The silicon dioxide containing benzylchlorosilyl groups is then suspended
      in water and washed until free of chloride. During this step, hydrolysis
      of the benzylchlorosilyl groups to benzylhydroxysilyl groups occurs. Prior
      to this further reaction, the modified silicon dioxide is preferably
      dried, for example for several hours at a temperature of about 80.degree.
      to 150.degree. C.
PAR  Functional groups having exchange properties can be introduced onto the
      benzylhydroxysilyl groups in accordance with conventional methods. For the
      production of cation exchangers, sulfonic acid groups are suitably
      introduced, whereas amine residues are preferably introduced for anion
      exchangers.
PAR  The benzylated (benzylhydroxysilylated) silicon dioxide obtained according
      to the process of this invention can be sulfonated according to standard
      methods. For example, the reaction can be conducted with chlorosulfonic
      acid in a suspension with an organic solvent, e.g., carbon tetrachloride
      or chloroform. The specific reaction conditions are adequately described
      in the literature. Advantageously, the suspension of the benzylated
      silicon dioxide in the selected organic solvent is mixed batch-wise with
      an emulsion of the chlorosulfonic acid in the same organic solvent, and
      the reaction mixture is agitated. Suitably, a heating step follows, for
      example by refluxing the reaction mixture. The thus-obtained product is
      then treated with water, the cation exchanger is filtered off, washed free
      of sulfate with distilled water, and dried in the usual manner.
PAR  The introduction of groups suitable for anion exchangers is carried out
      most advantageously by haloalkylation and subsequent amination of the
      products produced according to the process of this invention. The most
      popular method for the introduction of the chloromethyl group is by
      reaction with chloromethyl methyl ether in the presence of Lewis Acid
      catalysts, e.g., tin(IV) chloride or zinc chloride. The
      benzylhydroxysilated product produced according to the process of the
      present invention permits the production of intermediates having a very
      high surface concentration of chloromethyl groups. These halomethylated
      products are then reacted in a conventional manner with amines to the
      desired anion exchangers. Basically, all basic amines as well as ammonia
      are suitable for this purpose. The amines can be primary, secondary, or
      tertiary but tertiary amines are generally preferred, because strongly
      basic anion exchangers with quaternary groups are produced therefrom.
      Especially suitable and readily accessible amines for the introduction of
      the quaternary groups are, for example, mono-, di-, and tri-alkylamines of
      1-4 carbon atoms, e.g., trimethylamine, mono-, di-, and triethylamine, as
      well as, for example, alkylaminoalkanols aand dialkylaminoalkanols, e.g.,
      dimethylaminoethanol.
PAR  It has been found by analyses that, according to the process of this
      invention, higher than usual surface concentration of benzylsilyl groups
      on the silicon dioxide are achieved. Almost all hydroxyl groups of the
      silicon dioxide surface participate in the reaction with
      benzyltrichlorosilane. During the subsequent reactions, only a very minor
      percentage of the benzylsilyl groups is split. The remaining benzylsilyl
      groups can then be quantitatively sulfonated and/or chloromethylated. The
      maximum surface concentration of sulfonic acid groups was determined, for
      example, to be 4.4 .mu.mol/m.sup.2. The range usually varies from about 3
      to 4.5, preferably 4.0 to 4.4 .mu.mol/m.sup.2.
PAR  The useful exchange capacity (weight capacity) of the cation exchangers
      produced according to the process of this invention was determined by
      potentiometer by means of titration with 0.1N sodium hydroxide. This
      capacity was maximally 1.5 meq./g. It was found that the useful exchange
      capacity was always somewhat higher than the exchange capacity
      theoretically calculated from the sulfur content. The cause for this is
      apparently that, in addition to the sulfonic acid groups, hydroxyl groups
      are also present on the surface (benzylhydroxysilyl groups) which are also
      detected during the titration with sodium hydroxide. Accordingly, a
      difunctional cation exchanger is produced employing the intermediate
      benzylhydroxysilylated silicon dioxides of this invention.
PAR  The thus-obtained, strongly acidic cation exchanger can be regenerated in a
      conventional manner. The use of 1-2N hydrochloric as the regenerating
      agent is the simplest procedure. Regeneration in this way takes place
      rapidly, completely, and gently. The loadability of the exchanger was
      tested by repeated loading and regeneration. After loading 5 times with
      0.1N zinc sulfate solution and regeneration with 1N hydrochloric acid, the
      exchange capacity remains constant.
PAR  The novel cation exchangers are absolutely stable in a pH range of from 0
      to 8. At pH values of above 8, the silicon dioxide is attacked with the
      formation of soluble silicates. With respect to concentrated,
      non-oxidizing acids, the exchangers are adequately stable, even up to
      concentrations of about 5N. The thermal behavior of these exchangers is
      likewise excellent. They are stable in the presence of air up to
      250.degree. C. Only when heated above 250.degree. C., do the exchangers
      show a rapid decrease in the useful exchange capacity.
PAR  The useful exchange capacity (weight capacity) of the anion exchangers was
      determined by potentiometer by means of titration with 0.1N silver nitrate
      solution. The maximum exchange capacity was 0.7 meq./g. Also the anion
      exchangers produced according to the process of this invention can be
      regenerated in the usual manner. The exchange capacity remains constant
      after repeated regeneration.
PAR  The novel ion exchangers are also extremely pressure-resistant. The
      tolerable pressure stress amounts to 350 atmospheres gauge, for example,
      in case of spherical porous exchangers. The exchangers furthermore exhibit
      a very high abrasion resistance in this form. It could not be foreseen
      that, by this specific system of conducting the manufacturing process,
      such advantageous products would be obtained with an exchange capacity
      which is extraordinarily high for inorganic exchangers. Moreover, anion
      exchangers on an inorganic basis have not been described heretofore. The
      useful exchange capacity here corresponds approximately to the theoretical
      exchange capacity. In particular, when using silicon dioxides having very
      large pores, reaching ion-exchange equilibrium can be achieved very
      rapidly.
PAR  According to the process of this invention, especially advantageous ion
      exchangers are thus made available.
PAR  By the novel process, high concentrations of exchanging groups are achieved
      on the silicon dioxide surface. The novel manufacturing process can be
      applied to nonporous silicon dioxide products, to silicon dioxide products
      which are porous throughout, as well as to porous silicon dioxide layers
      on a nonporous substrate By the use of silicon dioxide products having
      different average pore diameters, the exchange capacity, as well as the
      kinetics of the ion exchange process, can be varied and thus adapted to
      the specific separation problem.
PAR  In accordance with the above description, this invention relates, in its
      various aspects, to
PAR  a. a process for the introduction of benzylhydroxysilyl groups onto the
      surface of silicon dioxide, preferably porous silicon dioxide, by reaction
      with benzyltrichlorosilane in the absence of air followed by the
      hydrolysis of the thus-introduced benzylchlorosilyl groups;
PAR  b. a process for the conversion of the thus-produced silicon dioxide having
      benzylhydroxysilyl groups on its surface (i) into cation exchange resins
      by introduction of sulfonic acid groups onto the benzylhydroxysilyl groups
      by reaction with a sulfonating group, e.g., chlorosulfonic acid, or (ii)
      into anion exchange resins by introduction of amino groups onto the
      benzylhydroxysilyl groups by reaction with chloromethyl methyl ether in
      the presence of a reaction catalyst followed by reaction of the
      thus-introduced chloromethyl groups with ammonia or a primary, secondary
      or tertiary amine;
PAR  c. novel benzylated silicon dioxides useful as intermediates for the
      production of ion exchange resins.
DETD
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitative of
      the remainder of the disclosure in any way whatsoever.
PAC  EXAMPLE 1
PAR  a. Approximately 50 g. of the two following silicon dioxide products are
      utilized as starting material:
TBL                  Starting porous SiO.sub.2                                 
                     A         B                                               
     ______________________________________                                    
     Specific surface area                                                     
                       581 m.sup.2 /g.                                         
                                   286 m.sup.2 /g.                             
     Specific pore volume                                                      
                       0.86 ml./g. 0.80 ml./g.                                 
     Average pore diameter                                                     
                       60 A.       110 A.                                      
     ______________________________________                                    
PAR  The starting silicon dioxide is predried for 48 hours at 150.degree. C. and
      then annealed under a high vacuum (final pressure &lt;1 . 10.sup..sup.-4 torr
      [mm. Hg]) for 24 hours at 400.degree. C. After cooling, 50 ml. of liquid
      benzyltrichlorosilane is applied to the silicon dioxide under a high
      vacuum. Then, the reaction mixture is placed under an atmosphere of dry
      nitrogen and heated for 72 hours to 250.degree. C. Subsequently, the
      excess benzyltrichlorosilane is removed under a high vacuum, and the
      resulting product is annealed for 48 hours at 400.degree. C.
PAR  The thus-produced silicon dioxide bearing benzylchlorosilyl groups on the
      surface thereof is thereafter suspended in 500 ml. of water and washed
      until free of chloride with water. Thereupon, the product is dried for 24
      hours at 120.degree. C.
PAR  b. 50 g. of the thus-obtained benzylated silicon dioxide having
      benzylchlorosilyl groups on its surface is suspended in a 500 ml. flask
      containing 300 ml. of carbon tetrachloride. Subsequently, 420 ml. of an
      emulsion of chlorosulfonic acid in carbon tetrachloride (volume ratio 1 :
      2) is introduced in incremental portions with vigorous agitation. The
      reaction mixture is heated for 5 hours under reflux and then poured onto
      500 g. of ice. The thus-produced sulfonated silicon dioxide is filtered
      off, washed free of sulfate with distilled water, and dried for 24 hours
      at 120.degree. C.
PAR  Table I below indicates the concentration of benzyl groups (after the
      benzylation), as well as of sulfonic acid groups (after the sulfonation).
      Both values were determined from the carbon and sulfur contents,
      respectively, of the thus-obtained products and are based on unit area
      (m.sup.2).
TBL                TABLE I                                                     
     ______________________________________                                    
                         A         B                                           
     ______________________________________                                    
     Carbon content                                                            
     after reaction with                                                       
     benzyltrichlorosilane (%)                                                 
                           12.0        7.9                                     
     Surface concentration                                                     
     of benzylhydroxy                                                          
     groups (.mu.mol/m.sup.2)                                                  
                           4.5         4.5                                     
     Carbon content                                                            
     after sulfonation of                                                      
     benzylated products (%)                                                   
                           9.5         6.7                                     
     Surface concentration                                                     
     of remaining benzylhydroxy                                                
     groups (.mu.mol/m.sup.2)                                                  
                           4.3         4.4                                     
     Sulfur content after                                                      
     sulfonation (%)       3.9         2.6                                     
     Surface concentration                                                     
     of sulfonic acid                                                          
     groups (.mu.mol/m.sup.2)                                                  
                           4.3         4.5                                     
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  a. 30 g. of the benzylated silicon dioxide (preparation B) produced in
      accordance with Example 1(a) is suspended in 100 ml. of dichloromethane.
      Then, 12,3 g. of zinc chloride and 80 ml. of chloromethyl methyl ether are
      added thereto. The reaction mixture is heated under reflux for 24 hours
      with agitation (at about 50.degree. C.). After cooling, 200 ml. of
      methanol is added thereto. The chloromethylated silicon dioxide is
      filtered, washed with methanol and dioxane and dried at 100.degree. C.
PAR  The surface concentration of chloromethyl groups is 4.0 .mu.mol/m.sup.2.
PAR  (b) 2.5 g. of the chloromethylated silicon dioxide obtained in accordance
      with Example 2(a) is mixed respectively with 80 ml. of a 50% strength
      solution of one of the following amines in dioxane:
PA1  ( .alpha. ) Trimethylamine
PA1  ( .beta. ) Triethylamine
PA1  ( .gamma. ) Dimethylaminoethanol
PAR  The suspension is allowed to stand at 0.degree. C. with occasional shaking
      for several days. Thereafter, the reaction mixture is filtered, washed
      with dioxane, and dried at 100.degree. C.
PAR  The properties of the thus-obtained products can be seen from Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
                             Surface   Exchange                                
     Exchanging Group        Concentration                                     
                                       Capacity                                
                             of Amine Groups                                   
                             (.mu.mol/m.sup.2)                                 
                                       meq./g.                                 
     __________________________________________________________________________
                    +                                                          
     (.alpha.) --CH.sub.2                                                      
                    N--(CH.sub.3).sub.3                                        
                             3.28      0.75                                    
                    +                                                          
     (.beta.) --CH.sub.2                                                       
                    N--(C.sub.2 H.sub.5).sub.3                                 
                             2.60      0.60                                    
                    +(CH.sub.3).sub.2                                          
     (.gamma.) --CH.sub.2                                                      
                    N.angle. 3.60      0.75                                    
                    CH.sub.2 CH.sub.2 OH                                       
     __________________________________________________________________________
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the introduction of benzyl groups onto the surface of
      silicon dioxide by reacting silicon dioxide with benzyltrichlorosilane
      followed by hydrolysis of the thus-introduced benzylchlorosilyl groups to
      benzylhydroxysilyl groups, the improvement which comprises conducting the
      reaction of the silicon dioxide with benzyltrichlorosilane at about
      200.degree.-300.degree. C. in the absence of solvent, air and moisture.
NUM  2.
PAR  2. A process according to claim 1, wherein the reaction with
      benzyltrichlorosilane is conducted in nitrogen.
NUM  3.
PAR  3. A process according to claim 1, wherein the silicon dioxide is annealed
      after reaction with the benzyltrichlorosilane and prior to the hydrolysis,
      under reduced pressure at a temperature of up to 400.degree. C.
NUM  4.
PAR  4. A process according to claim 1, wherein the starting silicon dioxide,
      prior to the reaction with the benzyltrichlorosilane, is annealed under
      reduced pressure at a temperature up to about 500.degree. C.
NUM  5.
PAR  5. A process according to claim 1, wherein the reaction with
      benzyltrichlorosilane is conducted for about 24-100 hours; wherein the
      silicon dioxide is annealed after reaction with the benzyltrichlorosilane
      and prior to the hydrolysis, under reduced pressure at a temperature of up
      to 400.degree. C.; and wherein the starting silicon dioxide, prior to the
      reaction with the benzyltrichlorosilane, is annealed under reduced
      pressure at a temperature up to about 500.degree. C.
NUM  6.
PAR  6. A process according to claim 1, wherein the silicon dioxide is porous.
NUM  7.
PAR  7. A process according to claim 6, wherein the silicon dioxide has an
      average pore diameter greater than 30 A.
NUM  8.
PAR  8. A process according to claim 5 wherein the silicon dioxide is porous
      with an average pore diameter greater than 30 A.
NUM  9.
PAR  9. Silicon dioxide having on the surface thereof benzylhydroxysilyl groups
      at a concentration of 3 to 4.5 .mu.mol./m.sup.2.
NUM  10.
PAR  10. A porous silicon dioxide according to claim 9.
NUM  11.
PAR  11. A porous silicon dioxide according to claim 10, wherein the pores are
      greater than 30 A.
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ABST
PAL  Glycol solutions of a bis glycol ester of a difunctional aromatic compound
      possessing one or more metallo sulfonate groups suitable for use in
      continuous or non-continuous preparation of fiber-forming cationic dyeable
      copolyesters by copolymerization with a low molecular weight
      glycol-dicarboxylic acid prepolymer are prepared by reacting the dimethyl
      ester of a metallo sulfo dicarboxylic acid with glycol at a mole ratio of
      about 4-30 of the glycol to 1 of the dimethyl ester, under ester
      interchange conditions so as to provide a solution of the bis glycol ester
      of the metallo sulfo dicarboxylic acid in glycol containing about 20-75%
      of the bis glycol ester having a carboxyl plus carboxylate content of not
      more than about 200.mu.eq/g of bis glycol ester, and no more than about 10
      weight percent of glycol ether based on bis glycol ester. A conventional
      ester interchange catalyst and glycol ether suppressant may be employed.
BSUM
PAR  This invention relates to new and improved high molecular weight modified
      polyesters. More particularly this invention relates to fiber-forming
      modified polyesters having improved dyeability and affinity for basic
      dyes, and to methods for making said modified polyesters and intermediates
      therefor.
PAR  Polymeric linear polyesters are readily prepared by heating together
      dihydric alcohols or functional derivatives thereof and dibasic carboxylic
      acids or polyester-forming derivatives thereof such as acid halides,
      salts, or simple esters of volatile alcohols. Highly polymerized
      polyesters can be formed into filaments, fibers, films and the like which
      can be permanently oriented. The most widely known and most important
      commercially of the polymeric polyesters is that prepared by the
      condensation of terephthalic acid or dimethyl terephthalate and ethylene
      glycol. These polyester materials in drawn fiber or filament form cannot
      be satisfactorily dyed by the ordinary dyeing procedures used in dyeing
      cotton, wool, natural silk, and regenerated cellulose. It is recognized
      that unless the fiber-forming polyesters can be readily dyed by commercial
      dyeing processes, the utility of the polymer in the textile field will be
      limited. The compact structure of polyethylene terephthalate fibers, the
      molecules of which are closely packed along the axis of the fiber, makes
      it quite difficult, except with a limited number of dyes, and under
      extreme conditions of temperature and pressure, to obtain a satisfactory
      degree of dye-bath exhaustion, or to secure satisfactory deep shades in
      the fibers. Absorption and penetration of the dye into the fiber core are
      limited by inherent properties of the fiber.
PAR  A number of methds have been proposed to increase the dyeability of the
      polyesters and particularly polyethylene terephthalate. However, the
      methods proposed to date have not proved to be entirely satisfactory.
PAR  Modification of the polyesters by incorporating dye sites in the polymers
      by selected comonomers ordinarily does not produce satisfactory
      fiber-forming materials, i.e., the dye affinity may be enhanced but other
      physical properties such as tenacity, melting point and the like are
      adversely affected. Accordingly, the art has striven for means to increase
      the dyeability of polyester structures, such as fibers, filaments, films,
      and the like without adversely affecting other necessary physical
      properties.
PAR  One such method used successfully to improve the dye affinity of polyesters
      for dispersed acetate dyes and basic dyes is to conduct the polyester
      reaction in the presence of a small amount of a difunctional agent which
      possesses a metallo sulfonate group or sulfonate-forming group and two
      functional or reactive groups such as hydroxyl or carboxyl and esters
      thereof. By this novel technique, modified polyesters can be produced
      which not only possess improved dye affinity for dispersed acetate dyes
      and may be dyed with basic dyes under temperature and pressure or with
      carriers, but also, the modified polyesters have the necessary molecular
      weight required for fiber-forming polyesters and excellent physical
      properties in fiber form. However it has been found that when starting
      with terephthalic acid and ethylene glycol such modification of polyesters
      often fails to produce satisfactory fiber-forming materials. Attempts to
      conduct the esterification reaction of terephthalic acid and ethylene
      glycol in the presence of such sulfonate-containing compounds, as, for
      example, 5-sodium sulfo isophthalic acid has resulted in excessive
      diethylene glycol formation, resulting in a polymer with a low melting
      point and poor heat and light stability in the fiber prepared therefrom.
PAR  It is an object of this invention to provide an improved method of
      producing the bis glycol ester of such sulfonate-containing compounds
      which is unable as an intermediate in the production, from terephthalic
      acid, of high molecular weight fiber-forming polyesters which have
      improved dyeing characteristics, including increased affinity for basic
      dye stuffs, which polyesters also have a useful balance of other desirable
      physical properties including high molecular weight, high melting point,
      and good heat and light stability.
PAR  Other objects and advantages of this invention will be apparent from the
      description thereof which follows.
PAR  The objects of this invention are accomplished by reacting the dimethyl
      ester of the metallo sulfo dicarboxylic acid with glycol at a mole ratio
      of about 4-30 of the glycol to 1 of the dimethyl ester, under ester
      interchange conditions so as to provide a solution of the bis glycol ester
      in the glycol of the metallo sulfo dicarboxylic acid containing about
      20-75% of the bis glycol ester and having a carboxyl plus carboxylate
      content of not more than about 200 .mu.eq/g of bis glycol ester and no
      more than about 10 weight percent of glycol ether based on bis glycol
      ester. A conventional ester interchange catalyst and glycol ether
      suppressant may be employed.
PAR  Generally, the process for producing polyesters using the intermediate of
      this invention comprises forming a reaction mixture comprising an aromatic
      dicarboxylic acid and excess of polymethylene glycol. Other additives,
      such as catalyst, chain branching agents, chain terminating agents and/or
      cross linking agents and the like may also be added with initial
      ingredients if desired. The reaction mixture is heated to an elevated
      temperature sufficient to start the reaction between the acid and the
      glycol, with the elevated temperature being maintained until the reaction
      is substantially completed as indicated by the cessation of the evolution
      of the water of reaction, whereby a small amount of monomer and a
      predominate amount of oligomers and polymers of a low degree of
      polymerization are formed. During this stage of the reaction, the
      temperature must be such that the water formed is continuously removed by
      distillation. It may be desirable, although certainly not necessary, to
      conduct this stage of the reaction under a pressure of from about 5 psig
      to 100 psig in order to accelerate the reaction and produce a low
      molecular weight prepolymer. At a point when the degree of esterification
      of the prepolymer, as indicated by a carboxyl level of not more than
      2000.mu.eq/g (ordinarily at above 80% of esterification), and when the
      prepolymer has an intrinsic viscosity of not more than about 0.07, the
      preformed bis glycol ester of the sulfonate-containing compound is added
      in an amount and of such concentration that the resulting
      glycol/dicarboxylic acid moiety ratio is at least about 1.6. The
      temperature of the reaction mixture may be raised to remove excess glycol
      and to condense the resulting intermediate product to a highly polymerized
      polyester. A reduced pressure is generally applied to aid in removal of
      the remaining volatile constituent. The reaction preferably is carried out
      in an oxygen-free atmosphere.
PAR  The carboxyl concentration of 2000.mu.eq/g is roughly equivalent to a
      percentage of esterification of about 80. The theoritical lower limit on
      the intrinsic viscosity of the prepolymer which is suitable for the
      addition of the bis glycol ester of the difunctional aromatic compound
      possessing the sulfonate group is the intrinsic viscosity of a prepolymer
      consisting entirely of monomer. Such a prepolymer would not normally be
      obtained and the intrinsic viscosity would not normally be less than about
      0.05. Ordinarily, an intrinsic viscosity of 0.05-0.07 will embrace
      prepolymers having a degree of polymerization of about 2 to 4. It must be
      appreciated that although the intrinsic viscosity of the prepolymer should
      not exceed 0.07, an equivalent process may employ a prepolymer of higher
      viscosity with subsequent depolymerization to an intrinsic viscosity of
      0.07 or below, in the presence of the difunctional aromatic compound
      possessing the sulfonate group.
PAR  The dicarboxylic acid employed is preferably terephthalic acid in view of
      its commercial availability at a relatively low cost and in view of the
      desirable properties of the polymer that can be produced by using the
      specific acid. Aromatic dicarboxylic acids which may be used in accordance
      with the present invention include those having the general formula
      ##SPC1##
PAL  wherein n is either 0 or 1, and R is a radical selected from the group
      consisting of (a) an alkylene radical containing 1 to 8 carbon atoms;
      ##SPC2##
PAL  wherein R.sub.1 is an alkylene group containing 1 to 8 carbon atoms;
      ##SPC3##
PAL  wherein R.sub.2 is an alkylene group containing 1 to 8 carbon atoms; and
      ##SPC4##
PAL  wherein R.sub.3 is an alkylene group containing from 1 to 8 carbon atoms.
PAR  As examples of suitable aromatic p-dicarboxylic acids having the above
      general formulas there may be named: terephthalic acid; p,p'-dicarboxy
      diphenyl; p,p'-dicarboxydiphenylmethane; p,p'-dicarboxydiphenylethane;
      p,p'-dicarboxydiphenylpropane; p,p'-dicarboxydiphenylbutane;
      p,p'-dicarboxydiphenylpentane; p,p'-dicarboxydiphenylhexane;
      p,p'-dicarboxydiphenylheptane; p,p'-dicarboxydiphenyloctane;
      p,p'-dicarboxydiphenoxymethane; p,p'-dicarboxydiphenoxyethane;
      p,p'-dicarboxydiphenoxypropane; p,p'-dicarboxydiphenoxybutane;
      p,p'-dicarboxydiphenoxypentane; p,p'-dicarboxydiphenoxyhexane, and the
      like. Other useful aromatic dicarboxylic acids that may be used include
      naphthalene dicarboxylic acids such as 2,6-dicarboxynaphthalene,
      2,7-dicarboxynaphthalene, and the like.
PAR  Copolyesters can also be prepared with the intermediate of the present
      invention. For example, mixtures of the aromatic p-dicarboxylic acids
      defined above or these acids mixed with up to 50 weight percent of an
      aromatic m-dicarboxylic acid such as isophthalic acid or xylidinic acid
      may be employed to make a polyester having particularly desirable physical
      properties. It is necessary that the sole reactive groups of the acid be
      the two carboxyl groups. Therefore, it will be appreciated that the
      aromatic dicarboxylic acid may contain substituents that do not enter into
      the polycondensation reaction. For example, durene, 1,4-dicarboxylic acid
      may be employed. The invention also includes processes as described above
      wherein polyesters can be prepared by replacing in part the aromatic
      dibasic carboxylic acid with up to 30 percent by weight of an aliphatic
      dicarboxylic acid, such as succinic acid, adipic acid, sebacic acid,
      alpha, alpha-dimethylglutaric acid, itaconic acid, beta-oxydipropionic
      acid, alpha, alpha-oxydibutyric acid, fumaric acid, and the like. Longer
      chain aliphatic dicarboxylic acids such as 1,20-eiconsanedioic acid,
      8-ethyl-1, 18-octadecanedioic acid, a mixture thereof, and the like may
      also be substituted in part for the aromatic dicarboxylic acid. For the
      purposes of this invention, "polyesters" will be considered to include at
      least 85% by weight of the ester of a dihydric alcohol and a dicarboxylic
      acid.
PAR  The polymethylene glycol employed in the process of the present invention
      and/or in the production of the polyester; may be any glycol containing 2
      to 10 carbon atoms or polyester-forming derivatives thereof, and more
      preferably are polymethylene glycol of the general formula
      HO(CH.sub.2).sub.n OH, wherein n is an integer from 2 to 10 and
      cyclohexane dimethanol. Illustrative of suitable glycols that may be used
      for the purposes of this invention are ethylene glycol, 1,5-pentanediol,
      1,3-propanediol, 1,6-hexanediol, 1,7-heptanediol, 1,8-octanediol,
      1,9-nonanediol, 1,10-decanediol and the like. It is preferred that the
      glycol used be ethylene glycol.
PAR  At least about one molar proportion of the glycol per molar proportion of
      the acid is employed. However, a molar excess of the glycol is usually
      employed in the preparation of polyesters. Normally, from about 1.3 to 5
      moles of glycol per mole of acid are used.
PAR  The sulfonate-containing compound of which the bis-ester is employed, is
      any organic compound containing at least one sulfonate group and capable
      of entering into a polyesterification reaction. The sulfonate-containing
      additive will react with the dicarboxylic acid and the polymethylene
      glycol prepolymer and will form an integral part of the polymer structure.
PAR  Illustrative of sulfonate-containing compounds which may be employed for
      the purposes of this invention are compounds of the formula
      ##EQU1##
      wherein
      ##EQU2##
      is a member of the class consisting of a metallic salt of a divalent
      arylene radical and a metallic salt of a divalent alkylene radical, each
      being of such character that the -- SO.sub.3 M -- groups present are
      separated from ester-forming units by at least 3 carbon atoms and x is an
      integer of 1 to 2,
PAR  b. Y and Z are selected from the group consisting of oxyalkyl, oxyaryl,
      oxyalkyleneoxyaryl and poly(oxypolymethylene) oxyaryl radicals and y and
      y' are integers of 0 to 1,
PAR  c. n and n' are integers of 0 to 10, and
PAR  d. A is a member selected from the ester-forming units COOH, COOR, and R
      representing a lower alkyl group of 1 to 6 carbon atoms, B is a member
      selected from the group consisting of A and hydrogen, and r is an integer
      of 1 to 2, with the proviso that when r is 2, then B must be hydrogen.
PAR  These compounds are well known in the prior art, and descriptions of such
      compounds may be found in U.S. Pat. Nos. 3,018,272; 3,033,824; 3,077,493;
      3,164,566; 3,164,567; 3,164,570; 3,184,434; 3,166,531; and 3,185,671.
      Preferred is the bis glycol ester of 5-sodium sulfo isophthalic acid,
      which, according to this invention, is prepared separately from
      dimethyl-5-sodium sulfo isophthalate and ethylene glycol. The bis glycol
      ester is prepared as a solution in ethylene glycol and fed to the
      preformed acid glycol prepolymer as described above.
PAR  Preparation of the bis glycol ester intermediate from the dimethyl ester is
      conducted at temperatures of 160.degree.-250.degree. C using the usual
      ester interchange catalysts. The ratio of ethylene glycol to
      dimethyl-5-sodium sulfo isophthalate should be in the range of 4-30.
      Ratios in the range of about 7-10 are preferred as they result in
      essentially monomeric bis glycol ester formation without requiring large
      equipment which would be required at higher ratios.
DETD
PAR  The following examples are cited to illustrate the invention. They are not
      intended to limit it in any way.
PAC  EXAMPLE 1
PAR  The bis-glycol ester of 5-sodium sulfo isophthalic acid was prepared from
      dimethyl 5-sodium sulfo isophthalate and ethylene glycol using lithium
      acetate and calcium acetate as ester interchange catalysts. A 900 ml.
      capacity autoclave was charged with 222 grams (0.75 mole) of dimethyl
      5-sodium sulfo isophthalate, 372 grams (6.0 moles) of ethylene glycol,
      0.60 grams of calcium acetate monohydrate, and 0.38 grams of lithium
      acetate dihydrate. The autoclave was heated to a temperature of
      165.degree.-210.degree. C and methanol was collected by distillation
      during a period of 90 minutes. A small amount of ethylene glycol distilled
      along with the methanol. From the autoclave was obtained a 50% solution of
      the bis glycol ester of 5-sodium sulfo isophthalic acid in ethylene
      glycol. This solution was analyzed and found to have a carboxyl level of
      9.mu.eq/g of solution and a carboxylate level of 31.mu. eq/g of solution.
      The 50% solution had a diethylene glycol (DEG) ethylene glycol (EG) weight
      ratio of 0.012, indicative of a low level of DEG.
PAR  This EG solution of the bis glycol ester of 5-sodium sulfo isophthalic acid
      exceeded the solubility limit and over a period of several days the solid
      bis glycol ester slowly precipitated. For storage over long periods of
      time it is advantageous to dilute the solution further with EG such that
      the final solution contains approximately 20-25% bis glycol ester.
PAR  While this example employs a mole ratio of ethylene glycol to
      dimethyl-5-sodium sulfo isophthalate of 8 to 1, other mole ratios can be
      employed, so long as there is an excess of ethylene glycol. Ratios of 4:1
      have been effectively employed. Any common ester-interchange catalyst may
      be used.
PAR  The dimethyl-5-sodium sulfo isophthalate can be prepared, as is well known
      in the art, by sulfonation of isophthalic acid with oleum, reacting the
      5-sulfo isophthalic acid so formed with methanol to form dimethyl-5-sodium
      sulfo isophthalate, and neutralizing this compound with caustic or sodium
      containing compound to form the desired dimethyl-5-sodium sulfo
      isophthalate.
PAC  EXAMPLE 2
PAR  This example describes the preparation of a cationic dyeable polyester via
      a batch terephthalic acid (TA) process using an ethylene glycol (EG)
      solution of the bis glycol ester of 5-sodium sulfo isophthalic acid.
PAR  A reactor was charged with 162 grams terephthalic acid, 152 grams ethylene
      glycol, 0.10 grams of antimony glycoloxide, 1.97 grams of an alkoxy
      polyoxyalkalene glycol chain terminator having a general formula
      R--O[G-O].sub.x --H where R equal 14-15 and x equal 14, 0.02 grams
      pentaerythritol, and 0.04 grams lithium acetate. The mixture was
      esterified by heating for 90 minutes at a temperature of 240.degree.C
      during which time water and ethylene glycol were continually removed.
      After completion of esterification 37.6 grams of a 24% solution in
      ethylene glycol of the bis glycol ester of 5-sodium sulfo isophthalic acid
      was added, the temperature increased to remove excess ethylene glycol and
      polymerization completed at a temperature of 280.degree. C with a vacuum
      of less than 1 mm. The polymer obtained after 30 minutes polymerization
      time had a specific viscosity of 0.275, a DTA melting point of 250.degree.
      C, and contained 0.65 weight percent diethylene glycol (DEG). The polymer
      was spun and drawn 5.1 times to a yarn of excellent whiteness. Microscopic
      examination revealed that no aggregates of the dye additive were present
      in the yarn. The fiber dyed to a dark shade with Sevron Blue 2G (CI Name:
      Basic Blue 22; no CI number) cationic dye.
PAC  EXAMPLE 3
PAR  A 3-gallon, stirred-tank reactor equipped with rectification column and
      condenser was charged with 3333 grams of sodium
      5-sulfodimethylisophthalate, 5586 grams of ethylene glycol and 22.8 grams
      of lithium acetate dihydrate (KP5C-Run 84). The reactor was purged with
      nitrogen and put under a 5 psig nitrogen blanket prior to start of the
      heating cycle. When the reaction mixture temperature reached 140.degree.
      C, which is slightly below the temperature at which significant
      transesterification takes place, the reactor pressure was reduced to
      atmospheric by gradually releasing nitrogen through the rectification
      column and condenser. In approximately 45 minutes after beginning the
      heating cycle, the reaction mixture reached 180.degree. C. After
      maintaining this temperature for 10 minutes, the temperature was increased
      to 200.degree. C at a rate of 5.degree. C per 10 minutes. To minimize loss
      of ethylene glycol during distillation of the methanol by-product, the top
      of the packed rectification column was maintained at 66.degree. to
      70.degree. C by controlling the reflux rate to the column. The mixture was
      held at 200.degree. C for 40 minutes, the heat to the reactor and reflux
      to the column were stopped and the batch forced by nitrogen pressure
      through a nominal 5.mu. glass fiber filter into a nitrogen blanketed
      receiver. The solution containing approximately 48 weight percent of the
      bis-glycol ester was cooled and further diluted with ethylene glycol to 21
      weight percent. The theoretical degree of polymerization of the bis-glycol
      ester was 1.14. Analytical results gave a carboxyl concentration of 13.mu.
      eq/gm of the bis glycol ester, a carboxylate concentration of 60.mu. eq/gm
      of the bis glycol ester and a diethylene glycol concentration (DEG) of
      0.56 weight percent based on weight of the bis glycol ester.
PAC  EXAMPLE 4
PAR  This example describes the preparation of a cationic dyeable polyester via
      a continuous terephthalic acid (TA process using the ethylene glycol (EG)
      solution of the bis glycol ester described in Example 3.
PAR  A TA-EG slurry batch containing 40.0 lbs. of TA, 30.0 lbs. of EG, 2.24
      grams of pentaerythritol, 16.80 grams of triphenyl phosphite, 13.44 grams
      of lithium acetate dihydrate, 1.00 gram of a commercial antifoam agent
      (otherwise non functional) known as Antifoam "A", 220.6 grams of a
      monohydroxyl alkoxy poly(oxyalkylene) glycol having the structural
      formula:
      ##EQU3##
      4.75 grams of manganese acetate tetrahydrate, 11.20 grams of
      2,2'-ethylenedioxy-bis(1,3,2-dioxyastibolane) and 67.2 grams of titanium
      dioxide was metered at 55.0 gm/min into a stirred tank reactor operating
      at 250.degree. C under a pressure of 20 psig with a residence time of 2.5
      hours. The product from this reactor had an intrinsic viscosity of 0.07
      and a carboxyl end group concentration of 769.mu.eq/gm. Byproduct water
      and EG were continuously distilled from the reactor and condensed.
PAR  This prepolymer along with 7.26 gm/min of the solution of bis glycol ester
      described in Example 3 were metered into a second stirred tank reactor
      operating at 230.degree. C under a reduced pressure of 260 mm Hg with a
      residence time of 2.3 hours. The molar ratio of total EG to TA entering
      the second reactor was 1.82 and the ratio of total EG to total
      dicarboxylic acid was 1.77. The product from reactor 2 had an intrinsic
      viscosity of 0.09 and a carboxyl end group concentration of 100.mu.eq/gm.
      Water and EG were continuously distilled from the reactor and condensed.
PAR  The prepolymer was further condensed in a bubble-cap column operating at
      atmospheric pressure with a countercurrent flow of nitrogen at 0.34
      standard cubic feet per minute. The column product was at 260.degree. C
      and had an intrinsic viscosity of 0.18 and a carboxyl end group
      concentration of 42.mu.eq/gm. Condensation was completed in a rotating
      cage finisher operating at 1.6 mm Hg and 265.degree. C with a residence
      time of 1.9 hours and product rate of 37.8 gm/min. This copolymer was spun
      and drawn into a continuous filament yarn having an intrinsic viscosity of
      0.54, a carboxyl end group concentration of 20.mu.eq/gm, a diethylene
      glycol (DEG) concentration of 1.5 wt. % and melting point of 249.degree.
      C. The yarn had a tenacity of 3.5 gm/denier, a sulfonate group
      concentration of 108.mu.eq/gm and a basic dye uptake of 103.mu.eq/gm.
PAR  By measuring specific viscosity (.eta.sp) at 25.degree. C at a given
      concentration (1/2-4%) of the prepolymer in a solvent having a molar
      ratio: 2 phenol/1 trichlorophenol, the intrinsic viscosity (.eta.) is then
      calculated using the relationship [.eta.] = (.sqroot.2/c) [.eta. sp - 1
      n.eta. .sub.rel ].sup.1/2 .eta. .sub.rel = 1 + .eta. sp As is well known
      in the art, the carboxyl end group concentration can be determined by
      titration of the prepolymer with potassium hydroxide. Ethylene
      glycol/terephthalic acid molar ratios can be determined, as is well known
      in the art, by material balance.
PAR  Glycol ether (diethylene glycol) content is determined by gas
      chromatographic analysis after saponification of the polymer or
      prepolymer.
PAR  Melting points were determined from endotherms obtained with a duPont
      Differential Thermal Analyzer.
PAR  It is understood that changes and variations may be made in the present
      inventions without departing from the spirit and scope thereof as defined
      in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. The process of preparing a bis glycol ester of a difunctional aromatic
      compound possessing one or more metallo sulfonate groups and suitable for
      use in a subsequent continuous or non-continuous preparation of
      fiber-forming cationic dyeable copolyesters by copolymerization of the bis
      glycol ester with a low molecular weight glycol-dicarboxylic acid
      prepolymer comprising reacting a dimethyl ester of a metallo sulfo
      dicarboxylic acid with a glycol at a mole ratio of about 4-30 of the
      glycol to 1 of the dimethyl ester at a temperature of about
      160.degree.-250.degree. C and at a pressure of 0-100 psig so as to provide
      a solution of the bis glycol ester of the metallo dicarboxylic acid
      containing 20-75% of the bis glycol ester and having a carboxyl plus
      carboxylate content of not more than about 200.mu.eq/g of bis glycol ester
      and no more than about 10 weight percent of glycol ether based on the bis
      glycol ester
NUM  2.
PAR  2. The process of claim 1 wherein an ester interchange catalyst is
      employed.
NUM  3.
PAR  3. The process of claim 2 wherein said ester interchange catalyst is
      lithium acetate and/or calcium acetate.
NUM  4.
PAR  4. The process of claim 1 wherein said metallo sulfo dicarboxylic acid is a
      metallo sulfo isophthalic acid.
NUM  5.
PAR  5. The process of claim 1 wherein the mole ratio is about 7-10 of the
      glycol to 1 of the dimethyl ester.
NUM  6.
PAR  6. The process of claim 1 wherein the glycol is ethylene glycol.
NUM  7.
PAR  7. The process of preparing a bis glycol ester of a difunctional aromatic
      compound possessing one or more metallo sulfonate groups and suitable for
      use in a subsequent continuous or non-continuous preparation of
      fiber-forming cationic dyeable copolyesters by copolymerization of the bis
      glycol ester with a low molecular weight glycoldicarboxylic acid
      prepolymer comprising reacting a dimethyl ester of a metallo sulfo
      isophthalic acid with ethylene glycol at a mole ratio of about 4-30 of the
      glycol to 1 of the dimethyl ester at a temperature of about
      160.degree.-250.degree. C and at a pressure of about 0-100 psig so as to
      prepare a solution of the bis glycol ester of the metallo isophthalic acid
      containing 20-75% of the bis glycol ester and having a carboxyl plus
      carboxylate content of not more than about 200.mu. eq/g of bis glycol
      ester and no more than about 10 weight percent of diethylene glycol based
      on the bis glycol ester.
NUM  8.
PAR  8. The process of claim 7 wherein an ester interchange catalyst is
      employed.
NUM  9.
PAR  9. The process of claim 8 wherein said ester interchange catalyst is
      lithium acetate and/or calcium acetate.
NUM  10.
PAR  10. The process of claim 7 wherein said metallo sulfo isophthalic acid is
      5-sodium sulfo isophthalic acid.
NUM  11.
PAR  11. The process of claim 7 wherein the mole ratio is about 7-10 of the
      glycol to 1 of the dimethyl ester.
NUM  12.
PAR  12. A 20-75% solution in glycol of a bis glycol ester of a metallo sulfo
      dicarboxylic acid having a carboxyl plus carboxylate content of not more
      than about 200.mu.eq/g of bis glycol ester, and no more than about 10
      weight percent of diethylene glycol based on the bis glycol ester.
NUM  13.
PAR  13. The solution of claim 12 wherein the metallo sulfo dicarboxylic acid is
      5-sodium sulfo isophthalic acid.
NUM  14.
PAR  14. The solution of claim 12 containing about 20-50% of the bis glycol
      ester.
NUM  15.
PAR  15. The solution of claim 12 wherein bis glycol ester has a carboxyl plus
      carboxylate content of about 80.mu.eq/g of bis glycol ester.
NUM  16.
PAR  16. The solution of claim 12 wherein the solvent is ethylene glycol.
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ABST
PAL  A thermophospher based on lithium fluoride which exhibits
      tissue-equivalence property is disclosed. In addition to the lithium
      fluoride, the phosphor contains cerium in an amount of up to 0.1 weight
      percent and calcium in an amount of up to 3 weight percent.
BSUM
PAR  The present invention relates to materials for dosimeter measurements and
      more particularly, to thermophosphors based on lithium fluoride; it may
      find application in both personal monitoring and in various
      radiobiological experiments.
PAR  Phosphors based on lithium fluoride are widely known in the art and usually
      incorporate two activators, one of them being magnesium having a
      concentration of up to 0.6 wt., and the other, calcium having a
      concentration of up to 0.5 wt.%. Another efficient phosphor is one based
      on lithium fluoride having additions of calcium with a concentration of up
      to 3 wt.% and manganese having a concentration of up to 0.3 wt.%. In some
      cases three activators, such as magnesium, calcium and titanium, are
      incorporated into the phosphor based on lithium fluoride. Phosphors based
      on lithium fluoride having additions of one of the elements selected from
      the group consisting of magnesium, calcium and barium, and one of the
      elements selected from the group consisting of aluminum, titanium and
      europium are likewise known in the art.
PAR  Phosphors based on lithium fluoride have found wide application in
      dosimetry due to a number of unique properties which they exhibit. One of
      these properties is the socalled tissue-equivalence. The term
      "tissue-equivalence" is used by us to denote the similarlity in the
      sensitivity to ionizing radiation exhibited by a given phosphor and by
      soft biological tissues. This can be explained by the fact that the
      effective atomic number of lithium fluoride is 8.14 and that of soft
      tissues is around 7.42. Moreover, a phosphor based on lithium fluoride
      provides for the possibility of measurements to be carried out within a
      wide range of doses and, in addition, it is inert, non-toxic and
      insensitive to light.
PAR  However, the practical lower limit of the measured doses for these
      phosphors is from 10.sup.-.sup.2 - 10.sup.-.sup.3 r, and with the
      thermoluminescence spectrum being in the visible range.
PAR  In the practice of dosimetry phosphors based on calcium fluoride activated
      with manganese may be employed and these are based on calcium sulphate
      activated with manganese or samarium. The thermoluminescence yield of such
      phosphors is higher than that of phosphors based on lithium fluoride. A
      disadvantage of these phosphors resides in that due to the relatively high
      effective atomic number thereof their sensitivity to ionizing radiation
      sharply increases with a decrease of radiation energy lower than 300 keV.
      The thermoluminescence spectrum is in the visible range.
PAR  It is an object of the present invention to provide a thermophosphor based
      on lithium fluoride featuring a high sensitity to ionizing radiation and a
      thermoluminescence spectrum in the ultraviolet range.
PAR  The said object of the invention is attained by providing a thermophosphor
      based on lithium fluoride doped with calcium, which phosphor according to
      the invention, also comprises up to 0.1 wt.% of cerium.
PAR  The introduction of calcium in combination with cerium into the composition
      of the thermophosphor ensures a high sensitivity of the phosphor to
      ionizing radiation and which may produce a thermoluminescence spectrum in
      the ultraviolet range, which is essential for measuring small doses of
      ionizing radiation, since this allows for the separation of the useful
      thermoluminescent signal from the thermal radiation of the heating system
      and from the phosphor.
PAR  With an increase in the concentration of calcium, the tissue-equivalent
      properties of the thermophosphor are reduced, while its sensitivity
      becomes higher. With an increase in the concentration of cerium the
      sensitivity of the thermoluminophor increases, reaches its maximum and
      then decreases.
PAR  Therefore, optimum concentrations (in weight percent) of calcium and cerium
      of 1 - 3 and 0.015 - 0.06, respectively, are selected with the view of
      ensuring the conditions for attaining a high sensitivity of the
      thermophosphor and, at the same time, exhibiting an insignificant change
      in the tissue-equivalent properties thereof.
DRWD
PAR  For a better understanding of the present invention, given hereinbelow is a
      description of the present phosphor, exemplified in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 shows the thermoluminescence curves of powdered phosphors depending
      on the concentration of cerium with the concentration of calcium being
      constant, the temperature T.degree.C being plotted on the X-axis and the
      luminescence intensity .tau. in relative units being plotted on the
      Y-axis.
PAR  FIG. 2 shows the thermoluminescence curves of powdered phosphors depending
      on the concentration of calcium with the concentration of cerium being
      constant, the temperature T.degree.C being plotted on the X-axis and with
      the luminescence intensity .tau. in relative units being plotted on the
      Y-axis;
PAR  FIG. 3 shows the thermoluminescence spectrum of the phosphor, with the
      wavelength .lambda. in nm being plotted on the X-axis, and the
      luminescence intensity .tau. in relative units being plotted on the
      Y-axis;
PAR  FIG. 4 is a plot showing the loss of the light sum (fading) depending on
      the storage time of the phosphor, with the storage time t in days being
      plotted on the X-axis and the stored light sum S and intnesity J of the
      maxima of the thermoluminescence curve being plotted on the Y-axis.
DETD
PAC  EXAMPLE 1
PAR  A powder of lithium fluoride is taken, and to which lithium fluoride 5.85
      wt.% of calcium fluoride, and 0.02 wt.% of cerium fluoride are added. The
      mixture is kept under a vacuum at a temperature of about 900.degree.C for
      30 minutes and is then rapidly cooled. The resulting sinter is
      particulated into grains of up to 100 mcm in size. The powder is pressed
      to produce pellets about 70 mg/sq.cm thick.
PAR  The thermophosphor thus prepared contains 3 wt.% of calcium and 0.015 wt.%
      of cerium.
PAR  The thermoluminescence curve A of the X-rayed thermophosphor of Example 1
      is shown in FIG. 1.
PAC  EXAMPLE 2
PAR  The procedure for preparing the thermophosphor is the same as in Example 1,
      the only difference residing in the addition of 5.85 wt.% of calcium
      fluoride and 0.04 wt.% of cerium fluoride to the lithium fluoride.
PAR  The thermophosphor thus prepared contains 3 wt.% of calcium and 0.03 wt.%
      of cerium.
PAR  The thermoluminescence curve B of the X-rayed thermophosphor of Example 2
      is shown in FIG. 1.
PAC  EXAMPLE 3
PAR  The procedure for preparing the thermophosphor is the same as in Example 1,
      the only difference residing in the addition of 5.85 wt.% of calcium
      fluoride and 0.08 wt.% of cerium fluoride to the lithium fluoride.
PAR  The thermophosphor thus prepared contains 3 wt.% of calcium and 0.06 wt.%
      of cerium.
PAR  The thermoluminescence curve C of the X-rayed thermophosphor of Example 3
      is shown in FIG. 1.
PAC  EXAMPLE 4
PAR  The procedure for preparing the thermophosphor is the same as in Example 1,
      the only difference residing in the addition of 5.85 wt.% of calcium
      fluoride and 0.13 wt.% of cerium fluoride to the lithium fluoride.
PAR  The thermophosphor thus prepared contains 3 wt.% of calcium and 0.1 wt.% of
      cerium.
PAR  The thermoluminescence curve D of the X-rayed thermophosphor of Example 4
      is shown in FIG. 1.
PAC  EXAMPLE 5
PAR  The procedure for preparing the thermophosphor is the same as in Example 1,
      the only difference residing in the addition of 5.85 wt.% of calcium
      fluoride and 0.05 wt.% of cerium fluoride to the lithium fluoride.
PAR  The thermophosphor thus prepared contains 3 wt.% of calcium and 0.04 wt.%
      of cerium.
PAR  The thermoluminescence curve E of the X-rayed thermophosphor of Example 5
      is shown in FIG. 2.
PAC  EXAMPLE 6
PAR  The procedure for preparing the thermophosphor is the same as in Example 1,
      the difference residing in the addition of 2.93 wt.% of calcium fluoride
      and 0.05 wt.% of cerium fluoride to the lithium fluoride.
PAR  The thermophosphor thus prepared contains 1.5 wt.% of calcium and 0.04 wt.%
      of cerium.
PAR  The thermoluminescence curve F of the X-rayed thermophosphor of Example 6
      is shown in FiG. 2.
PAC  EXAMPLE 7
PAR  The procedure for preparing the thermophosphor is the same as in Example 1,
      the only difference residing in the addition of 1.95 wt.% of calcium
      fluoride and 0.05 wt.% of cerium fluoride to the lithium fluoride.
PAR  The thermophosphor thus prepared contains 1.0 wt.% of calcium and 0.04 wt.%
      of cerium.
PAR  The thermoluminescence curve G of the X-rayed phosphor of Example 7 is
      shown in FIG. 2.
PAC  EXAMPLE 8
PAR  The procedure for preparing the thermophosphor is the same as in Example 1,
      the only difference residing in the addition of 0.98 wt.% of calcium
      fluoride and 0.05 wt.% of cerium fluoride to the lithium fluoride.
PAR  The thermophosphor thus prepared contains 0.5 wt.% of calcium and 0.04 wt.%
      of cerium.
PAR  The thermoluminescence curve H of the X-rayed thermophosphor of Example 8
      is shown in FIG. 2.
PAR  As can be seen from the family of curves presented in FIG. 1, with an
      increase in the concentration of cerium with the concentration of calcium
      being constant, the luminescence intensity increases, reaches a maximum,
      and then decreases.
PAR  As can be seen from the family of the curves presented in FIG. 2,
      exhibiting a decrease in the concentration of calcium, with the
      concentration of cerium being constant, the luminescence intensity
      decreases.
PAR  The thermoluminescence curves presented in FIG. 1 and FIG. 2 are obtained
      with a heating rate of the phosphor being equal to 1.degree.C per second.
PAR  The phosphors of Examples 1 - 8 have a radiation spectra which is limited
      within a 300 - 350 nm range of wavelengths and contain two overlapping
      bands with the maxima about 315 and 335 nm. A typical radiation spectrum
      is shown in FIG. 3.
PAR  The preservation of the light sum of the X-rayed phosphors of Examples 1 -
      8 depends on the position of the maxima of the thermoluminescence curve.
      Since the main band of the thermoluminescence curve is one of
      low-temperature, it is responsible for the largest contribution of fading
      during the storage period of the X-rayed phosphor.
PAR  The curve 1 for the dependence of the light sum of the X-rayed phosphor on
      the storage time is shown in FIG. 4.
PAR  The curve J for the dependence of the amplitude of the first band of the
      thermoluminescence curve of the X-rayed phosphor on the storage time is
      shown in FIG. 4.
PAR  The curve K for the dependence of the amplitude of the second band of the
      thermoluminescence curve of the X-rayed phosphor on the storage time is
      shown in FIG. 4.
PAC  EXAMPLE 9
PAR  A powder of lithium fluoride is taken, and to which lithium fluoride 5.85
      wt.% of calcium fluoride and 0.04 wt.% of cerium fluoride are added. A
      solid cylinder is grown from the resulting mixture under vacuum by using a
      method similar to that of Stockbarger. The thus grown cylinder 10 mm in
      diameter is cut into pellets 1 mm thick along a plane normal to its axis,
      which are then ground and polished.
PAR  The thermophosphor thusly prepared contains 3 wt.% of calcium and 0.03 wt.%
      of cerium.
PAR  The lower limit of exposure doses measured on solid (monolitic) specimens
      of the thermophosphor is 3 .times. 10.sup..sup.-4 r.
PAR  For measuring small doses of the ionizing radiation use should be made of
      solid (monolithic) pellets only, in which tribo- and chemoluminescence
      phenomena are practically absent.
PAR  The herein-proposed thermophosphor based on lithium fluoride with additions
      of calcium and cerium has the following main characteristics:
PA1  1. The practical lower limit of the measured exposure doses is 3 .times.
      10.sup..sup.-4 r.
PA1  2. The radiation spectrum has two bands in the ultra-violet range (300 -
      350 nm).
PA1  3. The fading during a 10-day storage period of the X-rayed thermophosphor
      does not exceed 35% if measured by the light sum; if measured by the
      amplitude method, the respective figures for the first and second maxima
      are 60 and less than 10%.
PA1  4. The effective atomic number of the thermophosphor based on lithium
      fluoride having concentrations of 3 wt.% of calcium and 0.03 wt.% of
      cerium is 9.33, i.e. it does not exceed 15% of that of the lithium
      fluoride.
CLMS
STM  We claim:
NUM  1.
PAR  1. A lithium fluoride thermophosphor, consisting essentially of lithium
      fluoride, from about 0.5 to about 3 weight percent of calcium and from
      about 0.015, to about 0.1 weight percent of cerium said phosphor
      exhibiting an ultraviolet thermoluminescent spectrum.
NUM  2.
PAR  2. The thermophosphor as claimed in claim 1, which contains calcium in an
      amount of from about 1 to about 3 weight percent and cerium in an amount
      of from about 0.015 to about 0.06 weight percent respectively.
NUM  3.
PAR  3. A thermophosphor as claimed in claim 1 in the form of a cylindrical
      pellet 10 mm in diameter and 1 mm thick.
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ABST
PAL  An improved polyglycerol ester emulsifier is prepared by heating a
      polyglycerol ester having 3 to 10 glycerol units and 1 to 2 saturated
      fatty acyl ester groups each having 16-20 carbon atoms, glycerol and water
      at a temperature of from 125.degree.F. to 135.degree.F. until a
      homogeneous paste-like consistency is imparted thereto.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a divisional of U.S. Pat. application Ser. No. 153,837
      filed June 16, 1971 and now U.S. Pat. No. 3,809,764, patented May 7, 1974
      which is a continuation-in-part of U.S. application Ser. No. 74,211 filed
      Sept. 21, 1970, and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention involves foods of the low calorie type which resemble
      butter, margarine, cheese spreads, desserts, frozen desserts including ice
      cream, whipped cream, dips, puddings, icings, salad dressings, or sauces
      for use in special diets where a low fat or low calorie intake is desired.
      The products may broadly be described as gas-in-water emulsions or foams
      which depend for their character on the use of specific emulsifying agents
      and stabilizers.
PAC  BACKGROUND OF THE INVENTION
PAR  Within the last ten years a large body of art has developed involving the
      formulation of dietary products for weight control purposes particularly
      for consumption by obese individuals. Development has taken two
      directions. One has involved the formulation of dietary products providing
      in themselves complete nutrition so that an obese individual could
      substitute a measured quantity of such products for his normal food. In
      this way convenient and accurate control of caloric intake was possible,
      and yet adequate nutrition was maintained with respect to protein, fat,
      carbohydrate, vitamin, and mineral intake.
PAR  Other developments have not involved nutrition as such, but rather the
      preparation of imitation foods having very low caloric value yet which
      closely resemble conventional food products. Such products are attractive
      for weight control diets and other special diets for the restriction of
      fats, carbohydrate, salt, residue, etc. since they may be ingested in
      substantially unlimited quantities and are useful for consumption when
      eating as a social activity rather than one simply to maintain life. They
      provide a gustatory pleasure of consuming various types of foods which
      would otherwise be unavailable or restricted because of the requirements
      of the special diet. The present inventionn involves compositions of this
      latter type.
PAR  The compositions of the present invention may be classified as imitation
      butter, margarine, cheese spreads, dips, frozen desserts including ice
      cream and sherbert, puddings, icings, salad dressings, sauces, and the
      like. They depend largely for their character on the polyglycerol fatty
      esters as emulsifiers or foaming agents. The latter substances are
      accepted as food additives under Title 21, Code of Federal Regulations,
      Section 121.1120. They have been known for many years having been first
      described in the chemical literature as early as 1930. Improved
      polyglycerol fatty esters are described in Belgian Pat. No. 623,179
      published Apr. 4, 1963 (Chemical Abstracts 60. 13803b). The polyglycerol
      esters have been widely used in margarine manufacture as anti-spattering
      ingredients and in the preparation of shortening compositions for use in
      the preparation of confections and pastries because of their emulsifying
      qualities. Refer for example to U.S. Pat. No. 3,230,909 and Belgian Pat.
      No. 656,949 dated June 10, 1965 (Chemical Abstracts 65, 6204d).
PAC  SUMMARY OF THE INVENTION
PAR  The compositions of the present invention are aqueous foams of various
      densities containing up to 55% by weight of non-aqueous ingredients in the
      liquid phase and containing as emulsifier or foaming agent from 0.33 to
      7.5% by weight of a polyglycerol fatty ester and as stabilizer for the
      emulsion from 0.2 to 3% by weight of a hydrophilic colloid. The products
      preferably contain additional ingredients such as flavoring, coloring,
      dispersing and bodying ingredients as may be required to provide the
      desired physical and organoleptic qualities. For example, in the
      preparation of a product resembling whipped cream small amounts of sugar
      or artificial sweetener, cream flavor and in some instances vanilla flavor
      are included. In any event, such supplementary ingredients are present in
      such amount that the total composition of the aqueous phase contains no
      more than 55% by weight of non-aqueous ingredients.
PAR  Suitable products can be prepared employing as little as from 0.33 to 2% of
      polyglycerol fatty ester as emulsifier but the resulting foams are rather
      grainy, large-celled, and unstable when whipped to maximum expansion. When
      whipped to less than maximum expansion, satisfactory texture can be
      obtained. For products where maximum expansion on whipping is used, it is
      preferred to use at least about 2% by weight of polyglycerol fatty ester
      and higher concentrations up to about 7.5% depending upon the desired
      texture or fat-like quality to be achieved. If approximately 5% by weight
      of polyglycerol fatty ester is employed a spread resembling whipped butter
      or a cheese spread is obtained. With a lesser amount of polyglycerol fatty
      ester, for example about 3%, the oleaginous character diminishes and a
      lighter product resembling whipped cream is obtained. The preferred
      polyglycerol ester concentration range for spreads and whipped toppings is
      2% to 5% by weight. For frozen deserts such as imitation ice cream, ice
      milk, or sherbert where a much lower degree of expansion is desired, e.g.
      50- 110% (0.50 to 1.1 fold), from 0.5 to 1.0% by weight of emulsifier is
      preferred and the degree of expansion is controlled by the amount of
      whipping or mixing.
PAR  The foregoing spreads and whipped toppings are stable only for a short
      period unless a hydrophilic colloid is included in the composition as
      stabilizer. Suitable hydrophilic colloids include the vegetable gums such
      as acacia gum, xanthan gum, or other well known gums such as locust bean
      gum and carrageenan. Other hydrophilic colloids that are suitable are
      water soluble proteins such as gelatin, and water dispersible
      polysaccharides such as pectin, carboxymethylcellulose, starch (preferably
      pregelatinized), etc. The simple disaccharides or trisaccharides such as
      sucrose which form true solutions are not considered hydrophilic colloids
      for present purposes.
PAR  The hydrophilic colloid ingredient is used in an amount ranging from 0.2 to
      3% by weight of the aqueous phase. In addition to acting as stabilizers
      they also improve the texture of the final whipped product. For instance,
      with imitation ice creams the stabilizer also serves the function of
      delaying or preventing undesired crystallization of ice or sugars, etc.
      For these products the amount of stabilizer is limited to about 0.2 to
      0.5% by weight to avoid so-called "melt resistance". For ice cream, a
      liquid melt is desired and excess stabilizer prevents this with formation
      of a stiff, pudding-like melt. A more complete list of suitable
      hydrophilic colloids is published in "Handbook of Food Additives,"
      Chemical Rubber Publishing Company, Cleveland, Ohio, 1968, page 315.
PAR  The most preferred polyglycerol ester for use in the present invention is
      triglycerol monostearate. Other polyglycerol esters having from 3 to 10
      glycerol units in the polyglycerol chain and 1 or 2 saturated fatty ester
      groups are, however, operable. The preferred fatty esters are the stearate
      esters but the palmitate and arachidic esters are also operable. The
      latter fatty acyl groups contain respectively 16 to 20 carbon atoms. A
      suitable polyglycerol monostearate (chiefly the triglycerol product) for
      use in this invention is Durkreme 310 of the Durkee Division of S.C.M.
      Company. Other useful polyglycerol esters are Drewpol 6-2-S and Drewpol
      12-2-S of Drew Chemical Corporation. These are respectively hexaglycerol
      distearate and decaglycerol distearate.
PAR  Polyglycerol fatty esters are wax-like solids which are rather inconvenient
      to handle in manufacturing operations. They may be melted and blended with
      some of the other ingredients at a temperature of about 160.degree. F. or
      higher. We have found it convenient to convert the waxy polyglycerol fatty
      esters into a finely comminuted condition which makes possible dry
      blending thereof with other ingredients. One means used to accomplish this
      is by melting the polyglycerol fatty ester and then passing the molten
      ester through a spray dryer operated with cold air (30.degree. C. or less)
      as cooling medium. This results in conversion of the molten material into
      a fine spray and solidification of the individual droplets to provide a
      discrete particulate solid. Sometimes other ingredients are mixed or
      suspended in the molten emulsifier prior to spray cooling. The particulate
      nature and foaming qualities are unaffected by incorporation of up to 10%
      by weight of water. Lecithin, may be incorporated at this point to improve
      the texture of the final foam product. If an anti-caking ingredient is
      used such as sodium silicoaluminate, up to 12% may be incorporated before
      spray cooling.
PAR  Preparation of the whipped toppings or spreads involves rapidly agitating
      or whipping the polyglycerol fatty ester with the amount of water selected
      for the particular batch at a temperature in the range of 125.degree. F.
      to 212.degree. F. The object of heating within this temperature range is
      to hydrate and disperse the polyglycerol ester. It has been found that
      hydration takes place within a rather narrow temperature range of about
      125.degree.-135.degree. F. Whipping of the mixture should take place in a
      mechanical device designed for mixing the air therewith and creating a
      foam. A suitable device is a household electric mixer operated at
      relatively high speed and for a sufficient period to produce a foam which
      does not expand upon further whipping. In practice, all ingredients except
      the vegetable gum stabilizer are agitated with hot water in the foregoing
      fashion. Dispersion of the polyglycerol ester thus takes place, but actual
      hydration thereof is believed to occur as the mixture cools through the
      temperature range of 125.degree. - 135.degree. F.
PAR  When a vegetable gum is used as stabilizer it is preferably added as a
      second stage after full foam development, and mixing is continued just
      sufficiently to effect dispersion thereof throughout the mixture. Two
      stage addition of ingredients in this fashion is recommended since the
      vegetable gums rapidly hydrate and prevent the proper degree of air
      emulsification when using a simple mechanical mixer if included at the
      outset. A one stage process according to which all ingredients are
      incorporated at the outset is, however, operable when using a protein or
      polysaccharide stabilizer since rapid hydration with the attendant
      increase in viscosity does not occur with the hydrocolloids other than the
      vegetable gums.
PAR  The resulting product is bland and substantially tasteless although it has
      the appearance and texture of whipped cream or an oleaginous spread
      depending upon the concentration of polyglycerol fatty ester employed. In
      order to mimic conventional food products of the intended types,
      flavoring, bodying, and coloring agents are employed. For example,
      imitation butter can be prepared by simply adding a small amount of butter
      flavor and color and sufficient salt to give the appropriate taste to the
      foregoing emulsion to obtain a product very closely resembling whipped
      butter.
PAR  For the preparation of products resembling whipped toppings or desserts, a
      bodying ingredient is sometimes employed to provide the appropriate
      texture. Either nutritive or non-nutritive materials can be used for this
      purpose. Dextran is an example of a non-nutritive material that is quite
      suitable. Sugar is preferred for lending body and texture to a whipped
      cream-like product. For the preparation of a chocolate dessert cocoa is
      employed. For imitation ice cream, non-fat milk solids and sugar are
      employed. This aspect of the invention is subject to almost infinite
      variation and selection of appropriate ingredients and combinations are at
      the choice of the skilled operator. In any event, the total amount of
      bodying ingredients employed does not exceed 45% by weight of the
      composition. Suitable bodying ingredients in addition to those mentioned
      above are fructose, dried egg white, and inulin.
PAR  A unique feature of the present compositions is that they are oleaginous in
      appearance and texture, but contain substantially no fat. Small amounts of
      fat may, however, be inherently included because of its presence in
      certain of the ingredients. For example, when cocoa is used as a flavoring
      and bodying ingredient a small amount of fat is inherently present because
      it is contained in the cocoa. Again, in the preparation of an imitation
      cheese dip or peanut butter the natural materials which contain a certain
      amount of fat are needed for flavoring since artificial cheese and peanut
      butter flavors are not available. In any event, the amount of fat in the
      final product does not exceed 5% by weight thereof thus making possible
      the preparation of low calorie products.
PAR  Another means for varying the caloric content is by regulation of the
      degree of expansion or whipping since the size of a serving portion is
      ordinarily determined by volume. Each of the compositions of the present
      invention undergoes a specific amount of expansion on whipping in the air
      which is related to its composition including the content of polyglycerol
      ester emulsifier. Generally speaking, the lower the concentration of
      polyglycerol ester employed the greater the maximum degree of expansion.
      For example, at the 2 to 3% level a foam resembling whipped cream is
      obtained in which the amount of expansion is approximately 5 to 6 fold
      relative to the aqueous solution prior to whipping. At the 5% level of
      polyglycerol ester a lower degree of expansion of about two fold occurs
      resulting in a more oleaginous appearing product such as a spread. Further
      modification of the degree of expansion and thus the density of the final
      whipped product can be effected by adding a fat or fatty material. This
      reduces expansion and increases density.
PAR  For the frozen desserts such as imitation ice creams where the amount of
      polyglycerol ester is restricted to the range of 0.5 to 1.0% to balance
      the requirements of stability and mouth feel, maximum whipping is not
      employed. Here mixing is continued to an "over run" of 50 to 110% i.e. 0.5
      to 1.1 fold expansion.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  I. Two-Stage Procedure for Spreads and Toppings. In each of the following
      Examples A-G, the polyglycerol ester is hydrated and a water dispersion
      thereof is whipped to a foam or oleaginous appearing emulsion in the first
      stage. The vegetable gum stabilizers are then mixed with the foam in the
      second stage.
PAC  EXAMPLE A. -- IMITATION BUTTER
PAR  The following materials are agitated at room temperature by means of a food
      mixer at high speed setting for about 5 min. until a desirable foam is
      formed, and no further expansion appears to occur.
TBL  ______________________________________                                    
     Hot water (160.degree. F.)                                                
                              170.0 g.                                         
     Hexaglycerol Distearate  10.0 g.                                          
     Salt                     3.5 g.                                           
     Butter Flavor and Color  0.4 g.                                           
     ______________________________________                                    
PAL  A product having the consistency and appearance of whipped butter results.
      The following gums are then added as stabilizers and texturizing
      ingredients and mixing is continued for about 2 min. until a homogeneous
      appearing product is obtained.
TBL  ______________________________________                                    
     Gum Acacia             5.0 g.                                             
     Xanthan Gum            0.5 g.                                             
     ______________________________________                                    
PAL  The emulsion is then stable for several days at room temperature.
PAC  EXAMPLE B. - VANILLA WHIPPEPD TOPPING
PAR  The following ingredients are added to 170 g. of hot (170.degree. F.) water
      and whipped with a kitchen mixer for about 5 min. until a foam is formed
      and no further expansion appears to occur.
TBL  ______________________________________                                    
     Triglycerol Monostearate                                                  
                             6.0 g.                                            
     Nonfat Milk Solids      5.0 g.                                            
     Flavors and Colors      0.20 g.                                           
     Sodium Saccharin        0.33 g.                                           
     Inulin                  5.0 g.                                            
     ______________________________________                                    
PAL  The following gums are then added as stabilizers and whipping is continued
      as in Example A.
TBL  ______________________________________                                    
     Gum Acacia            1.0 g.                                              
     Xanthan Gum           1.0 g.                                              
     ______________________________________                                    
PAC  EXAMPLE C. -- CHEESE FLAVORED CHIP DIP
PAR  The following materials are blended with 170 g. of hot water (170.degree.
      F.) using a kitchen mixer as in Example A.
TBL  ______________________________________                                    
     Triglycerol Monostearate                                                  
                              6.0 g.                                           
     Salt                     5.0 g.                                           
     Dextran                 10.0 g.                                           
     Nonfat Milk Solids      15.0 g.                                           
     Flavor and Color         1.0 g.                                           
     Cheddar Cheese Spread   20.0 g.                                           
     ______________________________________                                    
PAL  The following gums are then added and mixing is continued as in Example A.
TBL  ______________________________________                                    
     Gum Acacia            1.0 g.                                              
     Xanthan Gum           1.0 g.                                              
     ______________________________________                                    
PAC  EXAMPLE D. -- WHIPPED TOPPING
PAR  A blend of the following dry ingredients is prepared. When whipped with 170
      g. of hot water (160.degree. F.) employing a kitchen mixer as in Example B
      a foam resembling whipped cream is obtained.
TBL  ______________________________________                                    
     Decaglycerol Distearate  6.0 g.                                           
     Salt                     1.2 g.                                           
     Fructose                50.0 g.                                           
     Cream Flavoring          0.25 g.                                          
     Sodium Saccharin         0.15 g.                                          
     ______________________________________                                    
PAL  The emulsion thus formed is stabilized by blending as in Example A for
      about an additional 2 min. with the following gums.
TBL  ______________________________________                                    
     Xanthan Gum           2.0 g.                                              
     Gum Acacia            2.0 g.                                              
     ______________________________________                                    
PAL  This product provides about 51/2 cups of a topping very closely resembling
      whipped cream having about 3.2 calories per tablespoonful. It may be
      readily flavored as desired with various fruit flavors such as strawberry,
      raspberry, etc.
PAC  EXAMPLE E. -- CHIP DIP
PAR  The following ingredients are whipped with a kitchen mixer at high speed
      for about 5 min. as in Example A.
TBL  ______________________________________                                    
     Water                  170.0 g.                                           
     Triglycerol Monostearate                                                  
                            6.0 g.                                             
     Salt                   2.0 g.                                             
     Dry Rochester Sauce    1.0 g.                                             
     Powdered Artificial Vinegar                                               
                            2.0 g.                                             
     Barbecue Seasoning     12.0 g.                                            
     Green Onion Flakes     4.0 g.                                             
     Dehydrated Minced Onion                                                   
                            0.3 g.                                             
     ______________________________________                                    
PAL  The emulsion which is thus formed is stabilized and its texture improved by
      adding the following materials and blending for an additional 2 min.
TBL  ______________________________________                                    
     Gum Acacia            5.0 g.                                              
     Xanthan Gum           1.0 g.                                              
     ______________________________________                                    
PAC  EXAMPLE F. -- COMPOSITIONS FOR EXTEMPORANEOUS PREPARATION
PAR  Compositions suitable for extemporaneous preparation by the housewife or
      dietician of products described in the foregoing examples are provided by
      separately blending and packaging the dry ingredients for each stage in
      the amounts indicated. The package for the first stage is labeled for
      mixing with a quantity of warm water corresponding to that indicated in
      the various examples. The second stage ingredients including the vegetable
      gums are labeled for subsequent addition after formation of a foam of the
      desired consistency in the first stage. This is specifically illustrated
      by Example G.
PAC  EXAMPLE G. -- CHIP DIP PACKAGED FOR EXTEMPORANEOUS TWO-STAGE PREPARATION
PAR  The following ingredients are separately packaged as indicated.
TBL  ______________________________________                                    
     Package (a)                                                               
     Triglycerol Monooleate    5.2 g.                                          
     Sodium Silicoaluminate    0.3 g.                                          
     Lecithin                  0.5 g.                                          
     Chive Seasoning           6.0 g.                                          
     Package (b)                                                               
     Gum Acacia                5.0 g.                                          
     Xanthan Gum               1.0 g.                                          
     Salt                      3.0 g.                                          
     Dry Rochester Sauce       1.0 g.                                          
     Powdered Artificial                                                       
     Vinegar                   0.7 g.                                          
     Imitation Sour Cream Flavor                                               
                               0.3 g.                                          
     Fructose                  2.0 g.                                          
     Chopped Chives            0.5 g.                                          
     ______________________________________                                    
PAL  The contents of Package (a) are emptied into a mixing bowl containing 170
      g. of hot tap water (temperature above 135.degree. F.) and mixed for about
      4 min. with an electric mixer at high speed as described in Example B. The
      contents of Package (b) are then added and mixing is continued at high
      speed for about 1 min. until a smooth product is obtained.
PAC  II. ONE STAGE PROCEDURE FOR SPREADS AND TOPPINGS
PAR  In each of the following Examples H-J, a protein or polysaccharide
      hydrophilic colloid stabilizer is used. These ingredients do not interfere
      with efficient aeration due to rapid hydration as do the vegetable gums,
      and thus may be included during initial mixing for one stage operation.
PAC  EXAMPLE H. -- CHOCOLATE DESSERT MIX
PAR  The following ingredients are blended in the dry condition. The dry blend
      is whipped with 170 g. of water at about 160.degree. F. for 5 min. to
      produce a whipped chocolate dessert similar to chocolate pudding.
TBL  ______________________________________                                    
     Triglycerol Monostearate                                                  
                              6.0 g.                                           
     Salt                     1.3 g.                                           
     Cocoa                   12.0 g.                                           
     Gelatin                  6.0 g.                                           
     Sugar                   10.0 g.                                           
     Nonfat Milk Solids       5.0 g.                                           
     Flavor or Color          0.5 g.                                           
     Fructose                24.0 g.                                           
     Sodium Saccharin         0.15 g.                                          
     ______________________________________                                    
PAC  EXAMPLE I. -- WHIPPED TOPPING
PAR  The following ingredients are whipped with a kitchen mixer at high speed as
      in Example H.
TBL  ______________________________________                                    
     Hot Water (170.degree. F.)                                                
                            170.0 g.                                           
     Triglycerol Monostearate                                                  
                             6.0 g.                                            
     Salt                    1.3 g.                                            
     Pregelatinized Wheat Starch                                               
                             5.0 g.                                            
     Sugar                   50.0 g.                                           
     Cream Flavor            0.25 g.                                           
     Sodium Saccharin        0.15 g.                                           
     ______________________________________                                    
PAC  EXAMPLE J. -- COMPOSITIONS FOR EXTEMPORANEOUS PREPARATION
PAR  The dry ingredients listed in Examples H and I in the quantities indicated
      may be individually packaged for extemporaneous preparation of these
      products in the home upon mixing with hot water as directed in these two
      examples.
PAC  III. EMULSIFIER PASTE FOR COLD WATER USE
PAR  An improved emulsifier composition adapted for extemporaneous preparation
      of the foregoing products using cold water for constitution is provided by
      the following embodiment of this invention. This emulsifier paste is
      comprised of a hydrated polyglycerol ester which may be substituted for
      the polyglycerol esters referred to in the foregoing examples in an amount
      corresponding to the weight of polyglycerol ester contained therein. The
      emulsifier paste is prepared by heating a mixture of 3 parts by weight of
      polyglycerol ester, from 3 to 5 parts by weight of glycerol, and from 1 to
      3 parts by weight of water at a temperature in the range of from
      125.degree. F. to 135.degree. F. until a homogeneous mixture is produced.
      The preferred emulsifier paste is prepared from 3 parts by weight of
      polyglycerol ester, 3 parts by weight of glycerol, and 3 parts by weight
      of water. In any event, 9 parts by weight of the mixture is employed in
      preparing the paste. That is, if the proportion of glycerol is increased
      to 5 parts by weight then the proportion of water is decreased to 1 part
      by weight. A minor amount of up to about 10% by weight of a
      microbiological preservative and a vegetable gum stabilizer may be added.
PAC  EXAMPLE K. -- PREPARATION OF TRIGLYCEROL MONOSTEARATE EMULSIFIER PASTE.
PAR  Triglycerol monostearate, 100 parts by weight, is subdivided into shavings
      by means of a food chopper and mixed with 100 parts by weight of water and
      100 parts by weight of glycerol and warmed at 125.degree. - 135.degree. F.
      for approximately 3 hrs. During this time a smooth homogeneous white
      cream-like mass is formed as a result of hydration of the triglycerol
      monostearate and dissolution or dispersion thereof in the glycerol. To
      serve as microbiological preservative, 0.3 parts by weight of sorbic acid,
      and 1 part by weight of acetic acid is then added to the mixture. Other
      preservatives may be substituted. A small amount of xanthan gum, 0.25
      parts by weight, is added for physical stability and the mixture is
      allowed to cool to room temperature. It is packaged in individual
      air-tight foil envelopes each containing approximately 8 g. of material.
      This may then be used in the foregoing examples in place of pure
      triglycerol monostearate on a proportional weight basis relative to the
      content of triglycerol monostearate.
PAR  The foregoing process results in hydration of the polyglycerol ester
      emulsifier and transforms it into a condition where it possesses
      equivalent foaming capacity in cold water to that obtained using warm
      water with the dry polyglycerol ester specified in Examples A-J. This is a
      distinct advantage for home use since without proper control of the water
      temperature for hydration of the polyglycerol ester proper emulsification
      to provide the contemplated whipped product texture may not be achieved.
PAR  In packaging the emulsifier paste as part of a unit for use in the home,
      the paste is kept apart from the other ingredients in a container which is
      sealed for the exclusion of the atmosphere. The purpose of this is to
      prevent dehydration since the cold water foaming properties of the
      emulsifier are dependent upon prior high temperature hydration of the
      polyglycerol ester in accordance with the foregoing procedure. Other
      ingredients of the present whipped products when stored in contact with
      the paste in the same package may have a greater affinity for water than
      the polyglycerol ester, and the water of hydration may be lost by the
      emulsifier with the attendant loss of foaming properties. The hydrophilic
      colloid and bodying ingredients including the vegetable gums, gelatin,
      dextran, starch, etc. are particularly deleterious when in contact with
      the hydrated emulsifier in a product packaged for extended storage.
PAR  Examples L, M, and N which follow illustrate the preparation of whipped
      topping (Examples L and N) and chip dip (Example M) products using the
      foregoing emulsifier paste.
PAC  EXAMPLES L, M, AND N -- TOPPING FORMULAS EMPLOYING EMULSIFIER PASTE;
      TWO-STAGE PROCEDURE
PAR  The tabulation of ingredients listed below refers to three different
      formulas for the preparation of products of the present invention
      according to the cold water method employing the emulsifier paste of
      Example K. In each instance the quantity of emulsifier paste specified was
      added to the water specified at room temperature and mixed with an
      electric mixer at high speed. The remainder of the ingredients were then
      added with mixing for an additional minute.
TBL  ______________________________________                                    
                  Example   Example   Example                                  
     Ingredients  L         M         N                                        
     ______________________________________                                    
     Water        75.0 g.   75.0 g.   75.0 g.                                  
     Emulsifer                                                                 
     Paste                                                                     
     (Example K)  8.0 g.    36.0 g.   8.0 g.                                   
     Gum Acacia   2.5 g.    2.5 g.    2.5 g.                                   
     Xanthan Gum  0.5 g.    0.5 g.    0.5 g.                                   
     Salt         1.5 g.    1.5 g.    1.5 g.                                   
     Powdered                                                                  
     Sugar        40.0 g.   40.0 g.   75.0 g.                                  
     Sodium                                                                    
     Bicarbonate  0.1 g.    0.3 g.    0.1 g.                                   
     Flavoring and                                                             
     Coloring     0.2 g.    0.2 g.    0.2 g.                                   
     ______________________________________                                    
PAC  AEROSOL TOPPINGS AND SPREADS
PAR  The foregoing disclosure has been directed primarily to the preparation of
      toppings and spreads extemporaneously in the kitchen or home. The
      following example involves a modification of the blending and whipping
      steps as described above which can be carried out in industrial equipment
      to provide a liquid concentrate suitable for delivery from an aerosol
      container using either nitrous oxide alone or in combination with one of
      the low-boiling fluorinated hydrocarbons approved for use in aerosol
      packaging of food products. This modification involves dispersing or
      dissolving all of the ingredients in the full amount of water to be used
      in the final product, but accomplishing the dispersion in such a way as to
      avoid incorporating air and thus obtaining a foam or an air-in-water
      emulsion as described above. This is accomplished by using a mechanical
      homogenizer which mixes the ingredients in a closed system and thus avoids
      the formation of the foam. A foam is subsequently formed on delivery of
      the composition from the valve of the aerosol container. The following
      example illustrates this.
PAC  EXAMPLE O. -- IMITATION BUTTER FOR AEROSOL DELIVERY
PAL  The following ingredients are mixed with heating to about 170.degree. F. in
      a closed vessel having no free air space above the liquid. The blend is
      then fed to a mechanical homogenizer and the resulting homogenized liquid
      is used as the liquid phase for an aerosol container.
TBL  ______________________________________                                    
     Water                   170.0 g.                                          
     Triglycerol Monostearate                                                  
                              8.0 g.                                           
     Sodium Silicoaluminate   0.2 g.                                           
     Gum Acacia               5.0 g.                                           
     Xanthan Gum              1.0 g.                                           
     Salt                     3.5 g.                                           
     Butter Flavor and Color  0.54 g.                                          
     ______________________________________                                    
PAL  When the foregoing is expelled through the valve of a conventional aerosol
      container the extruded product forms a foam or emulsion which has the
      consistency of whipped butter and insofar as organoleptic character is
      concerned, it is substantially identical with whipped butter. V. Shaving
      Cream
PAR  It has been noted that a shaving foam can be prepared by hydration of a
      polyglycerol ester and whipping with water as has been described above for
      the various food products. From 2-10% by weight of a water insoluble
      pulverulent bodying agent such as dextran, cellulose, talc, silica, sodium
      silicoaluminate, Fuller's earth, clay, etc. is included to provide the
      appropriate texture to the foam. The hydrophilic colloid foam stabilizer
      is not required for this product. Suitable perfumes, etc. are included for
      elegance. A microbiological preservative is used to improve storage
      stability. This is a highly unique shaving cream since it contains no
      soap, fat or oil and functions without additional water. Its lubricating
      action makes possible an extremely close shave and the residue may be
      wiped off or washed away. It leaves the skin with the feeling of having
      been treated with cold cream. Example P which follows illustrates the
      preparation of such a shaving cream.
PAC  EXAMPLE P -- SHAVING CREAM
PAR  Step A.
PAR  Glycerol 5.5 g., triglycerol monostearate 5.5 g., and water 5.5 g. is
      formed into a homogeneous cream-like paste by warming at 135.degree. F.
      The mixture is then allowed to cool and mixed with 68.3 g. of water, 2.8
      of sodium silicoaluminate, 1.4 g. of 5% solution of menthol in alcohol,
      and 0.03 g. of a preservative consisting of 1 part propylparabens and 4
      parts methylparabens (weight basis). The resulting product is used as the
      liquid fill for an aerosol dispenser. It may also be dispensed in a jar or
      tube. It is preferred that it be applied to the face or other surface to
      be shaved without mixing with additional water and with the surface dry.
PAC  VI. FROZEN DESSERTS
PAR  Three features distinguish the preparation of frozen desserts such as
      imitation ice cream or sherbert from the preparation of the whipped
      toppings and spreads described above. First, conventional ice cream making
      equipment is employed and the degree of expansion of the aqueous
      formulation on aeration is limited to 0.5 to 1.1 times the original
      volume. This corresponds to 50-110% overrun in the vernacular of the ice
      cream art. In preparation of the whipped toppings and spreads, the maximum
      degree of overrun which the composition will support on continued whipping
      is employed. In the case of ice creams aeration is not a separate step but
      rather results from the stirring action of the ice cream freezer during
      the freezing operation.
PAR  Second, the amount of polyglycerol ester emulsifier employed is reduced to
      0.5 to 1% by weight of the composition with the preferred amount being
      0.8% by weight. The toppings and spreads preferably employ from 2 to 5%.
      The reduced amount of emulsifier is possible because of the different
      stability characteristics of the frozen product as compared to the
      toppings and spreads which are generally served at room temperature or
      simply at refrigerator temperature. The reduced emulsifier level is
      desirable to avoid an oleaginous character which is not customary with ice
      cream, frozen custard, or sherbert.
PAR  The third difference is in the amount of stabilizer employed. For imitation
      ice creams and sherberts it is preferred to use from 0.2 to 0.5% by weight
      of stabilizer and preferably 0.3% by weight thereof to avoid so called
      melt resistance. When ice cream or sherbert melts, a liquid should result
      to afford the proper mouth feel. If an amount of stabilizer in excess of
      0.5% is employed a rather stiff pudding-like melt results and this is
      undesirable. The following examples illustrate preparation of an imitation
      ice cream and an imitation soft ice cream which contain no fat as such,
      and less than 1% by weight of the polyglycerol ester emulsifier. Federal
      standards for products labeled ice cream provide for 8 to 10% by weight of
      fat.
PAC  EXAMPLE Q -- IMITATION ICE CREAM
PAR  Triglycerol monostearate (Durkreme 310), 8 grams is mixed with 8 grams of
      water and kept at 125.degree.-135.degree. F. overnight. This and the
      following ingredients are then mixed with sufficient water to provide a
      kilogram of mix.
TBL  ______________________________________                                    
     Nonfat Milk Solids     141.3 g.                                           
     Sugar                  157.3 g.                                           
     Guar gum               2.0 g.                                             
     Carrageenan            0.5 g.                                             
     Polysorbate 80         0.3 g.                                             
     Water                  q.s.                                               
     ______________________________________                                    
PAL  This mixture is then pasteurized at 165.degree. F. for 20 seconds, the
      flavors and colors, 1.9 g., added and the mixture then passed through a
      homogenizer before loading into a commercial ice cream freezer. It is
      frozen to a soft paste consistency and then transferred to 5 oz.
      containers and frozen hard. The ice cream freezer was adjusted to provide
      for 85% overrun. Other stabilizers such as sodium alginate or gelatin may
      be substituted for the guar gum. The carrageenan may be omitted.
PAC  EXAMPLE R -- IMITATION SOFT ICE CREAM
PAR  Triglycerol monostearate (Durkreme 310), 8 grams is mixed with 8 grams of
      water and kept at 125.degree. - 135.degree. F. overnight. This and the
      following ingredients are then mixed with sufficient water to provide a
      kilogram of mix.
TBL  ______________________________________                                    
     Concentrate Skim Milk  166.2 g.                                           
     Sugar                  184.9 g.                                           
     Guar gum               2.0 g.                                             
     Carageenan             1.0 g.                                             
     Polysorbate 80         0.4 g.                                             
     Water,                 q.s.                                               
     ______________________________________                                    
PAL  This mixture is then pasteurized at 165.degree. F. for 20 seconds, flavors
      and colors having a total weight of 2.0 g. are added, the mixture
      homogenized and loaded into a commercial soft-serve ice cream freezer. The
      freezer is adjusted to provide a 75% overrun.
PAR  While several particular embodiments of this invention have been shown, the
      invention is not limited thereto since many modifications may be made. It
      is intended that the appended claims should cover any such modification as
      falls within the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved polyglycerol ester emulsifier prepared by heating 9 parts by
      weight of a mixture consisting of 3 parts by weight of a polyglycerol
      ester, from 3 to 5 parts by weight of glycerol, and 1 to 3 parts by weight
      of water at a temperature in the range of from 125.degree.F. to
      135.degree.F. until a homogeneous paste-like consistency is imparted
      thereto said polyglycerol ester being molecularly constituted of from 3 to
      10 glycerol units and from 1 to 2 saturated fatty acyl ester groups each
      having from 16 to 20 carbon atoms.
NUM  2.
PAR  2. The product of claim 1 wherein 3 parts by weight of polyglycerol ester,
      3 parts by weight of glycerol, and 3 parts by weight of water is employed.
NUM  3.
PAR  3. The product of claim 2 wherein said fatty acyl ester group of said
      polyglycerol ester is stearate.
NUM  4.
PAR  4. The product of claim 1 wherein said polyglycerol ester is triglycerol
      monostearate.
NUM  5.
PAR  5. The product of claim 1 wherein said polyglycerol ester is hexaglycerol
      distearate.
NUM  6.
PAR  6. The product of claim 1 wherein said polyglycerol ester is decaglycerol
      distearate.
NUM  7.
PAR  7. The product of claim 1 having up to 2% by weight of a microbiological
      preservative incorporated therein.
NUM  8.
PAR  8. The product of claim 1 when packaged in an air-tight container.
NUM  9.
PAR  9. The product of claim 1 containing a minor amount of a preservative and a
      stabilizer.
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ABST
PAL  Potassium bisulfate is prevented from caking by treatment with finely
      ground phosphate rock.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for the treatment of potassium bisulfate
      to prevent caking of the dried solid material and to the novel
      compositions produced by treatment of the bisulfate with phosphate rock.
PAR  2. Description of the Prior Art
PAR  Potassium bisulfate is a compound of the formula KHSO.sub.4 and is known in
      the art as being useful in various areas including use as an intermediate
      in the production of certain fertilizers. For example, this compound is
      disclosed in U.S. Pat. Nos. 3,718,453 and 3,697,246 as a valuable
      intermediate in the production of fertilizers.
PAR  In operation of commercial plants in which potassium bisulfate is used,
      large quantities of solid potassium bisulfate are necessarily shipped and
      stored prior to actual use. Potassium bisulfate however, is hygroscopic
      and therefore has a tendency to cake during storage and shipment which
      makes it difficult to transfer and use. Accordingly, consideration has
      been given to developing procedures and methods by which the caking
      tendency of potassium bisulfate can be prevented in an economic manner
      without deleteriously affecting the potassium bisulfate. According to the
      present invention, it has been found that the addition of phosphate rock
      to solid potassium bisulfate unexpectedly inhibits caking tendencies of
      potassium bisulfate. This is unexpected in view of the acid nature of
      potassium bisulfate.
PAR  Phosphate rock is a natural product which is a mixture of materials and is
      considered to have the following formula:
EQU  Ca.sub.9 (PO.sub.4).sub.6.CaF.sub.2
PAL  and generally comprises calcium phosphates with some fluorides admixed
      therewith probably in the form of calcium fluoride. This product has also
      been used in the art to prevent caking of fertilizers including ammonium
      and potassium salts, calcium nitrates, and the like. The use of phosphate
      rock as an anti-caking agent of this type is disclosed in U.S. Pat. Nos.
      2,008,469 and 2,307,253. In addition, U.S. Pat. No. 3,419,379 discloses
      use of phosphate rock in a two step treatment for providing coatings on
      fertilizers such as calcium phosphate although potassium sulfate (K.sub.2
      SO.sub.4) is also mentioned as a plant nutrient.
PAR  The present invention, however, is considered to distinguish from these
      patents and is concerned with a novel composition of matter and an
      unexpectedly simple procedure for inhibiting the caking tendency of
      potassium bisulfate by use of phosphate rock.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly one object of this invention to provide a procedure for
      preventing the caking of potassium bisulfate by the addition of phosphate
      rock thereto.
PAR  A still further object of the invention is to provide a novel composition
      of matter comprising potassium bisulfate reacted with phosphate rock.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description.
PAR  In satisfaction of the foregoing objects and advantages there is provided
      by this invention a method for the prevention of caking of solid potassium
      bisulfate which comprises mixing solid potassium bisulfate with phosphate
      rock in the amount of about 10-400 pounds of rock per ton of potassium
      bisulfate. On a weight percent basis, this requires that the potassium
      bisulfate contain about 0.5 to 20 weight percent of phosphate rock and
      mixing may be carried out in a period of 5 minutes or less. Also provided
      by this invention is a novel composition of matter comprising solid
      potassium bisulfate containing a coating on the surface thereof which
      comprises a reaction product of the potassium bisulfate and phosphate rock
      and is believed to be a double salt of potassium dihydrogen phosphate and
      potassium bisulfate.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  According to this invention it has been found that the caking tendency of
      potassium bisulfate in solid form may be minimized by the addition thereto
      of a small amount of phosphate rock. Thus, it has been found that the
      addition of about 10-400 and preferably about 30-60 pounds of phosphate
      rock per ton of KHSO.sub.4 over a very short period of time substantially
      reduces hygroscopic tendencies of the potassium bisulfate so that it
      remains easily flowable after extended storage.
PAR  The phosphate rock mixed with the KHSO.sub.4 should be relatively finely
      ground and have a mesh size of approximately 150 mesh or less.
PAR  Potassium bisulfate of course is a known product in the art and may be
      prepared by various methods including the reaction of potassium chloride
      and sulfuric acid with evolution of hydrogen chloride. This invention
      pertains to potassium bisulfate in its solid form and may be applied at
      any stage. A particularly useful stage for application of the procedure of
      this invention is when the potassium bisulfate is being removed from the
      dryer for storage or shipment. In this invention, at this stage about
      10-400 lbs. of finely divided phosphate rock per ton of KHSO.sub.4 are
      added to the potassium bisulfate and the mixture is agitated for five
      minutes or less. The phosphate rock may be added at any temperature or at
      any point but is preferably added while the KHSO.sub.4 is at or above room
      temperature, e.g. about 30.degree.-150.degree.C. and before caking of the
      KHSO.sub.4 begins. After the phosphate rock is added, the resulting
      mixture is then ready for shipment and/or storage.
PAR  In conducting the process, it should be noted that the effectiveness of the
      phosphate rock in inhibiting caking of the potassium bisulfate falls
      within the critical range of about 10-400 pounds per ton of potassium
      bisulfate or about 0.5 to 20.0 weight percent. In fact a highly preferred
      range is 30-60 lbs. per ton of KHSO.sub.4 per ton of rock or about 1.5 to
      3.0 weight percent and it is this range at which maximum effectiveness is
      attained. Contrary to the teachings of U.S. Pat. No. 2,008,469, further
      increases in the quantity of this anti-caking agent do not contribute to
      increase the activity. For example, data indicates that at a rate of above
      about 30-60 pounds per ton of KHSO.sub.4, the effectiveness of anti-caking
      agent falls off slightly from the value obtained at 30 to 60 pounds per
      ton of KHSO.sub.4. Thus, the range of 30 to 60 pounds per ton of solid
      KHSO.sub.4 or 1.5 to 3.0 weight percent of finely ground phosphate rock is
      considered to provide maximum effectiveness.
PAR  This invention also provides novel compositions which result from addition
      of the anti-caking amount of phosphate rock to the potassium bisulfate.
      Thus, it has been found that when the phosphate rock is added to the
      KHSO.sub.4, a reaction appears to occur at least on the coated surface of
      the KHSO.sub.4, and this reaction appears to be the reaction product of
      potassium bisulfate and the phosphate rock. This reaction product is
      believed to be a double salt of potassium dihydrogen phosphate and
      potassium bisulfate. Certainly this reaction product is less hygroscopic
      than the KHSO.sub.4. Therefore, the present invention also includes a
      novel composition of matter comprising a mixture of potassium bisulfate
      and phosphate rock and containing an exterior surface coating comprising
      the double salt of potassium dihydrogen phosphate and potassium bisulfate.
PAR  While Applicant does not exactly understand the exact reactions which
      occur, it is considered that the final product is potassium bisulfate
      containing phosphate rock and the double salt KH.sub.2 PO.sub.4.sup..
      3KHSO.sub.4 as a surface coating. Accordingly, the present invention
      provides a novel composition of matter and method for its production.
PAR  The novel composition of this invention is a useful composition as it is an
      intermediate in the production of potassium dihydrogen phosphate
      fertilizers as taught in U.S. Pat. No. 3,697,246. The phosphate rock and
      reaction products with the KHSO.sub.4 easily enter into the reaction and
      further, by inhibiting caking of the KHSO.sub.4, renders the composition a
      useful intermediate.
PAR  The following examples are presented to illustrate the invention but it is
      not to be considered as limited thereto. In these examples and throughout
      the specification parts are by weight unless otherwise indicated.
PAC  EXAMPLES 1 TO 26
PAR  The equipment used in these examples consisted of a balance and a number of
      4 oz. wide mouth clear glass jars with plastic screw caps. First the
      desired amount of anti-caking agent was weighed into the jars after which
      50 grams of dry, hot (approximately 125.degree.C.) potassium bisulfate was
      added. The jars were then capped and shaken for five minutes on a
      mechanical shaker after which the caps were removed and the jars placed in
      a desiccator containing water at approximately 25.degree.C. (room
      temperature) for 2-1/2 hours. The jars were then recapped, shaken once and
      allowed to stand undisturbed at room temperature. After 24, 72, 168 and
      360 hours the samples were evaluated for caking tendencies in the
      following manner: the capped sample bottle was slowly upended and each
      sample graded as shown below:
TBL                                  Sample                                    
     Grade No.                                                                 
               Description          Condition                                  
     ______________________________________                                    
     1        Completely free flowing when                                     
                                    Excellent                                  
              jar was inverted 0-95.degree.                                    
      11/2    Crystals separated when jar was                                  
                                    Very Good                                  
              inverted 95-135.degree.                                          
     2        Slightly caked: crystals separated                               
                                    Good                                       
              when jar was inverted 135-180.degree.                            
     3        Caked: jar required light tap to                                 
                                    Fair                                       
              separate crystals                                                
     4        Firmly caked: jar required                                       
                                    Poor                                       
              several taps to separate crystals                                
     5        Solidly caked: jar required hard                                 
                                    Very Poor                                  
              rap to separate crystals                                         
     6        Hard cake: jar required several                                  
                                    Extremely                                  
              hard raps to separate crystals                                   
                                    Poor                                       
     ______________________________________                                    
PAR  With minor variations the above is the evaluation system used by Armour
      Industrial Chemical Company to evaluate anti-caking agents as described
      hereinabove.
PAR  At the end of the 360 hour storage period, the caps were removed from the
      jars which were allowed to stand exposed to laboratory air for an
      additional week (528 hours) after which they were again evaluated. The
      results are shown in Table I.
PAR  It was found from these Examples that Western Phosphate rock as received at
      a concentration of 30 to 60 pounds per ton provided effective anti-caking
      protection for the potassium bisulfate. Phosphate rocks from other
      locations (Florida and Spain) also provided good protection if their
      particle sizes were comparable to that of the Western rock. The Florida
      and Spanish rock (Calidad 80% rock) as received, however, were too coarse
      to be effective anti-caking agents for the potassium bisulfate. The
      attached Table II shows the screen analyses of the Western, Florida and
      Spanish rocks as received and the latter two after grinding in a mortar.
      These "ground" rocks were approximately equivalent to the Western rock in
      anti-caking activity on potassium bisulfate at equivalent concentrations.
TBL                                    Table I                                 
     __________________________________________________________________________
     EVALUATION OF ANTICAKING AGENTS ON POTASSIUM BISULFATE                    
     Example                          Grade Number After                       
     No.  Treatment                   24 hrs.                                  
                                            72 hrs.                            
                                                  168 hrs.                     
                                                        360 hrs.               
                                                              528 hrs.         
     __________________________________________________________________________
                                                              .sup.(1)         
      1   None                        5     6     6     4     5                
      2   0.25g.                                                               
              Western Rock (10 lb./ton)                                        
                                      3      11/2  11/2 1      11/2            
      3   0.75g.                                                               
              Western Rock (30 lb/ton)                                         
                                      2     1     1     1     1                
      4   1.50g.                                                               
              Western Rock (60 lb/ton)                                         
                                      2     1     1     1      11/2            
      5   2.50g.                                                               
              Western Rock (100 lb/ton)                                        
                                      3      11/2  11/2  11/2  11/2            
      6   5.00g.                                                               
              Western Rock (200 lb/ton)                                        
                                      2      11/2  11/2  11/2  11/2            
      7   10.00g.                                                              
              Western Rock (10 lb/ton)                                         
                                      2      11/2 1      11/2  11/2            
      8   0.25g.                                                               
              Occidental Florida Rock (10 lb/ton)                              
                                      5     4     3     3     3                
      9   0.75g.                                                               
              Occidental Florida Rock (30 lb/ton)                              
                                      6     5     4     3     3                
     10   1.50g.                                                               
              Occidental Florida Rock (60 lb/ton)                              
                                      5     6     4     3     3                
     11   2.50g.                                                               
              Occidental Florida Rock (100 lb/ton)                             
                                      5     5     3     3     3                
     12   5.00g.                                                               
              Occidental Florida Rock (200 lb/ton)                             
                                      5     5     4     3     3                
     13   0.25g.                                                               
              Calidad 75% Rock (10 lb/ton)                                     
                                      5     5     3     3     3                
     14   0.75g.                                                               
              Calidad 75% Rock (30 lb/ton)                                     
                                      4     3     3     3     3                
     15   1.50g.                                                               
              Calidad 75% Rock (60 lb/ton)                                     
                                      4     3     2     3     3                
     16   2.50g.                                                               
              Calidad 75% Rock (100 lb/ton)                                    
                                      4     4     3      11/2  11/2            
     17   5.00g.                                                               
              Calidad 75% Rock (200 lb/ton)                                    
                                      4     3     3     3      11/2            
     18   0.25g.                                                               
              Calidad 80% Rock (10 lb/ton)                                     
                                      5     5     3     3     3                
     19   0.75g.                                                               
              Calidad 80% Rock (30 lb/ton)                                     
                                      4     3      11/2  11/2 3                
     20   1.50g.                                                               
              Calidad 80% Rock (60 lb/ton)                                     
                                      4     4     4     3     3                
     21   2.50g.                                                               
              Calidad 80% Rock (100 lb/ton)                                    
                                      3     3     3     3      11/2            
     22   5.00g.                                                               
              Calidad 80% Rock (200 lb/ton)                                    
                                      3     3      11/2  11/2  11/2            
     23   0.75g.                                                               
              Ground Occidental Florida Rock (30 lb/ton)                       
                                      3      11/2 1     1     1                
     24   2.50g.                                                               
              Ground Occidental Florida Rock (100 lb/ton)                      
                                      3      11/2 1     1     1                
     25   0.75g.                                                               
              Ground Calidad 80% Rock (30 lb/ton)                              
                                      3       11/2                             
                                                   11/2 1     1                
     26   2.50g.                                                               
              Ground Calidad 80% Rock (100 lb/ton)                             
                                      3      11/2 1      11/2 1                
     __________________________________________________________________________
      .sup.(1) From 360 hours to 528 hours sample jars were uncapped and expose
      to laboratory air.                                                       
TBL                                    TABLE II                                
     __________________________________________________________________________
     SCREEN ANALYSES OF PHOSPHATE ROCKS EVALUATED AS ANTICAKING AGENTS         
                   Weight Percent of Sample on Screen                          
     Screen                                                                    
           Diameter                                                            
                   Western                                                     
                          Occidental                                           
                                   Ground Occidental                           
                                               Calidad 80%                     
                                                        Ground Calidad 80%     
     No.   Hole(in.)                                                           
                   Rock   Florida Rock                                         
                                   Florida Rock                                
                                               Rock     Rock                   
     __________________________________________________________________________
      60   0.0098  11.0   63.3     22.0        15.7     11.3                   
     100   0.0059  21.7   32.7     35.3        41.7     43.0                   
     140   0.0041  16.7   3.0      12.3        28.7     22.0                   
     170   0.0035  20.3   0.3       5.3        6.3       5.7                   
     200   0.0029   8.3   0.3       1.0        1.3       2.3                   
     Pan   &lt;0.0029 21.3   0.7      23.7        4.0      15.3                   
      Loss --       0.7   -0.3      0.4        2.3       0.4                   
     __________________________________________________________________________
PAC  EXAMPLES 27-30
PAR  The equipment used was the same as described in Examples 1-36 but the
      procedure was varied slightly. After the dry hot (approximately
      125.degree.C.) reagent grade potassium bisulfate had been mixed with the
      desired amount of phosphate rock, the jars were weighed on an analytical
      balance and stored uncapped in the laboratory. One bottle for comparison
      was capped and stored with the uncapped samples. This capped sample was
      presumedly dry since it had been protected from atmospheric moisture at
      all times since it was placed in the jar.
PAR  Before each evaluation the jars were reweighed to determine any weight
      change. The temperature and humidity conditions in the laboratory were
      monitored during this experimentation and an average value recorded for
      each evaluation period. The method of evaluating the sample was the same
      as that described in Examples 1-26.
PAR  After the storage period was completed, representative stored samples were
      treated with H.sub.2 O to dissolve the potassium bisulfate, and the
      insoluble anti-caking agent (Western phosphate rock) recovered, dried and
      analyzed. Representative stored samples were also analyzed by X-ray
      diffraction.
PAR  The results of these tests are shown in the following Table III. As will be
      noted, the untreated sample caked badly and gained weight (water) at a
      diminishing rate up to 360 hours. After this time, the sample lost some
      weight up to 600 hours, but it will be noted that during this time the
      average relative humidity of the air in the laboratory dropped. As there
      was doubtless an equilibrium between the amount of water picked up by the
      potassium bisulfate and the amount present in the air surrounding it, the
      sample could be expected to lose weight during this time period.
TBL                                    TABLE III                               
     __________________________________________________________________________
     EVALUATION OF WESTERN PHOSPHATE ROCK AS AN ANTICAKING                     
     AGENT FOR REAGENT GRADE POTASSIUM BISULFATE                               
     __________________________________________________________________________
                         27        28         29         30                    
                         None      Western Rock at                             
                                              Western Rock at                  
                                                         Western Rock at       
     Treatment           Sample open to                                        
                                   30 lbs/T Open                               
                                              60 lbs/T Open                    
                                                         60 lbs/T Closed       
                         atmosphere                                            
                                   to atmosphere                               
                                              to atmosphere                    
                                                         to atmosphere         
     __________________________________________________________________________
     Grade No. after                                                           
                   24 hrs.                                                     
                         5 (Very Poor)                                         
                                   2 (Good)   4 (Poor)   1 (Excellent)         
                   96 hrs.                                                     
                         5 (Very Poor)                                         
                                   5 (Very Poor)                               
                                              1 (Excellent)                    
                                                         4 (Poor)              
                  192 hrs.                                                     
                         4 (Poor)  4 (Poor)   1 (Excellent)                    
                                                         3 (Fair)              
                  360 hrs.                                                     
                         5 (Very Poor)                                         
                                   3 (Fair)   1 (Excellent)                    
                                                         1 (Excellent)         
                  528 hrs.                                                     
                         5 (Very Poor)                                         
                                   1 (Excellent)                               
                                              1 (Excellent)                    
                                                         1 (Excellent)         
                  600 hrs.                                                     
                         4 (Poor)  1 (Excellent)                               
                                              (Excellent)                      
                                                         1 (Excellent)         
     Weight gain (loss) after                                                  
                   24 hrs.                                                     
                          0.2124 g.                                            
                                    0.0553 g.  0.0293 g.  0.0078 g.            
                   96 hrs.                                                     
                         0.0308    -(0.0089)  -(0.0038)  0.0032                
                  192 hrs.                                                     
                         0.0188    -(0.0083)  -(0.0037)  0.0089                
                  360 hrs.                                                     
                         0.0052    -(0.0040)  -(0.0002)  0.0026                
                  528 hrs.                                                     
                         -(0.0283) -(0.0063)  - (0.0035) -(0.0134)             
                  600 hrs.                                                     
                         -(0.0070) -(0.0041)  -(0.0031)  -(0.0071)             
     Total gain (loss)    0.2319 g.                                            
                                    0.0237 g.  0.0150 g.  0.0020 g.            
     Temp. (F.degree.) and Rel.                                                
     Humidity after                                                            
                   24 hrs.                                                     
                         74.degree.; 54%                                       
                                   74.degree.; 54%                             
                                              74.degree.; 54%                  
                                                         --                    
                   96 hrs.                                                     
                         74.degree.; 56%                                       
                                   74.degree.; 56%                             
                                              74.degree.; 56%                  
                                                         --                    
                  192 hrs.                                                     
                         75.degree.; 55%                                       
                                   75.degree.; 55%                             
                                              75.degree.; 55%                  
                                                         --                    
                  360 hrs.                                                     
                         75.degree.; 57%                                       
                                   75.degree.; 57%                             
                                              75.degree.; 57%                  
                                                         --                    
                  528 hrs.                                                     
                         75.degree.; 52%                                       
                                   75.degree.; 52%                             
                                              75.degree.; 52%                  
                                                         --                    
                  600 hrs.                                                     
                         76.degree.; 51%                                       
                                   76.degree.; 51%                             
                                              76.degree.; 51%                  
                                                         --                    
     __________________________________________________________________________
PAR  The results obtained with the three samples treated with Western phosphate
      rock in this Example were somewhat different from those of Examples 1-26.
      In the prior examples, the samples were exposed for 2.5 hours to air of
      approximately 100 percent relative humidity at 25.degree.C. (77.degree.F.)
      before being capped and stored. In the present Example, the samples were
      only exposed to laboratory air of the average temperatures and humidities
      shown in the table. In this Example, the sample treated with Western
      phosphate rock at 30 pounds per ton initially showed a "good" caking
      rating which fell off at 96 hours storage to the same value as the
      untreated sample, but thereafter slowly improved until it became
      "excellent" at the end of the test. The sample treated with 60 pounds per
      ton of Western phosphate rock showed a "poor" caking rating after 24 hours
      storage, but thereafter was "excellent" throughout the duration of the
      test.
PAR  The treated sample which was closed to the atmosphere initially showed an
      excellent caking tendency, which fell off at 96 hours to a poor rating,
      but thereafter recovered to again become excellent from the 360 hour
      rating onward.
PAR  It will be noted that both treated samples open to the atmosphere initially
      picked up weight, but thereafter began losing weight. It will also be
      noted that the overall weight gain was greatest for the untreated sample;
      less for the sample treated at 30 pounds/ton and least for the sample
      treated at 60 pounds/ton with Western phosphate rock and open to the
      atmosphere. The treated sample closed to the atmosphere gained small
      amounts of weight on the first four evaluations and then lost much of this
      weight during the last two evaluations. The reason for this is not known
      but it was probably due to adsorption and desorption of water on the
      surfaces of the glass jar and its plastic top due to changing humidity
      conditions.
PAR  If we assume that all samples open to the atmosphere at least initially
      picked up the same amount of water, the subsequent loss of weight of the
      treated samples can only be due to (1) the loss of a volatile substance
      due to a chemical reaction and/or (2) the loss of water from a reaction
      product of potassium bisulfate and phosphate rock which was less
      hygroscopic than potassium bisulfate and hence would more easily lose
      water to the atmosphere.
PAR  To test the first hypothesis, at the conclusion of the storage test 25
      grams of the potassium bisulfate treated with 60 pounds per ton of Western
      phosphate rock was treated with 100 cc of water to dissolve the potassium
      bisulfate. The residual phosphate rock was collected, washed with 10 cc of
      water, dried and analyzed for fluorides on the theory that hydrogen
      fluoride may have been lost. The weight percent of fluorides in the
      original Western phosphate rock was found to be 3.0 percent, and that
      found in the rock recovered from the sample treated with 60 pounds/ton of
      rock and left open to the atmosphere was found to be 2.27 percent.
      Surprisingly, rock recovered from the potassium bisulfate sample treated
      with 60 pounds/ton of Western phosphate rock which was closed to the
      atmosphere was found to have a fluoride concentration of 2.09 percent by
      weight.
PAR  To test the hypothesis that a chemical reaction had occurred with formation
      of new compounds during the storage period, the remaining half of the two
      samples treated with Western phosphate rock at 60 pounds/ton were analyzed
      by X-ray diffraction. The fines from both samples, which contained
      relatively large amounts of the phosphate rock, were used in this
      analysis. Surprisingly, the analysis of the fines from the sample stored
      open to the atmosphere and from the sample closed to the atmosphere were
      the same. Both contained 2-3 weight percent of phosphate rock and 1-3
      weight percent of the double salt KH.sub.2 PO.sub.4.sup.. 3KHSO.sub.4.
PAR  From the above analytical data it is obvious that chemical reactions
      occurred during storage of potassium bisulfate and Western phosphate rock
      either closed or opened to atmospheric moisture. These chemical reactions
      were shown to result in the formation of compounds not present in the
      original components and in the loss of fluorides.
PAR  The invention has been described herein with reference to certain preferred
      embodiments; however, the invention is not to be considered as limited
      thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for inhibiting caking of a mixture consisting essentially of
      potassium bisulfate during storage periods in excess of 24 hours which
      consists essentially of adding thereto and mixing therewith about 0.5 to
      20.0 weight percent of finely ground phosphate rock at a temperature of
      about 30.degree.-150.degree.C. to form a mixture consisting essentially of
      potassium bisulfate mixed with phosphate rock wherein during the storage
      period there is formed a generally uniform anti-hygroscopic coating on the
      potassium bisulfate particles, said coating comprising the reaction
      product of potassium bisulfate and phosphate rock.
NUM  2.
PAR  2. A method according to claim 1 wherein the phosphate rock has a particle
      size of about 150 mesh or less.
NUM  3.
PAR  3. A method according to claim 2 wherein mixing occurs over a period of 5
      minutes or less.
NUM  4.
PAR  4. A method according to claim 3 wherein mixing occurs at a temperature of
      about 125.degree.C.
NUM  5.
PAR  5. A method according to claim 4 wherein about 1.5 to about 3.0 weight
      percent of phosphate rock is mixed with the potassium bisulfate.
NUM  6.
PAR  6. A storage stable composition of matter consisting essentially of
      potassium bisulfate admixed with about 0.5 to 20.0 weight percent of
      phosphate rock and containing a reaction product of potassium bisulfate
      and phsophate rock as a generally uniform anti-hygroscopic coating on the
      bisulfate particles, said reaction product being formed during a storage
      period.
NUM  7.
PAR  7. A composition according to claim 6 wherein the reaction product is a
      double salt of potassium bisulfate and potassium dihydrogen phosphate.
NUM  8.
PAR  8. A composition according to claim 7 wherein the double salt is of the
      formula KH.sub.2 PO.sub.4.sup.. 3KHSO.sub.4.
PATN
WKU  039363937
SRC  5
APN  3519333
APT  1
ART  223
APD  19730417
TTL  Antimicrobial agents and use thereof
ISD  19760203
NCL  2
ECL  1
EXA  Walsh; Donald P.
EXP  Padgett; Benjamin R.
INVT
NAM  Jurd; Leonard
CTY  Berkeley
STA  CA
INVT
NAM  King, Jr.; A. Douglas
CTY  Martinez
STA  CA
INVT
NAM  Stanley; William L.
CTY  Richmond
STA  CA
ASSG
NAM  The United States of America as represented by the Secretary of
      Agriculture
CTY  Washington
STA  DC
COD  06
RLAP
COD  74
APN  74485
APD  19700922
PSC  01
PNO  3745222
ISD  19730710
CLAS
OCL  252404
XCL  252398
XCL  424346
XCL  426542
XCL  426546
EDF  2
ICL  C09K 1508
ICL  C09K 1534
ICL  A01N  900
ICL  A23L  300
FSC  252
FSS  404
FSC  424
FSS  346
FSC  426
FSS  546
OREF
PAL  tetrahedron, 1966, Vol. 21, pp. 2683 to 2696, "The Neoflavanoid Group of
      Natural Products I".
PAL  Chemical Abstracts, Vol. 61, Dec. 1964, article 16477e, "Antibiotic
      Substances from Higher Plants".
PAL  Tetrahedron, 1965, Vol. 21, pp. 2707 to 2715, "The Neoflauanoid Group of
      Natural Products III".
PAL  Hurd et al., Jour. Am. Chem. Soc., Vol. 59, pp. 107-109.
PAL  Tetrahedron, Vol. 25, pp. 1407-1416, (1969).
LREP
FR2  Silverstein; M. Howard
FR2  Takacs; W.
FR2  Hensley; Max. D.
ABST
PAL  Substances which are subject to microbial spoilage are preserved by
      addition of a cinnamyl phenol, e.g., 2-cinnamylphenol, 4-cinnamyl phenol,
      2-methoxy-4-cinnamyl-phenol, 2-cinnamyl-5-methoxy-quinol, etc.
GOVT
PAR  A non-exclusive, irrevocable, royalty-free license in the invention herein
      described, throughout the world for all purposes of the United States
      Government, with the power to grant sublicenses for such purposes, is
      hereby granted to the Government of the United States of America.
PARN
PAR  This is a division of our co-pending application, Ser. No. 74,485, filed
      Sept. 22, 1970, issued July 10, 1973 as U.S. Pat. No. 3,745,222.
BSUM
PAR  This invention relates to the preservation of substances which are normally
      subject to microbial spoilage. The objects of the invention include the
      provision of novel processes and compositions for accomplishing such
      preservation. Further objects of the invention will be evident from the
      following disclosure wherein parts and percentages are by weight unless
      otherwise specified. The abbreviation ppm used herein refers to parts per
      million. Temperatures are given in degrees Centigrade. The symbol .phi. is
      used herein to designate the phenyl radical.
PAR  In accordance with the invention it has been found that certain agents
      exhibit unexpected antimicrobial activity and are useful for preserving
      all kinds of materials which are normally subject to microbial spoilage.
      The agents in question are certain cinnamylphenols, and their
      antimicrobial activity is unusual and unexpected because it is not shared
      by closely-related phenol derivatives.
PAR  Generically, the agents in accordance with the invention have the structure
      ##SPC1##
PAL  Where at least one but not more than three of the R's are hydroxy radicals,
      and the remainder of the R's are each independently selected from the
      group consisting of lower alkyl, lower alkoxy, and hydrogen.
PAR  The compounds of the invention are especially useful because they are
      active against many microorganisms in the categories of bacteria, yeasts,
      and molds. In other words, the compounds are not just active against one
      or a few organisms; rather, they display broad-spectrum antimicrobial
      activity.
PAR  Examples of particular compounds within the scope of the invention are
      given below by way of illustration and not limitation:
TBL  4-Cinnamyl-phenol                                                         
      (also known as                                                           
     obtusastyrene)                                                            
     2-Cinnamyl-phenol                                                         
     2-Cinnamyl-4-methyl-                                                      
       phenol                                                                  
     2-Cinnamyl-4-methoxy-                                                     
       phenol                                                                  
     2-Methyl-4-cinnamyl-                                                      
       phenol                                                                  
     2-Methoxy-4-cinnamyl-                                                     
       phenol                                                                  
     4-Cinnamyl-resorcinol                                                     
     2-Cinnamyl-5-methoxy-                                                     
       quinol                                                                  
     4-Cinnamyl-pyrogallol                                                     
PAR  The compounds of the invention display activities which are equal or even
      superior to those of widely-used antimicrobial agents. This is illustrated
      by the following: In general, the compounds of the invention are superior
      to such known agents as phenol, resorcinol, o-phenyl-phenol, and the
      alkali metal sorbates and benzoates. For instance, compounds of the
      invention, at concentrations of 12 to 25 ppm, were found to inhibit the
      growth of four bacteria (Bacillus cereus, Sarcina lutea, Staphylococcus
      aureus, and Streptococcus lactis) whereas to achieve the same effect it
      required 100 to 200 ppm of o-phenyl-phenol, more than 800 ppm of potassium
      sorbate, and more than 1000 ppm of sodium benzoate.
PAR  Alkyl 4-hydroxybenzoates are well known to exhibit potent microbial
      activity. In general, the compounds of the invention display a superior
      activity as compared to these benzoates wherein the alkyl group contains
      less than seven carbon atoms. For instance, whereas the compounds of the
      invention at a concentration of 12 to 25 ppm will inhibit the growth of
      the four bacteria noted above, it requires concentrations of 100 to 400
      ppm for the same result to be achieved with the C.sub.1 -C.sub.5 alkyl
      4-hydroxybenzoates. Moreover, it may be noted that the compounds of the
      invention have an advantage in that their water-solubility is higher than
      that of the higher alkyl (e.g., heptyl) 4-hydroxybenzoates, and that the
      compounds of the invention do not exhibit the strong and unpleasant odor
      which characterizes the said benzoates. Also, with respect to some
      microorganisms, the compounds of the invention inhibit growth when applied
      at levels less than required with the higher alkyl 4-hydroxybenzoates.
      This is the case, for example, with bacteria such as Acaligenes faecelis
      and E. coli, yeasts such as Pichia chodati, Hansenula anomala, and
      Saccharomyces cerevisiae, and molds including Aspergillus flavus, A.
      niger, Penicillium chrysogenum, Rhizopus senti, Botrytis cinerea,
      Byssochlamys fulva, and Alternaria sp.
PAR  Of the various compounds included within the scope of the invention, the
      cinnamyl-substituted monophenols display particularly high antibiotic
      activity against a large variety of different microorganisms, and
      therefore are preferred with respect to the cinnamyl derivatives of di- or
      tri-phenols. Coming into special consideration is 4-cinnamyl-phenol
      because it displays antibiotic activity over a wide range of pH. The
      cinnamyl derivative of monophenols are also preferred because they are
      essentially colorless, whereas those derived from di- or tri-phenols
      exhibit various shades varying from red to brown.
PAR  As evident from the explanation immediately following Formula I above, the
      invention includes compounds wherein there may be nuclear lower alkyl or
      lower alkoxy substituents in addition to the hydroxy groups. In general,
      the compounds are preferred wherein such additional substituents are
      absent or, if present, are in small number, e.g., a total of one to two
      lower alkyl and/or lower alkoxy substituents. Taking the foregoing facts
      into consideration, we prefer to employ the compounds of the sub-generic
      category represented by the formula
      ##SPC2##
PAL  wherein
PAR  R' is lower alkyl,
PAR  R" is lower alkoxy,
PAR  n is an integer from 0 to 2,
PAR  m is an integer from 0 to 2, and
PAR  the sum of n and m is not more than 2.
PAR  The invention encompasses not only the use of any of the above-described
      agents individually, but also mixtures thereof.
PAR  In preserving substances in accordance with the invention, any of the
      aforesaid agents or mixtures thereof are incorporated with the substance,
      using an amount of the agent to inhibit microbial growth. Additional
      conventional treatments such as dehydration, canning, refrigeration, or
      freezing may be applied to the substance containing the added agent. The
      incorporation of the agent with the substance may involve a mixing of the
      substance and the agent-- this is especially suitable where the substance
      is in liquid or particulate form. Where the substance is in the form of
      pieces of large dimensions the agent may be incorporated therewith by
      coating it on the surface of the pieces. For such purpose the agent is
      preferably dispersed in a carrier-- a liquid such as water, alcohol,
      water-alcohol blends, oils, or a finely-divided solid such as salt,
      starch, talc, or the like.
PAR  The invention is of wide versatility and can be applied for the
      preservation of all kinds of substances which are normally subject to
      microbial spoilage. Typical examples of such substances are listed below
      by way of example. Foodstuffs such as fruits, vegetables, juices, milk,
      eggs, meat, fish, grains, cereal products, cheese, etc. Animal glues and
      mucilages; dextrins; starch pastes and solutions; cosmetic, medicinal, and
      dental preparations; vitamin preparations; pastes, solutions, or other
      preparations of natural gums such as tragacanth, Arabic, acacia, karaya,
      locust bean, agar-agar, pectin, elgin, etc.; fermentation broths, mashes,
      and residues from fermentation processes; whey; wines and vinegars; animal
      feeds and ingredients of animal feeds such as fish meals, blood meals,
      feather meal, meat scraps, bone meal, tankage, grains, and oil-seed meals;
      proteins and protein hydrolysates; textile printing pastes; paints
      containing proteins or other spoilable dispersing agents; solutions of
      bark extracts or other tanning agents; molasses; by-products or wastes
      that contain potentially valuable carbohydrate, proteinous or fat
      ingredients such as stick liquor, corn steep liquor, fruit cannery wastes,
      citrus peels, cull fruit and vegetables, tops of root vegetables,
      distillers' slops, pulp liquors, wash water from textile de-sizing
      operations, waste liquors from wool scouring plants, dairy and slaughter
      house wastes and liquors, etc.
PAR  The compounds of the invention may be synthesized by known procedures-- for
      example, those disclosed by Hurd et al, Jour. Am. Chem. Soc., Vol. 59, pp.
      107-109; Barnes et al, Tetrahedron, Vol. 21, pp. 2707-2715; Jurd,
      Experientia, Vol. 24, pp. 858-860; Jurd, Tetrahedron, Vol. 25, pp.
      1407-1416; and Jurd, Tetrahedron Letters No. 33, pp. 2863-2866. Typically,
      these syntheses involve condensing a selected phenol (phenol itself, a
      cresol, resorcinol, guaiacol, hydroquinone monomethyl ether, etc.) with
      cinnamyl bromide or cinnamyl alcohol.
PAR  The invention is further demonstrated by the following illustrative
      examples. For comparative purposes, various compounds, including some of
      known antimicrobial activity, are included in the reported experiments.
DETD
PAC  EXAMPLE 1
PAR  A series of compounds were assayed for effectiveness against bacteria,
      molds, and yeasts, using the following test procedure.
PAR  All compounds were tested at a concentration of 500 ppm. (w/v). Plates were
      prepared by adding a measured amount of the candidate compound (in an
      appropriate solvent, i.e., acetone, ethanol, or water) to 10 ml. of
      sterilized medium, mixing thoroughly, pouring into 60 .times. 15 mm. Petri
      dishes, and allowing the gel to set. The plates were then inoculated with
      the test organisms. In the case of bacteria and yeasts the inoculation was
      done by Lederberg's replica plating technique, applying nine bacteria or
      seven yeasts on each plate. In the case of molds, drops of homogenized
      culture were placed on the surface of the plates, applying three to four
      molds per plate.
PAR  The media used were: plate count agar (Difco) for bacteria; potato dextrose
      agar (Difco) for yeasts and molds.
PAR  Control plates were also prepared containing the media plus the same
      solvent used for the candidate agents and inoculated with the same
      organisms.
PAR  The plates were incubated at 28.degree. C. for one to five days and
      evaluated by comparison with the controls.
PAR  The results are expressed on the basis:
PAR  + for effective to inhibit growth
PAR  .+-. for not completely effective; faint growth occurs
PAR  - for ineffective; growth occurs
PAR  The results are summarized in the following tables.
TBL                                    Table I                                 
     __________________________________________________________________________
     Activity of Various Compounds (at conc. of 500 ppm)                       
     Against Bacteria                                                          
     __________________________________________________________________________
              4-Cinna-                                                         
                    4-Cinna-                                                   
                          4-Cinna-                                             
                                2-Cinna-                                       
                                      2-Cinna-                                 
                                            Cinnamyl-                          
                                                  Phenol                       
                                                      Resor-                   
                                                          Pyro-                
                                                              Methoxy-         
              myl-phenol                                                       
                    myl-resor-                                                 
                          myl-pyro-                                            
                                myl-5-me-                                      
                                      myl-5-me-                                
                                            eugenol   cinol                    
                                                          gallol               
                                                              quinol           
                    cinol gallol                                               
                                thoxy-qui-                                     
                                      thoxy-qui-                               
                                nol   none                                     
     __________________________________________________________________________
     Bacillus cereus                                                           
              +     +     +     +     -     +     -   -   +   +                
     Sarcina lutea                                                             
              +     +     +     +     -     -     -   -   +   -                
     Staphylococcus                                                            
     aureus   +     +     +     +     -     -     -   -   +   -                
     Streptococcus                                                             
     lactis   +     +     +     +     -     +     -   -   +   +                
     Acaligenes                                                                
     faecalis +     +     +     +     -     -     -   -   +   +                
     Escherichia                                                               
     coli     +     +     .+-.  -     -     -     -   -   +   +                
     Pseudomones                                                               
     aeruginosa                                                                
              -     -     +     -     -     -     -   -   +   +                
     Salmonella                                                                
     typhimurium                                                               
              -     +     .+-.  -     -     -     -   -   +   -                
     Serratia                                                                  
     marcescens                                                                
              -     -     .+-.  -     -     -     -   -   .+-.                 
                                                              -                
     __________________________________________________________________________
TBL                                    Table II                                
     __________________________________________________________________________
     Activity of Various Compounds (at conc. of 500 ppm)                       
     Against Yeasts                                                            
     __________________________________________________________________________
               4-Cinna-                                                        
                     4-Cinna-                                                  
                           4-Cinna-                                            
                                 2-Cinna-                                      
                                       2-Cinna-                                
                                             Cinnamyl-                         
                                                   Phenol                      
                                                       Resor-                  
                                                           Pyro-               
                                                              Methoxy-         
               myl-phenol                                                      
                     myl-resor-                                                
                           myl-pyro-                                           
                                 myl-5-me-                                     
                                       myl-5-me-                               
                                             eugenol   cinol                   
                                                           gal-                
                                                              quinol           
                     cinol gallol                                              
                                 thoxy-qui-                                    
                                       thoxy-qui-          lol                 
                                 nol   none                                    
     __________________________________________________________________________
     Zygosacchomyces                                                           
     japonicus +     +     +     +     +     -     -   -   +  -                
     Candida tropicalis                                                        
               +     +     +     +     +     +     -   -   +  +                
     Pichia chodati                                                            
               +     +     +     -     -     -     -   -   -  -                
     Hansenula anomala                                                         
               +     +     +     -     -     -     -   -   -  -                
     Saccharomyces                                                             
     cerevisiae                                    -   -   +                   
     Saccharomyces                                                             
     mellis    +     +     +     +     +     -                +                
     Torula utilis                                                             
               +     +     +     -           -     -   -   +                   
     Hansenula melliqui                                                        
               +     +     +     +     -                                       
     Candida chalmersi                                                         
               +     +     +     +     +     +                +                
     Saccharomyces                                                             
     rosei     +     +     +     +     -     -                -                
     Zygosaccharomyces                                                         
     barkeri   +     +     +     +     -     -                -                
     __________________________________________________________________________
TBL                                    Table III                               
     __________________________________________________________________________
     Activity of Various Compounds (at conc. of 500 ppm)                       
     Against Molds                                                             
     __________________________________________________________________________
               4-Cinna-                                                        
                     4-Cinna-                                                  
                           4-Cinna-                                            
                                 2-Cinna-                                      
                                       2-Cinna-                                
                                             Cinnamyl-                         
                                                   Phenol                      
                                                       Resor-                  
                                                           Pyro-               
                                                              Methoxy-         
               myl-phenol                                                      
                     myl-resor-                                                
                           myl-pyro-                                           
                                 myl-5-me-                                     
                                       myl-5-me-                               
                                             eugenol   cinol                   
                                                           gal-                
                                                              quinol           
                     cinol gallol                                              
                                 thoxy-qui-                                    
                                       thoxy-qui-          lol                 
                                 nol   none                                    
     __________________________________________________________________________
     Aspergillus flavus                                                        
               +     +     +     -     -     -     .+-.                        
                                                       -   -  -                
     Aspergillus niger                                                         
               +     +     +     -     -     -     .+-.                        
                                                       -   -  -                
     Penicillium                                                               
     chrysogenum                                                               
               +     +     +     -     -     -     -   -   .+-.                
                                                              -                
     Rhizopus senti                                                            
               +     +     +     -     -     -     -          -                
     Botrytis cinerea                                                          
               +     +     +     -           -     +   -   +                   
     Byssochlamys fulva                                                        
               +     +     +     +     -     -     .+-.                        
                                                       +   +  -                
     Alternaria sp.                                                            
               +     +     +     -           -     .+-.                        
                                                       +   +                   
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  A series of compounds were assayed for effectiveness against bacteria,
      molds, and yeasts as set forth in Example 1, except that in this case the
      assays were conducted with varying amounts of each compound to determine
      the minimum concentration thereof required to inhibit growth.
PAR  The results are set forth in the following tables.
TBL                                    Table IV                                
     __________________________________________________________________________
     Minimal Inhibitory Concentrations (in ppm.) of Various                    
     Compounds Against Bacteria                                                
     __________________________________________________________________________
              4-Cinna-                                                         
                    2-Cinna-                                                   
                          2-Cinna-                                             
                                2-Methyl-                                      
                                       2-Cinna-                                
                                             Ortho-                            
                                                  Potassi-                     
                                                       Sodium                  
              myl-phe-                                                         
                    myl-phe-                                                   
                          myl-4-me-                                            
                                4-cinna-                                       
                                       myl-4-me-                               
                                             phenyl-                           
                                                  um sor-                      
                                                       benzo-                  
              nol   nol   thoxy-phe-                                           
                                myl-phe-                                       
                                       thyl-phe-                               
                                             phenol                            
                                                  bate ate                     
                          nol   nol    nol                                     
     __________________________________________________________________________
     Bacillus cereus                                                           
              25    12    25    12     12    100- &gt;800 &gt;1000                   
                                             200                               
     Sarcina lutea                                                             
              25    25    25    12     12    200  do.  do.                     
     Staphylococcus                                                            
     aureus   25    25    25    12     12    200  do.  do.                     
     Streptococcus                                                             
     lactis   25    12    25    12     12    100- do.  do.                     
                                              200                              
     Acaligenes                                                                
     faecalis  50-  &gt;200  &gt;200  &gt;200   &gt;200  100- do.  do.                     
               100                           200                               
     Escherichia coli                                                          
               50-  &gt;200  &gt;200  &gt;200   &gt;200  100- do.  do.                     
               100                           200                               
     __________________________________________________________________________
TBL                                    Table V                                 
     __________________________________________________________________________
     Minimal Inhibitory Concentrations (in ppm.) of Various                    
     Compounds Against Yeasts                                                  
     __________________________________________________________________________
               4-Cinna-                                                        
                     2-Cinna-                                                  
                           2-Cinna-                                            
                                 2-Methyl-                                     
                                        2-Cinna-                               
                                              o-   Potassi-                    
                                                        Sodium                 
               myl-phe-                                                        
                     myl-phe-                                                  
                           myl-4-me-                                           
                                 4-cinna-                                      
                                        myl-4-me-                              
                                              phenyl-                          
                                                   um sor-                     
                                                        benzo-                 
               nol   nol   thoxy-phe-                                          
                                 myl-phe-                                      
                                        thyl-phe-                              
                                              phenol                           
                                                   bate ate                    
                           nol   nol    nol                                    
     __________________________________________________________________________
     Zygosaccharomyces                                                         
     japonicus 12    12    25    12     12    100- 800  &gt;1000                  
                                              200                              
     Candida tropicalis                                                        
               12    12    50    25     25    100  200- 250-                   
                                                   400  500                    
     Pichia chodati                                                            
               25    50    &gt;200  200    &gt;200  100  800  &gt;1000                  
     Hansenula anomala                                                         
               50    50     100  100    50    100- 800  do.                    
                                              200                              
     Saccharomyces                                                             
     cerevisiae                                                                
               25    25    50    25     25    100- 800  do.                    
                                              200                              
     Torula utilis                                                             
               50    50    &gt;200  100    &gt;200  100- 800  do.                    
                                              200                              
     __________________________________________________________________________
TBL                                    Table VI -                              
     Minimal Inhibitory Concentrations (in ppm.) of Various                    
     Compounds Against Molds                                                   
     __________________________________________________________________________
               4-Cinna-                                                        
                     2-Cinna-                                                  
                           2-Cinna-                                            
                                 2-Methyl-                                     
                                        2-Cinna-                               
                                              o-   Potassi-                    
                                                        Sodium                 
               myl-phe-                                                        
                     myl-phe-                                                  
                           myl-4-me-                                           
                                 4-cinna-                                      
                                        myl-4-me-                              
                                              phenyl-                          
                                                   um sor-                     
                                                        benzo-                 
               nol   nol   thoxy-phe-                                          
                                 myl-phe-                                      
                                        thyl-phe-                              
                                              phenol                           
                                                   bate ate                    
                           nol   nol    nol                                    
     __________________________________________________________________________
     Aspergillus flavus                                                        
               100   100   &gt;200  &gt;200   &gt;200  100  &gt;800 &gt;1000                  
     Aspergillus niger                                                         
               50    100   &gt;200  &gt;200   &gt;200  100  do.  do.                    
     Penicillium                                                               
     chrysogenum                                                               
               50    25-   200   50     100    50  do.  do.                    
                     50                                                        
     Rhizopus senti                                                            
                6    50    &gt;200  50     100   100  200  500                    
     Botrytis cinerea                                                          
               25-   12-   200   50     25    12-  200  500                    
               50    25                        25                              
     Byssochlamys fulva                                                        
               25    25    50    25     25     50  &gt;800 &gt;1000                  
     Alternaria sp.                                                            
               25    25    100   50     100    50  400  500                    
     __________________________________________________________________________
TBL                                    Table VII                               
     __________________________________________________________________________
     Minimal Inhibitory Concentrations (in ppm.) of                            
     4-Cinnamyl-phenol and Several Alkyl 4-Hydroxybenzoates Against            
     Bacteria, Yeasts, and Molds                                               
     __________________________________________________________________________
                4-Cinna-                                                       
                      Heptyl-4-                                                
                            Amyl 4-                                            
                                 n-Butyl 4-                                    
                                        n-Propyl 4-                            
                                                Ethyl 4-                       
                                                      Methyl 4-                
                myl-phe-                                                       
                      hydroxy-                                                 
                            hydroxy-                                           
                                 hydroxy-                                      
                                        hydroxy-                               
                                                hydroxy-                       
                                                      hydroxy-                 
                nol   benzoate                                                 
                            benzoate                                           
                                 benzoate                                      
                                        benzoate                               
                                                benzoate                       
                                                      benzoate                 
     __________________________________________________________________________
     Bacillus cereus                                                           
                25    12    100  200    400     &gt;200  &gt;200                     
     Sarcina lutea                                                             
                25    12    100  200    400     do.   do.                      
     Staphylococcus                                                            
     aureus     25    12    100  200    400     do.   do.                      
     Streptococcus                                                             
     lactis     25    12    100  200    400     do.   do.                      
     Acaligenes faecalis                                                       
                 50-100                                                        
                      &gt;200  &gt;200 200    400     do.   do.                      
     Escherichia coli                                                          
                 50-100                                                        
                      &gt;200  do.  &gt;200   400     do.   do.                      
     __________________________________________________________________________
     Zygosaccharomyces                                                         
     japonicus  12    12-25  50  100    100-200 200   do.                      
     Candida tropicalis                                                        
                12    12-25  50  100    200     200   do.                      
     Pichia chodati                                                            
                25    &gt;200  100  100    200-400 &gt;200  do.                      
     Hansenula anomala                                                         
                50    &gt;200  100  100    200-400 do.   do.                      
     Saccharomyces                                                             
     cerevisiae 25    100    50  100    200     do.   do.                      
     Torula utilis                                                             
                50    25    100  100    200     do.   do.                      
     __________________________________________________________________________
     Aspergillus flavus                                                        
                100   &gt;200  100  200    200     do.   do.                      
     Aspergillus niger                                                         
                50    do.   100  200    200     do.   do.                      
     Penicillium                                                               
     chrysogenum                                                               
                50    do.   100  100    200     do.   do.                      
     Rhizopus senti                                                            
                6     25     50  100    200     do.   do.                      
     Botrytis cinerea                                                          
                25-50  50-100                                                  
                             50  100    100-200 100   100                      
     Byssochlamys fulva                                                        
                25    &gt;200  100  100    200     200   &gt;200                     
     Alternaria sp.                                                            
                25     50-100                                                  
                             50   50    100-200 100   &gt;200                     
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  Two compounds (4-cinnamyl-phenol and 4-cinnamyl-resorcinol) were assayed
      for effectiveness against bacteria, molds, and yeasts, except that in this
      case the assays were conducted at different concentrations of each
      compound and at different pH's in order to determine the minimum
      concentration of each compound required to inhibit growth at the
      particular pH.
PAR  The results are tabulated below.
TBL                                    Table VIII                              
     __________________________________________________________________________
     Effect of pH on Minimal Inhibitory Concentration (ppm.)                   
     of 4-Cinnamyl-phenol and 4-Cinnamyl-resorcinol                            
     __________________________________________________________________________
               4-Cinnamyl-phenol     4-Cinnamyl-resorcinol                     
     __________________________________________________________________________
               pH 7                                                            
                   pH 6                                                        
                       pH 5                                                    
                           pH 4                                                
                               pH 3  pH 7                                      
                                         pH 6                                  
                                             pH 5                              
                                                 pH 4                          
                                                     pH 3                      
     __________________________________________________________________________
     Bacillus cereus                                                           
               25  25  25  12.5      200 200 100 6.25                          
     Sarcina lutea                                                             
               25  25  25  12.5      100 100  50 25                            
     Staphylococcus                                                            
     aureus    25  25  25  25        100 100  50 25                            
     Streptococcus                                                             
     lactis    25  25  25  25        100 100  50 25                            
     Acaligenes                                                                
     faecalis  50  25  25  25        200 200 100 25                            
     Escherichia coli                                                          
               25  50  50  25        100 200 100 50                            
     __________________________________________________________________________
     Zygosaccharomyces                                                         
     japonicus     12.5                                                        
                       12.5                                                    
                           12.5                                                
                               12.5      100  50 50  50                        
     Candida                                                                   
     tropicalis    25  25  25  12.5       75  50 50  50                        
     Pichia chodati                                                            
                   50  50  25  12.5      100 150 100 50                        
     Hansenula anomala                                                         
                   50  50  50  25        100 100 100 75                        
      Saccharomyces                                                            
     cerevisiae    25  25  25  12.5       50  50 100 50                        
     Geotrichum sp.                                                            
     Torula utilis 50  50  37.5                                                
                               25         75  50 75  50                        
     __________________________________________________________________________
     Aspergillus                                                               
     flavus        100 100 100 50        200 200 200 100                       
     Aspergillus niger                                                         
                   100 100 75  37.5      200 200 100 100                       
     Penicillium                                                               
     chrysogenum   50  50  50  12.5      100 100 50  50                        
     Rhizopus senti                                                            
                   25  25  25  12.5      100 100 100 50                        
     Botrytis cinerea                                                          
                   25  25  25  12.5      100 100 75  50                        
     Byssochlamys                                                              
     fulva         25  25  25  12.5      100 100 75  50                        
     Alternaria sp.        50  12.5              75  50                        
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  Samples of fruit juice (grape and apple) with and without added
      4-cinnamyl-phenol were inoculated with cultures of wild yeast or pure wine
      yeast (S. cerevisiae) and held at room temperature. The inoculated juices
      were observed at intervals to detect the time at which fermentation (gas
      production) began. This is a measure of microbial activity-- where the
      organisms multiply freely, the time for initiation of fermentation is
      short; conversely, where microbial growth is inhibited the time for
      initiation of fermentation is long or does not occur at all.
PAR  The results are tabulated below.
TBL                                    Table IX                                
     __________________________________________________________________________
     Influence of 4-Cinnamyl-phenol on Fermentation of Fruit Juice Inoculated  
     with Yeasts                                                               
     __________________________________________________________________________
                     Amount of                                                 
                           Time for initiation of fermentation, hours          
     Run                                                                       
        Substrate                                                              
               Inoculum                                                        
                     inoculum,                                                 
                           Zero                                                
                               12.5 ppm                                        
                                     25 ppm                                    
                                           50 ppm                              
                                                 100 ppm                       
                                                       200 ppm.                
                     cells/ml.                                                 
                           4-CP                                                
                               of 4-CP                                         
                                     of 4-CP                                   
                                           of 4-CP                             
                                                 of 4-CP                       
                                                       of 4-CP                 
     __________________________________________________________________________
     1  Grape juice                                                            
               Wild yeast                                                      
                     10.sup.7                                                  
                            7  n.d.  12    n.d.  44    n.d.                    
     2  do.    do.   10.sup.3                                                  
                           17  17    30     62   &gt;96   n.d.                    
     3  do.    Wine yeast                                                      
                     10.sup.5                                                  
                           12  22    45    146   .infin.                       
                                                       .infin.                 
     4  do.    do.   10.sup.2                                                  
                           41  75    .infin.                                   
                                           .infin.                             
                                                 .infin.                       
                                                       .infin.                 
     5  Apple juice                                                            
               Wine yeast                                                      
                     10.sup.5                                                  
                           46  42    76    .infin.                             
                                                 .infin.                       
                                                       .infin.                 
     __________________________________________________________________________
      Explanation of symbols:                                                  
      4-CP designates 4-cinnamyl-phenol                                        
      n.d. means not determined                                                
      .infin. means that fermentation did not occur; the organisms had been    
      destroyed.                                                               
CLMS
STM  Having thus described the invention what is claimed is:
NUM  1.
PAR  1. A composition of matter comprising -
PA1  a. a major proportion of a substance normally subject to microbial
      spoilage, and
PA1  b. a minor proportion, sufficient to inhibit microbial growth, of
      2-methoxy-4-cinnamyl-phenol.
NUM  2.
PAR  2. A composition of matter comprising -
PA1  a. a major proportion of a substance normally subject to microbial
      spoilage, and
PA1  b. a minor proportion, sufficient to inhibit microbial growth, of
      2-cinnamyl-4-methoxy-phenol.
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ABST
PAL  The present invention is to provide a method of producing an adsorbent
      composed of micro-fibrils, comprising the steps of mixing two synthetic
      polymers in a mixing ratio of 20/80 - 80/20, both of said polymers being
      incompatible with each other when they are intimately mixed, subjecting
      the mixture in molten state to an extrusion molding to shape the article
      in the form of threads, ropes or films where at least one of the polymers
      assumes the forms of micro-fibrils, and thereafter treating the shaped
      article with a solvent which is incapable of dissolving or decomposing one
      polymer but capable of dissolving or decomposing the other constituent
      polymer.
PAL  The polymer adsorbent obtained by the above method is characterized by
      superior adsorbing activity and high treating efficiency and can be used
      for a wide range of purpose of adsorption.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various kinds of adsorbents made of polymers inorganic substances (such as,
      for example, glass and diatomaceout earth) or metals in the form of
      powder, fiber, fabric, sintered mass, etc. have been suggested to date.
      Though these known adsorbents show excellent adsorbing ability in their
      specifiic field of application, they are not always satisfactory in terms
      of other properties required from the standpoint of commercial uses to
      which they are put. If a given adsorbent is comminuted for the purpose of
      improving its adsorbing effect, for example, the comminuted adsorbent
      causes clogging of a filter which is to be used in the subsequent
      treatment of filtration for the separation of adsorbent. Consequently, the
      adsorbent brings about of degradation of the treating speed and it tends
      to drift away in the form of aerosol or dust, rendering its handling
      difficult.
PAR  Ion-exchange resins are representative of polymer adsorbents and are widely
      utilized for industrial purposes. The salient disadvantage of ion-exchange
      resins is that their adsorbing activities are influenced by the electric
      charage and the size of substances to be adsorbed. Thus, they are
      deficient of universality over a complete range of conditions of use.
PAR  It is the use of porous polymer that one is quite readily conceived of with
      respect to polymer adsorbents or filters. There have been suggested
      various method for the manufacture of porous polymer substances such as by
      the incorporation of foaming agents, for example. In the case of a
      technique which relies for the formation of pores upon the use of such
      foaming agents, the control of pore sizes proves to be extremely
      difficult. Products made by this technique may satisfactorily be utilized
      as heat insulators, sound absorbers and other similar shock absorbers but
      have not yet been qualified for use as adsorbents or filters.
PAR  In recent years, membrane filters and other similar polymer membranes
      containing fine pores which are manufactured by effective use of special
      techniques have come to be utilized as filters for the separation of
      microscopic substances. These screen type filters have an advantage that
      the diameter of pores to be contained therein can be selected as desired
      and the filters are therefore capable of filtering substances of widely
      varying particle diameters. On the other hand a disadvantage is that
      substances having particle diameters smaller than the diameter of pores
      contained therein are passed completely. For example, a screen type filter
      is capable of removing a pigment, yeast, etc. dispersed in water but is
      ineffective for the removal of dye, chlorine and other molecules dissolved
      in aqueous solutions. Conventional adsorbents such as activated carbon and
      bone black are advantageously used for the adsorption of molecules
      dissolved in solutions but are least suitable for the adsorption of
      substances dispersed in liquids. That is to say, conventional filters have
      an exclusive function of effecting desired separation by filtration and
      conventional adsorbents have a sole function of providing desired
      separation by adsorption.
PAR  It is a primary object of this invention to provide novel polymer
      adsorbents excelling in adsorbing activity and enjoying high treating
      efficiency. It is another object of this invention to provide adsorbents
      possessed of adsorbing properties which make them suitable for a wide
      range of purpose of adsorption, i.e. adsorbents capable of adsorbing two
      or more different substances at the same time. It is still another object
      of this invention to provide adsorptive filters combining an adsorbing
      property and a filtering property.
PAC  SUMMARY OF THE INVENTION
PAR  The inventors pursued reserches with a view to accomplishing the objects
      mentioned above. Consequently, they have made a discovery that aggregate
      of micro-fibrils less than 10.mu. in mean particle diameter which is
      obtained by molding an incompatible mixture of two polymers and thereafter
      removing from that mixture one of the two constituent substances by
      dissolution or decomposition exhibits an extremely high adsorbing ability
      with respect to various substances. The present invention has been
      accomplished on the basis of this discovery.
PAR  The polymer adsorbents according to the present invention are cabable of
      adsorbing a rich variety of substances as shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Constituent material                                                      
     for adsorbent      Adsorbing activity                                     
     ______________________________________                                    
     Polyamides   Oils and fats, gases, dyes, pigments, - phenols, halogen     
                  molecules, micro-                                            
                  organisms, yeasts, powdered                                  
                  adsorbents, etc.                                             
     Polyesters   Oils and fats, gases, dyes and                               
                  powdered adsorbents.                                         
     Polyolefins  Oils and fats, gases and powdered                            
                  adsorbents.                                                  
     Polyvinyls   Oils and fats, gases and powdered                            
                  adsorbents.                                                  
     High molecular                                                            
                  Oils and fats, gases, dyes, pigments,                        
     substance plus                                                            
                  organic substances, halogen                                  
     powdered adsorbent                                                        
                  molecules, metal ions, microorganisms,                       
                  yeasts, etc,                                                 
     ______________________________________                                    
PAR  Polyamide adsorbents produced by the present invention, for example, can be
      used for the adsorption of various substances, including oils and fats,
      gases, dyes, pigments, phenols, halogen molecules, microorganisms and
      yeasts. The adsorbing activity of these adsorbents is the synergistic
      action of their high absorbing ability and the large surface area. The
      effect of adsorption derived from the adsorbents of the present invention
      is substantially equal to, or at times even superior to, the effect
      manifested by conventional adsorbents in the form of power, the form which
      has heretofore been generally accepted as being most effective for the
      purpose of adsorption. Further, the adsorbents of the present invention
      are entirely free from the drawbacks of the conventional adsorbents in the
      form of minute particles, namely clogging of filters during separation and
      drifting of fine particles during handling, etc.
PAR  As shown in Table 1, the adsorbents to be obtained by the present invention
      have been ascertained to have a capacity to adsorb and retain conventional
      powdered adsorbents such as, for example powdered activated carbon and
      nitrohumic acid. The adsorbents of the present invention which have such
      conventional powdered adsorbents carried thereon manifest adsorbing
      activities which surpass the additive effets of the constituent adsorbents
      involved, Thus, the range of adsorbing activities is further expanded by
      combination with such conventional powered adsorbents and the products of
      the combination can be utilized as universal adsorbents possessed of high
      adsorbing ability. These universal adsorbents are capable of separating
      two or more substances in one operation and, therefore are proved to be
      quite advantageous from the economic point of view.
PAR  The polymer adsorbents according to the present invention are made up of
      micro-fibrils. They can be shaped to desired forms so as to suit varying
      purposes of application. Particularly, since the adsorbents of this
      invention have a large surface area and their constituent micro-fibrils
      consequently manifest a strong interreacting capacity, they can be readily
      molded to the form of paper or laminate by the use of ordinary paper
      making technique. Since the constituent micro-fibrils have a mean diameter
      not larger than 10.mu., the adsorbents can be molded in the form of
      laminates containing pores of the same order of diameter as screen type
      filters. These laminates can advantageously be utilized also as filters.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will be described in more detail, taking into account
      of the drawings in which:
PAR  FIG. 1 is a diagrammatic representation of the relationship between the
      particle diameters of substances and the techniques available for the
      separation of such substances;
PAR  FIG. 2 is a phase-contrast photomicrograph (540 X magnification) of an
      incompatible mixture, wherein the white area represents a polyethylene
      terephthalate chip (PET) constituent and the colorless area nylon-6 (N-6)
      constituent respectively;
PA1  Fig. 3 is a scanning type electron photomicrograph, (1,000 X magnification)
      of an adsorbent of this invention prepared by treating the incompatible
      mixture of FIG. 2 with sodium hydroxide;
PAR  FIG. 4 shows the time-course changes of phenol adsorption by N-6 adsorbent
      (curve with "o" marks), N-6 power (curve with " " marks) and N-6 filaments
      (curve with "x" marks); and
PAR  FIG. 5 shows the change in chlorine adsorption (ppm/g) as a function of the
      weight ratio of activated carbon and aggregate of N-6 fibrils.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows the relationship between particle sizes of substances and
      methods resorted to for the separation of such substances. According to
      the conventional techniques for separation, substances to be separated are
      divided by their particle sizes into two groups, with the particle size of
      about 100m.mu.  as the borderline. Substances with particles sizes smaller
      than 100m.mu. are separated by adsorption and those with particle sizes
      larger than 100m.mu.  by filtration, as a general rule. The technique of
      centrifugation has been adopted for the separation of substances with
      particle diameters falling close to the borderline. It has heretofore been
      necessary to select a method of speparation on each occasion, by taking
      into account the particle size of a substance which is required to be
      separated. As described above, the adsorbents of the present invention can
      easily be shaped to the form of a laminate or filter. The adsorbents thus
      obtained can advantageously be utilized as adsorbent-filters combining the
      functions of adsorption and filtration. The adsorbents according to this
      invention, therefore, have an ability to separate substances of all
      particle sizes, ranging from molecules measuring several millimicrons in
      diameter to substances measuring several millimeters. Thus, the utility
      value of these adsorbents is literally remarkable.
PAR  As a result of research directed to the development of the aforementioned
      adsorbents or aggregates of micro-fibrils, the inventors have discovered
      that such aggregates of polymer micro-fibrils can easily be obtained by
      incompatibly mixing at least two polymers, molding the resultant
      incompatible mixture thereby allowing at least one of the constituent
      polymers to assume the form of micro-fibrils, and thereafter treating the
      mixture with a solvent which is incapable of dissolving or decomposing the
      polymer now in the form of micro-fibrils and capable of dissolving or
      decomposing the other polymer constituent. The method for the manufacture
      of adsorbents of this invention will be described fully herein below.
PAR  The two synthetic polymers which can serve as constituent elements for the
      adsorbent of this invention must satisfy the requirements that they are
      incompatible to each other, that they remain undissolved in each other to
      form a separate phase when they are mixed and molded under heat, and that
      at least one of the constituent substances assumes the form of
      micro-fibrils when the two or more constituent substances are mixed and
      molded under heat. For this reason, combinations of two polyamides (such
      as, for example, nylon 6 and nylon 66; nylon 6 and nylon 612), two
      polyesters, two polyolefins and so on are not suitable. Examples of
      combinations which may be used are two-constituent and three-constituent
      combinations between polyamides and polyesters, between polyamides and
      polyolefins, between polyvinyls, polyamides, polyesters and/or
      polyolefins.
PAR  The constituent substances mentioned above will be described more
      specifically. The term "polyamide type polyer" refers to polymer whose
      main chains are composed of amide links. Examples include nylon 6, nyon
      66, nylon 610, nylon 12, nylon 612, 2-component or 3-component copolymers
      thereof, modified polyamides containing substitutents in side chains such
      as polyamides made to include tertiary amino groups in the structure
      thereof by the use of N,N'-dimethylethylenediamide and other similar
      N,N'-alkylated alkylenediamines as copolymerizable components thereof,
      amines containing sulfonate groups such as S-sulfoisophthalate group, and
      copolymerized polyamides containing the structure thereof sulfonate groups
      of dicarboxylic acids.
PAR  Polyester type polymer include polymers such as polyethylene terephthalates
      produced from terephthalic acid or esterification derivatives thereof and
      ethylene glycol and poly-p-ethylene-oxybenzoate derived from
      p-(.beta.-oxyethoxy)-benzoic acid which are synthesized chiefly through
      the formation of ester links, though ether links and similar links other
      than ester links are present in the main chains thereof, block and random
      copolymerized polyesters thereof, and copolymers thereof with synthetic
      polymers other than polyesters, such as, for example, copolymers thereof
      with glycol, polyphenylene oxide and polybenzylbenzoyl.
PAR  The term "polyolefin type polymers" means polyethylene, polypropylene (PP)
      and the like. Examples of polyvinyl type high molecular substances are
      polystyrene, modified polystyrene, polyvinyl chloride, polyvinylidene
      chloride, polyvinyl acetate, polyacrylonitrile and polymethacrylate. The
      polymers to be used in the present invention have such a molecular weight
      (polymerization degree) that is enough to bring the form of minute
      fibrils. Their number average molecular weight is more than 10,000.
PAR  The combination of polymers constituents suitable for the purpose of this
      invention is to be selected suitably by taking into due consideration the
      kind of solvent or decomposing agent (referred to later) to be used and
      the type of use to which the produced adsorbent is put. For the adsorption
      of phenols or free halogen molecules, for example, use of an aggregate of
      polyamide micro-fibrils obtained by preparing an incompatible mixture of a
      polyamide and a polyester and removing the polyester constituent from that
      mixture proves to be advantageous. An aggregate of micro-fibrils obtained
      by removing from the said incompatible mixture either the polyamide
      constituent or polyester constituent can be satisfactorily utilized for
      the adsorption of oils and fats.
PAR  The inventors pursued a study on incompatible mixtures involving various
      combinations of constituent substances as mentioned above in an effort to
      investigate patterns of distribution of constituent substances in these
      mixtures. As a result, they have made a discovery that when an
      incompatible mixture is shaped so as to have at least one of the polymer
      constituents distributed in the form of micro-fibrils as illustrated in
      FIG. 2, the aggregate of micro-fibrils (adsorbent) to be obtained by a
      subsequent treatment with a solvent shows a markedly improved adsorbing
      ability. FIG. 2 is a phase-contrast photomicrogrpah illustrating the
      longitudinal cross-section along the drafted direction of an incompatible
      mixture. As will be described afterward, the said micro-fibrils are not
      always required to be arranged in good order in the direction of drafting.
      The pattern of distribution like the one shown in FIG. 2 is accomplished
      by proper selection of the mixing ratio of polymer constituents, method of
      mixture and method of molding.
PAR  No specific limits are imposed on the method of mixing polymer
      constituents. A mixing method is suitably selected from among ordinary
      methods such as, for example, melt-mixing method, blend-mixing method,
      latex-mixing method and solution-mixing method by taking into due
      consideration of the properties and shape of polymer constituents,
      miscibility between polymer constituents and so on. The melt-mixing method
      proves to be advantageous in the case of a mixture between two
      thermoplastic polymers and the blend-mixing method is found convenient for
      a mixture between two thermoplastic polymers with particularly low
      softening points.
PAR  The mixing ratio of the polymer constituents can be an important factor not
      only for the condition of distribution and mixture of constituent
      substances but also for the subsequent treatment, i.e., the isolation of
      the aggregate of micro-fibrils by the use of a solvent. Desirably the
      mixing ratio of the constituent substances is so fixed that the ratio
      accounted for by one constituent substance falls in the range of from 20
      to 80% (by weight, the same hereinafter), preferably from 30 to 70%, based
      on the total weight of the mixture.
PAR  Generally in the mixture of two mutually incompatible polymers, the
      polymers are mixed and distributed in the form of fairly slender stripes
      by virtue of the shear stress exerted during the agitation of the mixture.
      An aggregate of micro-fibrils having a mean diameter of 0.01 to 10 .mu.
      like the one illustrated in FIG. 3 cannot be obtained solely by virtue of
      the shear stress of the agitation. To form such minute fibrils, the
      mixture must further be molded in a suitable form such as of threads,
      ropes or films and then it must be applied to an extrusion molding for
      further size reduction. When nylon 6 and polyethylene terephthalate are
      fused and mixed by means of a screw extruder, for example, it is desired
      that the mixture is extruded under pressure in the form of ropes and the
      ropes emanating from the extruder nozzle are taken up at a low draft ratio
      on the order of 10 times or below, for example. Here, the term "draft
      ratio" refers to the ratio of the take-up speed and the linear extrusion
      speed, and is defined by the following formula:
EQU  D = V/W/.rho. . S
PAL  in which D is draft ratio, W: extrusion amount [ g/mm ], .rho.: density [
      g/cm.sup.3 ] of polymer, S: area (cm.sup.2) of the orifice of extruder
      nozzle and V: take-up speed (cm/min.). In this case, the mixture emerging
      in the form of ropes from the extruder nozzle need not be taken up at a
      higher draft ratio or subjected to drawing or streching simply for the
      purpose of reducing the diameter of the aggregate of the micro-fibrils to
      be obtained from the mixture through the subsequent treatment with a
      solvent. It should be noted that an aggregate of micro-fibrils to be
      obtained from highly stretched ropes provides a rather inferior adsorbing
      capacity.
PAR  In this respect, the process of the present invention is distinguished from
      U.S. Pat. No. 3,382,305 in which the mixed structure is drawn and
      stretched during the preparation of oriented microfibers, which are
      applied to different uses than those of present invention.
PAR  The experiments conducted by the inventors have ascertained that aggregates
      having constituent substances distributed and intertwined as illustrated
      in FIG. 3 can be sufficiently obtained by the application of the low draft
      ratio. The behaviors of the aggregates of minute fibrils to be obtained
      from these mixture through the subsequent treatment with a solvent also
      support the disirability of the sole utilization of the said shear stress.
PAR  The solvent or decomposing agent as referred to in this invention is a
      substance which is indispensable for the purpose of isolating from the
      mixture at least one of the form of micro-fibrils. It is also important
      that such solvent or decomposing agent should be incapable of dissolving
      or decomposing all the polymer constituents which compose the mixture. As
      a matter of course, a solvent or decomposing agent which satisfies the
      requirement is suitably selected, depending on the combination of polymer
      constituents which make up the mixture as well as the kind of the polymer
      desired to be isolated from the mixture. The polymer constituent substance
      to be isolated from the mixture should naturally be selected so that the
      finally produced aggregate of micro-fibrils will provide an adsorbing
      activity suited to the intended use.
PAR  In a mixture consisting of nylon 6 and polyethylene terephthalate at a
      weight ratio of 50:50, for example, the constituent polymers are mixed and
      intertwined in the form of micro-fibrils. Where an adsorbent composed of
      nylon 6 fibrils is desired, an aqueous solution of sodium hydroxide, an
      aqueous solution of potassium hydroxide or some other solution which can
      serve as the decomposing agent for polyethylene terephthalate can
      advantageously be used for the contemplated isolation. If an adsorbent
      composed of polyethlene terephthalate is desired, there is naturally
      employed formic acid, sulfuric acid, hydrochloric acid, trichloroacetic
      acid or some other compound which can serve as the solvent for nylon 6.
      Meta-cresol, ortho-chlorophenol and similar compounds are good solvents
      for both nylon 6 and polyethylene terephthalate and, therefore, prove to
      be unsuitable for the present case.
PAR  Examples of the combination of polymers and the suitable solvent or
      decomposer for removing one constituent polymer are as listed below.
TBL  ______________________________________                                    
     Combination of polymers                                                   
                     Solvent or Decomposer                                     
     ______________________________________                                    
     PP / copolymerized                                                        
                     formic acid: solvent for                                  
      nylon          copolymerized                                             
                     nylon                                                     
     Pst / PET       KOH: decomposer for PET                                   
     N-6/N-66/N-612/PET                                                        
                     NaOH:decomposer for PET                                   
     PE / PET        NaOH:decomposer for PET                                   
     PE / PET        O-Xylene: Solvent for PE                                  
     Pst / N-6       Benzen, toluen: solvent for                               
                     Pst                                                       
     Pst / PET       "                                                         
     Pst / PE        "                                                         
     N-6 / PE        H.sub.2 SO.sub.4.Trichloro acetic acid:                   
                     solvent for N-6                                           
     ______________________________________                                    
PAR  Generally, polymers are dissolved in solvents or decomposed by decomposing
      agents extremely slowly as compared with low molecular substances. The
      dissolution or decomposition of one of the polymers constituents from the
      mixture takes a fairly long time. The time required for this treatment
      with the solvent may be shortened by a proper measure. Examples of
      measures available for this purpose are: (1) the incompatible mixture is
      so molded as to maximize the surface area of the mixture which is exposed
      to contact with the solvent; (2) the solvent or decomposing agent is used
      in a large excess; (3) the treatment with the solvent is carried out at an
      elevated temperature; and (4) the vessel used for treating the mixture
      with the solvent is provided with a suitable means designed to give
      necessary agitation to the mixture. An advantageous way for shortening the
      time required for the treatment with the solvent is to incorporate a
      foaming agent when the polymer constituents are mixed. The foaming agent
      thus incorporated not merely serves to render the constituent substances
      porous but homogenizes the mixture of the constituent substances by virtue
      of the phenomenon of foaming, with the result that the minute fibrils are
      intertwined more intimately. In the presence of such foaming agent, the
      minute fibrils are intertwined so as to embrace voids distributed
      throughout. In the subsequent treatment with the solvent, these voids
      provide an increased surface area for contact between the polymers
      constituents being dissolved and the solvent. Consequently, the time
      required for the treatment is reduced to a great extent. Ordinary foaming
      agents for use in thermo-plastic resins will do for this purpose. Examples
      are diazo compounds, diazo-carboxylic acid compounds, aromatic
      sulfonyl-hydrazide compounds, azonitrile compounds, diazoamino compounds,
      inorganic carbonates, urea and thiourea type compounds. A foaming agent
      proper for the occasion should be suitably selected by taking into account
      the following factors: decomposition temperature of a foaming agent;
      melting point of constituent polymers; their mixing temperature or melting
      viscosity; and time for their mixing. Essentially, however, such a
      selection is determined in relation with a decomposing temperature and a
      melt-blending temperature of a foaming agent. The following table shows
      the decomposing temperatures of typical foaming agents.
TBL  ______________________________________                                    
                       Decomposing Blending                                    
     temperature (.degree.C)                                                   
                       temperature temperature                                 
     ______________________________________                                    
     Sodium hydrogencarbonate                                                  
                       65 -    150     about lower                             
     Diazoaminobenzene          97     than 150.degree.C                       
     Azobis-iso-butyronitrile                                                  
                       95 -    104                                             
     Benzensulfonhydrazide                                                     
                       100 -   120     about lower                             
     Ethyl diazoacetate                                                        
                       130 -   135     than 200.degree.C                       
     Dinitrosopentamethylenetetramine                                          
                               206     about lower                             
     Azodicarbonamide  200 -   210     than 250.degree.C                       
     Azobisformamide           240     about lower                             
     Barium diazocarboxylate   250     than 300.degree.C                       
     ______________________________________                                    
PAL  Although the amount of foaming agent to be incorporated naturally varies
      with the foaming efficiency to be derived from the agent in use, it is
      generally selected in the range of from 0.1% to 5% by weight based on the
      combined weight of the polymers constituents. If the foaming agent is
      added in an amount exceeding the upper limit of 5%, the foaming occurs so
      vigorously as to induce breakage in the high molecular substances being
      incompatibly mixed. The final product to be obtained through the
      subsequent treatment with the solvent is somewhere near being powdery.
      This means that an adsorbent in the form of an aggregate of minute fibrils
      aimed at by the present invention cannot be obtained. It is suitable to
      incorporate a foaming agent before melt-blending with the other
      constituent. For example, it is preferably added and mixed as it is or in
      a form of solution when dry-mixing constituent chips.
PAR  In the case of an incompatible mixture of two or more polyamides with
      another polymer, incorporation of a polyamide forming substance proves to
      be effective for shortening the time required for the treatment with the
      solvent. In this case, an adsorbent formed of a copolymerized polyamide
      derived from the two polyamide constituents used at the beginning is
      obtained. The polyamide forming substance functions as the catalyst for
      amide-exchange reaction. Polyamide forming substance means nylon salt and
      lactams which are raw materials for polyamide. Such polyamide forming
      substance is capable of being high molecular polyamide when heated, and
      also of generating vapor at the time of polymerization. Nylon salt is what
      is made from fatty group, aromatic group, or from alicyclic dicarboxylic
      acid and fatty group, aromatic group or alicyclic diamine, and represented
      by the following general formula:
EQU  [--OOC -- R.sub.1 -- COO.sup.-] .sup.2 .sup.- [H.sub.3 N.sup.+ -- R.sub.2
      -- N.sup.+H.sub.3 ] .sup.2 .sup.+
EQU  [R.sub.1, R.sub.2 indicate alkyl, allyl or cyclohexyl radicals of C.sub.n
      H.sub.2n (n .gtoreq. 2)]
PAL  Further, lactams has amide bond in the structure of alicyclic compounds and
      is represented by the following general formula:
      ##EQU1##
      Examples of the polyamide forming substance include hexamethylenediamine
      adipinate, hexamethylenediamine sebacanate, nylon salts such as salts of
      hexamethylenediamine and isophthalic acid or terephthalic acid, and
      lactams such as .epsilon.-caprolactam with high hygroscopicity, caplin
      lactam and lauryn lactam. Suitably, the amount of such hydrated polyamide
      forming substance to be added is selected from the range of from 0.1 to
      10% by weight based on the polyamide.
PAR  The adsorbent of this invention which is obtained by treating the
      incompatible mixture with a solvent or decomposing agent is an aggregate
      having micro-fibrils 0.01 to 10 .mu. in mean diameter intertwined in an
      extremely complicated state as shown in FIG. 3.
PAR  The aggregates of minute fibrils according to the present invention enjoy
      unusually high adsorbing activity and a wide range of adsorbing properties
      as described in full depth in the preferred embodiments. As aggregate of
      minute polyamide fibrils to be obtained by forming an incompatible mixture
      of a polyamide and a polyester and subsequently removing from this mixture
      the polyester constituent not merely adsorbs phenols, pigments,
      sulfur-containing gases (such as SO and SO.sub.2), oils and fats, free
      halogen molecules, etc., but also adsorbs micro-organisms such as colon
      bacilli and bacteria of genus Pseudomonas, yeasts, lactobacteria, and
      further selectively adsorbs micro-organisms from solutions containing such
      monocellular algae. Thus, the adsorbent exhibits its adsorbing activity
      with a wide range of substances.
PAR  The adsorbents of this invention show extremely high adsorbing activity
      compared with ordinary powdered polyamide adsorbents, as evidenced by the
      adsorption of phenols in Example 3 and by the adsorption of dyes in
      Example 3.
PAR  The aggregates of minute fibrils to be obtained by this invention are
      further capable of adsorbing and retaining ordinary powdered adsorbents
      such as, for example, powdered activated carbon and powdered diatomaceous
      earth. It is surprising to find that such aggregates of minute fibrils
      having conventional finely powdered adsorbents carried thereon exhibit an
      adsorbing capacity which exceeds the additive effect of the individual
      adsorbents present. An aggregate of minute nylon 6 fibrils and a powdered
      activated carbon having 100-Tyler mesh size have 12.0 mg/g and 30.0 mg/g
      of phenoladsorption capacity respectively. When the activated carbon is
      deposited 10% by weight, on the aggregate, the combined phenol-adsorption
      capacity increases to 64.5 mg/g. The simple additive effect of the
      aggregate of nylon 6 fibrils and the powdered activated carbon is found by
      calculation to be 13.8 mg/g (= 12 .times. 90/100 + 30 .times. 10/100).
      Actually, the capacity is 64.5 mg/g, a value more than four times as
      great.
PAR  Examples of the powders having of adsorbing properties are powdered
      inorganic adsorbents such as activated carbon, diatomaceous earth,
      bauxite, terra alba, various kinds of clay, bone char, alumina, magnesia,
      silica gel, activated silica, and nitrohumic acid and powdered organic
      adsorbents such as nylon powders, polypropylene powder and ion-exchange
      resin. The particle size of these powders is desired to be as fine as
      permissible, preferably to be smaller than 10-Tyler mesh. If the particle
      size is larger than 10-Tyler mesh, the aggregates of minute fibrils fail
      to provide sufficient adsorption of these powdered adsorbents, so that the
      powdered adsorbents cannot be carried uniformly on the aggregates. In
      addition, the combined adsorbing capacity exhibited against substances
      Being adsorbed amounts to a mere additive effect of the aggregate and the
      powdered adsorbent. Thus, the outstanding synergistic effect contemplated
      by this invention cannot be expected.
PAR  Various methods are available for providing a powdered adsorbent on an
      aggregate of minute fibrils of this invention. These are a dry method
      whereby the two adsorbents are mixed in their dry state so that the
      powdered adsorbent is directly adsorbed and carried on the surface of
      minute fibrils, a wet method whereby the powdered adsorbent is dispersed
      in water, an alcohol or some other suitable solution and the aggregate of
      minute fibrils is added to the solution and mixed by agitation so that the
      powdered adsorbent is adsorbed and carried on the surface of minute
      fibrils, and a method whereby the powdered adsorbent is incorporated in a
      sandwich construction in the course in which the aggregate of minute
      fibrils is shaped.
PAR  The mixing ratio between the aggregate of minute fibrils and the powdered
      adsorbent is an important factor not only in aconnection with the
      adsorption capacity and the adsorption efficiency but also from the
      standpoint of commercial utility. The mixing ratio may be varied with the
      purpose of use and the object of adsorption but it is an important factor
      which determines the conditions of shaping. It is suitable to fix the
      mixing ratio so that the ratio accounted for the powdered adsorbent falls
      in the range of from 5 to 500%, preferably from 5 to 300%, by weight based
      on the aggregate of minute fibrils. If the ratio is smaller than 5% or
      larger than 300%, the outstanding synergictic effect no longer can be
      observed. Particularly, if the ratio exceeds 500%, the powdered adsorbent
      causes clogging of the filter and degrades fitration efficiencies. The
      combination of the aggregate of minute fibrils and the powdered adsorbent
      in accordance with the present invention may suitably be selected by
      taking into due consideration of the purpose of use to which the combined
      product is put.
PAR  The adsorbing properties of the adsorbent to be obtained by this invention
      are advantageous over those of the conventional countertype in the
      following respects. Because of the combination of the aggregate of minute
      fibrils possessed of a wide range of adsorbing properties and the powdered
      adsorbent, a still wider range of adsorbing properties is enjoyed. For
      example, the adsorbing properties possessed by the aggregate of minute
      fibrils can be combined with the adsorbing properties of metal ions or
      with those of low molecular organic compound. Thus, the products of
      variable combinations can serve as general-purpose adsorbents. In other
      words, two or more substances can be adsorbed at the same time. A still
      greater advantage is that the adsorbing capacity of the combined product
      exceeds four times the simple additive adsorbing capacity of the aggregate
      of minute fibrils and the powdered adsorbent. In actual service, the
      synergized adsorbing capacity results in a marked reduction in the
      frequency with which the adsorbent is replaced with a new supply. Thus,
      the product proves to be highly advantageous also from the economic point
      of view.
PAR  The powdered adsorbent heretofore used can be carried on the aggregate of
      minute fibrils of this invention and utilized without having its adsorbing
      capacity degraded. If this product is molded to the form of sheet by a
      compression molder or granulated by a granulator, then the sheet adsorbent
      or granular adsorbent is free from difficulty of handling which has
      constituted one major drawback of conventional powdered adsorbent. With
      these adsorbents, the device to be used for the purpose of adsorption is
      simplified and the adsorbing effect and adsorption efficiencies are
      improved markedly.
PAR  Since the aggregate of micro-fibrils which is obtained by the present
      invention enjoys a large surface area and the individual fibrils show a
      very strong interaction, it can easily be shaped in the form of laminate
      (sheet) by the use of ordinary paper-making technique. A laminate
      adsorbent can be produced, for example, by uniformly spreading an
      aggregate of micro-fibrils in water and then suction filtering it on a
      metal gauze. The laminate adsorbent thus prepared can also be utilized
      advantageously as a filter. In the field of food processing industry,
      fermentation industry, phamaceutical industry and medical science, screen
      type microfilters are gaining in acceptance as an effective means for the
      separation of substances whose diameters are on the order of several
      microns or still smaller. These screen type filters have an advantage that
      the port size in filters can freely be selected and filters suitable for
      the separation of various substances can be produced by properly selecting
      the pore size. At the same time, they have a demerit that these filters
      permit complete passage of substances having diameters smaller than their
      pore sizes. Screen type filters can remove pigments, yeasts and the like
      which are dispersed in water. They are ineffective in the removal of dyes,
      chlorine and other molecules which are dissolved in aqueous solutions. By
      contrast, powdered adsorbents made of activated carbon, bone char and the
      like are advantageous for the adsorption of molecules which are dissolved
      in solutions but are unsuitable for the removal of substances which are
      dispersed in liquids. That is, conventional filters are effective only for
      filtration and conventional adsorbents are useful solely for adsorption.
      In the circumstances, development of an adsorbent which combines the
      adsorbing ability and filtering ability has been awaited.
PAR  Since the aggregate of micro-fibrils to be obtained by this invention can
      easily be shaped to the form of a laminate and its constituent fibrils
      have a mean diameter not larger than 10 .mu., it can be supplied as an
      adsorbent-filter having the same degree of filtering ability as that of a
      screen type filter. Such adsorbent-filter enjoys an increased range of
      utility.
PAR  The laminate adsorbent prepared in the manner described above from the
      aggregate of micro-fibrils of this invention can satisfactorily be
      utilized as an adsorbent-filter in its unmodified form. Structurally, the
      micro-fibrils in this laminate adsorbent are barely held together by
      virtue of their interaction. To withstand various physical forces such as
      fluid pressure and tensile stress which are exerted in the actual use,
      therefore, the laminate adsorbent must be improved in physical strength to
      some extent. When it is left immersed in liquids for a long time, the
      micro-fibrils which make up the laminate tend to come loose. The inventors
      continued a study in an effort to confer additional durability upon the
      laminate adsorbent so as to withstand fluid pressure, tensile stress and
      prolonged immersion in liquids without sacrificing the adsorbing and
      filtering abilities. Finally, they have discovered that the various
      defects mentioned above can be eliminated easily by using the laminate
      adsorbent in combination with a textile fabric possessed of good
      permeability to fluids. To be specific, this effective combination is
      accomplished by laminating at least one layer made of the aggregate of
      micro-fibrils on top of at least one layer of a textile fabric in the form
      of a stratified sheet.
PAR  Textile fabrics which are suitable for this purpose are woven fabrics,
      unwoven fabrics, knit fabrics and fabrics of similar constructions which
      are porous and permeable to fluids. Films and reticular articles are not
      included. Materials of which such textile fabrics are made are desired to
      possess satisfactory compatibility or adhesiveness with respect to the
      aggregate of micro-fibrils of which the laminate is formed. If the
      adsorbent happens to be an aggregate of polyamide type fibrils, it is
      proper to use textile fabrics made of polyamide type high molecular
      substances, high molecular substances possessed of peptide links such as
      wool and silk, and cellulose type high molecular substances such as cotton
      and rayon. Generally, use of textile fabrics which are made of the same
      polymer as the constituent substance of which the aggregate of
      micro-fibrils is formed proves to be most desirable.
PAR  In the formation of the stratified sheet from the aggregate of
      micro-fibrils and the textile fabric, use of any adhesive had better be
      avoided. If adhesive, if used at all, penetrates and fills up the voids
      which are formed within the laminate adsorbent and the textile fabrics
      and, consequently, offers an increased resistance to fluids in motion and
      degrades the treating speed. When the textile fabric to be used for this
      purpose is made of the same polymer as that of micro-fibrils in the
      laminate, the compatibility between the laminate and the fabric is so high
      that more compression can confer sufficient tenacity upon the combined
      product to withstand all physical forces involved in actual service. For
      the formation of the stratified sheet of the aggregate of micro-fibrils
      and the textile fabric, there may be employed any suitable method whereby
      the textile fabric is directly joined under pressure to the aggregate of
      micro-fibrils while the latter is being shaped in the form of a laminate.
      To be specific, one method comprises the steps of dispersing an aggregate
      of micro-fibrils in an aqueous solution, spreading a textile fabric on a
      metal gauze, casting the aqueous suspension of micro-fibrils onto the
      spread textile fabric, suction filtering the aqueous suspension through
      the fabric, layering another textile fabric thereon, pressing the
      resultant sheet and drying and another method involves the step of
      compressing a laminate of the aggregate of micro-fibrils and a textile
      fabric against each other in the atmosphere of steam. Use of these methods
      is advantageous. By the procedure described above, stratified sheets
      having thickness exceeding 0.1 mm, void ratio in the range of 30 to 80%
      and pore size in the range of 0.01 to 10 .mu. can freely be produced by
      selecting the molding conditions. They can be advantageously be utilized
      as adsorbent-filters.
PAR  As described above, the aggregate of micro-fibrils to be obtained by this
      invention can advantageously be used as an adsorbent because of high
      adsorpting activity coupled with adsorbing properties which are manifested
      on a rich variety of substances. It is also capable of adsorbing and
      retaining thereon a powdered adsorbent. The product obtained by having
      such a powdered adsorbent deposited on the aggregate of this invention
      exhibits adsorbing properties on still wider range of substances. Thus,
      this product can be used as an adsorbent for adsorbing a plurality of
      kinds of substances at the same time. The other product which is obtained
      by combining the aggregate of this invention with a textile fabric and
      which, therefore, enjoys both adsorbing ability and filtering ability can
      be effectively utilized as an adsorbent-filter.
PAR  The present invention will be described in further detail herein below with
      reference to preferred embodiments.
PAC  EXAMPLE 1
PAR  Mixed chips consisting of 50% by weight of nylon 6 chips (having a relative
      viscosity of 3.20 in 98% sulfuric acid solution at 25.degree.C,
      hereinafter referred to as "N-6") and 50% by weight of polyethylene
      terephthalate chips (having an ultimate viscosity of 0.73 in
      O-chlorophenol at 35.degree.C, hereinafter referred to "PET") were fed in
      a screw extruder (L/D=24) 45 mm in diameter, melt-mixed at screw rotation
      number of 60 r.p.m. and at 300.degree.C and extruded in the form of ropes
      through an extruder nozzle containing two orifices 3 mm in diameter in an
      extrusion amount of 190 g/min and at orifice pressure of 20 kg/cm.sup.2.
      The ropes of molten polymer emerging from the nozzle were sent through a
      cooling water bath, taken up at a rate of 20 m/min and chopped on a cutter
      into chips measuring 2.5mm in diameter and 4 mm in length. The
      longitudinal cross section of one of the chips was photographed through a
      phase-contrast microscope at 540 magnification. The photograph, shown as
      FIG. 2, reveals that N-6 and PET are incompatibly mixed in the form of
      alternately intertwined micro-fibrils. (In the photo, the colorless
      fibrils are those of N-6 constituent and the white fibrils those of PET
      constituent, respectively.)
PAR  The mixture chips were immersed and agitated for ten hours in 10% aqueous
      solution of sodium hydroxide 10 times as large in volume at 98.degree.C,
      to eliminate completely PET constituent from the mixture. The N-6 polymer
      obtained after subsequent treatments of washing with water and drying was
      found to have a relative viscosity of 2.93 in 98% sulfuric acid solution
      at 25.degree.C, an end amino group equivalent of 63 meq/kg and an end
      carboxyl group equivalent of 57 meq/kg. As shown by the scanning type
      electron photomicrograph, 1000X, of FIG. 3, this polymer is an aggregate
      of minute fibrils not more than 5 .mu. in diameter.
PAR  Separately, another portion of the mixture chips was immersed and agitated
      for six hours in 85% formic acid solution four times as large in volume at
      65.degree.C, to remove completely the N-6 constituent from the mixture.
      The PET polymer obtained after subsequent treatments of washing with water
      and drying was found to have an ultimate viscosity of 0.70 in
      O-chlorophenol at 35.degree.C, an end carboxylic group equivalent of 41
      meq/kg. It has the same construction as shown in FIG. 3.
PAC  EXAMPLE 2
PAR  This example is to show processes used for producing adsorbents of this
      invention comprising various polymers.
PAR  1. Mixed chips consisting of 60% by weight of polypropylene chips (having a
      melt index of 25 at 200.degree.C, hereinafter referred to as "PP") and 40%
      by weight of copolymer chips (having a relative viscosity of 7.32 in 98%
      sulfuric acid solution at 25.degree.C, hereinafter referred to as "Co.
      PA-1") made up of nylon 6 and nylon 66 at a weight ratio of 30:70 were fed
      into a screw extruder (L/D = 24) 45 mm in diameter, melt-mixed at screw
      rotation number of 55 r.p.m. and at 280.degree.C and extruded in the form
      of ropes through an extruder nozzle containing two orifices in an
      extrusion amount of 120 g/min. and orifice pressure of 40 kg/cm.sup.2. The
      ropes of molten mixture emerging from the nozzle was cooled in a water
      bath under a draft ratio of 1.5 and taken up at a rate of 20 m/min, and
      then chopped on a cutter into cylinders 2.0 mm in diameter and 5 mm in
      length. The mixture chips were immersed and agitated for six hours in 85%
      formic acid five times as large in volume at 70.degree.C, to deprive the
      mixture completely of the Co.PA-1 constituent. Consequently, there was
      obtained an aggregate of micro-PP fibrils having the same construction as
      that shown in FIG. 3.
PAR  2. Mixed chips consisting of 30% by weight of polystyrene chips (having an
      ultimate viscosity of 0.0805 in benzene solution at 30.degree.C,
      hereinafter referred to as "P-ST") and 70% by weight of PET chips (having
      an ultimate viscosity of 0.66 in O-chlorophenol at 35.degree.C) were fed
      into a screw extruder (L/D=24) 45 mm in diameter, melt-mixed at a screw
      rotation number of 65 r.p.m. and at 290.degree.C, and extruded in the form
      of tapes, in an extrusion amount of 260 g/min and orifice pressure of 5
      kg/cm.sup.2, in thickness through a slit-shaped extruder nozzle, which is
      1.2mm wide and 40mm long, cooled in water and taken up, and then chopped
      on a cutter in the form of plate-shaped pellets. The mixture pellets were
      immersed and agitated for 12 hours in 10% aqueous solution of potassium
      hydroxide 10 times as great in volume at 98.degree.C, to deprive the
      mixture completely of the PET constituent. The P-St constituent which
      survived the treatment with the solvent was obtained in the form of an
      aggregate of minute fibrils not larger than 10 .mu. in diameter.
PAR  3. The mixed chips of PP and copolymerized nylon made up of nylon 6 and
      nylon 66 at a weight ratio of 30/70 as described in (1) above had
      dinitrosopentamethylene tetramine incorporated therein a a foaming agent
      at a proportion of 0.2% by weight based on the total of high molecular
      constituents present. The resultant mixture was melt-mixed and shaped to
      produce cylinders of mixture polymer. These cylinders contained numerous
      pores about 0.1 mm in pore diameter in the interior. By following the
      procedure of (1) above, they were treated with formic acid to be deprived
      completely of the Co. PA-1 constituent. At the end of about 4 hours of
      immersion and agitation, there were obtained an aggregate of PP
      micro-fibrils. This clearly indicates that the time required for the
      treatment with the solvent can be shortened markedly.
PAR  Similar experiments were performed by using various amounts of the said
      foaming agent in an effort to shorten the time required for the treatment
      with the solvent. When the amount of the foaming agent exceeded 5.0% by
      weight, foaming occurred unusually vigorously at the extruder nozzle and
      breakage occurred heavily in the ropes of molten mixture emerging from the
      nozzle. When the broken ropes were treated for formic acid as the solvent,
      the Co. PA-1 constituent was dissolved out into the solvent after about
      two hours of treatment. The PP constituent which escaped dissolution by
      the solvent was a powdery mass, which was difficult to wash and separate.
PAR  4. Mixed chips consisting of N-6 chips (having a relative viscosity of 3.20
      in 98% sulfuric acid solution at 25.degree.C), N-66 chips (having relative
      viscosity of 2.57), N-612 chips (having a relative viscosity of 2.48), PET
      chips (having an ultimate viscosity of 0.73 in 0-chlorophenol at
      35.degree.C) and hexamethylenediamine adipinate at a weight ratio of
      15/15/50/3 were fed into a screw extruder (L/D=24) 45 mm in diameter,
      melt-mixed at screw rotation number of 60 r.p.m. and at 300.degree.C and
      extruded in the form of ropes in an extrusion amount of 160 g/min. and
      orifice pressure of 25 kg/cm.sup.2, through an extruder nozzle containing
      two orifices 3 mm in diameter. The ropes of molten polymer emerging from
      the nozzle were taken up under a draft ratio of 1.2 and chopped on a
      cutter in the form of chips 2.5 mm in diameter and 4 mm in length. The
      mixture chips were immersed and agitated for five hours in 10% aqueous
      solution of sodium hydroxide five times as great in volume at 98.degree.C.
      Consequently, there was obtained an aggregate of polyamide micro-fibrils.
      This aggregate was tested on a differential calorimeter to trace its
      caloric change. The test showed that a wide endothermic peak existed over
      the neighborhood of 176.degree.C and of 208.degree.C. This clearly
      represents the thermal behavior of the terpolymer polyamide of
      N-6/N-66/N-612. Mixed chips consisting of N-6 chips (having a relative
      viscosity of 3.20 in 98% sulfuric acid solution at 25.degree.C), N-12
      (having a relative viscosity of 1.80 as 0.5% solution in m-cresol at
      30.degree.C), PET (having an ultimate viscosity of 0.73 in 0-chlorophenol
      at 35.degree.C) and .epsilon.-caprolactam (having a water content of 5% by
      weight) at a weight ratio of 20/30/50/3 were melt-mixed and shaped under
      the same conditions as mentioned above and subsequently treated with an
      alkali under the same conditions as above. Consequently, there was
      obtained an aggregate of polyamide micro-fibrils.
PAR  This aggregate was tested on a differential calorimeter to trace its
      caloric change. The test showed that the emdothermic peak over 215.degree.
      - 220.degree.C corresponding to the melting point of N-6 was not present
      and that a wide endothermic peak over 145.degree. - 165.degree.C
      corresponding to the melting point of the copolymerized polyamide of N-6
      and N-12 was present. This shows that when a polyamide-forming substance
      is added in the preparation of an incompatible mixture of two or more
      polyamides and other kind of high molecular substance as in the present
      case, the constituent polyamides are copolymerized within the incompatible
      mixture to produce an adsorbent of a copolymerized polyamide quite
      readily.
PAC  EXAMPLE 3
PAR  An aggregate of N-6 micro-fibrils (adsorbent of this invention) obtained by
      repeating the procedure of Example 1, N-6 powder (having a mean particle
      diameter of 50 .mu. ) and N-6 multifilaments (70 d/24 f) were taken, 2 g
      each, in 300-cc flasks fitted with a ground stopper and were held under
      200-cc of the standard aqueous solution of phenol (1 g/liter) for 5, 10,
      20 and 40 minutes, and thereafter separated by filtration. The filtrates
      thus obtained were assayed for phenol residues by the potassium
      bromate-potassium bromide solution process to determine the amounts of
      phenol adsorbed. The results are shown in FIG. 4. From the graph, it is
      seen that the adsorbent of this invention is incomparably superior in
      phenol-adsorption efficiencies, i.e. adsorption speed and equilibrium
      adsorption amount, to the N-6 powder and the N-6 filaments.
PAR  The adsorbent of this invention and N-6 powder were further tested for
      their utility value as adsorbent-filter. This test consisted of filling
      No. 1 glass filter 25 mm in radius with 5 g of each adsorbent, connecting
      the glass filter to a suction bottle, and suction filtered a given
      substance by means of an aspirator. In this case, 1 liter of the standard
      aqueous solution of phenol mentioned above was used. In the test, the time
      required for 1 liter of the solution to be filtered and the amount of
      phenol adsorbed out of the solution were measured. The results are shown
      in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
              Degree of                                                        
                      Time for    Amount of                                    
              suction (mmHg)                                                   
                      filtration  phenol adsorbed                              
     __________________________________________________________________________
     Product of this                                                           
              160 mmHg      44 sec.                                            
                                  503.8 mg                                     
     invention                                                                 
              500     1 min 39 sec.                                            
                                  483.7                                        
     N-6 powder                                                                
              160     37 min                                                   
                            45 sec.                                            
                                  511.6                                        
              500     146 min     416.2                                        
     __________________________________________________________________________
PAL  From this table, it is seen that the amount of phenol adsorbed was hardly
      different between the product of this invention and the N-6 powder where
      the suction filtration was made under the same degree of suction, whereas
      the time required for filtration was decidedly shorter for the product of
      this invention than for the N-6 powder. Again, this test proves that the
      product of this invention has extremely high utility value as an adsorbent
      having improved treating efficiencies.
PAC  EXAMPLE 4
PAR  Aggregates of N-6 fibrils and those of PET fibrils obtained by repeating
      the procedure of Example 1 were tested for dye-adsorbing properties. The
      dyes used in this test were acid dye (Coomassie ultra sky SE150), direct
      dye (Japanol Brilliant Blue 6BKX), disperse dye (Solar Orange 2) and basic
      dye (Cathilon Blue). The adsorbents, 1 g each, were immersed in 50-cc dye
      solutions (0.5 g/liter), left to stand at normal room temperature (about
      25.degree.C) for 10 minutes and 60 minutes and then separated by
      filtration. The filtrates were assayed for dye residues by colorimetry to
      determine amounts of dyes adsorbed. The results are given in Table 3. The
      same test was also conducted on N-6 filaments (70 d/24 f) and PET
      filaments (140 d/17 f) for the purpose of comparison. From the table, it
      is clearly seen that the product of this invention exhibits satisfactory
      adsorbing property even at normal room temperatures and that it has
      decidedly higher adsorbing activity than the multifilaments.
PAR  Separately, mixed chips consisting of 50% by weight of a copolymerized
      polyamide (having a relative viscosity of 2.48 in 98% sulfuric acid
      solution at 25.degree.C) made up of hexamethylenediamine adipinate and
      potassium sulfonic acid-3,5-carboxybenzene hexamethylenediamine (0.5 mol%
      based on hexamethylenediamine adipinate) and 50% by weight of PET were
      treated by following the procedure of Example 1 to produce an aggregate of
      copolymerized polyamide micro-fibrils. This aggregate was found to adsorb
      basic dyes effectively at normal room temperatures. The preceding
      description leads to a conclusion that all kinds of dyes can be adsorbed
      by the products of this invention provided that the constituent substances
      are properly selected. Substances adsorbed on the products of this
      invention can be desorbed by proper treatments. In the case of an acid
      dye, treatment with 5% aqueous solution of sodium hydroxide provides
      desired adsorption of the dye. This treatment permits recovery of the dye
      and at the same time enables the adsorbent to be put to service again.
TBL                                    Table 3                                 
     __________________________________________________________________________
                Dye                                                            
                   Direct dye                                                  
                          Acid dye                                             
                                  Disperse dye                                 
                                          Basic dye                            
     Adsorbent  Time                                                           
                   10  60 10  60  10  60  10                                   
     of this invention                                                         
                   min.                                                        
                       min.                                                    
     __________________________________________________________________________
     N-6 adsorbent  51%                                                        
                       85 2.0 15.0                                             
                                  49  83  --                                   
     N-6 multifilaments                                                        
                   12  46 0.08                                                 
                              1.18                                             
                                  15  53  --                                   
     PET adsorbent --  -- --  --   0.5                                         
                                       0.7                                     
                                          --                                   
     PET multifilaments                                                        
                   --  -- --  --   0   0  --                                   
     Copolymerized                                                             
     polyamide adsorbent                                                       
                   53  88 1.2 8.7 43  85   7                                   
     __________________________________________________________________________
PAC  EXAMPLE 5
PAR  N-6, PET, PP and PSt adsorbents obtained by repeating the procedure of
      Example 1 and Example 2 were packed, 15 g each, in U-shaped tubes 150 mm
      in height. In the meantime, H.sub.2 S gas and SO.sub.2 +SO gas were
      generated by ordinary methods and diluted each with N.sub.2 gas to a
      concentration of 1,000 ppm. The diluted gases were passed through the
      U-shaped tubes packed with the said adsorbents to measure amounts of gases
      to be adsorbed. The same test was also conducted by using a commercially
      available, finely divided activated carbon (about 50 Tyler mesh) for the
      purpose of comparison. The results are shown in Table 4. From the table,
      it is seen that the adsorbents provide nearly the same adsorbing
      properties on these gases as activated carbon.
PAR  The method employed for the analysis of gas was methylene blue colorimetry
      for H.sub.2 S gas and autoanalyzer process for SO.sub.2 and SO.
TBL                Table 4                                                     
     ______________________________________                                    
                   H.sub.2 S SO+SO.sub.2                                       
     ______________________________________                                    
     N-6 absorbent    90%         100%                                         
     PET             85          100                                           
     PP              85          100                                           
     P-St            88          100                                           
     available activated                                                       
                     95          100                                           
     carbon                                                                    
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  An adsorbent of copolymerized nylon prepared by following the procedure of
      Example 2 (4), unwoven fabric of N-6 and woven fabric of 70 d/24 f N-6
      filaments were tested for property of adsorbing colon bacilli. The test
      consisted of the steps of packing 5 g of adsorbent in No. 1 glass filter
      25 mm in radius, connecting the filter to a suction bottle and suction
      filtering the aqueous solution of colon bacilli 6,800/cm.sup.3 (by pure
      culture) under reduced pressure of 200 mmHg with the aid of an aspirator.
      The filtrates were examined to obtain counts of bacilli. The results are
      shown in Table 5. From this table, it is evident that the unwoven fabric
      and the woven fabric provide practically no adsorption-filtration of colon
      bacilli, whereas the adsorbent of this invention provides perfect
      filtration of the bacilli.
TBL                Table 5                                                     
     ______________________________________                                    
                        Count of baccilli                                      
     ______________________________________                                    
     Before filtration      6,800/cc                                           
     Filtrate from the product of this                                         
                            0                                                  
     invention                                                                 
     Filtrate from the unwoven fabric                                          
                          6,300                                                
     Filtrate from the woven fabric                                            
                          6,700                                                
     ______________________________________                                    
PAL  The same adsorbent of this invention was packed, 5 g, in the glass filter.
      When the aqueous solution containing L-glutamin fermenting cells at a
      concentration of 4,000 ppm was passed through this tube, the cell
      concentration in the filtrate fell to below 10 ppm. This shows that the
      said adsorbent can be utilized for simple yet effective separation of
      cells compared with the conventional coagulation-sedimentation process.
PAC  EXAMPLE 7
PAR  Heavy oil was poured dropwise into a water bath 10 cm in depth and 10,000
      cm.sup.2 in water area until it formed a film about 1.5 mm in thickness on
      the water. The N-6, PET, PP and P-St adsorbents obtained by following the
      procedures of Example 1 and Example 2 were plunged, 10 g each, into the
      water bath and left to stand therein for four minutes. At the end of the
      standing, they were removed from the water bath and examined for amounts
      of oil adsorbed. The results are shown in Table 5. The same test was also
      conducted on 10 g each of multifilaments, 70 g/24 f.
PAR  As is clear from the table, the adsorbents obtained by this invention
      adsorb the oil more than five times as much as the multifilaments. Thus,
      they serve as excellent adsorbents for oils and fats.
TBL                Table 6                                                     
     ______________________________________                                    
                           Amount of heavy oil adsorbed                        
     polymers                                                                  
             adsorbent     (mg/g)                                              
     ______________________________________                                    
     N-6     product of this                                                   
                           3080                                                
             invention                                                         
             Multifilaments                                                    
                           460                                                 
     PET     Product of this                                                   
                           2850                                                
             invention                                                         
             Multifilament 430                                                 
     PP      Product of this                                                   
                           3500                                                
             invention                                                         
             Multifilament 600                                                 
     P-St    Product of this                                                   
                           3360                                                
             invention                                                         
             Multifilament 560                                                 
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  Powdered activated carbon (100 Tyler mesh), 10 g, was dispersed by
      agitation in 1 liter of water. An aggregate of micro-N-6 fibrils obtained
      by the procedure of Example 1, 90 g, was added to the water, agitated,
      separated by filtration and dried. Consequently, the powdered activated
      carbon was adsorbed and carried completely on the aggregate. The aggregate
      now having the activated carbon carried thereon, 2 g, was placed in a
      300-cc flask fitted with a ground stopper. To the flask, 200 ml of the
      standard phenol solution (1 g/liter) was added. The aggregate was left to
      stand under the solution for 20 minutes and then separated by filtration.
      The filtrate was tested for phenol residue and the amount of phenol
      adsorbed was calculated. In the same manner, powdered diatomaceous earth
      (80 Tyler mesh) and powdered activated terra alba (100 Tyler mesh) were
      deposited, 10 g each, on aggregates of microN-6 fibrils. They were
      similarly tested for phenol-adsorbing capacity. The results are shown in
      Table 7. The term "simple additive amount of adsorption" refers to the
      amounts of phenol which the N-6 adsorbent and the powdered adsorbent are
      assumed to adsorb independently of each other. From the table, it is noted
      that the product obtained by having the powdered adsorbent carried in the
      N-6 adsorbent provides more than four times as high adsorbing capacity as
      the siimple additive amount of adsorption.
PAR  In the case of a product having a powdered adsorbent carried on the N-6
      adsorbent, the powdered adsorbent remained unscattered and was easy of
      handling.
TBL                Table 7                                                     
     ______________________________________                                    
                            Amount of                                          
     Adsorbent              phenol adsorbed                                    
                            (mg/g)                                             
     ______________________________________                                    
     N-6 absorbent          12.0                                               
     Powdered activated carbon                                                 
                            30.0                                               
     N-6 adsorbent having activated                                            
                            64.5                                               
     carbon carried                                                            
     Simple additive amount of adsorption                                      
                            13.8                                               
     Powdered diatomaceous earth                                               
                            16.5                                               
     N-6 adsorbent having diatomaceous                                         
                            43.2                                               
     earth carried                                                             
     Simple additive amount of adsorption                                      
                            11.5                                               
     Powdered activated terra alba                                             
                            22.7                                               
     N-6 adsorbent having activated terra                                      
                            56.8                                               
     alba carried                                                              
     Simple additive amount of adsorption                                      
                            13.1                                               
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  On aggregates of PP micro-fibrils obtained by following the procedure of
      Example 2 (1), powdered activated carbon of 100 Tyler mesh and nitrohumic
      acid of 120 mesh were deposited, each by 20% by weight, in the same way as
      described in Example 8. By using a compression molder, 10 g each of the
      deposited products was shaped in the form of a plate 5 mm in thickness.
      The plate adsorbent was held fast on No. 1 glass filter and 100 g of a
      mixture consisting of 5% by weight of a long-used vacuum pump oil
      (containing 0.05% by weight of iron) and 95% by weight of 0.5% aqueous
      solution of copper sulfate (about 2,000 ppm of Cu.sup.+.sup.+) was passed.
      Analysis of the filtrates showed that, in both plates, the iron content
      fell below 20 ppm and the oil content to 300 ppm. The Cu.sup.+.sup.+ ion
      residue was 1,650 ppm for the adsorbent containing the activated carbon
      and 1,480 ppm for the adsorbent containing nitrohumic acid. From this
      example, it is evident that the products of this invention obtained by
      having conventional powdered adsorbents carried on polymer aggregates are
      capable of adsorbing two or more substances at the same time.
PAC  EXAMPLE 10
PAR  A stratified article was produced from an aggregate of PP micro-fibrils
      obtained by the procedure of Example 2 (1) and an unwoven fabric of PP and
      it was tested for adsorptionfiltration property. In a household
      super-mixer (made by Tokyo Shibaura Electric Co., Ltd.), 15 g of PP
      aggregate and 1 liter of water were agitated for one minute. The unwoven
      fabric of PP was spread on a metal gauze 100 Tyler mesh placed on the
      bottom of a box-shaped filter (200 mm in width, 250 mm in length and 200
      mm in height). The said mixture was poured onto this unwoven fabric,
      suction filtered through metal gauze and overlaid by another unwoven
      fabric of PP. Thus, the stratified article was produced. After the water
      wetting the article was allowed to run off, the stratified article was
      peeled off the metal gauze and then shaped in a hydraulic press at
      70.degree.C under 10 Kg weight/cm.sup.2. A laminated article composed
      solely of PP aggregate was similarly molded for the purpose of comparison.
      The properties of the two articles are shown in Table 8.
TBL                Table 8                                                     
     ______________________________________                                    
     Thick-      Porosity Pore   Tensile                                       
                                        Filtering                              
     ness                 size   strength                                      
                                        speed                                  
     (mm)        (%)      (.mu.) (Kg/g) (ml/cm.sup.2 /min.)                    
     ______________________________________                                    
     Stratified                                                                
             1.86    72       1.3  9.6    6.4                                  
     article                                                                   
     Laminated                                                                 
             1.40    72       1.4  1.3    6.6                                  
     article                                                                   
     ______________________________________                                    
     Porosity (%) = 1 - P.sub.a /P.sub.t  .times. 100                          
     where, P.sub.a : apparent specific gravity of stratified                  
     article and P.sub.t : true specific gravity of PP                         
     Pore size: Calculated in accordance with Hagen-                           
     poseuille's formula shown below.                                          
                    where, r: pore diameter (.mu.), d:                         
           d .times. v                                                         
     r=.sqroot.     thickness (mm) of stratified article                       
           porosity                                                            
                    and v: filtering speed (ml/cm.sup.2 /min.),                
                    calculated in volume passed per unit                       
                    time across unit area under reduced                        
                    pressure of 0.14 atm.                                      
     Tensile strength (kg G): A specimen 10 mm in width and                    
     100 mm in length was fixed at one end, with a load                        
     attached to the other end. The tensile strength was                       
     measured as magnitude (in kg) of load at which                            
     the specimen broke within five seconds of load                            
     application.                                                              
PAR  From Table 8, it is found that the stratified article made up of the
      aggregate of micro-fibrils and the unwoven fabric shows substantially no
      difference in porosity, pore diameter and filtering speed from the
      laminated article made up solely of the aggregate and excels in tensile
      strength conspicuously.
PAR  By way of testing the adsorption-filtration property, an aqueous solution
      of styrene-butadiene rubber latex (having a mean particle diameter of 0.2
      .mu.) containing 2% of kerosene was suction filtered through the
      stratified article prepared in this case under reduced pressure of 0.14
      atm. The kerosene was adsorbed on the inside of the stratified article and
      the SBR latex was adsorbed and separated from the solution by the article.
      The filtrate was a clear water. This stratified article combined both
      adsorbing ability and filtering ability and showed excellent physical
      strength.
PAC  EXAMPLE 11
PAR  After the manner of Example 8, powdered activated carbon (100 Tyler mesh)
      was deposited at various ratios on aggregates of N-6 micro-fibrils
      obtained by the procedure of Example 1. The products were placed, 1 g
      each, in 300-cc flasks fitted with a ground stopper. To the flasks, 100 cc
      each of an aqueous solution of chlorine (0.5 g/liter) was added so that
      the specimens were left to stand under the solution for five minutes. At
      the end of the standing, the specimens were separated by filtration. The
      filtrates were subjected to colorimetry by the ortho-toluydiene method to
      determine chlorine residues. Thus, the amounts of chlorine adsorbed by the
      products were calculated.
PAR  FIG. 5 graphically shows the equilibrium adsorption of chlorine as the
      function of the mixing ratio of the aggregate of N-6 fibrils and the
      activated carbon.
PAR  The aggregate of N-6 fibrils according to this invention shows a chlorine
      adsorption of about 3000 ppm. This means that the aggregate by itself is
      an excellent adsorbent for chlorine.
PAR  The powdered activated carbon, if used alone, shows a chlorine adsorption
      of only less than 100 ppm. The chlorine adsorption decreases sharply when
      the weight ratio accounted for by the powdered activated carbon exceeds
      400%. The effect of chlorine adsorption is synergized remarkably when the
      weight ratio falls in the range of from 5 to 300%.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of producing an adsorbent composed of microfibrils, comprising
      the steps of
PA1  a. mixing two synthetic polymer components A and B in a mixing ratio of
      20/80 - 80/20, both of said polymer components having a number average
      molecular weight of at least 10,000 and being incompatible with each other
      when they are intimately mixed such that they remain undissolved in each
      other to form a separate phase when they are mixed and molded under heat,
PA1  b. subjecting the mixture in molten state to an extrusion molding to shape
      the article in the form of threads, ropes or films where polymer A forms
      microfibrils, said molding being done at a draft ratio of 1.0 - 10.0 and
      thereafter,
PA1  c. treating the shaped article with a solvent which is incapable of
      dissolving or decomposing the polymer A but capable of dissolving or
      decomposing the other constituent polymer B.
NUM  2.
PAR  2. A method according to claim 1, wherein polymer A is at least one
      selected from the group consisting of polyamides, polyesters, polyolefins
      and polyvinyls, the other constituent polymer B is at least one selected
      from the group consisting of polyamides, polyesters, polyolefins and
      polyvinyls, the polymers being selected so that selected polymer A is
      incompatible with selected polymer B.
NUM  3.
PAR  3. A method according to claim 1, wherein polymer A consistes of at least
      one polyamide, the other constituent polymer B being at least one selected
      from the group consisting of polyesters, polyolefins and polyvinyls.
NUM  4.
PAR  4. A method according to claim 1, wherein polymer A is at least one
      polyester, the other constituent polymer B being at least one selected
      from the group consisting of polyvinyls, polyamides and polyolefins.
NUM  5.
PAR  5. A method according to claim 1, wherein said polymer A is at least one
      polyolefin, the other constituent B being selected from the group
      consisting of polyamides, polyesters and polyvinyls.
NUM  6.
PAR  6. A method according to claim 1, wherein polymer A is at least one
      polyvinyl, the other constituent polymer B being at least one selected
      from the group consisting of polyamides, polyesters and polyolefins.
NUM  7.
PAR  7. A method according to claim 1, wherein the mixing ratio of polymers A
      and B is 30/70 to 70/30.
NUM  8.
PAR  8. A method of producing an adsorbent composed of microfibrils according to
      claim 1, in which a foaming agent is added at the time of mixing polymers
      A and B, said foaming agent being selected from the group consisting of
      diazo compounds, diazo-carboxylic acid compounds, aromatic
      sulfonylhydrazide compounds, azonitrile compounds, diazoamino compounds,
      inorganic carbonates, urea and thiourea type compounds.
NUM  9.
PAR  9. A method of producing an adsorbent composed of microfibrils according to
      claim 1, wherein a substance selected from nylon salts and .epsilon.
      -lactams is added to the mixture, when polymer A is a polyamide.
NUM  10.
PAR  10. An adsorbent obtained by the method according to claim 1.
NUM  11.
PAR  11. A method of producinng an adsorption-filter, comprising laminating the
      adsorbent obtained by the method according to claim 1 into a stratified
      form.
NUM  12.
PAR  12. A method of producing an adsorption-filter, wherein at least one layer
      of the adsorption-filter obtained by the method according to claim 11 is
      combined with at least one layer of fabric.
NUM  13.
PAR  13. An adsorption-filter obtained by the method according to claim 12.
NUM  14.
PAR  14. An adsorbent according to claim 1, wherein, on said adsorbent composed
      of micro-fibrils, at least one kind of powdered adsorbent selected from
      the group consisting of activated carbon, diatomaceus earth, bauxite,
      terra alba, bone char, almina, magnesia, silica gel, activated silica,
      nitrohumic acid and allophane is carried.
NUM  15.
PAR  15. An adsorbent according to claim 14, wherein said powdered adsorbent is
      a powder of activated carbon, 5 to 500 weight percent of said activated
      carbon is carried on said adsorbent composed of micro-fibrils.
NUM  16.
PAR  16. An absorbent according to claim 14, wherein said powdered adsorbent is
      a nitrohumic acid, 5 to 500 weight percent of said nitrohumic acid is
      carried on said adsorbent of microfibrils.
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ABST
PAL  Dehydrogenatable hydrocarbons are dehydrogenated by contacting them at
      dehydrogenation conditions with a nonacidic catalytic composite comprising
      a combination of catalytically effective amounts of a platinum or
      palladium component, an iridium component, a Group IVA metallic component
      and an alkali or alkaline earth component with a porous carrier material.
      A specific example of the nonacidic, multi-metallic catalytic composite
      disclosed herein is a combination of a platinum component, an iridium
      component, a germanium component and an alkali or alkaline earth component
      with an alumina carrier material. The amounts of the catalytically active
      components contained in this last composite are, on an elemental basis,
      0.01 to 2 wt. % platinum, 0.01 to 2 wt. % iridium, 0.01 to 5 wt. %
      germanium and 0.1 to 5 wt. % of the alkali or alkaline earth metal.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a division of my prior, copending application Ser. No.
      365,877 filed June 1, 1973, now U.S. Pat. No. 3,856,870, which in turn is
      a continuation-in-part of my prior, now abandoned application Ser. No.
      27,457, filed Apr. 10, 1970. All of the teachings of these prior
      applications are specifically incorporated herein by reference.
BSUM
PAR  The subject of the present invention is, broadly, an improved method for
      dehydrogenating a dehydrogenatable hydrocarbon to produce a product
      hydrocarbon containing the same number of carbon atoms but fewer hydrogen
      atoms. In a narrower aspect, the present invention is a method for
      dehydrogenating normal paraffin hydrocarbons containing 4 to 30 carbon
      atoms per molecule to the corresponding normal mono-olefins with minimum
      production of side products. Another aspect of the present invention
      involves a novel nonacidic, multimetallic catalytic composite comprising a
      combination of catalytically effective amounts of a platinum or palladium
      component, an iridium component, a Group IVA metallic component, and an
      alkali or alkaline earth metal component with a porous carrier material.
      This composite has highly preferred characteristics of activity,
      selectivity, and stability when it is employed in the dehydrogenation of
      dehydrogenatable hydrocarbons such as aliphatic hydrocarbons, naphthenic
      hydrocarbons and alkylaromatic hydrocarbons.
PAR  The dehydrogenation of dehydrogenatable hydrocarbons is an important
      commercial process because of the great and expanding demand for
      dehydrogenated hydrocarbons for use in the manufacture of various chemical
      products such as detergents, plastics, synthetic rubbers, pharmaceutical
      products, high octane gasoline, perfumes, drying oils, ion-exchange
      resins, and various other products well known to those skilled in the art.
      One example of this demand is in the manufacture of high octane gasoline
      by using C.sub.3 and C.sub.4 mono-olefins to alkylate isobutane. A second
      example is the greatly increased requirements of the petrochemical
      industry for the production of aromatic hydrocarbons from the naphthene
      component of petroleum. Another example of this demand is in the area of
      dehydrogenation of normal paraffin hydrocarbons to produce normal
      mono-olefins having 4 to 30 carbon atoms per molecule. These normal
      mono-olefins can, in turn, be utilized in the synthesis of vast numbers of
      other chemical products. For example, derivatives of normal mono-olefins
      have become of substantial importance to the detergent industry where they
      are utilized to alkylate an alkylatable aromatic such as benzene, with
      subsequent transformation of the product arylalkane into a wide variety of
      biodegradable detergents such as the alkylaryl sulfonate type of detergent
      which is most widely used today for household, industrial, and commercial
      purposes. Still another large class of detergents produced from these
      normal mono-olefins are the oxyalkylated phenol derivatives in which the
      alkyl phenol base is prepared by the alkylation of phenol with these
      normal mono-olefins. Yet another type of detergent produced from these
      normal mono-olefins is a biodegradable alkylsulfate formed by the direct
      sulfation of the normal mono-olefin. Likewise, the olefin can be subjected
      to direct sulfonation to make biodegradable alkenylsulfonates. As a
      further example, these mono-olefins can be hydrated to produce alcohols
      which then, in turn, can be used to produce plasticizers, synthetic lube
      oils and the like products.
PAR  Regarding the use of products made by the dehydrogenation of alkylaromatic
      hydrocarbons, these find wide application in industries including the
      petroleum, petrochemical, pharmaceutical, detergent, plastic and the like
      industries. For example, ethylbenzene is dehydrogenated to produce styrene
      which is utilized in the manufacturing of polystyrene plastics,
      styrene-butadiene rubber, and the like products. Isopropylbenzene is
      dehydrogenated to form alpha-methylstyrene which, in turn, is extensively
      used in polymer formation and in the manufacture of drying oils,
      ion-exchange resins and the like material.
PAR  Responsive to this demand for these dehydrogenation products, the art has
      developed a number of alternative methods to produce them in commercial
      quantities. One method that is widely utilized involves the selective
      dehydrogenation of dehydrogenatable hydrocarbons by contacting the
      hydrocarbon with a suitable catalyst at dehydrogenation conditions. As is
      the case with most catalytic procedures, the principal measure of
      effectiveness for this dehydrogenation method involves the ability to
      perform its intended function with minimum interference of side reactions
      for extended periods of time. The analytical terms used in the art to
      broadly measure how well a particular catalyst performs its intended
      functions in a particular hydrocarbon conversion reaction are activity,
      selectivity, and stability, and for purposes of discussion here these
      terms are generally defined for a given reactant as follows: (1) activity
      is a measure of the cataylst's ability to convert the hydrocarbon reactant
      into products at a specified severity level where severity level means the
      conditions used -- that is, the temperature, pressure, contact time, and
      presence of diluents such as H.sub.2 ; (2) selectivity usually refers to
      the amount of desired product or products obtained relative to the amount
      of the reactant charged or converted; (3) stability refers to the rate of
      change with time of the activity and selectivity parameters -- obviously
      the smaller rate implying the more stable catalyst. More specifically, in
      a dehydrogenation process, activity commonly refers to the amount of
      conversion that takes place for a given dehydrogenatable hydrocarbon at a
      specified severity level and is typically measured on the basis of
      disappearance of the dehydrogenatable hydrocarbon; selectivity is
      typically measured by the amount, calculated on a mole percent of
      converted dehydrogenatable hydrocarbon basis, of the desired
      dehydrogenated hydrocarbon obtained at the particular activity or severity
      level; and stability is typically equated to the rate of change with time
      of activity as measured by disappearance of the dehydrogenatable
      hydrocarbon and of selectivity as measured by the amount of desired
      hydrocarbon produced. Accordingly, the major problem facing workers in the
      hydrocarbon dehydrogenation art is the development of a more active and
      selective catalytic composite that has good stability characteristics.
PAR  I have now found a multimetallic catalytic composite which possesses
      improved activity, selectivity, and stability when it is employed in a
      process for the dehydrogenation of dehydrogenatable hydrocarbons. In
      particular, I have determined that a superior dehydrogenation catalyst
      comprises a nonacidic combination of catalytically effective amounts of a
      platinum or palladium component, an iridium component, a Group IVA
      metallic component, and an alkali or alkaline earth component with a
      porous carrier material in a manner such that the components are uniformly
      dispersed throughout the porous carrier material, the platinum or
      palladium and iridium components are reduced to the corresponding
      elemental state and the Group IVA metal and the alkali or alkaline earth
      metal are present in a positive oxidation state. The catalyst can, in
      turn, enable the performance of a dehydrogenation process to be
      substantially improved. Moreover, particularly good results are obtained
      when this multimetallic catalyst is utilized in the dehydrogenation of
      long chain normal paraffins to produce the corresponding normal
      mono-olefins with minimization of side reactions such as skeletal
      isomerization, aromatization and cracking. In sum, the current invention
      involves the significant finding that a combination of an iridium
      component and a Group IVA metallic component can be utilized to
      beneficially interact with a platinum-containing dehydrogenation catalyst
      if the metal moieties are uniformly dispersed in the catalyst and if their
      oxidation states are controlled as hereinafter specified.
PAR  It is, accordingly, one object of the present invention to provide a novel
      method for dehydrogenation of dehydrogenatable hydrocarbons utilizing a
      multimetallic nonacidic catalytic composite containing a platinum or
      palladium component, an iridium component, a Group IVA metallic component,
      and an alkali or alklaine earth component with a porous carrier material.
      A second object is to provide a novel nonacidic catalytic composite having
      superior performance characteristics when utilized in a dehydrogenation
      process. Another object is to provide an improved method for the
      dehydrogenation of normal paraffin hydrocarbons to produce normal
      mono-olefins. Yet another object is to improve the performance of a
      nonacidic platinum-containing dehydrogenation catalyst by using a
      combination of components, iridium and a Group IVA metal, to beneficially
      interact and promote the platinum metal.
PAR  In brief summary, one embodiment of the present invention involves a
      nonacidic catalytic composite comprising a porous carrier material
      containing, on an elemental basis, about 0.01 to about 2 wt. % platinum or
      palladium, about 0.01 to about 2 wt. % iridium, about 0.01 to about 5 wt.
      % Group IVA metal and about 0.1 to about 5 wt. % of an alkali or alkaline
      earth metal, wherein the platinum or palladium, Group IVA metal, iridium
      and alkali or alkaline earth metal components are uniformly dispersed
      throughout the porous carrier material, wherein substantially all of the
      platinum or palladium and iridium components are present in the
      corresponding elemental metallic state, wherein substantially all of the
      Group IVA metal component is present in an oxidation state above that of
      the elemental metal and wherein substantially all of the alkali or
      alkaline earth metal component is present in an oxidation state above that
      of the elemental metal.
PAR  A second more specific embodiment relates to a nonacidic catalytic
      composite comprising an alumina carrier material, containing, on an
      elemental basis, about 0.05 to about 1 wt. % platinum or palladium, about
      0.05 to about 1 wt. % iridium, about 0.05 to about 2 wt. % Group IVA metal
      and about 0.25 to about 3.5 wt. % alkali or alkaline earth metal, wherein
      the platinum or palladium, Group IVA metal, iridium and alkali or alkaline
      earth metal components are uniformly dispersed throughout the alumina
      carrier material, wherein substantially all of the platinum or palladium
      and iridium components are present in the corresponding elemental metallic
      state, wherein substantially all of the Group IVA metal is present in an
      oxidation state above that of the elemental and wherein substantially all
      of the alkali or alkaline earth metal component is present in an oxidation
      state above that of the elemental metal.
PAR  A third embodiment comprehends a method for dehydrogenating a
      dehydrogenatable hydrocarbon which essentially involves contacting the
      dehydrogenatable hydrocarbon at dehydrogenation conditions with the
      multimetallic catalytic composite defined in the first embodiment.
PAR  Another embodiment involves a method for the selective dehydrogenation of a
      normal paraffin hydrocarbon containing about 4 to 30 carbon atoms per
      molecule to the corresponding normal mono-olefins. The method essentially
      involves contacting the normal paraffin hydrocarbons and hydrogen at
      dehydrogenation conditions with a catalytic composite of the type defined
      in the first embodiment.
PAR  Other objects and embodiments of the present invention include specific
      details regarding essential and preferred ingredients of the disclosed
      multimetallic catalytic composite, preferred amounts of ingredients for
      this composite, suitable methods of composite preparation,
      dehydrogenatable hydrocarbons that are preferably used with this catalyst
      in a dehydrogenation process, operating conditions that can be utilized
      with this catalyst in a dehydrogenation process and the like particulars.
      These objects and embodiments are disclosed in the following detailed
      explanation of the various technical aspects of the present invention. It
      is to be noted that: (1) the terms "catalyst" and "catalytic composite"
      are used herein in an equivalent and interchangeable manner; (2) the
      expression "uniformly dispersed throughout a carrier material" is intended
      to mean that the concentration of the component is approximately the same
      in any reasonably divisible portion of the carrier material; and, (3) the
      term "nonacidic" means that the catalyst produces less than 10% conversion
      of 1-butene to isobutylene when tested at dehydrogenation conditions, and
      preferably less than 1%.
PAR  Regarding the dehydrogenatable hydrocarbon that is subjected to the instant
      method, it can, in general, be an organic compound having 2 to 30 carbon
      atoms per molecule and containing at least 1 pair of adjacent carbon atoms
      having hydrogen attached thereto. That is, it is intended to include
      within the scope of the present invention the dehydrogenation of any
      organic compound capable of being dehydrogenated to produce products
      containing the same number of carbon atoms but fewer hydrogen atoms, and
      capable of being vaporized at the dehydrogenation conditions used herein.
      More particularly, suitable dehydrogenatable hydrocarbons are: aliphatic
      compounds containing 2 to 30 carbon atoms per molecule, alkylaromatic
      hydrocarbons where the alkyl group contains 2 to 6 carbon atoms, and
      naphthenes or alkyl-substituted naphthenes. Specific examples of suitable
      dehydrogenatable hydrocarbons are: (1) alkanes such as ethane, propane,
      n-butane, isobutane, n-pentane isopentane, n-hexane, 2-methylpentane,
      2,2-dimethylbutane, n-heptane, n-octane, 2-methylhexane,
      2,2,3-trimethylbutane, and the like compounds; (2) naphthenes such as
      cyclopentane, methylcyclopentane, ethylcyclopentane, n-propylcyclopentane,
      cyclohexane, isopropylcyclopentane, 1,3-dimethylcyclohexane, and the like
      compounds; and (3) alkylaromatics such as ethylbenzene, isopropylbenzene,
      isobutylbenzene, n-propylbenzene, n-butylbenzene, 1,3,5-triethylbenzene,
      ethylnaphthalene, and the like compounds.
PAR  In a preferred embodiment, the dehydrogenatable hydrocarbon is a normal
      paraffin hydrocarbon having about 4 to about 30 carbon atoms per molecule.
      For example, normal paraffin hydrocarbons containing about 10 to 18 carbon
      atoms per molecule are dehydrogenated by the subject method to produce the
      corresponding normal mono-olefin which can, in turn, be alkylated with
      benzene and sulfonated to make alkylbenzene sulfonate detergents having
      superior biodegradability. Likewise, n-alkanes having 10 to 18 carbon
      atoms per molecule can be dehydrogenated to the corresponding normal
      mono-olefin which, in turn, can be sulfated or sulfonated to make
      excellent detergents. Similarly, n-alkanes having 6 to 10 carbon atoms per
      molecule can be dehydrogenated to form the corresponding mono-olefins
      which can, in turn, be hydrated to produce valuable alcohols. Preferred
      feed streams for the manufacture of detergent intermediates contain a
      mixture of 4 to 5 adjacent normal paraffin homologues such as C.sub.10 to
      C.sub.13, C.sub.11 to C.sub.14, C.sub.11 to C.sub.15 and the like
      mixtures.
PAR  An essential feature of the present invention involves the use of a
      nonacidic, multimetallic catalytic composite comprising a combination of
      catalytically effective amounts of a platinum or palladium component, an
      iridium component, a Group IVA metallic component, and an alkali or
      alkaline earth component with a porous carrier material.
PAR  Considering first the porous carrier material, it is preferred that the
      material be a porous, adsorptive, high surface area support having a
      surface area of about 25 to about 500 m.sup.2 /g. The porous carrier
      material should be relatively refractory to the conditions utilized in the
      dehydrogenation process and it is intended to include within the scope of
      the present invention carrier materials which have traditionally been
      utilized in hydrocarbon conversion catalysts such as: (1) activated
      carbon, coke or charcoal; (2) silica or silica gel, silicon carbide, clays
      and silicates including those synthetically prepared and naturally
      occurring, which may or may not be acid treated for example, attapulgus
      clay, china clay, diatomaceous earth, fuller's earth, kaoline, kieselguhr,
      etc.; (3) ceramics, porcelain, crushed firebrick, bauxite; (4) refractory
      inorganic oxides such as alumina, titanium dioxide, zirconium dioxide,
      chromium oxide, zinc oxide, magnesia, thoria, boria, silica-alumina,
      silica-magnesia, chromia-alumina, alumina-boria, silica-zirconic, etc.;
      (5) crystalline aluminosilicates such as naturally occurring or
      synthetically prepared mordenite and/or faujasite, either in the hydrogen
      form or in a form which has been treated with multivalent cations; and,
      (6) combination of elements from one or more of these groups. The
      preferred porous carrier material for use in the present invention are
      refractory inorganic oxides, with best results obtained with an alumina
      carrier material. Suitable alumina materials are the crystalline aluminas
      known as the gamma-, eta-, and theta-aluminas, with gamma-alumina giving
      best results. In addition, in some embodiments, the alumina carrier
      material may contain minor proportions of other well known refractory
      inorganic oxides such as silica, zirconia, magnesia, etc.; however, the
      preferred support is substantially pure gamma-alumina. Preferred carrier
      materials have an apparent bulk density of about 0.3 to about 0.7 g/cc and
      surface area characteristics such that the average pore diameter is about
      20 to 300 Angstroms, the pore volume is about 0.1 to about 1 cc/g and the
      surface area is about 100 to about 500 m.sup.2 /g. In general, excellent
      results are typically obtained with a gamma-alumina carrier material which
      is used in the form of spherical particles having: a relatively small
      diameter (i.e., typically about 1/16 inch), an apparent bulk density of
      about 0.5 g/cc, a pore volume of about 0.4 cc/g and a surface area of
      about 175 m.sup.2 /g.
PAR  The preferred alumina carrier material may be prepared in any suitable
      manner and may be synthetically prepared or natural occurring. Whatever
      type of alumina is employed it may be activated prior to use by one or
      more treatments including drying, calcination, steaming, etc., and it may
      be in a form known as activated alumina, activated alumina of commerce,
      porous alumina, alumina gel, etc. For example, the alumina carrier may be
      prepared by adding a suitable alkaline reagent, such as ammonium hydroxide
      to a salt of aluminum such as aluminum chloride, aluminum nitrate, etc.,
      in an amount to form an aluminum hydroxide gel which upon drying and
      calcining is converted to alumina. The alumina carrier may be formed in
      any desired shape such as spheres, pills, cakes, extrudates, powders,
      granules, etc., and utilized in any desired size. For the purpose of the
      present invention, a particularly preferred form of alumina is the sphere;
      and alumina spheres may be continuously manufactured by the well-known oil
      drop method which comprises: forming an alumina hydrosol by any of the
      techniques taught in the art and preferably by reacting aluminum metal
      with hydrochloric acid; combining the resulting hydrosol with a suitable
      gelling agent; and dropping the resultant mixture into an oil bath
      maintained at elevated temperatures. The droplets of the mixture remain in
      the oil bath until they set and form hydrogel spheres. The spheres are
      then continuously withdrawn from the oil bath and typically subjected to
      specific aging treatments in oil and an ammoniacal solution to further
      improve their physical characteristics. The resulting aged and gelled
      particles are then washed and dried at a relatively low temperature of
      about 300.degree. F. to about 400.degree. F. and subjected to a
      calcination procedure at a temperature of about 850.degree. F. to about
      1300.degree. F. for a period of about 1 to 20 hours. It is a good practice
      to subject the calcined particles to a high temperature treatment with
      steam in order to remove undesired acidic components such as any residual
      chloride. This method effects conversion of the alumina hydrogel to the
      corresponding crystalline gamma-alumina. See the teachings of U.S. Pat.
      No. 2,620,314 for additional details.
PAR  One essential constituent of the instant multimetallic catalytic composite
      is the Group IVA metallic component. By the use of the generic term "Group
      IVA metallic component" it is intended to cover the metals of Group IVA of
      the Periodic Table. More specifically, it is intended to cover: germanium,
      tin, lead, and mixtures of these metals. It is an essential feature of the
      present invention that substantially all of the Group IVA metallic
      component is present in the final catalyst in an oxidation state above
      that of the elemental metal. In other words, this component may be present
      in chemical combination with one or more of the other ingredients of the
      composite, or as a chemical compound of the Group IVA metal such as the
      oxide, sulfide, halide, oxyhalide, oxychloride, aluminate, and the like
      compounds. Based on the evidence currently available, it is believed that
      best results are obtained when substantially all of the Group IVA metallic
      component exists in the final composite in the form of the corresponding
      oxide such as the tin oxide, germanium oxide, and lead oxide, and the
      subsequently described oxidation and reduction steps, that are preferably
      used in the preparation of the instant composite, are believed to result
      in a catalytic composite which contains an oxide of the Group IVA metallic
      component. Regardless of the state in which this component exists in the
      composite, it can be utilized therein in any amount which is catalytically
      effective, with the preferred amount being about 0.01 to about 5 wt. %
      thereof, calculated on an elemental basis and the most preferred amount
      being about 0.05 to about 2 wt. % thereof. The exact amount selected
      within this broad range is preferably determined as a function of the
      particular Group IVA metal that is utilized. For instance, in the case
      where this component is lead, it is preferred to select the amount of this
      component from the low end of this range -- namely, about 0.01 to about 1
      wt. %. Additionally, it is preferred to select the amount of lead as a
      function of the amount of the platinum group component as explained
      hereinafter. In the case where this component is tin, it is preferred to
      select from a relatively broader range of about 0.05 to about 2 wt. %
      thereof. And, in the preferred case, where this component is germanium,
      the selection can be made from the full breadth of the stated range --
      specifically, about 0.01 to about 5 wt. %, with best results at about 0.05
      to about 2 wt. %.
PAR  This Group IVA component may be incorporated in the composite in any
      suitable manner known to the art to result in a uniform dispersion of the
      Group IVA moiety throughout the carrier material, such as, coprecipitation
      or cogellation with the porous carrier material, ion exchange with the
      carrier material, or impregnation of the carrier material at any stage in
      its preparation. It is to be noted that it is intended to include within
      the scope of the present invention all conventional procedures for
      incorporating a metallic component in a catalytic composite, and the
      particular method of incorporation used is not deemed to be an essential
      feature of the present invention so long as the Group IVA component is
      uniformly distributed throughout the porous carrier material. One
      acceptable method of incorporating the Group IVA component into the
      catalytic composite involves cogelling the Group IVA component during the
      preparation of the preferred carrier material, alumina. This method
      typically involves the addition of a suitable soluble compound of the
      Group IVA metal of interest to the alumina hydrosol. The resulting mixture
      is then commingled with a suitable gelling agent, such as a relatively
      weak alkaline reagent, and the resulting mixture is thereafter preferably
      gelled by dropping into a hot oil bath as explained hereinbefore. After
      aging, drying and calcining the resulting particles there is obtained an
      intimate combination of the oxide of the Group IVA metal and alumina. One
      preferred method of incorporating this component into the composite
      involves utilization of a soluble decomposable compound of the particular
      Group IVA metal of interest to impregnate the porous carrier material
      either before, during or after the carrier material is calcined. In
      general, the solvent used during this impregnation step is selected on the
      basis of its capability to dissolve the desired Group IVA compound without
      affecting the porous carrier material which is to be impregnated;
      ordinarily, good reaults are obtained when water is the solvent; thus the
      preferred Group IVA compounds for use in this impregnation step are
      typically water-soluble and decomposable. Examples of suitable Group IVA
      compounds are: germanium difluoride, germanium tetraalkoxide, germanium
      dioxide, germanium tetrafluoride, germanium monosulfide, tin chloride, tin
      bromide, tin dibromide di-iodide, tin dichloride di-iodide, tin chromate,
      tin difluoride, tin tetrafluoride, tin tetraiodide, tin sulfate, tin
      tartrate, lead acetate, lead bromate, lead bromide, lead chloride, lead
      chlorate, lead citrate, lead formate, lead lactate, lead malate, lead
      nitrate, lead nitrite, lead dithionate, and the like compounds. In the
      case where the Group IVA component is germanium, a preferred impregnation
      solution is germanium tetrachloride dissolved in anhydrous alcohol. In the
      case of tin, tin chloride dissolved in water is preferred. In the case of
      lead, lead nitrate dissolved in water is preferred. Regardless of which
      impregnation solution is utilized, the Group IVA component can be
      impregnated either prior to, simulatneously with, or after the other
      metallic components are added to the carrier material. Ordinarily, best
      results are obtained when this component is impregnated simultaneously
      with the other metallic components of the composite Likewise, best results
      are ordinarily obtained when the Group IVA component is germanium oxide or
      tin oxide.
PAR  Regardless of which Group IVA compound is used in the preferred
      impregnation step, it is essential that the Group IVA metallic component
      be uniformly distributed throughout the carrier material. In order to
      achieve this objective when this component is incorporated by
      impregnation, it is necessary to maintain the pH of the impregnation
      solution at a relatively low level corresponding to about 7 to about 1 or
      less and to dilute the impregnation solution to a volume which is at least
      approximately the same or greater than the volume of the carrier material
      which is impregnated. It is preferred to use a volume ratio of
      impregnation solution to carrier material of at least 1:1 and preferably
      about 2:1 to about 10:1 or more. Similarly, it is preferred to use a
      relatively long contact time during the impregnation step ranging from
      about 1/4 hour up to about 1/2 hour or more before drying to remove excess
      solvent in order to insure a high dispersion of the Group IVA metallic
      component on the carrier material. The carrier material is, likewise,
      preferably constantly agitated during this preferred impregnation step.
PAR  A second essential ingredient of the subject catalyst is the platinum or
      palladium component. That is, it is intended to cover the use of platinum
      or palladium or mixtures thereof as a second component of the present
      composite. It is an essential feature of the present invention that
      substantially all of this platinum or palladium component exists within
      the final catalytic composite in the elemental metallic state. Generally,
      the amount of this component present in the final catalyst composite is
      small compared to the quantities of the other components combined
      therewith. In fact, the platinum or palladium component generally will
      comprise about 0.01 to about 2 wt. % of the final catalytic composite,
      calculated on an elemental basis. Excellent results are obtained when the
      catalyst contains about 0.05 to about 1 wt. % of platinum or palladium
      metal.
PAR  This platinum or palladium component may be incorporated in the catalytic
      composite in any suitable manner known to result in a relatively uniform
      distribution of this component in the carrier material such as
      coprecipitation or cogellation, ion-exchange, or impregnation. The
      preferred method of preparing the catalyst involves the utilization of a
      soluble, decomposable compound of platinum or palladium to impregnate the
      carrier material in a relatively uniform manner. For example, this
      component may be added to the support by commingling the latter with an
      aqueous solution of chloroplatinic or chloropalladic acid. Other
      water-soluble compounds of platinum or palladium may be employed in
      impregnation solutions and include ammonium chloroplatinate, bromoplatinic
      acid, platinum dichloride, platinum tetrachloride hydrate, platinum
      dichlorocarbonyl dichloride, dinitrodiaminoplatinum, palladium chloride,
      palladium nitrate, palladium sulfate, etc. The utilization of a platinum
      or palladium chloride compound, such as chloroplatinic or chloropalladic
      acid, is ordinarily preferred. Nitric acid or hydrogen chloride or the
      like acid is also generally added to the impregnation solution in order to
      further facilitate the uniform distribution of the metallic component
      through the carrier material. In addition, it is generally preferred to
      impregnate the carrier material after it has been calcined in order to
      minimize the risk of washing away the valuable platinum or palladium
      compounds; however, in some cases it may be advantageous to impregnate the
      carrier material when it is in a gelled state.
PAR  Yet another essential ingredient of the present catalytic composite is an
      iridium component. It is of fundamental importance that substantially all
      of the iridium component exists within the catalytic composite of the
      present invention in the elemental state and the subsequently described
      reduction procedure is designed to accomplish this objective. The iridium
      component may be utilized in the composite in any amount which is
      catalytically effective, with the preferred amount being about 0.01 to
      about 2 wt. % thereof, calculated on an elemental iridium basis. Typically
      best results are obtained with about 0.05 to about 1 wt. % iridium. It is,
      additionally, preferred to select the specific amount of iridium from
      within this broad weight range as a function of the amount of the platinum
      or palladium component, on an atomic basis, as is explained hereinafter.
PAR  This iridium component may be incorporated into the catalytic composite in
      any suitable manner known to those skilled in the catalyst formulation art
      which results in a relatively uniform dispersion of iridium in the carrier
      material. In addition, it may be added at any stage of the preparation of
      the composite -- either during preparation of the carrier material or
      thereafter -- and the precise method of incorporation used is not deemed
      to be critical. However, best results are thought to be obtained when the
      iridium component is relatively uniformly distributed throughout the
      carrier material, and the preferred procedures are the ones known to
      result in a composite having this relatively uniform distribution. One
      acceptable procedure for incorporating this component into the composite
      involves cogelling or coprecipitating the iridium component during the
      preparation of the preferred carrier material, alumina. This procedure
      usually comprehends the addition of a soluble, decomposable compound of
      iridium such as iridium tetrachloride to the alumina hydrosol before it is
      gelled. The resulting mixture is then finished by conventional gelling,
      aging, drying and calcination steps as explained hereinbefore. A preferred
      way of incorporating this component is an impregnation step wherein the
      porous carrier material is impregnated with a suitable iridium-containing
      solution either before, during or after the carrier material is calcined.
      Preferred impregnation solutions are aqueous solutions of water-soluble,
      decomposable iridium compounds such as iridium tribromide, iridium
      dichloride, iridium tetrachloride, iridium oxalic acid, iridium sulfate,
      potassium iridochloride, chloroiridic acid and the like compounds. Best
      results are ordinarily obtained when the impregnation solution is an
      aqueous solution of chloroiridic acid or sodium chloroiridate. This
      component can be added to the carrier material, either prior to,
      simultaneously with, or after the other metallic components are combined
      therewith. Best results are ordinarily achieved when this component is
      added simultaneously with the platinum or palladium components.
PAR  Yet another essential ingredient of the catalyst used in the present
      invention is the alkali or alkaline earth component. More specifically,
      this component is selected from the group consisting of the compounds of
      the alkali metals -- cesium, rubidium, potassium, sodium and lithium --
      and of the alkaline earth metals -- calcium, strontium barium, and
      magnesium. This component exists within the catalytic composite in an
      oxidation state above that of the elemental metal such as a relatively
      stable compound such as the oxide or sulfide, or in combination with one
      or more of the other components of the composite, or in combination with
      the carrier material such as, for example, in the form of a metal
      aluminate. Since, as is explained hereinafter, the composite containing
      the alkali or alkaline earth is always calcined in an air atmosphere
      before use in the conversion of hydrocarbons, the most likely state this
      component exists in during use in the dehydrogenation reaction is the
      corresponding metallic oxide such as lithium oxide, potassium oxide,
      sodium oxide and the like. Regardless of what precise form in which it
      exists in the composite, the amount of this component utilized is
      preferably selected to provide a composite containing about 0.1 to about 5
      wt. % of the alkali or alkaline earth metal and, more preferably, about
      0.25 to about 3.5  wt. %. Best results are obtained when this component is
      a compound of lithium or potassium. The function of this component is to
      neutralize any of the acidic materials which may have been used in the
      preparation of the present catalyst so that the final catalyst is
      nonacidic.
PAR  This alkali or alkaline earth component may be combined with the porous
      carrier material in any manner known to those skilled in the art to result
      in a relatively uniform dispersion of this component throughout the
      carrier material with consequential neutralization of any acidic sites
      which may be present therein. Typically good results are obtained when it
      is combined by impregnation, coprecipitation, ion-exchange, and the like
      procedures. The preferred procedure, however, involves impregnation of the
      carrier material either before during or after it is calcined, or before,
      during or after the other metallic ingredients are added to the carrier
      material. Best results are ordinarily obtained when this component is
      added to the carrier material after the other metallic components because
      the alkali metal or alkaline earth metal acts to neutralize the acid used
      in the preferred impregnation procedure for these metallic components. In
      fact, it is preferred to add the platinum or palladium, iridium and Group
      IVA metallic components to the carrier material, oxidize the resulting
      composite in an air stream at a high temperature (i.e., typically about
      600.degree. to 1000.degree. F.), then treat the resulting oxidized
      composite with a mixture of air and steam in order to remove at least a
      portion of any residual acidity and thereafter add the alkali metal or
      alkaline earth component. Typically, the impregnation of the carrier
      material with this component is performed by contacting the carrier
      material with a solution of a suitable decomposable compound or salt of
      the desired alkali or alkaline earth metal. Hence, suitable compounds
      include the alkali metal or alkaline earth metal halides, sulfates,
      nitrates, acetates, carbonates, phosphates and the like compounds. For
      example, excellent results are obtained by impregnating the carrier
      material after the platinum or palladium, iridium and Group IVA metallic
      components have been combined therewith, with an aqueous solution of
      lithium nitrate or potassium nitrate.
PAR  Regarding the preferred amounts of the various metallic components of the
      subject catalyst, I have found it to be a good practice to specify the
      amounts of the iridium component, the Group IVA metallic component and the
      alkali or alkaline earth component, as a function of the amount of the
      platinum or palladium component. On this basis, the amount of the iridium
      component is ordinarily selected so that the atomic ratio of iridium to
      platinum or palladium metal is about 0.1:1 to about 2:1, with the
      preferred range being about 0.25:1 to 1.5:1. Similarly, the amount of the
      Group IVA metallic component is ordinarily selected to produce a composite
      having an atomic ratio of Group IVA metal to platinum or palladium metal
      within the broad range of about 0.05:1 to 10:1. However, for the Group IVA
      metal to platinum group metal ratio, the best practice is to select this
      ratio on the basis of the following preferred range for the individual
      species: (1) for germanium, it is about 0.3:1 to 10:1, with the most
      preferred range being about 0.6:1  to about 6:1; (2) for tin, it is about
      0.1:1  to 3:1, with the most preferred range being about 0.5:1 to 1.5:1;
      and (3) for lead, it is about 0.05:1 to 0.9:1, with the most preferred
      range being about 0.1:1 to 0.75:1. Similarly, the amount of the alkali or
      alkaline earth component is ordinarily selected to produce a composite
      having an atomic ratio of alkali or alkaline earth metal or platinum or
      palladium metal of about 5:1 to about 50:1 or more, with the preferred
      range being about 10:1 to about 25:1.
PAR  Another significant parameter for the instant catalyst is the "total metals
      content" which is defined to be the sum of the platinum or palladium
      component, the iridium component, the Group IVA metallic component, and
      the alkali or alkaline earth component, calculated on an elemental metal
      basis. Good results are ordinarily obtained with the subject catalyst when
      this parameter is fixed at a value of about 0.2 to about 5 wt. %, with
      best results ordinarily achieved at a metals loading of about 0.4 to about
      4 wt. %.
PAR  Integrating the above discussion of each of the essential components of the
      catalytic composite used in the present invention, it is evident that a
      particularly preferred catalytic composite comprises a combination of a
      platinum component, an iridium component, a Group IVA metallic component
      and an alkali or alkaline earth component with an alumina carrier material
      in amounts sufficient to result in the composite containing from about
      0.05 to about 1 wt. % platinum, about 0.05 to about 1 wt. % iridium, about
      0.05 to about 2 wt. % Group IVA metal and about 0.25 to about 3.5 wt. % of
      the alkali or alkaline earth metal.
PAR  Regardless of the details of how the components of the catalyst are
      combined with the porous carrier material, the resulting multimetallic
      composite generally will be dried at a temperature of about 200.degree. F.
      to about 600.degree. F. for a period of from about 2 to 24 hours or more,
      and finally calcined at a temperature of about 600.degree. F. to about
      1100.degree. F. in an air atmosphere for a period of about 0.5 to 10
      hours, preferably about 1 to about 5 hours, in order to convert
      substantially all of the metallic components to the corresponding oxide
      form. When acidic components are present in any of the reagents used to
      effect incorporation of any one of the components of the subject
      composite, it is a good practice to subject the resulting composite to a
      high temperature treatment with steam or with a mixture of steam and air,
      either after or before the calcination step described above, in order to
      remove as must as possible of the undesired acidic component. For example,
      when the platinum or palladium component is incorporated by impregnating
      the carrier material with chloroplatinic acid, it is preferred to subject
      the resulting composite to a high temperature treatment with steam in
      order to remove as much as possible of the undesired chloride.
PAR  It is essential that the resultant multimetallic calcined catalytic
      composite be subjected to a substantially water-free reduction prior to
      its use in the conversion of hydrocarbons. This step is designed to insure
      a uniform and finely divided dispersion of the metallic components
      throughout the carrier material. Preferably, substantially pure and dry
      hydrogen (i.e., less than 20 vol. ppm H.sub.2 O) is used as the reducing
      agent in this step. The reducing agent is contacted with the calcined
      composite at a temperature of about 800.degree. F. to about 1200.degree.
      F., a gas hourly space velocity of about 100 to about 5000 hr.
      .sup.-.sup.1, and for a period of time of about 0.5 to 10 hours or more,
      effective to reduce at least substantially all the platinum or palladium
      and iridium components to the corresponding elemental metallic state while
      maintaining the Group IVA component in a positive oxidation state. This
      reduction treatment may be performed in situ as part of a start-up
      sequence if precautions are taken to predry the plant to a substantially
      water-free state and if substantially water-free hydrogen is used.
PAR  The resulting reduced multimetallic catalytic composite may, in some cases,
      be beneficially subjected to a presulfiding operation designed to
      incorporate in the catalytic composite from about 0.05 to about 0.5 wt. %
      sulfur, calculated on an elemental basis. Preferably, this presulfiding
      treatment takes place in the presence of hydrogen and a suitable
      sulfur-containing compound such as hydrogen sulfide, lower molecular
      weight mercaptans, organic sulfides, etc. Typically this procedure
      comprises treating the reduced catalyst with a sulfiding gas such as a
      mixture containing a mole ratio of H.sub.2 to H.sub.2 S of about 10:1 at
      conditions sufficient to effect the desired incorporation of sulfur,
      generally including a temperature ranging from about 50.degree.  F. up to
      about 1100.degree. F. or more. This presulfiding step can be performed in
      situ or ex situ.
PAR  According to the method of the present invention, the dehydrogenatable
      hydrocarbon is contacted with the instant multimetallic catalytic
      composite in a dehydrogenation zone at dehydrogenation conditions. This
      contacting may be accomplished by using the catalyst in a fixed bed
      system, a moving bed system, a fluidized bed system, or in a batch type
      operation; however, in view of the danger of attrition losses of the
      valuable catalyst and of well-known operation advantages, it is preferred
      to use a fixed bed system. In this system, the hydrocarbon feed stream is
      preheated by any suitable heating means to the desired reaction
      temperature and then passed into a dehydrogenation zone containing a fixed
      bed of the catalyst type previously characterized. It is, of course,
      understood that the dehydrogenation zone may be one or more separate
      reactors with suitable heating means therebetween to insure that the
      desired conversion temperature is maintained at the entrance to each
      reactor. It is also to be noted that the reactants may be contacted with
      the catalyst bed in either upward, downward, or radial flow fashion, with
      the latter being preferred. In addition, it is to be noted that the
      reactants may be in the liquid phase, a mixed liquid-vapor phase, or a
      vapor phase when they contact the catalyst, with best results obtained in
      the vapor phase.
PAR  Although hydrogen is the preferred diluent for use in the subject
      dehydrogenation method, in some cases other art-recognized diluents may be
      advantageously utilized such as steam, methane, carbon dioxide, and the
      like diluents. Hydrogen is preferred because it serves the dual-function
      of not only lowering the partial pressure of the dehydrogenatable
      hydrocarbon, but also of suppressing the formation of hydrogen-deficient,
      carbonaceous deposits on the catalytic composite. Ordinarily, hydrogen is
      utilized in amounts sufficient to insure a hydrogen to hydrocarbon mole
      ratio of about 1:1 to about 20:1, with best results obtained in the range
      of about 1.5:1 to about 10:1. The hydrogen stream charged to the
      dehydrogenation zone will typically be recycle hydrogen obtained from the
      effluent stream from this zone after a suitable separation step.
PAR  When hydrogen is used as the diluent, a preferred practice is to add water
      or a water-producing compound to the dehydrogenation zone. This water
      additive may be included in the charge stock, or in the hydrogen stream,
      or in both of these, or added independently of these. Ordinarily, it is
      preferred to inject the necessary water by saturating at least a portion
      of the input hydrogen stream with water. Good results are also obtained
      when a water-producing compound such as a C.sub.2 to C.sub.8 alcohol is
      added to the charge stock. Regardless of the source of the water, the
      amount of equivalent water added should be sufficient to maintain the
      total amount of water continuously entering the dehydrogenation zone in
      the range of about 50 to about 10,000 wt. ppm. of the charge stock, with
      best results obtained at a level corresponding to about 1500 to 5000 wt.
      ppm. of the charge stock.
PAR  Considering the conditions utilized in the process of the present
      invention, these are generally selected from the conditions well known to
      those skilled in the art for the particular dehydrogenatable hydrocarbon
      which is charged to the process. More specifically, suitable conversion
      temperatures are selected from the range of about 700.degree. to about
      1200.degree. F., with a value being selected from the lower portion of
      this range for the more easily dehydrogenated hydrocarbons such as the
      long chain normal paraffins and from the higher portion of this range for
      the more difficultly dehydrogenated hydrocarbons such as propane, butane,
      and the like hydrocarbons. For example, for the dehydrogenation of C.sub.6
      to C.sub.30 normal paraffins, best results are ordinarily obtained at a
      temperature of about 800.degree. to about 950.degree. F. The pressure
      utilized is ordinarily selected at a value which is as low as possible
      consistent with the maintenance of catalyst stability, and is usually
      about 0.1 to about 10 atmospheres, with best results ordinarily obtained
      in the range of about 0.5 to about 3 atmospheres. In addition, a liquid
      hourly space velocity (calculated on the basis of the volume amount, as a
      liquid, of hydrocarbon charged to the dehydrogenation zone per hour
      divided by the volume of the catalyst bed utilized) is selected from the
      range of about 1 to about 40 hr. .sup.-.sup.1, with best results for the
      dehydrogenation of long chain normal paraffins typically obtained at a
      relatively high space velocity of about 25 to 35 hr. .sup.-.sup.1.
PAR  Regardless of the details concerning the operation of the dehydrogenation
      step, an effluent stream will be withdrawn therefrom. This effluent will
      contain unconverted dehydrogenatable hydrocarbons, hydrogen, and products
      of the dehydrogenation reaction. This stream is typically cooled and
      passed to a separation zone wherein a hydrogen-rich vapor phase is allowed
      to separate from a hydrocarbon-rich liquid phase. In general, it is
      usually desired to recover the unreacted dehydrogenatable hydrocarbon from
      this hydrocarbon-rich liquid phase in order to make the dehydrogenation
      process economically attractive. This recovery step can be accomplished in
      any suitable manner known to the art such as by passing the
      hydrocarbon-rich liquid phase through a bed of suitable adsorbent material
      which has the capability to selectively retain the dehydrogenated
      hydrocarbons contained therein or by contacting same with a solvent having
      a selectivity for the dehydrogenated hydrocarbon or by a suitable
      fractionation scheme where feasible. In the case where the dehydrogenated
      hydrocarbon is a mono-olefin, suitable adsorbents having this capability
      are activated silica gel, activated carbon, activated alumina, various
      types of specially prepared molecular sieves, and the like adsorbents. In
      another typical case, the dehydrogenated hydrocarbons can be separated
      from the unconverted dehydrogenatable hydrocarbons by utilizing the
      inherent capability of the dehydrogenated hydrocarbons to enter into
      several well-known chemical reactions such as alkylation, oligomerization,
      halogenation, sulfonation, hydration, oxidation, and the like reactions.
      Irrespective of how the dehydrogenated hydrocarbons are separated from the
      unreacted hydrocarbons, a stream containing the unreacted dehydrogenatable
      hydrocarbons will typically be recovered from this hydrocarbon separation
      step and recycled to the dehydrogenation step. Likewise, the hydrogen
      phase present in the hydrogen separating zone will be withdrawn therefrom,
      a portion of it vented from the system in order to remove the net hydrogen
      make, and the remaining portion is typically recycled, through suitable
      compressing means, to the dehydrogenation step in order to provide diluent
      hydrogen therfor.
PAR  In a preferred embodiment of the present invention wherein long chain
      normal paraffin hydrocarbons are dehydrogenated to the corresponding
      normal mono-olefins, a preferred mode of operation of this hydrocarbon
      separation step involves an alkylation reaction. In this mode, the
      hydrocarbon-rich liquid phase withdrawn from the separating zone is
      combined with a stream containing an alkylatable aromatic and the
      resulting mixture passed to an alkylation zone containing a suitable
      highly acidic catalyst such as an anhydrous solution of hydrogen fluoride.
      In the alkylation zone the mono-olefins react with the alkylatable
      aromatic while the unconverted normal paraffins remain substantially
      unchanged. The effluent stream from the alkylation zone can then be easily
      separated, typically by means of a suitable fractionation system to allow
      recovery of the unreacted normal paraffins The resulting stream of
      unconverted normal paraffins is then usually recycled to the
      deyhydrogenation step of the present invention.
PAR  The following working examples are introduced to illustrate further the
      novelty, mode of operation, utility and benefits associated with the
      dehydrogenation method and multimetallic catalytic composite of the
      present invention. These examples are intended to be illustrative rather
      than restrictive.
PAR  These examples are all performed in a laboratory scale dehydrogenation
      plant comprising a reactor, a hydrogen separating zone, a heating means,
      cooling means, pumping means, compressing means, and the like equipment.
      In this plant the feed stream containing the dehydrogenatable hydrocarbon
      is combined with a hydrogen stream and the resulting mixture heated to the
      desired conversion temperature, which refers herein to the temperature
      maintained at the inlet to the reactor. The heated mixture is then passed
      into contact with the catalyst which is maintained as a fixed bed of
      catalyst particles in the reactor. The pressures reported herein are
      recorded at the outlet from the reactor. An effluent stream is withdrawn
      from the reactor, cooled, and passed into the separating zone wherein a
      hydrogen gas phase separates from a hydrocarbon-rich liquid phase
      containing dehydrogenated hydrocarbons, unconverted dehydrogenatable
      hydrocarbons and a minor amount of side products of the dehydrogenation
      reaction. A portion of the hydrogen-rich gas phase is recovered as excess
      recycle gas with the remaining portion being continuously recycled through
      suitable compressive means to the heating zone as described above. The
      hydrocarbon-rich liquid phase from the separating zone is withdrawn
      therefrom and subjected to analysis to determine conversion and
      selectivity for the desired dehydrogenated hydrocarbon as will be
      indicated in the examples. Conversion numbers of the dehydrogenatable
      hydrocarbon reported herein are all calculated on the basis of
      disappearance of the dehydrogenatable hydrocarbon and are expressed in
      mole percent. Similarly, selectivity numbers are reported on the basis of
      moles of desired hydrocarbon produced per 100 moles of dehydrogenatable
      hydrocarbon converted.
PAR  All of the catalysts utilized in these examples are prepared according to
      the following general method with suitable modifications in stoichiometry
      to achieve the compositions reported in each example. First, an alumina
      carrier material comprising 1/16 inch spheres is prepared by: forming an
      aluminum hydroxyl chloride sol by dissolving substantially pure aluminum
      pellets in a hydrochloric acid solution, adding hexamethylenetetramine to
      the sol, gelling the resulting solution by dropping it into an oil bath to
      form spherical particles of an alumina hydrogel, aging and washing the
      resulting particles with an ammoniacal solution and finally drying,
      calcining and steaming the aged and washed particles to form spherical
      particles of gamma-alumina containing substantially less than 0.1 wt. %
      combined chloride. Additional details as to this method of preparing this
      alumina carrier material are given in the teachings of U.S. Pat. No.
      2,620,314.
PAR  Second, a measured amount of germanium tetrachloride is dissolved in
      anhydrous ethanol. The resulting solution is aged at room temperature
      until an equilibrium condition is established therein. An aqueous solution
      containing chloroplatinic acid, chloroiridic acid and nitric acid is also
      prepared. The two solutions are then intimately admixed and used to
      impregnate the gamma-alumina particles. The amounts of the various
      reagents are carefully selected to yield final catalytic composites
      containing the required amounts of platinum, iridium and germanium. In
      order to insure uniform distribution of metallic components throughout the
      carrier material, this impregnation step is performed by adding the
      alumina particles to the impregnation mixture with constant agitation. The
      impregnation mixture is maintained in contact with the alumina particles
      for a period of about 1/4 hour at a temperature of 70.degree. F.
      thereafter, the temperature of the impregnation mixture is raised to about
      225.degree. F. and the excess solution is evaporated in a period of about
      one hour. The resulting dried particles are then subjected to a
      calcination treatment in an air atmosphere at a temperature of about
      500.degree. to about 1000.degree. F. for about 2 to 10 hours effective to
      convert the metallic components to the corresponding oxides. Thereafter,
      the resulting calcined particles are treated with an air stream containing
      from about 10 to about 30% steam at a temperature of about 800.degree. to
      about 1000.degree. F. for an additional period from about 1 to about 5
      hours in order to further reduce the residual combined chloride in the
      composite.
PAR  Finally, the alkali or alkaline earth metal component is added to the
      resulting calcined particles in a second impregnation step. This second
      impregnation step involves contacting the calcined particles with an
      aqueous solution of a suitable decomposable salt of the desired alkali or
      alkaline earth component. For the composites utilized in the present
      examples, the salt is either lithium nitrate or potassium nitrate. The
      amount of this salt is carefully chosen to result in a final composite
      having the desired composition. The resulting alkali impregnated particles
      are then dried, calcined and steamed in exactly the same manner as
      described above following the first impregnation step.
PAR  In all the examples the catalyst is reduced during startup by contacting
      with hydrogen at an elevated temperature of about 900.degree. to
      1100.degree. F. for a period of time sufficient to reduce substantially
      all of the platinum and iridium components to the elemental state while
      maintaining the other components in a positive oxidation state.
      Thereafter, the composite is sulfided with a mixture of H.sub.2 and
      H.sub.2 S as explained hereinbefore.
DETD
PAC  EXAMPLE I
PAR  The reactor is loaded with 100 cc's of a catalyst containing, on an
      elemental basis, 0.375 wt. % platinum, 0.375 wt. % iridium, 0.25 wt. %
      germanium, 0.5 wt. % lithium and less than 0.15 wt. % chloride. The feed
      stream utilized is commercial grade isobutane containing 99.7 wt. %
      isobutane and 0.3 wt. % normal butane. The feed stream is contacted with
      the catalyst at a temperature of 1065.degree. F., a pressure of 10 psig.,
      a liquid hourly space velocity of 4.0 hr. .sup.-.sup.1  and a hydrogen to
      hydrocarbon mole ratio of 2:1. The dehydrogenation plant is lined-out at
      these conditions and a 20 hour test period commenced. The hydrocarbon
      product stream from the plant is continuously analyzed by GLC (gas-liquid
      chromotography) and a high conversion of isobutane is observed with good
      selectivity for isobutylene.
PAC  EXAMPLE II
PAR  The catalyst contains, on an elemental basis, 0.25 wt. % platinum, 0.5 wt.
      % germanium, 0.25 wt. % iridium, 0.5 wt. % lithium and less than 0.15 wt.
      % combined chloride. The feed stream is commercial grade normal dodecane.
      The dehydrogenation reactor is operated at a temperature of 870.degree.
      F., a pressure of 10 psig., a liquid hourly space velocity of 32 hr.
      .sup.-.sup.1  and a hydrogen to hydrocarbon mole ratio of 8:1. After a
      line-out period, a 20 hour test period is performed during which the
      average conversion of the normal dodecane is maintained at a high level
      with a selectivity for dodecene of above 90%.
PAC  EXAMPLE III
PAR  The catalyst is the same as utilized in Example II. The feed stream is
      normal tetradecane. The conditions utilized are a temperature of
      840.degree. F., a pressure of 20 psig., a liquid hourly space velocity of
      32 hr. .sup.-.sup.1, and a hydrogen to hydrocarbon mole ratio of 8:1.
      After a line-out period, a 20 hour test shows an average conversion of
      approximately 12% and a selectivity for tetradecene of above about 90%.
PAC  EXAMPLE IV
PAR  The catalyst contains, on an elemental basis, 0.2 wt. % platinum, 0.2 wt. %
      iridium, 0.25 wt. % germanium and 0.6 wt. % lithium, with combined
      chloride being less than 0.2 wt. %. The feed stream is substantially pure
      normal butane. The conditions utilized are a temperature of 950.degree.
      F., a pressure of 15 psig., a liquid hourly space velocity of 4.0 hr.
      .sup.-.sup.1 and a hydrogen to hydrocarbon mole ratio of 4:1. After a
      line-out period, a 20 hour test is performed and excellent conversion of
      the normal butane to butene is observed.
PAC  EXAMPLE V
PAR  The catalyst contains, on an elemental basis, 0.375 wt. % platinum, 0.375
      wt. % iridium, 0.5 wt. % germanium, 2.8 wt. % potassium, and less than 0.2
      wt. % combined chloride. The feed stream is commercial grade ethylbenzene.
      The conditions utilized are a pressure of 15 psig., a liquid hourly space
      velocity of 32 hr. .sup.-.sup.1, a temperature of 950.degree. F., and a
      hydrogen to hydrocarbon mole ratio of 8:1. During a 20 hour test period,
      at least 85% of equilibrium conversion of ethylbenzene is observed with
      high selectivity for styrene.
PAR  It is intended to cover by the following claims all changes and
      modifications of the above disclosure of the present invention that would
      be self-evident to a man of ordinary skill in the catalyst formulation art
      or in the hydrocarbon dehydrogenation art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A nonacidic catalytic composite comprising a porous carrier material
      containing, on an elemental basis, about 0.01 to about 2 wt. % platinum or
      palladium, about 0.01 to 2 wt. % iridium, about 0.01 to about 5 wt. %
      germanium and about 0.1 to about 5 wt. % of an alkali or alkaline earth
      metal, wherein the platinum or palladium, iridium, germanium and alkali or
      alkaline earth metal components are uniformly dispersed throughout the
      porous carrier material, wherein substantially all of the platinum or
      palladium and iridium components are present in the corresponding
      elemental metallic state, wherein substantially all of the germanium
      component is present in the oxidation state above that of the elemental
      metal and wherein substantially all of the alkali or alkaline earth metal
      component is present in an oxidation state above that of the elemental
      metal.
NUM  2.
PAR  2. A catalytic composite as defined in claim 1 wherein the porous carrier
      material is a refractory inorganic oxide.
NUM  3.
PAR  3. A catalytic composite as defined in claim 2 wherein the refractory
      inorganic oxide is alumina.
NUM  4.
PAR  4. A catalytic composite as defined in claim 1 wherein the alkali metal is
      lithium.
NUM  5.
PAR  5. A catalytic composite as defined in claim 1 wherein the alkali metal is
      potassium.
NUM  6.
PAR  6. A catalytic composite as defined in claim 1 wherein the atomic ratio of
      germanium to platinum or palladium is about 0.05:1 to about 10:1, wherein
      the atomic ratio of iridium to platinum or palladium is about 0.1:1 to
      about 2:1 and wherein the atomic ratio of the alkali or alkaline earth
      metal to platinum group metal is about 5:1 to 50:1.
NUM  7.
PAR  7. A catalytic composite as defined in claim 1 wherein the composite
      contains about 0.05 to about 0.5 wt. % sulfur, calculated on an elemental
      basis.
NUM  8.
PAR  8. A catalytic composite as defined in claim 1 wherein the composite
      contains, on an elemental bais, about 0.05 to about 1 wt. % platinum or
      palladium, about 0.05 to about 1 wt. % iridium, about 0.05 to about 2 wt.
      % germanium and about 0.25 to about 3.5 wt. % alkali or alkaline earth
      metal and wherein the porous carrier material is alumina.
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ABST
PAL  A voltage variable resistor is provided comprising a sintered body,
      electrodes on opposite major surfaces of the body and leads connected to
      the electrodes. The sintered body consists of zinc oxide and an additive
      comprising 0.05 to 15.0 mole % of one member selected from the group
      consisting of aluminum fluoride, beryllium fluoride, cerium fluoride,
      nickel fluoride and vanadium fluoride.
BSUM
PAR  This invention relates to compositions of voltage variable resistor having
      non-ohmic resistance, and more particularly to compositions of varistors
      comprising zinc oxide having non-ohmic resistance due to the bulk thereof.
PAR  Various voltage variable resistors such as silicon carbide varistors,
      selenium rectifiers and germanium or silicon p-n junction diodes have been
      widely used for stabilization of voltage or current of electrical
      circuits. The electrical characteristics of such a voltage variable
      resistor are expressed by the relation:
EQU  I =  V/c .sup.n                                            1.
PAL  where V is the voltage across the resistor, I is the current flowing
      through the resistor, C is a constant corresponding to the voltage at a
      given current and exponent n is a numerical value greater than 1. The
      value of n is caluculated by the following equation:
      ##EQU1##
      where V.sub.1 and V.sub.2 are the voltage at given currents I.sub.1 and
      I.sub.2, respectively. The desired value of C depends upon the kind of
      application to which the resistor is to be put. It is ordinarily desirable
      that the value of n be as large as possible since this exponent determines
      the extent to which the resistors depart from ohmic characteristics.
PAR  In conventional varistors comprising germanium or silicon p-n junction
      diodes, it is difficult to control the C-value over a wide range because
      the voltage variable property of these varistors is not attributed to the
      bulk but to the p-n junction. On the other hand, silicon carbide varistors
      have voltage variable properties due to the contacts among the individual
      grains of silicon carbide bonded together by a ceramic binding material,
      and the C-value is controlled by changing a dimention in a direction in
      which the current flows through the varistors. Silicon carbide varistors,
      however, have a relatively low n-value and are prepared by firing in
      non-oxidizing atmosphere, especially for the purpose of obtaining a lower
      C-value.
PAR  An object of the present invention is to provide a composition of a voltage
      variable resistor having non-ohmic properties due to the bulk thereof and
      having a controllable C-value.
PAR  Another object of the present invention is to provide a composition of a
      voltage variable resistor characterized by a high n-value.
DRWD
PAR  These and other objects of the invention will become apparent upon
      consideration of the following description taken together with the
      accompanying drawing in which the single FIGURE is a partly
      cross-sectional view of a voltage variable resistor according to the
      invention.
DETD
PAR  Before proceeding with a detailed description of the voltage variable
      resistors contemplated by the invention, their construction will be
      described with reference to the aforesaid FIGURE of drawing wherein
      reference character 10 designates, as a whole, a voltage variable resistor
      comprising, as its active element, a sintered body having a pair of
      electrodes 2 and 3 applied to opposite surfaces thereof. Said sintered
      body 1 is prepared in a manner hereinafter set forth and is in any form
      such as circular, square or rectangular plate form. Wire leads 5 and 6 are
      attached conductively to the electrodes 2 and 3, respectively, by a
      connection means 4 such as solder or the like.
PAR  A voltage variable resistor according to the invention comprises a sintered
      body of a composition consisting essentially of as a major part, 85.0 to
      99.95 mole % of zinc oxide and, as an additive, 0.05 to 15.0 mole % of one
      member selected from the group consisting of aluminum fluoride, beryllium
      fluoride, cerium fluoride, nickel fluoride, and vanadium fluoride. Such a
      voltage variable resistor has non-ohmic resistances due to the bulk
      itself. Therefore, its C-value can be changed without impairing the
      n-value by changing the distance between said opposite surfaces. The
      shorter distance results in the lower C-value.
PAR  The higher n-value can be obtained when said sintered body consists
      essentially of a batch composition listed in Table 1.
PAR  Table 2 shows operable and preferable batch compositions of said sintered
      body for producing a voltage variable resistor having an n-value higher
      than 8 and a high stability with temperature, humidity and electric load.
PAR  According to the invention, the n-value higher than 20 can be obtained when
      said sintered body consists essentialy of a batch composition listed in
      Table 3.
PAR  The sintered body 1 can be prepared by a per se well known ceramic
      technique. The starting materials of the compositions described in the
      foregoing description are mixed in a wet mill so as to produce homogeneous
      mixtures. The mixtures are dried and pressed in a mold into desired shapes
      at a pressure from 100 Kg/cm.sup.2 to 1000 Kg/cm.sup.2. The pressed bodies
      are sintered in air at a given temperature for 1 to 3 hours, and then
      furnace-cooled to room temperature (about 15.degree. to about
      30.degree.C).
PAR  The available sintering temperature is determined in view of electrical
      resistivity, non-linearity and stability and ranges from 1000.degree. to
      1450.degree.C.
PAR  The mixtures can be preliminarily calcined at about 700.degree.C and
      pulverized for easy fabrication in the subsequent pressing step. The
      mixture to be pressed can be admixed with a suitable binder such as water,
      polyvinyl alcohol, etc.
PAR  It is advantageous that the sintered body be lapped at the opposite
      surfaces by abrasive powder such as silicon carbide in a particle size of
      300 meshes to 1500 meshes.
PAR  The sintered bodies are provided, at the opposite surfaces thereof, with
      electrodes in any available and suitable method such as electroplating
      method, vacuum evaporation method, metallizing method by spraying or
      silver painting method.
PAR  The voltage variable properties are not practically affected by the kinds
      of electrodes used, but are affected by the thickness of the sintered
      bodies. Particularly, the C-value varies in proportion to the thickness of
      the sintered bodies, while the n-value is almost independent of the
      thickness. This surely means that the voltage variable property is due to
      the bulk of the body, but not to the electrode.
PAR  Lead wires can be attached to the electrodes in a per se conventional
      manner by using conventional solder having a low melting point. It is
      convenient to employ a conductive adhesive comprising silver powder and
      resin in an organic solvent in order to connect the lead wires to the
      electrodes.
PAR  Voltage variable resistors according to this invention have a high
      stability to temperature and in the load life test, which is carried out
      at 70.degree.C at a rating power for 500 hours. The n-value and C-value do
      not change remarkably after heating cycles and load life test. It is
      advantageous for achievement of a high stability ao humidity that the
      resultant voltage variable resistors are embedded in a humidity proof
      resin such as epoxy resin and phenol resin in a per se well known manner.
PAR  Presently preferred illustrative embodiments of the invention are as
      follows.
PAC  EXAMPLE 1
PAR  A mixture of zinc oxide and additive in a composition of Table 4 are mixed
      in a wet mill for 3 hours. The mixture is dried and then calcined at
      700.degree.C for 1 hour. The calcined mixture is pulverized by the
      motor-driven ceramic mortar for 30 minutes and then pressed in a mold into
      a shape of 17.5 mm in diameter and 2.5 mm in thickness at a pressure of
      500 Kg/cm.sup.2.
PAR  The pressed body is sintered in air at 1350.degree.C for 1 hour, and then
      furnace-cooled to room temperature (about 15.degree. to about
      30.degree.C). The sintered disc is lapped at the opposite surfaces thereof
      by silicon carbide in a particle size of 600 meshes. Resulting sintered
      disc has a size of 14 mm in diameter and 1.5 mm in thickness. The silver
      paint electrodes commercially available are attached to the opposite
      surfaces of sintered disc by painting. Then lead wires are attached to the
      silver elecrotes by soldering. The electric characteristics of the
      resultant resistors are shown in Table 4. It will be readily understood
      that the zinc oxide sintered body incorporated with additives listed in
      Table 4 is available for the voltage variable resistor, and particularly
      the higher value of n can be obtained when bismuth oxide or the
      combination of bismuth oxide with cobalt oxide and/or manganese oxide is
      further added to said additive.
PAC  EXAMPLE 2
PAR  Starting materials composed of zinc oxide and additive listed in Table 5
      are mixed, dried, calcined and pulverized in the same manner as those of
      Example 1. The pulverized mixture is pressed in a mold into a disc of 17.5
      mm in diameter and 5 mm in thickness at a pressure of 500 Kg/cm.sup.2.
PAR  The present body is sintered in air at 1350.degree.C for 1 hour, and then
      furnace-cooled to room temperature. The sintered disc is ground at the
      opposite surfaces thereof into the thickness shown in Table 5 by silicon
      carbide in a particle size of 600 meshes. The ground disc is provided with
      the electrodes and lead wires at the opposite surface in a manner similar
      to that of Example 1. The electric characteristics of the resultant
      resistors are shown in Table 5; the C-value varies approximately in
      proportion to the thickness of the sintered disc while the n-value is
      essentially independent of the thickness. It will be readily realized that
      the voltage nonlinear properties of the resistors are attributed to the
      sintered body itself.
PAC  EXAMPLE 3
PAR  Zinc oxide incorporated with additive in the composition of Table 6 is
      fabricated into the voltage variable resistors by the same process as that
      of Example 1. The resulting resistors are tested according to the methods
      used in the electronic components parts. The load life test is carried out
      at 70.degree.C ambient temperature at 0.5 watt rating power for 500
      hours. The heating cycle test is carried out by repeating 5 times the
      cycle in which said resistors are kept at 85.degree.C ambient temperature
      for 30 minutes, cooled rapidly to -20.degree.C and then kept at such
      temperature for 30 minutes. Table 6 shows a difference in C-values and
      n-values after the load life test. It can be readily realized that the
      zinc oxide sintered body incorporated with additives listed in Table 6,
      particularly when bismuth oxide or combination of bismuth oxide with
      cobalt oxide and/or manganese oxide is added to said additive, is
      effective for the electrical and environmental stability.
TBL                Table 1                                                     
     ______________________________________                                    
     Zinc Oxide (mole %)                                                       
                    Additive (mole %)                                          
     ______________________________________                                    
     99.0-99.9      Aluminum fluoride                                          
                                   0.1-1.0                                     
     99.0-99.5      Beryllium fluoride                                         
                                   0.5-1.0                                     
     99.0-99.5      Cerium fluoride                                            
                                   0.5-1.0                                     
     97.5-99.5      Nickel fluoride                                            
                                   0.5-2.5                                     
     98.0-99.0      Vanadium fluoride                                          
                                   1.0-2.0                                     
     ______________________________________                                    
TBL                Table 2                                                     
     ______________________________________                                    
     Zinc                                                                      
     oxide     Bismuth   Cobalt   Manganese                                    
                                          Further                              
     (mole     (mole %)  (mole %) (mole %)                                     
                                          (mole %)                             
     %)                                                                        
     ______________________________________                                    
           96.0-                            Aluminum                           
           99.8    0.1-3.0   --     --      fluoride                           
                                            0.1-1.0                            
           96.0-                            Beryllium                          
     oper- 99.4    0.1-3.0   --     --      fluoride                           
                                            0.5-1.0                            
           96.0-                            Cerium                             
     able  99.4    0.1-3.0   --     --      fluoride                           
                                            0.5-1.0                            
           94.5-                            Nickel                             
           99.4    0.1-3.0   --     --      fluoride                           
                                            0.5-2.5                            
           95.0-                            Vanadium                           
           98.9    0.1-3.0   --     --      fluoride                           
                                            1.0-2.0                            
           93.0-                            Aluminum                           
           99.7    0.1-3.0   0.1 3.0                                           
                                    --      fluoride                           
                                            0.1-1.0                            
           93.0-                            Beryllium                          
           99.3    0.1-3.0   0.1 3.0                                           
                                    --      fluoride                           
                                            0.5-1.0                            
           93.0-                            Cerium                             
           99.3    0.1-3.0   0.1 3.0                                           
                                    --      fluoride                           
                                            0.5-1.0                            
           91.5-                            Nickel                             
           99.3    0.1-3.0   0.1 3.0                                           
                                    --      fluoride                           
                                            0.5-2.5                            
           92.0-                            Vanadium                           
     pref- 98.8    0.1-3.0   0.1 3.0                                           
                                    --      fluoride                           
                                            1.0-2.0                            
           93.0-                            Aluminum                           
           99.7    0.1-3.0   --     0.1 3.0 fluoride                           
                                            0.1-1.0                            
           93.0-                            Beryllium                          
     erable                                                                    
           99.3    0.1-3.0   --     0.1 3.0 fluoride                           
                                            0.5-1.0                            
           93.0-                            Cerium                             
           99.3    0.1-3.0   --     0.1 3.0 fluoride                           
                                            0.5-1.0                            
           91.5-                            Nickel                             
           99.3    0.1-3.0   --     0.1 3.0 fluoride                           
                                            0.5-2.5                            
           92.0-                            Vanadium                           
           98.8    0.1-3.0   --     0.1 3.0 fluoride                           
                                            1.0-2.0                            
     ______________________________________                                    
TBL                Table 3                                                     
     ______________________________________                                    
              Bismuth   Cobalt    Manganese                                    
                                          Further                              
     Zinc oxide                                                                
              oxide     oxide     oxide   additives                            
     (mole %) (mole %)  (mole %)  (mole %)                                     
                                          (mole %)                             
     ______________________________________                                    
                                          Aluminum                             
     90.0-99.6                                                                 
              0.1-3.0   0.1-3.0   0.1-3.0 fluoride                             
                                          0.1-1.0                              
                                          Beryllium                            
     90.0-99.2                                                                 
              0.1-3.0   0.1-3.0   0.1-3.0 fluoride                             
                                          0.5-1.0                              
                                          Cerium                               
     90.0-99.2                                                                 
              0.1-3.0   0.1-3.0   0.1-3.0 fluoride                             
                                          0.5-1.0                              
                                          Nickel                               
     88.5-99.2                                                                 
              0.1-3.0   0.1-3.0   0.1-3.0 fluoride                             
                                          0.5-2.5                              
                                          Vanadium                             
     89.0-98.7                                                                 
              0.1-3.0   0.1-3.0   0.1-3.0 fluoride                             
                                          1.0-2.0                              
     ______________________________________                                    
TBL                Table 4                                                     
     ______________________________________                                    
                          Electric                                             
     Starting Materials (mole %)                                               
                          Characteristics of                                   
                          Resultant Resistors                                  
     ______________________________________                                    
     Bismuth                                                                   
            Cobalt  Manganese                                                  
                             Fluoride                                          
                                    C       n                                  
     oxide  oxide   oxide           (at 1mA)                                   
     ______________________________________                                    
                             Aluminum                                          
                             fluoride                                          
     --     --      --       0.05   8       2.1                                
     --     --      --       0.1    13      3.5                                
     --     --      --       0.3    38      5.7                                
     --     --      --       1.0    78      3.2                                
     --     --      --       15.0   102     2.0                                
     0.1    --      --       0.1    45      8.8                                
     0.1    --      --       1.0    72      9.4                                
     3.0    --      --       0.1    86      9.8                                
     3.0    --      --       1.0    132     10.4                               
     0.5    --      --       0.3    84      11.4                               
     0.1    0.1     --       0.1    63      13.7                               
     0.1    0.1     --       1.0    75      13.9                               
     0.1    3.0     --       0.1    80      14.2                               
     0.1    3.0     --       1.0    92      14.4                               
     3.0    0.1     --       0.1    76      14.9                               
     3.0    0.1     --       1.0    85      15.4                               
     3.0    3.0     --       0.1    80      15.2                               
     3.0    3.0     --       1.0    90      15.8                               
     0.5    0.5     --       0.3    142     18.2                               
     0.1    --      0.1      0.1    50      13.2                               
     0.1    --      0.1      1.0    55      14.3                               
     0.1    --      3.0      0.1    65      14.8                               
     0.1    --      3.0      1.0    70      15.8                               
     3.0    --      0.1      0.1    63      16.0                               
     3.0    --      0.1      1.0    78      16.2                               
     3.0    --      3.0      0.1    81      16.8                               
     3.0    --      3.0      1.0    90      17.0                               
     0.5    --      0.5      0.3    96      18.9                               
     0.1    0.1     0.1      0.1    91      22.4                               
     0.1    0.1     0.1      1.0    95      22.9                               
     0.1    0.1     3.0      0.1    92      23.1                               
     0.1    0.1     3.0      1.0    87      24.1                               
     0.1    3.0     0.1      0.1    89      23.4                               
     0.1    3.0     0.1      1.0    99      23.1                               
     0.1    3.0     3.0      0.1    98      24.1                               
     0.1    3.0     3.0      1.0    105     23.2                               
     3.0    0.1     0.1      0.1    97      24.1                               
     3.0    0.1     0.1      1.0    102     24.3                               
     3.0    0.1     3.0      0.1    104     24.1                               
     3.0    0.1     3.0      1.0    132     23.2                               
     3.0    3.0     0.1      0.1    104     24.5                               
     3.0    3.0     0.1      1.0    115     25.1                               
     3.0    3.0     3.0      0.1    109     25.5                               
     3.0    3.0     3.0      1.0    132     24.9                               
     0.5    0.5     0.5      0.3    123     28.4                               
     ______________________________________                                    
                             Belirium                                          
                             fluoride                                          
     --     --      --       0.05   2       1.9                                
     --     --      --       0.5    5       3.4                                
     --     --      --       0.8    7       3.8                                
     --     --      --       1.0    8       3.0                                
     --     --      --       15.0   18      2.1                                
     0.1    --      --       0.5    13      9.0                                
     0.1    --      --       1.0    24      9.6                                
     3.0    --      --       0.5    39      9.7                                
     3.0    --      --       1.0    45      8.8                                
     0.5    --      --       0.8    10      10.1                               
     0.1    0.1     --       0.5    35      12.4                               
     0.1    0.1     --       1.0    48      12.5                               
     0.1    3.0     --       1.0    68      14.3                               
     3.0    0.1     --       1.0    72      16.0                               
     3.0    3.0     --       1.0    98      15.2                               
     0.5    0.5     --       0.8    62      18.4                               
     0.1    --      0.1      0.5    50      16.2                               
     0.1    --      3.0      0.5    89      15.4                               
     3.0    --      0.1      0.5    95      13.3                               
     3.0    --      3.0      0.5    123     14.4                               
     0.5    --      0.5      0.8    78      18.0                               
     0.1    0.1     0.1      0.5    102     20.4                               
     0.1    0.1     0.1      1.0    109     21.0                               
     0.1    3.0     0.1      0.5    132     24.5                               
     0.1    3.0     0.1      1.0    140     23.8                               
     0.1    3.0     3.0      1.0    162     24.4                               
     3.0    0.1     0.1      0.5    138     23.2                               
     3.0    0.1     3.0      0.5    154     20.4                               
     3.0    3.0     0.1      1.0    173     21.3                               
     3.0    3.0     3.0      0.5    180     22.9                               
     3.0    3.0     3.0      1.0    195     23.3                               
     0.5    0.5     0.5      0.8    114     26.2                               
     ______________________________________                                    
                             Cerium                                            
                             fluoride                                          
     --     --      --       0.05   0.7     1.8                                
     --     --      --       0.5    2.8     4.5                                
     --     --      --       0.8    3.3     5.2                                
     --     --      --       1.0    5.8     4.8                                
     --     --      --       15.0   29      2.0                                
     0.1    --      --       0.5    63      8.1                                
     0.1    --      --       1.0    69      8.6                                
     3.0    --      --       0.5    82      9.2                                
     3.0    --      --       1.0    98      8.3                                
     0.5    --      --       0.8    72      11.2                               
     0.1    0.1     --       0.5    83      14.5                               
     0.1    0.1     --       1.0    89      16.2                               
     0.1    3.0     --       1.0    94      15.3                               
     3.0    0.1     --       1.0    102     15.4                               
     3.0    3.0     --       1.0    121     14.7                               
     0.5    0.5     --       0.8    93      18.9                               
     0.1    --      0.1      0.5    78      13.3                               
     0.1    --      3.0      0.5    85      17.5                               
     3.0    --      0.1      0.5    83      15.8                               
     3.0    --      3.0      0.5    92      14.2                               
     0.5    --      0.5      0.8    87      18.2                               
     0.1    0.1     0.1      0.5    68      20.8                               
     0.1    0.1     0.1      1.0    79      22.2                               
     0.1    3.0     0.1      0.5    80      23.4                               
     0.1    3.0     0.1      1.0    96      26.2                               
     0.1    3.0     3.0      1.0    101     25.2                               
     3.0    0.1     0.1      0.5    125     24.3                               
     3.0    0.1     3.0      0.5    133     20.5                               
     3.0    3.0     0.1      1.0    150     23.4                               
     3.0    3.0     3.0      0.5    162     26.2                               
     3.0    3.0     3.0      1.0    172     25.4                               
     0.5    0.5     0.5      0.8    134     29.3                               
     ______________________________________                                    
                             Nickel                                            
                             fluoride                                          
     --     --      --       0.05   4.5     2.1                                
     --     --      --       0.5    5.3     4.3                                
     --     --      --       1.0    8.1     5.2                                
     --     --      --       2.5    32      4.6                                
     --     --      --       15.0   42      1.8                                
     0.1    --      --       0.5    18      9.8                                
     0.1    --      --       2.5    25      8.1                                
     3.0    --      --       0.5    33      8.8                                
     3.0    --      --       2.5    53      10.2                               
     0.5    --      --       1.0    62      12.1                               
     0.1    0.1     --       0.5    42      14.2                               
     0.1    3.0     --       0.5    75      14.2                               
     3.0    0.1     --       0.5    66      14.5                               
     3.0    3.0     --       0.5    72      15.6                               
     0.5    0.5     --       1.0    84      18.8                               
     0.1    --      0.1      0.5    48      14.4                               
     0.1    --      0.1      2.5    75      14.8                               
     0.1    --      3.0      2.5    91      15.3                               
     3.0    --      0.1      2.5    92      15.2                               
     3.0    --      3.0      2.5    89      16.3                               
     0.5    --      0.1      1.0    104     19.4                               
     0.1    0.1     0.1      0.5    98      23.4                               
     0.1    0.1     3.0      0.5    101     23.3                               
     0.1    0.1     3.0      2.5    121     23.1                               
     0.1    3.0     3.0      0.5    130     24.4                               
     0.1    3.0     3.0      2.5    141     24.1                               
     3.0    0.1     0.1      0.5    120     24.5                               
     3.0    0.1     0.1      2.5    121     24.4                               
     3.0    0.1     3.0      2.5    138     25.3                               
     3.0    3.0     0.1      0.5    166     26.6                               
     3.0    3.0     3.0      2.5    185     25.1                               
     0.5    0.5     0.5      1.0    133     29.8                               
     ______________________________________                                    
                             Vanadium                                          
                             fluoride                                          
     --     --      --       0.05   3       2.1                                
     --     --      --       1.0    8       4.3                                
     --     --      --       1.5    12      5.5                                
     --     --      --       2.0    24      4.8                                
     --     --      --       15.0   58      2.4                                
     0.1    --      --       1.0    45      9.2                                
     0.1    --      --       2.0    53      8.5                                
     3.0    --      --       1.0    60      9.5                                
     3.0    --      --       2.0    65      10.3                               
     0.5    --      --       1.5    72      12.5                               
     0.1    0.1     --       1.0    95      14.7                               
     0.1    0.1     --       2.0    114     15.0                               
     0.1    3.0     --       2.0    89      14.8                               
     3.0    0.1     --       2.0    103     16.2                               
     3.0    3.0     --       2.0    105     15.3                               
     0.5    0.5     --       1.5    132     18.4                               
     0.1    --      0.1      0.1    79      14.0                               
     0.1    --      3.0      1.0    82      14.1                               
     3.0    --      0.1      1.0    85      15.3                               
     3.0    --      3.0      1.0    76      16.1                               
     0.5    --      0.5      1.5    98      19.4                               
     0.1    0.1     0.1      1.0    106     24.1                               
     0.1    0.1     0.1      2.0    120     23.5                               
     0.1    3.0     0.1      1.0    85      22.4                               
     0.1    3.0     0.1      2.0    105     21.2                               
     0.1    3.0     3.0      2.0    143     23.1                               
     3.0    0.1     0.1      1.0    168     25.3                               
     3.0    0.1     3.0      1.0    152     27.1                               
     3.0    3.0     0.1      2.0    170     26.6                               
     3.0    3.0     3.0      1.0    198     25.4                               
     3.0    3.0     3.0      2.0    204     27.6                               
     0.5    0.5     0.5      1.5    153     33.1                               
     ______________________________________                                    
TBL                Table 5                                                     
     ______________________________________                                    
     Additive (mole %)                                                         
                 Thickness (mm)                                                
                               C (at 1mA) n                                    
     ______________________________________                                    
                 initial (4.1) 94         5.8                                  
                 3.5           81         5.7                                  
     Aluminum fluoride                                                         
                 3.0           76         5.9                                  
     0.3         2.5           58         5.8                                  
                 2.0           44         5.7                                  
                 1.5           38         5.7                                  
                 1.0           23         5.8                                  
     ______________________________________                                    
                 initial (4.1) 19         3.8                                  
                 3.5           16         3.7                                  
     Beryllium fluoride                                                        
                 3.0           14         3.6                                  
     0.8         2.5           12         3.8                                  
                 2.0           9.5        3.5                                  
                 1.5           7.0        3.8                                  
                 1.0           4.7        3.5                                  
     ______________________________________                                    
                 initial (4.1) 8.6        5.2                                  
                 3.5           7.3        5.3                                  
     Cerium fluoride                                                           
                 3.0           6.3        5.1                                  
     0.8         2.5           5.3        5.2                                  
                 2.0           4.3        5.1                                  
                 1.5           3.3        5.2                                  
                 1.0           2.1        5.2                                  
     ______________________________________                                    
                 initial (4.1) 22         5.2                                  
                 3.5           19         5.1                                  
     Nickel fluoride                                                           
                 3.0           16         5.1                                  
     1.0         2.5           14         5.3                                  
                 2.0           11         5.2                                  
                 1.5           8.1        5.2                                  
                 1.0           5.4        5.1                                  
     ______________________________________                                    
                 initial (4.1) 33         5.6                                  
                 3.5           28         5.5                                  
     Vanadium fluoride                                                         
                 3.0           24         5.5                                  
     1.5         2.5           20         5.4                                  
                 2.0           15         5.6                                  
                 1.5           12         5.5                                  
                 1.0           7.9        5.5                                  
     ______________________________________                                    
TBL                                    Table 6                                 
     __________________________________________________________________________
     Additive (mole %)   Change rates of electrical                            
                         characteristics after test                            
     __________________________________________________________________________
                         Load life Heat cycle                                  
                         test (%)  test (%)                                    
     Bismuth                                                                   
          Cobalt                                                               
              Manganese                                                        
                    Fluoride                                                   
     oxide                                                                     
          oxide                                                                
              oxide                                                            
                         .DELTA.c                                              
                              .DELTA.n                                         
                                   .DELTA.c                                    
                                        .DELTA.n                               
     __________________________________________________________________________
                    Aluminum                                                   
                    fluoride                                                   
     0.1  --  --    0.1  -13.0                                                 
                              -15.0                                            
                                   -18.2                                       
                                        -19.2                                  
     0.1  --  --    1.0  -12.4                                                 
                              -14.0                                            
                                   -17.5                                       
                                        -18.4                                  
     3.0  --  --    0.1  -15.2                                                 
                              -14.8                                            
                                   -16.6                                       
                                        -20.4                                  
     3.0  --  --    1.0  -10.2                                                 
                              -14.7                                            
                                   -15.2                                       
                                        -16.2                                  
     0.5  --  --    0.3  -10.5                                                 
                              -15.0                                            
                                   -12.3                                       
                                        -15.3                                  
     0.1  0.1 --    0.1  - 5.1                                                 
                              -12.0                                            
                                   -10.4                                       
                                        -12.4                                  
     0.1  0.1 --    1.0  - 4.5                                                 
                              -11.5                                            
                                   - 9.8                                       
                                        -10.9                                  
     0.1  3.0 --    0.1  - 4.8                                                 
                              -12.1                                            
                                   -11.2                                       
                                        -13.4                                  
     0.1  3.0 --    1.0  - 5.0                                                 
                              -11.6                                            
                                   -10.4                                       
                                        -11.2                                  
     3.0  0.1 --    0.1  - 5.0                                                 
                              -11.8                                            
                                   - 6.7                                       
                                        - 7.5                                  
     3.0  0.1 --    1.0  - 5.1                                                 
                              -11.2                                            
                                   - 8.6                                       
                                        - 9.8                                  
     3.0  3.0 --    0.1  - 5.0                                                 
                              -10.8                                            
                                   - 9.3                                       
                                        -10.4                                  
     3.0  3.0 --    1.0  - 4.5                                                 
                              -11.2                                            
                                   - 8.4                                       
                                        - 7.9                                  
     0.5  0.5 --    0.3  - 4.0                                                 
                              -10.3                                            
                                   - 7.3                                       
                                        - 8.5                                  
     0.1  --  0.1   0.1  - 3.6                                                 
                              - 9.5                                            
                                   -10.3                                       
                                        -10.3                                  
     0.1  --  0.1   1.0  - 3.4                                                 
                              - 9.8                                            
                                   - 9.4                                       
                                        -10.2                                  
     0.1  --  3.0   0.1  - 3.2                                                 
                              - 9.2                                            
                                   - 8.3                                       
                                        - 9.4                                  
     0.1  --  3.0   1.0  - 3.0                                                 
                              - 8.9                                            
                                   - 5.6                                       
                                        - 6.5                                  
     3.0  --  0.1   0.1  - 3.1                                                 
                              - 7.5                                            
                                   - 7.4                                       
                                        - 8.7                                  
     3.0  --  0.1   1.0  - 3.0                                                 
                              - 7.0                                            
                                   - 8.2                                       
                                        - 6.8                                  
     3.0  --  3.0   0.1  - 3.2                                                 
                              - 6.8                                            
                                   - 8.5                                       
                                        - 5.6                                  
     3.0  --  3.0   1.0  - 3.6                                                 
                              - 7.0                                            
                                   - 7.4                                       
                                        - 4.5                                  
     0.5  --  0.5   0.3  - 3.0                                                 
                              - 6.2                                            
                                   - 6.8                                       
                                        - 4.3                                  
     0.1  0.1 0.1   0.1  - 2.2                                                 
                              - 5.2                                            
                                   - 3.2                                       
                                        - 5.0                                  
     0.1  0.1 0.1   1.0  - 1.8                                                 
                              - 3.0                                            
                                   - 2.8                                       
                                        - 2.4                                  
     3.0  3.0 3.0   0.1  - 2.1                                                 
                              - 3.2                                            
                                   - 4.1                                       
                                        - 3.0                                  
     3.0  3.0 3.0   1.0  - 2.0                                                 
                              - 2.5                                            
                                   - 2.2                                       
                                        - 2.5                                  
     0.5  0.5 0.5   0.3  - 0.8                                                 
                              - 1.2                                            
                                   - 0.7                                       
                                        - 1.1                                  
     __________________________________________________________________________
                    Beryllium                                                  
                    fluoride                                                   
     0.1  --  --    0.5  -11.5                                                 
                              -16.0                                            
                                   -14.0                                       
                                        -15.4                                  
     0.1  --  --    1.0  -12.1                                                 
                              -15.0                                            
                                   -13.4                                       
                                        -13.8                                  
     3.0  --  --    0.5  -12.3                                                 
                              -14.5                                            
                                   -11.3                                       
                                        -12.4                                  
     3.0  --  --    1.0  -11.5                                                 
                              -13.0                                            
                                   -10.5                                       
                                        -11.3                                  
     0.5  --  --    0.8  -10.5                                                 
                              -11.5                                            
                                   -  9.5                                      
                                        -10.4                                  
     0.1  0.1 --    0.5  - 7.2                                                 
                              - 8.5                                            
                                   - 6.3                                       
                                        - 8.4                                  
     0.1  3.0 --    0.5  - 6.5                                                 
                              - 7.5                                            
                                   - 5.9                                       
                                        - 7.2                                  
     3.0  0.1 --    0.5  - 6.7                                                 
                              - 7.8                                            
                                   - 6.5                                       
                                        - 8.8                                  
     3.0  3.0 --    0.5  - 6.0                                                 
                              - 7.2                                            
                                   - 6.7                                       
                                        - 8.5                                  
     0.5  0.5 --    0.8  - 6.2                                                 
                              - 8.5                                            
                                   - 6.2                                       
                                        - 7.2                                  
     0.1  --  0.1   1.0  - 4.8                                                 
                              - 6.2                                            
                                   - 3.8                                       
                                        - 4.7                                  
     0.1  --  3.0   1.0  - 4.0                                                 
                              - 7.2                                            
                                   - 4.0                                       
                                        - 5.2                                  
     3.0  --  0.1   1.0  - 4.1                                                 
                              - 5.6                                            
                                   - 3.6                                       
                                        - 4.5                                  
     3.0  --  3.0   1.0  - 4.2                                                 
                              - 4.4                                            
                                   - 3.4                                       
                                        - 4.1                                  
     0.1  0.1 0.1   0.5  - 3.3                                                 
                              - 3.5                                            
                                   - 2.6                                       
                                        - 2.7                                  
     3.0  3.0 3.0   1.0  - 2.4                                                 
                              - 3.4                                            
                                   - 2.4                                       
                                        - 2.5                                  
     0.5  0.5 0.5   0.8  - 0.9                                                 
                              - 1.5                                            
                                   -  0.9                                      
                                        - 1.4                                  
     __________________________________________________________________________
                    Cerium                                                     
                    fluoride                                                   
     0.1  --  --    0.5  -10.5                                                 
                              -11.3                                            
                                   -11.8                                       
                                        -11.9                                  
     0.1  --  --    1.0  -11.4                                                 
                              -14.5                                            
                                   -12.4                                       
                                        -13.0                                  
     3.0  --  --    0.5  - 9.8                                                 
                              -10.3                                            
                                   -10.8                                       
                                        -12.0                                  
     3.0  --  --    1.0  - 9.7                                                 
                              -10.2                                            
                                   -11.0                                       
                                        -13.4                                  
     0.5  --  --    0.8  - 9.6                                                 
                              - 9.7                                            
                                   -10.4                                       
                                        -12.2                                  
     0.1  0.1 --    0.5  - 7.4                                                 
                              - 8.6                                            
                                   - 4.0                                       
                                        - 6.5                                  
     0.1  3.0 --    0.5  - 6.8                                                 
                              - 8.7                                            
                                   - 4.1                                       
                                        - 5.3                                  
     3.0  0.1 --    0.5  - 6.6                                                 
                              - 7.8                                            
                                   - 4.3                                       
                                        - 5.0                                  
     3.0  3.0 --    0.5  - 7.2                                                 
                              - 7.4                                            
                                   - 5.1                                       
                                        - 6.3                                  
     0.5  0.5 --    0.8  - 6.7                                                 
                              - 6.7                                            
                                   - 5.0                                       
                                        - 4.8                                  
     0.1  --  0.1   1.0  - 5.3                                                 
                              - 5.8                                            
                                   - 4.3                                       
                                        - 5.2                                  
     0.1  --  3.0   1.0  - 6.1                                                 
                              - 6.4                                            
                                   - 3.9                                       
                                        - 4.7                                  
     3.0  --  0.1   1.0  - 5.0                                                 
                              - 5.0                                            
                                   - 4.0                                       
                                        - 3.8                                  
     3.0  --  3.0   1.0  - 4.8                                                 
                              - 4.9                                            
                                   - 3.8                                       
                                        - 4.5                                  
     0.1  0.1 0.1   0.5  - 3.1                                                 
                              - 3.7                                            
                                   - 2.9                                       
                                        - 3.0                                  
     3.0  3.0 3.0   1.0  - 3.5                                                 
                              - 3.8                                            
                                   - 2.8                                       
                                        - 2.9                                  
     0.5  0.5 0.5   0.8  - 1.5                                                 
                              - 1.6                                            
                                   - 0.6                                       
                                        - 0.8                                  
     __________________________________________________________________________
                    Nickel                                                     
                    fluoride                                                   
     0.1  --  --    0.5  - 9.5                                                 
                              -10.3                                            
                                   - 8.4                                       
                                        -10.4                                  
     0.1  --  --    2.5  - 9.2                                                 
                              -11.2                                            
                                   - 8.6                                       
                                        - 9.1                                  
     3.0  --  --    0.5  - 9.3                                                 
                              - 9.8                                            
                                   - 8.1                                       
                                        - 8.4                                  
     3.0  --  --    2.5  - 9.1                                                 
                              -10.4                                            
                                   - 7.8                                       
                                        - 9.2                                  
     0.5  --  --    1.0  - 9.3                                                 
                              -10.2                                            
                                   - 8.5                                       
                                        -10.4                                  
     0.1  0.1 --    2.5  - 7.2                                                 
                              - 7.4                                            
                                   - 6.5                                       
                                        - 7.2                                  
     0.1  3.0 --    2.5  - 7.3                                                 
                              - 8.5                                            
                                   - 7.1                                       
                                        - 7.6                                  
     3.0  0.1 --    2.5  - 7.4                                                 
                              - 8.6                                            
                                   - 6.7                                       
                                        - 6.9                                  
     3.0  3.0 --    2.5  - 6.7                                                 
                              - 7.2                                            
                                   - 7.5                                       
                                        - 8.4                                  
     0.1  --  0.1   0.5  - 6.5                                                 
                              - 8.5                                            
                                   - 6.4                                       
                                        - 6.9                                  
     0.1  --  3.0   0.5  - 6.3                                                 
                              - 7.3                                            
                                   - 5.8                                       
                                        - 7.0                                  
     3.0  --  0.1   0.5  - 5.9                                                 
                              - 6.1                                            
                                   - 5.5                                       
                                        - 6.3                                  
     3.0  --  3.0   0.5  - 6.7                                                 
                              - 7.0                                            
                                   - 6.2                                       
                                        - 6.1                                  
     0.5  --  0.5   1.0  - 6.4                                                 
                              - 6.6                                            
                                   - 5.1                                       
                                        - 5.4                                  
     0.1  0.1 0.1   0.5  - 2.4                                                 
                              - 2.6                                            
                                   - 3.0                                       
                                        - 3.0                                  
     3.0  3.0 3.0   2.5  - 3.2                                                 
                              - 3.3                                            
                                   - 2.4                                       
                                        - 2.6                                  
     0.5  0.5 0.5   1.0  - 1.1                                                 
                              - 1.5                                            
                                   - 1.0                                       
                                        - 1.2                                  
     __________________________________________________________________________
                    Vanadium                                                   
                    fluoride                                                   
     0.1  --  --    1.0  -10.1                                                 
                              - 11.2                                           
                                   - 8.2                                       
                                        - 9.1                                  
     0.1  --  --    2.0  -10.5                                                 
                              -10.7                                            
                                   - 8.4                                       
                                        - 8.4                                  
     3.0  --  --    1.0  -10.0                                                 
                              -11.4                                            
                                   - 8.1                                       
                                        - 8.0                                  
     3.0  --  --    2.0  - 9.8                                                 
                              - 9.9                                            
                                   - 7.2                                       
                                        - 7.5                                  
     0.5  --  --    1.5  - 9.6                                                 
                              - 9.8                                            
                                   - 7.0                                       
                                        - 8.0                                  
     0.1  0.1 --    1.0  - 6.7                                                 
                              - 7.2                                            
                                   - 5.0                                       
                                        - 6.0                                  
     0.1  3.0 --    1.0  - 5.8                                                 
                              - 6.0                                            
                                   - 4.8                                       
                                        - 5.1                                  
     3.0  0.1 --    1.0  - 6.5                                                 
                              - 6.8                                            
                                   - 6.2                                       
                                        - 6.3                                  
     3.0  3.0 --    1.0  - 6.6                                                 
                              - 6.8                                            
                                   - 6.0                                       
                                        - 6.0                                  
     0.5  0.5 --    1.5  - 5.0                                                 
                              - 5.9                                            
                                   - 4.7                                       
                                        - 4.8                                  
     0.1  --  0.1   1.5  - 7.0                                                 
                              - 7.9                                            
                                   - 6.0                                       
                                        - 4.9                                  
     0.1  --  3.0   2.0  - 6.7                                                 
                              - 7.0                                            
                                   - 5.8                                       
                                        - 5.4                                  
     3.0  --  0.1   2.0  -  6.0                                                
                              - 7.0                                            
                                   - 5.1                                       
                                        - 5.3                                  
     3.0  --  3.0   2.0  - 5.5                                                 
                              - 6.0                                            
                                   - 4.8                                       
                                        - 5.0                                  
     0.1  0.1 0.1   1.0  - 3.4                                                 
                              - 3.8                                            
                                   - 2.1                                       
                                        - 2.8                                  
     3.0  3.0 3.0   2.0  - 2.6                                                 
                              - 2.8                                            
                                   - 2.0                                       
                                        - 2.0                                  
     0.5  0.5 0.5   1.5  - 1.0                                                 
                              - 1.4                                            
                                   - 0.6                                       
                                        - 0.6                                  
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A voltage variable resistor comprising a sintered body consisting
      essentially of, as a major part, zinc oxide and an additive consisting
      essentially of 0.1 to 3.0 mole % of bismuth oxide and one member selected
      from the group consisting of 0.1 to 1.0 mole % of aluminum fluoride, 0.5
      to 1.0 mole % of beryllium fluoride, 0.5 to 1.0 mole % of cerium fluoride,
      0.5 to 2.5 mole % of nickel fluoride, and 1.0 to 2.0 mole % of vanadium
      fluoride, and electrodes applied to opposite surfaces of said sintered
      body.
NUM  2.
PAR  2. A voltage variable resistor comprising a sintered body consisting
      essentially of, as a major part, zinc oxide and an additive consisting
      essentially of 0.1 to 3.0 mole % of bismuth oxide, 0.1 to 3.0 mole % of
      cobalt oxide and one member selected from the group consisting of 0.1 to
      1.0 mole % of aluminum fluoride, 0.5 to 1.0 mole % of beryllium fluoride,
      0.5 to 1.0 mole % of cerium fluoride, 0.5 to 2.5 mole % of nickel
      fluoride, and 1.0 to 2.0 mole % of vanadium fluoride, and electrodes
      applied to opposite surfaces of said sintered body.
NUM  3.
PAR  3. A voltage variable resistor comprising a sintered body consisting
      essentially of, as a major part, zinc oxide and an additive consisting
      essentially of 0.1 to 3.0 mole % of bismuth oxide, 1.0 to 3.0 mole % of
      manganese oxide and one member selected from the group consisting of 0.1
      to 1.0 mole % of aluminum fluoride, 0.5 to 1.0 mole % of beryllium
      fluoride, 0.5 to 1.0 mole % of cerium fluoride, 0.5 to 2.5 mole % of
      nickel fluoride, and 1.0 to 2.0 mole % of vanadium fluoride, and
      electrodes applied to opposite surfaces of said sintered body.
NUM  4.
PAR  4. A voltage variable resistor comprising a sintered body consisting
      essentially of, as a major part, zinc oxide and an additive consisting
      essentially of 0.1 to 3.0 mole % of bismuth oxide, 0.1 to 3.0 mole % of
      cobalt oxide, 0.1 to 3.0 mole % of manganese oxide and one member selected
      from the group consisting of 0.1 to 1.0 mole % of aluminum fluoride, 0.5
      to 1.0 mole % of beryllium fluoride, 0.5 to 1.0 mole % of cerium fluoride,
      0.5 to 2.5 mole % of nickel fluoride, and 1.0 to 2.0 mole % of vanadium
      fluoride, and electrodes applied to opposite surfaces of said sintered
      body.
PATN
WKU  039363970
SRC  5
APN  4385675
APT  1
ART  223
APD  19740201
TTL  Semiconductive glass-ceramic articles
ISD  19760203
NCL  10
ECL  1
EXA  Lloyd; Josephine
EXP  Padgett; Benjamin R.
NDR  1
NFG  1
INVT
NAM  Rapp; James E.
CTY  Oregon
STA  OH
ASSG
NAM  Owens-Illinois, Inc.
CTY  Toledo
STA  OH
COD  02
CLAS
OCL  252518
XCL  106 47R
XCL  252 632
XCL  252 629
EDF  2
ICL  H01B  106
ICL  H01B  302
ICL  H01B  308
FSC  252
FSS  518;519;520;63.2
FSC  106
FSS  47 R
UREF
PNO  3518209
ISD  19700600
NAM  Provance
OCL  106 47.1
UREF
PNO  3520831
ISD  19700700
NAM  Trap et al.
OCL  252518
UREF
PNO  3829303
ISD  19740800
NAM  Zeto et al.
OCL  252518
OREF
PAL  "Dieletric Properties of Glasses in the Systems B.sub.2 O.sub.3 C-dO
      SiO.sub.2, Big O.sub.3 CdO B.sub.2 O.sub.3 and B.sub.2 O.sub.3 CdO
      GeO.sub.2 and Their Relation to the Structure of Glass," by Bh. V.
      Janakirama Rao Journal of the American Ceramic Society, Vol. 45, No. 11
      (1962) 555-563.
LREP
FR2  Bruss, Jr.; Howard G.
FR2  Holler; E. J.
ABST
PAL  This invention relates to the formation of semiconductive glass-ceramic
      articles. More particularly, the present invention relates to the
      formation of semiconductive glass-ceramic articles in the CdO--Bi.sub.2
      O.sub.3 --B.sub.2 O.sub.3 --GeO.sub.2 compositional field having
      resistivities of less than about 10.sup.9 ohm-cm.
BSUM
PAR  Semiconductors have been known for many years and have utility in many
      electrical and electronic devices such as rectifiers, transistors,
      photodiodes, electrical and solar cells, and radiation detectors.
      Semiconductors are also used in forming components in printed circuits.
PAR  In the past, semiconductive ceramics have been formed by conventional
      ceramic forming processes such as the "press and sinter" technique. U.S.
      Pat. Nos. 3,372,120, 3,673,119, and 3,719,531 and the article, "Effect of
      Heat Treatment on the Electrical Conductivities of Materials of the System
      CdO -- Bi.sub.2 O.sub.3 " by Kh. S. Valeev and E. G. Baklanov; Inorganic
      Materials, 7 (1971) 1302-03, are representative of this technology. While
      these techniques are suitable for many applications, precise and uniform
      control of the semiconductive properties is difficult to achieve and
      maintain due to the inhomogeneities that often form at the grain
      boundaries in these pressing sintering operations. Furthermore, voids and
      other defects that are normally associated with a pressed and sintered
      ceramic product can be detrimental to the functioning of a semiconductive
      device constructed from such a semiconductive ceramic. Semiconductive
      glass-ceramics have been studied in the past such as the V.sub.2 O.sub.5
      -- P.sub.2 O.sub.5 glassceramics described in the article, "Semiconducting
      Glass-Ceramics" by L. L. Hench appearing in the Journal of Non-Crystalline
      Solids, 2 (1970) at pp. 250-277. This article does not concern the
      compositions of invention.
PAR  Glasses containing bismuth and cadmium have been studied in the past. For
      instance, the article, "Dielectric properties of Glasses in the Systems
      Bi.sub.2 O.sub.3 --CdO--SiO.sub.2, Bi.sub.2 O.sub.3 --CdO--B.sub.2
      O.sub.3, and Bi.sub.2 O.sub.3 --CdO--GeO.sub.2 and their Relation to the
      Structure of Glass" by Bh. V. Janakirama Rao; Journal of the American
      Ceramic Society, Vol. 45, No. 11 (1962) 555-63, discloses certain
      neoceramic glasses having high dielectric constants and low dissipation
      factors for use in the manufacture of capacitors. The article discloses
      certain bismuth cadmium borates and bismuth silicates which have
      resistivities which decreases with increasing temperatures in a pattern
      similar to silicate glasses, but does not disclose or suggest the unusual
      and unexpected semiconductive properties obtained by the glass-ceramics of
      the present invention.
PAR  Accordingly, it is an object of the present invention to provide an
      improved semiconductive glass-ceramic article and a practical method for
      formation thereof.
PAR  In attaining the objects of this invention, one feature resides in the
      thermal crystallization of a homogeneous, thermally crystallizable parent
      glass composition to form a semiconductive glass-ceramic body having a
      resistivity of less than about 10.sup.9 ohm-cm at 25.degree.C, such
      semidonductive glassceramics can have a resistivity of less than about
      10.sup.6 or even less than 10.sup.4 ohm-cm if such resistivity is desired
      or required for the application at hand, said parent glass consisting
      essentially of:
     Component          Mole %                                                 
     ______________________________________                                    
            Cd0        50.0-62.0                                               
            Bi.sub.2 O.sub.3                                                   
                       17.5-29.0                                               
            B.sub.2 O.sub.3                                                    
                       15.2-19.5                                               
            GeO.sub.2  2.0-6.0                                                 
            said B.sub.2 O.sub.3 and GeO.sub.2 being present in the            
            following mole % relationship:                                     
            A.  when B.sub.2 O.sub.3 is 15.2 to &lt;16.5                          
                then GeO.sub.2 is 3.5 to 6.0                                   
            B.  when B.sub.2 O.sub.3 is 16.5 to &lt;17.5                          
                then GeO.sub.2 is 2.0 to 6.0                                   
            C.  when B.sub.2 O.sub.3 is 17.5 to 19.5                           
                then GeO.sub.2 is 2.0 to 4.0                                   
     ______________________________________                                    
PAR  Another feature of the invention resides in forming a molten parent glass
      and casting or otherwise forming the parent glass into the desired shape,
      and in-situ thermally crystallizing the shaped mass by heat treatment to
      produce a semiconductive glass-ceramic body.
PAR  Other objects, features, and advantages of this invention will become
      apparent from the following description.
DRWD
PAR  The drawing is a graph illustrating the resistivity in ohm-cm as a function
      of temperature for several of the exemplary compositions.
DETD
PAR  The term "glass-ceramic" is used herein according to its conventional
      meaning and refers to a nonporous, semicrystalline ceramic body which is
      composed of at least one crystalline phase uniformly dispersed as fine
      crystals in random orientation in a residual glassy phase or matrix. Such
      crystalline phase is formed by the in-situ thermal crystallization of a
      parent glass composition.
PAR  The parent glass compositions can be melted in the normal manner in
      gas-fired furnaces, preferably using slightly oxidizing conditions, or in
      electric furnaces from normal, common batch materials. Electric boosting
      can be provided in gas-fired furnaces where desired. In the laboratory,
      platinum crucibles can be used. In larger furnaces, high quality
      refractories are employed, such as high alumina refractories.
PAR  In making the parent glass compositions, batch ingredients in the proper
      proportions in finely divided or powdered form are intimately admixed and
      then melted in an electric furnace in open platinum crucibles. Melting
      times are generally in the neighborhood of a few hours although some melts
      are held for longer times to assure homogeneity. Melting temperatures are
      generally in the neighborhood of 1,900.degree. to 2,800.degree.F. The
      batch ingredients can be composed of any materials, either oxides or other
      compounds that can be converted to the desired oxide compositions in the
      proper proportions during melting. The use of cadmium oxide, bismuth
      trioxide, boric acid and germanium oxide is quite satisfactory.
PAR  The parent glass compositions of the invention can be crystallized in a
      number of ways. In one method the parent glass is simply slowly cooled
      after being cast, pressed, or otherwise formed into the desired shape.
      During the cooling, crystallization spontaneously takes place to form the
      semiconductive glass-ceramic body. Such products can often be further heat
      treated to obtain further crystallization, if desired.
PAR  On the other hand, the molten parent glass compositions can be shaped and
      cooled to form a glass article and then the crystallization effected by a
      heat treatment comprising nucleation, development and crystallization
      stages.
PAR  The heat treatment process for forming glass-ceramics from a parent glass
      usually includes a nucleation stage at substantially the temperature of
      the annealing point (viscosity 10.sup.13 poises) of the parent glass, a
      development stage at a temperature below the fiber softening point of the
      parent glass (preferably at a viscosity in the range of 10.sup.8 to
      10.sup.12 poises) and a crystallization stage (at a temperature preferably
      150.degree. to 300.degree.F above the fiber softening point of the parent
      glass (i.e., viscosity of 10.sup.7.65 poises).
PAR  In actual practice, it has been found that all three stages of the heating
      process can be accomplished by continuously advancing the temperature
      through regions of nucleation, development and crystallization. In many
      compositions of the present invention, it has been found that a "formal"
      development stage is not required because the time required to heat the
      article from the nucleation temperature to the crystallization temperature
      is sufficient.
PAR  In any event, the overall heat treatment chosed results in an at least
      partially crystalline, semiconductive non-porous, hard, glass-ceramic body
      whose entire interior contains a multitude of randomly oriented,
      substantially homogeneously dispersed fine crystals.
PAR  As will be understood, when going from the initial or nucleation heat
      treatment to the higher crystallization temperature, it is usually
      preferred to proceed slowly enough or to stop at intermediate plateaus
      long enough, to effect appreciable crystallization in the intermediate
      temperature range, at least to such a degree that a rigid crystalline
      network is formed that prevents the article from slumping. Of course, in
      heat treating articles such as flat plates that can be cast in a mold and
      heat treated in the mold, the slumping problem is not important and not as
      much care need be exercised.
PAR  In most compositions of invention, the in-situ thermal crystallization of
      the parent glass to form the semiconductive glass-ceramic article can be
      accomplished at temperatures in the range of about 900.degree. to about
      1300.degree.F for time periods ranging from 1/4hour to 16 hours and
      longer, with the lower temperatures usually requiring the longer time
      periods. In the usual practice, heat treatments at temperatures of from
      about 1,000.degree.F to 1,200.degree.F for time periods ranging from about
      1 hour to about 5 hours are quite satisfactory.
PAR  The principles of the present invention are illustrated in the examples
      that follow wherein all percentages are mole percentages, all parts are
      parts by weight, and all temperatures are in .degree.F unless stated
      otherwise.
PAC  EXEMPLARY PROCEDURES
PAC  Melting
PAR  Glass batches of 500 parts are prepared from conventional glass making
      ingredients in platinum crucibles at temperatures ranging from about
      1,900.degree. to about 2,800.degree.F in an electrically heated furnace
      depending on the melting characteristics of the particular batch. Because
      of the very low viscosities encountered at temperatures above the liquidus
      temperature, melting times of 1 to 5 hours are sufficient in most cases to
      satisfactorily refine and homogenize the melts.
PAR  After melting and refining the molten glass is quenched to avoid
      uncontrolled crystallization by casting between metal plates at room
      temperature to obtain homogeneous, thermally crystallizable parent glass
      samples in the form of chips. The glasses are usually yellow-orange in
      appearance.
PAR  Typical batch proportions in parts by weight for a few of the Examples are
      set forth below.
TBL  ______________________________________                                    
     Batch Ingredient                                                          
                  Example 10                                                   
                            Example 13 Example 14                              
     ______________________________________                                    
     cadmium oxide                                                             
                  151.0     149.4      85.7                                    
     bismuth trioxide                                                          
                  219.9     218.5      96.9                                    
     anhydrous boric acid                                                      
                  22.8      23.0       14.6                                    
     germanium oxide                                                           
                  7.95      10.81      4.34                                    
     Melting temperature                                                       
     (.degree.F)  1900      1900       1900                                    
     Melting time (hours)                                                      
                  2         2          2                                       
     ______________________________________                                    
PAC  Heat Treatments
PAR  The glass samples are heat treated to form a semiconductive glass-ceramic
      body by placing the sample in an electric furnace previously stabilized at
      the heat treatment temperature indicated in the table and maintaining for
      the indicated time period. At the end off the heat treatment time, the
      resulting glass-ceramic samples are withdrawn and rapidly cooled to room
      temperature. The semiconductive glass-ceramics are either yellowish or
      black in appearance.
PAR  Some of the semiconductive glass-ceramic samples contain sillenite (.gamma.
      -- Bi.sub.2 O.sub.3), as identified by X-ray diffraction analysis as the
      predominant crystalline phase. Unidentified crystalline phases are
      sometimes also present in the semiconductive glass-ceramics.
PAC  Resistivity
PAR  The electrical resistivity in ohm-cm is measured at 25.degree.C for the
      glass-ceramics produced by the foregoing heat treatments by conventional
      techniques and is rated as follows in the examples:
TBL  log resistivity (ohm-cm) of                                               
                          2 to &lt;4 are rated A                                  
     log resistivity (ohm-cm) of                                               
                          4 to &lt;6 are rated B                                  
     log resistivity (ohm-cm) of                                               
                          6 to 9 are rated C                                   
PAR  In Examples 2, 10, and 13 the resistivities are measured over the
      temperature range from 25.degree. to 250.degree.C and the results are
      presented in the graph in the drawing. For this determination, the heat
      treatment to produce the semicrystalline glass-ceramic body from the
      parent glass is 1,150.degree.F for 2 hours in each case.
PAR  The graph shows that the resistivity for these examples is less than 350
      ohm-cm and varies little with temperature over the range. This data
      indicate that the semiconductive glass-ceramics are useful in resistor
      pastes for forming printed circuits as in U.S. Pat. No. 3,681,261 the
      disclosure of which is incorporated by reference.
PAR  The significance of the "dip" in the graph near 200.degree.C is not
      understood, although it is theorized to be the result of a displacive
      phase transformation. It is clear, however, that the resistivity is quite
      different from conventional glasses and ceramics which is in the
      neighborhood of log 10.sup.13 - 10.sup.14 at room temperature and then
      gradually decreases with increasing temperature.
TBL                                    Table I                                 
     __________________________________________________________________________
     Examples   1     2     3     4     5     6     7                          
     __________________________________________________________________________
     Component  Mole %                                                         
     CdO        61.5  59.3  61.8  60.8  59.6  57.7  60.4                       
     Bi.sub.2 O.sub.3                                                          
                19.2  18.5  18.2  17.9  17.5  19.2  18.8                       
     B.sub.2 O.sub.3                                                           
                15.4  18.5  16.4  17.9  19.3  19.2  17.0                       
     GeO.sub.2  3.9   3.7   3.6   3.6   3.5   3.9   3.8                        
     Resistivity Rating                                                        
     at 25.degree.C                                                            
                C     A     C     B     C     C     B                          
     Heat Treatment                                                            
     .degree.F (hours)                                                         
                1150(2)                                                        
                      1150(2)                                                  
                            1150(2)                                            
                                  1150(2)                                      
                                        1150(2)                                
                                              1150(2)                          
                                                    1150(2)                    
     Examples   8     9     10    11    12    13    14                         
     __________________________________________________________________________
     Component  Mole %                                                         
     CdO        58.7  53.5  57.4  58.2  56.0  56.4  59.6                       
     Bi.sub.2 O.sub.3                                                          
                19.6  26.8  22.9  21.1  24.9  22.6  19.9                       
     B.sub.2 O.sub.3                                                           
                18.0  16.0  16.0  17.0  15.4  16.0  18.0                       
     GeO.sub.2  3.7   3.7   3.7   3.7   3.7   5.0   2.5                        
     Resistivity Rating                                                        
     at 25.degree.C                                                            
                A     B     A     A     A     A     A                          
     Heat Treatment                                                            
     .degree.F (hours)                                                         
                1150(2)                                                        
                      1150(2)                                                  
                            1150(2)                                            
                                  1150(2)                                      
                                        1150(2)                                
                                              1150(2)                          
                                                    1150(2)                    
     __________________________________________________________________________
PAR  To further illustrate the crystallizing heat treatment that can be employed
      to form semiconductive glass-ceramics of invention several of the
      exemplary parent glass compositions in the form of rods are heat treated
      for 2 hours in a temperature gradient furnace where the temperature
      gradually increases from one end of the furnace to the other. This
      simultaneously provides a variety of heat treatments for each rod.
PAR  For the 2 hour heat treatment, the high and low temperature on either end
      of the gradient that produce semiconductive glass-ceramics having a
      resistivity of less than 10.sup.6 ohm-cm is set forth below. Other heat
      treatment time periods will probably produce different results.
TBL  ______________________________________                                    
     Example Number Temperature Span .degree.F                                 
     ______________________________________                                    
      2             1100 to 1200                                               
      7             1075 to 1150                                               
      8             1075 to 1175                                               
      9             1175 to 1200                                               
     10             1075 to 1200                                               
     11             1075 to 1200                                               
     12             1075 to 1200                                               
     13             1075 to 1150                                               
     14             1200 to 1275                                               
     ______________________________________                                    
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A semiconductive, glass-ceramic body having a resistivity of less than
      about 10.sup.9 ohm-cm at 25.degree.C prepared by the in-situ, thermal
      crystallization of a thermally crystallizable glass composition consisting
      essentially of:
TBL  Component     Mole %                                                      
     ______________________________________                                    
            CdO    50.0-62.0                                                   
            Bi.sub.2 O.sub.3                                                   
                   17.5-29.0                                                   
            B.sub.2 O.sub.3                                                    
                   15.2-19.5                                                   
            GeO.sub.2                                                          
                   2.0-6.0                                                     
     ______________________________________                                    
PA1  said B.sub.2 O.sub.3 and GeO.sub.2 being present in the following mole %
      relationship:
TBL         A.  when B.sub.2 O.sub.3 is 15.2 to &lt;16.5                          
                then GeO.sub.2 is 3.5 to 6.0                                   
            B.  when B.sub.2 O.sub.3 is 16.5 to &lt;17.5                          
                then GeO.sub.2 is 2.0 to 6.0                                   
            C.  when B.sub.2 O.sub.3 is 17.5 to 19.5                           
                then GeO.sub.2 is 2.0 to 4.0.                                  
NUM  2.
PAR  2. The semiconductive glass-ceramic body of claim 1 having a resistivity of
      less than about 10.sup.6 ohm-cm.
NUM  3.
PAR  3. The semiconductive glass-ceramic body of claim 1 having a resistivity of
      less than about 10.sup.4 ohm-cm.
NUM  4.
PAR  4. A homogeneous, thermally crystallizable glass composition, thermally
      in-situ crysallizable to a semiconductive glass-ceramic body, said
      composition consisting essentially of:
TBL  Component     Mole %                                                      
     ______________________________________                                    
            CdO    50.0-62.0                                                   
            Bi.sub.2 O.sub.3                                                   
                   17.5-29.0                                                   
            B.sub.2 O.sub.3                                                    
                   15.2-19.5                                                   
            GeO.sub.2                                                          
                   2.0-6.0                                                     
     ______________________________________                                    
PA1  said B.sub.2 O.sub.3 and GeO.sub.2 being present in the following mole %
      relationship:
TBL         A.  when B.sub.2 O.sub.3 is 15.2 to &lt;16.5                          
                then GeO.sub.2 is 3.5 to 6.0                                   
            B.  when B.sub.2 O.sub.3 is 16.5 to &lt;17.5                          
                then GeO.sub.2 is 2.0 to 6.0                                   
            C.  when B.sub.2 O.sub.3 is 17.5 to 19.5                           
                then GeO.sub.2 is 2.0 to 4.0.                                  
NUM  5.
PAR  5. In the method for forming a semiconductive glass-ceramic article the
      improvement comprising shaping said article from the glass composition of
      claim 4 and heat treating said article at a temperature and for a time
      sufficient to in-situ crystallize a random dispersion of fine crystal in a
      residual glassy matrix to form a glass-ceramic article having a
      resistivity of less than about 10.sup.9 ohm-cm at 25.degree.C.
NUM  6.
PAR  6. The method of claim 5 wherein said temperature ranges from about
      900.degree. to 1,300.degree.F.
NUM  7.
PAR  7. The method of claim 6 wherein said time period is in the range from
      about 1/4hour to about 16 hours.
NUM  8.
PAR  8. The method of claim 7 wherein said temperature is in the range of about
      1,000.degree.to 1,200.degree.F and said time period ranges from about 1
      hour to about 5 hours.
NUM  9.
PAR  9. The method of claim 5 wherein said glass-ceramic article has a
      resistivity of less than about 10.sup.6 ohm-cm.
NUM  10.
PAR  10. The method of claim 5 wherein said glass-ceramic article has a
      resistivity of less than about 10.sup.4 ohm-cm.
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PAL  An unsaturated ketal, 4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin
      prepared by the condensation of 2-butene-1,4-diol with 5-methyl-2-hexanone
      is useful as an odorant for perfume.
PARN
PAR  This is a division of application Ser. No. 341,628 filed Mar. 15, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to a novel unsaturated cyclic ketal and its use as
      an odor agent and more specifically to a novel dioxepin compound and its
      use as an odorant for perfume.
PAR  2. The Prior Art
PAR  It is known to the art to condense ketones with polyhydric alcohols to
      prepare the corresponding cyclic ketals. However, it has not been known
      heretofore that the condensation of the unsaturated polyhydric alcohol,
      2-butene-1,4-diol with the ketone, 5-methyl-2-hexanone would result in an
      unsaturated cyclic ketal which would have properties rendering the
      compound especially useful as a perfume odor agent. As will hereinafter be
      disclosed, saturated cyclic ketal compounds closely related structurally
      to the unsaturated ketal compound of the present invention do not exhibit
      the odor properties exhibited by the unsaturated cyclic ketal of the
      present invention, 4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided the unsaturated
      cyclic ketal, 4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin, the ketal
      being useful as an odorant for perfumes and exhibiting a floral odor with
      a linalool, coriander character.
PAC  PREFERRED EMBODIMENTS
PAR  The unsaturated cyclic ketal of the present invention,
      4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin is prepared by the
      condensation of 2-butene-1,4-diol with 5-methyl-2-hexanone in accordance
      with the following equation:
      ##SPC1##
PAR  In preparing the unsaturated cyclic ketal, it is preferred to react an
      equimolar quantity of the 2-butene-1,4-diol and 5-methyl-2-hexanone but an
      excess of either can be used.
PAR  The condensation reaction is preferably affected by incorporating into the
      reaction medium a catalytic amount, e.g., 0.1 to 2% by weight of an acid
      catalyst such as an organic or inorganic acid catalyst, for example, an
      inorganic catalyst such as phosphoric acid, a lower alkyl phenyl sulphonic
      acid such as para-toluenesulfonic acid or a polycarboxylic acid such as
      citric acid or tartaric acid. The condensation reaction is suitably
      conducted by reacting the reagents in the presence of the acid catalyst in
      an inert reaction solvent. The reaction solvent is suitably an organic
      compound inert to the reactants and to the unsaturated cyclic ketal
      reaction product and which forms with water a two-phase azeotrope.
      Suitable reaction solvents include aliphatic hydrocarbons such as hexane
      and cyclohexane and aromatic hydrocarbons such as benzene, toluene, xylene
      and the like.
PAR  The condensation reaction can be conducted at room temperature
      (37.degree.C.) or even lower, but is preferably conducted at elevated
      temperatures (up to 200.degree.C. or even higher) and most preferably is
      conducted at the boiling point of the two-phase azeotrope that is formed
      until no further water of condensation separates in a Dean-Stark trap. The
      time required for the reaction to go to completion (i.e., when no further
      water of condensation separates in the Dean-Stark trap) can also vary over
      a wide range (from less than 10 minutes to well over 48 hours) depending
      upon any particular set of reaction conditions selected (i.e., the
      particular catalyst, solvent, if any, or apparatus used, whether or not
      the reaction is conducted at elevated temperatures, the scale on which the
      reaction is conducted, the relative amounts of the reactants and products
      present in the reaction, the efficiency with which water is removed from
      the reaction to increase the rate at which the equilibrium is shifted in
      the desired direction, etc.).
PAR  After completion of the condensation reaction, the reaction mixture is
      cooled, if the reaction is conducted at elevated temperatures, generally
      to room temperature and washed with a base such as a suitably concentrated
      sodium hydroxide to destroy the catalytic activity of the acidic catalyst
      and thereby prevent a reversal of the equilibrium of the reaction. The
      mixture is then washed with water to neutrality and the reaction medium
      solvent is thereupon removed by distillation and the residue distilled
      under reduced pressure.
PAR  The compound, 4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin has an
      interesting fresh floral odor with a linalool, coriander character. The
      4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin has great value in perfumery
      because of its fresh floral nuances and its intensity enhancing
      properties. It is most useful in effecting citrus, amber type notes. The
      compound can be used in most perfumes and fragrances in the ratio of about
      1 to 200 parts per thousand of perfume compositions containing the
      compound. Larger quantities of the
      4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin, e.g., 20 to 90 percent by
      weight of the perfume formulation can be used to achieve special effects.
PAR  The dioxepin compound can be used to prepare odorant compositions which can
      be used as odorant bases for the preparation of perfumes and toilet waters
      by adding the usual alcoholic and aqueous diluents thereto; approximately
      15-20% by weight of base would be used for the former and approximately
      3--5% by weight would be used for the latter.
PAR  Similarly, the base compositions can be used to odorize soaps, detergents,
      cosmetics, or the like. In these instances a base concentration of from
      about 0.5 to about 2% by weight can be used.
DETD
PAR  The following Examples are provided to illustrate further the practice of
      the present invention, but are for the purposes of illustration of
      preferred embodiments only and should not be construed as limiting.
PAC  EXAMPLE 1
PAC  Preparation of 4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin
PAR  To a one liter flask equipped with heating jacket, agitator and condenser
      fitted with a Dean-Stark trap was charged 136 grams (1.2 mole)
      5-methyl-2-hexanone, 88 grams (1.0 mole) 2-butene-1,4-diol, 160 grams
      cyclohexane, 2 grams citric acid and 0.3 grams hydroquinone. The mixture
      was heated with vigorous agitation at reflux (87.degree.- 97.degree.C.)
      until water no longer continued to be distilled from the reaction mixture
      (24 hours). The reaction mixture was cooled to room temperature and the
      citric acid neutralized by washing the reaction mixture with a 5% aqueous
      solution of sodium hydroxide and then with water. The reaction mixture was
      then distilled to remove the cyclohexane and the oil vacuum distilled to
      obtain 152 grams (83% of theoretical) of
      4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin having a boiling point of
      94.degree.C. at a pressure of 9.0 millimeters of mercury (refractive
      index, N.sub.D.sup.20 = 1.4523). Analysis for carbonyl content by IR
      showed 0.0% carbonyl and VPC analysis showed the compound to have a purity
      of 97.4%.
PAC  EXAMPLE II
PAC  Use of 4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin as an Odorant
PAR  A jasmine perfume was formulated with the
      4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin prepared as in the Example
      I. The composition of the perfume formulation is provided in Table I
      below.
TBL                TABLE I                                                     
     ______________________________________                                    
     JASMINE PERFUME                                                           
     ______________________________________                                    
     Ingredient          Parts by Weight                                       
     ______________________________________                                    
     Benzyl actate       230                                                   
     Hexylcinnamic aldehyde                                                    
                         68                                                    
     Canaga oil          32                                                    
     Linalool            133                                                   
     .gamma.-Undecalactone                                                     
                         2                                                     
     Hydroxycitronellal  112                                                   
     Musk Ambrette       22                                                    
     Hydroxycitronellal-methyl                                                 
                         2                                                     
     anthranilate Schiff Base                                                  
     Phenylethyl alcohol 212                                                   
     .rho.-Cresyl phenyl acetate 10%                                           
                         2                                                     
     Sandalwood oil      45                                                    
     Ylang oil           20                                                    
     Lemon oil           20                                                    
     4,7-Dihydro-2-isopentyl-2-                                                
      methyl-1,3-dioxepin                                                      
                         100                                                   
                         1,000                                                 
     ______________________________________                                    
PAR  The addition of 4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin at a
      concentration of 10 percent by weight lends a fresh floral lift to the
      jasmine perfume. The perfume without this dioxepin compound is not as
      floral or as rounded and is not as desirable to the perfumer.
PAR  For purposes of contrast, the procedure of Example I was repeated with the
      exception that 1.0 mole concentration of a variety of saturated aliphatic
      diols closely related structurally to 2-butene-1,4-diol were substituted
      for the 2-butene-1,4-diol in the reaction medium of the Example to prepare
      a series of saturated cyclic ketals. The saturated cyclic ketals prepared
      in this manner are listed in Table II below.
TBL                TABLE II                                                    
     ______________________________________                                    
     SATURATED CYCLIC KETALS                                                   
     ______________________________________                                    
     Com-                     Diol reacted with 5-                             
     pound                    methyl-2-hexanone to                             
     No.   Cyclic Ketal       prepare ketal                                    
     ______________________________________                                    
     1     2-isopentyl-2-methyl-1,3-                                           
            dioxepane         1,4-butanediol                                   
     2     2,4-dimethyl-2-isopentyl-m-                                         
            dioxane           1,3-butanediol                                   
     3     2-isopentyl-2,4,5-trimethyl-                                        
            1,3-dioxolane     2,3-butanediol                                   
     4     2-isopentyl-2,4,5,5,-tetra-                                         
            methyl-m-dioxane  2,2-dimethyl-1,3-                                
                               butanediol                                      
     5     2-isopentyl-2-methyl-m-                                             
            dioxane           1,3-propandiol                                   
     6     2,4-diemthyl-2-isopentyl-1,                                         
            3-dioxolane       1,2-propanediol                                  
     7     2-isopentyl-2,5,5-trimethyl-                                        
            m-dioxane         2,2-diemthyl-1,3-                                
                               propanediol                                     
     ______________________________________                                    
PAR  None of the saturated cyclic ketals listed in Table II above exhibited any
      odorant properties useful in perfumery. When it was attempted to prepare a
      perfume composition of the type illustrated in Example II above by
      substituting each of the saturated cyclic ketals of Table II for the
      4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin, no improvement in the
      perfume odor was obtained and, in fact, in most cases, a detrimental
      effect was observed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for improving the odor of perfume compositions which comprises
      adding thereto a proportion of 4,7-dihydro-2-isopentyl-2
      -methyl-1,3-dioxepin.
NUM  2.
PAR  2. A perfume comprising an alcoholic diluent and from about 15 to about 20
      percent by weight of 4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin.
NUM  3.
PAR  3. A toilet water comprising an aqueous diluent and from about 3 to about 5
      percent by weight of 4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin.
NUM  4.
PAR  4. The method of improving the odor of perfume compositions which comprises
      adding thereto an amount of 4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin
      sufficient to impart to the perfume citrus, amber type notes.
NUM  5.
PAR  5. The method of claim 4 wherein the
      4,7-dihydro-2-isopentyl-2-methyl-1,3-dioxepin is added to the perfume
      composition in an amount ranging from about 1 to about 200 parts per
      thousand of the perfume composition.
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PAL  A phenolic chelate resin having a high heavy-metal chelating ability and
      capable of being reused is produced by polycondensing a phenol containing
      an iminodiacetic acid group with an aldehyde.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a process for producing a phenolic chelate
      resin having a selective adsorbability to a heavy metal using a phenol, an
      aldehyde, and iminodiacetic aicd. The invention is further relates to a
      simple process for producing a phenolic chelate resin having excellent
      heavy metal chelating ability and capable of being reused.
PAR  2. Description of the Prior Art
PAR  For a long time various investigations have been made on phenolic chelate
      resins prepared by introducing chelating group into a phenol nucleus.
      However, since the chelating group is chemically unstable, the cost of raw
      materials is high, and also the production cost becomes high. As a result
      very few chelate resins are commercially available and further the
      commercially available chelate resins are also restricted in their reuse
      due to the unstability of the chelating group.
PAR  Materials such as iminodiacetic acid which are capable of forming chelate
      compounds by coordination with heavy metal ions are well known and
      research on metal chelation has now been extended to various fields such
      as organic reagents for inorganic analytical chemistry, chelate titration,
      solvent extraction of metal ions, complex salt dyes, chelate pigments, and
      blocking agents for metal ions for use in the chemical industry. On the
      other hand, chelate resins prepared by introducing into high molecular
      weight compounds ligands which are capable of forming chelate compounds
      with heavy metal ions, that is, compounds having chelating groups so that
      they can coordinate with heavy metals due to chelation have been reported
      in various publications.
PAR  However, the kinds of commercially available chelate resins are very few
      since the chelating groups introduced into high molecular weight materials
      are generally poor in chemical stability as compared with ordinary
      ion-exchange groups such as a sunfonic group, a carboxyl group, and a
      quaternary ammonium group. This makes the reuse of such chelate resins
      difficult, the cost of the chelating group itself is high, and the
      procedure of introducing the chelating groups into high molecular weight
      materials is comparatively complicated, which results in greatly
      increasing the cost of the chelate resins as compared with ordinary
      ion-exchange resins.
PAC  SUMMARY OF THE INVENTION
PAR  As the results of various investigations on discovering a process for
      preparing easily a chelate resin having excellent selective adsorbability
      to heavy metals by introducing as side chains of synthetic high polymer
      compounds which have a chelating effect, which are chemically stable, and
      which are comparatively inexpensive, the inventors have succeeded in
      discovering the process of this invention.
PAR  That is, the inventors have succeeded in producing a novel phenolic chelate
      resin having high selective adsorbability to heavy metals and comprising a
      phenol, an aldehyde, and iminodiacetic acid.
PAR  An object of this invention is, therefore, to provide a process for
      producing a phenolic resin having excellent selective adsorbability to
      heavy metals and capable of being reused repreatedly.
PAR  Another object of this invention is to provide a process for producing
      easily and at a low cost the aforesaid chelate resin.
PAR  A further object of this invention is to provide the aforesaid novel
      phenolic chelate resin.
PAR  Thus, the present invention provides a process for producing a phenolic
      chelate resin for chelating heavy metals which comprises polycondensing a
      phenol and an aldehyde, an iminodiacetic acid group having been introduced
      into a part of the phenol nucleus in the polymer.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Iminodiacetic acid used in the present invention can be prepared from
      inexpensive raw materials such as ammonia, hydrogen cyanide, formaldehyde,
      etc. The iminodiacetic acid contains the moiety -N-CH.sub.2 -COOH as
      contained in a low molecular weight chelating agent industrially produced
      such as ethylene diaminetetraacetic acid or nitrilotriacetic acid and
      exhibits quite excellent chemical stability as compared with other
      chelating agents.
PAR  In the process of this invention, a phenol, an aldehyde, and iminodiacetic
      acid are reacted in an equimolar ratio or in such a ratio that the amounts
      of the phenol or aldehyde are in excess to the amount of the iminodiacetic
      acid, whereby the iminodiacetic acid is first introduced into the phenol
      nucleus by a Mannich reaction. Then, the entire amount of the phenol
      (including the phenol having the iminodiacetic acid introduced thereto) is
      subjected to a condensation reaction with the aldehyde in a molar ratio
      which meets the desired object to produce the chelate resin. In the above
      reaction, the molar ratio of the phenol, the aldehyde and the
      iminodiacetic acid employed can be selected in such a manner that the
      iminodiacetic acid is used in a molar ratio of 0.1 to 0.9, preferably 0.3
      to 0.6 to the total phenol and that the molar ratio of the aldehyde to the
      total phenol is 0.5 to 2.0, preferably 0.7 to 1.5.
PAR  The reaction of introducing iminodiacetic acid into a low molecular weight
      aromatic ring having a phenolic hydroxyl group has long been known since
      Schwarzenbach prepared a metal indicator by introducing an iminodiacetic
      acid group as a chelate-forming group into a phthaleinic dye or a
      sulfophthaleinic dye.
PAR  However, in producing a high molecular material after introducing
      iminodiacetic acid, the yield in the introduction of iminodiacetic acid
      becomes low and further if the positions of the aromatic ring to which
      iminodiacetic acid is introduced and the number of iminodiacetic acid
      groups introduced into the aromatic ring are not sufficiently controlled,
      the subsequent polymerization and cross-linking can not be sufficiently
      conducted resulting in only a resin having a low metal adsorbability or
      resulting in a resin which does not have a durable strength in practical
      use.
PAR  A feature of this invention, on the other hand, lies in the discovery of a
      process of producing a phenolic chelate resin capable of being used
      repeatedly and having excellent metal adsorbability, which have never been
      attained in conventional phenolic chelate resins by controlling the
      introduction of iminodiacetic acid groups into an aromatic ring so that
      the subsequent polymerization reaction can proceed easily.
PAR  As phenol resins, a resole-type resin which is cured by heat-treatment only
      as disclosed in U.S. Pat. No. 3,650,102 and a novolak-type resin which
      requires an addition of an aldehyde as disclosed in U.S. Pat. No.
      2,190,672, etc. are well known. In the process of this invention a
      resole-type phenolic chelate resin or a novolak-type phenolic chelate
      resin can be produced by controlling or changing the molar ratio of the
      aldehyde and the phenol (hereinafter, the ratio is called "A/P").
PAR  That is, in order to obtain a resole-type phenolic chelate resin which can
      be cured by heat treatment only, it is necessary that the A/P ratio be in
      the range of 1.1 to 1.5 and in order to produce a novolak-type phenolic
      chelate resin which requires a cross linking treatment other than by a
      heat treatment, it is necessary that the A/P ratio be in the range of 0.7
      to 1.1. Therefore, the ratio A/P in the conditions of the production of
      phenol resins in general has the same significance as in the A/P ratio in
      the production of the phenolic chelate resins of this invention. However,
      in the case of producing the phenolic chelate resins of this invention
      from a phenol, an aldehyde, and iminodiacetic acid, it is as a matter of
      course necessary that the aldehyde which is used in an amount equimolar to
      the iminodiacetic acid in the above Mannich reaction be used in excess in
      the entire process of this invention.
PAR  For producing the phenolic chelate resin having selective absorbability to
      heavy metal ions from a phenol, an aldehyde, and iminodiacetic acid, a 5
      to 90, preferably 20 to 70 wt% aqueous suspension of a mixture of the
      three components is heated to 20.degree. to 90.degree.C, preferably
      40.degree. to 60.degree.C to uniformly suspend the iminodiacetic acid in
      the solution and thereafter the mixture is maintained at temperatures of
      20.degree. to 90.degree.C, preferably 40.degree. to 60.degree.C for a
      period of 1 to 4, preferably 2 to 3 hours for the Mannich reaction to
      occur, whereby the iminodiacetic acid group is introduced into the phenol.
      This reaction is a first reaction step.
PAR  After the first step reaction is completed, the reaction system is
      subjected to a condensation reaction which is a second reaction step. In
      this case, the additional phenol or the aldehyde can be further added to
      the system in the condensation reaction step.
PAR  To obtain a chelate resin having a composition as homogeneous as is
      possible, it is desirable to conduct the second reaction step at such
      temperature conditions that the reaction temperature is first controlled
      at 50.degree. to 90.degree.C and then the temperature is increased
      gradually. The temperature is finally maintained at 90.degree. to
      110.degree.C and the reaction proceeds under refluxing. The reaction time
      generally required for this second step of the reaction is 1 to 6,
      preferably 2 to 4 hours. The condensation reaction in the second reaction
      step may be carried out in the presence of a solvent, e.g., carbon
      tetrachloride, chloroform, trichloroethylene, chloral, dichloroethylene,
      dichloroethane, 1,2-dichloropropane, chlorobenzene, cyclohexane,
      cyclohexanol, toluene and the like in a volume of 0.01 to 5.0 times the
      volume of the reaction mixture.
PAR  In producing the resole-type or novolak-type phenolic chelate resin, it is
      desirable to add the phenol at the beginning of the reaction in the first
      step or the second step reaction. When the second step reaction proceeds
      until a desired condensation degree is obtained, the reaction product is
      dehydrated by heating it to about 90.degree. to 110.degree.C under a
      reduced pressure of from a normal pressure to about 400 mmHg to provide a
      viscous resinous composition. If necessary, the resinous composition can
      be washed with fresh water.
PAR  Examples of suitable phenols which can be used in this invention include
      phenol, alkyl-substituted phenols such as o-ethylphenol, m-ethylphenol,
      p-ethylphenol, p-phenylphenol, bis-phenol A, o-cresol, m-cresol, p-cresol,
      2,3-xylenol, 2,5-xylenol, 3,4-xylenol, 3,5-xylenol, etc., polyhydric
      phenols such as resorcinol, catechol, etc., and compounds having a
      phenolic hydroxyl group such as .alpha.-naphthol. The phenols can be used
      individually or as a mixture thereof.
PAR  Examples of suitable aldehydes which can be used in this invention include
      formaldehyde and formaldehyde derivatives such as formaldehyde,
      para-formaldehyde, hexamethylenetetramine, etc.; aliphatic aldehydes such
      as acetaldehyde, propionaldehyde, etc.; aromatic aldehydes such as
      benzaldehyde, etc.; and heterocyclic aldehydes such as furfural, etc. The
      aldehydes can also be used individually or as a mixture thereof.
PAR  In the case of conducting the aforesaid first step Mannich reaction, a
      protonic acid, e.g., a mineral acid such as hydrochloric acid, sulfuric
      acid, etc.; an organic acid such as formic acid, oxalic acid, etc.; and an
      aromatic sulfonic acid such as benzenesulfonic acid can be used as a
      reaction promotor in an amount 1.1 to 3.0 times that of the iminodiacetic
      acid. In the second condensation reaction, either the above protonic acid
      in the above amount or an alkali in an amount 2.1 to 4.0 times that of the
      iminodiacetic acid can be used. Suitable examples of the alkali which can
      be used in the second reaction step include an alkali metal hydroxide such
      as sodium hydroxide, potassium hydroxide, etc.; ammonia; an amine such as
      trimethylamine, triethylamine, etc.; or a nitrogen-containing basic
      compound such as pyradine, etc.; or a mixture thereof.
PAR  Since the novolak-type phenolic chelate resin of this invention can be
      cured by cross-linking reaction after molding into various desired forms
      utilizing the thermoplastic property of the resin, the fields of
      utilization of the resin are very broad.
PAR  In conducting the cross-linking reaction by immersing the chelate resin
      composition in an aqueous aldehyde solution, it is preferable to add an
      acid such as hydrochloric acid, oxalic acid, etc., as a catalyst and to
      heat the system at a temperature of from room temperature to 90.degree.C,
      preferably from 40.degree. to 90.degree.C to increase the rate of the
      cross-linking reaction. The amount of the acid catalyst varies depending
      upon the type of acids and aldehydes employed.
PAR  Also, when the novolak-type chelate resin of this invention is pulverized
      and mixed with a cross-linking agent such as hexamine, para-formaldehyde
      and furfural, the mixture can be used as a molding material and can be
      cross-linked by heating aftermolding.
PAR  On the other hand, the resole-type chelate resin of this invention can be
      readily cured in a desired shape by dissolving it in water, molding or
      fabricating the solution into the desired shape, and heating the molded or
      fabricated product. Of course, by simultaneously conducting the
      granulation and cross-linking reaction in a solvent in which the chelate
      resin is insoluble, a granular chelate resin can be formed.
PAR  From the above description it can be seen that the phenolic chelate resins
      of this invention have excellent moldability or fabricating properties and
      this is an important advantage of the chelate resin of this invention.
PAR  The selectivity of the phenolic chelate resin of this invention to heavy
      metal ions depends upon the pH of the aqueous solution containing the
      heavy metal ions, the temperature of the solution, the kind and
      concentration of other ions present together with the heavy metal ions,
      etc. However, it has been confirmed that the selectivity thereof is
      generally the order of mercury: copper: lead: nickel: cadmium: zinc:
      cobalt: manganese: calcium: magnesium: barium: strontium: sodium, that is,
      with the selectivity to mercury being the highest.
PAR  For example, when three kinds of metal ions such as sodium ion, calcium
      ion, and cadmium ion are present in a solution is same concentrations, the
      phenolic chelate resin of this invention adsorbs selectively the cadmium
      ion only without changing the concentrations of the sodium ion and the
      calcium ion. The selectivity of the chelate resins are substantially the
      same whether the chelate resin is a novolak-type chelate resin or a
      resole-type chelate resin.
PAR  The adsorbability to heavy metal ions of the phenolic chelate resin for
      selectively adsorbing heavy metal ions prepared by the process of this
      invention differs depending on the manner of preparing the chelate resin
      but is generally almost 0.5 to 0.9 equivalent per one equivalent of the
      iminodiacetic acid group used.
PAR  If the chelate resin of this invention adsorbs a heavy metal ion until the
      adsorbability is saturated, the heavy metal ion adsorbed on the chelate
      resin can be desorbed from the chelate resin by treating the resin with a
      1 to 5 N aqueous solution of a mineral acid such as hydrochloric acid or
      sulfuric acid, whereby the heavy metal ion is dissolved in the aqueous
      mineral acid solution. The thus treated chelate resin which does not
      contain heavy metal ions adsorbed can be reused as it is but it is
      preferable to treat the chelate resin with an alkaline aqueous solution
      such as an aqueous solution of sodium or potassium prior to reuse. The
      regeneration can be conducted a number of times, that is to say, the
      chelate resin can be used repeatedly a number of times by regeneration and
      in this case a reduction in neither adsprbability nor selectivity to the
      heavy metal ion is observed.
PAR  As described above, the phenolic chelate resin of this invention can be
      prepared in a simple manner, has excellent heavy metal adsorbability, can
      be used any number of times after regeneration, and thus has excellent
      features which have never been attained with conventional phenolic chelate
      resins.
PAR  Now, the invention will further be explained in detail by reference to the
      following examples. Unless otherwise indicated, all parts, percents,
      ratios and the like are by weight.
PAC  EXAMPLE 1
PAR  An aqueous solution of 37.6 parts of phenol, 26.6 parts of iminodiacetic
      acid, 16.2 parts of 37% formalin, and 80 parts of water was heated
      gradually from room temperature (about 20.degree. to 30.degree.C) to
      70.degree.C and after adding further to the solution 32.4 parts of 37%
      formalin while stirring the solution, the mixture was further stirred for
      3 hours at a temperature of 90.degree. to 95.degree.C to continue the
      reaction. Then, after washing the reaction product, the reaction system
      was dehydrated under pressure to provide 73 parts of a light yellow resin.
      The reaction product was pulverized and the resin powder thus obtained was
      cured for 2 hours using a hot blast dryer at 120.degree.C. The resin
      powder thus heat-cured was immersed in a 1 to 5 N aqueous sodium hydroxide
      solution at 25.degree.C, whereby the resin was converted to the sodium
      form.
PAR  When the resin was added to an aqueous solution of cadmium in an amount of
      250 ppm and the mixture was shaken, the amount of cadmium adsorbed on the
      resin was 1.7 milliequivalents per g of the resin.
PAC  EXAMPLE 2
PAR  A mixture of 37.6 parts of phenol, 26.6 parts of iminodiacetic acid, 16.2
      parts of 37% formalin, and 80 parts of water was heated to 70.degree.C for
      3 hours to cause the reaction as in Example 1 and after adding to the
      reaction system 16.8 parts of sodium hydoxide and 32.4 parts of 37%
      formalin, the reaction was continued for 3 hours at 90.degree. to
      95.degree.C. After dehydrating the reaction product at 90.degree. to
      100.degree.C under pressure, the product was treated as in Example 1. The
      heavy metal ion adsorbability of the chelate resin thus obtained for
      cadmium ion was 1.1 milliequivalent per gram of the resin.
PAC  EXAMPLE 3
PAR  A mixture of 23.5 parts of phenol, 33.3 parts of iminodiacetic acid, 20.3
      parts of 37% formalin, and 80 parts of water heated to 70.degree.C for 3
      hours and after adding to the mixture 23.5 parts of phenol and 12.2 parts
      of 37% formalin, the reaction was further continued for 3 hours at
      90.degree. to 95.degree.C. After the reaction was completed, the reaction
      product was dehydrated at 100.degree. to 110.degree. C. The resin thus
      obtained was pulverized, immersed overnight in a 1:1 mixture (by volume)
      of an aqueous 35% hydrochloric acid solution and an aqueous 37% formalin
      solution, heated for 1 hour to 90.degree.C, and then dried for 2 hours at
      120.degree.C. Thereafter, the resin was subjected to the alkali treatment
      as in Example 1. The adsorbability of the resin thus obtained for cadmium
      ion was 1.9 milliequivalent per gram of the resin.
PAC  EXAMPLE 4
PAR  A mixture of 47 parts of phenol, 67 parts of iminodiacetic acid, and 41
      parts of 37% formalin was stirred for 3 hours at 70.degree.C. After
      cooling the reaction product to 50.degree.C, 51 parts of a 35% aqueous
      hydrochloric acid solution and 24 parts of 37% formalin were added to the
      reaction product and while maintaining the mixture at 50.degree.C, the
      reaction was further continued for 8 hours. Furthermore, 23.5 parts of
      phenol was added to the mixture, the reaction temperature of the system
      was increased to 90.degree. to 95.degree. C, and then the condensation
      reaction was conducted for 2.5 hours at this temperature. When the pH of
      the reaction product was adjusted to 2 to 3 with 5 N aqueous sodium
      hydroxide solution, a viscous resin phase separated. The resin was
      recovered, washed with 80 parts of water, and then treated as in Example
      1. The heavy metal ion adsorbability of the resin thus obtained was 2.2
      milliequivalent of cadmium ion per gram of the resin.
PAC  EXAMPLE 5
PAR  A mixture of 28.5 parts of bisphenol A, 33.3 parts of iminodiacetic acid,
      20.3 parts of 37% formalin, and 80 parts of water was reacted for 3 hours
      at 70.degree.C. After adding further to the mixture 28.5 parts of
      bisphenol A and 12.2 parts of 37% formalin, the reaction was continued for
      3 hours at 90.degree. to 95.degree.C. After the reaction was completed,
      the reaction product was dehydrated at 100.degree. to 110.degree.C. The
      resin thus obtained was pulverized, immersed overnight in a 1:1 mixture
      (by volume) of a 35% aqueous hydrochloric acid solution and 37% aqueous
      formalin solution, heated for 1 hour at 90.degree.C, and then heated
      further for 2 hours at 120.degree.C. The heavy metal ion adsorbability of
      the resin thus obtained for cadmium ion was 1.4 milliequivalent per gram
      of the resin.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process of producing a phenolic chelate resin for adsorbing heavy
      metal ions selectively which comprises the steps of:
PA1  a. heating an acidic mixture of a phenol, an aldehyde and iminodiacetic
      acid to 20.degree. to 90.degree.C under acidic conditions to introduce an
      iminoacidic acid group into the phenol; and then
PA1  b. adding the phenol or the aldehyde or both such that the total amount of
      aldehyde is in excess to the iminodiacetic acid and then heating the
      reaction system at 90.degree. to 110.degree.C thereby polycondensing the
      entire amount of the phenol and said aldehyde.
NUM  2.
PAR  2. The process as claimed in claim 1, wherein said phenol is phenol, an
      alkyl phenol, a polyhydric phenol or a compound containing a phenolic
      hydroxyl group.
NUM  3.
PAR  3. The process as claimed in claim 2, wherein said phenol is phenol,
      o-ethylphenol, m-ethylphenol, p-ethylphenol, p-phenylphenol, bisphenol A,
      o-cresol, m-cresol, p-cresol, 2,3-xylenol, 2,5-xylenol, 3,4-xylenol,
      3,5-xylenol, resorcinol, cathecol, or .alpha.-naphthol.
NUM  4.
PAR  4. The process as claimed in claim 1, wherein said aldehyde is
      formaldehyde, para-formaldehyde, hexamethylenetetramine, acetaldehyde,
      propionaldehyde, benzaldehyde or furfural.
NUM  5.
PAR  5. The process as claimed in claim 1, wherein said heating of step (a) is
      in the presence of a mineral acid, an organic acid, or an aromatic
      sulfonic acid.
NUM  6.
PAR  6. The process as claimed in claim 1, wherein the reaction of step (b) is
      in the presence of a basic material or a mineral acid, an organic acid, or
      an aromatic sulfonic acid.
NUM  7.
PAR  7. The process as claimed in claim 6, wherein said basic material is an
      alkali metal hydroxide, ammonia, or an amine.
NUM  8.
PAR  8. The process as claimed in claim 7, wherein said basic material is sodium
      hydroxide, potassium hydroxide, ammonia, trimethylamine, triethylamine, or
      pyridine.
NUM  9.
PAR  9. The process as claimed in claim 1, wherein said step (a) is conducted in
      a 5 to 90% aqueous suspension.
NUM  10.
PAR  10. The process as claimed in claim 1, wherein said step (a) is conducted
      at 40.degree. to 60.degree.C.
NUM  11.
PAR  11. The process as claimed in claim 1, wherein said step (a) is conducted
      for a period of 1 to 4 hours.
NUM  12.
PAR  12. The process as claimed in claim 1, wherein said step (b) is conducted
      for a period of 1 to 6 hours.
NUM  13.
PAR  13. The process as claimed in claim 1, wherein said step (b) is carried out
      in the presence of a solvent selected from the goup consisting of carbon
      tetrachloride, chloroform, trichlorethylene, chloral, dichloroethylene,
      dichloroethane, 1,2-dichloropropane, chlorobenzene, cyclohexane,
      cyclohexanol and toluene.
PATN
WKU  039364003
SRC  5
APN  4862139
APT  1
ART  143
APD  19740705
TTL  Flame retardant foamed polyester compositions
ISD  19760203
NCL  21
ECL  1
EXA  Danison, Jr.; W. C.
EXP  Anderson; Harold D.
DCD  19910903
INVT
NAM  Wambach; Allen D.
CTY  Pittsfield
STA  MA
ASSG
NAM  General Electric Company
CTY  Pittsfield
STA  MA
COD  02
RLAP
COD  72
APN  233754
APD  19720310
PSC  01
PNO  3833685
CLAS
OCL  260  25N
XCL  252  81
XCL  260 4575B
XCL  260860
XCL  260DIG24
EDF  2
ICL  C08J  906
ICL  C08L 6900
FSC  260
FSS  860;75 T;45.75 B;DIG. 24;2.5 N
UREF
PNO  3334154
ISD  19670800
NAM  Kim
OCL  260860
UREF
PNO  3406224
ISD  19681000
NAM  McDonough
OCL  260860
UREF
PNO  3454672
ISD  19690700
NAM  Jackson et al.
OCL  260860
UREF
PNO  3585254
ISD  19710600
NAM  Buck
XCL  260  2.5N
UREF
PNO  3725321
ISD  19730400
NAM  Wirth et al.
XCL  260  2.5N
UREF
PNO  3833685
ISD  19740900
NAM  Wambach
OCL  260860
UREF
PNO  3839516
ISD  19741000
NAM  Williams et al.
XCL  260  2.5N
FREF
PNO  1,241,543
ISD  19710800
CNT  UK
LREP
FR2  Mufatti; William F.
FR2  Hedman; Edward A.
FR2  Costigan; James V.
ABST
PAL  Normally flammable foamed polyester resins (a) are rendered flame retardant
      by combination with (b) a flame retardant amount of (i) an aromatic
      carbonate copolymer, from 25 to 75 wt. % of the repeating units comprising
      chloro- or bromo-substituted dihydric phenol units; (ii) an aromatic
      carbonate homopolymer having repeating units comprising chloro- or
      bromo-substituted dihydric phenol units in combination with an aromatic
      carbonate homopolymer having repeating dihydric phenol units; or (iii) a
      combination of (i) with an aromatic carbonate homopolymer having repeating
      dihydric phenol units, and (c) an antimony-containing compound.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of Ser. No. 233,754, now U.S.
      Pat. No. 3,833,685.
BSUM
PAR  This invention relates to new and novel flame-retardant foamed polyester
      compositions. More particularly, it is concerned with foamed
      flame-retardant high-molecular weight polyesters in combination with flame
      retardant amounts of aromatic carbonate homopolymers and copolymers, said
      aromatic carbonates containing at least some chloro- or bromo-substituted
      dihydric phenol units.
PAC  BACKGROUND OF THE INVENTION
PAR  High molecular weight polyesters are well known to those skilled in the
      art.
PAR  However, a major short-coming in the use of such polyesters in foamed
      compositions is their normally highly flammable nature. The flammability
      of polyesters has been reduced by using halogen-, phosphorus- or
      nitrogen-containing additives, and such compositions are described in
      various patents and publications. Flame retarded foamed polyester
      compositions are desired for many fields of use such as in home
      construction, automobile and aircraft manufacture, packaging, electrical
      equipment and the like.
PAR  With particular reference to polyesters of the poly(alkylene dicarboxylate)
      family and related copolyesters, it has been difficult to adequately
      render such materials flame retardant without sacrificing their inherent,
      superior properties.
PAR  It has now been discovered that if carefully selected families of
      polycarbonate resins are added to the normally flammable polyesters, alone
      or in further combination with selected groups of other such polycarbonate
      resins, there will be provided highly efficiently flame retardant
      polyester compositions, without any need for reinforcement, yet without
      modification of physical properties to the extent that they are rendered
      unuseable for structural applications.
PAR  By way of illustration, the addition of a compatible aromatic polycarbonate
      additive or additives of the type to be described hereinafter, provides
      compositions which are flame retardant to the point where they meet
      stringent Underwriter's Laboratory requirements for self-extinguishing
      compositions.
PAR  Moreover, the direct combustibilities of such compositions, as measured in
      the Oxygen Index Test according to ASTM standard method D-2863, are less
      than those of controls rendered flame retardant by prior art methods.
PAR  It is, accordingly, a principal object of this invention to provide a
      family of foamable flame-retardant polyester compositions.
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description.
PAC  DESCRIPTION OF THE INVENTION
PAR  According to this invention there are provided flame-retardant foamable
      compositions comprising
PA1  a. a normally flammable high-molecular weight polyester; and a flame
      retardant amount of
PA1  b.
PA2  i. an aromatic carbonate copolymer in which from 25 to 75 wt. % of the
      repeating units comprise chloro- or bromo-substituted dihydric phenol
      units and the remainder of the repeating units comprise dihydric phenol,
      glycol or dicarboxylic acid units;
PA2  ii. an aromatic carbonate homopolymer in which the repeating units comprise
      chloro- or bromo-substituted dihydric phenol units in combination with an
      aromatic carbonate homopolymer comprising dihydric phenol units; or
PA2  iii. a combination of (i) with an aromatic carbonate homopolymer comprising
      dihydric phenol units, in combination with
PA1  c. a synergist, e.g., an inorganic or organic antimony-containing compound;
      and
PA1  d. a foaming agent.
PAR  The term "normally flammable high molecular weight polyester" includes, in
      general, linear saturated condensation products of diols and dicarboxylic
      acids, or reactive derivatives thereof. Preferably, they will comprise
      condensation products of aromatic dicarboxylic acids and aliphatic diols.
      It is to be understood, that it is also possible to use polyesters such as
      poly(1,4-dimethylol cyclohexane dicarboxylates, e.g., terephthalates). In
      addition to phthalates, small amounts of other aromatic dicarboxylic
      acids, such as naphthalene dicarboxylic acid, or aliphatic dicarboxylic
      acids, such as adipic acid, can also be present in preferred compositions.
      The diol constituent can likewise be varied, in the preferred embodiments,
      by adding small amounts of cycloaliphatic diols. In any event, the
      preferred polyesters are well known as film and fiber formers, and they
      are provided by methods outlined in Whinfield, U.S. Pat. No. 2,465,319 and
      Pengilly, U.S. Pat. No. 3,047,539 and elsewhere. The preferred polyesters
      will comprise a poly(alkylene terephthalate, isophthalate or mixed
      isophthalate-terephthalate, e.g., up to 30 mole % isophthalate), said
      alkylene groups containing from 2 to 10 carbon atoms, e.g., poly(ethylene
      terephthalate) or poly(1,4-butylene teraphthalate). Because of its rapid
      crystallization from the melt, it is preferred to use poly(1,4-butylene
      terephthalate) as the normally flammable polyester resin component of the
      present compositions.
PAR  The molecular weight of the polyester component should be sufficiently high
      to provide an intrinsic viscosity of about 0.6 to 2.0 deciliters per gram,
      preferably 0.7 to 1.6 dl./g., measured for example, as a 1% solution in a
      60:40 mixture of phenol and tetrachloroethane at 25.degree.C.
PAR  As has been mentioned, there will be used in the flame retardant
      compositions of this invention, the halogen-containing aromatic
      polycarbonate in combination with a synergist, such as phosphorus
      compounds, but particularly with inorganic and organic antimony compounds,
      Such compounds are widely available or can be made in known ways. In
      preferred embodiments, the type of antimony compound used is not critical,
      being a choice primarily based on economics. For example, as inorganic
      antimony compounds there can be used antimony oxide, (Sb.sub.2 O.sub.3);
      antimony phosphate; KSb(OH).sub.6 ; NH.sub.4 SbF.sub.6 ; SbS.sub.3 ; and
      the like. A wide variety of organic antimony compounds can also be used,
      such as antimony esters with organic acids; cyclic alkyl antimonites; aryl
      antimonic acids, and the like. Illustrative of the organic antimony
      compounds, including inorganic salts of such compounds are: KSb tartrate;
      Sb caproate; Sb(OCH.sub.2 CH.sub.3).sub.3 ; Sb(OCH(CH.sub.3)CH.sub. 2
      CH.sub.3).sub.3 ; Sb polymethylene glycolate; triphenyl antimony; and the
      like. Especially preferred is antimony oxide.
PAR  In one embodiment of this invention the compositions will include a flame
      retardant amount of an aromatic carbonate copolymer in which from 25 to 75
      wt. % of the repeating units comprise chloro- or bromo-substituted
      dihydric phenol units and the remainder of the repeating units comprise
      dihydric phenol, glycol or dicarboxylic acid units. The aromatic carbonate
      copolymers can be prepared by any of the well known methods which, for
      example, include reacting such materials as tetrabromobisphenol-A
      [2,2-bis(3,5-dibromo-4-hydroxyphenyl) propane], or tetrachlorobisphenol-A
      [2,2-bis(3,5-dichloro-4-hydroxyphenyl) propane], and another compound,
      such as a glycol, e.g., ethylene glycol or propylene glycol or a
      dicarboxylic acid, e.g., adipic acid or isophthalic acid, but preferably a
      dihydric phenol such as bisphenol-A [2,2-bis(4-hydroxyphenyl)propane] with
      phosgene or a reactive derivative of phosgene. A detailed procedure for
      the preparation of preferred such copolymers will be set forth
      hereinafter.
PAR  In general, the carbonate copolymer modifier employed to provide the
      moldable flame-resistant polyester resin-containing compositions of the
      present invention will be a copolymer prepared by reacting 75-25 wt.% and
      preferably 40-30 wt.% of tetrabromobisphenol-A or tetrachlorobisphenol-A
      and correspondingly, 25-75 and preferably 60-70 wt.% of another compound
      which may be either a dihydric phenol, a glycol or a dicarboxylic acid or
      mixtures thereof, said weights being based on the total weight of the
      copolymer. In addition, the aromatic carbonate copolymer should have an
      intrinsic viscosity of 0.2-0.7 deciliters/gram, as measured, for example,
      in p-dioxane at about 30.degree.C. Typical examples of the other compounds
      which can be employed in place of the bisphenol-A component of the
      copolymer are other dihydric phenols such as hydroquinone, resorcinol,
      2,2-bis-(4-hydroxyphenyl)pentane, 2,4'-dihydroxydiphenylmethane,
      2,6-dihydroxynaphthalene, bis-(4-hydroxyphenyl)sulfone,
      4,4'-dihydroxydiphenyl ether, etc., or glycols, such as ethylene glycol,
      propylene glycol, tetramethylethylene glycol, etc., and also dicarboxylic
      acids such as adipic acid, isophthalic acid, sebacic acid, etc.; as well
      as mixtures of any of the above. However, the preferred copolymer
      component for use in the practice of this invention is a copolymer of
      about 35 wt.% of tetrabromobisphenol-A and 65 wt.% of bisphenol-A,
      respectively.
PAR  Although such aromatic carbonate copolymer components can be used in
      combination with any of the known synergists, such as phosphorus
      compounds, it is preferred to use inorganic or organic antimony compounds,
      e.g., antimony oxide as mentioned above, and such combinations are
      preferred embodiments of this invention.
PAR  In another preferred embodiment of this invention, component (b) will
      comprise, in combination, an aromatic carbonate homopolymer in which the
      repeating units comprise units of the formula
      ##SPC1##
PAL  wherein R.sup.1 and R.sup.2 are hydrogen, (lower)alkyl or phenyl, X.sup.1
      and X.sup.2 are bromo or chloro, and m and r are from 1 to 4, the average
      number of repeating units being from about 2 to about 20, the second
      component of the combination being an aromatic carbonate homopolymer
      comprising repeating units of the formula
      ##EQU1##
      wherein A is a divalent aromatic radical of the dihydric phenol.
      Preferably, they will comprise repeating units of the formula
      ##SPC2##
PAL  R.sup.1 and R.sup.2 being as above defined, the average number of repeating
      units being at least 100, and preferably from about 100 to about 400.
PAR  With respect to such homopolymer components having from about 2 to about 20
      repeating units, the preferred compounds will be further characterized in
      having a low volatility when heated above 200.degree.C.
PAR  This can be achieved by balancing the amount of halogen with the number of
      units in the chain, as is obvious to those skilled in the art. Such
      compounds can be prepared by reacting a carbonate precursor with a mixture
      of a halogenated dihydric phenol and a chain stopper. The carbonate
      precursor may be either a carbonyl halide or a haloformate. Among the
      carbonyl halides may be mentioned carbonyl bromide, carbonyl chloride
      (i.e., phosgene), carbonyl fluoride, and the like. Suitable haloformates
      will include the bis-chloroformate of tetrabromobisphenol-A or the
      chloroformate of tribromophenol (a chain stopper) all used together with
      phosgene, and the like. In all cases, phosgene is the preferred reactant
      for the dihydric phenols.
PAR  The halogenated dihydric phenols preferred for use in preparing the
      homopolymer of 2 to 20 units used in this invention may be of the formula
      ##SPC3##
PAL  wherein X.sup.1, X.sup.2, R.sup.1, R.sup.2, m and r are as above defined.
      In all cases (lower)-alkyl means straight and branched chain alkyl groups
      of from 1 to 6 carbon atoms. These dihydric phenols can be made in ways
      known to those skilled in the art, e.g., by the condensation of an
      unsubstituted or halogen substituted phenol and with the corresponding
      ketone, see, e.g., U.S. Pat. No. 2,468,982, then this is followed, if
      desired, by chlorination or bromination of the aromatic rings.
PAR  Illustrative of the dihydric phenols most useful in the preparation of the
      chain-stopped homopolymers of 2 to 20 units used in this invention are:
      2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane (i.e., tetrabromobisphenol-A);
      2,2-bis(3,5-dichloro-4-hydroxyphenyl)propane (i.e.,
      tetrachlorobisphenol-A); bis(2-bromo-4-hydroxyphenyl)methane;
      bis(2,6-dibromo-4-hydroxyphenyl)methane;
      1,2-bis(2,6-dibromo-4-hydroxyphenyl)ethane;
      1,1-bis(2-bromo-6-chloro-4-hydroxyphenyl)ethane;
      1,1-bis(3,5-dibromo-4-hydroxyphenyl)ethane;
      2,2-bis-(2,6-dibromo-4-hydroxyphenyl)pentane;
      3,3-bis(3,5-dibromo-4-hydroxyphenyl)hexane;
      bis(3,5-dibromo-4-hydroxyphenyl)phenylmethane;
      bis(3,5-dibromo-4-hydroxyphenyl) cyclohexylmethane;
      2,2-bis(4-hydroxy-2,3,5,6- tetrabromophenyl)propane;
      2,2-bis(4-hydroxy-2,3,5,6-tetrachlorophenyl)propane; and the like.
      Especially suitable and preferred is the commercially available compound
      tetrabromobisphenol-A.
PAR  Those skilled in the art will realize that a wide variety of chain stopper
      compounds can be used in the preparation of the components of from 2 to 20
      repeating units. In all cases, the chain-stopper will be monofunctional
      and reactive with the end groups of the repeating units. Usually the end
      groups will be reactive derivatives of a carbonate precursor, as defined
      above, so that any mono-functional compound capable of reacting with a
      carbonyl halide, a carbonate ester or a haloformate will suffice. Merely
      by way of illustration, there can be used organic monohydroxy compounds;
      as well as carboxylic acids or acid halides and many others. Particularly
      suitable are organic hydroxy compounds, such as alcohols, e.g., methanol,
      ethanol, decanol, and the like, and phenols. Particularly preferred as
      chain stopping compounds are organic phenols and especially preferred are
      chloro or bromo-substituted phenols. The latter chain stoppers give rise
      to chain stopped components for use in the present compositions which have
      terminal substituents of the formulae:
      ##SPC4##
PAL  wherein X.sup.3 and X.sup.4 are bromo or chloro and p and q are each from 1
      to 5. The respective phenols can be made in procedures well known to those
      skilled in the art. Illustrative of such phenols are 2-, 3-, 4-bromophenol
      and their chloro-analogs; 2,3-, 2,4-, 2,5-, 2,6-, 3,5- and
      3,4-dibromophenol and their chloro-analogs; 2,3,5- and
      2,4,6-tribromophenol and their chloro-analogs; 2,3,4,6- and
      2,3,4,5-tetrabromophenol and their chloro-analogs; and
      2,3,4-5,6-pentabromophenol and its chloro-analog. Chloro-bromo compounds
      can also be used. Especially suitable chain stopping compounds are the
      trihalogenated phenols and especially preferred is 2,4,6-tribromophenol.
PAR  The chain-stopper polymers of carbonates of halogenated dihydric phenols
      having an average of about 2 to 20 units in the chain are prepared by
      reacting a carbonate precursor with a mixture of the dihydric phenol and
      the chain stopper preferably in an inert solvent, and in the presence of
      an acid acceptor, until condensation is complete. It is necessary to use
      at least the stoichiometric amount of the carbonate precursor, and
      preferably an excess. Under such conditions, the ratio of the dihydric
      phenol to the monofunctional chain stopper will control the number of
      repeating dihydric phenol-carbonate units in the chain. If 2 moles of
      dihydric phenol and 2 moles of chain stopper are used, for example, the
      average number of repeating units, or n, as above defined, will be 2 and
      the product will have a relatively lower softening point. If, on the other
      hand, 10 or 20 moles of dihydric phenol and 2 moles of chain stopper are
      used, the average number of repeating units, n, will be about 10 or 20, as
      the case may be. It is preferred that the average number of repeating
      units, n, will be between 3 and 7 and especially preferred that they be of
      about 5. Accordingly, the molar ratio of dihydric phenol to chain stopper
      will preferably range from 3-7 to 2, and especially perferably, it will be
      about 5 to 2. If the product comprises a poly(tetrabromobisphenol-A
      carbonate), chain-stopped with 2,4,6-tribromophenol, such preferred ranges
      of repeating units will provide very useful softening points, e.g., from
      230.degree. to 260.degree.C. and from 230.degree. to 240.degree.C.,
      respectively. Such compounds will have a high bromine content, i.e.,
      56-59% and an average molecular weight of about 3000 to 3500.
PAR  Used in combination with the homopolymer containing from 2 to 20 repeating
      units or, in another embodiment, with the aromatic carbonate copolymer, is
      an aromatic carbonate homopolymer having an average number of repeating
      units of at least about 100, e.g., from about 100 to about 400, or more.
      Certain of such polycarbonate resins are commercially available; all of
      them may be prepared by reacting a dihydric phenol free of halogen
      substitution with a carbonate precursor such as phosgene, a haloformate or
      a carbonate ester. Generally speaking, the resulting carbonate polymers
      may be typified as possessing recurring structural units of the formula:
      ##EQU2##
      where A is a divalent aromatic radical of the dihydric phenol employed in
      the polymer producing reaction. Preferably, the polycarbonate homopolymer
      resins used with the halogen-containing aromatic carbonate homo-or
      co-polymers to provide the flame-resistant compositions of this invention
      will have intrinsic viscosities ranging from about 0.35 to about 0.75, as
      measured in p-dioxane at about 30.degree.C. Broadly, the dihydric phenols
      which may be employed to provide such aromatic carbonate homopolymers are
      mononuclear or polynuclear aromatic compounds, containing as functional
      groups, two hydroxyl radicals, each of which is attached directly to a
      carbon atom of an aromatic nucleus. Typical dihydric phenols are
      2,2-bis(4-hydroxyphenyl)propane; hydroquinone; resorcinol;
      2,2-bis(4-hydroxyphenyl)pentane; 2,4'-dihydroxydiphenyl methane;
      bis(2-hydroxyphenyl)methane; bis(4-hydroxyphenyl)methane;
      bis(4-hydroxy-5-nitrophenyl)methane; 1,1-bis(4-hydroxyphenyl)ethane;
      3,3-bis(4-hydroxyphenyl)pentane; 2,2'-dihydroxydiphenyl; 2,6-dihydroxy
      naphthalene; bis(4-hydroxyphenyl)sulfone; 2,2'-dihydroxydiphenyl sulfone;
      4,4'-dihydroxydiphenyl ether; and 4,4'-dihydroxy-2,5-diethoxydiphenyl
      ether. A variety of additional dihydric phenols free of halogen
      substitution which may be employed to provide such carbonate polymers are
      disclosed in Goldberg, U.S. Pat. No. 2,999,835. It is, of course, possible
      to employ two or more different dihydric phenols or, as stated above, a
      dihydric phenol in combination with a glycol, a hydroxy or acid-terminated
      polyester, or a dibasic acid in the event a carbonate copolymer rather
      than a homopolymer is desired for use in combination with the
      chain-stopped homopolymer in the preparation of the flame-resistant
      polyester compositions of this invention.
PAR  In one convenient manner of preparing the aromatic carbonate polymers of
      this invention, the dihydric phenol, alone, or mixed with a glycol or
      dicarboxylic acid or, if used, a chain stopping compound, at the
      preselected molar ratio, can be added to a well stirred solution of an
      amine, e.g., triethylamine or pyrridine, in a solvent, such as methylene
      chloride. Then phosgene gas is introduced into the reaction mixture until
      an excess is present. A suitable temperature is about 30.degree. to
      60.degree.C. and only a short reaction time, e.g., less than 1 hour is
      needed. The product is recovered, for example, by washing the reaction
      mixture with water, dilute acid and more water, then pouring the mixture
      into a large excess of a non-solvent for the polymer, e.g., methanol. The
      precipitated material can be recovered and dried by conventional methods.
      Another procedure is to carry out the reaction in a two phase aqueous
      organic solvent system, e.g., water-methylene chloride, in the presence of
      a base, such as an alkali metal hydroxide.
PAR  The amount of aromatic carbonate copolymer or homopolymer, or mixture
      thereof, used as a flame-retardant component (b) is not critical to the
      invention, so long as it is present in a minor proportion based on said
      compositions--major proportions are uneconomical and may detract from the
      desired polyester-derived advantages, such as structural integrity,
      appearance, and the like. However, at least an amount sufficient to render
      the foamable polyester resin flame retardant, non-burning or
      self-extinguishing will be used, as the case may be. Those skilled in the
      art are well aware that the amount of component (b) will vary with the
      nature of the flammable polyester resin and the relative efficiency of the
      additive and whether or not a synergist is also present. In general,
      however, the amount of additive will be from 0.5 to 50 parts by weight per
      100 parts by weight of the resinous components, with the lesser amounts
      providing flame retardancy, and the higher amounts being used for
      self-extinguishing properties. A preferred range for those compositions
      based on the aromatic carbonate copolymer will be from about 15 to about
      50 parts and an especially preferred range will be from about 20 to about
      40 parts of additive per 100 parts of total resinous components in the
      composition. A preferred range for those compositions emphasizing the
      chain-stopped aromatic carbonate homopolymer in combination with the
      aromatic carbonate homopolymer with at least 100 repeating units is from
      about 15 to about 50 parts by weight (10 to 25 parts of "chain-stopped"
      and 5 to 25 parts of "&gt;100 repeating units") and especially preferably 15
      to  30 (10 to 15 parts of chain-stopped and 5 to 15 parts of &gt;100
      repeating units) of the combination per 100 parts by weight of the total
      resinous components in the composition. With respect to the combination it
      is preferred that the aromatic carbonate homopolymer of from about 2 to
      about 20 repeating units comprise from 30 to 70 wt.% and said aromatic
      carbonate homopolymer of at least about 100 repeating units comprise from
      70 to 30 wt. % of the combination, and, especially preferably, from 35 to
      55 wt.% and from 65 to 45 wt.%, respectively. The amount of antimony
      compound can vary over a fairly wide range, but, in general, there is used
      from about 0.5 to about 20 parts by weight, expressed as antimony oxide,
      per 100 parts of combined resinous components in the composition, and
      preferably from about 1 to about 12 parts by weight of antimony oxide. In
      those embodiments using aromatic carbonate copolymers alone or in
      combination with an aromatic carbonate homopolymer, the amount of antimony
      compound will preferably range from 2 to 10 and especially preferably from
      3 to 7 parts by weight, per 100 parts by weight of the resinous components
      in the composition. In the embodiments using chain-stopped aromatic
      carbonate homopolymers in combination with an aromatic carbonate having at
      least 100 repeating units, the amount of antimony compound will preferably
      range from about 2 to about 10 and especially preferably from about 3 to
      about 7 parts by weight, per 100 parts by weight of the resinous
      components in the composition. Corresponding molar equivalent amounts of
      the other antimony compounds can be used. In the combinations of antimony
      and the aromatic carbonate homopolymers and copolymers contemplated by the
      invention, the weight ratio in the combination can vary widely, but it is
      preferred to use from about 0.1 to 1.0 parts of antimony compound for each
      1.0 part by weight of the total amount of halogenated carbonate in the
      composition.
PAR  It is also regarded to be among the features of this invention to include
      in the foamable compositions, other ingredients, such as fillers,
      pigments, stabilizers, and the like, in conventional amounts for their
      conventionally employed purposes.
PAR  The manner of adding the flame-retardant additives to the polyester resin
      is not critical; is conventional; and will be obvious to those skilled in
      the art. Preferably, however, each ingredient is added as part of a blend
      premix and the latter is mixed, e.g., by passage through an extruder, or
      by fluxing on a mill, at a temperature dependent on the needs of the
      particular compositions. The mixed composition can be cooled and cut up
      into molding granules and foamed by extrusion into any desired shape.
      Typical foaming techniques will be illustrated hereinafter.
PAR  The foamable compositions of the invention may also include fullers or
      reinforcing fillers, such as aluminum, iron or nickel, and the like and
      nonmetals, such as carbon filaments, silicates, such as acicular calcium
      silicate, asbestos, titanium dioxide, potassium titanate and titanate
      whiskers, glass flakes and fibers and mixtures thereof. It is also to be
      understood that, unless the filler adds to the strength and stiffness of
      the composition, it is only a filler and not a reinforcing filler, as
      contemplated herein. In particular, the reinforcing fillers increase the
      flexural strength, the flexural modulus, the tensile strength and the heat
      distortion temperature.
PAR  Although it is only necessary to have at least a reinforcing amount of the
      reinforcement present, in general, the reinforcing filler may comprise
      from about 5 to about 60 parts by weight of the total composition.
PAR  In particular, the preferred reinforcing fillers are of glass, and it is
      preferred to use fibrous glass filaments comprised of lime-aluminum
      borosilicate glass that is relatively soda free. This is known as "E"
      glass. However, other glasses are useful where electrical properties are
      not so important, e.g., the low soda glass known as "C" glass. The
      filaments are made by standard processes, e.g., by stream or air blowing,
      flame blowing and mechanical pulling. The preferred filaments for
      reinforcement are made by mechanical pulling. The filament diameters range
      from about 0.003 to 0.009 inch, but this is not critical to the present
      invention.
PAR  In general, best properties will be obtained if the sized filamentous glass
      reinforcement comprises from about 5 to about 60% by weight based on the
      combined weight of glass and polyester and preferably from about 10 to
      about 50% by weight. Especially, preferably the glass will comprise from
      about 10 to about 40% by weight based on the combined weight of glass and
      polyester.
PAR  It has been found that below 5% by weight of glass, the physical properties
      of the glass-filled compositions are greatly inferior. Generally, for
      direct molding use, up to about 60% of glass can be present without
      causing flow problems. However, it is useful also to prepare the
      compositions containing substantially greater quantities, e.g., up to
      70-80% by weight of glass. These concentrates can then be custom blended
      with blends of polyester that are not glass reinforced to provide any
      desired glass content of a lower value.
PAR  In preparing the present compositions, it is convenient to use the
      filamentous glass in the form of chopped strands of from about one-eighth
      inch to about 1 inch long, preferably less than one-fourth inch long. In
      structures foamed from the compositions, on the other hand, even shorter
      lengths will be encountered because, during compounding, considerable
      fragmentation will occur.
PAR  The foaming agents of the present invention can be selected from chemicals
      containing decomposable groups such as azo, N-nitroso, carboxylate,
      carbonate, hererocyclic nitrogen containing and sulfonyl hydrazide groups.
      Representative compounds include azodicarbonamide, dinitrosopentamethylene
      tetramine, p,p'-oxy-bis-(benzenesulfonyl)-hydrazide, benzene-1,3
      disulfonyl hydrazide, azo-bis-(-isobutyionitrile), biuret and urea. The
      foaming agent can also consist of normally gaseous foaming agents such as
      gaseous fluorocarbons as well as gases such as nitrogen, carbon dioxide,
      air, helium, argon and krypton. Volatile liquid foaming agents such as
      pentane, and liquid fluorocarbons may also be employed in the foaming of
      the polymer. The foaming agent may be added to the polymer in several
      different ways which are known to those skilled in the art, for example,
      by adding liquid or gaseous agents directly to the resin in the extruder
      while the resin is in the molten state to obtain uniform dispersal of the
      agent in the molten plastic. The temperature and pressures to which the
      foamable composition of the invention are subjected to provide a foamed
      polyester will vary within a wide range, depending upon the amount and
      type of foaming agent that is used. Preferably, from about 0.02 to about
      2.0 weight percent of the foaming agent based on weight of the resin is
      used. However, higher amounts of foaming agent are within the scope of
      this invention. The preferred foaming agents are dinitrosopentamethylene
      tetramine, p-toluene sulfonyl semicarbazide, 5-phenyl-tetrazole, calcium
      oxalate and trihydrazino-s-triazine.
PAR  The polyester resin may be prepared by any of the well known methods
      outlined above. The filler may be blended with the resin at room
      temperature. The blend consisting of the polyester resin and the filler is
      fed into an extruder at a temperature of 440.degree. to about
      550.degree.F. The extrudate is then comminuted into pellets or other
      suitable shapes. If a decomposable chemical foaming agent is used, it can
      be dry tumbled with the resin. This mixture is then fed into a
      conventional molding machine. The molding temperature may be from about
      440.degree. to about 580.degree.F. with the mold temperature being from
      about 100.degree. to 250.degree.F., preferably from about 140.degree. to
      about 200.degree.F. The resulting foam molded product is produced.
PAR  If the foaming agent is a liquid or gaseous agent, it may be added directly
      to the molten resin to obtain uniform dispersal of the agent in the molten
      resin and thereafter may be injected into a mold to produce a foam molded
      product.
PAR  The foamable composition may be handled in any conventional manner empolyed
      for the fabrication or manipulation of polyesters such as low and
      high-pressure injection molding to form products of any desired shape.
PAC  PREPARATION OF COMPONENTS FOR THE PREFERRED EMBODIMENTS
PAR  The following procedures illustrate methods useful to prepare certain
      components used in the illustrative examples.
PAC  PROCEDURE A
PAC  35:65 Aromatic Carbonate Copolymer of Tetrabromobisphenol-A and Bisphenol-A
PAR  Tetrabromobisphenol-A, 13.3 g., 0.024 moles, and 10.4 g. of bisphenol-A,
      0.046 moles, are added to a well-stirred solution of 10.5 g. of pyridine,
      0.13 moles, in enough methylene chloride to give 100 ml. of total solution
      volume. To the reaction vessel, fitted with a reflux condenser and a
      thermometer, 5.94 g. of phosgene gas, 0.06 moles, is added at the rate of
      1.0 g. per minute through a dip tube below the surface of the solution.
      The temperature is allowed to rise to 39.degree.C. and the methylene
      chloride refluxes. After addition of the phosgene is complete, stirring is
      maintained for about 15 minutes. The reaction solution is then washed with
      water, dilute HCl, and twice more with water to remove the pyridine, then
      poured into excess methanol, to precipitate the product. The product is
      filtered, washed with methanol and air-dried in an oven at 75.degree. to
      80.degree.C.; intrinsic viscosity about 0.4 deciliters per gram, measured
      in dioxane at 30.degree.C.
PAR  By the same procedure, substituting tetrachlorobisphenol-A for
      tetrabromobisphenol-A, there will be obtained the corresponding copolymer
      with 35 wt.% of chloro-substituted dihydric phenol units. Obviously,
      variations in the ratios of dihydric phenol starting materials will
      provide pre-selected ratios of repeating units in the aromatic carbonate
      copolymer product.
PAC  PROCEDURE B
PAC  Aromatic Carbonate Homopolymer of Bisphenol-A
PAR  Procedure A is repeated, using instead of the mixture of
      tetrabromobisphenol-A and bisphenol-A, 16.0 g. of bisphenol-A, 0.07 moles,
      alone. After drying, the product has an intrinsic viscosity of about 0.6
      deciliters per gram. The average number of repeating dihydric phenol units
      is above 100.
PAC  PROCEDURE C
PAC  Aromatic Carbonate Homopolymer of Tetrabromobisphenol-A Having About 5
      Repeating Units
PAR  Procedure A is repeated, using 27.2, 0.05 moles, of tetrabromobisphenol-A
      and, instead of bisphenol-A, 6.62 g. of tribromophenol, 0.02 moles, as a
      chain-stopper. After drying there is obtained a 90% yield of a low
      molecular weight brominated polycarbonate terminated with tribromophenoxy
      units, which softens at about 230.degree.C., and contains 57.2% by weight
      of bromine. The average number of repeating units is about 5.
PAR  If methanol, phenol and 2,4,6-tribromophenol are substituted for the
      tribromophenol, there are obtained the corresponding polycarbonates
      terminated with methoxy, phenoxy and trichlorophenoxy groups. If
      tetrachlorobisphenol-A is substituted for tetrabromobisphenol-A, the
      corresponding homopolymer having about 5 repeating chloro-substituted
      dihydric phenol units per molecule is obtained. If the molar ratio of the
      dihydric phenol to chain-stopper is changed from 5:2, respectively to 2:2,
      10:2 and 20:2, the average number of repeating units in the product is,
      correspondingly, about 2, about 10 and about 20.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Examples 1-10  describe the preparation of foamable compositions useable to
      the practice of the invention. Examples 11 and 12 relate to foamed
      compositions.
PAC  EXAMPLE 1
PAR  In a 1-inch Wayne extruder operated at 470.degree.F., are blended 65 parts
      by weight of poly(1,4-butylene terephthalate), intrinsic viscosity 1.03
      dl./g., 30 parts by weight of a 35:65 aromatic carbonate copolymer of
      tetrabromobisphenol-A, and bisphenol-A, intrinsic viscosity about 0.4
      dl./g., and 5 parts by weight of antimony oxide. The blended composition
      is injection molded in a 3 oz. Van Dorn machine at 485.degree.F. into test
      pieces which are subjected to physical and flame retardancy measurements.
      The test pieces are self-extinguishing within 5 seconds after two
      10-second ignitions by an open flame, with no flaming dripping and a
      maximum of 10 seconds after-glowing (Rating SE-O, Underwriter's Bulletin
      94 Flame Test, method described in Modern Plastics Encyclopedia Vol. 50,
      No. 10A, P. 665A. The Oxygen Index is 29.0% (ASTM D-2863). By ASTM D-1708,
      tensile strength is 8830 psi. and elongation at break is 18%. The Izod
      impact strength is 0.7 ft.-lbs./in. (ASTM D-256) and the ductile impact
      strength is 350 inch-pounds by the Gardner falling dart method, one-eighth
      one-eigth inch in thickness.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is repeated, the composition in this instance
      comprising 68 parts by weight of poly(1,4-butylene terephthalate), 26
      parts by weight of the 35:65 aromatic carbonate copolymer of
      tetrabromobisphenol-A and bisphenol-A and 6 parts by weight of antimony
      oxide. The test pieces are self-extinguishing within 5 seconds after two
      10-second ignitions by an open flame, with no flaming dripping and a
      maximum of 10 seconds after-glowing (SE-O). The Oxygen Index is 29.5%. The
      tensile strength is 8640 psi. and elongation to break is 23 %. Notched
      Izod impact strength is 0.7 ft.-lbs./in. and the Gardner ductile impact
      strength is 350 in.-lbs.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is repeated, the composition in this instance
      comprising 70 parts by weight of poly1,4-butylene terephthalate), 26 parts
      by weight of the 35:65 aromatic carbonate copolymer of
      tetrabromobisphenol-A and bisphenol-A and 4 parts by weight of antimony
      oxide. The test pieces are self-extinguishing within 25 seconds after two
      10-second ignitions by an open flame, with release of flaming particles
      that burn only briefly during the test (Rating SE-2, Underwriter's
      Laboratories Bulletin 94 Flame Test) and the Oxygen Index is 27.0%. The
      tensile strength is 9360 psi. and elongation at break is 30%. Notched Izod
      impact strength is 0.7 ft.-lbs./in. and the Gardner ductile impact
      strength is 350 in.-lbs.
PAR  For comparison purposes, a flame retardant polyester composition is
      rendered flame retardant with a known halogen-containing agent, the U. L.
      Bulletin 94 rating being SE-2.
PAR  Control Composition A comprises a combination of poly1,4-butylene
      terephthalate) and a low molecular weight, chain-stopped, highly
      brominated tetrabromobisphenol-A - phosgene polymerization product
      (Procedure C, above) and antimony oxide. The results obtained in
      flammability and physical testing combined with those of Examples 1-3 are
      set forth in Table 1:
TBL                Table 1                                                     
     ______________________________________                                    
     Flammability Data and Physical Properties of Flame Retardant              
     Compositions of Polyesters and Aromatic Polycarbonates                    
     Example           A*      1       2     3                                 
     ______________________________________                                    
     Components (parts by weight)                                              
      poly(1,4-butylene tereph-                                                
      thalate)         84      65      68    70                                
      35:65 aromatic carbonate co-                                             
      polymer of TBBPA and BPA**                                               
                       --      30      26    26                                
      aromatic carbonate homopoly-                                             
      mer of TBBPA (5 units)                                                   
                       13      --      --    --                                
      antimony oxide    3       5       6     4                                
     Physical Properties                                                       
      Tensile strength, psi.                                                   
                       8900    8830    8640  9360                              
      Elongation, ult.%                                                        
                       99      18      23    30                                
      Notched Izod impact                                                      
      strength, ft.-lbs./in.                                                   
                        0.5     0.7     0.7   0.7                              
      Gardner impact, in.-lbs.                                                 
                       35       350     350   350                              
     Flammability Properties                                                   
      Oxygen Index, %  26      29.0    29.5  27.0                              
      U.L. Bulletin 94, 1/16"                                                  
      flame bar***     SE-2    SE-0    SE-0  SE-2                              
     ______________________________________                                    
       *Control                                                                
       **TBBPA -- Tetrabromobisphenol-A; BPA -- bisphenol-A                    
      ***SE-O, self-extinguishes within 5 sec. (avg.), no flaming dripping;    
      SE-2, self-extinguishes within 25 sec. (avg.), but releases flaming drips
PAR  It should be noted that Control A has extremely low ductile impact strength
      in comparison with the compositions of Examples 1-3.  Although the
      elongations of Examples 1-3  are lower than the control, the Izod impact
      strength is also significantly higher and, in fact, is equivalent to that
      of the unmodified normally-flammable polyester. The Gardner ductile impact
      strengths of the compositions of Examples 1-3  are also very close to
      those of the unmodified polyester component. Each of the above-mentioned
      superior physical properties relates to a different form of toughness,
      i.e., the Izod test measures the ability to resist shock loading whereas
      the Gardner test measures ductile instead of brittle failure. Thus the
      compositions of Examples 1-3  provide workpieces which combine flame
      retardancy with resistance to both brittle and ductile impact failures.
PAC  EXAMPLE 4
PAR  In a 1 inch Wayne extruder operated at 460.degree.F. are blended 75.5 parts
      by weight of poly(1,4-butylene terephthalate), intrinsic viscosity 0.92
      dl./g., 8.0 parts by weight of an aromatic carbonate homopolymer of
      bisphenol-A, intrinsic viscosity, 0.52 dl./g., 13.0 parts by weight of an
      aromatic carbonate homopolymer of tetrabromobisphenol-A, having an average
      of 5 repeating units (Procedure C), and 3.5 parts by weight of antimony
      oxide. The blended composition is injection molded in a 3 oz. Van Dorn
      machine at 485.degree.F. into test pieces which are subjected to physical
      and flame retardancy measurements. The test pieces are self-extinguishing
      within 5 seconds after two 10-second ignitions by an open flame with no
      flaming dripping and a maximum of 10-seconds after-glowing (Rating SE-O,
      Underwriters's Laboratories Bulletin 94 Flame Test, Modern Plastics,
      October, 1970, p. 92-98). The Oxygen Index is 28.0% (ASTM D-2863). By ASTM
      D-1708, tensile strength is 8790 psi. and elongation at break is 120%. The
      Izod impact strength is 0.5 ft.-lbs./in. (ASTM D-256) and the ductile
      impact strength is 168 in.-lbs. by the Gardner falling dart method, sample
      one-eighth in. in thickness.
PAC  EXAMPLES 5 and 6
PAR  The procedure of Example 4 is repeated substituting 73.9 and 71.5 parts by
      weight of the polyester, 9.9 and 12.0 parts by weight of the aromatic
      carbonate homopolymer of bisphenol-A, 13.0 parts by weight of the aromatic
      carbonate homopolymer of tetrabromobisphenol-A (5 repeating units) and 3.4
      and 3.5 parts by weight of the antimony oxide.
PAR  For comparison purposes, Control Composition B is prepared, omitting the
      aromatic carbonate homopolymer of bisphenol-A. Control Composition B
      comprises 83.5 parts by weight of poly1,4-butylene terephthalate), 13.0
      parts by weight of the aromatic carbonate homopolymer of
      tetrabromobisphenol-A (5 repeating units) and 3.5 parts by weight of
      antimony oxide.
PAR  The results obtained in flammability and physical testing combined with
      those of Example 1 are set forth in Table 2:
TBL                Table 2                                                     
     ______________________________________                                    
     Flammability Data and Physical Properties of Flame                        
     Retardant Compositions of Polyesters and Aromatic                         
     Polycarbonates                                                            
     Example           B*      4       5     6                                 
     ______________________________________                                    
     Components (parts by weight)                                              
     poly(1,4-butylene terephtha-                                              
     late)             83.5    75.5    73.9  71.5                              
     aromatic carbonate homopolymer                                            
     of BPA**          --       8.0     9.9  12.0                              
     aromatic carbonate homopolymer                                            
     of TBBPA (5 units)                                                        
                       13.0    13.0    13.0  13.0                              
     antimony oxide     3.5     3.5     3.5   3.5                              
     Physical Properties                                                       
     Tensile strength, psi                                                     
                       8760    8970    9310  8850                              
     Elongation, ult. %                                                        
                       50       120     107   134                              
     Notched Izod impact strength,                                             
     ft.-lbs./in.       0.5     0.5     0.5   0.5                              
     Gardner impact, in.-lbs.                                                  
                       72       168     216   112                              
     Flammability Properties                                                   
     Oxygen Index, %   27.0    28.0    27.0  28.0                              
     U.L. Bulletin 94, 1/16 " ***                                              
                       SE-0    SE-0    SE-2  SE-0                              
     ______________________________________                                    
       *Control                                                                
        **BPA -- bisphenol-A; TBBPA -- tetrabromobisphenol-A                   
      ***SE-0, self-extinguishes within 5 sec. (avg.), no flaming dripping;    
      SE-2, self-extinguishes within 25 sec. (avg.), but releases flaming drips
                                                                               
PAR  It should be noted that Control B has lower ductile impact strength in
      comparison with the compositions of Examples 4-6  and very much lower
      elongation. Thus these important toughness parameters are not seriously
      adversely affected in the flame retardant compositions according to this
      invention.
PAC  EXAMPLE 7
PAR  In a 21/2 inch Prodex extruder operated at 460.degree.F. are blended 74.0
      parts by weight of poly(1,4-butylene terephthalate), intrinsic viscosity,
      1.10 dl./g., 10 parts by weight of an aromatic carbonate homopolymer of
      bisphenol-A, 0.62 dl./g., 13.0 parts by weight of an aromatic carbonate
      homopolymer of tetrabromobisphenol-A, having an average of 5 repeating
      units (Procedure C), and 3.0 parts by weight of antimony oxide. The
      blended composition is injection molded in a 3 oz. Van Dorn machine at
      490.degree.F. into test pieces which are self-extinguishing within 25
      seconds after two 10-second ignitions, and which drip flaming particles
      (Rating SE-2, Underwriter's Bulletin 94 Flame Test). The Oxygen Index is
      27.0% (ASTM D-2863). By ASTM D-1708, tensile strength is 9240 psi. and
      elongation at break is 102%. The Izod impact strength is 0.5 (ASTM D-256)
      and the ductile impact strength is 160 in.-lbs. by the Gardner falling
      dart method, sample one-eighth in. in thickness.
PAC  EXAMPLES 8 and 9
PAR  The procedure of Example 7 is repeated, substituting for the aromatic
      carbonate homopolymer of bisphenol-A, of intrinsic viscosity 0.62,
      corresponding amounts of the same polymer having intrinsic viscosities,
      respectively, of 0.52 and 0.45.
PAR  For comparison purposes, Control Composition C is prepared, omitting the
      aromatic carbonate homopolymer of bisphenol-A. Control Composition C
      comprises 84.0 parts by weight of poly(1,4-butylene terephthalate), 13.0
      parts by weight of the aromatic carbonate homopolymer of
      tetrabromobisphenol-A (5 repeating units) and 3.0 parts by weight of
      antimony oxide.
PAR  The results obtained in flammability and physical testing combined with
      those of Example 7 are set forth in Table 3:
TBL                Table 3                                                     
     ______________________________________                                    
     Flammability Data and Physical Properties of Flame                        
     Retardant Compositions of Polyesters and Aromatic                         
     Polycarbonates.                                                           
     Examples          C*      7       8     9                                 
     ______________________________________                                    
     Components (parts by weight)                                              
     poly(1,4-butylene terephtha-                                              
     late)             84.0    74.0    74.0  74.0                              
     aromatic carbonate homopolymer                                            
     of BPA            --      10.0    10.0  10.0                              
     aromatic carbonate homopolymer                                            
     of TBBPA (5 units)                                                        
                       13.0    13.0    13.0  13.0                              
     antimony oxide     3.0     3.0     3.0   3.0                              
     Physical Properties                                                       
     Tensile strength, psi.                                                    
                       8900    9240    8920  9170                              
     Elongation, ult. %                                                        
                       99       102     222  94                                
     Notched Izod impact strength                                              
     ft.-lbs./in.       0.5     0.5     0.5   0.5                              
     Gardner impact, in-lbs.                                                   
                       35       160     320   320                              
     Flammability Properties                                                   
     Oxygen Index, %   26.0    27.0    27.0  27.5                              
     U.L. Bulletin 94, 1/16"                                                   
                       SE-2    SE-2    SE-2  SE-0                              
     ______________________________________                                    
      *Control                                                                 
PAR  It should be noted that Control C has very low ductile impact strength
      (Gardner) in comparison with the compositions of Examples 7-9.
PAC  EXAMPLE 10
PAR  The procedure of Example 1 is repeated, the composition in this instance
      comprising 59 parts by weight of poly(1,4-butylene terephthalate),
      intrinsic viscosity 1.1 dl./g., 10 parts by weight of an aromatic
      carbonate homopolymer of bisphenol-A, 26 parts by weight of the 35:65
      aromatic carbonate copolymer of tetrabromobisphenol-A and bisphenol-A and
      5 parts by weight of antimony oxide. The test pieces are
      self-extinguishing within 5 seconds after two 10-second ignitions by an
      open flame, with no flaming dripping and a maximum of 10 seconds
      after-glowing (SE-O). The Oxygen Index is 29.0%. The tensile strength is
      8000 psi. and elongation to break is 30%. Notched Izod impact strength is
      0.7 ft.lbs./in., and the Gardner ductile impact strength is 200 in.-lbs.
PAR  For comparison purposes, two compositions are made in which, respectively,
      the synergist, antimony oxide, and the aromatic carbonate are omitted. The
      results obtained in flammability and physical testing combined with those
      of Example 10 and set forth in Table 4:
TBL                Table 4                                                     
     ______________________________________                                    
     Flammability Data and Physical Properties of Compositions                 
     of Polyesters and Aromatic Polycarbonates                                 
     Examples             10      D*      E*                                   
     ______________________________________                                    
     Components (parts by weight)                                              
     poly(1,4-butylene terephthalate)                                          
                          59      74      95                                   
     aromatic carbonate homopolymer                                            
     of BPA               10      --      --                                   
     35:65 aromatic carbonate copolymer                                        
     of TBBA and BPA**    26      26      --                                   
     antimony oxide        5      --       5                                   
     Physical Properties                                                       
     Tensile strength, psi.                                                    
                          8000    8000    8300                                 
     Elongation, ult. %   30      35      60                                   
     Notched Izod impact strength                                              
     ft.-lbs./in.          0.7     0.6     0.5                                 
     Gardner impact, in.-lbs.                                                  
                           200     200     150                                 
     Flammability Properties                                                   
     Oxygen Index, %      29.0    24.0    22.5                                 
     U.L. Bulletin 94, 1/16" flame                                             
     bar***               SE-0    fails   fails                                
     ______________________________________                                    
       *Control                                                                
       **TBBPA -- tetrabromobisphenol-A; BPA -- bisphenol-A                    
      ***SE-0, self-extinguishes within 5 sec. (avg.), no flaming dripping.    
PAR  It should be noted that both Controls D and E are not flame retardant to
      the extent that they meet the stringent requirements of the Bulletin 94
      flame test. The Notched Izod impact strength of the flame retardant
      composition of Example 10 is higher than those of the controls and the
      Gardner ductile impact strength is equal to or higher than the controls.
      Inspection of the tensile/elongation data reveal that these important
      properties are retained within commercially acceptable levels if the
      teachings herein are followed.
PAR  In all of the compositions of Examples 4-10, the aromatic carbonate polymer
      of bisphenol-A has an average number of repeating units of at least 100.
      With respect to the particular examples, the aromatic carbonate
      homopolymer about 5 units comprises about 38% in Example 4; 43% in Example
      5; 48% in Example 6 and 43% in Examples 7-9 of the total weight of the
      combination with the aromatic carbonate homopolymer having at least 100
      units.
PAR  Flame retardant compositions according to this invention are provided if
      the following substitutions are made in the formulations of Examples 1-10.
PAR  For the poly(1,4-butylene terephthalate), substitute poly(ethylene
      terephthalate), intrinsic viscosity 1.0 dl./g.
PAR  For the aromatic carbonate copolymer of tetrabromobisphenol-A and
      bisphenol-A substitute a copolymer of 35 wt.% tetrachlorobisphenol-A and
      65 wt.% of bisphenol-A units; a copolymer of 35 wt.% of
      tetrabromobisphenol-A and 65 wt.% of propylene glycol units; or a
      copolymer of 35 wt.% of tetrabromobisphenol-A units and 65 wt.% of sebacic
      acid units.
PAR  For the aromatic carbonate homopolymer of tetrabromobisphenol-A having
      about 5 repeating units, substitute one having, respectively, about 2 and
      about 10 repeating units; or substitute an aromatic carbonate homopolymer
      of tetrachlorobisphenol-A having about 5 repeating units.
PAR  In the compositions of Examples 1 to 10, substitute for the antimony oxide
      stoichiometrical amounts of triphenyl antimony or Sb(OCH.sub.2 CH.sub.3).
PAC  EXAMPLES 11-12
PAR  Foamed poly(1,4-butylene terephthalate) composition were prepared having
      the composition noted below:
TBL  Example             F*   11    12                                         
     __________________________________________________________________________
     poly(1,4-butylene terephthalate)                                          
                         49.9 49.9  49.9                                       
     50:50 aromatic carbonate copolymer                                        
      of TBBPA and BPA (IV 0.35 dl/g in.                                       
      CHCL.sub.3 at 30.degree.C).                                              
                         12.5 12.5  12.5                                       
     Glass fibers        33.0 33.0  33.0                                       
     Antimony oxide       4.8  4.8   4.8                                       
     Stabilizer**         0.2  0.2   0.2                                       
     Blowing agent        0   nitrogen                                         
                                     0.25***                                   
                              process                                          
     Physical Properties A    11    12                                         
     __________________________________________________________________________
     Tensile Strength, psi                                                     
                         17,700                                                
                              11,800                                           
                                    11,800                                     
     Elongation ultimate %                                                     
                          3    4     4                                         
     Heat Deflection temperature at                                            
      264 psi             415.degree.F                                         
                               380.degree.F                                    
                                    390.degree.F                               
     Notched Izod Impact, ft-lb/in                                             
                          1.8 Not   Not                                        
                              Applicable                                       
                                    Applicable                                 
     Specific Gravity    1.63 1.10  1.10                                       
     Flammability                                                              
     Oxygen Index        28.5 28.5  28.5                                       
     UL Standard 94, 1/4 inch thick                                            
      samples             94V-O                                                
                               94V-O                                           
                                    94V-O                                      
     __________________________________________________________________________
       *Control                                                                
       **0.15% Irganox 1093 (Ciba-Geigy), 0.05% Ferro 904 (Ferro Chemicals)    
      ***Expandex OX-5PT (National Polychemicals Division of Staphan Chemicals)
PAR  Although the above examples have shown various modifications of the present
      invention, other variations are possible in the light of the above
      teachings. It is therefore to be understood that changes may be made in
      the particular embodiments of the invention described which are within the
      full intended scope of the invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A flame retardant composition comprising from 90 to 10 parts by weight
      of a resinous composition which comprises:
PA1  a. a normally flammable high molecular weight polyester and a
      flame-retardant amount of from 0.5 to 50 parts by weight per 100 parts by
      weight of the resinous components of
PA1  b.
PA2  i. an aromatic carbonate copolymer in which from 25 to 75 wt.% of the
      repeating units comprise chloro- or bromo-substituted dihydric phenol
      units and the remainder of the repeating units comprise dihydric phenol,
      glycol or dicarboxylic acid units;
PA2  ii. an aromatic carbonate homopolymer in which the repeating units comprise
      chloro- or bromo-substituted dihydric phenol units in combination with an
      aromatic carbonate homopolymer comprising dihydric phenol units; or
PA2  iii. a combination of (i) with an aromatic carbonate homopolymer comprising
      dihydric phenol units, in combination with
PA1  c. about 0.5 to about 20 parts by weight per 100 parts of combined resinous
      components in the composition; an inorganic or organic antimony-containing
      compound; and
PA1  d. a foaming agent.
NUM  2.
PAR  2. A flame retardant composition as defined in claim 1 wherein said
      normally flammable polyester resin is a poly(alkylene terephthalate,
      isophthalate or mixed isophthalate-terephthalate), said alkylene groups
      containing from 2 to 10 carbon atoms.
NUM  3.
PAR  3. A flame retardant composition as defined in claim 2 wherein said
      normally flammable polyester resin is poly(1,4-butylene terephthalate).
NUM  4.
PAR  4. A flame retardant composition as defined in claim 1 wherein said
      aromatic carbonate copolymer or homopolymer is a reaction product of
      phosgene and a dihydric phenol.
NUM  5.
PAR  5. A flame retardant composition as defined in claim 1 wherein aromatic
      carbonate copolymer component (b) is one in which from 75 to 25 wt.% of
      the repeating units comprise tetrabromobisphenol-A units and from 25 to 75
      wt.% of the repeating units comprise bisphenol-A units.
NUM  6.
PAR  6. A flame retardant composition as defined in claim 1 wherein said
      antimony-containing compound is antimony oxide.
NUM  7.
PAR  7. A flame retardant composition as defined in claim 5 wherein, in said
      aromatic carbonate copolymer, about 35 wt.% of the repeating units
      comprise tetrabromobisphenol-A units and about 65 wt.% of the repeating
      units comprise bisphenol-A units, and wherein said copolymer has an
      intrinsic viscosity of from about 0.2 to about 0.7.
NUM  8.
PAR  8. A flame retardant thermoplastic composition comprising from 90 to 10
      parts by weight of a resinous composition which comprises:
PA1  a. a normally flammable high molecular weight poly(1,4-butylene
      terephthalate); and a flame retardant amount of from 0.5 to 50 parts by
      weight per 100 parts by weight of the resinous components of
PA1  b. an aromatic carbonate copolymer in which from 25 to 75 wt. % of the
      repeating units comprise tetrachlorobisphenol-A or tetrabromobisphenol-A
      units and from 25 to 75 wt. % of the repeating units comprise bisphenol-A
      units, and wherein said copolymer has an intrinsic viscosity of 0.2 to
      0.7, in combination with
PA1  c. about 0.5 to about 20 parts by weight per 100 parts by weight of
      combined resinous components of an organic or inorganic
      antimony-containing compound and
PA1  d. a foaming agent.
NUM  9.
PAR  9. A flame retardant thermoplastic composition as defined in claim 8
      wherein said component (b) contains repeating units of
      tetrabromobisphenol-A units and bisphenol-A units and comprises from about
      15 to about 50 parts by weight of the total resinous components in said
      composition.
NUM  10.
PAR  10. A flame retardant composition as defined in claim 8, wherein said
      antimony-containing compound is antimony oxide.
NUM  11.
PAR  11. A flame retardant composition as defined in claim 9 wherein said
      polyester component (a) comprises from about 50 to about 85 parts by
      weight; said aromatic carbonate copolymer component (b) comprises from
      about 15 to about 50 parts by weight; and said antimony compound comprises
      from about 2 to about 10 parts by weight, all parts being based on 100
      parts by weight of the total resinous components in the composition.
NUM  12.
PAR  12. A flame retardant composition as defined in claim 11 wherein said
      poly(1,4-butylene terephthalate) component (a) comprises from about 60 to
      about 80 parts by weight; in said aromatic carbonate copolymer component
      (b) about 35 wt.% of the repeating units comprise tetrabromobisphenol-A
      units and about 65 wt.% of bisphenol-A units, the amount of component (b)
      comprises from about 20 to about 40 parts by weight; and the antimony
      compound comprises antimony oxide, about 3 to 7 parts by weight, all parts
      being based on 100 parts by weight of the total resinous components in
      said composition.
NUM  13.
PAR  13. A flame retardant composition as defined in claim 1 wherein component
      (b) (ii) comprises in combination an aromatic carbonate homopolymer in
      which the repeating units comprise units of the formula
      ##SPC5##
PAL  wherein R.sup.1 and R.sup.2 are hydrogen, (lower) alkyl or phenyl, X.sup.1
      and X.sup.2 are bromo or chloro and m and r are from 1 to 4, the average
      number of repeating units being from about 2 to about 20 and an aromatic
      carbonate homopolymer comprising repeating units of the formula
      ##SPC6##
PAL  the average number of repeating units being at least 100.
NUM  14.
PAR  14. A flame retardant composition as defined in claim 13 wherein said
      antimony-containing compound is antimony oxide.
NUM  15.
PAR  15. A flame retardant composition as defined in claim 13 wherein the units
      in the homopolymer of from 2 to 20 repeating units are
      tetrabromobisphenol-A units and the units in the homopolymer of at least
      100 repeating units are bisphenol-A units.
NUM  16.
PAR  16. A flame retardant composition as defined in claim 13 wherein said
      aromatic carbonate homopolymer of from about 2 to about 20 repeating units
      comprises from 30 to 70 wt.% and said aromatic carbonate homopolymer of at
      least about 100 repeating units comprises from about 70 to about 30 wt.%
      of said combination.
NUM  17.
PAR  17. A flame retardant foamable composition comprising from 90 to 10 parts
      by weight of a resinous composition which comprises:
PA1  a. a normally flammable high molecular weight poly(1,4-butylene
      terephthalate); and a flame retardant amount of from 0.5 to 50 parts by
      weight per 100 parts of the resinous components of
PA1  b. an aromatic carbonate homopolymer in which the repeating units comprise
      tetrabromobisphenol-A units; the average number of repeating units being
      from about 2 to about 20, in combination with an aromatic carbonate
      homopolymer in which the repeating units comprise bisphenol-A units; the
      average number of repeating units being at least about 100, in combination
      with
PA1  c. an organic or inorganic antimony-containing compound; and
PA1  d. a blowing agent.
NUM  18.
PAR  18. A flame retardant composition as defined in claim 17, wherein said
      poly(1,4-butylene terephthalate) component (a) comprises from about 50 to
      about 85 parts by weight; said aromatic carbonate homopolymer of from
      about 2 to about 20 repeating units comprises from about 10 to about 25
      parts by weight; said aromatic carbonate homopolymer having at least about
      100 repeating units comprises from about 5 to about 25 parts by weight,
      and said antimony compound is antimony trioxide from about 2 to about 10
      parts by weight, all parts being based on 100 parts by weight of the total
      resinous components in said composition.
NUM  19.
PAR  19. A flame retardant composition as defined in claim 18 wherein said
      poly(1,4-butylene terephthalate) component (a) comprises from about 70 to
      about 85 parts by weight; said aromatic carbonate homopolymer of from
      about 2 to about 20 repeating units comprises from about 10 to about 15
      parts by weight; said aromatic carbonate homopolymer having at least about
      100 repeating units comprises from about 5 to about 15 parts by weight and
      said antimony oxide comprises from about 2 to about 7 parts by weight, all
      parts being based on 100 parts by weight of the total resinous components
      in said composition.
NUM  20.
PAR  20. A flame retardant composition as defined in claim 19 wherein from 35 to
      55 wt.% of said aromatic carbonate homopolymer having from about 2 to
      about 20 repeating units is combined with from 65 to 45 wt.% of said
      aromatic carbonate homopolymer having at least about 100 repeating units.
NUM  21.
PAR  21. A flame retardant foamable composition as defined in claim 17 wherein
      said foaming agent is selected from the group consisting of gaseous
      foaming agents and volatile liquid foaming agents.
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ABST
PAL  Novel polymeric derivatives of tetrazole-5-thiols and their metal and
      ammonium salts, and the preparation of such compounds which are useful as
      gelatin thickeners or in their production, are disclosed.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation-in-part of U.S. application Ser. No. 429,900 filed
      Jan. 2, 1974 and now abandoned.
BSUM
PAR  The present invention is concerned with novel polymeric derivatives of
      tetrazole-5-thiols and their metal and ammonium salts, and with the
      preparation of such compounds.
PAR  Tetrazole-5-thiols may exist as tautomers of a 1,2,3,4- or
      2,1,3,4-tetrazole. As disclosed in U.S. Pat. No. 2,403,927 and No.
      2,452,506, the 1,2,3,4-tetrazole-5-thiol,
      ##SPC1##
PAL  May have the general tautomeric formulae:
      ##SPC2##
PAL  Wherein R.sub.1 is hydrogen or a hydrocarbon substituent group.
PAR  Viscous polymeric derivatives of these tetrazoles may be utilized in
      systems requiring a thickener, as in a gelatin layer of a photographic
      emulsion. Although it has been possible to provide a high molecular weight
      polymeric chain for tetrazole moieties having no thio substituents [see
      U.S. Pat. No. 3,753,956 and No. 3,576,638], this has not been the case
      with sulfur containing tetrazoles. When polymerization of a reactive
      sulfur containing monomer is attempted, the sulfur tends to scavenge
      radicals so as to stop chain growth. Furthermore, cross-linking may occur
      due to the formation of disulfide bridges between the polymeric chains.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore a primary object of this invention to provide novel
      polymeric derivatives of tetrazole-5-thiols and their salts. Another
      object of this invention is to provide a procedure for preparing such
      novel compounds.
PAR  A further object is to provide compounds which can increase the viscosity
      of gelatin utilized in photographic emulsions.
PAR  Other objects, features and advantages of this invention will be obvious or
      will appear hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that polymeric derivatives of tetrazole-5-thiols and
      their metal and ammonium salts can be prepared. Soluble metal salts of
      these tetrazoles may be utilized to increase the viscosity of gelatin in
      photographic emulsions.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Illustrative of the polymeric derivatives of tetrazole-5-thiols and their
      metal and ammonium salts disclosed in this invention are those selected
      from:
      ##EQU1##
      WHEREIN A is an ethylenically unsaturated substituent which has been
      polymerized, R is a resonance stabilized group, L' is an optional linking
      group, X is hydrogen, ammonium or metal, Z represents the atoms and bonds
      necessary to complete a tetrazole ring and n is an integer of at least
      100.
PAR  For example, among the specific 1,2,3,4-tetrazole compounds included within
      the scope of this invention are:
PA1  Poly [1-(p-vinylphenyl)1,2,3,4-tetrazole-5-thiol],
      ##SPC3##
PAR  Alkali metal or other soluble salts of these tetrazoles may be used as
      gelatin thickeners for photographic emulsions. Unlike many other polymeric
      compounds, they are compatible with gelatin and exhibit no appreciable
      phase separation. Furthermore, they do not appear to desensitize silver
      halide emulsions like most reactive sulfur containing compounds. This may
      be due to steric hindrance which inhibits adsorption of the tetrazole
      sulfur onto silver.
PAR  The above described tetrazoles may be prepared by reacting the
      corresponding isothiocyanate having a polymerizable monomeric substituent
      in the para or meta position with an azide to convert the isothiocyanate
      moiety to a tetrazole moiety, effecting polymerization by treating said
      tetrazolated product with an acyl halide to acylate the tetrazole sulfur,
      polymerizing the monomeric substituent of the acylated product in the
      presence of a tetrasubstituted azo-bis-acetonitrile catalyst and
      de-acylating the polymerized product with a metal or ammonium hydroxide to
      produce the corresponding metal or ammonium salt of said tetrazole. A
      second, preferred and novel method of polymerizing the tetrazolated
      product is disclosed in U.S. Pat. application Ser. No. 520,982 filed Nov.
      5, 1974 entitled "Polymerization of Sulfur Containing Compounds in Aqueous
      Media Utilizing a Tetrasubstituted Azo-Bis-Acetonitrile Polymerization
      Catalyst" filed simultaneously with this application by M. J. Grasshoff.
      The salt product of these two polymerization procedures is acidified to
      yield the thiol form.
PAR  The following examples are given to further illustrate the composition and
      preparation of such compounds and are not intended to limit the
      invention's scope.
DETD
PAC  EXAMPLE 1
PAR  Poly[1-(p-vinylphenyl)-1,2,3,4-tetrazole-5-thiol] and its sodium salt were
      prepared in the following manner.
PAR  P-vinylphenyl isothiocyanate was prepared by a modification of the
      procedure of Overberger and Friedman (7 Org. Chem. 30, 1926-9, 1965). To a
      stirred mixture of 60 g of CaCO.sub.3, 0.1 g of 4,6-di-tert-butylcatechol,
      120 ml of distilled water and 600 ml of trichloromethane were added, at
      approximately 15.degree.C, 100 g (0.87 moles) of thiocarbonyl chloride.
      This was followed by gradual addition of 96 g (0.81 moles) of
      p-vinylaniline at 14.degree.-16.degree.C over a period of 45 minutes. The
      reaction mixture was stirred at room temperature for an additional 2 hours
      and then filtered and transferred to a separatory funnel. The aqueous
      phase was extracted with 50 ml of CHCl.sub.3. The combined
      trichloromethane layers were dried over Drierite and distilled to yield 96
      g (71%) of p-vinylphenyl isothiocyanate,
      ##SPC4##
PAL  boiling in the range of 87.degree.-90.degree.C at 0.5 mm. and melting in
      the range of 30.degree.-31.degree.C. Analysis of the C.sub.9 H.sub.7 NS
      product showed actual percentage yields of C: 66.5; H: 4.4; N: 8.9; S:
      19.3 as compared to theoretical percentage yields of C: 66.8; H: 4.4; N:
      8.8; S: 19.8.
PAR  1-(p-vinylphenyl)-1,2,3,4-tetrazole-5-thiol was then prepared according to
      the procedure of Lieber and Ramachandran (Chem. & Ind. 1958, 461-2). A
      well-agitated mixture comprising 32.2 g (0.20 moles) of the p-vinylphenyl
      isothiocyanate prepared above and 14.3 g (0.22 moles) of sodium azide in
      500 ml distilled water was heated under a nitrogen blanket at
      70.degree.-75.degree.C for 2 hours and then at 90.degree.C for 15 minutes.
      Upon cooling, the flask contents were filtered to remove a small amount of
      yellowish solids and the filtrate was extracted with two 150 ml portions
      of diethyl ether. The free acid was precipitated by gradual addition of 50
      ml of 6 N hydrochloric acid. The precipitate was repeatedly washed with a
      total of 1 l. of distilled water. Recrystallization from benzene provided
      28.5 g (70%) of slightly yellow crystals of
      1-(p-vinylphenyl)-1,2,3,4-tetrazole-5-thiol,
      ##SPC5##
PAL  melting in the range of 150.degree.-2.degree.C. Analysis of the C.sub.9
      H.sub.8 N.sub.4 S showed actual percentage yields of C: 53.2; H: 4.0; N:
      27.5; S: 15.5 as compared to theoretical percentage yields of C: 53.2; H:
      3.9; N: 27.5; S: 15.6.
PAR  1-(p-vinylphenyl)-5-acetylthio-1,2,3,4-tetrazole was then prepared in the
      following manner. To 12.2 g (0.05 moles) of the
      1-(p-vinylphenyl)-1,2,3,4,-tetrazole-5-thiol prepared above were added 5.8
      g (0.069 moles) of sodium bicarbonate in 250 ml of distilled water to
      yield a solution containing the sodium salt of
      1-(p-vinylphenyl)-1,2,3,4-tetrazole-5-thiol. This sodium thiolate was
      flash evaporated. The solid residue was taken up on 250 ml of acetone and
      then filtered. 5.0 g (0.064 moles) of acetyl chloride were added dropwise
      to the filtrate at room temperature with stirring. Stirring of the mixture
      was continued for 1 hour at 40.degree.C. Filtration and solvent
      evaporation gave a solid residue which was recrystallized from CHCl.sub.3
      /hexane to yield 14.2 g (95%) of colorless needles of a mixture comprising
      1-(p-vinylphenyl)-5-acetylthio-1,2,3,4-tetrazole,
      ##SPC6##
PAL  and 1-(p-vinylphenyl)-4-acetyl-2-tetrazoline-5-thione melting in the range
      of 102.degree.-105.degree.C (after sintering). Analysis of the C.sub.11
      H.sub.11 N.sub.4 SO product showed actual percentage yields of C: 53.5; H:
      4.5; N: 22.8; S: 12.9 as compared to theoretical percentage yields of C:
      53.5; H: 4.5; N: 22.7; S: 12.9.
PAR  Poly[1-(p-vinylphenyl)-1,2,3,4-tetrazole-5-thiol] and its sodium salt were
      then prepared in the following manner. 5 g of the acetyl derivative
      prepared above were dissolved in 35 ml of toluene and the solution heated
      at 60.degree.C in a sealed evacuated tube with 0.01 g of
      2,2'-azo-bis(2-methylpropionitrile) for 16 hours. The resinous polymerized
      precipitate (5 g),
      ##SPC7##
PAL  was purified by reprecipitation from 2-butanone into methanol. The purified
      material (4 g) was dissolved in 50 ml H.sub.2 O containing 3.3 ml of 50%
      of NaOH and then dialyzed through regenerated cellulose tubing using
      distilled water. Freeze drying of the remaining solution gave 3 g of a
      high molecular weight sodium salt of
      poly[1-(p-vinylphenyl-1,2,3,4-tetrazole-5-thiol],
      ##SPC8##
PAL  This was dissolved in 30 ml H.sub.2 O and transformed into the free
      polymeric thiol by acidification with 6 N hydrochloric acid. Centrifuging
      of the acidified product yielded 2.5 g of a yellowish powder. Analysis of
      the (C.sub.9 H.sub.8 N.sub.4 S).sub.n product showed actual percentage
      yields of C: 52.5; H: 4.1; N: 27.2; S: 15.3 as compared to theoretical
      percentage yields of C: 53.2; H: 3.9; N: 27.5; S: 15.6.
PAC  EXAMPLE 2
PAR  The potassium salt of the tetrazole thiol prepared in Example 1 was
      prepared according to the method disclosed in aforementioned U.S. Pat.
      application No. (our Case No. 5254) where the vinylphenyl tetrazole thiol
      is polymerized in an aqueous medium in the presence of a tetra-alkylated
      azo-bis-acetonitrile catalyst masking the sulfur substituent. By
      acidifying the salt product the free thiol can be obtained.
PAC  EXAMPLE 3
PAR  The potassium salt of poly[1-(p-vinylbenzyl)-1,2,3,4-tetrazole-5-thiol] was
      prepared by the same method as that utilized in Example 2.
PAR  Vinylbenzyl isothiocyanate was prepared in the following manner. 76 g (0.5
      moles) of vinylbenzyl chloride were dissolved in 300 ml of
      dimethylformamide (DMF). To this solution were added 56 g (0.575 moles) of
      potassium thiocyanate and 28 g (0.187 moles) of sodium iodide. The mixture
      was heated for 30 minutes at 150.degree.C and then the major portion of
      DMF was flashed off with a water aspirator vacuum. The solid flask residue
      was extracted with 750 ml of diethyl ether. The filtered diethyl ether
      phase yielded 80 g of yellowish liquid. Vacuum distillation gave 30 g (35%
      yield) of pale yellow vinylbenzyl isothiocyanate liquid,
      ##SPC9##
PAL  boiling at 135.degree.C at 0.5 mm. Analysis of the C.sub.10 H.sub.9 NH
      product showed actual percentage yields of C: 68.8; H: 5.2; N: 8.9; S:
      18.3 as compared to thoretical percentage yields of C: 69.0; H: 5.5; N:
      8.6; S: 17.7.
PAR  1-(p-vinylbenzyl)-1,2,3,4-tetrazole-5-thiol was prepared in the following
      manner. 15 g (0.087 moles) of vinylbenzyl isothiocyanate were added to a
      vigorously stirred solution comprising 6.2 g (0.095 moles) of sodium azide
      in 200 ml of water maintained at 90.degree.-95.degree.C. The mixture was
      stirred at 90.degree.C for 3 hours and then acidified to give 7 g (34%
      yield) of white, solid 1-(p-vinylbenzyl)-1,2,3,4-tetrazole-5-thiol,
      ##SPC10##
PAL  melting in the range of 90.degree.-100.degree.C. Analysis of the C.sub.10
      H.sub.10 N.sub.4 S product showed actual percentage yields of C: 55.2; H:
      4.6; N: 25.6; S: 18.3 as compared to theoretical percentage yields of C:
      55.5; H: 4.8; N: 25.0; S: 14.0.
PAR  Poly[1-(p-vinylbenzyl)-1,2,3,4-tetrazole-5-thiol] was then prepared in the
      following manner. 4 g of 1-(p-vinylbenzyl)-1,2,3,4-tetrazole-5-thiol were
      dissolved in 30 ml of water containing 4 g of potassium carbonate and 20
      mg of 2,2'-azo-bis(2-methylpropionitrile). This was heated for 16 hours in
      a sealed tube. The resultant viscous solution was dialyzed for 20 hours
      and freeze dried to give 4.2. g of the potassium salt of
      poly[1-(p-vinylbenzyl)-1,2,3,4-tetrazole-5-thiol],
      ##SPC11##
PAL  Acidification of the salt product will again yield the free thiol.
PAC  EXAMPLE 4
PAR  The potassium salt of
      poly[1-(m-acrylamidophenyl)-1,2,3,4-tetrazole-5-thiol],
      ##SPC12##
PAL  was prepared according to the method disclosed in aforementioned U.S. Pat.
      application Ser. No. 520,982 where the acrylamidophenyl tetrazole thiol is
      polymerized in an aqueous medium in the presence of a tetra-alkylated
      azo-bis-acetonitrile catalyst without masking the sulfur substituent. The
      free thiol is then obtained via acidification.
PAR  Although the sodium and potassium salts of polymeric tetrazoles were
      prepared in the above examples, other monovalent metal salts or mixtures
      of metal salts, especially those from Group 1A such as lithium, rubidium
      and cesium, as well as amine and ammonium salts, can of course be
      prepared. When soluble thiolates such as these are utilized as thickeners
      in gelatino silver halide emulsions, concentrations of up to 50% by weight
      of the gelatin have been found useful.
PAR  The viscosity increasing properties of such thiolates is illustrated below
      where Rousselot inert gelatin emulsions containing various amounts of the
      potassium salt of poly[1-(p-vinylphenyl)-1,2,3,4-tetrazole-5-thiol],
      abbreviated as K.sup.+ PVPMT, were compared with those containing
      corresponding amounts of a known thickener, the potassium salt of
      polyvinylhydrogenphthalate abbreviated as K.sup.+ PVHP. In each case the
      gelatin concentration was 5.0% w/v. The viscosity was measured at
      42.degree.C with a Brookfield viscometer (model LV) having a No. 1 spindle
      revolving at 12 R.P.M.
TBL  ______________________________________                                    
                     K.sup.+ Salt of                                           
                                   K.sup.+ PVHP                                
                                          K.sup.+ PVPMT                        
            mg/100   Polymeric     Viscosity                                   
                                          Viscosity                            
                     cc**/100                                                  
     Gelatin                                                                   
            w/v*     Thickener     (pH 6.9)                                    
                                          (pH 7.1)                             
     ______________________________________                                    
     0           0              8       8                                      
     49.4        1             10       13                                     
     98.8        2             15       17.5                                   
     197.8       4             35       52.5                                   
     296.4       6             75       185                                    
     395.2       8             143      563                                    
     ______________________________________                                    
       *weight of gelatin per volume of solvent                                
      **cc of 4.94% polymer                                                    
PAR  Other polymerizable substituents such as isoprene can be used in place of
      vinyl. Other linking groups which do not interfere with the polymerization
      process may also be employed with, or instead of, phenyl such as benzyl,
      aminophenyl and (2-amino-2-methyl)-propionamidophenyl. It will be
      appreciated that the tetrazole compounds of this invention may contain
      substituents other than those specified as may be readily selected by
      those skilled in the art. Since other substitutions and changes may be
      made in the above products and processes without departing from the scope
      of the disclosed invention, it is intended that all matter contained in
      the foregoing description shall be interpreted as illustrative and not in
      a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from:
      ##EQU2##
      wherein A is an ethylenically unsaturated substituent which has been
      polymerized, R is a resonance stabilized group, L' is an optional linking
      group, X is hydrogen, ammonium or metal, Z represents the atoms and bonds
      necessary to complete a tetrazole ring and n is an integer of at least
      100.
NUM  2.
PAR  2. A compound of claim 1 wherein X is ammonium, or monovalent metal.
NUM  3.
PAR  3. A compound of claim 1 wherein A is vinyl, R is phenyl, and Z represents
      the atoms and bonds necessary to complete a 1,2,3,4-tetrazole ring.
NUM  4.
PAR  4. A compound of claim 3 which is
      poly[1-(p-vinylphenyl)-1,2,3,4-tetrazole-5-thiol].
NUM  5.
PAR  5. A compound of claim 3 which is a monovalent metal, or ammonium salt of
      poly[1-(p-vinylphenyl)-1,2,3,4,-tetrazole-5-thiol].
NUM  6.
PAR  6. A compound of claim 5 wherein said salt is a sodium salt.
NUM  7.
PAR  7. A compound of claim 5 wherein said salt is a potassium salt.
NUM  8.
PAR  8. A compound of claim 3 which is
      poly[1-(p-vinylbenzyl)-1,2,3,4,-tetrazole-5-thiol].
NUM  9.
PAR  9. A compound of claim 3 which is a monovalent metal, or ammonium salt of
      poly[1-(p-vinylbenzyl)-1,2,3,4-tetrazole-5-thiol].
NUM  10.
PAR  10. A compound of claim 9 wherein said salt is potassium.
NUM  11.
PAR  11. A compound of claim 1 wherein A is vinyl, R is carbonyl and Z
      represents the atoms and bonds necessary to complete a 1,2,3,4-tetrazole
      ring.
NUM  12.
PAR  12. A compound of claim 11 which is
      poly[1-(m-acrylamidophenyl)-1,2,3,4-tetrazole-5-thiol].
NUM  13.
PAR  13. A compound of claim 11 which is a monovalent metal, or ammonium salt of
      poly[1-(m-acrylamidophenyl)-1,2,3,4-tetrazole-5-thiol].
NUM  14.
PAR  14. A composition comprising gelatin and a compound of claim 2.
NUM  15.
PAR  15. A composition comprising gelatin and a compound of claim 5.
NUM  16.
PAR  16. The composition of claim 15 wherein said compound of claim 5 is present
      in a concentration of up to 50% by weight of gelatin.
NUM  17.
PAR  17. The composition of claim 16 wherein X is potassium.
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ABST
PAL  Water-wettable anhydrous products, such as the powders and creams used in
      cosmetic and drug products, are admixed with 20 to 60% by weight, based on
      the weight of the total formulation, of a powdered polyethylene or
      powdered polypropylene polymer, to improve wettability characteristics.
      Denture adhesive powders prepared from an anionic/cationic adhesive
      combination, together with the powdered polyethylene or polypropylene
      polymer display particularly improved properties. The polyethylene or
      polypropylene polymer may also be admixed with other anhydrous products
      including dentifrices, vaginal powder sprays, and the like. Low molecular
      weight polyethylene powder, with an average molecular weight of from 1,000
      to 3,500, is suitable for use in products of the invention. For the
      polypropylene, a molecular weight of from 120,000 to 350,000 is specified.
      The powdered polymers have a particle size of less than 422 microns.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of United States Ser. No.
      302,162, filed Oct. 30, 1972, now U.S. Pat. No. 3,878,138.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many cosmetic and drug products are formulated as anhydrous powders and
      creams to protect the particular ingredients in the formulation as well as
      for convenience in manufacturing, packaging, storage and handling.
      However, since most of these products depend upon water for actual
      utility, any difficulties encountered in wetting the preparation at the
      time of use greatly detract from the overall consumer acceptance of the
      product.
PAR  Such is the case with many anhydrous dental preparations including denture
      adhesives, dentifrices, and the like. Similar problems are frequently
      encountered with products such as anhydrous vaginal powder spray
      formulations.
PAR  It has now been found that the addition of a powdered polyethylene or
      polypropylene polymer to such anhydrous powder and cream preparations
      greatly enhances the wettability characteristics of the preparation.
PAC  SUMMARY OF THE INVENTION
PAR  Anhydrous powder and cream formulations containing from 20 to 60% by
      weight, based on the total weight of the preparation, of a powder
      polyethylene or a powdered polypropylene polymer having a particle size of
      less than 422 microns, have superior wettability characteristics. Suitable
      polyethylene powders are of low molecular weights, i.e., from about 1,000
      to 3,500; polypropylene powders having higher molecular weights, i.e.,
      from 120,000 to 350,000 are used. A particularly preferred product is a
      denture adhesive powder containing about 10% by weight of a cationic
      copolymer of acrylamide with .beta.-methacryloyloxyethyltrimethyl ammonium
      methyl sulfate; about 40% by weight of sodium carboxymethyl cellulose; and
      about 50% by weight of a powdered polyethylene polymer having an average
      molecular weight of about 2,000 or about 50% by weight of a powdered
      polypropylene having an average molecular weight of about 140,000.
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to anhydrous powder and cream preparations which
      contain a powdered polyethylene or a powdered polypropylene polymer to
      provide improved wettability characteristics.
PAR  The powdered polyethylene polymers suitable for use in the practice of this
      invention have an average molecular weight ranging from about 1,000 to
      3,000, preferably from about 2,000 to 2,500, and a particle size of less
      than about 422 microns, preferably between about 74 to 149 microns. The
      particle size may also be stated in terms of the mesh size, i.e., not
      larger than 40 mesh, preferably between about 100 to 200 mesh. Powdered
      polyethylene polymers having an average molecular weight of about 2000 and
      a particle size of about 74 microns (200 mesh) are especially preferred.
PAR  As representative of polyethylene polymers falling into the above-described
      category, there may be mentioned the waxy reaction products of ethylene
      with isopropanol, produced according to the processes described in U.S.
      Pat. Nos. 2,504,400, 2,712,534, and 2,683,141, wherein there is obtained a
      telomer product having the formula below, with n being 3 to 150:
EQU  CH.sub.3 (C.sub.2 H.sub.4).sub.n C(OH)(CH.sub.3).sub.2
PAL  Low molecular weight polymers obtained in this manner are subjected to a
      pulverizing after-treatment, using a cryogenic-pulverizing process, if
      necessary, to obtain a powdered polyethylene product of the desired
      particle size.
PAR  As examples of commercially available powdered polyethylene products
      suitable for use in this invention, there may be mentioned those sold by
      Allied Chemical Company, Morristown, New Jersey, under the name A-C
      Polyethylene 6A, A-C Polyethylene 8A, A-C Polyethylene 9A, A-C
      Polyethylene 6AF, A-C Polyethylene 8AF, and A-C Polyethylene 9AF.
      Similarly, powdered polyethylene products sold by United Stated
      Industries, Park Avenue, New York 10017, as their Microthene series are
      also suitable.
PAR  Powdered polypropylene polymers suitable for use in the practice of this
      invention have an average molecular weight ranging from about 120,000 to
      350,000, preferably about 120,000 to 160,000, and a particle size of less
      than about 422 microns, preferably between about 74 to 149 microns.
      Powdered polypropylene polymers having an average molecular weight of
      about 140,000 and a particle size of about 74 microns are especially
      preferred. As representative of polypropylene polymers falling into the
      above-described category, there may be mentioned polypropylene
      homopolymers prepared by the various polymerization techniques described
      in Encyclopedia of Chemical Technology, Vol. 14: pages 292-296, 1967, John
      Wiley & Sons, Inc., i.e., using a Ziegler-Natta catalyst and controlling
      the molecular weight in order to achieve the desired molecular weight. The
      polypropylene polymer obtained is pulverized to obtain a powdered material
      having a particle size suitable for use in the practice of this invention.
PAR  As an example of commercially available powdered polypropylene homopolymers
      which improve the water-wettability of powders and creams according to the
      teachings of this invention, there may be mentioned those sold by
      Hercules, Inc., Wilmington, Delaware, as the Hercoflat series.
PAR  The above-described powdered polyethylene or powdered polypropylene, when
      incorporated into various anhydrous powder and cream formulations, has
      been found to impart vastly superior wettability characteristics to final
      products when they are wet with water. The exact reason for this
      improvement is not thoroughly understood, but is thought to possibly
      involve the coating of the individual polyethylene particles with one or
      more hydrophilic ingredients in the anhydrous powder or cream, thus
      affording improved accessibility of hydrophilic surfaces to the wetting
      fluid.
PAR  Representative anhydrous powder and cream formulations which are
      substantially improved by the addition of the above-described polyethylene
      or polypropylene powders include denture adhesives, dentifrices, vaginal
      powder sprays, and similar cosmetic and drug products. Superior
      wettability characteristics are obtained in these anhydrous cosmetic and
      drug products by the addition of about 20 - 60% by weight, preferably
      about 20 - 55% by weight, based on the weight of the total formulation, of
      the polyethylene or polypropylene powders, according to the teaching of
      this invention.
PAR  As an example of a product which is particularly improved by the
      incorporation of the aforementioned polyethylene or polypropylene powders,
      there may be mentioned a denture adhesive powder formulated to contain, as
      the adhesive, a mixture of a cationic polymeric component and an anionic
      natural or synthetic component which, when applied to dentures and exposed
      to moisture, develops adhesive properties. Such a denture adhesive product
      is described in U.S. application Ser. No. 243,816, filed Apr. 13, 1972,
      now U.S. Pat. No. 3,833,518, and in U.S. application Ser. No. 476,742,
      file June 5, 1973, now U.S. Pat. No. 3,868,339. In the denture adhesive
      described in aforementioned patent applications, the cationic polymeric
      component is at least one O-lower alkyl-trimethylammonium
      chloride-substituted-anhydroglucose polymer described generally in United
      Stated Patent No. 3,742,480 as having the formula:
      ##EQU1##
      wherein R.sub.Cell is the residue of an anhydroglucose unit, y is an
      integer having a value of from about 50 to about 20,000, and each R
      individually represents a substituent group of the general formula:
      ##EQU2##
      wherein: a is an integer having a value of from 2 to 3;
PA1  b is an integer having a value of from 2 to 3;
PA1  c is an integer having a value of from 1 to 3;
PA1  m is an integer having a value of from zero to 10;
PA1  n is an integer having a value of from zero to 3;
PA1  p is an integer having a value of from zero to 10;
PA1  q is an integer having a value of from zero to 1;
PA1  R' is a member selected from the group consisting of
      ##EQU3##
      with the proviso that when q is zero then R' is --H;
PAR  R.sub.1, R.sub.2 and R.sub.3, taken individually, represent a member
      selected from the group consisting of alkyl, aryl, aralkyl, alkaryl,
      cycloalkyl, alkoxyalkyl and alkoxyaryl radicals where each of R.sub.1,
      R.sub.2 and R.sub.3 can contain up to 10 carbon atoms, with the proviso
      that when said number is an alkoxyalkyl radical there are at least 2
      carbon atoms separating the oxygen atom from the nitrogen atom, and with
      the further proviso that the total number of carbon atoms in radicals
      represented by R.sub.1, R.sub.2 and R.sub.3 is from 3 to 12 with the
      further proviso that when R.sub.1, R.sub.2 and R.sub.3 are taken together
      the nitrogen atom to which R.sub.1, R.sub.2 and R.sub.3 are attached can
      be a component of a heterocyclic ring selected from the group consisting
      of pyridine, .alpha.-methylpyridine, 2,5-dimethylpyridine,
      2,4,6-trimethylpyridine, N-methylpiperidine, N-ethyl piperidine, N-methyl
      morpholine and N-ethyl morpholine; X is an anion;
PAR  V is an integer which is equal to the valence of X; the average value of n
      per anhydroglucose unit of said cellulose ether is from about 0.01 to
      about 1; and the average value of m+p+q per anhydroglucose unit of said
      cellulose ether is from about 0.01 to about 4.
PAR  In the aforementioned formula for the cationic polymer, preferred cationic
      polymers for use in the denture adhesive of this invention are obtained
      when y is an integer having a value of from about 1000 to about 5000 and
      each R individually represents a substituent group of the general formula:
      ##EQU4##
      wherein: m is an integer having a value of from zero to 10;
PA1  n is an integer having a value of from zero to 3;
PA1  p is an integer having a value of from zero to 10;
PA1  X is an anion;
PA1  V is an integer which is equal to the valence of X; the average value of n
      per anhydroglucose unit of the cellulose ether is from 0.01 to 1; and the
      average value of m+p per anhydroglucose unit of the cellulose ether is
      from 0.01 to 4.0.
PAR  Especially preferred cationic polymers are those in which X is chlorine,
      the average value of n per anhydroglucose unit of the cellulose ether is
      from 0.1 to 0.5, and the average value of m+p per anhydroglucose unit of
      the cellulose ether is from 0.1 to 2.5. A particularly preferred
      O-alkyl-trimethylammonium chloride-substituted-anhydroglucose polymer of
      this type is commercially available as Polymer JR-400 from Union Carbide
      Corporation, New York, New York. Polymer JR-400 is water soluble and, at a
      concentration of 1% and a temperature of 25.degree.C, yields a solution
      having a viscosity of 400 centipoises.
PAR  As the anionic ingredient of the denture adhesive, there may be used one or
      more synthetic gums which are copolymers of maleic acid with vinyl-lower
      alkyl-ether having from 1 to 5 carbon atoms in the lower alkyl group.
PAR  Maleic acid/vinyl-alkyl-ether copolymers are described in U.S. Pat. No.
      2,047,398, patented July 14, 1936 and in U.S. Pat. No. 2,782,182, patented
      on Feb. 19, 1957. The alkyl group in the vinyl ether may contain from 1 to
      5 carbon atoms. Suitable lower alkyl vinyl ether monomers include methyl
      vinyl ether, ethyl vinyl ether, divinyl ether, propyl vinyl ether,
      isobutyl ether and the like. Polymerization techniques used to obtain
      these copolymers are those well known in the art, i.e., utilizing
      appropriate proportions of monomers and reaction conditions. The mole
      ratio of the total of ether monomers to the total of maleic anhydride is
      substantial unity: polymerization of one mole of alkyl vinyl ether with
      one mole of maleic anhydride. This anhydride copolymer should be
      hydrolyzed to the free acid form for use in the denture adhesive of this
      invention; monovalent, alkali metal salts thereof may also be used.
      Copolymers of this type have been found to be gum-like and have anionic
      characteristics and may therefore be used as the anionic component in the
      denture adhesive of this invention.
PAR  Among the suitable anionic materials described above, one or more of the
      synthetic gums marketed commercially as GANTREZ HY be General Aniline and
      Film Corp., New York, N.Y., 10020 have been found to be especially
      effective in the denture adhesive of this invention. These gums are
      poly(methyl vinyl ether/maleic acid) compounds having a specific viscosity
      of from 1 to 8.
PAR  An improved denture adhesive powder containing the above-described
      ingredients, together with polyethylene or polypropylene powder according
      to the teachings of this invention is formulated to contain from about 40
      to 60% by weight, based on the weight of the total formulation, of the
      powdered polyethylene or powdered polypropylene; from about 5 to 55% by
      weight, of at least one of the above-described cationic polymeric
      materials; and from about 5 to 55% by weight, of at least one of the
      above-described anionic gums. Preferred products contain from about 45 -
      55% by weight, based on the weight of the total formulation of the
      polyethylene or polypropylene powder; about 5 - 20% by weight, of at least
      one of the cationic polymeric materials; and from about 20 - 50% be
      weight, of at least one of the anionic gums. A most preferred product is
      formulated to contain about 50% by weight, based on the weight of the
      total formulation of the polyethylene or polypropylene powder, about 10%
      by weight, of at least one cationic polymeric material, and about 40% by
      weight, of at least one anionic gum.
PAR  Typical dentifrice powder formulations which may be improved by the
      incorporation of the above-described powdered polyethylene or powdered
      polypropylene, according to the practice of this invention, are formulated
      to contain an abrasive material, such as dicalcium phosphate dihydrate or
      precipitated calcium carbonate, a soap or detergent ingredient, flavors,
      sweeteners and excipients. Such representative dentifrice powders are
      described in Remington's Pharmaceutical Sciences, pages 1785-1786, 13th
      Edition, Mack Publishing Co., Easton, Pa., 1965. In order to obtain
      improved wettability, according to the teachings of this invention, the
      powdered polyethylene or powdered polypropylene is incorporated into the
      dentifrice powder formulation at a level of from about 20 - 60% by weight,
      based on the total weight of the formulation, preferably about 20 - 50% by
      weight, most preferably about 45% by weight.
PAR  As an example of an anhydrous dentifrice paste, there may be mentioned the
      toothpaste formulation of U.S. Pat. No. 3,574,824. Improved wettability of
      the aforementioned anhydrous toothpaste is obtained by the incorporation
      of the powdered polyethylene or powdered polypropylene, according to the
      practice of this invention. A typical improved anhydrous toothpaste
      formulation of this type contains a mineral oil ingredient; a polyethylene
      glycol composition; a nonionic emulsifier such as Atmos 300 (Atlas
      Chemical Industries); a binding agent such as polyvinylpyrrolidone;
      mannitol or inositol; an abrasive, and coloring agents; sweeteners, and
      the usual excipients, together with from about 20 - 60% by weight, based
      on the weight of the total formulation, of powdered polyethylene or
      powdered polypropylene, as described above. Preferred anhydrous dentifrice
      pastes contain about 20 - 50% by weight, based on the weight of the total
      formulation, of polyethylene or polypropylene powders; and a most
      preferred product contains about 20% by weight, based on the total weight
      of the formulation, of polyethylene or polypropylene powder, to improve
      wettability characteristics of the anhydrous dentifrice paste. Such
      modified anhydrous toothpaste formulations demonstrate more thorough
      cleansing power when applied to the teeth, since wettability
      characteristics have been greatly improved.
PAR  Representative vaginal spray powders which may be improved by the addition
      of the polyethylene or polypropylene powder according to the practice of
      this invention generally contain solid ingredients including a lubricant,
      such as isopropyl palmitate, and talc, together with the desired liquid
      fragrances and an anhydrous alcohol solvent. Propellants are added as the
      formulation is placed into the spray container. In order to improve the
      wettability of vaginal sprays of this type, from about 20 - 60% by weight,
      based on the total weight of solids in the formulation, of powdered
      polyethylene or powdered polypropylene is added to the formulation.
      Preferred products contain from about 20 - 60% by weight of powdered
      polyethylene or polypropylene, based on the total weight of solids.
      Particularly preferred products are formulated to contain about 23% by
      weight of powdered polymer, based on the total weight of solids, in order
      to provide superior wettability characteristics to the vaginal spray
      product.
PAR  Obviously, many other anhydrous powder and cream preparations in the
      cosmetic, dental and drug field, other than those specifically mentioned
      above, could be improved by the addition of the powdered polyethylene or
      polypropylene according to the practice of this invention.
PAR  To further illustrate the invention, the following examples are given:
DETD
PAC  EXAMPLE 1
PAC  Preparation of Improved Denture Adhesive Powder
PAR  In a Hobart mixer, add 1950 grams of poly(methyl vinyl ether/maleic acid)
      and 6.25 grams of peppermint oil, USP. Mix until the ingredients assume a
      crumbly, dry character and pass through a No. 20 mesh screen. Into a
      separate blender, add 500 grams of O-lower alkyl trimethylammonium
      chloride substituted anhydroglucose powder (Polymer JR); and 2543.50 grams
      of powder polyethylene having an average molecular weight of 2000 and
      having particle size such that 99.5% of the polyethylene powder passes
      through a 60 mesh screen. Add in the mixed gum and peppermint oil from the
      Hobart mixer. Mix all ingredients for 20 minutes or until a uniform blend
      is obtained. Add in 0.25 grams of F D & C Red No. 3 Aluminum Lake and mix
      to visual uniformity.
PAC  EXAMPLE 2
PAC  Preparation of Denture Adhesive Powder
PAR  A denture adhesive powder is prepared to contain the following ingredients:
TBL  Polymer JR         15.0 pounds                                            
     Copolymer of methylvinylether                                             
     and maleic acid    35.0 pounds                                            
     Polypropylene powder (60 mesh)                                            
                        49.0 pounds                                            
     Cab-O-Sil M-5      1.0 pound                                              
     Peppermint Oil     0.1 pound                                              
PAR  The peppermint oil is well dispersed in about 25 pounds of the copolymer of
      methylvinylether and maleic anhydride.
PAR  The Cab-O-Sil M-5 and polypropylene powder are similarly dispersed in the
      remaining copolymer of methylvinylether and maleic anhydride.
PAR  The two premixes are then placed in a ribbon blender mixing apparatus. The
      whole is mixed for about 15 minutes, after which the 15.0 pounds of the
      Polymer JR is added and the batch mixed for an additional 15 minutes.
PAC  EXAMPLE 3
PAC  Preparation of Improved Anhydrous Toothpaste Formulation
PAR  255 grams of a mixture polyethylene glycols having average molecular
      weights of 550, 600, and 4,000, and 50 grams of a propylene glycol bodying
      agent are mixed and melted at 65.degree.-70.degree.C. Heat is discontinued
      and 10 grams of polyvinylpyrrolidone is added to the heated mixture which
      is stirred vigorously to form a uniform slurry (A). In a separate
      steam-jacketed mixer, 100 grams of mineral oil, 40 grams of a petrolatum
      bodying agent and 2 grams of Atmos 300 emulsifier (Atlas Chemical
      Industries) are mixed and heated to a temperature of 50.degree.C. The
      slurry (A) is added to the ingredients in the steam-jacketed mixer. The
      following remaining ingredients, after screening (20 mesh screen) are then
      added to the mixer: 20 grams of sodium lauryl sulfate detergent, 257 grams
      of hydrated alumina abrasive, 30 grams of aluminum silicate abrasive, 26
      grams of mannitol, 10 grams of titanuim dioxide color, and 76 grams of
      synthetic sweetener. All ingredients are mixed for  20-25 minutes, after
      which heat is discontinued and the mixture cooled to 30.degree.C. 200
      grams of powdered polypropylene having an average molecular weight of
      about 140,000 and a particle size of approximately 200 mesh, is added
      together with 20 grams of flavor, and the whole is mixed for an additional
      20-25 minutes.
PAC  EXAMPLE 4
PAC  Preparation of Improved Vaginal Spray Powder
PAR  Add 0.5 grams of the isopropyl palmitate and 2.10 grams of a powdered
      polyethylene having an average molecular weight of about 2000 and a
      particle size of approximately 200 mesh to 2.5 grams of anhydrous alcohol
      and mix thoroughly. Add .2 grams of fragrance and blend with other
      ingredients. Weigh 5 grams of blended ingredients into an aerosol
      container, add 8.5 grams of talc and pressure fill with 88.2 grams of
      propellant (40:60 mixture of Propellant 12 and Propellant 114).
CLMS
STM  Having thus described our invention, we claim;
NUM  1.
PAR  1. A denture adhesive powder having superior wettability characteristics
      comprises a substantially anhydrous mixture of nontoxic, adhesive
      ingredients and from about 40% to about 60% by weight, based on the total
      weight of the denture adhesive ingredients of a powdered polymeric
      material having an average particle size of less than about 422 microns,
      said polymeric material being selected from the group consisting of
      powdered polyethylene having an average molecular weight ranging from
      about 1000 to about 3500 and polypropylene having an average molecular
      weight ranging from about 120,000 to about 350,000, said denture adhesive
      ingredients comprising:
PA1  A. from about 5 to about 55% by weight, based on the total weight of the
      denture adhesive ingredients of at least one cationic polymeric material
      having the formula:
      ##EQU5##
      wherein R.sub.Cell is the residue of an anhydroglucose unit, y is an
      integer having a value of from about 1000 to about 5000, and each R
      individually represents a substituent group of the general formula:
      ##EQU6##
      wherein: m is an integer having a value of from zero to 10;
PA2  n is an integer having a value of from zero to 3;
PA2  p is an integer having a value of from zero to 10;
PA2  X is an anion; V is an integer which is equal to the valence of X; the
      average value of n per anhydroglucose unit of said cellulose ether is from
      about 0.01 to about 1; and the average value to m+p per anhydroglucose
      unit of said cellulose ether is from about 0.01 to about 4; and
PA1  B. from about 5% to about 55% by weight, based on the total weight of the
      denture adhesive, of at least one anionic gum selected from the group
      consisting of copolymers of maleic acid with vinyl-lower alkyl-ether
      wherein the alkyl group has from 1 to 5 carbon atoms.
NUM  2.
PAR  2. A denture adhesive according to claim 1 wherein, in the cationic
      polymeric material of (A) X is chlorine, the average value of n per
      anhydroglucose unit of said cellulose ether is from about 0.1 to about
      0.5, and the average value of m+p per anhydroglucose unit of said
      cellulose ether is from about 0.1 to about 2.5.
NUM  3.
PAR  3. A denture adhesive according to Claim 2 wherein the powdered polymeric
      material which provides the superior wettability characteristics is
      present in an amount of from about 45% to about 55% by weight, based on
      the total weight of the denture adhesive ingredients; said powdered
      polymeric material having an average particle size of between about 74 to
      149 microns and being selected from the group consisting of a powdered
      polyethylene having a molecular weight of from about 2000 to about 2500,
      and powdered polypropylene having an average molecular weight of from
      about 120,000 to about 160,000.
NUM  4.
PAR  4. A denture adhesive according to claim 3 wherein the anionic gum is
      selected from the group consisting of copolymers of methylvinylether with
      maleic acid.
NUM  5.
PAR  5. A denture adhesive according to claim 4 wherein the anionic gum is a
      copolymer of methylvinylether with maleic acid.
PATN
WKU  039364038
SRC  5
APN  466048&
APT  1
ART  141
APD  19740501
TTL  Synthetic resin composition
ISD  19760203
NCL  8
ECL  1
EXP  Derrington; James H.
INVT
NAM  Sakaguchi; Fumio
CTY  Yokohama
CNT  JA
INVT
NAM  Takemura; Kenji
CTY  Kawasaki
CNT  JA
INVT
NAM  Suzuki; Tadao
CTY  Fujisawa
CNT  JA
INVT
NAM  Yamazaki; Isamu
CTY  Oita
CNT  JA
INVT
NAM  Nishibayashi; Yoshifumi
CTY  Sennan
CNT  JA
INVT
NAM  Shiozawa; Kazunobu
CTY  Izumisano
CNT  JA
INVT
NAM  Sasaki; Toshimitsu
CTY  Sennan
CNT  JA
ASSG
NAM  Showa Denko Kabushiki Kaisha
CTY  Tokyo
CNT  JA
COD  03
ASSG
NAM  Toyo Cloth Co., Ltd.
CTY  Sennan
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730507
APN  48-49828
CLAS
OCL  260 23XA
XCL  260 23H
XCL  260 237M
XCL  260 285A
XCL  260 304R
XCL  260 304A
XCL  260 306R
XCL  260 308R
XCL  260 312R
XCL  260 312MR
XCL  260 314R
XCL  260 316
XCL  260 318M
XCL  260 326A
XCL  260 326PQ
XCL  260 332R
XCL  260 334PQ
XCL  260 4229
XCL  260 4242
XCL  260 4244
XCL  260 4245
XCL  260 4246
XCL  260 4247
XCL  260 4249
EDF  2
ICL  C08K  322
ICL  C08L 9100
FSC  260
FSS  42.46;897 C;23.7 M;23 XA;28.5 A;30.4 R;30.4 A;30.6 R;30.8 R;31.2 R;31.2 MR
     ;31.4 R;31.6;31.8 M;32.6 A;32.6 PQ;33.2 R;33.4 PQ;42.29;42.44;42.42;42.45
     ;42.47
UREF
PNO  3563939
ISD  19710200
NAM  Stevens et al.
OCL  260 37R
UREF
PNO  3600335
ISD  19710800
NAM  Fukushima et al.
OCL  260897C
UREF
PNO  3694403
ISD  19720900
NAM  Aishima et al.
OCL  260 41R
UREF
PNO  3758661
ISD  19730900
NAM  Yamamoto
OCL  260897C
UREF
PNO  3780141
ISD  19731200
NAM  Jin et al.
OCL  260897C
OREF
PAL  Sarvetnick, Harold A., Polyvinyl Chloride, Van Nostrand Reinhold Co., New
      York, 1969, pp. 67, 124 & 127.
LREP
FRM  Kemon, Palmer & Estabrook
ABST
PAL  A synthetic resin composition which comprises 20 to 50 parts by weight of
      olefinic resins, 10 to 40 parts by weight of vinyl chloride resins, and 70
      to 10 parts by weight of alumina trihydrate having a gibbsite crystal
      structure whose average particle size is 30 microns at most.
BSUM
PAR  This invention relates to synthetic resin composition having excellent
      flameproofness and surface hardness. Mixture of 100 parts by weight of
      olefinic polymers such as ethylenic polymers or propylenic polymers with
      at least 100 parts by weight of various reinforcing inorganic fillers
      provides high modulus compositions as set forth in, for example, the
      Japanese Patent Publication Nos. 8037/65, 28199/71 and 29377/71 and the
      British Pat. No. 936,057.
PAR  However, compositions consisting of olefinic polymers and the aforesaid
      reinforcing inorganic fillers, for example, .beta.-type alumina hydrates,
      as disclosed in said Japanese Patent Publication No. 8037/65, provide a
      high modulus product and indeed have great tensile strength and hardness,
      but low flexibility, tear strength and toughness. Where, however, there
      are used smaller proportions of an inorganic filler to eliminate the
      above-mentioned drawbacks, improvement is indeed attained in flexibility
      and tear strength but mixing cost rather increases, failing to provide an
      ecomonically advantageous product. Further, decreased incorporation of an
      inorganic filler naturally makes it necessary to use larger amounts of an
      olefinic polymer. Accordingly, product of such resin composition evolves
      considerable heat when subjected to combustion as rubbish after use.
      Moreover, such product undesirably gives forth large volumes of black
      smoke or soot during said combustion. What is worse, it is readily
      flammable and unadapted to be used as structural material.
PAR  For improvement on the defects of the above-mentioned resin composition,
      the present inventors found that a resin composition having prominent
      toughness, flame retardance, electrical insulation properties, and
      resistance to chemicals could be produced by blending ethylenic or
      propylenic polymers with a relatively large amount (40 to 93 per cent by
      weight based on the total weight of a resin composition) of .alpha.-type
      alumina trihydrate having a gibbsite crystal structure containing at least
      0.20 per cent by weight of fixed sodium compounds expressed as Na.sub.2 O,
      as disclosed in our Japanese Patent Applications Nos. 28580/72 and
      31757/72.
PAR  The resin compositions set forth in these patent applications exhibited the
      flexibility of olefinic polymers despite the inclusion of a relatively
      large amount of filler and not only had prominent mechanical properties
      such as tear strength but also presented an extremely homogeneous mixed
      state. However, said resin compositions were still found unsatisfactory
      despite such excellent properties, because the moldings of said resin
      compositions had too small a surface hardness to be used as structural
      material, for example, floors, walls, partitions, and ceilings or inner
      attachments to automotive wheels. For improvement on the surface hardness
      of moldings, it may be contemplated to laminate or paint another material
      on the surface of the moldings, or properly finish said surface by
      printing. However, any of these processes not only involves complicated
      steps but also undesirably increases the production cost of moldings.
PAR  In view of the above-mentioned circumstances, therefore, the object of this
      invention is to provide a synthetic resin composition whose moldings are
      prominent not only in surface hardness but also in flameproofness. The
      synthetic resin composition of this invention characteristically comprises
      20 to 50 parts by weight of olefinic resins, 10 to 40 parts by weight of
      vinyl chloride resins and 70 to 10 parts by weight of alumina trihydrate
      having a gibbsite crystal structure whose average particle size is 30
      microns at most.
PAR  As previously mentioned, moldings prepared from the synthetic resin
      composition of this invention are prominent not only in surface hardness
      and flameproofness but also in mechanical properties such as flexibility
      and tear strength, resistance to chemicals and electrical insulation
      properties.
PAR  It is well known that unless blended with another resin or rubber, olefinic
      resins (for example, ethylene homopolymer or propylene homopolymer) and
      vinyl chloride resins can not be mixed with good compatibility. However,
      incorporation of alumina trihydrate having a gibbsite crystal structure,
      as used in this invention, prominently improves the mixed condition of the
      above-mentioned olefinic and vinyl chloride resins, namely, the surface
      condition of moldings prepared from these two types of resins.
PAR  The present inventors have studied various types of olefinic resin
      compositions containing a large amount of inorganic filler and
      accomplished this invention by finding that a resin composition consisting
      of 20 to 50 parts by weight of olefinic resins, 10 to 40 parts by weight
      of vinyl chloride resins and 70 to 10 parts by weight of alumina
      trihydrate having a gibbsite crystal structure can provide moldings having
      prominent surface hardness.
PAR  The olefinic resins used in this invention include ethylenic resins and
      propylenic resins. The ethylenic resins include ethylene homopolymer,
      copolymers of at least 80 mol% of ethylene and 20 mol% at most of another
      .alpha.-olefin (for example, propylene, or butene-1) and copolymers of
      ethylene as a main component and a vinyl compound. Particularly preferred
      is high density polyethylene (permissively a copolymer of ethylene and 10
      mol% at most of another .alpha.-olefin) having a melt index of 0.001 to 5
      g/10 min. as measured at a temperature of 190.degree.C and under a load of
      2.16 kg. High density polyethylene is manufactured on an industrial scale,
      using a catalytic system (known as the Phillips or standard type catalyst)
      mainly consisting of a metal oxide or a catalytic system (known as the
      Ziegler type catalyst) mainly consisting of a transition metal compound
      and organo metal compound (generally organo aluminium compound) and is
      already widely applied in various fields.
PAR  On the other hand, the propylenic resins used in this invention include
      propylene homopolymer, copolymers (including block copolymers) of at least
      80 mol% of propylene and 20 mol% at most of ethylene or another
      .alpha.-olefin (for example, butene-1), and copolymers of propylene as a
      main component and vinyl compounds or diolefins (for example, butadiene).
      Preferred is a propylenic polymer whose portion soluble in boiling
      n-heptane amounts to 40 % at most. Most desired is a propylenic polymer
      having a melt index of 20 g/10 min. as measured at a temperature of
      230.degree.C and under a load of 2.16 kg. These propylenic resins are
      manufactured on an industrial scale, using a catalytic system (known as
      the Ziegler-Natta type catalyst) mainly consisting of an organo metal
      compound (generally halogenated alkyl aluminium) and a transition metal
      compound (for example, titanium trichloride) or an eutectic mixture
      thereof (for example, a eutectic mixture of titanium trichloride and
      aluminium chloride [TiCl.sub.3.1/3 AlCl.sub.3 ]) and is already widely
      accepted in various fields.
PAR  The vinyl chloride resins used in this invention are generally known as
      polyvinyl chloride and widely manufactured on an industrial scale. The
      vinyl chloride resins include not only vinyl chloride homopolymer but also
      a copolymer of at least 85 mol% of vinyl chloride and another monomer.
      Said another monomer includes ethylene, vinylidene chloride, vinyl acetate
      and acrylic ester. Preferred is a vinyl chloride resin having a degree of
      polymerization of 850 to 1,800. Particularly desired is a type having a
      degree of polymerization of 1,000 to 1,400.
PAR  The alumina trihydrate having a gibbsite crystal structure
      [.alpha.--Al(OH).sub.3 ]which is used in this invention has a monoclinic
      crystal system. Said trihydrate has a crystal structure in which the
      lattice constant is measured as a = 8.62 A, b = 5.06 A and c = 9.70 A, the
      beta(.beta.) angle is determined to be 85.degree.26', and the refractive
      index is expressed as .alpha.= 1.568, .beta.= 1.568 and .gamma.= 1.567.
      This alumina trihydrate is widely manufactured on an industrial scale
      (refer to the Japanese Patent Publication No. 5217/54). For the object of
      this invention, said alumina trihydrate has an average particle size of 30
      microns at most, or preferably less than 10 microns. If the average
      particle size exceeds 30 microns, then it will be impossible to enable
      moldings prepared from a resin composition containing such trihydrate to
      have not only desired mechanical properties such as flexibility and
      rigidity but also to present a satisfactory surface appearance.
PAR  As previously mentioned, the synthetic resin composition of this invention
      comprises 20 to 50 parts by weight of olefinic resins, 10 to 40 parts by
      weight of vinyl chloride resins and 70 to 10 parts by weight of alumina
      trihydrate having a gibbsite crystal structure whose average particle size
      is 30 microns at most. However, said resin composition is preferred to
      comprise 20 to 40 parts by weight of olefinic resins, 10 to 20 parts by
      weight of vinyl chloride resins and 70 to 40 parts by weight of alumina
      trihydrate.
PAR  Where the proportion of olefinic resins included in the resin composition
      of this invention falls to below 20 parts by weight, then moldings
      prepared from such composition will not only lose a favorable feeling
      essentially derived from the olefinic resins, but also become brittle.
      Conversely, where the proportion of the olefinic resins rises above 50
      parts by weight, then resultant moldings will undesirably not only fail to
      be improved in surface hardness, but also decrease in dimensional
      stability.
PAR  Where the proportion of vinyl chloride resins decreases from 10 parts by
      weight, then resultant moldings will fail to have satisfactory surface
      hardness. Conversely, where said proportion of vinyl chloride resins
      increases over 40 parts by weight, then resultant moldings will
      undesirably lose a good feeling.
PAR  Where alumina trihydrate is used in a smaller proportion than 10 parts by
      weight, then olefinic resins and vinyl chloride resins will not become
      well miscible, causing resulting moldings not only to present an irregular
      surface appearance, but also to decrease in selfextinguishing property.
      Conversely, a larger proportion of said trihydrate than 70 parts by weight
      will lead to the low flexibility and brittleness of resultant moldings.
PAR  In practical application, the synthetic resin composition of this invention
      is blended with plasticizers such as phthalic acid derivatives, adipic
      acid derivatives, azelaic acid derivatives, sebacic acid derivatives,
      maleic acid derivatives, fumaric acid derivatives, trimellitic acid
      derivatives, citric acid derivatives, oleic acid derivatives, ricinoleic
      acid derivatives, stearic acid derivatives, derivatives of other fatty
      acids, sulfonic acid derivatives, phosphoric acid derivatives, other
      monoester compounds, glycol derivatives, glycerin derivatives, paraffin
      derivatives, diphenyl derivatives, epoxy derivatives and polymerization
      type compounds; lubricants such as higher fatty acid esters, amide
      compounds and higher alcoholic compounds; and stabilizers such as metallic
      soaps, salts of inorganic acids and organotin compounds. These
      plasticizers, lubricants and stabilizers are used for common vinyl
      chloride resins.
PAR  Though varying with the proportions of vinyl chloride resins and olefinic
      resins included in the resin composition of this invention, the
      proportions of the above-mentioned plasticizers, lubricants and/or
      stabilizers are generally chosen to be 120 parts by weight at most based
      on 100 parts by weight of vinyl chloride resins for the plasticizers, 10
      parts by weight at most based on 100 parts by weight of vinyl chloride
      resins for the lubricants and 10 parts by weight at most based on 100
      parts by weight of vinyl chloride resins for the stabilizers. Though it
      may be considered advisable jointly to use the plasticizers and
      lubricants, yet it is preferred to further add a stabilizer to the subject
      resin composition in order to attain its stability.
PAR  The above-mentioned phthalic acid derivatives used as plasticizers
      typically include dimethyl phthalate, diethyl phthalate, dibutyl
      phthalate, diisobutyl phthalate, diamyl phthalate, dihexyl phthalate,
      butyl octyl phthalate, butyl isodecyl phthalate, butyl lauryl phthalate,
      di-(2-ethylhexyl) phthalate, di-n-octyl phthalate, butyl coconut alkyl
      phthalate, dilauryl phthalate, diheptyl phthalate, diisooctyl phthalate,
      octyl decyl phthalate, n-octyl.n-decyl phthalate, diisodecyl phthalate,
      ditridecyl phthalate, ethyl hexyl decyl phthalate, dinonyl phthalate,
      butyl benzyl phthalate, dicyclohexyl phthalate, diallyl phthalate,
      dimethoxyethyl phthalate, dibutoxyethyl phthalate, methyl phthalyl ethyl
      glycolate and butyl phthalyl butyl glycolate.
PAR  The adipic acid derivatives used as plasticizers typically include
      di-n-butyl adipate, diisobutyl adipate, di-(2-ethyhexyl) adipate,
      diisooctyl adipate, diisodecyl adipate, octyl decyl adipate, dicapryl
      adipate, benzyl-n-butyl adipate, polypropylene adipate, dibutoxyethyl
      adipate and benzyl octyl adipate.
PAR  The azelaic acid derivatives used as plasticizers typically include
      di-(2-ethylhexyl) azelate, diisooctyl azelate,
      di-2-ethylhexyl-4-thioazelate, di-n-hexyl azelate and diisobutyl azelate.
PAR  The sebacic acid derivatives used as plasticizers typically include
      dimethyl sebacate, dibutyl sebacate, di-(2-ethylhexyl) sebacate, and
      diisooctyl sebacate.
PAR  The maleic acid derivatives used as plasticizers typically include
      di-n-butyl maleate, dimethyl maleate, di-(2-ethylhexyl) maleate and
      dinonyl maleate.
PAR  The fumaric acid derivatives used as plasticizers typically include dibutyl
      fumarate and di-(2-ethylhexyl) fumarate.
PAR  The trimellitic acid derivatives used as plasticizers typically include
      tri-(2-ethylhexyl) trimellitate, triisodecyl trimellitate, n-octyl.n-decyl
      trimellitate, triisooctyl trimellitate and diisooctyl monoisodecyl
      trimellitate.
PAR  The citric acid derivatives used as plasticizers typically include triethyl
      citrate, tri-n-butyl citrate, acetyl triethyl citrate, acetyl tri-n-butyl
      citrate, acetyl tri-n-octyl n-decyl citrate and acetyl tri-(2-ethylhexyl)
      citrate.
PAR  The oleic acid derivatives used as plasticizers typically include methyl
      oleate, butyl oleate, methoxyethyl oleate, tetrahydrofurfuryl oleate,
      glyceryl oleate and diethylene glycol monooleate.
PAR  The ricinoleic acid derivatives used as plasticizers typically include
      methyl acetyl ricinoleate, butyl acetyl ricinoleate, glyceryl
      monoricinoleate, diethylene glycol monoricinoleate, glyceryl tri-(acetyl
      ricinoleate) and alkyl acetyl ricinoleate.
PAR  The stearic acid derivatives used as plasticizers typically include n-butyl
      stearate, glyceryl monostearate, diethylene glycol distearate and
      chlorinated methyl stearate.
PAR  Other fatty acid derivatives used as plasticizers typically include
      diethylene glycol dipelargonate, diethylene glycol monolaurate and butyl
      cellosolve pelargonate.
PAR  The sulfonic acid derivatives used as plasticizers typically include
      benzene sulfonic acid butylamide, O-toluene sulfonamide, N-ethyl-p-toluene
      sulfonamide, O-toluene ethyl sulfonamide and N-cyclohexyl-p-toluene
      sulfonamide.
PAR  The phosphoric acid derivatives used as plasticizers typically include
      triethyl phosphate, tributyl phosphate, tri-(2-ethylhexyl) phosphate,
      triphenyl phosphate, cresyl diphenyl phosphate, tricresyl phosphate,
      tritolyl phosphate, trixylyl phosphate, tris (chloroethyl) phosphate,
      diphenyl mono-O-xenyl phosphate and diphenyl xylenyl phosphate. Other
      monoester compounds used as plasticizers typically include
      diphentaerythritol ester and fatty acid esters of pentaerythritol.
PAR  The glycol derivatives used as plasticizers typically include triethylene
      glycol di-(2-ethylbutyrate), triethylene glycol di-(2-ethylhexoate),
      dibutyl methylene bis-thioglycolate, polyethylene glycol and polyglycol
      ether.
PAR  The glycerin derivatives used as plasticizers typically include glycerol
      monoacetate, glycerol diacetate, glycerol tributyrate, glycerol
      tripropionate and glycerol ether acetate.
PAR  The epoxy derivatives used as plasticizers are broadly divided into
      epoxidized unsaturated fats and oils, epoxidized unsaturated fatty acid
      esters and epoxidized cyclohexane derivatives.
PAR  The polymerization type compounds used as plasticizers typically include
      polyesters having a molecular weight of 1,000 to 8,000, polyethers having
      a viscosity of 600 to 1,000 centipoises at 25.degree.C, and
      acrylonitrile-butadiene copolymer.
PAR  The higher fatty acid esters used as lubricants typically include butyl
      stearate and methyl hydroxystearate.
PAR  The amide compounds used as lubricants typically include stearoamide,
      methylene bis-stearoamide, hydroxy stearic acid ethylene diamide,
      hydroxystearic acid methylolamide, hydroxystearic acid oleylamide and
      hydroxystearic acid erucylamide.
PAR  The higher alcohol compounds used as lubricants typically include stearyl
      alcohol. Other lubricants include high melting wax.
PAR  The metallic soaps used as stabilizers typically include lithium stearate,
      magnesium stearate, calcium stearate, calcium chlorostearate, calcium
      laurate, strontium stearate, barium stearate, barium chlorostearate,
      barium laurate, barium 2-ethylhexylate, barium ricinoleate, zinc stearate,
      zinc laurate, cadmium stearate, cadmium laurate, cadmium ricinoleate, lead
      stearate, dibasic lead stearate, lead 2-ethylhexylate, tribasic lead
      maleate, dibasic lead phthalate and lead salicylate.
PAR  The salts of inorganic acids used as stabilizers typically include alkyl
      aryl cadmium phosphite, basic lead silicate, tribasic lead sulfate, basic
      lead sulfite and dibasic lead phosphite.
PAR  The organotin compounds used as stabilizers typically include dibutyl tin
      dilaurate, dibutyl tin maleate, dibutyl tin laurate-maleate complex,
      dimethyl tin compounds, actyl tin compounds and stamic diol derivatives.
PAR  The above-listed plasticizers, lubricants and stabilizers are already
      commercially available generally in the form blended with vinyl chloride
      resins. Such marketed vinyl chloride resins may be directly used as a
      component of the synthetic resin composition of this invention.
PAR  Where the above-mentioned additives to vinyl chloride resins are used in a
      larger proportion than 120 parts by weight based on 100 parts by weight of
      vinyl chloride resins, then the resultant resin composition will
      undesirably present a sticky state.
PAR  Though it is possible to use only one kind of the aforesaid plasticizers,
      lubricants and stabilizers respectively, yet it is generally preferred to
      use two or more kinds of these respective additives.
PAR  The synthetic resin composition of this invention may be prepared by first
      mixing two or three components of olefinic resins, vinyl chloride resins,
      alumina trihydrate and additives to the vinyl chloride resins and
      thereafter adding the remaining component or components. However, it is
      also possible to mix together all said four components at once. It is
      advised to carry out said mixing by a mechanical mixing process using a
      roll mill, Banbury mixer or melt extruder commonly used in the synthetic
      resin industry.
PAR  The synthetic resin composition of this invention prepared by mixing the
      components by any of the above-mentioned processes can be formed into
      various forms such as films, boards, sheets, pipes, rods, etc. by means
      of, for example, calender molding, injection molding or extrusion molding.
      However, the temperature at which final moldings are manufactured is
      desired to range between 150.degree. and 300.degree.C, or most preferably
      between 180.degree. and 250.degree.C.
PAR  Moldings prepared from the synthetic resin composition of this invention
      are not only excellent in mechanical properties such as impact resistance
      and flexibility despite inclusion of a relatively large amount of alumina
      trihydrate, but also have prominent heat stability and are moreover flame
      retardant. Further, since the subject resin composition contains a small
      proportion of olefinic resins, moldings thereof not only evolve relatively
      small volumes of black smoke (soot) when fired for dumping after use, but
      also release little heat.
PAR  Moldings of the synthetic resin composition of this invention can be bonded
      with metals such as aluminium, iron, copper and tin, alloys thereof (for
      example, brass and stainless steel), cellulosic materials such as paper,
      fibers and wood and inorganic materials such as stone, gypsum plaster and
      cement by interposing an adhesive material between both groups of objects
      of bonding or by previously incorporating adhesive compounds such as
      unsaturated carboxylic acid or organic peroxide in the subject resin
      composition itself.
PAR  The above-mentioned unsaturated carboxylic acid in liquid form includes
      acrylic acid, methacrylic acid and monomethyl 2-methylene glutarate. The
      unsaturated carboxylic acid in solid form includes crotonic acid, maleic
      acid, fumaric acid, itaconic acid, 2-methylene glutaric acid and
      citraconic acid.
PAR  Though addition of 0.1 to 4.0 parts by weight of said unsaturated
      carboxylic acid, whether in liquid or solid form, to the resin composition
      of this invention based on 100 parts by weight thereof appreciably
      improves the adhesivity of said composition, yet further incorporation of
      0.01 to 0.2 part by weight of organic peroxide based on 100 parts by
      weight of the subject resin composition more prominently elevates its
      adhesivity. Firm bonding between moldings of said resin composition and
      the articles of other materials can be effected by coating the liquid
      unsaturated carboxylic acid on the surface of the moldings of said resin
      composition at the rate of 1 to 2 mg/cm.sup.2, followed by heating and
      pressure. However, application of the aforesaid proportion of organic
      peroxide to the subject resin composition in addition to the liquid
      unsaturated carboxylic acid noticeably increases the adhesivity of said
      resin composition.
PAR  The above-mentioned peroxide includes ketone peroxide such as
      1,1-bis-tert-butyl peroxy-3,3,5-trimethyl cyclohexane; hydroperoxide such
      as 2,5-dimethyl hexane-2,5-dihydroperoxide; dialkyl peroxide such as
      dicumyl peroxide; diacyl peroxide such as benzoyl peroxide; and
      peroxyester such as 2,5-dimethyl-2,5-dibenzoyl peroxyhexane.
PAR  Moldings of the resin composition of this invention and the articles of
      other materials can be properly bonded together by applying a temperature
      of 140.degree. to 180.degree.C and a low pressure for 2 to 10 minutes. In
      this case, the articles of other materials may take various forms such as
      films, sheets, foils, fabrics, powders, boards, pipes, rod, etc.
PAR  Depending on the uses of moldings of the resin composition, the resin
      composition of this invention normally comprising olefinic resins, vinyl
      chloride resins and alumina trihydrate and, if required, additives to said
      vinyl chloride resins may be blended with other resins. Further, the resin
      composition of this invention may contain other additives generally used
      with olefinic resins, such as a stabilizer to light (ultraviolet ray),
      oxygen, ozone and heat, flame retardant, inhibitor of deterioration by
      metal (for example, copper inhibitor), reinforcing agent, filler,
      plasticizer, coloring agent, colorability promotor, antistatic agent,
      decomposition accelerator and electric property improver.
PAR  Moldings prepared from the synthetic resin composition of this invention
      are excellent, as previously described, not only in surface hardness and
      flame retardance, but also heat stability and flexibility, and can be
      favorably used in wide fields in various forms, for example, in the form
      of sheets or boards or a combination thereof as outer structural members
      and materials for automobiles, shipping and industrial applications.
DETD
PAR  This invention will be more fully understood by reference to the examples
      and controls which follow. Throughout the examples and controls, the
      surface hardness of moldings was determined by the pencil scratch test
      specified in the Japanese Industrial Standard (JIS) K 5400. Namely, said
      determination was made on a pencil scratch tester which was designed to
      indicate the surface hardness of moldings in the maximum hardness of the
      lead of a pencil which could scratch the surface of a sample molding under
      a load of 50 g without marking any scar thereon. The selfextinguishing
      property was determined on the basis of the oxygen index pursuant to the
      JIS K 7201. The tear strength was determined by obtaining the Elemendorf
      value according to the JIS P 8116. The feeling was expressed in the terms
      "dry," "sticky," "soft" and "hard" used in denoting the senses
      experimentally derived from the hand touch in conjunction with the
      corresponding values of the Sward rocker hardness. Namely, the Sward
      rocker hardness was determined according to the JIS K 5640 on the basis of
      50 shakings of the Sward rocker on the standard glass plate which was
      taken as the Sward rocker hardness of 100. The dimensional stability was
      tested by cutting off a piece 150 mm long and 6 mm wide from a sheet-like
      sample molding at room temperature, leaving the cut piece 10 minutes in a
      circulating thermostat at 120.degree.C and thereafter cooling the piece
      with ice and determining the ratio which the extension or shrinkage of the
      piece bears to the original length of 150 mm. The peel strength of the
      bonded mass was determined by peeling them through an angle of 180.degree.
      at a tensile speed of 100 mm/min. pursuant to ASTM D903-49.
PAC  EXAMPLE 1
PAR  25 parts by weight of high density polyethylene having a density of 0.94
      g/cc and a melt index of 0.05 g/10 min. as measured at a temperature of
      190.degree.C and under a load of 2.16 kg (manufactured by Showa Yuka K.K.
      under a trade name "Sholex"), 50 parts by weight of alumina trihydrate
      having a gibbsite crystal structure with an average particle size of 6
      microns and 25 parts by weight of polyvinyl chloride containing 25 % by
      weight of dioctyl phthalate (said polyvinyl chloride contains 5 mol% of
      ethylene and has an average degree of polymerization of 1050.) were
      kneaded together about 5 minutes on an 8-inch mixing roll whose surface
      temperature was set at 160.degree.C to provide a sheet 0.2 mm thick. A
      pencil scratch test made of the surface hardness of said sheet showed that
      the surface hardness of said sheet was a pencil hardness of the B grade.
      The sheet indicated desirably small changes in dimensional stability, as
      -0.33 % in the longitudinal direction (the direction in which the mixing
      roll rotated in forming the sheet) and +0.05 % in the lateral direction.
      The sheet was selfextinguishing with an oxygen index of 22.1 and had a
      tear strength of 7.3 kg/cm in the longitudinal direction and a tear
      strength of 5.5 kg/cm in the lateral direction. Further the sheet
      satisfactorily felt "soft and dry" with a Sward rocker hardness of 8.
PAC   CONTROL 1
PAR  55 parts by weight of high density polyethylene, 40 parts by weight of
      alumina trihydrate and 5 parts by weight of polyvinyl chloride all of the
      same kind as in Example 1 were kneaded together in the same manner as in
      Example 1 to form a sheet. The pencil scratch test showed that the sheet
      had a surface hardness of the 4B grade expressed in the hardness of the
      lead of the pencil. Further, the sheet presented prominent variations in
      dimensional stability, namely, -5.4 % in the longitudinal direction and
      -2.1 % in the lateral direction.
PAC  CONTROL 2
PAR  47 parts by weight of high density polyethylene, 8 parts by weight of
      alumina trihydrate and 45 parts by weight of polyvinyl chloride all of the
      same kind as in Example 1 were kneaded together in the same manner as in
      Example 1 to provide a sheet. The sheet was flammable with an oxygen index
      of 19.2. Further, the sheet undesirably felt rigid with a Sward rocker
      hardness of 16.
PAC  CONTROL 3
PAC  CONTROL 3
PAR  15 parts by weight of high density polyethylene, 75 parts by weight of
      alumina trihydrate and 10 parts by weight of polyvinyl chloride all of the
      same kind as in Example 1 were kneaded together in the same manner as in
      Example 1 to form a sheet. The sheet was brittle with a tear strength of
      0.8 kg/cm in the longitudinal direction and a tear strength of 0.5 kg/cm
      in the lateral direction.
PAC  EXAMPLE 2
PAR  The polyvinyl chloride of Example 1 containing dioctyl phthalate was
      replaced by the type containing 5 % by weight of glyceryl monostearate.
      Thus substantially the same three components as in Example 1 were kneaded
      together in the same manner as shown in Example 1 to provide a sheet. The
      sheet had a surface hardness of the H grade expressed in the hardness of
      the lead of the pencil in the pencil scratch test. Further, the sheet was
      selfextinguishing with an oxygen index of 23.6 and had a tear strength of
      5.3 kg/cm in the longitudinal direction and a tear strength of 4.8 kg/cm
      in the lateral direction. The sheet desirably felt "dry and soft" with a
      Sward rocker hardness of 6.
PAC  EXAMPLE 3
PAR  The polyvinyl chloride in Example 1 containing dioctyl phthalate was
      replaced by the type containing 1.5 % by weight of calcium stearate. Thus
      substantially the same three components as in Example 1 were kneaded
      together in the same manner as in Example 1 to provide a sheet. The sheet
      had a surface hardness of the H grade expressed in the hardness of the
      lead of the pencil in the pencil scratch test. The sheet indicated small
      changes in dimensional stability, as -0.29 % in the longitudinal direction
      and +0.05 % in the lateral direction. Further, the sheet was
      selfextinguishing with an oxygen index of 23.6, and had a tear strength of
      8.2 kg/cm in the longitudinal direction and a tear strength of 6.6 kg/cm
      in the lateral direction. The sheet also felt "dry" with a Sward rocker
      hardness of 8.
PAC  EXAMPLE 4
PAR  Kneading was carried out in the same manner as in Example 1 to form a
      sheet, excepting that the polyvinyl chloride used in Example 1 was
      replaced by the type which did not contain dioctyl phthalate. The sheet
      thus prepared had a surface hardness of the 2H grade expressed in the
      hardness of the lead of the pencil in the pencil scratch test. The sheet
      desirably indicated small changes in dimensional stability as -0.25 % in
      the longitudinal direction and +0.05 % in the lateral direction. The sheet
      was also selfextinguishing with an oxygen index of 24.1 and a tear
      strength of 8.5 kg/cm in the longitudinal direction and a tear strength of
      6.2 kg/cm in the lateral direction. The sheet favorably felt "soft and
      dry" with a Sward rocker hardness of 8.
PAC  EXAMPLE 5
PAR  The high density polyethylene of Example 1 was replaced by crystalline
      propylene homopolymer having a density of 0.89 g/cc, melt flow index of
      2.0 g/10 min. as measured at a temperature of 230.degree.C and under a
      load of 2.16 kg and containing 17 % of boiling n-heptane-soluble portion
      (manufactured by Showa Yuka K.K. under a trade name "Shoallomer"). Thus
      substantially the same three components as in Example 1 were kneaded
      together in the same manner as in Example 1 to form a sheet. The sheet had
      a surface hardness of the 2H grade expressed in the hardness of the lead
      of the pencil in the pencil scratch test. The sheet presented small
      changes in dimensional stability, as -0.05 % in the longitudinal direction
      and +0.05 % in the lateral direction. The sheet was selfextinguishing with
      an oxygen index of 22.4, and had a tear strength of 2.9 kg/cm in the
      longitudinal direction and a tear strength of 2.1 kg/cm in the lateral
      direction. The sheet desirably felt "dry" with a Sward rocker hardness of
      8.
PAC  EXAMPLE 6
PAR  35 parts by weight of high density polyethylene, 50 parts by weight of
      alumina trihydrate and 15 parts by weight of polyvinyl chloride, all used
      in Example 1, were kneaded together in the same manner as in Example 1 to
      form a sheet. The sheet had a surface hardness of the B grade expressed in
      the hardness of the lead of the pencil in the pencil scratch test. The
      sheet indicated small variations in dimensional stability, as -0.05 % in
      the longitudinal direction and +0.05% in the lateral direction. The sheet
      was selfextinguishing with an oxygen index of 22.4, and had a tear
      strength of 9.7 kg/cm in the longitudinal direction and a tear strength of
      7.6 kg/cm in the lateral direction. The sheet favorably felt "dry" with a
      Sward rocker harndess of 10.
PAC  EXAMPLE 7
PAR  25 parts by weight of high density polyethylene used in Example 1, 60 parts
      by weight of alumina trihydrate used in Example 1 and 15 parts by weight
      of vinyl chloride homopolymer having an average degree of polymerization
      of 1400 were kneaded together in the same manner as in Example 1 to form a
      sheet. The sheet had a surface hardness of the H grade expressed in the
      hardness of the lead of the pencil in the pencil scratch test. The sheet
      showed small changes in dimensional stability, as -0.21 % in the
      longitudinal direction and +0.05 % in the lateral direction. The sheet was
      selfextinguishing with an oxygen index of 23.5 and had a tear strength of
      7.0 kg/cm in the longitudinal direction and a tear strength of 4.5 kg/cm
      in the lateral direction. The sheet desirably felt "dry" with a Sward
      rocker hardness of 6.
PAC  EXAMPLE 8
PAR  45 parts by weight of high density polyethylene, 40 parts by weight of
      alumina trihydrate and 15 parts by weight of polyvinyl chloride, all used
      in Example 1, were kneaded together in the same manner as in Example 1 to
      provide a sheet. The sheet had a surface hardness of the H grade expressed
      in the hardness of the lead of the pencil in the pencil scratch test. The
      sheet indicated small variations in dimensional stability, as -0.54 % in
      the longitudinal direction and +0.05 % in the lateral direction. The sheet
      was selfextinguishing with an oxygen index of 20.2, and had a tear
      strength of 8.4 kg/cm in the longitudinal direction and a tear strength of
      5.6 kg/cm in the lateral direction. The sheet favorably felt "dry" with a
      Sward rocker hardness of 10.
PAC  EXAMPLE 9
PAR  40 parts by weight of high density polyethylene, 40 parts by weight of
      alumina trihydrate and 20 parts by weight of polyvinyl chloride, all used
      in Example 1, were kneaded together in the same manner as in Example 1 to
      form a sheet. The sheet had a surface hardness of the 2B grade expressed
      in the hardness of the lead of the pencil in the pencil scratch test. The
      sheet presented small variations in dimensional stability, as -0.54 % in
      the longitudinal direction and +0.05 % in the lateral direction. The sheet
      was selfextinguishing with an oxygen index of 20.7, and had a tear
      strength of 6.3 kg/cm in the longitudinal direction and a tear strength of
      3.1 kg/cm in the lateral direction. The sheet desirably felt "dry" with a
      Sward rocker hardness of 10.
PAC  EXAMPLE 10
PAR  33.3 parts by weight of high density polyethylene having a density of 0.95
      g/cc and a melt index of 0.03 g/10 min, 33.3 parts by weight of alumina
      trihydrate used in Example 1 and 33.3 parts by weight of polyvinyl
      chloride used in Example 1, were kneaded together in the same manner as in
      Example 1 to provide a sheet. The sheet had a surface hardness of the B
      grade expressed in the hardness of the lead of the pencil in the pencil
      scratch test. The sheet showed small changes in dimensional stability, as
      -1.2 % in the longitudinal direction and -0.09 % in the lateral direction.
      The sheet was selfextinghishing with an selfextinguishing index of 21.0,
      and had a tear strength of 6.0 kg/cm in the longitudinal direction and a
      tear strength of 3.9 kg/cm in the lateral direction. The sheet desirably
      felt "dry" with a Sward rocker hardness of 10.
PAC  EXAMPLE 11
PAR  30 parts by weight of high density polyethylene, 40 parts by weight of
      alumina trihydrate and 30 parts by weight of polyvinyl chloride, all used
      in Example 1, were kneaded together in the same manner as in Example 1 to
      form a sheet. The sheet had a surface hardness of the HB grade expressed
      in the hardness of the lead of the pencil in the pencil scratch test. The
      sheet presented small variations in dimensional stability, as -0.55 % in
      the longitudinal direction and +0.05 % in the lateral direction. The sheet
      was selfextinguishing with an oxygen index of 21.5, and had a tear
      strength of 5.1 kg/cm in the longitudinal direction and a tear strength of
      2.3 kg/cm in the lateral direction. The sheet favorably felt "soft" with a
      Sward rocker hardness of 8.
PAC  EXAMPLE 12
PAR  25 parts by weight of high density polyethylene, 55 parts by weight of
      alumina trihydrate and 20 parts by weight of polyvinyl chloride, all used
      in Example 1, were kneaded together in the same manner as in Example 1 to
      form a sheet. The sheet had a surface hardness of the HB grade expressed
      in the hardness of the lead of the pencil in the pencil scratch test. The
      sheet indicated small variations, as -0.19 % in the longitudinal direction
      and +0.05 % in the lateral direction. The sheet was selfextinguishing with
      an oxygen index of 23.0, and had a tear strength of 5.3 kg/cm in the
      longitudinal direction and a tear strength of 2.3 kg/cm in the lateral
      direction. The sheet satisfactorily felt "dry" with a Sward rocker
      hardness of 8.
PAC  EXAMPLE 13
PAR  The polyvinyl chloride used in Example 1 was replaced by the type
      containing 40 % by weight of dioctyl phthalate. Thus substantially the
      same three components as in Example 1 were kneaded together in the same
      manner as in Example 1 to provide a sheet. The sheet had a surface
      hardness of the 2B grade expressed in the hardness of the lead of the
      pencil in the pencil scratch test. The sheet was selfextinguishing with an
      oxygen index of 22.0, and had a tear strength of 8.0 kg/cm in the
      longitudinal direction and a tear strength of 6.0 kg/cm in the lateral
      direction. The sheet desirably felt "soft" with a Sward rocker hardness of
      6.
PAC  EXAMPLE 14
PAR  The polyvinyl chloride used in Example 1 was replaced by the type
      containing 25 % by weight of dioctyl phthalate and 3 % by weight of butyl
      stearate. Thus substantially the same three components as in Example 1
      were kneaded together in the same manner as in Example 1 to form a sheet.
      The sheet had a surface hardness of the B grade expressed in the hardness
      of the lead of the pencil in the pencil scratch test. The sheet showed
      small variations in dimensional stability, as -0.30 % in the longitudinal
      direction and +0.10 % in the lateral direction. The sheet was
      selfextinguishing with an oxygen index of 22.1, and had a tear strength of
      7.5 kg/cm in the longitudinal direction and a tear strength of 6.0 kg/cm
      in the lateral direction. The sheet satisfactorily felt "soft and dry,"
      with a Sward rocker hardness of 6.
PAC  EXAMPLE 15
PAR  25 parts by weight of high density polyethylene having a density of 0.96
      g/cc and a melt index of 1.5 g/10 min, 50 parts by weight of alumina
      thrihydrate having an average particle size of 1.2 microns and 25 parts by
      weight of polyvinyl chloride used in Example 1 were kneaded together in
      the same manner as in Example 1 to form a sheet. The sheet had a surface
      hardness of the HB grade expressed in the hardness of the lead of the
      pencil in the pencil scratch test. The sheet indicated small changes in
      dimensional stability, as -0.29 % in the longitudinal direction and +0.04
      % in the lateral direction. The sheet was selfextinguishing with an oxygen
      index of 23.1, and had a tear strength of 9.3 kg/cm in the longitudinal
      direction and a tear strength of 7.2 kg/cm in the lateral direction. The
      sheet desirably felt "dry" with a Sward rocker hardness of 8.
PAC  EXAMPLE 16
PAR  Kneading was carried out in the same manner as in Example 1, excepting that
      the resin composition of Example 1 was further blended with 3 parts by
      weight of fumaric acid, thereby forming a sheet about 3.0 mm thick. The
      sheet was placed between two 0.08 mm thick aluminium foils (JIS H-4191)
      whose surface was previously washed and degreased by trichloroethylene.
      The superposed mass was pressed together for 5 minutes at a temperature of
      160.degree.C and a pressure of 50 kg/cm.sup.2, followed by cooling to room
      temperature using a water-cooled press at a pressure of 50 kg/cm.sup.2.
      The bonded mass thus obtained had a peel strength of 9.3 kg/2.5 cm width.
PAC  EXAMPLE 17
PAR  Kneading was effected in the same manner as in Example 16 to form a sheet,
      excepting that the amounts of high density polyethylene, alumina
      trihydrate and polyvinyl chloride used in Example 16 were changed to 20,
      70 and 10 parts by weight respectively. The sheet was placed between two
      aluminium foils of the same type as in Example 16, followed by compression
      under heat in the same manner as in Example 16. The bonded mass had a peel
      strength of 8.3 kg/2.5 cm width.
PAC  EXAMPLE 18
PAR  The resin composition of Example 16 which was further blended with 0.05
      part by weight of dicumyl peroxide was kneaded in the same manner as in
      Example 16 to form a sheet. The sheet was placed between two aluminium
      foils of the same type as in Example 16, followed by compression under
      heat in the same manner as in Example 16. The bonded mass had a peel
      strength of 11.5 kg/2.5 cm width.
PAC  EXAMPLE 19
PAR  The two aluminium foils used in Example 16 were replaced by two 0.2 mm
      thick galvanized sheets whose surface was previously degreased by
      trichloroethylene. A sheet obtained by kneading the resin composition of
      Example 16 was placed between said galvanized sheets. The superposed mass
      was pressed together under heat in the same manner as in Example 16. The
      bonded mass had a peel strength of 8.5 kg/2.5 cm width.
PAC  EXAMPLE 20
PAR  The two aluminium foils used in Example 16 were replaced by two pieces of
      kraft paper. A sheet obtained by kneading the resin composition of Example
      16 was placed between said pieces of kraft paper. The superposed mass was
      pressed together under heat in the same manner as in Example 16. The
      bonded mass had a peel strength of 8.5 kg/2.5 cm width. (The kraft paper
      was torn off due to the firm bonding of said superposed mass.)
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A synthetic resin composition capable of forming moldings with good
      surface hardness and flame resistance consisting essentially of 20 to 50
      parts by weight of olefinic resin, 10 to 40 parts by weight of vinyl
      chloride resin and 70 to 10 parts by weight of alumina trihydrate of the
      formula .alpha.-Al(OH).sub.3 with a gibbsite crystal structure in which
      the lattice constant is measured as a = 8.62A, b = 5.06A and c = 9.70A,
      the .beta. (B) angle is determined to be 85.degree.26' and the refractive
      index is expressed as .alpha. = 1.568, .beta. = 1.568 and .gamma. = 1.567
      and which has an average particle size under 30 microns, said olefinic
      resin being selected from the group consisting of ethylene homopolymer,
      copolymers formed of at least 80 mol% ethylene and not over 20 mol% of
      other .alpha.-olefin, propylene homopolymers and copolymers formed of at
      least 80 mol% propylene and not over 20 mol% of other .alpha.-olefin or
      diolefin, and said vinyl choride resin being selected from the group
      consisting of vinyl chloride polymer and mixtures thereof with up to 120
      parts by weight of plasticizer, up to 10 parts by weight of lubricant and
      up to 10 parts by weight of stabilizer per 100 parts of vinyl chloride
      polymer, said vinyl chloride polymer having a degree of polymerization
      between about 850 to 1,800 and being selected from the group consisting of
      vinyl chloride homopolymer and copolymers formed of at least 85 mol% vinyl
      chloride with ethylene, vinylidene chloride, vinyl acetate or acrylic
      ester.
NUM  2.
PAR  2. A synthetic resin composition according to claim 1 wherein said alumina
      trihydrate contains at least 0.20 percent by weight of fixed sodium
      compounds expressed as Na.sub.2 O.
NUM  3.
PAR  3. The composition of claim 1 wherein said olefinic resin is high density
      polyethylene having a melt index of 0.001 to 5 g/10 min. measured at
      190.degree.C under a load of 2.16 kg.
NUM  4.
PAR  4. The composition of claim 1 wherein said olefinic resin is polypropylene
      having a melt index of about 20 g/10 min. measured at 230.degree.C under a
      load of 2.16 kg.
NUM  5.
PAR  5. The composition of claim 1 which contains 0.1 to 4.0 parts by weight of
      unsaturated carboxylic acid based on 100 parts by weight of said resin
      composition.
NUM  6.
PAR  6. The composition of claim 1 which contains 0.01 to 0.2 parts by weight of
      organic peroxide based on 100 parts by weight of said resin composition.
NUM  7.
PAR  7. A synthetic resin composition according to claim 5 wherein the
      unsaturated carboxylic acid is one selected from the group consisting of
      acrylic acid, methacrylic acid, monomethyl 2-methylene glutarate, crotonic
      acid, maleic acid, fumaric acid, itaconic acid, 2-methylene glutaric acid
      and citraconic acid.
NUM  8.
PAR  8. A synthetic resin composition according to claim 6 wherein the organic
      peroxide is one selected from the group consisting of ketone peroxide,
      hydroperoxide, dialkyl peroxide, diacyl peroxide and peroxyester.
PATN
WKU  039364046
SRC  5
APN  4986733
APT  1
ART  142
APD  19740819
TTL  Aqueous baking varnishes from carboxylic polyester and carboxylic
      polyimide, and coated article
ISD  19760203
NCL  15
ECL  1
EXA  Koeckert; Arthur H.
EXP  Tillman; Murray
INVT
NAM  Ishizuka; Takashi
CTY  Osaka
CNT  JA
INVT
NAM  Miwa; Naoki
CTY  Osaka
CNT  JA
ASSG
NAM  Nitto Electric Industrial Co., Ltd.
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730817
APN  48-92831
CLAS
OCL  260 292N
XCL  204181
XCL  260 292E
XCL  260 78TF
XCL  260841
XCL  260850
XCL  260857PA
XCL  260857PE
XCL  428423
XCL  428457
XCL  428474
EDF  2
ICL  B32B 1508
ICL  C08L 7908
FSC  260
FSS  29.2 N;857 PA;29.2 E
UREF
PNO  3223666
ISD  19651200
NAM  Bolton
OCL  260 29.2E
UREF
PNO  3528937
ISD  19680200
NAM  Reynolds et al.
OCL  260 29.2N
UREF
PNO  3573132
ISD  19710300
NAM  Ducloux et al.
OCL  260 29.2N
UREF
PNO  3634304
ISD  19720100
NAM  Suzuki et al.
OCL  260857PA
FREF
PNO  1,093,734
ISD  19671200
CNT  UK
OCL  260857PA
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  Aqueous baking varnishes having a low viscosity and a high concentration
      suitable for coating conductors which comprise
PA1  A. a carboxyl group containing polyester resin having an acid number of
      about 10 to 150 comprising the reaction product of
PA2  1. an organic carboxylic acid component comprising
PA3  A. about 15 to 100 mol% of at least one of an aromatic tricarboxylic acid
      and the anhydride thereof in which up to 30 mol% of the aromatic
      tricarboxylic acid and the anhydride thereof can be replaced by at least
      one of an aromatic tetracarboxylic acid and the anhydride thereof, and
PA3  B. about 0 to 85 mol% of at least one of a dicarboxylic acid and the
      anhydride thereof, and
PA2  2. an organic alcohol component comprising at least one organic polyhydric
      alcohol; and
PA1  B. a polyimide resin comprising the reaction product of
      butanetetracarboxylic acid and/or an imide-forming derivative thereof and
      at least one organic diamine, wherein both resins are dissolved in an
      aqueous solution with a volatile base selected from the group consisting
      of ammonia and a volatile organic amine to render the resins soluble.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to aqeuous baking varnishes suitable for
      coating conductors such as electric wires.
PAR  2. Description of the Prior Art
PAR  Hitherto, almost all baking varnishes and particularly wire enamels are the
      so-called solvent type varnishes wherein an organic solvent such as
      cresol, xylene or naphtha is used. These varnishes have the defects that
      the solvent and gases of decomposition disperse in the air in the
      production of insulated wires causing air pollution and the cost is high
      because the solvent should be completely incinerated by a combustion
      furnace. Further, the working environment in the production and the use of
      these organic solvent-type varnishes is very bad due to their bad smell
      and fire is always a danger because the solvents are inflammable.
      Recently, it is particularly desired to obtain wire enamels which do not
      have such defects creating a poor environment.
PAR  Although aqueous varnishes have been suggested as harmless wire enamels,
      they are not suitable since these aqueous baking varnishes do not have a
      low viscosity, a high concentration and a good film-forming property.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide aqueous baking
      varnishes suitable for coating conductors such as electric wires.
PAR  The present invention provides aqueous baking varnishes having a low
      viscosity and a high concentration suitable for coating conductors.
PAR  As the result of studies for improving such prior defects, it has been
      found that aqueous baking varnishes which comprise
PA1  (A) a carboxyl group containing polyester resin having an acid number of
      about 10 to 150 comprising the reaction product of
PA2  1. an organic carboxylic acid component comprising
PA3  A. about 15 to 100 mol% of at least one of an aromatic tricarboxylic acid
      and the anhydride thereof in which up to 30 mol% of the aromatic
      tricarboxylic acid and the anhydride thereof can be replaced by at least
      one of an aromatic tetracarboxylic acid and the anhydride thereof, and
PA3  b. about 0 to 85 mol% of at least one of a dicarboxylic acid and the
      anhydride thereof, and
PA2  2. an organic alcohol component comprising at least one organic polyhydric
      alcohol; and
PA1  (B) a polyimide resin comprising the reaction product of butane
      tetracarboxylic acid and/or an imide-forming derivative thereof and at
      least one organic diamine in an aqueous solution with a volatile base
      selected from the group consisting of ammonia and a volatile organic amine
      to render the resins soluble have a low viscosity and a high concentration
      and exhibit excellent mechanical, thermal and electric properties when
      baked on conductors, and thus the present invention has been accomplished.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The carboxyl group containing polyester resins can be produced by reacting
PA1  1. an organic carboxylic acid component comprising organic polycarboxylic
      acids (or anhydrides thereof) as described hereinbefore containing at
      least 15 mol%, i.e., 15 mol% to 100 mol%, preferably 50 mol% to 100 mol%,
      of aromatic tricarboxylic acids (or anhydrides thereof) with
PA1  2. an organic alcohol component comprising organic polyhydric alcohols as
      described hereinbefore in an alcohol-rich state.
PAL  In this case, a preferred ratio of OH/COOH ranges from about 1.0 to 3.0 and
      preferably 1.15 to 1.95. If the ratio is below 1.0, gelation occurs during
      the reaction before the molecular weight of the product is sufficiently
      increased. If the ratio is above 3.0, polymers having too low a molecular
      weight are only obtained and thus it is difficult to form tough films even
      if the finally resulting varnishes are baked. However, it should be
      understood that an additional excess amount of alcohols can be added if a
      vacuum treatment is carried out after the conclusion of the reaction.
PAR  The reaction is carried out at a temperature ranging from about 100.degree.
      to 300.degree.C and preferably 160.degree. to 220.degree.C for a few hours
      to distill off water, whereby the contents gradually become a viscous
      resin and the acid number thereof decreases to below about 150. The
      reaction is stopped when the acid number is in the range of about 10 to
      150, preferably 20 to 100, to obtain a colorless transparent resin. Then
      the resulting resin is dissolved in water by adding volatile basic
      compounds such as an aqueous ammonia solution to produce a transparent
      aqueous solution of the carboxyl group containing polyester resin. If the
      organic carboxylic acid component does not contain at least 15 mol% of
      aromatic tricarboxylic acids (or anhydrides thereof), the resulting resin
      is a cloudy solution when water which contains the basic compounds is
      added or becomes water-insoluble.
PAR  The reason why the reaction must be stopped when the acid number is in the
      range of about 10 to 150 is as follows. If the acid number is below about
      10, the finally resulting aqueous baking varnish becomes cloudy and
      mechanical properties of the baked coating films and the film appearance
      are sometimes deteriorated. If the acid number is above about 150,
      carboxyl groups remain in the baked coating films and the electrical and
      thermal properties of the baked coating films deteriorate.
PAR  Where the resulting water soluble carboxyl group containing polyester is
      baked alone, it is difficult to form coating films having sufficient film
      strength and good properties. This fact is clear from Table 2 given
      hereinafter wherein properties of coated electric wires are shown.
PAR  On the other hand, in order to produce the polyimide resins from
      butanetetracarboxylic acid (or imide-forming derivatives) and organic
      diamines, the processes described in Japanese Pat. Publication No.
      14503/1972 and 19710/1972 can be utilized. In the processes described in
      the above patent publications, butanetetracarboxylic acid (or the
      imide-forming derivative thereof) and an organic diamine are reacted in an
      equimolar amount in water at a concentration of about 65 to 85% by weight
      at a temperature of about 60.degree. to 100.degree.C. Polyimide resins
      having a comparatively high degree of polymerization are
      water-solubilized. The concept in these processes could be considered to
      be similar to that in the present invention. However, in the present
      invention, the molar ratio of butanetetracarboxylic acid/diamine does not
      have to be equimolar and can range from about 1/2 to 2 since the resulting
      polyimide resin is mixed afterwards with a polyester resin containing
      carboxyl groups. Thus, in the present invention, polyamide resins wherein
      the molar ratio of butanetetracarboxylic acid/diamines ranges from about
      1/2 to 2 can be used, and polyimide resins having rather a low molecular
      weight which per se do not form films can also be used.
PAR  The reaction of the butanetetracarboxylic acid (or the imide-forming
      derivative thereof) and organic diamines is carried out in water at a
      concentration of about 50 to 80% by weight while removing water at above
      about 80.degree.C and preferably 100 to 130.degree.C. In this reaction, it
      is advantageous that a water-soluble organic solvent having a boiling
      point higher than 100.degree.C, generally in the range of from about
      150.degree.C to 350.degree.C, is incorporated in the reaction mixture in
      an amount of about 20 to 50% by weight based on the water whereby the
      reaction can proceed in a homogeneous reaction system without
      precipitation of the imide resin formed. Such an organic solvent can
      include, for example, glycols such as ethylene glycol, propylene glycol,
      1,3-propanediol, diethylene glycol, triethylene glycol, ethylene glycol
      monomethyl ether, ethylene glycol monobutyl ether, diethylene glycol
      monomethyl ether, diethylene glycol dimethyl ether, triethylene glycol
      monometehyl ether, dipropylene glycol and the like or dioxanes.
PAR  The reaction is stopped when the acid number of the resin is in the range
      of about 50 to 400 and preferably 100 to 250. Then basic compounds such as
      an aqueous ammonia solution and water are added thereto to dissolve the
      resin. Thus, an aqueous solution of a blackish brown transparent resin is
      produced. If the acid number of the resin is below about 50, the resin
      does not become water soluble and cloudiness results. If the acid number
      is above about 400, a large amount of unreacted components remains in the
      resin and tough coating films can not be formed on baking. Neither the
      above described carboxyl group containing polyester resin nor the
      polyimide resin produced from butanetetracarboxylic acid (or imide forming
      derivative thereof) and organic diamines can form coating films having
      sufficiently good strength and excellent properties when baked alone.
      Particularly in the latter case, when the polyimide is baked on electric
      wires, coating films are only obtained having such a poor plasticity that
      they peel off at self-diameter winding.
PAR  However, it has been found that the aqueous varnishes composed of a mixture
      of these resins undergo cross-linking reactions between the molecules at
      baking and form strong coating films having excellent properties.
PAR  It will be easily understood that many kinds of varnishes having different
      properties can be produced by changing the proportion of the carboxyl
      group containing polyester resin (hereinafter, for brevity "polyester
      resin") and the polyimide resin produced from butanetetracarboxylic acid
      (or imide-forming derivative thereof) and organic diamines (hereinafter,
      for brevity "polyimide resin").
PAR  In order to attain the objects of the present invention, the polyimide
      resin can be added in an amount of less than about 500 parts by weight
      based on 100 parts by weight of the polyester resin. However, it is
      preferable to add 150 to 5 parts by weight and more preferably 100 to 10
      parts by weight of the polyimide resin based on 100 parts by weight of the
      polyester resin. If the polyimide resin is added in an amount of 150 parts
      by weight based on 100 parts by weight of the polyester resin, the
      resulting varnishes sometimes are cloudy, particularly where the terminal
      group of the polyimide resin is an amino group. However, if heat
      resistance is required in the varnishes, it may be added in the amount of
      up to 500 parts by weight. It is not preferable to use the polyimide resin
      in an amount of below 5 parts by weight, because there is the possibility
      that the heat resistance and mechanical properties of the resulting
      varnishes are remarkably deteriorated.
PAR  The baking coating films produced from the aqueous varnishes of the present
      invention are composed substantially of an esterimide resin which contains
      ester groups and imide groups in the molecule. However, it should be
      understood that amide groups are formed in the molecule when the molar
      ratio of butanetetracarboxylic acid/organic diamines is below 1. Formation
      of the amide groups can be carried out not only during the reaction of
      butanetetracarboxylic acid and organic diamines but also during the
      reaction between the terminal amino groups of the polyimide resin and
      carboxyl groups of the polyester resin on baking.
PAR  In the prior art solvent type varnishes, coating films having sufficiently
      good properties can not be obtained unless organic metal compounds (such
      as tetrabutyl titanate) are added as the crosslinking agent at baking.
      However, according to the present invention, baked coating films having
      sufficiently good properties can be obtained without using such
      crosslinking agents. However, if desired, water soluble organic metal
      compounds, for example, titanium chelate compounds, e.g., titanium
      lactate, ammonium titanium lactate and ammonium zirconium lactate, water
      soluble phenol resins e.g., WP-71 (a trademark for a complete aqueous
      solution of phenolformaldehyde resin manufactured by Gun-ei Kagaku K.K.,
      Japan), water soluble amino resins e.g., Mo-70W (a trademark for an
      aqueous solution of an alkylated methylolmelamine resin manufactured by
      Fuji Kasei K.K., Japan), Po-70W (a trademark for an aqueous solution of an
      alkylated methylolguanamine resin manufactured by Fuji Kasei K.K., Japan),
      hexamethoxymethylated melamine, tris-(2-hydroxyethyl)-isocyanurate and
      triethanolamine in an amount of less than about 10%, generally about 0.1
      to 5%, by weight based on the non-volatile content of the varnishes can be
      effectively used as water soluble crosslinking agents. Further, since the
      aqueous baking varnishes of the present invention are composed of an
      aqueous solution of two kinds of resin having a low molecular weight, the
      concentrations of the solution are as high as about 45 to 65% while the
      viscosity is as low as about 1 to 100 poises. Accordingly, they have
      excellent processing properties, for example, the number of applications
      to bare copper wires decreases.
PAR  Aromatic tricarboxylic acids which can be used in this invention include
      (i) trimellitic acid or the anhydride thereof, hemimellitic acid or the
      anhydride thereof or trimesic acid having the formula
      ##SPC1##
PAR  ii. 3,4,3'(or 3,4,4', etc.)-diphenyltricarboxylic acid having the formula
      ##SPC2##
PAR  or the anhydride thereof, (iii) 3,4,3'(or 3,4,4', etc.)-tricarboxydiphenyl
      ether, 3,4,3'(or 3,4,4', etc.)-tricarboxydiphenylmethane, 3,4,3'(or
      3,4,4', etc.)-tricarboxydiphenyl sulfide, 3,4,3'(or 3,4,4',
      etc.)-tricarboxydiphenyl sulfone, 3,4,3'(or 3,4,4',
      etc.)-tricarboxydiphenyl ketone, and 3,4,3'(or 3,4,4',
      etc.)-tricarboxydiphenylpropane having the formula
      ##SPC3##
PAL  wherein R represents a methylene group, an oxygen atom, a sulfur atom, a
      -SO.sub.2 - group, a
      ##EQU1##
      group or a   group, or the anhydrides thereof or (iv) mixtures thereof.
PAR  In the present invention, a part, i.e., up to about 30 mol%, of the above
      described aromatic tricarboxylic acid or the anhydride thereof can be
      replaced by an aromatic tetracarboxylic acid or the anhydride thereof to
      prepare the water-soluble insulating varnish. Such an aromatic
      tetracarboxylic acid or the anhydride thereof includes i) pyromellitic
      acid or the anhydride thereof, 3,3',4,4,' -diphenyltetracarboxylic acid or
      the anhydride thereof, or the isomers thereof, (ii) those represented by
      the general formula
      ##SPC4##
PAL  wherein R represents --O--, --CH.sub.2 --, --S--, --SO.sub.2 --, --CO-- or
      ##EQU2##
      such as 3,3',4,4' -diphenylmethanetetracarboxylic acid or the anhydride
      thereof, 3,3',4,4'-diphenyl ether tetracarboxylic acid or the anhydride
      thereof, 3,3',4,4'-diphenylketonetetracarboxylic acid or the anhydride
      thereof, 3,3',4,4'-diphenylsulfonetetracarboxylic acid or the anhydride
      thereof, 3,3',4,4'-diphenylsulfidetetracarboxylic acid and the like; and
      iii) those represented by the formula
      ##SPC5##
PAL  such as 1,2,5,6-naphthalenetetracarboxylic acid or the anhydride thereof,
      1,4,5,8-naphthalenetetracarboxylic acid,
      2,3,6,7-naphthalenetetracarboxylic acid and the like.
PAR  Organic dibasic carboxylic acids or the anhydrides thereof which can be
      used together with the aromatic tricarboxylic acids or the anhydrides
      thereof include succinic acid, succinic anhydride, malonic acid, adipic
      acid, sebacic acid, phthalic acid, phthalic anhydride, terephthalic acid,
      isophthalic acid, naphthalene - 1,4 (or 1,5,2,6, etc.)-dicarboxylic acid
      having the formula
      ##SPC6##
PAL  3,3' (or 4,4', etc.)-dicarboxydiphenyl having the formula
      ##SPC7##
PAL  or 3,3' (or 4,4', etc.)-dicarboxydiphenyl sulfide, 3,3' (or 4,4',
      etc.)-dicarboxydiphenylmethane, 3,3' (or 4,4', etc.)-dicarboxydiphenyl
      ether, 3,3' (or 4,4')-dicarboxydiphenyl sulfone, 3,3' (or 4,4',
      etc.)-dicarboxydiphenyl ketone, or 3,3' (or 4,4',
      etc.)-dicarboxydiphenylpropane having the general formula
      ##SPC8##
PAL  wherein R represents a methylene group, an oxygen atom, a sulfur atom, a
      --SO.sub.2 -- group, a
      ##EQU3##
      group or a
      ##EQU4##
      group, or mixtures thereof.
PAR  As the organic polyhydric alcohols, any of the aliphatic and aromatic
      alcohols can be used in the present invention. Examples of such alcohols
      include ethylene glycol, propylene glycol, 1,4-butanediol,
      1,5-pentanediol, 1,6-hexanediol, 1,7-heptanediol, 1,8-octanediol,
      1,9-nonanediol, 1,10-decandiol, diethylene gylcol, dipropylene glycol,
      triethylene glycol, glycerine, trimethylolpropane,
      tris(2-hydroxyethyl)isocyanurate, 1,2,6-hexanetriol,
      3-methyl-1,3,5-hexanetriol, pentaerythritol, 4,4'-dihydroxymethyldiphenyl,
      4,4'-dihydroxyethyldiphenyl, 4,4'-dihydroxymethyldiphenylmethane,
      4,4'-dihydroxyethyldiphenylmethane, 4,4'-dihydroxymethyldiphenyl ether,
      4,4'-dihydroxyethyldiphenyl ether, 4,4'-dihydroxymethyldiphenyl sulfone,
      4,4'-dihydroxyethyldiphenyl sulfone, 4,4'-dihydroxymethyldiphenyl ketone,
      4,4'-dihydroxyethyldiphenyl ketone, 4,4'-dihydroxymethyldiphenylpropane,
      4,4'-dihydroxyethyldiphenylpropane, 4,4'-dihydroxymethyl sulfide,
      4,4'-dihydroxyethyldiphenyl sulfide and mixtures thereof. Further,
      bis-(2-hydroxyethyl) terephthalate, bis-(2-hydroxyethyl) isophthalate,
      bis-(3-hydroxypropyl) terephthalate and oligomers thereof can be used
      alone or as a mixture thereof or can be used together with the above
      described polyhydric alcohols.
PAR  The acid components for producing the polyimide resin used in the present
      invention include butanetetracarboxylic acid and imide-forming derivatives
      thereof such as butanetetracarboxylic acid monoanhydride,
      butanetetracarboxylic acid dianhydride, butane tetracarboxylic acid
      dimethyl ester, butanetetracarboxylic diethyl ester, butanetetracarboxylic
      dipropyl ester, butane tetracarboxylic dibutyl ester, butane
      tetracarboxylic diamide and butanetetracarboxylic diammonium salt which
      form imide groups by reacting with organic diamines.
PAR  Organic diamines which can be used in the present invention include any
      aliphatic and aromatic diamines and mixtures thereof, for example, those
      diamines having the following general formula
PAR  H.sub.2 H(CH.sub.2).sub.n NH.sub.2, where n is an integer not greater than
      10,
      ##SPC9##
PAL  where R.sub.1 represents a hydrogen atom, an alkoxy group, an alkyl group
      or a halogen atom,
      ##SPC10##
PAL  where R.sub.2 represents a --CH.sub.2 --, --O--, --CH.sub.2 CH.sub.2 --,
      --CONH--,
      ##EQU5##
      --S-- or
      ##EQU6##
      group.
PAR  Typical examples of these diamines are etylenediamine,
      hexamethylenediamine, heptamethylenediamine, octamethylenediamine,
      nonamethylenediamine, meta-xylylenediamine, para-xylylenediamine,
      meta-phenylenediamine, para-phenylenediamine, benzidine,
      3,3'-dimethoxybenzidine, 3,3'-dichlorobenzidine, 3,3'-dimethylbenzidine,
      1,5-diaminonaphthalene, 2,6-diaminonaphthalene,
      4,4'-diaminodiphenylmethane, 4,4'-diaminodiphenyl ether,
      3,4'-diaminodiphenyl ether, 4,4'-diaminodiphenylpropane,
      4,4'-diaminodiphenyl sulfide, 4,4'-diaminodiphenyl sulfone,
      3,3'-diaminodiphenyl sulfone, 3,4-diaminobenzanilide and the like. In
      addition to those described above, 2,4-bis(.beta.-amino-t-butyl)toluene,
      bis[p-(.beta.-amino-t-bytyl)phenyl] ether and the like can also be used as
      a diamine.
PAR  As compounds for changing the polyimide resin and the polyester resin into
      a water soluble resin, volatile basic compounds are preferably used in the
      present invention. Examples of such volatile basic compounds include an
      aqueous ammonia solution, ammonia, trialkylamines such as triethylamine,
      trimethylamine and tributylamine, N-alkyldiethanolamines such as
      N-methyl-diethanolamine, N-ethyldiethanolamine and N-propyldiethanolamine,
      N,N-dialkylethanolamines such as N,N-dimethylethanolamine,
      N,N-diethylethanolamine and N,N-dibutylethanolamine, monoethanolamine,
      diethanolamine, triethanolamine and mixtures of these compounds.
PAR  These compounds are added in an amount sufficient to render the resins
      water soluble. That is, they are added in an amount sufficient to
      neutralize the carboxyl groups present in the resin. However,
      water-solubilization does not necessarily require conversion of all of the
      carboxyl groups remaining in the resin into the salt form. Therefore, they
      only have to be added in an amount greater than that which enables the
      conversion of the resin into a water soluble resin, generally from about
      0.3 to about 3 equivalents to the remaining carboxyl groups in the
      varnish. Volatile compounds such as ammonia or an aqueous ammonia solution
      can be added in an excess amount because the excess amount thereof can be
      removed by heating the varnishes at 100.degree.C or so.
PAR  The aqueous varnishes obtained by the present invention are useful not only
      as baking varnishes, particularly wire enamels for coating conductors, but
      also for producing flexible printed-circuit plates, flat heating plates
      and tape cables by applying them to conductive foils and baking. A
      suitable baking temperature is generally greater than about 200.degree.C,
      preferably 300.degree. to 500.degree.C. If desired, they can be used in
      transports such as vehicles, ships and aircraft, building materials such
      as aluminium window sashes and household, electric appliances such as
      refrigerators and washing machines. Further, the aqueous baking varnishes
      of the present invention can be used as top coatings or primer coatings.
      Furthermore, the aqueous baking varnishes of the present invention provide
      useful coating films by applying them to conductors using an electric
      method such as electrophoresis as disclosed in Japanese Pat. Publication
      No. 10541/1974, French Pat. No. 1,521,454 and British Pat. Specification
      Nos. 723,072 and 1,073,911 and baking. Further, a film-forming assistant
      (co-solvent) can also be employed in order to improve the flowability of
      the varnish at baking and the appearance of the resulting baked coating
      film. Such an assistant can be added in an amount ranging from about 5 to
      about 50% by weight based on the weight of the non-volatile components
      contained in the varnish. Examples of the film-forming assistances are
      ethylene glycol monomethyl ether, ethylene glycol monoethyl ether,
      ethylene glycol monoisopropyl ether, ethylene glycol monobutyl ether,
      ethylene glycol monoisobutyl ether, diethylene glycol monoethyl ether,
      diethylene glycol monoisopropyl ether, diethylene glycol monobutyl ether,
      diethylene glycol monoisobutyl ether, triethylene glycol monomethyl ether,
      triethylene glycol monoethyl ether, triethylene glycol monobutyl ether,
      ethylene glycol monomethyl ether acetate, ethylene glycol monoethyl ether
      acetate, ethylene glycol, propylene glycol, diethylene glycol, dipropylene
      glycol, triethylene glycol, glycerin, N,N-dimethylformamide,
      N,N-dimethylacetamide, N,N-diethylformamide, N-methyl-2-pyrrolidone,
      N,N-diethylacetamide, N,N-dimethylmethoxyacetamide, N-methylcaprolactam
      and the like.
PAR  In the following, the present invention will be further illustrated by
      reference examples. However, the present invention is not intended to be
      construed as being limited to these examples. Unless otherwise indicated,
      all parts, percents, ratios and the like are by weight.
PAC  REFERENCE EXAMPLE 1
PAR  (Production of an aqueous solution of a polyester resin) 960g (5 mols) of
      trimellitic acid anhydride, 415g (2.5 mols) of isophthalic acid, 620g
      (10.0 mols) of ethylene glycol and 322g (3.5 mols) of glycerin were
      charged in a 1 liter 4-neck flask equipped with a condenser, a
      thermometer, a dropping funnel and a stirrer, and the mixture was heated
      with stirring. Water began to distill at about 170.degree.C. When the
      reaction was carried out at 180.degree. to 220.degree.C for 3 hours, 210cc
      of water was distilled and a colorless transparent resin having an acid
      number of 82 was obtained. The temperature was then reduced to
      100.degree.C and 200g of concentrated aqueous ammonia (concentration:
      above 28%) diluted with 1900g of water was added thereto. The resulting
      mixture was stirred at 100.degree.C for 30 minutes to produce a colorless
      transparent aqueous resin solution. It was found that the non-volatile
      content of this varnish was 50.2% (105.degree. .+-. 2.degree.C, drying for
      2 hours) and that the viscosity thereof was 18 poises (B-type
      viscosimeter, at 30.degree.C).
PAC  REFERENCE EXAMPLE 2
PAR  (Production of an aqueous solution of a polyester resin) 770g (4.0 mols) of
      trimellitic acid anhydride, 332g (2.0 mols) of terephthalic acid, 332g
      (2.0 mols) of isophthalic acid, 620g (10.0 mols) of ethylene glycol and
      322 g (3.5 mols) of glycerin were charged in a 5 liter 4-neck flask
      equipped with a condenser, a thermometer, a dropping funnel and a stirrer,
      and the mixture was heated with stirring. Water began to distill at about
      200.degree.C or so. When the reaction was carried out at 200.degree.to
      220.degree.C for 7 hours, 240g of water was distilled and a colorless
      transparent viscous resin having an acid number of 62 was obtained. Then
      the temperature was reduced to 110.degree.C, and 140g of concentrated
      aqueous ammonia (concentration: above 28%) diluted with 2 liters of water
      was added thereto. The mixture was stirred at 100.degree.C for 30 minutes
      to produce an aqueous solution of a colorless transparent resin. The
      non-volatile content of this varnish was 49.8% (105.degree. .+-.
      2.degree.C, for 2 hours) and the viscosity thereof was 21 poises (B-type
      viscosimeter, at 30.degree.C).
PAC  REFERENCE EXAMPLE 3 the carried out at 200.degree. to 220.degree.C for 8
      hours, 260cc of water was distilled and a  .+-.
PAR  (Production of an aqueous solution of a polyester resin) 290g (1.5 mols) of
      trimellitic acid anhydride, 415g (2.5 mols) of terephthalic acid, 830g
      (5.0 mols) if isophthalic acid, 620g (10.0 mols) of ethylene glycol and
      322 g (3.5 mols) of glycerin were charged in a 5 liter 4-neck flask
      equipped with a condenser, a thermometer, a dropping funnel and a stirrer
      and the mixture was heated with stirring. Water began to distill at about
      200.degree.C or so. When thre reaction was distilled and a colorless
      transparent viscous resin having an acid number of 38 was obtained. Then
      the temperature was reduced to 110.degree.C and 90g of concentrated
      aqueous ammonia (concentration: above 28%) diluted with 1900g of water was
      added thereto. The mixture was stirred at 100.degree.C for 30 minutes to
      produce an aqueous solution of a colorless transparent resin. The
      non-volatile content of this varnish was 52.0% (105.degree..+-.2.degree.C,
      for 2 hours) and the viscosity thereof was 28 poises (B-type viscosimeter,
      at 30.degree.C).
PAC  REFERENCE EXAMPLE 4
PAR  (Production of an aqueous solution of a polyester resin)
PAR  592g (2.0 mols) of 3,4,3'-benzophenontricarboxylic acid, 332g (2.0 mols) of
      isophthalic acid, 310g (5.0 mols) of ethylene glycol and 161g (1.75 mols)
      of glycerin were charged in a 3 liter four-necked flask equipped with a
      condenser, thermometer, dropping funnel and a stirrer, and the mixture was
      heated while stirring. Water began to distill at 170.degree.C. After the
      mixture was reacted at 180 to 220.degree.C for 3 hours, 100cc of water had
      distilled and a colorless transparent resin having an acid number of 91
      was obtained. At this point, the temperature was reduced to 110.degree.C,
      and 100g of concentrated aqueous ammonia (concentration: more than 28%)
      diluted with 900cc of water was added thereto followed by stirring at
      100.degree.C for 30 minutes to obtain an aqueous solution of a colorless
      transparent resin. It was found that the non-volatile content of the
      resulting varnish was 51.3% (105.degree. .+-. 2.degree. C, drying for 2
      hours) and that the viscosity thereof was 16 poises (B-type viscosimeter,
      at 30.degree.C).
PAC  REFERENCE EXAMPLE 5
PAR  (Production of an aqueous solution of a polyimide resin)
PAR  468g (2.0 mols) of 1,2,3,4-butanetetracarboxylic acid, 396g (2.0 mols) of
      4,4'-diaminodiphenylmethane, 160g of triethylene glycol and 800g of water
      were charged in a 3 liter 4-neck flask equipped with a condenser, a
      thermometer, a dropping funnel and a stirrer, and the mixture was heated
      with stirring. When the reaction was carried out at 100.degree. to
      130.degree.C for 7 hours while distilling water, 860g of water was
      distilled and the acid number of the resulting resin became 180. 140g of
      concentrated aqueous ammonia (concentration: above 28%) diluted with 460g
      of water was then added thereto and the resulting mixture was stirred at
      100.degree.C for 30 minutes to obtain an aqueous solution of a blackish
      brown transparent resin. The non-volatile content of this varnish was
      59.2% (105.degree. .+-. 2.degree.C, for 2 hours) and the viscosity thereof
      was 10 poises (B-type viscosimeter, at 30.degree.C).
PAC  REFERENCE EXAMPLE 6
PAR  (Production of an aqueous solution of a polyimide resin)
PAR  468g (2.0 mols) of 1,2,3,4-butanetetracarboxylic acid, 198g (1.0 mol) of
      4,4'-diaminodiphenylmethane, 120g of triethylene glycol and 400g of water
      were charged in a 3 liter 4-neck flask equipped with a condenser, a
      thermometer, a dropping funnel and a stirrer, and the mixture was heated
      with stirring. When the reaction was carried out at 100 to 130.degree.C
      for 5 hours while distilling water, 420g of water was distilled and the
      acid number of the resulting resin became 360. Then 220g of concentrated
      ammonia (concentration: above 28%) diluted with 280g of water was added
      thereto, and the mixture was stirred at 100.degree.C for 30 minutes to
      obtain an aqueous solution of a blackish brown transparent resin. The
      non-volatile content of this varnish was 59.2% (105.degree. .+-.
      2.degree.C, for 2 hours) and the viscosity thereof was 10 poises (B-type
      viscosimeter, at 30.degree.C).
PAC  REFERENCE EXAMPLE 7
PAR  (Production of an aqueous solution of a polyimide resin)
PAR  280g (1.2 mols) of 1,2,3,4-butanetetracarboxylic acid, 396g (2.0 mols) of
      4,4'-diaminodiphenylmethane, 120g of triethylene glycol and 400g of water
      were charged in a 3 liter 4-neck flask equipped with a condenser, a
      thermometer, a dropping funnel and a stirrer, and the mixture was heated
      with stirring. When the reaction was carried out at 100.degree. to
      130.degree.C for 4 hours while distilling water, 440g of water was
      distilled and the acid number of the resulting resin became 88. 60g of
      concentrated aqueous ammonia (concentration: above 28%) diluted with 540g
      of water was then added thereto, and the mixture was stirred at
      100.degree.C for 30 minutes to obtain an aqueous solution of a blackish
      brown transparent resin. The non-volatile content of this varnish was
      56.0% (105.degree. .+-. 2.degree.C, for 2 hours) and the viscosity thereof
      was 11 poises (B-type viscosimeter, at 30.degree.C).
PAC  EXAMPLE 1
PAR  300g of the varnish produced in Reference Example 1 was charged in a
      polyethylene container and mixed with 130g of the varnish produced in
      Reference Example 4. The mixture was blended for 10 minutes using a mixer.
      The resulting aqueous baking varnish had a non-volatile content of 52.5%
      (105.degree. .+-. 2.degree.C, for 2 hours) and a viscosity of 11 poises
      (B-type viscosimeter, at 30.degree.C).
PAC  EXAMPLES 2 TO 19
PAR  Aqueous baking varnises were produced in the same manner as described in
      Example 1 using the compositions shown in Table 1. The non-volatile
      content and the viscosity of the resulting aqueous baking varnishes are
      shown in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
                            Ratio by Weight                                    
     Exam-                                                                     
          Proportion of Aqueous                                                
                            of Non-volatile                                    
                                          Aqueous Baking                       
     ple  Solutions         Content       Varnish                              
     __________________________________________________________________________
     Aqueous       Aqueous                                                     
     Solution      Solution               Non-                                 
     of Poly-      of Poly- Polyester                                          
                                   Polyimide                                   
                                          volatile                             
                                                Vis-                           
     ester Resin   imide Resin                                                 
                            Resin  Resin  Content                              
                                                cosity                         
     __________________________________________________________________________
                                          (%)   (poises)                       
     Refer-        Refer-                                                      
     ence          ence                                                        
     Ex-           Ex-                                                         
     ample     Wei-                                                            
                   ample                                                       
                        Wei-                                                   
     No.       ght No.  ght                                                    
               (g)      (g)                                                    
     __________________________________________________________________________
      1   1    300 5    130 100    50     52.5  11                             
      2   1    300 5    260 100    100    53.8  13                             
      3   1    300 5     26 100    10     50.5  18                             
      4   1    300 6    130 100    50     50.0  12                             
      5   1    300 6    260 100    100    51.0  17                             
      6   1    300 7    130 100    50     54.3  21                             
      7   1    300 7     26 100    10     51.8  16                             
      8   2    300 5    130 100    50     53.2  18                             
      9   2    300 5    260 100    100    51.1  21                             
     10   2    300 6    130 100    50     47.3  21                             
     11   2    300 6    260 100    100    48.1  12                             
     12   2    300 7    130 100    50     50.1  13                             
     13   2    300 7     50 100    20     52.2  11                             
     14   3    300 5    130 100    50     52.0  26                             
     15   3    300 6    130 100    50     50.6  10                             
     16   3    300 7    130 100    50     49.8  16                             
     17   4    100 5    260 100    300    52.8  22                             
     18   4    150 6    260 100    200    51.6  13                             
     19   4    300 7    130 100    50     52.0  16                             
     __________________________________________________________________________
PAR  The aqueous baking varnishes obtained in Examples 1 to 19 were applied to
      annealed copper wires having a diameter of 1.0mm using dies and baked at
      400.degree.C and at a rate of 6.5 m/min using a vertical furnace having a
      height of 3 m. The properties of the resulting wires are shown in Table 2.
      The examinations were carried out according to the method described in JIS
      C 3210 (method of examination for polyester copper wires).
PAR  For the purposes of comparison, the properties of the polyester resins of
      Reference Examples 1 to 4 are also shown in Table 2. When the polyimide
      resins of Reference Examples 5 to 7 were applied to the copper wires in
      the same manner, numerous cracks were caused upon self diameter winding.
TBL                                    Table 2                                 
     __________________________________________________________________________
                        Reference Example No.                                  
                         1      2       3       4                              
     __________________________________________________________________________
     Enameled Wire Diameter (mm)                                               
                        1.071  1.071   1.073   1.073                           
     Bare Wire Diameter (mm)                                                   
                        0.995  0.995   0.995   0.995                           
     Film Thickness (mm)                                                       
                        0.038  0.038   0.039   0.039                           
     Windability                                                               
     (1) Self-diameter Windability                                             
                        poor   poor    poor    poor                            
         (normal conditions)                                                   
     (2) Self-diameter Windability                                             
                        poor   poor    poor    poor                            
         (20% stretched)                                                       
     (3) Windability (good diameter                                            
                        7d     6d      7d      7d                              
         200.degree.C .times. 24 hrs.)                                         
     Abrasion Resistance (load,                                                
                        26     13      15      21                              
     600g) (cycle times)                                                       
     Cut Through Temperature (2kg                                              
                        275    246     223     244                             
     load, 2.degree.C/min.) (.degree.C)                                        
     Heat Shock Resistance                                                     
                        7d     7d      7d      7d                              
     180.degree.C .times. 2 hrs. (good diameter)                               
     Breakdown Voltage  12.3   13.1    10.7    11.6                            
     (KV)                                                                      
     Chemical Resistance                                                       
     (1) Pencil hardness at normal                                             
                        4H     4H      4H      4H                              
         conditions                                                            
     (2) Pencil hardness after                                                 
                        HB     HB      B       HB                              
         dipping in 5% sodium                                                  
         hydroxide                                                             
     (3) Pencil hardness after                                                 
                        4H     4H      4H      4H                              
         dipping in sulfuric acid                                              
         (specific gravity : 1.2)                                              
     Example No.                                                               
      1     2   3    4    5     6     7     8     9                            
     __________________________________________________________________________
     1.071                                                                     
          1.080                                                                
               1.073                                                           
                    1.083                                                      
                         1.071 1.072 1.080 1.081 1.083                         
     0.995                                                                     
          0.995                                                                
               0.995                                                           
                    0.995                                                      
                         0.995 0.995 0.995 0.995 0.995                         
     0.038                                                                     
          0.040                                                                
               0.039                                                           
                    0.041                                                      
                         0.038 0.038 0.040 0.040 0.041                         
     good good good good good  good  good  good  good                          
     good good good good good  good  good  good  good                          
     2d   1d   4d   2d   2d    2d    4d    2d    1d                            
     52   48   43   46   40    35    48    40    53                            
     320  350  280  312  330   311   286   328   361                           
     1d   1d   3d   2d   2d    1d    2d    1d    1d                            
     13.2 14.2 13.3 14.2 13.8  12.6  14.1  14.2  13.8                          
     5H   5H   5H   5H   5H    5H    5H    5H    5H                            
     5H   5H   4H   4H   5H    3H    2H    5H    5H                            
     5H   5H   5H   5H   5H    5H    5H    5H    5H                            
      10   11   12   13   14   15  16    17   18   19                          
     __________________________________________________________________________
     1.072                                                                     
          1.071                                                                
               1.073                                                           
                    1.071                                                      
                         1.083                                                 
                              1.072                                            
                                   1.071                                       
                                        1.080                                  
                                             1.072                             
                                                  1.073                        
     0.995                                                                     
          0.995                                                                
               0.995                                                           
                    0.995                                                      
                         0.995                                                 
                              0.995                                            
                                   0.995                                       
                                        0.995                                  
                                             0.995                             
                                                  0.995                        
     0.038                                                                     
          0.038                                                                
               0.038                                                           
                    0.038                                                      
                         0.041                                                 
                              0.038                                            
                                   0.038                                       
                                        0.040                                  
                                             0.038                             
                                                  0.038                        
     good good good good good good good good good good                         
     good good good good good good good good good good                         
     3d   2d   3d   4d   2d   2d   3d   1d   2d   2d                           
     32   36   42   40   40   51   32   51   46   43                           
     314  334  303  286  309  300  276  458  398  320                          
     2d   2d   2d   3d   2d   2d   3d   1d   1d   2d                           
     12.6 13.2 14.1 13.2 12.6 13.9 12.8 13.8 13.1 12.9                         
     5H   5H   5H   5H   5H   5H   5H   5H   5H   5H                           
     5H   5H   3H   3H   5H   4H   2H   5H   5H   4H                           
     5H   5H   5H   5H   5H   5H   5H   5H   5H   5H                           
     __________________________________________________________________________
PAC  EXAMPLE 20
PAR  An aqueous solution of a polyester resin was prepared in the same manner as
      described in Reference Example 1 but using 1480g (5.0 mols) of
      3,4,3'-benzophenonetricarboxylic acid anhydride in place of the
      trimellitic acid anhydride. The resulting aqueous solution had a
      non-volatile content of 48.2% (105.degree. .+-. 2.degree.C, drying for 2
      hours). A mixture of 300g of the aqueous solution thus obtained and 130g
      of the aqueous solution of the polyimide resin obtained in Reference
      Example 5 was applied onto a copper plate of width of 50 mm, a length of
      120 mm and the thickness of 1.0 mm and baked at 250.degree.C for 10
      minutes to obtain a strong coating film having good adhesion to the copper
      plate.
PAC  EXAMPLE 21
PAR  An aqueous solution of a polyester resin was prepared in the same manner as
      described in Reference Example 2 but using 516g (2.0 mols) of
      4,4'-dicarboxydiphenyl ether in place of the terephthalic acid. The
      resulting aqueous solution had a non-volatile content of 48.9%
      (105.degree. .+-. 2.degree.C, drying for 2 hours). A mixture of 300g of
      the aqueous solution thus obtained and 130g of the aqueous solution of the
      polyimide resin obtained in Reference Example 6 was applied onto a copper
      plate as described in Example 20 and baked under the same conditions as
      described in Example 20 to obtain a strong coating film having good
      adhesion to the copper plate.
PAC  EXAMPLE 22
PAR  An aqueous solution of a polyimide resin was prepared in the same manner as
      described in Reference Example 5 but using 216g (2.0 mols) of
      meta-phenylenediamine in place of the 4,4'-diaminodiphenylmethane. The
      resulting aqueous solution had a non-volatile content of 59.0%
      (105.degree. .+-. 2.degree.C, drying for 2 hours). A mixture of 130g of
      the aqueous solution thus obtained and 300g of the aqueous solution of the
      polyester resin obtained in Reference Example 1 was applied onto a copper
      plate as described in Example 20 and baked under the same conditions as
      described in Example 20 to obtain a strong coating film having good
      adhesion to the copper plate.
PAC  EXAMPLE 23
PAR  An aqueous solution of a polyimide resin was prepared in the same manner as
      described in Reference Example 6 but using 227g (1.0 mol) of
      3,4'-diaminobenzanilide in place of the 4,4'-diaminodiphenylmethane. The
      resulting aqueous solution had a non-volatile content of 59.2%
      (105.degree. .+-. 2.degree.C, drying for 2 hours). A mixture of 130g of
      the aqueous solution thus obtained and 300g of the aqueous solution of the
      polyester resin obtained in Reference Example 2 was applied onto a copper
      plate as described in Example 20 and baked under the same conditions as
      described in Example 20 to obtain a strong coating film having good
      adhesion to the copper plate.
PAR  As is clear from the above described results, the present invention
      provides aqueous baking varnishes which are suitable for producing
      insulated wires having excellent mechanical, thermal and electrical
      properties by baking the mixture of the two varnishes which individually
      do not have sufficiently good film properties. Further, since water is
      used in these varnishes as a medium, air pollution at baking is not
      caused, because solvents or harmful gasses are not dispersed at baking as
      in the solvent type varnishes which contain solvents such as cresol,
      xylene or naphtha, etc. Consequently, the working environment is very safe
      and there is no danger of fire. Furthermore, they are much cheaper than
      the prior art solvent-type varnishes, because water is used as a medium.
      Accordingly they have a very high industrial value.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aqueous baking varnish having a low viscosity and a high
      concentration suitable for coating conductors which comprises
PA1  A. a carboxyl group containing polyester resin having an acid number of
      about 10 to 150 comprising the reaction product of
PA2  1. an organic carboxylic acid component comprising
PA3  a. about 15 to 100 mol% of at least one of an aromatic tricarboxylic acid
      and the anhydride thereof in which up to 30 mol% of the aromatic
      tricarboxylic acid and the anhydride thereof can be replaced by at least
      one of an aromatic tetracarboxylic acid and the anhydride thereof, and
PA3  b. about 0 to 85 mol% of at least one of a dicarboxylic acid and the
      anhydride thereof; and
PA2  2. an organic alcohol component comprising at least one organic polyhydric
      alcohol, the molar ratio of the carboxyl group content in the organic acid
      component to the hydroxyl group content in the organic alcohol component
      ranging from about 1:1 to 1:3;
PA1  B. a polyimide resin comprising the reaction product of
      1,2,3,4-butanetetracarboxylic acid and/or an imide-forming derivative
      thereof, and at least one organic diamine said polyimide resin having an
      acid number of about 50 to 400, wherein said resins are dissolved in an
      aqueous solution with a volatile base selected from the group consisting
      of ammonia and a volatile organic amine to render the resins soluble.
NUM  2.
PAR  2. The aqueous baking varnish of claim 1,
PA1  wherein said aromatic tricarboxylic acid is trimellitic acid or the
      anhydride thereof, hemimellitic acid or the anhydride thereof or trimesic
      acid having the formula
      ##SPC11##
PAL  ii. a diphenyltricarboxylic acid having the formula
      ##SPC12##
PAL  or the anhydride thereof, (iii) a tricarboxydiphenyl ether, a
      tricarboxydiphenylmethane, a tricarboxydiphenyl sulfide, a
      tricarboxydiphenyl sulfone, a tricarboxydiphenyl ketone or a
      tricarboxydiphenylpropane having the formula
      ##SPC13##
PA1  wherein R represents a methylene group, an oxygen atom, a sulfur atom, a
      --SO.sub.2 -- group, a
      ##EQU7##
      group or a
      ##EQU8##
      group or the anhydrides thereof or (iv) mixtures thereof, wherein said
      dicarboxylic acid is (i) succinic acid; (ii) succinic anhydride; (iii)
      malonic acid (iv) adipic acid; (v) sebacic acid; (vi) phthalic acid; (vii)
      phthalic anhydride;
PAL  (viii) terephthalic acid; (ix) isophthalic acid; (x) a
      naphthalenedicarboxylic acid having the formula
      ##SPC14##
PAL  (xi) a dicarboxydiphenyl having the formula
      ##SPC15##
PA1  (xii) a dicarboxydiphenyl sulfide, a dicarboxydiphenylmethane, a
      dicarboxydiphenyl ether, a dicarboxydiphenyl sulfone, a dicarboxydiphenyl
      ketone or a dicarboxydiphenylpropane having the formula
      ##SPC16##
PAL  wherein R represents a methylene group, an oxygen atom, a sulfur atom, a
      --SO.sub.2 -- group, a
      ##EQU9##
      group or a
      ##EQU10##
      group; or (xiii) mixtures thereof; wherein said organic polyhydric alcohol
      is ethylene glycol, propylene gylcol, 1,4-butanediol, 1,5-pentanediol,
      1,6-hexanediol, 1,7-heptanediol, 1,8-octanediol, 1,9-nonanediol, 1,10
      decanediol, diethylene glycol, dipropylene glycol, triethylene glycol,
      glycerin, trimethylolpropane, tris(2-hydroxyethyl) isocyanurate,
      1,2,6-hexanetriol, 3-methyl-1,3,5-hexanetriol, pentaerythritol,
      4,4'-dihydroxymethyldiphenyl, 4,4'-dihydroxyethyldiphenyl,
      4,4'-dihydroxymethyldiphenylmethane, 4,4'-dihydroxyethyldiphenylmethane,
      4,4'-dihydroxymethyldiphenyl ether, 4,4'-dihydroxyethyldiphenyl ether,
      4,4'-dihydroxymethyldiphenyl sulfone, 4,4'-dihydroxyethyldiphenyl sulfone,
      4,4'-dihydroxymethyldiphenyl ketone, 4,4'-dihydroxyethyldiphenyl ketone,
      4,4'-dihydroxymethyldiphenylpropane, 4,4'-dihydroxyethyldiphenylpropane,
      4,4'-dihydroxymethyl sulfide, 4,4'-dihydroxyethyldiphenyl sulfide,
      bis(2-hydroxyethyl) terephthalate, bis(2-hydroxyethyl)isophthalate,
      bis(3-hydroxypropyl)terephthalate, the oligomers thereof or mixtures
      thereof; and
PA1  wherein said organic diamine is (i) H.sub.2 N(CH.sub.2).sub.n NH.sub.2
      wherein n is an integer not greater than 10,
      ##SPC17##
PAL  wherein R.sub.1 represents a hydrogen atom, an alkoxy group, an alkyl group
      or a halogen atom,
      ##SPC18##
PAL  wherein R.sub.2 represents --CH.sub.2 --, --O--, --CH.sub.2 CH.sub.2 --,
      --CONH--,
      ##EQU11##
      --S-- or --SO.sub.2 --; (vii) 2,4-bis(.beta. -amino-t-butyl)toluene; or
      (viii) bis [p-(.beta.-amino-t-butyl)phenyl]  ether.
NUM  3.
PAR  3. The aqueous baking varnish of claim 1, wherein said carboxyl group
      containing polyester resin has an acid number ranging from about 20 to
      100.
NUM  4.
PAR  4. The aqueous baking varnish of claim 1, wherein said polyimide resin is
      present in an amount of less than about 500 parts by weight per 100 parts
      by weight of said carboxyl group containing polyester.
NUM  5.
PAR  5. The aqueous baking varnish of claim 4, wherein the molar ratio in said
      polyimide resin of said butanetetracarboxylic acid or an imide-forming
      derivative thereof to said organic diamine ranges from about 1:1/2 to 1:2.
NUM  6.
PAR  6. The aqueous baking varnish of claim 1, wherein said volatile base is
      ammonia, a trialklamine, an N-alkyldithanolamine, an
      N,N-dialkylethanolamine, monoethanolamine, diethanolamine, triethanolamine
      or mixtures thereof.
NUM  7.
PAR  7. The aqueous baking varnish of claim 1, wherein said
      butanetetracarboxylic acid or imide forming derivative thereof is
      butanetetracarboxylic acid, butanetetracarboxylic acid monoanhydride,
      butantetracarboxylic acid dianhydride, butanetetracarboxlic acid dimethyl
      ester, butanetetracarboxylic diethyl ester, butanetetracarboxylic diproply
      ester, butanetetracarboxylic dibutyl ester, butanetetracarboxylic diamide,
      butanetetracarboxylic diammonium salt, or mixtures thereof.
NUM  8.
PAR  8. The aqueous baking varnish of claim 1, wherein said aromatic
      tricarboxylic acid or anhydride thereof is present in an amount of 50 to
      100 mol%.
NUM  9.
PAR  9. The aqueous baking varnish of claim 1, wherein the molar ratio of the
      carboxyl group content in the organic acid component to the hydroxyl group
      content in the organic alcohol component ranges from about 1:1 to 1:3.
NUM  10.
PAR  10. The aqueous baking varnish of claim 1, wherein said varnish has a
      concentration ranging from about 45 to 65% by weight and a viscosity at
      30.degree.C measured with a B-type viscosimeter ranging from about 1 to
      100 poises.
NUM  11.
PAR  11. The aqueous baking varnish of claim 1, including a film-forming
      assistant.
NUM  12.
PAR  12. The aqueous baking varnish of claim 1, wherein said varnish contains
      from 0.3 to 3 equivalents of said volatile base to the equivalents of free
      carboxyl groups in said varnish.
NUM  13.
PAR  13. A wire enamel comprising the aqueous baking varnish of claim 1.
NUM  14.
PAR  14. A coated article comprising an article having thereon a coated and
      baked layer of the aqueous baking varnish of claim 1.
NUM  15.
PAR  15. The aqueous baking varnish of claim 1, wherein the molar ratio of
      OH/COOH ranges from 1.15 to 1.95.
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ABST
PAL  It has been found that quaternary onium (e.g., ammonium, sulfonium, and
      phosphonium) salt group-containing epoxy resins are particularly useful as
      grinding media in preparing stable pigment disperions useful in
      water-dispersible coating systems, for example, electrodepositable
      compositions. The resins are prepared by reacting a material selected from
      the group consisting of amine salts, phosphine-acid mixtures, and
      sulfide-acid mixtures with a 1,2-epoxy group containing material wherein a
      ratio of at least about 0.4 eqivalents of quaternary onium groups are
      produced per equivalent of epoxy group initially present. Preferably, the
      system contains at least a small amount of polyoxyalkylene glycol.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of Application Ser. No. 281,098,
      filed on Aug. 16, 1972, now abandoned.
BSUM
PAC  STATE OF THE ART
PAR  In the formulation of paint compositions and especially electrodepositable
      paint compositions, an important factor is the introduction of pigments
      into the coating composition. Pigments are typically ground in a
      dispersing agent and then the resultant pigment paste is incorporated into
      the coating composition to give the coating composition proper color, or
      opacity, and application or film properties.
PAR  The time required for grinding and dispersing pigments poses a problem in
      some instances. Further, electrodepositable compositions have been
      frequently found wherein the resin which ultimately makes up the majority
      of the vehicle present in the composition is not suitable as a grinding
      medium, since the pigment paste formed does not have stable properties
      and, upon storage for any length of time, produces a composition which
      cannot be readily dispersed and/or which adversely affects the properties
      of the electrodepositable composition ultimately formed.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been found that where an epoxy group containing quaternary onium
      (e.g., ammonium, sulfonium or phosphonium) base salt group solubilized
      resin is employed as a grinding media in preparing stable pigment
      dispersions useful in water-dispersible coating systems that substantially
      improved stability is obtained where the ratio of final quaternary onium
      groups to initial epoxy groups is at least 0.4 to 1. Preferably, the
      grinding system contains at least a small amount of polyoxyalkylene
      polyol.
PAR  The cationic resins which can be utilized in preparing the compositions of
      this invention are characterized as ungelled, water-dispersible resins
      containing quaternary onium (preferably ammonium) salt groups, and
      preferably containing epoxy groups. It has been found that the
      presently-preferred resins are based on polypoxide resins, wherein the
      resultant resin contains at least one free epoxy group per average
      molecule and wherein the resin contains oxyalkylene groups and/or the
      salts forming the quaternary onium salt of an acid having a dissociation
      constant greater than 1 .times. 10.sup.-.sup.5.
PAR  Generally, the quaternary onium salt may be the salt of boric acid and/or
      an acid having a dissociation constant greater than boric acid, including
      organic and inorganic acids. Upon solubilization, at least a portion of
      the salt is preferably a salt of an acid having a dissociation constant
      greater than about 1 .times. 10.sup.-.sup.5. Preferably the acid is an
      organic carboxylic acid. The presently preferred acid is lactic acid.
PAR  The presently preferred resins contain at least one epoxy group and
      preferably contain about 0.05 percent to about 16 percent by weight of
      nitrogen and at least about 1 percent of said nitrogen, preferably about
      20 percent, more preferably about 50 percent and, most preferably,
      substantially all of the nitrogen being in the form of chemically-bound
      quaternary ammonium base salt groups; preferably the remainder of said
      nitrogen being in the form of amino nitrogen.
PAR  The epoxy group-containing organic material can be any monomeric or
      polymeric compound or a mixture of compounds having a 1,2-epoxy group. It
      is preferred that the epoxy-containing material have a 1,2-epoxy
      equivalency greater than 1.0, that is, in which the average number of
      1,2-epoxy groups per molecule is greater than one. It is preferred that
      the epoxy compound be resinous or a polyepoxide, i.e., it contains more
      than one epoxy group per molecule. The polyepoxide can be any of the
      well-known epoxides. Examples of these polyepoxides have, for example,
      been described in U.S. Pat. Nos. 2,467,171; 2,615,007; 2,716,123;
      3,030,336; 3,053,885 and 3,075,999. A useful class of polyepoxides are the
      polyglycidyl ethers of polyphenols, such as Bisphenol A. These may be
      produced, for example, by etherification of a polyphenol with
      epichlorohydrin or dichlorohydrin in the presence of an alkali. The
      phenolic compound may be bis(4-hydroxyphenyl)2,2,-propane,
      4,4'-dihydroxybenzophenone, bis(4-hydroxyphenyl)1,1-ethane,
      bis(4-hydroxyphenyl)1,1-isobutane;
      bis(4-hydroxytertiarybutylphenyl)2,2-propane,
      bis(2-hydroxynaphthyl)methane, 1,5-hydroxynaphthalene, or the like.
      Another quite useful class of polyepoxides are produced similarly from
      novolak resins or similar polyphenol resins.
PAR  Also suitable are the similar polyglycidyl ethers of polyhydric alcohols
      which may be derived from such polyhydric alcohols as ethylene glycol,
      diethylene glycol, triethylene glycol, 1,2-propylene glycol, 1,4-butylene
      glycol, 1,5-pentanediol, 1,2,6-hexanetriol, glycerol,
      bis(4-hydroxycyclohexyl)2,2-propane, and the like.
PAR  There can also be used polyglycidyl esters of polycarboxylic acids which
      are produced by the reaction of epichlorohydrin or a similar epoxy
      compound with an aliphatic or aromatic polycarboxylic acid, such as oxalic
      acid, succinic acid, glutaric acid, terephthalic acid, 2,6-naphthylene
      dicarboxylic acid, dimerized linolenic acid, and the like. Examples are
      diglycidyl adipate and diglycidyl phthalate.
PAR  Also useful are polyepoxides derived from the epoxidation of an
      olefinically unsaturated alicyclic compound. Included are diepoxides
      comprising, in part, one or more monoepoxides. These polyepoxides are
      non-phenolic and are obtained by epoxidation of alicyclic olefins, for
      example, by oxygen and selected metal catalysts, by perbenzoic acid, by
      acetaldehyde monoperacetate or by peracetic acid. Among such polyepoxides
      are the epoxy alicyclic ethers and esters which are well known in the art.
PAR  Another class of polyepoxides are those containing oxyalkylene groups in
      the epoxy molecule. Such oxyalkylene groups are typically groups of the
      general formula:
      ##EQU1##
      where R is hydrogen or alkyl, preferably lower alkyl (e.g., having 1 to 6
      carbon atoms) and where, in most instances, m is 1 to 4 and nis 2 to 50.
      Such groups can be pendant to the main molecular chain of the polyepoxide
      or part of the main chain itself. The proportion of oxyalkylene groups in
      the polyepoxide depends upon many factors, including the chain length of
      the oxyalkylene group, the nature of the epoxy and the degree of water
      solubility desired. Usually the epoxy contains at least about 1 percent by
      weight or more, and preferably 5 percent or more of oxyalkylene groups.
PAR  Some polyepoxides containing oxyalkylene groups are produced by reacting
      some of the epoxy groups of a polyepoxide, such as the epoxy resins
      mentioned above, with a monohydric alcohol containing oxyalkylene groups.
      Such monohydric alcohols are conveniently produced by oxyalkylating an
      alcohol, such as methanol, ethanol, or other alkanol, with an alkylene
      oxide. Ethylene oxide, 1,2-propylene oxide and 1,2-butylene oxide are
      especially useful alkylene oxides. Other monohydric alcohols can be, for
      example, the commercially available materials known as Cellosolves and
      Carbitols, which are monoalkyl ethers of polyalkylene glycols. The
      reaction of the monohydric alcohol and the polyepoxide is generally
      carried out in the presence of a catalyst. Formic acid,
      dimethylethanolamine, diethylethanolamine, N,N-dimethylbenzylamine and, in
      some cases, stannous chloride are useful for this purpose.
PAR  Similar polyepoxides containing oxyalkylene groups can be produced by
      oxyalkylating the epoxy resin by other means, such as by direct reaction
      with an alkylene oxide.
PAR  The polyepoxide employed to produce the foregoing epoxies containing
      oxyalkylene groups contain a sufficient number of epoxy groups so that the
      average number of residual epoxy groups per molecule remaining in the
      product after the oxyalkylation is greater than 1.0. Where oxyalkylene
      groups are present, the epoxy resin preferably contains from about 1.0 to
      about 90 percent or more by weight of oxyalkylene groups.
PAR  Other epoxy-containing compounds and resins include nitrogeneous diepoxides
      such as disclosed in U.S. Pat. No. 3,365,471; epoxy resins from
      1,1-methylene bis(5-substituted hydantoin), U.S. Pat. No. 3,391,097;
      bisimide containing diepoxides, U.S. Pat. No. 3,450,711; epoxylated
      aminomethyldiphenyl oxides, U.S. Pat. No. 3,312,664; heterocyclic
      N,N'-diglycidyl compounds, U.S. Pat. No. 3,503,979; amino epoxy
      phosphonates, British Pat. No. 1,172,916; 1,3,5-triglycidyl isocyanurates,
      as well as other epoxy-containing materials known in the art.
PAR  Another class of resins which may be employed are acrylic polymers
      containing epoxy groups. Preferably these acrylic polymers are polymers
      formed by copolymerizing an unsaturated epoxy-containing monomer, such as,
      for example, glycidyl acrylate or methacrylate.
PAR  Any polymerizable monomeric compound containing at least one CH.sub.2 =C
      group, preferably in terminal position, may be polymerized with the
      unsaturated glycidyl compounds. Examples of such monomers include:
PAR  1. Monoolefinic and diolefinic hydrocarbons, that is, monomers containing
      only atoms of hydrogen and carbon, such as styrene, alpha-methyl styrene,
      alpha-ethyl styrene, isobutylene (2-methyl propene-1), 2-methylbutene-1,
      2-methyl-pentene-1,2,3-dimethyl-butene-1,2,3-dimethyl-pentene-1,2,4-dimeth
     yl-pentene-1,2,3,3-trimethyl-butene-1,2-methyl-heptene-1,2,3-dimethyl-hexen
     e-1,2,4-dimethyl-hexene-1,2,5-dimethyl-hexene-1,2-methyl-3-ethyl-pentene-1,
     2,3,3-trimethyl-pentene-1,2,3,4-trimethyl-pentene-1,2-methyl-octene-1,2,6-d
     imethyl-heptene-1,2,6-dimethyl-octene-1,2,3-dimethyldecene-1,2-methyl-nonad
     ecene-1,  ethylene, propylene, butylene, amylene, hexylene, butadiene-1,3,
      isoprene, and the like;
PAR  2. Halogenated monoolefinic and diolefinic hydrocarbons, that is monomers
      containing carbon, hydrogen, and one or more halogen atoms, such as
      alpha-chlorostyrene, alpha-bromostyrene, 2,5-dichlorostyrene,
      2,5-dibromostyrene, 3,4-dichlorostyrene, ortho-, meta- and
      para-fluorostyrenes, 2,6-dichlorostyrene, 2,6-difluorostyrene,
      3-fluoro-4-chlorostyrene, 3-chloro-4-fluorostyrene,
      2,4,5-trichlorostyrene, dichloromonofluorostyrenes, 2-chloropropene,
      2-chlorobutene, 2-chloropentene, 2-chlorohexene, 2chloroheptent,
      2-bromobutene, 2-bromoheptene, 2-fluorohexene, 2-fluorobutene,
      2-iodopropene, 2-iodopentene, 4-bromoheptene, 4-chloroheptene,
      4-fluoroheptene, cis- and trans-1,2-dichloroethylenes,
      1,2-dibromoethylene, 1,2-difluoroethylene, 1,2-diiodoethylene,
      chloroethylene (vinyl chloride), 1,1-dichloroethylene (vinylidene
      chloride), bromoethylene, fluoroethylene, iodoethylene,
      1,1-dibromoethylene, 1,1-fluoroethylene, 1,1-diiodoethylene,
      1,1,2,2-tetrafluoroethylene, 1-chloro-2,2,2-trifluoroethylene,
      chlorobutadiene and other halogenated diolefinic compounds;
PAR  3. Esters of organic and inorganic acids, such as vinyl acetate, vinyl
      propionate, vinyl butyrate, vinyl isobutyrate, vinyl valarate, vinyl
      caproate, vinyl enanthate, vinyl benzoate, vinyl toluate, vinyl
      p-chlorobenzoate, vinyl-o-chlorobenzoate and similar vinyl halobenzoates,
      vinly-p-methoxybenzoate, vinyl-o-methoxybenzoate, vinyl-p-ethoxybenzoate,
      methyl metha crylate, ethyl methacrylate, propyl methacrylate, butyl
      methacrylate, amyl methacrylate, hexyl methacrylate, heptyl methacrylate,
      heptyl methacrylate, octyl methacrylate, decyl methacrylate, methyl
      crotonate, and ethyl tiglate;
PAR  Methyl acrylate, ethyl acrylate, propyl acrylate, isopropyl acrylate, butyl
      acrylate, isobutyl acrylate, amyl acrylate, hexyl acrylate, 2-ethylhexyl
      acrylate, heptyl acrylate, octyl acrylate, 3,5,5-trimethylhexyl acrylate,
      decyl acrylate, and dodecyl acrylate;
PAR  Isopropenyl acetate, isopropenyl propionate, isopropenyl butyrate,
      isopropenyl isobutyrate, isopropenyl valerate, isopropenyl caproate,
      isopropenyl enanthate, isopropenyl benzoate, isopropenyl p-chlorobenzoate,
      isopropenyl o-chlorobenzoate, isopropenyl o-bromobenzoate, isopropenyl
      m-chlorobenzoate, isopropenyl toluate, isopropenyl alpha-chloroacetate and
      isopropenyl alpha-bromopropionate;
PAR  Vinyl alpha-chloroacetate, vinyl alpha-bromoacetate, vinyl
      alpha-chloropropionate, vinyl alpha-bromopropionate, vinyl
      alpha-iodopropionate, vinyl alpha-chlorobutyrate, vinyl
      alpha-chlorovalerate and vinyl alpha-bromovalerate;
PAR  Allyl chloride, allyl cyanide, allyl bromide, allyl fluoride, allyl iodide,
      allyl chlorocarbonate, allyl nitrate, allyl thiocyanate, allyl formate,
      allyl acetate, allyl propionate, allyl butyrate, allyl valerate, allyl
      caproate, allyl-3,5,5-trimethyl hexoate, allyl benzoate, allyl acrylate,
      allyl crotonate, allyl oleate, allyl chloroacetate, allyl
      trichloroacetate, allyl chloropropionate, allyl chlorovalerate, allyl
      lactate, allyl pyruvate, allyl aminoacetate, allyl acetoacetate, allyl
      thioacetate, as well as methallyl esters corresponding to the above allyl
      esters, as well as esters from such alkenyl alcohols as beta-ethyl allyl
      alcohol, beta-propyl allyl alcohols, 1-butene-4-ol, 2-methyl-butene-4-ol,
      2(2,2-dimethylpropyl)-1-butene-4-ol, and 1-pentene-4-ol;
PAR  Methyl alpha-chloroacrylate, methyl alpha-bromoacrylate, methyl
      alpha-fluoroacrylate, methyl alpha-iodoacrylate ethyl alpha,
      chloroacrylate, propyl alpha-chloroacrylate, isopropyl
      alpha-bromoacrylate, amyl alpha-chloroacrylate, octyl
      alpha-chloroacrylate, 3,5,5-trimethylhexyl alpha-chloroacrylate, decyl
      alpha-chloroacrylate, methyl alpha-cyanoacrylate, ethyl
      alpha-cyanoacrylate, amyl alpha-cyanoacrylate and decyl alpha-cyano
      acrylate;
PAR  Dimethyl maleate, diethyl maleate, diallyl maleate, dimethyl fumarate,
      diethyl fumarate, dimethallyl fumarate and diethyl glutaconate;
PAR  4. Organic nitriles, such as acrylonitrile, methacrylonitrile,
      ethacrylonitrile, 3-octenenitrile, crotonitrile, oleonitrile, and the
      like.
PAR  In carrying out the polymerization reaction, techniques well known in the
      art may be employed. A peroxygen type catalyst is ordinarily utilized.
      Diazo compounds or redox catalyst systems can also be employed as
      catalysts.
PAR  The acrylic polymer may likewise be prepared with monomers of the type such
      that the final polymer contains potential crosslinking sites. Such
      monomers include acrylamides or methacrylamides, their N-methylol or
      N-methylol ether derivatives; unsaturated monomers containing capped
      isocyanate groups, or aziridyl groups; and hydroxy-containing unsaturated
      monomers, for example, hydroxyalkyl acrylates.
PAR  Another method of producing acrylic polymers which may be utilized in this
      invention is to react an acrylic polymer containing reactive sites, such
      as carboxyl groups or hydroxyl groups, secondary amine groups or other
      active hydrogen-containing sites, with an epoxy-containing compound such
      as the diglycidyl ether of Bisphenol A or other polyepoxides as enumerated
      elsewhere herein, to provide an epoxy group-containing acrylic polymer.
PAR  Vinyl addition polymers which contain alicyclic unsaturation can be
      epoxidized to form an epoxy group-containing polymer.
PAR  Yet another class of polymers which are useful in preparing the resins of
      this invention are isocyanate group-containing polyurethanes. The
      isocyanate-terminated polyurethane prepolymers employed as starting
      materials according to the present invention may be obtained by the
      reaction of a selected polymeric glycol. The polyurethane polymers include
      those which are prepared from polyalkylene ether glycols and
      diisocyanates. The term "polyalkylene ether glycol" as used herein refers
      to a polyalkylene ether which contains terminal hydroxy groups. They are
      sometimes known as polyoxyalkylene glycols, polyalkylene glycols, or
      polyalkylene oxide glycols, or dihydric polyoxyalkylenes. Those useful in
      preparing the products of this invention may be represented by the formula
      HO(RO).sub.n H, in which R stands for an alkylene radical and n is an
      integer. Glycols containing a mixture of radicals, as in the compound
      HO(CH.sub.2 OC.sub.2 H.sub.4 O).sub.n H, or HO(C.sub.2 H.sub.4 O).sub.n
      (C.sub.3 H.sub.6 O).sub.m (C.sub.2 H.sub.4 O).sub.n H, can be used. These
      glycols are either viscous liquids or waxy solids. Polytetramethylene
      ether glycols, also known as polybutylene ether glycols, may be employed.
      Polyethylene ether glycols and poly-propylene ether glycols, having the
      above-indicated formula, are among the preferred glycols. The presently
      preferred glycols are polypropylene glycols with a molecular weight
      between about 300 and about 1,000.
PAR  Any of a wide variety of organic polyisocyanates may be employed in the
      reaction, including aromatic aliphatic, and cycloaliphatic diisocyanates
      and combinations of these types.
PAR  Instead of the hydrocarbon portion of the polyether glycols used in forming
      the polyurethane products being entirely alkylene, it can contain arylene
      or cycloalkylene radicals together with the alkylene radicals as, for
      example, in the condensation product of a polyalkylene ether glycol with
      alpha, alpha'-dibromo-p-xylene in the presence of alkali. In such
      products, the cyclic groups inserted in the polyester chain are preferably
      phenylene, naphthylene or cyclohexylene radicals or those radicals
      containing alkyl or alkylene substituents, as in the tolylene,
      phenylethylene or xylene radicals.
PAR  Also included in the polyurethane products are those made from a
      substantially linear polyester and an organic diisocyanate of the
      previously described type. Products of this sort are described in U.S.
      Pat. Nos. 2,621,166; 2,625,531; and 2,625,532. The polyesters are prepared
      by reacting together glycols and dicarboxylic acids. Another useful group
      of compounds for this purpose are the polyester amide resins having
      terminal hydroxyl groups. The preferred polyesters may be represented by
      the formula HO--B--OOC--B'--COO.sub.n --BOH, in which B and B' are
      hydrocarbon radicals derived from the glycol and dicarboxylic acid
      respectively and n is an integer. In the preparation of these polyesters,
      the glycol is used in at least slight excess so that the polyesters
      contain terminal hydroxyl groups which are available for reaction with the
      isocyanates. The same polyisocyanates and reaction conditions useful in
      preparing polyurethanes from the polyalkylene ether glycols are also
      useful with the polyesters.
PAR  Polyurethane glycols may also be reacted with an organic
      polyisocyanate-terminated polyurethanes for use as starting materials in
      the presnet invention. The starting polyurethane glycol is prepared by
      reacting a molar excess of a polymeric glycol with an organic
      diisocyanate. The resulting polymer is a polyurethane containing terminal
      hydroxyl groups which may then be further reacted with additional
      polyisocyanate to produce the starting isocyanate-terminated polyurethane
      prepolymer.
PAR  Another starting polyurethane prepolymer may be such as disclosed in U.S.
      Pat. No. 2,861,981, namely, those prepared from a polyisocyanate and the
      reaction product of an ester of an organic carboxylic acid with an excess
      of a saturated aliphatic glycol having only carbon atoms in its carbon
      chain and a total of 8 to 14 carbon atoms, at least one two-carbon branch
      per molecule, and having terminal hydroxy groups separated by at least six
      carbon atoms.
PAR  It is obvious, from the above-described methods by which the polyurethane
      reaction products may be prepared and from the reactants used, that these
      products will contain a plurality of intralinear radicals of the formula
      --NH--CO--O--X--O--CO--NH--, wherein the bivalent radical --O--X--O-- is
      obtained by removing the terminal hydrogen atoms of the polymeric glycol,
      said glycol being selected from the group consisting of polyalkylene ether
      glycols, polyurethane glycols, polyalkylene arylene ether glycols,
      polyalkylenecycloalkylene ether glycols, polyalkylene ether-polythioether
      glycols, polyester amide glycols of the formula:
EQU  HO--[B--O--CO--B'--CO--O].sub.n --B--OH
PAL  where B and B' are hydrocarbon radicals and n is an integer, and that a
      typical isocyanate-terminated polyurethane polymer produced from
      diisocyanates and dihydric glycols will, on an average, contain (at a 2:1
      NCO:OH ratio) a plurality of intralinear molecules conforming to the
      formula:
EQU  OCN--Y--NH--CO--O--X--O--CO--NH--Y--NCO
PAL  wherein --O--X--O has the value given previously and Y is the
      polyisocyanate hydrocarbon radical.
PAR  In the preparation of the starting polyurethane polymer, an excess of the
      organic polyisocyanate of the polymeric glycol is used, which may be only
      a slight excess over the stoichiometric amount (i.e., one equivalent of
      polyisocyanate for each equivalent of the polymeric glycol). In the case
      of a diisocyanate and a dihydric polyalkylene ether, the ratio of NCO to
      OH of the polyol will be at least one and may be up to a 3:1 equivalent
      ratio. The glycol and the isocyanate are ordinarily reacted by heating
      with agitation at a temperature of 50.degree.C. to 130.degree.C.,
      preferably 70.degree.C. to 120.degree.C. The ratio of organic
      polyisocyanate compound to polymeric glycol is usually and preferably
      between about 1.3:1 and 2.0:1.
PAR  The reaction is preferably, but not necessarily, effected in the absence of
      a solvent, when the prepolymer is a fluid at processing temperatures. When
      it is not, or when it is desired to employ a solvent, convenient solvents
      are inert organic solvents having a boiling range above about 90.degree.C.
      when the reaction is to be carried out in open equipment. Lower boiling
      solvents may, of course, be used where the reaction is carried out in
      closed equipment to prevent boiling off the solvent at the temperatures of
      the reaction. Solvents boiling at substantially more than 140.degree.C.
      are difficult to remove from a final chain-extended elastomer at desirable
      working temperature, although it will be obvious that higher boiling
      solvents may be employed where the excess solvent is removed by means
      other than by heating or distillation. The solvent, when used, may be
      added at the beginning, at an intermediate point, or at the end of the
      prepolymer reaction stage, or after cooling of the formed prepolymer. The
      solvents to be used are preferably those in which the reactants have some
      solubility but in which the final chain-extended product is insoluble.
      Ketones, tertiary alcohols and esters may be used. The aliphatic
      hydrocarbon solvents such as the heptanes, octanes and nonanes, or
      mixtures of such hydrocarbons obtained from naturally-occurring petroleum
      sources such as kerosene, or from synthetically prepared hydrocarbons, may
      sometimes by employed. Cycloaliphatic hydrocarbons such as
      methylcyclohexane and aromatic hydrocarbons such as toluene may likewise
      be used. Toluene and isopropyl acetate are preferred solvents. The amount
      of solvent used may be varied widely. From 25 to 400 parts of solvent per
      100 parts of glycol have been found to be operable. The excess solvent,
      where large amounts are employed, may be separated partially or completely
      from the polymer prior to emulsification in the water solution. If an
      emulsion technique is to be employed in the chain extension, sometimes the
      excess solvent is useful and is allowed to remain during the
      emulsification stage.
PAR  The reactants are cooked for a period sufficient to react most, if not all,
      of the hydroxy groups, whereafter the prepolymer is allowed to stand and
      the free NCO content determined.
PAR  Usual pHs are employed during preparation of the prepolymer, the reaction
      preferably being maintained substantially neutral. Bases accelerate the
      reaction, acids retard the reaction, and preferably neither are added.
PAR  These isocyanate group-containing polyurethanes are then reacted with
      epoxy-containing compound such as glycidol, for example, at temperatures
      of about 25.degree.C. to about 45.degree.C., usually in the presence of a
      catalyst which promotes urethane formation.
PAR  In the process of the invention, the epoxy group-containing compound is
      reacted with a material selected from the group consisting of amine salts,
      phosphine-acid mixtures and sulfide-acid mixtures to form quaternary onium
      salt group-containing resins.
PAR  The process of this invention can be used to produce essentially epoxy
      group-free resins as well as epoxy group-containing resins. Where the
      epoxide is reacted with at least about a stoichiometric amount of amine
      salt, sulfide or phosphine, essentially epoxide group-free resins are
      produced; where resin containing free epoxide groups are desired, the
      ratio of starting polyepoxide to amine salt, sulfide or phosphine is
      selected so as to provide an excess of epoxy groups, thereby producing a
      resin containing free unreacted epoxide groups. Epoxy-free resin can also
      be provided by hydrolysis or post reaction of the epoxide reaction
      product.
PAR  Examples of amine salts which may be employed include salts of ammonia;
      primary, secondary and tertiary amines, and preferably tertiary amines;
      salts of boric acid or an acid having a dissociation constant greater than
      that of boric acid and preferably an organic acid having a dissociation
      constant greater than about 1 .times. 10.sup.-.sup.5. The presently
      preferred acid is lactic acid. Such acids include boric acid, lactic acid,
      acetic acid, formic acid, propionic acid, butyric acid, hydrochloric acid,
      phosphoric acid and sulfuric acid. The amines may be unsubstituted amines
      or amines substituted with nonreactive constituents such as halogens or
      hydroxylamines. Specific amines include dimethylethanolamine, salts of
      boric, lactic, propionic, formic, butyric, hydrochloric, phosphoric and
      sulfuric, or similar salts in triethylamine, diethylamine, trimethylamine,
      diethylamine, dipropylamine, 1-amino-2-propanol, and the like. Also
      included are ammonimum phosphate, as well as other amine and ammonium
      salts as defined above.
PAR  A distinct class of amine compounds within the broader class is amine
      containing one or more secondary or tertiary amino groups and at least one
      hydroxyl group.
PAR  In most cases, the hydroxyl amine employed corresponds to the general
      formula:
      ##EQU2##
      where R.sub.1 and R.sub.2 are, preferably, methyl, ethyl or lower alkyl
      groups, but can be essentially any other organic radical, so long as they
      do not interfere with the desired reaction. Benzyl, alkoxyalkyl and the
      like are examples. R.sub.1 can also be hydrogen. The nature of the
      particular groups is less important that the presence of a secondary or
      tertiary amino nitrogen atom, and thus higher alkyl, aryl, alkaryl,
      aralkyl, and substituted groups of the types can be present. The group
      represented by R.sub.3 is a divalent organic group, such as alkylene or
      substituted alkylene, e.g., oxyalkylene or poly(oxyalkylene), or even
      arylene, alkarylene or substituted arylene. R.sub.3 can also be an
      unsaturated group, e.g., an alkylene group such as
      ##EQU3##
      Other groups represented by R.sub.3 include cyclic or aromatic groups. One
      type of useful amine, for instance, is represented by the formula:
      ##SPC1##
PAL  where n is 1 to 3. Dialkanolamines, of the general formula R.sub.1
      N(R.sub.3 OH).sub.2, and trialkanolamines, of the general formula
      N(R.sub.3 OH).sub.3, are also useful.
PAR  Some examples of specific amines are as follows: dimethylethanolamine,
      dimethylpropanolamine, dimethylisopropanolamine, dimethylbutanolamine,
      diethylethanolamine, ethylethanolamine, methylethanolamine,
      N-benzylethanol-amine, diethanolamine, triethanolamine,
      dimethylaminomethyl phenol, tris(dimethylaminomethyl)phenol,
      2-[2(dimethylamino)ethoxy] ethanol,
      1-[1-(dimethylamino)-2-propoxy]-2-propanol,
      2-(2-[2-dimethylamino)ethoxy]ethoxy)ethanol,
      1-[2-(dimethylamino)ethoxy]-2-propanol,
      1-(-1[dimethylamino)-2-propoxy]-2-propoxy)-2-propanol, benzyl dimethyl
      amine.
PAR  Another distinct class of amine compound within the broader class is an
      amine containing one or more secondary or tertiary amino groups and
      ##EQU4##
      where R.sub.1 and R.sub.2 are each preferably methyl, ethyl, or other
      lower alkyl groups, but can be essentially any other organic radical, so
      long as they do not interfere with the desired reaction. Benzyl,
      alkoxyalkyl, and the like are examples. R.sub.1 can also be hydrogen. The
      nature of the particular groups is less important than the presence of a
      secondary or tertiary amino nitrogen atom, and thus higher alkyl, aryl,
      alkaryl, and substituted groups of these types can be present. The group
      represented by R.sub.3 is a divalent organic group, such as alkylene or
      substituted alkylene, e.g., oxyalkylene or poly (oxyalkylene), or less
      desirably, arylene, alkarylene or substituted arylene. R.sub.3 can also be
      an unsaturated group, e.g., an alkylene group.
PAR  Such amines can be prepared by known methods. For example, an acid
      anhydride, such as succinic anhydride, phthalic anhydride or maleic
      anhydride, can be reacted with an alkanolamine, such as
      dimethylethanolamine or methyldiethanolamine; the group represented by
      R.sub.3 in the amines produced in such cases contain ester groups. Other
      types of amines are provided, for example, by reacting an alkylamine with
      an alkyl acrylate or methacrylates such as methyl or ethyl acrylate or
      methacrylate, as described in U.S. Pat. No. 3,419,525. Preferably, the
      ester group is subsequently hydrolyzed to form a free carboxyl group.
      Other methods for producing amines of different types can also be
      employed.
PAR  It can be seen that the groups represented by R.sub.3 can be of widely
      varying types. Some examples are: --R'--, --R'OCOR'--, and --R'O).sub.n
      COR'--, where each R' is alkylene, such as --CH.sub.2 CH.sub.2 --,
      ##EQU5##
      etc., or alkenylene, such as --CH=CH--such as --CH=CH--, and n is 2 to 10
      or higher. Other groups represented by R' include cyclic or aromatic
      groups.
PAR  Some examples of specific amines are as follows:
PA0  N,n-dimethylaminoethyl hydrogen maleate
PA0  N,n-diethylaminoethyl hydrogen maleate
PA0  N,n-dimethylaminoethyl hydrogen succinate
PA0  N,n-dimethylaminoethyl hydrogen phthalate
PA0  N,n-dimethylaminoethyl hydrogen hexahydrophthalate
PA0  2-(2-dimethylaminoethyoxy ethyl hydrogen maleate
PA0  1-methyl-2-(2-dimethylaminoethoxy) ethyl hydrogen maleate
PA0  2-(2-dimethylaminoethoxy) ethyl hydrogen succinate
PA0  1,1-dimethyl-2-(2-dimethylaminoethoxy) ethyl hydrogen succinate
PA0  2-[2-(2-dimethylaminoethoxy) ethoxy] ethyl hydrogen maleate
PA0  beta-(dimethylamino)propionic acid
PA0  beta-(dimethylamino)isobutyric acid
PA0  beta-(diethylamino)propionic acid
PA0  1-methyl-2-(dimethylamino)ethyl hydrogen maleate
PA0  2-(methylamino)ethyl hydrogen succinate
PA0  3-(ethylamino)propyl hydrogen maleate
PA0  2[2-(dimethylamino)ethoxy]ethyl hydrogen adipate
PA0  N,n-dimethylaminoethyl hydrogen azelate
PA0  di(N,N-dimethylaminoethyl)hydrogen tricarballylate
PA0  N,n-dimethylaminoethyl hydrogen itaconate
PA0  1-(1-[1(dimethylamino)-2-propoxy]-2-propoxy)-2-propyl hydrogen maleate
PA0  2-[2-(2-[2-(dimethylamino)ethoxy]ethoxy)ethoxy]ethyl hydrogen succinate.
PAR  In one embodiment, the epoxy compounds described above may be reacted with
      an ester of boric acid or a compound which can be cleaved to form boric
      acid in a medium containing water and preferably an aminocontaining boron
      ester and/or a tertiary amine salt of boric acid to produce the epoxy
      reaction products. The boron compound component utilized in producing the
      reaction products can be, for example, any triorganoborate in which at
      least one of the organic groups is substituted with an amino group.
      Structurally, such esters of boric acid or a dehydrated boric acid such as
      metaboric acid and tetraboric acid, although not necessarily produced from
      such acids. In most cases the boron esters employed correspond to one of
      the general formulas:
      ##EQU6##
      where the R groups are the same or different organic groups. The groups
      represented by R above can be virtually any organic group, such as
      hydrocarbon or substituted hydrocarbon, usually having not more than 20
      carbon atoms and preferably not more than about 8 carbon atoms. The
      preferred esters have alkyl groups or polyoxyalkyl groups. At least one of
      the organic groups contain an amine group, i.e., a group of the structure;
      ##EQU7##
      where R.sub.1 and R.sub.2 are hydrogen or preferably methyl, ethyl or
      other lower alkyl groups, but can be essentially any other organic
      radical, so long as they do not interfere with the desired reaction. The
      nature of the particular groups is less important than the presence of an
      amino nitrogen atom, and thus higher alkyl, aryl, alkaryl, aralkyl and
      substituted groups of these types can be present. While both R.sub.1 and
      R.sub.2 can be hydrogen (i.e., the amino group is a primary amino group),
      it is preferred that at least one be an alkyl or other organic group, so
      that the amino group is secondary or tertiary.
PAR  The preferred boron esters correspond to the formula:
      ##EQU8##
      where X has the structure:
      ##EQU9##
      R.sub.3 and R.sub.4 being divalent organic radicals, such as alkylene or
      substituted alkylene, e.g., oxyalkylene or poly(oxyalkylene), or less
      desirably, arylene, alkarylene or substituted arylene. R.sub.5 and R.sub.6
      can be alkyl, substituted alkyl, aryl, alkaryl, or other residue from
      essentially any monohydroxy alcohol derived by removal of the hydroxyl
      group. R.sub.5 and R.sub.6 can be the same or different.
PAR  Examples of boron esters within the above class include:
PA0  2-(beta-dimethylaminiosopropoxy)-4,5-dimethyl-1,3,2-dioxaborolane
PA0  2-(beta-diethylaminoethoxy)-4,4,6-trimethyl- 1,3,2-dioxaborinane
PA0  2-(beta-dimethylaminoethoxy)-4,4,6-trimethyl-1,3,2-dioxaborinane
PA0  2-(beta-diisopropylaminoethoxy-1,3,2-dioxaborinane
PA0  2-(beta-dibutylaminoethoxy)-4-methyl-1,3,2-dioxaborinane
PA0  2-(beta-diethylaminoethoxy)-1,3,2-dioxaborinane
PA0  2-(gamma-aminopropoxy)-4-methyl-1,3,2-dioxaborinane
PA0  2-(beta-methylaminoethoxy)-4,4,6-trimethyl-1,3,2-dioxaborinane
      2-(beta-ethylaminoethoxy)-1,3,6-trioxa-2-boracyclooctane
PA0  2-(gamma-dimethylaminopropoxy)-1,3,6,9-tetraoxa-2-boracycloundecane
PA0  2-(beta-dimethylaminoethoxy)-4-4(4-hydroxybutyl)-1,3,2-dioxaborolane
      Reaction product of (CH.sub.3).sub.2 NCH.sub.2 CH.sub.2 OH + Lactic acid
      +B.sub.2 O.sub.3 + neopentyl glycol.
PAR  A number of such boron esters are known. Many are described, for example,
      in U.S. Pats. Nos. 3,301,804 and 3,257,442. They can be prepared by
      reacting one mole of boric acid (or equivalent boric oxide) with at least
      3 moles of alcohol, at least one mole of the alcohol being an
      aminosubstituted alcohol. The reaction is ordinarily carried out by
      refluxing the reactants with removal of the water formed.
PAR  The amine salts and the epoxy comound are reacted by mixing the components,
      preferably in the presence of a controlled amount of water. The amount of
      water employed should be that amount of water which allows for smooth
      reaction. Typically, the water is employed on the basis of about 1.75
      percent to about 20 percent by weight based on the total reaction mixture
      solids and preferably about 2 percent to about 15 percent by weight, based
      on total reaction solids.
PAR  Another measure of the amount of water which may be employed is the
      equivalent ratio of water to amine nitrogen present in the reaction
      mixture. Typically the equivalent ratio of water to amine nitrogen is
      controlled between about 1.3 and about 16 equivalents of water per
      equivalent of amine nitrogen. Preferably, the ratio of water to amine
      nitrogen is controlled between about 1.5 and about 10.6 equivalents of
      water per equivalent of amine nitrogen.
PAR  The reaction temperature may be varied between about the lowest temperature
      at which the reaction reasonably proceeds, for example, room temperature,
      or in the usual case, slightly above ordinary room temperature to a
      maximum temperature between about 100.degree.C. and about 110.degree.C.
PAR  A solvent is not necessary, although one is often used in order to afford
      better control of the reaction. Aromatic hydrocarbons or monoalkyl ethers
      of ethylene glycol are suitable solvents.
PAR  The proportions of the amine salt and the epoxy compound can be varied and
      the optimum proportions depend upon the particular reactants. Ordinarily,
      however from about one part to about 50 parts by weight of the salt per
      100 parts of epoxy compound are employed. The proportions are usually
      chosen with reference to the amount of nitrogen, which is typically from
      about 0.05 to about 16 percent based on the total weight of the amine salt
      and the epoxy compound. Since the amine salt reacts with the epoxide
      groups of the epoxy resin employed, in order to provide an epoxy
      group-containing resin, the stoichiometric amount of amine employed should
      be less than the stoichiometric equivalent of the epoxide groups present,
      so that the final resin is provided with one epoxy group per average
      molecule.
PAR  Phosphonium group containing resins can be prepared by reacting the above
      epoxy compounds with a phosphine in the presence of an acid to form
      quaternary phosphonium base group containing resins.
PAR  The phosphine employed may be virtually any phosphine which does not
      contain interferring groups. For example, the phosphine may be aliphatic,
      aromatic or alicyclic. Examples of such phosphines include lower trialkyl
      phosphine, such as trimethyl phosphine, triethyl phosphine, tripropyl
      phosphine, tributyl phosphine, mixed lower alkyl phenyl phosphines such as
      phenyl dimethyl phosphine, phenyl diethyl phosphine, phenyl dipropyl
      phospine, diphenyl methyl phosphine, diphenyl ethyl phosphine, diphenyl
      propyl phosphine, triphenyl phosphine, alicyclic phosphines such as
      tetramethylene methyl phosphine and the like.
PAR  The acid employed may be virtually any acid which forms a quaternary
      phosphonium salt. Preferably the acid is an organic carboxylic acid.
      Examples of the acids which may be employed are boric acid. lactic acid,
      formic acid, acetic acid, propionic acid, butyric acid, hydrochloric acid,
      phosphoric acid, and sulfuric acid. Preferably the acid is an acid having
      a dissoaiation constant greater than about 1 .times. 10.sup.-.sup.5.
PAR  The ratio of phosphine to acid is not unduly critical. Since one mole of
      acid is utilized to form one mole of phosphonium group, it is preferred
      that at least about one mole of acid be present for each mole of desired
      phosphine-to-phosphonium conversion.
PAR  The phosphine/acid mixture and the epoxy compound are reacted by mixing the
      components, sometimes at moderately elevated temperatures. The reaction
      temperature is not unduly critical and is chosen depending upon the
      reactants and their rates. Frequently the reaction proceeds well at room
      temperature or temperatures up to 70.degree.C., if desired. In some cases,
      temperatures as high as about 110.degree.C. or higher may be employed. The
      proportions are usually chosen with reference to the amount of phosphine,
      which is typically from about 0.1 to about 35 percent based on the total
      weight of the phosphine and the epoxy compound.
PAR  Sulfonium group containing resins can be prepared by reacting the above
      epoxy compounds with a sulfide in the presence of an acid to form
      quaternary sulfonium base group containing resins.
PAR  The sulfide employed may be virtually any sulfide which reacts with epoxy
      groups and which does not contain interfering groups. For example, the
      sulfide may be aliphatic, mixed aliphatic-aromatic, aralkyl or cyclic.
      Examples of such sulfides include dialkyl sulfides such as diethyl
      sulfide, dipropyl sulfide, dibutyl sulfide, dihexyl sulfide, phenyl
      sulfide or alkyl phenyl sulfides such as diphenyl sulfide, ethyl phenyl
      sulfide, alicyclic sulfides such as tetramethylene sulfide, pentamethylene
      sulfide, hydroxyl alkyl sulfides such as thiodiethanol, thiodipropanol,
      thiodibutanol and the like.
PAR  The acid employed may be virtually any acid which forms a quaternary
      sulfonium salt. Preferably the acid is an organic carboxylic acid.
      Examples of acids which may be employed are boric acid, formic acid,
      lactic acid, acetic acid, propionic acid, butyric acid, hydrochloric acid,
      phosphoric acid and sulfuric acid. Preferably the acid is an acid having a
      dissociation constant greater than about 1 .times. 10.sup.-.sup.5.
PAR  The ratio of sulfide to acid is not unduly critical. Since one mole of acid
      is utilized to form one mole of sulfonium group, it is preferred that at
      least about one mole of acid be present for each mole of desired
      sulfide-to-sulfonium conversion.
PAR  The sulfide/acid mixture and the epoxy compound are reacted by mixing the
      components, usually at moderately elevated temperatures such as
      70.degree.-110.degree.C. A solvent is not necessary, although one is often
      used in order to afford better control of the reaction. Aromatic
      hydrocarbons, monoalkyl ethers of ethylene glycol, aliphatic alcohols are
      suitable solvents. The proportions of the sulfide to the epoxy compound
      can be varied and the optimum proportions depend upon the particular
      reactants. Ordinarily, however, from about one part to about 50 parts be
      weight of the sulfide per 100 parts of epoxy compound is employed. The
      proportions are usually chosen with reference to the amount of sulfur,
      which is typically from about 0.1 to about 25 percent, based on the total
      weight of the sulfide and the epoxy compound.
PAR  Since the sulfide or phosphine react with the epoxy group, where epoxy
      group-containing products are desired, less than an equivalent of sulfide
      or phosphine should be employed so that the resultant resin has one epoxy
      group per average molecule.
PAR  Where it is desired to incorporate boron into the resin molecule, one
      method is to incorporate boron by means of an amine borate or
      nitrogen-containing ester as described in copending application Ser. No.
      100,825, filed Dec. 22, 1970, the disclosure of which is hereby
      incorporated by reference. The boron compound reacts with available epoxy
      groups to provide quaternary ammonium borate groups in the resin molecule.
PAR  The reaction of the boron compound may be concluded simultaneously with
      sulfonium or phosphonium group formation since the reaction conditions are
      similar.
PAR  The particular reactants, proportions and reaction conditions should be
      chosen in accordance with considerations well known in the art, so as to
      avoid gelation of the product during the reaction. For example,
      excessively severe reaction conditions should not be employed. Similarly,
      compounds having reactive substituents should not be utilized along with
      epoxy compounds with which those substituents might react adversely at the
      desired conditions.
PAR  The pigment dispersant of the invention comprises the above-described onium
      salt group solubilized resin where the ratio of quaternary onium salt in
      the resin to free epoxy groups in the precursor resin is greater than
      about 0.4 to 1 and preferably greater than 0.6 to 1. While the pigment
      dispersant is termed an epoxy resin, when the ratio of onium groups to
      epoxy groups is 1 to 1, essentially all the epoxy groups are reacted and
      the resin is essentially epoxy free. It has also been found that the
      presence of boron or a boron-type compound adversely affects the stability
      of the resultant paste. Accordingly, for most purposes, it is preferred
      that the use of boron be avoided.
PAR  The aqeuous pigment pastes of the invention are prepared by grinding or
      dispersing a pigment in the presence of an aqueous dispersion of the
      above-described pigment dispersant in a manner well known in the art.
PAR  The pigment paste comprises as essential ingredients the dispersant and at
      least one pigment; however, the paste may, in addition, contain other
      adjuvants such as plasticizers and the like, or wetting agents,
      surfactants or defoamers.
PAR  The pigment and dispersant may be ground in the conventional manner such as
      in a steel ball mill, attritor, or sand mill.
PAR  The pigment and dispersant ratios vary from pigment to pigment over a wide
      range, usually from about 2 percent to about 50 percent by weight of
      dispersant, based on pigment weight, may be used.
PAR  The final electrodepositable composition may contain, in addition to the
      pigment dispersion and an onium or amine salt group solubilized cationic
      electrodepositable vehicle resin, crosslinking resins, solvents,
      antioxidants, surfactants, and other adjuvants typically employed in the
      electrodepositable composition.
PAR  A number of amine group-containing, acid-solubilized, cationic
      electrodepositable resins are known in the art and need not be described
      in detail. Virtually any polyamine group-containing resin which can be
      acid-solubilized may be employed as an aqueous coating composition.
      Preferably the resin also contains hydroxyl groups. These resins include
      multicomponent resin systems which contain two essential components, for
      example, a polyamine group-containing resin together with a fully capped
      organic polyisocyanate described in copending applications Ser. Nos.
      47,917 filed June 19, 1970, and 193,590 filed Oct. 28, 1971, which are
      hereby incorporated by reference; as well as in systems containing an
      essentially self-curing resin system, for example, resin containing amine
      groups, hydroxyl groups and capped isocyanate groups within the same
      molecule, where the capped isocyanate groups are stable at room
      temperature in the presence of hydroxyl or amine groups but reactive with
      hydroxyl groups at elevated temperatures. Preferably, the isocyanate
      groups are capped with an aliphatic alkyl, alkoxyalkyl, cycloaliphatic
      alkyl, or aromatic alkyl monoalcohol or an oxime. Preferably, the resin
      contains about 0.5 to about 2.0 latent isocyanate groups per hydroxyl
      group. Resins within this class are described in copending Applications
      Ser. No. 193,591, filed Oct. 28, 1971, and Ser. No. 203,875, filed Dec. 1,
      1971, which are hereby incorporated by reference.
PAR  The preferred vehicle resins are onium base salt solubilized cationic
      resins preferably containing epoxy groups. These resins are characterized
      quaternary onium group solubilized resins, preferably containing epoxy
      groups and optionally containing oxyalkylene groups and/or compounds of
      boron. Preferably these resins are solubilized by a salt of an acid having
      a dissociation constant greater than 1 .times. 10.sup.-.sup.5. Resins and
      electrodepositable compositions of this type are described in detail in
      copending applications Ser. Nos. 167,470, filed July 29, 1971, 167,476,
      filed July 29, 1971; 210,141, filed Dec. 20, 1971, and 217,278, filed Jan.
      12, 1972, all of which are hereby incorporated by reference.
PAR  Enough pigment paste is used so that the final electrodepositable
      composition has the desirable properties. In most instances, the final
      electrodepositable composition has a pigment-to-binder ratio of between
      about 0.05 and about 0.5.
PAR  In electrodeposition processes employing the aqueous coating compositions
      described above, the aqueous composition is placed in contact with an
      electrically-conductive anode and an electrically-conductive cathode in an
      electric circuit. While in contact with the bath containing the coating
      composition, an adherent film of the coating composition is deposited on
      the cathode. This is in contrast to processes utilizing polycarboxylic
      acid resins which deposit on the anode, and many of the advantages
      described above are in large part attributed to this cathodic deposition.
PAR  The conditions under which the electrodeposition is carried out are, in
      general, similar to those used in electrodeposition of other types of
      coatings. The applied voltage may be varied greatly and can be, for
      example, as low as one volt or as high as several thousand volts, although
      typically between 50 volts and 500 volts. The current density is usually
      between about 1.0 ampere and 15 amperes per square foot, and tends to
      decrease during electrodeposition.
PAR  The method of the invention is applicable to the coating of any
      electrically-conductive substrate, and especially metals such as steel,
      aluminum, copper or the like.
PAR  After deposition, the coating is cured at elevated temperatures by any
      convenient method such as in baking ovens or with banks of infrared heat
      lamps.
DETD
PAR  Illustrating the invention are the following examples, which are not to be
      construed as limiting the invention to their details. All parts and
      percentages in the examples, as well as throughout this specification are
      by weight unless otherwise specified.
PAC  EXAMPLE A
PAR  A dimethylethanolamine lactate was prepared by mixing 13.3 parts of
      dimethylethanolamine and 18.0 parts of lactic acid (85 percent solution in
      water). The mixture was held at 40.degree.C. to 60.degree.C. for a short
      time and there was then added 7.2 parts of isopropanol. The final
      composition comprised 75 percent solids and contained 7.1 percent water.
PAC  EXAMPLE B
PAR  Into a reactor equipped with thermometer, stirrer, distillation apparatus
      with reflux and water trap, and means for providing an inert gas blanket
      where charged 741.6 parts of dimethylethanolamine, 714 parts lactic acid
      and 300 parts toluene. The reaction mixture was heated to between
      105.degree.C. and 110.degree.C. for 4 hours. A total of 120 parts of water
      were collected with an index of refraction of n.sub.D.sup.25 1.377. There
      was then added 245 parts of boric oxide, 728 parts neopentyl glycol. The
      reaction mixture was heated between 115.degree.C. and 128.degree.C. for
      approximately four hours, collecting an additional 205 parts of water of
      reaction n.sub.D.sup.25 1.386. The reaction product had a percent nitrogen
      content of 4.51 and has a proposed structure of:
      ##EQU10##
      This product is hereinafter referred to as the product of Example B.
PAC  EXAMPLE I
PAR  Into a reactor equipped with thermometer, stirrer, reflux condenser, and
      means for providing an inert gas blanket where charged 342.8 parts of Epon
      829 and 32.7 parts of Bisphenol A. The mixture was heated to
      170.degree.C., at which time an exotherm occurred. The reaction mixture
      was held at 180.degree. C. to 185.degree.C. for about 45 minutes. The
      reaction mixture was then cooled to 130.degree.C. with the subsequent
      addition of 158.7 parts of polypropylene glycol with an average molecular
      weight of about 425. There was then added a small amount of dimethyl
      ethanolamine as a catalyst and the reaction mixture was held at
      130.degree.C. to 140.degree.C. for about 4 hours until the reaction
      mixture had a Gardner-Holdt viscosity of H to I, measured at 50 percent
      solids in a solvent comprising 90 percent isophorone and 10 percent
      toluene.
PAR  The reaction mixture was cooled to 130.degree.C. and a small amount of
      formic acid added to neutralize the amine catalyst. The reaction product
      at this point had an epoxy equivalent, adjusted to 100 percent solids of
      720. The reaction mixture was cooled to 90.degree.C. and there was added
      37.7 parts of 2-ethylhexanol containing a small amount of Foam Kill 639,
      an anti-foaming agent.
PAR  At 80.degree.C. there was added a mixture of 57.5 parts of the product of
      Example B and 14.4 parts of isopropanol. This mixture was added over a 20
      minute period at a reaction temperature of 89.degree.C. The reaction
      product was held at 90.degree.C. to 95.degree.C. for five minutes after
      the addition was complete. There was then added 280 parts of deionized
      water. The product had an epoxy equivalent of 1663 at 60.7 percent solids
      and had a ratio of quaternary to epoxy groups of 0.24:1.
PAC  EXAMPLE II
PAR  Into a reactor equipped with thermometer, stirrer, reflux condenser and
      means for providing inert gas blanket were charged 1062 parts of Epon 829
      and 181 parts of Bisphenol A. The mixture was heated to 170.degree.C., at
      which time an exotherm occurred. The reaction mixture was held at
      180.degree.C. to 185.degree.C. for 45 minutes. The reaction mixture was
      then cooled to 130.degree.C. with the addition of 473 parts of
      polypropylene glycol with an average molecular weight of 600. There was
      then added 3.0 parts of dimethyl ethanolamine. The reaction mixture was
      held at 130.degree.C. to 140.degree.C. for about 4.5 hours. The reaction
      mixture then had a Gardner-Holdt viscosity of L+, measured at 50 percent
      solids, the additional solvent comprising 90 percent isophorone and 10
      percent toluene. The reaction mixture at this point was analyzed to have
      an epoxy equivalent (adjusted to 100 percent solids) of 780 and a hydroxyl
      value (adjusted to 100  percent solids) of 303.
PAR  To the reaction mixture was added a small amount of formic acid to
      neutralize the catalyst. The reaction mixture was cooled to 70.degree.C.
      and there was added a mixture of 731 parts of dimethyl ethanolamine, 158
      parts of 85 percent lactic acid and 68 parts of isopropanol. This mixture
      was added at a temperature range of 70.degree. to 100.degree.C. over a
      20-minute period. After the reaction was completed, the reaction mixture
      was held for 5 minutes at 100.degree.C. There was then added 560 parts of
      deionized water and a mixture of 132 parts of 2-ethylhexanol and 9.7 parts
      of Foam Kill 639, an antifoaming agent. There was then added an additional
      327 parts of water. The product contained a ratio of 0.69 equivalent of
      quaternary nitrogen to one equivalent of epoxy.
PAC  EXAMPLE III
PAR  A first stage reaction product, the reaction of Epon 829 and Bisphenol A
      and polypropylene glycol was prepared as in Example II. The reaction
      mixture, after formic acid addition to neutralize the catalyst, was cooled
      to 70.degree.C. and there was added a mixture of 85 parts of dimethyl
      ethanolamine, 4 parts 85 percent lactic acid and 84 parts of isopropanol.
      This mixture was added over a 20 minute period at temperatures of
      70.degree.C. to 100.degree.C. The reaction mixture was held at
      100.degree.C. for an additional five minutes. There was then added 120
      parts of 2-ethylhexanol containing 9.2 parts of Foam Kill 639. There was
      then added an additional 800 parts of deionized water. The resultant
      product had an epoxy equivalent, adjusted to 100 percent solids, of 2,500
      and a hydroxyl value, adjusted to 100 percent solids, of 84.3. The resin
      contained a ratio of quaternary groups to epoxy groups of 0.41:1.
PAC  EXAMPLE IV
PAR  A first stage reaction product was prepared as in Example II. After the
      reaction of the Epon 829, Bisphenol A and polypropylene glycol, formic
      acid was added to neutralize the catalyst. The reaction mixture was cooled
      to 70.degree.C. and there was added a mixture of 189 parts of dimethyl
      ethanolamine, 227 parts of 85 percent lactic acid and 95 parts of
      isopropanol. This mixture was added over a 20-minute period at a
      temperature range of 70.degree.C. to 100.degree.C. The reaction mixture
      was held for five minutes at 100.degree.C. after the addition was
      complete. There was then added 500 parts of deionized water, 146 parts of
      2-ethyl hexanol containing 10.3 parts of Foam Kill 639. There was then
      added an additional 330 parts of deionized water. The epoxy equivalent of
      the reaction mixture was infinite and the reaction mixture had a hydroxyl
      value, adjusted to 100 percent solids, of 72.8. The ratio of quaternary
      groups to epoxy groups was  1:1.
PAC  EXAMPLE V
PAR  Into a reactor equipped with thermometer, stirrer, reflux condenser and
      means for providing an inert gas blanket were charged 330 parts of Epon
      829 and 112 parts of Bisphenol A. The reaction mixture was heated to
      170.degree.C., at which time an exotherm occurred. The reaction mixture
      was held at 180.degree.C. to 185.degree.C. for 45 minutes. The reaction
      mixture was cooled to 95.degree.C. and there was added a mixture of 94.5
      parts of the product of Example A and 7.0 parts of water, the reaction
      temperature dropped to 78.degree.C. and the reaction mixture was cloudy.
      After 10 minutes, the reaction temperature had raised to 95.degree.C. and
      the reaction mixture cleared. The reaction mixture was held at
      95.degree.C. for an additional 30 minutes. There was then added an
      additional 150 parts of deionized water. The reaction product had an epoxy
      equivalent of 6,400 adjusted to 100 percent solids and a hydroxyl value
      adjusted to 100 percent solids of 125. The product had a
      quaternary-to-epoxy ratio of 0.48:1.
PAC  EXAMPLE VI
PAR  A first stage reaction product was prepared as in Examples II and III.
      There was added a solution of 180 parts of isopropanol, 96  parts of the
      product of Example B, over 20 minutes at a reaction temperature of
      78.degree.C. to 85.degree.C. The product was held at 85.degree.C. to
      97.degree.C. for an additional 5 minutes after the reaction was complete.
      There was then added 300 parts of deionized water and a solution of 114
      parts of 2-ethylhexanol containing 9 parts of Foam Kill 639. The final
      product had an epoxy equivalent, adjusted to 100 percent solids of 920 and
      a hydroxyl value adjusted to 100 percent solids of 171. The product had a
      quaternary-to-epoxy ratio of 0.15:1.
PAC  EXAMPLE VII
PAR  A first stage reaction product was prepared as in Examples II and III.
      There was added a solution of 180 parts of isopropanol, 96 parts of the
      product of Example B, over 20 minutes at a reaction temperature of
      78.degree.C. to 85.degree.C. The product was held at 85.degree.C. to
      97.degree.C. for an additional 5 minutes after the reaction was complete.
      There was then added 300 parts of deionized water and a solution of 114
      parts of 2-ethylhexanol containing 9 parts of Foam Kill 639. The final
      product had an epoxy equivalent, adjusted to 100 percentsolids of 920 and
      a hydroxyl value adjusted to 100 percent solids of 171. The product had a
      quaternary-to-epoxy ratio of 0.15:1.
PAC  EXAMPLE VIII
PAR  Into a reactor equipped with thermometer, stirrer, reflux condenser and
      means for providing an inert gas blanket were charged 1035 parts of Epon
      829 and 335 parts of Bisphenol A. The mixture was heated to 170.degree.C.
      at which time an exotherm occurred. The reaction mixture was held at
      180.degree.C. to 185.degree.C. for 40 minutes. The reaction mixture was
      then cooled to 130.degree.C. There was added a mixture of 192 parts of
      2-ethylhexanol containing 8.6 parts of Foam Kill 639. To the reaction
      mixture at 110.degree.C. was added a mixture of 512 parts of the product
      of Example A and 100 parts of deionized water. The reaction temperature
      dropped with the addition to 87.degree.C. and the reaction mixture was
      milky. The reaction temperature was raised to 90.degree.C. and the
      reaction mixture cleared in 10 minutes. The reaction mixture was held
      between 90.degree.C. and 100.degree.C. for an additional 30 minutes. There
      was then added 92 parts of isopropanol and 175 parts of deionized water.
      The product had an infinite epoxy equivalent and had a hydroxyl value
      adjusted to 100 percent solids of 103. The product contained a
      quaternary-to-epoxy ratio of 1:1.
PAC  EXAMPLE IX
PAR  Into a reactor equipped with thermometer, stirrer, reflux condenser and
      means for providing an inert gas blanket were charged 1062 parts of Epon
      829 and 181 parts of Bisphenol A. The mixture was heated to 150.degree.C.
      at which time an exotherm occurred. The reaction mixture was held at
      160.degree. to 165.degree.C. for about 45 minutes, after which time were
      added 474 parts of polypropylene glycol with an average molecular weight
      of 600. The reaction mixture was then cooled to 130.degree.C., at which
      time 3.3 parts of dimethylethanolamine were added. The reaction mixture
      was held at 130.degree.C. to 135.degree.C. for about 5 hours and was then
      allowed to cool. To the reaction mixture at about 134.degree.C. were added
      123 parts of 2-ethylhexanol and 8.5 parts of Foam-Kill 639. To the
      reaction mixture of 107.degree.C. were added 6.25 parts of 75 percent
      lactic acid. To the reaction mixture (temperature 100.degree.C) were then
      added 239.2 parts of the product of Example A and 224.5 parts of a 4.5
      percent solution of boric acid. The reaction temperature dropped with the
      addition to 90.degree.C. and the reaction mixture was milky. The reaction
      temperature was raised to 96.degree.C. and the reaction mixture cleared in
      10 minutes. The reaction mixture was held between 90.degree. and
      100.degree.C. for an additional 10 minutes. There was then added 52 parts
      of a boric acid solution. The product had an epoxy equivalent of 2,570 and
      had an hydroxyl value of 60.1 at 76.1 percent solids. The product
      contained a quaternary-to-epoxy ratio of 0.5:1.
PAC  EXAMPLE X
PAR  Into a reactor equipped with a thermometer, stirrer, reflux condenser and
      means for providing an inert gas blanket were charged 300 parts of
      ethylene glycol monobutyl ether. While the charge was being heated, one
      quarter of the following monomer feed was gradually added to the reactor:
TBL  Monomer Feed       Parts by Weight                                        
     ______________________________________                                    
     Ethyl acrylate     330                                                    
     Methyl methacrylate                                                       
                        330                                                    
     2-Hydroxyethyl acrylate                                                   
                        180                                                    
     Glycidyl methacrylate                                                     
                        300                                                    
     Styrene            60                                                     
     Azo bis (isobutyronitrile)                                                
                        18                                                     
     Tertiary dodecyl mercaptan                                                
                        36                                                     
     ______________________________________                                    
PAL  The reaction mixture was heated to 150.degree.C. at which time an exotherm
      occurred. The mixture was held at 145.degree.C. for another 5 minutes at
      which time the addition of the initial one quarter of the monomer feed was
      complete. The reaction mixture was then cooled to about 125.degree.C., at
      which time the rest of the monomer feed was gradually added thereto. The
      addition was complete after about 2 hours at which time the temperature
      was 137.degree.C. The mixture was held at 125.degree.C. to 135.degree.C.
      for about 31/2 hours and was then cooled to room temperature. Ionol 185
      (polymerization inhibitor available from Shell, Industrial Chemical
      Division) (1.2 parts) was then added to the mixture.
PAR  Four-hundred and eighty parts of the resultant product were charged to a
      second reactor, and heating was begun. When the temperature had reached
      95.degree.C., 179 parts of thiodiethanol, 155 parts of 85 percent lactic
      acid and 100 parts of deionized water were added. The temperature was
      maintained at about 100.degree.C. for about 45 minutes, after which the
      product was allowed to cool. The product had an infinite epoxy equivalent,
      a hydroxyl value of 210, and consisted of 71 percent solids. The product
      contained a quaternary-to-epoxy ratio of 1:1.
PAC  EXAMPLE XI
PAR  The following pigment pastes were all ground in conventional grinding
      equipment to a Hegmann Grind Gauge reading of 7+. Paste stability was
      checked by storing the paste in a hot room at 110.degree.F.
PAR  A. A paste was formed from 205.6 parts of the resin of Example I, 190.8
      parts of deionized water and 500 parts of titanium dioxide. The resultant
      pigment paste was stored in a hot room over night. The next morning the
      paste had gelled.
PAR  B. A paste was formed from 205 parts of the resin of Example II, 533 parts
      of titanium dioxide and 162 parts of deionized water, to yield a
      pigment-binder ratio of 4:1 at 75 percent solids. The initial Brookfield
      viscosity was 6,700 centipoises at 25.degree.C. The paste was stored at
      110.degree.F. After 3 days, the viscosity was 6,700 centipoises; after 10
      days -- 9,400 centipoises; 17 days -- 12,000 centipoises; 24 days --
      11,200 centipoises; and 31 days -- 12,000 centipoises. The test was
      discontinued.
PAR  C. A pigment paste was formed from 202 parts of the resin of Example III,
      526 parts of titanium dioxide and 172 parts of deionized water to yield a
      pigment-binder ratio of 4:1 and a solids content of 73 percent. The
      initial viscosity of the pigment paste was 4,000 centipoises. Upon storing
      at 110.degree.F., the following viscosities were observed: 3 days --
      4,800; 10 days -- 10,200; 17 days -- 52,000 24 days -- the pigment paste
      had gelled.
PAR  D. A pigment paste was formed from 208 parts of the resin of Example IV,
      540 parts of titanium dioxide and 152 parts of deionized water to yield a
      pigment paste with a pigment-binder ratio of 4:1 at 75 percent solids. The
      pigment paste had an initial viscosity of 8,800 centipoises. Storage at
      110.degree.F., showed the following viscosities: 3 days -- 11,000
      centipoises; 10 days -- 11,400 centipoises; 17 days -- 12,000 centipoises;
      24 days -- 12,000 centipoises; 31 days -- 12,000 centipoises. The test was
      discontinued.
PAR  E. A pigment paste was formed from 199 parts of the resin of Example V, 540
      parts of titanium dioxide and sufficient water to yield 72 percent solids.
      The paste had a pigment-binder ratio of 4:1. The initial viscosity of the
      paste was 3,400 centipoises. After 7 days at 110.degree.F., the paste had
      gelled.
PAR  F. A pigment paste was formed from 188 parts of the resin of Example VI,
      560 parts of titanium dioxide and 211 of deionized water to yield a
      pigment paste which had a pigment-binder ratio of 4:1 at 73 percent
      solids. The paste gelled while grinding.
PAR  G. A pigment paste was formed from 200 parts of the resin of Example VII,
      240 parts of deionized water, 490.2 parts of titanium dioxide, 54.5 parts
      of china clay, 1.2 parts of red iron oxide, 12.2 parts of yellow iron
      oxide and 2 parts of carbon black. The pigment paste had an initial
      viscisith of 3,800 centipoises. After storage at 110.degree.F., at the end
      of three days the paste displayed a viscosity of 69,000 centipoises and at
      11 days -- 336,000 centipoises.
PAR  H. The pigment paste of G was repeated, however, containing in addition 14
      parts of polypropylene glycol 600. The initial viscosity was 4,400. After
      three days, the pigment paste had a viscosity of 23,600 centipoises; after
      11 days -- 106,800.
PAR  I. A. pigment paste was formed from 143 parts of the resin of Example VIII,
      171 parts of deionized water, 396 parts of titanium dioxide and 4 parts of
      carbon black. The pigment paste had an initial viscosity of 70,000
      centipoises. After storage at 110.degree.F., for two weeks, the paste had
      gelled.
PAR  J. A pigment paste was formed from 195 parts of the resin of Example IX,
      330 parts of deionized water, 534 parts of titanium dioxide, 6 parts of
      Syloid 161 (ethanolated alkyl guanadine, from American Cyanamid) and 6
      parts of Aersol C-61 (Grace Davison Chem.). After storage at
      110.degree.F., for 31 days, the paste was still stable and the test was
      discontinued.
PAR  Other resins and pigment pastes can be formed using varied reactants and
      reaction conditions and constituents as set forth in the specification to
      provide compositions which display pigment paste stabilities of an
      improved nature.
PAR  According to the provisions of the Ppatent statutes, there are described
      above the invention and what are now considered to be its best
      embodiments. However, within the scope of the appended claims, it is to be
      understood that the invention can be practiced otherwise than as
      specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A stable aqueous pigment paste comprising:
PA1  A. 2 to 50 percent by weight based on weight of (B) of a water-dispersible
      cationic polymer produced by reacting a 1,2-epoxy group-containing
      material with a material selected from the group consisting of amine
      salts, phosphine-acid mixtures and sulfide-acid mixtures, said cationic
      polymer having a ratio of final quaternary onium salt groups to initial
      epoxide groups greater than about 0.4 to 1; and
PA1  B. a pigment dispersed therein.
NUM  2.
PAR  2. The pigment paste of claim 1 wherein the onium salt is an ammonium salt.
NUM  3.
PAR  3. The pigment paste of claim 1, wherein the ratio of final onium salt
      groups to initial epoxide groups is greater than about 0.6 to 1.
NUM  4.
PAR  4. The pigment paste of claim 1, wherein said polymer contains oxyalkylene
      groups in the molecule.
NUM  5.
PAR  5. The pigment paste of claim 1, wherein at least a portion of said onium
      salt is a salt of an acid having a dissociation constant greater than 1
      .times. 10.sup.-.sup.5.
NUM  6.
PAR  6. The pigment of claim 1, wherein said 1,2-epoxy group-containing material
      is a polyglycidyl ether of a polyphenol.
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ABST
PAL  Control of the pH of an elastomer-containing emulsion concentrate having an
      external water phase and an oil phase containing a dissolved elastomer,
      the oil preferably being an aromatic oil having an aromatic content of at
      least 50 percent and a viscosity below about 50 SUS at 210.degree. F.,
      within the range of a pH of 1 to 3.5, results in an emulsion concentrate
      system having improved storage stability. Such an emulsion concentrate
      system can be let down with water to form a frictionally stable emulsion
      system useful in the treating of asphalt pavements.
BSUM
PAR  The general concept of adding rubber to asphalt for the purpose of
      producing an improved binder for use in highway construction is well
      known, and the art demonstrates the many approaches made toward achieving
      this addition. In general, nearly all of the prior art pertaining to the
      incorporation of rubber into asphalt requires adding the rubber to hot
      asphalt prior to its use in road construction.
PAR  More recently, it has been proposed to incorporate elastomer into asphalt
      by use of an emulsion system comprising a water phase and an
      elastomer-containing oil phase, which is applied directly to the asphalt
      pavement. However, a problem with this approach to the incorporation of
      elatomers into asphalt is that poor frictional stability of the emulsion
      system causes premature breaking of the emulsion prior to its contact with
      the asphalt pavement.
PAR  To overcome the problem of frictional instability, it has recently been
      proposed that the formulation of the emulsion concentrate system be such
      that there is a water phase and an oil phase containing dissolved
      elastomer therein using an aromatic oil having an aromatic content above
      50 percent and a viscosity below about 50 SUS at 210.degree. F. Such a
      combination has been found to produce a frictionally stable emulsion
      system which can be readily applied to asphalt pavement.
PAR  However, it has now developed that, in addition to the problem of
      frictional instability, there is a problem with storage stability of
      emulsion concentrate systems comprising a water phase and an
      elastomer-containing oil phase.
PAR  Accordingly, it is an object of this invention to provide an emulsion
      system which is both frictionally stable and storage-stable.
PAR  Another object of the invention is to provide a storage-stable emulsion
      concentrate system.
PAR  Other aspects, objects and the several advantages of the invention will be
      apparent to those skilled in the art from the following disclosure.
DETD
PAR  In accordance with the present invention, it has been discovered that
      storage stability of an emulsion concentrate system having an external
      water phase and an oil phase containing a dissolved elastomer, the oil
      being an aromatic oil having an aromatic content of at least 50 percent
      and a viscosity below about 50 SUS at 210.degree. F., can be controlled by
      controlling the pH of the emulsion concentrate system.
PAR  More specifically, it has now been discovered that by reduction of the pH
      of an emulsion concentrate system having a water phase and an oil phase
      having dissolved elastomer therein, as described above, to a pH in the
      range of 1 to 3.5, a substantial improvement is produced in the storage
      stability of the emulsion concentrate system.
PAR  By storage stability is meant the ability of the emulsion or emulsion
      concentrate to remain stable during storage in order to avoid premature
      breaking of the emulsion prior to its use.
PAR  In accordance with the overall concept of this invention, a solution of an
      elastomer is formed in a suitable aromatic oil. The resulting solution is
      then emulsified in water to form a concentrate having a pH of 1 to 3.5.
      The preferred emulsification system is one resulting in a cationic
      emulsion.
PAR  The aromatic oil in the preferred embodiment is substantially free of
      asphaltenes, i.e., has a maximum asphaltenes content of not more than
      about 1 percent, and has a viscosity below about 50 SUS at 210.degree. F.
      Preferably, the oil should be soluble in n-pentane, according to the
      method described in ASTM designation D2006-65T. The elastomer should be
      soluble in the oil, and the oil should be compatible with the asphalt and
      the elastomer.
PAR  In one presently preferred embodiment of the invention, an SO.sub.2 extract
      oil is employed as the aromatic oil, having the following properties:
TBL  Specific gravity        0.991                                             
     API gravity             10-11                                             
     Flash point             230.degree. F.                                    
     Pour point               40.degree. F.                                    
     Viscosity, Saybolt Universal                                              
      Seconds at 210.degree. F.                                                
                             40                                                
     Paraffinic hydrocarbons  0                                                
     Carbon residue          1.75%                                             
     Sulfur, weight percent  1.4 to 2                                          
     Bromine number          28.5                                              
     Olefins, volume percent 48                                                
     Aromatics, weight percent                                                 
                             74                                                
     Initial boiling point                                                     
      on distillation        500.degree. F.                                    
     50% boiling point on dist.                                                
                             670.degree. F.                                    
     80% boiling point on dist.                                                
                             744.degree. F.                                    
PAR  Such as oil is produced by liquid-liquid extraction of a cycle oil
      recovered from the products of a catalytic cracking process. Sulfur
      dioxide is used as the selective solvent in the extractor, the sulfur
      dioxide selectively dissolving the aromatics from the feed oil and
      rejecting the non-aromatic portion. The aromatic product is recovered from
      the sulfur dioxide extract by distillation. The aromatic oil may be used
      directly as the oil phase in the preparation of the inventive emulsion, or
      it may be additionally vacuum fractionated for removal of light and/or
      heavy ends. A preferred oil with the properties given in the above table
      was vacuum distilled at 5 mm Hg pressure and 70 percent of the feed taken
      overhead as the product oil. The oil may be additionally purified by a
      lime-treating step for removal of traces of sulfur dioxide. For further
      details of the sulfur dioxide extraction process for the preparation of an
      aromatic oil suitable for the emulsions of this invention, see U.S. Pat.
      No. 3,007,979 to Peters.
PAR  Similar oils with high aromatic contents and low viscosities may be
      prepared by solvent extraction of cycle oils using other selective
      solvents, for example, phenol, sulfolane, diethylene glycol, etc. If
      desired, mixtures of these oils or mixtures thereof with other oils can be
      employed so long as the ultimate blend possess the required aromatic and
      SUS values as above defined.
PAR  By the present invention there is provided an oil-water emulsion
      concentrate having an oil phase and a water phase and wherein said water
      phase constitutes from about 25 to 60 weight percent of the total emulsion
      and said oil phase constitutes from about 75 to 40 weight percent of said
      emulsion, wherein said oil phase contains from 2 to 40 weight percent
      elastomer dissolved therein and wherein said oil phase is formed of an
      aromatic oil having an aromatic content of at least 50 percent and a
      viscosity below about 50 SUS at 210.degree. F., and wherein the total
      emulsion concentrate system has a pH in the range of 1 to 3.5.
PAR  Such emulsion concentrates are of particular importance since they permit
      the transporting of stable higher elastomer content emulsions at reduced
      freight rates. Such storage-stable systems can thereafter be readily
      diluted on location to give the desired rubber content for the treatment
      of the asphalt pavement.
PAR  The emulsion systems of this invention are prepared by first forming a
      solution of the elastomer in the aromatic oil. The quantity of elastomer
      present in the oil can be varied depending on the amount of elastomer to
      be combined with the asphalt within the treated asphalt pavement. The
      resulting solution of elastomer in aromatic oil is then emulsified with
      water to form an emulsion concentrate as above described wherein the
      elastomer is in an amount of about 2 to 40 percent by weight of the oil
      phase and the oil phase (oil plus elastomer) represents from about 40 to
      75 weight percent of the total emulsion concentrate. The resulting
      concentrate can be applied to asphalt pavement or it can be further
      diluted with water prior to its application to the pavement.
PAR  The quantity of water employed in the dilution of the emulsion concentrate
      can be varied within the scope of this invention and depends upon the
      treatment to be given to a particular asphalt pavement. Generally, diluted
      emulsion systems which contain 90 to 50 percent by weight of water, from
      10 to 50 percent by weight of the oil-rubber phase and from 2 to 15
      percent by weight elastomer are employed for the asphalt treatment.
PAR  Typical of emulsification equipment which may be used in forming the
      emulsion are colloid mills, high-speed emulsifiers, ultrasonic
      emulsifiers, homogenizers, pipeline mixers, and the like. Any
      emulsification equipment can be used which produces a fine particle-size
      emulsion of high stability, i.e., an emulsion which will not break on
      contact with the road surface and which will penetrate into the pavement
      to the depth desired.
PAR  In producing the emulsion concentrate systems of this invention with the
      desired pH range of 1 to 3.5, the pH control is achieved either by direct
      addition of a sufficient amount of acid (hydrogen ions) to the system to
      produce the specified pH or else the ratio of ingredients of the emulsion
      system is so adjusted that sufficient excess acid is present within the
      system to impart to the resulting emulsion concentrate a pH within the
      specified range of 1 to 3.5 Such an adjustment is shown in Example I
      (recipe No. 2) set forth below, where a pH adjustment is achieved by
      reduction of the basic emulsifier (Redicote E-1) in the water phase of the
      emulsion system to make the water phase more acid.
PAR  The term "elastomer" as used herein is intended to include any type of
      rubber, natural or synthetic, which is soluble in the aromatic oils above
      described. Such elastomers are, for example, natural rubber,
      butadiene-styrene copolymers formed by either emulsion or solution
      processes, such as SBR 1500 (ASTM D-1419-62T), SBR block copolymers,
      cis-polyisoprene and trans-polyisoprene. In one presently preferred
      embodiment of the invention the elastomer is a solution-polymerized
      butadiene-styrene block copolymer having an average molecular weight of
      about 50,000 to 150,000.
PAR  As noted, it is presently preferred that the emulsion be a cationic
      emulsion, and it can contain a cationic emulsifier in an amount preferably
      less than about 3 percent by weight based on the weight of the oil phase.
      Generally, the weight of the cationic emulsifier will range between about
      0.5 to about 3.0 percent by weight of the oil phase.
PAR  In addition to cationic emulsifiers, other surfactants and/or emulsifiers
      can be added, as well as mixtures thereof, to facilitate emulsification
      and to minimize foaming, if desired.
PAR  Emulsifiers can be of the class of fatty quaternary ammonium salts, fatty
      amido-amino-amine slats, e.g., amido-amino-amine acetate, etc., and
      include the use of both cationic and nonionic surfactants such as
      poly(ethoxy) compounds. Various suitable surfactants are described in
      standard textbooks, such as "Encyclopedia of Surface Active Agents" by
      Sisley and Wood (Chemical Publishing Company, Inc., New York) and "Surface
      Active Agents and Detergents" by Schwarz, Perry and Berch (Interscience
      Publishers, New York).
PAR  In addition to emulsifying agents, stabilizers also can be employed to
      stabilize the emulsion against electrolytes which may be present in the
      water employed to make or dilute the emulsion.
PAR  By a cationic emulsion is meant one in which the oil phase will deposit on
      the negative electrode if the emulsion is subjected to electrophoresis.
      Nonionic surfactants, as described, may be present in an amount up to as
      high as about 2 percent by weight of the oil phase.
PAR  The following examples illustrate the formation of stable emulsions for
      treating an asphalt-aggregate combination in accordance with the present
      invention.
PAC  EXAMPLE I
PAC  Emulsion Preparation
PAR  A series of emulsion systems were prepared as follows:
PAR  1. Oil phase preparation: An aromatic oil in the amount of 119 gallons was
      metered into a 150-gallon tank together with about 160 pounds of a
      butadiene-styrene rubber having an average molecular weight of about
      122,000. Small quantities of Oronite NI-W, a water-soluble nonionic
      surfactant of the alkylphenolethylene oxide condensate type (available
      from Chevron Chemical Company), Cyanox SS
      (2,2'-methylene-bis(4-methyl-6-t-butyl phenol), and Automate Blue
      (1,4-dialkylaminoanthraquinone) used as a dye, were also added. The
      mixture was heated to 300.degree. F. and stirred until all components were
      fully dissolved.
PAR  2. Water phase preparation: Water in the amount of 76.5 gallons was metered
      into a 375-gallon tank together with a small amount of Redicote E-1, a
      cationic emulsifier obtainable from Armour & Company. Contents of the tank
      were stirred and heated to about 170.degree. F. Small amounts of Saponin,
      a surfactant available from S. B. Penick and Co., and 31.5% hydrogen
      chloride were then added to the water-phase tank.
PAR  3. Emulsion formation: The emulsions were formed by pumping the oil and
      water phases from their respective tanks through a Gifford-Wood
      homogenizing pump in series with a Charlotte colloid mill with clearance
      set at 0.004 inch operating against a minimum back pressure of 50 to 60
      psig. The effluent product was chilled to about 100.degree. F. and stored.
      The emulsions thus prepared had the following composition, in weight
      percentages, in terms of the two phases:
TBL                TABLE I                                                     
     ______________________________________                                    
                    Recipe No. (Wt. %)                                         
     Oil phase        1           2                                            
     ______________________________________                                    
     Solprene GEO *   18.0        18.0                                         
     Oronite NI-W     2.0         2.5                                          
     Automate Blue    0.025       0.025                                        
     Cyanox SS        0.18        0.18                                         
     SO.sub.2 extract oil                                                      
                      42.0        42.0                                         
     Water phase                                                               
     Redicote E-1     1.0         0.5                                          
     31.5% HC1        0.45        0.45                                         
     Methanol         2.0         2.0                                          
     Saponin          0.06        0.06                                         
     Water            To total     100%                                        
     pH               6-7         2-3                                          
     Total            100         100                                          
     ______________________________________                                    
      * Butadiene-styrene block copolymer solution-polymerized having an averag
      molecular weight of about 122,000.                                       
PAR  Tests were made of the above emulsions as follows: microscopic examination
      at 100X for uniformity at a dilution of 1 part emulsion to 19 parts water;
      stability after 24-hour contact of 1 part emulsion with 4 parts of 10
      percent by weight CaCl.sub.2 solution; stability after 24-hour contact of
      1 part emulsion with 4 parts of 5 percent by weight NaCl solution at
      ambient temperature; and storage at 140.degree. F. to visible instability.
PAR  The results are tabulated below in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
             Microscopic                                                       
                    Stability                                                  
                             Storage at 140.degree. F.                         
     Recipe  Examination                                                       
                    after    to Visible                                        
     No. pH  at 100X                                                           
                    24-Hour Test                                               
                             Instability, Days                                 
     __________________________________________________________________________
                    CaCl.sub.2                                                 
                         NaCl                                                  
     1   6-7 Fair   Exc. Exc.                                                  
                             4                                                 
     1   6-7 Good   Exc. Exc.                                                  
                             1                                                 
     2   2-3 Fair   Exc. Exc.                                                  
                             9                                                 
     2   2-3 Exc.   Exc. Exc.                                                  
                             12  (still good when                              
                                 sample was acci-                              
                                 dentally lost)                                
     2   2-3 Good   Good Good                                                  
                             7                                                 
     __________________________________________________________________________
PAL  The data show the improvement in high-temperature storage stability at the
      lower pH.
PAC  EXAMPLE II
PAR  A variable pH series of emulsions was made to determine effects of pH on
      storage life. pH was varied by the amount of HCl added to water phases.
      Both 2.5/0.5 and 2.0/1.0 Oronite NI-W/Redicote E-1 ratios by weight of
      emulsifier systems were used. This pH series ranged from a low of 1.9 to
      the standard 6.3 for water phases. Oil phase temperatures for emulsion
      makeup ranged between 225.degree. and 240.degree. F. Duplicate samples of
      different size were aged at 160.degree. F. in a tray dryer to obtain
      accelerated aging data. Production and test data are given in Table III
      below.
TBL                TABLE III                                                   
     ______________________________________                                    
     Oil phase         Wt. %                                                   
     ______________________________________                                    
     Solprene GEO      18.0                                                    
     Oronite NI-W      Variable                                                
     Automate Blue      0.025                                                  
     Cyanox SS          0.18                                                   
     SO.sub.2 extract oil                                                      
                       42.0                                                    
     Water phase                                                               
     Redicote E-1      Variable                                                
     31.5% HCl         Variable                                                
     Methanol           2.0                                                    
     Saponin            0.06                                                   
     Water             To total 100%                                           
     Total             100                                                     
PAR  Inspection and stability tests made of the emulsions as prepared in Table
      III are presented below in Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Effect of Variable pH on Emulsion Properties                              
     Oronite NI-W/                        Days at 160.degree.F.sup.(b)         
     Redicote E-1/                                                             
                 Water                                                         
                     Finished                                                  
                          Microscopic                                          
                                 24-Hour  to Failure                           
     Run 31.5% HCl                                                             
                 Phase                                                         
                     Emulsion                                                  
                          Examination                                          
                                 Stability                                     
                                          4-oz.                                
                                               8-oz.                           
     No. Ratio by Wt.                                                          
                 pH  pH   at 100X                                              
                                 CaCl.sub.2                                    
                                     NaCl Bottle                               
                                               Bottle                          
     __________________________________________________________________________
     1   2.5/0.5/0.45                                                          
                 1.9 2.5  Good   Exc.                                          
                                     Exc. 9 and                                
                                               28 and                          
                                          Cont.                                
                                               Cont.                           
     2   2.5/0.5/0.45                                                          
                 2.0 3.0  Exc.   Exc.                                          
                                     Exc. 5    44 and                          
                                               Cont.                           
     3   2.5/0.5/0.45                                                          
                 2.0 3.6  Good   Fair                                          
                                     Good 5    5                               
     4   2.0/1.0/0.75                                                          
                 2.2 3.4  Good   Good.sup.a                                    
                                     Exc. 5    21-28                           
     5   2.0/1.0/0.75                                                          
                 2.2 3.5  Good   Good.sup.a                                    
                                     Exc. 5    21-28                           
     6   2.0/1.0/0.75                                                          
                 2.4 3.7  Good   Poor.sup.a                                    
                                     Exc. 6    6                               
     7   2.0/1.0/0.75                                                          
                 2.4 --   Exc.   Fail                                          
                                     Exc. 5    5                               
     8   2.5/0.5/0.35                                                          
                 3.5 6.3  Fair   Poor                                          
                                     Poor &lt;2 hrs.                              
                                               &lt;2 hrs.                         
     9   2.5/0.5/0.35                                                          
                 4.3 --   Fair   Fair                                          
                                     V.Good                                    
                                          5    5                               
     10  2.5/0.5/0.35                                                          
                 4.7 5.8  Fair   Fair                                          
                                     Fair &lt;2 hrs.                              
                                               &lt;2 hrs.                         
     11  2.5/0.5/0.30                                                          
                 6.3 6.2  Poor   Fail                                          
                                     Fail &lt;2 hrs.                              
                                               &lt;2 hrs.                         
     __________________________________________________________________________
      .sup.(a) Very little free oil phase but very severe stratification in 24 
      hours.                                                                   
      .sup.(b) The tests were the same as those used in Example I, except that 
      more severe storage temperature (160.degree. F.) was used.               
PAR  As shown by the data in Table IV, emulsion pH has a pronounced effect on
      both emulsion stability and high-temperature storage characteristics.
      (Storage at 160.degree. F. is somewhat more severe than 140.degree. F.
      storage, and data from this series cannot accurately be compared to other
      storage data obtained at 140.degree. F.) The reason for better 160.degree.
      F. storage stability for the 8-ounce samples over the 4-ounce samples for
      several emulsions is unknown. Variable pH data shown for constant
      emulsifier component charges result from slight variability of both
      Redicote and HCl interaction.
PAR  Low emulsion pH was shown to be necessary for good emulsion formation and
      high-temperature storage stability. The best emulsion was prepared with a
      water phase pH of 2.0 (Run 2). This emulsion rated excellent by tests on
      the freshly made emulsion and was still stable at 160.degree. F. when the
      test was terminated at 44 days. Emulsions prepared at water phase pH
      levels above 2.2 gave poor high-temperature storage results; with 3.5 pH
      levels and above, initial properties had dropped to only fair makeup at
      best. The standard recipe with 6.3 water phase pH (Run 11) gave the
      poorest results of all.
PAC  EXAMPLE III
PAR  As a further check on the effect of pH on high-temperature storage
      stability, samples of Run 11, Table IV, were treated with 31.5% HCl to
      variable pH and aged at 140.degree. F. in pint bottles. Samples prepared
      are listed in Table V showing aging results.
TBL                TABLE V                                                     
     ______________________________________                                    
     140.degree. F. Stability of Variable pH of                                
     Run 11 (Table IV) Emulsion Samples                                        
     ______________________________________                                    
                     Hours Aged at                                             
     Sample pH       140.degree. F to Visible Instability                      
     ______________________________________                                    
     (Untreated)                                                               
              6.3        2                                                     
              5          17                                                    
              4          17                                                    
              3          336     (14 days)                                     
              2          336+                                                  
              1          336+                                                  
     ______________________________________                                    
PAR  The data indicate improved high-temperature storage stability for low pH
      emulsion. Since emulsions at pH 1, 2 and 3 appear to be equally stable, it
      is only necessary to maintain a pH of 3 or less to improve stability. This
      can be done either by adjusting the recipe or by the careful addition of
      31.5% HCl either to the water phase of the emulsion before combining the
      oil phase therewith or to a finished emulsion of higher pH to bring the pH
      to the desired level.
PAR  Reasonable variations and modifications can be made or followed in the
      foregoing specification without departing from the spirit and scope
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A friction- and storage-stable oil-in-water emulsion concentrate having
      a pH in the range of 1 to 3.5 and having an oil phase and a water phase
      and wherein said water phase constitutes from about 25 to 60 weight
      percent of the total emulsion, wherein said oil phase contains from 2 to
      40 weight percent elastomer taken from the group consisting of natural
      rubber, butadiene styrene copolymers, SBR block copolymers,
      cis-polyisoprene and trans-polyisoprene dissolved therein, wherein said
      oil phase is formed of an aromatic oil having an aromatic content of at
      least 50 percent and a viscosity below about 50 SUS at 210.degree. F. and
      wherein said emulsion contains a cationic or nonionic emulsifier.
NUM  2.
PAR  2. An emulsion concentrate according to claim 1 wherein said elastomer is a
      styrene-butadiene block copolymer.
NUM  3.
PAR  3. An emulsion concentrate according to claim 1 wherein said oil phase
      contains 18 weight percent elastomer dissolved therein.
NUM  4.
PAR  4. An emulsion concentrate according to claim 1 wherein said oil phase
      contains 12 weight percent elastomer dissolved therein.
NUM  5.
PAR  5. An emulsion concentrate according to claim 2 wherein said
      styrene-butadiene block copolymer has an average molecular weight in the
      range of 50,000 to 150,000.
NUM  6.
PAR  6. An emulsion concentrate according to claim 1 wherein said emulsifier is
      a cationic emulsifier and wherein said emulsifier is present in an amount
      in the range of between about 0.5 to about 3.0 percent by weight of the
      oil phase.
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ABST
PAL  Coated nails and other driven fasteners designed to increase the force
      requied to withdraw the nail, screw, tack, staple, or other fastener from
      wood or similar materials, are disclosed. The coating for the metal
      fasteners is an emulsion or rosin or a rosin-like resin in an ethylene co-
      or terpolymer.
PARN
PAR  This is a division of application Ser. No. 295,076, filed Oct. 4, 1972,
      which is a division of application Ser. No. 107,864, filed Jan. 19, 1971.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Coatings for nails have long been known to the art. These coatings usually
      consist of rosin or rosin-like resins which are applied to the nail from
      organic solvent solution. Such coatings are brittle, have poor adhesion to
      the nail and in most cases, contribute little to the holding power of the
      nail. In those few cases where a measurable increase does occur
      immediately after driving the nail, such increase is lost after aging for
      several weeks or months.
PAR  Other types of nail coatings are also known, as for instance, thermosetting
      resins which set due to the heat generated by the friction of driving the
      nail. When, as in a nailing machine, the nail is driven the full length in
      one blow, these coatings give good holding power. However, in manual
      driving, such a coating is not effective.
PAR  Coatings have also been employed to prevent rusting of steel nails, or to
      act as a lubricant, but no coating is known to the art which combines the
      properties of increased holding power, corrosion resistance and
      lubrication.
PAR  It is thus an object of my invention to effect an increase in the holding
      power of driven fasteners. Further objects of my invention are (1) to
      improve the ease of driving fasteners, (2) to provide excellent corrosion
      protection for driven fasteners, (3) to provide an attractive coating for
      driven fasteners useful for identification or aesthetic purposes, (4) to
      provide a coating for driven fasteners which is easily applied from
      aqueous dispersion, (5) to provide a coating for driven fasteners which is
      more tolerant of contamination of the surface of said fasteners, and (6)
      to provide a coating which can be used as an adhesive for bonding or
      collating fasteners.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, I have provided a metal fastener having a coating which
      consists of a combination of two thermoplastic resins; a flexible,
      carboxyl or substituted carboxyl containing ethylene copolymer or
      terpolymer, blended with a rosin-like resin which is hard and brittle at
      room temperature but which melts at a moderately high temperature such as
      that generated instantaneously at the surface of a nail while being
      driven.
PAR  The rosin-like resin is dispersed in the ethylene copolymer matrix and the
      dispersion coated onto the fastener and dried. At the temperature reached
      in driving the fastener, the rosin-like resin liquifies and wets the wood
      or like material in which the fastener is being driven thus providing a
      stronger bond. The ethylene copolymer matrix functions as a toughener,
      flexibilizer and promotes adhesion to the metal fastener. This
      combination, by providing increased adherence both to the metal fastener
      and to the wood or similar material effects significant increase in the
      holding power of the driven fastener. This particular coating composition
      also provides other important benefits such as corrosion protection and an
      attractive color useful for identification or aesthetic purposes. Further,
      since the coating is a good detergent in itself, the usual step of
      cleaning the surface of the fasteners may be simplified or dispensed with.
PAC  DETAILED DESCRIPTION
PAR  The fastener has three essential elements; the metal fastener itself and a
      two element coating consisting of a dispersion of a rosen-like resin in an
      ethylene copolymer. the metal fastener may be any one of that class of
      fasteners which are driven and which are subjected to frictional forces
      sufficient to give an instantaneous surface temperature of at least
      60.degree.C. Thus, nails, wood screws, tacks and staples or other
      fasteners are contemplated. The metallic fastener is usually made of
      steel, however, our coating composition is also useful for coating metal
      fasteners other than steel, such as for instance, aluminum nails.
PAR  The coating composition is a collodial dispersion of a rosin-like resin and
      an ethylene co- or terpolymer. The ethylene copolymers or terpolymers
      suitable for use are those having a hydrocarbon chain structure where from
      about 10 to about 40 percent by weight of the copolymer consists of
      substituent groups containing carboxyl groups or esterified carboxyl
      groups. Suitable carboxyls are the ethylenically unsaturated carboxylic
      acids such as acrylic, methacrylic, crotonic, isocrotonic, vinyl acetic,
      and allylacetic acids. Preferred carboxyl groups are derived from acrylic
      acid and methacrylic acid. Suitable esterified carboxyl groups are the
      ethylenically unsaturated esters of carboxylic acids which are free from
      groups which are reactive with the rosin or rosin-like resin, such as
      allyl, vinyl crotonyl acetate, and allyl, methyl, ethyl, or butyl
      acrylate. Preferred esterified carboxyl groups are derived from the alkyl
      acrylates where the alkyl group is lower alkyl and preferably has 1 to 3
      carbon atoms in the chain, and vinyl acetate. In a preferred embodiment of
      the invention, sufficient alkaline soluble substituent groups are
      contained in the hydrocarbon ethylene chain to allow the polymer to be
      hydrolyzed under alkaline conditions. Ethylene acid copolymers containing
      from about 18 to about 24 weight percent of copolymerized acrylic acid are
      especially suitable. The acid groups react with hot aqueous alkali
      solutions to form salts which in water dissolve to form collodial
      solutions resembling soaps. It is desirable to use copolymers with high
      melt indices, (per ASTM D  1238-52T) preferably at least about 300 because
      such copolymers can be dissolved at lower temperatures and have a higher
      fluidity at the elevated temperatures produced on driving, thus providing
      superior wetting and superior adhesion. Although somewhat poorer results
      are obtained, copolymers with lower melt indices such as 30 or lower may
      be used.
PAR  The ethylene copolymer may be fluidized any suitable means such as by
      emulsifying in a colloid mill, by dissolving in a hot organic solvent or
      preferably by dispersing in an aqueous solution of a volatile alkali. The
      first two methods are used where the ethylene co- or terpolymer is not
      soluble in aqueous alkali: the later preferred method is used when soluble
      polymers are employed. When volatile alkali solutions are used the salt
      formed by reaction of the acid groups on the polymer and the alkali may be
      returned to the acid form by heating to drive off the water and the
      volatile alkali, thus providing a simple means of coating the fastener.
      Any suitable volatile alkali may be used; however, I prefer to use aqueous
      ammonia or a volatile water soluble amine or such as for example ethanol
      amine, diethyl amine, or morpholine or mixtures thereof.
PAR  The second element of the coating is rosin or rosin-like resins such as
      polyhydrocarbon resins, pitch, fossil resins or mixtures of these and
      similar resins. The characteristics of these rosin-like resins making them
      useful in the coating are (1) sufficient hardness at room temperature to
      contribute some shear strangth to the bond and (2) a melting point in the
      range of from about 60.degree.C to about 150.degree.C enabling the resin
      to wet the material into which the fastener is being driven. Many organic
      and inorganic resins have these necessary properties and thus, while the
      following are deemed most suitable for use, it should be understood that
      all resins having the above properties may be used.
PAR  Rosin is a solid resinous material that occurs naturally in the oleoresin
      of pine trees. It is a complex mixture of mainly abietic acid and small
      amount of non-acidic components. Rosin is generally translucent, brittle
      at room temperature and is insoluble in water. Chemical treatment such as
      hydrogenation, dehydration or polymerization increases the stability and
      improves the physical properties of rosin through modification of the
      phenanthrene-derived moiety; the products are known as modified rosins.
      Unmodified and modified rosins may also be converted to carboxyl acid
      derivatives. Rosin, modified rosins, and rosin derivatives having a
      melting point in the range of about 60.degree.C to 150.degree.C are
      suitable for use in the present invention.
PAR  Hydrocarbon resins are defined as the readily thermoplastic polymers of low
      molecular weight derived from coal tar fractions, from deeply cracked
      petroleum distillates and from turpentine. The average molecular weight of
      these resins usually falls below 2000.
PAR  The coal tar hydrocarbon or indene-coumarone resins are readily fusible low
      molecular weight resins varying in color from light yellow to dark brown.
      Although soft balsams melting at 60.degree.C and below are not suitable,
      the higher melting indene-coumarone resins are hard and brittle at room
      temperature and are suitable for use in the present composition. Coumarone
      is a minor component, probably less than 10% of the resin formers.
      Methylindenes, styrene, vinyl toluenes and methylcoumarin are also present
      in the coal tar oils; the resins contain all these materials as copolymers
      or as mixtures of polymers.
PAR  The useful petroleum resins are low molecular weight hydrocarbon resins,
      readily thermoplastic and containing a blend of many chemicals. They are
      derived by the catalytic polymerization of deeply cracked petroleum
      stocks. Useful petroleum resins are usually below 2000 in average
      molecular weight and usually have a softening point of between 100.degree.
      and 120.degree.C. Some petroleum resins are also available in emulsion
      form; anionic, cationic or nonionic forms are available and all are useful
      in the present composition. The aromatic resin formers are the same as
      those in coal tar oils, except that coumarone and its homologs are not
      present. Butadiene is among the products formed, as are isoprene,
      1,3-pentadiene and the pentylenes. Higher diolefines and a large amount of
      cyclopentadienes are formed.
PAR  Cyclopentadiene resins are, strictly speaking, also petroleum resins, but
      are usually considered separately because of the difference in properties.
      Dicyclopentadiene resins are of low molecular weight; the trimer of
      dicyclopentadiene melts at 68.degree.C. Cyclopentadiene may be added to
      increase the hardness of petroleum resins produced from aliphatic dienes.
      A cyclopentadiene concentration of 5% increases the softening point of the
      resulting resin 5.degree. to 10.degree.C. Resins melting up to
      180.degree.C can be made from high purity dicyclopentadiene, however, most
      of the commercially available resins melt at about 100.degree. to
      120.degree.C.
PAR  Polyterpene resins have also been found to be useful. The most important
      cerpene resins are polymers of .beta.-pinene, which is found in
      turpentine. When subjected to ionizing radiation, .beta.-pinene forms a
      polymer, a portion of which is insoluble in the pinene. The portion
      soluble in chloroform has a molecular weight of 1500 and a softening point
      of 150.degree. to 163.degree.C and is useful in the coating composition.
      Dipenene or its optically active form, limonene, will also polymerize. The
      dipenene however must be of high purity or it will not form a hard resin.
      The manufacture of commercial resin is carried out in an aliphatic solvent
      using aluminum chloride catalyst. The catalyst is removed by acid, neutral
      and alkaline washes followed by heating to 150.degree. to 200.degree.C and
      finally steam distillation to remove the solvents and the terpene oils
      that have formed. The resulting resin is graded by its Ring and Ball
      softening point. Useful in the present invention are those grades having a
      Ring and Ball softening point of between about 60.degree.C and
      150.degree.C. The 85.degree.C softening grade is preferred.
PAR  The terpene polymers have a narrow distribution, and fractions varying in
      molecular weight of from 550 to 2200 and having a softening point of from
      150.degree. to 76.degree.C are contained in the 115.degree.C softening
      point commercial resin of average molecular weight of 1200.
PAR  .alpha. -pinene (85%.alpha.), wood or gum turpentine, or commercial
      dipenene (which contains only about 15% dipenene) may also be polymerized
      to yield a resin having a softening point from 40.degree. to 180.degree.C
      and a molecular weight from 850 to 3000. Those grades having a Ring and
      Ball softening point of between about 60.degree. and 150.degree.C are
      suitable for use in the present invention.
PAR  Coal tar pitch is also useful in the composition where light color is not
      important. Pitch is the residue remaining after the distillation of coal
      tar. Grades of pitch suitable for use are those having Ring and Ball
      softening points above about 60.degree.C and are usually identified as
      soft pitch (up to 75.degree.C), medium hard pitch (85.degree. to
      95.degree.C) and hard pitch (above 95.degree.C).
PAR  Naturally occurring fossil resins may also be used as for example dammars,
      East India, copals, accroides, and sandarac. Those grades which are hard
      at room temperature and which melt at between about 60.degree.C and
      150.degree.C are suitable for use in the coating composition.
PAR  In preparing the coated fasteners by a preferred embodiment, the first step
      is to form a dispersion of the ethylene copolymer. The ethylene copolymer
      resin is placed in a pressure vessel with a stoichiometric amount of
      alkali to react with the carboxyl groups. When the resin used is the
      preferred ethylene acrylic acid copolymer and the alkali is the preferred
      aqueous ammonia, the mixture is heated to from about 90.degree. to
      130.degree.C until the resins dissolve, giving a soap-like solution. We
      prefer to use solutions containing from about 18 to about 24 percent
      solids because of the low viscosity of such solutions. Alternatively, the
      ethylene copolymer may be dissolved in a heated solvent or emulsified in a
      colloid mill, or by other means.
PAR  When the ethylene copolymer has been dispersed, the rosin-like resin which
      has previously been dissolved in an organic solvent is emulsified into the
      copolymer solution. The organic solvent, when emulsified, also assists in
      wetting oily metal fasteners. Toluene is an acceptable organic solvent.
      Diacetone alcohol adds stability to the resulting emulsion.
PAR  The ethylene acrylic acid copolymer solution is placed in a drum or kettle
      equipped with a high shear mixer. The solution of the rosin-like resin is
      then slowly added to the ethylene copolymer solution with vigorous
      stirring to thoroughly emulsify it. Surfactants may be added prior to the
      rosin-like resin addition to assist emulsification and prevent foaming. It
      is also preferred to add butanol or other alcohol to reduce foaming and
      obtain a smoother coating. If pigments are to be added to the coating,
      they are added after the rosin-like resin has been emulsified. Make-up
      water is added to dilute the solution to the proper solids concentration.
PAR  The total resin solids in the coating composition should be between about
      20 and about 40 weight percent of the emulsion, preferably from about 25
      to about 30 weight percent. Of the total resin solids, from about 20 to
      about 50 weight percent should be derived from the ethylene co- or
      terpolymer, preferably from about 25 to about 33 weight percent. The
      minimum amount of copolymer specified is necessary to provide flexibility
      to the coating. It is not economically advantageous to use more than the
      maximum amount specified.
PAR  The dispersion is then ready for coating on the metal fastener. In
      applications which do not require the maximum holding power obtainable
      using the novel coating, the fasteners may not need to be cleaned prior to
      coating since the coating itself is a good detergent. Coatings applied to
      nails which have not been previously cleaned are neither as smooth nor as
      bright nor is the holding power as high as that with clean nails. Where
      maximum holding power is desirable, it is necessary to clean the fastener
      prior to coating. In one embodiment, my coating is applied to nails as
      they come from the vapor degreaser. The nails travel on a vibrating
      conveyor through a warm coating solution. After coating, the nails travel
      to a drying station where the nails are heated to at least about
      300.degree.F to dry and bake the coating. It has been found advantageous
      to maintain the coating solution at a temperature of from about
      140.degree. to about 180.degree.F to better wet the nails and to assure
      rapid and more uniform drying. It is not necessary however to use either
      hot nails or a hot solution. Satisfactory results are obtained when both
      nails and solution are at room temperature.
PAR  Other methods of pre-cleaning the nails may also be used, such as spray
      washing the nails with an alkaline or emulsion detergent. The following
      experiments illustrate the results obtained when specific coating
      compositions are applied to several types of nails and driven into two
      types of wood. These experiments are to be understood as being merely
      illustrative and in no way limiting.
DETD
PAC  EXAMPLE 1
PAR  Coating compositions are prepared using an ethylene copolymer in
      conjunction with several different rosin-like resins. The coating
      compositions are then coated on fasteners of several different metals
      driven into either Ponderosa pine or Douglas fir and the results are
      analyzed.
PAR  The ethylene copolymer used in all instances is a copolymer of ethylene and
      acrylic acid where the acrylic acid constitutes 20% of the weight of the
      copolymer. The density of the copolymer is 0.96 and the melt index 300. In
      composition No. 1 the ethylene copolymer is emulsified with a resin
      prepared esterifying pentaerythritol with rosin yielding an ester resin
      having a softening point of 105.degree.C. In composition No. 2 the same
      ethylene acrylic acid copolymer is emulsified with a hydrocarbon resin
      having a Ring and Ball softening point of 145.degree. to 155.degree.C, a
      molecular weight of 600 to 1000 and an acid number of from 0 to 2. In
      composition No. 3 the ethylene acrylic acid copolymer is combined with a
      polyterpene resin having a Ring and Ball softening point of 131 and an
      acid number of 0. Composition No. 4 has the same ingredients as
      composition No. 3 but a different solids content.
PAR  The procedure for preparing the coating compositions is as follows. One
      hundred parts by weight of the ethylene acrylic acid copolymer are placed
      in a closed vessel with 21.5 parts by weight ammonium hydroxide (28%
      NH.sub.3) and 378.5 parts by weight of water. The mixture is stirred,
      heated to 100.degree.C, and held at this temperature for about 1 hour or
      until the copolymer is dispersed. In a separate vessel the rosin-like
      resin is dissolved in toluene and held at a temperature of 27.degree.C.
      Diacetone alcohol is added to the rosin-like resin solution and the
      rosin-like resin solution is added to the copolymer dispersion slowly and
      with high shear mixing. Sufficient make-up water is added to give a
      coating composition with the desired total resin solids. The following
      table shows the quantitative composition of the four coatings.
TBL                                    Table 1                                 
     __________________________________________________________________________
                      Coating                                                  
     Component        1    2    3     4                                        
     __________________________________________________________________________
     Ethylene acrylic acid copolymer                                           
     (20% solids ammonium solution)                                            
                      500ml                                                    
                           500ml                                               
                                500ml 500ml                                    
     Pentaerythritol resin ester                                               
     resin            333g                                                     
     Hydrocarbon resin     250g                                                
     Polyterpene resin          250g  250g                                     
     Toluene          167ml                                                    
                           167ml                                               
                                125ml 125ml                                    
     Diacetone alcohol                                                         
                       33ml                                                    
                            25ml                                               
                                 25ml  25ml                                    
     Make-up water    700ml                                                    
                           300ml                                               
                                350ml 475ml                                    
     Resin solids, approx.                                                     
                      31%  35%  35%   31%                                      
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  Cleaned common 8d steel nails are dipped in the coating compositions of
      Example 1, dried and driven manually into Ponderosa pine and Douglas fir.
      The pull-out strength or holding power of the nails is measured on a
      tensile testing machine immediately after driving and after aging for 16
      weeks as shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
                   Uncoated                                                    
                          Coating                                              
     Immediate Holding Power                                                   
                     Nail     1      2    3    4                               
     ______________________________________                                    
     Pine            208      330    315  370  451                             
     Fir             213      605    702  593  639                             
     Aged Holding Power                                                        
     Pine            202      376    332  390  477                             
     Fir             127      428    545  438  426                             
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  The following nail coating composition is prepared using the ethylene
      acrylic acid copolymer used in compositions 1-4 in combination with a
      mixture of rosin-like resins. Following the procedure in Example 1, the
      ethylene acrylic acid copolymer is dissolved in a solution of aqueous
      ammonia to give a 20% solids solution. A polyterpene resin having a Ring
      and Ball softening point of 85.degree.C and an acid number of
      approximately 0 and a hydrocarbon resin having a Ring and Ball softening
      point of 145.degree. to 155.degree.C and molecular weight of 600 to 1000
      and an acid number of 0 to 2 are dissolved in toluene. Diacetone alcohol
      is added to the rosin-like resin solution and the rosin-like resin
      solution is emulsified in the ethylene acrylic acid copolymer. Make-up
      water is added to give the desired solids content. The quantitative
      composition of this coating is given in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     Component               Parts by Weight                                   
     ______________________________________                                    
     Ethylene acrylic acid copolymer                                           
     (20% solids ammonium solution)                                            
                             175                                               
     Polyterpene resin       75                                                
     Hydrocarbon resin       25                                                
     Toluene                 75                                                
     Diacetone alcohol       10                                                
     Make-up water           120                                               
                             480                                               
     Solids content          Approx. 28%                                       
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Several types of nails are dipped in composition No. 5, dried and driven
      into Ponderosa pine or Douglas fir. The pull-out strength or holding power
      of the nails is measured on a tensile testing machine immediately after
      drying. The results are recorded in Table 4.
TBL                                    Table 4                                 
     __________________________________________________________________________
              Common 8d                                                        
                     Common 8d                                                 
                             Galvanized                                        
                                   Screw  Common                               
              Steel Nail                                                       
                     Steel Nail                                                
                             8d Steel                                          
                                   Shank 8d                                    
                                          8d Steel                             
     Type of Nail                                                              
              Cleaned                                                          
                     Not Cleaned                                               
                             Nail  Steel Nail                                  
                                          Nail Cleaned                         
     __________________________________________________________________________
     Method of                                                                 
     Driving  Manual Manual  Manual                                            
                                   Manual Machine                              
     Douglas Fir                                                               
     Holding power                                                             
      (pounds)                                                                 
     Not coated                                                                
              242    162     253   268    381                                  
     Coated   649    491     392   635    600                                  
     Ponderosa pine                                                            
     Holding Power                                                             
      (pounds)                                                                 
     Not coated                                                                
              185    193     184   199    269                                  
     Coated   388    451     299   413     607*                                
     __________________________________________________________________________
      *Considerable amount of wood fiber adhering to nail after withdrawal.    
CLMS
STM  I claim:
NUM  1.
PAR  1. A coating composition particularly useful for coating on nails
      comprising an emulsified mixture of:
PA1  a. from about 50 to about 80 percent by weight of resin solids of rosin or
      a rosin-like resin which melts at a temperature of from about 60.degree.C
      to about 150.degree.C, dissolved in an organic solvent; and
PA1  b. from about 20 to about 50% by weight of resin solids of an ethylene
      copolymer or terpolymer comprising from about 60 to about 90 percent by
      weight ethylene and from about 10 to about 40 percent by weight of an
      ethylenically unsaturated carboxylic acid or an ester thereof free of
      groups which are reactive of said rosin or rosin-like resin, said ethylene
      copolymer or terpolymer dissolved in a hot volatile aqueous alkali
      solution.
NUM  2.
PAR  2. The composition of claim 1 wherein the total resin solids is from about
      20 to about 40 weight percent of the emulsion.
NUM  3.
PAR  3. The composition of claim 1 wherein the rosin or rosin-like resin
      comprises from about 67 to about 75 percent by weight of the total resin
      solids.
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ABST
PAL  Aqueous hydraulic cement compositions containing polyamido-sulfonic
      compounds as flow-property-improving and turbulence-inducing additives and
      their use in cementing wells is disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  1. Field of the Invention
PAR  The present invention relates to an aqueous hydraulic cement slurry
      composition especially suitable for use in cementing a well.
PAR  More particularly, the present invention concerns polyamido-sulfonic
      additives for hydraulic cements used in cementing gas and oil wells which
      improve the flow properties of the cement slurry, especially facilitating
      high flow rates and turbulent flow of the cement slurry when it is being
      pumped to its desired location during the cementing operation.
PAR  "Polyamido-sulfonic", as used herein, refers to water-soluble polymers of
      N-sulfohydrocarbon-substituted acrylamides.
PAR  As used herein, the terms "improve the flow properties" or
      "flow-property-improving" are intended to describe the manner in which the
      polyamido-sulfonic additive compositions of the present invention
      facilitate or render more efficient the pumping of cement slurries,
      particularly the pumping of well cement slurries during primary cementing
      operations. This action is apparently due primarily to a reduction in the
      frictional drag experienced by the cement slurry while it is being pumped
      or moved through a confining passageway, but it is not intended to limit
      the described action to such a friction reducing effect, since other
      effects may also play a role.
PAR  The term "turbulence-inducing" is intended to describe the effect of the
      polyamido-sulfonic additive compositions of the present invention in
      promoting the departure of a moving cement slurry from laminar flow to
      turbulent flow. The slurry in such a state of flow no longer moves in
      laminae aligned along the confining conduit, but experiences a
      disorganized flow characterized by eddies and disturbances. The
      flow-property-improving and turbulence-inducing additives of the present
      invention reduce the apparent viscosity of a cement slurry, which in turn
      reduces the flow rate required to cause turbulent flow. Thus, the
      promotion of turbulent flow may take place simply as a reduction in the
      amount of pumping pressure or volume necessary to induce a state of
      turbulent flow for a particular cement slurry under specific pumping
      conditions, below that which would be required if the turbulence-inducing
      additive were omitted from the cement slurry composition.
PAR  Techniques for drilling and completing wells, particularly gas and oil
      wells, and well-established. Of chief concern here are those wells which
      are drilled from the surface of the earth to some subterranean formation
      containing a fluid mineral which it is desired to recover. After the
      fluid-containing geologic formation is located by investigation, a
      bore-hole is drilled through the overlying layers of the earth's crust to
      the fluidcontaining geologic formation in order to permit recovery of the
      fluid mineral contained therein. A casing is then secured in position
      within the bore-hole to insure permanence of the bore-hole and to prevent
      entry into the well of a fluid from a formation other than the formation
      which is being tapped. This well casing is usually cemented in place by
      pumping a cement slurry downwardly through the well bore-hole, which is
      usually accomplished by means of conducting tubing within the well casing.
      The cement slurry flows out of the open lower end of the casing at the
      well bottom and then upwardly around the casing in the annular space
      between the outer wall of the casing and the wall of the well bore-hole.
      The drilling process which produces the bore-hole will usually leave
      behind on the wall of the bore-hole produced, a drilling fluid filter cake
      of mud-like material. This material is a barrier to the formation of
      proper bonding by any cement composition employed to produce an
      impermeable bond between the casing and the well wall. As a result,
      cementing operations have often proven inadequate, permitting fluids from
      other formations to migrate into the producing formation, and vice versa.
      Prior art solutions to this problem have included washing away the filter
      cake from the well wall prior to the cementing operation. However, the
      washing liquids themselves have introduced new problems, including reduced
      permeability of the producing formation.
PAR  Nevertheless, an effective cementing operation requires that the drilling
      fluid filter cake be removed from the well bore wall and replaced by the
      cement slurry in order to permit the formation of a solid layer of
      hardened and cured cement between the casing and the geologic formations
      through which the well bore-hole passes. It has been recognized in the art
      that removal of the drilling fluid filter cake may be accomplished by a
      sufficiently high flow rate for the cement slurry during its injection
      into the well bore-hole. Such a high flow rate will usually occur as
      turbulent flow.
PAR  The flow properties of cement slurries are also important during primary
      cementing operations in other respects. The pressure drop in the annulus
      being cemented which results from friction will increase both the
      hydraulic horsepower required to move the cement slurry into place in a
      given time period, as well as the hydrostatic pressure exerted on the
      producing formation. Moreover, some investigators have felt that obtaining
      actual turbulent flow of the cement slurry is not necessary to remove the
      drilling fluid filter cake, and that high flow rates are sufficient where
      the drilling fluid has low gel strength and there is good centralization
      (concentric placement of the well casing within the well bore-hole).
      Consequently, the present invention is directed to well cementing
      compositions having improved flow properties, including, but not limited
      to, adaptability to turbulent, especially high turbulent flow.
PAR  Prior to the discovery of flow-property-improving, especially
      turbulence-inducing additives for well cement compositions, achieving high
      flow rate and turbulent flow for conventional cement slurries presented a
      number of problems not normally encountered with less viscous fluids.
      Inducing turbulence by control of flow rate alone has required a certain
      minimum velocity, which in turn is dependent upon maintaining a certain
      minimum pressure. Particularly, where the turbulence induced is sufficient
      to assure removal of drilling fluid filter cake, additional pumping
      capacity and very high pressure levels are required. Producing high flow
      rates has, of course, required the same measures. These required pressure
      levels, especially for deep wells, have often exceeded the pressure at
      which many subterranean formations break down, thus giving rise to a
      problem of lost circulation. It also may happen that the required pressure
      level exceeds the capacity of the pumping equipment or the endurance of
      the well drilling and associated apparatus.
PAR  The present invention facilitates pumping of cement slurries at high flow
      rates and permits pumping of cement slurries in turbulent flow at
      significantly lower flow rates than would be possible using conventional
      cement slurry compositions, by adding to the said cement slurries a
      flow-property-improving and turbulence-inducing agent. The lower flow
      rates required for turbulence result in a corresponding reduction in the
      pump pressures required to force the cement slurry into place in the
      desired manner. Correspondingly, higher flow rates may be achieved with a
      reduced amount of required pressure and pumping capacity.
PAR  The present invention also permits increased use of fluid-loss control
      agents which have a viscosity-increasing effect on cement slurries with
      which they are employed. This thickening tendency otherwise requires use
      of only small amounts of fluid-loss control agents to avoid problems in
      pumping of an overly viscous cement slurry. Use of the
      flow-property-improving and turbulence-inducing additives of the present
      invention in conjunction with fluid-loss control agents produces a cement
      slurry having desirable flow properties, yet containing adequate
      quantities of the fluid-loss control agent.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,359,225 discloses an additive for Portland-type cements
      comprising polyvinylpyrrolidone and the sodium salt of naphthalene
      sulfonate condensed with formaldehyde. The additive reduces the friction
      encountered as the cement is flowed or pumped into place, and also permits
      the utilization of decreased quantities of water in the cement mixture.
      Harrison - U.S. Pat. No. 3,409,080 discloses an aqueous hydraulic cement
      slurry containing an O,O-alkylene-O' ,O' -alkylene pyrophosphate-urea
      pyrolysis product and a water-soluble, water-dispersible polymeric
      material. The cement composition has improved properties whereby it may be
      injected in a state of turbulence without the expenditure of the amount of
      additional energy usually required to attain such a state. Kucera - U.S.
      Pat. No. 3,465,824 discloses an aqueous hydraulic cement slurry containing
      a bisulfite-modified phenol-formaldehyde condensation product which serves
      as a turbulence-inducer to the slurry while being moved in a confined
      passageway. Hook et al. -- U.S. Pat. No. 3,465,825 discloses an aqueous
      cement slurry containing a turbulence-inducing agent comprising the
      lithium salt of the condensation product fo mononaphthalene sulfonic acid
      and formaldehyde. Scott et al. -- U.S. Pat. 3,511,314 discloses an aqueous
      hydraulic cement slurry containing a turbulence-inducing, fluid-loss
      control agent consisting of the reaction product of (1) an amino compound
      selected from the group consisting of polyalkylenepolyamines,
      polyalkylenimines, and their mixtures, and (2) an acidic compound selected
      from the group consisting of carboxylic acids, sulfonic acids, polymers
      having a carboxyl substituent, and polymers having a sulfonate
      substituent. Messenger - U.S. Pat. No. 3,558,335 discloses cement
      compositions comprising hydraulic cement in admixture with a
      turbulence-inducer and silica or diatomaceous earth particles. A number of
      known turbulence-inducers are set out, any of which may be employed in the
      compositions disclosed.
PAC  SUMMARY OF THE INVENTION:
PAR  In accordance with the present invention there is provided a well cementing
      composition comprising hydraulic cement, water, and from about 0.01 to
      about 5.0% by weight of the cement of a flow-property-improving and
      turbulence-inducing additive comprising a polyamido-sulfonic compound.
      Preferably, this composition contains from about 0.1 to about 2.0% by
      weight (based on dry weight of cement) of the polyamido-sulfonic compound
      additive. The present invention also provides a method of cementing which
      employs the cement composition just described.
PAR  The polyamido-sulfonic compounds employed as flow-property-improving and
      turbulence-inducing additives for well cementing compositions in the
      present invention may be represented by the following formula:
      ##EQU1##
PAR  wherein R.sub.1 is hydrogen or methyl; R.sub.2, R.sub.3, R.sub.4, and
      R.sub.5 are each independently selected from the group consisting of
      hydrogen, phenyl, straight or branched alkyl of from one to twelve carbon
      atoms, and cycloalkyl of up to six carbon atoms; R.sub.6 is straight or
      branched alkyl of from one to twelve carbon atoms, cycloalkyl of up to six
      carbon atoms, phenyl, or is absent; A is hydrogen, alkali metal ion, or
      ammonium; and n is an integer of from 2 to about 100, such that the weight
      average molecular weight of the polyamido-sulfonic compound is from about
      200 to about 10,000, and preferably from about 200 to about 1,500.
PAR  A particularly preferred polyamido-sulfonic compound for use in the present
      invention is polymeric 2-acrylamido-2-methylpropane sulfonic acid
      comprising recurring units of the following formula:
      ##EQU2##
PAR  The polyamido-sulfonic compounds used in the present invention may be
      prepared by way of a number of conventional polymerization routes, and
      consequently any such method giving satisfactory yields of acceptably pure
      product will be suitable.
PAR  The compositions and methods of the present invention may employ any type
      of hydraulic cement. Hydraulic cement is defined as any cement which will
      set or cure under the action of water, and is intended to include all
      mixtures of lime, silica and alumina, or of lime and magnesia, silica, and
      alumina and iron oxide. Hydraulic cements include hydraulic limes,
      grappier cements, pozzolan cements, natural cements, and portland cements.
      Pozzolan cements include slag cements made from slaked lime and granulated
      blast furnace slag. Among these hydraulic cements, the portland cements
      are preferred, chiefly because of their superior strength characteristics.
      The term portland cement is intended to include any cement regarded in the
      cementing art as a portland cement, usually as defined by standard
      reference works. The precise composition of any one particular portland
      cement will vary from another, but generally portland cements are produced
      by mixing and grinding together a calcareous and an argillaceous material,
      kiln heating the mixture (1350.degree. to 1800.degree.C.) until
      vitrification begins, pulverizing the clinker thus produced and mixing the
      same with a small amount of gypsum. The portland cements may be ground to
      any desired particle size, and grading of portland cements is on the basis
      of the specific surface of the cement, which will range between 1200 and
      2600 square centimeters per gram. Grading is also based on the amount of
      cement particles retained on a No. 325 Screen, U.S. Sieve Series. Thus,
      preferred oil well cements have a specific surface of about 1480 square
      centimeters per gram and about 85% by weight passes through a No. 325
      Screen.
PAR  The hydraulic cement may be employed alone in preparing the cementing
      composition of the present invention, merely being admixed with water and
      the flow-property-improving and turbulence-inducing additive, or it may
      have additionally incorporated therein any of a number of conventional
      cement additives. For example, the cement may include a minor portion, up
      to about 2.0% by weight of dry cement, of a retarder composition. Such an
      additive is preferred for oil well cements, since cementing operations are
      conducted under ambient well bottom temperatures which can exceed about
      200.degree.F. Examples of conventional retarder compositions include
      carboxymethylhydroxyethyl cellulose, borax, dehydrated borax, calcium
      lignosulfonate and ferrochrome lignosulfonate.
PAR  Fluid-loss control agents may be employed, as previosly discussed.
      Well-known fluid-loss agents include such materials as
      polystyrenesulfonate, polyvinylpyrrolidone, polyvinyl alcohol,
      polyvinylacetate, and carboxymethylhydroxyethyl cellulose.
PAR  Weighting components comprising inert materials such as barite and ilmenite
      are often employed. Silica may be employed to retard high temperature
      strength retrogression.
PAR  Other known additives conventionally employed with cementing compositions
      may be employed with the cementing compositions of this invention, and in
      amounts sufficient to produce the intended modification of the cementing
      composition characteristics for which any additive was selected. More than
      one such additive, may of course, be employed at the same time.
PAR  The dry hydraulic cement component of the cementing composition of the
      present invention is admixed with water to form a pumpable, settable
      cement slurry. The cement sets to form a monolithic solid. The water which
      is employed to form this cement slurry may be any naturally occurring
      water suitable for preparing cement slurries. Particularly, brines of any
      concentration of calcium chloride or sodium chloride or their mixtures are
      suitable. Sea water may be employed and is thus convenient in offshore
      operations. The water should be employed in an amount which is sufficient
      to produce a pumpable, settable slurry. Excessive amounts of water may
      produce a weakened finally set cement which is lacking in homogeneity
      owing to the settling of the aggregate portions thereof. Proper amounts of
      water for producing a suitable cement slurry are described in technical
      publications, such as the bulletins of the American Petroleum Institute
      (API). Increasing water content in a cement composition effects a lowering
      of the plastic viscosity of the cement slurry, which results in the slurry
      being more readily pumped in turbulent flow. However, the water content
      should not be in excess of the amount which will give 4.0 ml. of
      supernatant water for a 250 ml. sample of cement slurry which has been
      allowed to stand undisturbed in a 250 ml. graduated cylinder for a period
      of two hours. The type of hydraulic cement composition employed will also,
      of course, determine the amount of water required. Other factors are
      significant as well. For example, where silica is added to the cement
      composition, and high temperatures are encountered in the cementing
      operation (above about 250.degree.F.), additional amounts of water will be
      required. Generally, the amount of water necessary to give a settable
      cement composition having the required characteristics, which contains the
      flow-property-improving and turbulence-inducing additive of the present
      invention will be in an amount of from about 25 to about 60% by weight,
      based on the weight of dry hydraulic cement.
PAR  Water content may be varied in order to effect a change in the density of
      the cement slurry. It is customary practice to employ a cement slurry
      which has a density at least as great as that of the drilling fluid used
      in the drilling operation. Thus, densified slurries may be produced by
      diminishing the amount of water which would otherwise be employed.
PAR  The procedure for preparing the cementing compositions of the present
      invention does not require any particular sequence of steps. The
      polyamidosulfonic flow-property-improving and turbulence-inducing
      additives of the present invention may be employed in the water-soluble
      acid, alkali metal or ammonium salt form, and simply added to the water
      which is used to produce the final cement slurry composition. When other
      conventional additives are employed, they may be incorporate into the
      final cement slurry composition in any known suitable manner.
PAR  The influence of the turbulence-inducing additives of the present invention
      on the rheological properties of the total cement slurry composition is
      susceptible to mathematical characterization. Expert opinion varies as to
      the correct theoretical model, and thus the proper mathematical
      characterization of the rheological properties of cement slurries. They
      have been treated according to the principles of Bingham plastic fluids as
      well as according to the Power Law concept. The mathematical formulation
      is based on Fann Viscometer readings, as will be described hereinafter.
PAR  The behavior of cement slurries may be viewed as governed by the Power Law
      concept. For a mathematical characterization of this concept, two slurry
      parameters are determined: the flow behavior index (n') and the
      consistency index (K'). A Fann Viscometer may be used to make these
      determinations. The instrument readings at 600 and 300 r.p.m. are recorded
      and the values for n'and K' are then calculated as follows:
      ##EQU3##
PAR  where N is the extension factor of the torque spring of the particular Fann
      Viscometer instrument.
PAR  The so-called Reynolds Number for a fluid moving through a conduit is the
      critical value at which the flowing fluid will begin to flow in
      turbulence. The Reynolds Number may be calculated according to the
      following equation:
      ##EQU4##
      where: N.sub.Re is the Reynolds Number (dimensionless),
PA1  V is the velocity, feet per second,
PA1  .pi. is the slurry density, pounds per gallon,
PA1  n' is the flow behavior index (dimensionless),
PA1  K' is the consistency index, pound-seconds per square foot,
PA1  D is the inside diameter of the pipe, inches.
PAR  The velocity (V.sub.c) at which turbulence may begin is readily calculated
      from the following equation, which is derived from the equation for the
      Reynolds Number, and assumes a Reynolds Number of 2100:
      ##EQU5##
PAR  where the different elements of the equation have the same meaning as
      indicated above for the Reynolds Number equation. Where the conduit
      through which the cement slurry passes is the annulus between the well
      casing and the well wall, D = D.sub.O - D.sub.I, where D.sub.O is the
      outer inside diameter or hole size in inches, and D.sub.I is the inner
      pipe outside diameter in inches.
PAR  The Power Law concept equation will give higher flow rates, or lower flow
      rates required to produce turbulence where the Fann Viscometer readings
      are reduced.
DETD
PAC  EXAMPLE
PAC  Fann Viscometer Readings for a Cementing Composition Containing
      Poly-(2-acrylamido-2-methylpropane-1-sulfonic acid)
      Flow-Property-Improving and Turbulence-Inducing Additive
PAR  A 38% Class H (APl Class H cement has a fineness in the range of 1400-1600
      sq. cm./gram, and contains, in addition to free lime and alkali, the
      following compounds in the indicated proportions: tricalcium silicate -
      52, dicalcium silicate - 25, tricalcium aluminate - 5, tetracalcium
      aluminoferrite - 12, and calcium sulfate - 3.3) cement slurry was made up
      by adding tap water (228 ml.) to a Waring blender, dissolving the
      indicated amount of poly-(2-acrylamido-2-methylpropane-1-sulfonic acid)
      turbulence-inducing additive in the water, then mixing in the cement (600
      g.) at low speed. Molecular weight of the
      poly(2-acrylamido-2-methylpropane-1-sulfonic acid) was estimated to be
      less than 1000. The resultant slurry was then mixed at high speed for 35
      seconds. The slurry was then stirred at high speed on a laboratory
      gang-stirrer for 20 minutes. The viscocity of the slurry was then
      immediately measured on a Fann Viscometer equipped with a No. 1 spring.
      The instrument readings for various speeds were recorded and are
      illustrated in the table of values below.
TBL  __________________________________________________________________________
                 % Additive                                                    
                       Fann Viscosities at                                     
     Turbulence- (based on                                                     
                       Indicated R.P.M.'s                                      
     Inducing    weight of                                                     
     Additive    dry cement                                                    
                       600   300   200   100                                   
     __________________________________________________________________________
     Control*    --    165   105.5 87.5  65                                    
     Poly-(2-acrylamido-                                                       
     2-methylpropane-1-                                                        
                 0.5   114.5 48.5  34.5  18.5                                  
     sulfonic acid)                                                            
                 0.25  104   88.5  53.5  25.5                                  
     __________________________________________________________________________
      *Neat Class H cement.                                                    
PAR  The polyamido-sulfonic flow-property-improving and turbulence-inducing
      additive of the present invention is employed to prepare cementing
      compositions which are readily pumped in turbulent flow during a cementing
      operation at a satisfactorily low pump rate. The additive is also used to
      advantage simply to reduce the pumping pressure required for a given flow
      rate, or to obtain a higher flow rate at a given pumping pressure. The
      cementing composition of this invention which has improved flow properties
      and is easily flowed in turbulence is employed in the conventional
      cementing operation in the same manner as would a cementing composition
      which did not contain the flow-property-improving and turbulence-inducing
      additive, but which was otherwise the same composition.
PAR  Obviously, many modifications and variations of the invention as
      hereinabove set forth can be made without departing from the essence and
      scope thereof, and only such limitations should be applied as are
      indicated in the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A cementing composition comprising hydraulic cement in admixture with
      from about 0.01 to about 5.0 percent by weight, based on weight of
      hydraulic cement, of a polyamido-sulfonic compound recurring units
      represented by the following formula:
      ##EQU6##
PAR  wherein R.sub.1 is hydrogen or methyl; R.sub.2, R.sub.3, R.sub.4, and
      R.sub.5 are each independently selected from the group consisting of
      hydrogen, phenyl, straight or branched alkyl of from one to twelve carbon
      atoms, and cycloalkyl of up to six carbon atoms; R.sub.6 is straight or
      branched alkyl of from one to twelve carbon atoms, cycloalkyl of up to six
      carbon atoms, phenyl, or is absent; A is hydrogen, alkali metal ion or
      ammonium; and n is an integer of from 2 to about 100, such that the weight
      average molecular weight of the polyamido-sulfonic compound is from about
      200 to about 10,000.
NUM  2.
PAR  2. The composition of claim 1 wherein the weight average molecular weight
      of the polyamido-sulfonic compound is from about 200 to about 1,500.
NUM  3.
PAR  3. The composition of claim 1 wherein the said polyamido-sulfonic compound
      is admixed with the hydraulic cement in an amount of from about 0.1 to
      about 2.0 percent by weight, based on weight of hydraulic cement.
NUM  4.
PAR  4. The composition of claim 1 wherein the polyamido-sulfonic compound is
      poly-(2-acrylamido-2-methylpropane-sulfonic acid) comprising recurring
      units of the following formula:
      ##EQU7##
NUM  5.
PAR  5. An aqueous hydraulic cement slurry composition having improved flow
      properties and being more readily induced to flow in turbulence,
      comprising dry hydraulic cement in admixture with from about 0.01 to about
      5.0 percent by weight, based on weight of dry hydraulic cement, of a
      polyamido-sulfonic compound having recurring units represented by the
      following formula:
      ##EQU8##
PAR  wherein R.sub.1 is hydrogen or methyl; R.sub.2, R.sub.3, R.sub.4, and
      R.sub.5 are each independently selected from the group consisting of
      hydrogen, phenyl, straight or branched alkyl of from one to twelve carbon
      atoms, and cycloalkyl of up to six carbon atoms; R.sub.6 is straight or
      branched alkyl of one to twelve carbon atoms, cycloalkyl of up to six
      carbon atoms, phenyl, or is absent; A is hydrogen, alkali metal ion or
      ammonium; and n is an integer of from 2 to about 100, such that the weight
      average molecular weight of the polyamido-sulfonic compound is from about
      200 to about 10,000; and sufficient water to make a pumpable slurry which
      is capable of setting to form a monolithic solid.
NUM  6.
PAR  6. The composition of claim 5 wherein the weight average molecular weight
      of the polyamido-sulfonic compound is from about 200 to about 1,500.
NUM  7.
PAR  7. The composition of claim 5 wherein the said polyamido-sulfonic compound
      is admixed with the hydraulic cement in an amount of from about 0.1 to
      about 2.0 percent by weight, based on weight of dry hydraulic cement.
NUM  8.
PAR  8. The composition of claim 5 wherein the water is present in an amount of
      from about 25 to about 60 percent by weight, based on weight of dry
      hydraulic cement.
NUM  9.
PAR  9. The composition of claim 5 wherein the polyamido-sulfonic compound is
      poly-(2-acrylamido-2-methylpropane-1-sulfonic acid) comprising recurring
      units of the following formula:
      ##EQU9##
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ABST
PAL  Urethane prepolymer compositions are made from
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane and polyols at
      a total NCO to OH ratio of at least 1.2:1, and the prepolymers are reacted
      with cycloaliphatic polyamines to give urea-urethanes. The urea-urethanes
      can be formed as films such as coatings on a substrate or as indpendent
      sheets or the urea-urethanes can be formed materials of greater thickness.
      The products exhibit good strength, high resistance to the discoloring
      effects of ultraviolet light, elastomeric and other desirable properties.
      Often the urea-urethane is prepared in solution but this may not be the
      procedure where the urethane prepolymer and polyamine are combined and
      more or less immediately placed in the desired form as a film or other
      article such as is done using a two component spray gun.
PAL  The polyol component of the composition has as its major component
      aliphatic polyol having a molecular weight of at least about 500. The
      glycols, especialy the polyether glycols, are suitable polyol reactants. A
      variety of polyamines can be employed and cycloaliphatic diamines are
      preferred reactants.
PAL  The prepolymers can contain about 1 to 15 weight percent of free isocyanate
      groups and the prepolymers are often of application viscosity, at least
      when in a solvent, even when derived from a polyol component containing a
      significant proportion of polyol having three or more hydroxyl groups and
      therefore exhibit cross-liking tendencies. Cured coatings made from the
      urea-urethanes exhibit outstanding resistance to the discoloring action of
      ultraviolet light rays and possess other desirable properties such as good
      adherence to substrates and excellent abrasion resistance and strength.
PARN
PAR  This application is a streamline continuation of our application Ser. No.
      805,813, filed Mar. 10, 1969, now abandoned, which in turn is a
      continuation-in-part of our application Serial No. 791,202, filed November
      4, 1968, which in turn is a continuation of our application Serial No.
      650,181, filed June 30, 1967, both abandoned.
BSUM
PAR  This invention relates to polyurethane compositions. More particularly, the
      invention concerns polyurethanes made from prepolymers formed from
      1-isocyanato-3-isocyanato-methyl-3,5,5-trimethyl cyclohexane and aliphatic
      polyols. These prepolymers are reacted with cycloaliphatic polyamines,
      often in the presence of a solvent for the prepolymer and the resultant
      urea-urethane compositions; and upon evaporation of solvent, if present,
      the urea-urethanes are solid materials of exceptional properties. The
      urea-urethanes can be formed as coatings on various substrates, as
      independent film or sheet materials or used in other desirable
      applications. The urea-urethanes exhibit outstanding resistance to the
      degradative and yellowing action of ultraviolet light rays. The cured
      urea-urethanes, moreover, are stable, possess excellent abrasion, strength
      and elongation properties and when applied as coatings the urea-urethanes
      adhere firmly to various suitable substrates.
PAR  It has been known for several years that aromatic polyurethanes which have
      been cured by reaction of free residual isocyanate groups in the polymer
      with moisture in the air, become increasingly yellow on continued exposure
      to sunlight. Since light from an ultraviolet lamp gives a similar effect
      and since sunlight contains light of wave length in the ultraviolet range,
      it is apparent that the ultraviolet part of the spectrum of sunlight
      causes most of the yellowing. Urethanes made from aromatic diisocyanates
      yellow to the greatest extent, but polyurethanes made from several
      aliphatic diisocyanates also yellow significantly, although less, when
      exposed to ultraviolet light. Furthermore, even though these aliphatic
      diisocyanates are relatively advantageous in this regard there may be
      difficulties in producing satisfactory urethanes from these diisocyanates,
      especially where the urethane prepolymer is made from aliphatic polyol
      having at least three hydroxyl groups and thus is cross-linked with a
      tendency to form intractable gels before being cured.
PAR  By the present invention, we have discovered that prepolymer polyurethanes
      containing free isocyanate groups, said prepolymers being derived
      essentially from 1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl
      cyclohexane, whose structural formula is
      ##SPC1##
PAL  and one or more aliphatic polyols, can be reacted with cycloaliphatic
      polyamines to form urea-urethane polymers having highly desirable
      characteristics. The urea-urethane polymers exhibit excellent resistance
      to yellowing under the influence of ultraviolet light, and at the same
      time the resulting urea-urethanes possess other desirable properties
      needed in polyurethane compositions. Even the prepolymers derived from
      this diisocyanate and polyol components composed in part or entirely of
      polyols having three or more hydroxyl groups, can be made to remain in an
      essentially liquid state and are highly suitable prepolymer compositions.
      Although the essential isocyanate used in making our prepolymers is
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane minor amounts
      of other polyisocyanates may be present providing the compositions are not
      unduly deleteriously affected, for instance, the use of aromatic
      diisocyanates lowers the resistance of the urea-urethane polymers to the
      effects of ultraviolet light and the presence of diisocyanato dicyclohexyl
      methane makes the prepolymers more susceptible to gellation. German patent
      No. 1,202,785 and Belgium patent No. 666,023, disclose
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane which can be
      made by phosgenation of 1-amino-3-aminomethyl-3,5,5-trimethyl cyclohexane,
      preparation of the latter being described in Belgium patent No. 621,259.
PAR  Due to the high resistance of the
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane-derived
      urea-urethane polymers to the deteriorating and yellowing action of
      ultraviolet light we can prepare clear compositions which remain of
      considerably lighter color than those produced from many isocyanates,
      especially the aromatic diisocyanates such as toluene diisocyanates.
      Moreover, when our compositions are colored, for instance through the
      addition of pigments, they remain stable over prolonged periods, whereas
      urea-urethanes derived from other diisocyanates may darken continually on
      exposure to light, for example, when the urea-urethanes are stored in
      transparent containers. Thus, the urea-urethanes of the present invention
      have potentially wider areas of use than most urea-urethanes heretofore
      available and our compositions can, for instance, be employed in clear or
      pigmented, non-yellowing wood finishes such as floor finishes and marine
      finishes; in other non-yellowing and non-chalking finishes; for coating
      chromed surfaces and various plastics such as vinyl fabrics; and for many
      other uses. This great potential for the compositions of our invention is
      further made possible since our urea-urethanes have high strength and
      excellent abrasion resistance and hardness, do not crack or mar easily and
      have good substrate and intercoat adhesion properties so that when used as
      coatings they resist peeling and blistering upon weathering. The
      urea-urethane compositions can also be used, among other things, as
      laminants, adhesives, flocculants and elastomers.
PAR  The urethane prepolymers of the invention are essentially made by reaction
      of 1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane with
      urethane-forming aliphatic polyols, a major weight portion of which polyol
      component has a molecular weight of at least about 500, and the
      prepolymers are often in the essentially liquid state either as the
      polymer per se or dissolved in a solvent. The prepolymer is generally
      stable in the sense that it will not cure to an insoluble solid unless
      further contacted with water, aliphatic polyol or other active-hydrogen
      containing material. These prepolymers can have a free isocyanate group
      content of about 1 to 15, often at least about 2 and preferably about 3 to
      7, weight percent based on polymer content or solids. The
      prepolymer-forming reaction mixture generally contains a ratio of total
      isocyanate groups to total hydroxyl radicals of at least 1.2:1, often up
      to about 3:1 or more. The ratio of isocyanate groups to hydroxyl groups
      can affect the properties of the compositions, but undesirable results can
      be offset by using, when making the prepolymer, a polyol of appropriate
      molecular weight. With a given prepolymer, increases in the ratio of NCO
      to OH provide coatings of greater film hardness and mar resistance while
      flexibility and impact resistance may be adversely affected, but these
      effects can be modified by using a longer chain polyol.
PAR  An essential component used in making the prepolymer compositions of the
      present invention is, as noted, one or more aliphatic polyols. The polyols
      may contain a minor amount of aliphatic polyols having a molecular weight
      below about 500 or phenolic polyol. The polyol is preferably composed to a
      major molar extent of diol including the ether diols, although triols or
      other polyols having greater than three hydroxyl groups as well as their
      mixtures with diols can be employed. The polyols, thus for the most part,
      have at least two hydroxyl groups attached to aliphatic carbon atoms, and
      may be selected from a wide variety of polyhydroxyl materials which may be
      aliphatic, including cycloaliphatic, hydrocarbon compounds, including
      substituted-hydrocarbon compounds. The polyol may often have a molecular
      weight of up to about 5000 or more, but preferably has a molecular weight
      of about 750 to 3000.
PAR  Among the wide variety of polyols which can be used in this invention are
      those represented by the formula:
      ##EQU1##
      in which R' is an aliphatic hydrocarbon radical, preferably saturated, and
      R" is an alkylene radical of 2 to 4, preferably 2 to 3, carbon atoms, R'
      preferably has 2 to 12,  advantageously 2 to 6, carbon atoms. The letter n
      represents a number from 0 to about 50, depending on the molecular weight
      desired, while the letter m is 0 to 2 or more. When n is other than O, R'
      may often be the same as R".
PAR  Suitable aliphatic alcohols include the polyether glycols of up to about
      5000 or more molecular weight, such as the polyethylene glycols,
      polypropylene glycols, and polybutylene glycols. The latter materials
      include the straight chain polybutylene glycols often referred to as
      polytetramethylene ether glycols, as well as the branched chain
      polybutylene glycols, for instance, made from 1,2-and 2,3-butylene oxides
      and designated below in the specific examples as polybutylene glycols.
      There can also be employed the hydroxy-containing polymers of
      olefinically-unsaturated monomers, especially of the dienes such as the
      hydroxy-terminated polybutadienes. Among the relatively low molecular
      weight polyols which can be present are trimethylol propane, butane diols,
      trimethylol ethane, 1,6-hexamethylene glycol, 1,2,6-hexanetriol, glycerol,
      etc.
PAR  Others among the polyols useful in the invention include the hydroxy esters
      such as caster oil, polyol-modified castor oils, other polyol-modified
      fatty oils and hydroxy-terminated polyesters. The hydroxy-terminated
      polyester materials are generally made by reaction of one or more
      polyhydroxy materials, such as the aliphatic polyols mentioned above, with
      one or more aliphatic, including cycloaliphatic, or aromatic
      polycarboxylic acids or esters, and such polyesters can often have
      hydroxyl values in the range of about 25 to 150. Frequently in these
      polyesters, the polyhydroxy alcohols are predominantly diols and the acids
      are dicarboxylic acids, including their anhydrides, and preferably contain
      from 4 to 50 carbon atoms, e.g., phthalic acid, adipic acid, sebacic acid,
      dimers of olefinically-unsaturated monocarboxylic acids, such as linoleic
      acid dimer, etc. Modified castor oil partial esters can be made by ester
      interchange of the oil with polyols such as low molecular weight polyols,
      including glycols, glycerine, pentaerythritol etc.
PAR  The reaction of diisocyanates with polyols does not of necessity give
      satisfactory prepolymer compositions. Thus, the isocyanate-polyol
      prepolymers are stable and preferably in an essentially liquid state, at
      least when in a solvent. There is a greater tendency to produce
      intractable prepolymer gels when the polyol contains a crosslinking
      component which has at least three hydroxyl groups per molecule, yet such
      cross-linked prepolymers, if of proper viscosity, are highly desirable
      compositions.
PAR  The difficulty encountered with cross-linked prepolymers is illustrated by
      the fact that when a mixture of trimethylolpropane polyoxypropylene triol
      of about 1000 molecular weight and butylene glycol (2:1 mol ratio) was
      reacted with diisocyanato dicyclohexyl methane at an NCO to OH ratio of
      1.65:1, an intractable gel was obtained. When, however, this isocyanate
      was replaced with an equivalent amount of
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane, a liquid
      composition of application viscosity was produced. Thus, the prepolymer
      compositions of the present invention include those in which at least a
      portion of the polyol reactant has at least three hydroxyl groups per
      molecule such as those mentioned before, including the polyols of the
      defined formula where m is 1 to 2,  e.g., trimethylol propane, trimethylol
      ethane, 1,2,6-hexanetriol, etc., and their alkylene-oxide derived
      polyethers. Such cross-linking aliphatic polyols often have about 3 to 12,
      preferably about 3 to 6, carbon atoms, although their polyethers can have
      molecular weights of at least about 500. By using the cross-linking
      polyols with 1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane,
      lesser amounts of the diisocyanate can be employed and still obtain an
      ungelled prepolymer vehicle than when the diisocyanate is, for instance,
      diisocyanato dicyclohexyl methane. Also the
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane permits the
      use of large amounts of the cross-linking polyol without obtaining gels.
      When the polyol component used in making the prepolymer contains
      cross-linking polyol, essentially the entire polyol may have at least
      about three hydroxyl groups per molecule, but large amounts of such polyol
      or polyols of high functionality may preclude the formation of elastomers.
      It may be desirable to limit the hydroxyl groups supplied by the
      cross-linking polyol to up to about 30, preferably up to about 10, mole
      percent based on total hydroxyl groups.
PAR  The polyurethane-type prepolymer reaction products of the present invention
      can be made by simultaneous reaction of excess
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane and polyol.
      Alternatively, the diisocyanate can be reacted with part or all of one or
      more of the polyols prior to the reaction with the remaining portion of
      these materials. Stepwise mixing of the diisocyanate with the polyols may
      be used to enhance temperature control. The reaction temperatures for
      making the various urethane prepolymers of the present invention are often
      in the range of about 40.degree. to 150.degree.C., with about 50 to
      130.degree.C. being preferred; and the reaction is preferably continued
      until there is essentially little, if any, unreacted hydroxyl
      functionality remaining. As noted above wide variations in the nature and
      amounts of the polyol or polyol mixtures used in the preparation of the
      compositions of this invention can be made without materially affecting
      the stability of the compositions.
PAR  Catalysts can be used in forming the prepolymers to accelerate the rate of
      reaction. Typically the catalysts can be organotin compounds, for example
      dibutyl tin dilaurate and stannous octoate. Other useful catalysts include
      tertiary aliphalic and alicyclic amines, such as triethyl amine,
      triethanol amine, tri-n-butylamine, triethylene diamine, alkyl morpholines
      and the like. Complex mixtures containing such catalysts in modified form
      may also be employed.
PAR  The prepolymers of the present invention may be prepared in the presence of
      solvent which is essentially inert in this system. The solvent serves to
      insure that the reactants are in the liquid state and the solvent permits
      better temperature control during the reaction by serving as a heat sink
      and, if desired, as a refluxing medium. Various solvents including
      mixtures of such materials may be employed and among the useful organic
      solvents are aromatic hydrocarbons, esters, ethers, keto-esters, ketones,
      glycolether-esters, chlorinated hydrocarbons, pyrrolidones, hydrogenated
      furans, and the like, and mixtures thereof. Frequently, the solvents are
      volatile materials which will be removed from the composition while it
      cures, and in such case, there may be no need to remove any portion of the
      solvent from the reaction product prior to use. The amount of solvent
      employed may vary widely and large volumes may be uneconomic or give
      materials with undesirably or inconveniently low viscosity. Often about
      0.01 to 6 weights of solvent, preferably about 0.03 to 3 weights of
      solvent, per weight of the total isocyanate and polyol in the prepolymer
      are used. Among the suitable normally liquid solvents are toluene, xylene,
      ethylbenzene, 2-ethoxyethyl acetate, 1,1,1-trichloroethane, methyl
      isobutyl ketone, dimethylformamide, dimethylsulfoxide, dioxane, N-methyl
      pyrrolidone, tetrahydrofuran, etc. and their mixtures; and it is preferred
      that the solvent not contain more than about 10 carbon atoms per molecule.
PAR  In preparing the urea-urethane compositions of this invention, the urethane
      prepolymer of 1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane
      and polyol, can be reacted with the polyamine in the presence of a solvent
      for the prepolymer and the resulting urea-urethane, to obtain a solution
      of the urea-urethane in the solvent. Since the solution has no substantial
      free isocyanate content the urea-urethane cures to a solid at least
      primarily through evaporation of the solvent, for instance, after forming
      the solution as a film, e.g. as a coating or sheet, or other article. The
      urea-urethane solution can be referred to as a lacquer-type vehicle.
PAR  The urea-urethane can also be made by combining the urethane prepolymer
      which may be in a solvent to obtain a suitable viscosity, with the
      polyamine and the total amount or character of the solvent being such that
      the urea-urethane when formed is not in solution. Since under these
      conditions curing of the urea-urethane gives a solid in a very short time,
      the combination of the prepolymer and polyamine can be placed in desired
      form, e.g., as a film, etc., more or less immediately after the
      combination is made. This result can be accomplished for instance by
      spraying the prepolymer and polyamine separately from a two-headed spray
      gun onto a suitable substrate.
PAR  The amounts of the urethane prepolymer and polyamine reacted and the
      reaction conditions are chosen so that substantially all of the isocyanate
      content of the prepolymer is reacted on a weight basis. Since an
      approximately stoichiometric amount of polyamine is used the free
      isocyanate content of the urea-urethane is less than about 1 or 2 weight
      percent based on polymer solids. Often this free isocyanate content is
      less than about 0.5 percent and is preferably about 0.0 percent. The
      urea-urethane-forming reaction can be conducted at ambient temperatures
      and generally the reaction temperature is in the range of about 10.degree.
      to 120.degree. C. or more, preferably about 50.degree. to 100.degree. C.
      The urea-urethane-forming reaction may, if desired, be catalyzed, for
      instance, by the use of catalysts similar to those mentioned above with
      respect to the urethane prepolymer-forming reaction. When the
      urea-urethane solution is cured the evaporation of solvent can be
      facilitated by the application of elevated temperatures. The cured polymer
      is non-cellular as distinguished from a foam.
PAR  Among the solvents which can be present during the urea-urethane-forming
      reaction are the various organic solvents such as aromatic hydrocarbons;
      oxygen-containing hydrocarbons, including alcohols, esters, ethers, glycol
      ether esters, ketones and amides; ring nitrogen-containing organic
      materials including the pyrrolidones; as well as chlorinated hydrocarbons
      and the like; and mixtures thereof. Solvents in which the major component
      by weight is dimethylformamide, or N-methyl-2-pyrrollidone, have been
      found to be especially suitable.
PAR  The solvent may be similar to those employed in the urethane-forming
      reaction or different solvents may be used in each reaction, and the
      solvent is essentially inert in this system. Solvents present during the
      urea-urethane-forming reaction are relatively volatile materials which
      will be removed from the composition while it cures to solid form.
      Although the amount of solvent employed during the urea-urethane-forming
      reaction is conveniently that which will give a solution of application
      viscosity, lesser or greater amounts of solvent can be employed. Often
      about 1 to 10 weights of solvent per weight of the total prepolymer and
      polyamine are used. The urea-urethane solution is generally of suitable
      viscosity when the polymer solids comprise about 15 to 50 weight percent
      of the solution.
PAR  Specific solvents which can be employed in the urea-urethane-forming
      reaction often have up to about 10 carbon atoms and include those
      mentioned above with respect to the urethane prepolymer-forming system,
      with the proper attention being given to the degree of solubility
      exhibited by the prepolymer and the urea-urethane in a given solvent and
      the potential for reaction between the solvent and the polymer-forming
      materials. Thus, ethyl alcohol has been successfully used since its
      reactivity with the NCO of the urethane prepolymer is slower than that of
      the polyamine.
PAR  The cycloaliphatic polyamines used to make the urea-urethanes of this
      invention can be selected from a wide variety of suitable materials. Thus,
      the polyamine has at least about two amino (-NH.sub.2) groups per
      molecule. Often the polyamine has up to about 40 or more carbon atoms,
      preferably about 6 to 15 carbon atoms, and may contain other substituents
      which may be reactive or non-reactive with isocyanate groups. The
      preferred polyamines are diamines and the cycloaliphatic structures are
      especially advantageous, particularly to impart to the products improved
      resistance to the degradative and yellowing effects of ultraviolet light.
      Thus the urea-urethanes prepared from aromatic amines such as methylene
      dianiline, have exhibited relatively poor resistance against the
      deleterious effects of ultraviolet light. Among the useful polyamines are
      1-amino-3-aminomethyl-3,5,5-trimethyl cyclohexane, hydrogenated
      di-(aminophenyl)methane, hydrogenated methylene dianiline, diaminomenthane
      and hydrogenated tolylene diamine.
PAR  The urea-urethanes of this invention can be employed in any way desired to
      take advantage of the characteristics of the products, for instance, the
      urea-urethanes may be used as coatings, adhesives, laminants or
      flocculants or formed into relatively thick sheets or other film-like
      materials. Due to the elastomeric properties of the products they may be
      applied and employed in a manner to take advantage of such
      characteristics. The film-type products generally have a thickness of up
      to about 100 mils or more and often the coating compositions have a
      thickness of up to about 10 mils. The urea-urethanes can be formed into
      various materials or articles of greater cross-sectional dimensions, and
      the solutions can be employed in the various ways known in the art for
      utilization of these type of materials. The compositions can contain
      additives to impart special properties such as plasticizers, pigments,
      fillers, etc., also the solid substrates bearing the coating may be
      specially treated materials, including flammable members impregnated with
      fire-resistant chemicals or coated with a sealant.
PAR  The following examples will serve to illustrate the present invention. In
      the usual technique the polyol component was initially azeotroped to
      remove water, and subsequently the urethane-prepolymer-forming reaction as
      well as that producing the urea-urethane, was conducted under an inert gas
      atmosphere in the usual manner. Blending of the prepolymer and the
      polyamine was at room temperature in each of the examples. The percents
      NCO are reported on the basis of the total weight of the vehicle.
DETD
PAC  EXAMPLE I
PAR  A mixture of 1000 grams of polypropylene glycol of 1025 molecular weight,
      340 grams of polypropylene glycol of 2025 molecular weight and 75 grams of
      xylene was charged to a glass, tree-neck flask equipped with a reflux
      condenser, a Dean Stark water trap, thermometer, stirrer, an electrically
      heated glass mantle and a nitrogen inlet tube. The mixture was heated
      under azeotropic distillation conditions at 245.degree.-249.degree.C. for
      one hour and cooled to 30.degree.C. Five hundred four grams of
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane were added to
      this mixture and no noticeable exotherm occurred. The mixture was heated
      under nitrogen to 80.degree.C. and held at 80.degree.-85.degree.C. for
      nine hours to obtain the calculated percent NCO. After cooling, the
      resulting prepolymer analyzed 90.3 percent nonvolatile material, Gardner
      color 1 minus, Gardner viscosity Z-1 1/2 and free isocyanate (NCO) 5.16
      percent.
PAR  One hundred grams of the prepolymer and 390 grams of dimethyl formamide
      were mixed in a Waring Blender. Ten and four-tenths grams of
      1-amino-3-aminomethyl-3,5,5-trimethyl cyclohexane were added to the
      mixture and blended in for five minutes. The lacquer vehicle thereby
      formed analyzed 21.1 percent nonvolatile, Gardner color 1 minus, Gardner
      viscosity A and free isocyanate (NCO) 0.0 percent. Eight fluid ounces of
      the lacquer were poured to a teflonlined pan and cured at 140.degree.F.
      for 24 hours and then at 77.degree.F. and 50 percent humidity for three
      days. The approximate thickness of the sheet formed was 60 mils. The
      tensile strengths of two test pieces of the sheet were 1396 and 1229 psi
      with elongations of 620 and 630 percent respectively. After a five hour
      exposure under a 400 watt ultraviolet lamp at 18" distance, there was a
      very slight yellowing of the sheet showing the excellent resistance of
      this polyurethane composition to exposure to ultraviolet light.
PAC  EXAMPLE II
PAR  One hundred grams of the prepolymer whose preparation is described in
      Example I were mixed with 390 grams of dimethyl formamide in a Waring
      Blender. Nine and seven-tenths grams of 2,4,4-trimethyl
      hexamethylene-1,6-diamine were added and blended in for five minutes. The
      lacquer vehicle thereby formed analyzed 20.1 percent nonvolatile material,
      Gardner color 1 minus, Gardner viscosity A-1 and free isocyanate (NCO) 0.0
      percent. Eight fluid ounces of the lacquer were poured into a teflon-lined
      pan and cuved at 140.degree.F. for 26 hours and then at 77.degree.F. and
      50 percent humidity for 3 days. The approximate thickness of the film or
      sheet formed was 75 mils. A tensile strength test of the film was run but
      the film did not break at an elongation of 1,320 percent. After a 5 hour
      exposure of this film under a 400 watt mercury vapor ultraviolet lamp at
      18" distance, there was only slight yellowing of the sheet showing the
      excellent resistance of this polyurethane composition to exposure to
      ultraviolet light.
PAC  EXAMPLE III
PAR  A mixture of 450 grams of polybutylene glycol of 1000 molecular weight, 153
      grams of polybutylene glycol of 1500 molecular weight and forty grams of
      xylene was charged to a reaction flask provided with a reflux condenser,
      thermometer, nitrogen inlet tube, a stirrer, Dean Stark water trap and an
      electrically heated glass mantle. The mixture was azeotroped at
      234.degree.C. for 1 hour. The mixture was then cooled to 80.degree.C. and
      226 grams of 1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane
      were added under nitrogen. The temperature of the batch was maintained at
      80.degree.C. for 4 hours. After cooling the resulting prepolymer analyzed
      90.8% non-volatile material, Gardner color 1 minus, Gardner viscosity
      Z1+2/3 and free isocyanate 4.47 percent.
PAR  100 grams of the prepolymer were dissolved in 290 grams of dimethyl
      formamide and put into a Waring Blender. While the solution was stirring,
      10.5 grams of methylene dianiline dissolved in 100 grams of dimethyl
      formamide were added. This mixture was stirred for 5 minutes until the
      solution was homogeneous. The lacquer formed thereby analyzed 26.5%
      nonvolatile material, free isocyanate 0.33 percent, Gardner viscosity A4
      and Gardner color 6 minus. This lacquer was then poured into a
      teflon-coated pan and heated for 3 days at 140.degree.F., then 5 days at
      77.degree.F. and 50 percent relative humidity. The sheet so prepared had
      an approximate thickness of 72 mils. Two test specimens cut from this
      sheet showed tensile strengths of 1647 and 1680 psi and elongations of 550
      and 610 percent, respectively.
PAC  EXAMPLE IV
PAR  A mixture of 450 grams of polytetramethylene ether glycol of 1020 molecular
      weight, 206 grams of polytetramethylene glycol of 2100 molecular weight
      and 43 grams of xylene was charged to a reaction flask provided with a
      reflux condenser, thermometer, nitrogen inlet tube, a motor driven
      stirrer, a water trap and an electrically heated glass mantle. The mixture
      was heated under azeoptropic conditions at 226.degree.C. for 1 hour to dry
      it. The mixture was then cooled to 50.degree.C. and 226 grams of
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane were added
      under nitrogen. The temperature of the mixture was maintained at
      80.degree.C. for 5 hours. After cooling the resulting prepolymer analyzed
      94.2 percent nonvolatile material, Gardner color 1 minus, Gardner
      viscosity Z6+1 1/2 and free isocyanate (NCO) 4.38 percent.
PAR  One hundred grams of the prepolymer were dissolved in 190 grams of
      dimethylformamide and put in a Waring Blender. While the solution was
      stirring, 8.85 grams of methylene dianiline dissolved in 100 grams of
      dimethylformamide were added. This mixture was stirred for five minutes
      until the solution was homogeneous. The lacquer produced in this manner
      analyzed 26.7 percent nonvolatile material, free isocyanate 0.24 percent,
      Gardner viscosity Al and Gardner color 6 plus. The lacquer was then poured
      into a teflon-coated pan and heated for 3 days at 140.degree.F. and
      allowed to remain for 5 days at 77.degree.F. and 50 percent relative
      humidity. The sheet thus prepared had an approximate thickness of 77 mils.
      Two test specimens cut from the sheet had tensile strengths of 4938 and
      6111 psi and elongations of 550 and 535 percent, respectively.
PAC  EXAMPLE V
PAR  One hundred grams of the prepolymer whose preparation is described in
      Example I were mixed with 390 grams of dimethyl formamide in a Waring
      Blender. Seven and two-tenths grams of hexamethylene-1,6-diamine were
      added and blended in for 5 minutes. The lacquer vehicle thereby formed
      analyzed 19.3 percent nonvolatile material, Gardner color 1 minus, Gardner
      viscosity A-1 and free isocyanate (NCO) 0.0 percent. Eight fluid ounces of
      the lacquer were poured into a teflon-lined pan, cured at 140.degree.F.
      for 24 hours and at 77.degree.F. and 50 percent humidity for 3 days. The
      approximate thickness of the resin film or sheet formed was 70 mils. A
      tensile strength test of the film was run but the film did not break at an
      elongation of 1,350 percent. After a 5 hour exposure under a 400 watt
      ultraviolet lamp at 18" distance, there was only slight yellowing of the
      sheet showing the excellent resistance of this polyurethane composition to
      exposure to ultraviolet light as compared with the usual yellowing that
      occurs when similar resins made from aromatic diisocyanates are exposed to
      ultraviolet light.
PAC  EXAMPLE VI
PAR  There were charged to a reaction flask suitable for conducting the
      preparation of a polyurethane prepolymer 800 grams of polypropylene glycol
      of 1025 average molecular weight and 272 grams of polypropylene glycol of
      2025 average molecular weight and 50 grams of xylene. This mixture was
      heated for one hour at about 236.degree.C. to remove water and dry the
      mixture. The mixture was then allowed to cool to a little below
      70.degree.C. when 476 grams of
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane were added
      with continuous stirring under a blanket of gaseous nitrogen during the
      whole process. Simultaneously with the addition of the diisocyanate 1.5
      grams of dibutyl tin dilaurate were added. After an exothermic reaction
      occurred with the temperature of the mixture rising to 70.degree.C.,
      external heating was applied by means of a glass heating mantle and the
      temperature raised to and maintained at 95.degree.C. for about 3 1/2 hours
      when the free isocyanate (NCO) of the mixture was 6.25 percent. The
      prepolymer product had a nonvolatile of 93.4 percent, Gardner viscosity of
      Z2 and a Gardner color of 1. This prepolymer was cured in a teflon-lined
      pan as described in the previous examples and reported in the table below,
      using 1-amino-3-aminomethyl-3,5,5-trimethyl cyclohexane as the curing
      agent.
TBL  ______________________________________                                    
     Prepolymer, grams   50.0       50.0                                       
     1-amino-3-aminomethyl-3,5,5-                                              
      trimethylcyclohexane, grams                                              
                         6.25       6.25                                       
     N-methyl-2-pyrrolidone, grams                                             
                         155.8      --                                         
     Dimethyl formamide  --         155.8                                      
     Nonvolatile, percent                                                      
                         25         25                                         
     Viscosity after one week, (Gardner)                                       
                         D          C                                          
     Cure at 150.degree.F., hours                                              
                         43         43                                         
     Tensile, psi        1829       1555                                       
                         1722       1632                                       
                         1558       1638                                       
     Elongation, %       550        325                                        
                         555        330                                        
                         585        345                                        
     ______________________________________                                    
PAC  EXAMPLE VII
PAR  A mixture of 450 grams of polypropylene glycol of 1025 molecular weight,
      153 grams of polypropylene glycol of 2025 molecular weight, 60 grams of
      1,4-butylene glycol and 70 grams of xylene was charged to a glass,
      three-neck flask equipped with a reflux condenser, a Dean Stark water
      trap, thermometer, stirrer, an electrically heated glass mantle and a
      nitrogen inlet tube. Three hundred ninety grams of
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane were added to
      this mixture under nitrogen and no noticeable exotherm occurred during the
      formation of urethane. The mixture was heated to 85.degree.C. and held at
      85.degree.-90.degree.C. for 2 hours to obtain the calculated percent free
      isocyanate (NCO). After cooling the resulting prepolymer analyzed 92.5
      percent nonvolatile material, Gardner color 1 minus, Gardner viscosity
      Z-10 and free isocyanate (NCO) 3.82 percent.
PAR  Fifty grams of the prepolymer and 150 grams of dimethyl formamide were
      mixed in a Waring Blender. A mixture of 4.5 grams of methylene dianiline
      and 40 grams of dimethyl formamide was added to the blender and blended in
      for five minutes. The lacquer vehicle thereby formed analyzed 21.5 percent
      nonvolatile material, Gardner color 3 1/2, Gardner viscosity A-1 and free
      isocyanate (NCO) 0.0 percent. Fifty grams of the lacquer were poured into
      a teflon-coated pan and cured at 140.degree.F. for 24 hours and then at
      77.degree.F. and 50 percent humidity, for 3 days. The approximate
      thickness of the sheet formed was 18 mils. The tensile strengths of three
      test pieces of the sheet were 6258, 6844 and 6063 psi with elongations of
      430, 440 and 410 percent, respectively. The drying time of a 3 mil wet
      film of this vehicle or lacquer was 2 hours at 77.degree.F. and 50 percent
      humidity.
PAC   EXAMPLE VIII
PAR  A mixture of fifty grams of the prepolymer made in Example VII and 190
      grams dimethyl formamide was placed in a Waring Blender and mixed
      thoroughly. Five and one-tenth grams of
      1-amino-3-aminomethyl-3,5,5-trimethyl cyclohexane were added to the
      mixture and blended in for five minutes. The lacquer vehicle thereby
      formed analyzed 21 percent nonvolatile material, Gardner color 1 minus,
      Gardner viscosity A-1 and free isocyanate (NCO) 0.0 percent. Fifty grams
      of the lacquer were poured into a teflon-coated pan and cured at
      140.degree.F. for 24 hours and then at 77.degree.F. and 50 percent
      humidity for 3 days. The approximate thickness of the sheet formed was 22
      mils. The tensile strengths of three test pieces of the sheet were 2073,
      2255 and 2174 psi with elongations of 560, 580 and 560 percent,
      respectively. After a 5 hour exposure under a 400 watt ultraviolet lamp at
      18" distance, there was no noticeable yellowing of the lacquer film. The
      drying time of a 3 mil wet film of this vehicle was 2 hours at
      77.degree.F. and 50 percent humidity.
PAC  EXAMPLE IX
PAR  Twenty-five grams of the prepolymer made in Example VII were mixed with
      seventy grams of dimethyl formamide. A mixture of 1.5 grams of tolylene
      diamine and 30 grams of dimethyl formamide was then added to the
      prepolymer mixture. The mixture was stirred five minutes. The lacquer
      thereby formed analyzed 20.1 percent nonvolatile material, Gardner color 6
      1/2, Gardner viscosity A-4 and free isocyanate (NCO) 0.26 percent. Fifty
      grams of the lacquer were poured into a teflon-coated pan and cured at
      140.degree.F. for 24 hours and then at 77.degree.F. and 50 percent
      humidity for 3 days. The approximate thickness of the sheet formed was 24
      mils. The tensile strengths of two test pieces of the sheet were 5179 and
      5283 psi with elongations of 530 and 565 percent, respectively. The drying
      time of a 3 mil wet film of this vehicle was 2 hours at 77.degree.F. and
      50 percent humidity.
PAC  EXAMPLE X
PAR  A mixture of 167 grams polyethylene glycol of 1000 molecular weight, 38
      grams of 4,4'-isopropylidenediphenol and 30 grams of xylene was charged to
      a glass, three-neck flask equipped with a reflux condenser, a Dean Stark
      water trap, thermometer, stirrer, an electrically heated glass mantle and
      a nitrogen inlet tube. The mixture was heated under azeotropic
      distillation conditions at 162.degree.C. for 1 hour and then cooled to
      30.degree.C. One hundred and eleven grams of
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane were added to
      this mixture under nitrogen. No noticeable exotherm occurred during the
      formation of urethane. The mixture was heated to 85.degree.C. and held at
      85.degree.-95.degree.C. for 27 hours to obtain the calculated percent NCO.
      After cooling the resulting prepolymer analyzed 91 percent nonvolatile
      material, Gardner color 8 1/2, Gardner viscosity Z-7 1/2 and free
      isocyanate (NCO) 4.31 percent.
PAR  Twenty-five grams of the prepolymer were mixed with 60 grams of dimethyl
      formamide. A mixture of 2.6 grams of methylene dianiline and 38 grams of
      dimethyl formamide was added to the prepolymer mixture and blended for
      five minutes. The lacquer vehicle thereby formed analyzed 21 percent
      nonvolatile material, Gardner color 4 1/2, Gardner viscosity A-3 and free
      isocyanate (NCO) 0.1 percent. Fifty grams of the lacquer were poured into
      a teflon-coated pan and cured at 140.degree.F. for 24 hours and then at
      77.degree.F. and 50 percent humidity for 3 days. The approximate thickness
      of the sheet formed was 16 mils. The tensile strengths of three test
      pieces of the sheet were 4933, 4675 and 3624 psi with elongations of 400,
      375 and 335 percent, respectively. The drying time of a 3 mil wet film of
      this vehicle was 2 hours at 77.degree.F. and 50 percent humidity.
PAC  EXAMPLE XI
PAR  Twenty-five grams of the prepolymer made in Example X were mixed with 98
      grams of dimethyl formamide. Three and five-tenths grams of
      1-amino-3-aminomethyl-3,5,5-trimethyl cyclohexane were added to the
      mixture which was stirred for five minutes. The lacquer vehicle thereby
      formed analyzed 22.5 percent nonvolatile material, Gardner color 2 1/2,
      Gardner viscosity A-4 and free isocyanate (NCO) 0.0 percent. Fifty grams
      of the lacquer were poured into a teflon-coated pan and cured at
      140.degree.F. for 24 hours and then at 77.degree.F. and 50 percent
      humidity for 3 days. The approximate thickness of the sheet formed was 20
      mils. The tensile strengths of three test pieces of the sheet were 1600,
      1660 and 1583 psi with elongations of 370, 400 and 470 percent,
      respectively. The drying time of a 3 mil wet film of this vehicle was 2
      hours at 77.degree.F. and 50 percent humidity.
PAC  EXAMPLE XII
PAR  A mixture of 180 grams of the polypropylene oxide adduct of
      1,2,6-hexanetriol of 720 average molecular weight, 35.7 grams of
      4,4-isopropylidenediphenol, 153 g. Cellosolve acetate (ethylene glycol
      ethyl ether acetate) and 153 g. xylene was charged to a glass, three-neck
      flask equipped with a reflux condenser, a Dean Stark water trap,
      thermometer, stirrer, an electrically heated glass mantle and a nitrogen
      inlet tube. The mixture was heated under azeotropic distillation
      conditions at 150.degree.C. for 1 hour and then cooled to 80.degree.C. Two
      hundred and forty grams of 1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl
      cyclohexane were added to this mixture with no noticeable exotherm
      occurring. Four and six-tenths grams of dibutyl tin dilaurate were then
      added to the mixture. This addition caused the reaction to take place and
      the temperature to rise to 90.degree.C. The mixture was cooled to
      70.degree.C. and held at 70.degree.-78.degree.C. for a period of two
      hours. After cooling the resulting prepolymer analyzed Gardner color 1
      minus, Gardner viscosity D, 60 percent nonvolatile material and free
      isocyanate (NCO) 5.54 percent.
PAR  Twenty-five grams of the prepolymer were mixed with 50 grams of dimethyl
      formamide. A mixture of three and three-tenths grams of methylene
      dianiline and 13 grams dimethyl formamide was added to the prepolymer and
      stirred for 5 minutes. Sixty grams of the lacquer thereby formed were
      poured into a teflon-coated pan and cured at 140.degree.F. for 24 hours
      and then at 77.degree.F. and 50 percent humidity for three days. The
      approximate thickness of the sheet thus formed was 21 mils. The tensile
      strength of a test piece cut from this sheet was 2040 psi with 80 percent
      elongation as measured by an Instron tester. The drying time of a 3 mil
      wet film of this vehicle was 2 hours at 77.degree.F. and 50 percent
      humidity.
PAC  EXAMPLE XIII
PAR  A mixture of 218 grams of polypropylene glycol 1025, 18.5 grams of 1,4
      butylene diol, 56.5 grams of trimethylolpropane, 342.5 grams of Cellosolve
      acetate and 342.5 grams of xylene was charged to a reaction flask provided
      with a reflux condenser, thermometer, nitrogen inlet tube, a stirrer, a
      Dean Stark water trap and an electrically heated glass mantle. The mixture
      was heated under azeotropic distillation conditions at 143.degree.C. for
      one hour. The mixture was then cooled to 60.degree.C. and 392.5 grams of
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane were added
      under nitrogen. The temperature of the mixture was maintained at
      80.degree.C. for 5 hours. After cooling the resulting prepolymer analyzed
      Gardner color 1 minus, Gardner viscosity D and free isocyanate (NCO) 4.27
      percent.
PAR  Four and ninety five one hundredths grams of methylene dianiline were
      dissolved in 63 grams of dimethylformamide and added to 50 grams of
      prepolymer while being agitated vigorously. The resultant lacquer was
      poured into a teflon-coated pan and cured 24 hours at 140.degree.F. and
      then 3 days at 77.degree.F. and 50 percent relative humidity. The sheet
      from the pan had an approximate thickness of 38 mils. Two test specimens
      cut from the sheet showed tensile strengths of 3867 and 3651 psi and
      elongations of 160 and 170 percent, respectively.
PAC  EXAMPLE XIV
PAR  A mixture of 303 grams of polybutylene glycol of 1000 molecular weight,
      42.5 grams of trimethylolpropane, 232 grams of xylene and 3.4 grams of
      2,6-di-tertiary butyl-4-methyl phenol was charged to a reaction flask
      provided with a reflux condenser, thermometer, nitrogen inlet tube, a
      motor driven stirrer, a Dean Stark water trap and an electrically heated
      glass mantle. The mixture was heated under azeotropic distillation
      conditions at 125.degree.C. for one hour in order to dry it. The mixture
      was then cooled to 38.degree.C. and 343 grams of
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane and 3.4 grams
      dibutyl tin dilaurate were added under nitrogen. After heating for 3 1/2
      hours at a maximum temperature of 100.degree.C., 763 grams of xylene and
      2.3 grams of magnesium Ten Cem drier containing 3 percent magnesium as
      magnesium neodecanoate were added and the mixture was heated at
      130.degree.C. for 8 hours. After cooling the resulting prepolymer analyzed
      43.4 percent nonvolatile material, Gardner color 1 minus, Gardner
      viscosity B and free isocyanate (NCO) 2.90 percent.
PAR  Six and eigthy-five one hundredths grams of methylene dianiline were
      dissolved in 100 grams of dimethylformamide. This mixture was added to 100
      grams of the prepolymer with rapid agitation. The lacquer vehicle thereby
      formed was then poured into a teflon-coated pan and cured for 24 hours at
      140.degree.F. followed by 3 days at 77.degree.F. and 50 percent relative
      humidity. The sheet formed had an approximate thickness of 17 mils. A test
      specimen cut from this sheet showed a tensile strength of 6729 psi and an
      elongation of 45%.
PAC  EXAMPLE XV
PAR  Four hundred twenty four grams of polybutadiene diol of molecular weight
      1060 and 30 grams of xylene were charged to a reaction flask provided with
      a reflux condenser, thermometer, nitrogen inlet tube, a stirrer, and an
      electrically heated glass mantle. To this mixture were added under
      nitrogen 111.0 grams of 1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl
      cyclohexane and 0.27 grams of dibutyl tin dilaurate. The mixture was
      heated to 80.degree.C. and held for 3 hours at this temperature. After
      cooling the resulting prepolymer analyzed 4.41 percent free isocyanate
      (NCO).
PAR  Ten and four tenths grams of methylene dianiline were dissolved in 310
      grams of dimethyl formamide. This mixture was added to 100 grams of
      prepolymer with agitation. The resulting lacquer was poured into a
      teflon-coated pan and cured at 140.degree.F. for 24 hours then for five
      days at 77.degree.F. and 50 percent relative humidity. The cured sheet had
      an approximate thickness of 21 mils. Two test specimens cut from this
      sheet showed tensile strengths of 1410 and 1295 psi and elongations of 150
      and 120 percent, respectively.
PAC  EXAMPLE XVI
PAR  A mixture of 450 grams of polytetramethylene ether glycol of 1020 molecular
      weight, 206 grams of polytetramethylene ether glycol of 2100 molecular
      weight and 50 grams of xylene was charged to a reaction flask provided
      with a reflux condenser, thermometer, nitrogen inlet tube, a stirrer, a
      Dean Stark water trap and an electrically heated glass mantle. The mixture
      was heated under azeotropic distillation conditions at 226.degree.C. for
      one hour. The mixture was then cooled to 50.degree.C. and 226 grams of
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane were added
      under nitrogen. The temperature of the mixture was maintained at
      80.degree.C. for 5 hours. After cooling the resulting propolymer analyzed
      94.2 percent nonvolatile material, Gardner color one minus, Gardner
      viscosity Z6+1/2 and free isocyanate (NCO) 4.38 percent.
PAR  Ten and nine tenths grams of completely hydrogenated di-(4-aminophenyl)
      methane, i.e., di-(4-aminocyclohexyl)methane, were dissolved in 300 grams
      of dimethyl formamide. This solution was added to 100 grams of prepolymer
      while being stirred vigorously. The resultant lacquer was poured into a
      teflon-coated pan and cured for 24 hours at 140.degree.F. and then 3 days
      at 77.degree.F. and 50 percent relative humidity. The cured sheet had an
      approximate thickness of 36 mils. Two test specimens cut from the sheet
      showed tensile strengths of 5226 and 5056 psi and elongations of 580 and
      630 percent, respectively.
PAC  EXAMPLE XVII
PAR  A mixture of 292 grams of 1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl
      cyclohexane, 7.5 grams dibutyl tin dilaurate and 322 grams of toluene was
      charged to a reaction flask provided with a reflux condenser, thermometer,
      nitrogen inlet tube, a motor driven stirrer, a Dean Stark water trap and
      an electrically heated glass mantle. The mixture was heated to
      60.degree.C. and 459 grams of diisocyanate-grade castor oil were fed into
      the reaction flask over a period of 1 hour. The temperature was held at
      60.degree.C. for 2 hours more and then 540 grams of xylene was added.
      After cooling the resulting prepolymer vehicle analyzed 45.9 percent
      nonvolatile material, Gardener color 1 minus, Gardner viscosity A2-1/4 and
      free isocyanate (NCO) 3.11 percent.
PAR  Three and sixty six hundredths grams of methylene dianiline were dissolved
      in 80 grams of dimethyl formamide and the mixture was agitated vigorously
      while being mixed with 50 grams of the prepolymer. The resulting lacquer
      vehicle was then poured into a teflon-coated pan and cured for 24 hours at
      140.degree.F., then for three days at 77.degree.F. and 50 percent relative
      humidity. The cured sheet had an approximate thickness of 29 mils. Two
      test specimens cut from this sheet showed tensile strengths of 1954 and
      1563  psi and elongations of 115 and 185 percent, respectively.
PAC  EXAMPLE XVIII
PAR  A mixture of 135 grams of a polyester made from adipic acid and
      1,4-butylene glycol having a hydroxyl value of 44 and an acid value of
      1.2, 11.5 grams of 1,4-butylene glycol, 34.9 grams of trimethylolpropane,
      4.0 grams of Ionol (2,6-di-tertiary butyl-4-methyl phenol), 199 grams of
      Cellosolve acetate and 199 grams of xylene was charged to a reaction flask
      provided with a reflux condenser, thermometer, nitrogen inlet tube, a
      motor driven stirrer, a Dean Stark water trap and an electrically heated
      glass mantle. The mixture was heated under azeotropic distillation
      conditions at 149.degree.C. in order to dry it. The mixture was then
      cooled to 28.degree.C. and 0.32 grams of dibutyl tin dilaurate and 213
      grams of 1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane were
      added under nitrogen. The temperature of the mixture was maintained at
      90.degree.C. for 6 hours. After cooling the resulting prepolymer vehicle
      analyzed 49.9 percent nonvolatile material, Gardner color 1, Gardner
      viscosity N+1/8  and free isocyanate (NCO) 4.05 percent.
PAR  Four and seventy seven hundredths grams of methylene dianiline were
      dissolved in 90 grams of dimethyl formamide and the mixture was added to
      50 grams of the prepolymer with vigorous agitation. The lacquer vehicle
      thereby formed was then poured into a teflon-coated pan and cured 24 hours
      at 140.degree.F., then 3 days at 77.degree.F. and 50 percent relative
      humidity. The cured sheet had an approximate thickness of 25 mils. Two
      test specimens cut from this sheet showed tensile strengths of 3217 and
      3970 psi, respectively, and elongations of 55%.
PAR  Comparisons have been made of the urea-urethane compositions of this
      invention with similar compositions made from diisocyanates other than
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane (IPDI) which
      also have a cycloaliphatic structure, i.e., completely hydrogenated
      tolylene diisocyanate (H.sub.6 TDI) and completely hydrogenated
      4,4'-bis-(isocyanatophenyl)methane (H.sub.12 MDI). Data regarding these
      preparations are reported in the Table below and the compositions of the
      Table were prepared by procedures corresponding to that of Example I. The
      solvent added to the reaction forming the urea-urethane vehicles was
      chosen to obtain satisfactory solution of the solids. The Table reports
      three series of runs designated I, II and III, respectively, and in the
      first series the polyol employed was a mixture of polyoxypropylene
      glycols, while in series II and III, the polyol was of the
      hydroxy-terminated polyester type. For each of the diisocyanates and
      polyols several polyamines were used as identified in the Table. The
      urea-urethane elastomers obtained were evaluated with respect to tensile
      strength.
TBL                                    TABLE                                   
     __________________________________________________________________________
                                   Prepolymer Tests    Elastomer Tests         
                                   Wt.%    Vis. cs.                            
                                                 Poly- Tensile                 
           Diiso-           Mol Ratio                                          
                                   Free                                        
                                       Wt.%                                    
                                           at 25.degree.C.                     
                                                 amine at Break,               
                                                             Elongation        
     Run   cyanate (D)                                                         
                  Polyol (PO)                                                  
                            D/PO   NCO Solids                                  
                                           or Gardner                          
                                                 (PA)  psi.  at Break,         
     __________________________________________________________________________
                                                             %                 
     I 1   IPDI.sup.(1)                                                        
                  PPG-1025 and                                                 
                            2.04   4.9 19.4                                    
                                           9.4   H.sub.12 MDA.sup.(6)          
                                                       5300  495               
                   2025.sup.(3)                                                
       2   H.sub.6 TDI.sup.(2)                                                 
                  PPG-1025 and                                                 
                            2.00   3.2 21.0                                    
                                           0.68  H.sub.12 MDA                  
                                                       2000  850               
                   2025                                                        
       3   H.sub.12 MDI.sup.(10)                                               
                  PPG-1025 and                                                 
                            2.02   4.5 --  --    H.sub.12 MDA                  
                                                       Gelled                  
                   2025                                                        
       4   IPDI   PPG-1025 and                                                 
                            2.04   4.9 19.6                                    
                                           0.92  DAM.sup.(7)                   
                                                       4200  555               
                   2025                                                        
       5   H.sub.6 TDI                                                         
                  PPG-1025 and                                                 
                            2.00   3.2 21.4                                    
                                           0.34  DAM   No Break                
                                                             1100              
                   2025                                                        
       6   H.sub.12 MDI                                                        
                  PPG-1025 and                                                 
                            2.02   4.5 20  --    DAM   2900  580               
                   2025                                                        
       7   IPDI   PPG-1025 and                                                 
                            2.04   4.9 21.0                                    
                                           A.sub.3                             
                                                 MDA.sup.(8)                   
                                                       1600  550               
                   2025                                                        
       8   H.sub.6 TDI                                                         
                  PPG-1025 and                                                 
                            2.00   3.2 21.2                                    
                                           A.sub.4                             
                                                 MDA   Too Soft                
                                                             Too Soft          
                   2025                                                        
       9   H.sub.12 MDI                                                        
                  PPG-1025 and                                                 
                            2.02   4.5 18.4                                    
                                           0.56  MDA   Too Soft                
                                                             Too Soft          
                   2025                                                        
       10  IPDI   PPG-1025 and                                                 
                            2.04   4.9 19.5                                    
                                           2.65  H.sub.6 TDA.sup.(9)           
                                                       5000  585               
                   2025                                                        
       11  H.sub.6 TDI                                                         
                  PPG-1025 and                                                 
                            2.00   3.2 21.7                                    
                                           0.22  H.sub.6 TDA                   
                                                       Too Soft                
                                                             Too Soft          
                   2025                                                        
       12  H.sub.12 MDI                                                        
                  PPG-1025 and                                                 
                            2.02   4.5 20.0                                    
                                           --    H.sub.6 TDA                   
                                                       Gelled                  
                   2025                                                        
     II)                                                                       
       1   IPDI   TEG Polyester.sup.(4)                                        
                            2.00   5.8 19.2                                    
                                           36.8  IPDA.sup.(2)                  
                                                       7500  470               
       2   H.sub.6 TDI                                                         
                  TEG Polyester                                                
                            2.00   3.6 20.7                                    
                                           2.15  IPDA  2000  600               
       3   H.sub.12 MDI                                                        
                  TEG Polyester                                                
                            1.98   5.1 20.2                                    
                                           23.0  IPDA  7000  500               
       4   IPDI   TEG Polyester                                                
                            2.00   5.8 19.1                                    
                                           24.2  H.sub.12 MDA                  
                                                       6000  390               
       5   H.sub.6 TDI                                                         
                  TEG Polyester                                                
                            2.00   3.6 22.5                                    
                                           4.9   H.sub.12 MDA                  
                                                       2300  500               
       6   H.sub.12 MDI                                                        
                  TEG Polyester                                                
                            1.98   5.1 20.1                                    
                                           549   H.sub.12 MDA                  
                                                       5000  400               
       7   IPDI   TEG Polyester                                                
                            2.00   5.8 19.1                                    
                                           1.2   DAM   6900  500               
       8   H.sub.6 TDI                                                         
                  TEG Polyester                                                
                            2.00   3.6 22.2                                    
                                           1.15  DAM   1100  650               
       9   H.sub.12 MDI                                                        
                  TEG Polyester                                                
                            1.98   5.1 20.2                                    
                                           4.2   DAM   2000  480               
       10  IPDI   TEG Polyester                                                
                            2.00   5.8 19.2                                    
                                           &lt;0.2  MDA   Too Soft                
                                                             Too Soft          
       11  H.sub.6 TDI                                                         
                  TEG Polyester                                                
                            2.00   3.6 21.7                                    
                                           0.22  MDA   100   1000              
       12  H.sub.12 MDI                                                        
                  TEG Polyester                                                
                            1.98   5.1 21.3                                    
                                           0.9   MDA   400   460               
       13  IPDI   TEG Polyester                                                
                            2.00   5.8 19.2                                    
                                           2.3   H.sub.6 TDA                   
                                                       6800  570               
       14  H.sub.6 TDI                                                         
                  TEG Polyester                                                
                            2.00   3.6 21.4                                    
                                           0.22  H.sub.6 TDA                   
                                                       86    450               
       15  H.sub.12 MDI                                                        
                  TEG Polyester                                                
                            1.98   5.1 24.6                                    
                                           4.3   H.sub.6 TDA                   
                                                       300   250               
     III)                                                                      
       1   IPDI   Polyester B.sup.(5)                                          
                            2.00   4.9 19.7                                    
                                           69.2  IPDA  8000  555               
       2   H.sub.6 TDI                                                         
                  Polyester B                                                  
                            2.01   3.6 21.8                                    
                                           5.8   IPDA  4300  690               
       3   H.sub.12 MDI                                                        
                  Polyester B                                                  
                            2.00   4.4 20.5                                    
                                           4.0   IPDA  5000  500               
       4   IPDI   Polyester B                                                  
                            2.00   4.9 19.6                                    
                                           122.3 H.sub.12 MDA                  
                                                       7000  475               
       5   H.sub.6 TDI                                                         
                  Polyester B                                                  
                            2.01   3.6 20.5                                    
                                           3.21  H.sub.12 MDA                  
                                                       3200  665               
       6   H.sub.12 MDI                                                        
                  Polyester B                                                  
                            2.00   4.4 17.3                                    
                                           10.9  H.sub.12 MDA                  
                                                       6000  500               
       7   IPDI   Polyester B                                                  
                            2.00   4.9 19.5                                    
                                           4.4   DAM   6000  540               
       8   H.sub.6 TDI                                                         
                  Polyester B                                                  
                            2.01   3.6 21.3                                    
                                           2.1   DAM   3000  800               
       9   H.sub.12 MDI                                                        
                  Polyester B                                                  
                            2.00   4.4 20.3                                    
                                           80.4  DAM   4200  510               
       10  IPDI   Polyester B                                                  
                            2.00   4.9 19.9                                    
                                           &lt;0.22 MDA   Too Soft                
                                                             Too Soft          
       11  H.sub.6 TDI                                                         
                  Polyester B                                                  
                            2.01   3.6 20.9                                    
                                           0.4   MDA   Too Soft                
                                                             Too Soft          
       12  H.sub.12 MDI                                                        
                  Polyester B                                                  
                            2.00   4.4 20.0                                    
                                           1.8   MDA   3000  700               
       13  IPDI   Polyester B                                                  
                            2.00   4.9 19.8                                    
                                           9.9   H.sub.6 TDA                   
                                                       7000  570               
       14  H.sub.6 TDI                                                         
                  Polyester B                                                  
                            2.01   3.6 19.9                                    
                                           A.sub.3                             
                                                 H.sub.6 TDA                   
                                                       50    400               
       15  H.sub.12 MDI                                                        
                  Polyester B                                                  
                            2.00   4.4 20.6                                    
                                           247.8 H.sub.6 TDA                   
                                                       6000  640               
     __________________________________________________________________________
      .sup.(1) IPDI = 1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl          
      cyclohexane                                                              
      .sup.(2) H.sub.6 TDI = completely hydrogenated tolylene diisocyanate     
      .sup.(3) PPG-1025 and 2025 = a mixture of polyoxypropylene glycols of 102
      and 2025 molecular weight in the mole ratio of 5.8 in the IPDI examples, 
      5.2 in the H.sub.6 TDI examples and 5.7 in the H.sub.12 MDI examples     
      .sup.(4) TEG Polyester = a linear polyester diol prepared by             
      interesterifying adipic acid and triethylene glycol until a hydroxyl     
      number of about 120 is obtained                                          
      .sup.(5) Polyester B = a linear polyester diol prepared by               
      interesterifying adipic acid and ethylene glycol until a hydroxy number o
      about 90 is obtained                                                     
      .sup.(6) H.sub.12 MDA = completely hydrogenated methylene dianiline      
      .sup.(7) DAM = diaminomenthane                                           
      .sup.(8) MDA =methylene dianiline                                        
      .sup.(9) H.sub.6 TDA = completely hydrogenated tolylene diamine i.e.,    
      methylcyclohexyl diamine                                                 
      .sup.(10) H.sub.12 MDI = completely hydrogenated                         
      4,4'-bis(isocyanatophenyl)methane                                        
      .sup.(11) All IPDI and H.sub.6 TDI-derived urea urethanes were formed wit
      the addition of dimethylformamide solvent while the H.sub.12 MDI-derived 
      products were formed with either dimethylformamide, N-methylpyrollidone, 
      isopropanol or their mixtures as a solvent                               
      .sup.(12) IPDA = 1-amino-3-aminomethyl-3,5,5-trimethylcyclohexane        
PAL  The data of the foregoing Table illustrate that the tensile strengths of
      the urea-urethanes made from IPDI and a given polyol and amine as compared
      with similar urea-urethanes made from H.sub.6 TDI, were at least about
      double those of the corresponding H.sub.6 TDI-derived products. In many
      cases, the H.sub.6 TDI-derived products gave such low tensile strength as
      to be virtually worthless as coating compositions, and in some instances
      the coatings were too soft to be useful. The IPDI-derived products also
      exhibited satisfactory elongation along with their high tensile
      characteristics. It should be noted that the urea-urethanes made from
      H.sub.12 MDI exhibit tensile strengths which were less than those shown by
      the foregoing described IPDI-derived urea-urethanes, in spite of the fact
      that H.sub.12 MDI is bicyclic and should therefore give elastomers of
      superior properties as compared with IPDI, a monocyclic aliphatic
      diisocyanate. The urea-urethanes made from cycloaliphatic diisocyanates
      are also advantageous since they exhibit resistance to discoloration upon
      exposure to ultraviolet light and thus urea-urethanes made from IPDI and
      having high tensile strength as illustrated in the above Table, exhibit a
      highly desirable combination of advantageous properties.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A urea-urethane composition of urethane prepolymer of
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl cyclohexane and aliphatic,
      hydroxy-terminated polyester polyol having a molecular weight of at least
      about 500, and a substantially stoichiometric amount of cycloaliphatic
      polyamine, said urethane prepolymer having a free isocyanate content of
      about 1 to 15 weight percent based on urethane solids.
NUM  2.
PAR  2. The composition of claim 1 in which the polyamine is diamine.
NUM  3.
PAR  3. The composition of claim 2 in which the urea-urethane is dissolved in an
      inert solvent.
NUM  4.
PAR  4. The composition of claim 3 in which the free isocyanate group content of
      the urethane prepolymer is about 3 to 7 weight percent.
NUM  5.
PAR  5. The composition of claim 2 in which the diamine is selected from the
      group consisting of di-(amino-cyclohexyl) methane, diaminomethane and
      methylcyclohexyl diamine.
NUM  6.
PAR  6. The composition of claim 2 in which the diamine is
      1-amino-3-aminomethyl-3,5,5-trimethyl cyclohexane.
NUM  7.
PAR  7. The composition of claim 6 in which the urea-urethane is dissolved in an
      inert solvent.
NUM  8.
PAR  8. The composition of claim 3 in which the major portion of the solvent is
      dimethylformamide or N-methyl-2-pyrrolidone.
NUM  9.
PAR  9. The composition of claim 8 in which the urethane prepolymer has a free
      isocyanate group content of about 3 to 7 weight percent.
NUM  10.
PAR  10. A cured film of the composition of claim 1.
NUM  11.
PAR  11. A cured film of the composition of claim 2.
NUM  12.
PAR  12. A cured film of the composition of claim 4.
NUM  13.
PAR  13. A cured film of the composition of claim 5.
NUM  14.
PAR  14. A cured film of the composition of claim 6.
NUM  15.
PAR  15. A cured film of the composition of cliam 9.
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ABST
PAL  Composition and process for certain tris(isopropylphenyl) phosphate esters
      particularly suited for use as polyvinyl chloride plasticizers.
PARN
PAR  This is divisional application of application Ser. No. 404,380, filed Oct.
      9, 1973, now U.S. Pat. No. 3,859,395, patented Jan. 7, 1975.
BSUM
PAR  This invention relates to improved triaryl phosphate esters and methods for
      preparing same. More particularly, this invention relates to an improved
      form of a tris(isopropylphenyl) phosphate prepared from a propylated
      phenol reaction mixture and containing a high proportion of meta- and
      para-monoisopropylphenyl radicals.
PAR  Triaryl phosphate esters have been widely used as plasticizers for
      polyvinyl chloride resins. Compounds such as triphenyl phosphate,
      tricresyl phosphate, cresyl diphenyl phosphate and the like have been used
      for a number of years. Mixed triaryl phosphates such as mixed
      alkylphenyl/phenyl phosphates are also known and are disclosed, for
      example, in U.S. Pat. Nos. 3,553,155, issued Jan. 5, 1971, to Garrett;
      3,071,549, issued Jan. 1, 1963, to Stark; and 3,576,923, issued Apr. 27,
      1971, to Randell et al. However, it is always desirable to provide triaryl
      phosphates which exhibit an improved plasticizing effect and efficiency
      when formulated into polyvinyl chloride resin formulations.
PAR  In accordance with the present invention, there is provided a triaryl
      phosphate ester of the formula (RO).sub.3 PO wherein R represents radicals
      consisting essentially of:
PAR  A. AT LEAST 90% BY WEIGHT MONOISOPROPYLPHENYL RADICALS, WITH THE PROVISO AT
      LEAST 80% BY WEIGHT ARE A MIXTURE OF META- AND PARA-MONOISOPROPYLPHENYL
      RADICALS, THE MIXTURE CONTAINING AT LEAST 50 TO 90% BY WEIGHT
      META-ISOPROPYLPHENYL RADICALS BASED ON THE WEIGHT OF THE MIXTURE;
PAR  B. 0 TO 5% BY WEIGHT PHENYL RADICALS; AND
PAR  C. 5 TO 10% BY WEIGHT OF DI-, OR TRI-ISOPROPYLPHENYL RADICALS.
PAR  Thus, the novel triaryl phosphate esters of the present invention are
      characterized as having only a very small proportion of phenyl radicals
      and a very substantial proportion of meta- and para-monoisopropylphenyl
      radicals. Triaryl phosphate esters heretofore produced by the
      phosphorylation of alkylated, particularly propylated, phenol reaction
      mixtures have generally contained fairly substantial proportions of phenyl
      radicals in the final product. The prior art fails to recognize the
      advantage to be gained by minimizing the presence of phenyl radicals and
      maximizing the presence of meta- or para-monoisopropylphenyl radicals in
      certain relative proportions to each other.
PAR  Nevertheless, it has been found that the novel triaryl phosphate esters of
      the present invention function as excellent plasticizers and are a
      significant improvement in that they provide a combination of properties
      not found in conventional triaryl phosphate esters. The novel phosphate
      esters of the present invention have a plasticizer efficiency which
      compares favorably to the lower molecular weight triaryl phosphates, and,
      importantly, this efficiency is retained after exposure to high
      temperatures. They have an extremely low volatility; they have excellent
      flame-retardant characteristics considering the molecular weight and the
      high proportion of isopropyl groups present; they have a low viscosity,
      and the heat and light stability of polyvinyl chloride compositions
      containing the novel triaryl phosphates is excellent. A surprising and
      advantageous property is that the phosphate plasticizers of the present
      invention are substantially non-migrating when formulated in polyvinyl
      chloride compositions. Migration of phosphate plasticizers onto lacquered,
      varnished or other polymeric surfaces has restricted their utility in some
      applications.
PAR  Moreover, when employed in plastisol formulations, the triaryl phosphates
      of the present invention markedly improve the viscosity stability, and
      such formulations exhibit a gel time of about two hours at 65.degree.C.
      This effect is a major improvement over heretofore used phosphate
      plasticizers for plastisols. It should be also noted that the novel
      triaryl phosphates of the present invention are also suitable for use as
      hydraulic fluids, and in this connection they exhibit improved hydrolytic
      stability and improved compression ignition properties.
PAR  The novel triaryl phosphates of the present invention are preferably
      prepared directly from the reaction mixture produced by partially
      propylating phenol. Generally, the process involves the propylation of
      phenol, the isomerization of the propylate and the phosphorylation of a
      certain distillate fraction obtained from the isomerized propylate.
PAR  The propylation is carried out by the Friedel-Crafts reaction using about
      10 to 40% by weight of propylating agent, based on the weight of phenol,
      and preferably about 20-25% by weight propylating agent is employed. The
      reaction is carried out preferably with propylene, but 2-propyl chloride
      or 2-propanol may also be used in accordance with known techniques, as
      disclosed, for example, in U.S. Pat. No. 3,576,923. The propylation is
      carried out generally between about 130.degree. and 150.degree.C and
      preferably at about 140.degree.C. Conventional Friedel-Crafts catalysts
      may be used. Exemplary are Lewis acids such as aluminum chloride, ferric
      chloride, stannous chloride, zinc chloride, boron trifluoride, titanium
      tetrachloride, as well as Bronsted acids as exemplified by sulfuric acid,
      orthophosphoric acid, p-toluene sulfonic acid, perchloric acid, acid
      treated Montmorillonite clay and other activated clays and earths.
PAR  After the propylation is concluded, the propylated phenol reaction mixture
      is isomerized by heating and stirring in the presence of a small amount of
      Lewis or Bronsted acid catalyst. The same catalysts suitable for the
      alkylation step are suitable in the isomerization step. Preferably, acid
      treated Montmorillonite clay is used in amount between about 1 to 5% by
      weight, based on the weight of the reaction mixture, at a temperature of
      about 160.degree.-200.degree.C, preferably about 180.degree.C, for several
      hours in order to effect isomerization and produce an alkylate having a
      high proportion of monoisopropyl radicals located in the meta- and
      para-positions.
PAR  The isomerized alkylate is then fractionally distilled and only fractions
      boiling between about 220.degree.C and 235.degree.C are collected and
      combined. The combined fractions are then phosphorylated in a conventional
      manner. The preferred phosphorylation catalyst is aluminum chloride, but
      other Lewis acid catalysts are suitable. The preferred phosphorylating
      agent is phosphorus oxychloride, but phosphorus oxybromide or phosphoric
      acid may also be employed. The phosphorylation reaction employs from about
      0.05 to 1.5%, preferably 1%, by weight of phosphorylation catalyst and
      about 2.5 to 3.5 moles of propylated phenol per mole of phosphorylating
      agent. The reaction is carried out at a temperature between about
      100.degree.-200.degree.C, and preferably by slow addition of the
      phosphorylating agent at a temperature of 100.degree.-110.degree.C and
      thereafter increasing the temperature to about 180.degree.-190.degree.C to
      complete the reaction. The phosphate ester product is recovered by
      distilling to obtain a distillate having a boiling point range of
      265.degree.-275.degree.C (4mm/Hg) and the distillation is washed with an
      aqueous alkaline solution and water, and treated with activated carbon and
      clay and thereafter filtered.
PAR  In the final product, the distribution of isopropylphenol and phenyl
      radicals will be such that there are present at least 90% ortho-, meta-
      and para-monoisopropylphenyl radicals and at least 80%, and preferably at
      least 85%, by weight are mixed meta- and para-monoisopropylphenyl
      radicals. There are present 5-10% di- or tri-isopropylphenyl radicals.
      Less than 5%, and preferably less than 1% are phenyl radicals. Most
      preferably, no analyzable (i.e., only traces of) phenyl radicals are
      present.
PAR  The final product contains at least 80% of a mixture of monoisopropylphenyl
      radicals located in the meta- and para- positions. Of these meta- and
      para-isopropylphenyl radicals, at least 50-90% by weight should be
      meta-isopropylphenyl radicals and 50 to 10% are para-isopropylphenyl
      radicals. The preferred distribution in this mixture is 65 to 75% of
      meta-isopropylphenyl radicals and 35 to 25% of para-isopropylphenyl
      radicals.
PAR  Considering the relatively high molecular weight of the phosphate ester
      product produced according to the present invention, it has a number of
      highly desirable properties when formulated into polyvinyl chloride
      compositions. The plasticizer efficiency is unusually good and the
      retention of efficiency (modulus and elongation) after exposure to high
      temperatures is a substantial improvement over most heretofore used
      phosphate plasticizers. The plasticized product has a very low volality
      which is an important property for many plasticizer applications, such as
      in vinyl upholstery for use in automobiles. These properties are
      indicative of improved permanence. Again, considering the presence of a
      relatively large number of isopropyl groups, plasticized polyvinyl
      chloride compositions containing the novel product of the present
      invention, exhibit excellent flame-retardant and improved
      smoke-suppressant qualities.
PAR  The novel triaryl phosphate plasticizers of the present invention exhibit
      an unusual property in that they are substantially non-migrating
      plasticizers. When plasticized polyvinyl chloride compositions are placed
      into contact with other polymeric materials, such as cellulose nitrate or
      acrylic lacquers, migration of the plasticizer onto these surfaces may
      occur. Thus, when plasticized polyvinyl chloride articles contact surfaces
      containing a polymeric coating compatible with the plasticizer, such as
      lacquered automobile or furniture surfaces, the migration phenomenon can
      soften or destroy the surface finish. Migration onto an adhesive surface
      can weaken the adhesive bond; rigid polymers can become brittle and
      cracked as the result of plasticizer migration. It has been generally
      recognized that phosphate plasticizers generally exhibited a more
      pronounced tendency toward migration, particularly onto lacquered
      surfaces, when formulated into polyvinyl chloride compositions. The
      triaryl phosphate plasticizers of the present invention have been found to
      exhibit little or no migration and therefore offer an advantage not
      available in heretofore employed triaryl phosphate plasticizers. Thus,
      they are particularly suitable for use in connection with polyvinyl
      chloride coverings for electrical and telephone wires which frequently
      come into contact with surfaces which can be adversely affected by
      plasticizer migration.
PAR  Plastisol formulations containing the novel triaryl phosphates produced in
      accordance with the present invention are a particularly preferred
      embodiment. Plastisols are dispersions of finely divided "dispersion
      grade" polyvinyl chloride resin in a plasticizer. It has been found that
      plastisol formulations made with the novel products of the present
      invention exhibit a marked improvement with regard to viscosity stability
      and at the same time have a desirable rapid cure rate. Thus, standard
      plastisol formulations (88 phr plasticizer) containing the novel products
      of the present invention exhibit gel times at 65.degree.C of about two
      hours or more. Polyvinyl chloride plastisols containing heretofore known
      phosphate plasticizers have exhibited gel times in the range of about 5 to
      30 minutes at 65.degree.C. Longer gel times, which are a distinct
      advantage, have generally been possible only with compositions containing
      phthalate or adipate plasticizer which lack the desirable flame-retardant
      qualities of phosphates. Plastisols formulated in accordance with the
      present invention will generally contain from about 30 to 150, preferably
      50 to 100, parts of plasticizer per 100 parts of polyvinyl chloride resin.
PAR  The novel phosphate ester plasticizers of the present invention are
      employed in conventional quantities in polyvinyl chloride compositions,
      that is, about 5-150 parts by weight of plasticizer per 100 parts of vinyl
      chloride polymer.
DETD
PAR  The invention is further illustrated by the following examples which are
      not to be considered as limitative of its scope. Parts and percentages are
      by weight and temperatures are in degrees centigrade unless otherwise
      indicated.
PAC  EXAMPLE I
PAR  1000 parts of phenol was propylated with 21% by weight propylene at a
      temperature of 140.degree.C using 75 parts of an activated Montmorillonite
      clay catalyst.
PAR  A 2300 ml portion of the propylate was isomerized by heating with stirring
      at 180.degree.C for 23 hours in the presence of 46 grams of activated
      Montmorillonite clay catalyst. Percent by weight analysis of the propylate
      both before and after isomerization is shown below.
TBL  ______________________________________                                    
                  Before     After                                             
                  Isomerization                                                
                             Isomerization                                     
     ______________________________________                                    
     Phenol         38.0         37.7                                          
     Ortho - IPP*   34.9         9.9                                           
     Meta & Para - IPP                                                         
                    13.7         42.0                                          
     2,6 - DIPP*    4.0          0.1                                           
     2,4 - DIPP     7.3          2.4                                           
     2,5 & 3,5 - DIPP                                                          
                    0.6          7.8                                           
     2,4,6 - TIPP*  1.4          0.1                                           
     2,4,5 - TIPP   0.1          0.0                                           
     ______________________________________                                    
      *IPP, DIPP and TIPP represent, respectively, mono-, di- and tri-isopropyl
      phenol.                                                                  
PAR  The isomerized alkylate was fractionally distilled at atmospheric pressure
      and separated into fractions having analyses shown below.
TBL  ______________________________________                                    
                   Composition, wt. %                                          
     Fraction                             m&p-                                 
     No.    b.p. .degree.C                                                     
                     g       Phenol                                            
                                   o-TPP  IPP   Other                          
     ______________________________________                                    
     1      100-190  585     91     5      4    0                              
     2      190-215  266     77    11     13    0                              
     3      215-220  290     42    22     36    0                              
     4      220-227  319     0     20     78    2                              
     5      228-232  322     0      6     88    6                              
     6      232       86     0      1     80    21                             
     Residue                                                                   
            --       195     0      0     10    90                             
     ______________________________________                                    
PAR  600 grams of the combined fractions 4, 5 and 6 were phosphorylated in the
      presence of 6 grams of AlCl.sub.3 by adding 210 grams of POCl.sub.3 over a
      period of 2 hours at 110.degree.C. The temperature was then slowly raised
      to 180.degree.C over a period of one hour and held at 180.degree.C for an
      additional 21/2 hours. To complete the reaction, 18 more grams of alkylate
      were added and the temperature was raised to 190.degree.C and maintained
      at this temperature for 3 more hours.
PAR  The 681 grams of crude phosphorylation batch was distilled through a packed
      column (diameter of 4 inches) at 4 mm. Hg and 265.degree.-275.degree. C to
      give 590 grams of product. The product was washed successively with equal
      volumes of 2% NaOH solution and water three times at 80.degree.C. The
      washed product was heated to 120.degree.C with 0.5% activated carbon and
      0.5% filter clay and then filtered under vacuum with filter aid. The
      product has the following properties:
TBL  Sp. gr. at 20/20.degree.C                                                 
                      1.090                                                    
     Color, Pt-Co (ASTM D-1209-                                                
     C2)              60                                                       
     Acidity, % as Acetic Acid                                                 
     (ASTM D-1613-61-T)                                                        
                      0.001                                                    
     Viscosity, cs at 100.degree.F                                             
                      45.2                                                     
     Free Phenol, % (ASTM                                                      
     D58-20)          0.05                                                     
PAR  The product was saponified and by analyzing (vapor phase chromatograph) the
      recovered phenols the product was found to have the following composition:
TBL                   Weight Percent                                           
     Phenol             0.0                                                    
     Ortho-IPP          7.7                                                    
     Meta*- & Para*- IPP                                                       
                        85.8                                                   
     2,6 - DIPP         0.0                                                    
     2,4 - DIPP         3.5                                                    
     2,5 & 3,5 - DIPP   3.0                                                    
     2,4,6 - TIPP       0.0                                                    
     2,4,5 - TIPP       0.0                                                    
                        100.0-Total                                            
      *70% meta- isomer, 30% para- isomer.                                     
PAC  EXAMPLE II
PAR  Milled plasticized polyvinyl chloride compositions were prepared using 60
      parts of the phosphate esters listed below, 100 parts of "GEON 101 EP" as
      the general purpose vinyl chloride polymer and 1.5 parts of "Ferro 75-001"
      barium-cadmium stabilizer. The evaluations of the compositions are set
      forth below in Table I. Comparison A is cresyl diphenyl phosphate.
      Comparison B is an isopropylphenyl phosphate prepared by phosphorylating
      the alkylate of Example I before isomerization, the phosphorylation being
      carried out in the same manner as described in Example I. Comparison C is
      tricresyl phosphate.
TBL                Table 1                                                     
     ______________________________________                                    
     Test Method     Phosphate Ester Plasticizer                               
     ______________________________________                                    
                   Comp. Comp.   Comp.   Prod. of                              
                   A     B       C       Ex. 1                                 
     ______________________________________                                    
     Plasticizer Efficiency-                                                   
     ASTM D 416 2T                                                             
     100% Modulus (psi)                                                        
                     1475    1727    1528  1846                                
     100% Modulus (psi)                                                        
     Aged 7 days at 100.degree.C                                               
                     2425    2531    1915  1908                                
     Ultimate Tensile                                                          
     Strength (psi)  2992    2909    2893  2807                                
     Ultimate Elongation                                                       
     (%)             318     318     290   324                                 
     Shore Durometer A                                                         
     Hardness        75      79      72    79                                  
     % Loss, Carbon Vol-                                                       
     atility ASTM D1203-                                                       
     61T             0.80    0.64    0.35  0.18                                
     Flame Retardance-                                                         
     ASTM D-2843                                                               
     Oxygen Index    29.6    29.6    29.9  28.6                                
     Smoke, Max Density                                                        
     (%)             97      95      96    93                                  
     Smoke Density Rating                                                      
     (10 mi.)        82.3    79.2    79.8  76.5                                
     Migration, lacquer                                                        
     mar - ASTM D 2134 66                                                      
     (% Softening)                                                             
     Sward Rocker, 24 hours                                                    
     at 75.degree.C  53      19.4    33.2  0                                   
     Heat Stability*-Color 50                                                  
     (mins.) 17      22      19      25                                        
     Color 500                                                                 
     (mins.) 25      31      27      34                                        
     ______________________________________                                    
      *Samples 1/2" .times. 1" .times. 0.075" thick placed on aluminum plate in
      forced draft oven at 177.degree.C and a sample removed at regular        
      intervals. Time is noted when samples reach A.P.H.A. Pt-Co color number o
      50 and 500.                                                              
PAC  EXAMPLE III
PAR  Comparative properties of these phosphate esters are listed below in Table
      2:
TBL                Table 2                                                     
     ______________________________________                                    
     Phosphate Ester Properties                                                
     ______________________________________                                    
                                   Prod. of                                    
               Comp. A* Comp. B*   Ex. 1                                       
     ______________________________________                                    
     Flash Point, .degree.F                                                    
                 470        470        520                                     
     Fire Point, .degree.F                                                     
                 550        550        630                                     
     Pour Point, .degree.F                                                     
                 -30        -15        -20                                     
     Boiling Range at                                                          
     4 mm Hg, .degree.C                                                        
                 235-255    220-270    265-275                                 
     Vapor Pressure                                                            
     at 150.degree.C                                                           
                 &lt;.02       &lt;.02       &lt;.02                                    
     Vapor Pressure                                                            
     at 200.degree.C                                                           
                 0.70       0.60       .05                                     
     ______________________________________                                    
      *Same as Example II.                                                     
PAC  EXAMPLE IV
PAR  Using a dispersion grade polyvinyl chloride resin, standard plastisol
      compositions were prepared (88 phr of plasticizer, 1.5 phr barium-cadmium
      stabilizer.) Gel times are listed in Table 3 below. It is significant that
      plastisols prepared with the product of this invention exhibit a marked
      improvement in viscosity stability as indicated by the gel time. A General
      Electric gel timer was used and the time required to form a thick semi-gel
      at 65.degree.C is measured and recorded in minutes.
TBL                Table 3 -Plastisol Data                                     
     ______________________________________                                    
     Plasticizer        Gel Time(65.degree.C)                                  
     ______________________________________                                    
     Product of Example I                                                      
                        &gt;120 minutes                                           
     Comparison B*       27 minutes                                            
     Comparison C*        8 minutes                                            
     Comparison A*        5 minutes                                            
     ______________________________________                                    
      *Same plasticizers as used in Example II.                                
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A plasticized polyvinyl chloride composition containing 5 to 150 parts
      by weight of plasticizer per 100 parts of vinyl chloride polymer, wherein
      said plasticizer is a triaryl phosphate ester of the formula (RO).sub.3 PO
      wherein R represents radicals consisting essentially of:
PA1  a. at least 90% by weight monoisopropylphenyl radicals with the proviso
      that at least 80% by weight are a mixture of meta- and para-
      monoisopropylphenyl radicals, said mixture containing at least 50 to 90%
      by weight meta-isopropylphenyl radicals, based on the weight of said
      mixture;
PA1  b. 0 to 5% by weight phenyl radicals; and
PA1  c. 5 to 10% by weight di- or tri-isopropylphenyl radicals.
PATN
WKU  039364119
SRC  5
APN  4064038
APT  1
ART  144
APD  19731015
TTL  Crosslinked polyvinyl chloride film
ISD  19760203
NCL  4
ECL  1
EXA  Michl;
EXP  Schofer; Joseph L.
INVT
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CTY  Plainfield
STA  IL
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COD  02
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XCL  260 316
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PNO  2758104
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UREF
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NAM  Dill
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LREP
FR2  Morris; George D.
ABST
PAL  Coating compositions comprising polyvinyl chloride are prepared by mixing a
      solution of polyvinyl chloride in an active solvent with an acrylic
      mixture and subjecting the mixture to ionizing irradiation. The cured
      films are hard, stain-resistant, heat-resistant, and mar-resistant.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 211,640,
      filed Dec. 23, 1971 now abandoned.
BSUM
PAR  Polymers of vinyl chloride have been used extensively in coating
      compositions and the coatings possess outstanding durability and
      flexibility. Generally, however, the films of these polymers are difficult
      and expensive to apply and, as they are thermoplastic, lack the strength
      of some of the corsslinked films formed from thermosetting resins.
PAR  The polyvinyl chloride films are generally applied as coatings or formed
      into films by either forming a plastisol of the material with a
      plasticizer and subjecting the polymer to high temperatures or by forming
      an organisol. The organisol is formed by adding an active solvent for the
      polyvinyl chloride. As application viscosities are necessarily low, an
      abundance of solvents must be used to cut down the solids content. Also,
      as active solvents with respect to the polyvinyl chloride are quite
      expensive, solvents which are not active with respect to the polymers, but
      which are less expensive, are generally added to the solution to cut down
      the solids content. The organisol, then, is originally a dispersion of
      polymer in active and non-active solvent. The non-active solvent has a
      lower boiling point than the active solvent so that the dispersion is
      applied to a substrate, flashed to a temperature higher than the
      non-active solvent boiling point and lower than that of the active
      solvent, thus forming an organisol of polymer in active solvent on the
      substrate to be coated. This application process requires a baking oven
      and a great deal of solvents. The plastisol requires a plasticizer and the
      use of very high temperatures. Thus, both of these processea are expensive
      and result in thermoplastic films and coatings which are not crosslinked.
PAR  It has now been discovered that outstanding films and coating compositions
      are obtained by combining solutions of polyvinyl chloride in active
      solvents with certain acrylic monomers. The coating compositions may then
      be subjected to ionizing irradiation to form thermosetting crosslinked
      coatings and films. Coatings formed from the compositions of this
      invention possess excellent appearance, impact-resistance, mar-resistance,
      stain-resistance, and are flexible.
PAR  The uses of the composition are many and varied due to the numerous
      excellent qualities of the resulting coatings. For example, they can be
      used as interior coatings for drums, pipes, and the like, as well as
      exterior finishes on metal surfaces such as aluminum or galvanized steel
      siding. They can also be used as table top coatings, refrigerator interior
      coatings and as coatings for many other articles.
PAR  The composition used to form the coating comprises (a) a solution of vinyl
      chloride polymer in a solvent for the polymer, and (b) a specific type of
      acrylic monomer.
PAR  The vinyl chloride polymer is a polymer containing at least about 90
      percent by weight of polyvinyl chloride and preferably is the homopolymer
      of vinyl chloride. Suitable copolymers will include vinyl chloride-vinyl
      acetate, vinyl chloride-vinylidene chloride and the like.
PAR  The vinyl chloride polymer is put into solution with an active solvent for
      the polymer. Examples of active solvents for polyvinyl chloride are
      dimethylacetamide, tetrahydrofuran, morpholine, benzaldehyde,
      cyclohexanone, and the like. The solution should comprise from about 10
      percent to about 30 percent by weight of vinyl chloride polymer. Generally
      it is preferred to use a solution of about 20 percent by weight of the
      vinyl chloride polymer with the remainder being a solvent such as
      dimethylacetamide.
PAR  The above solution is then combined with an acrylic mixture. The acrylic
      mixture is described in copending application Ser. No. 841,152 filed July
      11, 1969, now abandoned.
PAR  The acrylic mixture is a mixture of acrylic hexahydrophthalate compounds
      having the formula:
      ##SPC1##
PAL  wherein n = 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 and perhaps trace amounts
      of compounds having values of n greater than 10. Relative amounts of each
      component may be estimated by graphical resolution of the gel phase
      chromatography curve of the reaction mixture, but the process is made
      difficult by differing refractive indices of the components of the mixture
      and by the overlapping of the peaks in the GPC curve due to inadequate
      resolution. However, it is believed that the mixture comprises from about
      1 percent to about 20 percent by weight of the compound where n = 1, from
      about 5 percent to about 12 percent by weight of the compound where n = 0,
      from about 15 percent to about 25 percent by weight of the compound where
      n = 2 and from about 15 percent to about 25 percent by weight of the
      compound where n = 3, and from about 40 percent to about 55 percent by
      weight of compounds where n = 4 to 10. There are trace amounts of
      compounds present where n is greater than 10.
PAR  Methods of forming the acrylic mixtures are described in copending
      application Ser. No. 841,152 filed July 11, 1969.
PAR  The acrylic monomers may be mixed with the solution of the polymer in any
      manner.
PAR  The coating composition comprises at least about 20 percent by weight of
      the solution of vinyl chloride polymer and from about 5 to about 80
      percent by weight of the acrylic monomer. Normally only small amounts of
      the acrylic mixture need be added to the solution of vinyl chloride
      polymer to achieve the desired composition. The preferred coating
      composition comprises 16 percent by weight of the acrylic monomer mixture
      with the remainder being the solution of vinyl chloride polymer.
PAR  The coating compositions may also include various plasticizers, fillers,
      additives, and the like. The coatings may be formed by applying the
      composition onto a substrate by any conventional coating means such as
      roller coating, curtain coating, brushing, spraying, etc.
PAR  The coating compositions may be applied to any substrate such as wood,
      metal, plastic, etc. The coating is then dried either by air drying or
      baking in an oven at low temperatures.
PAR  The novel coating compositions of this invention are highly sensitive to
      ionizing irradiation and the coatings can be cured to hard,
      stain-resistant, mar-resistant, and weather-resistant films by subjecting
      them to ionizing irradiation.
PAR  The term "irradiation," as used herein, means high energy radiation and/or
      the secondary energies resulting from conversion of electrons or other
      particle energy to X-rays or gamma radiation. While various types of
      irradiation are suitable for this purpose, such as X-ray and gamma rays,
      the radiation produced by accelerated high energy electrons has been found
      to be very conveniently and economically applicable and to give very
      satisfactory results. However, regardless of the type of radiation and the
      type of equipment used for its generation or application, the use thereof
      in the practice of the invention as described herein is contemplated as
      falling within the scope of this invention so long as the ionization
      radiation is equivalent to at least about 100,000 electron volts.
PAR  While there is no upper limit to the electron energy that can be so applied
      advantageously, the effects desired in the practice of this invention can
      be accomplished without having to go to above about 20,000,000 electron
      volts. Generally the higher the electron energy used, the greater is the
      depth of penetration into the massive structure of the materials to be
      treated. For other types of radiation, such as gamma and X-rays, energy
      systems equivalent to the above range of electron volts are desirable.
PAR  It is intended that the term "irradiation" include what has been referred
      to in the prior art as "ionizing radiation" which has been defined as
      radiation possessing an energy at least sufficient to product ions or to
      break chemical bonds and thus includes also radiations such as "ionizing
      particle radiation" as well as radiations of the type termed "ionizing
      electromagnetic radiation."
PAR  The term "ionizing particle radiation" has been used to designate the
      emission of electrons or highly accelerated nuclear particles such as
      protons, neutrons, alpha-particles, deuterons, betaparticles, or their
      analogs, directed in such a way that the particle is projected into the
      mass to be irradiated. Charged particles can be accelerated by the aid of
      voltage gradients by such devices as accelerators with resonance chambers,
      Van der Graaff generators, betatrons, synchrotrons, cyclotrons, etc.
      Neutron radiation can be produced by bombarding a selected light metal
      such as beryllium with positive particles of high energy. Particle
      radiation can also be obtained by the use of an atomic pile, radioactive
      isotopes or other natural or synthetic radioactive materials.
PAR  "Ionizing electromagnetic irradiation" is produced when a metallic target,
      such as tungsten, is bombarded with electrons of suitable energy. This
      energy is conferred to the electrons by potential accelerators of over 0.1
      million electron volts (mev.). In addition to irradiation of this type,
      commonly called X-ray, an ionizing electromagnetic irradiation suitable
      for the practice of this invention can be obtained by means of a nuclear
      reactor (pile) or by the use of natural or synthetic radioactive material,
      for example, cobalt 60
PAR  Various types of high power electron linear accelerators are commercially
      available, for example, the ARCO type travelling wave accelerator, model
      Mark I, operating at 3 to 10 million electron volts, such as supplied by
      High Voltage Engineering Corporation, Burlington, Massachusetts, or other
      types of accelerators as described in U.S. Pat. No. 2,763,609 and in
      British Pat. No. 762,953 are satisfactory for the practice of this
      invention.
PAR  The coatings will cure acceptably using any total dosage between about 0.2
      megarad and about 50 megarads. A "rad" is defined as that amount of
      radiation required to supply 100 ergs per gram of material being treated
      and a "megarad" is 10.sup.6 rads. The total dosage is the total amount of
      irradiation received by the coating. The preferrable total dosage used is
      from about 0.5 megarad to about 1 megarads.
DETD
PAR  The following Example sets forth specific embodiments of the instant
      invention, however the invention is not to be construed as being limited
      to these embodiments for there are, of course, numerous possible
      variations and modifications. All parts and percentages in the Example as
      well as throughout the specification are by weight unless otherwise
      indicated.
PAC  EXAMPLE 1
PAR  A coating composition was formed by adding 15 parts of a mixture of acrylic
      hexahydrophthalate compounds having the formula:
      ##SPC2##
PAL  wherein n = 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 to 25 parts of a 20 percent
      by weight solution of polyvinyl chloride (QYNV) in a 90 percent
      dimethylacetamide, 10 percent methyl ethyl ketone blend and mixing.
PAR  A glass substrate was coated with 3 mils of the above coating composition
      and air dried. The coating was then subjected to electron beam impingement
      at an accelerating potential of 400 kilovolts and a tube current of 14
      milliamps. The coating received a total dosage of 5 megarads. The
      resulting coating was crosslinked and found to have excellent mar
      resistance and stain resistance.
PAR  The heat resistance of the above composition was further tested by
      irradiating with a total dosage of 5 megarads to form a folm and taping
      the film on an aluminum panel and insertng in an oven at 600.degree.f. for
      a short time. The film was unaffected by the heat resistance test. This
      was compared with films formed from polyvinyl fluoride with and without
      the acrylic mixture without irradiation and a film formed from polyvinyl
      chloride with the acrylic mixture but without irradiation. The latter
      three films decomposed when inserted in the oven at 600.degree.F. and
      melted and turned brown.
PAR  According to the provisions of the patent statutes there is described above
      the invention and what are now considered to be its best embodiments.
      However, within the scope of the appended claims, it is to be understood
      that the invention can be practiced otherwise than as specifically
      described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A coating composition curable by ionizing irradiation consisting
      essentially of
PA1  a. at least about 20 percent by weight of a solution of a chloride polymer
      in an active solvent for said polymer, wherein
PA2  (1) said polymer contains at least about 90 percent by weight of chloride,
      and
PA2  (2) said solution comprises from about 10 percent to about 30 percent by
      weight of said polymer and
PA1  b. from about 5 percent to about 80 percent by weight of a mixture of
      acrylic hexahydrophthlate compounds wherein
PA2  (1) each of said acrylic hexahydrophthalate compounds has the formula
      ##SPC3##
PA2  wherein n is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10, and
PA2  (2) said mixture contains said acrylic hexahydrophthalate compounds having
      said formula wherein n is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10.
NUM  2.
PAR  2. The coating composition of claim 1 wherein said vinyl chloride polymer
      is the homopolymer of vinyl chloride.
NUM  3.
PAR  3. The coating composition of claim 1 wherein the mixture of acrylic
      hexahydrophthalate compounds comprises from about one percent to about 20
      percent by weight of compounds having the formula wherein n = 1; about 5
      percent to about 12 percent by weight of compounds having the formula
      wherein n = 0; about 15 percent to about 25 percent by weight of compounds
      having the formula wherein n = 2; and about 15 percent to about 25 percent
      by weight of compounds having the formula wherein n = 3, and about 40
      percent to about 55 percent by weight of compounds having the formula
      wherein n is from 4 to 10.
NUM  4.
PAR  4. The coating composition of claim 1 wherein the active solvent is
      dimethylacetamide.
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ABST
PAL  Improved thermosetting sealing materials, for example polyurethane or
      polysulphide compositions which can be cured in a high frequency
      alternating electric field, are described which contain electrically
      non-conducting pigments and/or filler whose dielectric constant exceeds
      200.
BSUM
PAR  The invention realtes to plastic or shaped materials which accompanied by
      heating in accelerated manner cross-link to give an elastic, elastoplastic
      or plastoelastic seal and thereby virtually reach their final state.
PAR  At present mainly self-curing sealing materials are used which are cured in
      situ at ambient temperature. The curing times are, however, relatively
      long which assumes great importance in continuous working methods. The
      curing time could be reduced by heating but hitherto such methods have
      rarely been used because with external heating by thermal radiation the
      substrate is also heated. This leads not only to considerable heat and
      time losses but also in the case of heat-sensitive substrates e.g.
      thermoplastics it can cause damage to the substrate.
PAR  It is in fact already known to heat plastics and more particularly sealing
      materials in such a way that an alternating magnetic or electric field is
      used in place of conventional thermal radiation. In the case of so-called
      inductive heating the alternating magnetic field induces eddy currents in
      an electrically conducting or ferromagnetic substrate leading to heating.
      In the thermosetting of sealing materials this effect can be utilized in
      that the sealing material is either applied to a metal substrate or
      alternatively ferromagnetic or electrically conducting particles are added
      to the sealing material itself. Both methods have been described in the
      prior art, for example in British Patent No. 1,196,543 and German Pat.
      Nos. 1,906,003 and 1,906,004.
PAR  However, the use of capacitive high frequency heating (or also dielectric
      heating) for curing conventional sealing materials is limited to cases
      where the sealing material contains sufficient polar compounds, whose
      reorientation in the alternating fields leads to the heating of the
      material. Capacitive high frequency heating is in fact already used for
      heating materials which are either non-conducting or have only a poor
      conductivity. Examples are to be found in wood drying plants, in the
      medical field for treating rheumatic illnesses (diathermia) and in the
      home where microwave ovens are becoming increasingly important, because
      foodstuffs with a protein and carbohydrate base are heated relatively
      quickly and in the high frequency field cook through due to the relatively
      high dipole moments. However, hitherto high frequency heating has not been
      used for curing sealing materials.
PAR  The objective of the present invention is to develop thermosetting sealing
      materials which can be cured by high frequency heating within a very short
      time. It has been found that this objective can be attained by adding to
      the sealing materials certain electrically non-conducting pigments and/or
      fillers whose dielectric constant is above a specified minimum value.
PAR  In the present invention, thermosetting sealing materials are prepared
      containing pigments and/or fillers which are characterized in that for
      curing in the high frequency alternating electric field they contain
      electrically non-conducting pigments and/or fillers whose dielectric
      constant .epsilon. exceeds 200, in addition to any conventional pigments
      and/or fillers which may be present. The dielectric constant is preferably
      between 1,000 and 20,000.
PAR  Particularly preferred fillers and/or pigments within the scope of the
      present invention are titanates, zirconates and stannates of the alkaline
      earth metals barium, strontium, calcium and magnesium as well as lead.
      More particularly suitable are barium titantate BaTiO.sub.3 and mixed
      sintered products with BaTiO.sub.3 as the main component, which may also
      contain SrTiO.sub.3 and other oxides such as SiO.sub.2 and MnO.sub.2 in
      small quantities.
PAR  According to the invention the content of such pigments and/or fillers with
      a high dielectric constant is 0.1 to 20, preferably 0.5 to 10 and in
      particular 1 to 4 percent by weight, based on the total sealing material.
PAR  The sealing materials according to the invention are so-called
      thermosetting resinous sealing materials, which on heating are hardened or
      cross-linked in an accelerated manner. Examples of preferred sealing
      materials are two component polyurethane or polysulphide sealing
      materials. However, it is also possible to use sealing materials with a
      silicone or epoxide base. Plastic sealing materials which cross-link at
      higher temperatures can also be used.
PAR  The sealing materials contain the conventional additives such as e.g.
      hardeners, stabilizers, fillers and pigments. The fillers and/or pigments
      with high .epsilon. -values above 200 which according to the invention are
      contained by the sealing materials can therefore either be the only
      fillers in the sealing material or they can be used with conventional
      fillers such as chalk, barite, carbon black, titanium dioxide and the
      like.
PAR  According to the invention thermosetting in the high frequency alternating
      electric field can be further accelerated in that in preparing the sealing
      materials polymers and/or cross-linking agents are used wherein the
      product of dielectric constant .epsilon. and loss factor tan .delta. is as
      large as possible. The same selection principles also apply to the
      optionally used plasticizers and other adjuvants e.g. stabilizers.
      However, limits are placed on this by the required mechanical and chemical
      properties of the sealing materials, whereby in addition it must be
      remembered that the dipole moments of organic compounds never reach high
      values similar to those of the pigments and fillers used according to the
      invention.
PAR  The success of the invention is based on the fact that alternating electric
      fields in polar substances synchronous with the frequency bring about a
      continuous reversal of polarity of the elementary particles. The amounts
      of energy liberated in the form of heat by this reversal of polarity is
      called the dielectric loss. The size of the loss is dependent on the
      voltage U, frequency f, capacitance C which is in turn proportional to the
      dielectric constant .epsilon. and the dielectric loss factor tan .delta.,
      whereby .delta. is the so-called loss angle. The size of the power loss
      P.sub.V as the cause of heating is obtained from the equation
EQU  P.sub.V = U.sup.2 . 2.pi. f .sup.. C .sup.. tan .delta.
PAL  whereby the dielectric constant .epsilon., which also determines the size
      of the capacitance C, and tan .delta. are dependent both on the frequency
      f and the termperature.
PAR  Whereby the voltage U, frequency f and electrode spacing are parameters of
      the h.f. generator, the dielectric constant .epsilon. and loss factor tan
      .delta. are properties of the particular material to be heated.
PAR  According to the invention the dielectric constant .epsilon. and loss
      factor tan .delta. are raised considerably compared with known sealing
      materials. This is brought about by:
PA1  1. Adding fillers with a maximum dielectric constant .epsilon.
PA1  2. Using basic polymers, hardeners and plasticizers wherein .epsilon. and
      tan .delta. are as high as possible.
PAR  The dielectric constants of conventional basic polymers are between 2 and
      10 with a measuring frequency of 10.sup.6. Certain strongly polar
      compounds which can in certain cases be used as additives e.g. ethylene
      glycol or glycerin have dielectric constants of 40 to 50.
PAR  The dielectric constants of conventional inorganic fillers e.g. calcium
      carbonate, aluminium oxide and titanium oxide are about 5 to 100 for the
      same measuring frequencies. The preferred inorganic compounds acccording
      to the invention, however, have dielectric constants of well over 200. The
      dielectric constant of barium titanate, produced industrially as a
      starting material for special ceramics reaches values of approximately
      1,200 to 1,800. Special sintered products, partly produced from
      complicated mixtures of BaTiO.sub.3 and SrTiO.sub.3 with additions of
      other metal oxides have .epsilon. values up to 17,000.
PAR  Through usng the sealing materials according to the invention with high
      .epsilon. and tan .delta. values considerable advantages are obtained for
      accelerated curing in the high frequency electric field. For a
      predetermined frequency of the h.f. generator the necessary power loss
      P.sub.v can be reached at a lower voltage U which leads to economies in
      the insulation of the h.f. installation. However, if the voltage remains
      unchanged the time required for heating to a particular temperature is
      considerably reduced, so that simultaneously the cross-linking time is
      reduced. This greatly increases the production rate. Therefore
      manufacturing processes in which such h.f. sealing materials are used can
      be performed much more rationally.
DETD
PAR  The following examples serve to further explain the invention.
PAC  EXAMPLE I
PAR  Using the following formulation three test samples of a pourable two
      component polyurethane sealing material (grey color) were produced in a
      ratio A : B of 2 : 1 and are cured to 10 .times. 17 .times. 90 mm blocks.
TBL  __________________________________________________________________________
     Component A       % by weight                                             
                              Component B                                      
     __________________________________________________________________________
     Short-chained polyether  High-molecular weight                            
     alcohol (Desmophen 25OU)                                                  
                       2 - 8  Polyisocyanate                                   
                              (Desmodur E 14)                                  
     Phenol and cresol alkyl                                                   
     sulphonates (Mesamoll)                                                    
                       25 - 35                                                 
     Aralkylated phenol mixture for                                            
     protection against ageing (KSM)                                           
                       0.1 - 1                                                 
     Lead-2-n-ethylhexanoate                                                   
     (Octasoligen)     0.4 - 1.8                                               
     Chalk             40 - 50                                                 
     Barite            10 - 20                                                 
     Titanium dioxide  1- 5                                                    
     Carbon black      0.02 - 2                                                
     Barium titanate   0.1 - 4                                                 
     __________________________________________________________________________
PAR  The samples contained 0% by weight, 1% by weight and 4% by weight of
      BaTiO.sub.3 (dielectric constant .epsilon. = approx. 1,700). They were
      heated between the plate electrodes of a capacitively heating h.f.
      installation. The temperature (maximum of the temperature curve) was
      measured with a thermistor after a 10 sec. heating period.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                          Plate                                                
     Test Samples                                                              
               Voltage                                                         
                    Frequency                                                  
                          Spacing                                              
                               Time  Temperature                               
     __________________________________________________________________________
     2 comp. PU block                                                          
               3 kV 27 MHz                                                     
                          21 mm                                                
                               10 sec.                                         
                                     65.degree.C                               
     without BaTiO.sub.3                                                       
     2 comp. PU block                                                          
               3 kV 27 MHz                                                     
                          21 mm                                                
                               10 sec.                                         
                                     83.degree.C                               
     with 1% BaTiO.sub.3                                                       
     2 comp. PU block                                                          
               3 kV 27 MHz                                                     
                          21 mm                                                
                               10 sec.                                         
                                     88.degree.C                               
     with 4% BaTiO.sub.3                                                       
     __________________________________________________________________________
PAC  EXAMPLE II
PAR  The mixed liquid components A and B of the polyurethane sealing material of
      Example 1 with 0, 1 and 4% by weight of BaTiO.sub.3 were placed in a h.f.
      installation and both the heating and the necessary curing time were
      measured.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                           Plate                                               
     Test samples                                                              
                Voltage                                                        
                     Frequency                                                 
                           Spacing                                             
                                Time  Temperature                              
     __________________________________________________________________________
     Liquid mixture with                                                       
                3 kV 27 MHz                                                    
                           23 mm                                               
                                25 sec.                                        
                                      63.degree.C                              
     O% of BaTiO.sub.3 in                                                      
     comp. A                                                                   
     With 1% of BaTiO.sub.3                                                    
                3 kV 27 MHz                                                    
                           23 mm                                               
                                8 sec 62.degree.C                              
     in comp. A                                                                
     With 4% of BaTiO.sub.3                                                    
                3 kV 27 MHz                                                    
                           23 mm                                               
                                 9 sec.                                        
                                      79.degree.C                              
     in comp. A                                                                
     __________________________________________________________________________
PAC  EXAMPLE III
PAR  Three mixtures of components A and B of the PU sealing material of Example
      1 with 0, 1 and 4% of BaTiO.sub.3 in component A in production tests were
      cured in a h.f. production installation and the production conditions
      determined:
TBL                                    TABLE 3                                 
     __________________________________________________________________________
                           Electrode                                           
                                 Transit                                       
     Test samples                                                              
                Voltage                                                        
                     Frequency                                                 
                           Length                                              
                                 Time  Curing                                  
     __________________________________________________________________________
     With 0% of BaTiO.sub.3                                                    
                5 kV 27 MHz                                                    
                           250   1'10" slightly                                
     in comp. A                        tacky                                   
     With 1% of BaTiO.sub.3                                                    
                45 kV                                                          
                     27 MHz                                                    
                           250   50"   not                                     
     in comp. A                        tacky                                   
     With 4% of BaTiO.sub.3                                                    
                4 kV 27 MHz                                                    
                           250   45"   not                                     
     in comp. A                        tacky                                   
     __________________________________________________________________________
PAC  EXAMPLE IV
PAR  Using the following formulation a smoothable two component polysulphide
      sealing material was produced. Components A and B were mixed in the ratio
      10 : 1 and coated onto polyethylene cups. These samples were then
      capacitively heated between the electrodes of the h.f. installation under
      the following conditions.
TBL  ______________________________________                                    
                   % by                  % by                                  
     Component A   weight    Component B weight                                
     ______________________________________                                    
     Liquid polysulphide                                                       
                   35 - 48   MnO.sub.2   20 - 30                               
     polymer (thiocol)                                                         
     Phthalate softener                                                        
                   3 - 10    PbO.sub.2    2 - 10                               
     Thixotropitishing                                                         
                   4 - 10    Phthalate   40 - 50                               
     paste                   softener                                          
     Titanium dioxide                                                          
                   8 - 12    Carbon Black                                      
                                         0.5- 2                                
     Chalk         18 - 26   Chalk       15 - 25                               
     Aluminium silicate                                                        
                   8 - 15                                                      
     Pyrogenic silicic acid                                                    
                   0.4 - 1.5                                                   
     Adhesion promotor                                                         
                   0.1 - 2                                                     
     Barium Titanate                                                           
                   4                                                           
     ______________________________________                                    
PAR  The results obtained are given in Table 4.
TBL                                    TABLE 4                                 
     __________________________________________________________________________
                     Without                                                   
                            Without                                            
                                  With h.f.                                    
                                        With 4%                                
                     h.f. heating                                              
                            BaTiO.sub.3                                        
                                  heating                                      
                                        BaTiO.sub.3                            
     __________________________________________________________________________
     Voltage                 3 kV  3 kV  3 kV  3 kV                            
     Frequency              27 MHz                                             
                                  27 MHz                                       
                                        27 MHz                                 
                                              27 MHz                           
     Electrode spacing      25 mm 25 mm 20 mm 20 mm                            
     Time                   12 sec.                                            
                                  12 sec.                                      
                                        12 sec.                                
                                              20 sec.                          
     Temperature 1   23.degree.C                                               
                            33.degree.C                                        
                                  31.5.degree.C                                
                                        33.degree.C                            
                                              33.degree.C                      
     Temperature 2   23.degree.C                                               
                            44.degree.C                                        
                                  49.degree.C                                  
                                        61.degree.C                            
                                              83.degree.C                      
     Temperature difference                                                    
                     --     11.degree.C                                        
                                  17.5.degree.C                                
                                        28.degree.C                            
                                              50.degree.C                      
     Surface not tacky                                                         
                     6-8 h  95'   60'   40'    6'                              
     Shore A hardness after 3 h                                                
                            12.degree.                                         
                                  18.degree.                                   
                                        25.degree.                             
                                              26.degree.                       
     Shore A hardness after 6 h                                                
                            29.degree.                                         
                                  37.degree.                                   
                                        36.degree.                             
                                              36.degree.                       
     Shore A hardness after 18 h                                               
                     28.degree.                                                
     __________________________________________________________________________
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A thermosetting sealing composition especially adapted for curing in a
      high frequency alternating electric field, said composition comprising a
      thermosetting resinous sealant to which has been added electrically
      nonconducting pigments and/or fillers whose dielectric constant .epsilon.
      exceeds 200 in an amount sufficient to accelerate the thermosetting of
      said resinous sealant.
NUM  2.
PAR  2. The sealing composition of claim 1 wherein the amount of said
      non-conducting pigment and/or filler having said dielectric constant
      exceeding 200 present is from 0.1 to 20 percent by weight of the
      composition.
NUM  3.
PAR  3. The sealing composition of claim 1 wherein said dielectric constant is
      between 1000 and 20,000.
NUM  4.
PAR  4. The sealing composition of claim 1, having in addition to said filler
      and/or pigment having said dielectric constant above 200, fillers and/or
      pigments whose dielectric constant is less than 200.
NUM  5.
PAR  5. The sealing composition of claim 1 wherein said filler and/or pigment is
      BaTiO.sub.3 or a mixed sintered product containing BaTiO.sub.3 as the main
      component.
NUM  6.
PAR  6. The sealing composition of claim 4 wherein said thermosetting resin has
      dielectric constant and tan .delta. values as high as possible.
NUM  7.
PAR  7. The sealing composition of claim 4 additionally containing cross-linking
      agents and/or plasticizers and/or stabilizers whose dielectric constant
      and tan .delta. values are as high as possible.
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ABST
PAL  Glass reinforced thermoplastic molding material pigmented with inorganic
      pigments and characterized by improved mechanical properties. Molding
      material according to the invention contains a pigment having a Mohs
      hardness of less than 5.
BSUM
PAR  The invention relates to pigmented thermoplastic molding material
      reinforced with glass fibers which has improved mechanical properties.
PAR  Thermoplastics reinforced with glass fibers have certain advantages over
      thermoplastics which have not been reinforced which make them of great
      importance among plastics materials, particularly for injection molding.
      They have better mechanical properties and particularly better tensile and
      heat distortion strengths and a higher modulus of elasticity.
PAR  For a long time it has been known that glass reinforced thermoplastics
      which have been pigmented with inorganic pigments, as for example titanium
      dioxide, have much inferior mechanical properties to comparable materials
      without pigment. The effect of reinforcement resulting from the glass
      fibers is partly counteracted in this way. Impact strength which is
      usually low in the case of glass reinforced thermoplastics is further
      impaired.
PAR  Inorganic pigments generally have considerable advantages over organic dyes
      and pigments. They have high thermal stability and withstand the
      temperatures required for extrusion or injection molding of glass
      reinforced thermoplastics which are far above the temperatures required
      for processing nonreinforced materials, particularly when the content of
      glass fibers is high. For example anthraquinone dyes decompose when
      incorporated into polyamides. Moreover it is only the inorganic white
      pigments which have the high refractive index which ensures good
      scattering of light and a high brightening power. It is for this reason
      that most recipes prefer titanium dioxide as a white pigment.
PAR  It is an object of the present invention to provide glass reinforced
      thermoplastic molding materials pigmented with an inorganic pigment which
      are devoid of the abovementioned disadvantages and which therefore are
      distinguished by good tinctorial characteristics and good mechanical
      properties such as tensile strength and impact strength.
PAR  We have found that surprisingly this object may be achieved with a molding
      material reinforced with glass fibers and pigmented with an inorganic
      pigment which in accordance with the invention contains an inorganic
      pigment having a Mohs hardness of less than 5 and preferably less than 4.
PAR  This molding materials has considerably better tensile strength and impact
      strength than for example glass reinforced thermoplastic molding material
      pigmented with titanium dioxide.
PAR  Colored metal salts and minerals and white metal salts and minerals which
      have an adequately high refractive index to the plastics are included
      among inorganic pigments for the purposes of the present invention. An
      example of a particularly suitable white pigment is zinc sulfide of the
      sphalerite or wurtzite structure. Good coloring properties and hiding
      power are achieved with finely divided pigments. Pigments with a sieve
      residue (test sieve cloth 0.04 according to DIN No. 4188) of less than
      0.01% according to DIN No. 55,580 are preferred. The pigments may also
      have undergone a surface treatment which improves for example the
      dispersibility in the plastics.
PAR  All plastics capable of being processed under the action of heat, as for
      example polyamides, polyesters (particularly those of terephthalic acid),
      styrene polymers (including those which have had impact strength
      modification), polyoxymethylenes, polyolefins, polyvinyl chloride and the
      like, and their copolymers and mixtures of polymers are included among
      thermoplastics for the purposes of the invention. In addition to the glass
      fibers used as reinforcement material they may contain other fillers as
      for example glass spheres, mineral fillers such as chalk, mica, talc and
      the like and if desired processing aids, stabilizers, organic pigments and
      dyes.
PAR  All processes which are suitable for the production of pigmented glass
      fiber reinforced thermoplastics are usable for the production of molding
      material according to the invention. The production may be carried out in
      any suitable kneading equipment, the thermoplastics being melted and mixed
      with the glass fibers, pigments, fillers and other additives. The
      proportion of glass fibers may be within the range from 10 to 60% by
      weight. The pigments used according to the invention may also be used in
      the form of a masterbatch. They may also be tumbled with the plastics
      prior to the production of the mixture or may be added later for example
      during injection molding.
DETD
PAR  The following Examples illustrate the invention.
PAC  EXAMPLE 1
PAR  a. 65 parts of polycaprolactam having a relative viscosity (measured as a
      1% solution in concentrated sulfuric acid) of 2.91 is mixed with 1 part of
      a titanium dioxide having rutile structure (Mohs hardness from 6.5 to 7)
      in a fluid mixer and then melted in an extruder ZSK (Werner & Pfleiderer).
      Downstream of the melting zone 35 parts of glass fibers are introduced
      through an opening; the glass fibers have been provided with a size
      suitable for polyamides.
PAR  b. The experiment (a) is repeated but 2 parts of a zinc sulfide having
      wurtzite structure (Mohs hardness 3.5) is used instead of titanium
      dioxide.
PAR  The extrudate in each case is cooled and granulated. The granules are used
      to injection mold specimens which are used to measure the mechanical data
      given in Table 1. The moldings are tested dry in the freshly injection
      molded condition.
TBL                Table 1                                                     
     ______________________________________                                    
     Experiment           (a)         (b)                                      
     ______________________________________                                    
     tensile strength (DIN 53,455)                                             
     in kg/cm.sup.2       1,425       1,740                                    
     impact strength (DIN 53,453)                                              
     in cmkg/cm.sup.2     34          49                                       
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  A polybutylene terephthalate having a glass fiber content of 30% by weight
      is prepared by the methods described in Example 1. In case 2(a) 0.8% of
      titanium dioxide of rutile structure (Mohs hardness from 6.0 to 6.5) and
      in the case 2(b) 1.0% of a zinc sulfide pigment (Mohs hardness 3.5) is
      incorporated. Standard specimen bars which have been injected molded are
      measured in respect of their mechanical values given in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Example              2 (a)      2 (b)                                     
     ______________________________________                                    
     Addition             0.8% TiO.sub.2                                       
                                     1.0% ZnS                                  
     Tensile strength kg/cm.sup.2                                              
     (DIN 53,455)         1,047      1,250                                     
     Impact strength cmkg/cm.sup.2                                             
     (DIN 53,453)          23.0       30.0                                     
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  In the manner described in Example 2 mixtures of polybutylene terephthalate
      and glass fibers are prepared and in addition to the white pigment an
      organic dye having phthalocyanine structure is incorporated. Products
      colored for example blue or green are obtained. Practically identical
      mechanical data are measured on these mixtures as on the samples of
      Example 2.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Thermoplastic molding material which comprises a mixture of
PA1  a. a plastic selected from the group consisting of polyamide and
      polybutylene terephthalate; and
PA1  b. from 10 to 60% by weight based on the weight of the molding material of
      glass fibers, said mixture further containing a pigmenting amount of
PA1  c. zinc sulfide the amount of said zinc sulfide being from 1 to 2% by
      weight, based on the weight of the thermoplastic material.
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ABST
PAL  This specification discloses that certain polychlorinated or polybrominated
      aromatic hydrocarbon compounds can be incorporated in thermosetting
      polymer compositions to make the thermosetting compositions flame
      retardant without injuring the desirable physical and electrical
      properties of the thermosetting compositions when in the thermoset state.
      These polyhalogenated aromatic hydrocarbons are apparently caused to react
      into the thermosetting composition, provided there is a minimum of 1 mol
      of a polyunsaturated monomer containing carbon to carbon unsaturation for
      each 3 mols of polychlorinated aromatic hydrocarbons. The thermosetting
      compositions generally contain a polyunsaturated monomer, a
      polyunsaturated polymer with carbon to carbon double bond unsaturation or
      a polyphenylene ether polymer which may be used in place of some or all of
      the polyunsaturated polymer, and a polyhalogenated aromatic hydrocarbon,
      containing at least 50% by weight combined chlorine or bromine and whose
      molecular weight is greater than 200. These thermosetting compositions can
      be heat cured or thermoset by a free radical initiator at a temperature of
      at least 130.degree.C, and can contain pigments, reinforcing fibers,
      release agents, coupling agents, and other incidental amounts of additives
      commonly used in thermosetting resin compositions.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of U.S. patent application Ser.
      No. 837,911, filed June 30, 1969, entitled "Flame-Retardant Resin
      Compositions", now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  This invention relates to thermosetting polymerizable compositions and
      particularly to flame-retardant thermosetting molding compositions.
PAR  B. Description of the of the Prior Art
PAR  Thermosetting polymerizable compositions, commonly termed thermosetting
      resins, are widely used in making castings, laminates, and molded
      articles. The high strength to weight ratios of thermoset resins when
      properly reinforced and cured and the resistance of these compositions to
      environmental conditions have suggested the application of thermoset
      compositions in numerous applications, including many applications where
      combustibility is a serious consideration.
PAR  A number of methods have been employed to reduce the rate of combustion of
      thermoset resin compositions. These methods have included the use of
      numerous flame-retardant additives, including inorganic additives, organic
      additives, a combination of inorganic and organic additives, the addition
      of a flame-retardant element that reacts and becomes part of the thermoset
      resin, and combinations of all these methods.
PAR  The use of inorganic fillers to impart flame retardance is attractive on a
      cost basis. Typical inert flame-retardant fillers retard the burning rate
      to the extent that they act as diluents of the combusible components.
      However, large amounts of fillers adversely affect the electrical
      properties of theremoset resin compositions.
PAR  Organic compounds containing halogen and phosphorous atoms such as
      chlorinated paraffins, chlorinated biphenyls, chlorinated aryl substituted
      alkyls, phosphorus containing hydrocarbons, and the like have been used
      for many years to impart flame resistance to plastic compositions
      including thermoset resins. The chlorinated materials are quite effective
      as flame retardants. The flame-retarding mechanism is believed to involve
      the release of hydrogen chloride at combustion temperatures which snuff
      out the flame by exclusion of oxygen. Only highly chlorinated organic
      materials have been considered, since the objective is to provide maximum
      flame resistance with a minimum of additive material. These highly
      chlorinated organics, including those which are solid, have a plastizing
      action or thermoset compositions. Generally the plasticizing action of the
      chlorinated organic compounds lowers the heat deflection temperature and
      otherwise impairs the desirable properties of cured thermosetting resins.
PAR  Combinations of chlorinated organic additives with antimony trioxide have
      been known for a number of years. The effect of certain other metal
      oxides, such as magnesia or hydrated alumina, combined with antimony
      oxides in flameproofing chlorinated polymers, was noted by D. C. Thompson
      et al. in an article entitled "Flame Resistance of Neoprene" appearing in
      the August 1968 issue of Rubber Age. Combinations of hydrated alumina with
      antimony oxide and chlorinated organics are widely recognized as effective
      flame retardants for resinous compositions including thermoset resin
      compositions.
PAR  Satisfactory flame resistance in thermoset polymers has been obtained by
      using reactive chlorinated intermediates which become a part of the cured
      thermoset system, thus avoiding the plasticizing effect experienced when
      using chlorinated paraffins, chlorinated polyphenyls and the like. An
      important advance in the chemistry of self-extinguishing or
      flame-retardant thermoset resins occurred as a result of the discovery of
      a commercial method of making chlorendic acid or anhydride in 1952.
      Chlorendic acid and anhydride have been esterified to form polyesters
      similar to those obtained when using phthalic anhydride. Additionally,
      chlorendic acid and anhydride have been used to prepare reactive monomers,
      such as diallyl chlorendate, which are useful in flameproofing
      thermosetting resins such as polyesters and diallylic phthalates without
      substantially reducing the desirable physical properties of the thermoset
      resin compositions.
PAR  The addition of a reactive flame-retardant additive to thermoset resins
      such as polyesters and diallylic phthalate resins is highly desirable, as
      this method of flameproofing offers flexibility in resin production, since
      it is possible to flameproof general-purpose resins rather than to make
      special flame-retardant grade resins. The chlorendic acid-based reactive
      flame-retardant materials are expensive and since 1952 no efficient and
      inexpensive rective flame retardants for thermoset resins have been widely
      accepted. The principal object of this invention is the preparation of
      highly flame-retardant, inexpensive, thermosetting resin compositions.
PAC  SUMMARY OF THE INVENTION
PAR  We have now discovered that certain polychlorinated and polybrominated
      aromatic hydrocarbon compounds can be incorporated in thermosetting
      polymer compositions to make the compositions flame retardant without
      injuring the desirable physical and electrical properties of the
      thermosetting compositions when in the thermoset state. We have found that
      this result is achieved by adding at least 1 mol of a polyunsaturated
      monomer with carbon to carbon unsaturation to the thermosetting
      composition for each 3 mols of polychlorinated or polybrominated aromatic
      hydrocarbon added to the thermosetting composition.
PAR  These thermosetting compositions generally comprise: (a) 100 parts by
      weight of the blend of about 10 to about 70 parts of a polyunsaturated
      monomer with carbon to carbon unsaturation, with about 90 to about 30
      parts of a polymer of the class consisting of a polyunsaturated polymer
      with carbon to carbon unsaturation and polyphenylene ether polymers, and
      (b) about 5 to 50 parts by weight per 100 parts of a of a polychlorinated
      or polybrominated aromatic hydrocarbon containing at least 50% by weight
      of combined chlorine or bromine and whose molecular weight is greater than
      200, in an amount not in excess of 3 mols of polyhalogenated aromatic
      hydrocarbon for each mol of the polyunsataurated monomer in a. These novel
      thermosetting compositions can also include pigments, fillers, reinforcing
      fibers, release agents, coupling agents and other incidental additives in
      amounts commonly used in thermosetting resin compositions.
PAR  We have also discovered that where high monomer levels cannot be tolerated,
      as in high-pressure molding compounds, it is possible to prereact the
      polychlorinated or polybrominated compound with monomer prior to adding
      the polyhalogenated aromatic hydrocarbon in the thermosetting composition.
      The polyhalogenated aromatic compound is prereacted with the monomer by
      heating 3 to 2 mols of the polyhalogenated aromatic hydrocarbon with 2 to
      3 mols of the polyunsaturated monomer containing carbon to carbon
      unsaturation at a temperature of at least 130.degree.C in the presence of
      a free radical initiator for a period of time sufficient to initiate an
      exothermic reaction between the polyhalogenated aromatic compound and the
      monomer, generally about 2 to about 10 minutes. These reaction products
      can be added to thermosetting compositions and thermoplastic compounds as
      flame-retardant additives.
PAR  Another phase of our invention is the discovery that certain of our novel
      compositions adhere strongly to a wide variety of substrates including
      metals. The compositions of this invention which are useful as
      thermosetting coatings generally comprise: (a) 10 to 50 parts by weight of
      a polyunsaturated monomer containing carbon to carbon unsaturation, (b) 5
      to 30 parts by weight of a polychlorinated or polybrominated aromatic
      hydrocarbon containing at least 50% by weight of chlorine or bromine and
      having a molecular weight of at least 200, the ratio of monomer to
      polyhalogenated aromatic hydrocarbon being at least 1 to 3 respectively,
      (c) 20 to 60 parts by weight of a polyphenylene ether polymer, and (d) 0
      to 30 parts by weight of a polyunsaturated polymer containing carbon to
      carbon unsaturation. Because it is not necessary to dissolve the
      polyphenylene ether polymer portion of these coating compositions, the
      compositions may be dispersed in a liquid for ease of application, thus
      making it possible to prepare very high solids coating compositions
      containing as much as 70% solids. The compositions are useful for coating
      articles to seal them against moisture, as coating compositions for
      impregnating glass fabric and the like for making laminates, and because
      they adhere well to metal, they are useful in adhering metal to metal and
      metal to plastics such as in preparing a copper clad glass laminate.
PAR  All of our novel thermosetting compositions can be thermoset by free
      radical initiators at temperatures of at least 130.degree.C for a period
      of time sufficient to initiate an exothermic reaction during which the
      polychlorinated or polybrominated aromatic compound reacts into the other
      components of the compositions and loses its thermoplastic or plasticizing
      properties.
PAC  DESCRIPTION OF THE INVENTION AND THE PREFERRED EMBODIMENTS
PAR  The polychlorinated or polybrominated aromatic hydrocarbons containing at
      least 50% by weight combined chlorine and whose molecular weight is
      greater than 200, useful in practicing this invention, include, but are
      not limited to, compounds such as chlorinated and brominated biphenyls and
      terphenyls, trichlorobenzene and higher chlorinated benzenes and alkyl
      substituted benzenes, chlorinated naphthalenes, and the like.
PAR  Polyunsaturated polymers useful in practicing this invention include, but
      are not limited to, diallylic phthalate prepolymers and polyester resins.
      Diallylic phthalate prepolymers useful in practicing this invention
      include prepolymers made from the diallylic esters of ortho-, iso-, and
      terephthalic acids. These diallylic phthalates may be manufactured by
      polymerizing a monomeric material to produce a solution of soluble
      prepolymer in monomer. Polymerization is carried to a point short of
      gelation. The prepolymer must then be separated from the unpolymerized
      monomer. This may be done by treatment with a solvent which dissolves the
      monomer and precipitates the prepolymer. Such a general process is
      described by Heilberger in U.S. Pat. No. 3,096,310. A conventional method
      of separating allylic prepolymer from monomer by precipitating the
      prepolymer in an unreactive liquid precipitant that is a solvent for the
      monmer and a nonsolvent for the prepolymer in a shearing zone is described
      by Willard in U.S. Pat. No. 3,030,341. Prepolymers may also be separated
      from unpolymerized monomer by distillation as disclosed by Mednick et al.
      in U.S. Pat. No. 3,285,836 issued May 28, 1968. The diallyl phthalate
      prepolymers are solids containing little or no monomer; they can be stored
      indefinitely in this form, since they require catalysts and either heat,
      actinic light or nuclear particle radiation to convert them to the
      insoluble or thermoset stage.
PAR  The polyester resins useful in practicing this invention, whether liquid or
      solid, should be of the reactive type, that is, at least about 50 mol
      percent of the dibasic acid portion of the polyester resin should be an
      unsaturated dibasic acid such as maleic or fumaric acid. If these
      polyester resins are diluted or cut with a monomer, the polyester resin
      should preferably be cut with a polyfunctional monomer. The alcohol moiety
      of the polyester is generally a saturated, difunctional glycol containing
      2 to 8 carbon atoms which may be cyclic or acyclic.
PAR  A reactive polyester may be prepared by reacting equimolar amounts of
      maleic anhydride and diethylene glycol at a temperature about
      200.degree.C. Water is azeotropically removed. The distillate is analyzed
      from time to time for starting ingredients, and a sufficient amount of
      material may be added to the reactor to maintain the initial proportions
      of the reacting ingredients. After 8 hours' reaction at such a
      temperature, a polyester is obtained in the form of a viscous liquid with
      an acid number of about 18.
PAR  A solid reactive polyester can be prepared by reacting equimolar amounts of
      a mixture of maleic anhydride and isophthalic acid with a 10% excess of
      propylene glycol. Water is removed azeotropically. The reaction is
      continued by heating until the acid number of the reaction mixture falls
      below 5. Excess unreacted propylene glycol is removed under vacuum and a
      solid polyester is obtained. Polyesters made from chlorendic anhydride and
      equimolar amounts of maleic anhydride or fumaric acid are well known
      reactive flame-retardant polyesters that can be used in practicing this
      invention.
PAR  Polyfunctional monomers useful in practicing this invention include, but
      are not limited to, diallyl phthalate, diallyl isophthalate, diallyl
      chlorendate, diallyl maleate, triallyl cyanurate, triallyl isocyanurate,
      glycol dimethacrylate, divinyl benzene and the like. So far as it is known
      to the inventors, any polyfunctional unsaturated monomer may be used in
      practicing this invention.
PAR  The polyunsaturated materials and polyhalogenated aromatic hydrocarbons can
      be either compounded into a thermosetting composition, such as a molding
      compound, in place of part of the conventional thermosetting polymer, or
      can be prereacted to form a kind of gel polymer by mixing about 3 to 2
      mols of polyhalogenated compounds with 2 to 3 mols of a polyunsaturated
      monomer and subjecting the mixture to a free radical initiator, by
      incorporating 1 to 5% by weight, preferably about 1.5 to 3% by weight, of
      a peroxide catalyst in such a composition.
PAR  The preferred ratio of polyhalogenated aromatic compounds to
      polyunsaturated monomer, when using the prereacted materials, is 1 mol of
      polyhalogenated aromatic compound to each mol of polyunsaturated monomer.
      The free radical initiation should take place at a temperature of at least
      130.degree.C and below the boiling point of the monomer. The reaction is
      exothermic and the temperature attained during the exothermic reaction
      period of a 100 g mass should be between about 200 and about 250.degree.C
      under adiabatic conditions. Generally the reaction mixture must reach a
      temperature of at least 130.degree.C for 2 to 5 minutes to initiate the
      exothermic reaction. Preferably the polyhalogenated aromatic hydrocarbon
      and the polyunsaturated monomer are selected so that a hard, grindable
      reaction product is produced. Fillers may be incorporated in the
      prereaction mixture, provided that the filler does not cause initiation of
      the reaction at less than 130.degree.C or inhibit reaction about
      130.degree.C. Inert fillers can comprise up to 60% by weight of the total
      composition.
PAR  Typical polychlorinated aromatic hydrocarbons used in the practice of this
      invention are chlorinated biphenyls and terphenyls which are known to be
      so stable and chemically inactive that they are used as plasticizers, heat
      exchange fluids and the like. Diallyl phthalate resins and polyester
      resins, which are typical of the polyunsaturated materials used in
      practicing this invention, when cured, are known to be plasticized by
      chlorinated biphenyls and terphenyls. For examle, ordinary molded diallyl
      phthalate articles containing chlorinated biphenyls do not have the
      characteristic "hot hardness" of diallyl phthalate molded articles; when
      removed from a hot mold, the molded articles containing a chlorinated
      biphenyl are soft, like hot rubber, and harden only on cooling. Physical
      mixtures of highly chlorinated biphenyls (some with melting points above
      150.degree.C) and an allylic prepolymer ball-milled together "ball up" or
      stick together in the ball mill (though either material alone will
      ball-mill in a conventional matter), thus showing solvation of resin by
      the polychlorinated aromatic compound. It is therefore quite surprising
      that, when there is at least 1 mol of a polyunsaturated monomer for every
      3 mols of the polychlorinated aromatic compound, these polychlorinated
      aromatic hydrocarbons can be incorporated into a diallylic phthalate
      prepolymer or reactive polyester resin molding composition, which can be
      cured into articles that are essentially not plastiicized by the
      polychlorinated aromatic compound.
PAR  The polyhalogenated aromatic hydrocarbon and polyunsaturated materials do
      not have to be prereacted. These materials may be incorporated into
      thermosetting resin compositions which are used for making moldings,
      castings, and laminates without substantially degrading the cured physical
      properties of the thermosetting resins, provided there is at least 1 mol
      of difunctional monomer for every 3 mols of polyhalogenated aromatic
      hydrocarbon in the thermosetting resin composition and the curing
      temperature is at least 130.degree.C. Surprisingly, when cured to the
      thermoset stage, these novel thermosetting resin compositions exhibit
      excellent electrical and mechanical properties and are flame resistant.
      The polychlorinated or polybrominated aromatics have little or no
      plasticizing effect upon the cured thermoset compositions and there is
      substantially no loss of thermoset properties.
PAR  Polychlorinated and polybrominaated aromatic hydrocarbons are commercially
      available and represent a low-cost halogen source for making resistant
      thermoset resin compositions. Surprisingly, compared to the more expensive
      flame-retardant compositions made with polyester or diallylic phthalate
      resins and diallyl chlorendate, the compositions of this invention have
      somewhat improved electrical properties. These novel compositions can be
      used with ordinary flame-retardant additives and synergists used in
      chlorinated flame-retardant resin compositions such as antimony trioxide
      and hydrated alumina.
PAR  Polyphenylene ether polymers can be used to replace some or all of the
      polyunsaturated polymers in these novel compositions, provided at least an
      additional 0.05 part by weight of polyunsaturated monomer is added to the
      composition for each part of polyphenylene ether polymer. Typical
      polyphenylene ether polymers have a repeating structural unit of the
      formula
      ##SPC1##
PAL  wherein the oxygen atom of one unit is connected to the benzene nucleus of
      the adjoining unit, n is a positive integer and is at least 10, R is a
      monovalent substituent selected from the group consisting of hydrogen,
      hydrocarbon radicals free of tertiary alpha-carbon atom, halohydrocarbon
      radicals having at least two carbon atoms between the halogen atom and the
      phenol nucleus and being free of a tertiary alpha-carbon atom,
      hydrocarbonoxy radicals being free of a tertiary alpha-carbon atom, and
      halohydrocarbonoxy radicals having at least two carbon atoms between the
      halogen atom and phenol nucleus and being free of tertiary alpha-carbon
      atoms, R' and R" are both monovalent substituents which are the same as R
      and, in addition, halogen. All of the polyphenylene ether polymers
      currently available have been found to be useful in practicing this
      invention. A method of producing polyphenylene ether polymers by forming
      self-condensation products of phenylene by reacting oxygen with a phenol
      is described in U.S. Pat. No. 3,306,875 issued Feb. 28, 1967. We have used
      polyphenylene ether polymers available from the General Electric Company,
      such as Noryl and Grades 631-101, 691 -111 and 631-111, and found them all
      to be useful in practicing this invention. As far as we know, all of the
      polyphenylene ether polymers known in the art are useful in practicing
      this invention.
PAR  The novel compositions of this invention employ a free radical initiator in
      sufficient amounts to convert the (polyunsaturated monomer,
      polyunsaturated polymer and polychlorinated aromatic hydrocarbon)
      compositions to the thermoset state upon the application of heat. Free
      radical initiation may be accomplished by electron beams or other sources
      of radiation including actinic light. Conveniently, peroxide catalysts
      which promote reaction between unsaturated compounds with carbon to carbon
      double bond unsaturation may be used. The peroxide catalyst does not have
      to exclude homopolymerization, but must be a catalyst that does not
      produce only homopolymers. We have found that when peroxide catalysts and
      heat are used to cure the compositions, peroxides which have a minimum 10
      hour half life in benzene at a temperature in excess of 100.degree.C
      should be used to some extent to catalyze the reactions of this invention
      i.e. 2-10 parts by weight per 100 parts of polymer-monomer-halogenated
      aromatic hydrocarbon mixture. Mixed catalysts may be used, but at least
      part of the catalyst must be a catalyst having a 10 hour half life at a
      temperature in excess of 100.degree.C in benzene. We have successfully
      used dicumyl peroxide, tertiary butyl perbenzoate,
      2,5-dimethyl-2,5-di(tert.-butylperoxy)hexyne-3 and
      2,5-dimethyl-2,5-di(tert.-butylperoxy)hexane alone and in combination with
      benzoyl peroxide. We have found that dicumyl peroxide gives the best
      results in the novel compositions of this invention. Generally, catalysts
      well known in the art to cure allylic compositions are useful in
      practicing this invention.
PAR  A wide variety of water-insoluble, inert fillers may be used in preparing
      the molding compounds of this invention. Useful fillers include calcium
      carbonate, both precipitated and wet ground types, calcium silicate
      (wollastonite), silica, hydrated clays, calcined clays, chalk, calcium
      sulfate (anhydrous), barium sulfate, asbestos, glass (powdered), quartz,
      aluminum trihydrate, aluminum oxide, antimony oxide, magnesium oxide,
      inert iron oxides and groundstone such as granite, basalt, marble,
      limestone, sandstone, phosphate rock, travertine, onyx and bauxite.
      Additionally, inert fibrous materials may be used such as synthetic
      fibers, glass fibers, asbestos and cellulosic fibers. Up to 200 parts by
      weight of filler and/or fiber per 100 parts by weight of polyunsaturated
      polymerizable materials-polychlorinated aromatic compound may be used in
      these molding compositions.
PAR  Incidental additives widely incorporated in thermosetting molding compounds
      and laminates such as pigments, release agents, coupling agents,
      lubricants and other incidental additives may be incorporated in the
      compositions of this invention.
PAR  The novel molding compositions of this invention are prepared in
      conventional equipment and using techniques well known in the plastics
      industry to be useful in compounding allylic, epoxy, and polyester molding
      compounds. The molding compounds may be filled or unfilled and of the
      premixed, powered, granular or dough type. The polyfunctional
      polymerizable materials, including polymer and monomer, a polyhalogenated
      aromatic hydrocarbon, free radical catalyst and an internal mold release,
      pigments, inhibitor, and so forth are simply mixed together in a
      heavy-duty mixer. The mixing may be done with or without the use of
      solvents. However, if solvents are used, they should be removed from the
      premixed compound before molding. The molding compositions can be molded
      under conditions normally used for allylic molding compositions, that is,
      they may be molded at from about 130.degree. to 180.degree.C for about 1
      to 60 minutes. Because of the varied viscosities of these novel molding
      compositions, the molding pressure may vary from near (0) zero to 10,000
      pounds per square inch, depending on the composition.
PAR  There are two convenient ways to add the polychlorinated or polybrominated
      aromatic hydrocarbons to the polyunsaturated polymerizable materials. The
      preferred method of addition is to add the polyhalogenated aromatic
      hydrocarbon with the polyunsaturated materials as any other additive might
      be added in a molding compound or laiminating solution. Although not the
      preferred method of addition, the polyhalogenated aromatic hydrocarbon may
      be added after it has been prereacted with a polyfunctional monomer. This
      is particularly useful where large amounts of monomer cannot be tolerated,
      as in high-pressure molding compounds. Direct addition of the
      polyhalogenated aromatic compound in preparation of the molding compound
      can be made by simply adding a polyunsaturated monomer and a
      polyhalogenated aromatic hydrocarbon to a molding compound prior to or
      during compounding in place of part of the polymer which would normally be
      used in the molding compound, providing there is at least 1 mol by weight
      of difunctional monomer present for each 3 mols of polyhalogenated
      aromatic compound.
PAR  The polyunsaturated polymerizable materials and polyhalogenated
      hydrocarbons have been prereacted to form solid reaction products by
      heating together a mixture of about 3 to 2 mols of polyhalogenated
      aromatic hydrocarbon with 2 to 3 mols of a polyunsaturated monomer in the
      presence of about 2% by weight of dicumyl peroxide. A number of filled and
      unfilled reaction products were prepared in a sigma blade mixer equipped
      with a steam jacket. Steam at a temperature of 160.degree.C (100 pounds of
      pressure) was circulated through the jacket. The reactants, and in some
      cases filler and catalyst, were simply added to the sigma blade mixer with
      160.degree.C steam being supplied to the steam jacket and reacted together
      with agitation. Although the exact temperatures of the mixer blade and
      side walls were not known and accurate time measurements could not be
      made, reasonable initiation times, generally less than 10 minutes, were
      obtained. During the processing, the mixtures were highly fluid up to
      reaction and proceeded through reaction rapidly to a brittle rubber stage,
      finally breaking into small lumps. No particular advantage was observed
      for filled compositions. All of the reactants evaluated appeared to have
      about the same rate of reaction and the reaction appeared to be complete
      in a matter of 2 to 5 minutes after initiation. The hard reaction products
      were ball-milled for a period of 2 hours to produce a finely ground,
      uniform powder. The ratio of polyunsaturated monomer to polychlorinated
      aromatic compound was varied over ratios from 3 to 2 mols of monomer per 2
      to 3 mols of polychlorinated aromatic compound. These products, due to
      their high chlorine content, were found to impart flame resistance to
      thermosetting compounds. These novel solid reaction products may be used
      in thermoplastics such as polyethylene, polyvinyl chloride acrylics and
      polystyrene, as well as rubber and other organic systems including
      thermosetting materials such as epoxy resins, polyurethane resins,
      polyimide resins and the like, where flame resistance is desirable.
PAR  These solid reaction products can also be added to unsaturated polyester
      resin compositions containing a monounsaturated monomer, for example a
      "styrene cut polyester". The physical properties of styrene-type polyester
      molding compounds containing the solid reaction products of this invention
      exceed the military specification requirements for polyester molding
      compounds as set forth in mil M-14F specification for MAI 60
      Styrene-Polyester Molding compounds.
PAR  The materials of this invention permit compound versatility that has not
      previously been available. The materials can be used in processing
      compositions which are to be subjected to either low-pressure or
      high-pressure thermosetting conditions. Where it is desirable to
      incorporate these flame-retardant materials into high-pressure molding
      compounds such as in diallyl phthalate systems, the solid reaction
      products described above are preferred. These materials in the form of a
      fine powder are easily dispersed in an allylic resin composition in place
      of part of the allylic prepolymer. A diallylic phthalate molding
      composition containing the flame-retardant reaction products described
      above is processed in the same manner as conventional diallyl phthalate
      molding compounds. Up to 50% of the diallylic phthalate prepolymer can be
      replaced by these solid reaction products. Where it is desirable to
      achieve maximum flame retardancy in a molding compound or laminate with a
      minimum amount of halogen, it is advisable to incorporate antimony oxide
      along with the halogen-containing reaction product. Metal oxides such as
      hydrated alumina may be used with the antimony oxide. It is generally
      advisable to use a sufficient amount of the reaction product in a molding
      compound or laminate so that there is about 10 to 20% halogen based on the
      weight of the total organic content of the molding compound or laminate
      for high levels of flame resistance. However, less halogen is required
      where low levels of flame resistance can be tolerated.
PAR  Where low pressure, long flow laminating, impregnating and molding
      compositions are desired, the polyhalogenated aromatic hydrocarbon can be
      incorporated directly in allylic compositions or polyester compositions,
      provided there is at least 1 mol by weight of a polyunsaturated monomer
      for each 3 mols of polyhalogenated aromatic hydrocarbon and a peroxide
      catalyst which will not initiate the free radical curing at less than
      100.degree.C.
PAR  Polyphenylene ether polymers can be used to replace up to all of the
      polyunsaturated polymer in these novel compositions. When some or all of
      the polyunsaturated polymer is replaced with polyphenylene ether polymer,
      the compositions can be used as coating compositions, as glue lines for
      adhering materials to reinforced polymeric substrates or adhering two
      materials together, for use in reinforced laminates and as potting and
      encapsulating compositions. Although all of the polyunsaturated polymer
      can be replaced with polyphenylene ether polymer, it is preferred to
      retain at least some of the polyunsaturated polymer in the compositions,
      as the presence of the polyunsaturated polymer improves the handling
      characteristics of the compositions.
PAR  The novel compositions of this invention are readily used in preparing
      fiber reinforced laminates, generally fiber glass reinforced, by either
      the wet lay-up for prepreg techniques. Wet fiber glass lay-ups are
      prepared by making a liquid blend of the polymerizable materials, i.e., a
      monomer such as diallyl orthophthalate, a polymer containing carbon to
      carbon unsaturation or a polyphenylene ether polymer, a polyhalogenated
      aromatic compound, a catalyst, and other modifying ingredients such as
      dyes, pigments, fillers, inhibitors, glass coupling agents and so forth,
      which is poured onto one or more layers of a fibrous non-woven glass mat
      or woven glass fabric, which has preferably been treated with a glass
      coupling agent, to impregnate the reinforcing glass; after impregnation,
      the product is laminated under heat and mild pressures according to
      procedures well known in the art to be useful for curing allylic resin
      laminates.
PAR  A typical slow cure is effected by placing the wet lay-up in a vacuum bag
      and applying a vacuum of 28 to 30 inches of mercury for about 1 to about 5
      hours to remove bubbles; the evacuated lay-up is then preferably augmented
      by autoclave pressure at 30 to 50 psi for 30 minutes at 82.degree.C, 60
      minutes at 120.degree.C, 30 minutes at 150.degree.C, 15 minutes at
      160.degree.C, and then cured an additional 60 minutes at 160.degree.C.
      Thin sections can be cured more rapidly; for example, 30 to 50 psi for 60
      minutes at 160.degree.C. The amount of glass in the lay-up can be as high
      as 80%, although the preferred amount of reinforcing glass is 50 to 75% by
      weight of the laminate.
PAR  The novel resin compositions of this invention can be employed in the usual
      process for manufacture of fibrous reinforced thermoset resin laminates
      using the prepreg technique. A polymerizable liquid, i.e., monomer such as
      diallyl orthophthalate and the like, a polyhalogenated aromatic
      hydrocarbon, a polyphenylene ether polymer, and, where desired, a polymer
      containing carbon to carbon unsaturation such as an allylic prepolymer or
      a reactive type polyester resin, a catalyst and modifying ingredients such
      as dyes, pigments, fillers, glass coupling agents, inhibitors and so forth
      are mixed together and used to impregnate a fibrous non-woven mat or a
      woven fabric; where glass mats or fabrics are used, it may be desirable to
      have the glass treated with a glass coupling agent. The use of some
      solvent is usually required in order to reduce the viscosity level of the
      resin composition to make it suitable for application to the mat or fabric
      with conventional, commercial saturating or impregnating equipment.
PAR  It is not necessary to dissolve the polyphenylene ether polymer in the
      impregnating compositions of this invention. Simple uniform dispersion of
      the polyphenylene ether polymer powder in the
      solvent-monomer-polymerizable resin mixtures suffices. Prepregs are
      generally most economically processed with 30 to 60 parts of the resin
      composition dispersed in 70 to 40 parts of a suitable solvent such as
      acetone, methylethyl ketone, methyl isobutyl ketone, toluene, xylene,
      chloroform, methylene chloride, trichloroethylene, perchloroethylene and
      mixtures thereof and other solvents known in the trade to be useful in
      preparing allylic prepregs.
PAR  The mat or fabric is impregnated with the solvent solution and then dried
      to remove the solvent. After impregnation and drying of the impregnated
      fabric, the laminate is laid up and cured with heat and mild pressure
      using cure cycles and conditions similar to those used in curing the wet
      lay-up type laminates. Roving, including glass roving, is similarly
      pre-impregnated for processing by filament winding techniques into pipe,
      other cylindrical shapes and hollow tapered and conical shapes. Products
      made by filament winding are generally cured at about 150.degree.C in 60
      minutes. The fiber content of the prepreg laminates varies from about 15
      to about 40% by weight for low density fibers and up to about 55 to 75% of
      the total weight of the cured laminate for glass mat or glass fabric
      laminates. The fiber content of filament wound constructions such as pipe,
      when made from impregnated glass roving, is generally about 70 to 80% of
      the total weight of the cured product.
PAR  Reinforced laminates of fibrous materials such as glass cloth, glass mats,
      synthetic fiber, cloth mats, paper and the like can be copper-clad to
      produce copper-clad laminates with excellent electrical properties to be
      used in preparing printed circuits and the like. Copper-clad laminates can
      be prepared by coating copper foil with a composition of this invention
      containing a polyphenylene ether polymer and then baking the coated copper
      foil at 160.degree.C for about 15 minutes. The baked resin coated foil is
      then placed on resin impregnated fibrous materials such as glass cloth
      which has been impregnated with the novel resin compositions of this
      invention, unsaturated polyester resins, diallylic phthalate prepolymers
      and the like, and then the "laminate" is pressed at 50 to 2,000 psi at
      100.degree. to 170.degree.C for at least 5 minutes to convert the resinous
      materials to the thermoset state. If desired, the coated copper foil can
      be laminated to almost any previously cured base. As indicated above,
      dicumyl peroxide is the preferred catalyst for producing the copper-clad
      laminates of this invention. The resulting copper-clad laminate has
      excellent adhesion of the copper to the base material and has excellent
      electrical properties. Quite surprisingly, when tested according to NEMA
      Standards Publication LI-1-1966, but at up to 200.degree.C rather than
      25.degree.C standard, these copper-clad laminates retained essentially all
      of their electrical properties as measured at room temperature. Reinforced
      laminates made from those compositions of this invention which contain
      polyphenylene ether polymers adhere very well to the type of copper foil
      used in making printed circuit boards without precoating the foil. The
      compositions containing a polychlorinated aromatic hydrocarbon apparently
      "wet" the metal surface better than the similar compositions without the
      polychlorinated aromatic hydrocarbon disclosed in our copending
      application Ser. No. 682,326, filed Nov. 13, 1967.
PAR  Those compositions of this invention which contain polyphenylene ether
      resins as a portion of the system are useful as thermosetting coatings.
      They adhere strongly to a wide variety of substrates involving metals,
      ceramic bases and other resinous substances while providing excellent
      electrical insulating characteristics. They may be used as conformal
      coatings for electronic devices or as primer coats to bond additional
      electrical insulation to the devices. Many molding compounds used in the
      encapsulation of electronic components do not form good bonds to the
      devices and to the wire leads, thereby permitting access of moisture. When
      such devices or leads are first coated with the compositions of this
      invention, and then subjected to mold encapsulation, hermetically sealed
      systems are obtained which resist moisture even on prolonged exposure to
      boiling in water or high pressure steam.
PAR  The coatings may be formulated with all polymer components in solution.
      Useful solvents comprise chlorinated hydrocarbons and aromatic
      hydrocarbons. Alternatively, the coatings may be formulated as finely
      divided dispersions of the polymer system in liquid organic media. Useful
      dispersion media include organic ketones and esters. Dispersed coatings
      are preferred for most applications, since they may be formulated at high
      polymer solids levels yet are capable of application by brushing, spraying
      or roller coating. Coatings containing up to 80% solids can be applied by
      knife coating techniques, yet they flow out to smooth adherent insulating
      varnishes when subjected to oven baking at temperatures of 120.degree.C or
      higher.
PAR  The test methods appearing in the following list were followed in testing
      the molded and laminated test specimen made from the various compositions
      disclosed in the examples.
TBL  ______________________________________                                    
     A.  Flexural Strength*    ASTM    D-790                                   
     B.  Modulus of Elasticity "       D-790                                   
     C.  Tensile Strength      "       D-638                                   
     D.  Izod Impact           "       D-256                                   
     E.  Compressive Strength  "       D-695                                   
     F.  Deflection Temperature                                                
                               "       D-648                                   
     G.  Water Absorption      "       D-570 (a)                               
     H.  Specific Gravity      "       D-792                                   
     I.  Dielectric Constant   "       D-150                                   
     J.  Dissipation Factor**  "       D-150                                   
     K.  Volume and Surface Resistivity                                        
                               "       D-257                                   
     L.  Flame Resistance (Burning and                                         
         Ignition Tests Method 1 and 2)                                        
                               "       D-229                                   
     M.  Hardness              "       D-785                                   
     N.  Hardness (Rockwell)   "       D-785                                   
     O.  Shear Strength (Modified for                                          
         Flat Beams)           "       D-2344                                  
     ______________________________________                                    
      *The flexural strengths at 150.degree.C for the unfilled resin systems   
      were obtained after 1/2 hour conditioning at 150.degree.C. Each individua
      specimen was held to 1/2 hour conditioning to avoid any ambiguity that ma
      be caused by post-curing in the test oven. Only maximum flexural yield wa
      measured.                                                                
      **The wet test is conducted on samples which were conditioned by immersin
      the samples for 24 hours at 23.degree.C in distilled water, removing the 
      samples, blotting them dry and then testing the samples as soon as       
      practical according to the test method.                                  
DETD
PAR  The following examples, illustrating the novel products disclosed herein,
      are given without any intention that the invention be limited thereto. All
      parts and percentages are by weight unless otherwise noted.
PAC  EXAMPLE 1
PAR  A series of samples were prepared which were simple mixtures of chlorinated
      terphenyl containing 60% chlorine or a chlorinated biphenyl containing 68%
      chlorine with different monomers and 2% by weight of dicumyl peroxide
      based on the total weight of the chlorinated aromatic compound and
      monomer. The samples were placed in a paper cup and a thermocouple
      connected to a recording thermocouple bridge was inserted in each of the
      samples. The samples were placed in an oven maintained at a temperature of
      160.degree.C. Various concentrations of the chlorinated aromatics with
      various monomer concentrations were prepared. Some of the samples tested
      were subjected to a 16 hour acetone Soxhlet extraction at the reflux
      temperature of acetone. The composition details, the reaction initiating
      temperature, the reaction peak exotherm temperature, the reaction time to
      peak exotherm, and the results of the reaction are contained in Table I.
PAR  Soxhlet extraction studies were made on some of the compositions. Mixtures
      of the unreacted chlorinated aromatics and the monomers yield clear
      solutions in chloroform and hot acetone. The chlorinated aromatics can
      only be partially extracted from the reaction product with monomers, and
      that fraction which is extracted is different from the original
      crystalline chlorinated aromatic in that it tends to be a resinous gum.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     BATCH REACTION AT 160.degree.C, MONOMER STUDY                             
                      1   2   3   4   5   6   7   8   9   10  11 12            
     __________________________________________________________________________
                                                                 3             
     Chlorinated terphenyl,                                                    
     60% chlorine (Aroclor 5460)                                               
                      50  45  40  60  65  60  --  --  40  74  87 78            
     Chlorinated biphenyl,                                                     
     68% chlorine (Aroclor 1268)                                               
                      --  --  --  --  --  --  62  62  --  --  -- --            
     Diallyl phthalate                                                         
                      --  --  --  --  --  40  --  38  --  --  -- --            
     Diallyl isophthalate                                                      
                      50  55  60  40  35  --  38  --  --  --  -- --            
     Diallyl chlorendate                                                       
                      --  --  --  --  --  --  --  --  60  --  -- --            
     Triallyl cyanurate                                                        
                      --  --  --  --  --  --  --  --  --  26  -- --            
     Triallyl phosphate                                                        
                      --  --  --  --  --  --  --  --  --  --  13 --            
     Diallyl maleate  --  --  --  --  --  --  --  --  --  --  -- 22            
     Divinyl benzene (55%)                                                     
                      --  --  --  --  --  --  --  --  --  --  -- --            
     Ethylene Glycol Dimethacrylate                                            
                      --  --  --  --  --  --  --  --  --  --  -- --            
     Dicumyl peroxide 2   2   2   2   2.5 2   2   2   2   2   2  2             
     Initiation Temp. .degree.C.                                               
                      130 130 130 135 155 125 145 140 135 125 135              
                                                                 122           
     Peak Exotherm Temp. .degree.C.                                            
                      223 211 227 218 273 222 225 216 205 245 248              
                                                                 230           
     Time to Exotherm, min.                                                    
                      3   5   7   4   5   3   3   3   3   4   4  3             
     16 hr. Acetone Soxhlet                                                    
     Extraction                                                                
     Nature of Solution                                                        
       Clear                                                                   
       Cloudy                     x           x   x                            
     Dried Extract                                                             
        Powder                                                                 
       Gum                        x           x   X                            
     __________________________________________________________________________
     Comparison                                                                
                      13  14  C-1 C-2 C-3 C-4                                  
     __________________________________________________________________________
     Chlorinated terphenyl,                                                    
     60% chlorine (Aroclor 5460)                                               
                      70  70  100 --  --  50                                   
     Chlorinated biphenyl,                                                     
     68% chlorine (Aroclor 1268)                                               
                      --  --  --  --  100 --                                   
     Diallyl phthalate                                                         
                      --  --  --  80  --  50                                   
     Diallyl isophthalate                                                      
                      --  --  --  --  --  --                                   
     Diallyl chlorendate                                                       
                      --  --  --  --  --  --                                   
     Triallyl cyanurate                                                        
                      --  --  --  --  --  --                                   
     Triallyl phosphate                                                        
                      --  --  --  --  --  --                                   
     Diallyl maleate  --  --  --  --  --  --                                   
     Divinyl benzene (55%)                                                     
                      30  --  --  --  --  --                                   
     Ethylene glycol dimethacrylate                                            
                      --  30  --  --  --  --                                   
     Dicumyl peroxide 2   2   2   2   2   --                                   
     Initiation temp. .degree.C.                                               
                      125 115 none                                             
                                  110 none                                     
                                          none                                 
     Peak exotherm temp., .degree.C.                                           
                      235 200 none                                             
                                  250 none                                     
                                          none                                 
     Time to exotherm, min.                                                    
                      3   4   .infin.                                          
                                  5   .infin.                                  
                                          .infin.                              
     16 hr. Acetone Soxhlet                                                    
     Extraction                                                                
     Nature of Solution                                                        
       Clear                  x   x                                            
       Cloudy                         x                                        
     Dried Extract                                                             
       Powder                 x       x -  Gum  x                              
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  Diallyl phthalate prepolymer, prereacted polychlorinated aromatic compound
      with monomer, molding compounds were prepared. The prereacted
      polychlorinated aromatic hydrocarbon and monomer reaction products were
      prepared in 31/2  lb. batches. Chlorinated biphenyls, containing 68%
      combined chlorine (Aroclor 1268 from Monsanto Chemical Company), and a
      diallylic phthalate monomer were heated together in a ratio of 62 parts of
      chlorinated biphenyls to 38 parts of diallylic phthalate monomer with 2
      parts by weight of dicumyl peroxide per 100 parts of Aroclor plus monomer.
      The reaction products were made in a 1-gallon sigma blade mixer equipped
      with a steam jacket. The steam to the jacket was at 160.degree.C and the
      internal temperature of the blade and side walls was about 120.degree.C.
      Although accurate reaction time measurements could not be made, reasonably
      short reaction times of about 10 minutes were observed in preparing these
      reaction products. The reactants were highly fluid up to the point of
      gelation, from which point the reaction proceeded rapidly to a brittle
      stage, breaking up thereafter into small lumps. The prereacted materials
      were ball-milled for a 2-hour period in a 11/2  gallon jar mill to produce
      1,000 g of ground product. Reaction products were prepared using diallyl
      phthalate and diallyl isophthalate monomer and are designated Reaction
      Product No. 1 and Reaction Product No. 2 respectively in Table II. The
      reaction products were mixed with diallyl phthalate prepolymer and diallyl
      isophthalate prepolymer along with some catalyst, monomer and fillers to
      make molding compounds. The composition details and physical properties of
      samples molded from the molding compounds are found in Table II. For
      comparison, the table includes qualifying specifications for diallyl
      phthalate molding compounds for military use under MIL M-14F and
      MIL-19833. (The largest market for the diallyl phthalate molding compounds
      in the United States is for military applications.)
TBL                                    TABLE II                                
     __________________________________________________________________________
     MOLDING COMPOUNDS                                                         
                                     Mil M-14F Speci-                          
                                     fication Require-                         
                                     ments for SDGF                            
     Formulation                     Molding Compounds                         
     __________________________________________________________________________
     Diallyl phthalate                                                         
     prepolymer                                                                
     (Dapon 35, FMC Corp.)                                                     
                     74                                                        
     Diallyl isophthalate                                                      
     prepolymer                                                                
     (Dapon M, FMC Corp.)    70                                                
     Diallyl phthalate monomer                                                 
                     3                                                         
     Diallyl isophthalate                                                      
     monomer                 3                                                 
     Reaction Product No. 1.sup.(1)                                            
                     26                                                        
     Reaction Product No. 2.sup.(2)                                            
                             30                                                
     tert Butyl perbenzoate                                                    
                     3       3                                                 
     Calcium Stearate                                                          
                     2       2                                                 
     Antimony oxide  15      18                                                
     Wollastonite    30      20                                                
     Glass (1/4" strands)                                                      
                     90      100                                               
     Properties                                                                
     Ignition time (sec.)                                                      
                     93      98       90 (min.)                                
     Burning time (sec.)                                                       
                     78      76       90 (max.)                                
     Heat Deflection Temp. .degree.C.                                          
                     175     270     160 (min.)                                
     Izod (ft. lbs.) Impact                                                    
                     0.66    0.60     0.30 (min.)                              
     Compressive (psi) Strength                                                
                     24,620  26,500  16,000 (min.)                             
     Flexural (psi) Strength                                                   
                     11,462  11,200  9,000 (min.)                              
     Modulus (psi) of E                                                        
     Elasticity      1.70 .times. 10.sup.6                                     
                             1.72 .times. 10.sup.6                             
                                     --                                        
     Water absorption (%)                                                      
                     0.12    0.11    0.40 (max.)                               
     Specific Gravity                                                          
                     1.902   1.897   --                                        
     D.C. 10.sup.3 /10.sup.6 (3)                                               
                     4.50/4.39                                                 
                             4.36/4.24                                         
                                     4.6/4.4 (max.)                            
     D.C. 10.sup.3 /10.sup.6 (wet)                                             
                     4.52/4.38                                                 
                             4.41/4.29                                         
                                     4.7/4.5 (max.)                            
     D.F. 10.sup.3 /10.sup.6 (4)                                               
                     .005/.005                                                 
                             .005/.005                                         
                                     .009/.015 (max.)                          
     D.F. 10.sup.3 /10.sup.6 (wet)                                             
                     .006/.005                                                 
                             .006/.005                                         
                                     .013/.017 (max.)                          
     Volume Resist. (ohm)                                                      
                      1.0 .times. 10.sup.12                                    
                              0.8 .times. 10.sup.12                            
                                     5 .times. 10.sup.9 (min.)                 
     720 hr. at 70.degree.C.,                                                  
     100% R.H.                                                                 
     __________________________________________________________________________
      .sup.(1) 62/38 reaction product of chlorinated biphenyl with diallyl     
      phthalate monomer.                                                       
      .sup.(2) 62/38 reaction product of chlorinated biphenyls with diallyl    
      isophthalate monomer.                                                    
      .sup.(3) Dielectric constant.                                            
      .sup.(4) Dissipation Factor.                                             
PAC  EXAMPLE 3
PAR  A portion of the diallyl phthalate monomer-chlorinated biphenyl Reaction
      Product, Reaction Product No. 1 of Example 2, was incorporated into a
      diallyl phthalate polyester molding compound. Test specimens were molded
      from the compound for 3 minutes at 150.degree.C at 2,000 psi (pounds per
      square inch). The composition of the molding compound, the physical and
      electrical properties of the molded test specimens and the MIL-M-14F
      specification requirements for MAI 30 diallyl phthalate polyester molding
      compounds are shown in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     MAI-30 (DAP-POLYESTER) COMPOUNDS                                          
                            MIL M-14 F                                         
                            Specification                                      
                            Requirements for                                   
                            MAI-30 (DAP-                                       
                            Polyester)                                         
                            Molding                                            
     Formulation            Compounds                                          
     ______________________________________                                    
     Diallyl phthalate                                                         
     monomer          35                                                       
     Uncut isophthalate                                                        
     polyester resin, reactive                                                 
     type,            35 .sup.(1)                                              
     Reaction product No. 1                                                    
                      30 .sup.(2)                                              
     Glass (1/4" strands)                                                      
                      57                                                       
     Hydrated alumina 48                                                       
     Wollastonite     48                                                       
     Antimony oxide   18                                                       
     Calcium stearate  2                                                       
     tert Butyl perbenzoate                                                    
                       2                                                       
     Physical Properties                                                       
     Compressive      21,200    20,000 (min.)                                  
     D.C. 10.sup.3 /10.sup.6                                                   
                      4.95/4.54 6.3/6.2 (max.)                                 
     D.C. 10.sup.3 /10.sup.6 (wet)                                             
                      5.15/4.63 6.4/6.4 (max.)                                 
     D.F. 10.sup.3 /10.sup.6                                                   
                      .010/.009 .015/.012 (max.)                               
     D.F. 10.sup.3 /10.sup.6 (wet)                                             
                      .012/.011 .017/.015 (max.)                               
     Flexural (psi)   16,700    14,000 (min.)                                  
     Flexural Modulus (psi)                                                    
                      2.0 .times. 10.sup.6                                     
                                 --                                            
     Heat Deflection Temp. .degree.C                                           
                      272       200 (min.)                                     
     Impact (ft. lbs.)                                                         
                      4.37      3.0 (min.)                                     
     Water Absorption (%)                                                      
                      0.17      0.5 (max.)                                     
     Ignition time (sec.)                                                      
                      105       100 (min.)                                     
     Burning time (sec.)                                                       
                       17        75 (max.)                                     
     Rockwell Hardness (M)                                                     
                      108        --                                            
     Specific Gravity 1.93       --                                            
     Vol. Resistivity (ohm.cm.)                                                
                      1.2 .times. 10.sup.15                                    
                                 --                                            
     Surface Resistivity (ohm.)                                                
                      2.8 .times. 10.sup.15                                    
                                  --                                           
     ______________________________________                                    
      .sup.(1) Equimolar amounts of maleic anhydride and isophthalic were heate
      together with a 10% excess of diethylene glycol. Water was removed       
      azeotropically and the heating, at about 200.degree.C, was continued unti
      the acid number of the polyester? resin fell below 6. Excess diethylene  
      glycol was removed under vacuum and the polyester resin recovered.       
      .sup.(2) 62/38 Reaction Product of chlorinated biphenyl with diallyl     
      phthalate monomer from Example 2.                                        
PAC  EXAMPLE 4
PAR  Example 3 was repeated except that a styrene polyester was used rather than
      a DAP polyester with a portion of the diallyl phthalate-chlorinated
      biphenyl gel of Example 2. The molding compositions were molded for 3
      minutes at 150.degree.C at 2,000 psi. The composition of the molding
      compound, physical and electrical properties of the molded samples, and,
      for comparison, the MIL M-14 F specification requirements for MAI 60
      flame-resistant styrene polyesters are shown in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
     STYRENE-POLYESTER MOLDING COMPOUNDS                                       
                            MIL M-14 F                                         
                            Specification                                      
                            Requirements for                                   
                            MAI-60 (Styrene-                                   
                            Polyester)                                         
                            Molding                                            
     Formulation            Compounds                                          
     ______________________________________                                    
     Monomer, styrene  24.5                                                    
     Polyester Resin .sup.(1)                                                  
                       45.5                                                    
     Reaction Product No. 1 .sup.(2)                                           
                       30                                                      
     Glass (1/4" strands)                                                      
                       67                                                      
     Hydrated alumina (Hydral                                                  
                       48                                                      
     710)                                                                      
     Wollastonite      48                                                      
     Antimony oxide    18                                                      
     Calcium stearate   2                                                      
     tert Butyl perbenzoate                                                    
                        2                                                      
     Properties                                                                
     Compressive (psi) 23,150   18,000 (min.)                                  
     D.C. 10.sup.3 /10.sup.6                                                   
                       4.77/4.53                                               
                                6.0/5.7 (max.)                                 
     D.C. 10.sup.3 /10.sup.6 (wet)                                             
                       5.04/4.51                                               
                                7.0/6.0 (max.)                                 
     D.F. 10.sup.3 /10.sup.6                                                   
                       .012/.008                                               
                                .03/.03 (max.)                                 
     D.F.  .sup.3 /10.sup.6 (wet)                                              
                       .016/.013                                               
                                .08/.05 (max.)                                 
     Flexural (psi)    17,700   12,000 (min.)                                  
     Flexural modulus (psi)                                                    
                       2.0 .times. 10.sup.6                                    
                                 --                                            
     Heat Deflection Temp. .degree.C                                           
                       272      200 (min.)                                     
     Impact (ft. lbs.) 7.45     6.0 (min.)                                     
     Water Absorption (%)                                                      
                       0.17     1.5 (max.)                                     
     Ignition time (sec.)                                                      
                        95      90 (min.)                                      
     Burning time (sec.)                                                       
                        58      90 (max.)                                      
     Rockwell Hardness (M)                                                     
                       107       --                                            
     Specific Gravity  1.898                                                   
     ______________________________________                                    
      .sup.(1) Reactive polyester resin from Example 3 made by reacting        
      equimolar portions of maleic and isophthalic acids with a 10% excess of  
      diethylene glycol.                                                       
      .sup.(2) 62/38 Reaction Product No. 1 of chlorinated biphenyl with dially
      phthalate monomer from Example 2.                                        
PAC  EXAMPLE 5
PAR  High pressure laminates containing diallylic phthalatepolychlorinated
      aromatic reaction products were prepared using polychlorinated aromatic
      diallylic phthalate reaction products made according to Example 2. Sixty
      parts of polychlorinated aromatic compound (Aroclor 5460), a chlorinated
      terphenyl containing 60% by weight of chlorine, was reacted with 40 parts
      of diallylic phthalate monomer and 2 parts of dicumyl peroxide as
      described in Example 2, and is labeled Reaction Product No. 3 in Table V.
      A similarly prepared reaction product, using 40 parts of diallyl
      isophthalate monomer in place of diallyl phthalate monomer, is labeled
      Reaction Product No. 4 in Table V. A glass cloth laminate was prepared as
      follows: A "resin blend" of the polychlorinated aromatic diallylic
      phthalate reaction product with the corresponding diallylic phthalate
      prepolymer and a small amount of diallylic phthalate monomer and 2 parts
      of dicumyl peroxide catalyst per 100 parts of reactants as shown in Table
      V was dispersed, in the amount of 100 parts by weight of the resin blend,
      in 100 parts by weight of acetone. Woven glass cloth was impregnated with
      this dispersion and allowed to dry at least 48 hours in air at room
      temperature. The impregnated glass cloth, often termed prepreg, was cut
      into 12 by 12 inch squares and stacked 18 plies deep with the warp yards
      parallel. The pre-impregnated lay-up was laminated in a flat bed press for
      30 minutes at 80.degree.C at contact pressure, 30 minutes at 120.degree.C
      at 300 psi and 1 hour at 160.degree.C at 300 psi. Two samples were
      prepared, one using diallyl phthalate monomer and another sample using
      diallyl isophthalate prepolymer and diallyl isophthalate monomer. The
      composition details of the resin mixture used to impregnate the glass
      fabric, the resin content of the prepregs prepared from the resin systems
      and the physical properties of the cured laminates are found in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
     HIGH PRESSURE DIALLYL PHTHALATE                                           
     CHLORINATED TERPHENYL GEL LAMINATES                                       
     Formulation                                                               
     ______________________________________                                    
     Reaction Product No. 3                                                    
                      50                                                       
     Reaction Product No. 4       50                                           
     Diallyl phthalate                                                         
     prepolymer (Dapon 35)                                                     
                      45                                                       
     Diallyl isophthalate                                                      
     prepolymer (Dapon M)         45                                           
     Diallyl phthalate monomer                                                 
                       5                                                       
     Diallyl isophthalate monomer  5                                           
     Dicumyl peroxide  2           2                                           
     Physical Properties                                                       
     Burning .sup.(1) time (sec.)                                              
                      12.7        32                                           
     Compressive (psi)                                                         
                      49,500      44,900                                       
     Rockwell Hardness (M)                                                     
                      118         122                                          
     Flexural (psi) R.T.                                                       
                      67,800      76,200                                       
     150.degree.C     13,700      --                                           
     Modulus (psi) R.T.                                                        
                      2.43 .times. 10.sup.6                                    
                                  2.92 .times. 10.sup.6                        
     150.degree.C     0.97 .times. 10.sup.6                                    
                                   --                                          
     Tensile (psi)    49,100      50,400                                       
     Specific Gravity 1.822       1.858                                        
     Shear (psi)      4,010       3,400                                        
     Flexural (psi) 2 hr. boil                                                 
                      67,900      72,700                                       
     Modulus (psi) 2 hr. boil                                                  
                      2.48 .times. 10.sup.6                                    
                                  2.89 .times. 10.sup.6                        
     Flexural (psi) after aging:                                               
                      at 155.degree.C                                          
                                  at 180.degree.C                              
      1 day           68,200      72,800                                       
      4 days          70,900      75,300                                       
     10 days          65,600      77,800                                       
     D.C. 10.sup.3 /10.sup.6                                                   
                      4.46/4.35   4.26/4.22                                    
     D.C. 10.sup.3 /10.sup.6 (wet)                                             
                      4.52/4.38   4.27/4.18                                    
     D.F. 10.sup.3 /10.sup. 6                                                  
                      .0055/.0059 .0039/.0042                                  
     D.F. 10.sup.3 /10.sup.6 (wet)                                             
                      .0063/.0061 .0042/.0048                                  
     Vol. Resist. (ohm. cm.)                                                   
                      5.2 .times.10.sup.15                                     
                                  12.9 .times. 10.sup.15                       
     Surface Resist. (ohm.)                                                    
                      1.3 .times. 10.sup.15                                    
                                  1.19 .times. 10.sup.15                       
     Insulation Resist. (ohm.)                                                 
     10 day cycle                                                              
                72/70/100 1.25 .times. 10.sup.10                               
                                      6.3 .times. 10.sup.11                    
                72/25/100 5.60 .times. 10.sup.11                               
                                      3.6 .times. 10.sup.12                    
               100/70/100 8.3 .times. 10.sup.9                                 
                                      1.9 .times. 10.sup.11                    
     ______________________________________                                    
      .sup.(1) ASTM D229, Part I                                               
PAC  EXAMPLE 6
PAR  A molding compound was prepared directly from a mixture of a chlorinated
      terphenyl (Aroclor 5460 containing 60% combined chlorine by weight) and
      diallyl phthalate prepolymer (Dapon 35) and diallyl phthalate monomer. The
      following composition was compounded as an "SDG-F Type" flame-resistant
      molding compound designed to meet Military Specification MIL M-14 F.
TBL  ______________________________________                                    
                              Parts                                            
                              by weight                                        
     ______________________________________                                    
     Diallyl phthalate prepolymer (Dapon 35)                                   
                                73                                             
     Diallyl phthalate monomer   9                                             
     Chlorinated terphenyl (60% combined chlorine)                             
                                18                                             
     Chopped glass (1/4" strands)                                              
                                90                                             
     Clay, hydrated             30                                             
     Antimony oxide             15                                             
     Calcium stearate            1                                             
     Tertiary butyl perbenzoate  3                                             
     Acetone                    160                                            
     ______________________________________                                    
PAR  All the ingredients in the above were mixed together in a heavy-duty mixer
      until the glass and the fillers were thoroughly wetted. The composition
      was spread on trays and the acetone was allowed to evaporate at room
      temperature. The composition was then compounded on a two-roll rubber mill
      at a temperature of 80.degree.-90.degree.C. The mill sheet was cooled and
      ground into a molding powder. Test pieces molded at 150.degree.C at 2,000
      psi for a minimum of 1.5 minutes showed full cure as measured by
      development of hot hardness and resistance to boiling chloroform. The test
      data in the following table show the properties of the above molded
      compositions compared to the MIL M-14 F specification requirements for
      diallyl phthalate molding compounds.
TBL                TABLE VI                                                    
     ______________________________________                                    
     CHLORINATED TERPHENYL AROCLOR/MONOMER/DAPON                               
     SDG-F COMPOUND                                                            
                    Example 6 Comparison .sup.(1)                              
     ______________________________________                                    
     Ignition time (sec.)                                                      
                      97          90 (min.)                                    
     Burning time (sec.)                                                       
                      70          90 (max.)                                    
     Heat Deflection Temp. .degree.C                                           
                      165         160 (max.)                                   
     Rockwell Hardness (M)                                                     
                      115          --                                          
     Izod Impact (ft. lb.)                                                     
                      0.58        0.30 (min.)                                  
     Flexural strength, psi                                                    
                      12,120      9000 (min.)                                  
     Modulus, psi     1.72 .times. 10.sup.6                                    
                                   --                                          
     Compressive strength, psi                                                 
                      23,060      16,000 (min.)                                
     Water absorption (%)                                                      
                      0.08        0.30                                         
     Specific gravity 1.880        --                                          
     D.C. 10.sup.3 /10.sup.6                                                   
                      4.44/4.35   4.6/4.4 (max.)                               
     D.C. 10.sup.3 /10.sup.6 (wet)                                             
                      4.47/4.37   4.7/4.5 (max.)                               
     D.F. 10.sup.3 /10.sup.6                                                   
                      .0044/.0043 .009/.015 (max.)                             
     D.F. 10.sup.3 /10.sup.6 (wet)                                             
                      .0054/.0047 .013/.017 (max.)                             
     Vol. Resist., (ohm cm)                                                    
                      6.76 .times. 10.sup.15                                   
                                   --                                          
     Surf. Resist., (ohm)                                                      
                      7.95 .times. 10.sup.15                                   
     Vol. Resist. (ohm) (720 hrs.                                              
                      1.97 .times. 10.sup.13                                   
                                  5 .times. 10.sup.9                           
     70.degree.C                                                               
     at 100% relative humidity)                                                
     ______________________________________                                    
      .sup.(1) MIL M-14F Specification requirement properties for glass filled 
      flame-resistant diallyl phthalate molding compound.                      
PAC  EXAMPLE 7
PAR  Wet lay-up or vacuum bag laminates were prepared using a diallylic
      phthalate prepolymer, a diallylic phthalate monomer and chlorinated
      terphenyl (Aroclor 5460). The wet lay-up was prepared by making a liquid
      blend of the monomer, chlorinated terphenyl and diallylic phthalate resin
      and catalyst. The liquid polymerizable resin composition was poured into
      several layers of woven glass fabric. After impregnation, the laminates
      were placed in a vacuum bag and evacuated to remove air from the
      polymerizable liquid resin mixture. The lay-up was laminated while
      maintaining the vacuum at pressures at 15 psi or less, as in the very
      early stages of cure it was very difficult to maintain pressure on the
      polymerizable liquid. Full cure was obtained after about 15 minutes at
      150.degree.C as measured by hot hardness, hot strength, and solvent
      resistance in boiling acetone. This laminate construction was also cured
      in a vacuum bag by exposure to a 3 MEV (million electron volts) electron
      beam in multiple passes of 5 megarads each until a room temperature Barcol
      hardness of 60 was developed. The polymerizable liquid details and the
      physical properties of the cured laminates are set forth in Table VII.
TBL                                    TABLE VII                               
     __________________________________________________________________________
     VACUUM BAG LAMINATES                                                      
     Formulation                                                               
     __________________________________________________________________________
     Diallyl phthalate pre-                                                    
     polymer (Dapon 35)                                                        
                      50                                                       
     Diallyl isophthalate                                                      
     prepolymer (Dapon M)          50                                          
     Diallyl phthalate monomer                                                 
                      20                                                       
     Diallyl isophthalate          20                                          
     monomer                                                                   
     Chlorinated terphenyl                                                     
     (Aroclor 5460)   30           30                                          
     Dicumyl peroxide  2            2                                          
     Burning time (ASTM D229,Pt.1)                                             
                      16 sec.      27 sec.                                     
     Specific Gravity 2.104        2.040                                       
     Percent Resins   28.0         32.7                                        
     Rockwell Hardness (M)                                                     
                      117          121                                         
     Flex.strength, psi, 25.degree.C                                           
                      94,000       101,700                                     
     Flex. strength, psi, 150.degree.C                                         
                      25,410  (260.degree.C)                                   
                                   6,050 .sup.(1)                              
     Modulus, psi, 25.degree.C                                                 
                      4.08 .times. 10.sup.6                                    
                                   3.86 .times. 10.sup.6                       
     Modulus, psi, 150.degree.C                                                
                      2.49 .times. 10.sup.6                                    
                              (260.degree.C)                                   
                                   1.47 .times. 10.sup.6 (1)                   
     Compressive Str., psi                                                     
                      49,110       48,740                                      
     Tensile Str., psi                                                         
                      63,460       62,110                                      
     Shear, psi       3710         2040                                        
     Flex., 2 hr.H.sub.2 0/100.degree.C                                        
                      93,390       88,810                                      
     Modulus, 2 hr.H.sub.2 0/100.degree.C                                      
                      4.18 .times. 10.sup.6                                    
                                   3.26 .times. 10.sup.6                       
     Flexural (psi) after aging:                                               
                       at 155.degree.C                                         
                                    at 180.degree.C                            
      1 day           101,900      95,400                                      
      4 days          97,660       98,870                                      
     10 days          93,900       88,580                                      
     D.C. 10.sup.3 /10.sup.6                                                   
                      4.94/4.85    4.72/4.65                                   
     D.C. 10.sup.3 /10.sup.6 (wet)                                             
                      5.00/4.84    4.81/4.65                                   
     D.F. 10.sup.3 /10.sup.6                                                   
                      .0054/.0049  .0068/.0040                                 
     D.F. 10.sup.3 /10.sup.6 (wet)                                             
                      .0088/.0057  .0091/.0048                                 
     Vol. Resistivity, (ohm cm.)                                               
                      4.17 .times. 10.sup.15                                   
                                   3.56 .times. 10.sup.15                      
     Surf. Resistivity, (ohm)                                                  
                      5.08 .times. 10.sup.14                                   
                                   2.36 .times. 10.sup.14                      
     __________________________________________________________________________
      .sup.(1) Test run at 260.degree.C?                                       
PAC  EXAMPLE 8
PAR  A premixed molding compound containing a portion of the polyester resin
      described in Example 3 and a polychlorinated aromatic compound was
      prepared. The formulations listed in Table VIII were mixed in a heavy duty
      mixer until the glass and fillers were thoroughly wetted with the
      polyester resin-monomer-chlorinated terphenyl mixture. The compositions of
      this invention were compared with similarly compounded conventional
      diallyl phthalate polyesters. The composition details and physical
      properties are set forth in the following Table. The test specimens were
      molded at 1000 psi at 150.degree.C for 3 minutes.
TBL                TABLE VIII                                                  
     ______________________________________                                    
     PREMIX MOLDING COMPOUNDS                                                  
     Formulation                                                               
     ______________________________________                                    
     Polyester resin, Reactive                                                 
     isophthalate type .sup.(1)                                                
                        50         41                                          
     Diallyl phthalate monomer                                                 
                        50         41                                          
     Chlorinated terphenyl                                                     
     (60% chlorine)      0         18                                          
     1/4" Chopped glass fibers                                                 
                        57         57                                          
     Wollastonite       55         55                                          
     Hydrated alumina (Hydral 710)                                             
                        55         55                                          
     tert Butyl perbenzoate                                                    
                         2          2                                          
     Zinc stearate       1          1                                          
     Antimony oxide     18         18                                          
     Physical properties                                                       
     Ignition time, sec.                                                       
                        103        102                                         
     Burning time, sec. 244         31                                         
     Deflect. temp. .degree.C                                                  
                        283        270                                         
     Rockwell Hardness (M)                                                     
                        102        103                                         
     Izod Impact (ft.lbs.)                                                     
                        4.90       6.90                                        
     Specific Gravity   1.935      1.953                                       
     Water absorption, (%)                                                     
                        0.37       0.25                                        
     Compressive str., psi.                                                    
                        20,360     21,450                                      
     Flex. strength, psi.                                                      
                        15,860     18,450                                      
     Modulus, psi.      2.0 .times. 10.sup.6                                   
                                   2.01 .times. 10.sup.6                       
     D.C. 10.sup.3 /10.sup.6                                                   
                        5.56/4.85  5.11/4.66                                   
     D.C. 10.sup.3 /10.sup.6 (wet)                                             
                        6.25/5.08  5.46/4.79                                   
     D.F. 10.sup.3 /10.sup.6                                                   
                        .023/.016  .014/.010                                   
     D.F. 10.sup.3 /10.sup.6 (wet)                                             
                        .041/.025  .018/.016                                   
     Vol. Resistivity, ohm-cm                                                  
                        6.82 .times. 10.sup.14                                 
                                   8.74 .times. 10.sup.14                      
     Surf. Resistivity ohms                                                    
                        7.43 .times. 10.sup.15                                 
                                   5.13 .times. 10.sup.15                      
     ______________________________________                                    
      .sup.(1) Reactive polyester resin from Example 3 made by reacting        
      equimolar portions of maleic and isophthalic acids with a 10% excess of  
      diethylene glycol.                                                       
PAC  EXAMPLE 9
PAR  A low-pressure laminate containing diallyl isophthalate monomer and
      prepolymer, a chlorinated terphenyl and polyphenylene ether polymer was
      prepared in which the following formulation was used to saturate glass
      cloth from which the laminate was prepared.
TBL  ______________________________________                                    
                            Parts                                              
                            by Weight                                          
     ______________________________________                                    
     Polyphenylene ether resin                                                 
     (General Electric Grade 691-111)                                          
                              25                                               
     Chlorinated terphenyl containing                                          
     60% combined chlorine (Aroclor 5460)                                      
                              15                                               
     Diallyl isophthalate prepolymer (Dapon M)                                 
                              30                                               
     Diallyl isophthalate monomer                                              
                              30                                               
     Dicumyl peroxide (recrystallized)                                         
                               3                                               
     Acetone                  130                                              
     ______________________________________                                    
PAR  The diallyl isophthalate prepolymer and polyphenylene ether polymer were
      ball-milled together until 70% of the product was -200 mesh (U.S. Standard
      Sieve Series 1940). The chlorinated terphenyl-diallyl isophthalate monomer
      and dicumyl peroxide were dissolved in the acetone solvent and the
      ball-milled powder was added to this solution to make up a saturating
      mixture. Woven glass cloth, type 181, was impregnated with this mixture
      and allowed to dry at least 48 hours at room temperature. The dry
      impregnated glass cloth was cut into 12 by 12 inch squares, stacked 18
      plies deep with the warp yarns parallel. The pre-impregnated lay-up was
      made in a flat bed press for 30 minutes at 80.degree.C at contact
      pressure, 30 minutes at 120.degree.C at 300 psi and 1 hour at 160.degree.C
      at 300 psi. The laminated sample had a resin content of 44% and was found
      to be non-burning in ASTM Flammability Test D-229, Part 1. The following
      physical properties were obtained on the laminated sample:
TBL  Laminate Physical and Electrical Properties                               
     ______________________________________                                    
     Resin content          44%                                                
     Specific Gravity       1.752                                              
     Rockwell Hardness (M)  120                                                
     Compressive strength, psi                                                 
                            50,400                                             
     Tensile strength, psi  43,700                                             
     Flexural strength, psi at 23.degree.C                                     
                            67,300                                             
     Flexural strength, psi at 200.degree.C                                    
                            13,700                                             
     Flexural modulus at 23.degree.C, psi                                      
                            3.0 .times. 10.sup.6                               
     Flexural modulus at 200.degree.C, psi                                     
                            1.3 .times. 10.sup.6                               
     Tensile shear strength, psi                                               
                             3,530                                             
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  A vacuum bag laminate was prepared from a composition containing no
      polyunsaturated polymer. Thirty parts of polyphenylene ether polymer was
      ball-milled 1 hour together with 10 parts of trihydrate of aluminum oxide
      (Hydral 710 from Alcoa). The ball-milled materials were mixed with a
      solution containing 90 parts of diallyl isophthalate monomer, 17.5 parts
      of chlorinated terphenyl containing 60% by weight combined chlorine
      (Aroclor 5460) and 4.5 parts of dicumyl peroxide catalyst (DiCup R) with
      stirring at 60.degree. to 80.degree.C. This mixture was used to saturate
      12 plies of 181 glass cloth 12 inches square. The impregnated cloth was
      stacked 12 plies deep with the warp yarns parallel. The impregnated lay-up
      was placed in a vacuum bag which was then evacuated until essentially all
      of the air was removed. The lay-up was then laminated in a flat bed press,
      maintaining the vacuum, throughout the lamination, for 1 hour at
      93.degree.C, 1 hour at 121.degree.C and 1 hour at 160.degree.C. The cured
      laminate had good "hot" hardness when removed from the vacuum bag at about
      150.degree.C and when cooled was a tough flexible laminate.
PAC  EXAMPLE 11
PAR  A copper-clad laminate was prepared by roller coating onto 1 oz. copper
      foil (1 oz. per sq. ft.), a standard copper used in the preparation of
      printed circuit boards, the following coating composition:
TBL  Ingredients             Parts by weight                                   
     ______________________________________                                    
     Polyphenylene ether polymer                                               
     (General Electric Company                                                 
     Grade 631-101)          60                                                
     Diallyl isophthalate prepolymer                                           
     (FMC Corp., Dapon M)    10                                                
     Diallyl isophthalate monomer                                              
                             10                                                
     Chlorinated terphenyl, 60% chlorine                                       
     (Aroclor 5460), Monsanto Chemical Corp.                                   
                             20                                                
     Dicumyl peroxide         5                                                
     Chloroform              150                                               
     Trichloroethylene       150                                               
     ______________________________________                                    
PAR  After solvent removal and baking for 5 minutes at 165.degree.C, the average
      film thickness of the coating on the copper was 1.5 mil. An 18 ply, low
      pressure, glass cloth laminate was prepared for laminating as described in
      Example 9. The treated copper foil was placed on one side of the laminate,
      with the treated side of the foil facing the laminate, and the laminate
      was then cured as described in Example 9.
PAR  The bond and peel strength of the copper foil to the laminate base after
      laminating exceeded 10 lbs. per inch. This bond strength was essentially
      unchanged after immersion in a solder bath at 260.degree.C for 2 minutes.
PAC  EXAMPLE 12
PAR  A copper-clad glass cloth laminate was prepared using the following coating
      composition to saturate glass cloth as described in Example 9:
PAR  Three hundred twenty parts of polyphenylene ether polymer (General Electric
      Grade 691-111), 80 parts of diallyl isophthalate prepolymer (Dapon M) and
      50 parts of hydrated alumina (Hydral 710) were ground together in a
      ceramic ball mill until 70% of the mixture passed through a 200 mesh sieve
      (U.S. Standard Sieve Series, 1940). Forty-five parts of this powdered
      mixture was added with agitation to a solution of 30 parts of diallyl
      phthalate monomer, 30 parts of chlorinated terphenyl (Aroclor 5460), 10
      parts of diallyl isophthalate prepolymer (Dapon M), and 5 parts of
      recrystallized dicumyl peroxide (DiCup R -- Hercules Powder Company) in
      100 parts of methyl ethyl ketone.
PAR  The saturated glass cloth was cut into 12 inch squares prepared for
      laminating as described in Example 9. A 12 inch square of 1 oz. copper
      foil was placed on one side of the saturated glass cloth lay-up which was
      then laminated (cured) as described in Example 9 to produce a copper-clad
      laminate. When laminated, the copper foil had a bond strength to the glass
      cloth base in excess of 8 lbs. per inch peel strength at 90.degree.. This
      bond strength was maintained, and the laminate maintained its integrity,
      when immersed for 2 minutes in solder at 260.degree.C.
PAC  EXAMPLE 13
PAR  A silicon diode was coated by dipping the diode into the polymerizable
      coating composition of Example 11. Only about one-eighth inch of the metal
      leads (Covar) to the diode, nearest to the body of the diode, was coated,
      thereby leaving part of the leads uncoated to facilitate soldering. The
      coated diode was baked in an air circulating oven at 170.degree.C for 2
      minutes to remove solvent and polymerize the coating. The resulting
      coating was between 1 and 2 millimeters thick.
PAR  The coated diode was then mold encapsulated using the following
      encapsulating composition:
TBL                        Parts by weight                                     
     ______________________________________                                    
     Diallyl phthalate prepolymer                                              
     (Dapon D - FMC Corp.)   45                                                
     Glass, 1/4" chopped fibers                                                
                             25                                                
     Clay, calcined          30                                                
     Calcium stearate        0.5                                               
     Tertiary butyl perbenzoate                                                
                             1.5                                               
     ______________________________________                                    
PAR  The encapsulation was done by transfer molding at a ram pressure of 1,000
      psi at 160.degree.C for a cure time of 3 minutes. The encapsulated silicon
      diode showed no loss of electrical performance after 100 hours' immersion
      in boiling water.
PAR  A second silicon diode was coated as described above. This second coated
      diode was mold encapsulated as described above using a bisphenol A
      diglycycidol ether type epoxy polymer encapsulating composition (Polyset
      300 available from Morton Chemical Company). The wet electrical
      performance of the coated-encapsulated diode was improved as compared to a
      similar diode that was not coated prior to encapsulation with the epoxy
      encapsulating composition.
PAC  EXAMPLE 14
PAR  Vacuum bag laminates were prepared using diallyl isophthalate prepolymer
      and monomer, brominated biphenyl and in one example a polyphenylene ether
      polymer. Woven glass cloth, type 181, was impregnated with the mixtures
      set forth below and allowed to dry for 48 hours at 25.degree.C. The dry
      impregnated glass cloth was cut into 12 inch squares, stacked 18 plies
      deep with the warp yarns parallel. The impregnated lay-up was molded by
      the vacuum-bag technique. Full cure was obtained after 15 minutes at
      150.degree.C.
TBL                TABLE IX                                                    
     ______________________________________                                    
     Formulation                                                               
     ______________________________________                                    
     Diallyl isophthalate monomer                                              
                        250        350                                         
     Diallyl isophthalate prepolymer                                           
                        650        310                                         
     Hexabromobiphenyl  200        150                                         
     Dicumyl peroxide   30         30                                          
     Gamma methacryloxypropyl-                                                 
     trimethylsilane    5          5                                           
     Hydroquinone       0.3        0.3                                         
     Aluminum trihydrate                                                       
                        70         40                                          
     Methyl ethyl ketone                                                       
                        400        400                                         
     Polyphenylene ether blend .sup.(1)                                        
                        --         285                                         
     Physical Properties                                                       
     Resin content, weight %                                                   
                        29.8       35.1                                        
     Rockwell hardness (M)                                                     
                        120        122                                         
     Compressive strength, psi                                                 
                        26,400     44,500                                      
     Flexural strength,                                                        
                 psi at  25.degree.C                                           
                            65,800     83,900                                  
                 psi at 205.degree.C                                           
                            31,100     22,000                                  
     after 2 hours in boiling water                                            
                        47,800     76,900                                      
     Flexural modulus,                                                         
                 psi at  25.degree.C                                           
                            2.7 .times. 10.sup.6                               
                                       2.8 .times. 10.sup.6                    
                 psi at 205.degree.C                                           
                            2.6 .times. 10.sup.6                               
                                       1.8 .times. 10.sup.6                    
     after 2 hours in boiling water                                            
                        2.6 .times. 10.sup.6                                   
                                   2.9 .times. 10.sup.6                        
     Tensile strength, psi                                                     
                        52,600     55,300                                      
     Shear strength,                                                           
                 psi at 25.degree.C                                            
                             3,010      5,400                                  
                 psi at 205.degree.C                                           
                             1,740      1,470                                  
     Moisture absorption, 48 hours                                             
     under water at 50.degree.C, weight %                                      
                         .44 .sup.(2)                                          
                                    .08                                        
     Specific gravity   1.974      1.911                                       
     Dielectric constant                                                       
                 10.sup.3 /HZ dry                                              
                            4.53       4.30                                    
                 10.sup.6 /HZ dry                                              
                            4.46       4.33                                    
     Burning test (ASTM D-635)                                                 
                        non-burning                                            
                                   non-burning                                 
     ______________________________________                                    
      .sup.(1) 200 parts of polyphenylene ether polymer, 57 parts of diallyl   
      isophthalate prepolymer, 28 parts of aluminum trihydrate, ball-milled    
      together for 12 hours.                                                   
      .sup.(2) Sample contained some small voids.                              
PAR  Obviously, these examples can be multiplied indefinitely in view of the
      possible permutations and combinations of resins, polychlorinated aromatic
      hydrocarbons, fillers and additives known in the art to be useful in
      preparing molding compounds and laminates. The principle of this invention
      has been explained and exemplified so that it can readily be practiced by
      those skilled in the art. The best mode contemplated by the inventors has
      been set forth. Clearly, within the scope of the appended claims, the
      invention may be practiced by those skilled in the art having benefit of
      this disclosure, otherwise than as specifically described and exemplified
      herein.
CLMS
NUM  1.
PAR  1.  A thermosetting composition comprising:
PA1  1. 10 to 50 parts by weight of a polyunsaturated monomer;
PA1  2. 5 to 30 parts by weight of a polychlorinated or polybrominated aromatic
      hydrocarbon containing at least 50% by weight chlorine or bromine and
      having a molecular weight of at least 200;
PA1  3. 20 to 60 parts by weight of a polyphenylene ether polymer;
PA1  4. 0-30 parts by weight of a polyunsaturated polymer having carbon to
      carbon unsaturation and
PA1  5. 2-10 parts by weight per 100 parts of all of (1) plus (2) plus (3) plus
      (4) of a peroxide catalyst which has a 10 hour half-life in benzene at a
      temperature in excess of 100.degree.C.
NUM  2.
PAR  2. The composition of claim 1 further comprising a fluid in which the
      thermosetting composition is dispersed.
NUM  3.
PAR  3. The composition of claim 1 in which the fluid is a solvent selected from
      the group consisting of chlorinated hydrocarbon solvents and aromatic
      hydrocarbon solvents.
NUM  4.
PAR  4. The composition of claim 1 in which the polychlorinated or
      polybrominated aromatic hydrocarbon is selected from the group consisting
      of chlorinated or brominated biphenyls, chlorinated or brominated
      terphenyls, trichlorobenzene, and chlorinated naphthalenes.
NUM  5.
PAR  5. The composition of claim 1 in which the polyunsaturated monomer is
      selected from the group consisting of diallyl phthalate, diallyl
      isophthalate, diallyl chlorendate, diallyl maleate, triallyl cyanurate,
      triallyl isocyanurate, glycol dimethylacrylate, and a divinyl benzene.
NUM  6.
PAR  6. The composition of claim 1 in which the peroxide catalyst is selected
      from the group consisting of dicumyl peroxide, tertiary butyl perbenzoate,
      2,5-dimethyl-2,5-di(tertiary-butylperoxy) hexyne-3 and
      2,5-dimethyl-2,5-di(tertiary-butylperoxy) hexane.
NUM  7.
PAR  7. The composition of claim 1 further comprising an inert filler selected
      from the group consisting of inorganic fillers, fibrous fillers, fibrous
      mats, woven fabric and non-woven fabric.
PATN
WKU  039364151
SRC  5
APN  4671821
APT  1
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APD  19740506
TTL  Oxidized polyolefin-high molecular weight elastomeric mixture
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ABST
PAL  Glass fibers are coated with a mixture of an organo silane coupling agent,
      an oxidized polyolefin, and a carboxylated high molecular weight elastomer
      having a solubility parameter similar to that of polyolefin. In the
      preferred arrangement the coupling agent, polyolefin, and high molecular
      weight elastomer are in the form of an aqueous emulsion which is applied
      to the fibers as a coating at forming, and then dried. The silane coupling
      agent may be applied either as an initial coating or in mixture with the
      emulsions, and the coated fibers when dried are particularly adapted for
      the production of composites having a polyolefin matrix and a
      reinforcement of the coated glass fibers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Crystalline polyolefins, while they have relatively high strength, bond
      poorly to glass fibers even though coupling agents are used to promote
      wetout of the fibers. It would seem that coupling agents would attach the
      polyolefin coating material to the glass fibers, and that a polyolefin
      coating on the fibers would attach to a polyolefin matrix forming
      material; but such composites have not exhibited any appreciable increase
      in strength by reason of the glass fibers.
PAR  The principal object of the present invention, therefore, is the provision
      of a new and inexpensive coating for glass fibers which will achieve a
      better bond to polyolefin matrix forming materials than do prior art
      materials.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the invention it has been discovered that carboxylated high
      molecular weight elastomeric molecules when added to oxidized polyolefin
      materials will provide a coating on glass fibers which produce a better
      bond to polyolefin matrix forming materials than do coatings of the
      polyolefins by themselves. Polyolefin film formers, as for example,
      polypropylene of the type suitable for making coatings may have a
      molecular weight between 10,000 and 20,000. Elastomers, on the other hand,
      usually have molecular weights above 200,000 and may have a molecular
      weight of 1,000,000 or more. It is theorized that such high molecular
      weight elastomers when intimately mixed with the molecules of the
      polyolefin film former, either project out of the dried coating on the
      fibers or are caused to project out of the polyolefin film on the fibers
      when the coating is contacted by a compatible polyolefin matrix forming
      material. Heat or solvents or both are used to fuse the matrix forming
      polyolefins around the coated glass fibers, and this heat and/or solvent
      mobilizes the molecules of the coating on the fibers to allow the high
      molecular weight molecules of elastomer to become mingled with the
      molecules of the polyolefin matrix forming material.
PAR  Polyolefins have very little, if any, remaining functionality on their
      molecules; so that the coupling agents used therewith depend upon a
      mechanical intermingling with the polyolefin molecules to develop a bond
      to the glass fibers. This being true substantially any silane coupling
      agent can be used, as for example, the alkoxy silanes, polyolefin silanes,
      amino silanes, etc.. In order to achieve maximum mingling of the high
      molecular weight elastomeric molecules with the polyolefin molecules, they
      should have substantially the same solubility parameters, i.e. be soluble
      in substantially the same solvents. As previously stated, it has been
      found that the polyolefins used for bonding to the glass fibers must be
      oxidized to provide oxygen bonding sites on the molecules, and
      particularly carboxylic acid groups. This being the case, the preferred
      high molecular weight elastomeric molecules should also contain up to
      approximately 5% of carboxyl groups in order that the solubility
      parameters of the elastomer will correspond with those of the polyolefin.
DETD
PAC  EXAMPLE 1
PAR  One hundred parts by weight of an isotactic polypropylene having a
      molecular weight of 10,000 was added to a suitable mixing vessel along
      with 300 parts by weight of xylene and 1 part by weight of potassium
      permanganate as an oxidizing agent. The mixture was heated to 80.degree.C
      with reflux for 4 hours, during which air was bubbled through the mixture.
      Thereafter the mixture was cooled, and an emulsion was prepared by mixing
      with 500 parts by weight of water containing 5 parts by weight of
      polyoxyethylene sorbitan monooleate. The water was added slowly to the
      mixture with agitation until the emulsion inverted, following which the
      balance of the water was added to provide a stable emulsion.
PAR  A size was made from the following materials in parts by weight:
TBL  Ingredients       Parts By Wt. Solids                                     
     ______________________________________                                    
     Oxidized polypropylene                                                    
                       100.00       4.4                                        
     emulsion (33% solids)                                                     
     Carboxylated elastomeric                                                  
                       66.8         3.0                                        
     latex (30% solids)                                                        
     (48% styrene - 48% butadiene                                              
     4% acrylic acid terpolymer                                                
     having a molecular weight                                                 
     of 500,000)                                                               
     Glass coupling agent (gamma                                               
                       8.34         1.1                                        
     aminopropyltrimethoxysilane)                                              
     Deionized water   644          92.5                                       
     ______________________________________                                    
PAR  The size was prepared by adding 240 parts of deionized water to a main mix
      tank following which the silane coupling agent was added slowly and
      stirred for 15 minutes. Thereafter another 240 parts of deionized water
      are added to another premix tank, and the oxidized polypropylene emulsion
      was added. The elastomer emulsion was then added to the premix tank and
      the total was mixed for 5 minutes. Thereafter the contents of the premix
      tank was added to the main mix tank and the contents agitated for 10
      minutes. The materials were then stored at room temperature under slow
      agitation until applied to the glass fibers. The size was applied to 408
      E-glass fibers having a diameter of 0.0005 inch at forming, following
      which they were brought together into a strand and wound into a package
      that was thereafter dried at room temperature for 72 hours. The strand was
      unraveled from the package and chopped into 1/4 inch lengths, following
      which the chopped strand was dried at 300.degree.F for 1 hour.
PAR  Twenty grams of these short chopped fibers were then placed in a drum
      tumbler with 80 grams of a reactor flake polypropylene having a molecular
      weight of approximately 50,000 and the materials were thoroughly mixed.
      The mixture was then placed in a 1-inch national rubber screw machine
      extruder that was electrically heated to 500.degree.F, and the mixture was
      extruded into a 1/4 inch diameter cylindrical rod that was then fed into a
      pelletizer to form 1/4 inch long pellets. The pellets were fed to an
      injection molding machine heated to 500.degree.F and the material was
      extruded to a standard ASTM-D638 dogbone specimen. The specimen when
      cooled to room temperature and tested in a standard tensile testing
      machine broke at 8,000 pounds per square inch. By way of a control, or
      comparison, and not according to the invention, glass fibers that were
      similarly coated except that the coating did not contain a high molecular
      weight elastomer, and in which the polypropylene was not oxidized, gave a
      dogbone sample strength of 6,500 pounds per square inch.
PAC  EXAMPLE 2
PAR  The process of Example 1 was repeated excepting that the oxidized
      polypropylene was replaced by a copolymer of polypropylene containing 4%
      acrylic acid. The polypropylene copolymer was prepared by dissolving 95
      parts of propylene monomer and 4 parts of acrylic acid in 200 parts of
      xylene. One part of benzoyl peroxide was added and the temperature was
      raised to 75.degree.C over a period of 6 hours with reflux to produce the
      copolymer in the xylene solvent. An emulsion was then prepared of this
      material, and this emulsion was then substituted, in the procedure given
      in Example 1, for the emulsion of oxidized polypropylene. The dogbone
      sample that was produced had generally the same strength and other
      properties as did the dogbone sample of Example 1.
PAC  EXAMPLE 3
PAR  The process of Example 1 was repeated excepting that the oxidized
      polypropylene was replaced with oxidized propylene that was obtained from
      the still bottoms of a reactor that was used to produce normal
      polypropylene. These still bottoms had high molecular weight and contained
      sufficient oxygen in the form of carboxyl groups to comprise approximately
      2% by weight of the polypropylene still bottoms. The dogbone sample which
      was produced had substantially the same strength as that produced by the
      procedure given in Example 1.
PAC  EXAMPLE 4
PAR  The process of Example 1 was repeated excepting that oxidized polyethylene
      was used for the film former, and polyethylene was used for the matrix
      resin. The dogbone samples produced had substantially the same properties
      as did that of Example 1.
PAC  EXAMPLE 5
PAR  The process of Example 1 was repeated excepting that the carboxylated
      elastomer was a carboxylated-butadiene-acrylonitrile elastomer having a
      molecular weight of 500,000 and which was carboxylated with 2% of acrylic
      acid. The dogbone sample so produced had a strength of approximately 8,000
      psi.
PAC  EXAMPLE 6
PAR  The process of Example 1 was repeated using a terpolymer of 48%
      isobutylene, 48% butadiene, and 4% acrylic acid, and the dogbone sample so
      produced had substantially the same properties as did that of Example 1.
PAC  EXAMPLE 7
PAR  The process of Example 1 was repeated excepting that a straight chain
      polyurethane (reaction product of ethylene glycol, succinic anhydride and
      toluene diisocyanate) having a molecular weight of 200,000 and 4%
      carboxylation was substituted for the styrene-butadiene elastomer of
      Example 1. The dogbone sample produced had substantially the same
      properties as that of Example 1.
PAC  EXAMPLE 8
PAR  The process of Example 1 was repeated excepting that the fibers were coated
      at forming with an aqueous gamma aminopropyltriethoxysilane solution only
      and were then dried. Thereafter the strand was pulled through a xylene
      solution of the oxidized polypropylene and carboxylated butadiene-styrene
      materials, instead of the aqueous emulsion of these same materials used in
      Example 1. The dogbone sample produced had substantially the same
      properties as did the sample of Example 1.
PAC  EXAMPLE 9
PAR  The process of Example 1 was repeated excepting that gamma
      methacryloxypropyltrimethoxysilane was substituted for the silane of
      Example 1. The dogbone specimen so produced had substantially the same
      properties as that of Example 1.
PAR  It will now be apparent that any long chain elastomer can be used which has
      a solubility parameter similar to that of the oxidized polyolefin with
      which it is to be used. In most instances the elastomer will be made more
      compatible with the oxidized polyolefin by causing the polyolefin to
      contain carboxyl radicals up to approximately 5% by weight. It is further
      apparent that the polyolefin must be oxidized to provide sites for better
      coupling with the glass. The oxygen can be present as the aldehyde group,
      an OH group, or the carboxyl group, but in most oxidation processes, will
      be present as carboxyl groups, since oxidation from the aldehyde, to the
      alcohol, to the acid takes place more easily than does the formation of
      the aldehyde.
PAR  In general, the size compositions that are preferred are aqueous emulsions
      since they avoid flammability problems adjacent the hot forming bushings
      from which the fibers are pulled. For such applications the sizing
      material will preferably contain the following ingredients in parts by
      weight:
TBL  Ingredients          Parts by Weight                                      
     ______________________________________                                    
     Emulsified particles of oxidized                                          
                          .5 to 25                                             
     polyolefin (solids)                                                       
     Carboxylated elastomeric                                                  
                          .5 to 15                                             
     molecules having molecular                                                
     weight of from 200,000 to                                                 
     1,000,000 (solids)                                                        
     Silane glass coupling agent                                               
                          .01 to 5                                             
     Water                Balance                                              
     ______________________________________                                    
PAR  Organic solutions of the same materials can be used, however, using the
      same parts by weight but substituting an organic solvent for the water.
      The dried coatings on the fibers will comprise the same parts by weight of
      solids. The coatings on the fibers, however, preferably comprise the
      following percentages by weight:
TBL  Oxidized polyolefin  49.99 to 99.49                                       
     Carboxylated elastomer                                                    
                          .5 to 50                                             
     Silane glass coupling agent                                               
                          .01 to 5                                             
PAR  While the invention has been described in considerable detail, I do not
      wish to be limited to the particular embodiments shown and described, and
      it is my intention to cover hereby all novel adaptations, modifications
      and arrangements thereof which come within the practice of those skilled
      in the art to which the invention relates.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of bonding a polyolefin to glass fibers comprising: preparing a
      liquid mixture of oxidized polyolefin and a carboxylated high molecular
      weight elastomer having a solubility parameter similar to that of the
      oxidized polyolefin, coating glass fibers with said mixture, drying the
      coating to form a film of oxidized polypropylene having high molecular
      weight molecules of the elastomer therein, and embedding the coated fibers
      in the matrix of the polyolefin to be reinforced.
NUM  2.
PAR  2. The method of claim 1 wherein the coating on the fibers includes a
      silane glass coupling agent.
NUM  3.
PAR  3. The method of claim 2 wherein the elastomer is a carboxylated, butadiene
      terpolymer.
NUM  4.
PAR  4. The method of claim 3 wherein the polyolefin in the coating is a
      carboxylated polypropylene.
NUM  5.
PAR  5. A method of bonding a polyolefin to glass fibers comprising: preparing
      an aqueous mixture of emulsified particles of oxidized polyolefin and
      emulsified particles of a high molecular weight elastomer having a
      solubility parameter similar to that of the emulsified particles of
      polyolefin, coating glass fibers with said aqueous mixture, drying the
      coating to form a film of oxidized polyolefin having high molecular weight
      molecules of said elastomer therein, and embedding the coated fibers in a
      matrix of the polyolefin to be reinforced.
NUM  6.
PAR  6. The method of claim 5 wherein the oxidized polyolefin in the coating is
      a polypropylene.
NUM  7.
PAR  7. The method of claim 6 wherein the coating includes an organo silane
      glass coupling agent.
NUM  8.
PAR  8. The method of claim 7 wherein the elastomer is a carboxylated, butadiene
      terpolymer.
NUM  9.
PAR  9. The method of claim 8 wherein the elastomer in the coating is a
      carboxylated styrene, butadiene terpolymer.
NUM  10.
PAR  10. A composite comprising glass fibers dispersed throughout and
      reinforcing a polyolefin matrix resin, said glass fibers having a coating
      thereon of an oxidized polyolefin, a glass silane coupling agent, and an
      elastomer having a molecular weight of at least about 200,000 with
      molecules of said elastomer being embedded in said coating of oxidized
      polyolefin and extending into said polyolefin matrix that is reinforced by
      said fibers.
NUM  11.
PAR  11. The composite of claim 10 wherein the polyolefin is an oxidized
      polypropylene.
NUM  12.
PAR  12. The composite of claim 10 wherein the elastomer is a carboxylated,
      butadiene terpolymer.
NUM  13.
PAR  13. The composite of claim 12 wherein the elastomer is a carboxylated
      styrene, butadiene terpolymer.
NUM  14.
PAR  14. The composite of claim 13 wherein the polyolefin is a carboxylated
      polypropylene.
NUM  15.
PAR  15. The composite of claim 14 wherein the glass coupling agent is gamma
      aminopropyltrialkoxysilane.
PATN
WKU  039364160
SRC  5
APN  3821692
APT  1
ART  141
APD  19730724
TTL  Nonburning, nondripping, char-forming, polypropylene composition
ISD  19760203
NCL  10
ECL  1
EXP  Hoke; V. P.
INVT
NAM  Brady; Donnie G.
CTY  Bartlesville
STA  OK
ASSG
NAM  Phillips Petroleum Company
CTY  Bartlesville
STA  OK
COD  02
CLAS
OCL  260 4218
XCL  260 4246
XCL  260 459NP
XCL  260 4595S
EDF  2
ICL  C08F  600
FSC  260
FSS  45.9 NP;45.95 S;42.18;42.46
UREF
PNO  3337495
ISD  19670800
NAM  Corbett et al.
OCL  260 45.95S
UREF
PNO  3395746
ISD  19680800
NAM  Szabo et al.
OCL  264 53
UREF
PNO  3446765
ISD  19690500
NAM  Pryer
OCL  260 23
UREF
PNO  3546161
ISD  19701200
NAM  Wolheim
OCL  260 45.95
UREF
PNO  3562197
ISD  19710200
NAM  Sears et al.
OCL  260 45.9
UREF
PNO  3639299
ISD  19720200
NAM  MacDowell
OCL  260 45.9
UREF
PNO  3649591
ISD  19720300
NAM  Murray et al.
OCL  260 45.9NP
UREF
PNO  3810862
ISD  19740500
NAM  Mathis
OCL  260 45.8
OREF
PAL  American Chemical Society -- Div. Organic Coatings & Plastic Chemistry,
      Preprints, Vol. 28, No. 1, 1968, pp. 237 to 242.
PAL  Chemistry & Uses of Fire Retardants -- by Lyons, John Wiley & Sons, Inc.,
      N.Y.C., 1970, pp. 256 to 258 & 290.
ABST
PAL  A nonburning, nondripping, char-forming composition of polypropylene by
      incorporating at least one of the following systems:
PAL  1. ammonium polyphosphate (preferably coated with stearylamine) and
      dipentaerythritol
PAL  2. melamine pyrophosphate and dipentaerythritol
PAL  3. reaction product of phosphoric acid, urea, dipentaerythritol, and
      melamine
PAL  4. reaction product of phosphoric acid, phosphorus pentoxide, at least one
      of pentaerythritol, dipentaerythritol, and tripentaerythritol; and
      melamine.
PAL  Preferably all additive systems are degassed at elevated temperature to
      permit polypropylene compositions containing said additives to be molded
      without formation of voids.
PAL  The thermal degassing of the phosphorus-containing flame retardant additive
      system prior to their incorporation with polypropylene considerably
      diminishes void formation or foaming during molding operation.
BSUM
PAR  This invention relates to a flame retardant or nonburning, nondripping,
      char-forming polypropylene composition. It also relates to a method of
      preparing such compositions. In one of its aspects it relates to modifying
      ammonium polyphosphate used in the preparation of such a composition. In
      one of its aspects the invention relates to the modification of additive
      systems prior to compounding the same with polypropylene to avoid void
      formation or foaming during molding operations.
PAR  In one of its concepts the invention provides a flame retardant or
      nonburning, nondripping, char-forming polypropylene composition containing
      polypropylene and a minor amount of at least one of the following additive
      systems:
PAR  1 - AMMONIUM POLYPHOSPHATE (PREFERABLY COATED WITH STEARYLAMINE) AND
      DIPENTAERYTHRITOL
PAR  2 - MELAMINE PYROPHOSPHATE AND DIPENTAERYTHRITOL
PAR  3 - REACTION PRODUCT OF PHOSPHORIC ACID, UREA, DIPENTAERYTHRITOL, AND
      MELAMINE
PAR  4 - REACTION PRODUCT OF PHOSPHORIC ACID, PHOSPHORUS PENTOXIDE, AT LEAST ONE
      OF PENTAERYTHRITOL, DIPENTAERYTHRITOL, AND TRIPENTAERYTHRITOL; AND
      MELAMINE.
PAR  In another of its concepts the invention provides an improved ammonium
      polyphosphate for such additive system in which the ammonium
      polyphosphate, as indicated herein, is a priori coated with a minor
      proportion of stearylamine before compounding in the polypropylene thus
      avoiding disadvantages as herein set forth.
PAR  In a further concept, the invention provides a polypropylene composition
      containing an additive rendering it fire retardant or nonburning,
      nondripping and char-forming which will be substantially non-void forming
      during molding operations due to gas formation.
PAR  In another concept, the pH of a water slurry of the additive is adjusted
      prior to degassing.
PAR  I have now discovered certain specific additive system compositions which
      can be incorporated with polypropylene, as herein described in more
      detail, to render the same fire retardant or nonburning, nondripping, and
      char-forming. Such compositions are finding increasing usefulness as the
      use of polypropylene is expanded. While the additive systems are operative
      as compounded with polypropylene to produce compositions which can be
      usefully applied, according to a preferred concept of the invention, that
      is the degassing, the preferred compositions of the polypropylene and the
      additive system are produced when the additive system has been thermally
      degassed.
PAR  Thus, I have discovered that an increase in molding temperatures can be
      accomplished without undesirable void formation if the additive system
      composites are degassed prior to formulation with the polypropylene.
PAR  It is an object of this invention to provide a fire retardant or
      nonburning, nondripping, char-forming polypropylene composition. It is
      another object of this invention to provide the various specific additive
      systems for incorporation with polypropylene to render the same fire
      retardant or nonburning, nondripping and char-forming. It is a further
      object of this invention to so treat additive systems prior to their
      incorporation with polypropylene to render the same fire retardant or
      nonburning, nondripping and char-forming that when the polypropylene is
      thus composited therewith and used in a molding operation in which void
      formation is undesirable, void formation will have been substantially
      completely eliminated or at least very substantially reduced. In a still
      further object of the invention there is produced a polypropylene
      composition as herein described which can be molded at temperatures
      substantially higher than heretofore, the composition containing a
      specially modified fire retarding, char-forming additive system.
PAR  Another object is to provide a composition of better color, thermal
      stability and relatively low void formation.
PAR  Other aspects, concepts, objects and several advantages of the invention
      are apparent from a study of this disclosure and the appended claims.
PAR  According to the present invention, there is provided a nonburning,
      nondripping, char-forming composition of polypropylene and at least one of
      the additive systems selected from:
PAR  1 - ammonium polyphosphate (preferably coated with stearylamine) and
      dipentaerythritol
PAR  2 - melamine pyrophosphate and dipentaerythritol
PAR  3 - reaction product of phosphoric acid, urea, dipentaerythritol, and
      melamine
PAR  4 - reaction product of phosphoric acid, phosphorus pentoxide, at least one
      of pentaerythritol, dipentaerythritol, and tripentaerythritol; and
      melamine.
PAR  Still further according to the invention, the ammonium polyphosphate is
      coated or covered with a minor proportion, say 1-3 weight percent
      stearylamine based on the weight of the ammonium polyphosphate prior to
      compounding in the additive system or in the polypropylene to alleviate an
      incompatibility which results in "blooming" in the molded polypropylene
      with additional disadvantages being a normally undesired tacky surface and
      a normally undesired dull appearance.
PAR  Still further according to the invention, the additive systems as herein
      described are degassed also as herein described.
PAR  There are several embodiments described in this specification. Other
      embodiments will be evident to one skilled in this art having studied this
      disclosure.
PAR  Generally, a thermal degassing can be an intregal part of a synthetic
      procedure or it can be practiced on a blend of compounds.
PAR  Usually the degassing is practiced by heating to an elevated temperature at
      which the reaction causing foaming ensues. The heating is continued
      substantially until foaming or gas formation has subsided.
PAR  Also according to the invention, the pH of a water slurry of the additive
      system is adjusted to about 6 prior to degassing.
PAR  The additive system thus prepared can be added without cooling directly to
      polypropylene and composited therewith or if desired can be cooled first.
      Or the additive system upon cooling at least to an extent can be later
      composited or compounded with the polypropylene in suitable proportions
      which for each condition of service can be determined by mere routine
      testing by one skilled in the art having possession of this disclosure and
      having studied same.
PAR  In Table I there are given several embodiments, namely Embodiments I, II,
      III and IV. There are two subembodiments under the heading of Embodiment
      I.
PAR  The thermal degassing of the phosphorus-containing additive can be carried
      out on a blend of compounds as described in Embodiment II or the thermal
      degassing can be a step in a synthetic procedure as practiced in
      Embodiments III and IV. The phosphorus-containing flame retardant
      additives which are thermally degassed according to the present invention
      generally correspond to one or more of the compositions described in
      Embodiments II, III and IV of Table I.
PAR  Embodiment I primarily shows the flame retardant effectiveness of a
      phosphorus-containing additive system which has not been degassed,
      according to the invention. Foaming, i.e, void formation, is such a severe
      problem in the practice of Embodiment I in which the additive system has
      not been a priori degassed, that molding must be carried out at an
      impractically low temperature of about 350.degree.-400.degree.F if the
      problem is to be minimized. This can cause other problems.
PAR  The increase in suitable molding temperatures in Embodiment II over
      Embodiment I, illustrates that Embodiment II yields nonburning,
      nondripping polypropylene formulations which possess significantly less
      tendency to foam. Therefore, these formulations can be molded at
      correspondingly higher temperatures. Foaming during the molding operation
      is usually undesirable because voids which are produced in the final
      molded objects are generally undesirable. The higher molding temperatures
      of Embodiment III and IV illustrate that these systems yield polypropylene
      samples with less tendency to foam during molding. In general, molding
      temperatures of approximately 450.degree.-500.degree.F are considered
      desirable or necessary.
TBL                                    Table I                                 
     __________________________________________________________________________
     Phosphorus Containing Flame Retardant Additives                           
     Suitable Molding Temperatures (SMT)                                       
     __________________________________________________________________________
     Embodiment I.sup.a                                                        
                      Embodiment II.sup.b                                      
                                 Embodiment III.sup.c                          
                                            Embodiment IV.sup.d,e              
     __________________________________________________________________________
     (i)                                                                       
        ammonium      Same additives as                                        
                                 Reaction product                              
                                            Reaction product                   
        polyphosphate (AP)                                                     
                      Embodiment I;                                            
                                 of H.sub.3 PO.sub.4, urea,                    
                                            of H.sub.3 PO.sub.4, P.sub.2       
                                            O.sub.5,                           
        dipentaerythritol (DPE)                                                
                      thermal degassing                                        
                                 dipentaerythritol,                            
                                            dipentaerythritol,                 
                      of additives prior                                       
                                 and melamine                                  
                                            and melamine                       
                      to formulation in                                        
     (ii)                                                                      
        melamine      polypropylene                                            
        pyrophosphate (MP)                                                     
                      distinguishes                                            
        and           Embodiment II over                                       
        dipentaerythritol (DPE)                                                
                      Embodiment I                                             
        SMT           SMT        SMT        SMT                                
        350-400.degree.F                                                       
                      350-450.degree.F                                         
                                 350-475.degree.F                              
                                            350-475.degree.F                   
     __________________________________________________________________________
      .sup.a In Embodiment (I), according to the invention, it is advantageous 
      to coat the ammonium polyphosphate with about 1-3 weight percent         
      stearylamine prior to compounding in polypropylene: this procedure       
      alleviates an incompatibility problem in the polypropylene. The use of   
      uncoated ammonium polyphosphate results in "blooming" in the molded      
      polypropylene which exhibits a tacky surface with a dull appearance. No  
      incompatibility problem was encountered in Embodiments I(ii), II, III and
      IV. See footnote 3, Table II.                                            
      .sup.b The additives are heated at 175 to 275.degree.C for 0.5 to 4 hours
      to cause a foaming reaction. After the thermal degassing, the residue is 
      used to formulate a nonburning, nondripping polypropylene.               
      .sup.c The reaction product is heated at 190-260.degree.C for 0.5 to 4   
      hours before formulating in polypropylene (integral part of additive     
      synthesis procedure).                                                    
      .sup.d The reaction product is heated to 190-280.degree.C for 0.5 to 6   
      hours before formulating in polypropylene (integral part of additive     
      synthesis procedure).                                                    
      .sup.e Pentaerythritol or tripentaerythritol can be used in place of     
      dipentaerythritol in Embodiment IV.                                      
PAR  A. Embodiment I
PAR  The additives shown in Table I under Embodiment I (i) and I (ii) were
      blended in polypropylene on a three-inch roll mill for 5 minutes at
      320.degree.-350.degree.F. Samples for testing were cut from sheets of the
      formulation that has been molded at 350.degree.F in picture frame molds.
      Results are summarized in Table II.
TBL                                    Table II                                
     __________________________________________________________________________
     Evaluation Data on Flame Retardant                                        
     Polypropylene Samples (Embodiment I of Table I).sup.e                     
     __________________________________________________________________________
                     Burning Test Results Ratio                                
     Run No.                                                                   
           Additive(php).sup.a                                                 
                     ASTM D635.sup.b                                           
                            ASTM D2863.sup.c                                   
                                    UL 94.sup.d                                
                                          AP/DPE                               
     __________________________________________________________________________
     Control                                                                   
           None      B      Ca. 18                                             
     1.    AP (30)   SE     N.D.    Not SE-O                                   
                                          5:1                                  
           DPE                                                                 
              (6)                                                              
     2.    AP (40)   SE     N.D.    Not SE-O                                   
                                          5:1                                  
           DPE                                                                 
              (8)                                                              
     3.    AP (40)   SE-NB  28.7    SE-O  3.33:1                               
           DPE                                                                 
              (12)                                                             
     4.    AP (40)   NB     29.5    SE-O  2.5:1                                
           DPE                                                                 
              (16)                                                             
     5.    AP (30)   NB     N.D.    SE-O  1.87:1                               
           DPE                                                                 
              (16)                                                             
     6.    AP (20)   NB     N.D.    SE-O  1:1                                  
           DPE                                                                 
              (20)                                                             
     7.    AP (40)   SE     N.D.    SE-O  2.5:1                                
           DPE                                                                 
              (16)                                                             
     Asbestos (10)                                                             
     8.    AP (40)   NB-SE  N.D.    SE-O  2.5:1                                
           DPE                                                                 
              (16)                                                             
           Glass                                                               
              Fiber (10)                                                       
     9.    MP (30)   NB-SE  31      SE-O  1.87:1                               
           DPE                                                                 
              (16)                                                             
     __________________________________________________________________________
     The results of runs 1-9 demonstrate the flame retardant effectiveness of  
     Embodiment I. (Note SE-O ratings on UL 94 test for runs 3-9.)             
      .sup.a AP, MP, and DPE represent respectively, ammonium polyphosphate,   
      melamine pyrophosphate and dipentaerythritol.                            
      .sup.b B, SE, and NB represent, respectively, burning, self-extinguishing
      and nonburning.                                                          
      .sup.c N.D. represents not determined. The numbers represent "oxygen     
      index" as defined in ASTM D2863. These numbers are defined as "limiting  
      oxygen index" in Fenimore and Martin, Mod. Plastics, Nov. 1966, page 141.
      .sup.d UL-94 refers to an Underwriters Laboratory test method described i
      Mod. Plastics, Oct. 1970, page 96. In accordance with this test, the SE-O
      rating indicates that a vertically positioned molded specimen contacted  
      for 10 seconds with a flame extinguishes within 5 seconds after removal o
      the flame on two successive flame applications and doesn't drip flaming  
      particles capable of igniting a cotton ball positioned 12 inches below th
      molded specimen. Molded specimen sample slabs were 5" .times. 1/2" .times
      1/8".                                                                    
      .sup.e Formulations containing ammonium polyphosphate coated with 1 to 3 
      weight per cent stearylamine exhibited no incompatibility in molded      
      polypropylene (see footnote b in Table I). The stearylamine in chloroform
      was contacted with ammonium polyphosphate. Removal of chloroform solvent 
      on a rotary evaporator gave the coated ammonium polyphosphate suitable fo
      use in the present invention.                                            
PAR  The amount and nature of the additives generally suitable for use in
      Embodiment I and II are in the following approximate ranges.
TBL  ______________________________________                                    
     Additive          Broad(php) Preferred(php)                               
     ______________________________________                                    
     Ammonium Polyphosphate (AP)                                               
     or                10-70      20-40                                        
     Melamine Pyrophosphate (MP)                                               
     Dipentaerythritol (DPE)                                                   
                        5-30      10-20                                        
     Fillers such as glass                                                     
                        0-15       1-10                                        
     fiber, TiO.sub.2 or asbestos                                              
     Wt. Ratio AP/DPE                                                          
     or                           6:1 to 1:1                                   
     Wt. Ratio MP/DPE                                                          
     Total Loading of Components                                               
                       30-90      40-60                                        
     Wt. % Stearylamine based on                                               
     ammonium polyphosphate for                                                
                       0.5 to 5   1 to 3                                       
     coating                                                                   
     ______________________________________                                    
PAR  Range for the formulations given herein in each embodiment can be
      determined by routine experimentation and those given are now preferred.
      (B) Embodiment II
PAR  The operability of Embodiment II in the present invention is substantiated
      by the thermal degassing of a melamine pyrophosphate/dipentaerythritol
      blend. The thermal degassing can be carried out at about
      175.degree.-275.degree.C until a foaming reaction has subsided. The
      resulting residue can be formulated with polypropylene and molded at
      350.degree.-450.degree.F without foaming. The molded samples are
      nonburning and nondripping. The procedure of Example I is a representative
      thermal degassing treatment.
DETD
PAC  EXAMPLE I
PAR  An 8g sample of melamine pyrophosphate was mixed with 4g dipentaerythritol
      and the mixture was pulverized. The resulting powder was placed in a 200
      ml round bottomed flask equipped with stirrer and nitrogen inlet tube. The
      mixture of reactants was degassed by heating the flask in an oil bath up
      to a temperature of 260.degree.C over a 1.75 hours time interval. The
      resulting light tan solid was ground to a powder and used as a flame
      retardant in polypropylene (See Runs 10 and 11 in Table III. In Run 12 a
      different ratio of MP/DPE was used.).
TBL                                    Table III                               
     __________________________________________________________________________
     Evaluation Data on Flame Retardant Polypropylene                          
     Samples Based on Degassed MP/DPE Additive (Embodiment II)                 
     __________________________________________________________________________
           Level of            ASTM  Observations on Molded                    
     Run No.                                                                   
           Additive(php)                                                       
                    (MP/DPE)Wt. Ratio.sup.a                                    
                               D635-63                                         
                                     Polypropylene Samples                     
     __________________________________________________________________________
     10    45       2:1        NB-SE Good char; nondripping;                   
                                     foams a little at                         
                                     475.degree.F in 5 minutes                 
     11    45       2:1        SE    No foam at 425.degree.F;                  
                                     nondripping                               
     12    45       1.67:1     NB    Stable at 475.degree.F for                
                                     5 minutes (no foam);                      
                                     nondripping                               
     __________________________________________________________________________
      .sup.a Prior to thermal degassing treatment of MP/DPE blend.             
PAR  The results in Table III indicate that in Embodiment II suitable molding
      temperatures (SMT) in the range of 450.degree.F (350.degree.-450.degree.F)
      which are desirable can be used. The thermal degassing procedure of
      Embodiment II thus significantly reduces the tendency of formulated
      polypropylene to foam during molding. The samples of Embodiment I were
      molded at approximately 350.degree.F to avoid the foaming problem. Higher
      temperatures would not have been possible within undue foaming.
PAR  The tendency of formulations to foam was studied by examining molded
      samples which had been maintained at elevated temperature for a specified
      time. Such samples were broken and visually examined in cross-section for
      the presence of voids due to foaming.
PAR  As noted above, the operating ranges for Embodiment I are also applicable
      to Embodiment II.
PAR  Thermal degassing of he ammonium polyphosphate/dipentaerythritol system can
      be practiced by heating as herein described.
PAR  C. Embodiment III
PAR  The operability of Embodiment III in the present invention is demonstrated
      by the thermal degassing of the reaction product derived from H.sub.3
      PO.sub.4, urea, dipentaerythritol, and melamine. Preferably, in practice,
      the product from the reaction of H.sub.3 PO.sub.4, urea, dipentaerythritol
      is isolated as a white solid which is subsequently heated at an elevated
      temperature with melamine to complete the preparation and degassing of the
      flame retardant additive as described in Example II and the evaluation
      data on molded flame retardant polypropylene samples are given in Table
      IV. Alternatively, H.sub.3 PO.sub.4, urea, dipentaerythritol, and melamine
      can be reacted simultaneously.
PAR  Generally, the molar ratio of H.sub.3 PO.sub.4 :urea:dipentaerythritol will
      be in the approximate range 7-8:14-16:0.5-1.5.
PAC  EXAMPLE II
PAR  A 90g (1.5 moles) sample of urea was placed in a 500 ml threenecked flask
      equipped with a stirrer, reflux condenser and addition funnel. After the
      slow addition of 86.5g of 85% phosphoric acid (0.75 mole H.sub.3
      PO.sub.4), the mixture was warmed to give a solution. Water (20 ml) was
      added to this solution followed by the addition of 28g (0.11 mole) of
      dipentaerythritol. The stirred reaction mixture was heated for 20 hours at
      approximately 90.degree.C and then the temperature was gradually increased
      to about 130.degree.C and maintained at 130.degree.C for 2 hours. The
      reaction mixture foamed as the temperature was increased to 130.degree.C.
      The reaction mixture was cooled to room temperature and filtered to remove
      a white solid which was washed with 50 ml cold water and air-dried to give
      72.6g of product (m.p. 186.degree.C dec.). This product was divided into
      portions each of which was treated with melamine and degassed in an oven
      for a period of approximately 2 hrs. as follows:
PAR  a. (Wt. ratio of Example II product to melamine = 6.1)
PAR  A 10g sample of Example II was pulverized with 1.64g melamine and heated at
      220.degree.C (wt. loss 3.25g 28%)
PAR  b. (Wt. ratio of Example II product to melamine = 3.05)
PAR  A 10g sample of Example II product was pulverized with 3.28g melamine and
      heated at 220.degree.C (wt. loss 3.34g, 25%)
PAR  c. (Wt. ratio of Example II product to melamine = 2.03)
PAR  A 10g sample of Example II product was pulverized with 4.92g melamine and
      heated at 220.degree.C (wt. loss 3.4g, 22%)
PAR  d. (Wt. ratio of Example II product to melamine = 2.04)
PAR  A 20g sample of Example II product was pulverized with
PAR  9.8g melamine and heated at 220.degree.C (wt. loss 6.9g, 23%) The above
      additives (a) - (d) were used as flame retardants in polypropylene and the
      evaluation data are given in Table IV. See Runs 13-16.
TBL                                    Table IV                                
     __________________________________________________________________________
     Evaluation Data on Nonburning Nondripping                                 
     Polypropylene Samples Based on Degassed Product                           
     from the Reaction of Phosphoric Acid, Urea,                               
     Dipentaerythritol, and Melamine (Embodiment III)                          
     __________________________________________________________________________
                 ASTM                                                          
     Run                                                                       
        Additive Level                                                         
                 D2863-70                                                      
                         ASTM  UL-94.sup.b                                     
                                    Observations on Molded                     
     No.                                                                       
        (php)    Oxygen Index                                                  
                         D635-63                                               
                               Test Polypropylene Samples                      
     __________________________________________________________________________
     13 45       29.8.sup.a                                                    
                         NB    4    Nonburning and                             
                                    Nondripping with                           
                                    Excellent Char                             
     14 45       27.7    NB    5       "                                       
     15 45       28.7    NB    7       "                                       
     16 45       Not     NB    7    Nonburning and                             
                 Determined         Nondripping with                           
                                    Excellent Char                             
                                    Does not foam at 475.degree.F              
                                    in 5 minutes                               
     __________________________________________________________________________
      .sup.a The limiting oxygen index of polypropylene containing no flame    
      retardant is about 18.5.                                                 
      .sup.b Sample slabs were 5" .times. 1/2" .times. 1/8". The numbers 4, 5, 
      and 7 indicate the number of ignitions which were self-extinguished withi
      5 seconds after removing the flame from the test sample. The materials of
      Table IV are classified as SE-O (see footnote d of Table I).             
PAL  The data of Table IV (see especially Run 16) demonstrate that the
      nonburning nondripping polypropylene made in accordance with Embodiment
      III can be molded without foaming over the temperature range of
      350.degree.-475.degree.F.
PAR  In the practice of Embodiment III, H.sub.3 PO.sub.4, urea,
      dipentaerythritol, are reacted in an approximate molar ratio of 7.5:15:1
      to give a white solid (m.p. 186.degree.C dec.). On heating this white
      solid (Q) with melamine at 220.degree.C the inventive flame retardant of
      Embodiment III is produced. Temperatures in the range of 190.degree. to
      280.degree.C are suitable for this heat treatment. Weight ratios of (Q) to
      melamine can vary over the range of 10:1 to 1:2 with a preferred range of
      6:1 to 2:1.
PAR  D. Embodiment IV
PAR  The operability of Embodiment IV in the present invention is demonstrated
      by the thermal degassing of the reaction product derived from H.sub.3
      PO.sub.4, P.sub.2 O.sub.5, dipentaerythritol, and melamine. Examples III
      and IV describe the preparation and thermal degassing of the additive.
      Evaluation data on molded flame retardant polypropylene samples are given
      in Table V. Pentaerythritol replaces dipentaerythritol in Example V.
PAR  The following Example III, employs in its preparative method a procedure
      somewhat different from others which have been set forth. Thus, P.sub.2
      O.sub.5 and H.sub.3 PO.sub.4 are brought together and dipentaerythritol
      then added to the admixture which is heated for a time following which
      melamine is added with additional heating and further melamine and further
      heating.
PAR  Generally, molar ratios in this embodiment will be in the following
      approximate ranges: H.sub.3 PO.sub.4 :P.sub.2 O.sub.5 : pentaerythritol
      0.5-1.5:2-3:1-2; H.sub.3 PO.sub.4 :P.sub.2 O.sub.5 :dipentaerythritol
      0.5-1.5:2-3:0.5-1.5; and H.sub.3 PO.sub.4 :P.sub.2 O.sub.5
      :tripentaerythritol 0.5-1.5:2-3:1.5-2.5.
PAC  EXAMPLE III
PAR  A 34g (0.24 mole) sample of phosphorus pentoxide was placed in a 200 ml
      three-necked round bottomed flask fitted with a stirrer, addition funnel
      and reflux condenser. The dropwise addition of 0.1 mole (11.6g of 85%
      H.sub.3 PO.sub.4) phosphoric acid to the phosphorus pentoxide was followed
      by the addition of 25.4g (0.1 mole) of dipentaerythritol. The mixture was
      stirred for 30 minutes at room temperature and then heated to a mobile
      mass by means of a hot oil bath. Heating was continued at 110.degree.C for
      four hours and the reaction mixture became light brown. A total of 20g
      (0.16 mole) melamine was added in 5g (0.04 mole) portions and the reaction
      mixture became very thick. The mixture was cooled to room temperature and
      stored overnight. The reaction mass was heated to 120.degree.C and an
      additional 27g (0.216 mole) of melamine was added as the temperature was
      slowly increased to 160.degree.C. Heating at 160.degree.C was continued
      for one hour after all the melamine had been added. The semisolid reaction
      product was removed from the flask and allowed to solidify before grinding
      to a powder (109g).
PAR  A 10g sample of the above product was heated for one hour in an oven at
      230.degree.-235.degree.C. During this heat treatment, the sample lost 0.5g
      in weight and darkened in color. A 9.0g sample of this material was
      blended with 20g of polypropylene and molded into bars for flammability
      tests reported in Table V (See Run 17).
PAC  EXAMPLE IV
PAR  This procedure was the same as used in Example III except for the addition
      of 5g (0.04 mole) melamine before heating the mixture to about
      110.degree.C. This mixture was heated in an oil bath at
      110.degree.-120.degree.C for 5 hours and then 15g (0.12 mole) melamine was
      added slowly in 5g portions. After standing overnight at room temperature,
      the mixture was heated to 130.degree.C and the remaining 17.2g (37.2g
      total, 0.27 mole) melamine was added in small portions as the temperature
      was slowly increased to 165.degree.C over a 3 hour period. The resulting
      cream colored mass was heated at 165.degree.C for an additional 1.5 hours
      after all the melamine had been added. On cooling to room temperature the
      reaction mixture solidified and was ground to a fine powder which weighed
      105.8g.
PAR  A 10g sample of the above product was heated for one hour in an oven at
      230.degree.-240.degree.C. During this heat treatment, the sample lost 0.5g
      in weight. A 9.0g sample of this material was blended with 20g of
      polypropylene and molded into bars for flammability tests reported in
      Table V (See Run 18).
TBL                                    Table V                                 
     __________________________________________________________________________
     Evaluation Data on Nonburning Nondripping Polypropylene                   
     Samples Based on Degassed Product from the Reaction of Dipentaerythritol, 
     Phosphoric Acid, P.sub.2 O.sub.5 and Melamine (Embodiment                 
     __________________________________________________________________________
     IV)                                                                       
                 ASTM                                                          
     Run                                                                       
        Additive Level                                                         
                 D2863-70.sup.a                                                
                         ASTM  Observations on Molded                          
     No.                                                                       
        (php)    Oxygen Index                                                  
                         D635-63                                               
                               Polypropylene Samples                           
     __________________________________________________________________________
     17 45       27.8    NB    Nonburning, Nondripping                         
                               Excellent char, no                              
                               foaming at 470.degree.F/10 min.                 
                               Does foam at 480.degree.F/10 min.               
     18 45       28.7    NB    Nonburning, Nondripping                         
                               Excellent char                                  
     __________________________________________________________________________
      .sup.a It is to be noted that oxygen index is the minimum concentration o
      oxygen expressed as volume per cent in a mixture of oxygen and nitrogen  
      that will just support combustion of a material under the conditions of  
      ASTM method D2863-70. The oxygen index of polypropylene containing no    
      flame retardant is about 18.5.                                           
PAR  In the practice of Embodiment IV, H.sub.3 PO.sub.4, P.sub.2 O.sub.5, and
      dipentaerythritol are reacted in an approximate molar ratio of 1:2:5:1.
      The preparation of the inventive flame retardant is completed by the
      addition of melamine and additional heating as described in Examples III
      and IV. The additive is subjected to a final heat treatment in the
      suitable temperature range of 160.degree.-280.degree.C with a preferred
      temperature range of 220.degree.-250.degree.C.
PAR  In the practice of Embodiment IV, pentaerythritol can be substituted for
      dipentaerythritol as demonstrated in Example V. It is to be noted in
      Example V that H.sub.3 PO.sub.4, P.sub.2 O.sub.5 and pentaerythritol are
      reacted in an approximate molar ratio of 1:2.5:1.5.
PAC  EXAMPLE V
PAR   A 47g (0.33 mole) sample of phosphorus pentoxide was placed in a 400 ml
      beaker equipped with a stirrer and nitrogen inlet tube to maintain an
      inert atmosphere during the preparative procedure. The dropwise addition
      of 0.133 mole (15.3g of 85% H.sub.3 PO.sub.4) phosphoric acid required 15
      minutes and was followed by the addition of 27.2g (0.2 mole) of
      pentaerythritol. The reaction mixture was stirred and heated to about
      120.degree.C before the addition of 5g (0.04 mole)melamine. Heating was
      continued with stirring for approximately 5 hours and the temperature
      varied between 120.degree. and 124.degree.C. An additional 15g (0.12 mole)
      melamine was blended into the hot mixture before heating was stopped. At
      this point the reaction mixture possessed an off-white color.
PAR  The reaction mass was heated to 175.degree.C and additional 30g (0.24 mole)
      melamine was added and the temperature was increased to 230.degree.C for a
      period of two hours. The solid was removed from the beaker and pulverized
      to give 136g of off-white powder.
PAR  A 25g sample of the above product was heated for 2 hours in an oven at
      240.degree. to 250.degree.C. During this heat treatment, the sample lost
      2.3g in weight and turned from an off-white color to a light tan color
      being darker on top. This material was ground to a tan powder before being
      formulated in polypropylene. Results of the falmmability tests are given
      in Table VI.
TBL                Table VI.sup.a                                              
     ______________________________________                                    
     Evaluation Data on Nonburning Nondripping Polypropylene                   
     Sample Based on Degassed Product from the Reaction of                     
     Pentaerythritol, H.sub.3 PO.sub.4, P.sub.2 O.sub.5 and Melamine           
     (Embodiment IV)                                                           
     ______________________________________                                    
             ASTM.sup.c                                                        
     ASTM.sup.b                                                                
             D2863-70     Observations on Molded                               
     D635-63 Oxygen Index Polypropylene Sample                                 
     ______________________________________                                    
     NB      30.3         Nondripping; excellent char;                         
                          foams just a very little at                          
                          480.degree.F/10 min.                                 
     ______________________________________                                    
      .sup.a Additive level was 45 php (i.e., 45 parts of additive per 100 part
      of polymer).                                                             
      .sup.b NB represents nonburning.                                         
      .sup.c See footnote a of Table V.                                        
PAR  It is to be noted in Example V of Embodiment IV that H.sub.3 PO.sub.4,
      P.sub.2 O.sub.5, and pentaerythritol are reacted in an approximate molar
      ratio of 1:2.5:1.5. In the practice of Embodiment IV, see Example IV,
      H.sub.3 PO.sub.4, P.sub.2 O.sub.5 and dipentaerythritol were reacted in an
      approximate molar ratio of 1:2.5:1.
PAR  The procedure described in Example VI below is representative of Embodiment
      IV for the preparation of phosphate additives which can be base treated
      before being thermally degassed for use in the present invention.
PAC  EXAMPLE VI
PAR  A 34g (0.24 mole) sample of phosphorus pentoxide was placed in a 200 ml
      three-necked flask equipped with a stirrer, addition funnel and reflux
      condenser fitted with a nitrogen inlet tube. After the dropwise addition
      of 11.8g of 85% phosphoric acid (0.1 mole H.sub.3 PO.sub.4), 25.4g (0.1
      mole) dipentaerythritol and 5g (0.04 mole) melamine were added to the
      reaction mixture. The stirred mixture was maintained in the temperature
      range of 120.degree.-130.degree.C for a period of five hours. Heating was
      stopped and an additional 15g (0.12 mole) melamine was added in portions
      to the reaction mixture which was stored overnight at room temperature.
PAR  The reaction mixture was heated to 130.degree.C and the final 20g (0.16
      mole) melamine was added in portions over a period of one hour. During
      this addition the temperature was increased to about 155.degree.C and the
      reaction mass was maintained at about 160.degree.C for two hours. The
      temperature of the reaction mixture was increased to 240.degree.C over a
      one hour period and finally maintained at 240.degree.-265.degree.C for 1.5
      hours. During the final heating period, the reaction mixture became a
      tan-creamy mass and foamed. On cooling to room temperature, the reaction
      mixture solidified. This product was pulverized to give a powder which
      weighed 106g and melted at 264.degree.-273.degree.C with decomposition. It
      is to be noted that the molar ratio of dipentaerythritol:phosphoric
      acid:phosphorus pentoxide:melamine in this example was 1:1:2.4:3.2.
PAR  Twenty gram samples of the additive prepared above were slurried in 50 ml
      distilled water and treated with 5% aqueous NaOH as summarized below. The
      water was removed in vacuo, the residue dried at 140.degree.C, and then
      thermally degassed at 242.degree.C for two hours.
TBL                                    Table VII                               
     __________________________________________________________________________
     Thermal Behavior of Phosphate Flame Retardants                            
     Isolated from Aqueous Slurries of Varying pH                              
     __________________________________________________________________________
     Sample                                                                    
         ml 5% NaOH                                                            
                Approximate ph                                                 
                          Wt. Loss (g)                                         
                                  Observations on Heating                      
     No. Added  Before                                                         
                     After                                                     
                          on Heating                                           
                                  Phosphate Flame Retardants                   
     __________________________________________________________________________
     1   20     2    4    2.3     foamed some, darkened slightly               
     2   30     2    5    2.6     foamed some, darkened slightly               
     3   40     2    6    3.0     no foaming, darkened                         
                                  slightly to brown                            
     4   50     2    7    1.9     no foaming, darkened                         
                                  slightly to tan-brown                        
     5    0     Not  Not  1.4     foamed, dark on top                          
                Treated                                                        
                     Treated                                                   
     __________________________________________________________________________
PAR  On the basis of the above data, it was concluded that pH adjustment of a
      water slurry of additive to the approximate range of 4-7 should give a
      phosphate flame retardant additive capable of imparting the best color and
      thermal stability to polypropylene.
PAR  Samples of the above NaOH treated additives were evaluated in
      polypropylene. The phosphate additives were blended in polypropylene on a
      3-inch roll mill at 320.degree.-350.degree.F for five minutes. Specimens
      (5 inch .times. 1/2inch .times. 1/8inch) for use in the flame retardant
      test were cut from sheets of the formulation that had been molded at
      400.degree.-450.degree.F. Results of these tests are shown in Table VIII.
TBL                                    Table VIII                              
     __________________________________________________________________________
     Evaluation of Flame Retardant Polypropylene Samples (45 phr).sup.a        
     Containing Phosphate Flame Retardants Isolated from                       
     Aqueous Slurries of Varying pH (Embodiment IV)                            
     __________________________________________________________________________
           Approximate pH                                                      
     Sample                                                                    
           of Additive/                                                        
                    ASTM D2863-70                                              
                             ASTM                                              
     No.   Water Slurry                                                        
                    Oxygen Index                                               
                             D635-63.sup.b                                     
                                   Observations.sup.c                          
     __________________________________________________________________________
     1     4        29.1     NB    Nondripping, excellent char,                
                                   foamed just a little at                     
                                   480.degree.F/10 min.                        
     2     5        29.5     NB    Same as 1                                   
     3     6        26.9     SE    Nondripping, good char, no                  
                                   foam at 480.degree.F/10 min.                
     4     7        20.6     B     Fairly good char but burning                
                                   hunks fell off in ASTM                      
                                   D635-63 test, no foam at                    
                                   480.degree.F/10 min.                        
     5     2        28.4     NB    Nondripping, excellent char,                
     (Control)                     foams at 480.degree.F/10 min.               
     __________________________________________________________________________
      .sup.a phr represents parts of additive per 100 parts of polymer; additiv
      level in all samples was 45 phr.                                         
      .sup.b Notations B, NB and SE represent, respectively, burning, nonburnin
      and self-extinguishing.                                                  
      .sup.c The samples were broken and visually examined in cross-section for
      voids (foaming).                                                         
PAR  The results in Table VIII indicate that sample 3 (aqueous slurry adjusted
      to a pH of about 6) did not foam at 480.degree.F/10 min. It is to be noted
      that sample 4 (aqueous slurry adjusted to a pH of about 7) did not foam at
      480.degree.F/10 min. but burned. Samples 5 (no base treatment), 1 (base
      treated to pH 4), and 2 (base treated to pH 5) foamed at 480.degree.F/10
      min. A pH range of 4-6 is now considered suitable to obtain the best
      balance of properties in regard to color, flame-retardancy and acidity
      necessary for charring.
CLMS
STM  I claim:
NUM  1.
PAR  1. A flame retarded, nonburning, nondripping, char-forming composition of
      polypropylene containing a flame retarding amount of a mixture of ammonium
      polyphosphate and dipentaerythritol where every 100 parts of polypropylene
      contain about 10 to 70 parts ammonium polyphosphate and about 5 to 30
      parts dipentaerythritol with the total amount of the two additives being
      between about 30 and 90 parts.
NUM  2.
PAR  2. The composition of claim 1 wherein the ammonium polyphosphate has been
      coated with about 1 to 3 weight percent stearyl amine.
NUM  3.
PAR  3. The composition of claim 1 wherein every 100 parts of polypropylene
      contain 1 to 10 parts of fillers selected from a group consisting of glass
      fiber, titanium dioxide, or asbestos.
NUM  4.
PAR  4. The composition of claim 1 wherein every 100 parts of polypropylene
      contain about 20 to 40 parts ammonium polyphosphate and about 10 to 20
      parts dipentaerythritol with the total amount of the two additives being
      between about 40 and 60 parts.
NUM  5.
PAR  5. The composition of claim 4 wherein the ammonium polyphosphate has been
      coated with about 1 to 3 weight percent stearyl amine.
NUM  6.
PAR  6. The composition of claim 4 wherein the ammonium polyphosphate and
      dipentaerythritol are employed in a weight ratio of between 6:1 and 1:1.
NUM  7.
PAR  7. A composition of claim 6 wherein the ammonium polyphosphate has been
      coated with about 1 to 3 weight percent stearyl amine.
NUM  8.
PAR  8. The composition of claim 6 wherein every 100 parts of polypropylene
      contains about 1 to 10 parts of filler selected from a group consisting of
      glass fiber, titanium dioxide, or asbestos.
NUM  9.
PAR  9. The composition of claim 1 wherein the combination of additives are
      thermally degassed prior to being used to formulate the polypropylene
      composition.
NUM  10.
PAR  10. A flame retarded, nonburning, nondripping, char-forming composition of
      polypropylene containing a flame retarding amount of a composition
      resulting from the degassing of a mixture of ammonium polyphosphate and
      dipentaerythritol.
PATN
WKU  039364178
SRC  5
APN  0439444
APT  1
ART  141
APD  19700605
TTL  Coilable polyvinyl chloride products and methods and compositions for
      producing the same
ISD  19760203
NCL  8
ECL  1
EXA  White; R. A.
EXP  Marquis; Melvyn I.
INVT
NAM  Ronden; Clifford Paul
CTY  Edmonton
CNT  CA
ASSG
NAM  Grandview Industries, Limited
CTY  Rexdale
CNT  CA
COD  03
RLAP
COD  72
APN  746737
APD  19680723
PSC  03
RLAP
COD  82
APN  656057
APD  19670726
PSC  03
CLAS
OCL  260 4245
XCL  138118
XCL  260 23XA
XCL  260 4244
XCL  260 4246
XCL  260 4247
XCL  260 4249
XCL  260 4575V
XCL  260876R
XCL  260880R
XCL  260889
XCL  260891
XCL  260897C
XCL  260899
XCL  264209
XCL  264211
EDF  2
ICL  C08L 2328
ICL  C08L 2706
ICL  C08L 5502
ICL  B29D 2304
FSC  260
FSS  23 XA;876 R;897 C;899;889
FSC  264
FSS  209
UREF
PNO  2467550
ISD  19490400
NAM  Fletcher et al.
OCL  260 23
UREF
PNO  3043795
ISD  19620700
NAM  Roberts et al.
OCL  260 33.8
UREF
PNO  3058943
ISD  19621000
NAM  Gray et al.
OCL  260 33.6
UREF
PNO  3085082
ISD  19630400
NAM  Baer et al.
OCL  260897
UREF
PNO  3145187
ISD  19640800
NAM  Hankey et al.
OCL  260 23
UREF
PNO  3248359
ISD  19660400
NAM  Maloney
OCL  260 41
UREF
PNO  3257261
ISD  19660600
NAM  Hochberg
OCL  260859
UREF
PNO  3297629
ISD  19670100
NAM  Kauder
OCL  260 45.75
UREF
PNO  3367997
ISD  19680200
NAM  Smith
OCL  260891
UREF
PNO  3388196
ISD  19680600
NAM  Farrell
OCL  264 75
UREF
PNO  3407171
ISD  19681000
NAM  Segre
OCL  260 41
UREF
PNO  3432576
ISD  19690300
NAM  Beer
OCL  260878
UREF
PNO  3536788
ISD  19701000
NAM  Hurwitz et al.
OCL  260890
UREF
PNO  3560592
ISD  19710200
NAM  Decroly et al.
OCL  260876
UREF
PNO  3641206
ISD  19720200
NAM  Weitzel et al.
OCL  260876
FREF
PNO  626,534
ISD  19610800
CNT  CA
OCL  260876
OREF
PAL  Chevassus et al., "The Stabilization of Polyvinyl Chloride", 1963, pp. 238
      and 239.
LREP
FRM  Roylance, Abrams, Berdo & Kaul
ABST
PAL  Polyvinyl chloride pipe capable of being coiled and uncoiled under
      conditions involved in installing under ground by plowing in, and having
      characteristics meeting requirements necessary for use in natural gas
      distribution, and compositions and methods for producing such pipe.
BSUM
PAR  This invention relates to polyvinyl chloride pipe and like extruded
      products having both adequate flexibility to be coiled and sufficiently
      high impact and tensile strengths to satisfy strict commercial
      requirements.
PAR  A number of potential commercial applications for extruded polyvinyl
      chloride require both a marked degree of flexibility and good tensile and
      impact strengths, as well as a high heat distortion temperature, but the
      art has been held back by the fact that, while prior-art workers have been
      able to achieve adequate flexibility, this has been done at the expense of
      tensile and impact strengths, heat distortion temperature, and other
      properties of the product. One important example of such an application is
      use of extruded pipe for conducting natural gas, a purpose for which
      polyvinyl chloride pipe is admirably suited in many respects. Wide
      acceptance of rigid polyvinyl chloriide pipes heretofore available has not
      developed because of the relatively high cost of installing lengths of
      rigid pipe under ground. The cost of underground installation becomes
      favorable if the pipe is coilable, since a continuous length of coilable
      pipe can easily and quickly be "plowed in" with conventional equipment
      which is readily available. However, prior-art attempts to extrude
      coilable polyvinyl chloride pipe have been limited mainly to use of
      chlorinated polyethylene as a modifying agent for the polyvinyl chloride,
      and the amount of chlorinated polyethylene required, usually in excess of
      30% of the polyvinyl chloride weight, has so decreased the tensil strength
      and heat distortion temperature of the pipe that the pipe could not be
      used for such purposes as handling natural gas.
PAR  It is accordingly a general object of the invention to provide coilable
      polyvinyl chloride pipe having such high impact strength, tensile
      strength, and heat distortion temperature as to be entirely satisfactory
      for conducting natural gas and for like purposes. Similarly, the invention
      provides improved dry blend extrusion compositions and methods by which
      such a product can be manufactured.
PAR  Another object is to devise polyvinyl chloride dry blend extrusion
      compositions, especially useful in production of coilable pipe, which
      compositions have less tendency toward auto-catalytic decomposition of the
      polyvinyl chloride during extrusion than has heretofore been the case.
PAR  A further object is to provide uniform, free flowing, dry blended polyvinyl
      chloride extrusion compositions.
PAR  Another object is to produce coilable polyvinyl chloride pipe by using
      chlorinated polyethylene as a flexibilizing agent, with the amount of
      chlorinated polyetylene being minimized and with the effect thereof being
      enhanced because early thermal degradation of the chlorinated polyethylene
      is avoided.
PAR  A still further object is to provide highly economical dry blended
      compositions and method for making extruded polyvinyl chloride products.
PAR  Yet another object is to provide, as a new product, coilable polyvinyl
      chloride pipe suitable for natural gas transmission.
PAR  Generally stated, the invention is based upon the discovery that elongated
      polyvinyl chloride products, such as pipe, having marked flexibility,
      excellent impact and tensile strengths, and high heat distortion
      temperatures, can be obtained by extruding under controlled conditions a
      composition comprising polyvinyl chloride, an amount of chlorinated
      polyethylene equal to 4-12% of the weight of the polyvinyl chloride, the
      chlorinated polyethylene acting as a flexibilizing modifier for the
      polyvinyl chloride, and a small proportion of a processing aid-secondary
      modifier which, though relatively incompatible with the polyvinyl
      chloride, is compatible with the chlorinated polyethylene, the processing
      aid-secondary modifier having a heat distortion temperature of at least
      155.degree.F. and serving both to favorably modify the polyvinyl chloride
      and to offset the deterioration in tensile strength and heat distortion
      temperature normally attendant to use of chlorinated polyethylene. The
      extrusion compositions employed are specially dry blended so as to be in
      the form of homogeneous, free flowing, finely particulate mixtures
      essentially free from agglomerates or lumps. According to method
      embodiments of the invention, the improved polyvinyl chloride composition
      is introduced into a conventional screw-operated extruder equipped with a
      die having an annular orifice, and the extruder is operated under
      controlled conditions of temperature and head pressure to thermally
      plastify the polymeric composition and force the same continually through
      the die, the operating conditions including maintenance of the barrel of
      the extruder under a reverse temperature profile. Pipe so obtained is a
      fusion blend of the polyvinyl chloride, chlorinated polyethylene, and
      polymeric processing aid-secondary modifier, which blend contains the
      inorganic filler distributed uniformly therethrough, and is unique in that
      it has adequate flexibility to be coiled, e.g., into coils of 4 ft.
      diameter for 1/2 inch O.D. pipe and coils of 8 ft. diameter for 2 inch
      O.D. pipe, yet has an impact strength of at least 85 ft. lbs. for 2 inch
      O.D. pipe, as determined by the ASTM TUP drop test at 0.degree.C., an
      apparent tensile strength of at least 7000 p.s.i., as determined by
      Canadian Standards Association test CSA B1374 -- Plastic Pipe for Gas
      Service, Item 5.5, a sustained pressure capacity of at least 430 p.s.i.,
      for 2 inch O.D. pipe, as determined by ASTM D1598-58T with a 1-hour test
      period, and a heat distortion temperature of at least 155.degree.F. as
      determined by ASTM D648-56 at 264 p.s.i. Extruded products according to
      the invention are especially suitable for use under conditions of low
      ambient temperature. Thus, for example, 2 inch O.D. pipe according to the
      invention has been successfully uncoiled from an 8 ft. coil and then
      recoiled while at -28.degree.F., with no damage to the pipe.
PAR  Polyvinyl chlorides employed in accordance with the invention are
      homopolymers of such molecular weight as to have a Fikentscher K-value of
      60-80, as determined in 1% cyclohexanone at 25.degree.C. Advantageously,
      polyvinyl chloride having a K-value of 60-70 is employed, the difficulties
      encountered in processing being magnified as the K-value increases above
      70. The polyvinyl chloride is used in particulate form, with an average
      particle size in the range of 100-400 mesh. Best results are obtained when
      the polyvinyl chloride has an average particle size in the range of
      140-300.
PAR  Chlorinated polyethylenes suitable for use according to the invention are
      those which, prepared by conventional procedures such as chlorination of
      the polyethylene in solution or in aqueous dispersion, have a chlorine
      content of 30-55% by weight and a molecular weight such as to yield melt
      viscosities, in poises/1000, of 20-30. The chlorinated polymer is used in
      particulate form, with an average particle size of 40-400 mesh,
      advantageously 100-200 mesh. Particularly good results are attained when
      the melt viscosity of the chlorinated polymer is approximately 24, in
      poises/1000, and the chlorine content is approximately 36% by weight.
PAR  The polymeric processing aid-secondary modifier employed is a polymeric
      material which has a heat distortion temperature of at least 155.degree.F.
      and which, during extrusion and in the final homogeneous fusion blend,
      counteracts the inherent tendency of the chlorinated polyethylene to
      decrease the resistance of the finished product to heat distortion. The
      polymeric processing-aid secondary modifier is selected from the group
      consisting of acrylic polymers and copolymers;
      acrylonitrile-butadiene-styrene copolymers; mixtures of an
      acrylonitrile-butadiene-styrene copolymer and at least one additional
      polymeric material selected from the group consisting of acrylic polymers,
      acrylic copolymers, and ethylene-vinyl acetate copolymers; copolymers of
      vinyl chloride with an alkyl vinyl ether in which the alkyl group contains
      8-18 carbon atoms; and polymers produced by grafting vinyl chloride onto
      an ethylene-vinyl acetate copolymer. Suitable acrylic polymers include
      methyl methacrylate homopolymer, and copolymers of methyl methacrylate
      with lesser amounts of lower alkyl acrylates in which the alkyl group
      contains 1-4 carbon atoms, copolymers of methyl methacrylate and ethyl
      acrylate being particularly advantageous, with such polymers and
      copolymers having a molecular weight in the range of 300,000-2,000,000.
      When copolymers of methyl methacrylate and a lower alkyl acrylate are
      employed, the methyl methacrylate should constitute 60-98% by weight of
      the copolymer. Particularly suitable acrylonitrile-butadiene-styrene
      copolymers are those containing 20-30% by weight acrylonitrile, 15-30% by
      weight butadiene, and 40-65% by weight styrene, with the heat distortion
      temperature of the copolymer being in the range of
      180.degree.-185.degree.F., as determined by ASTM D-648-56. Suitable
      ethylene-vinyl acetate copolymers are those having a vinyl acetate content
      of 10-30 % by weight. When mixtures of acrylonitrile-butadiene-styrene
      copolymer and an additional polymer are employed, the weight ratio of
      acrylonitrile-butadiene-styrene polymer to the additional polymer should
      be in the range of 55:45 to 80:20, when the additional polymeric material
      is an acrylic polymer or copolymer, and from 40:60 to 80:20, when the
      additional polymeric material is an ethylene-vinyl acetate copolymer.
PAR  When the processing aid-secondary modifier is a copolymer of vinyl chloride
      and an alkyl vinyl ether, the copolymer can contain 60-99.5% by weight of
      vinyl cloride and 0.5-40% by weight of alkyl vinyl ether. Copolymers of
      vinyl chloride with cetyl vinyl ether, in which the cetyl vinyl ether
      content is 2-10% by weight, are particularly advantageous. When a graft
      polymer of vinyl chloride and ethylene-vinyl acetate copolymer is
      employed, best results are achieved when the ethylene-vinyl acetate
      copolymer content of the graft polymer is in the range of 40-60%, and
      advantageously about 50% by weight. Particularly good results are obtained
      using said graft polymer and methyl methacrylate and a lower alkyl
      acrylate in a weight ratio of from 1:1 to 5:1.
PAR  Whether comprising a single polymer or a polymeric mixture, the processing
      aid-secondary modifier is employed in particulate form, with an average
      particle size in the range of 40-300 mesh, advantageously 100-300 mesh.
PAR  In addition to the foregoing polymeric materials, the invention can be
      practices with improved results with the aid of certain additives and
      modifiers. In the production of coilable pipe, it is advantageous to
      employ at least one particulate filler having an average particle size
      smaller than that of the polymeric constituents, and an oil absorption
      capability of at least 5 lbs. per 100 lbs. of filler. Suitable fillers
      have an average particle size of 0.15- 0.5 micron. Especially good results
      are obtained with titanium dioxide having an oil absorption in excess of
      15 lbs. per 100 lbs. of titanium dioxide, and an average particle size of
      0.25-0.3 micron.
PAR  In order to achieve satisfactory extrusion, it is necessary that the
      extrusion compositions include an agent capable of stabilizing the
      polyvinyl chloride and chlorinated polyethylene against auto-catalytic
      decomposition during extrusion. Though the various conventional
      stabilizers can be employed, markedly improved results are achieved by
      employing a combination of tribasic lead sulfate, dibasic lead stearate
      and normal lead stearate, with the two stearates each held below a
      critical level of 0.7% of the polyvinyl chloride weight, and with the
      tribasic lead sulfate employed in an amount which is relatively large in
      comparison with the amounts of the two stearates. Excellent results are
      also obtained by employing only tribasic lead sulfate and dibasic lead
      stearate, without normal lead stearate, with the amount of dibasic lead
      stearate then being increased proportionately to compensate for the
      omission of the normal lead stearate.
PAR  It has been found that there is a tendency for the chlorinated polyethylene
      to break down, by thermal and auto-catalytic decomposition, during
      extrusion before thermal and autocatalytic decomposition of the polyvinyl
      chloride occurs, this earlier decomposition of the chlorinated
      polyethylene tending to use up the stabilizing agent or agents, such as
      the lead salts, before the need for stabilizing the polyvinyl chloride
      arises. To avoid this, the chlorinated polyethylene is pre-blended with a
      portion of the stabilizing agent or agents in such fashion as to provide a
      free-flowing preliminary composition in which at least that amount of
      stabilizing agent or agents necessary to stabilize the chlorinated
      polyethylene is intimately associated with, and advantageously directed
      adhered to, the particles of chlorinated polyethylene.
PAR  The compositions also employ internal lubricants and, for this purpose,
      fatty acids such as stearic acid, oleic acid, and palmitic acid; fatty
      acid soaps; amine waxes, polyethylene waxes; and montan wax are all
      suitable.
PAR  The ability to achieve prolonged extrusion runs in accordance with the
      invention is based on the discovery that, when the polymeric composition
      to be extruded contains polyvinyl chloride, or both polyvinyl chloride and
      a filler such as titanium dioxide, in addition to at least one lead salt a
      stabilizer, astabilizer, the problems arising from the tendency of the
      stabilizer to plate out can be greatly minimized by including in the
      composition an amount of finely divided calcium carbonate, either uncoated
      or coated wth a fatty acid salt, which is equal to 1-4% of the weight of
      polyvinyl chloride employed. Employing calcium carbonate according to the
      invention, continuous extrusion runs of 7-10 days having been achieved,
      even when the extrusion composition contained a significant amount of
      chlorinated polyethylene in addition to the polyvinyl chloride. Omitting
      the calcium carbonate, the extruder has to be shut down and cleaned after
      relatively short runs, e.g., 12-30 hours.
PAR  Though the reasons for such success are not fully understood, it appears
      that the calcium carbonate has three beneficial results. First, its
      presence in the composition during mixing or blending thereof preparatory
      to extrusion, increases the amount of work required for proper mixing and
      thereby causes the fine particles of the lead salt stabilizer to be more
      uniformly distributed with respect to the polyvinyl chloride particles.
      Next, being capable of reacting with hydrochloric acid, the calcium
      carbonate itself serves as an acid acceptor to stabilize against
      auto-catalytic decomposition. Finally, presence of the calcium carbonate
      allows the amount of titanium dioxide to be held to not more than 1% of
      the polyvinyl chloride weight, as compared to the usual 3-6%, and, there
      being less titanium dioxide present, the problem of plate out of the lead
      salt is correspondingly diminished.
PAR  The compositions also employ internal lubricants and, for this purpose,
      fatty acids such as stearic acid, oleic acid, and palmitic acid; fatty
      acid soaps; amine waxes; polyethylene waxes; and montan wax are all
      suitable.
PAR  The operative proportional ranges for the various ingredients of the
      extrusion compositions are as follows:
TBL              Percent of Polyvinyl Chloride Weight                          
     Ingredient     Lower Limit  Upper Limit                                   
     ______________________________________                                    
     Chlorinated polyethylene                                                  
                    4.0          12.0                                          
     Processing aid-secondary                                                  
     modifier       .5           6.0                                           
     Titanium dioxide                                                          
                    0.25         1.0                                           
     Zinc oxide     0.50         2.0                                           
     Tribasic lead sulfate                                                     
                    4.0          7.5                                           
     Dibasic lead stearate                                                     
                    0.2          1.5                                           
     Normal lead stearate                                                      
                    0            0.7                                           
     Calcium carbonate                                                         
                    1.0          4.0                                           
     Lubricant      0.01         0.5                                           
     ______________________________________                                    
PAR  While the invention is operative when amounts of chlorinated polyethylene
      up to 12% of the polyvinyl chloride weight are employed, superior results
      are achieved when the chlorinated polyethylene does not exceed an amount
      equal to 7% of the weight of the polyvinyl chloride. As earlier indicated,
      it is desirable to employ as the processing aid-secondary modifier
      materials comprising both acrylonitrile-butadiene-styrene copolymer and at
      least one additional polymeric material selected from the group consisting
      of acrylic polymers and copolymers and ethylene-vinyl acetate copolymers.
      When an acrylic polymer or copolymer is employed as the additional
      polymeric material, particularly good results are obtained when the
      acrylonitrile-butadiene-styrene copolymer amounts to 2-3% of the polyvinyl
      chloride weight and the acrylic polymer correspondingly amounts to 1-2% of
      the polyvinyl chloride weight. Similarly, when the additional polymeric
      material is an ethylene-vinyl acetate copolymer, particularly good results
      are attained when the acrylonitrile-butadiene-styrene copolymer amounts to
      1--3% of the polyvinyl chloride weight, and the weight of the
      ethylene-vinyl acetate copolymer is approximately equal to that of the
      acrylonitrile-butadiene-styrene copolymer.
PAR  Use of a graft polymer of vinyl chloride and ethylene-vinyl acetate
      copolymer as the processing aid-secondary modifier is advantageous because
      the desired properties of the extruded article can be achieved with a
      relatiively small proportion of the processing aid-secondary modifier, as
      low as 0.6%, based on the polyvinyl chloride weight. Especially good
      results are achieved using an even smaller proportion of the graft polymer
      of vinyl chloride and ethylene-vinyl acetate copolymer in combination with
      a larger, but still relatively small, amount of an acrylic polymer. Thus,
      the graft polymer can be employed in the range of 0.1-0.5%, based on
      polyvinyl chloride weight, with an amount of acrylic polymer
      correspondingly in the range of 2-3 times the weight of the graft polymer.
PAR  It is particularly important that the extrusion compositions be in the form
      of uniformly mixed, completely free-flowing dry blends which are
      essentially free from lumps or agglomerates. For this reason, the
      invention employes the fillers and stabilizers in very finely divided
      form, the particles thereof being sufficiently smaller than the polymer
      particles to allow the filler and stabilizer particles to be adhered to
      the surfaces of the polymer particles during dry blending. Mixing is
      carried out with the aid of conventional equipment of the type commonly
      characterized as an intensive blender, the speed and vigorousness of the
      mixing operation being controlled and of such magnitude as to cause an
      increase in the temperature of the product. Mixing is so carried out that
      the surfaces of the polymer particles are softened, with the result that
      the filler and stabilizer particles are adhered to and embedded in the
      polymer particles. By limiting the product temperature to a value below
      250-260.degree.F., however, depending upon the specific polymers employed,
      agglomeration of the polymer particles is avoided. Advantageously, the
      temperature of the mixture is kept below 245.degree.F. during the mixing
      operation.
DETD
PAR  The following examples illustrate preparations of polyvinyl chloride
      extrusion compositions according to the invention:
PAC  EXAMPLE 1
PAR  Commencing at room temperature, 200 lbs. of polyvinyl chloride having a
      Fikentscher K-value of 69.4, as determined in 1% cyclohexanone at
      25.degree.C. (corresponding to a specific viscosity of 0.41 as determined
      by ASTM D1243-58T, Method B) was charged to a centrifugal intensive
      blender manufactured by Caccia-Perino, Milan, Italy, and identified as
      Model CP/2. The polyvinyl chloride had a bulk density of 0.48 g./cc. and
      the particle size distribution tabulated below:
TBL  Screen, U.S. Standard                                                     
                       %/Wt. Retained                                          
     ______________________________________                                    
      40 mesh          nil                                                     
      60 mesh          nil                                                     
      80 mesh          1.0                                                     
     100 mesh          9.6                                                     
     140 mesh          65.8                                                    
     200 mesh          21.4                                                    
     pan               2.2                                                     
     ______________________________________                                    
PAL  Charged to the intensive blender concurrently with the polyvinyl chloride
      was 10 lbs. of chlorinated polyethylene having a melt viscosity of 24, in
      poises/1000, a chlorine content of 36% by weight, and an average particle
      size between 100 and 200 mesh. The chlorinated polyethylene employed was
      that sold by Dow Chemical Company, Midland, Michigan, under the trademark
      TYRIN QX2243.16. The blender was started at low speed and then operated at
      high speed until the product temperature reached 195.degree.F.
PAR  Ten pounds of tribasic lead sulfate, 1.2 lbs. of dibasic led stearate, and
      1.2 lbs. of normal lead stearate, all finer than 325 mesh, were then
      added, and the blender operated at high speed until a temperature of
      212.degree.F. was reached. Calcium carbonate in the amount of 3 lbs. and
      having an average particle size of approximtely 200 mesh was then added,
      along with 1 lb. of titanium dioxide having an average particle size of
      0.3 micron and an oil absorption capacity of 18 lbs. per 100 lbs. of
      titanium dioxide, and high speed mixing was continued until the product
      attained a temperature of 225.degree.F.
PAR  The processing aid-secondary modifier employed was an acrylic product
      predominantly comprising a methyl methacrylate polymer sold by Rohm & Haas
      Co., Philadelphia, Pennsylvania, under the trademark ACRYLOID KM-229,
      having a specific gravity of 1.06, a heat distortion temperature of
      approximately 165.degree.F. determined by ASTM D648-56 at 264 p.s.i., and
      the following particle size distribution:
TBL  Screen, U.S. Standard                                                     
                       %/Wt. Retained                                          
     ______________________________________                                    
      20 mesh          nil                                                     
      60 mesh          0.5                                                     
     100 mesh          12.4                                                    
     200 mesh          22.9                                                    
     300 mesh          60.0                                                    
     ______________________________________                                    
PAL  Six pounds of the processing aid-secondary modifier was added to the
      mixture in the blender and the blender was operated at high speed until
      the blend attained a temperature of 232.degree.F., 0.05 lbs. of an amine
      was (ACRAWAX-C, manufactured by Glyco Chemicals, Inc., New York New York)
      was then added as an internal lubricant and the blender was operated
      briefly at low speed. The resulting mixture was discharged to a ribbon
      blender-cooler which was operated to agitate the mixture continuously
      until its temperature was slightly below 120.degree.F., at which point the
      composition was ready to be fed to the extruder.
PAR  The dry blend thus produced was a free flowing, heterogeneous mixture
      essentially free from lumps, particles of the lead salts and the titanium
      dioxide being adhered to and embedded in the surfaces of the particles of
      the polymeric materials. The mixture was uniform in the same sense that
      all increments thereof contained the ingredients in essentially the same
      proportions.
PAC  EXAMPLE 2
PAR  A dry blend extrusion composition was prepared by repeating the procedure
      of Example 1, save that the processing aid of that example was replaced by
      6 lbs. of an acrylonitrile-butadiene-styrene graft copolymer containing
      24% by weight acrylonitrile, 20% by weight butadiene, and 56% by weight
      styrene, the copolymer having a heat distortion temperature of 180.degree.
      F. at 264 p.s.i. as determined by ASTM D648-56, izod impact strength of 12
      ft.-lb./in. at 73.degree. F. as determined by ASTM D256-56, a specific
      gravity of 1.05, a melt index of 0.1 at 5 kg. load and 200.degree. C.,
      determined by ASTM Test Condition G. and an average particle size between
      100 and 200 mesh.
PAC  EXAMPLE 3
PAR  A dry blend extrusion composition was prepared by repeating the procedure
      of Example 1 but employing as the processing aid-secondary modifier a
      combination of 4 lbs. of the acrylonitrile-butadiene-styrene copolymer
      described in Example 2, and 2 lbs. of a copolymer of 85% by weight methyl
      methacrylate and 15% by weight ethyl acrylate, said copolymer having a
      molecular weight in excess of 500,000, and an average particle size
      between 100 and 200 mesh.
PAC  EXAMPLE 4
PAR  Three dry blend extrusion compositions were prepared in accordance with
      Example 1, but with different amounts of chlorinated polyethylene and
      acrylic polymer, as follows:
TBL               Chlorinated                                                  
     Composition  Polyethylene                                                 
                             Acrylic Polymer                                   
     ______________________________________                                    
     A            12 lbs.    3 lbs.                                            
     B            17 lbs.    2 lbs.                                            
     C            23 lbs.    1 lb.                                             
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Example 1 was repeated, save that the titanium dioxide was replaced by 2
      lbs. of zinc oxide having an average particle size of 0.3 micron.
PAC  EXAMPLE 6
PAR  A dry blend extrusion composition was prepared by repeating the procedure
      of Example 1 but employing as the processing aid-secondary modifier a
      combination of 3 lbs. of the acrylonitrile-butadiene-styrene copolymer
      described in Example 2, and 3 lbs. of an ethylene-vinyl acetate copolymer
      marketed by U.S.I. Chemicals Division, National Distillers & Chemical
      Corp., New York, New York, U.S.A., under the identification MU760X and
      characterized by an ethylene-to-vinyl acetate weight ratio of 80:20. The
      ethylene-vinyl acetate copolymer was in the form of a fine powder, with an
      average particle size within the range of 100-300 mesh.
PAC  EXAMPLE 7
PAR  Employing the same equipment as in Example 1, 100 parts by weight of the
      same chlorinated polyethylene and 0.8 parts by weight of mineral oil were
      charged cold to the blender, and the blender operated until the material
      temperature reached 130.degree. F. Twenty part by weight of the tribasiic
      lead sulfate was then added and the blender operated until the temperature
      reached 180.degree. F., at which time the mixture was discharged to a
      cooler. The resulting free-flowing non-agglomerated blend is a masterbatch
      in which the finer particles of tribasic lead sulfate are attached to and
      embedded in the larger particle of chlorinated polyethylene.
PAR  An extrusion blend was then prepared, using the sample equipment, by
      charging 200 parts by weight of the polyvinyl chloride, 10.7 parts by
      weight of the tribasic lead sulfate, and 2 parts by weight of the dibasic
      lead stearate to the blender and operating the blender to bring the
      material temperature to 160.degree. F. Ten parts by weight of the
      chlorinated polyethylene masterbatch and 1.5 parts by weight of an
      ethylene-vinyl acetate copolymer onto which vinyl chloride had been
      grafted to give a product having a copolymer content of about 50% were
      then added, and blending continued as in Example 1 with the subsequent
      addition of 0.5 part by weight of calcium stearate, 0.1 part by weight of
      stearic acid, and 0.1 part by weight of an amine wax, as lubricants, and 1
      part by weight of the titanium dioxide and 3 parts by weight of the
      calcium carbonate.
PAR  The foregoing example illustrates the masterbatch procedure of the
      invention, for assuring that the earlier need of the chlorinated
      polyethylene for the lead salt stabilizers will not deprive the polyvinyl
      chloride of adequate stabilization, and also demonstrates the use of a
      graft polymer of vinyl chloride and ethylene-vinyl acetate copolymer as a
      processing aid-secondary modifier.
PAC  EXAMPLE 8
PAR  A chlorinated polyethylene masterbatch was prepared, using the intensive
      blender described in Example 1, by first charging 160 parts by weight of
      the same chlorinated polyethylene into the blender and operating the
      blender until a material temperature of 130.degree. F. was reached, at
      which point 0.8 parts by weight of a polyoxyethylene sorbitan monooleate
      having a specific gravity of 1.05-1.1 was added. Mixing was then continued
      to a material temperature of 150.degree. F., and 32 parts by weight of the
      tribasic lead sulfate then added. Operation of the blender was continued
      until the material temperature reached 180.degree. F., and 40 parts by
      weight of the calcium carbonate was introduced, mixing then being
      continued to a temperature of 200.degree. F. and the masterbatch then
      discharged to a cooler and cooled, with agitation, to 120.degree. F.
PAR  The masterbatch so prepared is a free-flowing, heterogeneous mixture
      essentially free from agglomerates and characterized by the particles of
      tribasic lead sulfate being adhered to and embedded in the particles of
      chlorinated polyethylene. In this connection, with the particle size of
      the lead salt being finer than 325 mesh and the chlorinated polyethylene
      having an average particle size between 100 and 200 mesh, it will be
      understood that the sequence of temperatures attained in, and the
      mechanical working effected by, the intensive blender are effective to
      assure attachment of the lead salt particles to the chlorinated
      polyethylene in a manner which will survive the further blending and
      handling preparatory to extrusion. Masterbatches prepared according to
      this example include all of the calcium carbonate for the extrusion
      formulation, it thus being assured that a more favorable distribution of
      the calcium carbonate relative to the chlorinated polyethylene will be
      achieved in the final extrusion blend. The masterbatch so prepared can be
      used in preparation of any of the extrusion blends herein disclosed.
PAC  EXAMPLE 9
PAR  Employing the chlorinated polyethylene masterbatch of Example 8, three
      extrusion blends were prepared with the formulations set out below:
TBL  __________________________________________________________________________
     INGREDIENT           Parts by Weight                                      
                          Blend A                                              
                                Blend B                                        
                                      Blend C                                  
     __________________________________________________________________________
     Polyvinyl chloride of Example 1                                           
                          100.00                                               
                                100.00                                         
                                      100.00                                   
     Processing aid-secondary modifier I                                       
                          --    .50   .75                                      
     Processing aid-secondary modifier II                                      
                          --    3.00  --                                       
     Processing aid-secondary modifier III                                     
                          0.75  --    0.25                                     
     Chlorinated polyethylene masterbatch                                      
     of Example 8         5.00  5.00  5.00                                     
     Tribasic lead sulfate of Example 1                                        
                          5.35  5.35  5.35                                     
     Dibasic lead stearate of Example 1                                        
                          1.00  1.00  1.00                                     
     Calcium stearate     0.25  0.35  0.25                                     
     Stearic acid         0.05  0.05  0.05                                     
     Amine wax            0.05  0.05  0.05                                     
     Calcium carbonate of Example 1                                            
                          1.50  1.50  1.50                                     
     Titanium dioxide of Example 1                                             
                          0.50  0.50  0.50                                     
     __________________________________________________________________________
PAL  The processing aid-secondary modifier I is a poly (methyl methacrylate)
      having a heat distortion temperature of 196.degree. F., a molecular weight
      of approximately 500,000, and an average particle size between 100 and 200
      mesh. Processing aid-secondary modifier II is the acrylic polymer of
      Example 1. Processing aid-secondary modifier III is a polymer produced by
      grafting vinyl chloride into an ethylene-vinyl acetate copolymer to give
      an ethylene-vinyl acetate copolymer content of approximately 50% by
      weight, a chlorine content of approximately 28% by weight, a Fikentscher K
      value of 78, and an average particle size between 100 and 200 mesh.
PAR  The complete extrusion blends were prepared, using the intensive blender of
      Example 1, by charging the polyvinyl chloride, chlorinated polyethylene
      masterbatch, tribasic lead sulfate and dibasic lead stearate to the
      blender at room temperature, operating the blender until a material
      temperature of 190.degree. F. was attained, introducing the calcium
      stearate and operating the blender until a material temperature of
      200.degree. F. results, then adding the respective processing
      aid-secondary modifier and continuing operation of the blender to a
      temperature of 210.degree. F., adding the amine wax and stearic acid and
      continuing the blending operation until the temperature reached
      220.degree. F., introducing the calcium carbonate and titanium dioxide and
      mixing to a temperature of 250.degree. F., then discharging to the cooler
      and cooling, with mixing, to 120.degree. F. All three blends were
      free-flowing and substantially agglomerate free.
PAR  It is of particular importance to carry out extrusion of the foregoing
      compositions in such fashion that a reverse temperature profile will be
      maintained in the barrel of the extruder. In general, the barrel
      temperature of the extruder is maintained in the range of
      350.degree.-380.degree. F. at the inlet end and in the range of
      300.degree.-365.degree. F. at the outlet end, the temperature of the die
      lips being maintained in the range of 315.degree.-365.degree. F.
PAC  EXAMPLE 10
PAR  The composition prepared in accordance with Example 1 was formed into
      continuous pipe of 2 inch O.D., using a 21/2 inch PRODEX screw-operated
      extruder, manufactured by Prodex Division, Koehring Company, Fords, New
      Jersey, the extruder being equipped for oil-cooling of the screw. The
      extruder was operated at 60 r.p.m., with a head pressure of approximately
      3000 p.s.i., to produce slightly more than 200 lbs. of product per hour.
      Temperatures were maintained as follows:
     Barrel, feed end                                                          
                     375.degree. F.                                            
     Barrel, gate end                                                          
                     330.degree. F.                                            
     Die spider      375.degree. F.                                            
     Die lips        322.degree. F.                                            
PAL  The screw was cooled by continuously circulating a high temperature cooling
      oil, maintaining a temperature of 170.degree. F. at the inlet to the screw
      and a temperature of 182.degree. F. at the outlet. The die gap of the pipe
      die was set to provide a pipe wall thickness of 0.095 inch.
PAR  The pipe produced was found to have an impact strength of 160 ft. lbs. as
      determined by the ASTM TUP drop test at room temperature, and a 85 ft.
      lbs., as determined by that test at 0.degree. C. The apparent tensile
      strength was 7400 p.s.i., determined by Canadian Standards Association
      test CSA B1374-Plastic Pipe for Gas Service, Item 5.5. The pipe passed the
      ASTM D1598-58T sustained pressure test at 430 p.s.i. Heat distortion
      temperature for the product was 162.degree. F. The pipe was of such
      flexibility as to be readily coilable into, and unwound from, coils of 8
      ft. diameter. The finished product had a heat distortion temperature of
      162.degree. F. as determined at 264 p.s.i. by ASTM D648-56.
PAR  The extrusion run was maintained continuously for 7 days, on a 24-hour per
      day basis, without requiring shut down for removal of plated out material.
PAC  EXAMPLE 11
PAR  Employing the same equipment and operating conditions described in Example
      10, pipe having an O.D. of 2 inch was extruded continuously with the dry
      blend composition of Example 6. The pipe so produced had the following
      characteristics, determined respectively by the test procedures referred
      to in Example 7:
TBL  Impact strength        156 ft. lbs.                                       
     Apparent tensile strength                                                 
                            7350 p.s.i.                                        
     Heat distortion temperature                                               
                            158.degree. F.                                     
PAL  The pipe passed the ASTM D1598-58T sustained pressure test at 430 p.s.i.,
      and was observably more coilable than that produced in accordance with
      Example 9.
PAC  EXAMPLE 12
PAR  Blends A, B and C of Example 9 were extruded into 2 inch coilable pipe in a
      31/2 inch single screw, vented extruder manufactured by Prodex Division,
      Koehring Company, Fords, New Jersey, the extruder being equipped for
      oil-cooling of the screw, the screw having two compression stages and an
      L/D ratio of 24:1. The extrusion conditions were as follows:
TBL  CONDITION    BLEND A    BLEND B    BLEND C                                
     ______________________________________                                    
     Extruder temperature:                                                     
      Feed end    360.degree.F.                                                
                             360.degree.F.                                     
                                        360.degree.F.                          
      Compression zone                                                         
                  360.degree.F.                                                
                             360.degree.F.                                     
                                        360.degree.F.                          
      Decompression zone                                                       
                  350.degree.F.                                                
                             345.degree.F.                                     
                                        350.degree.F.                          
     Die temperatures:                                                         
      Spider      380.degree.F.                                                
                             390.degree.F.                                     
                                        380.degree.F.                          
      Lips        350.degree.F.                                                
                             355.degree.F.                                     
                                        350.degree.F.                          
     Screw temperatures:                                                       
      Oil in      170.degree.F.                                                
                             165.degree.F.                                     
                                        175.degree.F.                          
      Oil out     185.degree.F.                                                
                             170.degree.F.                                     
                                        190.degree.F.                          
     Screw speed  37 r.p.m.  37 r.p.m.  40 r.p.m.                              
     Output rate  250 lb/hr  243 lb/hr  270 lb/hr                              
     ______________________________________                                    
PAL  While the results of all three extrusion runs were favorable, Blend C gave
      distinctly better results than did Blends A and B.
PAR  Characteristics of the pipe produced were as follows:
TBL  PROPERTY       BLEND A                                                    
                            BLEND B                                            
                                    BLEND C                                    
     __________________________________________________________________________
     Apparent tensile strength.sup.1                                           
                   7600 p.s.i.                                                 
                           7500 p.s.i.                                         
                                   7700 p.s.i.                                 
     Inpact strength.sup.2                                                     
      73.degree.F. 157 ft.lbs.                                                 
                           150 ft.lbs.                                         
                                   157 ft.lbs.                                 
      32.degree.F. 122 ft.lbs.                                                 
                           122 ft.lbs.                                         
                                   122 ft.lbs.                                 
     Burst pressure                                                            
                    750 p.s.i.                                                 
                            725 p.s.i.                                         
                                    750 p.s.i.                                 
     __________________________________________________________________________
      .sup.1 Canadian Standards Assoc. test CSA B1374-Plastic Pipe for Gas     
      Service, Item 55                                                         
      .sup.2 ASTM TUP Drop Test                                                
PAL  All three products were of such flexibility as to be coilable into, and
      unwound from, coils of 8 feet diameter.
PAR  Extruded products produced according to the invention can be considered as
      being in the form of an impact toughened polymeric alloy, that is, a
      "fusion blend" of the polymeric constituents, characterized by having the
      impact strength increased (in comparison to flexible polyvinyl chloride
      products heretofore attainable) without an attendant decrease in tensile
      strength, heat distortion temperature, and other properties.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. As a product of manufacture, coilable polymeric pipe, capable of being
      installed under ground by being plowed in and suitable for natural gas
      transmission at low ambient temperatures, in the form of a continuous
      tubular body of a homogeneous fusion blend comprising
PA1  polyvinyl chloride having a Fikentscher K-value of 60-80 as determined in
      1% cyclohexanone at 25.degree.C.;
PA1  chlorinated polyethylene in an amount equal to 4-12% of the weight of said
      polyvinyl chloride, said chlorinated polyethylene having a chlorine
      content of 30-55% by weight and a melt viscosity in poises/1000 of 20-30;
      an additional polymeric material as a processing aid-secondary modifier in
      an amount equal to 0.5-6% of the weight of said polyvinyl chloride, having
      a heat distortion temperature of at least 155.degree.F., and selected from
      the group consisting of methyl methacrylate homopolymer; copolymers of
      methyl methacrylate and lesser amounts of a lower alkyl acrylate; mixtures
      of said homopolymer and copolymers; acrylonitrile-butadiene-styrene
      copolymers containing 20-30% by weight acrylonitrile, 15-30% by weight
      butadiene and 40-65% by weight styrene; mixtures of said
      acrylonitrile-butadiene-styrene copolymers with lesser amounts of at least
      one additional polymeric material selected from the group consisting of
      said methyl methacrylate homopolymer and copolymers and ethylene-vinyl
      acetate copolymers containing 10-30% by weight vinyl acetate; copolymers
      of vinyl chloride with an alkyl vinyl ether in which the alkyl group
      contains 8-18 carbon atoms, said copolymers containing 60-99.5% by weight
      vinyl chloride and 0.5-40% by weight alkyl vinyl ether; and polymers
      produced by grafting vinyl chloride onto an ethylene-vinyl acetate
      copolymer to produce a polymer containing 40-60% by weight ethylne-vinyl
      acetate; and a minor proportion of a finely divided inorganic filler
      selected from the group consisting of titanium dioxide and zinc oxide,
PA2  the amount of said filler being in the range of 0.25-1% for titanium
      dioxide and 0.5-2% for zinc oxide, based on the weight of said polyvinyl
      chloride;
PA1  said pipe having
PA2  an impact strength at 0.degree.C. of at least 85 ft. lbs. as determined for
      2 inch O.D. pipe by the ASTM TUP drop test,
PA2  an apparent tensile strength of at least 7000 p.s.i. as determined by
      Canadian Standards Association test CSA B1374--Plastic Pipe for Gas
      Service, Item 5.5, and
PA2  a heat distortion temperature of at least 155.degree.F. as determined by
      ASTM D648-56 at 264 p.s.i.,
PA1  said pipe being sufficiently flexible to be coiled into coils of 4 feet
      dia., for 1/2 inch O.D. pipe, and 8 feet dia., for 2 inch O.D. pipe, and
      uncoiled from such coils at 0.degree.F., without damage to the pipe.
NUM  2.
PAR  2. Coilable polymeric pipe according to claim 1, wherein
PA1  said chlorinated polyethylene amounts to 4-7% of the weight of said
      polyvinyl chloride; and
PA1  said additional polymeric material comprises
PA2  an acrylonitrile-butadiene-styrene copolymer in an amount equal to 2-3% of
      the weight of said polyvinyl chloride, said
      acrylonitrile-butadiene-styrene copolymer containing 20-30% by weight
      acrylonitrile, 15-30% by weight butadiene, and 40-65% by weight styrene,
      and
PA2  an acrylic polymer in an amount equal to 1-2% of the weight of said
      polyvinyl chloride and selected from the group consisting of methyl
      methacrylate homopolymer, copolymers of methyl methacrylate and lesser
      amounts of a lower alkyl acrylate.
NUM  3.
PAR  3. Coilable polymeric pipe according to claim 1, wherein
PA1  said chlorinated polyethylene amounts to 4-7% of the weight of said
      polyvinyl chloride; and
PA1  said additional polymeric material comprises
PA2  an acrylonitrile-butadiene-styrene copolymer in an amount equal to 1-3% of
      the weight of said polyvinyl chloride, said
      acrylonitrile-butadiene-styrene copolymer containing 20-30% by weight
      acrylonitrile, 15-30% by weight butadiene, and 40-65% by weight styrene,
      and
PA2  an ethylene-vinyl acetate copolymer containing 10-30% by weight vinyl
      acetate,
PA2  the weight ratio of said acrylonitrile-butadiene-styrene copolymer to said
      ethylene-vinyl acetate copolymer being in the range of from 40:40 to
      80:20.
NUM  4.
PAR  4. Coilable polymeric pipe according to claim 1, wherein
PA1  said chlorinated polyethylene amounts to 4-7% of the weight of said
      polyvinyl chloride, and
PA1  said additional polymeric material comprises
PA2  an acrylic polymer selected from the group consisting of methyl
      mecthacrylate homopolymer, copolymers of methyl methacrylate and a lower
      alkyl arylate, and mixtures of said homopolymer and copolymers, and
PA2  a polymer produced by grafting vinyl chloride onto an ethylene-vinyl
      acetate copolymer to produce a polymer containing 40-60% by weight
      ethylene-vinyl acetate,
PA2  the weight ratio of said acrylic polymer to said last-mentioned polymer
      being in the range of from 1:1 to 5:1.
NUM  5.
PAR  5. A process for producing the coilable polymeric pipe of claim 1,
      comprising
PA1  supplying said polyvinyl chloride, said chlorinated polyethylene, said
      additional polymeric material, said inorganic filler, and a stabilizing
      proportion of at least one compound effective to inhibit auto-catalytic
      decomposition of said polyvinyl chloride and said chlorinated polyethylene
      to an extruder in the form of a uniform dry blend,
PA2  said polyvinyl chloride having and average particle size in the range of
      100-400 mesh,
PA2  said chlorinated polyethylene having an average particle size in the range
      of 40-400 mesh, and
PA2  said additional polymeric material having an average particle size of
      40-300 mesh; and
PA1  operating the extruder to thermally plastify and mix said composition and
      force the same continuously through an annular die orifice while
      maintaining a reverse temperature profile in the barrel of the extruder,
PA2  the barrel temperature of the extruder being maintained in the range of
      350.degree.-380.degree.F. at the inlet end and 300.degree.-365.degree.F.
      at the outlet end,
PA2  the temperature of the die lips being maintained in the range of
      315.degree.-363.degree.F., and
PA2  the head pressure of the extruder being maintained in the range of
      2500-3500 p.s.i.
NUM  6.
PAR  6. A process according to claim 5, wherein
PA1  said compound effective to inhibit auto-catalytic decomposition of said
      polyvinyl chloride and said chlorinated polyethylene is
PA1  at least one finely divided lead salt of an average particle size smaller
      than that of said chlorinated polyethylene,
PA2  the total amount of said at least one lead salt being in the range of
      4.4-8.9% of the weight of said polyvinyl chloride,
PA2  a portion of said lead salt being present initially as particles adhered to
      and embedded in particles of said chlorinated polyethylene.
NUM  7.
PAR  7. A process according to claim 5, wherein
PA1  said inorganic filler is titanium dioxide in an amount equal to 0.25-1% of
      the weight of said polyvinyl chloride.
NUM  8.
PAR  8. A process according to claim 5, wherein
PA1  said polyvinyl chloride, said chlorinated polyethylene and said processing
      aid-secondary modifier all have an average particle size in the range of
      100-200 mesh,
PA1  said chlorinated polyethylene has a chlorine content of approximately 36%
      by weight and a melt viscosity in poises/1000 of approximately 24, and
PA1  said inorganic filler is titanium dioxide in an amount approximately equal
      to 0.5% of the weight of said polyvinyl chloride.
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PAL  The invention relates to benzotriazole ortho-ester compounds which have
      been found to be effective ultraviolet stabilizers. The invention also
      relates to ultraviolet degradable organic compositions containing a
      stabilizing amount of the benzotriazole ortho-ester composition to prevent
      such degradation. These stabilizers are effective in the presence of other
      additives commonly employed in polymeric compositions including, for
      example, pigments, colorants, fillers, reinforcing agents and the like.
      These ultraviolet stabilizers may also be incorporated into the organic
      compositions in the polymer melt or dissolved in the polymer dope, coated
      on the exterior of the molded article, film or extruded fiber.
BSUM
PAR  This invention relates to benzotriazole ortho-ester ultraviolet stabilizers
      and their use in organic compositions. More particularly, the invention
      relates to benzotriazole ortho-ester compositions and the stabilization of
      ultraviolet degradable organic compositions against deterioration
      resulting from the exposure to such radiations with such benzotriazole
      compositions.
PAR  The degradative effect of ultraviolet light on various organic compositions
      is well known in the art. The photo-deterioration or degradation is of
      particular concern with organic photo-degradable compositions which are
      exposed to ultraviolet light, such as sunlight, for long periods of time.
      One group of such photo-degradable organic compositions are polymeric
      compositions such as polyolefins, polyesters and the like. On exposure to
      sunlight for extended periods of time, these polymeric compositions
      degrade and their physical properties are reduced to render the polymeric
      composition less useful for most applications. Therefore, considerable
      effort has been directed to providing a solution to the photo-degradation
      problem of polymeric compositions. As a result of this effort, there have
      been discovered many additives and stabilizers which improve the stability
      of polymeric compositions.
PAR  Moreover, various additives and stabilizers exhibit the power to absorb
      ultraviolet radiation within the band of 2900 and 4000 A. and, when
      incorporated in various plastic materials such as transparent sheets, the
      resultant sheet acts as a filter for all the radiation passing through and
      will transmit only such radiations as are not absorbed by the sheet and/or
      the absorbing agent. It is thus possible to screen out undesirable
      radiations and utilize the resulting transparent sheet as a filter in many
      technical and commercial applications, such as wrappings for food products
      and the like.
PAR  While there are many additives, stabilizers and mixtures thereof which are
      known in the art to improve the ultraviolet light stability of organic
      compositions, there is a need in the art for more efficient and effective
      stabilizers to prevent the photo-degradation of organic compositions
      susceptible to photo-degradation. Therefore, to provide a more effective
      and efficient ultraviolet stabilizer for organic compositions susceptible
      to such degradation would be an advance in the state of the art.
PAR  It is, therefore, an object of the present invention to provide more
      effective and efficient ultraviolet light stabilizer compositions.
PAR  Another object of the present invention is to provide useful compositions
      characterized by improved resistance to ultraviolet degradation and
      deterioration.
PAR  It is still another object of the present invention to provide compositions
      containing benzotriazole ortho-ester compositions which are resistant to
      ultraviolet degradation.
PAR  It is a still further object of this invention to provide processes for
      improving the resistance of organic materials to deterioration and
      degradation by actinic radiation and especially ultraviolet radiation.
PAR  It is a still further object of this invention to provide compositions and
      processes for improving the resistance of organic materials to
      deterioration and degradation by actinic radiations, including short
      wave-length visible radiations.
PAR  Further objects and advantages of the invention will be apparent to those
      skilled in the art from the accompanying disclosure and claims.
PAR  In accordance with the present invention, benzotriazole orthoester
      compositions are provided which are useful as ultraviolet stabilizers or
      ultraviolet screening agents. These organic compositions contain at least
      one benzotriazole group-containing composition either connected directly
      or connected through a carboxyl group to an aromatic, heterocyclic or
      alkyl moiety. The polychromophoric compositions of the present invention
      have the following structure:
EQU  (A).sub.x C
PAL  wherein A is a group having the structure
      ##SPC1##
PAL  wherein
PAR  R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are hydrogen, lower alkyl or
      substituted lower alkyl having 1 to 12 carbon atoms, cycloalkyl,
      substituted cycloalkyl, aryl or substituted aryl having 6 to 18 carbon
      atoms, lower alkylaryl, arylsubstituted-aryl, chloro, bromo, alkoxy,
      substituted amino, cyano, carboxy and the substituents R.sub.1 and
      R.sub.2, R.sub.2 and R.sub.3, and R.sub.3 and R.sub.4, combined with the
      carbon atoms to which they are attached, are joined alkylene groups
      completing a carbocyclic ring, which ring can also be substituted with one
      or more of the substituents listed above for R.sub.1, R.sub.2, R.sub.3 and
      R.sub.4.
PAR  I is a substituent listed above for R.sub.1, R.sub.2, R.sub.3, and R.sub.4
      and is present on all positions of the benzenoid ring, except the carbon
      atom attached to the N substituent and the carbon atom attached to the
      connecting oxygen atom. The connecting oxygen atom is attached to the
      benzenoid ring ortho to the carbon atom connected to the N substituent.
      The I substituents can all be one of the substituents listed above or
      different listed substituents; X is an integer of 1 to 6, preferably 1 to
      3;
      ##SPC2##
PAR  I is the same substituent as listed above and is present in all positions
      of the benzenoid ring except the carbon atom attached to the carbonyl
      group connecting the A and C moieties. The A moiety is attached to the
      benzenoid ring in from 1 to 6 positions. If two A moieties are attached to
      the C moiety they can be attached in the ortho, meta or para position from
      each other. If three A moieties are attached to the C moiety they can be
      attached in the ortho or meta positions from each other. The I
      substituents can all be one of the substituents listed above or different
      listed substituents.
PAR  X is an integer between 2 and 6 and V is an integer between 1 and 4.
      ##EQU1##
PAR  Q is substituted or unsubstituted acyclic, cyclic, or polycyclic aliphatic
      moiety containing 1 to 18 carbons.
PAR  I may be a hydrogen, hydroxy, halogen, cyano, C.sub.1 -C.sub.12 substituted
      or unsubstituted alkyl, amino, alkylamino, dialkylamino, arylamino,
      diarylamino, alkoxy, aryl or aryloxy group. Y is an integer between 2 and
      6.
      ##SPC3##
PAR  R.sub.8 may be hydrogen, hydroxy, halogen, C.sub.1 -C.sub.12 substituted or
      unsubstituted alkyl, amino, alkylamino, dialkylamino, arylamino,
      diarylamino or unsubstituted alkyl, alkoxy or aryloxy group. Z is an
      integer 1, 2 or 3.
      ##SPC4##
PAR  R.sub.9 may be a hydrogen, hydroxy, halogen, C.sub.1 -C.sub.12 substituted
      or unsubstituted alkyl, amino, alkylamino, dialkylamino, arylamino,
      diarylamino, alkoxy, or aryloxy group. W is an integer between 1 and 6.
PAR  Suitable heterocyclic A groups having the structure
      ##SPC5##
PAL  are for example substituted and unsubstituted benzotriazoles such as
      2-(5-chloro-2H-benzotriazol-2-yl)phenoxy,
      2-(2H-benzotriazol-2-yl)-4-methylphenoxy,
      2-(5-methoxy-2H-benzotriazol-2-yl)phenoxy,
      2-(2H-benzotriazol-2-yl)-4,6-dimethylphenoxy,
      2-(5-chloro-2H-benzotriazol-2-yl)-4-methylphenoxy,
      2-(5-chloro-2H-benzotriazol-2-yl)-4,6-dimethylphenoxy,
      2-(2H-benzotriazol-2-yl)-4-chlorophenoxy,
      2-(2H-benzotriazol-2-yl)-4,6-dichlorophenoxy,
      2-(5-methoxy-2H-benzotriazol-2-yl)-4,6-dimethylphenoxy,
      2-(5-methoxy-2H-benzotriazol-2-yl)-4-chlorophenoxy,
      2-(2H-benzotriazol-2-yl)-4,6-di-tert-amylphenoxy,
      2-(2H-benzotriazol-2-yl)-4-isopropylphenoxy,
      2-(5-chloro-2H-benzotriazol-2-yl)-4,6-di-tert-amylphenoxy,
      2-(5-chloro-2H-benzotriazol-2-yl)-4-isopropylphenoxy,
      2-(2H-benzotriazol-2-yl)-4-phenylphenoxy,
      2-(5-chloro-2H-benzotriazol-2-yl)-4-phenylphenoxy,
      2-(5-methoxy-2H-benzotriazol-2-yl)-4-phenylphenoxy,
      2-(5-methoxy-2H-benzotriazol-2-yl)-4,6-di-tert-amylphenoxy,
      2-(4,5-dimethyl-2H-benzotriazol-2-yl)-4-methylphenoxy, and the like.
PAR  Suitable C moieties having the formula
      ##SPC6##
PAL  are for example, phthaloyl, isophthaloyl, terephthaloyl, trimellitoyl,
      hemimellitoyl, mesoyl, pyromellitoyl, 4-chlorophthaloyl,
      4-methoxyphthaloxyl, 4-methylphthaloyl, 5-chloroisophthaloyl,
      5-methoxyphthaloyl, 5-methylisophthaloyl, 5-phenoxyisophthaloyl,
      2-chloroterephthaloyl, 2-methoxyterephthaloyl, 2-methylterephthaloyl,
      5-methoxyhemimellitoyl, 5-chlorohemimellitoyl, 3-chloromellitoyl,
      3-chloromesoyl, and the like.
PAR  Suitable C moieties having the formula
      ##SPC7##
PAL  are for example, 1,2-dinaphthoyl, 1,3-dinaphthoyl, 1,4-dinaphthoyl,
      1,5-dinaphthoyl, 1,6-dinaphthoyl, 1,7-dinaphthoyl, 1,8-dinaphthoyl,
      2,6-dinaphthoyl, 2,7-dinaphthoyl, 2,8-dinaphthoyl,
      5-methoxy-1,2-dinaphthoyl, 5-chloro-1,2-dinaphthoyl,
      6-methoxy-1,3-dinaphthoyl, 4-chloro-1,8-dinaphthoyl,
      6,7-dimethyl-1,4-dinaphthoyl, 8-methoxy-1,3-dinaphthoyl,
      1,2,5,6-tetranaphthoyl, 1,4,5,8,-tetranaphthoyl,  2,4,6-trinaphthoyl,
      1,3,5-trinaphthoyl, and the like.
PAR  Suitable C moieties having the formula
      ##EQU2##
      are for example, malonoyl, succinyl, adipoyl, 1,12-didodecoyl,
      1,2-dicarbonylcyclohexane, 1,4-dicarbonylcyclohexane,
      1,3-dicarbonylcyclopentane, camphoroyl, 2,2-dimethylmalonoyl,
      2,3-dimethylsuccinyl, and the like.
PAR  Suitable C moieties having the formula
      ##SPC8##
PAL  are for example s-triazinyl, phenoxy-s-triazinyl, chloro-s-triazinyl,
      methoxy-s-triazinyl, and the like.
PAR  Suitable C moieties having the formula
      ##SPC9##
PAL  are for example cyclotriphosphazenyl, phenoxycyclotriphosphazenyl,
      1,3-diphenoxycyclotriphosphazenyl, 1,3,5-triphenoxycyclotriphosphozenyl,
      chlorocyclotriphosphazenyl, 1,3-dichlorocyclotriphosphazenyl,
      1,3,5-trichlorocyclotriphosphazenyl,
      1,1-ethylenedioxycyclotriphosphazenyl, 1,1-(o-phenylenedioxy)cyclotriphosp
     hazenyl, and the like.
PAR  The ortho-benzotriazole ester ultraviolet stabilizer of the present
      invention can be prepared by reacting the acid chloride with the hydroxy
      moiety on the benzotriazole. One group of organic compounds useful as
      ultraviolet stabilizers is, for example,
      ##SPC10##
PAR  One method for preparing these compounds is according to the following
      procedure:
      ##SPC11##
PAR  The acid chlorides can be prepared by reaction of the corresponding acid
      [See Zh. Obshch. Khim., 38, 100 1-5 (1968); Chem. Abstr. 69, 96568 (1968)]
      with freshly distilled thionyl chloride [See J. Chem. Soc. 101, 2476
      (1912)].
PAR  s-Triazine esters constitute a group of organic compounds useful as
      ultraviolet stabilizers, for example:
      ##SPC12##
PAR  These are prepared by the following procedure:
      ##SPC13##
PAC  Cyanuric chloride
PAR  Cyanuric chloride is commercially available or can easily be prepared via
      the trimerization of cyanogen chloride [see Brit. 602,816 (1948) or U.S.
      2,416,656 (1947)].
PAR  Another group of useful organic ultraviolet stabilizers is the
      cyclotriphosphazenes. For example,
      ##SPC14##
PAR  One method for preparing these compounds is according to the following
      procedure
      ##SPC15##
PAR  The hexachlorocyclotriphosphazene is commercially available as can easily
      be made in the reaction of ammonium chloride and phosphorus pentachloride
      [see J. Chem. Soc., A, F68 (1971)].
PAR  The phenols were obtained from commercial sources, or were prepared by
      standard methods.
PAR  The heterocyclic compositions can be added to organic compositions which
      are susceptible to ultraviolet degradation. Such compositions include, for
      example, polymeric compositions such as polyester fiber and molding
      compositions, such as polyethylene terephthalate, polymethylene
      terephthalate and the like; polyolefins such as, for example, high, medium
      and low density polyethylene, polypropylene, polybutene and the like;
      polyamides such as N-methoxymethyl polyhexamethylene adipamide and the
      like; polycarbonates; polyvinyl chlorides and copolymers; cellulose
      esters; acrylic/butadiene/styrene plastic; polyacrylics such as methyl
      methacrylate; polystyrene; gelatin; vinylidene chloride copolymers such as
      vinylidene chloride/vinyl acetate copolymers; ethylene vinyl acetate
      copolymers; cellulose ethers such as methyl cellulose; polyvinyl esters
      such as polyvinyl acetate; polyethylene oxide; polyvinyl acetals;
      polyformaldehydes; and polyurethanes. Such compositions also include
      natural and synthetic rubbers, such as polybutadiene, and unsaturated
      organic compositions such as oils and the like, as well as compositions
      containing such organic compositions.
PAR  The benzotriazole ortho-ester compositions, as effective ultraviolet
      stabilizers or screening agents, are generally used in an amount of from
      0.01 to 10%, by weight, based on the weight of the organic material to
      which they are added. While a detectable amount of ultraviolet screening
      and stabilization may be obtained with amounts less than 0.01%, this
      amount of stabilization or screening would be of little practical utility
      in a commercial application. Moreover, while amounts greater than 10%, by
      weight, provide effective ultraviolet stability and screening, such
      concentrations are undesirable because of cost and the deleterious effect
      which such concentrations may have on the mechanical properties of the
      organic composition in which the stabilizer is incorporated. Preferably,
      the stabilizer is used in an amount of from about 0.1 to about 3%, by
      weight. For example, an amount of 2%, by weight, of the stabilizer
      effectively stabilizes cellulose acetate butyrate and polymethylene
      terephthalate plastic compositions.
PAR  The ultraviolet stabilized organic compositions of the present invention
      may also contain other additives, pigments, colorants, stabilizers and the
      like. For example, polymeric compositions, such as polyolefins, may also
      contain and generally do contain other additives such as white or colored
      pigments or colorants, antioxidants, plasticizers, flow aids, processing
      aids, polymeric modifiers and the like.
PAR  These novel benzotriazole ortho-ester ultraviolet stabilizers may be
      incorporated into organic compositions by melt-blending or may be added
      onto the surface of an organic plastic material prior to being molded into
      a suitable object. These materials can also be added to coatings and the
      like which can be applied to the surface of a molded object.
PAR  This invention will be further illustrated by the following examples
      although it will be understood that these examples are included merely for
      purposes of illustration and are not intended to limit the scope of the
      invention.
DETD
PAC  EXAMPLE 1
PAR  Preparation of bis[o-(2H-benzotriazol-2-yl)-4-methylphenyl] isophthalate
      (1) can be prepared by the following procedure:
PAR  o-Nitroaniline (0.5 mole) was diazotized in the usual manner with
      concentrated hydrochloric acid (200 ml.) and sodium nitrite (0.5 mole).
      The clear diazonium solution was added slowly to a cold solution
      (0.degree.-5.degree.) of p-cresol (0.5 mole) in 450 ml of 10% sodium
      hydroxide. The mixture was stirred for 1 hour and
      2-nitro-2'-hydroxy-5'-methylazoaniline (A) was filtered out (60% yield).
      One-tenth mole of A was dissolved in 100 ml. of 2N NaOH. Zinc dust (30 g.)
      and sodium hydroxide (50 ml. of a 25% solution) were added slowly to the
      well-stirred solution to keep the temperature below 45.degree.C. The
      mixture was then cooled to &lt;30.degree.C. and acidified with concentrated
      hydrochloric acid. After stirring for 2 hours, the precipitate was
      filtered and recrystallized from toluene (mp 122-24.degree.) to give
      o-[2H-benzotriazol-2-yl)-4-methylphenol (B). A solution containing 9.0 g.
      (0.04 mole) of B and 4.0 6 gm. (0.02 mole) of isophthaloyl chloride in 200
      ml. of pyridine was heated with stirring at 50.degree.-60.degree. for 15
      hrs. The reaction mixture was poured into cold dilute hydrochloric acid
      and a solid precipitated. The solid was filtered, and air-dried to give 1
      as a white solid (30%, mp. 115.degree.-8.degree.).
PAC  EXAMPLE 2
PAR  Preparation of bis[o-(2H-benzotriazol-2-yl)-4-methylphenyl]terephthalate 2
      can be carried out in the same manner as Example 1. Thus, B was reacted
      with terephthoyl chloride in pyridine to give 2 in 50% yield.
PAC  EXAMPLE 3
PAR  Tris[o-(2H-benzotriazol-2-yl)-4-methylphenyl] trimellilate (3) can be
      prepared in a similar manner by reaction of B with
      1,2,4-benzenetricarboxylic acid chloride.
PAC  EXAMPLE 4
PAR  Bis[o-(2H-benzotriazol-2-yl)-4-methylphenyl]adipate (4) was prepared by
      reacting B with adipoylchloride in refluxing p-xylene (95%, mp.
      145.degree.-48.degree.).
PAC  EXAMPLE 5
PAR  Bis[o-(2H-benzotriazol-2-yl)-4-methylphenyl] dodecanoate (5) was prepared
      in a similar manner by reacting B (Example 1) with 1,12-dodecanoylchloride
      in refluxing p-xylene (65%).
PAC  EXAMPLE 6
PAR  2,4,6-Tris[o-(2H-benzotriazol-2-yl)-4-methylphenyl]-s-triazine (6) was
      prepared by condensing B (Example 1) with cyanuric chloride in the
      presence of sodium hydroxide in aqueous acetone held at 60.degree. for 15
      hr. Compound 6 was obtained as an off-white solid (86%, mp.
      158.degree.-161.degree.).
PAC  EXAMPLE 7
PAR  2-Phenoxy-4,6-bis[o-(2H-benzotriazol-2-yl)-4-methylphenyl]-s-triazine (7)
      was prepared in the following manner.
PAR  2,4-Dichloro-6-phenoxy-s-triazine (C) was prepared in 45% yield via the
      condensation of one equivalent of phenol with cyanuric chloride in
      chloroform at 50.degree. which also contained one equivalent of sodium
      hydroxide. The product C, obtained as a white crystalline solid (mp.
      110.degree.-112.degree.), was condensed in a second step with B in a
      manner similar to that described in Example 6. During the course of the
      reaction a solid appeared which was filtered, air-dried and identified as
      7.
PAC  EXAMPLE 8
PAR  Hexakis[o-(2H-benzotriazol-2-yl)-4-methylphenyl]cyclotriphosphazene (8) was
      prepared in low yield (30%) by refluxing B with
      hexachlorocyclotriphosphazene and KHCO.sub.3 in 2-butanone for 50 hr. The
      product 8 was obtained as an insoluble, off-white solid.
PAC  EXAMPLE 9
PAR  A dry mixture of the stabilizer and granulated poly(tetramethylene
      terephthalate) was extruded into 1/16-inch diameter rods, pelletized and
      injection molded into 21/2- .times. 1/2- .times. 1/16-inch flat bars;
      these flat bars were exposed to a 280-700 nm. mercury lamp source until a
      flatwise impact strength of less than 6 was obtained (initial values were
      all &gt;17). The ultraviolet stabilization provided by the heterocyclic
      stabilizers of the present invention is shown in Table 1.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Effectiveness of Ultraviolet Stabilizers                                  
     In Poly(tetramethylene terephthalate)                                     
               FWIS (Flatwise Impact Strength)                                 
     Compound (0.5%)                                                           
                 Initial    300 Hr.    500 Hr.                                 
     ______________________________________                                    
     None        20          3          1                                      
     1           19         19         17                                      
     2           18         17         16                                      
     3           19         18         18                                      
     4           17         17         15                                      
     5           18         16         15                                      
     6           19         19         17                                      
     7           20         19         16                                      
     8           19         18         18                                      
     ______________________________________                                    
PAR  These benzotriazole ortho-ester compositions find particular utility as
      ultraviolet stabilizers in organic compositions requiring ultraviolet
      stability. Such compositions include polymeric compositions such as, for
      example, polyester fiber and molding compositions, poly-.alpha.-olefins,
      polyamides, acrylics, cellulose esters and the like, as well as molded or
      shaped articles, film and coatings formed from such materials and the
      like. Such compositions also include natural and synthetic rubbers, such
      as natural rubber, as well as organic materials such as oils, fats, and
      unsaturated organic materials and materials having such materials
      contained therein such as paints, varnishes, cosmetics and the like.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An organic composition susceptible to ultraviolet degradation stabilized
      against such degradation with a stabilizing amount of a composition of
      matter comprising polychromophoric compounds having the formula:
EQU  (A).sub.x -C
PAL  wherein A is a group having the structure
      ##SPC16##
PAL  wherein
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 are hydrogen, chloro, bromo, lower
      alkyl, substituted lower alkyl, cycloalkyl, substituted cycloalkyl, aryl,
      substituted aryl, lower alkylaryl, aryl-substituted-aryl, alkoxy,
      substituted amino, cyano, carboxy and the substituents R.sub.1 and
      R.sub.2, R.sub.2 and R.sub.3, and R.sub.3 and R.sub.4, combined with the
      carbon atoms to which they are attached, are joined alkylene groups
      completing a carbocyclic ring, which ring can also be substituted with one
      or more of the substituents listed above for R.sub.1, R.sub.2, R.sub.3 and
      R.sub.4 ;
PA1  I is the same as R.sub.1, R.sub.2, R.sub.3 and R.sub.4 and is present on
      all positions of the benzenoid ring, except the carbon atom attached to
      the heterocyclic ring and the carbon atom attached to the carbonyl group
      connecting the heterocyclic aromatic A group with the aromatic C group,
PA2  a is an integer of 2 to 6
PA2  x is an integer of 1 to 6; and
PA2  C is one of the following:
PA3  1. An aromatic group having the formula:
      ##SPC17##
PA1  wherein I is the same substituent as listed above and is present in all
      positions of the benzenoid ring except the carbon atom attached to the
      carbonyl group connecting the A and C moieties, and said I substituents
      can all be one of the substituents listed above or different listed
      substituents; or
PA3  2. An aliphatic group having the formula
      ##EQU3##
      wherein Q is substituted or unsubstituted acyclic, cyclic or polycyclic
      aliphatic moiety containing 1 to 18 carbons.
PA1  I may be a hydrogen, hydroxy, halogen, cyano, C.sub.1 -C.sub.12 substituted
      or unsubstituted alkyl, amino, alkylamino, dialkylamino, arylamino,
      diarylamino, alkoxy, aryl or aryloxy group; y is an integer between 2 and
      6.
NUM  2.
PAR  2. A composition of matter according to claim 1 having the formula:
      ##SPC18##
NUM  3.
PAR  3. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC19##
NUM  4.
PAR  4. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC20##
NUM  5.
PAR  5. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC21##
NUM  6.
PAR  6. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC22##
NUM  7.
PAR  7. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC23##
NUM  8.
PAR  8. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC24##
NUM  9.
PAR  9. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC25##
NUM  10.
PAR  10. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC26##
NUM  11.
PAR  11. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC27##
NUM  12.
PAR  12. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC28##
NUM  13.
PAR  13. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC29##
NUM  14.
PAR  14. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC30##
NUM  15.
PAR  15. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC31##
NUM  16.
PAR  16. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC32##
NUM  17.
PAR  17. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC33##
NUM  18.
PAR  18. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC34##
NUM  19.
PAR  19. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC35##
NUM  20.
PAR  20. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC36##
NUM  21.
PAR  21. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC37##
NUM  22.
PAR  22. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC38##
NUM  23.
PAR  23. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC39##
NUM  24.
PAR  24. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC40##
NUM  25.
PAR  25. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC41##
NUM  26.
PAR  26. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC42##
NUM  27.
PAR  27. An organic composition susceptible to ultraviolet degradation
      stabilized against such degradation with a stabilizing amount of a
      composition of matter according to claim 1 having the formula:
      ##SPC43##
PA1  wherein Q is substituted or unsubstituted acyclic, cyclic or polycyclic
      aliphatic moiety containing 1 to 18 carbons. y is an integer between 2 and
      6.
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 are hydrogen, chloro, bromo, lower
      alkyl, substituted lower alkyl, cycloalkyl, substituted cycloalkyl, aryl,
      substituted aryl, lower alkylaryl, alkoxy, amino, substituted amino,
      cyano, carboxy and the substituents R.sub.1 and R.sub.2, R.sub.2 and
      R.sub.3, R.sub.3 and R.sub.4, combined with the carbon atoms to which they
      are attached, are joined alkylene groups completing a carbocyclic ring,
      which ring can also be substituted with one or more of the substituents
      listed above for R.sub.1, R.sub.2, R.sub.3 and R.sub.4 ;
PA1  I is the same as R.sub.1, R.sub.2, R.sub.3 and R.sub.4 and is present on
      all positions of the benzenoid ring, except the carbon atom attached to
      the carbonyl linking substituent, said I substituents can all be one of
      the substituents listed above or different listed substituents.
NUM  28.
PAR  28. An organic composition according to claim 27 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC44##
NUM  29.
PAR  29. An organic composition according to claim 27 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC45##
NUM  30.
PAR  30. An organic composition according to claim 27 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC46##
NUM  31.
PAR  31. An organic composition according to claim 27 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC47##
NUM  32.
PAR  32. An organic composition according to claim 27 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC48##
NUM  33.
PAR  33. An organic composition according to claim 27 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC49##
NUM  34.
PAR  34. An organic composition according to claim 27 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC50##
NUM  35.
PAR  35. An organic composition according to claim 27 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC51##
NUM  36.
PAR  36. An organic composition susceptible to ultraviolet degradation
      stabilized against such degradation with a stabilizing amount of a
      composition of matter according to claim 1 having the following formula:
      ##SPC52##
PA1  wherein V and W are an integer of 1 to 4;
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 are hydrogen, chloro, bromo, lower
      alkyl, substituted lower alkyl, cycloalkyl, substituted cycloalkyl, aryl,
      substituted aryl, lower alkylaryl, alkoxy, amino, substituted amino,
      cyano, carboxy and the substituents R.sub.1 and R.sub.2, R.sub.2 and
      R.sub.3, R.sub.3 and R.sub.4, combined with the carbon atoms to which they
      are attached, are joined alkylene groups completing a carbocyclic ring,
      which ring can also be substituted with one or more of the substituents
      listed above for R.sub.1, R.sub.2, R.sub.3 and R.sub.4 ;
PA1  I is the same as R.sub.1, R.sub.2, R.sub.3 and R.sub.4 and is present on
      all positions of the benzenoid ring, except the carbon atom attached to
      the carbonyl linking substituent, said I substituents can all be one of
      the substituents listed above or different listed substituents.
NUM  37.
PAR  37. An organic composition according to claim 36 containing a stabilizing
      amount of a composition of matter having the following formula:
      ##SPC53##
NUM  38.
PAR  38. An organic composition according to claim 36 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC54##
NUM  39.
PAR  39. An organic composition according to claim 36 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC55##
NUM  40.
PAR  40. An organic composition susceptible to ultraviolet degradation
      stabilized against such degradation with a stabilizing amount of a
      composition of matter having the formula:
      ##SPC56##
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ABST
PAL  The invention relates to multichromophoric compounds which have been found
      to be effective ultraviolet stabilizers. The invention also relates to
      ultraviolet degradable organic compositions containing a stabilizing
      amount of the multichromophoric composition to prevent such degradation.
      These stabilizers are effective in the presence of other additives
      commonly employed in polymeric compositions including, for example,
      pigments, colorants, fillers, reinforcing agents and the like. These
      ultraviolet stabilizers may also be incorporated into the organic
      compositions in the polymer melt or dissolved in the polymer dope, coated
      on the exterior of the molded article, film or extruded fiber.
BSUM
PAR  This invention relates to multichromophoric ultraviolet stabilizers and
      their use in organic compositions. More particularly, the invention
      relates to multichromophoric compositions and the stabilization of
      ultraviolet degradable organic compositions against deterioration
      resulting from the exposure to such radiations with such multichromophoric
      compositions.
PAR  The degradative effects of ultraviolet light on various organic
      compositions is well known in the art. The photo-deterioration or
      degradation is of particular concern with organic photo-degradable
      compositions which are exposed to ultraviolet light, such as sunlight, for
      long periods of time. One group of such photo-degradable organic
      compositions are polymeric compositions such as polyolefins, polyesters
      and the like. On exposure to sunlight for extended periods of time, these
      polymeric compositions degrade and their physical properties are reduced
      to render the polymeric composition less useful for most applications.
      Therefore, considerable effort has been directed to providing a solution
      to the photo-degradation problem of polymeric compositions. As a result of
      this effort, there have been discovered many additives and stabilizers
      which improve the stability of polymeric compositions.
PAR  Moreover, various additives and stabilizers exhibit the power to absorb
      ultraviolet radiation within the band of 2900 to 4000 A. and, when
      incorporated in various plastic materials such as transparent sheets, the
      resultant sheet acts as a filter for all the radiation passing through and
      will transmit only such radiations as are not absorbed by the sheet and/or
      the absorbing agent. It is thus possible to screen out undesirable
      radiations and utilize the resulting transparent sheet as a filter in many
      technical and commercial applications, such as wrappings for food products
      and the like.
PAR  While there are many additives, stabilizers and mixtures thereof which are
      known in the art to improve the ultraviolet light stability of organic
      compositions, there is a need in the art for more efficient and effective
      stabilizers to prevent the photo-degradation of organic compositions
      susceptible to photo-degradation. Therefore, to provide a more effective
      and efficient ultraviolet stabilizer for organic compositions susceptible
      to such degradation would be an advance in the state of the art.
PAR  It is, therefore, an object of the present invention to provide more
      effective and efficient ultraviolet light stabilizer compositions.
PAR  Another object of the present invention is to provide useful compositions
      characterized by improved resistance to ultraviolet degradation and
      deterioration.
PAR  A further object of the present invention to provide compositions
      containing multichromophoric compositions which are resistant to
      ultraviolet degradation.
PAR  Another and further object of this invention to provide processes for
      improving the resistance of organic materials to deterioration and
      degradation by actinic radiation and especially ultraviolet radiation.
PAR  A still further object of this invention to provide compositions and
      processes for improving the resistance of organic materials to
      deterioration and degradation by ultraviolet radiations, including short
      wavelength visible radiations.
PAR  Further objects and advantages of the invention will be apparent to those
      skilled in the art from the accompanying disclose and claims.
PAR  In accordance with the present invention, multichromophoric compositions
      are provided which are useful as ultraviolet stabilizers or ultraviolet
      screening agents. These organic compositions contain at least one
      heterocyclic group containing composition connected to a
      hydroxybenzophenone, hydroxyphenylbenzotriazole or hydroxystyrene residue.
      The multichromophoric compositions of the present invention have the
      following structure:
EQU  (A--B).sub.n C
PAL  wherein A is a group having the structure:
      ##SPC1##
PAL  wherein
PAR  X and Y are a carbon or a nitrogen atom;
PAR  Z is an oxygen atom, a sulfur atom, a nitrogen atom, or a nitrogen atom
      containing a hydrogen atom or a substituted or unsubstituted alkyl group
      having 1 to 12 carbon atoms or an aryl group or substituted aryl group
      having 6 to 12 carbon atoms;
PAR  R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are hydrogen, lower alkyl,
      substituted lower alkyl, having 1 to 12 carbon atoms, cycloalkyl,
      substituted cycloalkyl, aryl, substituted aryl, having 6 to 18 carbon
      atoms, lower alkylaryl, aryl-substituted-aryl, chloro, bromo, fluoro,
      aryloxy, alkoxy, substituted amino, cyano, carboalkoxy and the
      substituents R.sub.1 and R.sub.2, R.sub.2 and R.sub.3, and R.sub.3 and
      R.sub.4, combined with the carbon atoms to which they are attached, are
      joined alkylene groups completing a carbocyclic ring, which ring can also
      be substituted with one or more of the substituent listed above for
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4.
PAR  I is a substituent listed above for R.sub.1, R.sub.2, R.sub.3 and R.sub.4
      and is present on all positions of the benzenoid ring, except the carbon
      atom attached to the Y substituent and the carbon atom attached to the B
      group. The B connecting group is attached to the benzenoid ring in the
      ortho, meta or para position from the carbon atom connected to the Y
      substituent. The I substituents can all be one of the substituents listed
      above or different listed substituents.
      ##SPC2##
PAR  R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are hydrogen, lower alkyl,
      substituted lower alkyl, having 1 to 12 carbon atoms, cycloalkyl,
      substituted cycloalkyl, aryl, substituted aryl having 6 to 18 carbon
      atoms, lower alkylaryl, aryl-substituted-aryl, chloro, bromo, fluoro,
      aryloxy, alkoxy, substituted amino, cyano, carboalkoxy and the
      substituents R.sub.1 and R.sub.2, R.sub.2 and R.sub.3, R.sub.3 and R.sub.4
      and R.sub.4 and R.sub.5, combined with the carbon atoms to which they are
      attached, are joined alkylene groups completing a carbocyclic ring, which
      ring can also be substituted with one or more of the substituents listed
      above for R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5.
PAR  I is the same substituent as listed above and is present in all positions
      of the benzenoid rings except the carbon atom attached to the B group
      connecting the A and C moieties. The B connecting group is attached to the
      benzenoid ring in the ortho, meta or para position from the carbonyl group
      of the benzophenone. The I substituents can all be one of the substituents
      listed above or different listed substituents; and
      ##SPC3##
PAR  R.sub.5 and R.sub.6 are cyano, carbonylalkoxy, carbonylaryloxy,
      alkylsulfonyl, arylsulfonyl, carboxamide and sulfonamide.
PAR  The B group is a group connecting A and C and can have the structure
      ##EQU1##
      and --OEO-- where E is lower alkylene or substituted lower alkylene.
PAR  The C group is a heterocyclic group having the structures
      ##SPC4##
PAL  wherein
PAR  X and Y are a carbon atom or a nitrogen atom; Z is an oxygen atom, a sulfur
      atom, a nitrogen atom, or a nitrogen atom containing a hydrogen atom or a
      substituted or unsubstituted lower alkyl group having 1 to 12 carbon
      atoms; I is hydrogen, fluoro, chloro, bromo, lower alkyl, substituted
      lower alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
      lower alkylaryl, aryl-substituted-aryl, alkoxy, aryloxy, substituted amino
      and cyano. I is present on all positions of the benzenoid ring, except the
      carbon atom attached to the heterocyclic group and the carbon atom
      attached to the B group. E is a substituted or unsubstituted alkylene and
      arylene. n is an integer from 1 to 6.
PAR  Suitable heterocyclic A groups having the structure
      ##SPC5##
PAL  are, for example substituted and unsubstituted benzotriazoles,
      benzoxazoles, benzthiazoles, indoles and benzimidazoles.
PAR  Examples of suitable benzotriazoles are those having the formula
      ##SPC6##
PAL  such as 4-(2H-benzotriazole-2-yl), 2-hydroxyphenyl,
      4-(5-chloro-2H-benzotriazol-2-yl), 2-hydroxyphenyl,
      5-(2H-benzotriazol-2-yl)-2-hydroxyphenyl, and the like.
PAR  Examples of suitable benzoxazoles are those benzoxazoles having the formula
      ##SPC7##
PAL  such as 4-(5,6-dimethyl-2-benzoxazolyl)-2-hydroxyphenyl,
      4-(2-benzoxazolyl)-2-hydroxyphenyl,
      5-(5-chloro-2-benzoxazolyl)-2-hydroxyphenyl, and the like.
PAR  Examples of suitable benzthiazoles are those having the formula
      ##SPC8##
PAL  such as 4-(5,6-dimethyl-2-benzthiazolyl)-2-hydroxyphenyl,
      4-(2-benzthiazolyl)-2-hydroxyphenyl,
      5-(5-chloro-2-benzthiazolyl)-2-hydroxyphenyl, and the like.
PAR  Examples of suitable benzimidazoles are those having the formula
      ##SPC9##
PAL  wherein Q is hydrogen or lower alkyl group containing 1 to 12 carbon atoms
      or aryl group or substituted aryl group having 6 to 18 carbon atoms. Such
      suitable benzimidazole moieties are, for example,
      4-(5,6-dimethyl-2-benzimidazolyl)-2-hydroxyphenyl,
      4-(2-benzimidazolyl)-2-hydroxyphenyl,
      5-(5-chloro-2-benzimidazolyl)-2-hydroxyphenyl,
      4-(1-methyl-2-benzimidazolyl)-2-hydroxyphenyl,
      4-(1-ethyl-5-chloro-2-benzimidazolyl)-2-hydroxyphenyl and the like.
PAR  Suitable A groups having the structure
      ##SPC10##
PAL  are, for example, 2-hydroxybenzophenone moieties, such as
      3-hydroxy-4-benzoylphenyl, 3-hydroxy-4-(2-hydroxybenzoyl) phenyl,
      3-hydroxy-4-( 2-hydroxy-4-methoxybenzoyl) phenyl,
      3-hydroxy-4-(4-chlorobenzoyl) phenyl, 3-hydroxy-4-(3,5-dimethylbenzoyl)
      phenyl, 3-hydroxy-4-(4-methoxybenzoyl) phenyl,
      3-hydroxy-4-(4-cyanobenzoyl) phenyl, 3-hydroxy-4-benzoyl-6-methyl-phenyl,
      and 3-hydroxy-4-benzoyl-6-chlorophenyl.
PAR  Suitable A groups having the structure
      ##SPC11##
PAL  are, for example, disubstituted sytrene moieties such as
      4-(2,2-dicyanovinyl) phenyl, 4-(2,2-di-carbomethoxyvinyl) phenyl,
      4-(2-cyano-2-carbobutoxyvinyl) phenyl,
      4-(2-phenylsulfonyl-2-carboethoxyvinyl) phenyl,
      4-(2-cyano-2-carboxamidovinyl) phenyl, 4-(2-acetyl-2-cyanovinyl) phenyl,
      4-(2-benzoyl-2-cyanovinyl) phenyl, 4-(2-benzoyl-2-carbomethoxyvinyl)
      phenyl, 4-(2,2-dicyanovinyl)-2-chlorophenyl,
      4-(2,2-dicyanovinyl)-2-methylphenyl, and
      4-(2,2-dicyanovinyl)-3-methylphenyl.
PAR  Suitable B groups are oxycarbonyl, oxyalkylene carbonyloxy, for example,
      oxymethylene carbonyloxy and the like, oxyalkyleneoxy, for example,
      oxyethyleneoxy and the like.
PAR  Suitable C groups are, for example, moieties having the structures:
      ##SPC12##
PAL  and include substituted and unsubstituted 1,3,4-oxadiazol-2,5-diyl,
      1,3,4-thiadiazol-2,5-diyl, 1,2,4-triazol-3,5-diyl, oxazol-diyl,
      thiazoldiyl and imidazol-diyl and the like.
PAR  Examples of suitable 1,3,4-oxadiazol-2,5-diyl moieties are those having the
      structures:
      ##SPC13##
PAL  wherein E is a substituted or unsubstituted, branched or unbranched
      alkylene having 1 to 12 carbon atoms or arylene having 6 to 18 carbon
      atoms; n is an integer from 1 to 6; such as
      4,4'-(1,3,4-oxadiazol-2,5-diyl)diphenyl, 4,4'[ 5,5'-tetramethylene bis
      [1,3,4-oxadiazol-2-yl)]diphenyl,
      4,4'-[5,5'-bis(1,3,4-oxadiazol-2,2'-diyl)diphenyl, 4,4'-[5,5'-(m-phenylene
      bis[ 1,3,4-oxadiazol-2-yl)diphenyl, 4,4',4"-[5,5',5"-(1,3,5-phenylene
      tris(1,3,4-oxadiazol-2-yl)triphenyl and the like.
PAR  Examples of suitable 1,3,4-thiadiazol-2,5-diyl moieties are those having
      the structures:
      ##SPC14##
PAL  wherein E is a substituted or unsubstituted alkylene or arylene; n is an
      integer from 1 to 6; such as 4,4'-(1,3,4-thiazol-2,5-diyl)diphenyl,
      4,4'-(5,5'-tetramethylene bis(1,3,4-thiadiazol-2-yl)diphenyl,
      4,4'-[5,5'-bis( 1,3,4-thiadiazol-2,2'-diyl)]diphenyl,
      4,4'-[5,5'-(m-phenylene bis[1,3,4-thiadiazol-2-yl)diphenyl,
      4,4',4"-[5,5',5"-(1,3,5-phenylene tris(1,3,4-oxadiazol-2yl) triphenyl and
      the like.
PAR  Examples of suitable 1,2,4-triazol-3,5-diyl moieties are those having the
      structures:
      ##SPC15##
PAL  wherein E is a substituted or unsubstituted alkylene and arylene; n is an
      integer from 1 to 6, Q is hydrogen or a substituted or unsubstituted lower
      alkyl group containing 1 to 12 carbon atoms; such as
      4,4'-(1H-1,2,4-triazol-3,5-diyl)diphenyl,
      4,4'(4H-1,2,4-triazol-3,5-diyl)diphenyl, 4,4'-[5,5'-tetramethylene
      bis(4H-1,2,4-triazol-3-yl) diphenyl,
      4,4'-(4-methyl-1,2,4-triazol-3,5-diyl)diphenyl,
      4,4'-(1-methyl-1,2,4-triazol-3,5-diyl)diphenyl, 4,4'-[5,5'-m-phenylene
      bis(4-methyl-1,2,4-triazol-3-yl)diphenyl, and the like.
PAR  Examples of suitable oxazol-diyl moieties are those having the structures:
      ##SPC16##
PAL  wherein E is a substituted or unsubstituted alkylene and arylene, or the
      same as R.sub.1 ; J is the same as R.sub.1 or a substituted or
      unsubstituted alkylene or arylene; n is an integer from 1 to 6; such as
      4,4'-(oxazol 2,5-diyl)diphenyl, 4,4'-(4-methyloxazol-2,5-diyl)diphenyl,
      4,4'-(4-phenyl-oxazol-4,5-diyl)diphenyl,
      3,4'-(4-methyloxazol-2,5-diyl)diphenyl and the like.
PAR  Examples of suitable thiazol-diyl moieties are those having the structures:
      ##SPC17##
PAL  wherein E is a substituted or unsubstituted alkylene and arylene, or the
      same as R.sub.1 ; J is the same as R.sub.1 or a substituted or
      unsubstituted alkylene or arylene; n is an integer from 1 to 6; such as
      4,4'-(thiazol-2,5-diyl)diphenyl, 4,4'-(4-methylthiazol-2,5-diyl)diphenyl,
      4,4'-(2-methylthiazol-4,5-diyl)diphenyl, 4,4'-(thiazol-4,5-diyl)diphenyl,
      and the like.
PAR  Examples of suitable imidazol-diyl moieties are those having the
      structures:
      ##SPC18##
PAL  wherein E' is a substituted or unsubstituted alkylene and arylene, or the
      same as R.sub.1 ; J is the same as R.sub.1, or a substituted or
      unsubstituted alkylene or arylene; n is an integer from 1 to 6; Q is
      hydrogen or a substituted or unsubstituted lower alkyl group having 1 to
      12 carbon atoms, such as 4,4'-(imidazol-2,5-diyl)diphenyl,
      4,4'-(1-methylimidazol-2,5-diyl)diphenyl,
      4,4'-(2-methylimidazol-4,5-diyl)diphenyl,
      4,4'-(4-methylimidazol-2,5-diyl)diphenyl,
      4,4'-(1,4-dimethylimidazol-2,5-diyl)diphenyl and
      4,4'-(1,2-dimethylimidazol-4,5-diyl)diphenyl and the like.
PAR  The heterocyclic compositions can be added to organic compositions which
      are susceptible to ultraviolet degradation. Such compositions include, for
      example, polymeric compositions such as polyester fiber and molding
      compositions, such as polyethylene terephthalate, polytetramethylene
      terephthalate and the like; polyolefins such as, for example, high, medium
      and low density polyethylene, polypropylene, polybutene and the like;
      polyamides such as N-methoxymethyl polyhexamethylene adipamide and the
      like; polycarbonates; polyvinyl chlorides and copolymers; cellulose
      esters; acrylic/butadiene/styrene plastic; polyacrylics such as methyl
      methacrylate; polystyrene; gelatin; vinylidene chloride copolymers such as
      vinylidene chloride/vinyl acetate copolymers; ethylene vinyl acetate
      copolymers; cellulose ethers such as methyl cellulose; polyvinyl esters
      such as polyvinyl acetate; polyethylene oxide; polyvinyl acetals;
      polyformaldehydes; and polyurethanes. Such compositions also include
      natural and synthetic rubbers, such as polybutadiene, and unsaturated
      organic compositions such as oils and the like, as well as compositions
      containing such organic compositions.
PAR  The multichromophoric compositions, as effective ultraviolet stabilizers or
      screening agents, are generally used in an amount of from 0.01 to 10%, by
      weight, based on the weight of the organic material to which they are
      added. While a detectable amount of ultraviolet screening and
      stabilization may be obtained with amounts less than 0.01%, this amount of
      stabilization or screening would be of little practical utility in a
      commercial application. Moreover, while amounts greater than 10%, by
      weight, provide effective ultraviolet stability and screening, such
      concentrations are undesirable because of cost and the deleterious effect
      which such concentrations may have on the mechanical properties of the
      organic composition in which the stabilizer is incorporated. Preferably,
      the stabilizer is used in an amount of from about 0.1 to about 3%, by
      weight. For example, an amount of 2%, by weight, of the stabilizer
      effectively stabilizes cellulose acetate butyrate plastic compositions.
PAR  The ultraviolet stabilized organic compositions of the present invention
      may also contain other additives, pigments, colorants, stabilizers and the
      like. For example, polymeric compositions, such as polyolefins, may also
      contain and generally do contain other additives such as white or colored
      pigments or colorants, antioxidants, plasticizers, flow aids, processing
      aids, polymeric modifiers and the like.
PAR  These novel multichromophoric ultraviolet stabilizers may be incorporated
      into organic compositions by melt-blending or may be added onto the
      surface of an organic plastic material prior to being molded into a
      suitable object. These materials can also be added to coatings and the
      like which can be applied to the surface of a molded object.
DETD
PAR  This invention will be further illustrated by the following examples
      although it will be understood that these examples are included merely for
      purposes of illustration and are not intended to limit the scope of the
      invention.
PAC  EXAMPLE 1
PAR  Bis(4-benzoyl-3-hydroxylphenyl) 4,4'-(1,3,4-oxadiazol-2,5-diyl)dibenzoate,
      I, can be prepared by the following procedure:
PAR  To a solution of hydrazine (0.09 mole) and sodium bicarbonate (15 g.) in
      150 ml. of water, monoterephthaloyl chloride (0.18 mole) in 125 ml. of THF
      was added slowly with stirring. After stirring for an additional 30 min.,
      the product A was filtered and washed with 1 l. of water (m.p.
      295.degree.-298.degree., quantitative yield). A solution of A (0.056 mole)
      and 100 ml. of phosphorus oxychloride in 200 ml. of toluene was refluxed
      for 6 hr. The product B was filtered and washed with water (m.p.
      268.degree.-270.degree., yield 80%). A solution of B (0.042 mole) and
      potassium hydroxide (0.1 mole) in 700 ml. of 60% ethanol was refluxed for
      10 hr. The mixture was then acidified with 6N hydrochloric acid. The
      product was filtered and identified as the corresponding bis acid (m.p.
      &gt;300.degree.C., quantitative yield). The bis acid (0.013 mole) was
      refluxed with 50 ml. of thionyl chloride in 200 ml. of chlorobenzene for
      10 hours. After removal of excess thionyl chloride, the product C was
      obtained by filtration (m.p. 208.degree.-210.degree., yield 90%). To a
      solution of 2,4-dihydroxybenzophenone (0.023 mole) and sodium hydroxide
      (0.023 mole) in 50 ml. of water, C (0.016 mole) in 150 ml. of chloroform
      was added. The mixture was refluxed for 4 hours. After cooling, product I
      was obtained by filtration (m.p. 268.degree.-273.degree., 70% yield).
      ##SPC19##
PAR  Other novel multichromophoric compounds can be prepared by substituting
      other orthohydroxy compounds such as
      bis[4-(2-cyano-2-carboethoxyvinyl)phenyl],
      4,4'-(1,3,4-oxadiazol-2,5-diyl)dibenzoate, II (m.p. &gt;82.degree.-8.degree.,
      yield 80%); bis[4-(2,2-dicarboethoxyvinyl)phenyl],
      4,4'-(1,3,4-oxadiazol-2,5-diyl)dibenzoate, III (m.p.
      160.degree.-5.degree., yield 50%); bis
      [4-(2H-benzotriazol-2-yl)-3-hydroxyphenyl]-4,4'-(1,3,4-oxadiazol-2,5-diyl)
     -dibenzoate, IV (m.p. &gt;300.degree., yield 50%); and
      bis[4-(2-benzoxazolyl)-3-hydroxyphenyl]-4,4'-(1,3,4-oxadiazol-2,5-diyl)dib
     enzoate and the like.
PAC  EXAMPLE 2
PAR  Bis[4-[2-[4,4'-(1,3,4-oxadiazol-2,5-diyl)diphenoxy]ethoxy]-2-hydroxybenzoph
     enone], V, can be prepared by the following procedure:
PAR  2,5-Bis(p-hydroxyphenyl)-1,3,4-oxadiazole, prepared as in Makromol. Chem.,
      95, 261 (1966), was refluxed with 4-(2-bromoethoxy)-2-hydroxybenzophenone
      and potassium carbonate in butanone for 10 hours. The product was obtained
      after removal of solvent and crystallized from toluene (m.p.
      165.degree.-170.degree., yield 50%).
PAR  Other novel multichromophoric compounds can be prepared by substituting
      other ortho-hydroxy compounds such as
      bis[4-[2-[4,4'-(1,3,4-oxadiazol-2,5-diyl)diphenoxy]ethoxy]-2-(2-hydroxyphe
     nylbenzotriazole)]; and
      bis[4-[2-[4,4'-(1,3,4-oxadiazol-2,5-diyl)diphenoxy]ethoxy].beta.-cyano-b-c
     arboethoxystyrene] and the like.
PAC  EXAMPLE 3
PAR  Bis[4-benzoyl-3-hydroxyphenyl)4,4'-(4-methyl-1,2,4-triazol-3,5-diyl)dibenzo
     ate, VI, can be prepared by the following procedure:
PAR  A solution of N-methyl-p-carbomethoxybenzamide in chloroform was treated
      with phosphorus pentachloride to give D. Then D was reacted with
      p-carbomethoxybenzoyl hydrazide to yield
      dimethyl-4,4'-(4-methyl-1,2,4-triazol-3,5-diyl)dibenzoate, (E). The VI was
      obtained by reacting F in a similar manner as in Example 1.
PAC  EXAMPLE 4
PAR  Bis[4-benzoyl-3-hydroxyphenyl)4,4'-(5,5'-bi-1,3,4-oxadiazol-2,2'-diyl)diben
     zoate], VII, can be prepared by the following procedure:
PAR  A mixture of oxalyl dihydrazide (0.01 mole), lithium chloride (2.0 g.) and
      p-carbomethoxybenzoyl chloride (0.02 mole) in N-methyl pyrrolidinone (100
      ml.) was stirred at room temperature for 15 hours. The mixture was poured
      into 500 ml. of ice water. The product,
      1,1'-oxalylbis[2-(p-carbomethoxybenzoyl)]hydrazine, F, was obtained by
      filtration. Then VII was produced by reacting F in a similar manner as in
      Example 1.
PAC  EXAMPLE 5
PAR  Bis[4-benzoyl-3-hydroxyphenyl)4,4'-(4-methyloxazol-2,5-diyl)-dibenzoate,
      VIII, can be produced by the following procedure:
PAR  .alpha.-(p-Carbomethylbenzamido)-p-carbomethoxypropiophenone, obtained by
      reacting p-carbomethoxybenzamide with
      .alpha.-bromo-p-carbomethoxypropiophenone, was refluxed with phosphorus
      oxychloride in toluene to yield
      dimethyl-4,4'-(4-methyloxazol-2,5-diyl)dibenzoate, G. The VIII was
      obtained in a similar manner as in Example 1.
PAC  EXAMPLE 6
PAR  Bis[4-benzoyl-3-hydroxyphenyl)-4,4'-(2-methyloxazol-4,5-diyl)dibenzoate,
      IX, can be produced by the following procedure:
PAR  p,p'-Dicarbomethoxybenzoin, obtained by benzoin condensation of methyl
      p-formylbenzoate, was refluxed with ammonium acetate, paraldehyde in
      glacial acetic acid for 2 hours. The product,
      dimethyl-4,4'-(2-methyloxazol-4,5-diyl)dibenzoate, H, was obtained by
      filtration after cooling. Then IX was obtained in a similar manner as in
      Example 1.
PAC  EXAMPLE 7
PAR  The ultraviolet stabilization provided by the heterocyclic compound of the
      present invention is shown for poly(tetramethylene terephthalate) in Table
      1.
PAR  A dry mixture of the stabilizer and granulated poly(tetramethylene
      terephthalate) were extruded into 1/16-inch diameter rods, pelletized and
      injection molded into 21/2- .times. 1/2- .times. 1/16-inch flat bars;
      these flat bars were exposed to a 280-700 nm. mercury lamp source until a
      flatwise impact strength of less than 6 was obtained (initial values were
      all &gt;17).
PAR  The text results are summarized in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Effectiveness of Ultraviolet Stabilizers in                               
     Poly(tetramethylene terephthalate)                                        
                    FWIS (Flatwise Impact Strength)                            
     Compound (0.5%)                                                           
                 Initial  300 hr.     500 hr.                                  
     ______________________________________                                    
     None        17        6           1                                       
     I           19       20          20                                       
     II          20       21          18                                       
     III         20       21          20                                       
     IV          18       18          16                                       
     V           19       20          18                                       
     VI          19       19          18                                       
     VII         20       20          19                                       
     VIII        18       18          16                                       
     IX          19       18          18                                       
     ______________________________________                                    
PAR  These multichromophoric compositions find particular utility as ultraviolet
      stabilizers in organic compositions requiring ultraviolet stability. Such
      compositions include polymeric compositions such as, for example,
      polyester fiber and molding compositions, poly-.alpha.-olefins,
      polyamides, acrylics, cellulose esters and the like, as well as molded or
      shaped articles, film and coatings formed from such materials and the
      like. Such compositions also include natural and synthetic rubbers, such
      as natural rubber, as well as organic materials such as oils, fats, and
      unsaturated organic materials and materials having such materials
      contained therein such as paints, varnishes, cosmetics and the like.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An organic composition susceptible to ultraviolet degradation stabilized
      against such degradation with a stabilizing amount of a composition of
      matter comprising a compound having the formula (A-B.sub.n -C wherein A is
      a heterocyclic group having the structure
      ##SPC20##
PAL  wherein
PA1  X and Y are a carbon atom or a nitrogen atom;
PA1  Z is an oxygen atom, a sulfur atom, a nitrogen atom, or a nitrogen atom
      containing a hydrogen atom or an unsubstituted or substituted lower alkyl
      group having 1 to 12 carbon atoms or an aryl group or substituted aryl
      group having 6 to 18 carbon atoms;
PAR  R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are hydrogen, fluoro, chloro, bromo,
      lower alkyl, substituted lower alkyl, cycloalkyl, substituted cycloalkyl,
      aryl, substituted aryl, lower alkylaryl, alkoxy, aryloxy, substituted
      amino, cyano, carboalkoxy and the substituents R.sub.1 and R.sub.2,
      R.sub.2 and R.sub.3, R.sub.3 and R.sub.4, combined with the carbon atoms
      to which they are attached, are joined alkylene groups completing a
      carbocyclic ring, which ring can also be substituted with one or more of
      the substituents listed above for R.sub.1, R.sub.2, R.sub.3 and R.sub.4 ;
PAR  I is the same as R.sub.1, R.sub.2, R.sub.3 and R.sub.4 and is present on
      all positions of the benzenoid ring, except the carbon atom attached to
      the Y substituent and the carbon atom attached to the B group connecting
      the heterocyclic aromatic A group with the aromatic C group, said B
      connecting group is attached to the benzenoid ring in the ortho, meta or
      para positions from the carbon atom connected to the Y substituent, said I
      substituents can all be one of the substituents listed above or different
      listed substituents;
PAR  B is a linking group connecting A and C and can have the structure
      ##EQU2##
      and --OEO-- where E is lower alkylene or substituted lower alkylene;
PAR  The C group is a heterocyclic group having the structures
      ##SPC21##
PAL  wherein
PAR  X and Y are a carbon atom or a nitrogen atom; Z is an oxygen atom, a sulfur
      atom, a nitrogen atom, or a nitrogen atom containing a hydrogen atom or a
      substituted or unsubstituted lower alkyl group having 1 to 12 carbon
      atoms; I is hydrogen, fluoro, chloro, bromo, lower alkyl, substituted
      lower alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
      lower alkylaryl, aryl-substituted-aryl, alkoxy, aryloxy, substituted amino
      and cyano; I is present on all positions of the benzenoid ring, except the
      carbon atom attached to the Y substituent and the carbon atom attached to
      B group; E is a substituted or unsubstituted, branched or unbranched
      alkylene containing 1 to 12 carbon atoms or arylene containing 6 to 18
      carbon atoms; n is an integer from 1 to 6.
NUM  2.
PAR  2. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC22##
NUM  3.
PAR  3. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC23##
NUM  4.
PAR  4. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC24##
NUM  5.
PAR  5. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC25##
NUM  6.
PAR  6. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC26##
NUM  7.
PAR  7. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC27##
NUM  8.
PAR  8. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC28##
NUM  9.
PAR  9. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC29##
NUM  10.
PAR  10. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC30##
NUM  11.
PAR  11. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC31##
NUM  12.
PAR  12. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC32##
NUM  13.
PAR  13. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC33##
NUM  14.
PAR  14. An organic composition according to claim 1 containing a stabilizing
      amount of a composition of matter having the formula:
      ##SPC34##
NUM  15.
PAR  15. An organic composition susceptible to ultraviolet degradation
      stabilized against such degradation with a stabilizing amount of a
      composition of matter having the formula:
      ##SPC35##
NUM  16.
PAR  16. An organic composition containing a stabilizing amount of a composition
      of matter having the formula:
      ##SPC36##
PATN
WKU  039364208
SRC  5
APN  3821706
APT  1
ART  141
APD  19730724
TTL  Thermally stable, nonburning, nondripping, char forming polyolefin
      formulations
ISD  19760203
NCL  7
ECL  1
EXP  Hoke; V. P.
INVT
NAM  Gray; Roy A.
CTY  Bartlesville
STA  OK
ASSG
NAM  Phillips Petroleum Company
CTY  Bartlesville
STA  OK
COD  02
CLAS
OCL  260 458NT
XCL  260 459NP
XCL  260 4595S
XCL  260 342
EDF  2
ICL  C08G  600
FSC  260
FSS  45.9 NP;45.8 NT;45.95 S;34.2
UREF
PNO  3337495
ISD  19670800
NAM  Corbett et al.
OCL  260 45.95S
UREF
PNO  3395746
ISD  19680800
NAM  Szabo et al.
OCL  264 53
UREF
PNO  3562197
ISD  19710200
NAM  Sears et al.
OCL  260 45.9NP
UREF
PNO  3649591
ISD  19720300
NAM  Murray et al.
OCL  260 45.9NP
UREF
PNO  3666715
ISD  19720500
NAM  Kutner
OCL  260 45.8NT
UREF
PNO  3714114
ISD  19730100
NAM  Stretanski
OCL  260 45.8NT
UREF
PNO  3810862
ISD  19740500
NAM  Mathis et al.
OCL  260 45.95S
ABST
PAL  A thermoplastic such as polypropylene is blended with flame retardant
      additives and subjected to elevated temperature such that it is degassed
      sufficiently to avoid formation of voids or cells in an object molded
      therewith.
BSUM
PAR  This invention relates to the thermoplastic compositions which are
      thermally stable, nonburning, nondripping and char forming. In one of its
      aspects, the invention relates to such a composition of a plastic which
      can be molded without the formation of voids otherwise caused upon molding
      due to gas formation by ingredients or additives which are compounded with
      the thermoplastic to give it the desired properties herein discussed.
PAR  In a more specific aspect of the invention, it relates to thermally stable,
      nonburning, nondripping, char forming polyolefin e.g. polypropylene
      compositions.
PAR  In one of its concepts the invention provides a thermally stable
      composition, as herein described, the composition containing various flame
      retarding additives which normally cause gas formation upon molding of the
      composition, the composition having been a priori heated at an elevated
      temperature such that gas formation takes place and for a time sufficient
      to thermally degas the composition prior to subjecting the same to a
      molding operation. In another of its concepts the invention provides a
      polypropylene formulation containing additive systems e.g. ammonium
      polyphosphate/dipentaerythritol or melamine
      pyrophosphate/dipentaerythritol. Optionally, the ammonium
      polyphosphate/dipentaerythritol additive system can contain a minor amount
      of melamine as well as fillers, pigments, and the like well known in the
      art. In a further concept of the invention, compositions as herein
      described are degassed at temperatures above about 450.degree.F, for
      example in the range of from about 475.degree. to about 490.degree.F for a
      time sufficient to desirably degas the same, usually for a time in the
      range of from about 10 to about 20 minutes.
PAR  I have discovered that the formation of voids or cells within objects
      molded from a composition of polypropylene and fire retardant additive
      systems, as herein described, can be avoided if before molding the
      composition it is degassed at an elevated temperature and for a time
      sufficient that when molding an object from a composition formation of
      voids will be substantially, if not completely, eliminated.
PAR  It is an object of this invention to provide a fire retarded thermoplastic
      composition. It is another object of this invention to provide a thermally
      stable, nonburning, nondripping, char forming plastic or a polyolefin
      composition which can be molded without formation of voids due to action
      of additive systems compounded with the plastic. It is a further object of
      this invention to provide a method for so treating a plastic containing an
      additive system to render it nonburning that such a composition will not
      form gasses causing voids therein upon molding.
PAR  Other aspects, concepts and the several advantages of the invention are
      apparent from a study of this disclosure and the appended claims.
PAR  According to the present invention, a plastic suitable for molding and
      which normally will burn and which has been rendered nonburning by a
      compounding therewith of additive systems which are fire retardant is
      provided in a condition such that when molded, formation of voids due to
      gas formation by the additive system therein will be avoided, therefor
      heating the plastic compound with the additive systems at a temperature
      sufficient and for a time sufficient to cause a sufficient degassing of
      the composition prior to its being molded upon molding the formation of
      voids due to gas formation can be substantially if not completely avoided
      or eliminated.
PAR  The invention will now be described with respect to compositions of a
      polyolefin e.g. polypropylene which will be thermally stable, nonburning,
      nondripping and char forming, it having been compounded with a fire
      retardant additive system e.g. ammonium polyphosphate/dipentaerythritol or
      melamine pyrophosphate/dipentaerythritol. Normally, the compounding is
      accomplished in a Brabender Plastograph or between pressed platens prior
      to molding.
PAR  The foaming reaction which ensues during practice of the method of the
      invention appears to arise by an interaction of the combined additives.
      Thus, the individual ingredients in polypropylene did not cause voids in
      samples which were molded.
PAR  The practice of the present invention upon compositions, such as herein
      described, does not alter the nonflammability and/or nondripping
      characteristics of the molded plastic. Thus, the flammability and dripping
      characteristics of the molded polypropylene samples were not altered by
      the thermal degassing procedure of the present process.
PAR  The following examples illustrate the practice of the present invention.
DETD
PAC  EXAMPLE I
PAR  A formulation with the composition listed below was prepared by blending
      polypropylene (12 Melt Flow), ammonium polyphosphate, dipentaerythritol,
      melamine and titanium dioxide on a three-inch roll mill at
      320.degree.-350.degree.F for five minutes. Specimens for use in the flame
      retardant tests were cut from sheets of the formulation that had been
      molded at 350.degree.-400.degree.F in picture frame molds. Samples used in
      the flame retardant tests were 5 inches .times. 1/2 inch .times. 1/8 inch.
TBL  ______________________________________                                    
     Component        Concentration (phr)*                                     
     ______________________________________                                    
     ammonium polyphosphate                                                    
                      40                                                       
     dipentaerythritol                                                         
                      16                                                       
     melamine         3                                                        
     titanium dioxide 3                                                        
     ______________________________________                                    
      *Given in parts of additive per hundred parts of resin.                  
PAR  Portions of the above formulation were thermally degassed by placing
      between the platens of a press at 475.degree.F/10 minutes and
      490.degree.F/10 minutes. The heated formulations were then molded at
      450.degree.F and visually examined in cross section for voids. There could
      be visually observed a significant reduction in the void formation
      relative to that experienced when the degassing of the invention was not
      practiced. Thus, although the samples still possessed small voids, there
      appeared to be fewer voids than found in samples which had not been
      thermally degassed by the present inventive process and, generally, the
      voids were smaller. There appeared to be no visible difference in the
      extent of void formation whether the samples were degassed at 475.degree.F
      or at 490.degree.F. The molded specimens from thermally degassed
      formulations still rated SE-0 by Underwriters Laboratories Test 94 (UL-94)
      [Mod. Plastics, 48, 92 (Oct. 1970)]. Such a rating indicates that a
      vertically positioned molded specimen contacted for 10 seconds with a
      flame extinguishes within 5 seconds after removal of the flame on two
      successive flame applications and doesn't drip flaming particles capable
      of igniting a cotton ball positioned 12 inches below the molded specimen.
      Similar flame retardancy results were obtained after thermally degassing
      the formulations in a Brabender Plastograph for 20 minute periods at
      475.degree.F and 490.degree.F. Small pinhole voids were observed in all
      molded samples which had been thermally degassed. However, there was a
      significant improvement in the appearance of the molded product. The
      oxygen index of a flame retardant polypropylene containing the AP/DPE
      additive system was 34.9 (ASTM D2863-70). The oxygen index of
      polypropylene (12 MF) is about 18.
PAC  EXAMPLE II
PAR  A formulation with the composition shown below was prepared by blending
      polypropylene (12 Melt Flow), melamine pyrophosphate, and
      dipentaerythritol on a three-inch roll mill at 320.degree.-350.degree.F
      for five minutes. Specimens for use in the flame retardant tests were
      prepared as described in Example I.
TBL  ______________________________________                                    
     Component        Concentration (phr)*                                     
     ______________________________________                                    
     melamine pyrophosphate                                                    
                      30                                                       
     dipentaerythritol                                                         
                      16                                                       
     ______________________________________                                    
      *As defined in Example I                                                 
PAR  Portions of the above formulation were thermally degassed as described in
      Example I and then molded at 450.degree.F. Essentially the same results
      were obtained as noted in Example I: void formation was still present but
      to a lesser extent in samples which had been thermally degassed. Molded
      samples rated SE-0 in the UL-94 test indicating that the specimens were
      nonburning nondripping polypropylene. The oxygen index of a flame
      retardant polypropylene containing the MP/DPE additive system was 29.5
      (ASTM D2863-70).
PAR  It is important in the method of the invention to provide sufficient heat
      to cause the a priori gas formation to occur to a desired extent. Also,
      time needs to be provided to allow gas formed to disengage from the
      thermoplastic. The temperature to which the composition is heated and the
      correlated time of heating can be determined by routine test for each
      composition. The temperature to which the composition is heated can exceed
      the molding temperature.
PAR  Suitable temperature and time conditions as set forth herein and as
      exemplified in the examples given for the practice of the present
      invention are now tabulated.
TBL  ______________________________________                                    
                    Suitable  Preferred                                        
     ______________________________________                                    
     Degassing                                                                 
     Temperature .degree.F                                                     
                      475 to 550  490 to 510                                   
     Degassing Time (min.)                                                     
                       2 to 20     5 to 10                                     
     ______________________________________                                    
PAR  Thermoplastics, e.g. polyolefins to which this invention applies especially
      are propylene polymers and propylene-containing polymers. Other
      thermoplastics in which the additives cause void formation upon molding
      can also be used. The polymers of current commercial interest are solid
      crystalline polypropylene and solid propylene-ethylene copolymer. In
      addition, various other additives such as filers, dyes, pigments and the
      like, as known, can be used in minor amounts in the flame retardant
      formulations.
PAR  The proportions of the several additives herein specifically named in parts
      per hundred of the plastic are as follows:
PAR  Ammonium polyphosphate or melamine pyrophosphate is generally used in the
      range of 10 to 90 parts per 100 parts of polymer but preferably in the
      range of 20 to 40 parts of additive per 100 parts of polymer. With either
      the ammonium polyphosphate or melamine pyrophosphate, dipentaerythritol is
      usually present in the range of 5 to 30 parts per 100 parts of polymer
      although a range of 10 to 20 parts per 100 parts of polymer is preferred.
PAR  Reasonable variation and modification are possible within the scope of the
      foregoing disclosure and the appended claims to the invention the essence
      of which is that there is practiced a degassing prior to molding of a
      thermoplastic containing fire retardant additives which have a tendency to
      cause formation of voids upon molding.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for producing a thermally stable, nonburning, nondripping, char
      forming polyolefin composition which can be molded with little or no
      undesirable void formation therein due to gas or foam formation resulting
      from heating together an admixture consisting essentially of a polyolefin
      and an additive system of ammonium polyphosphate, dipentaerythritol, and
      melamine composited with the polyolefin to give it the recited properties
      which comprises degassing such a composition by heating at an elevated
      temperature above about 450.degree.F for a period of time sufficient to
      disengage therefrom gas which otherwise would be formed when molding the
      composition, and molding the degassed composition into a molded article
      substantially free of undesirable voids.
NUM  2.
PAR  2. A method according to claim 1 wherein the polyolefin is a propylene
      containing polymer.
NUM  3.
PAR  3. A method according to claim 2 wherein the propylene containing a polymer
      is one selected from solid polypropylene and solid propylene-ethylene
      copolymer.
NUM  4.
PAR  4. A method according to claim 1 wherein the degassing is practiced at a
      temperature of the order of about from 450.degree. to about 490.degree.F
      for a time in the approximate range of from about 2 to about 20 minutes.
NUM  5.
PAR  5. A method for producing a thermally stable, nonburning, nondripping,
      char-forming thermoplastic composition to essentially of a homopolymer or
      copolymer of propylene, ammonium polyphosphatedipentaerythritol, and
      melamine which can be molded with little or no undesirable void formation
      therein due to gas or foam formation resulting from heating additives
      composited with the thermoplastic to give it the recited properties which
      comprises degassing such a composition by heating at an elevated
      temperature above about 450.degree.F for a period of time sufficient to
      disengage therefrom gas which otherwise would be formed when molding the
      composition.
NUM  6.
PAR  6. A method according to claim 5 wherein the degassing is carried out at a
      temperature of the order of about from 450.degree. to about 490.degree.F
      for a time in the approximate range of from about 2 to about 20 minutes.
NUM  7.
PAR  7. A method according to claim 5 wherein the propylene polymer is solid
      polypropylene or solid propylene-ethylene copolymer.
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ABST
PAL  A process for preparing a polyester predominantly comprised of the units
      derived from terephthalic acid and butanediol-1,4 is provided. The
      esterification or transesterification is performed in the presence of
      minor amounts of a catalyst combination comprising an organo-titanium
      compound and an organo-tin compound. The undesirable formation of
      tetrahydrofuran can be avoided or minimized.
BSUM
PAR  This invention relates to a process of preparing a polytetramethylene
      terephthalate. More particularly, it relates to a process of preparing a
      linear polyester predominantly comprised of the units derived from
      terephthalic acid and butanediol-1,4 wherein the esterification or
      transesterification is performed in the presence of a novel catalyst
      combination.
PAR  Heretofore, various materials have been proposed as catalysts for the
      esterification of terephthalic acid with ethylene glycol and the
      transesterification of a lower dialkyl ester of terephthalic acid with
      ethylene glycol. However, there has been no material capable of being
      satisfactorily used for the esterification of terephthalic acid with
      butanediol-1,4 and the transesterification of a lower dialkyl ester of
      terephthalic acid with butanediol-1,4.
PAR  When the esterification of transesterification of terephthalic acid or its
      lower dialkyl ester with butanediol-1,4 is carried out by employing a
      material and reaction conditions, which are known in the art as a
      preferable catalyst and preferable reaction conditions for the
      esterification or transesterification of terephthalic acid or its lower
      dialkyl ester with ethylene glycol, the reaction rate is very low or the
      reaction is not completed in most cases even after a long reaction period.
      It is believed that this disadvantage is due to the fact that unreacted
      butanediol-1,4 or butanediol-1,4 from the tetramethylene glycol-ester end
      group of the esterification or transesterification product is cyclized
      into tetrahydrofuran because of heat. Such undesirable formation of
      tetrahydrofuran inevitably leads to prolongation of the esterification or
      transesterification reaction time required, and reduction in the quality
      and yield of polymer.
PAR  It is a main object of the present invention to provide a process of
      preparing a linear polyester predominantly comprised of the units derived
      from terephthalic acid and butanediol-1,4 wherein the esterification or
      transesterification is performed with little or no formation of
      tetrahydrofuran.
PAR  This and other objects and advantages of the present invention will be
      apparent from the following description including the working examples.
PAR  In accordance with the present invention, there is provided a process of
      preparing a linear polyester predominantly comprised of the units derived
      from terephthalic acid and butanediol-1,4 characterized in that the
      esterification of terephthalic acid with butanediol-1,4 or the
      transesterification of a lower dialkyl ester of terephthalic acid with
      butanediol-1,4 is carried out in the presence of, as catalysts, 0.001 to
      0.5 percent by weight of at least one organo-tin compound and 0.001 to 0.5
      percent by weight of at least one organo-titanium compound, both based on
      the weight of the resulting polyester.
PAR  By the term "linear polyester predominantly comprised of the units derived
      from terephthalic acid and butanediol-1,4", used herein, is meant
      polytetramethylene terephthalate and a copolyester prepared from at least
      60 percent by mole of terephthalic acid or its lower dialkyl ester such as
      dimethyl terephthalate and at least 60 percent by mole of butanediol-1,4
      and at most 40 percent by mole of any other copolycondensable
      polycarboxylic acids or their lower polyalkyl esters and at most 40
      percent by mole of any other copolycondensable polyols. Illustrative of
      such copolycondensable compounds are isophthalic acid, adipic acid,
      sebacic acid, azelaic acid, dodecane dicarboxylic acid,
      hexahydroterephthalic acid, phenylindanedicarboxylic acid, trimellitic
      acid, trimesic acid and 2,6-naphthalenedicarboxylic acid and their lower
      alkyl esters, and ethylene glycol, neopentyl glycol pentaerythritol and
      hexanediol-1,6.
PAR  The organo-titanium compounds used in the invention are those expressed by
      the formula
EQU  (OR).sub.4                                                 ( 1)
PAL  where R is selected from an alkyl group having 1 to 30 carbon atoms and an
      aryl group having 6 to 12 carbon atoms and may be the same as or different
      from each other, or their hydrolyzed products of their transesterified
      products. Illustrative of the organo-titanium compounds are tetramethyl
      titanate, ethylene glycol titanate, tetrabuthylene glycol titanate,
      tetrabuthyl titanate, tetraisopropyl titanate, tetra(2-ethylhexyl)
      titanate, tetraoctyl titanate and tetrastearyl titanate, and their
      partially or completely hydrolyzed products and their transesterified
      products, and their hydrolyzed and transesterified products. These
      organo-titanium compounds may be used alone or in combination.
PAR  The organo-tin compounds used in the invention are those expressed by the
      formulae
      ##EQU1##
      where R is selected from an alkyl group having 1 to 30 carbon atoms and an
      aryl group having 6 to 12 carbon atoms; X.sub.1, X.sub.2, X.sub.3 and
      X.sub.4 are selected from an alkyl group having 1 to 30 carbon atoms, an
      aryl group having 6 to 12 carbon atoms, an acyloxy group having 1 to 10
      carbon atoms, cyclohexyl group, hydroxyl group, a carboxylic acid residue
      and halogen, and each of X.sub.1, X.sub.2 and X.sub.3 may be the same as
      or different from others; and X.sub.5 is either sulfur or oxygen.
      Illustrative of the organo-tin compounds are tetraethyltin, triethyltin
      hydroxide, triphenyltin hydroxide, triisobutyltin acetate, dibuthyltin
      diacetate, diphenyltin dilaurate, monobutyltin trichloride, dibutyltin
      dichloride, tributyltin chloride, methylphenyltin oxide, dibuthyltin
      oxide, didodecyltin oxide, dibutyltin sulfide and butylhydroxytin oxide.
      These organo-tin compounds also may be used alone or in combination.
PAR  The amounts of the organo-titanium compound and the organo-tin compound
      employed vary depending upon the particular compounds and the
      esterification or transesterification conditions. In general each of the
      organo-titanium compound and the organo-tin compound may be present in the
      reaction mixture in an amount of 0.001 to 0.5 percent by weight,
      preferably 0.01 to 0.1 percent by weight, based on the weight of the
      resulting polyester. With an amount smaller than the lower limit, the
      intended effect cannot be obtained. In contrast, with the amount exceeding
      the upper limit, the resulting polyester is liable to possess an
      undesirable color. The ratio of the organo-titanium compound to the
      organo-tin compound is usually from 10:1 to 1:10 by weight.
PAR  In the esterification or transesterification of the invention, the molar
      ratio of butanediol-1,4 to terephthalic acid or its lower dialkyl ester is
      usually within the range from 1.2 to 2.0. This molar ratio range is lower
      than those employed in prior art processes for esterifying terephthalic
      acid with butanediol-1,4, which are usually higher than 3.4.  Such a low
      molar ratio is advantageous from the standpoint that it reduces the amount
      of tetrahydrofuran produced during the esterification of
      transesterification.
PAR  The procedure whereby the esterification or transesterification of the
      invention is performed is not critical, and most known procedures may be
      employed. Usually, the esterification or transesterification is carried
      out at temperatures of 150.degree. to 230.degree.C and an atmospheric or
      subatmospheric pressure while water or methanol, and a minor amount of
      tetrahydrofuran produced are distilled off from the reaction mixture.
PAR  It now has been found that, in the process of esterifying terephthalic acid
      with butanediol-1,4, it is preferable to incorporate a minor amount of
      water into the reaction mixture at the time the reaction mixture is
      charged into a reactor or, at the latest, at the initial stage of
      esterification. The water incorporated increases the fluidity of the
      reaction mixture and facilitates the mixing or dispersing of terephthalic
      acid with or into butanediol-1,4 and enhances the reaction rate, at the
      initial stage of esterification. Consequently, the ratio of butanediol-1,4
      to terephthalic acid employed, the amount of tetrahydrofuran produced and
      the color formation in the resulting polymer can be reduced.
PAR  The amount of water incorporated into the reaction mixture may be varied
      within the range from 1 to 15% by weight, preferably 2 to 8 percent by
      weight, based on the weight of butanediol-1,4 present in the reaction
      mixture. Instead of the incorporation of water into the reaction mixture,
      butanediol-1,4 containing a minor amount of water may be used.
PAR  The procedure whereby the esterification or transesterification product is
      polycondensed into a substantially linear polyester of a desired molecular
      weight is not narrowly critical and most known procedures may be employed.
      Usually, the polycondensation is carried out at temperatures of
      235.degree. to 270.degree.C and a subatmospheric pressure in the presence
      of a catalyst.
PAR  In order to prevent the undesirable color formation in the resulting
      polymer, it is preferable to effect the polycondensation in the presence
      of minor amounts of a phosphorus compound and a hindered phenol compound.
PAR  Phosphorus compounds employed include, for example, phosphoric acid,
      phosphorous acid, hypophosphrous acid, pyrophosphoric acid, phosphoric
      acid triamide, ammonium phosphate, monomethyl phosphate, dimethyl
      phosphate, monoethyl phosphate, diethyl phosphate, trimethyl phosphate,
      dimethyl phosphite, trimethyl phosphite, phenylphosphonic acid, dimethyl
      phenylphosphonate, dimethyl benzylphosphonate, dimethyl ethylphosphonate,
      diphenylphosphinic acid, tetrakishydroxymethyl-phosphonium chloride and
      triphenyl phosphine oxide. These may be used alone or in combination.
PAR  Hindered phenol compounds employed mean sterichindered phenol compounds and
      include, for example, compounds represented by the following formulae
      ##SPC1##
PAL  where R.sub.2 is selected from octyl, lauryl and stearyl groups,
      ##SPC2##
PAL  where R.sub.3 and R.sub.4 are selected from methyl, ethyl, n-propyl,
      isopropyl, n-butyl, isobutyl, t-butyl, amyl, octyl, nonyl and lauryl
      groups. These also may be used alone or in combination.
PAR  In general each of the phosphorus compound and the hindered phenol compound
      may be used in an amount of 0.001 to 0.5 percent by weight, preferably
      0.01 to 0.1 percent by weight, based on the weight of the resulting
      polyester. These compounds may be added to the reaction mixture in the
      stage after the completion of esterification or transesterification but
      before the completion of polycondensation. The most preferable time is
      immediately before the commencement of polycondensation.
PAR  If desired, additives such as delusterant and modifier may be incorporated
      in to the polycondensation mixture.
PAR  The main feature of the invention resides in the usage of an
      organo-titanium compound and an organo-tin compound in the esterification
      or transesterification stage. Thus, undesirable formation of
      tetrahydrofuran can be avoided or minimized. Consequently, the time
      required for the esterification or transesterification is shortened, the
      loss of butanediol-1,4 employed is minimized, and the resulting polyester
      is of high quality and used advantageously for fibers, films and molded
      articles.
PAR  The invention will be further specifically described by the following
      illustrative, but not limitative, examples in which all percentages and
      parts are by weight unless otherwise specified. The intrinsic viscosity of
      polymer was determined in orthochlorophenol at 25.degree.C.
DETD
PAC  EXAMPLE 1
PAR  75.5 g of terephthalic acid, 69.7 g of butanediol-1,4 (the molar ratio of
      terephthalic acid to the butanediol was thus 1/1.7), 0.075 g of
      tetra-n-butyl titanate and 0.03 g of butylhydroxytin oxide were charged
      into a reactor equipped with a rectification column. The reaction mixture
      was agitated and maintained at temperatures of 220.degree. to 225.degree.C
      while the water and tetrahydrofuran produced were distilled off. This
      esterification reaction was continued until the major part of the water
      produced was removed and the reaction was substantially completed, i.e.
      the reaction mixture became substantially transparent. The reaction time
      required was 60 minutes. The distilled water (18 g) contained 4.0 g of
      tetrahydrofuran.
PAR  The product so prepared was mixed with 0.02 g of tetra-n-butyl titanate in
      an autoclave. The mixture was maintained at 250.degree.C under a reduced
      pressure of below 1 mmHg over a period of 2 hours to complete
      polycondensation. The polymer so prepared had an intrinsic viscosity of
      0.84 dl/g.
PAR  For comparison purposes, the above procedure for esterification was
      repeated twice without utilizing either tetra-n-butyl titanate or
      butylhydroxytin oxide was not used. All other conditions remained
      substantially the same. In the case where tetra-n-butyl titanate was not
      used, the time required for the completion of esterification was 80
      minutes and the distilled water (28.1 g) contained 9.4 g of
      tetrahydrofuran. In the case where butylhydroxytin oxide was not used, the
      time required for the completion of esterification was 70 minutes and the
      distilled water (23.0 g) contained 8.5 g of tetrahydrofuran.
PAC  EXAMPLE 2
PAR  5,000 g of terephthalic acid, 4,600 g of butanediol-1,4 (the molar ratio of
      teraphthalic acid to the butanediol was thus 1/1.7), 4.97 g of
      tetra-n-butyl titanate and 2.65 g of butylhydroxytin oxide was charged
      into a reactor. The mixture was treated in a manner similar to that
      described in Example 1 to effect esterification. The time required for the
      completion of esterification was 3 hours and 35 minutes. The distilled
      water (1,700 g) contained 440 g of tetrahydrofuran.
PAR  For comparison purposes, the above procedure was repeated twice, wherein
      once bytylhydroxytin oxide was not used and in the other case
      bytylhydroxytin oxide and tetra-n-butyl titanate were not utilized. All
      other conditions remained substantially the same. In the former case, the
      time required for the completion of esterification was 3 hours and 49
      minutes and the distilled water (1,960 g) contained 670 g of
      tetrahydrofuran. In the latter case, the esterification reaction was not
      completed even after 7 hours and 10 minutes had elapsed and the conversion
      at that time was 78.5 percent. The distilled water (2,560 g) contained
      1,511 g of tetrahydrofuran. The reaction product so prepared, in which
      unreacted terephthalic acid was suspended, was cloudy and not practicable
      for polycondensation.
PAC  EXAMPLE 3
PAR  100 kg of terephthalic acid, 86.8 kg of butanediol-1,4 (the molar ratio of
      terephthalic acid to the butanediol was thus 1/1.6), 66.5 g tetra-n-butyl
      titanate and 66.5 g of butylhydroxytin oxide was charged into a reactor.
      The mixture was treated in a manner similar to that in Example 1 to effect
      esterification. The time required for the esterification conversion of 85
      percent was 3 hours and 25 minutes. The distilled water (34 l) contained
      9.4 kg of tetrahydrofuran.
PAR  The product so prepared was mixed with 66.5 g of tetra-n-butyl titanate and
      40 g of phosphoric acid in an autoclave. The mixture was maintained at
      250.degree.C under a reduced pressure of below 1 mmHg over a period of 2
      hours and 54 minutes to complete polycondensation. The polymer so prepared
      had an intrinsic viscosity of 0.95 dl/g.
PAC  EXAMPLE 4
PAR  75 kg of terephthalic acid, 70 kg of butanediol-1,4, 50 g of tetra-n-butyl
      titanate and 30 g of butylhydroxytin oxide were charged into a reactor.
      The reaction mixture was agitated and maintained at temperatures of
      150.degree.C to 220.degree.C over a period of 3.2 hours while water and
      tetrahydrofuran produced were distilled off to complete esterification.
PAR  The product so prepared was mixed with 30 g of phosphoric acid and 15 g of
      tetrakis [methylene-3(3,5-di-tert,butyl-4-hydroxyphenyl)propionic
      acid]methane in an autoclave. The mixture was maintained at 245.degree.C
      under a reduced pressure of 0.8 mmHg over a period of 3.5 hours to
      complete polycondensation. The polymer so prepared had a softening period
      of 229.degree.C, a carboxyl end group content of 29.4 equivalents/10.sup.6
      and an intrinsic viscosity of 0.882 dl/g and was colorless.
PAR  The above polymer was maintained at 200.degree.C under a reduced pressure
      of 0.7 mmHg over a period of 8 hours in a rotary drier to effect solid
      phase polycondensation. The polymer so prepared had a carboxyl and group
      content of 14.1 equivalents/10.sup.6 and an intrinsic viscosity of 1.75
      dl/g, and was colorless.
PAC  EXAMPLE 5
PAR  The esterification and polycondensation procedures described in Example 4
      were repeated wherein some esterifying and polycondensing conditions were
      varied as shown in Table I below, with all other conditions remaining
      substantially the same. Results are shown in Table I.
TBL                                    Table I                                 
     __________________________________________________________________________
     Run                                                                       
        Esterification                                                         
                Esterification                                                 
                       Polyconden-                                             
                              Phosphorus                                       
                                    Hindered                                   
                                         Polyconden-                           
                                                 --COOH Intrinsic              
                                                              Polymer          
     No.                                                                       
        catalyst                                                               
                period sation compound                                         
                                    phenol                                     
                                         sation  content                       
                                                        viscosity              
                                                              appearance       
          (g)   (hr)   catalyst                                                
                              (g)        period  (eq/10.sup.6 g)               
                                                        dl/g                   
                       (g)               (hr)                                  
     __________________________________________________________________________
        TBT 15  3.5    30     Trimethyl                                        
                                    *1   4.0     30.5   0.902 colorless        
                              phosphate                                        
        BHTO                                                                   
            30                30                                               
     2  TBT 30  3.0    ditto  Phosphoric                                       
                                    *2   4.0     31.0   0.895 colorless        
                              acid                                             
        BHTO                                                                   
            50                20                                               
     3  TBT 30  3.0    ditto  ditto *3   4.0     32.0   0.905 very             
                                                              slightly         
                                                              yellow           
        BHTO                                                                   
            50                                                                 
     __________________________________________________________________________
PAL  Note: Hindered phenol compounds
      ##SPC3##
PAC  EXAMPLE 6
PAR  The esterification and polycondensation procedures described in Example 4
      were repeated wherein butanediol-1,4 containing 3 percent of water was
      used as a starting material instead of butanediol-1,4 containing no water,
      with all other conditions remaining substantially the same. The time
      required for the completion of esterification was 2.6 hours. The polymer
      so prepared had a carboxyl end group content of 28.5 equivalents/10.sup.6
      g and an intrinsic viscosity of 0.888 dl/g and was colorless.
PAC  EXAMPLE 7
PAR  48.75 kg of terephthalic acid, 26.25 kg of isophthalic acid, 70 kg of
      butanediol-1,4, 30 g of ethylene glycol titanate and 15 g of monobutyltin
      trichloride were charged into a reactor. The reaction mixture was treated
      in a manner similar to that described in Example 4 to complete
      esterification wherein the reaction period was 3.6 hours instead of 3.2
      hours.
PAR  The product so prepared was mixed with 40 g of trimethyl phosphate and 40 g
      of tetrakis[methylene-3-(3,5-di-tert.butyl-4-hydroxyphenyl)propionic
      acid]methane in an autoclave. The mixture was maintained at 245.degree.C
      under a reduced pressure of 0.4 mmHg over a period of 3.2 hours to
      complete polycondensation. The polymer so prepared had a softening point
      of 160.degree.C, a carboxyl end group content of 32.5 equivalents/10.sup.6
      g and an intrinsic viscosity of 1.032 dl/g and was colorless.
PAC  EXAMPLE 8
PAR  88.0 kg of dimethyl terephthalate, 45.0 kg of butanediol-1,4, 30 g of
      ethylene glycol titanate and 30 g of dibutyltin oxide were charged into a
      reactor. The reaction mixture was agitated and maintained at temperatures
      of 140.degree. to 194.degree.C over a period of 2.9 hours while methanol
      produced was distilled off, to complete transesterification.
PAR  The product so prepared was mixed with 20 g of phosphorous acid and 35 g of
      tetrakis[methylene-3-(3,5-di-tert.butyl-4-hydroxyphenyl)propionic
      acid]methane in an autoclave. The mixture was maintained at 245.degree.C
      under a reduced pressure of 0.4 mmHg over a period of 3.5 hours to
      complete polycondensation. The polymer so prepared had a softening point
      of 229.4.degree.C, a carboxyl end group content of 27.7
      equivalents/10.sup.6 g and an intrinsic viscosity of 0.997 dl/g and was
      colorless.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process of preparing a linear polyester predominantly comprised of the
      units derived from terephthalic acid and butanediol-1,4 characterized in
      that the esterification of terephthalic acid with butanediol-1,4 or the
      transesterification of a lower dialkyl ester of terephthalic acid with
      butanediol-1,4 is carried out in the presence of, as catalysts, 0.001 to
      0.5 percent by weight of at least one organo-tin compound and 0.001 to 0.5
      percent by weight of at least one organo-titanium compound, both based on
      the weight of the resulting polyester, said organo-titanium compound is
      selected from the group consisting of (1) a compound expressed by the
      formula.
EQU  (OR).sub.4                                                 ( 1)
PAL  where R is selected from an alkyl group having 1 to 30 carbon atoms and an
      aryl group having 6 to 12 carbon atoms, and the same as or different from
      each other, (2) a product prepared by the hydrolysis of the compound (1),
      (3) a product prepared by the transesterification of the compound (1), and
      (4) a product prepared by the hydrolysis and transesterification of the
      compound (1), and said organo-tin compound is selected from the group
      consisting of compounds expressed by the formulae
      ##EQU2##
      where R is selected from an alkyl group having 1 to 30 carbon atoms and an
      aryl group having 6 to 12 carbon atoms; X.sub.1, X.sub.2, X.sub.3 and
      X.sub.4 are selected from an alkyl group having 1 to 30 carbon atoms, an
      aryl group having 6 to 12 carbon atoms, an acyloxy group having 1 to 10
      carbon atoms, cyclohexyl group, hydroxyl group, carboxylic acid residue
      and halogen, and each of X.sub.1, X.sub.2, and X.sub.3 is the same as or
      different from the others; and X.sub.5 is either sulfur or oxygen.
NUM  2.
PAR  2. A process according to claim 1 wherein said organo-titanium compound is
      present in an amount of 0.01 to 0.1 percent by weight based on the weight
      of the resulting polyester.
NUM  3.
PAR  3. A process according to claim 1 wherein said organo-tin compound is
      present in an amount of 0.01 to 0.1 percent by weight based on the weight
      of the resulting polyester.
NUM  4.
PAR  4. A process according to claim 1 wherein the ratio of said organo-titanium
      compound to said organo-tin compound is within the range from 10:1 to 1:10
      by weight.
NUM  5.
PAR  5. A process according to claim 1 wherein the molar ratio of butanediol-1,4
      to terephthalic acid or its lower dialkyl ester is within the range from
      1.2 to 2.0.
NUM  6.
PAR  6. A process according to claim 1 wherein the esterification of
      terephthalic acid with butanediol-1,4 is effected further in the presence
      of 1 to 15% by weight, based on the weight of butanediol-1,4, of water.
NUM  7.
PAR  7. A process according to claim 6 wherein the water is present in an amount
      of 2 to 8 percent by weight based on the weight of butanediol-1,4.
NUM  8.
PAR  8. A process according to claim 1 wherein said esterification or
      transesterification product is polycondensed in the presence of 0.001 to
      0.5 percent by weight of at least one phosphorus compound and 0.001 to 0.5
      percent by weight of at least one hindered phenol compound, both based on
      the weight of the resulting polyester, wherein said hindered phenol
      compound is selected from the compounds represented by the formulae.
      ##SPC4##
PAL  where R.sub.2 is selected from octyl, lauryl and stearyl groups,
      ##SPC5##
PAL  where R.sub.3 and R.sub.4 are selected from methyl, ethyl, n-propyl,
      isopropyl, n-butyl, isobutyl, t-butyl, amyl, octyl, nonyl and lauryl
      groups and said phosphorus compound is selected from the group consisting
      of phosphoric acid, phosphorous acid, hypophosphoric acid, phosphoric acid
      triamide, ammonium phosphate, momomethyl phosphate, dimethyl phosphate,
      monoethyl phosphate, diethyl phosphate, trimethyl phosphate, dimethyl
      phosphite, trimethyl phosphite, phenyl-phosphonic acid, dimethyl
      phenylphosphonate, dimethyl benzylphosphonate, dimethyl ethylphosphonate,
      diphenylphosphinic acid, tetrakis-hydroxymethyl-phosphonium chloride and
      triphenyl phosphine oxide.
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ABST
PAL  Reaction products of mercaptans, ethylene oxide and/or propylene oxide with
      glycidol are effective antistatic agents when added to thermoplastics, and
      often also act as processing stabilisers.
BSUM
PAR  The present invention relates to thermoplastics containing, as substances
      which have an anti-static action and which improve processability,
      reaction products of mercaptans with ethylene oxide and/or propylene oxide
      and with glycol, to the reaction products and to a process for their
      manufacture.
PAR  In German Offenlegungsschrift 2,021,083, p-alkylphenoxypoly(hydroxyalkylene
      oxides) are described as surfaceactive compounds which, when used in
      stabiliser baths, serve to improve colour photographic developing
      processes. The problem of imparting an anti-static finish to
      thermoplastics is, however, not mentioned in this Offenlegungsschrift.
PAR  DT-OS 1,930,343 discloses photographic films which, for example, consist of
      a thermoplastic and a further layer applied thereto and which contain, in
      order to prevent electrostatic charge, a reaction product from glycidol
      and at least one epoxidised, linear, aliphatic alcohol. It has been found,
      however, that the anti-static effect of these substances after
      incorporation into a plastic is insufficient for practical purposes. The
      polyalkyleneglycol ethers described in DT-AS 1,292,408 also yield, in
      practice, only unsatisfactory results owing to their relatively low
      anti-static action.
PAR  For a broad field of application of substances which have an anti-static
      action it is desirable that these substances have a liquid consistency in
      order to facilitate their incorporation and dispersion in the plastic. It
      is the task of the present invention to provide substances, with an
      anti-static effect, which have improved properties in respect of
      processing technology, but without their antistatic and stabilising
      properties being thereby substantially reduced.
PAR  The present invention relates to anti-static plastics, having good
      processing stability, which contain 0.01 to 5, preferably 0.05 to 2, % by
      weight, relative to the plastic, of a substance of the formula I, or
      mixtures thereof,
      ##EQU1##
      wherein R' denotes a hydrogen atom and/or the methyl group, Y denotes
      ##EQU2##
      and or
      ##EQU3##
      a denotes, as an average value, a number between 1.0 and 12, n denotes, as
      an average value, a number from 0.5 to 8, preferably 1 to 4, and R denotes
      a linear or branched alkyl radical having 8 to 24 carbon atoms, which can
      preferably be interrupted once by the groups --CO.sub.2 --, --O-- or
      --S--, or denotes phenyl, phenyl substituted by linear or branched alkyl
      groups which preferably contain 1 to 15 carbon atoms, or phenylalkylene
      having 1 to 3, preferably 1, carbon atoms in the alkylene chain, it being
      possible for the alkylene chain or the linkages thereof to the phenyl
      group to be interrupted by a --CO.sub.2 -- group or an oxygen or sulphur
      atom, and for the phenyl radical thereof also to be substituted by linear
      or branched alkyl groups, and in all cases the whole radical contains 7 to
      30, preferably 10 to 20, carbon atoms, it being possible, for the case
      where R' is the methyl group, for R also to denote a linear or branched
      alkyl radical having 1 to 7 carbon atoms, and in all cases of R the sum of
      the carbon atoms of R and of the radical
      ##EQU4##
      in formula I being 8 to 40, preferably 10 to 25 and particularly 10 to 20,
      and optionally contain further additives.
PAR  R preferably denotes an alkyl radical, a, as an average value, is
      preferably a number between 1 and 6, and R' represents a hydrogen atom, R
      preferably denotes an alkyl radical having 12 to 18 carbon atoms and R'
      represents a hydrogen atom, and R' preferably represents a hydrogen atom
      or the methyl group.
PAR  In formula I, R particularly preferentially denotes an alkyl radical having
      12 to 18 carbon atoms or a phenyl or benzyl radical which is substituted
      by alkyl groups and which has a total of 10 to 20 carbon atoms, R' denotes
      a hydrogen atom, a denotes, as an average value, a number between 1 and 6,
      and n denotes, as an average value, a number from 1 to 4, or, in formula
      I, R denotes an alkyl radical having 6 to 22 carbon atoms or a phenyl or
      benzyl radical which is substituted by alkyl groups and which has 10 to 20
      carbon atoms, R' denotes the methyl group, n denotes, as an average value,
      a number from 1 to 4, and the sum of the carbon atoms in the radical R and
      in the radical
      ##EQU5##
      is 10 to 25, particularly 10 to 20. In the case where R' is the methyl
      group, it is particularly preferred that, if R represents a radical having
      up to 10 carbon atoms, a represents, as an average value, a number of at
      least 3, and, if R represents a radical having more than 16 carbon atoms,
      a denotes, as an average value, a number of not more than 3.
PAR  The invention further relates to the substances of the formula I and to a
      process for their manufacture. Examples of suitable thermoplastics which
      can be used are: preferably polyolefines, particularly polypropylene and
      high-pressure polyethylene, and also polyvinyl chloride and polyurethane.
PAR  Examples of R in formula I are:
PA1  a. methyl, butyl, octyl, lauryl; t-dodecyl, hexadecyl, octadecyl and
      tetracosyl;
PA1  b. n-alkyls, as radicals of corresponding mercaptans which, in analogy to
      the synthesis reactions described by ZIEGLER for the production of
      alcohols, are accessible starting from aluminium, hydrogen and ethylene,
      with subsequent "sulphurisation." The substances here need not be
      molecularly homogeneous.
TBL  ______________________________________                                    
     Butyl--O--CO--CH.sub.2 --CH.sub.2 --                                      
                      lauryl--O--CH.sub.2 --CH.sub.2 --O).sub.2 CO--CH.sub.2   
                      --                                                       
     i--octyl--O--CO--CH.sub.2 --                                              
                      n--heptyl--CO--O--CH.sub.2 --CH.sub.2 --                 
     n--dodecyl--O--CO--CH.sub.2 --CH.sub.2 --                                 
                      lauryl--S--CH.sub.2 --CH.sub.2 --                        
     n--octadecyl--O--CO--CH.sub.2 --                                          
                      octyl--S--CH.sub.2 --CH.sub.2 --                         
     i--octadecyl--O--CO--CH.sub.2 --CH.sub.2 --                               
                      i--octyl--O--CH.sub.2 --CH.sub.2 --                      
     butyl--O--CH.sub.2 --CH.sub.2 --O--CO--CH.sub.2 --                        
     ______________________________________                                    
PAL  and also phenyl, methylphenyl, butylphenyl, dibutylphenyl, octylphenyl,
      dodecylphenyl, hexadecylphenyl, tetracosylphenyl, didodecylphenyl, benzyl,
      phenylethyl, phenylpropyl, ethylbenzyl, butylbenzyl, dodecylbenzyl,
      octylphenylethyl, methylbutylbenzyl, phenyl--CO--O--CH.sub.2 --CH.sub.2,
      dodecylphenyl-O--CH.sub.2 --CH.sub.2 or butylphenyl--CH.sub.2
      --O--CH.sub.2 --CH.sub.2 --.
PAR  Preferred examples of R are: ethyl, butyl, hexyl, octyl, hexadecyl,
      octadecyl, t-dodecyl, benzyl, dodecylbenzyl, i-octyl--O--CO--CO.sub.2 --,
      phenyl--CO--O--CH.sub.2 --CH.sub.2 --, n-butyl--O--CH.sub.2 --CH.sub.2 --
      or n-octyl-S--CH.sub.2 --CH.sub.2 --.
PAR  The substances according to the invention are new and are prepared by
      processes which are in themselves known. For this purpose, mercaptans of
      the formula II are used as starting materials and are reacted, in the
      presence of anionic or cationic catalysts and optionally a solvent, with
      ethylene oxide and/or propylene oxide (formula III):
      ##EQU6##
      The intermediate products thus formed are then reacted, in the presence of
      a catalyst and optionally in the presence of a solvent, with glycidol to
      give the substances of the formula I:
      ##EQU7##
      In the above equation, R, R', Y, a and n have the same meaning as in
      formula I.
PAR  Suitable catalysts for the epoxide addition reactions are anionic systems,
      such as sodium amide, sodium alcoholate, sodium hydride, or potassium
      t-butylate. If  conditions are observed, it is also possible to use alkali
      metal hydroxides. The reaction temperature must be above 100.degree.C,
      advantageously above 130.degree.C, since, below 100.degree.C, only a
      single epoxide group is added on.
PAR  In principle, the epoxidation can also be carried out cationically.
      Suitable catalysts are, above all, ansolvo-acids, but preferably tin
      tetrachloride. In this case the epoxidation must also be carried out above
      100.degree.C, advantageously at about 120.degree.C. In the case of higher
      degrees of epoxidation, a repeated addition of catalyst can be necessary.
PAR  Ethylene oxide and propylene oxide can also be employed conjointly. This
      can be carried out in such a way that both epoxy compounds are added as a
      mixture. However, it is advantageous to proceed by first employing the
      propylene oxide and then the ethylene oxide. The glycidolisation is then
      carried out subsequently.
PAR  The addition reaction with glycidol can also be carried out under anionic
      conditions; in this case, the same conditions must be maintained as in the
      case of the epoxidation reaction. The intermediate product obtained in the
      epoxidation can, in this case, be isolated beforehand or it can be
      directly reacted further. If the glycidolisation is carried out directly
      following the addition of ethylene oxide or of propylene oxide, a further
      addition of catalyst is also generally unnecessary, at least not in the
      case of low degrees of epoxidation.
PAR  In principle, the glycidolisation can also be carried out cationically.
      Cationic catalysis is advisable particularly when the reaction is carried
      out in two stages, if the intermediate stages which are obtained after the
      epoxidation are isolated or are directly employed as such (for example in
      the form of commercial products). In this case the further addition of a
      catalyst is necessary.
PAR  The use of a solvent is generally not necessary. Suitable solvents for the
      cationic catalysis are halogenated aromatic substances, such as
      chlorobenzene or dichlorobenzene. High-boiling ethers, above all, such as
      dibutyl ether or anisole, have proved suitable for the anionic catalysis
      of the epoxide addition reaction.
PAR  The products formed under the conditions described, (with anionic or
      cationic catalysis) generally contain the epoxide units propylene oxide
      and/or ethylene oxide and glycidol in a statistical distribution. a and n
      in formula I therefore represent statistical average values. Very probably
      there is a POISSON distribution.
PAR  In the glycidolisation reaction, two types of structure can be formed
      ##EQU8##
      or
      ##EQU9##
      which are equally designated by Y in formula I. One or the other or a
      mixture of both types can be preferentially formed, depending on the
      reaction conditions.
PAR  The substances of the formula I are incorporated into the plastics in an
      amount of 0.01 to 5, preferably 0.05 to 2, particularly preferentially 0.1
      to 1.0% by weight.
PAR  The incorporation can be carried out after polymerisation, for example by
      mixing the substances and optionally further additives into the melt by
      the methods which are customary in the art, before or during moulding. The
      substances can also be incorporated into the polymers which are to be
      given an anti-static finish, in the form of a master-batch containing
      these compounds, for example, in a concentration of 2.5 to 25% by weight.
      Further details of the incorporation can be obtained from the main patent.
PAR  In principle, the substances of formula I can also be used for external
      anti-static finishing. In these cases, the application can be carried out
      in a dissolved state by dipping or spraying. Examples of suitable solvents
      are ethanol, acetone, ethyl acetate and i-propanol, and also mixtures with
      water. Aqueous emulsions are also suitable systems. However, these methods
      do not give such good results and incorporation in the plastic is,
      therefore, the particularly preferred embodiment.
PAR  The customary additives of all kinds for the processing and use of these
      polymers, such as, for example, plasticisers, heat-stabilisers,
      antioxidants, dyestuffs, fillers, reinforcing fillers, lubricants,
      pigments and/or flameproofing agents can be added to the thermoplasts
      conjointly with the substances of the formula I which are to be used in
      accordance with the invention.
PAR  Anti-static shaped articles of all kinds can be produced from the plastic
      moulding compositions according to the invention by the customary moulding
      processes, such as injection moulding, calendering or extrusion.
PAR  An anti-static effect of substances which are structurally very similar,
      but which only contain oxygen, has already been described (compare DT-OS
      1,930,343). This property has also been established in the case of
      substances which are characterised in formula I by the replacement of
      sulphur by oxygen and in the case where R' is the methyl group and R is an
      alkyl radical. However, the sulphur-containing substances of the formula I
      have, surprisingly, a substantially better anti-static effect,
      particularly if they are incorporated into the thermoplastic. This
      improvement could not be foreseen, above all in that it is achieved by the
      mere replacement of an oxygen atom by a sulphur atom.
PAR  A substantial advantage is to be seen in the additional effect of
      stabilising processing, that is to say prevention of discolouration of the
      substrate, which is particularly relevant in the case of polyolefines,
      which undergo during processing a thermal-oxidative degradation or
      discolourations based on other reactions, a degradation which cannot
      generally be completely eliminated even by means of antioxidants, such as
      hindered phenols or other stabilisers. Another advantage is the increased
      intrinsic stability and lower volatility of the substances of the formula
      I, which makes high processing temperatures possible for corresponding
      thermoplasts, and so makes possible an increase in output in the
      processing step. Furthermore, these substances are distinguished by being
      physiologically acceptable and by their low reactivity towards other
      additives, for example phenolic antioxidants. In general, they are mobile
      to oily substances, from which fact the desired advantage of improved
      ability to be incorporated and improved dispersion in the polymer is
      evident.
PAR  The examples which follow illustrate the invention in greater detail. In
      these, percentages denote % by weight and parts denote parts by weight.
      The substances are characterised analytically by determination of the
      total OH content by acetylation, and by means of the average molecular
      weight, which is determined by means of vapour pressure osmometry. Table 1
      gives the chemical composition and physical properties. The technological
      tests and testing methods are quoted in the particular examples.
DETD
PAC  A. SYNTHESIS OF THE ACTIVE SUBSTANCES
PAC  EXAMPLE 1
      ##EQU10##
      101 g of 1-dodecanethiol and 0.5 g of sodium hydride are heated to
      145.degree.C and 44 g of ethylene oxide are added by means of a cooled
      filter funnel at the same temperature; the mixture is subsequently stirred
      until the ethylene oxide is reacted (no reflux). 111 g of glycidol are
      then added dropwise at the same temperature. After the dropwise addition
      the mixture is stirred for a further 30 minutes at 150.degree.C. Yield:
      practically 100% of theory; yellow liquid of low viscosity
PAR  OH calculated 13.27%, found 12.8% molecular weight calculated 512, found
      486
PAC  EXAMPLE 2
      ##EQU11##
PAR  59 g of 1-hexanethiol and 0.5 g of sodium amide are initially taken. The
      ammonia thus formed is removed by applying a vacuum. The mixture is then
      heated to 145.degree.C and 87 g of propylene oxide are added in such a way
      that a temperature of 140.degree. - 150.degree.C is maintained. Stirring
      is continued until the propylene oxide is reacted (no reflux). 111 g of
      glycidol are then added dropwise at the same temperature. After the
      completion of the dropwise addition, the mixture is stirred for a further
      30 minutes at 150.degree.C.
PAR  Yield: practically 100% of theory; yellowish liquid OH calculated 13.22%,
      found 13.0% molecular weight calculated 515, found 475
PAC  EXAMPLE 3
      ##EQU12##
PAR  73 g of 1-octanethiol and 0.7 g of sodium hydride are heated to
      145.degree.C and are reacted at the same temperature with 58 g of
      propylene oxide and subsequently with 88 g of ethylene oxide. 111 g of
      glycidol are then added dropwise in such a manner that the temperature
      always remains at 140.degree. - 150.degree.C. After the completion of the
      addition, the mixture is stirred for 30 minutes at 150.degree.C.
PAR  Yield: practically 100% of theory; yellowish liquid OH calculated 9.45%,
      found 9.1% molecular weight calculated 450, found 435
PAC  EXAMPLE 4
      ##EQU13##
PAR  50.6 g of tert.-dodecylmercaptan and 0.5 g of sodium hydride are reacted at
      140.degree. - 150.degree.C with 29 g of propylene oxide. The reaction
      mixture is then treated with 1/10 N sulphuric acid/diethyl ether in order
      to remove the catalyst. After distilling off the ether and drying in
      vacuo, 0.8 g of tin(IV) chloride is added to the reaction product and 74 g
      of glycidol are added dropwise at 120.degree.C. After the completion of
      the addition, the mixture is stirred for a further 30 minutes at the same
      temperature.
PAR  Yield: practically 100% of theory; yellowish liquid of low viscosity OH
      calculated 13.83%, found 13.4% molecular weight calculated 615, found 580
PAC  EXAMPLE 5
      ##EQU14##
PAR  31 g of ethanethiol, 1 g of sodium methylate and 116 g of propylene oxide
      are heated to 140.degree. - 150.degree.C for 2 hours in an autoclave.
      After cooling to room temperature, the reaction product is worked up using
      1/10 N sulphuric acid/diethyl ether and is purified by means of active
      charcoal.
PAR  After drying the reaction product in an oil pump vacuum, 1.1 g of tin(IV)
      chloride are added and the mixture is then treated at 120.degree.C with 74
      g of glycidol. After the addition is completed, the reaction mixture is
      stirred for a further 30 minutes at 130.degree.C.
PAR  Yield: practically 100% of theory; yellow liquid OH calculated 11.53%,
      found 11.0% molecular weight calculated 443, found 418
PAR  The conditions of synthesis and the properties of further active substances
      can be seen in Table 1 (Examples 6 - 47).
TBL                                    Table 1                                 
     __________________________________________________________________________
     (Examples 6 to 47)                                                        
     Physico-chemical criteria for active substances                           
     corresponding to the present invention.                                   
     (The calculated analytical figures are in brackets)                       
                     Conditions                                                
                           Degree of epoxidation                               
                                           Analytical Data                     
     Ex-             of    Propylene                                           
                                 Ethylene                                      
                                      Glycidol                                 
                                           % total OH                          
                                                   Molecular                   
     ample                                                                     
        Starting product                                                       
                     synthesis                                                 
                           oxide oxide                                         
                                      (n)          weight                      
     No.             (according                                                
                           (a)   (a)                                           
                     to                                                        
                     Example)                                                  
     __________________________________________________________________________
      6 CH.sub.3 --CH.sub.2 --SH                                               
                     5     4     --   1     8.8 (9.23)                         
                                                   382 ( 369)                  
      7              5     4     --   4    12.9 (14.39)                        
                                                   540 ( 591)                  
      8              5     4     --   6    15.2 (16.11)                        
                                                   -- ( 739)                   
      9 CH.sub.3 --CH.sub.2).sub.5 SH                                          
                     2     3     --   3    12.7 (13.22)                        
                                                   473 ( 515)                  
     10              2     5     --   3    10.3 (10.78)                        
                                                   -- ( 631)                   
     11 CH.sub.3 --CH.sub.2).sub.3 O--CH.sub.2 --CH.sub.2 --SH                 
                     1     3     --   2    10.9 (11.17)                        
                                                   411 ( 457)                  
     12              1     5     --   2     8.5 ( 8.91)                        
                                                   548 ( 573)                  
     13              1     10    --   4     8.3 ( 8.41)                        
                                                   -- (1011)                   
     14 i--C.sub.8 H.sub.17 --O--CO--CH.sub.2 --SH                             
                     2     1.2   --   2    11.6 (12.09)                        
                                                   383 (422)                   
     15              2     3     --   3    11.1 (11.32)                        
                                                   -- (601)                    
     16 CH.sub.3 --CH.sub.2).sub.11 SH                                         
                     2     1.5   --   1     9.2 ( 9.34)                        
                                                   344 (364)                   
     17              2     1.5   --   2    11.1 (11.66)                        
                                                   396 (438)                   
     18              2     2     --   3    12.3 (12.58)                        
                                                   520 (541)                   
     19              2     5     --   4    10.5 (10.78)                        
                                                   -- (789)                    
     20 tert--C.sub.12 H.sub.25 --SH                                           
                     4     2     --   2    10.5 (10.98)                        
                                                   480 (467)                   
     21              4     2     --   8    15.8 (16.80)                        
                                                   -- (911)                    
     22 --CH.sub.2 --SH                                                        
                     4     2     --   2    12.9 (13.13)                        
                                                   371 (388)                   
     23              4     2     --   5    16.1 (16.71)                        
                                                   --(611)                     
     24 CH.sub.3 --CH.sub.2).sub.7 SH                                          
                     1     --    1.7  2    13.9 (13.81)                        
                                                   352 (369)                   
     25              1     --    1.7  3    14.8 (15.34)                        
                                                   420 (443)                   
     26 CH.sub.3 --CH.sub.2).sub.7 S--CH.sub.2 --CH.sub.2 --SH                 
                     1     --    2    1     9.2 ( 9.23)                        
                                                   348 ( 369)                  
     27              1     --    2    3    12.9 (13.17)                        
                                                   528 ( 517)                  
     28 CH.sub.3 --CH.sub.2).sub.11 SH                                         
                     1     --    1.5  1     9.7 ( 9.93)                        
                                                   340 ( 343)                  
     29              1     --    3.1  1.2   8.8 ( 8.74)                        
                                                   395 ( 428)                  
     30              1     --    5    5    12.5 (12.87)                        
                                                   -- ( 793)                   
     31 tert--C.sub.12 H.sub.25 --SH                                           
                     1     --    1.5  3    13.8 (13.86)                        
                                                   460 ( 491)                  
     32              1     --    2.5  7    15.5 (16.37)                        
                                                   -- ( 831)                   
     33 CH.sub.3 --CH.sub.2).sub.17 SH                                         
                     1     --    1.5  1     7.8 ( 7.97)                        
                                                   400 ( 427)                  
     34              1     --    1.5  2    10.0 (10.19)                        
                                                   507 ( 501)                  
     35              1     --    3    0.5   5.8 ( 5.60)                        
                                                   411 ( 456)                  
     36              1     --    6    6    12.0 (11.96)                        
                                                   -- ( 995)                   
     37              1     --    10   4     8.2 ( 8.31)                        
                                                   -- (1023)                   
     38 --CO--O--CH.sub.2 --CH.sub.2 --SH                                      
                     4     --    1.3  2    12.4 (12.37)                        
                                                   383 ( 412)                  
     39              4     --    2    5    15.2 (15.93)                        
                                                   -- ( 641)                   
     40 CH.sub.3 --CH.sub.2).sub.11 --CH.sub.2 --SH                            
                     1     --    3    1     6.7 ( 6.82)                        
                                                   481 ( 499)                  
     41              1     --    5    3     9.1 ( 9.26)                        
                                                   -- ( 735)                   
     42 CH.sub.3 --CH.sub.2).sub.7 SH                                          
                     3     2     4    1.5   7.8 ( 7.73)                        
                                                   535 ( 549)                  
     43              3     2     2    2    10.1 (10.23)                        
                                                   477 ( 499)                  
     44 CH.sub.3 --CH.sub.2).sub.11 SH                                         
                     3     2     2    2     8.9 ( 9.20)                        
                                                   507 ( 555)                  
     45              3     2     4    1     6.0 ( 5.98)                        
                                                   551 ( 569)                  
     46 --CH.sub.2 --SH                                                        
                     3     3     4    2     8.1 ( 8.19)                        
                                                   --(623)                     
     47              3     5     2    3     9.0 ( 9.38)                        
                                                   -- (725)                    
     __________________________________________________________________________
PAL  B. technological Test Data
PAL  I. anti-static effect (Examples 48 - 93)
PAR  After being incorporated into the thermoplastics mentioned intially, the
      active substances described in Section A are tested for anti-static effect
      with the aid of an apparatus specially developed for this purpose.
PAR  The principle of measurement is very simple. A needle electrode, which is
      induced to a corona discharge by means of a high frequency electric field
      via a positively or negatively polarised primary voltage, is located on a
      rotor disc which moves synchronously above the test piece (dimensions 40
      .times. 40 .times. 0.1 to 1 mm). This corona discharge causes an
      electrostatic charge on the test piece. A measuring condenser, which scans
      inductively the electric field building up on the test piece, is also
      located on the rotor disc. In the stationary state, which is achieved
      after a very short time, the measuring device indicates the intensity of
      the field produced by the corona discharge. This is a measure of the
      tendency to acquire a charge (expressed in mV of charge level).
PAR  After switching off the corona current, the charge on the test piece is
      reduced -- in dependence on the surface resistance. This process can be
      followed as a function of time with the aid of a recorder. The time after
      which the field or the charge has decayed to one half is called the
      half-life period; it is a measure of the surface conductivity and is
      quoted in seconds of half-life periods.
PAR  This measurement is carried out in an air-conditioned chamber at a relative
      atmospheric humidity of 50% and at 22.degree.C. The test pieces are also
      conditioned in this chamber for a few days before the measurement.
PAR  The preparation of the test pieces from the active substances and from the
      suitable thermoplastics is described in the main patent to which reference
      is made. The results of the measurements are summarised in Table 2. The
      abbreviations used for the various polymers under "Substrate (Plastic)"
      denote:
TBL  PP:          polypropylene                                                
     ldpe:        high pressure polyethylene                                   
     hdpe:        low pressure polyethylene                                    
     PU:          polyurethane                                                 
     PAN:         polyacrylonitrile                                            
     PA:          polyamide                                                    
     PVC (P):     polyvinyl chloride (plasticised)                             
PAL  Ii. example 48 (comparison example)
PAR  The substance described in Example 29 is compared, in respect of its
      anti-static effect in polypropylene, with the similar substance, which is
      an oxygen analogue and which has the following formula (compare DT-OS
      1,930,343):
      ##EQU15##
PAR  The concentration of additive was 0.5% in each case. For the substance of
      the above formula, the charge level is 900 mV and the half-life period is
      infinite.
PAR  The sulphur-containing substance in Example 29 has a substantially better
      anti-static effect (compare also Table 2).
PAL  Iii. effect on processing stability (Examples 94 - 97)
PAR  The effect of the substances described here in stabilising the processing
      of various types of polyolefine is tested by means of the melt index on
      multiple extrusion in a screw extruder at 230.degree.C and a throughput of
      2.16 kg. The incorporation is carried out at 260.degree.C and 100 r.p.m.
      The values measured can be seen in Table 3.
TBL                                    Table 2                                 
     __________________________________________________________________________
     (Examples 49 to 93)                                                       
     Results of the anti-static testing                                        
     of various thermoplastics                                                 
     Ex- Test substance                                                        
                  Substrate                                                    
                        Additive                                               
                                Charge                                         
                                     Half-life                                 
     ample                                                                     
         (Example No.)                                                         
                  (plastic)                                                    
                        concentration                                          
                                level                                          
                                     period                                    
     No.                (%)     (mV) (seconds)                                 
     __________________________________________________________________________
     49  --       PP    --      1100 .infin.                                   
     50   9       PP    0.5     900  4.0                                       
     51  11       PP    0.5     950  3.2                                       
     52  16       PP    0.5     600  0.5                                       
     53  17       PP    0.5     550  0.3                                       
     54  20       PP    0.5     600  0.8                                       
     55  22       PP    0.5     800  4.2                                       
     56  24       PP    0.5     650  1.0                                       
     57  26       PP    0.5     600  0.7                                       
     58  28       PP    0.5     500  0.4                                       
     59  33       PP    0.5     500  &lt;0.3                                      
     60  34       PP    0.1     1000 &gt;10                                       
     61  34       PP    0.2     900  8                                         
     62  34       PP    0.3     660  0.5                                       
     63  34       PP    0.5     500  &lt;0.3                                      
     64  35       PP    1.0     700  0.8                                       
     65  40       PP    0.5     550  &lt;0.3                                      
     66  44       PP    1.0     600  1.2                                       
     67  29       PP    0.5     550  0.3                                       
     68  --       ldpe  --      1100 .infin.                                   
     69  16       ldpe  0.5     200  0.3                                       
     70  17       ldpe  0.5     300  0.3                                       
     71  24       ldpe  0.3     300  0.3                                       
     72  28       ldpe  0.3     280  0.3                                       
     73  29       ldpe  0.3     200  0.3                                       
     74  33       ldpe  0.5     200  0.3                                       
     75  34       ldpe  0.5     220  0.3                                       
     76  --       hdpe  --      1100 .infin.                                   
     77  10       hdpe  1.0     900  4.5                                       
     78  18       hdpe  1.0     320  &lt;0.3                                      
     79  25       hdpe  1.0     500  2.5                                       
     80  31       hdpe  1.0     480  3.2                                       
     81  41       hdpe  1.0     820  1.2                                       
     82  --       PU    --      800  .about.30                                 
     83  19       PU    2.0      65  &lt;0.3                                      
     84  30       PU    1.0      55  &lt;0.3                                      
     85  47       PU    2.0      80  0.4                                       
     86  --       PAN   --      1000 15                                        
     87  32       PAN   1.0     350  0.3                                       
     88  --       PA    --      1200 &gt;60                                       
     89  37       PA    2.0     900  1.5                                       
     90  41       PA    2.0     1000 3                                         
     91  --       PVC (P)                                                      
                        --      400  0.3                                       
     92  27       PVC (P)                                                      
                        2.0     120  &lt;0.3                                      
     93  30       PVC (P)                                                      
                        2.0     110  0.3                                       
     __________________________________________________________________________
TBL                Table 3                                                     
     ______________________________________                                    
     (Examples 94 - 97)                                                        
     Results of testing the effect                                             
     of stabilising the processing of polyolefines                             
     Ex-   Test                   Additive                                     
                                         Melt indices                          
     ample Substance    Substrate concen-                                      
                                         after                                 
     No.   (Example No.)          tration                                      
                                         extrusions                            
                        (%)    1     3     5                                   
     ______________________________________                                    
     94    --           PP        --      10  23  38                           
     95    21           PP        0.5    4.3 6.1 7.6                           
     96    23           PP        0.5    4.0 7.3 8.1                           
     97    45           PP        0.5    4.3 8.1 9.1                           
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An antistatic mixture of a thermoplastic, comprising (a) a thermoplastic
      and (b) 0.01 to 5% by weight, relative to the plastic, of one of the
      substances of formula I or mixtures thereof, said formula being as
      follows:
      ##EQU16##
      wherein R' denotes a hydrogen atom and/or the methyl group, Y denotes
      ##EQU17##
PAR  and/or
      ##EQU18##
      a denotes, as an average value, a number between 1.0 and 12, n denotes, as
      an average value, a number from 0.5 to 8, R denotes a linear or branched
      alkyl radical having 8 to 24 carbon atoms, which can preferably be
      interrupted once by the group --O-- or --S--, or denotes phenyl, phenyl
      substituted by linear or branched alkyl groups, or phenylalkylene having 1
      to 3 carbon atoms in the alkylene chain, it being possible for the
      alkylene chain or the linkage thereof to the phenyl group to be
      interrupted by a an oxygen or sulphur atom, and for the phenyl radical
      thereof also to be substituted by linear or branched alkyl groups, and in
      all cases the whole radical contains 7 to 30 carbon atoms, it being
      possible, for the case where R' is the methyl group, for R also to denote
      a linear or branched alkyl group having 1 to 7 carbon atoms, and in all
      cases of R the sum of the carbon atoms of R and of the radical
      ##EQU19##
      in formula I being 8 to 40.
NUM  2.
PAR  2. A mixture of plastics according to claim 1, characterised in that n, as
      an average value, is a number from 1 to 4.
NUM  3.
PAR  3. A mixture of plastics according to claim 1, characterised in that R
      denotes an alkyl radical.
NUM  4.
PAR  4. A mixture of plastics according to claim 1, characterised in that a, as
      an average value, is a number between 1 and 6 and R' represents a hydrogen
      atom.
NUM  5.
PAR  5. A mixture of plastics according to claim 1, characterised in that R
      represents an alkyl radical having 12 to 18 carbon atoms and R' represents
      a hydrogen atom.
NUM  6.
PAR  6. A mixture of plastics according to claim 1, characterised in that R'
      represents the methyl group or a hydrogen atom.
NUM  7.
PAR  7. A mixture of plastics according to claim 1, characterised in that the
      alkylene chain contains 1 carbon atom.
NUM  8.
PAR  8. A mixture of plastics according to claim 1, characterised in that the
      phenyl or phenylalkylene radical is substituted by alkyl group which
      contain 1 to 15 carbon atoms.
NUM  9.
PAR  9. A mixture of plastics according to claim 8, characterised in that the
      substituted phenyl or phenylalkylene radical contain 10 to 20 carbon
      atoms.
NUM  10.
PAR  10. A mixture of plastics according to claim 1 characterised in that the
      sum of the carbon atoms of R and of the radical
      ##EQU20##
      is 10 to 25.
NUM  11.
PAR  11. A mixture of plastics according to claim 1, characterised in that the
      plastic is a polyolefine.
NUM  12.
PAR  12. A mixture of plastics according to claim 11, characterised in that the
      polyolefine is polypropylene or high pressure polyethylene.
NUM  13.
PAR  13. A mixture of plastics according to claim 1, characterised in that the
      thermoplast is polyvinyl chloride.
NUM  14.
PAR  14. A mixture of plastics according to claim 1, characterised in that the
      thermoplast is a polyurethane.
NUM  15.
PAR  15. The composition of claim 1, wherein the formula I is
      ##EQU21##
NUM  16.
PAR  16. The composition of claim 1, wherein the formula I is
      ##EQU22##
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PAL  Process for the preparation of polyaldehydes by polymerization with a redox
      system, of bifunctional monomers having the general formula:
      ##EQU1##
      wherein R.sub.1 = R.sub.2 = H and R.sub.3 is --H, --CH.sub.3, --C.sub.2
      H.sub.5, --C.sub.3 H.sub.7, --C.sub.6 H.sub.13, or --C.sub.6 H.sub.5 or
      R.sub.1 = R.sub.3 = H and R.sub.2 is --CH.sub.3, --C.sub.6 H.sub.5, or
      --CH.sub.3 --CH = CH, performing the polymerization under stirring, in
      absence of light and in an oxygen free nitrogen atmosphere, for a period
      of 2-20 hours, at a temperature ranging from 0.degree. to 40.degree.C,
      using degassed and double distilled water as a solvent and K.sub.2 S.sub.2
      O.sub.8 /AgNO.sub.3 as a redox system, adding degassed and double
      distilled water to the polymerized mass, collecting the polyaldehyde by
      filtration and centrifugation, washing several times with water, then with
      0.1 N HNO.sub.3, again washing with water and finally with acetone and
      drying the product.
BSUM
PAR  The object of the present invention is a process for the preparation of
      polyaldehydes by polymerization of bifunctional monomers and related
      products. The invention concerns in particular a process for the
      preparation of a well defined series of aldehydes, with a content of
      aldehydic groups presenting a marked tendency for reacting with the
      catabolic substances which usually accumulate in individuals affected by
      renal or hepatic insufficiensy, and electively with methylguanidine.
PAR  The polyaldehydic substances of the present invention, display, therefore,
      a great efficiency in the cure of diseases of the above mentioned type and
      for uses derived from their great reactivity of the molecule, such as, for
      example, deodorants, smokes and water cleansers, etc.
PAR  It is known, in fact, that nephropathy and uremia cause an intense
      metabolic modification of nitrogen metabolism in man. More precisely, in
      patients affected by renal insufficiency, an increase of hematic nitrogen
      and hematinuria is observed. Very recently it has been observed that the
      nitrogen catabolite most important as toxic element present in such
      patients is methylguanidine
      ##EQU2##
      It has been demonstrated (S. Giovannetti et al.), Clin. Sci. 36, 445,
      (1969); Experentia 24, 341, (1968); Experentia 27, 1157 (1971), that the
      most serious symptoms of uremic poisoning should be ascribed to this
      catabolite.
PAR  Other catabolites present in an altered concentration in the uremic patient
      are urea, ammonia (hepatic insufficiency), creatinine, guanidine. It is
      also possible to detect in the uremic patient the presence of a series of
      other substances such as the polyamines (cadaverine, putrescine, etc.) and
      others (for example methylamine, ethylamine, allylamine, piperidine etc.)
      originating from the intestinal bacterial flora when the concentration of
      the nitrogenous non-proteic substances that the liver or the kidneys are
      unable to filter is high. All these substances, some of which are still to
      be investigated, belong to the group of the so called "uremic toxins".
      Said toxins are found in the saliva, in the gastro-intestinal tract, in
      the blood, in the feces of uremic patients. They react with aldehydic
      groups to form Schiff bases and adducts of the type of methylol
      derivatives.
PAR  In order to reduce the daily production of these toxins and to eliminate
      their excessive accumulation in the organism it has been proposed to
      resort to a neither absorbable nor asimilable polyaldehyde that will
      function as an absorbant of such toxic nitrogenous substances. This
      absorption may initiate in the saliva by using preparations (for example
      such polyaldehydes based tablettes), continue in the gastro intestinal
      tract and then said polyaldehydes are eliminated with the feces after
      having "linked" said toxins.
PAR  Some processes for the preparation of said polyaldehydes by particular
      polymerization techniques are already known for some time. In fact
      Redtenbacher observed spontaneous polymerization of acrolein (Ann. 47,
      121, (1843), see also U.S. Pat. No. 2,558,520 (U.S. Ind. Chemicals), but
      the polymers obtained have been not characterized and, in any event, they
      appeared to have effected polymerization both on the aldehydic and the
      vinyl group. Subsequently other searchers (R. C. Schulz and W. Passman;
      Makromol; Chem., 60, 139, (1963); see also: PB 70309; PB 20543 t; Angew,
      Chem. 62, 105, (1950) and patents mentioned in this publication; German
      Patent 1062012 (1953), inventor O. Schweitzer; German Pat. Nos. 733099
      (1938); 737125 (1939); 745422 (1939); 748690 (1938), inventor F. Kohler;
      U.S. Pat. No. 2809185, inventors G. W. Hearne, D.S. LaFrance and E. C.
      Shokal; U.S. Pat. No. 2819252 inventor E. C. Shokal; French Patent No.
      1138853 (1955) have determined that 70% of the monomer present in the
      polyacrolein obtained with sodium naphthalene or sodium trityl or in
      presence of buffers, is linked by the aldehydic group. Similar results are
      obtained with a cationic polymerization (R. C. Schulz, Kunststoffe 47, 303
      (1957)). Results analogous to the previous ones are obtained by Y. Nagai
      and T. Nagajima, Kogyo Kagaku Zasshi, 66, 1905 (1963) by way of both
      anionic and cationic polymerization of .alpha.-methylacrolein.
PAR  The polymerization of acrolein and of .alpha.-methylacrolein by way of
      radicals have been investigated by I.V. Andrev and collaborators, which
      results have been communicated at the International Macromolecular
      Symposium, Prague, 1965, Preprint P 140. These authors did conclude, (in
      agreement also with E. L. Kropa U.S. Pat. No. 2356767; Misano Akira et al.
      Yukagakuy 17, 449 (1968); I.V. Andreev et al., Khim. Atsetilena, 386
      (1968); Y. Toi and Y. Hachihama, Journ. Chem. Soc. Japan, Ind. Chem.
      Sect., 62, 1924, (1959); Bull. Chem. Soc. Japan 37, 307 (1964), and U.S.
      Patent 2657192 (1951) authors H.C. Miller, H.S. Rothrock), that also in
      this case a polymerization prevalently on the aldehydic group has been
      obtained. Besides, mixed polymers have been described both by H. Soube as
      well as by Y. Saito; Kogyo Kagaku, Zasshi 65, 1930 (1962), which have
      obtained then by cationic polymerization of crotonic aldehyde, and by J.N.
      Koral, Makromol. Chem., 62, 148 (1963); J. Polymer Sci. 61, 537, (1962);
      which obtained them by anionic polymerization of the same monomer. Finally
      crotonic aldehyde has been polymerized with anionic catalysts to
      polyacetals by V.V. Amerik, B.A. Krentsel, M.V. Shishkina; Vysokomolekul.
      Soedin., 7 1713, (1965).
PAR  Also, a polyacetal of the .alpha.-methylacrolein has been described by C.C.
      Allen, U.S. Pat. No. 2,212,894 (Shell). In addition, a broad study has
      been made on the possibility of polymerizing the monomers mentioned, with
      redox catalyst. Several redox couples have been investigated by R.C. Sculz
      and collaborators (Makromolekul Chem., 24, 141 (1957); 32, 197, (1959);
      18/19, 4 (1956); Kunststoffe Plastics 6, 32 (1959), Angew. Chem. 72, 771
      (1960); Kolloid Z., 182, 99 (1962). They obtain a polymer having at the
      most 75.8% of aldehydic groups. An attempt to electrochemical
      polymerization (R.C. Schulz and W. Strobel, Monatsh. Chem., 99, 1742
      (1968), yielded the same unsatisfactory result of anionic polymerization.
      The great amount of work made on these polymers is not rewarded by the
      results obtained for the application of the same in the plastic materials
      and textiles field, as shown by R. Frey, Rev. Gen. Mat. Plastiques, 11,
      13, 47, 80 (1965); C. Ellis Chemistry of Synthetic Resins, Reinhold
      (1965).
PAR  A further attempt in this direction has been made, even though in an
      entirely preliminary and incomplete way in an application for a U.S. Pat.
      (U.S. patent application Ser. No. 104,514 on Jan. 6, 1971 now U.S. Pat.
      No. 3,823,233 granted July 9, 1974) of which the Applicant of this patent
      is a co-author. In this application it is suggested, in fact, of
      eliminating only urea and ammonia. However it should be observed now that
      urea is not toxic, not even for the uremic patient (see among others S.
      Giovannetti et al., Minerva Nefrologica, 17, 60, (1970)), and ammonia
      derived from bacterial transformation of urea is transformed again in the
      liver into urea, and therefore in the case of uremia, the preparation,
      which is the object of the present invention, does not show a great
      interest. It .sup.-a certain interest, however only a theoretical one, in
      the event of hepatic insufficiency, but even then the value of practical
      application is negligible as it will be explained in the following. It
      should be pointed out that neither methylguanidine nor the "uremic toxins"
      are mentioned in the above indicated way. The products described are
      partially oxidized polysaccharides. Secondly they are not characterized in
      any way because the molecular weight is not known, their specific
      qualities are not described (their content in SO.sub.4 .sup.-, IO.sub.3
      .sup.+, IO.sub.4 .sup.-, H.sup.+, Na.sup.+, H.sub.2 O, COO.sup.-, acetone,
      HCHO, this last being a very toxic substance produced during the
      reaction). Besides said substances show a great instability as they are
      easily subjected to oxidation and become very toxic. Moreover the presence
      of the aldehydic group in a .beta.-position with respect to the O-acetal
      linkage, facilitates possible and feasible beta-eliminations which lead to
      the formation of small fragments of structures of unknown toxicity which,
      being absorbable, may cause serious damage and do not warrant a safe
      administration in vivo. This is confirmed by R.E. Sparks et al. (R.E.
      Sparks et al.; Trans. Amer. Artif. Int. Organs 18, 458 (1972), which
      observes a depolymerization of the oxystarch when this compound is in
      presence of buffer solutions at physiologic pH, or in presence of urea and
      ammonia.
PAR  These drawbacks make difficult the application of the oxystarch and in
      general of the partially oxidized polysaccharides for the mentioned
      objects.
PAR  On the contrary, as it will be said in more detail in the following, the
      polyaldehydes produced by the process of the present invention, are very
      stable chemically and they have a remarkably greater effectiveness in the
      subtractive activity for the uremic toxins.
PAR  Finally R.E. Sparks in the same above mentioned publication points to
      polyacrolein as a possible substitute for oxystarch. However, this
      indication is rather indefinite, both as far as the preparation and the
      utilization of the product are concerned.
PAR  The few data supplied lead to the assumption that the object of Spark's
      experiments is a polyacrolein very different from that proposed by the
      present invention.
PAR  In fact it is specified that the polyacrolein polymer has to be
      encapsulated to allow its administration per os, a fact that justifies the
      hypothesis that in the polymer there should be present a great number of
      acetal linkages which, upon hydrolysis in the stomach, will produce toxic
      molecular fragments. This hypothesis is confirmed by the fact that no
      specification is given about the total content of the aldehydic groups.
      Besides, the chemical data supplied by Sparks are very inaccurate; in
      particular the formulas given for the acrolein polymers are not exact (see
      page 460 of said publication) and there do not appear in them ether
      linkages but acetal linkages. This is in sharp contrast with the
      polyacrolein obtained by the process of the present invention which has
      the formula:
      ##EQU3##
      its structure in solution being not different from that in the solid
      state, with the only difference that the acetal linkages may break down
      the most in acidic surroundings, as it is possible to show with model
      compounds such as the diglutaric aldehyde.
PAR  It should be observed then, that as far as ammonia is concerned, the
      reactivity of polyacrolein of the present invention is 47% that is much
      more above of the 9% reactivity observed by Sparks in the same
      experimental conditions. And furthermore, the kinetic data relative to
      said reaction indicate that the product of the present invention will
      reach 80% of the maximum reactivity after only two hours, whereas in the
      same conditions of concentration and pH the polyacrolein suggested by
      Sparks requires several days.
PAR  Another characteristic of the polyacrolein known today through the work of
      Sparks is the polymer maximum solubility in sodium bisulfite solutions
      which already reaches the maximum for a 20% concentration of polyaldehyde,
      while the product of the present invention reaches a maximum solubility
      only for a 40% concentration at room temperature. This comparison allows
      to define the polyaldehyde obtained by Sparks as polymers with low content
      of aldehydic groups, which therefore, do not differ anything from the
      analog our products already described in the prior technique. In fact the
      hereinabove mentioned data relative to the maximum solubility are directly
      dependent on the number of aldehydic groups present in the polymer, being
      precisely these groups that in presence of sodium bisulfite determine the
      solubility. Another indication supplied by Sparks for his polyacrolein is
      the activation by means of the formation of the Bertagnini salt
      (polyacrolein + NaHSO.sub.3) which however prevents its utilization in
      vivo, because the polyacrolein threated in this way is easily oxidable and
      therefore toxic (see R.C. Schulz, I Loflung W. Kern, Makr. Chemie 32, 209,
      (1959) and evolves SO.sub.2 or its equivalents when in solution, if it is
      reacted with nitrogenous substances, with consequent risks if
      administrated in vivo.
PAR  Further attempts of Sparks to increase the reactivity by forming a
      polyacrolein gel are not justified because it is well known that (J.
      Kalac, F. Svec, Coll. Cz. Chem. Comm. 36, 3947 (1971)) the polyaldehydes
      when gelled bring about an intermolecular polymerization of the aldehydic
      groups which, therefore, would be no more available to react with urea and
      ammonia as the author himself could ascertain.
PAR  It should be clearly emphasized here that these two catabolites (urea and
      ammonia) are the only toxic agents on which previous experiments have been
      directed, including the more recent experiments of Sparks. On the contrary
      the most ignificant clinical indication for the polyacrolein of the
      present invention is that one directed to the elimination of
      methylguanidine besides of the elimination of guanidine, creatinine and of
      the other mentioned "uremic toxins". As to the preparation method of said
      polyacrolein, Sparks indicates in an entirely general way a "free radical
      polymerization" which, as it is well known, is a rather broad term that
      includes polymerization systems with: (a) peroxides; (b) azocompounds; (c)
      redoxy systems; and (d) action of the light, etc. (see, for example, Kh S.
      Bagdasazijan "Theory of free radical polymerization", 1968 Israel program
      for scientific translation). Now, according to the present invention it is
      indeed indicated a polymerization process by a redox system, but said
      system, unlike Sparks system, is exactly defined and leads to the
      formation of a polyacrolein with different physical constants and
      therefore with different structures (see also R.C. Schulz, Makr. Chem. 17,
      62, (1965)). The diversity of the polyacrolein obtained according to the
      present invention is, besides, more clearly indicated by the evaluation of
      the number of aldehydic groups present therein, which is much greater than
      that one described in the literature. It should be observed, then, that
      this increment from  75 to 90% of the aldehydic groups, which permits, as
      said, a safe oral administration of the product, has been ascertained with
      the same method of determination (Schulz et al., Makr. Chem. 20, 161
      (1956)) applied by the other former searchers, who found values not
      greater than 75%. And even though some authors indicated greater contents
      (&gt; 95%) of aldehydic groups in polyacroleins, it should be observed
      however that the determination method is not indicated and therefore such
      a content cannot be reasonably trusted because, as it is well known, (see
      what has been described by T.L. Dawson and F.G. Welch, J.A.C.S. 86, 4791
      (1964)) the same sample of polyaldehyde gives values for the aldehydic
      group content which are very different and in disagreement among them,
      depending on the method used for their determination.
PAR  On the contrary it is a positive and demonstrated fact that the process of
      the present invention leads to the production of polyaldehydes with an
      aldehydic groups content, actually increased with respect to the values
      hitherto known and scientifically found. This statement is, moreover,
      supported by the following data:
PAR  the I.R. examination of the substances with a Beckman IR.sup.-9 apparatus
      on a preparation made on KBr, which shows a band at 1720 cm.sup.-.sup.1,
      due to the aldehydic groups much more intense than the band at 1653
      cm.sup.-.sup.1 ;
PAR  exactly the opposite occurs for the polyacrolein with 65% of aldehydic
      group prepared by Schulz (Makr. Chem. 17, 62 (1965)), where the presence
      of acetalic linkages has been ascertained (Von Rudolph Hank, Makr. Chem.,
      52, 108 (1962));
PAR  exclusion of the presence of acetal linkages after acid washing and
      determination of the residue at 110.degree.C and of the sulfuric ashes
      content in the residue. It is known, in fact, that acetals and polyacetals
      are completely hydrolyzed after 90 minutes at pH 1.
PAR  It is now evident the importance of the polyaldehydic products of the
      present invention, which besides eliminating the drawbacks of the
      analogous compounds of the prior technique, can also be utilized as
      integrators of the dialytic treatment, which does not act on those uremic
      toxins and in particular on methylguanidine (P.C. Farrel et al., Trans.
      Amer. Soc. Artif. Int. Organs, 18, 268 (1972), while the product of the
      present invention is instead electively designed for the absorption and
      elimination of these toxins. In addition it should be observed that when
      the polyaldehydic resin of the present invention comes into contact with
      physiologic liquids, it swells about four times its volume by absorbing
      water, the elimination of which from the organism constitutes always a
      further serious problem for the uremic patients.
PAR  The invention, as hereinbefore indicated, offers and carries into effect a
      process for the production of polyaldehydes improved in their absorption
      effect on the uremic toxins, orally administrable without risks, in which
      process are included some operative steps, in particular the step of
      washing with 0.1 and/or 0.01 N HNO.sub.3 which permits to eliminate by
      hydrolysis eventual acetal linkages, the use of which in the sequence and
      in the conditions indicated is characteristically new as compared to the
      techniques hitherto known in this field.
PAR  Therefore the invention offers a process for the preparation of
      polyaldehydes by polymerization with a redox system, of bifunctional
      monomers having the general formula
      ##EQU4##
      in which R.sub.1 = R.sub.2 = H and R.sub.3 is --H, --CH.sub.3, --C.sub.2
      H.sub.5, --C.sub.3 H.sub.7, --C.sub.6 H.sub.13, or --C.sub.6 H.sub.5 or
      R.sub.1 = R.sub.3 = H R.sub.2 is --CH.sub.3, C.sub.6 H.sub.5 -, or
      CH.sub.3 --CH = CH-- characterized by the fact of performing the
      polymerization under stirring in the absence of light and in a oxygen free
      (02&lt; 10.sup.-.sup.4 ppm) nitrogen atmosphere, for a period of 2- 20 hours,
      at a temperature of 0.degree.-40.degree.C using degassed and double
      distilled water as a solvent and a K.sub.2 S.sub.2 O.sub.8 /AgNO.sub.3
      redox system, adding water to the polymerized mass, recovering the
      polyaldehyde by filtration or centrifugation, washing several times with
      water and then with 0.1 N and/or 0.01 N HNO.sub.3, then again with water,
      finally with acetone and then drying the product.
PAR  It should be observed in particular, that in order to ensure a reasonable
      reproducibility in standard conditions, the monomer is directly
      redistilled in absence of light in the reaction container, until a
      quantity of monomer equal to 1 part is obtained (for example 200 - 5,000
      cc).
PAR  Then 5 parts of a potassium persulfate 5-100 mM solution in degassed water
      are added. After the monomer has been dissolved, 0.6 parts of AgNO.sub.3
      5-100 mM solution are slowly added in 10 minutes, maintaining the whole
      reaction system at a temperature ranging from 0.degree. to 40.degree.C
      under nitrogen and in absence of light. After 2 hours, 5 parts of water
      are added and the polymer recovered by filtration or centrifugation is
      washed 5 times with 3 parts of water and then with 0.1 N HNO.sub.3, then
      again with water until neutrality and thereafter 3 times with one part of
      acetone and kept in the oven at 30.degree.C.
PAR  The bifunctional monomers of formula (I), which are preferably used in the
      process of the present invention are acrolein, alphamethyl-acrolein,
      alpha-ethyl-acrolein, alpha-isopropyl-acrolein, alphahexyl-acrolein,
      alpha-phenyl-acrolein, crotonic aldehyde, cinnamic aldehyde, sorbic
      aldehyde etc. Furfural (2, furanic aldehyde) and allylidene diacetate may
      also be used with good results. The yield of the reaction may range from
      62 to 86%.
PAR  It should be emphasized that the most remarkable results have been obtained
      with the application of the present invention process of polymerization to
      acrolein. The technique performed and in particular the washing step
      (H.sub.2 O; HNO.sub.3 0.1 N; H.sub.2 O) subsequent to the recovery of the
      centrifuged or filtrated product, is one of the most distinctive and
      outstanding features of the present invention, and leads, as mentioned
      herein both to the complete removal of the Ag.sup.+ traces (catalyst) as
      well as to the hydrolysis of eventual acetal linkages. Besides acetal
      polymerization is reduced to a minimum because:
PAR  a. the operation is carried out in the dark and under oxygen free nitrogen
      (obtained by passing it into Cr.sup.+.sup.+);
PAR  b. the monomer is destabilized under these conditions, by distillation in a
      Vigreux column and is recovered in the absence of light and under
      nitrogen.
PAR  A further acid washing (HNO.sub.3 0.01 N) allows, in addition, the
      elimination of the sulfuric ashes and the reduction of the residue of the
      acid washing at 110.degree.C as it will be illustrated hereinafter.
PAR  Thus polyaldehydic products with molecular weight ranging from 5,000 to
      1,000,000, preferably 20,000 - 30,000 are obtained. The quantity of
      necessary catalyst in the case of redistilled acrolein was, for example,
      7.75 (or 9.50) grams of K.sub.2 S.sub.2 O.sub.8 and 2.96 (or 5.92) grams
      of AgNO.sub.3 per 100 cc of said acrolein.
PAR  The products obtained according to the present invention process have been
      completely characterized by means of physical and chemical methods. They
      are white, amorphous, hygroscopic solids which at the temperature of
      190.degree.-220.degree.C and in presence of air take a brown-yellow color,
      without softening; when suspended in water they show a slightly acid pH
      (pH 3-4); they are soluble in many organic solvents, with the exception of
      polyacrolein which is insoluble.
PAR  The ultimate analysis, for example in the case of polyacrolein, after
      drying on P.sub.2 H.sub.5 and in high vacuum has indicated for (C.sub.3
      H.sub.4 O).sub.n
TBL  Calculated   C 64.27%      H 7.19%                                        
     Found        61.2-61.8%    7.4-8.0%                                       
PAL  the found percentage will agree with the theoretical percentage if a
      content of 7% of water, as determined by the Karl Fisher method is taken
      into account. The IR spectrum shows characteristic bands at 2.9 .mu. (OH),
      3.65 .mu. (aldehydic CH), 5.85 .mu. (aldehydic C = O), 6.1 .mu. (H.sub.2
      O), and broadened bands at 8.5 - 11 .mu. (C--O--C) and 12 - 12.3 .mu.
      (pyranic ring). The IR spectrum and the ultimate analysis provide some
      good indications on the macromolecule structure. In fact two aldehydic
      groups in the hydrated form may form a hemiacetalic linkage yielding a
      pyranic ring. Confirmation of that, besides being obtained by IR, is also
      obtained by nuclear magnetic resonance measurements on a model compound
      such as diglutaric aldehyde. The NMR registered in acqueous solution shows
      a triplet a 2.4 .delta., relative to the protons in .alpha. of the pyranic
      form, and a singlet due to CHO at 9.5.delta.. The triplet disappears by
      acidification with a drop of conc. HCl. This means that the aldehydic and
      pyranic forms are in equilibrium in solution, and that said equilibrium
      depends on the pH. The ratio of the two forms is respectively 1:3 as can
      be obtained by integration of the relative peaks. The molecular weight of
      the polymers obtained according to the present invention has been
      determined by viscosity measurements with a Hubbelohde viscosimeter after
      the polymer has been solubilized in a 10% sodium metabisulfite solution.
      The polymers described in the present invention show a very high
      reactivity and it is surprising that notwithstanding that they can be kept
      indefinitely at room temperature and in air without undergoing an
      alteration. Besides they are stable up to 100.degree.C in an oxygen
      atmosphere.
PAR  They reduce the liquid of Fehling and the liquid of Tollens and they give
      all the chromatic characteristic reactions of the aldehydes. They yield
      oximes with hydroxylamine. The last reaction is interesting for the
      quantitative determination of the aldehydic groups, which in the polymer
      described reach up to 90%.
PAR  As far as polyacrolein is concerned it has been characterized by IR
      spectroscopy and by ultimate analysis of C, H, and N performed on its
      hydroxylamine derivative. The results reported in the following Example 1,
      are in complete agreement with the theoretical values.
DETD
PAC  EXAMPLE I (polyacrolein oxime -- IR Spectrum -- Ultimate analysis)
PAR  800 mg of polyacrolein have been suspended into 40 cc of a 3.5%
      hydroxylamine hydrochloride water and alcohol solution (160 cc H.sub.2 O -
      840 cc 95% ethanol); 120 cc of an alcoholic solution of pyridine (20 cc of
      pyridine to 1000 cc with 95% ethanol) have been added to the suspension
      and the mixture has been stirred for 62 hours at room temperature.
PAR  The precipitate has been collected, washed abundantly with water and then
      with ethanol and ether; subsequently it has been dried 3 hours at
      60.degree.C under high vacuum. The I.R. spectrum of the powder thus
      obtained shows, among the others, the characteristic band of the oxime at
      1330 cm.sup.-.sup.1. The water content was 5.26% and the ultimate
      analysis, in agreement with the theoretical data for the formula (C.sub.3
      H.sub.5 ON).sub.n is:
TBL  C%               50.00                                                    
     H%               7.07                                                     
     N%               17.11                                                    
PAR  As far as the water content of several polyacrolein preparations according
      to the present invention is concerned, it varies in the range from 7.3 to
      32.6%. The determination of the sulfuric ashes for the same preparations
      was about 0.25% while the heavy metals content is less than 10 ppm. The
      residue of the acid washing at 110.degree.C was 0.4% and the sulfuric
      ashes content on the residue of the acid washing was 0.05%. A further acid
      washing (HNO.sub.3 0.01 N) brings the residue of the acid washing down to
      0.1% and completely eliminates the sulfuric ashes. The titrable acidity is
      0.03 meq/g. The NO.sub.3 .sup.- content is 0.02%. A colorimetric test with
      chromotropic acid and with 2,4-dinitrophenylhydrazine indicated a free
      aldehydes content of respectively 0.001% and 0.07%. Some examples of tests
      which emphasize the property of polvacrolein of subtracting urea, ammonia,
      methylguanidine and creatinine from solutions of a known concentration at
      different pH values are reported.
PAC  EXAMPLE II
PAC  A. Substraction of urea from urea solutions of variable concentration at pH
      = 1
PAR  The amount in grams of urea subtracted is referred to 100 g of polyacrolein
      of the present invention. In particular the following results have been
      obtained
TBL  Urea concentration                                                        
                   Urea (g) subtracted by 100 g of                             
     %             polyacrolein                                                
     ______________________________________                                    
     0.3           2.7                                                         
     0.6           4.9                                                         
     1.2           8.3                                                         
     2.4           14.2                                                        
     6             24                                                          
     12            34                                                          
     ______________________________________                                    
PAR  From what has been said it apperas that the herein mentioned polyacrolein
      is able to link urea up to 34 g of urea per 100 g of product.
PAC  B. Subtraction of urea from urea solutions of variable concentration at
      physiologic pH.
PAR  The following results have been obtained for urea solution at pH = 7.4
TBL  Urea concentration                                                        
                   Urea (g) subtracted by 100 g                                
     %             of polyacrolein                                             
     ______________________________________                                    
     0.3           0.34                                                        
     1             0.90                                                        
     3             3.40                                                        
     10            10.00                                                       
     ______________________________________                                    
PAR  It should be observed that also at physiologic pH (pH = 7.4) the ability of
      polyacrolein of fixing urea is still particularly remarkable.
PAC  C. Subtraction of urea from urea solutions of concentration variable within
      physiologic limits at pH = 6.6
PAR  The results obtained with four urea solutions at the herein below indicated
      concentrations are reported.
TBL  UREA        UREA          % Decrement                                     
     Initial Conc.                                                             
                 final conc.   in urea conc. (D%)                              
     ______________________________________                                    
     0.05        0.042         16                                              
     0.10        0.087         13                                              
     0.20        0.172         11                                              
     0.40        0.364          9                                              
     ______________________________________                                    
PAR  In particular, percent decrements (D%) of urea content ranging from 9 to
      16% have been observed.
PAC  EXAMPLE III
PAR  The reactivity of polyacrolein with ammonia has been evaluated (D) at pH =
      6.6 by measuring the percent decrement (D%) of solutions with varying
      ammonia concentrations or (E) by varying the polyacrolein amonut/volume of
      the solution ratio, or also (F) by keeping constant both the ammonia
      concentration and the polyacrolein amount/volume of the solution ratio and
      varying the resin-solution contact time. The results are reported in the
      following tables D, E and F.
TBL                TABLE D                                                     
     ______________________________________                                    
     Test Q         R         C initial                                        
                                      C final D%                               
     ______________________________________                                    
     A    6.25       1/160    0.001   0.00873 12.7                             
     B    12.5      1/80      0.001   0.00773 22.7                             
     C    25        1/40      0.001   0.00712 28.8                             
     D    50        1/20      0.001   0.00592 40.8                             
     E    100       1/10      0.001   0.00475 52.5                             
     ______________________________________                                    
      Q - Amount of polyacrolein in g suspended in 1 l of solution.            
      R - Polyacrolein amount/volume of solution ratio (g/ml).                 
      C initial - Initial concentration of ammonium ion expressed as ammonia %.
      C final - Final ammonia concentration %;                                 
      D% - Percent decrement of the concentration.                             
TBL                TABLE E                                                     
     ______________________________________                                    
     Test    C initial    C final       D%                                     
     ______________________________________                                    
     1       0            0             0                                      
     2       0.0001       0.0000292     70.8                                   
     3       0.001        0.000472      52.8                                   
     4       0.01         0.007         30                                     
     5       0.1          0.0845        15.5                                   
     ______________________________________                                    
      C initial - Initial ammonia concentration %                              
      C final - Final ammonia concentration %.                                 
      D% - Percent decrement of the concentration                              
TBL                TABLE F                                                     
     ______________________________________                                    
     Test    Time in h  Initial Conc.                                          
                                     D%                                        
     ______________________________________                                    
     1       2          0.001        30.9                                      
     2       4          0.001        37                                        
     3       8          0.001        40                                        
     4       16         0.001        48                                        
     5       24         0.001        48.6                                      
     ______________________________________                                    
PAR  It should be specified herein that for the urea determination the P.J.
      Geiger method has been applied (P.J. Geiger, Microchemica J., 13 481
      (1968); Anal. Abs., 18, 421 (1970)); for the ammonia the Hafman method has
      been used (Hafman, 2 Med. Labortech., 10, 86-89 (1969); Anal. Abs., 19 440
      (1970)).
PAR  From the results reported in these tables it can be observed that D%
      increases with the increase of the polyacrolein amount/volume of the
      solution ratio. The maximum observed decrement (E) 79.8% provides a
      measure of the strong affinity of polyacrolein for ammonia. Finally (F) it
      can be observed that hardly after two hours a 30.9% D% is obtained to
      arrive, after 24 hours at a maximum of 48.6%, a fact which indicates a
      polyacrolein reactivity for ammonia of 62% already after only two hours as
      compared to the total reactivity.
PAC  EXAMPLE IV (Reactivity tests on methylguanidine)
PAR  Two tests have been performed, precisely:
PAR  1st. reactivity as a function of time in a 0.1 M phosphate buffer at pH
      7.4. A 10 g suspension of polyacrolein in 100 ml of a methyl-guanidine
      solution (conc. n = 0.3 mg%) in a 0.1 M phosphate buffer at pH 7.4 has
      been kept under continuous stirring. Aliquots of the suspension have been
      withdrawn after a certain period of time and filtered; 10 ml of filtrate
      (at this point 10 ml of the original solution of methylguanidine have also
      been withdrawn) have been loaded separately on Dowex resin 50W .times. 2
      50/100 mesh, Na.sup.+ form column .phi. 1 cm h = 3 cm), then the resin has
      been washed with 100 ml of water, eluted with NaOH 1 N and 25 ml of eluate
      have been collected.
PAR  A colorimetric determination of methylguanidine is performed on the eluates
      in the following way:
PAR  0.5 ml of a 0.025% 1-naphthol, and 5% urea solution is NaOH 1 N are added
      to 10 ml of eluate; the mixture is stirred and after 1 minute 0.5 ml of
      sodium hypobromite in 1 N NaOH solution (0.7 ml of bromine dissolved in
      1000 ml of NaOH 1 N) are added. After 20 minutes the test is compared at
      520 m.mu. with a blank free from methylguanidine.
PAR  Then the concentration decrements of methylguanidine are calculated from
      the unreacted amounts of methylguanidine:
TBL  Test           Conc. decrement of methylguanidine                         
     ______________________________________                                    
     after 1 hour   6%                                                         
     after 2 hours  9%                                                         
     after 4 hours  13%                                                        
     after 8 hours  18%                                                        
     after 24 hours 24%                                                        
     ______________________________________                                    
PAR  2nd. reactivity after 1 hour at pH 2, then the pH is raised to pH 7.4 and
      the test is continued as a function of the time.
PAR  A 10 g of polyacrolein suspension in 100 ml of methylguanidine solution in
      HCl 0.01 N (conc. 0.3 mg%) has been kept under continuous stirring. An
      aliquot of the suspension has been withdrawn after 1 hour and has been
      filtered while the pH of the remaining suspension has been raised to 7.4
      with NaOH 2N and the suspension has been buffered at pH 7.4 with a solid
      mixture of NaH.sub.2 PO.sub.4 --Na.sub.2 HPO.sub.4 ; the stirring is
      continued and after a certain period of time aliquots of the suspension
      have been withdrawn and filtered. 10 ml of filtrate (the filtrate from pH
      2 has been raised to pH 7.4 with NaOH 2 N and a NaH.sub.2 PO.sub.4 --
      Na.sub.2 HPO.sub.4 mixture) have been loaded on Dowex resin 50 W .times. 2
      50/100 mesh Na.sup.+ form, then the resin has been washed with 100 ml of
      water, eluted with NaOH 1 N and 25 ml of eleuate have been collected.
PAR  The colorimetric determination test as described in the 1st test has been
      performed on the eluate using a comparison blank test made with the
      original methylguanidine solution.
PAR  The following results have been obtained
TBL  Test               Methylguanidine conc.                                  
                        decrement                                              
     ______________________________________                                    
     after 1 hour at pH 2 is raised                                            
                        40%                                                    
     to pH 7.4 and:     --                                                     
     after 1 hour       44%                                                    
     after 2 hours      45%                                                    
     after 6 hours      46%                                                    
     ______________________________________                                    
PAR  It should be observed that the percent decrement (D%) of methylguanidine at
      the 24th hour is 24%, while at pH = 2, 40% is reached after 1 hour. The
      last test shows that pH variations do not change the polyacrolein activity
      on methylguanidine, ensuring thus the possibility of its administration in
      vivo. In fact in the stomach-intestinal tract there are the same pH
      variations reproduced in the experiment described.
PAC  EXAMPLE V -- (Reactivity on creatinine)
PAR  Reactivity tests of polyacrolein with creatinine have been performed at pH
      2 (HCl 0.01 N) and at pH 7.4 (phosphate buffer 0.1 M) using a 20 mg%
      creatinine solution.
PAR  A 2 g polyacrolein as such suspension in 25 ml of a 20 mg% solution of
      creatinine has been maintained under continuous stirring. Aliquots of the
      suspension have been withdrawn after a certain period of time and
      filtered. The unreacted creatinine has been spectrophotometrically
      determined in the filtrate after appropriate dilution with a 0.1 M
      phosphate buffer solution at pH 7.4. A blank free from creatinine has been
      treated in the same way and used in a comparison test.
PAR  Then the concentration decrements of creatinine have been calculated:
TBL  1) Test at pH 2.00:                                                       
                 time       conc. decrement %                                  
                 30 min.       1.5%                                            
                 60 min.       2  %                                            
                 90 min.       3  %                                            
     2) Test at pH 7.4:                                                        
                   time         conc. decrement %                              
                 1 h           5%                                              
                 2 h           5.5%                                            
                 3 h           6%                                              
                 4 h           6.5%                                            
                 8 h           8%                                              
                 24 h          9.5%                                            
PAR  It should be particularly emphasized that the results indicated in all the
      preceding examples have been obtained on a series of identical
      experiments, repeated on 10 samples of polyacrolein and that no
      substantial variations between one and the other test on the same series
      could be observed when the polyacrolein sample was varied. Analogous
      results on the polyacrolein reactivity with the "uremic toxins" are also
      obtained in vitro on physiologic liquid such as saliva, gastric juice,
      intestinal juice, urine etc. of uremic patients. On the present invention
      product and in particular on polyacrolein, test of acute toxicity have
      been performed both on the rat and on the mouse and the results show that
      polyacrolein may be administered per os up to 9 g/kg of body weight
      without occurrence of mortality. Tests on subacute toxicity of
      polyacrolein have been performed on the rat, feeding 4 fractioned doses
      ranging from 1 to 4 g/kg of polyacrolein per os, to 70 rats divided in 7
      groups of 10 animals per group, each group being treated as follows:
TBL  Group 1 polyacrolein                                                      
                 1 g/kg os                                                     
                       in 4 fractioned doses                                   
     Group 2 polyacrolein                                                      
                 2 g/kg os                                                     
                       "                                                       
     Group 3 polyacrolein                                                      
                 4 g/kg os                                                     
                       "                                                       
     Group 4 polyacrolein                                                      
                 1 g/kg os + sorbitol 1 g/kg os in 4 fractioned doses          
     Group 5 polyacrolein                                                      
                 2 g/kg os + sorbitol 1 g/kg os in 4 fractioned doses          
     Group 6 polyacrolein                                                      
                 4 g/kg os + sorbitol 1 g/kg os in 4 fractioned doses          
     Group 7 controls                                                          
                 gum arabic                                                    
PAR  The treatment lasted 15 days.
PAR  The animals have been examined every day and no significant weight
      variations have been observed.
PAR  Every day all the feces in each cage have been collected and weighed (in
      every cage there were 5 rats of the same sex, treated with the same dose)
      and the percent of humidity of the pellets has been determined drying them
      in the oven for 24 h at 110.degree.C.
PAR  The weight and the humidity trend of the excreted feces has been examined
      and no variation has been evidenced among the treated rats and the
      controls as far as the lapse of polyacrolein in the gastro-intestinal
      tract was concerned.
PAR  Urines have been collected and analyzed. No pathological values have been
      observed in any case.
PAR  An accurate autopsy was performed after the animal death and the results of
      the examination are presented hereinafter:
PA1  Stomach: moderate dilation with integral walls -- absence of hyperemia
PA1  Spleen: no sign of alteration
PA1  Kidney: no sign of alteration
PA1  Intestine: no sign of alteration in all its tract.
PAR  In addition to these data of the macroscopic examination, the following
      organs have been examined and weighed: liver, kidney, spleen, hypophysis,
      brain, heart, gonads, seminal vesicles and prostate in the male,
      suprarenals in the female. No statistically significant data in comparison
      with the controls have been evidenced concerning macroscopic and weight
      variations.
PAR  The biochemical parameters investigated were: glycemia, azotemia, GPT-ase,
      and bilirubinemia.
PAR  Only GPT-ase, showed a statistically significant variation is comparison
      with the controls, but being the values of the treated rats lower than
      those of the controls, this variation does not represent a pathological
      indication.
PAR  Another statistically significant variation was the bilirubinemia in the
      rats treated with polyacrolein and polyacrolein + sorbitol, whose values
      of the treated rats are higher than those of the controls.
PAR  The liver of the animals under treatment (high doses and controls) has been
      subjected to histological examination after formalin fixation and paraffin
      inclusion. Microtomical sections of 10 - 12 .mu. did not indicate any
      content of positive-aldehydic substances.
PAC  CONCLUSIONS
PAR  From the data obtained it may be concluded that in the experimental
      conditions which have been described, rats treated for 15 days with
      different doses of polyacrolein or polyacrolein + sorbitol per os did not
      show neither any alteration in the transit up to a dose of 4 g/kg per os,
      nor with this treatment have been evidenced other pathological alterations
      with respect to the biochemical constants and other investigated
      parameters.
PAR  Furthermore, activity tests in vivo of the polyacrolein of the present
      invention have been performed on rats to whom this polyaldehyde has been
      administered per os. To this end the animals have been subsequently
      poisoned with ammonium chloride in increasing amounts ranging from 1585 to
      1995 mg/kg per os on 180 rats, using 120 rats as a control. The results
      are reported in the following table:
TBL  Log. Dose Controls Polyacrolein                                           
     mg/kg/os                                                                  
     NH.sub.4 Cl        500 mg/kg/os 1000 mg/kg/os                             
     ______________________________________                                    
     3.20       16/40     5/30         6/30                                    
     Mortality  40%       17%          20%                                     
     3.25       25/40     10/30        9/30                                    
     Mortality  62%       33%          30%                                     
     3.30       32/40     11/30        11/30                                   
     Mortality  80%       37%          37%                                     
     ______________________________________                                    
PAR  It should be observed that the administration of polyacrolein per os
      reduced the lethality due to NH.sub.4 Cl administrated to the rat per os.
PAR  Finally the results of polyacrolein reactivity tests on human plasma in
      vitro are reported.
PAR  300 g of recrystallized urea have been added to 100 ml of human plasma
      containing 200 I.U. of penicillin and 100 .gamma. of streptomycin/ml.
PAR  A Wishing tube 32/32 for dyalisis, containing 2 g of polyacrolein suspended
      in 10 ml of plasma, having the same urea concentration has been introduced
      into the plasma thus treated. The system has been kept for 72 hours at
      +4.degree.C under continuous magnetic stirring. Samples have been taken at
      time 0 and after 72 hours. Urea concentration (hypobromidric azotemia) on
      two samples, R.sub.3 (time 0) and R.sub.2 (after 72 hours) has been
      determined by a dell'Aire microureometer and found to be
PA1  R.sub.3 -- g 6.30%
PA1  R.sub.2 -- g 5.20%.
PAR  An analysis of the two samples with the Beckman aminoacidsanalyzer model
      120 indicated a very great reactivity with urea and a negligible
      reactivity with the aminoacids; a result easy to understand considering
      that the reaction between polyacrolein and nitrogenous substrate is
      strongly affected by substrata concentration. Therefore a specific
      reactivity may result with one of them if this one is in great excess with
      respect to the other substrata. Clinical Use.
PAR  The clinical use of polyaldehydes obtained according to the process of the
      present invention has been studied in patients affected by renal
      insufficiency.
PAR  By daily administration per os of 30/70 g of polyacrolein in fractioned
      doses, it has been possible to reduce the uremic toxins concentration. In
      fact they are linked with the polyaldehyde in transit through the
      gastro-intestinal tract and then they are eliminated with the feces.
PAR  In addition it has been observed an increase in the fecal volume. This fact
      is in agreement with the swelling of polyacrolein already observed in
      vitro. This phenomenon is a matter of remarkable interest insofar as water
      elimination in uremic patients improves their general conditions.
PAR  The daily administration of the same dose of polyaldehyde to patients with
      extreme renal insufficiency, and subjected to maintenance therapy by means
      of the artificial kidney or peritoneal dialysis permits to extend the
      interdialysis interval. Clinical cases history.
PAR  Data obtained in the course of clinical experiments on 5 patients affected
      by serious renal insufficiency, in which polyacrolein according to the
      present invention has been used are herein reported.
PAR  The daily administration of 50 g of polyacrolein per os to 3 patients
      affected by uremia allowed, in particular, to reduce the methylguanidina
      creatinine and urea concentration.
PAR  In fact said substances are linked by polyacrolein along the whole
      gastro-intestinal tract and are eliminated with the feces as shown by the
      decrease of their concentration in the blood and in the urine after
      polyacrolein administration.
PAR  The daily administration of the same dose of polyacrolein to 2 patients
      affected by extreme renal insufficiency and subjected to maintenance
      therapy with the artificial kidney, allowed to double the interdialytic
      interval.
PAR  Finally the uses of polyaldehydes as deodorants and depuration agents
      should be recognized. It is known that many volatile substances which are
      the cause of bad odor possess the chemical requirements for reacting with
      said polyaldehydes, being thus retained and eliminated. Therefore, the
      polymers described can be used for the preparation of deodorant tablets,
      for example tablets having the following composition:
PA1  polyacrolein-- 800 mg
PA1  sugar -- 930 mg
PA1  magnesium stearate--40 mg
PA1  essence of orange in powder form--100 mg
PA1  essence of lemon in powder form--30 mg.
PAR  Another use of said polyaldehydes is to provide a means for the depuration
      of industrial waste water, in particular for the elimination of pollutants
      agents from them and specifically for the elimination of phenols, ammonia
      and cyanides. The resins of the present invention may find an application
      also for the depuration of gas, in particular for the removal of nitrogen
      and sulfur which takes place in appreciable and convenient amounts.
PAR  The present invention has been described with particular reference to
      preferred embodiments thereof, but it is intended that modifications or
      variations may be introduced without infringing the protection limits of
      the present industrial patent.
CLMS
STM  Having thus described the present invention, what is claimed is:
NUM  1.
PAR  1. Process for the preparation of polyaldehydes by polymerization with a
      redox system, of bifunctional monomers having the formula:
      ##EQU5##
      wherein R.sub.1 = R.sub.2 = H and R.sub.3 is --H, --CH.sub.3, --C.sub.2
      H.sub.5, --C.sub.3 H.sub.7, --C.sub.6 H.sub.13, or --C.sub.6 H.sub.5 or
      R.sub.1 = R.sub.3 = H and R.sub.2 is --CH.sub.3, --C.sub.6 H.sub.5, or
      --CH.sub.3 --CH=CH, comprising performing the polymerization under
      stirring, in absence of light and in oxygen free nitrogen atmosphere, for
      a period of 2-20 hours, at a temperature ranging from 0.degree. to
      40.degree.C, using degassed and double distilled water as a solvent and
      K.sub.2 S.sub.2 O.sub.8 /AgNO.sub.3 as a redox system, adding degassed and
      double distilled water to the polymerized mass, collecting the
      polyaldehyde by filtration and centrifugation, washing several times with
      water, then with 0.1 N HNO.sub.3, again washing with water and finally
      with acetone and drying the product.
NUM  2.
PAR  2. Process according to claim 1, characterized by the fact that said
      bifunctional monomers of formula (I) are destabilized, in absence of
      light, and under oxygen free nitrogen, by distillation in a Vigreux column
      and collected in these conditions in the reaction container.
NUM  3.
PAR  3. Process according to claim 2, characterized by the fact that the oxygen
      content in said nitrogen is less than 10.sup.-.sup.4 ppm.
NUM  4.
PAR  4. Process according to claim 1, characterized by the fact that an amount
      (1 part) of said bifunctional monomer ranging from 200 to 5000 cc is
      collected by direct redistillation into the reaction container.
NUM  5.
PAR  5. Process according to claim 4, characterized by the fact that 5 parts of
      a 5-100 mM potassium persulfate solution in degassed and double distilled
      water are added to one part of said monomer redistilled in the reaction
      container, subsequently, after its complete dissolution, 0.6 parts of a
      5-100 mM AgNO.sub.3 solution are added, dropwise in 10 minutes and the
      reaction system is maintained at 0.degree. - 40.degree.C under oxygen free
      nitrogen for 2 hours, water (5 parts) is added, and the polymer is
      collected by centrifugation or filtration, washed 5 times with 3 parts of
      water, with HNO.sub.3 0.1 N, again with water until neutrality, finally
      three times with 1 part of acetone and dried in the oven at 30.degree.C.
NUM  6.
PAR  6. Process according to claim 1, characterized by the fact that said
      bifunctional monomer is acrolein, 4.75 grams of K.sub.2 S.sub.2 O.sub.8
      and 2.96 grams of AgNO.sub.3 per 100 cc of said acrolein being used as a
      redox system at a temperature of 28.degree. - 32.degree.C.
NUM  7.
PAR  7. Polyaldehydes obtained according to the process of claim 1,
      characterized by the fact that their molecular weight is ranging from
      5,000 to 1,000,000.
NUM  8.
PAR  8. Polyaldehydes according to claim 7, characterized by the fact that said
      molecular weight is 20,000 - 30,000.
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ABST
PAL  Various compounds are disclosed to be useful in the flavoring of
      foodstuffs, animal feeds, beverages, pharmaceutical preparations and
      tobacco products. These compounds are equally useful perfuming
      ingredients.
PARN
PAR  This is a division of application Ser. No. 451,423, filed Mar. 15, 1974,
      allowed 6/4/75.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The compounds of the invention belong to the class of the derivatives
      listed below:
PA1  A. 6-methyl-3-isopropyl-hepta-4,6-dien-1-ol,
PA1  B. 8-hydroxy-5-isopropyl-non-6-en-2-one,
PA1  C. 5-isopropyl-non-3-ene-2,8-diol,
PA1  D. 8-hydroxy-5-isopropyl-nonan-2-one,
PA1  E. 5-isopropyl-nonane-2,8-diol,
PA1  F. 5-isopropyl-nonane-2,8-dione,
PA1  G. 3,4-epoxy-5-isopropyl-nonane-2,8-dione,
PA1  H. 8-hydroxy-5-isopropyl-8-methyl-non-6-en-2-one,
PA1  I. 6,7-epoxy-8-hydroxy-5-isopropyl-8-methyl-nonan-2-one,
PA1  J. 2-isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1.]octan7-yl-methyl-ketone,
PA1  K.
      2-(2-isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1.]octan-7-yl)-propan-2-ol,
PA1  L. 6-isopropyl-1,3,3-trimethyl-2,9-dioxa-bicyclo[3.3.1]nonan-4-ol, and
PA1  M. 1-(2-isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1.]octan-7-yl)-ethan-1-ol.
PAR  These compounds, which are new, may be regarded as derivatives of
      5-isopropyl-8-methyl-nona-6,8-dien-2-one, better known under the name of
      solanone.
PAR  With the exception of 5-isopropyl-nonane-2,8-dione I have discovered the
      compounds of the invention as compounds of natural origin which can be
      isolated from an essential oil. This essential oil can be obtained by
      subjecting Burley tobacco to steam distillation, acidifying the aqueous
      distillate to about pH 4, and extracting the acidified distillate with a
      volatile solvent.
PAR  However, the procedure for isolating the compounds from tobacco is
      extremely complex and completely uneconomical. The yield of essential oil
      obtained is not higher than 0.03 % by weight of the total tobacco treated.
      Moreover, the compounds of the invention are very minor constituents of
      the essential oil, having been detected therein at a concentration varying
      from about 0.005 to about 0.3 % by weight. In order to isolate the desired
      compounds, the essential oil is subjected to a preliminary separation by
      fractional distillation under reduced pressure, and the less volatile
      fractions (b.p. above 35.degree.C/0.001 Torr) are subjected to repeated
      fractional distillation using high resolution columns. For the final
      isolation of the desired compounds, it has been found necessary to resort
      to repeated separations by preparative gas chromatography, using
      stationary phases of contrasting polarity.
PAR  The disadvantages and difficulties inherent in the isolation of the cited
      compounds from an essential oil obtained from tobacco have been overcome
      by the realization of appropriate synthetic methods for their preparation.
      In this respect the specific procedures followed are described in the
      examples given hereinafter.
PAR  Broadly, the compounds of the invention can be used for improving,
      enhancing or modifying the flavoring properties of foodstuffs, animal
      feeds, beverages, pharmaceutical preparations and tobacco products, for
      improving, enhancing or modifying the odoriferous properties of perfumes
      and perfumed products, and for the preparation of fragrant and flavoring
      compositions.
PAR  Thus, the invention provides a flavoring or perfuming composition
      comprising one of the compounds listed above.
PAR  The invention also provides a tobacco or tobacco substitute having added
      thereto a small but flavoring effective amount of at least one of the
      compounds listed above.
PAR  In their pure state, the compounds of the invention possess original and
      characteristic flavoring and perfuming notes. They can develop or enhance
      a variety of flavor or aroma notes, particularly the woody note
      reminiscent of the typical character presented by dry leaves, with animal
      and sometimes fruity undertones.
PAR  These organoleptic characteristics make then particularly suitable for the
      aromatization of infusions or decoctions, such as those made from tea,
      camomile, lime or verbena.
PAR  A particular valuable feature of the pure compounds of the invention is
      that their tenacious organoleptic characters are stable and perfectly
      reproducible; whereas, in contradistinction, the properties of the natural
      essential oil vary with the origin of the tobacco from which it has been
      extracted, the method of extraction, and the purity of the essential oil
      recovered. Consequently, by virtue of their organoleptic properaties, the
      compounds of the invention are useful as flavoring and perfuming
      ingredients over a wider field of applications than the natural essential
      oil.
PAR  The compounds of the invention are particularly useful for the flavoring of
      tobacco. The tobacco used, for example, in the manufacture of cigarettes
      comprises a mixture of different types, blended to give the desired
      characteristic flavor and aroma in the smoke produced. Thus, cigarettes
      currently manufactured usually contain mixtures of Virginia, Maryland and
      Kentucky tobacco in combination with oriental or turkish tobacco. The
      proportion of each type of tobacco in the mixture can be varied, in order
      to obtain the particular flavor and aroma desired. It is also common
      practice to employ flavoring agents and humectants as additives in these
      tobacco mixtures, further to enhance their organoleptic properties.
PAR  It has now been discovered that the addition of one of the compounds of the
      invention to a tobacco base (which may be natural tobacco, or a tobacco
      substitute of natural or synthetic origin) imparts thereto a dry leaf
      flavor, with woody, animal and sometimes fruity character. These
      properties are particularly developed on smoking the tobacco. It has
      however to be pointed out that the characterization of the flavor and
      aroma of tobacco smoke is rather subjective and different smokers may
      define in a different way the organoleptic characteristics of the very
      same tobacco.
PAR  The compounds of the invention can be used on their own, or in compositions
      comprising one or more flavoring or odoriferous compounds. The compounds
      and compositions of the invention may be used in a variety of form,
      depending upon their chemical nature, solubility and stability, but they
      are preferably used in solution. For the flavoring of tobacco, they are
      preferably added after ageing, curing and shredding, but before the
      tobacco is formed into cigarettes or other finished products. A convenient
      method for flavoring tobacco consists in spraying it with a solution of
      the flavoring compound or composition in alcohol, or in a mixture of
      alcohol and propylene glycol.
PAR  For the perfumery, the compounds of the invention are particularly suitable
      for developing herbacious type notes, specifically those reminiscent of
      hay. More particularly, it has been found that by the use of
      2-(2-isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]octan-7-yl)-propan-2-ol,
      8-hydroxy-5-isopropyl-non-6-en-2-one or
      8-hydroxy-5-isopropyl-8-methyl-non-6-en-2-one as perfuming agents it was
      possible to develop herbacious type notes of particular interest.
PAR  The proportions in which the flavoring agents of the invention are used in
      flavoring compositions or are added to tobacco can vary widely, depending
      upon the specific organoleptic effect it is desired to achieve and the
      type of tobacco to which they are added. Interesting flavoring effects can
      be achieved with amounts ranging from 1 to 500 ppm, preferably from 10 to
      200 ppm and most preferably from 10 to 50 ppm, based on the weight of the
      product flavored.
PAR  Comparable proportions of the compounds of the invention can be used for
      the flavoring of foodstuffs, beverages, animal feeds and pharmaceutical
      preparations.
PAR  When the compounds of the invention are used for the preparation of
      artificial flavor compositions, they may tipycally constitute up 80 % by
      weight of the composition.
PAR  Similarly, when used as perfuming ingredient, the proportion of the
      compounds of the invention in the perfume composition or perfumed product
      to which they are incorporated can vary over a wide range. Interesting
      odoriferous effects can be achieved with amounts ranging from 1 to 10 % of
      the total weight of the composition.
PAR  In all cases, the ranges mentioned can be varied, in order to achieve
      specific odoriferous or flavoring effects.
PAR  The invention is better illustrated by the following examples, wherein the
      temperatures are indicated in degrees centigrade and the abbreviations
      have the meaning common in the art. It has to be appreciated however that
      the invention is not deemed to be limited by the given examples.
DETD
PAC  1. 6-Methyl-3-isopropyl-hepta-4,6-dien-1-ol
PA1  a. 17.2 G (0.2 M) of isovalerianic aldehyde were added under stirring
      during 75 min. to a mixture of 28.4 g (0.4 M) of pyrrolidine and 8 g of
      anhydrous potassium carbonate. The temperature of the reaction mixture was
      kept during the addition at 4.degree.-6.degree., whereupon it was
      increased to 20.degree. while stirring and kept at this value during 75
      min. The reaction mixture was filtered and the precipitate was washed with
      ether while the organic clear filtrate by evaporation gave a residue which
      upon distillation under reduced pressure yielded 23 g (83 %) of the
      enamine of formula
      ##EQU1##
      B.p. 62.degree.-4.degree. /10 Torr. b. 5.0 G (71.5 mM) of
      methylvinylketone in 10 ml of anhydrous ether were added during 45 min. to
      a solution kept under nitrogen of 9.0 g (65 mM) of the enamine prepared
      above in 50 ml of anhydrous ether. The reaction mixture was kept during 24
      hr. at room temperature under nitrogen atmosphere, whereupon 1.95 ml of
      water and about 11.2 ml of a 6N aqueous solution of hydrochloric acid were
      added thereto in such a way as to adjust the pH value to about 5-6. After
      1 hr. of supplemental stirring at room temperature the reaction mixture
      was extracted twice with ether, washed with a 1 % aqueous solution of
      hydrochloric acid followed by a washing with a 5 % aqueous solution of
      sodium bicarbonate, and finally with a NaCl saturated solution in water
      until neutrality. The extract finally obtained was rapidly distilled at
      mild temperature to give 6.6 g (65 %) of 5-oxo-2-isopropyl-2-hexanal; B.p.
      47.degree.-9.degree. /0:001 Torr.
PAR  IR : 2730, 2900, 1715, 1360 cm.sup..sup.-1. MS : M-18 = 138. NMR : 0.96
      (6H); 2.07 (3H); 1.5-2.6 (6H); 9.55 (1H) & ppm.
PA1  c. 23.4 G (0.15 M) of the keto-aldehyde obtained as indicated above, 15.4 g
      (0.24 M) of ethylene-glycol and 0.15 g of p-toluenesulfonic acid in 150 ml
      of benzene were brought to the boiling for 30 min. The reaction mixture
      after the usual treatments of washing, drying and evaporation of the
      volatile components, was distilled under reduced pressure at 0.001 Torr.
      21.2 g (70 %) of the ketal of formula
      ##SPC1##
      were obtained. The purity of this compound was found to be of the order of
      60-70 % as revealed by vpc. B.p. 60.degree.-1.degree. /0.001 Torr.
PAR  IR (film) : 1120, 1360, 1710 cm.sup..sup.-1. MS : M.sup.+= 200; NMR : 0.85
      (3H, d, J=2.5 cps); 0.98 (3H, d, J=2.5 cps); 1.2-1.8 (4H, m); 2.03 (3H,
      s); 2.46 (2H, t, J=6.5 cps); 3.80 (4H, m); 4.65 (1H, d, J=4.5 cps) & ppm.
PA1  d. A solution of 21.2 g (0.084 M) of the ketal obtained in accordance with
      the procedure described under letter c and 52 g (0.256 M) of
      m-chloroperbenzoic acid at 85 % in 1 l. of chloroform was left in the dark
      at room temperature during 12 days. The reaction mixture was then
      concentrated in vacuum, whereupon ether was added thereto. After
      filtration and washing of the clear filtrate with a 5 % solution of sodium
      carbonate, 18 g of the raw product were obtained. This compound was then
      dissolved in 100 ml of dioxan and 40 ml of 5 % aqueous sulphuric acid. A
      solution was thus obtained which was then left 24 h at room temperature,
      whereupon sodium chloride was added and the product extracted twice with
      ether. The combined organic extracts were washed with water until
      neutrality, dried over sodium sulphate and evaporated to dryness to yield
      a residue which on fractional distillation gave 6.5 g (23.8 %) of a
      product having B.p.  50.degree.-65.degree. /0.001 Torr. This product
      contained 53.6 % of the ester-aldehyde of formula
      ##SPC2##
PA1  e. 5.5 g of a 14 % solution of n-butyl-lithium in hexane were added in a
      nitrogen atmosphere under stirring during 45 min. to a mixture containing
      4.65 g (13 mM) of methallyl-triphenylphosphonium chloride in 40 ml of
      ether. The temperature of the reaction mixture was kept between 6.degree.
      and 10.degree. during the whole addition and it was then increased to room
      temperature and kept at this value for 4 h. After cooling to -70.degree.
      1.72 g (5.3 mM) of the esteraldehyde prepared according to paragraph d)
      hereinabove in 5 ml of ether were added to the reaction mixture by taking
      care that the temperature does not increase above -50.degree.. After
      having been left at said temperature for 3 h and at 20.degree. during one
      night, the mixture was diluted with water and then extracted with ether,
      whereupon the combined organic extracts were subjected to the usual
      treatments of washing and drying. The residue obtained on evaporation of
      the volatile components was then treated at reflux during 1 h with 50 ml
      of a 1N solution of potassium hydroxide in ethanol. By extraction with
      ether followed by the usual treatments on the ether extracts, 1.5 g of a
      product were obtained. This product by purification by means of column
      chromatography (30 g of silica gel; eluant: benzene) gave 0.58 g (65 %) of
      6-methyl-3-isopropyl-hepta-4,6-dien-1-ol the purity of which was of ca. 95
      %. B.p. ca. 60.degree. /0.001 Torr.
PA1  d.sub.4.sup.20 = 0.8833; n.sub.D.sup.20 = 1.4805.
PA1  Ir : 3340, 3090, 1760, 1630, 1600, 1040, 960 and 870 cm.sup..sup.-1,
PA1  Uv : .lambda..sub.max.sup.EtOH = 230 nm (.epsilon.= 24,195)
PA1  Sm : m.sup.+= 168
PA1  nmr : 0.80 (3h); 0.91 (3h); 1.80 (3h, s); 1.2-2.4 (4H); 3.47 (2H); 3.80
      (1H); 4.81 (2H); 5.33 (1H); 6.05 (1H) & ppm.
PAC  2. 8-Hydroxy-5-isopropyl-non-6-en-2-one
PAR  6.51 G (17.8 mM) of the ketal of formula
      ##SPC3##
PAL  were added under vigorous stirring to a suspension kept at
      20.degree.-25.degree. of 0.455 g (12 mM) of lithiumaluminiumhydride in 30
      ml ether. After 4 h of supplemental stirring the excess of
      lithiumaluminiumhydride was decomposed with moist ether, whereupon the
      reaction mixture was poured onto a concentrated solution of ammonium
      chloride. After the usual treatments 6.5 g of a product were obtained.
      This product was then treated at 20.degree. under nitrogen atmosphere with
      50 ml of a 5 % aqueous solution of sulphuric acid in 50 ml of ether. The
      separated organic phase was evaporated to give 5 g of a residue which on
      purification by column chromatography (100 g of silica gel; eluant: a
      mixture of benzene and ethyl acetate, the concentration of which varies in
      between 95:5 and 3:2) yielded 3.4 g (96%) of
      8-hydroxy-5-isopropylnon-6-en-2-one; B.p. 80.degree./0.001 Torr;
PA1  d.sub.4.sup.20 = 0.9261; n.sub.D.sup.20 = 1.4608.
PA1  Ir : 3450, 1710, 1360, 1050 and 975 cm.sup..sup.-1 ;
PA1  Ms : m-18 = 180;
PA1  nmr (cdcl.sub. 3) : 0.87 (6H)); 1.26 (3H); 1.0-2.0 (5H); 2.13 (3H); 2.40
      (2H); 4.30 (1H); 5.45 (2H) .delta. ppm.
PAL  The ketal used as starting material for the preparation given above can be
      synthetized as follows:
PA1  a. 10.1 G (64.7 mM) of 5-oxo-2-isopropyl-2-hexanal (prepared according to
      paragraph b) of the above given example) were refluxed during 4 days under
      nitrogen atmosphere with 22.2 g (69.7 mM) of the ylid obtained by the
      reaction between triphenylphosphine and chloracetone in 75 ml of anhydrous
      benzene (see: J. Org. Chem. 22, 41 (1957)).
PAL  The reaction mixture was then concentrated to dryness and the obtained
      residue taken up woth about 200 ml of petrol ether (B.p.
      30.degree.-50.degree.) and the precipitate separated by filtration. On
      evaporation of the clear filtrate followed by fractional distillation of
      the obtained residue, 10.9 g of 5-isopropyl-non-3-en-2,8-diene were
      obtained; B.p. 70.degree.-84.degree./0.001 Torr.
PA1  b. A mixture of 5-isopropyl-non-3-en-2,8-dione ) 7.0 g; 35.7 mM), 0.040 g
      of p-toluenesulfonic acid, 2.46 g of ethylene-glycol in 40 ml of benzene
      was refluxed in a Dean & Stark type separator during 11/2 h. The reaction
      mixture was then washed with a 5% aqueous solution of sodium bicarbonate,
      then with water before being subjected to the usual treatments of
      extraction with ether, washing and drying of the organic extracts. On
      evaporation of the organic phase, 7.72 g of the desired monoketal were
      obtained. This product showed a purity of about 60-70%; B.p.
      87.degree.-90.degree./0.001 Torr. IR : 1675, 1620, 1360 and 980
      cm.sup..sup.-1 ; NMR (CCl.sub.4)) : 0.88 (6H); 1.19 (3H); 2.15 (3H);
      1.0-2.2 (6H); 3.80 (4H); 5.87 (1H); 6.46 (1H) .delta. ppm
PAC  3. 5 Isopropyl-non-3-ene-2,8-diol
PAR  2.5 g of 5-isopropyl-non-3-ene-2,8-dione, prepared in accordance with the
      method described in paragraph a) of the previous example, in 10 ml of
      anhydrous ether were added to a mixture of 0.292 g (7.7 mM) of
      lithiumaluminiumhydride in 10 ml of ether and 10 ml of tetrahydrofuran.
      The reaction mixture was left under stirring at 20.degree. overnight, then
      it was poured onto a concentrated aqueous solution of ammonium chloride,
      extracted and teated as usual. The obtained residue was purified by column
      chromatography (50 g of silica gel; eluant: ether/petrol ether) to yield
      the desired diol (1.3 g: yield 51%); B.p. 102.degree./0.001 Torr;
      n.sub.D.sup.20 32  1.4645; d.sub.4.sup.20 = 0.9275;
PA1  Ir : 3350, 1120, 1060 and 970 cm .sup..sup.-1 ;
PA1  Nmr (ccl.sub.4) : 0.67 (1H, s); 0.75-1.00 (6H, m); 1.16 (bH, t apparent,
      J=7.5 cps); 1.0-2.5 (6H, m); 2.8-4.5 (3H, very broad s); 5.37 (2H, m)
      .delta. ppm.
PAC  4. 8-Hydroxy-5-isopropyl-nonan-2-one
PAR  A mixture of 1.74 g (8.7 mM) of 5-isopropyl-nonane-2,8-dione, which can be
      prepared according to the method described in Example 6 hereinafter, 0.545
      g (8.7 mM) of ethylene-glycol, 0.020 of p-toluenesulfonic acid in 20 ml of
      benzene was refluxed during 11/2 h in a Dean & Stark type separator. The
      usual treatments of extraction with ether, washing, drying and evaporation
      afforded 2.2 g of a mixture mainly containing a monoketal of formula
      ##SPC4##
PAL  This mixture was then reduced by means of 0.175 g (4.6 mM) of
      lithiumaluminiumhydride in ether at 20.degree. during 20 h. After the
      usual treatments of decomposition of the excess of lithiumaluminiumhydride
      the reaction mixture was treated with 6 ml of a 5% aqueous sulphuric acid
      in 20 ml of dioxan. By extraction with ether followed by washing, drying
      and evaporation of the combined extracts there was obtained a residue (2
      g) which on purification by column chromatography (40 g of silica gel;
      eluant: a mixture of benzene and ethyl acetate 95:5) gave 0.60 g (34%) of
      8-hydroxy-5-isopropylnonan-2-one; B.p. 90.degree./0.001 Torr;
PA1  d.sub.4.sup.20 = 0.9368; n.sub.D.sup.20 = 1.4589
PA1  Ir : 3450, 1705, 1360 cm.sup..sup.-1
PA1  Nmr (cdcl.sub.3) : 0.84 (6H, d, J=6 cps); 1.19 (3H, d, J=6 cps); 0.9-1.9
      (9H, m); 2.15 (3H, s); 2.44 (2H, t, J=8 cps); 3.78 (1H, m) .delta. ppm.
PAC  5. 5-Isopropyl-nonane-2,8-diol
PAR  2.5 G (12.6 mM) of 5-isopropyl-nonane-2,8-dione, which can be prepared
      according to the process described in Example 6 hereinafter, in 10 ml of
      anhydrous ether were added to a mixture of 0.570 g (50 mM) of
      lithiumaluminiumhydride in 10 ml of ether and 10 ml of tetrahydrofuran.
      The reaction mixture was kept under stirring overnight at 20.degree. and
      poured then onto a saturated aqueous solution of ammonium chloride. After
      the usual treatments of extraction, washing and drying followed by
      evaporation of the volatile portions there was obtained a residue which on
      fractional distillation gave 2.3 g (90%) of the desired diol; B.p.
      120.degree./0.001 Torr;
PA1  d.sub.4.sup.20 = 0.9388 ; n.sub.D.sup.20 = 1.4631
PA1  Ir : 3370 and 1120 cm.sup..sup.-1 ;
PA1  Nmr (ccl.sub.4) : 0.85 (6H, d, J=6 cps); 1.13 (6H, d, J=6 cps); 1.0-2.2
      (10H, m); 3.3-4.5 (4H, m) .delta. ppm
PAC  6. 5-Isopropyl-nonane-2,8-dione
PAR  1.96 G (10 mM) of 5-isopropyl-non-3-ene-2,8-dione, prepared according to
      the method described in paragraph a) of Example 2, in 20 ml of ethyl
      acetate were reduced by catalytic hydrogenation in the presence of 0.196 g
      of palladium at 10% over charcoal. After filtration and evaporation of the
      volatile portions, a residue was obtained which by fractional distillation
      gave 1.77 g (89%), of the desired dione;
PA1  B.p. 80.degree./0.001 Torr;
PA1  d.sub.4.sup.20 =0.9292; n.sub.D.sup.20 = 1.4501
PA1  Ir : 1710 and 1360 cm.sup..sup.-1 ;
PA1  Ms : m-18 = 180;
PA1  nmr (ccl.sub.4) : 0.85 (6H, d, J=6 cps); 1.0-1.9 (6H, m); 2.05 (6H, s);
      2.37 (4H, t, J=7 cps) .delta. ppm.
PAC  7. 3,4-Epoxy-5-isopropyl-nonane-2,8-dione
PAR  A solution of 16.25 g (ca. 40 mM) of the keto-ketal prepared in accordance
      with the procedure described in Example 2, in 125 ml of anhydrous ether
      was added during 50 min. at room temperature to a mixture of 1.14 g (30
      mM) of lithiumaluminiumhydride in 75 ml of anhydrous ether. The reaction
      mixture was then stirred during 4 hrs. and subsequently the excess of
      lithiumaluminiumhydride was decomposed with moist ether, whereupon the
      mixture was poured into a concentrated aqueous solution of ammonium
      chloride. By the usual treatments of extraction with ether, washing,
      drying and evaporation of the organic extracts, 16 g of a product were
      obtained, the analytical data of which were the following:
PA1  Ir : 3450, 1050, 965 cm.sup..sup.-1 ;
PA1  Ms : m-15 = 227;
PA1  nmr (ccl.sub.4) : 0.85 (6H, m); 1.17 (3H, d, J=6 cps); 1.18 (3H, s);
      1.0-2.3 (6H, m); 3.78 (4H, s); 3.9-4.5 (2H, m); 5.2-5.5 (2H, m) .delta.
      ppm
PAL  The product thus obtained was dissolved in 20.4 g (100 mM) of
      m-chloroperoxybenzoic acid at 85% in 380 ml of chloroform. After having
      been left 24 h at 20.degree., the reaction mixture was evaporated to
      dryness under reduced pressure and the residue was taken up with petrol
      ether (B.p. 30.degree.-50.degree.), and the organic phase washed with a 5%
      aqueous solution of sodium carbonate followed by a concentrated aqueous
      solution of sodium chloride.
PAR  After the usual treatments, there was obtained the
      3,4-epoxy-5-isopropyl-2-hydroxy-nonan-8-one ketal (18 g). This product was
      treated with 160 g of MnO.sub.2, previously activated during 20 hrs. at
      120.degree., in 1.4 l of benzene in nitrogen atmosphere. After 2 days of
      stirring at 20.degree., the mixture was filtered and the clear filtrate
      evaporated to dryness. There was thus obtained a residue which was then
      treated with 2% aqueous sulphuric acid in a mixture of ether and dioxan
      (1:1:1). This mixture was extracted with etther and the organic extracts
      were subjected to the usual treatments to give 11 g of
      3,4-epoxy-5-isopropyl-nonane-2,8-dione which on purification by means of
      column chromatography (silica gel; eluant: petrol ether:ether 9:1 to 1:1)
      gave the desired diketo-epoxide in its pure state.
PA1  B.p. 90.degree./0.001 Torr; d.sub.4.sup.20 = 1.0105; n.sub.D.sup.20 =
      1.4594
PA1  Ir (ccl.sub.4) : 1700, 1355, 1240, 1160 and 860 cm.sup..sup.-1
PA1  Ms : m-43 = 169;
PA1  nmr cdcl.sub.3) : 0.95 (6h, 2d); 1.11-2.00 (4H, m); 2.09 (3H, s) 2.18 (3H,
      s); 2.65 (2H, t, J=7.5 cps); 2.85 (1H, d of d, J=8.5 cps, J'=ca. 2 cps);
      3.19 (1H, d, J=ca. 2 cps) .delta. ppm
PAC  8. 8-Hydroxy-5-isopropyl-8-methyl-non-6-ene-2-one
PAR  7.2 G (18 mM) of the monoketal prepared in accordance with the procedure
      described in Example 2, in 20 ml of ether were added to a mixture of 1.09
      (45 mM) of magnesium turnings, 60 ml of anhydrous ether and an excess of
      methyl bromide according to the usual technique applied for the Grignard
      type reactions. The reaction mixture was then refluxed for 1 h and left at
      room temperature overnight, whereupon it was poured into anicy 5% aqueous
      solution of sulphuric acid. After having been left at room temperature for
      21/2 h more, the organic phase was separated and subjected to the usual
      treatments of washing with a 5% aqueous solution of sodium carbonate
      followed by a further washing with water. After drying and evporation, 7 g
      of a raw material were obtained which by purification by means of column
      chromatography gave 3.06 g (44% of the desired product.
PA1  B.p. 85.degree./0.001 Torr; d.sub.4.sup.20 = 1.4600
PA1  Ir : 3450, 1700, 1360, 1150 and 970 cm.sup..sup.-1 ;
PA1  Ms : m-18 = 195;
PA1  nmr (ccl.sub.4) 0.85 (6H, 2d); 1.22 (6H, s); 2.03 (3H, s); 1.1-2.0 (4H, m);
      2.1-2.5 (3H, m); 5.23-5.50 (2H, m) .delta. ppm.
PAC  9. 6,7-Epoxy-8-hydroxy-5-isopropyl-8-methyl-nonan-2-one
PAR  2.96 G of 8-hydroxy-5-isopropyl-8-methyl-non-6-en-2-one (13.9 mM) were
      treated with 3.4 g (16.7 mM) of m-chloroperoxybenzoic acid at 85% in 90 ml
      of chloroform. The reaction mixture was kept during 72 hrs. at 20.degree.
      whereupon it was concentrated at low temperature and the obtained residue
      taken up with petrol ether. After filtration, the clear filtrate was
      subjected to the usual treatments to give 3 g of the desired raw
      epoxy-ketone. By purifying this compound by means of column
      chromatography, 2.51 g of a pure compound were obtained.
PA1  B.p. 100.degree./0.001 Torr; d.sub.4.sup.20 = 0.9905; n.sub.D.sup.20 =
      1.4572
PA1  Ir : 3400, 1360, 1705, 1165, 960 and 900 cm.sup..sup.-1 ;
PA1  Ms : m-59 = 169;
PA1  nmr (cdcl.sub.3): 0.96 (3H, d, J=6 cps); 1.23 (3H, s); 1.27 (3H, s); 2.13
      (3H, s); 1.15-2.10 (5H, m); 2.3-3.0 (4H, m) .delta. ppm.
PAC  10. 2-Isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]octan-7-ylmethyl-ketone
PAR  0.50 G (2.38 mM) of 3,4-epoxy-5-isopropyl-nonane-2,8-dione prepared
      according to the process described in Example 7, in 10 ml of benzene were
      refluxed in the presence of 0.020 g of p-toluenesulfonic acid during 4
      hrs. After a supplemental addition of 0.020 g of p-toluenesulfonic acid
      the reaction mixture was refluxed for 3 hrs. more. By extraction with
      ether followed by the usual treatments of the separated organic extracts,
      0.315 g (63%) of the desired ketal were obtained.
PA1  B.p. 80.degree./0.001 Torr; n.sub.D.sup.20 = 1.4608; d.sub.4.sup.20 =
      1.0324
PA1  Ir (ccl.sub.4) : 1700 and 1375 cm.sup..sup.-1 ;
PA1  Ms : m-32 = 169;
PA1  nmr (cdcl.sub.3) : 1.00 (6H, m); 1.58 (3H, s); 1.0-2.0 (6H, m); 2.25 (3H,
      s); 4.24 (1H, s); 4.55 (1H, m) .delta.ppm. The product is under the form
      of a mixture of its two stereoisomers of formula
PAC  11. 2-(2-Isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]octan-7-yl)-propan-2-ol
      (A) and 6isopropyl-1,3,3-trimethyl-2,9-dioxabicyclo[3.3.1]nonan-4-ol (B)
PAR  2.1 G (9.2 mM) of the epoxy-ketol prepared according to the procedure
      described in Example 9, in 45 ml of benzene were refluxed with 0.045 g of
      p-toluenesulfonic acid during 2 h according to the conditions used in the
      course of the preparation described in Example 10 hereinabove. 2.2 g of a
      raw material were thus obtained which on purification by column
      chromatography (silica gel; eluant: petrol ether: ether 4:1) gave 1.2 g of
      a mixture of 2 hydroxy-ketals. These latter can be separated by vpc
      (CARBOWAX .sup.R 5%; 200.degree.; 2,5 m).
      ##SPC5##
PA1  Ir (ccl.sub.4) : 3500, 1030 cm.sup..sup.-1 ;
PA1  Ms : m-59 = 169;
PA1  nmr (cdcl.sub.3) : 1.00 (6H, d, J=6 cps); 1.22 (3H, s); 138 (3H, s); 1.46
      (3H, s); 2.13 (1H, s); 1.1-2.3 (6H, m); 3.78 (1H, d, J=4 cps); 4.28 (1H,
      d, J=ca. 4 cps) .delta. ppm
      ##SPC6##
PA1  Ir : 3500 and 1025 cm.sup..sup.-1 ;
PA1  Ms : m-43 = 185;
PA1  nmr (cdcl.sub.3): 0.98 (6H, t apparent, J=5.5 cps); 1.27 (3H, s); 1.33 (3H,
      s); 1.46 (3H, s); 1.1-1.8 (6H, m); 2.05 (1H, d, J=7 cps); 3.55 (1H, d, of
      d, J=7 cps, J'=3 cps); 4.04 (1H, broad s) .delta. ppm.
PA1  2-(2-Isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]octan-7-yl)-propan-2-ol
      prepared hereinabove occurs under the form of a mixture of stereoisomers
      of formula
      ##SPC7##
PAL  These latter correspond to the product as directly isolated from the
      essential oil of Burley tobacco.
PAR  By means of a separate synthesis it has been possible to prepare the
      mixture of the isomers defined by the following formula
      ##SPC8##
PAL  as follows:
PAR  A solution of methylmagnesium bromide was prepared according to the usual
      technique of the Grignard type reactions by treating 0.109 g (4.5 mM) of
      magnesium metal with 10 ml of an ether solution containing 0.475 g (5 mM)
      of methyl bromide. To this solution 0.850 g (4 mM) of the ketal prepared
      according to Example 10, dissolved in 5 ml of anhydrous ether, were added,
      whereupon the mixture was refluxed during 1 hr. and decomposed then with a
      saturated aqueous solution of ammonium chloride. After the usual
      treatments of extraction with ether, washing, evaporation and purification
      of the obtained residue by column chromatography (17 g of silica gel;
      eluant: petrol ether:ether 9:1) there was obtained a mixture of two
      stereoisomers which could then be separated by preparative vpc (CARBOWAX
      5%; 200.degree.; 2.5 m).
PAR  Isomer I:
PA1  Ir : 3500, 1020 and 845 cm.sup..sup.-1 ;
PA1  Nmr (cdcl.sub.3) : 1.00 (6H, t apparent, J=6 cps); 1.19 (6H, s); 1.44 (3H,
      s); 1.3-2.1 (6H, m); 2.06 (1H, s); 3.78 (1H, s); 4.43 (1H, broad s)
      .delta. ppm
PAR  Isomer II:
PA1  Ir : 3500, 1020 and 855 cm.sup..sup.-1 ;
PA1  Nmr (cdcl.sub.3) : 0.93 (6H, t complex band); 1.17 (6H, s); 1.46 (3H, s);
      1.0-1.9 (6H, m); 2.10 (1H, s); 3.80 (1H, s); 4.38 (1H, broad s) .delta.
      ppm.
PAC  12. 1-(2-Isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]octan-7-yl)-ethan-1-ol
PAR  0.1 G (0.47 mM) of the keto-ketal, prepared according to Example 10
      hereinabove, in 3 ml of methanol was reduced by means of 0.01 g of sodium
      borohydride. The reaction mixture was then concentrated under reduced
      pressure and the obtained residue taken up with a 10% aqueous solution of
      hydrochloric acid, extracted with ether, washed with an aqueous solution
      of sodium bicarbonate (5%) and finally with water until neutrality. The
      usual treatments gave the desired product under the form of a mixture of
      stereoisomers which could be characterized as follows:
PAR  Isomer I:
PA1  Nmr : 1.00 (6h, 2d); 1.15 (3H, d, J=6 cps); 1.44 (3H, s); 1.3-2.2 (6H, m);
      2.51 (1H, broad s); 3.53-3.84 (2H, m); 4.29 (1H, broad s) .delta. ppm.
PAR  Isomer II:
PA1  Nmr : 0.95 (6h, m); 1.20 (3H, d, J=6 cps); 1.44 (3H, s); 1.0-2.0 (7H, m);
      3.55-3.95 (2H, m); 4.49 (1H, broad s) .delta. ppm
PAR  Isomer III:
PA1  Nmr : 0.95 (6h, m); 1.15 (3H, d, J=6 cps); 1.46 (3H, s); 1.0-2.0 (6H, m);
      2.60 (1H, broad s); 3.44-3.85 (2H, m); 4.25 (1H, broad s) .delta. ppm
      These isomers may be represented by the following formula
      ##SPC9##
PAC  13. Aromatization of tobacco
PAR  10 G of a American blend tobacco mixture were sprayed with 0.5 g of a
      1.degree./oo solution of 8-hydroxy-5-isopropyl-non-6-en-2-one in 95%
      ethanol, and the tobacco thus flavored was used to manufacture "test"
      cigarettes. As a control, cigarettes were also manufactured from the same
      tobacco mixture, sprayed with 95% ethanol alone. The smoke from the
      cigarettes was subjected to organoleptic evaluation by a panel of flavor
      experts, who unanimously stated that the smoke of the flavored cigarettes
      possessed a characteristic woody note, particularly interesting for the
      reconstitution of the "cigar" aroma. Other samples were equally evaluated
      in accordance with the same procedure and by using the same proportions.
      The following table gives a list of the products thus evaluated together
      with the mention of the developed flavor.
TBL                TABLE                                                       
     ______________________________________                                    
     Compound   organoleptic evaluation .sup.(1)                               
     ______________________________________                                    
     a          woody                                                          
     b          see example 13                                                 
     c          powerful, tobacco character, reminiscent                       
                of the note of cigar                                           
     d          woody, dry                                                     
     e          woody, animal                                                  
     f          woody, animal                                                  
     g          slightly fruity                                                
     h          woody, dry, tobacco character                                  
     i          tobacco notes of Virginia type                                 
     j          hay note                                                       
     k          woody, green                                                   
     l          burnt, animal                                                  
     m          woody                                                          
     ______________________________________                                    
      .sup.(1) The organoleptic characters mentioned refer to the properties of
      the tested compounds on tobacco relative to the same tobacco unflavoured.
PAL  (1) The organoleptic characters mentioned refer to the properties of the
      tested compounds on tobacco relative to the same tobacco unflavored.
PAC  14. Perfume composition of the type "Classic Eau de Cologne"
PAR  A base perfume composition of "Classic Eau de Cologne" type was prepared by
      admixing the following ingredients (parts by weight):
TBL  Lemon oil           250                                                   
     Bergamot artificial oil                                                   
                         250                                                   
     Sweet orange oil    100                                                   
     Petitgrain bigarade 100                                                   
     Lavender            90                                                    
     Neroli bigarade     10                                                    
     Muscone 10 %*       100                                                   
     Total               900                                                   
      *in 95 % ethanol                                                         
PAR  By adding to 90 parts by weight of the above given base perfume composition
      10 parts by weight of 8-hydroxy-5-isopropyl-non-6-en-2-one, a novel
      composition was obtained. This composition possessed an enhanced odour of
      witch hazel type with a pleasant character of hay.
PAR  By substituting in the above example
      8-hydroxy-5-isopropyl-8-methyl-non-6-en-2-one or
      2-(2-isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]octan-7-yl)-propan-2-ol
      for 8-hydroxy-5-isopropyl-non-6-en-2-one, similar effects were observed.
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ABST
PAL  Modified polytetramethylene ether glycol containing a 2,3-dibromo-2-butene
      segment is disclosed. This glycol maintains or improves properties of
      flexible polyurethanes and polyesters made therefrom and, in addition,
      improves the fire retardant properties of these resulting polymers. The
      chemically stable fire retardant diol provides a reactive flame retardant
      which is non-fugitive and non-migratory, and is neither extracted, nor
      volatilized from the elastomer into which it is incorporated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention provides a new fire retardant polytetramethylene ether
      glycol which is useful as a diol component in making fire retardant
      esters, and which is useful as a high molecular weight or macro diol
      ingredient, for example, in preparation of isocyanate prepolymers for
      polyurethane elastomers, and in the preparation of polyurethane elastomers
      by the so called one-shot methods in which a high molecular weight diol, a
      low molecular weight diol, e.g., 1,4-butane diol, and polyisocyanate are
      reacted directly. The resulting polymers are low temperature-flexible,
      fire-retardant elastomers having excellent, and in some instances improved
      properties such as, for example, tear strength and low temperature
      flexibility as compared to polymers prepared by an otherwise identical
      procedure and process but made from unmodified polytetramethylene ether
      glycol.
PAR  2,3-DIBROMO-2-BUTENE-1,4-DIOL HAS BEEN USED AS LOW MOLECULAR WEIGHT GLYCOL
      CHAIN EXTENDER IN PLACE OF ALL OR PART OF A 1,4-BUTANE DIOL INGREDIENT IN
      POLYURETHANE ART FOR REACTION WITH ISOCYANATE GLYCOL PREPOLYMERS. The
      resulting polyurethane product was generally crystalline, and had low
      resiliency. Even though the use of 2,3-dibromo-2-butene-1,4-diol as the
      low molecular weight glycol chain extender has been known for 3 or 4
      years, the undesirable hard, crystalline physical characteristics of the
      resulting elastomer has resulted, to the best of our present
      understanding, in very slow, if any, commercial adoption of this avenue
      towards providing improved fire retardant elastomers.
PAR  The use of polytetramethylene ether glycol, also known as
      poly(tetramethylene glycol) in the patent art, is widely known and well
      established as a high molecular weight diol in the manufacture of
      polyurethane and polyester elastomers.
PAR  It is an object of the present invention to provide a novel, modified
      polytetramethylene ether glycol which has iproved fire resistance, which
      has physical and chemical properties substantially identical to those of
      the commercially established polytetramethylene ether glycols and which is
      useful as a reactive fire retardant in the manufacture of polyester and
      polyurethane compositions. Generally speaking, so called reactive flame
      retardants are preferred, in many respects, to the so called non-reactive
      flame retardants which are merely incorporated into elastomers
      mechanically or physically, and which are not chemically integrated in the
      elastomer molecule. The modified polytetramethylene ether glycol, in
      accordance with the present invention, provides a non-fugitive fire
      retardant component which will not migrate, be lost by solvent extraction,
      nor be volatilized, thus providing an extremely high level of permanence
      with respect to the first fire retardant characteristics. In addition, in
      accordance with the present invention, the fire retardant component or
      ingredient provides a process convenience inasmuch as the use of
      polytetramethylene ether glycol is now well established with respect to
      polyester and polyurethane art, and inasmuch as the fire retardant
      modified polytetramethylene ether glycol in accordance with the present
      invention is incorporated into the elastomers and other polymers using
      known, established procedures. Additionally the bother associated with an
      additional ingredient is obviated as well as the problem of obtaining
      uniform distribution of an "inert" additive in the polymer matrix.
PAR  It is becoming increasingly more widely appreciated that fire retardant
      characteristics are provided by incorporating halogen-containing
      components into elastomers and other polymers. Howver, the halogenation of
      polytetramethylene ether glycol polymers by direct halogenation results
      primarily in alpha-halo ethers, and the chemical instability of alpha-halo
      ethers is well known. Chemically unstable halogen-containing
      polytetramethylene ether glycols would be regarded as unsuitable for use
      in the manufacture of polyurethanes, because the hydro-halic acid evolved
      would cause what would be regarded as intolerable levels and variation in
      the acid number. The compounds in accordance with the present invention
      are surprisingly stable with respect to chemical and physical properties.
PAR  In its broadest aspects, the present invention provides novel modified
      polytetramethylene ether glycols of the following formula: (Formula I)
      ##EQU1##
      wherein m and n is an integer, can include zero, and wherein both m and n
      cannot be zero at the same time, and wherein X is:
      ##EQU2##
      and wherein m and n are integers such that the number average molecular
      weight of the composition is in the range 400-5000 molecular weight
      inclusive.
PAR  The presently contemplated best mode for producing the modified
      polytetramethylene ether glycol in accordance with the present invention
      comprises reacting 2,3-dibromo-2-butene-1,4-diol with the catalytically
      active tetrahydrofuran-catalyst-polymer mixture which is formed as a
      result of the reaction of tetrahydrofuran and a tetrahydrofuran
      polymerization catalyst. The unsaturated monomeric bromo diol is added to
      the catalytically active mixture, and is permitted to react with the
      catalytically active tetrahydrofuran polymer prior to the termination of
      the remaining catalytic activity of the mixture by reaction with excess of
      water. The polymerization of tetrahydrofuran is discussed at great length
      in U.S. Pat. No. 3,454,652 to Andrew P. Dunlop and Edward Sherman for
      "Process for Producing Tetrahydrofuran Polymers". In that patent, the
      patentees describe in considerable detail the polymerization of
      tetrahydrofuran (THF), and, in addition, disclose a list of catalysts for
      polymerization of tetrahydrofuran, as well as a number of catalytic
      activity terminating agents. catalytically active THF-catalyst-polymer
      mixture for use in accordance with the present invention can be made using
      any of the procedures set forth in that patent. Also, in accordance with
      the present invention, any of the catalystic activity termination agents
      set forth in that patent can be used, although the use of water or
      1,4-butane diol is preferred.
PAR  It is not necessary that the temperature of the reaction mixtures be
      lowered prior to termination of catalytic activity. As set forth in the
      following discussion, it is preferred to permit the
      2,3-dibromo-2-butene-1,4-diol to react at slightly elevated temperatures
      e.g. at 60.degree.C. and above, prior to the catalytic activity
      termination.
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PAR  The invention is further illustrated with the aid of the attached drawing
      and the following discussion and illustrative examples. FIG. 1 sets forth
      plots of actual test data of Example 8, herein, in which the burning times
      of the referred-to polyurethane elastomers are plotted against oxygen
      concentration (Vol. %) using the test equipment and conditions in
      accordance with ASTM designation D-2863 "Flammability of Plastics Using
      The Oxygen Index Method" as modified by Nelson and Webb.
DETD
PAR  In the discussion herein, and in the illustrative examples all temperatures
      are expressed in degrees centigrade and all parts are expressed in parts
      by weight unless otherwise indicated. In the following discussion and
      examples the preparation of compounds in accordance with the present
      invention is initially illustrated, and the use and incorporation of
      compounds in accordance with the present invention in the fabrication of
      polyurethanes and polyesters is then discussed, and the improved fire
      retardant characteristic is thereafter illustrated.
PAR  Examples 1-5 are summarized in Table 1, and Example 7 is summarized in
      Table 2. The fire retardancies of elastomers described in Examples 6 and 7
      are illustrated in Example 8, and in FIG. 1. In the Tables, THF refers to
      tetrahydrofuran, FSA refers to fluosulfonic acid, and 2,3-DB refers to
      2,3-dibromo-2-butene-1,4-diol. In Table 1, % Conversion refers to the
      weight of the reaction product (after unreacted monomers are stripped
      therefrom) divided by the total weight of the THF and
      2,3-dibromo-2-butene-1,4-diol ingredients, multiplied by 100.
      Substantially quantitative yields, based on conversion, were achieved in
      each instance.
PAR  As used herein, Mn refers to number average molecular weight. The number
      average weights obtained from calculations based on hydroxyl content as
      determined by acetylation is referred to as Mn (OH). The number average
      molecular weight obtained from calculations based on vapor phase osmometer
      is referred to as Mn (VPO). The number average molecular weight calculated
      from hydroxyl content based on reaction with phenyl isocyanate is referred
      to as Mn (NCO).
PAC  EXAMPLE 1
PAR  453 grams (6.30 mol.) of tetrahydrofuran (THF) was placed in a three-neck
      flask equipped with a thermometer, a mechanical stirrer, and a dropping
      funnel connected to a drying tube. To this was slowly added at
      25.degree.C., 45 grams (0.45 mol.) of fluosulfonic acid. The mixture was
      reacted first at 35.degree.C. for 1 hour and then at 25.degree.C. for 3
      hours to provide a catalytically active THF-catalyst-polymer mixture
      ("living polymer"). 110.6 Grams (0.45 mol.) of
      2,3-dibromo-2-butene-1,4-diol was added to the mixture at 25.degree.C.,
      and the resulting mixture was heated and permitted to react at
      60.degree.-65.degree.C. for 3 hours. The reaction mixture was then cooled
      to about 40.degree.C. and quenched by addition of an excess of water
      namely about 500 grams. This amount of water added here is far more than
      enough to react stoichiometrically on a mole per mole basis with the
      fluosulfonic acid catalyst. The resulting mixture is subjected to steam
      distillation in which unreacted THF is removed, and an organic layer and
      an aqueous layer is formed. These layers were separated while hot. The
      steam distillation was repeated until the gel permeation chromatogram of
      the organic layer verified the absence of monomeric
      2,3-dibromo-2-butene-1,4-diol in the organic layer. The organic layer was
      then diluted with an equal volume of toluene and neutralized with an
      excess of calcium hydroxide. The calcium hydroxide-containing organic
      layer was filtered, and the solvent was removed. The viscous liquid so
      obtained was subjected to a high vacuum stripping at 0.005 mm
      Hg/95.degree.C. for several hours, and filtered through a celite bed to
      give 197.0 grams of clear viscous product. The IR and NMR spectra of this
      product agreed with the structure of formula 1 in which n = zero, and the
      gas phase chromotograph study proved the absence of 2,3-dibromo-2-butene
      1,4-diol. The other analytical data were as follows: Hydroxyl number:
      74.30, Acid number: 0.048, Mn (OH)(by acetyl method): 1510, Mn(NCO)(by
      phenyl isocyanate): 1696, Mn(VPO)(vapour phase osmometer): 1358, and
      B.sub.r content by elemental analysis: 9.11%.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated except that 878.4 grams (12.15
      mol.) of THF was polymerized by 135 grams (1.35 mol.) of fluosulfonic
      acid, and the living polymer so formed was reacted with 331.8 grams (1.35
      mol.) of 2,3-dibromo-2-butene-1,4-diol prior to addition of the catalyst
      activity terminating agent, namely, water. After it was worked up as
      described in Example 1, it gave 324.6 grams of clear viscous product.
      Besides the agreements of the IR and NMR spectra with the proposed
      structure, (Formula I) it gave the following analytical results: Hydroxyl
      number: 130.100 mgKOH/g, Acid number: 0.062, Mn(OH): 859, Mn(NCO): 951,
      MN(VPO): 845, and B.sub.r content by elemental analysis: 19.17%.
PAC  Example 3 and 4
PAR  The procedure of Examples 1 and 2 is repeated in Tests 3 and 4 exept that
      different ratios of reactants are utilized, as set forth in Table I. The
      results of Examples 3 and 4 are also summarized in Table I.
PAR  The analysis and characteristics of the compounds produced in accordance
      with Examples 3 and 4, which compounds are in accordance with the present
      invention, are also set forth in tabular form in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Mole Ratio               Analysis                      B.sub.r            
                                                                Con-           
     Example           Reaction                                                
                              OH No.                                           
                                    H+No.                  Content             
                                                                version        
     No.  FSA THF 2,3-DB                                                       
                       Condn. MgKOH/g                                          
                                    MgKOH/g                                    
                                          Mn(OH)                               
                                               Mn(VPO)                         
                                                     Mn(NCO)                   
                                                           (%)  (%)            
     __________________________________________________________________________
     1    1   14  1    60.degree.C/4 hr.                                       
                               74.293                                          
                                    0.048 1510 1358  1696   9.11               
                                                                34.8           
     2    1    9  1    "      130.078                                          
                                    0.062  859  845   951  19.17               
                                                                27.0           
     3    1   12  1    "       82.591                                          
                                    0.024 1355 1340  1316  12.48               
                                                                32.2           
     4    1   10  1    "      105.298                                          
                                    0.000 1055  990   938  20.99               
                                                                32.4           
     5    2   14  1    "      121.077                                          
                                    0.025  920  747   836  21.30               
                                                                38.8           
     __________________________________________________________________________
PAR  It is noted that the IR and NMR spectra of the product produced in
      accordance with the procedure of Examples 1-4 confirmed the structure set
      forth in formula 1 above in which n is zero. That is, the products
      produced in accordance with Examples 1-4, inclusive, provide compounds in
      accordance with the present invention in which the 2,3-dibromo-2-butene
      segment is terminal with respect to the polytetramethylene ether glycol,
      that is, n is zero.
PAR  Also in accordance with the present invention, the 2,3-dibromo-2-butene
      segment can be located internally with respect to the polytetramethylene
      ether glycol chain in which case m and n are both positive integers, not
      zero. An illustrative procedure for forming the compounds in accordance
      with the present invention in which the 2,3-dibromo-2-butene segment is
      internal is provided in Example 5 below.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 is repeated except that the ratios of the
      reactants are changed.
PAR  The ratios of the reactants, and the analysis and other characteristics of
      the resulting product are set forth in Table 1 under Example 5.
PAR  It is noted that in Example 5 the molar ratio of fluosulfonic acid catalyst
      to 2,3-dibromo-2-butene-1,4-diol was 2:1. Generally speaking, the use of
      approximately 1/2 mole of 2,3-dibromo-2-butene-1,4-diol is preferred for
      the production of the improved modified polytetramethylene ether glycol in
      accordance with the present invention in which the 2,3-dibromo-2-butene
      segment is internally located.
PAR  Alternatively, generally speaking, the internal positioning of the
      2,3-dibromo-2-butene segment can be achieved by adding the
      2,3-dibromo-2-butene-1,4-diol to the "living polymer" slowly at elevated
      temperatures e.g. 60.degree.-65.degree.C., regardless of the mole ratio of
      the reactants. However, the rate of the incorporation reaction of the
      2,3-dibromo-2-butene-1,4-diol is surprisingly slow, and it is preferred to
      provide, as ingredients, the reactants in the desired ratios, adding the
      bromo-diol ingredient at a relatively low temperature e.g. 25.degree.C.,
      and thereafter to raise the temperature to a temperature at which the
      subsequent reaction will take place at a reasonably fast rate e.g.
      60.degree.C. The NMR spectra of the product of Example 5 confirms the
      internally positioning of the 2,3-dibromo-2-butene segment in which m and
      n are both positive integers, not zero.
PAC  EXAMPLE 6
PAR  One mole of the bromine-containing modified glycol prepared in Example 2
      was transformed into a polyurethane elastomer by reacting it with 2.78
      mol. of diphenylmethane-4,4'-diisocyanate to form a "prepolymer", followed
      by chain extension of the prepolymer by 1.69 mol. of 1,4-butane diol. The
      prepolymer was prepared by melting the isocyanate starting material at
      50.degree.C., and charging it into the glycol at such a rate as to not
      exceed 70.degree.C., and finally maintaining the resulting material at
      between 70.degree.-80.degree.C. for an hour, and then degassing at 5 mm.
      Hg at 75.degree.C. The isocyanate member is then determined. Thereafter
      the 1,4-butane diol is added at 70.degree.C., with slow stirring to avoid
      bubble formation and the hot mix is passed into a 110.degree.C. mold and
      cured at 110.degree.C. overnight. The elastomer so obtained was a
      non-tacky material.
PAR  Other physical characteristics of this elastomer were as follows: Hardness
      (Shore D): 55, Tensile strength (ASTM D-142 Instron): 5165 psi, Elongation
      (ASTM D-412 Instron): 303%, 100% Modulus (ASTM D-412 Instron): 2193 psi,
      300% Modulus (ASTM D-412 Instron): 4710 psi, Split tear (Instron): 212
      pli, Compression set (ASTM D-475 Constant Deflection) (B): 45%, and
      Rebound (Resilience Bashore): 33%. Thus, the elastomer prepared from the
      modified glycol of the present invention as illustrated in Example 9,
      proved to have a good fire resistant character.
PAR  The product produced in accordance with Example 6 was cast as an elastomer.
      To further illustrate the incorporation of the polytetramethylene ether
      glycol in accordance with the present invention in a thermoplastic cast
      elastomer the procedure of Example 7 is provided.
PAC  EXAMPLE 7
PAR  One mole of the bromine-containing diol prepared in Example 3 was
      transformed into a polyurethane elastomer by first forming a prepolymer by
      reacting the one mole of the fire retardant polytetramethylene ether
      glycol with 2.5 moles of diphenylmethane-4,4'-diisocyanate. This reaction
      is carried out in accordance with conditions which are well known in the
      thermoplastic polyurethane art as set forth in Example 6. The resulting
      prepolymer is then admixed with 1,4-butane diol at the ratio of 6.7 parts
      by weight of 1,4-butane diol per 100 parts of said prepolymer as in
      Example 6. These reaction conditions correspond to an isocyanate number of
      1.005 per hydroxyl number. The resulting admixture constitutes a viscous
      liquid which was poured into a flat mold, covered and cured overnight at
      110.degree.C.
PAR  For the purpose of comparing the use of the modified polyether glycol in
      accordance with the present invention with conventional polytetramethylene
      ether glycol, a control test was run using a commercially available
      polytetramethylene ether glycol identified as Polymeg 1000 (T.M. The
      Quaker Oats Company). The comparison of the data of Example 7, including
      the comparison of the molecular weight, reactant ratios, and physical
      properties of the resulting cast elastomers is sete forth in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     CAST ELASTOMER PROPERTIES                                                 
                     (Polymeg 1000)                                            
                                Modified                                       
                     Control    Glycol                                         
     ______________________________________                                    
     Glycol Analysis                                                           
     OH No.            113.6        82.59                                      
     Mn (OH)           988          1355                                       
     Mn (VPO)          --           1340                                       
     Mn (NCO)          --           1316                                       
     Acid No.          .016         .024                                       
     Wt. % Bromine     --           12.48                                      
     Prepolymer Analysis                                                       
     NCO/OH            2            2.5                                        
     % FNCO, Theory    5.65         6.35                                       
     Found             5.41         6.34                                       
     Reaction Time at 80.degree.C.                                             
                       2            6                                          
     Cast Thermoplastic Elastomers*                                            
     Ingredients                                                               
     Prepolymer (parts by weight)                                              
                       100          100                                        
     1,4-BDO (parts by weight)                                                 
                       5.8          6.7                                        
     NCO/OH            1.005        1.005                                      
     Wt. % Bromine     --           8                                          
     Hardness Shore A  83           85                                         
          Shore D      34           38                                         
     Tensile Psi       4790         3070                                       
     Elongation %      510          700                                        
     100% Modulus Psi  650          730                                        
     300% Modulus Psi  1280         1270                                       
     Split Tear, Pli   60           195                                        
     Die "C" Tear, Pli 370          430                                        
     Bashore Rebound, %                                                        
                       48           47                                         
     Abr.Res. GMS-Loss .031         .18                                        
     Compression Set (B) %                                                     
                       46           57.5                                       
     T.sub.F           -48.5        -54.5                                      
     ______________________________________                                    
      *Samples of each were dried 2 hours at 100.degree.C. under house vacuum  
      for Brabender stability tests. Brabender stability tests at 150.degree.C.
      for 1 hour showed no difference between the two thermoplastic cast       
      elastomers.                                                              
PAC  EXAMPLE 8
PAR  The fire resistant characteristics of the bromine-containing polyurethane
      elastomers were studied and FIG. 1 herein provides a comparison of the
      burning time at different oxygen concentration in nitrogen flow. In FIG. 1
      three data plots are set forth and identified as Plot I, II, and III,
      respectively to depict the data obtained using polymers I, II, and III
      respectively. Polymer I is a control thermoplastic polyurethane elastomer
      prepared from polytetramethylene ether glycol MW1000 (Polymeg 1000 T.M.
      The Quaker Oats Company). See Example 7 and Table II for the elastomer
      preparation and the elastomer characteristics. Polymer II is a
      thermoplastic polyurethane polymer prepared from the bromine-containing
      diol described in Example 3. See Example 7 and Table II for the elastomer
      preparation and the elastomer characteristics. Polymer III is a
      polyurethane elastomer prepared from the bromine-containing diol described
      in Example 2. See Example 6 for the elastomer preparation and the
      elastomer characteristics. In the procedure of this example, the
      respective sample elastomers were cut into particles of 2-3 mm diameter,
      and 1.5 grams of the respective samples were used for each of the burning
      tests. The General Electric Oxygen Index Flammability Gauge, Model
      CR280FM11B was used with a small ceramic dish provided by the General
      Electric Fluid Flammability Test Kit Model CR280KF11A. Propane was used as
      the flame source and the ignitions were carried out for 20 seconds. It is
      noted that some unburned material remains at the end of the individual
      burning tests.
PAR  The method used in this test is similar to ASTM D-2863; however, it was
      found necessary to modify the ASTM test in accordance with the procedure
      of G. L. Nelson and J. L. Webb, "Oxygen Index of Liquids and
      Applications", J. Fire and Flammability, Vol. 4 pages 210-226. It is noted
      that the ASTM test referred to above strictly construed is the so-called
      "candle" test in which the sample to be burned is placed vertically and
      ignited at the top. Thermoplastic elastomers do not lend themselves to
      such procedure because of the fact that the vertical orientation is not
      maintained in the zone immediately adjacent the ignited portion of the
      sample, and inasmuch as the molten flaming material tends to flow
      downwardly over the rest of the sample thus rendering the test results
      non-comparable to rigid plastics, for example. Also, when strictly
      construed, the ASTM D-2863 method calls for observing the oxygen
      concentration required to provide 3 minutes of burning time. In the
      procedure of this example, burning times were determined at various oxygen
      concentrations, and the results were provided as a plot of burning time
      vs. oxygen concentration as shown in FIG. 1 herein, over a wide range of
      oxygen concentrations, and burning times. Generally speaking, it was found
      that the length of burning time changed with the concentration of oxygen
      in the nitrogen stream.
PAR  By this modified procedure the fire resistant characteristics and the
      burning patterns of the compounds are much more precisely observed than
      the method in which a specific burning time is specified e.g. 3 minutes.
      For example, it can be seen in Curve I in FIG. 1, which represents the
      burning pattern of the control elastomer referred to in paragraph 7, that
      the elastomer would burn at any length of time between 1.25 minutes and
      4.5 minutes at its own limiting oxygen index number, 21.25. On the other
      hand, it is also apparent from curve II in the same figure, which
      represents the fire resistant elastomer prepared in Example 7 herein, that
      the burning time of this highly fire resistant elastomer does not reach 3
      minutes. Carbonization is believed to be one of the important factors in
      the performance in this case, but it is not our intention to be bound by
      any theories in this respect.
PAR  The polyurethane polymer used in Test III differs from the polyurethane
      polymer of Test II in that the bromine content of the polymer III was
      approximately 8.6 percent, whereas the bromine content of polymer II was
      approximately 6 percent. It is apparent from a consideration of FIG. 1,
      that the burning characteristics of polymer III (see Tests II and III) are
      vastly superior to those of polymer I, even though polymer III is not as
      good. It is preferred, in accordance with the present invention, that
      polyurethane elastomers made with the improved bromine-containing
      polytetramethylene ether glycol in accordance with the present invention
      utilize sufficient modified polytetramethylene ether glycol to provide
      more than 9.0 percent bromine in the resulting polyurethane elastomer.
PAC  EXAMPLE 9
PAR  1.l mole of the modified polytetramethylene ether diol produced in
      accordance with Example 2 was heated to 80.degree.C. with stirring while
      nitrogen was bubbled there through in a slow stream. Then 1.0 mole of
      maleic anhydride was added. The temperature was raised to 150.degree.C.
      over 1 hour, then to 190.degree.C. over 4 hours. An exothermal reaction
      occured, and the heat was removed until the exotherm subsided. The
      temperature was maintained at 190.degree.C. for 1 hour, and a vacuum of
      100-200 mm. was applied. The temperature was lowered to, and maintained at
      170.degree.C. for 1 hour. The vacuum was removed, the reaction product
      permitted to cool to 100.degree.C. under nitrogen. At 100.degree.C. the
      liquid was poured with good stirring into a styrene at 25.degree.C. to
      give 90% w/w solution of the polyester in styrene.
PAR  50 grams of the polyester-styrene solution was mixed with 1.0 gram of
      benzoyl peroxide. The mixture formed a straw colored somewhat flexible
      solid in about 2 hours at room temperature. The resulting polymer has
      improved fire retardant properties as compared to polyester polymer
      prepared in an identical manner using conventional polytetramethylene
      ether glycol as an ingredient.
PAC  EXAMPLE 10
PAR  The procedure of Example 9 is repeated, except that the fire retardant
      polytetramethylene ether glycol product of Example 5 is used as the diol
      ingredient, and the product of Example 10 is substantially identical with
      respect to the fire retardant characteristics of the product produced in
      accordance with Example 9.
PAR  Thus, it is manifest from the above disclosure, including the illustrative
      examples, that the present invention provides a modified fire retardant
      polytetramethylene ether glycol which is useful in the preparation of
      polyester and polyurethane compositions having improved fire retardant
      characteristics. It is also apparent that the production of the modified
      polytetramethylene ether glycol involves the use of no reaction equipment
      over and above that which is presently used to make non-modified
      polytetramethylene ether glycocl. It is also apparent that the modified
      fire retardant polytetramethylene ether glycol of this invention is
      conveniently produced by making a simple modification in methods which are
      presently commercially used to produce unmodified polytetramethylene ether
      glycol. This simple modification comprises the addition of
      2,3-dibromo-2-butene-1,4-diol to the catalytically active
      THF-polymer-catalyst mixture prior to the addition of the catalytic
      activity terminating agent. In addition, the compound of the present
      invention provides a fire retardant reactive ingredient which is utilized
      in methods which are identical to the present methods for incorporating
      polytetramethylene ether glycol into polyurethane and polyester
      compositions.
PAR  Finally, it is also apparent that the resulting polyurethane compositions
      have maintained, and in some instances improved low temperature flexible
      elastomeric properties, in addition exhibit very substantially improved
      fire retardant characteristics.
PAR  The invention is not to be limited by the illustrative examples, and it
      will be apparent to those skilled in the art that many modifications and
      variations of the present invention can be employed without departing from
      the spirit of the invention.
PAR  For example, much variation between the ratios of tetrahydrofuran and
      catalyst and the bromo-diol can be utilized without departing from the
      spirit or scope of the present invention, and the fire retardant modified
      polytetramethylene eether glycol of this invention can be used either as
      the sole high molecular weight diol, or as a replacement for portions of
      the high molecular weight diol, with approximately proportionate
      improvement in fire retardant characteristics.
CLMS
STM  I claim:
NUM  1.
PAR  1. A polyurethane prepared from the reaction between polyisocyanate and a
      high molecular weight glycol of the formula:
      ##EQU3##
      wherein m and n are integers including zero, and wherein both m and n are
      not zero at the same time, and wherein X is a structure having the
      formula:
      ##EQU4##
      wherein m and n are such that the number average molecular weight of the
      composition is in the range of 400-500 inclusive.
NUM  2.
PAR  2. The polyurethane of claim 1 wherein m is zero.
NUM  3.
PAR  3. The polyurethane of claim 1 wherein the bromine content is greater than
      9.0 percent by weight.
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ABST
PAL  Substantially amorphous, optically clear polyamides are produced from a
      bis(4-aminocyclohexyl)methane or methyl derivative thereof and a
      phenylindanedicarboxylic acid or alkyl derivative thereof. Copolyamides
      having desirable processing properties are produced by polymerizing the
      above monomers and at least one straight chain dicarboxylic acid as an
      additional monomer. The resulting polymers are useful as fibers, molding
      resins, coatings, adhesives, and the like.
PARN
PAR  This is a continuation-in-part application of my copending application
      having Ser. No. 210,598, filed Dec. 21, 1971, now U.S. Pat. No. 3,838,111.
BSUM
PAR  This invention relates to the production of polyamides. In accordance with
      another aspect, this invention relates to the production of amorphous,
      optically clear polyamides from bis(4-aminocyclohexyl)methane compounds
      and phenylindanedicarboxylic acids. In accordance with a further aspect,
      this invention relates to copolyamides formed from
      bis(4-aminocyclohexyl)methane compounds, phenylindanedicarboxylic acids,
      and straight chain dicarboxylic acids. In accordance with still another
      aspect, this invention relates to polyamides and copolyamides as defined
      above which are useful as fibers, molding resins, coatings, adhesives, and
      the like. In accordance with a further aspect, this invention relates to
      polyamides or copolyamides that are filled which exhibit excellent
      properties and are useful as molding resins, coating, etc. In accordance
      with another aspect, this invention relates to coated bases, especially
      metal bases, wherein the coating is derived from an amorphous, optically
      clear polyamide produced from a bis(4-aminocyclohexyl)methane and a
      phenylindanedicarboxylic acid.
PAR  Various polyamides formed from the condensation reaction of
      bis(4-aminocyclohexyl)methane, herein referred to as PACM, or methyl
      derivatives thereof and various dicarboxylic acids are known. Such
      materials are often employed as synthetic fibers, as well as being formed
      into other molded articles. It has now been found that there can be
      produced a polyamide of PACM or methyl derivative thereof and a
      phenylindanedicarboxylic acid and, optionally, with a straight chain
      dicarboxylic acid as an additional monomer, which evidences unusual
      properties in respect to making a polyamide suitable for molding,
      especially if the polyamide is produced from PACM or methyl derivative
      thereof in which at least 40 percent of the PACM or methyl derivative
      thereof is of the trans,trans configuration.
PAR  Adhesive compositions comprising various synthetic polymeric materials are
      old in the art. Additionally, the known adhesives have been used fairly
      extensively for adhering one metal substrate to another metal substrate or
      to some other type of substrate such as wood, glass, leather, plastic, and
      so forth. Some of the known compositions provide reasonably good bond
      strengths at room temperature and thus are satisfactory for some purposes.
      However, most known prior art compositions do not retain satisfactory bond
      strengths when the adhered substrates are subjected to elevated
      temperatures, especially when subjected to elevated temperatures in a
      moisture-laden atmosphere or when directly contacted with hot or boiling
      water.
PAR  One of the more significant developments in adhesive technology in recent
      years has occurred in the area of hot melt adhesives. Growth in the use of
      hot melt systems has been particularly marked by various segments of the
      packaging, bookbinding and shoe industries, as well as certain specialized
      areas of metal-to-metal bonding. Increased interest in hot melts has in
      turn encouraged developments of special types of thermoplastic resins to
      serve as base constituents in commercial formulations.
PAR  Accordingly, an object of this invention is to provide novel polyamides
      having desirable molding characteristics.
PAR  Another object of this invention is to provide coating compositions which
      are characterized by their ability to adhere to a wide variety of
      substrates or bases.
PAR  Still another object of this invention is to provide novel copolyamides
      suitable for molding.
PAR  A further object of this invention is to provide polyamides that can be
      filled with suitable filler materials yielding products suitable for
      molding.
PAR  Other objects and aspects, as well as the several advantages of the
      invention, will be apparent to those skilled in the art upon reading the
      specification and the appended claims.
PAR  In accordance with this invention, substantially amorphous, optically clear
      polyamides are produced by the polymerization of
      bis(4-aminocyclohexyl)methane or methyl derivatives thereof with a
      phenylindanedicarboxylic acid or alkyl derivative thereof.
PAR  Further in accordance with the invention, copolyamides are produced from
      bis(4-aminocyclohexyl)methane or methyl derivatives and
      phenylindanedicarboxylic acids or alkyl derivatives thereof with straight
      chain dicarboxylic acids.
PAR  More specifically in accordance with the invention, compositions useful as
      coatings and adhesives are provided, which compositions comprise
      substantially amorphous polyamides prepared by polymerizing at least one
      bis(4-aminocyclohexyl)methane with at least one phenylindanedicarboxylic
      acid. The polymeric compositions of the invention are thermally stable at
      polymer melt temperatures.
PAR  In accordance with a specific embodiment, a copolyamide possessing
      outstanding mechanical properties is produced from PACM and a mixture of
      dicarboxylic acids in which 75 percent of the acid is a straight chain
      dicarboxylic acid such as suberic acid and the remainder is a
      phenylindanedicarboxylic acid, specifically
      1,1,3-trimethyl-5-carboxy-3-(p-carboxyphenyl)indane (PIDA)
PAR  The bis(4-aminocyclohexyl)methane or methyl derivative thereof for use in
      this invention can be represented by the formula
      ##SPC1##
PAL  each R is selected from hydrogen and methyl radicals. Mixtures of these
      diamines can be employed. Although any of the geometric isomers or
      mixtures thereof can be employed, it is preferred that at least 40 percent
      be of the trans-trans configuration. Ordinarily, the amount of trans-trans
      isomer present does not exceed about 70 percent. Specific compounds that
      have been polymerized include bis(4-aminocyclohexyl)methane (PACM) or its
      methyl derivatives, e.g., 2,2-bis(4-aminocyclohexyl)propane (PACP).
PAR  The phenylindanedicarboxylic acid or alkyl derivative thereof applicable in
      this invention can be represented by the formula
      ##SPC2##
PAL  wherein each R' is selected from hydrogen and alkyl radicals having 1-3
      carbon atoms. Mixtures of compounds represented by this formula can be
      employed. The compound of the above structure presently preferred for use
      in this invention is 1,1,3-trimethyl-5-carboxy-3-(p-carboxyphenyl)indane.
PAR  The straight chain dicarboxylic acid which optionally but preferably is
      used as a comonomer in the production of the polyamides of this invention
      can be represented by the formula HO.sub.2 C(CH.sub.2).sub.x CO.sub.2 H,
      wherein x is an integer of 4-16, preferably 5-10, these preferred values
      of 5-10 representing average values of x when mixtures of straight chain
      dicarboxylic acids are employed.
PAR  The straight chain dicarboxylic acids containing 6 to 18 carbon atoms
      include adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic
      acid, undecanedioic acid, pentadecanedioic acid, dodecanedioic acid,
      tridecanedioic acid, tetradecanedioic acid, heptadecanedioic acid,
      octadecanedioic acid, and hexadecanedioic acid, and their mixtures.
PAR  In the polymerization process, the molar ratio of the dicarboxylic acid(s)
      to the diamine(s) should be substantially 1:1, although a slight excess,
      e.g., up to about 5 mole percent, of acid or amine can be used. When a
      straight chain dicarboxylic acid or mixture of such straight chain acids
      is employed, the straight chain dicarboxylic acid(s) can constitute up to
      85 mole percent, generally 15-85 mole percent, of all the dicarboxylic
      acids used, preferably constituting 50-80 mole percent of the total amount
      of dicarboxylic acids employed.
PAR  Use of the straight chain dicarboxylic acids as herein preferred gives
      amorphous, optically clear polyamides which can be molded into objects
      having a particularly desirable balance of properties, e.g., a high degree
      of stiffness, excellent property retention at elevated temperatures, and
      good hydrolytic stability. A particularly outstanding polyamide is
      produced by polymerizing bis(4-aminocyclohexyl)methane having a
      trans-trans isomer content greater than 40 percent with a mixture of 75
      mole percent suberic acid and 25 mole percent
      1,1,3-trimethyl-5-carboxy-3-(p-carboxyphenyl)indane. Such a polyamide
      possesses an especially good balance of mechanical properties, property
      retention under a variety of conditions, and good melt processability. The
      polyamides and copolyamides are also useful in the production of
      meltshaped articles including fibers, films, and the like. The polyamides
      and copolyamides are also useful in the coating of bases, especially
      metals, or as adhesives in the formation of laminates, especially metal
      laminates.
PAR  The polyamides employed as adhesives in this invention are especially
      useful as hot melt adhesives which can be employed in conventional manner,
      e.g., application by an extrusion technique in which the molten polymer is
      allowed to flow on or between substrates to be bonded, or by application
      as a powder or preformed film between substrates which are subjected to
      heating. The polyamides employed as adhesives in this invention also can
      be used as solvent cements, in which the polymers dissolved in a suitable
      solvent are applied to substrates in conventional manner, with the bond
      produced as the solvent evaporates or with solvent evaporation followed by
      a thermal bondforming operation. If desired, other substances known to
      have utility in adhesive formulations, e.g., resins such as olefin resins
      or terpene resins, waxes, plasticizers, fillers, pigments, and the like,
      can be present in the adhesive compositions. The adhesives can be used to
      bond a variety of like or unlike substrates, e.g., metals such as
      aluminum, iron, steel, e.g., carbon steel, zinc, or tin; wood; paper;
      leather; plastic; and the like.
PAR  The polyamides can be prepared by conventional polymerization procedures,
      e.g., by a melt polymerization process such as that described in U.S. Pat.
      No. 2,512,606. The polymerization preferably is conducted at a temperature
      within the range of about 260.degree.-340.degree.C for about 2-6 hours;
      however, polymerization temperatures and reaction times outside these
      ranges can be employed. Water can be present to serve as a heat transfer
      agent and to aid in keeping the reactants in the reaction zone.
PAR  The polymers of this invention can be blended with various fillers or
      additives such as pigments, stabilizers, softeners, extenders, or other
      polymers. For example, there can be incorporated in the polymers of this
      invention substances such as graphite, carbon black, titanium dioxide,
      glass fibers, carbon fibers, metal powders, magnesia, silica, asbestos,
      wollastonite, clays, wood flour, cotton floc, alpha-cellulose, mica, and
      the like. A more complete list of fillers is disclosed in Modern Plastics
      Encyclopedia, 41, No. 1a, September 1963, pages 529-536. If desired, such
      fillers can be added to the polymerization reactor.
DETD
PAC  EXAMPLE I
PAR  In the preparation of each in a series of polyamides, a mixture containing
      approximately equimolar quantities of diamine and dicarboxylic acid(s) was
      heated in the presence or absence of water to a final temperature of about
      320.degree.C over a period of 2.5 hours under a nitrogen atmosphere. After
      one hour at this temperature, volatile material was vented, and heating
      was continued at about 320.degree.C for approximately one hour under a
      slow nitrogen flush and for an additional hour under vacuum (20-200 mm
      Hg). Physical properties of each of the resulting polyamides are shown in
      Table I, and mechanical properties of compression molded samples of the
      polymers are given in Table II. In each of the tables the polyamide is
      designated in the following manner. The amine employed is shown on the
      left of the hyphen. In each instance the amine was either
      bis(4-aminocyclohexyl)methane, designated as PACM, or
      2,2-bis(4-aminocyclohexyl)propane, designated as PACP. A subscript
      following PACM or PACP represents the percent trans-trans isomer content
      in the amine used. When no subscript follows PACM, the trans-trans isomer
      content in the amine was 54 percent. The acid or acids employed are shown
      on the right of the hyphen. When more than one acid was used, the mole
      ratio of the acids employed is shown in parentheses following the
      designation of the acids. In each instance, except for PACM-8 polyamide
      used as a control polymer outside the scope of this invention, the acid
      1,1,3-trimethyl-5-carboxy-3-(p-carboxyphenyl)indane, designated as PIDA,
      was used. A second or third acid, if used, was adipic acid, suberic acid,
      azelaic acid, or dodecanedioic acid, designated by the number 6, 8, 9, or
      12, respectively. For example, PACM-8/PIDA (75/25) was a polyamide
      produced by the polymerization of PACM having a trans-trans isomer content
      of 54 percent with a mixture of suberic acid and PIDA in a mole ratio of
      75 to 25, respectively. The control polymer PACM-8 was a polyamide
      prepared from PACM and suberic acid.
PAR  The mechanical properties shown in Table II were determined on compression
      molded samples.
TBL                TABLE I                                                     
     ______________________________________                                    
     Run                    Inherent  Polymer Melt                             
     No.  Polyamide         Viscos-   Temperature,                             
                            ity.sup.(a)                                        
                                      .degree.C.sup.(b)                        
     ______________________________________                                    
      1   PACM-8/PIDA (85/15)                                                  
                            0.86      240                                      
      2   PACM-8/PIDA (80/20)                                                  
                            0.82      240                                      
      3   PACM-8/PIDA (75/25)                                                  
                            0.78      245                                      
      4   PACM-8/PIDA (70/30)                                                  
                            0.64      250                                      
      5   PACM-8/PIDA (60/40)                                                  
                            0.59      275                                      
      6   PACM-8/PIDA (50/50)                                                  
                            0.68      275                                      
      7   PACM-8/PIDA (25/75(                                                  
                            0.58      300                                      
      8   PACM.sub.(29) -8/PIDA (75/25)                                        
                            0.66      250                                      
      9   PACM.sub.(69) -8/PIDA (75/25)                                        
                            0.78      250                                      
     10   PACM-9/PIDA (75/25)                                                  
                            0.90      250                                      
     11   PACM-9/PIDA (70/30)                                                  
                            0.78      265                                      
     12   PACM-9/PIDA (60/40)                                                  
                            0.86      275                                      
     13   PACM-12/PIDA (75/25)                                                 
                            0.94      235                                      
     14   PACM-12/PIDA (70/30)                                                 
                            0.87      235                                      
     15   PACM-12/PIDA (60/40)                                                 
                            0.72      250                                      
     16   PACM-6/9/PIDA (40/40/20)                                             
                            0.91      230                                      
     17   PACP.sub.(64) -8/PIDA (75/25)                                        
                            0.65      260                                      
     18   PACM-PIDA         0.33      320                                      
     19   PACM-8            1.08      270                                      
     ______________________________________                                    
      .sup.(a) Measured at 30.degree.C on m-cresol solutions having a polyamide
      concentration of 0.5 g/100 ml solution.                                  
      .sup.(b) Determined by placing the polymer on a heated bar with a        
      temperature gradient.                                                    
TBL                                    TABLE II                                
     __________________________________________________________________________
                   Tensile          Flexural  Izod Impact                      
                                                         Heat Deflection       
                   Strength, Elongation,                                       
                                    Modulus,  Strength,  Temperature,          
     Polyamide     psi .times. 10.sup..sup.-3 (a)                              
                             % (a)  psi .times. 10.sup..sup.-5 (b)             
                                              ft.-lb./in.notch                 
                                                         264 psi, .degree.F    
     __________________________________________________________________________
                                                         (d)                   
     PACM-8/PIDA (85/15)                                                       
                   --        --     --        Tough      --                    
     PACM-8/PIDA (80/20)                                                       
                   11.1      41     2.8       1.8        321                   
     PACM-8/PIDA (75/25)                                                       
                   11.0      39     2.8       1.6        323                   
     PACM-8/PIDA (70/30)                                                       
                   8.4       10     2.9       0.9        344                   
     PACM-8/PIDA (60/40)                                                       
                   8.9       10     3.1       1.0        357                   
     PACM-8/PIDA (50/50)                                                       
                   --        --     --        Tough      --                    
     PACM-8/PIDA (25/75)                                                       
                   --        --     --        Tough      --                    
     PACM.sub.(29) -8/PIDA (75/25)                                             
                   9.6       10     2.9       1.0        312                   
     PACM.sub.(69) -8/PIDA (75/25)                                             
                   11.8      31     3.0       1.5        331                   
     PACM-9/PIDA (75/25)                                                       
                   8.9       16     3.0       1.0        275                   
     PACM-9/PIDA (70/30)                                                       
                   8.0       10     2.8       0.6        307                   
     PACM-9/PIDA (60/40)                                                       
                   5.6        6     2.9       0.6        333                   
     PACM-12/PIDA (75/25)                                                      
                   9.4       28     2.4       1.2        280                   
     PACM-12/PIDA (70/30)                                                      
                   9.9       32     2.5       1.6        299                   
     PACM-12/PIDA (60/40)                                                      
                   11.1      18     2.6       1.4        313                   
     PACM-6/9/PIDA (40/40/20)                                                  
                   11.2      18     3.0       1.3        336                   
     PACP.sub.(64) -8/PIDA (75/25)                                             
                   11.4      17     3.2       0.9        360                   
     PACM-PIDA     --        --     --        Brittle    --                    
     PACM-8        10.6      18     2.7       2.9        286                   
     __________________________________________________________________________
      (a) ASTM D 638-68                                                        
      (b) ASTM D 790-66                                                        
      (c) ASTM D 256-56                                                        
      (d) ASTM D 648-56                                                        
PAR  All of the polyamides described in Tables I and II except PACM-8 were
      amorphous, optically clear polymers within the scope of this invention,
      the best properties being exhibited by the copolyamides, in which at least
      two dicarboxylic acids were employed as monomers. The tables show that
      polymers with a good balance of properties were obtained when suberic,
      azelaic, or dodecanedioic acid was employed as a dicarboxylic acid monomer
      used with the PIDA in various proportions. A polymer having good
      properties also was obtained when a mixture of PIDA, adipic acid, and
      azelaic acid was used in its preparation. The use of PACM having a
      trans-trans content ranging from 29 percent to 69 percent with PIDA and
      suberic acid gave polyamides exhibiting good properties, the best
      properties resulting from the use of PACM having a trans-trans content of
      54 percent or 69 percent. Replacement of PACM with PACP as the diamine
      component in polymerization with PIDA and suberic acid was demonstrated to
      give a polyamide having good properties. The PACM-8/PIDA polymers all
      exhibited greater stiffness and greater property retention at elevated
      temperatures than did the control polymer PACM- 8, as shown by the higher
      values for flexural modulus and heat deflection temperature. Furthermore,
      upon heating a 0.5 g sample of finely ground PACM-8 polyamide in refluxing
      6 N aqueous hydrochloric acid for 2 hours, the polymer melt temperature of
      the polymer decreased 110.degree.C and the inherent viscosity was reduced
      to 16 percent of its value prior to this treatment. Upon like treatment, a
      0.5 g sample of finely ground PACM-8/PIDA (75/25) underwent a decrease in
      polymer melt temperature of only 10.degree.C and 47 percent of the initial
      inherent viscosity was retained. Thus, the hydrolytic stability of
      PACM-8/PIDA (75/25) was much greater than that of PACM-8.
PAC  EXAMPLE II
PAR  Filled PACM-8/PIDA (75/25) polyamide specimens, prepared by incorporating
      glass fibers (as 1/4-inch chopped strands), titanium dioxide, or
      wollastonite, were evaluated. The unfilled polyamide specimens the
      nomenclature for which is as described in Example I, were prepared by the
      general procedure given in Example I. Properties of the unfilled and
      filled polyamides are shown in Table III, these properties being
      determined as described in Example I. The mechanical properties were
      determined on injection molded samples.
TBL                                    TABLE III                               
     __________________________________________________________________________
        Inherent Vis-                                   Heat                   
        cosity of          Tensile                                             
                                  Elonga-                                      
                                       Flexural                                
                                              Izod      Deflection             
     Run                                                                       
        Unfilled Filler    Strength,                                           
                                  tion Modulus                                 
                                              Impact Strength                  
                                                        Temperature            
     No.                                                                       
        Polyamide                                                              
                 Weight % (a)                                                  
                           psi .times. 10.sup..sup.-3                          
                                  %    psi .times. 10.sup..sup.-5              
                                              ft.-lb./in.notch                 
                                                        264 psi,               
     __________________________________________________________________________
                                                        .degree.F              
     1  0.51     None      6.4    3    3.1    0.3       309                    
     2  0.51     Glass fibers,                                                 
                 33        14.7   3    11.7   1.6       348                    
     3  0.81     None      11.5   73   3.0    1.5       318                    
     4  0.81     Glass fibers,                                                 
                 30        19.4   4    9.8    1.5       347                    
     5  0.66     None      11.1   33   3.0    1.3       311                    
     6  0.66     Titanium dioxide,                                             
                  5        6.5    4    3.2    0.6       304                    
     7  0.66     Wollastonite,                                                 
                 50        10.0   3    7.8    0.6       331                    
     __________________________________________________________________________
      (a) Based on total weight of polymer and fillers.                        
PAR  As shown in Table III, incorporation of glass fibers, titanium dioxide, or
      wollastonite in a PACM-8/PIDA (75/25) polyamide resulted in a filled
      polymer having good mechanical properties which in some instances were
      better than those of the unfilled polymer used as a control. For example,
      the use of glass fibers markedly increased the tensile strength, flexural
      modulus, and heat deflection temperature of both the polyamide of low
      inherent viscosity and the preferred polyamide of higher inherent
      viscosity. The use of titanium dioxide provided a means for preparing
      white, opaque objects having acceptable mechanical properties, and the
      wollastonite served to increase the flexural modulus and heat deflection
      temperature.
PAR  The amorphous character of the polymers in the preceding examples was
      determined by differential thermal analysis. There is a possibility that a
      small degree of crystallinity not detectable by the method employed might
      be observed by some other method. Accordingly, the polymers of the
      invention are characterized as being substantially amorphous.
PAC  EXAMPLE III
PAR  A polyamide (PACM-PIDA) was prepared by the method of Example I from
      bis(4-aminocyclohexyl)methane (PACM) and
      1,1,3-trimethyl-5-carboxy-3-(p-carboxyphenyl)indane (PIDA) and
      subsequently evaluated as a hot melt adhesive. The polyamide had an
      inherent viscosity of 0.33 [see footnote (a) in Table I] and a polymer
      melt temperature of 315.degree.C [see footnote (b) in Table I].
PAR  The polyamide was applied in powder form to pre-cleaned aluminum coupons
      (1.0 in. .times. 4.0 in. .times. 0.064 in.), bonded at 350.degree.C/5 tons
      ram force (120 psi)/30 mins. and tested. The results are listed below.
TBL              Film           Adhesive.sup.(a)                               
     Specimen    Thickness,     Lap Shear                                      
     No.         mils           Strength, psi                                  
     ______________________________________                                    
     1           3              820                                            
     2           1              710                                            
     3           2              610                                            
     4           2              590                                            
                 Average:       683                                            
     ______________________________________                                    
      .sup.(a) ASTM D 1002-53T                                                 
CLMS
STM  I claim:
NUM  1.
PAR  1. An amorphous, optically clear solid polyamide consisting essentially of
      the polymeric condensation product of
PA1  a. at least one bis(4-aminocyclohexyl)methane or a methyl derivative
      thereof of the formula
      ##SPC3##
PAL  wherein each R is hydrogen or a methyl radical, and
PA1  b. at least one phenylindanedicarboxylic acid or an alkyl derivative
      thereof of the formula
      ##SPC4##
PAL  wherein each R' is hydrogen or an alkyl radical having 1-3 carbon atoms.
NUM  2.
PAR  2. The polyamide of claim 1 wherein a. is bis(4-aminocyclohexyl)methane,
      and b. is 1,1,3-trimethyl-5-carboxy-3-(p-carboxyphenyl)indane.
NUM  3.
PAR  3. A polyamide according to claim 1 which contains a filler therein as a
      reinforcement element.
NUM  4.
PAR  4. A film formed from a polyamide according to claim 1.
NUM  5.
PAR  5. A fiber composed of a polyamide according to claim 1.
NUM  6.
PAR  6. A solution of a polyamide according to claim 1 in a solvent therefor.
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ABST
PAL  Copolymers formed from an unsaturated dicarboxylic acid anhydride and an
      unsaturated monomer having a lipophile chain having a molecular weight of
      4,000-100,000 are usefully employed to produce a water-in-oil emulsion
      which can be incorporated into cosmetic compositions.
PARN
PAR  This is a division of application Ser. No. 164,828 filed July 21, 1971, now
      U.S. Pat. No. 3,860,700, which is a continuation-in-part of application
      Ser. No. 136,238, filed Apr. 21, 1971, now abandoned, which is a
      continuation of application Ser. No. 688,969, filed Dec. 8, 1967, now
      abandoned.
BSUM
PAR  The present invention relates to copolymers made from an unsaturated
      dicarboxylic acid anhydride and an unsaturated monomer having a lipophile
      chain, the resulting copolymer having a molecular weight of about 4,000 to
      100,000 and to the magnesium salt of said copolymers. The present
      invention is also related to water-in-oil emulsions made with said
      copolymers and the magnesium salt of said copolymers as well as to
      cosmetic compositions utilizing said water-in-oil emulsions.
PAR  In one embodiment of the present invention the copolymer has the formula
      ##EQU1##
      wherein: A is selected from the group consisting of
      ##EQU2##
      wherein R.sub.2 is selected from the group consisting of hydrogen and
      methyl, and
PA1  R is selected from the group consisting of
PA2  D. alkyl having 8-18 carbon atoms,
PA2  E.
      ##EQU3##
      wherein R.sub.3 is alkyl having 17 carbon atoms, F. --O--R.sub.4 wherein
      R.sub.4 is alkyl having 16 carbon atoms,
PA2  G.
      ##EQU4##
      wherein Y is selected from the group consisting of
EQU  --O--C.sub.12 H.sub.25, --S--C.sub.12 H.sub.25 and --NH--C.sub.18 H.sub.37
PAL  with the proviso that when R has the values of (d) to (g),
PA1  R.sub.1 is hydrogen, and
PA2  H.
      ##EQU5##
      wherein R.sub.5 is alkyl having 11-17 carbon atoms, with the proviso that
      when R has the value of (h), R.sub.1 is selected from the group consisting
      of hydrogen and methyl, the molar ratio of monomeric units I:II is 1:1 and
      said copolymer has a molecular weight between 4,000-100,000.
PAR  In another embodiment of the present invention the copolymer has the
      formula
      ##EQU6##
      wherein R' represents
      ##EQU7##
      wherein R.sub.8 is selected from the group consisting of hydrogen and
      methyl, and
PA1  R.sub.7 is selected from the group consisting of
PA2  a.
      ##EQU8##
      wherein R.sub.9 is alkyl having 18 carbon atoms b.
      ##EQU9##
      wherein R.sub.10 is alkyl having 18 carbon atoms with the proviso that
      when R.sub.7 has the values of (a)-(b),
PA1  R.sub.6 represents hydrogen, and
PA2  c.
      ##EQU10##
      wherein R.sub.11 is alkyl having 12-18 carbon atoms, with the proviso that
      when R.sub.7 has the value of (c), R.sub.6 is selected from the group
      consisting of hydrogen and methyl, the molar ratio of monomeric units I :
      II ranges between 1-1.5 : 0.5-1 and said copolymer has a molecular weight
      ranging between 4,000-100,000.
PAR  Among the unsaturated dicarboxylic acid anhydrides usefully employed in the
      present invention to prepare said copolymers are maleic anhydride,
      itaconic anhydride, citraconic anhydride, acrylic anhydride, methacrylic
      anhydride and acrylic/methacrylic anhydride having the formula:
      ##EQU11##
PAR  Among the unsaturated monomers having a lipophile chain which are usefully
      employed together with the unsaturated dicarboxylic acid anhydride to
      produce the copolymers of this invention are .alpha.-olefins having from
      10-20 carbon atoms; acrylic esters and methacrylic esters having 15-22
      carbon atoms; vinyl esters, allyl esters and methallyl esters having 12-20
      carbon atoms; acrylamides and methacrylamides which are N-sunstituted by
      alkyl having 18 carbon atoms; N-allyl and N-methallyl alkylamides wherein
      the alkyl moiety has 17 carbon atoms; alkyl-vinyl ethers wherein the alkyl
      moiety has 16 carbon atoms; and the products obtained by condensing
      alcohols such as 1-dodecanol, amines such as stearyl amine and alkyl
      mercaptans wherein the alkyl moiety has 12 carbon atoms on allylglycidyl
      ether.
PAR  Representative unsaturated monomers having a lipophilic chain include
      1-octadecene, 1-hexadecene, 1-eicosene, dodecyl methacrylate, allyl
      stearate, N-stearylacrylamide, N-allyl stearamide,
      1-allyloxy-3-dodecylthio-2-propanol, 1-allyloxy 3-dodecyloxy 2-propanol,
      1-allyloxy 3-stearylamino 2-propanol, cetyl vinyl ether, vinyl stearate,
      1-decene, and methallyl laurate.
PAR  It will be appreciated by those skilled in the art that the unsaturated
      monomer having a lipophile chain can be generally categorized into two
      groups, one group being those monomers which are capable of
      homopolymerization, in which event the molar ratio of said
      homopolymerizable unsaturated monomer to unsaturated dicarboxylic acid
      anhydride can vary widely, for instance between 1-1.5 : 0.5-1. The other
      group includes those monomers which are not capable of homopolymerisation,
      in which event the molar ratios of said nonhomopolymerizable unsaturated
      monomer to unsaturated dicarboxylic acid anhydride is 1 : 1.
PAR  In accordance with the present invention, the polymerization reaction can
      be carried out in an anhydrous solvent such as benzene, toluene,
      dichloroethane, methylchloroform, methyl ethyl ketone, and methylisobutyl
      ketone. Other known methods of polymerization can also be used. The
      concentration of monomers with respect to the solvent is preferably from
      25% to 50% by weight.
PAR  The polymerization rate is increased by using a catalyst, such as benzoyl
      peroxide, lauroyl peroxide, or azo-bis-isobutyronitrile, which can be
      added to the reaction mixture at the rate of about 1 to 6% and preferably
      between 2 and 4% of the weight of the mnomers. After polymerization, the
      resulting copolymer is isolated either by evaporating the solvent, or by
      precipitation in an appropriate solvent, and then dried. Illustrative
      appropriate solvents are low molecular weight alcohols comprising 1 to 6
      carbon atoms such as propyl alcohol but isopropanol is generally prefered.
PAR  Also in accordance with the invention the magnesium salt of the copolymer
      defined above can be prepared by double decomposition, for example, by
      first preparing the dialkaline salt of the copolymers, which is then
      reacted with a solution of magnesium chloride.
PAR  The magnesium salt can also be prepared by reacting magnesium acetate with
      the copolymer as defined above.
PAR  The present invention also provides an emulsion of the "water-in-oil" type,
      which is obtained by dissolving a copolymer as defined above which can be
      in the form of the corresponding magnesium salt, in an oil to be
      emulsified and then adding a suitable amount of water.
PAR  Emulsions according to the invention can be prepared by adding the
      emulsifier to oil which has first been heated to 90.degree.C, and then
      stirring vigorously while adding the desired quantity of water, also
      heated to 90.degree.C, after which it is cooled, while still stirring.
PAR  The water-in-oil type emulsion made in accordance with the invention can
      contain from 30 to 60 % water by weight, with the emulsifier constituting
      from 6.5 to 14% by weight and with the oil phase constituting between
      18-60% by weight, all percentages being based on the total weight of the
      emulsion.
PAR  The oil phase of the emulsion can consist, for example, of a hydrocarbon
      oil, such as paraffin oil, petrolatum, and perhydrosqualene; solutions of
      microcrystalline wax in paraffin oil; and animal or vegetable oils such as
      horse oil, lard, sweet almond oil, and calophyllum oil. These oils are
      readily absorbed by the skin. Saturated esters which are incapable of
      becoming rancid and are good penetrants, such as isopropyl palmitate
      isopropyl myristate, ethyl palmitate and the like as well as silicone oils
      which are soluble in other oils are also usefully employed.
PAR  In accordance with the invention, these emulsions can also contain suitable
      additives.
PAR  The cosmetic compositions of the present invention contain at least one
      copolymer as defined above including the corresponding magnesium salt
      thereof.
PAR  These cosmetic compositions are preferably emulsions of the water-in-oil
      type and are particularly interesting because they prevent dessication.
PAR  In order that the invention may be better understood, several examples will
      now be described, purely by way of illustration, without suggesting that
      the scope of the invention is limited to the details thereof. Unless
      otherwise specified, all parts and percentages are by weight.
DETD
PAC  EXAMPLE 1
PAC  Preparation of a 50% maleic anhydride/50% 1-octadecene copolymer (molar
      ratio):
PAR  1700 G of 1-octadecene, 300 g of maleic anhydride and 80 g of benzoyl
      peroxide in solution in 2000 g of anhydrous benzene are introduced into a
      flask equipped with an agitator, a thermometer, a condenser, and a tube
      for introducing nitrogen.
PAR  This is heated slowly to its boiling point and kept at reflux for 8 hours.
PAR  After cooling, isopropanol is used to precipitate the copolymer. After
      drying, the yield is 91% of the desired copolymer in the form of a waxy
      colorless mass which is soluble in the oils, and particularly in paraffin
      oil, isopropyl myristate, ethyl palmitate, etc.
PAR  By measuring the anhydride function, it is found that the copolymer
      contains anhydride in an amount of 28% by weight. The molecular weight of
      the copolymer is M.sub.w = 18,000.
PAC  EXAMPLE 2
PAC  Preparation of the magnesium salt of the copolymer prepared in Example 1
PAR  35 G of the copolymer produced in Example 1 and 65 g of paraffin oil were
      introduced into a vessel thermostatically maintained at about
      100.degree.C. This was stirred for 24 hours until the copolymer was
      completely dissolved in the oil. About 200 g of boiling water were then
      added.
PAR  While stirring vigorously and keeping the mixture boiling, 109 g of a 10.3%
      solution of caustic potash were poured into the mixture.
PAR  A concentrated solution containing 20.2 g of Cl.sub.2 Mg, 6H.sub.2 O was
      then added drop by drop.
PAR  At the end of this addition the water settled at the bottom of the vessel.
PAR  The magnesium salt of the copolymer has formed, in the presence of oil and
      water, a water-in-oil emulsion, which separates out at the top of the
      water.
PAR  This was then washed several times with 200 ml of boiling water each time
      and dried on calcium chloride or under vacuum in a water-bath.
PAR  The resulting product when cold is a thick paste.
PAC  EXAMPLE 3
PAC  Preparation of a 50% maleic anhydride/50% 1-hexadecene copolymer (molar
      ratio)
PAR  68.5 G of 1-hexadecene, 15 g of maleic anhydride, and 6 g of benzoyl
      peroxide in solution in 150 g of anhydrous benzene, were introduced into a
      flask provided with an agitator, a thermometer, a condense, and a tube for
      introducing nitrogen.
PAR  The mixture was brought to its boiling point and kept at reflux for 24
      hours.
PAR  After cooling, the copolymer was precipitated, using isopropanol.
PAR  The yield was 85% of the copolymer sought, and took the form of a waxy mass
      soluble in oil and particularly in paraffin oil, isopropyl myristate and
      ethyl palmitate.
PAR  By measurement of the anhydride function, it was found that the copolymer
      had a 30% anhydride content by weight. The molecular weight is M.sub.w =
      10,000.
PAC  EXAMPLE 4
PAC  Preparation of the magnesium salt of the copolymer of Example 3
PAR  By using the same process as that described in Example 2, the magnesium
      salt of the copolymer was obtained. This copolymer, when cold, is a thick
      paste.
PAC  EXAMPLE 5
PAC  Preparation of a 50% maleic anhydride/50% 1-eicosene copolymer (molar
      ratio)
PAR  The procedure followed was the same as that described in Example 1 except
      that 1-eicosene was employed rather than 1-octadecene.
PAR  The result was an 89% yield of the desired copolymer, which was soluble in
      oil and particularly in paraffin oil, isopropyl myristate and ethyl
      palmitate.
PAR  By measurement of the anhydride function it is found that the copolymer
      contains 26% anhydride by weight. The molecular weight is M.sub.w =
      20,000.
PAC  EXAMPLE 6
PAC  Preparation of the magnesium salt of the copolymer of Example 5
PAR  By using the same process as that described in Example 2, the magnesium
      salt of the copolymer of Example 5 was produced in the form of a thick
      paste.
PAC  EXAMPLE 7
PAC  Preparation of the magnesium salt of a copolymer by the magnesium acetate
      method
PAR  28 Parts of maleic anhydride and 72 parts of 1-octadecene were
      copolymerized using essentially the same procedures outlined in Example 1.
      The resulting copolymer was then precipitated employing isopropanol and
      the resulting maleic anhydride/1-octadecene copolymer exhibited an
      anhydride index of 295.
PAR  43.4 G of this polymer were dissolved in a boiling water-bath in 80.6 g of
      vaseline oil. The mixture was placed in a flask, agitated, and heated in a
      bath of calcium chloride. When the temperature reached 100.degree.C, a
      solution of 31.5 g of Mg (C.sub.2 H.sub.3 O.sub.2).sub.2.4H.sub.2 O in 186
      g of water is added, drop by drop, over a period of 20 minutes. The
      reacting acetic acid was then steam distilled over a period of 6 hours,
      while keeping the temperature of the mixture at about
      120.degree.-130.degree.C.
PAR  Analysis of the water of distillation indicated that it contained 228mmols
      of acetic acid, which indicates that 77.5% of the magnesium acetate had
      reacted.
PAR  The resulting product was then washed seven times in boiling water, using
      500 ml of water each time, and the magnesium content of the wash water was
      measured. 31.6 mmols of magnesium, indicative of 21.5% of the magnesium
      introduced, was found.
PAR  The resulting product was dehydrated in a boiling water-bath under the
      vacuum created by a water-jet pump.
PAC  EXAMPLE 8
PAC  Preparation of the magnesium salt of a maleic anhydride/1-octadecene
      copolymer by double decomposition:
PAR  The starting polymer was produced by copolymerizing 28 parts of maleic
      anhydride and 72 parts of 1-octadecene, and precipitated in a suitable
      solvent. Its anhydride index was 297.
PAR  350 G of this copolymer was dissolved in 1,400 g of vaseline oil in a
      boiling water-bath, and 1,500 g of deionized water was then added.
PAR  While stirring vigorously, and boiling, 1,316 g of 9.2% of caustic potash
      were added, followed by 219.3 g of Cl.sub.2 Mg.6H.sub.2 O in 470 g of
      water.
PAR  The mixture was then washed 3 times with five liters of pure water, the
      percentage of each of the following in the decanted waters was determined:
PA1  the chloride, by the Charpentier-Volhard method,
PA1  the magnesium with anaklepton (disodic salt of ethylene diamine teracetic
      acid).
PAR  2.180 Mols of chloride, that is 101% of the starting quantity, and 0.196
      mols of magnesium, that is, 18% of the starting quantity were found.
PAR  The basicity of the potassium salt was measured with hydrochloric acid in
      the presence of phenolphtalein in a miscible solvent, and showed that 95%
      of the starting potash had reacted with the copolymer.
PAR  The distribution of the reactive groups of the polymer obtained at the end
      of the reaction was as follows:
PA1  82% in the form of the magnesium salt,
PA1  13% in the form of the potassium salt,
PA1  5% in the form of anhydride.
PAR  The fact that the pH value of the decanted water containing the magnesium
      salt prepared by double decomposition may be alkaline as a consequence of
      the diffusion of the potassium ions may be disadvantageous when these
      products are used as emulsifiers.
PAR  It has been found that by incorporating a certain quantity of the copolymer
      in the form of an anhydride in the magnesium salt, the pH of the wash
      waters can be brought to a nearly neutral value.
PAR  The procedure is as follows:
PAR  500 Parts of deionized water are added to 100 parts of the magnesium salt
      obtained by double decomposition, and this is boiled for 10 minutes. The
      pH value of the decanted water is then measured. The same operation is
      repeated while incorporating increasing quantities of the copolymer in the
      form of the anhydride and the pH value of the water is compared with the
      quantity of the anhydride added.
PAR  The following table shows the pH value of the wash water of the magnesium
      salt as a function of the quantity of copolymer in its anhydride form
      which is added to the magnesium salt of the polymer.
TBL  ______________________________________                                    
     Quantity of mag-                                                          
                  Quantity of copoly-                                          
                                 pH of the                                     
     nesium salt of                                                            
                  mer added in the                                             
                                 wash-waters                                   
     the polymer  anhydride form                                               
     ______________________________________                                    
     100           0             8.3                                           
     100          10             8.2                                           
     100          20             8                                             
     100          30             7.9                                           
     100          40             7.5                                           
     100          50             7.1                                           
     ______________________________________                                    
PAC  EXAMPLE 9
PAC  Preparation of a 31% maleic anhydride/69% dodecyl methacrylate copolymer:
      (Molar ratio)
PAR  100 G of dodecyl methacrylate, 17.6 g of maleic anhydride, and 4.68 g of
      benzoyl peroxide in solution in 118 g of anhydrous benzene, are introduced
      into a flask provided with an agitator, a thermometer, a condenser, and a
      tube for introducing nitrogen. This was heated until it boiled and was
      kept at reflux for 22 hours.
PAR  After cooling, the copolymer was precipitated with isopropanol. After
      drying, 85% of the yield consisted of the desired copolymer in the form of
      a waxy mass which was soluble in paraffin oil.
PAR  By measuring the anhydride function it was found that the copolymer
      contained 14.8% anhydride by weight. The molecular weight is M.sub.w =
      40,000.
PAC  EXAMPLE 10
PAC  Preparation of the magnesium salt of the copolymer prepared according to
      Example 9
PAR  The magnesium salt of the copolymer of Example 9 was obtained in the form
      of a viscous paste by using the same procedure as that described in
      Example 2.
PAC  EXAMPLE 11
PAC  Preparation of a 50% itaconic anhydride/50% allyl stearate copolymer (molar
      ratio)
PAR  104 G of allyl stearate, 18 g of itaconic anhydride and 7.05 g of benzoyl
      peroxide in solution in 150 g of methyl chloroform were introduced into a
      flask provided with an agitator, a thermometer, a condenser and a tube for
      introducing nitrogen and the resulting mixture was heated to reflux for 16
      hours.
PAR  After cooling, the copolymer was precipitated with ispropanol.
PAR  After drying, the yield was 94% of the desired copolymer in the form of a
      waxy mass, soluble in paraffin oil.
PAR  By measurement of the anhydride function it was determined that the
      copolymer contained 25.7% anhydride by weight. The molecular weight is
      M.sub.w = 30,000
PAC  EXAMPLE 12
PAC  Preparation of a 50% citraconic anhydride/50% N-stearylacrylamide copolymer
      (molar ratio)
PAR  The procedure is the same as in Example 1. The result is a 75% yield of the
      desired copolymer, in the form of a powder which is soluble in paraffin
      oil.
PAR  By measurement of the anhydride function it was found that the copolymer
      contained 25.9% anhydride by weight. The molecular weight is M.sub.w =
      48,000.
PAC  EXAMPLE 13
PAC  Preparation of the magnesium salt of the copolymer according to Example 12
PAR  By using essentially the same process as in Example 2, the magnesium salt
      of the copolymer of Example 12 was produced in the form, when cold, of a
      viscous paste.
PAC  EXAMPLE 14
PAC  Preparation of a 50% acrylic anhydride/50% N-allylstearamide copolymer
      (molar ratio)
PAR  The procedure was the same as in Example 11.
PAR  The result was a 96% yield of the desired copolymer, which is soluble in
      paraffin oil.
PAR  By measurement of the anhydride function it was found that the copolymer
      contained 23% anhydride by weight. The molecular weight is M.sub.w =
      62,000.
PAC  EXAMPLE 15
PAC  Preparation of a 50% methacrylic anhydride/50%
      1-allyloxy-3-dodecylthio-2-propanol copolymer (molar ratio)
PAR  The process is essentially the same as described in Example 11. The result
      is a 92% yield of the desired copolymer. By measurement of the anhydride
      function it is found that the copolymer contains 30% anhydride by weight.
      The molecular weight is M.sub.w = 32,000.
PAC  EXAMPLE 16
PAC  Preparation of a 50% mixed acrylic-methacrylic anhydride/50% 1-allyloxy-3
      dodecyloxy-2 propanol copolymer (molar ratio)
PAR  The method is essentially the same as that described in Example 11. The
      result is a 98% yield of the desired copolymer, which is soluble in
      paraffin oil. The molecular weight is M.sub.w = 54,000.
PAR  By measurement of the anhydride function it is found that the copolymer
      contains 30% anhydride by weight.
PAC  EXAMPLE 17
PAC  Preparation of a 50% citraconic anhydride/50% 1-allyloxy
      3-stearylamino-2-propanol copolymer (molar ratio)
PAR  The procedure is essentially the same as in Example 11.
PAR  The result is 95% yield of the desired copolymer, which is soluble in
      paraffin oil.
PAR  By measurement of the anhydride function it is found that the copolymer
      contains 29.5% anhydride by weight. The molecular weight is M.sub.w =
      18,000.
PAC  EXAMPLE 18
PAC  Preparation of a 50% citraconic anhydride/50% allyl stearate copolymer
      (molar ratio)
PAR  This process is essentially the same as that described in Example 11. The
      result is a 95% yield of the desired copolymer, which is soluble in
      paraffin oil.
PAR  By measurement of the anhydride function it is determined that the
      copolymer contains 25% anhydride.
PAR  The molecular weight is M.sub.w = 17,000.
PAC  EXAMPLE 19
PAC  Preparation of the magnesium salt of the copolymer according to Example 18
PAR  The magnesium salt of the copolymer of Example 18 is obtained in the same
      way as in Example 2. When cold, it is in the form of a thick paste.
PAC  EXAMPLE 20
PAC  Preparation of a 50% maleic anhydride/50% cetylvinylether copolymer (molar
      ratio)
PAR  The process is essentially the same as that described in Example 1.
PAR  The result is a 92% yield of the desired copolymer, which is soluble in
      paraffin oil.
PAR  By measurement of the anhydride function, it is found that the copolymer
      contains 28% anhydride by weight. The molecular weight is M.sub.w =
      25,000.
PAC  EXAMPLE 21
PAC  Preparation of the magnesium salt of the copolymer according to Example 20
PAR  The magnesium salt of the copolymer of Example 20 is obtained in the same
      way as in Example 2 and, when cold, takes the form of a rather stiff
      paste.
PAC  EXAMPLE 22
PAC  Preparation of a 28% maleic anhydride/72% vinyl stearate copolymer (molar
      ratio)
PAR  The process is essentially the same as that described in Example 1. The
      result is an 88% yield of the desired copolymer which is soluble in
      paraffin oil.
PAR  By measurement of the anhydride function, it is found that the copolymer
      contains 11% anhydride by weight. The molecular weight is M.sub.w =
      45,000.
PAC  EXAMPLE 23
PAC  Preparation of the magnesium salt of the copolymer according to Example 22
PAR  The magnesium salt of the copolymer of Example 22 is obtained in
      essentially the same way as in Example 2 and, when cold, takes the form of
      a viscous paste.
PAC  EXAMPLE 24
PAC  Preparation of a 50% maleic anhydride/50% 1-decene (molar ratio)
PAR  37 G of 1-decene at 94.6%, 12.25 g of maleic anhydride and 52 g of
      anhydrous toluene are introduced into a flask equipped with an agitator, a
      thermometer, a condenser and a tube for introducing nitrogen. To this
      mixture 2.84 g of benzoyl peroxide in solution in 19 g of toluene are
      introduced.
PAR  This solution is heated at 100.degree.C for 30 hours.
PAR  After cooling, the solution is poured in 1.2 kg of petroleum ether. The
      precipitated powdered polymer is then dissolved in toluene and
      reprecipitated by petroleum ether. After filtration and drying, the yield
      was 45%. The molecular weight is M.sub.w = 18,000.
PAC  EXAMPLE 25
PAC  Preparation of a 50% maleic anhydride/50% methallyl laurate (molar ratio)
PAR  The procedure is the same as that described in Example 24.
PAR  The starting materials are:
PA1  63.6 g methally laurate
PA1  12.25 g maleic anhydride
PA1  2.53 g of benzoyl peroxide, and
PA1  105 g of toluene.
PAR  After cooling, the mixture is poured into 1.2 kg of isopropanol.
PAR  The yield was 40% and the molecular weight of the copolymer is M.sub.w =
      24,000.
PAR  By measuring the anhydride function, it is found that the copolymer
      contains 26.7% anhydride by weight.
PAC  EXAMPLE 26
PAC  Preparation of a 50% maleic anhydride/50% 1-octadecene (molar ratio)
PAR  1,500 G of 1-octadecene, 300 g of maleic anhydride and 20 g of benzoyl
      peroxide in solution in 2,000 g of anhydrous methylchloroform are
      introduced into a flask equipped with an agitator, a thermometer, a
      condenser and a tube for introducing nitrogen.
PAR  This mixture is heated to its boiling point and kept at reflux for 12
      hours.
PAR  After cooling, isopropanol is used to precipitate the copolymer. After
      drying the yield is 95%.
PAR  By measuring the anhydride function, it is found that the copolymer
      contains 28% anhydride by weight.
PAR  The molecular weight is M.sub.w = 53,000.
PAC  EXAMPLE 27
PAC  Preparation of a 50% maleic anhydride/50% 1-hexadecene (molar ratio)
PAR  The procedure is the same as that described in Example 26.
PAR  The starting materials are:
PA1  57 g 1-hexadecene
PA1  15 g maleic anhydride
PA1  0.43 g benzoyl peroxide
PA1  23 g anhydrous methylchloroform.
PAR  The yield is 97%.
PAR  By measuring the anhydride function it is found that the copolymer contains
      30% anhydride by weight. The molecular weight is M.sub.w = 97,000.
PAC  EXAMPLE 28
PAC  Preparation of a 50% maleic anhydride/50% 1-octadecene (molar ratio)
PAR  The procedure is the same as that described in Example 26 but the reflux
      time is 14 hours.
PAR  The starting materials are:
PA1  500 g 1-octadecene
PA1  100 g maleic anhydride
PA1  10 g benzoyl peroxide and
PA1  3500 g anhydrous toluene.
PAR  The yield is 95%.
PAR  By measuring the anhydride function it is found that the copolymer contains
      28.2% anhydride by weight. The molecular weight is M.sub.w = 4,000.
PAR  The following examples illustrate water-in-oil emulsions and their
      preparation as well as cosmetic compositions embodying the same, all in
      accordance with the present invention.
PAC  EXAMPLE A
PAR  A fluid cream, in accordance with the present invention, was prepared by
      adding 40 g of water, which had first been heated to 90.degree.C, to the
      following mixture:
TBL  Copolymer produced in accordance                                          
      with Example 2        8.4 g                                              
     Paraffin oil           51.6 g                                             
PAR  This mixture was vigorously agitated, and then cooled while it was still
      being agitated.
PAC  EXAMPLE B
PAR  A make-up base according to the invention was prepared by adding 34 g of
      water, which had first been heated to 90.degree.C, to the following
      mixture:
TBL  Copolymer produced in accordance                                          
      with Example 4      8.3       g                                          
     Vaseline             25.5      g                                          
     Paraffin oil         20.3      g                                          
     Perhydrosqualene     8.2       g                                          
     Titanium oxide       2         g                                          
     Ocher                1.5       g                                          
     Perfume              0.2       g                                          
PAR  This mixture was vigorously agitated and cooled while still being agitated.
PAC  EXAMPLE C
PAR  A cheek rouge, in accordance with the present invention was prepared by
      adding 40 g of water, which had first been heated to 90.degree.C, to the
      following mixture:
TBL  Copolymer produced in accordance                                          
      with Example 1       10       g                                          
     Isopropyl palmitate-stearate                                              
                           10       g                                          
     Vaseline              18       g                                          
     Paraffin oil          16.25    g                                          
     Microcrystalline wax  2        g                                          
     Pigments              2        g                                          
     Perfume               0.25     g                                          
     Silicone oil, sold under the                                              
      designation "SI 555" by Societe                                          
      Industrielle des Silicones                                               
      (methyl phenyl polysiloxane)                                             
                           1.5      g                                          
PAR  This mixture was vigorously agitated and cooled while still agitating.
PAC  EXAMPLE D
PAR  A fluid cream for use on the finger-nails in accordance with the present
      invention was prepared by adding 30 g of water which had first been heated
      to 90.degree.C to the following mixture:
TBL  Copolymer produced in accordance                                          
      with Example 2      8.75      g                                          
     Copolymer produced in accordance                                          
      with Example 1      3.30      g                                          
     Paraffin oil         22.75     g                                          
     Isopropyl myristate  29        g                                          
     Liquid lanolin       4         g                                          
     Microcrystalline wax 2         g                                          
     Perfume              0.2       g                                          
PAR  This mixture was vigorously agitated and cooled while agitation was
      continued.
PAC  EXAMPLE E
PAR  A night cream in accordance with the present invention was prepared by
      adding 35 g of water, which had first been heated to 90.degree.C, to the
      following mixture:
TBL  Copolymer produced in accordance                                          
      with Example 5      14        g                                          
     Purcellin oil        2         g                                          
     Perhydrosqualene     18        g                                          
     Bleached ozokerite   4         g                                          
     Paraffin oil         27        g                                          
PAR  This mixture was vigorously agitated and then cooled while agitation was
      continued.
PAC  EXAMPLE F
PAR  A fluid cream in accordance with the present invention was prepared by
      adding 59.7 g of water, which had first been heated to 90.degree.C, to the
      following mixture:
TBL  Copolymer produced in accordance                                          
      with Example 8      8         g                                          
     Paraffin oil         30        g                                          
     Microcrystalline wax 2         g                                          
     Perfume              0.3       g                                          
PAR  This mixture was vigorously agitated and then cooled while agitation was
      continued.
PAC  EXAMPLE G
PAR  A cream in accordance with the present invention and having the following
      composition is prepared:
TBL  Copolymer according to Example 19                                         
                            7.7     g                                          
     Paraffin oil           46      g                                          
     Water (initially heated to 90.degree.C)                                   
                            46.3    g                                          
PAR  This mixture was vigorously agitated and then cooled while agitation
      continued.
PAC  EXAMPLE H
PAR  A liquid cream of the present invention is prepared by adding 54 g of
      water, which has been heated to 90.degree.C, to the following mixture:
TBL  Copolymer produced in accordance                                          
      with Example 19     10        g                                          
     Copolymer produced in accordance                                          
      with Example 18     4         g                                          
     Paraffin oil         29        g                                          
     Microcrystalline wax 3         g                                          
PAR  This mixture is vigorously agitated and cooled while agitation is
      continued.
PAC  EXAMPLE I
PAR  A hand cream of the present invention is prepared by adding 48 g of water,
      which has been heated to 90.degree.C, to the following mixture:
TBL  Copolymer according to Example 13                                         
                            6.7      g                                         
     Paraffin oil           42.1     g                                         
     Titanium oxide         3        g                                         
     Perfume                0.2      g                                         
PAR  This mixture is vigorously agitated, and cooled while agitation is
      continued.
PAC  EXAMPLE J
PAR  A mixture base of the present invention is prepared by adding 35 g of water
      which has first been heated to 90.degree.C to the following mixture:
TBL  Copolymer prepared in accordance                                          
      with Example 23     8.5       g                                          
     Paraffin oil         44.5      g                                          
     Perhydrosqualene     8.3       g                                          
     Titanium oxide       2         g                                          
     Ocher                1.5       g                                          
     Perfume              0.2       g                                          
PAR  This mixture is vigorously agitated and cooled while agitation is
      continued.
PAC  EXAMPLE K
PAR  A fluid cream is prepared by pouring 40 g of water, which had first been
      heated to 90.degree.C, to the following mixture:
TBL  Copolymer produced in accordance                                          
      with Example 2      8.4       g                                          
     Paraffin oil         50        g                                          
     Silicon oil sold under the design-                                        
      nation of "S I 555" by Societe                                           
      Industrielle des Silicones                                               
      (methyl phenyl polysiloxane)                                             
                          1.6       g                                          
PAR  This mixture was vigorously agitated and cooled while still being agitated.
PAC  EXAMPLE L
PAR  A fluid cream is prepared by pouring 60 g of water, which had first been
      heated to 90.degree.C, to the following mixture:
TBL  Copolymer produced in accordance                                          
      with Example 8      8         g                                          
     Paraffin oil         28        g                                          
     Microcrystalline wax 2.5       g                                          
     Silicon oil sold under the trade-                                         
      name "SI 200", by Societe                                                
      Industrielle des Silicones                                               
      (dimethylpolysiloxane)                                                   
                          1.5       g                                          
PAR  This was vigorously agitated and cooled while still being agitated.
PAC  EXAMPLE M
PAR  A fluid cream embodying the invention is prepared by adding 30 g of water
      which had first been heated to 90.degree.C to the following mixture:
TBL  Copolymer produced in accordance                                          
      with Example 24     12        g                                          
     Triglyceride capro-caprylate                                              
                          54        g                                          
     Microcrystalline wax 4         g                                          
PAR  This mixture was vigorously agitated, and then cooled while it was still
      being agitated.
PAC  EXAMPLE N
PAR  A fluid cream of the present invention is prepared by adding 33 g of water
      which had first been heated to 90.degree.C to the following mixture:
TBL  Copolymer produced in accordance                                          
      with Example 25     11        g                                          
     Microcrystalline wax 2         g                                          
     Triglyceride capro-caprylate                                              
                          50        g                                          
     Isopropyl myristate  4         g                                          
PAR  This mixture was vigorously agitated and then cooled while it was still
      being agitated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The magnesium salt of a copolymer having the formula
      ##EQU12##
      wherein A is selected from the group consisting of
      ##EQU13##
      wherein R.sub.2 is selected from the group consisting of hydrogen and
      methyl, and
PA1  R is selected from the group consisting of
PA2  (d) alkyl having 8-18 carbon atoms,
PA2  e.
      ##EQU14##
      wherein R.sub.3 is alkyl having 17 carbon atoms, f. --O--R.sub.4 wherein
      R.sub.4 is alkyl having 16 carbon atoms,
PA2  g.
      ##EQU15##
      wherein Y is selected from the group consisting of --O--C.sub.12 H.sub.25,
      --S--C.sub.12 H.sub.25 and --NH--C.sub.18 H.sub.37 with the proviso that
      when R has the values of (d) to (g), R.sub.1 is hydrogen, and
PA2  h.
      ##EQU16##
      wherein R.sub.5 is alkyl having 11-17 carbon atoms, with the proviso that
      when R has the value of (h), R.sub.1 is selected from the group consisting
      of hydrogen and methyl, the molar ratio of monomeric units I:II is 1:1 and
      said copolymer has a weight average molecular weight ranging between
      4,000-100,000.
NUM  2.
PAR  2. The magnesium salt of a copolymer having the formula
      ##EQU17##
      wherein R' represents
      ##EQU18##
      wherein R.sub.8 is selected from the group consisting of hydrogen and
      methyl, and
PA1  R.sub.7 is selected from the group consisting of
PA2  a.
      ##EQU19##
      wherein R.sub.9 is alkyl having 18 carbon atoms, b.
      ##EQU20##
      wherein R.sub.10 is alkyl having 18 carbon atoms, with the proviso that
      when R.sub.7 has the values of (a)-(b), R.sub.6 represents hydrogen, and
PA2  c.
      ##EQU21##
      wherein R.sub.11 is alkyl having 12-18 carbon atoms, with the proviso that
      when R.sub.7 has the value of c., R.sub.6 is selected from the group
      consisting of hydrogen and methyl,
PAL  the molar ratio of monomeric units I:II ranges between 1-1.5: 0.5-1 and
      said copolymer has a weight average molecular weight ranging between
      4,000-100,000.
NUM  3.
PAR  3. The magnesium salt of a copolymer of (1) an unsaturated dicarboxylic
      acid anhydride selected from the group consisting of maleic anhydride,
      itaconic anhydride, citraconic anhydride, acrylic anhydride, methacrylic
      anhydride and acrylic-methacrylic anhydride and (2) a copolymerizable
      unsaturated monomer having a lipophile chain and being selected from the
      group consisting of 1-octadecene, 1-hexadecene, 1-eicosene, dodecyl
      methacrylate, allyl stearate, N-stearyl acrylamide, N-allyl stearamide,
      1-allyl-oxy-3-dodecylthio-2-propanol, 1-allyloxy-3-dodecyloxy-2-propanol,
      1-allyloxy-3-stearylamino-2-propanol, cetyl vinyl ether, vinyl stearate,
      1-decene and methallyl laurate, said copolymer having a weight average
      molecular weight ranging from 4,000-100,000.
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ABST
PAL  Photosensitive polymers and their process of preparation which can be
      crosslinked by a vinyl polymerization initiated by photochemical means and
      which are derived from the reaction of polymers containing
      zerewitinoff-active hydrogen atoms with N-methylol compounds or with
      N-Methylol ethers of acrylamides or substituted acrylamides. The modified
      polymers optionally in admixture with other vinyl group containing
      monomers are useful for purposes such as photosensitive copying layers,
      coatings and molded articles.
PARN
PAR  This application is a division of application Ser. No. 256,161 as filed May
      23, 1972 and now abandoned.
BSUM
PAR  The present invention relates to new compounds which form cross-linked
      polymers, their production, and their use.
PAR  Polymer systems which harden under the influence of light to form insoluble
      cross-linked coatings are known in great numbers in the field of varnishes
      as well as for a variety of copying processes.
PAR  Systems in which polymeric compounds which contain vinyl groups and are
      cross-linked by a vinyl polymerisation initiated by photochemical means
      have acquired special interest for copying processes, mainly on account of
      the high degree of cross-linking which can be attained. An example known
      from the literature is the reaction product of a polymer carrying glycidyl
      groups with acrylic acid [Deutsche Offenlegungsschrift (German Pat. No.)
      1,645,125]. However, this system has the disadvantage that its preparation
      requires a high stabilisation in order to prevent premature cross-linking,
      and that this strongly impairs the photo-sensitivity of the final product.
      The problem of having strongly to stabilise polymers carrying vinyl groups
      already during the condensing on of the vinyl compounds for protection
      against premature cross-linking has generally impaired the use of these
      products for photocopying processes.
PAR  Moreover, these systems as well as virtually all other systems cross-linked
      by photopolymerisation, are characterised by an inconvenient sensitivity
      to oxygen which necessitates exposure in an inert gas atmosphere or
      through a covering foil.
PAR  Surprisingly, it has now been found that the reaction of polymers
      containing Zerewitinoff-active hydrogen atoms with N-methylol compounds or
      with N-methylol ethers of acrylamides or substituted acrylamides yields
      high-molecular compounds which contain vinyl groups and which are useful
      in this context.
PAR  This invention provides compounds (preferably having a molecular weight
      greater than 1000) containing at least two groups of the general formula:
      ##EQU1##
      in which R.sub.1 is a hydrogen atom or an alkyl group having UP TO FOUR
      CARBON ATOMS;
PA1  R.sub.2 is a hydrogen atom or an alkyl group having up to eight carbon
      atoms; and
PA1  X is an oxygen atom or an --NH-- or
      ##EQU2##
      group.
PAR  The invention also provides a process for the production of the above
      compounds comprising homogeneously mixing a compound having
      Zerewitinoff-active hydrogen atoms [preferably of molecular weight greater
      than 1000] with a vinyl compound of the general formula:
      ##EQU3##
      [in which R.sub.1 and R.sub.2 are as defined above and R.sub.3 is a
      hydrogen atom or an alkyl group having up to eight carbon atoms], and
      reacting with the said compounds in the presence of an acid catalyst
      [except when the said compound having Zerewitinoff-active hydrogen atoms
      has acid functional groups] such as a mineral acid, an organic sulphonic
      acid, or a carboxylic acid, at -10 to +140.degree.C., preferably at
      +10.degree. to +120.degree.C.
PAR  The invention also relates to the use of the compounds containing the
      groups of the general formula (I) optionally in admixture with other vinyl
      groups-containing compounds to produce cross-linked polymers, especially
      in the form of coatings. The formation of cross-linked polymers or
      copolymers may be initiated thermally, for example by use of the
      conventional thermal radical initiators, or by irradiation with
      electromagnetic irradiation, especially be light, if desired with the use
      of photoinitiators.
PAR  Suitable polymers for use in producing the new compounds are, in principle,
      all those which contain, per molecule, at least two functional groups
      which are capable or reacting under acidic catalysis with N-methylol
      groups and/or N-methylol ethers with the formation of a bond. Suitable
      functional groups are generally all groups carrying Zerewitinoff-active
      hydrogen atoms, especially hydroxyl groups, but also carboxamido, and
      amino groups; there may be present functional groups of only one type as
      well as different functional groups side by side.
PAR  Those polymers are mainly preferred for the process according to the
      invention which, when applied to a carrier either from a solution or as a
      melt, yield tack-free coatings at room temperature already in the
      non-cross-linked state. However, the process is not limited to such
      compounds.
PAR  The molecular weight of the polymers depends on the intended application
      and can therefore not be determined independently of the latter. However,
      polymers with a molecular weight of over 1000 are preferably used.
PAR  The average molecular weight best suited for the intended application can
      be established in a simple way by a few tests, for example, by
      determination of the softening point. Obviously, the optimal range of
      molecular weight also depends on the type of the polymer.
PAR  Natural substances as well as synthetic high-molecular compounds are
      suitable for preparing the new compounds. Suitable natural polymers are,
      for example, cellulose, starch or gelatin or processed derivatives of
      these natural substances such as e.g. partially esterified or etherified
      cellulose.
PAR  Suitable synthetic polymers for use in preparing the new compounds are, for
      example, polyvinyl alcohols or copolymers of vinyl alcohol with any
      polymerisable monomers which do not react with the N-methylol or
      N-methylol ether groups of the compounds of the formula (II) to form
      reaction products containing vinyl groups, in particular with vinyl
      monomers, for example, with ethylene, propylene, butylene, butadiene,
      isoprene, vinyl chloride, vinylidene chloride; with vinyl esters,
      especially vinyl acetate or vinyl propionate; with vinyl ethers, e.g.
      vinyl propyl ether, vinyl isobutyl ether; with acrylic or methacrylic acid
      or their derivatives such as esters, especially with aliphatic C.sub.1
      -C.sub.5 -alcohols; or with nitriles; with maleic acid anhydride; or with
      styrene.
PAR  Polycondensation products with Zerewitinoff-active hydrogens, especially
      with alcoholic hydroxyl groups, are also suitable, for example, polyesters
      of polyvalent aliphatic or aromatic carboxylic acids with polyhydric
      alcohols; polyurethanes containing hydroxyl groups; or epoxide resins
      containing hydroxyl groups, such as are obtained, for example, by reacting
      polyvalent carboxylic acids, alcohols or amines with epihalohydrins,
      especially with epichlorohydrin.
PAR  Those polymers are preferably used which can be obtained by polymerisation
      of hydroxyalkyl esters of acrylic acid or .alpha.-alkyl-substituted
      acrylic acids, or by copolymerisation of these compounds with other vinyl
      compounds, for example, those mentioned above which do not react with the
      N-methylol or N-methylol ether groups of the compounds of the formula (II)
      to form reaction products containing vinyl groups.
PAR  In those cases in which, for example, polymers containing vinyl alcohol
      units are used for the preparation of the new compounds according to the
      invention, the polymers consist of carbon chains containing recurrent
      units of the formula (III)
      ##EQU4##
      in which R.sub.1 and R.sub.2 have the same meaning as above; and
PA1  R means H or C.sub.1 -C.sub.4 -alkyl, preferably methyl.
PAR  In those cases in which, for example, polymers derived from polymeric
      hydroxyalkyl acrylates are used, the polymers consist of carbon chains
      containing recurrent units of the formula (IV)
      ##EQU5##
      in which R, R.sub.1 and R.sub.2 have the same meaning as above; and
PA1  A means a bivalent aliphatic radical which may be interrupted by oxygen
      atoms, such as ethylene, propylene, isopropylene, butylene, radicals of
      the formula --(CH.sub.2 --CH.sub.2 --O).sub.m --CH.sub.2 --CH.sub.2 --
      where m represents an integer of 1 or more than 1, preferably 1 to 3.
PAR  In some cases it may also be expedient to replace the hydroxyalkyl esters
      of acrylic acid or its derivatives completely or partially with
      acrylamide, methacrylamide, maleic imide or other monomers carrying amide
      or imide groups. Finally, it is also possible to react polymers carrying
      amino groups, such as are obtained e.g. by copolymerisation of aminoethyl
      acrylate or aminoethyl methacrylate with other vinyl monomers.
PAR  Vinyl compounds (II) containing N-methylol groups or N-methylol ether
      groups in the meaning of the invention can be illustrated by the general
      formula
      ##EQU6##
      in which R.sub.1 means H, C.sub.1 -C.sub.4 -alkyl;
PA1  R.sub.2 means H, C.sub.1 -C.sub.8 -alkyl; and
PA1  r.sub.3 means H, C.sub.1 -C.sub.8 -alkyl,
PAL  compounds such as e.g. N-methylol-acrylamide, N-methylolmethacrylamide,
      N-methoxymethyl-acrylamide, N-ethoxymethylacrylamide,
      N-methoxymethyl-methacrylamide being preferred.
PAR  According to the claimed process a suitable compound containing
      Zerewitmoff-active hydrogen atoms is mixed with the unsaturated N-methylol
      compound and/or the unsaturated N-methylol ether, either directly or,
      preferably, in a solvent which is selected in accordance with the
      solubility of the components to be mixed. In the case of copolymers
      containing hydroxypropyl or hydroxyethyl acrylate or methacrylate, for
      example, ethyl acetate, methyl ethyl ketone, butyl acetate, glycol acetate
      monomethyl ether, are used as solvents.
PAR  The amount of vinyl compound (II) to be added depends on the number of
      reactive groups in the compound containing Zerewitinoff-active hydrogen
      atoms; as a rule, it is equimolar or smaller, because an excess of vinyl
      monomer (II) in the mixture, although it does not impair the reactivity of
      the resultant system which can be cross-linked by vinyl polymerisation,
      may lead to inhomogeneity or to an undesirable softness of the
      non-cross-linked film, due to crystallisation. However, deviations from
      this rule may be indicated in some cases, just as it may also be expedient
      to add to the system further monomeric vinyl compounds which do not react
      by transetherification.
PAR  To the mixture of vinyl compound (II) and compound containing
      Zerewitinoff-active hydrogen atoms described above there are usually added
      according to the invention 0.01-5% by weight, preferably 0.1-1% by weight,
      referred to solids, of an acidic catalyst, for example, an organic
      sulphonic acid such as e.g. p-toluene-sulphonic acid; or a carboxylic acid
      such as, for example, malonic acid, maleic acid, oxalic acid, tartaric
      acid, trichloroacetic acid, dichloroacetic acid,
      cyclopropane-1,1-dicarboxylic acid, cyanoacetic acid. However, the process
      is in no way limited to these acids; further carboxylic acids as well as
      mineral acids such as HCl, phosphoric acid or sulphuric acid may also be
      used. In the case where the starting compound already contains acidic
      functional groups such as carboxyl groups or sulphonic acid groups, such
      an addition may be dispensed with.
PAR  The condensation of the starting compound with the added vinyl compound
      (II) normally starts with the addition of the acidic catalyst. This
      condensation is an equilibrium reaction: depending on the choice of
      solvent and the number of reactive groups in the polymer, only part of the
      vinyl compound (II) will be condensed with the reactive groups of the
      polymer in solution. However, complete conversion is achieved in any case
      when the mixture is applied to the desired carrier, and the liberated
      water and/or the alcohol liberated from the N-methylol ether evaporates
      with the solvent.
PAR  Complete etherification or transetherification and thus condensation of the
      vinyl compound (II) on to the compound can already be achieved in solution
      if a solvent is chosen which permits, on account of its comparatively high
      boiling point, distilling off under reduced pressure at temperatures below
      40.degree.C the water or the alcohol liberated during condensation.
      Suitable solvents are here, for example, methyl glycol acetate, ethyl
      glycol acetate and analogous compounds, but also higher ketones.
PAR  In a typical application of the process according to the invention, a vinyl
      monomer containing hydroxyl groups is first polymerised, either by itself
      or in combination with other vinyl monomers the proportion of which may
      amount to up to 90% by weight, in known manner in a solvent such as e.g.
      methyl ethyl ketone, isopropanol or ethyl acetate.
PAR  The resultant polymer solution is cooled to room temperature and mixed with
      a catalytic amount of p-toluenesulphonic acid. The amount of vinyl
      compound (II) corresponding to the number of hydroxyl groups is then
      added. Depending on the intended application, the mixture so obtained can
      be protected against premature cross-linking by means of one of the
      conventional polymerisation inhibitors such as hydroquinone,
      toluhydroquinone, di-tert.-butylphenol, di-tert.-butyl-p-cresol or copper
      compounds. The amounts required for this purpose are within the
      conventional range and can be determined for the intended application by
      simple tests, i.e. by determination of the storability at elevated
      temperature or determination of the reactivity during the subsequent
      cross-linking process. As a rule, there are used amounts of 0-1% by
      weight.
PAR  If the mixture so obtained is to be used for the production of copying
      layers, the usual photoinitiators, e.g. benzoin derivatives such as
      benzoin, benzoin ether or hydroxymethyl-benzoin, or anthraquinone
      derivatives such as halogen- or alkyl-substituted anthraquinones, may be
      added in amounts of 0.1-10%.
PAR  It may be necessary to add further solvents, for example, for influencing
      the drying properties, plasticisers, flow agents, dyestuffs or other
      fillers which absorb as little as possible, or not at all in the spectral
      range of the light initiating the photopolymerisation. Likewise, it may be
      expedient in some cases to add to the mixture further inert polymers
      and/or further mono- or polyfunctional vinyl compounds.
PAR  The solution so obtained is applied to the desired carrier of the layer by
      means of dipping, spraying, pouring, rolling, whirling or by another
      conventional method of application. After evaporation of the solvent which
      may be carried out at an elevated temperature, for example, at
      80.degree.C, there is obtained a dry, tack-free film, since after this
      period of time also the unsaturated vinyl compound containing N-methylol
      or N-methylol ether groups will usually have reacted with the functional
      groups of the polymer.
PAR  The resultant soluble film can be cross-linked, either directly or after
      recoating on to a further layer carrier, for example, by polymerisation
      with the aid of light. In contrast to the systems hitherto used which can
      be cross-linked by vinyl polymerisation, the coating according to the
      invention makes it possible to dispense with the use of a covering foil
      and with working in an oxygen-free atmosphere.
PAR  After the cross-linking polymerisation of the exposed parts of the coating,
      the unexposed parts can be dissolved with an organic solvent and washed
      off. Solvents suitable for this purpose are mainly those which can also be
      used for applying the layer and, in addition, those in which the
      non-cross-linked compound preferably dissolves; chlorinated hydrocarbons,
      alcohols, ketones, esters and aromatic hydrocarbons can be used, for
      example. The cross-linked insoluble parts of the layer adhere to the layer
      carrier and resist all conventional caustic solutions such as dilute
      nitric acid and iron(III) chloride solution as well as metal deposition in
      conventional baths.
PAR  Suitable layer carriers are metal foils of copper-aluminium, zinc,
      magnesium, steel and the like; furthermore paper, glass or foils or
      polymeric products such as cellulose esters, polyvinyl acetate,
      polystyrene, polycarbonates, especially those derived from
      bis-phenylol-alkanes, polyesters, especially those derived from
      polyethylene terephthalate, polyamides, such as, for example, nylon.
      Further suitable substrates are materials of net-like structure such as
      metal nets. By selecting suitable polymers, it is further possible to
      produce self-supporting layers.
PAR  The photo-cross-linkable layers according to the invention can be used for
      the production of relief pictures or printing blocks for relief printing,
      intaglio printing or surface printing. Offset printing processes, screen
      printing processes, lithographic printing plates or any other printing
      processes which require a relief picture, as well as engraving processes
      may be specially mentioned. An important field of application for the
      layers according to the invention is the use as photo-resists for the
      production of printed circuits, the production of etched moulded parts,
      the production of moulded parts according to the electroforming process,
      and the production of integrated microcircuits.
PAR  A particular advantage of the layers according to the invention consists in
      their insensitivity to oxygen. This permits of exposure without protective
      gas atmosphere. The application of a covering foil or covering layer
      reducing the dissolving power is likewise unnecessary.
PAR  Moreover, it is possible thermally to transfer finished edged reliefs to a
      suitable substrate in a particularly simple way by means of a layer
      applied to a carrier after pictorial exposure and development.
PAR  Exposure of the layers produced according to the invention is carried out
      by means of the light sources conventionally used in reproduction
      technique, such as carbon arc lamps, xenon lamps, high pressure mercury
      lamps, which supply, besides visible light, a proportion of ultraviolet
      light which is particularly effective for the polymerisation.
PAR  In the preceding, the polymer systems which can be cross-linked by radical
      polymerisation, are primarily discussed with regard to their use for
      certain photosensitive copying layers. It is to be understood that the new
      compounds according to the invention can also be used for other coatings
      where subsequent cross-linking is important. For example, they can also be
      used quite generally for varnishes and coatings.
PAR  The cross-linking reaction can be initiated not only by light: other rays
      rich in energy may also be used, such as electron rays, X-rays, and e.g.
      .gamma.-rays. Initiation of the cross-linking reaction is further possible
      by means of the usual polymerisation starters for vinyl polymerisation,
      such as e.g. organic peroxides. Consequently, the limitation regarding
      fillers, which is necessary for photochemically initiated cross-linking is
      not valid for this extended application: in principle, all pigments and
      additives conventionally used, for example, in unsaturated
      polyesterstyrene varnishes, may be added.
PAR  The manifold possibilities of application for the cross-linkable polymers
      according to the invention may be illustrated with the aid of the
      following Examples.
DETD
PAC  EXAMPLE 1
PAC  Production of the Polymer
PAR  868 g ethyl acetate were heated in a nitrogen atmosphere under reflux in a
      three-neck flask of 2 liters capacity fitted with stirrer, reflux
      condenser and dropping funnel. A mixture of 288 g methacrylic acid
      hydroxypropyl ester, 150 g methyl methacrylate, 150 g ethyl acrylate and 9
      g azo-isobutyric acid dinitrile were added dropwise within 3 hours. When
      the dropwise addition was completed, there was added 1 g azo-isobutyric
      acid dinitrile in 10 g ethyl acetate, and heating under reflux was
      continued for a further 5 hours. The ethyl acetate was partially distilled
      off, and the highly viscous polymer solution was concentrated by
      evaporation in a vacuum drying cabinet at 15 mm/50.degree.C for 24 hours
      to give a solid colourless resin (580 g). 234 g of this resin, 800 mg
      p-toluene-sulphonic acid and 60 mg hydroquinone were dissolved in 300 g
      glycol acetate monomethyl ether. 80 g N-methylol-acrylamide dissolved in
      200 g methanol were added to this solution at room temperature, and this
      mixture was stirred at room temperature in a water jet vacuum for 3 hours,
      methanol and the liberated reaction water being thus evaporated off.
PAC  Photosensitive Material
PAR  A solution of the polymer prepared in this way is diluted with glycol
      acetate monomethyl ether to 30% by weight and sensitized with 2% by
      weight, referred to the dry film-forming polymer, of
      2-tert.-butyl-anthraquinone. After whirling on to a clean copper sheet at
      200 r.p.m. and subsequent drying at room temperature for 8 hours, there
      results a layer of 25 .mu. thickness.
PAC  Processing
PAR  The above layer is exposed for 4 minutes in a Chem-Cut vacuum frame through
      a 0.15 grey step tablet. Development with ethyl acetate/i-propanol gives a
      sharp positive relief picture of 9 steps of the test tablet.
PAR  On account of its good thermoplastic properties, the product prepared and
      sensitized as described above, after coating and drying, is excellently
      suitable for transfer from a carrier foil (e.g. Hostaphan PKHH) to a
      suitable substrate by means of hot rollers at 120.degree.C. After
      pictorial exposure through a line pattern and subsequent developement, a
      sharp positive picture of the pattern is obtained.
PAR  Moreover, corresponding layers on a carrier foil can be transferred, after
      exposure and development, as a finished etched relief in exactly the same
      manner.
PAC  EXAMPLE 2
PAC  Preparation of the Polymer
PAR  150 g methyl ethyl ketone were heated under reflux in a nitrogen atmosphere
      in a three-neck flask of 1 liter capacity fitted with stirrer, reflux
      condenser and dropping funnel. A mixture of 108 g hydroxypropyl
      methacrylate, 32 g butyl acrylate and 2.1 g azo-isobutyric acid dinitrile
      was added dropwise within 11/2  hours. When the dropwise addition was
      completed, there were added a further 0.2 g azo-isobutyric acid dinitrile
      and heating was continued under reflux for a further 2 hours. The solvent
      was then partially evaporated, and the highly viscous polymer solution was
      concentrated by evaporation in a vacuum drying cabinet at 15
      mm/50.degree.C for 24 hours to form a solid colourless resin (135 g). The
      dry resin, 700 mg p-toluene-sulphonic acid and 50 mg hydroquinone were
      dissolved in 180 g methyl glycol acetate and mixed at room temperature
      with 86 g N-methoxymethyl-acrylamide.
PAC  Photosensitive Material
PAR  The resin solution was sensitized with 2% by weight, referred to the dry
      film-forming polymer, of 2-tert.-butylanthraquinone and coloured with 0.5%
      by weight of waxoline rhodamine.
PAC  Processing
PAR  Coating at 0.5 m per minute from an immersion dish on to a polyester foil
      (Mylar) of 36 .mu. thickness yielded, after drying, films of a thickness
      of 40 .mu.. These could be thermally transferred at 120.degree.C to a
      clean copper foil. After pictorial exposure and development in i-propanol,
      there resulted sharp positive pictures of the pattern.
PAC  EXAMPLE 3
PAR  A polymer was prepared in analogy with Example 2 from
PA1  65 g hydroxyethyl methacrylate
PA1  75 g methyl methacrylate
PA1  40 g acrylonitrile in 180 g ethyl methyl ketone
PAL  and this was dried in a vacuum.
PAR  150 g of the solid polymer were dissolved in 150 g methyl glycol acetate
      and, after the addition of 480 mg p-toluene-sulphonic acid and 190 mg
      2,6-di-tert.-butyl-p-cresol, mixed with 48 g N-methoxymethyl-acrylamide,
      sensitized as described in Example 1, and successfully used for the
      production of a relief picture.
PAC  EXAMPLE 4
PAR  A polymer was prepared in analogy with Example 2 from
PA1  144 g hydroxypropyl methacrylate
PA1  75 g ethyl acrylate
PA1  78 g styrene in 300 g toluene.
PAL  119 g of the resultant solution in toluene were mixed with 23 g
      N-methoxymethyl-acrylamide, 0.2 g p-toluene-sulphonic acid and 0.074 mg
      di-tert.-butyl-p-cresol, sensitized as described in Example 1, and
      successfully used for the production of a relief picture.
PAC  EXAMPLE 5
PAR  60 g of the solid solvent-free polymer of Example 1 were dissolved in 60 g
      methyl ethyl ketone and mixed in succession with 0.2 g p-toluene-sulphonic
      acid, 0.074 g di-tert.-butyl-p-cresol and 25.9 g
      N-methoxymethyl-methacrylamide. After being sensitized with
      tert.-butyl-anthraquinone, also this mixture can be successfully used for
      the production of a relief picture, as described in Example 1.
PAC  EXAMPLE 6
PAR  60 g of the solid solvent-free polymers of Example 1 were dissolved in 60 g
      methyl ethyl ketone and mixed in succession with 0.25 g oxalic acid, 0.074
      g di-tert.-butyl-p-cresol and 24.5 g N-methoxymethyl-acrylamide. The
      solution is sensitized with 2% by weight, referred to the dry film-forming
      polymer, of 2-tert.-butyl-anthraquinone and whirled on to a copper plate
      as described in Example 1. After drying at 100.degree.C for 15 minutes and
      exposure through a pattern, a positive relief picture was obtained in
      analogy with Example 1.
PAC  EXAMPLE 7
PAR  500 g methyl glycol acetate were heated in a nitrogen atmosphere at
      110.degree.C in a three-neck flask of 2 liters capacity fitted with
      stirrer, reflux condenser and dropping funnel. A mixture of 142 g
      acrylamide, 150 g methyl methacrylate, 150 g ethyl acrylate and 15 g
      benzoyl peroxide was added dropwise within 6 hours, and the mixture was
      kept at 110.degree.C for a further 2 hours. The slightly turbid polymer
      solution was allowed to cool down and subsequently dried in a vacuum
      drying cabinet at 60.degree.C/12 mm (440 g).
PAR  110 g of this polymer were dissolved in 150 g dimethyl formamide, mixed in
      succession with 250 mg p-toluene-sulphonic acid, 23 g
      N-methoxymethyl-acrylamide, 100 mg 2,6-di-tert.-butyl-p-cresol and 6 g
      2-chloromethyl-anthraquinone, and the mixture was homogenised.
PAR  The resultant solution was drawn on a metal plate to form a film of 200
      .mu. thickness. The film was dried at 50.degree.C/12 mm for 18 hours and
      subsequently exposed through a pattern as described in Example 1. After
      development with methyl glycol acetate, there resulted a sharp positive
      picture of the pattern.
PAC  EXAMPLE 8
PAR  A polymer was prepared in analogy with Example 2 from
PA1  67.8 g maleic imide
PA1  70 g methyl methacrylate
PA1  89.6 g butyl acrylate in 300 g methyl ethyl ketone,
PAL  and this was dried in a vacuum.
PAR  The polymer was dissolved in 250 g methyl glycol acetate and, after the
      addition of 800 mg p-toluene sulphonic acid and 80 mg hydroquinone, mixed
      with 77 g N-methoxymethylacrylamide, sensitized as described in Example 1,
      and successfully used for the production of a positive relief picture.
PAC  EXAMPLE 9
PAR  500 g ethyl acetate were heated under reflux in a nitrogen atmosphere in a
      three-neck flask of 2 liters capacity fitted with stirrer, reflux
      condenser and dropping funnel. A mixture of 288 g
      hydroxypropylmethacrylate, 150 g methyl methacrylate, 150 g ethyl
      acrylate, 45 g acrylic acid and 4.5 g azo-butyric acid dinitrile was added
      within 1 hour. After this period of time, 0.5 g azo-isobutyric acid
      dinitrile in 40 g ethyl acetate were added dropwise within a further hour.
      After a further 2 hours under reflux, the mixture was cooled to room
      temperature, and 1 g 2,6-di-tert.-butyl-p-cresol, 2 g p-toluene-sulphonic
      acid and 230 g N-methoxymethyl-acrylamide were successively added to the
      polymer solution. This solution was sensitized with
      tert.-butyl-anthraquinone as described in Example 1 and successfully used
      for the production of a relief picture. A corresponding experiment without
      the use of p-toluene-sulphonic acid yielded solvent-resistant relief
      pictures after a drying time of 3 days at 40.degree.C.
PAC  EXAMPLE 10
PAR  100 g of a saturated polyester derived from phthalic acid and
      trimethylol-propane with an acid number of 3 and an OH number of 263
      (viscosity of a 50% by weight solution in ethyl acetate: 850 cp) were
      dissolved in 100 g methyl glycol acetate and homogenized in succession
      with 200 mg p-toluene-sulphonic acid, 50 mg hydroquinone and 54 g
      N-methoxymethylacrylamide at room temperature. This solution was mixed
      with 2 g benzoin isopropyl ether and applied to a metal plate as a layer
      of 200 .mu. thickness. After drying at 40.degree.C/12 mm for 18 hours,
      there resulted a tack-free coating which, when exposed through a pattern
      according to Example 1 and developed, yielded a sharp positive relief
      picture.
PAC  EXAMPLE 11
PAR  The photoinitiator-free polymer solution of Example 1 was applied to a
      steel plate of 0.5 mm thickness as a layer of 150 .mu. thickness and,
      after resting at room temperature for 10 minutes, irradiated under an
      electron accelerator in a N.sub.2 -atmosphere (type: high voltage) with
      4.4 Mrad electron rays with an energy of 500 kV and a current strength of
      2 mA. After this treatment there resulted a tack-free insoluble film which
      did not swell, even after 1 minute's treatment with ethyl acetate.
PAC  EXAMPLE 12
PAR  The photoinitiator-free polymer solution of Example 1 was mixed with 2% by
      weight benzoyl peroxide (referred to solids content). A coating of 200
      .mu. thickness prepared therefrom on a glass plate was stoved, after
      storage at room temperature for 10 minutes, at 150.degree.C for 10
      minutes. A nail-hard solvent-resistant coating was obtained.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A photopolymerizable polymer having a backbone of from 10 to 100% by
      weight of a free radical polymerized monomer of the formula
EQU  CH.sub.2 =CR--CO--A--OH
PAL  and 90 to 0% by weight of at least one free radical polymerized comonomer
      selected from the group consisting of ethylene, propylene, butylene,
      butadiene, isoprene, vinyl chloride, vinylidene chloride, vinyl acetate,
      vinyl propionate, vinyl propyl ether, vinyl isobutyl ether, acrylic acid,
      methacrylic acid, esters of acrylic and methacrylic acid with alcohols
      having 1 to 5 carbon atoms, acrylic acid nitrile, methacrylic acid
      nitrile, maleic acid anhydride and styrene, said backbone having at least
      two hydroxyl groups which are etherified with a monomer of the formula
      ##EQU7##
      each of R and R.sub.1 being separately selected from the group consisting
      of hydrogen and alkyl having 1 to 4 carbon atoms, R.sub.2 being selected
      from the group consisting of hydrogen and alkyl having 1 to 8 carbon
      atoms, R.sub.3 being selected from the group consisting of hydrogen and
      alkyl having 1 to 8 carbon atoms and A being a bivalent radical selected
      from the group consisting of ethylene, propylene, isopropylene, butylene
      and (CH.sub.2 CH.sub.2 O).sub.m CH.sub.2 CH.sub.2 -- wherein m is 1, 2 or
      3.
NUM  2.
PAR  2. The photopolymerizable polymer of claim 1 wherein R is methyl and A is
      propylene.
NUM  3.
PAR  3. The photopolymerizable polymer of claim 2 wherein said comonomer is a
      mixture of methylmethacrylate and ethylacrylate.
NUM  4.
PAR  4. The photopolymerizable polymer of claim 3 wherein R.sub.1, R.sub.2 and
      R.sub.3 are each hydrogen.
NUM  5.
PAR  5. The photopolymerizable polymer of claim 2 wherein said comonomer is
      butylacrylate.
NUM  6.
PAR  6. The photopolymerizable polymer of claim 5 wherein R.sub.1 and R.sub.2
      are each hydrogen and R.sub.3 is methyl.
NUM  7.
PAR  7. The photopolymerizable polymer of claim 1 wherein R is methyl and A is
      ethylene.
NUM  8.
PAR  8. The photopolymerizable polymer of claim 7 wherein said comonomer is a
      mixture of methylmethacrylate and acrylonitrile.
NUM  9.
PAR  9. The photopolymerizable polymer of claim 8 wherein R.sub.1 and R.sub.2
      are each hydrogen and R.sub.3 is methyl.
NUM  10.
PAR  10. The photopolymerizable polymer of claim 2 wherein said comonomer is a
      mixture of ethylacrylate and styrene.
NUM  11.
PAR  11. The photopolymerizable polymer of claim 10 wherein R.sub.1 and R.sub.2
      are each hydrogen and R.sub.3 is methyl.
NUM  12.
PAR  12. The photopolymerizable polymer of claim 3 wherein R.sub.1 and R.sub.3
      are each methyl and R.sub.2 is hydrogen.
NUM  13.
PAR  13. The photopolymerizable polymer of claim 3 wherein R.sub.1 and R.sub.2
      are each hydrogen and R.sub.3 is methyl.
NUM  14.
PAR  14. The photopolymerizable polymer of claim 2 wherein said comonomer is a
      mixture of methylmethacrylate, ethylacrylate and acrylic acid.
NUM  15.
PAR  15. The photopolymerizable polymer of claim 14 wherein R.sub.1 and R.sub.2
      are each hydrogen and R.sub.3 is methyl.
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UREF
PNO  3642953
ISD  19720200
NAM  O'Neill et al.
OCL  260 79.3R
UREF
PNO  3730734
ISD  19730500
NAM  Delzenne
OCL   96 90PC
UREF
PNO  3754055
ISD  19730800
NAM  Rembaum
OCL  260 80.72
UREF
PNO  3784399
ISD  19740100
NAM  Grot
OCL  260 79.3M
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  A quaternary salt-type reactive polymer composition comprising therein
      repeating monomer units represented by the following general formula
      ##SPC1##
PAL  Wherein R represents a hydrogen atom or an alkyl group having 1 to 4 carbon
      atoms; R.sub.1 represents a hydrogen atom, an alkyl group having 1 to 6
      carbon atoms, an alkoxycarbonyl group, having 2 to 8 carbon atoms an aryl
      group, a carbamoyl group having 1 to 8 carbon atoms, a carboxy group, or
      an acyl group having 1 to 8 carbon atoms; R.sub.2 represents a hydrogen
      atom, a methyl group or a cyano group; R.sub.3 represents a hydrogen atom,
      a carbamoyl group having 1 to 8 carbon atoms, a nitro group, a cyano
      group, an alkoxy group having 1 to 3 carbon atoms or an alkoxy carbonyl
      group having 2 to 8 carbon atoms; Y represents a divalent radical having 1
      to 12 carbon atoms; and X.sup.- represents a halogen atom, such as Br, Cl
      or I, an alkanesulfonyloxy group having 1 to 4 carbon atoms, an
      alkanesulfonyloxy group having 1 to 4 carbon atoms a styrenesulfonyloxy
      group, or an arylsulfonyloxy group having 6 to 10 carbon atoms. A
      preferred -Y- moiety is
      ##EQU1##
      wherein R.sub.4 represents
      ##SPC2##
PAL  Wherein m is 0, 1, 2, or 3; p, q and r is 0 or 1; R.sub.5 represents a
      hydrogen atom or a methyl group.
PAL  The quaternary salt-type functional polymer described above can be
      synthesized by reacting (1) a vinylpyridine with a halide or a sulfonic
      ester compound containing at least one unsaturated group or (2), a vinyl
      pyridine unit containing polymer with a halide or a sulfonic ester
      compound containing at least one unsaturated group, and processes for the
      preparation thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a reactive polymer having a novel skeletal
      structure, which undergoes a reduction in solubility or becomes insoluble
      due to the action of light, heat or electron beams.
PAR  2. Description of the Prior Art
PAR  Heretofore, detailed descriptions of light-sensitive polymers which undergo
      a reduction in solubility in a solvent or become insoluble in solvents due
      to the action of light or electron beam are given in the literature (for
      example, J. Kosar; Light-Sensitive Systems, John Wiley and Sons, New York
      (1965), Tsunoda; Kankousei Jushi (Photosensitive Resin), Publishing
      Department of Insatsugakkai (1972), etc.).
PAR  These light-sensitive polymers are used for printing plates, photoresists,
      paints, adhesives, etc.
PAR  In the case of forming, particularly, images using a reactive polymer,
      generally development-processing is required. For such development,
      organic solvents are commonly used as the developing agent. However,
      organic solvents can be the cause of environmental pollution or public,
      hazards due to their well known high inflammability, bad odor, and
      toxicity. Therefore, an aqueous solvent system, particularly, water alone,
      would have great advantages as the developing agent from the standpoint of
      inflammability, toxicity or cost of the processing solution. Thus, the
      development of a reactive composition which can be processed with an
      aqueous system has long been sought.
PAR  An object of the present invention is to provide a reactive composition
      which can be development-processed with an aqueous system. This object has
      been attained using a quaternary salt-type polymer as the reactive
      polymer.
PAR  In general, two processes to obtain the above-described light-sensitive
      polymer are presently known: one being (a) a process wherein a monomer
      having a reactive group is first synthesized and then the resulting
      monomer is polymerized to obtain a reactive polymer and the other being
      (b) a process wherein a polymer is first synthesized and then a reactive
      group is introduced into the resulting polymer utilizing a high polymer
      reaction. The former process (a) can provide a polymer having a
      comparatively high reactivity, while the latter process (b) has the defect
      that a high polymer compound having the reactive group in a proportion of
      100% is difficult to obtain since this process utilizes the high polymer
      reaction. On the other hand, however, the latter process (b) has the
      advantage that it enables the end product to be produced at low cost since
      the reaction procedure is compparatively simple. In the present invention,
      a polymer produced according to an absolutely unique process, as well as
      those produced according to the above-described two processes, are used.
      It is needless to say that the polymer produced by the unique process of
      the invention possesses the advantages of the above-described two
      synthetic processes, i.e., that the reactive group is connected to the
      polymer in a proportion of 100% and that the polymer can be produced with
      ease since the reaction conditions are mild and the reaction procedures
      are simple. Therefore, this unique synthetic process will surely
      contribute to the field of synthesizing the reactive polymer. That is, the
      composition containing the reactive polymer is of great significance.
PAR  Quaternary salt-type polymers have long been utilized as ion-exchange
      resins, dye-retaining agents, high molecular weight germicides, conductive
      coating materials, etc. These are described in detail in general in, for
      example, M. F. Hoover; "Cationic Quaternary Polyelectrolytes-Literature
      Review", J. Macromol. Sci., A4, pp.1327 - 1417 (1970). However, no reports
      on quaternary salt-type polymers having an unsaturated group as used in
      the present invention are known. V. A. Kabanov, et al have merely reported
      in J. Polym. Sci., C16, pp.1079 - 1094 (1967) that, when 4-vinylpyridine
      is reacted with an alkyl halide in various organic media, a high molecular
      weight quaternary salt-type polymer is produced instead of a quaternary
      salt-type monomer.
PAC  SUMMARY OF THE INVENTION
PAR  A quaternary salt-type reactive polymer composition comprising therein
      repeating monomer units represented by the following general formula
      ##SPC3##
PAL  wherein R represents a hydrogen atom or an alkyl group having 1 to 4 carbon
      atoms; R.sub.1 represents a hydrogen atom, an alkyl group having 1 to 6
      carbon atoms, an alkoxycarbonyl group having 2 to 8 carbon atoms, an aryl
      group, a carbamoyl group having 1 to 8 carbon atoms, a carboxy group, or
      an acyl group having 1 to 8 carbon atoms; R.sub.2 represents a hydrogen
      atom, a methyl group or a cyano group; R.sub.3 represents a hydrogen atom,
      a carbamoyl group having 1 to 8 carbon atoms, a nitro group, a cyano
      group, an alkoxy group having 1 to 3 carbon atoms or an alkoxy carbonyl
      group having 2 to 8 carbon atoms; Y represents a divalent radical having 1
      to 12 carbon atoms; and X.sup.- represents a halogen atom, such as Br, Cl
      or I, an alkylsulfonyloxy group having 1 to 4 carbon atoms, an
      alkanesulfonyloxy group having 1 to 4 carbon atoms a styrenesulfonyloxy
      group, or an arylsulfonyloxy group having 6 to 10 carbon atoms. A
      preferred -Y- moiety is
      ##EQU2##
      wherein R.sub.4 represents
      ##SPC4##
PAL  wherein m is 0, 1, 2, or 3; p, q and r is 0 or 1; R.sub.5 represents a
      hydrogen atom or a methyl group.
PAR  The quaternary salt-type functional polymer described above can be
      synthesized by reacting (1) a vinylpyridine with a halide or a sulfonic
      ester compound containing at least one unsaturated group or (2), a vinyl
      pyridine unit containing polymer with a halide or a sulfonic ester
      compound containing at least one unsaturated group.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has now also been found that the quaternary salt-type reactive polymer
      of the present invention (III) described above can be synthesized (1) by
      reacting a vinylpyridine (I) with a halide or a sulfonic ester having an
      unsaturated group (II) according to, e.g., the following reaction
      schematic;
      ##SPC5##
PAL  wherein R, R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and X are as above
      described.
PAR  Another process (2) for synthesizing the quaternary salt-type reactive
      polymer of the present invention (III) is to react an unsaturated compound
      (II) with a polymer having vinyl pyridine units therein (IV) to convert
      the polymer to the quaternary salt-type. That is, the quaternary salt-type
      polymer can be synthesized according to a Menshutkin reaction by reacting
      the polymer having therein repeating units (IV) with an unsaturated
      compound represented by the above described general formula (II) in
      accordance with the following reaction schematic;
      ##SPC6##
PAL  wherein R, R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, X, are as above
      described. Preferred examples of Compound (II) are
      ##SPC7##
PAL  wherein R, R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and X, are the same
      as defined above and x is 0 or 1 and y is 1, 2 or 3 and suitably compound
      (II) is
      ##EQU3##
      wherein R represents a hydrogen atom or an alkyl group having 1 to 4
      carbon atoms; R.sub.1 represents a hydrogen atom, an alkyl group having 1
      to 6 carbon atoms, an alkoxycarbonyl group having 2 to 8 carbon atoms, an
      aryl group, a carbamoyl group having 1 to 8 carbon atoms, a carboxy group
      or an acyl group having 1 to 8 carbon atoms; R.sub.2 represents a hydrogen
      atom, a methyl group or a cyanogroup; R.sub.3 represents a hydrogen atom,
      a carbamoyl group having 1 to 8 carbon atoms, a nitro group, a cyano
      group, an alkoxy group having 1 to 3 carbon atoms or an alkoxycarbonyl
      group having 2 to 8 carbon atoms; R.sub.4 represents
      ##SPC8##
PAL  wherein m is 0, 1, 2, or 3, p, q and r is 0 or 1; R.sub.5 represents a
      hydrogen atom or a methyl group; and X represents a halogen atom such as
      Cl, Br, I, an alkylsulfonyloxy having 1 to 4 carbon atoms, an
      alkanesulfonyloxy group having 1 to 4 carbon atoms, a styrenesulfonyloxy
      group, or an arylsulfonyloxy group having 6 to 10 carbon atoms.
PAR  Suitable examples of alkyl groups having 1 to 6 carbon atoms are methyl,
      ethyl, propyl, butyl and hexyl groups, of alkoxycarbonyl groups having 2
      to 8 carbon atoms are methoxycarbonyl, ethoxycarbonyl, and
      benzyloxycarbonyl groups, of aryl groups are phenyl, tolyl, nitrophenyl,
      chlorophenyl, allylphenyl and dinitrophenyl groups, of carbamoyl groups
      having 1 to 8 carbon atoms are methylcarbamoyl, ethylcarbamoyl and
      butylcarbamoyl groups, of acyl groups having 1 to 8 carbon atoms are
      acetyl, formyl, benzyl, propionyl, nitrobenzoyl, chlorobenzoyl, octanoyl,
      thenoyl and furoyl groups, of arylsulfonyloxy groups are
      benzenesulfonyloxy and toluenesulfonyloxy group, of alkylsulfonyloxy
      groups are methylsulfonyloxy, ethylsulfonyloxy groups, of
      alkanesulfonyloxy groups are vinylsulfonyl groups, and of alkoxy groups
      having 1 to 3 carbon atoms are methoxy, ethoxy and propoxy groups.
PAR  As the vinylpyridines (I) which can be used as the starting material,
      pyridines having a vinyl group are advantageously used. Specific examples
      thereof include 2-vinylpyridine, 3-vinylpyridine, 4-vinylpyridine,
      vinylmethylpyridine, vinylbutylpyridine, vinyldimethylpyridine, and the
      like. It is to be understood that the pyridines also include the
      quinolines, acridines, etc., such as 4-vinylquinoline, 2-vinylquinoline,
      4-vinyl-2-methylquinoline, 6-vinylphenanthridine, and 9-vinylacridine.
PAR  Suitable polymer compounds having the repreating unit (IV), are
      homopolymers or copolymers of the above-described vinylpyridines. Suitable
      comonomers which can be copolymerized therewith are monomers having 2 to
      16, preferably 2 to 9, carbon atoms. Example of such comonomers are, e.g.,
      acrylic esters, acrylamides, methacrylic esters, methacrylamides, allyl
      compounds, vinyl ethers, vinyl esters, N-vinyl compounds, styrenes,
      crotonic acid esters, and the like. Specific examples thereof include
      acrylates such as acrylic acid, an alkyl acrylate (e.g., propyl acrylate,
      butyl acrylate, amyl acrylate, ethylhexyl acrylate, octyl acrylate,
      t-octyl acrylate, chloroethyl acrylate, hydroxyethyl acrylate,
      hydroxypropyl acrylate, 2,2-dimethylhydroxypropyl acrylate,
      5-hydroxypentyl acrylate, diethyleneglycol monoacrylate,
      trimethylolpropane monoacrylate, pentaerythritol monoacrylate, glycidyl
      acrylate, benzyl acrylate, methoxybenzyl acrylate, furfuryl acrylate,
      tetrahydrofurfuryl acrylate, etc.), an aryl acrylate (e.g., phenyl
      acrylate, etc.); methacrylates such as methacrylic acid, an alkyl
      methacrylate (e.g., methyl methacrylate, ethyl methacrylate, propyl
      methacrylate, isopropyl methacrylate, amyl methacrylate, hexyl
      methacrylate, cyclohexyl methacrylate, benzyl methacrylate, chlorobenzyl
      methacrylate, octyl methacrylate, N-ethyl-N-phenylaminoethyl methacrylate,
      ethyleneglycol monomethacrylate, 2-hydroxyethyl methacrylate,
      3-hydroxypropyl methacrylate, 2-hydroxypropyl methacrylate, 4-hydroxybutyl
      methacrylate, 5-hydroxypentyl methacrylate, 2,2-dimethyl-3-hydroxypropyl
      methacrylate, diethyleneglycol monomethacrylate, trimethylolpropane
      monomethacrylate, pentaerythritol monomethacrylate, glycidyl methacrylate,
      furfuryl methacrylate, tetrahydrofurfuryl, methacrylate, etc.), an aryl
      methacrylate (e.g., phenyl methacrylate, cresyl methacrylate, naphthyl
      methacrylate, etc.), etc.; acrylamides such as acrylamide, an N-alkyl
      acrylamide (the alkyl moiety being, e.g., a methyl group, an ethyl group,
      a propyl group, a butyl group, a t-butyl group, a heptyl group, an octyl
      group, a cyclohexyl group, a benzyl group, a hydroxymethyl group, a
      hydroxyethyl group, a benzyl group, etc.), an N-aryl acrylamide (the aryl
      moiety being, e.g., a phenyl group, a tolyl group, a nitrophenyl group, a
      naphthyl group, a hydroxyphenyl group, etc.), an N,N-dialkyl acrylamide
      (the alkyl moiety being, e.g., a methyl group, an ethyl group, a butyl
      group, an isobutyl group, an ethylhexyl group, a cyclohexyl group, etc.),
      N-methyl-N-phenylacrylamide, N-hydroxyethyl-N-methylacrylamide,
      N-2-acetamidoethyl-N-acetylacrylamide, etc.; methacrylamides such as
      methacrylamide, an N-alkylmethacrylamide (the alkyl moiety being, e.g., a
      methyl group, an ethyl group, a t-butyl group, an ethylhexyl group, a
      hydroxyethyl group, a cyclohexyl group, etc.), an N-arylmethacrylamide
      (the aryl moiety being, e.g., a phenyl group, etc.), an
      N,N-dialkylmethacrylamide (the alkyl moiety being, e.g., an ethyl group, a
      propyl group, a butyl group, etc.), N-hydroxyethyl-N-methylmethacrylamide,
      N-methyl-N-phenylmethacrylamide, N-ethyl-N-phenylmethacrylamide, etc.;
      allyl compounds such as allyl alcohol, allylsulfonic acid or an allyl
      ester (e.g., allyl acetate, allyl caproate, allyl caprylate, allyl
      laurate, allyl palmitate, allyl stearate, allyl benzoate, allyl
      acetoacetate, allyl lactate, etc.), allyloxyethanol, etc.; vinyl ethers
      such as an alkyl vinyl ether (e.g., hexyl vinyl ether, octyl vinyl ether,
      decyl vinyl ether, ethylhexyl vinyl ether, methoxyethyl vinyl ether,
      ethoxyethyl vinyl ether, chloroethyl vinyl ether,
      1-methyl-2,2-dimethylpropyl vinyl ether, 2-ethylbutyl vinyl ether,
      hydroxyethyl vinyl ether, diethyleneglycol vinyl ether, dimethylaminoethyl
      vinyl ether, diethylaminoethyl vinyl ether, butylaminoethyl vinyl ether,
      phenoxyethyl vinyl ether, tetrahydrofurfuryl vinyl ether, etc.), a vinyl
      aryl ether (e.g., vinyl phenyl ether, vinyl tolyl ether, vinyl
      chlorophenyl ether, vinyl 2,4-dichlorophenyl ether, vinyl naphthyl ether,
      vinyl anthranyl ether, etc.); vinyl esters such as vinyl acetate, vinyl
      propionate, vinyl butyrate, vinyl isobutyrate, vinyl trimethylacetate,
      vinyl diethylacetate, vinyl valerate, vinyl caproate, vinyl chloroacetate,
      vinyl dichloroacetate, vinyl methoxyacetate, vinyl butoxyacetate, vinyl
      phenyl acetate, vinyl acetoacetate, vinyl lactate, vinyl
      .beta.-phenylbutyrate, vinyl cyclohexylcarboxylate, vinyl benzoate, vinyl
      salicylate, vinyl chlorobenzoate, vinyl tetrachlorobenzoate, vinyl
      naphthoate, etc.; N-vinyl compounds such as N-vinyloxazolidone,
      N-vinylimidzole, methylvinylimidazole, N-vinylpyrrolidone,
      N-vinylcarbazole, N-vinylethylacetamide, etc.; styrenes such as styrene,
      an alkylstyrene (e.g., methylstyrene, dimethylstyrene, trimethylstyrene,
      ethylstyrene, diethylstyrene, isopropylstyrene, butylstyrene,
      hexylstyrene, cyclohexylstyrene, decylstyrene, benzylstyrene,
      chloromethylstyrene, trifluoromethylstyrene, ethoxymethylstyrene,
      acetoxymethylstyrene, etc.), an alkoxystyrene (e.g., methoxystyrene,
      4-methoxy-3-methylstyrene, dimethoxystyrene, etc.), a halostyrene (e.g.,
      chlorostyrene, dichlorostyrene, trichlorostyrene, tetrachlorostyrene,
      pentachlorostyrene, bromostyrene, dibromostyrene, iodostyrene,
      fluorostyrene, trifluorostyrene, 2-bromo-4-trifluoromethylstyrene,
      4-fluoro-3-trifluoromethylstyrene, etc.), a carboxystyrene (e.g.,
      vinylbenzoic acid, methyl vinylbenzoate, etc.); crotonic acid esters such
      as an alkyl crotonate (e.g., butyl crotonate, hexyl crotonate, glycerine
      monocrotonate, etc.); vinyl chloride; vinylidene chloride; acrylonitrile;
      methacrylonitrile, an olefin (e.g., ethylene, propylene, butadiene,
      isoprene, diisobutylene, chloroprene, dicyclopentadiene, octene-1, etc.),
      maleic anhydride, and the like. Of these comonomers (e.g., styrene
      .fwdarw. vinyl ether, and the like) are preferred. Copolymers containing 0
      to 90 mol % of monomer units derived from these comonomers are effective.
PAR  Suitable materials for quaternizing are, halides or sulfonic esters having
      an unsaturated group. As the specific examples thereof, there are, e.g.,
      halides having an unsaturated group (e.g., a halogen atom such as a
      chlorine atom, bromine atom or iodine atom) such as: (1) allyl halide, (2)
      cinnamyl halide, (3) crotyl halide, (4) vinylbenzyl halide, (5)
      halogenated alkyl methacrylate, (6) halogenated alkyl acrylate, (7)
      halogenated alkyl vinyl ether, (8) halogenated methylchalcone, (9)
      halogenated alkyl methylcinnamate and (10) halogenated alkyl cinnamate,
      and sulfonic esters having an unsaturated group such as: (1) allyl
      toluenesulfonate, (2) allyl benzenesulfonate, (3) vinylbenzyl
      toluenesulfonate, (4) cinnamyl benzenesulfonate, (5)
      methacryloxyalkylbenzenesulfonate, and (6) acryloxyalkyltoluenesulfonate.
PAR  Suitable examples of unsaturated groups containing halides or sulfonates
      are as follows;
      ##SPC9##
      ##SPC10##
PAL  wherein X represents a halogen atom such as bromine, chlorine or iodine, an
      alkanesulfonyloxy group having 1 to 4 carbon atoms, an alkylsulfonyloxy
      group having 1 to 4 carbon atoms, a styrene-sulfonyloxy group or an
      arylsulfonyloxy group having 6 to 10 carbon atoms.
PAR  These compounds can be used alone or, if desired, in combination.
PAR  Polyfunctional halides or sulfonates can be used in combination with a
      monofunctional halide or sulfonate optionally, to decrease water
      solubility or to control the degree of swelling by solvents.
PAR  Examples of polyfunctional halides or sulfonates are dibromohexane,
      xylylenedibromide, diethyleneglycolditosylate,
      cyclohexanedimethanolditosylate, tribromoethylphosphite, tribromopropane,
      dibromopropyltosylate, tetrachloropropane, and ethylsorbatetetrabromide.
PAR  The above-described reaction (1) proceeds with ease and the reaction
      conditions are not particularly limited. For example, the reaction can be
      conducted under the following conditions. That is, a vinylpyridine is
      reacted with a halide or a sulfonic ester having an unsaturated group in a
      solvent or in the absence of a solvent or in a non-solvent such as water
      or an organic solvent (e.g., alcoholic solvent such as methanol or
      ethanol, dimethylformamide, dimethylsulfoxide, nitromethane, etc.). a
      suitable reactant concentration can range from about 0.1 mole/liter to 10
      mole/liter preferably more than 0.5 moles/liter where a reaction medium is
      used. Preferably the reaction is conducted substantially in the absence of
      a solvent. A suitable molar ratio of the vinyl pyridine to the halide or
      sulfonate employed ranges from 10 to 1 to 1 to 10, preferably 2 to 1 to 1
      to 5. The reaction can be conducted easily without the use of a catalyst,
      but iodide may be additionally useful in an amount of 0.001 to 1 wt% to
      the weight of the vinylpyridine. The reaction proceeds exothemally and is
      usually conducted at a temperature of 0.degree. to 150.degree.C,
      preferably 20.degree. to 70.degree.C for about 1 minute to about 10 days,
      preferably 2 minutes to 3 hours. Thereafter, the reaction solution is
      poured into a solvent, in which the produced quaternary salt-type polymer
      is insoluble, (such as dioxane, n-hexane, diethyl ether or a mixture
      thereof). If desired, the polymer produced can be isolated by filtering
      out the precipitate formed.
PAR  In the case of reacting the unsaturated compound with a polymer containing
      pyridine rings according to process (2), the reaction can be conducted, in
      general, under conditions as follows. The high polymer compound containing
      pyridine rings (i.e., containing repeating units of the formula IV) is
      reacted with the unsaturated compound (II) in an organic solvent (e.g., an
      alcoholic solvent such as methanol or ethanol, methyl ethyl ketone,
      nitromethane, etc.) at a temperature of about 0.degree.C to 150.degree.C,
      preferably 0.degree.C to 80.degree.C for about 10 minutes to 10 days,
      preferably 0.5 to 6 hours. A suitable molar ratio of the polymer to the
      unsaturated compound ranges from about 10 (per vinyl pyridine unit) to 1
      to 1 to 50, preferably 2 to 1 to 1 to 5, and a suitable concentration of
      reactants is at least 0.01 mole/liter, preferably 0.1 moles/liter. The
      produced quaternary salt-type polymer can be isolated by pouring the
      reaction solution into a solvent, in which the quaternary salt-type
      polymer is insoluble, such as dioxane, hexane, diethyl ether, etc.
      followed by filtering out the precipitate formed.
PAR  Of the above-described polymers, those having the following repeating units
      are advantageous since the reaction proceeds smoothly.
      ##SPC11##
PAL  wherein R, R.sub.1, R.sub.2, R.sub.5, x and y are as above defined.
PAR  The viscosity of the polymer can widely be changed by selecting the
      reaction conditions or the starting polymer. For example, polymers having
      an intrinsic viscosity, [.eta.], of 0.02 to 2.5, preferably 0.05 to 1.5
      (measured at 30.degree.C in ethanol or dimethylformamide) are suitable for
      use.
PAR  The degree of the quaternary unit content can be controlled by selecting
      the amount of the reagent to be reacted, and can widely be changed with
      ease depending upon the end-use purpose. However, a content of 0.001 to
      100 mol %, particularly 0.05 to 100 mol %, is effective.
DETD
PAR  The synthesis will now be illustrated in greater detail by reference to the
      following synthesis examples, in which[.eta.]is the intrinsic viscosity
      measured at 30.degree.C in ethanol. Unless otherwise indicated, in all of
      the examples given herein, parts, percents, ratios and the like are by
      weight.
PAC  SYNTHESIS EXAMPLE 1
PAC  Synthesis of Poly-4-vinyl-N-allylpyridinium Bromide
PAR  31.5 Grams of 4-vinylpyridine (0.3 mole) was dissolved in 100 ml of 99.5%
      ethanol. Then, 36.3 g of allyl bromide (0.3 mole) was added dropwise
      thereto and the resulting mixture was stirred at 20.degree.C for 2 hours.
      A gradual increase in the viscosity of the reaction system was observed.
      After about 2 hours, the resulting reaction mixture was poured into 3
      liters of dioxane to isolate the product. After conducting
      reprecipitation, the product was filtred, washed with dioxane and dried.
      The thus obtained polymer was a colorless powder. The yield obtained was
      68%. The resulting powder was soluble in water, methanol, ethanol,
      dimethylsulfoxide, etc. and insoluble in dioxane, acetone, benzene, etc.
      It had an intrinsic viscosity, [.eta.], of 0.24. As a result of NMR
      measurement (D.sub.2 O solution), absorptions were observed at .tau. =4.0,
      4.3 and 4.8, as well as the absorptions of methylene and methine hydrogens
      in the polymer main chain (.tau.=7.9) and pyridine ring hydrogens (.tau.=
      1.3 and 2.2). The above-described absorptions support the presence of
      allyl group hydrogen.
PAC  SYNTHESIS EXAMPLE 2
PAC  Synthesis of Poly-4-vinyl-N-allylpyridinium Bromide
PAR  The polymer was obtained in the same manner as described in Synthesis
      Example 1 except for using water as the reaction solvent. The yield
      obtained was 89%. The intrinsic viscosity, [.eta.], of the resulting
      polymer was 0.11.
PAC  SYNTHESIS EXAMPLE 3
PAC  Synthesis of Poly-4-vinyl-N-cinnamylpyridinium Chloride
PAR  4-Vinylpyridine (0.3 mole) and cinnamyl chloride (0.3 mole) were reacted
      with each other at 50.degree.C for 2 hours using the same procedures as
      described in Synthesis Example 1. Thus, a colorless polymer powder was
      obtained in 70% yield. The intrinsic viscosity, [.eta.], of the resulting
      polymer was 0.11.
PAC  SYNTHESIS EXAMPLE 4
PAC  Synthesis of Poly-4-vinyl-N-(4'-vinylbenzyl)-pyridinium Chloride
PAR  4-Vinylpyridine (0.3 mole) and p-chloromethylstyrene (0.3 mole) were
      reacted with each other at 50.degree.C for 2 hours according to the same
      procedures as described in Synthesis Example 1. Thus, a colorless powder
      polymer was obtained in 47% yield. The intrinsic viscosity, [.eta.], of
      the resulting polymer was 0.13.
PAC  SYNTHESIS EXAMPLE 5
PAC  Synthesis of Poly-4-vinyl-N-allylpyridinium Bromide
PAR  10 Grams of poly-4-vinylpyridine ([.eta.]= 0.46) was dissolved in 200 ml of
      99.5% ethanol. Then, 100 g of allyl bromide was added dropwise thereto,
      and the stirring was continued for 2 hours at 20.degree.C. A gradual
      increase in viscosity was observed. The resulting viscous solution was
      poured into 2 liters of dioxane and reprecipitation was conducted.
PAR  The thus obtained precipitate was washed with dioxane, filtered and dried.
      Thus, 19.7 g (ratio of the formation of quaternary salts: 84%) of
      colorless powder, which was soluble in water, methanol and ethanol but
      insoluble in dioxane, acetone and benzene, was obtained. The intrinsic
      viscosity, [.eta.], of the resulting polymer was 1.42. As a result of NMR
      measurement (D.sub.2 O solution), absorptions were observed at =4.0, 4.3
      and 4.8, as well as the absorptions of methylene and methine hydrogens in
      the polymer main chain (.tau.=around 8.0) and pyridine ring hydrogens
      (.tau.=1.4 and 2.4). The above-described absorptions are believed to
      correspond to the allyl group hydrogens.
PAC  SYNTHESIS EXAMPLE 6
PAC  Synthesis of Poly-2-vinyl-N-allylpyridinium Bromide
PAR  10 Grams of poly-2-vinylpyridine ([.eta.] = 0.14) was dissolved in 180 ml
      of nitromethane. Then, 100 g of allyl bromide was added dropwise thereto,
      and stirring was continued for 6 hours at 50.degree.C. After about 3 hours
      of reaction, a precipitate began to be formed. After 3 hours, the
      precipitate formed was separated, dissolved in 200 ml of ethanol and
      poured into 2 liters of dioxane to conduct reprecipitation. The resulting
      precipitate was washed with dioxane, filtred and dried. Thus, 15.0 g of a
      colorless powder (ratio of the formation of quaternary salts: 43%), which
      was soluble in water, methanol and ethanol but insoluble in dioxane, was
      obtained. The intrinsic viscosity, [.eta.], of the resulting polymer was
      0.31.
PAC  SYNTHESIS EXAMPLE 7
PAC  Synthesis of Poly-2-methyl-5-vinyl-N-allylpyridinium Bromide
PAR  In the same manner as described in Synthesis Example 5, a colorless powder
      (ratio of the formation of quaternary salts: 76%) was obtained by
      conducting the reaction at 50.degree.C for 2 hours using 10 g of
      poly-2-methyl-5-vinylpyridine ([.eta.]=0.32), 98 g of allylbromide in 200
      ml of ethanol. The resulting product was soluble in water, methanol and
      ethanol but insoluble in dioxane. The intrinsic viscosity, [.eta.], of the
      product was 0.73.
PAC  SYNTHESIS EXAMPLE 8
PAC  Synthesis of Poly-4-vinyl-N-cinnamylpyridinium Chloride
PAR  In the same manner as described in Synthesis Example 5, a colorless powder
      (ratio of the introduction of quaternary salts: 51%) was obtained by
      reacting 10 g of poly-4-vinylpyridine and 130 g of cinnamyl chloride in
      200 ml of ethanol at 60.degree.C for 3 hours. The resulting product was
      soluble in water, methanol and ethanol but insoluble in dioxane, acetone
      and benzene. The intrinsic viscosity, [.eta.], of the product was 0.52.
PAC  SYNTHESIS EXAMPLE 9
PAC  Synthesis of Poly-4-vinyl-N-crotylpyridinium Bromide
PAR  In the same manner as described in Synthesis Example 5, a colorless powder
      (ratio of the introduction of quaternary salts: 88%) was obtained by
      reacting 10 g of poly-4-vinylpyridine with 100 g of crotyl bromide in 200
      ml of ethanol at room temperature (about 20.degree. - 30.degree.C) for 2
      hours. The resulting product was soluble in water, methanol, and ethanol,
      but insoluble in dioxane, acetone and benzene. The intrinsic viscosity,
      [.eta.], of the product was 1.18.
PAC  SYNTHESIS EXAMPLE 10
PAC  Synthesis of Poly-4-vinyl-N-(4'-vinylbenzyl)pyridinium Chloride
PAR  In the same manner as described in Synthesis Example 5, a colorless powder
      (ratio of the introduction of quaternary salts: 32%) was obtained by
      reacting 10 g of poly-4-vinylpyridine and 56 g of p-chloromethylstyrene in
      200 ml of ethanol at 50.degree.C for 2 hours. The resulting product was
      soluble in hot water, methanol and ethanol, but insoluble in dioxane,
      acetone and benzene. The intrinsic viscosity, [.eta.], of the product was
      1.66.
PAC  SYNTHESIS EXAMPLE 11
PAR  In a 25 ml round bottomed flask equipped with a stirrer was added 6.3 g of
      4-vinylpyridine and 3.63 g of allyl bromide was added to this over a three
      minute period. As soon as the addition was begun under stirring, a
      vigorous exothermic reaction began and a transparent faintly reddish
      semisolid was obtained in a quantitative yield. The resulting polymer was
      soluble in water, methanol or ethanol.
PAR  The quaternary salt-type polymer of the present invention having
      unsaturated bonds undergoes a reduction in solubility or becomes insoluble
      due to the action of light, electron beams and in general, electromagnetic
      waves, particle rays, thermal radiation, etc. A suitable wave length
      ranges 10.sup.-.sup.2 to 10.sup.6 m.mu. and enables the formation of
      images by development-processing with water or an aqueous solvent. The
      reaction mechanism of this photoinsolubilization of the polymer having
      unsaturated bonds is not completely clear in detail, but a cross-linking
      reaction due to chain transfer reaction is believed to take place.
PAR  While the quaternary salt-type reactive polymer of the present invention
      undergoes a reduction in solubility or becomes insoluble due to the action
      of light or electron beams without the presence of any additives, it is
      possible to shorten the irradiation time and to produce the desired
      difference in physical property by adding, as a sensitizing agent an
      aromatic carbonyl compound, an aromatic nitro compound, an aromatic
      quinone, a triphenyl methane, an anthrone, a nitroaniline, an acylated
      nitroaniline, a thiazole, a ketone, pyrylium dye salts, thiapyrylium dye
      salts, benzothiazolines, naphthothiazolines, quinolizones, acrydones,
      cyanine dyes, dithiolium salts, .alpha.-ketoaldonyl compounds, diazoles,
      triazoles, oxazoles, and various photographic sensitizing dyes.
PAR  Specific examples of such useful sensitizing compounds are nitro compounds
      such as p-nitrodiphenyl, 5-nitro-2-aminotoluene
      4-nitro-1-aminonaphthalene, 4-nitro-1-acetylaminonaphthalene, picric acid,
      picramide, dichloronitroanilene, nitroacenaphthene, dinitronaphthalene,
      trinitrofluorenone, tetranitrocarbazole, dinitrobenzoanthrazenedione,
      dinitrodimethylacetyl-tert-butylbenzene, dinitrostilbene disulfonic acid,
      trinitronaphthalene, and dinitrochalcone, carbonyl compounds such as
      benzanthrone, 9-anthraldehyde, acetonaphthone, xanthone, benzophenone,
      phenan threnquinone, benzanthraquinone, t-butylanthraquinone,
      chloroanthraquinone, anthraquinone, naphthoquinone, benzophenone,
      furanone, 2,6-bis-p-azidobenzal-4-methyl-cyclohexanone, benzoin, pivaloin,
      2-methoxy-2-phenylacetophenone, 2-ethoxy-2-phenyl acetophenone,
      .alpha.-methylbenzoin, .alpha.-hexylbenzoin, .alpha.-allylbenzoin,
      .alpha.-tolylbenzoin, benzoylmethylene-N-ethyl-.beta.-naphthothiazoline,
      tetramethylaminobenzophenone, tetraethylaminobenzophenone,
      dimethoxybenzophenone, dimethoxythiobenzophenone,
      1-cyano-2-keto-3-methyl-6-bromo-3-azabenzanthrone,
      1-carboethoxy-2-keto-3,4-diazabenzanthrone,
      2-keto-3-methyl-1,3-diazabenzanthrone, diphthaloylnaphthalene,
      2-benzoylmethylene-1-.beta.-naphtothiazoline, 4-H-quinolizine-4-thione,
      tetramethylaminothiobenzophenone, thiobenzophenone, erythrosine,
      6-dimethylamino-4-methyl-coumarin,
      2-benzoylmethylene-1-methyl-benzothiazoline,
      2-nitrophthaloylmethylene-1-ethyl-benzothiazoline,
      dimethylcarbamoylmethyleneethylbenzothiazoline,
      diethylcarbamoylmethyleneethylbenzothiazoline,
      2-benzoylmethylene-3-ethylnaphtho-[1,2-d]-thiazoline,
      2,5-bis-(4-dimethylaminophenyl)oxidazole,
      .alpha.-(4-dimethylaminophenyl)-phenanthio-(9,10)-4,5-oxazole,
      2-)p-cyanobenzoylmethylene)-3-ethylnaphtho-[1,3-d]-thiazoline,
      3-ethyl-2-[p-(trifluoromethyl)-benzoylmethylene]-naphtho[1,2-d]thiazoline,
      5-chloro-2-(p-cyano-benzoylmethylene)-3-ethyl benzothiazole,
      methyl-3-ethyl-2-benzothiazolinylidene dithioacetate,
      2,6-di(p-ethoxyphenyl)-4-(p-n-amyloxyphenyl)thiapyrylium perchorate,
      2,4,6-triphenyl-pyrylium perchlorate,
      4-(4-methoxyphenyl)-2,6-diphenylpyrylium perchlorate,
      4-(2,4-dichlorophenyl)-2,6-diphenylpyrylium perchlorate,
      2,6-bis(4-methoxyphenyl)-4-phenylpyrylium perchlorate,
      6-(4-methoxyphenyl)-2,4-diphenylpyrylium perchlorate,
      2-(3,4-dichlorophenyl)-4-(4-methoxyphenyl)-6-phenylpyrylium perchlorate,
      4-(4-amyloxyphenyl)-2,6-bis(4-ethyl phenyl)pyrylium perchlorate, (pyrylium
      salts) and dyes such as methyl violet, victoria blue, and malachite green
      (triphenylmethane dyes), diethyldibenzothiacyanine iodide,
      diethyldibenzothiacarbocyanine bromide, and dimethyldibenzothiacyanine
      iodide (cyanine, thiocyanine dyes), are also useful.
PAR  Of these sensitizers, the carbonyl compounds and nitro compounds show good
      sensitizing effect and these compound are very convenient to use since
      they are commercially available. Some of these compounds are described in
      U.S. Pats. Nos. 2,610,120; 2,670,285; 2,670,285; 2,670,287; 2,690,966;
      2,732,301; 2,811,443; 2,835,656; 2,956,878; 3,023,100; 3,066,117;
      3,173,787; 3,357,831; 3,409,593; 3,418,295; 3,453,110; 3,475,617;
      3,561,969; 3,575,929; 3,582,327; 3,647,470; 3,721,566; and 3,737,319;
      British Pat. No. 659,197; French Pats. Nos. 1,086,257; 1,089,290; and
      1,238,262; and in the literature such as J. Kosar Light Sensitive Systems
      John Wiley and Sons, New York 1965.
PAR  A suitable amount of the sensitizing agent to be added is, in general, 0.01
      to 20.0% by weight based on the reactive polymer. In addition, a
      light-sensitive film can be formed by adding to the light-sensitive
      polymer, if desired, conventional additives such as a stabilizing agent,
      an antioxidant, a preservative, a plasticizer, a dye, a pigment, etc. in
      suitable amounts and applying the mixture as a solution to a suitable
      support such as aluminum, polyester film, polyolefin film, glass, zinc, a
      semiconductor wafer, paper or metal. Examples of such antioxidants and
      preservatives are hydroquinone monoether, naphthol, polyalkyl phenol,
      etc., and illustrative specific examples are hydroquinone benzyl ether,
      trimethyl phenol, dibutyl cresol, copper phthalocyanine, propyl gallate,
      hydroquinone lauryl ether, phloroglucine, 5-methylresorcinol, thiourea,
      phenylthiourea, t-octylhydroquinone, copper resinate, cuprouschloride,
      phenyl naphthylamine, phenothiazine, p-toluquinone, dinitrobenzene,
      tetramethoxybenzophenone, dihydroxybenzophenone, as well as those
      described in U.S. Pats. Nos. 2,651,584 and 2,656,271.
PAR  It is preferable to use the thermal polymerization inhibitor in an amount
      of about 0.01 to 5 percent by weight to the functional polymer, which is
      substantially effective in the combination with the amount of the
      sensitizer.
PAR  Examples of pigments and dyes are materials such as titanium dioxide, zinc
      oxide, antimony trioxide, aluminum oxide, zirconium oxide, titanium oxide
      phosphate, titanium sulfate, barium sulfate, calcium oxide, glass beads,
      magnetic compounds such as iron oxide, chromium oxide, cobalt oxide or
      alloys of these, carbon black, vinyl monomer graft carbon black,
      polyacetylene, phthalocyanine, phthalocyanine blue, methylene blue.
      Crystal Violet, pigment yellow, quinacridone, quinacridone sulfoneamide,
      Rhodamine B, Fuchsine, Auramine, anthraquinone dyes such as
      dimesidinoanthraquinone, photoconductive compounds fluorescent dyes and
      others as described in U.S. Pats. Nos. 3,740,219; 3,752,668; 3,752,666;
      3,753,708; and 3,754,919.
PAR  Suitable plasticizers which can be used to modify the thermo-mechanical
      properties of the coating composition are esters such as phthalic acid
      esters such as dimethyl phthalate, diethyl phthalate, dibutyl phthalate,
      diisobutyl phthalate, dioctyl phthalate, octylcapryl phthalate,
      dicyclohexyl phthalate, ditridecyl phthalate, butylbenzyl phthalate,
      diisodecyl phthalate, diaryl phthalate, etc.; glycol esters such as
      dimethyl glycol phthalate, ethylphthalylethyl glycol, methylphthalylethyl
      glycol, butylphthalylbutyl glycol, triethylene glycol dicapryl ester,
      etc.; phosphoric acid esters such as tricresyl phosphate, triphenyl
      phosphate, etc.; aliphatic dibasic acid esters such as diisobutyl adipate,
      dioctyl adipate, dimethyl sebacate, dubutyl sebacate, dioctyl sebacate,
      dibutyl maleate, etc.; and other materials such as triethyl citrate,
      glycerine triacetyl ester, and butyl laurate.
PAR  Suitable coating methods are flow coating, roll coating, spray coating,
      boiler coating, dip coating or the like. The thickness of the coating
      solution film is not particularly limited but, in general, a thickness of
      0.2 .mu. to 120 .mu. is employed, which, however, can be increased or
      decreased if desired.
PAR  Image formation, which is one use of the composition of the present
      invention will now be illustrated in greater detail by reference to the
      following non-limiting examples which, however, are not intended to be
      construed as limiting the use of the composition of the present invention
      in any way.
PAC  USE EXAMPLE 1
PAR  1 Gram of the quaternary salt-type polymer obtained in Synthesis Example 1
      was dissolved in 20 ml of methanol, and the resulting solution was applied
      to a sand-blasted aluminum plate in a dry thickness of about 10 microns.
      The thus prepared light-sensitive plate was imagewise exposed for 60
      minutes to a 450 W high pressure mercury lamp spaced at a distance of 30
      cm through a transparent line original. Upon rinsing the light-sensitive
      plate in water at 20.degree.C, the unexposed area was dissolved away to
      form a distinct image.
PAC  USE EXAMPLE 2
PAR  1 Gram of the quaternary salt-type polymer obtained in Synthesis Example 1
      and 50 mg of Michler's ketone were dissolved in a mixed solvent of 10 ml
      of methanol and 10 ml of chloroform, and a light-sensitive plate was
      prepared in the same manner as discribed in Use Example 1. The thus
      prepared light-sensitive plate was exposed for 1 minute in the same manner
      as described in Use Example 1. Upon rinsing in a mixed solvent of
      methanolchloroform (1:1 by volume ratio), a distinct image was obtained.
PAC  USE EXAMPLE 3
PAR  The quaternary salt-type polymer obtained in Synthesis Example 2 was used
      and the procedures employed in Use Example 2 for the preparation of the
      light-sensitive element were repeated. Exposure was conducted for 1 minute
      in the same manner as described in Use Example 2. Upon development, a
      distinct image was obtained.
PAC  USE EXAMPLE 4
PAR  The quaternary salt-type polymer obtained in Synthesis Example 3 was used
      and the procedures employed in Use Example 2 for the preparation of the
      light-sensitive element were repeated. Exposure was conducted for 20
      minutes in the same manner as described in Use Example 2. Upon
      development, a distinct image was also obtained.
PAC  USE EXAMPLE 5
PAR  The quaternary salt-type polymer obtained in Synthesis Example 4 was used
      and the procedures employed in Use Example 2 for the preparation of the
      light-sensitive element were repeated. Exposure was conducted for 10
      seconds. Upon development, a distinct image was obtained. When
      nitroacenaphthene or phenanthraquinone was used in place of the Michler's
      ketone, satisfactory results were obtained likewise.
PAC  USE EXAMPLE 6
PAR  In this example, the difference between the reactivity of the polymer
      obtained in Synthesis Example 4 and that of the polymer obtained in
      Synthesis Example 10 are shown.
PAR  The procedures were conducted under the same conditions as in Use Example 1
      except for exposing for 30 minutes and using an optical wedge in place of
      the line original. The optical wedge used had a step difference of 0.11 to
      0.16.
PAR  With the light-sensitive plate using the polymer obtained in Synthesis
      Example 4, hardening occurred up to 8th step, while, with the light
      sensitive plate using the polymer obtained in Synthesis Example 10,
      hardening occurred up to only 6th step. The difference by 2 steps shows
      that the former possesses a sensitivity about 2 times that of the latter.
PAC  USE EXAMPLE 7
PAR  This example shows the use of a thermosetting reaction. The same coated
      material as in Use Example 1 was prepared using the polymer obtained in
      Synthesis Example 4. This was then brought into contact with a
      submerged-type heater for 1 minute. (As the submerged-type heater, a
      usual, commercially available heater was used which had an out put of 500
      W and was covered with glass at the heating portion thereof.)
PAR  Then, when the material was rinsed in a methanol-chloroform mixed solvent,
      it was found that hardening reaction had occurred only at the heated area
      thereof.
PAC  USE EXAMPLE 8
PAR  1 Gram of the quaternary salt-type polymer obtained in Synthesis Example 5
      was dissolved in 20 ml of methanol, and the resulting solution was applied
      to a grained aluminum plate in a dry thickness of about 10 microns. The
      thus prepared light-sensitive plate was imagewise exposed for 20 minutes
      to a 450 W high pressure mercury lamp spaced at a distance of 30 cm
      through a transparent line original. Upon rinsing the light-sensitive
      plate in water, the unexposed area was dissolved away to form a distinct
      image.
PAC  USE EXAMPLE 9
PAR  1 Gram of the quaternary salt-type polymer obtained in Synthesis Example 5
      and 50 mg of MIchler's ketone were dissolved in a mixed solvent of 10 ml
      of methanol and 10 ml of chloroform, and a light-sensitive plate was
      prepared in the same manner as described in Use Example 1. The thus
      prepared light-sensitive plate was exposed for 10 seconds in the same
      manner as described in Use Example 1. Upon rinsing in a
      methanol-chloroform mixed solvent (1:1 in volume ratio), a distinct image
      was obtained.
PAC  USE EXAMPLE 10
PAR  The procedures described in Use Example 9 were conducted except for using
      p,p'-tetraethyldiaminobenzophenone in place of Michler's ketone and
      exposing for 20 seconds. Thus, a distinct image was obtained.
PAC  USE EXAMPLE 11
PAR  The quaternary salt-type polymer obtained in Synthesis Example 6 was used.
      The preparation of the light-sensitive element was done in accordance with
      the procedures of Use Example 2. Exposure was conducted for 10 minutes in
      the same manner as described in Use Example 2. Upon development, a
      distinct image was obtained.
PAC  USE EXAMPLE 12
PAR  The quaternary salt-type polymer obtained in Synthesis Example 7 was used.
      The preparation of the light-sensitive element was done in accordance with
      the procedures of Use Example 2. Exposure was conducted for 20 seconds in
      the same manner as described in Use Example 9. Upon development, a
      distinct image was obtained.
PAC  USE EXAMPLE 13
PAR  The quaternary salt-type polymer obtained in Synthesis Example 8 was used.
      The preparation of the light-sensitive element was done in accordance with
      the procedures of Use Example 2. Exposure was conducted for 60 minutes in
      the same manner as described in Use Example 8. Upon development, a
      distinct image was obtained.
PAC  USE EXAMPLE 14
PAR  The quaternary salt-type polymer obtained in Synthesis Example 8 was used.
      The preparation of the light-sensitive element was done in accordance with
      the procedures of Use Example 2. Exposure was conducted for 30 minutes in
      the same manner as described in Use Example 10. Upon development, a
      distinct image was obtained.
PAC  USE EXAMPLE 15
PAR  The quaternary salt-type polymer obtained in Synthesis Example 8 was used
      together with 2,4,7-trinitrofluorenone and the procedures of Use Example 2
      were employed to prepare the light-sensitive element. Exposure was
      conducted for 30 minutes in the same manner as described in Use Example 9.
      Upon development, a distinct image was obtained.
PAC  USE EXAMPLE 16
PAR  The quaternary salt-type polymer obtained in Synthesis Example 9 was used.
      The preparation of the light-sensitive element was done in accordance with
      the procedures of Use Example 2. Exposure was conducted for 20 minutes in
      the same manner as described in Use Example 9. Upon development, a
      distinct image was obtained.
PAC  USE EXAMPLE 17
PAR  The quaternary salt-type polymer obtained in Synthesis Example 10 was used.
      The preparation of the light-sensitive element was done in accordance with
      the procedures of Use Example 2. Exposure was conducted for 45 minutes in
      the same manner as described in Use Example 8. Upon development with hot
      water, a distinct image was obtained.
PAC  USE EXAMPLE 18
PAR  The quaternary salt-type polymer obtained in Synthesis Example 10 was used.
      The preparation of the light-sensitive element was done in accordance with
      the procedures of Use Example 2. Exposure was conducted for 20 seconds in
      the same manner as described in Use Example 9. Upon development, a
      distinct image was obtained.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reactive photosensitive composition consisting essentially of a
      reactive polymer produced by the reaction of a homopolymer or copolymer of
      vinyl pyridine or a substituted vinyl pyridine with a compound of the
      formula
      ##EQU4##
      or by the reaction of a monomer of the formula
      ##SPC12##
PAL  with a compound of the formula
      ##EQU5##
      , which reactive polymer contains repeating units of the formula:
      ##SPC13##
PAL  wherein
PA1  R represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms;
PA1  R.sub.1 represents a hydrogen atom, an alkyl group having 1 to 6 carbon
      atoms, an alkoxycarbonyl group having 2 to 8 carbon atoms, an aryl group,
      a carbamoyl group having 1 to 8 carbon atoms, a carboxy group or an acyl
      group having 1 to 8 carbon atoms;
PA1  R.sub.2 represents a hydrogen atom, a methyl group or a cyano group;
PA1  R.sub.3 represents a hydrogen atom, a carbamoyl group having 1 to 8 carbon
      atoms, a nitro group, a cyano group, an alkoxy group having 1 to 3 carbon
      atoms or an alkoxycarbonyl group having 2 to 8 carbon atoms;
PA1  Y represents a divalent radical wherein -Y- is
      ##EQU6##
      wherein R.sub.4 represents
      ##SPC14##
PAL  wherein m is 0, 1, 2 or 3; p, q and r is 0 or 1;
PA1  R.sub.5 represents a hydrogen atom or a methyl group
PA1  X represents a halogen atom, an alkylsulfonyloxy group having 1 to 4 carbon
      atoms, a styrenesulfonyloxy group or an arylsulfonyloxy group having 6 to
      10 carbon atoms.
NUM  2.
PAR  2. A light-sensitive element comprising a support having thereon the
      reactive composition as claimed in claim 1.
NUM  3.
PAR  3. A process of producing a reactive polymer comprising reacting a reaction
      system consisting essentially of a polymer containing repeating units of
      the formula
      ##SPC15##
PAL  with a halide or a sulfonate of the formula
      ##EQU7##
      wherein X, R, R.sub.1, R.sub.2, R.sub.3 and Y are as defined in claim 1.
NUM  4.
PAR  4. The process of claim 3 wherein said reactive polymer is a copolymer with
      a comonomer selected from the group consisting of acrylic esters,
      acrylamides, methacrylic esters, methacrylamides, alkyl compounds, vinyl
      ethers, vinyl esters, N-vinyl compounds, styrenes and crotonic acid
      esters.
NUM  5.
PAR  5. A process of producing a reactive polymer comprising reacting a monomer
      of the formula
      ##SPC16##
PAL  with a compound of the formula
      ##EQU8##
      wherein R, R.sub.1, R.sub.2, R.sub.3, X and Y are the same as defined in
      claim 1.
NUM  6.
PAR  6. The quaternary salt reactive composition as claimed in claim 1, wherein
      said polymer contains 0.001 to 100 mole percent of said repeating units of
      said general formula.
NUM  7.
PAR  7. The composition of claim 1 wherein said reactive polymer is a
      homopolymer.
NUM  8.
PAR  8. The composition of claim 1 wherein said reactive polymer is a copolymer
      of said repeating units with a comonomer selected from the group
      consisting of acrylic esters, acrylamides, methacrylic esters,
      methacrylamides, alkyl compounds, vinyl ethers, vinyl esters, N-vinyl
      compounds, styrenes and crotonic acid esters.
NUM  9.
PAR  9. A quaternary salt reactive polymer produced by the reaction of a
      homopolymer or copolymer of a vinyl pyridine or a substituted vinyl
      pyridine with a compound of the formula
      ##EQU9##
      or by the reaction of a monomer of the formula
      ##SPC17##
PAL  with a compound of the formula
      ##EQU10##
      , which quaternary salt reactive polymer contains therein repeating units
      represented by the following general formula
      ##SPC18##
PAL  wherein
PA1  R represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms;
PA1  R.sub.1 represents a hydrogen atom, an alkyl group having 1 to 6 carbon
      atoms, an alkoxycarbonyl group having 2 to 8 carbon atoms, an aryl group,
      a carbamoyl group having 1 to 8 carbon atoms, a carboxy group or an acyl
      group having 1 to 8 carbon atoms;
PA1  R.sub.2 represents a hydrogen atom, a methyl group or a cyano group;
PA1  R.sub.3 represents a hydrogen atom, a carbamoyl group having 1 to 8 carbon
      atoms, a nitro group, a cyano group, an alkoxy group having 1 to 3 carbon
      atoms or an alkoxy carbonyl group having 2 to 8 catbon atoms;
PA1  R.sub.4 represents
      ##SPC19##
PAL  wherein m is 0, 1, 2 or 3, and p, q and r is 0 or 1;
PA1  R.sub.5 represents a hydrogen atom or a methyl group; and X represents a
      benzenesulfonyloxy group, a toluenesulfonyloxy group or a
      styrenesulfonyloxy group.
NUM  10.
PAR  10. A process for producing a polymer containing repeating units of the
      formula set forth in claim 9, which comprises reacting a vinyl pyridine
      monomer with an organic sulfonic acid ester containing a carbon-carbon
      double bond.
NUM  11.
PAR  11. The process as claimed in claim 10, wherein said organic sulfonic acid
      ester is a compound represented by the following general formula
      ##SPC20##
PAL  or the following general formula
      ##EQU11##
      wherein R.sub.1, R.sub.2 and X are as defined in claim 10 and wherein x is
      0 or 1 and y is 1, 2 or 3.
NUM  12.
PAR  12. The process as claimed in claim 11, wherein said organic sulfonic acid
      ester is selected from the group consisting of
      ##SPC21##
PAL  wherein X represents a benzenesulfonyloxy group, a toluenesulfonyloxy group
      or a styrenesulfonyloxy group.
NUM  13.
PAR  13. A process for producing a polymer containing repeating units of the
      general formula set forth in claim 9, which comprises reacting a polymer
      containing therein vinyl pyridine or vinyl alkyl pyridine monomer units
      with an organic halide having an unsaturated group.
NUM  14.
PAR  14. A process for producing a polymer containing repeating units of the
      general formula set forth in claim 9, which comprises reacting a polymer
      containing therein vinyl pyridine or vinyl alkyl pyridine monomer units
      with an organic sulfonic acid ester containing a carbon-carbon double
      bond.
NUM  15.
PAR  15. A reactive composition comprisin a reactive polymer as claimed in claim
      9 and at least one sensitizing agent which sensitizes said reactive
      polymer to irradiation.
NUM  16.
PAR  16. The reactive composition as claimed in claim 15, wherein the
      sensitizing agent is present in an amount ranging from 0.1 to 20 weight
      percent to said polymer.
NUM  17.
PAR  17. The composition of claim 15 wherein said sensitizing agent is selected
      from the group consisting of an aromatic carbonyl compound, an aromatic
      nitro compound, an aromatic quinone, a triphenyl methane, an anthrone, a
      nitroaniline, an acylated nitroaniline, a thiazole, a ketone, pyrylium dye
      salts, thiapyrylium dye salts, benzothiazolines, naphthothiazolines,
      quinolizones, acrydones, cyanine dyes, dithiolium salts, 2-ketoaldonyl
      compounds, diazoles, triazoles and oxazoles.
NUM  18.
PAR  18. The polymer of claim 9 wherein said reactive polymer is a homopolymer.
NUM  19.
PAR  19. The polymer of claim 9 which is a copolymer of said repeating unit with
      a comonomer selected from the group consisting of acrylic esters,
      acrylamides, methacrylic esters, methacrylamides, alkyl compounds, vinyl
      ethers, vinyl esters, N-vinyl compounds, styrenes and crotonic acid
      esters.
NUM  20.
PAR  20. A quaternary salt polymer produced by the reaction of a homopolymer or
      copolymer of a vinyl pyridine or a substituted vinyl pyridine with a
      compound of the formula
      ##EQU12##
      or by the reaction of a monomer of the formula
      ##SPC22##
PAL  with a compound of the formula
      ##EQU13##
      , which quaternary salt polymer contains therein repeating units
      represented by the following general formula
      ##SPC23##
PAL  wherein the moiety
      ##EQU14##
      in the above general formula is derived from a compound of the general
      formula
      ##EQU15##
      in which said compound of the general formula is
      ##EQU16##
      ##SPC24##
      ##SPC25##
PAL  wherein X is a halogen atom, an alkylsulfonyloxy group having 1 to 4 carbon
      atoms, an alkenylsulfonyloxy group having 2 to 4 carbon atoms, a
      styrenesulfonyloxy group or an arylsulfonyloxy group having 6 to 10 carbon
      atoms.
NUM  21.
PAR  21. The polymer of claim 20 which is a homopolymer.
NUM  22.
PAR  22. The polymer of claim 20 which is a copolymer with a comonomer selected
      from the group consisting of acrylic esters, acrylamides, methacrylic
      esters, methacrylamides, alkyl compounds, vinyl ethers, vinyl esters,
      N-vinyl compounds, styrenes and crotonic acid esters.
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ABST
PAL  Process for preparing halogenated rubbery copolymers of ethylene, at least
      one other .alpha.-alkene, dicyclopentadiene and optionally one or more
      other polyenes is disclosed, wherein the copolymer is halogenated in the
      substantially undissolved or solid state with molecular halogen at a
      temperature of between -30.degree. and +80.degree.C. The halogenated
      copolymers produced by the process of the present invention may be
      covulcanized with strongly unsaturated rubbers to yield products which
      have excellent physical and mechanical properties, with reduced
      vulcanization times. The vulcanizates are suited for numerous applications
      including, for instance, car tires.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for preparing halogenated
      rubbery copolymers of ethylene, at least one other .alpha.-alkene,
      dicyclopentadiene and optionally one or more other polyenes.
PAR  Rubbery copolymers of ethylene, at least one other .alpha.-alkene and at
      least one polyene have been known to the art for a considerable period of
      time. These copolymers, generally called EPDM polymers or, more shortly,
      EPDM, are normally composed of ethylene, propylene, and/or butylene-1, and
      one or more polyenes, such as hexadiene-1,4, 5-ethylidene norbornene-2 and
      dicyclopentadiene. The EPDM polymers, unlike any other elastomers, have
      excellent resistance to oxidation and the action of ozone.
PAR  Admixing EPDM, particularly EPDM wherein the polyene is dicyclopentadiene,
      with diene rubbers, such as polyisoprenes, polybutadiene, and
      styrene-butadiene copolymers, results in a considerable improvement of the
      generally low ozone resistance of the diene rubbers. Unfortunately,
      however, the ozone resistance improvement is generally achieved at the
      cost of a decrease of the physical and mechanical properties of the
      resulting vulcanization. This decrease of physical and mechanical
      properties of the vulcanizates is believed due to the low compatibility of
      EPDM and the diene rubber, which low compatibility is possibly due to the
      low degree of unsaturation of the EPDM polymers (whose polyene content is
      normally no greater than 1-5% by weight) and to the slow curing rate of
      EPDM. It is known that halogenated rubbery copolymers of ethylene, at
      least one other .alpha.-alkene, and at least one polyene possess a higher
      curing rate, and that the presence of the halogen in the copolymer results
      in a distinct improvement in the compatibility of the EPDM and the diene
      rubber during covulcanization.
PAR  The prior art has proposed several processes for the preparation of
      halogenated rubbery copolymers of ethylene, at least one other
      .alpha.-alkene and at least one polyene, but all of these processes
      proposed by the prior art have one or more drawbacks. For instance, it has
      been proposed that halogenated EPDM polymers be prepared with the aid of
      organic halogenating agents which are mixed with the solid polymer, such
      as, for instance, by milling, after which the admixture is heated to a
      temperature above 100.degree.C for a considerable period of time. Another
      proposal is to react such organic halogenating agents at a temperature
      above 100.degree.C with EPDM dissolved in an organic solvent. If the
      reaction mixture is exposed to UV irradiation, the temperature may be
      reduced to the range of 65.degree.-80.degree.C. These processes have the
      drawbacks that organic halogenating agents are expensive and that the
      decomposition products of the organic halogenating agents are difficult to
      isolate from the polymer. Furthermore, the halogenation occurs only at
      relatively high temperatures, which results in considerable gel formation.
PAR  It has also been proposed to use molecular halogen in the preparation of
      halogenated EPDM, with the halogen contacting the EPDM dissolved in an
      organic solvent at a temperature above 100.degree.C. Again, if the
      reaction is conducted with exposure to UV light, the temperature may be
      reduced to the range of 65.degree.-80.degree.C.
PAR  It has also been proposed that brominated EPDM be prepared by reacting
      molecular bromine at a temperature of -30.degree. - 80.degree.C with EPDM
      dissolved in an inert organic solvent. It has also been proposed that EPDM
      be chlorinated with molecular chlorine at a temperature below 80.degree.C.
      In this latter instance, the EPDM polymers contain termonomers of a
      special type, which type does not include dicyclopentadiene.
PAR  It should be noted that in the above described processes for the
      preparation of halogenated EPDM polymers, the processes wherein the EPDM
      is halogenated in the form of a solution in an organic solvent has the
      additional drawback that the halogenation is normally conducted under such
      conditions that a portion of the organic solvent also is halogenated. This
      solvent halogenation can be avoided by performing the halogenation in
      halogenated organic solvents, such as carbon tetrachloride, but this
      approach also has disadvantages. The EPDM is normally prepared in organic
      solvents which are not halogenated, which results in a situation wherein
      it is necessary to first isolate the EPDM from the solvent used in the
      polymerization, and then to incorporate the EPDM in the halogenated
      organic solvent. It will be clear that this is a costly approach,
      especially since the EPDM has a slow rate of dissolution in all organic
      solvents.
PAC  SUMMARY OF THE INVENTION
PAR  Halogenated rubbery copolymers of the EPDM type are prepared by
      halogenating EPDM in the solid state with molecular halogen at a
      temperature of between -30.degree.C and +80.degree.C. The halogenated EPDM
      may be in the form of a moist or dry crumb, or may be in the form of a
      dispersion in a non-solvent, such as water.
PAR  The resulting halogenated EPDM can be covulcanized with highly unsaturated
      rubbers, such as SBR, to obtain vulcanizates in short vulcanization times
      which have excellent physical and mechanical properties.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention provides a process for preparing halogenated rubbery
      copolymers of ethylene, at least one other .alpha.-alkene of up to 8
      carbon atoms, dicyclopentadiene, and optionally one or more other polyenes
      of 4 to 12 carbon atoms. The process of this invention either completely
      or substantially obviates the drawbacks mentioned above as regards the
      prior art halogenation processes. The present process is characterized in
      that the unhalogenated rubbery copolymer containing dicyclopentadiene is
      halogenated at a temperature between -30.degree. and +80.degree.C in the
      solid state with molecular halogen.
PAR  The improved process of the present invention is all the more surprising
      because copolymers containing dicyclopentadiene cannot be halogenated in
      the form of solutions of the copolymers in solvents at a temperature of
      -30.degree. to +80.degree.C with molecular halogen to produce fast-curing
      halogenated copolymers, not withstanding the fact that the halogenation is
      conducted in the homogeneous phase. The physical and mechanical properties
      of the polymers obtained from such solution halogenation are considerably
      inferior to those of the halogenated, initial copolymers. It was
      completely unexpected that an otherwise identical process but wherein the
      dicyclopentadiene-containing copolymers are halogenated in the solid
      phase, that is, the non-homogeneous phase, would produce fast curing
      halogenated copolymers which can be readily cured together with highly
      unsaturated rubbers to yield vulcanizates possessing very good physical
      and mechanical properties.
PAR  The rubbery copolymers which are halogenated generally contain from about
      20 to about 74.7 weight percent of ethylene, from about 25 to about 79.9
      weight percent of at least one other .alpha.-alkene of up to 8 carbon
      atoms, preferably propylene and/or butylene-1, and at least 0.3, and up to
      about 20 weight percent, of dicyclopentadiene. The copolymer may contain
      other polyenes of from 4 to 12 carbon atoms, such as, for instance,
      hexadiene-1,4 5-vinylnorbornene-2, 5-(1'-propenyl)norbornene-2 or
      5-ethylidenenorbornene-2. These unhalogenated copolymers are produced
      using conventional processes known to the art. For instance, the process
      of copending, commonly assigned application Ser. No. 293,668 filed Sept.
      28, 1972 (Rule 60 continuation of Ser. No. 5,096, filed Jan. 22, 1970, now
      abandoned), the disclosure of which is hereby incorporated by reference,
      may be used. Other polyenes which may be optionally present in the
      copolymers are disclosed in this copending application.
PAR  The halogenating agent which is used in the process of the present
      invention is one or more molecular halogens, such as molecular chlorine or
      bromine or mixtures thereof. Molecular chlorine is preferred, because the
      feed rate thereof can be easily controlled, even at lower halogenation
      temperatures, such as room temperature. The molecular halogen is normally
      employed in a large excess, based on the degree of unsaturation of the
      copolymer. Normally, the copolymer will have an iodine value of about 0,1
      to about 30, and the molecular halogen is normally used in amounts of from
      0.5 to 20, preferably from 1 - 6 moles, per gram equivalent of
      unsaturation in the copolymer. Smaller amounts of halogen may be used, but
      in such case, the resulting vulcanizates do now show the surprising
      improvement of the preferred vulcanates. Furthermore, even larger amounts
      of molecular halogen may be used, but no advantages are obtained thereby
      and the process costs will generally be substantially increased.
PAR  As mentioned, the halogenation temperature is generally in the range of
      from -30.degree. to +80.degree.C, but it is to be understood that the
      upper portion of this temperature range is not necessary to the successful
      practice of the process of the present invention. In fact, it is preferred
      that the halogenation temperature be between -30.degree. and +50.degree.C.
      The halogenation is conveniently conducted at atmospheric pressure, but
      higher or lower pressures may be used as desired.
PAR  The halogenation of the dicyclopentadiene-containing copolymers can be
      conducted in any conventional manner, provided that the copolymers are in
      the solid state. For instance, the EPDM may be halogenated in the form of
      plates, sheets, strands or crumbs. It is also possible to halogenate the
      EPDM in the form of a coarse dispersion or suspension in a non-solvent
      such as, for instance, water. The particle size of the copolymer is not
      critical. When the EPDM is used in the form of particles, the average
      particle size is usually within the range of 0.01 to 20 mm. Preferably,
      the EPDM is used in the form of a moist or dry crumb, or in the form of an
      aqueous dispersion, because the EPDM production process involves stages
      wherein the EPDM is present in such forms. For instance, in one preferred
      embodiment, the EPDM is in the form of a rubber crumb having a particle
      size between 3 mm and 2 cm and a water content of between 0.01 and 100% by
      weight, based on the weight of the EPDM.
PAR  The process of the present invention is preferably conducted in the absence
      of light, but it will be clear that the halogenation may be conducted in
      diffuse daylight. In any event, there is no need to use illumination
      during the halogenation.
PAR  Depending upon the type of halogen and the amount of unsaturation in the
      copolymers, the halogenated copolymers produced by the process of the
      present invention generally contain from 0.1 to 17, preferably 0.5 to 5,
      percent by weight of halogen, based on the total weight of copolymer.
PAR  In contrary to halogenated dicyclopentadiene containing copolymers,
      produced in other ways, the halogenated copolymers prepared according to
      the invention contain at least 0.35% by weight of allylic bounded halogen,
      taken up in the dicyclopentadiene units of the copolymer.
PAR  The halogenated copolymers produced by the process of the present invention
      may be admixed with customary additives, such as zinc oxide, magnesium
      oxide, stearic acid, sulphur, antioxidants, curing accelerators,
      tackifiers, dyes, carbon black and pigments. In addition, of course,
      fillers, which may be reinforcing fillers or non-reinforcing fillers such
      as whiting, kaolin and carbon black, as well as extender oils, may also be
      added to the copolymer. If desired, some of these additives may be present
      during the preparation of the unhalogenated copolymer and/or during the
      halogenation of the copolymer.
PAR  The halogenated copolymers produced according to the present invention may
      be produced in the form of crumb, sheets, strands or bales. An important
      advantage of the halogenated copolymers of the present invention is that
      they can be easily and rapidly cured, for instance, using a cure time of
      only a few minutes.
PAR  The halogenated copolymers produced according to the present invention can
      be cured using conventional methods, such as for instance, by means of
      zinc oxide and/or magnesium oxide. If desired, the curing or vulcanization
      may be in the presence of sulphur and/or curing accelerators such as
      guanidine derivatives, mercaptobenzthiazoles, thiurams and thiuram
      disulphides. Free-radical sources, such as peroxides, may be employed if
      desired, but this is unnecessary. Generally, the curing of the halogenated
      copolymers produced according to the present invention will involve a
      curing recipe based upon sulphur and zinc oxide and/or magnesium oxide.
PAR  The halogenated copolymers produced according to the present invention may
      be mixed with highly unsaturated rubbers especially those having iodine
      numbers of from about 100 to about 250 and molecular weights of at least
      20,000, such as natural rubber, styrene/butadiene rubber, polybutadiene,
      polyisoprene and copolymers of acrylonitrile and butadiene. The resulting
      mixtures can be vulcanized in short periods of time to yield products
      having excellent physical and mechanical properties. The vulcanizates are
      highly suitable for use in a wide variety of applications such as, for
      instance, in the production of automobile tires.
PAR  The halogenated copolymers produced by the process of the present invention
      may be employed for a number of other purposes in addition to those uses
      described above. For instance, the halogenated copolymers may be used to
      impart impact resistance to thermoplastic polymers such as polyethylene,
      polypropylene, polystyrene and polyvinylchloride, as a starting material
      for the preparation of latices, as an admixture with bitumen and as a
      starting material in a graft polymerization process.
DETD
PAC  EXAMPLES OF THE INVENTION
PAR  The invention will be understood more readily by reference to the following
      examples; however, these examples are intended to illustrate the invention
      and are not to be construed to limit the scope of the invention.
PAR  In the following examples, the tensile strengths, moduli, and elongation at
      rupture were measured as specified at NEN 5602 (type 3). The modulus
      refers to the modulus at 300% elongation, with the tensile strength and
      the modulus expressed in units of kg/cm.sup.2, and the elongation at
      rupture in percent. The hardness was measured according to NEN 5601 and is
      expressed in Shore A units. The permanent set, expressed in percent, was
      measured according to NEN 5606.
PAC  Comparative Example A (halogenation in organic solvent)
PAR  4 liters of chlorine gas (20.degree.C, 1 atmosphere) were passed during a
      period of one hour at 25.degree.C in diffuse daylight through a solution
      of 50 g of a terpolymer in one liter of heptane. The terpolymer was
      composed of units of 52.3 weight percent ethylene, 43% by weight
      propylene, and 4.7% by weight of dicyclopentadiene. After the hour of
      chlorination, pure nitrogen was passed through the solution to remove any
      excess chlorine. The rubber solution was next treated with hot water and
      then dried, yielding about 50 g of a terpolymer having a chlorine content
      of 3.8% by weight. According to the N.M.R. analysis, the halogenated
      copolymer thus prepared contained only 0.11% by weight of allylic
      chlorine, taken up in the dicyclopentadiene units of the copolymer.
PAR  The chlorinated terpolymer, and the unhalogenated initial polymer, were
      combined into a given formula and vulcanized, with the physical properties
      of the resulting vulcanizates measured. 100 parts by weight of the initial
      polymer or of the chlorinated terpolymer, respectively, were mixed with.
PA1  5 parts by weight of zinc oxide,
PA1  1 part by weight of stearic acid,
PA1  50 parts by weight of high abrasion furnace black,
PA1  0.5 parts by weight of 2 mercaptobenzthiazole,
PA1  1 part by weight of tetramethylthiuram disulphide,
PA1  1.5 parts by weight of sulphur, and
PA1  25 parts by weight of naphthenic oil.
PAL  The resulting formulations were cured at 160.degree.C and 5, 10, 15 and 20
      minutes cure time, and physical properties of the resulting vulcanizates
      determined for modulus, tensile strength, elongation at rupture and
      hardness, with the results set forth in Table 1 below. The columns headed
      `before` and `after` refer to the halogenation step, with the results
      reported for the physical properties of vulcanizates prepared from the
      initial, unchlorinated polymer, and for the chlorinated terpolymer,
      respectively.
TBL                                    Table 1                                 
     __________________________________________________________________________
     curing time                                                               
                 5 min.  10 min. 15 min. 20 min.                               
                 before                                                        
                     after                                                     
                         before                                                
                             after                                             
                                 before                                        
                                     after                                     
                                         before                                
                                             after                             
     __________________________________________________________________________
     modulus     38  16  72  22  95  25  101 26                                
     tensile strength                                                          
                 207 40  273 66  287 76  271 100                               
     elongation at rupture                                                     
                 840 680 650 680 620 680 540 740                               
     hardness Shore A                                                          
                 57  50  60  52  62  53   64 55                                
     __________________________________________________________________________
PAL  From the results of this comparative example reported in Table 1 above, it
      will be noted that the halogenation in solution of a terpolymer containing
      dicyclopentadiene results in the production of a halogenated terpolymer
      having a curing rate considerably slower than the initial unhalogenated
      terpolymer. In addition, the mechanical properties of the vulcanizate
      prepared from the halogenated terpolymer are well below the vulcanizate
      prepared from the initial unhalogenated terpolymer.
PAC  Comparative Example B (chlorination of a polymer containing no
      dicyclopentadiene)
PAR  4 liters of chlorine gas (20.degree.C, 1 atmosphere) were passed during a
      period of 30 minutes at 25.degree.C in diffuse daylight through a
      dispersion of 35 g of a terpolymer in 1 liter of water. The terpolymer was
      composed of 53.9% by weight of ethylene, 42% by weight of propylene, and
      4.1% by weight of 5-ethylidenenorbornene-2. The dispersed terpolymer
      particles ranged in size from 3 -22 mm. The dispersion was intensively
      stirred during the passage of the chlorine gas. After the passage of the
      chlorine gas was complete, the dispersion was ventilated and pure nitrogen
      gas was passed through the dispersion to remove any excess chlorine. The
      chlorinated terpolymer was recovered by filtration, and the resulting
      rubbery crumb was washed with distilled water and dried. The resulting
      terpolymer contained 3.3% by weight of chlorine. According to the N.M.R.
      analysis the copolymer thus prepared contained no allylic bounded
      chlorine.
PAR  The chlorinated terpolymer and the initial unchlorinated terpolymer, were
      cured at 160.degree.C for 2.5, 5, 10, 15 and 20 minutes curing time, using
      the formulation of comparative example A, with the properties of the
      resulting vulcanizates set forth in Table 2 below.
TBL                Table 2                                                     
     ______________________________________                                    
                curing time in minutes                                         
                2.5  5      10     15   20                                     
                after                                                          
                     after  after  after                                       
                                        before                                 
                                              after                            
     ______________________________________                                    
     modulus      24     33     65   47   143   47                             
     tensile strength                                                          
                  82     118    200  171  204   175                            
     elongation at rupture                                                     
                  680    620    560  580  390   640                            
     hardness Shore A                                                          
                  56     60     63   63   74    63                             
     permanent set                                                             
                  26     20     12   14   5     14                             
     ______________________________________                                    
PAR  It will be noted from the results set forth above that the chlorination of
      an aqueous dispersion of a terpolymer containing 5-ethylidenenorbornene-2
      units instead of dicyclopentadiene units does not result in a fast curing
      halogenated terpolymer. On the contrary, the terpolymer curing rate is
      decreased by the introduction of halogen into the terpolymer. Furthermore,
      the mechanical properties of the halogenated terpolymers are lower than
      those of the initial, unhalogenated terpolymer.
PAC  EXAMPLE 1
PAR  80 g of a dry crumb of a terpolymer of 53.8 weight percent ethylene, 41
      weight percent propylene, and 5.2 weight percent of dicyclopentadiene,
      having a particle size of 3 - 22 mm, were chlorinated for 30 minutes with
      chlorine gas at 70.degree.C at atmospheric pressure. After the
      chlorination period of 30 minutes, the chlorination reaction was stopped
      by replacing the chlorine atmosphere with pure nitrogen. Pure nitrogen was
      then passed through the terpolymer for 1 hour to expel any remaining
      traces of chlorine. The resulting chlorinated terpolymer contained 4.8
      weight percent of chlorine, of which, according to the N.M.R. analysis,
      0.61%, by weight is allylic chlorine, taken up in the dicyclopentadiene
      units of the copolymer.
PAR  The chlorinated terpolymer was cured for 2.5, 5, 10, 15 and 20 minutes at
      160.degree.C using the curing recipe of comparative example A. The
      properties of the resulting vulcanizates are set forth in Table 3 below.
TBL                Table 3                                                     
     ______________________________________                                    
                 curing time in minutes                                        
                 2.5   5       10      15    20                                
     ______________________________________                                    
     modulus       --      232     212   --    --                              
     tensile strength                                                          
                   199     232     212   215   228                             
     elongation at rupture                                                     
                   290     300     300   280   290                             
     hardness      64      64      65    65    66                              
     permanent set 8       8       8     --    --                              
     ______________________________________                                    
PAR  A mixture of 70 parts by weight of the chlorinated terpolymer and 30 parts
      by weight of a highly unsaturated styrene/butadiene rubber (SBR 1500,
      having a styrene content of 23.5 percent by weight and an iodine value of
      about 150 a molecular weight of about 270.000) were cured at 160.degree.C
      using the following curing recipe.
TBL  ______________________________________                                    
     rubber            100      parts by weight                                
     oil (naphthenic)  30       parts by weight                                
     zinc oxide        3        parts by weight                                
     stearic acid      2        parts by weight                                
     high abrasion furnace black                                               
                       50       parts by weight                                
     phenyl-.beta.-naphthylamine                                               
                       1        part by weight                                 
     benzthiazyl-2-cyclohexyl-                                                 
     sulphenamide      1        part by weight                                 
     sulphur           1.75     parts by weight                                
     ______________________________________                                    
PAL  The vulcanizate obtained after curing for 20 minutes had the properties as
      set forth in Table 4 below
TBL                Table 4                                                     
     ______________________________________                                    
     modulus               192                                                 
     tensile strength      192                                                 
     elongation at rupture 300                                                 
     hardness Shore A       67                                                 
     ______________________________________                                    
PAR  For comparative purposes a covulcanization run was repeated, but using the
      unchlorinated, initial terpolymer in place of the chlorinated terpolymer.
      The properties of the resulting vulcanizate, after 20 minutes of cure, are
      set forth in Table 5 below.
TBL                Table 5                                                     
     ______________________________________                                    
     modulus               36                                                  
     tensile strength      38                                                  
     elongation at rupture 330                                                 
     hardness Shore A      65                                                  
     ______________________________________                                    
PAR  Table 5 clearly shows that an unmodified (unhalogenated) terpolymer and a
      highly unsaturated rubber cannot be covulcanized. On the other hand,
      covulcanization conducted with the halogenated terpolymer prepared
      according to the process of the present invention resulted in the
      production of a vulcanizate with good mechanical properties.
PAC  EXAMPLE 2
PAR  Comparative example B was repeated, but using the
      dicyclopentadiene-containing initial terpolymer of Example 1. The
      chlorination reaction yielded a chlorinated terpolymer having a chlorine
      content of 3.8% by weight, of which, according to the N.M.R. analysis
      0.59% by weight is allylic chlorine, taken up in the dicyclopentadiene
      units of the copolymer. The chlorinated terpolymer was cured under the
      same conditions as in comparative example B, with the properties of the
      resulting vulcanizates set forth in Table 6 below
TBL                Table 6                                                     
     ______________________________________                                    
                 curing time in min.                                           
                 2.5   5       10      15    20                                
     ______________________________________                                    
     tensile strength                                                          
                   210     216     219   225   224                             
     elongation at rupture                                                     
                   280     300     315   305   300                             
     hardness Shore A                                                          
                   67      69      69    68    70                              
     permanent set 8       8       8     8     8                               
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  100 g of a moist rubber crumb of a terpolymer of 53.9 weight percent
      ethylene, 42 weight percent propylene, and 4.1 weight percent
      dicyclopentadiene, containing approximately 50 g of water, was chlorinated
      for 30 minutes with chlorine gas at 25.degree.C and atmospheric pressure.
      The chlorination reaction was stopped at the end of the 30 minute
      chlorination period by replacing the chlorine with pure nitrogen gas. The
      reaction vessel was purged with pure nitrogen for one hour to expel any
      remaining traces of chlorine. The resulting terpolymer contained 4.0
      weight percent of chlorine. According to the N.M.R. analysis, the
      chlorinated copolymer thus obtained contains 0.48% by weight of allylic
      chlorine, taken up in the dicylopentadiene units of the copolymer.
PAR  The chlorinated terpolymer was cured at 160.degree.C for 2.5, 5, 10, 15 and
      20 minutes using the curing recipe of Comparative Example A. The
      properties of the resulting vulcanizates are set forth in Table 7 below.
TBL                Table 7                                                     
     ______________________________________                                    
                 curing time in min.                                           
                 2.5   5       10      15    20                                
     ______________________________________                                    
     tensile strength                                                          
                   104     111     114   128   120                             
     elongation at rupture                                                     
                   190     180     170   180   160                             
     hardness      66      66      66    69    70                              
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing halogenated rubbery copolymers of about 20 to
      about 74.7 weight percent ethylene, about 25 to about 79.9 weight percent
      of at least one other .alpha.-alkene of up to 8 carbon atoms, from about
      0.3 to about 20 weight percent of dicyclopentadiene, alone or with one or
      more other polyenes of 4 to 12 carbon atoms, said process comprising
      halogenating the unhalogenated copolymer in the solid state with up to
      about 20 moles of molecular halogen per gram equivalent of unsaturation in
      said unhalogenated copolymer at a temperature of between about
      -30.degree.C and about +80.degree.C.
NUM  2.
PAR  2. Process according to claim 1 wherein said halogenation temperature is
      between -30.degree. and +50.degree.C.
NUM  3.
PAR  3. Process according to claim 1, wherein said halogen is chlorine, bromine
      or mixtures thereof.
NUM  4.
PAR  4. Process according to claim 3 wherein at least 0.5 moles of halogen per
      gram equivalent of unsaturation in the unhalogenated copolymer is used.
NUM  5.
PAR  5. Process according to claim 4, wherein the amount of halogen is between 1
      and 6 moles per gram equivalent of unsaturation.
NUM  6.
PAR  6. Process according to claim 4, wherein the copolymer is halogenated in
      the form of a coarse dispersion or suspension in water.
NUM  7.
PAR  7. Process according to claim 4, wherein said copolymer is halogenated in
      the form of substantially dry crumb.
NUM  8.
PAR  8. Process according to claim 4, wherein the halogenation is carried out in
      the substantial absence of light.
NUM  9.
PAR  9. Process according to claim 1, wherein the halogenated copolymer product
      contains from about 0.1 to about 17 weight percent of halogen, based on
      the total weight of said copolymer.
NUM  10.
PAR  10. Process according to claim 9, wherein the halogenated copolymer product
      contains 0.5 to 5 weight percent of halogen.
NUM  11.
PAR  11. Process according to claim 4, wherein said halogen is chlorine.
NUM  12.
PAR  12. Process according to claim 4, wherein said unhalogenated copolymer is a
      crumb having an average particle size of about 3 mm to about 2 cm and a
      water content of about 0.01 to about 100 weight percent.
NUM  13.
PAR  13. Chlorinated rubbery copolymers prepared by the process of claim 1.
NUM  14.
PAR  14. Halogenated rubbery copolymer of about 20 to about 74.7 weight percent
      ethylene, about 25 to about 79.9 weight percent of at least one other
      .alpha.-alkene of up to 8 carbon atoms. From about 0.3 to about 20 weight
      percent of dicyclopentadiene and optionally one or more other polyenes of
      4 to 10 carbon atoms, containing from about 0.5 to about 5 percent by
      weight of chlorine, of which at least about 0.35 percent by weight is
      allylic, taken up in the dicyclopentadiene units of the copolymer.
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ABST
PAL  This invention relates to novel catalysts and cocatalysts for use in the
      polymerization and copolymerization of .alpha.-olefins, to a process for
      using such catalysts to polymerize and copolymerize .alpha.-olefins, and
      to the process of making such cocatalysts. The .alpha.-olefins are
      polymerized or copolymerized in the presence of a catalytic amount of a
      catalyst system comprising an organometallic compound of a metal of Groups
      Ia, IIa, IIb, IIIa, or IVa of the Periodic Table and a cocatalyst
      comprising the reaction product of a halogenated alumina and a derivative
      of a transistion metal of Groups IVb, Vb, and VIb of the Periodic Table,
      said halogenated alumina being formed by halogenating a complex oxide of
      aluminum and at least one other metal.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The instant application is a continuation-in-part of our copending
      application Serial No. 186,764, filed October 5, 1971 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In our prior application Serial No. 186,764, a description is given of a
      process for the polymerization and copolymerization of .alpha.-olefins in
      which the operation is carried out in the presence of a catalytic system
      comprising an organometallic compound of a metal of Groups Ia, IIa, IIb,
      IIIa, and IVa of the Periodic Table and a cocatalyst obtained by reacting
      a halogenated alumina with a certain atomic ratio of halogen/ aluminum and
      a derivative of a metal of Groups IVb, Vb, and VIb of the Periodic Table.
PAR  These catalytic systems make it possible to obtain, with high
      productivities (of the order of 1500 g. of polymer per gram of catalyst
      component, for example) polymers which are characterized in particularly
      high average molecular weights and, therefore, particularly low fluidity
      indices. The polymers of this type are very suitable for certain
      particular uses such as the manufacture of large capacity containers.
      However, for many applications it is preferred to use polymers with lower
      mean molecular weights and, thus, higher fluidity indices.
PAR  The catalytic systems described in our prior application do not make it
      possible to obtain these polymers with lower molecular weight except by
      using very substantial relative amounts of modification agent for the
      molecular weight (hydrogen). But, in this case, we note a very substantial
      decrease of the productivity of these catalytic systems.
PAC  SUMMARY OF THE INVENTION
PAR  Novel catalysts, cocatalysts, and processes have now been found for the
      polymerization and copolymerization at low pressure of olefins in which
      the cocatalyst is also prepared from a solid support comprising alumina
      but in which there are obtained polymers of relatively low average
      molecular weight with very high productivities.
PAR  The present invention comprises novel catalysts and cocatalysts for use in
      the polymerization and copolymerization of .alpha.-olefins, to a process
      for using such catalysts to polymerize and copolymerize .alpha.-olefins,
      and to the process of making such cocatalysts. The .alpha.-olefins are
      polymerized or copolymerized in the presence of a catalytic amount of a
      catalyst system comprising an organometallic compound of a metal of Groups
      Ia, IIa, IIb, IIIa, or IVa of the Periodic Table and a cocatalyst
      comprising the reaction product of a halogenated alumina and a derivative
      of a transistion metal of Groups IVb, Vb, and VIb of the Periodic Table,
      said halogenated alumina being formed by halogenating a complex oxide of
      aluminum and at least one other metal.
PAC  DETAILED DESCRIPTION
PAR  The complex oxides used in accordance with the invention are complex oxides
      of aluminum and of one or more other metals which may be any metals
      desired. Metals other than aluminum are generally chosen among the metals
      of Groups Ia, Ib, IIa, IIb, IIIa, IVa, IVb, Va, Vb, VIb, VIIb, and VIIIb
      of the Periodic Table. However, it is preferred to use magnesium, calcium,
      zinc, manganese, iron, nickel, cobalt, tin, and/or silicon. The best
      results are obtained with magnesium.
PAR  In the starting complex oxides, the amount of aluminum present is such that
      the ratio Al/M of amount of aluminum Al to the total amount of the other
      metals M is comprised between 0.01 and 100 gram-atom/gram-atom.
      Preferably, this ratio is comprised between 0.10 and 10. The best results
      are obtained when it is comprised between 0.25 and 5.
PAR  Excellent results have been noted with complex aluminum and magnesium
      oxides where the Al/M ratio is equal to about 2. These complex oxides
      correspond to the general formula MgO.Al.sub.2 O.sub.3.
PAR  The exact chemical structure of the complex oxides used in accordance with
      the invention need not necessarily be well known and is, moreover,
      unimportant. All that is necessary is that the criteria discussed above be
      met. All the complex oxides defined hereinabove are suitable, be they
      natural or synthetic, whether or not they correspond to a well-defined
      chemical formula and whatever their nature may be.
PAR  The methods which can be used for the preparation of complex oxides are
      well known. They can all be used. For example, the so-called
      co-precipitation technique has always given satisfactory results. It
      consists in placing in solution water-soluble salts of aluminum and other
      metals in quantities such that the desired Al/M ratio for the complex
      oxide is achieved in the solution. As soluble salts, use is normally made
      of nitrates, chlorides and acetates. Then, an alkaline substance such as
      ammonia or sodium bicarbonate in aqueous solution is progressively added
      to the solution. There is started in this way the formation of a solid
      precipitate which, after pyrolysis, finally gives the complex oxides to be
      used in accordance with the invention.
PAR  According to the method used for their preparation and the conditions of
      pyrolysis, complex oxides may contain, in addition to aluminum, other
      metals and oxygen, residual radicals of the preparation (hydroxyls or
      carbonates, for example) or water. The latter do not hinder, provided they
      do not exceed 5% by weight of the total.
PAR  When the complex oxides of the invention are prepared by a method which
      ends up in the pyrolysis of a thermally decomposable complex compound,
      this pyrolysis is carried out at a temperature comprised between
      100.degree. and 1000.degree.C., and preferably between 300.degree. and
      700.degree.C. The best results have been noted between 300.degree. and
      500.degree.C. Pyrolysis may be carried out as desired in air, nitrogen or
      any other insert atmosphere. Pressure is not critical; however, it is
      preferred to operate at atmospheric pressure or possibly at a reduced
      pressure, for reasons of convenience. The length of time is not critical
      either. Generally, it exceeds one hour and preferably four hours. The
      continuance of the treatment beyond 24 hours generally brings no further
      advantages.
PAR  The complex oxides preferably used within the scope of the present
      invention exhibit a high internal porosity. In other words, the volume of
      the pores constitutes a substantial proportion of the total volume of the
      particles. Generally, internal porosity is characterized in the ratio of
      pore volume to weight of matter. Use is made preferably of complex oxides
      the internal porosity of which is in excess of 0.3 cm.sup.3 /g. and, more
      particularly, in excess of 0.7 cm.sup.3 /g. The best results are obtained
      with complex oxides with an internal porosity greater than 1 cm.sup.3 /g.
PAR  These complex oxides of high internal porosity have in general a specific
      area greater than 100 m.sup.2 /g., which may reach 500 m.sup.2 /g.
PAR  The complex oxides of the invention are used, preferably, in the form of
      particles of homogeneous composition. The utilization of mixtures of
      particles of alumina and of particles of oxides of other metals does not
      fall within the scope of the present invention.
PAR  The size of the particles is not critical. For reasons of convenience, it
      is, however, preferred to use particles the mean diameter of which is
      comprised between 1 and 500 .mu. and, preferably, between 40 and 200 .mu..
      In addition, the morphology of the polymer and its flowability are
      improved when use is made of complex oxides having particles of regular
      form. It is also preferred to use particles the granulometric curve of
      which is very close so as to obtain grains of polymer the granulometry of
      which is also close.
PAR  According to the present invention, the complex oxides are subjected to a
      halogenation treatment so as to form halogenated aluminas. The latter
      have, preferably, a halogen/ aluminum atomic ratio between 0.01 and 1. The
      best results are obtained when this ratio is comprised between 0.06 and
      0.30 and, more particularly, between 0.10 and 0.15.
PAR  The halogenation treatment is carried out with the same halogenation agents
      and under the same conditions as set forth in our parent application.
      Fluorination is preferred. All the known fluorinating agents may be used
      to carry out the treatment. Among those frequently employed are elemental
      fluorine, oxyfluorides of non-metals, non-metal fluorides, and metal
      fluorides. It may also be followed or be combined with an activation
      treatment. The latter is also performed under the same conditions as in
      our parent application.
PAR  The preparation of the cocatalyst in accordance with the invention is
      effected with the same derivatives of the metals of Groups IVb, Vb, and
      VIb of the Periodic Table and under the same conditions as in our parent
      application. The cocatalysts of the present invention are obtained by
      reacting a fluorinated alumina with the derivatives of a transition metal.
      These derivatives are preferably selected from among the compounds of
      titanium, zirconium, vanadium and chromium. As derivative, one may use the
      halides, oxyhalides, alkoxyhalides, oxyalkoxides and alkoxides.
PAR  The elementary analysis of the cocatalyst in accordance with the invention
      shows that they are characterized in a content in metals of the Groups
      IVb, Vb, and VIb chemically fixed higher than 10 mg/g. and, in general,
      than 15 mg/g. These contents are higher than those which it is possible to
      attain by operating in accordance with our parent application.
PAR  The organometallic compounds entering into the composition of the catalytic
      systems in accordance with the invention are the same as those described
      in our parent application. The same applies to olefins to which the
      process of the invention relates and to the operational conditions of the
      polymerization.
PAR  The process of the invention makes it possible to manufacture polyolefins
      with remarkably high productivities. Thus, in the homopolymerization of
      ethylene, the productivity expressed in grams of polyethylene per gram of
      catalyst component is higher than 1000. The catalyst components prepared
      starting from fluorinated aluminas are particularly productive.
      Productivity may reach 1200 and even 1500 g. PE/g. of catalyst component.
      That is why, as in the process described in our parent application,
      polymers must not be purified.
PAR  The polyolefins prepared according to the process of the present invention
      are characterized in a relatively low average molecular weight, and,
      therefore, by a relatively high melt index. The latter, measured under
      normal charge according to the ASTM D 1238-57 T standard, may be greater
      than 0.50 for polyethylene even if the polymerization is carried out under
      ordinary temperature and hydrogen concentration conditions. These normal
      conditions are those which make it possible to attain optimum
      productivities (of the order of 500 g. PE/g. catalyst component).
PAR  The polyolefins and, in particular, the polyethylenes prepared according to
      the process of the invention are very suitable for all the applications
      where they are molded by extrusion to manufacture objects which are used
      under extremely severe conditions as, for example, under high pressure or
      in contact with substances capable of promoting stress cracking.
PAR  The invention will be further described in connection with the following
      examples which are set forth for the purposes of illustration only and are
      not to be construed as limiting the scope thereof in any manner.
DETD
PAC  EXAMPLES 1 to 6
PAR  Use is made of a complex oxide of general formula MgO.Al.sub.2 O.sub.3
      which is characterized by an internal porosity of 2 cm.sup.3 /g.
      approximately and a specific area of 300 m.sup.2 /g.
PAR  100 g. of this complex oxide are mixed with 6 g. of NH.sub.4 F and the
      mixture is heated to temperatures shown in Table A. The temperature is
      held constant for 5 hours.
PAR  Fluorinated aluminas are obtained, the specifications of which are shown in
      Table A.
PAR  5 g. of the fluorinated aluminas thus prepared are suspended in 25 cm.sup.3
      TiCl.sub.4, and the whole is heated with strong agitation for 1 hour. The
      solid product of the reaction is separated, and it is washed with hexane
      until the disappearance of every trace of chlorine. Then, it is dried in a
      current of dry nitrogen.
PAR  The elementary analysis of the cocatalyst is given in Table A.
PAR  Various amounts of catalyst element (see Table A) are suspended in 500
      cm.sup.3 of hexane in a stainless steel 1500 cm.sup.3. reactor provided
      with a blade agitator. 100 mg. of tri-isobutylaluminum are added.
PAR  The temperature is raised to 85.degree.C. and ethylene is introduced at a
      partial pressure of 10 kg/cm.sup.2, and hydrogen is also introduced at a
      partial pressure of 4 kg/cm.sup.2. Polymerization is continued for 1 hour,
      maintaining the partial pressure of ethylene constant by the continuous
      introduction of ethylene.
PAR  After the degassing of the autoclave, the amounts of polyethylene shown in
      Table A are collected.
TBL                                    TABLE A                                 
     __________________________________________________________________________
     Particular Conditions                                                     
                    Ex. 1                                                      
                         Ex. 2                                                 
                              Ex. 3                                            
                                   Ex. 4                                       
                                        Ex. 5                                  
                                             Ex. 6                             
     __________________________________________________________________________
     Fluorination Temperature                                                  
       (.degree.C.) 700  650  600  500  400  300                               
     Al Content of the                                                         
     Fluorinated Alumina mg/g.                                                 
                    382  361  343  341  352  342                               
     F Content of the                                                          
     Fluorinated Alumina mg/g.                                                 
                    44   50   43   45   37   36                                
     F/Al Atomic Ratio of the                                                  
     Fluorinated Alumina                                                       
     Gram-Atom/Gram-Atom                                                       
                    0.16 0.19 0.18 0.18 0.15 0.15                              
     Ti Content of the                                                         
     Cocatalyst mg/g.                                                          
                    12   15   17   14   14   16                                
     Cl Content of the                                                         
     Cocatalyst mg/g.                                                          
                    76   88   128  157  188  223                               
     F Content of the                                                          
     Cocatalyst mg/g.                                                          
                    43   48   41   45   37   36                                
     F + Cl/Ti Atomic                                                          
     Ratio of the                                                              
     Cocatalyst Gram-Atom/                                                     
     Gram-Atom      17.6 16.4 16.3 22.6 24   28.5                              
     Weight of Cocatalyst                                                      
     put into Operation mg.                                                    
                    35   50   50   50   50   50                                
     Weight of PE Collected g.                                                 
                    46   64   61   77   108  99                                
     Productivity g. PE/g.                                                     
     Cocatalyst     1310 1280 1220 1540 2160 1980                              
     Specific Activity                                                         
     g. PE/h.g. Ti.kg/cm.sup.2 C.sub.2 H.sub.4                                 
                    10900                                                      
                         8500 7200 11000                                       
                                        15400                                  
                                             12400                             
     Melt Index g/10 min.                                                      
                    0.04 0.02 0.11 0.47 0.73 1.21                              
     Melt Index Under                                                          
     Heavy Load g/10 min.                                                      
                    2.54 1.90 8.15 24.46                                       
                                        33.76                                  
                                             --                                
     __________________________________________________________________________
PAR  The results shown in Table A show that the process of the invention
      supplies polyethylenes of relatively high average molecular weight with
      very high productivities.
PAC  EXAMPLE 7
PAR  This example is given for comparative purposes.
PAR  The starting oxide used is an alumina obtained by treating at 700.degree.C.
      for 16 hours an .alpha.-type alumina monohydrate sold under the trade name
      of "KETJEN Grade B".
PAR  100 g. of this alumina are mixed with 6 g. of NH.sub.4 F and the mixture is
      heated to 700.degree.C. for 5 hours.
PAR  A fluorinated alumina is obtained, the aluminum content of which is 504
      mg/g. and the fluorine content of which corresponds to an atomic ratio of
      0.17 approximately.
PAR  A cocatalyst is then prepared as in Examples 1 to 6. Its elementary
      analysis shows that it contains 6.2 mg/g. titanium, 59 mg/g. chlorine and
      21 mg/g. fluorine. The F + Cl/Ti ratio is about 21.2
PAR  A polymerization test is carried out as in Examples 1 to 6 by using 300 mg.
      of catalyst component. However, the partial ethylene pressure is 5
      kg/cm.sup.2 and that of the hydrogen is 10 kg/cm.sup.2. 120 g. of
      polyethylene are collected. The productivity is, therefore, 400 g. PE/g.
      of cocatalyst and specific activity is 12,900 g. PE/h.g Ti.kg/cm.sup.2
      C.sub.2 H.sub.4.
PAR  The melt index of the polyethylene collected is 0.35 g/10 min.
PAR  The comparison with Example 4 shows that it is possible to obtain
      polyethylene of relatively high melt index with the catalyst components
      described in our parent application, but that it is necessary to operate
      with very high relative hydrogen concentrations, which has as a
      consequence a very substantial fall in productivity.
PAC  EXAMPLE 8
PAR  Use is made of a complex oxide of general formula MgO.3/2(Al.sub.2 O.sub.3)
      which is characterized in an internal porosity of about 2 cm.sup.3 /g. and
      a specific area of 296 m.sup.2 /g.
PAR  100 g. of this oxide are mixed with 4 g. of NH.sub.4 F and the mixture is
      heated to 700.degree.C. This temperature is held constant for 5 hours.
PAR  A fluorinated alumina is obtained, the aluminum content of which is 465
      mg/g. and the fluorine content 42 mg/g. The F/Al atomic ratio is,
      therefore, 0.13.
PAR  The preparation of the cocatalyst is then proceeded with as in Examples 1
      to 6. The elementary analysis of this component reveals that it contains:
PA1  titanium: 25 mg/g.
PA1  chlorine: 91 mg/g.
PA1  fluorine: 40 mg/g.
PAR  The F + Cl/Ti atomic ratio is, therefore, equal to 13.
PAR  Then, a polymerization test is carried out under the same conditions as in
      Examples 1 to 6 using 154 mg. of catalyst component.
PAR  153 g. are collected of a polyethylene characterized in a melt index of
      0.76 g/10 min. The productivity is, therefore, 1000 g. PE/g. cocatalyst
      and the specific activity is 4000 g. PE/h.g Ti Kg/cm.sup.2 C.sub.2
      H.sub.4.
PAC  EXAMPLE 9
PAR  Use is made of a complex oxide of general formula CaO.Al.sub.2 O.sub.3
      which is characterized in an internal porosity of about 1.5 cm.sup.3 /g.
      and a specific surface of 190 m.sup.2 /g.
PAR  100 g. of this oxide are mixed with 4 g. NH.sub.4 F and the mixture is
      heated to 700.degree.C. This temperature is held constant for 5 hours.
PAR  A fluorinated alumina is obtained, the aluminum content of which is 410
      mg/g. and the fluorine content 58 mg/g. The F/Al atomic ratio is,
      therefore, 0.20.
PAR  The preparation of the cocatalyst is then proceeded with as in Examples 1
      to 6. The elementary analysis of this component reveals that it contains:
PA1  titanium: 9.7 mg/g.
PA1  chlorine: 74.0 mg/g.
PA1  fluorine: 57 mg/g.
PAR  The F + Cl/Ti atomic ratio is, therefore, equal to 25.
PAR  A polymerization test is carried out under the same conditions as in
      Examples 1 to 6 using 105 mg. of catalyst component.
PAR  37 g. are collected of a polyethylene characterized in a melt index
      measured under heavy load of 0.48. Productivity is, therefore, 360 g.
      PE/g. of cocatalyst and the specific activity is 3600 g. PE/h.g Ti.
      Kg/cm.sup.2 C.sub.2 H.sub.4.
PAC  EXAMPLE 10
PAR  Use is made of a complex oxide of general formula Al.sub.2
      O.sub.3.4(SiO.sub.2) which is characterized in an internal porosity of 1.8
      cm.sup.3 /g. and a specific area of 160 m.sup.2 /g.
PAR  100 g. of this oxide are mixed with 2 g. of NH.sub.4 F and the mixture is
      heated to 600.degree.C. This temperature is held constant for 5 hours.
PAR  A fluorinated alumina is obtained, the aluminum content of which is 340
      mg/g. and the fluorine content 12 mg/g. The F/Al atomic ratio is,
      therefore, 0.05.
PAR  The preparation of the cocatalyst is then proceeded with as in Examples 1
      to 6. The elementary analysis of this component reveals that it contains:
PA1  titanium: 6.4 mg/g.
PA1  chlorine: 15 mg/g.
PA1  fluorine: 9.6 mg/g.
PAR  The F + Cl/Ti atomic ratio is, therefore, equal to 7.
PAR  149 mg. of catalyst component are suspended in 500 cm.sup.3 of hexane in
      the reactor used in Examples 1 to 6. 100 mg. triisobutyl-aluminum are
      added.
PAR  The temperature is raised to 85.degree.C. and ethylene is introduced under
      a partial pressure of 8 kg/cm.sup.2, also, hydrogen under a partial
      pressure of 15 kg/cm.sup.2. Polymerization is continued for 1 hour,
      maintaining the total pressure constant by the continuous addition of
      ethylene.
PAR  7 g. are collected of a polyethylene characterized in a melt index of 0.06
      g/10 min. Productivity is, therefore, 47 g. PE/g. of cocatalyst and the
      specific activity is 920 g. PE/h.g Ti. Kg/cm.sup.2 C.sub.2 H.sub.4.
PAR  While the invention has been described in connection with a preferred
      embodiment, it is not intended to limit the invention to the particular
      form set forth, but, on the contrary, it is intended to cover such
      alternatives, modifications and equivalents as may be included within the
      spirit and scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cocatalyst for use with an organometallic compound of a metal selected
      from the Groups Ia, IIa, IIb, IIIa and IVa of the Periodic Table to
      catalyze the polymerization and copolymerization of .alpha.-olefins
      consisting essentially of the reaction product of a fluorinated complex
      oxide having the general formula MgO.Al.sub.2 O.sub.3 with a derivative of
      titanium selected from the group consisting of halides, oxyhalides,
      alkoxyhalides, oxyalkoxides and alkoxides, said complex being fluorinated
      at a temperature of from about 100.degree.C. to about 700.degree.C. and
      said fluorinated complex having a F/Al atomic ratio of between 0.1 and
      0.15.
NUM  2.
PAR  2. The cocatalyst of claim 1 wherein the complex oxide is fluorinated at
      between about 300.degree.C. and 400.degree.C. and the F/Al atomic ratio is
      about 0.15.
NUM  3.
PAR  3. A catalyst for the polymerization and copolymerization of
      .alpha.-olefins comprising a trialkyl aluminum and a cocatalyst consisting
      essentially of the reaction product of a fluorinated complex oxide having
      the general formula MgO.Al.sub.2 O.sub.3 with a derivative of titanium
      selected from the group consisting of halides, oxyhalides, alkoxyhalides,
      oxyalkoxides and alkoxides, said complex being fluorinated at a
      temperature of from about 100.degree.C. to about 700.degree.C. and said
      fluorinated complex having a F/Al atomic ratio of between 0.1 and 0.15.
NUM  4.
PAR  4. The catalyst of claim 1 wherein the complex oxide is fluorinated at
      between about 300.degree.C. and 400.degree.C. and the F/Al atomic ratio is
      about 0.15.
NUM  5.
PAR  5. The process for the polymerization and copolymerization of
      .alpha.-olefins in the presence of the catalytic system of claim 3.
NUM  6.
PAR  6. The process for the polymerization and copolymerization of
      .alpha.-olefins in the presence of the catalytic system of claim 4.
NUM  7.
PAR  7. A method for making the cocatalyst of claim 1 comprising the steps of
      reacting a complex oxide having the general formula MgO.Al.sub.2 O.sub.3
      with a fluorinating agent at a temperature of from about 100.degree.C to
      about 700.degree.C for a time sufficient to give a fluorinated complex
      oxide having an atomic ratio of fluorine/aluminum of from about 0.1 to
      0.15 and reacting said fluorinated complex oxide with a derivative of
      titanium selected from the group consisting of halides, oxyhalides,
      alkoxyhalides, oxyalkoxides and alkoxides for a time sufficient to
      chemically fix the titanium derivative to the fluorinated complex.
NUM  8.
PAR  8. The method according to claim 7 wherein the complex oxide is fluorinated
      at between about 300.degree.C and 400.degree.C and the fluorine/aluminum
      atomic ratio is about 0.15.
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ABST
PAL  A process of polymerizing conjugated diolefinic monomers containing from 4
      to about 12 carbon atoms to high molecular weight polymers by bringing
      said monomers into contact with a catalyst system consisting of (1) an
      iron-containing compound, (2) an organometallic reducing agent from Groups
      I and III of the Periodic Table, and (3) a sulfur oxygen containing
      ligand.
BSUM
PAR  This invention is directed to a method of polymerization of conjugated
      diolefins containing from 4 to about 12 carbon atoms to form homopolymers
      and copolymers. It is also directed to the catalyst systems used to
      prepare these polymers. These polymers have utility in tires and other
      rubber products.
PAR  More specifically, this invention is directed to the use of iron containing
      compounds in conjunction with sulfur or oxygen containing ligands as
      effective catalysts for polymerization of conjugated diolefins to high
      molecular weight polymers.
PAR  A variety of compounds are utilized as catalysts to convert monomeric
      materials which are capable of being polymerized into high molecular
      weight polymers. However, the specific types of catalyst components
      utilized in the instant invention have heretofore not been disclosed.
PAR  The catalyst system used in the instant application has several advantages
      over some of the well known prior art catalyst systems utilizing other
      transfer metals.
PAR  Some catalyst systems utilizing nickel as one of its components can
      polymerize a monomer such as butadiene but cannot effectively polymerize
      isoprene or copolymerize isoprene and piperylene. The particular catalyst
      system of the instant invention has a rather broad general range of uses.
      It can polymerize and copolymerize a variety of conjugated diolefins and
      can also polymerize certain isomeric monomer forms that some of the prior
      art catalyst systems can not successfully polymerize. The advantages of
      the present catalyst system are that it is a general purpose catalyst
      system, capable of polymerizing a variety of monomers to give polymers
      with a high degree of stereo regularity, yet able to polymerize to high
      yields without excessively long polymerization times to give this wide
      range of polymers with varied physical characteristics. It can also
      tolerate much higher levels of several frequent impurities that are
      present in these types of solution polymerization systems, i.e.
      acetylenes, olefins, cyclopentene and cyclopentadiene.
PAR  According to the invention, conjugated diolefinic monomers containing from
      4 to about 12 carbon atoms, are polymerized to high molecular weight
      polymers by bringing said monomers into contact with a catalyst system
      consisting of (1) an iron containing compound, (2) an organometallic
      reducing agent from Groups I and III of the Periodic Table, and (3) a
      sulfur or oxygen containing ligand.
PAR  The iron containing compounds of this invention are those which are capable
      of being reduced. Iron compounds which can be utilized in this invention
      are salts of carboxylic acids, organic complex compounds of iron, salts of
      inorganic acids and iron carbonyls. Representative of the iron compounds
      are ferric oxalate, ferric hexanoate, ferric octanoate, ferric decanoate,
      ferric stearate, ferric naphthenate, ferrous acetylacetonate, ferric
      acetylacetonate, ferric-1-ethoxy-1,3-butanedionate, ferrous dimethyl
      glyoxime, ferric chloride, ferrous chloride, ferric bromide, ferric
      phosphate, iron tetracarbonyl, iron pentacarbonyl and iron nonacarbonyl.
      Iron compounds which are soluble in hydrocarbons are preferred. The
      preferred representatives of these iron compounds are iron octanoate, iron
      decanoate, ferric acetylacetonate and iron naphthenate.
PAR  The organometallic compounds useful in this invention are organocompounds
      of such metals as aluminum, lithium and sodium. By the term
      "organometallic" is meant alkyl, cycloalkyl, aryl, arylalkyl, alkaryl
      radicals are attached to the metal to form the organocompound of the
      particular metal.
PAR  Of the organometallic compounds useful in this invention, it is preferred
      to use organoaluminum compounds.
PAR  By the term "organoaluminum compound" is meant any organoaluminum compound
      responding to the formula:
      ##EQU1##
      in which R.sub.1 is selected from the group consisting of alkyl (including
      cycloalkyl), aryl, alkaryl, arylalkyl, alkoxy, hydrogen, cyanogen and
      halogen, R.sub.2 and R.sub.3 being selected from the group of alkyl
      (including cycloalkyl), aryl, alkaryl, and arylalkyl. Representative of
      the compounds responding to the formula set forth above are:
      diethylaluminum fluoride, diethylaluminum chloride, di-n-butylaluminum
      chloride, diisobutylaluminum chloride, dioctylaluminum chloride,
      diphenylaluminum chloride, diethylaluminum bromide and diethylaluminum
      iodide. Also included are diethylaluminum hydride, di-n-propylaluminum
      hydride, di-n-butylaluminum hydride, diisobutylaluminum hydride,
      diphenylaluminum hydride, di-p-tolylaluminum hydride, dibenzylaluminum
      hydride, phenyl ethylaluminum hydride, phenyl-n-propylaluminum hydride,
      p-tolyl ethylaluminum hydride, benzyl-n-propylaluminum hydride, and other
      organoaluminum hydrides. Also included are trimethylaluminum,
      triethylaluminum, tri-n-propylaluminum, triisobutylaluminum,
      tri-n-butylaluminum, tripentylaluminum, trihexylaluminum,
      tricyclohexylaluminum, trioctylaluminum, triphenylaluminum,
      tri-p-tolylaluminum, tribenzylaluminum, ethyl diphenylaluminum, ethyl
      di-p-tolylaluminum, ethyl dibenzylaluminum, diethyl phenylaluminum,
      diethyl p-tolylaluminum, diethyl benzylaluminum and other
      triorganoaluminum compounds. Also included are diethylaluminum cyanide,
      diethylaluminum ethoxide, diisobutylaluminum ethoxide and dipropylaluminum
      methoxide. Ethylaluminum dichloride and ethylaluminum sesquichloride also
      may be used as the organoaluminum compound.
PAR  By the term "organolithium compounds" is meant any organolithium compound
      responding to the formula R-Li where R is an alkyl, alkaryl, arylalkyl or
      aryl group. Representative among the compounds responding to the formula
      set forth above are ethyllithium, propyllithium, n-, secor t-butyllithium,
      hexyllithium, styryllithium or phenyllithium. The term organolithium
      compounds also refers to catalysts responding to the formula Li-R-R'-Li
      such as difunctional lithium catalysts, for example, DiLi-1, DiLi-3 and
      the like, which are produced by Lithium Corporation of America.
PAR  Organosodium compounds include tetraethyl sodium aluminum and diethyl
      sodium aluminum dihydride.
PAR  Also, by the term "organolithium aluminum compounds" is meant any compound
      responding to the formula R'R".sub.3 LiAl where R' and R" may be hydrogen,
      alkyl, alkaryl, or arylalkyl groups. R' and R" may or may not be the same.
      Representative of these compounds are tetraethyl lithium aluminum,
      n-butyl-triisobutyl lithium aluminum, tetrabutyllithium aluminum,
      tetraisobutyllithium aluminum, butyl triethyl lithium aluminum, styryl
      tri-normal propyl lithium aluminum, triethyl lithium aluminum hydride and
      diethyl lithium aluminum dihydride.
PAR  The sulfur or oxygen containing ligand used in the practice of this
      invention must contain at least two functional groups which can coordinate
      with the iron. The functional groups are a combination of (a) two thio
      groups which are attached to different carbon atoms, (b) a mercapto and an
      imino, imine or an imidazole group, (c) a hydroxyl and an imino, imine or
      an imidazole group, or (d) a thio and an amine or imino group.
      Representative of these classes of ligands are:
PAR  a. N,N'-dimethyldithiooxamide
      ##EQU2##
      dithiooxamide, N,N'-dicyclohexyldithiooxamide, and
      N,N'-didodecyldithiooxamide;
PAR  b. 2-mercaptobenzimidazole
      ##EQU3##
      5-methyl-2-mercaptobenzimidazole and 5-chloro-2-mercaptobenzimidazole;
PAR  c. 2-hydroxybenzimidazole; and
PAR  d. thiourea, N,N'-diphenylthiourea and the like,
      ##EQU4##
PAR  The dithiooxamides listed in the (a) class above could also be included in
      the (d) class since the dithiooxamides are comprised of two R--NH--C=S
      (thiocarbamoyl) groups.
PAR  This three-component catalyst system has polymerization activity over a
      wide range of catalyst concentrations and catalyst ratios. The three
      catalyst components interreact to form the active catalysts. As a result,
      the optimum concentration for any one catalyst is very dependent upon the
      concentrations of each of the other two catalyst components. Furthermore,
      while polymerization will occur over a wide range of concentrations and
      ratios, polymers having the most desirable properties are obtained over a
      narrower range.
PAR  The molar ratio of the organometallic compound when it is a
      triorganometallic to the iron compound Al/Fe can be varied from about 1/1
      to about 400/1; however, a more preferred range of Al/Fe is from about 1/1
      to about 4/1, however, when the organometallic compound contains a
      hydrogen atom, alkoxy group or halide, then the organometallic component
      to the iron compound AlX/Fe can be varied from about 6/1 to about 25/1 or
      a more preferred ratio of about 12/1, and when the organometallic compound
      is an organolithium compound then a desirable molar ratio of
      organometallic compound to the iron compound Li/Fe is about 6/1.
PAR  The molar ratio of the sulfur ligand to the iron compound S/Fe can be
      varied depending on which sulfur compound is utilized, however, a range of
      about 0.1/1 to about 100/1 can be used, with a more preferred range of
      S/Fe from about 0.3/1 to about 3/1.
PAR  The three catalyst components may be charged to the polymerization system
      as separate catalyst components in either a stepwise or a simultaneous
      manner, sometimes called "in situ". The three components also may be
      premixed outside the polymerization system and the resulting blend then
      added to the polymerization system; however, this method generally is less
      satisfactory than the in situ method. The catalyst components also may be
      preformed, that is, premixed in the presence of a small amount of a
      conjugated diolefin, prior to being charged to the main portion of the
      solution that is to be polymerized. The amount of conjugated diolefin
      which may be present during the preforming of the catalyst can range
      between about 1:1 to about 1000:1 moles per mole of iron compound, and
      preferably should be between about 4:1 and 50:1 mole ratio; or about 0.1
      to 5.0 percent of total amount to be polymerized.
PAR  The concentration of the catalyst employed depends on such factors as
      purity, rate desired, temperature and other factors. Therefore, specific
      concentrations cannot be set forth except to say that catalytic amounts
      are used. Polymerizations have been made using molar ratios of monomer to
      the iron catalyst ranging between 300:1 to 18,000:1, while the preferred
      molar ratio is generally between about 600:1 and 3700:1. Some specific
      concentrations and ratios which produce elastomers having desirable
      properties will be illustrated in the examples given herein to explain the
      teachings of this invention.
PAR  In general, the polymerizations of this invention are carried out in an
      inert solvent, and are, thus, solution polymerizations. By the term "inert
      solvent" is meant that the solvent or diluent does not enter into the
      structure of the resulting polymer nor does it adversely affect the
      properties of the resulting polymer nor does it have any adverse effect on
      the activity of the catalyst employed. Such solvents are usually
      aliphatic, aromatic, or cycloaliphatic hydrocarbons, examples of which are
      pentane, hexane, toluene, benzene, cyclohexane and the like.
      Dicholormethane, tetrachloroethylene, monochlorobenzene and the like also
      may be used as the solvent. Preferred solvents are hexane and benzene. The
      solvent/monomer volume ratio may be varied over a wide range. Up to 20 or
      more to 1 volume ratio of solvent to monomer can be employed. It is
      usually preferred or more convenient to use a solvent/monomer volume ratio
      of about 3/1 to about 6/1. Suspension polymerization may be carried out by
      using a solvent in which the polymer formed is insoluble. Since many of
      the polymers prepared with this novel catalyst system have relatively high
      molecular weight, an extender oil may be added to the system and the
      polymerization conducted in its presence, in which case the oil may serve
      also as a diluent or polymerization solvent. It should be understood,
      however, that it is not intended to exclude bulk polymerizations from the
      scope of this application.
PAR  It is usually desirable to conduct the polymerizations of this invention
      employing air-free and moisture-free techniques.
PAR  The temperatures employed in the polymerizations of this invention are not
      critical and may vary from a very low temperature such as -10.degree.C. or
      below up to high temperatures such as 100.degree.C. or higher. However, it
      is usually more desirable to employ a more convenient temperature between
      about 20.degree.C. and about 90.degree.C.
DETD
PAR  The practice of this invention is further illustrated by reference to the
      following examples which are intended to be representative rather than
      restrictive of the scope of this invention. Unless otherwise noted, all
      parts and percentages are by weight. Dilute solution viscosities (DSV) of
      the polymers have been determined in toluene at 30.degree.C. Glass
      transition temperatures (Tg) have been determined using a duPont Model No.
      900 Differential Thermal Analyzer. The melting temperature (Tm) of the
      polymers generally have been determined with the duPont No. 900 DTA, but
      in a few instances a Perkin-Elmer Differential Scanning Calorimeter was
      used.
PAC  EXAMPLE I
PAR  A purified butadiene (BD) in benzene solution containing 100 grams of BD
      per liter of solution was charged to a series of 4-ounce bottles. The
      catalysts were charged in situ in the amounts listed in Table 1, and the
      polymerizations were conducted at 50.degree.C. for 21 hours. The catalyst
      components were added in the following order: (1) triethylaluminum (TEAL);
      (2) ferric octanoate (FeOct); (3) a sulfur containing ligand as identified
      in Table 1; Col.1 shows experiment number, cols.2-4 amount of catalyst
      used, col.5 polymer yield, col.6 dilute solution viscosity, col.7 percent
      gel, col.8 glass transition temperature and col.9 microstructure
      determined by infrared.
TBL                                    Table 1                                 
     __________________________________________________________________________
        Catalyst                     IR Anal                                   
     Exp.                                                                      
        Millimole/10 g.BD                                                      
                      Yield,                                                   
                          DSV Gel                                              
                                 Tg, % trans-                                  
     No.                                                                       
        TEAL                                                                   
            FeOct                                                              
                 DDDTO                                                         
                      Wt. %                                                    
                          dl/g.                                                
                              Wt.%                                             
                                 .degree.C.                                    
                                     1,4-                                      
     __________________________________________________________________________
     1  0.3 0.2  0.1  11  ND.sup.2                                             
     2  0.6 0.4  0.2  27  1.21                                                 
                              17 -78 84                                        
     3  0.6 0.4  0.6  5                                                        
     4  1.2 0.6  0.3  60  2.66                                                 
                              31 -75 73                                        
     5  1.2 0.6  0.6  30  ND                                                   
     __________________________________________________________________________
      .sup.1 DDDTO = didodecyldithiooxamide.                                   
      .sup.2 ND = not determined.                                              
PAR  The infrared analyses as determined by the standard solution method
      actually reported the following microstructure for Polymer No. 2:- 1%
      cis-1,4-, 97% trans-1,4- and 17% 1,2-polybutadiene (PBD); and for Polymer
      No. 4:- 6% cis-1,4-, 80% trans-1,4- and 25% 1,2-PBD. These analyses total
      more than 100%; the values reported in the right hand column of Table 1
      for % trans-1,4-PBD are estimates obtained by normalizing the originally
      reported analyses to 100%. The estimated infrared analyses did establish
      that these polymers had at least a moderately high (&gt;70%) trans-1,4-PBD
      content. The glass transition temperatures (Tg) also indicated that the
      polymers had moderately high 1,4-PBD contents. X-ray diffraction
      photographs of these two polymers indicated that they were moderately
      crystalline and that their structure was primarily
      trans-1,4-polybutadiene.
PAC  EXAMPLE II
PAR  A series of polymerizations were conducted in a manner similar to that
      described in Example I, except that three other dithiooxamides were used
      as replacements for the didodecyldithiooxamide, and polymerization times
      were frequently much shorter. The conditions, and also the results, are
      summarized in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Exp. Millimole/10 g.BD                                                    
                           Time,   Yield,                                      
                                         DSV  Gel                              
     No.  TEAL    FeOct   DTO.sup.1                                            
                                 Hours Wt.%  dl/g.                             
                                                  Wt. %                        
     ______________________________________                                    
     1    1.2     0.6     0.15   0.5   53    ND.sup.4                          
     2    1.2     0.6     0.30   0.5   62    6.3  28                           
                          DMDTO.sup.2                                          
     3    1.2     0.4     0.2    0.5   64    ND                                
     4    1.2     0.6     0.3     0.51 87    9.5  15                           
                          DCDTO.sup.3                                          
     5    1.2     0.6     0.3    20    27    ND                                
     ______________________________________                                    
      .sup.1 DTO = dithiooxamide.                                              
      .sup.2 DMDTO = dimethyldithiooxamide.                                    
      .sup.3 DCDTO = dicyclohexyldithiooxamide.                                
      .sup.4 ND = not determined.                                              
PAR  The reported analysis by the solution infrared method for Polymer No. 1 was
      27% cis-1,4, 36% trans-1,4- and 57% 1,2-PBD, and for Polymer No. 4 was 33%
      cis-1,4, 33% trans-1,4 and 50% 1,2-PBD.
PAC  EXAMPLE III
PAR  A procedure similar to that described in Example I was employed, except
      that a suspension of thiourea in benzene was utilized as the third
      catalyst component rather than didodecyldithiooxamide. The ratio of
      catalyst components charged was TEAL:FeOct:thiourea = 1.2:0.4:0.2
      millimole per 10 grams of BD. Polymerization time was 22 hours. Polymer
      yield was 1.4 grams. The polymer was hard, and had very limited
      solubility. An infrared analysis, utilizing a film technique, indicated
      that the polymer was comprised of 52% cis-1,4, 14% trans-1,4- and 34%
      1,2-PBD.
PAC  EXAMPLE IV
PAR  A procedure similar to that described in Example I was employed, except
      that a suspension of either 2-mercaptobenzimidazole or
      2-hydroxybenzimidazole in benzene was utilized as the third catalyst
      component, and in some experiments, iron neo-decanoate (FeDec) was
      employed as the source of iron rather than iron octanoate. The conditions
      and also the results are listed in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Exp.                                                                      
        Millimole/10g.BD                                                       
                     Time,                                                     
                         Yield,                                                
                             DSV                                               
                                Gel,                                           
                                   IR Anal.                                    
     No.                                                                       
        TEAL                                                                   
            FeOct                                                              
                MBI.sup.1                                                      
                     Hours                                                     
                         Wt.%                                                  
                             dl/g.                                             
                                Wt.%                                           
                                   % Trans-1,4                                 
     __________________________________________________________________________
     1  0.6 0.2 0.10  6  44  5.0                                               
                                12 ND.sup.4                                    
     2  0.6 0.3 0.05  6  50  5.3                                               
                                16 76                                          
     3  1.2 0.6 0.3   4  64  5.0                                               
                                30 76                                          
     4  1.2 0.6 0.6  20  39     ND                                             
            FeDec                                                              
     5  0.6 0.2 0.05 18  30  5.0                                               
                                12                                             
                HBI.sup.2                                                      
     6  0.3 0.1 0.1  18  46  2.4                                               
                                20 78                                          
     7  0.6 0.2 0.2  18  71  1.7                                               
                                19 ND                                          
            FeOct                                                              
                BI.sup.3                                                       
     8  0.3 0.1 0.1  19  Fail                                                  
     9  1.2 0.6 0.3  19  Fail                                                  
     __________________________________________________________________________
      .sup.1 MBI = 2-mercaptobenzimidazole                                     
      .sup.2 HBI = 2-hydroxybenzimidazole                                      
      .sup.3 BI = benzimidazole                                                
      .sup.4 ND = not determined.                                              
PAR  Both the 2-mercaptobenzimidazole and the 2-hydroxybenzimidazole resulted in
      production of polymers which contained moderately large amounts of
      trans-1,4-polybutadiene. On the other hand, benzimidazole is not a
      satisfactory ligand, as shown by the results in the bottom of Table 3.
PAC  EXAMPLE V
PAR  An isoprene in benzene premix was prepared and was purified by passing down
      a column of silica gel and sparging with nitrogen. The amounts of
      catalysts indicated in Table 4 were charged to a series of 4-ounce
      bottles, each containing 10 grams of isoprene per 100 ml. of solution. The
      polymerizations were conducted at 50.degree.C. for 18 hours. After
      stopping the polymerizations with Versene Fe-3 and dibutyl-para-cresol,
      the solutions were dried in trays. Polymer yields and DSV's are presented
      in Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
     Exp.  Catalyst                                                            
     Exp.  Millimole/10 g. IP                                                  
                             Yield,  DSV   Gel                                 
     No.   TEAL    FeOct    MBI    Wt. % dl/g. Wt. %                           
     ______________________________________                                    
     1     1.2     0.6      0.3    70    2.00  12                              
     2     0.6     0.3      0.3     5    ND.sup.2                              
     3     0.6     0.3      0.15   51   2.05   14                              
     4     0.6     0.3      0.05   13    ND                                    
     5     1.2     0.6      0.15   27    ND                                    
     ______________________________________                                    
      .sup.1 MBI = 2-mercaptobenzimidazole                                     
      .sup.2 ND = not determined                                               
PAR  The polymer prepared in Experiment No. 3 had a glass transition temperature
      (Tg) of -54.degree.. Its microstructure as determined by NMR analysis was
      70% 1,4-, 28% 3,4- and 2% 1,2-polyisoprene.
PAC  EXAMPLE VI
PAR  Two polymerizations were carried out similar to those in Example V except
      that dimethyldithiooxamide was used as a catalyst to furnish the ligand
      rather than 2-mercaptobenzimidazole, and the polymerization time was much
      shorter. Polymerizations were terminated by adding 5 ml. of methanol and
      0.15 g. of dibutyl-paracresol. Results are presented in Table 5.
TBL                Table 5                                                     
     ______________________________________                                    
     Exp. Millimole/10 g. IP                                                   
                           Time,   Yield,                                      
                                         DSV  Gel                              
     No.  TEAL    FeOct   DMDTO  Mins. Wt. % dl/g Wt.%                         
     ______________________________________                                    
     1    1.2     0.6     0.3     45   45    5.0  21                           
     2    0.4     0.2     0.1    100   32    9.1  22                           
     ______________________________________                                    
      .sup.1 DMDTO = dimethyldithiooxamide.                                    
PAR  The microstructure of the polymer in Experiment No. 2 was estimated by NMR
      analysis to be 47% 1,4- and 53% 3,4- polyisoprene. The Tg of the polymer
      produced in Experiment No. 2 was -32.degree.C.
PAC  EXAMPLE VII
PAR  A premix solution containing 15.5 percent by volume in hexane of
      trans-piperylene fraction (VPC analysis = 95.6 percent trans-, 3.1%
      cis-piperylene and 1% cyclopentene) was prepared and purified, by passing
      down a column of silica gel and sparging with nitrogen. To 100 ml. of this
      premix, which contained about 10 grams of the trans-piperylene fraction,
      there were added 2.4 ml. of 0.5M TIBAL, 3 ml. of 0.2M. ferric octanoate
      and 2.2 ml. of 0.067M. suspension of 2-mercaptobenzimidazole in benzene.
      The mixture was tumbled end-over-end at 50.degree.C. for 20 hours and then
      the polymerization was stopped by adding Versene Fe-3 and
      dibutyl-paracresol. After drying, 3.1 grams of a solid rubbery polymer
      were recovered. It had a DSV of 4.58 dl/g. and its glass transition
      temperature was -39.degree.C. Its microstructure as determined by NMR
      analysis was 54% l,4-, 45% 1,2- and 1% 3,4-polypiperylene.
PAC  EXAMPLE VIII
PAR  A trans-piperylene fraction which analyzed 88% trans- and 8% cis-piperylene
      plus 1.3% isoprene, 0.2% 1-pentyne and 2.5% unknowns was used to prepare a
      premix in hexane which contained 10 g. of the trans-piperylene fraction
      per 100 ml. of solution. To this solution there was added 2.4 ml. of 0.25
      M. TEAL, 1.2 ml. of 0.25 M. ferric octanoate and 1.8 ml. of an 0.083 M.
      suspension of dithiooxamide in benzene. After 43 hours at 50.degree.C.,
      1.3 g of a leathery polymer was obtained. It had a Tg of -6.degree.C.
PAC  EXAMPLE IX
PAR  Eighty milliliters (80 ml.) of a purified premix containing 7.2 grams of
      2,3-dimethylbutadiene in toluene were charged to a 4-ounce bottle.
      Catalysts were added in situ in the following order: (a) 3.5 ml. of 0.25
      M. TEAL, (b) 1.7 ml. of 0.25 M. iron octanoate and (c) 1.3 ml. of 0.083
      suspension of dithiooxamide in benzene. The sealed bottle was tumbled
      end-over-end in a water bath at 50.degree.C. for 4 hours. A high molecular
      weight, tough, plastic-like polymer was obtained; the weight was 3.3
      grams. The polymer had limited solubility in hydrocarbons. NMR analysis
      reported that it was comprised of 83% 1,4- and 17%
      1,2-polydimethylbutadiene.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for polymerizing conjugated diolefinic monomers containing
      from 4 to about 12 carbon atoms by bringing said monomers into contact
      with a catalytically effective amount of a catalyst consisting essentially
      of (1) an iron containing compound, (2) an organometallic reducing agent
      from Groups I and III of the Periodic Table, and (3) a sulfur-containing
      ligand characterized in that said ligand contains at least two functional
      groups wherein said functional groups are a combination of (a) two thio
      groups which are attached to different carbon atoms, (b) a mercapto and an
      imino, imine or imidazole group, (c) an hydroxyl and an imino, imine or
      imidazole group, or (d) a thio and an amine or imino group.
NUM  2.
PAR  2. A process according to claim 1 wherein the polymerization is conducted
      in the presence of a solvent selected from the group of pentane, hexane,
      toluene, benzene, cyclohexane, dichloromethane, tetrachloroethylene and
      monochlorobenzene.
NUM  3.
PAR  3. A process according to claim 1 in which the iron containing compound is
      selected from the group consisting of iron salts of carboxylic acids,
      organic complex compounds of iron, iron salts of inorganic acids and iron
      carbonyls.
NUM  4.
PAR  4. A process according to claim 1 in which the iron containing compound is
      selected from the group consisting of ferric oxalate, ferric hexanoate,
      ferric octanoate, ferric decanoate, ferric stearate, ferric naphthenate,
      ferrous acetylacetonate, ferric acetylacetonate, ferric-1ethoxy
      1,3-butanedionate, ferrous dimethyl glyoxime, ferric chloride ferrous
      chloride, ferric bromide, ferric phosphate, iron tetracarbonyl, iron
      pentacarbonyl and iron nonacarbonyl.
NUM  5.
PAR  5. A process according to claim 1 in which the iron containing compound is
      selected from the group consisting of iron octanoate, iron decanoate, iron
      naphthenate and ferric acetylacetonate.
NUM  6.
PAR  6. A process according to claim 1 wherein the sulfur containing ligand is
      selected from the group consisting of 2-mercaptobenzimidazole,
      dithiooxamide, N,N' -dimethyldithiooxamide and
      N,N'-didodecyldithiooxamide.
NUM  7.
PAR  7. A process according to claim 1 in which the organometallic compound is
      selected from the group consisting of a trialkylaluminum and a
      dialkylaluminum hydride.
NUM  8.
PAR  8. A process according to claim 1 in which the molar ratio of the
      organometallic compound to the iron compound (Al/Fe) is from about 1/1 to
      about 400/1 and the molar ratio of the sulfur ligand to the iron compound
      (S/Fe) is from about 0.1/1 to about 100/1.
NUM  9.
PAR  9. A process according to claim 1 in which the molar ratio of the
      organometallic compound to the iron compound (Al/Fe) is from about 1/1 to
      about 12/1 and the molar ratio of the sulfur ligand to the iron compound
      (S/Fe) is from about 0.1/1 to about 3/1.
NUM  10.
PAR  10. A process according to claim 1 wherein the ratio of the monomer to the
      iron compound is from about 100/1 to about 18,000/1 and more preferably
      from about 600/1 to about 3700/1.
NUM  11.
PAR  11. A process according to claim 1 wherein the conjugated diolefinic
      monomer is butadiene and wherein the polymer produced is at least 70
      percent trans-1,4-polybutadiene.
NUM  12.
PAR  12. A process according to claim 1 wherein the conjugated diolefin is
      2,3-dimethyl-1,3-butadiene and wherein the polymer produced is a
      stereoregular polydimethylbutadiene containing at least 80 percent
      cis-1,4-structure.
NUM  13.
PAR  13. A process according to claim 1 wherein the iron-containing compound is
      selected from the group consisting of iron octanoate, iron decanoate, iron
      naphthenate, ferric acetylacetonate; the organometallic compound is
      selected from the group consisting of trialkyl aluminums and
      dialkylaluminum hydrides; the sulfur containing ligand is selected from
      the group consisting of 2-mercaptobenzimidazole, dithiooxamide and
      N,N-dimethyl dithiooxamide, and the molar ratio of the organometallic
      compound to the iron compound is from about 1/1 to about 12/1 and the
      molar ratio of the sulfur ligand to the iron compound is from about 0.1/1
      to about 3/1.
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ABST
PAL  0-ALKYL-O-(3-methyl-6-nitrophenyl)-N-secondary
      butyl-phosphorothionoamidate, which possesses herbicidal properties.
PARN
PAR  This application is a continuation-in-part of the copending application
      Ser. No. 182,523 filed Sept. 21, 1971, now abandoned.
BSUM
PAR  The present invention relates to the new phosphothionoamidate, to the
      herbicidal composition and to the use as a herbicide.
PAR  More particularly, the present invention pertains to the compound of the
      formula,
      ##SPC1##
PAL  To the herbicidal composition containing as an active ingredient the
      compound of the formula (I) and to the use of the compound of the formula,
      ##SPC2##
PAL  Wherein R is methyl or ethyl, as a herbicide.
PAR  The present compounds are useful for controlling weeds both in upland and
      paddy fields, such as grass family weeds, for example barnyard grass,
      large crab grass, water foxtail, etc. and broad-leaved weeds, for example
      redroot pigweed, common lambsquater, monochoria, slender spikerush, etc.
PAR  The compounds of this invention may be synthetized by reacting a
      thionophosphoric chloride of the formula,
      ##SPC3##
PAL  Wherein R is as mentioned above with 3-methyl-6-nitrophenol, in an organic
      solvent in the presence of an acid binding agent.
PAR  Examples of the solvents used in this invention include aromatic solvents
      such as benzene and toluene, and ketones such as acetone and methyl
      isobutyl ketone, and acetonitrile, etc.
PAR  Examples of the acid binding agents include inorganic bases such as
      potassium carbonate and sodium hydroxide, tertiary amines such as pyridine
      and triethylamine, and a mixture thereof.
PAR  The reaction temperature varies depending on the kind of the solvent or
      acid binding agent to be used.  The reaction is preferably carried out at
      a temperature of from room temperature to about 120.degree.C. for two to
      several hours.
PAR  Examples of the compounds synthetized by the above method are as follows.
      ##SPC4##
PAR  Compounds having similar structure to that of the compounds of this
      invention are found in U.S. Pat. No. 2,552,576. However, they are
      different from the compounds of this invention in that they have only
      nitro group or groups as the substituents for the phenyl group and that
      their use is directed to insecticides and fungicides.
PAR  Also U.S.S.R. Pat. No. 183,743 and Czechoslovak Pat. No. 127,221 describe
      the present compounds. However, these compounds are described to have only
      limited use in insecticides, fungicides and miticides and not to have
      found the excellent herbicidal activity thereof.
PAR  Further, Dutch Pat. Nos. 6,916,095 and 6,916,096, U.S. Pat. No. 2,074,790,
      and Belgian Pat. No. 745,633 describe herbicidal action of compounds
      having structure resembling that of the compounds of this invention.
PAR  Furthermore, U.S. Pat. Nos. 3,472,920 and 3,636,143 also describe
      herbicidal action of the compounds having structure resembling that of the
      present compounds. However, they are different in structure from the
      compounds of this invention.
PAR  The present invention have firstly found the excellent herbicidal activity
      of the compounds of this invention for which 3-methyl, 6-nitro groups on
      the benzene ring and sec-butyl attached to nitrogen atom are essential.
PAR  The herbicidal characteristics of the compounds of the present invention
      are described in the following:
PAR  When subjected to pre-emergence treatment of weeds in paddy field, the
      compounds display strong herbicidal activities against a wide scope of
      weeds such as, for example, barnyard grass (Echinochloa crus-galli),
      slender spikerush (Eleocharis acicularis), monochoria (Monochoria
      viaginalis Presl.), false pimpernel (Linderna pyxidaria), toothcup (Rotala
      indica Koehne), etc. More surprisingly, the compounds can successfully
      control the aforesaid weeds without any phytotoxicity to transplanted rice
      seedings. Therefore, the present compounds are quite excellent as
      herbicides for paddy rice fields. Further, when applied to upland fields,
      the present compounds have strong herbicidal activities on many weeds,
      e.g. grass family weeds such as barnyard grass (Echinochloa crus-galli),
      large crabgrass (Digitaria sanguinalid), green foxtail (Setaria viridis)
      and water foxtail (Alopecurus aequalis), and such broad-leaved weeds as
      common purslane (Portulaca oleracea), redroot pigweed (Amaranthus
      retroflexus), common lambsquarter (Chenopodium album) and chickweed
      (Stellaria media ), and can effectively control the aforesaid weeds
      without any phytotoxicity to crops such as, for example, rice, radish, soy
      bean, pea, carrot and cotton. Therefore, the compounds may be applied to
      cereals, beans and vegetables, orchards, turfs, pasture lands and non-crop
      lands.
PAR  The present compounds are extremely low in toxicity to mammals and fishes.
PAR  In actual application, the compounds of the present invention may be used
      as they are or may be used in the form of any of such preparations as
      granules, dusts, wettable powders emulsifiable concentrates, oil spray and
      aerosol. These preparations are desirably used so as to be in conform to
      the kinds and sizes of crops and to the purposes of application. In
      formulating the present compounds, there are used such solid carriers as,
      for example, talc, bentonite, clay, kaolin, diatomaceous earth,
      vermiculite and calcium hydroxide; and such liquid carriers as, for
      example, benzene, alcohols, acetone, xylene, dioxane, methyl naphthalene
      and cyclohexanone. In actual application, the present compounds may be
      enhanced and ensured in effectiveness by using them in admixture with
      surface active agents such as spreaders and stickers and the like. It is
      also possible to use the present compounds in admixture with fungicides,
      insecticides, nematocides, other herbicides and the like agricultural
      chemicals and with fertilizers.
PAR  The present invention is illustrated in further detail below with reference
      to examples. All parts and percentages are by weight.
DETD
PAC  EXAMPLE 1
PAR  25 Parts of the compound (2), 5 parts of a surface active agent of the
      polyoxyethylene acetylallylester type and 70 parts of talc were thoroughly
      pulverized and mixed together to obtain a wettable powder.
PAC  EXAMPLE 2
PAR  30 Parts of the compound (2), 20 parts of an emulsifier of the polyethylene
      glycol ether type and 50 parts of cyclohexanone were thoroughly mixed
      together to obtain an emulsifiable concentrate.
PAC  EXAMPLE 3
PAR  8 Parts of the compound (2), 38 parts of bentonite, 50 parts of clay and 4
      parts of sodium lignosulfonate were thoroughly pulverized and mixed
      together. The resulting mixture was sufficiently kneaded with water, and
      then granulated and dried to obtain granules.
PAR  In order to substantiate the prominent effects of the present compounds as
      herbicides, detailed illustration is given below with reference to typical
      test examples, in which the names of the compounds are represented by the
      numbers of the previously exemplified compounds.
PAC  TEST EXAMPLE 1
PAR  Pre-emergence application:
PAR  Seeds of barnyard grass, large crabgrass, radish, common purslane, redroot
      pigweed and false pimpernel were individually sowed in flower pots. After
      covering the seeds with soil, test compounds in such amounts as shown in
      Table 1 were individually applied to the soil. Thereafter, the test plants
      were growth in a greenhouse and after 20 days from the application, the
      herbicidal effects of the individual compounds were investigated to obtain
      the results as set forth in Table 1. Herbicidal effects were evaluated by
      the numerals ranging from 0 (not damaged) to 5 (completely killed). All
      the compounds were formulated into emulsifiable concentrates, and aqueous
      dilutions thereof were used.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Herbicidal effects by pre-emergence application.                          
                             Amount of                                         
                                    Herbicidal effects on                      
                             active                                            
     Name of                 ingredient                                        
                                    Barnyard                                   
                                         Large Radish                          
                                                    Common                     
                                                         Redroot               
                                                              False            
     compound                (g./are)                                          
                                    grass                                      
                                         crabgrass  purslane                   
                                                         pigweed               
                                                              pimpernel        
     __________________________________________________________________________
     (1)                     50     5    5     0    5    5    5                
                             25     5    5     0    5    5    5                
                             12.5   4    5     0    5    4    4                
                             6      4    4     0    4    4    3                
     (2)                     50     5    5     0    5    5    5                
                             25     5    5     0    5    5    5                
                             12.5   5    5     0    5    5    5                
                             6      5    5     0    4    4    5                
                             50     5    4     1    2    2    2                
                             25     3    2     0    0    1    0                
                             12.5   1    0     0    0    0    0                
                             6      0    0     0    0    0    0                
     U.S. Pat. No. 3,074,790                                                   
                             50     5    5     2    5    4    4                
                             25     3    4     0    4    3    3                
                             12.5   2    2     0    2    0    1                
                             6      0    1     0    0    0    0                
     Belgian Pat. 690,911                                                      
     U.S. Pat. No. 3,472,920                                                   
                             50     1    2     0    1    1    1                
                             25     0    0     0    0    0    0                
                             12.5   0    0     0    0    0    0                
     U.S.R. Pat. 183,743                                                       
                             50     0    0     0    0    0    0                
                             25     0    0     0    0    0    0                
                             12.5   0    0     0    0    0    0                
     Czech. Pat. 127,221                                                       
     __________________________________________________________________________
PAC  TEST EXAMPLE 2
PAR  Wagner pots of 14 cm. in diameter, which had been packed individually with
      1.5 kg. of paddy field soil, were brought into the state of paddy fields.
      To the pots were transplanted rice seedings at the 3-leaves stage.
      Further, seeds of barnyard grass were sowed in the pots and, after
      covering with soil, the test plants were grown in a greenhouse. On the
      second day after the sowing given amounts of test compounds were
      individually applied to the soil under water lodged condition. Broadleaved
      weeds germinated were monochoria, false pimpernel and toothcup. After 25
      days the herbicidal effects and the phytotoxicity thereof to the rice
      seedings were investigated to obtain the results as set forth in Table 2.
      The herbicidal effects and the phytotoxicity were evaluated by numerals
      ranging from 0 (not damaged) to 5 (completely killed).
TBL                                    Table 2                                 
     __________________________________________________________________________
     Herbicidal effects in application under waterlodged conditions.           
                                      Herbicidal                               
                                      effects on                               
                                Amount of                                      
     Name of                    active                                         
                                      Barn-                                    
                                          Broad-                               
                                              Phyto-                           
     compound                   ingredient                                     
                                      yard                                     
                                          leaved                               
                                              toxicity                         
                                (g./are)                                       
                                      grass                                    
                                          weeds                                
                                              on rice                          
     __________________________________________________________________________
                                50    5   5   0                                
     (1)                        25    5   5   0                                
                                12.5  4   5   0                                
                                50    5   5   0                                
     (2)                        25    5   5   0                                
                                12.5  5   5   0                                
                                50    4   2   1                                
                                25    2   0   0                                
                                12.5  0   0   0                                
     U.S. Pat. No. 3,074,790                                                   
     __________________________________________________________________________
PAC  TEST EXAMPLE 3
PAR  Pre-emergence application:
PAR  Seeds of redroot pigweed, common purslane, common lambsquarter, starwort
      sp., mouseear chickweed, annual fleabane, chick weed, bitter cress sp.
      were individually sowed in flower pots. After covering the seeds with
      soil, test compounds in such amounts as shown in Table 3 were individually
      applied to the soil. Thereafter, the test plants were grown in a
      greenhouse and after 20 days from the application, the herbicidal effects
      of the individual compounds were investigated to obtain the results as set
      forth in Table 3. Herbicidal effects were evaluated by the numerals
      ranging from 0 (not damaged) to 5 (completely killed). All the compounds
      were formulated into emulsifiable concentrates, and aqueous dilutions
      thereof were used.
PAR  The results are as follows.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Herbicidal effects on                                                     
     Name                                                                      
         Amount of                                                             
               Red-            Mouse-                                          
     of  active                                                                
               root                                                            
                  Common                                                       
                      Common                                                   
                           Star-                                               
                               ear Annual                                      
                                       Chick                                   
                                           Bitter                              
                                               Bed Pale                        
                                                       Carpet                  
                                                           Speed-              
     com-                                                                      
         ingredient                                                            
               pig-                                                            
                  purs-                                                        
                      lambs-                                                   
                           wort                                                
                               chick-                                          
                                   flea-                                       
                                       weed                                    
                                           cress                               
                                               straw                           
                                                   smart                       
                                                       weed                    
                                                           well                
     pound                                                                     
         (g./are)                                                              
               weed                                                            
                  lane                                                         
                      quarter                                                  
                           sp. weed                                            
                                   bane    sp.     weed                        
                                                       sp. sp.                 
     __________________________________________________________________________
     (1) 10    5  5   4    5   5   5   5   4   4   4   5   4                   
         5     4  4   4    4   4   4   4   4   4   3   3   4                   
     (2) 10    5  5   5    5   5   5   5   5   5   5   5   5                   
         5     4  4   5    4   5   4   5   4   4   4   4   4                   
     (A) 10    2  1   2    1   1   0   1   1   1   1   1   1                   
         5     1  0   1    0   0   0   1   0   0   0   0   0                   
     (A) =                      The strongest compound in                      
                                U.S. Patent No. 3,636,143.                     
     __________________________________________________________________________
PAR  Certain organophosphorous compounds tend to destroy or remove myelen from
      nervus system and have delayed neurotoxicity toward human being thereby
      causing polyneuritis and especially paralysis at legs. TOCP (tri ortho
      cresyl phosphate) is a typical example of such compounds, which is said to
      cause Jamaica ginger paralysis. This impediment can be experimentally
      reproduced with a highest sensitivity in hens.
PAR  The present inventors have examined the toxicities of the present compounds
      and the closely related reference compounds. The results are as follows.
PAC  TEST EXAMPLE 4
PAR  Hens (age 1-1.5 years) were used as test animals. For each test compound, a
      suspension was made with a 10 % Tween 80 solution, and orally administered
      to hend in an amount of 1.0 ml./kg. body. Five weeks after the
      administration the toxic symptoms and death were observed. The leg
      paralysis was determined by the ataxia. When the acute toxic symptoms are
      extreme the observation was made while treating by administering 10
      mg./kg. of atropine sulfate and 50 mg./kg. of PAM (pyridine-2-aldoxime
      methiodide). The results are shown in Table 1.
TBL                                    Table 4                                 
     __________________________________________________________________________
                                              Number of                        
                                              hens with                        
                              Admini-                                          
                                    Number    leg para-                        
                                                    Occurrence                 
                              stered                                           
                                    of  Dead in                                
                                              lysis of leg                     
     Compound                 dosage                                           
                                    tested                                     
                                        48 hrs.                                
                                              after paralysis                  
                              (mg./kg.)                                        
                                    hens      2 weeks                          
                                                    (%)                        
     __________________________________________________________________________
                              250   1   0     0     0                          
                              500   1   0     0     0                          
                              *750  7   0     0     0                          
                              250   5   0     0     0                          
                              *500  7   1     0     0                          
                              250   7   0     4      57                        
                              500   7   0     7     100                        
     U.S.P. 3,636,143                                                          
                              500   1   0     0     0                          
                              1000  5   1     4     100                        
     U.S.P. 3,074,790                                                          
     __________________________________________________________________________
      *treated by administering atropine sulfate and PAM                       
PAR  As shown in Tables 1, 2 and 3, the herbicidal activities of the present
      compounds are superior to those of reference compounds. Especially, to
      broadleaved weeds the present compounds have higher activity than the
      reference compound (A) described in U.S. Pat. No. 3,636,143 which closely
      relates to the present compounds.
PAR  Further as shown in Table 4, the reference compounds showed neurotoxicity
      towards hens, but on the contrary the present compound did not show any
      neurotoxicity at all.
PAR  It seems that those good characteristics are due to particular substituents
      of 3-methyl, 6-nitro on the benzene ring and N-secondary butyl.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A phosphorothionoamidate of the formula:
      ##SPC5##
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ABST
PAL  A cytobiotic of cytogenic globulin for the treatment of kidney disorders in
      mammalian subjects and for prophylaxis against kidney-cell degeneration
      and as a cell regenerative treatment, comprises the product obtained by
      recovering renal tissue from slaughterhouse animals, obtaining an extract
      therefrom and using this extract to innoculate a horse and obtain an
      immunological response plasma. From the latter zinc salt or ammonium
      sulfate is used to obtain a precipitate which, after dialysis, leads to a
      dialysate which contains the effective globulins.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation in part of copending application Ser.
      No. 312,021 filed Dec. 4, 1972 which is a continuation in part of
      copending application Ser. No. 111,760 filed Feb. 1, 1971 (now abandoned)
      which is a continuation of application Ser. No. 766,313 filed Oct. 9, 1968
      (now abandoned).
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to a cytobiotic globulin extract,
      pharmacological compositions containing these globulins, a method of
      treatment using the globulin and a method of making these compositions.
PAC  BACKGROUND OF THE INVENTION
PAR  While it has long been known that extracts from living organisms, and
      especially animal organs, contain recoverable substances with therapeutic
      properties for the treatment of animals and humans, prior-art systems for
      recovering substances with therapeutic properties have heretofore
      concentrated, mostly on the extraction of hormones and hormone-like
      products for this purpose.
PAR  We have found that it is possible to recover cytobiotic or cytogenic
      products from animal kidneys which have a surprising effect upon
      corresponding human or other animal kidneys with respect to regeneration
      and revivication of the tissues and cells thereof. The compounds or
      compositions with which the present invention is concerned are globulins
      or proteinaceous materials which manifest cytogenic or cell-regeneration
      characteristics upon recovery from animal kidneys in the manner set forth
      hereinbelow and when used as described.
PAR  Our invention is of special importance in connection with tissue
      regeneration or protection to replace removed or dead kidney tissue upon
      rectal or parenteral administration.
PAR  More especially, the products of the present invention have utility, in
      parenteral injection in man and in animal, for protecting the renal tissue
      against alterations caused by administration of different nephrotoxic
      substances.
PAC  OBJECTS OF THE INVENTION
PAR  It is the principal object of the present invention to provide an improved
      method of extracting cytobiotic and cytogenic globulins, having renal
      cell-regenerating characteristics when used in the treatment of living
      organisms, from the kidneys of animals.
PAR  Another object of our invention is the provision of a method of obtaining a
      cytobiotic globulin for the treatment of lesions, and the like of renal
      tissue for promoting cell growth or regeneration.
PAR  Yet another object of this invention is the provision of a method of
      treating living organisms to promote kidney cell protection and
      regeneration.
PAR  Still a further object of our invention is to provide improved compositions
      for such treatment.
PAC  DESCRIPTION OF THE INVENTION
PAR  We have now found that it is possible, through a series of relatively
      simple steps, to obtain from animal organs taken at the slaughterhouse,
      proteinaceous materials or globulins which, in the extracted or recovered
      form, manifest a high degree of specific cytobiotic or cytogenic activity
      when used in the treatment of the corresponding organs of living patients.
PAR  Our invention yields in the final analysis cytobiotic globulins in the form
      of a greyish-white powder which can be used in sera or in various
      excipients for the direct treatment of the animal subject, to derive
      compounds which have the highly specific cytobiotic property mentioned
      earlier. When the terms "cytobiotic" and "cytogenic" are used herein, it
      should be understood that it is intended to include several forms of cell
      activity, including the protection of cells and the regeneration of
      tissues constituted by the cells whose growth is promoted. The expressions
      also are intended to connote either the revivication of tissue or the
      improvement of tissue tone by cell-growth stimulation.
PAR  More specifically, we have now found that it is possible to recover from
      healthy-animal kidneys as obtained from slaughter-houses or like sources,
      a soluble antigenic extract, to immunize an animal of another species by
      repeated injections of this extract, to collect the blood of the
      hyperimmunized animal and to recover from the blood thus collected, all
      the protein fractions carrying immunological properties or total
      immune-globulins, and finally to select from the total immuneglobulins the
      most stable globulins which present the optimum cytobiotic activity.
PAR  The globulins have no antagonistic characteristics and are nontoxic in the
      treatment of humans or other animals and do not induce, in turn, rejection
      phenomena; but they manifest specific tropism for tissues corresponding to
      the homologous tissues from which they originally derive, or rather exert
      a regenerative action upon such tissues so as to restore or promote
      restoration of deteriorated or dead tissue to thereby allow early
      restoration of the normal function of the organ.
PAC  GENERAL DESCRIPTION OF THE METHOD
PAC  A. Preparation of an antigenic extract from animal kidneys
PAR  The method of recovery of the globulins of our present invention comprises
      initially the subdivision of the healthy-animal kidneys and preferably the
      embryo kidneys, by chopping, mincing or grinding, followed by washing of
      the subdivided mass with a saline solution (preferably 0.9% aqueous sodium
      chloride by weight) to eliminate residual blood while the organ preferably
      is used directly after it is removed from the animal carcass at the
      slaughterhouse. We have also found it to be feasible to temporarily store
      the organ by freezing it immediately after it has been taken from the
      carcass. In either case, the subdivision and blood-removal steps proceed
      as described.
PAR  After eliminating any residual blood, the subdivided organ is pulverized in
      a mixer, blender or other similar apparatus and is then suspended in ten
      times its weight of a 0.9% by weight aqueous saline solution at ambiant
      (room) temperature. The suspension is agitated for a period of one hour,
      whereupon the suspension is centrifugated, the soluble portion is kept
      aside and the insoluble portion is withdrawn and subjected to freezing
      below - 20.degree. C to effect cell rupture. After thawing, the insoluble
      fraction is again suspended in about ten times its weight of 0.9% by
      weight aqueous sodium chloride solution, agitated with the insoluble part
      being recovered, and washed until the washing liquid no longer contains
      any soluble materials.
PAR  The soluble portion prepared as described herein above is the antigenic
      extract, and the insoluble residue of homogenized tissue is used in a
      subsequent stage of the process.
PAC  B. Preparation of the total Immune Globulins
PAR  The technique for obtaining solutions of cytobiotic globulins can be
      considered in two basic steps, namely isolation of the total immune
      globulins and selection of the most effective globulins from the
      collection of immune globulins produced in the first stage.
PAR  After it has been prepared as described earlier an antigenetic extract is
      then injected into the host animal (horse), and the blood of this
      immunized animal is thereafter collected in accordance with usual
      serum-recovery techniques, on an anticoagulant, of which the final
      concentration is about 0.02M. The plasma is then separated and treated by
      an ammonium sulphate procedure or a metallic salt procedure, as discussed
      below, in order to remove impurities.
PAR  In the ammonium sulphate technique, the plasma is combined with an aqueous
      solution of saturated ammonium sulphate (1.025 in the ammonium salt) to
      yield a precipitate which is removed by centrifugation and decanted. The
      ammonium sulphate concentration is then raised to 1.56 M by the addition
      of a saturated solution of the salt, and this precipitate collected and
      washed with 1.56 M aqueous ammonium sulphate. The washed precipitate is
      dispersed in distilled water and subjected to dialysis against distilled
      water to complete disappearance of ammonium salt and yields a globulin
      capable of undergoing selection in the second stage.
PAR  In the metal-salt technique, the plasma is diluted with three volumes of
      aqueous sodium chloride with a concentration of about 0.9% by weight,
      although the precise concentration used will depend upon the animal
      species from which the blood is derived. A zinc salt is then added to a
      concentration of 10 millimoles. The resulting precipitate is separated by
      centrifugation and filtration. The zinc salt is then added to the filtrate
      to raise the concentration to 18.6 millimoles and a basic aminoacid is
      added to a concentration of 0.43 millimoles. After the centrifugation, the
      new precipitate is recovered, washed with distilled water (one volume for
      every three volumes of the plasma initially used) and the paste dialyzed
      in fresh distilled water for 24 hours against distilled water. Then the
      product may undergo the selection stage mentioned earlier.
PAC  C. Cytobiotic Globulin Selection
PAR  Selection may be done on a two-part basis, in the first, the total immune
      protein is treated in a solution by adding sodium chloride and sodium
      hydroxide to the suspension resulting from dialysis against distilled
      water so that the proteinic concentration is finally about 5% by weight,
      the pH is about 7.3 .+-. 0.3 and the ionic strength is about 0.6.
PAR  To the mixture which some of the proteins are insoluble, Muchar C190
      filtering-aid active-carbon powder is added in an amount of 1 to 2% by
      weight, the mixture being permitted to stand. After a period of one hour,
      the liquid is decanted, subjected to centrifugation with the supernatant
      liquid being filtered on a clarifying filter.
PAR  The solution is put into contact with the insoluble residue of homogenized
      tissue ("homogenate") from the organ used for the formation of the
      antigenic product used to inoculate the horse. The homogenate, which is
      specific to the antibodies contained in the globulin, is previously
      subjected to treatment with a citrate solution having a straight
      concentration of 0.15 M and a pH of 3.1 .+-. 0.1, the homogenate is
      thereafter washed with the solution of 0.15 M sodium chloride buffered to
      pH 7.5 .+-. 0.3.
PAR  After standing in contact with the homogenate, the immune globulin solution
      is decanted and the insoluble tissue homogenate containing adsorbed
      globulins is eluted with a citrate solution (0.15 M to pH 3.1); then the
      eluate is neutralized to pH 7.5 .+-. 0.3. The insoluble part is removed
      and the solution subjected to dialysis against the sodium chloride
      solution of 0.15 M. When the protein concentration is low, we may
      lyophilize the dialyzed solution and then dissolve the lyophilized protein
      in sodium chloride solution (0.15 M) with a pH adjusted to 7.5. The
      globulin solutions are subjected to filtration through sterilized patches
      (in a sterile atmosphere) and then lyophilized.
PAC  EXAMPLE 1
PAR  Six liters of immunized horse blood are collected with 100 ml of a 33%
      aqueous solution of trisodium citrate as an anticoagulant and blood plasma
      is separated by methods known per se. The horse blood is obtained from a
      horse injected with a soluble antigenic extract obtained from the
      slaughterhouse kidneys as described hereinabove.
PAR  A saturated solution of ammonium sulfate in water is made up and added in
      an amount of one volume of each three volumes of the plasma and the
      resulting precipitate is removed by centrifugation and decanting of the
      supernatant liquid. To this liquid we add 220 ml of a saturated solution
      of ammonium sulfate per liter, thereby forming a second precipitate which
      is washed with 38 parts by weight of a citrate solution of ammonium
      sulfate and 62 parts by weight of distilled water.
PAR  The washed precipitate is dispersed in distilled water and dialysed against
      distilled water to complete disappearance of ammonium sulfate. The
      resulting suspension is adjusted at a protein concentration of 5%, a pH of
      7.5 .+-. Q.3 and an ionic strength of 0.06 by addition of 3.5 g of sodium
      chloride for each liter of the suspension, and the exact quantity of a
      solution of sodium hydroxide N. This treatment eliminates inactive
      proteins and produces a globulin solution which is treated with 1 to 3% by
      weight of active carbon (NUCHAR C190) and permitted to stand for about an
      hour, followed by centrifugation, decantation and filtering of the
      supernatant liquid in a clarifying filter.
PAR  A homogenate of the kidneys prepared at the same time as the antigenic
      extract is purified as described in general terms earlier. The macerated
      homogenate is treated before use with a sodium citrate solution at a
      concentration of 0.15 M and a pH of 3.1 .+-. 0.1, followed by washing with
      a sodium chloride solution buffered to pH 7.5. .+-. 0.3 and with a
      concentration of 0.15 M. This washed homogenate and globulin solution
      obtained after carbon filtration, are permitted to stand together. After
      elimination of the solution which contains non specific globulins, the
      homogenate, upon which the specific, cytobiotic globulins have been
      absorbed, is subjected to elution with a sodium citrate solution of 0.15 M
      at pH 3.1, the eluate being then adjusted to a pH of 7.5. .+-. 0.3. The
      insoluble portion is removed from the solution which is dialysed against a
      sodium chloride solution at 0.15 M.
PAR  This solution is filtered on a sterilized milliporous filter in a sterile
      atmosphere and can be lyophilized to yield the globulin powder having the
      properties mentioned earlier.
PAC  EXAMPLE 2
PAR  One volume of horse plasma, obtained as in Example 1 is combined with three
      volumes of 0.9% sodium chloride solution to which 30 ml of 9.6% zinc
      sulphate solution in diluted water is added per liter of the horse plasma
      sodium chloride mixture.
PAR  After discarding of the precipitate each liter of the filtrate is combined
      with 21 ml of an aqueous solution of zinc sulfate at 9.6% concentration
      and 5 ml of a 6.5% aqueous solution of glycine. Dialysis is carried out as
      in Example 1 with final recovery of the globulins as theredescribed.
PAC  PHARMACOLOGICAL PROPERTIES AND EFFICACITY
PAR  The cytobiotic globulin powder prepared as described in Example 1 was
      greyish-white, light-weight, highly soluble in water and soluble in
      physiological serum. Tests of the cytobiotic globulins were carried out to
      determine its action, upon regeneration or protection of the renal tissue
      and the toxicity and efficacy of the product in the treatment of animals
      and humans.
PAR  In toxicity tests, the globulins have shown no acute toxicity in mice and
      guinea pigs, no chronic toxicity in rabbits and guineaa pits, no antibody
      reaction when tested in gelose against various human, amniotic and porcine
      cells, no antibody reaction against a macerated mixture of amniotic human
      cells and pig-kidney cells and no teratogenic activity in the mouse, rat
      or rabbit.
PAR  The globulins prepared according to the present invention have a protective
      action against the renal alterations induced by different nephrotoxic
      substances, as shown by the following pharmacological tests.
PAC  A. PROTECTION AGAINST LESIONS INDUCED BY STREPTOMYCIN AND
      DIHYDROSTREPTOMYCIN IN THE RAT
PAR  Two similar batches of rats received, by parenteral route,
PA1  the first (control No. 1) a dose of 40 mg/kg of body weight of
      streptomycin,
PA1  the second, (control No. 2) a dose of 40 mg/kg of body weight of
      dihydrostreptomycin, before, then after having undergone a partial
      binephrectomy.
PAR  Two other batches of rats received the same doses of streptomycin and
      dihydrostreptomycin respectively as the two previous batches, but received
      at the same time, by parenteral route, a dose of 0.5 mg of lyophilized
      globulins dissolved in physiological serum, 3 times per week.
PAR  The rats were sacrificed after 8 weeks, and histological sections were made
      in the remaining renal stump, and coloured with tetrachrome (alizarine
      blue) and with P.A.S. "alcyon" blue orange.
DRWD
PAR  These histological sections are shown in the accompanying FIGS:
PAR  FIG. 1 shows a section of kidney of the control group No. 1 (having
      received streptomycin),
PAR  FIG. 2 shows a section of kidney of an animal having received streptomycin
      and globulins according to the invention,
PAR  FIG. 3 shows a section of kidney of an animal having received
      digydrostreptomycin and globulins according to the invention,
PAR  FIG. 4 shows a section of kidney of an animal, control No. 2 (having
      received dihydrostreptomycin).
DETD
PAR  FIGS. 1 and 4 show the renal alterations produced in the controls for the
      nephrotoxic substances (streptomycin and dihydrostreptomycin).
PAR  FIG. 1 shows a discreet attack of the Malpigli glomerules and proliferating
      tubular lesions.
PAR  FIG. 4 shows proliferating glomerular lesions with progressive
      disappearance of the urinary space, and a tubular attack with
      disappearance of the ciliated edge of the proximal tubes.
PAR  On the other hand, FIGS. 2 and 3 show that the glomerular and tubular
      appearance is normal in the subjects treated with the globulins according
      to the invention, this showing that the product according to the invention
      has protected the kidney against the renal alterations produced by
      streptomycin and dihydrostreptomycin.
PAC  B. PROTECTION AGAINST THE LESIONS OF EXPERIMENTAL AMYLOSE INDUCED BY SODIUM
      CASEINATE IN THE RABBIT
PAR  Rabbits distributed in two batches are intoxicated with sodium caseinate by
      sub-cutaneous injections for three months in order to provoke an
      experimental amylose.
PAR  In one of the batches, the animals receive the caseinate alone at a dose of
      3.5 ml of an 8 % solution in distilled water, by sub-cutaneous route; this
      is the control batch.
PAR  In the other, the rabbits receive, in addition, twice a week, the globulins
      according to the invention at a dose of 0.5 mg/kg, by intravenous route.
PAR  After the period, about 13 weeks, the animals are sacrificed and the organs
      examined are the liver, spleen, kidney.
PAR  In all the controls, these three organs are overrun with amylose visible on
      the sections in immunofluorescense (coloring with Tioflavine T). There is
      no glomerule undamaged by amylose in the kidney; the liver and spleen are
      totally affected.
PAR  In the treated animals, the amylose remains identical in the liver and
      spleen, thus revealing the degree of intoxication of the animals; however,
      in the kidneys, there is no trace of amylose; the specific globulin of the
      kidney has protected this organ, and this organ alone, this showing both
      the efficiency and specificity, with respect to the kidney, of the product
      according to the invention.
PAC  CLINICAL TESTS
PAR  The product according to the present Application has been tested clinically
      in the treatment of recent glomerulopathies and chronic nephropathies.
PAR  The following was administered:
PA1  1. 20 mg in solution in physiological serum, in I.M. injections, every two
      days for 30 days.
PA1  2. or 25 mg, in the form of suppositories, every day for thirty days.
PAR  After one month of treatment, the experimenters comparing the results
      usually obtained in the treatment of chronic nephropathies and those
      obtained with the globulin, conclude:
PA1  1. a considerable improvement in the renal functioning as well as slowing
      down of the development of chronic nephropathies which would otherwise
      lead to an irreversible renal insufficiency.
PA1  2. the cure of recent glomerulopathies.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of producing cytobiotic globulins comprising the steps of:
PA1  1. macerating a ground-kidney organ of a healthy slaughter-house animal or
      preferably of an embryo in an aqueous solution containing about 0.9% by
      weight sodium chloride, and thereafter centrifugating the suspension to
      obtain a soluble antigenic extract and an insoluble tissue homogenate;
PA1  2. inoculating a horse with said antigenic extract to induce an
      immunological response in the blood of the inoculated horse;
PA1  3. withdrawing blood from said inoculated horse and separating plasama
      therefrom;
PA1  4. extracting a globulin-containing liquid from said plasma by combining
      said plasma with an aqueous saturated solution of ammonium sulfate to
      produce a precipitate; separating a solution from the last-mentioned
      precipitate and treating it with a further quantity of ammonium sulphate
      to form a further precipitate; forming a paste of said further precipitate
      in distilled water and dialyzing said paste to complete disappearance of
      ammonium salts; and recovering a further dialysate constituting said
      globulin-containing liquid extract;
PA1  5. adding water, sodium chloride and sodium hydroxide to said
      globulin-containing liquid to adjust it to a pH of about 7.3, an ionic
      strength of 0.16 and a protein concentration of 5%;
PA1  6. contacting adjusted globulin-containing liquid with tissue homogenate
      which has been previously treated with a sodium citrate solution 0.15 M
      having a ph of about 3.1 and washed with a sodium chloride solution 0.15 M
      having a pH of about 7.5;
PA1  7. decanting the liquid and eluting globulins adsorbed onto tissue
      homogenate with a sodium citrate solution 0.15 M having a pH of 3.1;
PA1  8. adjusting the elution solution to a pH of 7.5, separating the
      precipitate and dialyzing the elution solution against a sodium chloride
      solution 0.15 M;
PA1  9. lyophilizing the dialyzed solution to obtain cytobiotic globulins.
NUM  2.
PAR  2. A method of producing a cytobiotic globulins comprising the steps of:
PA1  macerating a ground kidney organ of a healthy slaughter-house animal in an
      aqueous solution containing about 0.9% by weight sodium chloride, and
      thereafter treating and centrifugating the suspension to obtain a soluble
      antigenic extract and an insoluble tissue homogenate;
PA1  inoculating a horse with said antigenic extract to induce an immunological
      response in the blood of the inoculated horse;
PA1  withdrawing blood from said inoculated horse and separating plasma thereof;
PA1  extracting a globulin-containing liquid from said plasma by diluting said
      plasma with an aqueous sodium chloride solution and thereafter treating
      same with a zinc salt to form a precipitate; recovering the liquid from
      the last-mentioned precipitate and treating it with a further quantity of
      said zinc salt and a basic amino acid to form a further precipitate;
      dizlyzing said further precipitate to form said globulin-containing
      liquid;
PA1  adding water, sodium chloride and sodium hydroxide to said
      globulin-containing liquid to adjust it to a pH of about 7.3, an ionic
      strength of 0.05 and a protein concentration of 5%;
PA1  contacting adjusted globulin-containing liquid with tissue homogenate which
      has been previously treated with a sodium citrate solution 0.15 M having a
      pH of about 3.1 and washed with a sodium chloride solution 0.15 M having a
      pH of about 7.5. ;
PA1  decanting the liquid and eluting globulin absorbed onto tissue homogenate
      with a sodium citrate solution 0.15 M having a pH of 3.1;
PA1  adjusting the elution solution to a pH of 7.5, separating the precipitate
      and dialyzing the elution solution against a sodium chloride solution 0.15
      M;
PA1  lyophilizing the dialyzed solution to obtain cytobiotic globulins.
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PAL  Dyestuff having the general formula
      ##SPC1##
PAL  Wherein A represents
      ##SPC2##
PAL  Wherein Q is
      ##SPC3##
PA1  Ar is phenyl or phenyl substituted with chlorine, bromine, lower alkyl or
      lower alkoxy;
PA1  R is hydrogen, lower alkyl, phenyl or phenyl substituted with lower alkyl,
      lower alkoxy, chloro or bromo;
PA1  R.sup.1 and R.sup.2 are the same or different and each is hydrogen, lower
      alkyl, benzyl or phenyl;
PA1  W is lower alkyl or benzyl;
PA1  X is hydrogen or lower alkyl;
PA1  Y is hydrogen, lower alkoxycarbonyl, lower alkyl or formyl; and
PA1  Z is a basic dye anion. These dyes impart bright colorfast orange to red
      shades to acrylic, modacrylic, acid-modified polyester and acid-modified
      polyamide fibers.
BSUM
PAR  This invention relates to cationic dyes from 5-aminoimidazo[1,2-a]pyridine
      and heterocyclic couplers, and to the use of such dyes for imparting
      bright, colorfast orange-red shades to acrylic, modacrylic, acid-modified
      polyester and acid-modified polyamide textile fibers, yarns, and fabrics.
PAR  The novel dyestuffs of this invention have the general formula
      ##SPC4##
PAL  Wherein A represents
      ##SPC5##
PAL  Wherein Q is
      ##SPC6##
PA1  Ar is phenyl or phenyl substituted with chlorine, bromine, lower alkyl or
      lower alkoxy;
PA1  R is hydrogen, lower alkyl, phenyl or phenyl substituted with lower alkyl,
      lower alkoxy, chloro or bromo;
PA1  R.sup.1 and R.sup.2 are the same or different and each is hydrogen, lower
      alkyl, benzyl or phenyl;
PA1  W is lower alkyl or benzyl;
PA1  X is hydrogen or lower alkyl;
PA1  Y is hydrogen, lower alkoxycarbonyl, lower alkyl or formyl; and
PA1  Z is a basic dye anion.
PAR  As used herein to describe a substituent containing an alkyl radical, the
      term "lower" designates a carbon content of from 1 to about 6 carbon
      atoms.
PAR  Typical of the groups representative of Ar are phenyl or phenyl substituted
      with chlorine, bromine, lower alkyl or lower alkoxy. Specific examples of
      such phenyl groups include but are not limited to phenyl, p-tolyl,
      m-ethylphenyl, p-anisyl, p-chlorophenyl, o-bromo-p-tolyl,
      o-dichlorophenyl, and the like.
PAR  Typical of the groups representative of R are hydrogen, ethyl, methyl,
      pentyl, butyl, phenyl, p-tolyl, m-ethylphenyl, p-methoxyphenyl,
      p-chlorophehyl, p-anisyl, o-bromo-p-tolyl, o-dichlorophenyl, etc.
PAR  Typical of the groups representative of R.sup.1 and R.sup.2 are hydrogen,
      methyl, ethyl, isopropyl, butyl, benzyl, phenyl, etc. They may be the same
      or different.
PAR  Typical of the groups represented by W are methyl, ethyl, propyl, benzyl,
      etc.
PAR  Typical of the groups represented by X are hydrogen, methyl, ethyl, propyl,
      butyl, etc. Typical of the groups representative of Y are hydrogen,
      methyoxycarbonyl, ethoxycarbonyl, butoxycarbonyl, methyl, ethyl, propyl,
      and formyl. Typical of the anions represented by Z.sup.-   are CH.sub.3
      SO.sub.4 .sup.- , ZnCl.sub.4/2 .sup.= , Cl.sup.= , Br.sup.- , I.sup.- ,
      SO.sub.4/2 .sup.=, .sup.-
      ##EQU1##
      and H.sub.2 PO.sub.4 .sup.- .  It is pointed out that the anion does not
      affect the utility of the cationic portion of the compounds of the
      invention as dyes, nor does it affect the dye affinity of the cations for
      textile materials. Since the cation of a cationic dye is responsible for
      the color of the compound, the particular anion associated with the cation
      is not important.
PAR  In a preferred embodiment of this invention the coupler component A
      represents
      ##SPC7##
PAL  wherein:
PA1  R.sup.1 and R.sup.2 are methyl, phenyl or benzyl;
PA1  W is methyl;
PA1  X is hydrogen or methyl; and
PA1  Y is methoxycarbonyl, ethoxycarbonyl, methyl, ethyl or formyl.
PAR  The dyes of this invention are prepared by the diazotization of the
      appropriately substituted 5-aminoimidazo[1,2-a]pyridine and subsequent
      coupling with the appropriate coupling component. The resulting dye may
      then be quaternized by treatment with an alkylating agent such as dimethyl
      sulfate in an inert solvent to give the cationic dye by proper work-up.
      These cationic dyes can then be dyed from an acidic bath on acrylic,
      modacrylic, basic dyeable polyester and basic dyeable polyamide fibers.
      The 5-aminoimidazo-[1,2-a]pyridines and couplers useful in the preparation
      of the dyestuffs of this invention may be obtained commercially or
      according to known procedures. For example,
      5-amino-3-carbethoxy-2-methylimidazo[1,2-a]pyridine and
      5-amino-3-formylimidazo-[1,2-a]pyridine may be prepared according to W. W.
      Paudler, R. A. Van Dahm, and Y. N. Park, J. Hetero. Chem., 9, 81 (1972).
      5-Amino-2-methylimidazo[1,2-a]pyridine and 5-amino-2,3-dimethylimidazo[
      1,2-a]pyridine may be prepared according to J. P. Paolini and R. K.
      Robins, J. Hetero. Chem., 2, 53  (1965). The couplers useful in the
      preparation of this invention are well known in the art and may be
      obtained commercially or prepared by methods described in the literature
      and well known to those skilled in the art. See, for example, U.S. Pat.
      No. 3,804,823. The method by which a coupled compound can be quaternized
      is well known to those skilled in the art. For example, the quaternized
      compound may be prepared by reacting the coupled dye with an alkylating
      agent in an inert solvent such as toluene. Suitable alkylating agents that
      can be used are the dialkyl sulfates, the alkyl halides, the aralkyl
      halides, the alkyl esters of arylsulfonic acids, etc. Examples of such
      alkylating agents include dimethyl sulfate, diethyl sulfate, ethyl
      bromide, methyl iodide, benzyl chloride, benzyl bromide, methyl p-toluene
      sulfonate, and ethylbenzene sulfonate.
PAR  The novel dyestuffs of this invention and their preparation are further
      illustrated by the following examples.
DETD
PAC  EXAMPLE 1
PAR  To a solution of 10.9 g (0.05 mole) of 5-amino-3-carbethoxy-2-methylimidazo
      [1,2-a]pyridine in 75 ml. of trifluoroacetic acid is added a solution of
      3.6 g. of NaNO.sub.2 in 25 ml. of concentrated sulfuric acid, and the
      solution is stirred at 0.degree.-5.degree.C. for 3 hours. A portion (0.005
      mole) of the above solution is added with stirring to 0.005 mole of
      1-methyl-2-phenylindole in 25 ml. of 1-5 (1 part propionic to 5 parts
      acetic acid) acid at 0.degree.-10.degree.C. The solution is neutralized to
      Congo red paper with ammonium acetate. After coupling is complete, the
      mixture is poured into ice/water and then made basic with concentrated
      ammonium hydroxide. The resulting dye is collected by filtration, washed
      with water and air dried.
PA1  1a. The dye obtained from Example 1 is dissolved in 10 ml. of
      dimethylformamide and 2 ml. of dimethyl sulfate is added. The solution is
      heated on a steam bath for 1.5 hours and a solution of 5 ml. of isopropyl
      alcohol and 3 ml. of water is added and heating continuted for 0.5 hour.
      Water, sodium chloride, and zinc chloride are added and the dye is
      collected by filtration, washed with 10% NaCl solution and air-dried to
      yield the following dye.
      ##SPC8##
PAL  This dye imparts fast orange shades to acrylic, modacrylic, and
      acidmodified polyester and acid-modified polyamide fibers.
PAC  EXAMPLE 2
PAR  To a solution of 10.9 g (0.05 mole) of 5-amino-3-carbethoxy-2-methylimidazo
      [1,2-a]pyridine in 75 ml. of trifluoroacetic acid is added a solution of
      3.6 g. of NaNO.sub.2 in 25 ml. of concentrated sulfuric acid, and the
      solution is stirred at 0-5.degree.C. for 3 hours. A portion (0.005 mole)
      of the above solution is added with stirring to 0.005 mole of
      6,6-dimethyl-i-keto-2-phenyl-5,6,7,8-tetrahydroimidazo[2,2-b]benzothiazole
      (prepared as in Example 1 of U.S. Pat. No. 3,804,823) in 25 ml. of 1-5
      acid at 0.degree.-10.degree.C. The solution is neutralized to Congo red
      paper with ammonium acetate. After coupling is complete, the mixture is
      poured into ice/water and then made basic with concentrated ammonium
      hydroxide. The resulting dye is collected by filtration, washed with water
      and air-dried.
PA1  2a. The dye obtained from Example 2 is dissolved in 10 ml. of
      dimethylformamide and 2 ml. of dimethyl sulfate is added. The solution is
      heated on a steam bath for 1.5 hours and a solution of 5 ml. of isopropyl
      alcohol and 3 ml. of water is added and heating continued for 0.5 hour.
      Water, sodium chloride and zinc chloride are added and the dye is
      collected by filtration, washed with 10% NaCl solution and air-dried to
      yield the following dye.
      ##SPC9##
PAR  This dye imparts fast red shades to acrylic, modacrylic and acid-modified
      polyester and acid-modified polyamide fibers.
PAR  The following examples in Table 1 are prepared in a manner similar to the
      above examples.
TBL                                    Table 1                                 
     __________________________________________________________________________
     A = Heterocyclic Coupler                                                  
     Example                                                                   
          A                  X   Y     Z     Color                             
     __________________________________________________________________________
     3                       CH.sub.3                                          
                                 CO.sub.2 C.sub.2 H.sub.5                      
                                       ZnCl.sub.4                              
                                           = Orange                            
                                       2                                       
     4                       CH.sub.3                                          
                                 CO.sub.2 C.sub.2 H.sub.5                      
                                       ZnCl.sub.4                              
                                           = Orange                            
                                       2                                       
     5                       CH.sub.3                                          
                                 CO.sub.2 C.sub.2 H.sub.5                      
                                       ZnCl.sub.4                              
                                           = Orange                            
                                       2                                       
     6                       CH.sub.3                                          
                                 CO.sub.2 C.sub.2 H.sub.5                      
                                       ZnCl.sub.4                              
                                           = Red                               
                                       2                                       
     7                       CH.sub.3                                          
                                 CH.sub.3                                      
                                       ZnCl.sub.4                              
                                           = Red                               
                                       2                                       
     8                       CH.sub.3                                          
                                 H     ZnCl.sub.4                              
                                           = Red                               
                                       2                                       
     9                       CH.sub.3                                          
                                 CHO   ZnCl.sub.4                              
                                           = Red                               
                                       2                                       
     10                      CH.sub.3                                          
                                 CO.sub.2 C.sub.2 H.sub.5                      
                                       ZnCl.sub.4                              
                                           = Red                               
                                       2                                       
     11                      CH.sub.3                                          
                                 CO.sub.2 C.sub.2 H.sub.5                      
                                       ZnCl.sub.4                              
                                           = Red                               
                                       2                                       
     12                      CH.sub.3                                          
                                 CO.sub.2 C.sub.2 H.sub.5                      
                                       ZnCl.sub.4                              
                                           = Red                               
                                       2                                       
     13                      CH.sub.3                                          
                                 CO.sub.2 C.sub.2 H.sub.5                      
                                       ZnCl.sub.4                              
                                           = Red                               
                                       2                                       
     14                      CH.sub.3                                          
                                 CO.sub.2 C.sub.2 H.sub.5                      
                                       ZnCl.sub.4                              
                                           = Red                               
                                       2                                       
     15                      CH.sub.3                                          
                                 CO.sub.2 C.sub.2 H.sub.5                      
                                       ZnCl.sub.4                              
                                           = Red                               
                                       2                                       
     __________________________________________________________________________
PAR  The cationic monoazo compounds of this invention can be used for dyeing
      acrylic and modacrylic polymer fibers, yarns and fabrics. Acrylic textile
      materials are those which consist of at least 85 percent acrylonitrile,
      and modacrylic textile materials are those consisting of at least 35
      percent but less than 85 percent acrylonitrile, and are well known in the
      art. Furthermore, the dyeing procedures for dyeing these fibers are also
      well known. The cationic compounds of the invention also give excellent
      dyeings on acid-modified acrylic textile materials such as the
      sulfonate-modified acrylic fibers described in U.S. Pat. Nos. 2,837,500;
      2,837,501; and 3,043,811. The novel cationic compounds can also be used to
      dye sulfonate-modified polyester fibers such as are described in U.S. Pat.
      No. 3,018,272.
PAR  Although this invention has been described in detail with particular
      reference to preferred embodiments thereof, it will be understood that
      variations and modifications can be effected within the scope and spirit
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Dyestuff having the general formula
      ##SPC10##
PAL  wherein A represents
      ##SPC11##
PAL  wherein Q is
      ##SPC12##
PA1  Ar is phenyl or phenyl substituted with chlorine, bromine, lower alkyl or
      lower alkoxy;
PA1  R is hydrogen, lower alkyl, phenyl or phenyl substituted with lower alkyl,
      lower alkoxy, chloro or bromo;
PA1  R.sup.1 and R.sup.2 are the same or different and each is hydrogen, lower
      alkyl, benzyl or phenyl;
PA1  W is lower alkyl or benzyl;
PA1  X is hydrogen or lower alkyl;
PA1  Y is hydrogen, lower alkoxycarbonyl, lower alkyl or formyl; and
PA1  Z is a basic dye anion.
NUM  2.
PAR  2. Dyestuff according to claim 1 wherein
PA1  R is hydrogen or methyl;
PA1  R.sup.1 and R.sup.2 are methyl, phenyl or benzyl;
PA1  W is methyl;
PA1  X is hydrogen or methyl; and
PA1  Y is methoxycarbonyl, ethoxycarbonyl, methyl, ethyl or formyl.
NUM  3.
PAR  3. Dyestuff according to claim 2 having the formula
      ##SPC13##
NUM  4.
PAR  4. Dyestuff according to claim 2 having the formula
      ##SPC14##
NUM  5.
PAR  5. Dyestuff according to claim 2 having the formula
      ##SPC15##
NUM  6.
PAR  6. Dyestuff according to claim 2 having the formula
      ##SPC16##
NUM  7.
PAR  7. Dyestuff according to claim 2 having the formula
      ##SPC17##
NUM  8.
PAR  8. Dyestuff according to claim 2 having the formula
      ##SPC18##
NUM  9.
PAR  9. Dyestuff according to claim 2 having the formula
      ##SPC19##
NUM  10.
PAR  10. Dyestuff according to claim 2 having the formula
      ##SPC20##
NUM  11.
PAR  11. Dyestuff according to claim 2 having the formula
      ##SPC21##
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ABST
PAL  A new class of cellulose reactive dyes have a sulphonated benzene,
      naphthalene or naphthalene azobenzene diazo component coupled on to a
      class of coupling components of the formula:
      ##SPC1##
PAL  In which T.sup.1 is H, monocyclic aryl, OH, CO.sub.2 H, aminocarbonyl,
      lower alkyl, lower alkoxy and lower alkoxycarbonyl, T.sup.2 is H, CO.sub.2
      H, lower alkyl, lower alkoxy, monocyclic aryl, benzyl, aminocarbonyl and
      lower alkoxycarbonyl, the diazo component carrying a cellulose-reactive
      group. Also included are dyes in which two moles of such a monoazo dye are
      linked through a diamine radical. Cr and Co complexes of dyes in which the
      diazo component is a o-aminophenol or o-aminonaphthol are included. These
      dyes are usefully employed to color cellulose, wool or polyamide textile
      materials. These dyes impart to the textile materials deep shades having
      excellent fastness to light and to the wet treatments which are commonly
      applied to cellulose textile materials.
PARN
PAR  This is a continuation of application Ser. No. 100,449 filed Dec. 21, 1970,
      now abandoned, which in turn is a continuation-in-part of application Ser.
      No. 860,033, filed Sept. 22, 1969 now abandoned.
BSUM
PAR  This ivention relates to reactive dyestuffs and more particularly it
      relates to water-soluble azo dyestuffs containing fiber-reactive groups
      which are particularly valuable for coloring polyamide and cellulose
      textile materials.
PAR  It has been found that water-soluble compounds containing a sufficient
      number of sulphonic acid groups to provide water-solubility, one or more
      cellulose-reactive groups and at least one 3-azo-2,6-dihydroxypyrid-6-one
      radical, are valuable dyestuffs capable of affording deep shades of
      excellent fastness on cellulose, wool or polyamide textile materials. That
      is to say, the invention provides the novel concept of utilising
      2,6-dihydroxy pyridine and certain substituted 2,6-dihydroxy-pyridine
      coupling components to form cellulose-reactive dyestuffs, the
      fiber-reactive group also certain derivatives substituted in the 4 and/or
      5-position of the pyridine nucleus, either being present in the components
      coupled together to form the dyestuff or being introduced into an azo
      dyestuff already containing the 2,6-dihydroxypyridine radical.
PAC  I. General description of the new dyestuffs
PAR  The new dyestuffs may be characterised by the presence of at least one
      sulphonic acid group, at least one cellulose-reactive group and at least
      one group of the formula:
      ##SPC2##
PAL  Wherein T.sup.1 represents a hydrogen atom, a COOR.sup.1, CONR.sup.1
      R.sup.2, or OH group wherein R.sup.1 and R.sup.2 each independently
      represents a hydrogen atom or an alkyl group or an alkyl or aryl radical
      which may be substituted; T.sup.2 represents a hydrogen atom, COOR.sup.1,
      CONR.sup.1 R.sup.2 group or an alkyl, aralkyl or aryl radical which may be
      substituted, and M represents a hydrogen atom or a metal atom forming part
      of a metal-complex system in the dyestuff.
PAR  One class of water-soluble azo dyestuffs of the invention may be
      represented by the formula:
      ##SPC3##
PAL  wherein A represents a benzene or naphthalene nucleus, X is a
      fiber-reactive group; T.sup.1, T.sup.2, R.sup.1 and R.sup.2 have the
      meanings stated above; n is a positive integer of at least 1 and m is a
      positive integer of at least 1.
PAR  The azo dyestuffs of the invention can exist in a number of tautomeric
      forms; for convenience the dyestuffs have only been formulated in one of
      these tautomeric forms, but it is to be understood that this specification
      relates to dyestuffs in any of the possible tautomeric forms.
PAR  The radical represented by A is a naphthalene nucleus or a benzene nucleus
      preferably carrying at least one sulphonic acid or carboxylic acid and a
      fiber-reactive group X.
PAR  Yet a further class of dyestuffs of the invention are represented by
      formula (2) wherein A stands for a radical of the azo benzene,
      azonaphthalene or phenylazonaphthalene series.
PAR  The invention also relates to disazo dyestuffs which may be regarded as 2
      molecules of the dyestuffs of formula (2) joined together through the
      radical A by a direct link or a bridging atom or group such as --O--,
      --S--, --NH--, --CH=CH--, --OCH.sub.2 CH.sub.2 O--, --CONH-- or
      --NHCONH--.
PAR  When the radical A contains a metallizable group, for example a hydroxy or
      carboxylic acid group, in ortho position to the azo group, then such
      dyestuffs can form metal complexes, and such metal complexes form further
      classes of dyestuffs of the invention.
PAR  The fiber-reactive group represented by X is a group whose presence in the
      dyestuff molecule renders the dyestuff capable of chemically combining
      with hydroxy groups present in cellulose textile materials or with amino
      groups present in polyamide textile materials. The fiber-reactive groups
      represented by X are attached to carbon atoms present in the dyestuff
      molecule and preferably to carbon atoms of aromatic rings, especially
      benzene rings, present in the dyestuff molecule.
PAR  As examples of fiber-reactive groups there may be mentioned acylamino
      radicals derived from olefinically unsaturated aliphatic carboxylic acids
      such as acryloylamino and crotonylamino, or from halogen-substituted
      aliphatic carboxylic acids such as .beta.-chloropropionylamino,
      .beta.-bromopropionylamino and
      .beta.:.gamma.:.gamma.-trichloro-crotonylamino. Alternatively X can be a
      vinyl sulphone, .beta.-chloroethyl sulphone,
      .beta.-sulphatoethylsulphonyl, .beta.-chloroethyl-sulphonamide or an
      optionally N-substituted .beta.-aminoethylsulphonyl group.
PAR  The fiber-reactive group is preferably a heterocyclic radical having two or
      three nitrogen atoms in the heterocyclic ring and at least one labile
      substituent attached to a carbon atom of the heterocyclic ring. As
      examples of labile substituents there may be mentioned chlorine, bromine,
      quaternary ammonium groups, thiocyano, sulphonic acid,
      hydrocarbylsulphonyl groups, groups of the formula
      ##EQU1##
      wherein the nitrogen atom carries optionally substituted hydrocarbon or
      heterocyclic radicals, and groups of the formula:
      ##EQU2##
      wherein the dotted line indicates the atoms necessary to form an
      optionally substituted or fused heterocyclic ring.
PAR  As specific examples of such fiber-reactive heterocyclic radicals there may
      be mentioned 2:3-dichloroquinoxaline-5- or -6-(sulphonyl or
      carbonyl)amino, 2:4-dichloroquinoazoline-6- or -7-sulphonylamino,
      2:4:6-trichloroquinazoline-7- or -8-sulphonylamino, 2:4:7- or
      2:4:8-trichloroquinazoline-6-sulphonylamino,
      2:4-dichloroquinazoline-6-carbonylamino,
      1:4-dichlorophthalazine-6-carbonylamino, 4:5-dichloropyridazon-1-ylamino,
      2:4-dichloropyrimid-5-ylcarbonylamino,
      1-(phenyl-4'-carbonylamino)4:5-dichloropyridazone,
      1-(phenyl-4'-sulphonylamino)4:5-dichloropyridazone, 2:4- and/or
      2:6-dichloro- or bromo-)pyrid-6(and/or -4)ylamino,
      trichloro-pyrimidylamino, tribromopyridylamino, dichloro-5-(cyano, nitro,
      methyl or carbomethoxy)pyrimidylamino,
      2-methylsulphonyl-6-chloropyrimid-4-ylcarbonylamino and
      5-chloro-6-methyl-2-methylsulphonyl pyrimid-4-ylamino, and more
      particularly 1:3:5-triazin-2-ylamino radicals which contain a bromine and,
      above all, a chlorine atom on at least one of the 4- and 6-positions, for
      example 4:6-dichloro-1:3:5-triazin-2-ylamino. When the triazine nucleus
      contains only a single chlorine atom then the third carbon atom of the
      triazine ring can be substituted by a hydrocarbon radical, such as methyl
      or phenyl, but more particularly by an optionally substituted hydroxy,
      mercapto or amino group, such as methoxy, phenoxy, .alpha.- and
      .beta.-naphthoxy, methylmercapto, phenythio, methylamino, diethylamino,
      cyclohexylamino and anilino and N-alkylaniline and substituted derivatives
      thereof such as anisidine, toluidino, carboxylanilino, sulphoaniline,
      disulphoanilino and sulphonated naphthylamino.
PAR  If desired the fiber-reactive group can be of the type:
EQU  -NH-L.sup.1 -Q-L.sup.2
PAL  wherein L.sup.1 is a pyrimidine or triazine ring optionally carrying a
      labile atom or substituent, L.sup.2 is a pyrimidine or triazine ring
      carying at least one labile atom or substituent and Q is a bridging member
      which is linked to L.sup.1 and L.sup.2 through optionally substituted
      imino groups, said imino groups being linked together through an alkylene
      or arylene radical such as ethylene, 1:4-phenylene or
      2-sulpho-1:4-phenylene.
PAR  Throughout the Specification the terms "lower alkyl" and "lower alkoxy" are
      used to denote alkyl and alkoxy radicals respectively containing from 1 to
      4 carbon atoms.
PAR  The alkyl radicals represented by T.sup.1, T.sup.2, R.sup.1 and R.sup.2 are
      preferably lower alkyl radicals, and as specific examples of such radicals
      there may be mentioned methyl, ethyl, n-propyl and n-butyl.
PAR  As examples of aralkyl radicals represented by R.sup.2 there may be
      mentioned benzyl and .beta.-phenylethyl. The optionally substituted aryl
      radicals represented by T.sup.1 and T.sup.2 are preferably optionally
      substituted phenyl radicals and as specific examples of such radicals
      there may be mentioned phenyl, tolyl, chlorophenyl, and methoxyphenyl.
PAR  A preferred class of the azo dyestuffs of the invention comprises the
      dyestuffs which, in one of the possible tautomeric forms, are represented
      by the formula:
      ##SPC4##
PAL  wherein T.sup.1 and T.sup.2 have the meanings stated, the fiber-reactive
      group represented by X is attached to the benzene ring in meta or para
      position to the azo group, and p is 1 or 2.
PAR  Within this generally preferred class, a number of particular meanings of
      the symbols T.sup.1 and T.sup.2 can be emphasized as being the special
      value. Thus T.sup.1 is preferably selected from the class consisting of H,
      lower alkyl, phenyl, anisyl, tolyl, NH.sub.2 -CO, OH, CO.sub.2 H, lower
      alkoxycarbonyl, and (lower alkoxycarbonyl) lower alkyl; above all, the
      preferred meaning of T.sup.1 is methyl. T.sup.2 is preferably selected
      from the class consisting of H, CO.sub.2 H, CONH.sub.2, lower alkyl,
      phenyl, benzyl, chlorophenyl and lower alkoxycarbonyl; the preferred
      meanings of T.sup.2 are H and CONH.sub.2.
PAR  Generally, the preferred meaninng of X is one of the following:
PA1  .beta.-sulphatoethylsulphonyl
PA1  .beta.-sulphatoethylsulphonylamino
PA1  dichloropyrimidinylamino
PA1  trichloropyrimidinylamino
PAL  or a group of the formula:
      ##SPC5##
PAL  wherein r is 1 or 2, and W is a chlorine atom, an optionally substituted
      amino group or an etherified hydroxyl group.
PAR  A wide range of substituted amino groups can be represented by W in this
      formula. Of particular interest are the following: lower alkyl- and
      di-(lower alkyl)amino groups, e.g. methyl-, ethyl-, propyl- and
      iso-propyl-amino-, dimethyl-, diethyl-, N-ethyl-N-methyl-amino; hydroxyl-
      or lower alkoxy- substituted lower alkyl groups, e.g.:
PA1  .beta.-hydroxyethylamino,
PA1  di-(.beta.-hydroxyethylamino),
PA1  .gamma.-methoxypropylamino,
PA1  .beta.-ethoxyethylamino;
PAL  anilino groups which may contain as substituents CH.sub.3, Cl, OCH.sub.3,
      CO.sub.2 H and/or SO.sub.3 H, e.g.:
PA1  o-, m- and p-sulphoanilino
PA1  2-methyl-4- and 5-sulphoanilino
PA1  2-chloro-4- and 5-sulphoanilino
PA1  2-methoxy-4- and 5-sulphoanilino
PA1  2-carboxy-4- and 5-sulphoanilino
PA1  2,4-, 2,5- and 3,5-disulphoanilino;
PAL  naphthylamine radicals containing 1, 2 or 3 SO.sub.3 H groups, e.g.:
PA1  2,3,4,5,6,7 and 8-sulphonaphth-2-ylamino
PA1  1,3,4,5,6,7 and 8-sulphonaphth-2-ylamino
PA1  3,6-, 4,8- and 3,8-disulphonaphth-1-ylamino
PA1  1,5-, 5,7- and 6,8-disulphonaphth-2-ylamino
PA1  3,6,8-trisulpho-naphth-1- and 2-ylamino;
PAL  N-alkylated anilino groups, e.g.:
PA1  N-methyl-m-sulphoanilino
PA1  N-.omega.-sulphomethylanilino
PA1  N-(.beta.-hydroxyethyl)p-sulphoanilino.
PAL  Furthermore the group W can include within its scope groups which contain a
      chromophoric system linked to the carbon atom of the triazine ring through
      -NH- or -O-. Such chromophoric systems are preferably of the azo,
      anthraquinone or phthalocyanine series.
PAR  W can also represent the radical of a diamine in which the terminal N atom
      carries a chloro substituted s-triazine group i.e. is represented by
      formula (6). That is to say, the fiber-reactive group X may be represented
      by the formula:
      ##SPC6##
PAL  wherein r, p and q are each independently 1 or 2, W is a chlorine atom or
      an optionally substituted amino group or an etherified hydroxyl group, and
      L is a divalent bridging group in particular an optionally substituted
      alkylene or arylene (preferably phenylene) radical.
PAR  As particular examples of bridging groups represented by L there may be
      mentioned the N,N' divalent radicals of:
PA1  hydrazine,
PA1  piperazine,
PA1  ethylene, 1,2- and 1,3-propylene and 1,6-hexamethylene diamines,
PA1  1,3-phenylenediamine-4-sulphonic acid and 2,6-disulphonic acid,
PA1  1,4-phenylenediamine-2-sulphonic acid and 2,5-disulphonic acid,
PA1  1,3- and 1,4-phenylenediamines,
PA1  benzidine and benzidine-2,2'-disulphonic acid,
PA1  4,4'-diaminodiphenylurea and its 2,2'- and 3,3'-disulphonic acids,
PA1  3,3'-diaminodiphenylurea,
PA1  4,4'-diaminodiphenylmethane,
PA1  2,6-diaminonaphthalene-1,5-disulphonic acid,
PA1  1,5-diaminonaphthalene-3,7-disulphonic acid,
PA1  4,4'-diaminodiphenylsulphone,
PA1  4,4'-diaminodiphenylether,
PA1  4,4'-diaminostilbene-2,2'-disulphonic acid,
PA1  4,4'-diaminodiphenoxyethane-2,2'-disulphonic acid,
PAR  A particular case of dyes containing the group of formula 7 occurs when the
      symbol W represents the radical of an aminoazo compound of formula (5)
      i.e. where the dyestuff is a disazo compound having two identical monoazo
      compounds, each containing a monochloro-s-triazine group and linked
      together through the third carbon atoms of each triazine ring by a
      divalent bridging group.
PAR  As examples of etherified hydroxyl groups represented by W in formula (6)
      and (7), there may be mentioned lower alkoxy, e.g. methoxy, ethoxy,
      butoxy, lower alkoxy-substituted lower alkoxy, e.g. methoxyethoxy,
      ethoxyethoxy, .gamma.-methoxypropoxy also phenoxy, tolyloxy, sulpho and
      disulphophenoxy groups.
PAC  II. Manufacture of the new dyestuffs
PAR  The new dyestuffs can be obtained by the conventional coupling and where
      necessary condensation and/or metallization reactions used for manufacture
      of cellulose-reactive dyestuffs characterised by use in the coupling stage
      of a 2,6-dihydroxypyridine compound.
PAR  Thus the metal-free azo dyestuffs of the invention may be obtained by
      diazatizing an amine of the formula A-NH.sub.2 or tetrazotizing a diamine
      of the formula NH.sub.2 -A-NH.sub.2 and coupling the resulting diazo
      compound with a coupling component which in one of the possible tautomeric
      forms is represented by the formula:
      ##SPC7##
PAL  wherein A, T.sup.1 and T.sup.2 have the meanings stated above, the amine
      containing at least one fiber-reactive group and at least one sulphonic
      acid group.
PAR  The diazotizing and coupling stages of this process can be carried out in
      conventional manner, but are preferably carried out in an acid or at most
      weakly alkaline aqueous medium so as to reduce the possibility of
      hydrolysis of the fiber-reactive groups present.
PAR  Amines of the formula A-NH.sub.2 which contain a fiber-reactive group can
      be obtained by condensing a compound of the formula X-halogen with the
      appropriate diamine, for example with 1:4-phenylenediamine-2:5-disulphonic
      acid, under such conditions that only one of the two amino groups reacts
      with the compound of the formula X-halogen.
PAR  Other suitable diamines for this purpose are:
      1,3-phenylenediamine-4-sulphonic acid and 2,6-disulphonic acid,
      1,4-phenylenediamine-2-sulphonic acid and
      2,6-diaminonaphthalene-4,8-disulphonic acid.
PAR  The coupling components of Formula 8 can be obtained by a number of methods
      such as are described for example, in "Heterocyclic Compounds -- Pyridine
      and its derivatives - Part 3" which was edited by Klingsberg and published
      by Interscience Publishers in 1962. Typical methods include, for example,
      (1) condensing together compounds of the formula T.sup.1 COCH.sub.2 COO
      alkyl and T.sup.2 CH.sub.2 COO alkyl in the presence of an excess of
      ammonia, (2) cyclization of an .alpha.:.beta.-disubstituted glutaconamide
      of the formula
      ##EQU3##
      which is itself obtained by condensing together in the presence of a basic
      catalyst compounds of the formulae T.sup.1 COCH.sub.2 COO alkyl and
      T.sup.2 CH.sub.2 CONH.sub.2, or (3) cyclization of an
      .alpha.:.beta.-disubstituted glutaconamide of the formula:
      ##EQU4##
      which is itself obtained by condensing together compounds of the formulae
      T.sup.1 COCH.sub.2 CONH.sub.2 and T.sup.2 CH.sub.2 COO alkyl.
PAR  As specific examples of coupling components of formula (8) there may be
      mentioned:
     2,6-dihydroxy and 2,4,6-trihydroxy pyridines,                             
     3- and 4-methyl                                                           
     3- and 4-phenyl                                                           
     3-benzyl                                                                  
     4-p-methoxyphenyl                                                         
     4-m-tolyl                                                                 
     2,6-dihydroxypyridines                                                    
     3- and 4-carboxy                                                          
     3- and 4-aminocarbonyl                                                    
     3- and 4-ethoxycarbonyl                                                   
     3,4-dimethyl                                                              
     3,4-diethoxycarbonyl                                                      
     4-carboxy                                                                 
     3-methyl-2,6-dihydroxypyridines                                           
     4-hydroxy                                                                 
     3-ethyl                                                                   
     3-benzyl                                                                  
     3-ethoxycarbonyl                                                          
     3-carboxy                                                                 
     4-methyl-2,6-dihydroxypyridines                                           
     3-aminocarbonyl                                                           
     3-dimethylaminocarbonyl                                                   
     3-diethylaminocarbonyl                                                    
     and 4-ethyl                                                               
     3)-aminocarbonyl-2,6-dihydroxypyridines                                   
     4-m-chlorophenyl                                                          
     __________________________________________________________________________
PAR  As examples of compounds of the formula X-halogen which can be reacted with
      amines of the formula A-NH.sub.2 there may be mentioned acryloyl chloride,
      .beta.-chloropropionyl chloride, .beta.-bromo-propionyl bromide,
      chloroacetyl chloride, .alpha.:.beta.-dichloropropionyl chloride,
      2:3-dichloroquinoxaline-5- or 6-carbonyl chloride,
      2:3-dichloroquinazoline-5- or 6-sulphonyl chloride,
      2:4-dichloroquinazoline-6- or 7-sulphonyl chloride,
      2:4:6-trichloroquinazoline-7- or 8-sulphonyl chloride, 2:4:7- or
      2:4:8-trichloroquinazoline-6-sulphonyl chloride,
      2:4-dichloroquinazoline-6-carbonylchloride,
      2:4-dichloropyrimidine-5-carbonyl chloride,
      2-methylsulphonyl-6-chloropyrimidine-4-carbonyl chloride,
      .beta.-(4:5-dichloropyrioaz-6-on-1-yl)propionyl chloride,
      1-(4'-chlorocarbonylphenyl)-4:5-dichloro-6-pyridazone,
      1-(4'-chlorosulphonylphenyl)-4:5-dichloro-6-pyridazone,
      2:4:6-trichloropyrimidine, 2:4:6-tri(chloro or bromo)-5-(methyl, nitro- or
      cyano-)pyrimidine, 2:4:5:6-tetrachloropyrimidine,
      2:4-dichloro-5-nitro-6-methylpyrimidine,
      5-carboethoxy-2:4:6-trichloropyrimidine, 2:4:6-tribromopyrimidine,
      2:4:6-trifluoro-pyrimidine, cyanuric chloride, cyanuric bromide, the
      primary condensation products of cyanuric chloride with ammonia, amines,
      organic hydroxy or mercapto compounds, such as methanol, ethanol, phenol,
      .alpha.-naphthol, .beta.-naphthol, chlorophenols, cresols, sulphonated
      phenols, thiophenol, thioglycollic acid, methyl mercaptan,
      dimethyldithiocarbamic acid, 2-mercaptobenzthiazole, thioacetamide,
      primary alkylamines such as methylamine, ethylamine, n-propylamine,
      dimethylamine and diethylamine, .beta.-hydroxyethylamine,
      di(.beta.-hydroxyethyl)amine, piperidine, morpholine, .beta.
      -methoxyethylamine, aminoacetic acid, aniline, N-methylaniline, toluidine,
      anisidine, aniline-2:5-, 2:4- and 3:5-disulphonic acids, aniline o-, m-
      and p-sulphonic acid, N-methylaniline o-, m- and p-sulphonic acid, o-, m-
      and p-aminobenzoic acid, 4- and 5-sulpho-2-aminobenzoic acid,
      2-aminotoluene-4-sulphonic acid, 5-amino-2-hydroxybenzoic acid,
      .beta.-aminoethane sulphonic acid, N-methylaminoethane sulphonic acid and
      mono- and di-sulphonic acids of 1-amino- and 2-aminonaphthalene.
PAR  An alternative process for the manufacture of the azo dyestuffs of the
      invention which contain the fiber-reactive group attached through an amino
      group comprises reacting an azo dyestuff of the formula:
      ##SPC8##
PAL  wherein A, M, T.sup.1 and T.sup.2 have the meanings stated above and in
      which A contains an amino group and at least one sulphonic acid group,
      with a compound of the formula: X-halogen, wherein halogen is chlorine or
      bromine and X has the meaning stated, one molecular proportion of the
      halogen compound being used for each amino or alkylamino group present in
      the dyestuff.
PAR  This alternative process of the invention can be conveniently carried out
      by stirring the azo dyestuff containing the amino group and the halogen
      compound together in water or in a mixture of water and a water-soluble
      organic liquid such as acetone, and gradually adding an acid binding agent
      such as sodium carbonate to neutralise the acid formed in the reaction.
      The resulting fiber-reactive dyestuff can then be isolated by conventional
      methods.
PAR  The said azo dyestuffs of the invention containing an amino group can
      themselves be obtained by diazotizing an amine of the formula A-NH.sub.2
      and coupling the resulting diazo compound with a coupling component of
      Formula 8, the amine containing a second amino group which is less readily
      diazotized or a group such as a nitro or acetylamino group which is
      readily converted to an amino group after coupling is complete. When it is
      desired to prepare metal complexes of the azo dyestuffs of the invention
      then it is preferred to prepare the metal complex of the corresponding
      dyestuff containing an amino group by treating the dyestuff with a
      solution of a metal compound, and subsequently reacting the metallized
      dyestuff containing an amino group with a compound of the formula
      X-halogen.
PAR  The new fiber-reactive azo dyestuffs of the invention which contain as the
      reactive group a 1:3:5-triazine nucleus substituted by a chlorine atom and
      by an optionally substituted amino group can also be obtained by reacting
      the corresponding dyestuff containing a 1:3:5-triazine nucleus substituted
      by two chlorine atoms with ammonia or the appropriate primary or secondary
      amine under such conditions that one of the chlorine atoms attached to the
      1:3:5-triazine nucleus is replaced by an optionally substituted amino
      group.
PAR  The new fiber-reactive azo dyestuffs of the invention which contain as the
      reactive group a 1:3:5-triazine or pyrimidine nuclei substituted by a
      quaternary ammonium group or one or more
      ##EQU5##
      groups (as previously defined) can also be obtained by reacting the
      corresponding dyestuff containing one or more chlorine or bromine atoms
      attached to the 1:3:5-triazine or pyrimidine nuclei with a tertiary amine
      (such as trimethylamine and pyridine), an alkali metal sulphite, an alkali
      metal salt of a dithiocarbamate or an alkali metal salt of a
      2-mercaptothiazole (such as 2-mercaptobenzthiazole).
PAR  The new reactive azo dyestuffs of the invention are particularly valuable
      for coloring cellulose textile materials, to which they are applied by
      dyeing, padding or printing processes in conjunction with a treatment with
      an alkaline agent. The dyestuffs have excellent build-up properties and
      the resulting colourations have excellent fastness to light and to the wet
      treatment which are commonly applied to cellulose textile materials.
DETD
PAR  The invention is illustrated but not limited by the following Examples in
      which parts and percentages are by weight:
PAC  SECTION A
PAR  This section describes the manufacture of examples of monoazo dyestuffs of
      the invention by coupling the diazonium salt of an amine containing a
      cellulose-reactive group with a 2,6 dihydroxypyrid-2-one coupling
      component.
PAC  EXAMPLE 1
PAR  A solution of 7.4 parts of cyanuric chloride in 50 parts of acetone is
      added with stirring to 100 parts of water at 0.degree. to 4.degree.C. A
      solution of the disodium salt of 11.6 parts of
      1:3-diaminobenzene-4,6-disulphonic acid in 120 parts of water is then
      added, the temperature of the mixture being maintained at 0.degree. to
      4.degree.C by external cooling. After the reaction is complete the pH of
      the mixture is raised to between 6.5 and 7 by the addition of sodium
      carbonate and a solution of the sodium salt of 6.93 parts of metanilic
      acid in 100 parts of water is added. The mixture is then stirred for 4
      hours at 30.degree. to 40.degree. while the pH of the mixture is
      maintained between 4.5 and 6 by the addition of sodium carbonate. The
      resulting solution is cooled to 0.degree.C, 20 parts of a 2N aqueous
      solution of sodium nitrite are added, followed by 12 parts of a
      concentrated aqueous solution of hydrochloric acid. The mixture is stirred
      for 30 minutes and the excess nitrous acid is then destroyed by the
      addition of sulphamic acid. The resulting mixture containing the diazo
      compound is added with stirring to a slightly alkaline solution of 6.2
      parts of 2,6-dihydroxynicotinic acid in 200 parts of water at 0.degree. to
      4.degree.C, and the pH is adjusted to between 7.5 and 8.0. After coupling
      is completed, acetic acid is added to lower the pH to 6.0, the temperature
      is raised to 20.degree.C, and the dyestuff precipitated by the addition of
      sodium chloride. The dyestuff is then filtered off and dried.
PAR  When applied to cotton and viscose rayon textile materials in conjunction
      with a treatment with an acid-binding agent the dyestuff yields bright
      greenish-yellow shades having excellent fastness to wet treatments such as
      washing and to light.
PAC  EXAMPLE 2 TO EXAMPLE 153
PAR  The following Table depicts further examples of the invention obtained in
      similar manner to Example 1 by condensing the diamine named in column II
      with one mole of the acid chloride compound named in column I and
      diazotizing and coupling the resultant amino compound with the coupling
      component named in column III. The shade of the dyestuff obtained is
      stated in the final column.
TBL  __________________________________________________________________________
                                                       IV                      
     Example                                                                   
          I           II             III               Shade                   
     __________________________________________________________________________
     2    2,4-dichloro-6-m-                                                    
                      1,3-phenylenediamine-                                    
                                     2,6-dihydroxy pyridine                    
                                                       Greenish                
          sulphoanilino-s-                                                     
                      4,6-disulphonic acid             Yellow                  
          triazine                                                             
     do-                                                                       
     do-  2,6-dihydroxy-4-methylpyridine                                       
     do-                                                                       
     4                                                                         
     do-                                                                       
     do-  2,6-dihydroxy-4-phenylpyridine                                       
     do-                                                                       
     5                                                                         
     do-                                                                       
     do-  2,6-dihydroxy-4-(4'-methoxy-                                         
     do-                                                                       
                                     phenyl)pyridine                           
     6                                                                         
     do-                                                                       
     do-  2,6-dihydroxy-4-(3'-methyl-                                          
     do-                                                                       
                                     phenyl)pyridine                           
     7                                                                         
     do-                                                                       
     do-  2,6-dihydroxy-3-methylpyridine                                       
     do-                                                                       
     8                                                                         
     do-                                                                       
     do-  2,6-dihydroxy-3-phenylpyridine                                       
     do-                                                                       
     9                                                                         
     do-                                                                       
     do-  2,6-dihydroxy-3-benzylpyridine                                       
     do-                                                                       
     10                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-3,4-dimethyl-                                          
     do-                                                                       
                                     pyridine                                  
     11                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-3-ethyl-4-methyl-                                      
     do-                                                                       
                                     pyridine                                  
     12                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-3-benzyl-4-methyl-                                     
     do-                                                                       
                                     pyridine                                  
     13                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-4-aminocarbonyl                                        
     do-                                                                       
                                     pyridine                                  
     14                                                                        
     do-                                                                       
     do-  2,4,6-trihydroxypyridine                                             
     do-                                                                       
     15                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-4-ethoxy-                                              
     do-                                                                       
                                     carbonylpyridine                          
     16                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-3-ethoxy-                                              
     do-                                                                       
                                     carbonylpyridine                          
     17                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-3-aminocarbonyl-                                       
     do-                                                                       
                                     pyridine                                  
     18                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-3-methylpyridine                                       
     do-                                                                       
     4-carboxylic acid                                                         
     19                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-3-methyl-4-                                            
     do-                                                                       
                                     hydroxypyridine                           
     20                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-3-(3'-chloro-                                          
     do-                                                                       
                                     phenyl)-4-aminocarbonyl-                  
                                     pyridine                                  
     21                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-3-ethoxycarbonyl                                       
     do-                                                                       
     4-methylpyridine                                                          
     22                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-3-aminocarbonyl                                        
     do-                                                                       
     4-methylpyridine                                                          
     23                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-4-phenylnicotinic-                                     
     do-                                                                       
                                     acid                                      
     24                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-3,4-di(ethoxy-                                         
     do-                                                                       
                                     carbonyl)pyridine                         
     25   2,4-dichloro-6-                                                      
                      1,3-phenylenediamine-4-                                  
                                     2,6-dihydroxyisonicotinic                 
     do-                                                                       
          (2',5'-disulpho-                                                     
                      sulphonic acid acid                                      
          anilino-s-triazine                                                   
     26   cyanuric chloride                                                    
                      1,4-phenylene diamine-2,5-                               
     do-  Yellow                                                               
                      disulphonic acid                                         
     27   2,4-dichloro-6-                                                      
     do-                                                                       
     do-                                                                       
     do-                                                                       
          (m-sulphoanilino)                                                    
     s-triazine                                                                
     28   cyanuric chlorice                                                    
                      1,3-phenylene diamine-4,6-                               
                                     2,6-dihydroxynicotinic acid               
                                                       Greenish-               
                      disulphonic acid                 Yellow                  
     29   2,4,5,6-tetrachloro-                                                 
     do-                                                                       
     do-                                                                       
     do-                                                                       
          pyrimidine                                                           
     30   2,4-dichloro-6-                                                      
                      1,4-phenylene diamine-2,5-                               
                                     2,6-dihydroxy-3-ethoxycarbonyl            
                                                       Yellow                  
          (p-sulphoanilino)-                                                   
                      disulphonic acid                                         
     pyridine                                                                  
          s-triazine                                                           
     31   2,4-dichloro-6-                                                      
     do-  2,6-dihydroxy-4-aminocarbonyl                                        
     do-                                                                       
          2'-methyl-5'-              pyridine                                  
          sulphoanilino)                                                       
     s-triazine                                                                
     32   2,4-dichloro-6-                                                      
                      1,3-phenylene diamine-4,6-                               
     do-  Greenish-                                                            
          (N-.omega.-sulpho-                                                   
                      disulphonic acid                 Yellow                  
          methylanilino)-                                                      
          s-triazine                                                           
     33   2-methylsulphonyl-                                                   
     do-  2,6-dihydroxy-3,4-dimethyl-                                          
     do-                                                                       
          6-methyl-4,5-di-           pyridine                                  
          chloropyridine                                                       
     34   acryloyl chloride                                                    
     do-                                                                       
     do-                                                                       
     do-                                                                       
     35   1-(4'-chloro-                                                        
     do-  2,6-dihydroxy-4-methylpyridine                                       
     do-                                                                       
          carbonylphenyl)-                                                     
          4,5-dichloro-                                                        
          pyridaz-6-one                                                        
     36   2,4,6-trichloro-5-                                                   
     do-                                                                       
     do-                                                                       
     do-                                                                       
          cyanopyrimidine                                                      
     37   2,3-dibromo-                                                         
     do-  2,6-dihydroxy-iso-nicotinic                                          
     do-                                                                       
          propionyl chloride         acid                                      
     38   tetrafluorocyclo-                                                    
     do-  2,6-dihydroxy-4-methylpyridine                                       
     do-                                                                       
          butane carbonyl                                                      
          chloride                                                             
     39   trifluoro cyclo-                                                     
     do-  2,6-dihydroxy-4-methylpyridine                                       
     do-                                                                       
          butene carbonyl                                                      
          chloride                                                             
     40   .beta.-(tetrafluoro-                                                 
     do-  2,6-dihydroxy-3,4-dimethylpyri-                                      
     do-                                                                       
          cyclobutyl)acry-           dine                                      
          loyl chloride                                                        
     41   .beta.-(trifluorocyclo-                                              
     do-                                                                       
     do-                                                                       
     do-                                                                       
          butenyl)acryloyl                                                     
          chloride                                                             
     42   2,4-dichloro-6-(2'-                                                  
     do-  3-)aminocarbonyl-4-methyl                                            
     do-                                                                       
          methyl-5'-sulpho-          2,6-dihydroxypyridine                     
          anilino)-s-triazine                                                  
     43   cyanuric chloride                                                    
     do-                                                                       
     do-                                                                       
     do-                                                                       
     44   2,4-dichloro-6-                                                      
     do-                                                                       
     do-                                                                       
     do-                                                                       
          methoxy-s-triazine                                                   
     45   cyanuric chloride                                                    
                      1,4-phenylenediamine-                                    
     do-  Reddish-                                                             
                      2,5-disulphonic acid             yellow                  
     46   2,4-dichloro-6-(m-                                                   
     do-  4-methyl-2,6-                                                        
     do-                                                                       
          sulphoanilino)-s-          dihydroxypyridine                         
          triazine                                                             
     47   cyanuric chloride                                                    
                      1,3-phenylenediamine-                                    
                                     2,6-dihydroxy-3-diethyl-                  
                                                       Greenish-               
                      4,6-disulphonic acid                                     
                                     aminocarbonyl-4-methyl                    
                                                       yellow                  
                                     pyridine                                  
     48                                                                        
     do-                                                                       
     do-  2,6-dihydroxy-3-dimethyl-                                            
     do-                                                                       
                                     aminocarbonyl-4-methyl                    
                                     pyridine                                  
     __________________________________________________________________________
PAR  The 3-aminocarbonyl-4-methyl-2,6-dihydroxypyridine used in the above
      examples can be obtained by hydrolysis of the corresponding 3-cyano
      compound by treatment with acid. A typical preparation is as follows:
PAR  60 parts of powdered 3-cyano-4-methyl-2,6-dihydroxypyridine are added to
      330 parts of stirred 100% sulphuric acid during 1 hour, the temperature of
      the mixture not being permitted to rise above 20.degree.C during this
      time. The mixture is then stirred at 50.degree.-55.degree.C for 24 hours
      and the resulting clear solution poured onto 600 parts of crushed ice. The
      white precipitate is collected by filtration and washed by slurring with
      5% brine solution until the washings are no longer acid to Congo Red
      indicator paper. The product, after drying in vacuo over phosphorus
      pentoxide melts with decomposition at 228.degree.C and is found to contain
      15.8% N (C.sub.7 H.sub.8 N.sub.2 O.sub.3 req. N = 16.7%). The product is
      dissolved in 500 parts of water by addition of sodium hydroxide solution,
      reprecipitated by addition of hydrochloric acid and dried. Analysis now
      gives C = 49.9%, H = 4.6%, N = 16.0%, M.W. by mass spectrum 168 (C.sub.7
      H.sub.8 N.sub.2 O.sub.3 req. C = 50.0%, H = 4.8%, N = 16.7%, M.W. 168).
PAC  SECTION B
PAR  This section describes the manufacture of examples of monoazo dyestuffs of
      the invention by introducing the cellulose-reactive groups into a compound
      of formula (9) above.
PAC  EXAMPLE 49
PAR  A solution of 6.7 parts of 1,4-phenylenediamine-2,5-disulphonic acid in 100
      parts of water and 10 parts of hydrochloric acid (36.degree.Tw) at
      0.degree.-5.degree.C is diazotized by the dropwise addition of 1.73 parts
      of sodium nitrite dissolved in 12.5 parts of water.
PAR  The diazonium solution so formed is then added to a stirred solution of 4.2
      parts of 3-aminocarbonyl-4-methyl-2,6-dihydroxypyridine in 250 parts of
      water at pH 7.0 and 0.degree.-5.degree.C. The pH of the solution is
      maintained at 6-7 with 10% sodium carbonate solution as required and the
      mixture stirred at 0.degree.-5.degree.C for 5 hours.
PAR  To the solution is then added dropwise, a solution of 4.7 parts of cyanuric
      chloride in 30 parts of acetone and the mixture stirred at
      0.degree.-5.degree.C for 2 hours maintaining the pH at 6-7 with 10% sodium
      carbonate solution as required. The dyestuff is precipitated by addition
      of sodium chloride and filtered off. The precipitate is intimately mixed
      with 1 part of anhydrous disodium hydrogen phosphate and 1.9 parts of
      anhydrous potassium dihydrogen phosphate, and dried at a temperature
      between 20.degree.C and 30.degree.C.
PAR  When applied to cellulosic materials, the dyestuff obtained gives reddish
      yellow shades which are fast to washing and to light.
PAC  EXAMPLE 50
PAR  A mixture of 12.0 parts of 6-acetylamino-2-aminonaphthalene-4,8-disulphonic
      acid and 10 parts 36.degree.Tw hydrochloric acid in 150 parts of water at
      0.degree.-5.degree.C is diazotized by the addition of 17 parts of 2N
      sodium nitrile solution. Slight excess of nitrous acid is removed by
      addition of 10% aqueous sulphamic acid solution as required and the diazo
      suspension is added to a solution of 6.0 parts
      3-aminocarbonyl-2,6-dihydroxypyridine in 250 parts of water at
      0.degree.-5.degree.C. The pH of the mixture is adjusted to 7.0 by addition
      of 2N sodium carbonate solution and the mixture stirred at
      0.degree.-5.degree.C and pH 7.0 for 3 hours. The monoazo compound is
      filtered off and dried at 40.degree.C under vacuum.
PAR  15 parts of the monoazo compound prepared above are stirred at the boil
      under a reflux condenser in 700 parts of water. To the mixture is added
      160 parts of 36.degree.Tw hydrochloric acid and the mixture is then boiled
      for 45 minutes. The mixture is cooled to 10.degree.C., the precipitated
      aminoazo compound filtered off, washed with 150 parts of water and dried.
PAR  To a solution of 13.12 parts of the aminoazo compound prepared above in 300
      parts of water at 35.degree.-40.degree.C and pH 7.0 is added 6.44 parts of
      2,4-dichloro-6-.beta.-sulphoethyl-amino-s-triazine in 50 parts of water
      and the mixture stirred at 35.degree.-40.degree.C for 5 hours maintaining
      the pH at 6-7 by addition of 2N sodium carbonate solution as required.
PAR  The dyestuff is precipitated by addition of potassium chloride and dried at
      40.degree.C.
PAR  When applied to cotton and viscose rayon textile material in the presence
      of an acid binding agent it yields orange shades which have excellent
      fastness to wet treatments and to light.
PAR  If in place of the 2,4-dichloro-6-.beta.-sulphoethylamino-s-triazine used
      above there are used an equivalent amount of any of the following:
PAC  EXAMPLE
PAR  51. 2,4-dichloro-6-(3',8'-disulpho naphth-1' -ylamino)-s-triazine,
PAR  52. 2,4-dichloro-6-(4',8'-disulpho naphth-1' -ylamino)-s-triazine,
PAR  53. 2,4-dichloro-(5',7'-disulpho naphth-2'-ylamino)-s-triazine,
PAR  54. 2,4-dibromo-(5',7'-disulpho naphth-2'-ylamino)-s-triazine,
PAR  55. 2,4-dichloro(6',8'-disulpho naphth-2'-ylamino)-s-triazine,
PAR  56. 2,4-dibromo-(6',8'-disulfo-napth- 2'-ylamino)-s-triazine,
PAR  57. 2,4-dichloro-6-n-propoxy-s-triazine,
PAR  58. 2,4-dichloro-6-isopropoxy-s-triazine,
PAR  59. 2,4-dichloro-6-(.beta.-ethoxy)-ethoxy-s-triazine,
PAL  dyestuffs similar in shade and with excellent fastness to wet treatments
      and to light are obtained.
PAC  EXAMPLES 60 to 79
PAR  If an equivalent amount of 4-acetylaminoaniline-2,5-disulphonic acid is
      used in place of 6-acetylamino-2-aminonaphthalene-4,8-disulphonic acid in
      each of Examples 50 to 59 there are obtained dyestuffs (Examples 60 to 69)
      which give reddish-yellow shades when applied to cellulose with good
      fastness to washing and to light.
PAR  Alternatively an equivalent amount of 3-acetylaminoaniline-6-sulphonic acid
      may be used, which, after coupling, hydrolysis, and condensation with any
      of the dibromo- or dichlor-s-triazines used in Examples 50 to 59, provide
      dyestuffs (Examples 70 to 79) which give greenish-yellow shades on
      cellulose with good fastness to washing and to light.
PAC  SECTION C
PAR  This section describes the manufacture of monoazo dyestuffs of the
      invention which contain as the reactive group or groups one or more
      1:3:5-triazine nuclei substituted by a chlorine atom and by an optionally
      substituted amino group by reacting the corresponding dyestuff containing
      at least one 1:3:5-triazine nucleus substituted by two chlorine atoms with
      ammonia or the appropriate primary or secondary amine under such
      conditions that one of the chlorine atoms attached to each 1:3:5-triazine
      nucleus is replaced by an optionally substituted amino group.
PAR  In general this replacement can be effected by heating a mixture of ammonia
      or the amine and the dyestuff in aqueous solution at from about 30.degree.
      to about 60.degree. C, maintaining the pH of the solution at from 6 to 8
      by addition of an alkali to neutralize the liberated hydrogen chloride as
      it is formed. In the case of aliphatic or other amino compounds of similar
      basicity, an excess of the amine can be used, the excess acting as
      acid-binding agent.
PAR  This process is illustrated by the following Examples in which parts are by
      weight:
PAC  EXAMPLE 80
PAR  A solution of the sodium salt of 26.8 parts of
      1,4-diaminobenzene-2,5-disulphonic acid in 500 parts of water is mixed
      with 50 parts of 2N sodium nitrite solution and cooled to 0.degree. to
      -3.degree.C. 30 Parts of concentrated hydrochloric acid are then added and
      the diazonium salt is stirred for 30 minutes at 0.degree.C. Any residual
      nitrous acid is destroyed by the addition of sulphamic acid. The diazonium
      chloride so obtained is added to a neutral solution of 12.5 parts of
      4-methyl-2,6-dihydroxypyridine in 600 parts of water at
      0.degree.-4.degree.C with stirring and the pH adjusted slowly to 7-7.5
      until the coupling has been accomplished. The solution so obtained is
      mixed with 18.5 parts of powdered cyanuric chloride at
      0.degree.-8.degree.C and the mixture stirred at pH 5-6 until the amino
      group of the azo compound has completely reacted. The solution containing
      the dichloro-s-triazinyl dye is mixed with a solution of the sodium salt
      of 17.5 parts of sulphanilic acid in 200 parts of water and the mixture
      stirred at pH 5-6, at 30.degree.-40.degree.C until one chlorine atom of
      the dichloro-s-triazinyl dye has completely reacted. The dyestuff is
      precipitated by the addition of sodium chloride, filtered off and dried.
PAR  When applied to cotton and viscose rayon textile materials the dyestuff
      yields bright reddish-yellow shades having excellent fastness to wet
      treatments such as washing and to light.
PAC  EXAMPLE 81
PAR  In a manner similar to Example 1, 6.7 parts of
      1,3-phenylenediamine-4,6-disulphonic acid dissolved in 50 parts of water
      at 0.degree.-5.degree.C and pH 5.0 are condensed with 4.63 parts of
      cyanuric chloride in a mixture of 25 parts of acetone, 50 parts of ice and
      50 parts of water, and the product is diazotized and coupled with 4.2
      parts of 3-aminocarbonyl-2,6-dihydroxypyridine dissolved in 150 parts of
      water at pH 7.0 and 0.degree.-5.degree.C. The mixture is stirred at
      0.degree.-5.degree.C for 2 hours maintaining the pH at 6-7 with 2N sodium
      carbonate solution as required. To the solution 2.5 parts of aniline are
      added, and the solution heated to 35.degree.-40.degree.C for 3 hours
      maintaining the pH at 6-7 with 2N sodium carbonate solution as required.
      The dyestuff is isolated by total liquor spray drying, and when applied to
      cotton and viscose rayon textile materials in conjunction with a treatment
      with an acid-binding agent it yields bright greenish-yellow shade having
      excellent fastness to wet treatments such as washing and to light.
PAR  The following table describes further examples of monoazo dyestuffs
      obtained in a similar manner to Example 80 by mono-diazotization of the
      diamine named in column II, coupling with the pyridone of column III,
      condensing the cyanuric chloride and then with the amine of column IV, or
      in a similar manner to Example 81 by first condensing the diamine with
      cyanuric chloride, diazotizing and coupling with the pyridone and then
      condensing with one mole of the amine. In the examples 94 to 104, it is
      more convenient to use a substantial excess, e.g. 5 moles, of the amine
      and exclude the addition of sodium carbonate.
TBL  __________________________________________________________________________
     Example                                                                   
          II            III           IV           Shade                       
     __________________________________________________________________________
     81   1,3-diaminobenzene-4,6-                                              
                        2,6-dihydroxynicotinic                                 
                                      sulphanilic acid                         
                                                   greenish-yellow             
          disulphonic acid                                                     
                        acid                                                   
     82   "             3-aminocarbonyl-4-methyl-                              
                                      p-aminobenzoic acid                      
                                                   "                           
                        2,6-dihydroxypyridine                                  
     83   "             "             anthranilic acid                         
                                                   "                           
     84   "             "             metaaminobenzoic acid                    
                                                   "                           
     85   "             "             4-sulpho-2-amino                         
                                                   "                           
                                      benzoic acid                             
     86   "             "             5-sulpho-2-amino                         
                                                   "                           
                                      benzoic acid                             
     87   "             "             o-anisidine  "                           
     88   "             "             cresidine    "                           
     89   "             "             4-sulpho-2-amino                         
                                                   "                           
                                      anisole                                  
     90   "             "             5-sulpho-2-amino                         
                                                   "                           
                                      anisole                                  
     91   "             "             4-sulpho-2-chloro-                       
                                                   "                           
                                      aniline                                  
     92   "             "             5-sulpho-2-chloro-                       
                                                   "                           
                                      aniline                                  
     93   "             "             4-sulpho-N-methyl                        
                                                   "                           
                                      aniline                                  
     94   "             "             methylamine  "                           
     95   "             "             n-propylamine                            
                                                   "                           
     96   "             "             iso-propylamine                          
                                                   "                           
     97   "             "             n-butylamine "                           
     98   "             "             .beta.-methoxyethylamine                 
                                                   "                           
     99   "             "             diethylamine "                           
     100  "             "             di-(.beta.-hydroxyethyl)                 
                                                   "                           
                                      amine                                    
     101  "             "             morpholine   "                           
     102  "             "             cyclohexylamine                          
                                                   "                           
     103  "             "             benzylamine  "                           
     104  "             "             hydrazine    "                           
     105  "             "             5-sulpho-2-naphthyl-                     
                                                   "                           
                                      amine                                    
     106  "             "             6-sulpho-2-naphthyl                      
                                                   "                           
                                      amine                                    
     107  "             "             8-sulpho-1-naphthyl                      
                                                   "                           
                                      amine                                    
     108  "             4-methyl-2,6-dihydroxy-                                
                                      4-sulpho-1-naphthyl                      
                                                   "                           
                        pyridine      amine                                    
     109  "             "             2-sulpho-1-naphthyl                      
                                                   "                           
                                      amine                                    
     110  "             "             1-sulpho-2-naphthyl                      
                                                   "                           
                                      amine                                    
     111  "             "             5-sulpho-2-naphthyl                      
                                                   "                           
                                      amine                                    
     112  "             "             6-sulpho-2-naphthyl                      
                                                   "                           
                                      amine                                    
     113  "             "             3-sulpho-1-naphthyl                      
                                                   "                           
                                      amine                                    
     114  "             "             4-sulpho-2-naphthyl                      
                                                   "                           
                                      amine                                    
     115  "             "             7-sulpho-2-naphthyl                      
                                                   "                           
                                      amine                                    
     116  "             "             5-sulpho-1-naphthyl                      
                                                   "                           
                                      amine                                    
     117  "             "             7-sulpho-1-naphthyl                      
                                                   "                           
                                      amine                                    
     __________________________________________________________________________
PAC  SECTION D
PAR  This section describes the manufacture of monoazo dyestuffs of the
      invention which contain as the reactive group one or more 1:3:5-triazine
      or pyrimidine nuclei substituted by a quaternary ammonium group or one or
      more -SO.sub.3 H,
      ##EQU6##
      groups, as previously defined herein, by reacting the corresponding
      dyestuff containing one or more chlorine or bromine atoms attached to the
      1:3:5-triazine or pyrimidine nuclei with a tertiary amine, e.g.
      trimethylamine and pyridine, an alkali metal sulphite, an alkali metal
      salt of a dithiocarbamate e.g. sodium dimethyl-, diethyl-, diphenyl- or
      pentamethylene-dithiocarbamate or an alkali metal salt of a
      2-mercaptothiazole e.g. 2-mercaptobenzthiazole,
      2-mercapto-6-methoxybenzthiazole or 2-mercapto-6-methoxybenzthiazole or
      2-mercapto-6-sulphobenzthiazole.
PAR  This process can conveniently be carried out by stirring a mixture of the
      dyestuff and the co-reactant in aqueous solution at a temperature, as
      appropriate, from 20.degree. to 80.degree.C. followed by isolation in a
      conventional manner, e.g. by spray-drying the reaction mixture in which
      the dyestuff has been formed, or by precipitation by salting followed by
      filtration of the precipitated dyestuff.
PAR  This process is illustrated by the following Examples in which parts are by
      weight:
PAC  EXAMPLE 118
PAR  A solution of 7.4 parts of cyanuric chloride in 50 parts of acetone is
      added with stirring to 100 parts of water at 0.degree. to 4.degree.C. A
      solution of the sodium salt of 7.52 parts of
      1:3-diaminobenzene-4-sulphonic acid in 120 parts of water is then added,
      the temperature of the mixture being maintained at 0.degree. to
      4.degree.C. by external cooling. After the reaction is complete the pH of
      the mixture is raised to between 6.5 and 7 by the addition of sodium
      carbonate and a solution of the sodium salt of 6.93 parts of metanilic
      acid in 100 parts of water is added. The mixture is then stirred for 4
      hours at 30.degree. to 40.degree.C while the pH of the mixture is
      maintained between 4.5 and 6 by the addition of sodium carbonate. The
      resulting solution is cooled to 0.degree.C., 20 parts of a 2N aqueous
      solution of sodium nitrate are added, followed by 12 parts of a
      concentrated aqueous solution of hydrochloric acid. The mixture is stirred
      for 30 minutes and the excess nitrous acid is then destroyed by addition
      of sulphamic acid. The resulting mixture containing the diazo compound is
      added with stirring to a slightly alkaline solution of 5.0 parts of
      4-methyl-2,6-dihydroxypyridine in 200 parts of water at 0.degree. to
      4.degree.C., and the pH is adjusted to between 7.5 and 8.0. After coupling
      is completed, acetic acid is added to lower the pH to 6.0, the temperature
      is raised to 20.degree.C., and the dyestuff precipitated by the addition
      of sodium chloride. The precipitate is then filtered off and redissolved
      in 500 parts of water at 20.degree.C. with stirring. A solution of 7 parts
      of trimethylamine in 20 parts of water is then added and the mixture is
      stirred for 30 minutes. The pH of the mixture is then adjusted to 7.0 by
      the dropwise addition of hydrochloric acid (36.degree.Tw) and the dyestuff
      is precipitated by addition of sodium chloride. The precipitate is
      filtered off and dried at 20.degree.C.
PAR  When applied to cotton and viscose rayon textile materials in conjunction
      with a treatment with an acid binding agent the dyestuff yields bright
      greenish-yellow shades having excellent fastness to wet treatments such as
      washing and to light.
PAC  EXAMPLE 119
PAR  A solution of 13.4 parts of 1,4-phenylenediamine-2,5-disulphonic acid in
      150 parts of water is condensed with 9.25 parts of cyanuric chloride in
      100 parts of water and 30 parts of acetone at 0.degree.-5.degree.C, then
      the product is diazotized and coupled with 6.25 parts of
      4-methyl-2,6-dihydroxypyridine dissolved in 150 parts of water at
      5.degree.-10.degree.C and pH 6.5 in similar manner to Example 1.
PAR  The solution is then warmed to 20.degree.-25.degree.C., a solution of 10.6
      parts of the sodium salt of 2-mercaptobenzthiazole in 100 parts of water
      is added and the mixture is stirred at 30.degree.C. for 4 hours. The
      dyestuff is then precipitated by addition of sodium chloride, filtered and
      dried.
PAR  When applied to cellulose it gives reddish-yellow shades which are fast to
      washing and to light.
PAC  EXAMPLE 120
PAR  In place of the 10.6 parts of 2-mercaptobenzthiazole used in Example 119
      there are used 8.6 parts of sodium diethyldithio-carbamate when a dyestuff
      similar in shade is obtained and which has good fastness to washing and to
      light.
PAC  EXAMPLE 121
PAR  In place of the 10.6 parts of 2-mercaptobenzthiazole used in Example 119,
      there are used 17.2 parts of sodium diethyl-dithiocarbamate. The resultant
      dyestuff also gives reddish-yellow shades when applied to cellulose.
PAR  Further examples prepared similarly to Example 118 are disclosed in the
      Table, when the diamine in Column II is condensed with one equivalent of
      cyanuric chloride, the product of condensation is then condensed with one
      equivalent of the compound in Column III and this secondary condensation
      product is diazotized and coupled with the compound in Column IV. The
      monochlorotriazinyl azo dyestuff thus obtained is then converted to the
      quaternary ammonium salt by heating with the compound in Column V, and the
      shade of the dyestuff when applied to cellulose is given in Column VI.
PAR  Alternatively, the product of condensation of cyanuric chloride and the
      diamine in Column II may be diazotized and coupled to the compound in
      Column IV, and this dichlorotriazinyl azo dyestuff condensed with the
      compound in Column III prior to quaternization with the compound in Column
      V.
TBL  __________________________________________________________________________
     Example                                                                   
          II           III       IV         V            VI                    
     __________________________________________________________________________
     122  1,3-phenylenediamine-                                                
                       metanilic acid                                          
                                 3-aminocarbonyl-4-                            
                                            pyridine     Greenish-             
          4,6-disulphonic acid   methyl-2,6-             yellow                
                                 dihydroxypyridine                             
     123                                                                       
     do-  ammonia                                                              
     do-                                                                       
     do-                                                                       
     do-                                                                       
     124                                                                       
     do-                                                                       
     do-                                                                       
     do-  trimethylamine                                                       
     do-                                                                       
     125                                                                       
     do-                                                                       
     do-                                                                       
     do-  diazabicyclo octane                                                  
     do-                                                                       
     126                                                                       
     do-                                                                       
     do-                                                                       
     do-  N,N-dimethyl hydrazine                                               
     do-                                                                       
     127                                                                       
     do-                                                                       
     do-                                                                       
     do-  N-methyl pyrollidine                                                 
     do-                                                                       
     128  1,4-phenylene diamine-                                               
                       aniline 3,5-                                            
                                 4-methyl-2,6-                                 
     do-  Reddish-                                                             
          2,5-disulphonic acid                                                 
                       disulphonic acid                                        
                                 dihydroxypridine        yellow                
     129                                                                       
     do-                                                                       
     do-                                                                       
     do-  pyridine                                                             
     do-                                                                       
     130                                                                       
     do-                                                                       
     do-                                                                       
     do-  trimethylamine                                                       
     do-                                                                       
     131                                                                       
     do-                                                                       
     do-                                                                       
     do-  diazabicyclo octane                                                  
     do-                                                                       
     132  1,3-phenylenediamine                                                 
                       aniline 2,5-                                            
     do-                                                                       
     do-  Greenish-                                                            
          6-sulphonic acid                                                     
                       disulphonic acid                  yellow                
     133                                                                       
     do-                                                                       
     do-                                                                       
     do-  pyridine                                                             
     do-                                                                       
     134                                                                       
     do-                                                                       
     do-                                                                       
     do-  trimethylamine                                                       
     do-                                                                       
     135                                                                       
     do-                                                                       
     do-                                                                       
     do-  N,N-dimethyl hydrazine                                               
     do-                                                                       
     136                                                                       
     do-  3,5-disulpho-                                                        
                       phenol                                                  
     do-  pyridine                                                             
     do-                                                                       
     137                                                                       
     do-                                                                       
     do-                                                                       
     do-  trimethylamine                                                       
     do-                                                                       
     __________________________________________________________________________
PAC  SECTION E
PAR  This section describes the manufacture of a highly important class of
      monoazo dyestuffs of the invention, namely, where the reactive group takes
      the form of -NH-L.sup.1 -Q-L.sup.2, as defined earlier in this
      specification, and more especially by formula (7).
PAR  Such dyes can be obtained by a number of methods. In certain cases it is
      possible to synthesize an aromatic amine containing the above group and
      diazotize and couple with the hydroxypyridone coupling component. More
      generally, however, it is preferred to form a monoazo dyestuff containing
      a free amino group and react this with a compound of the formula in terms
      of the above symbols:
EQU  halogen.L.sup.1 -Q-L.sup.2
PAL  in which the groupling L.sup.1.halogen has a substantially higher
      reactivity than the group L.sup.2 or to form a monoazo dyestuff containing
      a -L.sup.1 -halogen grouping, and react successively with a diamine and
      then with a halogeno-heterocyclic compound which is represented by the
      formula L.sub.2 -halogen.
PAC  EXAMPLE 138
PAR  9.3 parts of cyanuric chloride are condensed with 13.4 parts of
      1,3-phenylene diamine-4,6-disulphonic acid at 0.degree.-4.degree.C/pH 4-5
      and the dichloro-s-triazine compound is diazotized and coupled with 8.4
      parts of 3-aminocarbonyl-4-methyl-2,6-di hydroxypyridine in a similar
      manner to Example 1.
PAR  A solution of 9.4 parts of 1,3-phenylene diamine-4-sulphonic acid in 150
      parts of water is neutralized with dilute caustic soda solution and added,
      and the mixture is stirred at 30.degree.-40.degree.C and kept at pH 5-7
      until one chlorine atom of the dichloro-s-triazine group has been
      replaced.
PAR  The solution is cooled to 0.degree.-4.degree.C and stirred vigorously and a
      solution of 9.3 parts of cyanuric chloride in 30 parts of acetone is
      added. The resultant mixture is stirred at 0.degree.-4.degree.C for 2
      hours, keeping the pH at 5-7, then 650 parts of water are added, followed
      by 15 parts of a 1:2 mixture of disodium hydrogen phosphate and potassium
      dihydrogen phosphate and then 240 parts of sodium chloride. The
      precipitated dyestuff is filtered off, mixed with 6 parts of the mixture
      of phosphates and dried.
PAR  The product contains 3.0 hydrolyzable chlorine atoms for each azo group and
      colors cellulose textile materials in bright greenish-yellow shades of
      excellent fastness to washing and light.
PAR  Further examples, similar to Example 138 are set out in the following
      table, being obtained by condensing the diamine of column II with one mole
      of cyanuric chloride, diazotizing and coupling with the pyridone compound
      of column III, reacting the resultant azo compound with the diamine of
      column IV and finally reacting with the heterocyclic compound of column V.
TBL  __________________________________________________________________________
     Example                                                                   
          II           III          IV           V            Shade            
     __________________________________________________________________________
     139  1,3-phenylenediamine-                                                
                       3-aminocarbonyl-4-                                      
                                    1,4-phenylenediamine-                      
                                                  cyanuric chloride            
                                                              greenish-        
          4,6-disulphonic acid                                                 
                       methyl-2,6-dihydroxy                                    
                                    2-sulphonic acid          yellow           
                       pyridine                                                
     140                                                                       
     do-                                                                       
     do-  1,4-phenylenediamine-                                                
     do-                                                                       
     do-                                                                       
                                    2,5-disulphonic acid                       
     141                                                                       
     do-                                                                       
     do-  1,3-phenylenediamine-                                                
                       2,4,6-trichloro-                                        
     do-                                                                       
                                    4-sulphonic acid                           
                                                 pyrimidine                    
     142                                                                       
     do-                                                                       
     do-                                                                       
     do-  2,4,5,6-tetra-                                                       
     do-                                                                       
                                                 chloropyrimidine              
     143                                                                       
     do-                                                                       
     do-  1,3-phenylenediamine-                                                
                       cyanuric chloride                                       
     do-                                                                       
                                    4,6-disulphonic acid                       
     144                                                                       
     do-  4-methyl-2,6-                                                        
                       1,3-phenylenediamine-                                   
     do-                                                                       
     do-                                                                       
                       dihydroxypyridine                                       
                                    4-sulphonic acid                           
     145                                                                       
     do-                                                                       
     do-  1,4-phenylenediamine-                                                
     do-                                                                       
     do-                                                                       
                                    2-sulphonic acid                           
     146                                                                       
     do-                                                                       
     do-  1,4-phenylenediamine-                                                
     do-                                                                       
     do-                                                                       
                                    2,5-disulphonic acid                       
     147                                                                       
     do-                                                                       
     do-  1,3-phenylenediamine-                                                
     do-                                                                       
     do-                                                                       
                                    4,6-disulphonic acid                       
     148                                                                       
     do-                                                                       
     do-  1,3-phenylenediamine-                                                
                       2,4-dichloro-6-                                         
     do-                                                                       
                                    4-sulphonic acid                           
                                                 methoxy-s-triazine            
     149                                                                       
     do-  3-aminocarbonyl-4-                                                   
                       1,4-phenylenediamine-                                   
                                    2,4-dichloro-6-                            
     do-                                                                       
                       methyl-2,6-dihydroxy                                    
                                    2,5-disulphonic acid                       
                                                 (4'-sulphophenoxy)-           
                       pyridine                  s-triazine                    
     150  1,4-phenylenediamine-                                                
                       4-methyl-2,6-                                           
                                    1,3-phenylenediamine-                      
                                                 cyanuric chloride             
                                                              reddish-         
          2,5-disulphonic acid                                                 
                       dihydroxypyridine                                       
                                    4-sulphonic acid          yellow           
     __________________________________________________________________________
PAC  EXAMPLE 151
PAR  The dichloro-s-triazinyl dyestuff obtained by the diazotization and
      coupling of the condensation product between 18.5 parts of cyanuric
      chloride and 26.8 parts of 1,3-phenylene diamine-4,6-disulphonic acid with
      12.5 parts of 4-methyl-2,6-dihydroxypyridine is reacted at
      30.degree.-40.degree.C/pH 5-7 with the condensation product obtained by
      reacting 18.5 parts of cyanuric chloride with 18.8 parts of
      1,3-phenylenediamine-4-sulphonic acid and 17.3 parts of metanilic acid,
      until one chlorine atom of the dichloro-s-triazinyl dye has completely
      reacted. The bis-(monochloro-s-triazinyl)dye is isolated by the addition
      of sodium chloride. It dyes cotton and viscose rayon in bright
      greenish-yellow shades having excellent fastness to washing and to light.
PAR  Further Examples, similar to that described in Example 151 can be obtained
      when the product of equimolar proportions of cyanuric chloride and the
      diamine of Column II is diazotized and coupled with the coupling component
      of Column III. The monoazo compound is then reacted with an equimolar
      proportion of the product of the condensation of 1 mole of the
      heterocyclic compound of Column IV and 1 mole of the diamine of Column V.
TBL  __________________________________________________________________________
     Example                                                                   
          II           III          IV        V            Shade               
     __________________________________________________________________________
     152  1,3-phenylenediamine-                                                
                       4-methyl-2,6-                                           
                                    2,4-dichloro-6-                            
                                              1,3-phenylenediamine-            
                                                           greenish            
          4,6-disulphonic acid                                                 
                       dihydroxypyridine                                       
                                    amino-s-triazine                           
                                              4-sulphonic acid                 
                                                           yellow              
     153                                                                       
     do-  2,6-dihydroxyiso-                                                    
     do-                                                                       
     do-                                                                       
     do-                                                                       
                       nicotinic acid                                          
     154                                                                       
     do-  3-aminocarbonyl-4-                                                   
     do-                                                                       
     do-                                                                       
     do-                                                                       
                       methyl-2,6-dihydroxy                                    
                       pyridine                                                
     155                                                                       
     do-                                                                       
     do-  2,4-dichloro-6-                                                      
     do-                                                                       
     do-                                                                       
                                    (2'-methyl-5'-                             
                                    sulphoanilino)-                            
                                    s-triazine                                 
     156                                                                       
     do-                                                                       
     do-  2,4,6-trichloro-                                                     
     do-                                                                       
     do-                                                                       
                                    pyrimidine                                 
     157                                                                       
     do-                                                                       
     do-  2,4,5,6-tetra-                                                       
     do-                                                                       
     do-                                                                       
                                    chloropyrimidine                           
     158                                                                       
     do-                                                                       
     do-  2,4-dichloro-6-                                                      
                       1,4-phenylenediamine-                                   
     do-                                                                       
                                    (3'-sulpho-                                
                                              2-sulphonic acid                 
                                    anilino)-s-                                
                                    triazine                                   
     159                                                                       
     do-                                                                       
     do-  2,4-dichloro-6-                                                      
     do-                                                                       
     do-                                                                       
                                    amino-s-triazine                           
     160                                                                       
     do-                                                                       
     do-  2,4-dichloro-6-                                                      
                       1,4-phenylenediamine-                                   
     do-                                                                       
                                    .beta.-hydroxyethyl-                       
                                              2,5-disulphonic acid             
                                    amino-s-triazine                           
     161                                                                       
     do-                                                                       
     do-                                                                       
     do-  1,3-phenylenediamine-                                                
     do-                                                                       
                                              4,6-disulphonic acid             
     162  1,3-phenylenediamine-                                                
     do-                                                                       
     do-                                                                       
     do-                                                                       
     do-                                                                       
          4-sulphonic acid                                                     
     163                                                                       
     do-                                                                       
     do-                                                                       
     do-  1,4-phenylenediamine-                                                
     do-                                                                       
                                              2,5-disulphonic acid             
     164  1,4-phenylenediamine-                                                
     do-                                                                       
     do-                                                                       
     do-  yellow                                                               
          2-sulphonic acid                                                     
     165  1,3-phenylenediamine-                                                
                       3-methylaminocarbonyl-                                  
                                    2,4-dichloro-6-                            
                                              1,3-phenylenediamine-            
                                                           greenish            
          4,6-disulphonic acid                                                 
                       4-methyl-2,6-dihydroxy                                  
                                    amino-s-triazine                           
                                              4,6-disulphonic                  
                                                           yellow              
                       pyridine                                                
     166                                                                       
     do-  4-methyl-2,6-                                                        
                       cyanuric     ethylene diamine                           
     do-                                                                       
                       dihydroxypyridine                                       
                                    chloride                                   
     167                                                                       
     do-                                                                       
     do-  2,4-dichloro-6-                                                      
                       hydrazine                                               
     do-                                                                       
                                    (2'-methyl-5'-                             
                                    sulphoanilino)-                            
                                    s-triazine                                 
     168                                                                       
     do-                                                                       
     do-                                                                       
     do-  N-methylhydrazine                                                    
     do-                                                                       
     169                                                                       
     do-                                                                       
     do-  2,4-dichloro-6-                                                      
                       1,4-phenylenediamine-                                   
     do-                                                                       
                                    methoxy-s-                                 
                                              2,5-disulphonic acid             
                                    triazine                                   
     170                                                                       
     do-                                                                       
     do-  2,4-dichloro-6-                                                      
     do-                                                                       
     do-                                                                       
                                    (4'-sulpho-                                
                                    phenoxy)-s-                                
                                    triazine                                   
     __________________________________________________________________________
PAC  EXAMPLE 171
PAR  The process of Example 138 is repeated up to the end of the second
      condensation with cyanuric chloride. Then, instead of isolating the
      dyestuff, 18 parts of ammonia liquor (s.g. 0.88) are added, and the
      mixture is heated to 30.degree.C and stirred at 30.degree.-40.degree.C for
      30 minutes. The pH is then adjusted to 6.5 with hydrochloric acid
      (36.degree.Tw) and the dyestuff is precipitated by the addition of 15% w/v
      sodium chloride. The precipitate is filtered off, washed with a 10%
      solution of sodium chloride and dried in vacuo at 40.degree.C. Upon
      analysis it is found to contain 1.95 moles of chlorine per mole of
      dyestuff. It yields bright greenish-yellow shades when applied to
      cellulose having good fastness to washing and light.
PAR  Further examples, similar in shade to that obtained in Example 138 are
      obtained by condensing one mole of the diamine of column II with one mole
      of cyanuric chloride, diazotizing the product and coupling with one mole
      of the coupling component named in column III, the product being then
      reacted successively with one mole of the diamine of column IV one mole of
      cyanuric chloride and one mole of the compound in column V.
TBL  __________________________________________________________________________
     Example   II          III            IV          V                        
     __________________________________________________________________________
     172  1,3-phenylenediamine-                                                
                       3-aminocarbonyl-4-                                      
                                      1,4-phenylenediamine-                    
                                                   ammonia                     
          4,6-disulphonic acid                                                 
                       methyl-2,6-dihydroxy                                    
                                      2-sulphonic acid                         
                       pyridine                                                
     173                                                                       
     do-                                                                       
     do-  1,4-phenylenediamine-                                                
     do-                                                                       
                                      2,5-disulphonic acid                     
     174                                                                       
     do-                                                                       
     do-  1,3-phenylenediamine-                                                
                       ethylamine                                              
                                      4,6-disulphonic acid                     
     175                                                                       
     do-                                                                       
     do-  1,3-phenylenediamine-                                                
                       metanilic acid                                          
                                      4-sulphonic acid                         
     176                                                                       
     do-                                                                       
     do-                                                                       
     do-  ethanolamine                                                         
     177                                                                       
     do-                                                                       
     do-                                                                       
     do-  sulphanilic acid                                                     
     178                                                                       
     do-                                                                       
     do-                                                                       
     do-  4-sulpho-2-aminotoluene                                              
     179                                                                       
     do-                                                                       
     do-                                                                       
     do-  5-sulpho-2-aminotoluene                                              
     180                                                                       
     do-                                                                       
     do-                                                                       
     do-  N-methylaniline                                                      
     181                                                                       
     do-                                                                       
     do-                                                                       
     do-  3,5-disulphoaniline                                                  
     182                                                                       
     do-                                                                       
     do-                                                                       
     do-  4,8-disulpho-1-                                                      
                                                   naphthylamine               
     183                                                                       
     do-                                                                       
     do-                                                                       
     do-  3,8-disulpho-1-                                                      
                                                   naphthylamine               
     184                                                                       
     do-                                                                       
     do-                                                                       
     do-  4,8-disulpho-2-                                                      
                                                   naphthylamine               
     185                                                                       
     do-                                                                       
     do-                                                                       
     do-  5,7-disulpho-2-                                                      
                                                   naphthylamine               
     186                                                                       
     do-                                                                       
     do-                                                                       
     do-  4-sulpho-1-naphthylamine                                             
     187                                                                       
     do-                                                                       
     do-                                                                       
     do-  5-sulpho-1-naphthylamine                                             
     188                                                                       
     do-                                                                       
     do-                                                                       
     do-  6-sulpho-1-naphthylamine                                             
     189                                                                       
     do-                                                                       
     do-                                                                       
     do-  7-sulpho-1-naphthylamine                                             
     190                                                                       
     do-                                                                       
     do-                                                                       
     do-  8-sulpho-1-naphthylamine                                             
     191                                                                       
     do-                                                                       
     do-                                                                       
     do-  5-sulpho-2-naphthylamine                                             
     192                                                                       
     do-                                                                       
     do-                                                                       
     do-  6-sulpho-2-naphthylamine                                             
     193                                                                       
     do-                                                                       
     do-                                                                       
     do-  7-sulpho-2-naphthylamine                                             
     194                                                                       
     do-                                                                       
     do-                                                                       
     do-  3,6,8-trisulpho-1-                                                   
                                                   naphthylamine               
     195                                                                       
     do-                                                                       
     do-                                                                       
     do-  4,6,8-trisulpho-1-                                                   
                                                   naphthylamine               
     196                                                                       
     do-                                                                       
     do-                                                                       
     do-  3-sulpho-N-methylaniline                                             
     197                                                                       
     do-                                                                       
     do-                                                                       
     do-  4-sulphophenol                                                       
     198                                                                       
     do-                                                                       
     do-                                                                       
     do-  3,5-disulphophenol                                                   
     199                                                                       
     do-                                                                       
     do-                                                                       
     do-  5-sulpho-2-aminobenzoic                                              
                                                   acid                        
     200                                                                       
     do-                                                                       
     do-                                                                       
     do-  4-sulpho-2-aminobenzoic                                              
                                                   acid                        
     201                                                                       
     do-                                                                       
     do-                                                                       
     do-  aniline                                                              
     202                                                                       
     do-  4-methyl-2,6-                                                        
     do-  ammonia                                                              
                       dihydroxypyridine                                       
     203                                                                       
     do-                                                                       
     do-  1,4-phenylenediamine-                                                
                       ethanolamine                                            
                                      2-sulphonic acid                         
     204                                                                       
     do-                                                                       
     do-  1,4-phenylenediamine                                                 
                       ammonia                                                 
                                      2,5-disulphonic acid                     
     205                                                                       
     do-                                                                       
     do-  1,3-phenylenediamine-                                                
     do-                                                                       
                                      4,6-disulphonic acid                     
     206                                                                       
     do-  3-aminocarbonyl-4-                                                   
                       1,3-phenylenediamine-                                   
     do-                                                                       
                       methyl-2,6-dihydroxy                                    
                                      4-sulphonic acid                         
                       pyridine                                                
     207  1,3-phenylenediamine-                                                
     do-  1,4-phenylenediamine-                                                
     do-                                                                       
          4-sulphonic acid            2,5-disulphonic acid                     
     208                                                                       
     do-                                                                       
     do-  1,3-phenylenediamine-                                                
                       ethanolamine                                            
                                      4-sulphonic acid                         
     __________________________________________________________________________
PAC  SECTION F BISAZO DYES
PAR  A large number of bisazo dyes of the invention can be obtained by coupling
      2,6-dihydroxypyridine with a diazotized aminoazo compound containing a
      cellulose-reactive group. The latter compounds can conveniently be
      obtained by diazotizing an aromatic amine containing a cellulose-reactive
      group (for examples of which see Section A above) and coupling the
      resultant diazonium compound with a coupling component which itself
      contains a diazotizable amino group. Included in the latter are a number
      of aminonaphthol sulphonic acids, but the preferred coupling components
      for use in this connection are p-coupling amines of the benzene and
      naphthalene series, e.g.:
PA1  o- and m-toluidines
PA1  o- and m-anisidines
PA1  cresidine
PA1  m-aminoacetanilide and other monoacylated phenylene diamines
PA1  m-aminophenylurea
PA1  1-naphthylamine
PA1  6- and 7-sulpho-1-naphthylamines
PAR  The dyes obtained in this manner conform to the general formula:
      ##SPC9##
PAL  wherein X, T.sup.1 and T.sup.2 have the meanings stated, X - A - is the
      residue of the diazotizable amine containing a cellulose-reactive group
      and -M- is the residue of the coupling component containing a diazotizable
      group. Preferably, A will represent a mono- or di-sulpho-m- or p-phenylene
      radical or a disulphonaphthylene radical and M will represent a
      1,4-phenylene radical which may be substituted, e.g. by methyl, methoxy,
      acylamino and/or ureido or a 1,4-naphthylene radical which may be
      substituted in the 6- or 7-position by SO.sub.3 H.
PAR  The following examples and Table depict a number of new bisazo dyestuffs of
      the invention obtained in this manner:
PAC  EXAMPLE 209
PAR  The diazo component obtained by reacting 18.5 parts of cyanuric chloride
      with 26.8 parts of 1,4-phenylenediamine-3,6-disulphonic acid at
      0.degree.-5.degree.C/pH 3.5 - 5.0 and 17.3 parts of metanilic acid is
      diazotized and coupled with 13.7 parts of 2-methoxy-5-methylaniline in the
      presence of sodium acetate. The amino azo compound so obtained is
      diazotized and coupled with 12.5 parts of 4-methyl-2,6-dihydroxypyridine
      to give a bis-azo dyestuff dyeing cotton and viscose rayon in bluish-red
      shades having excellent fastness to washing and to light.
PAR  The following table describes further examples obtained in similar manner
      to Example 209. One mol of the diamine in Column II is condensed with one
      mole of the acylating agent in Column III, and, where described, the
      product is then condensed with a further equivalent of the compound
      described in Column IV. The product is then diazotized and coupled with
      the coupling component described in Column V. The aminoazo compound so
      formed is diazotized and coupled with the pyridone coupling component
      described in Column VI to form a bis-azo dyestuff. The shades obtained
      when applied to cellulose are described in Column VII.
TBL  __________________________________________________________________________
     Example   II         III     IV           V        VI     VIII            
     __________________________________________________________________________
     210  1,4-phenylenediamine-                                                
                       cyanuric chloride                                       
                                  --       1-aminonaphthalene-                 
                                                     4-methyl-2,6-             
                                                               Bluish-         
          2,5-disulphonic acid                                                 
     6-sulphonic acid                                                          
          dihydroxy    red                                                     
                                                     pyridine                  
     211                                                                       
     do-                                                                       
     do-  --           1-aminonaphthalene                                      
     do-                                                                       
     do-                                                                       
                                           7-sulphonic acid                    
     212                                                                       
     do-                                                                       
     do-  --                                                                   
     do-  3-aminocarbonyl-                                                     
     do-                                                                       
                                                     4-methyl-2,6-             
                                                     dihydroxy                 
                                                     pyridine                  
     213                                                                       
     do-                                                                       
     do-  --                                                                   
     do-  2,6-dihydroxy                                                        
     do-                                                                       
                                                     isonicotinic              
                                                     acid                      
     214                                                                       
     do-                                                                       
     do-  --           1-aminonaphthalene                                      
     do-                                                                       
     do-                                                                       
     6-sulphonic acid                                                          
     215                                                                       
     do-                                                                       
     do-  --                                                                   
     do-  3-aminocarbonyl-                                                     
     do-                                                                       
                                                     4-methyl-2,6-             
                                                     dihydroxy                 
                                                     pyridine                  
     216                                                                       
     do-                                                                       
     do-  metanilic acid                                                       
     do-                                                                       
     do-                                                                       
     217  1,3-phenylenediamine                       4-methyl-2,6-             
          4,6-disulphonic acid                                                 
     do-                                                                       
     do-                                                                       
     do-  dihydroxy                                                            
     do-                                                                       
                                                     pyridine                  
     218                                                                       
     do-                                                                       
     do-  --                                                                   
     do-                                                                       
     do-                                                                       
     Example                                                                   
               II         III     IV           V        VI     VII             
     __________________________________________________________________________
      219 1,3-phenylenedamine                                                  
                       tetrachloro                                             
                                  --       1-aminonaphthalene                  
                                                     4-methyl-2,6-             
                                                               Bluish-         
          4,6-disulphonic acid                                                 
                       pyrimidine                                              
     6-sulphonic acid                                                          
          dihydroxy    red                                                     
                                                     pyridine                  
      220                                                                      
     do-  2-methylsulphenyl                                                    
                       --                                                      
     do-                                                                       
     do-                                                                       
     6-methyl-4,5-                                                             
                       dichloropyrimidine                                      
      221                                                                      
     do-  cyanuric chloride                                                    
                       4-.beta.-sulphato-                                      
     do-                                                                       
     do-                                                                       
                                  ethyl sulphon-                               
                                  ylaniline                                    
      222                                                                      
     do-  2,4-dichloro-6-                                                      
                       methoxy-s-triazine                                      
                                  --                                           
     do-                                                                       
     do-                                                                       
      223                                                                      
     do-  cyanuric chloride                                                    
                       ammonia                                                 
     do-                                                                       
     do-                                                                       
      224                                                                      
     do-                                                                       
     do-  metanilic acid                                                       
     do-                                                                       
     do-                                                                       
      225                                                                      
     do-                                                                       
     do-  --           1-aminonaphthalene                                      
     do-                                                                       
     do-                                                                       
     7-sulphonic acid                                                          
      226 1,3-phenylenediamine                                                 
     do-  4-sulphophenol                                                       
                       1-aminonaphthalene                                      
     do-                                                                       
     do-                                                                       
          4,6-disulphonic acid                                                 
     6-sulphonic acid                                                          
      227                                                                      
     do-                                                                       
     do-  --                                                                   
     do-  3-aminocarbonyl-                                                     
     do-                                                                       
                                                     4-methyl-2,6-             
                                                     dihydroxy                 
                                                     pyridine                  
      228                                                                      
     do-                                                                       
     do-  --                                                                   
     do-  2,6-dihydroxyiso                                                     
     do-                                                                       
                                                     nicotinic                 
     __________________________________________________________________________
                                                     acid                      
PAR  A different class of bisazo dyes of the invention are obtained by
      condensing 2 moles of a monoazo dye of the invention containing a
      dichloro-s-triazine group with 1 mole of a diamino compound. The resultant
      class of compounds are represented by the general formula:
      ##SPC10##
PAL  wherein the symbols T.sup.1, T.sup.2, A, L, p, q and r have the meanings
      stated earlier.
PAR  As diamino compounds which may be used, there may be mentioned:
PA1  hydrazine and piperazine,
PA1  aliphatic amines, e.g.:
PA2  ethylene diamine
PA2  1,2- and 1,3-propylenediamines
PA2  1,6-hexamethylenediamine
PA2  2,2'-diaminodiethylether
PA2  mono- and di-cyclic diamines of the benzene series, e.g.:
PA3  1,3-diaminobenzene-4-sulphonic and 4,6-disulphonic acids,
PA3  1,4-diaminobenzene-2-sulphonic and 2,5-disulphonic acids,
PA3  1,3- and 1,4-phenylenediamines,
PA3  benzidine and benzidine-2,2'-disulphonic acid,
PA3  4,4'-diaminodiphenylurea and its 2,2'- and 3,3'-disulphonic acids,
PA3  3,3'-diaminodiphenylurea,
PA3  4,4'-diaminodiphenylmethane,
PA3  4,4'-diaminodiphenyl sulphone,
PA3  4,4'-diaminodiphenyl ether,
PA3  4,4'-diaminostilbene-2,2'-disulphonic acid,
PA3  4,4'-diaminodiphenoxyethane-2,2'-disulphonic acid,
PA3  and naphthylene diamines, e.g.:
PA4  2,6-diaminonaphthalene-1,5-disulphonic acid and
PA4  1,5-diaminonaphthalene-3,7-disulphonic acid.
PAR  Dyestuffs of the above class in which r has the value 1 can alternatively
      be obtained by condensing 2 moles of cyanuric chloride with 1 mole of the
      diamine of formula
      ##EQU7##
      and with 2 moles of a diamine of formula NH.sub.2.A.NH.sub.2 then
      tetrazotizing the resultant product and coupling with 2 moles of
      2,6-dihydroxypyridine.
PAR  The following examples and table depict a number of new azo dyestuffs of
      the invention obtained by these methods. In the table, column II names the
      2,6-dihydroxypyridine used, column III names the diamine of formula
      NH.sub.2.A.NHC.sub.r.sub.-1 H.sub.2r.sub.-1 and column IV the diamine of
      formula
      ##EQU8##
PAC  EXAMPLE 229
PAR  A solution of 6.7 parts of 1,3-phenylenediamine-4,6-disulphonic acid is 50
      parts of water at 0.degree.-5.degree.C and pH 5.0 is added rapidly with
      stirring to a suspension prepared by dissolving 4.63 parts of cyanuric
      chloride in 25 parts of acetone and adding the resulting solution to 50
      parts of water and 50 parts of ice. The mixture is stirred for 2 hours at
      0.degree.-5.degree.C maintaining the pH at 4-5 by addition of 2N sodium
      carbonate solution.
PAR  A solution of 5 parts of 4,4'-diaminodiphenylurea-2,2'-disulphonic acid in
      50 parts of water at pH 6.5 is added rapidly to the solution prepared in
      the preceding paragraph and the mixture is stirred and heated at
      30.degree.-35.degree.C for 1 hour, the pH being maintained at 6-7 by
      adding 2N sodium carbonate solution.
PAR  The solution is then cooled to 0.degree.-5.degree.C and 15 parts of
      36.degree.Tw hydrochloric acid added. The mixture is then tetrazotized by
      addition of 3.46 parts of sodium nitrite in 25 parts of water. The tetrazo
      suspension is then added to a suspension of 8.4 parts of
      3-aminocarbonyl-4-methyl-2,6-dihydroxypyridine in 75 parts of water at
      0.degree.-5.degree.C and pH 7.0. The mixture is stirred at
      0.degree.-5.degree.C for 4 hours, the pH being maintained at 6-7 by
      addition of 2N sodium carbonate solution, and is finally stirred at
      20.degree.C for 16 hours. The dyestuff is precipitated by addition of
      potassium chloride, collected by filtration and washed with 50 parts of a
      saturated solution of potassium chloride. After drying in vacuo at
      40.degree.C, the dyestuff is found to contain 1.7 moles of hydrolyzable
      chlorine per mol of dye.
PAR  When applied to cellulose the dyestuff gives bright yellow shades of good
      fastness to washing and light.
PAC  EXAMPLE 230
PAR  18.5 Parts of cyanuric chloride are condensed with 26.8 parts of
      1,3-phenylenediamine-4,6-disulphonic acid at 0.degree.-4.degree.C/pH 4.5
      and the dichloro-s-triazinyl intermediate diazotized and coupled with 12.5
      parts of 4-methyl-2,6-dihydroxypyridine in a similar manner to Example 1.
      13.4 parts of 1,4-phenylenediamine2,5-disulphonic acid are added and the
      mixture is heated at 30.degree.-40.degree.C/pH 5-7 until one chlorine atom
      from each of two moles of the dichloro-s-triazinyl dyestuff has completely
      reacted to give a bis-(monochloro-s-triazinyl)dye which is then isolated
      by the addition of sodium chloride.
PAR  The dyestuff dyed cotton and viscose rayon in bright greenish-yellow shades
      having excellent fastness to wet treatments such as washing and to light.
TBL  __________________________________________________________________________
     Example   II           III         IV          Shade                      
     __________________________________________________________________________
     231  4-methyl-2,6-                                                        
                       1,3-diaminobenzene-                                     
                                   4,4'-diaminodiphenylurea-2,2'-              
                                                    greenish                   
          dihydroxypyridine                                                    
                       4,6-disulphonic acid                                    
                                   disulphonic acid yellow                     
     232                                                                       
     do-                                                                       
     do-  4,4'-diaminostilbene-2,2'-                                           
     do-                                                                       
                                   disulphonic acid                            
     233                                                                       
     do-                                                                       
     do-  4,4'-diaminodiphenoxyethane-                                         
     do-                                                                       
                                   2,2'-disulphonic acid                       
     234                                                                       
     do-                                                                       
     do-  benzidine-2,2'-disulphonic acid                                      
     do-                                                                       
     235  3-aminocarbonyl-4-                                                   
     do-                                                                       
     do-                                                                       
     do-                                                                       
          methyl-2,6-dihydroxy                                                 
          pyridine                                                             
     236                                                                       
     do-  1,3-diaminobenzene-                                                  
                       4,4'-diaminostilbene-2,2'-                              
     do-                                                                       
                       4-sulphonic acid                                        
                                   disulphonic acid                            
     237                                                                       
     do-                                                                       
     do-  4,4'-diaminodiphenoxyethane-                                         
     do-                                                                       
                                   2,2'-disulphonic acid                       
     238                                                                       
     do-                                                                       
     do-  ethylenediamine                                                      
     do-                                                                       
     239  2,6-dihydroxyiso                                                     
                       1,4-diaminobenzene-                                     
                                   1,4-phenylenediamine-2-                     
                                                    reddish                    
          nicotinic acid                                                       
                       2,5-disulphonic acid                                    
                                   sulphonic acid   yellow                     
     240                                                                       
     do-                                                                       
     do-  m-phenylenediamine                                                   
     do-                                                                       
     241                                                                       
     do-                                                                       
     do-  benzidine -do-                                                       
     242                                                                       
     do-  1,3-diaminobenzene-                                                  
                       4,4'-diaminodiphenyl methane                            
                                   greenish                                    
                       4,6-disulphonic acid         yellow                     
     243                                                                       
     do-                                                                       
     do-  4,4'-diaminodiphenyl urea                                            
     do-                                                                       
     244                                                                       
     do-                                                                       
     do-  3,3'-diaminodiphenyl urea                                            
     do-                                                                       
     245                                                                       
     do-                                                                       
     do-  1,3-propylene diamine                                                
     do-                                                                       
     246                                                                       
     do-                                                                       
     do-  4,4'-diaminobenzidine-2,2'-                                          
     do-                                                                       
                                   disulphonic acid                            
     247                                                                       
     do-                                                                       
     do-  4,4'-diaminostilbene-2,2'-                                           
     do-                                                                       
                                   disulphonic acid                            
     248                                                                       
     do-                                                                       
     do-  4,4'-diaminodiphenoxyethane-                                         
     do-                                                                       
                                   2,2'-disulphonic acid                       
     249                                                                       
     do-                                                                       
     do-  4,4'-diaminodiphenylurea-                                            
     do-                                                                       
                                   2,2'-disulphonic acid                       
     250                                                                       
     do-  1,4-diaminobenzene-                                                  
                       2,6-diaminonaphthalene-4,8-                             
                                   reddish                                     
                       2-sulphonic acid                                        
                                   disulphonic acid yellow                     
     251                                                                       
     do-                                                                       
     do-  1,5-diaminonaphthalene-3,7-                                          
     do-                                                                       
                                   disulphonic acid                            
     252  3-aminocarbonyl-                                                     
                       1,4-diaminobenzene-                                     
                                   4,4'-diaminodiphenyl sulphone               
                                                    reddish                    
          2,6-dihydroxypyridine                                                
                       2,5-disulphonic acid         yellow                     
     253                                                                       
     do-                                                                       
     do-  hydrazine                                                            
     do-                                                                       
     254                                                                       
     do-                                                                       
     do-  4,4'-diaminodiphenyl ether                                           
     do-                                                                       
     255                                                                       
     do-                                                                       
     do-  piperazine                                                           
     do-                                                                       
     256                                                                       
     do-  1,3-diaminobenzene-                                                  
                       1,3-phenylenediamine-4-                                 
                                   greenish                                    
                       4-sulphonic acid                                        
                                   sulphonic acid   yellow                     
     257                                                                       
     do-                                                                       
     do-  1,4-phenylenediamine-2-                                              
     do-                                                                       
                                   sulphonic acid                              
     258                                                                       
     do-  1,3-diaminobenzene-                                                  
                       4,4'-diaminobenzidine-2,2'-                             
     do-                                                                       
                       4,6-disulphonic acid                                    
                                   disulphonic acid                            
     259                                                                       
     do-                                                                       
     do-  4,4'-diaminostilbene-2,2'-                                           
     do-                                                                       
                                   disulphonic acid                            
     260                                                                       
     do-                                                                       
     do-  4,4'-diaminodiphenoxyethane-                                         
     do-                                                                       
                                   2,2'-disulphonic acid                       
     __________________________________________________________________________
PAC  EXAMPLE 261
PAR  In place of the 10.6 parts of 2-mercaptobenzthiazole used in Example 119
      there is added 10.05 parts of 4,4'-diaminodiphenyl-urea-2,2'-disulphonic
      acid dissolved in 100 parts of water at pH 6.5. The solution is then
      stirred at 35.degree.-40.degree.C for 5 hours maintaining the pH at 6-7
      with 2N sodium carbonate solution as required.
PAR  To the solution there are then added 5 parts of pyridine and 7.5 parts of
      sodium sulphite and the mixture is stirred at 60.degree.C until sulphiting
      is complete, as judged by estimation of liberated sodium chloride. The
      dyestuff is precipitated by addition of potassium chloride and dried. When
      applied to cellulose it gives reddish yellow shades which have good
      fastness to washing and to light.
PAC  EXAMPLE 262
PAR  In place of the 10.05 parts of 4,4'-diaminodiphenylurea-2,2'-disulphonic
      acid used in Example 261 there are used 10.1 parts of
      4,4'-diaminodiphenoxyethane-2,2'-disulphonic acid when a dyestuff similar
      in shade with good fastness to washing and to light is obtained.
PAC  EXAMPLE 263
PAR  A solution of 15.5 parts of the monoazo compound obtained when diazotized
      6-nitro-1-amino-2-hydroxynaphthalene-4-sulphonic acid is coupled with
      3-aminocarbonyl-4-methyl-2,6-dihydroxypyridine is stirred in 500 parts of
      water at 50.degree.-55.degree.C and pH 8.5. A solution of 4.8 parts of
      sodium sulphide monohydrate in 40 parts of water is added to the above
      solution and the mixture stirred at 50.degree.-55.degree.C for 3 hours.
      The temperature of the solution is raised to 65.degree.-70.degree.C, a
      further 8.4 parts of sodium sulphide monohydrate in 70 parts of water
      added and the solution stirred at 65.degree.-70.degree.C for 3 hours. A
      further solution of 12 parts sodium sulphide monohydrate in 100 parts of
      water is added and the solution stirred at 65.degree.-70.degree.C for 31/2
      hours. The solution is then stirred at 20.degree.C for 18 hours, the
      aminoazo compound precipitated by addition of potassium acetate, filtered,
      washed well with ethyl alcohol and dried.
PAR  A solution of 14.4 parts of the aminoazo compound prepared above is stirred
      in 500 parts of water at 70.degree.C and pH 6.0. To the solution is added
      a solution of 4.6 parts of cobalt acetate in 50 parts of water and the
      mixture stirred at 70.degree.C for 2 hours. The solution is cooled, the
      cobalt containing dyestuff precipitated by addition of salt, filtered and
      dried.
PAR  A solution of the primary condensation product of 4.1 parts of cyanuric
      chloride and 3.5 parts of 1-aminobenzene-3-sulphonic acid in 100 parts of
      water is added to a solution of 9.2 parts of the 1:2-cobalt complex
      prepared above in 300 parts of water, and the mixture stirred at
      40.degree.-45.degree.C. for 5 hours maintaining the pH at 6-7 by addition
      of 2N sodium carbonate solution as required. The solution is then cooled
      to 20.degree.C and the dyestuff precipitated by addition of potassium
      chloride, and dried.
PAR  When applied to cellulosic materials in the presence of an acid binding
      agent reddish brown shades are obtained which have good fastness
      properties to washing and to light.
PAR  The corresponding 1,2-chromium complex (Example 264) gives dull red shades
      when applied to cellulose.
PAR  In place of the 6-nitro-1-amino-2-hydroxynaphthalene-4-sulphonic acid used
      above, there may be used 6-nitro-2-aminophenol-4-sulphonic acid; the
      product (Example 265) obtained gives orange shades when applied to
      cellulosic materials in the presence of an acid binding agent, which have
      good fastness to washing and to light. The analogous 1,2-chromium complex
      (Example 266) gives red shades when applied to cellulose.
CLMS
STM  We claim:
NUM  1.
PAR  1. A monoazo dyestuff of the formula
      ##SPC11##
PAL  wherein
PA1  n is 1 or 2;
PA1  Y is selected from the group consisting of hydrogen, lower alkyl and
      CONH.sub.2 ; and
PA1  X is a cellulose reactive group selected from the class consisting of
PAR  1. 5-cyano-2,4-dichloropyrimidyl,
PA2  2. 5-cyano-2,6-dichloropyrimidyl,
PA2  3. 5-chloro-6-methyl-2-methylsulphonylpyrimidyl, and
      ##SPC12##
PAR  wherein X' is selected from the group consisting of Cl, NH.sub.2, lower
      alkoxy, lower alkylamino, di-(lower alkyl) amino, di-(hydroxy-lower alkyl)
      amino, morpholino, cyclohexylamino, benzylamino, sulphoanilino,
      disulphanilino, carboxyanilino, sulphocarboxyanilino, anisidino,
      sulphoanisidino, sulphotoluidino, sulphochloroanilino, sulphonaphthylamino
      and
      ##SPC13##
PAL  wherein L is mono- or di-sulphonated phenylene and X" is selected from the
      group consisting of Cl, NH.sub.2, lower alkoxy lower alkylamino,
      hydroxy-lower alkylamino, anilino, sulphoanilino, disulphoanilino,
      sulphotoluidino, sulphocarboxyanilino, sulphonaphthylamino,
      disulphonaphthylamino and trisulphonaphthylamino.
NUM  2.
PAR  2. A monoazo dyestuff as claimed in claim 1 having the formula
      ##SPC14##
NUM  3.
PAR  3. A monoazo dyestuff as claimed in claim 1 having the formula
      ##SPC15##
NUM  4.
PAR  4. A monoazo dyestuff as claimed in claim 1 having the formula
      ##SPC16##
PATN
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ABST
PAL  The disperse monoazo dyestuffs, free from sulphonic acid groups, which are
      represented by the formula:
      ##SPC1##
PAL  Wherein X is alkyl, substituted alkyl, phenyl or optionally substituted
      carbamoyl; Y is a hydrogen atom or a substituent; and Z is a hydrogen atom
      or an optionally substituted alkyl, cycloalkyl, aryl or heterocyclic
      radical or an optionally substituted amino group, a process for the
      manufacture of the said dyestuffs and their use for coloring synthetic
      textile materials.
BSUM
PAR  This invention relates to disperse monoazo dyestuffs which are valuable for
      coloring synthetic textile materials.
PAR  According to the invention there are provided the disperse monoazo dyes,
      free from sulphonic acid groups, which are represented by the formula:
      ##SPC2##
PAL  Wherein X is alkyl, substituted alkyl, phenyl or optionally substituted
      carbamoyl; Y is a hydrogen atom or a substituent; and Z is a hydrogen atom
      or an optionally substituted alkyl, cycloalkyl, aryl or heterocyclic
      radical or an optionally substituted amino group.
PAR  The pyridone ring present in the said dyestuffs can exist in a number of
      tautomeric forms. Although the dyestuffs have only been formulated in one
      of the possible tautomeric forms it is to be understood that the
      specification includes within its scope the other tautomeric forms of the
      dyestuffs.
PAR  The dyestuffs of Formula I are readily converted in aqueous medium to the
      dyestuffs of the formula:
      ##SPC3##
PAL  The presence of acid favoring the formation of the structure represented by
      Formula I containing the lactone ring, whilst the presence of alkali
      favors the formation of the structure of Formula II by opening the lactone
      ring. Although for the purpose of simplicity the dyestuffs are formulated
      as containing the lactone ring it is to be understood that the dyestuffs
      in which the lactone ring has been opened are also within the scope of the
      invention.
PAR  Throughout this specification the terms "lower alkyl" and "lower alkoxy"
      are used to denote alkyl and alkoxy radicals respectively containing from
      1 to 4 carbon atoms.
PAR  As examples of the alkyl radicals represented by Z there may be mentioned
      alkyl radicals containing from 1 to 12 carbon atoms such as methyl, ethyl,
      propyl, butyl, amyl, hexyl, octyl, decyl and dodecyl radicals. The
      substituted alkyl radicals represented by Z are preferably substituted
      lower alkyl radicals for example hydroxy lower alkyl such as
      .beta.-hydroxyethyl, lower alkoxy lower alkyl such as .beta.-ethoxyethyl
      and .gamma.-methoxypropyl, phenyl lower alkyl such as benzyl and
      .beta.-phenylethyl, cyano lower alkyl such as .beta.-cyanoethyl, lower
      alkoxycarbonyl lower alkyl such as ethoxycarbonylmethyl and
      .beta.-(methoxycarbonyl)ethyl, lower alkylcarbonyloxy lower alkyl such as
      .beta.-acetoxyethyl, chloro lower alkyl such as .beta.-chloroethyl,
      phenoxy lower alkyl such as .beta.-phenoxyethyl, phenylthio lower alkyl
      such as .beta.-phenylthioethyl, lower alkyl substituted by heterocyclic
      radicals such as .beta.-pyrid-2-ylethyl and
      .beta.-tetrahydrofur-2-ylethyl, monocyclic arylcarbonyloxy lower alkyl
      such as .beta.-(benzoyloxy)ethyl and .beta.-(m-methylbenzoyloxy)ethyl,
      acyl lower alkyl such as benzoylmethyl, lower alkylcarbonyl lower alkyl
      such as acetylmethyl and .beta.-acetylethyl, phenylsulphonylmethyl and
      .beta.-(ethylsulphonyl)ethyl, and amino lower alkyl and N-substituted
      derivatives thereof such as .beta.-aminoethyl,
      .gamma.-dimethylaminopropyl, .beta.-(acetylamino)ethyl,
      .beta.-(benzoylamino)ethyl and .beta.-succinimidoethyl. As examples of the
      aryl and substituted aryl radicals represented by Z there may be mentioned
      phenyl, tolyl, xylyl, anisyl, chlorophenyl and bromophenyl. As an example
      of a cycloalkyl radical represented by Z there may be mentioned
      cyclohexyl. As examples of the substituted amino groups represented by Z
      there may be mentioned arylamino and substituted arylamino radicals such
      as anilino, anisidino, toluidino, chloroanilino and bromanilino, but more
      especially N-lower alkylamino and N:N-di lower alkylamino such as
      methylamino, diethylamino and N-methyl-N-n-propylamino, and also
      benzylamino and cyclohexylamino radicals. As examples of the heterocyclic
      radicals represented by Z there may be mentioned pyrid-2-yl and fur-2-yl
      radicals. It is however preferred that Z represents a hydrogen atom, an
      alkyl radical of from 1 to 12 carbon atoms, a substituted lower alkyl
      radical in particular a hydroxy lower alkyl or lower alkoxy lower alkyl
      radical, or an optionally substituted phenyl radical.
PAR  The alkyl radicals represented by X are preferably lower alkyl radicals
      such as methyl, ethyl, propyl and butyl. The substituted alkyl radicals
      represented by X are preferably substituted lower alkyl radicals such as
      phenyl lower alkyl for example benzyl, cyano lower alkyl such as
      cyanomethyl, lower alkoxy lower alkyl such as .beta.-methoxyethyl, phenoxy
      lower alkyl such as .beta.-phenoxyethyl, lower alkyl substituted by
      heterocyclic radicals such as pyrid-2-ylmethyl and thiazol-2-ylmethyl, and
      lower alkoxycarbonyl lower alkyl such as ethoxycarbonylmethyl. The
      substituted carbamoyl radicals represented by X are preferably N-lower
      alkyl carbamoyl and N:N-di lower alkyl carbamoyl such as N-methylcarbamoyl
      and N:N-diethylcarbamoyl. It is however preferred that X represents the
      methyl radical.
PAR  As examples of the substituents represented by Y there may be mentioned
      chlorine, bromine, cyano, lower alkyl carbonyl such as acetyl, benzoyl,
      lower alkyl sulphonyl such as ethylsulphonyl, monocyclic aryl sulphonyl
      such as benzenesulphonyl, lower alkoxy carbonyl such as methoxy carbonyl
      and ethoxycarbonyl, phenoxycarbonyl, carbamoyl and N-lower alkyl and
      N:N-di lower alkyl derivatives thereof such as N-ethylcarbamoyl and
      N:N-dimethylcarbamoyl, sulphamoyl and N-lower alkyl and N:N-di lower alkyl
      derivatives thereof such as N-methyl-sulphamoyl and N:N-diethylsulphamoyl,
      lower alkyl such as methyl, ethyl, propyl and butyl, and amino lower alkyl
      and substituted derivatives thereof such as .beta.-aminoethyl,
      N-methylaminomethyl and N-acetyl-N-methylaminomethyl. It is however
      preferred that Y represents the cyano group.
PAR  According to a further feature of the invention there is provided a process
      for the manufacture of the monoazo dyestuffs of the invention which
      comprises diazotizing an amine of the formula:
      ##SPC4##
PAL  and coupling the resulting diazo compound with a coupling component which,
      in one of the possible tautomeric forms, is of the formula:
      ##SPC5##
PAL  wherein X, Y and Z have the meanings stated.
PAR  The process of the invention can be conveniently carried out by adding
      sodium nitrite to a solution or suspension of the said amine in a dilute
      aqueous solution of hydrochloric acid and adding the resulting solution or
      suspension of the diazo compound to a solution of the coupling component
      in an aqueous solution of sodium hydroxide, the pH of the resulting
      mixture being adjusted, if necessary, so as to facilitate the coupling
      reaction. After coupling is completed the resulting azo dyestuff is
      isolated in conventional manner.
PAR  As specific examples of the said amines there may be mentioned 4- or
      5-amino-2-hydroxymethylbenzoic acid.
PAR  The said coupling components can themselves be obtained by a number of
      methods, such as are described, for example, in "Heterocyclic Compounds --
      Pyridine and its derivatives -- Part 3" which was edited by Klingsberg and
      published by Interscience Publishers in 1962. Typical methods include, for
      example, (1) condensing together compounds of the formulae: XCOCH.sub.2
      COOalkyl and Y-CH.sub.2 COOalkyl in the presence of an excess of an amine
      of the formula Z-NH.sub.2 ; (2) cyclization of an
      .alpha.:.beta.-disubstituted glutaconamide of the formula:
      ##EQU1##
      which is itself obtained by condensing together in the presence of a basic
      catalyst compounds of the formula X.CO.CH.sub.2 COOalkyl and
      Y.CH.sub.2.CONHZ: (3) cyclization of an .alpha.:.beta.-disubstituted
      glutaconamide of the formula:
      ##EQU2##
      which is itself obtained by condensing together in the presence of a basic
      catalyst compounds of the formula XCO.CH.sub.2 CONHZ and
      YCH.sub.2.COOalkyl.
PAR  As specific examples of the said coupling components there may be mentioned
      1-(methyl, ethyl, n-propyl, n-butyl, n-hexyl, n-octyl, n-decyl, n-dodecyl,
      .beta.-hydroxyethyl, .gamma.-methoxypropyl, cyclohexyl, benzyl, phenyl,
      tolyl, xylyl or anisyl)-3-(cyano or
      carbonamido)-4-methyl-6-hydroxypyrid-2-one,
      3-cyano-4-methyl-6-hydroxypyrid-2-one,
      1:4-dimethyl-3-carbonamido-6-hydroxypyrid-2-one,
      1:4-dimethyl-6-hydroxypyrid-2-one, and 1-(amino, methylamino,
      diethylamino, anilino, cyclohexylamino or benzylamino)-3-(cyano- or
      carbonamido)-4-methyl-6-hydroxypyrid-2-one.
PAR  A preferred class of the dyestuffs of the invention comprises the monoazo
      dyestuffs of the formula
      ##SPC6##
PAL  wherein Z.sup.1 is a hydrogen atom, an alkyl radical of from 1 to 12 carbon
      atoms, a substituted lower alkyl radical, preferably hydroxy lower alkyl
      or lower alkoxy lower alkyl, or an optionally substituted phenyl radical.
      Preferably the azo group is attached to the benzene ring in para position
      to the -CO- group of the lactone ring.
PAR  The monoazo dyestuffs of the invention are valuable for coloring textile
      materials, in particular synthetic textile materials such as polyamide
      textile materials (Nylon 6 and Nylon 6:6), cellulose acetate textile
      materials (cellulose triacetate and secondary cellulose acetate), and
      preferably aromatic polyester textile material such as polyethylene
      terephthalate textile materials, and this use of the dyestuff forms a
      further feature of the present invention.
PAR  According to a further feature of the invention there is provided a process
      for coloring synthetic textile materials which comprises applying to the
      said textile materials by a dyeing, padding or printing process an aqueous
      dispersion of at least one monoazo dyestuff as hereinbefore defined.
PAR  The methods by which the said dyestuffs are applied to synthetic textile
      materials can be any of the dyeing, padding or printing methods which are
      conventionally employed in applying disperse dyestuffs to synthetic
      textile. Thus, for example, dyeing can be carried out by immersing the
      synthetic textile material in a dyebath containing an aqueous dispersion
      of the said dyestuff, and then carrying out the dyeing at an appropriate
      temperature, for example at temperatures in the region of 85.degree.C for
      secondary cellulose acetate textile materials, at 90.degree. -
      100.degree.C in the case of polyamide textile materials, at temperatures
      in the region of 100.degree.C for polyester and cellulose triacetate
      textile materials when the dyebath additionally contains a carrier, or at
      temperatures in the region of 120.degree. - 140.degree.C when a carrier is
      not required.
PAR  Padding can be conveniently carried out by continuously passing the
      synthetic textile material through a padding liquor containing an aqueous
      dispersion of the said dyestuff, excess liquor then being removed by
      passing the material through a padding mangle. The padded textile material
      is then dried and subjected to the action of steam or to a dry heat
      treatment.
PAR  Printing can be conveniently carried out by applying a print paste
      containing an aqueous dispersion of the said dyestuff to the textile
      material by any of the methods conventionally employed in applying print
      pastes to textile materials, for example by screen or roller printing. The
      printed textile material is then dried and subjected to the action of
      steam or to a dry heat treatment.
PAR  At the conclusion of the above processes the textile material is rinsed in
      water optionally containing soap or a synthetic detergent and then dried.
      In the case of aromatic polyester textile material it is also preferred to
      give the colored textile material a rinse in a warm dilute aqueous
      solution of an alkali such as sodium carbonate in order to remove any
      unfixed dyestuff from the surface of the textile material.
PAR  The said dyebaths, print pastes or padding liquors can contain any of the
      adjuvants which are commonly present in such systems, for example anionic,
      non-ionic and/or cationic dispersing agents, urea, acids such as acetic
      acid or formic acid, thickeners such as sodium alginate, natural gums and
      water-in-oil emulsions, organic liquids such as benzyl alcohol, and
      carriers such as diphenyl, hydroxydiphenyl, methylsalicylate and
      .beta.-methylnaphthalene.
PAR  The aqueous dispersions of the said dyestuffs which are used in the
      dyebaths, padding liquors or print pastes can be prepared in conventional
      manner by milling the dyestuffs in water in the presence of a dispersing
      agent. Alternatively the said dispersions can be formed by dissolving the
      dyestuffs in aqueous alkaline media, incorporating such solutions into the
      dyebath, print pastes or padding liquors and then acidifying by addition
      of an acid such as acetic acid or formic acid. This acidification is
      preferably carried out before the said systems are applied to the textile
      material, but, if desired, the said systems containing the dyestuff in
      soluble form can be applied to the textile material and then acidified or
      the textile material subjected to a separate treatment with an acid.
PAR  The textile materials which can be colored by the process of the invention
      can be in the form of fibres, filaments or woven or knitted goods. If
      desired the synthetic textile materials can be in the form of unions with
      other textile materials, for example polyester/cotton and polyester/wool
      unions, in which event the dyestuffs of the present invention are
      preferably used in conjunction with suitable dyestuffs, for example
      Reactive Dyes, Vat Dyes or Acid Dyestuffs, for the other textile material.
PAR  When applied to synthetic textile materials the dyestuffs of the invention
      yield greenish-yellow to orange shades which possess excellent fastness to
      the tests which are conventionally applied to such textile materials. The
      dyestuffs also have excellent build-up properties on polyester textile
      materials so that heavy depths of shade can be readily obtained.
DETD
PAR  The invention is illustrated but not limited by the following Examples in
      which the parts and percentages are by weight:
PAC  EXAMPLE 1
PAR  A solution of 1.7 parts of 2-hydroxymethyl-4-aminobenzoic acid in a mixture
      of 25 parts of water and 12.5 parts of a 2N aqueous solution of
      hydrochloric acid is cooled to 0.degree. - 5.degree.C and 5 parts of a 2N
      aqueous solution of sodium nitrite are added. The mixture is stirred for
      30 minutes and is then added to a solution of 1.8 parts of
      1-ethyl-3-cyano-4-methyl-6-hydroxypyrid-2-one and 5 parts of sodium
      acetate in 50 parts of water containing 5 parts of a 2N aqueous solution
      of sodium hydroxide at 5.degree.C. The mixture is stirred for 15 minutes
      and the precipitated yellow dyestuff is filtered off, washed with water
      and dried. The dyestuff has a melting point of 317.degree.C.
PAR  The 2-hydroxymethyl-4-aminobenzoic acid used in the above Example was
      itself obtained by treatment of 4-nitrophthalimide with a zinc/copper
      complex in a boiling aqueous solution of sodium hydroxide. Similar
      dyestuffs are obtained when the 2-hydroxymethyl-4-aminobenzoic acid used
      in the above Example is replaced by 2-hydroxymethyl-3- or 6-aminobenzoic
      acid.
PAC  EXAMPLE 2
PAR  0.1 Part of the yellow dyestuff of Example 1 is dissolved in 100 parts of
      water containing 0.04 part of sodium hydroxide and the pH is then adjusted
      to 4 by the addition of formic acid. 10 Parts of a polyethylene
      terephthalate textile material are immersed in the resulting dyebath and
      dyeing is then carried out for 45 minutes at 130.degree.C in a closed
      vessel. The dyed textile material is then removed from the dyebath, rinsed
      in water, immersed for 10 minutes in a 0.1% aqueous solution of sodium
      carbonate at 50.degree.C, rinsed again in water and finally dried. A
      greenish-yellow dyeing of excellent fastness to light, to wet treatments,
      to rubbing and to dry heat treatments is obtained.
PAC  EXAMPLE 3
PAR  In place of the 1.7 parts of 2-hydroxymethyl-4-aminobenzoic acid used in
      Example 1 there are used 1.7 parts of 2-hydroxymethyl-5-aminobenzoic acid
      and in place of the 1.8 parts of
      1-ethyl-3-cyano-4-methyl-6-hydroxypyrid-2-one used in Example 1 there are
      used 2.1 parts of 1-n-butyl-3-cyano-4-methyl-6-hydroxypyrid-2-one. A
      greenish-yellow dyestuff is obtained.
PAR  In place of the 1.8 parts of the coupling component used in Example 1 there
      are used equivalent amounts of the coupling components of the formula
      ##SPC7##
PAL  the symbols of which have the values given in the respective columns of the
      following Table. The last column of the table lists the shades obtained
      when the dyestuffs are applied to an aromatic polyester textile material.
TBL  __________________________________________________________________________
     EXAMPLE                                                                   
             Z        Y        X        SHADE                                  
     __________________________________________________________________________
      4    n-butyl    cyano    methyl   Greenish-yellow                        
      5    hydrogen   "        "        "                                      
      6    methyl     "        "        "                                      
      7    n-propyl   "        "        "                                      
      8    iso-propyl "        "        "                                      
      9    n-pentyl   "        "        "                                      
     10    n-hexyl    "        "        "                                      
     11    n-octyl    "        "        "                                      
     12    .beta.-ethylhexyl                                                   
                      "        "        "                                      
     13    n-dodecyl  "        "        "                                      
     14    .gamma.-methoxy-                                                    
                      "        "        "                                      
           propyl                                                              
     15    .beta.-hydroxy-                                                     
                      "        "        "                                      
           ethyl                                                               
     16    .beta.-acetoxy-                                                     
                      "        "        "                                      
           ethyl                                                               
     17    .gamma.Y-ethoxy-                                                    
                      "        "        "                                      
           propyl                                                              
     18    ethoxy-    "        "        "                                      
           carbonyl-                                                           
           methyl                                                              
     19    cyclohexyl "        "        "                                      
     20    .beta.-phenylethyl                                                  
                      "        "        "                                      
     21    .beta.-pyrid-2-yl-                                                  
                      "        "        "                                      
           ethyl                                                               
     22    .beta.-chloroethyl                                                  
                      "        "        "                                      
     23    .beta.-phenoxyethyl                                                 
                      "        "        "                                      
     24    .beta.-phenylthio-                                                  
                      "        "        "                                      
           ethyl                                                               
     25    .beta.-tetrahydro-                                                  
                      "        "        "                                      
           fur-2-yl                                                            
           ethyl                                                               
     26    .beta.-cyanoethyl                                                   
                      "        "        "                                      
     27    .beta.-(.beta.'-cyano-                                              
                      "        "        "                                      
           ethoxy)ethyl                                                        
     28    .gamma.-(benzyl-                                                    
                      "        "        "                                      
           carbonyloxy)                                                        
           propyl                                                              
     29    .beta.-(phenoxy-                                                    
                      "        "        "                                      
           methyl-                                                             
           carbonyloxy)                                                        
           ethyl                                                               
     30    .beta.-(m-methyl-                                                   
                      "        "        "                                      
           benzyloxy)                                                          
           ethyl                                                               
     31    .beta.-(phenoxy-                                                    
                      "        "        "                                      
           carbonyloxy)                                                        
           ethyl                                                               
     32    .beta.-(dimethyl-                                                   
                      "        "        "                                      
           aminocarbonyl-                                                      
           oxy)ethyl                                                           
     33    acetylmethyl                                                        
                      "        "        "                                      
     34    benzoylmethyl                                                       
                      "        "        "                                      
     35    .beta.-(phenyl                                                      
                      "        "        "                                      
           sulphonyl)                                                          
           ethyl                                                               
     36    tetrahydro-                                                         
                      "        "        "                                      
           1:1-dioxo-                                                          
           thiophen-3-yl                                                       
     37    .beta.-(benzoyl-                                                    
                      "        "        "                                      
           amino)ethyl                                                         
     38    .beta.-succinimi-                                                   
                      "        "        "                                      
           doethyl                                                             
     39    benzyl     "        "        "                                      
     40    m-tolyl    "        "        "                                      
     41    p-anisyl   "        "        "                                      
     42    m-chlorophenyl                                                      
                      "        "        "                                      
     43    amino      "        "        Yellow                                 
     44    anilino    "        "        "                                      
     45    methylamino                                                         
                      "        "        "                                      
     46    dimethylamino                                                       
                      "        "        "                                      
     47    benzylamino                                                         
                      "        "        "                                      
     48    cyclohexylamino                                                     
                      "        "        "                                      
     49    tetrahydrox-4:4-                                                    
                      "        "        "                                      
           dioxo 1:4-thiazin-                                                  
           4-yl                                                                
     50    m-toluidino                                                         
                      "        "        "                                      
     51    pyrid-4-ylamino                                                     
                      "        "        "                                      
     52    thiazol-2-ylamino                                                   
                      "        "        "                                      
     53    2:4-dimethoxy-                                                      
                      "        "        "                                      
           1:3:5-triazin-6-                                                    
           ylamino                                                             
     54    phenyl     "        "        Greenish-yellow                        
     55    .omega.-(isobutyroxy)                                               
                      "        "        "                                      
           butyl                                                               
     56    ethyl      hydrogen "        "                                      
     57    "          methyl   "        "                                      
     58    "          butyl    "        "                                      
     59    "          carbamoyl                                                
                               "        "                                      
     60    butyl      methyl-  "        "                                      
                      sulphonyl                                                
     61    ethyl      phenyl-  "        "                                      
                      sulphonyl                                                
     62    "          N:N-dimethyl-                                            
                               "        "                                      
                      sulphamoyl                                               
     63    "          N:N-dimethyl-                                            
                               "        "                                      
                      carbamoyl                                                
     64     "         piperidino                                               
                               "        "                                      
           sulphonyl                                                           
     65    "          ethoxy-  "        "                                      
                      carbonyl                                                 
     66    "          acetyl   "        "                                      
     67    butyl      N-methyl-                                                
                               "        "                                      
                      carbamoyl                                                
     68    methyl     benzoyl  "        "                                      
     69    "          bromo    "        Yellow                                 
     70    butyl      chloro   "        "                                      
     71    ethyl      N-methyl-                                                
                               "        "                                      
                      aminomethyl                                              
     72    "          N-acetyl-N-                                              
                               "        "                                      
                      methylamino-                                             
                      methyl                                                   
     73    methyl     cyano    phenyl   Greenish-yellow                        
     74    "          "        isobutyl "                                      
     75    hydrogen   "        .beta.-phenylethyl                              
                                        "                                      
     76    ethyl      "        .beta.-methoxyethyl                             
                                        "                                      
     77    ethyl      "        ethyl    "                                      
     78    butyl      "        cyanomethyl                                     
                                        "                                      
     79    ethyl      "        .beta.-phenoxy-                                 
                                        "                                      
                               ethyl                                           
     80    "          "        pyrid-2-yl-                                     
                                        "                                      
                               methyl                                          
     81    "          "        thiazol-2-                                      
                                        "                                      
                               ylmethyl                                        
     82    "          "        fur-2-yl-                                       
                                        "                                      
                               methyl                                          
     83    "          "        ethoxycarbon-                                   
                                        "                                      
                               ylmethyl                                        
     84    "          "        N:N-dimethyl-                                   
                                        "                                      
                               carbamoyl                                       
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A disperse monoazo dyestuff free from sulphonic acid groups having the
      formula
      ##SPC8##
PAL  wherein X is selected from the group consisting of lower alkyl, phenyl,
      phenyl lower alkyl linked to the pyridone ring through said lower alkyl,
      lower alkoxy lower alkyl, cyano lower alkyl, phenoxy lower alkyl, lower
      alkoxy carbonyl lower alkyl and N:N-di(lower alkyl) carbamoyl; Y is
      selected from the group consisting of cyano, hydrogen, lower alkyl,
      carbamoyl, N-lower alkyl carbamoyl, N:N-di(lower alkyl) carbamoyl, lower
      alkyl sulphonyl, phenylsulphonyl, sulphamoyl, N-lower alkyl sulphamoyl,
      N:N-di(lower alkyl) sulphamoyl, lower alkoxycarbonyl, lower alkylcarbonyl,
      benzoyl, bromine, chlorine and lower alkylamino lower alkyl; and Z is
      selected from the group consisting of hydrogen, alkyl having from 1 to 12
      carbon atoms, lower alkoxy lower alkyl, hydroxy lower alkyl, lower
      alkylcarbonyloxy lower alkyl, lower alkoxycarbonyl lower alkyl,
      cyclohexyl, phenyl lower alkyl linked to the pyridone ring through said
      lower alkyl, chloro lower alkyl, phenoxy lower alkyl, phenylthio lower
      alkyl, cyano lower alkyl, cyano lower alkoxy lower alkyl, benzyl
      carbonyloxy lower alkyl, phenoxy carbonyloxy lower alkyl, lower
      alkylcarbonyl lower alkyl, benzoyl lower alkyl, phenylsulphonyl lower
      alkyl, benzoylamino lower alkyl, phenyl, tolyl, anisyl, chlorophenyl,
      amino, N-lower alkylamino, N:N-di(lower alkyl) amino, anilino, toluidino,
      benzylamino and cyclohexylamino.
NUM  2.
PAR  2. A dyestuff as claimed in claim 1 having the formula
      ##SPC9##
PAL  wherein Z' is selected from the group consisting of hydrogen, alkyl having
      from 1 to 12 carbon atoms, hydroxy lower alkyl, lower alkoxy lower alkyl,
      phenyl, chlorophenyl, tolyl and anisyl.
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ABST
PAL  The present invention is concerned with new cardenolide acetals of the
      general formula:
      ##SPC1##
PAL  Wherein R.sub.1 is an unsubstituted or substituted glycosyl radical and Ar
      is an unsubstituted or substituted aryl or heteroaryl radical and with the
      preparation thereof. These compounds exert a positive inotropic action on
      the cardiac muscle of mammals.
BSUM
PAR  The cardenolide glycosides are well established in the therapy of cardiac
      insufficiency. Although some of the individual glycosides show
      considerable differences, a common feature of all of them is a
      comparatively narrow therapeutic spectrum, i.e. the therapeutic dose is
      close to the toxic dose. The result of this is that serious toxic
      phenomena frequently occur, in the case of imprecise dosage, over-dosing
      or in the case of reduced glycoside tolerance.
PAR  It is an object of the present invention to provide cardiac-active
      glycosides which have an improved therapeutic safety.
PAR  From U.S. Pat. No. 3,752,807, it is admittedly known that
      5.beta.,19-isopropylidene-cardenolide acetals are characterized by an
      especially good enteral effectiveness but, in spite of certain advantages
      in comparison with the longer-known cardiac glycosides, the problem of a
      narrow therapeutic spectrum is not satisfactorily solved by the
      availability of these compounds.
PAR  We have now found that the compounds of general formula (I):
      ##SPC2##
PAL  wherein R.sub.1 is an unsubstituted or substituted glycosyl radical and Ar
      is an unsubstituted or substituted aryl or heteroaryl radical, not only
      possess an outstanding enteral effectiveness, but that the therapeutic
      spectrum is substantially widened by the introduction of an aromatic
      acetal grouping in the genin core. There are thus provided, for the
      therapy of cardiac insufficiency, enterally highly effective substances
      which have an especially high therapeutic safety. Furthermore, the new
      compounds according to the present invention possess an excellent chemical
      stability so that in this regard, they also represent a considerable
      advance over the prior art.
PAR  Since the present invention depends essentially upon a structural
      alteration of the genin of known cardiac glycosides, as glycosyl radicals
      there can be considered all the previously used sugar residues, for
      example, the digitoxosyl, rhamnosyl, glucosyl, mannosyl, galactosyl,
      cymarosyl, boivinosyl, oleandrosyl, thevetosyl and acofriosyl radicals,
      the hydroxyl groups of which can be replaced wholly or partially by lower
      alkoxy, acyloxy or alkoxyalkoxy radicals or wherein adjacent hydroxyl
      groups can also be jointly acetalised or ketalised by lower isoalkylidene,
      cycloalkylidene or alkoxyalkylidene radicals.
PAR  As lower alkoxy, acyloxy and alkoxyalkoxy radicals and as lower
      isoalkylidene or alkoxyalkylidene radicals, there are to be understood
      radicals with up to 8 and preferably up to 4 carbon atoms, for example,
      methoxy, ethoxy, propoxy, isopropoxy, butoxy, octyloxy, acetoxy,
      propionyloxy, butyryloxy, heptanoyloxy, methoxymethoxy, ethoxymethoxy,
      butoxyethoxy, propoxypropoxy, ethoxybutoxy, isopropylidene, isobutylidene,
      methoxyisopropylidene, propoxyisopropylidene and ethoxyisobutylidene
      radicals. Preferred radicals in the sugar molecule include, for example,
      methyl, ethyl, acetyl, isopropylidene, cyclopentylidene and
      cyclohexylidene radicals. As cycloalkylidene radicals, there can be used
      those with a carbocyclic ring containing 5 to 7 and preferably 6 carbon
      atoms.
PAR  Those compounds of general formula (I) are preferred in which R.sub.1 is a
      digitoxosyl radical of the general formula:
      ##SPC3##
PAL  wherein one of the symbols R.sub.3 and R.sub.4 represents a hydrogen atom
      and the other one a hydrogen atom or a methyl radical or an acyl radical
      containing up to 4 carbon atoms or wherein the symbols R.sub.3 and R.sub.4
      together also represent an isopropylidene or lower alkoxymethylene
      radical.
PAR  Also preferred are those compounds of general formula (I) in which R.sub.1
      is a rhamnosyl radical of the general formula:
      ##SPC4##
PAL  wherein the symbols R.sub.5, R.sub.6 and R.sub.7 represent hydrogen atoms
      or one of the symbols R.sub.5, R.sub.6 and R.sub.7 can also represent a
      methyl radical or an acyl radical containing up to 4 carbon atoms or
      R.sub.6 and R.sub.7 can together represent an isopropylidene,
      cyclohexylidene or lower alkoxymethylene radical.
PAR  Of the rhamnosyl radicals of general formula (III), those are particularly
      preferred in which the symbol R.sub.5 or R.sub.6 represents a methyl
      radical or the symbols R.sub.5 and R.sub.7 represent acyl radicals
      containing up to 4 carbon atoms.
PAR  By unsubstituted and substituted aryl and heteroaryl radicals, there are to
      be understood those radicals which are derived from compounds of an
      aromatic character, for example, the phenyl, furyl, thienyl and pyridyl
      radicals, which can be substituted by, for example, halogen atoms or alkyl
      or alkoxy radicals containing up to 3 carbon atoms, as well as by
      trifluoromethyl radicals or methylenedioxy or ethylenedioxy radicals. The
      preferred radicals are phenyl radicals which can be unsubstituted or
      substituted by fluorine, chlorine, bromine, methoxy, ethoxy, methyl,
      ethyl, propyl, isopropyl, trifluoromethyl, methylenedioxy or ethylenedioxy
      radicals. The most preferred compound according to the present invention
      is 5,19-benzylidene-cymarol.
PAR  The new compounds of general formula (I) according to the present invention
      can be prepared by reacting a compound of the general formula:
      ##SPC5##
PAL  wherein R.sub.1 has the same meaning as above, with an excess of a
      dialkylacetal of the general formula:
      ##EQU1##
      wherein Ar has the same meaning as above and R.sub.2 is a lower alkyl
      radical, in the presence of an acidic catalyst, at a temperature between
      -15.degree.C. and the boiling temperature of the reaction mixture and
      preferably at ambient temperature.
PAR  The reaction is preferably carried out in an inert organic solvent at
      ambient temperature.
PAR  The lower alkyl radical R.sub.2 of general formula (V) is preferably a
      methyl, ethyl or propyl radical.
PAR  As inert solvent, there is preferably used an aprotic solvent, for example,
      chloroform, dioxan, tetrahydrofuran or dimethyl formamide. As reaction
      medium, there can also be used the aldehyde corresponding to the acetal
      used.
PAR  As acidic catalysts, there can be used inorganic or strong organic acids,
      for example, ethereal hydrogen chloride, concentrated sulphuric acid, 70%
      perchloric acid, methane-sulphonic acid, p-toluene-sulphonic acid or
      sulphonic acids in the form of ion exchanger resins, for example,
      sulphonated polystyrene resins in the H.sup.+ form. The concentration of
      the acid should be kept so low that an elimination of the C14-hydroxyl
      group and/or a splitting off of an acid-sensitive radical R.sub.1 possibly
      present, especially a 2'-deoxyglycosyl radical, is avoided. It is
      preferred to use an acid concentration of 0.1 to 0.5%. In the particular
      case of p-toluene-sulphonic acid, there can be used a concentration
      thereof of 1 to 10%, based upon the amount of steroid used.
PAR  The reaction mixture can be worked up by neutralization with, for example,
      aqueous sodium bicarbonate or sodium carbonate solution and extraction
      with an organic solvent. After drying, the solvent and excess acetal can
      be evaporated off in a vacuum. The products can be isolated, for example,
      by chromatography, for example on silica gel or aluminium oxide, and/or by
      crystallization.
PAR  The acetalization results in the formation of a new center of asymmetry on
      the carbon atom of the aldehyde moiety. Thus, the new compounds of general
      formula (I) can be in the form of their diastereomers or also in the form
      of diastereomeric mixtures.
PAR  If, for example, in the case of convallatoxol or of helveticosol compounds,
      two adjacent hydroxyl groups in the sugar residue are in the cis
      configuration, these can, if desired, be temporarily protected in the
      usual manner. Thus, the corresponding O-acetyl compounds can be used as
      starting materials and, after acetalization, the acetyl radicals can be
      split off under basic conditions, for example with methanolic ammonia
      solution.
PAR  If desired, the compounds of general formula (I) can be subsequently
      alkylated or acylated, provided that acidic conditions do not arise which
      could result in the hydrolysis of the acetal grouping. On the other hand,
      as already mentioned, any acyl radicals possibly present can, if desired,
      be split off by the action of, for example methanolic ammonia solution or
      aqueous methanolic sodium bicarbonate solution.
DETD
PAR  The following Examples are given for the purpose of illustrating the
      present invention; the infra-red, ultra-violet and PMR spectra agree with
      the presumed structures.
PAC  EXAMPLE 1
PAC  5,19-Benzylidene-cymarol
PAR  300 mg. cymarol are dissolved in 10 ml. dioxan and mixed at ambient
      temperature with 1 ml. benzaldehyde diethyl acetal, as well as with 15 mg.
      p-toluene-sulphonic acid monohydrate. The reaction mixture is stirred for
      10 minutes, then neutralized with 5% aqueous sodium bicarbonate solution
      and exhaustively extracted with chloroform. After working up the reaction
      mixture in the usual manner, the crude product obtained is purified
      chromatographically on 10 g. silica gel. There is obtained
      5,19-benzylidene-cymarol as a thin layer chromatographically uniform,
      white substance, which is dissolved in benzene and precipitated therefrom
      by the addition of hexane. The yield is 236 mg; m.p. 150.degree. -
      155.degree.C.
PAR  Analysis: C.sub.37 H.sub.50 O.sub.9. 0.25H.sub.2 O (M.W. 643.3): calc.: C
      69.09%; H 7.91%; O 22.80%; found: C 69.09%; H 7.81%; O 22.95%
PAC  EXAMPLE 2
PAC  5,19-Piperonylidene-cymarol
PAR  In a manner analogous to that described in Example 1, from 550 mg. cymarol
      and 2 ml. piperonal diethyl acetal, there are obtained 410 mg.
      5,19-piperonylidene-cymarol in the form of a white, thin layer
      chromatographically uniform powder. After recrystallization from
      chloroform/petroleum ether, it has a melting point of
      153.degree.-156.degree.C.
PAR  Analysis: C.sub.38 H.sub.50 O.sub.11 . 0.5 H.sub.2 O (M.W. 691.8): calc.: C
      65.98%; H 7.43%; O 26.58%; found: C 65.88%; H 7.45%; O 26.84%
PAR  The following compounds are prepared in an analogous manner:
PA1  5,19-benzylidene-convallatoxol
PA1  5,19-benzylidene-helveticosol
PA1  5,19-piperonylidene-convallatoxol
PA1  5,19-piperonylidene-helveticosol
PA1  3'-O-acetyl- 5,19-benzylidene-helveticosol
PA1  2',3'-isopropylidene-5,19-benzylidene-convallatoxol
PAC  EXAMPLE 3
PAC  5,19-p-Chlorobenzylidene-cymarol
PAR  From 550 mg. cymarol and 2 ml. p-chlorobenzaldehyde diethyl acetal, there
      are obtained, in a manner analogous to that described in Example 1, 582
      mg. 5,19-p-chlorobenzylidene-cymarol in the form of an amorphous, uniform
      powder which, after recrystallization from chloroform/pentane, melts at
      148.degree. - 155.degree.C.
PAR  Analysis: C.sub.37 H.sub.49 ClO.sub. 9 . 0.5 H.sub.2 O (M.W. 682.260):
      calc.: C 65.15%; H 7.39%; Cl 5.20%; O 22.27%; found: C 65.22%; H, 7.19%;
      Cl 5.07%; O 22.48%
PAR  The following compounds are prepared in an analogous manner:
PA1  5,19-o-chlorobenzylidene-cymarol
PA1  5,19-p-fluorobenzylidene-cymarol
PA1  5,19-(2,4-dichlorobenzylidene)-cymarol
PA1  5,19-(2-chloro-4-bromobenzylidene)-cymarol
PA1  5,19-o-methoxybenzylidene-cymarol
PA1  5,19-p-methoxybenzylidene-cymarol
PA1  5,19-p-trifluoromethylbenzylidene-cymarol
PA1  5,19-p-ethoxybenzylidene-cymarol
PA1  5,19-p-methylbenzylidene-cymarol
PA1  5,19-o-methylbenzylidene-cymarol
PA1  5,19-p-ethylbenzylidene-cymarol
PAC  EXAMPLE 4
PAC  5,19-Furfurylidene-cymarol
PAR  In a manner analogous to that described in Example 1, from 550 mg. cymarol,
      2 ml. furfural diethyl acetal and 25 mg. p-toluene-sulphonic acid
      monohydrate in 9 ml. dioxan at 5.degree.C., there is obtained
      5,19-furfurylidene-cymarol which, after dissolving in chloroform and
      precipitating out with diisopropyl ether, is obtained in the form of a
      white, amorphous, thin layer chromatographically uniform powder, which
      melts at 145.degree. - 152.degree.C.
PAR  Analysis: C.sub.35 H.sub.48 O.sub.10 . 2H.sub.2 O (M.W. 637.8) calc.: C
      65.92%; H 7.74%; O 26.34% found: 65.94%; 7.88%; 26.31%
PAR  The following compounds are obtained in an analogous manner:
PA1  5,19-pyridyl-(4)-methylene-cymarol
PA1  5,19-pyridyl-(3)-methylene-cymarol
PA1  5,19-pyridyl-(2)-methylene-cymarol
PA1  2',3'-isopropylidene-5,19-furfurylidene-convallatoxol
PA1  3'-acetyl-5,19-furfurylidene-helveticosol
PA1  5,19-pyridyl-(4)-methylene-covallatoxol
PA1  5,19-pyridyl-(4)-methylene-helveticosol
PA1  5,19-thiophene-(2)-methylene-cymarol
PA1  2',3'-isopropylidene-5,19-thiophene-(2)-methylene-convallatoxol
PA1  3'-acetyl-5,19-thiophene-(2)-methylene-helvaticosol.
PAR  The new compounds (I) have valuable pharmacological properties. In
      particular, they exert a positive inotropic action of broad therapeutic
      spectrum on the cardiac muscle of various kinds of mammals.
PAR  The positive inotropic action was determined on a guinea pig ventricle
      preparation (cf. K. Greeff et al., Probleme der klinischen Prufung
      herzwirksamer Glycoside, pub. Darmstadt, 1968, p. 200 et seq.).
      Contraction amplitudes and heart beat frequencies were recorded on a
      direct recorder by means of wire strain gauges. The test substance was
      diffused into the bath through an infusion pump at a uniform rate. As a
      measure for the therapeutic spectrum, there can be used the therapeutic
      index V (in mol./1.), which is calculated from:
EQU  V = C.sub.2 - C.sub.1
PAL  wherein C.sub.1 is the concentration at the commencement of the increase of
      the contraction amplitude and C.sub.2 is the concentration at the onset of
      the decrease of amplitude.
PAR  As can be seen from the following Table I, in the case of, for example,
      5,19-benzylidene-cymarol, there is a 4.5 to 7 fold increase of the
      therapeutic index in comparison with the known cardiac glycosides.
TBL                TABLE I                                                     
     ______________________________________                                    
     Comparison of the therapeutic indices V                                   
     test compound    V [M/l]        Vo/V                                      
     ______________________________________                                    
     5,19-benzylidene-cymarol                                                  
                      4.46 .times. 10.sup.-.sup.6 (= Vo)                       
                                     1                                         
     cymarol          6.44 .times. 10.sup.-.sup.7                              
                                     6.9                                       
     convallatoxin    6.95 .times. 10.sup.-.sup.7                              
                                     6.4                                       
     digitoxin        7.89 .times. 10.sup.-.sup.7                              
                                     5.7                                       
     digoxin          1.00 .times. 10.sup.-.sup.6                              
                                     4.5                                       
     ______________________________________                                    
PAR  The following table II shows the relative therapeutic indices for Examples
      1, 2 and 4 in relationship to Cymarol and .beta.-Methyl-digoxin
      respectively.
TBL                TABLE II                                                    
     ______________________________________                                    
     Example  Relative therapeutic index                                       
            Cyamrol = 1 .beta.-Methyl-digoxin = 1                              
     ______________________________________                                    
     1        7             4                                                  
     4        3             2                                                  
     2        5             3                                                  
     ______________________________________                                    
PAR  The known cardiac-glycosides have mainly the disadvantage of showing only a
      rather low therapeutic index which means a relatively high danger of
      intoxication in case of an individual overdosage. The compounds of this
      application show a surprisingly high therapeutic index and represent,
      therefore, an important improvement with respect to the safety of
      glycoside therapy.
PAR  The new compounds according to the present invention can be administered
      enterally and parenterally in admixture with solid or liquid
      pharmaceutical diluents or carriers. As injection medium, it is preferred
      to use water which contains the usual additives for injection solutions,
      for example, stabilizing agents, solubilising agents and buffers.
      Additives of this kind include, for example, tartrate and citrate buffers,
      ethanol, complex-forming agents (for example ethylenediamine-tetraacetic
      acid and the non-toxic salts thereof) and high molecular weight polymers
      (for example liquid polyethylene oxide) for viscosity regulation. Solid
      carrier materials which can be used include, for example, starch, lactose,
      mannitol, methyl cellulose, talc, highly-dispersed silicic acids, high
      molecular weight fatty acids (for example stearic acid), gelatine,
      agar-agar, calcium phosphate, magnesium stearate, animal and vegetable
      fats and solid high molecular weight polymers (for example polyethylene
      glycols); compositions which are suitable for oral administration can, if
      desired, contain flavoring and/or sweetening agents.
PAR  The dosage of the pharmaceutical compositions according to the present
      invention depends upon the degree of severity of the disease to be treated
      and upon the individual glycoside requirement. For a single dose, there is
      recommended 0.1 to 1.0 mg. of active material.
CLMS
STM  We claim:
NUM  1.
PAR  1. Cardenolide acetals of the formula:
      ##SPC6##
PAL  wherein R.sub.1 is a glycosyl radical and Ar is a phenyl, furyl, thienyl or
      pyridyl radical which can be substituted by halogen atoms, alkyl or alkoxy
      radicals containing up to 3 carbon atoms or by trifluoromethyl,
      methylenedioxy or ethylenedioxy radicals.
NUM  2.
PAR  2. Cardenolide acetals according to claim 1, wherein the substituent
      R.sub.1 is a digitoxosyl radical of the general formula:
      ##SPC7##
PAL  in which either R.sub.3 or R.sub.4 represents a hydrogen atom and the other
      one a hydrogen atom, a methyl radical, an acyl radical containing up to 4
      carbon atoms, or R.sub.3 and R.sub.4 together represent an isopropylidene
      or lower alkoxymethylene radical.
NUM  3.
PAR  3. Cardenolide acetals according to claim 1, wherein the substituent
      R.sub.1 is a rhamnosyl radical of the general formula:
      ##SPC8##
PAL  in which the symbols R.sub.5, R.sub.6 and R.sub.7 represent hydrogen atoms
      or one of the symbols R.sub.5, R.sub.6 and R.sub.7 is a methyl radical or
      an acyl radical containing up to 4 carbon atoms or R.sub.6 and R.sub.7
      together represent an isopropylidene, cyclohexylidene or lower
      alkoxymethylene radical.
NUM  4.
PAR  4. The compound of claim 1 which is 5,19-benzylidene-cymarol.
NUM  5.
PAR  5. The compound of claim 1 which is 5,19-piperonylidene cymarol.
NUM  6.
PAR  6. The compound of claim 1 which is 5,19-benzylidene-convallatoxol.
NUM  7.
PAR  7. The compound of claim 1 which is 5,19-benzylidene-helveticosol.
NUM  8.
PAR  8. The compound of claim 1 which is 5,19-piperonylidene-convallatoxol.
NUM  9.
PAR  9. The compound of claim 1 which is 5,19-piperonylidene-helveticosol.
NUM  10.
PAR  10. The compound of claim 1 which is
      3'-O-Acetyl-5,19-benzylidene-helveticosol.
NUM  11.
PAR  11. The compound of claim 1 which is
      2',3'-Isopropylidene-5,19-benzylidene-convallatoxol.
NUM  12.
PAR  12. The compound of claim 1 which is 5,19-p-chlorobenzylidene-cymarol.
NUM  13.
PAR  13. The compound of claim 1 which is 5,19-o-chlorobenzylidene-cymarol.
NUM  14.
PAR  14. The compound of claim 1 which is 5,19-p-fluorobenzylidene-cymarol.
NUM  15.
PAR  15. The compound of claim 1 which is
      5,19-(2,4-dichlorobenzylidene)-cymarol.
NUM  16.
PAR  16. The compound of claim 1 which is
      5,19-(2-chloro-4-bromobenzylidene)-cymarol.
NUM  17.
PAR  17. The compound of claim 1 which is 5,19-o-methoxybenzylidene-cymarol.
NUM  18.
PAR  18. The compound of claim 1 which is 5,19-p-methoxybenzylidene-cymarol.
NUM  19.
PAR  19. The compound of claim 1 which is
      5,19-p-trifluoromethylbenzylidene-cymarol.
NUM  20.
PAR  20. The compound of claim 1 which is 5,19-p-ethoxybenzylidene-cymarol.
NUM  21.
PAR  21. The compound of claim 1 which is 5,19-p-methylbenzylidene-cymarol.
NUM  22.
PAR  22. The compound of claim 1 which is 5,19-o-methylbenzylidene-cymarol.
NUM  23.
PAR  23. The compound of claim 1 which is 5,19-p-ethylbenzylidene-cymarol.
NUM  24.
PAR  24. The compound of claim 1 which is 5,19-furfurylidene-cymarol.
NUM  25.
PAR  25. The compound of claim 1 which is 5,19-pyridyl-(4)-methylene-cymarol.
NUM  26.
PAR  26. The compound of claim 1 which is 5,19-pyridyl-(3)-methylene-cymarol.
NUM  27.
PAR  27. The compound of claim 1 which is 5,19-pyridyl-(2)-methylene-cymarol.
NUM  28.
PAR  28. The compound of claim 1 which is
      2',3'-isopropylidene-5,19-furfurylidene-convallatoxol.
NUM  29.
PAR  29. The compound of claim 1 which is
      3'-acetyl-5,19-furfurylidene-helveticosol.
NUM  30.
PAR  30. The compound of claim 1 which is
      5,19-pyridyl-(4)-methylene-covallatoxol.
NUM  31.
PAR  31. The compound of claim 1 which is
      5,19-pyridyl-(4)-methylene-helveticosol.
NUM  32.
PAR  32. The compound of claim 1 which is 5,19-thiophene-(2)-methylene-cymarol.
NUM  33.
PAR  33. The compound of claim 1 which is
      2',3'-isopropylidene-5,19-thiophene-(2)-methylene-convallatoxol.
NUM  34.
PAR  34. The compound of claim 1 which is
      3'-acetyl-5,19-thiophene-(2)-methylene-helveticosol.
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ABST
PAL  Novel 2,6-diaminonebularine derivatives of the formula
      ##SPC1##
PAL  Wherein R is a phenyl or cyclohexyl group which may be substituted with
      lower alkyl, lower alkoxy or halogen, and pharmaceutically acceptable
      salts thereof, exhibit excellent pharmacological acitivity such as strong
      and prolonged coronary dilating and platelet aggregation inhibitory
      actions.
BSUM
PAR  The present invention relates to novel and useful 2,6-diaminonebularine
      derivatives.
PAR  The present inventors have succeeded in producing novel
      2,6-diaminonebularine derivatives of the formula
      ##SPC2##
PAL  Wherein R is a phenyl or cyclohexyl group which may be substituted with
      lower alkyl, lower alkoxy or halogen, and further studies on these
      compounds (I) have unexpectedly revealed that they exhibit excellent
      pharmacological activity such as strong and long-lasting coronary dilating
      and platelet aggregation inhibitory actions.
PAR  Thus, the principal object of the present invention is to provide the novel
      2,6-diaminonebularine derivatives (I) which have the excellent
      pharmacological activity and another object is to provide a pharmaceutical
      composition comprising one or more of these compounds (I). A further
      object is to provide methods for the production of the novel and useful
      compounds (I).
PAR  Referring to the formula (I), R is a phenyl or cyclohexyl group which may
      be substituted with lower alkyl, lower alkoxy or halogen. The lower alkyl
      as the substituent may be of straight or branched chain, and may be
      advantageously those having up to four carbon atoms which are exemplified
      by methyl, ethyl, n-propyl, isopropyl, n-butyl and t-butyl. The lower
      alkoxy may be of straight or branched chain, and may be preferably those
      having up to four carbon atoms such as methoxy, ethoxy, isopropoxy and
      n-butoxy. The halogen may be any of chlorine, bromine, iodine and
      fluorine. The phenyl or cyclohexyl group may have one or more of these
      substituents at an optional position or positions of its ring.
PAR  The 2,6-diaminonebularine derivative of the formula (I) may be produced,
      for example, by reacting a 2-halogenoadenosine with an amine of the
      formula
EQU  R--NH.sub.2                                                (II)
PAL  wherein R is as precedingly defined [Process I]; or alternatively by
      reacting a 6-substituted nebularine compound of the formula
      ##SPC3##
PAL  Wherein R is as precedingly defined, A is an active radical which can react
      with ammonia to give an amino group and R' is hydrogen or an acyl group,
      with ammonia [Process II].
PAR  The 2-halogenoadenosine employed as the starting compound in Process I
      includes 2-fluoroadenosine, 2-chloroadenosine and 2-bromoadenosine. These
      compounds are per se known compouds and may be easily prepared, by, for
      example, the method described in "Journal of Heterocyclic Chemistry," 1,
      pp. 213-214.
PAR  In Process I, it is advantageous to employ about 1 to 10 moles of the amine
      (II) per mole of 2-halogenoadenosine. This reaction proceeds fast under
      heating at about 50.degree. to 200.degree.C and most expediently at about
      110.degree. to 150.degree.C. If desired, one may employ an inert organic
      solvent such as methylcellosolve, dioxane or the like. It is also possible
      to add into the reaction system, by way of acid acceptor, such as a base
      as hydroxide of an alkali metal or alkaline earth metal (for example,
      sodium hydroxide, potassium hydroxide, lithium hydroxide, calcium
      hydroxide, barium hydroxide, etc.), the carbonate of the above metal (for
      example, sodium hydrogen carbonate, sodium carbonate, potassium carbonate,
      calcium carbonate, barium carbonate, etc.) or the salt of said metal with
      an organic acid (for example, sodium acetate, potassium acetate, etc.).
PAR  Referring to the compound (III) employed in Process II, the active radical
      A may be any group insofar as it is capable of reacting with ammonia to
      give an amino group. Thus, for example, halogens such as chlorine,
      bromine, fluorine, etc., and groups of the formula --SO.sub.n R" (R" is
      hydrogen atom or alkyl or aralkyl group; and n is 0, 1 or 2), such as
      mercapto, alkylmercapto, aralkylmercapto, alkylsulfine, alkylsulfone,
      etc., can be employed with advantage.
PAR  The acyl group for R' may be any of aliplatic, aromatic heterocyclic,
      saturated and unsaturated acyl groups such as acetyl, priopionyl, caproyl,
      palmitoyl, benzoyl, toluoyl, furoyl, and the like. A lower alkanoyl having
      up to four carbon atoms is most advantageous.
PAR  The 6-substituted nebularine compound (III) in which R' is an acyl group
      can be easily prepared, for example, by reacting a compound of the formula
      ##SPC4##
PAL  wherein R is as precedingly defined with a reactive derivative of a
      carboxylic acid corresponding to the acyl group R', or reacting a compound
      of the formula
      ##SPC5##
PAL  wherein R' is the acyl group and X is halogen with the amine of the formula
      (II) to yield a compound of the formula
      ##SPC6##
PAL  wherein R is as precedingly defined and R' is the acyl group; and then,
      introducing the active radical into the 6-position of the thus-obtained
      compound (VI). The reaction of the compound (IV) with the reactive
      derivative of carboxylic acid such as carboxylic halide (e.g. chloride or
      bromide) and acid anhydride may be conducted in a per se known manner. It
      is advantageous to employ not less than 3 molecular equivalents,
      preferably about 5 to 15 molecular equivalents of such a reactive
      derivative as above for every mole of the compound (IV) in the presence of
      an organic solvent (e.g., benzene, chloroform, pyridine) at room
      temperature. The reaction of the compound (V) with the amine (II) may be
      performed after the manner mentioned above with regard to Process I, i.e.,
      similarly to the reaction of the 2-halogenoadenosine with the amine (II).
      The specific means for introducing the active radical A into the compound
      (VI) to obtain the compound (III) can be selected according to the type of
      active radical A. When A is chlorine, for instance, the compound (VI) can
      be converted to the 6-chloro-compound by allowing, for example, phosphorus
      oxychloride to act upon the compound (VI) in the presence of an acid
      acceptor such as pyridine or alternatively causing thionyl chloride to act
      upon the same (VI) in the presence of dimethylformamide. In like fashion,
      the 6-mercapto-compound can be obtained by allowing phosphorus
      pentasulfide to act upon the compound (VI) in the presence of an acid
      acceptor and; by reacting the above compound further with an alkyl halide
      or aralkyl halide in the presence of an acid acceptor there can be
      obtained the corresponding 6-alkyl- or aralkyl-mercapto-compound. This
      6-alkyl- or aralkyl-mercapto-compound, if reacted with hydrogen peroxide
      or N-chlorosuccinimide, gives rise to the 6-alkyl (aralkyl) sulfine or
      sulfone compound as the case may be.
PAR  A 6-substituted nebularine compound (III) in which R' is hydrogen can be
      easily prepared by subjecting the above-obtained compound (III) to per se
      known deacylation means, for example, the treatment with an alkali such as
      sodium hydroxide, sodium carbonate, sodium methylate or the like.
PAR  In reacting the 6-substituted nebularine compound of the formula (III) with
      ammonia in accordance with Process II of the present invention, it is,
      generally speaking, advantageous to dissolve ammonia in a solvent and
      employ not less than 1 molecular equivalent, preferably about 2 to 5
      molecular equivalents, of ammonia for every molecular equivalent of the
      compound (III). The advantageous solvent is exemplified by lower alkanols
      (methanol, ethanol, etc.), methyl-cellosolve, water and mixtures of these
      solvents. Generally speaking, this reaction proceeds advantageously under
      heating at 100.degree. to 200.degree.C, and it is particularly advisable
      to heat the reaction mixture at that temperature in a gas-tight reactor.
      In this reaction the acyl group R' of the compound (III) splits off
      itself.
PAR  The 2,6-deaminonebularine derivatives thus-produced can be easily isolated
      from the reaction mixture by means which are known per se. A typical
      purification procedure may involve the steps of removing the excess amine
      (II) or ammonia and solvent, for instance, from the reaction mixture by
      distillation, washing the residue, for example, with chloroform and
      subjecting it to chromatography on a column of silica gel. In alternative
      purification scheme, the amine (II) or ammonia, solvent and so on are
      first distilled off from the reaction mixture and, then, an alcohol is
      added to the residue. The object 2,6-diaminonebularine derivative (I) can
      be converted into its pharmaceutically acceptable salts by conventional
      means. The typical examples of the pharmaceutically acceptable salts are
      mineral acid salts such as hydrochloride, sulfate and the like.
PAR  The novel 2,6-diaminonebularine derivatives (I) and the pharmaceutically
      acceptable salts thereof are characterized by their strong and
      long-lasting coronary dilating action as well as platelet aggregation
      inhibitory action, and are useful as coronary dilating and/or platelet
      aggregation inhibitory agents for mammals.
DETD
PAR  The following are the examples of the tests in which the coronary dilating
      action and platelet aggregation inhibitory action of illustrative
      compounds of the present invention are demonstrated in comparison with
      those of 2,6-diaminonebularine and N.sup.2 -ethyl-2,6-diaminonebularine
      which are known compounds.
PAC  Test for coronary dilating action
PAR  Each of dogs weighing 7 to 17 kilograms was anaesthetized with
      pentobarbital sodium salt (30 mg./kg., intravenously) and under supportive
      respiration, a left thoractomy was performed at the fifth interspace.
PAR  The heart of each animal was exposed and perfused with the blood guided
      from the animal's own left carotid artery to the left coronary artery
      circumflex through a polyethylene catheter. The coronary blood flow was
      measured with an electromagnetic flowmeter interposed in the external
      phase of the circuitry.
PAR  Each of the test compounds was administered directly into the coronary
      artery through the polyethylene catheter at a dose of 10 .mu.g./dog. The
      potency of each compound was expressed with the potency of adenosine being
      taken as unity.
TBL  ______________________________________                                    
     Compound          Maximum coronary flow                                   
     ______________________________________                                    
     Adenosine         1.00                                                    
     N.sup.2 -Phenyl-2,6-diamino-                                              
     nebularine        6.75                                                    
     N.sup.2 -Cyclohexyl-2,6-                                                  
     diaminonebularine 2.20                                                    
     N.sup.2 -(p-methoxyphenyl)-                                               
     2,6-diaminonebularine                                                     
                       2.37                                                    
     2,6-Diaminonebularine                                                     
                       0.50                                                    
     N.sup.2 -Ethyl-2,6-diamino-                                               
     nebularine        0.91                                                    
     ______________________________________                                    
PAC  Test for the action to inhibit the aggregation of rat platelets caused by
      adenosine-5'-diphosphate
PAR  Using the platelet-rich plasmas of rats aged 8 to 10 weeks, the action was
      measured by the method of Born and Cross [J. Physiol, 168, 178 (1963)].
TBL  ______________________________________                                    
     Concentra-       Inhibitory action (%)                                    
     tion (.mu.g/ml)                                                           
     Compound         370       74        15                                   
     ______________________________________                                    
     Adenosine        0         0         0                                    
     N.sup.2 -Phenyl-2,6-diamino-                                              
                      -85       -52       -38                                  
     nebularine                                                                
     N.sup.2 -Cyclohexyl-2,6-                                                  
                      -95       -60       -32                                  
     diaminonebularine                                                         
     2,6-Diaminonebularine                                                     
                      0         0         0                                    
     N.sup.2 -Ethyl-2,6-diamino-                                               
                      -40       -21       -11                                  
     nebularine                                                                
     ______________________________________                                    
PAR  The 2,6-diaminonebularine derivatives (I) and their pharmaceutically
      acceptable salts may be administered alone or in combination with a
      pharmaceutically acceptable carrier or carriers. They are administrable in
      the forms of powders, tablets, solutions or emulsions for oral
      administration, or in the form of injectable liquid.
PAR  Pharmaceutical compositions containing one or more of the present compounds
      can be prepared by conventional methods for the preparation of powders,
      capsules, tablets, pills, injections and the like. The choice of carriers
      may be determined depending upon the route of administration, the
      solubility of the compounds (I) and so on.
PAR  The dose of the compounds (I) of the present invention may be chosen
      depending upon the route of administration, the species of mammals and
      purpose of administration. For instance, when the present compounds are
      orally administered to human adults for the purpose of treating coronary
      insufficiency or thrombosis, advantageous doses are in a range from 0.1
      mg. to 20 mg. per day.
PAR  The following Examples are intended merely to illustrate presently
      preferred embodiments of the present invention and not to restrict the
      scope of this invention.
PAR  Throughout the foregoing description as well as in the following Examples
      and Claims, ".mu.g.," "mg.," "kg.," "ml." ".degree.C" and "N" respectively
      refer to "microgram(s)," "milligram(s)," "kilogram(s)," "milliliter(s),"
      "degrees centigrade" and "Normal(s)." In the Examples, the relationship
      between parts by weight and parts by volume corresponds to that between
      grams and milliliters.
PAC  EXAMPLE 1
PAR  To a solution of 12 parts by weight of 2-bromoadenosine in 200 parts by
      volume of methyl-cellosolve there is added 10 parts by volume of aniline.
      The mixture is heated at the bath temperature of 120.degree.C for 16
      hours. The reaction mixture is concentrated to dryness and ethyl ether is
      added to the residue to wash out the unreacted aniline. The
      ether-insoluble blackish brown material is dissolved in 10 parts by volume
      of methanol and, then, 10 parts by weight of silica gel is added.
PAR  After concentration to dryness, the material is placed on top of a column
      packed with 500 parts by weight of silica gel and chromatographic
      separation is carried out using a mixture of chloroform and methanol (9:1
      by volume). Each fraction: 50 parts by volume. The 32nd to 50th fractions
      are pooled and concentrated to dryness. The resulting residue is
      recrystallized from first 2,000 parts by volume of ethanol and
      subsequently 1,500 parts by volume of hot water to obtain 4.9 parts by
      weight of N.sup.2 -phenyl-2,6-diaminonebularine in the form of colorless
      needles.
PAL  Melting point: 244.degree.-245.degree.C
PAL  Ultraviolet absorption spectrum:
PA1  .lambda..sub.max.sup.pH.sup.=5 : 244, 279 m.mu.
PA1  .lambda..sub.min.sup.pH.sup.=5 : 257 m.mu.
PAR  Elemental analysis: Calculated for C.sub.16 H.sub.18 N.sub.6 O.sub.4 (%):
      C, 53.62; H, 5.06; N, 23.45; Found: C, 53.43; H, 4.55; N, 23.95
PAR  3.6 Parts by weight of N.sup.2 -phenyl-2,6-diaminonebularine is dissolved
      in 500 parts by volume of 10% aqueous ethanol on heating at 100.degree.C,
      followed by the addition of 10 parts by volume of 1N aqueous solution of
      hydrochloric acid. The solution is concentrated to 200 parts by volume and
      allowed to stand, whereby 3.1 parts by weight of N.sup.2
      -phenyl-2,6-diaminonebularine hydrochloride is obtained in the form of
      needles.
PAL  Melting point: 184.degree.-186.degree.C
PAC  EXAMPLE 2
PAR  To a solution of 1 part by weight of 2-fluoroadenosine in 20 parts by
      volume of methyl-cellosolve there is added 0.8 part by volume of aniline
      and the mixture is heated at 120.degree.C for 10 hours. The reaction
      mixture is then treated by a procedure similar to that described in
      Example 1 to obtain 0.43 part by weight of N.sup.2
      -phenyl-2,6-diaminonebularine.
PAR  The melting point and ultraviolet absorption spectrum of this product are
      in complete agreement with those of the product of Example 1.
PAC  EXAMPLE 3
PAR  To a solution of 5 parts by weight of 2-chloroadenosine in 100 parts by
      volume of methyl-cellosolve there is added 5 parts by volume of
      cyclohexylamine, and the mixture is heated at the bath temperature of
      150.degree.C for 20 hours. The solvent is distilled off and the oily
      residue is dissolved in 200 parts by volume of ethanol and allowed to
      stand, whereupon crystals separate. These crude crystals are further
      recrystallized from 1,000 parts by volume of hot water. The procedure
      gives 4.2 parts by weight of N.sup.2 -cyclohexyl-2,6-diaminonebularine in
      the form of white needles.
PAL  Melting point: 148.degree.-150.degree.C
PAL  Ultraviolet absorption spectrum:
PA1  .lambda..sub.max.sup.pH.sup.=5 : 221, 259, 288 m.mu.
PA1  .lambda..sub.min.sup.pH.sup.=5 : 242, 273 m.mu.
PAR  Elemental analysis: Calculated for C.sub.16 H.sub.24 N.sub.6
      O.sub.4.1/2H.sub.2 O (%): C, 51.46; H, 6.75; N, 22.51; Found: C, 51.42; H,
      6.87; N, 22.02.
PAC  EXAMPLE 4
PAR  a. In 500 parts by volume of methanol is dissolved 60 parts by weight of
      2-bromo-2',3',5'-tri-O-acetylinosine and, then, 75 parts by volume of
      aniline is added. The mixture is heated at 95.degree.C for 3 hours. The
      reaction mixture is concentrated and allowed to stand, whereupon 35 parts
      by weight of crystals of 2-phenylamino-2',3',5'-tri-O-acetylinosine are
      obtained.
PAL  Melting point: 232.degree.-233.degree.C
PAR  b. In 600 parts by volume of chloroform is suspended 23 parts by weight of
      2-phenylamino-2',3',5'-tri-O-acetylinosine and under cooling with ice, 17
      parts by volume of N,N-dimethylformamide and 53 parts by volume of thionyl
      chloride are added.
PAR  The mixture is boiled at the bath temperature of 90.degree.C for 2 hours.
      Then, the solvent is distilled off and the residue is dissolved in 1,000
      parts by volume of chloroform. The solution is combined with 1,000 parts
      by volume of ice-water and the mixture is neutralized with sodium hydrogen
      carbonate.
PAR  The chloroform layer is further washed twice with 500 parts by volume
      portions of water and, then, concentrated to dryness. The procedure gives
      24 parts by weight of a yellowish brown resinous product. This is then
      purified by column chromatography on 500 parts by weight of silica gel
      with use of 5,000 parts by volume of a mixture of chloroform and methanol
      (99:1 by volume) to obtain 18 parts by weight of
      6-chloro-2-phenylamino-2',3',5'-tri-O-acetylnebularine as a pale yellowish
      resinous product. Nuclear magnetic resonance spectrum (d.sub.6
      -dimethylsulfoxide) .delta. : 3.10; 3.03(9H, 3COCH.sub.3), 4.3(3H, m,
      H.sub.4.sub.', 2H.sub.5.sub.'), 4.90(1H, m, H.sub.3.sub.'), 6.0(2H, m,
      H.sub.1.sub.' and H.sub.2.sub.'), 7.0-8.0(5H, m, phenyl), 8.05(LH, s,
      H.sub.8), 10.0(1H, s,
      ##SPC7##
PAR  c. In 300 parts by volume of 20% methanolic ammonia is dissolved 17.5 parts
      by weight of 6-chloro-2-phenylamino-2', 3',5'-tri-O-acetylnebularine and
      the solution is heated in a sealed tube at 120.degree.C for 4 hours. The
      reaction mixture is concentrated and the crystals separating out are
      harvested by filtration. Recrystallization from 3,000 parts by volume of
      hot water gives 9.5 parts by weight of N.sup.2
      -phenyl-2,6-diaminonebularine in the form of colorless needles.
PAL  Melting point: 244.degree.-245.degree.C
PAL  Ultraviolet absorption spectrum .lambda..sub.max.sup.pH.sup.=2
      m.mu.(.epsilon.): 230(shoulder), 272(16800); .lambda..sub.max.sup.pH.sup.=
      12 m.mu.(.epsilon.): 242(16500), 277(19700)
PAR  Elemental analysis: Calculated for C.sub.16 H.sub.18 N.sub.6 O.sub.4 (%):
      C, 53.62; H, 5.06; N, 23.45; Found: C, 53.33; H, 5.10; N, 22.75.
PAC  EXAMPLE 5
PAR  In 100 parts by volume of pyridine is suspended 10 parts by weight of
      2-phenylaminoinosine and 50 parts by weight of acetic anhydride is added
      dropwise. The mixture is stirred for 3 hours, at the end of which time it
      is concentrated under reduced pressure. The residue is recrystallized from
      5 parts by volume of methanol. The procedure gives 2 parts by weight of
      2-phenylamino-2',3',5'-tri-O-acetylinosine in the form of colorless flocs.
PAL  Melting point: 234.degree.-235.degree.C
PAR  In a manner similar to the procedure of Example 4 (b), the above-obtained
      2-phenylamino-2',3',5'-tri-O-acetylinosine is 6-chlorinated and, then, by
      a procedure similar to that described in Example 4 (c) above, treated with
      ammonia. The procedures give 0.89 part by weight of N.sup.2
      -phenyl-2,6-diaminonebularine.
PAL  Melting point: 244.degree.-245.degree.C.
PAC  EXAMPLE 6
PAR  In 500 parts by volume of pyridine is dissolved 20 parts by weight of
      2-phenylamino-2',3',5'-tri-O-acetylinosine, followed by the addition of 60
      parts by weight of phosphorus pentasulfide. The mixture is boiled for 5
      hours, after which time it is poured in 2,000 parts by volume of
      ice-water. After stirring for 1 hour, the precipitate is harvested by
      filtration. This is dissolved in 300 parts by volume of chloroform and,
      after the insolubles are filtered off, the solution is concentrated to
      dryness. The residue is dissolved in 300 parts by volume of 50 % aqueous
      methanol, followed by the addition of 150 parts by volume of 2N sodium
      hydroxide and 25 parts by volume of methyl iodide. The mixture is stirred
      at room temperature for 20 hours. The reaction mixture is concentrated to
      dryness and the residue is dissolved again in 500 parts by volume of 50 %
      aqueous methanol. The solution is adjusted to pH 3 and, then, diluted up
      to 2,000 parts by volume with water. The dilution is then run onto a
      column of activated carbon (200 parts by weight). The column is washed
      with water and, then, eluted with 2,000 parts by volume of a mixed eluant
      of water-ethanol-butanol-28 % aqueous ammonia (48:45:5:2 by volume). The
      eluate is concentrated to dryness and the residue, N.sup.2
      -phenyl-6-methylmercapto-2-aminonebularine, is dissolved in 150 parts by
      volume of 20 % methanolic ammonia. Then, the reaction procedure of Example
      4(c) is followed to obtain 10.5 parts by weight of N.sup.2
      -phenyl-2,6-diaminonebularine.
PAL  Melting point: 244.degree.-245.degree.C
PAC  EXAMPLE 7
PAR  By a procedure similar to that of Example 4(a), 1 part by weight of
      2-cyclohexylaminoinosine is reacted with 5 parts by volume of acetic
      anhydride to obtain 1.1 parts by weight of
      2-cyclohexylamino-2',3',5'-tri-O-acetylinosine as a colorless resinous
      product.
PAL  Ultraviolet absorption spectrum: .lambda..sub.max.sup.MeOH 257,
      285(shoulder) m.mu..
PAL  In a manner similar to Example 4(b), 0.5 part by weight of this product is
      reacted with thionyl chloride in the presence of dimethylformamide,
      whereupon 0.44 part by weight of
      6-chloro-2-cyclohexylamino-2',3',5'-tri-O-acetylnebularine is obtained in
      the form of a colorless resin. This is dissolved in 20 parts by volume of
      20% methanolic ammonia and reacted in the same manner as Example 4(c). The
      procedure gives 0.23 part by weight of N.sup.2
      -cyclohexyl-2,6-diaminonebularine.
PAL  Melting point: 148.degree.-150.degree.C
PAC  EXAMPLE 8
PAR  The reaction between 2-halogenoadenosine with the amine (II) [Process I]
      and the reaction of the compound (III) with ammonia [Process II] are
      respectively conducted in the same procedures as in the preceding Examples
      to obtain the compounds listed in Table 1, which are novel and useful and
      fall within the scope of the formula (I).
TBL                                    Table 1                                 
     __________________________________________________________________________
                    Elemental analysis    Melting point and                    
     Compound       Molecular                                                  
                            Calculated    ultraviolet absorption               
                    formula (%)    Found (%) spectrum                          
     __________________________________________________________________________
     N.sup.2 -(p-methoxyphenyl)-2,6-                                           
                    C.sub.17 H.sub.20 N.sub.6 O.sub.5                          
                            C 52.57                                            
                                   C 52.33                                     
                                          Melting point: 195.degree.-197.degree
                                          .C                                   
     diaminonebularine      H 5.19 H 4.76                                      
                            N 21.64                                            
                                   N 21.73                                     
     N.sup.2 -(p-methylphenyl)-2,6-                                            
                    C.sub.17 H.sub.20 N.sub.6 O.sub.4                          
                            C 54.83                                            
                                   C 54.67                                     
                                          Melting point: 164.degree.-165.degree
                                          .C                                   
     diaminonebularine      H 5.41 H 5.12                                      
                            N 22.57                                            
                                   N 22.91                                     
     N.sup.2 -(p-chlorophenyl)-2,6-                                            
                    C.sub.16 H.sub.17 N.sub.6 O.sub.4 Cl                       
                            C 48.92                                            
                                   C 49.34                                     
                                          MeOH:                                
                                                252,268(shoulder),             
                                               274,290(shoulder)               
     diaminonebularine      H 4.36 H 4.13 .gamma.max                           
                                               m.mu.                           
                            N 21.39                                            
                                   N 20.97                                     
                                          MeOH:                                
                                               230,259 m.mu.                   
                                          .gamma.min                           
     N.sup.2 -(p-methylcyclohexyl)-2,                                          
                    C.sub.17 H.sub.26 N.sub.6 O.sub.4                          
                            C 53.95                                            
                                   C 53.72                                     
                                          pH=5:                                
                                               222,259,288 m.mu.               
     6-diaminonebularine    H 6.93 H 6.98 .gamma.max                           
                            N 22.21                                            
                                   N 21.86                                     
                                          pH=5:                                
                                               242,273 m.mu.                   
                                          .gamma.min                           
     __________________________________________________________________________
PAC  EXAMPLE 9
PAR  Some examples of formulation in which the compounds of this invention are
      utilized as coronary dilating and/or platelet aggregation inhibitory
      agents are as follows:
TBL  A. (Tablet)                                                               
     (1) N.sup.2 -phenyl-2,6-diaminonebularine                                 
                                20 mg.                                         
     (2) lactose                35 mg.                                         
     (3) corn starch            150 mg.                                        
     (4) microcrystalline cellulose                                            
                                30 mg.                                         
     (5) magnesium stearate     5 mg.                                          
                                240 mg.                                        
                                per tablet                                     
PAR  (1),(2),(3), two-thirds quantity of (4) and half of the quantity of (5) are
      thoroughly mixed, and then the mixture is granulated. The remaining
      one-third quantity of (4) and half of (5) are added to the granules and
      compressed into tablets. The thus prepared tablets can further be coated
      with a suitable coating agent, e.g., sugar.
TBL  ______________________________________                                    
     B. (Capsule)                                                              
     (1) N.sup.2 -cyclohexyl-2,6-diaminonebularine                             
                               20 mg.                                          
     (2) lactose               102 mg.                                         
     (3) microcrystalline cellulose                                            
                               70 mg.                                          
     (4) magnesium stearate    8 mg.                                           
                               200 mg.                                         
                               per capsule                                     
     ______________________________________                                    
PAR  (1),(2),(3) and half of the quantity of (4) are thoroughly mixed, and then
      the mixture is granulated. The remaining half of (4) is added to the
      granules and the whole is filled into a gelatin capsule.
TBL  ______________________________________                                    
     C. (Injectable)                                                           
     (1) N.sup.2 -phenyl-2,6-diaminonebularine hydrochloride                   
                                 10 mg.                                        
     (2) inositol                100 mg.                                       
     (3) benzyl alcohol          20 mg.                                        
     ______________________________________                                    
PAR  All ingredients are dissolved in water to make 2.0 ml. of the solution (pH
      7.5) serving as an injectable.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A 2,6-diaminonebularine derivative of the formula
      ##SPC8##
PAL  wherein R is a phenyl or cyclohexyl group which may be substituted with
      lower alkyl, lower alkoxy or halogen, or pharmaceutically acceptable
      mineral acid salts thereof.
NUM  2.
PAR  2. The 2,6-diaminonebularine derivative according to claim 1, wherein the
      mineral acid salt is a hydrochloride.
NUM  3.
PAR  3. The 2,6-diaminonebularine derivative according to claim 1, wherein R is
      a phenyl group which may be substituted with lower alkyl, lower alkoxy or
      halogen.
NUM  4.
PAR  4. The 2,6-diaminonebularine derivative according to claim 3, wherein R is
      a phenyl group substituted with a lower alkyl having up to four carbon
      atoms.
NUM  5.
PAR  5. The 2,6-diaminonebularine derivative according to claim 3, wherein R is
      a phenyl group substituted with a lower alkoxy having up to four carbon
      atoms.
NUM  6.
PAR  6. The 2,6-diaminonebularine derivative according to claim 3, wherein R is
      a phenyl group substituted with halogen.
NUM  7.
PAR  7. The 2,6-diaminonebularine derivative according to claim 1, wherein R is
      a cyclohexyl group which may be substituted with lower alkyl, lower alkoxy
      or halogen.
NUM  8.
PAR  8. The 2,6-diaminonebularine derivative according to claim 7, wherein R is
      a cyclohexyl group substituted with a lower alkyl having up to four carbon
      atoms.
NUM  9.
PAR  9. The 2,6-diaminonebularine derivative according to claim 1, which is
      N.sup.2 -phenyl-2,6-diaminonebularine.
NUM  10.
PAR  10. The 2,6-diaminonebularine derivative according to claim 1, which is
      N.sup.2 -(p-methylphenyl)-2,6-diaminonebularine.
NUM  11.
PAR  11. The 2,6-diaminonebularine derivative according to claim 1, which is
      N.sup.2 -(p-methoxyphenyl)2,6-diaminonebularine.
NUM  12.
PAR  12. The 2,6-diaminonebularine derivative according to claim 1, which is
      N.sup.2 -(p-chlorophenyl)-2,6-diaminonebularine.
NUM  13.
PAR  13. The 2,6-diaminonebularine derivative according to claim 1, which is
      N.sup.2 -cyclohexyl-2,6-diaminonebularine.
NUM  14.
PAR  14. The 2,6-diaminonebularine derivative according to claim 1, which is
      N.sup.2 -(p-methylcyclohexyl)-2,6-diaminonebularine.
NUM  15.
PAR  15. A 2,6-diaminonebularine derivative according to claim 1 which is
      N.sup.2 -phenyl-2,6-diaminonebularine hydrochloride.
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PAL  A method is provided for labeling a complex metal chelate with a
      radioactive metal isotope via isotopic exchange between the metal atom of
      the complex metal chelate and the radioactive metal isotope. The complex
      metal chelate, in a suitable redox state, is mixed in solution with a
      radioactive metal isotope, freeze-dried, exposed to an electron-accepting
      gas and thereafter subjected to thermal treatment, whereby isotopic
      exchange occurs and the complex metal chelate is labeled with the
      radioactive metal isotope. Furthermore, an additional step comprising
      exposure to an atmosphere of high relative humidity is provided to
      increase the yield of isotopic exchange.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  The present invention pertains to the field of complex metal chelate
      chemistry and, more specifically, to a method whereby complex metal
      chelates are labeled, or "tagged", with a radioactive metal isotope
      through a mechanism whereby isotopic exchange occurs between the complex
      metal chelate and an "activated" radioactive metal isotope.
PAR  The labeled complex metal chelate compounds prepared in accordance with the
      present invention are useful in various applications which utilize the
      presence of a radioactive isotope in the complex metal chelate compound.
      One area employing such application is the field of medical diagnosis of
      pernicious anemia and other malabsorption states. Vitamin B.sub.12,
      (hereinafter also referred to as "cyanocobalamin"), is one such complex
      metal chelate compound which can be labeled with a radioactive metal
      isotope, such as .sup.57 Co.sup.+.sup.2, in accordance with the present
      invention. Vitamin B.sub.12 is itself useful as a preventative for
      pernicious anemia and, when labeled with a radioactive isotope, its
      presence, or absence may be readily detected throughout the body, thus
      facilitating the diagnosis of abnormalities effecting its use thereby.
PAR  Furthermore, various radioactively labeled complex metal chelate compounds
      are being evaluated as chemotheraputic agents for the localized treatment
      of cancer by irradiation, for example cancer of the liver. There are other
      useful medical applications requiring "tagged" complex metal chelate
      compounds which, by virtue of their radioactivity, can be easily detected,
      or traced, in living organisms.
PAR  B. Description of the Prior Art
PAR  Complex metal chelate compounds containing radioactive metal isotopes have
      been known and utilized in the prior art. For example, "tagged" Vitamin
      B.sub.12, that is Vitamin B.sub.12 containing a radioactive isotope of
      cobalt, has been used in the diagnosis of pernicious anemia and has been
      prepared via biochemical synthesis, wherein microbes are cultured in the
      presence of a cobalt-57 salt and produce Vitamin B.sub.12 containing
      cobalt-57 isotopes which must then be purified by lengthy chromotographic
      separations. However, numerous attempts to label Vitamin B.sub.12 by
      isotopic exchange in solution have been unsuccessful; see R. N. Booc, et
      al., "The Exchange Stability of Cobalt in Vitamin B.sub.12 ", 73 J. Amer.
      Chem. Soc. 5446 (1951); and R. A. Baldwin, et al., "The Failure to
      Crystalline Vitamin B.sub.12 to Exchange with Cobalt-60 in Acidic and
      Neutral Aqueous Solutions"; 73 J. Amer. Chem. Soc. 4968 (1951).
PAR  Isotopic exchange between a radioactive metal isotope in a complex metal
      chelate takes place in solution only for chelates with labile ligands. In
      complex metal chelates in which the metal atoms exist in a higher
      oxidation state, the ligands are very strongly bound to the central metal
      atoms. However, in complex metal chelates in which the metal exists in a
      lower redox state, the ligands are more labile, i.e. the cobalt is not as
      strongly bound to the ligand and theoretically is more susceptible to
      isotopic exchange with a radioactive metal isotope, provided that
      sufficient energy is imparted to "activate" the radioactive metal isotope.
PAR  For example, in complex Cobalt (III) chelates, the ligands are very
      strongly bound to the central cobalt atom and, therefore, isotopic
      exchange is very difficult to achieve. However, complex Cobalt (II)
      chelates have much more labile ligands and, accordingly, should be much
      more susceptible to isotopic exchange with an activated radioactive metal
      isotope. In practice, however, attempts in the past, such as those made by
      Diehl and Voigt, "The Failure of Exchange Between Vitamin B.sub.12r and
      Radioactive Cobalt Chloride", 32 Iowa State J. of Science 4 (1958), have
      been unsuccessful. Voigt and his co-workers tried unsuccessfully to
      exchange .sup.60 Co.sup.+.sup.2 with the central cobalt atom of Vitamin
      B.sub.12r in solution. Apparently, it was thought that the cobalt atom in
      Vitamin B.sub.12r was still too strongly bonded to the ligands for
      isotopic exchange to occur.
PAR  Attempts have also been made to achieve isotopic exchange for complex metal
      chelates in the solid state. These attempts have met with some success,
      but have not provided a method of labeling complex metal chelate compounds
      with a radioactive metal isotope having the advantages of the novel method
      of the present invention.
PAR  One such solid state method was that used by Nath, et al, "Isotopic
      Exchange in the Solid State and Thermal Annealing of Recoil Damage in
      cobalt Complexes: A New Model", Vol. 4. No 2 Indian J. of Chem. 51-56
      (1966), which was unsuccessful in effecting noticeable isotopic exchange
      in cyanocobalamin. That method involved heating of a mixture of the
      cyanocobalamin and .sup.60 Co.sup.+.sup.2 activity to about 180.degree.C
      in a vacuum. The cobalt complexes which were found to undergo isotopic
      exchange in the solid state, such as tris-dipyridyl Cobalt (III)
      perchlorate, were much simpler compounds than the complex metal chelates
      of the present invention. Furthermore, it was noted that in accordance
      with the prior art method of Nath et al., the rate of exchange was
      considerably retarded by the presence of oxygen.
PAR  Therefore, while radioactively labeled complex metal chelate compounds had
      been known in the prior art, the methods used to label these compounds
      have not been able to satisfactorily supply the compounds efficiently and
      economically. Furthermore, the prior art methods have been unable to
      produce many of the labeled complex metal chelate compounds of the present
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a method is provided for labeling
      a complex metal chelate with a radioactive metal isotope via isotopic
      exchange in the solid state between the metal atom of the complex metal
      chelate and the radioactive metal isotope. The method is comprised of the
      general steps of; preparation of a solid mixture of a complex metal
      chelate compound and a radioactive metal isotope dopant, exposure of this
      mixture to an electronaccepting gas, and then thermal treatment of the
      mixture in the presence of the electron-accepting gas whereby isotopic
      exchange occurs and the complex metal chelate compound is labeled with the
      radioactive metal isotope. Furthermore, an additional step is provided
      after the thermal treatment comprising exposure of the mixture to an
      atmosphere of high relative humidity whereby the yield of the isotopic
      exchange is increased. It should be noted, however, that depending upon
      the particular complex metal chelate compound being used, it may be
      necessary to utilize the same in a lower redox state, that is it may be
      necessary to conduct the labeling of the chelate in its reduced form.
PAR  It is, therefore, an object of the present invention to provide a useful
      method of labeling a complex metal chelate compound with a radioactive
      metal isotope.
PAR  It is further an object of this invention to provide a method of synthesis
      for complex metal chelate compounds wherein the metal is in the form of a
      radioactive isotope of the metal.
PAR  It is yet a further object of this invention to provide a method for
      labeling complex metal chelate compounds, whereby isotopic exchange is
      effected between an activated radioactive metal dopant and a complex metal
      chelate compound.
PAR  It is yet a further object of this invention to provide a method whereby a
      complex metal chelate compound can be labeled with a radioactive metal
      isotope, so that the labeled chelate compound can be detected by virtue of
      its radioactivity.
PAR  It is yet a further object of this invention to provide a method of
      labeling complex metal chelate compounds with a radioactive metal isotope
      which is, with proper safeguards and precautions, safe to practice and
      effective to provide a labeled complex metal chelate compound with high
      specific activity.
PAR  Other objects and advantages of these methods of the present invention will
      be readily apparent to those skilled in the art through the study of the
      following description of the preferred embodiment and the appended claims.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with the present invention, any metal chelate compound,
      including cyanocobalamin, cobaltocene, aquocobalamin, porphyrins,
      phthalocyanines and other macrocyclic compounds, may be labeled with a
      radioactive isotope of either the same metal as that present in the
      complex metal chelate compound or a different metal than that present in
      the complex metal chelate compound.
PAR  For purposes of the present invention, the radioactive metal isotopes are
      provided in the form of a radioactive metal isotope dopant, which is an
      ionic compound containing a "carrier-free" metal isotope, that is a
      compound which contains only the radioactive isotopes of the metal and
      substantially no non-radioactive isotopes thereof. Therefore, these
      dopants are said to be of "high specific activity".
PAR  Typical of the radioactive metal isotopes which are within the purview of
      the present invention are .sup.57 Co.sup..sup.+2, .sup.60 Co.sup..sup.+2,
      .sup.52 Fe.sup..sup.+2, .sup.52 Fe.sup..sup.+3, .sup.48 Cr.sup..sup.+3,
      .sup.95 Tc.sup..sup.+4, .sup.97 Tc.sup..sup.+4 and .sup.99 Tc.sup..sup.+4.
      Of course, it is to be understood that any radioactive isotope of a metal
      is fully within the purview of the present invention.
PAR  The electron-accepting gases which can be utilized in accordance with the
      present invention include, but are not limited to, oxygen, nitrous oxide,
      carbon dioxide and sulfur hexafluoride.
PAR  Furthermore, it is to be understood that for purposes of the present
      invention the term "humidity" refers to the presence of vapors of water,
      as well as other solvents having a dielectric constant approximating that
      of water.
PAR  As will be readily apparent to those skilled in the art, for purposes of
      the present invention, the designation of metal atoms, or isotopes, as Co
      (II), for example, refers to a metal atom, or isotope, which is bound in a
      solid crystalline structure and which will not dissociate in solvent,
      while the designation as Co.sup..sup.+2, for example, refers to the ionic
      form of the atom, or isotope, in a compound which will dissociate into
      ions of its component parts in solution.
PAR  In accordance with the present invention, a mechanism has been proposed for
      isotopic exchange in the solid state between a complex metal chelate and a
      radioactive metal isotope ion. In the solid state, electrons, or "holes",
      which are loosely bound by the crystal defects, in the complex metal
      chelate are "detrapped", or "released", upon thermal treatment and are
      free to migrate in the solid. These freely migrating electrons or "holes"
      are available to interact with the radioactive metal isotope ion to form
      an electronically excited ion, i.e. an "activated" radioactive metal
      isotope. This "activated" radioactive metal isotope is very reactive and
      reacts with the ligand of the complex metal chelate molecule, which
      contains an inactive non-radioactive cobalt atom. The ligand of the
      chelate molecule is then transferred onto the activated metal isotope and
      the inactive metal atom of the chelate is replaced via the mechanism
      termed "isotopic exchange".
PAR  The energy required for this isotopic exchange is therefore, provided by
      the activated metal isotope ion, which results from the electronic
      excitation of a radioactive dopant. In accordance with the novel method of
      the present invention, the "holes" required to activate the radioactive
      metal isotope are provided by increasing the number of defects in the
      complex metal chelate compound. This is accomplished by exposure of a
      mixture of complex metal chelate compound and the radioactive metal
      isotope dopant to an atmosphere of an electron-accepting gas, such as
      oxygen and the like.
PAR  It has also been found that in the practice of the present invention
      subjecting the reaction mixture of complex metal chelate compound and
      radioactive metal isotope dopant in the presence of such an
      electron-accepting gas to thermal treatment, whereby a mixture is
      maintained at a temperature of between 100.degree.-300.degree.C for a
      period of approximately 24-96 hours, increases the rate of isotopic
      exchange.
PAR  Furthermore, it has been found desirable to add an additional optional step
      after the thermal treatment of the reaction mixture to further increase
      the yield of the isotopic exchange. This step consists of exposing the
      reaction mixture to an atmosphere of high relative humidity for at least
      about 24 hours. It is believed that additional "holes" are freed as a
      result of the vapors comprising the humidty, such vapors being those of
      water, or other solvents of high dielectric constants.
PAR  In accordance with the present invention, one preferred embodiment provides
      a method for labeling Vitamin B.sub.12, that is cyanocobalamin, with
      .sup.57 Co.sup..sup.+2, a radioactive isotope of cobalt. It is to be
      understood, however, that it is fully within the purview of the present
      invention to substitute other radioactive isotopes of cobalt, such as
      .sup.60 Co.sup..sup.+2, or radioactive isotopes of other metals within the
      scope of the present invention.
PAR  In the preferred embodiment of the present invention, whereby Vitamin
      B.sub.12 is labeled with a radioactive isotope of cobalt, a "specific
      activity", or the degree of incorporation of the radioactive isotope in
      the Vitamin B.sub.12, within the range of about 1 millicurie per milligram
      (1mc/mg) of Vitamin B.sub.12 to 200 mc/mg of Vitamin B.sub.12 can be
      achieved. This wide range of specific activity is possible, since the
      degree of incorporation of the radioactive isotope is largely governed by
      the amount of radioactive cobalt dopant used in the practice of the
      invention.
PAR  Vitamin B.sub.12 is a very large and complex metal chelate in which cobalt
      (III) is tightly bound to the ligand in its higher redox state. In
      accordance with the present invention, a reduced form of Vitamin B.sub.12,
      (hereinafter also referred to as "Vitamin B.sub.12r "), in which the bound
      cobalt is in the cobalt (II) redox state, is utilized because its ligands
      are more labile and consequently, require less energy to achieve isotopic
      exchange.
PAR  For purposes of the present invention, it is to be understood that a
      "reduced complex metal chelate compound " preferably refers to a complex
      metal chelate compound in its most labile form, usually its lowest redox
      state, although it also includes all complex metal chelate compounds which
      exist in only a single redox state. Likewise, any reference to a "higher
      redox state" refers to a less labile redox state, if one exists, and
      includes the single redox state of compounds having only a single redox
      state. In accordance with the preferred embodiment of the present
      invention, a method of labeling complex cobalt chelate compounds with a
      radioactive isotope of cobalt is provided. Specifically, Vitamin B.sub.12
      containing a radioactive isotope of cobalt is synthesized by a method
      comprising the steps of providing an aqueous solution containing Vitamin
      B.sub.12r and a radioactive cobalt isotope dopant, such as .sup.57
      CoCl.sub.2, then freeze-drying the solution to form a solid mixture, which
      is then exposed to an electron-accepting gas, such as oxygen, and,
      finally, subjected to thermal treatment until isotopic exchange is
      substantially complete and Vitamin B.sub.12r containing .sup.57 Co  (II)
      is produced. Thereafter, the labeled Vitamin 8.sub.12r is converted by
      conventional techniques to labeled Vitamin B.sub.12.
PAR  Parenthetically, it is to be understood that practice of the present
      invention does not require use of the reduced form of the complex metal
      chelate, which after being labeled may then be converted to a higher redox
      state, if desired. Rather, a complex metal chelate may be utilized in any
      of its potential redox states within the purview of the invention, the
      choice of redox state merely affecting the rate and yield of reaction
      depending upon the specific reactants choosen. Of course, where the
      reduced form of the complex metal chelate is not used in the practice of
      the method of the present invention, the corresponding conversion of the
      labeled product to a higher redox state may, or may not, be necessary. In
      the case of Vitamin B.sub.12, however, the reduction to Vitamin B.sub.12r
      is necessary.
PAR  The reduced form of Vitamin B.sub.12 is its most labile form. It is within
      the purview of the invention that the reduction of Vitamin B.sub.12 to
      Vitamin B.sub.12r can be accomplished by conventional techniques. For
      example, Vitamin B.sub.12r may be formed by exposure of the Vitamin
      B.sub.12 compound in aqueous solution to hydrogen in the presence of
      platinum oxide catalyst.
PAR  The Vitamin B.sub.12r and radioactive isotope dopant are then mixed in
      aqueous solution to form a reaction solution. This reaction solution is
      then freeze-dried, likewise by conventional methods. Typically, this
      comprises freezing liquid material, usually using liquid nitrogen, and
      subsequently subjecting the material to a continuous vacuum. The result of
      the freeze-drying step is to provide a dry solid reaction mixture. It is
      to be understood that any other method of removing solvent from solution
      to provide an essentially dry solid reaction mixture may be substituted
      for freeze-drying in accordance with the invention.
PAR  The solid reaction mixture is thereafter exposed to an electron-accepting
      gas, such as oxygen, and then subjected, in the presence of the
      electron-accepting gas, to thermal treatment comprising maintenance of the
      solid mixture at a temperature of between 100.degree.-300.degree.C for a
      period of approximately 24-96 hours. As a result, isotopic exchange
      between the radioactive cobalt isotope dopant and the Vitamin B.sub.12r
      occurs, thereby producing Vitamin B.sub.12r labeled with the radioactive
      cobalt isotope dopant.
PAR  It has been found desirable in some instances to include an additional
      optional step after the thermal treatment of the reaction mixture, so as
      to increase the yield of the isotopic exchange. In accordance therewith
      the reaction mixture is exposed to an atmosphere of high relative
      humidity, usually about 95%, for a period of at least 24 hours.
PAR  Finally, the labeled Vitamin B.sub.12r may be converted to a higher redox
      state, that is it may be converted to labeled Vitamin B.sub.12. This may
      be accomplished by any number of conventional techniques, depending on the
      specific complex cobalt chelate involved. For example, in the case of
      labeled Vitamin B.sub.12r, the reaction mixture is dissolved in water to
      which a trace amount, for example, 1-2mg, of cobalt chloride hexahydrate
      is added and thereafter passed through an ion exchange or chelating resin
      to produce an effluent containing a purified labeled aquocobalamin
      containing the radioactive cobalt isotope. Potassium cyanide is then added
      to the purified labeled aquocobalamin to form dicyanocobalamin, which,
      when the pH of the solution is adjusted to about 4.0, will produce the
      labeled Vitamin B.sub.12 containing the radioactive isotope of cobalt.
DETD
PAR  The details of this method of synthesizing labeled Vitamin B.sub.12 are
      hereinafter set forth by way of example.
PAC  EXAMPLE 1
PAR  The synthesis of Vitamin B.sub.12 containing .sup.57 Co (III) is
      accomplished in five stages; reduction of Vitamin B.sub.12 to Vitamin
      B.sub.12r, formation of a solid state reaction mixture comprising Vitamin
      B.sub.12r and .sup.57 Co.sup..sup.+2 dopant, increasing the defects in
      Vitamin B.sub.12r by exposure to an electron-accepting gas, activation of
      the .sup.57 Co.sup..sup.+2 by treatment until isotopic exchange is
      substantially complete and conversion of the Vitamin B.sub.12r containing
      .sup.57 Co (II) to Vitamin B.sub.12 containing .sup.57 Co (III).
PAR  The reduction of Vitamin B.sub.12 to Vitamin B.sub.12r was accomplished as
      follows: 10 mg of PtO.sub.2 catalyst was suspended in 8 ml of distilled,
      deionized water and, thereafter placed in a sealed glass vial, which was
      adapted for bubbling gas therethrough. Hydrogen gas was allowed to bubble
      through the solution for about 20 minutes, whereafter the seal was broken
      and 8 mg of Vitamin B.sub.12 was quickly added to the vial, which was
      again resealed. Hydrogen gas was again passed through the solution for an
      additional 20 minutes and a dark brown solution of Vitamin B.sub.12r was
      produced.
PAR  To prepare the reaction mixture of Vitamin B.sub.12r and .sup.57
      Co.sup..sup.+2 dopant, 1 mc (millicurie) of .sup.57 CoCl.sub.2 was added
      to 1 ml of the Vitamin B.sub.12r solution (containing 1 mg of Vitamin
      B.sub.12r), in a nitrogen atmosphere. This solution was gently mixed and
      thereafter freeze-dried in a continuous vacuum to form a solid reaction
      mixture.
PAR  This solid reaction mixture was then immediately exposed to a pure dry
      oxygen atmosphere at a pressure of between about 40-200 mm Hg., whereby
      the electron-accepting defects are formed on the surface of the Vitamin
      B.sub.12r.
PAR  The solid mixture in the oxygen atmosphere was then subjected to a thermal
      treatment comprising maintenance of a temperature of about 150.degree.C
      for 24 hours, whereby isotopic exchange was induced through activation of
      the .sup.57 Co.sup..sup.+2 by freed "holes". The yield of isotopic
      exchange upon completion of the thermal treatment was greater than 50%.
PAR  The reacted solid mixture was then dissolved in distilled water, to which
      about 1-2 mg of cobalt chloride hexahydrate was added, and purified by
      passage through a column containing Dowex A-1 Chelating resin (50-100
      mesh). The resulting solution contained labeled aquocobalamin, a
      derivative of cyanocobalamin wherein the cyanide group is replaced by
      H.sub.2 O, and was free of Cobalt (+2) ions. The labeled aquocobalamin was
      then converted to labelled cyanocobalamin by addition of 4 mg of potassium
      cyanide to the solution. A purple color resulted, indicating the formation
      of dicyanocobalamin. The solution was then acidified to pH 4.0, by
      addition of dilute hydrochloric acid, with care being taken to provide
      adequate ventilation since toxic hydrogen cyanide gas was released as the
      dicyanocobalamin was converted to cyanocobalamin. The solution was then
      freeze-dried to remove excess hydrochloric acid, then redissolved in
      distilled water and desalinized using Dow Osmolyser. The resuling solution
      was again freeze-dried to provide Vitamin B.sub.12 labeled with .sup.57 Co
      (III) having a specific activity of about 1 mc/mg.
PAC  EXAMPLE 2
PAR  Vitamin B.sub.12 labeled with .sup.57 Co (III) was prepared following a
      procedure similar to Example 1, however, an additional step was included
      after the thermal treatment of the solid reaction mixture. After the
      thermal treatment was completed, the dry reaction mixture was placed in a
      hydration chamber having a relative humidity of about 95% and kept at
      35.degree.C for 24 hours. It was found that this additional optional step
      was effective in increasing the yield of isotopic exchange to better than
      80%.
PAR  Thereafter, the reaction mixture containing labeled Vitamin B.sub.12r was
      purified and converted to labeled Vitamin B.sub.12, in accordance with the
      procedure of example 1.
PAR  As will be readily apparent to one skilled in the art, various modification
      in the experimental techniques and choice of specific reactants including,
      but not limited to, the complex metal chelate compound, the radioactive
      metal isotope dopant, the electron-accepting gas, and solvents of high
      dielectric constant, may be made in the practice of the invention to
      provide labeled complex metal chelate compounds of various degrees of
      specific activity, all within the spirit and scope of the present
      invention as recited in the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of labeling a complex metal chelate compound with a radioactive
      metal isotope, comprising the steps of;
PA1  a. providing a radioactive metal isotope dopant and a complex metal chelate
      compound in solution; then
PA1  b. removing solvent from said solution of radioactive metal dopant and
      complex metal chelate compound, whereby a solid mixture of said
      radioactive metal isotope dopant and complex metal chelate compound is
      formed; then
PA1  c. exposing said mixture to an electron-accepting gas; and then
PA1  d. subjecting said mixture in the presence of said electron-accepting gas
      to thermal treatment, whereby isotopic exchange between said radioactive
      metal isotope dopant and said complex metal chelate compound occurs and
      said complex metal chelate compound labeled with said radioactive metal
      isotope is produced.
NUM  2.
PAR  2. The method of claim 1, wherein said complex metal chelate compound is
      provided in a reduced redox state and wherein said method further includes
      the additional step of converting the reduced complex metal chelate
      compound labeled with said radioactive isotope to a higher redox state.
NUM  3.
PAR  3. The method of claim 1, furthermore including the additional step after
      thermal treatment, said of exposing said mixture to an atmosphere of high
      relative humidity, whereby the yield of said isotopic exchange is
      increased.
NUM  4.
PAR  4. The method of claim 3, wherein said mixture is exposed to said
      atmosphere of high relative humidity at a temperature of about 35.degree.C
      for a period of about 24 hours.
NUM  5.
PAR  5. The method of claim 3, wherein said high relative humidity is about 95%.
NUM  6.
PAR  6. The method of claim 1, wherein said electron-accepting gas is selected
      from the group consisting of oxygen, nitrous oxide, carbon dioxide and
      sulfur hexafluoride.
NUM  7.
PAR  7. The method of claim 1, wherein said thermal treatment consists
      essentially of heating said mixture to a temperature of between
      100.degree.-300.degree.C for a period of between 24-96 hours.
NUM  8.
PAR  8. The method of claim 7, wherein said temperature is 150.degree.C and said
      period is 24 hours.
NUM  9.
PAR  9. The method of claim 1, wherein said complex metal chelate compound is
      selected from the group consisting of cobaltocene, cyanocobalamin,
      aquocabalamin, porphyrins, and phthalocyanines.
NUM  10.
PAR  10. The method of claim 1, wherein said radioactive metal isotope dopant is
      a radioactive cobalt isotope dopant.
NUM  11.
PAR  11. The method of claim 10, wherein said radioactive isotope of cobalt is
      selected from the group consisting of .sup.57 Co.sup..sup.+2 and .sup.60
      Co.sup..sup.+2.
NUM  12.
PAR  12. The method of claim 10, wherein said reduced complex cobalt chelate
      compound is formed by exposure of said complex cobalt chelate compound to
      hydrogen in the presence of PtO.sub.2 catalyst in aqueous solution.
NUM  13.
PAR  13. The method of claim 10, including the additional step of purifying said
      reduced complex cobalt chelate compound labeled with said radioactive
      isotope of cobalt.
NUM  14.
PAR  14. The method of claim 13, wherein said purifying step comprises the steps
      of:
PA1  a. providing a solution of said labeled reduced cobalt chelate compound in
      water;
PA1  b. adding a trace amount of cobalt chloride hexahydrate to said solution;
PA1  c. passing the solution of step (b), above, through a column containing a
      suitable Co.sup..sup.+2 ion exchange resin; and
PA1  d. withdrawing the effluent from said column, said effluent containing a
      purified derivative of said labeled cobalt chelate compound which is
      substantially free of Cobalt (+2) ions.
NUM  15.
PAR  15. A method of synthesis of Vitamin B.sub.12 containing a radioactive
      isotope of cobalt, comprising the steps of:
PA1  a. providing an aqueous solution containing reduced Vitamin B.sub.12 and a
      radioactive cobalt isotope dopant, said reduced Vitamin B.sub.12 having
      cobalt in the Co (II) redox state and said radioactive cobalt isotope
      dopant existing in the Co (+2) redox state in said solution; then
PA1  b. freeze-drying said aqueous solution, whereby a solid mixture of said
      reduced Vitamin B.sub.12 and said radioactive cobalt isotope dopant is
      formed; then
PA1  c. exposing said solid mixture to oxygen gas; then
PA1  d. subjecting said solid mixture in the presence of said oxygen gas to
      thermal treatment, whereby isotopic exchange occurs between cobalt in said
      reduced Vitamin B.sub.12 and said radioactive cobalt isotope dopant and
      reduced Vitamin B.sub.12 labeled with said radioactive isotope of cobalt
      is produced; and then
PA1  e. converting said reduced Vitamin B.sub.12 labeled with said radioactive
      isotope of cobalt to a higher redox state, whereby Vitamin B.sub.12
      containing said radioactive isotope of cobalt is produced.
NUM  16.
PAR  16. The method of claim 15, wherein said radioactive isotope of cobalt is
      selected from the group consisting of .sup.57 Co.sup..sup.+2 and .sup.60
      Co.sup..sup.+2.
NUM  17.
PAR  17. The method of claim 15, including the additional step after said
      thermal treatment, of exposing said solid mixture to an atmosphere of
      about 95% relative humidity at a temperature of about 35.degree.C for at
      least 24 hours, whereby the yield of said isotopic exchange is increased.
NUM  18.
PAR  18. The method of claim 15, wherein said reduced Vitamin B.sub.12 is
      prepared from Vitamin B.sub.12 by the steps of:
PA1  a. providing a reducing solution containing water and PtO.sub.2 catalyst;
PA1  b. bubbling hydrogen gas through said reduced solution for at least 15
      minutes; then
PA1  c. adding said Vitamin B.sub.12 to said reducing solution, whereby said
      Cobalt (III) in said Vitamin B.sub.12 is reduced to the Cobalt (II) state
      and said reduced Vitamin B.sub.12 is formed.
NUM  19.
PAR  19. The method of claim 15, wherein said solid mixture is exposed to said
      oxygen at a pressure between about 40 to 200 mm Hg.
NUM  20.
PAR  20. The method of claim 15, wherein said thermal treatment consists
      essentially of heating said solid mixture to a temperature of about
      100.degree.-300.degree.C for a period of between 24-96 hours.
NUM  21.
PAR  21. The method of claim 20, wherein said temperature is 150.degree.C and
      said period is 24 hours.
NUM  22.
PAR  22. The method of claim 15, furthermore including the additional step of
      purifying Vitamin B.sub.12 containing said radioactive isotope of cobalt
      by the steps of;
PA1  a. dissolving said Vitamin B.sub.12 containing said radioactive isotope of
      cobalt in water, whereby a solution is formed; then
PA1  b. adding 1-2 mg of cobalt chloride hexahydrate to said solution; then
PA1  c. slowly passing said solution through an ionic exchange column, said
      column containing a suitable Co.sup..sup.+2 ion exchange resin; then
PA1  d. withdrawing said effluent from said column, said effluent containing
      purified aquocobalamin containing said radioactive cobalt isotope; and
      then
PA1  e. converting said purified aquocobalamin to said Vitamin B.sub.12
      containing said radioactive isotope of cobalt.
NUM  23.
PAR  23. The method of claim 22, wherein said purified aquocobalamin is
      converted to said Vitamin B.sub.12 containing said radioactive isotope of
      cobalt by the steps of;
PA1  a. adding potassium cyanide to said effluent containing said purified
      aquocobalamin, whereby dicyanocobalamin is formed; and then
PA1  b. adjusting the pH of said effluent containing said dicyanocobalamin to
      about pH 4.0, whereby Vitamin B.sub.12 containing said radioactive isotope
      of cobalt is formed.
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ABST
PAL  This invention relates to an improvement in the process for the production
      of water-adsorbing, but largely water-insoluble, cellulose ethers, in
      which cellulose is alkalized in the presence of alkali hydroxide and
      isopropanol as a reaction medium and is so reacted with an etherification
      agent that by etherification only a water-soluble cellulose ether is
      produced, and in which process the cellulose is reacted with a
      cross-linking agent which is polyfunctional towards cellulose in an
      alkaline reaction medium before, during, or after the etherification of
      the cellulose, the improvement comprising effecting the etherification of
      cellulose to carboxymethyl cellulose, carboxymethyl hydroxyethyl
      cellulose, hydroxyethyl cellulose, or methylhydroxyethyl cellulose,
      reacting the cellulose with the polyfunctional cross-linking agent in the
      presence of 0.8 to 7.5 parts by weight of isopropanol, based upon the
      cellulose weight, and employing as the cross-linking agent acrylamido
      methylene chloroacetamide, dichloroacetic acid or phosphorus oxychloride
      or a compound in which at least two groups functional towards cellulose
      are
PA1  The acrylic amino group
      ##EQU1##
      the chlorine azomethine group
      ##EQU2##
      OR THE ALLYLOXY AZOMETHINE GROUP
      ##EQU3##
BSUM
PAR  This invention relates to a process for the production of water-adsorbing,
      but largely water-insoluble, cellulose ethers.
PAR  It is known to cross-link water-soluble carboxymethyl cellulose, which can
      be produced by etherification of cellulose with monochloroacetic acid, in
      order to obtain a cellulose ether which is, at least partially,
      water-insoluble, but which has the capacity of adsorbing relatively large
      quantities of water, and of simultaneously swelling. The cross-linking may
      take place before, after, or simultaneously with, the etherification.
      Reaction agents which are polyfunctional towards cellulose are used as
      cross-linking agents, for example epoxy compounds, polychlorinated higher
      alcohols, or divinyl sulfone. Epichlorohydrin is preferably used, because
      the cross-linking with it can be carried out simultaneously with the
      etherification. The cross-linkings take place in the presence of water
      either in a semidry state or in the presence of relatively large
      quantities of an inert organic diluent, such as isopropanol, the quantity
      of which corresponds to a 40-fold quantity of cellulose. At standard
      temperature, the cross-linking reaction requires many hours, e.g. 18
      hours; at a higher temperature the reaction is more rapid, but even at
      temperatures over 70.degree.C several hours are required, e.g. 3.5 hours.
PAR  The object of the present invention is to provide a process for the
      production of water-adsorbing, but largely water- insoluble, i.e. more
      than fifty per cent by weight insoluble, cellulose ethers, which process
      can be carried out more rapidly. This object is obtained by proceeding
      from the known process for the production of water-adsorbing, but
      water-insoluble, cellulose ethers, in which process cellulose is reacted
      with an etherification agent in the presence of alkali and isopropanol as
      a reaction medium in such a way that, by means of a mere etherification, a
      largely, i.e. at least 95 percent by weight, water-soluble cellulose ether
      is produced and in which known process a reaction takes place before,
      simultaneously with, or after the etherification, with a cross-linking
      agent which is polyfunctional towards cellulose in an alkaline reaction
      medium. In the process according to the invention the etherification of
      cellulose is effected to carboxymethyl cellulose, carboxymethyl
      hydroxyethyl cellulose, hydroxyethyl cellulose, or methyl hydroxyethyl
      cellulose, the polyfunctional reaction medium is reacted with the
      cellulose in the presence of 0.8 to 7.5 parts by weight of isopropanol, in
      relation to the cellulose weight, and a cross-linking agent is employed,
      which is dichloroacetic acid or phosphorus oxychloride or a compound in
      which the groups functional towards cellulose are
PA1  the acrylic amino group
      ##EQU4##
      the chlorine azomethine group
      ##EQU5##
      or the allyloxy azomethine group
      ##EQU6##
PAR  When applying the process to the production of carboxymethyl cellulose or
      carboxymethyl hydroxyethyl cellulose, the alkalization and etherification
      as well as the cross-linking are preferably carried out in the presence of
      0.85 to 3.0 parts by weight of isopropyl alcohol per 1 part by weight of
      dry cellulose. When the process is applied to the production of
      hydroxyethyl cellulose or methyl hydroxyethyl cellulose, the alkalization,
      etherification and cross-linking are preferably carried out in the
      presence of at least 0.85 part by weight, but not more than 7 parts by
      weight of isopropyl alcohol. In the process it is often most advantageous
      to use isopropyl alcohol, hereinafter also called isopropanol, in the form
      of the water-containing product with about 13 percent by weight of water
      which is often used for technical purposes. In the present description,
      however, isopropyl alcohol or isopropanol are meant to be isopropyl
      alcohol of 100 per cent concentration, if no other explanation is given.
PAR  In order to provide the presence of alkali necessary for the process,
      aqueous lyes are used in most cases. During the alkalization,
      etherification, and cross-linking, the reaction mixture therefore
      contains, apart from the water introduced by the use of 87 percent
      isopropanol, water introduced by the alkali liquor employed. In some cases
      more water is introduced into the reaction mixtures by the fact that the
      cross-linking agent is added in the form of an aqueous solution. The
      entire quantity by weight of water introduced into the reaction mixture,
      however, should not exceed the quantity by weight of isopropanol present
      in the mixture. It preferably should be less than two thirds of the
      quantity by weight of the isopropanol.
PAR  If, in the production of carboxymethyl cellulose or carboxymethyl
      hydroxyethyl cellulose, the etherification is carried out before the
      cross-linking, and if this is done in the presence of a substantially
      higher amount of isopropanol than 3 parts by weight per 1 part by weight
      of cellulose, it is advisable to remove some of the isopropanol before the
      cross-linking of the cellulose ether, so that it takes place in the
      presence of about 3 parts by weight of isopropanol. Otherwise the
      cross-linking is less rapid, if the same quantity of cross-linking agent
      is used.
PAR  The cross-linking agents used in the process are, for example:
PA1  methylene-bis-acrylamide
PA1  N-n'-dimethylol methylene bisacrylamide
PA1  trisacrylol hexahydro triazine
PA1  acrylamido methylene chloroacetamide
PA1  2,4,6-trichloropyrimidine
PA1  2,4,5,6-tetrachloropyrimidine
PA1  cyanuric chloride
PA1  triallyl cyanurate
PA1  dichloroacetic acid
PA1  phosphorus oxychloride
PAR  Depending upon the type of the cross-linking agent, 0.001 to 0.20 part by
      weight per 1 part by weight of cellulose are preferably applied. An
      exception is the cross-linking agent dichloroacetic acid. More than 0.10
      part by weight thereof per part by weight of cellulose must be used. If
      monochloroacetic acid is used alone or together with ethylene oxide as an
      etherification agent, the amount of dichloroacetic acid must be relatively
      high compared with the quantity of monochloroacetic acid employed. The
      quantity ratio to be employed depends upon the quantity of isopropanol
      which is present during the process of cross-linking. The more isopropanol
      present, the higher the quantity of dichloroacetic acid must be. If salts
      of monochloroacetic acid or dichloroacetic acid are used, their quantities
      must be recalculated corresponding to the free acids. The process leads,
      as do the previously known corresponding processes, to cross-linked
      products which contain a certain water-soluble portion. For many purposes
      this does not matter, so that a removal of the water-soluble portion is in
      most cases unnecessary. The table below gives the percentages by weight of
      the cross-linked cellulose ethers mentioned in the examples which are
      soluble in pure water at 20.degree.C.
PAR  The process requires relatively small quantities of a reaction medium
      (isopropanol) and, at temperatures of about 78.degree.C, it very rapidly
      leads to sufficient cross-linkings, i.e. in about one hour. Products are
      obtained which have, depending upon the conditions of etherification and
      cross-linking, different capacities for adsorbing water. Therefore, many
      different requirements can be met. The capacity of adsorbing water can be
      extremely high, for example up to an 80-fold weight of the cross-linked
      cellulose ether. The adsorbed water is so firmly bonded to the product of
      the cross-linking that even a centrifugal force corresponding to a
      2,000-fold acceleration of gravity cannot remove it. The table below shows
      the retention capacity towards pure water at 20.degree.C after the
      application of such a centrifugal force.
PAR  The cross-linked cellulose ethers obtained according to the process may
      serve various technical purposes, for example as adsorbing materials for
      medical and hygienic bandages or as dehydrating agents, e.g. for aqueous
      emulsions.
DETD
PAR  In the following examples all percentages are percent by weight. The
      alkalization, etherification, and cross-linking are carried out at the
      given temperatures, during kneading and stirring (depending upon the
      quantity of isopropanol-water reaction medium which is present). The
      products obtained are, if nothing else is stated, neutralized, washed, and
      then dried, as described in Example 1.
PAC  EXAMPLE 1
PAR  20 kg of cellulose in 60 kg of 87 percent aqueous isopropanol are alkalized
      with 9.2 kg of soda lye (50 percent) by intensive mixing for 45 minutes at
      20.degree.C. Then the alkali cellulose thus produced is cross-linked by
      adding 2.2 kg of an aqueous 30 percent solution of dimethylol methylene
      bis-acrylamide and is reacted for one hour at 50.degree.C, while the
      kneading is continued. Then, the mixture is etherified by adding 11 kg of
      the sodium salt of monochloroacetic acid and by kneading it for one hour
      at 70.degree.C. Then it is neutralized with acetic acid, washed salt-free
      with 80 percent methanol, and dried.
PAR  The water retention capacity of the cross-linked cellulose ether obtained,
      expressed in grams of water per 100 g of cellulose ether, as well as its
      water-soluble content in percent by weight, are given in the table
      following the examples. It also gives the corresponding data for the
      following examples.
PAC  EXAMPLE 2
PAR  100 g of cellulose in 300 g of 87 per cent isopropanol are alkalized with
      65 g of soda lye (50 percent) by kneading them for 45 minutes at
      20.degree.C. Then the mixture is etherified by adding 82 g of the sodium
      salt of monochloroacetic acid and by kneading it for another hour at
      70.degree.C. Then it is cross-linked with 50 g of dimethylol methylene
      bisacrylamide (30 per cent) while it is kneaded for one hour at
      50.degree.C.
PAC  EXAMPLE 3
PAR  100 g of cellulose are suspended in 850 ml of 87 per cent isopropanol while
      65 g of soda lye (50 percent) are added, and then the mixture is alkalized
      for 45 minutes at 20.degree.C while it is stirred. Then it is etherified
      by adding 82 g of the sodium salt of monochloroacetic acid within one hour
      at 70.degree.C, without stopping the stirring. After the etherification,
      the muddy reaction material is pressed off to an extent such that the
      weight of the carboxymethyl cellulose ether is about 400 g. Then, 50 g of
      dimethylol methylene bisacrylamide (30 per cent) are added and the mixture
      is cross-linked by kneading it for 1 hour at 50.degree.C.
PAC  EXAMPLE 4
PAR  20 kg of cellulose are alkalized in 170 l of isopropanol (87 percent) while
      44 kg of 13.64 percent soda lye are added and the mixture is intensively
      stirred in a pressure vessel for one half hour at 20.degree.C. The mixture
      is then mixed with 13 kg of ethylene oxide. Etherification is carried out
      for one hour at 70.degree.C. After adding 1 kg of a 30 percent aqueous
      solution of dimethylol methylene bisacrylamide, the temperature is
      maintained at 50.degree.C for one hour. Then the mixture is neutralized,
      washed out with a methanol-acetone mixture (1 : 1), and dried.
PAC  EXAMPLE 5
PAR  100 g of cellulose are alkalized with 170 g of soda lye (38.2 percent) in
      300 g of 87 per cent isopropanol for one hour at 20.degree.C. Then 50 g of
      a 30 per cent aqueous solution of dimethylol methylene bisacrylamide are
      added. Cross-linking is carried out for one hour at 50.degree.C. The
      cross-linked alkali cellulose obtained is etherified in an autoclave with
      25 ml of ethylene oxide and 800 ml of methyl chloride within one hour at
      85.degree.C.
PAC  EXAMPLE 6
PAR  100 g of cellulose in 300 g of isopropanol (87 percent) are alkalized with
      64 g of soda lye (50 percent) for 45 minutes at 20.degree.C. After adding
      55 g of the sodium salt of monochloroacetic acid, the mixture is
      etherified for one hour at 80.degree.C. Then 1.1 g of glacial acetic acid
      mixed with 50 ml of isopropanol are sprayed onto the mixture in order to
      largely neutralize the soda lye and thus to stop the decomposition of the
      cellulose. Then the mixture is homogenized by kneading it. Then 15 g of
      methylene bisacrylamide, dissolved in 35 g of water, are added. The
      cellulose ether treated in this manner is stored for 60 hours at standard
      temperature and then treated as in the above Example 1. The relatively
      long cross-linking time is due to the very low content of soda lye and the
      low temperature.
PAC  EXAMPLE 7
PAR  100 g of cellulose in 300 g of isopropanol (87 per cent) are alkalized with
      56 g of soda lye (50 per cent) for 45 minutes at 20.degree.C. After adding
      15 g of methylene bisacrylamide (dissolved in 35 g of water) the mixture
      is cross-linked for one hour at 50.degree.C while it is kneaded. Then it
      is etherified with 24.8 g of monochloroacetic acid for one hour at
      70.degree.C. Then a further etherification takes place in an autoclave for
      one hour at 70.degree.C, while 38 ml of ethylene oxide are added.
PAC  EXAMPLE 8
PAR  100 g of cellulose in 300 g of isopropanol (87 per cent) are alkalized with
      46 g of soda lye (50 percent). After adding 10 g of
      2,4,6-trichloropyrimidine, dissolved in 50 ml of isopropanol (87 per
      cent), the cross-linking is carried out within one hour at 80.degree.C.
      Then 55 g of the sodium salt of monochloroacetic acid are added and the
      mixture is etherified for one hour at 80.degree.C.
PAC  EXAMPLE 9
PAR  The process is the same as in Example 8, except that instead of
      2,4,6-trichloropyrimidine, 10 g of 2,4,5,6-tetrachloropyrimidine are
      added.
PAC  EXAMPLE 10
PAR  300 g of cellulose in 900 g of isopropanol (87 percent) are alkalized with
      203 g of 48 percent soda lye for one half hour at standard temperature.
      Then 246 g of the sodium salt of monochloroacetic acid are added, and the
      etherification is carried out for one hour at 70.degree.C. 4.5 g of
      cyanuric chloride, dissolved in 50 ml of acetone, are added dropwise to
      this raw carboxymethyl cellulose, and cross-linking is carried out for one
      hour at 70.degree.C. After the neutralization with acetic acid, the
      mixture is washed salt-free with 90 percent methanol, and dried.
PAC  EXAMPLE 11
PAR  20 kg of cellulose in 60 kg of isopropanol (87 percent) are alkalized with
      12.8 kg of soda lye (49.5 percent) for 45 minutes at standard temperature
      in a pressure vessel, during intensive mixing. Then a mixture of 10.8 kg
      of the sodium salt of monochloroacetic acid and 2.25 kg of dichloroacetic
      acid is added. Then, the mixture is etherified for one hour at
      85.degree.C. Then the mixture is neutralized, washed salt-free, and dried.
PAC  EXAMPLE 12
PAR  100 g of cellulose in 300 g of isopropanol (87 percent) are alkalized with
      77 g of soda lye (50 per cent) for 45 minutes at 20.degree.C. Then 33.8 g
      of dichloroacetic acid, which are dissolved in 43 ml of isopropanol (100
      percent), and 37 ml of ethylene oxide are added, and the etherification is
      carried out for one hour at 80.degree.C. Then the mixture is neutralized,
      washed salt-free, and dried.
PAC  EXAMPLE 13
PAR  100 g of cellulose in 670 g of isopropanol (100 percent) are alkalized with
      30 g of NaOH, dissolved in 189 g of water, for one half hour at
      20.degree.C. After 119 ml of ethylene oxide are added, the mixture is
      etherified for one hour at 70.degree.C. Then 11.5 g of cyanuric chloride
      in the form of powder are added, and cross-linking is carried out for one
      hour at 70.degree.C. The product is neutralized, washed saltfree, and
      dried.
PAC  EXAMPLE 14
PAR  100 g of cellulose are alkalized with 130 g of soda lye (50 percent) in 300
      g of 87 percent isopropanol for one hour at 20.degree.C. The alkali
      cellulose thus obtained is etherified in a stirring autoclave with 25 ml
      of ethylene oxide and 800 ml of methyl chloride within one hour at
      85.degree.C. Then a solution of 0.58 g of cyanuric chloride in 30 g of
      isopropanol is added dropwise and cross-linking is carried out by
      maintaining the mixture at boiling temperature for one hour while the
      stirring is continued. The product obtained is neutralized as described in
      Example 1, washed salt-free, and dried.
PAC  EXAMPLE 15
PAR  100 g of cellulose in 670 g of isopropanol are alkalized with 30 g of NaOH,
      dissolved in 189 g of water, for one hour at 20.degree.C. Then 119 ml of
      ethylene oxide are added and etherification is carried out by leaving the
      mixture standing for one hour at 70.degree.C. Then 48 g of the sodium salt
      of dichloroacetic acid are added to the pulp thus obtained, and the
      temperature is then maintained at 80.degree.C for one hour. After the
      neutralization, the mixture is washed salt-free and dried.
PAC  EXAMPLE 16
PAR  100 g of cellulose in 670 g of isopropanol (100 percent) are alkalized with
      30 g of NaOH, which are dissolved in 189 g of water, for one half hour at
      20.degree.C. Then 14.7 g of methylene bisacrylamide, dissolved in 50 ml of
      isopropanol, are added. Cross-linking is carried out for one hour at
      50.degree.C. Then the etherification takes place with 75 ml of ethylene
      oxide at 70.degree.C within one hour. Then the mixture is neutralized,
      washed out, and dried.
PAC  EXAMPLE 17
PAR  100 g of cellulose are alkalized with 65 g of NaOH, which are dissolved in
      105 g of water, for one hour at 20.degree.C. Then 14.7 g of methylene
      bisacrylamide, dissolved in 50 ml of isopropanol, are added. Cross-linking
      is carried out for one hour at 50.degree.C. The reaction mixture thus
      obtained is reacted with 25 ml of ethylene oxide and 800 ml of methyl
      chloride and then etherified for one hour at 85.degree.C. Then it is
      washed salt-free and dried.
PAC  EXAMPLE 18
PAR  100 g of cellulose are alkalized with 46 g of soda lye (50 percent) in 300
      g of isopropanol (87 percent) for 45 minutes at 20.degree.C. Then 10.2 g
      of acrylamidomethylene chloroacetamide, dispersed in 50 ml of isopropanol,
      are added, and the mixture is cross-linked for one hour at 50.degree.C.
      Then 55 g of the sodium salt of monochloroacetic acid are added and
      etherification is carried out within one hour at 70.degree.C. Then the
      product is washed salt-free and dried.
PAC  EXAMPLE 19
PAR  100 g of cellulose are alkalized with 46 g of soda lye (50 percent) in 300
      g of isopropanol (87 per cent) for 45 minutes at 20.degree.C. Then 55 g of
      the sodium salt of monochloroacetic acid are added and etherification is
      carried out within one hour at 70.degree.C. Then the mixture is reacted
      with 12.8 g of trisacryloyl hexahydrotriazine dissolved in 50 ml of
      isopropanol (87 per cent), and cross-linking is carried out therewith by
      kneading the mixture for one hour at 50.degree.C. After neutralization, it
      is washed salt-free and dried.
PAC  EXAMPLE 20
PAR  Non-cross-linked hydroxyethyl cellulose is produced as described in Example
      13, but then 100 g of the hydroxyethyl cellulose are cross-linked with
      1.36 g of triallyl cyanurate which is dissolved in 60 ml of isopropanol.
PAC  EXAMPLE 21
PAR  Non-cross-linked hydroxyethyl cellulose is produced as described in Example
      13, but 100 g of the hydroxyethyl cellulose are cross-linked with 0.3 g of
      phosphorus oxychloride, which is dissolved in 20 ml of isopropanol (100
      percent). The phosphorus oxychloride solution is added to the reaction
      material after the material has cooled to 20.degree.C. Then this
      temperature is maintained constant for one hour for the cross-linking.
PAC  EXAMPLE 22
PAR  100 g of cellulose are alkalized with 46 g of 50 percent soda lye in 100 g
      of 87 per cent isopropanol by kneading it for 45 minutes at 20.degree.C.
      Then the reaction material is kneaded with 55 g of the sodium salt of
      monochloroacetic acid, the temperature is raised to 70.degree.C, and the
      kneading is continued for one hour. Then the mixture is reacted with 50 g
      of a 30 percent aqueous solution of N,N'-dimethylol methylene
      bisacrylamide, and the kneading is continued for another hour at
      50.degree.C. Then the product obtained is neutralized, washed, and dried.
PAC  EXAMPLE 23
PAR  100 g of cellulose in 800 g of 87 percent isopropanol are alkalized with
      250 g of 20 percent soda lye in a stirring autoclave while being kneaded
      for 30 minutes at 20.degree.C. Then 31 g of methyl chloride and 109 g of
      ethylene oxide are added, the temperature is raised to 70.degree.C and
      maintained constant until the pressure falls, i.e. for one hour, while the
      kneading is continued. Then 50 g of a 30 percent aqueous solution of
      dimethylol methylene bisacrylamide are added and the kneading is continued
      for another hour, while the temperature is maintained at about
      50.degree.C. The product obtained is neutralized, washed, and dried.
TBL  Example                                                                   
            Capacity of retaining water                                        
                              Water-soluble portion,                           
     No.    in g of water per 100 g of                                         
                              in percent by weight.                            
            cellulose ether.                                                   
     ______________________________________                                    
     1      2,880             21.0                                             
     2      4,920             39.2                                             
     3      8,740             42.7                                             
     4      2,070             20.1                                             
     5      2,460             35.2                                             
     6      3,310             22.6                                             
     7       940              14.4                                             
     8      5,100             30.9                                             
     9      5,920             34.8                                             
     10      600              30.0                                             
     11     2,200             15.5                                             
     12      560              13.5                                             
     13      700               7.0                                             
     14     2,200             48.0                                             
     15      575              46.6                                             
     16     3,400             34.9                                             
     17     3,150             28.8                                             
     18     3,430             24.5                                             
     19      650              27.2                                             
     20      410              14.0                                             
     21      420              16.4                                             
     22     2,150             28.0                                             
     23     2,970             22.0                                             
     ______________________________________                                    
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the process for the production of water-adsorbing, but largely
      waterinsoluble, cellulose ethers, in which cellulose is alkalized in the
      presence of alkali hydroxide and isopropanol as a reaction medium and is
      so reacted with an etherification agent that by etherification only a
      water-soluble cellulose ether is produced, and in which process the
      cellulose is reacted with a cross-linking agent which is polyfunctional
      towards cellulose in an alkaline reaction medium before, during, or after
      the etherification of the cellulose,
PA1  the improvement which comprises effecting the etherification of cellulose
      to carboxymethyl cellulose, carboxymethyl hydroxyethyl cellulose,
      hydroxyethyl cellulose, or methylhydroxyethyl cellulose,
PA1  reacting the cellulose with the polyfunctional cross-linking agent in the
      presence of 0.8 to 7.5 parts by weight of isopropanol, based upon the
      cellulose weight,
PA1  and employing as the cross-linking agent acrylamido methylene
      chloroacetamide, dichloroacetic acid or phosphorus oxychloride or a
      compound in which at least two groups functional towards cellulose are
PA2  the acrylic amino group
      ##EQU7##
      the chlorine azomethine group
      ##EQU8##
      or the allyloxy azomethine group
      ##EQU9##
NUM  2.
PAR  2. A process according to claim 1 in which the cros-linking agent is
      dimethylol methylene bisacrylamide.
NUM  3.
PAR  3. A process according to claim 1 in which the cross-linking agent is
      methylene bisacrylamide.
NUM  4.
PAR  4. A process according to claim 1 in which the cross-linking agent is
      2,4,6-trichloropyrimidine.
NUM  5.
PAR  5. A process according to claim 1 in which the cross-linking agent is
      2,4,5,6-tetrachloropyrimidine.
NUM  6.
PAR  6. A process according to claim 1 in which the cross-linking agent is
      cyanuric chloride.
NUM  7.
PAR  7. A process according to claim 1 in which the cross-linking agent is
      acrylamidomethylene chloroacetamide.
NUM  8.
PAR  8. A process according to claim 1 in which the cross-linking agent is
      trisacrylol hexahydrotriazine.
NUM  9.
PAR  9. A process according to claim 1 in which the cross-linking agent is
      triallyl cyanurate.
NUM  10.
PAR  10. A process according to claim 1 in which the cross-linking agent is
      phosphorus oxychloride.
NUM  11.
PAR  11. A process for the production of water-adsorbing, but largely
      water-insoluble cellulose ethers which comprises alkalizing cellulose in
      the presence of alkali hydroxide and 0.8 to 7.5 parts by weight of
      isopropanol as a reaction medium, based upon the cellulose weight,
PA1  reacting the alkalized cellulose with an etherification agent so that by
      etherification only a water-soluble carboxymethyl cellulose, carboxymethyl
      hydroxyethyl cellulose, hydroxyethyl cellulose, or methylhydroxyethyl
      cellulose is produced,
PA1  and reacting said cellulose, before, during, or after the etherification
      thereof with a cross-linking agent selected from the group consisting of
      methylene bisacrylamide, N-N'-dimethylol methylene bisacrylamide,
      trisacrylol hexahydro triazine, acrylamido methylene chloroacetamide,
      2,4,6-trichloropyrimidine, cyanuric chloride, triallyl cyanurate,
      dichloroacetic acid, and phosphorus oxychloride, whereby a cross-linked
      cellulose ether is obtained which is more than 50 percent by weight
      water-insoluble.
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ABST
PAL  6-(.alpha.-3-Acyl-ureidoacetamido)-penicillanic acids and pharmaceutically
      acceptable non-toxic salts thereof in which the hydrogen atom of the
      nitrogen atom present in the 3-position is substituted, are effective
      against Gram-positive and Gram-negative infections, particularly
      Klebsiella aerobacter infections.
PARN
PAC  CROSS-REFERENCE
PAR  This is a divisional of our copending applications Ser. Nos. 145,809 and
      145,877 filed May 21, 1971 now abandoned.
BSUM
PAR  The present invention relates to new penicillins which are useful as
      anti-bacterial agents for humans, poultry and animals, and foodstuff
      additives in animal fodder. They are particularly useful in the treatment
      of illnesses due to infection by Gram-positive and Gram-negative bacteria,
      and especially by Klebsiella bacteria such as Klebsiella aerobacter.
PAR  Anti-bacterial agents, such as ampicillin (U.S. Pat. No. 2,985,648) have
      proved very effective in the therapy of infections by Gram-positive and
      Gram-negative bacteria. However, they are not capable of effectively
      combating Klebsiella infections. Carbenicillin (U.S. Pat. Nos. 3,142,673
      and 3,282,926) is only effective in man in the case of infections by
      Klebsiella bacteria if it is administered in continuing high doses, such
      as are only achieved by infusion.
PAR  6-(.alpha.-3-Acylureidoacetamido)-penicillanic acids are described in
      Netherlands Patents 69,01646 and 69,08909 and in U.S. Pat. Nos. 3,479,339,
      3,483,188 and 3,481,922 and German Offenlegungsschrift 1,959,920 but all
      3-acylureido acetamidopenicillanic acids described and claimed in these
      Patents possess, in contrast to those of the present invention, a hydrogen
      atom on the nitrogen atom present in the 3-position in the acylureido
      group. The presence of this hydrogen atom and the absence of another
      substituent at this position of the acylureido group in part necessarily
      results from the different way of synthesising these penicillins.
PAR  More particularly, the present invention is concerned with penicillins of
      the formula:
      ##EQU1##
      or a pharmaceutically acceptable non-toxic salt thereof wherein A is a
      group of the formula:
      ##EQU2##
      wherein X is hydrogen, alkyl, preferably lower alkyl, alkenyl, preferably
      lower alkenyl, cycloalkyl or cycloalkenyl with up to 10 carbon atoms,
      arylvinyl, especially phenylvinyl, mono-, di-, or tri-halo(lower alkyl),
      (lower alkyl)amino, di(loweralkyl)amino, monoarylamino, aryl especially
      phenyl (lower alkyl)amino, aryloxy especially phenoxy, alkoxy or aralkoxy
      with up to 8 carbon atoms, cycloalkoxy with up to 7 carbon atoms, or a
      group of the formula:
PA2  (lower alkyl)-O-V-                                         (5) ;
PA2  (lower alkyl)-S-V-                                         (6) ;
PA2  N.tbd.c-v-                                                 (7) ;
PA2  (lower alkyl)-O-CO-V-                                      (8) ;
PA2  di(lower alkyl)amino-CO-V-                                 (9) ;
      ##SPC1##
      ##SPC2##
PAL  wherein
PA1  V is a bivalent organic radical with 1 to 3 carbon atoms;
PA1  n is 0, 1 or 2;
PA1  R.sub.1, r.sub.2 and R.sub.3 are the same or different and are each
      hydrogen, chlorine, bromine, iodine, fluorine, nitro, cyano, di(lower
      alkyl)amino, di(lower alkyl)aminocarbonyl, lower alkanoylamino, lower
      alkoxycarbonyl, lower alkanoyloxy, lower alkyl, lower alkoxy, sulphamyl or
      trifluoromethyl;
PA1  Y is alkyl, especially lower alkyl, alkenyl, especially lower alkenyl such
      as vinyl and propenyl, cycloalkyl or cycloalkenyl with up to 10 carbon
      atoms, mono-, di-, or tri-halo(lower alkyl), aryl especially phenyl, a
      heterocyclic group, or aralkyl with up to 8 carbon atoms;
PA1  .rarw.Z-- is a divalent group of the formula:
EQU  (CH.sub.2).sub.m (21);
      ##EQU3##
EQU  .rarw.O (CH.sub.2).sub.m.sub.-1 (23);
EQU  .rarw.S (CH.sub.2).sub.m.sub.-1 (24);
      ##SPC3##
EQU  (CH = CH).sub.2 (27); wherein
PA2  m is 3, 4 or 5 and the arrow .rarw. means that the two free valencies of
      the group Z are not arbitrarily joined to the N and C atoms of the group
      ##EQU4##
      but are oriented as indicated by the arrow; Q is a divalent group, and in
      particular a group of the formula:
      ##EQU5##
      ##SPC4##
      ##SPC5##
      E is oxygen or sulphur;
PA1  G is hydrogen or lower alkyl;
PA1  R.sub.1 and R.sub.2 are as above defined;
PA1  the arrow in the divalent group .rarw.Q-- means that the two free valencies
      of the group Q are not arbitrarily joined to the two nitrogen atoms of the
      group
      ##EQU6##
      but are oriented as indicated by the arrow: M is a group of the formula:
      ##EQU7##
      wherein E and G are as above defined;
PA1  B is a group of the formula:
      ##SPC6##
PA2  wherein
PA2  R.sub.4, r.sub.5 and R.sub.6 are the same or different, and are each
      hydrogen, halogen, lower alkyl, lower alkoxy, lower alkylthio, lower
      alkylthionyl, lower alkylsulphonyl, nitro, di(lower alkyl)amino, lower
      alkanoylamino, hydroxy, or lower alkanoyloxy and which, as regards the
      chirality center C, can have either of the two possible R- and
      S-stereomeric configurations.
PAR  The invention covers not only pure R- and S-stereoisomers, but also
      mixtures of these isomers in any proportions.
PAR  The salts to which the invention more particularly relates are the
      non-toxic pharmaceutically tolerated salts, which include salts of the
      acid carboxyl group.
PAR  The above mentioned pharmaceutically acceptable non-toxic tolerated salts
      include salts of the acid carboxyl group, such as sodium, potassium,
      magnesium, calcium, aluminium and ammonium salts, and non-toxic
      substituted ammonium salts with amines such as di- and tri-lower
      alkylamines, procaine, dibenzylamine, N,N'-dibenzylethylenediamine,
      N-benzyl-.beta.-phenylethylamine, N-methylmorpholine and
      N-ethylmorpholine, 1-ephenamine, dehydroabietylamine,
      N,N'-bis-dehydroabietylethylenediamine, N-lower alkylpiperidine and other
      amines which have been used for forming salts of penicillins.
PAR  The term "lower alkyl" is to be understood, in the present invention, as
      meaning both a straight-chain and a branched alkyl group with up to 6
      carbon atoms. In conjunction with other groups, such as in "di-lower
      alkylamino", the term "-lower alkyl-" only relates to the alkyl part of
      the particular group.
PAR  The phrase "the compound of the present invention" includes the
      pharmaceutically acceptable non-toxic salts of the penicillins of the
      present invention.
PAR  According to one embodiment of the present invention
PA1  A is:
      ##EQU8##
      ##SPC7##
      or
      ##EQU9##
      and B is phenyl.
PAR  These steroisomers in which the chirality center C is in the
      R-configuration, i.e. D(-)-, are preferred.
PAR  According to another embodiment of the present invention:
PA1  B is p-methylthiophenyl, p-methylphenyl, p-methoxyphenyl, p-chlorophenyl or
      thienyl-(2).
PAR  According to another embodiment of the present invention:
      ##EQU10##
      wherein X is lower alkyl, phenylvinyl, nitro-phenylvinyl, or a group of
      the formula:
      ##SPC8##
PA2  wherein
PA3  n is 0 or 1; and
PA3  R.sub.1, r.sub.2 and R.sub.3 are the same or different and each is
      hydrogen, chlorine, bromine, fluorine, nitro, lower alkyl or lower alkoxy,
      or
PA3  one is methoxycarbonylamino and the other two are each hydrogen;
PA2  Y is lower alkyl, allyl, phenyl or benzyl;
PA2  B is thienyl, phenyl or phenyl substituted by lower alkyl, lower alkoxy,
      mono-, or di-halogen or lower alkylthio; and
PA2  C can have either of the two possible R- and S- stereoisomeric
      configurations or it can be a mixture of such diastereomers.
PAR  According to another embodiment of the present invention:
PA1  A is:
      ##EQU11##
PAR  According to another embodiment of the present invention:
PA1  A is:
      ##EQU12##
PAR  According to another embodiment of the present invention:
PA1  A is:
      ##EQU13##
PAR  According to another embodiment of the present invention:
PA1  A is:
      ##SPC9##
PAR  According to another embodiment of the present invention:
PA1  X is methyl, ethyl, phenylvinyl, nitro-phenylvinyl, phenyl, chlorophenyl,
      bromophenyl, fluorophenyl, nitrophenyl, tolyl, methoxyphenyl, nitrobenzyl,
      methoxycarbonylaminophenyl, nitro-methoxyphenyl, nitro-methylphenyl,
      di-chlorophenyl or nitrochlorophenyl;
PA1  Y is methyl, ethyl, propyl, allyl, phenyl or benzyl; and
PA1  B is thienyl, phenyl, tolyl, methoxyphenyl, methylthiophenyl or
      dichlorophenyl.
PAR  According to another embodiment of the present invention:
PA1  C has the D(-)- configuration.
PAR  The preferred salt is the sodium salt and particularly preferred sodium
      salts are those wherein C has the D(-)- configuration.
PAR  The invention further provides a process for the preparation of the above
      penicillins and salts in which 6-aminopenicillanic acid (52) or a compound
      of the formula (53) or (54):
      ##EQU14##
      in which R.sub.7, R.sub.8 and R.sub.9 are the same or different alkyl
      having up to 6 carbon atoms;
PAL  is reacted at a temperature of -31.degree. to +50.degree.C with a
      carboxylic acid of the formula:
      ##EQU15##
      modified at the carboxyl group, wherein A, B and C are as above defined.
PAR  This reaction is, when 6-aminopenicillanic acid is used, carried out in an
      anhydrous or aqueous solvent, in the presence of a base. If a compound of
      the formula (53) or (54) is used, the reaction is carried out in an
      anhydrous solvent, free of hydroxyl groups, with or without the addition
      of a base.
PAR  The carboxyl group of the carboxylic acids of the formula (55) may be
      modified by either
PA1  i. reacting such a carboxylic acid with about one molar equivalent of a
      compound of the formula (56), (50), (51), or (52):
      ##EQU16##
      wherein R.sub.9 is as above defined;
PA1  R.sub.10 is the same as R.sub.9 and in addition may be phenyl;
PA1  R.sub.11 is a divalent organic radical (CH.sub.2).sub.4, (CH.sub.2).sub.5
      or (CH.sub.2).sub.2 O (CH.sub.2).sub.2 ; and
PA1  W is halogen;
PAL  in an anhydrous, inert organic solvent in the presence of about one molar
      equivalent of a base at a temperature of about -60.degree.C to
      +30.degree.C; or
PAR  ii. by converting a carboxylic acid of the formula (55) into the
      corresponding carboxylic acid derivative of the formula (60):
      ##EQU17##
      wherein A, B and C are as above defined and each U is --CN or --COO--lower
      alkyl.
PAR  The carboxylic acid derivatives of the formula (60) may be prepared by
      reacting a compound of the formula (61):
      ##EQU18##
      wherein U is as above defined,
PAL  in an anhydrous, inert organic solvent, in the presence of at least one
      molar equivalent of a tertiary organic base, at a temperature of from
      -25.degree.C to +25.degree.C, with one molar equivalent of thionyl
      chloride, to obtain an intermediate product, with one molar equivalent of
      base hydrochloride being formed. The intermediate product is then reacted,
      without isolation and in the presence of a further molar equivalent of a
      base, with a molar equivalent of the carboxylic acid of the formula (55)
      at a temperature of about -25.degree.C to +25.degree.C, to give the
      modified carboxylic acid of the formula (60).
PAR  In carrying out the process of the invention using 6-amino-penicillanic
      acid, the modified carboxylic acid of formula (55), preferably in the form
      of a solution in an anhydrous, inert organic solvent, is brought together
      with a solution of 6-aminopenicillanic acid in water or in an aqueous or
      anhydrous organic solvent, in the presence of a base. Suitable solvents
      for the carboxylic acids modified at the carboxyl group are, for example,
      acetone, tetrahydrofurane, dioxane, dimethylformamide, dimethylsulphoxide
      and hexamethylphosphoric acid triamide for an aqueous reaction medium, and
      preferably methylene chloride and chloroform for an anhydrous reaction
      medium.
PAR  The 6-aminopenicillanic acid is preferably employed in the reaction
      according to the invention as a solution of its salt with a base, in water
      or in a mixture of water and a water-miscible solvent, or in an anhydrous
      organic solvent. Suitable solvents for the 6-aminopenicillanic acid or its
      salt, apart from water, are preferably acetone, tetrahydrofurane, dioxane,
      acetonitrile, dimethylformamide, dimethylsulphoxide, hexamethylphosphoric
      acid triamide and isopropanol for an aqueous reaction medium and, in
      addition to the solvents mentioned, preferably methylene chloride and
      chloroform for an anhydrous reaction medium. In order to convert the
      6-aminopenicillanic acid into the salt of a base, the salt being dissolved
      in a solvent, inorganic bases such as sodium carbonate, sodium hydroxide,
      sodium bicarbonate, the corresponding potassium and calcium compounds,
      magnesium oxide or magnesiusm carbonate or buffer mixtures can for example
      be used as bases suitable for the purpose in the case of an aqueous or
      water-containing reaction mixture, whilst triethylamine, pyridine,
      diethylamine, N-ethylpiperidine or N-ethylmorpholine can preferably be
      used in the case of an anhydrous reaction medium.
PAR  The reaction, according to the invention, of the carboxylic acids of the
      formula (55), modified at the carboxyl group, with the silylated
      6-aminopenicillanic acids of the formulae (53) and (54) is carried out in
      inert organic solvents which are free of hydroxyl groups, for example in
      carbon tetrachloride, methylene chloride, chloroform, tetrahydrofurane,
      benzene, diethyl ether and toluene.
PAR  The reaction, according to the invention, of the carboxylic acids of the
      formula (55), in the form which is modified at the carboxyl group, with
      the 6-aminopenicillanic acid, in an aqueous or water-containing medium,
      can be carried out at a pH of, preferably, 6.5 to 8.0, or also at a pH of
      about 3.
PAR  As in the case of most chemical reactions, higher or lower temperatures
      than those indicated in the Examples can be used. However, if the values
      indicated in the Examples are substantially exceeded, side-reactions will
      occur to an increasing extent, and these reduce the yield or
      disadvantageously affect the purity of the products. On the other hand,
      excessively lowered reaction temperatures reduce the speed of reaction so
      much that reductions in yield can occur. Reaction temperatures of
      -20.degree.C to +30.degree.C are therefore preferred in the reaction
      according to the invention, of the carboxylic acids of the formula (55),
      modified at the carboxyl group, with the 6-aminopenicillanic acid or the
      silylated 6-aminopenicillanic acids of the formulae (53) and (54). Only in
      cases where the carboxylic acids modified at the carboxyl group are
      insufficiently stable, or there is the danger that racemisation may occur
      at an optically active centre located near the carboxyl group, can it be
      advisable preferably to carry out the process at reaction temperatures
      below -20.degree.. In the reaction, according to the invention, of the
      carboxylic acids of the formula (55), modified at the carboxyl group, with
      the 6-aminopenicillanic acid or the compounds of the formula (53) and
      (54), the reactants can be reacted in equimolar amounts. It may however be
      advisable to use one of the two reactants in excess in order to facilitate
      the purification of the desired penicillin, or its preparation in a pure
      form, and to increase the yield. Thus it is, for example, possible to
      employ the 6-aminopenicillanic acid or the compounds of the formulae (53)
      and (54) in an excess of 0.1 to about 0.4 mol equivalent and thereby to
      achieve better utilisation of the carboxylic acids of the general formula
      (55). When working up to the reaction mixture and isolating the
      penicillin, 6-aminopenicillanic acid which may be present can be easily
      removed because of its good solubility in aqueous mineral acids. Any
      carboxylic acid [see formula (55)] which may be present can, on the other
      hand, only be separated with much greater difficulty from the penicillin
      formed.
PAR  The amount of bases added in the reaction, according to the invention, of
      the carboxylic acids of the formula (55), modified at the carboxyl group,
      with 6-aminopenicillanic acid or the compounds of the formulae (53) and
      (54) is for example determined by the desired maintenance of a particular
      pH. Where a pH measurement and adjustment is not carried out, or is not
      possible or sensible because of the absence of sufficient amounts of water
      in the diluent, about 0.5 to 2.0 mol equivalents of base are added in the
      case where the compounds of the formula (53) or (54) are used, and about
      1.5 to 2.5 mol equivalents of base are added in the case where
      6-aminopenicillanic acid and an anhydrous reaction medium are used.
PAR  The working up of the reaction batches for the manufacture of the
      penicillins according to the invention, and of their salts, in all cases
      takes place in the manner generally known for penicillins.
PAR  The carboxylic acids of the formula (55) can be modified at the carboxyl
      group, according to the invention, by reacting them with about one molar
      equivalent of a compound of one of the formulae (56), (57), (58) or (59)
      in an anhydrous, inert organic solvent in the presence of about one molar
      equivalent of a base, preferably a tertiary organic base, at a temperature
      of about -60.degree.C to +30.degree.C, preferably -31.degree.C to
      +5.degree.C, most preferably -20.degree.C to  +5.degree.C. The forms of
      the carboxylic acids, modified at the carboxyl group, which are thereby
      produced are preferably not isolated, but used, together with the solvent
      in which they are present, for the reaction with the 6-aminopenicillanic
      acid or the compounds of the formulae (53) or (54). If the reaction
      mixture for the reaction with the aminopenicillanic acid contains water,
      organic solvents which are miscible with water, for example acetone,
      tetrahydrofurane, dioxane, dimethylformamide, dimethylsulphoxide or
      hexamethylphosphoric acid triamide, are preferentially used as solvents
      for the reaction of the carboxylic acids (55) with the compounds (56),
      (57), (58) or (59). If the reaction mixture for the reaction with
      6-aminopenicillanic acid does not contain any water, or if the reaction
      mixture for the reaction with compounds of the formulae (53) or (54) is
      concerned, solvents such as, preferably, methylene chloride or chloroform
      are also used, in addition to the solvents mentioned.
PAR  According to the invention it is also possible to modify the carboxylic
      acids of formula (55) at the carboxyl group by conversion into the
      derivatives of the formula:
      ##EQU19##
      wherein A, B, C and U are as above defined.
PAR  This is expediently done by first converting a compound of the formula
      (61):
      ##EQU20##
      wherein U is as above defined,
PAL  in an anhydrous, inert organic solvent, for example acetone,
      tetrahydrofurane, methylene chloride, dioxane, chloroform or
      dimethylformamide, in the presence of at least, and preferably, one mol
      equivalent of a tertiary base, preferably triethylamine, at temperatures
      of about -25.degree.C to +25.degree.C, preferably -10.degree.C, into an
      intermediate product by means of one mol equivalent of thionyl chloride,
      with one mol equivalent of base hydrochloride being formed. This
      intermediate product, the constitution of which is unknown, is not
      isolated, but is reacted in the presence of a further molar equivalent of
      an organic base, also preferably triethylamine, with one molar equivalent
      of the carboxylic acid of formula (55) at a temperature of about
      -25.degree.C to +25 .degree.C, preferably -10.degree.C to +10.degree.C.
      After the base hydrochloride has been removed by filtration, the
      appropriate compound of the formula (60) can be isolated by evaporating
      off the solvent and can optionally be purified by recrystallisation from
      inert solvents or, if the substance is not crystalline, by brief washing
      of a solution, for example in ether or benzene, with an aqueous
      bicarbonate solution at as low a temperature as possible.
PAR  The 6-aminopenicillanic acid used as starting material in the process of
      the invention can be obtained by known methods, for instance by fission of
      penicillin-G, either by microbiological or by chemical means (compare
      Netherlands Patent No. 67/13809).
PAR  The carboxylic acids of formula (55) can be obtained from the amino-acids
      of the formula:
      ##EQU21##
      wherein B is as above defined,
PA1  by reaction with a compound of the formula:
EQU  A -- CO -- W (63)
PAL  wherein
PA1  A and W are as above defined.
PAR  The compounds of the formula (63) in which W is halogen, can be obtained by
      processes described in German Offenlegungsschrift No. 1,793,287, in German
      Patent No. 1,259,871, in U.S. Pat. Nos. 3,275,618 and 3,337,621, and in
      Japanese Patent No. 434,247. Furthermore, some of the compounds of formula
      (63) in which W is halogen can be obtained from the corresponding amide by
      metallization at the amide nitrogen atom with methyl, lithium, followed by
      reaction with phosgene.
PAR  The compounds of formula (63) in which W is halogen and A is
      ##EQU22##
PAR  can be obtained from the cyclic ureas of formula:
      ##EQU23##
      wherein Q is as above defined, and phosgene.
PAL  The reaction is illustrated in the examples.
PAR  The production of the reagents of the formulae (56), (57) and (59) is
      described in the literature [see J. Med. Chem. 9, (1966), p980; Ber. 96,
      (1963) p2681; Tetrahedron 17, (1962), p114]. The reagent of formula (58)
      can be obtained from N,N'dimethylethylene diamine after converting it into
      the N,N'-bis-trimethylsilyl compound, reacting this with phosgene to give
      the corresponding cyclic urea, and reacting the latter with phosgene.
PAR  The penicillins according to the invention can also be obtained from the
      carboxylic acids of the formula (55) and 6-aminopenicillanic acid, or the
      silylated 6-aminopenicillanic acids [see formulae (53) and (54)] by the
      known methods of peptide chemistry (see E. Schroder & K. Lubke, "The
      Peptides", Methods of Peptide Synthesis, Vol. I, pages 76-128). This
      method of production is however inferior to that of the present invention.
PAR  On attempting to obtain some of the penicillins according to the invention
      via the acid chlorides, prepared in the usual manner from the acids
      (formula (55)) and thionyl chloride, and 6-aminopenicillanic acid, we
      obtained a mixture of several penicillins amongst which the desired
      penicillin, [identified by a preparation via a different, unambiguous
      route from ampicillin and the corresponding acid chloride A--CO--Cl;
      compare formula (55)] was either not present at all or only present in
      very small amounts. This was deduced from a comparison of the in vitro
      bacterial spectra and of the thin layer chromatogram. In an experiment to
      obtain the penicillins according to the invention via the mixed
      anhydrides, prepared in the usual manner from the acids by means of
      chloroform acid ethyl ester, and aminopenicillanic acid, it was only
      possible to isolate ethoxycarbonylpenicillin in a yield of 20%.
PAR  The penicillins of the present invention can also be produced by reacting a
      compound of the formula:
      ##EQU24##
      wherein B and C are as above defined,
PAL  or a condensation product of such a compound with a cabonyl compound,
      preferably acetone [U.S. Pat. No. 3,198,804] , the said condensation
      product being of the formula:
      ##EQU25##
      wherein B and C are as above defined, (in the preferred case when the
      carbonyl compound is acetone, G is methyl)
PAL  or a compound of the formula:
      ##EQU26##
      wherein B is as above defined; and
PA1  R.sub.4, r.sub.5 and R.sub.6 are alkyl with up to 6 carbon atoms,
PAL  at a temperature of -20.degree.C to +50.degree.C with a compound of the
      formula:
      ##EQU27##
      wherein X, Y, Z, E and Q are as above defined; and
PA1  W is halogen or an azide group;
PAL  in a solvent and in the presence of a base when a compound of formula (62)
      or (63) is used, and in an anhydrous solvent free of hydroxyl groups with
      or without the presence of a base when a compound of formula (64) or (65)
      is used.
PAR  If a compound of the formulae (62) or (63) is used as the starting material
      for the synthesis of a penicillin according to the invention, and is
      reacted with a compound of the formulae (66), (67) or (68), the reactions
      can for example be carried out in a mixture of water and one or more
      organic solvents miscible with water, such as acetone, tetrahydrofurane,
      dioxane, acetonitrile, dimethylformamide, dimethylsulphoxide or
      isopropanol. At the same time the pH of the reaction mixture is for
      example kept between 6.5 and 8.0 by adding a base or by the use of a
      buffer solution. The reaction according to the invention can however also
      be carried out in a different pH range, for example between 4.5 and 9.0 or
      at pH 2.0-3.0. It is furthermore possible to carry out the reaction in a
      solvent immiscible with water, for example chloroform or methylene
      chloride, with the addition of, preferably, triethylamine, diethylamine or
      N-ethylpiperidine. Furthermore, the reaction can be carried out in a
      mixture of water and a solvent which is immiscible with water such as, for
      example, ether, chloroform, methylene chloride, carbon disulphide,
      isobutyl methyl ketone, acetic acid ethyl ester or benzene, in which case
      it is desirable to stir the mixture vigorously and to maintain the pH
      value between 4.5 and 9.0 or, for example, 2.0 and 3.0, by adding bases or
      by the use of a buffer solution.
PAR  If a compound of the formula (64) or (65) is used as the starting material
      for the synthesis, and this substance is reacted with a compound of the
      formula (66), (67) or (68), the process must be carried out in a solvent
      which is anhydrous and free of hydroxyl groups. Such solvents are for
      example methylene chloride, chloroform, benzene, tetrahydrofurane, acetone
      and dimethylformamide. In this case, the addition of a base is not
      necessary, but in individual cases the yield and purity of the products
      can be improved thereby. Admittedly, the converse effect is also possible.
      The base which is optionally added must either be a tertiary amine, such
      as pyridine or triethylamine, or a secondary amine which is difficult to
      acylate as a result of steric hindrance, such as dicyclohexylamine. The
      number of usable bases is hence almost unlimited.
PAR  As in most chemical reactions, higher or lower temperatures than those
      indicated in the Examples can be used. If, however, the values given in
      the Examples are significantly exceeded, side-reactions, which reduce the
      yield or unfavourably influence the purity of the products, will
      increasingly occur. On the other hand, excessively lowered reaction
      temperatures so greatly reduce the reaction speed that reductions in yield
      can occur. Reaction temperatures in the range of -20.degree.C to
      +50.degree.C are therefore preferred, and a temperature of about
      0.degree.C to +20.degree.C is particularly preferred.
PAR  The reactants can be reacted with one another in equimolar amounts. It can
      however be desirable to use one of the two reactants in excess, in order
      to facilitate the purification, or preparation in a pure form, of the
      desired penicillin, and to increase the yield. For example, the compounds
      of the formulae (62) or (63) can be employed in an excess of 0.1 to 0.3
      mol equivalents, and less decomposition of the reactants of the formulae
      (66), (67) or (68) in the aqueous solvent mixture can thereby be achieved.
      The excess of the reactants of the formulae (62) or (63) can be easily
      removed when working up the reaction mixture, because of their good
      solubility in aqueous mineral acid. On the other hand, however, the
      reactants of the formulae (66), (67) and (68) can also advantageously be
      employed in an excess of, for example, 0.1 to 1.0 mol equivalents. As a
      result of this, the reactants, for example of the formulae (62) or (63),
      are better utilized, and the decomposition of the reactants of the
      formulae (66), (67) or (68) which takes place as a side-reaction in
      aqueous solvents, is compensated. Since the compounds of the formulae
      (66), (67) or (68) which are added in excess rapidly change, in water,
      into neutral amides, ureas or thioureas which can easily be removed, the
      purity of the penicillins is thereby hardly impaired.
PAR  The amount of the base added is determined inter alia by the desired
      maintenance of a particular pH. Where a pH measurement and adjustment is
      not carried out, or is impossible or pointless because of the absence of
      sufficient amounts of water in the diluent, 2 mol equivalents of base are
      preferably added in the case where a compound of the formulae (62) or (63)
      is used, and either no base at all or, preferably 1 mol equivalent of base
      is added in the case where a compound of the formulae (64) or (65) is
      used.
PAR  The working up of the reaction batches for the manufacture of the
      penicillins according to the invention, and of their salts, can be
      throughout carried out in the manner generally known for penicillins.
PAR  The compounds of the formula (62) used as the starting material in the
      present invention can, as regards the configuration at the symmetrical
      center in the side chain (: C), be in the D(-)- = R-form or L(+)- =
      S-form. They are described in German Patent Specification No. 1,156,078,
      in U.S. Pat. Nos. 3,342,677, 3,157,640, 2,985,648 and 3,140,282, in South
      African Patent No. 68/0290 and (an anhydrous form) in U.S. Pat. No.
      3,144,445. All crystal forms and configurations of the compounds of the
      formula (62) are suitable for use as the starting material for the
      reaction according to the invention. The compounds of the formulae (63),
      (64) or (65) used as the starting material in the present invention, can,
      as regards the configuration at the asymmetrical center in the side chain
      (: C), also occur in the D(-)- = R-form or L(+)- = S-form. The
      configuration of the asymmetrical centers of the 6-aminopenicillanic acid
      nucleus in the compounds of the formulae (62), (63), (64) and (65) should
      be identical with the corresponding asymmetrical centers of the
      6-aminopenicillanic acid, which has, for example, been obtained from
      penicillin-G by fermentative processes.
PAR  The production of the compounds of the formulae (64) and (65), used as the
      starting material, is described in Netherlands Patent No. 68/18057.
PAR  The compounds of the formulae (66) and (67) used as starting materials in
      the above process can be produced if W is halogen, according to processes
      which are described in German Offenlegungsschrift No. 1,793,287, in German
      Patent No. 1,259,871, in U.S. Pat. Nos. 3,275,618 and 3,337,621, and in
      Japanese Patent No. 434 247.
PAR  Furthermore compounds of the formulae (66) and (67) have been prepared, if
      W is halogen, from the corresponding amides after metallization with
      methyl-lithium and subsequent reaction with phosgene. Such preparations
      are described in more detail in the examples.
PAR  The production of the compounds of the formula (68), to be used as the
      starting material -- where W is halogen -- is illustrated in Examples No.
      144B and 147 B/C. It can also be carried out in the same manner as
      described in the examples.
PAR  The sales of the penicillines of the present invention can be obtained in a
      manner per se known, for example by reacting the free acid with a suitable
      base.
PAR  The chemotherapeutic activity of the new penicillins was tested in vivo and
      in vitro. The in vitro inhibition values (MIC = minimum inhibition
      concentration (see Tables 1 and 2) were determined in a liquid medium in
      the test tube series dilution test, with readings being taken after 24
      hours' incubation at 37.degree.C. The MIC is indicated by the non-turbid
      test tube in the dilution series. A complete medium of the following
      composition was used as the nutrient medium:
TBL  Lab Lemco (OXOID)      10 g                                               
     Peptone (DIFCO)        10 g                                               
     NaCl                   3 g                                                
     D-(+)-Dextrose (MERCK) 10 g                                               
     Buffer pH 7.4          1000 ml.                                           
PAR  The spectrum of action encompasses both Gram-negative and Gram-positive
      bacteria. The particular advantage of the penicillins according to the
      invention is that they are effective both in vitro (see Tables 1 and 2)
      and in animal experiments against ampicillin-resistant and
      carbenicillin-resistant Klebsiella bacteria and against
      ampicillin-resistant Proteus bacteria. Furthermore, ampicillin-resistant
      varieties of Pseudomonas are attacked in vitro and in vivo. The
      concentrations required for destruction of the bacteria are reached in the
      serum after parenteral administration.
PAR  The effect, which is generally excellent, is achieved both on a single
      administration and on repeated administration. The penicillins according
      to the invention are stable to acid. Some of the new penicillins are very
      well tolerated, which is made particularly clear through the extremely
      high dose which in these cases is tolerated, without complication, on
      intravenous administration into the vein of the tail.
TBL                                    Table 1                                 
     __________________________________________________________________________
     (MIC in units/ml)                                                         
     Bacterial strains                                                         
     Peni-                                                                     
        E. Coli         Proteus. vulg.                                         
                                  Klebsiella                                   
                                            Psdm. aerug.                       
                                                      Staph.                   
                                                              Streptoc.        
     cillin                                                   faec.            
     No.*                                                                      
        14  A 261                                                              
                C 165                                                          
                   183/58                                                      
                        1017 3400 K 10 63   Bonn Walter                        
                                                      1777                     
                                                          133 ATCC             
                                                              9790             
     __________________________________________________________________________
        25  &gt;400                                                               
                100 100 400  200  50   50   400  200      1.6 200              
     2  3.1 400 12.5                                                           
                    12.5                                                       
                        100  25   50   50   100  100      .about.0.8           
                                                              200              
            100-                                                               
     4  0.8-4                                                                  
            500 4-20                                                           
                    4-20                                                       
                        4-20 4-20 20-100                                       
                                       20-100                                  
                                            20-100                             
                                                 20-100   &lt;0.8                 
                                                              100-500          
            100-                                                               
     5      500 4-20         20-100    20-100    20-100   &lt;0.8                 
                                                              100-500          
        100-    100-                                                           
                    100-                              100-                     
     7  500 &gt;500                                                               
                500 500 .about.500                                             
                             100-500                                           
                                  &gt;500 &gt;500 100-500                            
                                                 &gt;500 500 0.8-4                
                                                              100-500          
     8  &gt;500                                                                   
            &gt;500                                                               
                &gt;500                                                           
                    &gt;500                                                       
                        &gt;500 &gt;500 &gt;500 &gt;500 &gt;500 &gt;500 500 4-20                 
                                                              &gt;500             
                100-                                                           
                    100-                                                       
     9  20-100                                                                 
            &gt;500                                                               
                500 500 &gt;500 &gt;500 &gt;500 &gt;500 &gt;500 &gt;500     0.8-4                
                                                              .about.500       
     10B                                                                       
        12.5                                                                   
            &gt;400                                                               
                50  50  200  200  50   50   200  200  400 1.6 100              
     11C                                                                       
        6.3 &gt;400                                                               
                50  12.5                                                       
                        100  100  50   100  400  200  400 1.6 200              
     12 6.3 &gt;400                                                               
                50  12.5                                                       
                        100  100  50   100  400  200  400 1.6 200              
     14 4-20                                                                   
            20-100                                                             
                20-100                                                         
                    100-500                                                    
                        .about.100                                             
                             20-100                                            
                                  20-100                                       
                                       100-500                                 
                                            100-500   0.8-4                    
                                                          100-500              
                100-                                                           
                    100-                                                       
     15 20-100                                                                 
            &gt;500                                                               
                500 500 &gt;500 &gt;500 &gt;500 &gt;500 &gt;500 &gt;500     0.8-4                
                                                              &gt;500             
     17 4-20                                                                   
            &gt;500                                                               
                20-100                                                         
                    20-100                                                     
                        &gt;500 100-500                                           
                                  20-100                                       
                                       20-100                                  
                                            100-500                            
                                                 100-500  &lt;0.8                 
                                                              20-100           
     18 4-20                                                                   
            &gt;500                                                               
                20-100                                                         
                    100-500                                                    
                        100-500                                                
                             20-100                                            
                                  20-100                                       
                                       100-500                                 
                                            100-500   0.8-4                    
                                                          .about.100           
     20     &gt;500                                                               
                20-100       100-500   20-100    100-500  &lt;0.8                 
                                                              20-100           
     21     &gt;500                                                               
                20-100       20-100    20-100    100-500  &lt;0.8                 
                                                              100-500          
     22     &gt;500                                                               
                4-20         4-20      20-100    20-100   &lt;0.8                 
                                                              .about.20        
                100-                                                           
     23     &gt;500                                                               
                500          &gt;500      &gt;500      &gt;500     0.8-4                
                                                              100-500          
     24 6.3 &gt;400                                                               
                25  25  100  50   50   100  100  100      .about.1.6           
                                                              200              
     27 100 &gt;400                                                               
                200 200 &gt;400 &gt;400 &gt;400 &gt;400 &gt;400 &gt;400 &gt;400                     
                                                          6.3 &gt;400             
     28 100 &gt;400                                                               
                200 400 &gt;400 &gt;400 &gt;400 &gt;400 &gt;400 &gt;400 &gt;400                     
                                                          12.5                 
                                                              &gt;400             
     29. 3.1                                                                   
        &gt;400                                                                   
            6.3 3.1 12.5                                                       
                        12.5 200  100  25   50   200  &lt;0.8                     
                                                          100                  
     30 4-20                                                                   
            &gt;500                                                               
                20-100                                                         
                    20-100                                                     
                        100-500                                                
                             100-500                                           
                                  100-500                                      
                                       100-500                                 
                                            100-500                            
                                                 100-500  0.8-4                
                                                              20-100           
                100-                        approx.                            
     31 20-100                                                                 
            &gt;500                                                               
                500 20-100                                                     
                        100-500                                                
                             100-500                                           
                                  100-500                                      
                                       100-500                                 
                                            500  100-500  0.8-4                
                                                              &gt;500             
        approx.         approx.        approx.                                 
     32 20  &gt;500                                                               
                20-100                                                         
                    20-100                                                     
                        100  100-500                                           
                                  100-500                                      
                                       100  100-500                            
                                                 100-500  approx.              
                                                              100-500          
            100-                                          0.3                  
     33     500 4-20    4-20           4-20      4-20     &lt;0.8                 
                                                              20-100           
        approx.                                                                
            100-                                 approx.                       
     35 4   500 20-100                                                         
                    4-20                                                       
                        20-100                                                 
                             20-100                                            
                                  20-100                                       
                                       20-100                                  
                                            4-20 20       &lt;0.8                 
                                                              20-100           
                100-                                                           
     36     &gt;500                                                               
                500     &gt;500           &gt;500      &gt;500     4-20                 
                                                              100-500          
     37 &lt;0.8                                                                   
            &gt;500                                                               
                0.8-4                                                          
                    0.8-4                                                      
                        4-20 4-20 20-100                                       
                                       4-20 4-20 4-20     &lt;0.8                 
                                                              20-100           
     38 0.8-4                                                                  
            &gt;500                                                               
                4-20                                                           
                    4-20                                                       
                        20-100                                                 
                             20-100                                            
                                  20-100                                       
                                       20-100                                  
                                            20-100                             
                                                 20-100   &lt;0.8                 
                                                              100-500          
     44 6.25                                                                   
            400 25  25  50   25   50   50   50   50       1.6 100              
     45 6,25                                                                   
            &gt;400                                                               
                25  6,25                                                       
                        100  100  l00  100  25   12,5 400 &lt;0,78                
                                                              50               
     46 6,25                                                                   
            &gt;400                                                               
                50  12,5                                                       
                        25   50   100  50   25   25   200 1,56                 
                                                              50               
     47 3,12                                                                   
            &gt;400                                                               
                25  6,25                                                       
                        50   100  100  50   12,5 12,5 200 &lt;0,78                
                                                              50               
     48A                                                                       
        3,12                                                                   
            &gt;400                                                               
                12,5                                                           
                    6,25                                                       
                        25   50   100  50   25   12,5 200 &lt;0,78                
                                                              25               
     51 3,12                                                                   
            400 12,5                                                           
                    12,5                                                       
                        25   25   100  50   12,5 12,5 400 &lt;0,78                
                                                              25               
     52 3,12                                                                   
            &gt;400                                                               
                12,5                                                           
                    6,25                                                       
                        --   --   100  --   12,5 12,5 200 &lt;0,78                
                                                              --               
     53 3,12                                                                   
            400 6,25                                                           
                    12,5                                                       
                        6,25 12,5 50   25   6,25 12,5 200 &lt;0,78                
                                                              12,5             
     54 6,25                                                                   
            &gt;400                                                               
                25  200 100  100  100  12,5 25   200  &lt;0,78                    
                                                          50                   
     55 6,25                                                                   
            &gt;400                                                               
                25  12,5                                                       
                        100  100  100  100  12,5 25   200 &lt;0,78                
                                                              50               
     __________________________________________________________________________
      *The numbers in this column are the numbers of the Examples in which the 
      penicillin and its production are described.                             
TBL                                    Table 2                                 
     __________________________________________________________________________
     MIC in units/ml                                                           
     Bacterial Strains                                                         
     __________________________________________________________________________
     Peni-                                  Pseudomonas                        
                                                      Staph.   Strep.          
     cillin  E. coli     Prot.vulg.                                            
                                  Klebsiella                                   
                                            aerug.    aureus   faec.           
     No.:                                                                      
         14  A 261                                                             
                 C 165                                                         
                     183/58                                                    
                         1017                                                  
                             3400 K 10 63   Bonn Walter                        
                                                      1777E                    
                                                           133 ATCC            
                                                               9790            
     __________________________________________________________________________
     Ampi-                                                                     
         .about.0.8                                                            
             &gt;400                                                              
                 6.25                                                          
                     200 400 &lt;400 100-200                                      
                                       100-200                                 
                                            200  200  200  &lt;1.0                
                                                               12.5            
     cillin                                                                    
     59  1.56                                                                  
             &gt;400                                                              
                 6.25                                                          
                     3.12                                                      
                         6.25                                                  
                             12.5 25   50   12.5 25   100  &lt;0.78               
                                                               100             
     60  6.25                                                                  
             &gt;400                                                              
                 25  12.5                                                      
                         25  50   100  50   25   50   50   &lt;0.78               
                                                               100             
     61  3.12                                                                  
             &gt;400                                                              
                 6.25                                                          
                     6.25                                                      
                         25  25   100  50   12.5 25   200  &lt;0.78               
                                                               50              
     62  1.56                                                                  
             400 6.25                                                          
                     3.12                                                      
                         6.25                                                  
                             6.25 100  100  12.5 25   400  &lt;0.78               
                                                               100             
     63  &lt;0.78                                                                 
             400 1.56                                                          
                     &lt;0.78                                                     
                         1.56                                                  
                             3.12 50   50   6.25 12.5 200  &lt;0.78               
                                                               50              
     64  3.12                                                                  
             &gt;400                                                              
                 25  25  25  100  100  100  25   50   50   1.56                
                                                               100             
     65  &lt;0.78                                                                 
             400 3.12                                                          
                     1.56                                                      
                         3.12                                                  
                             6.25 12.5 12.5 12.5 12.5 50   &lt;0.78               
                                                               50              
     66  3.12                                                                  
             &gt;400                                                              
                 12.5                                                          
                     50  50  100  50   50   6.25 12.5 50   &lt;0.78               
                                                               25              
     67  1.56                                                                  
             400 6.25                                                          
                     1.56                                                      
                         6.25                                                  
                             6.25 100  100  25   50   400  &lt;0.78               
                                                               100             
     68  3.12                                                                  
             &gt;400                                                              
                 12.5                                                          
                     6.25                                                      
                         12.5                                                  
                             25   50   25   12.5 12.5 50   &lt;0.78               
                                                               50              
     69  1.56                                                                  
             400 6.25                                                          
                     3.12                                                      
                         12.5                                                  
                             25   50   25   12.5 100       &lt;0.78               
                                                               100             
     70  3.12                                                                  
             200 6.25                                                          
                     3.12                                                      
                         12.5                                                  
                             12.5 25   12.5 12.5 100       &lt;0.78               
                                                               100             
     71  &gt;400                                                                  
             &gt;400                                                              
                 &gt;400                                                          
                     &gt;400                                                      
                         &gt;400                                                  
                             &gt;400 &gt;400 &gt;400 &gt;400 400       200 &gt;400            
     72  6.25                                                                  
             400 25  12.5                                                      
                         50  200  100  50   50   400       &lt;0.78               
                                                               100             
     73  3.12                                                                  
             200-                                                              
                 6.25                                                          
                     1.56                                                      
                         6.25                                                  
                             12.5 25-50                                        
                                       12.5-25                                 
                                            12.5 .about.50 0.78                
                                                               50-100          
     74  100 &gt;400                                                              
                 &gt;400                                                          
                     &gt;400                                                      
                         &gt;400                                                  
                             &gt;400 &gt;400 &gt;400 &gt;400 &gt;400      25  &gt;400            
     75  &lt;0.3                                                                  
             100 0.8&lt;4                                                         
                     0.8&lt;4                                                     
                         4&lt; 20                                                 
                             0.8&lt;4                                             
                                  20&lt;100                                       
                                       4&lt;20 4&lt;20 4&lt;20      0.8 20&lt;100          
             &lt;500                                                              
     76  0.8.gtoreq.4                                                          
             100 4&lt;20                                                          
                     .about.4                                                  
                         4&lt;20                                                  
                             20&lt;100                                            
                                  20&lt;100                                       
                                       20-100                                  
                                            4&lt;20 20-100    &lt;0.8                
                                                               20&lt;100          
             &lt;500                                                              
     83  3.12                                                                  
             400 6.25                                                          
                     6.25                                                      
                         25  6.25 25   50   50   100       &lt;0.78               
                                                               100             
     86  12.5                                                                  
             &gt;400                                                              
                 25  50  50  50   100  50   25   50        &lt;0.78               
                                                               100             
     87  4&lt;20                                                                  
             100 20  20  20  20&lt;100                                            
                                  20&lt;100                                       
                                       20&lt;100                                  
                                            4&lt;20 20&lt;100    &lt;0.8                
                                                               20&lt;100          
             &lt;500                                                              
                 &lt;100                                                          
                     &lt;100                                                      
                         &lt;100                                                  
     88  1.56                                                                  
             400 6.25                                                          
                     3.12                                                      
                         12.5                                                  
                             6.25 50   25   25   50        &lt;0.78               
                                                               50              
     89  1.56                                                                  
             400 6.25                                                          
                     1.56                                                      
                         3.12                                                  
                             12.5 25   12.5 25   50        &lt;0.78               
                                                               100             
     90  6.25                                                                  
             400 12.5                                                          
                     12.5                                                      
                         12.5                                                  
                             25   50   25   25   50   50       100             
     91      100 0.8&lt;4   0.8&lt;4         4&lt;20      4&gt;20      &lt;0.8                
                                                               20&lt;100          
             &lt;500                                                              
     92B     &gt;500                                                              
                 4&lt;20    20            20&lt;100    20&lt;100    &lt;0.8                
                                                               20&lt;100          
                         &lt;100                                                  
     93B     &gt;500                                                              
                 4&lt;20    20            20&lt;100    20&lt;100    &lt;0.8                
                                                               20&lt;100          
                         &lt;100                                                  
     94  12.5                                                                  
             &gt;400                                                              
                 50  100 100 50   200  200  100  100       3.12                
                                                               200             
     96  6.25                                                                  
             &gt;400                                                              
                 12.5                                                          
                     25  50  50   200  200  25   25   400  1.56                
                                                               25              
     97  6.25                                                                  
             &gt;400                                                              
                 25  6.25                                                      
                         25  25   400  50   25   50                            
     98  3.12                                                                  
             &gt;400                                                              
                 6.25                                                          
                     6.25                                                      
                         12.5                                                  
                             25   400  400  12.5 25   200  &lt;0.78               
                                                               100             
     99B     &gt;500                                                              
                 20-100  approx.       &gt;500      100-500   &lt;0.8                
                                                               100-            
                         500                                   500             
     101B                                                                      
         &gt;500                                                                  
             20-100  100-         100-500   100-500   &lt;0.8 approx.             
                         500                                   20              
     102     &gt;500                                                              
                 4&lt;20    4&lt;20          20&lt;100    4&lt;20      &lt;0.8                
                                                               4&lt;20            
     103     &gt;500                                                              
                 4-20    100-     100-      100-           &lt;0.8                
                                                               20-100          
                         500      500       500                                
     105B    &gt;500                                                              
                 4-20    &gt;500          100-500   &gt;500      &lt;0.8                
                                                               20-100          
     107 &lt;0.8                                                                  
             20  &lt;0.8                                                          
                     &lt;0.8                                                      
                         0.8-4                                                 
                             0.8-4                                             
                                  .about.4                                     
                                       4-20 0.8-4                              
                                                 0.8-4                         
                                                      20-100                   
                                                           &lt;0.8                
                                                               4-20            
             &lt;100                                                              
     108     &gt;500                                                              
                 4-20    20-100        100-500                                 
                                            0.8-4                              
                                                 20-100    &lt;0.8                
                                                               .about.20       
     109     &gt;500                                                              
                 4-20    20-100        100-500   50-100    0.8 4-20            
     110 0.8-4                                                                 
             100-                                                              
                 4-20                                                          
                     4-20                                                      
                         4-20                                                  
                             4-20 4-20 4-20 20-  20-100                        
                                                      20-100                   
                                                           0.8 4-20            
             500                            100                                
     111 &lt;0.8                                                                  
             20-100                                                            
                 0.8-4                                                         
                     &lt;0.8                                                      
                         0.8-4                                                 
                             0.8-4                                             
                                  4-20 4-20 4-20 4-20 4-20 0.8 4-20            
     112 &lt;0.8                                                                  
             20-100                                                            
                 0.8-4                                                         
                     &lt;0.8                                                      
                         0.8-4                                                 
                             0.8-4                                             
                                  4-20 4-20 4-20 20-100                        
                                                      0.8  4-20                
     113         0.8-4   4-20          100-500   4-20 100-500                  
                                                           0.8                 
     114         4-20    20-100        100-500   4-20 100-500                  
                                                           0.8                 
     115         20-100  20-100        100-500   20-100                        
                                                      100-500                  
                                                           0.8                 
     116         4-20    4-20          20-100    approx.                       
                                                      100-500                  
                                                           0.8                 
                                                 20                            
     117 &lt;0.78                                                                 
             50  1.56                                                          
                     1.56                                                      
                         3.12                                                  
                             3.12 6.25 12.5 12.5 12.5 12.5 0.8 50              
     118 12.5                                                                  
             &gt;400                                                              
                 50  200 100 200  100  200  200  200  100  1.6 50              
     119 25  &gt;400                                                              
                 200 400 &gt;400                                                  
                             &gt;400 400  &gt;400 &gt;400 &gt;400 200  1.6 100             
     121 6   &gt;400                                                              
                 50  100 100 200  25   100  100  100  100  &lt;0.8                
                                                               100             
     122 12.5                                                                  
             &gt;400                                                              
                 50  200 100 400  50   100  200  400  400  1.6 100             
     123 3.12                                                                  
             &gt;400                                                              
                 25  12.5                                                      
                         50  100  50   100  50   100  25   &lt;0.3                
                                                               200             
     124 3.12                                                                  
             &gt;400                                                              
                 12.5                                                          
                     25  50  50   50   50   50   100  25   &lt;0.78               
                                                               200             
     125 3.12                                                                  
             &gt;400                                                              
                 25  50  50  100  200  100  50   100  50   3.12                
                                                               200             
     126 12.5                                                                  
             &gt;400                                                              
                 50  50  100 100  100  200  100  200  100  1.56                
                                                               200             
     127 0.78                                                                  
             50  3.12                                                          
                     1.56                                                      
                         3.12                                                  
                             6.25 12.5 12.5 12.5 25   12.5 &lt;0.78               
                                                               25              
     128 0.78                                                                  
             50  1.56                                                          
                     &lt;0.78                                                     
                         1.56                                                  
                             6.25 6.25 6.25 6.25 12.5 12.5 &lt;0.78               
                                                               50              
     129 0.78                                                                  
             50  1.56                                                          
                     1.56                                                      
                         3.12                                                  
                             6.25 6.25 6.25 6.25 12.5 6.25 &lt;0.78               
                                                               50              
     130 12.5                                                                  
             &gt;400                                                              
                 100 100 200 400  25   50   200  200       &lt;0.8                
                                                               50              
     131 0.8 20-100                                                            
                 &lt;0.8                                                          
                     &lt;0.8                                                      
                         0.8-4                                                 
                             0.8-4                                             
                                  0.8-4                                        
                                       4-20 0.8-4                              
                                                 0.8-4                         
                                                      20-100                   
                                                           &lt;0.8                
                                                               4-20            
     132 0.8 &gt;400                                                              
                 0.8-4                                                         
                     &lt;0.8                                                      
                         4-20                                                  
                             0.8-4                                             
                                  4-20 20-100                                  
                                            4-20 4-20 20-100                   
                                                           &lt;0.8                
                                                               4-20            
     134 3.1 &gt;400                                                              
                 25  25  12.5                                                  
                             50   50   200  100  50   200  3.1 100             
     135 12.5                                                                  
             400 50  25  25  100  100  400  400  100  100  &lt;0.8                
                                                               200             
     138 6.25                                                                  
             200 25  12.5                                                      
                         25  100  50   50   25   100  12.5 &lt;0.8                
                                                               50              
     140 0.8 50  3.1 1.6 3.1 6.25 12.5 25   12.5 12.5      &lt;0.8                
                                                               12.5            
     141 0.8 50  3.1 1.6 3.1 3.1  6.25 12.5 12.5 6.25                          
     142 0.8 50  3.1 1.6 3.1 12.5 12.5 25   25   12.5      &lt;                   
                                                               258             
     143 12.5                                                                  
             &gt;400                                                              
                 50  50  200 400  50   100  200  200       &lt;0.8                
                                                               100             
     144 1.56                                                                  
             400 6.25                                                          
                     50  12  25   50   50   6.25 12.5 200  &lt;0.8                
                                                               25              
     147A                                                                      
         12.5                                                                  
             &gt;400                                                              
                 50  100 50  200  200  100  25   200  100  &lt;0.8                
                                                               50              
     __________________________________________________________________________
PAR  The activity spectrum includes both Gram-negative and Gram-positive
      bacteria. The particular advantage of the penicillins according to the
      invention is that they are effective both in vitro (Tables 1 and 2) and in
      animal experiments (Table 3) against ampicillin-resistant and
      carbenicillin-resistant Klebsiella bacteria and against
      ampicillin-resistant Proteus bacteria. Furthermore, they act on
      ampicillin-resistant Pseudomonas varieties in vitro and in vivo. The
      concentrations required for destroying the bacteria are reached in the
      serum after parenteral administration (Table 4). Table 5 shows the
      decrease in the number of ampicillin-resistant Proteus bacteria present in
      the blood after intraperitoneal infection and subcutaneous administration
      of 50,000 units/kg of penicillin. The excellent effect of some of the new
      penicillins against Gram-positive bacteria is shown in Table 3. The
      excellent effect is achieved both on a single administration and also on
      multiple administration. The resorption of the new penicillins often takes
      place very rapidly after subcutaneous administration (Table 4), and the
      peak values are often reached within 10 minutes. Elimination is equally
      rapid in both these cases. The substances according to the invention are
      stable to acid; as examples, penicillins No. 59, No. 66 and No. 83 may be
      quoted, which remain microbiologically active at pH 1 for over one hour.
      Table 6 shows that the new penicillins are excellently tolerated, which is
      shown particularly clearly by the extremely high dose which is tolerated
      without complications on intravenous administration into the vein of the
      tail. Penicillin No. 66 may here be very particularly quoted as an
      example.
PAR  The experiments on animals (see Table 3) were carried out with white mice
      of the CFl strain. The infection took place intraperitoneally with the
      particular bacterium indicated.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Number of surviving mice in % after intraperitoneal infection and         
     subcutaneous therapy,                                                     
     30 minutes and 90 minutes after infection                                 
     Peni-                                                                     
     cillin                                                                    
        Dose:                                                                  
     No:-                                                                      
        2 .times. 3000 units/mouse                                             
                    2 .times. 200 units/mouse                                  
                                4 .times. 3000 units/mouse                     
                                            2 .times. 3000 units/mouse         
                                                        2 .times. 3000         
                                                        units/mouse            
        E.coli C 165                                                           
                    Staph. aureus 133                                          
                                Psdm. aerug. Walter                            
                                            Klebsiella 63                      
                                                        Proteus vulg. 1017     
        (Ampicillin-                                                           
                    (Ampicillin-                                               
                                (Ampicillin-                                   
                                            (Ampicillin- and                   
                                                        (Ampicillin-           
        sensitive)  sensitive)  resistant)  Carbencillin-                      
                                                        resistant)             
                                            resistant)                         
     1     2  3  5  1  2  3  5  1  2  3  5  1  2  3  5  1  2  3  5             
     day   days                                                                
              days                                                             
                 days                                                          
                    day                                                        
                       days                                                    
                          days                                                 
                             days                                              
                                day                                            
                                   days                                        
                                      days                                     
                                         days                                  
                                            day                                
                                               days                            
                                                  days                         
                                                     days                      
                                                        day                    
                                                           days                
                                                              days             
                                                              days             
     __________________________________________________________________________
     59 70 60 60 60 90 70 70 70             100                                
                                               90 30     100                   
                                                           100                 
                                                              100              
                                                                 100           
     90 100                                                                    
           90 90 90                         90 70 0     100                    
                                                           80     80           
                                                           80                  
     62 80 70                               100                                
                                               100                             
                                                  40    70 50     50           
                                                           50                  
     63 80 60 60 60                         100                                
                                               100                             
                                                  30    80 70     70           
                                                           70                  
     65 90 60 60 60 90 80 70 70             100                                
                                               100                             
                                                  10    100                    
                                                           100    100          
                                                           100                 
     73 70 50 40 40 80 70 50 40 50 30 10    100                                
                                               80 0     100                    
                                                           100    100          
                                                           100                 
     66 100                                                                    
           60 50 50 100                                                        
                       90 70 70 30          90 90 0     100                    
                                                           100    100          
                                                           100                 
     67 80 50 40 40             50          100                                
                                               80 10    100                    
                                                           100    100          
                                                           90                  
     83 90 60 60 60 80 70 70 70 70 20       100                                
                                               100                             
                                                  60    100                    
                                                           100    100          
                                                           100                 
     94 50 30 30 30                         80 30       100                    
                                                           100    100          
                                                           100                 
     75 90 80 80 80                         100                                
                                               100                             
                                                  100                          
                                                     20 60 10                  
     Am-                                                                       
     pi-                                                                       
     cillin                                                                    
        100                                                                    
           100                                                                 
              100                                                              
                 100                                                           
                    100                                                        
                       100                                                     
                          100                                                  
                             100            0  0  0  0  0  0      0            
                                                           0                   
     Car-                                                                      
     beni-                                                                     
     cillin                                 0  0  0  0  100                    
                                                           100    100          
                                                           100                 
     Number of surviving mice in %                                             
     (after intraperitoneal infection and subcutaneous therapy)                
     after the indicated number of days.                                       
     Bacterial Strains                                                         
                    Penicillin                                                 
                              Dose*  1st    2nd    3rd    5th    day           
     __________________________________________________________________________
     E. coli C 165  No:- 144  A      80     80     80     80                   
     E. coli C 165  Carbenicillin                                              
                              A      70     50     50     50                   
     Prot.vulg. 1017 I                                                         
                    No:- 144  A      70     50     50     50                   
                    Carbenicillin                                              
                              A      50     50     50     50                   
                    Ampicillin                                                 
                              A      0      0      0      0                    
                    No:- 147  B      100    100    100    100                  
     Klebsiella 63  No:-144   B      70     30     0                           
                    Carbenicillin                                              
                              B      0                                         
                    Ampicillin                                                 
                              B      0                                         
                    Cephalothin                                                
                              B      0                                         
                    No:- 147  C      100    100    40     10                   
     Pseudm.aer.    No:- 144  D      100    20     20     20                   
     Walter                                                                    
                    Carbenicillin                                              
                              D      80     20     20     20                   
                    Ampicillin                                                 
                              D      0                                         
                    Cephalothin                                                
                              D      0                                         
     Pseudomon.                                                                
     aer. F 41      No:- 144  E      100                                       
                    Carbenicillin                                              
                              E      0                                         
     Pseudomon.                                                                
     aer. F 41      No:- 144  F      100                                       
                    Carbenicillin                                              
                              F      20                                        
     Pseudomon.                                                                
     aer. F 41      No:- 144  G      100                                       
                    Carbenicillin                                              
                              G      70                                        
     Pseudomon.                                                                
     aer. F 41      No:- 144  H      100                                       
                    Carbenicillin                                              
                              H      70                                        
     Klebsiella 63  No:- 144  A      30                                        
                    Carbenicillin                                              
                              A      0                                         
     Klebsiella 63  No:- 144  B      100                                       
                    Carbenicillin                                              
                              B      0                                         
     Klebsiella 63  No:- 144  C      100                                       
                    Carbenicillin                                              
                              C      0                                         
     __________________________________________________________________________
       *Dose A = 37,500 units/kg, 30 and 90 minutes after infection            
      Dose B = 75,000 units/kg, 30 and 90 minutes after infection              
      Dose C = 150,000 units/kg, 30 and 90 minutes after infection             
      Dose D = 150,000 units/kg, 0.5, 2, 4 and 6 hours after infection         
      Dose E = 50,000 units/kg, 30 minutes before and 2, 4 and 6 hours after   
      infection                                                                
      Dose F = 75,000 units/kg, 30 minutes before and 2, 4 and 6 hours after   
      infection                                                                
      Dose G = 150,000 units/kg, 30 minutes before and 2, 4 and 6 hours after  
      infection                                                                
      Dose H = 200,000 units/kg, 30 minutes before and 2, 4 and 6 hours after  
      infection.                                                               
PAC  Table 4
PAR  Serum level after subcutaneous ("s.c.") administration to white mice, in
      units/ml of serum, measured from the microbiological activity against
      Proteus vulgaris 1017 (ampicillin-resistant).
TBL  __________________________________________________________________________
     Peni-                                                                     
         Dose  Concentration in the serum; number of minutes                   
     cillin                                                                    
         (s.c.)                                                                
               after administration of the dose                                
     No:-      10 mins.                                                        
                     15 mins.                                                  
                           20 mins.                                            
                                 30 mins.                                      
                                       60 mins.                                
     __________________________________________________________________________
     59  150.000     25 units    20 units                                      
                                       &lt;2 units                                
         units                                                                 
     64   50.000                                                               
               50 units    10 units                                            
         units                                                                 
     64  150.000     42 units    26 units                                      
                                       &lt;10 units                               
         units                                                                 
     __________________________________________________________________________
PAC  Table 5
PAR  Reduction in number of bacteria/ml of blood after subcutaneous
      administration of Penicillin No. 83. Infection took place
      intraperitoneally with Proteus vulgaris 1017, 18 .times. 10.sup.5 /mouse;
      ampicillin-resistant.
TBL  __________________________________________________________________________
                  Number of bacteria after infection, measured after           
                  infection:                                                   
                  30 mins.                                                     
                        60 mins.                                               
                              90 mins.                                         
                                    120 mins.                                  
                                           150 mins.                           
                                                  180 mins.                    
     __________________________________________________________________________
     Control      3 .times. 10.sup.4                                           
                        2 .times. 10.sup.4                                     
                              2 .times. 10.sup.4                               
                                    --     7 .times. 10.sup.4                  
                                                  5 .times. 10.sup.4           
     Administration of:                                                        
     1 .times. 50,000 units/kg                                                 
     subcutaneously,                                                           
                  9 .times. 10.sup.3                                           
                        7 .times. 10.sup.3                                     
                              2 .times. 10.sup.3                               
                                    1 .times. 10.sup.3                         
                                           3 .times. 10.sup.3                  
                                                  8 .times. 10.sup.3           
     30 minutes after                                                          
     infection                                                                 
     Administration of:                                                        
     1 .times. 50,000 units/kg                                                 
                              approx.                                          
     subcutaneously, after                                                     
     30 minutes, and a                                                         
                  2 .times. 10.sup.4                                           
                        8 .times. 10.sup.3                                     
                              5 .times. 10.sup.3                               
                                    2 .times. 10.sup.2                         
                                           &lt;10.sup.1                           
                                                  &lt;10.sup.1                    
     further 50,000 units/                                                     
     kg after 90 minutes.                                                      
     __________________________________________________________________________
PAR  The Table shows that a dose of 50,000 units/kg, administered
      subcutaneously, already drastically reduces the number of bacteria in the
      blood; additionally, it shows that the double subcutaneous administration
      of 50,000 units/kg cause elimination of the bacteria.
TBL                Table 6                                                     
     ______________________________________                                    
              Acute toxicity (LD.sub.50) in white mice after                   
              intravenous injection into the vein of the                       
              tail, in mg/kg                                                   
     ______________________________________                                    
     Penicillin                                                                
     No.                                                                       
     66         &gt;4000                                                          
     60         1500                                                           
     86         &gt;3000                                                          
     83         &gt;1200                                                          
     94         4000                                                           
     75         1500                                                           
     Carbenicillin                                                             
                2700                                                           
     Dicycloxacillin                                                           
                 900                                                           
     ______________________________________                                    
PAR  The comparison shows that the new penicillins are clearly superior to the
      commercially available products dicycloxacillin and carbenicillin on
      intravenous injection of a single dose.
PAR  The invention further relates to the pharmaceutical use of the new
      penicillins and their pharmaceutically acceptable salts.
PAR  Accordingly, the present invention provides an antibiotic pharmaceutical
      composition containing as an active ingredient at least one of the
      penicillins of the formula (1), or a pharmaceutically acceptable non-toxic
      salt thereof in combination with a pharmaceutically acceptable solid or
      liquid diluent or carrier as hereinafter defined.
PAR  In the present specification the expression "pharmaceutically acceptable
      diluent or carrier" means a non-toxic substance that when mixed with the
      active ingredient or ingredients renders it suitable for administration.
      The expression preferably excludes water and low-molecular weight organic
      solvents commonly used in chemical synthesis, except in the presence of
      other pharmaceutically necessary ingredients such as salts in correct
      quantities to render the composition isotonic, buffers, surfactants,
      coloring and flavoring agents, and preservatives. Examples of suitable
      liquid diluents and carriers are vegetable oils, polyols, buffered aqueous
      solutions, isotonic saline aqueous solutions, syrups and lotion bases.
      Examples of suitable solid diluents and carriers are starches, cellulose
      and its derivatives, sugars, stearates and stearic acid, talc, certain
      types of alumina, and ointment bases. Examples of pharmaceutical
      compositions according to the invention are ointments, pastes, creams,
      sprays, lotions, aqueous suspensions, elixirs, syrups, drops, granules and
      powders, either free-flowing or compressed into tablets.
PAR  The penicillins and pharmaceutically acceptable salts of the present
      invention may be administered perorally.
PAR  One group of preferred pharmaceutical compositions of the invention are
      therefore those adapted for oral administration. The diluents and carriers
      used are preferably therefore those that adapt the active ingredient or
      ingredients for oral administration. Examples of such diluents and
      carriers are solid vehicles, excipients and lubricants such as glucose,
      lactose and sucrose, corn and potato starch, sodium carboxymethyl
      cellulose, ethyl cellulose and cellulose acetate, powdered gum tragacanth,
      gelatin, alginic acid, agar, stearic acid, sodium calcium and magnesium
      stearates, sodium lauryl sulphate, polyvinylpyrollidone, sodium citrate,
      calcium carbonate, dicalcium phosphate, and certain types of alumina.
PAR  The pharmaceutical compositions of the invention may also contain other
      non-toxic adjuvants and modifiers such as dyes, surfactants, perfumes,
      flavouring agents, preservatives and biocides.
PAR  The compounds of the present invention may also be administered
      parenterally for example by intramuscular, subcutaneous or intravenous
      injection, or, if necessary, as a continuous drip infusion. A group of
      preferred pharmaceutical compositions of the invention are therefore those
      adapted for parenteral injection. The diluents and carriers used are
      therefore preferably those that adapt the active ingredient for parenteral
      administration. Examples of such diluents and carriers are solvents and
      suspending diluents such as water and water-miscible organic solvents, in
      particular sesame oil, groundnut oil, aqueous propylene glycol, and
      N,N'-dimethyl formamide. A preferred example of a pharmaceutical
      composition of the invention adapted for parenteral administration is a
      sterile isotonic saline aqueous solution of the active ingredient, which
      may be buffered with a pharmaceutically acceptable buffer. The solution
      may be rendered isotonic in any known manner, for example by the
      incorporation of sodium chloride and/or glucose. Such solutions can be
      administered as a single dose or as a continuous drip infusion, or divided
      into a series of doses.
PAR  In oral and parenteral administration a dose of 25,000 to 1,000,000 units
      per kg. body weight is appropriate.
PAR  The present invention also provides antibiotic medicaments in dosage unit
      form as hereinafter defined comprising as an active ingredient at least
      one penicillin of formula (1), or a pharmaceutically acceptable non-toxic
      salt thereof, either alone or in combination with a pharmaceutically
      acceptable solid or liquid diluent or carrier. In this case the diluent or
      carrier is preferably as defined above but can also be water or another
      common solvent.
PAR  The expression "medicament in dosage unit form" as used in the present
      specification means a medicament in the form of discrete portions each
      containing a unit dose or a multiple or sub-multiple of a unit dose of the
      active ingredient(s); for example, one, two, three or four unit doses or a
      half, a third or a quarter of a unit dose. A "unit dose" is the amount of
      the active ingredient(s) to be administered on one occasion and will
      usually be a daily dose, or for example a half, a third, or a quarter of a
      daily dose depending on whether the medicament is to be administered once
      or, for example, twice, three times, or four times a day.
PAR  The discrete portions constituting the medicament in dosage unit form can
      include a protective envelope. The active ingredient can be undiluted and
      contained in such an envelope, or can be mixed with a pharmaceutically
      acceptable solid or liquid diluent or carrier as defined above. Such
      portions can for example be in monolithic coherent form, such as tablets,
      lozenges, pills, suppositories, or dragees; in wrapped or concealed form,
      the active ingredients being within a protective envelope, such as wrapped
      powders, cachets, sachets, capsules, or ampoules; or in the form of a
      sterile solution suitable for parenteral injection, such as ampoules of
      buffered, isotonic, sterile, pyrogen-free aqueous solution; or in any
      other form known in the art.
PAR  As stated above, oral administration is one preferred form of
      administration for the penicillin of formula (1) and their
      pharmaceutically acceptable non-toxic salts. Preferred medicaments in
      dosage unit form according to the invention are therefore those adapted
      for oral administration, such as tablets, pills, dragees, capsules, and
      cachets, as well as wrapped powders containing the active ingredient in
      powdered form with a powdered diluent or carrier for suspension in water
      before being taken.
PAR  As stated above, another preferred mode of administration for the
      penicillins and their pharmaceutically acceptable non-toxic salts is
      parenteral administration. Preferred medicaments in dosage unit form
      according to the invention are therefore those adapted for parenteral
      injection, such as ampoules containing a measured quantity of a sterile
      isotonic saline injectable aqueous solution of the new active ingredient,
      which may be buffered with a pharmaceutically acceptable buffer. A
      particularly preferred medicament in dosage unit form according to the
      invention is dry ampoules each containing a unit dose or a multiple or
      sub-multiple of a unit dose of one of the new penicillins and
      pharmaceutically acceptable salts according to the invention. Such
      ampoules may be used at the place and time of administration for making up
      parenterally injectable solutions.
PAR  The preferred unit dose for parenteral and peroral administration of the
      medicaments of the invention is 1,250,000 - 90,000,000 units per person of
      active ingredient.
DETD
PAR  The following non-limitative examples more particularly illustrate the
      present invention.
PAR  The .alpha.-aminobenzylpenicillin (ampicillin) used in the examples
      contained about 14% of water, but anhydrous .alpha.-aminobenzylpenicillin
      [compare U.S. Pat. No. 3,144,445] can be used equally well.
PAR  Unless expressly stated otherwise, "ampicillin" denotes the
      .alpha.-aminobenzylpenicillin having the D(-)- = R-configuration in the
      side chain.
PAR  The .beta.-lactam content of the penicillins was determined iodometrically
      in the following Examples. All substances described here showed an IR
      spectrum corresponding to their structure. The NMR spectra of the
      penicillins were recorded in CD.sub.3 OD solution; the signals indicated
      in the Examples correspond to the .tau.-scale; they agree with the
      particular structure.
PAR  The figures quoted in the Examples for the effectiveness against certain
      bacteria (units/ml) are minimum inhibitory concentrations in the test tube
      series dilution test after 24 hours' incubation.
PAR  In the case of the data: "Effectiveness in Animal Experiments", "A" denotes
      that the particular penicillin is more effective than ampicillin when used
      subcutaneously in mice against Proteus vulgaris 1017, and "B" denotes that
      it is more effective than ampicillin and carbenicillin against Klebsiella
      aerobacter 63.
PAC  EXAMPLE 1
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-allyl ureido)-benzylpenicillin:
PAR  5.5 parts by weight of
      D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-.alpha.-phenylacetic acid were
      dissolved in 50 parts by volume of dichloromethane, with exclusion of
      moisture, and 2.0 parts by weight of triethylamine were added while
      cooling. The mixture was now cooled to between -5.degree. and
      -10.degree.C, and 3.6  parts by weight of tetramethylchloroformamidinium
      chloride were added as several portions over thecourse of a few minutes.
      Thereafter, the mixture was stirred for 30 minutes at this temperature and
      any insoluble matter was filtered off without the solution rising to above
      0.degree.C. The filtrate was cooled to -10.degree.C and added all at once
      to a solution of 4.1 parts by weight of 6-aminopenicillanic acid and 3.4
      parts by weight of triethylamine in 50 parts by volume of dichloromethane,
      cooled to -10.degree.C. [The aminopenicillanic acid was stirred for 1.5
      hours at room temperature with the triethylamine and 2 parts by weight of
      a molecular sieve (Zeolite VS 10-2) which had been ground in a mortar;
      thereafter, the mixture was filtered while excluding moisture, and the
      filtrate was employed for the reaction]. The combined solutions were left
      to stand for one hour at 0.degree.C and subsequently poured into 100 parts
      by volume of water. the pH value was adjusted to 6.5, the dichloromethane
      phase was separated off, and the aqueous phase was covered with 200 parts
      by volume of a 1:1 mixture of ethyl acetate and ether. Sufficient 2 N
      hydrochloric acid was added, while stirring vigorously and cooling with
      ice, to obtain a pH value of 2.0 in the aqueous layer. The organic phase
      was separated off, washed with 2 .times. 40 parts by volume of water and
      dried for two hours over MgSO.sub.4 in a refrigerator. 20 parts by volume
      of a 1 M solution of sodium 2-ethylhexanoate in ether containing methanol
      were now added, the mixture was largely concentrated in vacuo at
      0.degree.C, the residue was taken up in just sufficient methanol, and the
      sodium salt of the penicillin was precipitated by adding excess ether
      whilst shaking vigorously.
PAL  Yield: 67%.
PAL  .beta.-Lactam content: 81%.
TBL  ______________________________________                                    
              C       H         N         S                                    
     ______________________________________                                    
     Calculated:                                                               
                51.4      5.3       10.9    6.2                                
     Found:     51.5      6.0       10.3    5.5                                
     ______________________________________                                    
PAR  According to the IR spectrum and thin layer chromatogram the product was
      identical with a comparison sample prepared from ampicillin and
      N-acetyl-N-allylcarbamic acid chloride.
PAC  EXAMPLE 2
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-benzylpenicillin:
PAR  A solution was prepared, as described in Example 1, from 6.25 parts by
      weight of
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-phenylacetic acid
      and 3.6 parts by weight of tetramethylchloroformamidinium chloride, and
      was kept for 1.5 hours at -5.degree. to -10.degree.C. Thereafter it was
      combined with a solution of 4.1 parts by weight of 6-aminopenicillanic
      acid and 3.5 parts by weight of triethylamine in dichloromethane, which
      was stored for one hour at room temperature. Thereafter the mixture was
      worked up as described in Example 1.
PAL  Yield: 62%
PAL  .beta.-Lactam content: 84%
TBL          C      H        C1       N      S                                 
     ______________________________________                                    
     Calculated:                                                               
               48.0     5.1      6.4    10.2   5.8                             
     Found:    48.1     5.2      5.8     9.9   6.4                             
     ______________________________________                                    
PA0  Nmr signals at .tau.=2.3-2.9 (5 H), 4.45 (1 H), 4.55 (2 H), 5.8 (1 H), 6.4
      (2 H), 6.75 (3 H), 7.3 (2 H), 7.9 (2H) and 8.5 ppm (6 H).
PAC  EXAMPLE 3
PAR  If, in the procedure of Example 2, the
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methylureido)-phenylacetic acid
      used there is replaced by 0.02 mol of:
PA0  D(-)-.alpha.- (3-.beta.-chloropropionyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.- (3-.gamma.-trifluorobutyryl-3-methyl-ureido)-phenylacetic
      acid,
PA0  D(-)-.alpha.- (3-.gamma.-trichlorobutyryl-3-methyl-ureido)-phenylacetic
      acid,
PA0  D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-.beta.-chloroethyl-ureido)-pheny
     lacetic acid,
PA0  D(-)-.alpha.-(3-cinnamoyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-[1,2,5,6-tetrahydrobenzoyl]-3-methyl-ureido)-phenylacetic
      acid or
PA0  D(-)-.alpha.-(3-hexahydrobenzoyl-3-methyl-ureido)-phenylacetic acid,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA0  D(-)-.alpha.-(3-.beta.-chloropropionyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-.gamma.-trifluorobutyryl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-.beta.-chloroethyl-ureido)-benzy
     lpenicillin,
PA0  D(-)-.alpha.-(3-cinnamoyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[1,2,5,6-tetrahydrobenzoyl]-3-methyl-ureido)-benzylpenicill
     in
PA0  or D(-)-.alpha.-(3-hexahydrobenzoyl-3-methyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 4
PAC  Sodium D,L-.alpha.-(3-benzoyl-3-methyl-ureido)-p-methylbenzylpenicillin:
PAR  This penicillin was prepared, as described in Examples 1 and 2, from 5.5
      parts by weight of D,L-.alpha.-(3-benzoyl-3-methyl-ureido)-p-tolyl-acetic
      acid, 3 parts by weight of tetramethyl-chloroformamidinium chloride and
      4.35 parts by weight of 6-aminopenicillanic acid.
PAL  Yield: 59%.
PAL  .beta.-Lactam content: 84%.
TBL  ______________________________________                                    
              C       H         N         S                                    
     ______________________________________                                    
     Calculated:                                                               
                54.5      5.3       9.7     7.9                                
     Found:     54.9      5.9       9.5     (5.6)                              
     ______________________________________                                    
PA0  Nmr signals at .tau. = 2.5 (5 H), 2.5-3.0 (4 H), 4.3-4.65 (3.0 H), 5.8 (1
      H), 6.9 (3 H), 7.7 (3 H) and 8.2- 8.5 ppm (6 H).
PAL  Effectiveness in Animal Experiments: A and B.
PAC  EXAMPLE 5
PAC  Sodium
      D,L-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-(2-thienyl)methylpenicillin:
PAR  This penicillin was prepared, in the manner described in Examples 1 and 2,
      from 5.9 parts by weight of
      D,L-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-(2-thienyl)-acetic acid, 3.5
      parts by weight of tetramethylchloroformamidinium chloride and 4.06 parts
      by weight of 6-aminopenicillin acid.
PAL  Yield: 64%.
PAL  .beta.-Lactam content: 95.5%.
PA0  Nmr signals at .tau.= 2.5-3.2 (3 H), 4.1 (1 H), 4.4 (2 H), 5.8 (1 H), 6.3
      (2 H), 6.7 (3 H), 7.2 (2 H), 7.9 (2 H) and 8.4 ppm (6 H).
PAL  Effectiveness in Animal Experiments: B.
PAC  EXAMPLE 6
PAR  If, in the procedure of Example 1, the
      D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-phenylacetic acid used there is
      replaced by:
PA0  0.02 mol of: .alpha.-(3-acetyl-3-methyl-ureido)-p-tolylacetic acid,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-p-chlorophenylacetic acid,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-p-methylsulphenylphenylacetic acid,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-p-methoxyphenylacetic acid,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-o-chlorophenylacetic acid,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-m-iodo-phenylacetic acid,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dichloro-phenylacetic acid,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethoxy-phenylacetic acid,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-2,4-dibromo-phenylacetic acid,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-m-methyl-phenylacetic acid,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethyl-phenylacetic acid,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-2-chloro-6-fluoro-phenylacetic acid,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-2-thienyl-acetic acid,
PA0  or .alpha.-(3-acetyl-3-methyl-ureido)-3-thienyl-acetic acid,
PAL  the sodium salts of the following penicillins are obtained:
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-p-methylbenzylpenicillin,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-p-chloro-benzylpenicillin,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-p-methylsulphenyl-benzylpenicillin,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-p-methoxybenzyl-penicillin,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-o-chlorobenzylpenicillin,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-m-iodobenzylpenicillin,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethoxybenzylpenicillin,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-2,4-dibromobenzylpenicillin,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-m-methylbenzylpenicillin,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethyl-benzylpenicillin,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-2-chloro-6-fluoro-benzylpenicillin,
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-.alpha.-2-thienylmethylpenicillin or
PA0  .alpha.-(3-acetyl-3-methyl-ureido)-.alpha.-3-thienylmethylpenicillin.
PAC  EXAMPLE 7
PAC  Sodium
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorobenzylpenicil
     lin:
PAR  1.35 parts by weight of tetramethylchloroformamidinium chloride were
      dissolved in 15 parts by volume of dichloromethane and cooled to
      0.degree.C while excluding moisture. 2.4 parts by weight of
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorophenylacetic
      acid, in a little methylene chloride, were added to this solution. A
      solution of 1.04 parts by volume of triethylamine in 5 parts by volume of
      dichloromethane ewas now added dropwise at -5.degree.C over the course of
      30 minutes. After a further 40 minutes at -5.degree.C, the mixture was
      combined with a solution of the triethylamine salt from 2.22 parts by
      weight of 6-aminopenicillanic acid and 1.6 parts by volume of
      triethylamine in 25 parts by volume of dichloromethane, cooled to
      -20.degree.C. The mixture was now stirred for 30 minutes at 0.degree.C,
      with a further 0.4 parts by volume of triethylamine being added after 15
      minutes. Thereafter, the mixture was stirred for a further 30 minutes at
      room temperature and poured into water, the aqueous layer was separated
      off at pH 6.5, and the sodium salt of the penicillin was isolated as
      described in Example 1.
PAL  Yield: 28%.
PAL  .beta.-Lactam content: 94%.
PA0  Nmr signals at .tau. = 2.6 (2.1 H), 2.7 (0.9 H), 3.4 (0.7 H), 3.8 (0.3 H),
      4.35-4.50 (2H), 5.8 (1 H), 6.15 (3 H), 6.8 (2.1 H), 6.85 (0.9 H) and 8.45
      ppm (6 H).
PAC  EXAMPLE 8
PAC  Sodium
      L(+)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorobenzylpenicil
     lin:
PAR  This penicillin was prepared, in the manner described in Example 7, from
      3.1 parts by weight of
      L(+)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorophenylacetic
      acid, 1.74 parts by weight of tetramethylchloroformamidinium chloride and
      2.87 parts by weight of 6-aminopenicillanic acid.
PAL  Yield: 47%
PAL  .beta.-Lactam content: 92%
PA0  Nmr signals at .tau. = 2.6 (1.8 H), 2.7 (1.2 H), 3.35 (0.6 H) 3.8 (0.4 H),
      4.4 (2 H), 5.75 (1 H), 6.15 (3 H), 6.8 (1.8 H), 6.85 (1.2 H), and 8.4 ppm
      (6 H).
PAC  EXAMPLE 9
PAC  Sodium
      D,L-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorobenzylpenicill
     in:
PAR  A solution of 5.0 parts by weight of
      D,L-.alpha.-(3-methoxycarbonyl-3-methylureido)-2,6-dichlorophenylacetic
      acid in 10 parts by volume of acetone was added dropwise, at 0.degree.C,
      to a suspension of 3.0 parts by weight of finely ground
      tetramethylchloroformamidinium chloride in 20 parts by volume of dry
      acetone. After 5 minutes, the mixture was cooled to -5.degree.C and 2.1
      parts by volume of triethylamine in 10 parts by volume of acetone were
      added dropwise, slowly and uniformly, over the course of 30 minutes whilst
      excluding moisture. The mixture was kept at 0.degree.C for one hour, while
      stirring, and thereafter the precipitate was filtered off without the
      solution rising to above 0.degree.C. The filtrate was now added, in
      several portions, to a solution of 3.23 parts by weight of
      6-aminopenicillanic acid in 25 parts by volume of 80% strength aqueous
      tetrahydrofurane (sufficient 2 N NaOH being added for solution just to
      occur [pH 8.2]), at 0.degree.C, while keeping the pH value at between 7.5
      and 8.0 by adding 2 N NaOH. The mixture was allowed to come to room
      temperature while stirring, where it was stirrd until no further addition
      of sodium hydroxide solution was necessary for maintaining the pH value of
      7.5 to 8.0 (1 to 2 hours). Thereafter, the pH value was lowered to 6.5
      with a little dilute hydrochloric acid, 20 parts by volume of water were
      added, and the tetrahydrofurane was evaporated off in vacuo at room
      temperature. The aqueous solution which remained was extracted once with
      25 parts by volume of ether and covered with 50 parts by volume of a 1:1
      mixture of ethyl acetate and ether. The solution was acidified to pH 2.0
      with dilute hydrochloric acid while cooling with ice, and the organic
      phase was separated off. The latter was twice washed with 10 parts by
      volume of water at a time, dried over MgSO.sub.4 for 4 hours at
      0.degree.C, and filtered. The sodium salt of the penicillin was
      precipitated by adding 15 parts by volume of a 1 molar solution of sodium
      2-ethyl-hexanoate in ether containing methanol. The solvent was almost
      completely distilled from the mixture in vacuo at 0.degree.C, the residue
      was taken up in the minimum possible amount of methanol, and the product
      was precipitated by adding ether. After standing for one hour at
      0.degree.C, it was filtered off, washed with ether containing methanol and
      subsequently dried for several days over P.sub.2 O.sub.5 in a vacuum
      desiccator.
PAL  Yield: 71%.
PAL  .beta.-Lactam content: 68%.
TBL  ______________________________________                                    
             C      H        C1       N      S                                 
     ______________________________________                                    
     Calculated:                                                               
               41.3     4.2      12.2   9.5    5.5                             
     Found:    41.1     5.0      14.0   9.0    4.9                             
     ______________________________________                                    
PA0  Nmr signals at .tau. = 2.5 (1.95 H), 2.6 (1.05 H), 3.35 and 3.40 (0.65 H),
      3.8 (0.35 H), 4.45 (2 H), 5.8 (1 H), 6.2 (3 H), 6.75 (1.95 H), 6.8 (1.05
      H) and 8.4 ppm (6 H).
PAC  EXAMPLE 10
PAC  A. D(-)-.alpha.-(3-Methoxycarbonyl-3-methyl-ureido)-phenylacetic acid:
PAR  15.1 parts by weight of D(-)-C-phenylglycine were stirred for 15 minutes
      with 20:2 parts by weight of triethylamine in 180 parts by volume of a 3:1
      mixture of dimethylsulphoxide and water. 15.2 parts by weight of
      N-methoxy-carbonyl-N-methyl-carbamic acid chloride in 30 parts by volume
      of dry acetone were now added dropwise within 30 minutes in such a way
      that the temperature did not exceed 20.degree.C. The mixture was stirred
      for a further 2 hours, 200 parts by volume of water were then added and
      the whole was acidified to pH 2 with dilute hydrochloric acid. Thereafter
      the mixture was extracted three times with 120 parts by volume of ethyl
      acetate at a time, and the organic phase was washed with 50 parts by
      volume of water and dried over MgSO.sub.4. After filtration, the solvent
      was distilled off in vacuo, the remnants of dimethylsulphoxide were
      stripped off at 80.degree.C and 0.1 mm Hg. The glassy oil, which was left
      in 73% yield, was pure methoxycarbonyl-methyl-ureidophenylacetic acid,
      according to the NMR spectrum.
TBL  ______________________________________                                    
                C         H           N                                        
     ______________________________________                                    
     Calculated:  54.0        5.3         10.5                                 
     Found:       54.9        5.6          9.6                                 
     ______________________________________                                    
PA0  Nmr signals at .tau. = 0.4 (1 H), 2.4-2.8 (5 H), 4.65 (1 H), 6.2 (3 H) and
      6.9 ppm (3 H).
PAC  B. Sodium D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido-benzylpenicillin:
PAR  This penicillin was prepared as described in Example 7, from 5.3 parts by
      weight of D(-)-.alpha.-(3-methoxycarbonyl-3-methylureido)-phenylacetic
      acid, 3.4 parts by weight of tetramethyl chloroformamidinium chloride and
      4.0 parts by weight of 6-amino-penicillanic acid.
PAL  Yield: 63%.
PAL  .beta.-Lactam content: 69%.
PA0  Nmr signals at .tau. = 2.3-2.9 (5 H), 4.45 (1 H), 4.5 and 4.55 (2 H), 5.8
      (1 H), 6.2 (3 H), 6.85 (3 H) and 8.45 ppm (6 H).
PAR  The Table which follows compares the anti-bacterial action of this product
      (A) with that of the penicillin (B) prepared from ampicillin and
      N-methoxycarbonyl-N-methyl-carbamic acid chloride, and with the product
      (C) which was prepared according to the instructions of Example 27:
TBL  Type of Bacterium   Effectiveness [ units /ml ]                           
                   (A)     (B)       (C)                                       
     ______________________________________                                    
     Escherichia coli 14                                                       
                     12.5      6.25      100                                   
     Escherichia coli 183/58                                                   
                     50        25        200                                   
     Pseudomonas aerug. Bonn                                                   
                     50        25        400                                   
     Pseudomonas aerug.                                                        
                     50        25        400                                   
     Walter                                                                    
     Klebsiella K 10 200       200       400                                   
     Klebsiella 63   200       200       400                                   
     Staphylococcus aureus                                                     
                     1.56      1.56      6.25                                  
     133                                                                       
     ______________________________________                                    
PAC  EXAMPLE 11
PAC  A. D(-)-.alpha.-(3-Isopropoxycarbonyl-3-methyl-ureido)-phenylacetic acid:
PAR  15.1 parts by weight of D(-)-C-phenylglycine were dissolved in 250 parts by
      volume of 50% strength aqueous dioxane by adding sufficient dilute sodium
      hydroxide solution. Thereafter the pH value was lowered to 7.8 with 2 N
      HCl, whereupon a part of the phenylglycine precipitated in a finely
      divided form. The mixture was cooled to 0.degree.C and 18.0 parts by
      weight of N-isopropoxycarbonyl-N-methylcarbamic acid chloride in 30 parts
      by volume of anhydrous dioxane were added dropwise over the course of 30
      minutes, the pH value of 7.5-8.0 being maintained by simultaneous addition
      of 2 N sodium hydroxide solution. The mixture was subsequently stirred at
      room temperature until no further addition of alkali was necessary for
      keeping the pH constant. 300 parts by volume of water were now added and
      the solution was extracted once with 150 parts by volume of ether.
      Thereafter it was acidified to pH = 2 with 2 N NCl, and the oil which
      precipitated was taken up in several portions of ethyl acetate. The
      combined organic solutions were washed once with 100 parts by volume of
      water and were dried for some hours over MgSO.sub.4. After filtration,
      they were evaporated, and the oily residue was freed of dioxane at
      60.degree.-80.degree.C and 0.1 mm Hg. The glassy product was obtained in
      48% yield. It was completely pure, according to the NMR spectrum and the
      thin layer chromatogram.
TBL  ______________________________________                                    
             C         H           N                                           
     ______________________________________                                    
     Calculated:                                                               
               57.1        6.1         9.5                                     
     Found:    56.9        5.7         9.8                                     
     ______________________________________                                    
PA0  Nmr signals at .tau. = 0.3 (1 H), +0.4 (1 H), 2.3-2.8 (5 H), 4.6 (1 H), 5.0
      (1 H), 6.9 (3 H) and 8.75 ppm (6 H).
PAR  B. The following .alpha.-ureido-arylacetic acids were prepared as described
      in Example 11A:
PAR  1. D(-)-.alpha.-(3-Acetyl-3-allyl-ureido)-phenylacetic acid from 8.1 parts
      by weight of N-acetyl-N-allylcarbamic acid chloride and 7.5 parts by
      weight of D(-)-C-phenylglycine.
PAL  Yield: 100%.
TBL  ______________________________________                                    
             C         H           N                                           
     ______________________________________                                    
     Calculated:                                                               
               60.8        5.9         10.1                                    
     Found:    60.3        6.1          9.8                                    
     ______________________________________                                    
PA0  Nmr signals at .tau. = 0.0 (1 H), 2.6 (5 H), 3.75-4.5 (1 H), 4.6 (1 H),
      4.7-5.15 (2 H), 5.5-5.9 (2 H) and 7.7 ppm (3 H).
PAR  2. D(-)-.alpha.-(3-.gamma.-Chlorobutyryl-3-methyl-ureido)-phenylacetic acid
      from 9.9 parts by weight of N-.gamma.-chlorobutyryl-N-methylcarbamic acid
      chloride and 7.5 parts by weight of D(-)-C-phenyl-glycine.
PAL  Yield: 99%.
TBL  ______________________________________                                    
               C       H         Cl        N                                   
     ______________________________________                                    
     Calculated: 53.8      5.5       11.3    9.0                               
     Found:      53.9      5.8       10.8    9.4                               
     ______________________________________                                    
PA0  Nmr signals at .tau. = -0.1 (1 H), 2.6 (5 H), 4.6 (1 H), 6.3 (2 H), 6.8 (3
      H), 7.2 (2 H) and 7.9 ppm (2 H).
PAR  3. D,L-.alpha.-(3-Benzoyl-3-methyl-ureido)-4-tolylacetic acid from 3.2
      parts by weight of N-benzoyl-N-methylcarbamic acid chloride and 3.8 parts
      by weight of D,L-C-(4-tolyl)-glycine.
PAL  Yield: 90%.
PA0  Nmr signals at .tau. = 2.5 (5 H), 2.6 (2 H), 2.8 (2 H), 4.5 (1 H), 6.85 (3
      H) and 7.7 ppm (3 H).
PAR  4. D(-)-.alpha.-(3-Methoxycarbonyl-3-methyl-ureido)-2,6-dichloro
      phenylacetic acid from 1.75 parts by weight of N-acetyl-N-methyl-carbamic
      acid chloride and 3.31 parts by weight of
      D(-)-C-(2,6-dichlorophenyl)-glycine hydrobromide. [we assume that the
      acid, which can be obtained from 2,6-dichlorobenzyldehyde via the
      hydantoin in a manner which is in itself known, and which after acylation
      of the amino group and splitting of the racemate with optically active
      bases, followed by removal of the acylating group, is obtained in a
      laevo-rotatory and a dextrorotatory form, belongs, by analogy to the known
      conditions in the case of C-phenylglycine, to the D-series in the
      laevo-rotatory form, and to the L-series in the dextro-rotary form].
PAL  Yield: 90%. Melting point = 149.degree.C, [.alpha.].sub.D = 28.1.degree.
PA0  Nmr signals at .tau. 0.2 (1 H), 2.5 (3 H), 3.6 (1 H), 6.2 (3 H) and 6.9 ppm
      (3 H).
PAR  5. L(+)-.alpha.-(3-Methoxycarbonyl-3-methyl-ureido)-2,6-dichloro
      phenylacetic acid from 1.6 parts by weight of
      N-methoxycarbonyl-N-methylcarbamic acid chloride and 3.01 parts by weight
      of L(+)-C-(2,6-dichlorophenyl)-glycine hydrobromide.
PAL  Yield: 100%, [.alpha.].sub.D = +29.3.degree.
PA0  Nmr signals as indicated in Example 9.B.4.
PAR  6. D,L-.alpha.-(3,Methoxycarbonyl-3-methyl-ureido)-2,6-dichlorophenylacetic
      acid from 3.03 parts by weight of N-methoxycarbonyl-N-methyl-carbamic acid
      chloride and 4.4 parts by weight of D,L-C-(2,6-dichlorophenyl)-glycine.
PAL  Yield: 78%. Melting point = 216.degree.C.
PA0  Nmr signals as indicated in Example 9.B.4.
PAR  7. D(-)-.alpha.-(3-n-Butoxycarbonyl-3-methyl-ureido)-phenylacetic acid from
      9.7 parts by weight of N-n-butoxycarbonyl-N-methylcarbamic acid chloride
      and 7.1 parts by weight of D-C-phenylglycine.
PAL  Yield: 100%.
TBL  ______________________________________                                    
                C         H           N                                        
     ______________________________________                                    
     Calculated:  58.4        6.5         9.1                                  
     Found:       58.6        6.9         9.5                                  
     ______________________________________                                    
PA0  Nmr signals at .tau. 0.5 (1 H), 2.6 (5 H), 4.65 (1 H), 5.8 (2 H), 6.9 (3
      H), 8.0-9.0 (4 H) and 9.05 ppm (3 H).
PAR  8. D,L-.alpha.-(3-Benzoyl-3-allyl-ureido)-4-methoxyphenyl-glycine from 4.5
      parts by weight of N-benzoyl-N-allyl-carbamic acid chloride and 3.6 parts
      by weight of D,L-C-(4-methoxyphenyl)-glycine.
PAL  Yield: 70%.
PA0  Nmr signals at .tau. = 0.6 (1 H), 2.5 (5 H), 2.5 (5 H), 2.7 (2 H), 3.0 (2
      H), 3.8-4.5 (1 H), 4.6-5.2 (3 H), 5.6-5.8 (2 H) and 6.2 ppm (3 H).
PAR  9. D(-)-.alpha.-(3-Acetyl-3-benzyl-ureido)-phenylacetic acid from 8.5 parts
      by weight of N-acetyl-N-benzyl-carbamic acid chloride and 6.0 parts by
      weight of D(-)-C-phenylglycine.
PAL  Yield: 92%. Melting point = 183.degree.-185.degree.C.
TBL  ______________________________________                                    
                C         H           N                                        
     ______________________________________                                    
     Calculated:  66.3        5.6         8.6                                  
     Found:       66.3        5.7         8.6                                  
     ______________________________________                                    
PA0  Nmr signals at .tau.= -0.1 (1 H), 2.6 (5 H), 2.7 (5 H), 4.55 (1 H), 5.0 (2
      H) and 7.8 ppm (3 H).
PAR  10. D,L-.alpha.-(3-Benzoyl-3-allyl-ureido)-2,6-dichlorophenylacetic acid
      from 4.5 parts by weight of N-benzoyl-N-allyl-carbamic acid chloride and
      4.4 parts by weight of D,L-C-(2,6-dichlorophenyl)-glycine.
PAL  Yield: 97%.
TBL  ______________________________________                                    
            C        H          Cl         N                                   
     ______________________________________                                    
     Calculated:                                                               
              56.0       4.0        17.4     6.9                               
     Found:   55.6       4.4        16.0     6.5                               
     ______________________________________                                    
PA0  Nmr signals at .tau.= 0 (1 H), 2.3-2.65 (8 H), 3.6 (1 H), 3.9-4.5 (1 H),
      4.8-5.3 (2 H) and 5.6-5.9 ppm (2 H).
PAR  11. D,L-.alpha.-(3-Acetyl-3-allyl-ureido)-2-thienylacetic acid from 3.2
      parts by weight of N-acetyl-N-allylcarbamic acid chloride and 2.9 parts by
      weight of D,L-C-(2-thienyl)-glycine.
PAL  Yield: 99%.
PA0  Nmr signals at .tau.= 2.5-3.1 (3 H), 3.7-4.4 (1 H), 4.3 (1 H), 4.6-5.1 (2
      H), 5.5-5.7 (2 H) and 7.7 ppm (3 H).
PAR  12.
      D,L-.alpha.-(3-Dimethylaminocarbonyl-3-methyl-ureido)-2,6-dichloro-phenyla
     cetic acid from 3.3 parts by weight of
      N-dimethylamino-carbonyl-N-methyl-carbamic acid chloride and 4.4 parts by
      weight of D,L-C-(2,6-dichlorophenyl)-glycine.
PAL  Yield: 86%. Melting point = 205.degree.C.
PA0  Nmr signals at .tau.= 1.6 (1 H), 2.5 (3 H), 3.7 (1 H), 7.0 (3 H) and 7.1
      ppm (6 H).
PAC  13. D,L-.alpha.-(3-Methoxycarbonyl-3-methyl-ureido)-4-methoxyphenylacetic
      acid from 3.0 parts by weight of N-methoxycarbonyl-N-methylcarbamic acid
      chloride and 3.6 parts by weight of D,L-C-(4-methoxyphenyl)-glycine.
PAL  Yield: 87%.
PA0  Nmr signals at .tau.= 2.6 (2 H), 3.05 (2 H), 4.6 (1 H), 6.2 (6 H) and 6.8
      ppm (3 H).
PAR  14.
      D,L-.alpha.-(3-Dimethylaminocarbonyl-3-methyl-ureido)-4-methoxyphenylaceti
     c acid from 3.3 parts by weight of N-dimethylaminocarbonyl-N-methylcarbamic
      acid chloride and 3.6 parts by weight of D,L-C-(4-methoxyphenyl)-glycine.
PAL  Yield: 100%.
PA0  Nmr signals at .tau.= 2.0 (1 H), 2.6 (2 H), 3.05 (2 H), 4.6 (1 H), 6.2 (3
      H), 6.95 (3 H) and 7.1 ppm (6 H).
PAR  15. D,L-.alpha.-(3-Methoxycarbonyl-3-methyl-ureido)-2-thienyl acetic acid
      from 3.0 parts by weight of N-methoxycarbonyl-N-methylcarbamic acid
      hydrochloride and 2.9 parts by weight of D,L-C-(2-thienyl)-glycine.
PAL  Yield: 100%.
PA0  Nmr signals at .tau.= 0.4 (1 H), 2.5-3.1 (3 H), 4.25 (1 H), 6.2 (3 H) and
      6.8 ppm (3 H).
PAR  16. D,L-.alpha.-(3-Dimethylaminocarbonyl-3-methyl-ureido)-phenylacetic acid
      from 3.3 parts by weight of N-dimethylaminocarbonyl-3-methyl-carbamic acid
      chloride and 2.9 parts by weight of D,L-C-(2-thienyl)-glycine.
PAL  Yield: 84%.
PA0  Nmr signals at .tau.= 1.9 (1 H), 2.5-3.1 (3 H), 4.3 (1 H), 6.9 (3 H) and
      7.1 ppm (6 H)
PAR  17. D,L-.alpha.-(3-Benzoyl-3-allyl-ureido)-.alpha.-2-thienylacetic acid
      from 4.5 parts by weight of N-benzoyl-N-allyl-carbamic acid chloride and
      2.9 parts by weight of D,L-C-(2-thienyl)-glycine.
PAL  Yield: 96%.
PA0  Nmr signals at .tau.= 2.5 (5 H), 2.5-3.1 (3 H), 3.8-4.5 (2 H), 4.8-5.3 (2
      H) and 5.5-5.8 ppm (2 H).
PAR  18. D,L-.alpha.-(3-.gamma.-Chlorobutyryl-3-methyl-ureido)-2-thienylacetic
      acid from 4.0 parts by weight of N-.gamma.-chlorobutyryl-N-methylcarbamic
      acid chloride and 2.9 parts by weight of D,L-60 -(2-thienyl)-glycine.
PAL  Yield: 99%.
PA0  Nmr signals at .tau.= 2.5-3.1 (3 H), 4.2 (1 H), 6.35 (2 H), 6.7 (3 H), 7.2
      (2 H) and 7.9 ppm (2 H).
PAR  19. D,L-.alpha.-(3-[2-Furoyl]-3-methyl-ureido-2-thienylacetic acid from 5.6
      parts by weight of N-(2-furoyl)-N-methyl-carbamic acid chloride and 4.7
      parts by weight of D,L-C-(2-thienyl)-glycine.
PAL  Yield: 100%.
PAR  20. D(-)-.alpha.-(3-Allyloxycarbonyl-3-methyl-ureido)-phenylacetic acid
      from 15.8 parts by weight of N-allyloxycarbonyl-N-methylcarbamic acid
      chloride and 15.1 parts by weight of D-C-phenylglycine.
PAL  Yield: 88%.
PA0  Nmr signals at .tau.= -1.8 (1 H), +0.4 (1 H), 2.6 (5 H), 3.7-4.3 (1 H),
      4.4-4.9 (3 H), 5.3 (2 H), and 6.85 ppm (3 H).
PAR  21. D(-)-.alpha.-(3-[3-Nitro-4-methylbenzoyl]-3-methyl-ureido)-phenylacetic
      acid from 8.0 parts by weight of
      N-(3-nitro-4-methylbenzoyl)-N-methyl-carbamic acid chloride and 4.7 parts
      by weight of D(-)-C-phenylglycine.
PAL  Yield: 46%.
PA0  Nmr signals at .tau.= 1.6-2.8 (8 H), 4.6 (1 H), 6.8 (3 H) and 7.4 ppm (3
      H).
PAR  22. D(-)-.alpha.-(3-[4-Methylbenzoyl]-3-methyl-ureido)-phenylacetic acid
      from 13 parts by weight of N-p-methylbenzoyl-N-methylcarbamic acid
      chloride and 9.2 parts by weight of D(-)-C-phenylglycine.
PAL  Yield: 85%.
PA0  Nmr signals at .tau.= 0.2 (1 H), 2.4-2.9 (9 H), 6.65 (1 H), 6.9 (3 H) and
      7.6 ppm (3 H).
PAR  23. D,L-.alpha.-(3-Benzoyl-3-methyl-ureido)-2,6-dichlorophenylacetic acid
      from 7.2 parts by weight of N-benzoyl-N-methylcarbamic acid chloride and
      8.0 parts by weight of D,L-C-(2,6-dichlorophenyl)glycine.
PAL  Yield: 100%. Melting point = 200.degree.C.
PA0  Nmr signals at .tau.= -0.4 (1 H), 2.2-2.7 (8 H), 3.5 (1 H) and 6.9 (3 H).
PAR  24. D,L-.alpha.-(3-Benzoyl-3-methyl-ureido)-4-methylsulphenylphenylacetic
      acid from 10.0 parts by weight of N-benzoyl-N-methylcarbamic acid chloride
      and 10.0 parts by weight of D,L-C-(4-methylsulphenylphenyl)-glycine.
PAL  Yield: 73%.
PA0  Nmr signals at .tau.= 0.2 (1 H), 2.3-2.8 (9 H), 4.65 (1 H), 6.9 (3 H) and
      7.5 ppm (3 H).
PAR  25.
      D,L-.alpha.-(3-Ethoxycarbonyl-3-methyl-ureido)-4-methylsulphenylphenylacet
     ic acid from 16.8 parts by weight of N-ethoxycarbonyl-N-methyl-carbamic
      acid chloride and 20.0 parts by weight of
      D,L-C-(4-methylsulphenylphenyl)-glycine.
PAL  Yield: 85% Melting point = 12.degree.-122.degree.C.
PA0  Nmr signals at .tau.= 0.4 (1 H), 2.4-2.9 (4 H), 4.65 (1 H), 5.75 (2 H),
      6.85 (3 H) and 7.55 ppm (3 H).
PAR  26.
      D,L-.alpha.-(3-.beta.-Chloropropionyl-3-methyl-ureido)-(1,2,5,6-tetrahydro
     phenylacetic acid from 18.4 parts by weight of
      N-.beta.-chloropropionyl-N-methylcarbamic acid chloride and 15.5 parts by
      weight of D,L-C-(1,2,5,6-tetrahydrophenyl)-glycine.
PAL  Yield: 73%.
PA0  Nmr signals at .tau.= 0.6 (1 H), 4.3 (2 H), 5.7 (1 H), 6.2 (2 H), 6.8 (2 H)
      and 7.7-8.8 ppm (7 H).
PAR  27. D(-)-.alpha.-(3-[2-Thenoyl]3-methyl-ureido)-phenylacetic acid from 9.0
      parts by weight of N-(2-thenoyl)-N-methyl-carbamic acid chloride and 6.6
      parts by weight of D-C-phenylglycine.
PAL  Yield: 50%.
PAR  28. D(-)-.alpha.-(3,5-Dimethyl-isoxazol-4-oyll-3-methyl-ureido)phenylacetic
      acid from 8.5 parts by weight of
      N-(3,5-dimethylisoxazol-4-oyl)-N-methylcarbamic acid chloride and 5.9
      parts by weight of D-C-phenylglycine.
PAL  Yield: 32%.
PAC  C. Sodium
      D(-)-.alpha.-(3-isopropoxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was manufactured as described in Example 9 from 5.9 parts
      by weight of
      D(-)-.alpha.-(3-isopropoxycarbonyl-3-methyl-ureido)-phenylacetic acid, 3.7
      parts by weight of tetramethylchloroformamidinium chloride and 4.0 parts
      by weight of 6-aminopenicillanic acid.
PAL  Yield: 45%.
PAL  .beta.-Lactam content: 86%
TBL         C        H          N          S                                   
     ______________________________________                                    
     Calculated:                                                               
              48.8       5.6        10.4     5.9                               
     Found:   48.7       5.9        10.8     5.8                               
     ______________________________________                                    
PA0  Nmr signals at .tau.= 2.3-2.8 (5 H), 4.4 (1 H), 4.55 (2 H), 5.0 (1 H), 5.8
      (1 H), 6.85 (3 H), 8.5 (6H), and 8.7 ppm (6 H).
PAR  The Table which follows compares the anti-bacterial action of this product
      (A) with the penicillin (B) prepared from ampicillin and
      N-i-propoxycarbonyl-N-methylcarbamic acid chloride and with the product
      (C) which was obtained from
      D(-)-.alpha.-(3-i-propoxycarbonyl-3-methylureido)-phenylacetic acid
      according to the procedure described in Example 28:
TBL  Type of Bacterium                                                         
                     Effectiveness [ units/ml ]                                
                   (A)     (B)       (C)                                       
     ______________________________________                                    
     Escherichia coli 14                                                       
                     6.25      6.25      100                                   
     Escherichia coli C 165                                                    
                     50        25        200                                   
     Escherichia coli 183/58                                                   
                     12.5      6.25      400                                   
     Pseudomonas aer. Bonn.                                                    
                     50        25        &gt;400                                  
     Pseudomonas aer. Walter                                                   
                     100       50        &gt;400                                  
     ______________________________________                                    
PAC  EXAMPLE 12
PAC  Sodium D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 9 from 5.6
      parts by weight of
      D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-phenylacetic acid, 3.3
      parts by weight of tetramethyl-chloroformamidinium chloride and 3.6 parts
      by weight of 6-aminopenicillanic acid. The ureidoacetic acid was stirred
      with the tetramethylchloroformamidinium chloride in acetone at -5.degree.C
      for only 20 minutes.
PAL  Yield: 38%.
PAL  .beta.-Lactam content: 61%.
TBL  ______________________________________                                    
            C        H          N          S                                   
     ______________________________________                                    
     Calculated:                                                               
              48.1       6.0        9.7      5.6                               
     Found:   48.4       5.5        9.4      5.5                               
     ______________________________________                                    
PA0  Nmr signals at .tau.= 2.3-2.8 (5 H), 4.45 (1 H), 4.55 (2 H), 5.8 (3 H),
      6.85 (3 H) and 8.1-8.9 ppm (13 H).
PAC  EXAMPLE 13
PAR  If, in the procedure of Example 10, the
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-phenylacetic acid used
      there is replaced by 0.018 mol of:
PA0  D(-)-.alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-ethyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-propyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-i-propyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-n-butyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-allyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-cyclohexyl-ureido)-phenylacetic
      acid,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-phenyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-[1-pyrrolidylcarbonyl]-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-[1-piperidylcarbonyl]-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-diethylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-ethylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-methylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-phenylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-methyl-ureido)-phenylacetic
      acid,
PA0  D(-)-.alpha.-(3-[1-pyrrolidylcarbonyl]-3-ethyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-[1-piperidylcarbonyl]-3-ethyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-ethylaminocarbonyl-3-ethyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-methylaminocarbonyl-3-ethyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-phenylaminocarbonyl-3-ethyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-ethyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-n-propyl-ureido)-phenylacetic
      acid,
PA0  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-i-propyl-ureido)-phenylacetic
      acid,
PA0  D(-)-.alpha.-(3-diethylaminocarbonyl)-3-n-butyl-ureido)-phenylacetic acid
      or
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl)-3-cyclohexyl-ureido-phenylacetic
      acid, the sodium salts of the following penicillins are obtained
PA0  D(-)-60 -(3-ethoxycarbonyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-propyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-i-propyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-n-butyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-allyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-cyclohexyl-ureido)-benzylpenicillin
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-phenyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[1-pyrrolidylcarbonyl]-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[1-piperidylcarbonyl]-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-diethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-ethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-methylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-phenylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[1-pyrrolidylcarbonyl]-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[1piperidylcarbonyl]-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-diethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-ethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-methylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-phenylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-n-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-i-propyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-diethylaminocarbonyl)-3-n-butyl-ureido)-benzylpenicillin,
      or
PA0  D(-)-.alpha.-(3-diethylaminocarbonyl-3-cyclohexyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 14
PAC  Sodium D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-4-methoxybenzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 9, from 4.4
      parts by weight of
      D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-4-methoxyphenylacetic acid, 2.26
      parts by weight of tetramethylchloroformamidinium chloride and 2.6 parts
      by weight of 6-aminopenicillanic acid.
PAL  Yield: 51%.
PAL  .beta.-Lactam content: 65%.
TBL  ______________________________________                                    
            C        H          N          S                                   
     ______________________________________                                    
     Calculated:                                                               
              55.4       5.2        9.2      5.3                               
     Found:   55.4       4.8        8.1      4.5                               
     ______________________________________                                    
PA0  Nmr signals at .tau.= 2.6 (5 H), 2.7 (2 H), 3.2 (2H), 3.9-4.5 (1 H), 4.55
      (3 H), 4.7-5.2 (2 H), 5.6-5.9 (3 H), 6.25 (3 H) and 8.4 ppm (6 H).
PAC  EXAMPLE 15
PAC  Sodium D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-2,6-dichlorobenzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 9 from 7.2
      parts by weight of
      D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-2,6-dichlorophenylacetic acid, 4.05
      parts by weight of tetramethylchloroformamidinium chloride and 3.86 parts
      by weight of 6-aminopenicillanic acid.
PAL  Yield: 46%.
PAL  .beta.-Lactam content: 83%.
TBL  ______________________________________                                    
             C      H        Cl       N      S                                 
     ______________________________________                                    
     Calculated:                                                               
               49.5     4.3      10.8   8.6    4.9                             
     Found:    49.9     5.1      11.3   8.2    4.4                             
     ______________________________________                                    
PA0  Nmr signals at .tau.= 2.4-2.9 (8 H), 3.4 (1 H), 3.8-4.4 (1 H), 4.4-4.6 (2
      H), 4.8-5.2 (2 H), 5.5-5.8 (2 H), 5.85 (1 H) and 8.5 ppm (6 H).
PAC  EXAMPLE 16
PAR  If, in the procedure of Example 4, the
      D,L-.alpha.-(3-benzoyl-3-methyl-ureido)-p-tolyl-acetic acid used there is
      replaced by 0.015 mol of:
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-benzoyl-3-ethyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-4-chlorophenylacetic acid,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-4-methoxyphenylacetic acid,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)2-chlorophenylacetic acid,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-iodophenylacetic acid,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethoxyphenylacetic acid,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,4-dibromophenylacetic acid,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-thienylacetic acid,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-m-tolylacetic acid,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethylphenylacetic acid,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-chloro-6-fluorophenylacetic
      acid,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-thienylacetic acid,
PA0  L(+)-.alpha.-(3-benzoyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-[3-nitro-4-methoxyphenyl]-3-methyl-ureido)-phenylacetic
      acid,
PA0  D(-)-.alpha.-(3-p-chlorobenzoyl-3-ethyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-o-bromobenzoyl-3-n-propyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-methoxybenzoyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-p -methoxycarbonylaminobenzoyl-3-methyl-ureido)-phenyl
      acetic acid,
PA0  D(-)-.alpha.-(3-p-methylsulphenylbenzoyl-3-methyl-ureido)-phenylacetic
      acid,
PA0  D(-)-.alpha.-(3-[2-chloro-5-methoxybenzoyl]-3-n-butyl-ureido)-phenylacetic
      acid,
PA0  D(-)-.alpha.-(3-p-nitrobenzoyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-[2-chloro-4-ethylsulphenylbenzoyl]-3-methyl-ureido)-phenyla
     cetic acid,
PA0  D(-)-.alpha.-(3-m-cyanobenzoyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-[3,5-dimethylbenzoyl]-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-benzoyl-3-allyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-m-iodobenzoyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-benzoyl-3-phenyl-ureido)-phenylacetic acid or
PA0  D(-)-.alpha.-(3-naphthoyl(1)-3-methyl-ureido)-phenylacetic acid,
PAR  the sodium salts of the following penicillins are obtained:
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-benzoyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-4-chlorobenzylpenicillin,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-4-methoxybenzylpenicillin,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-chloro-benzylpenicillin,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-iodo-benzylpenicillin,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethoxy-benzylpenicillin,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,4-dibromo-benzylpenicillin,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-thienylmethylpenicillin,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-methylbenzylpenicillin,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethylbenzylpenicillin,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-chloro-6-fluorobenzylpenicillin,
PA0  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-thienylmethylpenicillin,
PA0  L(+)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin,
PAR  D(-)-.alpha.-(3-[3-nitro-4-methoxyphenyl]-3-methyl-ureido)-benzylpenicillin
PA0  D(-)-.alpha.-(3-p-methoxybenzoyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-p-methoxycarbonylaminobenzoyl-3-methyl-ureido)-benzylpenici
     llin,
PA0  D(-)-.alpha.-(3-p-chlorobenzoyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-o-bromobenzoyl-3-n-propyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[2-chloro-5-methoxybenzoyl]-3-n-butyl-ureido)-benzylpenicil
     lin,
PA0  D(-)-.alpha.-(3-p-methylsulphenylbenzoyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-p-nitrobenzoyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[2-chloro-4-ethylsulphenyl-benzoyl]-3-methyl-ureido)benzylp
     enicillin,
PA0  D(-)-.alpha.-(3-m-cyano-benzoyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[3,5-dimethyl-benzoyl]-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-benzoyl-3-allyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-m-isodobenzoyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-benzoyl-3-phenyl-ureido)-benzylpenicillin or
PA0  D(-)-.alpha.-(3-naphthyl(1)-3-methyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 17.
PAC  Sodium D,L-.alpha.-(3-acetyl-3-allyl-ureido)-2-thienylmethylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 9 from 5.0
      parts by weight of D,L-.alpha.-(3-acetyl-3-allyl-ureido)-2-thienyl-acetic
      acid, 3.6 parts by weight of tetramethylchloroformamidinium chloride and
      3.9 parts by weight of 6-aminopenicillanic acid.
PAL  Yield: 53%.
PAL  .beta.-Lactam content: 72%.
TBL  ______________________________________                                    
            C        H          N          S                                   
     ______________________________________                                    
     Calculated:                                                               
              46.2       4.9        10.8     12.3                              
     Found:   46.6       5.3        10.4     12.3                              
     ______________________________________                                    
PA0  Nmr signals at .tau.= 2.5-3.2 (3 H), 3.8-4.4 (1 H), 4.2 (1 H), 4.5 (2 H),
      4.6-5.0 (2 H), 5.5-5.7 (2 H), 5.8 (1 H), 7.7 (3 H) and 8.4 ppm (6 H).
PAC  EXAMPLE 18
PAC  Sodium
      D,L-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-4-methoxybenzylpenicillin:
PAR  3.04 parts by weight of tetramethylchloroformamidinium chloride in 20 parts
      by volume of dry dichloromethane were initially taken at 0.degree.C, and a
      solution of 4.8 parts by weight of
      D,L-.alpha.-(3-methoxycarbonyl-3-methylureido)-4-methoxyphenylacetic acid
      in 10 parts by volume of methylene chloride was added. 2.24 parts by
      volume of triethylamine in 10 parts by volume of methylene chloride were
      now added dropwise over the course of 30 minutes at 0.degree.C, with
      exclusion of moisture. Thereafter the mixture was stirred for 20 minutes
      at +5.degree.C, insoluble matter was filtered off without the solution
      rising to above 5.degree.C, and the filtrate was cooled to -20.degree.C. A
      solution of 5.0 parts by weight of 6-aminopenicillanic acid and 3.5 parts
      by volume of triethylamine in 20 parts by volume of methylene chloride,
      prepared as described in Example 1, and also cooled to -20.degree.C, was
      added thereto. The mixture was stirred for 30 minutes at 0.degree.C and
      subsequently for a further 30 minutes at room temperature, and was finally
      poured into 150 parts by volume of ice water and adjusted to a pH value of
      6.5 with 2 N sodium hydroxide solution. After separating off the organic
      layer and adding 150 parts by volume of a 1:1 mixture of ethyl acetate and
      ether, the mixture was worked up as described in Example 1 and the sodium
      salt of the penicillin was isolated.
PAL  Yield: 54%.
PAL  .beta.-Lactam content: 75%.
PA0  Nmr signals at .tau.= 2.6 (2 H), 3.1 (2 H), 4.3-4.9 (3 H), 5.8 (1 H), 6.2
      (6 H), 6.85 (3 H) and 8.5 ppm (6 H).
PAL  Effectiveness in Animal Experiments: B.
PAC  EXAMPLE 19
PAC  Sodium
      D.L-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-4-methoxybenzylpenic
     illin:
PAR  This penicillin was prepared as described in Example 18, from 6.0 parts by
      weight of
      D,L-.alpha.-(3-dimethyl-aminocarbonyl-3-methyl-ureido)-4-methoxyphenylacet
     ic acid, 3.8 parts by weight of tetramethylchloroformamidinium chloride and
      6.2 parts by weight of 6-aminopenicillanic acid.
PAL  Yield: 23%.
PAL  .beta.-Lactam content: 59%.
PA0  Nmr signals at .tau.= 2.65 (2 H), 3.1 (2 H), 4.4-4.8 (3 H), 5.65 (1 H), 6.2
      (3 H), 6.9 (3 H), 7.05 (6 H) and 8.4 ppm (6 H).
PAC  EXAMPLE 20
PAC  Sodium
      D,L-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2-thienylmethylpenicillin:
PAR  This penicillin was prepared as described in Example 18, from 4.5 parts by
      weight of D,L-.alpha.-(3-methoxycarbonyl-3-methylureido)-thienylacetic
      acid, 3.2 parts by weight of tetramethylchloroformamidinium chloride and
      5.2 parts by weight of 6-aminopenicillanic acid.
PAL  Yield: 62%.
PAL  .beta.-Lactam content: 84%.
PA0  Nmr signals at .tau.= 2.5-3.2 (3 H), 4.2 (1 H), 4.5 (2 H), 5.8 (1 H), 6.2
      (3 H), 6.8 (3 H) and 8.4 ppm (6 H).
PAL  Effectiveness in animal experiments: A
PAC  EXAMPLE 21
PAC  Sodium D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-2-thienylmethylpenicillin:
PAR  This penicillin was prepared as described in Example 18, from 6.0 parts by
      weight of D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-2-thienylacetic acid, 3.4
      parts by weight of tetramethylchloroformamidinium chloride and 5.5. parts
      by weight of 6aminopenicillanic acid.
PAL  Yield: 45%.
PAL  .beta.-Lactam content: 77%.
PA0  Nmr signals at .tau.= 2.5 (5 H), 2.5-3.1 (3 H), 3.7-4.4 (2 H), 4.5 (2 H),
      4.7-5.2 (2 H), 5.5-5.9 (3 H) and 8.4 ppm (6 H).
PAL  Effectiveness in Animal Experiments: B.
PAC  EXAMPLE 22
PAC  Sodium
      D,L-.alpha.-(3-[2-furoyl]-3-methyl-ureido)-2-thienylmethylpenicillin:
PAR  This penicillin was prepared as described in Example 18, from 11.6 parts by
      weight of D,L-.alpha.-(3-[2-furoyl]-3-methyl-ureido)-2-thienylacetic acid,
      6.5 parts by weight of tetramethylchloroform-amidinium chloride and 3.2
      parts by weight of 6-aminopenicillanic acid.
PAL  Yield: 39%.
PAL  .beta.-Lactam content: 88%.
PA0  Nmr signals at .tau.= 2.2 (1 H), 2.5-3.1 (4 H), 3.35 (1 H), 4.1 (1 H), 4.45
      (2 H), 5.8 (1 H), 6.55 (3 H) and 8.4 ppm (6 H).
PAL  Effectiveness in animal experiments: A and B
PAC  EXAMPLE 23
PAC  Sodium
      D,L-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-2-thienylmethylpenic
     illin:
PAR  A suspension of 3.9 parts by weight of tetramethylchloroformamidinium
      chloride in 30 parts by volume of dry acetone was treated with a solution
      of D,L-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)2-thienylacetic
      acid in 10 parts by volume of acetone over the course of 5 minutes at
      -20.degree.C, and subsequently 2.1 parts by volume of triethylamine in 5
      parts by volume of acetone were added dropwise over the course of 30
      minutes. After the mixture hae been stirred for a further hour at
      -20.degree.C, it was filtered in such a way that the temperature of the
      solution did not rise above -10.degree.C. It was again cooled to
      -20.degree.C and combined with a vigorously stirred solution of 3.9 parts
      by weight of 6-aminopenicillanic acid in 50 ml of 60% strength aqueous
      tetrahydrofurane (solution took place after adding sufficient 2 N NaOH to
      establish a pH value of 8.2), cooled to -5.degree.C. A pH range of 7.5 -
      8.0 was maintained by adding 2 N sodium hydroxide solution. After 15
      minutes, the mixture was allowed to come to room temperature and stirring
      was continued until no further change in the pH value was observable. The
      subsequent working-up of the reaction mixture and the isolation of the
      penicillin was carried out in the manner indicated in Example 9.
PAL  Yield: 43%.
PAL  .beta.-Lactam content: 54%.
PA0  Nmr signals at .tau. = 2.5-3.2 (3 H), 4.5 (3 H), 5.8 (1 H), 6.9 (3 H), 7.05
      (6 H), and 8.4 ppm (6 H).
PAC  EXAMPLE 24
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-benzylpenicillin:
PAR  5.1 parts by weight of
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methylureido)-phenylacetic acid
      and 3.0 parts by weight of tetramethylchloro-formamidinium chloride were
      reacted in methylene chloride as described in Example 18. The resulting
      solution was combined with a solution of 6.5 parts by weight of
      N-trimethylsilyl-6-aminopenicillanic acid trimethylsilyl ester in 33 parts
      by volume of dry methylene chloride at 0.degree.C. 1.3 parts by weight of
      pyridine were added and the mixture was stirred, while excluding moisture,
      for one hour at 0.degree.C and subsequently for 2.5 hours at room
      temperature. It was now poured into 120 parts by volume of ice water, a pH
      value of 7 - 8 was established and the methylene chloride was stripeed off
      in vacuo. The aqueous phase was shaken with 50 parts by volume of ether,
      which was then discarded, whilst the aqueous phase was freed of solid
      constiutents by filtration. It was now covered with 200 parts by volume of
      a 1 : 1 mixture of ether and ethyl acetate, cooled to 0.degree.C and
      acidified to pH = 2 with 2 N hydrochloric acid, while stirring vigorously.
      The organic solution was separated off, twice washed with 50 parts by
      volume of water at a time, dried over MgSO.sub.4 and filtered, and the
      sodium salt of the penicillin was precipitated by adding 15 ml of a 1 M
      solution of sodium 2-ethylhexanoate in ether containing methanol. The
      entire mixture was concentrated almost to dryness at 0.degree.C, rapidly
      dissolved in as little methanol as possible, and precipitated by adding
      excess ether. Non-crystalline solid substance.
PAL  Yield: 29%.
PAL  .beta.-Lactam content: 49%.
PAR  Position of the NMR signals as indicated in Example 2.
PAR  The crude product still contained
      D-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-phenylacetic acid
      which was removable by fractional extraction of the aqueous penicillin
      salt solution at pH values of 5.5 - 6.5.
PAC  EXAMPLE 25
PAR  If, in the procedure of Example 1, the
      D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-phenylacetic acid used there is
      replaced by 0.02 mol of:
PA0  D(-)-.alpha.-(3-acetyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-acetyl-3-ethyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-acetyl-3-vinyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-acetyl-3-n-propyl-ureido)-phenylacetic acid.
PA0  D(-)-.alpha.-(3-acetyl-3-propenyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-acetyl-3-i-propyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-acetyl-3-n-butyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-acetyl-3-.beta.-methoxyethyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-acetyl-3-.beta.-dimethylaminoethyl-ureido)-phenylacetic
      acid,
PA0  D(-)-.alpha.-(3-acetyl-3-cyclohexyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-acetyl-3-cyclobutyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-acetyl-3-benzyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-formyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-formyl-3-ethyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-formyl-3-propyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-formyl-3-i-propyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-acetyl-3-t-butyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-formyl-3-n-butyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-formyl-3-allyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-formyl-3-benzyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-formyl-3-phenyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-formyl-3-cyclopropyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-formyl-3-cyclobutyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-formyl-3-cyclopentyl-ureido)-phenylacetic acid or
PA0  D(-)-.alpha.-(3-formyl-3-cyclohexyl-ureido)-phenylacetic acid,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA0  D(-)-.alpha.-(3-acetyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-acetyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-acetyl-3-vinyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-acetyl-3-n-propyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-acetyl-3-prop-1-enyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-acetyl-3-i-propyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-acetyl-3-n-buyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-acetyl-3-t-butyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-acetyl-3-.beta.-methoxyethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-acetyl-3-.beta.-dimethylaminoethyl-ureido)-benzylpenicillin
PA0  D(-)-.alpha.-(3-acetyl-3-cyclohexyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-acetyl-3-cyclobutyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-acetyl-3-benzyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-formyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-formyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-formyl-3-propyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-formyl-3-i-propyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-formyl-3-n-butyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-formyl-allyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-formyl-3-benzyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-formyl-3-phenyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-formyl-3-cyclopropyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-formyl-3-cyclobutyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-formyl-3-cyclopentyl-ureido)-benzylpenicillin,
PA0  or D(-)-.alpha.-(3-formyl-3-cyclohexyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 26
PAR  If, in the procedure of Example 1, the
      D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-phenylacetic acid used there is
      replaced by 0.02 mol of:
PA0  D(-)-.alpha.-(3-methoxyacetyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-propionyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-methylsulphenylacetyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-propionyl-3-ethyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-propionyl-3-vinyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-n-butyryl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-methoxycarbonyl-acetyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-i-butyryl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-acryloyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-pivaloyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-cyanomethyl-acetyl-3-methyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-acetyl-3-phenyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(3-propionyl-3-phenyl-ureido)-phenylacetic acid,
PA0  D(-)-.alpha.-(hexahydroazepin-2-on-1-yl-carbonylamino)-phenylacetic acid
PA0  or D(-)-.alpha.-(pyrrolid-2-on-1-yl-carbonylamino)-phenylacetic acid,
PAR  the following penicillins are obtained:
PA0  D(-)-.alpha.-(3-methoxyacetyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-propionyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-methylsulphenylacetyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-propionyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-propionyl-3-vinyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-n-butyryl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-methoxycarbonylacetyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-i-butyryl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-acryloyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-pivaloyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-cyanomethyl-acetyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-acetyl-3-phenyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-propionyl-3-phenyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(hexahydroazepin-2-on-1-yl-carbonylamino)-benzylpenicillin or
PA0  D(-)-.alpha.-(pyrrolid-2-on-1-yl-carbonylamino)-benzylpenicillin.
PAC  EXAMPLE 27
PAC  Attempt to prepare sodium
      D(-)-.alpha.-(3-methoxycarbonyl-3-methylureido)-benzylpenicillin:
PAR  5.2 parts by weight of
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-phenylacetic acid were
      suspended in a mixture of 10 parts by weight of benzene, 5 parts by weight
      of thionyl chloride and 0.05 part by weight of dimethylformamide and the
      mixture was subsequently carefully warmed, whilst stirring with a magnetic
      stirrer. The mixture was kept at about 60.degree.C until the evolution of
      gas had ceased, and subsequently thionyl chloride and bezene were removed
      in a waterpump vacuum, finally at 0.1 mm Hg and 50.degree.C. The product
      which remained showed strong bands in the IR spectrum at 1805, 1725 and
      1175 cm.sup.-.sup.1.
PAL  Yield: 5.5 parts by weight.
PA0  Calculated as D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-phenylacetic
      acid chloride:
PAR  Calculated: C 50.55; H 4.56; Cl 12.47; N 9.84;
PAR  Found: C 47.57; H 4.29; Cl 11.6; N 9.68
PAR  5 parts by weight of the product thus obtained, dissolved in 10 parts by
      volume of dry tetrahydrofurane, were added dropwise, while stirring, to an
      ice-cooled solution of 3.8 parts by weight of 6-aminopenicillanic acid in
      50 parts by volume of 80% strength aqueous tetrahydrofurane (addition of
      sufficient 2 N sodium hydroxide solution for solution to occur at pH 8.2).
      In the course thereof, the pH value was kept at between 7 and 8 by
      simultaneous addition of further 2 N sodium hydroxide solution.
      Thereafter, the mixture was further stirred for 30 minutes at 0.degree.C
      and then stirred at room temperature until no further addition of sodium
      hydroxide solution was necessary for maintaining a pH value of 7 -8.
PAR  100 parts by volume of water were now added, the tetrahydrofurane was
      removed at 0.degree.C in vacuo, and the aqueous solution which remained
      was extracted with 50 parts by volume of ether to remove neutral
      constituents. It was then covered with 150 parts by volume of a 1 : 1
      mixture of ether and ethyl acetate and thereafter acidified with dilute
      hydrochloric acid to pH = 2.0, while cooling with ice and stirring.
PAR  The organic phase was separated off, washed with 50 parts by volume of
      water and dried over MgSO.sub.4.
PAR  Thereafter, 17 parts by volume of a 1 M solution of sodium 2-ethylhexanoate
      in ether containing methanol were added, the mixture was evaporated almost
      to dryness in vacuo, and the residue was dissolved in the minimum amount
      of methanol. On adding excess ether, a colorless, non-crystalline product
      precipitated, which, after decanting the supernatant solution, was
      digested with ether, filtered off and dried over P.sub.2 O.sub.5 in a
      vacuum desiccator.
PAL  Yield: 6 parts by weight.
PAL  .beta.-Lactam content: 88%.
PAR  Calculated as methoxycarbonyl-methyl-ureido-benzylpenicillin: C 49.3; H
      4.7; Cl ---; N 11.5; S 6.6;
PAR  Found: C 47.5; H 6.0; Cl 0.1; H 9.9; S 7.0
PAR  The thin layer chromatogram of the product (silica gel, 10 : 3 : 1 mixture
      of n-butanol, n-pentane and glacial acetic acid, running time 1.5 hours)
      showed spots at Rf values of 0.045, 0.11 -0.3 and 0.56. Authentic
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-benzylpenicillin,
      manufactured either according to the method of Example 8 or by acylation
      of ampicillin with N-methoxycarbonyl-N-methyl-carbamic acid chloride,
      showed an Rf value of 0.45 under the same conditions. An electrophorogram
      developed with Bacillus subtilis showed the presence of several
      antibiotically active substances, of which, however, none agreed with the
      authentic material. Finally, the NMR spectrum permitted the presence of
      major amounts of the desired methoxycarbonyl-methylureido-benzylpenicillin
      to be ruled out; rather, it confirmed the assumption of a mixture of
      several different substances.
PAR  As regards the anti-bacterial effectiveness of this product, see the Table
      accompanying Example 8.
PAC  EXAMPLE 28
PAR  In the reaction of
      D(-)-.alpha.-(3-i-propoxycarbonyl-3-methylureido)-phenylacetic acid and of
      D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-phenylacetic acid with
      thionyl chloride and subsequently with 6-aminopenicillanic acid in the
      manner described in Example 11 C, products were in each case again
      obtained which proved to be mixtures of several antibiotically active
      substances, but of which none was identical with the authentic
      D(-)-.alpha.-(3-i-propoxycarbonyl-3-methyl-ureido)-benzylpenicillin or
      D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-benzylpenicillin
      manufactured according to the instruction of Examples 9C and 10. The Rf
      values of thin layer chromatograms developed on silica gel with a 9 : 3 :
      1 mixture of n-butanol, pentane and glacial acetic acid were 0.080 and
      0.35, and 0.078, 0.46 and 0.75, respectively.
PAR  Under the same conditions, the authentic products showed Rf values of 0.56
      and 0.64 respectively.
PAR  Products from the reaction of
      D(-)-.alpha.-(3-i-propoxycarbonyl-3-methyl-ureido)-phenylacetic acid:
PAR  For anti-bacterial effectiveness, see the Table accompanying Example 9C.
PAR  Products from the reaction of
      D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-phenylacetic acid:
PAR  The Table which follows compares the anti-bacterial action of this product
      (A) with the penicillins (B) prepared from ampicillin and
      N-n-butoxycarbonyl-N-methyl-carbamic acid chloride:
TBL  Type of Bacterium  Effectiveness                                          
                                     [units/                                   
                                     ml]                                       
                        (A)          (B)                                       
     ______________________________________                                    
     Escherichia coli 14                                                       
                        100          3.12                                      
     Escherichia coli C 165                                                    
                        200          6.25                                      
     Escherichia coli 183/58                                                   
                        400          6.25                                      
     Proteus 3400       &gt;400         25                                        
     Proteus 1017       &gt;400         12.5                                      
     Pseudomonas aerug. Bonn.                                                  
                        &gt;400         12.5                                      
     Pseudomonas aerug. Walter                                                 
                        &gt;400         25                                        
     Staphylococcus aur. 133                                                   
                        12.5         &lt;0.78                                     
     ______________________________________                                    
PAC  EXAMPLE 29
PAC  Sodium
      D(-)-.alpha.-(3-cyclohexyloxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  4.5 parts by weight of 6-aminopenicillanic acid were suspended in 60 parts
      by volume of 50% strength aqueous tetrahydrofurane, the amount of
      triethylamine just sufficient to dissolve the aminopenicillanic acid was
      added, the resulting solution, which had a pH of 8.0 (glass electrode) was
      cooled to 0.degree.C, and a solution of 8.0 parts by weight of
      O-[D(-)-.alpha.-(3-cyclohexyloxycarbonyl-3-methylureido)-phenylacetyl]-C-c
     yano-C-ethoxy-carbonyl-formaldehydeoxime in 25 parts by volume of
      tetrahydrofurane was added dropwise, while keeping the pH of the solution
      at 7.5 by appropriate addition of triethylamine. Thereafter the mixture
      was stirred for 90 minutes at 22.degree.C, 100 parts by volume of water
      were added, the solution was adjusted to pH 6.5, the tetrahydrofurane was
      largely removed in vacuo in a rotary evaporator, and the remaining aqueous
      solution was covered with a 1 : 1 mixture of ether and ethyl acetate,
      stirred, cooled to 0.degree.- 5.degree.C and acidified to pH 1.5 with 2 N
      hydrochloric acid.
PAR  The organic phase was then separated off, washed with water and dried over
      sodium sulphate in a refrigerator, and the sodium salt of the penicillin
      was precipitated by means of a 1 M solution of sodium 2-ethylhexanoate in
      ether containing methanol. The supernatant solution was decanted from the
      initially oily precipitate, and the latter was converted into a colourless
      powder by trituration with dry ether.
PAL  .beta.-Lactam content: 82%.
PA0  Nmr signals at .tau.=2.4-3.0 (5 H), 4.3-4.7 (3 H), 5.2 (1 H), 5.8 (1 H),
      6.8 (3 H) and 7.9-9.0 ppm (16 H).
PAR  The biological activity of this penicillin (A) and of the penicillin (B)
      prepared from ampicillin and N-cyclohexyloxycarbonyl-N-methyl-carbamic
      acid chloride were identical within the limit of error, as is shown by the
      Table below. Minimum inhibitory concentration in units/ml:
TBL                    A         B                                             
     ______________________________________                                    
      E. coli 14         3.12        1.56                                      
     E. coli A 261       400         400                                       
     E. coli C 165       6.25        6.25                                      
     E. coli 183/58      3.12        1.56                                      
     Proteus 3400        12.5        6.25                                      
     Proteus 1017        12.5        6.25                                      
     Pseudomonas aerug. Bonn                                                   
                         25          25                                        
     Pseudomonas aerug. Walter                                                 
                         50          50                                        
     Klebsiella K 10     200         100                                       
     Klebsiella 63       100         100                                       
     Staphylococcus aureus 1777 E                                              
                         200         400                                       
     Staphylococcus aureus 133                                                 
                         &lt;0.7        &lt;0.7                                      
     Enterococcus ATCC 9790                                                    
                         100         100                                       
     ______________________________________                                    
PAC  EXAMPLE 30
PAC  Sodium D(-)-.alpha.- (3-allyloxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  7.1 parts by weight of 6-aminopenicillanic acid were dissolved in a mixture
      of 120 parts by volume of methylene chloride and 10 parts by volume of
      triethylamine, 12.4 parts by weight of
      O-[D(-)-.alpha.-(3-allyloxycarbonyl-3-methylureido)-phenylacetyl]-C-cyano-
     C-ethoxycarbonyl-formaldehydeoxime were added, the solution was left to
      stand for 24 hours in a refrigerator, diluted with 150 parts by volume of
      methylene chloride and exhaustively extracted by shaking with sodium
      bicarbonate solution, the combined bicarbonate extracts were covered with
      a 1 : 1 mixture of ether and ethyl acetate, the pH of the aqueous phase
      was adjusted to 5.0 with 2 N hydrochloric acid, while stirring, the
      organic phase was separated off, the aqueous phase was covered with fresh
      ether-ethyl acetate mixture, the aqueous phase was then acidified to pH
      1.5 with 2 N hydrochloric acid, while stirring and cooling with ice, the
      organic phase was separated off, and the sodium salt of the penicillin was
      precipitated and isolated in the manner described in Example 29.
PAL  Yield: 30%.
PAL  .beta.-Lactam content: 74%.
PAR  Calculated: C 49.7; H 5.2; N 10.5; S 6.1;
PAR  Found: C 49.9; H 6.1; N 10.4; S 5.6
PA0  Nmr signals at = 2.4-2.8 (5 H), 3.7-4.3 (1 H), 4.4-4.9 (5H), 5.1-5.4 (2 H),
      5.8 (1 H), 6.8 (3 H) and 8.45 ppm (6 H).
PAR  The biological effectiveness of this penicillin (A) and of the penicillin
      (B) prepared from ampicillin and N-allyloxycarbonyl-N-methyl-carbamic acid
      chloride were identical within the limit of error, as is shown by the
      Table below. Minimum inhibitory concentration in units/ml:
TBL                  A         B                                               
     ______________________________________                                    
     E. Coli 14        0.8-4       3.12                                        
     E. coli A 261     100-500     &gt;400                                        
     E. coli C 165      4-20       12.5                                        
     E. coli 183/85     4-20       6.25                                        
     Proteus 3400       20-100     25                                          
     Proteus 1017       20-100     12.5                                        
     Pseudomonas aerug. Bonn                                                   
                        4-20       12.5                                        
     Pseudomonas aerug.                                                        
                        20-100     12.5                                        
     Walter                                                                    
     Klebsiella K 10    20-100     50                                          
     Klebsiella 63      20-100     25                                          
     Staphylococcus aureus                                                     
                       0.8-4       0.78                                        
     133                                                                       
     Enterococcus ATCC 9790                                                    
                        20-100     50                                          
     ______________________________________                                    
PAC  EXAMAPLE 31
PAC  Sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 30 from
      2.82 parts by weight of 6-aminopenicillanic acid, 6.0 parts by weight of
      O[.alpha.-(3-benzoyl-3-methylureido)-2,6-dichlorophenylacetyl]-C-cyano-C-e
     thoxycarbonyl-formaldehydeoxime, 50 parts by volume of methylene chloride
      and 4 parts by volume of triethylamine.
PAL  Yield: 40%.
PAL  .beta.-Lactam content: 80%.
PAR  Calculated C 47.4; H 4.3; N 8.8; S 5.0;
PAR  Found: C 47.1; H 4.7; N 8.9; S 5.4
PA0  Nmr signals at .tau.= 2.4-2.9 (8 H), 3.3 (0.6 H), 3.8 (0.4 H), 4.45 (2 H),
      5.8 (1 H), 6.8 (0.6 H). 6.85 (0.4 H) and 8.45 ppm (6 H).
PAC  EXAMPLE 32
PAC  Sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin:
PAR  5.6 parts by weight of
      .alpha.-(3-benzoyl-3-methylureido)-2,6-dichlorophenylacetic acid were
      dissolved in a mixture of 70 parts by volume of dry acetone and 2.5 parts
      by volume of triethylamine at -5.degree.C to -10.degree.C, 2.9 parts by
      weight of 1-methyl-2-chloro-pyrrolinium chloride were added, the mixture
      was stirred for 45 minutes, the precipitate thereby formed (triethylamine
      hydrochloride) was filtered off, the filtrate was combined with a solution
      of 4.3 parts by weight of 6-aminopenicillanic acid in water which was
      prepared with the aid of triethylamine, had a pH of 7.5 and was cooled to
      -10.degree.C, the mixture was subsequently stirred for 2 hours at
      -5.degree.C, and the pH was at the same time kept at 7.5 by appropriate
      addition of triethylamine. The mixture was then diluted with 130 parts by
      volume of water, the pH was adjusted to 6.5 by means of 2 N hydrochloric
      acid, the acetone was stripped off in vacuo, the solution which remained
      was adjusted to pH 7.5 and extracted by shaking with a 1 : 1 mixture of
      ether and ethyl acetate, the aqueous phase was separated off covered with
      fresh organic phase, and acidified to pH 1.5 with 2 N hydrochloric acid,
      while stirring and cooling in ice, the organic phase was separated off,
      washed with water and dried for 2 hours in a refrigerator over sodium
      sulphate, and the sodium salt of the penicillin was precipitated and
      isolated in the manner described in Example 27.
PAL  Yield: 33%.
PAL  .beta.-Lactam content: 78%.
PA0  Nmr signals at .tau.= 2.4-2.75 (8 H), 3.3 (0.7 H), 3.7 (0.3 H), 4.4 (2 H),
      5.75 (1 H), 6.8 (3 H) and 8.45 ppm (6 H).
PAL  Effectiveness in animal experiments: A and B
PAC  EXAMPLE 33
PAR  Sodium .alpha.-(3-benzoyl-3-methyl-ureido)-4-methylthiobenzylpenicillin:
PAR  This penicillin was prepared, as described in Example 32, from 6.0 parts by
      weight of .alpha.-(3-benzoyl-3-methylureido)-4-methylthiophenylacetic
      acid,, dissolved in 70 parts by volume of acetone and 2.35 parts by volume
      of triethylamine, after reaction with 2.7 parts by weight of
      1-methyl-2-chloropyrrolinium chloride, by combination with a solution of
      6-aminopenicillanic acid in water, of pH 7.5, prepared by addition of
      triethylamine.
PAL  Yield: 45%.
PAL  .beta.-Lactam content: 72%.
PA0  Nmr signals at .tau.= 2.4-2.9 (9 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.9
      (3 H), 7.6 (3 H) and 8.45 ppm (6 H).
PAL  Effectiveness in animal experiments: A and B
PAC  EXAMPLE 34
PAC  Sodium
      .alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-4-methylthiobenzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 32 from 6.0
      parts by weight of
      .alpha.-(3-ethoxycarbonyl-3-methylureido)-4-methylthiophenylacetic acid,
      80 parts by volume of acetone, 2.6 parts by volume of triethylamine and
      3.0 parts by weight of 1-methyl-2-chloropyrrolinium chloride, by
      combination with a solution of 4.4 parts by weight of 6-aminopenicillanic
      acid in 70 parts by volume of 50% strength aqueous acetone, prepared by
      addition of triethylamine.
PAL  Yield: 44%.
PAL  .beta.-Lactam content: 78%.
PA0  Nmr signals at .tau.= 2.6 (2 H), 2.75 (2 H), 4.5 (1 H), 4.55 (2H), 5.5-5.9
      (3 H), 6.85 (3 H), 7.55 (3 H), 8.4 (6 H) and 8.6 ppm (3 H).
PAC  EXAMPLE 35
PAC  Sodium
      .alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-4-methylthiobenzylpenicillin:
PAR  To prepare this penicillin, 6.0 parts by weight of
      .alpha.-(3-ethoxycarbonyl-3-methylureido)-4-methylthiophenylacetic acid
      were dissolved in 80 parts by volume of acetone, with the addition of 2.6
      parts by volume of triethylamine, 3.0 parts by weight of
      1-methyl-2-chloro-pyrrolinium chloride were added at -5.degree.C to
      -10.degree.C, the mixture was stirred for 45 minutes at the same
      temperature, a solution of 4.4 parts by weight of 6-aminopenicillanic acid
      in a mixture of 70 parts by volume of 50% strength aqueous acetone and
      triethylamine, which had a pH of 7.5, was added, the mixture was
      subsequently stirred for 2 hours at -5.degree.C and diluted with 150 parts
      by volume of water, and the reaction mixture was worked up as in Example
      32, to isolate the sodium salt of the penicillin.
PAL  Yield: 44%.
PAL  .beta.-Lactam content: 78%.
PAR  Calculated: C 46.7; H 5.2; N 9.9; S 11.3; Found: C 47.0; H 5.6; N 9.4; S
      10.8
PA0  Nmr signals as indicated in Example 34. The spectra of both substances are
      identical.
PA0  Effectiveness in animal experiments: A
PAC  EXAMPLE 36
PAC  Sodium
      .alpha.-(3-.beta.-chloropropionyl-3-methyl-ureido)-cyclohex-3-enylmethylpe
     nicillin:
PAR  This penicillin was prepared in the manner described in Example 32, from
      5.3 parts by weight of
      .alpha.-(3.beta.-chloropropionyl-3-methylureido)-cyclohex-3-enyl-acetic
      acid, after reaction with 3.0 parts by weight of 1
      -methyl-2-chloro-pyrrolinium chloride in the presence of 2.6 parts by
      volume of triethylamine, by reaction with 4.4 parts by weight of
      6-aminopenicillanic acid which had been dissolved in 50% strength aqueous
      acetone, at pH 7.5, by means of triethylamine.
PAL  Yield: 44%.
PAL  .alpha.-Lactam content: 78%.
PA0  Nmr signals at .tau.= 4.3 (2 H), 4.5 (2 H), 5.8 (1 H), 6.2 (2 H), 6.65 (3
      H), 6.8 (2 H) and 7.7 - 8.8 ppm (13 H).
PAC  EXAMPLE 37
PAC  Sodium D(-)-.alpha.-[3-(2-thenoyl)-3-methyl-ureido]-benzylpenicillin:
PAR  To prepare this penicillin, 3.9 parts by weight of
      D(-)-.alpha.-[3-(2-thenoyl)-3-methyl-ureido]-phenylacetic acid were
      dissolved in 55 parts by volume of acetone with the addition of 2.0 parts
      by volume of triethylamine, 2.3 parts by weight of
      1-methyl-2-chloropyrrolinium chloride were added at -5.degree.C to
      -10.degree.C, the mixture was stirred for 45 minutes at the same
      temperature, a solution of 3.1 parts by weight of 6-aminopencillanic acid
      in a mixture of 60 parts by volume of 90% strength aqueous acetone and
      triethylamine, which had a pH of 7.5, was added, and the mixture was
      stirred for 2 hours at -5.degree.C and worked up -- as described in
      Example 32 -- to isolate the sodium salt of the penicillin.
PAL  Yield: 56%.
PAL  .beta.-Lactam content: 64%.
PA0  Nmr signals at .tau.= 2.1-3.0 (8 H), 4.35-4.8 (3 H), 5.8 (1 H), 6.55 (3 H)
      and 8.45 ppm (6 H).
PAC  EXAMPLE 38
PAR  Sodium
      D(-)-.alpha.-[3-(3,5-dimethylisoxazoloyl-4)-3-methyl-ureido]-benzylpenicil
     lin:
PAR  To prepare this penicillin, 3.9 parts by weight of
      D-.alpha.-[3-(3,5-dimethylisoxazoloyl-4)-3-methyl-ureido]-phenylacetic
      acid were dissolved in 60 parts by volume of methylene chloride with the
      addition of 2.0 parts by volume of triethylamine, the solution was cooled
      to -10.degree.C, 2.2. parts by weight of 1-methyl-2-chloropyrrolinium
      chloride were added, and the mixture was left to stand for 90 minutes at
      -10.degree. to -35.degree.C (solution A).
PAR  Separately, 3.1 parts by weight of 6-aminopenicillanic acid were suspended
      in 60 parts by volume of methylene chloride, 3.4 parts by volume of
      triethylamine were added, and the mixture was stirred for 4 hours at
      22.degree.C (solution B). Solution B was then cooled to between 0.degree.
      and -5.degree.C, and solution A was added in several portions, over the
      course of 30 minutes, while stirring and continuing to cool.
PAR  Thereafter the mixture was stirred for a further hour at 0.degree. to
      5.degree.C, the solvent was stripped off in vacuo, the residue was taken
      up in water and a 1 : 1 mixture of ether and ethyl acetate, the pH was
      adjusted to 7.5 while stirring, the organic phase was separated off, the
      aqueous phase was covered with fresh ether-ethyl acetate mixture, the pH
      was brought to 1.5 by means of 2 N hydrochloric acid, while stirring and
      cooling with ice, the organic phase was separated off, washed with water
      and dried over magnesium sulphate for 2 hours in a refrigerator, and the
      peniclllin was isolated as the sodium salt, as described in Example 32.
PAL  Yield: 50%
PAL   .beta.-Lactam content: 80%.
PAR  Calculated: C 50.7; H 5.0; N 12.3; S 5.6; Found: C 51.1; H 5.4; N 11.6; S
      5.8
PA0  Nmr signals at .tau.= 2.35-2.9 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8
      *3 H), 7.6 (3 H), 7.75 (3 H) and 8.45 ppm (6 H).
PAC  EXAMPLE 39
PAR  If, in the procedure of Example 37, the
      D(-)-.alpha.-[3-(2-thenoyl)3-methylureido]-phenylacetic acid used there is
      replaced by 0.012 mol of:
PA0  D(-)-.alpha.-[3-(2-furoyl)-3-methyl-ureido]-phenylacetic acid,
PA0  D(-)-.alpha.-[3-(2-furoyl)-3-ethyl-ureido]-phenyl-acetic acid,
PA0  D(-)-.alpha.-[3-(2-furoyl)-3-n-propyl-ureido]-phenylacetic acid,
PA0  D(-)-.alpha.-[3-(2-furoyl-3-phenyl-ureido]-phenylacetic acid,
PA0  D(-)-.alpha.-[3-(2,5-dimethylfuroyl-3-)-3-methyl-ureido]-phenylacetic acid,
PA0  D(-)-.alpha.-[3-(5-bromofuroyl-3-)-3-methyl-ureido]-phenylacetic acid,
PA0  D(-)-.alpha.-[3-(5-methoxymethylfuroyl-2-)-3-methyl-ureido]-phenylacetic
      acid,
PA0  D(-)-.alpha.-[3-(3,5-dimethylisothiazol-3-yl)-carbonyl)-3-methyl-ureido]-ph
     enylacetic acid,
PA0  D(-)-.alpha.-[3-(isoxazol-4-yl)-carbonyl-3-methyl-ureido]-phenylacetic
      acid,
PA0  D(-)-.alpha.-[3-(isoxazol-3-yl)-carbonyl-3-methyl-ureido]-phenylacetic
      acid,
PA0  D(-)-.alpha.-[3-(3-methylthiodiazol(1,2,5)-4-yl)-carbonyl-3-methyl-ureido]-
     phenylacetic acid or
PA0  D(-)-.alpha.-[3-(4-methylthiadiazol(1,2,3)-5-yl)-carbonyl-3-methyl-ureido]-
     phenylacetic acid
PAR  the sodium salts of the following penicillins are obtained:
PA0  D(-)-.alpha.-[3-(2-furoyl)-3-methyl-ureido]-benzylpenicillin,
PA0  D(-)-.alpha.-[3-(2-furoyl)-3-ethyl-ureido -benzylpenicillin,
PA0  D(-)-.alpha.-[3-(2-furoyl)-3-n-propyl-ureido]-benzylpenicillin,
PA0  D(-)-.alpha.-[3-(2-furoyl)-3-phenyl-ureido]-benzylpenicillin,
PA0  D(-)-.alpha.-[3-(2,5-dimethylfuroyl-3)-3-methyl-ureido]-benzylpenicillin,
PA0  D(-)-.alpha.-[3-(5-bromofuroyl-3)-3-methyl-ureido]-benzylpenicillin,
PA0  D(-)-.alpha.-[3-(5-methoxymethylfuroyl-2)-3-methyl-ureido]-benzylpenicillin
PA0  D(-)-.alpha.-[3-(3,5-dimethylisothiazol-3-yl)-carbonyl-3-methyl-ureido]-ben
     zylpenicillin,
PA0  D(-)-.alpha.-[3-(isoxazol-4-yl)-carbonyl-3-methyl-ureido]-benzylpenicillin,
PA0  D(-)-.alpha.-[3-isoxazol-3-yl)-carbonyl-3-methyl-ureido]-benzylpenicillin,
PA0  D(-)-.alpha.-[3-(3-methylthiodiazol(1,2,5)-4-yl)-carbonyl-3-methyl-ureido]-
     benzylpenicillin or
PA0  D(-)-.alpha.-[3-(4-methylthiodiazol(1,2,3)-5-yl)-carbonyl-3-methyl-ureido]-
     benzylpenicillin.
PAC  EXAMPLE 40
PAC  a. D(-)-.alpha.-(3-Cyclohexyloxycarbonyl-3-methyl-ureido)-phenyl-acetic
      acid:
PAR  13.5 parts by weight of bis-(trimethylsilyl)-C-phenylglycine were dissolved
      in 100 parts by volume of dry carbon tetrachloride, a solution of 10.0
      parts by weight of N-cyclohexyloxycarbonyl-N-methyl-carbamic acid chloride
      in 30 parts by volume of carbon tetrachloride was slowly added dropwise at
      0.degree.C while excluding moisture, and the mixture was left to stand
      overnight in a refrigerator. Thereafter it was washed 3 times with 50
      parts by volume of water at a time, and the organic phase was evaporated
      to dryness in vacuo.
PAL  Yield of oily product: 95%.
PA0  Nmr signals at .tau.= 0.5 (1 H), 2.5 (5 H), 4.6 (1 H), 5.2 (1 H), 6.8 (3 H)
      and 7.9-8.9 ppm (10 H).
PAC  B. O-[D(-)-.alpha.-(3-Cyclohexyloxycarbonyl 3-methyl-ureido)-phenyl
      acetyl]-C-cyano-C-ethoxycarbonyl-formaldehydeoxime:
PAR  2.92 parts by weight of C-cyano-C-ethoxycarbonyl-formaldehydeoxime were
      dissolved in 50 parts by volume of tetrahydrofurane, 2.9 parts by volume
      of triethylamine were added, the mixture was cooled to -10.degree.C, 1.5
      parts by volume of thionyl chloride were then slowly added dropwise while
      stirring and continuing to cool, and the mixture was subsequently stirred
      for 15 minutes at -10.degree.C. A solution, cooled to 0.degree.C, of 6.88
      parts by weight of
      D(-)-.alpha.-(3-cyclohexyloxycarbonyl-3-methyl-ureido)phenylacetic acid in
      a mixture of 50 parts by volume of tetrahydrofurane and 2.9 parts by
      volume of triethylamine was then added dropwise over the course of approx.
      45 minutes while continuing to cool, and the reaction mixture was
      subsequently stirred for a further hour at 0.degree.C. The triethylamine
      hydrochloride which had separated out was then filtered off, the filtrate
      was evaporated in vacuo from a bath at 15.degree. - 20.degree.C, using a
      rotary evaporator, the residue was dissolved in methylene chloride, the
      solution was cooled to 0.degree.C and once shaken rapidly with ice water,
      and the organic phase was subsequently dried at 0.degree.C over sodium
      sulphate, filtered, and evaporated in vacuo by means of a rotary
      evaporator, from a bath at 20.degree.C, and finally from a bath at
      40.degree.C. A colourless, varnish-like substance is obtained.
PAL  Yield: 98%.
PA0  Specific rotation: [.alpha.].sub.589 -8.1.degree. (54.2 mg; methanol).
PAL  The substance showed an IR spectrum corresponding to its structure.
PA0  Nmr signals at .tau.= 0.5 (1 H), 2.6 (5 H), 4.3 (1 H), 5.25 (1 H), 5.7 (2
      H), 6.8 (3 H) and 8.0-9.0 ppm (13 H).
PAC  EXAMPLE 41
PAC  O-[D(-)-.alpha.-(3-Allyloxycarbonyl-3-methyl-ureido)-phenylacetyl]-C-cyano-
     C-ethoxycarbonyl-formaldehydeoxime:
PAR  This substance was prepared in the manner described in Example 40, from
      5.86 parts by weight of C-cyano-C-ethoxycarbonyl-formaldehydeoxime, 100
      parts by volume of tetrahydrofurane, 57 parts by volume of triethylamine,
      3.0 parts by volume of thionyl chloride and a mixture of 12.0 parts by
      weight of D(-)-.alpha.-(3-allyloxycarbonyl-3-methyl-ureido)-phenylacetic
      acid, 100 parts by volume of tetrahydrofurane and 5.7 parts by volume of
      triethylamine. A colorless, varnish-like substance is obtained.
PAL  Yield: over 80%.
PA0  Specific rotation: [.alpha.].sub.589 -19.8.degree. (50.6 mg; methanol).
PAL  The substance showed an IR spectrum corresponding to its structure.
PAR  NMR signals at .tau.= 0.4 (1 H), 2.6 (5 H), 3.7-4.2 (1 H), 4.3 (1 H),
      4.5-4.9 (2 H), 5.3 (2 H), 5.65 (2 H), 6.8 (3 H) and 8.65 ppm (3 H).
PAC  EXAMPLE 42
PAC  O-[D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorophenylacetyl]-C-cya
     no-C-ethoxycarbonyl-formaldehydeoxime:
PAR  This substance was prepared in the manner described in Example 40, from
      2.85 parts by weight of C-cyano-C-ethoxycarbonyl-formaldehydeoxime, 50
      parts by volume of tetrahydrofurane, 2.8 parts by volume of triethylamine,
      1.45 parts by volume of thionyl chloride and a mixture of 7.6 parts by
      weight of
      D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorophenylacetic acid, 50
      parts by volume of tetrahydrofurane and 2.8 parts by volume of
      triethylamine. A colorless, varnish-like substance was obtained.
PAL  Yield: over 80%.
PAR  The IR spectrum of the substance showed the bands corresponding to its
      structure.
PA0  Nmr signals at .tau.= 0.5 (1 H), 2.45 (5 H), 3.55 (1 H), 5.65 (2 H), 6.9 (3
      H) and 8.7 (3 H).
PAC  EXAMPLE 43
PAC  Sodium .alpha.-(pyrrolid-2-on-1
      -yl-carbonylamino)-.alpha.-p-tolyl-methylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 1, from
      14.5 parts by weight of
      .alpha.-pyrrolid-2-on-l-yl-carbonylamino)-.alpha.-p-tolylacetic acid, 10.2
      parts by weight of tetramethyl-chlorofromamidinium chloride and 15 parts
      by weight of 6-amino-penicillanic acid.
PAL  Yield: 29%
PAL  .beta.-Lactam content: 67%
PA0  Nmr signals at = 2.5 - 3.05 (4 H), 4.5 (3 H), 5.8 (1 H), 6.1 - 6.4 (2 H),
      7.4 (2 H), 7.7 (3 H), 8.0 (2 H) and 8.3 - 8.6 ppm (6 H).
PAC  EXAMPLE 44
PAC  Sodium
      .alpha.-(3-o-fluorobenzoyl-3-methyl-ureido)-.alpha.-p-tolyl-methylpenicill
     in:
PAR  This penicillin was prepared in the manner indicated in Example 2, from 9
      parts by weight of N-o-fluorobenzoyl-N-methylureido-N-p-tolylacetic acid,
      4.95 parts by weight of tetramethyl-chloroformamidinium chloride and 8.5
      parts by weight of 6-amino-penicillanic acid.
PAL  Yield: 59%
PAL  .beta.-Lactam content: 87%
PAR  Calculated: C 53.7; H 4.8; N 9.7; S 5.5; Found C 53.4; H (6.0); N 9.7; S
      5.9
PA0  Nmr signals at .tau.= 2.3 - 3.1 (8 H), 4.5 (3 H), 5.8 (1 H), 6.3 (3 H), 7.7
      (3 H) and 8.2 - 8.5 ppm (6 H).
PAL  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 45
PAC  Sodium .alpha.-[(imidazolidin-2-on-1
      -yl)-carbonylamino]-p-methylbenzylpenicillin:
PAR  3.76 parts by weight of tetramethylchloroformamidinium chloride were
      suspended in 15 parts by volume of dry acetone and stirred for 10 minutes
      with exclusion of moisture. The product was filtered off, again with
      exclusion of moisture, and the reagent was suspended in 40 parts by volume
      of methylene chloride and cooled to 0.degree.C. 5.53 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacetic acid
      in a little methylene chloride were now added and a solution of 2.0 parts
      by weight of triethylamine in 20 parts by volume of methylene chloride was
      added dropwise to the mixture over the course of 30 minutes, while
      stirring and exluding moisture. The mixture was stirred for a further 20
      minutes at +5.degree.C and then cooled to -20.degree.C and treated, all at
      once, with a solution of the triethylamine salt of 6-aminopenicillanic
      acid in methylene chloride, also cooled to -20.degree.C. (This solution
      had been prepared by stirring 5.8 parts by weight of 6-aminopenicillanic
      acid, 3.4 parts by weight of triethylamine and 8 parts by weight of
      anhydrous sodium sulphate in 40 parts by volume of methylene chloride for
      two hours, and subsequent filtering). The mixture was left to reach
      0.degree.C while stirring, was treated with a further 0.9 part by weight
      of triethylamine after a short time, andwas further stirred for 30 minutes
      at 0.degree.C and 30 minutes at room temperature. It was now poured into
      ice water, the pH value was adjusted to 5.5 and the methylene chloride was
      stripped off in vacuo. The residue was twice extracted with ether and the
      ether was eluted with a little water. The combined aqueous solutions were
      covered with a layer of ethyl acetate and adjusted to a pH value of 1.5
      with dilute hydrochloric acid while stirring and cooling with ice. The
      ethyl acetate phase was separated off, the water was again extracted with
      ethyl acetate, and the combined extracts were washed with water. They were
      dried for about one hour at 0.degree.C over MgSO.sub.4, filtered and
      treated with 20 parts by volume of a 1 molar solution of sodium
      2-ethylhexanoate in ether containing methanol, and the mixture was
      evaporated in vacuo at room temperature until it acquired an oily
      consistency. It was now dissolved in the requisite amount of methanol and
      this solution was added dropwise to 500 parts by volume of a mixture of
      about 500 parts by volume of absolute ether and 50 parts by volume of
      methanol, while stirring vigorously. The product which precipitated was
      filtered off after standing for a short time, suspended in dry ether and
      again filtered off. It was dried in vacuo over P.sub.2 O.sub.5 for about 2
      days.
PAL  Yield: 70%
PAL   .beta.-Lactam content: 86%
PA0  Nmr signals, see Table 2.
PA0  Ir bands at 3280, 1760, 1712, 1655, 1600, 1520, 1270 and 765 cm.sup.-.sup.1
      (in Nujol suspension).
PAC  EXAMPLE 46
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylbenzylpenicillin:
      2.8 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)carbonylamino]-p-methylphehylacetic acid
      were reacted, in the manner described in Examaple 45, with 1.7 parts by
      weight of 1-methyl-2-chloro-.DELTA. 1-pyrrolinium chloride instead of
      tetramethyl-chloroformamidinium chloride, and subsequently with 2.6 parts
      by weight of 6-aminopenicillanic acid in the form of its triethylamine
      salt, to give the sodium salt of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylbenzylpenicillin.
PAL  Yield: 54%
PAL  .beta.-Lactam content: 39%
PA0  Nmr signals, see TAble 2.
PA0  The position of the IR bands agrees with that of the penicillin of Example
      45.
PAC  EXAMPLE 47
PAC  Sodium .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-chloro
      benzylpenicillin:
PAR  This penicillin was manufactured in the manner described in Example 1, from
      5.95 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-chlorophenylacetic
      acid, 3.76 parts by weight of tetramethylchloroformamidinium chloride and
      5.8 parts by weight of 6-aminopenicillanic acid.
PAL  Yield: 59%
PAL  .beta.-Lactam content: 86%
PA0  Nmr signals, see Table 2.
PA0  Ir bands at 3300, 1775, 1727, 1667, 1608, 1540, 1287 and 780
      cm.sup.-.sup.1.
PAC  EXAMPLE 48 A
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-chlorobenzylpenicillin:
PAR  3.6 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)carbonylamino]-p-chlorophenylacetic acid
      were reacted in the manner described in Example 1 with 2.22 parts by
      weight of 1,3-dimethyl-2-chloro-.DELTA.-1-imidazolinium chloride and
      subsequently with 3.02 parts by weight of 6-aminopenicillanic acid to give
      the sodium salt of
      .alpha.-[(imidazolidin-2-on-1-yl)carbonylamino]-p-chlorobenzylpenicillin.
PAL  Yield: 65%
PAL  .beta.-Lactam content: 72%
PA0  Nmr signals, see Table 2.
PA0  The IR spectrum in Nujol is identical with that of the penicillin of
      Example 47.
PAC  EXAMPLE 48 B
PAC  .alpha.-[(Imidazolidin-2-on-1-yl)-carbonylaminol-p-methylphenylacetic acid:
PAR  16.5 parts by weight of .alpha.-(4-methylphenyl)-glycine were dissolved in
      200 parts by volume of 50% strength aqueous dioxane, with the addition of
      sufficient 2 N sodium hydroxide solution. Thereafter the mixture was
      adjusted back to a pH value of 7-8 with 5 N hydrochloric acid, whereupon
      the aminoacid separated out partially as a fine precipitate. A solution of
      11.8 parts by weight of 1-chlorocarbonyl-imidazolidin-2-one in 50 parts by
      volume of warm acetone was now added dropwise, while stirring and cooling
      by means of an ice bath. The pH was at the same time maintained at between
      7 and 8 by appropriate addition of 2 N sodium hydroxide solution. After
      completion of the addition, the mixture was stirred for a further 15
      minutes at room temperature until the pH value remained constant.
      Unreacted aminoacid (6 parts by weight) was filtered off, and the filtrate
      was evaporated to half its volume in vacuo and extracted once with 100
      parts by volume of ether. The aqueous phase was adjusted to a pH of 1-2
      with 2 N hydrochloric acid and the oil which precipitated was taken up in
      ethyl acetate by extraction with 2 .times. 100 parts by volume. The
      combined ethyl acetate extracts were washed with 50 parts by volume of
      water, dried over MgSO.sub.4 and subsequently evaporated to dryness. A
      glassy foam was obtained, which through trituration with petroleum ether
      was converted into a finely granular, non-crystalline powder.
PA0  Yield: 48%. NMR signals, see Table 2.
PAC  EXAMPLE 48 C
PA0  The following .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]phenylacetic
      acid was produced as described in Example 48 B:
PAR  .alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-p-chlorophenylacetic acid
      from 18.6 parts by weight of .alpha.-(4-chlorophenyl)-glycine and 11.8
      parts by weight of 1-chlorocarbonylimidazolidin-2-one. Recovered unreacted
      .alpha.-(4-chlorophenyl)glycine: 6 parts by weight:
PA0  Yield of product moist with ether: 33 parts by weight.
PAR  The substance was recrystallised from ethyl acetate/petroleum ether.
PA0  1st fraction, yield: 35%  relative to converted starting
PA0  2nd fraction, yield: 15%  material.
PA0  Melting point = 115.degree.-120.degree.C. NMR signals, see Table 2.
PAC  EXAMPLE 48 D
PAC  1Chlorocarbonyl-imidazolidin-2-one:
PAR  4 parts by weight of phosgene in 10 parts by volume of absolute
      tetrahydrofurane were added dropwise, over the course of 15 minutes, to a
      vigorously stirred solution of 3.5 parts by weight of imidazolidone-(2)
      [manufactured according to Fischer and Koch, Ann. 232, page 224 (1886; ]
      in 50 parts by volume of absolute tetrahydrofurane. Thereafter the
      reaction mixture was stirred for 3 hours at 10.degree.C and a stream of
      dry air was then passed through it to blow out the hydrochloric acid
      produced, and residues of phosgene. It was now evaporated to dryness in
      vacuo on a rotary evaporator, and the solid residue was dried over
      concentrated sulphuric acid at about 12 mm Hg.
PA0  Yield: 93%. Melting point = 150.degree.C after recrystallisation from
      acetone-pentane.
PAR  Calculated: C 32.3; H 3.4; N 18.8; Cl 23.9; Found: C 32.3; H (4.5); N 18.7;
      Cl 23.9
PA0  Nmr signals at .tau.= 5.7 to 6.1 (2 H) and 6.3 to 6.7 (2 H),
      (acetone-d.sub.6 as the solvent, symmetrical A.sub.2 B.sub.2 -system.
PA0  Ir bands at 3230, 1790, 1700, 1270 and 1150 cm.sup.-.sup.1.
PAC  EXAMPLE 48 E
PAR  If, in the procedure of Example 45, the
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacetic acid
      used therein is replaced by 0.02 mol of one of the following:
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-thienyl(2)-acetic acid,
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino)-thienyl(3)-acetic acid,
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxyphenylacetic
      acid,
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-m-hydroxyphenylacetic
      acid,
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o-chlorophenylacetic acid,
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-di-fluorophenylacetic
      acid,
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-chlorofluorophenylace
     tic acid or
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-acetylaminophenylacetic
      acid,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-thienyl(2)-methylpenicilli
     n,
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-thienyl(3)-methylpenicilli
     n,
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxybenzylpenicillin,
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-m-hydroxybenzylpenicillin,
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o-chlorobenzylpenicillin,
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]o,o',-difluorobenzylpenicil
     lin,
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-chlorofluorobenzylpen
     icillin or
PA0  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-acetylaminobenzylpenicil
     lin.
PAC  EXAMPLE 49
PAC  D(-)-.alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic acid:
PAR  9.7 parts by weight of D(-)-C-phenylglycine were suspended in 150 parts by
      volume of 50% strength aqueous dioxane and sufficient 40% strength aqueous
      sodium hydroxide solution was added dropwise at room temperature, while
      stirring, for the phenylglycine to have just dissolved. Approximately 15%
      strength hydrochloric acid was then added to this solution, while
      stirring, until the pH of the solution had reached 7.5 - 8.0. The fine
      suspension of the phenylglycine which is present at that stage was cooled
      to about +5.degree.C, 10.6 parts by weight of finely powdered
      imidazolidin-2-on-1-yl)-carbonyl chloride were gradually introduced at
      this temperature, while stirring, and at the same time the pH was kept at
      7.5 - 8.0 by appropriate addition of approximately 5 N sodium hydroxide
      solution. The phenylglycine hereupon dissolved, apart from a small amount
      of residue. The mixture was stirred for a further 60 minutes at
      +5.degree.C, during which time a little sodium hydroxide solution still
      had to be added occasionally in the first 15 minutes only, to maintain the
      desired pH. Small amounts of insoluble matter were then filtered off. The
      filtrate was largely freed of dioxane by means of a rotary evaporator,
      covered with a layer of ethyl acetate, acidified with 2 N hydrochloric
      acid to pH 1.5 - 2.0 and thoroughly stirred, and the organic phase was
      then separated off, twice washed with water, dried over magnesium sulphate
      and completely evaporated in a rotary evaporator. The residue, a colorless
      clear foam, was dried for two days over P.sub.4 O.sub.10 in a desiccator
      with an open tap, connected to an oil pump. Yield: 7.9 parts by weight. In
      the IR spectrum (solvent: dimethylsulphoxide), the substance shows two
      double bands in the region left open by the solvent, namely at 1720 and
      1670, and at 1525 and 1480 cm.sup.-.sup.1, respectively. NMR signals, see
      Table 2, page 97.
PAC  EXAMPLE 50
PAC  .alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthiophenylacetic
      acid:
PA0  a. .alpha.-Amino-4-methylthiophenylacetic acid:
PAR  This aminoacid was obtained according to the usual procedure: starting from
      4-methylthiobenzaldehyde, via the cyanohydrin and .alpha.-aminonitrile,
      and its saponification with boiling 20% strength hydrochloric acid.
      Melting point &gt;260.degree. on the Kofler bench.
PAR  The IR spectrum (Nujol) shows a single band in the carbonyl region at 1740
      cm.sup.-.sup.1 and a broad absorption between 1570 and 1670
      cm.sup.-.sup.1, with a main peak at 1590 cm.sup.-.sup.1.
PAR  The NMR spectrum (NaOD/D.sub.z O) shows signals at .tau.= 2.5-2.8 (4 H)
      (AB-system),, at 5.6 (1 H) and at 7.6 ppm (3 H).
PA0  b.
      .alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthiophenylacetic
     acid:
PAR  This compound was manufactured from 13 parts by weight of the aminoacid
      described above and 10 parts by weight of imidazolidin-2-on-1-yl-carbonyl
      chloride, in the manner described in Example 5.
PA0  Yield: 6.7 parts by weight of a yellowish hard foam.
PAR  In the IR spectrum (solvent: dimethylsulphoxide) the substance shows two
      double bands in the range left open by the solvent, namely at 1710 and
      1660, and at 1520 and 1480 cm.sup.-.sup.1.
PA0  Nmr signals, see TAble 2.
PAC  EXAMPLE 51
PAC  Sodium
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicillin:
PAR  3.8 parts by weight of
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)carbonylamino]-phenylacetic acid
      were dissolved in 65 parts by volume of dichloromethane, 2.7 parts by
      weight of 1-methyl-2-chloro-.DELTA.1-pyrrolinium chloride were added, and
      after cooling to -10.degree.C 2.0 parts by volume of triethylamine were
      added gradually. This reaction mixture was then stirred for one hour at
      -5.degree.C (mixture A). 4.0 parts by weight of 6-aminopenicillanic acid
      in 80 parts by volume of dichloromethane were treated with 4.4 parts by
      volume of triethylamine and 4.0 parts by weight of anhydrous sodium
      sulphate and then stirred for two hours at room temperature. After
      filtration, the solution was cooled to -20.degree.C and combined with the
      mixture A. The reaction mixture was left to reach 0.degree.C of its own
      accord, and was then stirred for a further hour at 0.degree.C. The solvent
      was now removed in a rotary evaporator, the residue was dissolved in
      water, and the solution was covered with a layer of ethyl acetate and
      acidified with dilute hydrochloric acid at 0.degree. to 5.degree.C, while
      stirring, until pH 1.5 was reached. The organic phase was then separated
      off, washed with water, dried over magnesium sulphate while cooling, and
      filtered, and after dilution with an equal amount of ether the sodium salt
      of the penicillin was precipitated from the filtrate by adding a solution
      of sodium 2-ethylcaproate dissolved in ether containing methanol.
PAL  Yield: 1.3 parts by weight.
PAL  .beta.-Lactam content: 34%.
PA0  Ir band at 1775 cm.sup.-.sup.1. NMR signals, see TAble 2.
PAC  EXAMPLE 52
PAC  D(-)-.alpha.-([(Imidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicillin
      (free acid and sodium salt):
PAR  Mixture A was prepared in a corresponding manner to Example 51, from 3.8
      parts by weight of
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic acid,
      65 parts by volume of dichloromethane, 3.0 parts by weight of
      1,3-dimethyl-2-chloro-.DELTA. 1-imidazolinium chloride and 2.0 parts by
      volume of triethylamine, and reacted with the dried solution prepared from
      4.0 parts by weight of 6-aminopenicillanic acid, 80 parts by volume of
      dichloromethane, 4.4 parts by volume of triethylamine and 4.0 parts by
      weight of Na.sub.2 SO.sub.4. After removing the solvent and distributing
      the reaction product between an aqueous phase of pH 1.5 and ethyl acetate,
      a precipitate which is neither soluble in the acid aqueous phase nor in
      the organic phase was formed and this was filtered off, washed with water
      and dried. This product was the free acid of the desired penicillin.
      Yield: 1.5 parts by weight. The ethyl acetate phase which was above the
      acid aqueous phase was separated off, washed with water, dried over
      magnesium sulphate and diluted with ether, and the sodium salt of the
      penicillin was precipitated.
PA0  Yield: 1.9 parts by weight.
PA0  .beta.-Lactam content (free acid): 92%.
PA0  .beta.-Lactam content (sodium salt): 89%.
PAR  The two penicillins show an IR spectrum which corresponds to their
      structure.
PA0  Nmr signals, see Table 2.
PAC  EXAMPLE 53
PAC  D(-)-.alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicillin
      (free acid and sodium salt):
PAR  The penicillin was prepared in a manner corresponding to Example 52, from
      3.8 parts by weight of
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic acid,
      50 parts by volume of dichloromethane, 1.2 parts by weight of
      tetramethylchloroformamidinium chloride and 1.0 part by volume of
      triethylamine, constituting mixture A, and 2.0 parts by weight of
      6-aminopenicillanic acid in 50 parts by volume of dichloromethane and 2.2
      parts by volume of triethylamine as well as 2.0 parts by weight of
      sodiumsulphate. 0.2 part by weight of penicillin was obtained as the free
      acid and 1.9 parts by weight as the sodium salt.
PA0  .beta.-Lactam content (free acid): 90%.
PA0  .beta.-Lactam content (sodium salt): 25%.
PAR  The free acid showed an IR spectrum corresponding to its structure.
PAC  EXAMPLE 54
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthiobenzylpenicil
     lin:
PAR  This penicillin was prepared in a manner corresponding to EXample 51, from
      4.5 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthio-phenylacetic
      acid, 80 parts by volume of dichloromethane, 2.7 parts by weight of
      1-methyl-2-chloro-.DELTA. 1-pyrrolinium chloride and 2.0 parts by volume
      of triethylamine, constituting mixture A, and 4.0 parts by weight of
      6-aminopenicillanic acid, 80 parts by volume of dichloromethane, 4.4 parts
      by volume of triethylamine and 4.0 parts by weight of sodium sulphate.
PA0  Yield: 4.2 parts by weight of sodium salt.
PA0  .beta.-Lactam content: 36%.
PA0  Nmr signals, see Table 2.
PAC  EXAMPLE 55
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthiobenzylpenicil
     lin:
PAR  This penicillin was obtained in a manner based on Example 51, from 1.9
      parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthio-phenylacetic
      acid, 40 parts by volume of dichloromethane, 1.2 parts by weight of
      tetramethylchloroformamidinium chloride and 0.98 part by volume of
      triethylamine constituting mixture A, and 1.73 parts by weight of
      6-aminopenicillanic acid, 40 parts by volume of dichloromethane, 1.9 parts
      by volume of triethylamine and 1.5 parts by weight of sodium sulphate
      constituting mixture B. Yield: 2.0 parts by weight of sodium salt.
      .beta.-Lactam content: 61%.
PAR  The penicillin showed an IR spectrum corresponding to its structure.
PA0  Nmr signals, see Table 2.
PAC  EXAMPLE 56
PAC  1,3-Dimethyl-2-chloro-.DELTA.1-imidazolinium chloride:
PAR  a. N,N'-Dimethyl-N,N'-bis-trimethylsilyl-ethylenediamine:
PAR  A mixture of 176 parts by weight of N,N'-dimethylethylenediamine, 1000
      parts by volume of benzene and 552 parts by volume of triethylamine were
      stirred at room temperature and at the same time 434 parts by weight of
      trimethylchlorosilane, diluted with 500 parts by volume of benzene, were
      added dropwise over the course of 3 hours. The mixture was stirred for a
      further 3.5 hours and left to stand overnight, and the precipitate present
      was filtered off and washed with benzene. The combined filtrates were
      concentrated in a rotary evaporator and the residue was distilled in
      vacuo.
PA0  Yield: 364 parts by weight.
PA0  Boiling point 0.15 = 55.degree.-60.degree.C.
PAR  The NMR spectrum (CCl.sub.4 as the solvent) showed signals at -160 (4 H)
      and -148 Hz (6 H), with the signal of the trimethylsilyl radicals (9 H)
      being at 0 Hz.
PAR  Analysis: Calculated: C 51.7; H 12.1; N 12.1; Found: C 51.1; H 11.9; N 12.1
PAR  b. N,N'-Dimethylimidazolidone-(2).
PAR  A solution of 363 parts by weight of
      N,N'-dimethyl-N,N'-bis-trimethylsilyl-ethylenediamine in 440 parts by
      volume of dichloromethane, and a solution of 170 parts by weight of
      phosgene in 700 parts by volume of dichloromethane, were simultaneously
      and separately added dropwise, over the course of 4.5 hours, to 800 parts
      by volume of dichloromethane at room temperature, while stirring. The
      reaction mixture was then left to stand overnight, the unreacted phosgene
      was flushed out with dry air, the solvent was removed in a rotary
      evaporator and the residue was distilled in vacuo. Yield 119 parts by
      weight. Boiling point .sub.10-10.5 mm Hg = 95.degree.-95.5.degree.C.
PAR  c. 1,3-Dimethyl-2-chloro-.DELTA.-1-imidazolinium chloride:
PAR  A solution of 150 parts by weight of 1,3-dimethylimidazolidone-(2) in 200
      parts by volume of toluene was added to a solution of 156 parts by weight
      of phosgene in 330 parts by volume of toluene, and the mixture was left to
      stand overnight at room temperature. The product which had then
      crystallised out was filtered off, washed with carbon tetrachloride and
      dried over P.sub.4 O.sub.10 in a desiccator.
PA0  Yield: 177 parts by weight. Melting point: about 95.degree.-100.degree.C
      (Kofler bench). The product is crystalline and very hygroscopic. The NMR
      spectrum (solvent: chloroform) shows signals at .tau. = 5.6 (4 H) and 6.65
      ppm (6 H).
PAC  EXAMPLE 57
PAR  If, in the procedure of Example 45, the
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacetic acid
      used therein is replaced by 0.02 mol of:
PA0  D(-)-.alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-phenylacetic
      acid,
PA0  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-methylphenylaceti
     c acid,
PA0  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-chlorophenylaceti
     c acid,
PA0  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-methylthiophenyla
     cetic acid,
PA0  .alpha.-[(diazacyclohexan-2-on-1-yl)-carbonylamino]-p-hydroxyphenylacetic
      acid,
PA0  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-thienyl(2)-acetic
      acid,
PA0  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-thienyl(3)-acetic
      acid,
PA0  D(-)-.alpha.-[(benzimidazolon-1-yl)-carbonylamino]-phenylacetic acid,
PA0  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-methylphenylacetic acid,
PA0  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-chlorophenylacetic acid,
PA0  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-methylthio-phenylacetic
      acid,
PA0  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-hydroxy-phenylacetic acid,
PA0  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-thienyl(2)-acetic acid,
PA0  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-thienyl(3)-acetic acid,
PA0  D(-)-.alpha.-[(5-methyl-imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic
      acid,
PA0  .alpha.-[(4-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacet
     ic acid,
PA0  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-chlorophenylacet
     ic acid,
PA0  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylthiophenyl
     acetic acid,
PA0  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxyphenylace
     tic acid,
PA0  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-thienyl(2)acetic
      acid,
PA0  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-thienyl(3)acetic
      acid,
PA0  D(-)-.alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-phenylace
     tic acid,
PA0  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenyl
     acetic acid,
PA0  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-chlorophenyl
     acetic acid,
PA0  .alpha.-[(4,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylthioph
     enylacetic acid,
PA0  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxypheny
     lacetic acid,
PA0  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-thienyl(2)-ace
     tic acid or
PA0  .alpha.-[(4,4-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-thienyl(3)-ace
     tic acid,
PAR  The following penicillins are obtained in the form of their sodium salts:
PA0  D(-)-.alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-benzylpenicill
     in,
PA0  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-methylbenzylpenic
     illin,
PA0  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-chlorobenzylpenic
     illin,
PA0  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-methylthio-benzyl
     penicillin,
PA0  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-hydroxybenzylpeni
     cillin,
PA0  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-a-thienyl(2)-methyl
     penicillin,
PA0  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-.alpha.-thienyl(3)-
     methylpenicillin,
PA0  D(-)-.alpha.-[(benzimidazolon-1-yl)-carbonylamino]-benzylpenicillin,
PA0  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-methyl-benzylpenicillin,
PA0  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-chlorobenzylpenicillin,
PA0  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-methylthio-benzylpenicillin
PA0  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-hydroxy-benzylpenicillin,
PA0  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-.alpha.-thienyl(2)-methylpeni
     cillin,
PA0  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-.alpha.-thienyl(3)-methylpeni
     cillin,
PA0  D(-)-.alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicil
     lin,
PA0  .alpha.-[(4-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylbenzylpeni
     cillin,
PA0  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-chlorobenzylpeni
     cillin,
PA0  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylthiobenzyl
     penicillin,
PA0  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxybenzylpen
     icillin,
PA0  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thienyl(2)
     -methylpenicillin,
PA0  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thienyl(3)
     -methylpenicillin,
PA0  D(-)-[(5,5-dimethylmidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicillin,
PA0  .alpha.-](5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylbenzyl
     penicillin,
PA0  .alpha.-](5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-chlorobenzyl
     penicillin,
PA0  .alpha.-](4,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylthio-b
     enzylpenicillin,
PA0  .alpha.-](5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxybenzy
     lpenicillin,
PA0  .alpha.-](5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thieny
     l (2)-methylpenicillin or
PA0  .alpha.-](4,4-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thieny
     l (3)-methylpenicillin.
PAC  EXAMPLE 58
PAR  If, in the procedure of Example 45, the
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacetic acid
      used therein is replaced by 0.02 mol of:
PA0  D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxyphenyl
      acetic acid,
PA0  L(+)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxyphenyl
      acetic acid,
PA0  D,l-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxyphenylacetic
      acid,
PA0  D(-)-.alpha.-[imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorophenylace
     tic acid,
PA0  L(+)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorophenylac
     etic acid or
PA0  D,l-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorophenylace
     tic acid,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA0  D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxy-benzylpenic
     illin,
PA0  L(+)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxy-benzylpenic
     illin,
PA0  D,l-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxy-benzylpenici
     llin,
PA0  D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorobenzylpe
     nicillin,
PA0  L(+)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorobenzylpe
     nicillin or
PA0  D,l-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorobenzylpen
     icillin.
PAC  TABLE 7
PAR  NMR data of some penicillins of the formula (1). Position of the signals is
      indicated in the .tau. -scale [ppm]. Solvent: CD.sub.3 OD.
TBL  ______________________________________                                    
     Example                                                                   
            NMR signals at   Impurities visible in                             
            [intensity of the signals,                                         
                             the spectrum.                                     
            deducting the signals of                                           
            the intermediate acid]                                             
     ______________________________________                                    
     45     2.4-3.0 (4 H), 4.3-4.6                                             
                             15% by weight of .alpha.-                         
            (3 H) 5.8 (1 H), 5.9-6.4                                           
                             (imidazolidin-2-on-1-yl-                          
            (2 H), 6.4-6.9 (2 H), 7.7                                          
                             carbonylamino)-p-methyl-                          
            (3 H) and 8.4 (6 H)                                                
                             phenylacetic acid                                 
     46     as Example 45    60% by weight of .alpha.-                         
                             (imidazolidin-2-on-1-yl-                          
                             carbonylamino)-p-methyl-                          
                             phenylacetic acid                                 
     47     2.6 (4 H), 4.3-4.6 (3 H),                                          
                             10% by weight of .alpha.-                         
            5.8 (1 H), 5.9-6.8 (4 H)                                           
                             (imidazolidin-2-on-1-                             
            and 8.3-8.6 (6 H)                                                  
                             yl-carbonylamino)-p-                              
                             chloro-phenylacetic                               
                             acid                                              
     48A    as Example 47    25% by weight of .alpha.-                         
                             (imidazolidin-2-on-1-                             
                             yl-carbonylamino)-p-                              
                             chloro-phenylacetic                               
                             acid                                              
     48B    0.9 (1 H), 2.6 (2 H),                                              
     acetone-                                                                  
            2.8 (3 H), 4.5 (1 H),                                              
     d.sub.6 as the                                                            
            6.2 (2 H), 6.6 (2 H),                                              
                             --                                                
     solvent                                                                   
            and 7.7 (3 H)                                                      
     48C    0.9 (1 H), 2.55 (4 H),                                             
     acetone-                                                                  
            4.5 (1 H), 6.2 (2 H),                                              
                             --                                                
     d.sub.6 as the                                                            
            and 6.5 (2 H)                                                      
     solvent                                                                   
     49     2.4-2.75 (5 H), 4.45-4.6                                           
            (1 H), 6.0-6.85 (4 H)                                              
                             --                                                
     50     2.55-2.8 (4 H), 4.55-4.7                                           
            (1 H), 5.95-6.8 (4 H),                                             
                             --                                                
            7.55 (3 H)                                                         
     51     2.35-2.75, 4.35-4.55, 5.75                                         
                             58% by weight of D-                               
            5.95-6.85, 8.3-8.55                                                
                             .alpha.-(imidazolidin-2-                          
                             on-1-yl-carbonyl-                                 
                             amino)-phenyl-acetic                              
                             acid                                              
     52     (free acid) 2.4-2.7 (5 H),                                         
            4.3-4.6 (3 H), 5.55 (1 H),                                         
            5.9-6.7 (4 H), 8.25-8.5                                            
            (6 H) (Na salt) 2.45-2.75                                          
                               --                                              
            (5 H), 4.3-4.6 (3 H), 5.8                                          
            (1 H), 5.95-6.75 (4 H),                                            
            8.3-8.6 (6 H)                                                      
     54     2.45-2.9, 4.35-4.6, 5.8,                                           
                             60% by weight of                                  
            5.9-6.85, 7.6, 8.3-8.55                                            
                             .alpha.-(imidazolidin-2-                          
                             on-1-yl-carbonyl-                                 
                             amino)-p-methyl-                                  
                             thio-phenylacetic                                 
                             acid                                              
     55     2.4-2.9, 4.35-4.65, 5.8                                            
                             40% by weight of                                  
            5.95-6.8, 7.6, 8.3-8.6                                             
                             .alpha.-(imidazolidin-2-                          
                             on-1-yl-carbonyl-                                 
                             amino)-p-methylthio-                              
                             phenylacetic acid                                 
     ______________________________________                                    
PAC  EXAMPLE 59
PAC  Sodium D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  D(-)-.alpha.-Aminobenzylpenicillin (ampicillin) 15 parts by weight) was
      suspended in 80% strength aqueous tetrahydrofurane (150 parts by volume)
      and sufficient triethylamine (approx. 7.5 parts by volume) was added
      dropwise at 2.degree.C, while stirring, that a clear solution was just
      produced and the pH value was between 7.5 and 8.2 (glass electrode). The
      mixture was now cooled to 0.degree.C and a solution of
      N-benzoyl-N-methylcarbamic acid chloride (6.5 parts by weight) in absolute
      tetrahydrofurane (25 parts by volume) was added dropwise over the course
      of 30 minutes, while cooling with ice, the pH value being kept between 7.5
      and 8.0 through simultaneous addition of triethylamine. The mixture was
      stirred for 30 minutes at 0.degree.C and subsequently further stirred at
      room temperature until addition of triethylamine was no longer necessary
      for maintaining the pH value of 7.5. Water (150 parts by volume) was now
      added and the pH value was adjusted to 6.5 with a little dilute surphuric
      acid, after which the tetrahydrofurane was largely removed in a rotary
      evaporator at room temperature. The aqueous solution which remained was
      extracted once by shaking with ether, subsequently covered with 1:1
      mixture of ethyl acetate and ether (400 parts by volume) and treated with
      sufficient dilute sulphuric acid, while stirring and cooling with ice, to
      establish a pH value of 1 - 2. The organic phase was separated off, twice
      washed with water (60 parts by volume at a time) and dried at 0.degree.C
      over MgSO.sub.4 for about one hour, and after filtering, the solution of
      the penicillin was treated with about 50 parts by volume of a 1 molar
      solution of sodium 2-ethyl hexanoate in ether containing methanol. The
      mixture was left to stand at 0.degree.C for some hours, the solvent was
      subsequently decanted, and the residue was triturated with ether and
      filtered off. After drying over P.sub.2 O.sub.5 in a vacuum desiccator,
      the sodium salt of the penicillin was obtained in the form of a
      non-crystalline solid.
PAL  Yield: 14.7 parts by weight (83%).
PAL  .beta.-Lactam content: 87%.
PAR  Calculated: C 55.4; H 4.8; N 10.3; S 5.9; Found: C 56.2; H (7.0); N 9.7 S
      5.9
PA0  Nmr signals at .tau. = 2.4 (10 H), 4.2 (1 H), 4.4 (2 H), 5.7 (1 H), 6.8 (3
      H) and 8.5 ppm (6 H).
PA0  Effectiveness against E. coli 14: 1.56 units/ml (6.25 units/ml).sup.x)
PA0  Effectiveness against Proteus 3400: 12.5 units/ml (50 units/ml).sup.x)
PA0  Effectiveness against Pseudomonas aerug. Bonn: 12.5 units/ml (25
      units/ml.sup.x)
PAR  The figures given in brackets give, for comparison, the particular
      effectiveness of the corresponding penicillin which carries hydrogen in
      the 3-position in the side chain (that is to say, which is not a subject
      of the present invention; compare Netherlands Patent No. 69/08909
      published December 16, 1969), that is to say sodium
      D(-)-.alpha.-(3-benzoylureido)benzylpenicillin.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 60
PAC  Sodium D(-)-.alpha.-(3-benzoyl-3-ethyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 59, from 15
      parts by weight of ampicillin and 7.0 parts by weight of
      N-benzoyl-N-ethylcarbamic acid chloride.
PAL  Yield: (crude product): 79%
PAL  .beta.-Lactam content: 91%
PAR  Calculated: C 53.8; H 5.4; N 9.6; S 5.6; Found: C 53.0; H 5.0; N 9.9; S 5.7
PA0  Nmr signals at .tau.= 2.5 (5 H), 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.2 (2
      H), 8.4 (6 H) and 8.8 ppm (3 H).
PA0  Effectiveness against E. coli 14: 6.25 units/ml.
PA0  Effectiveness against Pseudomonas Aerug. Bonn: 25 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 61
PAC  Sodium D(-)-.alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  If 18 parts by weight of ampicillin were reacted with 6.6 parts by weight
      of N-ethoxycarbonyl-N-methylcarbamic acid chloride in the manner described
      in Example 59, the penicillin was obtained in the form of its Na salt, in
      72% yield.
PAL  .beta.-Lactam content: 94%
PAR  Calculated: C 49.3; H 5.1; N 11.0; S 6.3; Found: C 48.9; H 5.4; N 10.8; S
      6.2
PA0  Nmr signals at .tau.= 2.6 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (3 H), 6.8 (3
      H), 8.5 (6 H) and 8.7 ppm (3 H).
PA0  Effectiveness against E. coli 14: 3.12 units/ml.
PA0  Effectiveness against Pseudomonas Aerug. Bonn: 12.5 units/ml
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 62
PAC  Sodium D(-)-.alpha.-(3-hexahydrobenzoyl-3-methyl-ureido-benzylpenicillin:
PAR  On reacting 15 parts by weight of ampicillin with 6.7 parts by weight of
      N-hexahydrobenzoyl-N-methylcarbamic acid chloride in accordance with the
      instruction of Example 59, the sodium salt of the penicillin was obtained
      in 60% yield.
PA0  .beta.-Lactam content: 89%.
PAR  Calculated: C 53.5; H 6.0; N 10.0; S 5.8; Found: C 51.9; H 6.2; N 9.6; S
      5.8
PA0  Nmr signals at .tau.= 2.6 (5 H), 4.5 (1H), 4.55 (2 H), 5.8 (1 H), 6.7 (3
      H), 7.3 (1 H), 8.0-9.0 (10 H) and 8.5 ppm (6 H).
PA0  Effectiveness against Proteus 3400: 6.25 units/ml.
PA0  Effectiveness against Pseudomonas Aerug. Bonn: 12 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 63
PAC  Sodium D(-)-.alpha.-(3-cinnamoyl-3-methyl-ureido)-benzylpenicillin:
PAR  The sodium salt of the penicillin was prepared from 15 parts by weight of
      ampicillin and 7.4 parts by weight of N-cinnamoyl-N-methylcarbamic acid
      chloride, as in Example 59.
PAL  Yield: 72%
PAL  .beta.-Lactam content: 90%
PAR  Calculated: C 55.9; H 5.1; N 9.6; S 5.5; Found: C 54.8; H 5.6; N 9.4; S 5.4
PA0  Nmr signals at .tau.= 2.0-3.0 (12 H), 4.4 (1 H), 4.5 (1 H), 5.8 (1 H), 6.7
      (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PA0  Effectiveness against E. coli 14: &lt;0.78 units/ml.
PA0  Effectiveness against Proteus 1017: 1.56 units/ml.
PA0  Effectiveness against Pseudomonas Aerug. Bonn: 6.25 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 64
PAC  Sodium
      D(-)-.alpha.-(3-.beta.-chloropropionyl-3-methyl-ureido-benzylpenicillin:
PAR  19.7 parts by weight of ampicillin were reacted with 7.0 parts by weight of
      N-.beta.-chloropropionyl-N-methylcarbamic acid chloride in accordance with
      Example 59.
PAL  Yield: 80%
PAL  .beta.-Lactam content: 94%
PAR  Calculated: C 47.8; H 4.8; Cl 6.7; N. 10.6; S 6.1; Found: C 48.4; H 5.5; Cl
      6.0; N 10.5; S 6.5
PA0  Nmr signals at .tau.= 2.6 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.2 (2
      H), 6.8 (3 H), 6.9 (2 H) and 8.5 ppm (6 H)
PA0  Effectiveness against E. coli 14: 3.12 units/ml.
PA0  Effectiveness against Proteus 1017: 25 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 65
PAC  Sodium
      D(-)-.alpha.-(3-(1,2,5,6)-tetrahydrobenzoyl-3-methyl-ureido)-benzylpenicil
     lin:
PAR  This penicillin was prepared in the manner described in Example 59, from
      15.8 parts by weight of ampicillin and 7.0 parts by weight of
      N-1,2,5,6-tetrahydrobenzoyl-N-methyl-carbamic acid chloride.
PAL  Yield: 55%
PAL  .beta.-Lactam content: 85% (according to the IR spectrum)
PAR  Calculated: C 55.2; H 5.6; N 10.3; S 5.9; Found: C 54.5; H 6.3; N 10.2; S
      5.9
PA0  Nmr signals at .tau.=2.3-2.8 (5 H), 4.2-4.6 (5 H), 5.8 (1 H) 6.7 (3 H), 7.1
      (1 H) and 7.6-8.8 ppm (12 H)
PA0  Effectiveness against E. coli 14: &lt;0.78 units/ml.
PA0  Effectiveness against Proteus 1017: 3.12 units/ml.
PA0  Effectiveness against Pseudomonas Aerug. Bonn: 12.5 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 66A
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 59, from 20
      parts by weight of ampicillin and 6.0 parts by weight of
      N-acetyl-N-methyl-carbamic acid chloride.
PAL  Yield: 100%
PAL  .beta.-Lactam content: 86%
PAR  Calculated: C 49.2; H 5.1; N 11.5; S 6.5; Found: C 49.2; H(7.0); N 10.4; S
      6.5
PA0  Nmr signals at .tau.= 2.6 (5 H), 4.45 (1 H), 4.55 (2 H), 5.8 (1 H), 6.75 (3
      H), 7.7 (3 H) and 8.5 ppm (6 H).
PA0  Effectiveness against E. coli 14: 3.12 units/ml.
PA0  Effectiveness against Pseudomonas Aerug. Bonn: 6.25 units/ml.
PA0  Effectiveness against Klebsiella K 10: 50 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 66B
PAC  Crystalline sodium
      D(-)-.alpha.-(3-acetyl-3-methyl-ureido)-benzylpenicillin:
PAR  The process of preparing sodium
      D(-)-.alpha.-(3-acetyl-3-methyl-ureido)-benzylpencillin, following Example
      59, yields an amorphous product, as is shown by an X-ray diffraction
      picture. If this substance (3.8 parts by weight) is dissolved in ethanol
      (15 parts by volume) at room temperature (duration of the solution process
      approximately 15 to 20 minutes), acetic acid ethyl ester (60 parts by
      volume) is subsequently added, and the clear colorless solution is left to
      stand at room temperature, very fine hair-like crystals (bundles of
      needles), which are recognizable as such with the naked eye, begin to
      separate out after 1 to 2 hours, if crystal seeds are not yet present.
      After some hours the crystals are filtered off, washed with acetic acid
      ethyl ester and dried thoroughly in a chamber wherein drying is effected
      by circulating air at 60.degree.C.
PAL  Yield: 3.0 parts by weight
PAL  .beta.-Lactam content: 92%
PA0  Melting point: about 212.degree.C (corrected, decomposition) (Kofler bench)
PA0  Nmr signals at .tau.= 2.5 (5 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.7 (3
      H), 7.7 (3 H) and 8.5 ppm (6 H)
PAR  Calculated: (1.9% H.sub.2 O content C 50.1; H 5.0; N 11.7; S 6.7 taken into
      account) Found: C 50.1; H 5.8; N 10.8; S 7.0
PAR  The IR spectra of the amorphous and crystalline penicillin salt are
      depicted in FIGS. 1 and 2.
PAR  It is however also possible to suspend the amorphous penicillin salt in
      acetic acid ethyl ester and then to add about 20% of ethanol while
      stirring. In that case, also, a clear solution is produced, from which the
      crystalline penicillin salt separates out. It is furthermore also possible
      to use other solvent mixtures, for example ethanol/dioxane. If the
      amorphous salt is dissolved in acetone or warm (approx. 50.degree.C)
      isopropanol and left to stand, the salt again separates out in a
      crystalline form.
PAC  EXAMPLE 67
PAC  Sodium
      D(-)-.alpha.-(3-cyclohexyloxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was obtained from 20 parts by weight of ampicillin and 12
      parts by weight of N-cyclohexyloxycarbonyl-N-methylcarbamic acid chloride,
      in the manner described in Example 59.
PAL  Yield: 49%; .beta.-Lactam content: 94%
PAR  Calculated: C 53.2; H 5.7; N 9.9; S 5.7; Found: C 53.1; H 6.5; N 9.7; S 5.5
PA0  Nmr signals at .tau.= 2.6 (5 H), 4.4 (1 H), 4.5 (2 H), 5.2 (1 H), 5.8 (1
      H), 6.0 (3 H) and 7.9-8.9 (16 H)
PA0  Effectiveness against E. coli 14: 1.56 units/ml.
PA0  Effectiveness against Proteus 3400: 6.25 units/ml.
PA0  Effectiveness against Pseudonomas Aerug. Bonn: 25 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 68
PAC  Sodium D(-)-.alpha.-(3-allyloxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 19.2 parts by weight of ampicillin and
      7.5 parts by weight of N-allyloxycarbonyl-N-methyl-cabamic acid chloride
      in the manner described in Example 59.
PAL  Yield: 79%
PAL  .beta.-Lactam content: 90%
PAR  Calculated: C 50.9; H 5.0; N 10.7; S 6.2; Found: C (53.8); H 5.8; N 10.7; S
      6.2
PA0  Nmr signals at .tau.= 2.6 (5 H), 3.7-4.3 (1 H), 4.4 (1 H), 4.4-4.9 (4 H),
      5.2 (2 H), 5.8 (1 H), 6.8 (3 H) and 8.4 ppm (6 H).
PA0  Effectiveness against Pseudomonas Aerug. Bonn: 12.5 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 69
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-trifluorobutyryl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was obtained in the manner described in Example 59, on
      reacting 16.7 parts by weight of ampicillin with 8.0 parts by weight of
      N-.gamma.-trifluorobutyryl-N-methylcarbamic acid chloride.
PAL  Yield: 80%
PAL  .beta.-Lactam content: 91%
PAR  Calculated: C 47.1; H 4.5; N 9.9; S 5.7; Found: C 46.6; H 4.9; N 9.6; S 5.8
PA0  Nmr signals at .tau.= 2.6 (5 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.9-7.8
      (4 H) and 8.5 ppm (6 H).
PA0  Effectiveness against E. coli 14: 1.56 units/ml.
PA0  Effectiveness against Proteus 1017: 12.5 units/ml.
PA0  Effectiveness against Pseudomonas Aerug. Bonn: 12.5 units/ml.
PA0  Effectiveness against Klebsiella 63: 12.5 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 70
PAC  Sodium
      D(-)-.alpha.-(3-[m-nitro-p-methyl]-benzoyl-3-methyl-ureido)-benzylpenicill
     in:
PAR  This penicillin was obtained in the manner described in Example 59, on
      reacting 15 parts by weight of ampicillin with 8.5 parts by weight of
      N-m-nitro-p-methylbenzoyl-N-methylcarbamic acid chloride.
PAL  Yield: 64%
PAL  .beta.-Lactam content: 88%
PAR  Calculated: C 50.7; H 4.7; N 11.3; S 5.2; Found: C 50.6; H 5.7; N 11.2; S
      5.0
PA0  Nmr signals at .tau.= 1.9 (1 H), 2.2-2.4 (1H), 2.4-2.8 (6 H), 4.4 (1 H),
      4.5 (2 H), 5.8 (1 H), 6.8 (3 H), 7.4 (3 H) and 8.5 ppm (6 H).
PA0  Effectiveness against Pseudomonas aerug. Bonn: 12.5 units/ml.
PA0  Effectiveness against Klebsiella 63: 12.5 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXMAPLE 71
PAC  Sodium D (-)-.alpha.-(3-stearinoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 15 parts by weight of ampicillin and 11.9
      parts by weight of N-stearinoyl-N-methyl-carbamic acid chloride in the
      manner described in Example 59.
PAL  Yield: 80%
PAL  .beta.-Lactam content: 80%
PAR  Calculated: C 61.4; H 8.0; N 8.0; S 4.5; Found: C 61.0; H 8.4; N 7.5; S 4.3
PA0  Nmr signals at .tau.= 2.6 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8 (3
      H), 7.4 (2 H), and 8.3-9.3 ppm (39 H).
PAC  EXAMPLE 72
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-.beta.-chloroethyl-ureido)-benz
     ylpenicillin:
PAR  This penicillin was prepared from 15 parts by weight of ampicillin and 10.4
      parts by weight of
      N-.gamma.-trichlorobutyryl-N-.beta.-chloroethyl-carbamic acid chloride in
      the manner described in Example 59.
PAL  Yield: 56%
PAL  .beta.-Lactam content: 91%
PAR  Calculated: C 41.9; H 4.0; Cl 21.5; N 8.5; S 4.8; C 43.2; H 5.1; Cl 20.0; N
      8.5; S 4.7
PA0  Nmr signals at .tau.= 2.3-2.8 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H),
      5.8-7.2 (8H) and 8.5 ppm (6 H).
PA0  Effectiveness against E. coli 14: 6.25 units/ml.
PA0  Effectiveness against Klebsiella 63: 50 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 73
PAC  Sodium D(-)-.alpha.-(3-p-methylbenzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 18 parts by weight of ampicillin and 11
      parts by weight of N-p-methylbenzoyl-N-methyl-carbamic acid chloride in
      the manner described in Example 59.
PAL  Yield: 79%
PAL  .beta.-Lactam content: 89%
PAR  Calculated: C 55.4; H 5.2; N 9.9; S 5.7; Found: C 54.6; H 6.7; N 9.9; S 5.8
PA0  Nmr signals at .tau.= 2.3-2.9 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H), 6.85
      (3 H), 7.65 (3 H) and 8.45 (6 H).
PA0  Effectiveness against E. coli: 312 units/ml.
PA0  Effectiveness against Proteus 1017: 6.25 units/ml.
PA0  Effectiveness against Klebsiella 63: 12.5-25 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 74
PAR  Sodium D(-)-.alpha.-(3-acetyl-3-hexadecyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 15 parts by weight of ampicillin and 11.4
      parts by weight of N-acetyl-N-hexadecylcarbamic acid chloride in the
      manner described in Example 59.
PAL  Yield: 56%
PAL  .beta.-Lactam content: 76%
PAR  Calculated: C 60.7; H 7.9; N 8.1; S 4.6; Found: C 60.3; H 8.0; N 7.6; S 4.9
PA0  Nmr signals at .tau.= 2.6 (5 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.3 (2
      H), 7.7 (3 H), 8.45 (6 H), 8.7 (28 H), and 9.1 ppm (3 H).
PAC  EXAMPLE 75
PAC  Sodium D(-)-.alpha.-(3-thenoyl-(2)-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was obtained in 81% yield on reacting 18.1 parts by weight
      of ampicillin with 8.2 parts by weight of N-2-thenoyl-N-methyl-carbamic
      acid chloride. (See Example 59).
PAL  .beta.-Lactam content: 92%
PAR  Calculated: C 50.8; H 4.4; N 10.3; S 11.8; Found: C 51.7; H 6.1; N 9.9; S
      11.9
PA0  Nmr signals at .tau.= 2.1-3.0 (8H), 4.4 (1H), 4.5 (1 H), 4.6 (1 H), 5.8 (1
      H), 6.6 (3 H) and 8.5 ppm (6 H).
PAL  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 76
PAC  Sodium
      D(-)-.alpha.-[3,5-dimethylisoxazol-4-yl]-carbonyl-3-methyl-ureido)-benzylp
     enicillin:
PAR  This penicillin was prepared from 18.1 parts by weight of ampicillin and
      8.7 parts by weight of
      N-4-(3,5-dimethyl)-isoxazolyl-carbonyl-N-methyl-carbamic acid chloride.
      (See Example 59).
PAL  Yield: 70%
PAL  .beta.-Lactam content: 85%
PAR  Calculated: C 51.7; H 4.9; N 12.5; S 5.7; Found: C 50.6; H 6.2; N 11.1 S
      5.5
PA0  Nmr signals at .tau.= 2.6 (5 H), 4.4 (1 H), 4.5 (1 H), 4.6 (1 H), 5.8 (1
      H), 6.8 (3 H), 7.6 (3 H), 7.75 (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAL  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 77
PAR  If, in the procedure of Examples 59 and 64, the
      D-.alpha.-amino-amino-benzylpenicillin used there is replaced by 0.04 mol
      of:
PA0  .alpha.-amino-p-methylbenzylpenicillin,
PA0  .alpha.-amino-p-chlorobenzylpenicillin,
PA0  .alpha.-amino-p-methylthiobenzylpenicillin,
PA0  .alpha.-amino-p-methoxybenzylpenicillin,
PA0  .alpha.-amino-o-chlorobenzylpenicillin,
PA0  .alpha.-amino-m-iodobenzylpenicillin,
PA0  .alpha.-amino-2,6-dichlorobenzylpenicillin,
PA0  .alpha.-amino-2,6-dimethoxybenzylpenicillin,
PA0  .alpha.-amino-2,4-dibromobenzylpenicillin,
PA0  .alpha.-amino-m-methylbenzylpenicillin,
PA0  .alpha.-amino-2,6-dimethylbenzylpenicillin,
PA0  .alpha.-amino-2-chloro-6-fluorobenzylpenicillin,
PA0  .alpha.-amino-.alpha.-2-thienylmethylpenicillin or
PA0  .alpha.-amino-.alpha.-3-thienylmethylpenicillin;
PAR  the following penicillins are obtained:
PA0  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-p-methylbenzylpenicillin,
PA0  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-p-chlorobenzylpenicillin,
PA0  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-p-methylthiobenzylpenicillin,
PA0  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-p-methoxybenzylpenicillin,
PA0  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-o-chlorobenzylpenicillin,
PA0  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-m-iodobenzylpenicillin,
PA0  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin,
PA0  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethoxybenzylpenicillin,
PA0  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,4-dibromobenzylpenicillin,
PA0  sodium
      .alpha.-(3-benzoyl-3-methyl-ureido)-.alpha.-3-thienylmetthylpenicillin,
PA0  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-m-methylbenzylpenicillin,
PA0  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethylbenzylpenicillin,
PA0  sodium
      .alpha.-(3-benzoyl-3-methyl-ureido)-2-chloro-6-fluorobenzylpenicillin,
PA0  sodium
      .alpha.-(3-benzoyl-3-methyl-ureido)-.alpha.-2-thienylmethylpenicillin,
PA0  sodium .alpha.-(3-acetyl-3-methyl-ureido)-p-methylbenzylpenicillin,
PA0  sodium .alpha.-(3-acetyl-3-methyl-ureido)-p-chlorobenzylpenicillin,
PA0  sodium .alpha.-(3-acetyl-3-methyl-ureido)-p-methylthiobenzylpenicillin,
PA0  sodium .alpha.-(3-acetyl-3-methyl-ureido)-p-methoxybenzylpenicillin,
PA0  sodium .alpha.-(3-acetyl-3-methyl-ureido)-o-chlorobenzylpenicillin,
PA0  sodium .alpha.-(3-acetyl-3-methyl-ureido)-m-iodobenzylpenicillin,
PA0  sodium .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin,
PA0  sodium .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethoxybenzylpenicillin,
PA0  sodium .alpha.-(3-acetyl-3-methyl-ureido)-2,4-dibromobenzylpenicillin,
PA0  sodium .alpha.-(3-acetyl-3-methyl-ureido)-m-methylbenzylpenicillin,
PA0  sodium .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethylbenzylpenicillin,
PA0  sodium
      .alpha.-(3-acetyl-3-methyl-ureido)-2-chloro-6-fluorobenzylpenicillin,
PA0  sodium .alpha.-(3-acetyl-3-methyl-ureido)-.alpha.-2-thienylmethylpenicillin
PAL  or
PA0  sodium
      .alpha.-(3-acetyl-3-methyl-ureido)-.alpha.-3-thienylmethylpenicillin.
PAC  EXAMPLE 78
PAR  If, in the procedure of Example 59, the N-benzoyl-N-methylcarbamic acid
      chloride used there is replaced by 0.035 mol of:
PA0  N-acetyl-N-ethyl-carbamic acid chloride,
PA0  N-acetyl-N-vinyl-carbamic acid chloride,
PA0  N-acetyl-N-n-propyl-carbamic acid chloride,
PA0  N-acetyl-N-propenyl-carbamic acid chloride,
PA0  N-acetyl-N-i-propyl-carbamic acid chloride,
PA0  N-acetyl-N-n-butyl-carbamic acid chloride,
PA0  N-acetyl-N-t-butyl-carbamic acid chloride,
PA0  N-acetyl-N-.beta.-methoxyethyl-carbamic acid chloride,
PA0  N-acetyl-N-.beta.-dimethylaminoethyl-carbamic acid chloride,
PA0  N-acetyl-N-cyclohexyl-carbamic acid chloride,
PA0  N-acetyl-N-cyclobutyl-carbamic acid chloride,
PA0  N-methoxyacetyl-N-methyl-carbamic acid chloride,
PA0  N-propionyl-N-methyl-carbamic acid chloride,
PA0  N-methyl-sulphenylacetyl-N-methyl-carbamic acid chloride,
PA0  N-propionyl-N-ethyl-carbamic acid chloride,
PA0  N-propionyl-N-vinyl-carbamic acid chloride,
PA0  N-n-butyryl-N-methyl-carbamic acid chloride,
PA0  N-methoxycarbonyl-acetyl-N-methyl-carbamic acid chloride,
PA0  N-i-butyryl-N-methyl-carbamic acid chloride,
PA0  N-acryloyl-N-methyl-carbamic acid chloride,
PA0  N-pivaloyl-N-methyl-carbamic acid chloride,
PA0  N-cyanomethyl-acetyl-N-methyl-carbamic acid chloride,
PA0  N-acetyl-N-phenyl-carbamic acid chloride or
PA0  N-propionyl-N-phenyl-carbamic acid chloride;
PAR  the following penicillins are obtained:
PA0  sodium D(-)-.alpha.-(3-acetyl-3-ethyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-acetyl-3-vinyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-acetyl-3-n-propyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-acetyl-3-propenyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-acetyl-3-i-propyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-acetyl-3-n-butyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-acetyl-3-t-butyl-ureido)-benzylpenicillin,
PA0  sodium
      D(-)-.alpha.-(3-acetyl-3-.beta.-methoxyethyl-ureido)-benzylpenicillin,
PA0  sodium
      D(-)-.alpha.-(3-acetyl-3-.beta.-dimethyl-aminoethyl-ureido)-benzylpenicill
     in,
PA0  sodium D(-)-.alpha.-(3-acetyl-3-cyclohexyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-acetyl-3-cyclobutyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-methoxyacetyl-3-methyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-propionyl-3-methyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-methylthio-acetyl-3-methyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-propionyl-3-ethyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-propionyl-3-vinyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-n-butyryl-3-methyl-ureido)-benzylpenicillin,
PA0  sodium
      D(-)-.alpha.-(3-methoxycarbonyl-acetyl-3-methyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-i-butyryl-3-methyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-acryloyl-3-methyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-pivaloyl-3-methyl-ureido)-benzylpenicillin,
PA0  sodium
      D(-)-.alpha.-(3-cyano-methyl-acetyl-3-methyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-acetyl-3-phenyl-ureido)-benzylpenicillin or
PA0  sodium D(-)-.alpha.-(3-propionyl-3-phenyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 79
PAC  Sodium D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  A solution of 10.6 parts by weight of bis-trimethylsilylampicillin in 50
      parts by volume of dry methylene chloride was cooled to -10.degree.C with
      exclusion of moisture, and treated with a solution of 3.8 parts by weight
      of N-benzoyl-N-methyl-carbamic acid chloride in 20 parts by volume of
      absolute methylene chloride, cooled to 0.degree.C. The mixture was left to
      stand in a refrigerator for 6 hours, the solvent was then stripped off in
      a rotary evaporator at room temperature, the residue was taken up in 100
      parts by volume of a 1:1 mixture of ether and ethyl acetate, and the
      solution was exhaustively extracted with 2N sodium bicarbonate solution.
      The aqueous phase was treated with fresh ether-ethyl acetate mixture and
      acidified with 2 N HCl to pH = 1.5-2.0 (glass electrode), while cooling
      with ice; the organic phase was separated off, again washed with water and
      subsequently dried over Na.sub.2 SO.sub.4 at 0.degree.C, and the sodium
      salt of the penicillin was precipitated, and isolated, in the manner
      described in Example 59.
PAL  Yield: 56%
PAL  .beta.-Lactam content: 74%
PAR  Calculated: C 54.1 H 5.0 N 10.1 S 5.8 Found: C 54.0 H 5.6 N 9.5 S 5.7
PA0  The IR and NMR spectra are identical with those of the penicillin from
      Example 1.
PAC  EXAMPLE 80
PAC  Sodium D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  15 parts by weight of ampicillin were suspended in 150 parts by volume of
      80% strength aqueous tetrahydrofurane and sufficient dilute HCl was
      subsequently added, whilst cooling to -5.degree.C, to establish a pH value
      of 2.5 and partially to dissolve the ampicillin. A solution of 6.5 parts
      by weight of N-benzoyl-N-methyl-carbamic acid chloride in 25 parts by
      weight of absolute tetrahydrofurane was now added dropwise over the course
      of 30 minutes, at -5.degree. to 0.degree.C, while keeping the pH value at
      2.5-3.0 by simultaneous addition of triethylamine. The mixture was stirred
      for a further 20 minutes until the pH value remained constant at about 3.0
      even without the addition of triethylamine. A pH value of 6.5-7.0 was now
      established by means of triethylamine, 150 parts by volume of water are
      added, and tetrahydrofurane was evaporated off in a rotary evaporator at
      room temperature. The aqueous solution was once extracted with 100 parts
      by volume of ether, then covered with  200 parts by volume of a 1:1
      mixture of ether and ethyl acetate, and brought to pH = 1.5-2.0 by adding
      2 N hydrochloric acid whilst cooling with ice, and the penicillin was
      removed from the water by repeated extraction with ether-ethyl acetate
      mixture. The combined organic phases were twice washed with 100 parts by
      volume of water at a time and dried over MgSO.sub.4, and the sodium salt
      of the penicillin was subsequently precipitated and isolated in the manner
      described in Example 59.
PAL  Yield: 60%
PAL  .beta.-Lactam content: 93.3%.
PAR  Calculated: C 54.9 H 4.9 N 10.2 S 5.8 Found: C 54.7 H 5.4 N 10.1 S 5.9
PA0  The product agrees with that of Example 1 in respect of its IR and NMR
      spectra.
PAC  EXAMPLE 81
PAC  Sodium
      D(-)-.alpha.-(3-.alpha.-trichlorobutyryl-3-.beta.-chloroethyl-ureido)benzy
     lpenicillin:
PAR  A mixture of 8.0 parts by weight of ampicillin, 100 parts by volume of
      methylene chloride and 5.5 parts by volume of triethylamine was stirred
      for 2 hours at room temperature, and then stirred vigorously, for a
      further 15 minutes, with anhydrous sodium sulphate and filtered. The
      mixture was cooled to 0.degree.C and a solution of 6.3 parts by weight of
      N-.gamma.-trichlorobutyryl-N-.beta.-chloroethyl-carbamic acid chloride in
      30 parts by volume of dry methylene chloride was added dropwise over the
      course of 20 minutes, while excluding moisture. Thereafter the mixture was
      stirred for a further 90 minutes at 0.degree.C and then concentrated to
      dryness in a rotary evaporator, in vacuo. The residue was taken up in
      water, the pH value was adjusted to 7-8 with 2 N NaOH, and the mixture was
      extracted once with ether. Thereafter working up took place as in Example
      59 under acid conditions, and the sodium salt of the penicillin was
      precipitated and isolated.
PAL  Yield: 49%
PAL  .beta.-Lactam content: 81%
PA0  The product agrees with that of Example 14 as regards its IR and NMR
      spectrum.
PAC  EXAMPLE 82
PAC  Calcium L(+)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared as described in Example 59, but instead of the
      D-.alpha.-aminobenzylpenicillin used in Example 59, 0.35 part by weight of
      L-.alpha.-amino-benzylpenicillin was reacted with 0.15 part by weight of
      N-benzoyl-N-methyl-carbamic acid chloride. The penicillin was isolated as
      the calcium salt.
PAL  Yield: 5%
PAL  .beta.-Lactam content: 75%
PA0  Nmr signals at .tau.= 2.4-2.8 (10 H), 4.35-4.65 (3 H), 5.8 (1 H), 6.85 (3
      H) and 8.4 ppm (6 H).
PAC  EXAMPLE 83
PAC  Sodium
      D(-)-.alpha.-(3-[4-methoxy-3-nitrobenzoyl]-3-methyl-ureido)benzylpenicilli
     n:
PAR  Sufficient 2 N NaOH was added to a suspension of 17.5 parts by weight of
      ampicillin in 250 parts by volume of 80% strength aqueous
      tetrahydrofurane, at 0.degree.C, for solution just to occur. A solution of
      13.6 parts by weight of N-(4-methoxy-3-nitrobenzoyl)-carbamic acid
      chloride in 30 parts by volume of absolute tetrahydrofurane was now added
      dropwise over the course of 30 minutes, and the pH value was
      simultaneously kept between 7.5 and 8.0 by adding 2 N sodium hydroxide
      solution. The mixture was stirred for a further 30 minutes at 0.degree.C
      and sufficiently long (.upsilon.60 minutes) at room temperature for the pH
      value to remain at 7-8 even without addition of sodium hydroxide solution.
      The tetrahydrofurane was now removed in a rotary evaporator, at room
      temperature, 100 parts by volume of water were added and the mixture was
      extracted with 100 parts by volume of ether. The aqueous phase was covered
      with 200 parts by volume of a 1:1 mixture of ether and ethyl acetate after
      which it was acidified to pH = 2 with dilute hydrochloric acid, while
      stirring and cooling with ice, and was then extracted twice with 100 parts
      by volume, at a time, of ether-ethyl acetate mixture. The combined organic
      phases were washed with 2 .times. 50 parts by volume of water and dried
      over anhydrous MgSO.sub.4, the drying agent was filtered off, and the
      filtrate was treated with 50 parts by volume of a molar solution of sodium
      2-ethylhexanoate in ether containing methanol. Thereafter, the solvent was
      almost completely removed in vacuo at room temperature, the residue was
      taken up in methanol, and the sodium salt of the penicillin was
      precipitated by adding ether. After standing for 30 minutes at 0.degree.C,
      the supernatant solvent was decanted, and the residue was suspended in
      ether, filtered and dried over P.sub.2 O.sub.5 in a vacuum desiccator.
PAL  Yield: 88%
PAL  .beta.-Lactam content: 72%
PAR  Calculated: C 51.3 H 4.3 N 11.5 S 5.3 Found: C 51.5 H 5.7 N 10.7 S 5.1
PA0  Nmr signals at .tau. = 1.9 (1 H), 2.2 (1 H), 2.6 (5 H), 2.7 (1 H), 4.4 (1
      H), 4.5 (2 H), 5.8 (1 H), 6.0 (3 H), 6.7 (3 H) and 8.45 ppm (6 H).
PA0  Effectiveness against E. coli 14: 3.12 units/ml.
PA0  Effectiveness against Proteus 3400: 6.25 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 84
PAR  If, in the procedure of Example 83, the ampicillin used there is replaced
      by 0.05 mol of:
PA0  .alpha.-amino-p-methylbenzylpenicillin,
PA0  .alpha.-amino-p-chlorobenzylpenicillin,
PA0  .alpha.-amino-p-methoxybenzylpenicillin,
PA0  .alpha.-amino-p-methylsulphenylbenzylpenicillin,
PA0  .alpha.-amino-o-chlorobenzylpenicillin,
PA0  .alpha.-amino-m-iodobenzylpenicillin or
PA0  .alpha.-amino-m-methylbenzylpenicillin;
PAR  the following penicillins are obtained:
PA0  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-p-methylbenzylpenic
     illin,
PA0  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-p-chlorobenzylpenic
     illin,
PA0  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-p-methoxybenzylpeni
     cillin,
PA0  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-p-methylthiobenzylp
     enicillin,
PA0  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-o-chlorobenzylpenic
     illin,
PA0  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-m-iodobenzylpenicil
     lin or
PA0  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-m-methylbenzylpenic
     illin.
PAC  EXAMPLE 85
PAR  If, in the procedure according to Example 83, the
      N-(3-nitro-4-methoxybenzoyl)-N-methyl-carbamic acid chloride used there is
      replaced by 0.05 mol of:
PA0  N-(p-methoxybenzoyl)-N-methyl-carbamic acid chloride,
PA0  N-(p-methoxycarbonylaminobenzoyl)-N-methyl-carbamic acid chloride,
PA0  N-(p-chlorobenzoyl)-N-ethyl-carbamic acid chloride,
PA0  N-(o-bromobenzoyl)-N-(n-propyl)-carbamic acid chloride,
PA0  N-(p-ethoxybenzoyl)-N-(i-propyl)-carbamic acid chloride,
PA0  N-(m-chlorobenzoyl)-N-allyl-carbamic acid chloride,
PA0  N-(2-chloro-5-methoxy-benzoyl)-N-(n-butyl)-carbamic acid chloride,
PA0  N-(p-methylthiobenzoyl)-N-methyl-carbamic acid chloride,
PA0  N-(p-nitrobenzoyl)-N-methyl-carbamic acid chloride,
PA0  N-(2,4-dichlorobenzoyl)-N-methyl-carbamic acid chloride,
PA0  N-(2-chloro-4-methoxybenzoyl)-N-methyl-carbamic acid chloride,
PA0  N-(2-chloro-4-ethylthiobenzoyl)-N-methyl-carbamic acid chloride,
PA0  N-(3-chloro-4-methoxybenzoyl)-N-methyl-carbamic acid chloride,
PA0  N-(m-cyanobenzoyl)-N-methyl-carbamic acid chloride,
PA0  N-(3,5-dimethylbenzoyl)-N-methyl-carbamic acid chloride,
PA0  N-(m-iodobenzoyl)-N-methyl-carbamic acid chloride or
PA0  N-(1-naphthoyl)-N-methyl-carbamic acid chloride;
PAR  the sodium salts of the following penicillins are obtained:
PA0  D(-)-.alpha.-(3-p-methoxybenzoyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-p-methoxycarbonylaminobenzoyl)-3-methyl-ureido)-benzylpenic
     illin,
PA0  D(-)-.alpha.-(3-p-chlorobenzoyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-o-bromobenzoyl-3-n-propyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-p-ethoxybenzoyl-3-i-propyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-m-chlorobenzoyl-3-allyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[2-chloro-5-methoxybenzoyl]-3-n-butyl-ureido)-benzylpencill
     in,
PA0  D(-)-.alpha.-(3-p-methylthiobenzoyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-p-nitrobenzoyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[2,4-dichlorobenzoyl]-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[2-chloro-4-methoxybenzoyl]-3-methyl-ureido)-benzylpenicill
     in,
PA0  D(-)-.alpha.-(3-[2-chloro-4-ethylthiobenzoyl]-3-methyl-ureido)benzylpenicil
     lin,
PA0  D(-)-.alpha.-(3-[3-chloro-4-methoxybenzoyl]-3-methyl-ureido)-benzylpenicill
     in,
PA0  D(-)-.alpha.-(3-m-cyanobenzoyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[3,5-dimethylbenzoyl]-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-m-iodobenzoyl-3-methyl-ureido)-benzylpenicillin or
PA0  D(-)-.alpha.-(3-[i-naphthoyl]-3-methyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 86
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 83, by
      reacting 17.5 parts by weight of ampicillin with 8.1 parts by weight of
      N-acetyl-N-allyl-carbamic acid chloride.
PAL  Yield: 81%
PAL  .beta.-Lactam content: 82%
PAR  Calculated: C 51.2 H 5.3 N 10.8 S 6.2 Found: C 51.9 H(6.9) N 10.5 S 6.4
PA0  Nmr signals at .tau. = 2.4-2.8 (5 H), 4.5-5.2 (6 H). 5.6 (2 H), 5.85 (1 H),
      7.7 (3 H) and 8.5 ppm (6 H).
PA0  Effectiveness against E. coli 14: 12.5 units /ml.
PA0  Effectiveness against Pseudomonas Aerug. Bonn: 25 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 87
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 17.5 parts by weight of ampicillin and
      10.6 parts by weight of N-acetyl-N-benzyl carbamic acid chloride, in the
      manner described in Example 83.
PAL  Yield: 85%
PAL  .beta.-Lactam content: 70%
PAR  Calculated: C 54.4 H 5.3 N 9.77 S 5.7 Found: C 54.4 H 5.7 N 9.77 S 5.6
PA0  Nmr signals at .tau. = 2.3-3.0 (10 H), 4.4 (1 H), 4.5 (2 H), 5.0 (2 H), 5.8
      (1 H), 7.8 (3 H) and 8.5 ppm (6 H).
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 88
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 17.5 parts by weight of ampicillin and
      9.9 parts by weight of N-.gamma.-chlorobutyryl-N-methylcarbamic acid
      chloride, in the manner described in Example 83.
PAL  Yield: 91%
PAL  .beta.-Lactam content: 67%
PAR  Calculated: C 49.6 H 4.9 Cl 6.6 N 10.5 S 6.0 Found: C 49.8 H 6.1 Cl 6.1 N
      10.3 S 6.5
PA0  Nmr signals at .tau. = 2.3-2.9 (5 H), 4.45 (1 H), 4.55 (2 H), 5.8 (1 H),
      6.4 (2 H), 6.75 (3 H), 7.3 (2 H), 7.9 (2 H) and 8.5 ppm (6 H).
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 89
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-methyl-ureido)-benzylpenicillin
     :
PAR  This penicillin was prepared from 17.5 parts by weight of ampicillin and
      13.4 parts by weight of N-.gamma.-trichlorobutyryl-N-methyl-carbamic acid
      chloride, in the manner described in Example 83.
PAL  Yield: 77%
PAL  .beta.-Lactam content: 66.5%
PAR  Calculated: C 43.9 H 4.0 Cl 17.7 N 9.3 S 5.3 Found C 44.5 H 5.6 Cl 15.4 N
      8.2 S 5.3
PA0  Nmr signals at .tau. = 2.3-2.8 (5 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.7
      (4 H), 6.9 (3 H) and 8.45 ppm (6 H).
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 90
PAC  Sodium D(-)-.alpha.-(3-benzoyl-3-allyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 17.5 parts by weight of ampicillin and
      11.2 parts by weight of N-benzoyl-N-allylcarbamic acid chloride, in the
      manner described in Example 83.
PAL  Yield: 75%
PAL  .beta.-Lactam content: 90%
PAR  Calculated: C 56.0 H 4.8 N 10.9 S 5.7 Found: C 56.1 H 5.6 N 9.7 S 5.8
PA0  Nmr signals at .tau. = 2.5 (5 H), 2.6 (5 H), 4.3-5.0 (6 H), 5.65 (2 H), 5.8
      (1. H), 8.5 (6 H).
PA0  Effectiveness against E. coli 14: 6.25 units/ml.
PA0  Effectiveness against Proteus 1017: 12.5 units/ml.
PA0  Effectiveness against Klebsiella 63: 25 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 91
PAC  Sodium D(-)-.alpha.-(3-[2-furoyl]-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 35 parts by weight of ampicillin and 15
      parts by weight of N-2-furoyl-N-methylcarbamic acid chloride, in the
      manner described in Example 83.
PAL  Yield: 83%
PAL  .beta.-Lactam content: 85%
PAR  Calculated: C 52.7 H 4.4 N 10.7 S 6.1
PAR  Found: C 52.8 H 5.4 N 9.8 S 6.1
PA0  Nmr signals at .tau. = 2.3 (1 H), 2.3-2.9 (6 H), 3.4 (1 H), 4.3 (1 H), 4.5
      (2 H), 5.7 (1 H), 6.6 (3 H) and 8.5 ppm (6 H).
PAC  EXAMPLE 92
PAR  A. N-2-Furoyl-N-n-propyl-carbamic acid chloride:
PAR  This substance can be prepared according to the data in the literature, but
      especially according to the following process:
PAR  A solution of 7.6 parts by weight of 2-furanecarboxylic
      acid-N-n-propylamide in a 2:1 mixture of ether and tetrahydrofurane (150
      parts by volume), which had shortly before been distilled from
      LiAlH.sub.4, was saturated with dry nitrogen and cooled to -30.degree.C.
      28.3 parts by volume of a 1.765 M solution of CH.sub.3 Li in ether was
      added dropwise thereto under a nitrogen atmosphere over the course of 30
      minutes, while excluding moisture and stirring vigorously. The mixture was
      stirred for a further 15 minutes at -30.degree.C. The resulting suspension
      was added from a cooled dropping funnel, so that it did not rise above
      -10.degree.C, to a mixture, at -10.degree.C, of 50 parts by volume of
      phosgene and 50 parts by volume of absolute tetrahydrofurane, over the
      course of one hour. The mixture was allowed to come to room temperature
      after 15 minutes and stirred for a further 30 minutes, and the excess
      phosgene and the solvents were then stripped off in vacuo. The LiCl, which
      very largely remained undissolved, could substantially be separated off by
      suspending in benzene. The residue which remained after distilling off the
      benzene could be employed directly for the preparation of the penicillin.
      It could however also be distilled at 105.degree.-112.degree.C and 0.7 mm
      Hg. Yield 64%. In addition to the desired N-furoyl-N-propyl-carbamic acid
      chloride, the product also contained a further component, which however
      proved not to interfere in the subsequent preparation of the penicillin.
PAR  B. Sodium D(-)-.alpha.-(3-[2-furoyl]-3-n-propyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 10.5 parts by weight of ampicillin and
      6.5 parts by weight of distilled N-2-furoyl-N-n-propylcarbamic acid
      chloride, in the manner described in Example 83.
PAL  Yield: 30% .beta.-Lactam content: 90%
PA0  Nmr signals at .tau. = 2.35 (1 H), 2.6 (5 H), 2.8 (1 H), 3.4 (1 H), 4.4 (1
      H), 4.5 (2 H), 5.8 (1 H), 6.2 (2 H), 8.1-8.9 (1 H), 8.5 (6 H) and 9.1 ppm
      (3 H).
PAC  EXAMPLE 93
PAR  A. N-2-Furoyl-N-ethyl-carbamic acid chloride:
PAR  This substance was prepared from 7.0 parts by weight of 2-furanecarboxylic
      acid-N-ethylamide, CH.sub.3 Li and phosgene, in the manner described in
      Example 92-A.
PA0  Boiling point.sub.1.5 = 90.degree. - 95.degree.C. Yield: 80% (crude
      product).
PAR  The substance contains a second component, which however proved not to
      interfere in the preparation of the penicillin.
PA0  B. sodium D(-)-.alpha.-(3-[2-furoyl]-3-ethyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 12 parts by weight of ampicillin and 7
      parts by weight of N-2-furoyl-N-ethyl-carbamic acid chloride, in the
      manner described in Example 83.
PAL  Yield: 29%
PAL  .beta.-Lactam content: 89%
PAR  Calculated: C 52.8 H 4.6 N 10.7 Found: C 52.6 H(6.2) N 9.7
PA0  Nmr signals at .tau. = 2.3 (1 H), 2.6 (5H), 2.75 (1 H), 3.4 (1 H), 4.35 (1
      H), 4.5 (2 H), 5.8 (1 H), 6.05 (2 H), 8.45 (6 H) and 8.7 ppm (3 H).
PAC  EXAMPLE 94
PAC  Sodium
      D(-)-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)benzylpenicillin:
PAR  This penicillin was prepared from 17.5 parts by weight of amipicillin and
      7.8 parts by weight of N-dimethylaminocarbonyl-N-methyl-carbamic acid
      chloride, in the manner described in Example 83.
PAL  Yield: 74%
PAL  .beta.-Lactam content: 82%
PAR  Calculated: C 49.6 H 5.4 N 13.8 S 6.3 Found: C 49.9 H 6.4 N 13.1 S 6.0
PA0  Nmr signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.95 (3 H), 7.05 (6
      H) and 8.45 ppm (6 H).
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 95
PAR  If the N-dimethylaminocarbonyl-N-methyl-carbamic acid chloride used in
      Example 94 is replaced by:
PA0  3-dimethylaminocarbonyl-3-ethyl-carbamic acid chloride,
PA0  3-dimethylaminocarbonyl-3-propyl-carbamic acid chloride,
PA0  3-dimethylaminocarbonyl-3-i-propyl-carbamic acid chloride,
PA0  3-dimethylaminocarbonyl-3-n-butyl-carbamic acid chloride,
PA0  3-dimethylaminocarbonyl-3-allyl-carbamic acid chloride,
PA0  3-dimethylaminocarbonyl-3-cyclohexyl-carbamic acid chloride,
PA0  3-dimethylaminocarbonyl-3-phenyl-carbamic acid chloride,
PA0  N-(1-pyrrolidylcarbonyl)-N-methyl-carbamic acid chloride,
PA0  N-(1-piperidylcarbonyl)-N-methyl-carbamic acid chloride,
PA0  N-diethylaminocarbonyl-N-methyl-carbamic acid chloride,
PA0  N-ethylaminocarbonyl-N-methyl-carbamic acid chloride,
PA0  N-methylaminocarbonyl-N-methyl-carbamic acid chloride,
PA0  N-phenylaminocarbonyl-N-methyl-carbamic acid chloride,
PA0  N-(4-morpholinyl-carbonyl)-N-methyl-carbamic acid chloride,
PA0  N-(1-pyrrolidyl-carbonyl)-N-ethyl-carbamic acid chloride,
PA0  N-(1-piperidylcarbonyl)-N-ethyl-carbamic acid chloride,
PA0  N-diethylaminocarbonyl-N-ethyl-carbamic acid chloride,
PA0  N-ethylaminocarbonyl-N-ethyl-carbamic acid chloride,
PA0  N-methylaminocarbonyl-N-ethyl-carbamic acid chloride,
PA0  N-phenylaminocarbonyl-N-ethyl-carbamic acid chloride,
PA0  N-(4-morpholinylcarbonyl)-N-ethyl-carbamic acid chloride,
PA0  N-(1-pyrrolidylcarbonyl)-N-n-propyl-carbamic acid chloride,
PA0  N-(1-piperidylcarbonyl)-N-i-propyl-carbamic acid chloride,
PA0  N-diethylaminocarbonyl-N-n-butyl-carbamic acid chloride or
PA0  N-dimethylaminocarbonyl-N-cyclohexyl-carbamic acid chloride,
PAR  The following penicillins are obtained in the form of their sodium salts:
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-propyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-i-propyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-n-butyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-allyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-cyclohexyl-ureido)-benzylpenicillin
PA0  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-phenyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-methyl-ureido)-benzylpenicillin.
PA0  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-diethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-ethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-methylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-phenylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-methyl-ureido)-benzylpenicillin
PA0  D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl 13-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-diethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-ethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
      D(-)-.alpha.-(3-methylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA0  D(-0-.alpha.-(3-phenylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
      D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-ethyl-ureido)-benzylpenicillin.
PA0  D-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-n-propyl-ureido)-benzylpenicillin,
PA0  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-i-propyl-ureido)-benzylpenicillin,
      D(-)-.alpha.-(3-diethylaminocarbonyl-3-n-butyl-ureido)-benzylpenicillin or
      D(-)-.alpha.-(3-dimethylaminocarbonyl-3-cyclohexyl-ureido)-benzylpenicilli
     n.
PAC  EXAMPLE 96
PAC  Sodium D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 24.5 parts by weight of ampicillin and
      10.2 parts by weight of N-methoxycarbonyl-N-methylcarbamic acid chloride,
      in the manner described in Example 83.
PAL  Yield: 84%
PAL  .beta.-Lactam content: 84%
PAR  Calculated: C 47.6 H 5.0 N 11.1 S 6.4 Found: C 48.4 H 5.5 N 10.6 S 5.8
PA0  Nmr signals at .tau. = 2.3-2.9 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.2
      (3 H), 6.8 (3 H) and 8.45 ppm (6 H).
PA0  Effectiveness against E. coli 14: 6.25 units/ml.
PA0  Effectiveness against Pseudomonas aerug. Bonn: 25 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 97
PAC  Sodium D(-)-.alpha.-(3-i-propoxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 24.4 parts by weight of ampicillin and
      12.2 parts by weight of N-i-propoxycarbonyl-N-methyl-carbamic acid
      chloride, in the manner described in Example 83.
PAL  Yield: 72%
PAL  .beta.-Lactam content: 88%
PAR  Calculated: C 51.3 H 5.3 N 10.9 S 6.2
PAR  Found: C 51.6 H 5.5 N 10.6 S 6.1
PA0  Nmr signals at .tau. = 2.3-2.8 (5 H), 4.4 (1 H), 4.5 (2 H), 5.0 (1 H), 5.8
      (1 H), 6.85 (3 H), 8.5 (6 H) and 8.7 ppm (6 H).
PA0  Effectiveness against E. coli 14: 6.25 units/ml.
PA0  Effectiveness against Proteus 3400: 25 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 98
PAC  Sodium D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 24.5 parts by weight of ampicillin and
      13.6 parts by weight of N-n-butoxycarbonyl-N-methyl-carbamic acid
      chloride, in the manner described in Example 83.
PAL  Yield: 63%
PAL  .beta.Lactam content: 78%
PAR  Calculated: C 52.2 H 5.5 N 10.6 S 6.0  Found: C 52.2 H 5.5 N 10.7 S 6.0
PA0  Nmr signals at .tau. = 2.3-2.8 (5 H), 4.45 (1 H), 4.55 (2 H), 5.8 (3 H),
      6.85 (3 H) and 8.1-9.3 ppm (13 H).
PA0  Effectiveness against E. coli 14: 3.12 units/ml.
PA0  Effectiveness against Proteus 1017: 12.5 units /ml.
PA0  Effectiveness against Pseudomonas aerug. Bonn: 12.5 units/ml.
PA0  Effective in animal experiments: A and B.
PAC  EXAMPLE 99
PAR  A. N-Benzoyl-N-phenyl-carbamic acid chloride:
PAR  This substance was obtained from 19.7 parts by weight of benzoylanilide by
      reaction with CH.sub.3 Li and phosgene, in the manner described in Example
      92-A. Instead of distilling, the product was recrystallised from
      benzene-petroleum ether.
PAL  Yield: 90%. Melting point 64.degree. - 66.degree.C.
PAR  B. Sodium D(-)-.alpha.-(3-benzoyl-3-phenyl-ureido)-benzylpenicillin:
PAR  The triethylamine salt was prepared from 11.5 parts by weight of ampicillin
      in methylene chloride, as described in Example 81. Instead of anhydrous
      sodium sulphate, 4 parts by weight of powdered Zeolite VS 10 -2 molecular
      sieve, added from the start, were used. Reaction with 7.8 parts by weight
      of N-benzoyl-N-phenylcarbamic acid chloride, as described in Example 81,
      though with the addition of a further 2.0 parts by weight of triethylamine
      to the reaction solution, yielded this penicillin.
PAL  Yield: 72%
PAL  .beta.-Lactam content: 88%
PAR  Calculated: C 57.9 H 4.8 N 9.0 S 5.4  Found: C 57.7 H 5.4 N 9.0 S 6.3
PA0  Nmr signals at .tau. = 2.4-2.9 (15 H), 4.35 (1 H). 4.5 (2 H), 5.8 (1 H),
      8.4 and 8.5 ppm (6 H).
PA0  Effectiveness in animal experiments: B.
PAC  EXAMPLE 100
PAC  D(-)-.alpha.-(3-[3-Nitro-4-methoxy-benzoyl]-3-methyl-ureido)-benzylpenicill
     in:
PAR  This penicillin was prepared from 7.0 parts by weight ampicillin and 5.5
      parts by weight of N-(3-nitro-4-methoxybenzoyl)-N-methylcarbamic acid
      chloride, in the manner described in Examples 81 and 99-B.
PAL  Yield: 77%
PAL  .beta.-Lactam content: 89%
PAR  Calculated: C 48.5 H 4.7 N 10.9 S 5.0 Found: C 48.4 H 5.4 N 10.8 S 5.4
PA0  The substance agrees with that of Example 83 as regards its IR and NMR
      spectrum.
PAC  EXAMPLE 101
PAR  A. 1-Chlorocarbonyl-hexahydroazepin-2-one:
PAR  The substance was prepared from 6.8 parts by weight of
      .epsilon.-caprolactam and CH.sub.3 Li and phosgene, in the manner
      described in Example 92-A.
PA0  Boiling point.sub.0.2 = 80.degree. - 85.degree.C. Yield: 37% of pure
      material.
PAR  B. Sodium D(-)-.alpha.-(hexahydroazepin-2-on1-yl-carbonyl
      -amino)benzylpenicillin:
PAR  This penicillin was prepared from 8.1 parts by weight of ampicillin and 4
      parts by weight of 1-chlorocarbonylhexahydroazepin-2-one, in the manner
      described in Examples 81 and 99-B.
PAL  Yield: 40%
PAL  .beta.-Lactam content: 90%
PA0  Nmr signals at .tau. = 2.6 (5 H), 4.3-4.6 (3 H), 5.8 (1 H), 6.2-6.6 (2 H),
      7.5-8.0 (2 H) and 8.0-8.9 ppm (12 H).
PAC  EXAMPLE 102
PAC  Sodium D(-)-.alpha.-(pyrrolid-2-on-1-yl-carbonylamino)-benzylpenicillin:
PAR  This substance was prepared from 35 parts by weight of ampicillin and 15
      parts by weight of 1-chlorocarbonylpyrrolidone, in the manner described in
      Example 83.
PAL  Yield: 83%
PAL  .beta.-Lactam content: 70%
PA0  Nmr signals at .tau. = 2.6 (5 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.25 (2
      H), 7.4 (2 H), 8.0 (2 H) and 8.5 ppm (6 H).
PAC  EXAMPLE 103
PAC  Sodium D(-)-.alpha.-(3-formyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 35 parts by weight of ampicillin and 12.2
      parts by weight of N-formyl-N-methylcarbamic acid chloride, in the manner
      described in Examples 81 and 99-B.
PAL  Yield: 25%
PAL  .beta.-Lactam content: 83%
PAC  EXAMPLE 104
PAR  If the N-formyl-N-methylcarbamic acid chloride used in Example 103 is
      replaced by:
PA0  N-formyl-N-ethylcarbamic acid chloride,
PA0  N-formyl-N-propylcarbamic acid chloride,
PA0  N-formyl-N-i-propylcarbamic acid chloride,
PA0  N-formyl-N-n-butylcarbamic acid chloride,
PA0  N-formyl-N-allylcarbamic acid chloride,
PA0  N-formyl-N-benzylcarbamic acid chloride,
PA0  N-formyl-N-phenylcarbamic acid chloride,
PA0  N-formyl-N-cyclopropylcarbamic acid chloride,
PA0  N-formyl-N-cyclobutylcarbamic acid chloride,
PA0  N-formyl-N-cyclopentylcarbamic acid chloride or
PA0  N-formyl-cyclohexylcarbamic acid chloride;
PAR  The following penicillins are obtained in the form of their sodium salts:
PA0  sodium D(-)-.alpha.-(3-formyl-3-ethyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-formyl-3-propyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-formyl-3-i-propyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-formyl-3-n-butyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-formyl-3-allyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-formyl-3-benzyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-formyl-3-phenyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-formyl-3-cyclopropyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-formyl-3-cyclobutyl-ureido)-benzylpenicillin,
PA0  sodium D(-)-.alpha.-(3-formyl-3-cyclopentyl-ureido)-benzylpenicillin and
PA0  sodium D(-)-.alpha.-(3-formyl-3-cyclohexyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 105
PAR  A. N-2-Furoyl-N-phenylcarbamic acid chloride:
PAR  The substance was prepared from 9.4 parts by weight of 2-furoylanilide by
      reaction with CH.sub.3 Li and phosgene, in the manner described in Example
      101-A.
PAL  Crude yield: 95%
PAR  The product was reacted, without further purification, to give the
      penicillin of Example 104-B.
PAR  B. Sodium D(-)-.alpha.-(3-[2-furoyl]-3-phenyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 16.2 parts by weight of ampicillin and
      11.5 parts by weight of N-2-furoyl-N-phenylcarbamic acid chloride, in the
      manner described in Example 83.
PAL  Yield: 50%
PAL  .beta.-Lactam content: 91%
PA0  Nmr signals at .tau. = 2.4 (1 H), 2.5 (11 H), 3.7 (1 H), 4.3-4.7 (3 H), 5.8
      (1 H) and 8.45 ppm (6 H).
PAC  EXAMPLE 106
PAR  If, instead of the N-2-furoyl-N-phenylcarbamic acid chloride used in
      Example 105, 0.03 mol of:
PA0  N-(2,5-dimethyl-fur-3-oyl)-N-methylcarbamic acid chloride,
PA0  N-(5-bromo-fur-3-oyl)-N-methylcarbamic acid chloride,
PA0  N-(5-methoxymethylfur-2-oyl)-N-methylcarbamic acid chloride or
PA0  N-3,5-(dimethylisothiazol-3-yl-carbonyl)-N-methylcarbamic acid chloride
PAR  are reacted with ampicillin, the sodium salts of the following penicillins
      are obtained:
PA0  D(-)-.alpha.-(3-[2,5-dimethyl-furoyl-(3)]-3-methyl-ureido-benzyl
      penicillin,
PA0  D(-)-.alpha.-(3-[5-bromo-furoyl-(3)[-3-methyl-ureido)-benzylpenicillin,
      D(-)-.alpha.-(3-[5-methoxymethyl-furoyl-(2)]-3-methyl-ureido)-benzylpenici
     llin or
PA0  D(-)-.alpha.-(3-[3,5-dimethylisothiazole-3-yl-carbonyl]-3-methylureido)-ben
     zylpenicillin.
PAC  EXAMPLE 107
PAC  Sodium D(-)-.alpha.-(3-o-chlorobenzoyl-3-methyl-ureido-benzylpenicillin:
PAR  16.2 parts by weight of N-o-chlorobenzoyl-N-methylcarbamic acid chloride
      and 5 parts by weight of triethylamine were added at -10.degree.C to a
      solution of the triethylamine salt of 28 parts by weight of ampicillin in
      300 parts by volume of methylene chloride, the mixture was stirred, with
      exclusion of moisture, for 30 minutes at this temperature, and
      subsequently for a further 2 hours at 0.degree.C, and was then poured into
      ice water, and the pH was adjusted to 6.5. Thereafter, the organic phase
      was separated off, and the aqueous phase was covered with ether/ethyl
      acetate mixture and adjusted to pH = 1.5-2.0 with dilute hydrochloric
      acid, while cooling with ice. After having separated off the organic phase
      and again having extracted the water with ether/ethyl acetate mixture, the
      combined organic solutions were dried over MgSO.sub.4 and filtered, and
      about 70 parts by volume of a 1 molar solution of sodium 2-ethylhexanoate
      in ether containing methanol were added to the filtrate. The mixture was
      evaporated almost to dryness in vacuo, the residue was dissolved in
      methanol, and the product was precipitated as a non-crystalline, white
      solid substance by adding ether. Yield: 26%
PAL  .beta.-Lactam content: 81%
PAR  Calculated: C 51.3 H 4.5 Cl 6.1 N 9.6 Found: C 51.4 H 5.9 Cl 5.6 N 9.0
PA0  Nmr signals at .tau. = 2.3-2.8 (9 H), 4.3 (1 H), 4.5 (2 H), 5.8 (1 H), 6.95
      (3 H) and 8.5 ppm (6 H).
PA0  Effectiveness in animal experiments: A and B
PA0  Effectiveness in animal experiments against Pseudomonas aerug.
PA0  Walter: better than carbenicillin.
PAC  EXAMPLE 108
PAC  Sodium
      D(-)-.alpha.-(3-[3-nitro-4-methoxy-benzoyl]-3-ethyl-ureido)benzylpenicilli
     n:
PAR  This penicillin was prepared from 14.8 parts by weight of ampicillin and
      12.2 parts by weight of N-(3-nitro-4-methoxybenzoyl)-N-ethyl-carbamic acid
      chloride, as described in Example 107.
PAL  Yield: 24%
PAL  .beta.-Lactam content: 86%
PAR  Calculated: C 49.2 H 4.9 N 10.6 S 4.9 Found: C 49.2 H 5.3 N 10.1 S 5.5
PA0  Nmr signals at .tau. = 2.0 (1 H), 2.3 (1 H), 2.4-2.9 (6 H), 4.5 (3 H), 5.9
      (1 H), 6.1 (3 H), 6.2 (2 H), 8.3-9.0 ppm (9 H).
PA0  Effectiveness in animal experiments: A and B
PAC  EXAMPLE 109
PAC  Sodium
      D(-)-.alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-n-propylureido)-benzylpenicil
     lin:
PAR  This penicillin was prepared from 21 parts by weight of ampicillin and 18
      parts by weight of N-(3-nitro-4-methoxybenzoyl)-N-n-propyl-carbamic acid
      chloride, in the manner described in Example 107.
PAL  Yield: 16%
PAL  .beta.-Lactam content: 90%
PA0  Nmr signals at .tau. = 2.0 (1 H), 2.3 (1 H), 2.5-3.0 (6 H), 4.45 (1 H),
      4.55 (2 H), 5.8 (1 H), 6.05 (3 H), 6.1-6.6 (2 H) and 8.45-9.1 ppm (11 H).
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 110
PAC  Sodium
      D(-)-.alpha.-(3-methylaminocarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 10.5
      parts by weight of Nk-methylaminocarbonyl-N-methyl-carbamic acid chloride,
      in the manner described in Example 107.
PAL  Yield: 92%
PAL  .beta.-Lactam content: 93%
PAR  Calculated: C 48.6 H 5.1 N 14.1 S 6.5 Found: C 49.0 H 6.3 N 12.6 S 6.9
PA0  Nmr signals at .tau. = 2.6 (5 H), 4.45 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8 (3
      H), 7.2 (3 H) and 8.4 ppm (6 H).
PA0  Effectiveness in animal experiments: B.
PAC  EXAMPLE 111
PAC  Sodium
      D(-)-.alpha.-(3-[2,5-dichlorobenzoyl]-3-methyl-ureido)benzylpenicillin:
PAR  This penicillin was prepared from 28 parts by weight of ampicillin and 18.7
      parts by weight of N-(2,5-dichlorobenzoyl)-N-methylcarbamic acid chloride,
      in the manner described in Example 107.
PAL  Yield: 32%
PAL  .beta.-Lactam content: 85%
PAR  Calculated: C 47.6 H 4.2 Cl 11.1 N 8.8 Found: C 48.0 H(6.0) Cl 9.7 N 8.6
PA0  Nmr signals at .tau. = 2.3-2.8 (8 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H), 6.9
      (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAC  EXAMPLE 112
PAC  Sodium D(-)-.alpha.-(3-p-chlorobenzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 28 parts by weight of ampicillin and 16
      parts by weight of N-p-chlorobenzoyl-N-methylcarbamic acid chloride, in
      the manner described in Example 107.
PAL  Yield: 16%
PAL  .beta.-Lactam content: 82%
PAR  Calculated: C 51.3 H 4.5 Cl 6.1 N 9.5 S 5.5 Found: C 51.9 H 5.6 Cl 5.4 N
      9.1 S 5.5
PA0  Nmr signals at .tau. = 2.3-2.8 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H),
      6.95 (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PA0  Effectiveness in animal experiments: B.
PAC  EXAMPLE 113.
PAC  Sodium D(-)-.alpha.-(3-propionyl-3-methyl-ureido)-benzylpenicillin:
PAR  6.0 parts by weight of N-propionyl-N-methyl-carbamic acid chloride in 25
      parts by volume of absolute tetrahydrofurane were added dropwise, at
      0.degree.C, to a solution of 18 parts by weight of ampicillin in 180 parts
      by volume of 80% strength aqueous tetrahydrofurane (pH = 8.2 adjusted with
      triethylamine), while keeping the pH at 7-8 by adding triethylamine.
      Thereafter the mixture was further stirred at 0.degree.C until no more
      triethylamine had to be added to maintain the pH at 7 (about 15 minutes).
      Water was now added, the tetrahydrofurane was stripped off in vacuo, the
      residue was extracted once with ether/ethyl acetate mixture, and the
      aqueous phase was covered with fresh ether/ethyl acetate mixture.
      Thereafter a pH of 1.5-2.0 was established by adding dilute hydrochloric
      acid at 0.degree.C, whereupon the mixture was worked up as in Example 107,
      and the penicillin was precipitated as the sodium salt.
PAL  Yield: 85%
PAL  .beta.-Lactam content: 91%
PAR  Calculated: C 51.1 H 5.3 N 11.3 S 6.5 Found: C 51.2 H 6.4 N 11.1 S 7.5
PA0  Nmr signals at .tau. = 2.3-2.8 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8
      (1 H), 7.4 (2 H), 8.4 (3 H), 8.5 (3 H) and 8.8 ppm (3 H).
PA0  Effectiveness in animal experiments: B.
PAC  EXAMPLE 114
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-ethyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 18 parts by weight of ampicillin and 6
      parts by weight of N-acetyl-N-ethyl-carbamic acid chloride in the manner
      described in Example 113.
PAL  Yield: 62%
PAL  .beta.Lactam content: 89%
PAR  Calculated: C 50.6 H 5.4 N 11.2 S 6.5   Found: C 50.7 H 6.3 N 10.8 S 6.9
PA0  Nmr signals at .tau. = 2.4-2.8 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.25
      (2 H), 7.7 (3 H), 8.45 (6 H) and 8.8 ppm (3 H).
PA0  Effectiveness in animal experiments: B.
PAC  EXAMPLE 115
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-n-propyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 28 parts by weight of ampicillin and 10
      parts by weight of N-acetyl-N-n-propylcarbamic acid chloride, in the
      manner described in Example 113.
PAL  Yield: 67%
PAL  .beta.-Lactam content: 89.
PAR  Calculated: C 53.0 H 5.4 N 11.2 S 6.4   Found: C 52.5 H(6.6) N 10.5 S 6.4
PA0  Nmr signals at .tau. = 2.3-2.8 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.3
      (2 H), 7.65 (3 H), 8.2-8.7 (8 H), and 9.1 ppm (3 H).
PAC  EXAMPLE 116
PAC  Sodium D(-)-.alpha.-(3-i-butyryl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 28 parts by weight of ampicillin and 10
      parts by weight of N-i-butyryl-N-methylcarbamic acid chloride, in the
      manner described in Example 113.
PAL  Yield: 33%
PAL  .beta.-Lactam content: 91%
PAR  Calculated: C 51.1 H 5.6 N 10.8 Found: C 50.8 H 6.4 N 10.9
PA0  Nmr signals at .tau. = 2.4-2.8 (5 H), 4.45 (1 H), 4.55 (2 H), 5.85 (1 H),
      6.7 (3 H), 7.1 (1 H), 8.5 (6 H) and 8.9 ppm (6 H).
PA0  Effectiveness in animal experiments: B.
PAC  EXAMPLE 117
PAC  Sodium D(-)-.alpha.-(3-m-chlorobenzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 19.7 parts by weight of ampicillin and 10
      parts by weight of N-m-chlorobenzoyl-N-methyl-carbamic acid chloride, in
      the manner described in Example 113.
PAL  Yield: 62%
PAL  .beta.-Lactam content: 86%
PAR  Calculated: C 51.5 H 4.4 Cl 61.1 N 9.6 S 5.6 Found: C 52.1 H(6.0) Cl 5.6 N
      9.4 S 5.5
PA0  Nmr signals at .tau. = 2.4-2.8 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H),
      6.85 (3 H), and 8.45 ppm (6 H).
PAC  EXAMPLE 118
PAC  Sodium .alpha.-(3-acetyl-3-methyl-ureido)-4-methylbenzylpenicillin:
PAR  This penicillin was prepared from 2.1 parts by weight of
      .alpha.-amino-4-methyl-benzylpenicillin and 1.2 parts by weight of
      N-acetyl-N-methyl-carbamic acid chloride, in the manner described in
      Example 113.
PAL  Yield: 45%
PAL  .beta.-Lactam content: (determined by Ir spectroscopy): 75%,
PA0  Nmr signals at .tau. = 2.65 (2 H), 2.8 (2 H), 4.4-4.6 (3 H), 5.8 (1 H),
      6.75 (3 H), 7.7 (6 H) and 8.25 to 8.55 ppm (6 H).
PAC  EXAMPLE 119
PAC  Sodium
      R,S-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-4-methylbenzylpenici
     llin:
PAR  This penicillin was prepared from 1.8 parts by weight of
      R,S-.alpha.-amino-4-methyl-benzylpenicillin and 1.6 parts by weight of
      N-dimethylaminocarbonyl-N-methyl-carbamic acid chloride, as described in
      Example 83.
PAL  Yield: 39%
PAL  .beta.-Lactam content: (determined by IR spectroscopy): 65%
PA0  Nmr signals at .tau. = 2.5-2.9 (4 H), 4.4-4.7 (3 H), 5.8 (1 H), 6.9 (3 H),
      7.05 (6 H), 7.7 (3 H) and 8.4 ppm (6 H).
PAC  EXAMPLE 120
PAC  Sodium
      R,S-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-4-chlorobenzylpenici
     llin:
PAR  This penicillin was prepared from 2.7 parts by weight of
      R,S-.alpha.-amino-4-chloro-benzylpenicillin and 2.0 parts by weight of
      N-dimethylaminocarbonyl-N-methyl-carbamic acid chloride, as described in
      Example 113.
PAL  Yield: 43%
PAL  .beta.-Lactam content: (determined by IR spectroscopy): 55-60%.
PA0  Nmr signals at .tau. = 2.6 (4 H), 4.5 (3 H), 5.7 (1 H), 6.95 (3 H), 7.05 (6
      H) and 8.3 to 8.5 ppm (6 H).
PAC  EXAMPLE 121
PAC  Sodium R,S-.alpha.-(3-acetyl-3-methyl-ureido)-4-chlorobenzylpenicillin:
PAR  This penicillin was prepared from 1.8 parts by weight of
      D,L-.alpha.-amino-4-chloro-benzylpenicillin and 1.0 part by weight of
      N-acetyl-N-methyl-carbamic acid chloride, as described in Example 113.
PAL  Yield: 80%
PAL  .beta.-Lactam content: (determined by IR spectroscopy): 55-60%
PA0  Nmr signals at .tau. = 2.4-2.8 (4 H), 4.3-4.6 (3 H), 5.8 (1 H), 6.7 (3 H),
      7.65 (3 H) and 8.3-8.5 ppm (6 H).
PAC  EXAMPLE 122
PAC  Sodium
      D,L-.alpha.-(3-acetyl-3-methyl-ureido)-.alpha.-thienyl(2)-methylpenicillin
     :
PAR  This penicillin was prepared from 3.5 parts by weight of
      D,L-.alpha.-amino-.alpha.-thienyl(2)-methyl-penicillin and 1.7 parts by
      weight of N-acetyl-N-methyl-carbamic acid chloride, as described in
      Example 113.
PAL  Yield: 42%
PAL  .beta.-Lactam content: (determined by IR spectroscopy): 80%
PA0  Nmr signals at .tau. = 2.5-3.2 (3 H), 4.1-4.6 (3 H), 5.8 (1 H), 6.8 (3 H),
      7.7 (3 H) and 8.3-8.6 ppm (6 H).
PAC  EXAMPLE 123
PAC  Sodium
      D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-methyl-ureido)benzylpenicillin:
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 13.5
      parts by weight of N-(1-piperidylcarbonyl)N-methyl-carbamic acid chloride,
      in the manner described in Example 59.
PAL  Yield (crude product): 66%
PAL  .beta.-Lactam content: 97%
PAR  Calculated: C 53.4 H 5.6 N 12.9 S 5.9 Found: C 53.1 H 6.5 N 12.3 S 6.3
PA0  Nmr signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.6 (4 H), 6.9 (3
      H) and 8.4 ppm (12 H).
PA0  Effectiveness against E. coli 14: 3.12 units/ml.
PA0  Effectiveness against Klebsiella K 10: 50 units/ml.
PAC  EXAMPLE 124
PAC  Sodium
      D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-methyl-ureido)benzylpenicillin:
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 12.6
      parts by weight of N-(1-pyrrolidylcarbonyl)N-methylcarbamic acid chloride,
      in the manner described in Example 59.
PAL  Yield (crude product): 72%
PAL  .beta.-Lactam content: 96%
PAR  Calculated: N 13.3 S 6.1 Found: N 13.2 S 6.1
PA0  Nmr signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.5-6.8 (4 H), 6.9
      (3 H), 8.0-8.3 (4 H) and 8.5 ppm (6 H).
PA0  Effectiveness against E. coli 14: 3.12 units/ml.
PA0  Effectiveness against Proteus 3400: 50 units/ml.
PA0  Effectiveness in animal experiments: A.
PAC  EXAMPLE 125
PAC  Sodium D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-methyl-ureido)
      benzylpenicillin:
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 13.6
      parts by weight of N-(4-morpholinylcarbonyl)-N-methyl-carbamic acid
      chloride, in the manner described in Example 59.
PAL  Yield (crude product): 80%
PAL  .beta.-Lactam content: 93%
PAR  Calculated: N 12.9 S 5.9 Found: N 11.8 S 5.9
PA0  Nmr signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.9 (1 H), 6.3-6.8 (8 H), 6.9
      (3 H) and 8.5 ppm (6 H).
PA0  Effectiveness against Proteus 1017: 50 units/ml.
PA0  Effectiveness in animal experiments: A.
PAC  Example 126
PAC  Sodium
      D(-)-.alpha.-(3-diethylaminocarbonyl-3-methyl-ureido)benzylpenicillin:
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 12.7
      parts by weight of N-diethylaminocarbonyl-N-methyl-carbamic acid chloride,
      in the manner described in Example 59.
PAL  Yield (crude product): 46%
PAL  .beta.-Lactam content: 97%
PAR  Calculated: N 13.3 S 6.1
PAR  Found: N 12.9 S 6.0
PA0  Nmr signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.5-7.0 (7 H), 8.4
      (6 H) and 8.7-9.0 ppm (6 H).
PA0  Effectiveness against E. coli 14: 12.5 units/ml.
PAC  EXAMPLE 127
PAC  Sodium
      D(-)-.alpha.-(3-[2-nitro-4-chlorobenzoyl]-3-methyl-ureido)benzylpenicillin
     :
PAR  This penicillin was prepared from 21 parts by weight of ampicillin and 12.8
      parts by weight of N-(2-nitro-4-chlorobenzoyl)-N-methyl-carbamic acid
      chloride, in the manner described in Example 59.
PAL  Yield (crude product): 81%
PAL  .beta.-Lactam content: 95%
PAR  Calculated: N 11.4 S 5.2 Found: N 10.6 S 5.1
PA0  Nmr signals at .tau. = 1.7 (1 H), 2.1-2.5 (2 H), 2.6 (5 H), 4.3-4.6 (3 H),
      5.8 (1 H), 6.9 (3 H) and 8.4 ppm (6 H).
PA0  Effectiveness against Proteus 1017: 3.12 units/ml.
PA0  Effectiveness against Pseudomonas aerug. Bonn: 12.5 units/ml.
PA0  Effectiveness against Klebsiella K 10: 12.5 units/ml.
PA0  Effectiveness in animal experiment: A and B.
PAC  EXAMPLE 128
PAC  Sodium D(-)-.alpha.-(3-[2-bromobenzoyl]-3-methyl-ureido)-benzyl penicillin:
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 18.3
      parts by weight of N-(2-bromobenzoyl)-N-methyl-carbamic acid chloride, in
      the manner described in Example 59.
PAL  Yield (crude product): 64%
PAL  .beta.-Lactam content: 95%
PA0  Nmr signals at .tau. = 2.2-2.7 (9 H), 4.3-4.6 (3 H), 5.8 (1 H), 7.0 (3 H)
      and 8.4 ppm (6 H).
PA0  Effectiveness against Proteus 1017: 1.56 units/ml.
PA0  Effectiveness against Pseudomonas aerug Bonn: 6.25 units/ml
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 129
PAC  Sodium D(-)-.alpha.-(3-[2-methylbenzoyl]-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 14.4
      parts by weight of N-(2-methylbenzoyl)-N-methyl-carbamic acid chloride, in
      the manner described in Example 59.
PAL  Yield (crude product): 66%
PAL  .beta.-Lactam content: 93%
PA0  Nmr signals at .tau. = 2.4-2.8 (9 H), 4.3-4.6 (3 H), 5.8 (1 H), 7.0 (3 H),
      7.7 (3 H) and 8.5 ppm (6 H).
PA0  Effectiveness against Proteus 1017: 3.12 units/ml.
PA0  Effectiveness against Pseudomonas aerug. Bonn: 6.25 units/ml.
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 130
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-phenyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 10 parts by weight of
      N-acetyl-N-phenylcarbamic acid chloride and 19 parts by weight of
      ampicillin, in the manner described in Example 113.
PAL  Yield: 86%
PAL  .beta.-Lactam content: 85%
PAR  Calculated: C 53.1 H 5.0 N 9.9 S 5.7 Found: C 53.6 H 5.5 N 9.8 S 5.7
PA0  Nmr signals at .tau. = 2.4-2.8 (10 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H),
      8.1 (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PA0  Effectiveness in animal experiments: B.
PAC  EXAMPLE 131
PAC  Sodium D(-)-.alpha.-(3-m-nitrocinnamoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 18.9 parts by weight of
      N-(m-nitrocinnamoyl)-N-methyl-carbamic acid chloride and 28 parts by
      weight of ampicillin, in the manner described in Example 113.
PAL  Yield: 78%
PAL  .beta.-Lactam content: 88%
PAR  Calculated: C 47.9 H 5.4 N 10.2 S 4.8 Found: C 47.5 H 5.0 N 10.4 S 5.4
PA0  Nmr signals at .tau. = 1.6 (1 H), 1.7-2.9 (8 H), 4.4 (1 H), 4.5 (2 H), 5.8
      (1 H), 6.6 (3 H) and 8.5 ppm (6 H).
PA0  Effectiveness in animal experiments: A and B
PAC  EXAMPLE 132
PAC  Sodium
      D(-)-.alpha.-(3-[4-nitrophenacetyl]-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 16.3 parts by weight of
      N-p-nitrophenacetyl-N-methyl-carbamic acid chloride and 28 parts by weight
      of ampicillin, in the manner described in Example 113.
PAL  Yield: 92%
PAL  .beta.-Lactam content: 84%
PAR  Calculated: C 51.1 H 4.6 N 11.5 S 5.3 Found: C 51.3 H 5.4 N 11.2 S 5.7
PA0  Nmr signals at .tau. = 1.8 (2 H), 2.5 (2 H), 2.6 (5 H), 4.4 (1 H), 4.55 (2
      H), 5.8 (1 H), 5.85 (2 H), 6.7 (3 H), 8.4 (3 H), and 8.5 ppm (3 H).
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 133
PAC  D(-)-.alpha.-(1-Imidazolidin-2-on-1-yl carbonylamino)-benzyl-penicillin:
PAR  This penicillin was prepared from 5.4 parts by weight of
      N-chlorocarbonyl-imidazolidin-2-one and 12.7 parts by weight of ampicillin
      in the manner described in Example 59. After acidification, the product
      was obtained as the free penicillin acid, which is sparingly soluble in
      ethyl acetate, and which was filtered off, washed with water and dried
      over P.sub.2 O.sub.5 in vacuo.
PAL  Yield: 72%
PAL  .beta.-Lactam content: 93%
PAR  Calculated: C 50.1 H 5.0 N 14.6 S 6.7 Found: C 50.1 H 5.6 N 13.8 S 6.8
PA0  Nmr signals at .tau. = 0.9 (2 H), 2.35 (1 H), 2.6 (5 H), 4.25 (1 H), 4.55
      (2 H), 5.7 (1 H), 6.0-7.0 (4 H), 8.4 (3 H) and 8.55 ppm (3 H)
PA1  Solvent: DMSO-D.sub.6.
PAC  EXAMPLE 134
PAC  Sodium D(-)-.alpha.-(1-piperidin-2-on-1-yl-carbonylamino)-benzylpencillin:
PAR  This penicillin was prepared from 9 parts by weight of
      1-chlorocarbonyl-2-chloro-1,4,5,6-tetrahydropyridine and 21 parts by
      weight of ampicillin in the manner described in Example 113.
PAL  Yield: 85%
PAL  .beta.-Lactam content: 89%
PA0  Nmr signals at .tau. = 2.4-2.8 (5 H), 4.4 (1 H), 4.45 (1 H), 4.55 (1 H),
      5.8 (1 H), 6.15-6.5 (2 H), 7.6-8.0 (2 H) and 8.0-8.6 ppm (10 H).
PA0  Effectiveness in animal experiments: A and B
PAC  EXAMPLE 135
PAC  Sodium
      .alpha.-(3-o-chlorobenzoyl-3-methyl-ureido)-.alpha.-thienyl(2)-methylpenic
     illin:
PAR  This pencillin was prepared from 1.9 parts by weight of
      N-o-chlorobenzoyl-N-methylcarbamic acid chloride and 1.5 parts by weight
      of .alpha.-amino-.alpha.-thienyl(2)-methylpenicillin in the manner
      described in Example 113.
PAL  Yield: 35%
PAL  .beta.-Lactam content: 55-60% (estimated from the IR spectrum).
PA0  Nmr signals at .tau. = 2.4-3.1 (7 H), 4.3-4.5 (3 H), 5.8 (1 H), 6.9 (3 H)
      and 8.2-8.6 ppm (6 H).
PA0  Effectiveness in animal experiments: B.
PAC  136
PAC  Sodium
      D(-)-.alpha.-(3-methyl-1,3-diazacyclohexan-2-on-1-yl-carbonyl-amino)-benzy
     lpenicillin:
PAR  This pencillin was prepared from 12.4 parts by weight of
      1-chloro-carbonyl-2-oxo-3-methyl-1,3-diazacyclohexane and 17.5 parts by
      weight of ampicillin, in the manner described in Example 113.
PAL  Yield: 46%
PAL  .beta.-Lactam content: 90%
PAR  Calculated: C 50.1 H 5.3 N 13.3 S 6.1 Found: C 50.4 H 6.2 N 13.1 S 6.4
PA0  Nmr signals at .tau. = 2.3-2.8 (5 H), 4.3-4.6 (3 H), 5.8 (1 H), 6.25 (2 H),
      6.4-6.8 (2 H), 7.0 (3 H), 8.0 (2 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAC  EXAMPLE 137
PAC  Sodium D(-)-.alpha.-(3-o-fluorobenzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 9.05 parts by weight of
      N-o-fluorobenzoyl-N-methyl-carbamic acid chloride and 17.5 parts by weight
      of ampicillin, in the manner described in Example 113.
PAL  Yield: 88%
PAL  .beta.-Lactam content: 92%
PAR  Calculated: C 54.6 H 4.4 N 10.2 S 5.8 Found: C 54.2 H(5.6) N 10.1 S 5.8
PA0  Nmr signals at .tau. = 2.4-2.9 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8
      (3 H) and 8.5 ppm (6 H).
PAC  EXAMPLE 138
PAC  Sodium D(-)-.alpha.-(3-o-chlorobenzoyl-3-ethyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 10.7 parts by weight of
      N-o-chlorobenzoyl-N-ethyl-carbamic acid chloride and 17.5 parts by weight
      of ampicillin, in the manner described in Example 113
PAL  Yield: 90%
PAL  .beta.-Lactam content: 93%
PAR  Calculated: C 52.5 H 4.6 Cl 6.0 N 9.4 S 5.4 Found: C 52.3 H 5.4 Cl 5.6 N
      9.2 S 5.4
PA0  Nmr signals at .tau. = 2.3-2.8 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H), 6.4
      (2 H), 8.4 (3 H), 8.5 (3 H) and 9.0 ppm (3 H).
PAC  EXAMPLE 139
PAC  Sodium D(-)-.alpha.-(3-o-chlorobenzoyl-3-n-propyl-ureido)-benzylpencillin:
PAR  This penicillin was prepared from 11.0 parts by weight of
      N-o-chlorobenzoyl-N-n-propyl-carbamic acid chloride and 17.5 parts by
      weight of ampicillin, in the manner described in Example 113.
PAL  Yield: 82%
PAL  .beta.-Lactam content: 92%
PAR  Calculated: C 53.3 Cl 5.8 N 9.2 H 4.8 S 5.3 Found: C 53.7 Cl 5.4 N 9.2
      H(6.2) S 5.6
PA0  Nmr signals at .tau. = 2.3-2.8 (9 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H),
      6.3-6.7, (2 H), 8.2-8.7 (2 H), 8.4 (3 H), 8.5 (3 H) and 9.3 ppm (3 H).
PAC  EXAMPLE 140
PAC  Sodium D(-)-.alpha.-(3-nitrobenzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 12.1 parts by weight of
      N-o-nitrobenzoyl-N-methyl-carbamic acid chloride and 21 parts by weight of
      ampicillin, in the manner described in Example 113.
PAL  Yield: 94%
PAL  .beta.-Lactam content: 92%
PAR  Calculated: C 51.1 H 4.3 N 11.9 S 5.5 Found: C 50.9 H 5.3 N 11.1 S 5.6
PA0  Nmr signals at .tau. = 1.75 (1 H), 2.05-2.8 (8 H), 4.35 (1 H), 4.5 (2 H),
      5.8 (1 H), 6.95 (3 H), 8.4 (3 H) and 8.5 (3 H).
PA0  Effectiveness in animal experiments: B.
PAC  EXAMPLE 141
PAC  Sodium D(-)-.alpha.-(3,
      o,o'-dichlorobenzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 13.3 parts by weight of
      N-o,o'-dichlorobenzoyl-N-methyl-carbamic acid chloride and 21 parts by
      weight of ampicillin, in the manner described in Example 113.
PAL  Yield: 91%
PAL  .beta.-Lactam content: 91%
PAR  Calculated: C 48.6 H 4.0 Cl 11.5 N 9.1 S 5.2 Found: C 48.9 H 4.5 Cl 11.1 N
      8.9 S 5.3
PA0  Nmr signals at .tau. = 2.3-2.8 (8 H), 4.3 (1 H), 4.5 (2 H), 5.75 (1 H), 6.9
      (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PA0  Effectiveness in animal experiments: B.
PAC  EXAMPLE 142
PAC  Sodium
      D(-)-.alpha.-(3-[2,4-dichlorobenzoyl]-3-methyl-ureido)benzylpenicillin:
PAR  This penicillin was prepared from 13.3 parts by weight of
      N-(2,4-dichlorobenzoyl)-N-methyl-carbamic acid chloride and 21 parts by
      weight of ampicillin, in the manner described in Example 113.
PAL  Yield: 84%
PAL  .beta.-Lactam content: 92%
PAR  Calculated: C 48.6 H 4.0 Cl 11.5 N 9.1 S 5.2 Found: C 48.7 H 4.6 Cl 10.9 N
      9.0 S 5.8
PA0  Nmr signals at .tau. = 2.4 (1 H), 2.4-2.8 (7 H), 4.35 (1 H), 4.5 (2 H), 5.8
      (1 H), 6.9 (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PA0  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 143
PAC  Sodium D(-)-.alpha.-(3-propionyl-3-phenyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 15.5 parts by weight of
      N-propionyl-N-phenyl-carbamic acid chloride and 27.5 parts by weight of
      ampicillin, in the manner described in Example 113.
PAL  Yield: 78%
PAL  .beta.-Lactam content: 87%
PAR  Calculated: C 55.3 H 5.1 N 9.9 S 5.7 Found: C 55.1 H 5.1 N 9.8 S 6.0
PA0  Nmr signals at .tau. = 2.2-3.0 (10 H), 4.4 (1 H), 4.5 (2 H), 5.75 (1 H),
      7.9 (2 H), 8.4 (3 H), 8.5 (3 H) and 9.0 ppm (3 H).
PA0  Effectiveness in animal experiments: B.
PAC  EXAMPLE 144
PAR  A. D(-)-.alpha.-(Imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicillin:
PAR  14 parts by weight of D-.alpha.-aminobenzylpenicillin (ampicillin) were
      suspended in 80% strength aqueous tetrahydrofurane (130 parts by volume)
      and sufficient triethylamine (approx. 6.5 parts by volume) was added
      dropwise, while stirring, at 20.degree.C, that a clear solution was just
      produced and the pH value was between 7.5 and 8.2 (glass electrode). The
      mixture was now cooled to 0.degree.C and a solution of 5.4 parts by weight
      of N-chlorocarbonyl-imidazolidin-2-one in 25 parts by volume of absolute
      tetrahydrofurane was added dropwise over the course of 30 minutes, while
      cooling with ice and stirring vigorously, the pH value being kept between
      7.5 and 8.0 by simultaneous addition of triethylamine. The mixture was
      further stirred for 30 minutes at 0.degree.C and subsequently at room
      temperature until no further addition of triethylamine was necessary to
      maintain the pH value of 7.5. 130 parts by volume of water were now added
      and the tetrahydrofurane was largely removed in a rotary evaporator at
      room temperature. The aqueous solution which remained was once extracted
      by shaking with ether, covered with 300 parts by volume of ethyl acetate,
      cooled to 0.degree.C and treated with sufficient dilute hydrochloric acid,
      while stirring and cooling with ice, to establish a pH value of 1.5 to
      2.0. The organic phase was separated off, the aqueous suspension was again
      extracted with about 300 parts by volume of ethyl acetate, and the organic
      extracts were combined.
PAR  The penicillin, which is rather sparingly soluble in ethyl acetate and
      which was suspended in the aqueous phase, was filtered off, carefully
      washed with ice water until free of acid, and dried in vacuo at about 1 mm
      Hg over P.sub.2 O.sub.5. The substance is crystalline; long needles are
      visible under the microscope.
PAL  Yield: 71%
PAL  .beta.-Lactam content: 93%
PAR  Calculated: C 50.1 H 5.0 N 14.6 S 6.7 Found: C 50.1 H 5.6 N 13.8 S 6.8
PA0  Nmr signals (dimethylsulphoxide-d.sub.6 as the solvent) at .tau. = 0.9 (2
      H), 2.35 (1 H), 2.6 (5 H), 4.25 (1 H), 4.55 (2 H), 5.7 (1 H), 6.0-7.0 (4
      H), 8.4 (3 H) and 8.55 ppm (3 H).
PA0  Ir bands at 3380, 3230, 1784, 1728, 1687, 1639, 1520, 1375, 1219 and 735
      cm.sup..sup.-1.
PAR  According to separation in a paper chromatogram and subsequent development
      with B. subtilis, the product only contains one antibiotically active
      component.
PAR  A further 0.45 parts by weight (2.6% of theory) of the penicillin, in the
      form of its sodium salt, could be isolated from the ethyl acetate extract
      after addition of about 2 parts by volume of a 1 molar solution of sodium
      2-ethyl-hexanoate in ether containing methanol.
PAR  The free acid of the penicillin can be easily converted into the
      chemotherapeutically usable salts by conventional processes. (See Example
      150A).
PAR  B. 1-Chlorocarbonyl-imidazolidione(2).
PAR  4 parts by weight of phosgene in 10 parts by volume of absolute
      tetrahydrofurane were added dropwise, over the course of 15 minutes, to a
      vigorously stirred solution of 3.5 parts by weight of imidazolidone(2)
      [manufactured according to Fischer and Koch, Ann, 232, page 224 (1886)] in
      50 parts by volume of absolute tetrahydrofurane. Thereafter the reaction
      mixture was stirred for 3 hours at 10.degree.C and a stream of dry air was
      then passed through it, in order to blow out the hydrochloric acid formed,
      and remnants of phosgene. The mixture was now evaporated to dryness on a
      rotary evaporator in vacuo, and the solid residue was dried over
      concentrated sulphuric acid and at about 12 mm Hg.
PAL  Yield: 93%. Melting point = 150.degree.C after recrystallisation from
      acetone-pentane.
PAR  Calculated: C 32.3 H 3.4 N 18.8 Cl 23.9 Found: C 32.3 H(4.5) N 18.7 Cl 23.9
PA0  Nmr signals at .tau. = 5.7 to 6.1 (2 H) and 6.3 to 6.7 (2 H),
      (acetone-d.sub.6 as the solvent), symmetrical A.sub.2 B.sub.2 -system.
PA0  Ir bands at 3230, 1790, 1700, 1270 and 1150 cm.sup..sup.-1.
PAC  EXAMPLE 145
PAR  If, in the procedure of Example 144, the D-.alpha.-aminobenzylpenicillin
      used therein is replaced by:
PA0  0.04 mol of .alpha.-amino-p-methylbenzylpenicillin,
PA0  .alpha.-amino-p-chlorobenzylpenicillin,
PA0  .alpha.-amino-p-methylthiobenzylpenicillin,
PA0  .alpha.-amino-.alpha.-(2)thienylmethylpenicillin or
PA0  .alpha.-amino-.alpha.-(3)thienylmethylpenicillin,
PAR  the following penicillins are obtained:
PA0  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-p-methylbenzylpenicillin,
PA0  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-p-chlorobenzylpenicillin,
PA0  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-p-methylthiobenzylpenicillin
PA0  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-.alpha.-(2)-thienylmethylpen
     icillin or
PA0  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-.alpha.-(3)thienylmethylpeni
     cillin.
PAC  EXAMPLE 146
PAR  If, in the procedure of Example 144, the 1-chlorocarbonylimidazolidone used
      therein is replaced by 0.035 mol of:
PA0  1-chlorocarbonyl-1,3-diazacyclohexan-2-one,
PA0  1-chlorocarbonyl-1,3-diazacycloheptan-2-one,
PA0  1-chlorocarbonyl-5-methyl-imidazolidone(2),
PA0  1-chlorocarbonyl-4-methyl-imidazolidone(2),
PA0  1-chlorocarbonyl-5,5-dimethyl-imidazolidone(2),
PA0  1-chlorocarbonyl-4,4-dimethyl-imidazolidone(2),
PA0  1-chlorocarbonyl-4,5-cis-dimethyl-imidazolidone(2),
PA0  1-chlorocarbonyl-4,5-trans-dimethyl-imidazolidone,
PA0  1-chlorocarbonyl-benzimidazolone,
PA0  1-chlorocarbonyl-6-methyl-benzimidazolone,
PA0  1-chlorocarbonyl-5-methyl-benzimidazolone,
PA0  1-chlorocarbonyl-4-methyl-benzimidazolone,
PA0  1-chlorocarbonyl-7-methylbenzimidazolone,
PA0  1-chlorocarbonyl-5-nitrobenzimidazolone,
PA0  1-chlorocarbonyl-6-nitrobenzimidazolone,
PA0  1-chlorocarbonyl-hexahydrobenzimidazolone(2),
PA0  1-chlorocarbonyl-6-aza-benzimidazolone,
PA0  1-chlorocarbonyl-5-aza-benzimidazolone,
PA0  1-chlorocarbonyl-5-carbethoxy-benzimidazolone,
PA0  1-chlorocarbonyl-6-carbethoxy-benzimidazolone or
PA0  2-chlorocarbonyl-2,4-diazabicyclo[3,2,2]-nonan-3-one,
PAR  the following penicillins are obtained:
PA0  D(-)-.alpha.-(1,3-diazacyclohexan-2-on-1-yl-carbonylamino)-benzylpenicillin
PA0  D(-)-.alpha.-(1,3-diazacycloheptan-2-on-1-yl-carbonylamino)-benzylpenicilli
     n,
PA0  D(-)-.alpha.-(5-methyl-imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicill
     in,
PA0  D(-)-.alpha.-(4-methylimidazolidin-2-on-1-yl-carbonylamino)-benzylpenicilli
     n,
PA0  D(-)-.alpha.-(5,5-dimethylimidazolidin-2-on-1-yl-carbonylamino)-benzylpenic
     illin,
PA0  D(-)-.alpha.-(4,4-dimethylimidazolidin-2-on-1-yl-carbonylamino)-benzylpenic
     illin,
PA0  D(-)-.alpha.-(4,5-cis-dimethylimidazolidin-2-on-1-yl-carbonylamino)-benzylp
     enicillin,
PA0  D(-)-.alpha.-(4,5-trans-dimethylimidazolidin-2-on-1-yl-carbonylamino)-benzy
     lpenicillin,
PA0  D(-)-.alpha.-(benzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicillin,
PA0  D(-)-.alpha.-(6-methylbenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicil
     lin,
PA0  D(-)-.alpha.-(5-methylbenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicil
     lin,
PA0  D(-)-.alpha.-(4-methylbenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicil
     lin,
PA0  D(-)-.alpha.-(7-methylbenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicil
     lin,
PA0  D(-)-.alpha.-(5-nitrobenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicill
     in,
PA0  D(-)-.alpha.-(6-nitrobenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicill
     in,
PA0  D(-)-.alpha.-(hexahydrobenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenici
     llin,
PA0  D(-)-.alpha.-(6-azabenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicillin
PA0  D(-)-.alpha.-(5-azabenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicillin
PA0  D(-)-.alpha.-(5-carbethoxybenzimidazolin-2-on-1-yl-carbonylamino)benzylpeni
     cillin,
PA0  D(-)-.alpha.-(6-carbethoxybenzimidazolin-2-on-1-yl-carbonylamino)-benzylpen
     icillin,
PA0  D(-)-.alpha.-(2,4-diazabicyclo[3,2,2]nonan-3-on-2-yl-carbonylamino)-benzylp
     enicillin.
PAC  EXAMPLE 147
PAR  A. Sodium
      D(-)-.alpha.-(imidazolidine-2-thion-1-yl-carbonylamino-benzylpenicillin:
PAR  8.5 parts by weight of 1-chlorocarbonyl-imidazolidine 2-thione were reacted
      with 17.5 parts by weight of D(-)-.alpha.-aminobenzylpenicillin in 170
      parts by volume of 80% strength aqueous tetrahydrofurane, at 0.degree.C
      and pH 7.5 to 8.0 (glass electrode), whilst stirring. Triethylamine were
      added gradually to maintain the pH value. The mixture was further stirred
      at room temperature until no further addition of triethylamine was
      necessary to maintain the pH at 7.5. Thereafter, 150 parts by volume of
      water were added, a pH of 6.5 was established by means of a little dilute
      hydrochloric acid, and the tetrahydrofurane was stripped off in a rotary
      evaporator at room temperature. The mixture was now extracted once with
      ether, the aqueous phase was covered with 300 parts by volume of ethyl
      acetate, the whole was cooled to 0.degree.C, and dilute hydrochloric acid
      was introduced, while stirring and cooling with ice, until a pH value of
      1.5 to 2.0 was reached. The organic phase was separated off, the aqueous
      solution was again extracted with 300 parts by volume of ethyl acetate,
      and the organic solutions were combined and subsequently dried with
      MgSO.sub.4. On adding about 40 parts by volume of a 1 molar solution of
      sodium 2-ethylhexanoate in ether containing methanol, the sodium salt of
      the penicillin precipitated. The bulk of the ethyl acetate was stripped
      from the suspension in vacuo, and the residue was dissolved in methanol
      and added dropwise to a mixture of 300 parts by volume of ether and 30
      parts by volume of methanol. The ether/methanol mixture was decanted from
      the precipitated product after it had stood for a short time, and the
      product was again repeatedly worked with ether, filtered off and dried
      over P.sub.2 O.sub.5 in a vacuum desiccator.
PA0  Effectiveness against Psdm. aerug. Bonn: 25 units/ml.
PA0  Effectiveness against Proteus 3400: 50 units/ml.
PA0  Yield: 40%
PAL  .beta.-Lactam content: 90% (estimated on the basis of the .beta.-Lactam
      band of the IR spectrum).
PA0  Nmr signals (methanol-d.sub.4 as the solvent) at .tau. = 2.3 to 2.8 (5 H),
      4.4 (1 H), 4.55 (2 H), 5.85 (1 H), 6.0 to 6.5 (4 H), 8.4 (3 H) and 8.5 ppm
      (3 H).
PA0  Ir bands at 3320, 1760, 1720, 1665, 1602, 1520, 1365, and 1255
      cm.sup..sup.-1.
PAR  B. 1-Trimethylsilyl-imidazolidine-2-thione:
PAR  30.6 parts by weight of imidazolidine-2-thione were boiled overnight with
      54.4 parts by weight of trimethylchlorosilane and 51.5 parts by weight of
      triethylamine in absolute tetrahydrofurane. The warm suspension was freed
      of the precipitated triethylamine hydrochloride by filtration, and the
      filtrate was evaporated and dried in a vacuum desiccator. Melting point:
      approx. 130.degree.C.
PAL  Yield: 97%:
PAR  Calculated: N 14.4 S 16.5 Found: N 13.8 S 16.9
PA0  Strong Si-C stretching vibration in the IR spectrum at 850 cm.sup..sup.-1.
PAR  C. 1-Chlorocarbonyl-imidazolidine-2-thione:
PAR  50 parts by weight of 1-trimethylsilyl-imidazolidine-2-thione in 150 parts
      by volume of methylene chloride were treated with 35 parts by weight of
      phosgene in 50 parts by volume of methylene chloride over the course of 2
      hours at 0.degree.C. The mixture was stirred for 24 hours at 0.degree.C,
      the methylene chloride was subsequently stripped off, and the residue was
      dried in a high vacuum. Semi-solid mass, incompletely soluble in acetone.
PAL  Crude yield: 97%
PAL  Ir bands at 1830, 1590 and 1240 cm.sup..sup.-1.
PAC  EXAMPLE 148
PAR  If, following the procedures desired in Example 147A 17.5 parts by weight
      of ampicillin are reacted with 0.05 mol of :
PA0  1-chlorocarbonyl-1,3-diazacyclohexane-2-thione,
PA0  1-chlorocarbonyl-4-methylimidazolidine-2-thione,
PA0  1-chlorocarbonyl-5-methylimidazolidine-2-thione,
PA0  1-chlorocarbonyl-4,4-dimethylimidazolidine-2-thione,
PA0  1-chlorocarbonyl-5,5-dimethylimidazolidine-2-thione or
PA0  1-chlorocarbonyl-4,5-dimethylimidazolidine-2-thione,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA0  D(-)-.alpha.-(1,3-diazacyclohexane-2-thion-1-yl-carbonylamino)-benzylpenici
     llin,
PA0  D(-)-.alpha.-(4-methylimidazolidine-2-thion-1-yl-carbonylamino)-benzylpenic
     illin,
PA0  D(-)-.alpha.-(5-methylimidazolidine-2-thion-1-yl-carbonylamino)-benzylpenic
     illin,
PA0  D(-)-.alpha.-(4,4-dimethylimidazolidine-2-thion-1-yl-carbonylamino)benzylpe
     nicillin,
PA0  D(-)-.alpha.-(5,5-dimethylimidazolidine-2-thion-1-yl-carbonylamino)-benzylp
     enicillin or
PA0  D(-)-.alpha.-(4,5-dimethylimidazolidine-2-thion-1-yl-carbonylamino)-benzylp
     enicillin.
PAC  EXAMPLE 149
PAR  If, in the procedure of Example 147-A the D-.alpha.-aminobenzylpenicillin
      used there is replaced by 0.05 mol of
PA0  .alpha.-amino-p-methylbenzylpenicillin,
PA0  .alpha.-amono-p-chlorobenzylpenicillin,
PA0  .alpha.-amino-p-methylthiobenzylpenicillin,
PA0  .alpha.-amino-.alpha.-(2)-thienylmethylpenicillin or
PA0  .alpha.-amino-.alpha.-(3)-thienylmethylpenicillin,
PAR  the following penicillins are obtained in the form of their sodium salts:-
PA0  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-p-methylbenzylpenicillin
PA0  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-p-chlorobenzylpenicillin
PA0  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-p-methylthiobenzylpenici
     llin,
PA0  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-.alpha.(2)thienylmethylp
     enicillin or
PA0  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-.alpha.-(3)-thienylmethy
     lpenicillin.
PAC  EXAMPLE 150
PAR  A. Sodium
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicillin:
PAR  5.5 parts by weight of
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicillin,
      which was obtained, moist with water, according to the instructions of
      Example 144, were dissolved in 13 parts by volume of dimethylacetamide
      while cooling with ice, and subsequently treated with 10 parts by volume
      of a 1 molar solution of sodium 2-ethylhexanoate in ether containing
      methanol. The resulting clear solution was added dropwise over the course
      of a few minutes to a mixture, cooled to -20.degree.C, of 200 parts by
      volume of ether and 20 parts by volume of methanol, whereupon the sodium
      salt of the penicillin separated out as a finely granular precipitate,
      which was filtered off and thoroughly washed with anhydrous ether.
PA0  Yield: 81% relative to 1-chlorocarbonyl-imidazolidin-2-one employed.
PAL  .beta.-Lactam content: 90% (determined on the basis of the intensity of the
      .beta.-lactam carbonyl band of the IR spectrum).
PA0  Ir bands at 3290, 1770, 1715, 1647, 1538 and 1276 cm.sup..sup.-1. (IR
      spectrum in Nujol).
PAR  B. Crystalline sodium
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonyl-amino)-benzylpenicillin:
PAR  0.4 parts by weight of the product from Example 92A was dissolved in 0.5
      parts by volume of water to give a clear solution. 1.3 parts by volume of
      ethanol were added and the mixture slowly diluted with 3.0 parts by volume
      of ethyl acetate, while shaking. 0.2 parts by weight of sodium
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicillin
      crystallised overnight from the initially clear solution, in the form of
      bundles of fine needles.
PA0  Decomposition range: 200.degree. - 220.degree.C.
PA0  Ir bands at 3370, 3325, 1775, 1728, 1688, 1640 and 1275 cm.sup..sup.-1.
      FIGS. 3, 4 and 5 shows, for comparison purposes, the IR spectra of
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicillin as
      the free acid and as the amorphous and crystalline sodium salt.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A penicillin of the formula:
      ##EQU28##
      or a pharmaceutically acceptable non-toxic salt thereof wherein
      ##EQU29##
      wherein X is lower alkyl, phenylvinyl, nitro-phenylvinyl, or a group of
      the formula:
      ##SPC10##
PA2  wherein
PA3  n is 0 or 1; and
PA3  R.sub.1, r.sub.2 and R.sub.3 are the same or different and each is
      hydrogen, chlorine, bromine, fluorine, nitro, lower alkyl or lower alkoxy,
      or
PA3  one is methoxycarbonylamino and the other two are each hydrogen;
PA2  Y is lower alkyl, allyl, phenyl or benzyl;
PA1  B is thienyl, phenyl or phenyl substituted by lower alkyl, lower alkoxy,
      mono-, or di-halogen or lower alkylthio; and
PA1  C can have either of the two possible R- and W- stereoisomeric
      configurations or it can be a mixture of such diastereomers.
NUM  2.
PAR  2. A penicillin or a pharmaceutically acceptable non-toxic salt thereof
      according to claim 1 in which the group A is:
      ##EQU30##
NUM  3.
PAR  3. A penicillin or a pharmaceutically acceptable non-toxic salt thereof
      according to claim 1 in which the group A is:
      ##EQU31##
NUM  4.
PAR  4. A penicillin or a pharmaceutically acceptable non-toxic salt thereof
      according to claim 1 in which the group A is:
      ##EQU32##
NUM  5.
PAR  5. A penicillin or a pharmaceutically acceptable non-toxic salt thereof
      according to claim 1 in which the group A is:
      ##SPC11##
NUM  6.
PAR  6. A penicillin or a pharmaceutically acceptable non-toxic salt thereof
      according to claim 1 wherein:
PA1  X is methyl, ethyl, phenylvinyl, nitro-phenylvinyl, phenyl, chlorophenyl,
      bromophenyl, fluorophenyl, nitrophenyl, tolyl, methoxyphenyl, nitrobenzyl,
      methoxycarbonylaminophenyl, nitro-methoxyphenyl, nitro-methylphenyl,
      di-chlorophenyl or nitro-chlorophenyl;
PA1  Y is methyl, ethyl, propyl, allyl, phenyl or benzyl; and
PA1  B is thienyl, phenyl, tolyl, methoxyphenyl, methylthiophenyl or
      dichlorophenyl.
NUM  7.
PAR  7. A penicillin or a pharmaceutically acceptable non-toxic salt thereof
      according to claim 6 wherein C has the D(-)- configuration.
NUM  8.
PAR  8. A penicillin according to claim 7 in the form of the sodium salt.
NUM  9.
PAR  9. A compound according to claim 1 which is
      D(-)-.alpha.-(3-acetyl-3-benzyl-ureido)-benzylpenicillin or the sodium
      salt thereof.
NUM  10.
PAR  10. A compound according to claim 1 which is
      D(-)-.alpha.-(3-acetyl-3-phenyl-ureido)-benzylpenicillin or the sodium
      salt thereof.
NUM  11.
PAR  11. A compound according to claim 1 which is
      D(-)-.alpha.-(3-propionyl-3-phenyl-ureido)-benzylpenicillin or the sodium
      salt thereof.
NUM  12.
PAR  12. A compound according to claim 1 which is
      D(-)-.alpha.-[3-(4-nitrophenacetyl)-3-methyl-ureido]-benzylpenicillin or
      the sodium salt thereof.
NUM  13.
PAR  13. A compound according to claim 1 which is
      D(-)-.alpha.-(3-cinnamoyl-3-methyl-ureido)-benzylpenicillin or the sodium
      salt thereof.
NUM  14.
PAR  14. A compound according to claim 1 which is
      D(-)-.alpha.-(3-m-nitrocinnamoyl-3-methyl-ureido)-benzylpenicillin or the
      sodium salt thereof.
NUM  15.
PAR  15. A compound according to claim 1 which is
      D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin or the sodium
      salt thereof.
NUM  16.
PAR  16. A compound according to claim 1 which is
      D(-)-.alpha.-(3-benzoyl-3-ethyl-ureido)-benzylpenicillin or the sodium
      salt thereof.
NUM  17.
PAR  17. A compound according to claim 1 which is
      D(-)-.alpha.-(3-benzoyl-3-allyl-ureido)-benzylpenicillin or the sodium
      salt thereof.
NUM  18.
PAR  18. A compound according to claim 1 which is
      D(-)-.alpha.-(3-benzoyl-3-phenyl-ureido)-benzylpenicillin or the sodium
      salt thereof.
NUM  19.
PAR  19. A compound according to claim 1 which is
      D(-)-.alpha.-(3-p-methylbenzoyl-3-methyl-ureido)-benzylpenicillin or the
      sodium salt thereof.
NUM  20.
PAR  20. A compound according to claim 1 which is
      D(-)-.alpha.-[3-(2-methylbenzoyl)-3-methyl-ureido]-benzylpenicillin or the
      sodium salt thereof.
NUM  21.
PAR  21. A compound according to claim 1 which is
      D(-)-.alpha.-(3-o-chlorobenzoyl-3-methyl-ureido)-benzylpenicillin or the
      sodium salt thereof.
NUM  22.
PAR  22. A compound according to claim 1 which is
      D(-)-.alpha.-(3-m-chlorobenzoyl-3-methyl-ureido)-benzylpenicillin or the
      sodium salt thereof.
NUM  23.
PAR  23. A compound according to claim 1 which is
      D(-)-.alpha.-(3-p-chlorobenzoyl-3-methyl-ureido)-benzylpenicillin or the
      sodium salt thereof.
NUM  24.
PAR  24. A compound according to claim 1 which is
      D(-)-.alpha.-[3-(2-bromobenzoyl)-3-methyl-ureido]-benzylpenicillin or the
      sodium salt thereof.
NUM  25.
PAR  25. A compound according to claim 1 which is
      D(-)-.alpha.-(3-o-fluorobenzoyl-3-methyl-ureido)-benzylpenicillin or the
      sodium salt thereof.
NUM  26.
PAR  26. A compound according to claim 1 which is
      D(-)-.alpha.-(3-o-nitrobenzoyl-3-methyl-ureido)-benzylpenicillin or the
      sodium salt thereof.
NUM  27.
PAR  27. A compound according to claim 1 which is
      D(-)-.alpha.-(3-o-chlorobenzoyl-3-ethyl-ureido)-benzylpenicillin or the
      sodium salt thereof.
NUM  28.
PAR  28. A compound according to claim 1 which is
      D(-)-.alpha.-(3-o-chlorobenzoyl-3-n-propyl-ureido)-benzylpenicillin or the
      sodium salt thereof.
NUM  29.
PAR  29. A compound according to claim 1 which is
      D(-)-.alpha.-[3-(m-nitro-p-methyl-benzoyl)-3-methyl-ureido]-benzylpenicill
     in or the sodium salt thereof.
NUM  30.
PAR  30. A compound according to claim 1 which is
      D(-)-.alpha.-[3-(4-methoxy-3-nitrobenzoyl)-3-methyl-ureido]-benzylpenicill
     in or the sodium salt thereof.
NUM  31.
PAR  31. A compound according to claim 1 which is
      D(-)-.alpha.-[3-(2,5-dichlorobenzoyl)-3-methyl-ureido]-benzylpenicillin or
      the sodium salt thereof.
NUM  32.
PAR  32. A compound according to claim 1 which is
      D(-)-.alpha.-[3-(2-nitro-4-chlorobenzoyl)-3-methyl-ureido]-benzylpenicilli
     n or the sodium salt thereof.
NUM  33.
PAR  33. A compound according to claim 1 which is
      D(-)-.alpha.-(3o,o'-dichlorobenzoyl-3-methyl-ureido)-benzylpenicillin or
      the sodium salt thereof.
NUM  34.
PAR  34. A compound according to claim 1 which is
      D(-)-.alpha.-[3-(2,4-dichlorobenzoyl)-3-methyl-ureido]-benzylpenicillin or
      the sodium salt thereof.
NUM  35.
PAR  35. A compound according to claim 1 which is
      D(-)-.alpha.-[3-nitro-4-methoxybenzoyl)-3-ethyl-ureido]-benzylpenicillin
      or the sodium salt thereof.
NUM  36.
PAR  36. A compound according to claim 1 which is
      D(-)-.alpha.-[3-(3-nitro-4-methoxybenzoyl)-3-n-propyl-ureido]-benzylpenici
     llin or the sodium salt thereof.
NUM  37.
PAR  37. A compound according to claim 1 which is
      D(-)-.alpha.-(3-o-chlorobenzoyl-3-methyl-ureido)-.alpha.-thienyl(2)-methyl
     penicillin or the sodium salt thereof.
NUM  38.
PAR  38. The compound according to claim 1 which is
      .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin or the
      sodium salt thereof.
NUM  39.
PAR  39. The compound according to claim 1 which is
      D,L-.alpha.-(3-benzoyl-3-methyl-ureido)-p-methylbenzylpenicillin or the
      sodium salt thereof.
NUM  40.
PAR  40. The compound according to claim 1 which is
      D(-)-.alpha.-(3-p-methoxybenzoyl-3-methyl-ureido)-benzylpenicillin or the
      sodium salt thereof.
NUM  41.
PAR  41. The compound according to claim 1 which is
      D(-)-.alpha.-(3-p-methoxycarbonylaminobenzoyl-3-methyl-ureido)-benzylpenic
     illin or the sodium salt thereof.
NUM  42.
PAR  42. The compound according to claim 1 which is
      D(-)-.alpha.-(3-p-chlorobenzoyl-3-ethyl-ureido)-benzylpenicillin or the
      sodium salt thereof.
NUM  43.
PAR  43. The compound according to claim 1 which is
      .alpha.-(3-benzoyl-3-methyl-ureido)-4-methylthiobenzylpenicillin or the
      sodium salt thereof.
NUM  44.
PAR  44. The compound according to claim 1 which is
      D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-4-methoxybenzylpenicillin or the
      sodium salt thereof.
NUM  45.
PAR  45. The compound according to claim 1 which is
      D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-2,6-dichlorobenzylpenicillin or the
      sodium salt thereof.
NUM  46.
PAR  46. The compound according to claim 1 which is
      .alpha.-(3-o-fluorobenzoyl-3-methyl-ureido)-.alpha.-p-tolyl-methylpenicill
     in or the sodium salt thereof.
NUM  47.
PAR  47. The compound according to claim 1 which is
      D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-.alpha.-thienyl(2)-methylpenicillin
      or the sodium salt thereof.
NUM  48.
PAR  48. The compound according to claim 1 which is
      L(+)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin or the sodium
      salt thereof.
NUM  49.
PAR  49. The compound according to claim 1 which is
      .alpha.-(3-o-fluorobenzoyl-3-methyl-ureido)-.alpha.-p-tolyl-methylpenicill
     in or the sodium salt thereof.
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ABST
PAL  The invention provides novel antibiotic compounds which are
      6.beta.-acylamidopenam-3-carboxylic acids and non-toxic derivatives
      thereof, characterized in that the acylamido group has the structure
      ##EQU1##
      WHERE R is a hydrogen atom or an organic group and R.sup.a is a hydrogen
      atom or an acyl group. The compounds are syn isomers or exist as mixtures
      containing at least 75% of the syn isomer. These antibiotic compounds
      possess high antibacterial activity against a range of gram positive and
      gram negative organisms coupled with particularly high stability to
      .beta.-lactamases produced by various gram negative organisms. The
      invention is also concerned with the administration of the compounds.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 466,780, filed May
      3, 1974, which is in turn a division of application Ser. No. 274,602,
      filed July 24, 1972, and now abandoned, which is in turn a
      continuation-in-part of application Ser. No. 221,057, filed Jan. 26, 1972
      and now abandoned.
BSUM
PAR  This invention is concerned with improvements in or relating to antibiotics
      of the penicillin series.
PAR  The penicillin compounds referred to in this specification are generally
      named with reference to penam (J. Amer. Chem. Soc. 1953, 75, 3293).
PAR  As is well known, antibiotics of the penicillin series are
      6.beta.-acylamidopenam-3-carboxylic acids and their various non-toxic
      derivatives e.g. salts, esters, amides, hydrates or the corresponding
      sulphoxides. Such antibiotics may, for example, carry substituents on at
      least one of the gem-dimethyl groups normally present at the 2-position.
PAR  The new compounds of the present invention are characterized in that said
      acylamide group of the penicillin antibiotic is an
      .alpha.-hydroxyiminoacylamido or .alpha.-acyloxyiminoacylamido group, the
      compounds being syn isomers or mixtures wherein the syn isomeric form
      predominates.
PAR  According to one embodiment of the invention, therefore, we provide
      compounds selected from the group consisting of
      6.beta.-acylamidopenam-3-carboxylic acids and nontoxic derivatives thereof
      characterized in that said acylamido group has the structure:
      ##EQU2##
      WHERE R is a hydrogen atom or an organic group and R.sup.a is a hydrogen
      atom or an acyl group, said compounds being syn isomers or existing as
      mixtures containing at least 75% of the syn isomer.
PAR  The compounds of the invention are defined as having the syn (cis) isomeric
      form as regards the configuration of the group OR.sup.a with respect to
      the carboxamido group. Preferably, the mixtures of isomers contain at
      least 90% of the syn isomer and not more than 10% of the anti isomer.
PAR  In this specification, the syn configuration is structurally denoted thus:-
      ##EQU3##
      AND THE ANTI CONFIGURATION THUS:
      ##EQU4##
PAR  These configurations are allocated on the basis of the work of Ahmad and
      Spencer, Can. J. Chem,. 1961, 39, 1340.
PAR  The compounds of the invention may be defined by the formula:-
      ##SPC1##
PAL  where R and R.sup.a have the above-defined meanings and B is &gt;S or &gt; S
      .fwdarw. O, preferably &gt; S. The invention also includes compounds not
      specifically embraced by formula (I), e.g. 2.beta.-acetoxymethyl
      penicillins.
PAR  The term "non-toxic" as applied to the derivatives of the compounds of the
      invention means those derivatives which are physiologically acceptable in
      the dosage at which they are administered.
PAR  Salts which may be formed where applicable, from the compounds according to
      the invention include (a) inorganic base salts such as alkali metal, e.g.
      sodium and potassium, alkaline earth metal e.g. calcium, and organic base,
      e.g. procaine, phenylethylbenzylamine and dibenzylethylene diamine, salts
      and (b) acid addition salts e.g., with hydrochloric, hydrobromic,
      sulphuric, nitric, phosphoric, toluene-p-sulphonic and methane sulphonic
      acids. The salts may also be in the form of resinates, formed e.g., with a
      polystyrene resin containing amino, quaternary amino, or sulphonic acid
      groups, or a resin containing carboxyl groups, e.g. a polyacrylic acid
      resin. The resin may if desired be cross-linked, e.g. it may be a
      copolymer of styrene and divinyl-benzene containing the appropriate
      groups. Additionally, the derivatives may be in the form of a chelate with
      a heavy metal such as iron or copper.
PAR  The compounds of the invention, including the nontoxic derivatives thereof,
      are characterized by their high antibacterial activity against a range of
      gram-positive and gram-negative organisms coupled with particularly high
      stability of .beta.-lactamases produced by various gram negative
      organisms.
PAR  The group R.sup.a in the above formulae, when it is acyl, may be chosen
      from a wide variety of possible groups. Thus the group R.sup.a may be a
      carboxylic acyl group R.sup.c CO having from 1 to 20 carbon atoms. In
      particular R.sup.c may be an aliphatic, cycloaliphatic or aromatic group
      or it may be such an organic group linked to the carbonyl group through an
      oxygen atom, a sulphur atom or an imino group. Such an aliphatic,
      cycloaliphatic or aromatic group may be substituted by halogen (F, Cl, Br
      or I), amino, nitro, C.sub.1 -C.sub.6 alkyl, C.sub.1 -C.sub.6 alkoxy etc.
PAR  Particular examples of R.sup.a include alkanoyl, alkenoyl and alkynoyl of
      up to 7 carbon atoms e.g. acetyl, propionyl, butyryl, acrylyl, crotonyl;
      substituted, e.g. halogenated (F, Cl, Br, I) or amino or substituted amino
      derivatives of such groups e.g. chloroacetyl, dichloroacetyl or
      .beta.-aminopropionyl; alkoxycarbonyl of up to 7 carbon atoms e.g.
      ethoxycarbonyl, and t-butoxycarbonyl; substituted alkoxycarbonyl e.g.
      2,2,2-trichloroethoxycarbonyl; alkylthiocarbonyl of up to 7 carbon atoms
      and substituted derivatives thereof; aralkyloxycarbonyl e.g.
      benzhydryloxycarbonyl and benzyloxycarbonyl; C.sub.7 -C.sub.13 aroyl e.g.
      benzoyl and substituted, e.g. nitrated derivatives of such groups e.g.
      nitrobenzoyl; and substituted or unsubstituted carbamoyl or thiocarbamoyl
      i.e. compounds in which the group R.sup.a has the formula (R.sup.b).sub.2
      N.CO-- or (R.sup.b).sub.2 N.CS-- and R.sup.b is the same or different and
      each is a hydrogen atom or a substituent such as alkyl of 1-7 carbon atoms
      e.g. ethyl or methyl and substituted e.g. halogenated, alkyl of 1-7 carbon
      atoms e.g. chloroethyl, or R.sup.u, where R.sup.u has the meaning defined
      below.
PAR  The group R in the above general formulae may be chosen from the following
      list which is not intended to be exhaustive:
PAR  i. Hydrogen,
PAR  ii. R.sup.u, where R.sup.u is aryl (carbocyclic or heterocyclic),
      cycloalkyl, substituted aryl, substituted cycloalkyl, cycloalkadienyl, or
      a non-aromatic or mesionic group. Examples of this group include phenyl;
      naphthyl; phenyl or naphthyl substituted by halo e.g. chloro or bromo,
      hydroxy, lower alkyl e.g. methyl, nitro, amino, lower alkylamino e.g.
      methylamino, diloweralkyl amino e.g. dimethylamino, lower alkanoyl e.g.
      acetyl, lower alkanoylamido, lower alkoxy e.g. methoxy or ethoxy. or lower
      alkylthio e.g. methylthio; a 5- or 6- membered heterocyclic group
      containing at least one hetero atom selected from S, N and O e.g.
      thien-2-yl, thien-3-yl, furyl pyridyl 3- or 4-isoxazolyl, substituted 3-
      or 4-isoxazolyl e.g. 3-aryl-5-methylisoxazol-4-yl, the aryl group being
      e.g. phenyl or halophenyl; cyclohexyl; cyclopentyl; sydnone; and
      cyclohexadienyl.
PAR  iii. R.sup.u (CH.sub.2).sub.m Q.sub.n (CH.sub.2).sub.p where R.sup.u has
      the above defined meaning and m is O or an integer from 1 to 4,  n is O or
      l, p is an integer from 1 to 4 and Q is S. O or NR wherein R is hydrogen
      or an organic group e.g. alkyl such as methyl or aryl such as phenyl.
      Examples of this group include methyl, ethyl or butyl substituted by the
      various specific R.sup.u groups listed under (ii) e.g. benzyl and the
      appropriate substituted benzyl groups.
PAR  iv. C.sub.n H.sub.2n.sub.+1 wherein n is an integer from 1 to 7. The group
      may be straight or branched and, if desired, may be interrupted by an
      oxygen or sulphur atom or the group NR wherein R is hydrogen or an organic
      group e.g. alkyl such as methyl or aryl such as phenyl; or be substituted
      by a cyano, carboxy, alkoxycarbonyl, hydroxy or carboxycarbonyl (HOOC.CO.)
      group or by a halogen atom. Examples of such groups include hexyl, heptyl,
      butylthiomethyl, cyanomethyl or trihalomethyl.
PAR  v. C.sub.n H.sub.2n.sub.-1 where n is an integer from 2 to 7. The group may
      be straight or branched and, if desired, may be interrupted by an oxygen
      or sulphur atom or the group NR wherein R is hydrogen or an organic group
      e.g. alkyl such as methyl or aryl such as phenyl. An example of such a
      group is vinyl or propenyl.
PAR  vi. C.sub.n H.sub.2n.sub.-3 where n is an integer from 2 to 7. An example
      of such a group is ethynyl.
PAR  vii. Miscellaneous carbon-linked organic groups including cyano, amido and
      lower alkoxycarbonyl.
PAC  PREPARATION
PAR  The compounds according to the invention may be prepared by any convenient
      method. According to one embodiment of the invention we provide a process
      for the preparation of a compound of the formula
      ##SPC2##
PAL  (wherein R is a hydrogen atom or an organic group, R.sup.a is hydrogen or
      an acyl group and B is &gt; S or &gt; S .fwdarw. O) and derivatives thereof,
      which comprises either (A) condensing a compound of the formula
      ##SPC3##
PAL  (wherein B has the above defined meaning and R.sup.1 is hydrogen or a
      carboxyl blocking group) with an acylating agent, advantageously the syn
      isomer, corresponding to the acid
      ##EQU5##
      (wherein R and R.sup.a have the above defined meanings) or with an
      acylating agent corresponding to an acid which is a precursor for the acid
      (III) and converting the resulting precursor acyl group into the desired
      acyl group; or (B) reacting a compound of the formula
      ##SPC4##
PAL  (wherein B and R.sup.1 have the above defined meaning except that R.sup.1
      is not hydrogen) with an acid of formula (III) wherein R.sup.a is not
      hydrogen; whereafter, if necessary and desired in each instance, any of
      the following reactions (C) are carried out (i) conversion of a precursor
      for the desired
      ##EQU6##
      group into that said group  (ii) removal of any carboxyl blocking groups
      and (iii) reduction of a compound in which Z is &gt; S .fwdarw. O to form the
      desired Z= &gt; S compound; and (D) recovering the desired compound of
      formula (I), if necessary after separation of isomers.
PAR  Salts of the compounds according to the invention may be formed in any
      convenient way. For example base salts may be formed by reaction of the
      penicillin acid with sodium or potassium 2-ethylhexanoate.
PAR  In practice it is convenient to condense an acylating agent corresponding
      to the acid
      ##EQU7##
      where R and R.sup.a have the above defined meanings, with an amino
      compound
      ##SPC5##
PAL  [where B has the above defined meaning and R.sup.1 is hydrogen or a
      carboxyl blocking group e.g. the residue of an ester-forming alcohol
      (aliphatic or araliphatic), phenol, silanol, stannanol or acid] the
      condensation, if desired, being effected in the presence of a condensation
      agent, and being followed, if necessary, by removal of the group R.sup.1.
      There may also be used a derivative of the amino compounds such as a salt
      e.g. a tosylate.
PAR  Compounds in which R.sup.a is hydrogen may be prepared indirectly and
      compounds in which R.sup.a is not hydrogen may be prepared directly by
      employing as the acylating agent an acid halide, particularly an acid
      chloride or bromide. In the preparation of a compound in which R.sup.a is
      hydrogen by this technique an additional step will be necessary in which
      the acyl group R.sup.a is removed to yield the hydroxyimine compound. The
      acylation may be effected at temperatures of from -50.degree. to
      +50.degree.C, preferably from -20.degree. to +20.degree.C e.g. about
      0.degree.C. The acylating agent may be prepared by reacting the acid (III)
      in which R.sup.a is not hydrogen with a halogenating agent e.g. phosphorus
      pentachloride, thionyl chloride or oxalyl chloride. The acylation may be
      effected in aqueous or non-aqueous media and suitable media include an
      aqueous ketone such as aqueous acetone an ester e.g. ethyl acetate, or an
      amide e.g. dimethylacetamide, or a nitrile e.g. acetonitrile, or mixtures
      thereof.
PAR  Acylation with an acid halide may be effected in the presence of an acid
      binding agent e.g. a tertiary amine (e.g. triethylamine or
      dimethylaniline), an inorganic base (e.g. calcium carbonate or sodium
      bicarbonate) or an oxirane, which binds hydrogen halide liberated in the
      acylation reaction. The oxirane is preferably a lower-1, 2-alkylene oxide
      e.g. ethylene oxide or propylene oxide.
PAR  When using the free acid form of a compound of formula (III) and, if
      desired, where R.sup.a =H, suitable condensing agents for use in the
      preparation of the compounds according to the invention include
      carbodiimides, for example N,N'-diethyl-, dipropyl- or
      diisopropylcarbodiimide, N,N'-dicyclohexylcarbodiimide, or
      N-ethyl-N'-.gamma.-dimethylaminopropylcarbodiimide; a suitable carbonyl
      compound, for example carbonyldiimidazole; or an isoxazolinium salt, for
      example, N-ethyl-5-phenylisoxazolinium-3'-sulphonate and
      N-t-butyl-5-methylisoxazolinium perchlorate. The condensation reaction is
      desirably effected in an anhydrous reaction medium, e.g. methylene
      chloride, dimethylformamide or acetonitrile, since one may then regulate
      more precisely reaction parameters such as temperature.
PAR  Alternatively, acylation may be effected with other amide-forming
      derivatives of the free acid such as, for example, a symmetrical anhydride
      or mixed anhydride, e.g. with pivalic acid or formed with a haloformate,
      e.g. a lower alkylhaloformate. The mixed or symmetrical anhydrides may be
      generated in situ. For example, a mixed anhydride may be generated using
      N-ethoxycarbonyl-2-ethoxy-1, 2-dihydroquinoline. Mixed anhydrides may also
      be formed with phosphorus acids (for example phosphoric or phosphorous
      acids), sulphuric acid or aliphatic or aromatic sulphonic acids (for
      example p-toluene sulphonic acid). Another convenient acylating agent is
      an activated ester e.g. a compound of the formula
      ##EQU8##
      where W, is for example, azide, oxysuccinimide, oxybenztriazole,
      pentachlorophenoxy or p-nitrophenoxy.
PAR  One may prepare compounds according to the invention in which R.sup.a = H
      by condensing an acylating agent corresponding to the acid (III) in which
      R.sup.a is not hydrogen but is a group which can be readily removed to
      yield the desired group =N.about.OH with a compound of formula II. The
      R.sup.a group is removed subsequently, if desired in conjunction with the
      removal of the group R.sup.1. Illustrative of such readily removable
      R.sup.a groups are acetyl, if desired having at least one
      electron-with-drawing group on the .alpha.-carbon atom e.g.
      trichloroacetyl, dichloroacetyl, monochloroacetyl, trifluoroacetyl,
      difluoroacetyl and monofluoroacetyl; formyl; benzhydryloxycarbonyl,
      benzyloxycarbonyl, t-butoxycarbonyl and 2,2,2-trichloroethoxycarbonyl. The
      removal of such groups may for example be effected under mildly basic
      conditions. Thus, for example, an acetyl group may be removed by means of
      treatment with aqueous alkali. Halogenated acetyl groups may be removed by
      means of aqueous bicarbonate and, additionally, chloroacetyl can be
      removed using a nucleophile such as a thiourea. Benzhydryloxycarbonyl and
      t-butoxycarbonyl groups can be removed using trifluoroacetic acid with or
      without anisole. 2,2,2-Trichloroethoxycarbonyl may be removed by means of
      a reducing agent such as zinc/acetic acid or zinc/formic acid. It will be
      appreciated that although the preparation of compounds having readily
      removable R.sup.a groups affords a convenient route to hydroxyimino
      compounds, compounds with such R.sup.a groups are also compounds according
      to the invention and may possess desirable properties in their own right.
PAR  Alternatively the compound of formula (I) may be prepared from a compound
      of formula
      ##SPC6##
PAL  where B and R.sup.1 have the above defined meanings (except that R.sup.1 is
      not H) by reaction with an acid of formula (III) (where R.sup.a is not H)
      and subsequently removing the groups R.sup.1 and, if desired, R.sup.a (see
      for example Dutch Patent Application No. 6,808,622).
PAR  The reaction of the compound of formula (II) or (IV) may be carried out
      towards the end of the preparative sequence, the only additional reactions
      being deprotection reactions and purifications.
PAR  Compounds of formula I where R.sup.a = acyl may be obtained from the
      corresponding compounds of formula I where R.sup.a = H or from esters
      thereof (i.e. having at the 3-position a group COOR.sup.1, R.sup.1 having
      the above defined meaning) by acylation. Acylation may be effected in any
      convenient manner e.g. using an acid halide, symmetrical or mixed
      anhydride, ketene, acyl azide or carbodiimide (when the 3-carboxy group is
      protected) corresponding to the acid R.sup.a OH. Alternatively the
      acylation may be effected by means of a haloformate for example a
      chloroformate such as ethylchloroformate whereupon one will obtain
      carbonates or by means of an isocyanate R.sup.b NCO for example
      2-chloroethyl isocyanate whereupon one will obtain carbamates in which
      OR.sup.a has the formula R.sup.b NHCO.O-- where R.sup.b has the above
      defined meaning. The acylation may be catalysed e.g. by a base such as
      triethylamine, diethylaniline, pyridine, propylene oxide, magnesium oxide,
      sodium carbonate or calcium carbonate. The acylation may be effected in an
      organic solvent. Suitable solvents include halogenated hydrocarbons e.g.
      methylene chloride; cyclic ethers e.g. dioxan or tetrahydrofuran; nitriles
      e.g. acetonitrile; nitrohydrocarbons e.g. nitromethane; esters e.g. ethyl
      acetate; or the acylating agent itself. The acylation may be effected at a
      temperature of -10.degree. to +100.degree.C, preferably 0.degree. to
      50.degree.C advantageously 0.degree. to 30.degree.C. After the acylation
      has been effected the group R.sup.1 is removed, if necessary.
PAR  If desired, one can first prepare a compound of formula
      ##SPC7##
PAL  (where R, R.sup.1 and B have the above defined meanings) and then effect
      reaction of the compound of formula (VI) with R.sup.a O.NH.sub.2 (R.sup.a
      having the above defined meaning), followed, if necessary by removal of
      the group R.sup.1. The reaction product may be separated into syn and anti
      isomers before or after removal of R.sup.1.
PAR  One may prepare compounds of formula (I) wherein R is an activating group
      such as cyano or pyridyl by a technique involving nitrosation. Thus a
      compound possessing the acylamido group
      ##EQU9##
      may be nitrosated using, for example, nitrous acid (which may be prepared
      in situ by reaction of an alkali metal nitrite with a weak acid e.g.
      acetic acid), nitrosyl chloride, or an organic nitrosating agent e.g. an
      alkyl, cycloalkyl, aryl or aralkyl nitrite. In the case of nitrosation of
      a compound containing the group
      ##EQU10##
      concomitant decarboxylation will occur. Separation of syn and anti-isomers
      may be necessary after the nitrosation reaction.
PAR  Compounds of the formula (II) may be employed as esters; those of formula
      (IV) are esters. One may also use the free amino acid or an acid addition
      salt of the free amino acid or ester thereof. Salts which may be used
      include acid addition salts e.g. with hydrochloric, hydrobromic,
      sulphuric, nitric, phosphoric, toluene-p-sulphonic and methane sulphonic
      acids.
PAR  The ester may be formed with an alcohol, phenol silanol or stannanol having
      up to 20 carbon atoms which may readily be split off at a later stage of
      the overall reaction.
PAR  Any esterifying group substituting the 4-carboxyl group of a compound of
      formula (II), (IV) or (VI) is preferably formed with an alcohol (aliphatic
      or araliphatic), phenol, silanol, stannanol or acid which may readily be
      split off at a later stage of the reaction.
PAR  Suitable esters thus include compounds containing as ester group a group
      selected from the following list which is not intended to be an exhaustive
      list of possible ester groups.
PAR  i. -- COOCR.sup.a R.sup.b R.sup.c wherein at least one of R.sup.a, R.sup.b
      and R.sup.c is an electron-donor e.g. p-methoxyphenyl,
      2,4,6-trimethylphenyl, 9-anthryl, methoxy, acetoxy, or fur-2-yl. The
      remaining R.sup.a, R.sup.b and R.sup.c groups may be hydrogen or organic
      substituting groups. Suitable ester groups of this type include
      p-methoxybenzyloxycarbonyl and 2,4,6-trimethylbenzyloxy carbonyl.
PAR  ii. -- COOCR.sup.a R.sup.b R.sup.c wherein at least one of R.sup.a, R.sup.b
      and R.sup.c is an electron-attracting group e.g. benzoyl, p-nitrophenyl,
      4-pyridyl, trichloromethyl, tribromomethyl, iodomethyl, cyanomethyl,
      ethoxycarbonylmethyl, arylsulphonylmethyl, 2-dimethylsulphoniumethyl,
      o-nitrophenyl or cyano. The remaining R.sup.a, R.sup.b, and R.sup.c groups
      may be hydrogen or organic substituting groups. Suitable esters of this
      type include benzoylmethoxycarbonyl, p-nitrobenzyloxycarbonyl,
      4-pyridylmethoxycarbonyl, 2,2,2-trichloroethoxycarbonyl and
      2,2,2-tribromoethoxycarbonyl.
PAR  iii. -- COOCR.sup.a R.sup.b R.sup.c wherein at least two of R.sup.a,
      R.sup.b and R.sup.c are hydrocarbon such as alkyl e.g. methyl or ethyl, or
      aryl e.g. phenyl and the remaining R.sup.a, R.sup.b and R.sup.c group, if
      there is one, is hydrogen. Suitable esters of this type include
      t-butyloxycarbonyl, t-amyloxycarbonyl, diphenylmethoxycarbonyl and
      triphenylmethoxycarbonyl.
PAR  iv. -- COOR.sup.d wherein R.sup.d is adamantyl, 2-benzyloxyphenyl,
      4-methylthiophenyl, tetrahydrofur-2-yl or tetrahydropyran-2-yl.
PAR  v. Silyloxycarbonyl groups obtained by reaction of a carboxyl group with a
      derivative of a silanol. The derivative of a silanol is conveniently a
      halosilane or a silazane of the formula R.sup.4.sub.3 SiX; R.sup.4.sub.2
      SiX.sub.2 ; R.sup.4.sub.3 Si.NR.sup.4.sub.2 ; R.sup.4.sub.3
      Si.NH.SiR.sup.4.sub.3 ; R.sup.4.sub.3 Si.NH.COR.sup.4 ; R.sup.4.sub.3
      Si.NH.CO.NH.SiR.sup.4.sub.3 ; R.sup.4 NH.CO.NR.sup.4.SiR.sup.4.sub.3 ; or
      R.sup.4 C(OSiR.sup.4.sub.3): NSiR.sup.4.sub.3 where X is a halogen and the
      various groups R.sup.4, which can be the same or different, represent
      hydrogen atoms or alkyl, e.g. methyl, ethyl, n-propyl, iso-propyl; aryl,
      e.g. phenyl; or aralkyl e.g. benzyl groups. Preferred derivatives of
      silanols are silyl chlorides such as for example trimethylchlorosilane and
      dimethyldichlorosilane.
PAR  The carboxyl group may be regenerated from an ester by any of the usual
      methods, for example, acid- and base-catalysed hydrolysis is generally
      applicable, as well as enzymically-catalysed hydrolyses; however, aqueous
      mixtures may be poor solvents for these compounds and they may cause
      isomerization, rearrangements, sidereactions, and general destruction, so
      that special methods may be desirable. Five suitable methods of
      deesterification are
PAR  1. Reactions with Lewis acids
PAR  Suitable Lewis acids for reaction with the esters include trifluoroacetic
      acid, formic acid, hydrochloric acid in acetic acid, zinc bromide in
      benzene and aqueous solutions or suspensions of mercuric compounds. The
      reaction with the Lewis acid may be facilitated by addition of a
      nucleophile such as anisole.
PAR  2. Reduction
PAR  Suitable systems for effecting reduction are zinc/acetic acid, zinc/formic
      acid, zinc/lower alcohol, zinc/pyridine, palladised-charcoal and hydrogen,
      and sodium and liquid ammonia.
PAR  3. Attack by nucleophiles
PAR  Suitable nucleophiles are those containing a nucleophilic oxygen or sulphur
      atom for example alcohols, mercaptans and water.
PAR  4. Oxidative methods, for example, those which involve the use of hydrogen
      peroxide and acetic acid.
PAR  5. Irradiation
PAR  Where at the end of a given preparative sequence compounds are obtained
      wherein B is &gt;S.fwdarw.O and a compound is desired in which B is &gt;S
      conversion to a sulphide may for example, be effected by reduction of the
      corresponding acyloxysulphonium or alkyloxysulphonium salt prepared in
      situ by reaction with e.g. acetyl chloride in the case of an
      acetoxysulphonium salt, reduction being effected by, for example, sodium
      dithionite or by iodide ion as in a solution of potassium iodide in a
      water miscible solvent e.g. acetic acid, tetrahydrofuran, dioxan,
      dimethylformamide or dimethylacetamide. The reaction may be effected at a
      temperature of -20.degree. to +50.degree.C.
PAR  Alternatively, reduction of the 1-sulphinyl group may be effected by
      phosphorus trichloride or tribromide in solvents such as methylene
      chloride, dimethylformamide or tetrahydrofuran, preferably at a
      temperature of -20.degree.C to +50.degree.C.
PAR  The acid (III) to which the acylating agent corresponds may be obtained by
      reacting the glyoxylic acid.
EQU  R.CO.COOH
PAL  (where R has the above defined meaning) or an ester thereof with R.sup.a
      O.NH.sub.2 (R.sup.a having the above defined meaning).
PAR  The resulting acid or ester may then be separated into its syn and anti
      isomers e.g. by crystallisation, chromatography or distillation, followed
      when necessary by hydrolysis of the ester.
PAR  Alternatively the acid (III) where R.sup.a =H may be obtained by reacting
      an ester of the acid
EQU  R.CH.sub.2 COOH
PAL  (where R has the above defined meaning) with an inorganic or organic
      nitrosating agent e.g. an alkyl nitrite such as isopropyl nitrite, or
      nitrosyl chloride in the presence of an acid or base. We prefer that an
      excess of the nitrosating agent be used e.g. a molar excess. Thereafter
      the ester group is removed, if necessary.
PAR  Syn and anti isomers may be distinguished by appropriate techniques, e.g.
      by their ultraviolet spectra, by thin layer or paper chromatography or by
      their nuclear magnetic resonance spectra. For example, for DMSO-d.sub.6
      solution compounds of Formula I exhibit the doublet for the amide NH at a
      lower field for the syn isomers than for the anti-isomers). These factors
      may be employed in monitoring reactions.
PAR  The antibacterial compounds according to the invention may be formulated
      for administration in any convenient way, by analogy with other
      antibiotics and the invention therefore includes within its scope a
      pharmaceutical composition comprising an antibacterial compound of formula
      I or a non-toxic derivative e.g. salt thereof (as herein defined) adapted
      for use in human or veterinary medicine. Such compositions may be
      presented for use in conventional manner with the aid of any necessary
      pharmaceutical carriers or excipient.
PAR  The antibacterial compounds according to the invention may be formulated
      for injection and may be presented in unit dose form in ampoules, or in
      multidose containers with an added preservative. The compositions may take
      such forms as suspensions, solutions, emulsions in oily or aqueous
      vehiclels, and may contain formulatory agents such as suspending,
      stabilising and/or dispersing agents. Alternatively the active ingredient
      may be in powder form for reconstitution with a suitable vehicle, e.g.
      sterile, pyrogen-free water, before use.
PAR  The compositions may be presented in a form suitable for absorption by the
      gastro-intestinal tract. Tablets and capsules for oral administration may
      be in unit dose presentation form, and may contain conventional excipients
      such as binding agents, for example, syrup, acacia, gelatin, sorbitol,
      tragacanth, or polyvinyl-pyrollidone; fillers, for example lactose, sugar,
      maize starch, calcium phosphate, sorbitol or glycine; lubricants, for
      example, magnesium stearate, talc, polyethylene glycol, silica;
      disintegrants, for example, potato starch or acceptable wetting agents
      such as sodium lauryl sulphate. The tablets may be coated according to
      methods well known in the art. Oral liquid preparation may be in the form
      of aqueous or oily suspensions, solutions, emulsions, syrups elixirs, etc.
      or may be presented as a dry product, for reconstitution with water or
      other suitable vehicle before use. Such liquid preparations may contain
      conventional additives such as suspending agents, for example, sorbitol
      syrup, methyl cellulose, glucose/sugar syrup, gelatin,
      hydroxyethylcellulose, carboxymethyl cellulose, aluminium stearate gel or
      hydrogenated edible fats, emulsifying agents, for example, lecithin,
      sorbitan monooleate or acacia; non-aqueous vehicles which may include
      edible oils, for example, almond oil, fractionated coconut oil, oily
      esters, propylene glycol, or ethyl alcohol, preservatives, for example,
      methyl or propyl p-hydroxybenzoates or sorbic acid. Suppositories will
      contain conventional suppository bases, e.g. cocoa butter or other
      glyceride.
PAR  The composition may also be prepared in suitable forms for absorption
      through the mucous membranes of the nose and throat or bronchial tissues
      and may conveniently take the form of powder or liquid sprays or
      inhalants, lozenges, throat paints etc. For medication of the eyes or
      ears, the preparations may be presented as individual capsules, in liquid
      or semi-liquid form, or may be used as drops etc. Topical applications may
      be formulated in hydrophobic or hydrophilic bases as ointments, creams,
      lotions, paints, powders etc.
PAR  For veterinary medicine the composition, may, for example, be formulated as
      an intramammary preparation in either long acting or quick-release bases.
PAR  The compositions may contain from 0.1% upwards, preferably from 10-60% of
      the active material, depending on the method of administration. Where the
      compositions comprise dosage units, each unit will preferably contain
      50-500 mg. of the active ingredient. The dosage as employed for adult
      human treatment will preferably range from 100-3000 mg. for instance 1500
      mg per day, depending on the route and frequency of administration.
PAR  The compounds according to the invention may be administered in combination
      with other therapeutic agents such as antibiotics, for example other
      cephalosporins, the penicillins or tetracyclines.
DETD
PAR  The following examples illustrate the invention.
PAC  2-Hydroxyimino-Acetic Acids and Derivatives
PAC  PREPARATION 1--2 -Hydroxyimino(thien-2-yl)acetic acid (syn-isomer)
PAR  A cooled solution of hydroxylamine hydrochloride (0.884 g) and sodium
      bicarbonate (1.08 g) in water (20 ml.) was added to a cooled (0.degree.)
      solution of thien-2-yl-glyoxylic acid (2.0 g) and sodium bicarbonate (1.08
      g) in water (20 ml.). After 2 days at 20.degree. the solution was
      extracted with ether, cooled and acidified with concentrated hydrochloric
      acid. The resulting white solid was filtered off (0.564 g) and the
      filtrate was then thoroughly extracted with ether. The combined extracts
      were washed with brine, dried and concentrated. The solid residue was
      triturated with benzene to give the oxime (synisomer) (1.05 g; 51%), m.p.
      132.degree., .lambda..sub.max. (ethanol) 284 nm (.epsilon.9,500),
      .nu..sub.max. (Nujol) 2590 and 1706 (CO.sub.2 H) and 1655 cm.sup..sup.-1
      (c=N), .tau. (DMSO-d6), -2.5 to -0.5 (broad multiplet; N-OH and COOH),
      2.36 (multiplet; thienyl C-5 H) and 2.82  (multiplet; thienyl C-3 H and
      C-4 H).
PAC  PREPARATION 2--2 2-Dichloroacetoxyiminophenylacetic acid (syn-isomer)
PAR  To a mixture of methylene chloride (45 ml) and dichloroacetyl chloride (10
      ml) was added portionwise with stirring 2-hydroxyiminophenylacetic acid
      (synisomer) (5g) in portions over about 15 minutes. The reaction mixture
      became solid, and was stirred for 1 hour at room temperature after the
      addition was complete. The reaction was diluted with petroleum (b.p.
      40.degree.-60.degree.), filtered, and the solid washed several times with
      petroleum spirit to remove residual acid chloride. The solid was dried
      under vacuum, giving 2-dichloroacetoxyiminophenylacetic acid
      (syn-isomer)(8.0g; 96%), m.p. 115.degree., .nu..sub.max. (CHBr.sub.3) 3470
      and 1750 (--CO.sub.2 H), 1765 cm..sup. .sup.-1 (ester), .tau. (CDCl.sub.3)
      values include 2.0 - 2.7 (multiplet; aromatic protons), 3.85 (singlet;
      CHCl.sub.2).
PAC  PREPARATION 3 -- 2-Dichloroacetoxyimino-(thien-2-yl)acetic acid (synisomer)
PAR  2-Hydroxyimino-(thien-2-yl)acetic acid (synisomer) (38g.) was added
      portionwise to a stirred solution of dichloroacetyl chloride (70 ml.) in
      dry methylene chloride (350 ml.) at 20.degree.. Stirring was continued and
      after ca. 20 mins. white fibrous crystals formed. The suspension was
      stirred for 10 mins. longer and then filtered. The solid was washed with
      methylene chloride and petroleum to give the title acid (38.5 g., 61%)
      .lambda..sub.max. (EtOH) 262.5 (.epsilon. 9,520), 291 nm (.epsilon.
      8,580).
PAC  PREPARATION 4 -- 2-Hydroxyimino-2(thien-3-yl)-acetic acids
PAR  To a stirred solution of hydroxylamine hydrochloride (1.15 g) in methanol
      (15 mls) containing phenolphthalein (2 drops) was added a solution of
      sodium methoxide in methanol until a pink colour was obtained. After the
      addition of one crystal of hydroxylamine hydrochloride to discharge the
      pink colour the mixture was added to a solution of thien-3-yl-glyoxylic
      acid (2.0 g) in methanol (10 mls) and refluxed for 1 hr. The methanol was
      evaporated to a small volume and the residue was partitioned between ethyl
      acetate and water. The aqueous layer was acidified to pH 1 with
      2N-hydrochloric acid and extracted with ethyl acetate. After drying, the
      ethyl acetate was evaporated to yield a white solid consisting of isomeric
      2-hydroxyimino-2-(thien-3-yl) acetic acids. .lambda..sub.max. (ethanol)
      254.5 nm (.epsilon. 9,700), .nu..sub.max. (CHBr.sub.3) 3540 (OH unbonded),
      3200 (OH bonded) and 1750 cm..sup. .sup.-1 (COOH) .tau. (DMSOd.sub.6)
      values include 1.78 [multiplet; thienyl protons (anti isomer)] , 2.2 to
      2.7 (complex multiplet; thienyl protons).
PAC  PREPARATION 5 -- 2-Dichloroacetoxyimino-2-(thien-3-yl)acetyl chloride (syn
      isomer)
PAR  2-Hydroxyimino-2-(thien-3-yl)acetic (1.03 g) mixture was added portionwise
      to a stirred solution of dichloroacetyl chloride (1.8 mls) in dry
      methylene chloride (10 mls). After 30 mins. an excess of petrol (b.p.
      40.degree.-60.degree.) was added to the reaction and the precipitated
      white solid was collected, washed with petrol (b.p. 40.degree.-60.degree.)
      and dried to yield 2-dichloroacetoxyimino-2-(thien-3-yl) acetic acid (syn
      isomer) (1.6 gms, 94%) which was suspended in dry methylene chloride and
      ice-cooled. To the suspension was added dropwise a freshly prepared
      solution of phosphorus pentachloride (1 equiv.) in dry methylene chloride.
      When all components were in solution the solvent was removed in vacuo at
      low temperature and the residual oil was azeotroped with benzene to give
      2-dichloroacetoxyimino- 2-(thien-3-yl)acetyl chloride (syn) as a pale
      yellow oil which was used directly.
PAC  PREPARATION 6 -- 2Hydroxyimino-2-(fur-2-yl)acetic acids
PAR  To a stirred solution of hydroxylamine hydrochloride (1.94 gms) in methanol
      (30 mls) containing phenolphthalein (2 drops) was added a solution of
      sodium methoxide in methanol until a pink colour was obtained. After the
      addition of one crystal of hydroxylamine hydrochloride to discharge the
      pink colour the mixture was added to a solution of fur-2-ylglyoxylic acid
      (3.0 gm) in methanol (10 mls) and refluxed for 1 hr. The methanol was
      evaporated to a small volume and partitioned between ethyl acetate and
      water. The aqueous layer was acidified to pH 1 with 2N-hydrochloric acid
      and extracted with ethyl acetate. After drying, the solvent was evaporated
      to yield a yellow solid which was collected, washed with petrol (b.p.
      40.degree.-60.degree.) and dried to yield an isomeric mixture of
      2-hydroxyimino-2 -(fur-2-yl)acetic acids (2.7 gms., 81%) .lambda..sub.max
      (ethanol) 271.5 nm (.epsilon., 12,400), .nu..sub.max. (CHBr.sub.3) 3550
      (OH), 1740 and 1705 cm..sup. .sup.- 1 (CO.sub.2 H), .tau. (DMSO d.sub.6)
      values include 2.62 [doublet; J 4 Hz, furyl(anti isomer) C 3-H], 2.14 and
      3.32 (complex signals, remaining furyl protons).
PAC  PREPARATION 7 -- 2-Dichloroacetoxyimino-2-(fur-2-yl)acetyl chloride (gyn)
PAR  2-Hydroxyimino-2-(fur-2-yl)acetic acid (1.38g) mixture was added
      portionwise to an ice cold solution of dichloroacetyl chloride (2.8 mls.)
      in dry methylene chloride (14 mls.). After 15 mins stirring a white
      precipitate was formed which was collected, washed successively with cold
      dry methylene chloride and petrol (b.p. 40.degree.-60.degree.) and dried
      to yield 2-dichloroacetoxyimino-2-(fur-2-yl)acetic acid (syn-isomer) (1.5
      g, 63%).
PAR  To an ice-cold stirred suspension of
      2-dichloroacetoxyimino-2-(fur-2yl)acetic acid (1.5 g) in dry methylene
      chloride (70 mls) was added dropwise a freshly prepared solution of
      phosphorus pentachloride (1.0 equiv.) in methylene chloride. When solution
      was complete the solvent was evaporated at low temperature and the
      residual oil azeotroped with benzene to give
      2-dichloroacetoxyimino-2(fur-2yl)acetyl chloride (syn-isomer) as a pale
      yellow oil which was used directly.
PAC  EXAMPLE 1
PAC  6.beta.-(2-Hydroxyimino-2-phenylacetamido)-2,2-dimethylpenam-3-carboxylic
      acid (syn-isomer)
PAR  To a suspension of 6.beta.-amino-2,2-dimethylpenam-3.alpha.-carboxylic acid
      (1.08 g) in chloroform (25 ml) was added hexamethyldisilazane (2.49 g) and
      the mixture was heated under reflux for two hours, during which time
      solution occurred. The solvents were removed under reduced pressure,
      giving trimethylsilyl
      2,2-dimethyl-6.beta.-trimethylsilylaminopenam-3.alpha.-carboxylate as a
      solid. The solid was dissolved in methylene chloride (20 ml) and propylene
      oxide (1.5 ml) added. The solution was cooled to 0.degree. and treated
      dropwise with 2-dichloroacetoxyimino-2-phenylacetyl chloride (from 1.38 g.
      2-dichloroacetoxyimino-2-phenylacetic acid (syn-isomer) in methylene
      chloride (20 ml), over a period of 15 minutes with stirring. The solution
      was allowed to stir for two hours at room temperature. The solvents were
      evaporation under reduced pressure below 35.degree., and the residue taken
      up in ethyl acetate. After addition of methanol (2 ml), the solution was
      extracted as rapidly as possible with ice-cold sodium bicarbonate solution
      and the combined extracts washed with ethyl acetate and poured into a
      stirred mixture of ethyl acetate and 2N-hydrochloric acid. The organic
      phase was separated and combined with an ethyl acetate extraction of the
      aqueous phase, and the solution washed with water, dried and evaporated.
      The residue was taken up in ethyl acetate (5 ml) and added dropwise to
      petroleum (b.p. 40.degree.-60.degree.; 200 ml). The precipitated solid was
      filtered and dried, giving 6.beta.-(2-hydroxyimino-2
      -phenylacetamido)-2,2-dimethylpenam-3.alpha.-carboxylic acid (syn-isomer)
      (0.84 g; 46%), [.alpha.].sub.D + 210.degree. (c 0.9,DMSO),
      .lambda..sub.max. (EtOH) 251 nm (.epsilon. 9,450), .nu..sub.max. (Nujol)
      3650 - 2300 (OH), 3280 (NH), 1758 (.beta.-lactam), 1735 (CO.sub.2 H), 1650
      and 1510 cm.sup..sup.-1 (CONH), .tau. (DMSO-d.sub.6) 0.51 (doublet, J 7
      Hz; NH), 2.2-2.7 (multiplet; aromatic protons), 4.28  (quartet, J 4 Hz and
      7 Hz; C-6H), 4.40 (doublet J 4 Hz; C-5H), 5.27 (singlet; C-3 H), 8.39 and
      8.48 (two singlets; methyl groups).
PAC  EXAMPLE 2
PAC  2,2-Dimethyl-6.beta. -[
      2-hydroxyimino(thien-2-yl)acetamido]-penam-3.alpha.-carboxylic acid
      (syn-isomer)
PAR  A solution of trimethylsilyl
      2,2-dimethyl-6.beta.-trimethylsilylaminopenam-3.alpha.-carboxylate
      [prepared from the corresponding amino-acid (0.864 g.)] and propylene
      oxide (1 ml.) in dichloromethane (20 ml.) was cooled to 0.degree. and
      treated dropwise with a solution of
      2-dichloroacetoxyimino(thien-2-yl)acetyl chloride syn-isomer; [prepared
      from the corresponding acid (0.753 g.)] in dichloromethane (12 ml.). The
      resulting solution was maintained at 0.degree. for 1 hour and was then
      evaporated to a small bulk and partitioned between ethylacetate and
      saturated sodium bicarbonate solution. The aqueous phase was washed with
      ethyl acetate, acidified with 2N-hydrochloric acid, and extracted with
      ethyl acetate. The dried organic solution was evaporated to a small bulk
      and added dropwise to stirred petroleum spirit (b.p.
      40.degree.-60.degree.). The resulting precipitate was collected, washed,
      and dried to afford the title acid (0.337 g., 24% based on amine),
      [.alpha.].sub.D + 224.degree. (c 0.57, DMSO), .lambda..sub.max. (pH 6
      buffer)  288 nm (.epsilon. 6,400), .lambda. inf. 270 nm (.epsilon. 5,800),
      .nu..sub.max. (Nujol), 2600 and 1730 (CO.sub.2 H), 1776 (.beta.-lactam),
      1670 and 1526 cm..sup..sup.-1  (CONH), .tau. (d.sub.6 -DMSO) values
      include 0.44 (d, J 6 Hz; NH), 2.45 and 2.9 (multiplets, aromatic protons),
      5.78 (s; C-3H), 8.46 and 8.55 (2 s; CH.sub.3 groups).
PAC  EXAMPLE 3
PAC  2,2-Dimethyl-6.beta. -[ 2-hydroxyimino-2-(thien-3-yl)acetamido]
      penam-3.alpha.-carboxylic acid (syn-isomer)
PAR  To a cold solution of trimethylsilyl
      2,2-dimethyl-6.beta.-trimethylsilylamino-penam-3.alpha.-carboxylate [made
      from 6.beta.-amino-2,2-dimethyl-penam-3.alpha.-carboxylic acid (0.43 g)
      and hexamethyldisilazane (2.1 mls.)] and propylene oxide (0.53 mls) in dry
      methylene chloride (10 mls) was added dropwise with stirring a solution of
      2-dichloroacetoxyimino-2-thien-3-yl) acetyl chloride (syn-isomer) (2.1
      mmoles) in dry methylene chloride. After 1 hr. at 20.degree.C the reaction
      was evaporated and the residue dissolved in ethyl acetate. The ethyl
      acetate solution was extracted with ice-cold saturated sodium bicarbonate
      solution. The combined aqueous phases were acidified to pH 1 with
      2N-hydrochloric acid and extracted with ethyl acetate. After drying the
      extracts were evaporated to a small volume which on adding to an excess of
      petrol (b.p. 40.degree.-60.degree.) gave a white solid which was filtered
      and dried to yield the title compound (0.32 g, 44%), [.alpha.].sub.D =
      +220.degree. (c 0.9, dioxan), .lambda..sub.max. (pH 6 buffer) 256 nm
      (.epsilon. 9,100), .nu..sub.max. (Nujol) 3300 (NH), 1770 (.beta.-lactam),
      1740 and 2600 (COOH) and 1660 and 1526 cm..sup..sup.-1 (CONH) .tau. (DMSO
      d.sub.6) includes 0.46 (d; J 8 Hz; NH) 2.30, 2.35, 2.59 (m; thienyl
      protons), 5.66 (s; C-3H), and 8.35 and 8.44 (2s; CH.sub.3 groups).
PAC  EXAMPLE 4
PAC  2,2-Dimethyl-6.beta. -[
      2-hydroxyimino(fur-2-yl)acetamido]-penam-3.alpha.-carboxylic acid
      (syn-isomer)
PAR  A solution of trimethylsilyl
      2,2-dimethyl-6.beta.-trimethylsilylaminopenam-3.alpha.-carboxylate
      [prepared from the corresponding amino-acid (0.648 g.)] and propylene
      oxide (0.75 ml.) in dichloromethane (15 ml) was cooled to 0.degree. and
      treated dropwise with a solution of 2-dichloroacetoxyimino(fur-2-yl)acetyl
      chloride [syn-isomer; prepared from the corresponding acid (0.579 g.)] in
      dichloromethane (12 ml.). The resulting solution was maintained at
      0.degree. for 1 hour and was then evaporated to small volume and
      partitioned between ethylacetate and saturated sodium bicarbonate
      solution. The aqueous phase was washed with ethyl acetate, acidified with
      2N-hydrochloric acid and extracted with ethyl acetate. The dried organic
      solution was evaporated to a small bulk and added dropwise to stirred
      petroleum spirit (b.p. 40.degree.-60.degree.). The resulting precipitate
      was collected, washed and dried to give the title acid (0.56 g., 55% based
      on amine), [.alpha.].sub.D + 243.degree. (c 0.93, DMSO), .lambda..sub.max.
      (pH 6 buffer) 275 nm (.epsilon. 9,600), .nu..sub.max. (Nujol), 1778
      (.beta.-lactam), 1740 and 2600 (CO.sub.2 H), 1670 and 1528 cm..sup..sup.-1
      (CONH), .tau. (d.sub.6 -DMSO) values include 0.44 (d, J 6 Hz; NH) 2.18 and
      3.34 (multiplets; aromatic protons), 5.70 (s; C-3H), 8.36 and 8.46 (2s;
      CH.sub.3 groups).
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from the group consisting of a penicillin antibiotic
      of the formula
      ##SPC8##
PAL  wherein R is thienyl or thienyl substituted by chloro, bromo, hydroxy,
      lower alkyl, nitro, amino, lower alkylamino, di(lower alkyl)amino, lower
      alkanoyl, lower alkanoylamido, lower alkoxy, lower alkylthio or carbamoyl;
      and R.sup.a is hydrogen or
      ##EQU11##
      wherein R.sup.c is C.sub.1 -C.sub.4 alkyl, C.sub.1 -C.sub.4 chloroalkyl,
      C.sub.1 -C.sub.4 alkoxy, phenyl, nitrophenyl, C.sub.1 -C.sub.4 alkylamino
      or C.sub.1 -C.sub.4 chloroalkylamino; and a physiologically acceptable
      salt thereof, said penicillin antibiotic being in the form of the syn
      isomer free of the corresponding anti isomer to the extent of at least
      75%.
NUM  2.
PAR  2. The compound of claim 1 which is 6.beta. -[
      2-hydroxyimino-2-(thien-2-yl)acetamido]-2,2-dimethylpenam-3.alpha.-carboxy
     lic acid (syn isomer).
NUM  3.
PAR  3. The compound of claim 1 which is 6.beta. -[
      2-hydroxyimino-2-(thien-3-yl)acetamido]-2,2-dimethylpenam-3.alpha.-carboxy
     lic acid (syn isomer).
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ABST
PAL  In the production of an aryl lactamhydrazone of the formula
      ##SPC1##
PAL  In which
PA1  A represents optionally substituted alkylene, aralkylene or cycloalkylene,
      each with up to 20 carbon atoms, and
PA1  Q represents optionally substituted, mononuclear to trinuclear aryl or an
      optionally alkylsubstituted mononuclear or binuclear heterocyclic aromatic
      system with 1 to 3 hetero atoms,
PAL  In which a lactim-ether of the formula
      ##SPC2##
PAL  In which R is aryl or alkyl of 1 to 6 carbon atoms,
PAL  Is reacted with an arylhydrazine or heteroarylhydrazine of the formula
EQU  H.sub.2 N--NH--Q                                           (III)
PAL  the improvement which comprises effecting the reaction at a temperature of
      about -20.degree. to 150.degree.C and in the presence of at least a
      catalytic amount of acid, whereby the yield is markedly increased. Those
      compounds wherein A is --(CH.sub.2).sub.2-11 -- and Q is pyridyl or phenyl
      substituted by at least one nitro, sulfo, sulfonamido or carboxy group are
      new and exhibit fungicidal activity.
BSUM
PAR  The present invention relates to an unobvious process for the production of
      certain fungicidal aryl lactam-hydrazones of aromatic systems and their
      acid addition salts, and to some of these compounds which are new.
PAR  It is known to produce the phenylhydrazones of caprolactam and of
      pyrrolidone by reaction of phenylhydrazine with the appropriate
      lactim-methyl-ethers at temperatures around 80.degree. to 200.degree.C.
      However, in the course thereof severe decomposition with formation of
      ammonia occurs and the yield of the lactam-phenylhydrazones, which are
      unstable and oxidation-sensitive compounds, is moderate (see, on this
      subject, Chem. Abstr. 54, 24,712 c and Bull. Soc. Chim. France 1969 (10),
      3,704-12). Arylhydrazines substituted by electronegative radicals, such as
      nitro groups, cannot be reacted at all in this way with
      lactim-alkyl-ethers. Furthermore, substituted arylhydrazones of
      pyrrolidone, piperidone and caprolactam have been prepared, in an
      analogous manner, by reaction of substituted arylhydrazines with the
      corresponding lactim-methyl-thioethers or lactimchlorides (see German
      Offenlegungsschrift (German Published Specification) 1,957,783). The
      yields of 11.7% or 32.5% of theory thereby achieved can hardly serve as
      the basis of an industrially economical process. The use of
      lactim-methyl-thioether also yields, as a by-product, the toxic and
      evil-smelling methylmercaptan, which makes the conduct of the reaction,
      and working up, more difficult.
PAR  The present invention provides a process for the production of a
      lactam-hydrazone of an aromatic system, of the general formula
      ##SPC3##
PAL  In which
PA1  A is optionally substituted alkylene, arylalkylene or cycloalkylene, each
      of up to 20 carbon atoms, and
PA1  Q is optionally substituted mononuclear, dinuclear or trinuclear aryl or
      optionally alkyl-substituted mononuclear or binuclear heterocyclic aryl
      having 1 to 3 hetero-atoms,
PAL  Or an acid-addition salt thereof, in which a lactim-ether of the general
      formula
      ##SPC4##
PAL  In which
PA1  A has the above-mentioned meaning, and
PA1  R is C.sub.1 -C.sub.6 alkyl or aryl,
PAL  is reacted, in the presence of at least a catalytic amount of an acid and
      at a temperature between about -20.degree. and +150.degree.C, with an
      arylhydrazine or heteroarylhydrazine of the general formula
EQU  H.sub.2 N--NH--Q                                           (III)
PAL  in which
PA1  Q has the above-mentioned meaning.
PAR  Preferably A is an alkylene group --(CH.sub.2).sub.n --, wherein n is an
      integer from 2 to 11, the alkylene group being optionally substituted by
      at least one of C.sub.1 -C.sub.6 alkyl and pheny; R represents methyl,
      ethyl or phenyl; and Q is (a) phenyl optionally carrying at least one
      substitutent selected from the group consisting of C.sub.1 -C.sub.6 alkyl,
      fluorine, chlorine, bromine, nitro, methoxy, methylthio, methylsulfonyl,
      di-(C.sub.1 -C.sub.6 alkyl)amino, amidosulfonyl, amidocarbonyl, sulfo and
      carboxy, (b) naphthyl, chloronaphthyl or methoxynaphthyl, or (c)
      ##SPC5##
PAL  optionally substituted by at least one C.sub.1 -C.sub.6 alkyl, fluorine,
      chlorine, bromine, methoxy or nitro group.
PAR  It is extremely surprising that merely catalytic amounts of an acid cause
      an enormous acceleration of the reaction velocity, a lowering of the
      reaction temperature and a considerable rise in the yield.
PAR  Compared with the prior-art processes, the process according to the
      invention provides substantially higher yields and renders obtainable even
      those lactamarylhydrazones which could not previously be produced, for
      example nitroarylhydrazones. Furthermore, the process conditions do not
      require an increase expenditure of energy, since the reaction temperatures
      in most cases produce a sufficiently rapid course of the reaction even
      near room temperature. As a result of the mild and gentle reaction
      conditions, sensitive starting materials can also be employed and the
      above-mentioned decomposition phenomena, which lead to considerable losses
      in yield in the customary processes, remain entirely absent. A further
      advantage of the process according to the invention is that it can, if
      desired, furnish directly, in a single process stage, the acid-addition
      salts, which as a rule are the forms used for biological preparations.
      These acid-addition salts are in most cases substantially more stable
      compounds than the free lactamarylhydrazones (I) or (I), which are
      sensitive to oxidation by air, and they crystallize better, so that their
      working up and purification is considerably simplified.
PAR  The compounds prepared according to the invention are present in the
      following tautomeric equilibrium:
      ##SPC6##
PAL  For reasons of simplicity, the formula I and species thereunder are
      intended, in each individual case, also to encompass the corresponding
      tautomeric formula (Ia).
PAR  If, for example, caprolactim-methyl-ether and 3-chlorophenylhydrazine in
      the presence of hydrogen chloride are used as starting materials in the
      process according to the invention, the course of the reaction can be
      represented by the following equation:
      ##SPC7##
PAR  The lactim-ethers required as starting materials are defined generally by
      the formula (II).
PAR  As examples of lactams which are suitable for the process and on which the
      lactim-ethers (II) are based, there may be mentioned: 3-propiolactam,
      3-phenyl-, 3-vinyl-, 3,3-diphenyl-, 2,3-diphenyl, 3-methyl-, 3-ethyl-,
      3-benzyl-, 3,3-dimethyl- and 2,3,3-trimethyl-propiolactam, 4-butyrolactam,
      4,4-dimethyl-butyrolactam, 5-valerolactam, 2,5-ethylenevalerolactam,
      6-caprolactam, 4-tert.-butyl-6-caprolactam, 2-nitro-6-caprolactam, the
      2-to 6-methylcaprolactams, the 2-to.6-phenylcaprolactams,
      7-oenantholactam, 8-capryllactam, 12-lauroyllactam, naphthostyril,
      phenanthridone, phthalimidine, hexahydro-phthalimidine, morpholone,
      benzmorpholone, octahydroquinolone-2,
      1H-4-methyl-hexahydro-1,4-diazepin-2-one,
      1H-4-cyclohexyl-hecahydro-1,4-diazepin-2-one,
      1H-2-oxo-5-ethyl-1,5-diazacyclooctane and 2-oxo-5,6-benztetrahydroazepine.
      The methyl-, ethyl- or phenyl-ethers are preferred as lactim-ethers for
      the process according to the invention. The manufacture of the
      lactim-ethers is known (see Houben-Weyl, "Methoden der organischen
      Chemie"("Methods of Organic Chemistry"), volume 11/2, page 578; also
      German Offenlegungsschrift (German Published Specifications) 1,912,739 and
      1,912,737; further J. Amer.chem.Soc.70, 2116(1948)).
PAR  The arylhydrazines and heteroarylhydrazines which are also required as
      starting materials are defined generally by the formula (III).
PAR  Examples of suitable arylhydrazines according to the formula (III) are
      phenylhydrazine, the o-, m- and p-isomers of tolyhydrazine,
      tert.-butylphenylhydrazine, fluoro-, chloro-, bromo-, iodo-, nitro-,
      methoxy-, ethoxy-, methylmercapto-, dimethylamino-, trifluoromethyl- and
      methylsulfonyl-phenylhydrazines, hydrazinobenzoic acid amide,
      hydrazinobenzenesulfonamide, hydrazinobenzoic acid and hydrazineosulfonic
      acid, 2,6-dimethyl-, 2-chloro-6-methyl-, 4-chloro-2-methyl-,
      2,6-dichloro-, 3,4-dichloro-, 3,5-dichloro-, 2,4-dichloro-,
      2,4,6-trichloro-, 2,4-dinitro-, 3,5-dinitro-, 4-chloro-2-nitro-,
      2-chloro-3-nitro-, 2-nitro4-methyl- and 2-chloro-5-sulfo-phenylhydrazines,
      1- and 2-hydrazinonaphthalenes, hydrazinoanthracene and
      hydrazinophenanthrene.
PAR  Examples of suitable heteroarylhydrazines according to the formula (III)
      are 2-, 3- and 4-hydrazino-pyridines, 2- hydrazino-4-methyl-pyridine,
      4-hydrazino-2,6-lutidine, 2-, 3-and 4-hydrazinoquinolines,
      2-hydrazino-4-methyl-quinoline, 2-hydrazino-pyrimidine,
      2-hydrazino-s-triazine, 3-hydrazino-1, 2,4-triazine,
      3-hydrazino-1-methyl-pyrazole, 2-hydrazinoimidazole,
      2-hydrazino-1-phenyl-imidazole, 2-hydrazino-4,5-dimethyl-imidazole,
      2-hydrazino-benzimidazole, 5-hydrazinobenzimidazole, 5-chloro-, 5-methyl-,
      5-methoxy-, 5-nitro-, 5-dimethylamino-1-methyl-, 1-benzyl- and
      1-phenyl-2-hydrazino-benzimidazoles, 2-hydrazino-thiazole,
      2-hydrazino-4-methyl-thiazole, 3-hydrazino-isoxazole,
      5-hydrazinobenzoxazole and 2-hydrazino-, 5-bromo-2-hydrazino- and
      5-nitro-2-hydrazino-benzthiazoles.
PAR  The arylhydrazines and heteroarylhydrazines of the formula (III) may be
      prepared according to generally known processes. Preparative instructions
      are to be found, for example, in Houben-Weyl "Methoden der organischen
      Chemie", ("Methods of Organic Chemistry"), volume 10/2, the section on
      "Nitrogen I/2", page 169 and thereafter.
PAR  Though the reaction according to the invention can be carried out without
      diluents, it is advantageous to use, in particular, polar solvents, for
      example water; alcohols, such as methanol, ethanol, propanol, isopropanol,
      butanol, hexanol, cyclohexanol, glycol, glycerine, O-methylgycol,
      O-butylglycol, dihydroxydiethyl ether and triethanolamine; phenols, such
      as phenol, cresol, chlorophenol, dichlorophenol and hydroxybenzoic acid
      ethyl ester; carboxylic acids, such as formic acid, acetic acid, propionic
      acid, lactic acid, dichloroacetic acid and trifluoroacetic acid; acid
      amides, such as dimethylformamide and N-methylpyrrolidone;
      nitrohydrocarbons, such as nitromethane and nitrobenzene; ethers, such as
      tetrahydrofurane and dioxane; dimethylsulfoxide; or mixtures of these
      solvents.
PAR  According to the invention, the reaction is carried out in the presence of
      an acid as a reaction accelerator. Acids which can be used for the process
      according to the invention are, for example, hydrochloric acid,
      hydrobromic acid, hydroiodic acid, dilute perchloric acid,
      tetrafluoroboric acid, dilute nitric acid, sulfuric acid, potassium
      bisulfate, monomethylsulfuric acid, monoethylsulfuric acid,
      methanesulfonic acid, benzene sulfonic acid, toluenesulfonic acid,
      phosphoric acid, cyclohexylphosphonic acid, phenylphosphonic acid, formic
      acid, acetic acid, dichloroacetic acid, trifluoroacetic acid, propionic
      acid, caproic acid, oxalic acid, fumaric acid, maleic acid, lactic acid,
      malic acid, tartaric acid, citric acid, benzoic acid, p-chlorobenzoic
      acid, p-hydroxybenzoic acid, p-nitrobenzoic acid, phenylacetic acid,
      cinnamic acid, phthalic acid, isophthalic acid, terephthalic acid, phenol,
      chlorophenol, nitrophenol, 2,4-dinitrophenol and picric acid, Furthermore,
      Lewis acids which can form complex proton-acids of the type
      H.sup.+[MCl.sub.x OR].sup.- with the solvent can also be used for the
      process according to the invention and, moreover, such complex acids can
      also be employed directly; examples are aluminum chloride,
      iron(III)chloride, boron fluoride, tin(II)chloride, tin(IV)chloride,
      titanium(IV) chloride and antimony pentachloride. Commercially available
      inorganic or organic acid ion exchangers or molecular sieves can also be
      used with advantage for the process according to the invention.
PAR  The reaction temperature can be varied over a fairly wide range and it
      depends on the reactivity of the lactim-ether employed which, for example,
      is a function of the ring size, on the reactivity of the
      (hetero)arylhydrazine used and on the nature and amount of the acid
      catlyst. In general, the temperature is between -20.degree.C and
      +150.degree.C, and in most cases between -10.degree. and +100.degree.C.
PAR  Depending on which is the more readily obtainable, it is possible to employ
      either the lactim-ether component or the (hetero)arylhydrazine component
      in excess, for example up to 0.5 mole. Usually, however, the lactim-ether
      and the (hetero)arylhydrazine are reacted with each other in a molar ratio
      of about 1:1.
PAR  The amounts of acid catalyst which are required for the process according
      to the invention can be varied and depend firstly on the reactivity of the
      lactim-ethers employed and on the basicity of the (hetero)arylhydrazines
      used, and additionally on which end product of the process is desired. If
      it is desired to obtain the free lactamarylhydrzone (I), about 0.1 to 50
      mole% preferably 1 to 10 mole%, of acid catalyst in general sufficies; if
      the acid-addition salt is required, the desired acid is as a rule employed
      in about stoichiometric molar ratio with respect to the lactim-ether or
      (hetero)arylhydrazine, i.e. 1:1 in most instances. Larger amounts of acid
      are not essential but can at times be of advantage, for example in cases
      where the acid -- for example carboxylic acids or phenols -- can at the
      same time be used as a solvent for the reaction.
PAR  The usual embodiment of the process accoording to the invention is
      initially to take the lactim-ether and (hetero)arylhydrazine, optionally
      dissolved or suspended in a suitable solvent, to add the acid catalyst and
      to bring the reaction mixture to the reaction temperature. It is, however,
      also possible first to take the hydrazine and the acid catalyst or the
      hydrazine acid-addition salt and to add the lactim-ether, or, conversely,
      to take first the lactim-ether, optionally together with acid, and to
      introduce the hydrazine or hydrazine salt into the reaction mixture.
PAR  An embodiment of the process according to the invention which is
      particularly advantageous because it is economical consists of preparing
      the lactim-ethers in the form of their acid-addition salts in a known
      manner (see Houben-Weyl, "Methoden der organischen Chemie" ("Methods of
      Organic Chemistry"), volume 11/2, page 578 and German
      Offenlegungsschriften (German Published Specifications) 1,912,737 and
      1,912,739) by alkylation or acylation of lactams and to react these
      acid-addition salts as such directly and without intermediate isolation of
      the free lactim-ethers, but optionally with the addition of a suitable
      solvent or diluent, with the (hetero)arylhydrazines.
PAR  The reaction products are worked up in the usual manner. If the products of
      the process are directly obtained as acid-addition salts, they can be
      isolated as such and be purified by recrytallization. In cases where it is
      desired to obtain the products of the process in the form of the free
      lactam (hetero)arylhydrazones (I), the reaction mixture is appropriately
      extracted, before further working up, with aqueous alkalis, for example a
      solution of sodium hydroxide, potassium hydroxide, sodium carbonate,
      sodium bicarbonate or potassium bicarbonate, while optionally using
      suitable solvents which are immiscible with water or of only limited
      miscibility therewith; thereafter the free lactam(hetero)arylhydrazones
      are isolated and purified by distillation and/or recrystallization or are
      optionally converted into the desired acid-addition salt by adding the
      corresponding acid.
PAR  The process products of the formula (I) and their acid-addition salts are
      valuable fungicides as described in Application Ser. No. 377,861, filed
      July 9, 1973, now pending.
PAR  Some of the lactamhydrazones of aromatic systems, which can be prepared
      according to the present invention, have already been described in the
      literature (see, on this matter, Chem. Abstracts 54, 24,712 c; Bull. Soc.
      Chim. France 1969 (10), 3,704-3,712; and German Offenlegungsschrift
      (German Published Specification) 1,957,783). The other compounds of
      formula (I) have not hitherto been described.  Interesting new compounds
      with fungicidal properties against fungi that damage plants are, for
      example, those of the formula (I) in which
PA1  A is an alkylene grouping --(CH.sub.2).sub.n --,
PA1  n is an integer from 2 to 11, and
PA1  Q is a pyridyl radical, or a phenyl radical carrying at least one nitro,
      sulfo, sulfonamido or carboxyl group,
PAL  and their acid-addition salts.
DETD
PAR  The invention is illustrated in the following Examples:
PAC  EXAMPLE 1a
      ##SPC8##
PAR  300 G of hydrogen chloride gas were introduced into a solution of 1,000g(7
      moles) of 3-chlorophenylhydrazine and 980 g (7.7 moles) of
      caprolactim-methyl-ether in 4,000 ml of methanol at 10.degree. to
      20.degree.C while stirring and cooling with an ice bath, and the reaction
      mixture was kept for a further hour at 20.degree.C, raised to the reflux
      temperature and kept at 65.degree.C for 11/2 hours. After cooling, the
      crystals which had separated out were filtered off and further crystal
      fractions were isolated by concentrating the mother liquors under reduced
      pressure. After recrystallization from 2 parts of methanol, 1,845 g (96%
      of theory) of caprolactam-(3-chlorophenylhydrazone) hydrochloride were
      obtained as colorless crystals of melting point 280.degree. to
      282.degree.C.
PAC  EXAMPLE 1b
      ##SPC9##
PAR  56.6 G (0.5 mole) of caprolactam were fused and 63.1 g (0.5 mole) of
      dimethyl sulfate were allowed to run into the melt at 70.degree. to
      80.degree.C. The mixture was kept at 80.degree. to 90.degree.C for a
      further 2 hours and cooled, and the viscous melt was taken up in 250 ml of
      methanol. Reaction with 72 g (0.5 mole) of 3-chlorophenylhydrazine was
      then carried out in the same manner as indicated in Example 1a, and 99.5 g
      (57% of theory) of caprolactam-(3-chlorophenylhydrazone) monomethylsulfate
      were obtained as colorless crystals of melting point 135.degree.C. On
      concentrating the mother liquors and treating with excess sodium hydroxide
      solution, 33.3 g (28% of theory) of caprolactam-(3-chlorophenylhydrazone)
      of boiling point 180.degree.C/0.08 mmHg were obtained. The total yield was
      85% of theory.
PAC  EXAMPLE 1c
      ##SPC10##
PAR  A mixture of 56.6 g (0.5 mole) of caprolactam and 93 g (0.5 mole) of
      p-toluenesulfonic acid methyl ester was fused and kept at 90.degree.C for
      3 hours. Thereafter the melt was cooled and taken up in 250 ml of
      methanol. The further reaction with 72 g (0.5 mole) of
      3-chlorophenylhydrazine took place analogously to Example 1a. The yield of
      caprolactam-(3-chlorophenylhydrazone)-p-toluenesulfonate was 104.5 g (51%
      of theory) as colorless crystals of melting point 220.degree.C.
PAR  The mother liquor yielded, analogously to Example 1b, 25 g (21% of theory)
      of caprolactam-(3-chlorophenylhydrazone). The total yield was 72% of
      theory.
PAC  EXAMPLE 1d
      ##SPC11##
PAR  35 G (0.28 mole) of caprolactim-methyl-ether were added dropwise over the
      course of 15 minutes at 0.degree. to 5.degree.C, while stirring well, to a
      suspension of 45 g (0.25 mole) of 3-chlorophenylhydrazine hydrochloride in
      500 ml of water; the temperature was then allowed to rise to 20.degree.C
      over the course of 11/2 hours and the mixture was kept at this temperature
      for a further 11/2 hours. Thereafter it was filtered off and yet further
      crystal fractions were isolated by concentrating the mother liquor under
      reduced pressure. After drying, the yield of
      caprolactam-(3-chlorophenylhydrazone) hydrochloride was 65 g (94.7% of the
      theory).
PAC  EXAMPLE 1e
      ##SPC12##
PAR  35 G (0.28 mole) of caprolactim-methyl-ether were added dropwise over the
      course of 15 minutes at 5.degree.C, while stirring and cooling, to a
      solution of 36 g (0.25 mole) of 3-chlorophenylhydrazine in 250 ml of
      glacial acetic acid; the red-brown clear solution was kept at 0.degree. to
      5.degree.C for a further 2 hours and then for 2 hours at 20.degree.C and
      excess glacial acetic acid was distilled off in a water-pump vacuum. On
      fractional distillation in vacuo of the residue which remained, 56 g
      (94.3% of theory) of caprolactam-(3-chlorophenylhydrazone) were obtained;
      it was a light viscous oil of boiling point 215.degree. to 220.degree.C/3
      mmHg, which solidified to crystals.
PAC  EXAMPLE 1f
      ##SPC13##
PAR  35 G (0.28 mole) of caprolactim-methyl-ether were run into a solution of 36
      g (0.25 mole) of m-chlorophenylhydrazine in 300 ml of o-chlorophenol at
      0.degree.C, while stirring and cooling; the temperature was allowed to
      rise to 20.degree.C and the mixture was then additionally heated to
      80.degree.C for 11/2 hours. On fractional distillation in vacuo, a first
      runnings of o-chlorophenol was followed by 55 g (92.7% of theory) of
      caprolactam-(m-chlorophenylhydrazone) of boiling point 180.degree. to
      184.degree.C/0.08 mmHg.
PAC  EXAMPLE 2
      ##SPC14##
PAR  When, analogously to Example 1a, the same amount of 4-chlorophenylhydrazine
      was employed instead of 3-chlorophenylhydrazine, 1,750 g (91% of theory)
      of carpolactam-(4-chlorophenylhydrazone) hydrochloride were obtained as
      colorless crystals of melting point 260.degree.C (with decomposition).
PAC  EXAMPLE 3
      ##SPC15##
PAR  127 G (1 mole) of caprolactim-methyl-ether were added dropwise over the
      course of 30 minutes to a mixture of 144.5 g (1 mole) of phenylhydrazine
      hydrochloride and 700 ml of anhydrous ethanol at -10.degree.C, while
      stirring well and cooling; the mixture was kept for a further hour at
      -10.degree.C, then for 2 hours at room temperature and for 30 minutes at
      the reflux temperature. After cooling, the mixture was filtered and
      further crystal fractions were isolated by concentrating the mother liquor
      under reduced pressure. Recrystallization from 5 parts of ethanol yielded
      220 g (92% of theory) of caprolactam-phenylhydrazone hydrochloride as
      almost colorless crystals of melting point 244.degree. to 246.degree.C
      (with decomposition).
PAC  COMPARISON EXAMPLE 3a
PAC  (Preparation of the free base of the compound described in Example 3, in
      accordance with a prior-art process.)
PAR  When a mixture of 127 g (1 mole) of caprolactim-methylether and 108 g (1
      mole) of phenylhydrazine was heated from 140.degree. to 200.degree.C over
      the course of 6 hours, 34 g (theoretically 32 g of methanol) of a
      distillate with a pungent smell of ammonia passed over at boiling point
      60.degree. to 140.degree.C. The distillation of the reaction product
      yielded, in addition to a first runnings of starting material and 35 g of
      distillation residue, 92 g of caprolactam-phenylhydrazone of boiling point
      125.degree.C/0.1 mm Hg, in the form of a yellow crystalline mass which
      assumed a resinous brown discoloration in air. The yield was only 45.5% of
      theory.
PAC  EXAMPLE 4
      ##SPC16##
PAR  210 G (1.65 moles) of caprolactim-methyl-ether were run into a suspension
      of 285 g (1.5 moles) of 3-nitrophenylhydrazine hydrochloride in 3,500 ml
      of methanol at 20.degree.C while stirring well and cooling, whereupon
      solution first occurred and thereafter a precipitate was again formed
      gradually. The mixture was then warmed to the reflux temperature and kept
      at 65.degree.C for a further 2 hours. After cooling, the product was
      filtered off and the crystals were washed with a large amount of water and
      recrystallized from 15 parts of methanol. The yield of
      caprolactam-(3-nitrophenylhydrazone) hydrochloride was 374 g (87.5% of
      theory) as yellow crystals of melting point 280.degree.C (with
      decomposition).
PAC  COMPARISON EXAMPLE 4a
PAR  When, in accordance with the prior-art procedure, equimolar amounts of
      caprolactim-phenyl-ether and 3-nitrophenylhydrazine were employed for the
      preparation of the free base of the compound described in Example 4, and
      the mixture was gradually heated to 150.degree.C under nitrogen without
      addition of a catalyst, an exothermic reaction took place. After stripping
      off the phenol under reduced pressure, a black resin remained, which could
      not be purified by distillation or by recrystalliztion.
PAC  EXAMPLE 5a
      ##SPC17##
PAR  A solution of 153 g (1 mole) of 4-nitrophenylhydrazine, 127 g (1 mole) of
      caprolactim-methyl-ether and 30 g (0.175 mole) of p-toluenesulfonic acid
      in 1,200 ml of anhydrous ethanol was kept, while stirring, for one hour at
      room temperature and then for 3 hours at the reflux temperature.
      Thereafter, the solvent was distilled off, initially under normal pressure
      and finally in a water-pump vacuum, the residue was taken up in 1,500 ml
      of 2% strength sodium carbonate solution and the precipitate was filtered
      off and recrystallized from 5 parts of methanol. The yield of
      caprolactam-(4-nitrophenylhydrazone) of melting point 190.degree.C was 201
      g (81% of theory).
PAC  EXAMPLE 5b
      ##SPC18##
PAR  When, instead of toluenesulfonic acid, 37 g (1 mole) of hydrogen chloride
      gas was used under the same reaction conditions,
      caprolactam-(4-nitrophenylhydrazone) hydrochloride was obtained in the
      form of yellow crystals of melting point 290.degree.C (with
      decomposition).
PAC  EXAMPLE 6
      ##SPC19##
PAR  254 G (2 moles) of caprolactim-methyl-ether were allowed to run into a
      suspension of 404 g (2 moles) of 2-nitrophenylhydrazine sulfate in 2,000
      ml of methanol while stirring and cooling at 20.degree.C; the mixture was
      kept at room temperature for a further one-half hour and the solvent was
      distilled off, initially under normal pressure and finally in a water-pump
      vacuum. The residue which remained was dissolved in 2,000 ml of water, the
      solution was filtered and caprolactam-(2-nitrophenylhydrazone) was
      precipitated from the filtrate by means of an aqueous solution of 300 g of
      potassium carbonate. The red-brown crystals were filtered off, washed with
      copious amounts of water and dried in vacuo at 50.degree.C. The product
      was sufficiently pure (melting point 158.degree.C) but could be
      recrystallized from 6 parts of ethyl acetate, whereby red-brown crystals
      with a green gloss, of melting point 158.degree. to 159.degree.C, were
      obtained. The yield was 480 g (96% of theory). The hydrochloride of
      caprolactam-(2-nitrophenylhydrazone), which was easily obtainable by
      treating a solution of ethanol with the equivalent amount of concentrated
      hydrochloric acid, melts with decomposition, at 226.degree.C; the salt is
      in the form of yellow crystals.
PAC  EXAMPLE 7
      ##SPC20##
PAR  A solution of 64 g (0.5 mole) of caprolactim-methylether in 100 ml of
      ethanol was allowed to run into a mixture of 94 g (0.5 mole) of
      4-hydrazinobenzene sulfonic and 700 ml of anhydrous ethanol at
      20.degree.C, while stirring, and the reaction mixture was brought to the
      refluxing temperature over the course of 2 hours and additionally kept for
      5 hours at 80.degree.C. After cooling, the product was filtered off and
      recrystallized from 20 parts of water to give colorless to grey crystals,
      which did not melt below 360.degree.C (since an internal salt was
      present), of caprolactam(4-sulfophenylhydrazone); the yield was 116 g (82%
      of theory).
PAC  EXAMPLE 8
      ##SPC21##
PAR  A solution of 55 g of concentrated hydrochloric acid in 260 ml of methanol
      was first allowed to run into a solution of 81 g (0.5 mole) of
      2-hydrazino-1-methylbenzimidazole in 500 ml of methanol, while stirring
      and cooling at 0.degree.C, and thereafter a solution of 70 g (0.55 mole)
      of caprolactim-methyl-ether in 250 ml of methanol was added dropwise over
      the course of 30 minutes. The mixture was additionally kept for 2 hours at
      room temperature while stirring, and then for 3 hours at the reflux
      temperature, a little undissolved product was filtered off hot, the
      filtrate was cooled and the crystals were then filtered off. On
      concentrating the mother liquor under reduced pressure further crystal
      fractions were obtained. The total yield of
      caprolactam-[1-methyl-benzimidazolyl-(2)-hydrazone] hydrochloride was 135
      g of colorless crystals of melting point 248.degree. to 250.degree.C,
      representing 92% of theory.
PAR  The following compounds were also prepared in a similar manner:
TBL                                    Table 1                                 
     __________________________________________________________________________
     Compound                  Physical                                        
     No.     Formula           properties                                      
     __________________________________________________________________________
                            Melting point 196.degree.C                         
                            monohydrochloride:                                 
                            melting point 256                                  
     (9)                    to 258.degree.C (with de-                          
                            composition)                                       
                            Melting point 157.degree.C                         
                            monohydrochloride:                                 
                            melting point 186                                  
     (10)                   to 187.degree.C                                    
                            Melting point 254                                  
     (11)                   to 255.degree.C                                    
                            Melting point 229.degree.C                         
                            dihydrochloride:                                   
     (12)                   decomposition above                                
                            245.degree.C                                       
     (13)                   Boiling point 175-                                 
                            180.degree.C/0.5 mmHg                              
                            melting point 133                                  
                            to 135.degree.C                                    
                            dihydrochloride:                                   
                            melting point 218 to                               
                            219.degree.C                                       
     (14)                                                                      
                            Melting point 152.degree.C                         
     (15)                   Boiling point 142-                                 
                            145.degree.C/0.15 mmHg                             
     (16)                   Melting point 288                                  
                            to 289.degree.C                                    
     (17)                   Boiling point 170-                                 
                            175.degree.C/0.25 mmHg                             
                            monohydrochloride:                                 
                            melting point 250                                  
                            to 255.degree.C(with de-                           
                            composition)                                       
     (18)                   Boiling point 177-                                 
                            180.degree.C/0.08 mmHg                             
                            monohydrochloride:                                 
                            melting point 228.degree.C                         
     (19)                   Melting point                                      
                            260.degree.                                        
     (20)                   Decomposes                                         
                            above 220.degree.C                                 
                            Melting point                                      
     (21)                   186.degree.C                                       
                            monohydrochloride:                                 
                            melting point                                      
                            239.degree. to 240.degree.C                        
     (22)                   Melting point                                      
                            147.degree.C to 148.degree.C                       
                            monohydrochloride:                                 
                            melting point 151                                  
                            to 153.degree.C                                    
                            Boiling point                                      
     (23)                   165-169.degree.C/0.2 mm Hg                         
                            monohydrochloride:                                 
                            melting point 246.degree.C                         
                            (with decomp.)                                     
                            Boiling point                                      
     (24)                   188-190.degree.C/0.3 mm Hg                         
                            monohydrochloride:                                 
                            melting point 236-238.degree.C                     
     __________________________________________________________________________
PAR  Further examples are the following compounds:
PA1  4,4-dimethylbutyrolactam-(3-butylmercaptophenylhydrazone);
PA1  Valerolactam-anthracylhydrazone;
PA1  capryllactam-phenanthrylhydrazone;
PA1  4-tert.-butylcaprolactam-(3-dimethylaminophenylhydrazone).
PAR  The fungicidal activity of the compounds which can be prepared according to
      this invention can be seen from the test example which follows:
PAC  EXAMPLE 9
PAC  Seed dressing test/stripe disease of barley (seed-borne mycosis)
PAR  To produce a suitable dry dressing, the active compound was extended with a
      mixture of equal parts by weight of talc and kieselguhr to give a finely
      powdered mixture with the desired concentration of active compound.
PAR  To apply the dressing, barley seed, which was naturally infected by
      Helminthosporium gramineum, was shaken with the dressing in a closed glass
      flask. The seed, on moist filter paper discs in closed Petri dishes, was
      exposed to a temperature of 4.degree.C for 10 days in a refrigerator. The
      germination of the barley, and possibly also of the fungus spores, was
      thereby initiated. Two batches of 50 grains of the pregerminated barley
      were subsequently sown 2 cm deep in Fruhstorfer standard soil and
      cultivated in a greenhouse at temperatures of about 18.degree.C in seed
      boxes which were exposed to light for 16 hours daily. The typical symptoms
      of the stripe disease developed within 3 to 4 weeks.
PAR  After this time, the number of diseased plants was determined as a
      percentage of the total number of emerged plants. The fewer plants were
      diseased, the more effective was the active compound.
PAR  The active compounds, the concentration of the active compounds in the
      dressing, the amounts of dressing used and the number of diseased plants
      can be seen from the following Table:
TBL                                    Table 2                                 
     __________________________________________________________________________
     Seed dressing test/stripe disease of barley                               
                                              Amount                           
     Active compound            Concentration of active                        
                                              of dressing                      
                                                     Number of plants with     
                                compound in the dressing,                      
                                              used in g/kg                     
                                                     stripe disease, in % of   
                                in % by weight                                 
                                              of seed                          
                                                     the total emerged         
     __________________________________________________________________________
                                                     plants                    
     without dressing           --            --     30.9                      
     .parallel.                                                                
     CH.sub.2 --NH--C--S                                                       
     .vertline..angle.Zn        10            2      25.6                      
     .vertline.                 30            2      19.0                      
     CH.sub.2 --NH--C--S                                                       
     .parallel.                                                                
     S                                                                         
     (known)(A)                                                                
                                30            2      1.3                       
                                30            2      5.2                       
                                30            2      0.0                       
                                 3            2      5.3                       
                                10            2      1.4                       
                                20            2      0.0                       
                                30            2      0.0                       
      3                         2             5.1                              
                                10            2      1.0                       
                                30            2      0.0                       
                                 3            2      5.1                       
                                10            2      1.0                       
                                30            2      0.0                       
                                30            2      1.1                       
                                30            2      14.6                      
                                30            2      1.0                       
                                30            2      0.0                       
                                30            2      3.3                       
     __________________________________________________________________________
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the production of an aryl lactamhydrazone of the formula
      ##SPC22##
PAL  in which
PA1  A represents polymethylene of 3 to 11 carbon atoms, and
PA1  Q represents phenyl; phenyl carrying at least one substituent selected from
      the group consisting of C.sub.1-6 alkyl, fluorine, chlorine, bromine,
      nitro and methoxy;
      ##SPC23##
PA1   or
      ##SPC24##
PA1   substituted by at least one C.sub.1 -C.sub.6 alkyl, fluorine, chlorine,
      bromine, methoxy or nitro group,
PAL  in which a lactim-ether of the formula
      ##SPC25##
PAL  in which
PA1  R is phenyl or alkyl or 1 to 6 carbon atoms,
PAL  is reacted with an arylhydrazine or heteroarylhydrazine of the formula
EQU  H.sub.2 N--NH--Q                                           (III)
PAL  the improvement which comprises effecting the reaction at a temperature of
      -20.degree. to 150.degree.C and in the presence of 1 to 10 mole % based on
      the lactim-ether of an acid catlyst selected from the group consisting of
      aluminum chloride, iron (III) chloride, boron fluoride, tin (II) chloride,
      tin (IV) chloride, titanium (V) chloride and antimony pentachloride.
NUM  2.
PAR  2. The process according to claim 1, in which R is methyl, ethyl or phenyl.
NUM  3.
PAR  3. The process according to claim 1, in which the reaction is effected
      between about -10.degree. and +100.degree.C in the presence of a polar
      solvent and with the reactants (II) and (III) present in substantially
      equimolar amounts.
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PAL  Process for the production of iron complexes of tetraazaannulenes starting
      from isoxazole, o-phenylene diamines and iron compounds. The process
      yields the iron complexes in good yields and a state of high catalytic
      activity for oxidation processes.
PARN
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      384,628, filed on Aug. 1, 1973 now abandoned.
BSUM
PAR  The invention relates to a process for the production of compounds having
      the formula (I):
      ##SPC1##
PAL  comprising reacting one mole of isoxazole of the formula
      ##SPC2##
PAL  With one mole of a diamine of the formula (II):
      ##EQU1##
      and simultaneously or subsequently with about 1/2 mole of an iron compound
      selected from iron salts of organic mono- or dicarboxylic acids selected
      from formic, acetic, propionic, glyoxylic, lactic, malic, gluconic,
      oxalic, malonic, succinic, maleic, fumaric, tartaric and citric acid, and
      iron acetyl acetonate, iron carbonate and iron hydroxides.
PAR  Examples of diamines of the formula (II) are: 2,3-diaminonaphthalene,
      4-chloro-1,2-diaminobenzene, 4-bromo-1,2-diaminobenzene,
      4-methoxy-1,2-diaminobenzene, 4,5-dimethyl-1,2-diaminobenzene,
      4,5-dichloro-1,2-diaminobenzene, and, preferably,
      4-methyl-1,2-diaminobenzene and o-phenylenediamine.
PAR  Iron compounds which yield metal include for example iron salts of weak
      inorganic or organic acids such as iron carbonate, iron acetate, iron
      lactate, iron oxalate, iron citrate, iron tartrate or iron gluconate. Iron
      salts of polybasic organic acids and those of oxycarboxylic acids are
      generally particularly suitable. Compounds containing iron in complex
      combination, for example iron acetylacetonates, are also particularly
      suitable because of the volatility of the ligands in the formation of the
      annulenes. Iron hydroxides may also be used for the preparation of the
      compounds of formula (I).
PAR  Examples of iron compounds are: iron formate, acetate, propionate,
      glycolate, lactate, maleate, gluconate, oxalate, malonate, succinate,
      maleinate, fumarate, tartrate, citrate, acetylacetonate, carbonate and
      hydroxide. Of particular interest are iron glycolate, tartrate, oxalate,
      citrate, lactate, acetylacetonate, carbonate, hydroxide and preferably
      iron acetate.
PAR  The iron complexes of the formula I may be prepared by dissolving isoxazole
      and the compound of the formula (II) in a solvent and slowly adding the
      iron-yielding compound or, preferably, suspending the compound of the
      formula (II) and the iron compound in a diluent and slowly adding the
      isoxazole. The formation of the complexes of the formula I proceeds
      exothermically and the reaction can be controlled by the rate of addition
      of the third compound.
PAR  Suitable reaction temperatures are  40.degree. to  120.degree.C, preferably
       70.degree. to 100.degree.C. The mole ratio of the reactants is 2 : 2 : 1
      (compound of formula (II): isoxazole : iron compound). Slight deviations
      from this ratio have no detrimental effect.
PAR  Examples of solvents or diluents suitable as reaction medium are: alcohols,
      such as methanol, ethanol, propanol or isobutanol, glycols and glycol
      ethers such as ethylene glycol and diethylene glycol and their monomethyl,
      monoethyl or monobutyl ethers, tetrahydrofuran, dioxane, dimethylformamide
      or N-methylpyrrolidone.
PAR  When the reaction is over the sparingly soluble iron complex compound is
      separated from the reaction mixture and worked up; if necessary it can be
      purified by washing and boiling up with a solvent.
PAR  Details of the production may be seen in the Examples.
PAR  The sparingly soluble reddish brown to black iron complex compounds are not
      as a rule obtained analytically pure when sparingly soluble iron compounds
      such as hydroxides, carbonates, acetates or oxalates are used, but their
      catalytic activity is excellent.
PAR  The new metal complex compounds may be subjected to conditioning operations
      in which comminution, dispersion or recrystallization processes takes
      place for use as catalysts. In accordance with the purpose for which the
      iron complex compounds are used they may be used in pure form or in the
      form of formulations on or in carrier materials of great variety, for
      example activated carbon, carbon black, diatomite, silica gel, aluminum
      oxide, as substances used as ion exchangers or plastics. The purpose
      decides the most suitable form.
PAR  Parts and percentages hereinafter are by weight.
DETD
PAC  EXAMPLE 1
PAR  21.6 parts of o-phenylenediamine is dissolved at ambient temperature in 100
      parts by volume of dimethylformamide and then 13.8 parts of isoxazole
      (dissolved in alcohol) is added slowly. After 15 minutes at 30.degree.C
      11.6 parts of iron carbonate is added and the mixture is heated for two
      hours at 120.degree.C, suction filtered, washed with dimethylformamide and
      methanol and dried. 9.2 parts of a dark brown powder is obtained which has
      high catalytic activity.
PAC  EXAMPLE 2
PAR  24.4 parts of 1-methyl-3,4-diaminobenzene is dissolved at ambient
      temperature in 100 parts by volume of dimethylformamide and 13.8 parts of
      isoxazole (in solution in alcohol) is slowly added. After 15 minutes at
      30.degree.C 19 parts of basic iron acetate is added and the mixture is
      heated for two hours at 120.degree.C. After processing as described in
      Example 1 about 6 parts of a dark brown powder is obtained which has high
      catalyzing activity.
PAC  EXAMPLE 3
PAR  A mixture of 120 parts of isobutanol, 15.2 parts of o-phenylenediamine and
      15.4 parts of basic iron (III) acetate is heated for 45 minutes at
      95.degree. to 100.degree.C. A solution of 9.65 parts of isoxazole in
      approx. 25 parts of isobutanol is dripped into this mixture in such a
      manner that the temperature remains between 95.degree. and 100.degree.C
      without heating. The reaction mixture is subsequently kept for 4 hours at
      from 95.degree. to 100.degree.C and filtered hot, and the residue is
      washed with isobutanol and dried at 60.degree.C. 18.8 parts of a black
      powder is obtained which has extremely high catalytic activity.
PAR  Starting from isoxazole the following further complexes which also have
      high catalytic activity are obtained analogously to  Examples 1 to 3:
PAR  all the iron complexes have a dark color.
TBL  __________________________________________________________________________
     Example                                                                   
          Aromatic diamine  Iron compound                                      
     __________________________________________________________________________
      4   o-phenylenediamine                                                   
                            iron(II)formiate                                   
      5   o-phenylenediamine                                                   
                            iron(II)glycolate                                  
      6   o-phenylenediamine                                                   
                            iron(III)propionate                                
      7   o-phenylenediamine                                                   
                            iron(III)lactate                                   
      8   o-phenylenediamine                                                   
                            iron(III)oxalate                                   
      9   o-phenylenediamine                                                   
                            iron(II)malonate                                   
     10   o-phenylenediamine                                                   
                            iron(III)maleate                                   
     11   o-phenylenediamine                                                   
                            iron(III)succinate                                 
     12   o-phenylenediamine                                                   
                            iron(III)tartrate                                  
     13   o-phenylenediamine                                                   
                            iron(II)citrate                                    
     14   4,5-dichloro-o-phenylenediamine                                      
                            basic iron acetate                                 
     15   o-phenylenediamine                                                   
                            ferric hydroxide                                   
     16   4-chloro-1,2-diaminobenzene                                          
                            basic iron acetate                                 
     17   4-chloro-1,2-diaminobenzene                                          
                            iron carbonate                                     
     18   4-chloro-1,2-diaminobenzene                                          
                            ferrosoferric hydroxide                            
     19   4-chloro-1,2-diaminobenzene                                          
                            ferric hydroxide                                   
     20   4-methyl-1,2-diaminobenzene                                          
                            iron carbonate                                     
     21   4-methyl-1,2-diaminobenzene                                          
                            ferrosoferric hydroxide                            
     22   4-methyl-1,2-diaminobenzene                                          
                            ferric hydroxide                                   
     23   4,5-dimethyl-1,2-diaminobenzene                                      
                            iron oxalate                                       
     24   4,5-dimethyl-1,2-diaminobenzene                                      
                            basic iron acetate                                 
     25   4,5-dimethyl-1,2-diaminobenzene                                      
                            iron carbonate                                     
     26   4,5-dimethyl-1,2-diaminobenzene                                      
                            ferrosoferric hydroxide                            
     27   4,5-dimethyl-1,2-diaminobenzene                                      
                            ferric hydroxide                                   
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for the production of an iron complex of a tetraazaannulene of
      the formula
      ##SPC3##
PAL  comprising the step of reacting one mole of isoxazole of the formula
      ##SPC4##
PAL  with one mole of a diamine of the formula
      ##EQU2##
      where A has the meaning given above, and with about 1/2 mole of an iron
      compound selected from the group consisting of:
PA1  iron salts of organic mono- or dicarboxylic acids selected from the group
      consisting of formic, acetic, propionic, glyoxylic, lactic, malic,
      gluconic, oxalic, malonic, succinic, maleic, fumaric, tartaric and citric
      acid;
PA1  iron acetyl acetonate;
PA1  iron carbonate; and
PA1  iron hydroxides.
NUM  2.
PAR  2. Process according to claim 1, wherein basic iron acetylacetonate, iron
      carbonate, iron hydroxides, iron acetate, iron glycolate, iron tartrate,
      iron oxalate, iron citrate or iron lactate is used as the iron compound.
NUM  3.
PAR  3. Process according to claim 1 wherein iron acetate is used as the iron
      compound.
PATN
WKU  039364461
SRC  5
APN  4437241
APT  1
ART  121
APD  19740219
TTL  Isocyanocephalosporanates
ISD  19760203
NCL  8
ECL  1
EXP  Ford; John M.
INVT
NAM  Bentley; Peter Hubert
CTY  Rudgwick
CNT  EN
INVT
NAM  Clayton; John Peter
CTY  Horsham
CNT  EN
ASSG
NAM  Beecham Group Limited
CNT  DT
COD  03
CLAS
OCL  260243R
XCL  260243C
XCL  424246
XCL  424270
XCL  424271
XCL  2603067R
XCL  2602391
EDF  2
ICL  C07D27908
FSC  260
FSS  243 R;243 C
FREF
PNO  2,337,105
ISD  19720700
CNT  DT
FREF
PNO  1,328,340
ISD  19730800
CNT  UK
OREF
PAL  Theilheimer, "Synthetic Methods of Organic Chemistry," Vol. 13, entry 534,
      Interscience Publisher, Inc., New York, (1959).
ABST
PAL  Intermediates useful in the preparation of compounds having a penam or
      cephem ring structure, particularly penicillins and cephalosporins, and
      their preparation.
BSUM
PAR  This invention relates to intermediates useful in the preparation of
      compounds having the penam or cephem ring structure, particularly
      penicillin and cephalosporin compounds which have antibacterial activity.
PAR  According to the present invention there is provided a compound of formula
      (I)
      ##EQU1##
      wherein n is 0 or 1 and Z is a divalent radical of formula (II), (III) or
      (IV)
      ##SPC1##
PAL  wherein R is hydrogen, an acetoxy group, a pyridinium group or a
      heterocyclic thio group, and X is a carboxylic acid group or a salt or
      ester derivative thereof, or X and R taken together in formula (III) or
      (IV) represent the divalent radical
      ##EQU2##
PAR  When X is an esterified carboxylic acid group, the most versatile esters
      are those which can readily be hydrolysed to the parent acid. Examples of
      suitable esters include the benzyl, para-methoxybenzyl,
      2,2,2-trichloroethyl, and tert-butyl esters. Other suitable esters include
      the acyloxymethyl esters such as acetoxymethyl and pivaloyloxymethyl
      esters as well as "lactone" esters of structure (V)
      ##EQU3##
      wherein Z.sup.1 is a divalent radical such as 1,2-phenylene or
      4,5-dimethoxyphenyl-1,2-ene-radical.
PAR  The CN-C bond in compounds (I) may be either cis or trans with respect to
      the bridgehead hydrogen, and, as will be apparent later, mixtures of the
      cis and trans isomers are generally formed when preparing compopunds (I).
PAR  When R is a heterocyclic thio group, particular examples include the
      following:
      ##SPC2##
PAL  Although many other examples of heterocyclic thio groups are known, for
      example,
      ##SPC3##
PAL  Wherein R.sup.2.sup.' is hydrogen, halogen, lower alkyl, cycloalkyl, or
      alkenyl, each of up to 4 carbon atoms, CF.sub.3, NH.sub.2,
      NHR.sup.3.sup.', NR.sub.2.sup.3.sup.' , phenyl, benzyl, lower alkoxy, or
      alkoxyalkyl, and each alkyl or alkoxy of up to 4 carbon atoms, or
      SCH.sub.3 and R.sup.3.sup.' is lower alkyl of up to 4 carbon atoms.
PAR  Compounds of formula (I) are prepared by reacting a compound of formula
      (VI)
      ##EQU4##
      wherein n and Z are as defined in formula (I) with phosgene, in the
      presence of an acid acceptor. Preferably the acid acceptor is a tertiary
      amine such as N-methylmorpholine. The compound of formula (VI) used as
      starting material may be prepared by N-acylating the 6- or 7- amino
      compound with an N-acylating derivative of formic acid e.g. formicacetic
      anhydride or the intermediate formed when a carbodiimide coupling agent is
      used with formicacid. The above reaction is most preferably carried out
      using a compound (VI) in which the group X is an esterified carboxylic
      acid group, since this gives a cleaner reaction. If desired, the ester
      group may then be hydrolysed to give the parent acid or salt. When cephem
      structures (I) are to be prepared, it may be preferable to carry out the
      phosgene reaction using a compound (VI) wherein R is not the ultimately
      desired group, and thereafter introduce the desired group e.g. by
      nucleophilic displacement. Thus the phosgene reaction might be carried out
      using the corresponding 3-acetoxy compound which is later displaced by a
      heterocyclic thiol.
PAR  In general, mixtures of the .alpha.- and .beta.- isomers of the isocyano
      compound (I) are obtained after the phosgene reaction, the ratio of one
      isomer to the other being dependent on reaction conditions such as
      solvent, temperature and time. Usually separation of isomers is not
      necessary since the isomeric mixture can be used as the intermediate in
      the same way as the pure isomers.
PAR  The value of compounds (I) derives from their use in the preparation of the
      corresponding 6- or 7- substituted compound (VII)
      ##EQU5##
      wherein n and Z are as defined in formula (I) and R.sup.1 is a group
      derived from an electrophile, e.g. hydroxy alkyl, alkoxycarbonylalkyl,
      aralkoxycarbonylalkyl, aralkyl, alkylthio and the like. It is known that
      penicillins and cephalosporins having both an acylamino substituent and a
      second substituent at position 6- or 7- respectively are of value as
      antibacterial agents (cf Belgian Pat. No. 768528). The isocyano group of
      compounds (VII) above may be converted to a free amino group by reaction
      with an acid which does not cleave the .beta.-lactam ring of the penam or
      cephem (e.g. arylsulphonic acids such as p-toluenesulphonic acid). The
      free amino group may then be acylated by any of the N-acylation procedures
      known for semisynthetic penicillins and cephalosporins. In addition, the
      substituent R.sup.1 in compounds (VII) may be modified further either
      before or after conversion of the isocyano group to an amino or acylamino
      group. Thus the versatility of the intermediate compounds (I) is clear,
      and specific examples of their use are given later in this specification.
PAR  The following Examples 1 to 9 illustrate the preparation of representative
      compounds of formula (I), whilst the remaining Examples illustrate the use
      of such compounds in the preparation of penam and cephem structures having
      an electrophile - derived substituent at position 6- or 7-.
DETD
PAC  EXAMPLE 1
PAL  Benzyl 6- isocyanopenicillanate
PAR  a solution of benzyl 6.beta.-formylaminopenicillanate (4g) in dry methylene
      chloride (40 ml) was treated with N-methylmorpholine (3.3 ml) and then at
      -50.degree.C with a methylene chloride solution of phosgene (1.2g). The
      reaction was exothermic. After 30 minutes at -40.degree.C ice-water was
      added and the organic phase was washed with water and dried. Evaporation
      gave crude benzyl 6-isocyanopenicillanate Column chromatography on silica
      gel using 30% v/v ethyl acetate in light petrol (60.degree.-80.degree.C)
      gave a semisolid mixture of the 6.alpha.- and 6.beta.- epimers (ratio
      55:45) (1.2g.), from which the 6.alpha.- isomer was obtained by fractional
      crystallisation from ether, m.p. 87.degree.-89.degree.C.
      .gamma..sub.n.tbd.C.sup.CHCl.sbsp.3 2140 cm.sup..sup.-1.
PAC  EXAMPLE 2
PAR  Following the same procedure as in Example 1, the phthalidyl ester of
      6.beta. -formylaminopenicillanic acid was converted to phthalidyl
      6-isocyanopenicillanate. .gamma..sub.max (CHCl.sub.3) 2120, 1790, 1770
      (shoulder) cm.sup..sup.-1
PAC  EXAMPLE 3
PAR  Following the same procedure as in Example 1, the t-butyl ester of 7.beta.
      -formylaminocephalosporinate was converted to t-butyl
      7.beta.-isocyanocephalosporinate as a chromatographically homogeneous
      syrup .gamma..sub.N.tbd.C.sup.CHCl.sbsp.3 2140 cm.sup..sup.-1
PAC  EXAMPLE 4
PAR  A solution of methyl 7.beta. -formylaminodesacetoxycephalosporanate (1.02g)
      in methylene chloride (25mls) was treated with N-methylmorpholine (1.1ml)
      and then at -40.degree.C to -.dbd..degree.C with a 2M solution of phosgene
      in methylene chloride (2.5 mls). After 1 hour, water was added and the
      organic phase separated. The latter was washed with aqueous sodium
      bicarbonate solution then with water, and dried and evaporated to give
      methyl-7.beta.-isocyanodesacetoxycephalosporanate. Chromatography on
      silica gel gave the product as an oil .gamma..sub.max (CH Cl.sub.3) 2110
      1785, 1720 cm.sup..sup.-1.
PAC  EXAMPLE 5
PAR  A solution of methyl 7.beta.-formylamino -3-(2.sup.1
      -methyl-1.sup.1,3.sup.1,4.sup.1 -thiadiazol-5.sup.1
      -yl)-thiomethylceph-3-em-4-carboxylate (0.81 g) in methylene chloride (15
      mls) was treated with N-methylmorphine (0.56 ml) and then at -50.degree.C
      to -60.degree.C with a 2M solution of phosgene in methylene chloride (1.2
      mls). After 1 hour at -40.degree.C and 0.5 hour at 20.degree.C ice-water
      was added and the organic layer separated. The latter was washed with
      aqueous sodium bicarbonate solution then water, and dried and evaporated.
      Chromatography on silica gave methyl 7.beta.-isocyano-3-(2.sup.1
      -methyl-1.sup.1,3.sup.1,4.sup.1 -thiadazol-5.sup.1
      -yl)-thiomethylceph-3-em-4 carboxylate. (0.16g) .gamma..sub.max (CH
      Cl.sub.3) 2110, 1780, 1720 cm.sup..sup.-1
PAC  EXAMPLE 6
PAR  By the general procedure of Example 1, using as starting material benzyl
      6.beta. -formylaminopenicillanate sulphoxide, benzyl
      6-isocyanopenicillanate sulphoxide is prepared.
PAC  EXAMPLE 7
PAR  By the general procedure of Example 4 using as starting material methyl
      7.beta.-formylaminodesacetoxycephalosporanate, methyl
      7.beta.-formylaminodesacetoxycephalosporanate sulphoxide is prepared.
PAC  EXAMPLE 8
PAR  By the general procedure of Example 4 using as starting material methyl
      7.beta.-formylamino-3-methylceph-2-em-4-carboxylate, methyl
      7.beta.-isocyano -3-methylceph-2-em-4-carboxylate is prepared.
PAC  EXAMPLE 9
PAR  Catalytic hydrogenation of the product of Example 1 using Raney Nickle
      produces 6-isoyanopenicillanic acid.
PAC  EXAMPLE 10
PAC  Benzyl 6.alpha.-[1'-hydroxyisopropyl]-6.beta.-isocyanopenicillanate
PAR  A mixture of benzyl 6.alpha.- and 6.beta.-isocyanopenicillanate (0.71 g)
      dry acetone (5 ml.) and powdered potassium carbonate (0.31 g.) was stirred
      at 20.degree.C with monitoring of the reaction by thin layer
      chromatography When all starting material had disappeared (2 hours)
      ice-water was added and the acetone was removed at 20.degree.C. Extraction
      of the aqueous residue with ether was followed by washing the extracts
      with water drying and evaporation to yield the crude
      6.alpha.-[1'-hydroxyisopropyl] derivative. Purification by column
      chromatography on silica gel led to the product as a syrup (0.5 g.);
      .gamma..sub.N.tbd.C.sup.CHCl.sbsp.3 2130 cm.sup..sup.-1
PAC  EXAMPLE 11
PAC  Benzyl 6.alpha.-methoxycarbonylmethyl-6.beta.-isocyanopenicillanate
PAR  When a mixture of benzyl 6.alpha.- and 6.beta.-isocyanopenicillanate
      epimers, dimethylformamide (3 ml.) and powdered potassium carbonate (0 24
      g) were stirred together in the presence of methyl bromacetate (0.16 ml.)
      for 3 hours in an ice-bath, work up and chromatography as described in
      Example 10 led to the benzyl
      6.alpha.-methoxycarbonylmethyl-isocyanopenicillanate as a clear colourless
      syrup, (0.3 g.); .gamma..sub.max.sup.CHCl.sbsp.3 2130, 1790, 1740
      cm.sup..sup.-1
PAC  EXAMPLE 12
PAC  Benzyl 6.alpha.-benzyloxycarbonylethyl-6.beta.-isocyanopenicillanate
PAR  A mixture of benzyl 6.alpha.- and 6.beta.-isocyanopenicillanate epimers
      (3.8 g) in dry dimethylformamide (15 ml.) was stirred at 20.degree.C with
      powdered potassium carbonate (1.7 g) and benzyl acrylate (2.5 g.) for
      1.1/2 hours. Addition of ice-water was followed by extraction of the
      precipitated oil into ethyl acetate. The extracts were washed with water
      dried and evaporated. Column chromotography of the residue on silica gel
      using 30% ethyl acetate in petrol as eluent provided benzyl
      6.alpha.-benzyloxycarbonylethyl-6.beta.-isocyanopenicillanate as a syrup
      (2.8 g.); .gamma..sub.N.tbd.C.sup.CHCl.sbsp.3 2120 cm.sup..sup.-1
PAC  EXAMPLE 13
PAC  Benzyl 6.alpha.-benzyl-6.beta.-isocyanopenicillanate
PAR  A mixture benzyl 6.alpha.- and 6.beta.-isocyanopenicillanate epimers (1.0
      g.) dimethylformamide (3.5 ml.), potassium carbonate (0.47 g.) and benzyl
      bromide (0 43 ml.) were stirred together for 2.1/2 hours in an ice-bath.
      The reaction was worked up as in Example 10 and column chromatography gave
      benzyl 6.alpha.-benzyl-6.beta.-isocyanopenicillanate (0.24 g.), m.p.
      105.degree.-7.degree.C.
PAC  EXAMPLE 14
PAC  t-Butyl 7.alpha.-benzyloxycarbonylethyl-7.beta.-isocyanocephalosporanate
PAR  t-Butyl 6.beta.-isocyanocephalosporanate was reacted as described in
      Example 12, chromatography of the crude product led to t-butyl
      7.alpha.-benzyloxycarbonylethyl-7.beta.-isocyanocepholosporanate as a
      colourless syrup; .gamma..sub.max.sup.CHCl.sbsp.3 2120, 1795, 1735
      cm.sup..sup.-1.
PAC  EXAMPLE 15
PAR  Benzyl 6.alpha.-benzoylmethyl-6.beta.-isocyanopenicillanate
PAR  A solution of benzyl 6-isocyanopenicillanate (mixed C6-epimers) (1.43g) in
      dimethylformamide containing anhydrous potassium carbonate (0.63g) and
      phenacylbromide (0.9 g) was stirred for 4 hours at 5.degree.C. Work up and
      chromatography provided the desired compound as an oil (0.35 g.)
      .gamma..sub.max (CHCl.sub.3): 2120, 1795, 1740, 1680 cm.sup..sup.-1.
PAC  EXAMPLE 16
PAC  t-butyl 7.alpha.-isocyano-7.beta.-methylthiocephalosporante
PAR  A mixture of 7.beta.-isocyanocephalosporanate (1.7g), potassium carbonate
      (0.7g), methylmethoxycarbonyldisulphide (0 7 g.) and dimethylformamide (10
      mls.) was stirred for 2.1/4 hours at 5.degree.-10.degree.C. After addition
      of water, the neutral product was isolated from ethylacetate. On the basis
      of spectral evidence this contained the desired isocyanide:
      .gamma..sub.max (CHCl.sub.3): 2120, 1795, 1740 cm.sup..sup.-1.
PAC  EXAMPLE 17
PAC  Benzyl 6.alpha.-benzyl-6.beta.-aminopenicillanate
PAR  A solution of benzyl 6.alpha.-benzyl6.beta.-isocyanopenicillanate (1.75g)
      in chloroform (50ml) was stirred with p-toluene sulphonic acid (0.83g) for
      1/2 hour at 20.degree.
PAR  The chloroform was washed with aq. sodium bicarbonate, dried and evaporated
      to give the essentially pure amine (100%). Chromatography over silica gel
      provided the pure amine, m.p. 99.degree.-101.degree..gamma..sub.max
      (CHCl.sub.3): 3360, 1775, 1750 cm.sup..sup.-1. Alternatively addition of
      p-toluene sulphonic acid to the crude amine dissolved in ether provided
      the p-toluene sulphonic acid salt m.p. 163.degree.-4.degree.
PAC  EXAMPLE 18
PAC  Benzyl 6.alpha.-(benzyloxycarbonylethyl)-6.beta.-aminopenicillanate
PAR  Following the procedure of Example 17 benzyl
      6.alpha.-benzylcarbonylethyl-6.beta.-isocyanopenicillanate (2.54g)
      provided the title compound as a syrup. .gamma..sub.max (CHCl.sub.3) 3350,
      1770, 1740, 1600 cm.sup..sup.-1.
PAC  EXAMPLE 19
PAC  Benzyl 6.alpha.-(methylthio)-6.beta.-aminopenicillanate
PAR  Benzyl 6.alpha.-methylthio-6.beta.-isocyanopenicillanate (3.61g) was
      dissolved in chloroform (110mls) and treated with p-toluene sulphonic acid
      (1.9g). After 80 mins at 5.degree. the solution was washed with aq sodium
      bicarbonate, dried and evaporated. A solution of the residual free base in
      ether (150mls) on treatment with p-toluene sulphonic acid provided with
      crystalline p-toluene sulphonic acid salt (56%, m.p. 136.degree.-8.degree.
      dec.). .gamma..sub.max (CHCl.sub.3): 3200-3300 (b), 1785, 1740
      cm.sup..sup.-1.
PAR  Phenylacetylation of benzyl
      6.alpha.-(methylthio)-6.beta.-aminopenicillanate using phenylacetyl
      chloride, followied by the chlorine-trithylamine-methanol procedure of
      Spitzer and Goodson (Tetrahedon Letters, [1973] 273.) produced benzyl
      6.alpha.-methoxy phenylacetamidopenicillanate which was converted to
      6.alpha.-methoxy phenyl-a acetamidopenicillanic acid by catalytic
      hydrogenation.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of formula:
      ##SPC4##
PAL  wherein the dotted line represents a double bond at either position 2- or
      3-, n is zero of 1, X is a carboxylic acid group, a non-toxic salt
      thereof, or an esterified carboxylic acid group wherein the ester portion
      is selected from the group consisting of benzyl, para-methoxybenzyl,
      2,2,2-trichloroethyl, tertbutyl, acetoxymethyl, pivaloyloxymethyl,
      phthalidyl and a lactone of the formula
      ##EQU6##
      wherein Z.sup.1 is 1,2-phenylene or 4,5-dimethoxyphenyl-1,2-ene, R is
      hydrogen, an acetoxy group, a pyridinium group or a group of the formula
      -SR.sup.2, wherein R.sup.2 represents a 5- or 6-membered heterocyclic ring
      containing one to four nitrogen heteroatoms, one oxygen heteroatom and one
      to three nitrogen heteroatoms or one sulphur heteroatom and one to three
      nitrogen heteroatoms, unsubstituted or substituted with one or two groups
      selected from alkyl, cycloalkyl, or alkenyl, each having up to four carbon
      atoms, alkoxy or alkoxyalkyl, each alkyl or alkoxy having one to four
      carbon atoms, CF.sub.3, NHR.sup.3, NR.sub.2.sup.3, SCH.sub.2, halogen,
      amino, phenyl and benzyl wherein R.sup.3 is alkyl of 1 to 4 carbon atoms;
      or X and R taken together represent the divalent radical
      ##EQU7##
      and R.sup.1 is hydroxyloweralkyl, lowerakloxycarbonylloweralkyl,
      benzyloxycarbonylloweralkyl, benzyl or loweralkylthio.
NUM  2.
PAR  2. A compound according to claim 1 wherein n is zero.
NUM  3.
PAR  3. A compound according to claim 1 wherein X is said esterified carboxylic
      acid group.
NUM  4.
PAR  4. A compound according to claim 3 wherein the ester is benzyl, phthalidyl
      or t-butyl ester.
NUM  5.
PAR  5. A compound according to claim 1 wherein X is said esterified carboxylic
      acid group and R is an acetoxy group or a group of formula -SR.sup.2
      wherein R.sup.2 represents a 5- or 6-membered heterocyclic ring containing
      one to four nitrogen heteroatoms, one oxygen heteroatom and one to three
      nitrogen heteroatoms or one sulphur heteroatom and one to three nitrogen
      heteroatoms, unsubstituted or substituted with one or two groups selected
      from alkyl, cycloalkyl, or alkenyl, each having up to four carbon atoms,
      alkoxy or alkoxyalkyl, each alkyl or alkoxy having one to four carbon
      atoms, CF.sub.3, NHR.sup.3, NR.sub.2.sup.3, SCH.sub.2, halogen, amino,
      phenyl and benzyl wherein R.sup.3 is alkyl of 1 to 4 carbon atoms.
NUM  6.
PAR  6. A compound according to claim 5 wherein R is a group of the formula:
      ##SPC5##
NUM  7.
PAR  7. The compound according to claim 1 which is t-butyl
      7.alpha.-benzyloxycarbonylethyl-7.beta.-isocyanocephalosporanate.
NUM  8.
PAR  8. The compound according to claim 1 which is t-butyl
      7.alpha.-isocyano-7.beta.-methylthiocephalosporanate.
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OREF
PAL  toshiyasu et al., Chem Abs., 78, 111301d, (1973).
ABST
PAL  7-Acylamino-desacetoxy-cephalosporanic acid esters are produced by heating
      a sulfoxide of 6-acylaminopenicillanic acid ester at a temperature of from
      about 60.degree.C to about 150.degree.C in the presence of a phenol
      catalyst. The 7-acylamino-desacetoxy-cephalosporanic acid esters produced
      are known per se and are useful as intermediates for the preparation of
      desacetoxy-cephalosporin derivatives which exhibit antibacterial activity.
BSUM
PAR  The present invention is concerned with a process for the production of
      7-acylamino-desacetoxy-cephalosporanic acid esters which compounds are
      generally known per se and which compounds are useful as intermediates for
      the preparation of desacetoxycephalosporin derivatives, which derivatives
      are useful for their anti-bacterial activity, (see E. H. Flynn,
      Cephalosporins and Penicillins, Academic Press, New York, 1972).
PAR  According to U.S. Pat. No. 3,275,626, 7-acylaminodesacetoxy-cephalosporanic
      acid derivatives are obtained when the correspondingly substituted
      penicillin-sulphoxide derivatives are rearranged in the presence of acids
      at an elevated temperature. However, the process of that patent results in
      mixtures with such a low content of the
      7-acylamino-desacetoxy-cephalosporanic acid derivatives that economical
      use of the process is richly impossible.
PAR  German Offenlegungsschrift No. 2,006,689 discloses what is suggested as an
      improvement of the process of U.S. Pat. No. 3,275,626. According to the
      German Offenlegungsschrift, by using solvents which contain a tertiary
      carboxamide, the rearrangement in the presence of sulphonic acids can be
      carried out with a better yield. However, the process suffers from the
      disadvantage that the reaction solutions must be heated with the strong
      acids for several hours.
PAR  The present invention provides an improved process for the production of
      7-acylamino-desacetoxy-cephalosporanic acid esters. According to the
      process of the present invention, 7-acylaminodesacetoxy-cephalosporanic
      acid esters of the formula:
      ##SPC1##
PAL  Wherein
PA1  R.sub.1 is hydrogen, and
PA1  R.sub.2 is phenacetyl, phenoxyacetyl, trityl or .alpha.-aminophenacetyl the
      amino group of which may be protected, and which is unsubstituted or
      substituted in the phenyl moiety by one or more substituents selected from
      the group consisting of hydroxy, alkoxy, especially lower alkoxy,
      alkylmercapto, especially lower alkylmercapto, and halogen; thienylacetyl;
      or tert.-butoxycarbonyl; or
PA1  R.sub.1 and R.sub.2 together with the nitrogen atom to which they are
      attached form a phthalimido or succinimido moiety; and
PA1  R.sub.3 is benzyl, methoxybenzyl, nitrobenzyl, diphenylmethyl, trityl,
      .beta.,.beta.,.beta.-trichloroethyl, cyanomethyl, 9-fluorenyl,
      tert.-butyl, phenacyl, chlorophenacyl, bromophenacyl, nitrophenacyl,
      phenylphenacyl, alkoxyphenacyl, especially lower alkoxyphenacyl, or
      trimethylsilyl,
PAL  Which comprises heating a sulfoxide of 6-acylaminopenicillanic acid ester
      of the formula:
      ##SPC2##
PAL  Wherein R.sub.1, R.sub.2 and R.sub.3 are as above defined, at a temperature
      of from about 60.degree.C to about 150.degree.C in the presence of a
      phenol catalyst of the formula:
      ##SPC3##
PAL  Wherein R.sub.4, R.sub.5, R.sub.6, R.sub.7 and R.sub.8 are the same or
      different and each is selected from the group consisting of hydrogen,
      nitro, cyano, halogen (fluorine, chlorine, bromine or iodine, especially
      chlorine or bromine), alkyl of 1 to 4 carbon atoms, haloalkyl of 1 to 4
      carbon atoms wherein the halogen is preferably fluorine, chlorine or
      bromine, especially fluorine, the preferred haloalkyl moiety being
      trifluoromethyl, carbalkoxy (-COOalkyl) of 2 to 5 carbon atoms, especially
      carbomethoxy and carbethoxy, alkylcarbonyl (--COalkyl) of 2 to 7 carbon
      atoms, alkylsulphonyl (--SO.sub.2 alkyl) of 1 to 6 carbon atoms, benzoyl,
      phenylsulphonyl, carbophenoxy, phenyl or phenyl substituted by one or more
      substituents selected from the group consisting of nitro, cyano, halogen,
      alkyl of 1 to 4 carbon atoms, haloalkyl of 1 to 4 carbon atoms, carbalkoxy
      of 2 to 5 carbon atoms, alkylcarbonyl of 2 to 7 carbon atoms,
      alkylsulphonyl of 1 to 6 carbon atoms, benzoyl, phenylsulphonyl,
      carbophenoxy, and phenyl; provided that only one of R.sub.4 -R.sub.8 is
      halogen and not more than two of R.sub.4 -R.sub.8 is hydrogen.
PAR  The 7-acylamino-desacetoxy-cephalosporanic acid derivatives produced above
      are intermediates and may be converted into desacetoxy-cephalosporin
      derivatives according to techniques per se known in the art. These final
      products are useful for treating bacterial infections in humans and
      animals.
PAR  It is distinctly surprising that, according to the above process, the
      rearrangement of 6-acylaminopenicillanic acid-S-oxide-esters of formula II
      give 7-acylamino-desacetoxy-cephalosporanic acid esters of formula I when
      the heating takes place in the presence of a phenol because it would have
      been expected in the light of the prior art that this rearrangement would
      only take place in the presence of strong acids, such as sulphonic acids.
PAR  The process according to the present invention thus represents a number of
      advantages, as well as a technical advance of the known process for the
      production of 7-acylamino-desacetoxycephalosporanic acid esters, and it is
      especially valuable because it can utilize penicillin-sulphoxide
      derivatives which are sensitive to strong acids.
PAR  If for example phenoxymethylpenicillin-sulphoxide p-nitrobenzyl ester is
      used as the starting compound, the course of the reaction can be
      illustrated by the following equation:
      ##SPC4##
PAR  According to one embodiment of the present invention:
PA1  R.sub.1 is hydrogen;
PA1  R.sub.2 is phenacetyl, phenoxyacetyl, or .alpha.-aminophenacetyl; and
PA1  R.sub.3 is benzyl, p-methoxybenzyl, p-nitrobenzyl,
      .beta.,.beta.,.beta.-trichloroethyl, cyanomethyl, p-chlorophenacyl,
      p-nitrophenacyl, or p-phenylphenacyl, provided that, when R.sub.2 in
      formula I is .alpha.-aminophenacetyl, R.sub.2 in formula II is
      .alpha.-aminophenacetyl having a protective group on the amino moiety
      which is removed after the reaction, as e.g. 1-methyl-2-benzoyl-vinyl,
      1-methyl-2-acetyl-vinyl, 1-methyl-2-alkoxycarbonyl-vinyl,
      2.2.2-trichloraethoxycarbonyl-, benzyloxycarbonyl or t-butoxycarbonyl.
PAR  Most of the 6.beta.-acylaminopenicillanic acid S-oxide esters of formula II
      which are used as starting materials according to the present invention
      are known.
PAR  They can be prepared, for example, by oxidation of penicillins to give
      6-acylaminopenicillanic-sulphoxide acids and subsequent esterification [J.
      Amer. Chem. Soc. 91, 1401 (1969)] or by oxidation of
      6-acylaminopenicillanic acid esters with suitable oxidizing agents such as
      sodium metaperiodate, hydrogen peroxide or per-acids.
PAR  The reaction is appropriately carried out in the presence of a diluent;
      preferred diluents used are hydrocarbons, such as benzene, toluene,
      xylene, cyclohexane and methylcyclohexane halogenated hydrocarbons, such
      as chloroform, dichloroethane and chlorobenzene; nitro-hydrocarbons, such
      as nitromethane, nitroethane and nitrobenzene; open chain and cyclic
      ethers, such as dibutyl ether, tetrahydrofurane, dioxane and ethylene
      glycol dimethyl ether; ketones, such as methyl isopropyl ketone, methyl
      isobutyl ketone and cyclohexanone; esters, such as butyl acetate, isoamyl
      acetate, triethyl phosphate and methanephosphonic acid dimethyl ester;
      nitriles, such as acetonitrile and propionitrile; amides, such as
      dimethylformamide, dimethylacetamide, N-methylpyrrolidone and
      hexamethyl-phosphoric acid tris-amide; tetraalkylureas, such as
      tetramethylurea, 1-(1-pyrrolidylcarbonyl)-pyrrolidine and
      N,N-dimethyl-N',N'-tetramethyleneurea; sulphoxides, such as
      dimethylsulphoxide; and sulphones, such as tetramethylenesulphone, as well
      as mixtures of these solvents; preferably, mixtures of a non-polar or
      weakly polar diluent, for example benzene, toluene or methylcyclohexane,
      with a strongly polar solvent, e.g. amides or sulphoxides, are employed.
PAR  The phenol of formula III is preferably used in an amount of 5 - 80, more
      preferably 20 - 50, mol per cent, based on the S-oxide of formula II
      employed, but the reaction can also be carried out in the presence of
      larger amounts of phenol. Representative phenols which may be used as
      catalysts according to the above described process include:
PA1  2-bromo-4,6-dicyano-phenol,
PA1  2-iodo-4,6-dicyano-phenol,
PA1  2-trifluoromethyl-4,6-dinitro-phenol,
PA1  2,4-bis-trifluoromethyl-6-nitro-phenol,
PA1  2,4,6-trinitro-phenol,
PA1  2-chloro-4,6-dinitro-phenol,
PA1  3-chloro-2,6-dinitro-phenol,
PA1  3-chloro-4,6-dinitro-phenol,
PA1  4-cyano-2-iodo-6-nitro-phenol,
PA1  2-carbethoxy-4,6-dinitro-phenol,
PA1  4-carbomethoxy-2,6-dinitro-phenol,
PA1  4-fluoro-2,6-dinitro-phenol,
PA1  2,6-dicyano-4-nitro-phenol, and
PA1  2,4,6-tricyano-3,5-di-(phenylsulphonyl)-phenol.
PAR  The reaction is carried out at temperatures between 60.degree.C and
      150.degree.C, preferably between 80.degree.C and 130.degree.C.
PAR  The reaction can be carried out under atmospheric pressure but also under
      elevated pressure; the reaction conditions are most appropriately so
      chosen that the reaction can take place under reflux at atmospheric
      pressure.
PAR  In carrying out the process according to the present invention, the methods
      customary in organic chemistry for removing the water produced in the
      reaction can be used. Thus the water may be removed for example by
      azeotropically distilling off the water with the diluent and recycling the
      latter, or by passing the refluxing portions of the diluent over
      dehydrating agents, such as anhydrous sodium sulphate, calcium chloride or
      molecular sieves, or by adding to the batch chemicals which easily react
      with water, such as ketals, acetals or ortho-esters.
PAR  The mixture resulting from the reaction can for example be worked up by
      concentrating the solution almost to dryness and separating the end
      product and by-products either by recrystallization or by chromatography
      or by the addition of solvents in which the by-products are soluble. If
      the catalysts used dissolve in water, it is also possible to add water to
      the reaction mixture and to extract the cephalosporin derivative formed
      with a water-immiscible solvent such as toluene or chloroform; the organic
      part is concentrated and the crude product which remains is purified, for
      example by recrystallization or by dissolving out the by-products.
PAR  Most of the cephalosporin derivatives obtained according to the process of
      the present invention are known from German Offenlegungsschrift No.
      2,012,955. They can be easily differentiated spectroscopically and
      chromatographically from the starting compounds and from by-products
      formed.
DETD
PAR  The following non-limitative examples more particularly illustrate the
      present invention.
PAC  EXAMPLE 1
      ##SPC5##
PAR  25 g of penicillin-V-sulphoxide p-nitrobenzyl ester (0.05 mol) in 300 ml of
      toluene and 150 ml of dimethylacetamide, to which 6 ml of
      acetone-dimethylketal and 5 g of 2-bromo-4,6-dicyano-phenol have been
      added, are heated for 2-1/2 hours under reflux. The red-brown solution is
      concentrated to 38 g at 90.degree. /20 mm and 50 ml of methanol are added
      to the oil which remains. The crystals which precipitate are filtered off
      and washed with cold methanol and acetonitrile. 16.2 g of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester of melting point 186.degree.-189.degree.C are
      obtained; it was shown to be identical with authentic material by thin
      layer chromatography, elementary analysis and infra-red, nuclear resonance
      and mass spectra. Since 1.4 g of starting compound were recovered from the
      mother liquor, the total yield is 71% of theory.
PAC  EXAMPLE 2
PAR  10 g of penicillin-v-sulphoxide p-nitrobenzyl ester (0.02 mol) in 120 ml of
      toluene and 60 ml of dimethylacetamide, to which 2.5 ml of
      acetone-dimethylketal and 2 g of 2-chloro4,6-dinitro-phenol have been
      added, are heated for 21/2  hours under reflux. Working up is carried out
      as described in Example 1 and 0.65 g of starting compound is recovered
      from the mother liquor. Yield: 6.3 g (70% of theory) of
      7-phenoxyacetamido-3methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester of melting point 186.degree.-189.degree.C.
PAC  EXAMPLE 3
PAR  10 g of penicillin-V-sulphoxide p-nitrobenzyl ester in 80 ml of benzene and
      60 ml of dimethylacetamide are heated with 1.8 g of
      4-carbomethoxy-2,6-dinitro-phenol for 12 hours under reflux, the red-brown
      solution is concentrated to 16.7 g in vacuo, 100 ml of isopropyl
      alcohol/ether (1:1) are added to the brown oil which remains and the
      product is filtered off and washed with a little acetonitrile. 6.6 g
      (68.5%) of 7-phenoxyacetamido3-methyl-.DELTA..sup.3 -cephem-4-carboxylic
      acid p-nitrobenzyl ester of melting point 186.degree.-189.degree.C are
      obtained.
PAC  EXAMPLES 4-12
PAR  5 g of penicillin-V-sulphoxide p-nitrobenzyl ester in 60 ml of toluene and
      30 ml of dimethylacetamide are heated with X g of the phenol indicated in
      the table for 5 hours under reflux, the mixture is concentrated in vacuo
      at 90.degree.C and 5 ml of methanol are added to the residue. The
      7-phenoxyacetamido-3-methyl.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester which precipitates is filtered off, washed with
      methanol and a little acetonitrile, and dried.
TBL                                 Melting point                              
                                            Yield                              
     Example                                                                   
          Catalyst             X (g)                                           
                                    (.degree.C)                                
                                            (g)                                
     __________________________________________________________________________
     4    2-Trifluoromethyl-4,6-dinitrophenol                                  
                               1.0  186-188 2.6                                
     5    2,4-bis-Trifluoromethyl-6-nitrophenol                                
                               1.0  185-188 1.4                                
     6    2,4,6-Trinitrophenol 1.0  185-189 1.5                                
     7    3-Chloro-2,6-dinitrophenol                                           
                               0.87 186-189 2.4                                
     8    3-Chloro-4,6-dinitrophenol                                           
                               0.87 187-189 2.4                                
     9    4-Cyano-2-iodo-6-nitrophenol                                         
                               1.2  187-189 1.9                                
     10   2-Carbethoxy-4,6-dinitrophenol                                       
                               0.98 185-188 1.9                                
     11   4-Fluoro-2,6-dinitrophenol                                           
                               0.8  186-189 1.5                                
     12   2,6-Dicyano-4-nitrophenol                                            
                               0.76 186-189 2.9                                
     __________________________________________________________________________
PAR  2,6-Dicyano-4-nitro-phenol, used in Example 12, was prepared according to
      generally known processes: 2,6-dicyano-4-nitro-aniline is converted by a
      Sandmeyer reaction into 2,6-dicyano-4-nitro-chlorobenzene of melting point
      218.degree.-219.5.degree.C, reacted with methanol/sodium hydroxide to give
      2,6-dicyano-4-nitro-anisole of melting point 144.degree.-148.degree.C, and
      the latter subsequently split with sodium iodide in dimethylformamide to
      give 2,6-dicyano-4-nitro-phenol of melting point 228.degree.-231.degree.C.
      The last two stages correspond to a process indicated in Belgian Pat. No.
      764,117.
PAC  EXAMPLE 13
PAR  10 g of penicillin-V-sulphoxide p-nitrobenzyl ester (0.02 mol) in 40 ml of
      benzene, 40 ml of cyclohexane and 60 ml of dimethylacetamide are heated
      with 1.8 g of 2-chloro-4,6-dinitro-phenol for 12 hours under a water
      separator, the mixture is concentrated in vacuo at 90.degree.C and 10 ml
      of methanol are added to the residue. 6.1 g (63%) of
      7-phenoxyacetamido-3-methyl-66.sup.3 -cephem4-carboxylic acid
      p-nitrobenzyl ester of melting point 185.degree.-188.degree.C crystallize
      out.
PAC  EXAMPLE 14
PAR  5 g of penicillin-V-sulphoxide p-nitrobenzyl ester (0.01 mol) in 80 ml of
      chlorobenzene and 60 ml of dimethylacetamide are heated with 870 mg of
      2-chloro-4,6-dinitro-phenol for 5 hours to 120.degree.C, the mixture is
      concentrated in vacuo, 5 ml of methanol are added and the product is
      filtered off and washed with methanol/acetonitrile. Yield: 2.7 g (56%) of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester of melting point 187.degree.-190.degree.C.
PAC  EXAMPLE 15
PAR  10 g of penicillin-V-sulphoxide p-nitrobenzyl ester (0.02 mol) in 75 ml of
      isoamyl acetate, 75 ml of cyclohexane and 30 ml of dimethylacetamide are
      heated with 1.74 g of 2-chloro-4,6-dinitro-phenol for 5 hours under
      reflux, the mixture is concentrated in vacuo, 10 ml of methanol are added
      and 5.6 g (58%) of 7-phenoxyacetamido-3-methyl-.DELTA..sup.3
      -cephem-4-carboxylic acid p-nitrobenzyl ester of melting point
      186.degree.-189.degree.C are isolated.
PAC  EXAMPLE 16
PAR  5 g of penicillin-V-sulphoxide p-nitrobenzyl ester (0.01 mol) in 60 ml of
      toluene and 30 ml of methanephosphonic acid dimethyl ester are heated with
      870 mg of 2-chloro-4,6-dinitro-phenol for 4 hours under reflux, 100 ml of
      toluene are added and the mixture is twice extracted with 50 ml of water
      at a time. The toluene phase is dried with sodium sulphate and
      concentrated in vacuo and 10 ml of methanol are added to the brown
      residue. The crystals which precipitate are filtered off and washed with
      methanol/acetonitrile. Yield: 2.7 g (56%) of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester of melting point 185.degree.-187.degree.C.
PAC  EXAMPLE 17
PAR  5 g of penicillin-V-sulphoxide p-nitrobenzyl ester (0.01 mol) in 90 ml of
      isoamyl acetate are boiled with 870 mg of 2-chloro-4,6-dinitro-phenol for
      5 hours under reflux, the mixture is concentrated in vacuo at 70.degree.C
      and the crystalline residue is treated with 5 ml of methanol, filtered off
      and washed with methanol. Yield: 2 g (40%) of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester of melting point 186-190.degree.C.
PAC  EXAMPLE 18
      ##SPC6##
PAR  2.35 g of penicillin-G-sulphoxide p-methoxybenzyl ester in 30 ml of toluene
      and 15 ml of dimethylacetamide are heated with 0.5 g of
      2-bromo-4,6-dicyano-phenol for 5 hours under reflux, the mixture is
      concentrated in vacuo at 90.degree.C and 5 ml of methanol are added. The
      jelly which precipitates is filtered off, pressed out on clay and
      recrystallized from methanol/active charcoal. Yield: 1.8 g (79.6%) of
      7-phenylacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-methoxybenzyl ester of melting point 165.degree.-167.degree.C.
PAC  EXAMPLE 19
      ##SPC7##
PAR  2.43 g of penicillin-V-sulphoxide p-chlorophenacyl ester on 30 ml of
      toluene and 15 ml of dimethylacetamide are heated with 0.3 g of
      2-chloro-4,6-dinitro-phenol for 5 hours under reflux, the mixture is
      concentrated in vacuo at 90.degree.C and 5 ml of methanol are added. The
      crystals which precipitate were filtered off after 1 day and washed with
      methanol. Yield: 1.1 g (47%) of 7-phenoxyacetamido-3-methyl-.DELTA..sup.3
      -cephem-4-carboxylic acid p-chlorophenacyl ester of melting point
      185.degree.-187.degree.C (from ethanol).
PAC  EXAMPLE 20
      ##SPC8##
PAR  2.65 of penicillin-V-sulphoxide p-bromophenacyl ester in 30 ml of toluene
      and 15 ml of dimethylacetamide are heated with 0.3 g of
      2-bromo-4,6-dicyano-phenol for 5 hours under reflux, the mixture is
      concentrated in vacuo at 90.degree.C and the oily residue is dissolved in
      a little toluene/ethyl acetate (2:1) and chromatographed with
      toluene/ethyl acetate (2:1) on a silica gel column. The fractions
      containing the rearrangement product were concentrated and stirred with a
      little methanol, and the crystals which precipitate were isolated. Yield:
      0.9 g (35%) of 7-phenoxyacetamido-3-methyl-.DELTA..sup.3
      -cephem-4-carboxylic acid p-bromophenacyl ester of melting point
      177.degree.-181.degree.C.
PAC  EXAMPLE 21
      ##SPC9##
PAR  2.65 g of penicillin-V-sulphoxide p-phenylphenacyl ester in 30 ml of
      toluene and 15 ml of dimethylacetamide are heated with 0.3 g of
      2-bromo-4,6-dicyano-phenol for 5 hours under reflux, the mixture is
      cooled, 50 ml of toluene and 50 ml of water are added and the organic
      phase is separated off and dried with sodium sulphate. The filtrate is
      concentrated to 2.6 g and 5 ml of methanol are added. The crystals which
      precipitate are isolated, washed with methanol and dried. Yield: 1.5 g
      (58.8%) of 7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic
      acid p-phenylphenacyl ester of melting point 184.degree.-185.degree.C. The
      infra-red spectrum and nuclear resonance spectrum confirm the structure
      shown.
PAR  Penicillin-V-sulphoxide p-phenylphenacyl ester can be prepared as follows:
PAR  13 g of penicillin-V-sulphoxide-acid, 5.25 ml of triethylamine and 9.6 g of
      4-bromoacetyl-biphenyl in 100 ml of acetone are stirred for 4 hours at
      room temperature and the reaction mixture is then stirred with 250 ml of
      water. The viscous oil which first precipitates has crystallized
      throughout after about 1 hour and is isolated and washed with water.
      Yield: 17.1 g (87.5%) of penicillin-V-sulphoxide p-phenylphenacyl ester of
      melting point 163.degree.-164.degree.C (from acetonitrile).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of a 7-acylamino-desacetoxy-cephalosporanic
      acid ester of the formula:
      ##SPC10##
PAL  wherein
PA1  R.sub.1 is hydrogen, and
PA1  R.sub.2 is phenacetyl, phenoxyacetyl, trityl, thienylacetyl,
      tert.-butoxycarbonyl or .alpha.-aminophenacetyl in which the amino moiety
      is protected, and the phenyl ring is unsubstituted or substituted by
      hydroxyl, lower alkoxy, lower alkylmercapto or halogen; or
PA1  R.sub.1 and R.sub.2 together with the nitrogen atom to which they are
      attached are phthalimido or succinimido; and
PA1  R.sub.3 is benzyl, methoxybenzyl, nitrobenzyl, diphenylmethyl, trityl,
      .beta.,.beta. ,.beta. -trichloroethyl, cyanomethyl, 9-fluorenyl,
      tert.-butyl, phenacyl, chlorophenacyl, bromophenacyl, nitrophenacyl,
      phenylphenacyl, alkoxyphenacyl or trimethylsilyl,
PAL  which comprises the steps of heating a 6-aminopenicillanic
      acid-sulfoxide-ester of the formula:
      ##SPC11##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are as above defined, at temperatures
      of from 60.degree.C to 150.degree.C in the presence of from 5 to 80 mol %
      of a phenol of the formula:
      ##SPC12##
PAL  wherein R.sub.4, R.sub.5, R.sub.6, R.sub.7 and R.sub.8 are the same or
      different and each is selected from the group consisting of hydrogen,
      nitro, cyano, halogen, perhaloalkyl of 1 to 4 carbon atoms, carbalkoxy of
      2 to 5 carbon atoms, or phenylsulphonyl, only one of R.sub.4, R.sub.5,
      R.sub.6, R.sub.7 and R.sub.8 being halogen and not more than two of
      R.sub.4, R.sub.5, R.sub.6, R.sub.7 and R.sub.8 being hydrogen, and
      recovering the compound produced.
NUM  2.
PAR  2. A process according to claim 1 wherein
PA1  R.sub.1 is hydrogen;
PA1  R.sub.2 is phenacetyl, phenoxyacetyl, or .alpha.-aminophenacetyl in which
      the amino group is protected; and
PA1  R.sub.3 is benzyl, p-methoxybenzyl, p-nitrobenzyl, .beta.,.beta. ,.beta.
      -trichloroethyl, cyanomethyl, p-chlorophenacyl, p-nitrophenacyl, or
      p-phenylphenacyl.
NUM  3.
PAR  3. A process according to claim 1 wherein the 6-aminopenicillanic
      acid-sulfoxide ester is phenoxymethylpenicillin sulphoxide p-nitrobenzyl
      ester.
NUM  4.
PAR  4. A process according to claim 1 wherein the temperatures are from
      80.degree.C to 130.degree.C.
NUM  5.
PAR  5. A process according to claim 1 wherein the heating takes place in the
      presence of a diluent.
NUM  6.
PAR  6. A process according to claim 5 wherein the diluent is a mixture
      comprising a weakly polar or non-polar solvent and a strongly polar
      solvent.
NUM  7.
PAR  7. A process according to claim 1 wherein the phenol is present in an
      amount of 20-50 mol% based on the ester of formula II.
NUM  8.
PAR  8. A process according to claim 1 wherein two of R.sub.4 -R.sub.8 are
      hydrogen.
NUM  9.
PAR  9. A process according to claim 1 wherein not more than two of R.sub.4,
      R.sub.5, R.sub.6, R.sub.7 and R.sub.8 are hydrogen and the rest are the
      same or different and each is selected from the group consisting of nitro,
      cyano, halogen, trifluoromethyl, carbomethoxy, carbethoxy and
      phenylsulphonyl.
NUM  10.
PAR  10. A process according to claim 1 wherein not more than two of R.sub.4,
      R.sub.5, R.sub.6, R.sub.7 and R.sub.8 are hydrogen and the rest are the
      same or different and each is selected from the group consisting of nitro,
      cyano, halogen, trifluoromethyl, carbomethoxy, carbethoxy and
      phenylsulphonyl.
NUM  11.
PAR  11. A process according to claim 1 wherein the phenol is
      2-bromo-4,6-dicyano-phenol, 2-iodo-4,6-dicyano-phenol,
      2-trifluoromethyl-4,6-dinitro-phenol,
      2,4-bis-trifluoromethyl-6-nitrophenol, 2,4,6-trinitro-phenol,
      2-chloro-4,6-dinitro-phenol, 3-chloro-2,6-dinitro-phenol,
      3-chloro-4,6-dinitro-phenol, 4-cyano-2-iodo-6-nitro-phenol,
      2-carbethoxy-4,6-dinitro-phenol, 4-carbomethoxy-2,6-dinitro-phenol,
      4-fluoro-2,6-dinitro-phenol, 2,6-dicyano-4-nitro-phenol, or
      2,4,6-tricyano-3,5-di-(phenylsulphonyl)-phenol.
NUM  12.
PAR  12. A process according to claim 1 wherein
PA1  R.sub.1 is hydrogen;
PA1  R.sub.2 is phenoxyacetyl, or phenylacetyl;
PA1  R.sub.3 is nitrobenzyl, methoxybenzyl, chlorophenacyl, bromophenacyl, or
      phenylphenacyl; the reaction temperature is from 80.degree.C to
      130.degree.C, and the phenol catalyst is 2-bromo-4,6-dicyano-phenol,
      2-iodo-4,6-dicyano-phenol, 2-trifluoromethyl-4,6-dinitro-phenol,
      2,4-bis-trifluoromethyl-6-nitro-phenol, 2,4,6-trinitro-phenol,
      2-chloro-4,6-dinitro-phenol, 3-chloro-2,6-dinitro-phenol,
      3-chloro-4,6-dinitro-phenol, 4-cyano-2-iodo-6-nitro-phenol,
      2-carbethoxy-4,6-dinitro-phenol, 4-carbomethoxy-2,6-dinitro-phenol,
      4-fluoro-2,6-dinitro-phenol, 2,6-dicyano-4-nitro-phenol, or
      2,4,6-tricyano-3,5-di-(phenylsulphonyl)-phenol.
NUM  13.
PAR  13. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester which comprises the steps of heating
      penicillin-V-sulphoxide p-nitrobenzyl ester in the presence of
      2-bromo-4,6-dicyano-phenol, and recovering the compound produced.
NUM  14.
PAR  14. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester which comprises the steps of heating
      penicillin-V-sulphoxide p-nitrobenzyl ester in the presence of
      2-chloro-4,6-dinitro-phenol, and recovering the compound produced.
NUM  15.
PAR  15. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester which comprises the steps of heating
      penicillin-V-sulphoxide p-nitrobenzyl ester in the presence of
      4-carbomethoxy-2,6-dinitrophenol, and recovering the compound produced.
NUM  16.
PAR  16. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester which comprises the steps of heating
      penicillin-V-sulphoxide p-nitrobenzyl ester in the presence of
      2-trifluoromethyl-4,6-dinitrophenol, and recovering the compound produced.
NUM  17.
PAR  17. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester which comprises the steps of heating
      penicillin-V-sulphoxide p-nitrobenzyl ester in the presence of
      2,4-bis-trifluoromethyl-6-nitrophenol, and recovering the compound
      produced.
NUM  18.
PAR  18. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester which comprises the steps of heating
      penicillin-V-sulphoxide p-nitrobenzyl ester in the presence of
      2,4,6-trinitrophenol, and recovering the compound produced.
NUM  19.
PAR  19. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester which comprises the steps of heating
      penicillin-V-sulphoxide p-nitrobenzyl ester in the presence of
      3-chloro-2,6-dinitrophenol, and recovering the compound produced.
NUM  20.
PAR  20. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester which comprises the steps of heating
      penicillin-V-sulphoxide p-nitrobenzyl ester in the presence of
      3-chloro-4,6-dinitrophenol, and recovering the compound produced.
NUM  21.
PAR  21. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester which comprises the steps of heating
      penicillin-V-sulphoxide p-nitrobenzyl ester in the presence of
      4-cyano-2-iodo-6-nitrophenol, and recovering the compound produced.
NUM  22.
PAR  22. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester which comprises the steps of heating
      penicillin-V-sulphoxide p-nitrobenzyl ester in the presence of
      2-carbethoxy-4,6-dinitrophenol, and recovering the compound produced.
NUM  23.
PAR  23. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester which comprises the steps of heating
      penicillin-V-sulphoxide p-nitrobenzyl ester in the presence of
      4-fluoro-2,6-dinitrophenol, and recovering the compound produced.
NUM  24.
PAR  24. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-nitrobenzyl ester which comprises the steps of heating
      penicillin-V-sulphoxide p-nitrobenzyl ester in the presence of
      2,6-dicyano-4-nitrophenol, and recovering the compound produced.
NUM  25.
PAR  25. A process according to claim 1 for the production of
      7-phenylacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-methoxybenzyl ester which comprises the steps of heating
      penicillin-G-sulphoxide p-methoxybenzyl ester in the presence of
      2-bromo-4,6-dicyanophenol, and recovering the compound produced.
NUM  26.
PAR  26. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-chlorophenacyl ester which comprises the steps of heating penicillin
      V-sulphoxide p-chlorophenacyl ester in the presence of
      2-chloro-4,6-dinitrophenol, and recovering the compound produced.
NUM  27.
PAR  27. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-bromophenacyl ester which comprises the steps of heating
      penicillin-V-sulphoxide p-bromophenacyl ester in the presence of
      2-bromo-4,6-dicyanophenol, and recovering the compound produced.
NUM  28.
PAR  28. A process according to claim 1 for the production of
      7-phenoxyacetamido-3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acid
      p-phenylphenacyl ester which comprises the steps of heating
      penicillin-V-sulphoxide p-phenylphenacyl ester in the presence of
      2-bromo-4,6-dicyanophenol, and recovering the compound produced.
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PAL  Novel salts of .alpha.-substituted-.beta.-sulfosuccinic acids having the
      general formula:
      ##EQU1##
      wherein R is hydrogen or an organic moiety, Z is selected from the group
      consisting of O, S, SO, SO.sub.2, N and NO and M is an alkali metal,
      ammonium or substituted ammonium cations, useful as detergents and/or
      detergent builders and detergent compositions containing same.
PARN
PAR  This application is a divisional application of Ser. No. 394,613 filed
      Sept. 5, 1973 which in turn is a divisional application of Ser. No.
      156,933 filed June 25, 1971, abandoned, now pending as application Ser.
      No. 401,482 filed Sept. 27, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Eutrophication is the process of excessive fertilization of aquatic plants
      through enrichment of waters with nutrients, such as carbon, nitrogen,
      phosphorus, potassium, iron, trace metals and vitamins.
PAR  Although there is no present adequate proof, it has been postulated that
      the phosphorus-containing builders present in detergent compositions can
      be a factor in eutrophication. Therefore any substituents which do not
      contain phosphorus may decrease to some extent the eutrophication.
PAR  It is therefore an object of the present invention to provide novel
      compounds which are useful as detergent builders. It is another object of
      the present invention to provide novel compounds which function as surface
      active agents and as detergent builders. It is still another object of the
      present invention to provide detergent compositions which are free of
      phosphorus-containing builders such as the alkali metal condensed
      phosphates.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been discovered that the alkali metal ammonium and substituted
      ammonium salts of certain sulfoaliphatic dicarboxylic acids can serve as
      effective detergent builders in detergent compositions. The detergent
      builders and their acid forms employed in accordance with one embodiment
      of the present invention can be generally described as
      .alpha.-substituted-.beta.-sulfosuccinic acids and salts thereof having
      the general formula:
      ##EQU2##
      wherein Z is selected from the group consisting of O, S, SO and SO.sub.2 ;
      R is selected from the group consisting of hydrogen, alkyl containing 1-30
      carbon atoms, phenyl, carboxyl substituted and mono- di- or tri-alkyl
      substituted phenyl, wherein the alkyl group or groups contain 1-4 carbon
      atoms; sulfo- and carboxy-alkyl, wherein the alkyl moiety contains 1-4
      carbon atoms; and R'Z(CH.sub.2 CH.sub.2 O)n-CH.sub.2 CH.sub.2 -, wherein
      R' is H or alkyl containing 1-24 carbon atoms; Z is as above; and n is 0
      or an integer of from 1-15 and the alkali metal, ammonium and substituted
      ammonium salts thereof.
PAR  Thus, specific compounds and classes of compounds embraced by the generic
      formula above include:
PA0  .alpha.-hydroxy-.beta.-sulfosuccinic acids
PA0  .alpha.-alkoxy-.beta.-sulfosuccinic acids
PA0  .alpha.-phenoxy-.beta.-sulfosuccinic acids
PA0  .alpha.-carboxyphenoxy-.beta.-sulfosuccinic acids
PA0  .alpha.-alkylphenoxy-.beta.-sulfosuccinic acids
PA0  .alpha.-carboxyalkoxy-.beta.-sulfosuccinic acids
PA0  .alpha.-sulfoalkoxy-.beta.-sulfosuccinic acids
PA0  .alpha.-alkoxyethoxy-.beta.-sulfosuccinic acids
PA0  .alpha.-alkoxypolyethyleneoxyethoxy-.beta.sulfosuccinic acids
PA0  .alpha.-hydroxyalkoxy-.beta.-sulfosuccinic acids;
PAL  the alkali metal, ammonium and substituted ammonium salts thereof; and the
      thio, sulfinyl and sulfonyl analogs of all the foregoing compounds wherein
      the oxygen group attached to the .alpha.-carbon of the succinic acid or
      succinate moiety is replaced by --S--, --SO-- or --SO.sub.2 --,
      respectively, and/or wherein the cases of the .alpha.-alkoxyethoxy
      compounds and the .alpha.-alkoxypolyethyleneoxyethoxy compounds the oxygen
      attached to the alkyl group (R') is replaced by --S--, --SO-- or
      --SO.sub.2 --.
PAR  In accordance with another embodiment of the present invention are the
      nitrogen containing .alpha.-substituted-.beta.-sulfosuccinic acids and
      salts thereof having the following general formula:
      ##EQU3##
      wherein at least one of R.sub.1 and R.sub.2 is hydrogen, C.sub.1 to
      C.sub.20 alkyl, C.sub.1 to C.sub.4 hydroxyalkyl, carboxymethyl,
      carboxyethyl, sulfomethyl and sulfoethyl, or R.sub.1 and R.sub.2 may be
      joined to form a morpholinyl moiety; with the proviso that both R.sub.1
      and R.sub.2 may not at the same time be hydrogen.
PAR  Thus, broadly the compounds of Formula I differ from the compounds of
      Formula II only in the atom represented by Z.
PAR  Representative compounds and classes of compounds embraced by generic
      Formula II above include:
PA0  .alpha.-alkylamino-.beta.-sulfosuccinic acids such as .alpha.-methylamino,
      .alpha.-propylamino, .alpha.-octylamino and
      .alpha.-laurylamino-.beta.-sulfosuccinic acid;
PA0  .alpha.-dialkylamino-.beta.-sulfosuccinic acids such as
      .alpha.-dimethylamino, .alpha.-ethylmethylamino, .alpha.-methylhexylamino
      and .alpha.-dioctylamino-.beta.-sulfosuccinic acid;
PA0  .alpha.-hydroxyalkyl-.beta.-sulfosuccinic acids such as
      .alpha.-hydroxyethylamino, .alpha.-hydroxybutylamino and
      .alpha.-bis(hydroxyethyl)amino-.beta.-sulfosuccinic acid;
PA0  .alpha.-carboxyalkylamino-.beta.-sulfosuccinic acids such as
      .alpha.-carboxymethylamino, .alpha.-carboxyethylamino-.beta.-sulfosuccinic
      acid and the corresponding sulfo analogs;
PA0  .alpha.-morpholinyl-.beta.-sulfosuccinic acid; and the mono or poly salts
      thereof.
PAR  In accordance with still another embodiment of the present invention are
      the amine oxide derivatives of Formula II, wherein the nitrogen is a
      tertiary atom, corresponding to the following general formula:
      ##EQU4##
      wherein R.sub.1 and R.sub.2 are as is designated in Formula II with the
      proviso that neither R.sub.1 nor R.sub.2 can be hydrogen.
PAR  As will be appreciated by those skilled in the art, the compounds of the
      invention contain at least two asymmetric carbon atoms and therefore can
      exist in several optically active forms as well as optically inactive
      mixtures (racemates). For purposes of this invention, the compounds as
      defined are intended to include all of the stereoisomeric forms and
      mixtures thereof.
PAR  In addition to the detergent building properties exhibited by the entire
      class of compounds described above, certain select members also exhibit
      properties which make them useful as wetting and forming agents and thus
      constitute a class of novel surface active agents. For example, the
      .alpha.-alkoxy-.beta.-sulfosuccinic acids and the thio analogs, containing
      from about 1-8 carbons, preferably from about 1 to about 4 carbon atoms,
      exhibit excellent detergent building properties whereas the higher
      homologs containing from about 9-30 and more preferably 9-24 carbon atoms
      in the alkyl chain, additionally exhibit wetting, foaming and detergency
      properties.
PAR  Similarly, the .alpha.-alkoxyethoxy and
      .alpha.-alkoxypolyethyleneoxyethoxy-.beta.-sulfosuccinic acid compounds
      containing from about 9-30 and preferably about 9-24 carbon atoms in the
      alkoxy moiety are also useful as wetting agents, foaming agents and
      detergents as well as detergent builders.
PAR  Although the builders of the present invention may be utilized as the free
      acid provided sufficient alkaline additives are included in the detergent
      composition to convert the acid forms in situ to the normal salt forms,
      the alkali metal, ammonium and substituted ammonium salts of the
      .alpha.-substituted-.beta.-sulfosuccinic acids are preferred. Included in
      the substituted ammonium salts that can be employed are the
      monoethanolammonium, diethanolammonium, triethanolammonium,
      methylammonium, dimethylammonium, trimethylammonium, tetramethylammonium,
      morpholinium, N-methylmonoethanolammonium and N-ethylmonoethanolammonium
      salts and mixtures thereof.
PAR  The utility of the compounds of the present invention is not only reflected
      in terms of excellent building and biodegradability properties but also in
      low cost of preparation, since they are prepared from readily available
      and inexpensive materials. For example, the compounds contemplated in this
      invention are derived from sulfomaleic anhydride and readily available
      alcohols, thiols, hydroxy acids and amines.
PAR  More specifically, the compounds contemplated in this invention are
      reaction products derived at least in part from sulfomaleic acid or
      sulfomaleic acid with compounds having an active hydrogen atom.
PAR  Compounds having an active hydrogen and suitable for use in preparing the
      builders of the present invention are mono- di- or polyhydric alcohols and
      mono- di- or polyhydroxy acids and their sulfur-containing analogs.
      Suitable examples of the aforementioned monohydric alcohols include
      alkoxyalkanols such as methoxyethanol and the linear primary and secondary
      alcohols containing up to 30 carbon atoms and their thio analogs; aromatic
      alcohols particularly the carbocyclic mono- and bicyclic aromatic
      alcohols, such as naphthols and phenols and the mono- di- or tri- C.sub.1
      -C.sub.4 alkyl ring substituted derivatives thereof. Suitable examples of
      dihydric alcohols include the glycols such as ethylene glycol, propylene
      glycol, butylene glycol, trimethylene glycol, tetramethylene glycol,
      pentamethylene glycol, hexamethylene glycol, heptamethylene glycol, long
      chain 1,2-diols containing from 8-30 carbon atoms and aromatic carbocyclic
      glycols such as phenylethylene glycol. Similarly, suitable polyhydric
      alochols include glycerol, pentacrythritol, hexanetriol, sugars and their
      thio analogs.
PAR  In addition to the alcohols, the hydroxy carboxylic and sulfonic acids (in
      their ester and acid/salt forms, respectively) may also react with
      sulfomaleic anhydride and sulfomaleic acid. These include glycollic,
      lactic, glyceric, hydroxypropionic, salicyclic and mercapto acetic acid,
      hydroxymethanesulfonic acid and hydroxyethanesulfonic acid.
PAR  Still another important class of compounds containing active hydrogens are
      ethylene oxide adducts of C.sub.1 to C.sub.30 primary and secondary
      alcohols with 1-15 moles of ethylene oxide.
PAR  In general, the .alpha.-substituted-.beta.-sulfosuccinate salts, wherein
      the .alpha.-substituent is joined to the .alpha.-carbon atom of the
      sulfosuccinate moiety by an O or S linkage, may be prepared by heating at
      a temperature of from about 25.degree. to 120.degree.C, and preferably
      60.degree. to 100.degree.C, sulfomaleic anhydride with a compound having
      an active hydrogen followed by further treatment with an alkali metal
      hydroxide. The desired .alpha.-oxy or .alpha.-thio-.beta.-sulfosuccinate
      may then be recovered and purified using conventional techniques.
PAR  The .alpha.-substituted-.beta.-sulfosuccinate salts wherein the
      .alpha.-substituent is joined to the .alpha.-carbon atom of the
      sulfosuccinate moiety by an SO or SO.sub.2 linkage may be prepared by
      treating the appropriate .alpha.-substituted thio-.beta.-sulfosuccinate
      with hydrogen peroxide according to the methods described on pages 471-472
      in the text, .music-flat.Reagents for Organic Synthesis" by Fieser and
      Fieser, published by John Wiley & Sons, Inc., 1967, incorporated by
      reference herein.
PAR  The .alpha.-substituted-.beta.-sulfosuccinate salts wherein the
      .alpha.-substituent is joined to the .alpha.-carbon atom of the
      sulfosuccinate moiety by an amino function (Formula II) may be prepared by
      reacting an appropriately substituted or unsubstituted primary or
      secondary amine with alkali metal salts of sulfomaleic acid. Typical
      amines suitable for reaction to form the .alpha.-substituted
      amino-.beta.-sulfosuccinates include:
PA0  ethanolamine
PA0  diethanolamine
PA0  propanolamine
PA0  morpholine
PA0  N-methylethanolamine
PA0  glycine
PA0  alanine
PA0  N-methyl taurine
PA0  alkylamines containing 1-20 carbons in the alkyl chain, as well as other
      amines having a replaceable or active hydrogen and a basicity comparable
      to the aforementioned amines.
PAR  In particular the .alpha.-amino substituted-.beta.-sulfosuccinates derived
      from water-soluble amines may be prepared by reacting in aqueous solution
      without the aid of heat and those derived from water-insoluble amines
      (i.e., higher alkylamines) are reacted in a mixed solvent system such as
      ethanol/water or dioxane/water at temperatures ranging from about
      25.degree.C to about 80.degree.C; isolation from the reaction medium, and
      purification if desired, being effected by conventional methods.
PAR  The compounds of Formula III may be prepared by reacting the tertiary amine
      compounds of Formula II with oxidizing agents such as hydrogen peroxide,
      peroxyacetic and peroxyformic acid in the manner described for oxidizing
      tertiary amines by Hoh et al., J. Am. Oil Chemists' Soc., 40, 268 (1963).
PAR  In preparing the sulfosuccinate salts from the free acid, the amount of
      base utilized will determine whether the mono- di- or tri-salt is
      obtained. For example, the use of one mole of base (i.e., sodium
      hydroxide) per mole of .alpha.-hydroxy-.beta.-sulfosuccinic acid yields
      the monosodium salt; the use of two moles of sodium hydroxide, the
      disodium salt and the use of three moles of sodium hydroxide, the
      trisodium salt. When R is carboxymethyl, carboxyethyl, sulfomethyl or
      sulfoethyl, a tetrasalt can also be obtained. Similarly, other bases, such
      as ammonium hydroxide and organic amines, may be utilized in the same
      manner to afford the type of salt desired.
PAR  According to the present invention, excellent cleaning results can be
      obtained by using the builders described above with a wide range of
      detergent surface active materials and mixtures thereof in any of the
      usual physical forms for such compositions such as powders, beads, flakes,
      bars, tablets, noodles, liquids and the like. The builders can be used
      singularly, in combination with each other as the sole builder in the
      detergent composition or in combination with other well-known detergent
      builders such as sodium nitrilotriacetate, sodium
      ethylenediaminetetraacetate, sodium tripolyphosphate, trisodium
      orthophosphate, sodium and potassium pyrophosphate, sodium polyacrylate,
      disodium oxydiacetate, trisodium citrate, trisodium
      carboxymethyloxysuccinate, salts of oxidized starches and sodium or
      potassium carbonate, as well as other conventional organic and inorganic
      builders.
PAR  When using the detergent compositions of the invention to wash clothes, the
      wash solutions should have a pH from about 7 to 12 and preferably from
      about 9 to 11 throughout the washing cycle. Therefore, the presence of an
      alkaline buffer in the detergent composition is usually desirable
      particularly when the soil to be removed from the clothes has a high
      content of acidic components. Suitable buffers include any of the common
      organic and/or inorganic buffers such as monoethanolamine, diethanolamine,
      triethanolamine, sodium and potassium silicates, sodium and potassium
      carbonates and bicarbonates and the like.
PAR  In the detergent compositions of the present invention, the only essential
      ingredients are the detergent surface active material and the builder. The
      weight percent of the builder present in the detergent composition will
      range from about 5 to about 90 percent and preferably from about 20 to
      about 60 percent and more preferably 35-50 percent by weight of the total
      weight of the composition. When expressed as a weight ratio of builder to
      surfactant, the builders used in the instant invention will generally be
      present in a ratio of about 1:10 to about 10:1, and preferably 2:1 to 5:1
      depending on the end use or whether a heavy-duty or light-duty detergent
      is desired. When the builders are used in mechanical dishwashing
      compositions, the ratio of builder to surfactant is from about 10:1 to
      about 50:1.
PAR  The detergent surface active compounds which can be used within the
      compositions of this invention include anionic, nonionic, zwitterionic,
      ampholytic detergent compounds and mixtures thereof. These suitable
      substances are outlined at length below.
PAR  a. Anionic detergent compositions which can be used in the compositions of
      this invention include both soap and non-soap detergent compounds.
      Examples of suitable soaps are the sodium, potassium, ammonium and
      alkylolammonium salts of higher fatty acids (C.sub.10 -C.sub.20).
      Particularly useful are the sodium or potassium salts of the mixtures of
      fatty acids derived from coconut oil and tallow, i.e., sodium or potassium
      tallow and coconut soap and tall oil. Examples of anionic organic non-soap
      detergent compounds are the water soluble salts, alkali metal salts of
      organic sulfuric reaction products having in their molecular structure an
      alkyl radical containing from about 8 to about 22 carbon atoms and a
      radical selected from the group consisting of sulfonic acid and sulfuric
      acid ester radicals. Important examples of the synthetic detergents which
      form a part of the compositions of the present invention are the sodium or
      potassium alkyl sulfates especially those obtained by sulfating the higher
      alcohols (C.sub.8 -C.sub.18 carbon atoms) produced by reducing the
      glyceride of tallow or coconut oil; sodium or potassium alkyl
      benzensulfonates in which the alkyl group contains from about 9 to about
      20 carbon atoms and in which the alkyl group is attached to the benzene
      ring in either the one position or at the secondary positions such as in
      LAS,* sodium p-(2-dodecyl-)benzenesulfonate, sodium
      p-(2-octadecyl)benzenesulfonates and sodium p-(3-dodecyl)benzenesulfonate;
      sodium alkyl glyceryl ether sulfonates, especially those ethers of the
      higher alcohols derived from tallow coconut oil and synthetic alcohols
      derived from petroleum; sodium coconut oil fatty acid monoglyceride
      sulfates and sulfonates; sodium or potassium salts of sulfuric acid esters
      and carboxymethylated derivatives of the reaction product of one mole of a
      higher fatty alcohol (e.g., tallow or coconut oil alcohols) and about 1 to
      6 moles of ethylene oxide per molecule and in which the alkyl radicals
      contain about 9 to about 18 carbon atoms; the reaction product of fatty
      acids esterified with isethionic acid and neutralized with sodium
      hydroxide where, for example, the fatty acids are derived from coconut
      oil; sodium or potassium salts of fatty acid amides of methyl taurine in
      which the fatty acids, for example, are derived from coconut; alkane
      sulfonates such as those derived by reacting alpha-olefins containing 8 to
      20 carbon atoms with sodium bisulfite and those derived by reacting
      paraffins with SO.sub.2 and Cl.sub.2 and then hydrolyzing with a base to
      produce a random sulfonate; alpha-olefin sulfonates such as those derived
      by reacting alpha-olefins with SO.sub.3 and then neutralizing the reaction
      product; and others known in the art.
FNT  *Sodium linear secondary alkyl (C.sub.10 -C.sub.15) benzene sulfonate.
PAR  (b) Nonionic synthetic detergents may be broadly defined as compounds which
      do not ionize in water solution. For example, a well-known class of
      nonionic synthetic detergents is made available on the market under the
      trade name of "Pluronic." These compounds are formed by condensing
      ethylene oxide with an hydrophobic base formed by the condensation of
      propylene oxide with propylene glycol. The hydrophobic portion of the
      molecule which, of course, exhibits water insolubility has a molecular
      weight of from about 1,500 to 1,800. The addition of polyoxyethylene
      radicals to this hydrophobic portion tends to increase the water
      solubility of the molecule as a whole and the liquid character of the
      product is retained up to the point where polyoxyethylene content is about
      50% of the total weight of the condensation product.
PAR  Other suitable nonionic synthetic detergents include:
PAR  1. The polyethylene oxide condensates of alkylphenols, e.g., the
      condensation products of alkylphenols having an alkyl group containing
      from about 6 to 12 carbon atoms in either a straight chain or branched
      chain configuration, with ethylene oxide, the said ethylene oxide being
      present in amounts equal to 5 to 25 moles of ethylene oxide per mole of
      alkylphenols. The alkyl substituent in such compounds may be derived from
      polymerized propylene, disobutylene, octene, dodecene, or nonene, for
      example.
PAR  2. Those derived from the condensation of ethylene oxide with the product
      resulting from the reaction of propylene oxide and ethylenediamine. For
      example, compounds containing from about 40% to about 80% polyoxyethylene
      by weight and having a molecular weight of from about 5,000 to about
      11,000 resulting from the reaction of ethylene oxide groups with a
      hydrophobic base constituted of the reaction product of ethylene diamine
      and excess propylene oxide, said hydrophobic base having a molecular
      weight of the order of 2,500 to 3,000 are satisfactory.
PAR  3. The condensation product of aliphatic alcohols, primary or secondary,
      having from 8 to 18 carbon atoms, in either straight chain or branched
      configuration, with ethylene oxide, e.g., a coconut alcohol-ethylene oxide
      condensate having 6 to 30 moles of ethylene oxide per mole of coconut
      alcohol, the coconut alcohol fraction having from 10 to 14 carbon atoms; a
      C.sub.11 -C.sub.15 random secondary alcohol derived from n-paraffins and
      condensed with 7 moles of ethylene oxide per mole of secondary alcohol.
PAR  4. Long chain tertiary amine oxides corresponding to the following general
      formula, R.sub.1 R.sub.2 R.sub.3 N.fwdarw.O, wherein R.sub.1 is an alkyl
      radical of from about 8 to 18 carbon atoms and R.sub.2 and R.sub.3 are
      each methyl, ethyl or hydroxy ethyl radicals. The arrow in the formula is
      a conventional representation of a semi-polar bond. Examples of amine
      oxides suitable for use in this invention include dimethyloctylamine
      oxide, dimethyldecylamine oxide, dimethyldodecylamine oxide,
      dimethyltetradecylamine oxide and dimethylhexadecylamine oxide,
      N-bis(hydroxyethyl)dodecylamine oxide.
PAR  5. Long chain tertiary phosphine oxides corresponding to the following
      formula RR'R"P.fwdarw.O, wherein R is an alkyl, alkenyl or
      monohydroxyalkyl radical ranging from 10 to 18 carbon atoms in chain
      length and R' and R" are each alkyl or monohydroxyalkyl groups containing
      from 1 to 3 atoms. The arrow in the formula is a conventional
      representation of a semi-polar bond. Examples of suitable phosphine oxides
      are:
PA0  dimethyldodecylphosphine oxide,
PA0  dimethyltetradecylphosphine oxide,
PA0  ethylmethyltetradecylphosphine oxide,
PA0  cetyldimethylphosphine oxide,
PA0  dimethylstearylphosphine oxide,
PA0  cetylethylpropylphosphine oxide,
PA0  diethyldodecylphosphine oxide,
PA0  diethyltetradecylphosphine oxide,
PA0  bis(hydroxymethyl)dodecylphosphine oxide,
PA0  bis(2-hydroxyethyl)dodecylphosphine oxide,
PA0  2-hydroxypropylmethyltetradecylphosphine oxide,
PA0  dimethyloleylphosphine oxide, and
PA0  dimethyl-2-hydroxydodecylphosphine oxide.
PAR  6. Dialkyl sulfoxides corresponding to the following formula,
      RR'S.fwdarw.O, wherein R is an alkyl, alkenyl, beta- or
      gamma-monohydroxyalkyl radical or an alkyl or beta- or
      gamma-monohydroxyalkyl radical containing one or two other oxygen atoms in
      the chain, the R groups ranging from 10 to 18 carbon atoms in chain
      length, and wherein R' is methyl, ethyl or alkylol. Examples of suitable
      sulfoxide compounds are:
PA0  dodecyl methyl sulfoxide
PA0  tetradecyl methyl sulfoxide
PA0  3-hydroxytridecyl methyl sulfoxide
PA0  2-hydroxydodecyl methyl sulfoxide
PA0  3-hydroxy-4-decyloxybutyl methyl sulfoxide
PA0  3-hydroxy-4-dodecylcoxybutyl methyl sulfoxide
PA0  2-hydroxy-3-decyloxypropyl methyl sulfoxide
PA0  2-hydroxy-3-dodecyloxypropyl methyl sulfoxide
PA0  dodecyl ethyl sulfoxide
PA0  2-hydroxydodecyl ethyl sulfoxide
PA0  dodecyl-2-hydroxy ethyl sulfoxide
PAR  c. Ampholytic synthetic detergents can be broadly described as derivatives
      of aliphatic secondary and tertiary amines, in which the aliphatic radical
      may be straight chain or branched and wherein one of the aliphatic
      substituents contains from about 8 to 18 carbon atoms and one contains an
      anionic water solubilizing group. Examples of compounds falling within
      this definition are sodium-3-dodecylaminopropionate and
      sodium-3-dodecylaminopropanesulfonate and sodium
      N-2-hydroxydodecyl-N-methyl-taurate.
PAR  d. Zwitterionic synthetic detergents can be broadly described as
      derivatives of aliphatic quaternary ammonium compounds, sulfonium
      compounds and phosphonium compounds in which the aliphatic radical may be
      straight chain or branched and wherein one of the aliphatic substituents
      contains from about 8 to 18 carbon atoms and one contains an anionic water
      solubilizing group. Examples of compounds falling within this definition
      are 3-(N,N-dimethyl-N-hexadecylammonio)propane-1-sulfonate,
      3-(N,N-dimethyl-N-hexadecylammonio)-2-hydroxypropane-1-sulfonate,
      3-(dodecylmethylsulfonium) propane sulfonate, and
      3-(cetylmethylphosphonium)ethane sulfonate.
PAR  Other materials which may be present in the detergent compositions of the
      invention in generally minor amounts are those conventionally present
      therein. Typical examples thereof include the well-known soil-suspending
      agents, hydrotropes, corrosion inhibitors, dyes, perfumes, fillers such as
      sodium sulfate, optical brighteners, perborates, bleaches, bleach
      activators, enzymes, suds boosters, suds depressants, germicides,
      fungicides, anti-tarnishing agents, cationic detergents, fabric softening
      agents and in the case of liquid compositions, opacifiers and organic
      solvents. The balance of the detergent compositions may be water or inert
      filler.
PAR  It has been discovered that when higher than normal levels of anionic,
      nonionic, ampholytic or zwitterionic surfactants are used with the
      sulfosuccinate derivative salts of this invention, the detergency of the
      formulation is significantly enhanced particularly at low formulation
      concentration (.about.0.1%) which are typically used by the U.S.
      housewife. For enhanced results the detergent formulation should contain
      surfactant levels of about 25 to about 45 percent by weight and the
      sulfosuccinate derivative salt levels of about 25 to about 75 percent by
      weight in the cases where the surfactants are anionic, ampholytic or
      zwitterionic. When the surfactant is a nonionic, enhanced detergency
      results are obtained when the level of said nonionic in the formulation is
      from about 15 to 30 percent by weight and the level of sulfosuccinate
      derivatives salt is from about 25 to about 85 percent by weight.
PAR  In addition to their use in general household detergent compositions, the
      builders of the present invention find utility as boiler scale removers,
      stain removers and general chelating agents. When used at pH's of about 2
      to about 5 as partially neutralized alkali metal, ammonium or substituted
      ammonium salts, especially in combination with wetting agents and
      surfactants, the compounds of the invention are excellent metal cleaning
      compounds.
PAR  Table 1 further illustrates the present invention. The detergent
      formulations set forth in the Table represent detergent compositions
      containing the builders of the present invention in combination with
      representative classes of surface active agents compared with control or
      standard phosphate built detergent compositions. The compositions were
      prepared by blending together the recited components in the proportions
      indicated, including an anticorrosive agent and buffer agent indicated,
      including an anticorrosive agent and buffer agent (sodium silicate). The
      compositions were then tested on vacuum cleaner dust soiled cloth for
      detergency or cleaning ability in the Terg-O-Tometer test; wherein washing
      conditions are as indicated and the results reported as detergency units.
      The average detergency units (DU) of the formulation is the final
      reflectance value of the washed cloth (average of 2 runs) minus the
      initial reflectance of the soiled cloth, the reflectances being obtained
      by measurement with a Gardner automatic color difference meter, Model
      AC-3.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Component      % Composition                                              
     __________________________________________________________________________
     .alpha.-hydroxy.sup.a                                                     
                    50  50  50  50  50                                         
     .alpha.-(2-hydroxy-                50  50                                 
      ethoxy).sup.a                                                            
     .alpha.-dodecyloxy.sup.a                   50                             
     .alpha.-methoxy.sup.a                          50                         
     .alpha.-carboxymethoxy.sup.a                       50                     
     .alpha.-dodecyloxyethoxy.sup.a                         50                 
     .alpha.-dodecylthio.sup.a                                  50             
     Na.sub.5 P.sub.3 O.sub.10                                                 
     Sodium silicate                                                           
                    10  10  10  10  10  10  10  10  10  10  10  10             
     (SiO.sub.2 :Na.sub.2 O-                                                   
      2.4:1)                                                                   
     Anionic.sup.b  18                  18  36  18  18  18  18  18             
     Anionic.sup.c      18                                                     
     Nonionic.sup.d         20                                                 
     Ampholytic.sup.e           18                                             
     Zwitterionic.sup.f             18                                         
     Water                              bal.                                   
     Formulation    0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2            
     Concentration, %                                                          
     Detergency (DU's)                                                         
                    24.6                                                       
                        24.4                                                   
                            26.5                                               
                                23.1                                           
                                    25.6                                       
                                        26.1                                   
                                            24.7                               
                                                27.1                           
                                                    23.0                       
                                                        14.2                   
                                                            15.4               
                                                                22.3           
     __________________________________________________________________________
     Component        Controls (% Composition)                                 
     __________________________________________________________________________
     .alpha.-hydroxy.sup.a                                                     
     .alpha.-(2-hydroxy-                                                       
      ethoxy).sup.a                                                            
     .alpha.-dodecyloxy.sup.a                                                  
     .alpha.-methoxy.sup.a                                                     
     .alpha.-carboxymethoxy.sup.a                                              
     .alpha.-dodecyloxyethoxy.sup.a                                            
     .alpha.-dodecylthio.sup.a                                                 
     Na.sub.5 P.sub.3 O.sub.10                      50   50   50               
     Sodium silicate  10   10   10   10   10   10   10   10   10               
     (SiO.sub.2 :Na.sub.2 O-                                                   
      2.4:1)                                                                   
     Anionic.sup.b    18   18                                                  
     Anionic.sup.c              18                  18                         
     Nonionic.sup.d                  20                  20                    
     Ampholytic.sup.e                     18                  18               
     Zwitterionic.sup.f                        18                              
     Water                                bal.                                 
     Formulation      0.1  0.2  0.2  0.2  0.2  0.2  0.2  0.2  0.2              
     Concentration, %                                                          
     Detergency (DU's)                                                         
                      4.8  6.4  16.1 19.9 18.8 20.1 28.7 29.4 28.5             
     __________________________________________________________________________
      .sup.a Sodium salts of .alpha.-substituted-.beta.-sulfosuccinate?        
      .sup.b Sodium linear secondary alkyl (C.sub.10 -C.sub.15) benzene        
      sulfonate                                                                
      .sup. c Sodium C.sub.15 -C.sub.18  .alpha.-olefin sulfonate              
      .sup.d C.sub.11 -C.sub.15 linear secondary alcohols ethoxylated with 7   
      moles ethylene oxide/mole alcohol                                        
      .sup.e C.sub.14 -C.sub.16 HAMT (sodium hydroxyalkyl N-methyl taurate)    
      .sup.f Sulfobetaine DCH (cododimethylsulfopropyl betaine)?               
      Washing conditions -- 180 ppm (2:1 Ca.sup.+.sup.+/Mg.sup.+.sup.+);       
      120.degree.F: pH 10                                                      
DETD
PAC  EXAMPLE 1
PAC  Preparation of Trisodium .alpha.-hydroxy-.beta.-Sulfosuccinate
PAR  Sulfomaleic anhydride was prepared by heating a mixture of 1 mole of sulfur
      trioxide with 1 mole of maleic anhydride first at 60.degree.C until the
      exothermic reaction subsided and then at 100.degree.-110.degree.C for 3
      hours. Forty-five gm of sulfomaleic anhydride product was then mixed with
      45 gm of icc and the resulting solution extracted 25 times with 50 ml
      portions of ether to remove maleic acid. A 20 ml portion of the resulting
      aqueous phase was collected, adjusted to pH = 11 with calcium hydroxide
      and refluxed for 4 hours. NMR analysis indicated that all of the
      sulfomaleic acid had hydrated within the first hour of reflux. The
      reaction mixture was then passed through a column of cation exchange
      resin. A portion of the effluent was then neutralized to pH = 8.5 and
      evaporated to a white crystalline residue (19.2 gm), which contained 80.9%
      of trisodium .alpha.-hydroxy-.beta.-sulfosuccinate as determined by NMR
      analysis (using D.sub.2 O solvent and K biphthalate as an internal
      standard) and 10.4% water by Karl Fischer analysis.
PAC  EXAMPLE 2
PAC  .alpha.-Thiosubstituted-.beta.-Sulfosuccinates
PAR  The procedure of Example 1 is repeated except that in place of Ca(OH).sub.2
      the pH is adjusted to 8.6 with NaOH. Then, an aqueous solution containing
      excess sodium hydrosulfide, sodium methyl mercaptide or sodium ethyl
      mercaptide is added and the resulting solution allowed to stand overnight.
      The reaction mixture is then passed through a column of cation exchange
      resin and the effluent evaporated to low volume. The pH is the adjusted to
      8.5 with sodium hydroxide and the solution evaporated to dryness. In this
      way, there is afforded respectively:
PA0  trisodium .alpha.-mercapto-.beta.-sulfosuccinate
PA0  trisodium .alpha.-methylthio-.beta.-sulfosuccinate
PA0  trisodium .alpha.-ethylthio-.beta.-sulfosuccinate
PAC  EXAMPLE 3
PAC  Preparation of Trisodium .alpha.-Methoxy-.beta.-Sulfosuccinate
PAR  Sulfomaleic anhydride, 3.9 gm, was dissolved in 25 ml of methanol and
      refluxed for 5 hours. The, 24 gm of 25% sodium methoxide in methanol was
      added and the solution was refluxed for 2 hours. The methanol was then
      evaporated and the residue was dissolved in 100 ml of water and heated for
      1 hour at 80.degree.C. The solution was then decolorized with 5 gm of
      charcoal, filtered and evaporated. The crude residue of trisodium
      .alpha.-methoxy-.beta.-sulfosuccinate was purified by trituration with
      acetic acid and then filtered, washed with acetone and dried.
PAR  .alpha.-ethoxy-.beta.-sulfosuccinate may be prepared by substituting
      ethanol and sodium ethoxide in the procedure described above.
PAC  EXAMPLE 4
PAC  Preparation of Trisodium .alpha.-Dodecyloxy-.beta.-Sulfosuccinate
PAR  Sulfomaleic anhydride (10 gm) are mixed with 80 gm (0.45 mole) of
      n-dodecanol and heated at 100.degree.C for 14 hours. A solution of 7.04 gm
      of sodium hydroxide in 50 ml water is then added and the mixture heated at
      60.degree.C for 2 hours. The heated mixture is then extracted three times
      with 300 cc portions of acetone (at reflux) and the acetone insoluble
      fraction is then filtered, washed with additional acetone and dried to
      give 16.2 gm of the title compound (structure confirmed by NMR and ion
      exchange of a sample followed by titration with standard sodium hydroxide:
      neutralization equivalent: found 147.0, theory 149.3).
PAC  EXAMPLE 5
PAC  Preparation of Trisodium .alpha.-Dodecyloxyethoxy-.beta.-Sulfosuccinate
PAR  Using the procedure of Example 4 and substituting 37 gm (0.32 mole) of
      2-dodecyloxyethanol in place of the n-dodecanol there is obtained
      trisodium .alpha.-dodecyloxyethoxy-.beta.-sulfosuccinate.
PAC  EXAMPLES 6-8
PAR  Using n-tetradecanol in place of n-dodecanol in the procedure of Example 4
      and carrying out the hydrolysis step with 10% excess aqueous sodium
      hydroxide at 80.degree.C for 4 hours instead of 60.degree.C at 2 hours,
      there is obtained trisodium .alpha.-tetradecyloxy-.beta.-sulfosuccinate
      (Example 6). Similarly, using n-hexadecanol in place of n-dodecanol, there
      is obtained trisodium .alpha.-hexadecyloxy-.beta.-sulfosuccinate (Example
      7); using n-octadecanol, there is obtained trisodium
      .alpha.-octadecyloxy-.beta.-sulfosuccinate (Example 8).
PAC  EXAMPLE 9
PAC  Preparation of Trisodium .alpha.-Hydroxyethoxy-.beta.-sulfosuccinate
PAR  Sulfomaleic anhydride (20 gm) is mixed with 37.2 gm (0.6 mole) of ethylene
      glycol and heated at 80.degree.C for 4 hours. A solution of 16 gm (0.4
      mole) of sodium hydroxide in 75 ml of water is then added and the mixture
      heated at 80.degree.C for 4 hours. The mixture is then mixed with acetone
      to precipitate trisodium .alpha.-hydroxyethoxy-.beta.-sulfosuccinate,
      which is purified by repeated extractions with hot acetone to remove all
      ethylene glycol and water followed by filtration and drying in an oven.
PAC  EXAMPLE 10
PAC  Preparation of the Tetrasodium Salt of
      .alpha.-Carboxymethyloxy-.beta.-Sulfosuccinic Acid
PAR  Sulfomaleic anhydride (19.4 gm) is heated to 60.degree.C and combined with
      76 gm of ethyl glycolate. After heating the mixture at 80.degree.C for
      51/2 hours, there is added a solution of 45 gm of sodium hydroxide
      dissolved in 135 gm of water and heating is continued at 80.degree. for an
      additional three hours. The mixture is then diluted with water and passed
      through a column of a cation exchange resin. The resulting eluent is then
      evaporated in vacuo to a low volume and the concentrate extracted
      repeatedly with acetone to remove glycolic acid and other impurities. The
      resulting extracted residue is then dissolved in water and the pH of the
      solution adjusted to 8.6 with dilute sodium hydroxide. Evaporation of the
      solution in vacuo and drying over P.sub.2 O.sub.5 gives a residue of the
      tetrasodium salt of .alpha.-carboxymethyloxy-.beta.-sulfosuccinic acid.
PAC  EXAMPLE 11
PAC  Preparation of Trisodium .alpha.-(2-Hydroxyethylamino-.beta.-Sulfosuccinate
PAR  Sulfomaleic anhydride (prepared from a 1/1 mole ratio of SO.sub.3 /maleic
      anhydride by heating the mixture at 100.degree.-110.degree.C for 3 hours;
      active content, 86%), 20.7 gm (0.1 mole), was added to 100 gm of ice. The
      resulting solution was kept at 10.degree.-15.degree.C and neutralized to
      pH = 8.6 by slowly adding 28.4 gm of 50% sodium hydroxide.
      Monoethanolamine, 6.1 gm (0.1 mole), was next added slowly and the
      temperature allowed to rise to room temperature. After standing overnight,
      the reaction mixture was poured into 800 ml of acetone. The solvent was
      then decanted from the resulting syrupy lower layer and the latter
      reprecipitated three times from water with fresh acetone. The residue was
      then dried in a dessicator over P.sub.2 O.sub.5 to give 38.8 gm of an
      off-white, granular product containing approximately 88% trisodium
      .alpha.-(2-hydroxyethylamino)-.beta.-sulfosuccinate by titration with
      perchloric acid. The structure was confirmed by NMR analysis.
PAR  The above method is satisfactory for reacting water-soluble amino compounds
      with sulfomaleic anhydride. For water insoluble amino compounds such as
      the higher alkyl amines, a mixed solvent system such as ethanol/water and
      dioxane/water is used together with temperatures in the range of
      25.degree.-80.degree.C.
PAR  Table 2 indicates the reactants and procedure required to obtain other
      .alpha.-substituted-.beta.-sulfosuccinate salts having the R and Z
      moieties set forth in Formula I.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     R                Z  Example                                               
                               Reactants (Sulfomaleic Anhydride                
     __________________________________________________________________________
                               +)                                              
     H                O  1     Water                                           
     Alkyl (C.sub.1 -C.sub.2)                                                  
                      O  3     C.sub.1 or C.sub.2 alcohol                      
     Alkyl (C.sub.3 -C.sub.30)                                                 
                      O  4-8   C.sub.3 -C.sub.30 primary, secondary or         
                               tertiary                                        
                               alcohol                                         
     Phenyl           O  4-8   Phenol                                          
     Carboxyphenyl    O  10    Methyl salicylate                               
     Alkylphenyl      O  4-8   Alkylphenol                                     
     o, m, p methylphenyl                                                      
                      O  4-8   o, m, p cresol, carvacrol, thymol               
     HOOC--CH.sub.2 --                                                         
                      O  10    Ethyl glycolate                                 
     HOOC--CH.sub.2 CH.sub.2 --                                                
                      O  10    Methyl-.rho.-hydroxypropionate                  
     HO.sub.3 S--CH.sub.2 CH.sub.2 --                                          
                      O  4     Isethionic acid                                 
     R'O(CH.sub.2 CH.sub.2 O).sub.n --CH.sub.2 CH.sub.2 --                     
                      O  4     R'O(CH.sub.2 CH.sub.2 O).sub.n CH.sub.2         
                               CH.sub.2 OH                                     
     HOCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 --                                 
                      O  4     HOCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 OH       
     HO(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 --                        
                      O  4     HO(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.  
                               2 OH                                            
     HO(CH.sub.2 CH.sub.2 O).sub.10 CH.sub.2 CH.sub.2 --                       
                      O  4     HO(CH.sub.2 CH.sub.2 O).sub.10 CH.sub.2         
                               CH.sub.2 OH                                     
     HO(CH.sub.2 CH.sub.2 O).sub.15 CH.sub.2 CH.sub.2 --                       
                      O  4     HO(CH.sub.2 CH.sub.2 O).sub.15 CH.sub.2         
                               CH.sub.2 OH                                     
     CH.sub.3 CH.sub.2 O(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 --       
                      O  4     CH.sub.3 CH.sub.2 O(CH.sub.2 CH.sub.2 O).sub.3  
                               CH.sub.2 CH.sub.2 OH                            
     CH.sub.3 (CH.sub.2).sub.10 O(CH.sub.2 CH.sub.2 O).sub.9 CH.sub.2 CH.sub.2 
     --               O  4     CH.sub.3 (CH.sub.2).sub.10 O(CH.sub.2 CH.sub.2  
                               O).sub.9 CH.sub.2 CH.sub.2 OH                   
     CH.sub.3 (CH.sub.2).sub.20 O(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 
     --               O  4     CH.sub.3 (CH.sub.2).sub.20 O(CH.sub.2 CH.sub.2  
                               O).sub.3 CH.sub.2 CH.sub.2 OH                   
     CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 --       
                      O  4     CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2 O).sub.3  
                               CH.sub.2 CH.sub.2 OH                            
     CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2 O).sub.9 CH.sub.2 CH.sub.2 --       
                      O  4     CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2 O).sub.9  
                               CH.sub.2 CH.sub.2 OH                            
     HOCH.sub.2 CH.sub.2 --                                                    
                      O  9     Ethylene glycol                                 
     HOCH.sub.2 CH.sub.2 CH.sub.2 --                                           
                      O  9     Trimethylene glycol                             
     HOCH.sub.2 (CH).sub.4 CH.sub.2 --                                         
                      O  9     Hexamethylene glycol                            
     H                S  2     Sodium hydrosulfide                             
     Alkyl (C.sub.1 -C.sub.2)                                                  
                      S  2     Sodium (C.sub.1 -C.sub.2) alkyl mercaptide      
     Alkyl (C.sub.3 -C.sub.30)                                                 
                      S  4-8   C.sub.3 -C.sub.30 alkylmercaptan                
     Phenyl           S  4-8   Thiophenol                                      
     Carboxyphenyl    S  10    Methyl 2-mercaptobenzoate                       
     Alkylphenyl      S  4-8   Alkylthiophenol                                 
     HOOC--CH.sub.2 --                                                         
                      S  10    Ethyl mercaptoacetate                           
     HOOC--CH.sub.2 --CH.sub.2 --                                              
                      S  10    Methyl .rho.-mercaptopropionate                 
     HO.sub.3 SCH.sub.2 CH.sub.2 --                                            
                      S  4     Mercaptoethanesulfonic acid                     
     R'O(CH.sub.2 CH.sub.2 O).sub.n CH.sub.2 CH.sub.2 --                       
                      S  4     RO(CH.sub.2 CH.sub.2 O).sub.n CH.sub.2 CH.sub.2 
                               SH                                              
     HOCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 --                                 
                      S  2     HOCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 SNa      
     HO(CH.sub.2 CH.sub.2 O).sub.3 CH CH--                                     
                      S  2     HO(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 
                               SNa                                             
     HO(CH.sub.2 CH.sub.2 O).sub.10 CH.sub.2 CH.sub.2 --                       
                      S  2     HO(CH.sub.2 CH.sub.2 O).sub.10 CH.sub.2         
                               CH.sub.2 SNa                                    
     HO(CH.sub.2 CH.sub.2 O).sub.15 CH.sub.2 CH.sub.2 --                       
                      S  2     HO(CH.sub.2 CH.sub.2 O).sub.15 CH.sub.2         
                               CH.sub.2 SNa                                    
     CH.sub.3 CH.sub.2 O(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 --       
                      S  4     CH.sub.3 CH.sub.2 O(CH.sub.2 CH.sub.2 O).sub.3  
                               CH.sub.2 CH.sub.2 SH                            
     CH.sub.3 (CH.sub.2).sub.11 O(CH.sub.2 CH.sub.2 O).sub.9 CH.sub.2 CH.sub.2 
     --               S  4     CH.sub.3 (CH.sub.2).sub.11 ((CH.sub.2 CH.sub.2  
                               O).sub.9 CH.sub.2 CH.sub.2 SH                   
     CH.sub.3 (CH.sub.2).sub.21 O(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 
     --               S  4     CH.sub.3 (CH.sub.2).sub.21 O(CH.sub.2 CH.sub.2  
                               O).sub.3 CH.sub.2 CH.sub.2 SH                   
     CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 --       
                      S  4     CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2 O).sub.3  
                               CH.sub.2 CH.sub.2 SH                            
     CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2 O).sub.9 CH.sub.2 CH.sub.2 --       
                      S  4     CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2 O).sub.9  
                               CH.sub.2 CH.sub.2 SH                            
     HOCH.sub.2 CH.sub.2 --                                                    
                      S  2     Sodium 2-hydroxyethylmercaptide                 
     HOCH.sub.2 CH.sub.2 CH.sub.2 --                                           
                      S  2     Sodium 3-hydroxypropylmercaptide                
     HOCH.sub.2 (CH.sub.2).sub.4 CH.sub.2 --                                   
                      S  2     Sodium 6-hydroxyhexylmercaptide                 
     Alkyl (C.sub.1 -C.sub.2)                                                  
                      SO 2     C.sub.1 -C.sub.2 alkylmercaptan.sup.a           
     Alkyl (C.sub.3 -C.sub.30)                                                 
                      SO 4-8   C.sub.3 -C.sub.30 alkylmercaptan.sup.a          
     Phenyl           SO 4-8   Thiophenol.sup.a                                
     Carboxyphenol    SO 10    Methyl 2-mercaptobenzoate.sup.a                 
     C.sub.1 -C.sub.4 alkylphenyl                                              
                      SO 4-8   Alkylthiophenol.sup.a                           
     HOOC--CH.sub.2 --                                                         
                      SO 10    Ethylmercaptoacetate.sup.a                      
     HOOC--CH.sub.2 CH.sub.2 --                                                
                      SO 10    Methyl .rho.-mercaptopropionate.sup.a           
     R'O(CH.sub.2 CH.sub.2 O).sub.n CH.sub.2 --                                
                      SO 5     R'O(CH.sub.2 CH.sub.2 O).sub.n CH.sub.2         
                               CH.sub.2 SH.sup.a                               
     HOCH.sub.2 CH.sub.2 --                                                    
                      SO 2     Sodium 2-hydroxyethylmercaptide                 
     HOCH.sub.2 CH.sub.2 CH.sub.2 --                                           
                      SO 2     Sodium 3-hydroxypropylmercaptide                
     HO(CH.sub.2 CH.sub.2).sub.4 CH.sub.2 --                                   
                      SO 2     Sodium 6-hydroxyhexylmercaptide                 
     C.sub.1 -C.sub.2 alkyl                                                    
                      SO.sub.2                                                 
                         2     C.sub.1 -C.sub.2 alkylmercaptan.sup.b           
     C.sub.3 -C.sub.30 alkyl                                                   
                      SO.sub.2                                                 
                         4-8   C.sub.3 -C.sub.30 alkylmercaptan.sup.b          
     Phenyl           SO.sub.2                                                 
                         4-8   Thiophenol.sup.b                                
     Carboxyphenyl    SO.sub.2                                                 
                         4-8   Methyl 2-mercaptobenzoate.sup.b                 
     HOOC--CH.sub.2 --                                                         
                      SO.sub.2                                                 
                         10    Ethyl mercaptoacetate.sup.b                     
     HOOC--CH.sub.2 CH.sub.2 CH.sub.2 --                                       
                      SO.sub.2                                                 
                         10    Methyl 2-mercaptobutyrate.sup.b                 
     R'O(CH.sub.2 CH.sub.2 O).sub.n CH.sub.2 CH.sub.2 --                       
                      SO.sub.2                                                 
                         5     R'O(CH.sub.2 CH.sub.2 O).sub.n CH.sub.2         
                               CH.sub.2 SH.sup.b                               
     __________________________________________________________________________
      .sup.a Followed by oxidation to sulfoxide according to Fieser reference. 
      .sup.b Followed by oxidation to sulfone according to Fieser reference.   
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An .alpha.-substituted-.beta.-sulfosuccinic acid having the formula
      ##EQU5##
      or the alkali metal, ammonium, monoethanolammonium, diethanolammonium,
      triethanolammonium, methylammonium, dimethylammonium, trimethylammonium,
      tetramethylammonium, morpholinium, N-methylmonoethanolammonium and
      N-ethylmonoethanolammonium salts thereof; wherein the groups R.sub.1 and
      R.sub.2 may be the same or different and are selected from the group
      consisting of hydrogen, C.sub.1 to C.sub.20 alkyl, C.sub.1 to C.sub.4
      hydroxyalkyl, carboxymethyl, carboxyethyl, sulfomethyl, sulfoethyl; with
      the proviso that both R.sub.1 and R.sub.2 may not at the same time be
      hydrogen.
PATN
WKU  039364496
SRC  5
APN  4599713
APT  1
ART  127
APD  19740411
TTL  Anti-arrhythmic agents
ISD  19760203
NCL  16
ECL  1
EXA  Killos; P. J.
EXP  Weinberger; Lorraine A.
INVT
NAM  Matuo; Ichiro
CTY  Machida
CNT  JA
INVT
NAM  Ohki; Sadao
CTY  Tokyo
CNT  JA
ASSG
NAM  Ohki; Sadao
CTY  Tokyo
CNT  JA
COD  05
CLAS
OCL  2602472A
XCL  260268TR
XCL  26029361
XCL  260295T
XCL  260326C
XCL  2603433R
XCL  424248
XCL  424267
XCL  424274
EDF  2
ICL  C07D29502
ICL  C07D29500
FSC  260
FSS  247.2 A;268 TR;293.61;326 C
UREF
PNO  3607876
ISD  19710900
NAM  Bailey
OCL  260294AC
UREF
PNO  3850921
ISD  19741100
NAM  Matuo et al.
OCL  260247.2A
UREF
PNO  3850922
ISD  19741100
NAM  Matuo et al.
OCL  260247.2A
LREP
FR2  Havranek; Robert E.
ABST
PAL  A series of
      5-endo-carbamoyloxy-N-[amino(lower)-alkyl]bicyclo[2.2.1]heptane-2,3-di-end
     o-carboxylic acid imides have been found to possess unique prophylactic and
      therapeutic activity as anti-arrhythmia agents. An example of such a
      compound possessing excellent activity is
      5-endo-phenylcarbamoyloxy-N-(3-dimethylaminopropyl)bicyclo[2.2.1]heptane-2
     ,3-diendo-carboxylic acid imide hydrochloride.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a novel series of
      5-endo-substituted-carbamoyloxy-N-[amino(lower)alkyl]bicyclo[2.2.1]heptane
     -2,3-di-endo-carboxylic acid imides possessing anti-arrhythmic and/or
      anti-fibrillatory activity.
PAR  2. Description of the Prior Art
PAR  A. British Patent No. 1,042,840 describes compounds having the formula
      ##SPC1##
PAL  In which each of R' and R" represent hydrogen, or together an alkylene
      group having 1 or 2 carbon atoms, and R represents an alkyl group having 6
      to 18, preferably 8 to 12 carbon atoms in a straight chain as having
      particularly advantageous properties as functional fluids.
PAR  B. U.S. Pat. No. 2,393,999 describes the compound having the formula
      ##SPC2##
PAL  As being an effective insecticide.
PAR  C. U.S. Pat. No. 2,424,220 describes the compound having the formula
      ##SPC3##
PAL  As being an effective insecticide.
PAR  D. U.S. Pat. No. 2,462,835 describes the compound having the formula
      ##SPC4##
PAL  In which R is alkyl, alkene, aryl, substituted aryl, alkynyl, etc. as
      insecticides.
PAR  E. Culberson and Wilder, Jr., J. Org. Chem., 25, pp. 1358-62 (1960) report
      the preparation of compounds having the formula
PAL  In which R is CH.sub.3, C.sub.6 H.sub.13 or hydrogen.
PAR  F. Rice, Reide and Grogan, J. Org. Chem., 19 pp. 884-893 (1954) report the
      preparation of compounds of the formula
      ##SPC5##
PAL  In which R is alkyl and their subsequent reduction with lithium aluminum
      hydride.
PAR  B. Worall, J. Am. Chem. Soc., 82, pp. 5707-5711 (1960) report the
      preparation of compounds having the formula
      ##SPC6##
PAR  C. German Auslegeschrift No. 1,179,205 reports the preparation of compounds
      having the formula
      ##SPC7##
PAL  In which the bicyclo [2.2.2]octane ring system is saturated or unsaturated
      and/or substituted, R and R.sup.1 are alkyl and alkenyl groups of 1 to 5
      carbon atoms, or when combined with the nitrogen a heterocyclic ring.
      R.sup.2 is a (lower) alkyl group, n is a number of 2 to 5 and X a halogen
      anion. The quaternary compounds are described as having therapeutic
      properties in the treatment of cardiovascular disease, specifically high
      blood pressure.
PAC  SUMMARY OF THE INVENTION
      ##SPC8##
PAL  in which Z is 3 or 4-pyridyl, (lower)alkyl, cyclohexyl, cyclopentyl,
      cycloheptyl, 1-adamantyl, cyclobutyl, cyclopropyl or a radical of the
      formula
      ##SPC9##
PAL  Wherein R.sup.1, R.sup.2 and R.sup.3 are alike or different and each is H,
      Cl, Br, F, (lower)alkyl, nitro, OH or (lower)alkoxy, n is an integer of 2
      to 4 inclusive and R.sup.4 or R.sup.5 is H, (lower)alkyl or when taken
      together with the nitrogen a radical of the formula
      ##SPC10##
      in which R.sup.6 is (lower)alkyl; or a pharmaceutically acceptable acid
      addition salt thereof are antiarrhythmic agents.
PAR  Cardiac arrhythmia, a phenomenon commonly associated with coronary heart
      disease or myocardial infarction, is an affliction not uncommon in humans,
      especially the elderly. The mechanism of cardiac arrhythmia is suspected
      to be caused by an abnormal "focus" in the ventricle of the heart which
      sends out (fires) nerve signals more rapidly than required for the normal
      beating of the heart. Uncontrolled arrhythmia can lead to fibrillation
      which results in death.
PAR  It has been discovered that the series of compounds herein designated
      5-endo-substituted-carbamoyloxy-N-[amino-(lower)alkyl]bicyclo[2.2.1]heptan
     e-2,3-di-endo-carboxylic acid imides having the formula
      ##SPC11##
PAL  in which Z is (lower)alkyl, cyclohexyl, cyclopentyl, cyclobutyl,
      cycloheptyl, cyclopropyl or a radical of the formula
      ##SPC12##
PAL  wherein R.sup.1, R.sup.2 or R.sup.3 is H, Cl, Br, F, (lower)alkyl, nitro,
      OH or (lower)alkoxy, n is an integer of 2 to 4 inclusive and R.sup.4 or
      R.sup.5 is H, (lower)alkyl or when taken together with the nitrogen a
      radical of the formula
      ##SPC13##
PAL  in which R.sup.6 is (lower)alkyl; or a pharmaceutically acceptable acid
      addition salt thereof are useful therapeutic or prophylactic agents in the
      suppression of the abnormal ectopic beat.
PAR  Compound I can theoretically exist in several isomeric forms, namely;
PAR  A. endo-carbamoyloxy:endo-substituted imide;
PAR  B. exo-carbamoyloxy:exo-substituted imide (X); C.
      endo-carbamoyloxy:exo-substituted imide; and
PAR  D. exo-carbamoyloxy:endo-substituted imide.
PAR  Furthermore, each of these isomers has two optical isomers; levorotatory
      and dextrorotatory.
PAR  The distinction between the isomers is determined by the relative position
      of the constituent bonds at positions 2, 3 and 5 of the bicyclo ring
      system.
PAR  When these bonds, i.e., the constituent bonds at positions 2, 3 and 5, are
      on the same side as the C.sub.7 bridge, we have the exo-exo isomer. When
      these bonds, i.e., the constituent bonds at positions 2, 3 and 5 are on
      the opposite side of the C.sub.7 bridge or alternately within the cage
      formed by carbon atoms 2,3,5 and 6, then we have the endo-endo isomer.
      When the constituent bond at position 5 is on the same side as the C.sub.7
      bridge and the constituents bond 2 and 3 are on the opposite side of the
      C.sub.7 bridge, then we have the exo(5-position)-endo(2,3-position)
      isomer. Illustrative of the exo-exo isomer is the compound having the
      formula
      ##SPC14##
PAR  Illustrative of endo-endo is the compound of formula I.
PAR  The only isomers claimed in this invention are the endo-endo isomers as
      represented by compound I and the dextro- and levorotatory isomers
      thereof. The endo-endo isomers are inherently exclusively produced by the
      synthesis described herein.
PAR  The optical isomers can be separated and isolated by fractional
      crystallization of the diastereoisomeric salts formed, for instance, with
      (+) or (-)-tartaric acid or D-(-) camphor sulfonic acid (see
      experimental).
PAR  For the purpose of this disclosure, the term "(lower)alkyl" is defined as
      an alkyl radical containing 1 to 6 carbon atoms. The term "(lower)alkoxy"
      is an alkoxy radical containing 1 to 6 carbon atoms. The term
      "pharmaceutically acceptable acid addition salt" is defined to include all
      those inorganic and organic acid salts of the compounds of the instant
      invention, which salts are commonly used to produce nontoxic salts of
      medicinal agents containing amine functions. Illustrative examples would
      be those salts formed by mixing the compounds of formula I with
      hydrochloric, sulfuric, nitric, phosphoric, phosphruous, hydrobromic,
      maleic, malic, ascorbic, citric or tartaric, pamoic, lauric, stearic,
      palmitic, oleic, myristic, laurylsulfonic, napthalenesulfonic, linoleic or
      linolenic acid, and the like.
PAR  A preferred embodiment of the present invention is the compound having the
      formula
      ##SPC15##
PAL  in which Z is 3 or 4-pyridyl, 1-adamantyl, (lower)alkyl, cyclohexyl,
      cyclopentyl, cyclobutyl, cycloheptyl, cyclopropyl, or a radical of the
      formula
      ##SPC16##
PAL  wherein R.sup.1, R.sup.2 or R.sup.3 is H, Cl, Br, F, (lower)alkyl, nitro,
      OH or (lower)alkoxy, n is an integer of 2 to 4 inclusive and R.sup.4 or
      R.sup.5 is H, (lower)alkyl or when taken together with the nitrogen a
      radical of the formula
      ##SPC17##
PAL  in which R.sup.6 is (lower)alkyl; or a pharmaceutically acceptable acid
      addition salt thereof.
PAR  Another preferred embodiment of the present invention is the compound
      having the formula
      ##SPC18##
PAL  in which Z is a radical of the formula
      ##SPC19##
PAL  wherein R.sup.1 and R.sup.2 are alike or different and each is H, Cl, Br,
      F, (lower)alkyl, nitro, OH or (lower)-alkoxy, n is an integer of 2 to 4
      inclusive and R.sup.4 and R.sup.5 is H, (lower)alkyl or when taken
      together with the nitrogen a radical of the formula
      ##SPC20##
PAL  in which R.sup.6 is (lower)alkyl; or a pharmaceutically acceptable acid
      addition salt thereof.
PAR  Another preferred embodiment is the compound of formula Ia wherein R.sup.1
      and R.sup.2 are alike or different and each is H, F, Cl, nitro or (lower)
      alkyl, R.sup.4 and R.sup.5 are H, (lower)alkyl or when taken together with
      the nitrogen a radical of the formula
      ##SPC21##
PAR  Another preferred embodiment is the compound of formula Ia wherein R.sup.1
      and R.sup.2 are (lower)alkyl, R.sup.4  and R.sup.5 are (lower)alkyl or
      when taken together with the nitrogen a radical of the formula
      ##SPC22##
PAR  A more preferred embodiment is the compound of formula Ia wherein R.sup.1
      is hydrogen, R.sup.2 is methyl, n is an integer of 3 and R.sup.4 and
      R.sup.5 are methyl; or the hydrochloride salt thereof.
PAR  A most preferred embodiment of the present invention is the compound of
      formula Ia wherein R.sup.1 and R.sup.2 are hydrogen, n is an integer of 3
      and R.sup.4 and R.sup.5 are methyl; or the hydrochloride salt thereof.
PAR  A more preferred embodiment is the compound of formula Ia wherein R.sup.1
      and R.sup.2 are hydrogen, n is and integer of 2 and R.sup.4 and R.sup.5
      are methyl; or the hydrochloride salt thereof.
PAR  A more preferred embodiment is the compound of formula I wherein R.sup.1
      and R.sup.3 are hydrogen, R.sup.2 is p-nitro, n is an integer of 3 and
      R.sup.4 and R.sup.5 taken together with the nitrogen is a radical of the
      formula
      ##SPC23##
PAL  or the hydrochloride salt thereof.
PAR  A more preferred embodiment is the compound of formula I wherein R.sup.1
      and R.sup.3 are hydrogen, R.sup.2 is p-chloro, n is an integer of 3 and
      R.sup.4 and R.sup.5 taken together with the nitrogen is a radical of the
      formula
      ##SPC24##
PAL  of the hydrochloride salt thereof.
PAR  A more preferred embodiment is the compound of formula I wherein R.sup.1
      and R.sup.3 are hydrogen, R.sup.2 is p-nitro, n is an integer of 3 and
      R.sup.4 and R.sup.5 when taken together with the nitrogen is a radical of
      the formula
      ##SPC25##
PAL  of the hydrochloride salt thereof.
PAR  A more preferred embodiment is the compound of formula I wherein R.sup.1
      and R.sup.3 are hydrogen, R.sup.2 is p-chloro, hydrogen or p-nitro, n is
      an integer of 3 and R.sup.4 and R.sup.5 are each (lower)alkyl; or the
      hydrochloride salt thereof.
PAR  A more preferred embodiment is the compound of formula I wherein R.sup.1
      and R.sup.3 are hydrogen, R.sup.2 is p-methyl, n is an integer of 3 and
      R.sup.4 and R.sup.5 are methyl; or the hydrochloride salt thereof.
PAR  A most preferred embodiment is the levorotatory isomers of the compound of
      formula Ia.
PAR  Another most preferred embodiment is the dextrorotatory isomers of the
      compound Ia.
PAR  The most preferred embodiment of the present invention is the
      dextrorotatory isomer of the compound I wherein R.sup.1, R.sup.2 and
      R.sup.3 are hydrogen, n is 3 and R.sup.4 and R.sup.5 are methyl; or the
      hydrochloride salt thereof.
PAR  Another most preferred embodiment of the present invention is the
      levorotatory isomer of the compound I wherein R.sup.1, R.sup.2 and R.sup.3
      are hydrogen, n is 3 and R.sup.4 and R.sup.5 are methyl; or the
      hydrochloride salt thereof.
PAR  The objectives of the present invention have been achieved by the process
      of preparing the compounds having the formula
      ##SPC26##
PAL  in which Z is (lower)alkyl, cyclopropyl, cyclobutyl, cyclopentyl,
      cyclohexyl, cycloheptyl, 3 or 4-pyridyl, 1-adamantyl or a radical of the
      formula
      ##SPC27##
PAL  wherein R.sup.1, R.sup.2 or R.sup.3 is H, Cl, Br, F, (lower)alkyl, nitro,
      OH or (lower)alkoxy, n is an integer of 2 to 4 inclusive and R.sup.4 or
      R.sup.5 is H, (lower)alkyl or when taken together with the nitrogen a
      radical of the formula
      ##SPC28##
PAL  in which R.sup.6 is (lower)alkyl; which process comprises the consecutive
      steps of
PAR  A. treating a suspension of
      endo-cis-bicyclo[2.2.1]hept-5-ene-2,3-dicarboxylic anhydride or
      exo-cis-bicyclo[2.2.1]hept-5-ene-2,3-dicarboxylic anhydride in water, but
      preferably the endo-cis isomer, with excess concentrated sulfuric acid at
      a temperature in the range of 70.degree.-95.degree. C. to produce the
      endo-endo compound having the formula
      ##SPC29##
PAR  B. treating 1 mole of compound II with at least one mole of acetyl chloride
      or phosphorous trichloride at reflux temperature for at least 15 minutes
      and removing the excess acetyl chloride or phosphorous trichloride in
      vacuo to produce an oily residue IIa;
PAR  C. treating residue IIa with at least one mole of an amine having the
      formula
      ##EQU1##
      in which n is an integer of 2 to 4 inclusive, R.sup.4 or R.sup.5 are H,
      (lower)alkyl or when both are taken together with the nitrogen a radical
      of the formula
      ##SPC30##
PAL  in which R.sup.6 is (lower)alkyl; in an organic solvent, preferably
      selected from the group comprising benzene, toluene, xylene, and the like
      at about reflux temperatures for at least 30 minutes and removing the
      solvent in vacuo to produce an oily residue IIb;
PAR  D. treating residue IIb with at least one mole of potassium hydroxide in a
      mixture of a (lower)alkanol and water with the aid of heat, but preferably
      at reflux temperature for at least one hour to produce the compound having
      the formula
      ##SPC31##
      in which n, R.sup.4 and R.sup.5 are as above; and
PAR  E. treating one mole of compound III with at least one mole of an
      isocyanate having the formula
EQU  Z-NCO
PAL  in which Z is (lower)alkyl, cyclopropyl, cyclobutyl, cyclopentyl,
      cyclohexyl, cycloheptyl, 3- or 4-pyridyl, 1-adamantyl or a radical of the
      formula
      ##SPC32##
PAL  in which R.sup.1, R.sup.2 and R.sup.3 are as defined above, in an organic
      solvent, preferably selected from the group comprising benzene, toluene,
      xylene, pryidine, but preferably pyridine, in a temperature range of
      0.degree. C. to 60.degree. C., but preferably at about room temperature to
      yield compound I.
PAR  The compounds were tested in dogs for their reversion activity in
      ouabain-induced arrhythmia.
PAR  Anesthetized dogs were used for the production of ouabain-induced
      ventricular arrhythmias. The arrhythmia consisted of a nodal or
      ventricular tachycardia. The procedure used to establish the arrhythmia as
      well as the criteria employed to determine anti-arrhythmic activity
      generally was that employed by Lucchesi et al. Intravenous infusion of 1,
      2 and 3 was done at a rate of 0.2 mg./kg./min. and compared to lidocaine
      and quinidine. The average reverting doses are shown below.
TBL  ______________________________________                                    
     Compound    I.V. Reverting Dose, mg./kg.*                                 
     ______________________________________                                    
      1             2.0 .+-. 0.58 (N=4)                                        
      2             1.3 .+-. 0.28 (N=7)                                        
      3             3.0 (N=3)                                                  
     Quinidine      4.9                                                        
     Lidocaine      6.6                                                        
     ______________________________________                                    
      *Values are mean .+-. Standard Error; N = No. of Experiments.            
PAR  The compounds were also tested for their reversion of ventricular
      arrhythmia due to coronary artery ligation in conscious dogs:
PAR  Multifocal ventricular ectopic rhythms were produced in dogs according to
      the coronary artery ligation method of Harris.sup.2. Approximately 24
      hours after induction of the ventricular arrhythmia the test drugs were
      infused at a rate of 0.2 mg./kg./min. The approximate average doses
      necessary to produce a 50% decrease in the number of ventricular ectopic
      beats, and to produce reversion of the ventricular arrhythmia are shown
      below. In contrast to 1,2 and 3, no reversion was observed with an
      intravenous infusion of lidocaine or quinidine in doses of up to 20
      mg./kg.
TBL  ______________________________________                                    
                 I.V.                                                          
                 Dose Producing  I.V.                                          
                 50% Reduction   Reverting                                     
                 in Ectopic Beats                                              
                                 Dose                                          
     Compound    (mg./kg.)       (mg./kg.)                                     
     ______________________________________                                    
      1          2* (N=4)        15 (N=4)                                      
      2          1.5 (N=4)       10 (N=4)                                      
      3          2 (N=3)         15 (N=3)                                      
     Lidocaine   &gt;20             &gt;20                                           
     Quinidine   10.1            &gt;20                                           
     ______________________________________                                    
      *Values are means, N = No. of experiments.                               
TBL  ______________________________________                                    
     Local Anesthetic Activity in Guinea Pigs                                  
     ______________________________________                                    
     Compound      ED.sup.50 in mmoles of drug                                 
     ______________________________________                                    
      1                 24                                                     
      2                 25                                                     
      3                 82                                                     
     Lidocaine          23                                                     
     ______________________________________                                    
PAC  References
PAR  1. Lucchesi, B. L. and H. F. Hardman: The influence of
      dichloroisoproterenol (DCI) and related compounds upon ouabain and
      acetylstrophanthidin induced cardiac arrhythmias. J. Pharmacol. Exp.
      Therap., 132:372, 1961.
PAR  2. Harris, A. S.: Delayed development of ventricular ectopic rhythms
      following experimental coronary occlusion. Circulation 1:1318, 1950.
PAR  All the compounds within the scope of the present invention possess
      anti-arrhythmic activity.
PAR  The compounds of the present invention are useful in the treatment of
      cardiac arrhythmia in mammals, including man, as prophylactic or
      therapeutic agents in doses in the range of 0.25 mg. to 3.0 mg./kg. up to
      3 or 4 times a day.
PAC  EXPERIMENTAL
PAC  EXAMPLE 1
PAR  Preparation of Bicyclo[2.2.1]heptane-endo-2,3-dicarboxylic
      acid-5-endo-hydroxy-.gamma.-lactone (II).
      ##SPC33##
PAR  Five hundred grams (500 g.) of concentrated sulfuric acid was slowly added
      with vigorous stirring to a suspension of 164 g. of
      endo-cis-bicyclo[2.2.1]hept-5-ene-2,3-dicarboxylic anhydride in 500-600
      ml. of water. The reaction was exothermic and the temperature rose to
      about 80.degree.-90.degree. C. during the addition of the sulfuric acid.
      Two liters of boiling water was added to the reaction solution and
      immediately filtered. As the filtrate was cooled, colorless platlets of
      the title product (II) crystallized. On completion of the crystallization,
      the crystals were collected by filtration and washed with cold water to
      produce 138 grams of air-dried crystals, m.p. 200.degree. C.
PAC  EXAMPLE 2
PAR  General Method of Preparation of
      5-endo-Hydroxy-N-[amino(lower)alkyl]bicyclo[2.2.1]heptane-2,3-di-endocarbo
     xylic Acid Imides (III).
      ##SPC34##
PAR  A mixture of 0.1 mole of lactone (II) from example 1 and 50 ml. of acetyl
      chloride was refluxed on a water bath for 2 hours. The excess acetyl
      chloride was removed in vacuo and an oily residue (IIa) remained that was
      washed with n-hexane (or petroleum ether). The oily residue was dissolved
      in 50 ml. of anhydrous benzene. To this solution was added a solution of
      0.12 moles of the appropriate amine, e.g., N,N-dimethylaminopropylamine,
      and 100 ml. of anhydrous benzene with stirring. The mixture was then
      refluxed for about 5 hours and concentrated in vacuo. The resultant brown
      syrupy substance (IIb) was refluxed for 5 hours in 300 ml. of 0.12 mole of
      potassium hydroxide and 50% water-ethanol. The solvents were removed in
      vacuo, saturated potassium carbonate solution added and the resultant
      solution extracted repeatedly using chloroform or 1:1 ethyl
      acetate-benzene. The collective organic extracts were washed with
      saturated sodium chloride solution and dried over anhydrous sodium
      sulfate. After filtration, the solution was concentrated in vacuo and the
      product was recovered by crystallization, chromatography and/or vacuum
      distillation wherein in formula III, n is an integer of 2 to 4 inclusive,
      R.sup.4 or R.sup.5 is H, (lower)alkyl or when taken together with the
      nitrogen a radical of the formula
      ##SPC35##
PAL  in which R.sup.6 is (lower)alkyl.
PAC  EXAMPLE 3
PAR  General Method of Preparation of
      5-endo-substituted-carbamoyloxy-N-[amino(lower)alkyl]bicyclo[2.2.1]-heptan
     e-2,3-di-endo-carboxylic Acid Imides (I).
      ##SPC36##
PAR  The
      5-endo-Hydroxy-N-[amino(lower)alkyl]-bicyclo[2.2.1]heptane-2,3,-di-endo-ca
     rboxylic acid imide (III) (0.01 mole) obtained in example 2 is added to 50
      ml. of pyridine solution of 0.012 mole of an appropriate isocyanate, e.g.,
      phenyl isocyanate, with stirring. The resultant is refluxed for about 4
      hours. The pyridine is removed in vacuo with the aid of added toluene. The
      resultant oil is dissolved in ethyl acetate, washed with water and brine,
      dried over anhydrous sodium sulfate, filtered, and the solvent removed to
      give an oil. Addition of Et.sub.2 O-Skellysolve B (essentially n-hexane)
      gives the free amine as a white solid which recrystallizes from an
      appropriate solvent. The amine is slurried in 20 ml EtOH and HCl gas is
      bubbled in to give a solution. The addition of Et.sub.2 O produces a
      precipitate which is the monohydrochloride salt of the desired product.
PAC  EXAMPLE 4
PAR  Alternate Method of Preparation of
      5-endo-Hydroxy-N-[amino(lower)alkyl]bicyclo[2.2.1]heptane-2,3-di-endo-carb
     oxylic Acid Imides (III).
      ##SPC37##
PAR  A mixture of 0.1 mole of lactone (IIa) from example 1 above and 30 ml. of
      PCl.sub.3 was refluxed in a water bath for 2 hours. The excess PCl.sub.3
      was removed in vacuo and washed with n-hexane. The oily residue was
      dissolved in 50 ml. of chloroform or methylene chloride and a solution of
      0.12 mole of an appropriate amine, e.g., N, N-dimethyl-aminopropylamine,
      dissolved in 100 ml. of anhydrous chloroform or methylene chloride was
      added with stirring and cooling. Stirring was continued for 2 hours,
      following which mixture was warmed to room temperature following which the
      mixture was refluxed for about 15 minutes. The solution was washed with
      saturated potassium carbonate solution after cooling, separated, and the
      organic phase washed with saturated sodium chloride solution. The organic
      solution was dried over anhydrous sodium sulfate, filtered, and
      concentrated in vacuo. The material subsequently collected was the title
      product of formula III wherein n is an integer of 2 to 4 inclusive,
      R.sup.4 or R.sup.5 is H, (lower)alkyl or when taken together with the
      nitrogen a radical of the formula
      ##SPC38##
PAL  in which R.sup.6 is (lower)alkyl.
PAC  EXAMPLE 5
PAR  Preparation of
      5-endo-Hydroxy-N-(3-dimethylaminopropyl)-bicyclo[2.2.1]heptane-2,3-di-endo
     -carboxylic Acid Imide (IIIa).
      ##SPC39##
PAR  Substitution in the procedure of example 2 or 4 of an equimolar quantity of
      N,N-dimethylaminopropylamine for the "appropriate" amine used therein
      produced the title product as colorless plates when crystallized from
      ethanol-n-hexane; m.p. 148.degree. C. (13/4 H.sub.2 O) or 154.degree. C.
      (1/3 H.sub.2 O). Yield: 26-37%
PAR  Anal. calc'd. for C.sub.14 H.sub.22 O.sub.3 N.sub.2. 13/4H.sub.2 O: C,
      56.42; H, 8.79; N, 9.40. Found: C, 56.70; H, 8.76; N, 9.11.
PAR  Anal. calc'd. for C.sub.14 H.sub.22 O.sub.3 N.sub.2.1/3 H.sub.2 O: C,
      61.76; H, 8.45; N, 10.29. Found: C, 61.93; H, 8.76; N, 10.40.
PAC  EXAMPLE 6
PAR  Preparation of
      (+)-5-endo-N-phenylcarbamoyloxy-(3-dimethylaminopropyl)-bicyclo[2,2,1]hept
     ane-2,3-di-endo-carboxylic acid imide, hydrochloride [Compd. 1, Table I
      (BL-4507)].
PAR  Method A
PAR  A mixture of
      5-endo-hydroxy-N-(3-dimethylaminopropyl)-bicyclo[2.2.1]heptane-2,3-di-endo
     -carboxylic acid imide (2.66 g, 0.01 mole) and phenylisocyanate (1.19 g,
      0.01 mole) in 30 ml of pyridine was refluxed (110.degree. C) for 4 hours.
      The pyridine was then removed by evaporation under reduced pressure with
      the aid of added toluene. The resultant oil was dissolved in EtOAc, washed
      with water and brine, dried (anhyd. Na.sub.2 SO.sub.4) and the solvlent
      removed to give an oil (3.26 g). Addition of Et.sub.2 O-Skellysolve B
      (essentially n-hexane) gave the free amine as a white solid which was
      recrystallized from EtOAc-Skelly B (2.2 g, mp 133.degree.-135.degree.).
      The amine was slurried in 20 ml EtOH and HCl gas was bubbled in to give a
      solution. Addition of Et.sub.2 O caused an oil to separate. Decanting, and
      boiling the oily residue in EtOAc gave a white solid. (2.0 g; 47.79; mp
      204.degree.-206.degree.). Recrystallization from MeOH-Et.sub.2 O, followed
      by trituration in boiling EtOAc gave an analytical sample of the anhydrous
      salt. (mp 205.degree.-208.degree. C.)
PAR  Anal. calc'd. for C.sub.21 H.sub.27 N.sub.3 O.sub.4.HCl: C, 59.76; H, 6.69;
      N, 9.96. Found: C, 59,74; H, 6.63; N, 9.84.
PAR  Method B
PAR  A mixture of
      5-endo-hydroxy-N-(3-dimethylaminopropyl)-bicyclo[2.2.1]heptane-2,3-di-endo
     -carboxylic acid imide (2.66 g, 0.01 mole) and phenylisocyanate (4.76 g,
      0.04 mole) in 25 ml of methylene chloride (dry) was stirred at 25.degree.C
      under anhydrous conditions for 18 hours. The methylene chloride was then
      removed by evaporation under reduced pressure to yield an oil. Trituration
      with Skelly B-ether yielded a white solid which was recrystallized from
      hot isopropyl alcohol (3.45 g, mp 134.degree.-135.degree.  C, 89%). The
      hydrochloride salt was prepared as in Method A. (2.7 g; 64.2%; mp
      206.degree.-207.degree.C).
PAC  EXAMPLE 7
PAR  Preparation of
      (+)-5-endo-N-(o-Chlorophenyl)carbamoyl-oxy-N-(3-dimethylaminopropyl)bicycl
     o[2.2.1]heptane-2,3-di-endo-carboxylic acid imide, hydrochloride. (Compd.
      4, Table I).
PAR  Method C
PAR  A mixture of
      5-endo-hydroxy-N-(3-dimethylpropyl)-bicyclo[2.2.1]heptane-2,3-di-endo-carb
     oxylic acid imide (5.32 g, 0.02 mole) and o-chlorophenylisocyanate (15 ml)
      in 15 ml of dry pyridine was stirred at 25.degree.C under anhydrous
      conditions for 18 hours. The reaction mixture was diluted with 100 ml
      Et.sub.2 O, precipitating a white solid, which was then crystallized from
      100% EtOH. (6.81 g, 84%, mp 162.degree.-163.degree.C).
PAR  Anal. calc'd. for C.sub.21 H.sub.25 N.sub.3 O.sub.4 Cl; C, 60.06; H, 6.24;
      N, 10.01; Cl, 8.44. Found: C, 59.98; H, 6.14; N, 9.83; Cl, 8.40.
PAC  EXAMPLE 8
PAR  General Method of Preparation of
      5-endo-benzoyloxy-N-[amino(lower)alkyl]bicyclo[2.2.1]heptane-2,3-di-endo-c
     arboxylic Acid Imides (L).
      ##SPC40##
PAR  The
      5-endo-Hydroxy-N-[amino(lower)alkyl]-bicyclo[2.2.1]heptane-2,3-di-endo-car
     boxylic acid imide (III) (0.01 mole) obtained in example 2 was added to 50
      ml. of a 100:1 pyridine-piperidine solution of 0.012 mole of an
      appropriate benzoyl halide, e.g., benzoyl chloride, with stirring. The
      resultant mixture was allowed to stand overnight in a refrigerator or
      warmed in a water or oil bath. The mixture was poured into ice-water and
      saturated with sodium carbonate and then extracted with chloroform or 1:1
      benzene-ethyl acetate. The combined organic extracts were washed with
      saturated sodium chloride solution and dried over anhydrous sodium
      sulfate. The solution was collected by filtration and concentrated in
      vacuo to yield the desired title product (L).
PAC  EXAMPLE 9
PAR  Preparation of
      5-endo-Benzoyloxy-N-(3-dimethylaminopropyl)bicyclo[2.2.1]heptane-2,3-di-en
     do-carboxylic Acid Imide (Lb).
      ##SPC41##
PAR  A. Substitution in the procedure of example 8 of an equimolar quantity of
      benzoyl chloride for the "appropriate" benzoyl halide used therein and for
      the dicarboxylic acid imide III an equimolar quantity of IIIa obtained in
      example 5 produced the title product which was collected as the
      hydrochloride salt.
PAR  B. The free base was dissolved in near boiling ethanol (700 ml.) and 90 ml.
      of ethanol saturated with hydrogen chloride gas was added. The solution
      was cooled with ice to produce colorless plates of the hydrochloride salt
      of formula Lb; m.p. 239.degree. C. with decomposition upon
      recrystallization from methanol-acetone. Yield-90%.
PAR  Anal. calc'd. for C.sub.21 H.sub.27 O.sub.4 N.sub.2 Cl.1/3 H.sub.2 O: C,
      61.07; H, 6.83; N, 6.95. Found: C, 60,63; H, 6.88; N, 7,33.
PAC  EXAMPLE 10
PAR  Resolution of
      (+)-5-endo-Benzoyloxy-N-(3-dimethylaminopropyl)bicyclo[2.2.1]heptane-2,3-d
     i-endocarboxylic Acid Imide Hydrochloride (Lb).
PAC  I. Preparation of the (-)-enantiomer.
PAR  A.
      (+)-5-endo-Benzoyloxy-N-(3-dimethyl-aminopropyl)bicyclo[2.2.1]heptane-2,3-
     di-endo-carboxylic Acid Imide (Lb).
PAR  A stirred mixture of the hydrochloride salt of Lb (10 g.) in water (150
      ml.) and ether (200 ml.) was neutralized by the addition of sodium
      carbonate. The aqueous layer was re-extracted with ether (2 .times. 200
      ml.). The combined ethereal extracts were washed with water, followed by
      water saturated with sodium chloride (3.times.) and dried (sodium
      sulfate). Removal of the ether left colorless crystals of the racemic base
      Lb (9.3 g.), m.p. 106.degree.-107.5.degree..
PAR  B. (+)- 10-Camphorsulfonic Acid Salt of
      (-)-5-endo-benzoyloxy-N-(3-dimethylaminopropyl)-bicyclo[2.2.1]heptane-2,3-
     di-endo-carboxylic Acid Imide.
PAR  A hot solution of (+)-10-camphorsulfonic acid (276.5 g., 1.19 mole) in
      ethanol (1.1 L) was added to a hot solution of the racemic base Lb (441.1
      g., 1.19 mole) in ethanol (3.5.1) containing water (175 ml.). The solution
      was heated to near boiling and then rapidly cooled to 20.degree.. The
      colorless crystalline material which formed during 3 hours standing at
      20.degree. was collected and washed with cold ethanol (600 ml.) to give
      325.3 g. of the title product, m.p. 221.degree.-226.degree.. The salt was
      recrystallized from acetonitrile to give colorless needles (282.6 g.),
      m.p. 230.degree.-233.degree.. The ethanolic mother liquor was retained for
      isolation of the (+)-isomer.
PAR  C.
      (-)-5-endo-Benzoyloxy-N-(3-dimethyl-aminopropyl)bicyclo[2.2.1]heptane-2,3-
     di-endo-carboxylic Acid Imide.
PAR  The camphorsulfonic acid salt from step B (282.6 g.) was partitioned
      between a stirred mixture of ethyl acetate (3.5.1) and water (3.1)
      containing sodium carbonate (150 g.). The aqueous layer was reextracted
      with ethyl acetate (600 ml.). The combined ethyl acetate extracts were
      washed with water saturated with sodium chloride (3.times.), and dried
      (sodium sulfate). Removal of the ethyl acetate left the title product as
      colorless crystals (173.3 g.): m.p. 131-5-132.5.degree.;
      [.alpha.].sub.D.sup.25 - 78.53.degree. (c. 4.26, ethanol).
PAR  D.
      (-)-5-endo-Benzoyloxy-N-(3-dimethyl-aminopropyl)bicyclo[2.2.1]heptane-2,3-
     di-endo-carboxylic Acid Imide Hydrochloride (V).
PAR  To a near boiling solution of the (-)-isomer (173.3 g., 0.468 mole) from
      step C in 95% ethanol (3.5.1) was added 475 ml. of 95% ethanol, 0.988
      molar in hydrogen chloride (0.468 mole of HCl). The solution was cooled in
      ice. The colorless crystals were collected, washed with cold 95% ethanol
      (600 ml.) and dried to give the title product (182.6 g.): m.p.
      207.degree.-209.degree.; [.alpha.].sub.D.sup.25 -85.56.degree. (c. 1.5,
      water). The m.p. and rotation were not significantly changed upon further
      recrystallization from 95% ethanol.
PAC  II. Preparation of the (+)-enantiomer.
PAR  A. (-)-Tartaric Acid Salt of
      (+)-5-endo-benzoyloxy-N-(3-dimethylaminopropyl)bicyclo[2.2.1]heptane-2,3-d
     i-endocaarboxylic Acid Imide.
PAR  The ethanolic mother liquor from step I B. above was stored at 0.degree.
      for 90 hours to give additional cyrstalline material (237.2 g.), m.p.
      182.degree.-186.degree.. The filtrate was concentrated to give another
      crop of colorless crystals (119.9 g.), m.p. 168.degree.-177.degree.. Both
      crops were combined and partitioned between ethyl acetate and aqueous
      sodium carbonate as described in I C. above to give a mixture of (+)- and
      (-)- isomers (221.4 g.), m.p. 125.degree.-129.degree., greatly enriched in
      the (+)-enantiomer.
PAR  (-)-Tartaric acid (89.6 g., 0.596 mole) was added to a hot stirred solution
      of the (+)-enriched mixture (221.4 g., 0.596 mole) in ethanol (3.6.1)
      containing water (40 ml.). The stirred mixture was heated to near boiling
      and then cooled to 25.degree. during 4 hours. The colorless crystalline
      material was collected, washed with cold 95% ethanol (500 ml.) and dried
      to give the tartrate salt of the (+)-enantiomer (291.6 g.), m.p.
      157.degree.-161.degree. (dec.). Recrystallization from acetonitrile gave
      247.2 g. of the purified tartrate salt, m.p. 162.degree.-164.degree.
      (dec.).
PAR  B. (+)-5-endo-Benzoyloxy-N-(3-dimethyl-aminopropyl)bicyclo[2.2.1]
      heptane-2,3-di-endo-carboxylic Acid Imide.
PAR  The tartrate salt from step A (247.2 g.) was decomposed with aqueous sodium
      carbonate and the liberated (+)-enantiomer extracted into ethyl acetate as
      described in I.C. Removal of the ethyl acetate left the (+)-isomer (171.6
      g.), as colorless crystals: m.p. 131.degree.-133.5.degree.;
      [.alpha.].sub.D.sup.25 +  77.74.degree. (c. 1.89, ethanol).
PAR  C. (+)-5-endo-Benzoyloxy-N-(3-dimethylaminopropyl)bicyclo[2.2.1]heptane-
      2,3-di-endo-carboxylic Acid Imide Hydrochloride (VI).
PAR  The (+)-enantiomer (171.6 g.) from step B was treated with an equivalent of
      ethanolic hydrogen chloride as described for the (-)enantiomer in I D. to
      give colorless crystals of the (+)-enantiomer HCl; (188.2 g.): m.p.
      207.degree.-209.degree.; [.alpha.].sub.D.sup.25 + 85.88.degree. (c. 1.36,
      water).
PAC  EXAMPLE 11
PAR  (+)-5-Endo-N-phenylcarbamoyloxy-N-(3-dimethylaminopropyl)bicyclo[2.2.1]hept
     ane-2,3-di-endocarboxylic Acid Imide Hydrochloride.
PAR  [Compd.  2, Table I (BL- 4607A)].
PAR  (+)-
      5-Endo-benzoyloxy-N-(3-dimethylaminopropyl)bicyclo[2.2.1]heptane-2,3-di-en
     do-carboxylic acid imide hydrochloride (3.65 g, 0.0086 mole) was suspended
      in 18.8 ml. of 1.0N NaOH and heated to reflux with stirring for 45 minutes
      in an oil bath at 120.degree.-125.degree. C. The solution was then cooled,
      filtered and evaporated under reduced pressure to yield a white solid. The
      solid was then triturated with three 80 ml aliquotes of hot EtOAc. The
      aliquots were combined and evaporated to yield an oil which solidified
      upon cooling. The solid was then resuspended in 100 ml cyclohexane and 15
      ml EtOAc and heated to a reflux. Filtration of the hot solution and
      cooling to 20.degree. C yielded a crystalline solid (1.53 g; 67% mp
      121.degree.-122.degree.C). A mixture of
      (+)-5-endo-hydroxy-N-(3-dimethylaminopropyl)bicyclo-[2.2.1]heptane-2,3-di-
     endo-carboxylic acid imide (2.66 g, 0.01 mole) and phenylisocyanate (2.38,
      0.02 mole) in 30 ml of dry CH.sub.2 Cl.sub.2. The method and work-up of
      the free amine was identical to that in EXAMPLE 1, METHOD B (3.69 g,
      95.7%, mp 119.degree.-120.degree.C). The amine was dissolved in 25 ml of
      EtOAc and HCl gas was bubbled in. The solvent was removed by evaporation
      under reduced pressure to yield a foam which solidified upon trituration
      with Et.sub.2 O. Recrystallization from hot EtOAc: IPA (9:2) gave the pure
      product. (2.3 g, 54.9%, mp 222.degree.-223.degree.C).
PAR  Anal. calc'd. for C.sub.21 H.sub.27 N.sub.3 O.sub.4.HCl: C, 59.76; H, 6.69;
      N, 9.96; Cl, 8.40.  Found: C, 59.49; H, 6.69; N, 10.01; Cl, 8.30.
PAR  [.alpha.  .sub.589.sup.25 = + 94.5.degree. [C = 0.1366 g; H.sub.2 0]
PAC  EXAMPLE 12
PAR  Preparation of
      (-)-5-endo-N-phenylcarbamoyloxy-N-(3-dimethylaminopropyl)bicyclo[2.2.1hept
     ane-2,3-di-endo-carboxylic acid imide hydrochloride.
PAR  [Compd. 3, Table I(BL-4610A)].
PAR  Method - similar to that in Example 11 (3.059 g, 39.5%, mp
      223.degree.-223.degree.C).
PAR  Anal. calc'd. for C.sub.21 H.sub.27 N.sub.3 O.sub.4.HCl: C, 59.76; H, 6.69;
      N, 9.96; Cl, 8.40. Found: C, 60.03; H, 6.73; N, 9.90; Cl, 8.50.
PAR  [.alpha.].sub.589.sup.25 = - 95.37.degree. [C = 0.080 g, H.sub.2 O].
PAR  The starting material is the
      (-)-5-Endo-benzoyl-oxy-N-(3-dimethylaminopropyl)-bicyclo[2.2.1]heptane-2,3
     -di-endo-carboxylicacid imide hydrochloride obtained in example 10.
PAC  EXAMPLE 13
PAR  Preparation of additional 5-endo-H-substituted
      carbamoyloxy-N-(3-dimethylaminopropyl)bicyclo[2.2.1]heptane-2,3-di-endo-ca
     rboxylic Acid Imides
PAR  Substitution in the indicated examples (methods) of the proper equimolar
      quantities of isocyanate produced the compounds indicated below in Table
      I.
TBL                                    Table I                                 
     __________________________________________________________________________
     Compd.            Example         Recrystallization                       
     No.    R        X (Method)                                                
                            Yield                                              
                                 M.P. .degree.C                                
                                       Solvent                                 
     __________________________________________________________________________
      1   (.+-.)C.sub.6 H.sub.5 --                                             
                     1 6A   47.7 204-206                                       
                                       MeOH-Et.sub.2 O                         
      2   (+)C.sub.6 H.sub.5 --                                                
                     1 11B  54.9 222-3 EtOA-IPA                                
      3   (-)C.sub.6 H.sub.5 --                                                
                     1 12B  39.5%                                              
                                 223-4 EtOA-IPA                                
      4   o-ClC.sub.6 H.sub.4 --                                               
                     0 7C   84%  162-3.degree.                                 
                                       EtOH                                    
      5   p-OMeC.sub.6 H.sub.4 --                                              
                     0 7C   72%  146-7 IPA                                     
      6   o-OMeC.sub.6 H.sub.4 --                                              
                     0 7C   70%  104-5 IPA                                     
      7   3,4-diClC.sub.6 H.sub.3 --                                           
                     0 7C   37%  152-153                                       
                                       EtOH                                    
      8   (Cyclohexyl)                                                         
                     0 7C   28%  112-113                                       
                                       Cyclohexane                             
      9   H.sub.3 C(CH.sub.2).sub.3 --                                         
                     1 7C   72%  198-9 IPA-EtOA                                
     10   2,4,6-triCH.sub.3 C.sub.6 H.sub.2 --                                 
                     0 6A   64.5%                                              
                                 190   IPA                                     
     11   p-CH.sub.3 C.sub.6 H.sub.4 --                                        
                     0 7C   64%  162-3 IPA                                     
     12   m-CF.sub.3 C.sub.6 H.sub.4 --                                        
                     0 6B   51%  192-3 IPA                                     
     13   m-NO.sub.2 C.sub.6 H.sub.4 --                                        
                     0 6B   94%  151-2 IPA                                     
     14   p-BrC.sub.6 H.sub.4 --                                               
                     0 6B   78%  153-4 IPA                                     
     15   p-FC.sub.6 H.sub.4 --                                                
                     0 6B   70%  160-1 IPA                                     
     16   p-CO.sub.2 EtC.sub.6 H.sub.4 --                                      
                     0 6B   92%  166-7 IPA                                     
     17   o-CH.sub.3 C.sub.6 H.sub.4 --                                        
                     0 6B   136-7                                              
                                 IPA                                           
     18   2,5-diCH.sub.3 C.sub.6 H.sub.3 --                                    
                     0 6B   61.5%                                              
                                 124   IPA                                     
     19   2,6-diCH.sub.3 C.sub.6 H.sub.3 --                                    
                     0 6B   50%  148-9 IPA-Et.sub.2 O                          
     20   3-pyridyl  0 6B   29%  178-9 IPA                                     
     __________________________________________________________________________
      IPA is isopropyl alcohol.                                                
      EtOA is ethyl acetate.                                                   
      MeOH is methanol.                                                        
      Et.sub.2 O is diethylether.                                              
TBL                Analytical Data                                             
     ______________________________________                                    
     Compd.         Calcd                Found                                 
     No.    C       H       N     C      H     N                               
     ______________________________________                                    
      1     59.76   6.69     9.96                                              
                                 59.74   6.63   9.84                           
      2     59.76   6.69     9.96                                              
                                 59.49   6.69  10.01                           
      3     59.76   6.69     9.96                                              
                                 60.03   6.73   9.90                           
      4     60.06   6.24    10.01                                              
                                 59.98   6.14   9.83                           
      5     63.60   7.04    10.11                                              
                                 63.79   6.89  10.12                           
      6     63.60   7.04    10.11                                              
                                 63.27   7.08   9.97                           
      7     55.51   5.55     9.25                                              
                                 55.80   5.58   9.46                           
      8     64.42   8.50    10.73                                              
                                 64.68   8.39  10.67                           
      9     56.77   8.03    10.45                                              
                                 56.52   8.06  10.86                           
     10     67.42   7.78     9.83                                              
                                 67.55   7.71   9.89                           
     11     66.15   7.32    10.52                                              
                                 66.01   7.29  10.59                           
     12     58.27   5.78     9.27                                              
                                 58.43   5.61   8.85                           
     13     58.59   6.09    13.02                                              
                                 58.69   5.98  13.10                           
     14     54.31   5.64     9.05                                              
                                 54.61   5.61   9.25                           
     15     62.51   6.49    10.42                                              
                                 62.85   6.26  10.45                           
     16     63.00   6.83     9.18                                              
                                 63.25   6.84   9.17                           
     17     66.15   7.32    10.52                                              
                                 66.43   7.04  10.23                           
     18     66.80   7.56    10.16                                              
                                 67.12   7.58   9.85                           
     19     66.80   7.56    10.16                                              
                                 66.82   7.41  10.11                           
     20     62.16   6.78    14.50                                              
                                 62.17   6.78  14.71                           
     ______________________________________                                    
PAC  EXAMPLE 14
PAR  General Procedure for the Preparation of the racemic
      5-endo-N-carbamoyloxy-N-[amino(lower)alkyl]bicyclo-[2.2.1]heptane-2,3-di-e
     ndo-carboxylic Acid Imides into its (+) and (-) Entantiomers.
PAR  1. Treatment of the racemic base with (+)-10-camphorsulfonic acid in
      ethanol-water gave the diastereoisomeric salt of the (-)-isomer.
      Decomposition of this salt with aqueous sodium carbonate afforded the
      (-)-enantiomer which was converted to the hydrochloride with ethanolic
      hydrogen chloride.
PAR  2. The mother liquor from the first step was concentrated to leave a
      mixture of diastereoisomeric salts. Neutralization of this mixture with
      aqueous sodium carbonate gave a mixture of the (+)- and (-)-isomers, which
      was greatly enriched in the (+)-enantiomer. In one small scale experiment,
      it was possible to obtain substantially pure (+by recrystallization from
      cyclohexane. In larger scale experiments, it was more expedient to purify
      the mixture through diastereoisomer formation with (-)-tartaric acid to
      give the salt of (-)-tartaric acid with the (+)-enantiomer, which is
      subsequently decomposed to produce the (+)-enantiomer.
PAC  EXAMPLE 15
PAR  Preparation of 5
      -endo-Hydroxy-N-(2-dimethylaminoethyl)bicyclo[2.2.1]heptane-2,3-di-endo-ca
     rboxylic Acid Imide (IIIb).
PAR  Substitution in the procedure of example 4 for the "appropriate" amine used
      therein of an equimolar quantity of N,N-dimethylethylamine produced the
      title product which was collected as the hydrochloride using a method
      comparable to that employed in example 6A. The free base was collected as
      colorless plates upon recrystallization from ethanol-n-hexane; m.p.
      141.5.degree. C. Yield: 50%.
PAR  Anal. calc'd. for C.sub.13 H.sub.20 O.sub.3 N.sub.2.1/3H O: C, 60.46; H,
      8.13; N, 10.85. Found: C, 60.71; H, 8.04; N, 10.95.
PAC  EXAMPLE 16
PAR  Preparation of
      5-endo-Hydroxy-N-(2-diethylaminoethyl)bicyclo[2.2.1]heptane-2,3-di-endo-ca
     rboxylic Acid Imide Phenolphthalinate (IIIc).
PAR  Substitution in the procedure of example 2 for the "appropriate" amine used
      therein of an equimolar amount of N,N-diethylaminoethylamine produced the
      title product as yellow oil, b.p. 213.degree.-220.degree. C./5 mm. Hg.
      Yield: 37%. The product was further characterized as the phenolphthalinate
      salt, m.p. 137.8.degree.-138.8.degree. C.
PAR  Anal. calc'd. for C.sub.35 H.sub.40 O.sub.7 N.sub.2.1 1/2 H.sub.2 O: C,
      67.04; H, 6.91; N, 4.48. Found: C, 67.38; H, 7.41; N, 4.23.
PAC  EXAMPLE 17
PAR  Preparation of
      5-endo-Hydroxy-N-(3-diethylaminopropyl)bicyclo[2.2.1]heptane-2,3-di-endo-c
     arboxylic Acid Imide Phenolphthalinate (IIIf).
PAR  Substitution in the procedure of example 2 for the "appropriate" amine used
      therein of an equivalent amount of N,N-diethylaminopropylamine produced
      the title product as a yellow oil, b.p. 228.degree.-230.degree.C./6 mm.
      Hg. Yield: 34%. The product was further characterized as the
      phenolphthalinate salt, m.p. 155.degree.-158.degree. C.
PAR  Anal. calc'd. for C.sub.36 H.sub.42 O.sub.7 N.sub.2.1 1/2 H.sub.2 O: C,
      67.39; H, 7.02; N, 4.36. Found: C, 67.77; H, 6.79; N, 4.36.
PAC  EXAMPLE 18
PAR  Preparation of 5
      -endo-Hydroxy-N-(3-piperidinopropyl)-bicyclo[2.2.1]heptane-2,3-di-endo-car
     boxylic Acid Imide (IIIe).
      ##SPC42##
PAR  Substitution in the procedure of example 4 for the "appropriate" amine used
      therein of an equivalent amount of 3-piperidinopropylamine produced the
      title product as colorless plates upon recrystallization from
      isopropanol-n-hexane, m.p. 121.5.degree. C. Yield: 50%.
PAR  Anal. calc'd. for C.sub.17 H.sub.26 O.sub.3 N.sub.2 .1/4H.sub.2 O: C,
      65.70; H, 8.53; N, 9.01. Found: C, 66.05; H, 9.03; N, 9.06.
PAC  EXAMPLE 19
PAR  Preparation of
      5-endo-Hydroxy-N-(2-morpholinoethyl)-bicyclo[2.2.1]heptane-2,3-di-endo-car
     boxylic Acid Imide Hydrochloride (IIIf).
      ##SPC43##
PAR  Substitution in the procedure of example 2 or 4 for the "appropriate" amine
      used therein of an equivalent amount of morpholinoethylamine produced the
      title compound which was collected as the hydrochloride (using a method
      comparable to that employed in example 6B). The hydrochloride was
      collected as colorless plates upon recrystallization from water-ethanol,
      m.p. 280.degree.-282.degree. C. Yield: 30-34%.
PAR  Anal. calc'd. for C.sub.15 H.sub.22 O.sub.4 N.sub.2. HCl: C, 54.43; H,
      7.00; N, 8.46. Found: C, 54.26; H, 7.56; N, 8.50.
PAC  EXAMPLE 20
PAR  Preparation of
      5-endo-Hydroxy-N-(3-morpholinopropyl)-bicyclo[2.2.1]heptane-2,3-di-endo-ca
     rboxylic Acid Imide (IIIg).
PAR  Substitution in the procedure of example 2 for the "appropriate" amine used
      therein of an equivalent amount of morpholinopropylamine produced the
      title product as a yellow oil, b.p. 260.degree.-270.degree. C./4 mm. Hg.;
      yield 50%. The product was further characterized as the methiodide salt;
      m.p. 233.degree. C.
PAR  Anal. calc'd. for C.sub.16 H.sub.24 O.sub.4 N.sub.2.CH.sub.3 I: N, 6.2
      Found: N, 6.28
PAC  EXAMPLE 21
PAR  Preparation of
      5-endo-N-(p-nitrophenyl)carbamoyloxy-N-(3-morpholinopropyl)bicyclo[2.2.1]h
     eptane-2,3-di-endo-carboxylic acid Imide (Ig).
PAR  Substitution in the procedure of example 3 for the "appropriate" isocyanate
      used therein of an equivalent amount of 4-chlorophenylisocyanate for the
      dicarboxylic acid imide III used therein an equimolar quantity of IIIg
      produces the title product.
PAC  EXAMPLE 22
PAR  Preparation of
      5-endo-N-(p-chlorophenyl)carbamoyloxy-N-(3-morpholinopropyl)bicyclo[2.2.1]
     heptane-2,3-di-endo-carboxylic acid Imide Hydrochloride (Ih).
PAR  Substitution in the procedure of example 3 for the "appropriate" isocyanate
      used therein of an equivalent amount of 4-chlorophenylisocyanate for the
      dicarboxylic acid imide III used therein an equimolar quantity of IIIg
      produces the title product which is collected as the hydrochloride (using
      a method comparable to that employed in example 6).
PAC  EXAMPLE 23
PAR  Preparation of
      5-endo-N-phenylcarbamoyloxy-N-(2-dimethylaminoethyl)bicyclo[2.2.1]heptane-
     2,3-di-endo-carboxylic Acid Imide (Ij).
PAR  Substitution in the procedure of example 3 for the "appropriate"
      isocyanate used therein of an equimolar quantity of phenylisocyanate and
      for the dicarboxylic acid imide an equimolar quantity of IIIb obtained in
      example 15, produces the title compound.
PAC  EXAMPLE 24
PAR  Preparation of
      5-endo-N-(p-nitrophenyl)carbamoyloxy-N-(3-piperidinopropyl)bicyclo[2.2.1]h
     eptane-2,3-di-endo-carboxylic Acid Imide (Ik).
PAR  Substitution in the procedure of example 3 for the "appropriate" isocyanate
      used therein of an equimolar quantity of p-nitrophenylisocyanate and for
      the dicarboxylic acid imide III used therein of IIIe produces the title
      compound.
PAC  EXAMPLE 25
PAR  Preparation of
      5-endo-N-phenylcarbamoyloxy-N-(2-dimethyl-aminoethyl)bicyclo[2.2.1]heptane
     -2,3-di-endo-carboxylic Acid Imide.
PAR  Substitution in the procedure of example 3 for the "appropriate" isocyanate
      used therein of an equimolar amount of phenylisocyanate and for the
      dicarboxylic acid amide III used therein an equimolar quantity of IIIb
      produces the title compound.
PAC  EXAMPLE 26
PAR  Preparation of
      5-endo-N-phenylcarbamoyloxy-N-(3-methylaminopropyl)bicyclo[2.2.1]heptane-2
     ,3-di-endo-carboxylic Acid Imide Hydrochloride (Ij).
PAR  A.
      5-endo-N-phenylcarbamoyloxy-N-[3-(2,2,2-trichloroethoxy-carbonyl)-3-methyl
     amino-propyl]bicyclo[2.2.1]heptane-2,3-di-endo-carboxylic Acid Imide.
PAR  Under anhydrous conditions there is added 22 mmoles of trichloroethyl
      chloroformate to a mixture of 10 mmoles of compound Ib and 2.0 g. (14.5
      mmoles) potassium carbonate in 50 ml. benzene. The reaction mixture is
      refluxed for 18 hours. After cooling, ethyl acetate is added and the
      solution is filtered from the insolubles. The filtrate is washed with
      water, 5% K.sub.2 CO.sub.3, water, 5% HCl, water and brine. After drying
      (Na.sub.2 SO.sub.4) and filtration the solvents are evaporated. In this
      manner, there is obtained a crude product which when recrystallized from
      ethyl acetate-skelly B (essentially n-hexane) affords title product.
PAR  B.
      5-endo-N-phenylcarbamoyloxy-N-(3-methylaminopropyl)bicyclo[2.2.1]heptane-2
     ,3-di-endo-carboxylic Acid Imide Hydrochloride.
PAR  Zinc dust (11.0 grams) is added to a solution of 5.56 g. (10.5 mmoles) of
      the compound prepared in A above in 120 ml. of 90% acetic acid. The
      resulting reaction mixture is stirred at room temperature for four hours.
      The mixture is filtered and the filtrate evaporated to dryness. The
      residue is made basic by the addition of sodium bicarbonate and again is
      evaporated to dryness. Benzene (500 ml.) and Na.sub.2 SO.sub.4 is added to
      the residue. The mixture is filtered; the filtrate is evaporated and the
      residue is dissolved in methanol. Some ether is added, and the
      hydrochloride salt is prepared with anhydrous hydrogen chloride gas. The
      precipitated salt is collected and after several recrystallizations from
      methanol-ether, there is obtained the title compound (Ij).
PAC  EXAMPLE 27
PAR  Preparation of
      5-endo-N-phenylcarbamoyloxy-N-(3-aminopropyl)bicyclo[2.2.1]heptane-2,3-di-
     endo-carboxylic acid imide (Ik).
PAR  A.
      endo-5-Hydroxy-bicyclo[2.2.1]heptane-endo-2[N-(2-cyanoethyl)]carboxamide-e
     ndo-3-carboxylic acid .gamma.-lactone (XX).
      ##SPC44##
PAR  A mixture of lactone-acid II (18.2 g; 0.1 mole), 150 ml. SOCl.sub.2 and 250
      ml CH.sub.2 Cl.sub.2 containing 4 drops DMF (dimethylformamide) was
      refluxed (60.degree.C) for 3 hours. After evaporating to dryness, benzene
      was added and removed under reduced pressure. After dissolving the acid
      chloride in 350 CH.sub.2 Cl.sub.2, there was added dropwise with vigorous
      stirring a solution of 3-aminopropionitrile (15.3 g; 0.21 mole) in 150 ml
      CH.sub.2 Cl.sub.2. The resulting reaction mixture was refluxed for 2
      hours. After cooling and filtering the insoluble materials, the filtrate
      was evaporated to dryness. The residue, so obtained, was slurried with a
      small amount of CH.sub.3 CN to which ether was carefully added. In this
      way, the crystalline product was obtained in 85.5% yield with mp
      129.degree.-135.degree.C. A sample of recrystallization from CH.sub.3 CN
      gave analytically pure material, mp 145.degree.-147.degree.C.
PAR  Anal. calc'd. for C.sub.12 H.sub.14 N.sub.2 O.sub.3 : C, 61,52; H, 6.02; N,
      11.96. Found: C, 61.54; H, 6.28; N, 11.96
PAR  B.
      5-endo-N-phenylcarbamoyloxy-N-(2-cyanethyl)bicyclo[2.2.1]heptane-endo-2,3-
     dicarboxylic acid imide (XI).
      ##SPC45##
PAR  To a solution of lactone-amide XX (16 g; 0.068 mole) in 200 ml pyridine is
      added slowly the phenylisocyanate (0.102 mole). The resulting reaction
      mixture is heated to 110.degree.C for 4 hours. After evaporation to
      dryness, 5% K.sub.2 CO.sub.3 is added and the mixture is extracted with
      ethyl acetate. The extracts are washed with brine, dried over Na.sub.2
      SO.sub.4, filtered and evaporated to dryness. Addition of ethanol and
      petroleum ether to the residue affords the product.
PAR  C.
      5-endo-N-phenylcarbamoyloxy-N-(3-aminopropyl)bicyclo[2.2.1]heptane-endo-2,
     3-dicarboxylic acid imide hydrochloride (Ik).
PAR  A mixture of imide-nitrile XI (1.0 g; 2.96 mmole), 200 mg 10% Pd on carbon,
      5 ml 5N HCl, and 95 ml ethanol are shaken under hydrogen at room
      temperature for 19 hours. After this time, water is added to the reaction
      mixture until all the solids dissolve. The catalyst is removed and the
      filtrate is evaporated to dryness, thereby affording the product.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound having the formula
      ##SPC46##
PAL  in which Z is a radical of the formula
      ##SPC47##
PAL  wherein R.sup.1, R.sup.2 or R.sup.3 is H, Cl, Br, F, (lower)alkyl, nitro,
      OH or (lower)alkoxy, n is an integer of 2 to 4 inclusive and R.sup.4 or
      R.sup.5 is H, (lower)alkyl or when taken together with the nitrogen a
      radical of the formula
      ##SPC48##
PAL  in which R.sup.6 is (lower)alkyl; or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1 having the formula
      ##SPC49##
PAL  in which Z is a radical of the formula
      ##SPC50##
PAL  wherein R.sup.1 and R.sup.2 are alike or different and each is H, Cl, Br,
      F, (lower)alkyl, nitro, OH or (lower)alkoxy, n is an integer of 2 to 4
      inclusive and R.sup.4 or R.sup.5 is H, (lower)alkyl or when taken together
      with the nitrogen a radical of the formula
      ##SPC51##
PAL  in which R.sup.6 is (lower)alkyl; or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  3.
PAR  3. A compound of claim 2 wherein R.sup.1 and R.sup.2 are alike or different
      and each is H, F, Cl, nitro or (lower)alkyl, R.sup.4 or R.sup.5 is H,
      (lower)alkyl or when taken together with the nitrogen a radical of the
      formula
      ##SPC52##
NUM  4.
PAR  4. A compound of claim 2 wherein R.sup.1 and R.sup.2 are (lower)alkyl,
      R.sup.4 and R.sup.5 are (lower)alkyl or when taken together with the
      nitrogen a radical of the formula
      ##SPC53##
NUM  5.
PAR  5. A compound of claim 2 wherein R.sup.1 is hydrogen, R.sup.2 is chloro, n
      is an integer of 3 and R.sup.4 and R.sup.5 are methyl; or the
      hydrochloride salt thereof.
NUM  6.
PAR  6. (.+-.)-5-Endo-N-phenylcar
     bamoyloxy-N-(3-dimethylaminopropyl)bicyclo[2.2.1]heptane-2,3-di-endo-carbox
     ylic acid imide; or the hydrochloride salt thereof.
NUM  7.
PAR  7. The compound of claim 2 wherein R.sup.1 and R.sup.2 are hydrogen, n is
      an integer of 2 and R.sup.4 and R.sup.5 are methyl; or the hydrochloride
      salt thereof.
NUM  8.
PAR  8. The compound of claim 1 in which Z is
      ##SPC54##
PAL  wherein R.sup.1 and R.sup.3 are hydrogen, R.sup.2 is p-methyl, n is an
      integer of 3 and R.sup.4 and R.sup.5 taken together with the nitrogen is a
      radical of the formula
      ##SPC55##
PAL  or the hydrochloride salt thereof.
NUM  9.
PAR  9. The compound of claim 1 in which Z is
      ##SPC56##
PAL  wherein R.sup.1 and R.sup.3 are hydrogen, R.sup.2 is p-chloro, n is an
      integer of 3 and R.sup.4 and R.sup.5 taken together with the nitrogen is a
      radical of the formula
      ##SPC57##
PAL  of the hydrochloride salt thereof.
NUM  10.
PAR  10. The compound of claim 1 in which Z is
      ##SPC58##
PAL  wherein R.sup.1 and R.sup.3 are hydrogen, R.sup.2 is p-nitro, n is an
      integer of 3 and R.sup.4 and R.sup.5 when taken together with the nitrogen
      is a radical of the formula
      ##SPC59##
PAL  of the hydrochloride salt thereof.
NUM  11.
PAR  11. The compound of claim 1 in which Z is
      ##SPC60##
PAL  wherein R.sup.1 and R.sup.3 are hydrogen, R.sup.2 is methyl, hydrogen or
      p-nitro, n is an integer of 3 and R.sup.4 and R.sup.5 are each
      (lower)alkyl; or the hydrochloride salt thereof.
NUM  12.
PAR  12. The compound of claim 1 in which Z is
      ##SPC61##
      wherein R.sup.1 and R.sup.3 are hydrogen, R.sup.2 is p-nitro, n is an
      integer of 3 and R.sup.4 and R.sup.5 are methyl; or the hydrochloride salt
      thereof.
NUM  13.
PAR  13. The essentially pure levorotatory isomers of the compounds of claim 1.
NUM  14.
PAR  14. The essentially pure levorotatory isomers of the compounds of claim 2.
NUM  15.
PAR  15. The essentially pure levorotatory isomer of the compound of claim 6; or
      the hydrochloride salt thereof.
NUM  16.
PAR  16. The essentially pure dextrorotatory isomer of the compound of claim 6;
      or the hydrochloride salt thereof.
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ABST
PAL  Tetra-substituted ethylenes having the general formula
      ##EQU1##
       in which R is selected from the group consisting of alkyl radicals
      containing 1 to 4 carbon atoms and
      ##SPC1##
      AND A is selected from the group consisting of
      ##EQU2##
      and salts thereof with pharmacologically acceptable acids are useful as
      anti-inflammatory agents.
BSUM
PAR  This invention relates to tetra-substituted ethylenes to the production
      thereof and to the use thereof. These uses occur particularly as
      anti-inflammatory therapeutic agents and, in the case of some of the
      compounds, also as cardio-vascular therapeutic agents.
PAR  The tetra-substituted ethylenes according to the present invention may be
      represented by the following general formula
      ##EQU3##
      in which R is an aliphatic, ar - aliphatic or aryl group and A is a
      tertiary amino group in which the nitrogen atom may be part of a cyclic or
      heterocyclic group such as pyridine, piperidine, pyrrolidine or
      morpholine. The invention also includes salts of the said compounds with
      pharmacologically acceptable acids such as the hydrochlorides and acid
      fumarates.
PAR  Certain compounds having a structure rather similar to those of the present
      invention have already been described in the literature. Thus A. H.
      Becket, A. F. Casy, N. J. Harper and P. H. Phillips, J. Pharm. Pharmacol.
      volume 8, page 860 (1956) have described a substance having the formula:
      ##EQU4##
      whilst D. W. Adamson et al, Nature, volume 168, page 204 (1951) have
      described a substance of the formula:
      ##EQU5##
      Each of these two substances possesses the properties of an antihistamine.
PAR  In French Pat. No. 1,237,352 we have described a group of substances
      corresponding to the general formula:
      ##EQU6##
      in which A and R are as defined above, as well as describing the
      interesting cardio-vascular properties which these substances possess.
PAR  The present invention stems from the discovery that by the dehydration of
      the compounds having the general formula IV above there are obtained new
      substances, that is to say the tetra-substituted ethylenes having the
      general formula I given above which may have an application in human
      therapeutics in the treatment of inflammation and in some instances in
      cardio-vascular ailments.
PAR  Accordingly one aspect of the invention consists in the provision of
      compounds having the general formula I.
PAR  A second aspect of the invention consists in the provision of a process for
      the preparation of compounds having the general formula I, this process
      being characterized by the dehydration of compounds having the general
      formula IV by means of thionyl chloride.
PAR  The compounds having the general formula IV may themselves be obtained from
      amino-alcohols having the general formula
      ##EQU7##
      by a process in which the compounds are first treated with a solution of
      thionyl chloride in chloroform so as to obtain the corresponding chloro
      compounds and the latter are subsequently condensed with benzophenone
      dissolved in liquid ammonia. This process for obtaining the starting
      materials of the formula IV is described in French Pat. No. 1,237,352.
PAR  The process for the dehydration of the propanols which form the effective
      starting materials in the process of the invention utilizes thionyl
      chloride and involves heating a solution in chloroform or other inert
      solvent under reflux. This gives the corresponding hydrochlorides from
      which the bases may be liberated by treatment with an alkali.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAC  Preparation of [1,1-diphenyl-2-ethoxymethyl-2-(pyrrolidine-1)methyl]
      ethylene as the hydrochloride
      ##EQU8##
PAR  To a solution of 140 gms of N-[2-bisphenylhydroxymethyl)-3-ethoxypropyl]
      pyrrolidine in 600 ml. of anhydrous chloroform there is gradually added a
      solution of 300 ml. of thionyl chloride in 300 ml. of chloroform with
      brisk agitation and whilst maintaining the temperature at or below
      45.degree.C. Thereafter the reaction mixture is heated for four hours
      under reflux, poured onto 200 grams of crushed ice, rendered alkaline with
      washing soda and extracted with ether. After removal of the ether, the
      residue is dissolved in 100 ml. of methanol and the product allowed to
      crystallize. There is thus obtained 66 - 70 grams of the desired product.
      Melting point 95.degree.C.
PAR  The hydrochloride is prepared therefrom by dissolving the product in ethyl
      acetate and adding thereto a saturated solution of anhydrous hydrogen
      chloride in absolute ethanol. The hydrochloride has M = 357.9 and a
      melting point of 160.degree.C.
TBL  ______________________________________                                    
     Analysis C%        H%        N%      HCl%                                 
     ______________________________________                                    
     Calculated                                                                
              73.82     7.88      3.91    10.18                                
     Found    74.00     8.07      4.00    10.17                                
     ______________________________________                                    
PAR  There are set out in the appended table the names and properties of a
      number of tetra-substituted ethylenes in accordance with the invention
      which have been obtained by the above procedure. It will be observed that
      the compound No. 5 is the one the preparation of which has been described
      in the preceding example.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                     ANALYSIS                                  
     COM-                   SALT/BASE                                          
                                     C         H         N                     
     POUND     R       A    MELTING  CALCU-                                    
                                          FOUND                                
                                               CALCU-                          
                                                    FOUND                      
                                                         CALCU-                
                                                              FOUND            
     NO.                    POINT.degree.C                                     
                                     LATED     LATED     LATED                 
     __________________________________________________________________________
                     C.sub.2 H.sub.5                                           
     1     --CH.sub.2                                                          
                     --N.angle.                                                
                            Hydrochloride                                      
                                     76.84                                     
                                          76.04                                
                                               7.64 7.43 3.32 3.30             
                     C.sub.2 H.sub.5                                           
                            160.degree.                                        
     2     --CH.sub.2                                                          
                     --N    Fumarate 74.82                                     
                                          74.12                                
                                               6.86 7.23 2.72 2.70             
                            159.degree.                                        
     3     --CH.sub.2                                                          
                     --NO   Fumarate 72.21                                     
                                          72.33                                
                                               6.45 6.41 2.71 2.74             
                            158.degree.                                        
     4     --CH.sub.2                                                          
                     --N    Fumarate 74.52                                     
                                          74.42                                
                                               6.65 7.00 2.80 2.81             
                            140.degree.                                        
     5     --CH.sub.2 --CH.sub.3                                               
                     --N    Hydrochloride                                      
                                     73.82                                     
                                          74.00                                
                                               7.88 8.07 3.91 4.00             
                            160.degree.                                        
     6     --CH.sub.2 --CH.sub.2 --CH.sub.3                                    
                     --N    Hydrochloride                                      
                                     74.27                                     
                                          74.08                                
                                               8.12 8.18 3.76 3.75             
                            112.degree.                                        
           CH.sub.3                                                            
     7     --CH.sub.2 --CH.angle.                                              
                     --N    Fumarate 72.25                                     
                                          72.55                                
                                               7.52 7.63 3.01 3.01             
           CH.sub.3         175.degree.                                        
     8     --CH.sub.3                                                          
                     --NO   Base     77.98                                     
                                          77.97                                
                                               7.79 8.14 4.33 4.34             
                             64.degree.                                        
     9     --CH.sub.3                                                          
                     --N    Hydrochloride  % Cl                                
                                               Theory                          
                                                    10.61                      
                             177.degree.6      Found                           
                                                    10.61                      
                     C.sub.2 H.sub.5                                           
                            Hydrochloride      Theory                          
                                                    10.55                      
     10    --CH.sub.3                                                          
                     --N.angle.                                                
                            122.degree.        Found                           
                                                    10.57                      
                     C.sub.2 H.sub.5                                           
     11    --C.sub.2 H.sub.5                                                   
                     --N    Hydrochloride  % Cl                                
                                               Theory                          
                                                    9.61                       
                            171.degree.        Found                           
                                                    9.78                       
     12    --C.sub.2 H.sub.5                                                   
                     --NO   Hydrochloride  % Cl                                
                                               Theory                          
                                                    9.76                       
                             176.degree.5      Found                           
                                                    9.74                       
     13    --CH.sub.2 --CH.sub.2 --CH.sub.3                                    
                     --NO   Hydrochloride                                      
                                     71.20                                     
                                          72.59                                
                                               7.79 7.86 3.61 3.67             
                            154.degree.                                        
     14    --CH.sub.2 --CH.sub.2 --CH.sub. 3                                   
                     --N    Hydrochloride                                      
                                     74.68                                     
                                          74.20                                
                                               8.35 8.19 3.63 3.60             
                            132.degree.                                        
                     C.sub.2 H.sub.5                                           
                            Base                                               
     15    --C.sub.2 H.sub.5                                                   
                     --N.angle.                                                
                             57.degree.                                        
                                     81.56                                     
                                          81.08                                
                                               9.03 8.86 4.32 4.29             
                     C.sub.2 H.sub.5                                           
                     C.sub.2 H.sub.5                                           
                            Base                                               
     16    --CH.sub.2 --CH.sub.2 --CH.sub.3                                    
                     --N.angle.                                                
                             60.degree.                                        
                                     81.84                                     
                                          80.70                                
                                               9.26 9.27 4.15 4.21             
                     C.sub.2 H.sub.5                                           
     __________________________________________________________________________
PAR  The pharmacological activity of the compounds in accordance with the
      present invention in the cardio-vascular and anti-inflammatory fields was
      ascertained in the following manner.
PAC  I. ANTI-INFLAMMATORY ACTIVITY
PAR  This was determined on Wistar rats using the induced oedema test employing
      carraghen. The rats were females weighing 120 .+-. 20 grams which were
      first allowed to fast for 18 hours.
PAR  The product to be tested was administered to batches of 10 animals at the
      rate of 100 mg/kg body weight 30 minutes before a subneurotic injection of
      carraghen to the right rear paw. The odematic reaction is measured hourly
      for 7 hours by plethysmography, the results being expressed as the
      "planimetric value" (sum of the % reduction in the increase in volume for
      the treated groups compared with the control group).
PAR  The values obtained under the same conditions using phenyl butazone and
      hydrocortisone are given for comparison.
TBL  ______________________________________                                    
     Compound No.     Planimetric Value                                        
     ______________________________________                                    
     1                308                                                      
     2                125                                                      
     3                80                                                       
     4                85                                                       
     5                284                                                      
     6                267                                                      
     8                153                                                      
     9                462                                                      
     10               402                                                      
     11               137                                                      
     12               57                                                       
     13               344                                                      
     14               179                                                      
     15               176                                                      
     16               130                                                      
     Phenylbutazone                                                            
     100 mg/kg B.W.   237                                                      
     Hydrocortisone                                                            
     100 mg/kg B.W.   230                                                      
     ______________________________________                                    
PAR  From these results it appears that a reduction in swelling is obtained with
      all the test products. In particular compounds 1, 5, 6, 9, 10 and 13 show
      a planimetric value greater than that for the two reference products.
PAR  In addition it was considered of interest to make a further study of these
      six products by employing some more specific tests namely: pleurisy in the
      rat induced by silver nitrate, subcutaneous granuloma and arthritis
      induced by the Freund adjuvant.
PAR  At the conclusion of these studies, two substances, viz Nos. 5 and 13,
      demonstrated striking properties compared with other, known,
      anti-inflammatory substances.
PAR  By way of illustration, there are listed below the observations made when
      carrying out the Freund adjuvant test using the technique described by C.
      M. Pearson in an article entitled Development of arthritis in the rat
      following injection with adjuvant-in "Mechanism of Hypersensitivity"-- Ed:
      J. R. Shaffer, G. A. Logrippo and M. W. Chase -- Little Brown, Boston
      1959, pages 647-671.
PAR  The two substances were administered at the rate of 50 mg/kg bodyweight,
      phenylbutazone used under the same conditions being used as a control.
PAR  Observations were made, on the one hand, of the primary swellings (i.e.,
      plethysomographic study of the paw which had been injected) and secondary
      swellings (i.e., a similar study of the corresponding paw on the opposite
      side of the body of the animal), and, on the other hand, of the appearance
      of the bone structures and the joints under X-ray examination.
TBL  ______________________________________                                    
     SUBSTANCE SWELLINGS          BONE STRUCTURES                              
             P = primary s=secondary                                           
                              AND JOINTS                                       
     ______________________________________                                    
     Control batch                                                             
               P : extremely large                                             
     large nodules `puffing up` of most of the bones                           
               S : delayed, accompanied                                        
               by anchylosis                                                   
     hypertrophy of the epiphyses                                              
     distinct osteolysis accompanied by disappearance of the bone structure    
     No. 5     P : not fully reabsorbed                                        
     bone formations and joints not attached                                   
               S : completely inhibited                                        
     No. 13    P : not fully reabsorbed                                        
     almost complete protection of the bone structure,                         
               S : satisfactory action                                         
                                  some joints only being slightly attacked     
     Phenylbutazone                                                            
               P : well reabsorbed                                             
     incomplete protection hypophysary hypartrophies, persistent osteolysis    
               S : very slight inhibitor, of                                   
               action                                                          
     ______________________________________                                    
PAR  In comparison with phenylbatazone, which is a well known anti-inflammatory
      substance, these compounds have the important advantage that their action
      extends to the secondary swellings and that they provide complete
      protection for the bone structure and the joints.
PAC  II. CARDIO-VASCULAR ACTIVITY
PAR  On account of structural affinities noted in the preamble, the compounds
      described above were also tested for the above activity on the dog
      anaesthetized with chloral by measuring the cardiac and haemodynamic
      parameters in the usual way.
PAR  The results obtained, which are expressed below as maximum percentage
      variations, proved particularly interesting in the case of two substances
      viz. Nos. 1 and 4.
TBL  ______________________________________                                    
                  Compound No. 1                                               
                             Compound No. 4                                    
     ______________________________________                                    
     Dose administered, in                                                     
     mg/kg (intravenous)                                                       
                    0.5          5                                             
     Output of coronary sinus                                                  
                    +49.8        +81.1                                         
     P.sub.v O.sub.2 sinusal                                                   
                    +74          +120.7                                        
     Pulse-rate     -11.4        -29.5                                         
     Ventricular inotropism                                                    
                    0            -16.5                                         
     Arterial pressure                                                         
                    -15.3        -32.7                                         
     ______________________________________                                    
PAR  It may be deduced from an examination of these results that these two
      compounds have a protective effect on the myocardiam notwithstanding
      relative hypoxia since the P.sub.V O.sub.2 increase cannot be explained
      merely by the increase in coronary output.
PAR  Also to be noted are the fall in pulse-rate and the effectiveness of
      compound No. 1 at a very small dosage.
PAR  The products of the present invention are thus able to be used in human
      therapeutics, principally for treating acute or chronic rheumatic
      complaints, and more generally on account of their anti-inflammatory
      action. Furthermore, certain of these compounds are useful in the
      treatment of angina and the aftereffects of myocardial infarcation.
PAR  These products can be administered in the usual pharmaceutical forms
      compatible with their physicochemical properties in doses of from 25 to
      200 mg per day, preferably 25 to 100 mg, for the treatment of inflammatory
      syndromes and 100 to 200 mg for the treatment of cardiac syndromes.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A tetra-substituted ethylene having the general formula
      ##EQU9##
      in which R is selected from the group consisting of alkyl radicals
      containing 1 to 4 carbon atoms and
      ##SPC2##
PAL  and A is selected from the group consisting of
      ##EQU10##
      and salts thereof with pharmacologically acceptable acids.
NUM  2.
PAR  2. A tetra-substituted ethylene according to claim 1 wherein A is - N  .
NUM  3.
PAR  3. A tetra-substituted ethylene according to claim 1 wherein A is - N  .
NUM  4.
PAR  4. A tetra-substituted ethylene according to claim 1 wherein R is
      ##SPC3##
PAL  and A is
      ##EQU11##
NUM  5.
PAR  5. A tetra-substituted ethylene according to claim 1 wherein R is
      ##SPC4##
PAL  and A is - N  .
NUM  6.
PAR  6. A tetra-substituted ethylene according to claim 1 wherein R is C.sub.2
      H.sub.5 -- and A is - N  .
NUM  7.
PAR  7. A tetra-substituted ethylene according to claim 1 wherein R is C.sub.3
      H.sub.7 -- and A is
PAL  N  o.
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ABST
PAL  A process for producing a salt of hexamethylenetetramine (hexa), such as
      the tolulene sulfonic acid (TSA) - hexa salt, by mixing an acid with
      hexamethylenetetramine and only enough solvent such as water to promote
      the reaction. Excess heat liberated by the reaction is controlled by
      cooling the mixing chamber and drying is accomplished in a heated or
      ambient atmosphere except for hygroscopic salts which are easily dried in
      a vacuum or may be dried in a very dry atmosphere.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of preparing salts of
      hexamethylenetetramine. The preparation of certain salts of
      hexamethylenetetramine has long been known. These comprise both inorganic
      salts such as chloride, sulfate, phosphate, chlorate and organic salts
      such as formate, methanesulfonate, benzenesulfonate, p-toluenesulfonate,
      naphthalenesulfonate and many others. These salts are useful as chemical
      intermediates and as medicinals. Some have been employed as an ingredient
      for formation of a resin which is incorporated in rubber to increase the
      adhesion of the rubber to automobile tire cord. Hexa-salts are also used
      as curing agents for chemical resins. The known processes for preparation
      of such salts require that both the hexamethylenetetramine and the acid be
      in a relatively dilute aqueous solution or suspension or that the solvent
      be an aromatic hydrocarbon. Several processes for producing salts of
      hexamethylenetetramine are described in U.S. Pat. Nos. 3,597,428 and
      3,772,285. These processes may be satisfactory for producing small amounts
      of salts of hexamethylenetetramine but require objectionable steps when
      considered for large quantity production. For instance, U.S. Pat. No.
      3,597,428 reveals a process wherein the salt is formed in a water solution
      and is subsequently spray dried at a high temperature (150.degree. C to
      317.degree. C). This very rapid drying prevents the salt from hydrolyzing;
      however, spray drying such solutions requires expensive equipment and
      utilizes considerable heat to evaporate the large amounts of water
      contained in the solution. Water content of the preferred solution
      revealed in U.S. Pat. No. 3,597,428 (50% acid solution, 58%
      hexamethylenetetramine mixed 1 to 1) can be calculated to be a minimum of
      45%. A process for producing aromatic sulfonic acid salts of
      hexamethylenetetramine is revealed in U.S. Pat. No. 3,772,285. However,
      producing such salts by this method requires the difficult steps of
      handling and recovering a relatively expensive solvent, part of which is
      lost. There is further difficulty in removing the solvent from the solid
      salt as there is the possibility of fire or explosion, as well as
      pollution of the air with aromatic fumes. Further, in a commercial process
      there would be a build-up in any recycled liquids requiring an eventual
      disposal problem. Also, the process is restricted to aromatic sulfonic
      acid salts.
PAC  SUMMARY OF THE INVENTION
PAR  In the production of salts of hexamethylenetetramine one problem has always
      been paramount. This problem, well recognized by the prior art, is the
      prevention of hydrolysis prior to and during drying of the salt. The
      applicant has discovered that if only a small amount of a solvent such as
      water is introduced, along with the hexamethylenetetramine and acid,
      drying may be accomplished at relatively low temperatures, and since very
      little solvent is made available hydrolysis is virtually eliminated. It is
      believed that the small amount of solvent is used to promote the reaction
      or as a catalyst in the reaction of the acid and the
      hexamethylenetetramine and as the salt is formed it is precipitated so
      rapidly from the very temporary solution that it does not remain in the
      liquid phase long enough to undergo significant decomposition.
PAR  The present invention is a novel process for preparing salts of
      hexamethylenetetramine using well-known, relatively inexpensive mixing and
      drying equipment requiring a low input of energy and reactants when
      compared with known methods. While the process requires a solvent as an
      aid to carrying out the reaction between the acid and the base, the amount
      of solvent required is held to a minimum, thus minimizing the amount of
      heat required to dry the resulting salt, all of which minimizes the
      tendency of the salt to hydrolyze. Mixing is accomplished by charging the
      hexamethylenetetramine into either a dough mixer, pug mill, pony mixer,
      paddle mixer, ball mill, ribbon mixer or the like and then adding the acid
      and solvent at a relatively constant rate. The rate will vary for
      preparing various salts and in some cases it may be desirable to add the
      solvent and acid as a single ingredient. It may also be found advantageous
      for producing certain salts to add all ingredients at a constant rate.
      There are also certain cases where it may be advantageous to use hydrated
      organic acids such as benzenesulfonic acid monohydrate, p-toluenesulfonic
      acid monohydrate, m-xylenesulfonic acid dihydrate. It is also apparent
      that the present invention encompasses continuous formation of
      hexamethylenetetramine salts by metering the ingredients into an
      appropriate mixer. Examples of acids which can be used to prepare the
      salts by applicants' method include those listed in the prior art such as
      sulfuric acid, hydrochloric, perchloric acid, phosphoric acid, chromic
      acid, dimethyl phosphoric acid, phenyl phosphonic acid, methane phosphonic
      acid, o-xylene-4-sulfonic acid, benzene sulfonic acid, monophenyl
      phosphoric acid, methane sulfonic acid, ethane sulfonic acid, p-toluene
      sulfonic acid, o-toluene sulfonic acid, m-toluene sulfonic acid,
      trichloroacetic acid, a-naphthalene sulfonic acid, b-naphthalene sulfonic
      acid, methane diphosphonic acid, methane disulfonic acid, d-camphoric
      acid, 1-camphoric acid, o-phenol sulfonic acid, p-phenol sulfonic acid,
      boric acid, salicylic acid, quinic acid, 3-sulfosalicylic acid,
      o-sulfobenzoicacid, acetylaminosalicylic acid, 1,5naphtahalene disulfonic
      acid, diisopropyl naphtalene sulfonic acid, dibutyl naphthalene sulfonic
      acid, dl-mandelic acid, d-mandelic acid, benzoic acid, caproic acid,
      isobutyric acid, formic acid, phthalic stearic acid, oleic acid, linoleic
      acid, lauric acid, palmitic acid, sebacic acid, ricinoleic acid, oxalic
      acid, abietic acid, phenylacetic acid, malonic acid, succinic acid,
      glutaric acid, adipic acid, valeric acid, tartaric acid, phenyl propionic
      acid, cinnamic acid, b-oxyhydrocinnamic acid, arsenous acid, citric acid,
      tannic acid and malic acid.
PAR  An object of the invention is to produce salts of hexamethylenetetramine
      using readily available, relatively inexpensive equipment.
PAR  Another object of the invention is to produce salts of
      hexamethylenetetramine utilizing a minimum of energy.
PAR  Yet another object of the invention is to produce salts of
      hexamethylenetetramine in a very efficient manner where the recovery of
      the dried salt is a high percentage of input ingredients.
PAR  It is also an object of the invention to carry out the process without a
      polluting effluent.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Applicants' preferred embodiment may be better understood from the
      following examples wherein all amounts are parts by weight.
PAC  EXAMPLE 1
PAR  A sigma-blade, double-arm dough mixer (such mixers being well known to
      those familiar with the art) was charged with 900 parts of
      hexamethylenetetramine and 1204.1 parts of a crystalline substance
      containing 84.5% toluenesulfonic acid, 2.68% sulfuric acid and the
      remainder water. These ingredients were added simultaneously and were
      mixed for two and one-fourth hours then poured from the mixer into a pan
      which was placed in an enclosure (pan dryer) and air at 65.degree. C was
      passed through the dryer. During mixing the temperature of the ingredients
      increased from 23.degree. C to 48.degree. C and at first was a soft
      paste-like substance and then hard and crystalline. The dry product
      consisted of 1935.5 parts of Hexamethylenetetramoniumtoluenesulfonate. It
      should be noted that the process yield was about 99.2 percent of all
      material, excluding the water, charged into the mixer. Also, the water was
      less than eight per cent of the material charged.
PAR  The small amount of heat liberated may be heat of reaction and/or heat of
      crystallization of the newly formed salt. This heat, if sufficient, could
      cause more rapid decomposition and thus, in some cases, it becomes
      necessary to cool the mixing chamber by water jacket or spray cooling the
      outside of the chamber or by circulating air through the mixer or by other
      well-known means. This extraction of heat, direct or through the mixer
      wall or shell, does not alter the steps of the process and only becomes
      necessary where the quantity of heat liberated is sufficient to be
      detrimental to the process. Applicants' experience with drying salts of
      hexamethylenetetramine formed as described in the present invention show
      that as the materials initially react and are in the pasty soft stage they
      are much more susceptible to decomposition at a given temperature than
      they are as they become hard and crystalline in texture. In consideration
      of this characteristic, it is suggested that drying temperatures can be
      increased up to 110.degree. C as the drying cycle progresses. However,
      initial drying temperatures should be held below 70.degree. C. Duration
      and method of drying varies with the particular hexa-salt. While drying
      was accomplished to an essentially constant weight in the examples herein,
      commercial production would not necessarily require such stringent
      measures. In most cases a user specification will require that moisture
      content be below a certain specified minimum. Further examples of salts of
      hexamethylenetetramine produced by applicants' novel process are described
      below wherein all amounts are parts by weight.
PAC  EXAMPLE 2
PAR  A sigma-blade, double-arm dough mixer was charged with 424 parts of
      hexamethylenetetramine and while mixing 293.6 parts of a solution of 89%
      methanesulfonic acid and 11% water was added at a constant rate for a
      period of 19 minutes. The combined ingredients were mixed an additional 30
      minutes; then poured into a tray and allowed to dry at room temperature
      (about 27.degree. C). During mixing the temperature increased from
      30.degree. C to 43.degree. C. After the product dried, there were 673.2
      parts, representing a yield of 98.2 percent.
PAC  EXAMPLE 3
PAR  A sigma-blade, double-arm dough mixer was charged with 840 parts of
      hexamethylenetetramine. The mixer was started and 1079.7 parts of a
      solution of 90% phenolsulfonic acid and 10% water was added at a constant
      rate during a period of one hour. The combined ingredients were mixed for
      an additional 45 minutes. The temperature of the mix rose from 30.degree.
      C to 55.degree. C. The mixer was cooled to prevent the temperature from
      rising above 55.degree. C. The material was poured from the mixer into
      pans and placed in a vacuum oven at 40.degree. C until dry. There were
      1694 parts of the dried product which was slightly yellow in color
      representing a 93.5 percent yield.
PAC  EXAMPLE 4
PAR  A sigma-blade, double-arm dough mixer was charged with 848 parts of
      hexamethylenetetramine. The mixer was started and 1080 parts of
      benzenesulfonic acid monohydrate (11% water) was added at a constant rate
      for one-half hour. The materials were then mixed for two and one-half
      hours. The temperature rose from 36.degree. C to 42.degree. C. The
      resulting salt became a hard crushable solid and was discharged from the
      mixer into pans and dried in a vacuum oven at 40.degree. C. After drying,
      there remained 1752 parts of the product representing a 96.8 percent
      yield.
PAC  EXAMPLE 5
PAR  A sigma-blade, double-arm dough mixer was charged with 848 parts of
      hexamethylenetetramine. The mixer was started and 1369.5 parts of
      m-xylenesulfonic acid dihydrate (16.2% water) was added over a period of
      one-half hour.
PAR  The materials were mixed for one hour and ten minutes during which time the
      temperature rose from 30.degree. C to 48.degree. C. The material was
      discharged into pans and dried at room temperature (about 27.degree. C).
      After drying, there remained 1896.4 parts of the product representing
      95.0% yield.
PAC  EXAMPLE 6
PAR  A sigma-blade, double-arm dough mixer was charged with 420 parts of
      hexamethylenetetramine. The mixer was started and 348.9 parts of
      m-benzenedisulfonic acid monohydrate (7% water) was added at a constant
      rate over a period of one-half hour and the material mixed for an
      additional 45 minutes. The temperature rose from 34.degree. C to
      50.degree. C. The material was discharged from the mixer into pans and
      dried in a vacuum oven at 30.degree. C. After drying, 712.1 parts of the
      material remained representing 95.6 percent yield.
PAC  EXAMPLE 7
PAR  A sigma-blade, double-arm dough mixer was charged with 848 parts of
      hexamethylenetetramine. The mixer was started and 770.8 parts of oxalic
      acid dihydrate (28.6% water) was added over a period of one hour. The
      ingredients were mixed for five hours and their temperature rose from
      31.degree. C to 46.degree. C. The material was discharged from the mixer
      into pans and was dried in an oven at 55.degree. C. The dried material
      consisted of 1398 parts representing 100.0 percent yield.
PAC  EXAMPLE 8
PAR  A sigma-blade, double-arm dough mixer was charged with 848 parts of
      hexamethylenetetramine. The mixer was started and 819.6 parts of malic
      acid containing only 0.37% water was added at a constant rate over a
      period of 30 minutes. The materials were mixed an additional 45 minutes
      and the temperature rose from 31.degree. C to 70.degree. C. The material
      was discharged from the mixer into pans and dried in a vacuum oven at
      30.degree. C. The dried material consisted of 1406 parts representing 84.5
      percent yield.
PAC  EXAMPLE 9
PAR  A sigma-blade, double-arm dough mixer was charged with 700 parts of
      hexamethylenetetramine. The mixer was started and 612.5 parts of a
      solution of 80% sulfuric acid and 20% water was added at a constant rate
      over a period of two hours. The ingredients were mixed an additional
      one-half hour and the temperatures rose from 28.degree. C to 45.degree. C.
      The material was discharged from the mixer and dried in an oven at
      50.degree. C. The dried material consisted of 1190 parts representing
      100.0 percent yield.
PAC  EXAMPLE 10
PAR  A sigma-blade, double-arm dough mixer was charged with 700 parts of
      hexamethylenetetramine. The mixer was started and 493.5 parts of a
      solution of 37% hydrochloric acid, 63% water, was added at a constant rate
      over a period of one and one-half hours. The ingredients were mixed an
      additional forty-five minutes and the temperature rose from 27.degree. C
      to 41.degree. C. The material was discharged from the mixer and dried in
      an oven at 70.degree. C. The dried material consisted of 844.4 parts
      representing 95.7 percent yield.
PAC  EXAMPLE 11
PAR  A sigma-blade, double-arm dough mixer was charged with 1045.0 parts of
      beta-resorcylic acid, 209.0 parts of water and 1000.3 parts of
      hexamethylenetetramine. The mixer was started and mixing was continued for
      three and one-half hours and the temperature rose from 19.degree. C to
      37.degree. C. The product was discharged and dried for 17 hours at
      65.degree. C to give a light tan colored material. The beta-resorcylic
      acid had a moisture content of 0.32% giving a total solids charged of
      2011.9 parts and a recovery of 1990.5 parts of product giving a yield of
      98.9 percent recovery of total material charged excepting the water.
PAC  EXAMPLE 12
PAR  A sigma-blade, double-arm dough mixer was charged with 1147.0 parts of
      hexamethylenetetramine, 278.9 parts water, and 929.2 parts of benzoic
      acid. The mixer was started and stirred for seven hours with the
      temperature of the material rising from 22.degree. C to 29.degree. C. The
      product was discharged and dried for seventeen hours at 70.degree. C to a
      slightly yellow product weighing 2034 parts. This represents a recovery of
      98.0 percent of the material charged excepting the water.
PAC  EXAMPLE 13
PAR  A sigma-blade, double-arm dough mixer was charged with 820 parts of
      hexamethylenetetramine and while the mixer was running, a slurry
      containing 989 parts of 96.3% p-toluenesulfonic acid and 200 parts of
      isopropyl alcohol was added over a period of eleven minutes. Mixing was
      continued for another 54 minutes until the temperature had risen from
      32.degree. C to 62.degree. C. Mixing was discontinued and the product was
      allowed to cool to 43.degree. C in the mixer over a period of one hour.
      The product was discharged from the dough mixer and was then dried for 44
      hours at 55.degree. C in an air oven. The product yield was 1746 parts,
      representing a yield of 98.5 percent based on the materials charged to the
      dough mixer, excluding isopropyl alcohol.
PAC  EXAMPLE 14
PAR  A sigma-blade, double-arm dough mixer was charged with 1000 parts of
      p-toluenesulfonic acid, monohydrate, CP grade (50ppm H.sub.2 SO.sub.4) and
      750 parts hexamethylenetetramine. The mixer was run for 170 minutes during
      which time the reaction mixture became quite fluid and the temperature
      rose from 27.degree. C to 51.degree. C. The mixer was shut off in order to
      allow the reaction mixture to crystallize. After 60 minutes the product of
      the reaction was crystalline and the temperature had risen to 65.degree.
      C. The product was discharged from the dough mixer, and dried at
      75.degree. C for 17 hours in an air dryer. 1602 parts of the product were
      obtained, a recovery of 96.8 percent of the material charged to the dough
      mixer, excluding the water of hydration in the toluenesulfonic acid.
PAC  EXAMPLE 15
PAR  A sigma-blade, double-arm dough mixer was charged with 700 parts of
      hexamethylenetetramine and 580 parts of maleic acid. The dry ingredients
      were mixed for 10 minutes and then 120 parts of N-N dimethylformamide were
      added uniformly over an 8-minute period during which time the temperature
      rose from 27.degree. C to 30.degree. C. The mixing was continued for
      another 90 minutes during which the temperature rose from 30.degree. C to
      52.degree. C and the appearance of the mixture passed from a damp crystal
      through a doughy substance and then to a dry appearing solid. The product
      was broken up and dried for 24 hours at 60.degree. C and a pressure of
      20mm of mercury. A yield of 1269 parts were obtained representing a
      recovery of 99.2 percent of the starting materials, excluding N-N
      dimethylformamide.
PAC  EXAMPLE 16
PAR  A sigma-blade, double-arm dough mixer was charged with 700 parts of
      hexamethylenetetramine and 580 parts maleic acid. The mixer was started
      and the solids were mixed for 10 minutes. Sixty parts of water were added
      over an 8-minute period while mixing. Mixing was continued for another 112
      minutes during which time the mixture passed through a dough-like state
      and then to a hard solid. The temperature of the charge rose from
      29.degree. C to 44.degree. C during the operation. The product was
      discharged from the mixer and dried in a vacuum dryer for 115 hours at
      45.degree. C and a pressure of 20mm of mercury. A yield of 1271 parts were
      obtained representing a recovery of 99.3 percent of the charged materials,
      excluding the water.
PAC  EXAMPLE 17
PAR  A sigma-blade, double-arm dough mixer was charged with 980 parts of
      hexamethylenetetramine. The mixer was started, and 358 parts of 90% formic
      acid (10% water) were added at a uniform rate over an 18-minute period.
      The temperature during the addition rose from 30.degree. C to 48.degree.
      C. Mixing was continued for another 60 minutes, and the product was
      discharged and dried at 45.degree. C and 20mm Hg for 70 hours. A yield of
      121 parts was obtained, representing a recovery of 92.9 percent of the
      starting materials, excluding the water content of the formic acid.
PAR  The salt formed in each of the examples is listed below:
TBL  EXAMPLE NO.                                                               
              NAME OF ACID NAME OF SALT                                        
     __________________________________________________________________________
     1       p-Toluenesulfonic Acid                                            
                           Hexamethylenetetrammonium                           
                           p-Toluenesulfonate                                  
     2       Methanesulfonic Acid                                              
                           Hexamethylenetetrammonium                           
                           Methanesulfonate                                    
     3       Phenolsulfonic Acid                                               
                           Hexamethylenetetrammonium                           
                           Phenolsulfonate                                     
     4       Benzenesulfonic Acid                                              
                           Hexamethylenetetrammonium                           
                           Benzenesulfonate                                    
     5       m-Xylenesulfonic Acid                                             
                           Hexamethylenetetrammonium                           
                           m-Xylenesulfonate                                   
     6       m-Benzenedisulfonic Acid                                          
                           Hexamethylenetetrammonium                           
                           m-Benzenedisulfonate                                
     7       Oxalic Acid   Hexamethylenetetrammonium                           
                           Oxalate                                             
     8       Malic Acid    Hexamethylenetetrammonium                           
                           Malate                                              
     9       Sulfuric Acid Hexamethylenetetrammonium                           
                           Bisulfate                                           
     10      Hydrochloric Acid                                                 
                           Hexamethylenetetrammonium                           
                           Chloride                                            
     11      beta-Resorcylic Acid                                              
                           Hexamethylenetetrammonium                           
                           beta-Resorcylate                                    
     12      Benzoic Acid  Hexamethylenetetrammonium                           
                           Benzoate                                            
     13      p-Toluenesulfonic Acid                                            
                           Hexamethylenetetrammonium                           
                           p-Toluenesulfonate                                  
     14      p-Toluenesulfonic Acid                                            
                           Hexamethylenetetrammonium                           
                           p-Toluenesulfonate                                  
     15      Maleic Acid   Hexamethylenetetrammonium                           
                           Maleate                                             
     16      Maleic Acid   Hexamethylenetetrammonium                           
                           Maleate                                             
     17      Formic Acid   Hexamethylenetetrammonium                           
                           Formate                                             
     __________________________________________________________________________
PAR  From the above examples, it can be readily seen that salts of
      hexamethylenetetramine can be produced when the acid and base are mixed
      with samll amounts of solvent and that virtually no hydrolysis takes place
      even though temperatures become elevated substantially.
PAR  While the maximum or minimum amounts of solvent that may be utilized
      successfully in applicants'process will vary depending on what acid is
      being used, it is evident from Example 8 that the minimum approaches zero
      and from Example 10 that as much as 26 percent of the total material
      charged may be solvent. Drying of the salts may be accomplished in a
      medium other than air, such as an inert gas or mixture of gases that would
      not affect the salt being dried. However, for the best results, the medium
      should be relatively dry and the temperature of the medium maintained
      below that which would cause decomposition of the salt. Also, drying may
      be accomplished in various devices such as ovens, rotary dryers or by
      heating the mixer during the drying cycle.
PAR  The herein described embodiments and examples of the present invention are
      not intended to limit its scope; it is to be understood that modifications
      and variations may be resorted to without departing from the spirit and
      scope of the invention as claimed herein below.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing a salt of hexamethylenetetramine comprising:
PA1  thoroughly mixing hexamethylenetetramine, water, and an acid wherein the
      acid is selected from the group consisting of p-Toluenesulfonic Acid,
      Methanesulfonic Acid, Phenolsulfonic Acid, Benzenesulfonic Acid,
      m-Xylenesulfonic Acid, m-Benzenedisulfonic Acid, Oxalic Acid, Malic Acid,
      Sulfuric Acid, Hydrochloric Acid, beta-Resorcylic Acid, Benzoic Acid,
      Maleic Acid, and Formic Acid, in which mixture the amount of water is less
      than 26 percent by weight,
PA1  controlling the temperature of the mixture during the mixing stage below
      that which would cause decomposition; and
PA1  drying the mixture at a temperature less than that which would cause
      decomposition.
NUM  2.
PAR  2. A method of preparing a salt of hexamethylenetetramine as recited in
      claim 1 in which the amount of water is from about 0.18 percent of said
      mixture to about 26 percent of said mixture.
NUM  3.
PAR  3. A method of preparing a salt of hexamethylenetetramine as recited in
      claim 1 which said temperature of said mixture is kept from rising above
      70.degree. C. during said mixing stage.
NUM  4.
PAR  4. A method of preparing a salt of hexamethylenetetramine as recited in
      claim 1 in which said drying temperature of said mixture after said mixing
      stage is kept from rising above 110.degree. C.
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PAL  Thiolcarbonates represented by the formula,
      ##SPC1##
PAL  Wherein R.sub.1 and R.sub.2 are individually a hydrogen atom or a methyl
      group, and R.sub.3 is a straight chain or branched chain saturated or
      unsaturated alkyl group having 1 to 5 carbon atoms or is a benzyl or
      benzhydryl group which may be nuclear substituted, are easily produced by
      reacting an alkali metal salt of 2-mercaptopyrimidine with phosgene, and
      reacting the resulting thiolchloroformate with an alcohol (R.sub.3 OH).
PARN
PAR  This is a division of application Ser. No. 287,410, filed Sept. 8, 1972 now
      U.S. Pat. No. 3,852,290, 12/3/74.
BSUM
PAR  This invention relates to the preparation of novel thiolcarbonates.
PAR  Amines and hydrazines having protected amino and/or protected peptides, are
      quite useful compounds as starting materials for synthesis of various
      peptides which are extremely useful as foods and pharmaceuticals, or for
      synthesis of other compounds.
PAR  Recently, it has come to be widely recognized that in the synthesis of
      N-protected amino acids and N-protected peptides, t-alkyloxycarbonyl
      groups such as t-butyloxycarbonyl and t-amyloxycarbonyl groups;
      benzhydoxycarbonyl groups; and nuclear substituted or unsubstituted
      benzyloxycarbonyl groups such as benzyloxycarbonyl,
      p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
      p-chlorobenzyloxycarbonyl and p-bromobenzyloxycarbonyl groups are useful
      as protective groups for amino and/or imino groups of amines and
      hydrazines, particularly amino acids and peptides. Among these protective
      groups, the t-alkyloxycarbonyl groups are easily cut from the protected
      amino or imino groups by means of acids but are stable to catalytic
      reduction, whereas the benzyloxycarbonyl group is stable to acids but is
      easily cut by catalytic reduction. Taking advantage of such differences in
      stability between protective groups, the synthesis of complex peptides has
      extensively been conducted selectively. Further, a peptide synthesis
      method called solid-phase method has recently been developed by R. B.
      Merrifield [Journal of Amercian Chemical Society, 85, 2149 (1963)]. Amino
      acids, which have the above-mentioned t-alkyloxycarbonyl groups or nuclear
      substituted or unsubstituted benzyloxycarbonyl groups as protective
      groups, have come to be used also as starting components in said
      solid-phase method, and the importance thereof has come increasingly
      greater.
PAR  As acylating agents for preparation of such N-protected amines and
      hydrazines, various compounds have heretofore been proposed. For example,
      t-alkyl p-nitrophenyl carbonates [Journal of American Chemical Society,
      79, 6180 (1957); Chemische Berichte 95, 1 (1962)], t-alkyl
      N-hydroxysuccinimidyl carbonates [Tetrahydron Letters, 39, 4765 (1966)],
      t-alkyl 8-hydroxyquinolyl carbonate [Liebigs Annalen der Chemie, 716, 216
      (1968)], t-alkyl 2,4,5-trichlorophenyl carbonates [Journal of Chemical
      Society (C), 2632 (1967); Liebigs Annalen der Chemie, 724, 204 (1969)],
      t-alkyl pentachlorophenyl carbonates [Japanese Patent Publication Nos.
      19,685/70 and 36,729/70], t-alkyloxycarbonyl azides [Journal of American
      Chemical Society, 79, 442 (1957), 81, 955 (1959), 82, 2725 (1960);
      Bulletin of the Chemical Society of Japan, 37, 591 (1964); Liebigs Annalen
      der Chemie, 702, 188 (1967)], t-alkylcyanoformates [Journal of Organic
      Chemistry, 29, 2820 (1964)], t-alkylchloroformates [Japanese Patent
      Publication No. 10/71; Bulletin of the Chemical Society of Japan, 38, 1522
      (1965)] and t-alkylfluoroformates [Japanese Patent Publication No.
      22,729/70] have been known as t-alkyloxycarbonylating agents, and benzyl
      N-hydroxypiperidyl carbonates [Chemical and Industry 1722 (1966)],
      p-methoxybenzylazide formates [Chemische Berichte, 95, 1 (1962)] and
      2,4,5-trichlorophenoxycarbonates [Liebigs Annalen der Chemie 724, 204
      (1969)] have been known as aralkyloxycarbonylating agents.
PAR  However, the above-mentioned known alkyloxycarbonylating agents and
      aralkyloxycarbonylating agents (hereinafter, these are inclusiveley
      referred to as "acylating agents") have many such drawbacks as mentioned
      below.
PAR  Starting materials for synthesis of the acylating agents are expensive;
      operations for synthesis thereof are complex and require a long period of
      time, a high temperature and the like severe conditions; and the resulting
      acylating agents themselves are unstable. Operations for acylating amines
      and hydrazines by use of the above-mentioned acylating agents are complex,
      require a long period of time, a high temperature and the like severe
      conditions; the conversion of acylation is low; the acylating agents have
      such selectivity as to react with only specific amines and hydrazines; the
      acylation products are difficultly purified; and, in case amines and
      hydrazines to be acylated have other active groups in addition to amino
      and/or amino groups, the said other groups should have previously been
      protected. Despite the fact that in such acylation, particularly in the
      acylation of amino acids and peptides, the purification of acylation
      products is an extremely important question, the above-mentioned known
      acylating agents, particularly mixed carbonates of phenols, have such
      great drawback that phenols, which are released with progress of the
      reaction, tend to migrate in the acylation products and the removal of
      migrated phenols is extremely difficult. The azide type acylating agents
      are explosive, in general, and hence should be stored, handled and reacted
      under strictly controlled conditions. Further, the benzyl- and
      t-alkyl-chloroformates, which may nuclear substituted, have such drawback
      that in case amines or hydrazides to be treated, e.g. amino acids, have
      other active groups in addition to amino and/or imino groups to be
      acylated, i.e. in case the amino acids are, for example, serine or
      threonin having hydroxyl groups, cystein having mercapto groups, and
      histidine having imidazole groups, the above-mentioned chloroformates
      react not only with the amino and/or imino groups but also with the said
      other active groups, so that the active groups other than the amino and/or
      imino groups to be acylated would have previously been protected by other
      protective groups.
PAR  With an aim to overcome the various drawbacks of the known acylating
      agents, the present inventors made extensive studies with respect to the
      functions and production processes of pyrimidyl thiolcarbonate to find
      that the aforesaid thiolcarbonates are suitable for various useful
      applications and have markedly excellent functions as acylating agents for
      introducing N-protective groups into amines and hydrazines, particularly
      amino acids and peptides, and that the thiolcarbonates can be easily
      produced on commercial scale. Based on the above finding, the inventors
      have accomplished the present invention.
PAR  The above-mentioned thiolcarbonates are novel compounds, and processes for
      acylating amines are hydrazines by use of such novel compounds have not
      been proposed yet.
PAR  An object of the invention is to provide a process for producing the novel
      thiolcarbonates.
PAR  Other objects and advantages of the present invention will become apparent
      from the description made hereinbelow.
PAR  The novel thiolcarbonates according to the present invention are
      represented by the formula,
      ##SPC2##
PAL  wherein R.sub.1 and R.sub.2 are individually a hydrogen atom or a methyl
      group; and R.sub.3 is a straight chain or branched chain saturated or
      unsaturated alkyl group having 1 to 5 carbon atoms, or a benzyl or
      benzhydryl group
      ##SPC3##
PAL  which may be nuclear substituted.
PAR  In the above, the alkyl group includes, for example, methyl, ethyl, propyl,
      isopropyl, allyl, butyl, t-butyl, amyl and t-amyl groups, and the benzyl
      group which may be nuclear substituted includes, for example, benzyl,
      p-methoxybenzyl, 2,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl
      p-nitrobenzyl, p-chlorobenzyl and p-bromobenzyl groups.
PAR  Some examples of the compounds represented by the formula (I) are methyl
      pyrimidyl-2-thiolcarbonate, methyl 4-methyl-pyrimidyl-2-thiolcarbonate and
      methyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate; and ethyl
      pyrimidiyl-2-thiolcarbonate, propyl pyrimidyl-2-thiolcarbonate, isopropyl
      pyrimidyl-2-thiolcarbonate, allyl pyrimidyl-2-thiolcarbonate, n-butyl
      pyrimidyl-2-thiolcarbonate, t-butyl pyrimidyl-2-thiolcarbonate, n-amyl
      pyrimidyl-2-thiolcarbonate, t-amyl pyrimidyl-2-thiolcarbonate, benzyl
      pyrimidyl-2-thiolcarbonate, p-methoxybenzyl pyrimidyl-2-thiolcarbonate,
      2,4-dimethoxybenzyl pyrimidyl-2-thiolcarbonate, 2,4,6-trimethoxybenzyl
      pyrimidyl-2-thiolcarbonate, p-nitrobenzyl pyrimidyl-2-thiolcarbonate,
      p-chlorobenzyl pyrimidyl-2-thiolcarbonate p-bromobenzyl
      pyrimidyl-2-thiolcarbonate and benzhydryl pyrimidyl- 2-thiolcarbonate (in
      which thiolcarbonates having 4-methyl and 4,6-dimethyl substituents in the
      pyrimidyl rings have been omitted, but these are naturally included in the
      compounds of the present invention).
PAR  Among the thiolcarbonates represented by the formula (I), the t-alkyl type,
      nuclear substituted or unsubstituted benzyl type and benzhydryl type
      carbonates are particualarly important as acylating agents for use in the
      synthesis of N-protected amino acids and N-substituted peptides. Typical
      examples of such thiolcarbonates are t-butyl pyrimidyl-2-thiolcarbonate,
      t-butyl 4-methyl-pyrimidyl-2-thiolcarbonate and t-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate; and t-amyl
      pyrimidyl-2-thiolcarbonate, benzyl pyrimidyl-2-thiolcarbonate,
      p-methoxybenzyl pyrimidyl-2-thiolcarbonate, 2,4-dimethoxybenzyl
      pyrimidyl-2-thiolcarbonate, 2,4,6-trimethoxybenzyl
      pyrimidyl-2-thiolcarbonate, p-nitrobenzyl pyrimidyl-2-thiolcarbonate,
      p-chlorobenzyl pyrimidyl-2-thiolcarbonate, p-bromobenzyl
      pyrimidyl-2-thiolcarbonate and benzhydryl pyrimidyl-2-thiolcarbonate (in
      which thiolcarbonates having 4-methyl and 4,6-dimethyl substituents in the
      pyrimidyl rings have been omitted, but these are naturally included in the
      compounds of the present invention.
PAR  In the t-alkyl type, nuclear substituted or unsubstituted benzyl type and
      benzhydryl type thiolcarbonates represented by the formula (I), those
      having methyl groups at the 4 and 6 positions of a pyrimidyl ring are most
      preparable since they show moderate activities in aminolysis of amino
      acids or peptides.
PAR  The thiolcarbonates represented by the formula (I) can be easily produced
      on commercial scale from inexpensive industrial reagents, as will be
      mentioned later. Further, the thiolcarbonates are stable compounds and
      hence can be easily stored and handled and, moreover, the thiolester
      portions thererof are extremely high in activity. Accordingly, they are
      particularly preferable as acylating agents for compounds having amino
      and/or imino groups.
PAR  The thiolcarbonates represented by the formula (I) can be easily produced
      on commercial scale according to the below-mentioned process, using as
      starting materials 2-mercapto-4- and/or 6-methyl-substituted or
      unsubstituted pyrimidines:
PAR  A process carried out by reacting a 2-mercapto-4- and/or
      6-methyl-substituted or unsubstituted pyrimidine with an alkali, reacting
      the resulting alkali metal salt of said pyrimidine with phosgene and then
      reacting the resulting pyrimidyl thiolchloroformate with an alcohol.
PAR  The process is explained in further detail below.
PAR  As is clear from the reaction schema shown below, the desired compound (I)
      is obtained by reacting an alkali metal salt represented by the formula
      (II) with phosgene, in the absence of water which causes decomposition of
      the resultant thiolchloroformate and reacting the resulting
      thiolchloroformate represented by the formula (III) in the presence of a
      base with an alcohol represented by the formula (IV).
      ##SPC4##
      ##SPC5##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are as defined in the formula (I), and
      M is an alkali metal, preferably lithium, sodium or potassium.
PAR  In the above-mentioned process, the alkali metal salt represented by the
      formula (II) is easily formed by dissolving a 2-mercapto-4- and/or
      6-methyl-substituted or unsubstituted pyrimidine in an aqueous solution of
      an alkali metal hydroxide, preferably lithium hydroxide, sodium hydroxide
      or potassium hydroxide, at a concentration of preferably 10 to 50 % by
      weight. After the dissolution, the aqueous solution is charged into a
      large amount of acetone to deposit the said alkali metal salt as a
      precipitate, which is then recovered by filtration and then dried, for
      example, at 120.degree.C. under reduced pressure, whereby the alkali metal
      salt of pyrimidine can be obtained in the form of a powder or mass.
PAR  The above-mentioned 2-mercapto-4- and/or 6-methyl-substituted or
      unsubstituted pyrimidine, e.g. 2-mercapto-pyrimidine or
      2-mercapto-4,6-dimethylpyrimidine, can be easily prepared according to a
      known process from 1,1,3,3-tetraethoxypropane and thiourea or from
      acetylacetone and thiourea, respectively, in the presence of hydrochloric
      acid as a catalyst.
PAR  The reaction of the alkali metal salt represented by the formula (II) with
      phosgene is carried out by adding the alkali metal salt (II) to a phosgene
      solution under cooling, preferably under cooling at -40.degree. to
      +5.degree.C., and then stirring the resulting mixture at an optional
      temperature below the reflux temperature of the solvent, preferably at
      0.degree. to 40.degree.C. However, the said reaction sufficiently
      progresses even at about room temperature, and hence is ordinarly effected
      at a temperature about room temperature (15.degree. to 30.degree.C). The
      reaction time varies depending on the kind of the alkali metal salt (II)
      and on the reaction temperature, but is ordinarily from 10 to 120 minutes.
      The amount of phosgene used is preferably about 1 to 2 moles per mole of
      the said alkali metal salt (II). This amount, however, is not critical,
      and phosgene may be used in an amount of more than 2 moles per mole of the
      alkali metal salt (II). The solvent for phosgene may be any solvent so far
      as it is inert to the reactants and to the reaction product, and is
      preferably petroleum ether, ether, benzene, toluene, methylene chloride,
      xylene, chloroform or tetrahydrofuran, for example.
PAR  After completion of the above-mentioned reaction, excess phosgene is
      removed by a suitable procedure, e.g. by injection of nitrogen at a
      temperature of 50.degree. to 60.degree.C. Subsequently, the reaction
      liquid is cooled to room temperature and then filtered, and the filtrate
      is concentrated under reduced pressure in an inert gas such as nitrogen,
      whereby a crude pyrimidyl thiolchloroformate in the form of a liquid which
      is represented by the formula (III) is obtained in a yield of about 80 to
      90 %.
PAR  The thiolchloroformate represented by the formula (III) is quite easily
      reactive with water, so that the above-mentioned operation should be
      effected, both during and after the reaction, in such a state as has
      sufficiently been freed from water. In a water-free state, the pyrimidyl
      thiolchloroformate (III) is stable.
PAR  The pyrimidyl thiolchloroformate (III) decomposes at a temperature of about
      100.degree.C. and hence is difficulty purified by distillation, in
      general. In the subsequent reaction, therefore, the pyrimidyl
      thiolchloroformate (III) is ordinarily used in a crude form, and the
      reaction liquid of pyrimidyl thiolchloroformate prior to concentration is
      sometimes used as it is. Among the pyrimidyl thiolchloroformates (III),
      however, 4,6-dimethyl-pyrimidyl-2-thiolchloroformate can be recovered in
      the form of crystals at a temperature below about 5.degree.C., and
      therefore the thus recovered crystals may be subjected to the subsequent
      reaction.
PAR  The reaction of the pyrimidyl thiolchloroformate represented by the formula
      (III) with the alcohol represented by the formula R.sub.3 -OH (IV) is
      carried out by dissolving in an inert solvent the alcohol (IV) and a base
      as a deacidifying agent, dropping into the resulting solution under
      cooling, preferably at a temperature of -5.degree. to +5.degree.C., the
      pyrimidyl thiolchloroformate (III) obtained by the aforesaid reaction, and
      heating the resulting mixture at a temperature below the reflux
      temperature of the solvent. This reaction, however, proceeds sufficiently
      quickly even at about room temperature and hence is ordinarily effected at
      a temperature about room temperature. The reaction time is ordinarily
      within the range from 2 to 24 hours.
PAR  Examples of the alcohol of the formula (IV) include alkyl alcohols such as
      methanol, ethanol, n-propanol, iso-propanol, allyl alcohol, n-butanol,
      t-butanol, amyl alcohol and t-amyl alcohol, and benzyl alcohols and
      benzhydrols which may have been nuclear substituted such as benzyl
      alcohol, anise alcohol, 2,4-dimethoxybenzyl alcohol,
      2,4,6-trimethoxybenzyl alcohol, p-nitrobenzyl alcohol, p-chlorobenzyl
      alcohol and p-bromobenzyl alcohol.
PAR  As the solvent, any solvent is usable so far as it is inert to the
      reactants and the reaction product, and ether, benzene, toluene, xylene,
      methylene chloride, chloroform, petroleum benzene, tetrahydrofuran or
      other saturated hydrocarbon, for example, is preferable.
PAR  As the deacidifying agent, any of those which are ordinarily used in this
      technical field is usable, and there may be used a tertiary amine such as,
      for example, triethylamine, N-alkylmorpholine, N,N-dialkylaniline,
      pyridine or quinoline.
PAR  Alternatively, the above reaction may be effected without the use of the
      above-mentioned solvent, while making the said tertiary amine display the
      actions of both the solvent and the deacidifying agent. Particularly when
      t-butanol, t-amyl alcohol or the like tertiary alkyl alcohol, which is
      great in steric hindrance and low in reactivity, is used in the reaction,
      it is preferable to adopt the process in which the above-mentioned
      tertiary amine is used as a solvent.
PAR  After completion of the reaction, the precipitate formed is separated by
      filtration, and the filtrate is washed and dried according to an ordinary
      procedure. For example, the filtrate is washed with a cold aqueous
      hydrochloric acid solution and an aqueous solium chloride solution, and
      then dried over anhydrous sodium sulfate. Thereafter, the solvent is
      removed by distillation under reduced pressure, whereby the desired
      thiolcarbonate represented by the formula (I) in the form of crude
      crystals is obtained in such a high yield as 80 % or more, in general. The
      thus obtained crude crystals are ordinarily purified by recrystallization
      from a suitable solvent such as, for example, petroleum ether, a
      hydrocarbon, ethyl acetate, benzene and water-alcohol mixture. In case a
      tertiary amine is used as a solvent, it is preferable that the filtrate
      after separation of precipitate is charged with the said inert solvent and
      then subjected to the same washing, drying, solvent removal distillation
      and recrystallization as above,
PAR  The novel thiolcarbonates represented by the formula (I), which are
      produced according to the above-mentioned processes, are quite useful for
      protecting with groups of the formula
      ##EQU1##
      the amino or imino groups of compounds having amino and/or imino groups,
      e.g. amines, hydrazines, amino acids and peptides, and hence are used as
      acylating agents for the said compounds.
PAR  In the next place, a process for acylating varous amines and hydrazines by
      using as acylating agents the thiolcarbonates represented by the formula
      (I) is explained below.
PAR  The acylation process according to the present invention comprises reacting
      the thiolcarbonate of the formula (I) with a compound (VII) having amino
      and/or imino groups in an inert organic solvent or in an aqueous solution
      thereof in the presence or absence of a base, as shown by the following
      reaction schema:
      ##SPC6##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are as defined in the aforesaid
      formula (I), and H in the formula (VII) is a hydrogen atom in the amino or
      imino group of the compound of the formula (VII), and therefore z is a
      group formed by removing one hydrogen atom from the amino or imino group
      thereof.
PAR  The compound of the formula (VII) includes an univalent amine or imine, and
      may also be a compound having two or more amino and/or imino groups. In
      the latter case, when all of the functional groups therein are to be
      acylated, the compound of the formula (I) is used in an amount
      corresponding to the numbers of the functional groups in the compound of
      the formula (VII).
PAR  In the above reaction, the inert organic solvent may be any of
      water-soluble organic solvents which are inert to the reactants and the
      reaction product, and is preferably t-butyl alcohol, dioxane,
      tetrahydrofuran or dimethylformamide, for example.
PAR  The base may be any of those which are ordinarily used in this technical
      field, and includes, for example, the tertiary amines and the like organic
      bases and inorganic bases which are used in the production of
      thiolcarbonates represented by the formula (I).
PAR  Generally, the above-mentioned reaction is carried out at a temperature
      ranging from 0.degree. to 80.degree.C. Depending on the kind of the
      compound having an amino or imino group, however, the reaction may be
      conducted at a temperature below 0.degree.C. or above 80.degree.C. If the
      temperature is excessively low, the reaction rate becomes extremely low,
      while if the temperature is excessively high, side-reactions are
      undesirably brought about, in some cases. However, in case the compound
      having amino and/or imino groups has other active group in addition
      thereto, e.g. in case the said compound is any of saccharides or steroids,
      the reaction is desirably carried out at a temperature below 0.degree.C.,
      particularly below -20.degree.C. When the reaction is carried out at a
      temperature about room temperature, a reaction time of more than 2 hours
      is required, in general. However, when the reaction is conducted at such a
      high temperature as about 60.degree.C., the reaction is sufficiently
      complete within 2 hours.
PAR  After completion of the reaction, the reaction product can be easily
      purified according to ordinary washing, extraction and recrystallization.
      Particularly, the 2-mercapto-4- and/or 6-methyl-substituted or
      unsubstituted pyrimidine liberated in the above reaction is easily soluble
      in acid or alkali, so that the reaction product can be readily purified by
      washing with a dilute aqueous acid or alkali solution.
PAR  Examples of the compound having amino and/or imino groups, which is
      represented by the formula (VII), include a wide scope of compounds such
      as aliphatic, alicyclic, aralkyl, aromatic and heterocyclic primary and
      secondary amines; hydrazines, and derivatives thereof; amino acids,
      peptides, and derivatives thereof; various saccharides and steroids having
      amino and/or imino groups. These amine compounds may contain, in addition
      to the amino and/or imino groups, other active groups such as, for
      example, alcoholic and/or phenolic hydroxyl, mercapto, carboxyl, nitro or
      imidazole groups. However, it is natural that the introduction of acryl
      groups, particularly t-alkyloxycarbonyl groups, benzhydroxycarbonyl
      groups, and benzyloxycarbonyl groups, which may have been nuclear
      substituted, is most important for amino acids and peptides. In the
      examples shown later, therefore, the acylation of amino acids is explained
      chiefly, and the acylation of amines and hydrazines is explained with
      respect only to typical compounds. It will be understood from the above
      explanation and from the explanation made in the examples that the
      acylating agents of the present invention are concerned with the amino
      and/or imino groups of the compounds to be acylated and have nothing to do
      with the matrix structures of the compounds to be aminolyzed therewith.
      When the acylating agents of the present invention are used, any compounds
      having amino and/or imino groups can be acylated to give acylation
      products in high yields. Some examples of such compounds are as shown
      below.
PAR  As amino acids and derivatives thereof, there are used all the amino acids
      of natural occurrence and derivatives thereof. Concretely, these compounds
      include, for example, .alpha.-amino acids such as alanine (Ala), arginine
      (Arg), aspartic acid (Asp), asparagine (Asn), cysteine (Cys), cystine
      [(Cys).sub.2 ], diiodotyrosine [Tyr (I.sub.2) ], glutamic acid (Glu),
      glycine (Gly), histidine (His), hydroxyproline (Hyp), isoleucine (Ile),
      leucine (Leu), lysine (Lys), methionine (Met), norleucine (Nle), ornithine
      (Orn), phenylalanine (Phe), proline (Pro), serine (Ser), threonine (Thr),
      tryptophan (Trp), tyrosine (Tyr) and valine (Val); .beta.- and
      .omega.-amino acids such as .beta.-alanine, .gamma.-aminobutyric acid and
      .epsilon.-aminocaproic acid; salts of said amino acids such as sodium,
      potassium and magnesium salts; and derivatives of said acids such as acid
      esters and acid amides. Further, synthetic and semi-synthetic amino acids
      such as .alpha.-methylalanine may also be used. It is natural that
      N-terminal-free peptides obtained from two or more of the said amino acids
      are also usable.
PAR  As amines and hydrazines other than the abovementioned amino acids, there
      may be shown, for example, aliphatic and alicyclic primary and secondary
      amines such as methylamine, dimethylamine, ethylamine, 2-phenylethylamine,
      ethanolamine, isopropylamine, tertiary butylamine,
      N-ethyl-N-.beta.-hydroxyethylamine, octylamine, laurylamine and
      cyclohexylamine; primary and secondary aralkylamines and nuclear
      substituted derivatives thereof such as benzylamine, N-methylbenzylamine,
      p-nitrobenzylamine p-chlorobenzylamine and 2-phenylethylamine; aromatic
      primary and secondary amines and nucleas substituted derivatives thereof
      such as aniline, N-methylaniline, toluidine, xylidine, p-aminophenol,
      p-methylaminophenol, o-carbomethylaniline, p-phenetidine, diphenylamine,
      .alpha.- (and .beta.-) naphthlamines and 4-aminonaphthol (1); heterocyclic
      primary and secondary amines such a ethyleneimine, pyrrolidine, pyrazole
      and indole, and nuclear substituted derivatives thereof; and hydrazines
      and derivatives thereof such as hydrazine, phenylhydrazine,
      2,4-dinitrophenylhydrazine and N-methyl-N-phenylhydrazine.
PAR  As the saccharides and steroids, there may be used various saccharides and
      steroids having amino and/or imino groups such as
      2-amino-1,6-anhydro-2-deoxy-.beta.-D-glucopyranose, L-glucosamine and
      methyl-3-amino-.beta.-L-xylopyranoside. In the acylation of these
      saccharides and steroids, particularly in the cases where they have other
      active groups in addition to amino or imino groups, it is required in most
      cases that only the amino or imino groups should be selectively acylated.
      When the acylating agents of the present invention is used, only the amino
      or imino groups can be selectively acylated even if said other active
      groups have not been protected at all.
PAR  In the acylation process according to the present invention, a compound
      having amino and/or imino groups is subjected to acylation reaction in the
      form of a free amine or of a salt thereof such as, for example,
      hydrochloride, hydrobromide, hydroiodide, sulfate or sulfite. In case the
      compound is subjected to the reaction in the form of a salt, the aforesaid
      deacidifying agent is required to be added to the reaction system.
PAR  According to the acylation process, in which the thiolcarbonate represented
      by the formula (I) is used as an acylating agent, the above-mentioned
      compound having amino and/or imino groups can be easily acylated under
      mild conditions to give a corresponding acylation product in such a high
      yield as more than about 90 %, in general. The acylating agent of the
      present invention is well reactive with substantially all amine compounds.
      Further, the acylating agent of the present invention has such
      characteristic actions which are not seen in the conventional acylating
      agents that even though a compound having amino and/or imino groups, which
      is to be reacted therewith, additionally has in the molecule such active
      group as, for example, an alcoholic or phenolic hydroxyl, mercapto,
      carboxyl or imidazole group, the acylating agent reacts selectively with
      only the amino and/or imino groups.
PAR  The use of the acylating agent of the present invention brings about such
      advantage that the acylation product obtained by use of said acylating
      agent can be purified with extreme ease. That is, in the aminolysis of the
      thiolcarbonate represented by the formula (I) by means of amino and/or
      imino groups, there are such characteristics that the 2-mercapto-4- and/or
      6-methylsubstituted or unsubstituted pyrimidine is liberated with the
      progress of the reaction and that the said mercapto-pyrimidine is an
      amphoteric compound and is easily soluble in acid or alkali, so that it
      can be easily removed by washing said solution phase with a dilute aqueous
      acid or alkali solution, with the result that an extremely high purity
      acylation product can be obtained. In some cases, the produced
      mercapto-pyrimidine is precipitated with the progress of the reaction. The
      precipitated mercapto-pyrimidine is filtered off and the filtrate is
      purified by washing with a dilute acid or alkali solution as mentioned
      above. The recovered mercapto-pyrimidine can be reused as a starting
      material for the production of the acylating agent of the present
      invention.
DRWD
PAR  In the attached drawings,
PAR  FIG. 1 is the infrared spectrum of
      4,6-dimethyl-pyrimidyl-2-thiolchloroformate, the intermediate for the
      production of the thiolcarbonates of the formula (I).
PAR  FIG. 2 - FIG. 7 are the infrared spectra of the thiolcarbonates of the
      formula (I).
PAR  FIG. 8 - FIG. 22 are the infrared spectra of the acylated products obtained
      by using the thiolcarbonates of the formula (I) as acylating agents.
PAR  Procedures for preparing 2-mercapto-4- and/or 6-methyl-substituted or
      unsubstituted pyrimidines and thiolchloroformate thereof which are
      starting materials or intermediates for production of the present
      thiolcarbonates represented by the formula (I) are explained below with
      reference to referential examples.
DETD
PAC  REFERENTIAL EXAMPLE 1
PAC  Synthesis of 2-mercapto-pyrimidine:
PAR  A solution of 61 g. (0.80 mole) of thiourea in 600 ml. of ethanol was
      charged into a 2-liter threenecked flask equipped with a stirrer and a
      reflux condenser, and 200 ml. of concentrated hydrochloric acid was added
      to the solution, whereby the liquid became homogenous after several
      minutes. This liquid was mixed with 176 g. (0.80 mole) of
      1,1,3,3-tetraethoxypropane, and the resulting mixture was reacted under
      reflux for about 1 hour. After completion of the reaction, the reaction
      liquid was cooled to 10.degree.C. in an ice bath and maintained at said
      temperature for 30 minutes to deposit 2-mercapto-pyrimidine hydrochloride
      in the form of yellow crystals. The crystals were collected in a Buchner
      funnel, washed with 100 ml. of cold alcohol and then dried at room
      temperature to obtain 89 g. of crude 2-mercapto-pyrimidine hydrochloride
      in yield of 75 %.
PAR  25 Grams (0.17 mole) of the above-mentioned crude 2-mercapto-pyrimidine
      hydrochloride was suspended in 50 ml. of water, and the resulting
      suspension was adjusted to pH 7 to 8 by addition of 27 ml. of a 20 %
      aqueous sodium hydroxide solution, whereby 2-mercaptopyrimidine was
      precipitated. This mercapto-pyrimidine was recovered by filtration with a
      Buchner funnel, washed with 50 ml. of cold water and then recrystallized
      from a solution comprising 300 ml. of water and 300 ml. of ethanol to
      obtain 19 g. of 2-mercapto-pyrimidine in yield of 70 %.
PAR  Elementary analysis: Calcd. C: 42.84 %, H: 3.59 %, N: 24.98 %, S: 28.59 %
      (for C.sub.4 H.sub.4 N.sub.2 S); Found: C: 42.91 %, H: 3.68 %, N: 24.92 %,
      S: 28.48 %.
PAC  REFERENTIAL EXAMPLE 2
PAC  Synthesis of 2-mercapto-4,6-dimethyl-pyrimidine:
PAR  76 Grams (1.0 mole) of thiourea was suspended in a solution of 120 g. (1.2
      moles) of acetylacetone in 2,500 ml. of ethanol. The resulting suspension
      was mixed with 250 ml. of concentrated hydrochloric acid, and then reacted
      under reflux for 2 hours. After completion of the reaction, the reaction
      liquid was cooled, whereby beautiful yellow needle-like crystals of
      2-mercapto-4,6-dimethyl-pyrimidine hydrochloride were formed. The reaction
      liquid was allowed to stand overnight to sufficiently deposit the
      crystals, which were then recovered by filtration and dried to obtain 140
      g. of 2-mercapto-4,6-dimethyl-pyrimidine hydrochloride in yield of 80 %.
PAR  To the filtrate after recovery of the abovementioned pyrimidine
      hydrochloride were again added 110 g. of acetylacetone, 76 g. of thiourea,
      100 ml. of ethanol and 150 ml. of concentrated hydrochloric acid, and the
      resulting mixture was subjected to filtration and drying to obtain 158 g.
      of 2-mercapto-4,6-dimethylpyrimidine hydrochloride in yield of 90 %. The
      filtrate in this case was again subjected to the same operation as above
      to obtain 148 g. of 2-mercapto-4,6-dimethylpyrimidine hydrochloride in
      yield of 84 %.
PAR  200 Grams (1.13 moles) of the above-mentioned
      2-mercapto-4,6-dimethyl-pyrimidine hydrochloride was suspended in 400 ml.
      of water, and the resulting suspension was heated to about 40.degree.C.
      while gradually adding thereto 70 ml. of a 20 % aqueous sodium hydroxide
      solution, whereby the 2-mercapto-4,6-dimethyl-pyrimidine hydrochloride was
      completely dissolved. This solution was adjusted to pH 4.5 to 5.0 by
      gradual addition of a 20 % aqueous sodium hydroxide solution, whereby pale
      yellow crystals of 2-mercapto-4,6-dimethyl-pyrimidine were precipitated.
      The reaction liquid was allowed to stand overnight at room temperature to
      sufficiently deposit the crystals, which were then recovered by filtration
      and dried to obtain 117 g. of 2-mercapto-4,6-dimethyl-pyrimidine in yield
      of 74.3 %.
PAR  Elementary analysis: Calcd.: C: 51.40 %, H: 5.75 %, N: 19.98 %, S: 22.87 %
      (for C.sub.6 H.sub.8 N.sub.2 S); Found: C: 51.52 %, H: 5.75 %, N: 20.03 %,
      S: 22.75 %.
PAC  REFERENTIAL EXAMPLE 3
PAC  Synthesis of 4,6-dimethyl-pyrimidyl-2-thiolchloroformate:
PAR  A solution of 128 g. (3.2 moles) of sodium hydroxide in 600 ml. of water
      was mixed with 420 g. (3 moles) of 2-mercapto-4,6-dimethyl-pyrimidine, and
      the resulting mixture was heated to completely dissolve the
      dimethyl-pyrimidine and then allowed to cool. The resulting solution was
      charged into 15 liters of acetone, whereby a sodium salt of
      2-mercapto-4,6-dimethyl-pyrimidine was precipitated. The precipitated
      sodium salt was recovered by filtration and then dried at 120.degree.C.
      for 24 hours to obtain 462 g. of said sodium salt in a solid form in yield
      of 95 %.
PAR  Subsequently, 324 g. (2 moles) of the above-mentioned sodium salt of
      2-mercapto-4,6-dimethyl-pyrimidine was added as it was, i.e. in the form
      of solid, at 0.degree. to 5.degree.C. to 990 g. of a 30 % toluene solution
      of phosgene, and the resulting mixture was reacted with stirring at room
      temperature for 1 hour. After completion of the reaction, excess phosgene
      was removed by distillation at 50.degree. to 60.degree.C., while injecting
      nitrogen into the reaction liquid. Thereafter, the precipitate formed was
      filtered and then the toluene was removed by distillation under reduced
      pressure to obtain about 365 g. of
      4,6-dimethylpyrimidyl-2-thiolchloroformate in yield of 90 %.
PAR  The thus obtained pyrimidyl-2-thiolchloroformate is hydrolyzed within a
      short period of time when allowed to stand in air, and hence should be
      stored in a waterfree state. Further, the said
      pyrimidyl-2-thiolchloroformate is decomposed when heated to above
      100.degree.C., and therefore the purification thereof according to
      distillation was substantially impossible.
PAR  Infrared absorption spectrum of the above-mentioned
      4,6-dimethyl-pyrimidyl-2-thiolchloroformate is shown in FIG. 1. According
      to the said drawing, specific absorptions derived from C = 0 in the group
      of
      ##EQU2##
      Cl in the group of 1
      ##EQU3##
      and pyrimidine ring of said compound are obviously recognized at 1775
      cm.sup..sup.-1, 800 cm.sup..sup.-1 and 1587 cm.sup..sup.-1 and 1253
      cm.sup..sup.-1`, respectively.
PAR  Procedures for producing the present thiolcarbonates represented by the
      formula (I) are illustrated below with reference to examples.
PAC  EXAMPLE 1
PAC  Synthesis of ethyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate:
PAR  20.3 Grams (0.44 mole) of dehydrated ethanol and 41.8 g. (0.528 mole) of
      pyridine were added to 650 ml. of ether. Into the resulting mixture was
      dropped under stirring and cooling to -5.degree. to 0.degree.C. 81.0 g.
      (0.40 mole) of the 4,6-dimethyl-pyrimidyl-2-thiolchloroformate obtained in
      Referential Example 3, and then the mixture was reacted at 20.degree.C.
      for 3 hours. After completion of the reaction, the reaction liquid was
      washed twice each with 100 ml. of a 10 % aqueous citric acid solution and
      100 ml. of a saturated aqueous sodium chloride solution, and successively
      dried over anhydrous sodium sulfate and then the ether was removed by
      distillation to obtain 78.0 g. of ethyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in the form of syrup in yield of
      92 %. When recrystallized from an ether-petroleum ether solvent, the
      product showed a melting point of 25.degree.C.
PAR  Elementary analysis: Calcd.: C: 50.93 %, H: 5.70 %, N: 13.20 % (for C.sub.9
      H.sub.12 O.sub.2 N.sub.2 S); Found: C: 50.92 %, H: 5.69 %, N: 13.23 %.
PAR  FIG. 2 shows the infrared spectrum of ethyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate. The infrared spectrum shows the
      presence of
      ##EQU4##
      in the ester bond (1735 cm.sup..sup.-1),
      ##EQU5##
      (1125 cm.sup..sup.-1), the pyrimidine ring (1586 and 1258 cm.sup..sup.-1),
      and --CH.sub.2 --and --CH.sub.3 groups (1440 and 1370 cm.sup..sup.-1).
PAC  EXAMPLE 2
PAC  Synthesis of t-butyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate:
PAR  Into a solution of 69.7 g. (0.94 mole) of t-butyl alcohol in 185.9 g. of
      pyridine was dropped under stirring and cooling to -5.degree. to
      0.degree.C. 95 g. (0.47 mole) of the
      4,6-dimethyl-pyrimidyl-2-thiolchloroformate obtained in Referential
      Example 3, and the resulting mixture was reacted at 20.degree. to
      25.degree.C. for 3 hours. After the reaction, deposited pyridine
      hydrochloride was separated by filtration, and the filtrate was charged
      with 500 ml. of water and then extracted 3 times each with 200 ml. of
      petroleum ether. The petroleum ether phase was sufficiently washed with a
      cold 1N aqueous hydrochloric acid solution, washed twice with an aqueous
      sodium chloride solution and dried over anhydrous sodium sulfate, and then
      the petroleum ether was removed by distillation under reduced pressure,
      whereby crystals were obtained. The crystals were washed with a small
      amount of cold n-pentane and then dried to obtain 96 g. of t-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate, yield 85 %, m.p. 50.degree.-
      51.degree.C.
PAR  Elementary analysis: Calcd.: C: 54.98 %, H: 6.71 %, N: 11.66 %, S: 13.34 %
      (for C.sub.11 H.sub.16 O.sub.2 N.sub.2 S); Found: C: 54.88 %, H: 6.64 %,
      N: 11.57 %, S: 13.29 %.
PAR  FIG. 3 shows the infrared spectrum of t-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate. The infrared spectrum shows the
      presence of
      ##EQU6##
      in the ester bond (1743 cm.sup..sup.-1),
      ##EQU7##
      (1105 cm.sup..sup.-1), the pyrimidine ring (1587 and 1258 cm.sup..sup.-1),
      and the deformation vibration of CH in --C(CH.sub.3).sub.3 (1393 and 1370
      cm.sup..sup.-1).
PAC  EXAMPLE 3
PAC  Synthesis of t-amyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate:
PAR  Into a solution of 26.4 g. (0.30 mole) of t-amyl alcohol in 61 ml. of
      pyridine was dropped under stirring and cooling to -5.degree. to
      0.degree.C. 30.4 g. (0.15 mole) of the
      4,6-dimethyl-pyrimidyl-2-thiolchloroformate obtained in Referential
      Example 3, and the resulting mixture was reacted at 20.degree. to
      25.degree.C. for 3 hours. After the reaction, deposited pyridine
      hydrochloride was separated by filtration, and the filtrate was charged
      with 150 ml. of water and then extracted 3 times each with 60 ml. of
      petroleum ether. The petroleum ether phase was sufficiently washed with a
      cold 1N aqueous hydrochloric acid solution, washed twice with an aqueous
      sodium chloride solution and dried over anhydrous sodium sulfate, and then
      the petroleum ether was removed by distillation under reduced pressure to
      obtain 33.0 g. of t-amyl 4,6-dimethylpyrimidyl-2-thiolcarbonate in the
      form of syrup, yield 85 %.
PAR  Elementary analysis: Calcd.: C: 56.67 %, H: 7.13 %, N: 11.01 % (for
      C.sub.12 H.sub.18 O.sub.2 N.sub.2 S); Found: C: 56.70 %, H: 7.11 %, N:
      11.03 %.
PAR  FIG. 4 shows the infrared spectrum of t-amyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate. The infrared spectrum shows the
      presence of
      ##EQU8##
      in the ester bond (1730 cm.sup..sup.-1),
      ##EQU9##
      (1112 cm.sup..sup.-1), the pyrimidine ring (1584 and 1259 cm.sup..sup.-1),
      and --CH.sub.2 --and --CH.sub.3 groups (1434 and 1368 cm.sup..sup.-1).
PAC  EXAMPLE 4
PAC  Synthesis of n-butyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate:
PAR  0.44 Mole of n-butanol and 0.528 mole of pyridine were added to 650 ml. of
      ether. Into the resulting mixture was dropped under stirring and cooling
      to -5.degree. to 0.degree.C. 0.40 mole of the
      4,6-dimethyl-pyrimidyl-2-thiolchloroformate obtained in Referential
      Example 3, and the mixture was reacted in the same manner as in Example 1.
      After the reaction, the reaction liquid was washed and dried in the same
      manner as in Example 1, and then the solvent was removed by distillation
      to obtain n-butyl 4,6-dimethyl-primidyl-2-thiolcarbonate in a high yield.
PAC  EXAMPLE 5
PAC  Synthesis of benzyl 4,6-dimethyl-pyrimidyl-2thiolcarbonate:
PAR  4.86 Grams (0.045 mole) of benzyl alcohol and 3.57 g. (0.045 mole) of
      pyridine were dissolved in 100 ml. of methylene chloride. Into the
      resulting solution was dropped under stirring and cooling to -5.degree. to
      0.degree.C. 8.10 g. (0.040 mole) of the
      4,6-dimethyl-pyrimidyl-2-thiolchloroformate obtained in Referential
      Example 3, and the resulting mixture was reacted at room temperature for 3
      hours. After completion of the reaction, the reaction liquid was
      successively washed twice with each 20 ml. of a 10 % aqueous sodium
      chloride solution, a saturated aqueous sodium bicarbonate solution, a 10 %
      aqueous sodium chloride solution, a 0.5 N aqueous hydrochloric acid
      solution and a 10 % aqueous sodium chloride solution, and then dried over
      anhydrous sodium sulfate. Subsequently, the methylene chloride was removed
      by distillation, and the residue was recrystallized from an
      ether-petroleum ether solvent to obtain 11.2 g. of benzyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate, yield 91.5 %, m.p. 93.4
      -94.5.degree. C.
PAR  Elementary analysis: Calcd.: C: 61.29 %, H: 5.14 %, N: 10.21 %, S: 11.69 %
      (for C.sub.14 H.sub.14 O.sub.2 N.sub.2 S);
PAR  Found: C: 61.12 %, H: 5.20 %, N: 10.40 %, S: 11.98 %.
PAR  FIG. 5 shows the infrared spectrum of benzyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate. The infrared  spectrum shows the
      presence of
      ##EQU10##
      in the ester bond (1730 cm.sup.-.sup.1),
      ##EQU11##
      (1107 cm.sup.-.sup.1), the pyrimidine ring (1584 cm.sup.-.sup.1) and
      mono-substituted phenyl group (753 and 700 cm.sup.-.sup.1).
PAC  EXAMPLE 6
PAC  Synthesis of p-methoxybenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate:
PAR  61 Grams (0.44 mole) of anise alcohol and 41.8 g. (0.528 mole) of pyridine
      were dissolved in 650 ml. of ether. Into the resulting solution was
      dropped under stirring and cooling to -5.degree. to 0.degree.C. 81.0 g.
      (0.40 mole) of the 4,6-dimethyl-pyrimidyl-2-thiolchloroformate obtained in
      Referential Example 3, and the resulting mixture was reacted at room
      temperature for 3 hours. After the reaction, the reaction liquid was
      washed 2 times with a 10 % aqueous citric acid solution and a saturated
      aqueous sodium chloride solution, and dried over anhydrous sodium sulfate,
      and then the ether was removed by distillation to obtain 120 g. of white
      crystals of p-methoxybenzyl, 4,6-dimethyl-pyrimidyl-2-thiolcarbonate in
      yield of 90.0 %. When recrystallized from an etherpetroleum ether solvent,
      the product showed a melting point of 58.degree. to 60.degree.C.
PAR  Elementary analysis: Calcd.: C: 59.19 %, H: 5.30 %, N: 9.20 %, S: 10.54 %
      (for C.sub.15 H.sub.16 O.sub.3 N.sub.2 S); Found: C: 58.98 %, H: 5.31 %,
      N: 9.22 %, S: 10.48 %.
PAR  FIG. 6 shows the infrared spectrum of p-methoxybenzyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate. The infrared spectrum shows the
      presence of
      ##EQU12##
      in the ester bond (1720 cm.sup.-.sup.1),
      ##EQU13##
      (1125 cm.sup.-.sup.1), the pyrimidine ring (1586 and 1250 cm.sup.-.sup.1),
      --O---CH.sub.3 group (2830 cm.sup.-.sup.1) and 1,4-substituted phenyl
      group (828 cm.sup.-.sup.1).
PAC  EXAMPLE 7
PAC  Synthesis of p-chlorobenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate:
PAR  0.44 Mole of p-chlorobenzyl alcohol and 0.528 mole of pyridine were
      dissolved in 650 ml. of ether. Into the resulting solution was dropped
      under stirring and cooling to -5.degree. to 0.degree.C. 0.40 mole of the
      4,6-dimethylpyrimidyl-2-thiolchloroformate obtained in Referential Example
      3, and the resulting mixture was reacted in the same manner as in Example
      6. After the reaction, the reaction liquid was washed and dried in the
      same manner as in Example 6, and then the solvent was removed by
      distillation to obtain p-chlorobenzyl
      4,6-dimethylpyrimidyl-2-thiolcarbonate in a high yield.
PAC  EXAMPLE 8
PAC  Synthesis of p-nitrobenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate:
PAR  p-Nitrobenzyl alcohol (0.44 mole) and 0.528 mole of pyridine were dissolved
      in 650 ml. of ether. Into the resulting solution was dropped under
      stirring and cooling to -5.degree. to 0.degree.C. 0.40 mole of
      4,6-dimethylpyrimidyl-2-thiolchloroformate obtained in Referential Example
      3 and the resulting mixture was reacted in the same manner as in Example
      6. After the reaction, the reaction liquid was washed and dried in the
      same manner as in Example 6, and then the solvent was removed by
      distillation to obtain p-nitrobenzyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in a high yield.
PAC  EXAMPLE 9
PAC  Synthesis of benzlydryl 4,6-dimethyl-pyrimidyl2-thiolcarbonate:
PAR  36.85 Grams (0.20 mole) of benzhydrol and 17.40 g. (0.22 mole) of pyridine
      were dissolved in 450 ml. of ether, and the resulting solution was cooled
      to -5.degree. to 0.degree.C. Into the solution was dropped a solution of
      40.53 g. (0.20 mole) of 4,6-dimethyl-pyrimidyl-2-thiolchloroformate in 50
      ml. of ether, and the mixed solution was reacted with the stirring at
      20.degree.C. for 4 hours. After the reaction, a pyridine salt form was
      suction-filtered, and the filtrate was washed twice at 0.degree.C. with
      200 ml. of a 5 % aqueous hydrochloric acid solution, once with 200 ml. of
      a 10 % aqueous sodium bicarbonate solution and once with 200 ml. of a
      saturated aqueous sodium chloride solution, and dried over anhydrous
      sodium sulfate, and then the ether was removed by distillation to obtain
      50.5 g, of crude crystals of benzhydryl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in yield of 72 %. When
      recrystallized from an ethyl acetate-petroleum ether solvent, the product
      showed a melting point of 99.degree. to 101.degree.C.
PAR  Elementary analysis: Calcd.: C: 68.55 %, H: 5.18 %, N: 7.99 %, S: 9.15 %
      (for C.sub.20 H.sub.18 O.sub.2 N.sub.2 S); Found: C: 68.48 %, H: 5.25 %,
      N: 7.85 %, S: 9.12 %.
PAR  FIG. 7 shows the infrared spectrum benzhydryl
      4,6-dimethyl-primidyl-2-thiolcarbonate. The infrared spectrum shows the
      presence of
      ##EQU14##
      in the ester bond (1730 cm.sup.-.sup.1),
      ##EQU15##
      (1118 cm.sup.-.sup.1), the pyrimidine ring (1586 cm.sup.-.sup.1) and
      mono-substituted phenyl group (761 and 700 cm.sup.-.sup.1).
PAC  EXAMPLE 10
PAC  Synthesis of ethyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate:
PAR  28 Grams (0.2 mole) of 2-mercapto-4,6-dimethylpyridine was added to 30 g.
      of a 50 % aqueous potassium hydroxide solution. Into the resulting mixture
      was dropped under stirring and ice-cooling a solution of 21.7 g. of ethyl
      chlorocarbonate in 500 ml. of methylene chloride, and then the mixture was
      reacted at room temperature for 24 hours. After completion of the
      reaction, the methylene chloride phase was separated, washed twice with a
      saturated sodium bicarbonate solution and twice with a 10% aqueous sodium
      chloride solution, and dried over anhydrous sodium sulfate, and then the
      methylene chloride was concentrated to obtain 37.5 g. of ethyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in the form of syrup in yield of
      88.4 %. When recrystallized from an ether-petroleum ether solvent, the
      product showed a melting point of 23.degree. to 25.degree.C.
PAR  Elementary analysis:
PAR  Calcd. C: 50.93 %, H: 5.70 %, N: 13.20 % (for C.sub.9 H.sub.12 O.sub.2
      N.sub.2 S) Found C: 50.92 %, H: 5.69 %, N: 13.23 %
PAR  The infrared spectrum of the thus obtained compound is the same as shown in
      FIG. 2.
PAC  EXAMPLE 11
PAC  Synthesis of n-butyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate:
PAR  0.2 Mole of 2-mercapto-4,6-dimethyl-pyrimidine was added to 30 g. of a 50 %
      aqueous potassium hydroxide solution. Into the resulting mixture was
      dropped under stirring and ice-cooling a solution of 0.2 mole of n-butyl
      chlorocarbonate in 500 ml. of methylene chloride, and the mixture was
      reacted in the same manner as in Example 10. After the reaction, the
      reaction liquid was washed and dried in the same manner as in Example 10,
      freed from the solvent by distillation and then subjected to
      recrystallization to obtain n-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in a high yield.
PAC  EXAMPLE 12
PAC  Synthesis of benzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate:
PAR  70.1 Grams (0.5 mole) of 2-mercapto-4,6-dimethyl-pyrimidine was added to
      56.1 g. of a 50 % aqueous potassium hydroxide solution. Into the resulting
      mixture was dropped under stirring and ice-cooling a solution of 85.3 g.
      (0.5 mole) of carbobenzoxy chloride in 500 ml. of methylene chloride, and
      then the mixture was reacted at room temperature for 24 hours. After the
      reaction, the methylene chloride phase was separated, washed twice with 50
      ml. of a saturated sodium bicarbonate solution and twice with 50 ml. of a
      10 % aqueous sodium chloride solution, and dried over anhydrous sodium
      sulfate, and then the methylene chloride was concentrated to obtain 130 g.
      of crystalline benzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate in yield of
      94.9 %. When recrystallized from an ether-petroleum ether solvent, the
      product showed a melting point of 94.degree. to 94.5.degree.C.
PAR  Elementary analysis: Calcd.: C: 59.19 %, H: 5.30 %, N: 9.20 % (for C.sub.14
      H.sub.14 O.sub.2 N.sub.2 S); Found: C: 58.98 %, H: 5.31 %, N: 9.22 %.
PAR  The infrared spectrum of the thus obtained compound is the same as shown in
      FIG. 5.
PAC  EXAMPLE 13
PAC  Synthesis of p-methoxybenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate:
PAR  Into a solution of 29 g. (0.29 mole) of phosgene in 100 ml. of methylene
      chloride was dropped under stirring at -30.degree. to 10.degree.C. a
      solution of 32.5 ml. (0.26 mole) of p-methoxybenzyl alcohol in 100 ml. of
      methylene chloride, and the mixed solution was further stirred for 30
      minutes. Subsequently, nitrogen gas was injected to remove excess
      phosgene, and the resulting p-methoxybenzyloxy carbonyl chloride solution
      was mixed with 42.0 g. (0.3 mole) of 2-mercapto-4,6-dimethyl-pyrimidine.
      Into this mixture was dropped a solution of 84 ml. (0.6 mole) of
      triethylamine in 100 ml. of methylene chloride. Thereafter, the
      temperature was gradually elevated to room temperature, and the mixture
      was reacted at room temperature for 4 hours. After the reaction, the
      methylene chloride was concentrated and then 200 ml. of ether and 100 ml.
      of water were added to the reaction liquid. Subsequently, the ether phase
      was separated, washed twice with 20 ml. of a cold  10 % aqueous citric
      acid solution and 20 ml. of a saturated aqueous sodium chloride solution
      and dried over anhydrous sodium sulfate, and then the ether was
      concentrated to obtain 70.5 g. of p-methoxybenzyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in yield of 81.0 %. When
      recrystallized from an ether-petroleum ether solvent, the product showed a
      melting point of 58.degree. to 60.degree.C.
PAR  Elementary analysis: Calcd.: C: 59.19 %, H: 5.30 %, N: 9.20 % (for C.sub.15
      H.sub.16 O.sub.3 N.sub.2 S); Found: C: 58.98 %, H: 5.31 %, N: 9.22 %.
PAR  The infrared spectrum of the thus obtained compound is the same as shown in
      FIG. 6.
PAC  EXAMPLE 14
PAC  Synthesis of p-chlorobenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate:
PAR  The p-chlorobenzyloxy carbonyl chloride solution prepared by the same
      procedure as in Example 13 was mixed with 0.3 mole of
      2-mercapto-4,6-dimethyl-pyrimidine. Into the resulting mixture was dropped
      a solution of 0.6 mole of triethylamine in 100 ml. of methylene chloride,
      and then the mixture was reacted in the same manner as in Example 13.
      After the reaction, the reaction liquid was washed and dried in the same
      manner as in Example 13, concentrated and then recrystallized to obtain
      p-chlorobenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate in a high yield.
PAC  EXAMPLE 15
PAC  Synthesis of p-nitrobenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate:
PAR  The p-nitrobenzyloxy carbonyl chloride solution prepared by the same
      procedure as in Example 13 was mixed with 0.3 mole of
      2-mercapto-4,6-dimethylpyrimidine. Into the resulting mixture was dropped
      a solution of 0.6 mole of triethylamine in 100 ml. of methylene chloride,
      and then the mixture was reacted in the same manner as in Example 13.
      After the reaction, the reaction liquid was washed and dried in the same
      manner as in Example 13, concentrated and then recrystallized to obtain
      p-nitrobenzyl 4,6-dimethylpyrimidyl-2-thiolcarbonate in a high yield.
PAR  Applications as acylating agents of the thiolcarbonates represented by the
      formula (I) are explained below with reference to examples.
PAC  EXAMPLE 16
PAC  Synthesis of N-t-butyloxycarbonyl-L-leucine:
PAR  6.56 Grams (0.050 mole) of L-leucine and 10.5 ml. (0.075 mole) of
      triethylamine were added to 27.5 ml. of water. To the resulting mixture
      was added a solution of 13.2 g. (0.055 mole) of t-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in 27.5 ml. of dioxane, and then
      the mixture was reacted under stirring at room temperature for 10 hours.
      After completion of the reaction, 75 ml. of water was added to the
      reaction liquid, and unreacted thiolcarbonate was extracted thrice with
      100 ml. of ethyl acetate. Subsequently, the aqueous phase was cooled to
      0.degree.C., adjusted to pH 3 by addition of a saturated aqueous citric
      acid solution, and then extracted once with 75 ml. of ethyl acetate and
      twice with 40 ml. of ethyl acetate. Thereafter, the ethyl acetate phases
      were united together, washed once with 50 ml. of an aqueous citric acid
      solution at pH 1 and twice with 50 ml. of a saturated aqueous sodium
      chloride solution and dried over anhydrous sodium sulfate, and then the
      ethyl acetate was removed by distillation under reduced pressure, whereby
      a syrupy residue was obtained. This residue was dissolved in 65 ml. of
      ethanol, and the resulting solution was charged with 50 ml. of water and
      then cooled to obtain 11.3 g. of crystals of
      N-t-butyloxycarbonyl-L-leucine monohydrate, yield 97.8 %, m.p. 69.degree.
      to 74.degree.C. [gradually melting at about 59.degree.C.; Journal of
      American Chemical Society. 79, 6180 (1957): 67.degree.-72.degree.C.].
PAR  Elementary analysis: Calcd.: C: 52.99 %, H: 9.30 %, N: 5.62 %; Found: C:
      52.88 %, H: 9.21 %, N: 5.68 %.
PAC  EXAMPLE 17
PAR  Example 16 was repeated, except that each of sodium hydroxide,
      triethylamine, sodium carbonate and sodium bicarbonate was used as the
      base; each of dioxane, t-butanol and dimethylformamide (D.M.F.) was used
      as the solvent; and the molar ratio (A.A/base) of base to L-leucine and
      the reaction temperature and time were varied as shown in Table 1. The
      yields of the resulting N-t-butyloxycarbonyl-L-leucine were as set forth
      in Table 1, provided that the yields are values of products prior to
      recrystallization.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Base   NaOH              N(C.sub.2 H.sub.5).sub.3  Na.sub.2 CO.sub.3      
                                                              NaHCO.sub.3      
     __________________________________________________________________________
     A.A./Base                                                                 
            1.0/1.1     1.0/1.5                                                
                              1.0/1.1                                          
                                    1.0/1.5             1.0/1.1                
                                                              1.0/1.1          
     __________________________________________________________________________
     Reaction                                                                  
            30-35             30-35 15-20                                      
                                         30-35     40-45                       
                                                        30-35 30-35            
     temp. (.degree.C.)                                                        
     __________________________________________________________________________
     Reaction                                                                  
            2   5   10  10    10    5         10   2.5  10    10               
     time (hr.)                                                                
     __________________________________________________________________________
     Solvent                                                                   
     Dioxane                                                                   
            80.3%                                                              
                84.4%                                                          
                    87.5%                                                      
                        95.8% 82.7% --   90.3%                                 
                                              100% --   85.2% 20.6%            
     t-Butanol                                                                 
            74.4%                                                              
                86.1%                                                          
                    86.4%                                                      
                        --    --    --   86.5%                                 
                                               96.8%                           
                                                   --   --    --               
     D.M.F. --  86.4%                                                          
                    91.2%                                                      
                        --    --    79.3%                                      
                                         98.6%                                 
                                              100% 92.0%                       
                                                        --    --               
     __________________________________________________________________________
PAC  EXAMPLE 18
PAC  Synthesis of N-t-butyloxycarbonyl-L-alanine:
PAR  4.46 Grams (0.050 mole) of L-alanine and 10.5 ml. (0.075 mole) of
      triethylamine were added to 27.5 ml. of water. To the resulting mixture
      was added the same dioxane solution of t-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate as in Example 16, and the mixture
      was reacted under stirring at room temperature for 10 hours. After
      completion of the reaction, the reaction liquid was extracted, washed and
      dried in the same manner as in Example 16, and then the ethyl acetate was
      removed by distillation to obtain 9.38 g. of crystals of
      N-t-butyloxycarbonyl-L-alanine in yield of 99.2 %. When recrystallized
      from an ethyl acetate-petroleum ether solvent, the product showed a
      melting point of 81.0.degree. to 82.0.degree.C. [Journal of Chemical
      Society (C), 2632 (1967): 81.degree. to 82.degree.C.]
PAR  Elementary analysis: Calcd: C: 50.78 %, H: 7.99 %, N: 7.40 %; Found: C:
      50.94 %, H: 7.82 %, N: 7.46 %.
PAC  EXAMPLE 19
PAC  Synthesis of dicyclohexylamine salt of N-t-butyloxycarbonyl-L-tyrosine:
PAR  9.05 Grams (0.050 mole) of L-tyrosine and 17.5 ml. (0.125 mole) of
      triethylamine were added to 27.5 ml. of water. To the resulting mixture
      was added the same dioxane solution of t-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate as in Example 16, and the mixture
      was reacted under stirring at room temperature for 24 hours. After
      completion of the reaction, the reaction liquid was extracted, washed and
      dried in the same manner as in Example 16. The thus treated liquid was
      added to a solution of 8.46 g. (0.050 mole) of dicyclohexylamine in 500
      ml. of ethyl acetate, and the resulting mixture was allowed to stand
      overnight in a cold place, whereby crystals were deposited. The crystals
      were recovered by filtration and then washed with ethyl acetate to obtain
      27.29 g. of a dicyclohexylamine salt of N-t-butyloxycarbonyl-L-tyrosine,
      yield 99.2 %, m.p. 208.degree.C. (decomposition) [Journal of Chemical
      Society (C), 2632 (1967): 212.degree.C.].
PAR  Elementary analysis: Calcd.: C: 67.50 %, H: 9.15 %, N: 6.05 %; Found: C:
      67.47 %, H: 9.17 %, N: 5.98 %.
PAC  EXAMPLE 20
PAR  In the same manner as in the Example 18 or 19, various amino acids as shown
      in Table II were reacted with t-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in the presence of triethylamine,
      and the reaction products were extracted and purified to obtain
      corresponding N-t-butyloxycarbonyl amino acids. Provided that in Run No.
      3, ether was used as a precipitant for dicyclohexylamine salt. The results
      obtained were as set forth in Table II.
PAR  FIG. 8 - FIG. 11 show the infrared spectra of BOC-L-Ile-OH (monohydrate)
      (No. 2), BOC-L-Pro-OH (No. 4), BOC-L-Ser-OH (1/2 hydrate) (No. 5) and
      BOC-L-Val-OH (No. 7), shown in Table II, respectively.
PAR  FIG. 8 shows the presence of --NH-- (3300 cm.sup.-.sup.1),
      ##EQU16##
      in the carboxyl group (1718 cm.sup.-.sup.1) and
      ##EQU17##
      in the amide bond (1642 cm.sup.-.sup.1).
PAR  FIG. 9 shows the presence of
      ##EQU18##
      in the carboxyl group (1737 cm.sup.-.sup.1) and
      ##EQU19##
      in the
      ##EQU20##
      &lt; bond (1638 cm.sup.-.sup.1).
PAR  FIG. 10 shows the presence of --NH-- (3452 cm.sup.-.sup.1), --OH in the
      H.sub.2 O (3375 cm.sup.-.sup.1, broad absorption),
      ##EQU21##
      in the carboxyl group (1708 cm.sup.-.sup.1), and
      ##EQU22##
      in the amide bond (1664 cm.sup.-.sup.1).
PAR  FIG. 11 shows the presence of --NH-- (3300 cm.sup.-.sup.1),
      ##EQU23##
      in the carboxyl group (1705 cm.sup.-.sup.1) and
      ##EQU24##
      in the amide bond (1645 cm.sup.-.sup.1).
TBL                                    Table II                                
     __________________________________________________________________________
              N-t-Butyloxy  Melting point (.degree.C.)                         
     Run                                                                       
        Amino carbonyl                                                         
                      Yield Present Literature                                 
     No.                                                                       
        acid  amino acid                                                       
                      (%)   invention                                          
                                    value*.sup.3)                              
                                           Remarks                             
     __________________________________________________________________________
     1  Gly-OH                                                                 
              BOC*.sup.1) -Gly-OH                                              
                      92.0  87.0-89.0                                          
                                    94-95  Process of Example 18               
     2  L-Ile-OH                                                               
              BOC-L-Ile-OH                                                     
                      100   68.0-71.0                                          
                                    66-68  Process of Example 18               
              (monohydrate)                                                    
     3  L-Met-OH                                                               
              BOC-L-Met-OH                                                     
                      100   135.5-139.0                                        
                                    138-139                                    
                                           Process of Example 19               
              (DCHA*.sup.2))                                                   
     4  L-Pro-OH                                                               
              BOC-L-Pro-OH                                                     
                      95.5  136.0-137.0                                        
                                    134-136                                    
                                           Process of Example 18               
     5  L-Ser-OH                                                               
              BOC-L-Ser-OH                                                     
                      84.6  86.0-71.0                                          
                                    75-78  Process of Example 18               
              (1/2 hydrate)                                                    
     6  L-Trp-OH                                                               
              BOC-L-Trp-OH                                                     
                      100   137.0-138.0                                        
                                    135-137                                    
                                           Process of Example 18               
     7  L-Val-OH                                                               
              BOC-L-Val-OH                                                     
                      98.6  76.5-78.6                                          
                                    72-73  Process of Example                  
     __________________________________________________________________________
                                           18                                  
                     CH.sub.3 O                                                
                     .vertline..parallel.                                      
     *.sup.1) BOC: t-Butyloxycarbonyl group                                    
                     (CH.sub.3 --C--O--C--)                                    
                     .vertline.                                                
                     CH.sub.3                                                  
     *.sup.2) DCHA: Dicyclohexylamine salt                                     
     *.sup.3) Literature: Liebigs Annalen der Chemie, 702, 188, (1967).        
PAC  EXAMPLE 21
PAC  Synthesis of dicyclohexylamine salt of N-t-amyloxycarbonyl-L-alanine:
PAR  4.46 Grams (0.050 mole) of L-alanine and 10.5 ml. (0.075 mole) of
      triethylamine were added to 27.5 ml. of water. To the resulting mixture
      was added a solution of 14.0 g. (0.055 mole) of t-amyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in 27.5 ml. of dioxane, and the
      mixture was reacted under stirring at room temperature for 24 hours. After
      completion of the reaction, the reaction liquid was extracted, washed and
      dried in the same manner as in Example 16, and then charged with 8.46 g.
      (0.050 mole) of dicyclohexylamine and with petroleum ether to precipitate
      18.25 g. of a dicyclohexylamine salt of N-t-amyloxycarbonyl-L-alanine in
      yield of 98.1 %. When recrystallized from an ether-petroleum ether
      solvent, the product showed a melting point of 125.degree. to
      127.degree.C. [Bulletin of the Chemical Society of Japan, 38(9), 1522
      (1965): 124.degree.-126.degree.C.].
PAR  Elementary analysis: Calcd.: C: 65.58 %, H: 10.48 %, N: 7.55 %; Found: C:
      65.73 %, H: 10.35 %, N: 7.41 %.
PAC  EXAMPLE 22
PAC  Synthesis of dicyclohexylamine salt of N-t-amyloxycarbonyl-L-tyrosine:
PAR  9.05 Grams (0.05 mole) of L-tyrosine and 17.5 ml. (0.125 mole) of
      tirethylamine were added to 27.5 ml. of water. To the resulting mixture
      was added the same dioxane solution of t-amyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate as in Example 21, and the mixture
      was reacted in the same manner as in Example 21. After completion of the
      reaction, the reaction liquid was extracted, washed and dried in the same
      manner as in Example 16. The thus treated liquid was charged with a
      solution of 8.46 g. (0.050 mole) of dicyclohexylamine in 500 ml. of ethyl
      acetate and with petroleum ether, and the resulting mixture was allowed to
      stand in a cold place, whereby crystals were deposited. The crystals were
      recovered by filtration and then washed with ethyl acetate to obtain 23.88
      g. of a dicyclohexylamine salt of N-t-amyloxycarbonyl-L-tyrosine, yield
      98.7 %, m.p. 202.degree.C. (decomposition).
PAR  Elementary analysis: Calcd.: C: 68.11 %, H: 9.30 %, N: 5.88 %; Found: C:
      68.23 %, H: 9.28 %, N: 5.79 %.
PAC  EXAMPLE 23
PAC  Synthesis of N-carbobenzoxy-benzylamine:
PAR  To a solution of 1.07 g. (0.01 mole) of benzylamine in 10 ml. of ether was
      added at room temperature a solution of 2.74 g. (0.01 mole) of benzyl
      4,6-dimethylpyrimidyl-2-thiocarbonate in 10 ml. of ether, and the mixed
      solution was reacted under stirring for 30 minutes. With progress of the
      reaction, 2-mercapto-4,6-dimethylpyrimidine was liberated to form a
      precipitate. the precipitate was separated by filtration, and the filtrate
      was washed twice with 10 ml. of a 1N aqueous hydrochloric acid solution
      and 10 ml. of a 10 % aqueous sodium chloride solution and dried over
      anhydrous sodium sulfate, and then the ether was concentrated to obtain
      crystalline N-carbobenzoxy-benzylamine quantitatively. When recrystallized
      from an ether-petroleum ether solvent, the product showed a melting point
      of 61.degree. to 62.degree.C.
PAR  Elementary analysis:  Calcd.: C: 74.67 %, H: 6.27 %, N: 5.80 %; Found: C:
      74.48 %, H: 6.30 %, N: 5.78 %.
PAC  EXAMPLE 24
PAC  Synthesis of N-carbobenzoxy-L-tryptophan:
PAR  2.04 Grams (0.01 mole) of L-tryptophan and 1.67 g. (0.012 mole) of
      triethylamine were added to 8 ml. of water. To the resulting mixture was
      added a solution of 3.01 g. (0.011 mole) of benzyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in 16 ml. of dioxane, and the
      mixture was reacted under stirring at 60.degree. to 65.degree.C. for 2
      hours. After completion of the reaction, the dioxane was removed by
      distillation under reduced pressure, and 15 ml. of water was added to the
      residue. Thereafter, the unreacted thiolcarbonate was extracted with ethyl
      acetate, and the aqueous phase was adjusted to pH 3 by addition of a
      saturated aqueous citric acid solution, and then extracted once with 15
      ml. of ethyl acetate and twice with 8 ml. of ethyl acetate. Subsequently,
      the ethyl acetate phases were united together, washed once with 10 ml. of
      a 1N aqueous hydrochloric acid solution and twice with 10 ml. of a
      saturated aqueous sodium chloride solution and dried over anhydrous sodium
      sulfate, and then the ethyl acetate was removed by distillation under
      reduced pressure, whereby crystals of N-carbobenzoxy-L-tryptophan were
      obtained substantially quantitatively. When recrystallized from an
      etherpetroleum ether solvent, the product showed a melting point of
      122.degree. to 124.degree.C.
PAR  Elementary analysis: Calcd.: C: 67.59 %, H: 5.40 %, N: 8.15 %; Found: C:
      67.45 %, H: 5.36 %, N: 8.28 %.
PAC  EXAMPLE 25
PAC  Synthesis of N-p-methoxybenzyloxycarbonyl-L-alanine:
PAR  8.9 Grams (0.1 mole) of L-alanine and 21 ml. (0.15 mole) of triethylamine
      were added to 55 ml. of water. To the resulting mixture was added a
      solution of 33.5 g. (0.11 mole) of p-methoxybenzyl
      4,6-dimethylpyrimidyl-2-thiolcarbonate in 55 ml. of dioxane, and the
      mixture was reacted under stirring at room temperature for 10 hours. After
      completion of the reaction, the reaction liquid was charged with 150 ml.
      of water and then extracted thrice with 200 ml. of ethyl acetate to remove
      unreacted thiolcarbonate. Thereafter, the aqueous phase was cooled to
      0.degree.C., adjusted to pH 3 by addition of a 10 % aqueous citric acid
      solution and then extracted once with 150 ml. of ethyl acetate and twice
      with 80 ml. of ethyl acetate. Subsequently, the ethyl acetate phases were
      united together, washed twice with 100 ml. of a 10 % aqueous citric acid
      solution and twice with 100 ml. of water and dried over anhydrous sodium
      sulfate to obtain 24.3 g. of crystalline
      N-p-methoxybenzyloxycarbonyl-L-alanine in yield of 95.7 %. When
      recrystallized from an ethyl acetate-petroleum ether solvent, the product
      showed a melting point of 80.degree. to 81.5.degree.C. and specific
      rotation [.alpha.].sub.D.sup.20 of -12.2 (C = 3, acetic acid).
PAR  For comparison, N-p-methoxybenzoxycarbonyl-L-alanine was synthesized by
      acylating L-alanine with known acylating agents. The results obtained were
      as set forth in Table III.
TBL                                    Table III                               
     __________________________________________________________________________
                   Reaction  Yield of                                          
                   tempera-                                                    
                        Reaction                                               
                             pMZ-L-                                            
     Acylating agent                                                           
                   ture time Ala-OH                                            
                                  Literature                                   
                   (.degree.C.)                                                
                        (hr.)                                                  
     __________________________________________________________________________
                   Room           Chem. Pham.                                  
                   tempera-                                                    
                        48   81   Bull., 18,                                   
                   ture           2574 (1970)                                  
                   "    "    58     "                                          
                                  Ann. 724,                                    
                   50   12   79   204 (1969)                                   
                   Room                                                        
                   tempera-                                                    
                        48   51   ibid                                         
                   ture                                                        
                   "    "    72     "                                          
                   "    72   58   Chem. & Ind.                                 
                                  1722 (1966)                                  
     pMZ-N.sub.3   "    40   59   Ber. 95, 1                                   
                                  (1962)                                       
                                  Bull. Chem.                                  
     pMZ-Cl        0-5   2   69.4 Soc. Japan,                                  
                                  43, 177 (1970)                               
     __________________________________________________________________________
     *.sup.1) pMZ:                                                             
          p-Methoxybenzyloxycarbonyl group (CH.sub.3 O                         
          O                                                                    
          .parallel.                                                           
          O--C--)                                                              
PAR  FIG. 12 shows the infrared spectrum of
      N-p-methoxybenzyloxycarbonyl-L-analine. The infrared spectrum shows the
      presence of --NH-- (3350 cm.sup.-.sup.1),
      ##EQU25##
      in the carboxyl group (1710 cm.sup.-.sup.1) and
      ##EQU26##
      in the amide bond (1685 cm.sup.-.sup.1).
PAR  From Table III, it is clear that when the known acylating agents are used,
      L-alanine is required to be reacted over a long period of time, and the
      yields are relatively low even though L-alanine is reacted for such long
      period of time. Further, pMZ-Cl is readily decomposed, and therefore the
      reaction using said acylating agent should be effected at a low
      temperature.
PAC  EXAMPLE 26
PAR  In the same manner as in Example 25, the amino acids as shown in Table IV
      were reacted with p-methoxybenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
      and the reaction products were purified to synthesize corresponding
      N-p-methoxybenzyloxycarbonyl amino acids. The yields and properties of the
      products obtained were as set forth in Table IV.
TBL                                    Table IV                                
     __________________________________________________________________________
     Run                                                                       
        Amino acid                                                             
              pMZ-amino acid                                                   
                       Yield Melting point                                     
                                     Specific rotation                         
     No.               (%)   (.degree.C.)                                      
                                      [.alpha.].sub.D.sup.20                   
     __________________________________________________________________________
     1  L-Asp-OH                                                               
              pMZ-L-Asp-OH                                                     
                       82.3  125-127 +8.5 (C=1, acetic acid)                   
     2  L-Ile-OH                                                               
              pMZ-L-Ile-OH                                                     
                       95.3  63-65   +7.0 (C=2, ethanol)                       
     3  L-Glu-OH                                                               
              pMZ-L-Glu-OH                                                     
                       100   107-110 -7.1 (C=2, acetic acid)                   
     4  Gly-OH                                                                 
              pMZ-Gly-OH                                                       
                       100   96-98     --                                      
     5  L-Met-OH                                                               
              pMZ-L-Met-OH                                                     
                       99.5  74-75   -21.0 (C=0.9, methanol)                   
     6  L-Phe-OH                                                               
              pMZ-L-Phe-OH                                                     
                       93.3   88-89.5                                          
                                     +6.4 (C=2, acetic acid)                   
     7  L-Ser-OH                                                               
              pMZ-L-Ser-OH                                                     
                       82.6   98-100 +6.7 (C=0.856, acetic                     
                                     acid)                                     
     8  L-Val-OH                                                               
              pMZ-L-Val-OH                                                     
                       99.3  62.5-64.5                                         
                                     +5.8 (C=1, D.M.F)                         
     __________________________________________________________________________
PAR  FIG. 13 to FIG. 16 show the infrared spectra of pMZ-L-Asp-OH (No. 1),
      pMZ-L-Glu-OH (No. 3), pMZ-Gly-OH (No. 4) and pMZ-L-Ser-OH (No. 7), shown
      in Table IV, respectively.
PAR  FIG. 13 shows the presence of --NH-- (3375 cm.sup.-.sup.1) and
      ##EQU27##
      in the carboxyl group and the amide bond (1705 cm.sup.-.sup.1, broad
      absorption).
PAR  FIG. 14 shows the presence of --NH-- (3300 cm.sup.-.sup.1) and
      ##EQU28##
      in the carboxyl group and the amide bond (1688 cm.sup.-.sup.1, broad
      absorption).
PAR  FIG. 15 shows the presence of --NH-- (3300 cm.sup.-.sup.1) and
      ##EQU29##
      in the carboxyl group and the amide bond (1688 cm.sup.-.sup.1, broad
      absorption).
PAR  FIG. 16 shows the presence of -OH group (3550 cm.sup.-.sup.1), --NH-- (3325
      cm.sup.-.sup.1),
      ##EQU30##
      in the carboxyl group (1735 cm.sup.-.sup.1) and
      ##EQU31##
      in the amide bond (1685 cm.sup.-.sup.1).
PAC  EXAMPLE 27
PAC  Synthesis of N-p-methoxybenzyloxycarbonyl-L-asparagine:
PAR  In the same manner as in Example 25, 0.1 mole of L-asparagine was reacted
      with 0.11 mole of p-methoxybenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate.
      The reaction liquid was charged with 150 ml. of water and then extracted
      thrice with 200 ml. of ethyl acetate to remove unreacted thiolcarbonate.
      Subsequently, the aqueous phase was cooled to 0.degree.C., adjusted to pH
      3 by addition of a saturated aqueous citric acid solution and then allowed
      to stand for one day in a cold place, whereby crystals were deposited. The
      crystals were recovered by filtration and then dried to obtain 24.5 g. of
      N-p-methoxybenzyloxycarbonyl-L-asparagine, yield 82.3 %, m.p. 160.degree.
      - 163.degree.C., [.alpha.].sub.D.sup.20 =-5.0 (C = 1, methanol).
PAR  FIG. 17 shows the infrared spectrum of
      N-p-methoxybenzyloxycarbonyl-L-asparagine. The infrared spectrum shows the
      presence of --NH.sub.2 group (3375 cm.sup.-.sup.1), --NH-- (3280
      cm.sup.-.sup.1),
      ##EQU32##
      in the carboxyl group (1743 cm.sup.-.sup.1),
      ##EQU33##
      in the amide bond (1690 cm.sup.-.sup.1) and
      ##EQU34##
      in the acid amide group (1670 cm.sup.-.sup.1).
PAC  EXAMPLE 28
PAC  Synthesis of dicyclohexylamine salt of
      N-p-methoxybenzyloxycarbonyl-L-leucine:
PAR  In the same manner as in Example 25, 0.1 mole of L-leucine was reacted with
      0.11 mole of p-methoxy benzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate, and
      the reaction product was purified to obtain 29.6 g. of syrupy
      N-p-methoxybenzyloxycarbonyl-L-leucine in yield of 99.2%. The thus
      obtained N-p-methoxybenzyloxycarbonyl-L-leucine was dissolved in 300 ml.
      of ethyl acetate, and a solution of 18.1 g. of dicyclohexylamine in 200
      ml. of acetic acid was added to the resulting solution. Subsequently, the
      mixed solution was allowed to stand, whereby a dicyclohexylamine salt of
      said N-p-methoxybenzyloxycarbonyl-L-leucine was deposited as a
      precipitate. When recovered by filtration and dried, the said salt showed
      a melting point of 156.degree.  to 160.degree.C. and a specific rotation
      [.alpha.].sub.D.sup.20 of -6.9 (C = 2, methanol).
PAC  EXAMPLE 29
PAC  Synthesis of dicyclohexylamine salt of
      N-p-methoxybenzyloxycarbonyl-L-proline:
PAR  In the same manner as in Example 25, 0.1 mole of L-proline was reacted with
      0.11 mole of p-methoxybenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate, and
      the reaction product was purified to obtain 27.5 g. of syrupy
      N-p-methoxybenzyloxycarbonyl-L-proline in yield of 98.6 %. The thus
      obtained N-p-methoxybenzyloxycarbonyl-L-proline was treated in the same
      manner as in Example 28 to obtain a dicyclohexylamine salt thereof, m.p.
      145.degree. - 147.degree.C., [.alpha.].sub.D.sup.20 = -23.7 (C = 1,
      methanol).
PAC  EXAMPLE 30
PAC  Synthesis of N-benzhydrylaurbonyl glycine:
PAR  0.7506 Gram (0.01 mole) of glycine and 2.1 ml. (0.015 mole) of
      triethylamine were added to 5.5 ml. of water. To the resulting mixture was
      added a solution of 3.8549 g. (0.011 mole) of benzhydroxy
      4,6-dimethylpyrimidyl-2-thiocarbonate in 11 ml. of dioxane, and the
      mixture was reacted overnight under stirring at room temperature. After
      completion of the reaction, the reaction liquid was charged with 50 ml. of
      water and washed twice with 30 ml. of ethyl acetate. Subsequently, the
      aqueous phase was adjusted, under cooling to 0.degree.C., to pH 2 by
      addition of 15 ml. of a cold 5N aqueous hydrochloric acid solution, and
      then extracted once with 30 ml. of ethyl acetate and twice with 15 ml. of
      ethyl acetate. Thereafter, the ethyl acetate phases were united together,
      washed twice with 15 ml. of a cold aqueous hydrochloric acid solution and
      twice with 30 ml. of a saturated aqueous sodium chloride solution, and
      dried over anhydrous sodium sulfate, and then the ethyl acetate was
      removed by distillation to obtain 2.731 g. of crude N-benzhydroxycarbonyl
      glycine in yield of 95.7 %. When recrystallized from an ether-petroleum
      ether solvent, the product showed a melting point of 113.degree. to
      113.degree.C.
PAR  Elementary analysis: Calcd.: C: 67.36 %, H: 5.30 %, N: 4.91 %; Found: C:
      67.46 %, H: 5.41 %, N: 4.77 %.
PAR  FIG. 18 shows the infrared spectrum of N-benzhydroxycarbonyl glycine. The
      infrared spectrum shows the presence of --NH-- (3330 cm.sup.-.sup.1),
      ##EQU35##
      in the carboxyl group (1710 cm.sup.-.sup.1) and
      ##EQU36##
      in the amide bond (1660 cm.sup.-.sup.1).
PAC  EXAMPLE 31
PAR  In the same manner as in Example 30, the amino acids as shown in Table V
      were reacted with benzhydryl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate and
      the reaction products were purified to obtain corresponding
      N-benzhydroxycarbonyl amino acids. The results obtained were as set forth
      in Table V. The dicyclohexylamine salts in Run Nos. 1, 2 and 4 were
      prepared in the manner mentioned previously.
TBL                                    Table V                                 
     __________________________________________________________________________
     Run                                                                       
        L-Amino                                                                
              BhOC-L-amino acid*.sup.1)                                        
                           Yield                                               
                              Melting                                          
                                   Specific rotation                           
                                           Elementary analysis (%)             
     No.                                                                       
        acid               (%)                                                 
                              point                                            
                                   [.alpha.].sub.D.sup.20                      
                                               C   H  N                        
                              (.degree.C.)                                     
     __________________________________________________________________________
     1  L-Ala-OH                                                               
              BhOC-L-Ala-OH.DCHA*.sup.2)                                       
                           84.0                                                
                              162-164                                          
                                   +9.1 (C=0.33,                               
                                           Calcd.                              
                                               72.74                           
                                                   8.39                        
                                                      5.83                     
                                   (chloroform)                                
                                           Found                               
                                               72.00                           
                                                   8.44                        
                                                      5.51                     
     2  L-Phe-OH                                                               
              BhOC-L-Phe-OH.DCHA                                               
                           87.4                                                
                              168-171                                          
                                   +59.0 (C=0.40,                              
                                           Calcd.                              
                                               75.51                           
                                                   7.98                        
                                                      5.04                     
                                   (chloroform)                                
                                           Found                               
                                               75.61                           
                                                   8.01                        
                                                      5.05                     
     3  L-Pro-OH                                                               
              BhOC-L-Pro-OH*.sup.3)                                            
                           90.5                                                
                              81-83                                            
                                   -55.6 (C=1                                  
                                           Calcd.                              
                                               70.14                           
                                                   5.89                        
                                                      4.30                     
                                   acetic acid)                                
                                           Found                               
                                               69.73                           
                                                   6.02                        
                                                      4.09                     
     4  L-Val-OH                                                               
              BhOC-L-Val-OH.DCHA                                               
                           96.2                                                
                              137-140                                          
                                   +9.5 (C=0.40,                               
                                           Calcd.                              
                                               73.19                           
                                                   8.72                        
                                                      5.51                     
                                   chloroform                                  
                                           Found                               
                                               73.03                           
                                                   8.79                        
                                                      5.34                     
     __________________________________________________________________________
                          O                                                    
                          .parallel.                                           
     *.sup.1) BhOC:                                                            
           N-benzhydroxycarbonyl group                                         
                          CH--O--C--)                                          
     *.sup.2) DCHA:                                                            
           Dicyclohexylamine salt (recrystallized from                         
           chloroform-acetone-ether).                                          
     *.sup.3) Washed with ether-petroleum ether after crystallization.         
PAR  FIG. 19 - FIG. 22 show the infrared spectra of BhOC-L-Ala-OH.DCHA (No. 1),
      BhOC-L-Phe-OH.DCHA (No. 2), BhOC-L-Pro-OH (No. 3) and BhOC-L-Val-OH.DCHA
      (No. 4), shown in Table V, respectively.
PAR  FIG. 19 shows the presence of --NH-- (3380 cm.sup.-.sup.1),
      ##EQU37##
      in the carboxyl group (1707 cm.sup.-.sup.1) and
      ##EQU38##
      in the amide bond (1638 cm.sup.-.sup.1).
PAR  FIG. 20 shows the presence of --NH-- (3400 cm.sup.-.sup.1),
      ##EQU39##
      in the carboxyl group (1711 cm.sup.-.sup.1) and
      ##EQU40##
      in the amide bond (1630 cm.sup.-.sup.1).
PAR  FIG. 21 shows the presence of
      ##EQU41##
      in the carboxyl group (1708 cm.sup.-.sup.1) and
      ##EQU42##
      in the
      ##EQU43##
      &lt; bond (1650 cm.sup.-.sup.1, broad absorption).
PAR  FIG. 22 shows the presence of --NH-- (3280 cm.sup.-.sup.1),
      ##EQU44##
      in the carboxyl group (1701 cm.sup.-.sup.1) and
      ##EQU45##
      in the amide bond (1630 cm.sup.-.sup.1).
PAC  EXAMPLE 32
PAR  0.01 Mole of each of the thiolcarbonates as shown in Table VI was dissolved
      in 30 ml. of ethyl acetate. To the resulting solution was added a solution
      of 0.02 mole of phenylhydrazine or benzylamine in 20 ml. of ethyl acetate,
      and the mixed solution was reacted for one day under stirring. The
      reaction liquid was suction-filtered, and the filtrate was washed twice
      with a cold 5 % aqueous hydrochloric acid solution and twice with 30 ml.
      of a saturated aqueous sodium chloride solution and dried over anhydrous
      sodium sulfate, and then the ethyl acetate was removed by distillation to
      synthesize a corresponding N-acylamine. The results obtained were as set
      forth in Table VI.
TBL                                    Table VI                                
     __________________________________________________________________________
     Run                                                                       
        Thiocarbonate   Amine    Product                                       
     No.                         (N-acylamine)                                 
     __________________________________________________________________________
     1                  Phenylhydrazine                                        
                                 BOC-HNHN                                      
     2                  Benzylamine                                            
                                 BOC-HNH.sub.2 C                               
     3                  Phenylhydrazine                                        
                                 pMZ-HNHN                                      
     4                  Benzylamine                                            
                                 pMZ-HNH.sub.2 C                               
     5                  Phenylhydrazine                                        
                                 BhOC-HNHN                                     
     6                  Benzylamine                                            
                                 BhOC-HNH.sub.2 C                              
          Recrysta-                                                            
                 Melting                                                       
     Yield                                                                     
          llization                                                            
                 point   Elementary analysis (%)                               
     (%)  solvent                                                              
                 (.degree.C.)                                                  
                             C     H    N                                      
     __________________________________________________________________________
          Ether/         Calcd.                                                
                             63.44 7.74 13.45                                  
     90.3 Petroleum                                                            
                 89-91                                                         
          ether          Found                                                 
                             63.74 7.81 --                                     
     95.6 n-Hexane/                                                            
                 55-56   Calcd.                                                
                             69.53 8.27 6.76                                   
          n-Heptane      Found                                                 
                             69.75 8.29 6.70                                   
          Ethyl          Calcd.                                                
                             66.16 5.92 10.29                                  
     94.7 acetate/                                                             
                 95-96                                                         
          Petroleum      Found                                                 
                             65.99 5.92 --                                     
          ether                                                                
                         Calcd.                                                
                             70.83 6.32 5.16                                   
     95.3   "    75.5-76.5                                                     
                         Found                                                 
                             71.09 6.17 4.96                                   
     93.9   "    103-104 Calcd.                                                
                             75.45 5.70 8.80                                   
                         Found                                                 
                             74.19 5.81 --                                     
     99.6   "    103-104 Calcd.                                                
                             79.47 6.03 4.41                                   
                         Found                                                 
                             79.61 6.10 4.32                                   
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a thiolcarbonate represented by the formula,
      ##SPC7##
PAL  wherein R.sub.1 and R.sub.2 are individually hydrogen or methyl, and
      R.sub.3 is a straight chain or branched chain alkyl having 1 to 5 carbons,
      a straight chain or branched chain alkenyl having 2 to 5 carbon, or a
      benzyl or diphenylmethyl which may be nuclear substituted, which comprises
PA1  reacting a 2-mercapto-4- and/or 6-methyl-substituted or unsubstituted
      pyrimidine represented by the formula,
      ##SPC8##
PAL  wherein R.sub.1 and R.sub.2 are as defined above, with an alkali metal
      hydroxide in an aqueous solution to form an alkali metal salt of the
      formula,
      ##SPC9##
PAL  wherein R.sub.1 and R.sub.2 are as defined above, and M is an alkali metal,
PA1  reacting the thus formed alkali metal salt (II) with phosgene in an inert
      solvent in the absence of water at a temperature below the reflux
      temperature of said solvent to prepare a pyrimidyl-2-thiolchloroformate of
      the formula,
      ##SPC10##
PAL  wherein R.sub.1 and R.sub.2 are as defined above, and
PA1  then reacting the compound of the formula (III) with an alcohol represented
      by the formula,
EQU  R.sub.3 -- OH                                              (IV)
PAL  wherein R.sub.3 is as defined above, in an inert solvent in the presence of
      a base and in the absence of water at a temperature below the reflux
      temperature of the solvent used.
NUM  2.
PAR  2. A process according to claim 1, wherein the
      pyrimidyl-2-thiolchloroformate represented by the formula (III) is reacted
      with the alcohol represented by the formula (IV) at about room
      temperature.
NUM  3.
PAR  3. A process according to claim 1, wherein the alkali metal salt
      represented by the formula (II) is reacted with phosgene at a temperature
      within the range from 0.degree. to 40.degree.C.
NUM  4.
PAR  4. A process according to claim 1, wherein the alkali metal salt
      represented by the formula (II) is reacted with phosgene in an amount of 1
      to 2 moles per mole of the alkali metal salt.
NUM  5.
PAR  5. A process according to claim 1, wherein the alkali metal salt
      represented by the formula (II) is reacted with phosgene in an inert
      solvent selected from the group consisting of petroleum ether, benzene,
      toluene, methylene chloride, xylene, chloroform and tetrahydrofuran.
NUM  6.
PAR  6. A process according to claim 1, wherein the alcohol represented by the
      formula (IV) is selected from the group consisting of methanol, ethanol,
      n-propanol, iso-propanol, allyl alcohol, n-butanol, t-butanol, amyl
      alcohol, t-amyl alcohol, benzyl alcohol, anise alcohol,
      2,4-dimethoxybenzyl alcohol, 2,4,6-trimethoxybenzyl alcohol, p-nitrobenzyl
      alcohol, p-chlorobenzyl alcohol, p-bromobenzyl alcohol and benzhydrol.
NUM  7.
PAR  7. A process according to claim 1, wherein the reaction of the
      pyrimidyl-2-thiolchloroformate represented by the formula (III) with the
      alcohol represented by the formula (IV) is effected by using as the base
      or as the base and inert solvent a tertiary amine.
NUM  8.
PAR  8. A process according to claim 7, wherein the tertiary amine is
      triethylamine, N-alkylmorpholine, N,N-dialkylaniline, pyridine or
      quinoline.
NUM  9.
PAR  9. A process according to claim 1, wherein the reaction of the
      pyrimidyl-2-thiolchloroformate with the alcohol represented by the formula
      (IV) is effected by using as the inert solvent one member selected from
      the group consisting of ether, benzene, petroleum ether, toluene, xylene,
      methylene chloride, chloroform, petroleum benzene and tetrahydrofuran.
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PAL  Anti-histaminics of the formula
      ##SPC1##
PAL  Wherein R.sub.1 is alkyl, alkenyl or phenalkyl, R.sub.2 and R.sub.3 are
      alkyl or alkenyl and R and R' are optional are prepared by alkylating or
      alkenylating a 1-substituted-2-monoalkyl- or
      alkenylamino-quinazolin-4(1H)-one with an alkyl or alkenyl halide.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 437,472 filed Jan. 28, 1974, now abandoned, which in turn is a
      continuation-in-part of copending application Ser. No. 373,101, filed June
      25, 1973 now abandoned.
BSUM
PAR  This invention relates to 1,2-disubstituted-quinazolin-4(1H)-ones, their
      preparation and the compositions and methods utilizing the pharmacological
      activity of said compounds.
PAR  The compounds of the invention may be represented by the structural formula
      I:
      ##SPC2##
PAL  wherein
PA1  R.sub.1 is alkyl of 1 to 6 carbon atoms, alkenyl of 3 to 8 carbon atoms or
      phenalkyl of the formula II:
      ##SPC3##
PA1  n is 1 or 2
PA1  R" is hydrogen or methyl provided that R" is hydrogen when n is 2,
PA1  R.sub.2 and R.sub.3 are independently alkyl of 1 to 4 carbon atoms or
      alkenyl of 3 to 6 carbon atoms, preferably at least one of which is
      straight chain, and more preferably both R.sub.2 and R.sub.3 are straight
      chain,
PA1  R and R' are independently hydrogen, halo of atomic weight of from 18 to
      36, alkyl of 1 to 3 carbon atoms or alkoxy of 1 to 3 carbons or one is
      hydrogen and the other bromo or trifluoromethyl, and
PA1  Y and Y" are independently hydrogen, halo of atomic weight of from 18 to
      36, alkyl of 1 to 3 carbon atoms or alkoxy of 1 to 3 carbon atoms or one
      is hydrogen and the other bromo or trifluoromethyl.
PAR  The compounds of the formula I may be prepared in a Step A reaction by
      reacting a compound of the formula II:
      ##SPC4##
PAL  in which R, R', R.sub.1 and R.sub.2 are as defined and M is hydrogen or
      alkali metal, preferably sodium, with a compound of the formula III
EQU  X--R.sub.3                                                 III
PAL  in which R.sub.3 is as defined and X is halo of atomic weight of from 35 to
      127, preferably iodo or bromo.
PAR  The reaction of Step A is of known type and preferably effected employing a
      compound II in which M is an alkali metal. Such compounds II may be
      prepared from the corresponding compound II in which M is hydrogen in a
      known manner with a strong base such as an alkali metal hydride or
      alkoxide, preferably sodium hydride. The reaction is conveniently effected
      at from 0.degree.C. to 50.degree.C., preferably at about room temperature,
      in an inert solvent which can be employed as solvent for the reaction of
      Step A. The conversion of the metallo substituted quinazolinone of the
      formula II to the desired product of the formula I may be carried out at
      temperatures of from 0.degree.C. to 100.degree.C., preferably 10.degree.C.
      to 40.degree.C. and conveniently at room temperature. When the Step A
      reaction is carried out with a compound II in which M is hydrogen, the
      reaction is conducted in the presence of the strong base, e.g. sodium
      hydride. The reaction is conducted on the basis that it may also lead to
      the formation of a by-product in which the  3-position of the compound of
      the formula II is alkylated or alkenylated. However, the desired product
      of the formula I may be isolated from the reaction mixture of Step A and
      separated from such by-product by working up by conventional procedures.
PAR  The compounds of the formula II may be prepared in a Step B by reacting a
      compound of the formula IV
      ##SPC5##
PAL  wherein R.sub.1, R and R' are as above defined, with a compound of the
      formula V:
      ##EQU1##
      wherein R.sub.2 is as defined.
PAR  The preparation of compounds II by the reaction of Step B can be carried
      out at temperatures in the range of 20.degree.C. to 200.degree.C., more
      usually 80.degree.C. to 180.degree.C., preferably 100.degree.C. to
      180.degree.C. The reaction is conveniently carried out in an organic
      solvent of conventional type providing an inert reaction medium. The
      higher boiling solvents for use at reflux temperatures represent the
      preferred solvents, e.g., toluene, xylene and especially diglyme and the
      like. The reaction is preferably carried out in the presence of a base,
      e.g., potassium hydroxide, sodium hydroxide, barium hydroxide and
      potassium carbonate; and when the compound V is employed directly in acid
      addition salt form, it is of course desirable to employ an amount of base
      greater than the amount necessary to neutralize the acid. It will be
      appreciated by those skilled in the art that the compounds of the formula
      V are tautomeric and have the alternative and equivalent structure
      represented by the formula VA:
      ##EQU2##
      wherein R.sub.2 is as defined.
PAR  The compounds of the formulae IV and V are either known or may be produced
      from known materials by established procedures.
PAR  The compounds of formula I of the invention are useful because they possess
      biological activity. In particular, the compounds of the formula I are
      useful as agents for relieving the symptomatic effects of the release of
      histamine, i.e. as anti-histaminic agents, as indicated by observing the
      respiratory status on oral administration (1.0-100 mgs./kgs.) to the
      unanesthetized guinea pig exposed to aerosolized histamine dihydrochloride
      according to a modification of the method of Van Aman et al. J. Pharmacol.
      Exptl. Therap. 133: 90-97, 1961. For such use and depending upon known
      variables satisfactory results are obtained in general on the daily
      administration of from 0.5 to 100 milligrams per kilogram of body weight,
      preferably given in divided doses to 2 to 4 times a day, or in sustained
      release form. For most mammals the administration of from 40 to 1600
      milligrams per day provides satisfactory results and dosage forms suitable
      for internal administration comprise 10 to 800 milligrams of the compound
      in admixture with a solid or liquid pharmaceutical carrier or diluent.
PAR  The preferred compounds of the invention from the standpoint of
      anti-histaminic activity are those in which R.sub.1 is benzyl including
      substituted benzyl, particularly unsubstituted benzyl and halobenzyl,
      e.g., fluorobenzyl, especially 4-halobenzyl, and the more preferred
      compounds are those in which each of R and R' is hydrogen.
PAR  For the use indicated above, the compounds may be combined with a
      pharmaceutically acceptable carrier, and such other conventional adjuvants
      as may be necessary, and administered orally or parenterally. For most
      uses oral administration with carriers is preferred and may take place in
      such conventional forms as tablets, dispersible powders, granules,
      suspensions, syrups and elixirs. Such compositions may be prepared
      according to any method known in the art for the manufacture of
      pharmaceutical compositions, and such compositions may contain one or more
      conventional adjuvants, such as sweetening agents, flavoring agents,
      coloring agents and preserving agents, in order to provide an elegant and
      palatable preparation. Tablets may contain the active ingredient in
      admixture with conventional pharmaceutical excipients, e.g., inert
      diluents such as calcium carbonate, sodium carbonate, lactose and talc,
      granulating and disintegrating agents, e.g., starch and alginic acid,
      binding agents, e.g., starch, gelatin and acacia, and lubricating agents,
      e.g., magnesium stearate, stearic acid and talc. The tablets may be
      uncoated or coated by known techniques to delay disintegration and
      adsorption in the gastro-intestinal tract and thereby provide a sustained
      action over a longer period. Similarly, suspensions, syrups and elixirs
      may contain the active ingredient in admixture with any of the
      conventional excipients utilized for the preparation of such compositions,
      e.g, suspending agents (methylcellulose, tragacanth and sodium alginate),
      wetting agents (lecithin, polyoxyethylene stearate and polyoxyethylene
      sorbitan monooleate) and preservatives (ethyl-p-hydroxybenzoate). Capsules
      may contain the active ingredient alone or admixed with an inert solid
      diluent, e.g., calcium carbonate, calcium phosphate and kaolin. The
      preferred pharmaceutical compositions from the standpoint of preparation
      and ease of oral administration are solid compositions, particularly
      hard-filled capsules and tablets. Parenteral administration may be in such
      conventional forms as injectionable solutions and suspensions.
PAR  A representative formulation is a tablet for oral administration 2 to 4
      times a day for relieving the effects of histamine release and prepared by
      conventional tabletting techniques to contain the following ingredients:
     Ingredients             Weight (mg.)                                      
     ______________________________________                                    
     1-(4'-fluorobenzyl)-2-dimethyl-                                           
     amino-quinazolin-4(1H)-one                                                
                             10                                                
     Tragacanth              10                                                
     Lactose                 222.5                                             
     Corn Starch             25                                                
     Talcum                  15                                                
     Magnesium Stearate      2.5                                               
     ______________________________________                                    
PAR  The following examples show representative compounds encompassed within the
      scope of this invention and the manner in which such compounds are
      prepared. However, it is to be understood that the examples are for
      purposes of illustration only.
DETD
PAC  EXAMPLE A
PAC  1-(4'-fluorobenzyl)-2-methylamino-quinazolin-4(1H)-one
      ##SPC6##
PAR  A mixture of 15 g. of N-(p-fluorobenzyl)isatoic anhydride, 15 g. of
      N,S-dimethylthiopseudourea (hydrogen iodide), 9.0 g. of potassium
      carbonate and 250 ml. of diglyme is refluxed with stirring for 1.5 hours.
      The resulting mixture is filtered while hot, cooled and the resulting
      precipitate is recovered by filtering, dissolved in methanol, dried,
      treated with charcoal, filtered through celite, concentrated on a steam
      bath and cooled to obtain a precipitate which is recovered by filtering,
      washed with ether and dried under reduced pressure to obtain
      1-(4'-fluorobenzyl)-2-methylamino-quinazolin-2-(1H)-one, m.p.
      251.degree.-255.degree.C.
PAC  EXAMPLE 1
PAC  1-(4'-fluorobenzyl)-2-dimethylamino-quinazolin-4(1H)-one
      ##SPC7##
PAR  To a suspension of 0.4 g. of sodium hydride in 25 ml. of dimethylacetamide
      is added 2.0 g. of 1-(4'-fluorobenzyl)-2-methylamino-quinazolin-4(1H)-one.
      The resulting mixture is stirred for 30 minutes at room temperature and
      there is then added 1.5 g. of methyliodide. The resulting mixture is
      stirred at room temperature for 3 days, poured over ice/water, extracted
      twice with methylene chloride, washed twice with water, dried and
      evaporated in vacuo. The residue is dissolved in methylene chloride and
      the methylene chloride exchanged for ether on a steam bath to obtain
      1-(4'-fluorobenzyl)-2-dimethylamino-quinazolin-4(1H)-one, m.p.
      160.degree.-169.degree.C.
PAC  EXAMPLE 2
PAR  Following the procedure of Example 1, the following additional compounds of
      the invention are prepared.
PAR  A. 1-ethyl-2-diethylamino-quinazolin-4(1H)-one.
PAR  B. 1-(3', 4'-dimethoxybenzyl)-2-dimethylamino-quinazolin-4(1H)-one.
PAR  C. 1-(3'-trifluoromethylbenzyl)-2-dimethylamino-quinazolin-4(1H)-one.
PAR  D. 1-(4'-chlorobenzyl)-2-dimethylamino-quinazolin-4(1H)-one.
PAR  E. 7-chloro-1-benzyl-2-dimethylamino-quinazolin-4(1H)-one.
PAR  F. 6,7-dimethoxy-1-(4'-fluorobenzyl)-2-dimethylamino-quinazolin-4(1H)-one.
PAR  G. 1-(4'-fluorobenzyl)-2-N-methyl-N-allylamino-quinazolin-4(1H)-one.
PAC  EXAMPLE 3
PAC  1-(4'-fluorobenzyl)-2-allylamino-quinazolin-4(1H)-one.
      ##SPC8##
PAR  A suspension of 13.5 g. of N-(4'-fluorobenzyl)isatoic anhydride, 130 g. of
      S-methyl-N-allylthiopseudourea hydroiodide and 75 g. of powdered sodium
      carbonate in 500 ml. of acetonitrile is heated with stirring at reflux for
      1.5 hours. The excess sodium carbonate is filtered off and the solvent
      evaporated to dryness. The residue is dissolved in methylene chloride,
      filtered to remove insolubles and the filtrate evaporated to dryness. The
      residue is dissolved in 500 ml. of diglyme and the resulting solution
      heated at reflux for 1.5 hours. After cooling, methylene chloride is added
      to obtain a precipitate which is recovered by filtering, washed twice with
      methylene chloride and once with ether, dried, dissolved in methanol,
      filtered and concentrated on a steam bath to obtain a precipitate which is
      recovered by filtering, washed with methanol and dried under reduced
      pressure to obtain 1-(4'-fluorobenzyl)-2-allylamino-quinazolin-4(1H)-one,
      m.p. 155.degree.-157.degree.C. (additional quantities of the title
      compound are recovered from the mother liquid).
PAC  EXAMPLE 4
PAR  Following the procedure of Example 1, the following additional compound of
      the invention is prepared.
PAR  A. 1-(4'-fluorobenzyl)-2-diallylamino-quinazolin-4(1H)-one.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC9##
PAL  wherein
PA1  R.sub.1 is alkyl of 1 to 6 carbon atoms, alkenyl of 3 to 8 carbon atoms or
      phenalkyl of the formula:
      ##SPC10##
PA1  n is 1 or 2
PA1  R" is hydrogen or methyl provided that R" is hydrogen when n is 2,
PA1  R.sub.2 and R.sub.3 are independently alkyl of 1 to 4 carbon atoms or
      alkenyl of 3 to 6 carbon atoms,
PA1  R and R' are independently hydrogen, fluoro, chloro, alkyl of 1 to 3 carbon
      atoms or alkoxy of 1 to 3 carbons or one is hydrogen and the other bromo
      or trifluoromethyl, and
PA1  Y and Y' are independently hydrogen, fluoro, chloro, alkyl of 1 to 3 carbon
      atoms or alkoxy of 1 to 3 carbon atoms or one is hydrogen and the other
      bromo or trifluoromethyl.
NUM  2.
PAR  2. A compound of claim 1 in which R.sub.1 is alkyl.
NUM  3.
PAR  3. A compound of claim 2 in which R and R' are hydrogen.
NUM  4.
PAR  4. A compound of claim 1 in which R.sub.2 and R.sub.3 are alkyl.
NUM  5.
PAR  5. A compound of claim 1 in which each of R.sub.2 and R.sub.3 is methyl.
NUM  6.
PAR  6. A compound of claim 1 in which R.sub.1 is
      ##SPC11##
NUM  7.
PAR  7. A compound of claim 6 in which R" is hydrogen, n is 1 and Y and Y' are
      selected from the group consisting of hydrogen, fluoro, chloro and bromo.
NUM  8.
PAR  8. A compound of claim 7 in which R and R' are hydrogen.
NUM  9.
PAR  9. A compound of claim 8 in which each of R.sub.2 and R.sub.3 is methyl.
NUM  10.
PAR  10. The compound of claim 9 which is
      1-(4'-fluorobenzyl)-2-dimethylamino-quinazolin-4(1H)-one.
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ABST
PAL  The present invention relates to compounds having the following formula:
      ##SPC1##
PAL  In which R.sub.2 is naphthyl alkyl of 1 to 3 carbons or phenyl alkyl of 1
      to 3 carbons substituted in the aryl moiety by one or two alkoxy of 1 to 6
      carbons, or one or two chloro. This compound is useful as an intermediate
      for the production of the compounds of the formula:
      ##SPC2##
PAL  Which are useful as antianginal or bronchodilator agents.
PARN
PAR  This is a division of application Ser. No. 388,290 filed Aug. 14, 1973 now
      U.S. Pat. No. 3,862,189 issued Jan. 21, 1975.
BSUM
PAR  The present invention is concerned with novel compounds and, more
      particularly, the present invention is concerned with aralkyl-substituted
      purines and pyrimidines having structural formula I:
      ##SPC3##
PAL  wherein R.sub.1 is hydroxy, methoxy, mercapto, hydrazino, substituted
      hydrazino, chloro, amino, alkylamino, dialkylamino, hydroxyalkylamino,
      aralkylamino or substituted aralkylamino and R.sub.2 is phenylalkyl having
      1 to 3 carbon atoms in the alkyl moiety and at least two alkoxy, alkyl,
      halogen, hydroxy, nitro, amino, substituted amino, aminomethyl, acylamino,
      carboxy, carboxyalkyl or hydroxymethyl groups in the benzene ring or
      naphthylalkyl, tetrahydronaphthylalkyl, quinolylalkyl,
      tetrahydroquinolylalkyl or isoquinolylalkyl, each having 1 to 3 carbon
      atoms in the alkyl moiety and pharmaceutically acceptable acid addition
      salts thereof.
PAR  In addition, esters or amides of the above compounds utilizing alkanoyl or
      aralkanoyl, such as acetyl, propionyl, benzoyl, succinoyl and the like,
      and the pharmaceutically acceptable acid addition salts are also within
      the scope of this invention.
PAR  In the above definitions for R.sub.1, the term "alkyl" means an aliphatic
      hydrocarbon having 1 to 6 carbon atoms, for example, methyl, propyl,
      isopropyl, isobutyl and the like. The term "aryl" denotes an aromatic
      hydrocarbon having 6 to 14 carbon atoms, for example, phenyl, naphthyl,
      anthryl and the like. The term "aralkyl" designates a combination of the
      hereinbefore defined alkyl and aryl groups. Substituted hydrazino denotes
      hydrazino substituted on either nitrogen atom or both nitrogen atoms by
      one or more alkyl or aryl groups.
PAR  In the above definitions for R.sub.2, the term "alkyl" stands for an
      aliphatic hydrocarbon of 1 to 6 carbon atoms, unless otherwise specified,
      and applies to the alkyl residues of the alkoxy and acyl moieties.
      Substituted amino includes within its scope amino groups substituted by
      alkyl and aryl groups defined in the preceding paragraph. Halogen
      encompasses all of the halo groups, chloro, bromo, iodo and fluoro.
PAR  Among the preferred compounds of this invention are those purine
      derivatives wherein R.sub.1 is chloro, amino, hydroxy, hydrazino,
      n-propylamino or 2-hydroxyethylamino and R.sub.2 is dimethoxybenzyl and
      R.sub.1 is amino and R.sub.2 is dichlorobenzyl, 3,4-dimethylbenzyl.
PAR  The compounds of this invention exhibit a unique mode of biological action
      in that they produce selective dilation of certain coronary arteries
      causing a redistribution of blood flow towards ischemic areas of the heart
      enhancing perfusion and reducing anoxia which cause anginal pains. This
      biological activity is demonstrated in accordance with the procedure
      described in J. Pharmacol. Exp. Ther., 176,184 (1971). Only nitroglycerin
      and some .beta.-adrenergic blockers have been demonstrated to similarly
      redistribute blood flow to ischemic areas by large coronary artery
      dilation. See Eur. J. Pharmacol., 16, 271 (1971). The compounds of this
      invention offer an advantageous treatment of angina without interference
      with adrenergic control of the heart or without resorting to the use of
      nitrates.
PAR  Existing coronary vasodilators such as dipyridamole and chromonar dilate
      smaller vessels increasing coronary blood flow without redistributing flow
      to needed ischemic areas. In severe ischemia, dipyridamole actually
      induced anginal attacks in man since it diverted blood flow away from
      ischemic areas through its dilator action on smaller coronary vessels. See
      Ann. Rep. Med. Chem., 7, 69 (1972).
PAR  Experimentally, this blood flow redistribution is demonstrable in a dog by
      measuring changes in resistance to blood flow of larger coronary arteries
      (RL) relative to small vessel physical resistance to flow (RT), using the
      protocol described in J. Pharmacol. Exp. Ther., 176, 184 (1971).
PAR  Generally, the compounds of this invention at a dose of about 1-10 mg/kg
      were observed to effect a drop in the RL:RT ratio. Known coronary
      vasodilators such as dipyridamole and chromonar caused an increased RL:RT
      ratio reflecting a redistribution of blood flow away from ischemic
      tissues.
PAR  The compounds of this invention, particularly the preferred species, are
      indicated in the management of angina pectoris. A usual dose of 1-10 mg/kg
      by injection or orally two or three times daily is suggested to prevent
      anginal attack. These compounds can be administered by combining with
      excipients such as lactose or water for injection.
PAR  In addition to the antianginal effects described above, the compounds of
      this invention were also observed to protect guinea pigs from
      histamine-induced bronchial spasm. Thus tested in accordance with the
      procedure described in J. Pharmacol. Exp. Ther., 90, 254 (1947) at a dose
      of 1-50 mg/kg intraperitoneally, they were effective to protect the guinea
      pigs against bronchial spasms which had been induced by the administration
      of one mg of histamine. At this dosage level, a mild cardiotonic effect
      was also observed. Hence, the compounds of this invention are also useful
      in the treatment of bronchial spasms such as in bronchial asthma.
      Generally speaking, a dose of 1-50 mg/kg administered orally or by
      intramuscular injection is suggested.
PAR  According to the present invention, the above compounds are prepared by
      processes as illustrated in the following reaction scheme:
      ##SPC4##
PAR  Referring now to the reaction scheme, in Method A
      5-amino-4,6-dichloropyrimidine is condensed with a substituted amine in
      butanol and triethylamine. The resultant substituted amino pyrimidine II
      is cyclized with triethyl or trimethyl orthoformate to the 6-chloropurine
      derivative III as in Method B. Treating said 6-chloropurine derivative
      with ammonia as brought out in Method C, or an appropriate nucleophile as
      in Method D, gives the 6-substituted purine derivative I.
PAR  The starting material for the first process,
      5-amino-4,6-dichloropyrimidine, is available from commercial chemical
      suppliers such as Krishell Laboratories, Inc. The amino compounds utilized
      in Method A, triethyl- and trimethyl orthoformate of Method B and the
      nucleophiles of Method D are available from the Aldrich Chemical Company
      or readily prepared by methods well known to those skilled in the art.
PAR  In addition, treatment of adenine with a substituted benzyl or aralkyl
      halide in the presence of a base such as sodium hydride gives the desired
      9-substituted adenine directly. This reaction is illustrated by the
      following reaction scheme:
      ##SPC5##
PAR  Adenine, the starting material for the second process is commercially
      available from the Aldrich Chemical Company as are the requisite aralkyl
      halides, R.sub.2 X.
DETD
PAR  The following experiments are general procedures for the preparation of the
      compounds of this invention: all temperatures are in degrees centigrade.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                                  Recrystallization                            
     R        Formula                                                          
                     Analysis*                                                 
                           mp.degree.C                                         
                                  Solvent   Method Preparation                 
     __________________________________________________________________________
             C.sub.13 H.sub.15 ClN.sub.4 O.sub.2                               
                     CHNCl 188-191                                             
                                  MeOH/H.sub.2 O                               
                                            A                                  
             C.sub.14 H.sub.17 ClN.sub.4 O.sub.2                               
                     CHNCl 133-135                                             
                                  MeOH/H.sub.2 O                               
                                            A                                  
             C.sub.15 H.sub.13 ClN.sub.4                                       
                     CHNCl 219-223                                             
                                  MeOH/H.sub.2 O                               
                                            A                                  
             C.sub.11 H.sub.9 Cl.sub.3 N.sub.4                                 
                     CHNCl  197-198.5                                          
                                  EtOH/H.sub.2 O                               
                                            A                                  
     __________________________________________________________________________
      *Compounds reported analyzed within .+-.0.4% of theory.                  
TBL                                    TABLE II                                
     __________________________________________________________________________
                                                   Solvent  Method             
     R.sub.1   R.sub.2         Formula                                         
                                      Analysis*                                
                                            mp.degree.C                        
                                                   Recrystallization           
                                                            Preparation        
     __________________________________________________________________________
     Cl                       C.sub.14 H.sub.13 ClN.sub.4 O.sub.2              
                                       CHNCl                                   
                                            160-164                            
                                                   EtOH/H.sub.2 O              
                                                            B                  
     SH                       C.sub.14 H.sub.14 N.sub.4 O.sub.2 S              
                                       CHNS 200-205                            
                                                   CMF/ether                   
                                                            D and thiourea     
               "              C.sub.25 H.sub.23 N.sub.5 O.sub.2                
                                       CHN  150-153                            
                                                   acetone/hexane              
                                                            D                  
     NH.sub.2                 C.sub.14 H.sub.15 N.sub.5 O.sub.2                
                                       CHN  192-194                            
                                                   EtOH/H.sub.2 O              
                                                            C                  
     OH                       C.sub.14 H.sub.14 N.sub.4 O.sub.3                
                                       CHN  200-202                            
                                                   MeOH     D and HCl,         
                                                            dilute             
                              C.sub.21 H.sub.21 N.sub.5 O.sub.2                
                                       CHN  165-167                            
                                                   EtOH     D                  
     NHCH.sub.2 CH.sub.2 OH                                                    
               "              C.sub.16 H.sub.19 N.sub.5 O.sub.3                
                                       CHN  144-146                            
                                                   2-PrOH   D                  
     OCH.sub.3                C.sub.15 H.sub.16 N.sub.4 O.sub.3                
                                       CHN  129-132                            
                                                   2-PrOH   D                  
     NHNH.sub.2                                                                
               "              C.sub.14 H.sub.16 N.sub.6 O.sub.2                
                                       CHN  181-184                            
                                                   EtOH     D                  
     NHCH.sub.2 CH.sub.2 CH.sub.3                                              
               "              C.sub.17 H.sub.21 N.sub.5 O.sub.2                
                                       CHN  123-125                            
                                                   acetone  D                  
     Cl                       C.sub.15 H.sub.15 ClN.sub.4 O.sub.2              
                                       CHNCl                                   
                                            116-119                            
                                                   CCl.sub.4 /heptane          
                                                            B                  
     NH.sub.2  "              C.sub.15 H.sub.17 N.sub.5 O.sub.2                
                                       CHN  194-197                            
                                                   benzene/heptane             
                                                            C                  
     Cl                       C.sub.16 H.sub.11 ClN.sub.4                      
                                       CHNCl                                   
                                            156-158                            
                                                   MeOH     B                  
     NH.sub.2  "              C.sub.16 H.sub.13 N.sub.5                        
                                       CHN  269-272                            
                                                   EtOH     C                  
                                            dec                                
     NHCH.sub.2 CH.sub.2 CH.sub.3                                              
               "              C.sub.19 H.sub.19 N.sub.5                        
                                       CHN  161.5-163.5                        
                                                   MeOH/H.sub.2 O              
                                                            D                  
     NHCH.sub.2 CH.sub.2 OH                                                    
               "              C.sub.18 H.sub.17 N.sub.5 O                      
                                       CHN  199.5-200                          
                                                   EtOH/H.sub.2 O              
                                                            D                  
     NH.sub.2                 C.sub.14 H.sub.15 N.sub.5                        
                                       CHN  211-213                            
                                                   CH.sub.3 OH                 
                                                            F                  
                              C.sub. 12 H.sub.7 Cl.sub.3 N.sub.4               
                                       CHNCl                                   
                                            141-143                            
                                                   EtOH/H.sub.2 O              
                                                            B                  
     Cl                                                                        
     NH.sub.2  "              C.sub.12 H.sub.9 Cl.sub.2 N.sub.5                
                                       CHNCl                                   
                                            255-258                            
                                                   EtOH/H.sub.2 O              
                                                            C                  
     __________________________________________________________________________
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PAC  METHOD A
PAC  5-Amino-4-chloro-6-(3,4-dimethoxybenzylamino)pyrimidine
PAR  A reaction mixture containing 1.00 g (6.09 mmols) of
      4,6-dichloro-5-aminopyrimidine, 1.22 g (7.30 mmols) of
      3,4-dimethoxybenzylamine, 1.02 ml (7.30 mmols) of triethylamine and 35 ml
      of 1-butanol was refluxed overnight for 17 hours. Evaporation of the
      reaction mixture in vacuo gave a residual oil which was crystallized by
      trituration with water. The crude yellow solid was recrystallized from
      methanol-water to give 1.61 g (90.1%), mp 185.degree.-188.degree., of
      crystalline product. The analytical sample was obtained by
      recrystallization from methanol-water; yield, 1.36 g (76.9%); mp
      188.degree.-191.degree..
PAC  METHOD B
PAC  6-Chloro-9-(3,4-dimethoxybenzyl)purine
PAR  To a suspension of 15.6 g (52.8 mmols) of
      5-amino-4-chloro-6-(3,4-dimethoxybenzylamino)pyrimidine in 100 ml of
      triethyl orthoformate was added 149 mg (1.36 mmols) of ethanesulfonic acid
      and the resulting mixture was heated at 80.degree. for 15 min. Upon
      cooling and addition of hexane to the reaction mixture, a yellow
      precipitate formed which was collected by filtration; yield, 15.4 g
      (95.6%) mp 159.degree.-163.degree.. Recrystallization from EtOH--H.sub.2 O
      gave the analytical sample; yield 13.2 g (82.2%) mp
      160.degree.-164.degree..
PAC  METHOD C
PAC  9-Veratryl-9H-adienine
PAR  In a steel bomb was heated a mixture of 4.00 g (13.1 mmols) of
      6-chloro-9-veratrylpurine and 20 ml of liquid NH.sub.3 for 17 hours at
      54.degree.. The excess NH.sub.3 was allowed to evaporate and the white
      solid residue was recrystallized from EtOH--H.sub.2 O to give the crude
      product; yield 3.42 g (91.3%) mp 191.degree.-193.degree.. The analytical
      sample was obtained by a second recrystallization from EtOH--H.sub.2 O
      giving 2.33 g (62.3%) mp 192.degree.-194.degree..
PAC  METHOD D
PAC  6-Propylamino-9-veratrylpurine
PAR  A reaction mixture containing 5.14 g (16.8 mmol) of
      6-chloro-9-veratrylpurine, 7.0 ml (84.9 mmol) of propylamine and 60 ml of
      EtOH was refluxed for 2.5 hrs. Evaporation of the reaction mixture gave a
      residual solid which was recrystallized from acetone to give the crude
      product; yield 4.78 g (87.0%) mp 117.degree.-120.degree.. Further
      recrystallizations of the crude white material from acetone gave the
      analytical material; mp 122.degree.-125.degree..
PAC  METHOD E
PAC  9-(3,4-Dimethylbenzyl)adenine (W10,813).
PAR  An ice cold suspension containing adenine (10.0 g, 74 mmol), 3.74 g (89.0
      mmol) of NaH (57% suspension in oil) and 120 ml of DMF was allowed to
      reach RT and stirred for one additional hour. 3,4-Dimethylbenzyl chloride
      13.7 g (89 mmol) was added to the reaction mixture. The resultant mixture
      was allowed to react at RT for 17 hrs with stirring. The reaction mixture
      was cooled and the resultant precipitate was collected by filtration
      giving the crude reaction product. Recrystallization of the crude white
      solid from methanol gave 3.90 g (21%) of white crystalline material; mp
      206.degree.-209.degree.. The analytical sample was obtained by
      recrystallization from methanol; mp 211.degree.-213.degree..
PAR  Anal. Calcd for C.sub.14 H.sub.15 N.sub.5 : C, 66.38; H, 5.97; N, 27.65.
      Found: C, 66.38; H, 6.10; N, 27.80.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula II:
      ##SPC6##
PAL  wherein R.sub.2 is naphthyl alkyl of 1 to 3 carbons or phenyl alkyl of 1 to
      3 carbons substituted in the aryl moiety by one or two alkoxy of 1 to 6
      carbons or one or two chloro.
NUM  2.
PAR  2. A compound according to claim 1 in which R.sub.2 is 3,4-dimethoxybenzyl.
NUM  3.
PAR  3. A compound according to claim 1 in which R.sub.2 is
      2-(3,4-dimethoxyphenyl)ethyl.
NUM  4.
PAR  4. A compound according to claim 1 in which R.sub.2 is 1-naphthylmethyl.
NUM  5.
PAR  5. A compound according to claim 1 in which R.sub.2 is 3,4-dichlorobenzyl.
PATN
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ABST
PAL  A series of novel 1-piperidinesulfonylurea compounds derived from a
      pyrimidine monocarboxylic acid have been prepared by reacting an
      appropriate sulfamide with an organic isocyanate or a trisubstituted urea
      equivalent thereof. The sulfamylureas so obtained are useful in therapy as
      oral hypoglycemic agents. Typical members include those compounds derived
      from 1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxylic
      acid, of which
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(1,3-dimethyl-1,2,3,4
     -tetrahydropyrimidine-2,4-dione-5-carboxamido)ethyl]-1-piperidinesulfonyl}
      urea is a most preferred embodiment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful sulfamylurea derivatives, which
      are effective in reducing blood sugar levels to a remarkably high degree.
      More particularly, it is concerned with certain novel
      4-substituted-1-piperidinesulfonylureas and their base salts with
      pharmacologically acceptable cations, which are useful in therapy as oral
      hypoglycemic agents for the treatment of diabetes.
PAR  In the past, various attempts have been made by numerous investigators in
      the field of organic medicinal chemistry to obtain new and better oral
      hypoglycemic agents. For the most part, these efforts have principally
      involved the synthesis and testing of various new and heretofore
      unavailable organic compounds, particularly in the area of the
      sulfonylureas. However, in the search for still newer and more improved
      oral hypoglycemic agents, far less is known about the activity of various
      heterocyclic sulfonylureas like 4-substituted-1-piperidinesulfonylureas
      and their derivatives. For instance, J. M. McManus et al. in the Journal
      of Medicinal Chemistry, Vol. 8, p. 766 (1965) report on several
      cyclicsulfamylureas that are active, but none of these compounds possess
      any outstanding clinical advantages over that of either chlorpropamide or
      tolbutamide when used in this connection.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, it has now been rather
      surprisingly found that certain novel 1-piperidinesulfonylureas (i.e.,
      sulfamylureas) derived from a pyrimidine monocarboxylic acid are extremely
      useful when employed as oral hypoglycemic agents for the treatment of
      diabetic subjects. The novel sulfamylurea compounds of this invention are
      all selected from the group consisting of 1-piperidinesulfonylureas of the
      formula:
      ##SPC1##
PAL  And the base salts thereof with pharmacologically acceptable cations,
      wherein R and R.sub.1 are each alkyl having from one to three carbon
      atoms, and R.sub.2 is a member selected from the group consisting of
      bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl,
      bicyclo[2.2.1]hept-2-yl-endo-methyl,
      7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl, 1-adamantyl and cycloalkyl
      having from five to eight carbon atoms. These compounds are all useful in
      lowering blood sugar levels when administered by the oral route of
      administration.
PAR  Of especial interest in this connection are such typical and preferred
      member compounds of the invention as
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl-3-{4-[2-(1,3-dimethyl-1,2,3,4-
     tetrahydropyrimidine-2,4-dione-5-carboxamido)ethyl]-1-piperidinesulfonyl}ur
     ea,
      1-(bicyclo[2.2.1]hept-2-yl-endo-methyl)-3-{4-[2-(1,3-dimethyl-1,2,3,4-tetr
     ahydropyrimidine-2,4-dione-5-carboxamido)ethyl]-1-piperidinesulfonyl}urea,
      1-(7-oxabicyclo[2.2.1]hept-2-yl-endomethyl)-3-{4-[2-(1,3-dimethyl-1,2,3,4-
     tetrahydropyrimidine-2,4-dione-5-carboxamido)ethyl]-1-piperidinesulfonyl}ur
     ea,
      1-(1-adamantyl)-3-{4-[2-(1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-dio
     ne-5-carboxamido)ethyl]-1-piperidinesulfonyl}urea,
      1-cyclohexyl-3-{4-[2-(1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-
     5-carboxamido)ethyl]-1-piperidinesulfonyl}urea and
      1-(bicyclo[2.2.1]-hept-5-en-2-yl-endo-methyl-3-{4-[2-(1-n-propyl-3-ethyl-1
     ,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxamido)ethyl]-1-piperidinesulf
     onyl}urea, and their corresponding sodium salts. These particular compounds
      are all highly potent as regards their hypoglycemic activity.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the process employed for preparing the novel compounds
      of this invention, an appropriately substituted sulfamide compound of the
      formula:
      ##SPC2##
PAL  is reacted with an organic isocyanate reagent of the formula R.sub.2 NCO
      wherein R.sub.2 corresponds to the previously defined 1-substituent on the
      urea moiety of the desired final product. In this way, the corresponding
      1-piperidinesulfonylurea compound is formed where R and R.sub.1 on the
      pyrimidine moiety are each defined as previously indicated. This
      particular reaction is normally conducted in a basic solvent medium, most
      desirably employing an aprotic organic solvent such as tetrahydrofuran,
      dimethylsulfoxide or dimethylformamide and preferably using a slight
      excess in moles of a base, like triethylamine or sodium hydride in mineral
      oil, etc. Many of the aforesaid isocyanate reagents (R.sub.2 NCO) are
      either known compounds or else they can easily be prepared, using methods
      well-known to those skilled in the art starting from readily available
      materials. In practice, it is usually preferable to employ at least about
      a molar equivalent of the isocyanate reagent in the aforesaid reaction of
      the present invention, with best results often being achieved by using a
      slight excess of same. Any temperature below that of reflux may be used in
      order to effect the reaction, which normally requires a time period of
      anywhere from several minutes up to about 24 hours depending, of course,
      upon the particular 1-piperidinesulfonylurea being prepared as well as the
      actual temperature of the reaction. Upon completion of this step, the
      product is easily isolated from the spent mixture in a most conventional
      fashion, e.g., by pouring same into an excess of anhydrous diethyl ether,
      whereby the desired 1-piperidinesulfonylurea readily precipitates in salt
      form from said mixture and is subsequently collected by such means as
      suction filtration and the like. Conversion to the free acidic compound
      then follows in due course in accordance with the classical methods of
      organic chemistry.
PAR  Another method for preparing the subject compounds of this invention
      involves reacting a 1-piperidinesulfamide in the form of an alkali metal
      or alkaline-earth metal salt (either employed as such or else formed in
      situ) with an appropriate 1,1,3-trisubstituted urea of the formula
      (R').sub.2 NCONHR.sub.2, wherein R' is an aryl group such as phenyl,
      p-chlorophenyl, p-bromophenyl, p-nitrophenyl, p-acetylaminophenyl,
      p-tolyl, p-anisyl, .alpha.-naphthyl, .beta.-naphthyl, and the like. This
      reaction is preferably carried out in the presence of a neutral polar
      organic solvent medium. Typical organic solvents for use in this
      connection include the N,N-dialkyl lower alkanoamides like
      dimethylformamide, dimethylacetamide, diethylformamide and
      diethylacetamide, as well as lower dialkyl sulfoxides such as dimethyl
      sulfoxide, diethyl sulfoxide and di-n-propyl sulfoxide, etc. It is
      desirable that the aforesaid solvent for this reaction be present in
      sufficient amount to dissolve each of the previously mentioned starting
      materials. In general, the reaction is conducted at a temperature that is
      in the range of from about 20.degree.C. up to about 150.degree.C. for a
      period of about 0.5 to about 24 hours. The relative amounts of reagents
      employed are such that the molar ratio of 1-piperidinesulfamide to the
      1,1-diaryl-3-(monosubstituted)urea is most desirably in the preferred
      range of from about 1:1 to about 1:2, respectively. Recovery of the
      desired product from the reaction mixture is then achieved by first
      diluting the reaction solution with water and then adjusting if necessary
      the pH of the resulting solution to a value of at least about 8.0,
      followed by subsequent extraction of the basic aqueous solution with any
      water-immiscible organic solvent in order to remove the diarylamine
      byproduct of formula (R').sub.2 NH as well as minor amounts of unreacted
      or excess starting material that might possibly be present at this stage.
      Isolation of the desired 1-piperidinesulfonylurea from the basic aqueous
      layer then follows in due course, viz., by adding a sufficient amount of a
      dilute aqueous acid solution to cause precipitation of the desired
      sulfamylurea to occur.
PAR  The two major type starting materials required for this reaction, viz., the
      1-piperidinesulfamides and the 1,1-diaryl-3-(monosubstituted)ureas, are
      both readily prepared by those skilled in the art in accordance with the
      conventional methods of organic chemistry. For instance, the
      1-piperidinesulfamides, which are novel compounds and are also used as
      starting materials in the previously described isocyanate method, are
      suitably obtained by using classical methods of synthesis starting from
      the known 4-(2-aminoethyl)pyridine and proceeding in accordance with
      standard organic procedure as hereinafter described in the experimental
      section of this specification in some detail (see Preparations A-F and
      Examples I-III). The 1,1-diaryl3-(monosubstituted)-ureas, on the other
      hand, are all readily prepared from common organic reagents by employing
      standard procedures well known in the art, e.g., the desired
      1,1,3-trisubstituted urea may be prepared from the corresponding
      disubstituted carbamyl chloride [(R').sub.2 NCOCl] and the appropriate
      amine (R.sub.2 NH.sub.2) in accordance with the general procedure of
      J.F.L. Reudler, as described in Recueil des Travaux Chimiques des
      Pays-Bas, Vol. 33,p. 64 (1914).
PAR  The chemical bases which are used as reagents in this invention to prepare
      the aforementioned pharmaceutically acceptable base salts are those which
      form non-toxic salts with the many herein described acidic
      1-piperidinesulfonylureas, such as
      1(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(1,3-dimethyl-1,2,3,4-
     tetrahydropyrimidine-2,4-dione-4-carboxamido)ethyl]-1-piperidinesulfonyl}ur
     ea, for example. These particular non-toxic base salts are of such nature
      that their cations are said to be essentially non-toxic in character over
      the wide range of dosage administered. Examples of such cations include
      those of sodium, potassium, calcium and magnesium, etc. These salts can
      easily be prepared by simply treating the aforementioned
      1-piperidinesulfonylureas with an aqueous solution of the desired
      pharmacologically acceptable cations, and then evaporating the resulting
      solution to dryness while preferably being placed under reduced pressure.
      Alternatively, they may also be prepared by mixing lower alkanolic
      solutions of the said acidic compounds and the desired alkali metal
      alkoxide together, and then evaporating the resulting solution in the same
      manner as before. In either case, stoichiometric amounts of reagents must
      be employed in order to ensure completeness of reaction and maximum
      production of yields with respect to the desired final product.
PAR  As previously indicated, the 1-piperidinesulfonylurea compounds of this
      invention are all readily adapted to therapeutic use as oral hypoglycemic
      agents, in view of their ability to lower the blood sugar levels of
      diabetic and non-diabetic subjects to a statistically significant degree.
      For instance,
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(1,3-dimethyl-1,2,3,4
     -tetrahydropyrimidine-2,4-dione-5-carboxamido)ethyl]-1-piperidinesulfonyl}u
     rea (as the sodium salt), a typical and preferred agent of the present
      invention, has been found to consistently lower blood sugar levels in the
      normal fasted rat (as well as in fed rats and dogs) to a statistically
      significant degree when given by the intraperitoneal route of
      administration at dose levels ranging from 1.0 mg./kg. to 15 mg./kg.,
      respectively, without showing any substantial signs of toxic side effects.
      The other compounds of this invention also cause similar results.
      Furthermore, all the herein described compounds of this invention can be
      administered orally, for the present purposes at hand, without causing any
      significant untoward pharmacological side reactions to occur in the
      subject to whom they are so administered. In general, these compounds are
      ordinarily administered at dosage levels ranging from about 0.1 mg. to
      about 2.5 mg. per kg. of body weight per day, although variations will
      necessarily occur depending upon the condition and individual response of
      the subject being treated and the particular type of oral formulation
      chosen.
PAR  In connection with the use of the 1-piperidinesulfonylurea compounds of
      this invention for the treatment of diabetic subjects, it is to be noted
      that they may be administered either alone or in combination with
      pharmaceutically acceptable carriers and that such administration can be
      carried out in both single and multiple dosages. More particularly, the
      novel compounds of the invention can be administered in a wide variety of
      different dosage forms, i.e., they may be combined with various
      pharmaceutically acceptable inert carriers in the form of tablets,
      capsules, lozenges, troches, hard candies, powders, aqueous suspension,
      elixirs, syrups and the like. Such carriers include solid diluents or
      fillers, sterile aqueous media and various non-toxic organic solvents,
      etc. Moreover, such oral pharmaceutical compositions can be suitably
      sweetened and/or flavored by means of various agents of the type commonly
      employed for just such a purpose. In general, the
      therapeutically-effective compounds of this invention are present in such
      dosage forms at concentration levels ranging from about 0.5 to about 90
      percent by weight of the total composition, i.e., in amounts which are
      sufficient to provide the desired unit dosage.
PAR  For purposes of oral administration, tablets containing various excipients
      such as sodium citrate, calcium carbonate and dicalcium phosphate may be
      employed along with various disintegrants such as starch and preferably
      potato or tapioca starch, alginic acid and certain complex silicates,
      together with binding agents such as polyvinylpyrrolidone, gelatin and
      acacia. Additionally, lubricating agents such as magnesium stearate,
      sodium lauryl sulfate and talc are often very useful for tabletting
      purposes. Solid compositions of a similar type may also be employed as
      fillers in soft and hard-filled gelatin capsules; preferred materials in
      this connection would also include the high molecular weight polyethylene
      glycols. When aqueous suspensions and/or elixirs are desired for oral
      administration, the essential active ingredient therein may be combined
      with various sweetening or flavoring agents, coloring matter or dyes and,
      if so desired, emulsifying and/or suspending agents as well, together with
      such diluents as water, ethanol, propylene glycol, glycerin and various
      like combinations thereof.
PAR  The activity of the compounds of the present invention, as hypoglycemic
      agents, is determined by their ability to lower blood sugar levels in the
      normal fasted rat when tested therein for such purposes according to the
      procedure described by W. S. Hoffman, as reported in the Journal of
      Biological Chemistry, Vol. 120, p. 51 (1937). The latter method measures
      directly the amount of glucose in the blood at any given time and from
      this, the maximum percent decrease in blood sugar can be readily
      calculated and reported as hypoglycemic activity per se. In this way, the
      present 1-piperidinesulfonylurea compounds are shown to markedly reduce
      the blood sugar levels of non-anesthetized rats when administered to them
      at dose levels as low as 1.0 mg./kg.
PAC  PREPARATION A
PAR  To a rapidly-stirred solution consisting of 148.1 g. (1.0 mole) of phthalic
      anhydride dissolved in 1000 ml. of xylene and also containing 13 ml. of
      triethylamine, there was slowly added in a dropwise manner 122.1 g. (1.0
      mole) of 4-(2-aminoethyl)-pyridine [L. E. Brady et al., Journal of Organic
      Chemistry, Vol. 26, p. 4758 (1961)] dissolved in 1000 ml. of xylene. The
      reaction was slightly exothermic in nature and a heavy orange-yellow gum
      was observed to precipitate from the stirred system toward the end of the
      addition step. Upon completion of the addition, the resulting reaction
      mixture was refluxed for a period of approximately two hours (using a
      Dean-Stark trap to remove the water therefrom) and there was thus obtained
      a completely homogeneous yellow liquid. The latter liquid was then
      decanted while still hot into a 2-liter Erlenmeyer Flask and slowly
      allowed to crystallized on cooling to room temperature
      (.about.25.degree.C.). In this manner, there were ultimately obtained 209
      g. (83%) of crystalline 4-(2-phthalimidoethyl)pyridine in the form of a
      white solid material melting at 155.degree.-157.degree.C.
PAR  Anal. Calcd. for C.sub.15 H.sub.12 N.sub.2 O.sub.2 : C, 71.41; H, 4.80; N,
      11.11. Found: C, 71.55; H, 4.91; N, 10.75.
PAR  A 15-gal. autoclave was charged with 1.8 kg. (7.13 moles) of
      4-(2-phthalimidoethyl)pyridine, 10.62 gal. of anhydrous methanol saturated
      with dry hydrogen chloride gas and 72.2 g. of platinum oxide catalyst. The
      autoclave and its contents were then placed under 200 p.s.i. pressure of
      hydrogen, while at 50.degree.C. and held at that point until 95 percent of
      the theoretical hydrogen uptake was complete (this required approximately
      4.33 hours). At the end of this time, the reaction mixture was cooled to
      24.degree.C., vented and then purged with nitrogen. After removal of the
      catalyst by means of filtration, the resulting filtrate was concentrated
      in vacuo to a final volume of ca. 3.0 liters and the solid product, which
      had precipitated from the residual liquid during the course of the
      concentration step, was then recovered by means of collecting same on a
      filter funnel with the aid of suction filtration. Upon washing with
      isopropanol and air-drying to constant weight, there was obtained 1070 g.
      (51 percent) of crystalline 4-(2-phthalimidoethyl)piperidine hydrochloride
      in the form of a pure white solid (m.p. 235.degree.-242.degree.C.).
      Recrystallization from ethanol-diethyl ether then raised the melting point
      to  240-242.degree.C. (analytical sample).
PAR  Anal. Calcd. for C.sub.15 H.sub.18 N.sub.2 O.sub.2.HCl: C, 61.07; H, 6.49:
      N, 9.50. Found: C, 60.79; H, 6.37; N, 9.43.
PAR  A 12-liter three-necked, round-bottomed flask was charged with 1700 g.
      (5.69 mole) of 4-(2-phthalimidoethyl)piperidine hydrochloride, 552 g.
      (5.69 mole) of sulfamide and 5.8 liters of pyridine. The resulting
      reaction mixture was then stirred under the reflux conditions for a period
      of 24 hours and finally cooled to room temperature (.about.25.degree.C.).
      The cooled mixture was next poured into an ice-water mixture (36 liters)
      and stirred for an additional period of 30 minutes. At this point, the
      precipitated product was collected by means of suction filtration, washed
      with 5.0 liters of 0.1N hydrochloric acid, then with 15 liters of water
      and finally with 3.0 liters of cold ethanol. After air-drying to constant
      weight, there was obtained a 1326 g. (71 percent) yield of pure
      4-(2-phthalimidoethyl)-1-piperidinesulfonamide, m.p.
      195.degree.-197.degree.C. Recrystallization from ethanol then gave the
      analytical sample as a white solid material (m.p.
      202.degree.-203.degree.C.).
PAR  A 1-liter round-bottomed flask was charged with 28.4 g. (0.084 mole) of
      4-(2-phthalimidoethyl)-1-piperidinesulfonamide, 2.7 g. (0.084 mole) of
      anhydrous hydrazine and 250 ml. of methanol. The resulting white
      suspension was stirred and then refluxed for a period of 90 minutes,
      followed by removal of the most of the methanol via fractional
      distillation. At this point, the reaction mixture was observed to be a
      homogeneous yellow solution. Concentrated hydrochloric acid (350 ml.) was
      then added, and the resulting mixture was refluxed for an additional
      period of three hours before being cooled to room temperature. The
      insoluble byproduct, which appeared at this point as a precipitate, was
      then removed by means of suction filtration and the resulting filtrate was
      thereafter evaporated to near dryness while under reduced pressure to give
      a white solid material as the final residual product. The latter was
      subsequently triturated with hot acetone, filtered and air dried to
      constant weight to afford 18.5 g. (91 percent) of pure
      4-(2-aminoethyl)-1-piperidinesulfonamide hydrochloride, m.p.
      188.degree.-192.degree.C. Recrystallization from ethanol then gave the
      analytical sample (m.p. 195.degree.-197.degree.C.).
PAR  Anal. Calcd. for C.sub.7 H.sub.17 N.sub.3 O.sub.2 S.HCl: C, 34.49; H, 7.44;
      N, 17.24. Found: C, 34.56; H, 7.45; N, 17.24.
PAC  PREPARATION B
PAR  A suspension of 9.2 g. (0.05 mole) of
      1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxylic acid [C.
      W. Whitehead, Journal of the American Chemical Society, Vol. 74, p. 4267
      (1952)] in 50 ml. of carbon tetrachloride and 70 ml. of thionyl chloride
      was heated on a steam bath for a period of 45 minutes. At the end of this
      time, the clear solution so obtained was concentrated in vacuo and excess
      thionyl chloride was then removed by adding 100 ml. of benzene to the
      solution and subsequently evaporating the resulting mixture to dryness
      while under reduced pressure. This particular purification step was
      repeated again and there was ultimately obtained pure
      1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxylic acid
      chloride in the form of a white crystalline residue, which was used as
      such in the next reaction step without any further purification being
      necessary. The yield of the acid chloride product was nearly quantitative.
PAC  PREPARATION C
PAR  A suspension of 2.3 g. (0.01 mole) of
      1-n-propyl-3-ethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxylic
      acid [prepared according to the method of C. W. Whitehead, Journal of the
      American Chemical Society, Vol. 74, p. 4267 (1952)] in 10 ml. of carbon
      tetrachloride and 10 ml. of thionyl chloride was heated on a steam bath
      until evolution of both hydrogen chloride and sulfur dioxide gas subsided.
      Removal of the solvent and excess thionyl chloride from the mixture was
      then accomplished by concentrating same in vacuo, followed by the addition
      of 50 ml. of benzene to the residue in order to remove any remaining
      traces of thionyl chloride. The resulting mixture was then evaporated to
      dryness while under reduced pressure and after repeating the entire
      purification procedure three times, there was ultimately obtained pure
      1-n-propyl-3-ethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxylic
      acid chloride in the form of a pale yellow crystalline residue. The latter
      material was used in the next reaction step without any further
      purification being necessary. The yield of said acid chloride product was
      quantitative.
PAC  PREPARATION D
PAR  The procedure described in Preparations B-C is repeated here to prepare the
      following 1,3-dialkyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxylic
      acid chlorides, starting from the corresponding acid in each case:
PA0  1-methyl-3-ethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxylic acid
      chloride
PA0  1-methyl-3-isopropyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxylic
      acid chloride
PA0  1-ethyl-3-methyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxylic acid
      chloride
PA0  1,3-diethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxylic acid
      chloride
PA0  1-ethyl-3-n-propyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxylic acid
      chlorde
PA0  1-isopropyl-3-methyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxylic
      acid chloride
PA0  1,3-di-n-propyl-1,2,3,4tetrahydropyrimidne-2,4-dione-5-carboxylic acid
      chloride
PAC  PREPARATION E
PAR  A 500 ml. three-necked, round bottomed flask was charged with 14.6 g.
      (0.119 mole) of endo-2-aminomethylbicyclo[2.2.1]hept-5-ene [P. Wilder et
      al., Journal of Organic Chemistry, Vol. 30, p. 3078 (1965)], 18.0 g.
      (0.178 mole) of triethylamine and 100 ml. of tetrahydrofuran. The mixture
      was then rapidly cooled and stirred in an ice bath, while a solution
      consisting of 27.4 g. (0.119 mole) of N,N-diphenylcarbamoyl chloride
      dissolved in 100 ml. of tetrahydrofuran was slowly added thereto in a
      dropwise manner. After the addition was complete, the reaction mixture was
      stirred at room temperature (.about.25.degree.C.) for a period of one hour
      and the resulting solution was then concentrated in vacuo (to
      approximately one-third of its original volume) to remove most of the
      tetrahydrofuran. On cooling, there was obtained a crystalline precipitate,
      which was subsequently collected by means of suction filtration and
      thereafter suspended in 250 ml. of 1N aqueous hydrochloric acid.
      Extraction of the latter aqueous solution with three 200-ml. portions of
      chloroform, followed by drying of the combined organic extracts then gave
      a clear organic solution upon filtration. After evaporating the clear
      filtrate to near dryness while under reduced pressure, there was
      ultimately obtained a heavy viscous oil, which subsequently crystallized
      on trituration with n-hexane. Recrystallization of this latter material
      from diethyl ether /n-hexane then gave pure
      1,1-diphenyl-3-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)urea, m.p.
      129.degree.-130.degree.C. The analytical sample was a crystalline white
      solid.
PAR  Anal. Calcd. for C.sub.21 H.sub.22 N.sub.2 O: C, 79.21: H, 6.96; N, 8.80.
      Found: C, 79.19; H, 7.05; N, 8.93.
PAC  PREPARATION F
PAR  A 3-liter round-bottomed flask was charged with 212 g. (4.0 moles) of
      acrylonitrile, 272 g. (4.0 moles) of furan and 50 mg. of hydroquinone all
      dissolved in a total of one liter of dry benzene. Stirring was then
      commenced, while a solution consisting of 55 ml. (0.5 mole) of titanium
      tetrachloride dissolved in 500 ml. of benzene was added at such a rate
      that the temperature did not exceed 35.degree.C. The resulting mixture was
      then stirred at room temperature (.about.25.degree.C.) for a period of
      five days in order to complete the reaction, followed by treatment with
      500 ml. of 0.5N hydrochloric acid. After filtering the acidified mixture,
      the benzene layer was collected and subsequently saved, while the aqueous
      layer was extracted anew with a fresh portion of benzene. At this point,
      the organic layers were combined, washed with water and then dried over
      anhydrous magnesium sulfate. After removal of the drying agent by means of
      suction filtration and the organic solvent by means of evaporation under
      reduced pressure, there was obtained 156.3 g. (32%) of
      7-oxabicyclo[2.2.1]-hept-5-en-2-ylnitrile in the form of a crude mixture
      of endo- and exo-isomers.
PAR  The above crude mixture (130 g.) was then hydrogenated in 1000 ml. of
      acetone at 50 p.s.i. pressure, using 2 g. of palladium-on-barium sulfate
      was catalyst. After removal of the catalyst by means of suction filtration
      and the solvent by means of evaporation under reduced pressure, there was
      obtained a residual liquid which on fractional distillation gave 55.5 g.
      (42 percent) of pure endo-7-oxabicyclo[2.2.1]hept-2-ylnitrile (b.p.
      45.degree.C./0.1 mm. Hg) and 37.9 g. (29 percent) of pure
      exo-7-oxabicyclo[2.2.1]hept-2-ylnitrile (b.p. 48.degree.C./0.02 mm.Hg)
      plus 14.7 g. (11%) of an endo/exo mixture.
PAL  Anal. Calcd. for C.sub.7 H.sub.9 NO: C, 68.27; H, 7.37; N, 11.37. Found:
      (endo): C, 67.96; H, 7.21; N, 11.37. Found: (exo): C, 68.32; H, 7.42; N,
      11.64.
PAR  To a well-stirred solution consisting of 54.3 g. (9.44 mole) of
      endo-7-oxabicyclo[2.2.1]hept-2-ylnitrile dissolved in 500 ml. of methanol,
      there were added 24 ml. of a slurry of Raney nickel in methanol, followed
      by the dropwise addition of 33.2 g. (0.88 mole) of sodium borohydride
      dissolved in 110 ml. of 4N aqueous sodium hydroxide. The latter step was
      carried out with the aid of external cooling so as to keep the temperature
      of the reaction mixture within the 40.degree.-50.degree.C. range. After
      the addition was complete (and this required approximately 25 minutes),
      the mixture was further stirred at ambient temperatures (i.e., without
      cooling) for a period of 20 minutes, at which point no further gas
      evolution could be detected. The spent reaction mixture was then filtered
      to remove solid impurities, and the resulting filtrate thereafter
      concentrated in vacuo to afford a residue that was subsequently suspended
      in 500 ml. of 1N aqueous sodium hydroxide. After extracting the latter
      basic aqueous solution three times with chloroform, the chloroform
      extracts were combined, dried over anhydrous magnesium sulfate and
      thereafter evaporated to constant volume while under reduced pressure to
      give 55.5 g. (100 percent) of endo-7-oxabicyclo[2.2.1]hept-2-ylmethylamine
      (b.p. 90.degree.C./10 mm. Hg.), which was used as such in the next
      reaction step without any further purification being necessary.
PAR  The procedure described in Preparation E was now repeated to prepare the
      1,1-diphenyl-3(monosubstituted)urea compound except that
      endo-7-oxabicyclo[2.2.1]hept-2-ylmethylamine obtained as described above
      was the appropriate amine starting material employed in place of
      endo-2-aminomethylbicyclo[2.2.1]hept-5-ene, again using the same molar
      proportions as before. In this particular case, the corresponding final
      product thus obtained was
      1,1-diphenyl-3-(7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl)-urea, m.p.
      109.degree.-111.degree.C.
PAR  Anal. Calcd. for C.sub.20 H.sub.22 N.sub.2 O.sub.2 : C, 74.49; H, 6.89; N,
      8.68. Found: C, 74.28; H, 6.93; N, 8.61.
PAC  EXAMPLE I
PAR  To a mixture of 12.1 g. (0.05 mole) of
      4-(2-aminoethyl)-1-piperidinesulfonamide hydrochloride and 10.2 g. (0.10
      mole) of triethylamine in 100 ml. of dry tetrahydrofuran, there was added
      the product of Preparation B (viz.,
      1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxylic acid
      chloride) suspended in 50 ml. of tetrahydrofuran. The reaction mixture was
      then stirred at ambient temperatures for a period of approximately 16
      hours. At the end of this time, the precipitated solids which formed were
      subsequently recovered by means of suction filtration and thereafter
      thoroughly digested with 200 ml. of water. The insoluble product was then
      collected again on the filter funnel and air-dried to constant weight,
      followed by recrystallization from 200 ml. of acetone to give 17 g. (94
      percent) of pure 4-[
      2-(1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxamido)ethyl
     ]-1-piperidinesulfonamide, m.p. 201.degree.-202.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.23 N.sub.5 O.sub.5 S: C, 45.03; H, 6.14; N,
      19.38. Found: C, 45.33; H, 6.14; N, 19.45.
PAC  EXAMPLE II
PAR  To a mixture of 2.4 g. (0.01 mole) of
      4-(2-aminoethyl)-1-piperidinesulfonamide hydrochloride and 2.0 g. (0.02
      mole) of triethylamine in 25 ml. of dry tetrahydrofuran, there was added
      the product of Preparation C (viz.,
      1-n-propyl-3-ethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxylic
      acid chloride) suspended in 25 ml. of dry tetrahydrofuran. The reaction
      mixture was then stirred at ambient temperatures for a period of
      approximately 16 hours. At the end of this time, the crystalline
      precipitate of triethylamine hydrochloride was removed by suction
      filtration and the resulting filtrate was thereafter evaporated to dryness
      under reduced pressure to give 4.0 g. of crude
      4-[2-(1-n-propyl-3-ethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxam
     ido)ethyl]-1-piperidinesulfonamide in the form of a yellow colored gum. The
      latter material was then recrystallized from acetonitrile and there was
      ultimately obtained (after three recrystallizations)2.0 g. of pure
      product, viz.,
      4-[2-(1-n-propyl-3-ethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxam
     ido)ethyl]-1-piperidinesulfonamide in the form of white needles melting at
      164.degree.-165.degree.C. The yield of pure product amounted to 47
      percent.
PAR  Anal. Calcd. for C.sub.17 H.sub.23 N.sub.5 O.sub.5 S: C, 49.14; H, 7.03; N,
      16.86. Found: C, 49.01; H, 6.89; N, 16.89.
PAC  EXAMPLE III
PAR  The procedure described in Examples I-II is repeated to prepare the
      following 1-piperidinesulfonamides by simply using the appropriate
      1,3-dialkyl-1,2,3,4-tetrahydropyrimidine-2,4dione-5-carboxylic acid
      chloride as the requisite starting material of choice in each instance;
      ##SPC3##
TBL  R                    R.sub.1                                              
     ______________________________________                                    
     C.sub.2 H.sub.5      CH.sub.3                                             
     iso-C.sub.3 H.sub.7  CH.sub.3                                             
     CH.sub.3             C.sub.2 H.sub.5                                      
     C.sub.2 H.sub.5      C.sub.2 H.sub.5                                      
     n-C.sub.3 H.sub.7    C.sub.2 H.sub.5                                      
     CH.sub.3             iso-C.sub.3 H.sub.7                                  
     n-C.sub.3 H.sub.7    n-C.sub.3 H.sub.7                                    
     ______________________________________                                    
PAC  EXAMPLE IV
PAR  A mixture of 2.8 g. (0.0075 mole) of
      4-[2-(1,3-dimethyl-1,2,3,4,-tetrahydropyrimidine-2,4-dione-5-carboxamido)e
     thyl]-1-piperidinesulfonamide, 2.4 g. (0.0075 mole) of
      1,1-diphenyl-3-bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)urea and 0.34 g.
      (0.0075 mole) of 56% sodium hydride (in mineral oil) in 15 ml. of dry
      N,N-dimethylformamide was heated to 70.degree.C. for a period of one hour.
      The clear solution so obtained was then cooled and subsequently poured
      into 200 ml. of diethyl ether, followed by recovery of the resulting
      crystalline precipitate via suction filtration. The filter cake was then
      washed well with diethyl ether and thereafter dissolved in 50 ml. of
      water. Upon acidification with 10 ml. of 6N hydrochloric acid and
      extraction into chloroform (three-50 ml. portions were required), followed
      by decolorization with charcoal and drying over anhydrous magnesium
      sulfate, there was finally obtained a clear chloroform solution of the
      desired product. Evaporation of the latter solution to near dryness while
      under reduced pressure then gave a crystalline residue, which was
      subsequently recrystallized from 350 ml. of acetonitrile to give 2.2 g.
      (57 percent) of pure
      1-(bicyclo-[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(1,3-dimethyl-1,2,3,
     4-tetrahydropyrimidine-2,4-dione-5-carboxamido)ethyl]-1-piperidinesulfonyl}
     urea, m.p. 216.degree.-217.degree.C.
PAR  Anal. Calcd. for C.sub.23 H.sub.34 N.sub.6 O.sub.6 S: C, 52.86; H, 6.65; N,
      16.08. Found: C, 52.74; H, 6.50; N, 16.65.
PAC  EXAMPLE V
PAR  A mixture of 1.0 g. (0.002 mole) of
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl-3-{4-[2-(1,3-dimethyl-1,2,3,4-
     tetrahydropyrimidine-2,4-dione-5-carboxamido)ethyl]-1-piperidinesulfonyl}ur
     ea and 0.20 g. of 5% palladium-on-carbon catalyst in 300 ml. of
      tetrahydrofuran was hydrogenated on a Parr shaker at 40 p.s.i. pressure
      until no further hydrogen uptake could be detected. The catalyst was then
      separated from the mixture by means of filtration and the resulting
      filtrate thereafter evaporated to dryness under reduced pressure. In this
      manner, there was obtained a crude residual product which after
      recrystallization from acetonitrile afforded pure
      1-(bicyclo[2.2.1]hept-2-yl-endo
      methyl)-3-{4-[2-(1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-car
     boxamido)ethyl]-1-piperidinesulfonyl}urea (m.p.
      211.5.degree.-212.5.degree.C.) in 74 percent yield.
PAR  Anal. Calcd. for C.sub.23 H.sub.36 N.sub.6 O.sub.6 S.O.5H.sub.2 O C, 51.76;
      H, 6.99; N, 15.75. Found: C, 51.89; H, 6.71; N, 16.01.
PAC  EXAMPLE VI
PAR  A mixture consisting of 750 mg. (0.002 mole) of
      4-[2-(1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxamido)-e
     thyl]-1-piperidinesulfonamide, 280 mg. (0.002 mole) of cyclohexyl
      isocyanate and 90 mg. (0.002 mole) of 56.6% sodium hydride (dispersed in
      mineral oil) in 10 ml. of dry N,N-dimethylformamide was stirred at ambient
      temperatures for a period of 14 hours. At the end of this time, the
      mixture was poured into 300 ml. of anhydrous diethyl ether and the white
      crystalline precipitate which formed at this point was subsequently
      recovered by means of suction filtration and washed well with fresh
      diethyl ether prior to being dissolved in 1N aqueous hydrochloric acid.
      The latter aqueous solution was then extracted with chloroform and the
      chloroform extracts thereafter separated from the aqueous layer, washed
      well with water and then finally with a saturated solution of aqueous
      sodium chloride. After drying the chloroform solution over anhydrous
      magnesium sulfate, followed by decolorization with charcoal, there was
      ultimately obtained a clear chloroform solution of the desired final
      product. Evaporation of the latter solution to near dryness while under
      reduced pressure then gave a white solid material, which afforded pure
      1-cyclohexyl-3-{4-[2-(1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-
     5-carboxamido)ethyl]-1-piperidinesulfonyl}urea (m.p.
      205.degree.-207.degree.C.) on recrystallization from
      acetonitrile-methanol. The yield of pure product was 70 percent of the
      theoretical value.
PAR  Anal. Calcd. for C.sub.21 H.sub.34 N.sub.6 O.sub.6 S.O.5H.sub.2 O: C,
      49.69; H, 6.95; N, 16.56. Found: C, 49.44; H, 6.65; N, 16.58.
PAC  EXAMPLE VII
PAR  A mixture of 1.7 g. (0.004 mole) of
      4-[2-(1-n-propyl-3-ethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxam
     ido)ethyl]-1-piperidinesulfonamide, 1.6 g. (0.005 mole) of
      1,1-diphenyl-3-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)urea and 0.23 g.
      (0.005 mole) of 56% sodium hydride (in mineral oil) in 20 ml. of dry
      N,N-dimethylformamide was heated at 65.degree.C. for a period of 1.5
      hours. At the end of this time, a homogeneous yellow solution was obtained
      which was subsequently cooled and poured into 150 ml. of dry diethyl
      ether. The white crystalline solid which separated at this point was the
      crude sodium salt of
      1(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(1-n-propyl3-ethyl-1,2
     ,3,4-tetrahydropyrimidine-2,4-dione-5-carboxamido)ethyl]
      -1-piperidinesulfonyl}urea. Purification was then accomplished via
      recrystallization from chloroform-ethyl acetate to give 0.94 g. of a
      white, hygroscopic compound which melted at 143.degree.C. with
      decomposition. The yield of pure product was 39.6 percent of the
      theoretical value.
PAR  Anal. Calcd. for C.sub.26 H.sub.39 N.sub.6 O.sub.6 SNa.2H.sub.2 O: C,
      50.06; H, 6.24; N, 13.48. Found: C, 49.98; H, 6.42; N, 13.22.
PAC  EXAMPLE VIII
PAR  A mixture of 380 mg. (0.001 mole) of
      4-[2-(1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxamido)et
     hyl]-1-piperidinesulfonamide, 220 mg. (0.001 mole) of 1-adamantyl
      isocyanate and 310 mg. (0.002 mole) of anhydrous potassium carbonate in 30
      ml. of acetone was refluxed for a period of 20 hours. At the end of this
      time, the spent reaction mixture was cooled and the excess potassium
      carbonate subsequently removed therefrom by means of suction filtration.
      The resulting filtrate was then slowly acidified with 1N aqueous
      hydrochloric acid causing a white precipitate to form. The latter material
      was subsequently recovered by suction filtration and thereafter
      recrystallized from acetonitrile-methanol to afford 220 mg. (38%) of pure
      1-(1-adamantyl)-3-{4-]2-(1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-dio
     ne-5-carboxamido)ethyl]-1-piperidinesulfonyl}urea, m.p.
      224.degree.-226.degree.C.
PAR  Anal. Calcd. for C.sub.25 H.sub.38 N.sub.6 O.sub.6 S.H.sub.2 O: C, 52.80;
      H, 7.09; N, 14.78. Found: C, 52.76; H, 6.43; N, 14.96.
PAC  EXAMPLE IX
PAR  A mixture consisting of 1.12 g. (0.003 mole) of
      4-[2-(1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxamido)et
     hyl]-1-piperidinesulfonamide, 1,35 g. (0.004 mole) of
      1,1-diphenyl-3-(7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl)urea and 0.19 g.
      (0.004 mole) of 56% sodium hydride (in mineral oil) in 10 ml. of dry
      N,N-dimethylformamide was stirred at ambient temperature for a period of
      18 hours. The resulting mixture was then poured into 200 ml. of anhydrous
      diethyl ether to yield a white-colored gum that was subsequently recovered
      by means of decantation and washed twice with fresh diethyl ether. The gum
      was then dissolved in 1N aqueous hydrochloric acid and the latter aqueous
      solution extracted with chloroform, followed by separation of the organic
      layer and drying over anhydrous magnesium sulfate. After decolorizing the
      organic (chloroform) solution with charcoal and filtering, there was
      obtained a clear solution which was subsequently evaporated to near
      dryness while under reduced pressure to afford a pale yellow-colored oil.
      Crystallization of the latter material from acetonitrile then gave (after
      three recrystallizations) pure
      1-(7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl)-3-{4-[2-(1,3-dimethyl-1,2,3,4
     -tetrahydropyrimidine-2,4-dione-5-carboxamido)ethyl]-1-piperidinesulfonyl}u
     rea in the form of white crystals melting at 217.degree.-218.degree.C. The
      yield of pure product was 20 percent of the theoretical value.
PAR  Anal. Calcd. for C.sub.22 H.sub.34 N.sub.6 O.sub.7 S: C, 50.18; H 6.51; N,
      15.96. Found: C, 49.97; H, 6.51; N, 15.66.
PAC  EXAMPLE X
PAR  The following 1-piperidinesulfonylureas are prepared by employing the
      procedures described in the previous sulfamylurea examples (viz., Examples
      IV-IX), starting from the corresponding sulfamide and the appropriate
      organic isocyanate or 1,1-diphenyl-3-substituted urea in each instance:
      ##SPC4##
TBL  R      R.sub.1  R.sub.2                                                   
     ______________________________________                                    
     CH.sub.3                                                                  
            CH.sub.3 cyclopentyl                                               
     C.sub.2 H.sub.5                                                           
            n-C.sub.3 H.sub.7                                                  
                     cyclohexyl                                                
     C.sub.2 H.sub.5                                                           
            CH.sub.3 cycloheptyl                                               
     iso-C.sub.3 H.sub.7                                                       
            CH.sub.3 cyclooctyl                                                
     CH.sub.3                                                                  
            C.sub.2 H.sub.5                                                    
                     bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl                  
     C.sub.2 H.sub.5                                                           
            C.sub.2 H.sub.5                                                    
                     bicyclo[2.2.1]hept-2-yl-endo-methyl                       
     n-C.sub.3 H.sub.7                                                         
            C.sub.2 H.sub.5                                                    
                     7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl                  
     CH.sub.3                                                                  
            iso-C.sub.3 H.sub.7                                                
                     1-adamantyl                                               
     n-C.sub.3 H.sub.7                                                         
            n-C.sub.3 H.sub.7                                                  
                     cyclopentyl                                               
     CH.sub.3                                                                  
            CH.sub.3 cycloheptyl                                               
     C.sub.2 H.sub.5                                                           
            n-C.sub.3 H.sub.7                                                  
                     cyclooctyl                                                
     n-C.sub.3 H.sub.7                                                         
            n-C.sub.3 H.sub.7                                                  
                     bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl                  
     n-C.sub.3 H.sub.7                                                         
            n-C.sub.3 H.sub.7                                                  
                     bicyclo[2.2.1]hept-2-yl-endo-methyl                       
     CH.sub.3                                                                  
            C.sub.2 H.sub.5                                                    
                     7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl                  
     C.sub.2 H.sub.5                                                           
            C.sub.2 H.sub.5                                                    
                     1-adamantyl                                               
     n-C.sub.3 H.sub.7                                                         
            C.sub.2 H.sub.5                                                    
                     cyclopentyl                                               
     n-C.sub.3 H.sub.7                                                         
            n-C.sub.3 H.sub.7                                                  
                     cyclohexyl                                                
     n-C.sub.3 H.sub.7                                                         
            n-C.sub.3 H.sub.7                                                  
                     cycloheptyl                                               
     CH.sub.3                                                                  
            CH.sub.3 cyclooctyl                                                
     C.sub.2 H.sub.5                                                           
            n-C.sub.3 H.sub.7                                                  
                     bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl                  
     CH.sub.3                                                                  
            iso-C.sub.3 H.sub. 7                                               
                     bicyclo[2.2.1]hept-2-yl-endo-methyl                       
     iso-C.sub.3 H.sub.7                                                       
            CH.sub.3 7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl                  
     n-C.sub.3 H.sub.7                                                         
            n-C.sub.3 H.sub.7                                                  
                     1-adamantyl                                               
     C.sub.2 H.sub.5                                                           
            n-C.sub.3 H.sub.7                                                  
                     cyclopentyl                                               
     CH.sub.3                                                                  
            iso-C.sub.3 H.sub.7                                                
                     cyclohexyl                                                
     n-C.sub.3 H.sub.7                                                         
            n-C.sub.3 H.sub.7                                                  
                     cyclooctyl                                                
     ______________________________________                                    
PAC  EXAMPLE XI
PAR  A solution consisting of 338.4 g. (0.72 mole) of
      1-(bicyclo-[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(1,3-dimethyl-1,2,3,
     4-tetrahydropyrimidine-2,4-dione-5-carboxamido)ethyl]-1-piperidinesulfonyl]
     -urea dissolved in 2.0 liters of methanol was treated at 0.degree.C. with
      38.9 g. (0.72 mole) of sodium methoxide divided into five separate
      portions. The reaction mixture was then concentrated in vacuo and the
      resulting residue thereafter recrystallized from 7.0 liters of
      acetonitrile to give a nearly quantitative yield of product, viz., the
      sodium salt of
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(1,3-dimethyl-1,2,3,4
     -tetrahydropyrimidine-2,4-dione-5-carboxamido)ethyl]-1-piperidinesulfonyl}u
     rea, m.p. 153.degree.-190.degree.C.
PAR  Anal. Calcd. for C.sub.23 H.sub.33 N.sub.6 O.sub.6 SNa.1.5H.sub.2 O: C,
      48.32; H, 5.82; N, 14.72. Found: C, 48.40; H, 5.73; N, 14.52.
PAC  EXAMPLE XII
PAR  The sodium salt of
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(1-n-propyl-3-ethyl-1
     ,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxamido)ethyl]-1-piperidinesulf
     onyl}urea is prepared by dissolving said compound in anhydrous methanol and
      then adding said solution to another methanolic solution which contains an
      equivalent amount in moles of sodium methoxide. Upon subsequent
      evaporation of the solvent therefrom via freeze-drying, there is obtained
      the desired alkali metal salt in the form of an amorphous solid power
      which is freely soluble in water.
PAR  In like manner, the potassium and lithium salts are also similarly
      prepared, as are the alkali metal salts of all the other acidic
      1-piperidinesulfonylureas of this invention which are reported in the
      previous examples.
PAC  EXAMPLE XIII
PAR  The calcium salt of
      1-cyclohexyl-3-{4-[2-(1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-
     5-carboxamido)ethyl]-1-piperidinesulfonyl}urea is prepared by dissolving
      said compound in water containing an equivalent amount in moles of calcium
      hydroxide and then freeze-drying the mixture. The corresponding magnesium
      salt is also prepared in like manner, as are all the other alkaline-earth
      metal salts not only of this particular compound, but also of those acidic
      1-piperidinesulfonyl-ureas previously described in Examples IV-V and
      VII-IX, respectively.
PAC  EXAMPLE XIV
PAR  A dry solid pharmaceutical composition is prepared by blending the
      following materials together in the proportions by weight specified below:
TBL  1-(Bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-                           
     {4-[2-(1,3-dimethyl-1,2,3,4-tetrahydropyrimidine-2,4-                     
     dione-5-carboxamido)ethyl]-1-                                             
     piperidinesulfonyl} urea      50                                          
     Sodium citrate                25                                          
     Alginic acid                  10                                          
     Polyvinylpyrrolidone          110                                         
     Magnesium stearate            5                                           
PAL  After the dried composition is thoroughly blended, tablets are punched from
      the resulting mixture, each tablet being of such size that it contains 75
      mg. of the active ingredient. Other tablets are also prepared in a similar
      fashion containing 5, 10, 25 and 50 mg. of the active ingredient,
      respectively, by merely using the appropriate amount of the
      1-piperidinesulfonylurea in each case.
PAC  EXAMPLE XV
PAR  A dry solid pharmaceutical composition is prepared by combining the
      following materials together in the proportions by weight indicated below:
TBL  1-Cyclohexyl-3-{4-[2-(1,3-dimethyl-1,2,3,4-tetrahydro-                    
     pyrimidine-2,4-dione-5-carboxamido)ethyl]-                                
     1-piperidinesulfonyl} urea     50                                         
     Calcium carbonate              20                                         
     Polyethylene glycol, average molecular weight, 4000                       
                                    30                                         
PAR  The dried solid mixture so prepared is then thoroughly agitated so as to
      obtain a powdered product that is completely uniform in every respect.
      Soft elastic and hard-filled gelatin capsule containing this
      pharmaceutical composition are then prepared, employing a sufficient
      quantity of material in each instance so as to provide each capsule with
      125 mg. of the active ingredient.
PAC  EXAMPLE XVI
PAR  The 1-piperidinesulfonylurea final products of Examples IV-IX were tested
      for hypoglycemic activity in groups of six male albino rats (each weighing
      approximately 190-240 g.) of the Sprague-Dawley strain. No anesthetic was
      used in this study. The rats were fasted for approximately 18-24 hours
      prior to administration, a blood sample was then taken from the tail vein
      of each animal and the test compound was administered intraperitoneally
      (while in solution as the sodium salt in 0.9% saline) at dose levels of
      15, 5.0 and 1.0 mg./kg., respectively. Additional blood samples were then
      taken at 1, 2 and 4 hour intervals after administration of the drug. The
      samples were immediately diluted 1.10 (by volume) with 1.0% heparin in
      0.9% saline. Blood glucose was determined by adapting the method of W. S.
      Hoffman [Journal of Biological Chemistry, Vol. 120, p. 51 (1937)] to the
      Autoanalyzer instrument produced by Technicon Instruments Corporation of
      Chauncey, N.Y. On this basis, the maximum percent decrease in blood sugar
      was calculated and reported as such (i.e., as hypoglycemic activity) for
      the various compounds listed in the table below:
TBL              Hypoglycemic Activity (Max.% Fall)                            
     1-Piperidinesulfonylurea                                                  
                   1.0mg./kg.                                                  
                             5.0mg./kg. 15mg./kg.                              
     ______________________________________                                    
     Product of Example IV                                                     
                   5.5       21         --                                     
     Product of Example V                                                      
                   --        19         --                                     
     Product of Example VI                                                     
                   --        --         29                                     
     Product of Example VII                                                    
                   --        13         --                                     
     Product of Example VIII                                                   
                   --        19         --                                     
     Product of Example IX                                                     
                   --        --         13                                     
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sulfamylurea compound selected from the group consisting of
      1-piperidinesulfonylureas of the formula:
      ##SPC5##
PAL  and the base salts thereof with pharmacologically acceptable cations,
      wherein R and R.sub.1 are each alkyl having from one to three carbon
      atoms, and R.sub.2 is a member selected from the group consisting of
      bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl,
      bicyclo[2.2.1]hept-2-yl-endo-methyl,
      7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl,
PAR  1-adamantyl and cycloalkyl having from five to eight carbon atoms.
NUM  2.
PAR  2. A compound as claimed in claim 1 wherein R and R.sub.1 are each alkyl
      having from one to three carbon atoms, and R.sub.2 is
      bicyclo[2.2.1]-hept-5-en-2-yl-endo-methyl.
NUM  3.
PAR  3. A compound as claimed in claim 1 wherein R and R.sub.1 are each alkyl
      having from one to three carbon atoms, and R.sub.2 is
      bicyclo[2.2.1]hept-2-yl-endo-methyl.
NUM  4.
PAR  4. A compound as claimed in claim 1 wherein R and R.sub.1 are each alkyl
      having from one to three carbon atoms, and R.sub.2 is 1-adamantyl.
NUM  5.
PAR  5. A compound as claimed in claim 1 wherein R and R.sub.1 are each alkyl
      having from one to three carbon atoms, and R.sub.2 is cycloalkyl having
      from five to eight carbon atoms.
NUM  6.
PAR  6. A compound as claimed in claim 5 wherein R.sub.2 is cyclohexyl.
NUM  7.
PAR  7. 1-(Bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(1,3-dimet
     hyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxamido)-ethyl]-1-piperidi
     nesulfonyl}urea.
NUM  8.
PAR  8. 1-(Bicyclo[2.
     2.1]hept-2-yl-endo-methyl)-3-{4-[2-(1,3-dimethyl-1,2,3,4-tetrahydropyrimidi
     ne-2,4-dione-5-carboxamido)-ethyl]-1-piperidinesulfonyl}urea.
NUM  9.
PAR  9. 1-(1-Adamantyl)-3-{4-[2-(1,3-dimethyl-1,2,3,4-tetrahydropy
     rimidine-2,4-dione-5-carboxamido)ethyl]-1-piperidinesulfonyl}urea.
NUM  10.
PAR  10. 1-Cyclohexyl-3-{4-[2-(1,3-dimethyl-1,2,3,4-tetrahydropyrimidin
     e-2,4-dione-5-carboxamido)ethyl]-1-piperidinesulfonyl}urea.
NUM  11.
PAR  11. 1-(Bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(1
     -n-propyl-3-ethyl-1,2,3,4-tetrahydropyrimidine-2,4-dione-5-carboxamido)ethy
     l]-1-piperidinesulfonyl}urea.
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ABST
PAL  Substituted piperazine dione oxyls and hydroxides are stabilizers for
      synthetic polymeric materials normally subject to deterioration caused by
      ultraviolet light. The compounds may be prepared by first preparing a
      substituted piperazine dione with subsequent oxidation of the piperazine
      dione to yield the oxyl and reduction of the oxyl to yield the hydroxide
      derivative. Polymeric compositions containing these stabilizers may also
      contain a hindered phenolic compound. A typical embodiment is
      15-n-octadecyl-7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of co-pending application Ser.
      No. 237,956, filed Mar. 24, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the stabilization of organic material normally
      tending to deteriorate. In particular, the invention relates to the
      protection of synthetic polymers against the harmful degradative effects,
      such as discoloration and embrittlement caused by exposure to light,
      especially ultraviolet light.
PAR  It is known that actinic radiation, particularly in the near ultraviolet
      region, has a deleterious effect on both the appearance and properties of
      organic polymers. For example, normally colorless or light colored
      polyesters yellow on exposure to sunlight as do such cellulosics as
      cellulose acetate. Polystyrene discolors and cracks, with accompanying
      loss of its desirable physical properties when exposed to actinic light,
      while vinyl resins, such as polyvinyl chloride and polyvinyl acetate spot
      and degrade. The rate of air oxidation of polyolefins such as polyethylene
      and polypropylene is materially accelerated by ultraviolet light.
PAR  It has been proposed to stabilize polymeric materials against ultraviolet
      light deterioration by the use of various types of ultraviolet absorbers.
      Thus, U.S. Pat. No. 3,004,896 discloses for this purpose 2-phenyltriazole
      derivatives, while U.S. Pat. No. 3,189,630 discloses certain metal salts
      of hydroxybenzoic acids which are useful as actinic stabilizers in
      synthetic polymers.
DETD
PAC  DETAILED DISCLOSURE
PAR  The present invention is directed to a class of ultraviolet light
      stabilizers which consist of a compound of the formula
      ##EQU1##
      WHEREIN X is O or OH;
PA1  R.sup.1 and R.sup.2 are independently of each other methyl or ethyl or
      together with the carbon to which they are bound form a cyclopentyl or
      cyclohexyl ring, which is unsubstituted or substituted with a methyl
      group;
PA1  n is an integer of from 1 to 3;
PA1  When n is 1, R.sup.3 is an alkyl group of from 1 to 20 carbon atoms or a
      benzyl group; when n is 2, R.sup.3 is an alkylene group of from 1 to 20
      carbon atoms, a p-xylylene group or an alkyl substituted p-xylylene group,
      of the formula
      ##SPC1##
PAL  wherein
PA1  R.sup.4, r.sup.5, r.sup.6, r.sup.7 is hydrogen or lower alkyl group
      containing from 1 to 5 carbon atoms;
PA1  when n is 3, R.sup.3 is a 1,3,5-mesitylene group or a 2,4,6-alkyl
      substituted mesitylene group of the formula
      ##SPC2##
PAL  wherein
PA1  R.sup.8, r.sup.9, r.sup.10 are hydrogen or lower alkyl, containing from 1
      to 5 carbon atoms.
PAR  By the term alkyl as represented by R.sup.1 and R.sup.2 is intended methyl
      or ethyl, with methyl being the preferred substituent. Representative of
      the cycloalkyl groups, as represented by R.sup.1 and R.sup.2, are
      cyclohexyl, cyclopentyl, 2-methyl, 3-methyl and 4-methylcyclohexyl, and
      2-methyl and 3-methylcyclopentyl. The preferred cycloalkyl groups are
      cyclohexyl and 2-methylcyclohexyl.
PAR  This invention also relates to compositions of matter which are stabilized
      against ultraviolet light deterioration which comprises a synthetic
      organic polymer normally subject to ultraviolet deterioration containing
      from about 0.005 to 5 percent by weight of the polymer of the compounds of
      formula 1 and preferably from 0.01 to 2 percent by weight.
PAR  The piperazine dione oxyl and hydroxide compounds as represented by formula
      I can be used in combination with other light stabilizers such as
      2(2-hydroxyphenyl)benzotriazoles, 2-hydroxybenzophenones, nickel complexes
      and benzoates.
PAR  The stabilizers of this invention are suitable for the protection of many
      synthetic polymers from the deleterious effects of light. Homopolymers,
      copolymers, and mixtures thereof are embraced within the scope of
      substrates which may be stabilized with the stabilizers of this invention,
      along which may be mentioned, polystyrene and includng homopolystyrene and
      copolymers with acrylonitrile and/or butadiene; vinyl resins formed from
      the polymerization of vinyl halides or from copolymerization of vinyl
      halides with unsaturated polymerizable compounds, for example, vinyl
      esters, .alpha. ,.beta.-unsaturated acids, .alpha.,.beta.-unsaturated
      esters, and unsaturated hydrocarbons such as butadienes and styrene;
      poly-.alpha.-olefins such as high and low density polyethylene,
      cross-linked polyethylene, polypropylene, poly(4-methyl-pentene-1),
      polybutene-1, and the like including copolymers of poly-.alpha.-olefins
      such as ethylene-propylene copolymers, and the like; polybutadiene;
      polyisoprene; polyurethanes such as are prepared from polyols and organic
      polyisocyanate; polyamides such as hexamethylene-adipamide; polyesters
      such as polymethyleneterephthalates; polycarbonates such as those prepared
      from bisphenol-A and phosgene; polyacetals; polyethylene oxide; and
      polyacrylics such as polyacrylonitrile; polyphenyleneoxides such as those
      prepared from 2,6-dimethylphenol and the like. Particularly preferred
      polymers for the compositions of this invention are those normally solid
      polymers of alpha-olefins having up to 3 carbon atoms, e.g., ethylene,
      propylene and their copolymers.
PAR  The stabilized polymers of the present invention have utility in the normal
      uses for which plastics are employed and are particularly useful for film
      and fiber. Compounds of this invention may be incorporated in the
      polymeric substance during the usual processing operations, for example,
      by hot milling, the composition then being extruded, pressed, blow molded
      or the like into films, fibers, filaments, hollow spheres and the like.
      Where the polymer is prepared from a liquid monomer as in the case of
      styrene, the stabilizer may be dispersed or dissolved in the monomer prior
      to polymerization or curing.
PAR  In addition to the actinic stabilizers described, the plastic compositions
      may contain other additives such as plasticizers, pigments, fillers, dyes,
      glass or other fibers, thermal antioxidants, and the like. For example in
      most applications, it is desirable to incorporate into the resin
      composition, sufficient thermal antioxidants to protect the plastic
      against thermal and oxidative degradation. The amount of antioxidant
      required will be comparable to that of the actinic stabilizer. Namely,
      from about 0.005 to 5 percent and preferably from 0.01 to 2 percent by
      weight. Representative of such antioxidants are phosphite esters, such as
      triphenylphosphite and dibutylphosphite and alkyl arylphosphites such as
      dibutylphenylphosphite, and the like.
PAR  The best results are obtained with the preferred class of thermal
      antioxidants, the hindered phenols. These compounds have been found to
      provide the best thermal stabilization with the least discoloration in the
      compositions of the invention. Typical of these phenolic antioxidants
      include the following:
PAR  1. Phenolic compounds having the general formula
EQU  Q--(CH.sub.2).sub.w --A
PAL  wherein
PA1  Q is
      ##SPC3##
PA1  A is CR(COOR").sub.2
      ##EQU2##
      R is hydrogen or lower alkyl R' is lower alkyl
PA1  R" is alkyl group having from 6 - 24 carbon atoms
PA1  w is an integer from 0 to 4.
PAR  Illustrative examples of the compounds shown above are
PA0  di-n-octadecyl .alpha.- (3,5-di-t-butyl-4-hydroxybenzyl)malonate
PA0  di-n-octadecyl .alpha.-(3-t-butyl-4-hydroxy-5-methyl-benzyl)malonate which
      is disclosed in the Netherlands Pat. No. 6,711,199, Feb. 19, 1968
PA0  di-n-octadecyl-.alpha.,.alpha."bis-(3-t-butyl-4-hydroxy-5-methylbenzyl)malo
     nate which is disclosed in the Netherlands Pat. No. 6,803,498, Sept. 18,
      1968.
PAR  2. Phenolic compounds having the general formula
EQU  Q--R
PAL  Illustrative examples of the compounds shown above are
PA0  2,6-di-t-butyl-p-cresol
PA0  2-methyl-4,6-di-t-butylphenol and the like.
PAR  3. Phenolic compounds having the formula
EQU  Q--C.sub.w H.sub.2w --Q
PA0  2,2'-methylene-bis(6-t-butyl-4-methylphenol)
PA0  2,2'-methylene-bis(6-t-butyl-4-ethylphenol)
PA0  4,4'-butylidene-bis(2,6-di-t-butylphenol)
PA0  4,4'-(2-butylidene)-bis(2-t-butyl-5-methylphenol)
PA0  2,2'-methylene-bis[6-(1-methylcyclohexyl)-4-methylphenol
PAL  and the like.
PAR  4. Phenolic compounds having the formula
EQU  R--O--Q
PAR  Illustrative examples of such compounds are
PA0  2,5-di-t-butylhydroquinone
PA0  2,6-di-t-butylhydroquinone
PA0  2,5-di-t-butyl-4-hydroxyanisole
PAR  5. Phenolic compounds having the formula
EQU  Q--S--Q
PAR  Illustrative examples of such compounds are
PA0  4,4'-thiobis-(2-t-butyl-5-methylphenol)
PA0  4,4'-thiobis-(2-t-butyl-6-methylphenol)
PA0  2,2'-thiobis-(6-t-butyl-4-methylphenol)
PAR  6. Phenolic compounds having the formula
      ##EQU3##
PAR  Illustrative examples of such compounds are
PA0  octadecyl-(3,5-dimethyl-4-hydroxybenzylthio)-acetate
PA0  dodecyl-(3,5-di-t-butyl-4-hydroxybenzylthio)-propionate
PAR  7. Phenolic compounds having the formula
      ##EQU4##
      wherein T is hydrogen
PA1  R or Q as defined above.
PAR  Illustrative examples of such compounds are
PA0  1,1,3-tris(3,5-dimethyl-4-hydroxyphenyl)-propane
PA0  1,1,3-tris(5-t-butyl-4-hydroxy-2-methylphenyl)-butane
PA0  1,1,5,5-tetrakis-(3'-t-butyl-4'-hydroxy-6'-methylphenyl)-n-pentane
PAR  8. Phenolic compounds having the formula
      ##SPC4##
PAL  wherein B.sup.1, B.sup.2 and B.sup.3 are hydrogen, methyl or Q, provided
      that when B.sup.1 and B.sup.3 are Q then B.sup.2 is hydrogen or methyl and
      when B.sup.2 is Q then B.sup.1 and B.sup.3 are hydrogen or methyl.
PAR  Illustrative examples of such compounds are
PA0  1,4-di(3,5-di-t-butyl-4-hydroxybenzyl)-2,3,5,6-tetramethylbenzene
PA0  1,3,5-tri(3,5-di-t-butyl-4-hydroxybenzyl)-2,4,6-trimethylbenzene
PAR  9. Phenolic compounds having the formula
      ##SPC5##
PAL  wherein
PA1  Z is NHQ, --S--D or --O--Q
PA1  D is alkyl group having from 6 - 12 carbon atoms or --(C.sub.w
      H.sub.2w)--S--R"
PAR  Illustrative examples of such compounds are
PA0  2,4-bis-(n-octylthio)-6-(3,5-di-t-butyl-4-hydroxyaniline)-1,3,5-triazine
PA0  6-(4-hydroxy-3-methyl-5-t-butylanilino)-2,4-bis-(n-octylthio)-1,3,5-triazin
     e
PA0  6-(4-hydroxy-3,5-dimethylanilino)-2,4-bis-(n-octylthio)-1,3,5-triazine
PA0  6-(4-hydroxy-3,5-di-t-butylanilino)-2,4-bis-(n-octylthioethylthio)-1,3,5-tr
     iazine
PA0  6-(4-hydroxy-3,5-di-t-butylanilino)-4-(4-hydroxy-3,5-di-t-butylphenoxy)-2-(
     n-octylthio)-1,3,5-triazine
PA0  2,4-bis(4-hydroxy-3,5-di-t-butylanilino)-6-(n-octylthio)-1,3,5triazine.
PAR  The above phenolic triazine stabilizers are more fully described in U.S.
      Pat. No. 3,255,191.
PAR  10. Phenolic compounds having the formula
      ##SPC6##
PAL  wherein Z' is --O--Q, --S--D or --S--(C.sub.w H.sub.2w)--SD
PAR  Illustrative examples of such compounds are
PA0  2,3-bis-(3,5-di-t-butyl-4-hydroxyphenoxy)-6-(n-octylthio)-1,3,5-triazine
PA0  2,4,6-tris-(4-hydroxy-3,5-di-t-butylphenoxy)-1,3,5-triazine.
PA0  6-(4-hydroxy-3,5-di-t-butylphenoxy)-2,4-bis-(n-octylthioethylthio)-1,3,5-tr
     iazine
PA0  6-(4-hydroxy-3-methylphenoxy)-2,4-bis-(n-octylthio)-1,3,5-triazine
PA0  6-(4-hydroxy-3-t-butylphenoxy)-2,4-bis-(n-octylthioethylthio)-1,3,5-triazin
     e
PA0  6-(4-hydroxy-3-methyl-5-t-butylphenoxy)-2,4-bis-(n-octylthio)-1,3,5-triazin
     e
PA0  2,4-bis-(4-hydroxy-3-methyl-5-t-butylphenoxy)-6-(n-octylthio)-1,3,5-triazin
     e
PA0  2,4,6-tris-(4-hydroxy-3-methyl-5-t-butylphenoxy)-1,3,5-triazine
PA0  6-(4-hydroxy-3,5-di-t-butylphenoxy)-2,4-bis-(n-octylthiopropylthio)-1,3,5-t
     riazine
PA0  6-(4-hydroxy-3,5-di-t-butylphenoxy)-2,4-bis-(n-dodecylthioethylthio)-1,3,5-
     triazine
PA0  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-butylthio-1,3,5-triazine
PA0  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-octadecylthio)-1,3,5-triazin
     e
PA0  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-dodecylthio)-1,3,5-triazine
PA0  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-octylthiopropylthio)-1,3,5-t
     riazine
PA0  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-octylthioethylthio)-1,3,5-tr
     iazine
PA0  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-dodecylthioethylthio)-1,3,5-
     triazine.
PAR  The above phenolic triazine stabilizers are more fully described in U.S.
      Pat. No. 3,255,191.
PAR  11. Phenolic compounds having the formula
EQU  [Q--C.sub.z H.sub.2z --COO--C.sub.z H.sub.2z ].sub.p R'"--(R).sub.4.sub.-p
PAL  wherein
PA1  p is an integer from 2 to 4 and
PA1  R'" is a tetravalent radical selected from
PA2  aliphatic hydrocarbons having from 1 to 30 carbon atoms
PA2  aliphatic mono and dithioethers having from 1 to 30 carbon atoms
PA2  aliphatic mono and diethers having from 1 to 30 carbon atoms and
PA1  z is an integer from 0 to 6.
PAR  Illustrative examples of such compounds are
PAC  Sub-class I
PA0  n-Octadecyl 3-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA0  n-Octadecyl 2-(3,5-di-t-butyl-4-hydroxyphenyl)-acetate
PA0  n-Octadecyl 3,5-di-t-butyl-4-hydroxybenzoate
PA0  n-Hexyl 3,5-di-t-butyl-4-hydroxyphenylbenzoate
PA0  n-Dodecyl 3,5-di-t-butyl-4-hydroxyphenylbenzoate
PA0  Neo-dodecyl 3-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA0  Dodecyl .beta.-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA0  Ethyl .alpha.-(4-hydroxy-3,5-di-t-butylphenyl)-isobutyrate
PA0  Octadecyl .alpha.-(4-hydroxy-3,5-di-t-butylphenyl)-isobutyrate
PA0  Octadecyl .alpha.-(4-hydroxy-3,5-di-t-butylphenyl)-propionate
PAC  Sub-class II
PA0  2-(n-octylthio)ethyl 3,5-di-t-butyl-4-hydroxybenzoate
PA0  2-(n-octylthio)ethyl 3,5-di-t-butyl-4-hydroxyphenylacetate
PA0  2-(n-octadecylthio)ethyl 3,5-di-t-butyl-4-hydroxyphenylacetate
PA0  2-(n-octadecylthio)ethyl 3,5-di-t-butyl-4-hydroxy benzoate
PA0  2-(2-hydroxyethylthio)ethyl 3,5-di-t-butyl-4-hydroxybenzoate
PA0  2,2'-Thiodiethanol bis(3,5-di-t-butyl-4-hydroxyphenyl)acetate
PA0  Diethyl glycol bis-[3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA0  2-(n-octadecylthio)ethyl 3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate
PA0  2,2'-Thiodiethanol-bis-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate
PA0  Stearamido N,N-bis-[ethylene 3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA0  n-Butylimino N,N-bis-[ethylene
      3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA0  2-(2-stearoyloxyethylthio)ethyl 3,5-di-t-butyl-4-hydroxybenzoate
PA0  2-(2-hydroxyethylthio)ethyl
      7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
PA0  2-(2-stearoyloxyethylthio)ethyl
      7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
PAC  Sub-class III
PA0  1,2-propylene glycol bis-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA0  Ethylene glycol bis-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA0  Neopentylglycol bis-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA0  Ethylene glycol bis-(3,5-di-t-butyl-4-hydroxyphenylacetate)
PA0  Glycerine-1-n-octadecanoate-2,3-bis-(3,5-di-t-butyl-4-hydroxyphenylacetate
PA0  Pentaethylthritol-tetrakis-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA0  1,1,1-trimethylol ethane-tris-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate
PA0  Sorbitol hexa-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA0  1,2,3-butanetriol tris-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA0  2-hydroxyethyl 7-(3-methyl-5-butyl-4-hydroxyphenyl)heptanoate
PA0  2-stearoyloxyethyl 7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
PA0  1,6-n-hexanediol-bis[(3',5'-di-t-butyl-4-hydroxyphenyl)propionate]
PAR  The above phenolic ester stabilizers of sub-classes I, II and III are more
      fully described in U.S. Pat. Nos. 3,330,859, and 3,644,482, respectively.
PAR  12. Phenolic compounds having the formula
      ##EQU5##
      where x is an integer of 1 or 2.
PAR  Illustrative examples of such compounds are
PA0  Di-n-octadecyl 3,5-di-t-butyl-4-hydroxybenzylphosphate
PA0  Di-n-octadecyl 3-t-butyl-4-hydroxy-5-methylbenzylphosphonate
PA0  Di-n-octadecyl 1-(3,5-di-t-butyl-4-hydroxyphenyl)-ethanephosphonate
PA0  Di-n-tetradecyl 3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA0  Di-n-hexadecyl 3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA0  Di-n-docosyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA0  Di-n-octadecyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate
PAR  The above di-(higher) alkyl phenolic phosphonates are more fully described
      in U.S. Pat. No. 3,281,505.
PAR  13. Phenolic compounds having the formula
      ##SPC7##
PAL  wherein W and Q are as defined above.
PAR  Illustrative examples of such compounds are:
PA0  tris-(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate
PA0  tris-(3-t-butyl-4-hydroxy-5-methylbenzyl)isocyanurate
PAR  The above hydroxyphenylalkenyl isocyanurates are more fully described in
      U.S. Pat. No. 3,531,483.
PAR  The above phenolic hydrocarbon stabilizers are known and many are
      commercially available.
PAR  While any of the above mentioned antioxidants can be useful in combination
      with the ultraviolet light stabilizers of this invention, the preferred
      antioxidants consist of the hindered phenols in groups 1, 8, 9, 10, 11, 12
      and 13 as mentioned above. The most preferred hindered phenols are those
      of groups 1, 9, 11, 12 and 13.
PAR  The compounds of this invention may be prepared by reacting a substituted
      piperazine dione of the formula
      ##EQU6##
      wherein R.sup.1 and R.sup.2, are as defined above with an organic mono, di
      or tri-halo compound. The alkylation reaction is carried out by first
      preparing the alkali or alkaline earth metal salt of the compound of
      formula II and reacting the resulting salt with the appropriate organic
      halide in a solvent such as dimethylformamide, isopropanol, or acetone at
      about 75.degree.C to yield a compound of the formula:
      ##EQU7##
      wherein R.sup.1, R.sup.2 and R.sup.3 and n are as defined above. Bases
      such as KOH, NaOH, KOCH.sub.3, KNH.sub.2 may be used to form the salts of
      the compounds of formula II. The metal salts may be prepared in a separate
      step or in the solvent in which the subsequent alkylation is carried out.
PAR  The oxidation of compounds of formula III to the substituted piperazine
      dione oxyls of formula I can be carried out with H.sub.2 O.sub.2
      -water-sodium tungstateethylenediaminetetraacetic acid process; H.sub.2
      O.sub.2 -waterphosphotungstic acid process as well as with peracids such
      as perbenzoic acid or peracetic acid.
PAR  The oxides may subsequently be reduced by standard methods to the
      substituted piperazine dione hydroxides of formula I.
PAR  Compounds of formula II, wherein R.sup.1 and R.sup.2 form a mono cyclic
      ring with the carbon to which they are attached, may be prepared by the
      self condensation of a cycloalkyl amino cyanohydrin according to the
      procedure described by R. Sudo and S. Ichihera, Bull. Chem. Soc. Japan 36
      34 (1963) and subsequent hydrolysis as described by E. F. J. Duynstee et
      al., Recueil de Chemie des Pays -- Bas 87 945 (1968). The cycloalkylamino
      cyanohydrin is formed by the sequential addition of hydrogen cyanide and
      ammonia to a cycloalkanone as described by W. E. Noland, R. J. Sundberg
      and M. L. Michaelson, J. Org. Chem. 28 3576 (1963). Although the above
      references deal specifically with the cycloalkyl case, the procedures
      therein have been found to be operable in the alkyl case as well, for
      example substitution of an alkanone such as acetone for the cycloalkanone
      such as cyclohexanone in the above procedure.
PAR  Examples of organic halides which can be reacted with the salts of the
      compounds of formula II include organic monohalides such as methyliodide,
      ethyl chloride, propyl bromide, isopropyl chloride, butyl bromide, pentyl
      bromide, isopentyl chloride, hexyl bromide, octyl bromide, dodecyl
      bromide, tetradecyl chloride, hexadecyl bromide, octadecyl bromide,
      eicosyl bromide, benzyl chloride and the like; organic dihalides such as
      methylene dibromide, dibromoethane, 1,3-dibromopropane, 1,3-dibromobutane,
      1,4-dibromobutane, 1,8-dibromooctane, 1,12-dichlorododecane,
      1,2-dichlorooctane, 1,18-dibromooctadecane, 1,20-dibromoeicosane,
      p-dichloroxylilene, 2,3,5,6-tetramethyl-1,4-bischloromethylbenzene and the
      like; organic trihalides such as .alpha.,
      .alpha.',.alpha."-trichloromesitylene,
      1,3,5-trimethyl-.alpha.,.alpha.',.alpha."-trichloromesitylene,
      1,2,3-tribromobutane and the like. The preferred organic monohalide
      contains from 6 to 18 carbon atoms. The preferred organic dihalide
      contains from 2 to 12 carbon atoms and the preferred organic trihalide
      contains from 4 to 12 carbon atoms.
PAR  The following examples, presented for illustration and not limitation, will
      further serve to typify the nature of the present invention.
PAC  EXAMPLE 1
PAC  1-Aminocyclohexanecarbonitrile
PAR  In a 200 ml -- 3 necked flask equipped with a stirrer, thermometer,
      condenser drying tube and gas inlet tube were placed 100 g. (0.08 moles)
      of cyclohexanone cyanohydrin and the reaction mixture was cooled with an
      ice bath to 15.degree.C. Gaseous anhydrous ammonia was introduced to the
      reaction mixture through the gas inlet tube for 6 hours. The reaction was
      then stoppered and allowed to stand overnight.
PAR  The next day anhydrous ammonia was again passed through the reaction
      mixture for 5 hours at 25.degree.C then dry N.sub.2 was passed through the
      reaction mixture to entrain any excess NH.sub.3. The product was then
      dissolved in 250 ml of benzene, the benzene solution washed two times with
      250 ml of water, and the solution dried over anhydrous Na.sub.2 SO.sub.4.
      Evaporation of the benzene yielded the product which was a slightly yellow
      oil.
PAR  In a similar manner, 1-aminoisobutyronitrile was prepared by substituting
      for cyclohexanone cyanohydrin an equivalent amount of acetone cyanohydrin.
PAR  Similarly, 1-amino-2-methyl cyclohexane carbonitrile is prepared by
      substituting for cyclohexanone cyanohydrin an equivalent amount of
      2-methyl cyclohexanone cyanohydrin.
PAC  EXAMPLE 2
PAC  Bis-(1-cyanocyclohexyl)amine
PAR  In a 1-necked round bottomed flask equipped with a capillary nitrogen inlet
      and an air condenser was placed 48.2 g. (0.39 moles) of 1-aminocyclohexane
      carbonitrile. The reaction mixture was heated in an oil bath to a bath
      temperature of 75.degree.-100.degree.C over 1 hour and placed under a
      vacuum of using a water aspirator. The reaction was continued for 24
      hours, cooled to room temperature, the vacuum released, and the
      crystalline mass was triturated with ether and filtered by suction,
      yielding 19.1 g. of white crystals, m.p. 133.degree.-138.degree.C.
PAR  In a similar manner, bis(1-cyanoisopropylamine) was prepared by
      substituting for 1-aminocyclohexane carbonitrile an equivalent amount of
      1-aminoisobutyronitrile.
PAR  Similarly, bis-(1-cyano-2-methyl cyclohexyl) amine is prepared by
      substituting for 1-aminocyclohexanecarbonitrile an equivalent amount of
      1-amino-2-methyl cyclohexanecarbonitrile.
PAC  EXAMPLE 3
PAC  7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PAR  To 406 g. of 96% H.sub.2 SO.sub.4 contained in a 500 ml 3-necked flask
      equipped with a stirrer, thermometer and powder funnel was added with
      stirring and cooling, 30.0 g. of powdered bis-(1-cyanocyclohexyl)amine
      over about a 2 hour period. The temperature of the reaction mixture was
      maintained at 0.degree.-5.degree. during the addition by using an ice
      bath. The reaction mixture was allowed to warm to room temperature and to
      stir overnight. The reaction mixture was then heated to 100.degree.C for
      one hour, then cooled to approximately 15.degree.C and poured onto 3000 g.
      of ice. The aqueous mixture was neutralized to pH 7 by the addition of
      approximately 800 ml of 10N NaOH. The resulting precipitate was collected
      by suction filtration, washed well with water, and dried in a vacuum oven,
      yielding a white powder, m.p. 155.degree.-160.degree.C.
PAR  In a similar manner, 2,2,6,6-tetramethyl-3,5-diketopiperazine was prepared
      by substituting for bis(1-cyanohexyl)amine an equivalent amount of
      bis(1-cyanoisopropylamine).
PAR  Similarly, 1,9-dimethyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione is
      prepared by substituting for bis-(1-cyanocyclohexyl)amine an equivalent
      amount of bis-(1-cyano-2-methylcyclohexyl)amine.
PAC  EXAMPLE 4
PAC  15-n-octadecyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PAR  To a solution of 10.0 g. (0.04 moles) of 7,15-diazadispiro [5,1,5,3]
      hexadecane-14,16-dione in 150 ml of anhydrous methanol in a 500 ml flask
      was added 2.6 g. of 86% KOH (0.04 moles) and the mixture was shaken until
      solution was obtained. The reaction mixture was then evaporated to dryness
      under reduced pressure. The residue was transferred to a 300 ml 3-necked
      flask equipped with a stirrer, thermometer, condenser with drying tube,
      dropping funnel and nitrogen inlet with the aid of a small amount of dry
      DMF. To the potassium imide salt, under a nitrogen atmosphere, was added
      150 ml of dry DMF. To the stirred solution was added dropwise a solution
      of 13.3 g. (0.04 moles) of n-octadecyl bromide in 50 ml of DMF. The
      reaction mixture was heated slowly to 75.degree.C and held at that
      temperature for 3 hours. The reaction mixture was cooled and allowed to
      stand at room temperature overnight. The reaction mixture was then taken
      up in 500 ml ether, the ether solution washed well with water, dried over
      anhydrous Na.sub.2 SO.sub.4 and evaporated under reduced pressure. The
      residue, which crystallized on standing, was recrystallized from methanol
      yielding 14.3 g. of white needles as the product, m.p.
      39.degree.-40.degree.C.
PAR  By following the above procedure, and substituting for the
      n-octadecylbromide an equivalent amount of:
PA1  (a) benzyl chloride
PA1  (b) 2,3,5,6-tetramethyl-p-dichloroxylilene
PA1  (c) 1,12-dibromododecane
PA1  (d) 1,3,5-trimethyl-2,4,6-trischloromethylbenzene
PA1  (e) 1,8-dibromooctane
PA1  (f) 1,4-dibromobutane
PA1  (g) methylidodide
PA1  (h) octyl bromide
PAL  there is respectively obtained the following compounds:
PA0  (a) 15-benzyl-7,15-diazadispiro[5,1,5,3]hexadecane14,16-dione, m.p.
      91.degree.-94.degree.C
PA0  (b)
      15,15'-(2",3",5",6"-tetramethyl-p-xylilidenyl)bis(7,15-diazadispiro[5,1,5,
     3]hexadecane-14,16-dione, m.p. 253.degree.-257.degree.C
PA0  (c) 15,15'-n-dodecanemethylene
      bis(7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione), m.p.
      100.degree.-103.degree.C
PA0  (d) 15,15',15"-(2,4,6-trimethyl-.alpha.,.alpha.',.alpha." -mesitylidene)
      tris(7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione, m.p.
      236.degree.-240.degree.C
PA0  (e) 15,15'-n-octamethylene
      bis(7,15-diazadispiro)[5,1,5,3]hexadecane-14,16-dione
PA0  (f) 15,15'-tetramethylene
      bis(7,15-diazadispiro)[5,1,5,3]hexadecane-14,16-dione, m.p.
      178.degree.-181.degree.C
PA0  (g) 15-methyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione, m.p.
      122.degree.-126.degree.C
PA0  (h) 15-n-octyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PAC  EXAMPLE 5
PAR  By essentially following the procedure of Example 4 and substituting for
      7,15-diazadispiro [5,1,5,3]hexadecane-14,16-dione in each compound
      prepared in the example an equivalent amount of
      2,2,6,6-tetramethyl-3,5-diketopiperazine, there is respectively obtained
      the following compounds:
PA0  (a) 4-n-octadecyl-2,2,6,6-tetramethyl-3,5-diketopiperazine; m.p.
      52.degree.-54.degree.C
PA0  (b) 4-benzyl-2,2,6,6-tetramethyl-3,5-diketopiperazine; m.p.
      80.degree.-84.degree.C
PA0  (c) 4,4'(2",3",5",6-tetramethyl-p-xylilidenyl)
      bis(2,2,6,6-tetramethyl-3,5-diketopiperazine)
PA0  (d) 4,4'(n-dodecanemethylene)bis(2,2,6,6-tetramethyl-3,5-diketopiperazine);
      m.p. 73.degree.-75.degree.C
PA0  (e) 4,4'-(2,4,6-trimethyl-.alpha.,.alpha.',.alpha."-mesitylidene) tris
      (2,2,6,6-tetramethyl-3,5-diketopiperazine)
PA0  (f) 4,4'-(n-octamethylene)bis(2,2,6,6-tetramethyl-3,5-diketopiperazine)
PA0  (g) 4,4'(tetramethylene)bis(2,2,6,6-tetramethyl-3,5-diketopiperazine)
PA0  (h) 4-methyl-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (i) 4-n-octyl-2,2,6,6-tetramethyl-3,5-diketopiperazine
PAC  EXAMPLE 6
PAR  By essentially following the procedure of Example 4 and substituting for
      7,15-diazadispiro [5,1,5,3]hexadecane-14,16-dione and the organic halides
      used in the example, an equivalent amount of
      1,9-dimethyl-7,15-diazadispiro[5,1,5,3]hexadecane 14,16-dione and
      n-octadecylbromide there is obtained
      15-n-octadecyl-1,9-dimethyl-7,15-diazadispiro[5,1,5,3]hexadecane.
PAC  EXAMPLE 7
PAC  15-n-octadecyl-7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PAR  In a 300 ml 3-necked flask equipped with a stirrer, thermometer, dropping
      funnel, condenser, drying tube and a nitrogen inlet was placed a solution
      of 9.0g (.018 moles) of 15-n-octadecyl
      7,15-diazadispiro[5,1,5,3]hexadeca-14,16-dione in 50 ml of methylene
      chloride. A solution of 7.21g (0.358 moles) of metachloroperbenzoic acid
      (85%) in 150 ml of methylene chloride was added dropwise with stirring
      over a 20 minute period. The temperature of the reaction mixture was
      maintained at 20.degree.-25.degree.C during the addition. The reaction
      mixture rapidly became light orange and the reaction was allowed to
      proceed for 24 hours. At the end of this time, the solids which had
      precipitated were removed by suction filtration and the filtrate was
      further purified by passage through a short column of silica gel. The
      filtrate was evaporated leaving 6.7g of an orange oil which crystallized
      on standing. The orange crystalline material was recrystallized from
      acetone-acetonitrile giving pale orange crystals, m.p.
      58.5.degree.-60.5.degree. of the desired oxide.
PAR  By following the above procedure, and substituting for 15-n-octadecyl
      7,15-diazadispiro[5,1,5,3]hexadeca-14,16-dione an equivalent amount of:
PA0  (a) 15-benzyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PA0  (b) 15,15'-(2",3",5",6"-tetramethyl p-xylilidenyl)
      bis(7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione)
PA0  (c) 15,15'-(n-dodecamethylene)bis(7,15-diazadispiro
      [5,1,5,3]hexadecane-14,16-dione)
PA0  (d) 15,15',15"-(2,4,6-trimethyl-.alpha.,.alpha.',.alpha."-mesitylidene)
      tris(7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione)
PA0  (e) 15,15'-n-octamethylene bis(7,15-diazadispiro
      [5,1,5,3]hexadecane-14,16-dione)
PA0  (f) 15,15'-tetramethylene bis(7,15-diazadispiro
      [5,1,5,3]hexadecane-14,16-dione
PA0  (g) 15-methyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PA0  (h) 15-n-octyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PA0  (i) 4-n-octadecyl-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (j) 4-benzyl-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (k) 4,4'(2",3",5",6-tetramethyl-p-xylildenyl)
      bis(2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (l) 4,4'(n-dodecamethylene)bis(2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (m) 4,4'-(2,4,6-trimethyl-.alpha.,.alpha.',.alpha."-mesitylidene)tris
      (2,2,6,6-tetramethyl-3,5-diketopiperazine)
PA0  (n) 4,4'(n-octamethylene)bis(2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (o) 4,4'(tetramethylene)bis(2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (p) 4-methyl-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (q) 4-n-octyl-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (r)
      15-n-octadecyl-1,9-dimethyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dio
     ne
PAL  there is respectively obtained the following compounds:
PA0  (a) 15-benzyl-7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione, m.p.
      74.degree.-75.degree.C
PA0  (b) 15,15'-(2",3",5",6"-tetramethyl-p-xylilidenyl)
      bis(7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16dione), m.p.
      175.degree.-177.degree.C
PA0  (c)
      15,15'-(n-dodecamethylene)bis(7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-
     14,16-dione
PA0  (d) 15,15',15"-(2,4,6-trimethyl-.alpha.,.alpha.',.alpha."-mesitylidene)
      tris(7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PA0  (e) 15,15-n-octamethylene
      bis(7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione)
PA0  (f) 15,15'-tetramethylene bis(7-oxyl-7,15
      -diazadispiro[5,1,5,3]-hexadecane-14,16-dione)
PA0  (g) 15-methyl-7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PA0  (h) 15-n-octyl-7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PA0  (i) 4-n-octadecyl-1-oxyl-2,2,6,6-tetramethyl-3,5-diketopiperazine, m.p.
      42.degree.-45.degree.C
PA0  (j) 4-benzyl-1-oxyl-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (k) 4,4'(2",3",5",6"-tetramethyl-p-xylilidenyl)
      bis(1-oxyl-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (l)
      4,4(n-dodecamethylene)bis(1-oxyl-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (m) 4,4'-(2,4,6-trimethyl-.alpha.,.alpha.',.alpha."-mesitylidene)
      tris(1-oxyl-2,2,6,6-tetramethyl-3,5-diketopiperazine)
PA0  (n)
      4,4'(n-octamethylene)bis(1-oxyl-2,2,6,6-tetramethyl-3,5-diketopiperazine)
PA0  (o)
      4,4'(tetramethylene)bis(1-oxyl-2,2,6,6-tetramethyl-3,5-diketopiperazine)
PA0  (p) 4-methyl-1-oxyl-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (q) 4-n-octyl-1-oxyl-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (r)
      15-n-octadecyl-7-oxyl-1,9-dimethyl-7,15-diazadispiro[5,1,5,3]hexadecane-14
     ,16-dione.
PAC  EXAMPLE 8
PAC  15-n-octadecyl-7-hydroxy-7,15-diazadispiro [5,1,5,3]hexadecane-14,16-dione
PAR  To a solution of 6.2g (0.012 moles) of 15-n-octadecyl-7-oxyl-
      7,15-diazadispiro[5,1,5,3]hexadecane14,16-dione in warm glacial acetic
      acid was added 0.5g of 5% Pd on charcoal. The acetic acid solution was
      placed in a Parr Hydrogenation apparatus and hydrogenerated at 45 psi
      H.sub.2 for 0.5 hr. At the end of this time, the reaction mixture was
      poured into water and extracted with 3 .times. 200 ml ether. The ether
      extracts were combined, dried over anhydrous Na.sub.2 SO.sub.4, and
      evaporated yielding 4.0g (65%) of the slightly yellow solid. The solid was
      recrystallized from methanol giving white crystals of the desired
      hydroxylamine, m.p. 54.degree.-58.degree. after drying in vacuum over
      P.sub.2 O.sub.5.
PAR  By following the above procedure, and substituting for
      15-n-octadecyl-7-oxyl-7,15-diazadispiro[5,1,5,3]hexadeca-14,16-dione an
      equivalent amount of the compounds found in Example 7, there is
      respectively obtained the following compounds:
PA0  (a) 15-benzyl-7-hydroxy-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PA0  (b)
      15,15'-(2",3",5",6"-tetramethyl-p-xylilidenyl)bis(7-hydroxy-7,15-diazadisp
     iro[5,1,5,3]hexadecane-14,16-dione
PA0  (c)
      15,15'-(n-dodecamethylene)bis(7-hydroxy7,15-diazadispiro[5,1,5,3]hexadecan
     e-14,16-dione)
PA0  (d) 15,15',15"-(2,4,6-trimethyl-.alpha.,.alpha.',.alpha."-mesitylidene)
      tris(7-hydroxy-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PA0  (e) 15,15'-n-octamethylene
      bis(7-hydroxy-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione)
PA0  (f) 15,15'-tetramethylene
      bis(7-hydroxy-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PA0  (g) 15-methyl-7-hydroxy-7,15-diazadispiro [5,1,5,3]hexadecane-14,16-dione
PA0  (h) 15-n-octyl-7-hydroxy-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PA0  (i) 4- n-octadecyl-1-hydroxy-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (j) 4-benzyl-1-hydroxy-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (k) 4,4'(2",3",5",6-tetramethyl-p-xylilidenyl)
      bis(1-hydroxy-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (l)
      4,4(n-dodecamethylene)bis(1-hydroxy-2,2,6,6-tetramethyl-3,5-diketopiperazi
     ne
PA0  (m) 4,4'-(1,3,5-trimethylmesitylidene)tris
      (1-hydroxy-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (n)
      4,4'(n-octamethylene)bis(1-hydroxy-2,2,6,6-tetramethyl-3,5-diketopiperazin
     e
PA0  (o)
      4,4'(tetramethylene)bis(1-hydroxy-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (p) 4-methyl-1-hydroxy-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (q) 4-n-octyl-1-hydroxy-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (r)
      15-n-octadecyl-7-hydroxy-1,9-dimethyl-7,15-diazadispiro[5,1,5,3]hexadecane
     -14,16-dione
PAC  EXAMPLE 9
PAC  Artificial Light Exposure Test
PAR  Deterioration of most polymers caused by ultraviolet light is so slow at
      ambient temperatures, even in the absence of stabilizers, that testing of
      the effects of stabilizers generally must be conducted either at higher
      temperatures or in an accelerated artificial light exposure device in
      order to yield results in a convenient period of time. The tests conducted
      on polymers using an artificial light exposure device is described below:
PAL  a. Sample Preparation
PAR  5 mil Film -- Unstabilized polypropylene powder (Hercules Profax 6501) is
      thoroughly blended with the indicated amounts of additives. The blended
      material is then milled on a two roll mill for 5 minutes at 182.degree.C.
      The milled sheet is then compression molded at 220.degree.C into 5 mil
      thick film under a pressure of 175 psi and water cooled in the press.
PAL  b. Testing Method
PAR  This test is conducted in a FS/BL unit, basically of the American Cyanamid
      design, which consists of 40 tubes of alternating fluorescent sunlamps and
      black lights (20 of each). The 5  mil sample films are mounted on 3
      .times. 2 inches IR card holders with 1/4 .times. 1 inch windows and are
      placed on a rotating drum 2 inches from the bulbs in the FS/BL unit. The
      time in hours is noted for the development of 0.5 carbonyl absorbance
      units as determined on an Infrared Spectrophotometer. The development of
      carbonyl functional groups in the polymer is proportional to the amount of
      degradation caused by the ultraviolet light exposure.
PAR  The test results reported below were obtained according to the procedures
      described above. The amounts of the additives are expressed in weight
      percent based on the weight of the polymer.
TBL                Table I                                                     
     ______________________________________                                    
                            Time in Hours                                      
                            to .5 Carbonyl                                     
     Formulation*           Absorbance Units                                   
     ______________________________________                                    
     .5% 15-n-octadecyl-7-oxyl-7,15-                                           
     diazadispiro[5,1,5,3]hexadecane-                                          
     14,16-dione            300                                                
     .5% 15-benzyl-7-oxyl-6,15-diaza-                                          
     dispiro[5,1,5,3]hexadecane-14,16-                                         
     dione                  380                                                
     .5% 4-n-octadecyl-1-oxyl-2,2,6,6-                                         
     tetramethyl-3,5-diketopiperazine                                          
                            860                                                
     .5% 15-n-octadecyl-7-hydroxy-7,15-                                        
     diazadispiro[5,1,5,3]hexadecane-14,16-                                    
     dione                  545                                                
     *Control               225                                                
     ______________________________________                                    
      *Each of the samples tested and the control contains 0.2% of             
      (di-octadecyl(3,5-di-t-butyl-4-hydroxybenzyl) phosphonate which is an    
      antioxidant which prevents oxidative degradation of polypropylene during 
      processing.                                                              
PAR  Other hindered phenolic antioxidants may be used in place of
      di-octadecyl(3,5-di-t-butyl-4-hydroxybenzyl)phosphonate in the above
      mentioned compositions for example, di-n-octadecyl
      .alpha.-(3-t-butyl-4-hydroxy-4-methylbenzyl)malonate,
      2,4-bis(n-octylthio)-6-(3,5-di-t-butyl-4-hydroxyanilino)-1,3,5-triazine,
      octadecyl 3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate,
      pentaethylthritol-tetrakis[3-(3,5-di-t-butyl4-hydroxyphenyl)propionate]
      tris-(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate respectively.
PAC  EXAMPLE 10
PAR  a. A composition comprising acrylonitrilebutadiene-styrene terpolymer and
      1% by weight of
      15,15'-(n-dodecamethylene)bis(7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-
     14,16-dione) resists embrittlement due to exposure to ultraviolet light
      longer than one which does not contain the stabilizer.
PAR  b. A composition comprising a polyurethane prepared from toluene
      diisocyanate and alkyl polyols and 1.0% by weight of
      15-benzyl-7-hydroxy-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione is
      more stable sunlight, fluorescent sunlamps, black lights and fluorescent
      lights than the unformulated polyurethane.
PAR  c. A composition comprising a polycarbonate prepared from bisphenol-A and
      phosgene and 1% by weight of 4-n-octadecyl-1-oxyl-2,2,6,6-tetramethyl
      3,5-diketopiperazine resists discoloration due to exposure to ultraviolet
      light longer than one which does not contain the stabilizer.
PAR  d. A composition comprising a polyester (polyethyleneterephthalate) and
      0.2% by weight of 15,15'-(2",3",5",6"-tetramethyl-p-xylilidenyl)bis
      (7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane resists discoloration due to
      exposure to ultraviolet light longer than one which does not contain the
      stabilizer.
PAR  e. A composition comprising polymethylmethacrylate and 0.25% by weight of
      15,15'-n-dodecamethylene
      bis(7-hydroxy-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione) resists
      discoloration due to exposure to ultraviolet light longer than one which
      does not contain the stabilizer.
PAC  EXAMPLE 11
PAR  a. A stabilized linear polyethylene is prepared by incorporating therein
      0.5% by weight of 15, 15'-tetramethylene bis(7-oxyl-7,15-diazadispiro
      [5,1,5,3]hexadecane-14,16-dione. The stabilized compositions resist
      embrittlement due to exposure to ultraviolet light longer than one which
      does not contain the stabilizer.
PAR  b. A stabilized polyamide (nylon 6,6) is prepared by incorporating therein
      0.1% of
      15,n-octadecyl-7-hydroxy-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione.
      The light stability of the stabilized composition is superior to that of
      an unstabilized polyamide.
PAR  c. A stabilized polyphenylene oxide polymer (prepared by polymerizing
      2,6-dimethylphenol) is prepared by incorporating therein 0.5% by weight
      15-methyl-7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione. The
      stabilized compositions resist embrittlement due to exposure to
      ultraviolet light longer than one which does not contain the stabilizer.
PAR  d. A stabilized crystalline polystyrene is prepared by incorporating
      therein 0.1% by weight of
      4,4'(n-dodecamethylene)bis(1-oxyl-2,2,6,6-tetramethyl-3,5-diketopiperazine
     ). The stabilized compositions resists embrittlement due to exposure to
      ultraviolet light longer than one which does not contain the stabilizer.
PAC  EXAMPLE 12
PAR  High impact polystyrene resin containing elastomer (i.e.,
      butadiene-styrene) is stabilized against loss of elongation properties due
      to exposure to ultraviolet light by incorporation of 0.3% by weight of
      15-n-octadecyl-7,15-diazadispiro[5,1,5,3] hexadecane-14,16-dione.
PAR  The unstabilized resin is dissolved in chloroform and the stabilier then
      added, after which the mixture is cast on a glass plate and the solvent
      evaporated to yield a uniform film which, upon drying, is removed and cut
      up, and then pressed for 7 minutes at a temperature of 163.degree.C and a
      pressure of 2,000 pounds per square inch into a sheet of uniform thickness
      (25 mil). The sheets are then cut into strips approximately 4 .times. 0.5
      inches. A portion of these strips is then measured for percent of
      elongation in the Instron Tensile Testing Apparatus (Instron Engineering
      Corporation, Qunicy, Mass.). The remaining portion of the strips are
      placed in an FS/BL chamber according to Example 6 (b) except that the time
      to 50 percent reduction in elongation is measured. The stabilized
      polystyrene resin retains its elongation property longer than the
      unstabilized resin.
PAR  Similar results are obtained when an equivalent amount of the following
      stabilizers are used in place of the above mentioned stabilizer.
PA0  (a) 0.1% by weight of
      15,15',15"-(2,4,6-trimethyl-.alpha.,.alpha.',.alpha."-mesitylidene)tris(7-
     oxyl-7,15-diazadispiro [5,1,5,3]hexadecane-14,16-dione.
PA0  (b) 0.2% by weight of 15,15'-n-octamethylene
      bis(7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione)
PA0  (c) 1.0% by weight of
      15-methyl-7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione
PA0  (d) 0.1% by weight of
      4-n-octadecyl-1-hydroxy-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (e) 0.1% by weight of
      4,4'(2",3",5",6-tetramethyl-p-xylilidenyl)bis(1-oxyl-2,2,6,6-tetramethyl-3
     ,5-diketopiperazine
PA0  (f) 0.5% by weight of 4,4'(n-octamethylene)bis(
     7-hydroxy-2,2,6,6-tetramethyl-3,5-diketopiperazine)
PA0  (g) 1% by weight of
      4-n-octyl-1-oxyl-2,2,6,6-tetramethyl-3,5-diketopiperazine
PA0  (h) 0.5% by weight of
      15-n-octadecyl-7-oxyl-1,9-dimethyl-7,15-diazadispiro[5,1,5,3]hexadecane-14
     ,16-dione.
PAR  Antioxidants may also be incorporated into each of the above mentioned
      compositions, for example,
      di-n-octadecyl-.alpha.,.alpha.'-bis(3-t-butyl-4-hydroxy-5-methylbenzyl)
      malonate
      2,4-bis(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-octylthioethylthio)-1,3,5-tr
     iazine,
      2,4-bis(3,5-di-t-butylhydroxyphenoxy)-6-(n-octylthio)-1,3,5-triazine di-n-
     octadecyl 3,5-di-t-butyl-4-hydroxybenzyl phosphonates and octadecyl
      3(3',5'-di-t-butyl-4-hydroxyphenyl)propionate respectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##EQU8##
      wherein X is O or OH;
PA1  R.sup.1 and R.sup.2 are independently of each other methyl or ethyl or
      together with the carbon to which they are bound are cyclopentyl or
      cyclohexyl, which is unsubstituted or substituted with methyl;
PA1  n is an integer of from 1 to 3;
PA1  when n is 1, R.sup.3 is hydrogen, alkyl of from 1 to 19 carbon atoms,
      ##SPC8##
PA1   or
      ##EQU9##
      wherein R.sup.1, R.sup.2 and X are as defined above;
PA1  when n is 2, R.sup.3 is the direct bond, alkylene of from 1 to 18 carbon
      atoms, or
      ##SPC9##
PAL  wherein
PA1  R.sup.4, r.sup.5, r.sup.6, and R.sup.7 are hydrogen or methyl;
PA1  when n is 3, R.sup.3 is
      ##SPC10##
PAL  wherein
PA1  R.sup.8, r.sup.9, and R.sup.10 are hydrogen or methyl.
NUM  2.
PAR  2. A compound according to claim 1 having the formula
      ##EQU10##
      wherein X is O or OH;
PA1  n is an integer of from 1 to 3;
PA1  when n is 1, R.sup.3 is hydrogen, alkyl of from 1 to 19 carbon atoms,
      ##SPC11##
PA1    or
      ##EQU11##
      wherein X is as defined above;
PA1  when n is 2, R.sup.3 is the direct bond, alkylene of from 1 to 18 carbon
      atoms, or
      ##SPC12##
PAL  wherein
PA1  R.sup.4, r.sup.5, r.sup.6, and R.sup.7 are hydrogen or methyl;
PA1  when n is 3, R.sup.3 is
      ##SPC13##
PAL  wherein
PA1  R.sup.8, r.sup.9, and R.sup.10 are hydrogen or methyl.
NUM  3.
PAR  3. A compound according to claim 2 wherein n is 1 or 2;
PA1  when n is 1, R.sup.3 is hydrogen, alkyl of from 5 to 17 carbon atoms,
      ##SPC14##
PA1    or
      ##EQU12##
      when n is 2, R.sup.3 is the direct bond, alkylene having from 1 to 10
      carbon atoms or
      ##SPC15##
NUM  4.
PAR  4. A compound according to claim 1 wherein R.sup.1 and R.sup.2 are
      independently of each other methyl or ethyl.
NUM  5.
PAR  5. A compound according to claim 1 wherein R.sup.1 and R.sup.2 are methyl;
PA1  n is 1 or 2;
PA1  when n is 1, R.sup.3 is hydrogen, alkyl having from 5 to 17 carbon atoms,
      ##SPC16##
PA1    or
      ##EQU13##
      when n is 2, R.sup.3 is the direct bond, alkylene having from 1 to 10
      carbon atoms or
      ##SPC17##
NUM  6.
PAR  6. A compound according to claim 1 which is
      15-n-octadecyl-7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione.
NUM  7.
PAR  7. A compound according to claim 1 which is
      15-n-octadecyl-7-oxyl-1,9-dimethyl-7,15-diazadispiro[5,1,5,3]hexadecane-14
     ,16-dione.
NUM  8.
PAR  8. A compound according to claim 1 which is
      15-n-octadecyl-7-hydroxy-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione.
NUM  9.
PAR  9. A compound according to claim 1 which is
      15-n-octadecyl-7-hydroxy-1,9-dimethyl-7,15-diazadispiro[5,1,5,3]hexadecane
     -14,16-dione.
NUM  10.
PAR  10. A compound according to claim 1 which is
      15-benzyl-7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione.
NUM  11.
PAR  11. A compound according to claim 1 which is
      15-benzyl-7-hydroxy-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione.
NUM  12.
PAR  12. A compound according to claim 1 which is
      15,15'-(2",3",5",6"-tetramethyl p-xylilidenyl)bis(7-oxyl-7,15-diazadispiro
     [5,1,5,3]hexadecane-14,16-dione).
NUM  13.
PAR  13. A compound according to claim 1 which is 15,15'-n-dodecamethylene
      bis(7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione).
NUM  14.
PAR  14. A compound according to claim 1 which is 15,15'-n-dodecamethylene
      bis(7-hydroxy-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione).
NUM  15.
PAR  15. A compound according to claim 1 which is 15,15'-tetramethylene
      bis(7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione).
NUM  16.
PAR  16. A compound according to claim 1 which is
      4-n-octadecyl-1-oxyl-2,2,6,6-tetramethyl-3,5-diketopiperazine.
NUM  17.
PAR  17. A compound according to claim 1 which is
      15-methyl-7-oxyl-7,15-diazadispiro[5,1,5,3]hexadecane-14,16-dione.
NUM  18.
PAR  18. A compound according to claim 1 which is
      4-benzyl-1-oxyl-2,2,6,6-tetramethyl-3,5-diketopiperazine.
NUM  19.
PAR  19. A compound according to claim 1 which is
      4,4'(n-dodecamethylene)bis(1-oxyl-2,2,6,6-tetramethyl-3,5-diketopiperazine
     ).
NUM  20.
PAR  20. A compound according to claim 1 which is
      4,4'(n-dodecamethylene)bis(7-hydroxy12,2,6,6-tetramethyl-3,5-diketopiperaz
     ine).
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ABST
PAL  Novel, substituted 9-Benzylacridines and the methods for their preparation
      are disclosed. These compounds are useful in the treatment of angina
      pectoris.
BSUM
PAR  Angina pectoris is a painful symptom of myocardial ischemia occurring when
      the oxygen supply cannot meet the requirements of the heart. During
      ischemia, pain and abnormalities of heat metabolism, left ventricular
      function and electrocardiograms are observed. Blood flow through the
      myocardium is the main determinant of oxygen supply. The heart extracts
      oxygen from its blood supply at near maximal efficiency so that any
      increase in oxygen requirements must be met by an increase in blood flow.
      Ischemia caused by an insufficient oxygen supply may be improved by agents
      which increase myocardial perfusion and reduce oxygen utilization.
PAR  Early work with nitroglycerin indicated a coronary vasodilator action which
      led to a concerted effort to find more potent, longer acting vasodilators
      selective for the coronary vascular bed. These newer agents have been
      disappointing since little relief of ischemia or anginal pain has been
      observed.
PAR  Another more recent approach to treatment of angina includes the reduction
      of myocardial oxygen requirements through reduced cardiac work. Also,
      improved circulation of blood to ischemic areas by selective dilation of
      certain larger supply vessels appears to restore normal oxygen and
      nutrient supply. Circulation through the left ventricle involves
      epicardial (superficial regions) and endocardial (deeper regions) pathways
      which compete for available blood flow from larger intramural supply
      vessels. Further branching of the supply vessels leads to prearteriolar,
      arteriolar and capillary beds which have a nutritive function in the
      tissues. It has been suggested that circulation in the endocardium is
      probably inadequate, thus establishing a relatively ischemic region.
      Compared with the epicardium, the endocardial region has a lower oxygen
      tension and a lower level of circulating nutrients. When coronary artery
      disease restricts blood flow, the endocardial region may be prone to
      myocardial insufficiency. Since the endocardium is relatively ischemic,
      autoregulatory responses cause an average arteriolar and precapillary
      sphincter dilation of about 91%. The vessels of the better perfused,
      epicardium are only opened about 68% and can better tolerate a decreased
      flow through compensatory mechanisms.
PAR  It has now been discovered that certain novel substituted 9-benzylacridines
      are useful in the treatment of angina pectoris due to their ability to
      dilate large coronary arteries which allows a preferential perfusion of
      the ischemic areas of the heart.
PAR  More particularly, the present invention relates to compounds of the
      formula:
      ##SPC1##
PAL  Where R.sub.1 may be hydrogen, nitrile, carboxamide, or carboxyalkyl;
      R.sub.2, R.sub.3, R.sub.4 and R.sub.5 may be separately or together
      hydrogen, halogen, alkyl, alkoxy, aralkyloxy, hydroxy, or methylenedioxy;
      R.sub.6, R.sub.7 and R.sub.8 may be individually or collectively
      represented by hydrogen, halogen, alkyl, alkoxy, aralalkyloxy,
      methylenedioxy, or hydroxy. It may be understood that the following terms
      have the meaning of: halogen (Cl, Br, I, F), alkyl (1-6 carbon atoms),
      aralkyl (benzyl, phenylethyl, phenylpropyl where benzene ring may be
      optionally substituted).
PAR  In addition, suitable salts of pharmaceutically acceptable acids or bases
      are also included such as HCl, HBr, p-toluenesulfonate and fumarate within
      the bounds of the present invention.
PAR  Generally outlined, the compounds of the present invention are prepared as
      follows:
PAR  The appropriately substituted 9-chloroacridine is condensed with the
      substituted-phenylacetate in a DMF/NaH reaction mixture. While room
      temperature is usually sufficient for reaction, a temperature range of
      0.degree.-100.degree. may also be employed. The
      .alpha.-acridinyl-.alpha.-phenylacetate intermediate obtained is
      hydrolyzed by heating in strong aqueous alkali such as 20% NaOH for about
      18 hours. Acidification of the reaction mixture gives the desired
      substituted -9-benzylacridines as product. Reacting the 9-chloroacridines
      with substituted phenylacetonitrile in a DMF/NaH mixture gives the
      corresponding .alpha.-acridinyl-.alpha.-phenylacetonitrile as product.
      Acid hydrolysis of the nitrile gives the
      .alpha.-acridinyl-.alpha.-phenyl-carboxamide as product.
      ##SPC2##
PAR  More particularly, the following examples are specific for the preparation
      of species under the generic invention:
DETD
PAC  EXAMPLE 1
PAL  2,3-dimethoxy-9-veratrylacridine Hydrochloride
PAR  A reaction mixture containing 20.6 g (46.0 mmol) of methyl
      .alpha.-[9-(2,3-dimethoxyacridinyl)]-.alpha.-(3,4-dimethoxyphenyl)-acetate
     , 500 ml of MeOH and 250 ml of 20% NaOH was heated at reflux for 3 hours.
      The reaction mixture was cooled, acidified with HOAc and evaporated in
      vacuo to a residue which was partitioned between CHCl.sub.3 (1 l.) and
      H.sub.2 O (500 ml). The CHCl.sub.3 phase was washed with 20% NaOH (500
      ml), H.sub.2 O (1 l.) and dried with MgSO.sub.4 before evaporated in vacuo
      to give a crude solid residue, 15.1 g (84.4%), mp 158.degree.-161.degree..
      The product was purified as its hydrochloride salt by recrystallization
      from 2-propanol; yield, 13.7 g (72.2%), mp 222.degree.-224.degree..
PAR  Anal. Calcd for C.sub.24 H.sub.23 NO.sub.4.sup.. HCl C, H, N, Cl.
PAC  EXAMPLE 2
PAL  9-(3,4-dimethoxy)benzylacridine
PAR  A mixture of 11.1 g (28.7 mmol) of methyl
      .alpha.-(9-acridinyl)-3,4-dimethoxyphenylacetate in 300 ml of MeOH and 50
      ml of 20% NaOH was heated at reflux for 2 hours. The reaction mixture was
      cooled, acidified with HOAc and evaporated to dryness. The resultant
      residue was suspended in H.sub.2 O (250 ml) and 9.32 g (98.8%) of free
      base product was obtained by filtration, mp 126.degree.-133.degree.. The
      crude product was purified as the HCl salt by recrystallization from
      2-propanol; yield 8.44 g (80%) mp 232.degree.-234.degree..
PAR  Anal. Calcd. for C.sub.22 H.sub.19 NO.sub.2.sup.. HCl C, H, N, Cl.
PAC  EXAMPLE 3
PAL  9-(3,4-diethoxybenzyl)acridine
PAR  An ethanolic solution (500 ml) containing 9.20 g (27.2 mmol) of
      9-(3,4-dihydroxybenzyl)acridine hydrochloride, 4.35 g (109 mmol) of NaOH,
      and 50 ml of ethylbromide was stirred at room temperature for 18 hours and
      then refluxed for 3 hours. The reaction mixture was evaporated to a
      residue which was suspended between CHCl.sub.3 (500 ml) and 20% NaOH (250
      ml). The CHCl.sub.3 phase was separated and further washed with H.sub.2 O
      (1.times.500 ml), dried over MgSO.sub.4 and evaporated to a gummy residue.
      The crude product was purified as a hydrochloride salt by
      recrystallization from 2-propanol, mp 188.degree.-190.degree..
PAR  Anal. Calcd. for C.sub.24 H.sub.23 NO.sub.2.sup.. HCl.sup.. H.sub.2 O C, H,
      N, Cl.
PAC  EXAMPLE 4
PAL  9-(4-chlorobenzyl)acridine Hydrochloride
PAR  A reaction mixture containing 17.0 g (47.0 mmol) of methyl
      .alpha.-(9-acridinyl)-.alpha.-(4-chlorophenyl)acetate, 500 ml of MeOH and
      200 ml of 20% NaOH was heated at reflux for 5 hours. The reaction mixture
      was cooled and acidified with HOAc before being evaporated to dryness. The
      resultant residue was partitioned between 750 ml of CHCl.sub.3 and 250 ml
      of H.sub.2 O. The CHCl.sub.3 phase was washed with 1N.sup.. NaOH (500 ml),
      H.sub.2 O (500 ml) and dried with MgSO.sub.4. Evaporation of the
      CHCl.sub.3 extract gave 13.2 g (92.2%) of the crude solid product which
      was purified as the HCl salt from 2-propanol; yield, 15.5 g (92.7%), mp
      229.degree.-231.degree..
PAR  Anal. Calcd for C.sub.20 H.sub.14 ClN.sup.. HCl.sup.. 1/4C.sub.3 H.sub.8 O
      C, H, N, Cl.
PAC  EXAMPLE 5
PAL  Methyl .alpha.-(9-acridinyl)-3,4-dimethoxyphenylacetate
PAR  To a mixture of methyl 3,4-dimethoxyphenylacetate (19.7 g, .094 mol) 0.14
      mole of NaH and 250 ml of dry DMF stirred at RT for 1 hour, was added 10.0
      g (46.3 mmol) of 9-chloroacridine in 250 ml of DMF. The resultant mixture
      was stirred at RT for 18 hours, poured onto 1 l. ice/H.sub.2 O and
      extracted with Et.sub.2 O (1.times.500 ml) and CHCl.sub.3 (1.times.500
      ml). The combined organics were washed with H.sub.2 O (3.times.500 ml),
      dried over MgSO.sub.4 and evaporated to give a quantitative yield of the
      crude product. The crude oily residue was triturated with Et.sub.2
      O-hexane and 16.4 g (90.5%) of solid product mp 148.degree.-154.degree.
      was obtained. The analytical sample was obtained by recrystallization from
      MeOH/H.sub.2 O; yield 14.3 g, mp 157.degree.-158.degree..
PAR  Anal. Calcd. for C.sub.24 H.sub.21 NO.sub.4 C, H, N.
PAC  EXAMPLE 6
PAL  Methyl .alpha.-[9-(2,3-dimethoxyacridinyl)]-.alpha.-(3,4-dimethoxyphenyl)
      acetate
PAR  After a DMF solution (500 ml) containing 23.0 g. (110 mmol) of methyl
      3,4-dimethoxyphenylacetate and 164 mmol of NaH has stirred at room
      temperature for 1 hour, 9-chloro-2,3-dimethoxyacridine (15.0 g, 54.8 mmol)
      dissolved in DMF (500 ml) was added. The resultant mixture was allowed to
      react at room temperature for 18 hours. The resultant reaction mixture was
      poured onto ice/H.sub.2 O (2 l.) and extracted with CHCl.sub.3
      (1.times.750 ml). The CHCl.sub.3 extract was washed with H.sub.2 O
      (4.times.1 l.) and dried over MgSO.sub.4. Evaporation of the CHCl.sub.3
      gave a crude residue which was triturated with hexane and ether to give
      solid product; yield 22.5 g (91.8%), mp 114.degree.-117.degree. dec. The
      analytical sample was obtained by recrystallization from MeOH/H.sub.2 O,
      mp 118.degree.-120.degree. dec.
PAR  Anal. Calcd. for C.sub.26 H.sub.25 NO.sub.6 C, H, N.
PAC  EXAMPLE 7
PAL  Methyl .alpha.-(9-acridinyl)-.alpha.-(p-chlorophenyl)acetate
PAR  After a mixture of DMF (250 ml), methyl p-chlorophenylacetate (25.9 g, 140
      mmol) and NaH (211 mmol) was stirred at room temperature for 1 hour,
      9-chloroacridine (15.0 g, 70.2 mmol) dissolved in 250 ml of DMF was added
      slowly. The resultant reaction mixture was stirred at room temperature for
      18 hours. This reaction mixture was then poured onto 1.5 l. of an
      ice/H.sub.2 O mixture and extracted with CHCl.sub.3 (500 ml). The
      CHCl.sub.3 extract was washed with H.sub.2 O (3.times.500 ml) and dried
      over MgSO.sub.4. Evaporation of the CHCl.sub.3 extract gave a crude
      residual solid which was recrystallized from cyclohexane; yield, 20.2 g
      (79.4%), mp 192.degree.-193.degree..
PAR  Anal. Calcd. for C.sub.22 H.sub.16 ClNO.sub.2 C, H, N, Cl.
PAC  EXAMPLE 8
PAL  9-(3,4-dihydroxybenzyl)acridine
PAR  The 9-(3,4-benzyl)acridine 20 g (54.7 mmol) was added in small portions to
      previously melted pyridine hydrochloride (200 ml, at
      190.degree.-195.degree. for 0.5 hours). The resultant mixture was heated
      at 190.degree.-195.degree. for 2 hours and then poured onto 1500 ml of
      ice-H.sub.2 O. The resultant solid was collected by filtration to give
      16.2 g (87.2%) mp 265.degree.-270.degree. of the crude expected product.
      The analytical sample was obtained by recrystallization from 1-propanol,
      mp 283.degree.-285.degree..
PAR  Anal. Calcd. for C.sub.20 H.sub.15 NO.sub.2.sup.. HCl C, H, N, Cl.
PAR  Table I lists all those compounds encompassed by the generic invention. The
      numerical indicia preceeding specific radicals within the table refers to
      positions on the benzene ring at which the radical is located.
TBL  Compound                                                                  
            R.sub.1                                                            
                   R.sub.2                                                     
                         R.sub.3                                               
                               R.sub.4                                         
                                     R.sub.5                                   
                                          R.sub.6                              
                                                R.sub.7                        
                                                      R.sub.8                  
     __________________________________________________________________________
     Ex. II H      H     H     H     H    H     OCH.sub.3                      
                                                      OCH.sub.3                
     Ex. III                                                                   
            H      H     H     H     H    H     OC.sub.2 H.sub.5               
                                                      OC.sub.2 H.sub.5         
     Ex. VIII                                                                  
            H      H     H     H     H    H     OH    OH                       
     09A    H      H     H     H     H    H     OCH.sub.3                      
                                                      H                        
     Ex. IV H      H     H     H     H    H     Cl    H                        
     80A    H      H     H     H     H    H     CH.sub.3                       
                                                      CH.sub.3                 
     82A    H      H     H     H     H    H     Cl    Cl                       
     81A    H      H     H     H     H    2-OCH.sub.3                          
                                                H     OCH.sub.3                
     87A    H      H     H     H     H    H     H     OH                       
     55A    H      H     H     H     H    H     H     OCH.sub.3                
     54A    H      H     H     H     H    2-OCH.sub.3                          
                                                H     H                        
                                                CH.sub.2                       
     87A    H      H     H     H     H    H     OO                             
     89A    H      H     H     H     H    OH    OH    OH                       
     70A    H      H     H     H     H    H     OH    H                        
     37A    H      H     H     H     H    3-OCH.sub.3                          
                                                OCH.sub.3                      
                                                      5-OCH.sub.3              
     Ex. 1  H      2-OCH.sub.3                                                 
                         3-OCH.sub.3                                           
                               H     H    H     OCH.sub.3                      
                                                      OCH.sub.3                
     18A    H      2-OCH.sub.3                                                 
                         H     6-OCH.sub.3                                     
                                     H    H     OCH.sub.3                      
                                                      OCH.sub.3                
     69A    H      2-OH  3-OH  H     H    H     OH    OH                       
     77A    H      2-OCH 3-OCH.sub.3                                           
                               H     H    H     Cl    Cl                       
                                                CH.sub.2                       
     79     H      2-OCH 3-OCH.sub.3                                           
                               H     H    H     OO                             
                                                CH.sub.2                       
     34     CO.sub.2 CH.sub.3                                                  
                   2-OCH.sub.3                                                 
                         3-OCH.sub.3                                           
                               H     H    H     OO                             
     19     CO.sub.2 CH.sub.3                                                  
                   2-OCH.sub.3                                                 
                         H     6-Cl  H    H     OCH.sub.3                      
                                                      OCH.sub.3                
            (6)                                                                
     Ex. VI CO.sub.2 CH.sub.3                                                  
                   2-OCH.sub.3                                                 
                         3OCH.sub.3                                            
                               H     H    H     OCH.sub.3                      
                                                      OCH.sub.3                
                                                CH.sub.2                       
     63     CO.sub.2 CH.sub.3                                                  
                   H     H     H     H    H     OO                             
     73     CO.sub.2 CH.sub.3                                                  
                   H     H     H     H    H     Cl    Cl                       
     79     CO.sub.2 C.sub.2 H.sub.5                                           
                   H     H     H     H    H     CH.sub.3                       
                                                      CH.sub.3                 
     29     CO.sub.2 CH.sub.3                                                  
                   H     H     H     H    2-OCH.sub.3                          
                                                H     5-OCH.sub.3              
     50     CO.sub.2 CH.sub.3                                                  
                   H     H     H     H    2-OCH.sub.3                          
                                                H     H                        
     49     CO.sub.2 CH.sub.3                                                  
                   H     H     H     H    H     H     3-OCH.sub.3              
     31     CO.sub.2 CH.sub.3                                                  
                   H     4-OCH.sub.3                                           
                               H     H    H     OCH.sub.3                      
                                                      OCH.sub.3                
     43     CO.sub.2 CH.sub.3                                                  
                   H     H     H     H    3-OCH.sub.3                          
                                                4-OCH.sub.3                    
                                                      5OCH.sub.3               
     10     CO.sub.2 CH.sub.3                                                  
                   H     H     H     H    H     OCH.sub.3                      
                                                      H                        
     Ex. VII                                                                   
            CO.sub.2 CH.sub.3                                                  
                   H     H     H     H    H     Cl    H                        
     Ex. V  CO.sub.2 CH.sub.3                                                  
                   H     H     H     H    H     OCH.sub.3                      
                                                      OCH.sub.3                
                                                             Solvent           
                               Compound                                        
                                      Formula   Anal.*                         
                                                      mp.    Recrystn.         
     __________________________________________________________________________
                               Ex. II C.sub.22 H.sub.19 NO.sub.2.HCl           
                                                CHNCl 232-234                  
                                                             2-PrOH            
                               Ex. III                                         
                                      C.sub.24 H.sub.23 NO.sub.2.HCl.          
                                                CHNCl 188-190                  
                                                             2-PrOH            
                                      H.sub.2 O                                
                               Ex. VIII                                        
                                      C.sub.20 H.sub.15 NO.sub.2.HCl           
                                                CHNCl 283-285                  
                                                             1-PrOH            
                               09A    C.sub.21 H.sub.17 NO.HCl                 
                                                CHNCl 220-222                  
                                                             2-PrOH            
                               Ex. IV C.sub.20 H.sub.14 ClN.HCl.               
                                                CHNCl 229-231                  
                                                             2-PrOH            
                                      1/4C.sub.3 H.sub.8 O                     
                               80A    C.sub.22 H.sub.19 N.HCl                  
                                                CHNCl 249-252                  
                                                             2-PrOH            
                               82A    C.sub.20 H.sub.13 NCl.sub.2.             
                                                CHNCl 268-270                  
                                                             1-PrOH            
                                      HCl                                      
                               81A    C.sub.22 H.sub.19 NO.sub.2.HCl           
                                                CHNCl 251-253                  
                                                             2-PrOH            
                               87A    C.sub.20 H.sub.15 NO.HCl                 
                                                CHNCl 288-291                  
                                                             1-PrOH            
                               55A    C.sub.21 H.sub.17 NO.HCl                 
                                                CHNCl 230-232                  
                                                             2-PrOH            
                               54A    C.sub.21 H.sub.17 NO.HCl                 
                                                CHNCl 247-249                  
                                                             2-PrOH            
                               87A    C.sub.21 H.sub.15 NO.sub.2.HCl           
                                                CHNCl 253-255                  
                                                             1-PrOH            
                               89A    C.sub.20 H.sub.15 NO.sub.3.HCl           
                                                CHNCl 293-294                  
                                                             MeOH              
                               70A    C.sub.20 H.sub.15 NO.HCl                 
                                                CHNCl 299-301                  
                                                             1-PrOH            
                               37A    C.sub.23 H.sub.21 NO.sub.3.HCl           
                                                CHNCl 251-253                  
                                                             2-PrOH            
                                                      dec                      
                               Ex. 1  C.sub.24 H.sub.25 NO.sub.4.HCl           
                                                CHNCl 222-224                  
                                                             1-PrOH            
                               18A    C.sub.23 H.sub.20 ClNO.sub.3.            
                                                CHNCl 264-266                  
                                                             MeOH              
                                      HCl             dec                      
                               69A    C.sub.20 H.sub.15 NO.sub.4.HCl           
                                                CHNCl 323 dec                  
                                                             MeOH              
                               77A    C.sub.22 H.sub.17 Cl.sub.2 NO.sub.2.     
                                                CHNCl 225-227                  
                                                             1-PrOH            
                                      HCl                                      
                               79     C.sub.23 H.sub.19 NO.sub.4               
                                                CHN   196-197                  
                                                             1-PrOH            
                               34     C.sub.25 H.sub.21 NO.sub.6               
                                                CHN   169-170                  
                                                             MeOH--H.sub.2 O   
                               19     C.sub.25 H.sub.22 ClNO.sub.5             
                                                CHNCl 145-147                  
                                                             C.sub.6 H.sub.12  
                               Ex. VI C.sub.26 H.sub.25 NO.sub.6               
                                                CHN   118-120                  
                                                             MeOH--H.sub.2 O   
                                                      dec                      
                               63     C.sub.23 H.sub.17 NO.sub.4               
                                                CHN   180-181                  
                                                             C.sub.6 H.sub.12  
                               78     C.sub.22 H.sub.15 Cl.sub.2 NO.sub.2      
                                                CHNCl 200-202                  
                                                             MeOH              
                               79     C.sub.25 H.sub.23 NO.sub.2               
                                                CHN   150-152                  
                                                             MeOH--H.sub.2 O   
                               29     C.sub.24 H.sub.21 NO.sub.4               
                                                CHN   169-170                  
                                                             2-PrOH            
                               50     C.sub.23 H.sub.19 NO.sub.3               
                                                CHN   186-187                  
                                                             MeOH              
                               49     C.sub.23 H.sub.19 NO.sub.3               
                                                CHN   195-197                  
                                                             MeOH              
                               31     C.sub.25 H.sub.23 NO.sub.5.              
                                                CHN   178-180                  
                                                             2-PrOH            
                                      1/4C.sub.3 H.sub.8 O                     
                               40     C.sub.25 H.sub.23 NO.sub.5               
                                                CHN   122-123                  
                                                             C.sub.6 H.sub.12  
                               10     C.sub.23 H.sub.19 NO.sub.3               
                                                CHN   165-166                  
                                                             MeOH              
                               Ex. VII                                         
                                      C.sub.22 H.sub.16 ClNO.sub.2             
                                                CHNCl 192-193                  
                                                             C.sub.6 H.sub.12  
                               Ex. V  C.sub.24 H.sub.21 NO.sub.4               
                                                CHN   157-158                  
                                                             MeOH--H.sub.2     
     __________________________________________________________________________
                                                             O                 
      *Satisfactory elemental analysis within .+-. 0.4% of theoretical was     
      obtained for all compounds reported.                                     
PAR  The antianginal action of this series of compounds is based upon a unique
      mode of action which is selective dilation of larger coronary arteries.
      This dilation causes a redistribution of blood flow to ischemic areas of
      the heart enhancing blood perfusion and reducing anoxia which causes
      anginal pain. (M. M. Winbury, B. B. Howe, H. R. Weiss, J. Pharmacol. Exp.
      Ther., 176: 184 (1971)). Only nitroglycerin and some .beta.-adrenergic
      blockers have demonstrated a similar redistribution of blood slow to
      ischemic areas by large coronary artery dilation. (M. M. Winbury, H. R.
      Weiss and B. B. Howe, Eur. J. Pharmacol., 16: 271 (1971)).
PAR  The series of compounds of this invention offers an alternative treatment
      of angina without interference with adrenergic control of the heart or use
      of nitrates. Existing "coronary vasodilators" such as dipyridamole and
      chromonar dilate smaller vessels to increase coronary blood flow without
      redistributing flow to needed ischemic areas (H. R. Weiss and M. M.
      Winbury, Fed. Proc., 30:(2) 631 (1971)). In severe ischemia, dipyridamole
      actually induced anginal attacks in man since it diverted blood flow away
      from ischemic areas through its dilator action on smaller coronary
      vessels. (O. Mantero and F. Conti, Circulatory Drugs, A. Bertelli, ed. pp
      118-123, North-Holland, Amsterdam, The Netherlands, 1969; C. F. Schwender,
      "Antianginal Agents", Ann. Rep. Med. Chem., 7: 69, R. V. Heinzelmann, ed.
      Academic Press, New York, 1972).
PAR  Experimentally, this flow redistribution can be demonstrated in a dog by
      measuring changes in resistance to blood flow of larger coronory arteries
      (RL) to ischemic tissue relative to smaller vessel resistance to flow (RT)
      in normal tissue. Analogs of this invention caused a decrease in the ratio
      RL/RT similar to that observed with nitroglycerin.
PAR  Generally, a dose of 1-5 mg/kg, iv was required to demonstrate a drop in
      RL/RT in dogs. Coronary vasodilators such as dipyridamole and chromonar
      caused an increased RL/RT ratio reflecting the redistribution of blood
      flow away from ischemic areas.
CLMS
STM  We claim:
NUM  1.
PAR  1. A substituted 9-benzylacridine of the general formula:
      ##SPC3##
PAL  R.sub.1 is selected from the group consisting of
      ##EQU1##
TBL  R.sub.2                                                                   
          is at the number 2 carbon on the acridine ring and is selected from  
          the group consisting of                                              
                 --OCH.sub.3,                                                  
                 --H;                                                          
     R.sub.3                                                                   
          is selected from the group consisting of                             
                 --OCH.sub.3,                                                  
                 --H;                                                          
     R.sub.4                                                                   
          is                                                                   
                 --H;                                                          
     R.sub.5                                                                   
          is                                                                   
                 --H;                                                          
     R.sub.6                                                                   
          is                                                                   
                 --H;                                                          
     R.sub.7                                                                   
          is selected from the group consisting of                             
                 --OCH.sub.3,                                                  
                 --OH,                                                         
                 --OC.sub.2 H.sub.5,                                           
                 --Cl;                                                         
     R.sub.8                                                                   
          is selected from the group consisting of                             
                 --OCH.sub.3,                                                  
                 --OH,                                                         
                 --OC.sub.2 H.sub.5,                                           
                 --H.                                                          
NUM  2.
PAR  2. The compound of claim 1 which is 2,3-dimethoxy-9-veratrylacridine
      hydrochloride.
NUM  3.
PAR  3. The compound of claim 1 which is 9-(3,4-dimethoxy)benzylacridine.
NUM  4.
PAR  4. The compound of claim 1 which is 9-(3,4-diethoxybenzyl)acridine.
NUM  5.
PAR  5. The compound of claim 1 which is 9-(4-chlorobenzyl)acridine
      hydrochloride.
NUM  6.
PAR  6. The compound of claim 1 which is methyl
      .alpha.-(9-acridinyl)-3,4-dimethoxyphenylacetate.
NUM  7.
PAR  7. The compound of claim 1 which is methyl
      .alpha.-[9-(2,3-dimethoxyacridinyl)]-.alpha.-(3,4-dimethoxyphenyl)
      acetate.
NUM  8.
PAR  8. The compound of claim 1 which is methyl
      .alpha.-(9-acridinyl)-.alpha.-(p-chlorophenyl)acetate.
NUM  9.
PAR  9. The compound of claim 1 which is 9-(3,4-dihydroxybenzyl)acridine.
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ABST
PAL  Compounds of the formula I
      ##SPC1##
PAL  wherein R represents alkyl having from 1 to 4 carbon atoms and one of the
      symbols R.sub.1 and R.sub.2 is methyl and the other is hydrogen possess
      favorable herbicidal properties for practical purposes when used in crops
      for controlling their infestation by undesired plant growth.
PARN
PAC  CROSS REFERENCE
PAR  This application is a continuation-in-part of application Ser. No. 52,986
      filed July 7, 1970, now abandoned.
BSUM
PAR  The present invention concerns substituted 2-azabicycloalkanes, process for
      their production, furthermore selective herbicidal compositions which
      contain such substituted 2-azabicycloalkanes and methods for the control
      of weeds and wild grasses employing the new active substances or the
      compositions containing them.
PAR  The expression "substituted 2-azabicycloalkanes" is used here and in the
      following to designate substituted methyl-2-azabicyclo-(4.4.0)-decanes
      which also may called decahydro-quinolines.
PAR  The new substituted 2-azabicycloalkanes are 1-alkylthio-carbonyl-(2- or
      8-methyl) decahydroquinolines and correspond to the Formula I
      ##SPC2##
PAL  wherein
PA1  R represents alkyl having from 1 to 4 carbon atoms, one of the symbols
      R.sub.1 and R.sub.2 is methyl and the other is hydrogen.
PAR  Alkyl groups R are straight or branched chain alkyl groups such as the
      methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and
      tert-butyl groups. Compounds wherein R represents the n-propyl group are
      preferred.
PAR  The substituted 2-azabicycloalkanes of Formula I are obtained by reacting a
      2-azabicycloalkane of the Formula II
      ##SPC3##
PAL  either with a thiocarbonyl halide of the Formula III
      ##EQU1##
      or with the individual components of such a thiocarbonyl halide, namely
      phosgene and an alkali metal salt of a mercaptan of the Formula IV
EQU  R -- SH                                                    IV.
PAL  in the presence of an acid-binding agent. In the Formulas II-IV, R, R.sub.1
      and R.sub.2 have the meanings given for Formula I and Hal in Formula III
      designates chlorine or bromine. It is advisable to perform the reactions
      in a solvent and/or diluting agent which is inert towards the reaction
      components. The type of dispersing agent to be used is largely determined
      by the acidbinding agent employed. If organic bases, such as tertiary
      amines, are used, it is advisable to also use an organic solvent. When
      inorganic bases are used, water and aqueous mixtures of water-miscible
      organic solvents are suitable. In general, the following tertiary amines
      can serve as acid-binding agents: pyridine and pyridine bases, triethyl
      amine etc.; likewise, the 2-azabicycloalkanes of Formula II which are used
      may be employed in excess and thus serve as acid-binding agent. Suitable
      inorganic bases are the hydroxides and carbonates of alkali and alkaline
      earth metals, primarily sodium hydroxide, sodium carbonate, potassium
      carbonate, furthermore the hydroxides and carbonates of lithium, barium,
      strontium and magnesium as well as quaternary ammonium compounds which
      react in the presence of water as bases, for example tetramethyl ammonium
      hydroxide, etc.
PAR  The following may be used as solvents: aliphatic and aromatic hydrocarbons
      and halogenohydrocarbons such as benzene, toluene, xylene, petroleum
      ether, chlorobenzene, methylene chloride, chloroform, carbontetrachloride,
      ether and ether-type solvents such as dialkyl ether and tetrahydrofuran;
      suitable as water-miscible solvents ate: alkanols, ketones, etc.
PAR  In the reaction of a 2-azabicycloalkane of Formula II with phosgene and an
      alkali metal salt of a mercaptan, the 2-azabicycloalkane-2-carbonyl halide
      obtained as intermediate can be reacted without futher purification with
      an alkali metal salt of a mercaptan of Formla IV.
PAR  According to another process of the present invention, the new substituted
      2-azabicycloalkanes of Formula I are obtained by reacting a
      2-azabicycloalkane of Formula II in the presence of an acid-binding agent
      with carbon oxysulfide (COS) and subsequently with an alkylating agent.
      Suitable acid-binding agents are those listed above, preferably alkali
      metal hydroxides. Suitable alkylating agents are primarily alkyl halides,
      furthermore dialkyl sulfuric acid esters and alkyl esters of toluene
      sulfonic acids.
PAR  The reactions according to the invention of a substituted
      2-azabicycloalkane of Formula II with a thiocarbonyl halide of Formula III
      or its individual components, are performed at temperatures of from
      -20.degree. to 100.degree.C, preferably between 0.degree. and 30.degree.C,
      those with carbon oxysulfide and alkylating agents between -20.degree. and
      100.degree.C, preferably between 0.degree. and 30.degree.C.
PAR  The 2-azabicycloalkanes of Formula II are known. They are prepared in a
      manner known per se by hydrogenation of the corresponding heteroaromatic
      compounds at temperatures of from 100.degree. to 180.degree.C, and of from
      100 to 200 atmospheres of excess pressure, in aqueous emulsions and in the
      presence of ruthenium/carbon catalysts.
PAR  The starting compounds encompassed by Formula II exist in two isomeric
      forms, i.e. in the cis and the trans configuration, which lead to two
      series of compounds of Formula I having also the cis or trans
      configuration and differing in their herbicidal properties. If mixtures of
      the cis- and the transform of a distinct 2-azabicycloalkane according to
      Formula II are used also cis/trans mixtures of the compounds of Formula I
      are obtained.
PAR  The new substituted 2-azabicycloalkanes of Formula I have excellent
      herbicidal properties. Some are suitable as general herbicides and some
      are suitable for the control of weeds and wild grasses in rice plantations
      (water and dry cultivations). 2-Azabicycloalkanes of Formula I, wherein R
      is ethyl, n-propyl or isopropyl have particularly good herbicidal
      properties. These active substances are effective against weeds which are
      difficult to control in rice plantations: for example Echinochloa sp.,
      Eleocharis sp., Panicum sp., Cyperaceae, Paspalum sp. etc. in water
      cultivations; and in dry cultivations again Echinochloa sp., Digitaria
      sp., Brachiaria sp., Sida sp., Cyperaceae, Acanthosperum sp. etc. Since
      the active substances only gradually destroy the plants and thus do not
      drastically disturb the oxygen balance and the biological balance, they
      are well suited for use in water cultivations. Furthermore, the active
      substances have broad range of effectiveness against a large variety of
      aquatic weeds, e.g. against emersed plants, aquatic plants with and
      without floating leaves, submersed plants, algae etc.
PAR  The broad range of action of the new substituted 2-azabicycloalkanes of
      Formula I makes it possible to employ them in the important control of
      weeds and wild grasses in the areas surrounding the rice plantations such
      as ditches, beds of canals, dams etc. These active substances destroy not
      only the wild grasses named, which grow in rice fields, but also other
      grass-type and broad-leafed weeds. The active substances can also be
      applied in the preparation of the rice beds, and aftr the emergence of the
      plants for the destruction of weeds which are already standing. In both
      water cultivations as well as in dry cultivations, the rice is not damaged
      by application of the new substituted 2-azabicycloalkanes in the usual
      application amounts, in higher amounts most of the damage caused is
      reversible. The application amounts vary and depend upon the time of
      application; they lie between 0.5 and 6, preferably 4 kg of active
      substance per hectare, by pre-emergence application. Application amounts
      of from 10 to 30 kg of active substance per hectare are used for total
      destruction of all of the standing weeds, for instance on fallow ground
      adjacent to the cultivated field as well as for the determination of the
      general herbicidal activity. The use of the new active substances is not
      detrimental to crop rotation which is important in the cultivation of
      rice.
PAR  In addition such substituted 2-azabicycloalkanes can also be employed as
      growth regulators, e.g.for defoliation, delay of blossoming, etc.; some of
      them stimulate the vegetative storage organelles, in some case
      simultaneously decreasing the length of growth.
PAR  Herbicidal polymethyleneimino thiocarbamates and azabicyclononanes have
      been described in U.S. Pat. Nos. 3,198,786 and 3,344,134; although they
      have a good selectivity on rice, their effect on wild grasses is slight
      and dicotyl weeds are not damaged. The active substances of Formula I
      according to the invention show, with equally good selectivity on rice,
      much better effectiveness against wild grasses and have a much better
      range of effectiveness against dicotyl weeds. Some of the, while being
      well tolerated by wheat, soya beans and cotton, are herbicidally effective
      against a large number of grass-type weeds against which the above named
      comparative compounds show no effect, even when applied in very low
      concentrations (i.e. amount of application).
PAR  Compounds of a general formula which covers also substituted
      2-azabicycloalkanes of Formula I of this invention have been disclosed in
      U.S. Pat. No. 3,639,404, but none of the superior compounds specifically
      mentioned herein has been described earlier.
PAR  To produce herbicidal compositions the active substances are mixed with
      suitable carriers and/or distributing agents. to broaden the range of
      action, other herbicides may be admixed with these agents, for example
      from the triazine series such as halogeno-diamino-s-triazines, and alkoxy-
      and alkylthiodiamino-s-triazines, triazoles, diazines such as uracils,
      aliphatic carboxylic and halogenocarboxylic acids, halogenated benzoic
      acids and phenylacetic acids, aryloxyalkene carboxylic acids, hydrazides,
      amides, nitriles, esters of such carboxylic acids, carbamic and
      thiocarbamic acid esters, ureas, etc.
PAR  The following non-limitative examples illustrate the process for the
      production of the new substituted 2-azabicycloalkanes of Formula I. Where
      not expressly stated otherwise, temperatures are given in degrees
      Centigrade.
DETD
PAC  EXAMPLE 1
PAR  109 g of decahydro-quinaldine are dissolved in 750 ml of benzene and 72 g
      of triethylamine are added to this solution. To this mixture 88 g of ethyl
      chlorothioformiate are added dropwise. The reaction mixture is stirred for
      5 hours at room temperature, the precipitated triethylammonium chloride is
      filtered off and washed with benzene; the filtrate is evaporated in
      vacuum. The yellowish oil obtained is distilled in vacuum and 115 g of
      1-(ethylthio-carbonyl)-2-methyl-decahydro-quinoline are obtained as a
      colorless oil, b.p. 108.degree.-120.degree. / 0.02 Torr.
PAC  EXAMPLE 2
PAR  A mixture of 15 g decahydro-quinaldine dissolved in 200 ml of diethylether
      and 4 g of sodium hydroxide in 50 ml of water is reacted while stirring
      and cooling at -5.degree. to 0.degree. with 10 g of phosgene. An ethereal
      solution of 1-chlorocarbonyl-2-methyl-decahydro-quinoline is obtained.
      When an aqueous solution of 8.4 g of sodium ethylmercaptide is added to
      the ethereal solution at room temperature with stirring, 16 g of an almost
      colorless oil are obtained. The physical constants of this oil coincide
      with those of the compound of Example 1.
PAC  EXAMPLE 3
PAR  6.5 g of carbon oxysulfide are bubbled at 0.degree. to 5.degree. while
      stirring into a solution of 15 g of decahydro-quinaldine and 4 g of sodium
      hydroxide in 200 ml of 50% by weight aqueous ethanol. After 1 hour the
      mixture is heated to 20.degree.-25.degree. and 13.7 g of n-butylbromide
      are added all at once. The reaction mixture is stirred for 10 hours at
      room temperature and the ethanol is evaporated in vacuum. The residual oil
      is dissolved in methylene chloride and the solvent is removed. The
      residual oil is distilled in vacuum and 14 g of
      1-(n-butylthio-carbonyl)-2-methyl-decahydro-quinoline are obtained as
      colorless oil, b.p. 125.degree.-127.degree./0.01 Torr.
PAC  EXAMPLE 4
PAR  A solution of 3.2 g of sodium hydroxide in 50 ml of water is added, while
      stirring, to a solution of 12.2 g of 8-methyldecahydro-quinoline in 150 ml
      of diethylether. To this mixture, 11.1 g of isopropyl chlorothioformiate
      are added dropwise with vigorous stirring and cooling at 0.degree. to
      5.degree.. Stirring is continued for 12 hours at room temperature, the
      phases are separated the ethereal phase is washed neutral and the ether is
      evaporated. The brownish oil obtained is distilled in vacuum and 51 g of
      1-(isopropylthio-carbonyl)-8-methyl-decahydro-quinoline are obtained as a
      colorless oil, b.p. 104.degree.-106.degree./0.01 Torr.
PAR  Following the procedures given in these examples, using the corresponding
      amounts of 2-azabicycloalkane of Formula II and thiocarbonyl halide of
      Formula III (or the corresponding carbon oxysulfide and alkylating agent),
      the compounds of Formula I listed in the following table are produced:
TBL                                    Table I                                 
     __________________________________________________________________________
     Example                    boiling point or                               
     No.       Compound         index of refraction                            
     __________________________________________________________________________
     5    1-(methylthio-carbonyl)-2-methyl-deca-                               
          hydroquinoline        97-100.degree./0.005 Torr                      
     6    1-(n-propylthio-carbonyl)-2-methyl-                                  
          decahydroquinoline   n.sub.D.sup.20 = 1.5265                         
     7    1-(isopropylthio-carbonyl)-2-methyl-                                 
          decahydroquinoline    96-98.degree./0.01 Torr                        
     8    1-(sec.butylthio-carbonyl)-2-methyl-                                 
          decahydroquinoline   118-122.degree./0.01 Torr                       
     9    1-(methylthio-carbonyl)-8-methyl-deca-                               
          hydroquinoline        82-84.degree./0.01 Torr                        
     10   1-(ethylthio-carbonyl)-8-methyl-deca-                                
          hydroquinoline        97-100.degree./0.01 Torr                       
     11   1-(n-propylthio-carbonyl)-8-methyl-                                  
          decahydroquinoline   103-110.degree./0.01 Torr                       
     12   1-(n-butylthio-carbonyl)-8-methyl-                                   
          deca-hydroquinoline  120-125.degree./0.01 Torr                       
     __________________________________________________________________________
PAC  Selective preemergence test with test plants grown from seed
PAR  Directly after sowing the test plants in seed trays, the active substances
      are applied to the surface of the soil as aqueous suspension, obtained
      from a 25 % wettable powder. The seed trays are then kept in daylight at
      22.degree. - 25.degree. and 50 - 70 % relative humidity.
PAR  They were evaluated after 28 days according to the scale/ mentioned under
      I. The following test plants were sown:
TBL  rice, dry         (Oryza oryzoides)                                       
     rice, in water                                                            
     wheat             (Triticum vulgare)                                      
     soyabean          (Glycine hyspida)                                       
     cotton            (Gossypium herbaccara)                                  
     Italian Raygrass  (Lolium perenne)                                        
     millet            (Setaria italica)                                       
     millet in rice, dry                                                       
                       (Echinochloa crus galli)                                
     millet in rice, in water                                                  
     common meadow grass                                                       
                       (Poa trivialis)                                         
     field foxtail     (Alopecurus myosuroides)                                
     large crabgrass   (Digitaria sanguinalis)                                 
     pigweed           (Amaranthus docendens)                                  
TBL                                    Table II                                
     __________________________________________________________________________
                crop              weeds/wild graves                            
     active                                echinochloa alope-                  
                                                           digita-             
                                                                amaran-        
     substance                                                                 
            Cont.                                                              
                rice                                                           
                   rice in soya   lolium                                       
                                      Setaria                                  
                                           crus calli                          
                                                   poa curus                   
                                                           ria                 
                                                                thus           
     Example No.                                                               
            kg/ha                                                              
                dry                                                            
                   water                                                       
                       wheat                                                   
                           bean                                                
                              cotton                                           
                                  multifl.                                     
                                      ital.                                    
                                           dry                                 
                                              in water                         
                                                   triv.                       
                                                       myos.                   
                                                           guin.               
                                                                spez.          
     __________________________________________________________________________
     1      4   7  8   --  -- 7   2   3    1  2    1   1   --   --             
            2   8  9   --  -- 9   2   4    2  4    1   1   --   --             
            1   9  9   --  -- 9   2   5    3  7    1   2   --   --             
     A*     4   6  7   --  -- --  --  --   2  1    --  --  --   --             
            2   6  8   --  -- --  --  --   4  4    --  --  --   --             
            1   9  9   --  -- --  --  --   9  9    --  --  --   --             
     B*     4   9  9   9   4  8   3   3    1  1    8   3   3    9              
            2   9  9   9   9  9   7   8    2  7    8   8   7    9              
            1   9  9   9   9  9   7   9    4  9    9   9   9    9              
     C*     4   9  9   9   9  9   3   3    3  1    4   6   2    4              
            2   9  9   9   9  9   9   4    6  7    8   6   3    6              
            1   9  9   9   9  9   9   9    7  9    9   9   9    9              
     __________________________________________________________________________
     A*) 1-(ethylthio-carbonyl)-hexamethyleneimine                             
                                    (known from US-Patent 3.198.786)           
     B*) 1-(isopropylthio-carbonyl)-hexamethyleneimine                         
                                    (known from US-Patent 3.198.786)           
     C*) 3-(ethylthio-carbonyl)-3-azabicyclo-[3.2.2]-nonane                    
                                    (known from US-Patent 3.344.134)           
     __________________________________________________________________________
PAR  The production of herbicidal compositions according to the invention is
      performed in a known manner by intimate mixing and grinding of active
      substances of the general Formula I together with suitable carriers,
      optionally with the addition of dispersing agents or solvents, which are
      inert towards the active substances. The active substances can be used and
      applied as:
PAR  dusts, scattering agents, granulates, coated granulates, impregnated
      granulates homogeneous granulates, wettable powders, pastes, emulsions or
      solutions.
PAR  For the production of solid preparations (dusts, scattering agents,
      granulates) the active ingredients are mixed with solid carriers. Examples
      of suitable solid carriers are kaolin, talcum, bole, loess, chalk,
      limestone, grond limestone, dolomite, diatomaceous earth, precipitated
      silicic acid, alkaline earth silicates (feldspar and mica), calcium and
      magnesium sulfates, ground synthetic plastics, such as ammonium sulfate,
      ammonium phosphates, ammonium nitrate, ureas, ground vegetable products
      such as bran, bark dust, sawdust, ground nutshells, cellulose powder,
      residues of plant extractions, active charcoal, etc. These carriers can be
      used alone or admixed with each other.
PAR  The particle size of the carriers is, for dusts advantageously up to about
      0.1 mm, for scattering agents from about 0.075 to 0.2 mm, and for
      granulates 0.2 mm or more.
PAR  The concentrations of active substance in the solid preparations are from
      0.5 to 80%.
PAR  To these mixtures can also be added additives which stabilize the active
      substance and/or non-ionic, anionic and cationic surface active substances
      which, for example, improve the adhesion of the active ingredients on
      plants or parts of plants (adhesives and agglutinants) and/or ensure a
      better wettability (wetting agents) and dispersibility (dispersing
      agents). Examples of suitable adhesives are the following: olein/chalk
      mixture, cellulose derivatives (methyl cellulose), hydroxyethyl glycol
      ethers of monoalkyl and dialkyl phenols having 1 to 15 ethylene oxide
      radicals per molecule and 8 to 9 carbon atoms in the alkyl moiety, lignin
      sulfonic acids, their alkali metal and alkaline earth metal salts,
      polyethylene glycol ethers (carbowaxes), fatty alcohol polyethylene glycol
      ethers having 5 to 20 ethylene oxide radicals per molecule and 8 to 18
      carbon atoms in the fatty alcohol moiety, condensation products of
      ethylene oxide, propylene oxide, polyvinyl pyrrolidones, polyvinyl
      alcohols, condensation products of urea and formaldehyde, and also latex
      products.
PAR  The water-dispersible concentrates of the active substance, i.e. wettable
      powders, pastes and emulsion concentrates, are compositions which can be
      diluted with water to any concentration desired. They consist of active
      substance, carrier, optionally additives which stabilize the active
      substance, surface-active substances and anti-foam agents and, optionally,
      solvents. The concentration of active substance in these compositions is 5
      to 80 %.
PAR  Wettable powders and pastes are obtained by mixing and grinding the active
      substances with dispersing agents and pulverulent carriers in suitable
      apparatus until homogeneity is attained. Carriers are, for example, those
      mentioned for the solid forms of application. In some cases it is
      advantageous to use mixtures of different carriers. As dispersing agents
      there can be used, for example, condensation products of sulfonated
      naphthalene and sulfonated naphthalene derivatives with formaldehyde,
      condensation products of naphthalene or naphthalene sulfonic acids with
      phenol and formaldehyde, as well as alkali, ammonium and alkaline earth
      metal salts of lignin sulfonic acid, in addition, alkylaryl sulfonates,
      alkali and alkaline earth metal salts of dibutyl naphthalene sulfonic
      acid, fatty alcohol sulfates such as salts of sulfated hexadecanols,
      heptadecanols, octadecanols, and salts of sulfated fatty alcohol glycol
      ethers, the sodium salt of oleoyl ethionate, the sodium salt of oleoyl
      methyl tauride, ditertiary acetylene glycols, dialkyl dilauryl ammonium
      chloride and fatty acid alkali and alkaline earth metal salts.
PAR  Suitable anti-foam agents are silicones.
PAR  The active substances are so mixed, ground, sieved and strained with the
      additives mentioned above that, in wettable powders, the solid particle
      size of from 0.02 to 0.04 and in pastes, of 0.03 is not exceeded. To
      produce emulsion concentrates and pastes, dispersing agents such as those
      given in the previous paragraphs, organic solvents and water are used.
      Examples of suitable solvents are the following: alcohols, benzene,
      xylenes, toluene, dimethyl sulfoxide, and mineral oil fractions boiling
      between 120.degree. and 350.degree.C. The solvents must be practically
      odorless, not phytotoxic, inert to the active substances and not readily
      inflammable.
PAR  Furthermore, the compositions according to the invention can be applied in
      the form of solutions. For this purpose the active substance or several
      active substances of general Formula I are dissolved in suitable organic
      solvents, mixtures of solvents or in water. Aliphatic and aromatic
      hydrocarbons, chlorinated derivatives thereof, alkyl naphthalenes and
      mineral oils, alone or mixed with each other, can be used as organic
      solvents. The solution should contain the active substances in a
      concentration of from 1 to 20%.
PAR  The compositions according to the invention can be mixed with other
      biocidally active compounds or agents. Thus, to broaden the range of
      action, the new compositions can contain, e.g. insecticides, fungicides,
      bactericides, fungistatics, bacteriostatics or nematocides in addition to
      the compounds mentioned of the Formula I. The compositions according to
      the invention can also contain plant fertilizers, trace elements, etc.
PAR  The following non-limitative examples illustrate the preparation of
      application forms of the new substituted 2-azabicycloalkanes. "Parts" mean
      parts by weight.
PAC  Granulate
PAR  The following ingredients are used to produce a 5% granulate:
PA1  5 parts of 1-(n-propylthio-carbonyl)-2-methyldecahydro-quinoline.
PA1  0.25 part of epichlorohydrin,
PA1  0.25 part of cetyl polyglycol ether,
PA1  3.50 parts of polyethylene glycol ("Carbowax"),
PA1  91 parts of kaolin (particle size 0.3 - 0.8 mm).
PAR  The active ingredient is mixed with epichlorohydrin and dissolved with 6
      parts of acetone, then the polyethylene glycol and cetyl polyglycol ether
      are added. The resulting solution is sprayed onto kaolin and the acetone
      is then evaporated in vacuo. Similar granulates are obtained on using
      instead of the above mentioned active substance, e. g.
      1-(ethylthio-carbonyl)-2-methyl-decahydro-quinoline.
PAC  Wettable powder
PAR  The following components are used for the preparation of (a) 50 %, (b) 25 %
      and (c) 10 % wettable powders:
PA1  a.
PA1  50 parts of 1-n-propylthio-carbonyl)-2-methyl-decahydroquinoline,
PA1  5 parts of sodium dibutylnaphthyl sulfonate,
PA1  3 parts of naphthalene sulfonic acid/phenol sulfonic acid/formaldehyde
      condensation product 3:2:1,
PA1  20 parts of kaolin,
PA1  22 parts of Champagne chalk;
PA1  b.
PA1  25 parts of 1-(n-propylthio-carbonyl)-8-methyl-decahydroquinoline,
PA1  5 parts of the sodium salt of oleylmethyl tauride,
PA1  2.5 parts of naphthalene sulfonic acid/formaldehyde condensation product,
PA1  0.5 part of carboxymethyl cellulose,
PA1  5 parts of neutral potassium aluminum silicate,
PA1  62 parts of kaolin;
PA1  c.
PA1  10 parts of 1-(n-propylthio-carbonyl)-2-methyl-decahydroquinoline,
PA1  3 parts of mixture of sodium salts of saturated fatty alcohol sulfates,
PA1  5 parts of naphthalene sulfonic acid/formaldehyde condensation product,
PA1  82 parts of kaolin.
PAL  The given active ingredient is absorbed onto the corresponding carriers
      (kaolin and chalk) and then mixed and ground. Wettable powders having
      excellent wettability and suspensibility are obtained. By dilution with
      water, suspensions of any desired concentration of the active ingredients
      can be obtained from such wettable powders.
PAR  Such suspensions are suitable for the control of weeds and wild grasses in
      water and dry cultivations of rice before and after emergence of the rice
      plants.
PAR  Similar wettable powders are obtained when instead of the above mentioned
      active substances, e.g.
      1-(ethylthio-carbonyl)-2-methyl-decahydro-quinoline,
      1-(methylthio-carbonyl)-2-methyldecahydro-quinoline are used.
PAC  Paste
PAR  The following ingredients are used for the preparation of a 45 % paste:
PA1  45 parts of 1-(n-propylthio-carbonyl)-2-methyldecahydroquinoline,
PA1  5 parts of sodium aluminum silicate,
PA1  14 parts of cetyl polyglycol ether having 8 mol of ethylene oxide,
PA1  1 part of cetyl polyglycol ether having 5 mol of ethylene oxide,
PA1  2 parts of spindle oil,
PA1  10 parts of polyethylene glycol,
PA1  23 parts of water.
PAL  The active ingredient is intimately mixed and ground in suitable equipment
      with the additives. A paste is obtained which can be diluted with water to
      prepare suspensions of any desired concentration. The suspensions are
      suitable, for example, for the treatment of water cultivations of rice
      before and after emergence of the cultivated plants.
PAC  Emulsion concentrate
PAR  To prepare a 10 % emulsion concentrate
PA1  10 parts of 1-(n-propylthio-carbonyl)-2-methyl-decahydroquinoline,
PA1  15 parts of oleyl polyglycol ether having 8 mol of ethylene oxide, and
PA1  75 parts of isophorone
PAL  are mixed together. This concentrate can be diluted with water to emulsions
      of suitable concentrations. Such emulsions are applied, for example,
      before the emergence of the rice plants in dry cultivations thereof.
PAR  Similar emulsion concentrates are obtained when, instead of the above
      mentioned active substance, e.g.
      1-(ethylthio-carbonyl)-2-methyl-decahydro-quinoline is used.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC4##
PAL  wherein R is ethyl, n-propyl or isopropyl.
NUM  2.
PAR  2. 1-(ethylthio-carbonyl)-2-methyl-decahydroquinoline according to claim 1.
NUM  3.
PAR  3. 1-(iso-propylthio-carbonyl)-2-methyl-decahydroquinoline according to
      claim 1.
NUM  4.
PAR  4. 1-(n-propylthio-carbonyl)-2-methyl-decahydroquinoline according to claim
      1.
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PAL  Spiro compounds having the structural formula
      ##SPC1##
PAL  Where n is an integer of 1 or 2,
PAL  Are disclosed. These compounds are useful as analgetic, antihistamine and
      spasmolytic agents. They are indicated in the management of conditions
      such as headache, seasonal allergies and the like.
BSUM
PAR  The present invention relates to novel spiro-compounds having
      pharmaceutical activities as well as a novel process for their production.
      More particularly, the present invention relates to novel spiro-compounds
      of the formula:
      ##SPC2##
PAL  Wherein n is an integer of 1 or 2, and the corresponding pharmaceutically
      acceptable acid addition salts.
PAR  According to the present invention, compounds of the formula (I) supra are
      produced by treating a benzo-diazepinium halide derivative of the formula:
      ##SPC3##
PAL  Wherein n is as defined above, and X is a halogen atom such as chlorine,
      bromine, fluorine or iodine, with phenyllithium (Ph-Li) employing the
      method known as "Stevens Rearrangement." See J. Chem. Soc. 1928, 3193;
      1930, 2107 and 1932, 55, 1926, 1932.
PAR  It has been found that after studying ring open reactions of compounds of
      the formula (II), the spiro compounds (I) can be formed with
      phenyllithium.
PAR  Accordingly, the present invention is carried out by reacting a compound of
      the formula (II) with a solution containing an excess of phenyllithium.
PAR  As reaction solvents, illustratively, anhydrous ether or an anhydrous
      ether-tetrahydrofuran mixture may be suitably employed. The reaction may
      be suitably carried out at room temperature, i.e., from about 15.degree.
      to 25.degree.C. An adequate amount of phenyllithium is suitably from 3 to
      5 moles per mole of compound (II).
PAR  The products (I) in accordance with the present invention can be converted
      into the corresponding salts using pharmaceutically acceptable inorganic
      or organic acids by methods known in the art. Specific examples of these
      acids include hydrochloric acid, hydrobromic acid, sulfuric acid, maleic
      acid, fumaric acid, oxalic acid, tartaric acid, citric acid, succinic
      acid, and the like.
PAR  Compounds of the formula (I) and the salts thereof exhibit analgetic,
      anti-histamic and spasmolytic activities and vasoconstrictor effects on
      the circulatory system in a mammal. They are indicated in the management
      of conditions such as headache, minor muscular pain or seasonal allergies
      such as hay fever. A dose of 5 to 25 mg/kg orally or by injection 2 to 3
      times daily is suggested. This dose regimen can be varied. Additionally,
      the present compounds are useful as intermediates for the production of
      other pharmaceutical agents.
PAR  The invention will now be illustrated by the following examples.
DETD
PAC  Example
PAL  1', 4'-Dihydro-1-methyl-spiro[piperidine-2,3'(2'H) quinolin]-2'-one
PAL  To a solution of Ph-LI in Et.sub.2 O prepared from 0.35g Li and 4.70g PhBr
      was added 1.8g of 11-methyl-5,6,6a,7,8,9,10,12-octahydro-6-oxo-pyrido
      (2,1-C) (1,4) benzodiazepinium iodide in small portions.
PAR  Thereafter, THF was added and the reaction mixture was stirred at room
      temperature for 16 hours, and evaporated.
PAR  The residue was dissolved in 10% HCl, and the aqueous layer was washed with
      Et.sub.2 O, made alkaline with K.sub.2 CO.sub.3 and extracted with
      CHCl.sub.3.
PAR  The CHCl.sub.3 -- layer was washed with H.sub.2 O, dried and evaporated.
      The residue was purified through a silica gel-column (CHCl.sub.3
      :MeOH=4:1) to obtain the desired product which was recrystallized from
      iso-Pr.sub.2 O. mp.157.degree.-159.degree.C.
PAR  Elemental Analysis C.sub.14 H.sub.18 ON.sub.2
PAR  Calcd. C:73.01; H:7.88; N:12.17, Found: C:72.80; H:8.00; N:11.85.
PAL  The following compound was obtained in a similar manner. i)
      1',4'-Dihydro-1-methyl-spiro[pyrrolidine-2,3'(2'H)quinolin]-2'-one mp.
      129.degree.-130.degree.C after recrystallization from (iso-Pr.sub.2 O).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A spiro compound of the formula:
      ##SPC4##
PAL  wherein n is an integer of 1 or 2, and the corresponding pharmaceutically
      acceptable acid addition salts thereof.
NUM  2.
PAR  2. A spiro compound according to claim 1 which is
      1',4'-dihydro-1-methyl-spiro[piperidine-2,3'(2'H) quinolin]-2'-one.
NUM  3.
PAR  3. A spiro compound according to claim 1 which is
      1',4'-dihydro-1-methyl-spiro[pyrrolidine-2,3'(2'H)quinolin]-2'-one.
PATN
WKU  039364607
SRC  5
APN  5313228
APT  1
ART  122
APD  19741210
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     c
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ABST
PAL  Spiro-compounds of the formula:
      ##SPC1##
PAL  Are disclosed. These compounds are useful as analgetic, antihistamine and
      spasmolytic agents. They are indicated in the management of conditions
      such as headache, seasonal allergies and the like.
BSUM
PAR  The present invention relates to novel spiro-compounds having
      pharmaceutical activities as well as novel processes for their production.
      More particularly, the present invention relates to novel spiro-compounds
      of the formula:
      ##SPC2##
PAL  Wherein n stands for an integer 1 or 2, and the corresponding
      pharmaceutically acceptable acid addition salts.
PAR  According to the present invention, compound (I) can be prepared by
      treating a spiro-compound of the formula:
      ##SPC3##
PAL  Wherein n is defined above, with a reducing agent. Lithium aluminum hydride
      can be employed as the reducing agent in the present invention. The
      preferred solvents for example include/anhydrous ether, tetrahydrofuran,
      dioxane, etc. The reaction is carried out preferably at temperatures of
      about boiling points of the solvent.
PAR  The products according to the present invention may be converted with an
      inorganic or organic acid into the corresponding salts by methods known in
      the art. Specific examples of the acids include hydrochloric acid,
      hydrobromic acid, oxalic acid, citric acid, tartaric acid, succinic acid,
      etc.
PAR  Starting compound (II) is disclosed in co-pending application Ser. No.
      531,452 entitled "Novel Spiro-Compounds and Process Therefor," filed on
      Dec. 11, 1974.
PAR  Compound (I) and the salts thereof exhibit analgetic, anti-histamic and
      spasmolytic activities and vasoconstrictor effects on circulatory organs
      in a mammal. They are indicated in the management of conditions such as
      headache, minor muscular pain or seasonal allergies such as hay fever. A
      dose of 5 to 25 mg/kg orally or by injection 2 to 3 times daily is
      suggested. The dose regimen can be varied depending on the age, sex and
      weight of the patient by methods well known in the healing arts.
      Additionally, compound (I) is useful as an intermediate for the production
      of other pharmaceutical agents.
PAR  The invention will, now, be illustrated by the following examples:
DETD
PAC  Example 1
PAR  1', 4'-Dihydro-1-methyl-spiro[piperidine-2,3.sup.2/3(2'H)quinoline].
PAR  To a suspension of LiAlH.sub.4 (0.lg) in 10ml Et.sub.2 O was added dropwise
      a solution of 1',4'dihydro-1-methyl-spiro piperidine-2,3'-(2'H)
      quinoline-2'-one(0.1g) in Et.sub.2 O with stirring and refluxed for 16
      hours. The excess LiAlH.sub.4 was decomposed with H.sub.2 O. The Et.sub.2
      O layer was decanted and the aqueous layer was extracted with Et.sub.2 O.
      The Et.sub.2 O layers were combined, washed, dried and evaporated. The
      product obtained was recrystallized from iso-Pr.sub.2 O,
      mp.89.degree.-90.degree..
PAR  Elemental Analysis C.sub.14 H.sub.20 N.sub.2 Calcd. C:77.73; H:9.3;
      N:12.95; Found. C:77.56; H:9.37; N:12.79.
PAR  The following compound was obtained in a similar manner.
PA1  I. 1',4'-Dihydro-1-methyl-spiro [pyrrolidine-2,3'(2'H)quinoline], mp.
      100.degree.-101.degree.(150-Pr.sub.2 O)
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A spiro-compound of the formula:
      ##SPC4##
PAL  wherein n stands for an integer of 1 or 2, and the corresponding
      pharmaceutically acceptable acid addition salts.
NUM  2.
PAR  2. A compound according to claim 1 which is 1',4'-Dihydro-1-methyl-spiro
      [piperidine-2,3'(2'H)quinoline]
NUM  3.
PAR  3. A compound according to claim 1 which is 1,4'-Dihydro-1methyl-spiro
      [pyrrolidine-2,3'(2'H)quinoline]
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PAL  The present invention relates to compounds of the formula:
      ##SPC1##
PAL  Wherein R.sub.1 is alkyl, R.sub.2 and R.sub.3 are hydrogen, halogen, alkyl,
      alkoxy, hydroxy, or methylenedioxy, and R.sub.4 and R.sub.5 are hydrogen,
      halogen, alkyl, alkoxy, hydroxy, or methylenedioxy and pharmaceutically
      acceptable salts thereof.
PAL  These compounds are useful as antianginal agents.
PARN
PAR  This is a division, of application Serial No. 400,102 filed Sept. 24, 1973,
      now abandoned.
BSUM
PAR  The present invention is concerned with substituted 4-benzylquinolines
      having the following structural formula:
      ##SPC2##
PAL  Wherein R.sub.1 is alkyl, R.sub.2 and R.sub.3 are hydrogen, halogen, alkyl,
      alkoxy, hydroxy, or methylenedioxy, and R.sub.4 and R.sub.5 are hydrogen,
      halogen, alkyl, alkoxy, hydroxy or methylenedioxy and pharmaceutically
      acceptable salts thereof.
PAR  In the above definitions for R.sub.1, R.sub.2, R.sub.3, R.sub.4 and
      R.sub.5, the term "halogen" comprehends all four halogens, i.e., chlorine,
      bromine, iodine and fluorine. The term "alkyl" includes aliphatic
      hydrocarbons having 1 to 6 carbon atoms in the carbon chain, for example,
      methyl, ethyl, propyl, isopropyl, butyl, isobutyl and so on.
PAR  The compounds of this invention form acid addition salts with
      pharmaceutically acceptable acids such as hydrochloric, sulfuric, nitric
      or acetic. These salts are also included within the scope of this
      invention.
PAR  Among the preferred species are 6,7-dimethoxy-4-veratrylquinoline,
      7-chloro-4-veratrylquinoline and 4-veratrylquinoline.
PAR  The compounds of this invention exhibit a unique mode of biological action
      in that they produce selective dilation of certain coronary arteries
      causing a redistribution of blood flow towards ischemic areas of the heart
      enhancing perfusion and reducing anoxia which cause anginal pains. This
      biological activity is demonstrated in accordance with the procedure
      described in J. Pharmacol. Exp. Ther., 176, 184 (1971). Only nitroglycerin
      and some .beta.-adrenergic blockers have been demonstrated to similarly
      redistribute blood flow to ischemic areas by large coronary artery
      dilation. See Eur. J. Pharmacol., 16, 271 (1971). The compounds of this
      invention offer an advantageous treatment of angina without interference
      with adrenergic control of the heart or without resorting to the use of
      nitrates.
PAR  Existing coronary vasodilators such as dipyriadmole and chromonar dilate
      smaller vessels increasing coronary blood flow without redistributing flow
      to needed ischemic areas. In severe ischemia, dipyridamole actually
      induced anginal attacks in man since it diverted blood flow away from
      ischemic areas through its dilator action on smaller coronary vessels. See
      Ann. Rep. Med. Chem., 7, 69 (1972).
PAR  Experimentally, this blood flow redistribution is demonstrable in a dog by
      measuring changes in resistance to blood flow of larger coronary arteries
      (RL) relative to small vessel physical resistance to flow (RT), using the
      protocol described in J. Pharmacol. Exp. Ther., 176, 184 (1971).
PAR  Generally, the compounds of this invention at a dose of about 1-5 mg/kg
      were observed to effect a drop in the RL:RT ratio. Known coronary
      vasodilators such as dipyridamole and chromonar caused an increased RL:RT
      ratio reflecting a redistribution of blood flow away from ischemic
      tissues.
PAR  The compounds of this invention, particularly the preferred species, are
      indicated in the management of angina pectoris. A usual dose of 1-5 mg/kg
      by injection or orally two or three times daily is suggested to prevent
      anginal attack.
PAR  In order to use these compounds, they are formulated with excipients, such
      as lactose or water, into dosage forms, such as tablets or solutions,
      suitable for oral or parenteral administration, by known pharmaceutical
      technology.
PAR  According to the present invention, these compounds are produced by a
      process as illustrated in the following reaction scheme:
      ##SPC3##
PAR  Referring now to the above reaction scheme, R.sub.1, R.sub.2, R.sub.3
      -substituted chloroquinoline is condensed with a R.sub.4, R.sub.5
      -substituted phenylacetonitrile in a sodium amide-ammonia reaction
      mixture. The resulting R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5
      -substituted-.alpha.-quinolinyl-.alpha.-phenylacetonitrile intermediate is
      hydrolyzed in alcoholic hydrogen chloride to give the desired compounds of
      this invention.
PAR  The process of this invention utilizing sodium amide in liquid ammonia is
      effective in promoting the condensation of 3,4-dimethoxyphenylacetonitrile
      with 4-chloroquinoline and 6,7-dimethoxy-4-chloroquinoline to furnish
      4-veratrylquinoline and 6,7-dimethoxy-4-veratrylquinoline, respectively,
      after hydrolysis. The process of U.S. Pat. No. 2,568,778 issued Sept. 25,
      1951, utilizing sodium amide in benzene is ineffective in promoting these
      condensations.
PAR  Alternatively, treatment of a R.sub.1, R.sub.2, R.sub.3 -substituted
      chloroquinoline with an alkyl R.sub.4, R.sub.5 -substitutedphenylacetate
      having 1 to 4 carbon atoms in the alkyl moiety of the ester group, i.e.,
      R.sub.6 is an alkyl group of 1-4 carbon atoms, in the presence of sodium
      hydride-dimethylformamide affords
      .alpha.-quinolinyl-.alpha.-phenylacetonitriles which are readily
      hydrolyzed by aqueous bases, such as aqueous sodium hydroxide, to the
      final compounds of this invention.
      ##SPC4##
PAR  The requisite substituted 4-chloroquinolines are commercially available
      from chemical suppliers such as the Aldrich Chemical Company or are
      readily prepared by methods described by B. Riegel, J. Am. Chem. Soc., 68,
      1264 (1946), E. Kaslow, J. Am. Chem. Soc., 72, 5325 (1950). The
      preparation of 4-chloro-6,7-methylenedioxyquinoline is described in the
      experimental section. The substituted phenylacetonitriles and substituted
      alkyl phenylacetates are available from commercial suppliers, such as the
      Aldrich Chemical Company.
DETD
PAC  Experimental Section
PAR  The following experimental is a general procedure for the preparation of
      the compounds of this invention:
PAL  4-Veratrylquinoline.
PAR  To 500 ml of liquid NH.sub.3 was added 35.4 g (0.2 mol) of
      3,4-dimethoxyphenylacetonitrile and 11.7 g (0.3 mol) of NaNH.sub.2. The
      mixture was stirred for two hours, maintaining a temperature at
      -25.degree. to -30.degree.C by cooling in a dry ice/acetone bath.
      4-Chloroquinoline (16.4 g, 0.1 mol) was added and the resulting mixture
      was allowed to stir at room temperature until all excess NH.sub.3 had
      evaporated. Benzene was added to the residue and water was added slowly to
      destroy excess NaNH.sub.2. The phases were separated and the aqueous phase
      was extracted with benzene. The combined benzene extracts were extracted
      with 9M HCl (2.times.150 ml). The acidic phase was washed with Et.sub.2 O
      (500 ml), cooled and basified with concentrated NH.sub.4 OH. The aqueous
      mixture was extracted with CHCl.sub.3 (500 ml). The CHCl.sub.3 extract was
      dried with MgSO.sub.4 and evaporated to give a quantitative yield of crude
      .alpha.-(4 -quinolinyl)-.alpha.-(3,4-dimethoxyphenyl)acetonitrile
      intermediate.
PAR  The crude acetonitrile intermediate was dissolved in 1-butanol (500 ml).
      The mixture was cooled and saturated with dry HCl gas. The resultant
      mixture was refluxed for 48 hours and then evaporated to give a crude
      residue. This crude residue was dissolved in CHCl.sub.3 (500 ml) and
      washed with 10% NaOH (250 ml) and water (500 ml) before being dried with
      MgSO.sub.4. Evaporation of the CHCl.sub.3 gave the crude product as an
      oil. A crystalline HCl salt was obtained from MeOH-ether; yield 25.2 g
      (79.8%); mp 207.degree.-210.degree. dec. The analytical sample was
      obtained by recrystallization from 2-propanol; mp 209.degree.-211.degree.
      dec.
PAR  Using the above procedures, the following compounds are obtained:
TBL                                              Solvent                       
     R.sub.1                                                                   
         R.sub.2                                                               
              R.sub.3                                                          
                   R.sub.4                                                     
                       R.sub.5                                                 
                            Formula  Analysis                                  
                                          mp.degree.C                          
                                               Recrystallization               
     __________________________________________________________________________
     H  6-OCH.sub.3                                                            
             7-OCH.sub.3                                                       
                  OCH.sub.3                                                    
                      OCH.sub.3                                                
                           C.sub.20 H.sub.21 NO.sub.4                          
                                     CHN 143-145                               
                                               2-Propanol                      
     H  5-OCH.sub.3                                                            
             8-OCH.sub.3                                                       
                  OCH.sub.3                                                    
                      OCH.sub.3                                                
                           C.sub.20 H.sub.21 NO.sub.4.C.sub.2 H.sub.2 O.sub.4  
                                     CNH 172-174                               
                                               2-Propanol                      
     H  H    H    CH.sub.3                                                     
                      CH.sub.3                                                 
                           C.sub.18 H.sub.17 N.HCl                             
                                     CHNCl                                     
                                         207-209dec                            
                                               2-Propanol                      
     H  7-Cl H    OCH.sub.3                                                    
                      OCH.sub.3                                                
                           C.sub.18 H.sub.16 ClNO.sub.2                        
                                     CHNCl                                     
                                         137-140                               
                                               Cyclohexane                     
     H  H    H    OCH.sub.3                                                    
                      H    C.sub.17 H.sub.15 NO.HCl                            
                                     CHNCl                                     
                                         163-165                               
                                               2-Propanol                      
     H  H    H    OCH.sub.3                                                    
                      4,5-di-                                                  
                           C.sub.19 H.sub.19 NO.sub.3.HCl                      
                                     CHNCl                                     
                                         166-168                               
                                               2-Propanol-Ether                
                      OCH.sub.3                                                
     CH.sub.3                                                                  
        H    H    OCH.sub.3                                                    
                      OCH.sub.3                                                
                           C.sub.19 H.sub.19 NO.sub.2.HCl                      
                                     CHNCl                                     
                                         243-245dec                            
                                               1-Propanol                      
     H  6-OCH.sub.3                                                            
             H    H   4-OCH.sub.3                                              
                           C.sub. 18 H.sub.17 NO.sub.2.HCl                     
                                     CHNCl                                     
                                         193-194dec                            
                                               2-Propanol                      
     H  H    H    OCH.sub.3                                                    
                      OCH.sub.3                                                
                           C.sub.18 H.sub.17 NO.sub.2.HCl                      
                                     CHNCl                                     
                                         209-211dec                            
                                               2-Propanol                      
     H  H    H    H   OCH.sub.3                                                
                           C.sub.17 H.sub.15 NO.C.sub.7 H.sub.8 SO.sub.3       
                                     CHNS                                      
                                         153-156                               
                                               2-Propanol                      
             O                                                                 
     H  6,7  .angle..angle.                                                    
                  H   OCH.sub.3                                                
                           C.sub.18 H.sub.15 NO.sub.3.HCl                      
                                     CHNCl                                     
                                         230-231dec                            
                                               1-Propanol                      
             O                                                                 
     H  6,7  O    H   H    C.sub.17 H.sub.13 NO.sub.2.HCl                      
                                     CHNCl                                     
                                         227-229dec                            
                                               2-Propanol                      
             .angle..angle.                                                    
             O                                                                 
     __________________________________________________________________________
PAC  PREPARATION OF 4-CHLORO-6,7-METHYLENEDIOXYQUINOLINE
PAL  4-hydroxy-6,7-methylenedioxyquinoline.
PAR  A mixture of 17 g (73 mmoles) of
      4-hydroxy-6,7-methylenedioxyquinoline-3-carboxylic acid, ref. 3 g, of Cu
      powder and 100 ml of quinoline was heated at reflux for one-half hour at
      an internal temperature of 235.degree.-240.degree.. The mixture was
      filtered, cooled and diluted with 250 ml of Skelly C. Filtration of the
      resultant precipitate yielded a light brown solid, mp
      276.degree.-279.degree. dec. Recrystallizations from EtOH gave 9.1 g of
      the quinoline, mp 280.degree.-281.degree. C dec. ref. D. Kaminsky and R.
      I. Meltzer, U.S. Pat. No. 3,287,458. (Nov. 22, 1966) [Chem. abstr. 66,
      65399 u (1967)].
PAR  Anal. Calcd. for C.sub.10 H.sub.7 NO.sub.3 : C, 63.49; H, 3.73; N, 7.41.
      Found: C, 63.40; H, 4.00; N, 7.23.
PAL  4-chloro-6,7-methylenedioxyquinoline.
PAR  A reaction mixture containing 18.9 g (0.1 mole) of
      4-hydroxy-6,7-methylenedioxyquinoline, 46 g (0.3 mole) of POCl.sub.3 and
      50 ml of toluene was heated at reflux for 2 hours. The volatile components
      of the mixture were removed by evaporation and the residue which remained
      was triturated with excess saturated K.sub.2 CO.sub.3 solution. The tan
      solid which remained was further washed with H.sub.2 O and dried. The
      crude product was recrystallized from Skelly C to give the analytical
      product as crystalline platelets in good yield, mp
      130.degree.-132.degree..
PAR  Anal. Calcd. for C.sub.10 H.sub.6 ClNO.sub.2 : C, 57.85; H, 2.91; N, 6.75;
      Cl, 17.08. Found: C, 57.79; H, 2.96; H, 6.77; Cl, 17.04.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing compounds of the formula:
      ##SPC5##
PAL  wherein R.sub.1 is hydrogen or alkyl having 1 to 6 carbon atoms, R.sub.2 is
      hydrogen, halogen, dialkoxy having 1 to 6 carbon atoms in the alkyl
      residues or methylendioxy, R.sub.3 and R.sub.4 are simultaneously alkoxy
      having 1 to 6 carbon atoms in the alkyl residue and R.sub.5 is hydrogen or
      alkoxy having 1 to 6 carbon atoms in the alkyl residue which comprises (a)
      generating the carbanion of 1.0 molar-equivalent of a R.sub.3, R.sub.4,
      R.sub.5 -substituted phenylacetonitrile of the formula:
      ##SPC6##
PAL  wherein R.sub.3, R.sub.4 and R.sub.5 are as hereinbefore defined with about
      1.5 molar-equivalents of sodium amide in liquid ammonia at about
      -25.degree.C. to -30.degree.C., (b) reacting the carbanion so generated
      with about 0.3 molar-equivalents of a R.sub.1, R.sub.2 -substituted-4
      -chloroquinoline of the formula:
      ##SPC7##
PAL  wherein R.sub.1 and R.sub.2 are as hereinbefore defined at about
      -25.degree.C. to -30.degree.C., (c) recovering the R.sub.1, R.sub.2,
      R.sub.3, R.sub.4, R.sub.5
      -substituted-.alpha.-(4-quinolinyl)-.alpha.-phenylacetonitrile
      intermediate of the formula:
      ##SPC8##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are as hereinbefore
      defined by extraction, (d) heating the s o obtained
      .alpha.-(4-quinolinyl)-.alpha.-phenylacetonitrile with 1-butanol saturated
      with hydrogen chloride under reflux and (e) recovering the product by
      extraction.
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PAL  1,2,3,4,5,6-Hexahydro-1-oxo-3-(hydrocarbon or substituted hydrocarbon)-8-(H
      or OH)-6-(H or alkyl)-11-(H or alkyl)-2,6-methano-3-benzazocines and
      1-hydroxy secondary and tertiary alcohols obtainable therefrom by
      reduction and by Grignard reactions, and esters of the same, are useful as
      central nervous system depressants, particularly as analgesics and as
      analgesic antagonists. The 3-substituent is introduced by alkylation,
      directly or by N-acylation followed by reduction of the resulting amides,
      of the corresponding &gt;NH compounds either before or after introduction of
      the 1-oxo group into the compounds having two hydrogens at the 1-position
      by chromium (VI) oxidation. Various intermediates and derivatives are also
      descibed, including
      3a,4,5,9b-tetrahydro-3,5-ethanonaphth[2,1-d]oxazol-2(3H)-ones obtained by
      interacting 1,2,3,4,5,6-hexahydro-1-hydroxy-2,6-methano-3-benzazocines
      with phosgene or by heating
      1,2,3,4,5,6-hexahydro-1-hydroxy-3-carbalkoxy-2,6-methano-3-benzazocines
      with alkoxide ion.
PARN
PAR  This application is a continuation-in-part of my prior co-pending
      application Ser. No. 257,343, filed May 26, 1972, issued July 9, 1974 as
      U.S. Patent 3,823,149, which in turn is a continuation-in-part of my prior
      co-pending application Ser. No. 43,556, filed June 4, 1970, now abandoned.
BSUM
PAC  COMPOUNDS AND PREPARATION THEREOF
PAR  This invention relates to compositions of matter classified in the art of
      chemistry as 1,2,3,4,5,6-hexahydro-2,6-methano-3-benzazocines and
      3a,4,5,9b-tetrahydro-3,5-ethanonaphth[2,1-d]-oxazol-2(3H)-ones, to
      processes for their preparation, and to intermediates for the same.
PAR  The compounds of this invention are useful as central nervous system
      depressants, more particularly being useful as analgesics and as
      antagonists of strong analgesics, such as meperidine, phenazocine, and
      morphine.
PAR  In the first of its composition of matter aspects, the invention sought to
      be patented resides in the novel chemical compounds designated as
      1,2,3,4,5,6-hexahydro-1-(Y.sup.1)-1-(Y.sup.2)-3-(Q)-8-(Z)-6-(R.sup.1)-11-(
     R.sup.2)-2,6-methano-3-benzazocines having in the free base form the
      formula
      ##EQU1##
PAC  Formula I
PAL  wherein:
PAR  Y.sup.1 is hydroxy or acyloxy of the group consisting of: alkanoyloxy
      having 1-22 carbon atoms; alkenoyloxy having one or two double bonds and
      having 4-22 carbon atoms; Ar--C.sub.m H.sub.2m --CO--O-- wherein m is an
      integer from zero to two and Ar is phenyl or is phenyl substituted by 1-3
      members of the group consisting of alkyl having 1-4 carbon atoms, alkoxy
      having 1-4 carbon atoms, halo, trifluoromethyl, dialkylamino having 2-8
      carbon atoms, and alkanoylamino having 1-6 carbon atoms; phenoxyacetoxy;
      naphthalenecarbonyloxy; pyridinecarbonyloxy; (cycloalkyl or
      fluorocycloalkyl)--C.sub.m H.sub.2m --CO--O--  having a total of 4-10
      carbon atoms of which 3-7 are ring carbon atoms in cycloalkyl and wherein
      m is an integer from zero to two, alkylcarbonate having 2-7 carbon atoms,
      carbamyloxy, or (mono- or di-alkyl)carbamyloxy having 2-9 carbon atoms;
PAR  Y.sup.2 is hydrogen, alkyl having 1-6 carbon atoms, or Ar.sup.1 --C.sub.n
      H.sub.2n -- wherein n is an integer from zero to four and Ar.sup.1 is
      unsubstituted phenyl or phenyl substituted by 1-3 members of the group
      consisting of alkyl having 1-4 carbon atoms, alkoxy, having 1-4 carbon
      atoms, and dialkylamino having 2-8 carbon atoms; or
PAR  Y.sup.1 and Y.sup.2 taken together represent oxo;
PAR  Q is a member of the group consisting of alkyl having 3-8 carbon atoms,
      alkenyl having 3-6 carbon atoms, haloalkenyl having 3-6 carbon atoms and
      having 1--3 members of the group consisting of chlorine, fluorine, and
      bromine attached to ethylenic carbon, cyanoalkyl having 2-6 carbon atoms,
      (mono- or di-cyano)alkenyl having 4-8 carbon atoms, 2,2-dialkoxyethyl
      having 4-8 carbon atoms, alkynyl having 3-6 carbon atoms, (cycloalkyl or
      fluorocycloalkyl)--C.sub.n H.sub.2n -- wherein n is an integer from zero
      to four and wherein cycloalkyl has 3-7 ring carbon atoms and has a total
      of 3-10 carbon atoms, 2- or 3-cycloalkenyl wherein cycloalkenyl has 5-6
      ring carbon atoms and has a total of 5-8 carbon atoms,
      cycloalkenyl--C.sub.p H.sub.2p -- wherein p is an integer from one to four
      and wherein cycloalkenyl has 5-6 ring carbon atoms and has a total of 5-8
      carbon atoms, and Ar.sup.2 --C.sub.p H.sub.2p -- wherein p is an integer
      from one to four and Ar.sup.2 is phenyl or is phenyl substituted by amino,
      nitro, alkanoylamino, having 1-6 carbon atoms, alkoxy having 1-4 carbon
      atoms, alkyl having 1-4 carbon atoms, halo, or trifluoromethyl, the member
      Q in each instance having no tertiary alpha-carbon atom;
PAR  Z is hydrogen, hydroxy, or one of the acyloxy groups defined by Y.sup.1 ;
      and
PAR  R.sup.1 and R.sup.2 are members of the group consisting of hydrogen and
      alkyl having 1-4 carbon atoms; and the acid-addition salts thereof.
PAR  In a second composition of matter aspect, the invention sought to be
      patented resides in certain novel chemical compounds designated as
      1,2,3,4,5,6-hexahydro-1-oxo-3-(Q)-8-(Z.sup.1)-6-(R.sup.1)-11-(R.sup.2)-2,6
     -methano-3-benzazocines having in the free base form the formula
      ##EQU2##
PAC  Formula II
PAL  wherein:
PAR  Q, R.sup.1, and R.sup.2 have the same significance as in Formula I; and
PAR  Z.sup.1 is alkoxy having 1-6 carbon atoms, difluoromethoxy,
      trifluoromethoxy, benzyloxy, or alkenyloxy having 3-6 carbon atoms;
PAL  and the acid-addition salts thereof.
PAR  In a third composition of matter aspect, the invention sought to be
      patented resides in certain novel chemical compounds designated as
      1,2,3,4,5,6-hexahydro-1-(Y.sup.1)-(Y.sup.2)-3-methyl-(Z.sup.2)-6-(R.sup.1)
     -11-(R.sup.2)-2,6-methano-3-benzazocines having in the free base form the
      formula
      ##EQU3##
PAC  Formula III
PAL  wherein
PAR  Y.sup.1 and Y.sup.2 taken individually have the same significance as in
      Formula I; or
PAR  Y.sup.1 and Y.sup.2 taken together represent oxo;
PAR  R.sup.1 has the same significance as in Formula I;
PAR  R.sup.3 is alkyl having 1-4 carbon atoms; and
PAR  Z.sup.2 is one of the members defined by Z in Formula I and by Z.sup.1 in
      Formula II;
PAL  and the acid-addition salts thereof.
PAR  In a fourth composition of matter aspect, the invention sought to be
      patented resides in certain novel chemical compounds designated as
      1,2,3,4,5,6-hexahydro-1-(Y.sup.1)-1-(Y.sup.2)-3-(Q.sup.1)-8-(Z.sup.2)-6-(R
     .sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocines having in the free base
      form the formula
      ##EQU4##
PAC  Formula IV
PAL  wherein:
PAR  Y.sup.1 and Y.sup.2 taken individually have the same significance as in
      Formula I; or
PAR  Y.sup.1 and Y.sup.2 taken together represent oxo;
PAR  R.sup.1 and R.sup.2 have the same significance as in Formula I;
PAR  Z.sup.2 has the same significance as in Formula III; and
PAR  Q.sup.1 is a member of the group consisting of:
PAL  carbalkoxy having 2-7 carbon atoms; carbobenzyloxy; and, when Y.sup.1 and
      Y.sup.2 taken together are oxo, N-(carbalkoxy)aminoacetyl having 4-9
      carbon atoms and N-(carbobenzyloxy)aminoacetyl; and the acid-addition
      salts thereof.
PAR  In a fifth composition of matter aspect, the invention sought to be
      patented resides in the novel chemical compounds designated as
      3a,4,5,9b-tetrahydro-7-(Z.sup.2)-9b-(Y.sup.2)-4-(R.sup.2)-5-(R.sup.1)-3,5-
     ethanonaphth[2,1-d]oxazol-2-(3H)-ones having the formula
      ##EQU5##
PAC  Formula V
PAL  wherein:
PAR  Y.sup.2, R.sup.1, and R.sup.2 have the same significance as in Formula I;
      and
PAR  Z.sup.2 has the same significance as in Formula III; and the acid-addition
      salts thereof.
PAR  In a sixth composition of matter aspect, the invention sought to be
      patented resides in the novel chemical compounds designated as
      1,2,3,4,5,6-hexahydro-1-(Y.sup.1)-1-(Y.sup.2)-8-(Z.sup.2)-6-(R.sup.1)-11-(
     R.sup.2)-2,6-methano-3-benzazocines having in the free base form the
      formula
      ##EQU6##
PAC  Formula VI
PAL  wherein:
PAR  Y.sup.1 and Y.sup.2 taken individually have the same significance as in
      Formula I; or
PAR  Y.sup.1 and Y.sup.2 taken together represent oxo;
PAR  R.sup.1 and R.sup.2 have the same significance as in Formula I; and
PAR  Z.sup.2 has the same significance as in Formula III; and the acid-addition
      salts thereof.
PAR  In a seventh composition of matter aspect, the invention sought to be
      patented resides in certain novel chemical compounds designated as
      1,2,3,4,5,6-hexahydro-1-(Y.sup.1)-1-(Y.sup.2)-3-(Q.sup.2
      -CO-)-8-(Z.sup.2)-6-(R.sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocines
      having the formula
      ##EQU7##
PAC  Formula VII
PAL  wherein:
PAR  R.sup.1, and R.sup.2 have the same significance as in Formula I;
PAR  Y.sup.1 and Y.sup.2 have the same significance as in Formula I; or
PAR  Y.sup.1 and Y.sup.2 taken together represent oxo or a ketal thereof;
PAR  Z.sup.2 has the same significance as in Formula III; and
PAR  Q.sup.2 is alkyl having 1-7 carbon atoms, alkenyl having 2-5 carbon atoms,
      haloalkenyl having 2-5 carbon atoms and having 1-3 members of the group
      consisting of chlorine, fluorine, and bromine attached to ethylenic
      carbon, alkynyl having 2-5 carbon atoms, cycloalkyl--C.sub.q H.sub.2q --
      wherein q is an integer from zero to three and wherein cycloalkyl has 3-7
      ring carbon atoms and has a total of 3-10 carbon atoms, and Ar.sup.2
      --C.sub.q H.sub.2q -- wherein q is an integer from zero to three and
      Ar.sup.2 is phenyl or is phenyl substituted by amino, nitro, alkanoylamino
      having 1-6 carbon atoms, alkoxy having 1-4 carbon atoms, alkyl having 1-4
      carbon atoms, halo, or trifluoromethyl.
PAR  In the first of its process aspects, the invention sought to be patented
      resides in the process which comprises reacting
      1,2,3,4,5,6-hexahydro-1-(Y.sup.1)-1-(Y.sup.2)-8-(Z.sup.2)-6-(R.sup.1)-11-(
     R.sup.2)-2,6-methano-3-benzazocine with an alkylating agent having the
      formula Q.sup.3 --An in the presence of an acid-absorbing medium, to yield
      1,2,3,4,5,6-hexahydro-1-(Y.sup.1)-1-(Y.sup.2)-3-(Q.sup.3)-8-(Z.sup.2)-6-(R
     .sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocine, wherein:
PAR  Y.sup.1 and Y.sup.2 taken individually have the same significance as in
      Formula I; or
PAR  Y.sup.1 and Y.sup.2 taken together represent oxo;
PAR  R.sup.1 and R.sup.2 have the same significance as in Formula I;
PAR  Z.sup.2 has the same significance as in Formula III;
PAR  An is the anion of a strong organic or inorganic acid; and
PAR  Q.sup.3 is methyl, ethyl, or one of the members defined by Q in Formula I
      except those members wherein Ar.sup.2 is aminophenyl.
PAR  In a second process aspect, the invention sought to be patented resides in
      the process which comprises oxidizing
      1,2,3,4,5,6-hexahydro-3-(Q.sup.4)-8-(Z.sup.3)-6-(R.sup.1)-11-(R.sup.2)-2,6
     -methano-3-benzazocine, having the formula
      ##EQU8##
PAC  Formula VIII
PAL  with chromium(VI) in acid medium to yield
      1,2,3,4,5,6-hexahydro-1-oxo-3-(Q.sup.4)-8-(Z.sup.3)-6-(R.sup.1)-11-(R.sup.
     2)-2,6-methano-3-benzazocine having the formula
      ##EQU9##
PAC  Formula IX
PAL  wherein in each of Formulas VIII and IX:
PAR  R.sup.1 and R.sup.2 have the same significance as in Formula I;
PAR  Q.sup.4 is hydrogen, methyl, ethyl, alkyl having 3-8 carbon atoms,
      2,2-dialkoxyethyl having 4-8 carbon atoms, (cycloalkyl or
      fluorocycloalkyl)--C.sub.n H.sub.2n -- wherein n is an integer from zero
      to four and wherein cycloalkyl has 3-7 carbon atoms and has a total of
      3-10 carbon atoms, and Ar.sup.3 --C.sub.r H.sub.2r -- wherein r is an
      integer from two to four and Ar.sup.3 is phenyl or is phenyl substituted
      by nitro, alkanoyl-amino having 1-6 carbon atoms, alkoxy having 1-4 carbon
      atoms, alkyl having 1-4 carbon atoms, halo, or trifluoromethyl; and
PAR  Z.sup.3 is hydrogen, alkoxy having 1-6 carbon atoms, or alkenyloxy having
      3-6 carbon atoms.
PAR  In a third process aspect, the invention sought to be patented resides in
      the process which comprises reducing
      1,2,3,4,5,6-hexahydro-1-oxo-3-(Q.sup.5)-8-(Z.sup.2)-6-(R.sup.1)-11-(R.sup.
     2)-2,6-methano-3-benzazocine with reducing means effective to convert the
      1--oxo group to a 1--hydroxyl group without affecting any cyano groups or
      ethylenic linkages which are present, wherein:
PAR  R.sup.1 and R.sup.2 each have the same significance as in Formula I;
PAR  Z.sup.2 has the same significance as in Formula III; and
PAR  Q.sup.5 is hydrogen, methyl, ethyl, or one of the members defined by Q in
      Formula I.
PAR  In a fourth process aspect, the invention sought to be patented resides in
      the process which comprises reacting in a Grignard reaction
      1,2,3,4,5,6-hexahydro-1-oxo-3-(Q.sup.6)-8-(Z.sup.3)-6-(R.sup.1)-11-(R.sup.
     2)-2,6-methano-3-benzazocine with a Grignard reagent having the formula
      Y.sup.3 --Mg--halogen to yield
      1,2,3,4,5,6-hexahydro-1-hydroxy-1-(Y.sup.3)-3-(Q.sup.6)-8-(Z.sup.3)-6-(R.s
     up.1)-11-(R.sup.2)-2,6-methano-3-benzazocine, wherein:
PAR  Y.sup.3 is one of the members of Y.sup.2 in Formula I other than hydrogen;
PAR  R.sup.1 and R.sup.2 have the same significance as in Formula I;
PAR  Z.sup.3 has the same significance as in Formula IX; and
PAR  Q.sup.6 is a member of the group consisting of hydrogen, alkyl having 1-8
      carbon atoms, alkenyl having 3-6 carbon atoms, haloalkenyl having 3-6
      carbon atoms and having 1-3 members of the group consisting of chlorine,
      fluorine, and bromine attached to ethylenic carbon, alkynyl having 3-6
      carbon atoms, (cycloalkyl or fluorocycloalkyl)--C.sub.n H.sub.2n --
      wherein n is an integer from zero to four and wherein cycloalkyl has 3-7
      ring carbon atoms and has a total of 3-10 carbon atoms, 2-- or
      3--cycloalkenyl wherein cycloalkenyl has 5-6 ring carbon atoms and has a
      total of 5-8 carbon atoms, cycloalkenyl--C.sub.p H.sub.2p -- wherein p is
      an integer from one to four and wherein cycloalkenyl has 5-6 carbon atoms
      and has a total of 5-8 carbon atoms, and Ar.sup.4 --C.sub.p H.sub.2p --
      wherein p is an integer from one to four and Ar.sup.4 is phenyl or phenyl
      substituted by alkyl having 1-4 carbon atoms or alkoxy having 1-4 carbon
      atoms, the member Q.sup.6 in each instance having no tertiary alpha-carbon
      atom.
PAR  In a fifth process aspect, the invention sought to be patented resides in
      the process which comprises N-acylating
      1,2,3,4,5,6-hexahydro-1-(Y.sup.1)-1-(Y.sup.2)-8-(Z.sup.2)-6-(R.sup.1)-11-(
     R.sup.2)-2,6-methano-3-benzazocine by treatment with an active acylating
      form, such as an acid halide, acid anhydride, or mixed anhydride, of an
      acid having the formula Q.sup.7 --COOH to yield
      1,2,3,4,5,6-hexahydro-1-(Y.sup.4)-1-(Y.sup.2)-3-(Q.sup.7
      -CO-)-8-(Z.sup.4)-6-(R.sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocine,
      wherein:
PAR  Y.sup.1 and Y.sup.2 taken individually have the same significance as in
      Formula I; or
PAR  Y.sup.1 and Y.sup.2 taken together represent oxo;
PAR  R.sup.1 and R.sup.2 have the same significance as in Formula I;
PAR  Z.sup.2 has the same significance as in Formula III;
PAR  Y.sup.4 has the same significance as Y.sup.1 in Formula I or is Q.sup.7
      --CO--O--;
PAR  Z.sup.4 has the same significance as Z.sup.2 in Formula III or is Q.sup.7
      --CO--O--; and
PAR  Q.sup.7 in each instance has the same significance as Q.sup.2 in Formula
      VII except that Ar.sup.2 does not include aminophenyl.
PAR  In a sixth process aspect, the invention sought to be patented resides in
      the process which comprises reducing
      1,2,3,4,5,6-hexahydro-1-(Y.sup.5)-1-(Y.sup.2)-3-(Q.sup.2
      -CO-)-8-(Z.sup.5)-6-(R.sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocine with
      a reducing agent effective to reduce the carbonyl of the N-acyl group to a
      methylene group (i.e. --CH.sub.2 --) without affecting any ethylenic
      linkages, thereby producing
      1,2,3,4,5,6-hexahydro-1-hydroxy-1-(Y.sup.2)-3-(Q.sup.8 -CH.sub.2
      -)-8-(Z.sup.5)-6-(R.sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocine,
      wherein:
PAR  Y.sup.2, R.sup.1, and R.sup.2 have the same significance as in Formula I;
PAR  Y.sup.5 has the same significance as in Formula I or is Q.sup.2 --CO--O--;
PAR  Q.sup.2 in each instance has the same significance as in Formula VII; and
PAR  Q.sup.8 is the same as Q.sup.2 except that Ar.sup.2 does not include
      nitrophenyl; and
PAR  Z.sup.5 has the same significance as Z.sup.2 in Formula III or is Q.sup.2
      --CO--O--.
PAR  In a seventh process aspect, the invention sought to be patented resides in
      the process which comprises reacting
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-1-(Y.sup.2)-8-(Z.sup.2)-6-(R.sup.1)-11
     -(R.sup.2)-2,6-methano-3-benzazocine with phosgene to yield
      3a,4,5,9b-tetrahydro-7-(Z.sup.2)-9b-(Y.sup.2)-4-(R.sup.2)-5-(R.sup.1)-3,5-
     ethanonaphth[2,1-d]oxazol-2(3H)-one wherein:
PAR  Y.sup.2, R.sup.1, R.sup.2 have the same significance as in Formula I; and
PAR  Z.sup.2 has the same significance as in Formula III.
PAR  In an eighth process aspect, the invention sought to be patented resides in
      the process which comprises heating
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-1-(Y.sup.2)-3-(carbalkoxy)-8-(Z.sup.2)
     -6-(R.sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocine in the presence of a
      catalytic amount of alkoxide ion to yield
      3a,4,5,9b-tetrahydro-7-(Z.sup.2)-9b-(Y.sup.2)-4-(R.sup.2)-5-(R.sup.1)-3,5-
     ethanonaphth[2,1-d]oxazol-2(3H)-one wherein:
PAR  Y.sup.2, R.sup.1, and R.sup.2 have the same significance as in Formula I;
PAR  Z.sup.2 has the same significance as in Formula III; and carbalkoxy has 2-7
      carbon atoms.
PAR  when Y.sup.1, Y.sup.4, Z, Z.sup.2, and Z.sup.4 in the formulas herein are
      alkanoyloxy there are included, for example, formyloxy, acetoxy,
      propionyloxy, butyryloxy, isobutyryloxy, valeryloxy, isovaleryloxy,
      2-methylbutanoyloxy, pivalyloxy, 3-methylpentanoyloxy,
      3,3-dimethylbutanoyloxy, 2,2-dimethylpentanoyloxy, docosanoyloxy,
      7,7-dimethyloctanoyloxy, and the like. When Y.sup.1, Y.sup.4, Z, Z.sup.2,
      and Z.sup.4 in the formulas herein are alkenoyloxy there are included, for
      example, crotonyloxy, 9-octadecenoyloxy, 2,5-hexadienoyloxy,
      3,6-octadienoyloxy, 10,13-octadecadienoyloxy, 5,13-docosadienoyloxy, and
      the like.
PAR  when Y.sup.1, Y.sup.4, Z, Z.sup.2, and Z.sup.4 in the formulas herein are
      Ar--C.sub.m H.sub.2m CO--O-- there are included, for example, benzoyloxy,
      p-toluyloxy, m-toluyloxy, o-toluyloxy, o-ethylbenzoyloxy,
      p-tert-butylbenzoyloxy, 3,4-dimethylbenzoyloxy,
      2-methyl-4-ethylbenzoyloxy, 2,4,6-trimethylbenzoyloxy, p-anisoyloxy,
      m-anisoyloxy, o-anisoyloxy, m-isopropoxybenzoyloxy, p-n-butoxybenzoyloxy,
      3-methoxy-4-ethoxybenzoyloxy, 3,4,5-trimethoxybenzoyloxy,
      2,4,6-triethoxybenzoyloxy, o-iodobenzoyloxy, m-bromobenzoyloxy,
      p-chlorobenzoyloxy, p-fluorobenzoyloxy, 2-bromo-4-chlorobenzoyloxy,
      2,4,6-trichlorobenzoyloxy, p-trifluoromethylbenzoyloxy,
      2,4-di(trifluoromethyl)benzoyloxy, 2-methyl-4-methoxybenzoyloxy,
      3-chloro-4-ethoxybenzoyloxy, p-dimethylaminobenzoyloxy,
      m-diethylaminobenzoyloxy, p-dibutylaminobenzoyloxy,
      p-(N-methyl-N-ethylamino)benzoyloxy, o-acetamidobenzoyloxy,
      m-propionamidobenzoyloxy, p-hexanoylaminobenzoyloxy, phenylacetoxy,
      alpha-phenylpropionyloxy, beta-phenylpropionyloxy, m-methylphenylacetoxy,
      p-isobutylphenylacetoxy, beta-(p-ethylphenyl)propionyloxy,
      p-methoxyphenylacetoxy, m-isobutoxyphenylacetoxy,
      3,4-diethoxyphenylacetoxy, beta-(3,4,5-trimethoxyphenyl)propionyloxy,
      p-chlorophenylacetoxy, alpha-(m-bromophenyl)propionyloxy,
      m-trifluoromethylphenylacetoxy,
      beta-(p-trifluoromethylphenyl)propionyloxy, beta-(3-methyl-4-chlorophenyl)
     propionyloxy, 3-chloro-4-acetamidophenylacetoxy,
      beta-(p-acetamidophenyl)propionyloxy, and the like.
PAR  When Y.sup.1, Y.sup.4, Z, Z.sup.2, and Z.sup.4 in the formulas herein are
      naphthalenecarbonyloxy there are included 1-naphthalenecarbonyloxy and
      2-naphthalenecarbonyloxy.
PAR  When Y.sup.1, Y.sup.4, Z, Z.sup.2, and Z.sup.4 in the formulas herein are
      pyridinecarbonyloxy there are included picolinoyloxy
      (2-pyridinecarbonyloxy), nicotinoyloxy (3-pyridinecarbonyloxy), and
      isonicotinoyloxy (4-pyridinecarbonyloxy).
PAR  When Y.sup.1, Y.sup.4, Z, Z.sup.2, and Z.sup.4 in the formulas herein are
      (cycloalkyl or fluorocycloalkyl)--C.sub.m H.sub.2m --CO--O-- there are
      included, for example, cyclopropanecarbonyloxy,
      1-methylcyclopropanecarbonyloxy, 2-hexylcyclopropanecarbonyloxy,
      2-methylcyclopropanecarbonyloxy, 1,3-dimethylcyclobutanecarbonyloxy,
      3,3-dimethylcyclobutanecarbonyloxy, cyclopentanecarbonyloxy,
      1-methyl-3-isopropylcyclopentanecarbonyloxy, cyclohexanecarbonyl,
      cycloheptanecarbonyloxy, alpha-methylcyclopropaneacetoxy,
      1-methylcyclopropaneacetoxy, 2-amylcyclopropaneacetoxy,
      cyclopropanepropionyloxy, alpha-methylcyclopropanepropionyloxy,
      2-isobutylcyclopropanepropionyloxy, cyclobutanepropionyloxy,
      cyclobutanepropionyloxy, cyclopentanepropionyloxy, cyclohexaneacetoxy,
      4-methylcyclohexaneacetoxy, 4-methylcycloheptaneacetoxy,
      cycloheptanepropionyloxy, 1-fluorocyclopropanecarbonyloxy,
      2-fluorocyclopropanecarbonyloxy, 1,2-difluorocyclopropanecarbonyloxy,
      2,2-difluorocyclopropanecarbonyloxy, 3,3-difluorocyclohexanecarbonyloxy,
      3-(1,3-difluorocyclohexanecarbonyloxy), and the like.
PAR  when Y.sup.1, Y.sup.4, Z, Z.sup.2, and Z.sup.4 in the formulas herein are
      alkylcarbonato there are included, for example, methylcarbonato,
      ethylcarbonato, isopropylcarbonato, amylcarbonato,
      3,3-dimethylbutylcarbonato, and the like.
PAR  When Y.sup.1, Y.sup.4, Z, Z.sup.2, and Z.sup.4 in the formulas herein are
      (mono- or di-alkyl)carbamyloxy there are included, for example,
      methylcarbamyloxy, ethylcarbamyloxy, tert-butylcarbamyloxy,
      octylcarbamyloxy, dimethylcarbamyloxy, N-methyl-N-ethylcarbamyloxy,
      dibutylcarbamyloxy, and the like.
PAR  When Y.sup.2 and Y.sup.3 in the formulas herein are alkyl having 1-6 carbon
      atoms there are included, for example, methyl, ethyl, isopropyl,
      tert-butyl, amyl, hexyl, 2,3-dimethylbutyl, and the like.
PAR  When Y.sup.2 and Y.sup.3 in the formulas herein are Ar.sup.1 --C.sub.n
      H.sub.2n -- there are included, for example, phenyl, benzyl, p-tolyl,
      m-tolyl, o-tolyl, m-ethylbenzyl, m-tert-butylbenzyl, 3,5-dimethylbenzyl,
      3-methyl-4-ethylbenzyl, 2,4,6-trimethylbenzyl, p-methoxybenzyl,
      m-methoxybenzyl, m-propoxybenzyl, p-tert-butoxybenzyl,
      3-methoxy-4-ethoxybenzyl, p-methoxyphenyl, o-methoxyphenyl,
      3,4,5-trimethoxyphenyl, 2,4,6-triethoxyphenyl, 2-methyl-4-methoxyphenyl,
      p-dimethylaminophenyl, m-diethylaminophenyl, p-dibutylaminophenyl,
      p-(N-methyl-N-ethylamino)phenyl, phenethyl, alpha-phenylpropyl,
      beta-phenylpropyl, m-methylphenethyl, p-isobutylphenethyl,
      beta-(p-ethylphenyl)propyl, p-methoxyphenethyl, m-isobutoxyphenethyl,
      3,4-diethoxyphenethyl, beta-(3,4,5-trimethoxyphenyl)propyl, and the like.
PAR  The groups Q, Q.sup.3, Q.sup.4, Q.sup.5, and Q.sup.6 as used herein have no
      tertiary alpha-carbon atom, i.e. the carbon atom in these monovalent
      groups bearing the free valence bond (which is of course attached to the
      nitrogen atom in the respective compounds involved) has at least one
      hydrogen atom attached to it.
PAR  When Q, Q.sup.3, Q.sup.4, and Q.sup.5 as used herein are alkyl having 3-8
      carbon atoms there are included, for example, propyl, isopropyl, butyl,
      sec-butyl, amyl, hexyl, isohexyl, heptyl, 3-methylhexyl, octyl,
      2,4-dimethylhexyl, isooctyl, and the like.
PAR  When Q, Q.sup.3, Q.sup.5, and Q.sup.6 in the formulas herein are alkenyl
      there are included, for example, allyl; 2-methyl-2-propenyl, 2-butenyl,
      4-pentenyl, 3-methyl-2-butenyl, 2-hexenyl, 3-hexenyl, 1-methyl-2-propenyl,
      1,3-dimethyl-2-butenyl, and the like.
PAR  When Q, Q.sup.3, Q.sup.5, and Q.sup.6 in the formulas herein are
      haloalkenyl there are included, for example, 3-chloro-2-butenyl,
      2,3-dichloro-2-butenyl, 2-bromo-2-butenyl,
      2,3-difluoro-3-chloro-2-propenyl, 2-chloro-2-propenyl, 2-bromo-2-propenyl,
      2-fluoro-2-propenyl, 3-chloro-2-propenyl, 3-bromo-2-propenyl,
      3,3-difluoro-2-propenyl, 2,3-difluoro-2-propenyl, 4-chloro-3-pentenyl,
      2-chloro-3-methyl-2-butenyl, 5-bromo-5-hexenyl, and the like.
PAR  When Q, Q.sup.3, and Q.sup.5 in the formulas herein are cyanoalkyl there
      are included, for example, cyanomethyl, 2-cyanoethyl, 2-cyanopropyl,
      4-cyanobutyl, and the like.
PAR  When Q, Q.sup.3, and Q.sup.5 in the formulas herein are (mono- or
      di-cyanoalkenyl) there are included, for example, 3-cyano-2-propenyl,
      4-cyano-2-butenyl, 4-cyano-3-butenyl, 3-cyano-3-butenyl,
      5-cyano-2-pentenyl, 3,3-dicyano-2-propenyl, 2,3-dicyano-2-butenyl, and the
      like.
PAR  When Q, Q.sup.3, Q.sup.4, and Q.sup.5 as used herein are 2,2-dialkoxyethyl
      there are included, for example, 2,2-dimethoxyethyl, 2,2-diethoxyethyl,
      2,2-diisopropoxyethyl, 2,2-dibutoxyethyl, and the like.
PAR  When Q, Q.sup.3, Q.sup.5, and Q.sup.6 in the formulas herein are alkynyl
      there are included, for example, propargyl, 2-butynyl, 2-pentynyl,
      3-pentynyl, 3-methyl-2-pentynyl, and the like.
PAR  When Q, Q.sup.3, Q.sup.4, Q.sup.5, and Q.sup.6 in the formulas herein are
      (cycloalkyl or fluorocycloalkyl)--C.sub.n H.sub.2n -- there are included,
      for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
      cycloheptyl, 1-methylcyclopropyl, 2-methylcyclobutyl,
      2,2-dimethylcyclobutyl, 3,3-diethylcyclohexyl, cyclopropylmethyl,
      cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl, cycloheptylmethyl,
      2-cyclopentylethyl, 3-cyclohexylbutyl, (1-fluorocyclopropyl)methyl,
      2-fluorocyclopropylmethyl, (1,2-difluorocyclopropyl)methyl,
      2,2-difluorocyclopropylmethyl, 2,2,3-trifluorocyclopropylmethyl,
      2,2,3,3-tetrafluorocyclopropylmethyl, 2-fluorocyclobutylmethyl,
      3,3-difluorocyclohexylmethyl, 3-(1,3-difluorocyclohexyl)propyl, and the
      like.
PAR  When Q, Q.sup.3, Q.sup.5, and Q.sup.6 in the formulas herein are 2- or
      3-cycloalkenyl there are included, for example, 2-cyclopentenyl,
      3-cyclopentenyl, 4-methyl-2-cyclopentenyl, 3-ethyl-3-cyclopentenyl,
      2-cyclohexenyl, 3-cyclohexenyl, 3,4-dimethyl-2-cyclohexenyl, and the like.
PAR  When Q, Q.sup.3, Q.sup.5, and Q.sup.6 in the formulas herein are
      cycloalkenyl--C.sub.p H.sub.2p -- there are included, for example,
      1-cyclopentenylmethyl, 2-cyclopentenylmethyl, 2-(3-cyclopentenyl)ethyl,
      4-(2-cyclopentenyl)butyl, 3-(3-ethyl-2-cyclohexenyl)propyl,
      1-cyclohexenylmethyl, 2-cyclohexenylmethyl, and the like.
PAR  When Q, Q.sup.3, and Q.sup.5 in the formulas herein are Ar.sup.2 --C.sub.p
      H.sub.2p -- there are included, for example, benzyl, p-tolylmethyl,
      o-tolylmethyl, m-tolylmethyl, 2,4-dimethylbenzyl, phenethyl,
      p-methylphenethyl, 3-(m-ethylphenyl)butyl, p-aminobenzyl,
      p-aminophenethyl, 4-(o-aminophenyl)butyl, p-nitrobenzyl, m-nitrobenzyl,
      p-nitrophenethyl, 3-(m-nitrophenyl)butyl, p-acetamidobenzyl,
      m-acetamidobenzyl, p-acetamidophenethyl, 3-(m-hexanoylaminophenyl)propyl,
      p-methoxybenzyl, p-ethoxyphenethyl, 3-(m-isobutoxyphenyl)butyl,
      3,4-dimethoxybenzyl, 2,4-dimethoxyphenethyl, p-chlorobenzyl,
      m-fluorophenethyl, 4-(o-bromophenyl)butyl, p-iodobenzyl,
      p-trifluoromethylphenethyl, and the like.
PAR  When Q.sup.1 as used herein is carbalkoxy having 2-7 carbon atoms there are
      included, for example, carbomethoxy, carbethoxy, carbopropoxy,
      carbo-tert-butoxy, carboheptoxy, and the like.
PAR  When Q.sup.1 as used herein is carbobenzyloxy, the phenyl group therein can
      if desired bear 1-3 substituents such as alkoxy having 1-4 carbon atoms,
      alkyl having 1-4 carbon atoms, and the like, p-methoxybenzyloxy being
      particularly preferred.
PAR  When Q.sup.1 as used herein is N-(carbalkoxy)aminoacetyl there are
      included, for example, N-(carbomethoxy)aminoacetyl,
      N-(carbethoxy)aminoacetyl, N-(carbopropoxy)aminoacetyl,
      N-(carbo-tert-butoxy)aminoacetyl, N-(carboheptoxy)aminoacetyl, and the
      like.
PAR  When Q.sup.1 as used herein is N-(carbobenzyloxy)aminoacetyl the phenyl
      group therein can if desired bear 1-3 substituents such as alkoxy having
      1-4 carbon atoms, alkyl having 1-4 carbon atoms, and the like,
      N-(p-methoxybenzyloxy)aminoacetyl being particularly preferred.
PAR  When Q.sup.2 as used herein is alkyl there are included, for example,
      methyl, ethyl, propyl, isopropyl, tert-butyl, isoamyl, hexyl, heptyl,
      2-ethylpentyl, and the like.
PAR  When Q.sup.2 as used herein is alkenyl there are included, for example,
      vinyl, allyl, 1-methylvinyl, 1-propenyl, 3-butenyl, 1-methyl-1-propenyl,
      1-pentenyl, 2-pentenyl, 1-methyl-2-propenyl, 1,2-dimethyl-1-propenyl, and
      the like.
PAR  When Q.sup.2 as used herein is haloalkenyl there are included, for example,
      2-chloro-1-propenyl, 3-chloro-2-propenyl, 1,2-dichloro-1-propenyl,
      1-bromo-1-propenyl, 1-chlorovinyl, 1-fluorovinyl, 2,2-difluorovinyl,
      1,2-difluorovinyl, 1,2-difluoro-2-chlorovinyl, 3-chloro-2-butenyl,
      1-chloro-2-methyl-1-propenyl, 4-bromo-4-pentenyl, and the like.
PAR  When Q.sup.2 as used herein is alkynyl there are included, for example,
      ethynyl, 1-propynyl, 1-butynyl, 2-butynyl, 2-methyl-1-butynyl, and the
      like.
PAR  When Q.sup.2 as used herein is cycloalkyl--C.sub.q H.sub.2q -- there are
      included, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
      cycloheptyl, 1-methylcyclopropyl, 2-methylcyclobutyl,
      2,2-dimethylcyclobutyl, 3,3-diethylcyclohexyl, cyclopropylmethyl,
      cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl, cycloheptylmethyl,
      2-cyclopentylethyl, 3-cyclohexylpropyl, and the like.
PAR  When Q.sup.2 as used herein is Ar.sup.2 --C.sub.q H.sub.2q -- there are
      included, for example, phenyl, p-tolyl, o-tolyl, m-tolyl,
      2,4-dimethylphenyl, benzyl, p-methylbenzyl, 3-(m-ethylphenyl)propyl,
      p-aminophenyl, m-aminophenethyl, p-amino-benzyl, 3-(o-aminophenyl)propyl,
      p-nitrophenyl, m-nitrophenyl, p-nitrobenzyl, 2-(m-nitrophenyl)propyl,
      p-methoxyphenyl, p-ethoxybenzyl, 3-(m-isobutoxyphenyl)propyl,
      3,4-dimethoxyphenyl, 2,4-dimethoxybenzyl, 3,4,5-trimethoxyphenyl,
      p-chlorophenyl, m-fluorophenyl, p-trifluoromethylphenyl, m-chlorobenzyl,
      p-bromobenzyl, 3-(o-bromophenyl)propyl, p-iodophenyl,
      m-trifluoromethylbenzyl, and the like. When Q.sup.7 is one of the members
      defined by Q.sup.2 there are included, for example, all of the above
      except those members wherein Ar.sup.2 is aminophenyl.
PAR  When Q.sup.4 as herein is Ar.sup.3 --C.sub.r H.sub.2r -- there are
      included, for example, phenethyl, p-methylphenethyl,
      3-(m-ethylphenyl)butyl, p-nitrophenethyl, 3-(m-nitrophenyl)butyl,
      p-acetamidophenethyl, 3-(m-hexanoylaminophenyl)propyl, p-ethoxyphenethyl,
      3-(m-isobutoxyphenyl)butyl, 2,4-dimethoxyphenethyl, p-chlorophenethyl,
      m-fluorophenethyl, 4-(o-bromophenyl)butyl, p-trifluoromethylphenethyl, and
      the like.
PAR  When Q.sup.6 as used herein is alkyl there are included, for example,
      methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, amyl, hexyl, isohexyl,
      heptyl, 3-methylhexyl, octyl, 2,4-dimethylhexyl, isooctyl, and the like.
PAR  When Q.sup.6 as used herein is Ar.sup.4 --C.sub.p H.sub.2p -- there are
      included, for example, benzyl, p-tolyl, o-tolyl, m-tolyl, p-methylbenzyl,
      2,4-dimethylbenzyl, phenethyl, p-methylphenethyl, 3-(m-ethylphenyl)butyl,
      p-methoxybenzyl, p-ethoxyphenethyl, 3-(m-isobutoxyphenyl)butyl,
      3,4-dimethoxybenzyl, 3,4,5-trimethoxybenzyl, 2,4-dimethoxyphenethyl, and
      the like.
PAR  When Z.sup.1 and Z.sup.2 in the formulas herein are alkoxy there are
      included, for example, methoxy, ethoxy, propoxy, isopropoxy, tert-butoxy,
      amyloxy, 3-methylpentoxy, hexoxy, and the like.
PAR  when Z.sup.1 and Z.sup.2 in the formulas herein are alkenyloxy there are
      included, for example, allyloxy, 2-methylpropenl-yloxy, crotonyloxy,
      3-methylbuten-1-yloxy, hexen-5-yloxy, and the like.
PAR  When R.sup.1, R.sup.2, and R.sup.3 in the formulas herein are alkyl there
      are included methyl, ethyl, propyl, isopropyl, butyl, isobutyl, and
      tert-butyl. The symbol An as used herein is the anion of a strong organic
      or inorganic acid, for instance a halide, e.g. a chloride or bromide, or
      an arylsulfonate, e.g. a tosylate.
PAR  Due to the presence of the basic amino grouping, the free base forms
      represented by Formulas I, II, III, IV, V, and VI above react with organic
      and inorganic acids to form acid-addition salts. The acid-addition salt
      forms are prepared from any organic or inorganic acid. They are obtained
      in conventional fashion, for instance either by direct mixing of the base
      with the acid or, when this is not appropriate, by dissolving either or
      both of the base and the acid separately in water or an organic solvent
      and mixing the two solutions, or by dissolving both the base and the acid
      together in a solvent. The resulting acid addition salt is isolated by
      filtration, if it is insoluble in the reaction medium, or by evaporation
      of the reaction medium to leave the acid-addition salt as a residue. The
      acid moieties or anions in these salt forms are in themselves neither
      novel nor critical and therefore can be any acid anion or acid-like
      substance capable of salt formation with the base.
PAR  Representative acids for the formation of the acid-addition salts include
      formic acid, acetic acid, isobutyric acid, alpha-mercaptopropionic acid,
      trifluoroacetic acid, malic acid, fumaric acid, succinic acid, succinamic
      acid, tannic acid, glutamic acid, tartaric acid, oxalic acid, pyromucic
      acid, citric acid, lactic acid, glycolic acid, gluconic acid, saccharic
      acid, ascorbic acid, penicillin, benzoic acid, phthalic acid, salicyclic
      acid, 3,5-dinitrobenzoic acid, anthranilic acid, cholic acid,
      2-pyridinecarboxylic acid, pamoic acid, 3-hydroxy-2-naphthoic acid, picric
      acid, quinic acid, tropic acid, 3-indoleacetic acid, barbituric acid,
      sulfamic acid, methanesulfonic acid, ethanesulfonic acid, isethionic acid,
      benzenesulfonic acid, p-toluenesulfonic acid, butylarsonic acid,
      methanephosphonic acid, acidic resins, hydrofluoric acid, hydrochloric
      acid, hydrobromic acid, hydriodic acid, perchloric acid, nitric acid,
      sulfuric acid, phosphoric acid, arsenic acid, and the like.
PAR  All of the acid-addition salts are useful as sources of the free base form,
      by reaction with an inorganic base. It will thus be appreciated that if
      one or more of the characteristics, such as solubility, molecular weight,
      physical appearance, toxicity, or the like of a given base or
      acid-addition salt thereof render that form unsuitable for the purpose at
      hand, it can be readily converted to another, more suitable form. For
      pharmaceutical purposes, acid-addition salts of relatively non-toxic,
      pharmaceutically-acceptable acids, for example hydrochloric acid, lactic
      acid, tartaric acid, and the like, are of course employed.
PAR  The compounds of this invention can exist in stereochemically isomeric
      forms, that is, optical isomers and geometric isomers. If desired, the
      isolation or the production of a particular stereochemical form can be
      accomplished by application of the general principles known in the prior
      art. In the nomenclature employed for the compounds herein, "ax" stands
      for axial and "eq" for equatorial, and the configurations are given with
      reference to the hydroaromatic ring. Thus, the 6(eq),11(ax) compounds are
      in the cis configuration, whereas the 6(eq),11(eq) compounds are in the
      trans configuration.
PAR  The compounds of Formula I and the acid-addition salts thereof are useful
      as depressants of the central nervous system, and more particularly are
      useful as analgesics and as antagonists of strong analgesics such as
      meperidine and morphine. These compounds of this invention can be
      administered in the same manner as known analgesics and antagonists of
      strong analgesics, i.e. parenterally or orally in any of the conventional
      pharmaceutical forms, as for instance solutions, suspensions, tablets,
      capsules, and the like. The ester species wherein Z is acyloxy are used
      when it is desired to have prolonged activity.
PAR  As will be seen hereinbelow, many of the species of Formula I are readily
      interconvertible by simple and well-known reactions such as reduction,
      oxidation, hydrolysis, esterification, N-acylation, etherification, and
      the like, so that they are also useful as intermediates for each other.
PAR  The compounds of Formulas II, III, and VI and the acid-addition salts
      thereof are useful as intermediates for the preparation of the compounds
      of Formula I. Moreover, many species of these intermediate compounds, for
      instance the species of Formula II wherein Z.sup.1 is methoxy and the
      species of Formula VI wherein Z.sup.2 is hydroxy, acyloxy, or methoxy, are
      also useful as analgesics and as antagonists of strong analgesics but
      generally have considerably less activity than the corresponding compounds
      of Formula I. After protecting any hydroxyl groups by esterification or
      etherification, the N-methyl compounds of Formula III can be
      N-demethylated by reacting first with cyanogen bromide and then
      hydrolyzing with dilute acid, or reducing with lithium aluminum hydride,
      thereby producing the corresponding nor-bases.
PAR  The compounds of Formula IV and V are useful as characterizing derivatives
      and, in the case of the N-carbalkoxy compounds of formula IV and the
      compounds of Formula V in differentiation of the 1(eq)-hydroxy compounds
      of Formula VI, which can be used as indicated to produce the oxazolone
      compounds of Formula V, from the 1(ax)-hydroxy compounds, which cannot be
      so used.
DETD
PAR  The manner and process of making and using the invention, and the best mode
      contemplated by the inventor of carrying out this invention, will now be
      described so as to enable any person skilled in the art to which it
      pertains to make and use the same.
PAR  Generally speaking, the compounds of Formulas I, II, and III of this
      invention are conveniently obtained by carrying out a suitable
      N-alkylation of the corresponding nor-bases (i.e. &gt;N-H compounds) of
      Formula VI to introduce the desired N-substituent (i.e. Q or CH.sub.3) by
      either a direct or indirect procedure. Thus, in a direct alkylation in
      accordance with the first process aspect of this invention, by reacting
      1,2,3,4,5,6-hexahydro-1-(Y.sup.1)
      -1-(Y.sup.2)-8-(Z.sup.2)-6-(R.sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocin
     e with an alkylating agent having the formula Q.sup.3 -An in the presence
      of an acid-absorbing medium there is obtained
      1,2,3,4,5,6-hexahydrol-(Y.sup.1)-1-(Y.sup.2)-3-(Q.sup.3)-8-(Z.sup.2)-6-(R.
     sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocine. The group Q.sup.3 does not
      include species wherein Ar.sup.2 is aminophenyl but these are readily
      obtained through reduction of the nitrophenyl species. The acid-absorbing
      medium in this aklylation is conveniently an alkali metal bicarbonate, for
      instance sodium bicarbonate. Ordinarily it is prefereble to use a suitable
      reaction medium, such as a lower alkanol, for instance methanol or
      ethanol, or an N,N-(di-lower alkyl)-lower alkanamide, for instance
      N,N-dimethylformamide or N,N-dimethylacetamide.
PAR  When it is desired to introduce an N-methyl group, instead of using the
      above procedure, alternatively the starting
      1,2,3,4,5,6-hexahydro-1-(Y.sup.1)-1-(Y.sup.2)-8-(Z.sup.2)-6-(R.sup.11)-11-
     (R.sup.2)-2,6-methano-3-benzazocine can be reductively formylated either by
      treatment with formaldehyde under conditions of catalytic hydrogenation or
      by treatment with a mixture of concentrated formalin solution and formic
      acid.
PAR  In some instances it is convenient to effect the desired N-alkylation by an
      indirect procedure utilizing in combination the fifth and sixth process
      aspects of this invention. Thus, in an initial step
      1,2,3,4,5,6-hexahydro-1-(Y.sup.1)-1-(Y.sup.2)-8-(Z.sup.2)-6-(R.sup.1)-11-(
     R.sup.2)-2,6-methano-3-benzazocine is N-acylated by treatment with an
      active acylating form, such as an acid halide, acid anhydride, or mixed
      anhydride of an acid having the formula Q.sup.7 -COOH to yield an amide,
      1,2,3,4,5,6-hexahydro-1-(Y.sup.4)-1-(Y.sup.2)-3-(Q.sup.7
      -CO-)-8-(Z.sup.4)-6-(R.sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocine. Then
      in a second step (preceded if desired by reduction of any nitro group in
      Q.sup.7 to amino) reducing the amide, 1,2,3,4,5,6-hexahydro-3-(Q.sup.2
      -CO-)-1-(Y.sup.5)-1-(Y.sup.2)-8-(Z.sup.5)-6-(R.sup.1)-11-(R.sup.2)-2,6-met
     hano-3-benzazocine, with a reducing agent, such as lithium aluminum
      hydride, effective to reduce the carbonyl of the N-acyl group to a
      methylene group (i.e. --CH.sub.2 --) without affecting any ethylenic
      linkages, thereby yielding
      1,2,3,4,5,6-hexahydro-1-hydroxy-1-(Y.sup.2)-3-(Q.sup.8 -CH.sub.2
      -)-8-(Z.sup.5)-6-(R.sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocine. Any
      ester groups which are present in the starting
      1,2,3,4,5,6-hexahydro-1-(Y.sup.1)-1-(Y.sup.2)-8-(Z.sup.2)-6-(R.sup.1)-11-(
     R.sup.2)-2,6-methano-3-benzazocine at either or both of the 8-- and 1
      --positions, or which are formed by esterification of hydroxyl groups at
      either or both of the 8-- or 1 --positions by the N-acylation conditions
      of the first step, are converted to hydroxyl groups in the reduction step.
      Also, in any compounds containing a nitrophenyl moiety this will be
      reduced to aminophenyl. When appropriate, these hydroxyl groups can then
      of course be re-esterified inn conventional fashion to introduce any
      desired acyloxy group.
PAR  When the starting material for the initial step in this indirect alkylation
      procedure is a 1-oxo compound, viz.
      1,2,3,4,5,6-hexahydro-1-oxo-8-(Z.sup.2)-6-(R.sup.1 )-
      11-(R.sup.2)-2,6-methano-3-benzazocine, and it is desired to preserve the
      1-oxo group in the reduction step, so as to obtain
      1,2,3,4,5,6-hexahydro-1-oxo-3-(Q.sup.8 -CH.sub.2
      -)-8-(Z.sup.5)-6-(R.sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocine, the
      1-oxo group is protected in conventional fashion by conversion to a ketal
      function prior to the reduction. Thus, for instance the starting material
      for either the first or second steps is interacted with a lower alkanol;
      or with a lower 1,2 or 1,3-alkylene glycol to form a cyclic ketal, for
      example the ethylenedioxy derivative. After the reduction the ketal is
      readily hydrolyzed with acid to regenerate the oxo group.
PAR  The
      1,2,3,4,5,6-hexahydro-1-(Y.sup.1)-1-(Y.sup.2)-8-(Z.sup.2)-6-(R.sup.1)-11-(
     R.sup.2)-2,6-methano-3-benzazocines (Formula VI) required as starting
      materials for the above-described alkylation procedures are conveniently
      obtained starting with
      1,2,3,4,5,6-hexahydro-8-(Z.sup.3)-6-(R.sup.1)-11-(R.sup.2)-2,6-methano-3-b
     enzazocines (Formula VIII wherein Q.sup.4 is hydrogen) a known class of
      compounds readily obtained by procedures well-known in the prior art.
      Oxidation of these latter compounds (Formula VIII) with chromium(VI) in
      acid medium in accordance with the above-mentioned second process aspect
      of this invention results in introduction of an oxo group at the
      1-position to yield
      1,2,3,4,5,6-hexahydro-1-oxo-8-(Z.sup.3)-6-(R.sup.1)-11-(R.sup.2)-2,6-metha
     no-3-benzazocines (Formula IX wherein Q.sup.4 is hydrogen). These species
      afford ready access to the further members of the desired
      1,2,3,4,5,6-hexahydro-1-(Y.sup.1)-1-(Y.sup.2)-8-(Z.sup.2)-6-(R.sup.1)-11-(
     R.sup.2)-2,6-methano-3-benzazocine starting materials. Thus, for example,
      by heating the
      1,2,3,4,5,6-hexahydro-1-oxo-8-alkoxy-6-(R.sup.1)-11-(R.sup.2)-2,6-methano-
     3-benzazocines with concentrated hydriodic acid or hydrobromic acid there
      are obtained
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6-(R.sup.1)-11-(R.sup.2)-2,6-methano
     -3-benzazocines. These latter can then if desired be O-acylated, by
      conventional methods for esterification of phenols, to introduce the
      various acyloxy groups defined by Y.sup.1, which are of course also
      embraced by Z, thus yielding the desired corresponding 8-acyloxy esters;
      or, alternatively, if desired the 8-hydroxy group can be appropriately
      etherified by conventional methods for etherification of phenols to
      convert it to an 8-alkenyloxy group having 3-6 carbon atoms, or the
      8-difluoromethoxy group, or the 8-trifluoromethoxy group. As indicated
      more particularly hereinbelow, these
      1,2,3,4,5,6-hexahydro-1-oxo-8-(Z.sup.2)-6-(R.sup.1)-11-(R.sup.2)-2,6-metha
     no-3-benzazocines can be used as starting materials in the reduction and
      Grignard reactions of the third and fourth process aspects, respectively,
      of this invention.
PAR  Instead of using the above-described N-alkylation procedures to produce the
      desired N-substituted compounds of Formulas I, II, and III from the
      corresponding nor-bases (Formula VI), the N-substituent can if desired be
      introduced at an earlier stage in the synthetic sequence. Thus, in the
      second, third, and fourth process aspects the starting materials in the
      respective oxidation, reduction, and Grignard reactions can be either
      nor-bases or the corresponding compounds bearing N-(Q or methyl)
      substituents.
PAR  In accordance with the second process aspect of this invention,
      1,2,3,4,5,6-hexahydro-3-(Q.sup.4)-8-(Z.sup.3)-6-(R.sup.1)-11-(R.sup.2)-2,6
     -methano-3-benzazocines (Formula VIII) are oxidized with chromium(VI) in
      acid medium to yield
      1,2,3,4,5,6-hexahydro-1-oxo-3-(Q.sup.4)-8-(Z.sup.3)-6-(R.sup.1)-11-(R.sup.
     2)-2,6-methano-3-benzazocines (Formula IX). (The group Q.sup.4 does not
      include benzyl or substituted benzyl because these are attacked by the
      oxidizing agent.) The oxidizing medium for this reaction is conveniently
      prepared by dissolving chromium trioxide in a solution of an inorganic
      acid such as sulfuric acid, hydrochloric acid, phosphoric acid, or the
      like, or in acetic anhydride, trichloroacetic acid or other suitable
      organic acid, or mixtures thereof. In these media, the chromium(VI)
      species is chromic acid or a chromyl compound, i.e., chromyl chloride,
      chromyl acetate, chromyl sulfate, or the like, or mixtures thereof as the
      case may be. The oxidation rate is dependent on the structure of the
      starting material and the particular species of chromium (VI) employed
      but, generally speaking, satisfactory reaction rates result at
      temperatures in the approximate range 20.degree.-100.degree.C.
PAR  In accordance with the third process aspect of this invention,
      1,2,3,4,5,6-hexahydro-1-oxo-3-(Q.sup.5)-8-(Z.sup.2)-6-(R.sup.1)-11-(R.sup.
     2)-2,6-methano-3-benzazocine is reduced by treatment with any suitable
      reducing means effective to convert the 1-oxo group to a 1-hydroxyl group
      without affecting any ethylenic linkages which are present. For instance,
      aluminum hydride, lithium aluminum hydride, lithium borohydride, lithium
      trimethoxyaluminum hydride, and, when ester or cyano groups are present
      and it is desired to leave these intact, sodium borohydride or lithium
      tri-tert-butoxyaluminum hydride generally afford satisfactory results.
      When no aliphatic ethylenic linkages are present, or when it is desired to
      reduce such linkages, catalytic hydrogenation can be employed.
PAR  In accordance with the fourth process aspect of this invention, those
      1,2,3,4,5,6-hexahydro-1-oxo-3-(Q.sup.6)-8-(Z)-6-(R.sup.1)-11-(R.sup.2)-dim
     ethyl-2,6-methano-3-benzazocines having no groups other than the 1-oxo
      group which are susceptible to reaction with Grignard reagents, viz. the
      1,2,3,4,5,6-hexahydro-1-oxo-3-(Q.sup.6)-8-(Z.sup.3)-6-(R.sup.1)-11-(R.sup.
     2)-2,6-methano-3-benzazocines, can be reacted in a Grignard reaction with a
      Grignard reagent having the formula Y.sup.3 -Mg-halogen to yield
      1,2,3,4,5,6-hexahydro-1-hydroxy-1-(Y.sup.3)-3-(Q.sup.6)-8-(Z.sup.3)-6-(R.s
     up.1)-11-(R.sup.2)-2,6-methano-3-benzazocines. This reaction is carried out
      under the usual Grignard reaction conditions, i.e. in an anhydrous diethyl
      ether medium, the initially-obtained Grignard adduct being decomposed by
      treatment with weak aqueous acid, for instance aqueous ammonium chloride
      solution, to release the desired tertiary carbinol product.
PAR  The
      3a,4,5,9b-tetrahydro-7-(Z.sup.2)-9b-(Y.sup.2)-4-(R.sup.2)-5-(R.sup.1)-3,5-
     ethanonaphth[2,1-d]oxozol-2(3H)-ones (Formula V) are obtained in accordance
      with either of the seventh or the eighth process aspects of this
      invention. Thus, in the former of these two methods phosgene is interacted
      with
      1,2,3,4,5,6-hexahydro-1-hydroxy-1-(Y.sup.2)-8-(Z.sup.2)-6-(R.sup.1)-11-(R.
     sup.2)-2,6-methano-3-benzazocine, conveniently by bubbling phosgene gas
      through a solution of the benzazocine in a suitable solvent and preferably
      in the presence of an acid-acceptor such as a tertiary amine; nd in the
      latter method
      1,2,3,4,5,6-hexahydro-1-hydroxy-1-(Y.sup.2)-3-(carbalkoxy)-8-(Z.sup.2)-6-(
     R.sup.1)11-(R.sup.2)-2,6-methano-3-benzazocine is heated in the presence of
      a catalytic amount of alkoxide ion, provided for instance by a metal
      alkoxide, e.g. aluminum isopropylate.
PAR  The
      1,2,3,4,5,6-hexahydro-1-hydroxy-1-(Y.sup.2)-3-(carbalkoxy)-8-(Z.sup.2)-6-(
     R.sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocines (Formula IV wherein
      Q.sup.1 is carbalkoxy) required as starting materials in the latter method
      above and the corresponding 3-(carbobenzyloxy) compounds (Formula IV
      wherein Q.sup.1 is carbobenzyloxy) are conveniently obtained by reacting
      1,2,3,4,5,6-hexahydro-1-hydroxy-1-(Y.sup.2)-8-(Z.sup.2)-6-(R.sup.1)-11-(R.
     sup.2)-2,6-methano-3-benzazocine with a alkyl haloformate wherein alkyl
      containing 1-6 carbon atoms, for instance ethyl chloroformate, or with a
      benzyl haloformate, for instance p-methoxybenzyl chloroformate,
      respectively, in the presence of an acid-binding agent, for instance
      sodium hydroxide, preferably at low temperature.
PAR  The compounds of Formula IV wherein Q.sup.1 is N-(carbalkoxy)aminoacetyl or
      N-(carbobenzyloxy)aminoacetyl are conveniently obtained using the mixed
      anhydride of an N-(carbalkoxy or carbobenzyloxy)aminoacetic with an alkyl
      acid carbonate, this mixed anhydride being interacted with
      1,2,3,4,5,6-hexahydro-1-oxo-8-(Z.sup.2)-6-(R.sup.1)-11-(R.sup.2)-2,6-metha
     no-3-benzazocine. The mixed anhydride is prepared in conventional fashion
      by interacting an N-(carbalkoxy or carbobenzyloxy)aminoacetic acid with an
      alkyl haloformate, for instance isobutyl chloroformate, at low temperature
      in the presence of a tertiary amine, for instance triethylamine.
PAR  The structures of the compounds of this invention were established by the
      modes of synthesis, by elementary analysis, and by ultraviolet, infrared,
      and nuclear magnetic resonance spectra. The course of the reactions and
      homogeneity of the products were ascertained by thin layer chromatography.
PAR  The invention is illustrated by the following examples without, however,
      being limited thereto. The melting points are uncorrected except where
      otherwise indicated.
PAC  EXAMPLE 1
PAL  A.
PAR  a mixture of 9.6 g. of 1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(e
      q),11(ax)-dimethyl-2,6-methano-3-benzazocine, 5.6 g. of cyclopropylmethyl
      bromide, 3.5 g. of sodium bicarbonate, and 100 ml. of
      N,N-dimethylformamide was stirred and refluxed for 2 hours, and then the
      reaction mixture was concentrated under reduced pressure. The resulting
      residue was triturated with water, cooled in ice, and filtered. The white
      crystalline solid thus collected was washed with water and methyl alcohol
      and dried. This product, which weighed 8.3 g., was
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-9-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine. (After recrystallization from methyl
      alcohol, this compound was a white crystalline solid which melted at
      249.degree.-252.degree.C.) This base was treated with ethanolic hydrogen
      chloride to convert it to the hydrochloride, a white crystalline solid
      which, after recrystallization from ethyl alcohol, melted at
      272.degree.-276.degree.C. By treatment of the base with methanesulfonic
      acid there was obtained the methanesulfonate as a white solid which melted
      at 257.degree.-258.degree.C.
PAL  B.
PAR  proceeding as above in part A but using
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-2,6-methano-3-benzazocine,
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq)-methyl-2,6-methano-3-benzazoci
     ne, and
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq)-butyl-11(ax)-methyl-2,6-methan
     o-3-benzazocine, respectively, instead of the 6(eq0,11(ax)-dimethyl
      (eg),there are obtained the following products which by esterification
      with the appropriate acid chloride, for instance as illustrated below in
      Examples 2-13, can be converted to the indicated respective esters:
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-2,6-methano-3-ben
     zazocine and the corresponding 8-m-toluyloxy ester;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq)-methyl-2,6-
     methano-3-benzazocine and the corresponding 8-acetoxy ester; and
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq)-butyl-11(ax
     )-methyl-2,6-methano-3-benzazocine and the corresponding 8-m-anisoyloxy
      ester.
PAL  C.
PAR  proceeding as in part A, but using 1-cyclohexenylmethyl bromide,
      4-(2-cyclopentenyl)butyl bromide, and 3,4-dimethyl-3-cyclohexenyl bromide
      instead of cyclopropylmethyl bromide, there are obtained respectively:
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(1-cyclohexenylmethyl)-8-hydroxy-6(eq),11(ax)
     -dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-[4-(2-cyclopentenyl)butyl]-8-hydroxy-6(eq),11
     (ax)-dimethyl-2,6-methano-3-benzazocine; and
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(3,4-dimethyl-3-cyclohexenyl)-8-hydroxy-6(eq)
     ,11(ax)-dimethyl-2,6-methano-3-benzazocine.
PAC  EXAMPLE 2
PAR  A mixture of 10.0 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine and 100 ml. of acetic anhydride was heated
      and stirred on a steam-bath for 3 hours. The resulting reaction mixture
      was concentrated and the residue was dissolved in 50 ml. of ethyl acetate
      and treated with ethereal hydrogen chloride solution. From this mixture
      there was recovered 11.3 g. of solid which when recrystallized from
      boiling ethyl acetate yielded 7.6 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-acetoxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine hydrochloride as a white solid which melted
      at 195.degree.-197.degree.C.
PAC  EXAMPLE 3
PAR  A mixture of 10.0 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine and 100 ml. of propionic anhydride was
      heated and stirred on a steam-bath for 31/2 hours. The reaction mixture
      was concentrated under reduced pressure, and the resulting residue was
      dissolved in 50 ml. of ethyl acetate and treated with ethereal hydrogen
      chloride solution. From the resulting mixture there was recovered 12.4 g.
      of solid which when recrystallized from ethyl acetate yielded 8.5 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-propionyloxy-6(eq),11(ax
     )-dimethyl-2,6-methano-3-benzazocine hydrochloride as a white solid which
      melted at 187.degree.-188.degree.C.
PAC  EXAMPLE 4
PAR  To 11.2 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine in 120 ml. of N,N-dimethylformamide there
      was added 2.4 g. of sodium methoxide. After distilling off 40 ml. of
      solvent, the mixture was cooled to room temperature, 4.85 g. of butyryl
      chloride was added dropwise, and the mixture was stirred for 11/2 hours
      and then allowed to stand overnight. The reaction mixture was concentrated
      under reduced pressure, the resulting residue was dissolved in 200 ml. of
      diethyl ether, and the ether solution was shaken quickly with 100 ml. of
      water. The ether solution was separated, dried, and filtered and the ether
      was evaporated from the filtrate. The residue thus obtained was dissolved
      in 50 ml. of ethyl acetate, ethereal hydrogen chloride solution was added,
      and the solution was cooled. The 8.9 g. of solid which separated in two
      crops was recrystallized from ethyl acetate to yield 6.3 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-butyryloxy-6(eq),11(ax)-
     dimethyl-2,6-methano-3 -benzazocine hydrochloride as a white solid which
      melted at 195.degree.-197.degree.C.
PAC  EXAMPLE 5
PAR  Proceeding in a manner similar to that described in Example 4 above, 11.2
      g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine in 100 ml. of N,N-dimethylformamide was
      treated with 2.4 g. of sodium methoxide. The resulting product was reacted
      with 5.3 g. of pivalyl chloride to yield
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-pivalyloxy-6(eq),11(ax)-
     dimethyl-2,6-methano-3-benzazocine. This base was converted by treatment
      with ethereal hydrogen chloride solution to 5.9 g. of the hydrochloride, a
      white solid which melted at 194.degree.-196.degree.C.
PAC  EXAMPLE 6
PAR  Proceeding in a manner similar to that described in Example 4 above, 11.2
      g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine in 100 ml. of N,N-dimethylformamide was
      treated with 2.4 g. of sodium methoxide. The resulting product was reacted
      with 4.8 g. of isobutyryl chloride to yield
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-isobutyryloxy-6(eq),11(a
     x)-dimethyl-2,6-methano-3-benzazocine. This base was converted by treatment
      with ethereal hydrogen chloride solution to 7.8 g. of the hydrochloride, a
      white solid which melted at 197.degree.-200.degree.C.
PAC  EXAMPLE 7
PAR  Proceeding in a manner similar to that described in Example 4 above, 11.2
      g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine in 100 ml. of N,N-dimethylfromamide was
      treated with 2.4 g. of sodium -methoxide. The resulting product was
      reacted with 5.3 g. of isovaleryl chloride to yield
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-isovaleryloxy-6(eq),11(a
     x)-dimethyl-2,6-methano-3-benzazocine which was converted by treatment with
      ethereal hydrogen chloride solution to 6.9 g. of the hydrochloride, a
      white solid which melted at 182.degree.-185.degree.C.
PAC  EXAMPLE 8
PAL  A.
PAR  proceeding in a manner similar to that described in Example 4 above, 11.2
      g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine in 100 ml. of N,N-dimethylformamide was
      treated with 2.4 g. of sodium methoxide. The resulting product was reacted
      with 5.9 g. of 3,3-dimethylbutanoyl chloride to yield
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-(3,3-dimethylbutanoyloxy
     )-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine. This base was converted
      by treatment with ethereal hydrogen chloride solution to 9.8 g. of the
      hydrochloride, a white solid which melted at 185.degree.-187.degree.C.
PAL  B.
PAR  proceeding in a fashion similar to that described in part A and interacting
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-
      8-hydroxy-2,6-methano-3-benzazocine with the appropriate acid chloride
      there can be obtained:
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-stearoyloxy-6(eq),11(ax)-
     dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-(3,6-octadienoyloxy)-6(eq
     ),11(ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-methylcarbonato-6(eq),11(
     ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-carbamyloxy-6(eq),11(ax)-
     dimethyl-2,6-methano-3-benzazocine; and
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-diethylaminocarbonyloxy-6
     (eq),11(ax)-dimethyl-2,6-methano-3-benzazocine.
PAC  EXAMPLE 9
PAR  Proceeding in a manner similar to that described in Example 4 above, 11.2
      g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine in 100 ml. of N,N-dimethylformamide was
      treated with 2.4 g. of sodium methoxide. The resulting product was reacted
      with 6.2 g. of benzoyl chloride to yield
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-benzoyloxy-6(eq),11(ax)-
     dimethyl-2,6-methano-3-benzazocine. This base was converted by treatment
      with ethereal hydrogen chloride solution to 5.3 g. of the hydrochloride, a
      white solid which melted at 190.degree.-191.degree.C.
PAC  EXAMPLE 10
PAR  Proceeding in a manner similar to that described in Example 4 above, 11.2
      g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine in 120 ml. of N,N-dimethylformamide was
      treated with 2.4 g. of sodium methoxide. The resulting product was reacted
      with 7.5 g. of p-anisoyl chloride to yield
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-(p-anisoyloxy)-6(eq),11(
     ax)-dimethyl-2,6-methano-3-benzazocine. This base was converted by
      treatment with ethereal hydrogen chloride solution to 11.3 g. of the
      hydrochloride, a white solid which melted at 200.degree.-202.degree.C.
PAC  EXAMPLE 11
PAR  When m-anisoyl chloride was substituted for the p-anisoyl chloride in the
      procedure described in Example 10, the product obtained was 5.0 g. of
      1,2,3,4,5,6-1-oxo-3-cyclopropylmethyl-8-(m-anisoyloxy)-6(eq),11(ax)-dimeth
     yl-2,6-methano-3-benzazocine hydrochloride, a white solid which melted at
      159.degree.-161.degree.C.
PAC  EXAMPLE 12
PAR  Proceeding in a manner similar to that described in Example 4 above, 11.2
      g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine in 120 ml. of N,N-dimethylformamide was
      treated with 2.4 g. of sodium methoxide. The resulting product was reacted
      with 6.8 g. of p-toluyl chloride to yield
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-(p-toluyloxy)-6(eq),11(a
     x)-dimethyl-2,6-methano-3-benzazocine. This base was converted by treatment
      with ethereal hydrogen chloride solution to 7.2 g. of the hydrochloride
      hemi(ethyl acetate), a white solid which melted at
      201.degree.-203.degree.C.
PAC  EXAMPLE 13
PAL  A.
PAR  proceeding in a manner similar to that described in Example 4 above, 11.2
      g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine in 120 ml. of N,N-dimethylformamide was
      treated with a 2.4 g. of sodium methoxide. The resulting product was
      reacted with 9.15 g. of p-trifluoromethylbenzoyl chloride to yield
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-(p-trifluoromethylbenzoy
     loxy)-6(eq),11(ax)-dimethyl-2,6 -methano-3-benzazocine. This base was
      converted by treatment with ethereal hydrogen chloride solution to 9.7 g.
      of the hydrochloride, a white solid which melted at
      226.degree.-229.degree.C.
PAL  B.
PAR  proceeding in a fashion similar to that in part A and interacting
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-
      8-hydroxy-2,6-methano-3-benzazocine with the appropriate acid chloride
      there can be obtained:
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8
      -[3-(p-fluorophenyl)propionyloxy]-6(eq),11(ax)-dimethyl-2,6
      -methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8
      -(p-dimethylaminobenzoyloxy)-6(eq),11(ax)-dimethyl-2,6-methano-
      3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8
      -(m-acetamidobenzoyloxy)-6(eq),11(ax)-dimethyl-2,6-methano- 3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8
      -phenoxyacetoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8
      -(1-naphthalenecarbonyloxy)-6(eq),11(ax)-dimethyl-2,6-methano-
      3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8
      -nicotinoyloxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine; and
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8
      -cyclopropanecarbonyloxy-6(eq),11(ax)-dimethyl-2,6-methano-3 -benzazocine.
PAC  EXAMPLE 14
PAR  Proceeding in a manner similar to that described above in part A of Example
      1, 24.5 g. of 1,2,3,4,5,6-hexahydro-
      1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine was
      interacted with 9.0 g. of cyclopropylmethyl chloride in the presence of
      8.4 g. of sodium bicarbonate and 250 ml. of N,N-dimethylformamide to yield
      25 g. of crude 1,2,3,4,5,6
      -hexahydro-1-oxo-3-cyclopropylmethyl-8-methoxy-6(eq),11
      (ax)-dimethyl-2,6-methano-3-benzazocine which was converted to 22.0 g. of
      the crude base hydrochloride, m.p. 187.degree.-190.degree.C. Two
      recrystallizations of this salt from ethyl alcohol-diethyl ether yielded
      12.2 g. of 1,2,3,4,5,6-hexahydro-1-oxo-3
      -cyclopropylmethyl-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-
      3-benzazocine hydrochloride as a white solid which melted at
      192.degree.-193.degree.C.
PAC  EXAMPLE 15
PAR  A mixture of 13.4 g. of 1,2,3,4,5,6-hexahydro-1-oxo-
      6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine, 9.3 g. of
      cyclopropylmethyl bromide, 5.3 g. of sodium bicarbonate, and 150 ml. of
      N,N-dimethylformamide was stirred and refluxed for 2 hours. The reaction
      mixture was then concentrated under reduced pressure and the resulting
      residue was partitioned between diethyl ether and water. When concentrated
      ammonium hydroxide was added, crude 1,2,3,4,5,6-hexahydro-1-oxo-3
      -cyclopropylmethyl-6(eq),11(ax)-dimethyl-2,6-methano-3 -benzazocine
      separated as an oil which crystallized on standing. The mixture was shaken
      to dissolve the base in the ether layer and the ether layer was seprated,
      washed with water, dried, treated with decolorizing charcoal, and
      filtered. The filtrate was concentrated to yield 15.5 g. of the base which
      was treated with ethereal hydrogen chloride to produce the base
      hydrochloride. This salt was recrystallized from diethyl ether-anhydrous
      ethyl alcohol to yield 11.5 g. of 1,2,3,4,5,6
      -hexahydro-1-oxo-3-cyclopropylmethyl-6(eq),11(ax)-dimethyl-2,6
      -methano-3-benzazocine hydrochloride as a white solid which melted at
      224.degree.-226.degree.C.
PAC  EXAMPLE 16
PAL  A.
PAR  a mixture of 9.24 g. of 1,2,3,4,5,6-hexahydro-1-oxo-
      8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine, 7.48 g. of
      n-propyl iodide, 3.36 g. of sodium bicarbonate, and 100 ml. of
      N,N-dimethylformamide was stirred and refluxed for 6 1/4 hours. The
      reaction mixture was concentrated under reduced pressure and then water
      and diethyl ether were added. Some of the residue failed to dissolve. The
      mixture was filtered to collect the crystalline solid which separated from
      solution. The ether layer and the aqueous layer of the filtrate were
      separated and the ether layer was evaporated under reduced pressure to
      yield a further crop of solid which was collected by filtration and washed
      with water. The two crops of crystalline solid were combined with the
      undissolved residue from the reaction mixture, and these combined solids
      were taken up in boiling ethyl alcohol and treated with decolorizing
      charcoal and the solution was filtered while hot. The filtrate was cooled
      and the solid which separated from solution was collected on a filter,
      washed with cold ethyl alcohol, and dried under reduced pressure at
      50.degree.C. for 3 hours. There was thus obtained 8.0 g. of solid which
      melted at 218.degree.-221.degree.C. The mother liquor from this
      crystallization was concentrated under reduced pressure to yield a
      crystalline solid which was collected on a filter, washed with cold ethyl
      alcohol and dried at 70.degree.C. There was thus obtained a second crop of
      product weighing 1.15 g. which melted at 214.degree.-218.degree.C. These
      two crops were combined and recrystallized from ethyl alcohol and dried
      overnight at 70.degree.C. There was thus obtained 7.0 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-propyl-8-hydroxy-
      6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine as an off-white solid
      which melted at 219.degree.-222.degree.C.
PAL  B.
PAR  proceeding in a manner similar to that described in part A but using
      isooctyl bromide, benzyl bromide, phenethyl bromide, p-tolylmethyl
      bromide, p-methoxybenzyl bromide, 3,4-dibutoxybenzyl bromide,
      cis-1,3-dichloro-1-propene, cis-1,3-dibromo-1-propene, p-nitrophenethyl
      bromide, m-acetamidobenzyl bromide, 3-(m-hexanoylaminophenyl)-propyl
      bromide, p-chlorobenzyl bromide, 3,4-dimethoxyphenethyl bromide,
      p-fluorobenzyl bromide, m-bromophenethyl bromide, and
      p-trifluoromethylphenethyl bromide instead of m-propyl iodide, there are
      obtained, respectively:
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-isooctyl-8-hydroxy-
      6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-benzyl-8-hydroxy-
      6(eq),11(ax)-dimethyl-2,6-methano-3benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-phenethyl-8hydroxy-
      6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(p-tolylmethyl)-8
      -hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(p-methoxybenzyl)-8
      -hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(3,4-dibutoxybenzyl)-
      8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(cis-3-chloro-2
      -propenyl)-8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3 -benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(cis-3-bromo-2
      -propenyl)-8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3 -benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(p-nitrophenethyl)-
      8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(m-acetamidobenzyl)-
      8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-[3-(m-hexanoylaminophenyl)propyl]
      -8-hydroxy-6(eq),11(ax)-dimethyl-2,6 -methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(p-chlorobenzyl)-8
      -hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(3,4-dimethoxyphenethyl)-
      8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3 -benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(p-fluorobenzyl)-8
      -hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(m-bromophenthyl)-
      8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine; and
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(p-trifluoromethylphenethyl)-
      8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3 -benzazocine.
PAC  EXAMPLE 17
PAR  A mixture of 12.2 g. of 1,2,3,4,5,6-hexahydro-1
      -oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine, 9.4 g. of
      n-propyl iodide, 4.2 g. of sodium bicarbonate, and 125 ml. of
      N,N-dimethylformamide was stirred and refluxed for approximately 2 hours.
      The reaction mixture was evaporated to dryness under reduced pressure, the
      resulting residue was partitioned between water and diethyl ether, and
      12.9 g. of crude 1,2,3,4,5,6-hexahydro-1-oxo-3-propyl-8-methoxy-
      6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine was recovered from the
      ethereal extract thus obtained. This base was converted to the
      hydrochloride, a white solid which weighed 8.1 g. and melted at
      223.degree.-225.degree.C.
PAC  EXAMPLE 18
PAR  To a stirred mixture of 5.65 g. of 1,2,3,4,5,6
      -hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-
      3-benzazocine hydrochloride, 5.0 g. of sodium bicarbonate, and 50 ml. of
      N,N-dimethylformamide there was added dropwise a solution of 3.7 g. of
      2,2-dimethoxyethyl bromide in 25 ml. of N,N-dimethylformamide. This
      mixture was stirred and refluxed for 5hours. The reaction mixture was then
      cooled in an ice bath and filtered to remove a small amount of solid which
      was washed with methyl alcohol. The filtrate, including the methanolic
      rinse liquor, was concentrated under reduced pressure. The resulting
      residue was taken up in a mixture of dilute ammonium hydroxide and diethyl
      ether. The aqueous and etheral layers were separated and the aqueous layer
      was extracted with diethyl ether, and the two ether solutions were
      combined, washed with water, dried, treated with decolorizing charcoal,
      and filtered. Ethereal hydrogen chloride solution was added to the
      filtrate, thereby causing appearance of a crystalline solid. This solid
      was collected on a filter, washed with diethyl ether and dried under
      reduced pressure at 45.degree.-50.degree.C. The product thus obtained
      weighed 6.5 g. and melted at 173.degree.-178.degree.C. (dec.). This
      product was recrystallized twice from ethyl acetate. There was thus
      obtained 3.7 g. of 1,2,3,4,5,6-hexahydro-1-oxo-3-(2,2
      -dimethoxyethyl)-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-
      3-benzazocine hydrochloride as a white solid which melted at 175.degree.C.
      (dec.).
PAC  EXAMPLE 19
PAR  A mixture of 4.63 g. of 1,2,3,4,5,6-hexahydro-1
      -oxo-8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine, 2.5 g. of
      sodium bicarbonate and 50 ml. of N,N-dimethylformamide was stirred, and
      2.66 g. of allyl bromide was added, using 10 ml. of N,N-dimethylformamide
      to rinse in the residual portion of allyl bromide. The reaction mixture
      was stirred for 15 minutes at room temperature and then refluxed for 1 1/2
      hours. The mixture was cooled and filtered and the filtrate was
      concentrated under reduced pressure. The resulting residue was taken up in
      a mixture of water and ethyl acetate, and the aqueous layer was separated
      and extracted with ethyl acetate. The ethyl acetate extract was combined
      with the ethyl acetate layer and washed with water, treated with
      decolorizing charcoal, and filtered. The filtrate was concentrated under
      reduced pressure and the crystalline residue thus obtained was washed with
      benzene. This product was
      1,2,3,4,5,6-hexahydro-1-oxo-3-allyl-8-hydroxy-6(eq),11
      (ax)-dimethyl-2,6-methano-3-benzazocine. The aqueous layer was
      concentrated to dryness and the residue was taken up in a mixture of water
      and diethyl ether. The ether layer was separated, dried, and concentrated
      under reduced pressure. The resulting oily residue was a second crop of
      the desired base. Both crops of the base were converted to the
      hydrochloride by treatment with ethereal hydrogen chloride. The two crops
      of hydrochloride (2 g.) were combined and recrystallized from isopropyl
      alcohol and dried overnight under reduced pressure at 60.degree.C. There
      was thus obtained 1.4 g. of 1,2,3,4,5,6-hexahydro-1-oxo-3-allyl-8-hydroxy-
      6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine hydrochloride as a white
      solid which melted at 251.0.degree.-252.0.degree.C. (dec.)(corr.).
PAC  EXAMPLE 20
PAR  A mixture of 20 g. of 1,2,3,4,5,6-hexahydro-1-oxo-
      8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine hydrochloride,
      18 g. of sodium bicarbonate, and 150 ml. of N,N-dimethylformamide was
      stirred and to this mixture there was added dropwise a solution of 9.5 g.
      of allyl bromide in 50 ml. of N,N-dimethylformamide. After this addition
      was complete, the reaction mixture was refluxed for 2 hours, cooled, and
      filtered to collect the solid which had precipitated. The collected solid
      was washed with methyl alcohol, and the wash liquid was mixed with the
      filtrate from collection of the solid, and this liquid was concentrated
      under reduced pressure. The resulting residue was taken up in a mixture of
      diethyl ether and dilute ammonium hydroxide, and the aqueous layer was
      separated, extracted with diethyl ether, and combined with the first ether
      layer. This ethereal solution was washed with water, dried, and filtered.
      When the filtrate was mixed with ethereal hydrogen chloride solution, a
      solid precipitated. This product was collected on a filter, washed with
      diethyl ether, and dried overnight at 70.degree.C. to yield 21.7 g. of
      solid. A 6 g. portion of this product was recrystallized from ethyl
      acetate, ethyl alcohol, and diethyl ether. Another crop of solid was
      recovered by working up the mother liquor and this was combined with the
      first crop and recrystallized from ethyl acetate. There was thus obtained
      3.5 g. of 1,2,3,4,5,6-hexahydro-1-oxo-3-allyl-8-methoxy-6(eq),11
      (ax)-dimethyl-2,6-methano-3-benzazocine hydrochloride as a white solid
      which melted at 205.0.degree.-207.6.degree.C. (dec.)(corr.).
PAC  EXAMPLE 21
PAL  A.
PAR  to a stirred mixture of 5.0 g. of 1,2,3,4,5,6
      -hexahydro-1(eq),8-dihydroxy-6(eq),11(ax)-dimethyl-2,6-methano-
      3-benzazocine, 3.5 g. of sodium bicarbonate, and 6 ml. of
      N,N-dimethylformamide there was added dropwise a solution of 3.9 g. of
      1-bromo-3-methyl-2-butene in 13 ml. of N,N-dimethylformamide. The mixture
      was stirred and refluxed for 1 hour, and then cooled and filtered, rinsing
      the solid thus collected with methyl alcohol. The filtrate, including the
      methanolic wash liquor, was concentrated under reduced pressure to yield a
      residual mixture of crystalline solid and oil. This residue was taken up
      in a mixture of dilute ammonium hydroxide and chloroform, the chloroform
      and aqueous layers were separated and the aqueous layer was extracted with
      chloroform. The chloroform solutions were combined, washed with water,
      dried, and filtered. The filtrate was concentrated under reduced pressure
      and the resulting residue was taken up in diethyl ether. The ether
      solution was cooled in an ice bath and the crystalline solid which
      separated from solution was collected on a filter and dried for 2 hours at
      70.degree.C. This solid, which weighed 3.3 g. and melted at
      175.degree.-177.degree.C., was recrystallized from aqueous methyl alcohol
      and dried overnight at 70.degree.C. There was thus obtained 2.2 g. of
      1,2,3,4,5,6-hexahydro-
      1(eq),8-dihydroxy-3-(3-methyl-2-butenyl)-6(eq),11(ax)-dimethyl-
      2,6-methano-3-benzazocine as a white solid which melted at
      175.0.degree.-176.6.degree.C. (corr.).
PAL  B.
PAR  using a procedure similar to that described above in part A, but using
      cis-1,3-dichloro-1-propene instead of 1-bromo-3-methyl-2-butene, there is
      obtained 1,2,3,4,5,6
      -hexahydro-1(eq),8-dihydroxy-3-(cis-3-chloro-2-propenyl)-
      6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine.
PAC  EXAMPLE 22
PAR  A mixture of 28.2 g. of 1,2,3,4,5,6-hexahydro-1
      -oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine
      hydrochloride, 25.2 g. of sodium bicarbonate, and 200 ml. of
      N,N-dimethylformamide was stirred and there was added dropwise a solution
      of 18.2 g. of 1-bromo-3-methyl-2-butene in 70 ml. of
      N,N-dimethylformamide. The reaction mixture was then refluxed for 1 1/2
      hours, cooled, and filtered. The filtrate was concentrated under reduced
      pressure and the resulting residue was taken up in a mixture of diethyl
      ether and dilute ammonium hydroxide. The aqueous layer was separated and
      extracted with diethyl ether, and the ether extract was combined with the
      ether layer, washed with water, dried, treated with decolorizing charcoal,
      and filtered. When the filtrate was treated with ethereal hydrogen
      chloride solution a crystalline solid formed. The mixture was cooled in
      ice for one-half hour and the solid was collected on a filter, washed with
      diethyl ether and dried under reduced pressure for 1 hour at 60.degree.C.
      There was thus obtained 33.0 g. of white crystals which melted at
      219.degree.-220.degree.C. A 5.0 g. portion of this product was
      recrystallized from ethyl alcohol-diethyl ether to yield 3 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-(3-methyl-2
      -butenyl)-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3 -benzazocine
      hydrochloride as a white crystalline solid which melted at
      220.0.degree.-220.6.degree.C. (dec.)(corr.).
PAC  EXAMPLE 23
PAR  A mixture of 11.5 g. of 1,2,3,4,5,6-hexahydro-1
      -oxo-8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine, 4 ml. of
      35 percent aqueous formaldehyde solution and 0.2 g. of
      palladium-on-charcoal hydrogenation catalyst was hydrogenated for 4 hours
      at 50 pounds per square inch hydrogen pressure, the mixture being warmed
      during the latter portion of the hydrogenation. From the hydrogenation
      mixture there was obtained 10.1 g. of solid which when recrystallized from
      ethyl alcohol yielded 5.6 g. of 1,2,3,4,5,6-hexahydro-1-oxo-
      3-methyl-8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3 -benzazocine as an
      off-white solid which melted at 224.degree.-228.degree.C.
PAC  EXAMPLE 24
PAR  When 7.0 g. of 1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-
      6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine, 3.0 ml. of 38% formalin
      solution, and 3.0 ml. of formic acid were mixed together, there was
      immediate gas evolution from the mixture. This reaction mixture was
      allowed to stand at room temperature for 30 minutes with occasional
      swirling of the mixture within its container and was then heated on a
      steam bath for one hour. There were added water, diethyl ether, and
      ammonium hydroxide and the mixture was extracted with diethyl ether. The
      ether was washed with water, dried, and concentrated under reduced
      pressure to yield 5.2 g. of glassy residue which crystallized. This solid
      was dissolved in 10 ml. of ethyl alcohol, the solution was cooled, and the
      solid which separated from solution was collected on a filter, washed with
      ethyl alcohol and dried overnight at 70.degree.C. The filtrate and wash
      liquor were combined and heated on a steam bath and then diluted with
      water until turbidity appeared. The solution was then concentrated under
      reduced pressure to yield a residue which crystallized. This product was
      dissolved in a small volume of hot ethanol and the solution was cooled and
      the solid which crystallized was collected on a filter, washed with
      n-hexane and air-dried. Using thin layer chromatography, this product was
      separated into two fractions, one weighing 2.9 g., m.p.
      109.degree.-113.degree.C. and the other weighing 1.3 g., m.p.
      108.degree.-112.degree.C. The 2.9 g. fraction was recrystallized twice
      from ethyl alcohol to yield 1 g. of 1,2,3,4,5,6-hexahydro-1
      -oxo-3,6(eq),11(ax)-trimethyl-8-methoxy-2,6-methano-3-benzazocine as a
      yellow solid which melted at 109.degree.-111.degree.C.
PAC  EXAMPLE 25
PAL  A.
PAR  to a stirred mixture of 5.0 g. of 1,2,3,4,5,6
      -hexahydro-1(eq),8-dihydroxy-6(eq),11(ax)-dimethyl-2,6-methano-
      3-benzazocine, 3.5 g. of sodium bicarbonate, and 60 ml. of
      N,N-dimethylformamide there was added dropwise a solution of 3.2 g. of
      allyl bromide in 17 ml. of N,N-dimethylformamide. The mixture was stirred
      and refluxed for 3 1/4 hours, filtered, and the solid thus collected was
      rinsed with methyl alcohol. The filtrate, including the methanolic wash
      liquor, was concentrated under reduced pressure. The residue thus obtained
      was taken up in a mixture of dilute ammonium hydroxide and chloroform. The
      chloroform and aqueous layers were separated and the aqueous layer was
      extracted with chloroform, and the chloroform extract was combined with
      the chloroform layer, washed with water, dried, treated with decolorizing
      charcoal, and filtered. The filtrate was concentrated under reduced
      pressure to yield 9.1 g. of a dark oil. This oil was dissolved in 10 ml.
      of acetone and the solution was concentrated under reduced pressure to
      yield 7.0 g. of oil. This oil was chromatographed on  350 g. of silica,
      eluting with chloroform-methanol-isopropylamine. The collected fraction of
      product was concentrated under reduced pressure to yield 5.2 g. of solid
      which was recrystallized from diethyl ether-hexane mixture and dried
      overnight at 70.degree.C. There was thus obtained 2.8 g. of a solid which
      melted at 144.degree.-148.degree.C. When this product was recrystallized
      from hexane-acetone mixture there was obtained 1.4 g. of
      1,2,3,4,5,6-hexahydro-1(eq),8
      -dihydroxy-3-allyl-6(eq),11(ax)-dimethyl-2,6-methano-3 -benzazocine as a
      white solid which melted at 148.degree.-150.degree.C.
PAL  B.
PAR  proceeding in a fashion similar to that described in part A, but using
      cyclobutylmethyl bromide, cyclohexylmethyl bromide, 2-cyclopropylethyl
      bromide, 4-cyclobutylbutyl bromide, (1-fluorocyclopropyl)methyl bromide,
      and 2,2-difluorocyclopropylmethyl bromide instead of allyl bromide there
      are obtained, respectively, the following N-alkylation products which, by
      esterification with the appropriate acid chlorides as illustrated in
      Examples 6-17 above, can be converted to the indicated respective esters:
PAR  1,2,3,4,5,6-hexahydro-1(eq),8-dihydroxy-3-cyclobutylmethyl-
      6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine and the corresponding
      8-(p-acetamidobenzoyloxy) ester;
PAR  1,2,3,4,5,6-hexahydro-1-hydroxy-3-cyclohexylmethyl-
      8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine and the
      corresponding 8-phenoxyacetoxy and 1,8-bis(phenoxyacetoxy) esters;
PAR  1,2,3,4,5,6-hexahydro-1(eq),8-dihydroxy-3-(2-cyclopropylethyl)-
      6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine and the corresponding
      8-(2-naphthalenecarbonyloxy) and 1,8 -bis(2-naphthalenecarbonyloxy)
      esters;
PAR  1,2,3,4,5,6-hexahydro-1-hydroxy-3-(4-cyclobutylbutyl)-
      8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine and the
      corresponding 8-nicotinoyloxy and 1,8-bis(nocotinoyloxy) esters;
PAR  1,2,3,4,5,6-hexahydro-1-hydroxy-1(eq),8-dihydroxy-3
      -[(1-fluorocyclopropyl)methyl]-6(eq),11(ax)-dimethyl-2,6-methano-
      3-benzazocine and the corresponding 8-(1-fluorocyclopropanecarbonyloxy)
      and 1,8-bis(1-fluorocyclopropanecarbonyloxy) esters; and
PAR  1,2,3,4,5,6-hexahydro-1(eq),8-dihydroxy-3-(2,2
      -difluorocyclopropylmethyl)-6(eq),11(ax)-dimethyl-2,6-methano-
      3-benzazocine and the corresponding 8-acetoxy and 8-acetoxy-
      1-cyclopropanecarbonyloxy esters.
PAL  C.
PAR  proceeding in a manner similar to that described above in part A, but using
      1,2,3,4,5,6-hexahydro-1(eq),8 -dihydroxy-2,6-methano-3-benzazocine instead
      of 1,2,3,4,5,6
      -hexahydro-1(eq),8-dihydroxy-6(eq),11(ax)-dimethyl-2,6-methano-
      3-benzazocine, there is obtained 1,2,3,4,5,6-hexahydro-
      1(eq),8-dihydroxy-3-allyl-2,6-methano-3-benzazocine.
PAC  EXAMPLE 26
PAL  A.
PAR  proceeding in a manner similar to that described above in Example 21, 5.0
      g. of 1,2,3,4,5,6-hexahydro-1-oxo-
      8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine was interacted
      with 3.9 g. of 1-bromo-3-methyl-2-butene in N,N-dimethylformamide to yield
      1.7 g. of 1,2,3,4,5,6-hexahydro-
      1-oxo-3-(3-methyl-2-butenyl)-8-hydroxy-6(eq),11(ax)-dimethyl-
      2,6-methano-3-benzazocine as a white solid which melted at
      174.0.degree.-175.2.degree.C. (corr.).
PAL  B.
PAR  proceeding in a manner similar to that described above in part A, by
      interaction of 1,2,3,4,5,6-hexahydro-1
      -oxo-8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine with
      1-bromo-2,3-dimethyl-2-butene, 1,1,2,3-tetrachloro-1 -propene,
      1,1,3-tribromo-1-propene, 1,2-difluoro-3-methyl-2 -butene,
      1-bromo-3,3-dicyano-2 -propene, and propargyl bromide there are obtained,
      respectively, the following N-alkylation products which by esterification
      with the appropriate acid chloride, as illustrated in Examples 6-17 above,
      can be converted to the indicated respective esters:
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(2,3-dimethyl-2-butenyl)-8-hydroxy-6(eq),11(a
     x)-dimethyl-2,6-methano-3-benzazocine and the corresponding 8-stearoyloxy
      ester;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(2,3,3-trichloro-2-propenyl)-8-hydroxy-6(eq),
     11(ax)-dimethyl-2,6-methano-3-benzazocine and the corresponding
      8-(p-toluyloxy) ester;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(3,3-dibromo-2-propenyl)-8-hydroxy-6(eq),11(a
     x)-dimethyl-2,6-methano-3-benzazocine and the corresponding 8-benzoyloxy
      ester;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(2-fluoro-3-methyl-2-butenyl)-8-hydroxy-6(eq)
     ,11(ax)-dimethyl-2,6-methano-3-benzazocine and the corresponding
      8-(cis-9-octadecenoyloxy) ester;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(3,3-dicyanoallyl)-8-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine and the corresponding
      8-(m-trifluorobenzoyloxy) ester; and
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-propargyl-8-hydroxy-6(eq),11(ax)-dimethyl-2,6
     -methano-3-benzazocine and the corresponding
      8-(p-dimethylaminophenylacetoxy) ester.
PAC  EXAMPLE 27
PAR  A mixture of 5.6 g. of
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-8-methoxy-6(eq),11(ax)-dimethyl-2,6-me
     thano-3-benzazocine hydrochloride, 3.7 g. of 2,2-dimethoxyethyl bromide,
      5.1 g. of sodium bicarbonate, and 100 ml. of N,N-dimethylformamide was
      stirred and refluxed for 41/2 hours. The reaction mixture was cooled and
      filtered, and the filtrate was concentrated under reduced pressure. The
      residue was taken up in a mixture of diethyl ether and water, the aqueous
      layer was separated and extracted with diethyl ether, and the ethereal
      solutions were combined, washed with water, dried, and concentrated to
      yield 5.5 g. of crude product. This product was chromatographed on 300 g.
      of silica gel using benzene-isopropylamine (97:1, .gamma./.gamma.) for
      elution. The fraction containing the product was collected and
      concentrated under reduced pressure to yield
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-3-(2,2-dimethoxyethyl)-8-methoxy-6(eq)
     ,11(ax)-dimethyl-2,6-methano-3-benzazocine. This base was converted to its
      hydrochloride, a white solid which weighed 4.7 g. and melted at
      160.degree.-163.degree.C. (dec.). This salt, after recrystallization from
      methanol-ether, weighed 2.7 g. and melted at 166.degree.C. (dec.).
PAC  EXAMPLE 28
PAR  A mixture of 1.2 g. of
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-1-phenyl-8-methoxy-6(eq),11(ax)-dimeth
     yl-2,6-methano-3-benzazocine and 0.8 g. of methyl trichloroacetate was
      heated on a steam bath for four hours and the resulting product was taken
      up in 6 ml. of hot ethyl alcohol. On cooling, 800 mg. of crystals, m.p.
      158.degree.-161.degree.C., was obtained. Recrystallization of this product
      from 90 per cent ethyl alcohol yielded 600 mg. of
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-1-phenyl-3,6(eq),11(ax)-trimethyl-2,6-
     methano-3-benzazocine which melted at 161.degree.-163.degree.C.
PAC  EXAMPLE 29
PAL  A.
PAR  a grignard reagent was prepared by adding a 5 ml. portion of a solution of
      6.3 g. of bromobenzene in 30 ml. of anhydrous diethyl ether to 1.1 g. of
      magnesium turnings, heating the reaction mixture to reflux temperature on
      a steam bath, and then adding the remainder of the bromobenzene solution
      at a rate sufficient to maintain refluxing. After this addition was
      completed, the reaction mixture was refluxed for one-half hour. To the
      mixture thus obtained there was added dropwise a solution of 5.2 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3,6(eq),11(ax)-trimethyl-2-methoxy-2,6-methano
     -3-benzazocine in 60 ml. of anhydrous diethyl ether. The reaction mixture
      was stirred and refluxed for 7 hours and then was poured into a mixture of
      water and ice. Two layers formed in the resulting mixture. The aqueous
      layer was separated and extracted with several small portions of diethyl
      ether. The ether extracts were combined, washed successively with N sodium
      hydroxide solution and with water, and then dried and filtered. The
      filtrate was concentrated under reduced pressure to yield 4.2 g. of crude
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-1-phenyl-3,6(eq),11(ax)-trimethyl-8-me
     thoxy-2,6-methano-3-benzazocine which melted at 153.degree.-156.degree.C.
      Recrystallization of this product from ethyl alcohol yielded 3.3 g. of the
      purified base as a white product which melted at 161.degree.-163.degree.C.
      This product was identical with that described in Example 28 hereinabove.
PAL  B.
PAR  when the procedure in part A is carried out using p-bromoanisole instead of
      bromobenzene and
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-methoxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine instead of
      1,2,3,4,5,6-hexahydro-1-oxo-3,6(eq),11(ax)-trimethyl-8-methoxy-2,6-methano
     -3-benzazocine, there is obtained
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-1(ax)-(p-methoxyphenyl)-3-cyclopropylm
     ethyl-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine.
PAC  EXAMPLE 30
PAR  A solution of 15.26 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropanecarbonyl-8-cyclopropanecarbonylo
     xy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine in 100 ml. of
      tetrahydrofuran was added dropwise to 4.5 g. of lithium aluminum hydride
      covered with 50 ml. of tetrahydrofuran. The reaction mixture was refluxed
      for 4 hours and then cooled and 9.0 ml. of water was added. The mixture
      was diluted to a volume of 1200 ml. with tetrahydrofuran, diatomaceous
      silica was added, and the mixture was boiled for 10 minutes and filtered.
      The residue thus collected was washed with hot tetrahydrofuran and the
      filtrate including the tetrahydrofuran wash liquor was concentrated under
      reduced pressure to yield 15.0 g. of oily residue. The residue was treated
      with ethereal hydrogen chloride and the solid which precipitated was
      collected on a filter, washed with diethyl ether, and dried at
      70.degree.C. The filtrate was concentrated under reduced pressure to yield
      2.2 g. of solid which was recrystallized three times from ethyl
      alcohol-diethyl ether mixture and then from isopropyl alcohol-diethyl
      ether mixture. There was thus obtained 2.0 g. of
      1,2,3,4,5,6-hexahydro-1(eq),8-dihydroxy-3-cyclopropylmethyl-6(eq),11(ax)-d
     imethyl-2,6-methano-3-benzazocine hydrochloride as an off-white solid which
      melted at 230.0.degree.-231.0.degree.C. (dec.)(corr.).
PAC  EXAMPLE 31
PAL  A.
PAR  a solution of 8.6 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-allyl-8-methoxy-6(eq),11(ax)-dimethyl-2,6-me
     thano-3-benzazocine in 100 ml. of tetrahydrofuran was added dropwise to 1.1
      g. of lithium aluminum hydride in 50 ml. of tetrahydrofuran. The mixture
      was refluxed for 2 hours and then cooled and 2.2 ml. of water was added
      dropwise. The reaction mixture was filtered and the filtrate was
      concentrated under reduced pressure. The resulting residue was taken up in
      a mixture of chloroform and dilute hydrochloric acid. The chloroform and
      aqueous layers were separated, and the aqueous layer was extracted with
      chloroform and the chloroform extract was added to the chloroform layer.
      The chloroform solution was washed with dilute ammonium hydroxide and then
      with water, dried, and concentrated under reduced pressure to yield 7.4 g.
      of light yellow oil. This oil, which was crude
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-3-allyl-8-methoxy-6(eq),11(ax)-dimethy
     l-2,6-methano-3-benzazocine, was chromatographed on 400 g. of silica,
      eluting with chloroform-methanol-isopropyl-amine mixture (94:3:3, v/v/v).
      The fractions having R.sub.f =0.70 were combined, concentrated, and
      treated with ethereal hydrogen chloride solution. The precipitate which
      formed was collected on a filter and dried overnight under reduced
      pressure. The solid thus obtained, which weighed 5.1 g. and melted at
      235.degree.-238.degree.C., was recrystallized from isopropyl
      alcohol-diethyl ether and dried overnight at 70.degree.C. There was thus
      obtained 4.2 of
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-3-allyl-8-methoxy-6(eq),11(ax)-dimethy
     l-2,6-methano-3-benzazocine hydrochloride as a white solid which melted at
      238.0.degree.-239.0.degree.C. (dec.)(corr.).
PAL  B.
PAR  when
      1,2,3,4,5,6-hexahydro-1-oxo-3-(p-nitrophenethyl)-8-methoxy-6(eq),11(ax)-di
     methyl-2,6-methano-3-benzazocine is used in the procedure described in part
      A instead of
      1,2,3,4,5,6-hexahydro-1-oxo-3-allyl-8-methoxy-6(eq),11(ax)-dimethyl-2,6-me
     thano-3-benzazocine, there is obtained
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-3-(p-aminophenethyl)-8-methoxy-6(eq),1
     1(ax)-dimethyl-2,6-methano-3-benzazocine.
PAL  C.
PAR  when
      1,2,3,4,5,6-hexahydro-1-oxo-3-(cis-3-chloro-2-propenyl)-8-methoxy-2,6-meth
     ano-3-benzazocine is used in the procedure described in part A instead of
      1,2,3,4,5,6-hexahydro-1-oxo-3-allyl-8-methoxy-6(eq),11(ax)-dimethyl-2,6-me
     thano-3-benzazocine, there is obtained
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-3-(cis-3-chloro-2-propenyl)-8-methoxy-
     2,6-methano-3-benzazocine.
PAC  EXAMPLE 32
PAR  To 8.75 g. of N-(carbo-t-butoxy)glycine in 100 ml. of acetone (incomplete
      solution) there were added at -20.degree.C. 7.0 ml. of triethylamine and
      7.0 ml. of isobutyl chloroformate. The mixture was stirred for five
      minutes and while continuing to maintain the temperature of the reaction
      mixture at -10.degree.C. or below there was added dropwise with stirring a
      solution of 12.2 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-
     benzazocine in 50 ml. of chloroform. The reaction mixture was stirred for
      15  minutes and then allowed to warm to room temperature while stirring
      for another 61/4 hours. The reaction mixture was filtered to remove
      triethylamine hydrochloride, which was washed with acetone, and the
      filtrate including the wash liquor was concentrated under reduced
      pressure. The resulting residue was taken up in chloroform/water and the
      chloroform layer was separated, washed successively with dilute
      hydrochloric acid, aqueous sodium bicarbonate solution, and water, dried,
      and filtered. The filtrate was concentrated to yield 24.4 g. of a
      light-orange glass. This product was dissolved in ethyl alcohol and the
      solution was chilled for one week in a refrigerator. The solid which
      crystallized from the solution was collected on a filter and washed with
      ethyl alcohol. There was thus obtained 11.3 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-[N-(carbo-t-butoxy)aminoacetyl]-8-methoxy-6(
     eq),11(ax)-dimethyl-2,6-methano-3-benzazocine as an off-white solid which
      melted at 165.degree.-170.degree.C. Recrystallization from ethyl alcohol
      yielded 9.9 g. of the product which melted at 165.degree.-168.degree.C.
      (fast heating).
PAC  EXAMPLE 33
PAR  To a solution of 10.4 g. of N-(carbobenzyloxy)-glycine in 50 ml. of acetone
      there was added dropwise with stirring 7.0 ml. of triethylamine. The
      resulting mixture was cooled to -10.degree.C. and 7.0 ml. of isobutyl
      chloroformate was gradually added with stirring while maintaining the
      temperature of the reaction mixture in the approximate range -7.degree. to
      -13.degree.C. After this addition was completed, the reaction mixture was
      stirred for 5 minutes at -10.degree.C. and then there was added, in a
      single portion, a mixture of 14.1 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-
     benzazocine hydrochloride, 5.1 g. of triethylamine, and 65 ml. of
      chloroform. The mixture thus obtained was stirred for 31/4 hours, allowing
      the reaction mixture to warm to room temperature, and then was filtered to
      remove the white precipitate which had formed. The solid thus collected
      was washed with three portions of acetone and the original filtrate and
      the wash liquors were combined and concentrated under reduced pressure.
      The concentrated residue was taken up in a mixture of water and diethyl
      ether. The ether layer was separated and the aqueous layer was extracted
      several times with diethyl ether. The ethereal solutions were combined and
      washed first with dilute hydrochloric acid, then with aqueous sodium
      bicarbonate solution, and finally with water and then dried over anhydrous
      calcium sulfate. Since the product crystallized on the drying agent, the
      ether was removed by evaporation, and acetone was added to dissolve the
      product. The acetone solution was filtered, the collected solid was washed
      with hot acetone, and the acetone solutions were combined and diethyl
      ether was added. The crystalline solid which separated was collected on a
      filter and dissolved in 600 ml. of hot acetone, and this solution was
      diluted with 1 liter of diethyl ether and chilled. The solid which
      separated from solution was collected on a filter, washed with diethyl
      ether, and dried. There was thus obtained 3.1 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-[N-(carbobenzyloxy)aminoacetyl]-8-methoxy-6(
     eq),11(ax)-dimethyl-2,6-methano-3-benzazocine as a white solid which melted
      at 173.degree.-174.degree.C.
PAC  EXAMPLE 34
PAR  To a 10.5 g. of
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-8-methoxy-6(eq),11(ax)-dimethyl-2,6-me
     thano-3-benzazocine hydrochloride in 25 ml. of chloroform there was added
      13 ml. of a solution of 3.0 g. of sodium hydroxide in 25 ml. of water. The
      resulting mixture was stirred and cooled in an ice-salt mixture, and there
      was added dropwise 4.0 g. of ethyl chloroformate in 10 ml. of chloroform.
      When half of this addition had been made, the remainder of the sodium
      hydroxide solution was added simultaneously with the remainder of the
      ethyl chloroformate in chloroform. After completion of these additions,
      stirring was continued for a minute or so. The organic and aqueous layers
      in the reaction mixture were separated, the aqueous layer was extracted
      with chloroform, and this extract and the organic layer were combined,
      dried, and filtered, and the filtrate was concentrated to yield 12.6 g. of
      a syrup. This syrup was taken up in boiling hexane, and the solution thus
      obtained was cooled. The crystalline solid which separated from solution
      was collected on a filter, washed with hexane, and dried at 70.degree.C.
      This product, which weighed 9.7 g. and melted at 130.degree.-131.degree.C.
      was recrystallized from hexane to yield 4.7 g. of
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-3-carbethoxy-8-methoxy-6(eq),11(ax)-di
     methyl-2,6-methano-3-benzazocine as a white solid which melted at
      131.degree.-132.degree.C.
PAC  EXAMPLE 35
PAR  A mixture of 9.0 g. of
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-1(ax),6(eq),11(ax)-trimethyl-8-methoxy
     -2,6-methano-3-benzazocine hydrochloride, 25 ml. of chloroform, and 12 ml.
      of a solution of 2.5 g. of sodium hydroxide in 25 ml. of water was stirred
      vigorously and cooled in an ice-salt water bath, and there was added
      dropwise a solution of 3.6 g. of ethyl chloroformate in 10 ml. of
      chloroform. When approximately half of the solution had been added, the
      remainder of the sodium hydroxide solution was added simultaneously with
      the remainder of the ethyl chloroformate solution. After completion of
      these additions, the reaction mixture was stirred for 10 minutes. The
      organic and aqueous layers in the reaction mixture were separated, the
      aqueous layer was extracted with chloroform, and this extract and the
      organic layer were combined, washed with water, dried, and filtered. The
      filtrate was concentrated to yield 10.1 g. of a syrup. This syrup was
      taken up in boiling hexane, and the solution thus obtained was cooled. The
      crystalline solid which separated from solution was collected on a filter,
      washed with hexane, and dried at 70.degree.C. This product, which weighed
      8.3 g. and melted at 109.degree.-112.degree.C., was recrystallized from
      hexane to yield 2.9 g. of
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-1(ax),6(eq),11(ax)-trimethyl-3-carbeth
     oxy-8-methoxy-2,6-methano-3-benzazocine as an off-white solid which melted
      at 99.degree.-101.degree.C.
PAC  EXAMPLE 36
PAR  To a solution of 5.8 g. of
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-3-carbethoxy-8-methoxy-6(eq),11(ax)-di
     methyl-2,6-methanol-3-benzazocine in toluene there was added 0.5 g. of
      aluminum isopropoxide. The solvent was slowly distilled off until the
      vapor temperature reached 110.degree.C. The solution was then washed
      successively with dilute hydrochloric acid, water, aqueous sodium
      bicarbonate solution, and water, after which the solvent was distilled off
      under reduced pressure. The residue thus obtained was dissolved in hot
      acetone, and hot hexane was added to the solution. The solid which
      separated from solution or chilling was collected on a filter, washed with
      hexane, dried at 70.degree.C. thus obtained 4.1 g. of
      7-methoxy-3a,4,5,9b-tetrahydro-4(ax),5(eq)-dimethyl-3,5-ethanonaphth[2,1-d
     ]oxazol-2(3H)-one as a white solid which melted at
      135.degree.-136.degree.C.
PAC  EXAMPLE 37
PAR  Proceeding in a manner similar to that described above in Example 36, a
      solution of 5.0 g. of
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-1(ax),6(eq),11(ax)-trimethyl-3-carbeth
     oxy-8-methoxy-2,6-methano-3-benzazocine in toluene to which was added 0.5
      g. of aluminum isopropoxide was gradually distilled for 3 hours, until the
      vapor temperature reached 110.degree.C. From the resulting reaction
      mixture there was obtained 2.3 g. of
      3a,4,5,9b-tetrahydro-7-methoxy-4(ax),5(eq),9b(ax)-trimethyl-3,5-ethanonaph
     th[2,1-d]oxazol-2(3H)-one as a white solid which melted at
      137.degree.-139.degree.C.
PAC  EXAMPLE 38
PAR  To a solution of 4.8 g. of
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-1-phenyl-8-methoxy-6(eq),11(ax)-dimeth
     yl-2,6-methano-3-benzazocine in 100 ml. of anhydrous ethyl alcohol there
      was added 3.6 g. of triethylamine. When phosgene gas was bubbled into the
      resulting solution, a white solid formed. The treatment with phosgene was
      discontinued after 1/2 hour, diethyl ether was added, and the mixture was
      filtered. The solid thus collected was washed twice with water and dried
      under reduced pressure at 50.degree.C. overnight. This poduct (2.7 g.) was
      combined with a further crop weighing 0.9 g. recovered from the ethereal
      filtrate and recrystallized twice from 90 per cent ethyl alcohol. There
      was thus obtained 2.45 g. of
      7-methoxy-4(ax),5(eq)-dimethyl-9b(ax)-phenyl-3a,4,5,9b-tetrahydro-3,5-etha
     nonaphth[2,1-d]-oxazol-2(3H)-one as a white solid which softened at
      170.degree.C. and melted at 192.degree.-194.degree.C.
PAC  EXAMPLE 39
PAR  To a solution obtained by dissolving 20 g. of
      1,2,3,4,5,6-hexahydro-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine in
      cold dilute sulfuric acid (prepared by dissolving ice in 90 ml. of
      concentrated sulfuric acid to a final volume of 325 ml.) there was added
      40 g. of chromium trioxide. The resulting reaction mixture was stirred and
      heated on a steam bath for 1 hour and then was poured onto ice and 250 ml.
      of concentrated ammonium hydroxide was added. By extracting the crude free
      base product into diethyl ether, purifying it by chromatographine on
      silica gel, and conversion of the base to the hydrochloride there was
      obtained 4 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocin
     e hydrochloride as an off-white solid. After recrystallization from ethyl
      alcohol- diethyl ether this product weighed 3.2 g. and melted at
      251.degree.-253.degree.C.
PAC  EXAMPLE 40
PAR  A solution of 26.8 g. of
      1,2,3,4,5,6-hexahydro-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzaz
     ocine hydrochloride in 500 ml. of 0.5M sulfuric acid was stirred at
      40.degree.-50.degree.C., and to this solution there was added dropwise
      over a period of 4 hours a solution of 13.2 g. of chromium trioxide in 500
      ml. of 0.5M sulfuric acid. During this addition a precipitate appeared and
      then dissolved in the reaction mixture. After addition of the chromium
      trioxide solution was completed, the reaction mixture was stirred at
      40.degree.-50.degree.C. for 41/2 hours and then allowed to stand overnight
      at room temperature. There was then added to the reaction mixture a
      solution of 15 g. of sodium bisulfite in 50 ml. of water, followed by the
      dropwise addition of a solution of 138 g. of potassium carbonate in 500
      ml. of water. There was added 50 ml. of concentrated ammonium hydroxide
      and the mixture was shaken with 500 ml. of chloroform. Diatomaceous silica
      was added, the mixture was filtered, and the aqueous and chloroform layers
      in the filtrate were separated. The aqueous layer was extracted with two
      500 ml. portions of chloroform and these chloroform extracts were added to
      the chloroform solution and the combined solution was dried and then
      concentrated to yield a residue which weighed 25.5 g. This residue was
      taken up in 300 ml. of anhydrous diethyl ether and there was added
      dropwise with stirring dilute ethereal hydrogen chloride solution until
      precipitation was completed. The mixture was stored for 2 days in a
      refrigerator and was then filtered to collect the precipitated solid. The
      product thus collected was washed with ether and dried under reduced
      pressure for 2 hours at 60.degree.C. There was thus obtained 20.3 g. of
      solid which melted at 262.degree.-265.degree.C. This product, which was
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-
     benzazocine hydrochloride, melted at 266.0.degree.-268.0.degree.C. (dec.)
      (corr.) when recrystallized from anhydrous ethanol. Treatment of this
      hydrochloride with concentrated ammonium hydroxide yielded the
      corresponding free base.
PAC  EXAMPLE 51
PAR  A mixture of 43.6 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-
     benzazocine hydrochloride and 200 ml. of 48% hydrobromic acid was refluxed
      for 5 hours. The reaction mixture was concentrated under reduced pressure,
      isopropyl alcohol was added, the mixture was made basic by the addition of
      ammonium hydroxide and then further concentrated under reduced pressure
      and cooled. The solid which separated from solution was recrystallized
      from methyl alcohol and dried overnight at 70.degree.C. There was thus
      obtained 29.5 g. of solid which melted at 271.degree.-272.degree.C. A 5 g.
      portion of this solid was recrystallized from N,N-dimethylformamide to
      yield 3 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-
     benzazocine as an off-white solid which melted at
      272.0.degree.-274.0.degree.C. (dec.)(corr.).
PAC  EXAMPLE 42
PAL  A.
PAR  a mixture of 76.8 g. of 1,2,3,4,5,6-hexahydro-8-hydroxy-6(eq),
      11(eq)-dimethyl-2,6-methano-3-benzazocine and 225 ml. of acetic anhydride
      was stirred. The mixture became warm and the nor-base dissolved, and a
      solid reaction product separated from solution. The reaction mixture was
      heated on a steam bath for 1 hour and was then filtered. The solid thus
      collected was washed with ether and dried under reduced pressure at
      70.degree.C. over sodium hydroxide. There was thus obtained 74.1 g. of
      1,2,3,4,5,6-hexahydro-8-acetoxy-3-acetyl-6(eq),11(eq)-dimethyl-2,6-methano
     -3-benzazocine as a crystalline solid which melted at
      196.degree.-201.degree.C. A small additional amount of this product was
      recovered by concentrating the filtrate. The combined crops were mixed
      with a solution of 17 g. of sodium hydroxide and 350 ml. of water and the
      mixture was stirred and heated on a steam bath for 1 hour to saponify the
      ester, 100 ml. of ethyl alcohol was added and stirring and heating were
      continued. There was added to the mixture dropwise 50 ml. of dimethyl
      sulfate, and the reaction mixture was stirred for 5 hours. The mixture was
      extracted twice with diethyl ether and the ether extracts were combined
      and washed successively with 35% aqueous sodium hydroxide solution,
      diluted hydrochloric acid, and water. The ether solution was then dried
      and concentrated under reduced pressure to yield 74.9 g. of
      1,2,3,4,5,6-hexahydro-3-acetyl-8-methoxy-6(eq),11(eq)-dimethyl-2,6-methano
     -3-benzazocine as a yellow syrup. A mixture of this syrup and 500 ml. of
      glacial acetic acid was stirred and there was added in one portion a
      mixture of 36 g. of chromium trioxide and 150 ml. of water. The resulting
      mixture, the temperature of which rose to 70.degree.C., was stirred for 1
      hour, then heated on a steam bath for 1 hour, cooled, and concentrated
      under reduced pressure. The resulting residue was taken up in a mixture of
      ether and an aqueous solution containing 10 g. of sodium bisulfite. This
      mixture was extracted with diethyl ether and the ether solution was dried
      and filtered and the filtrate was concentrated under reduced pressure to
      yield 67.3 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-acetyl-8-methoxy-6(eq),11(eq)-dimethyl-2,6-m
     ethano-3-benzazocine as a syrup. (See also Example 44B below).
PAL  B. a mixture of 67.3 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-acetyl-8-methoxy-6(eq),11(eq)-dimethyl-2,6-m
     ethano-3-benzazocine, 140 ml. of concentrated hydrochloric acid, and 280
      ml. of water was stirred and refluxed for 41/2 hours. The reaction mixture
      was cooled and the solid which had separated from solution was collected
      on a filter, washed with methyl alcohol, and dried to yield 47.7 g. of
      crude
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(eq)-dimethyl-2,6-methano-3-
     benzazocine hydrochloride. Recrystallization of 3.0 g. of this product
      twice from methanol yielded 1.2 g. of the pure product as a white solid
      which melted at 285.degree.C. (dec.).
PAC  EXAMPLE 43
PAR  Proceeding in a manner similar to that described above in Example 41, 29.4
      g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(eq)-dimethyl-2,6-methano-3-
     benzazocine was heated with 300 ml. of 48% hydrobromic acid to yield 29.4
      of 1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq),11(eq)-dimethyl-2,6-methano
     -3-benzazocine hydrobromide. By dissolving 17.9 g. of the hydrobromide in
      hot water, adding ammonium hydroxide to the solution, and recrystallizing
      the resulting precipitate from a mixture of 45 ml. each of water and
      N,N-dimethylformamide there was obtained 9.0 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq),11(eq)-dimethyl-2,6-methano-3-
     benzazocine as an off-white solid which melted at 258.degree.-259.degree.C.
PAC  EXAMPLE 44
PAL  A.
PAR  a mixture of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-
     benzazocine and 60 ml. of acetic anhydride was allowed to stand overnight
      at room temperature (approximately 25.degree.C.). The reaction mixture was
      evaporated to dryness under reduced pressure, the resulting residue was
      dissolved in 70 ml. of ethyl alcohol, and the solution was cooled. The
      solid which separated from solution was collected on a filter, washed with
      ethyl alcohol, and air-dried. This product weighed 5.8 g. and melted at
      121.degree.-123.degree.C. A further crop of solid weighing 7.3 g. and
      melting at 121.degree.-123.degree.C. was recovered from the filtrate. The
      two crops were combined and recrystallized from ethyl acetate to yield 8.8
      g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-acetyl-8-methoxy-6(eq),11(ax)-dimethyl-2,6-m
     ethano-3-benzazocine as a white solid which melted at
      122.degree.-124.degree.C.
PAL  B.
PAR  when the corresponding 6(eq),11(eq) -dimethyl isomer was used as the
      starting material, N-acetylation yielded
      1,2,3,4,5,6-hexahydro-1-oxo-3-acetyl-8-methoxy-6(eq),11(eq)-dimethyl-2,6-m
     ethano-3-benzazocine as a white solid which melted at
      121.degree.-124.degree.C.
PAL  C.
PAR  by mixing each of the products of parts A and B above with boron tribromide
      in ethylene chloride at 0.degree.C. and allowing the mixture in each
      instance to warm to room temperature, there are obtained the corresponding
      8-hydroxy compounds.
PAC  EXAMPLE 45
PAL  A.
PAR  to a mixture of 9.25 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-
     benzazocine and 130 ml. of pyridine there was added dropwise with stirring
      a solution of 8.36 g. of cyclopropanecarbonyl chloride in 17 ml. of
      anhydrous diethyl ether. The reaction mixture was stirred for 4 hours and
      then allowed to stand overnight. The mixture was then concentrated under
      reduced pressure and the resulting residue was taken up in a mixture of
      water and diethyl ether. The aqueous and ether layers were separated, and
      the ether layer was washed first with 100 ml. of 4.2 M hydrochloric acid
      and then with water, dried, and concentrated under reduced pressure. There
      was thus obtained 15.26 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropanecarbonyl-8-cyclopropanecarbonylo
     xy-6(eq), 11(ax)-dimethyl-2,6-methano-3-benzazocine as a glassy oil. By
      treatment with weak base, such as sodium bicarbonate solution, this
      esteramide is converted to
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropanecarbonyl-8-hydroxy-6(eq),11(ax)-
     dimethyl-2,6-methano-3-benzazocine.
PAL  B.
PAR  when 1,2,3,4,5,6-hexahydro-1-oxo-2.6-methano-3-benzazocine (obtained by
      N-demethylation of
      1,2,3,4,5,6-hexahydro-1-oxo-3-methyl-2,6-methano-3-benzazocine with
      cyanogen bromide or with diethyl azodicarboxylate) is used in the
      procedure of part A instead of
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-
     benzazocine, there is obtained
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropanecarbonyl-2,6-methano-3-benzazoci
     ne.
PAC  EXAMPLE 46
PAL  A.
PAR  a mixture of 27.3 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-
     benzazocine and 800 ml. of glacial acetic acid was catalytically
      hydrogenated in the presence of 10% palladium-on-charcoal catalyst at room
      temperature. The reaction mixture was filtered and the filtrate was
      concentrated under reduced pressure to yield a glassy residue. This
      residue was taken up in acetone and the acetone solution was cooled for 1
      hour in an ice bath. The solid which had separated from solution was
      collected on a filter, washed twice with diethyl ether and dried overnight
      at 70.degree.C. There was thus obtained 19.5 g. of
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-8-methoxy-6(eq),11(ax)-dimethyl-2,6-me
     thano-3-benzazocine acetate which melted at 180.degree.-182.degree.C. From
      the filtrate there was recovered an additional 8.0 g. of the product which
      melted at 174.degree.-176.degree.C.
PAR  A 5.0 g. sample of this acetate was dissolved in water and 1N sodium
      hydroxide solution was added to cause separation of the free base,
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-8-methoxy-6(eq),11(ax)-dimethyl-2,6-me
     thano-3-benzazocine. The mixture was extracted with diethyl ether and the
      ether extract was dried and filtered, and the filtrate was acidified with
      ethanolic hydrogen chloride solution, thereby causing separation of an oil
      which crystallized rapidly. This solid was collected on a filter, washed
      with diethyl ether and dried at 70.degree.C. This solid, which weighed 4.2
      g. and melted at 216.degree.-218.degree.C., was recrystallized from ethyl
      alcohol-diethyl ether and then from ethyl alcohol-acetone and dried at
      70.degree.C. to yield 2.0 g. of
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-8-methoxy-6(eq),11(ax)-dimethyl-2,6-me
     thano-3-benzazocine hydrochloride as a white solid which melted at
      219.0.degree.-220.8.degree.C. (corr.).
PAR  This same hydrochloride was obtained by catalytic hydrogenation of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-
     benzazocine hydrochloride in ethanol in the presence of platinum oxide
      hydrogenation catalyst; but reduction of the hydrochloride failed when 10%
      palladium-on-charcoal hydrogenation catalyst was used.
PAL  B.
PAR  when
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine,
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclobutylmethyl-8-hydroxy-6(eq),11(ax)-dime
     thyl-2,6-methano-3-benzazocine, and
      1,2,3,4,5,6-hexahydro-1-oxo-3-benzyl-2,6-methano-3-benzazocine are
      catalytically hydrogenated in glacial acetic acid in the presence of
      palladium-on-charcoal hydrogenation catalyst by the procedure in part A,
      there are obtained, respectively:
PAR  1,2,3,4,5,6-hexahydro-1(eq),8-hydroxy-3-isobutyl-6(eq),11(ax)-dimethyl-2,6-
     methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1(eq),8-dihydroxy-3-cyclobutylmethyl-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine; and
PAR  1,2,3,4,5,6-hexahydro-1-hydroxy-2,6-methano-3-benzazocine.
PAC  EXAMPLE 47
PAL  A.
PAR  a grignard reagent was prepared by adding a solution of 28.4 g. of methyl
      iodide in 300 ml. of anhydrous diethyl ether dropwise to 5.7 g. of
      magnesium turnings covered with 100 ml. of anhydrous diethyl ether, while
      stirring and refluxing the mixture. After this addition was completed, the
      reaction mixture was refluxed for 1 hour and then was allowed to settle,
      and the supernatant liquid was decanted from the solid residue. This
      liquid was added slowly to 14.1 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-
     benzazocine hydrochloride under 200 ml. of diethyl ether. The mixture was
      stirred and refluxed for 31/2 hours and then was treated with aqueous
      ammonium chloride solution. The mixture was made basic by addition of
      ammonium hydroxide solution and the aqueous layer was extracted with two
      small portions of diethyl ether. The ether extracts were combined, dried,
      and filtered. The filtrate was concentrated to yield 12.1 g. of a glassy
      residue. This product was chromatographed on 600 g. of silica gel and
      eluted with chloroform-methanol-isopropylamine (94:3:3
      .gamma./.gamma./.gamma.) to yield
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-1(ax),6(eq),11(ax)-trimethyl-8-methoxy
     -2,6-methano-3-benzazocine which was treated with ethereal hydrogen
      chloride solution to produce 10.0 g. of the base hydrochloride as a white
      solid, m.p. 227.degree.-228.degree.C. (dec.). A sample of this salt
      recrystallized from ethanol-diethyl ether melted at
      230.degree.-231.degree.C. (dec.).
PAL  B.
PAR   in the procedure described in part A, when amyl iodide is used instead of
      methyl iodide and
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-6(eq),11(ax)-dimethyl-2,6-
     methano-3-benzazocine is used instead of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-
     benzazocine, there is obtained
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-1(ax)-amyl-3-cyclopropylmethyl-6(eq),1
     1(ax)-dimethyl-2,6-methano-3-benzazocine.
PAL  C.
PAR  in the procedure described in part A, when 3,5-dimethylbenzyl iodide is
      used instead of methyl iodide and
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-6(eq),11(ax)-dimethyl-2,6-
     methano-3-benzazocine is used instead of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-
     benzazocine, there is obtained
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-1(ax)-(3,5-dimethylbenzyl)-3-cycloprop
     ylmethyl-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine.
PAC  EXAMPLE 48
PAR  Proceeding in a manner similar to that described above in part A of Example
      29, the Grignard reagent from 31.4 g. of bromobenzene and 5.7 g. of
      magnesium turnings was reacted with 12.2 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-
     benzazocine in 150 ml. of anhydrous diethyl ether to yield 14.1 g. of crude
      1,2,3,4,5,6-hexahydro-1(eq)-hydroxy-1-phenyl-8-methoxy-6(eq),11(ax)-dimeth
     yl-2,6-methano-3-benzazocine. When this product was taken up in hexane, and
      the mixture was boiled, 10.5 g. of the purified base crystallized from the
      boiling mixture as a white solid which melted at 132.degree.-135.degree.C.
      After a second recrystallization from hexane, this compound melted at
      132.degree.-134.degree.C.
PAC  EXAMPLE 49
PAR  Following a procedure similar to that described above in Example 40, 56.5
      g. of
      1,2,3,4,5,6-hexahydro-8-methoxy-6(eq)-ethyl-11(ax)-methyl-2,6-methano-3-be
     nzazocine hydrochloride was oxidized by treatment with 26.4 g. of chromic
      oxide in dilute sulfuric acid to yield 42.3 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq)-ethyl-11(ax)-methyl-2,6-methan
     o-3-benzazocine, a white solid which melted at 273.degree.-274.degree.C. By
      refluxing this product with 450 ml. of 48% hydrochloric acid in a manner
      similar to that described above in Example 41, there was obtained 37.4 g.
      of
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq)-ethyl-11(ax)-methyl-2,6-methan
     o-3-benzazocine, m.p. 276.degree.-279.degree.C. which was recrystallized
      from N,N-dimethylformamide to yield 29.7 g. of the product, m.p.
      279.degree.-280.degree.C.; and a 10 g. portion of the latter was
      recrystallized again to yield 9.4 g. of the pure compound as a pale pink
      solid, m.p. 282.degree.-284.degree.C.
PAR  The (-)--cis isomer, prepared by similar oxidation and hydrolysis of (-)cis
      1,2,3,4,5,6-hexahydro-8-methoxy-6(eq)-ethyl-11(ax)-methyl-2,6-methano-3-be
     nzazocine hydrochloride, was obtained in the form of pale gray crystals,
      m.p. 275.degree.-278.degree.C. [.alpha.].sub.D.sup.25 = -36.2.degree. (2%
      glacial acetic acid).
PAC  EXAMPLE 50
PAL  A.
PAR  into a stirred solution of 3.2 g. of
      1,2,3,4,5,6-hexahydro-3-cyclopropylmethyl-8-methoxy-6(eq),11(ax)-dimethyl-
     2,6-methano-3-benzazocine in dilute sulfuric acid (prepared by diluting 5
      ml. of concentrated sulfuric acid to a volume of 50 ml. with water) there
      was dripped rapidly at room temperature a solution of 1.3 g. chromium
      trioxide in 50 ml. of dilute sulfuric acid (prepared in the same manner as
      before). The resulting reaction mixture was stirred for two hours on a
      steam bath, and then cooled and 30 ml. of concentrated ammonium hydroxide
      was added. The mixture was extracted with diethyl ether and the ether
      extract was dried and concentrated to yield 2.6 g. of crude
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-methoxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine as an oil. A 1.4 g. portion of this base
      was dissolved in diethyl ether and ethanolic hydrogen chloride was added
      to yield 1.5 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclo-propylmethyl-8-methoxy-6(eq),11(ax)-di
     methyl-2,6-methano-3-benzazocine hydrochloride as a white solid which
      melted at 193.degree.-196.degree.C. (dec.). When a sample of this product
      was mixed with a sample of the product obtained as described above in
      Example 14 there was no depression of the melting point.
PAL  B.
PAR  a solution of 0.7 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-methoxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine hydrochloride was cooled in an
      acetone-solid carbon dioxide bath and a solution of 0.52 g. of boron
      tribromide in 1 ml. of methylene dichloride was added. The resulting
      reaction mixture was allowed to warm gradually to room temperature and
      stand for 5 days. Then the solvent was removed by evaporation, 5 ml. of
      ice water was added to the residue, and the solid was collected by
      filtration and dried. This product (0.6 g.; m.p.
      187.degree.-193.degree.C.) was recrystallized from water to yield 0.5 g.
      of 1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-
     dimethyl-2,6-methano-3-benzazocine hydrochloride as a white solid which
      melted at 194.degree.-200.degree.C. This salt was treated with ammonium
      hydroxide to yield 0.3 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine as a white solid which melted at
      243.degree.-247.degree.C. When a sample of this product was mixed with a
      sample of the same base prepared as described above in part A of Example
      1, there was no depression of the melting point, and the two samples had
      identical infrared spectra.
PAC  EXAMPLE 51
PAL  A.
PAR  following a procedure similar to that described above in Example 40, 27.1
      g. of 2R,6R,
      11R-1,2,3,4,5,6-hexahydro-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methano-3-be
     nzazocine hydrochloride, [.alpha.].sub.D.sup.25 -41.5.degree. (1% in
      ethanol), (obtained by resolution of the racemic base with d(+)--tartaric
      acid and converting the levo-rotary tartrate via the corresponding base to
      the base hydrochloride) in 500 ml. of dilute sulfuric acid was oxidized by
      treatment with a solution of 13.4 g. of chromium trioxide in 500 ml. of
      dilute sulfuric acid to yield 20.5 g. of 2S,6R,
      11R-1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-methan
     o-3-benzazocine. A 1.5 g. portion of this product was converted to the
      hydrochloride, which was a white solid, m.p. 254.degree.-257.degree.C.;
      [a].sub.D.sup.25 + 8.4.degree. (1% in ethanol).
PAL  B.
PAR  a mixture of 19.0 g. of
      2S,6R,11R-1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-dimethyl-2,6-
     methano-3-benzazocine and 100 ml. of 48% hydrobromic acid was refluxed for
      5 hours and allowed to stand at room temperature overnight. From this
      reaction mixture, after making it basic by addition of ammonium hydroxide,
      there was isolated 4.9 g. of
      2S,6R,11R-1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq),11(ax)-dimethyl-2,6-
     methano-3-benzazocine, a white solid which melted at
      261.degree.-270.degree.C. A small portion of this product was
      recrystallized from methyl alcohol as a white solid, m.p.
      268.degree.-269.degree.C, [.alpha.].sub.D.sup.25 +95.8.degree. (1% in
      ethyl alcohol).
PAL  C.
PAR  following a procedure similar to that described above in part A of Example
      1, 414 g. of
      2S,6R,11R-1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq),11(ax)-dimethyl-2,6-
     methano-3-benzazocine was interacted with 2.5 g. of cyclopropylmethyl
      bromide in the presence of 1.6 g. of sodium bicarbonate in 40 ml. of
      N,N-dimethylformamide to yield 2.3 g. of
      2S,6R,11R-1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),
     11(ax)-dimethyl-2,6-methano-3-benzazocine as an off-white solid, m.p.
      187.degree.-189.degree.C., [.alpha.].sub.D.sup.25 -3.7.degree. (1% in
      ethyl alcohol).
PAC  EXAMPLE 52
PAR  Proceeding in a manner similar to that described above in part A of Example
      1, 18.7 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq),11(eq)-dimethyl-2,6-methano-3-
     benzazocine hydrobromide was interacted with 8.1 g. of cyclopropylmethyl
      bromide in the presence of 10.1 g. of sodium bicarbonate in 150 ml. of
      N,N-dimethylformamide to yield 17 g. of crude
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(eq)-dim
     ethyl-2,6-methano-3-benzazocine. This base was converted to its
      hydrochloride and purified by repeated recrystallization from ethyl
      alcohol. There was thus obtained 5.4 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(eq)-dim
     ethyl-2,6-methano-3-benzazocine hydrochloride hemiethanolate, (C.sub.18
      H.sub.23 NO.sub.2.HCl).sub.2 . C.sub.2 H.sub.5 OH, as a white solid which
      melted at 257.degree.-269.degree.C. (dec.).
PAC  EXAMPLE 53
PAL  A.
PAR  following a procedure similar to that described above in Example 40, 73.6
      g. of
      1,2,3,4,5,6-hexahydro-8-methoxy-6(eq)-ethyl-2,6-methano-3-benzazocine hydr
     ochloride in 1 liter of dilute sulfuric acid was oxidized by treatment with
      a solution of 38.0 g. of chromium trioxide in 1 liter of dilute sulfuric
      acid, the reaction mixture thus obtained was made basic by addition of
      ammonium hydroxide, and then there was isolated from the reaction mixture
      52.6 g. of crude
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq)-ethyl-2,6-methano-3-benzazocin
     e. This product was converted to the hydrochloride which was purified to
      yield 46.8 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq)-ethyl-2,6-methano-3-benzazocin
     e hydrochloride, m.p. 246.degree.-248.degree.C.
PAL  B.
PAR  by hydrolysis with 460 ml. of 48% hydrobromic acid and basifying the
      hydrolysis product with ammonium hydroxide, 45.8 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq)-ethyl-2,6-methano-3-benzazocin
     e hydrochloride was converted to 26.3 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq)-ethyl-2,6-methano-3-benzazocin
     e as an off-white solid, m.p. 282.degree.-284.degree.C.
PAL  C.
PAR  proceeding in a manner similar to that described above in part A of Example
      1, 23.1 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq)-ethyl-2,6-methano-3-benzazocin
     e was interacted with 13.0 g. of cyclopropylmethyl bromide in the presence
      of 8.4 g. of sodium bicarbonate in 230 ml. of N,N-dimethylformamide. After
      the reaction product was treated with ethereal hydrogen chloride, there
      was obtained 12.8 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq)-ethyl-2,6-
     methano-3-benzazocine hydrochloride as an off-white solid which melted at
      223.degree.-226.degree.C.
PAC  EXAMPLE 54
PAR  Proceeding in a manner similar to that described above in part A of Example
      1, 14.7 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq)-ethyl-11(ax)-methyl-2,6-methan
     o-3-benzazocine was interacted with 6.5 g. of cyclopropylmethyl bromide in
      the presence of 5.1 g. of sodium bicarbonate in 150 ml. of
      N,N-dimethylformamide to yield 3.7 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq)-ethyl-11(a
     x)-methyl-2,6-methano-3-benzazocine as a white solid, m.p.
      197.degree.-199.degree.C. The methanesulfonate salt of this base was a
      white solid, m.p. 208.degree.-210.degree.C. The (-)--cis isomer of the
      base, prepared by similar alkylation of the (-)cis nor base was obtained
      as off-white crystals, m.p. 196.degree.-198.degree.C.,
      [.alpha.].sub.D.sup.25 = -86.4.degree. (2% in glacial acetic acid).
PAC  EXAMPLE 55
PAL  A.
PAR  following a procedure similar to that described above in Example 40, 48.4
      g. of
      1,2,3,4,5,6-hexahydro-8-methoxy-6(eq)-ethyl-11(eq)-methyl-2,6-methano-3-be
     nzazocine methanesulfonate in 750 ml. of dilute sulfuric acid was oxidized
      by treatment with a solution of 19.8 g. of chromium trioxide in 750 ml. of
      dilute sulfuric acid. From the reaction mixture, after making it basic by
      addition of ammonium hydroxide, there was isolated 28.1 g. of crude
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq)-ethyl-11(eq)-methyl-2,6-methan
     o-3-benzazocine. This product was converted to the hydrochloride, a
      crystalline sold which after purification weighed 21.9 g.
PAR  The (+)--cis isomer of this hydrochloride, prepared by similar oxidation of
      the
      (+)-cis-1,2,3,4,5,6-hexahydro-8-methoxy-6(eq)-ethyl-11(ax)-methyl-2,6-meth
     ano-3-benzazocine hydrochloride gave the (+)cis ketone in the form of white
      crystals, m.p. 232.degree.-235.degree.C. (dec.), [.alpha.].sub.D.sup.25 =
      +59.8.degree. (2% in methanol).
PAL  B.
PAR  by hydrolysis with 220 g. of 48% hydrobromic acid and basifying the
      hydrolysis product with ammonium hydroxide, 21.9 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq)-ethyl-11(eq)-methyl-2,6-methan
     o-3-benzazocine hydrochloride was converted to 5.5 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq)-ethyl-11(eq)-methyl-2,6-methan
     o-3-benzazocine, a tan solid which melted at 264.degree.-266.degree.C.
PAL  C.
PAR  proceeding in a manner similar to that described above in part A of Example
      1, 10.0 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq)-ethyl-11(eq)-methyl-2,6-methan
     o-3-benzazocine was interacted with 5.4 g. of cyclopropylmethyl bromide in
      the presence of 3.5 g. of sodium bicarbonate in 100 ml. of
      N,N-dimethylformamide. After the reaction mixture was acidified by
      treatment with ethereal hydrogey chloride, there was isolated, 1.4 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq)-ethyl-11(e
     q)-methyl-2,6-methano-3-benzazocine hydrochloride as a light orange solid
      which melted at 258.degree.-260.degree.C.
PAC  EXAMPLE 56
PAL  A.
PAR  proceeding in a manner similar to that described above in Example 40, 44.4
      g. of
      1,2,3,4,5,6-hexahydro-8-methoxy-6(eq),11(ax)-diethyl-2,6-methano-3-benzazo
     cine in 600 ml. of dilute sulfuric acid was oxidized by treatment with a
      solution of 16.0 g. of chromium trioxide in 600 ml. of dilute sulfuric
      acid. From the reaction mixture, after making it basic by addition of
      ammonium hydroxide, there was isolated 32.6 g. of crude
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-diethyl-2,6-methano-3-b
     enzazocine. A small sample of this product was recrystallized from ethyl
      alcohol to yield a white solid, m.p. 159.degree.-162.degree.C.
PAL  B.
PAR  after refluxing 17.1 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-8-methoxy-6(eq),11(ax)-diethyl-2,6-methano-3-b
     enzazocine hydrochloride with 200 ml. of 48% hydrobromic acid and basifying
      the resulting mixture with ammonium hydroxide there was obtained 12.7 g.
      of 1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq),11(ax)-diethyl-2,6-methano-
     3-benzazocine as a pale pink solid which melted at
      247.degree.-251.degree.C.
PAL  C.
PAR  using a procedure similar to that described above in part A of Example 1,
      8.0 g. of 1,2,3,4,5,6-hexahydro-1-oxo-8-hydroxy-6(eq),
      11(ax)-diethyl-2,6-methano-3-benzazocine was interacted with 4.1 g. of
      cyclopropylmethyl bromide in the presence of 2.6 g. of sodium bicarbonate
      in 80 ml. of N,N-dimethylformamide to yield 4.7 g. of
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eq),11(ax)-die
     thyl-2,6-methano-3-benzazocine as a tan solid which melted at
      208.degree.-212.degree.C. By esterification of this product with p-toluyl
      chloride, using a procedure similar to that described above in Example 12,
      there is obtained
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-(p-toluyloxy)-6(eq),11(a
     x)-diethyl-2,6-methano-3-benzazocine.
PAR  The following are further illustrations of the products which are obtained
      using the above-described procedures in accordance with this invention;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(cyanomethyl)-8
      -hydroxy-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine and the
      corresponding 8-(p-anisoyloxy) ester;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(5-cyanoamyl)-8-hydroxy-6(eq),11(ax)-dimethyl
     -2,6-methano-3-benzazocine and the corresponding 8-(p-butoxyphenylacetoxy)
      ester;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(-3-cyanoallyl)-8-hydroxy-6(eq),11(ax)-dimeth
     yl-2,6-methano-3-benzazocine and the corresponding 8-(m-fluorobenzoyloxy)
      ester;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(2,2-difluorocyclopropylmethyl)-8-hydroxy-6(e
     q),11(ax)-dimethyl-2,6-methano-3-benzazocine and the corresponding
      8-cyclopropanecarbonyloxy ester;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-[3-(1,3-difluorocyclohexyl)propyl]-8-hydroxy-
     6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine and the corresponding
      ethylcarbonato ester;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclobutylmethyl-8-hydroxy-6(eq),11(ax)-dimet
     hyl-2,6-methano-3-benzazocine and the corresponding
      8-(m-propionamidobenzoyloxy) ester;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclohexylmethyl-8-hydroxy-6(eq),11(ax)-dimet
     hyl-2,6-methano-3-benzazocine and the corresponding 8-phenoxyacetoxy ester;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(2-cyclopropylethyl)-8-hydroxy-6-(eq),11(ax)-
     dimethyl-2,6-methano-3-benzazocine and the corresponding
      8-(2-naphthalenecarbonyloxy) ester;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(4-cyclobutylbutyl)-8-hydroxy-6(eq),11(ax)-di
     methyl-2,6-methano-3-benzazocine and the corresponding 8-isonicotinoyloxy
      ester;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-[(1-fluorocyclopropyl)methyl]-8-hydroxy-6(eq)
     ,11(ax)-dimethyl-2,6-methano-3-benzazocine and the corresponding
      8-(1-fluorocyclopropanecarbonyloxy) ester;
PAR  1,2,3,4,5,6-hexahydro-1(eq),8-dihydroxy-3-(2-cyanoethyl)-6(eq)-ethyl-11(ax)
     -methyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1(eq),8-dihydroxy-3-(3-cyanoallyl)-6(eq)-methyl-11(ax
     )-ethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1(eq),8-dihydroxy-1-phenyl-3-propargyl-6(eq),11(ax)-d
     iethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1(eq)-8-dihydroxy-3-(2-cyclohexenyl)-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(2-cyclopentenyl)-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-hydroxy-3-(2-cyclohexenylmethyl)-6(eq),11(ax)-dimet
     hyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(p-aminophenethyl)-8-hydroxy-6(eq),11(ax)-dim
     ethyl-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1(eq),8-dihydroxy-3-(p-aminophenethyl)-6(eq),11(ax)-d
     imethyl-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-difluoromethoxy-6(eq),11(
     ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclobutylmethyl-8-trifluoromethoxy-6(eq),11(
     ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(cis-3-chloro-2-propenyl)-8-benzyloxy-6(eq),1
     1(ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(2-cyclopentenyl)-8-allyloxy-6(eq),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3,6(eq),11(ax)-trimethyl-8-hydroxy-2,6-methano-
     3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3,6(eq),11(ax)-trimethyl-8-acetoxy-2,6-methano-
     3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-methyl-8-trifluoromethoxy-2,6-methano-3-benza
     zocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-methyl-8-benzyloxy-6(eq)-ethyl-11(ax)-methyl-
     2,6-methano-3-benzazocine;
PAR  3a,4,5,9b-tetrahydro-7-trifluoromethoxy-9b-benzyl-4(ax),5(eq)-dimethyl-3,5-
     ethanonaphth[2,1-d]oxazol-2(3H)-one;
PAR  3a,4,5,9b-tetrahydro-9b-propyl-3,5-ethanonaphth[2,1-d]-oxazol-2(3H)-one;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-8-cyclopropanecarbonyloxy-2,6-methano-3-benzazo
     cine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-6(eq),11(ax)-dimethyl-2,6-methano-3-benzazocine
     ;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-8-trifluoromethoxy-6(eq)-ethyl-11(ax)-methyl-2,
     6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-8-benzyloxy-6(eq),11(ax)-dimethyl-2,6-methano-3
     -benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-8-allyloxy-6(eq)-propyl-11(ax)-methyl-2,6-metha
     no-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-8-difluoromethoxy-6(eq),11(ax)-diethyl-2,6-meth
     ano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(3-chloro-2-propenoyl)-8-hydroxy-6(eq),11(eq)
     ,11(ax)-dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-(p-nitrophenylacetyl)-8-allyloxy-6(eq),11(ax)
     -dimethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-oxo-3-cyclobutanecarbonyl-8-trifluoromethoxy-6(eq),
     11(ax)-diethyl-2,6-methano-3-benzazocine;
PAR  1,2,3,4,5,6-hexahydro-1-hydroxy-1-ethyl-3-(2-cyclohexenecarbonyl)-8-methoxy
     -2,6-methano-3-benzazocine; and
PAR  1,2,3,4,5,6-hexahydro-1-hydroxy-1-(p-methoxyphenyl)-3-caproyl-8-benzyloxy-2
     ,6-methano-3-benzazocine.
PAR  The useful properties of the compounds of this invention were demonstrated
      by standard pharmacological procedures readily carried out by technicians
      having ordinary skill in pharmacological test procedures, so that the
      actual determination of the numerical biological data definitive for a
      particular test compound can be ascertained without the need for any
      extensive experimentation. Thus, in the two following test procedures the
      compounds of Formula I, and the species of Formula II wherein Z.sup.1 is
      methoxy, and the species of Formula VI wherein Z.sup.2 is hydroxy,
      acyloxy, or methoxy were found to be analgesic antagonists and analgesics.
PAC  A. Analgesic Antagonist Test
PAR  When tested in rats by a modified D'Amour-Smith thermal stimulus test
      procedure, the said compounds were found to be antagonists of the
      analgesic activity of meperidine and phenazocine. In this test procedure,
      when the test compounds were administered prior to or simultaneously with
      administration of meperidine or phenazocine, the expected analgesic effect
      of the latter was decreased with increasing dosage levels of the former to
      a point where no analgesic effect was obtained. And when the new compounds
      were administered after the administration off phenazocine or meperidine,
      the analgesic effect was diminished or terminated, depending on the dosage
      levels involved. For example, representative compounds of this invention,
      each in the form of an aqueous solution of the lactic acid-addition salt,
      were administered subcutaneously to rats to determine the dosage level, in
      terms of weight of antagonist per kilogram of body weight of the animal,
      which caused reduction of the analgesic effect of a 60 mg./kg. dose of
      meperidine hydrochloride or 0.5 mg./kg. dose of phenazocine hydrobromide
      by approximately 50 per cent, so that the analgesic effect produced by the
      combination of the antagonist and the meperidine hydrochloride, or the
      phenazocine hydrobromide was substantially the same as the analgesic
      effect produced by a 30 mg./kg. dose of meperidine hydrochloride alone or
      0.25 mg./kg. of phenazocine hydrobromide alone, respectively. Test results
      thus obtained were in the range 1-50 mg./kg. versus meperidine and 1-75
      mg./kg. versus phenazocine hydrobromide.
PAC  B. Analgesic Test - Inhibition of Acetylcholine-Induced Abdominal
      Constriction Response in Mice
PAR  The test procedure employed was the method of H. O. J. Collier, L. C.
      Dineen, C. A. Johnson, and C. Schneider, British Journal of Pharmacology
      and Chemotherapy, 32, 295-310 (1968). The median effective doses (ED 50)
      (at which 50% of the mice were protected by the test compound from the
      abdominal constriction response) and their 95% confidence limits were
      calculated by probit analysis (method of Bliss). The reference drug was
      morphine sulfate, subcutaneously, which had ED 50 0.47 mg./kg. (confidence
      limits 0.38-0.56). The ED 50  values obtained with the compounds of this
      invention fell in the range 0.05-15 mg./kg.
PAR  A preferred aspect of this invention is the first composition aspect
      represented by the compounds of Formula I and their acid-addition salts,
      especially the pharmaceutically acceptable acid-addition salts.
PAR  Particularly preferred species of this group are
      1,2,3,4,5,6-hexahydro-1-oxo-3-cyclopropylmethyl-8-hydroxy-6(eg),11(ax)-dim
     ethyl-2,6-methano-3-benzazocine, its acid-addition salts, and the 8-acyloxy
      esters corresponding thereto, as illustrated in Example 6-18 inclusive.
      Typical test data for illustrative members of this group obtained in the
      above-indicated analgesic antagonist and analgesic tests were as follows:
     Analgesic Antagonism versus Phenazocine                                   
     Compound of  AD 50 (mg. base/kg.)s.c.                                     
     Example No.                                                               
     ______________________________________                                    
     1A           4.3          (2.6-7.1)                                       
     1A           5.0          (3.1-8.0)                                       
     2            3.0          (1.9-4.8)                                       
     3            6.0          (4.1-8.7)                                       
     4            6.2          (3.6-10.5)                                      
     5            38           (21-68)                                         
     6            7.0          (4.0-12)                                        
     7            5.2          (2.9-9.4)                                       
     ______________________________________                                    
PAL  For the species of Example 1A, AD 50 values versus meperidine were: 21
      (13-34) i.p. for the hydrochloride, 2.0 (1.1-3.6) s.c. for the
      methanesulfonate; and versus morphine were 4.0 (2.6-6.1) s.c. for the base
      and 4.9 (3.5-6.9) for the methanesulfonate.
TBL  ______________________________________                                    
     Analgesic Activity in Acetylcholine Test                                  
     Compound of     ED 50 (mg. base/kg.) s.c.                                 
     Example No.                                                               
     ______________________________________                                    
     1A   (Hydrochloride)                                                      
                         0.16       (0.12-0.21)                                
     1A   (Base)         0.12       (0.09-0.15)                                
     1A   (Methanesulfonate)                                                   
                         0.16       (0.14-0.19)                                
     2                   0.14       (0.11-0.17)                                
     ______________________________________                                    
PAR  The acute toxicity (LD.sub.50) of the species of Example 1A in mice was as
      follows:
TBL  Route          LD.sub.50 (mg/kg base .+-. s.e.)                           
     i.v.            63.+-.2.5                                                 
     p.o.           374.+-.35                                                  
CLMS
STM  I claim:
NUM  1.
PAR  1. 1,2,3,4,5,6-Hexahydro-1-(Y.sup.1)-1-(Y.sup.2)-3-(Q.sup.2
      -CO-)-8-(Z.sup.2)-6-(R.sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocine
      having the formula
      ##EQU10##
      wherein: Y.sup.1 is hydroxy or acyloxy of the group consisting of:
      alkanoyloxy having 1-22 carbon atoms; alkenoyloxy having one or two double
      bonds and having 4-22 carbon atoms; Ar--C.sub.m H.sub.2m --CO--O-- wherein
      m is an integer from zero to two and Ar is phenyl or is phenyl substituted
      by 1-3 members of the group consisting of alkyl having 1-4 carbon atoms,
      alkoxy having 1-4 carbon atoms, halo, trifluoromethyl, dialkylamino having
      2-8 carbon atoms, and alkanoylamino having 1-6 carbon atoms;
      phenoxyacetoxy; naphthalenecarbonyloxy; pyridinecarbonyloxy; (cycloalkyl
      or fluorocycloalkyl)--C.sub.m H.sub.2m --Co--O-- having a total of 4-10
      carbon atoms of which 3-7 are ring carbon atoms in cycloalkyl and wherein
      m is an integer from zero to two, alkylcarbonato having 2-7 carbon atoms,
      carbamyloxy, or (mono- or di-alkyl)carbamyloxy having 2-9 carbon atoms;
PA1  Y.sup.2 is hydrogen, alkyl having 1-6 carbon atoms, or Ar.sup.1 --C.sub.n
      H.sub.2n -- wherein n is an integer from zero to four and Ar.sup.1 is
      phenyl or phenyl substituted by 1-3 members of the group consisting of
      alkyl having 1-4 carbon atoms, alkoxy having 1-4 carbon atoms, and
      dialkylamino having 2-8 carbon atoms; or
PA1  Y.sup.1 and Y.sup.2 taken together represent oxo or ethylenedioxy;
PA1  Q.sup.2 is alkyl having 1-7 carbon atoms, alkenyl having 2-5 carbon atoms,
      haloalkenyl having 2-5 carbon atoms and having 1-3 members of the group
      consisting of chlorine, fluorine, and bromine attached to ethylenic
      carbon, alkynyl having 2-5 carbon atoms, cycloalkyl--C.sub.q H.sub.2q --
      wherein q is an integer from zero to three and wherein cycloalkyl has 3-7
      ring carbon atoms and has a total of 3-10 carbon atoms, and Ar.sup.2
      --C.sub.q H.sub.2q -- wherein q is an integer from zero to three and
      Ar.sup.2 is phenyl or is phenyl substituted by amino, nitro, alkanoylamino
      having 1-6 carbon atoms, alkoxy having 1-4 carbon atoms, alkyl having 1-4
      carbon atoms, halo, or trifluoromethyl;
PA1  Z.sup.2 is hydrogen, hydroxy, one of the acyloxy groups defined by Y.sup.1,
      alkoxy having 1-6 carbon atoms, difluoromethoxy, trifluoromethoxy,
      benzyloxy, or alkenyloxy having 3-6 carbon atoms; and
PA1  R.sup.1 and R.sup.2 are members of the group consisting of hydrogen and
      alkyl having 1-4 carbon atoms.
NUM  2.
PAR  2. A compound according to claim 1 wherein each of R.sup.1 and R.sup.2 is
      alkyl.
NUM  3.
PAR  3. A compound according to claim 2 wherein R.sup.1 and R.sup.2 are each
      methyl.
NUM  4.
PAR  4. A compound according to claim 1 wherein R.sup.1 and R.sup.2 are each
      hydrogen.
NUM  5.
PAR  5. 1,2,3,4,5,6-Hexahydro-1-oxo-3-(Q.sup.2
      -CO-)-8-(Z.sup.2)-6-(R.sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocine
      having the formula
      ##EQU11##
      wherein: Q.sup.2 is alkyl having 1-7 carbon atoms, alkenyl having 2-5
      carbon atoms, haloalkenyl having 2-5 carbon atoms and having 1-3 members
      of the group consisting of chlorine, fluorine, and bromine attached to
      ethylenic carbon, alkynyl having 2-5 carbon atoms, cycloalkyl--C.sub.q
      H.sub.2q -- wherein q is an integer from zero to three and wherein
      cycloalkyl has 3-7 ring carbon atoms and has a total of 3-10 carbon atoms,
      and Ar.sup.2 --C.sub.q H.sub.2q -- wherein q is an integer from zero to
      three and Ar.sup.2 is phenyl or is phenyl substituted by amino, nitro,
      alkanoylamino having 1-6 carbon atoms, alkoxy having 1-4 carbon atoms,
      alkyl having 1-4 carbon atoms, halo, or trifluoromethyl;
PA1  Z.sup.2 is hydrogen; hydroxy; alkanoyloxy having 1-22 carbon atoms;
      alkenoyloxy having one or two double bonds and having 4-22 carbon atoms;
      Ar--C.sub.m H.sub.2m --CO--O-- wherein m is an integer from zero to two
      and Ar is phenyl or is phenyl substituted by 1-3 members of the group
      consisting of alkyl having 1-4 carbon atoms, alkoxy having 1-4 carbon
      atoms, halo, trifluoromethyl, dialkylamino having 2-8 carbon atoms, and
      alkanoylamino having 1-6 carbon atoms; phenoxyacetoxy;
      naphthalenecarbonyloxy; pyridinecarbonyloxy; (cycloalkyl or
      fluorocycloalkyl)--C.sub.m H.sub.2m --CO--O-- having a total of 4-10
      carbon atoms of which 3-7 are ring carbon atoms in cycloalkyl and wherein
      m is an integer from zero to two, alkylcarbonato having 2-7 carbon atoms,
      carbamyloxy, or (mono- or di-alkyl)carbamyloxy having 2-9 carbon atoms;
      alkoxy having 1-6 carbon atoms; difluoromethoxy; trifluoromethoxy;
      benzyloxy; or alkenyloxy having 3-6 carbon atoms; and
PA1  R.sup.1 and R.sup.2 are each alkyl having 1-4 carbon atoms.
NUM  6.
PAR  6. 1,2,3,4,5,6-Hexahydro-1-oxo-3-(Q.sup.2
      -CO-)-8-(Z.sup.2)-6-(R.sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocine
      having the formula
      ##EQU12##
      wherein: Q.sup.2 is cycloalkyl having 3-7 ring carbon atoms and a total of
      3-10 carbon atoms;
PA1  Z.sup.2 is hydrogen; hydroxy; alkanoyloxy having 1-22 carbon atoms;
      alkenoyloxy having one or two double bonds and having 4-22 carbon atoms;
      Ar--C.sub.m H.sub.2m --CO--O-- wherein m is an integer from zero to two
      and Ar is phenyl or is phenyl substituted by 1-3 members of the group
      consisting of alkyl having 1-4 carbon atoms, alkoxy having 1-4 carbon
      atoms, halo, trifluoromethyl, dialkylamino having 2-8 carbon atoms, and
      alkanoylamino having 1-6 carbon atoms; phenoxyacetoxy;
      naphthalenecarbonyloxy; pyridinecarbonyloxy; (cycloalkyl or
      fluorocycloalkyl)--C.sub.m H.sub.2m --CO--O-- having a total of 4-10
      carbon atoms of which 3-7 are ring carbon atoms in cycloalkyl and wherein
      m is an integer from zero to two, alkylcarbonato having 2-7 carbon atoms,
      carbamyloxy, or (mono- or di-alkyl)carbamyloxy having 2-9 carbon atoms;
      alkoxy having 1-6 carbon atoms; difluoromethoxy; trifluoromethoxy;
      benzyloxy; or alkenyloxy having 3-6 carbon atoms; and
PA1  R.sup.1 and R.sup.2 are each alkyl having 1-4 carbon atoms.
NUM  7.
PAR  7. A compound according to claim 6 wherein Z.sup.2 is hydrogen.
NUM  8.
PAR  8. A compound according to claim 6 wherein Z.sup.2 is hydroxy.
NUM  9.
PAR  9. 1,2,3,4,5,6-Hexahydro-1-oxo-3-cyclopropanecarbonyl-8-(Z.sup
     .2)-6-(R.sup.1)-11-(R.sup.2)-2,6-methano-3-benzazocine having the formula
      ##EQU13##
      wherein: Z.sup.2 is hydrogen; hydroxy; alkanoyloxy having 1-22 carbon
      atoms; alkenoyloxy having one or two double bonds and having 4-22 carbon
      atoms; Ar--C.sub.m H.sub.2m --CO--O-- wherein m is an integer from zero to
      two and Ar is phenyl or is phenyl substituted by 1-3 members of the group
      consisting of alkyl having 1-4 carbon atoms, alkoxy having 1-4 carbon
      atoms, halo, trifluoromethyl, dialkylamino having 2-8 carbon atoms, and
      alkanoylamino having 1-6 carbon atoms; phenoxyacetoxy;
      naphthalenecarbonyloxy; pyridinecarbonyloxy; (cycloalkyl or
      fluorocycloalkyl)--C.sub.m H.sub.2m --CO--O-- having a total of 4-10
      carbon atoms of which 3-7 are ring carbon atoms in cycloalkyl and wherein
      m is an integer from zero to two, alkylcarbonato having 2-7 carbon atoms,
      carbamyloxy, or (mono- or di-alkyl)carbamyloxy having 2-9 carbon atoms;
      alkoxy having 1-6 carbon atoms; difluoromethoxy; trifluoromethoxy;
      benzyloxy; or alkenyloxy having 3-6 carbon atoms; and
PA1  R.sup.1 and R.sup.2 are each alkyl having 1-4 carbon atoms.
NUM  10.
PAR  10. A compound according to claim 9 wherein R.sup.1 and R.sup.2 are each
      methyl.
NUM  11.
PAR  11. 1,2,
     3,4,5,6-Hexahydro-1-oxo-3-cyclopropanecarbonyl-8-cyclopropanecarbonyloxy-6,
     11-dimethyl-2,6-methano-3-benzazocine.
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PAL  Benzomorphanes of the formula:
      ##SPC1##
PAL  Wherein
PA1  R is cyclopropylmethyl or cyclobutylmethyl;
PA1  R.sup.1 and R.sup.2 are the same or different and each is lower alkyl;
PA1  R.sup.3 is hydrogen; a straight, branched or cyclic, saturated, partially
      unsaturated or unsaturated aliphatic hydrocarbon unsubstituted or
      substituted by 1 or more substituents selected from the group consisting
      of lower alkoxy, lower alkoxycarbonyl, lower alkylmercapto, aryloxy,
      arylmercapto, arylamino, and an acid amide; an unsubstituted or
      substituted aromatic moiety; an unsubstituted or substituted 5-, 6- or
      7-membered heterocyclic ring; lower alkylamino; di(lower alkyl)amino;
      arylamino; lower alkyl-arylamino; lower alkoxy; urethane; an acid amide;
      lower alkoxycarbonylamino; or lower alkoxycarbonyl-lower alkylamino; and
PA1  A is a bivalent, straight- or branched-chain, saturated, partially
      unsaturated or unsaturated hydrocarbon of 2 to 10 carbon atoms,
      unsubstituted or substituted by phenyl or by phenyl substituted by at
      least 1 substituent selected from the group consisting of lower alkyl,
      lower alkoxy, nitro, amino and halogen,
PAL  And pharmaceutically acceptable nontoxic salts thereof, are useful as
      analgesics.
BSUM
PAR  The present invention relates to benzomorphanes, to their production, to
      analgesic compositions wherein said benzomorphanes are the active agent
      and to methods of effecting analgesia in humans and animals which
      comprises administering the benzomorphanes of the present invention to
      such humans or animals.
PAR  It is known in the art that benzomorphan derivatives exhibit analgesic
      activity.
PAR  It has already been disclosed that benzomorphan derivatives can be powerful
      analgesics. In recent years, very many patents have appeared in this
      field, for example Belgian Patent 680,526 (1965). J. R. Geigy AG; Belgian
      Pat. No. 721,890 (1968), Grelan Pharm. Co. Ltd.; U.S. Pat. No. 3,382,249
      (1964), Sterling Drug Inc.; Belgian Pat. No. 750,484 (1969), Bayer AG.
PAR  Most of the powerful analgesics known at the present time have
      qualitatively the same action as morphine. They also exhibit the same side
      effects as morphine. Outstanding among these side-effects is their
      capacity to cause physical and psychological dependence. Any substance
      having a powerful analgesic action, which in comparison to substances
      having a morphine-like action does not possess a pronounced addiction or
      dependence potential would represent a considerable advance (WHO Technical
      Report Series 1972, No. 495).
PAR  It has recently been found that substances which in addition to
      morphine-like effects also have morphine-antagonistic properties can also
      be powerful analgesics, their addition potential being substantially less
      than that of the compounds which only have a morphine-like action.
      However, the applicability of these compounds is also restricted by other
      psychological side-effects inherent in these compounds, such as dysphoria
      and hallucinations (WHO Technical Report Series 1972, No.495). For this
      reason it is desirable to develop new therapeutic agents which do not show
      the morphine-like characteristic side-effects and which also do not have
      the psychological side-effects of the morphine-antagonistic substances.
PAR  More particularly, the present invention is concerned with benzomorphan
      derivatives of the formula:
      ##SPC2##
PAL  And pharmaceutically acceptable nontoxic salts thereof wherein
PA1  R is cyclopropylmethyl or cyclobutylmethyl;
PA1  R.sup.1 and R.sup.2 are the same or different and each is lower alkyl;
PA1  R.sup.3 is hydrogen; a straight, branched or cyclic, saturated, partially
      unsaturated or unsaturated aliphatic hydrocarbon particularly of up to 11
      carbon atoms, preferably alkyl of 1 to 11 carbon atoms or alkenyl of 2 to
      11 carbon atoms, unsubstituted or substituted by 1 or more, preferably 1
      or 2, and particularly 1, substituent selected from the group consisting
      of alkoxy of 1 to 4 carbon atoms, especially 1 or 2 carbon atoms,
      alkoxycarbonyl of 1 to 4 carbon atoms in the alkoxy moiety, and
      particularly of 1 or 2 carbon atoms in the alkoxy moiety, alkylmercapto of
      1 to 4 carbon atoms, and especially of 1 or 2 carbon atoms, aryloxy,
      especially phenoxy, arylmercapto, especially phenylmercapto, arylamino,
      especially phenylamino, and an acid amide; an unsubstituted or substituted
      aromatic moiety particularly of 6 to 10 carbon atoms, especially phenyl or
      salicyl; an unsubstituted or substituted 5-, 6- or 7-membered heterocyclic
      ring, especially nicotinyl; lower alkylamino, especially alkylamino of 1
      to 4 carbon atoms, and particularly 1 or 2 carbon atoms; di(lower
      alkyl)amino, particularly dialkylamino of 1 to 4 carbon atoms, and
      especially 1 or 2 carbon atoms in each alkyl moiety; arylamino, especially
      phenylamino; lower alkyl-arylamino, especially alkylphenylamino of 1 to 4
      carbon atoms in the alkyl moiety; lower alkoxy, particularly of 1 to 4
      carbon atoms, and especially of 1 or 2 carbon atoms; urethane; an acid
      amide; alkoxycarbonylamino, especially of 1 to 4 carbon atoms in the
      alkoxy moiety; or alkoxycarbonyl-alkylamino, especially of 1 to 4 carbon
      atoms in the alkoxy moiety, and of 1 to 4 carbon atoms in the alkyl
      moiety, and particularly of 1 or 2 carbon atoms in the alkoxy moiety and 1
      or 2 carbon atoms in the alkyl moiety; and
PA1  A is a bivalent, straight- or branched-chain, saturated, partially
      unsaturated or unsaturated hydrocarbon of 2 to 10 carbon atoms,
      particularly alkylene or alkylidene of 2 to 7 carbon atoms unsubstituted
      or substituted by phenyl or by phenyl substituted by at least 1, and
      preferably 1, substituent selected from the group consisting of lower
      alkyl, and especially alkyl of 1 to 4 carbon atoms, lower alkoxy, and
      especially alkoxy of 1 to 4 carbon atoms, nitro, amino and halogen,
      especially chlorine or bromine.
PAR  The terms "lower alkyl", "lower alkoxy", "lower alkylamino" and "di(lower
      alkyl)amino" mean that the alkyl and alkoxy moieties have from 1 to 5
      carbon atoms.
PAR  The benzomorphanes of the present invention are produced by:
PA1  a. reacting a benzomorphan of the formula
      ##SPC3##
PAL  wherein R, R.sup.1, R.sup.2 and A are as above defined and Z is hydroxy or
      halogen, with a compound of the formula
EQU  R.sup.3 --Y                                                III
PAL  wherein R.sup.3 is as above defined and Y is -NCO or -COX, wherein X is
      hydroxy, lower alkoxy, aryloxy, especially phenoxy, acyloxy or halogen,
      preferably at a temperature between -10.degree. C and +180.degree. C.
      either in the presence or the absence of an acid-binding agent;
PA1  b. reacting a benzomorphan of the formula
      ##SPC4##
PAL  or a metal salt thereof, wherein R, R.sup.1 and R.sup.2 are as above
      defined, with a reactive ester, preferably a halide, a formic acid ester
      or a sulphonic acid ester, of a hydroxy compound of the formula
EQU  R.sup.3 --CO--O--A--OH                                     V
PAL  wherein R.sup.3 and A are as above defined, in the presence of an
      acid-binding agent except that where the benzomorphan is in the form of a
      metal salt, in which case the acid-binding agent is not used; preferably
      at a temperature of between--10.degree. C and +120.degree. C; or
PA1  c. reacting a benzomorphan of the formula
      ##SPC5##
PAL  wherein R.sup.1, R.sup.2, R.sup.3 and A are as above defined, with a
      reactive ester, preferably a halide, a formic acid ester, or a sulphonic
      acid ester, of a hydroxy compound of the formula
EQU  R -- OH                                                    VII
PAL  wherein R is as above defined, either in the presence or the absence of an
      acid-binding agent, preferably at a temperature between -10.degree. C and
      +150.degree. C.
PAR  The three processes (a), (b) and (c) set forth above are hereinafter
      referred to as Process Variants (a), (b) and (c) respectively.
PAR  It was surprisingly found that the compounds of the present invention
      exhibit a more powerful analgesic effect than most known benzomorphanes,
      are better tolerated than most benzomorphanes, and, further, have not been
      shown according to our work done to date to be addictive.
PAR  According to one embodiment of the present invention
PA1  R.sup.3 is hydrogen; straight- or branched-chain alkyl of 1 to 11 carbon
      atoms, straight- or branched-chain alkenyl of 2 to 11 carbon atoms or
      cycloalkyl of 3 to 6 carbon atoms, unsubstituted or substituted by 1 or 2
      members selected from the group consisting of alkoxy of 1 or 2 carbon
      atoms, alkoxycarbonyl of 1 or 2 carbon atoms in the alkoxy moiety,
      alkylmercapto of 1 or 2 carbon atoms in the alkyl moiety, phenoxy,
      phenylmercapto and phenylamine; phenyl unsubstituted or substituted by
      hydroxy; nicotinyl; alkylamino of 1 or 2 carbon atoms in the alkyl moiety;
      dialkylamino of 1 or 2 carbon atoms in each alkyl moiety; phenylamino;
      alkylphenylamino of 1 to 4 carbon atoms in the alkyl moiety; alkoxy of 1
      or 2 carbon atoms; urethane; alkoxycarbonylamino of 1 to 4 carbon atoms in
      the alkoxy moiety; or alkoxycarbonyl-alkylamino of 1 or 2 carbon atoms in
      the alkoxy moiety and 1 or 2 carbon atoms in the alkyl moiety; and
PA1  A is alkylene or alkylidine of 2 to 7 carbon atoms, unsubstituted or
      substituted by phenyl or by phenyl substituted by alkyl of 1 or 2 carbon
      atoms, alkoxy of 1 or 2 carbon atoms, nitro, amino or halogen.
PAR  According to another embodiment of the present invention
PA1  R.sup.1 and R.sup.2 are the same or different and each is methyl or ethyl;
PA1  R.sup.3 is straight- or branched-chain alkyl of 1 to 11 carbon atoms,
      straight- or branched-chain alkenyl of 2 to 11 carbon atoms or cycloalkyl
      of 3 to 6 carbon atoms, unsubstituted or substituted by a member selected
      from the group consisting of alkoxy of 1 to 4 carbon atoms, alkoxycarbonyl
      of 1 to 4 carbon atoms in the alkyl moiety, alkylmercapto of 1 to 4 carbon
      atoms, phenoxy, phenylmercapto, alkoxycarbonylamino of 1 to 4 carbon atoms
      in the alkoxy moiety, and alkoxycarbonyl-alkylamino of 1 to 4 carbon atoms
      in the alkoxy moiety and of 1 to 4 carbon atoms in the alkyl moiety;
      phenyl or pyridyl unsubstituted or substituted by a member selected from
      the group consisting of hydroxy, alkyl of 1 to 4 carbon atoms, alkoxy of 1
      to 4 carbon atoms and alkylamino of 1 to 4 carbon atoms; alkylamino of 1
      to 4 carbon atoms; dialkylamino of 1 to 4 carbon atoms; phenylamino;
      alkylphenylamino of 1 to 4 carbon atoms in the alkyl moiety; alkoxy of 1
      to 4 carbon atoms; urethane; alkoxycarbonylamino of 1 to 4 carbon atoms in
      the alkoxy moiety; or alkoxycarbonyl-alkylamino of 1 to 4 carbon atoms in
      the alkyl moiety and 1 to 4 carbon atoms in the alkoxy moiety; and
PA1  A is alkylene or alkylidene of 2 to 10 carbon atoms, preferably 2 to 7
      carbon atoms, unsubstituted or substituted by phenyl or by phenyl
      substituted by alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon
      atoms, chlorine or bromine. According to another embodiment of the present
      invention
PA1  R.sup.1 and R.sup.2 are the same or different and each is methyl or ethyl;
PA1  R.sup.3 is straight- or branched-chain alkyl of 1 to 6 carbon atoms,
      straight- or branched-chain alkenyl of 2 to 6 carbon atoms or cycloalkyl
      of 3 to 6 carbon atoms unsubstituted or substituted by alkoxy of 1 to 4
      carbon atoms, alkoxycarbonyl of 1 to 4 carbon atoms in the alkoxy moiety,
      alkylmercapto of 1 to 4 carbon atoms in the alkyl moiety, phenoxy,
      phenylmercapto, alkoxycarbonylamino of 1 to 4 carbon atoms in the alkoxy
      moiety and alkoxycarbonyl-alkylamino of 1 or 2 carbon atoms in the alkoxy
      moiety and 1 or 2 carbon atoms in the alkyl moiety; phenyl or pyridyl
      unsubstituted or substituted by hydroxy, alkyl of 1 or 2 carbon atoms,
      alkoxy of 1 or 2 carbon atoms or alkylamino of 1 or 2 carbon atoms;
      alkylamino of 1 or 2 carbon atoms, dialkylamino of 1 or 2 carbon atoms in
      each alkyl moiety; phenylamino; alkylphenylamino of 1 or 2 carbon atoms in
      the alkyl moiety; alkoxy of 1 or 2 carbon atoms, urethane;
      alkoxycarbonyl-alkylamino of 1 or 2 carbon atoms in the alkoxy moiety; or
      alkoxycarbonyl-alkylamino of 1 or 2 carbon atoms in the alkoxy moiety and
      1 or 2 carbon atoms in the alkoxy moiety and 1 or 2 carbon atoms in the
      alkyl moiety; and
PA1  A is alkylene or alkylidene of 2 to 7 carbon atoms unsubstituted or
      substituted by phenyl or by phenyl substituted by alkyl of 1 or 2 carbon
      atoms, alkoxy of 1 or 2 carbon atoms, chlorine or bromine. According to
      another embodiment of the present invention
PA1  R.sup.1 and R.sup.2 are the same or different and each is methyl or ethyl;
PA1  R.sup.3 is straight- or branched-chain alkyl of 1 to 11 carbon atoms;
      straight- or branched-chain alkenyl of 2 to 6 carbon atoms; phenyl;
      salicyl; nicotinyl; alkylamino of 1 or 2 carbon atoms; dialkylamino of 1
      or 2 carbon atoms; phenylamino; alkoxy of 1 or 2 carbon atoms or
      alkoxycarbonyl-alkylamino of 1 or 2 carbon atoms in the alkoxy moiety and
      1 or 2 carbon atoms in the alkyl moiety; and
PA1  A is alkylene or alkylidene of 3 to 7 carbon atoms.
PAR  According to another embodiment of the present invention
PA1  R.sup.1 is methyl or ethyl;
PA1  R.sup.2 is methyl;
PA1  R.sup.3 is methyl; ethyl; propyl; butyl; undecyl; ethoxymethyl;
      ethoxycarbonylethyl; allyl; decenyl; phenyl; salicyl; phenoxymethy;
      phenylamino; nicotinyl; ethoxy; ethylamino; dimethylamino; or
      ethoxycarbonylmethylamide; and
PA1  A is propylene; butylene; pentylene; methylpropylene; dimethylethylene;
      methylbutylene; methylpentylene; or isopropylbutylene.
PAR  X is preferably hydroxy, alkoxy of 1 to 10 and especially 1 to 6 carbon
      atoms, phenoxy, acyloxy wherein the acyl portion preferably is formyl, or
      R.sup.3 CO wherein R.sup.3 is above defined, or halogen, especially
      chlorine or bromine.
PAR  According to the present invention, the preferred salts of the
      benzomorphanes of the present invention include the hydrohalides,
      especially the hydrochloride, the sulphates, phosphates, tartrates,
      citrates and naphthalene-1,5-disulphonates. The hydrochloride salt and the
      naphthalene-1,5-disulphonate salt are particularly preferred.
PAR  If
      2-cyclopropylmethyl-5,9-dimethyl-2'-[3-hydroxypropoxy-(1)]-6,7-benzomorpha
     n and propionic anhydride are used as starting compounds, the course of the
      reaction for Process Variant (a) can be represented by the following
      equation:
      ##SPC6##
PAL  while if
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-bromopropoxy-(1)]-6,7-benzomorp
     han and salicylic acid are used as starting compounds, the course of the
      reaction can be represented by the following equation:
      ##SPC7##
PAR  If the sodium salt of
      2-cyclobutylmethyl-5-ethyl-9-methyl-2'-hydroxy-6,7-benzomorphan and
      3-acetoxypropyl-1-bromide are used as starting compounds, the course of
      the reaction for Process Variant (b) can be represented by the following
      equation:
      ##SPC8##
PAR  If 5-ethyl-9-methyl-2'-[3-acetoxypropoxy-(1)]-6,7-benzomorphan and
      cyclobutylmethyl bromide are used as starting compounds, the course of the
      reaction for Process Variant (c)
PAR  can be represented by the following equation:
      ##SPC9##
PAR  The benzomorphanes of the general formula II which can be used as starting
      compounds in Process Variant (a) according to the invention are already
      known or can be produced by known methods (DOS (German Published
      Specification) 1,925,296).
PAR  The starting compounds used in the process according to the invention of
      the general formulae III, IV, V and VII are either already known or can be
      produced by known methods. The individual substituent groups of these
      compounds preferably have the meaning already mentioned above.
PAR  The compounds of the general formula VI which are used as the starting
      compounds in Process Variant (c) according to the invention are not known
      but can be produced by processes analogous to the Process Variants (a) and
      (b).
PAR  In all the Process Variants, any inert organic solvent may be used as
      diluent. Preferred solvents include hydrocarbons (such as benzine or
      benzene), halogenated hydrocarbons (such as chloroform or chlorobenzene)
      and ethers (such as diethyl ether or dioxane). The use of added diluents
      is, however, not always necessary, because it is also possible to use one
      of the reactants itself as the diluent and to employ it in a large excess.
PAR  In Process Variants (b) and (c), alcohols (such as ethanol), acid amides
      (such as dimethylformamide), sulphoxides (such as dimethyl sulphoxide) and
      sulphones (such as tetramethylenesulphone) can be used as diluents either
      individually or as mixtures, as well as those mentioned above.
PAR  Any of the customary acid-binding agents can be employed. Preferred
      acid-binding agents include alkali metal and alkaline earth metal
      carbonates and bicarbonates, tertiary amines (such as pyridine or
      triethylamine), and secondary amines (such as dicyclohexylamine).
PAR  The reaction temperatures can be varied over a substantial range. In
      general, the reactions in all the Process Variants are carried out at
      temperatures between -10.degree. C and +180.degree. C. preferably between
      10.degree. to 130.degree. C. The reactions can be carried out either under
      atmospheric pressure or elevated pressure. In general, atmospheric
      pressure is preferred.
PAR  In carrying out the process according to the invention, 1 mol of the
      benzomorphan is as a rule reacted with 1 to 5 mols of the second reactant.
PAR  The benzomorphanes of the present invention and their pharmaceutically
      acceptable nontoxic salts can be interconverted according to techniques
      per se known.
PAR  The pharmaceutical compositions of the present invention contain a major or
      minor amount e.g. 0.1 to 99.5%, preferably 0.5 to 90%, of benzomorphan as
      above defined in combination with a pharmaceutically acceptable nontoxic
      inert diluent or carrier, the carrier comprising one or more solid,
      semi-solid or liquid diluent, filler and formation adjuvant which is
      nontoxic, inert and pharmaceutically acceptable. Such pharmaceutical
      compositions are preferably in dosage unit form; i.e., physically discrete
      units containing a predetermined amount of the drug corresponding to a
      fraction or multiple of the dose which is calculated to produce the
      desired therapeutic response. The dosage units can contain one, two,
      three, four or more single doses or, alternatively, one half, third or
      fourth of a single does. A single dose preferably contains an amount
      sufficient to produce the desired therapeutic effect upon administration
      at one application of one or more dosage units according to a
      predetermined dosage regimen, usually a whole, half, third or quarter of
      the daily dosage administered once, twice, three or four times a day.
      Other therapeutic agents can also be present.
PAR  Although the dosage and dosage regimen must in each case be carefully
      adjusted, utilizing sound professional judgment and considering the age,
      weight and condition of the recipient, the route of aministration and the
      nature and gravity of the illness, generally the dosage for intravenous
      administration will be from 0.1 to 200, and preferably 1 to 100, mg/kg of
      body weight per day, whereas the oral dosage will be 1 to 200 mg/kg of
      body weight per day. In some instances a sufficient thereapeutic effect
      can be obtained at a lower dose, while in others a larger dose will be
      required.
PAR  Oral administration can be effected utilizing solid and liquid dosage unit
      forms such as powders, tablets, dragees, capsules, granulates,
      suspensions, solutions and the like.
PAR  Powders are prepared by comminuting the compound to a suitable fine size
      and mixing with a similarly comminuted pharmaceutical carrier such as an
      edible carbohydrate as for example starch, lactose, sucrose, glucose or
      mannitol. Sweetening, flavoring, preservative, dispersing and coloring
      agents can also be present.
PAR  Capsules are made by preparing a powder mixture as described above and
      filling formed gelatin sheaths. Glidants and lubricants such as colloidal
      silica, talc, magnesium stearate, calcium stearate or solid polyethylene
      glycol can be added to the powder mixture before the filling operation. A
      disintegrating or solubilizing agent such as agar-agar, calcium carbonate
      or sodium carbonate can also be added to improve the availability of the
      medicament when the capsule is ingested.
PAR  Tablets are formulated for example by preparing a powder mixture,
      granulating or slugging, adding a lubricant and disintegrant and pressing
      into tablets. A powder mixture is prepared by mixing the compound,
      suitably comminuted, with a diluent or base as described above, and
      optionally with a binder such as carboxymethyl, cellulose, an alginate,
      gelatin, or polyvinyl pyrrolidone, a solution retardant such as paraffin,
      a resorption accelerator such as a quaternary salt and/or an absorption
      agent such as bentonite, kaolin or dicalcium phosphate. The powder mixture
      can be granulated by wetting with a binder such as syrup, starch paste,
      acacia mucilage or solutions of cellulosic or polymeric materials and
      forcing through a screen. As an alternative to granulating, the powder
      mixture can be run through the tablet machine and the resulting
      imperfectly formed slugs broken into granules. The granules can be
      lubricated to prevent sticking to the tablet forming dies by means of the
      addition of stearic acid, a stearate salt, talc or mineral oil. The
      lubricated mixture is then compressed into tablets. The medicaments can
      also be combined with free flowing inert carriers and compressed into
      tablets directly without going through the granulating or slugging steps.
      A clear or opaque protective coating consisting of a sealing coat of
      shellac, a coating of sugar or polymeric material and a polish coating of
      wax can be provided. Dyestuffs can be added to these coatings to
      distinuish different unit dosages.
PAR  Oral fluids such as solutions, syrups and elixirs can be prepared in dosage
      unit form so that a given quantity contains a predetermined amount of the
      compound. Syrups can be prepared by dissolving the compound in a suitably
      flavored aqueous sucrose solution while elixirs are prepared through the
      use of a non-toxic alcoholic vehicle. Suspensions can be formulated by
      dispersing the compound in a non-toxic vehicle. Solubilizers and
      emulsifiers such as ethoxylated isostearyl alcohols and polyoxyethylene
      sorbitol esters, preservatives, flavor additives such as peppermint oil or
      saccharin, and the like can also be added.
PAR  Where appropriate, dosage unit formulations for oral administration can be
      microencapsulated. The formulation can also be prepared to prolong or
      sustain the release as for example by coating or embedding particulate
      material in polymers, wax or the like.
PAR  Parenteral administration can be effected utilizing liquid dosage unit
      forms such as sterile solutions and suspensions intended for subcutaneous,
      intramuscular or intravenous injection. These are prepared by suspending
      or dissolving a measured amount of the compound in a nontoxic liquid
      vehicle suitable for injection such as an aqueous or oleaginous medium and
      sterilizing the suspension or solution. Alternatively, a measured amount
      of the compound is placed in a vial and the vial and its contents are
      sterilized and sealed. An accompanying vial or vehicle can be provided for
      mixing prior to administration. Nontoxic salts and salt solutions can be
      added to render the injection isotonic. Stabilizers, preservatives and
      emulsifiers can also be added.
PAR  Rectal administration can be effected utilizing suppositories in which the
      compound is admixed with low melting water soluble or insoluble solids
      such as polyethylene glycol, cocoa butter, higher esters as for example
      myristyl palmitate, or mixtures thereof.
PAR  Topical administration can be effected utilizing solid dosage unit forms
      such as powders or liquid or semiliquid dosage unit forms such as
      solutions, supensions, ointments, pastes, creams and gels. The powders are
      formulated utilizing such carriers as talc, bentonite, silicic acid,
      polyamide powder and the like. Liquid and semiliquid formulations can
      utilize such carriers, in addition to those described above, as
      polyethylene glycol, vegetable and mineral oils, alcohols such as
      isopropanol and the like. Other excipients such as emulsifiers,
      preservatives, colorants, perfumes and the like can also be present.
      Formulations can also be administered as an aerosol, utilizing the usual
      propellants such as the chlorofluorohydrocarbons.
PAR  The preferred daily dose for intravenous administration is 5 mg to 20 g,
      preferably 50 mg to 10.0 g of active agent; for oral administration, 50 mg
      to 20 g is the preferred daily dose.
PAR  While the routes of administration include oral and parenteral (i.e.,
      intramuscular, intraperitoneal, and intravenous), oral and intravenous
      administration are particularly preferred.
PAR  The preferred pharmaceutical compositions are therefore those in a form
      suitable for oral administration such as tablets and suspensions and those
      suitable for intravenous administration such as solutions and suspensions.
PAR  The Table which follows lists the toxicity in rats, the analgesic action in
      rats, the therapeutic index (which can be calculated from both) and the
      morphine-replacing action or morphine-antagonistic action of some
      compounds according to the invention, by way of examples. The numbering of
      the compounds is the same as the numbering of the preparative examples.
      The comparison compounds were used in the form of their salts - morphine
      as the hydrochloride trihydrate, codeine as the phosphate, and pethidine
      and pentazocine as the hydrochlorides. The ED50 and LD50 were calculated
      relative to the base.
PAR  The analgesic action was determined by means of the heat radiation test on
      rat tails (method: H. G. Wolff et al., J.Clin. Invest. 19, 659 - 680
      (1940) and the morphine- agonistic (replacement action) and antagonistic
      actions of the substances were examined on morphine-dependent monkeys
      (methods: G. A. Deneau, Dissertation Univ. of Michigan 1956; M. H.
      Seevers, J.Pharm.exper. Ther. 56, 147 - 156 (1936)) and on
      morphine-dependent rats (methods: W. R. Buckett, Psychopharmacologia 6,
      410 (1964)); W. R. Martin et al., Psychopharmacologia 4, 247-260 (1963)).
TBL                                    TABLE                                   
     __________________________________________________________________________
     Substance                                                                 
            Toxicity in rats,                                                  
                       Analgesic action in                                     
                                   Therapeutic index                           
            LD 50, mg/kg, s.c.                                                 
                       heat radiation test                                     
                                   LD 50                                       
                       on rat tails,                                           
                                   ED 50                                       
                       ED 50, mg/kg, s.c.                                      
     __________________________________________________________________________
     Morphine                                                                  
            122  (76-217)                                                      
                       1.78                                                    
                           (0.77-2.64)                                         
                                   69                                          
     Codeine                                                                   
            202  (97-352)                                                      
                       4.5 (3.6-5.9)                                           
                                   51                                          
     Pethidine                                                                 
            113  (84-136)                                                      
                       5.7 (3.7-7.3)                                           
                                   20                                          
     Pentazocine                                                               
            140  (107-190)                                                     
                       4.8 (3.5-6.7)                                           
                                   29                                          
     1      352  (182-964)                                                     
                       0.42                                                    
                           (0.22-0.63)                                         
                                   838                                         
     2a     296  (168-566)                                                     
                       0.49                                                    
                           (0.26-0.68)                                         
                                   604                                         
     2b     .about.300 1.0 (0.67-1.5)                                          
                                   .about.300                                  
     4a     &gt;500       0.97                                                    
                           (0.69-1.4)                                          
                                   &gt;515                                        
     4d     --         0.35                                                    
                           (0.18-0.54)                                         
                                   --                                          
     4e     --         0.42                                                    
                           (0.22-0.63)                                         
                                   --                                          
     6a     --         0.42                                                    
                           (0.22-0.61)                                         
                                   --                                          
     __________________________________________________________________________
     Substance                                                                 
            Morphine-dependent monkeys                                         
                                Morphine-dependent rats                        
            Morphine-                                                          
                     Morphine-  Morphine                                       
                                       Morphine-                               
            replacement                                                        
                     antagonistic action                                       
                                replacement                                    
                                       antagonistic                            
            action (elimin-                                                    
                     (provocation of                                           
                                action (eli-                                   
                                       action                                  
            ation of withdrawal mination of                                    
                                       (provocation                            
            withdrawal                                                         
                     symptoms)  withdrawal                                     
                                       of withdrawal                           
            symptoms)           symptoms)                                      
                                       symptoms)                               
     __________________________________________________________________________
     Morphine  --        --       --      --                                   
     Codeine   3         --       3       0                                    
     Pethidine --        --       --      --                                   
     Pentazocine                                                               
               --        2        1       2                                    
     1         0         1-2      0       2                                    
     2a        0         2        0       2                                    
     2b        --        --       0       1                                    
     4a        --        --       0       1                                    
     4d        --        3        0       2                                    
     4e        --        2        --      --                                   
     6a        --        3        --      --                                   
     __________________________________________________________________________
     Substance                                                                 
            Toxicity in rats,                                                  
                       Analgesic action in                                     
                                   Therapeutic index                           
            LD 50,     heat radiation test                                     
                                   LD 50                                       
            mg/kg, s.c.                                                        
                       on rat tails,                                           
                                   ED 50                                       
                       ED 50, mg/kg, s.c.                                      
     __________________________________________________________________________
     6b     --         0.31                                                    
                           (0.19-0.47)                                         
                                   --                                          
     7      .about.400 1.6 (0.96-3.0)                                          
                                   .about.258                                  
     8      .about.425 1.6 (0.83-2.6)                                          
                                   .about.262                                  
     9      &gt;500       0.61                                                    
                           (0.43-0.95)                                         
                                   &gt;820                                        
     10a    &gt;500       0.62                                                    
                           (0.32-1.3)                                          
                                   &gt;806                                        
     10b    &gt;500       0.42                                                    
                           (0.22-0.63)                                         
                                   &gt;1,190                                      
     11     --         0.47                                                    
                           (0.24-0-88)                                         
                                   --                                          
     17     --         0.96                                                    
                           (0.37-1.89)                                         
                                   --                                          
     18     --         1.36                                                    
                           (0.80- 2.16)                                        
                                   --                                          
     20     --         1.2 (0.67-2.02)                                         
                                   --                                          
     21a    --         1.2 (0.62-2.23)                                         
                                   --                                          
     23     --         1.2 (0.62-2.23)                                         
                                   --                                          
     __________________________________________________________________________
     Substance                                                                 
           Morphine-dependent monkeys                                          
                               Morphine-dependent rats                         
     Morphine-      Morphine-  Morphine- Morphine-                             
     replacement    antagonistic action                                        
                               replacement                                     
                                         antagonistic                          
     action (elimin-                                                           
                    (provocation of                                            
                               action (eli-                                    
                                         action                                
     ation of       withdrawal mination of                                     
                                         (provocation                          
     withdrawal     symptoms)  withdrawal                                      
                                         of withdrawal                         
     symptoms)                 symptoms) symptoms)                             
     __________________________________________________________________________
      6b     --       3          --        --                                  
      7      --       --         0         1                                   
      8      --       --         1         1                                   
      9      --       --         0-1       1                                   
     10a     --       --         0         2                                   
     10b     --       --         0         1                                   
     11      --       1          --        --                                  
     17      --       2          --        --                                  
     18      --       2          --        --                                  
     20      --       1          --        --                                  
     21a     --       2          --        --                                  
     23      --       2          --        --                                  
     __________________________________________________________________________
PAR  The following non-limitative examples more particularly illustrate the
      present invention:
DETD
PAC  EXAMPLE 1
      ##SPC10##
PAR  6.9g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-hydroxypropoxy-(1)]-6,7-benzomo
     rphan, produced according to Belgian Patent 750,486 (Bayer AG), Example 8,
      boiling point 210.degree.-230.degree.C/0.01 mm Hg, are stirred with 11 ccs
      of acetic anhydride overnight at room temperature, and then for 1 hour at
      100.degree.C. After cooling, the mixture is poured into ice water,
      rendered strongly alkaline with concentrated potassium hydroxide solution
      and immediately extracted 5 times with ether. The combined extracts are
      washed once with water, dried over sodium sulphate and evaporated.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-acetoxypropoxy-(1)]-6,7-benzomo
     rphan boils at 210.degree.-215.degree.C/0.01 mm Hg. The yield is 6.4g.
PAR  Hydrochloride, melting point 108-110.degree.C; neutral
      naphthalene-1,5-disulphonate, melting point 160.degree.-164.degree.C.
PAC  EXAMPLE 2
PAR  The following can be produced as described in Example 1:
PAR  a.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-propionyloxy-propoxy-(1)]-6,7-b
     enzomorphan, boiling point 200.degree.-220.degree.C/0.01 mm Hg.
PAR  From: the reacting benzomorphan of Example 1 and propionic acid anhydride.
PAR  b.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-isobutyryloxy-propoxy-(1)]-6,7-
     benzomorphan, boiling point 230.degree.-240.degree.C/0.01 mm Hg. From: the
      reacting bemzomorphan of Example 1 and isobutyric acid anhydride.
PAC  EXAMPLE 3: :
      ##SPC11##
PAR  10.3g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-hydroxypropoxy-(1)]-6,7-benzomo
     rphan, boiling point 210.degree.-230.degree.C/0.01 mm Hg, are dissolved in
      30 ccs of absolute benzene and 10 ccs of absolute pyridine. 12.3g of
      succinic acid half-ester chloride are added dropwise and the mixture is
      stirred for 2 hours at room temperature and 10 hours under reflux. After
      cooling, it is diluted with ether and the mixture is well shaken with
      dilute sodium hydroxide solution, washed with water, dried over sodium
      sulphate and distilled.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-(.beta.-ethoxycarbonyl-propiony
     loxy)-propoxy-(1)]-6,7-benzomorphan boils at 190.degree.-200.degree.C/0.001
      mm Hg.
PAR  The yield is 6.3g.
PAR  Neutral naphthalene-1,5-disulphonate, melting point
      130.degree.-140.degree.C.
PAC  EXAMPLE 4
PAR  The following can be produced as described in Example 3:
PAR  a.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-pivaloyloxy-propoxy-(1)]-6,7-be
     nzomorphan, boiling point 220.degree.-234.degree.C/0.01 mm Hg.
PAR  From: the reaction benzomorphan of Example 3 and pivalic acid chloride.
PAR  b.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-dodecanoyloxy-propoxy-(1)]-6,7-
     benzomorphan, boiling point 210.degree.-230.degree.C/0.01 mm Hg.
PAR  From: the reacting benzomorphan of Example 3 and dodecanic acid chloride.
PAR  c.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-ethoxyacetoxy-propoxy-(1)]-6,7-
     benzomorphan, boiling point 210.degree.-230.degree.C/0.005 mm Hg. From: the
      reacting benzomorphan of Example 3 and ethoxyacetic acid chloride.
PAR  d.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-crotonoyloxy-propoxy-(1)]-6,7-b
     enzomorphan, boiling point 202.degree.-208.degree.C/0.01 mm Hg. Neutral
      naphthalene-1,5-disulphonate, melting point 163.degree.-164.degree.C.
      From: the reacting benzomorphan of Example 3 and crotonic acid chloride.
PAR  e.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-benzoyloxy-propoxy-(1)]-6,7-ben
     zomorphan, boiling point 228.degree.-234.degree.C/0.02 mm Hg. From: the
      reacting benzomorphan of Example 3 and benzoic acid chloride.
PAC  EXAMPLE 5
      ##SPC12##
PAR  8.8g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-hydroxyisobutoxy-(1)]-6,7-benzo
     morphan, produced as described for the 3-hydroxypropoxy compound in Belgian
      Pat. No. 750,486 (Bayer AG), Example 8, and 15.8g of propionic anhydride,
      are heated for 15 hours to 110.degree.-120.degree.C and the mixture is
      subsequently distilled.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-propionyloxy-isobutoxy-(1)]-6,7
     -benzomorphan boils at 208.degree.-212.degree.C/0.02 mm Hg and the yield is
      7.8g. Neutral naphthalene-1,5-disulphonate, melting point 127.degree.C.
PAC  EXAMPLE 6
PAR  The following can be produced as described in Example 5:
PAR  a.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-acetoxyisobutoxy-(1)]-6,7-benzo
     morphan, boiling point 198.degree.-202.degree.C/0.01 mm Hg. From: the
      reacting benzomorphan of Example 5 and acetic acid anhydride.
PAR  b.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-crotonoyloxyisobutoxy-(1)]-6,7-
     benzomorphan, boiling point 210.degree.-212.degree.C/0.01 mm Hg. From: the
      reacting benzomorphan of Example 5 and crotonic acid anhydride.
PAC  EXAMPLE 7
      ##SPC13##
PAR  9.9g of
      2-cyclopropylmethyl-5-9-dimethyl-2'-[3-hydroxypropoxy-(1)]-6,7-benzomorpha
     n, produced according to Belgian Pat. 750,486 (Bayer AG), Example 8,
      analogously to the 5-ethyl compound (boiling point
      210.degree.-216.degree.C/0.01 mm Hg) are reacted with 17 ccs of acetic
      anhydride analogously to Example 1.
PAR  2-Cyclopropylmethyl-5,9-dimethyl-2'-[3-acetoxypropoxy-(1)]-6,7-benzomorphan
      boils at 176.degree.-192.degree./0.005 mm Hg and the yield is 9.2g.
PAC  EXAMPLE 8
PAR  The following can be produced as described in Example 7:
PAR  2-Cyclopropylmethyl-5-9-dimethyl-2'-[3-propionyloxypropoxy-(1)]-6,7-benzomo
     rphan, boiling point 200.degree.-220.degree.C/0.01 mm Hg. From: the
      reacting benzomorphan of Example 7 and propionic acid anhydride
PAC  EXAMPLE 9
      ##SPC14##
PAR  10.7g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-hydroxybutoxy-(1)]-6,7-benzomor
     phan, produced according to Belgian Patent 750,486 (Bayer AG), Example 17,
      boiling point 210.degree.-226.degree.C/0.01 mm Hg., are reacted with 17
      ccs of acetic anhydride as described in Example 1.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-acetoxybutoxy-(1)]-6,7-benzomor
     phan boils at 210.degree.-230.degree.C/0.01 mm Hg and the yield is 9.0g.
PAC  EXAMPLE 10
PAR  The following can be produced as described in Example 9:
PAR  a.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-propionyloxypropoxy-(1)]-6,7-be
     nzomorphan, boiling point 240.degree.-246.degree.C/0.01 mm Hg.
PAR  From: the reacting benzomorphan of Example 9 and propionic acid anhydride.
PAR  b.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-isobutyryloxybutoxy-(1)]-6,7-be
     nzomorphan, boiling point 200.degree.-215.degree.C/0.005 mm Hg. From: the
      reacting benzomorphan of Example 9 and isobutylic acid anhydride
PAR  c.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-undecen-(10)-oyloxybutoxy-(1)]-
     6,7-benzomorphan, boiling point 190.degree.-220.degree.C/0.001 mm Hg. From:
      the reacting benzomorphan of Example 9 and undecen acid chloride.
PAC  EXAMPLE 11
      ##SPC15##
PAR  10.7g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[1-hydroxy-2-methyl-propoxy-(2)]-6
     ,7-benzomorphan, boiling point 190.degree.-200.degree.C/0.01 mm Hg.,
      produced by reduction of
      2-cyclopropylcarbonyl-5-ethyl-9-methyl-2'-[1-cyclopropylcarbonyloxy-2-meth
     ylpropoxy-(2)]-6,7-benzomorphan with lithium aluminium hydride in
      tetrahydrofurane, are reacted with 17 ccs of aceti anhydride as described
      in Example 1.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-[1-acetoxy-2-methyl-propoxy-(2)]-6,7-
     benzomorphan boils at 209.degree. to 223.degree.C/0.01 mm Hg and the yield
      is 4.9g.
PAC  EXAMPLE 12
PAR  The following can be produced as described in Example 11:
PAR  2-Cyclopropylmethyl-5-methyl-9-methyl-2'-[1-propionyloxy-2-methylpropoxy-(2
     )]-6,7-benzomorphan, boiling point 194.degree.-198.degree.C/0.01 mm Hg.
      From: the reacting benzomorphan of Example 11 and propionic acid anhydride
PAC  EXAMPLE 13
      ##SPC16##
PAR  11.1g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[5-hydroxypentoxy-(1)]-6,7-benzomo
     rphan, boiling point 211.degree.-222.degree.C/0.01 mm Hg, produced by
      reduction of
      2-cyclopropylcarbonyl-5-ethyl-9-methyl-2'-[4-ethoxycarbonylbutoxy-(1)]-6,7
     -benzomorphan with lithium aluminium hydride in tetrahydrofuran, are
      reacted with 17 ccs of acetic anhydride as described in Example 1.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[5-acetoxypentoxy-(1)]-6,7-benzomo
     rphan boils at 210.degree.-220.degree.C/0.01 mm Hg and the yield is 10.0g.
PAC  EXAMPLE 14
PAR  The following can be produced as described in Example 13:
PAR  2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[5-propionyloxypentoxy-(1)]-6,7-ben
     zomorphan, boiling point 214.degree.-220.degree.C/0.01 mm Hg.
PAR  From: the reacting benzomorphan of Example 13 and propionic acid anhydride.
PAC  EXAMPLE 15:
      ##SPC17##
PAR  11.6g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[5-hydroxy-4-methylpentoxy-(1)]-6,
     7-benzomorphan, boiling point 230.degree.-240.degree.C/0.01 mm Hg.,
      produced by reduction of
      2-cyclopropylcarbonyl-5-ethyl-9-methyl-2'-[4-ethoxycarbonylpentoxy-(1)]-6,
     7-benzomorphan with lithium aluminium hydride in tetrahydrofuran, are
      reacted with 17 ccs of acetic anhydride as described in Example 1.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[5-acetoxy-4-methylpentoxy-(1)]-6,
     7-benzomorphan boils at 258.degree.-262.degree.C/2 mm Hg and the yield is
      10.6g.
PAC  EXAMPLE 16
PAR  The following can be produced as described in Example 15:
PAR  2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[5-propionyloxy-4-methylpentoxy-(1)
     ]-6,7-benzomorphan, boiling point 240.degree.-245.degree.C/0.02 mm Hg.
PAR  From: the reacting benzomorphan of Example 15 and propionic acid anhydride.
PAC  EXAMPLE 17
      ##SPC18##
PAR  11.2g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-hydroxy-2-methylbutoxy-(1)]-6,7
     -benzomorphan, boiling point 200.degree.-230.degree.C/0.01 mm Hg, produced
      by reduction of
      2-cyclopropylcarbonyl-5-ethyl-9-methyl-2'-[3-butoxycarbonyl-2-methylpropox
     y-(1)]-6,7-benzomorphan with lithium aluminium hydride in tetrahydrofuran
      are reacted with 17 ccs of acetic anhydride as described in Example 1.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-acetoxy-2-methylbutoxy-(1)]-6,7
     -benzomorphan boils at 210.degree.-240.degree.C/0.5 mm Hg and the yield is
      8.0g.
PAC  EXAMPLE 18
PAR  The following can be produced as described in Example 17:
PAR  2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-propionyloxy-2-methylbutoxy-(1)-
     6,7-benzomorphan, boiling point 200.degree.-240.degree.C/0.01 mm Hg.
PAR  From: the reacting benzomorphan of Example 17 and propionic acid anhydride.
PAC  EXAMPLE 19
      ##SPC19##
PAR  12.0g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-hydroxy-3-isopropylbutoxy-(1)]-
     6,7-benzomorphan, boiling point 200.degree.-230.degree.C/0.01 mm Hg.,
      produced by reduction of
      2-cyclopropylcarbonyl-5-ethyl-9-methyl-2'-[3-butoxycarbonyl-4-methylpentox
     y-(1)]-6,7-benzomorphan with lithium aluminium hydride in tetrahydrofurane,
      are reacted with 17 ccs of acetic anhydride as described in Example 1.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-acetoxy-3-isopropylbutoxy-(1)]-
     6,7-benzomorphan boils at 200.degree.-220.degree.C/0.01 mm Hg and the yield
      is 9.2g.
PAC  EXAMPLE 20
      ##SPC20##
PAR  A solution of 3.2g of nicotinic acid chloride in benzene is rapidly added
      dropwise to a solution of 5.5g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-hydroxypropoxy-(1)]-6,7-benzomo
     rphan and 3.8g of dimethylaniline in 70 ccs of absolute benzene, after
      which a distinct exothermic reaction is observed. The mixture is stirred
      for 15 hours at 50.degree.C, cooled and washed with water and diluted
      sodium hydroxide solution, the organic phase is dried over sodium sulphate
      and evaporated in vacuo, and the residue is distilled. 4.2g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-nicotinoyloxypropoxy-(1)-6,7-be
     nzomorphan of boiling point 258.degree.-260.degree.C/0.05 mm Hg. are
      obtained.
PAC  EXAMPLE 21
PAR  The following can be produced as described in Example 20:
PAR  a.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-phenoxyacetoxypropoxy-(1)]-6,7-
     benzomorphan, boiling point 250.degree.-252.degree.C/0.05 mm Hg. From: the
      reacting benzomorphan of Example 20 and phenoxy acetic acid chloride.
PAR  b.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-ethoxycarboxypropoxy-(1)]-6,7-b
     enzomorphan, boiling point 214.degree.-219.degree.C/0.05 mm Hg. From: the
      reacting benzomorphan of Example 20 and chloroformic acid ethylester
PAC  EXAMPLE 22
      ##SPC21##
PAR  Hydrogen bromide is passed into a solution of 5.4g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-hydroxypropoxy-(1)]-6,7-benzomo
     rphan in 50 ccs of dry chloroform, while cooling with ice, until the
      mixture reacts acid to Congo Red. A solution of 6.8g of freshly distilled
      thionyl bromide in dry chloroform is then added dropwise and the mixture
      is stirred for a further hour under reflux and then evaporated to dryness
      in vacuo, the residue is taken up in fresh chloroform, this solution is
      evaporated to dryness in vacuo, and this operation is repeated several
      times. Finally, the evaporation residue is taken up in 50 ccs of dry
      dimethylformamide and this solution is added dropwise to a solution,
      pre-warmed to 70.degree.-80.degree.C of 6.1g of dicyclohexylamine and 2.2g
      of salicylic acid in 70 ccs of dry dimethylformamide. The mixture is
      stirred for a further 2 hours at this temperature, the dicyclohexylamine
      hydrobromide is filtered off and the filtrate is evaporated to dryness in
      vacuo. The residue is digested with a little ether, which is discarded.
      Thereafter the product which remains is partitioned between ether and
      ice-cold N/5 sodium hydroxide solution and the alkaline solution is
      purified by extraction with ether. The aqueous phase is neutralized with
      acetic acid and extracted with ether-methylene chloride (2:1). The
      extracts are dried over sodium sulphate and evaporated. The residue
      consists of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-salicyloyloxypropoxy-(1)]-6,7-b
     enzomorphan.
PAC  EXAMPLE 23
      ##SPC22##
PAR  A solution of 2.9g of N-ethoxycarbonyl-N-methylcarbamic acid chloride
      produced as described in German Patent Specification No. 1,259,871) is
      rapidly added dropwise to a solution of 5.4g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-hydroxypropoxy-(1)]-6,7-benzomo
     rphan and 2.2g of dimethylaniline in 70 ccs of absolute benzene. After the
      exothermic reaction has subsided, the mixture is stirred for 15 hours at
      50.degree.C and cooled and the organic phase is washed with sodium
      carbonate solution and water and then subjected to a steam distillation.
      The resinous residue in the flask is extracted with ether and the ether
      solution is dried over sodium sulphate and evaporated in vacuo until the
      residue is free of ether. 3.2g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-N-ethoxycarbonyl-N-methyl-carba
     moyloxypropoxy-(1)]-6,7-benzomorphan are thus obtained.
PAC  EXAMPLE 24
      ##SPC23##
PAR  3.9g of phenylisocyanate in 20 ccs of absolute benzene are added to 10.3g
      of 2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-hydroxypropoxy-(1)]-6,7-benz
     omorphan in 30 ccs of absolute benzene at room temperature. The mixture is
      stirred for 3 hours at room temperature and 3 hours under reflux and is
      evaporated in vacuo, the residue is taken up in acetone, and a solution of
      4.32g of naphthalene-1,5-disulphonic acid in acetone is added, followed by
      absolute ether. The precipitate is filtered off (melting point
      133.degree.C, with decomposition) and is partitioned between dilute sodium
      hydroxide solution and ether. The aqueous phase is additionally extracted
      3 times with ether and the combined ether phases are washed once with
      water, dried over sodium sulphate and evaporated in vacuo. The oily
      residue (10.0g) consists of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-anilinocarboxypropoxy-(1)]-6,7-
     benzomorphan.
PAC  EXAMPLE 25
PAR  The following can be produced as described in Example 24:
PAR  2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-ethylaminocarboxypropoxy-(1)]-6,
     7-benzomorphan, boiling point 220.degree.-227.degree.C/0.01 mm Hg. From:
      the reacting benzomorphan of Example 24 and ethylisocyanate
PAC  EXAMPLE 26
      ##SPC24##
PAR  10.3g of
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-hydroxypropoxy-(1)]-6,7-benzomo
     rphan are dissolved in 35 ccs of absolute benzene and 10 ccs of dry
      pyridine and 3.6g of dimethylcarbamic acid chloride in 10 ccs of absolute
      benzene are added. The mixture is stirred for a further 8 hours under
      reflux and is evaporated to dryness in vacuo, the residue is taken up in
      water and rendered alkaline with concentrated sodium hydroxide solution,
      and the mixture is extracted 5 times with ether-methylene chloride (2:1).
      The combined extracts are washed with water, dried over sodium sulphate
      and evaporated in vacuo.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-dimethylaminocarboxypropoxy-(1)
     -6,7-benzomorphan boils at 225.degree.-232.degree.C/0.01 mm Hg. The yield
      is 7.2g.
PAC  EXAMPLE 27
      ##SPC25##
PAR  28.5g of 2-cyclopropylmethyl-5-ethyl-9-methyl-2'-hydroxy-6,7-benzomorphan
      are suspended in 170 ccs of absolute methanol and a solution of 2.4g of
      sodium in absolute methanol is added. The mixture is stirred for 15 hours
      under reflux and is evaporated to dryness in vacuo and the residue is
      mixed with 230 ccs of dry dimethylformamide of which about 30 ccs are
      distilled off in vacuo. Thereafter 18.2g of acetic acid
      .gamma.-bromopropyl ester are slowly added at room temperature and the
      mixture is stirred for 2 hours at room temperature and a further 18 hours
      at 60.degree.C. Thereafter it is evaporated to dryness in vacuo, the
      residue is taken up in ice water and the mixture is rendered alkaline with
      concentrated sodium hydroxide solution and immediately extracted 5 times
      with ether-methylene chloride (2:1). The combined extracts are washed once
      with water, dried over sodium sulphate and evaporated to dryness in vacuo,
      and the residue is distilled.
      2-Cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-acetoxypropoxy-(1)]-6,7-benzomo
     rphan boils at 210.degree.-220.degree.C/0.01 mm Hg. The yield is 34.3 g.
PAC  EXAMPLE 28
      ##SPC26##
PAR  10.8g of
      2-cyclobutylmethyl-5-ethyl-9-methyl-2'-[3-hydroxy-propoxy-(1)]-6,7-benzomo
     rphan, boiling point 220.degree.-240.degree.C/0.01 mm Hg, produced by
      reduction of
      2-cyclobutylcarbonyl-5-ethyl-9-methyl-2'-[3-cyclobutylcarbonyloxypropoxy-(
     1)]-6,7-benzomorphane with lithium aluminium hydride in tetrahydrofuran,
      are stirred with 17 ccs of acetic anhydride overnight at room temperature
      and for 1 hour at 100.degree.C. After cooling, the mixture is poured into
      ice water, rendered strongly alkaline with concentrated potassium
      hydroxide solution and immediately extracted 5 times with ether. The
      combined extracts are washed once with water, dried over sodium sulphate
      and evaporated. After distillation, 6.3g of
      2-cyclobutylmethyl-5-ethyl-9-methyl-2'-[3-acetoxypropoxy-(1)]-6,7-benzomor
     phan of boiling point 190.degree.-198.degree.C/0.01 mm Hg are obtained.
PAC  EXAMPLE 29
PAR  The following can be produced as described in Example 28:
      2-Cyclobutylmethyl-5-ethyl-9-methyl-2'-[3-propionyloxypropoxy-(1)]-6,7-ben
     zomorphan, boiling point 200.degree.-220.degree.C/0.01 mm Hg. From: the
      reacting benzomorphan of Example 28 and propionic acid anhydride.
PAC  EXAMPLE 30
      ##SPC27##
PAR  a. 23.1g of 5-ethyl-9-methyl-2'-hydroxy-6,7-benzomorphan are added to a
      suspension of 16.5g of finely powdered potassium carbonate in 200 ccs of
      dry acetone and the mixture is stirred for one-half hour under reflux.
      Thereafter 18.2g of acetic acid .gamma.-bromopropyl ester are added
      dropwise over the course of 1 hour at room temperature and the mixture is
      stirred first for 3 hours at room temperature and then overnight under
      reflux. After cooling, the mixture is filtered, the filtrate is evaporated
      to dryness and the residue is distilled in vacuo.
      5-Ethyl-9-methyl-2'-[3-acetoxypropoxy-(1)]-6,7-benzomorphan boils at
      230.degree.-235.degree.C/0.05 mm Hg. The yield is 16.1g.
PAR  b. The above compound is dissolved in 50 ccs of dry acetone and 4.5g of
      sodium bicarbonate and 4.8g of cyclobutylmethyl chloride are added. The
      mixture is stirred overnight under reflux and evaporated to dryness in
      vacuo, the residue is taken up in ice water, a few ccs of concentrated
      sodium hydroxide solution are added, this mixture is extracted 5 times
      with ether and the combined extracts are washed once with water, dried
      over sodium sulphate and evaporated to dryness in vacuo. The resulting
      2-cyclobutylmethyl-5-ethyl-9-methyl-2'-[3-acetoxypropoxy-(1)]-6,7-benzomor
     phan is purified by vacuum distillation and is identical with the product
      produced as described in Example 28.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A benzomorphan of the formula
      ##SPC28##
PAL  or a pharmaceutically acceptable nontoxic salt thereof wherein
PA1  R is cyclopropylmethyl or cyclobutylmethyl;
PA1  R.sup.1 and R.sup.2 are the same or different and each is lower alkyl; and
PA1  R.sup.3 is straight- or branched-chain alkyl of 1 to 6 carbon atoms,
      straight- or branched-chain alkenyl of 2 to 6 carbon atoms or cycloalkyl
      of 3 to 6 carbon atoms unsubstituted or substituted by alkoxy of 1 to 4
      carbon atoms, alkoxycarbonyl of 1 to 4 carbon atoms in the alkoxy moiety,
      phenoxy, alkoxycarbonylamino of 1 to 4 carbon atoms in the alkoxy moiety
      or alkoxycarbonyl-alkylamino of 1 or 2 carbon atoms in the alkoxy moiety
      and 1 or 2 carbon atoms in the alkyl moiety; phenyl or pyridyl
      unsubstituted or substituted by hydroxy, alkyl of 1 or 2 carbon atoms,
      alkoxy of 1 or 2 carbon atoms or alkylamino of 1 or 2 carbon atoms;
      alkylamino of 1 or 2 carbon atoms, dialkylamino of 1 or 2 carbon atoms in
      each alkyl moiety; phenylamino; alkoxy of 1 or 2 carbon atoms;
      alkoxycarbonyl-alkylamino of 1 or 2 carbon atoms in the alkoxy moiety; or
      alkoxycarbonyl-alkylamino of 1 or 2 carbon atoms in the alkoxy moiety and
      1 or 2 carbon atoms in the alkyl moiety; and
PA1  A is alkylene or alkylidene of 2 to 7 carbon atoms.
NUM  2.
PAR  2. A compound according to claim 1 wherein
PA1  R.sup.1 and R.sup.2 are the same or different and each is methyl or ethyl.
NUM  3.
PAR  3. A compound according to claim 1 wherein
PA1  R.sup.1 and R.sup.2 are the same or different and each is methyl or ethyl;
PA1  R.sup.3 is straight-- or branched-chain alkyl of 1 to 11 carbon atoms;
      straight- or branched-chain alkenyl of 2 to 6 carbon atoms; phenyl;
      salicyl; nicotinyl; alkylamino of 1 or 2 carbon atoms; dialkylamino of 1
      or 2 carbon atoms; phenylamino; alkoxy of 1 or 2 carbon atoms or
      alkoxycarbonylalkylamino of 1 or 2 carbon atoms in the alkoxy moiety and 1
      or 2 carbon atoms in the alkyl moiety; and
PA1  A is alkylene or alkylidene of 3 to 7 carbon atoms.
NUM  4.
PAR  4. A compound according to claim 1 wherein
PA1  R.sup.1 is methyl or ethyl;
PA1  R.sup.2 is methyl;
PA1  R.sup.3 is methyl; ethyl; propyl; butyl; undecyl; ethoxymethyl;
      ethoxycarbonylethyl; allyl; decenyl; phenyl; salicyl; phenoxymethyl;
      phenylamino; nicotinyl; ethoxy; ethylamino; dimethylamino; or
      ethoxycarbonylmethylamide; and
PA1  A is propylene; butylene; pentylene; methylpropylene, dimethylethylene;
      methylbutylene; methylpentylene; or isopropylbutylene.
NUM  5.
PAR  5. A salt of a compound of claim 1 wherein the salt is selected from the
      group consisting of the hydrochloride, the sulphate, the phosphate, the
      tartrate, the citrate, and the naphthalene-1,5-disulphonate.
NUM  6.
PAR  6. A salt according to claim 5 wherein the salt is the hydrochloride or the
      naphthalene-1,5-disulphonate.
NUM  7.
PAR  7. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-acetoxypropoxy-(1)]-6,7-benzomo
     rphan or the hydrochloride or naphthalene-1,5-disulphonate thereof.
NUM  8.
PAR  8. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-propionyloxypropoxy-(1)]-6,7-be
     nzomorphan.
NUM  9.
PAR  9. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-isobutyryloxypropoxy-(1)]-6,7-b
     enzomorphan.
NUM  10.
PAR  10. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-pivaloyloxypropoxy-(1)]-6,7-ben
     zomorphan.
NUM  11.
PAR  11. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-crotonyloxypropoxy-(1)]-6,7-ben
     zomorphan.
NUM  12.
PAR  12. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-benzoyloxypropoxy-(1)]-6,7-benz
     omorphan.
NUM  13.
PAR  13. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-acetoxyisobutoxy-(1)]-6,7-benzo
     morphan.
NUM  14.
PAR  14. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-crotonyloxyisobutoxy-(1)]-6,7-b
     enzomorphan.
NUM  15.
PAR  15. The compound according to claim 1 which is
      2-cyclopropylmethyl-5,9-dimethyl-2'-[3-acetoxypropoxy-(1)]-6,7-benzomorpha
     n.
NUM  16.
PAR  16. The compound according to claim 1 which is
      2-cyclopropylmethyl-5,9-dimethyl-2'-[3-propionyloxypropoxy-(1)]-6,7-benzom
     orphan.
NUM  17.
PAR  17. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-acetoxybutoxy-(1)]-6,7-benzomor
     phan.
NUM  18.
PAR  18. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-propionyloxypropoxy-(1)]-6,7-be
     nzomorphan.
NUM  19.
PAR  19. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-isobutyryloxybutoxy-(1)]-6,7-be
     nzomorphan.
NUM  20.
PAR  20. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-[1-acetoxy-2-methylpropoxy-(2)]-6,7-b
     enzomorphan.
NUM  21.
PAR  21. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-acetoxy-2-methylbutoxy-(1)]-6,7
     -benzomorphan.
NUM  22.
PAR  22. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[4-propionyloxy-2-methylbutoxy-(1)
     ]-6,7-benzomorphan.
NUM  23.
PAR  23. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-nicotinoyloxypropoxy-(1)]-6,7-b
     enzomorphan.
NUM  24.
PAR  24. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-phenoxyacetoxypropoxy-(1)]-6,7-
     benzomorphan.
NUM  25.
PAR  25. The compound according to claim 1 which is
      2-cyclopropylmethyl-5-ethyl-9-methyl-2'-[3-N-ethoxycarbonyl-N-methyl-carba
     moyloxypropoxy-(1)]-6,7-benzomorphan.
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ABST
PAL  This disclosure describes new substituted
      1-acyl-3-[2-(4-phenyl-1-piperidinyl)ethyl]indolines which possess
      hypotensive activity.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to novel substituted
      1-acyl-3-[2-(4-phenyl-1-piperidinyl)ethyl]indolines and to methods for the
      preparation of these compounds. The novel substituted
      1-acyl-3-[2-(4-phenyl-1-piperidinyl)ethyl]indolines of the present
      invention may be represented by the following general formula:
      ##SPC1##
PAL  Wherein R.sub.1 is hydrogen or a lower alkoxy group having up to 4 carbon
      atoms; R.sub.2 is hydrogen and R.sub.1 and R.sub.2 taken together is
      methylenedioxy; R.sub.3 is a lower alkyl group having up to 4 carbon
      atoms; R.sub.4 is hydrogen or a lower alkyl group having up to 4 carbon
      atoms; R.sub.5 is hydrogen, chloro or trifluoromethyl; and the moiety
      -C.sub.3 -C.sub.4 - is a trivalent radical of the formulae:
      ##EQU1##
PAR  The substituted 1-acyl-3-[2-(4-phenyl-1-piperidinyl)-ethyl]indolines of the
      present invention are obtainable as crystalline materials having
      characteristic melting points and absorption spectra. They are appreciably
      soluble in many organic solvents such as lower alkanols, acetone, ethyl
      acetate, and the like but are generally insoluble in water. These
      compounds are organic bases and thus are capable of forming acid-addition
      salts with a variety of organic and inorganic salt-forming reagents. Thus,
      acid-addition salts, formed by admixture of the organic free base with one
      equivalent of an acid in a neutral solvent, are formed with such acids as
      sulfuric, phosphoric, hydrochloric, hydrobromic, sulfamic, citric, maleic,
      fumaric, tartaric, acetic, benzoic, gluconic, ascorbic, and related acids.
      The acid addition salts are, in general, crystalline solids relatively
      soluble in water, methanol and ethanol but are relatively insoluble in
      non-polar organic solvents such as diethyl ether, benzene, toluene and the
      like. For purposes of this invention, the free bases are equivalent to
      their non-toxic acid-addition salts.
PAR  The compounds of the present invention may be prepared as illustrated in
      the following reaction scheme:
      ##SPC2##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and the moiety -C.sub.3
      -C.sub.4 - are as defined hereinbefore. This reaction is preferably
      conducted in an inert solvent such as benzene, toluene, xylene, dioxane
      and the like at temperatures of 50.degree.-140.degree.C. although
      temperatures of 100.degree.-110.degree.C. are preferable. The preparation
      of the starting 3-(2-bromoethyl)indolines is described in U.S. Pat. No.
      3,751,416.
PAR  The novel compounds of the present invention have hypotensive activity
      which was demonstrated in the following test procedure. Conscious male
      albino Sherman strain rats averaging approximately 250 grams in weight
      were fastened to rat boards in a supine position by means of canvas vests
      and limb ties. The femoral areas were anesthetized (subcutaneous
      infiltration of lidocaine), and the left or right common iliac arteries
      were exposed and clamped off proximally by an artery clamp and distally
      with thread. Incisions were made near the tie and short nylon catheters
      were inserted and tied in place. The other end of the catheters were
      fitted with 24 gauge hubless needles attached to thick-walled polyethylene
      tubes. The test compounds were administered to the animals orally by
      gavage (stomach tube). The test compounds were ordinarily suspended or
      dissolved in 2 percent aqueous starch solution, one milliliter of which
      gave, per 100 grams of body weight, the desired dose. Mean arterial blood
      pressure was measured 4 hours after administration of the compounds.
      Comparisons were then made to the mean control pressure of 122 mm. of
      mercury which is the average of a number of controls recorded over months
      of testing. Blood pressure measurements were made with four Statham P23 Db
      strain gauges (Statham Instruments, Inc., Los Angeles, Calif.), attached
      to a Sanborn Polyviso Recorder equipped with four strain gauge
      preamplifiers with averaging circuits for measuring mean arterial
      pressure.
PAR  Table I below summarizes the activity of typical compounds of the present
      invention.
TBL                                    Table I                                 
     __________________________________________________________________________
                                      Median Arterial                          
                                      Blood Pressure                           
            Compound          No. of Rats                                      
                                      (mm. of Hg)                              
     __________________________________________________________________________
     1-Acetyl-3-[2-(3,6-dihydro-4-phenyl-1(2H)-                                
     pyridyl)ethyl]indoline   3       92                                       
     1-Acetyl-3-[2-(4-phenylpiperidino)-ethyl]-                                
     indoline                 3       87                                       
     1-Acetyl-3-{2-[4-(p-chlorophenyl)-3,6-dihydro-                            
     1(2H)-pyridyl]ethyl}indoline                                              
                              3       93                                       
     5-Acetyl-7-[2-(3,6-dihydro-4-phenyl-1(2H)-                                
     pyridyl)ethyl]-6,7-dihydro-5H-1,3-dioxolo-                                
     [4,5-f]indole            2       80                                       
     1-Acetyl-3-[2-(3,6-dihydro-4-phenyl-1(2H)-                                
     pyridyl)ethyl-5-methoxy-2-methylindoline                                  
                              2       90                                       
     5-Acetyl-6,7-dihydro-7-[2-(4-phenylpiperidino)-                           
     ethyl]-5H-1,3-dioxolo-[4,5-f]indole                                       
                              3       95                                       
     1-Acetyl-5-methoxy-2-methyl-3-[2-(4-phenyl-                               
     piperidino)ethyl]indoline                                                 
                              2       87                                       
     1-Acetyl-3-{2-[3,6-dihydro-(.alpha.,.alpha.,.alpha.-trifluoro-            
     p-tolyl)-1(2H)-pyridyl]ethyl}indoline                                     
                              3       98                                       
     1-Acetyl-3-{2-[4-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)-             
     piperidino]ethyl}indoline                                                 
                              3       96                                       
     __________________________________________________________________________
PAR  The invention will be described in greater detail in conjunction with the
      following specific examples.
DETD
PAC  EXAMPLE 1
PAC  Preparation of
      5-acetyl-6,7-dihydro-7-[2-(4-phenylpiperidino)-ethyl]-5H-1,3-dioxolo[4,5-f
     ]indole
PAR  A solution of 580 mg. (18.6 mmol) of
      5-acetyl-6,7-dihydro-7-(2-bromoethyl)-5H-1,3-dioxolo[4,5-f]indole and 600
      mg. (37.2 mmol) of 4-phenylpiperidine in 30 ml. of toluene is heated at
      reflux temperature for 18 hours. The solvent is removed, and the residue
      is extracted with diethyl ether (2 .times. 25 ml.), and the solid is
      removed by filtration. The filtrate is evaporated to give a residue that
      crystallizes on trituration with petroleum ether. The material is
      recrystallized from dilute acetone to give crystals, m.p.
      101.degree.-103.degree.C.
PAC  EXAMPLE 2
PAC  Preparation of
      1-benzyl-4-hydroxy-4-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)-piperidin
PAR  A solution of 22.5 g. (0.1 mol) of p-bromobenzotrifluoride in 50 ml. of
      ether is stirred under argon at ice-bath temperature while 50 ml. of 2M
      butyl lithium solution is added dropwise. The solution is then stirred at
      room temperature for 15 minutes, and then cooled again to 0.degree.C. A
      solution of 17.7 g. of N-benzylpiperidone in 50 ml. of ether is then added
      over 30 minutes and the reaction is stirred at room temperature for 3
      hours. The solution is poured into cracked ice-water and filtered to
      remove some solid. The filtrate is diluted with methylene chloride, and
      the organic layer is dried and evaporated. The residue is triturated with
      petroleum ether (b.p. 30.degree.-60.degree.C.), and the solid is
      collected, washed with ether and dried to give white solid, m.p.
      115.degree.-117.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of
      4-hydroxy-4-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)piperidine
PAR  A mixture of 10.0 g. (0.03 mol) of
      1-benzyl-4-hydroxy-4-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)piperidine
      and 1.0 g. of 10% Pd/C in 100 ml. of ethanol containing 2.0 ml. of acetic
      acid is shaken under hydrogen. The mixture is filtered and the filtrate is
      evaporated to give a white solid which is dissolved in 50 ml. of water and
      rendered alkaline by addition of 1N NaOH solution. Filtration gives white
      crystals, m.p. 136.degree.-138.degree.C.
PAC  EXAMPLE 4
PAC  Preparation of
      1,2,3,6-tetrahydro-4-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)-pyridine
      hydrochloride
PAR  A solution of 4.9 g. of
      4-hydroxy-4-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)piperidine in 33
      ml. of 37% hydrochloric acid solution and 66 ml. of acetic acid is stirred
      at reflux temperature for 18 hours. The solution is evaporated and the
      residue is triturated with acetone to give white crystals, m.p.
      213.degree.-215.degree.C.
PAC  EXAMPLE 5
PAC  Preparation of
      1-acetyl-3-[2-(3,6-dihydro-4-phenyl-1(2H)-pyridyl)ethyl]indoline
PAR  A mixture of 2.68 g. of 1-acetyl-3-(2-bromoethyl)-indoline, 2.00 g. of
      4-phenyl-1,2,3,6-tetrahydropyridine hydrochloride and 4.00 g. of sodium
      bicarbonate in 40 ml. of sec-butyl alcohol is stirred at reflux
      temperature for 18 hours. The cooled mixture is filtered, and the filtrate
      is evaporated. The residue is dissolved in acetone and the addition of
      water gives white crystals, m.p. 109.degree.-111.degree.C.
PAC  EXAMPLE 6
PAC  Preparation of 1-acetyl-3-[2-(4-phenylpiperidino)ethyl]indoline
PAR  In the manner described in Example 1, reaction of
      1-acetyl-3-(2-bromoethyl)indoline with 4-phenylpiperidine gives a solid
      that is recrystallized from dilute ethanol to give white crystals, m.p.
      92.degree.-93.degree.C.
PAC  EXAMPLE 7
PAC  Preparation of
      1-acetyl-3-{2-[4-(p-chlorophenyl)-3,6-dihydro-1(2H)-pyridyl]ethyl}indoline
PAR  In the manner described in Example 1, reaction of
      1-acetyl-3-(2-bromoethyl)indoline with
      4-(p-chlorophenyl)-1,2,3,6-tetrahydropyridine gives white crystals, m.p.
      116.degree.-118.degree.C., after recrystallization from dilute methanol.
PAC  EXAMPLE 8
PAC  Preparation of 5-acetyl-7-[2-(3,6-dihydro-4-phenyl-1
      (2H)-pyridyl)ethyl]-6,7-dihydro-5H-1,3-dioxolo[4,5-f]indole
PAR  In the manner described in Example 1, treatment of
      5-acetyl-7-(2-bromoethyl)-6,7-dihydro-5H-1,3-dioxolo[4,5-f]-indole with
      1,2,3,6-tetrahydro-4-phenylpyridine gives white crystals, m.p.
      90.degree.-91.degree.C., after recrystallization from dilute acetone.
PAC  EXAMPLE 9
PAC  Preparation of 1-acetyl-3-[2-(3,6-dihydro-4-phenyl-1
      (2H)-pyridyl)ethyl]-5-methoxy-2-methylindoline
PAR  In the manner described in Example 1, treatment of
      1-acetyl-3-(2-bromoethyl)-5-methoxy-2-methylindoline with
      1,2,3,6-tetrahydro-4-phenylpyridine gives white crystals, m.p.
      113.degree.-115.degree.C., after recrystallization from dilute methanol.
PAC  EXAMPLE 10
PAC  Preparation of 1-acetyl-3-[2-(4-ethyl-4-phenylpiperidino)ethyl]-indoline
PAR  In the manner described in Example 1, treatment of
      1-acetyl-3-(2-bromoethyl)indoline with 4-ethyl-4-phenylpiperidine gives an
      oil. On reaction with molar equivalent of fumaric acid, a crystalline
      fumarate results. After recrystallization from acetone-hexane it melts at
      173.degree.-178.degree.C.
PAC  EXAMPLE 11
PAC  Preparation of
      1-acetyl-5-methoxy-2-methyl-3-[2-(4-phenyl-piperidino)ethyl]indoline
PAR  In the manner described in Example 1, treatment of
      1-acetyl-3-(2-bromoethyl)-5-methoxy-2-methylindoline with
      4-phenylpiperidine gives the product as an amorphous solid.
PAC  EXAMPLE 12
PAC  Preparation of
      1-acetyl-3-{-2-[4-hydroxy-4-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)pip
     eridino]ethyl}indoline
PAR  In the manner described in Example 5, reaction of
      1-acetyl-3-(2-bromoethyl)indoline with
      4-hydroxy-4-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)piperidine gives
      white crystals, which melt at 141.degree.-143.degree.C., after
      recrystallization from dilute acetone.
PAC  EXAMPLE 13
PAC  Preparation of
      1-acetyl-3-{2-[3,6-dihydro-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)-1(2
     H)-pyridyl]ethyl}indoline
PAR  In the manner described in Example 5, treatment of
      1-acetyl-3-(2-bromoethyl)indoline with
      1,2,3,6-tetrahydro-4-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)pyridine
      gives crystals, m.p. 85.degree.-88.degree.C., after recrystallization from
      dilute acetone.
PAC  EXAMPLE 14
PAC  Preparation of
      1-acetyl-3-{2-[4-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)piperidino]eth
     yl}indoline
PAR  A mixture of 2.07 g. (5 mmol) of
      1-acetyl-3{2-[3,6-dihydro-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)-1(2H
     )-pyridyl]ethyl}indoline, 200 ml. of platinum oxide and 50 ml. of ethanol
      is shaken under hydrogen. The mixture is filtered and the filtrate is
      evaporated. The residue is triturated with petroleum ether (b.p.
      30.degree.-60.degree.C.) to give a solid that is recrystallized from
      dilute acetone to give crystals, m.p. 98.degree.-100.degree.C.
PAC  EXAMPLE 15
PAR  In the manner described in Example 1, reaction of
      5-propionyl-6-methyl-6,7-dihydro-7-(2-bromoethyl)-5H-1,3-dioxolo[4,5-f]ind
     ole with 4-phenylpiperidine, 4-(p-chlorophenyl)piperidine, or
      1,2,3,6-tetrahydro-4-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)pyridine
      provides the corresponding
      5-propionyl-6-methyl-6,7-dihydro-7-[2-(4-phenylpiperidino)
      ethyl]-5H-1,3-dioxolo[4,5-f]indole,
      5-propionyl-6-methyl-6,7-dihydro-7-{2-[4(p-chlorophenyl)piperidino]ethyl}-
     5H-1,3-dioxolo-[4,5-f]-indole, and
      5-propionyl-6-methyl-6,7-dihydro-7-{2-[3,6-dihydro-(.alpha.,.alpha.,.alpha
     .-trifluoro-p-tolyl)-1(2H)-pyridyl]ethyl}-5H-1,3-dioxolo[4,5-f]indole.
PAC  EXAMPLE 16
PAR  In the manner described in Example 5, reaction of
      1-isobutyryl-2-ethyl-3-(2-bromoethyl)-5-ethoxyindoline with
      4-phenyl-1,2,3,6-tetrahydropyridine,
      4-(p-chlorophenyl)-1,2,3,6-tetrahydropyridine, or
      4-(p-trifluoromethylphenyl)piperidine provides the corresponding
      1-isobutyryl-2-ethyl-5-ethoxy-3-[2-(4-phenyl-3,6-dihydro-1(2H)-pyridyl)eth
     yl]indoline,
      1-isobutyryl-2-ethyl-5-ethoxy-3-{2-[4-(p-chlorophenyl)-3,6-dihydro-1(2H)-p
     yridyl]ethyl} indoline, and
      1-isobutyryl-2-ethyl-5-ethoxy-3-{2-[4-(p-trifluoromethylphenyl)piperidino]
     -ethyl} indoline.
PAC  EXAMPLE 17
PAR  In the manner described in Example 14, reduction of
      1-isobutyryl-2-ethyl-5-ethoxy-3-[2-(4-phenyl-3,6-dihydro-1(2H)-pyridyl)eth
     yl]indoline and
      1-isobutyryl-2-ethyl-5-ethoxy-3-{2-[4-(p-chlorophenyl)-3,6-dihydro-1(2H)-p
     yridyl]-ethyl} indoline provides the corresponding
      1-isobutyryl-2-ethyl-5-ethoxy-3-[2-(4-phenylpiperidino)ethyl]indoline and
      1-isobutyryl-2-ethyl-5-ethoxy-3-{2-[4-(p-chlorophenyl)piperidino]ethyl}
      indoline.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from the group consisting of those of the formulae:
      ##SPC3##
PAL  wherein R.sub.1 is hydrogen or a lower alkoxy group, R.sub.2 is hydrogen
      and R.sub.1 and R.sub.2 taken together is methylenedioxy, R.sub.3 is a
      lower alkyl group, R.sub.4 is hydrogen or a lower alkyl group, and R.sub.5
      is hydrogen, chloro or trifluoromethyl; and the pharmacologically
      acceptable acid-addition salts thereof.
NUM  2.
PAR  2. The compound according to claim 1, formula (II) thereof, wherein R.sub.1
      is hydrogen, R.sub.2 is hydrogen, R.sub.3 is methyl, R.sub.4 is hydrogen,
      and R.sub.5 is hydrogen;
      1-acetyl-3-[2-(3,6-dihydro-4-phenyl-1(2H)-pyridyl)ethyl]indoline.
NUM  3.
PAR  3. The compound according to claim 1, formula (I) thereof, wherein R.sub.1
      is hydrogen, R.sub.2 is hydrogen, R.sub.3 is methyl, R.sub.4 is hydrogen,
      and R.sub.5 is hydrogen; 1-acetyl-3-[2-(4-phenylpiperidino)ethyl]indoline.
NUM  4.
PAR  4. The compound according to claim 1, formula (II) thereof, wherein R.sub.1
      is hydrogen, R.sub.2 is hydrogen, R.sub.3 is methyl, R.sub.4 is hydrogen,
      and R.sub.5 is para-chloro;
      1-acetyl-3-{2-[4-(p-chlorophenyl)-3,6-dihydro-1(2H)-pyridyl]ethyl}indoline
     .
NUM  5.
PAR  5. The compound according to claim 1, formula (II) thereof, wherein R.sub.1
      and R.sub.2 taken together is methylenedioxy, R.sub.3 is methyl, R.sub.4
      is hydrogen, and R.sub.5 is hydrogen;
      5-acetyl-7-[2-(3,6-dihydro-4-phenyl-1(2H)-pyridyl)ethyl]-6,7-dihydro-5H-1,
     3-dioxolo[4,5-f]indole.
NUM  6.
PAR  6. The compound according to claim 1, formula (II) thereof, wherein R.sub.1
      is methoxy, R.sub.2 is hydrogen, R.sub.3 is methyl, R.sub.4 is methyl, and
      R.sub.5 is hydrogen;
      1-acetyl-3-[2-(3,6-dihydro-4-phenyl-1(2H)-pyridyl)ethyl]-5-methoxy-2-methy
     lindoline.
NUM  7.
PAR  7. The compound according to claim 1, formula (I) thereof, wherein R.sub.1
      and R.sub.2 taken together is methylenedioxy, R.sub.3 is methyl, R.sub.4
      is hydrogen, and R.sub.5 is hydrogen;
      5-acetyl-6,7-dihydro-7-[2-(4-phenylpiperidino)ethyl]-5H-1,3-dioxolo-[4,5-f
     ]indole.
NUM  8.
PAR  8. The compound according to claim 1, formula (I) thereof, wherein R.sub.1
      is methoxy, R.sub.2 is hydrogen, R.sub.3 is methyl, R.sub.4 is methyl, and
      R.sub.5 is hydrogen;
      1-acetyl-5-methoxy-2-methyl-3-[2-(4-phenyl-1-piperidno)ethyl]indoline.
NUM  9.
PAR  9. The compound according to claim 1, formula (II) thereof, wherein R.sub.1
      is hydrogen, R.sub.2 is hydrogen, R.sub.3 is methyl, R.sub.4 is hydrogen,
      and R.sub.5 is para-trifluoromethyl;
      1-acetyl-3-{2-[3,6-dihydro-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)-1(2
     H)-pyridyl]-ethyl}indoline.
NUM  10.
PAR  10. The compound according to claim 1, formula (I) thereof, wherein R.sub.1
      is hydrogen, R.sub.2 is hydrogen, R.sub.3 is methyl, R.sub.4 is hydrogen,
      and R.sub.5 is para-trifluoromethyl;
      1-acetyl-3{2-[4-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)piperidino]ethy
     l}indoline.
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ABST
PAL  The compounds of the invention have the formula
      ##SPC1##
PAL  Wherein Y is a radical of the formula
      ##SPC2##
PAL  Wherein n is 1, 2, 3, 4, 5, or 6, m is 0 or 1, and R.sup.5 is hydrogen or
      alkyl of 1 to 3 carbons;
PA1  R.sup.1, r.sup.2, r.sup.3 and R.sup.4 are the same or different and are
      alkanoyl of 1 to 4 carbons; haloalkanoyl of 1 to 4 carbons; or
      alkoxycarbonyl of the formula
      ##EQU1##
      wherein R is an alkyl radical of 1 to 4 carbons; R.sup.7 and R.sup.8 are
      the same or different and are hydrogen or alkyl having 1 to 4 carbon
      atoms; and
PA1  R.sup.9 is hydrogen or a straight or branched chain alkyl radical having 1
      to 6 carbon atoms.
PAL  These compounds have been found useful in the treatment of hypertension in
      mammalian species, as surface active agents, as in vivo antibacterial
      compounds and as water softeners.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The problem of hypertension is widely prevalent and while some progress has
      been made in its treatment, there is a need for more effective compounds,
      and for compounds which have fewer side effects.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide new compounds which are
      effective in treating hypertension. A further object is to provide methods
      for the preparation of these compounds. Another object is to provide
      pharmaceutically acceptable compositions incorporating the compounds of
      the present invention. Still another object is to provide methods for the
      therapeutic administration of the compounds of the present invention.
      These and other objects of the present invention will be apparent from the
      following description.
PAC  SUMMARY OF THE INVENTION
PAR  The compounds of the invention have the formula
      ##SPC3##
PAL  Wherein
PA1  Y is a radical of the formula
      ##SPC4##
PAL  Or of the formula
      ##SPC5##
PAL  Wherein (CH.sub.2) is a straight or branched chain alkyl radical, n is 1-6,
      m is 0 or 1 and R.sup.5 may be the same or different and may be hydrogen,
      alkyl of from 1 to 3 carbon atoms,
PA1  R.sup.1, r.sup.2, r.sup.3 or R.sup.4 may be the same or different and may
      be alkanoyl of from 1 to 4 carbon atoms, haloalkanoyl of from 1 to 4
      carbons wherein the halogen may be F, Cl, Br or I; alkoxycarbonyl of the
      formula
      ##EQU2##
      wherein R is an alkyl radical of from 1 to 4 carbon atoms; R.sup.9 may be
      H or a straight or branched chain alkyl radical of 1-6 carbon atoms;
PA1  R.sup.7 and R.sup.8 may be the same or different and may be hydrogen or
      alkyl of from 1 to 4 carbons. These compounds have been found useful in
      the treatment of hypertension in mammaliam species, as surface active
      agents, as in vivo anti-bacterial compounds and as water softeners.
DETD
PAC  DETAILED DESCRIPTION
PAR  The present invention relates to cyclohexane tetrol derivatives which have
      a lowering effect on blood pressure and are useful in the treatment of
      hypertension in mammalian species, for example, rats and dogs. In
      addition, the compounds of the invention are surface active agents, have
      anti-bacterial properties in vitro and are also useful as water softeners.
      A compound of the invention as well as its physiologically acceptable acid
      addition salts may be compounded according to conventional pharmaceutical
      practice in oral or parenteral dosage forms such as tablets, capsules,
      elixirs, injectables or powders for administration in dosage levels of
      from about 50 mg to about 400 mg per day, preferably from about 100 mg to
      about 200 mg per day, in 2 to 4 divided doses.
PAR  The compounds of the present invention have the general formula
      ##SPC6##
PAR  In the foregoing formula Y may be a radical of the formula
      ##EQU3##
      or of the formula
      ##SPC7##
PAL  wherein (CH.sub.2) is a straight or branched chain alkyl radical, n is 1 to
      6, m is 0 or 1 and R.sup.5 and R.sup.6 are as previously defined. Examples
      of specific radicals for Y are the following:
      ##EQU4##
PAR  In the foregoing formula, R.sup.1, R.sup.2, R.sup.3 and R.sup.4 may be the
      same or different. Examples of specific radicals for each of R.sup.1,
      R.sup.2, R.sup.3 and R.sup.4 are the following: formyl, acetyl, propionyl,
      isopropionyl, butanoyl, isobutanoyl, or t-butanoyl; chloroacetyl,
      bromoacetyl, trifluoroacetyl, 2-bromopropionyl, 3-bromopropionyl,
      2-chloropropionyl, 3-chloropropionyl, 2,3-dibromopropionyl, or
      2,3-dichlorobutanoyl; methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,
      isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl or t-butoxycarbonyl;
PA1  R.sup.9 may be H, methyl, ethyl, propyl, i-propyl, butyl, i-butyl, t-butyl,
      amyl, neopentyl, isoamyl, 2-methylbutyl, hexyl, isohexyl, 2-methylpentyl,
      3-methylpentyl, or 2-ethylbutyl.
PAR  The compound of the present invention may be prepared by the following
      general reaction sequence wherein Y, R.sup.1, R.sup.2, R.sup.3, R.sup.4,
      R.sup.7, R.sup.8 and R.sup.9 are as previously defined, or wherein Y is an
      unsaturated precursor of Y:
      ##SPC8##
PAL  The aromatic compound of formula I is converted to the cyclohexadienyl
      compound of formula II by means of a Birch reduction. The Birch reduction
      is carried out by reacting the compound of formula I with lithium in the
      presence of liquid ammonia, a proton source such as a lower alkanol and
      ethyl ether, as known to those skilled in the art. The compound of formula
      II is converted to the tetrol of formula III by treatment with excess
      H.sub.2 O.sub.2 and formic acid, at about room temperature with cooling.
      After completion of the reaction, the mixture is rendered alkaline by
      treating with a base. The tetrol of formula III is converted to the
      compound of formula IV by treatment with the appropriate esterifying agent
      in the presence of HClO.sub.4 or pyridine, with cooling in each case.
PAR  Alternatively, a solution of substituted cyclohexadiene of formula II (0.1
      mol) is dissolved in about 150 ml of a carboxylic acid and treated in the
      cold portionwise with about 1 equivalent of a strong acid with a
      non-participating anion, i.e., one which does not open an epoxide, e.g.,
      perchloric, sulfuric or nitric. The resulting solution of the salt is
      treated at temperatures of from about 10  to about 20.degree. with at
      least about 2 equivalents of peracid corresponding to the carboxylic acid
      employed at temperatures of up to about 35.degree.-40.degree.. The mixture
      is stirred at from about 30.degree. to about 55.degree. for several hours,
      then cooled in ice and slowly diluted with ether to precipitate the salt
      of the partially acylated tetrol as an oil product. The product is washed
      with ether, cooled in a dry ice-acetone bath to about -30.degree. and
      treated with the appropriate acid anhydride followed by a small amount of
      an acid with a non-participating anion, i.e., one which does not open an
      epoxide, e.g., perchloride, sulfuric or nitric. After about 1 hour at a
      temperature of from about -30.degree. to about -15.degree., the mixture is
      held overnight at a temperature of from about -15.degree. to about
      0.degree.. Excess acylating agent is then destroyed at temperatures of
      from about -10.degree. to about 0.degree. by addition of excess methanol.
      The mixture is then poured into cold concentrated ammonia and the product
      extracted into dichloromethane, treated and freed of solvent. The product
      is then purified by recrystallization or chromatography.
PAR  The compounds of the present invention include the stereoisomers, optical
      isomers and conformers having the structural formula IV. The compounds of
      the present invention have a lowering effect on blood pressure and are
      useful in the treatment of hypertension in mammalian species, e.g., dogs
      and rats. In addition the compounds of the present invention are useful
      surface active agents, as in vitro antibacterial compounds and as water
      softeners. A compound of formula IV as well as its physiologically
      acceptable salts may be compounded according to pharmaceutical practice in
      oral or parenteral dosage form such as tablets, capsules, elixirs,
      injectables or powders for administration in quantities of from about 50
      mg to about 400 mg per day, preferably from about 100 mg to about 200 mg
      per day, in 1 dose or from 2 to 4 divided doses.
PAR  The following examples illustrate the present invention without, however,
      limiting the same thereto. All temperatures are given in degrees
      Centigrade.
PAC  EXAMPLE 1
PAC  1,2-trans-4,5-trans-1-[4-(Dimethylamino)butyl]-2-methyl-1,2,4,5-cyclohexane
     tetrol, tetraacetate ester
PAR  From 300 g (1.9 moles) of dimethylaminopropyl chloride hydrochloride there
      is obtained approximately 200 ml of free base by basifying an 800 ml
      solution with solid sodium carbonate and separating the layers. The liquid
      is dried one-half hr over sodium carbonate, 3 volumes of ether added, and
      the solution filtered.
PAR  Magnesium turnings (36 g, 1.5 moles) are placed in a 5 liter flask under
      nitrogen. Ether (100 ml) and 5 ml of methyl iodide are added and the
      ensuing reaction allowed to subside completely. Then the solution of the
      chloride is added to maintain vigorous reflux. After the addition (45 min)
      the mixture is stirred another 15 min, then treated with a solution of
      o-tolualdehyde (100 g, 0.83 moles) in 400 ml of ether at a rate to
      maintain vigorous reflux. The mixture is stirred 1 hr, then treated with
      saturated ammonium chloride until granular and additional saturated
      ammonium chloride causes only slight reflux. The salts are filtered and
      washed with ether. Evaporation gives 96 g (60%) of
      2-[(4-dimethylamino-1-hydroxy)-1-butyl]toluene, showing no carbonyl
      absorption in the ir spectrum.
PAR  The Grignard adduct (96 g, 0.5 moles) is taken up in 800 ml of glacial
      acetic acid and treated with 300 ml of concentrated HCl. The mixture is
      heated to reflux for 15 minutes, cooled and evaporated to an oil. This is
      taken up in 1 liter of water, extracted with methylene chloride, and the
      aqueous layer basified with 10% sodium hydroxide. Extraction with
      dichloromethane, drying (potassium carbonate) and evaporation gives an
      oil. This is taken up in 400 ml of ether and added to 2.5 liters of liquid
      ammonia. Then 50 g of lithium are added over 40 minutes, the mixture
      stirred three-fourth hr, and then absolute ethanol added over 2 hrs to
      discharge the blue color. The ammonia is evaporated with the aid of a
      water bath, and water and ether added with ice cooling. The aqueous layer
      is separated and reextracted with ether. The organics are dried over
      potassium carbonate and evaporated to 77 g (87%) of
      1-[(4-dimethylamino)-1-butyl]-2-methyl-3,6-dihydrobenzene.
PAR  The diene (77 g, 0.44 moles) is taken up in 1.5 liters of 88% formic acid
      and treated over 15 minutes with 100 ml of 30% hydrogen peroxide, T
      .ltoreq. 35.degree.C with cooling. The solution is stirred 16 hrs at room
      temp, 500 ml of water added, and evaporated in vacuo to an oil. This is
      dissolved in 1 liter of 95% ethanol and made strongly basic with 20%
      sodium hydroxide. This is heated on a steam cone for 1.5 hrs, cooled and
      extracted with 2.5 liters of ether. The organics are dried (magnesium
      sulfate) and evaporated, then boiled with benzene to remove water and
      allowed to cool in 1.5 liters of benzene. The supernatant is poured off
      and the 50 g residue chromatographed on 800 g Activity IV basic alumina in
      chloroform. With 2.5 liters of chloroform there are eluted 10 g of
      material. The next four fractions in 5% methanol give 38 g (34%) single
      spot (by TLC) tetrol as an oil.
PAR  A 4.5 g (0.017 mole) sample of tetrol is taken up in 100 ml of acetic
      anhydride and 2 ml of acetic acid, cooled in dry ice-acetone, and treated
      with 3 ml of 70% perchloric acid. After standing overnight at
      -15.degree.C, 60 ml of methanol are added over one-half hr with
      ice-acetone cooling. The mixture is poured into ice-ether-ammonia, the
      layers separated and the aqueous layer reextracted with ether. The
      organics are dried (magnesium sulfate) and treated with several portions
      of benzene with evaporation to dryness after each addition. The crude
      tetraacetate solidifies. The solid is taken up in 150 ml of hot hexane,
      treated with Darco, filtered hot and cooled to room temp. In 2 hrs the
      solid is filtered and dried at 60.degree.C, 0.1 mm Hg for 20 hrs, over
      P.sub.2 O.sub.5 and paraffin to give 3.7 g (50%), mp
      90.degree.-93.degree.C.
PAC  EXAMPLE 2
PAC  1,2-trans-4,5-trans-1-[4-(Dimethylamino)butyl]
      -2-methyl-1,2,4,5-cyclohexanetetrol
PAR  On standing the oily tetrol prepared in example 1 crystallizes from
      acetonitrile. A 3.5 g sample is taken up in 100 ml of methanol and 150 ml
      of hot ethyl acetate, treated with Darco, filtered and concentrated to 80
      ml on a steam cone. Cooling and seeding with tetrol gives, after 24 hrs,
      1.3 g, mp 141.degree.-143.degree.C.
PAC  EXAMPLE 3
PAC  1,2-trans-4,5-trans-1-[3-(Dimethylamino)propyl]-2-methyl-1,2,4,5-cyclohexan
     etetrol, tetraacetate ester
PAR  To 25 g (0.19 moles) of o-methyl acetophenone in a mixture of 55 ml of
      benzene and 55 ml of nitrobenzene [J. Org. Chem. 10, 259 (1945)] is added
      11 g (0.38 moles) paraformaldehyde, 16 g (0.2 moles) of dimethylamine
      hydrochloride, and 0.75 ml of concentrated hydrochloric acid. The mixture
      is heated to reflux under a temperature separator, and 6 ml of water is
      collected over 2 hrs. The clear yellow solution is cooled and the solid
      mass triturated with benzene, filtered and washed with ether to give the
      Mannich base hydrochloride, 41 g (99%).
PAR  The above solid is dissolved in 200 ml of water, extracted twice with
      dichloromethane (discard), then basified with 10% sodium hydroxide and
      extracted with 500 ml of benzene. The solution is clarified by filtering
      through a paper towel, and evaporated to 38 g of the free base, containing
      some benzene. This is taken up in 250 ml of ether and added over 5 min. to
      2.0 g of lithium aluminum hydride in 200 ml of ether. After stirring
      one-half hr the mixture is quenched with water until white, filtered and
      washed with ether, and evaporated to the oily alcohol. This is taken up in
      600 ml of glacial acetic acid, treated with 200 ml of concentrated HCl,
      and refluxed for 20 minutes. Evaporation in vacuo affords an oil which is
      dissolved in 500 ml of water and basified with 10% sodium hydroxide. The
      mixture is extracted with 500 ml of dichloromethane, benzene is added to
      the organic phase and the solution evaporated to yield 26 g (79%) of the
      unsaturated amine.
PAR  The 26 g (0.15 moles) of amine is taken up in 350 ml of ether, filtered,
      then added to 1.5 liters of liquid ammonia. Lithium ribbon (27 g, 3.9
      moles) is added over 15 min, the mixture stirred 2 hrs, then made
      colorless with absolute ethanol over 2 hrs. After the ammonia has
      evaporated overnight, water (1 liter) is added with ice cooling, and the
      mixture extracted with 1.5 liters of ether. Drying (potassium carbonate)
      and evaporation gives 22 g (83%) of
      3,6-dihydro-2-methyl-dimethylaminopropylbenzene.
PAR  The diene (22 g, 0.12 moles) in 800 ml of 97% formic acid is treated
      dropwise with 50 ml of 30% hydrogen peroxide (0.44 moles) maintaining
      T=35-40.degree.C. After standing at room temperature overnight the mixture
      is diluted to 2 liters with water and stripped to an oil in vacuo. Ethanol
      (500 ml) and enough caustic is added to basify strongly, and the mixture
      is heated for 1 hr on a steam bath. Cooling, extraction with 1.5 liters of
      ether and 0.5 liters of ethyl acetate, drying (magnesium sulfate),
      addition of benzene (300 ml) and evaporation gives 14 g of crude tetrol.
      Chromatography on 200 g of Activity IV basic alumina in chloroform (600
      ml) and then 5% methanol in chloroform brings out 5.3 g of single spot (by
      TLC) tetrol (17%).
PAR  A 2.2 g (0.009 mole) sample of tetrol in 100 ml of acetic anhydride cooling
      in a Dry Ice-acetone bath is treated with 2 ml of 70% perchloric acid,
      then allowed to come to -15.degree.C overnight. With ice-acetone cooling,
      70 ml of methanol are added over one-half hr, and the reaction poured into
      ice-ammonia and extracted with chloroform. Drying (magnesium sulfate),
      addition of benzene and evaporation gives 3.7 g (100%) crude solid
      1,2-trans-4,5-trans-1-[3-(dimethylamino)propyl]-2-methyl-1,2,4,5-cyclohexa
     netetrol, tetraacetate ester. Recrystallization with Darco treatment from
      125 ml of hexane gives, after standing at room temperature overnight, 1.8
      g, mp 110.degree.-112.degree.C, which is dried at 80.degree.C for 5 hrs
      over P.sub.2 O.sub.5 and paraffin, 0.1 mm Hg.
PAC  EXAMPLE 4
PAC  1,2-trans-4,5-trans-1-[[[2-(Dimethylamino)ethyl]methylamino]methyl]-2-methy
     l-1,2,4,5-cyclohexanetetrol,tetraacetate ester
PAR  To a solution of 25 g (0.245 moles) 93% trimethylethylenediamine in 100 ml
      pyridine stirring in an ice bath is added 38 g (0.245 moles) o-toluoyl
      chloride in 300 ml benzene. After standing at room temp for sixty hours
      the hydrochloride salt is filtered and washed with benzene. The solid is
      dissolved in water, basified with 10% sodium hydroxide and extracted with
      chloroform. The organics are dried (sodium sulfate) and evaporated. The
      sample is heated (100.degree.C) under vacuum to yield 44 g (81%)
      N-[(2-dimethylamino)ethyl]-N-methyl-o-toluamide.
PAR  The toluamide (44 g, 0.2 moles) is reduced with 8 g (0.2 moles) lithium
      aluminum hydride in 1 liter of ether to yield 40 g (97%)
      2-[[[2-(dimethylamino)ethyl]methylamino]-methyl]toluene.
PAR  A solution of the toluene amine (40 g, 0.194 moles) in 100 ml ether is
      added to 2.5 liters liquid ammonia. With stirring, 35 g (5 moles) lithium
      are added over one-half hr. This is allowed to stir for one-half hr and
      absolute ethanol added until the reaction mixture is white. The ammonia is
      evaporated. The residue is dissolved in water and extracted with ether.
      The organics are dried (potassium carbonate) and evaporated to yield 37 g
      (92%) 1-[[[2-(dimethylamino)-ethyl]methylamino]methyl]-3,6-dihydrobenzene.
PAR  This dihydrobenzene (37 g, 0.178 moles) is dissolved in 330 ml 98% formic
      acid at 0.degree.C. While stirring in an ice bath, 30.3 ml (0.338 moles)
      70% perchloric acid are added dropwise over one-half hr. The mixture is
      allowed to warm to 20.degree.C. With stirring, 44.5 ml (0.39 moles) 30%
      hydrogen peroxide are added over 1 hr (T .ltoreq. 40.degree.). The mixture
      is stirred overnight in a water bath. Water is added and the solution is
      evaporated. This procedure is repeated twice. The residue is cooled in an
      ice bath and 25% sodium hydroxide solution is added until the reaction
      solution is very basic to pH paper. Absolute ethanol (200 ml) is added and
      the solution refluxed for 1 hr, cooled to room temperature and extracted
      with ether. The organics are dried (magnesium sulfate) and evaporated. The
      aqueous layer is extracted with ethyl acetate. The organics are dried
      (magnesium sulfate) and evaporated. The two residues are combined and
      chromatographed on  550 g basic alumina, Activity III with 2 & 5% methanol
      in chloroform yielding 6.4 g (13%)
      1,2-trans-4,5-trans-1-[[[2-(dimethylamino)ethyl]methylamino]methyl]-2-meth
     yl-1,2,4,5-cyclohexane tetrol.
PAR  The tetrol (6.4 g, 0.023 moles) is peracetylated in 97 ml acetic anhydride
      and 13.2 ml 70% perchloric acid to yield 3.8 g (37%) crystalline
      tetraacetate ester.
PAR  Recrystallization of 3.8 g from hot hexane affords the analytical sample,
      3.4 g, mp 85.degree.-88.degree.C.
PAC  EXAMPLE 5
PAC  1,2-trans-4,5-trans-2-Methyl-1-[(4-methyl-1-piperazinyl)-methyl]-1,2,4,5-cy
     clohexanetetrol, tetraacetate ester
PAR  To a solution of 25 g (0.25 moles) N-methylpiperazine in 100 ml pyridine
      stirring at 0.degree.C is added a solution of 38.7 g (0.25 moles)
      o-toluoyl chloride in 300 ml toluene over 45 mins. This is allowed to
      stand overnight. The hydrochloride salt is filtered and washed with
      benzene and ether. The solid is dissolved in water, basified with 10%
      sodium hydroxide and extracted with chloroform. The organics are dried
      (sodium sulfate) and evaporated. The pyridine is distilled off using
      vacuum (T = 100.degree.C) to yield 38.2 g (70%) of
      N-methyl-N-(o-toluoyl)piperazine.
PAR  The toluoyl piperazine (38.2 g, 0.174 moles) is reduced with 7 g (0.174
      moles) lithium aluminum hydride in 1 liter of ether to give a quantitative
      yield of N-methyl-N-(o-tolyl)piperazine.
PAR  The tolyl piperazine is subjected to Birch reduction in 2.5 liters liquid
      ammonia with 35 g (5 moles) of lithium to give a quantitative yield of
      crude N-methyl-N-(3,6-dihydro-2-methylbenzyl)piperazine.
PAR  The crude diene (35.9 g, 0.174 moles) is dissolved in 320 ml 98% formic
      acid at 0.degree.C. With stirring, 29.6 ml (1.9 eg., 0.33 moles) 70%
      perchloride acid are added dropwise over one-half hr. This is allowed to
      warm to 20.degree. and 43.5 ml (2.2 eq., 0.383 moles) 30% hydrogen
      peroxide are added dropwise over 1 hr (T .ltoreq. 40.degree.C). The
      mixture is stirred overnight in a water bath. The solution is evaporated.
      Water is added and evaporated twice. The flask is cooled at 0.degree.C and
      25% sodium hydroxide solution added until reaction is very basic to pH
      paper. Absolute ethanol (200 ml) is added and the reaction refluxed for 1
      hr. The reaction is cooled to room temp and extracted with ether. The
      organics are dried (magnesium sulfate) and evaporated to yield 31 g crude
      product. The aqueous layer is extracted with ethyl acetate. These organics
      are dried and evaporated to yield 6.5 g of crude product. The crude
      products are combined and chromatographed on 600 g basic alumina, activity
      IV packed in chloroform. The sample is put on the column in 50% methanol
      in chloroform and the column eluted with 1% methanol in chloroform. The
      second fraction from the column (8.9 g) is dissolved in ether and the
      crystals filtered (1 g). The mother liquor is evaporated and peracetylated
      in 120 ml acetic anhydride and 16.3 ml 70% perchloric acid. The crude
      product is dissolved in hot hexane and after standing for 3 days 1 g
      crystalline
      1,2-trans-4,5-trans-2-methyl-1-[(4-methyl-1-piperazinyl)-methyl]-1,2,4,5-c
     yclohexanetetrol, tetraacetate ester is obtained.
PAR  Recrystallization of the tetraacetate from hot hexane-ethyl acetate affords
      the analytical sample, 0.8 g, mp 143.degree.-145.degree.C.
PAC  EXAMPLE 6
PAC  1,2-trans-4,5-trans-2-Methyl-1-[(1-Methyl-4-piperidyl)-methyl]-1,2,4,5-cycl
     ohexanetetrol
PAR  A. 4-(.alpha.-Hydroxy-2-methylbenzyl)-N-methylpiperidine
PAR  A solution of 180 g (1.06 moles) of N-methyl-4-chloropiperidine
      hydrochloride in 300 ml of water is saturated with solid potassium
      carbonate and extracted with hexane. The organics are dried over magnesium
      sulfate for 2 hours and evaporated to give 106.7 g (0.79 mole) of the
      halide free base.
PAR  A mixture of 40 g (1.67 moles) of magnesium turnings and 200 ml of fresh
      tetrahydrofuran (THF) under nitrogen is reacted with 3 ml of ethylene
      dibromide (1,2-dibromoethane). When the reaction has subsided, 150 ml of a
      solution of halide (106.7 g) in 1 l. of THF is added. The mixture is then
      heated to a vigorous reflux and held there while the remaining halide is
      added over 1 hour. After an additional 15 minutes reflux the temperature
      is allowed to come to room temperature. Then a solution of 100 g (0.84
      moles) of o-tolualdehyde in 500 ml of THF is added over one-half hour at a
      rate which maintains the mixture just under reflux. After the addition is
      complete the mixture is refluxed for 1 hour, cooled in an ice bath and
      treated with enough saturated ammonium chloride to get two layers. The
      aqueous layer is reextracted with THF and the organics evaporated without
      drying. The oily product is taken up in ether and extracted with 10%
      hydrochloric acid. The aqueous layer is basified with 10% sodium hydroxide
      and extracted twice with ether. The layers are separated and benzene is
      added to the ether to remove water azeotropically on evaporation. The
      resulting slurry is triturated with hexane to give 105 g (60%) white solid
      adduct, mp 119.degree. - 123.degree.C.
PAR  B. 4-(3,6-Dihydro-2-methylbenzyl)-N-methylpiperidine
PAR  A suspension of 21.5 g (0.1 mole) of the product from part A in 500 ml of
      liquid ammonia is treated with 60 ml of absolute ethanol, and then with 7
      g (0.1 mole) of lithium over 25 minutes. After stirring 10 minutes longer,
      30 ml of absolute ethanol is added to discharge the blue color. Ammonia is
      evaporated and enough water and ether added to dissolve all solids. The
      aqueous layer is reextracted with ether and the organics dried over
      potassium carbonate and evaporated. Hexane is added and evaporated to give
      20.1 g (100%) crude diene. A sample is converted to the hydrochloride, mp
      210.degree.  - 215.degree.C.
PAR  The crude diene (30.2 g, 0.147 moles) is dissolved in 250 ml 98% formic
      acid at 0.degree.C. With stirring and cooling in an ice bath, 38.5 ml 30%
      hydrogen peroxide are added at once. The mixture is allowed to stir
      overnight. Water and sodium bisulfite are added until the solution gives a
      negative test to starch iodide paper. The solution is evaporated. The
      residue is dissolved in water-methanol and basified with potassium
      carbonate. The mixture is heated on the steam cone for one-half hr and
      after cooling to room temperature extracted with ethyl acetate. The
      organics are dried (magnesium sulfate) and evaporated to yield 16 g
      containing some tetrol. The aqueous layer is extracted with n-butanol. The
      butanol is evaporated Benzene-ethanol is added twice and evaporated. The
      residue is boiled in methanol-ethyl acetate and some salts filtered.
      Hexane is added to the filtrate. After standing overnight, crystalline
      (6.6 g, 16%)
      1,2-trans-4,5-trans-2-methyl-1-[(1-methyl-4-piperidyl)methyl]-1,2,4,5-cycl
     ohexanetetrol is separated by filtration
PAR  Filtration of 2 g through a 50 g basic alumina, Activity IV, column in
      methanol and recrystallization from methanol-ethyl acetate affords the
      analytical sample, 1.25 g, mp 192.degree. - 195.degree..
PAC  EXAMPLE 7
PAC  1,2-trans-4,5-trans-2-Methyl-1-[(1-methyl-4-piperidyl)-methyl]-1,2,4,5-cycl
     ohexanetetrol, tetraacetate ester
PAR  A sample (4.6 g, 0.017 M) of the product of example 6 is peracetylated in
      80 ml acetic anhydride and 4.1 ml 70% perchloric acid as described in
      example 1. This gives a quantitative yield of crude crystalline,
      1,2-trans-4,5-trans-2-methyl-1-[(1-methyl-4-piperidyl)methyl]-1,2,4,5-cycl
     ohexanetetrol, tetraacetate ester.
PAR  Recrystallization of the entire sample from ethyl acetate-hexane affords
      the analytical sample, 3.2 g, mp 162.degree.-165.degree.C.
PAC  EXAMPLE 8
PAC  1,2:4,5-trans-2-Methyl-1-[2-(1-methyl-4-piperidyl)ethyl]-1,2,4,5-cyclohexan
     etetrol, tetraacetate ester
PAR  A mixture of 67 g (0.56 moles) of o-tolualdehyde, 52 g (0.56 moles) of
      .gamma. - picoline and 150 ml of acetic anhydride is refluxed under
      nitrogen for 24 hrs, then evaporated in vacuo. Water and 10% hydrochloric
      acid are added and the solution extracted with ether. The aqueous layer is
      basified with 10% sodium hydroxide and extracted with ether. Drying
      (potassium carbonate), evaporation, addition of benzene and another
      evaporation gives a black oil. Hexane (1 liter) is added, swirled
      vigorously and decanted to leave a black crystalline solid.
PAR  The above solid is taken up in 500 ml of acetonitrile and treated with 70
      ml of methyl iodide. Warming at 40.degree.C for 2 hrs, filtering, and
      washing the solid with acetonitrile gives 33 g dry orange solid, mp
      216.degree.-218.degree.C. The mother liquors are diluted with 300 ml of
      ether to give 35 g dark solid, mp 180.degree.-210.degree.C, and these
      mother liquors further evaporated to give a small amount of black solid.
      The latter two solids are combined in a mixture of 1.5 liters of methanol
      and 0.5 liters of water and treated in portions with 25 g of sodium
      borohydride, maintaining T .ltoreq. 40.degree.C. The mixture is stirred 1
      hr after the addition is complete, then diluted with 1 liter of water and
      extracted with ether. The organics are dried (potassium carbonate),
      evaporated, benzene added, and evaporated again to an oil. The oil is made
      up to 200 ml with ethyl acetate, 1.0 g of platinum oxide added, and
      hydrogenated overnight at 34 psi and 55.degree.C. The filtered solution is
      evaporated to an oil which is distilled to yield 15 g (66%), bp
      103.degree.-105.degree.C at 0.05 mm Hg. A substantial residue remains in
      the still pot.
PAR  The above amine (15 g, 0.069 moles) is subjected to Birch reduction in 1
      liter liquid ammonia with 13 g of lithium to give a quantitative yield of
      2-methyl-1-[2-(1-methyl-4-piperidyl)ethyl]-3,6-dihydrobenzene.
PAR  The diene (15 g, 0.069 moles) at 0.degree.C is dissolved in 117 ml 98%
      formic acid. While stirring at room temperature, 18 ml 30% hydrogen
      peroxide are added at once. This is allowed to stir in a water bath
      overnight. Water and sodium bisulfate are added until the solution is
      negative to starch iodide paper. The solution is evaporated. The residue
      is dissolved in methanol-water and basified with potassium carbonate. The
      mixture is heated on the steam cone for one-half hr, cooled to room
      temperature, and extracted with ether, ethyl acetate, and n-butanol. Each
      organic layer is dried separately (magnesium sulfate) and evaporated.
      Chromatography of the ethyl acetate and butanol residues (basic alumina,
      activity III, 5% methanol in chloroform) yields 9.85 g (50%) of
      1,2:4,5-trans-2-methyl-1-[2-(1-methyl-4-piperidyl)ethyl]-1,2,4,5-cyclohexa
     netetrol.
PAR  The tetrol (8 g, 0.028 moles) is peracetylated in 135 ml acetic anhydride
      and 6.8 ml 70% perchloric acid to yield 6 g (48%) tetraacetate ester.
PAR  Recrystallization of 5.5 g of the tetraacetate from ethyl acetate-hexane
      affords the analytical sample 4.6 g, mp 119.degree.-121.degree.C.
PAC  EXAMPLE 9
PAC  3a,7a-trans-5,6-trans-Hexahydro-5-(3-piperidinopropyl)-3a,5,6,7a-indantetro
     l
PAR  A. 3-(5-Indanyl)-1-propanol
PAR  A solution of 20 g (0.11 M) of 5-indanacrylic acid (Aldrich) in 100 ml of
      dioxane is added dropwise to a suspension of 10 g of lithium aluminum
      hydride in 350 ml of ether. After an overnight reflux period, the mixture
      is decomposed with saturated K.sub.2 CO.sub.3 solution, filtered, and the
      solvent removed in vacuo. Distillation affords 14.4 g (75%) of saturated
      alcohol boiling at 128.degree.-133.degree. (0.05 mm). NMR and IR indicates
      the absence of the double bond.
PAR  B. 3-(5-Indanyl)-1-bromopropane
PAR  3-(5-Indanyl)-1-propanol (14.4 g, 0.082 M) is dissolved in CHCl.sub.3,
      cooled to 0.degree.-5.degree.C, and treated dropwise with PBr.sub.3 (10
      g). The mixture is stirred, with cooling, for several hours and then
      poured into a cold dilute bicarbonate solution. The organic layer is dried
      and the solvent removed in vacuo leaving 13.0 g (66%) of crude halide. IR
      shows no OH.
PAR  C. 1-[3-(5-Indanyl)propyl]piperidine
PAR  The crude 3-(5-Indanyl)-1-bromopropane (13.0 g, 0.054 M) is dissolved in
      200 ml toluene and treated with 50 g of piperidine. The mixture is heated
      under reflux overnight, then cooled and diluted with ether to precipitate
      salts. The salts are removed by filtration and the solvent removed from
      the filtrate in vacuo. The residue is distilled collecting 8.4 g (64%) of
      desired product boiling at 135.degree.-140.degree. (0.15 mm).
PAR  D. 4,7-Dihydro-1-[3-(5-indanyl)propyl]piperidine
PAR  A solution of 15 g (0.062 M) of distilled indanyl compound from C in 150 ml
      ether is added to 800 ml liquid ammonia. Lithium ribbon (15 g) is added in
      several portions over a period of 15 minutes. The mixture is stirred 30
      minutes and then absolute ethanol is added dropwise until the color is
      discharged (225 ml added over a period of 90 minutes). The ammonia is
      evaporated, more ether is added and the mixture is diluted to 1 1/2 liters
      with water. The layers are separated and the aqueous layer extracted one
      more time with ether. The combined organic layers are dried over K.sub.2
      CO.sub.3, filtered, and the solvent removed in vacuo leaving 15.0 g of
      crude diene (UV indicates &lt;5% aromatic compound remaining).
PAR  E.
      3a,7a-trans-5,6-trans-Hexahydro-5-(3-piperidinopropyl)-3a,5,6,7a-indantetr
     ol
PAR  The crude diene (14.9 g, 0.061 M) is added dropwise to 110 ml of cold 88%
      formic acid. The solution is allowed to warm to 20.degree. and held there
      while 30 ml of 30% hydrogen peroxide are added dropwise over a period of 1
      hour. The temperature is then allowed to rise to about 35.degree. and left
      stirring overnight in a water bath at room temperature. The reaction
      mixture is then taken to near dryness in vacuo. Residual performic acid is
      removed by three times adding water and removing in vacuo. The viscous
      residue is dissolved in 100 ml ethanol, a solution of 30 g KOH in 50 ml
      water is added, and the mixture is heated under reflux for 1 hour. After
      cooling the solution is diluted to 500 ml with water. Four ether
      extractions yield 15.7 g (84%) of brown viscous material. A small amount
      of ethyl acetate is added and on standing 7.5 g (40%) of crystalline
      material is deposited. A portion of this (2.5 g) is recrystallized from
      ethyl acetate to yield 1.9 g of title compound, mp
      148.degree.-151.degree.C.
PAC  EXAMPLE 10
PAC  3a,7a-trans-5,6-trans-Hexahydro-5-(3-piperidinopropyl)-3a,5,6,7a-indantetro
     l, tetraacetate ester
PAR  A sample of the final product from example 9 is acetylated following the
      procedure of the last paragraph of example 1 to yield the title compound,
      mp 198.degree.-204.degree.C.
PAC  EXAMPLE 11
PAC  1,2-trans-4,5-trans-1-[3-(Diethylamino)propyl]-2-methyl-1,2,4,5-cyclohexane
     tetrol, tetraacetate ester
PAR  Following the procedure of example 3 but substituting for dimethylamine
      hydrochloride an equivalent amount of diethylamine hydrochloride, the
      title compound is obtained.
PAC  EXAMPLE 12
PAC  1,2-trans-4,5-trans-1-Methyl-2-(pyrrolidinyl)methyl-1,2,4,5-cyclohexanetetr
     ol, tetraacetate ester
PAR  Following the procedure of example 5 but substituting for
      N-methylpiperazine an equivalent amount of pyrrolidine, the title compound
      is obtained.
PAC  EXAMPLE 13
PAC  1,2-trans-4,5-trans-1-Methyl-2-(piperidinyl)methyl-1,2,4,5-cyclohexane
      tetrol, tetraacetate ester
PAR  Following the procedure of example 5 but substituting for
      N-methylpiperazine an equivalent amount of piperidine, the title compound
      is obtained.
PAC  EXAMPLE 14
PAC  1,2:4,5-trans-1-Methyl-2-[2-(1-methyl-2-piperidyl)ethyl]-1,2,4,5-cyclohexan
     etetrol, tetraacetate ester
PAR  Following the procedure of example 8 but substituting for .gamma.-picoline
      an equivalent amount of .alpha.-picoline, the title compound is obtained.
PAC  EXAMPLE 15
PAC  1,2-trans-4,5-trans-1[(1-Methyl-4-piperidyl)methyl]-2-methyl-1,2,4,5-cycloh
     exane tetrol, tetraacetate ester
PAR  A solution of 20 g (0.1 mole) diene prepared as described in parts A and B
      of example 6 in 144 ml glacial acetic acid at 5.degree.C is treated in
      three portions over 5 minutes with 15 g (0.105 mole) of 70% perchloric
      acid. To the solution of perchlorate at 15.degree.C is added 47.7 g (0.25
      mole) of 40% peracetic acid over 10 minutes maintaining the temperature at
      35.degree.C with an ice bath. After the addition is complete the bath is
      removed and the mixture maintained at 32.degree.C temperature for 1 hour,
      then is heated at 40.degree.-55.degree.C for 2 hours. The heat is removed
      and replaced by an ice bath. When cold (5.degree.C) the mixture is slowly
      diluted with 700 ml of ether, the oil allowed to settle, and the
      supernatant solution decanted. The oil is washed with 2 .times. 300 ml
      portions of ether, then covered with a blanket of nitrogen and cooled in a
      dry ice-acetone bath to -30.degree.C. To this is added 250 ml of cold
      (5.degree.C) acetic anhydride, followed by 2 ml of 70% perchloric acid.
      The mixture is stirred for 1 hour at -30.degree. to 0.degree. to dissolve
      all the oil, then cooled at -15.degree.C overnight without stirring.
PAR  The stirred mixture in an ice-acetone bath at -10.degree.C is treated with
      120 ml of methanol at a rate to maintain the temperature at 10.degree.C.
      After 30 minutes the temperature drops sharply as the last of the excess
      anhydride is consumed, and the mixture is poured into 500 ml of
      concentrated ammonium hydroxide cooled in an ice bath. This is then
      extracted with dichloromethane (1 l.), dried for 1 hour over magnesium
      sulfate, filtered and evaporated completely to a tan solid. Hexane (400
      ml) is added and boiled and the solid is filtered, washed with hexane, and
      dried in air to give 20 g of solid. The hexane filtrates deposit another
      1.3 g of crystalline solid.
PAR  The solids are combined and taken up in 500 ml of hot ethyl acetate cooled
      to 25.degree.C and suction filtered through a dry pad of 350 g of Woelm
      neutral alumina, activity II, layered over with Celite. The filter cake is
      washed with another 500 ml of ethyl acetate. This filtration removes all
      of the colored impurities and affords single spot (TLC, neutral alumina,
      ethyl acetate, r.sub.f .congruent. .2) tetraacetate. The ethyl acetate is
      evaporated completely, and the resulting solid swirled with 300 ml hexane,
      filtered and dried to give 14.6 g (33%) of tetraacetate, m.p.
      162.degree.-165.degree.C.
PAC  EXAMPLE 16
PAC  1,2-trans-4,5-trans-1-[1-Methyl-3-pyrrolidinylethyl]-2-methyl-1,2,4,5-cyclo
     hexanetetrol tetraacetate
PAR  A. 1-Methyl-3-(2-o-tolyl-2-hydroxyethyl)-pyrrolidine
PAR  A solution of 1.06 moles of 1-methyl-3-chloromethylpyrrolidine
      hydrochloride in 300 ml of water is saturated with solid potassium
      carbonate and extracted with hexane. The organics are dried over magnesium
      sulfate for 2 hours and evaporated to give 0.80 mole of the free base.
PAR  A mixture of 40 g (1.67 moles) of magnesium turnings and 200 ml of fresh
      THF under nitrogen is reacted with 3 ml of ethylene dibromide
      (1,2-dibromoethane). When the reaction has subsided, 150 ml of a solution
      of halide (0.80 mole) in 1 l. of THF is added. The mixture is then heated
      to a vigorous reflux and held there while the remaining halide is added
      over 1 hour. After an additional 15 minutes reflux the reaction is allowed
      to cool to room temperature. Then a solution of 100 g (0.84 moles) of
      o-tolualdehyde in 500 ml of THF is added over one-half hour at a rate
      which maintains the mixture just under reflux. After the addition is
      complete the mixture is refluxed for 1 hour, cooled in an ice bath and
      treated with enough saturated ammonium chloride to get two layers. The
      aqueous layer is reextracted with THF and the organics evaporated without
      drying. The oily product is taken up in ether and extracted with 10%
      hydrochloric acid. The aqueous layer is basified with 10% sodium hydroxide
      and extracted twice with ether. The layers are separated and benzene is
      added to the ether to remove water azeotropically on evaporation. The
      resulting slurry is triturated with hexane to give about 95 g white solid
      adduct.
PAR  B. 1-Methyl-3-[2-(3,6-dihydro-2-methylphenyl)-methyl]pyrrolidine
PAR  A suspension (0.1 mole) of the product from part A in 500 ml of liquid
      ammonia is treated with 60 ml of absolute ethanol, and then with 7 g (0.1
      mole) of lithium over 25 minutes. After stirring 10 minutes longer, 30 ml
      of absolute ethanol is added to discharge the blue color. Ammonia is
      evaporated and enough water and ether added to dissolve all solids. The
      aqueous layer is reextracted with ether and the organics dried over
      potassium carbonate and evaporated. Hexane is added and evaporated to give
      about 20 g crude diene.
PAR  C.
      1,2-trans-4,5-trans-1-[1-methyl-3-pyrrolidinyl-ethyl]2-methyl-1,2,4,5-cycl
     ohexane tetrol tetraacetate
PAR  A solution of diene (0.1 mole) from part B in 144 ml glacial acetic acid at
      5.degree.C is treated in three portions over 5 minutes with 15 g (0.105
      mole) of 70% perchloric acid. To the solution of perchlorate at
      15.degree.C is added 47.7 g (0.25 mole) of 40% peracetic acid over 10
      minutes maintaining the temperature at 35.degree.C with an ice bath. After
      the addition is complete the bath is removed and the mixture maintained at
      32.degree.C temperature for 1 hour, then is heated at
      40.degree.-55.degree.C for 2 hours. The heat is removed and replaced by an
      ice bath. When cold (5.degree.C) the mixture is slowly diluted with 700 ml
      of ether, the oil allowed to settle, and the supernatant solution
      decanted. The oil is washed with 2 .times. 300 ml portions of ether, then
      covered with a blanket of nitrogen and cooled in a dry ice-acetone bath to
      -30.degree.C. To this is added 250 ml of cold (5.degree.C) acetic
      anhydride, followed by 2 ml of 70% perchloric acid. The mixture is stirred
      for 1 hour at -30.degree.C to 0.degree.C to dissolve all the oil, then
      cooled to -15.degree.C overnight without stirring.
PAR  The stirred mixture in an ice-acetone bath at -10.degree.C is treated with
      120 ml of methanol at a rate to maintain the temperature at 10.degree.C.
      After 30 minutes the temperature drops sharply as the last of the excess
      anhydride is consumed, and the mixture is poured into 500 ml of
      concentrated ammonium hydroxide cooled in an ice bath. This is then
      extracted with dichloromethane (1 l.), dried over 1 hour over magnesium
      sulfate, filtered and evaporated completely to a tan solid. This solid is
      triturated with 400 ml of hexane, filtered, and dried in air to give about
      23 g of solid.
PAR  The solid is taken up in 500 ml of hot ethyl acetate cooled to 25.degree.C
      and suction filtered through a dry pad of 350 g of Woelm neutral alumina,
      activity II, layered over with Celite. The filter cake is washed with
      another 500 ml of ethyl acetate. This filtration removes all of the
      colored impurities and affords single spot (TLC, neutral alumina, ethyl
      acetate, r.sub.f .congruent. .2) tetraacetate. The ethyl acetate is
      evaporated completely, and the resulting solid swirled with 300 ml hexane,
      filtered and dried to give about 14.4 g (33%) of the title tetraacetate.
PAC  EXAMPLES 17 - 22
PAR  Following the procedure of example 3 but substituting for acetic-anhydride
      in the procedure described in the last paragraph of example 3, an
      equivalent amount of the anhydride listed in column I below, there is
      obtained the corresponding tetraester wherein each of R.sup.1, R.sup.2,
      R.sup.3 and R.sup.4 is as indicated in column II below:
     I                     II                                                  
     ______________________________________                                    
     17.   propionic anhydride propionyl                                       
     18.   trifluoroacetic anhydride                                           
                               trifluoroacetyl                                 
     19.   dichloroacetic anhydride                                            
                               dichloroacetyl                                  
     20.   monochloroacetic anhydride                                          
                               monochloroacetyl                                
     21.   monobromoacetic anhydride                                           
                               monobromoacetyl                                 
     22.   .beta.-iodopropionic anhydride                                      
                               .beta.-iodopropionyl                            
     ______________________________________                                    
PAC  EXAMPLE 23
PAR  A 2.3 g (0.008 mole) sample of the tetrol prepared according to the
      procedure of example 1 is dissolved in 40 ml pyridine. While cooling in an
      ice bath, acetic anhydride (1.8 ml) is added dropwise over a period of 30
      minutes. After stirring overnight at room temperature, the mixture is
      taken to dryness in vacuo. The residue is dissolved in chloroform and
      extracted two times with 5% K.sub.2 CO.sub.3 solution. The chloroform
      solution is dried over magnesium sulfate, filtered, and the chloroform is
      removed in vacuo. Benzene is added two times and removed in vacuo to free
      the sample of any residual pyridine. The products, a mixture of monoesters
      wherein R.sup.1 and R.sup.3 are acetylated, and a diester wherein both
      R.sup.1 and R.sup.3 are acetylated, are separated by column
      chromatography.
PAC  EXAMPLE 24
PAC  1,2-trans-4,5-trans-2-Methyl-1-[(1-methyl-3-pyrrolidyl)-ethyl]-1,2,4,5-cycl
     ohexanetetrol
PAR  A sample of 1-methyl-.alpha.-(2-methylphenyl)-3-pyrrolidineethanol (23 g,
      0.105 moles) is subjected to Birch reduction in 500 ml liquid ammonia with
      7 g (1 mole) of lithium to give a quantitative yield of
      3-(3,6-dihydro-2-methylphenethyl)-N-methylpyrrolidine.
PAR  A sample of the diene (21 g, 0.105 moles) at 0.degree.C is dissolved in 175
      ml of 98% formic acid with stirring. The ice bath is removed and 28 ml of
      30% hydrogen peroxide are added at once, and stirred overnight in a water
      bath. Water and sodium bisulfite are added until the solution gives a
      negative test to starch iodide paper. The solution is evaporated, water is
      added and evaporated again. The residue is dissolved in methanol, basified
      with 10% sodium hydroxide, and heated on the steam cone for one-half hour.
      After cooling, the solution is extracted with ethyl acetate and n-butanol.
      The butanol organics are dried (magnesium sulfate), evaporated and
      chromatographed (100 g basic alumina, activity IV, 5% and 10% methanol in
      chloroform) to yield 3.8 g (13%) tetrol.
PAR  A sample, 0.5 g, is dried in vacuo overnight to afford the analytical
      sample 0.45 g, mp 118.degree.-128.degree.C.
PAC  EXAMPLE 25
PAC  1,2-trans-4,5-trans-1-Methyl-2-[(1-methyl-3-pyrrolidinyl)-ethyl]-1,2,4,5-cy
     clohexanetetrol tetraacetate
PAR  A sample of the product of example 24 (2.7 g, 0.01 mole) is peracetylated
      as in example 1 to yield 3.5 g crystalline tetraacetate. Recrystallization
      from hot hexane affords the anayltical sample, mp 90.degree.-93.degree.C.
PAC  EXAMPLE 26
PAC  1,2-trans-4,5-trans-1-[4-(Dimethylamino)butyl]-2-methyl-1,2,4,5-cyclohexane
     tetrol-tetrakis(ethylcarbonate)ester
PAR  The product of example 2 (0.01 mole) is dissolved in pyridine (25 ml) in
      the cold and treated dropwise with 0.1 mole of ethylchlorocarbonate with
      stirring. After several hours the mixture is diluted with water, basified
      with ammonia, extracted into ether, dried and freed of solvent to yield
      the title compound.
PAC  EXAMPLE 27
PAC  1,2-trans-4,5-trans-2-methyl-1-[(1-methyl-4-piperidyl)-methyl]-1,2,4,5-cycl
     ohexanetetrol-tetrakis(N,N-dimethylglycinate)ester
PAR  The product of example 6 (0.01 mole) is dissolved in pyridine (25 ml) in
      the cold and treated dropwise with 0.025 equivalents of
      chloroacetylchloride and the mixture is stirred at room temperature for 3
      hours. Dimethylamine (0.2 equivalent) is added dropwise and stirred at
      room temperature for 3 hours, then warmed to 55.degree.C for 1 hour. The
      mixture is then poured into ice extracted with ether, dried and freed of
      solvent to yield the title compound.
PAC  EXAMPLE 28
PAC  1,2-trans-4,5-trans-1-[4-(Dimethylamino)butyl]-2-methyl-1,2,4,5-cyclohexane
     tetrol-tetrakis(N-methylpiperazino acetate) ester
PAR  The product of example 6 (0.01 mole) is dissolved in pyridine (25 ml) in
      the cold and treated dropwise with N-methylpiperazino acetic anhydride
      (0.2 equivalent). The mixture is stirred at room temperature for 3 hours,
      then warmed to 55.degree.C for 1 hour. The mixture is then poured into
      ice, extracted with ether, dried and freed of solvent to yield the title
      compound.
PAC  EXAMPLE 29
PAC  1,2-trans-4,5-trans-1-[4-(Dimethylamino)butyl]-2-methyl-1,2,4,5-cyclohexane
     tetrol-bis-4,5-(nicotinate)ester
PAR  The product of example 2 (0.01 mole) is dissolved in pyridine (25 ml) and
      2.2 equivalents of nicotinic anhydride are added. The mixture is stirred
      at room temperature for 3 hours, then heated for 3 hours at 55.degree.C to
      complete the reaction. The reaction mixture is cooled, diluted with water,
      extracted into ether and dried. The title product is separated from the
      4-(mono)nicotinate ester and the 5-(mono)nicotinate ester on a column of
      alumina.
PAC  EXAMPLE 30
PAC  1,2-trans-4,5-trans-2-Methyl-1-[(1-methyl-4-piperidyl)methyl]-1,2,4,5-cyclo
     hexanetetrol-bis,4,5-(isonicotinate)ester
PAR  Following the procedure of example 29 but substituting isonicotinic
      anhydride (2.2 equivalents) for nicotinic anhydride and substituting the
      product of example 6 for the product of example 2, the title compound is
      obtained.
PAC  EXAMPLE 31
PAC  1,2-trans-4,5-trans-2-Methyl-1-[(1-methyl-4-piperidyl)methyl]-1,2,4,5-cyclo
     hexanetetrol-bis-4,5-(picolinate)ester
PAR  Following the procedure of example 30 but substituting picolinic anhydride
      (2.2 equivalents) for isonicotinic anhydride, the title compound is
      obtained.
PAC  EXAMPLE 32
PAC  1,2-trans-4,5-trans-1-[4-(Dimethylamino)butyl]-2-methyl-1,2,4,5-cyclohexane
     tetrol-bis-4,5-(benzoate)ester
PAR  The product of example 2 (0.01 mole) is dissolved in pyridine (25 ml) and
      1.1 equivalents of benzoyl chloride are added. The mixture is stirred at
      room temperature for 3 hours, then diluted with water, extracted into
      ether and dried. The title product is separated from the 4-(mono)benzoate
      ester and the 5-(mono)benzoate ester on a column of alumina.
PAC  EXAMPLE 33
PAC  1,2-trans-4,5-trans-1-[4-(Dimethylamino)butyl]-2-methyl-1,2,4,5-cyclohexane
     tetrol-bis-4,5-(acryloate)ester
PAR  Following the procedure of example 32 but substituting an equivalent amount
      of acryloyl chloride for benzoyl chloride, the title compound is obtained.
PAC  EXAMPLE 34
PAC  1,2-trans-4,5-trans-1-[4-(Dimethylamino)butyl]-2-methyl-1,2,4,5-cyclohexane
     tetrol-bis-4,5-(crotonoyl)ester
PAR  Following the procedure of example 32 but substituting an equivalent amount
      of crotonoyl chloride for benzoyl chloride, the title compound is
      obtained.
PAC  EXAMPLE 35
PAC  1,2-trans-4,5-trans-1-[(1-Methyl-4-piperidyl)methyl]-1,2,4,5-cyclohexanetet
     rol-bis-4,5-(methacryloyl)ester
PAR  The product of example 6 (0.01 mole) is dissolved in pyridine (25 ml) and
      1.1 equivalents of methacryloyl chloride are added. The mixture is stirred
      at room temperature for 3 hours, then diluted with water, extracted into
      ether and dried. The title product is separated from the
      4-(mono)methacryloate ester and the 5-(mono)methacryloate ester on a
      column of alumina.
PAC  EXAMPLE 36
PAC  1,2-trans-4,5-trans-1-[(1-Methyl-4-piperidyl)methyl]-1,2,4,5-cyclohexanetet
     rol-bis-4,5-(phenacetoyl)ester
PAR  Following the procedure of example 35 but substituting an equivalent amount
      of phenacetyl chloride for acryloyl chloride, the title compound is
      obtained.
PAC  EXAMPLE 37
PAC  1,2-trans-4,5-trans-1-[4-(Dimethylamino)butyl]-2-methyl-1,2,4,5-cyclohexane
     tetrol-bis-4,5-(hydrocinnamoyl)ester
PAR  Following the procedure of example 32 but substituting an equivalent amount
      of hydrocinnamoyl anhydride for benzoyl chloride, the title compound is
      obtained.
PAC  EXAMPLE 38
PAC  1,2-trans-4,5-trans-1-[4-(Dimethylamino)butyl]-2-methyl-1,2,4,5-cyclohexane
     tetrol-bis-4,5-(phenylbutyroyl)ester
PAR  Following the procedure of example 32 but substituting an equivalent amount
      of phenylbutyroyl chloride for benzoyl chloride, the title compound is
      obtained.
PAC  EXAMPLE 39
PAR  Preparation of capsule formulation
TBL                           Milligrams                                       
     Ingredient               per Capsule                                      
     ______________________________________                                    
     1,2-trans-4,5-trans-2-Methyl-1-[(1-methyl-                                
     4-piperidyl)methyl]-1,2,4,5-cyclohexane-                                  
     tetrol, tetraacetate ester                                                
                              400                                              
     Starch                   80                                               
     Magnesium stearate       5                                                
     ______________________________________                                    
PAL  The active ingredient, starch and magnesium stearate are blended together.
      The mixture is used to fill hard shell capsules of a suitable size at a
      fill weight of 485 milligrams per capsule.
PAC  EXAMPLE 40
PAC  Preparation of tablet formulation
TBL                          Milligrams                                        
     Ingredient              per Tablet                                        
     ______________________________________                                    
     3a,7a-trans-5,6-trans-Hexahydro-5-(3-                                     
     piperidinopropyl)-3a,5,6,7a-indantetrol,                                  
     tetraacetate ester      100                                               
     Lactose                 200                                               
     Corn starch (for mix)   50                                                
     Corn starch (for paste) 50                                                
     Magnesium stearate       6                                                
     ______________________________________                                    
PAL  The active ingredient, lactose and corn starch (for mix) are blended
      together. The corn starch (for paste) is suspended in water at a ratio of
      10 grams of corn starch per 80  milliliters of water and heated with
      stirring to form a paste. This paste is then used to granulate the mixed
      powders. The wet granules are passed through a No. 8 screen and dried at
      120.degree.F. The dry granules are passed through a No. 16 screen. The
      mixture is lubricated with magnesium stearate and compressed into tablets
      in a suitable tableting machine. Each tablet contains 100 milligrams of
      active ingredient.
PAC  EXAMPLE 41
PAC  Preparation of oral syrup formulation
TBL  Ingredient               Amount                                           
     ______________________________________                                    
     1,2-trans-4,5-trans-1-[4-(Dimethylamino)-                                 
     butyl]-2-methyl-1,2,4,5-cyclohexanetetrol,                                
     tetraacetate ester       500 mg.                                          
     Sorbitol solution (70% N.F.)                                              
                              40 ml.                                           
     Sodium benzoate          150 mg.                                          
     Sucaryl                  90 mg.                                           
     Saccharin                10 mg.                                           
     Red Dye (F.D. & Co. No. 2)                                                
                              10 mg.                                           
     Cherry flavor            50 mg.                                           
     Distilled water   qs to  100 ml.                                          
     ______________________________________                                    
PAL  The sorbitol solution is added to 40 milliliters of distilled water and the
      active ingredient is suspended therein. The sucaryl, saccharin, sodium
      benzoate, flavor and dye are added and dissolved in the above solution.
      The volume is adjusted to 100 milliliters with distilled water.
PAR  Other ingredients may replace those listed in the above formulation. For
      example, a suspending agent such as bentonite magma, tragacanth,
      carboxymethylcellulose, or methylcellulose may be used. Phosphates,
      citrates or tartrates may be added as buffers. Preservatives may include
      the parabens, sorbic acid and the like and other flavors and dyes may be
      used in place of those listed above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC9##
PAL  wherein Y is a radical of the formula
      ##SPC10##
PAL  wherein A is straight-chain alkylene of the structure (CH.sub.2).sub.n
      wherein n is an integer from 1 to 6 or A is branched-chain alkylene
      selected from the group consisting of
      ##EQU5##
      m is 0 or 1, and R.sup.5 is hydrogen, or alkyl of 1 to 3 carbons; R.sup.1,
      R.sup.2, R.sup.3 and R.sup.4 are the same or different and are alkanoyl of
      1 to 4 carbons; haloalkanoyl of 1 to 4 carbons; or alkoxycarbonyl of the
      formula
      ##EQU6##
      wherein R is an alkyl radical of 1 to 4 carbons; R.sup.7 and R.sup.8 are
      the same or different and are hydrogen or alkyl having 1 to 4 carbon
      atoms; and
PA1  R.sup.9 is hydrogen or a straight or branched chain alkyl radical having 1
      to 6 carbon atoms.
NUM  2.
PAR  2. A compound of the formula
      ##SPC11##
PAL  wherein Y is a radical of the formula
      ##SPC12##
PAL  wherein A is straight-chain alkylene of the structure (CH.sub.2).sub.n
      wherein n is an integer from 1 to 6 or A is branched-chain alkylene
      selected from the group consisting of
      ##EQU7##
      R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are the same or different and are
      alkanoyl of 1 to 4 carbons or haloalkanoyl of 1 to 4 carbons;
PA1  R.sup.7 and R.sup.8 are the same or different and are hydrogen or alkyl
      having 1 to 4 carbon atoms; and
PA1  R.sup.9 is hydrogen or a straight or branched chain alkyl radical having 1
      to 6 carbon atoms.
NUM  3.
PAR  3. A compound of claim 2 wherein R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are
      alkanoyl.
NUM  4.
PAR  4. A compound of claim 3 wherein R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are
      acetyl.
NUM  5.
PAR  5. A compound of claim 4 having the name
      1,2-trans-4,5-trans-2-methyl-1-[(1-methyl-4-piperidyl)methyl]-1,2,4,5-cycl
     ohexanetetrol, tetraacetate ester.
PATN
WKU  039364666
SRC  5
APN  5667461
APT  1
ART  121
APD  19750410
TTL  3-Chloro-tetrahydro-1,3-oxazines or oxazolidines spiro substituted
ISD  19760203
NCL  3
ECL  1
EXP  Winters; Sherman D.
INVT
NAM  Bodor; Nicolae S.
CTY  Lawrence
STA  KS
INVT
NAM  Kaminski; James J.
CTY  Lawrence
STA  KS
ASSG
NAM  Interx Research Corporation
CTY  Lawrence
STA  KS
COD  02
RLAP
COD  74
APN  456744
APD  19740401
PSC  01
PNO  3897425
CLAS
OCL  26029366
XCL  260244R
XCL  260307FA
EDF  2
ICL  C07D22120
FSC  260
FSS  244 R;307 FA;293.66
UREF
PNO  3881908
ISD  19750500
NAM  Dorschner et al.
OCL  260307FA
LREP
FR2  Blitzer; Charles N.
ABST
PAL  There is provided, novel 3-chloro-tetrahydro 1,3-oxazine or oxazolidine
      compounds, exhibiting antibacterial activity and being of low chlorine
      potential of the formula:
      ##EQU1##
      WHEREIN EACH OF R.sub.1 and R.sub.2, which may be the same or different,
      represent an alkyl group of from 1 to 20 carbon atoms (C.sub.1 -C.sub.5
      being preferred); wherein each of R.sub.5 and R.sub.6, which may be the
      same or different, represent a hydrogen atom or an alkyl group of from 1
      to 20 carbon atoms (C.sub.1 -C.sub.5 being preferred); wherein l
      represents an integer of 1 or 2 and wherein each of R.sub.3 and R.sub.4,
      which may be the same or different, represent an alkyl group of from 1 to
      20 carbon atoms (C.sub.1 -C.sub.5 being preferred), a --(CH.sub.2).sub.n X
      group, wherein n represents an integer of from 1 to 20 and wherein X
      represents a dimethylamino group, a diethylamino group, a
      trimethylammonium group, a triethylammonium group, a dimethylammonium
      group, a diethylammonium group, a --COOR.sub.7 group, a --OOCR.sub.8
      group, and a --OR.sub.9 group, wherein each of R.sub.7 through R.sub.9,
      respectively, represent an alkyl group of from 1 to 5 carbon atoms or a
      benzyl group. In addition, R.sub.3 and R.sub.4 can also represent a
      ##EQU2##
       group, wherein Y represents a --(CH.sub.2).sub.n --W--(CH.sub.2).sub.m --
      group or a &gt; CH--Z group,  wherein W represents a --O-- atom, a --CH.sub.2
      -- group, a &gt; NCH.sub.3 -- group,  a &gt; NHCH.sub.3 .sup.+ group, a &gt;
      NC.sub.2 H.sub.5 group, a &gt; NHC.sub.2 H.sub.5 .sup.+ group, a &gt;
      N(CH.sub.3).sub.2 .sup.+ group, or a &gt; N(C.sub.2 H.sub.5).sub.2 .sup.+
      group,  wherein n is the same or different from m and wherein each of n
      and m represent an integer of from 0 to 2; and wherein Z is defined in
      accordance with X above.
PARN
PAR  This is a division, of application Ser. No. 456,744, filed Apr. 1, 1974,
      now U.S. Pat. No. 3,897,425.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to novel antibacterial low chlorine
      potential compounds and more specifically, the present invention is
      directed to a totally new class of such compounds, termed
      3,-chloro-tetrahydro-1,3-oxazines or oxazolidines as described
      hereinafter.
PAR  2. Description of the Prior Art
PAR  It is known in the art that certain N-chloro-2-oxazolidinones possess
      antibacterial activity. However, a review of the literature concerning
      such compounds will readily reveal that these compounds are higher
      chlorine potential compounds and as a result thereof, while such compounds
      can exhibit a sufficient antibacterial activity, their higher chlorine
      potential imparts to these compounds, a "bleach" capability. That is, due
      to their high chlorine potential, the N-chloro-2-oxazolidinones, while
      capable of controlling bacterial growth, will also tend to be more
      corrosive. Consequently, for the most part, these compounds have been
      employed as bleaching agents. See U.S. Pat. No. 3,591,601.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is readily apparent that there is a great need
      to develop suitable antibacterial agents of low chlorine potential, which
      exhibit sufficient antibacterial activity and yet, are less corrosive.
PAR  Therefore, it is one object of the present invention to develop
      antibacterial agents of low chlorine potential, which exhibit sufficient
      antibacterial activity.
PAR  It is a second object of the present invention to develop antibacterial
      agents which in addition to exhibiting sufficient antibacterial activity
      and of being of low chlorine potential, also fail to be relatively
      corrosive.
PAR  Finally, it is a third object of the present invention to develop
      antibacterial agents which meet the above criteria and yet, are
      non-persistant. That is, compounds which, in aqueous media, exhibit
      sufficient antibacterial activity over a short time span, afterwhich,
      decomposition of the compound occurs.
PAR  Accordingly, with the foregoing in mind, the present invention is directed
      to a novel class of low chlorine potential compounds, which exhibit
      antibacterial activity and are deemed non-persistant, which compounds have
      the following formula:
      ##EQU3##
      wherein each of R.sub.1 and R.sub.2, which may be the same or different,
      represent an alkyl group of from 1 to 20 carbon atoms (C.sub.1 -C.sub.5
      being preferred); wherein each of R.sub.5 and R.sub.6, which may be the
      same or different, represent a hydrogen atom or an alkyl group of from 1
      to 20 carbon atoms (C.sub.1 -C.sub.5 being preferred) wherein l represents
      an integer of 1 or 2; and wherein each of R.sub.3 and R.sub.4, which may
      be the same or different, represent an alkyl group of from 1 to 20 carbon
      atoms (C.sub.1 -C.sub.5 being preferred), a -- (CH.sub.2).sub.n X group,
      wherein n represents an integer of from 1 to 20 and wherein X represents a
      dimethylamino group, a diethylamino group, a trimethylammonium group, a
      triethylammonium group, a dimethylammonium group, a diethylammonium group,
      a --COOR.sub.7 group, a --OOCR.sub.8 group, a -- OR.sub.9 group, wherein
      each of R.sub.7 through R.sub.9, respectively, represent an alkyl group of
      from 1 to 5 carbon atoms or a benzyl group. In addition, R.sub.3 and
      R.sub.4 can also represent a
      ##EQU4##
      group, wherein Y represents a --(CH.sub.2).sub.n --W--(CH.sub.2).sub.m --
      group or a&gt; CH-Z group, wherein W represents an --O-- atom, a --CH.sub.2
      -- group, a&gt;NCH.sub.3 - group, a&gt; NHCH.sub.3.sup.+ group, a&gt; NC.sub.2
      H.sub.5 group, a&gt; NHC.sub.2 H.sub.5.sup.+ group, a&gt;
      N(CH.sub.3).sub.2.sup.+ group, or a&gt; N(C.sub.2 H.sub.5).sub.2.sup.+ group,
PAL  wherein n is the same or different from m and wherein each of n and m
      represent an integer of from 0 to 2; and wherein Z is defined in
      accordance with X above.
PAR  In the case where R.sub.5 and R.sub.6 may represent an alkyl group of from
      1 to 20 carbon atoms or a hydrogen atom, the hydrogen atom form is
      preferred. This is true even when R.sub.5 and R.sub.6 represent a carbon
      atom range of from 1 to 5.
PAR  Where feasible, applicants prefer to use the proton salt (HX salt), wherein
      X represents a pharmaceutically acceptable anion derived from a
      pharmaceutically acceptable acid addition salt of the compound, though use
      of the free base is quite acceptable. The proton salts can easily be
      prepared by simply reacting the free base compound with a pharmaceutically
      acceptable acid, such as hydrochloric acid, hydrobromic acid,
      methanesulfonic acid, and the like.
PAR  At this point, it should be emphasized that the term "antibacterial" as
      employed in this application also includes "antifungal" activity as well.
PAR  The compounds of the present invention are readily prepared by the
      synthesis procedure outlined below, wherein R.sub.1, R.sub.2, R.sub.3,
      R.sub.4, R.sub.5, R.sub.6 and l, are defined as above.
PAL  Step (1):
      ##EQU5##
      Step (2):
      ##EQU6##
      The above reaction scheme is carried out under standard temperature and
      pressure. With respect to step (1), the solvent employed is one which is
      capable of removing water from the first reaction step as it is formed.
      Without limitation, illustrative solvents capable of achieving this
      function are benzene, toluene, or xylene. As an alternative embodiment, a
      desiccant, such as magnesium sulfate or a molecular sieve can be employed
      to remove water formed during the reaction.
PAR  As for step (2), any conventional chlorinating agent can be employed and
      illustrative of such agents, suitable for applicants' purpose is NaOCl,
      Ca(OCl).sub.2, t-BuOCl, N-chlorosuccinimide and chlorine. Naturally, the
      aforementioned chlorinating agents are only illustrative of the wide
      variety of conventional chlorinating agents suitable for applicants'
      purpose and it is believed that this is understood by the skilled artisan
      concerned with the subject matter of this invention.
PAR  A better understanding of the present invention will be gained from a
      review of the following examples, which are simply illustrative and
      non-limitative thereof.
DETD
PAC  EXAMPLE I
PAL  (preparation of 3-chloro-2,2,4,4-tetramethyl-1,3-oxazolidine)
PAR  Firstly, the precursor compound (2,2,4,4-tetramethyl-1,3-oxazolidine was
      prepared. To 237 g (3.0 mole) of 2-amino-2-methyl-1-propanol, there was
      added approximately 750 ml of dry benzene containing 174 g (3.0 mole) of
      acetone.
PAR  A few crystals of para-toluenesulfonic acid were added to the reaction
      mixture and the solution was stirred under a Dean-Stark water separator at
      relux temperature. When the theoretical amount of water was collected, the
      reaction mixture was distilled at atmospheric pressure. The
      2,2,4,4-tetramethyl-1,3-oxazolidine was collected as a clear, colorless
      distillate, bp 128.degree.-130.degree.C, 220 g (1.7 mole), 57% yield.
PAR  Analysis Calculated for: C.sub.7 H.sub.15 NO: C, 65.07; H, 11.70; and N,
      10.84. Found: C, 65.34; H, 11.80; and N, 11.00.
PAR  Next, the final compound (3-chloro-2,2,4,4-tetramethyl-1,3-oxazolidine) was
      prepared from the precursor material. To 175 ml of 0.65 M sodium
      hypochlorite (0.11 mole) at 0.degree.C, there was added dropwise with
      stirring, the precursor compound obtained earlier, while the reaction
      mixture was maintained between a pH of from 4 to 6 through the use of 1M
      HCl.
PAR  After 30 minutes at 0.degree.C, the reaction mixture was extracted with
      dichloromethane and the extracts were combined and dried over anhydrous
      sodium sulfate. Following filtration, the dichloromethane was removed
      under reduced pressure and the
      3-chloro-2,2,4,4-tetramethyl-1,3-oxazolidine was isolated as a pale yellow
      liquid, bp 65.degree.-67.degree.C (12 mm), 10.1 g (0.062 mole), a 56%
      yield.
PAR  Analysis Calculated for: C.sub.7 H.sub.14 ClNO: C, 51.37; H, 8.62; N, 8.56
      and Cl, 21.7. Found: C, 51.36; H, 8.77; and Cl, 19.2.
PAR  Once the final compound was prepared, it was subjected to antibacterial and
      stability studies as described in Tables 1 and 2, set forth on the
      following pages.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     CONCENTRATION DATA                                                        
                  CONDITIONS                   GERMICIDAL ACTIVITY TIME (MIN)  
                                         POSITIVE                              
                                               BACTERIA                        
     COMPOUND     pH      :                                                    
                           DILUENT                                             
                                 COMPOUND                                      
                                        ;                                      
                                         Cl    12228                           
                                                   10536                       
                                                       10031                   
                                                           9027                
                                                              6538             
                                                                 4617          
     __________________________________________________________________________
                  0.1M NaOAc                                                   
                          :                                                    
                           H.sub.2 O                                           
                                 8.26 .times. 10.sup..sup.-3 M                 
                                        ;                                      
                                         289 ppm                               
                                               0.5 0.5 0.5 0.5                 
                                                              0.5              
                                                                 0.5           
     CH.sub.3 OCH.sub.3                                                        
                  pH 4.6         1355 ppm                                      
     .angle..angle..angle..angle.                                              
     CH.sub.3 NCH.sub.3                                                        
                  0.1M NaOAc                                                   
                          :                                                    
                           Serum 8.26 .times. 10.sup..sup.-3 M                 
                                        ;                                      
                                         289 ppm                               
                                               &gt;10 3   &gt;10 4  &gt;10              
                                                                 6             
     .vertline.   pH 4.6         1355 ppm                                      
     Cl                                                                        
                  0.1M NaH.sub.2 PO.sub.4                                      
                          :                                                    
                           H.sub.2 O                                           
                                 8.92 .times. 10.sup..sup.-3 M                 
                                        ;                                      
                                         312 ppm                               
                                               1   0.5 0.5 1  3  1             
     CH.sub.3 OCH.sub.3                                                        
                  pH 7.00        1463 ppm                                      
     .angle..angle..angle..angle.                                              
     CH.sub.3 NCH.sub.3                                                        
                  0.1M NaH.sub.2 PO.sub.4                                      
                          :                                                    
                           Serum 8.92 .times. 10.sup..sup.-3 M                 
                                        ;                                      
                                         312 ppm                               
                                               6   3   5   7  &gt;10              
                                                                 &gt;10           
     .vertline.   pH 7.00        1463 ppm                                      
     Cl                                                                        
                  0.1M Na.sub.2 B.sub.4 O.sub.7                                
                          :                                                    
                           H.sub.2 O                                           
                                 8.13 .times. 10.sup..sup.-3 M                 
                                        ;                                      
                                         285 ppm                               
                                               &gt;5  2   4   2  &gt;5 3             
     CH.sub.3 OCH.sub.3                                                        
                  pH 8.8         1333 ppm                                      
     .angle..angle..angle..angle.                                              
     CH.sub.3 NCH.sub.3                                                        
                  0.1M Na.sub.2 B.sub.4 O.sub.7                                
                          :                                                    
                           Serum 8.13 .times. 10.sup..sup.-3 M                 
                                        ;                                      
                                         285 ppm                               
                                               &gt;10 4   9   4  &gt;10              
                                                                 8             
     .vertline.   pH 8.8         1333 ppm                                      
     Cl                                                                        
     __________________________________________________________________________
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     STABILITY ANALYSIS OF 3-CHLORO-2,2,4,4-TETRAMETHYL-1,3-OXAZOLIDINE        
                CH.sub.3 OCH.sub.3                                             
                .angle..angle..angle..angle.                                   
                             .fwdarw.                                          
                CH.sub.3 NCH.sub.3                                             
                             Conditions                                        
                .vertline.                                                     
                Cl                                                             
     CONDITIONS                                                                
     Buffer   pH   T (.degree.C)                                               
                        Initial concentration of 3                             
                                       Half-life (hr.)                         
     __________________________________________________________________________
     0.1 M NaOAc                                                               
              pH 4.6                                                           
                   40   1.88 .times. 10.sup..sup.-3 M                          
                                       2.2                                     
                        2.59 .times. 10.sup..sup.-3 M                          
                                       2.2                                     
                        5.47 .times. 10.sup..sup.-3 M                          
                                       2.6                                     
     0.1 M NaH.sub.2 PO.sub.4                                                  
              pH 7.0                                                           
                   40   1.68 .times. 10.sup..sup.-3 M                          
                                       .about.70                               
                        3.05 .times. 10.sup..sup.-3 M                          
                                       .about.54                               
                        6.70 .times. 10.sup..sup.-3 M                          
                                       .about.54                               
     0.1 M Na.sub.2 B.sub.4 O.sub.7                                            
              pH 9.3                                                           
                   40   1.52 .times. 10.sup..sup.-3 M                          
                                       .about.5.0                              
                        2.49 .times. 10.sup..sup.-3 M                          
                                       .about.4.6                              
                        5.98 .times. 10.sup..sup.-3 M                          
                                       .about. 3.3                             
     H.sub.2 O          6.23 .times. 10.sup..sup.-3 M                          
                                       .about.58                               
     __________________________________________________________________________
PAC  EXAMPLE II
PAL  (preparation of
      3-chloro-2,2-[spiro-1'-methyl-4'-piperidinyl]-4,4-dimethyl-1,3-oxazolidine
      and its HX salts)
PAR  Firstly, the precursor compound,
      2,2-[spiro-1'-methyl-4'-piperidinyl]-4,4-dimethyl-1,3-oxazolidine was
      prepared. To 44.5 g (0.5 mole) of 2-amino-2-methyl-1-propanol, there was
      added approximately 400 ml of dry benzene containing 56.5 g (0.5 mole) of
      1-methyl-4-piperidone. The solution was stirred under a Dean-Stark water
      separator at reflux temperature.
PAR  When the theoretical amount of water was collected, the benzene was removed
      under reduced pressure to yield a brown oil. The precursor compound was
      collected as a clear, colorless distillate, bp 63.degree.-65.degree.C (1.2
      mm), 58.9 g (0.32 mole), 64% yield.
PAR  Next, the final compound
      3-chloro-2,2-[spiro-1'-methyl-4'-piperidinyl]-4,4-dimethyl-1,3-oxazolidine
      was prepared from the precursor material in the manner described. To 50 ml
      of 0.65 M sodium hypochlorite (0.03 mole) at 0.degree.C, there was added
      with stirring 5.52 g (0.03 mole) of the precursor compound obtained
      earlier.
PAR  After 30 minutes at 0.degree.C, the pale yellow solid was isolated by
      filtration, washed thoroughly with cold water and then dried in vacuo over
      calcium sulfate to give
      3-chloro-2,2-[spiro-1'-methyl-4'-piperidinyl]-4,4-dimethyl-1,3-oxazolidine
     , mp 46.degree.-48.degree.C, sublimation at 35.degree.C (0.5 mm); UV
      (H.sub.2 O) .lambda. max 265 nm, .epsilon.=270 M.sup..sup.-1
      cm.sup..sup.-1.
PAR  Analysis Calculated for: C.sub.10 H.sub.19 ClN.sub.2 O: C, 54.91; H, 8.76;
      N, 12.81; and Cl, 16.2. Found: C, 54.77; H, 8.90; N, 12.85; and Cl, 15.1.
PAL  Preparation of the hx salts
PAR  the methanesulfonate salt of the above-isolated compound was prepared by
      simply reacting the free base with an ethereal solution of methanesulfonic
      acid, mp 124.degree.-125.degree.C (dec).
PAR  Analysis Calculated for: C.sub.11 H.sub.23 ClN.sub.2 O.sub.4 S: C, 41.96;
      H, 7.36; N, 8.90; and Cl, 11.3. Found: C, 41.27; H, 7.41; N, 8.49; and Cl,
      10.6.
PAR  In similar fashion, the hydrochloride salt of the above-isolated compound
      was prepared as follows. To an ethereal solution containing 1.1 g (0.005
      mole), at 0.degree.C, there was added dropwise with stirring, 2 ml of 2.26
      M HCl/Et.sub.2 O, diluted to approximately 25 ml using anhydrous ether,
      (0.0045 mole). The suspension was maintained at 0.degree.C for 30 minutes
      and the white solid which formed was isolated by filtration and thoroughly
      washed with anhydrous ether under an atmosphere of nitrogen. The solid
      isolated was dried in vacuo over calcium sulfate to give the corresponding
      hydrochloride salt, mp 120.degree.-121.degree.C (dec.), 1.18 g (0.0046
      mole), 93% yield.
PAR  Analysis Calculated for: C.sub.10 H.sub.20 Cl.sub.2 N.sub.2 O: C, 47.06; H,
      7.90; N, 10.98; and Cl, 13.9. Found: C, 44.39; H, 7.56; N, 9.91; and Cl,
      13.1.
PAR  Tables 3 and 4, set forth on the following pages, illustrate the
      antibacterial activity and stability values obtained from the free-base
      and the methanesulfonate salt prepared by the procedure described in
      Example II. Tables 5 and 6, set forth on the following pages, illustrate
      the stability values determined for the hydrochloride and methanesulfonate
      salts of the free-base compound prepared by the procedure of Example II.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     ANTIBACTERIAL ACTIVITY OF 3-CHLORO-2,2-[SPIRO-1'-METHYL-4'-PIPERIDINYL]-4,
     4-DIMETHYL-1,3-OXAZOLIDINE                                                
     Conditions                             Concentration Data                 
                            Buffer/                                            
     Compound               pH        Diluent                                  
                                            Compound  Positive                 
     __________________________________________________________________________
                                                      Cl                       
                            0.1 M NaOAc                                        
                                      H.sub.2 O                                
                                            6.52 .times. 10.sup..sup.-3        
                                                      231 ppm                  
                            pH 4.6          1428 ppm                           
                            0.1 M NaOAc                                        
                                      Serum 5.69 .times. 10.sup..sup.-3        
                                                      202 ppm                  
                            pH 4.6          1246 ppm                           
                            0.5 M NaOAc                                        
                                      H.sub.2 O                                
                                            21.00 .times. 10.sup..sup.-3       
                                                      745 ppm                  
                            pH 4.6          4578 ppm                           
                            0.5 M NaOAc                                        
                                      Serum 20.50 .times. 10.sup..sup.-3       
                                                      727 ppm                  
                            pH 4.6          4469 ppm                           
                            0.5 M NaOAc                                        
                                      H.sub.2 O                                
                                            17.0 .times. 10.sup..sup.-3        
                                                      603 ppm                  
                            pH 4.6          5355 ppm                           
                            0.5 M NaOAc                                        
                                      Serum 17.0 .times. 10.sup..sup.-3        
                                                      603 ppm                  
                            pH 4.6          5355 ppm                           
                            Antibacterial Activity, Time (min.)                
     Compound               12228 10536                                        
                                       10031                                   
                                             9025 6538  4617                   
                                                            6501               
     __________________________________________________________________________
                            1     0.5  0.5  0.5   5     --  0.5                
                            &gt;10   2    7    &gt;10   &gt;10   --  3                  
                            0.5   0.5  0.5  0.5   0.5   0.5 0.5                
                            2     0.5  0.5  1     3     1   0.5                
                            0.5   0.5  0.5  0.5   1     0.5 0.5                
                            2     0.5  1    1     6     1   1                  
     __________________________________________________________________________
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     ANTIBACTERIAL ACTIVITY OF 3-CHLORO-2,2-[SPIRO-1'-METHYL-4'-PIPERIDINYL]-4,
     4-DIMETHYL-1,3-OXAZOLIDINE                                                
     Conditions                           Concentration Data                   
                            Buffer/                                            
     Compound               pH       Diluent                                   
                                          Compound Positive Cl                 
     __________________________________________________________________________
                            0.5 M NaH.sub.2 PO.sub.4                           
                                     H.sub.2 O                                 
                                          20.75 .times. 10.sup..sup.-3         
                                                   736 ppm                     
                            pH 7.0        4525 ppm                             
                            0.5 M NaH.sub.2 PO.sub.4                           
                                     Serum                                     
                                          19.88 .times. 10.sup..sup.-3         
                                                   705 ppm                     
                            pH 7.0        4334 ppm                             
                            0.5 M NaH.sub.2 PO.sub.4                           
                                     H.sub.2 O                                 
                                          19.75 .times. 10.sup..sup.-3         
                                                   700 ppm                     
                            pH 710   6221 ppm                                  
                            0.5 M NaH.sub.2 PO.sub.4                           
                                          19.13 .times. 10.sup..sup.-3         
                                                   678 ppm                     
                            pH 7.0        6026 ppm                             
                            Antibacterial Activity, Time (min.)                
     Compound               12228                                              
                                 10536                                         
                                      10031                                    
                                           9027                                
                                               6538                            
                                                   4617                        
                                                       6501                    
     __________________________________________________________________________
                            1    0.5  1    1   1   0.5 1                       
                            5    7    8    10  &gt;10 5   7                       
                            4    1    1    1   4   1   1                       
                            &gt;10  4    &gt;10  &gt;10 &gt;10 &gt;10 &gt;10                     
     __________________________________________________________________________
TBL                TABLE 5                                                     
     ______________________________________                                    
     STABILITY OF 3-CHLORO-2,2-[SPIRO-1'-METHYL-4'-PIPERIDINIUM]4,4-DIMETHYL-1,
     3-OXAZOLIDINE HYDROCHLORIDE IN THE NEAT STATE AT 40.degree.C              
     TIME(days)                                                                
               Wt. (mg).sup.a                                                  
                            V.sub.T (ml).sup.b                                 
                                        %Cl.sup.c                              
     ______________________________________                                    
     0         29.11        22.60       13.7                                   
               48.50        35.95       13.1                                   
     1         35.15        24.50       12.3                                   
               81.29        57.20       12.5                                   
     2         39.95        27.75       12.3                                   
               40.30        27.05       11.9                                   
     3         39.28        27.70       12.5                                   
               80.50        55.60       12.2                                   
     4         39.25        26.75       12.1                                   
               94.08        65.30       12.3                                   
     5         77.55        53.90       12.3                                   
               61.72        43.20       12.4                                   
     7         45.32        31.25       12.2                                   
               49.26        33.75       12.1                                   
     10        50.71        34.20       11.9                                   
               46.87        31.15       11.8                                   
     14        40.44        27.55       12.1                                   
               38.32        25.54       11.8                                   
     21        66.61        45.00       12.0                                   
               68.78        47.00       12.1                                   
     28        40.16        26.10       11.5                                   
               46.41        30.40       11.6                                   
     35        57.21        38.05       11.8                                   
               51.65        33.95       11.6                                   
     51        25.50        13.70        9.5                                   
     ______________________________________                                    
      .sup.a Weight of sample analyzed.                                        
      .sup.b Volume of 10.sup..sup.-2 N sodium thiosulfate required to titrate 
      the sample at time (T).?                                                 
      .sup.c Percentage of positive chlorine in the sample analyzed.           
TBL                TABLE 6                                                     
     ______________________________________                                    
     STABILITY OF -3-CHLORO-2,2-[SPIRO-1'-METHYL-4'-PIPERIDINIUM]1,3-OXAZOLIDIN
     E METHANESULFONATE IN THE NEAT STATE AT 40.degree.C                       
     Time (days)                                                               
               Wt. (mg).sup.a                                                  
                            V.sub.T (ml).sup.b                                 
                                        %Cl.sup. c                             
     ______________________________________                                    
     0         74.29        44.35       10.6                                   
               58.10        34.70       10.6                                   
     1         36.27        21.00       10.2                                   
               60.50        35.10       10.3                                   
     2         34.77        20.15       10.3                                   
               74.49        41.45       9.8                                    
     3         155.01       85.95       9.8                                    
               21.46        12.10       10.0                                   
     4         119.17       63.35       9.4                                    
     5         117.89       64.35       9.7                                    
               72.92        39.90       9.7                                    
     7         37.76        19.85       9.3                                    
               159.15       86.80       9.7                                    
     10        146.99       81.70       9.8                                    
     14        109.44       54.65       8.8                                    
               43.93        22.40       9.0                                    
     21        138.91       73.90       9.4                                    
     28        42.54        22.65       9.4                                    
               69.21        35.60       9.1                                    
     35        114.65       57.70       8.9                                    
               47.36        24.05       9.0                                    
     51        46.23        20.80       8.0                                    
     ______________________________________                                    
      .sup.a. Weight of sample analyzed.                                       
      .sup.b. Volume of 10.sup..sup.-2 N sodium thiosulfate required to titrate
      the sample at time (T).                                                  
      .sup.c. Percentage of positive chlorine in the sample analyzed.          
PAC  ANTIBACTERIAL ACTIVITY STUDIES
PAR  The procedure employed to determine the antibacterial activity of
      3-chloro-2,2,4,4-tetramethyl-tetrahydro-1,3-oxazolidine and
      3-chloro-2,2-[spiro-1'-methyl-4'-piperidinyl]-4,4-dimethyl-1,3-oxazolidine
      was based primarily on a modification of the serial dilution method of
      analysis. However, instead of determining the minimum inhibitory
      concentration parameters for the compound investigated, applicants
      alternatively chose to determine the bactericidal endpoint for a given
      concentration of the compound investigated. Consequently, applicants'
      studies were established to determine the time required for complete
      sterilization of the micro-organism tested, when exposed to a given
      concentration of the compound investigated.
PAR  The method and reagents employed in applicants' antibacterial studies are
      described below:
TBL                           Overnight Broth                                  
     Organism      ATCC Code  Culture(Organisms/ml                             
     ______________________________________                                    
     Staph. epidermidis                                                        
                   12228      5 .times. 10.sup.6                               
     E. coli       10536      10 .times. 10.sup.6                              
     Kleb. pneumoniae                                                          
                   10031      12 .times. 10.sup.6 - 13 .times. 10.sup.6        
     Pseud. aeruginosa                                                         
                    9027      12 .times. 10.sup.6 - 13 .times. 10.sup.6        
     Staph. aureus  6538      6 .times. 10.sup.6 - 8 .times. 10.sup.6          
     Bord. bronchiseptica                                                      
                    4617      3 .times. 10.sup.6                               
     ______________________________________                                    
PAL  Nutrient Broth B.B.L. -- 8 g/1000 ml distilled water. The broth contains 5
      g gelysate peptone and 3 g beef extract. The solution has a pH of 6.9.
      Nutrient Agar -- 23 g/1000 ml. distilled water. The nutrient contains 5 g
      gelysate peptone, 3 g beef extract and 15 g agar.
PAL  Horse Serum T.C. -- 10% horse serum solution in distilled water. The serum
      solution was freshly prepared and adjusted to a pH of 7 using carbon
      dioxide prior to its use.
PAL  Method
PAR  a stock solution of each compound identified above was prepared using an
      appropriate buffered solution.
PAR  For screening in the absence of a denaturing agent (e.g., horse serum) an
      equal volume of distilled water and the resulting solution was subjected
      to the screen.
PAR  For screening in the presence of a denaturing agent, a volume of the stock
      solution was diluted using an equal volume of 10% horse serum. When
      necessary, the final solution was adjusted to the desired pH using 1N HCl
      and the solution was permitted to stand at room temperature for thirty
      minutes prior to the screening procedure.
PAR  To 5 ml of the stock solution being evaluated, there was added 0.2 ml of an
      overnight broth culture containing the particular micro-organism being
      investigated (see above). At time intervals of 0.5, 1, 2, 3, 4, 5, . . . .
      minutes, a loop of this suspension was subcultured into 5 ml of a sterile
      nutrient broth. All the samples were then incubated at 37.degree.C for
      seven days with daily observation for evidence of bacterial growth. The
      time interval reported is for that sample in which no bacterial growth was
      observed after the incubation period.
PAR  Aside from the foregoing, several controls were also employed as described
      below.
PAL  Control 1
PAR  this control was designed basically to insure viability of the overnight
      broth culture.
PAR  To 5 ml of a sterile 0.9% sodium chloride solution, there was added 0.2 ml
      of an overnight broth culture containing the particular micro-organism
      being investigated. A loop of this suspension was subcultured into 5 ml of
      a sterile nutrient broth and incubated at 37.degree.C for seven days.
PAL  Control 2
PAR  this control was designed to insure that the dilution factor of the
      nutrient broth was beyond any bacteriostatic activity of each compound (as
      identified above) tested.
PAR  To 5 ml of a sterile nutrient broth there was added a loop of a solution of
      each compound as described above and the solution was mixed immediately.
      To this solution, there was then added a loop of an overnight broth
      culture which was diluted 25.times. with a 0.9% sodium chloride solution.
      Incubation was carried out for 7 days at a temperature of 37.degree.C.
PAL  Control 3
PAR  this control was employed to insure the bacterial growth observed was that
      due to the organism being tested, rather than contamination from a foreign
      organism.
PAR  At the same time intervals used for subculturing the test solution into
      nutrient broth during the screening procedure, a loop of the test solution
      was also subcultured onto sterile nutrient agar plates. This technique was
      useful for observing the characteristic colonial morphology of each
      organism.
PAL  Control 4
PAR  this control was used initially to insure that the pH of the solution and
      the concentration of the buffer species did not inhibit the bacterial
      growth during the time intervals used in the screening procedure.
PAR  The entire screening procedure was conducted for each buffered solution
      using the buffered solution rather than the solution of each tested
      compound in the procedure.
PAR  By following the reaction scheme as illustrated in Examples I and II, all
      the compounds of the present invention can be prepared.
PAR  While all compounds encompassed within applicants' generic formula do meet
      applicants' criteria, i.e., exhibit sufficient antibacterial and
      antifungal activity with low chlorine potential and remain non-persistant,
      still, certain compounds are preferred. These compounds are:
PA1  1. 3-chloro-2,2,4,4-tetramethyl-1,3-oxazolidine,
PA1  2. 3-chloro-2,2,4,4-tetramethyl-tetrahydro-1,3-oxazine,
PA1  3.
      3-chloro-2-methyl-2-(1-diethylamino-3-propyl)-4,4-dimethyl-1,3-oxazolidine
      or its HX salt,
PA1  4.
      3-chloro-2-methyl-2-(1-diethylamino-3-propyl)-4,4-dimethyl-tetrahydro-1,3-
     oxazine or its HX salt,
PA1  5.
      3-chloro-2,2[spiro-1'-methyl-4'-piperidinyl]-4,4-dimethyl-1,3-oxazolidine
     or its HX salt,
PA1  6. 3-chloro-2-methyl-2-(diethylaminoethyl)-4,4-dimethyl-1,3-oxazolidine or
      its HX salts,
PA1  7. 3-chloro-2-methyl-2-(diethylaminomethyl)-4,4-dimethyl-1,3-oxazolidine or
      its HX salts
PAR  These compounds are conveniently used in aqueous solution. They may be
      applied by any conventional means, e.g., spray, wipe, etc.
PAR  Although the present invention has been adequately described in the
      foregoing specification and examples included therein, it is obviously
      apparent that various changes and/or modifications can be made thereto
      without departing from the spirit and scope thereof.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A 3-chloro-tetrahydro-1,3-oxazine or oxazolidine compound of the
      formula:
      ##EQU7##
      where each of R.sub.1 and R.sub.2, which may be the same or different,
      represents alkyl of 1 to 20 carbon atoms; wherein each of R.sub.5 and
      R.sub.6, which may be the same or different, represents hydrogen or alkyl
      of 1 to 20 carbon atoms.
PAL  wherein R.sub.3 and R.sub.4 represent a
      ##EQU8##
      group, wherein Y represents a --(CH.sub.2).sub.n --W--(CH.sub.2).sub.m --
      group or a &gt;CH-Z group,
PAL  wherein W represents a member selected from the group consisting of a --O--
      atom, a --CH.sub.2 -- group, a &gt;NCH.sub.3 - group, a &gt;NHCH.sub.3.sup.+
      group, a &gt;NC.sub.2 H.sub.5 group, a
PAL  &gt;NHC.sub.2 H.sub.5.sup.+ group, a &gt;N(CH.sub.3).sub.2 group, or a &gt;N(C.sub.2
      H.sub.5).sub.2 group, wherein n is the same or different from m and
      wherein each of n and m represent an integer of from 0 to 2, and wherein Z
      is a member selected from the group consisting of a dimethylamino group, a
      diethylamino group, a trimethylammonium group, a triethylammonium group, a
      dimethylammonium group, a diethylammonium group, a --COOR.sub.7 group, a
      --OOCR.sub.8 group and a --OR.sub.9 group, wherein each of R.sub.7 through
      R.sub.9, respectively, represents an alkyl group of from 1 to 5 carbon
      atoms or a benzyl group; and wherein l represents an integer of 1 or 2.
NUM  2.
PAR  2. The compound of claim 1:
PA1  3-Chloro-2,2-[spiro-1'-methyl-4'-piperidinyl]-4,4-dimethyl-1,3-oxazolidine
      or its HX salt, wherein X represents a pharmaceutically acceptable anion.
NUM  3.
PAR  3. A compound of claim 1 wherein R.sub.1 and R.sub.2, which may be the same
      or different, represent alkyl of 1 to 5 carbon atoms and R.sub.5 and
      R.sub.6, which may be the same or different, represent hydrogen or alkyl
      or 1 to 5 carbon atoms.
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ABST
PAL  New .alpha.-(cyclic tert. aminophenyl)-aliphatic acids, e.g. those of the
      formula
      ##SPC1##
PA0  R.sub.1 = h or alkyl
PA0  R.sub.2 = h, alk(en)yl, cycloalk(en)- yl or cycloalk(en)yl-alkyl
PA0  A = hydroxylated lower alkylene
PAL  And functional derivatives thereof, are anti-inflammatory agents.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of application Ser. No. 307,698, filed Nov.
      17, 1972, which in turn is a continuation-in-part of application Ser. No.
      808,343, filed Mar. 18, 1969 (now abandoned), which in turn is a
      continuation-in-part of application Ser. No. 790,863, filed Jan. 13, 1969
      (now abandoned), which in turn is a continuation-in-part of application
      Ser. No. 757,136, filed Sept. 3, 1968 (now U.S. Pat. No. 3,657,230), which
      in turn is a continuation-in-part of application Ser. No. 716,347, filed
      Mar. 27, 1968 (now abandoned).
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns and has for its object the provision of new
      .alpha.-(cyclic tert. aminophenyl)-aliphatic acids of the Formula 1
      ##EQU1##
      in which R.sub.1 is hydrogen or lower alkyl, R.sub.2 is hydrogen, lower
      alkyl, alkenyl, cycloalkyl, cycloalkenyl, cycloalkyl-alkyl or
      cycloalkenyl-alkyl, Ph is a phenylene radical, and A is free, etherified
      or esterified mono- or dihydroxy-lower alkylene, of which the oxygen atoms
      are separated from the nitrogen atom by at least two carbon atoms, of
      therapeutically acceptable functional acid or amino derivatives thereof,
      as well as of corresponding pharmaceutical compositions and of methods for
      the preparation and application of these products, which are useful
      antiinflammatory agents in the treatment or management of arthritic and
      dermatopathologic conditions.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The lower alkyl radicals R.sub.1 or R.sub.2 represent, for example, methyl,
      ethyl, n- or i-propyl, -butyl, -pentyl, -hexyl or -heptyl. A lower alkenyl
      radical R.sub.2 is, for example, vinyl, allyl, methallyl, 3-butenyl or
      1-pentenyl. The term "lower", referred to above and hereinafter in
      connection with organic radicals or compounds respectively, defines such
      with up to 7, preferably up to 4, carbon atoms.
PAR  A cycloalkyl or cycloalkenyl radical R.sub.2 is preferably 3 to 7
      ring-membered and unsubstituted or substituted by up to 4 lower alkyls,
      such as cyclopropyl, 1- or 2-methyl-cyclopropyl, 1,2-, 2,2- or
      2,3-dimethyl-cyclopropyl, 1,2,2- or 1,2,3- trimethylcyclopropyl or
      2,2,3,3-tetramethyl-cyclopropyl, cyclobutyl, 3,3-dimethyl-cyclobutyl or
      2,2,3-trimethyl-cyclobutyl, cyclopentyl, 2-or 3-methyl-cyclopentyl, 2,5-
      or 3,4-dimethyl-cyclopentyl, cyclohexyl, 2-, 3- or 4-methyl-cyclohexyl,
      2,3-,2,4- or 3,5-dimethylcyclohexyl or 2,4,6-trimethyl-cyclohexyl or
      cycloheptyl; 2-cyclopropenyl, 2,3-dimethyl-2-cyclopropenyl, 1-, 2- or
      3-cyclopentenyl or -cyclohexenyl, 2- or 3-methyl-2-cyclopentenyl,
      3,4-dimethyl-3-cyclopentenyl or 2-, 3- or 4-methyl-1 or 2-cyclohexenyl. A
      cycloalkyl-lower alkyl or cycloalkenyl-lower alkyl radical R.sub.2 is one
      of the above-mentioned lower alkyl groups, preferably such with up to 4
      carbon atoms, having in any position thereof, preferably at the terminal
      carbon atom, one of said cycloalkyl or cycloalkenyl radicals attached,
      e.g. cyclopropylmethyl, 2-cyclopentylethyl or 3-cyclopentenylmethyl.
PAR  The phenylene radical Ph, carrying the tertiary amino group A   N-- in the
      2-, preferably 3- or especially 4-position, is unsubstituted or
      substituted in the remaining positions by one or more than one, preferably
      one or two, of the same or different substituents selected, for example,
      from lower alkyl, e.g. methyl, ethyl, n- or i-propyl or -butyl, free,
      etherified or esterified hydroxy or mercapto, such as lower alkoxy or
      lower alkylmercapto, e.g. methoxy, ethoxy, n- or i-propoxy or -butoxy,
      methylmercapto or ethylmercapto, or halogeno, e.g. fluoro, chloro, bromo
      or iodo; trifluoromethyl, nitro, amino, preferably di-lower alkylamino or
      lower alkanoylamino, e.g. dimethylamino, N-methyl-N-ethylamino,
      diethylamino, di-n- or i-propylamino or -butylamino; acetylamino or
      pivaloylamino; furthermore cyano, carbamoyl, di-lower alkylcarbamoyl,
      carboxy lower alkylsulfonyl, sulfo, sulfamoyl or di-lower alkylsulfamoyl,
      e.g. N,N-dimethylcarbamoyl or -sulfamoyl, methyl- or ethylsulfonyl. More
      particularly, the phenylene radical Ph especially represents 1,3- or
      1,4-phenylene, but also (lower alkyl)-1,3- or 1,4-phenylene, (lower
      alkoxy)-1,3- or 1,4-phenylene, mono- or di-(halogeno)-1,3- or
      1,4-phenylene, (trifluoromethyl)-1,3- or 1,4-phenylene, (nitro)-1,3- or
      1,4-phenylene, (amino)-1,3-or 1,4-phenylene or (di-lower alkylamino)-1,3-
      or 1,4-phenylene.
PAR  The cyclic tertiary amino group A   N-- is, for example, monocyclic lower
      alkyleneimino, e.g. pyrrolidino, piperidino, 1,4-pentyleneimino, 2,5- or
      1,6-hexyleneimino, 2,6- or 1,7-heptyleneimino, which is substituted by one
      or two free, etherified or esterified hydroxy groups, such as lower alkoxy
      or alkanoyloxy, e.g. methoxy, ethoxy, n- or i-propoxy or -butoxy; acetoxy,
      propionyloxy, butyryloxy or pivalyloxy groups, separated from the nitrogen
      by at least two carbons.
PAR  Therapeutioally acceptable functional derivatives of the acids of Formula I
      are preferably their esters, for example, their lower alkyl, lower
      alkenyl, 3 to 7 ring-membered cycloalkyl, cycloalkenyl, cycloalkyl-lower
      alkyl or cycloalkenyl-lower alkyl, aryl or aralkyl esters, e.g. the HPh or
      HPh-lower alkyl esters, free or etherified hydroxy-lower alkyl, e.g. lower
      alkoxy- or 3 to 7 ring-membered cycloalkoxy-lower alkyl or tert.
      amino-lower alkyl esters, of which the esterifying moiety has been
      exemplified above and if it contains hetero atoms, these are separated
      from each other and the carboxy oxygen by at least 2, preferably 2 or 3
      carbon atoms. A tertiary amino group therein is, for example, di-lower
      alkylamino or lower alkyleneimino, e.g. dimethylamino, diethylamino,
      pyrrolidino or piperidino, or monoaza-, monooxa- or monothia-lower
      alkyleneimino, such as piperazino, 4-lower alkyl-piperazino, e.g.
      4-(methyl or ethyl)-piperazino, morpholino or thiamorpholino. Other
      functional derivatives of the acids of Formula I are, for example,
      unsubstituted or substituted amides or thioamides, e.g. mono- or di-lower
      alkylamides, HPh-amides, HPh-lower alkylamides, monocyclic lower
      alkyleneamides, monoaza-, monooxa- or monothia- lower alkyleneamides,
      furthermore the corresponding thioamides, hydroxamic acids, nitriles,
      ammonium or metal salts. Amino derivatives are the N-oxide, lower alkyl-
      or HPh-lower alkyl quaternaries and acid addition salts.
PAR  The compounds of the invention possess valuable pharmacological properties.
      Besides analgesic and antifungal activity, they exhibit anti-inflammatory
      effects, as can be demonstrated in in vitro or animal tests, using for the
      latter advantageously mammals, such as mice, rats or guinea pigs as test
      objects. The former tests can be performed according to the gradient plate
      method with fungi selected, for example, from Trichophyton, Microsporum or
      Epidermophyton, e.g. T. mentagrophytes, T. rubrum or T. sinii; M. canis or
      M. gypseum; or E. floccosum. The antifungal activity can also be observed
      in vivo, e.g. according to Molinas, J. Investig. Dermatol. 25, 33(1955),
      where guinea pigs are infected on the shaven back with a homogenous agar
      suspension of a 10 day old culture of T. mentagrophytes grown on
      Sabouraud's agar. Treatment with 0.5-2% medicated solutions or ointments
      is started after 24 hours and continued once daily for 10 days. During
      this time, portions of hair and skin skales are taken from 5 different
      sites of the infected area and subcultured on Mycosel agar plates, which
      are incubated and examined for growth. The analgesic effects can be
      demonstrated, for example, according to the mouse writhing test, described
      inter alia by Siegmund et al. Proc. Soc. Exp. Biol. & Med. 95, 729 (1957)
      at oral doses between about 50 and 200 mg/kg/day. Anti-inflammatory
      activity can be shown, for example, according to Winter et al, Proc. Soc.
      Exp. Biol. & Med. 111, 544 (1962). There, the compounds of the invention
      are applied, in the form of aqueous solutions or suspensions, which may
      contain carboxymethyl-cellulose or polyethylene glycol as solubilizers, by
      stomach tube to male and female mature rats, in the dosage range between
      about 0.1 and 75 mg/kg/day, preferably between about 0.5 and 50 mg/kg/day,
      advantageously between about 1 and 25 mg/kg/day. About 1 hour later 0.06
      ml of a 1% aqueous saline suspension of carrageenin is injected into the
      rat's left hind paw and 3-4 hours subsequently any anti-inflammatory
      activity can be expressed by the difference of the volume and/or weight of
      the edematous left paw and that of the right paw, as compared with said
      difference estimated from untreated control animals. According to the
      adjuvant arthritis test, male rats are sensitized with 0.05 ml of said 1%
      carrageenin suspension, applied under ether anesthesia to all four paws.
      After 24 hours 0.1 ml of a 1% suspension of M. butyricum in mineral oil is
      injected intradermally into the tail and 7 days later the compounds of the
      invention are applied as shown above for a 14 day period. The rats are
      weighed once weekly and the secondary arthritic lesions scored 3 times a
      week as to number and severity. The results obtained are compared with
      those of untreated arthritic rats. In view of the test results obtained,
      the compounds of the invention are useful analgesic, antifungal and
      especially antiinflammatory agents in the treatment or management of
      arthritic and dermatopathologic conditions. They are also useful
      intermediates in the preparation of other valuable products, preferably of
      pharmacologically active compounds.
PAR  Preferred compounds of the invention are those of Formula I in which:
PA0  a. R.sub.1 is hydrogen or lower alkyl, R.sub.2 is hydrogen, lower alkyl or
      lower alkenyl, Ph is unsubstituted phenylene or phenylene substituted by
      one or two members selected from the group consisting of lower alkyl,
      hydroxy, mercapto, lower alkoxy, lower alkyl-mercapto, halogeno,
      trifluoromethyl, nitro, amino, di-lower alkylamino, lower alkanoylamino,
      cyano, carbamoyl, di-lower alkyl-carbamoyl, carboxy, lower alkylsulfonyl,
      sulfo, sulfamoyl or di-lower alkyl-sulfamoyl and A is alkylene,
      substituted by one or two members selected from hydroxy, lower alkoxy or
      lower alkanoyloxy separated from the nitrogen by at least 2 carbons;
PA0  b. R.sub.1, Ph and A   N-- have the meaning given under item (a) and
      R.sub.2 is 3 to 7 ring-membered cycloalkyl, cycloalkenyl, cycloalkyl-
      lower alkyl or cycloalkenyl-lower alkyl, or a lower alkyl ester, lower
      alkenyl ester, 3 to 7 ring-membered cycloalkyl ester, cycloalkenyl ester,
      cycloalkyl-lower alkyl ester, cycloalkenyl- lower alkyl ester, HPh-ester,
      HPh-lower alkyl ester, hydroxy- lower alkyl ester, lower alkoxy-lower
      alkyl ester, di-lower alkylamino-lower alkyl ester, lower
      alkyleneimino-lower alkyl ester, monoaza-, -oxa- or -thia-lower
      alkyleneimino-lower alkyl ester or A   N--lower alkyl ester in which
      esters 2 hetero atoms are separated from each other by at least 2 carbon
      atoms, the amide, thioamide, a mono- or di-lower alkylamide, mono- or
      di-lower alkyl-thioamide, lower alkyleneamide, lower alkylenethioamide,
      HPh-amide, HPh-thioamide, HPh-lower alkylamide, HPh-lower alkylthioamide,
      morpholide, thiamorpholide or hydroxamic acid, the N-oxide, a lower alkyl
      quaternary, HPh-lower alkyl quaternary or a therapeutically useful salt of
      the compounds listed under items (a) or (b).
PAR  Particularly useful are the compounds of Formula I, in which:
PA0  c. R.sub.1 is hydrogen, R.sub.2 is hydrogen or lower alkyl, Ph is 1,3- or
      1,4-phenylene, (lower alkyl)-1,3- or 1,4-phenylene, (lower alkoxy)-1,3- or
      1,4-phenylene, (lower alkylmercapto)-1,3- or 1,4-phenylene, mono- or
      di-(halogeno)-1,3- or 1,4-phenylene, (trifluoromethyl)-1,3- or
      1,4-phenylene, (nitro)-1,3- or 1,4phenylene, (amino)-1,3- or 1,4-phenylene
      or (di-lower alkylamino)-1,3- or 1,4-phenylene, the group A   N-- is mono-
      or di-(hydroxy- or lower alkanoyloxy)-alkyleneimino, wherein the oxygen
      atom is separated from the nitrogen atom by at least two carbon atoms,
PA0  R.sub.1, ph and A   N-- have the meaning given under item (c) and R.sub.2
      is 3 to 7 ring-membered cycloalkyl or cycloalkyl-lower alkyl, or a lower
      alkyl ester, the amide, a mono- or di-lower alkylamide, the N-oxide, an
      alkali metal or alkaline earth metal salt or a therapeutically useful acid
      addition salt of the compounds listed under items (c) and (d).
PAR  Outstanding compounds of the invention are those of Formula II
      ##SPC2##
PAL  in which:
PA0  e. R.sub.3 is hydrogen or alkyl with up to 4 carbon atoms, R.sub.4 is
      hydrogen, alkyl or alkoxy with up to 4 carbon atoms, halogeno or
      trifluoromethyl, each of n and m is an integer from 1 to 3 and the sum m +
      n is 3 to 6 or
PA0  f. R.sub.4, m and n have the meaning given under item (e) and R.sub.3 is 3
      to 4 ring-membered lower cycloalkyl or cycloalkylmethyl, or the methyl,
      ethyl, n- or i-propyl or -butyl ester, the sodium or potassium salt or a
      therapeutically useful acid addition salt of the compounds listed under
      items (e) and (f).
PAR  Especially valuable are compounds of the Formula II, in which:
PA0  g. R.sub.3 is hydrogen, methyl or ethyl and R.sub.4 is hydrogen or chloro,
      m is the integer 1 or 2, n is the integer 2 or 3 and m + n is 4,
PA0  h. R.sub.4, m and n have the meaning given under item (g) and R.sub.3 is
      cyclopropyl or cyclopropylmethyl; or the methyl or ethyl ester, the sodium
      or potassium salt or a therapeutically useful acid addition salt of the
      compounds listed under items (g) and (h).
PAR  The most preferred embodiments of the present invention are the compounds
      of Formula II, wherein:
PA0  i. R.sub.3 is hydrogen or methyl, R.sub.4 is hydrogen or chloro, m = 1, n =
      3.
PA0  j. R.sub.3 is hydrogen or methyl, R.sub.4 is hydrogen or chloro, m = 2, n =
      2; or the methyl or ethyl ester, the sodium or potassium salt or a
      therapeutically useful acid addition salt of the compounds listed under
      items (i) and (j).
PAR  The compounds of this invention are prepared according to methods known per
      se. For example, they are obtained by:
PA0  a. converting in a compound of the Formula III
      ##EQU2##
       in which X.sub.1 is a substituent capable of being converted into the
      free or functionally converted
      ##EQU3##
      moiety, X.sub.1 into said acid group or b. converting in a compound of
      Formula IV
      ##EQU4##
       or a functional derivative thereof, in which X.sub.2 is a substituent
      capable of being converted into A   N--, X.sub.2 into said cyclic tert.
      amino group and, if desired, converting any resulting compound into
      another compound of the invention.
PAR  According to process (a), the compounds of the invention are prepared
      either by (.alpha.) introduction of the whole free or functionally
      converted acid moiety
      ##EQU5##
      or any part thereof (preferably the carboxylic function), into compounds
      of Formula III, or by .beta.) liberation of said acid moiety from a
      suitable group containing already the required number of carbon atoms,
      i.e. the liberation of a potential carboxy or alkylidene moiety.
PAR  Accordingly, the simplest substituent X.sub.1 is a hydrogen atom, a
      metallic group or a reactively esterified hydroxy group. The former is,
      for example, an alkali metal, e.g. a lithium atom, or a substituted
      alkaline earth metal, zinc or cadmium atom, such as halomagnesium or lower
      alkyl zinc or cadmium, e.g. chloro-, bromo-or iodomagnesium, methyl or
      ethyl zinc or cadmium. A reactively esterified hydroxy group is preferably
      such derived from a strong mineral or sulfonic acid, such as a hydrohalic,
      sulfuric, lower alkane or benzene sulfonic acid, e.g. hydrochloric,
      hydrobromic, methane-, ethane-, benzene- or p-toluenesulfonic acid. The
      corresponding starting material of Formula III is reacted with the acid
      having the formula
      ##EQU6##
      or a suitable derivative, e.g. a corresponding salt, ester, amide or
      nitrile thereof, in which formulae one of X.sub.1 and Y.sub.1 is the
      above-described metallic group and the other said reactively esterified
      hydroxy group, or X.sub.1 is hydrogen and Y.sub.1 is a free or reactively
      esterified hydroxy group. Such reaction is performed according to the
      classical Grignard or Friedel-Crafts syntheses, in which a new
      carbon-carbon bond is formed from separate reactants. The latter synthesis
      is performed in the presence of a Lewis acid, such as an aluminum, boron,
      antimony V, ferric or zinc salt, e.g. the chlorides thereof, or
      hydrofluoric, sulfuric or preferably polyphosphoric acid, which latter
      agent is advantageously used with the above glycolic acids or their
      derivatives, i.e. those in which Y.sub.1 is hydroxy. In case X.sub.1 is a
      hydrogen atom and Ph contains a free or functionally converted
      .gamma.-carboxy-2-alkenyloxy group in the ortho or para position thereto,
      such allyl ether starting material, e.g. that of the formula A
      N--Ph--O--CH.sub.2 -CH=CH--COOR.sub.1, can be rearranged according to the
      Claisen (Cope) rearrangement procedure, for example, by heating it up to
      about 300.degree. or less, to yield compounds of Formula I in which
      R.sub.2 is lower alkenyl and Ph contains a hydroxy group ortho or para to
      the acid moiety, or functional acid derivatives, e.g. esters or lactones,
      thereof.
PAR  the substituent X.sub.1 in Formula III is also the group
      ##EQU7##
      in which Y.sub.2 is a metallic group, e.g. such mentioned above, an
      ammonium group, such as tri-lower alkylammonium or di-lower
      alkyl-aralkylammonium, e.g. trimethylammonium or dimethylbenzylammonium,
      or a free or reactively converted, such as esterified, etherified or
      salified, hydroxy group, e.g. such esterified as mentioned above, or
      etherified with a lower alkanol or aralkanol, or salified with an alkali
      or alkaline earth metal, e.g. sodium, potassium or calcium. Such metal
      compound, ester, ether or alcoholate of Formula III is reacted with a
      reactive derivative of carbonic or formic acid, whereby both reactants at
      most contain one metal atom. The metal or Grignard compound can be reacted
      with any suitable, metal free carbonic or formic acid derivative,
      advantageously carbon dioxide or disulfide, but also a corresponding
      carbonate or haloformate, e.g. diethyl carbonate or thiocarbonate; ethyl
      or propyl orthocarbonate; ethyl, tert. butyl, allyl, 2-methoxyethyl,
      3-chloropropyl, phenyl or benzyl chloroformate; cyanogen or carbamoyl
      halides, e.g. cyanogen bromide or diethylcarbamoyl chloride. The starting
      material, in which Y.sub.2 is an ammonium or free or reactively converted
      hydroxy group, is advantageously reacted with a metal cyanide, e.g. sodium
      or potassium cyanide, and that in which Y.sub.2 is free, esterified or
      salified hydroxy, or the dehydrated unsaturated derivative thereof
      (wherein X.sub.1 is a corresponding 1-alkenyl group) can also be reacted
      with carbon monoxide. The latter may be applied under neutral, basic or
      acidic conditions respectively, e.g. in the presence of sulfuric acid,
      under high pressure and/or temperature, e.g. up to 400.degree. at and
      300.degree., advantageously in the presence of heavy metal catalysts, e.g.
      nickel or cobalt salts or carbonyl derivatives thereof. The carbon
      monoxide may also be generated from appropriate sources, such as formic
      acid and high boiling mineral acids, e.g. sulfuric or phosphoric acid.
PAR  Another substituent X.sub.1 is the group
      ##EQU8##
      wherein Y.sub.3 is a substituent convertible into a free or functionally
      converted carboxy group. The conversion of Y.sub.3 into the latter group
      can be performed either by oxidation or rearrangement. In the former case
      Y.sub.3 is, for example, methyl, hydroxymethyl, borylmethyl,
      hydroxyiminomethyl, formyl, lower 1-alkenyl or 1-alkynyl, lower
      1,2-dihydroxyalkyl or acyl, such as lower alkanoyl, alkenoyl, free or
      esterified carboxycarbonyl. In the corresponding starting material of
      Formula III, containing said potential carboxy function, Y.sub.3 is
      transformed into free or functionally converted carboxy according to
      standard oxidation methods, for example, with the use of air or pure
      oxygen, preferably in the presence of catalysts, such as silver,
      manganese, iron or cobalt catalysts, or with oxidation agents, e.g.
      hydrogen peroxide or nitric oxides, oxidizing acids or their salts, such
      as hypohalous, periodic, nitric or percarboxylic acids or suitable salts
      thereof, e.g. sodium hypochlorite or periodate, peracetic, perbenzoic or
      monoperphthalic acid, heavy metal salts or oxides, such as alkali metal
      chromates or permanganates; chromic or cupric salts, e.g. halides or
      sulfates thereof, or silver, mercuric, vanadium V, chromium VI or
      manganese IV oxide, in acidic or alkaline media respectively. In said
      oxidations, for which starting materials are chosen, in which A   N- is
      less sensitive to oxidation than Y.sub.3, e.g. aromatic bicyclic
      alkenyleneimino, usually the free carboxylic acids of Formula I, or salts
      thereof, are obtained. However, by subjecting, for example, a
      hydroxyiminomethyl compound (oxime) to Beckmann rearrangement, e.g.
      treatment with sulfuric acid, p-toluenesulfonyl chloride or phosphorus
      pentachloride, or to oxidation, e.g. with hydrogen peroxide or any of said
      percarboxylic acids, or reacting the corresponding formyl or acyl compound
      (aldehyde or ketone) with hydrazoic acid according to the Schmidt
      reaction, e.g. in the presence of sulfuric acid, or the aldehyde with a
      sulfonyl- or nitro-hydroxamate, a nitrile, amide or hydroxamic acid will
      be formed respectively. A starting material in which Y.sub.3 is free or
      esterified carboxycarbonyl, e.g. lower carbalkoxycarbonyl, can be
      converted into the acid of Formula I either by oxidation, e.g. with
      hydrogen peroxide in acidic media, such as mineral acids, or by
      decarbonylation, which preferably is carried out by pyrolysis,
      advantageously in the presence of copper or glass powder.
PAR  Finally, the substituent X.sub.1 in Formula III may be such a moiety, which
      primarily is capable of liberating the required alkylidene group
      ##EQU9##
      Such moiety is, for example, the free or functionally converted group
      ##EQU10##
      wherein each of Y.sub.4 or Y.sub.5 are convertible into R.sub.1 and/or
      R.sub.2 respectively, for example, by reduction, decarboxylation,
      deacylation or desulfurization. For example, Y.sub.4 is a free or
      reactively esterified or etherified hydroxy or mercapto group as mentioned
      above, e.g. hydroxy, mercapto, chloro, bromo, iodo, benzyloxy or
      benzylmercapto and Y.sub.5 a lower alkylidene, cycloalkylidene,
      cycloalkyl-alkylidene, oxo or thiono group. The corresponding starting
      material, or the quaternary o- or p-quinonmethides thereof, obtainable by
      splitting off Y.sub.4 H from said compounds of Formula III, in which at
      least one of R.sub.1 and R.sub.2 is hydrogen, e.g. with the use of strong
      mineral acids or alkalis, can be reduced either with catalytically
      activated or nascent hydrogen, such as hydrogen in the presence of nickel,
      palladium or platinum catalysts, or with hydrogen generated by
      electrolysis or the action of metals on acids, alkalis or alcohols, such
      as zinc, amalgamated zinc, iron or tin on aqueous mineral or carboxylic
      acids, e.g. hydrochloric or acetic acid, zinc or aluminum-nickel alloys on
      aqueous alkali metal hydroxides, or sodium, potassium or their amalgams on
      lower alkanols. Also reducing and/or desulfurizing agents may be applied,
      depending on the starting material chosen. In case Y.sub.4 is hydroxy, the
      reducing agent may be an aqueous suspension of phosphorus and iodine,
      hydriodic acid, stannous chloride or sodium sulfite or dithionite, or in
      case Y.sub.4 is esterified hydroxy, e.g. halogeno, an aliphatic or
      cycloaliphatic metal compound, e.g. a corresponding R.sub.1 or R.sub.2
      lithium or Grignard compound may be used as reducing agent. The latter
      metal compounds may also be applied in the reduction of said
      quinonmethides. In case Y.sub.5 is oxo, the Clemmensen, Wolff-Kishner or
      Huang-Minlon procedures may be applied, wherein nascent hydrogen or
      hydrazine are used, the latter advantageously in the presence of strong
      alkalis, e.g. high boiling aqueous or glycolic sodium or potassium
      hydroxide solutions. In the reduction of mercapto, free or ketalized
      thiono compounds, desulfurization agents are advantageously applied, such
      as mercury or copper oxide or Raney nickel. In case Y.sub.4 represents
      carboxy, the corresponding malonic acid derivative is decarboxylated by
      pyrolysis, advantageously in acidic media, or Y.sub.4 stands for another
      acyl radical, such as lower alkanoyl or aralkanoyl, e.g. acetyl or
      benzoyl, the .beta.-keto acid is subjected to acid splitting by the action
      of strong alkalis, e.g. those mentioned above.
PAR  Another substituent X.sub.1, also providing said alkylidene group, is an
      unsubstituted or substituted acetyl group, e.g. --CO--(CN.sub.2)--R.sub.2
      or CO--(CR.sub.1,R.sub.2)-halogen. The corresponding unsubstituted acetyl
      starting material is converted into the compounds of the invention
      according to the Willgerodt-Kindler reaction, e.g. by the action of sulfur
      in the presence of ammonia, primary or secondary amines and advantageously
      of sulfonic acids, e.g. p-toluenesulfonic acid, and said substituted
      acetyl compounds according to the Wolff (Arndt-Eistert) reaction, e.g. by
      hydrolysis, alcoholysis, ammonolysis or aminolysis of corresponding
      .alpha.-diazo-ketones, advantageously while irradiated or heated in the
      presence of copper or silver catalysts, or according to the Favorskii
      (Wallach) reaction respectively, e.g. by the action of strong alkalis or
      soluble silver salts, such as silver nitrate, on corresponding
      .alpha.-haloketones.
PAR  According to process (b), the cyclic tertiary amino group A N-- is either
      (a) introduced into the phenylene moiety Ph, or (b) a primary, secondary,
      acyclic (open) or unsaturated cyclic tertiary amino group, present
      therein, converted into the desired hydroxylated cyclic tertiary amino
      group. Accordingly, X.sub.2 is, for example, a hydrogen atom, a metallic
      group or a free or reactively esterified hydroxy group, e.g. those groups
      shown above, preferably an alkali metal or halogen atom respectively. The
      corresponding starting material of Formula IV is reacted with the compound
      A N--Y.sub.1, in which one of X.sub.2 and Y.sub.1 is hydrogen or said
      metallic group, e.g. lithium or sodium, and the other said free or
      reactively esterified hydroxy group, e.g. fluorine or chlorine. In case
      X.sub.2 is hydrogen and Y.sub.1 halogen, the reaction is carried out
      analogous to the Friedel-Crafts syntheses mentioned above, i.e. in the
      presence of Lewis acids or, in case Y.sub.1 is hydroxy, in the presence of
      alkalis, e.g. potassium hydroxide. In case X.sub.2 is hydroxy or lower
      alkanoyloxy, the reaction is advantageously carried out in the presence of
      a dehydration or dehydrogenation catalyst, such as a mineral acid or a
      salt thereof, e.g. hydrochloric acid, ammonium sulfite or sodium
      bisulfite, activated aluminum oxide, Raney nickel or palladium-charcoal.
PAR  The conversion of any primary, secondary, acyclic or unsaturated cyclic
      tertiary amino group X.sub.2 into A N-- can simply be performed by
      transamination with the amine A N--H. The latter is advantageously used in
      excess and in the presence or absence of catalysts, e.g. the
      above-mentioned dehydration or dehydrogenation catalysts, and elevated
      temperature and/or pressure. A starting material of Formula IV, in which
      X.sub.2 is primary amino, can also be reacted with the glycol HO--A--OH,
      or advantageously a reactive functional derivative thereof, such as an
      ester, cyclic ether or the dehydrated unsaturated (olefinic) derivative or
      corresponding aldehyde of said glycol, preferably a halide thereof, e.g.
      such mentioned above. These condensations are advantageously carried out
      in the presence of water or acid binding agents, such as alkali metals,
      their alcoholates or carbonates and the addition of the unsaturated
      compounds to the amino group preferably in the presence of catalysts, e.g.
      copper, cobalt or molybdenum catalysts, and/or acids or bases. A
      mono-hydroxylated A N-- group can be subjected to dehydration, to form the
      corresponding unsaturated group, or reactive derivatives thereof, such as
      a reactive ether or ester of the hydroxy compounds, or an acyl derivative
      of the nitrogen bases, e.g. a tert. butyl ether or a tosylate, brosylate
      or xanthate respectively, may analogously be split. Dehydration is
      preferably carried out with the use of concentrated mineral or sulfonic
      acids, Lewis acids or carboxylic acid anhydrides, e.g. hydrobromic,
      sulfuric, phosphoric or p-toluenesulfonic acid or acetic anhydride.
      Preferably reactive esters of the hydroxy compounds are pyrolyzed,
      advantageously under reduced pressure. The resulting compounds, wherein
      X.sub.2 is olefinic alkenyleneimino, can be epoxidized therein in the
      usual manner, e.g. with the use of aliphatic or aromatic percarboxylic
      acids, e.g. peracetic or perbenzoic acid. The resulting epoxides are
      converted into compounds of Formula I wherein A N is dihydroxylated
      alkyleneimino, by treatment with either aqueous acids or bases, e.g.
      mineral acids or alkali metal hydroxides.
PAR  Finally the compounds of the invention can be obtained by reduction of
      compounds of Formula IV, wherein X.sub.2 is mono- or dioxoalkyleneimino.
      Said reduction is preferably carried out with the use of simple or complex
      borohydrides, e.g. sodium borohydride, if desired in the presence of
      catalysts, e.g. aluminum chloride. Said reduction can also be performed
      with lower alkyl Grignard compounds, e.g. lower alkylmagnesium bromides,
      to yield compounds of Formula I, wherein A N is branched
      hydroxyalkyleneimino.
PAR  The compounds of the invention so obtained can be converted into each other
      according to methods known per se. For example, resulting free acids may
      be esterified with the corresponding alcohols in the presence of a strong
      acid, e.g. hydrochloric, sulfuric, benzene or p-toluene sulfonic acid, or
      with diazo compounds, or converted into their halides by treatment with
      thionyl halides or phosphorus halides or oxyhalides. Resulting esters may
      be hydrolyzed or transesterified in the presence of acidic or alkaline
      agents, e.g. mineral or complex heavy metal acids or alkali metal
      carbonates or alcoholates, or treated with ammonia or corresponding
      amines. Resulting acid halides may be treated with alcohols, ammonia or
      amines in order to obtain the corresponding esters or amides respectively.
      Resulting amides or thioamides (Willgerodt) can be hydrolyzed under acidic
      or alkaline condition, e.g. with the use of aqueous mineral and/or
      carboxylic acids or alkali metal hydroxides, also alcoholyzed,
      transaminated or desulfurized, e.g. with the use of mercuric oxide or
      alkyl halides followed by hydrolysis. Resulting nitriles likewise can be
      hydrolyzed or alcoholyzed, e.g. with the use of concentrated aqueous or
      alcoholic acids or alkalis or also with alkaline hydrogen peroxide. A
      resulting ester, salt or nitrile, containing in .alpha.-position at least
      one hydrogen atom, can be metallized therein, e.g. with the use of alkali
      metals or their derivatives, such as phenyl lithium, triphenylmethylsodium
      or sodium hydride, amides or alcoholates, and thereupon reacted with
      reactive esters of R.sub.1 --OH and/or R.sub.2 --OH. Resulting compounds
      may also be halogenated in the Ph-moiety, e.g. with the use of halogens,
      which are advantageously applied in the presence of Lewis acids, e.g.
      ferric, aluminum, antimony III or tin IV halides, or with the use of
      halogenation agents, e.g. hydrochloric acid and hydrogen peroxide or
      sodium chlorate, nitrosyl chloride or bromide, bromosuccin- or
      phthalimide. Furthermore, nitration may be applied to final products,
      advantageously with the use of nitric acid or nitrates under acidic
      conditions, e.g. in the presence of sulfuric or trifluoroacetic acid
      respectively. Resulting nitro compounds may be reduced, for example, with
      catalytically activated or nascent hydrogen and, if desired, the primary
      amino compounds obtained, either treated with reactive esters of
      corresponding alcohols or glycols, or with reactive functional acid
      derivatives, in order to obtain secondary, tertiary, quaternary or
      acylated amino compounds respectively. Said primary amines can also be
      treated with nitrous acid, to yield diazonium salts, which can be
      converted according to the Sandmeyer reaction into the corresponding
      hydroxy, halogeno, cyano, alkoxy or alkylmercapto compounds, e.g. by
      hydrolyzing the diazonium salt at elevated temperatures, or reacting it
      with cuprous halides or cyanide, or with a lower alkanol or
      alkylmercaptane respectively, preferably under neutral or slightly acidic
      or alkaline conditions. In resulting phenolic products, the hydroxy or
      mercapto group can be etherified, e.g. by reacting the corresponding
      alkali metal phenolates with lower alkyl halides or sulfonates, or
      resulting phenol ethers are hydrolyzed, e.g. with the use of strong acids
      or acidic salts, e.g. hydrobromic and acetic acid or pyridine
      hydrochloride. In the above reduction, care should be taken or starting
      materials and final products properly selected, in order to retain free,
      etherified or esterified hydroxylation in A N--.
PAR  A resulting acid can be converted into its salts according to conventional
      methods, for example, by reacting it with an about stoichiometric amount
      of a suitable salt-forming reagent, such as ammonia, an amine or an alkali
      or alkaline earth metal hydroxide, carbonate or hydrogen carbonate. A salt
      of this type can be reconverted into the free acid by treatment with an
      acid, e.g. hydrochloric, sulfuric or acetic acid, until the proper pH has
      been reached. A resulting basic compound can be converted into a
      corresponding acid addition salt, for example by reacting it with an
      inorganic or organic acid, such as a therapeutically useful acid, or with
      a corresponding anion exchange preparation, and isolating the desired
      salt. An acid addition salt may be converted into the free compound by
      treatment with a base, e.g. a metal hydroxide, ammonia or a hydroxyl ion
      exchange preparation. Therapeutically useful acids are, for example,
      inorganic acids, e.g. hydrochloric, hydrobromic, sulfuric, phosphoric,
      nitric or perchloric acid, or organic acids, e.g. carboxylic or sulfonic
      acids, such as formic, acetic, propionic, succinic, glycollic, lactic,
      malic, tartaric, citric, ascorbic, maleic, hydroxymaleic, pyroracemic,
      phenylacetic, benzoic, 4-aminobenzoic, anthranilic, 4-hydroxybenzoic,
      salicylic, aminosalicylic, embonic, nicotinic, methanesulfonic,
      ethanesulfonic, hydroxy-ethanesulfonic, ethylenesulfonic, benzenesulfonic,
      halogenbenzenesulfonic, toluenesulfonic, naphthalenesulfonic and
      sulfanilic acid; methionine, tryptophan, lysine and arginine.
PAR  These or other salts, for example, the picrates, can also be used for
      purification of the bases obtained; the bases are converted into salts,
      the salts are separated and the bases are liberated from the salts. In
      view of the close relationship between the free compounds and the
      compounds in the form of their salts, whenever a compound is referred to
      in this context, a corresponding salt is also intended, provided such is
      possible or appropriate under the circumstances.
PAR  Resulting mixtures of isomers can be separated into the single isomers by
      methods in themselves known, e.g. by fractional distillation,
      crystallization and/or chromatography. Racemic products can likewise be
      resolved into the optical antipodes, for example by separation of
      diastereomeric salts thereof, e.g. by the fractional crystallization of d-
      or 1-tartrates or d-.alpha.-(1-naphthyl)ethylamine or 1-cinchonidine
      salts.
PAR  The above reactions are carried out according to standard methods, in the
      presence or absence of diluents, preferably such as are inert to the
      reagents and are solvents thereof, of catalysts, condensing or
      neutralizing agents and/or inert atmospheres, at low temperatures, room
      temperature or elevated temperatures, at atmospheric or superatmospheric
      pressure.
PAR  The invention also comprises any modification of the above process, wherein
      a compound resulting as an intermediate at any stage thereof, is used as
      starting material and the remaining steps are carried out, or the process
      is discontinued at any stage thereof, or in which the starting material is
      formed under the reaction conditions or is used in the form of its salts
      or reactive derivatives. For example, in most of the above-described
      oxidation methods, wherein Y.sub.3 is converted into a free or
      functionally converted carboxy group, the corresponding aldehydes (Y.sub.3
      is formyl) are formed intermediarily. According to the haloform reaction
      (Y.sub.3 is acetyl) intermediarily formed trihaloketones are hydrolyzed
      under the applied alkaline conditions, to yield the corresponding salts or
      esters of the acids of Formula I. Also, the quaternary o- or
      p-quinonmethides may be formed intermediarily from the corresponding
      starting material in which Y.sub.4 is free or reactively esterified
      hydroxy, e.g. under strongly acidic or alkaline conditions, or during the
      reduction of compounds in which Y.sub.5 is oxo or thiono. The
      .alpha.-diazoketones are usually formed, according to Arndt-Eistert, from
      the corresponding benzoic acid halides and aliphatic or cycloaliphatic
      (R.sub.2) diazo compounds, whereupon the above-described Wolff
      rearrangement is performed. Moreover, in the formation of the cyclic tert.
      amino group A N--, several intermediates are formed from the various
      starting materials mentioned above. For example, in the reaction of
      compounds of Formula IV, in which X.sub.2 is primary amino, with those of
      the formula HO--A--OH or its reactive functional derivatives, usually
      secondary amines are formed, wherein X.sub.2 is --NH--A--OH, or reactive
      amino derivatives of such intermediates. In the process of the invention,
      those starting materials are advantageously selected, which yield the
      above-described preferred embodiments of the invention, especially those
      corresponding to Formula II.
PAR  The starting material used in known or, if new, can be prepared according
      to the methods described for known analogs thereof, or by the methods
      illustrated in the examples herein. Thus, compounds of Formula III can be
      prepared analogous to the process mentioned under item(b), i.e. by
      introduction or construction of the cyclic amino group A N--. In case
      X.sub.1 is a reactively esterified hydroxy group, it may also be
      introduced either by halogenation, or nitration followed by reduction,
      diazotization and Sandmeyer reaction. The resulting starting material may
      be subsequently converted into the metallic compounds, e.g. by reaction
      with alkali or alkaline earth metals, such as lithium or magnesium, or
      with dialkyl zinc or cadmium. The allyl ethers for Claisen rearrangement
      can be prepared analogous to those described in J. Chem. Soc. 4210 (1963).
PAR  The starting material in which Y.sub.2 is a metallic group may be prepared
      as shown above, i.e. by reacting reactive esters of the corresponding
      benzylalcohols with alkali or alkaline earth metals or dialkyl zinc or
      cadmium. Otherwise, according to Friedel-Crafts, easily obtainable linear
      or cyclic alkano- or alkenophenones A N--Ph--CO--R.sub.2 may be reduced
      either with lithium aluminum hydride or with R.sub.1 -magnesium halides,
      or A N-Ph-Grignard compounds reacted with R.sub.1 --CO--R.sub.2 , to yield
      the corresponding benzyl alcohols, whose hydroxy group may be reactively
      esterified or salified according to well-known methods, e.g. by reaction
      with phosphorus, thionyl or sulfonyl halides, alkali or alkaline earth
      metals respectively and the resulting esters or salts may be converted
      into ethers either by reaction with alcoholates or reactive esters
      respectively. The compounds in which Y.sub.2 is an ammonium group, can be
      obtained from the former reactive esters and secondary amines and the
      resulting tertiary amines are quaternized in the usual manner, e.g. by
      reaction with lower alkyl or aralkyl halides.
PAR  The starting material containing Y.sub.3 can be obtained from the former
      compounds in which Y.sub.2 is a metallic group, by reacting them with a
      methyl halide, formaldehyde, a formyl halide, lower alkanal, alkenal or
      hydroxyalkanal or a lower alkanoyl, alkenoyl or oxalyl halide respectively
      and, if deisred, dehydrating resulting alcohols by the action of acidic
      agents, e.g. sulfuric acid or phosphorus pentoxide, to yield unsaturated
      derivatives thereof. The latter, e.g. methylidene compounds, may be
      reacted with boranes in order to obtain borylmethyl compounds and
      aldehydes with hydroxylamine, to yield the hydroxyiminomethyl compounds
      (oximes). The aldehydes, i.e. compounds in which Y.sub.3 is formyl, can
      also be obtained from said ketones A N--Ph--CO--R.sub.2 by reaction with
      dimethylsulfoniummethylide or dimethyloxysulfoniummethylide (generated
      from the corresponding trimethylsulfonium salts) and rearranging the
      resulting ethyleneoxides to the corresponding aldehydes by the action of
      Lewis acids, e.g. p-toluene sulfonic acid or boron trifluoride, or
      according to the Darzens condensation by reacting the above ketones with
      .alpha.-halo-alkanoic or alkenoic acid esters in the presence of
      alcoholates, e.g. potassium tert. butoxide, saponifying the glycidic
      esters formed and rearranging and decarboxylating them, advantageously in
      acidic media, e.g. sulfuric acid.
PAR  The starting material containing Y.sub.4, which represents free, esterified
      or etherified hydroxy or mercapto, can be prepared according to the
      cyanohydrin or analog syntheses, e.g. by reaction of compounds A
      N--Ph--CO--R.sub.2 or their thiono analogs, with aqueous potassium cyanide
      under acidic conditions and, if desired, converting resulting nitriles
      into other acid derivatives and/or alcohols into corresponding mercapto
      compounds or reactive esters or ethers thereof, or dehydrating them to
      unsaturated derivatives. The compounds in which Y.sub.5 is oxo or thiono
      can be obtained according to Friedel-Crafts with the use of suitable A
      N--Ph--H compounds and oxalyl halides. The resulting phenylglyoxylic acid
      esters may then be reduced with R.sub.2 -Grignard compounds, if desired,
      followed by dehydration. Said compounds may also be prepared according to
      the Ando synthesis by reaction with mesoxalates in the presence of stannic
      chloride. The resulting adduct can either by hydrogenated, the malonate
      formed metallized and reacted with a reactive ester of R.sub.2 --OH or
      saponified and decarboxylated. Finally the .alpha.-diazoketones are
      obtained from corresponding benzoic acid halides and R.sub.2 -diazo
      compounds and the .alpha.-haloketones by halogenating of the corresponding
      alkanophenones or reacting the former .alpha.-diazoketones with hydrohalic
      acids.
PAR  The starting material of Formula IV is prepared analogous to the process
      mentioned under item (a), by selecting starting materials containing
      X.sub.2 or a group capable of being converted into X.sub.2, advantageously
      nitro, instead of A N--. Thus, for example, compounds wherein X.sub.2 is
      mono- or dioxoalkyleneimino, are obtained from those, wherein X.sub.2 is
      amino, by reacting them with lower alkylene ketals of mono- or
      dioxoalkylene glycols, or preferably reactive esters thereof, e.g. the
      halides or tosylates mentioned above, and cleaving the ketals obtained
      with diluted acids. Moreover, said oxo-compounds can be obtained by
      Dieckmann condensation of compounds of Formula IV, wherein X.sub.2 is
      bis-(lower carbalkoxyalkyl)-amino, preferably in the presence of strong
      bases, e.g. alkali metal lower alkoxides, following saponification and
      decarboxylation of the condensation product, e.g. with aqueous alkali
      metal hydroxides and following pyrolysis respectively. Said oxocompounds
      can also be converted into corresponding sulfonyl-hydrazones or metal
      salts thereof and these subjected to pyrolysis, in order to obtain
      compounds of Formula IV, wherein X.sub.2 is olefinic alkenyleneimino.
PAR  The pharmacologically active compounds of the invention are useful in the
      manufacture of pharmaceutical compositions containing an effective amount
      thereof in conjunction or admixture with excipients suitable for either
      enteral, parenteral or topical application. Preferred are tablets and
      gelatin capsules comprising the active ingredient together with (a)
      diluents, e.g. lactose, dextrose, sucrose, mannitol, sorbitol, cellulose
      and/or glycine, (b) lubricants, e.g. silica, talcum, stearic acid, its
      magnesium or calcium salt and/or polyethyleneglycol, for tablets also (c)
      binders, e.g. magnesium aluminum silicate, starch paste, gelatin,
      tragacanth, methylcellulose, sodium carboxymethylcellulose and/or
      polyvinylpyrrolidone, if desired, (d) disintegrants, e.g. starches, agar,
      alginic acid or its sodium salt, enzymes of the binders or effervescent
      mixtures and/or (e) adsorbents, colorants, flavors and sweeteners.
      Injectable compositions are preferably aqueous isotonic solutions or
      suspensions, and suppositories or ointments are advantageously fatty
      emulsions or suspensions. They may be sterilized and/or contain adjuvants,
      such as preserving stabilizing, wetting or emulsifying agents, solution
      promoters, salts for regulating the osmotic pressure and/or buffers. Said
      pharmaceutical compositions may also contain other therapeutically
      valuable substances. They are prepared according to conventional mixing,
      granulating or coating methods respectively and contain about 0.1 to 75%,
      preferably about 1 to 50% of the active ingredient.
DETD
PAR  The following examples are intended to illustrate the invention and are not
      to be construed as being limitations thereon. Temperatures are given in
      degrees Centigrade, and all parts wherever given are parts by weight.
PAC  EXAMPLE 1
PAR  The mixture of 100 g of 4-(3-hydroxypiperidino)-acetophenone, 300 ml of
      morpholine, 25 g of sulfur and 2 g p-toluene sulfonic acid is refluxed
      overnight while stirring. It is concentrated under reduced pressure to
      about half of its original volume, the concentrate cooled and poured into
      500 ml of methanol. The mixture is kept overnight in the refrigerator,
      filtered and the residue recrystallized from methanol, to yield the
      [4-(3-hydroxypiperidino)-phenyl]-thioacetmorpholid.
PAR  The mixture of 100 g thereof and 500 ml of 25% potassium hydroxide in
      ethylene glycol-water (1:2) is refluxed until homogeneous. It is filtered,
      the filtrate washed with diethyl ether, the aqueous solution acidified
      with 2N hydrochloric acid and again washed with diethyl ether. To the
      aqueous layer di-potassium hydrogen phosphate is slowly added until the pH
      is 4.5 and the whole is extracted with diethyl ether. The extract is
      dried, concentrated, and the concentrate diluted with petroleum ether, to
      yield the [4-(3-hydroxypiperidino)-phenyl]-acetic acid of the formula
      ##SPC3##
PAL  I.r. bands at 1720 and 3634 cm.sup..sup.-1.
PAR  The starting material is prepared as follows: The mixture of 100 g of
      4-fluoroacetophenone, 150 g of 3-hydroxypiperidine and 250 ml of
      dimethylsulfoxide is heated on the steam bath for 30 hours. The resulting
      solution is poured onto ice and the mixture extracted with diethyl ether.
      The extract is dried, filtered and evaporated, to yield the
      4-(3-hydroxypiperidino)-acetophenone, m.p. 93.degree.-95.degree..
PAR  In the analogous manner the 4-(4-hydroxypiperidino)acetophenone (m.p.
      125.degree.-127.degree.) is converted into the
      [4-(4-hydroxypiperidino)-phenyl]-acetic acid of the formula
      ##SPC4##
PAC  EXAMPLE 2
PAR  The ethyl 3- or 4-(pyrrolino, 2-pentenyleneimino or
      3-hexenyleneimino)-phenylacetate or -.alpha.-phenylpropionate, or the
      corresponding 4- or 3-chloro derivatives thereof, are epoxidized in the
      amino portion with the use of an equivalent amount of perbenzoic acid in
      chloroform or benzene, at 0.degree.-25.degree.. The mixture is evaporated
      in vacuo, the residue taken up in water, the mixture extracted with
      diethyl ether, the extract washed with aqueous sodium bicarbonate, dried
      and evaporated, to yield the corresponding epoxides. The latter are
      converted to the corresponding dihydroxy compounds by treatment with
      aqueous sodium hydroxide, which simultaneously saponifies the ester. The
      aqueous solution is washed with diethyl ether, adjusted with hydrochloric
      acid to pH of about 5 and extracted with diethyl ether. The extract is
      dried, filtered and evaporated, to yield the corresponding hydroxylated
      acids, for example, the
      .alpha.-[4-(3,4-dihydroxy-pyrrolidino)phenyl]-acetic or -propionic acid or
      the .alpha.-[3-chloro-4-(3,4-dihydroxy-piperidino)-phenyl]-acetic or
      -propionic acid.
PAR  The starting material is prepared as follows: The mixture of 10.8 g ethyl
      4-amino-phenylacetate hydrochloride, 32.4 g 1,4-dibromo-2-butene, 84 g
      sodium bicarbonate and 500 ml dimethylformamide is refluxed for 6 hours
      while stirring, filtered hot and the filtrate evaporated in vacuo, to
      yield the ethyl (4-pyrrolino-phenyl)-acetate.
PAR  To the stirred mixture of 5.5 g ethyl 4-pyrrolinophenylacetate, 100 ml
      dimethylformamide and 100 ml toluene, 1.25 g 54% sodium hydride in mineral
      oil are added portionwise and stirring is continued for 11/2 hours at room
      temperature. Hereupon the solution of 6.8 g methyl iodide in 25 ml toluene
      is added dropwise during 20 minutes and the mixture is stirred overnight
      at room temperature. It is filtered and the filtrate evaporated in vacuo,
      to yield the ethyl .alpha.-(4-pyrrolinophenyl)-propionate.
PAR  By replacing the methyl iodide by an equivalent amount of ethyl iodide,
      allyl bromide, 3-cyclopentenyl bromide or cyclopropylmethyl bromide, the
      ethyl .alpha.-(4-pyrrolinophenyl)-(butyrate, 4-pentenoate,
      .alpha.-3-cyclopentenylacetate or .alpha.-cyclopropylmethylacetate) are
      obtained.
PAR  Moreover, the 4-fluoro-phenyl-acetonitrile can be reacted with
      4-oxo-piperidine, to yield the 4-(4-oxo-piperidino)-phenylacetonitrile,
      which is hydrolyzed to the free acid and the acid esterified, to yield
      corresponding ethyl esters. The carbonyl group therein is reduced with one
      equivalent of Grignard compounds, e.g. methyl-, ethyl- or
      n-propyl-magnesium bromide, to yield the ethyl 4-[4-hydroxy-4-(methyl,
      ethyl or n-propyl)-piperidino]-phenyl acetate. Analogously, the
      .alpha.-[3-chloro-4-(4-hydroxy-4-methyl-piperidino)-phenyl]-propionate is
      obtained.
PAR  The 2-pentenyleneimino starting material is prepared as follows: The
      mixture of 89.6 g ethyl 4-aminophenylacetate, 400 g ethyl acrylate and 100
      ml acetic acid is refluxed for 19 hours and concentrated in vacuo. The
      concentrate is poured onto 500 ml ice water, the mixture made basic with
      aqueous sodium hydroxide and extracted with diethyl ether. The extract is
      dried, filtered, evaported, the residue distilled and the fraction boiling
      at 211.degree.-213.degree./0.6 mm Hg collected, to yield the ethyl
      4-(bis-carbethoxyethylamino)-phenylacetate.
PAR  To the solution of 38 g thereof in 100 ml ethanol, that obtained from 3.4 g
      sodium and 100 ml ethanol is added dropwise and the mixture refluxed for 7
      hours. It is evaporated in vacuo, the residue taken up in water, the
      mixture extracted with diethyl ether, the extract dried, filtered and
      evaporated, to yield the ethyl
      4-(3-carbethoxy-4-oxopiperidino)-phenylacetate.
PAR  The mixture of 30.5 g thereof and 300 ml 50% sodium hydroxide is heated at
      the steam cone for 12 hours. It is cooled, acidified with concentrated
      hydrochloric acid and the mixture heated for 6 hours. It is evaporated in
      vacuo, the residue taken up in ethanolic hydrogen chloride, the mixture
      evaporated again, the residue taken up in water, the mixture made basic
      with aqueous sodium hydroxide, extracted with diethyl ether, the extract
      dried and evaporated, to yield the ethyl 4
      -(4-oxopiperidino)-phenylacetate.
PAR  The mixture of 5.2 g thereof, 2.1 g 4-p-toluenesulfonylhydrazide, 3 ml
      glacial acetic acid and 50 ml ethanol is refluxed for 30 minutes. It is
      cooled, the precipitate formed filtered off and taken up in the minimum
      amount of tetrahydrofuran. To the solution, 13 ml 1.6N n-butyl lithium are
      added dropwise while still under nitrogen at 0-5.degree.. After 30
      minutes, the mixture is evaporated at a temperature below 35.degree., to
      yield the lithium salt of the ethyl
      4-(4-oxopiperidino)-phenylacetate-N-p-toluenesulfonylhydrazone.
PAR  3 g thereof are slowly heated first to about 30.degree.-40.degree. and 0.3
      mm Hg to effect final drying, and then to 80.degree.-135.degree. for 45
      minutes. The residue is taken up in the minimum amount of ethanol, the
      solution poured on a small column with silica gel and eluted with benzene.
      The first eluate obtained is evaporated, to yield the ethyl
      4-piperideino-phenyl acetate of the formula
      ##SPC5##
PAL  showing in the I.R. spectrum bands at 5.86 and 6.08 .mu..
PAC  EXAMPLE 3
PAR  The mixture of 75 g 4-(4-hydroxypiperidino)-phenylthioacetmorpholide and
      300 ml 25% aqueous potassium hydroxide is refluxed for 10 hours and
      allowed to stand in the cold overnight. The precipitate formed is filtered
      off and recrystallized from ethanol, to yield the sodium
      4-(4-hydroxypiperidino)-phenylacetate of the formula
      ##SPC6##
PAL  melting at 261.degree.-264.degree..
PAR  The starting material is prepared as follows: The mixture of 100 g
      4-(4-hydroxypiperidino)-acetophenone, 300 ml morpholine, 20 g sulfur and 1
      g p-toluene sulfonic acid refluxed for 5 hours while stirring and allowed
      to stand overnight at room temperature. It is diluted with an equal volume
      of methanol, the mixture cooled, filtered and the residue recrystallized
      from methanol, to yield the
      4-(4-hydroxypiperidino)-phenylthioacetmorpholide melting at
      170.degree.-172.degree..
PAC  EXAMPLE 4
PAR  The solution of 40 g sodium 4-(4-hydroxypiperidino)phenylacetate in the
      minimum amount of water is acidified to pH 5 with hydrochloric acid and
      evaporated in vacuo. The residue is taken up in 200 ml ethanolic hydrogen
      chloride, the mixture refluxed for 12 hours and evaporated in vacuo. The
      residue is combined with 150 ml acetic anhydride and the mixture heated at
      the steam cone for 21/2 hours. It is filtered, the filtrate evaporated in
      vacuo, the residue distilled and the fraction boiling at 149.degree./0.085
      mm Hg collected, to yield the ethyl 4-(4-acetoxypiperidino)-phenylacetate
      of the formula
      ##SPC7##
PAC  EXAMPLE 5
PAR  The solution of 13.7 g ethyl 4-(4-acetoxypiperidino)phenylacetate in 40 ml
      diethyl ether is added dropwise during 35 minutes to the gray mixture
      obtained from 1.2 g sodium, 1 crystal ferric nitrate nonahydrate and 700
      ml liquid ammonia. After stirring for 11/2 hours, the solution of 7.42 g
      methyl iodide in 25 ml diethyl ether is added during one-half hour and the
      mixture stirred for an additional hour. Hereupon 5 g ammonium chloride are
      added, the ammonia allowed to evaporate, the residue taken up in water and
      the mixture is extracted with diethyl ether. The extract is washed with
      water, dried, filtered, evaporated in vacuo, the residue distilled and the
      fraction boiling at 130.degree./0.1 mm Hg collected, to yield the ethyl
      .alpha.-[4-(4-acetoxypiperidino)phenyl]-propionate of the formula
      ##SPC8##
PAC  EXAMPLE 6
PAR  By replacing in the previous examples the ethyl 4-aminophenylacetate by the
      corresponding 3-(meta)- or .alpha.-substituted analogs, the corresponding
      ethyl .alpha.-[3-methyl, methoxy, methylmercapto, chloro or
      trifluoromethyl-4-(3,4-dihydroxypiperidino or 4-hydroxy- or
      4-acetoxy-4-methylpiperidino)-phenyl]-acetates, -propionates or
      -.beta.-cyclopropylpropionates, or the corresponding acids are obtained.
PAR  The various starting materials are prepared similarly and their synthesis
      is illustrated as follows: 23 g of 50% sodium hydride in mineral oil are
      washed with hexane and the washings are decanted off. Thereupon 160 ml of
      dimethylformamide-toluene (1:4) are added followed by 83.6 of diethyl
      .alpha.-methylmalonate in 200 ml of dimethylformamide-toluene (1:4), which
      solution is added dropwise while stirring under nitrogen and cooling with
      ice. After stirring for 30 minutes at room temperature, 100 g of
      4-chloro-2-trifluoromethyl-nitrobenzene in 100 ml of toluene are added
      during one hour and the mixture is stirred overnight at room temperature.
      Thereupon 200 ml of water are slowly added while cooling, the mixture
      extracted with diethyl ether, the extract evaporated, the residue
      distilled and the fraction boiling at 210.degree.-230.degree./0.55 mm Hg
      collected, to yield the diethyl
      .alpha.-methyl-.alpha.-(3-trifluoromethyl-4-nitrophenyl)-malonate. The
      corresponding 3-(methyl, methoxy and methylmercapto)-analogs are boiling
      at 110.degree.-120.degree./0.2 mm Hg, 155.degree.-170.degree./0.1 mm Hg or
      163.degree.-165.degree./0.08 mm Hg.
PAR  The mixture of 90 g of the trifluoromethyl analog, 106.2 g of iron filings,
      10.3 g of ammonium chloride, 417 ml of ethanol and 104 ml of water is
      heated on the steam bath for 2 hours while stirring. It is evaporated
      under reduced pressure, the residue taken up in 700 ml of benzene, the
      mixture filtered, the residue washed with 200 ml of chloroform, the
      combined filtrate dried, evaporated, the residue distilled and the
      fraction boiling at 164.degree.-170.degree./0.4 mm Hg collected, to yield
      the diethyl
      .alpha.-methyl-.alpha.-(3-trifluoromethyl-4-aminophenyl)-malonate.
PAR  The mixture of 53 g thereof, 25.2 g of potassium hydroxide, 1.5 liters of
      ethanol and 30 ml of water is refluxed for 4 hours under nitrogen. It is
      concentrated under reduced pressure, the concentrate diluted with water,
      washed with diethyl ether and the pH thereof adjusted with hydrochloric
      acid to 4.2. It is extracted with diethyl ether, the extract dried,
      evaporated, the residue distilled and the fraction boiling at
      187.degree.-197.degree./0.15 mm Hg collected, to yield the
      .alpha.-(3-trifluoromethyl-4-aminophenyl)propionic acid melting at
      73.degree.-75.degree..
PAR  30 G thereof are dissolved in 500 ml of anhydrous ethanol and through the
      solution hydrogen chloride is bubbled for one-half hour. It is heated on
      the steam cone for 3 hours, evaporated, the residue distilled and the
      fraction boiling at 90.degree.-97.degree./0.06 mm Hg collected, to yield
      the corresponding ethyl ester.
PAR  The mixture of 100 g (4-amino-phenyl)-acetic acid and 200 ml acetanhydride
      is heated at the steam cone for 15 minutes and evaporated. The residue is
      stirred with 500 ml hot water until complete dissolution occurs. The
      solution is cooled and the precipitate formed filtered off, to yield the
      (4-acetamido-phenyl)acetic acid melting at 168.degree.-170.degree..
PAR  Into the solution of 77 g thereof in 400 ml glacial acetic acid, a slow
      stream of chlorine is bubbled at 50.degree. until the spot of the starting
      material has disappeared in the thin layer chromatogram (4 ml
      chloroform-ethyl acetate 1:1 and 4 drops formic acid). The mixture is
      cooled, the precipitate filtered off to yield the crude
      (3-chloro-4-acetamino-phenyl)-acetic acid.
PAR  The mixture of 69 g thereof and 400 ml saturated ethanolic hydrochloric
      acid is refluxed for 3 hours and cooled. The precipitate formed is
      filtered off and washed with ethanol to yield the ethyl
      (3-chloro-4-amino-phenyl)-acetate hydrochloride melting at
      167.degree.-168.degree..
PAR  To the solution of 10 g ethyl 4-nitrophenylacetate in 400 ml dimethyl
      formamide-toluene (1:1), 2.5 g 50% sodium hydride are added portionwise
      during 15 minutes while stirring and cooling with ice, after which the
      solution of 9.6 g cyclopropylmethyl bromide in 50 ml toluene is added
      dropwise and the mixture stirred overnight at room temperature. It is
      diluted with 200 ml water, extracted with diethyl ether, the extract
      dried, evaporated, the residue distilled and the fraction boiling at
      132.degree.-138.degree./0.25 mm Hg collected, to yield the ethyl
      .alpha.-(4-nitrophenyl)-.beta.-cyclopropylpropionate.
PAR  The solution of 9 g thereof in 100 ml ethanol is hydrogenated over 0.5 g
      10% palladium on charcoal until the theoretical amount of hydrogen has
      been absorbed. The mixture is filtered, the filtrate evaporated in vacuo,
      the residue taken up in diethyl ether, the solution gassed with hydrogen
      chloride, the precipitate formed filtered off and recrystallized from
      ethyl acetate, to yield the ethyl
      .alpha.-(4-aminophenyl)-.beta.-cyclopropylpropionate hydrochloride melting
      at 160.degree.-162.degree..
PAC  EXAMPLE 7
PAR  Preparation of 10,000 tablets each containing 20.0 mg of the active
      ingredient:
PAC  Formula
TBL  Sodium 4-(4-hydroxy-piperidino)-                                          
     phenyl-acetate      200.00      g                                         
     Lactose             1,057.00    g                                         
     Corn starch         75.00       g                                         
     Polyethylene glycol 6,000                                                 
                         75.00       g                                         
     Talcum powder       75.00       g                                         
     Magnesium stearate  18.00       g                                         
     Purified water      q.s.                                                  
PAC  Procedure
PAR  All the powders are passed through a screen with openings of 0.6 mm. Then
      the drug substance, lactose, talcum, magnesium stearate and half of the
      starch are mixed in a suitable mixer. The other half of the starch is
      suspended in 40 ml water and the suspension added to the boiling solution
      of the polyethylene glycol in 150 ml water. The paste formed is added to
      the powders which are granulated, if necessary, with an additional amount
      of water. The granulate is dried overnight at 35.degree., broken on a
      screen with 1.2 mm openings and compressed into tablets using concave
      punches with 6.4 mm diameter, uppers bisected.
PAR  In the analogous manner tablets can be prepared, containing the same amount
      of another preferred drug substance, e.g. such corresponding to Formula
      II.
PAC  EXAMPLE 8
PAR  To the solution of 2.0 g of .alpha.-(4-amino-3-chlorophenyl)propionic acid
      in 20 ml of ethanol, 1.4 g of 1,4-dichloro-2-butanol are added, followed
      by 4 g of potassium carbonate while stirring. The mixture is stirred for 4
      hours at the steam cone and evaporated under reduced pressure. The residue
      is taken up in water, the solution acidified with N hydrochloric acid to a
      pH of 5.5 and extracted with diethyl ether. The extract is dried, filtered
      and evaporated, to yield the
      .alpha.-[3-chloro-4-(3-hydroxypyrrolidino)-phenyl]-propionic acid of the
      formula
      ##SPC9##
PAL  showing in the I.R. spectrum bands at 1718 and 3640cm.sup..sup.-1.
PAC  EXAMPLE 9
PAR  The solution of 0.5 g of
      .alpha.-[3-chloro-4-(3,4-oxidopyrrolidino)-phenyl]-propionic acid in 5 ml
      of 2N aqueous sodium hydroxide is heated at the steam bath for 21/2 hours.
      It is cooled, the pH of the solution adjusted to 5 with hydrochloric acid
      and the mixture extracted with diethyl ether. The extract is dried
      evaporated, the residue chromatographed on silica gel and the column
      eluted with 100 ml of methanol-diethyl ether (1:9). The last third of the
      eluate is evaporated, to yield the
      .alpha.-[3-chloro-4-(trans-3,4-dihydroxypyrrolidino)-phenyl]-propionic
      acid of the formula
      ##SPC10##
PAL  showing in the I.R.-spectrum bands at 1200, 1600, 1725 and
      3350cm.sup..sup.-1.
PAR  The starting material is prepared as follows: To the solution of 2.6 g of
      methyl .alpha.-(3-chloro-4-pyrrolinophenyl)-propionate in 50 ml of
      methanol, the mixture of 3.5 g of acetonitrile, 4 ml of 30% aqueous
      hydrogen peroxide and 1 g of potassium bicarbonate is added and the
      resulting solution stirred for 2.5 hours at room temperature. It is
      evaporated under reduced pressure, the residue taken up in 10 ml of water
      and the mixture extracted with diethyl ether. The extract is dried,
      evaporated and the residue chromatographed on silica gel. The column is
      first eluted with benzene, followed by ethyl acetate and the latter eluate
      evaporated. The residue is taken up in 3 ml of 30% aqueous potassium
      hydroxide and 40 ml of methanol, the solution stirred at room temperature
      for 2 hours and evaporated. The residue is taken up in water, the pH of
      the solution adjusted to 5 with hydrochloric acid and the mixture
      extracted with diethyl ether. The extract is dried, evaporated and the
      residue triturated with cyclohexane, to yield the
      .alpha.-[3-chloro-4-(3,4-oxidopyrrolidino)-phenyl]-propionic acid, melting
      at 94.degree. to 96.degree..
PAC  EXAMPLE 10
PAR  To the solution of 1.0 g of .alpha.-(3-chloro-4-pyrrolinophenyl)-propionic
      acid in 20 ml of diethyl ether and 0.4 ml of pyridine, that of 1.0 g of
      osmium tetroxide in 20 ml of diethyl ether is added during 30 minutes
      while stirring and cooling with ice. After stirring for another 30 minutes
      at 0.degree., the mixture is filtered and the precipitate washed with
      diethyl ether. It is added to the solution of 10 g of sodium sulfite
      heptahydrate, 40 ml of water and 25 ml of ethanol, the mixture stirred and
      refluxed for 3 hours and stirred overnight at room temperature. It is
      filtered, the precipitate washed with ethanol and the filtrate
      concentrated to 30 ml under reduced pressure. The pH of the concentrate is
      adjusted with hydrochloric acid to 3.5 and the mixture extracted with
      ethyl acetate. The extract is dried, evaporated and the residue
      recrystallized from diethyl ether with the acid of charcoal, to yield the
      .alpha.-[3-chloro-4-(cis-3,4-dihydroxypyrrolidino)-phenyl]propionic acid
      melting at 112.degree.-114.degree..
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##EQU11##
      in which R.sub.1 is hydrogen, R.sub.2 is hydrogen, lower alkyl or 3 to 7
      ring-membered cycloalkyl, Ph is 1,3- or 1,4-phenylene, (lower alkyl)-1,3-
      or 1,4-phenylene, (lower alkoxy)-1,3- or 1,4-phenylene, mono- or
      di-(halogeno)-1,3- or 1,4-phenylene, (trifluoromethyl)-1,3- or
      1,4-phenylene, or (di-lower alkylamino)-1,3- or 1,4-phenylene, the group A
      N-- is 5 to 8 ring-membered hydroxyalkyleneimino, wherein the oxygen atom
      is separated from the nitrogen atom by at least two carbon atoms, or a
      lower alkyl ester, the amide, an alkali metal or alkaline earth metal salt
      or a therapeutically useful acid addition salt thereof.
NUM  2.
PAR  2. A compound as claimed in claim 1 and being
      [4-(3-hydroxypiperidino)-phenyl]-acetic acid.
NUM  3.
PAR  3. A compound as claimed in claim 1 and being [4
      -(4-hydroxypiperidino)-phenyl]-acetic acid.
NUM  4.
PAR  4. A compound as claimed in claim 1 and being ethyl 4-[4-hydroxy-4-(methyl
      or ethyl)-piperidino]-phenyl acetate.
NUM  5.
PAR  5. A compound as claimed in claim 1 and being ethyl
      .alpha.-[3-chloro-4-(4-hydroxy-4-methyl-piperidino)-phenyl]-propionate.
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ABST
PAL  Butyrophenone derivatives having excellent psychotropic activity and
      represented by the formula,
      ##SPC1##
PAL  Wherein A represents a single or double bond linkage; R.sub.1 represents a
      hydrogen atom or a C.sub.1 - C.sub.4 alkyl group; R.sub.2, which is
      present only in case A represents a single bond linkage, represents a
      hydrogen atom, or a hydroxyl, C.sub.1 - C.sub.4 alkyl, or C.sub.1 -
      C.sub.4 alkoxy group; R.sub.3 represents a hydrogen atom, or a piperidino,
      pyrrolidino, morpholino, furyl, thienyl, C.sub.1 - C.sub.4 alkylamino,
      benzylamino, unsubstituted or halogen-substituted phenyl group, etc.; and
      X represents a hydrogen or halogen atom, or a C.sub.1 - C.sub.4 alkyl,
      C.sub.1 - C.sub.4 alkoxy, or trifluoromethyl group, can be prepared by
      reducing a benzoylpropionamide derivative of the formula,
      ##SPC2##
PAL  Wherein A, R.sub.1, R.sub.2, R.sub.3 and X have the same meanings as
      defined above, to a phenylbutanol derivative of the formula,
      ##SPC3##
PARN
PAR  This is a division of application Ser. No. 82,100, filed Oct. 19, 1970, now
      abandoned.
BSUM
PAR  The present invention relates to a process for preparing butyrophenone
      derivatives useful as medicines. More particularly, the invention relates
      to a novel and advantageous process for preparing butyrophenone
      derivatives represented by the general formula,
      ##SPC4##
PAL  Wherein
PAR  A signifies a single or double bond linkage;
PAR  R.sub.1 signifies a hydrogen atom or a C.sub.1 - C.sub.4 alkyl group;
PAR  R.sub.2, which is present only in case A signifies a single bond linkage,
      signifies a hydrogen atom, or a hydroxyl, C.sub.1 - C.sub.4 alkyl or
      C.sub.1 - C.sub.4 alkoxy group;
PAR  R.sub.3 signifies a hydrogen atom, or a piperidino, pyrrolidino,
      morpholino, furyl, thienyl, C.sub.1 - C.sub.4 alkylamino, benzylamino,
      unsubstituted or substituted phenyl group having the formula,
      ##SPC5##
PAL  (wherein each of R.sub.4 and R.sub.5 signifies a hydrogen or halogen atom,
      or a C.sub.1 -C.sub.4 alkyl, C.sub.1 - C.sub.4 alkoxy, or trifluoromethyl
      group), or a group having the formula,
      ##SPC6##
PAL  (wherein R.sub.6 signifies a hydrogen atom or a C.sub.1 - C.sub.4 alkyl
      group, and each of R.sub.7 and R.sub.8 signifies a hydrogen or halogen
      atom, a C.sub.1 - C.sub.4 alkyl, or C.sub.1 - C.sub.4 alkoxy group); and
PAR  X signifies a hydrogen or halogen atom, or a C.sub.1 - C.sub.4 alkyl,
      C.sub.1 - C.sub.4 alkoxy, or trifluoromethyl group.
PAR  The butyrophenone derivatives represented by the above-said general formula
      (I), which are prepared by the process of the present invention, have an
      excellent central nervous system depressant and are useful as
      tranquilizers, analgesics, and sedatives. For example,
      .gamma.-(4-hydroxy-4-p-chlorophenylpiperidino)-p-fluorobutyrophenone is
      known in the art as a substance having an excellent psychotropic activity.
PAR  The present inventors have found a novel and advantageous process for
      preparing these useful butyrophenone derivatives. That is, the present
      inventors have found that the butyrophenone derivatives of the above-said
      formula (I) can be prepared very advantageously by the following
      reactions:
      ##SPC7##
PAL  wherein A, R.sub.1, R.sub.2, R.sub.3 and X have the same meanings as
      mentioned above.
PAR  Accordingly, the first object of this invention is to provide a novel and
      advantageous process for preparing butyrophenone derivatives of the
      above-said general formula (I).
PAR  Another object is to provide novel phenylbutanol derivatives useful as
      medicines or intermediates for medicines.
PAR  A further object is to provide a novel pharmaceutical composition.
PAR  Other objects and merits of the present invention will be apparent from the
      following description.
PAR  In order to attain the above-mentioned objects, the present invention
      provides a process for preparing butyrophenone derivatives of the general
      formula (I), which is characterized by reacting a phenylbutanol derivative
      of the general formula (II) with an oxidizing agent.
PAR  Further, the present invention provides a process for preparing
      butyrophenone derivatives of the general formula (I), which is
      characterized by reacting a benzoylpropionamide derivative of the general
      formula (III) with a reducing agent to form a phenylbutanol derivative of
      the general formula (II), and then reacting the said phenylbutanol
      derivative of the general formula (II) with an oxidizing agent.
PAR  Moreover, the present invention provides novel phenylbutanol derivatives
      represented by the general formula (II), except for the case where
      simultaneously A signifies a single bond linkage, R.sub.2 signifies a
      lower alkoxy group, and R.sub.3 signifies an aforementioned unsubstituted
      or substituted phenyl group. These phenylbutanol derivatives are also
      useful as tranquilizers, analgesics or sedatives.
PAR  Examples of alkyl groups in the aforementioned general formulas (I), (II)
      and (III) include methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl,
      or tert.-butyl. Examples of alkoxy groups include methoxy, ethoxy,
      n-propoxy, iso-propoxy, n-butoxy, iso-butoxy or tert.-butoxy.
PAR  Examples of halogen atoms include fluorine, chlorine, bromine or iodine.
      Examples of alkylamino groups include methylamino, ethylamino,
      isopropylamino, n-butylamino or the like.
PAR  The process of the present invention is illustrated below in detail
      according to the sequence of reactions.
PAR  Step 1. Reduction of benzoylpropionamide
PAR  In the present process, the reduction is effected in a suitable organic
      solvent using various reducing agents. Examples of preferable reducing
      agents are complex compounds of metal hydrides, and particularly preferred
      is lithium aluminum hydride, diborane, or sodium borohydride-a halogenated
      metallic compound. While the reducing agents can be used in a
      stoichiometric amount or more, the objective phenylbutanol derivatives are
      obtained generally in high yields. The reaction is conducted at a
      temperature within a range of 0.degree.C to a boiling point of a solvent,
      preferably 10.degree. to 100.degree.C. In case a complex compound of metal
      hydride is used as the reducing agent, the solvents used in the present
      process include diethyl ether, di-n-butyl ether, tetrahydrofuran, dioxane,
      methylal, N-ethylmorpholine, diethylene glycol dimethyl ether, ethylene
      glycol dimethyl ether, etc.
PAR  After the reaction is complete, the excess of reducing agent present and
      the complex compound thereof formed are decomposed by addition of water,
      an alcohol, ethyl acetate or the like, and then the objective
      phenylbutanol derivative can be isolated or, if necessary, further
      purified by recrystallization, etc. If desired, the product can be
      converted into an acid addition salt thereof by the treatment with a
      mineral or organic acid. The said salt can be formed with, for example,
      hydrochloric, sulfuric, phosphoric, hydrobromic, thiocyanic, acetic,
      propionic, oxalic, citric, malic, tartaric, fumaric, maleic, succinic,
      glycolic, benzoic, cinnamic, p-aminosalicylic, salicylic, methanesulfonic,
      ascorbic acids, etc.
PAR  By the above-said procedure, phenylbutanol derivatives (II) are obtained in
      high yields.
PAR  Step 2. Oxidation of phenylbutanol derivative
PAR  The phenylbutanol derivatives (II) obtained in the above-mentioned step 1
      are then oxidized to yield butyrophenone derivatives of the general
      formula (I) in high yields. In the present invention, various oxidizing
      agents may be used. Examples of the oxidizing agents used in the present
      invention include manganese dioxide, chromic acid, chromates, oxygen,
      ozone, dimethyl sulfoxide, potassium permanganate, osmium oxide, and
      organic peracids. There may be also employed Oppenauer oxidation, or
      photo-oxidation. The reaction is generally carried out in water or in an
      organic solvent at a temperature of 0.degree. to 40.degree.C, and lower or
      higher temperatures may be used. Examples of the organic solvents used in
      the present oxidation include petroleum ether, ether, chloroform, carbon
      tetrachloride, benzene, acetic acid, acetone, pyridine, ethyl acetate,
      etc.
PAR  The resulting objective compound of the general formula (I) can be
      converted, if necessary, into an acid addition salt thereof by treatment,
      as in step 1, with a mineral or organic acid.
PAR  By the process of the present invention there are synthesized the following
      compounds:
PA0  1-Phenyl-4-(4-hydroxy-4-phenyl-piperidino)-1-butanol
PA1  1-(p-Fluorophenyl)-4-[4-hydroxy-4-(p-methylphenyl)-piperidino]-1-butanol
PA0  1-(p-Fluorophenyl)-4-[4-(p-chlorophenyl)-4-hydroxypiperidino]-1-butanol
PA0  1-(p-Fluorophenyl)-4-[4-hydroxy-4-(m-trifluoromethyl-phenyl)piperidino]-1-b
     utanol
PA0  1-(p-Fluorophenyl)-4-[4-hydroxy-4-(p-methoxyphenyl)-piperidino]-1-butanol
PA0  1-(p-Fluorophenyl)-4-[4-(2-oxo-1-benzimidazolinyl)-piperidino]-1-butanol
PA0  1-(p-Fluorophenyl)-4-[4-(2-oxo-1-benzimidazolinyl)-1,2,3,6-tetrahydro-1-pyr
     idyl]-1-butanol
PA0  1-(p-Fluorophenyl)-4-[4-(p-chlorophenyl)-1,2,3,6-tetrahydro-1-pyridyl]-1-bu
     tanol
PA0  1-(p-Fluorophenyl)-4-[4-(p-chlorophenyl)-4-methoxy-piperidino]-1-butanol
PA0  1-(p-Fluorophenyl)-4-(4-isopropylaminopiperidino)-1-butanol
PA0  1-(p-Fluorophenyl)-4-[4-ethoxy-4-(2-thienyl)piperidino]-1-butanol
PA0  1-(p-Fluorophenyl)-4-[4-(1-piperidyl)piperidino]-1-butanol
PA0  1-(p-Fluorophenyl)-4-[4-(4-morpholyl)piperidino]-1-butanol
PA0  1-(p-Chlorophenyl)-4-[4-(p-chlorophenyl)-4-hydroxypiperidino]-1-butanol
PA0  1-(p-Bromophenyl)-4-[4-(p-chlorophenyl)-4-hydroxypiperidino]-1-butanol
PA0  1-(p-Methoxyphenyl)-4-[4-(p-chlorophenyl)-4-hydroxypiperidino]-1-butanol
PA0  1-(p-Methylphenyl)-4-[4-(p-chlorophenyl)-4-hydroxypiperidino]-1-butanol
PA0  1-(p-Trifluoromethylphenyl)-4-[p-chlorophenyl)-4-hydroxypiperidino]-1-butan
     ol
PA0  1-(p-Fluorophenyl)-4-[4-(p-chlorophenyl)piperidino]-1-butanol
PA0  1-(p-Fluorophenyl)-4-[3-methyl-4-(p-chlorophenyl)-4-hydroxypiperidino]-1-bu
     tanol
PA0  .gamma.-(4-Hydroxy-4-phenylpiperidino)-butyrophenone
PA0  .gamma.-[4-Hydroxy-4-(p-methylphenyl)piperidino]-p-fluorobutyrophenone
PA0  .gamma.-[4-(p-Chlorophenyl)-4-hydroxypiperidino]-p-fluorobutyrophenone
PA0  .gamma.-[4-Hydroxy-4-(m-trifluoromethylphenyl)piperidino]-p-fluorobutyrophe
     none
PA0  .gamma.-[4-Hydroxy-4-(p-methoxyphenyl)piperidino]-p-fluorobutyrophenone
PA0  .gamma.-[4-(2-Oxo-1-benzimidazolinyl)piperidino]-p-fluorobutyrophenone
PA0  .gamma.-[4-(2-Oxo-1-benzimidazolinyl)-1,2,3,6-tetrahydro-1-pyridyl]-p-fluor
     obutyrophenone
PA0  .gamma.-[4-(p-Chlorophenyl)-4-methoxypiperidino]-p-fluorobutyrophenone
PA0  .gamma.-[4-(p-Chlorophenyl)-1,2,3,6-tetrahydro-1-pyridyl]-p-fluorobutyrophe
     none
PA0  .gamma.-(4-Isopropylaminopiperidino)-p-fluorobutyrophenone
PA0  .gamma.-[4-Ethoxy-4-(2-thienyl)piperidino]-p-fluorobutyrophenone
PA0  .gamma.-[4-(1-Piperidyl)piperidino]-p-fluorobutyrophenone
PA0  .gamma.-[4-(4-Morpholyl)piperidino]-p-fluorobutyrophenone
PA0  .gamma.-[4-(p-Chlorophenyl)-4-hydroxypiperidino]-p-chlorobutyro-phenone
PA0  .gamma.-[4-(p-Chlorophenyl)-4-hydroxypiperidino]-p-bromobutyrophenone
PA0  .gamma.-[4-(p-Chlorophenyl)-4-hydroxypiperidino]-p-methoxybutyrophenone
PA0  .gamma.-[4-(p-Chlorophenyl)-4-hydroxypiperidino]-p-methylbutyrophenone
PA0  .gamma.-[4-(p-Chlorophenyl)-4-hydroxypiperidino]-p-trifluoro-methylbutyroph
     enone
PA0  .gamma.-[4-(p-Chlorophenyl)piperidino]-p-fluorobutyrophenone
PA0  .gamma.-[3-Methyl-4-(p-chlorophenyl)-4-hydroxypiperidino]-p-fluorobutyrophe
     none.
PAR  As described above, the present process is an excellent commercial process
      because of the simplicity of procedures, high yields, etc.
PAR  In case R.sub.2 in the formula (II) is a hydroxyl group, two hydroxyl
      groups are contained in the molecule of the phenylbutanol derivative. When
      such a compound is subjected to the oxidation of step 2 of the present
      invention, one of the hydroxyl groups is selectively oxidized into a
      carbonyl group while the other hydroxyl group, i.e. the hydroxyl
      represented by R.sub.2, remains intact. Such a selective oxidation is an
      extraordinarily characteristic reaction which can not be expected from
      prior art.
PAR  The benzoylpropionamide derivatives of the general formula (III), which are
      the starting materials of the present process, are readily synthesized
      using easily available materials by, for example, the following reaction
      scheme:
      ##SPC8##
PAL  (In the above formulas, A, R.sub.1, R.sub.2, R.sub.3 and X have the same
      meanings as mentioned above.)
PAR  Phenylbutanol derivatives of the general formula (II), in the case where
      R.sup.2 is not an alkoxy group, and acid addition salts thereof are novel
      and useful compounds having excellent central nervous system activity.
      They are quite useful as anti-anxiety, anti-psychotonic, anti-emotional,
      anti-convulsive, anti-psychosis or analgesic drugs.
PAR  Each of the pharmaceutically active phenylbutanol compounds of the present
      invention may be, e.g., incorporated, for oral administration, in tablet
      as the sole active ingredient. A typical tablet is constituted by from 1
      to 2 per cent of a binder, e.g. tragacanth; from 3 to 10 per cent of a
      lubricant, e.g. talcum; from 0.25 - 1.0 per cent of a lubricant, e.g.
      magnesium stearate; an average dose of active ingredient; and q.s. 100 per
      cent of a filler, e.g. lactose. The usual oral dosage is 1 - 100 mg per os
      daily.
DETD
PAR  The process for preparing benzoylpropionamide derivatives of the formula
      (III) is illustrated below in more detail with reference to Referential
      Examples.
PAC  REFERENTIAL EXAMPLE 1
PAR  To a solution of 15 g of .beta.-p-fluorobenzoyl-propionic acid and 8.0 g of
      triethylamine in 100 ml of tetrahydrofuran, was gradually added 8.3 g of
      ethyl chlorocarbonate while the reaction mixture was kept below
      0.degree.C. After being stirred for 25 minutes at a temperature below
      0.degree.C, the mixture was added with 6.5 g of piperidine and stirred for
      another 2 hours. Then the precipitate formed was filtered off and the
      filtrate was concentrated to dryness under reduced pressure. The residue
      was recrystallized from hexane to obtain 11 g of
      1-(.beta.-p-fluorobenzoylpropionyl)piperidine, melting at 70.degree. -
      71.degree.C.
PAC  REFERENTIAL EXAMPLES 2-4
PAR  According to the procedure similar to that in Referential Example 1, there
      were obtained the following compounds:
PA0  1-[.beta.-(p-Fluorobenzoyl)propionyl]-4-(p-chlorophenyl)-4-hydroxypiperidin
     e, m.p. 151.degree. - 152.degree.C.
PA0  1-[1-(.beta.-p-Fluorobenzoylpropionyl)]-4-piperidyl -2-oxobenzimidazoline
      as colorless crystals, m.p. 205.degree. - 206.degree.C.
PA0  1-(.beta.-p-Fluorobenzoylpropionyl)-4-phenyl-1,2,3,6-tetrahydropyridine,
      m.p. 123.degree. - 124.degree.C.
PAR  The present invention is further illustrated below in more detail with
      reference to Examples, but the scope of the invention is, of course, not
      limited thereto.
PAC  EXAMPLE 1
PAR  Step 1
PAR  Lithium aluminum hydride (2.2 g) was suspended in 40 ml of tetrahydrofuran
      and heated to 60.degree.C. A solution of 5.0 g of
      1-(.beta.-p-fluorobenzoylpropionyl)piperidine in 10 ml of tetrahydrofuran
      was added dropwise to said suspension, and heated under reflux for 6 hours
      with stirring. To the reaction mixture cooled in ice, was gradually added
      20 ml of water and the precipitate was filtered off. The filtrate was
      concentrated to one-third in volume, and extracted with 100 ml of ether.
      The ether solution was washed with water and dried over anhydrous
      potassium carbonate, and then gaseous hydrogen chloride was introduced
      therein. The white precipitate formed was collected by filtration, washed
      with ether, and recrystallized from ethanol-ether to obtain 4.1 g of
      1-(p-fluorophenyl)-4-piperidino-1-butanol hydrochloride, as a white
      crystalline powder melting at 158.degree. - 159.degree.C.
PAR  Step 2
PAR  A mixture of 2 g of 1-(p-fluorophenyl)-4-piperidino-1-butanol liberated
      from the hydrochloride, 20 ml of benzene, and 4 g of a fine powder of
      manganese dioxide was stirred for 8 hours at room temperature. After
      filtration, the precipitate was washed with 20 ml of benzene. The benzene
      washings and filtrate were combined and concentrated under reduced
      pressure to obtain oily .gamma.-piperidino-p-fluorobutyrophenone (2 g in
      weight; infrared absorption spectrum, .nu. C=0 1678 cm.sup.-.sup.1). The
      said oily product was dissolved in 20 ml of ether, and gaseous hydrogen
      chloride was introduced therein to saturation. The precipitate formed was
      recrystallized from ethanol-ether to yield the hydrochloride melting at
      180.degree. - 181.degree.C.
PAC  EXAMPLES 2-4
PAR  In a similar manner to that of Step 1 in Example 1, there were obtained the
      compounds listed in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Example                         Melting                                   
     No.     X    R.sub.1                                                      
                         R.sub.2                                               
                               R.sub.3                                         
                                     point (.degree.C)                         
     __________________________________________________________________________
     2       p-F  H      CH.sub.3                                              
                               H     160 - 161                                 
     3       p-F  3-CH.sub.3                                                   
                         H     H     177 - 178                                 
     4       p-F  H      OCH.sub.3   199 - 200                                 
     __________________________________________________________________________
PAC  EXAMPLES 5-13
PAR  In a similar manner to that of step 2 in Example 1, there were obtained the
      compounds listed in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Example                               Melting                             
     No.   X    R.sub.1                                                        
                   R.sub.2                                                     
                        R.sub.3          n point.(.degree.C)                   
     __________________________________________________________________________
     5     p-Cl H  H    H                1 200 - 202                           
     6     m-CF.sub.3                                                          
                H  H    H                1 177 - 178                           
     7     p-F  H  i-C.sub.3 H.sub.7                                           
                        H                1 208 - 210                           
     8     p-F  H  H                     2 307 - 308                           
     9     p-F  H  H                     2 312 - 315                           
     10    p-F  H  CH.sub.3              2 270 - 271                           
     11    H    H  OC.sub.2 H.sub.5      1 167 - 169                           
     12    H    H  OC.sub.2 H.sub.5      1 169 - 170                           
     13    p-F  H  H    HN--CH.sub.2     2 268 - 270                           
     __________________________________________________________________________
PAC  EXAMPLE 14
PAR  Step 1
PAR  To a mixture of 2.0 g of lithium aluminum hydride and 50 ml of
      tetrahydrofuran, was gradually added a solution of 5.0 g of
      1-[.beta.-(p-fluorobenzoyl)propionyl]-4-(p-chlorophenyl)-4-hydroxypiperidi
     ne in 40 ml of tetrahydrofuran. The mixture was stirred at room temperature
      for one hour, and at 60.degree.to 65.degree.C for 4 hours. Then 15 ml of
      cold water was added dropwise to the reaction mixture while the mixture
      was kept below 20.degree.C in an ice bath. The precipitate was filtered
      off and the tetrahydrofuran was removed from the filtrate by distillation
      under reduced pressure. The residue was kept cooled for 2 hours and the
      solid matter was collected by filtration, washed with water, and dried to
      obtain 1-(p-fluorophenyl)-4-[4-(p-chlorophenyl)-4-hydroxypiperidino]-1
      -butanol, melting at 128.degree. - 130.degree.C.
PAR  Step 2
PAR  To a solution of 4.0 g of
      1-(p-fluorophenyl)-4-[4-(p-chlorophenyl)-4-hydroxypiperidino]-1-butanol in
      100 ml of chloroform was added 10 g of manganese dioxide (fine powder).
      And then the mixture was stirred at room temperature for 7 hours. The
      reaction product was filtered and the filtrate was concentrated to dryness
      under reduced pressure. The residue was recrystallized from aqueous
      acetone to obtain
      .gamma.-[4-(p-chlorophenyl)-4-hydroxypiperidino]-p-fluorobutyrophenone,
      melting at 150.degree. - 151.degree.C.
PAC  EXAMPLES 15-19
PAR  According to the procedure similar to that in Example 14, there were
      obtained the following compounds.
TBL                Table 3                                                     
     ______________________________________                                    
     Example                              Melting                              
     No.    X      R.sub.1                                                     
                         R.sub.2                                               
                              R.sub.3     point (.degree.C)                    
     ______________________________________                                    
     15     p-F    H     OH               135 - 137                            
     16     p-F    H     OH               119 - 120                            
     17     p-F    H     OH               123 - 124                            
     18     p-F    H     OH               207 - 209                            
                                          (hydro-                              
                                          chloride)                            
     19     p-F    H     OH               205 - 207                            
                                          (hydro-                              
                                          chloride)                            
     ______________________________________                                    
PAC  EXAMPLE 20
PAR  One gram of chromium trioxide was added with stirring to 40 ml of pyridine
      cooled to 0.degree.C. The mixture was stirred at room temperature for 1
      hour, and then again cooled to 0.degree.C. Into the said mixture was added
      1.1 g of
      1-(p-fluorophenyl)-4-[4-hydroxy-4-(p-methylphenyl)-piperidino]-1-butanol,
      and the mixture was stirred for 1 hour under cooling with ice. The
      reaction mixture was poured into 300 ml of cold water to separate an oily
      substance. The oily substance is extracted with ethyl acetate, and the
      ethyl acetate layer was washed 4 times with each 60 ml of water, dried
      over anhydrous sodium sulfate, and concentrated to dryness under reduced
      pressure. The residue was recrystallized from aqueous acetone to obtain
      .gamma.-(4-hydroxy-4-p-methylphenylpiperidino)-p-fluorobutyrophenone,
      melting at 119.degree. - 120.degree.C.
PAC  EXAMPLE 21
PAR  Step 1
PAR  To a stirred mixture of 2.0 g of lithium aluminum hydride and 180 ml of
      tetrahydrofuran at room temperature, was added 4.6 g of
      1-[1-(.beta.-p-fluorobenzoylpropionyl)-4-piperidyl]-2-oxobenzimidazoline
      portionwise over a period of about 10 minutes. The mixture was further
      stirred at room temperature for one hour, then gradually heated to
      60.degree.C over a period of one hour, stirred for additional 4 hours at
      60.degree. - 65.degree.C, and then cooled in ice. To the reaction mixture
      was carefully added 20 milliliters of cold water, and the precipitate
      formed was filtered off. The filtrate was added with 6 ml of acetic acid,
      and the tetrahydrofuran was removed by distillation under reduced
      pressure. The residue was made slightly alkaline by adding a 14% aqueous
      ammonia, and the solid precipitated was collected by filtration, dried,
      and recrystallized from toluene to obtain a white crystalline powder of
      1-(p-fluorophenyl)-4-[4-(2-oxo-1-benzimidazolinyl)-piperidino]-1-butanol,
      melting at 160.degree. - 161.degree. C.
PAR  Step 2
PAR  To a stirred mixture of 4 g of
      1-(p-fluorophenyl)-4-[4-(2-oxo-1-benzimidazolinyl)piperidino]-1-butanol
      and 100 ml of acetone was added dropwise a chromic acid solution (prepared
      from 2 g of chromic anhydride, 5 ml of water and 2 ml of sulfuric acid)
      under cooling with ice. The mixture was stirred over night at room
      temperature, poured into 600 ml of cold water and made alkaline by
      addition of a 10% aqueous sodium hydroxide solution. The basic material
      which was separated was extracted twice with each 100 ml of chloroform and
      the combined extracts were washed with water and evaporated to dryness.
      Recrystallization of the solid residue from aqueous acetone gave
      .gamma.-[4-(2-oxo-1-benzimidazolinyl)-piperidino]-p-fluorobutyrophenone,
      melting at 171.degree. - 172.degree.C.
PAC  EXAMPLE 22
PAR  To a stirred solution of 2.0 g of
      1-(p-fluoro-phenyl)-4-[4-(2-oxo-1-benzimidazolinyl)-1,2,3,6-tetrahydro-1-p
     yridyl]-1-butanol in 60 ml of chloroform at room temperature, was added
      portionwise 3.2 g of a fine powder of manganese dioxide. After completion
      of addition, the mixture was stirred for another 2 hours at room
      temperature, and the precipitate was filtered off. The filtrate was
      concentrated to dryness under reduced pressure, and the residue was
      recrystallized from dioxane containing water, to obtain
      .gamma.-[4-(2-oxo-1-benzimidazolinyl)-1,2,3,6-tetrahydro-1-pyridyl]-p-fluo
     robutyrophenone, melting at 146.degree. - 147 5.degree.C.
PAC  EXAMPLE 23
PAR  In the manner similar to that in Example 22, a compound having the
      following structural formula was obtained:
      ##SPC9##
PAC  EXAMPLE 24
PAR  Step 1
PAR  To a suspension of 2.2 g of lithium aluminum hydride in 40 ml of
      tetrahydrofuran was added dropwise a solution of 5.0 g of 1-(62
      -p-fluorobenzoylpropionyl)-4-phenyl-1,2,3,6-tetrahydropyridine in 60 ml of
      tetrahydrofuran over a period of about 30 minutes, during which period a
      mild evolution of heat was observed. After completion of the said dropwise
      addition, the mixture was heated under reflux with stirring for 6 hours. A
      mixture of 30 ml of water and 70 ml of tetrahydrofuran was added dropwise
      to the reaction mixture under cooling below 20.degree.C. The precipiate
      formed was filtered off and the filtrate was concentrated under reduced
      pressure to remove the tetrahydrofuran. The residue was refrigerated for 2
      hours, and the solidified substance was collected by filtration, washed
      with water, and recrystallized from aqueous ethanol to obtain 4.0 g of
      1-(p-fluorophenyl)-4-(4-phenyl-1,2,3,6-tetrahydro-1-pyridyl)-1-butanol,
      melting at 116.degree. - 117.degree.C. This substance was treated with
      methanolic hydrogen chloride to yield the hydrochloride melting at
      178.degree. - 179.degree.C.
PAR  Step 2
PAR  To a solution of 2.0 g of
      1-p-fluorophenyl-4-(4-phenyl-1,2,3,6-tetrahydro-1-pyridyl)-1-butanol in 30
      ml of benzene was added 7 g of a fine powder of manganese dioxide. The
      mixture was stirred at room temperature for 6 hours, and filtered. The
      filtrate was concentrated to dryness under reduced pressure, and the
      residue was recrystallized from aqueous ethanol to obtain
      .gamma.-(4-phenyl-1,2,3,6-tetrahydro-1-pyridyl)-p-fluorobutrophenone,
      melting at 123.degree. - 124.degree.C, which was treated with methanolic
      hydrogen chloride to yield the hydrochloride, melting at 187.degree. -
      188.degree.C.
PAC  EXAMPLES 25-34
PAR  Following the procedure of Example 24, there were obtained the
      butyrophenone derivatives shown in Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
                                         Melting                               
     Example                                                                   
            X         R          Melting point of                              
     No.                         point   hydro-                                
                                 (.degree.C)                                   
                                         chloride                              
                                         (.degree.C)                           
     ______________________________________                                    
     25     H         H                  196 - 197                             
     26     H         p-Cl       131 - 134                                     
     27     H         p-CH.sub.3         197 - 198                             
                      CH.sub.3                                                 
                      .vertline.                                               
     28     H         P-- C--CH.sub.3    138 - 141                             
                      .vertline.                                               
                      CH.sub.3                                                 
     29     m-F       H                  193 - 195                             
     30     p-F       p-F                182 - 183                             
     31     p-Br      H                  227 - 229                             
     32     p-CH.sub.3                                                         
                      p-Cl               219 - 224                             
     33     p-OCH.sub.3                                                        
                      p-Cl       138 - 139                                     
     34     p-OCH.sub.2 CH.sub.3                                               
                      H                  175 - 177                             
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. 1-(p-Fluorophenyl)-4-[4-(p-chlorophenyl)-4-hydroxy-piperidino]-1-butanol
      or its non-toxic, pharmaceutically acceptable acid addition salt.
NUM  2.
PAR  2. 1-(p-Fluorophenyl)-4-(4-hydroxy-4-phenyl-piperidino)-1-butanol or its
      non-toxic, pharmaceutically acceptable acid addition salt.
NUM  3.
PAR  3. 1-(p-Fluorophenyl)-4-[4-hydroxy-4-(m-trifluoromethylphen
     yl)piperidino]-1-butanol or its non-toxic, pharmaceutically acceptable acid
      addition salt.
NUM  4.
PAR  4. 1-(p-Fluorophenyl)-4-[4-hydroxy-4-(p-methylphenyl)-piperidino]-1-butanol
      or its non-toxic, pharmaceutically acceptable acid addition salt.
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ABST
PAL  This invention relates to an improved process for preparing N-carboxylic
      anhydrides of amino acids, and N-carboxylic anhydrides of derivatives of
      amino acids by reacting an amino acid, a derivative of amino acid or a
      salt thereof with trichloromethylchloroformate in an organic solvent,
      preferably a mixture of an ether or ester with one or more other organic
      solvents and adding to the reaction mixture carbon, basic aluminum
      chloride or aluminum oxide just before or immediately after completion of
      the initial reaction.
BSUM
PAC  BACKGROUND AND BRIEF SUMMARY OF THE INVENTION
PAR  In this specification, the term "amino acids" denotes amino acids and their
      derivatives; while "N-carboxylic anhydrides" and "N-carboxylic anhydrides
      of amino acids" are referred to as "NCA" and "ANCA", respectively; and
      "trichloromethylchloroformate", i.e., (CCl.sub.3 OCOCl) is referred to as
      "TCF".
PAR  It is known to prepare ANCA by suspending an amino acid or its salt in an
      organic solvent, reacting the suspension with phosgene blown thereinto at
      an elevated temperature of about from 40.degree. to 100.degree.C and
      cooling the reaction mixture to effect crystallization of the ANCA.
      However, the use of phosgene, which is poisonous gas is quite dangerous.
      Furthermore, because the boiling point of phosgene is 8.2.degree.C
      (measured at 760 mmHg), there is a great probability that phosgene blown
      into the reaction system is liable to escape therefrom.
PAR  The reaction for preparing ANCA from amino acid and phosgene is considered
      to proceed in the following manner:
      ##EQU1##
      wherein R is an amino acid radical. [Advance in Protein Chemistry, Vol. 3,
      page 268 (1958), Academic Press Inc. Publisher, New York, N.Y.]
PAR  In these series of reactions, the latter reaction proceeds faster than the
      former, i.e., one third of the amino acid in the starting mixture is
      quickly converted into ANCA; while the remaining two thirds of the amino
      acid is considered to be readily converted into the hydrochloride thereof
      represented by
      ##EQU2##
      BY THE ACTION OF THE BY-PRODUCT HYDROGEN CHLORIDE. The reaction for
      obtaining ANCA from amino acid and phosgene proceeds with a high velocity,
      while the velocity of the reaction between the hydrochloride of amino acid
      and phosgene is relatively slow. The reaction velocity of
      dehydrogenchloride to give NCA is accelerated by elevating the reaction
      temperature. However, when the temperature of the reaction system is
      elevated, the concentration of the phosgene dissolved in the reaction
      solvent reduces, resulting in slow reaction velocity to NCA. It is
      necessary for acceleration of the reaction velocity to dissolve a largest
      possible amount of phosgene in the solvent at an elevated reaction
      temperature. However, the use of a large amount of solvent for this
      purpose is very disadvantageous in industrial practice; and even if such a
      large amount of solvent is used, it is usually necessary to use more than
      2-3 mols of phosgene per mol of the amino acid or its salt, utilized in
      the reaction.
PAR  In order to increase the solubility of phosgene in the solvent and/or to
      accelerate the reaction valocity, various attempts such as acceleration of
      agitation and improvement of gas-charging devices, etc. have been made.
      However, because of the very corrosive nature of both phosgene and
      hydrogen chloride which is given off during the reaction, it is difficult
      to achieve the desired purposes.
PAR  It has now unexpectedly been discovered that the reaction for preparing
      ANCA from amino acids can be carried out by using TCF in place of
      phosgene, which is a health hazard.
PAR  It is therefore an object of the present invention to provide a process for
      preparing ANCA from amino acids and salts thereof in a simple manner and
      without any deleterious influence upon human health.
PAR  Another object of the present invention is to provide a process for
      preparing ANCA having a higher quality.
PAR  It is another object of the invention to provide a process for preparing
      ANCA by reaction of amino acids with TCF.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the present invention, there is provided a process for
      preparing ANCA from amino acids and salts thereof, wherein an amino acid
      is suspended in an organic solvent and TCF is dissolved to said
      suspension. It should be noted that the solvent is incapable of dissolving
      the amino acid, but does dissolve the TCF.
PAR  The chemistry of the process of the present invention using TCF for the
      preparation of ANCA has not yet been completely clarified. However,
      because of considerable differences in the mode of reaction between the
      use of TCF and the use of phosgene, it can reasonably be presumed that TCF
      is not decomposed into two mols of phosgene which then react with amino
      acids or salts thereof. But TCF reacts directly with the amino acids or
      salts thereof, as explained hereinafter.
PAR  It is believed that in the case where acid salts of amino acids are used
      the reaction readily occurs as shown in (A) below. Alternatively, in the
      case where free amino acids, ammonium or metallic salts of amino acids are
      used the reaction readily proceeds as shown in (B) below. As shown below
      the resultants (A1,) and (B1,) are cyclized into
      ##EQU3##
      ##EQU4##
      wherein R represents an amino acid residue, and M represents hydrogen,
      ammonium or metal.
PAR  For the purpose of better understanding, monovalent acids and metals are
      illustrated in the above schemes, but in the cases of di- or higher valent
      acid and metals the reaction schemes are the same as above illustrated.
PAR  It has been confirmed that the NCA-forming reaction according to the
      present invention goes to completion in a very short period of time with a
      high yield. It is considered that the reaction is mainly assisted by the
      evolution of the by-product phosgene (Cl) and the TCF dissolved in the
      reaction system. The amount of the by-product phosgene is relatively small
      so that it is easy to collect the waste phosgene by using a suitable
      collecting device without deleterious influence upon human health. The
      reaction according to the present invention is preferably carried out at a
      temperature within the range of from an ambient temperature to
      150.degree.C for about 2 minutes to 6 hours.
PAR  Because TCF is a liquid having a boiling point of 127.degree.-128.degree.C
      and is readily soluble in various organic solvents, it is possible to
      carry out the reaction by using TCF in the liquid form. When TCF escapes
      as vapor from the reaction system, it can easily be recovered and recycled
      to the reaction system, e.g., by using a condenser. It is therefore
      sufficient to use TCF in about a mol equivalent to the amount of amino
      acid or its salt used as starting material. The reaction easily proceeds
      with a high speed.
PAR  As the amino acids may be used for the purpose of the present invention, it
      is possible to use any amino acids and derivatives thereof used for
      NCA-forming reactions of the known types as exemplified by neutral amino
      acids such as glycine, alanine, leucine, isoleucine, valine, proline,
      phenylalanine, cysteine, o-tert-butylserine, o-tert-butylthreonine,
      o-benzylserine, o-benzylthreonine, o-benzyltyrosine, S-benzylcysteine,
      etc.; .omega.-alkyl or .omega.-aralkyl derivatives of acidic amino acids
      such as .beta.-alkylesters of aspartic acid [methyl, ethyl, propyl and
      isomers thereof, etc., as the alkyl group], .gamma.-alkylesters of
      glutamic acid [methyl, ethyl, propyl and isomers thereof, butyl and its
      isomers, etc., as the alkyl group], .gamma.-benzylesters of glutamic acid,
      etc.; N-substituted derivatives of basic amino acids such as
      N.epsilon.-acetyllysine, N.epsilon.-carbobenzoxylysine, N.delta.-
      carbobenzoxyornithine, etc.; arginine; cystine; methionine, etc. All of
      these may be either optically active or inactive.
PAR  Examples of the salts of amino acids which may be used for the present
      invention include acid addition salts (for example, hydrochloride,
      sulfate, nitrate, phosphate, etc.) of amino acids or derivatives thereof
      which are capable of forming ANCA by reacting with phosgene (such as
      neutral amino acids, acidic amino acid monoester, N-derivatives of basic
      amino acids); ammonium salts and metallic salts (such as salts of alkali
      metals, e.g., sodium, potassium, etc.; salts of alkali earth metals, e.g.,
      magnesium, etc.; as well as salts of metals which form salts with amino
      acids or derivatives thereof, e.g., aluminum, zinc, copper, silver, iron,
      nickel, mercury, etc.).
PAR  For the purpose of the present invention, it is possible to use various
      organic solvents such as hydrocarbons, halogenates, nitro-compounds,
      nitriles, esters, ketones, ethers, etc. (preferably those having carbon
      atoms of 1-8), which are used for the preparation of ANCA in the prior
      amino acid and phosgene reactions. Preferably examples of the solvents
      include: benzene, toluene, xylene (including its isomers),
      dichloromethane, chloroform, carbon tetrachloride, 1,2-dichloroethane,
      1,2-dichloropropane, 1,1,1-trichloroethane, tetrachloroethane,
      trichloroethylene, perchloroethylene, chlorobenzene, dichlorobenzene
      (including its isomers), chlorotoluene (including its isomers),
      benzylchloride, fluorobenzene, fluorotoluene (including its isomers),
      nitrobenzene, nitrotoluene (including its isomers), methylacetate,
      ethylacetate, propylacetate (including its isomers), butylacetate
      (including its isomers), methylformate, ethylformate, propylformate
      (including its isomers), butylformate (including its isomers),
      acetonitrile, propionitrile, tetrahydrofuran, 1,4-dioxane, propylether
      (including its isomers), .alpha.-chloroethylether,
      ethyleneglycoldiethylether, methylethylketone, methylisobutylketone, etc.
PAR  However, if a mixture of an ether or ester with various other organic
      solvents is used as the reaction solvent, the reaction of converting amino
      acids or salts thereof into their respective NCAs can advantageously be
      accelerated (even a small amount of ethers or esters is very effective).
      Examples of preferable mixtures include mixtures of dioxane with
      1,2-dichloroethane (hereinafter referred to as EDC), dioxane with
      methylenechloride, dioxane with chloroform, EDC with ethylacetate, EDC
      with tetrahydrofuran (hereinafter referred to as THF), benzene, toluene
      with THF, and chloroform with ethylacetate.
PAR  It has also been confirmed that when the TCF used for the reaction with the
      amino acid is still present in the reaction mixture after completion of
      the reaction, chlorine remains in the NCA produced, resulting in
      deleterious influence upon the quality of the final product. Therefore, as
      stated hereinafter, when chlorine reducing agent is not used, the use of
      TCF in excess amounts should be avoided.
PAR  ANCA having a lower chlorine content is frequently required. For example,
      the preparation of high grade polyglutamic acids requires ANCAs of
      .gamma.-methyl-L-glutamate or .gamma.-benzyl-L-glutamate having high
      purity and containing very low amounts of chlorine [e.g. J.A.C.S., Vol.
      76, page 4492 (1954)]. In order to minimize the chlorine content in ANCA,
      there have conventionally been proposed some processes, such as, for
      example, repeated recrystallizations; purification by the addition of
      substituted amides, contacting the ANCA solution with silver oxide
      (Japanese Patent Publication No. 15939/1967), etc. However, these
      processes have the disadvantages of complicated operation and low yield
      and can hardly be applied with advantage to industrial processes.
PAR  According to another aspect of the present invention, it is possible to
      eliminate the chlorine content in the reaction mixture by adding thereto a
      suitable amount of carbon, aluminum oxide and/or basic aluminum chloride
      just before or immediately after the completion of the reaction. When
      carbon, etc. is added to the reaction mixture before completion of the
      reaction, the required amount of TCF may more or less increase because of
      the consumption by carbon, etc. It is advantageous to add carbon, etc., to
      the reaction system just before or immediately after completion of the
      reaction. It is possible to use carbon, etc. in an amount of 0.1-50%
      (preferably 0.5-20%) by weight of the amino acid or salts thereof used as
      starting material, though the amount used may vary with various
      conditions.
PAR  Before adding carbon, etc., the temperature of the reaction system is
      preferably reduced by 10.degree.-50.degree.C to prevent a possible
      bumping. The addition of carbon, etc. is preferably effected with
      agitation at a suitable temperature (e.g., at a temperature which is not
      lower than the reaction temperature) for from several minutes to several
      hours, if desired, with simultaneous charging of an inert gas such as
      nitrogen, carbon dioxide, etc. Contacting the reaction mixture with
      carbon, aluminum oxide and/or basic aluminum chloride is then discontinued
      by a suitable method (e.g. centrifugation, filtration under pressure,
      etc.) at a temperature sufficiently high to prevent the crystallization of
      ANCA.
PAR  The carbon, aluminum oxide and basic oxide may be used, for example, in the
      form of powder, grain or bar. For carbon, it is possible to use as
      graphite, coke, charcoal, coal, etc. Basic aluminum chloride may be
      represented by the formula:-
EQU  AlCl.sub.3 --  a(OH).sub.a
PAL  wherein a is a number of from 2.99 to 0.01.
PAR  Subsequently, the reaction mixture is cooled, if desired, after
      concentration in vacuo, and the ANCA is recovered by crystallization. The
      ANCA thus obtained contains a very small amount of chlorine, and there is
      no need to recrystallize even when used for the preparation of polyamino
      acids without any after-treatment. The polyamino acids obtained have a
      high polymerization degree and a high purity.
PAR  The following non-limitative examples illustrate the invention.
PAC  EXAMPLE 1
PAR  In a 500 ml four-necked flask provided with a stirrer, a refluxing cooler,
      a thermometer and a dessicating calcium chloride tube, 15 g of
      .gamma.-methyl-L-glutamate in the powder form (65 mesh in average) was
      suspended in 300 ml of EDC then heated to 60.degree.-65.degree.C.
      (Hereinafter .gamma.-methyl-L-glutamate is referred to as MLG and the
      D-form is referred to as MDG). Immediately after the addition of 13.8 g of
      TCF to the mixture, the reaction commenced and an elevation of temperature
      by about 5.degree.C was observed. When the reaction was further continued
      for about 40 min at 75.degree.-80.degree.C, the suspended MLG almost
      disappeared. After MLG was no longer visibly observed, the mixture was
      filtered, the filtrate was subjected to distillation under reduced
      pressure to remove the solvent. After cooling, the residue was mixed with
      about 40 ml of dried petroleum ether to effect the crystallization of
      ANCA. About 15 g of MLG-NCA was obtained. Melting point:
      98.degree.-99.degree.C. Halogen content: 0.1%. The halogen content was
      determined by potentiometry according to JIS (Japanese Industrial
      Standard)-- KO113. When recrystallized from about 60 ml of EDC, ANCA was
      obtained having a halogen content of 0.02%.
PAC  EXAMPLE 2
PAR  Various amino acids were converted into ANCA in a similar manner to that
      described in Example 1 except for changes of amino acid as raw material,
      reaction solvent, reaction temperature, temperature for the addition of
      TCF, amount of the added TCF, etc. In Tests 2, 3 and 7, the addition of
      petroleum ether was not performed. In Test 10, the size of the MDG used
      was 200 mesh and in Test 11, 30 mesh.
PAR  Control samples were prepared in a similar manner to that described above
      except that phosgen was used in place of TCF. In each test, phosgen was
      used in the same amount as TCF. The results obtained are shown in Table 1,
      from which it is apparent that the use of TCF gives ANCA with a higher
      yield.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Test                                                                      
           A         B   C      D   E     F   Control                          
     __________________________________________________________________________
     1   L-leucine dioxane                                                     
                         19.8g                                                 
                              90-100.degree.C                                  
                                    15min 63% 42%                              
         13.1g     262ml 80.degree.C                                           
     2   .epsilon.-carbobenzoxy-                                               
                   dioxane                                                     
                         10.9g                                                 
                              90-100.degree.C                                  
                                    30min 66% 44%                              
         L-lysine 14g                                                          
                   210ml 80.degree.C                                           
     3   MDG       dioxane                                                     
                         23.0g                                                 
                              75-80.degree.C                                   
                                    40min 68% 41%                              
         15g       240ml 40.degree.C                                           
     4   MLG       THF   20.8g                                                 
                              60-65.degree.C                                   
                                    60min 65% 39%                              
         15g       320ml 50.degree.C                                           
     5   MDG       benzene                                                     
                         14.1g                                                 
                              70-80.degree.C                                   
                                    100min                                     
                                          44% 35%                              
         15g       300ml 70.degree.C                                           
     6   .gamma.-benzyl-L-                                                     
                   toluene                                                     
                         7.5g 90-100.degree.C                                  
                                    120min                                     
                                          50% 38%                              
         glutamate 10 g                                                        
                   170ml 60.degree.C                                           
     7   MLG       chloroform                                                  
                         21.8g                                                 
                              60-62.degree.C                                   
                                    100min                                     
                                          65% 40%                              
         20g       300ml 60.degree.C                                           
     8   MLG       EDC   21.8g                                                 
                              80-82.degree.C                                   
                                    90min 70% 45%                              
         20g       300ml 40.degree.C                                           
     9   .beta.-benzyl-L-                                                      
                   chloroform                                                  
                         19.8g                                                 
                              60-62.degree.C                                   
                                    100min                                     
                                          60% 41%                              
         aspartate 20.9g                                                       
                   200ml 50.degree.C                                           
     10  MDG       dioxane                                                     
                         23.0g                                                 
                              75-80.degree.C                                   
                                    40min 72% 47%                              
         15g       240ml 50.degree.C                                           
     11  MDG       dioxane                                                     
                         23.0g                                                 
                              75-80.degree.C                                   
                                    50min 67% 40%                              
         15g       240ml 40.degree.C                                           
     __________________________________________________________________________
      A = amino acid; used amount                                              
      B = solvent; used amount                                                 
      C = amount of TCF; temp. for addition                                    
      D = reaction temperature                                                 
      E = reaction time                                                        
      F = yield                                                                
      Note: THF denotes tetrahydrofuran.                                       
PAC  EXAMPLE 3
PAR  Various tests were carried out in a similar manner to that described in
      Example 1 with the exception that the solvents used included different
      mixed solvents. In each test, a control sample was prepared by using
      phosgene in place of TCF. The results obtained are shown in Table 2, from
      which it is apparent that the present invention using TCF provides ANCA
      having a lower chlorine content with a higher yield.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Test                                                                      
         A   B         C     D    E    F                                       
     __________________________________________________________________________
     1   MLG Chloroform                                                        
                       100-110                                                 
                             60-62                                             
                                  75-80                                        
                                       0.02-0.05                               
     Con.                         50-55                                        
                                       0.04-0.15                               
     2   MDG EDC        90-110                                                 
                             75-81                                             
                                  75-80                                        
                                       0.02-0.05                               
     Con.                         50   0.05-0.15                               
     3   MLG EDC:dioxane                                                       
                       30-40 80-83                                             
                                  80-85                                        
                                       0.02-0.03                               
             (10:1)                                                            
     Con.                         60-65                                        
                                       0.05-0.15                               
     4   MLG EDC:THF   30-40 80-82                                             
                                  80-85                                        
                                       0.02-0.03                               
             (10:1)                                                            
     Con.                         60-65                                        
                                       0.05-0.10                               
     5   MDG benzene:toluene:                                                  
                       60-80 80-85                                             
                                  80-90                                        
                                       0.02-0.03                               
             THF (10:5:1)                                                      
     Con.                         55-70                                        
                                       0.05-0.15                               
     6   MLG benzene:toluene:                                                  
                       40-60 80-85                                             
                                  80-95                                        
                                       0.02-0.03                               
             THF (10:5:1.5)                                                    
     Con.                         60-75                                        
                                       0.05-0.15                               
     7   MLG EDC:dioxane (15:1)                                                
                       30-40 80-85                                             
                                  80-90                                        
                                        0.02-0.025                             
     Con.                         60-70                                        
                                       0.05-0.10                               
     8   MLG methylenechloride:                                                
                       60-80 40-50                                             
                                  80-90                                        
                                        0.02-0.025                             
             dioxane (15:1)                                                    
     Con.                         60-70                                        
                                       0.05- 0.10                              
     9   MDG chloroform:                                                       
                       50-60 60-65                                             
                                  80-95                                        
                                       0.03-0.04                               
             dioxane (15:1)                                                    
     Con.                         60-65                                        
                                       0.10-0.15                               
     10  MLG dioxane   30-40 80-90                                             
                                  60-70                                        
                                       0.05-0.08                               
     Con.                         45-55                                        
                                       0.15-0.20                               
     11  MLG THF       40-50 62-66                                             
                                  60-70                                        
                                       0.06-0.09                               
     Con.                         45-50                                        
                                       0.15-0.25                               
     12  MLG toluene   180   80-85                                             
                                  44-55                                        
                                       0.15-0.20                               
     Con.                         30-35                                        
                                       0.20-0.30                               
     13  MLG benzene   100-130                                                 
                             80-81                                             
                                  40-80                                        
                                       0.10-0.15                               
     Con.                         20-40                                        
                                       0.20-0.35                               
     14  MLG EDC:ethylacetate                                                  
                       50-70 75-80                                             
                                  80-95                                        
                                       0.02-0.03                               
             (15:1)                                                            
     Con.                         60-75                                        
                                       0.05-0.15                               
     15  MLG chloroform:                                                       
                       50-70 45-61                                             
                                  80-90                                        
                                       0.02-0.03                               
             ethylacetate                                                      
             (10:1)                                                            
     Con.                         60-75                                        
                                       0.05-0.15                               
     16  MLG EDC:ethylacetate                                                  
                       50-70 75-80                                             
                                  80-90                                        
                                       0.02-0.03                               
             (7:3)                                                             
     Con.                         65-75                                        
                                       0.05-0.10                               
     __________________________________________________________________________
      A = amino acid                                                           
      B = reaction solvent                                                     
      C =  reaction time (min)                                                 
      D = reaction temperature (.degree.C)                                     
      E = yield                                                                
      F = chlorine content (%)                                                 
      Con. = Control                                                           
PAC  EXAMPLE 4
PAR  The tests described in Example 3 were repeated by adding to the reaction
      mixture carbon, aluminum oxide or basic aluminum chloride during the
      reaction or first after the completion of the reaction to give ANCA. The
      chlorine content of the ANCA obtained are shown in Table 3 where each of
      the test numbers corresponds to that shown in Table 2 in Examine 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
            A = material for contacting and its amount                         
            B = treating method                                                
            C = chlorine content in obtained ANCA                              
     Test                                                                      
         A              B        C                                             
     __________________________________________________________________________
     1   active carbon                                                         
                 Added after the completion                                    
                                 0.01-0.015%                                   
         3 g     of reaction. The reaction                                     
                 mixture was agitated at                                       
                 60.degree.C for 30 min with                                   
                 simultaneous charging of                                      
                 nitrogen gas. The carbon                                      
                 removed by filtration.                                        
     __________________________________________________________________________
     2   aluminum oxide                                                        
                 Added after the completion                                    
                                 0.01-0.015%                                   
         5 g     of reaction. Treated at                                       
                 81.degree.C for 15 min with                                   
                 simultaneous charging of                                      
                 nitrogen gas.                                                 
     __________________________________________________________________________
     3   granulated                                                            
                 Added at 20 min after the                                     
                                 0.005-0.01%                                   
         carbon  starting of reaction, and                                     
         5 g     the reaction further                                          
                 continued. After the                                          
                 completion of the reaction                                    
                 the mixture was cooled to                                     
                 60.degree.C and nitrogen gas was                              
                 charged for 10 min.                                           
     __________________________________________________________________________
     4   granulated                                                            
                 Added at 20 min after the                                     
                                 0.008-0.01%                                   
         carbon  starting of reaction. The                                     
         3 g     reaction was continued for                                    
                 further 30 min. After                                         
                 this, nitrogen gas was                                        
                 charged at 80.degree.C for 10 min.                            
     __________________________________________________________________________
     5   granulated                                                            
                 Added after the completion                                    
                                 0.005-0.01%                                   
         carbon  of reaction. The reaction                                     
         10 g    mixture was treated at 80.degree.C                            
                 for 15 min with simultaneous                                  
                 charging of carbon dioxide                                    
                 gas.                                                          
     __________________________________________________________________________
     6   aluminum oxide                                                        
                 Added by suspending in 20                                     
                                 0.005-0.01%                                   
         1 g     ml of EDC after the                                           
                 completion of reaction.                                       
                 The reaction mixture was                                      
                 treated at 80.degree.C for 30                                 
                 min with simultaneous                                         
                 charging of CO.sub.2 gas.                                     
     __________________________________________________________________________
     7   granulated                                                            
                 After the completion of                                       
                                 0.004-0.008%                                  
         carbon  reaction, the reaction                                        
         column  mixture was cooled to 60.degree.C                             
                 and charged together with                                     
                 CO.sub.2 gas into a column                                    
                 packed with 100 ml of                                         
                 grained carbon under                                          
                 pressure.                                                     
     __________________________________________________________________________
     8   graphite stick                                                        
                 After the completion of                                       
                                 0.005-0.01%                                   
                 reaction, a graphite stick                                    
                 was put into the reaction                                     
                 Mixture, and the reaction                                     
                 was continued with agitation                                  
                 at 80.degree.C for 1 hour.                                    
     __________________________________________________________________________
     9   active carbon                                                         
                 Added at 20 min after the                                     
                                 0.005-0.01%                                   
         0.5 g   starting of reaction, and                                     
                 the reaction was further                                      
                 contained for 30 min.                                         
                 After this, nitrogen gas                                      
                 was charged for 10 min.                                       
     __________________________________________________________________________
     10  aluminum oxide                                                        
                 Added at 20 min after the                                     
                                 0.02-0.03%                                    
         5 g     starting of reaction. The                                     
                 reaction was further                                          
                 continued for 30 min with                                     
                 simultaneous charging of                                      
                 nitrogen gas.                                                 
     __________________________________________________________________________
     11  aluminum oxide                                                        
                 Same treatment as that                                        
                                 0.02-0.03%                                    
         5 g     described in Test 10.                                         
     __________________________________________________________________________
     12  granulated                                                            
                 Added at 2 hours after the                                    
                                 0.05-0.1%                                     
         coke    starting of reaction. The                                     
         3 g     reaction was further                                          
                 continued for 1 hour and                                      
                 then nitrogen gas was                                         
                 charged for 10 min.                                           
     __________________________________________________________________________
     13  coke    Same treatment as that                                        
                                 0.05-0.10%                                    
         3 g     described in Test 12.                                         
     __________________________________________________________________________
     14  active carbon                                                         
                 Same treatment as that                                        
                                 0.005-0.01%                                   
         (granulated)                                                          
                 described in Test 9.                                          
         0.5 g                                                                 
     __________________________________________________________________________
     15  active carbon                                                         
                 Same treatment as that                                        
                                 0.005-0.01%                                   
         (granulated)                                                          
                 described in Test 3.                                          
         3 g                                                                   
     __________________________________________________________________________
     16  active carbon                                                         
                 Same treatment as that                                        
                                 0.005-0.01%                                   
         0.5 g   described in Test 14.                                         
     __________________________________________________________________________
     14' aluminum chloride                                                     
                 Same treatment as that                                        
                                 0.005-0.01%                                   
         3 g     described in Test 4.                                          
     __________________________________________________________________________
         3 g                                                                   
     __________________________________________________________________________
     15' carbon stick                                                          
                 Same treatment as that                                        
                                 0.005-0.01%                                   
                 described in Test 8                                           
     __________________________________________________________________________
      3' basic aluminum                                                        
                 Same treatment as that                                        
                                 0.005-0.01%                                   
         chloride                                                              
                 described in Test 1.                                          
         5 g                                                                   
     __________________________________________________________________________
PAR  As apparent from the above, the chlorine content is reduced considerably
      when compared with those in Example 3. Each of the ANCA shown in Table 3
      of Example 4 was synthesized in a similar manner to that described in
      Example 1. After the reaction, the reaction mixture was subjected to the
      above treatment, and if desired, the additive was removed therefrom by
      filtration. Subsequently, the solvent was distilled off from the reaction
      solution under reduced pressure to obtain crystals.
PAC  EXAMPLE 5
PAR  ANCA were chosen from among those obtained in Examples 1 and 2 and were
      subjected to polymerization at 20.degree.C by using dioxane,
      1,2-dichloroethane or a mixture thereof as a solvent and triethylamine as
      a polymerization initiator to prepare polyamide acids. The results
      obtained are shown in Table 4.
TBL                                    Table 4                                 
     __________________________________________________________________________
     A = ANCA used    D = ratio of initiator                                   
     B = solvent      E = state of polymer solution                            
     C = concentration of                                                      
                      F = reduced viscosity of                                 
       polymer          polymer                                                
     Test                                                                      
          A       B     C   D    E    F                                        
     __________________________________________________________________________
     1  synthesized                                                            
                EDC:dioxane                                                    
                        10% 30 slightly                                        
                                      1.8                                      
        in Example 1                                                           
                (9:1)          turbid                                          
     2  synthesized                                                            
                EDC:dioxane                                                    
                         8% 50 slightly                                        
                                      1.5                                      
        in Test 1 of                                                           
                (9:1)          turbid                                          
        Example 2                                                              
     3  synthesized                                                            
                dioxane 10% 30 slightly                                        
                                      1.4                                      
        in Test 2 of           turbid                                          
        Example 2                                                              
     4  synthesized                                                            
                EDC     10% 50 almost 2.1                                      
        in Test 3 of           transparent                                     
        Example 2                                                              
     __________________________________________________________________________
      Note: Ratio of initiator was calculated by ANCA/triethylamine in mol.    
      Reduced viscosity was determined at 20.degree.C by using a dichloroacetic
      acid solution of the obtained polymer [concentration 0.4% (g/volume)]. A 
      modified Oswald-type was used.                                           
PAC  EXAMPLE 6
PAR  The ANCA obtained in Examples 3 and 4 were subject to the polymerization in
      a similar manner to that described in Example 5 under the following
      conditions. The state of the polymer solution and the degree of
      polymerization (reduced viscosity of polymer) are shown in Table 5.
TBL  ______________________________________                                    
     Polymerization conditions:                                                
     solvent: EDC         initiator: triethylamine                             
     concentration of polymer: 10%                                             
                          temperature: 20.degree.C                             
     ratio of initiator: 50 (calculated by ANCA/triethylamine                  
     in mol)                                                                   
     Table 5                                                                   
     ______________________________________                                    
     Test  Used ANCA      State of solution                                    
                                          R-V*                                 
     ______________________________________                                    
     1    Test 1 of Example 3                                                  
                          almost transparent                                   
                                          2.3                                  
     2    Test 1 of Example 4                                                  
                          perfectly transparent                                
                                          3.1                                  
     3    Test 3 of Example 3                                                  
                          almost transparent                                   
                                          2.6                                  
     4    Test 3 of Example 4                                                  
                          perfectly transparent                                
                                          3.8                                  
     5    Test 7 of Example 3                                                  
                          almost transparent                                   
                                          2.1                                  
     6    Test 7 of Example 4                                                  
                          perfectly transparent                                
                                          2.9                                  
     7    Test 14 of Example 3                                                 
                          almost transparent                                   
                                          2.4                                  
     8    Test 14 of Example 4                                                 
                          perfectly transparent                                
                                          3.0                                  
     ______________________________________                                    
      Note: R-V* = reduced viscosity                                           
PAR  As apparent from the comparison of Table 4 with Table 5, the polymer
      solutions obtained from the ANCA of Example 4 are superior in both the
      transparency and the degree of polymerization from those obtained from the
      ANCA of Example 3. Moreover, the former solutions were also superior in
      filtering property than the latter solutions.
PAC  EXAMPLE 7
PAR  Various salts of amino acids were converted into ANCA in a similar manner
      to that described in Example 1 with the exception of changes in the
      reaction solvent, temperature for addition of TCF, added amount of TCF,
      etc. The results obtained are shown in Table 6.
PAR  The ANCA is Test 1 which was crystallized by adding petroleum ether in a
      similar manner to that described in Example 1 had a melting point of
      98.degree.-99.degree.C and a halogen content of 0.1%. The ANCA was
      recrystallized by using about 60 ml of EDC to give ANCA containing 0.02%
      of halogen.
PAR  In Tests 2 through 7, a control sample was prepared in a similar manner to
      that described above except that phosgene was used in place of TCF. Table
      6 clearly shows that the present invention using TCF produces ANCA with a
      higher yield when compared with the conventional process using phosgene.
TBL                                    Table 6                                 
     __________________________________________________________________________
     A = salts of amino acids;                                                 
                              D = reaction temperature                         
     amount used                                                               
     B = solvent; amount used E = reaction time                                
     C = TCF; amount; Temp.   F = yield                                        
       upon addition          Control = yield                                  
                                   amount of phosgene                          
     Test                                                                      
          A       B    C    D     E     F   Control                            
     __________________________________________________________________________
     1  MLG.HCl   EDC  23.0 g                                                  
                            80-82.degree.C                                     
                                  100 min.                                     
                                        70% --                                 
        18.4 g    240 ml                                                       
                       80.degree.C                                             
     2  L-serine silver                                                        
                  dioxane                                                      
                       19.8 g                                                  
                            30-50.degree.C                                     
                                  180 min.                                     
                                        50% 35%                                
        salt 21.2 g                                                            
                  250 ml                                                       
                       30.degree.           20.3 g                             
     3  L-threonine silver                                                     
                  dioxane                                                      
                        8.5 g                                                  
                            30-50.degree.C                                     
                                  170 min.                                     
                                        63% 50%                                
        salt 9.5 g                                                             
                  100 ml                                                       
                       30.degree.C           9.2 g                             
     4  .beta.-benzyl-L-                                                       
                  EDC  23.0 g                                                  
                            75-80.degree.C                                     
                                  120 min.                                     
                                        60% 35%                                
        aspartate.HCl                                                          
                  250 ml                                                       
                       50.degree.C          23.3 g                             
        15 g                                                                   
     5  Leucine sodium                                                         
                  dioxane                                                      
                       13.0 g                                                  
                            55.degree.C                                        
                                   60 min.                                     
                                        65% 45%                                
        salt  10 g                                                             
                  150 ml                                                       
                       50.degree.C          14.1 g                             
     6  .gamma.-benzyl-L-                                                      
                  ethyl-                                                       
                        7.5 g                                                  
                            77.degree.C                                        
                                   90 min.                                     
                                        65% 40%                                
        glutamate calcium                                                      
                  acetate                                                      
                       60.degree.C           8.5 g                             
        salt 10 g 200 ml                                                       
     7  MLG sodium salt                                                        
                  THF  19 g 66.degree.C                                        
                                   60 min.                                     
                                        60% 35%                                
        15 g      300 ml                                                       
                       50.degree.C          20.1 g                             
     __________________________________________________________________________
PAC  EXAMPLE 8
PAR  Similar treatments to that described in Example 1 were carried out
      respectively by using single solvents and mixed solvents as well as the
      salts of amino acids as substituents for the amino acids as starting
      materials. The tests were also carried out against the control samples
      which were prepared in a similar manner to that described above except
      that phosgene was used in place of TCF. The results obtained are shown in
      Table 7, from which it is apparent that the present invention using TCF
      provides ANCA having a lower chlorine content with a higher yield.
TBL                                    Table 7                                 
     __________________________________________________________________________
                          Reaction                                             
                                Reaction  Chlorine                             
        Salts of          time  temp.                                          
                                     yield                                     
                                          content                              
     Test                                                                      
        amino acid                                                             
               Reaction Solvent                                                
                          (min.)                                               
                                (.degree.C)                                    
                                     (%)  (%)                                  
     __________________________________________________________________________
     1  MLG.HCl                                                                
               ethylacetate                                                    
                          50-60  78  60-70                                     
                                          0.05-0.09                            
     Con.                             35  0.10-0.15                            
     2  MLG.HCl                                                                
               EDC:ethylacetate                                                
                          60-80 75-80                                          
                                     80-90                                     
                                          0.02-0.03                            
               (7:3)                                                           
     Con.                            30-35                                     
                                           0.05-0.055                          
     3  MDG.HCl                                                                
               EDC         90-110                                              
                                75-82                                          
                                     70-75                                     
                                          0.02-0.05                            
     Con.                            55-60                                     
                                          0.065-0.070                          
     4  MDG.HCl                                                                
               EDC:dioxane (10:1)                                              
                          30-90 75-82                                          
                                     70-80                                     
                                          0.01-0.02                            
     Con.                            45-50                                     
                                          0.03-0.04                            
     5  MIG.Ca EDC        150-180                                              
                                82-83                                          
                                     70-75                                     
                                          0.02-0.05                            
        salt                                                                   
     Con.                             60  0.08-0.09                            
     6  MLG.Ca methylenechloride:                                              
                          60-80 40-50                                          
                                     70-80                                     
                                          0.01-0.02                            
        salt   dioxane (10:1)                                                  
     Con.                            50-55                                     
                                          0.05-0.07                            
     7  leucine.Na                                                             
               dioxane    30-60 50-60                                          
                                     70-75                                     
                                          0.03-0.05                            
        salt                                                                   
     Con.                            50-55                                     
                                          0.08-0.09                            
     8  leucine.Na                                                             
               methylenechloride:                                              
                          60-90 50-65                                          
                                     70-80                                     
                                          0.01-0.02                            
        salt   dioxane (7:3)                                                   
     Con.                            55-60                                     
                                          0.055-0.060                          
     9  alanine.Mg                                                             
               THF         80-100                                              
                                50-60                                          
                                     60-65                                     
                                          0.03-0.05                            
        salt                                                                   
     Con.                            45-50                                     
                                          0.080-0.085                          
     10 alanine.Mg                                                             
               chloroform:THF                                                  
                           90-110                                              
                                55-62                                          
                                     65-75                                     
                                          0.02-0.03                            
        salt   (10:1)                                                          
     Con.                            40-45                                     
                                          0.070-0.075                          
     __________________________________________________________________________
PAC  EXAMPLE 9
PAR  The products obtained from the tests of Example 8 were respectively treated
      with carbon and aluminum oxide to obtain samples of ANCA. The properties
      with respect to the chlorine content of the ANCA obtained are compared
      with each other in Table 8 where the test numbers correspond to those
      shown in Table 7 of Example 8.
TBL                                    Table 8                                 
     __________________________________________________________________________
            A = material for contacting and its amount                         
            B = treating method                                                
            C = chlorine content of ANCA obtained (%)                          
     Test                                                                      
         A              B         C                                            
     __________________________________________________________________________
     1   active carbon                                                         
                 Added to the reaction mixture                                 
                                  0.02-0.03                                    
         0.5 g   after the completion of                                       
                 reaction. The reaction mixture                                
                 was agitated at 60.degree.C for 30 min                        
                 with simultaneous charging of                                 
                 nitrogen gas. The carbon was                                  
                 removed by filtration.                                        
     __________________________________________________________________________
     2   active carbon                                                         
                 Similar treatment as that                                     
                                  0.005-0.01                                   
         0.5 g   described in Test 1.                                          
     __________________________________________________________________________
     3   aluminum oxide                                                        
                 Added by suspending in 20 ml                                  
                                  0.01-0.015                                   
         1 g     of EDC after the completion                                   
                 of reaction. The reaction                                     
                 mixture was treated at 80.degree.C                            
                 for 30 min with simultaneous                                  
                 charging of CO.sub.2 gas.                                     
     __________________________________________________________________________
     4   aluminum oxide                                                        
                 Similar treatment as that                                     
                                  0.005-0.01                                   
         1 g     described in Test 3.                                          
     __________________________________________________________________________
     5   graphite stick                                                        
                 After the completing of                                       
                                  0.01-0.015                                   
                 reaction, a graphite stick                                    
                 was put into the reaction                                     
                 mixture, and the reaction                                     
                 was continued with agitation                                  
                 at 80.degree.C for 1 hour.                                    
     __________________________________________________________________________
     6   graphite stick                                                        
                 Similar treatment as that                                     
                                  0.005-0.01                                   
                 described in Test 5.                                          
     __________________________________________________________________________
     7   active carbon                                                         
                 Similar treatment as that                                     
                                  0.01-0.015                                   
         3 g     described in Test 1.                                          
     __________________________________________________________________________
     8   active carbon                                                         
                 Similar treatment as that                                     
                                  0.005-0.01                                   
         3 g     described in Test 1.                                          
     __________________________________________________________________________
     9   granulated                                                            
                 Similar treatment as that                                     
                                  0.01-0.013                                   
         carbon  described in Test 1.                                          
         5 g                                                                   
     __________________________________________________________________________
     10  granulated                                                            
                 Similar treatment as that                                     
                                  0.005-0.01                                   
         carbon  described in Test 1.                                          
         5 g                                                                   
     __________________________________________________________________________
PAR  As shown above, the chlorine content in each test decreases when compared
      with that in Example 8. All ANCA shown in Table 8 of Example 9 were
      synthesized in a similar manner to that described in Example 1. After the
      completion of the reaction each reaction product was subjected to the
      above treatment and the additive was, if desired, removed by filtration.
      Subsequently, the solvent was distilled off under reduced pressure to
      obtain crystals which were collected by filtration.
PAC  EXAMPLE 10
PAR  The ANCA obtained in Test 1 of Example 7 was subjected to polymerization at
      20.degree.C by using 1,2-dichloroethane or a mixture of dioxane and
      1,2-dichloroethane as solvents and triethylamine as the polymerization
      initiator. The results of polyamide acids thus-obtained are shown in Table
      9.
TBL                                    Table 9                                 
     __________________________________________________________________________
              A = concentration of polymer                                     
              B = ratio of initiator                                           
              C = state of polymer solution                                    
              D = reduced viscosity of polymer                                 
     Test                                                                      
        ANCA Used                                                              
                Solvent A   B  C      D                                        
     __________________________________________________________________________
     1  Synthesized                                                            
                EDC:dioxane                                                    
                        10% 30 slightly                                        
                                      1.7                                      
        in Test 1                                                              
                (9:1)          turbid                                          
        of Example 7                                                           
     __________________________________________________________________________
     2  Synthesized                                                            
                EDC     10% 50 almost 2.0                                      
        in Test 1              transparent                                     
        of Example 7                                                           
     __________________________________________________________________________
      Note: Ratio of initiator was calculated by ANCA/triethylamine in mol.    
      Reduced viscosity was determined in a similar manner to that described in
      Example 5. A modified Oswald-type was used.                              
PAC  EXAMPLE 11
PAR  The ANCA obtained in Examples 8 and 9 were subjected to polymerization
      under similar conditions to those described in Example 10. The state of
      polymer solution and the degree of polymerization (reduced viscosity of
      polymer) are shown in Table 10.
TBL  ______________________________________                                    
     Polymerization conditions:                                                
            Solvent: EDC                                                       
            Concentration of polymer: 10%                                      
            Ratio of initiator: 50                                             
            Initiator: triethylamine                                           
            Temperature: 20.degree.C                                           
     Table 10                                                                  
     ______________________________________                                    
     Test ANCA Used       State of solution                                    
                                         Reduced                               
                                         viscosity                             
     ______________________________________                                    
     1    Test 1 of Example 8                                                  
                          almost transparent                                   
                                         2.2                                   
     2    Test 1 of Example 9                                                  
                          perfectly transparent                                
                                         3.0                                   
     3    Test 3 of Example 8                                                  
                          almost transparent                                   
                                         2.7                                   
     4    Test 3 of Example 9                                                  
                          perfectly transparent                                
                                         3.9                                   
     5    Test 5 of Example 8                                                  
                          almost transparent                                   
                                         2.0                                   
     6    Test 5 of Example 9                                                  
                          perfectly transparent                                
                                         3.0                                   
     ______________________________________                                    
PAR  As apparent from the comparison of Table 9 with Table 10, the polymer
      solutions obtained from ANCA of Example 9 are superior with respect to the
      transparency and the degree of polymerization to those of Example 8.
      Moreover, the former solutions are also superior in filtering property to
      the latter solutions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing N-carboxylic anhydrides of amino acids
      comprising the step of reacting an amino acid selected from the group
      consisting of glycine, alanine, leucine, isoleucine, valine, proline,
      phenylalanine, cysteine, O-tert-butylserine, O-tert-butylthreonine,
      O-benzylserine, O-benzylthreonine, O-benzyltyrosine, S-benzylcysteine,
      methyl aspartate, ethyl asparate, propyl aspartate, methyl glutamate,
      ethyl glutamate, propyl glutamate, butyl glutamate, benzyl glutamate,
      N-acetyllysine, N-carbobenzoxylysine, N-carbobenzoxyornithine, arginine,
      cystine, methionine, and salts thereof; with trichloromethylchloroformate
      in an amount of from about 0.75 to 2.1 moles per mol of the amino acid at
      a temperature of from 30.degree. to 150.degree.C in an organic solvent
      selected from the group consisting of benzene, toluene, xylene,
      dichloromethane, 1,2-dichloropropane, 1,1,1-trichloroethane,
      tetrachloroethane, trichloroethylene, perchloroethylene, chlorobenzene,
      dichlorobenzene, chlorotoluene, benzylchloride, fluorobenzene,
      fluorotoluene, nitrobenzene, nitrotoluene, methyl acetate, ethyl acetate,
      propyl acetate, butyl acetate, methyl formate, ethyl formate, propyl
      formate, butyl formate, acetonitrile, propionitrile, tetrahydrofuran,
      1,4-dioxane, propyl ether, chloroethyl ether, ethyleneglycol diethyl
      ether, methyl ethyl ketone, methyl isobutyl ketone, mixtures of dioxane
      with 1,2-dichloroethane, dioxane with methylenechloride, dioxane with
      chloroform, 1,2-dichloroethane with ethylacetate, 1,2-dichloroethane with
      tetrahydrofuran, chloroform with ethylacetate, benzene with
      tetrahydrofuran, and toluene with tetrahydrofuran.
NUM  2.
PAR  2. The process of claim 1 wherein said amino acid salt is a salt selected
      from the group consisting of hydrochlorides, sulfates, nitrates,
      phosphates, sodium salts, potassium salts, magnesium salts, aluminum
      salts, zinc salts, copper salts, silver salts, iron salts, nickel salts
      and mercury salts.
NUM  3.
PAR  3. The process of claim 1 wherein the reaction mixture is contacted, just
      before or immediately after completion of the reaction, with a chlorine
      reducing agent selected from the group consisting of carbon, basic
      aluminum chloride and aluminum oxide.
NUM  4.
PAR  4. The process of claim 3 wherein the reaction mixture is contacted with
      the chlorine reducing agent immediately after completion of the reaction.
NUM  5.
PAR  5. The process of claim 3 wherein the chlorine reducing agent is used in an
      amount of about 0.1 - 50% by weight based on the amino acid.
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PAL  Novel 1-(2-Ar.sup.1 -4-Ar.sup.2 -1,3-dioxolan-2-ylmethyl)imidazoles,
      1-[2-Ar.sup.1 -4-(Ar.sup.2 -oxymethyl)-1,3-dioxolan-2-ylmethyl]imidazoles,
      1-[2-Ar.sup.1 -4-(Ar.sup.2
      -thiomethyl)-1,3-dioxolan-2-ylmethyl]imidazoles, and 1-[2-Ar.sup.1
      -4-(Ar.sup.2 -ethyl)-1,3-dioxolan-2-ylmethyl]imidazoles, useful as
      antifungal and antibacterial agents.
BSUM
PAC  PRIOR ART
PAR  In U.S. Pat. Nos. 3,575,999 and 3,717,655 are described some
      1-(2-aryl-1,3-dioxolan-2-ylmethyl)imidazoles. The compounds of the present
      invention differ from the foregoing essentially by the presence of an
      aryl, aryloxymethyl, arylthiomethyl or arylethyl group in the 4-position
      of the dioxolane group.
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to novel imidazole derivatives having the formula:
      ##EQU1##
      AND THE THERAPEUTICALLY ACCEPTABLE ACID ADDITION SALTS THEREOF, WHEREIN:
PA1  Ar.sup.1 is a member selected from the group consisting of phenyl, mono-,
      di- and trihalophenyl, loweralkylphenyl and loweralkoxyphenyl;
PA1  Ar.sup.2 is a member selected from the group consisting of phenyl,
      substituted phenyl, naphthyl and halonaphthyl, and wherein substituted
      phenyl has the meaning of a phenyl group, having thereon from 1 to 3
      substituents independently selected from the group consisting of halo,
      loweralkyl, loweralkoxy, cyano, phenyl and benzyl;
PA1  X is a member selected from the group consisting of O, S and CH.sub.2 ; and
PA1  n is the integer 0 or 1.
PAR  As used herein, "loweralkyl" and "loweralkoxy" may be straight or branch
      chained and have from 1 to 6 carbon atoms, such as, for example, methyl,
      ethyl, propyl, butyl, tert. butyl, pentyl, hexyl and the like alkyls, and,
      respectively, the corresponding alkoxys such as methoxy, ethoxy, propoxy,
      isopropoxy, etc. The preferred loweralkyl and loweralkoxy are methyl and
      methoxy, respectively. The term "halo" refers to halogens of atomic weight
      less than 127, i.e., fluoro, chloro, bromo and iodo.
PAR  The compounds of formula (I) are conveniently prepared by reacting
      imidazole (II) with an appropriate reactive ester of formula (III) wherein
      Ar.sup.1, Ar.sup.2, X and n are as previously defined and wherein W is a
      reactive ester function, such as, halo, tosylate, mesylate and the like.
PAR  Preferred reactive esters are halides and more particularly bromides and
      chlorides.
PAR  In one method of conducting the reaction between imidazole and (III),
      imidazole is first transformed into a metal salt thereof by treatment with
      an appropriate metallating agent, such as, a metal alkoxide, e.g., sodium-
      or potassium methanolate, or a metal hydride, such as sodiumhydride. The
      thus-obtained salt is then reacted with (III) in an appropriate organic
      solvent, such as dimethylformamide or dimethylacetamide. A small amount of
      a metal iodide, such as sodium or potassium iodide may be added to promote
      the reaction.
PAR  Alternatively, the reaction of imidazole with the reactive ester (III) may
      also be carried out without previous salt formation, by bringing the
      reactants into contact with each other in an appropriate organic solvent,
      such as, for example, dimethylformamide or dimethylacetamide. In these
      circumstances it is appropriate to use an excess of imidazole or to add to
      the reaction mixture an appropriate base, such as sodium or potassium
      carbonate or bicarbonate. The use of an excessive amount of imidazole is
      however preferred. Further it is advantageous to conduct the reaction in
      the presence of a metal iodide, such as, for example, sodium or potassium
      iodide.
PAR  In each of the above procedures, somewhat elevated temperatures may be
      employed to enhance the rate of the reaction and most conveniently the
      reactions are carried out at the reflux temperature of the reaction
      mixture.
PAR  The final product may be further purified by common purification
      procedures, such as extraction, trituration, crystallization,
      chromatography, etc.
PAR  The foregoing procedures are more fully illustrated by the following
      schematic representation.
      ##EQU2##
PAR  The imidazole derivatives of formula (I), obtained in base form in the
      foregoing preparations, may be converted to their therapeutically useful
      acid addition salts by reaction with an appropriate acid, as, for example,
      an inorganic acid such as hydrohalic acid, i.e., hydrochloric, hydrobromic
      or hydriodic acid; sulfuric, nitric or thiocyanic acid; a phosphoric acid;
      an organic acid such as acetic, propionic, glycolic, lactic, pyruvic,
      oxalic, malonic, succinic, maleic, fumaric, malic, tartaric, citric,
      benzoic, cinnamic, mandelic, methanesulfonic ethanesulfonic,
      hydroxyethanesulfonic, p-toluenesulfonic, salicylic, p-aminosalicylic,
      2-phenoxybenzoic or 2-acetoxybenzoic acid. The salts are in turn converted
      to the corresponding free bases in the usual manner, e.g., by reaction
      with alkali such as sodium or potassium hydroxide.
PAR  The intermediates of formula (III) wherein n is 1 and Ar.sup.1 and Ar.sup.2
      have the above indicated meanings, and those wherein n is zero and wherein
      at least one of the aryls Ar.sup.1 and Ar.sup.2 is a substituted phenyl as
      previously defined, and those wherein Ar.sup.2 is naphthyl or
      halonaphthyl, are deemed to be novel and, as useful intermediates for the
      preparation of the desired compounds of formula (I), they constitute an
      additional feature of this invention.
PAR  The intermediates of formula (III) may be prepared by methods analogous to
      that described for the preparation of
      2-bromomethyl-2,4-diphenyl-1,3-dioxolane [Synthesis, 1974, (1), 23]. Such
      methods consist in a ketalisation of an appropriate arylketone of formula
      (IV) wherein Ar.sup.1 and W have the indicated meaning with an appropriate
      glycol of formula (V) wherein Ar.sup.2, X and n are as previously defined.
      In a preferred method both reactants are refluxed together for several
      hours with azeotropic water removal in an appropriate organic solvent,
      preferably in the presence of a simple alcohol, such as, for example,
      ethanol, propanol, butanol, pentanol and the like, and in the presence of
      an appropriate strong acid such as para-toluenesulfonic acid. Suitable
      organic solvents are for example, aromatic hydrocarbons, such as benzene,
      toluene, xylene and the like and saturated hydrocarbons, such as
      cyclohexane.
PAR  After the reaction is completed, the dioxolane derivative (III) is further
      purified by conventional means. The foregoing reactions are illustrated in
      the following schematic representation:
      ##EQU3##
PAR  Alternatively the intermediates of formula (III) are conveniently prepared
      by transketalization of a ketal derivative of a ketone of formula (IV)
      such as for example, a lower alkyl ketal or a cyclic lower alkylene ketal,
      with a glycol of formula (V) under conditions similar to those described
      hereinbefore for the direct ketalization The lower alkyl ketals and cyclic
      lower alkylene ketals used herein as starting materials are easily
      obtained by ketalization of a ketone of formula (IV) with a lower alkanol
      or alkanediol according to methodologies known in the art. A number of
      such compounds and methods of preparing the same are described in U.S.
      Pat. Nos. 3,575,999 and 3,717,655.
PAR  The precursor arylketones of formula (IV) are generally known and may be
      prepared according to known methods as described in the literature.
PAR  The precursor glycols of formula (V) wherein n is 0, and those wherein n is
      1 and X is O or S are also generally known and their preparation may be
      carried out according to known procedures.
PAR  A number of the precursor glycols of formula (V) wherein X is CH.sub.2 and
      n is 1, (V-a), are also known and methods of preparation described
      therefor in the literature are generally applicable to synthesize the
      compounds (V-a).
PAR  An alternative and convenient method of preparing them is by the following
      sequence of reactions.
PAR  A halide of formula (VI) is converted into a Grignard complex thereof in
      the usual manner and the thus-obtained Grignard complex is reacted with a
      2-(halomethyl)oxirane of formula (VII) to obtain a
      .alpha.-(halomethyl)alcohol compound of formula (VIII). The compound
      (VIII) is subsequently converted into an oxirane derivative of formula
      (IX) by treatment with alkali, e.g., with sodium hydroxide in an
      appropriate solvent, such as, for example, 2,2'-oxybispropane. The oxirane
      derivative (IX) is then treated with an appropriate acid, such as, for
      example, oxalic, hydrochloric acid, etc. to obtain the desired glycol of
      formula (V-a).
PAR  The foregoing sequence of reactions is more fully illustrated in the
      following schematic representation.
      ##EQU4##
PAR  From formula (I) it is evident that the compounds (I) of this invention
      have two asymmetric carbon atoms in their structure and consequently they
      exist under different stereochemical optical isomeric forms. The
      stereochemical optical isomeric forms of (I) and the therapeutically
      active acid addition salts thereof are intended to be within the scope of
      this invention.
PAR  The diastereoisomeric racemates of (I), denoted as cis (+) and trans (+)
      according to the rules described in "Naming and Indexing of Chemical
      Substances for Chemical Abstracts during the 9th. Collective Period (1972
      -  1976)" published in C.A. 1972, 76,  Index Guide Section IV, p, 85, may
      be obtained separately by conventional methods. One such method is, for
      example, selective crystallization whereby one of the two forms
      precipitates and the other remains in the solution, wherefrom the latter
      may be isolated, for example, by evaporating the solvent. For a number of
      compounds the stereochemical configuration was experimentally determined.
      In the remaining cases it is conventionally agreed to designate the first
      precipitating form as A and the remaining as B, without further reference
      to the actual stereochemical configuration.
PAR  Since the asymmetric carbon atoms are already present in the intermediates
      (III) it is also possible to separate cis- and trans-forms, or generally A
      and B forms at this stage, whereupon the corresponding form of (I) may be
      obtained after reaction of one of the foregoing with imidazole as
      previously described. The separation of cis- and trans-forms of (III) may
      be performed by selective crystallization as indicated hereinbefore.
PAR  The diastereoisomeric racemates cis (+) and trans (+) may be further
      resolved into their optical isomers cis (+), cis (-), trans (+) and trans
      (-) by methods known to those skilled in the art.
PAR  The subject compounds of formula (I) and the acid addition salts thereof
      are useful against in combating fungi and bacteria as demonstrated by
      their broad spectrum of antifungal or antibacterial action. The data given
      in the following tables illustrates such activity. The compounds in the
      tables are not listed for purposes of limiting the invention thereto, but
      only in order to exemplify the useful properties of all the compounds
      within the scope of formula (I).
PAR  The test for antifungal activity was performed using Sabouraud's liquid
      medium in test tubes each containing 4.5 ml of liquid medium, autoclave at
      120.degree.C for 15 minutes.
PAR  The substances were dissolved in 50% ethanol at a concentration of 20 mg/ml
      and subsequently diluted with sterile distilled water to a concentration
      of 10 mg/ml. Successive decimal dilutions were then made with distilled
      water to give a series of stock solutions. To each tube containing 4.5 ml
      of Sabouraud's liquid medium was added 0.5 ml of one of the stock
      solutions to give a concentration of the drug under investigation of 100
      .mu.g, 10 .mu.g, 1 .mu.g or 0.1 .mu.g per ml of medium.
PAR  Filamentous fungi were incubated at 25.degree.C for 2 -  3 weeks. A square
      block of side 2 mm. was excised and inoculated into the liquid medium. A
      three-day old culture on Sabouraud's liquid medium was used for yeasts,
      and the inoculum was 0.05 ml per tube.
PAR  All the cultures were incubated at 25.degree.C for 14 days. The final
      readings were taken after two weeks and are summarized in the Tables A as
      follows:
PA1  ++++ = complete inhibition of growth at 0.1 .mu.g/ml
PA1  +++ = complete inhibition of growth at 1 .mu.g/ml
PA1  ++ = complete inhibition of growth at 10 .mu.g/ml
PA1  + = complete inhibition of growth at 100 .mu.g/ml
PA1  0 = no effect, i.e. growth was observed at the highest concentration tested
      (100 .mu.g/ml). In a first screening the drugs under investigation were
      tested against the following 11 fungi:
PAR  1. Microsporum canis (M.c. in the tables)
PAR  2. Ctenomyces mentagrophytes (Ct. m. in the tables)
PAR  3. Trichophyton rubrum (Tr. r. in the tables)
PAR  4. Phialophora verrucosa (Ph. v. in the tables)
PAR  5. Cryptococcus neoformans (Cr. n. in the tables)
PAR  6. Candida tropicalis (C. tr. in the tables)
PAR  7. Candida albicans (C. alb. in the tables)
PAR  8. Mucor species (Muc. in the tables)
PAR  9. Aspergillus fumigatus (A.f. in the tables)
PAR  10. Sporotrichum schenckii (Sp. s. in the tables)
PAR  11. Saprolegnia species (Sap. in the tables)
PAR  All the substances showing activity against the Phycomycetes Mucor at the
      10 .mu.g/ml concentration were also tested against four other species of
      phycomycetes, namely:
PAR  1. Absidia ramosa (Abs. r. in the tables)
PAR  2. Basidiobolus meristosporus (Bas. m. in the tables)
PAR  3. Mortierella species (Mort. in the tables)
PAR  4. Rhizopus (Rhi in the tables).
PAL  The method used in this section screen was exactly the same as described
      above, and the results are given in Tables B.
PAR  Bactericidal tests were performed on cultures on phenol red dextrose broth
      Difco medium. The same decimal dilution techniques as described herebefore
      were used. The inoculum consisted of a platinum loop (5 mm diameter) from
      a 24 hour broth culture.
PAR  48 hours after incubation, subcultures were made from each culture and for
      the assessment of the bactericidal activity of the drugs under
      investigation the presence or absence of growth after 7 days incubation
      was scored as described above.
PAR  The substances were tested against the following gram-negative bacilli:
PAR  1. Salmonella pullorum gallinarum (SPG in the table)
PAR  2. Escherichia coli (E. coli in the table), and
PAR  3. Pseudomonas aeruginosa (ps. aer. in the table)
PAL  and against the following gram-positive bacilli and cocci:
PAR  1. Erysipelothrix insidioda (E. ins. in the table)
PAR  2. Staphylococcus hemolyticus (Staph. in the table), and
PAR  3. Streptococcus pyogenes (Strept. in the table).
PAL  The results are summarized in Tables C.
TBL                                    Tables A                                
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     ANTIFUNGAL ACTIVITY                                                       
                           R.sub.1                                             
                           .vertline..vertline.                                
                           CH.sub.2                                            
                           .angle..angle.                                      
                           OO                                                  
                           .vertline..vertline.                                
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                           .vertline.                                          
                           R.sub.2                                             
                   ANTIFUNGAL ACTIVITY                                         
     R.sub.1 R.sub.2                                                           
                   M. c.                                                       
                        Ct. m.                                                 
                            Tr. r.                                             
                                 Ph. v.                                        
                                     Cr. n.                                    
                                          C. tr.                               
                                              C. alb.                          
                                                    Muc.                       
                                                        A. f.                  
                                                             Sp.               
                                                                 Sap.          
                    (1)  (2)                                                   
                             (3) (4)  (5)  (6)                                 
                                              (7)    (8)                       
                                                        (9)  (10)              
                                                                 (11)          
     __________________________________________________________________________
     4-Cl   4-Cl   ++++ ++++                                                   
                            ++++ +   +++  ++  +     +++ +++  ++  ++            
     4-Cl   H      ++   +++ +++  +   ++   0   +     +   ++   ++  +             
     4-Cl   2,4-(Cl).sub.2                                                     
                   ++   +++ +++  +   ++   0   +     +   +    ++  +             
     4-Br   4-Cl   +++  +++ +++  +   +    +   0     0   ++   ++  +             
     4-Br   2,4-(Cl).sub.2                                                     
                   ++   ++  +++  0   0    0   0     +   0    +   0             
     2,4-(Cl).sub.2                                                            
            H      +++  +++ +++  +   +    0   +     +   +++  ++  +             
     4-OCH.sub.3                                                               
            4-Cl   +++  +++ ++   +   0    0   0     +   +++  ++  +             
     H      2,4-(Cl).sub.2                                                     
                   ++   +++ +++  +   ++   0   0     +   ++   ++  +             
     2,4-(Cl).sub.2                                                            
            4-Cl   +++  +++ +++  +   +++  ++  +     +++ +++  ++  +             
     H      4-Cl   +++  +++ +++  +   ++   +   0     +   ++   ++  +             
     4-Cl   2-Cl   ++   +++ +++  +   ++   0   0     +   +    +++ ++            
     2-Cl   2,4-(Cl).sub.2                                                     
                   +++  +++ +++  +   +++  0   0     0   +++  +++ ++            
     4-Br   2-Cl   +++  +++ +++  +   +++  0   +     ++  +    ++  +             
     2-Cl   4-Cl   +++  +++ +++  +   +    +   +     +   +++  ++  ++            
     2,4-(Cl).sub.2                                                            
            2,4-(Cl).sub.2                                                     
                   ++   +++ +++  +   +++  0   0     +   +++  ++  +             
     4-Br   H      +++  +++ +++  +   ++   0   +     +   +    +   +             
     H      4-Br   +++  +++ +++  +   ++   0   +     +   ++   ++  +             
     4-CH.sub.3                                                                
            2,4-(Cl).sub.2                                                     
                   ++   +++ +++  +   ++   0   0     +   +    ++  +             
     4-Br   4-Br   +++  +++ +++  +   +++  +   0     ++  +++  ++  +             
     2,4-(Cl).sub.2                                                            
            2-Cl   ++   +++ +++  +   +++  +   +     +   +    ++  +             
     4-CH.sub.3                                                                
            4-Cl   +++  +++ +++  +   +++  +   0     ++  +++  ++  +             
     2,4-(Cl).sub.2                                                            
            4-Br   ++ + +++ +++  +   +++  ++  +     +++ +++  ++  +             
     4-Cl   4-Br   +++  +++ +++  +   +++  ++   ++   ++  +++  ++  +++           
     4-CH.sub.3                                                                
            4-Br   +++  +++ +++  0   0    0   0     0   +++  0   ++            
     3-Cl   2,4-(Cl).sub.2                                                     
                   +    ++  +++  0   +    0   0     +   +    ++  +             
     2-Cl   4-Br   +++  +++ +++   ++ +++  ++  +     ++  +++  ++  ++            
     4-CH.sub.3                                                                
            2-Cl   ++   +++ +++  +   +    0   0     +   +    ++  +             
     4-Cl   4-CH.sub. 3                                                        
                   +++  +++ +++  +   +++  0   +     +   +++  ++  +             
     4-Br   4-CH.sub.3                                                         
                   +++  ++  +++  +   ++   0    ++   ++  +++  ++  +             
     4-Cl   4-F    +++  +++ +++  +   ++   +   +     ++  +++  ++  +             
     4-Br   4-F    +++  +++ +++  +   ++   +   +     +++ +++  ++  +             
     __________________________________________________________________________
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     4-Cl 2-CH.sub.3,4-Cl                                                      
                    cis 0   ++  ++  0   +   0   0    0   0   0   0             
     4-Cl 4-CH.sub.3                                                           
                    trans                                                      
                        ++  ++++                                               
                                +++ ++  +++ 0   +    +   ++  ++  ++            
     4-Cl 2-CH.sub.3,4-Cl                                                      
                    trans                                                      
                        +   +++ +++ 0   ++  0   0    ++  +   ++  +             
     4-Cl 4-CH.sub.3                                                           
                    cis +++ ++++                                               
                                ++++                                           
                                    ++  +++ 0   0    +   +++ +++ ++            
     4-Cl 4-Cl      A   +++ ++++                                               
                                ++++                                           
                                    0   ++  0   0    +   +++ 0   +             
     4-Cl 4-Cl      B   ++  ++++                                               
                                +++ +   +   0   0    ++  ++  ++  ++            
     4-Cl 4-F       cis +++ ++++                                               
                                ++++                                           
                                    +   +   0   0    ++  ++  ++  ++            
     4-Cl 2-CH.sub.3                                                           
                    A   ++  +++ +++ +   ++  0   +    ++  ++  ++                
     4-Cl 2-Cl      A   0   +++ +++ 0   ++++                                   
                                            0   0    0   0   0   0             
     4-Cl 2-CH.sub.3                                                           
                    B   ++  ++++                                               
                                ++++                                           
                                    +   ++  0   +    0   ++  ++  +             
     4-Cl 2,4-(Cl).sub.2                                                       
                    B   ++  +++ +++ 0   ++  0   0    ++  ++  ++  +             
     4-Cl 4-OCH.sub.3                                                          
                    A   +++ ++++                                               
                                ++++                                           
                                    +   +++ 0   0    0   ++  ++  ++            
     4-Cl 4-F       trans                                                      
                        ++  ++++                                               
                                +++ +   ++  0   0    +   +   +   ++            
     4-Cl 4-OCH.sub.3                                                          
                    B   +   ++++                                               
                                ++  +   ++  0   0    0   +   ++  ++            
     4-Cl 2,6-(Cl).sub.2                                                       
                    A   +   ++++                                               
                                ++++                                           
                                    0   ++  0   0    ++  ++  ++  +             
     4-Cl 2-Cl      B   ++  +++ ++++                                           
                                    +   ++  0   0    0   ++  ++  +             
     4-Cl 2,6-(Cl).sub.2                                                       
                    B   ++  ++  +++ +   +   0   0    +   ++  +   0             
     2,4-(Cl).sub.2                                                            
          4-CH.sub.3                                                           
                    B   ++  ++  ++  +   ++  0   0    +   ++  ++  ++            
     2,4-(Cl).sub.2                                                            
          4-F       A   ++  ++  ++  ++  ++  ++  0    +   ++  ++  ++            
     2,4-(Cl).sub.2                                                            
          2-CH.sub.3                                                           
                    A   +++ +++ +++ +   +++ 0   0    +++ ++  ++  +             
     2,4-(Cl).sub.2                                                            
          4-CH.sub.3                                                           
                    A   ++  +++ +++ ++  +++ 0   0    +++ +++ ++                
                                                                 ++            
     2,4-(Cl).sub.2                                                            
          4-OCH.sub.3                                                          
                    A   ++++                                                   
                            ++++                                               
                                ++++                                           
                                    ++  ++++                                   
                                            0   0    ++  ++  ++++              
                                                                 +++           
     2,4-(Cl).sub.2                                                            
          4-Cl      cis ++++                                                   
                            ++++                                               
                                ++++                                           
                                    ++  ++++                                   
                                            0   0    +++ ++  +++ ++            
     2,4-(Cl).sub.2                                                            
          2-CH.sub.3                                                           
                    B   ++  +++ +++ +   ++  0   0    ++  ++  ++  +             
     2,4-(Cl).sub.2                                                            
          2,4-(Cl).sub.2                                                       
                    A   ++  +++ +++ 0   +++ 0   0    0   0   ++  +             
     2,4-(Cl).sub.2                                                            
          4-Cl      trans                                                      
                        ++  +++ +++ +   ++  0   0    ++  ++  ++  +             
     2,4-(Cl).sub.2                                                            
          4-Br      A   ++  +++ +++ +   +++ +++ 0    ++  +++ ++  ++            
     2,4-(Cl).sub.2                                                            
          2,4-(Cl).sub.2                                                       
                    B   ++  +++ +++ +   ++  0   0    +   +   ++  +             
     2,4-(Cl).sub.2                                                            
          H         A   +++ +++ +++ ++  +++ ++  0    ++  +++ +++ ++            
     2,4-(Cl).sub.2                                                            
          3,4-(Cl).sub.2                                                       
                    A   +++ +++ +++ +   +++ 0   0    ++  +++ +++ +             
     2,4-(Cl).sub.2                                                            
          3-Cl      A   +++ +++ +++ +   +++ ++  0    ++  +++ +++ +             
     2,4-(Cl).sub.2                                                            
          2-Cl      A   +++ +++ +++ +   +++ ++  +    ++  +++ +++ +             
     2,4-(Cl).sub.2                                                            
          2-CH.sub.3,4-Cl                                                      
                    A + B                                                      
                        +++ +++ +++ 0   +++ 0   0    ++  ++  ++  +             
     2,4-(Cl).sub.2                                                            
          2-Cl      B   ++  +++ +++ 0   ++  0   0    0   +   ++  +             
     2,4-(Cl).sub.2                                                            
          2,6-(Cl).sub.2                                                       
                    A   ++  +++ +++ +   +++ 0   0    0   ++  ++  +             
     2,4-(Cl).sub.2                                                            
          3,5-(CH.sub.3).sub.2,4-Cl                                            
                    A   0   0   ++  0   0   0   0    0   0   0   0             
     2,4-(Cl).sub.2                                                            
          2,4-(Br).sub.2                                                       
                    A   0   0   +   0   +++ 0   0    0   0   0   0             
     2,4-(Cl).sub.2                                                            
          4-CN      A   +++ +++ +++ ++  +++ ++  0    0   ++  +   ++            
     2,4-(Cl).sub.2                                                            
          2-Br      cis ++  +++ +++ 0   +++ 0   0    +++ ++  ++  +             
     2,4-(Cl).sub.2                                                            
          2-OCH.sub.3                                                          
                    A   ++  +++ +++ +   +++ +   0    0   ++  ++  +             
     2,4-(Cl).sub.2                                                            
          2-Br      trans                                                      
                        ++  +++ ++  0   +++ 0   0    +   ++  ++  +             
     2,4-(Cl).sub.2                                                            
          2,4,6-(Cl).sub.3                                                     
                    A   0   +++ ++  0   +++ +   0    0   0   0   0             
     2,4-(Cl).sub.2                                                            
          2,5-(CH.sub.3).sub.2                                                 
                    A   +++ +++ +++ 0   +++ 0   0    +   ++  ++  +             
     2,4-(Cl).sub.2                                                            
          2,5-(CH.sub.3).sub.2                                                 
                    B   ++  ++  +++ 0   ++  0   0    0   ++  +   +             
     2,4-(Cl).sub.2                                                            
          2-Cl,4-tert.but.                                                     
                    A   0   +   ++++                                           
                                    0   ++++                                   
                                            0   0    0   0   0   0             
     2,4-(Cl).sub.2                                                            
          2,4,5-(Cl).sub.3                                                     
                    A   0   0   0   0   0   0   0    0   0   0   0             
     2,4-(Cl).sub.2                                                            
          2-Cl,4-tert.but.                                                     
                    B   +   +   +   0   +   0   0    0   +   0   0             
     2,4-(Cl).sub.2                                                            
          2,4,5-(Cl).sub.3                                                     
                    B   +   ++  ++  0   +   0   0    0   0   0   0             
     2,4-(Cl).sub.2                                                            
          2,5-(Br).sub.2,4-CH.sub.3                                            
                    A   +   ++  ++++                                           
                                    0   ++++                                   
                                            0   0    +   +   +   0             
     2,4-(Cl).sub.2                                                            
          2-F       A   ++  ++++                                               
                                ++++                                           
                                    +   ++++                                   
                                            ++  +    ++  ++++                  
                                                             ++++              
                                                                 ++            
     4-CH.sub.3                                                                
          4-Br      A   ++++                                                   
                            ++++                                               
                                ++++                                           
                                    ++  ++++                                   
                                            +   0    0   ++++                  
                                                             ++++              
                                                                 ++            
     4-Cl 4-Br      A   ++++                                                   
                            + +++                                              
                                ++++                                           
                                    ++  ++++                                   
                                            0   0    0   ++++                  
                                                             ++  +             
     4-Br 4-Br      A   ++++                                                   
                            ++++                                               
                                ++++                                           
                                    +   ++++                                   
                                            0   0    0   +   +   ++            
     2,4-(Cl).sub.2                                                            
          2-OC.sub.2 H.sub.5                                                   
                    A   ++  ++++                                               
                                ++++                                           
                                    +   ++++                                   
                                            +   0    0   ++  ++  +             
     2-Cl 4-Br      A + B                                                      
                        ++  ++++                                               
                                ++  ++  ++++                                   
                                            +   +    0   ++  ++  ++            
     2-Cl 4-Br      B   ++  ++++                                               
                                ++++                                           
                                    ++  ++++                                   
                                            0   +    +   +   ++++              
                                                                 ++            
     H    4-Br      A   ++  ++++                                               
                                ++++                                           
                                    +   ++++                                   
                                            0   0    0   ++  ++  ++            
     2-Br 4-Br      A   ++  ++++                                               
                                ++++                                           
                                    ++  ++++                                   
                                            ++  +    ++  ++  ++  ++            
     2-Br 4-Br      B   ++  ++++                                               
                                ++++                                           
                                    ++  ++  0   0    0   ++  ++++              
                                                                 ++            
     2,4-(Cl).sub.2                                                            
          4-C.sub.6 H.sub.5                                                    
                    A + B                                                      
                        0   ++++                                               
                                ++++                                           
                                    0   ++++                                   
                                            0   0    0   0   0   0             
     2,4-(Cl).sub.2                                                            
          4-C.sub.6 H.sub.5                                                    
                    B   0   0   0   0   0   0   0    0   0   0   0             
     2,4-(Cl).sub.2                                                            
          2,6-(CH.sub.3).sub.2                                                 
                    A   ++++                                                   
                            ++++                                               
                                ++++                                           
                                    0   +   +   0    +   ++  +   +             
     2,4-(Cl).sub.2                                                            
          4-Br      B   ++  ++++                                               
                                ++++                                           
                                    +   0   0   0    ++  +   ++++              
                                                                 +             
     2,4-(Cl).sub.2                                                            
          2,6-(CH.sub.3).sub.2                                                 
                    A + B                                                      
                        ++  ++++                                               
                                ++++                                           
                                    0   0   0   0    +   +   ++  0             
     2,4-(Cl).sub.2                                                            
          3,5-(CH.sub.3).sub.2                                                 
                    A   +++ +++ +++ 0   +++ 0   0    0   ++  0   0             
     2,4-(Cl).sub.2                                                            
          4-iC.sub.3 H.sub.7                                                   
                    A + B                                                      
                        +++ +++ +++ +   +++ +++ 0    +   +++ +++ +             
     2,4-(Cl).sub.2                                                            
          2-Cl,6-CH.sub.3                                                      
                    A   +++ +++ +++ +   +++ +++ +    +++ +++ +++ +             
     2,4-(Cl).sub.2                                                            
          4-tert.but.                                                          
                    A   ++  ++++                                               
                                ++++                                           
                                    0   ++  0   0    0   +   +   0             
     2,4-(Cl).sub.2                                                            
          3,5-(Cl).sub.2                                                       
                    A   ++++                                                   
                            ++++                                               
                                ++++                                           
                                    0   0   0   0    ++  ++  0   0             
     2,4-(Cl).sub.2                                                            
          3-CH.sub.3, 4-Cl                                                     
                    A   ++++                                                   
                            ++++                                               
                                ++++                                           
                                    +   ++++                                   
                                            0   0    +   ++++                  
                                                             ++  +             
     __________________________________________________________________________
TBL                                    Tables A                                
     __________________________________________________________________________
     ANTIFUNGAL ACTIVITY                                                       
                          R.sub.1                                              
                          .vertline..vertline.                                 
                          CH.sub.2                                             
                          .angle..angle.                                       
                          R.sub.2 OO                                           
                          .vertline..vertline..vertline.                       
                          S--CH.sub.2 ----------                               
                        ANTIFUNGAL ACTIVITY                                    
     R.sub.1 R.sub.2                                                           
                  Isomer                                                       
                        M.c.                                                   
                            Ct.m.                                              
                                Tr.R.                                          
                                    Ph.V.                                      
                                        Cr.n.                                  
                                            C.tr.                              
                                                C.alb.                         
                                                     Muc.                      
                                                         A.f.                  
                                                             Sp.s              
                                                                 Sap.          
                        (1) (2) (3) (4) (5) (6) (7)  (8) (9) (10)              
                                                                 (11)          
     __________________________________________________________________________
     2,4-(Cl).sub.2                                                            
             4-Br A + B ++++                                                   
                            ++++                                               
                                ++++                                           
                                    +   ++++                                   
                                            ++  +    ++  ++  ++++              
                                                                 +             
     2,4-(Cl).sub.2                                                            
             H    A + B ++++                                                   
                            ++++                                               
                                ++++                                           
                                    ++  ++++                                   
                                            ++  +    +++ ++  ++++              
                                                                 ++            
     __________________________________________________________________________
TBL                                    Tables A                                
     __________________________________________________________________________
                          R.sub.1                                              
                          .vertline..vertline.                                 
                          CH.sub.2 .angle.                                     
                          .angle.                                              
                          R.sub.2 .vertline.OO                                 
                          .vertline..vertline.                                 
                          --CH.sub.2 --CH.sub.2 --------                       
                        ANTIFUNGAL ACTIVITY                                    
     R.sub.1                                                                   
             R.sub.2                                                           
                   Isomer                                                      
                        M.c.                                                   
                            Ct.m.                                              
                                Tr.R.                                          
                                    Ph.V.                                      
                                         Cr.n.                                 
                                             C.tr.                             
                                                 C.alb.                        
                                                     Muc.                      
                                                        A.f.                   
                                                            Sp.s.              
                                                                Sap.           
                        (1) (2) (3) (4)  (5) (6) (7) (8)                       
                                                        (9) (10)               
                                                                (11)           
     __________________________________________________________________________
     2,4-(Cl).sub.2                                                            
            2-Cl        ++++                                                   
                            ++++                                               
                                ++++                                           
                                    +    ++++                                  
                                             ++  0   ++ ++++                   
                                                            ++  +              
     2,4-(Cl).sub.2                                                            
            2,4-(Cl).sub.2                                                     
                        ++  ++++                                               
                                ++++                                           
                                    0    ++++                                  
                                             ++  0   ++ ++  ++  +              
     2,4-(Cl).sub.2                                                            
            2,6-(Cl).sub.2                                                     
                   A + B                                                       
                        ++  ++++                                               
                                ++++                                           
                                    0    ++++                                  
                                             0   0   ++ ++  ++  0              
     2,4-(Cl).sub.2                                                            
            4-OCH.sub.3                                                        
                   A + B                                                       
                        ++++                                                   
                            ++++                                               
                                ++++                                           
                                    +    ++++                                  
                                             ++  0   0  ++++                   
                                                            ++  +              
     2,4-(Cl).sub.2                                                            
            4-Cl        ++++                                                   
                            ++++                                               
                                ++++                                           
                                    +    ++++                                  
                                             ++   ++ ++ ++  ++++               
                                                                +              
     2,4-(Cl).sub.2                                                            
            H           ++++                                                   
                            ++++                                               
                                ++++                                           
                                    +    ++++                                  
                                             ++  +   ++ ++++                   
                                                            ++++               
                                                                +              
     __________________________________________________________________________
TBL                Table B                                                     
     ______________________________________                                    
     ACTIVITY AGAINST PHYCOMYCTES.                                             
             R.sub.1                                                           
             .vertline..vertline.                                              
             CH.sub.2                                                          
             .angle.                                                           
             .angle.                                                           
             OO                                                                
             .vertline..vertline.                                              
             --------                                                          
             R.sub.2 .vertline.                                                
      R.sub.1  R.sub.2 Abs.r.  Bas.m.                                          
                                     Mort. Rhi.                                
     ______________________________________                                    
     2,4-(Cl).sub.2                                                            
              4-Cl     ++      ++    +     ++                                  
     4-Br     2-Cl     +       +     +     ++                                  
     4-Br     4-Br     +++     ++    ++    ++                                  
     4-CH.sub.3                                                                
              4-Cl     ++      +     +     +                                   
     2,4-(Cl).sub.2                                                            
              4-Br     +++     ++    ++    ++                                  
     4-Cl     4-Br     +++     ++    ++    ++                                  
     2-Cl     4-Br     ++      ++    +     ++                                  
     4-Br     4-CH.sub.3                                                       
                       ++      ++    +     ++                                  
     4-Cl     4-F      ++      ++    +     +                                   
     4-Br     4-F      ++      ++    +     ++                                  
     ______________________________________                                    
             R.sub.1                                                           
             .vertline.                                                        
             .vertline.                                                        
             CH.sub.2                                                          
             .angle.                                                           
             .angle.                                                           
             OO                                                                
             .vertline..vertline.                                              
             --O--CH.sub.2 --------                                            
             R.sub.2 .vertline.                                                
      R.sub.1                                                                  
              R.sub.2  Isomer  Abs.r.                                          
                                     Bas.m.                                    
                                           Mort. Rhi.                          
     ______________________________________                                    
     4-Cl    4-Cl      B       +++   +     +     +                             
     4-Cl    4-F       cis     ++    +     +     +                             
     4-Cl    2-CH.sub.3                                                        
                       A       ++    ++    +     +                             
     4-Cl    2,4-(Cl).sub.2                                                    
                       B       +++   ++    ++    +                             
     2,4-(Cl).sub.2                                                            
             2-CH.sub.3                                                        
                       A       +     +     +     +                             
     2,4-(Cl).sub.2                                                            
             4-Cl      trans   ++    +     ++    +                             
     2,4-(Cl).sub.2                                                            
             2-CH.sub.3,4-Cl                                                   
                       A + B   ++    ++    +     +                             
     4-Cl    2,6-(Cl).sub.2                                                    
                       A       ++    +     +     +                             
     2,4-(Cl).sub.2                                                            
             2-CH.sub.3                                                        
                       A       ++    + +   +     +                             
     2,4-(Cl).sub.2                                                            
             4-CH.sub.3                                                        
                       A       +     ++    +     +                             
     2,4-(Cl).sub.2                                                            
             4-OCH.sub.3                                                       
                       A       ++    ++    +     +                             
     2,4-(Cl).sub.2                                                            
             4-Cl      cis     ++    ++    +     +                             
     2,4-(Cl).sub.2                                                            
             4-Br      A       +++   ++    ++    ++                            
     2,4-(Cl).sub.2                                                            
             H         A       ++    ++    +     +                             
     2,4-(Cl).sub.2                                                            
             3,4-(Cl).sub.2                                                    
                       A       +++   +++   +     ++                            
     2,4-(Cl).sub.2                                                            
             3-Cl      A       ++    +++   ++    ++                            
     2,4-(Cl).sub.2                                                            
             2-Cl      A       +++   ++    +     +                             
     2,4-(Cl).sub.2                                                            
             2-Br      cis     ++    ++    +     +                             
     ______________________________________                                    
TBL                                    Table C 1                               
     __________________________________________________________________________
     BACTERIOSTATIC AND BACTERIOCIDAL ACTIVITY                                 
     All compounds were inactive against the gram-negative bacteria:           
     Salmonella pull. gall., Escherichia coli and Pseudomonas aerug.           
     The table summarizes the activity against the gram-positive bacteria.     
             R.sub.1                                                           
             .vertline..vertline.                                              
             CH.sub.2                                                          
             .angle.                                                           
             .angle.                                                           
             OO                                                                
             .vertline..vertline.                                              
             --------                                                          
             R.sub.2 .vertline.                                                
                   bacteriostatic activity                                     
                                 bacteriocidal activity                        
      R.sub.1                                                                  
             R.sub.2                                                           
                   E.ins.                                                      
                        Staph.                                                 
                            Strept.                                            
                                 E.ins.                                        
                                      Staph.                                   
                                          Strept.                              
     __________________________________________________________________________
     4-Cl   4-Cl   ++   ++  ++   ++   ++  ++                                   
     4-Cl   H      ++   ++  +++  ++   +   +++                                  
     4-Cl   2,4-(Cl).sub.2                                                     
                   +++  ++  +++  ++   ++  +++                                  
     4-Br   4-Cl   +++  +++ +++  +++  +   + ++                                 
     4-Br   2,4-(Cl).sub.2                                                     
                   +++  +   +++  +++  +   +++                                  
     2,4-(Cl).sub.2                                                            
            H      ++   0   ++   ++   0   ++                                   
     4-OCH.sub.3                                                               
            4-Cl   ++   +   ++   +    +   ++                                   
     H      2,4-(Cl).sub.2                                                     
                   ++   ++  +++  +    +   ++                                   
     2,4-(Cl).sub.2                                                            
            4-Cl   +++  ++  +++  ++   +   ++                                   
     H      4-Cl   +++  +   +++  +    +   ++                                   
     4-Cl   2-Cl   +++  ++  +++  ++   +   ++                                   
     2-Cl   2,4-(Cl).sub.2                                                     
                   +++  ++  +++  ++   +   +++                                  
     4-Br   2-Cl   +++  +   ++   +++  +   ++                                   
     2-Cl   4-Cl   +++  +   +++  + ++ +   +++                                  
     2,4-(Cl).sub.2                                                            
            2,4-(Cl).sub.2                                                     
                   +++  ++  +++  +++  +   +++                                  
     4-Br   H      ++   +   +++  ++   +   +++                                  
     H      4-Br   +++  0   +++  +++  0   +++                                  
     4-CH.sub.3                                                                
            2,4-(Cl).sub.2                                                     
                   +++  +++ +++  +++  ++  +++                                  
     4-Br   4-Br   +++  ++  +++  +++  +   +++                                  
     2,4-(Cl).sub.2                                                            
            2-Cl   +++  +++ +++  +++  ++  +++                                  
     4-CH.sub.3                                                                
            4-Cl   +++  ++  +++  +++  +   +++                                  
     2,4-(Cl).sub.2                                                            
            4-Br   +++  ++  +++  ++   +   ++                                   
     4-Cl   4-Br   ++ + ++  +++  +++  ++  +++                                  
     4-CH.sub.3                                                                
            4-Br   +++  ++  +++  +++  +   +++                                  
     3-Cl   2,4-(Cl).sub.2                                                     
                   ++   +   +++  ++   +   +++                                  
     2-Cl   4-Br   ++   ++  ++   ++   +   ++                                   
     4-CH.sub.3                                                                
            2-Cl   +++  +   +++  ++   +   +++                                  
     4-Cl   4-CH.sub.3                                                         
                   +++  +   +++  ++   +   +++                                  
     4-Br   4-CH.sub.3                                                         
                   +++  ++  ++   ++   +   ++                                   
     4-Cl   4-F    +    0   ++   +    0   ++                                   
     4-Br   4-F    ++   +   +++  ++   +   +++                                  
     __________________________________________________________________________
TBL                                    Table C 2                               
     __________________________________________________________________________
     BACTERIOSTATIC AND BACTERIOCIDAL ACTIVITY                                 
                          R.sub.1                                              
                          .vertline..vertline.                                 
                          CH.sub.2 .angle.                                     
                          .angle.                                              
                          OO                                                   
                          .vertline..vertline.                                 
                          --O--CH.sub.2 --------                               
                          .vertline.                                           
                          R.sub.2                                              
                           bacteriostatic activity                             
                                         bacteriocidal activity                
      R.sub.1                                                                  
             R.sub.2  Isomer                                                   
                           E.ins.                                              
                                Staph.                                         
                                    Strept.                                    
                                         E.ins.                                
                                              Staph.                           
                                                  Strept.                      
     __________________________________________________________________________
     4-Cl   2-CH.sub.3,4-Cl                                                    
                      cis  ++++ 0   ++++ ++++ 0   ++++                         
     4-Cl   4-CH.sub.3                                                         
                      trans                                                    
                           +++  ++  +++  +++  +   +++                          
     4-Cl   2-CH.sub.3,4-Cl                                                    
                      trans                                                    
                           ++++ ++  ++++ ++++ +   +++                          
     4-Cl   4-CH.sub.3                                                         
                      cis  +++  ++  +++  +++  +   +++                          
     4-Cl   4-Cl      A    ++++ +   +++  ++++ +   +++                          
     4-Cl   4-Cl      B    ++++ ++  +++  ++++ +   +++                          
     4-Cl   2,4-(Cl).sub.2                                                     
                      A    0    0   ++   0    0   ++                           
     4-Cl   4-F       cis  +++  0   +++  +++  0   +++                          
     4-Cl   2-CH.sub.3                                                         
                      A    ++++ ++  ++++ ++++ +   ++++                         
     4-Cl   2-Cl      A    +++  0   +++  +++  0   +++                          
     4-Cl   2-CH.sub.3                                                         
                      B    ++++ ++  +++  +++  +   +++                          
     4-Cl   2,4-(Cl).sub.2                                                     
                      B    ++++ ++  ++++ ++++ ++  ++++                         
     4-Cl   4-OCH.sub.3                                                        
                      A    +++  0   +++  ++   0   +++                          
     4-Cl   4-F       trans                                                    
                           ++   +   ++   +    +   ++                           
     4-Cl   4-OCH.sub.3                                                        
                      B    ++   +   ++   +    +   ++                           
     4-Cl   2,6-(Cl).sub.2                                                     
                      A    +++  0   ++++ ++   0   ++++                         
     4-Cl   2-Cl      B    +++  +   ++   +++  +   ++                           
     4-Cl   2,6-(Cl).sub.2                                                     
                      B    +++  ++  +++  +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            4-CH.sub.3                                                         
                      B    ++   ++  ++   ++   +   ++                           
     2,4-(Cl).sub.2                                                            
            4-F       A    ++   ++  ++   ++   0   ++                           
     2,4-(Cl).sub.2                                                            
            2-CH.sub.3                                                         
                      A    +++  +   +++  +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            4-CH.sub.3                                                         
                      A    +++  ++  +++  +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            4-OCH.sub.3                                                        
                      A    ++   +   ++   ++   +   ++                           
     2,4-(Cl).sub.2                                                            
            4-Cl      cis  ++   +   ++   ++   +   ++                           
     2,4-(Cl).sub.2                                                            
            2-CH.sub.3                                                         
                      B    +++  +   +++  +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            2,4-(Cl).sub.2                                                     
                      A    +++  0   +++  +++  0   +++                          
     2,4-(Cl).sub.2                                                            
            4-Cl      trans                                                    
                           +++  ++  +++  +++  ++  +++                          
     2,4-(Cl).sub.2                                                            
            4-Br      A    +++  +   +++  +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            2,4-(Cl).sub.2                                                     
                      B    +++  ++  +++  ++   +   +++                          
     2,4-(Cl).sub.2                                                            
            H         A    +++  +   +++  +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            3,4-(Cl).sub. 2                                                    
                      A    +++  ++  +++  +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            3-Cl      A    +++  ++  +++  +++  ++  +++                          
     2,4-(Cl).sub.2                                                            
            2-Cl      A    +++  ++  +++  +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            2-CH.sub.3,4-Cl                                                    
                      A + B                                                    
                           +++  ++  +++  ++   +   +++                          
     2,4-(Cl).sub.2                                                            
            2-Cl      B    +++  +   +++  ++   +   +++                          
     2,4-(Cl).sub.2                                                            
            2,6-(Cl).sub.2                                                     
                      A    +++  ++  +++  ++   +   ++                           
     2,4-(Cl).sub.2                                                            
            3,5-(CH.sub.3).sub.2,4-Cl                                          
                      A    +++  0   +++  +++  0   +++                          
     2,4-(Cl).sub.2                                                            
            2,4-(Br).sub.2                                                     
                      A    +++  0   +++  +++  0   +++                          
     2,4-(Cl).sub. 2                                                           
            4-CN      A    +++  +   ++   0    0   ++                           
     2,4-(Cl).sub.2                                                            
            2-Br      cis  +++  ++  +++  +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            2-OCH.sub.3                                                        
                      A    +++  +   +++  +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            2-Br      trans                                                    
                           +++  ++  ++   ++   +   ++                           
     2,4-(Cl).sub.2                                                            
            2,4,6-(Cl).sub.3                                                   
                      A    +++  0   +++  ++   0   ++                           
     2,4-(Cl).sub.2                                                            
            2,5-(CH.sub.3).sub.2                                               
                      A    +++  ++  +++  +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            2,5-(CH.sub.3).sub.2                                               
                      B    +++  ++  +++  +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            2-Cl,4-tert.but.                                                   
                      A    +++  ++  +++  ++   0   ++                           
     2,4-(Cl).sub.2                                                            
            2,4,5-(Cl).sub.3                                                   
                      A    ++++ 0   ++   +++  0   ++                           
     2,4-(Cl).sub.2                                                            
            2-Cl,4-tert.but.                                                   
                      B    ++++ ++  ++++ +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            2,4,5-(Cl).sub.3                                                   
                      B    +++  +   +++  ++   +   ++                           
     2,4-(Cl).sub.2                                                            
            2,5-(Br).sub.2,4-CH.sub.3                                          
                      A    +++  +   +++  ++   +   ++                           
     2,4-(Cl).sub.2                                                            
            2-F       A    +++  +   ++++ ++   +   +++                          
     4-CH.sub.3                                                                
            4-Br      A    +++  ++  ++++ ++   +   +++                          
     4-Cl   4-Br      A    ++++ ++  ++++ +++  +   +++                          
     4-Br   4-Br      A    ++++ +   ++++ +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            2-OC.sub.2 H.sub.5                                                 
                      A    ++++ 0   +++ +                                      
                                         +++  0   +++                          
     2-Cl   4-Br      A + B                                                    
                           ++++ ++  ++++ +++  +   +++                          
     2-Cl   4-Br      B    +++  ++  ++++ ++   +   +++                          
     H      4-Br      A    +++  ++  ++++ +    0   +++                          
     2-Br   4-Br      A    ++++ +++ ++++ +++  ++  +++                          
     2-Br   4-Br      B    ++++ ++  ++++ +++  +   ++++                         
     2,4-(Cl).sub.2                                                            
            4-C.sub.6 H.sub.5                                                  
                      A + B                                                    
                           ++++ 0   ++   +++  0   ++                           
     2,4-(Cl).sub.2                                                            
            4-C.sub.6 H.sub.5                                                  
                      B    0    0   ++++ 0    0   +++                          
     2,4-(Cl).sub.2                                                            
            2,6-(CH.sub.3).sub.2                                               
                      A    ++++ ++  ++++ +++  ++  +++                          
     2,4-(Cl).sub.2                                                            
            4-Br      B    +++  +++ +++  ++   +   ++                           
     2,4-(Cl).sub.2                                                            
            2,6-(CH.sub.3).sub.2                                               
                      A + B                                                    
                           +++  ++  +++  ++   +   ++                           
     2,4-(Cl).sub.2                                                            
            3,5-(CH.sub.3).sub.2                                               
                      A    +++  ++  +++  +++  +   +++                          
     2,4-(Cl).sub.2                                                            
            4-iC.sub.3 H.sub.7                                                 
                      A + B                                                    
                           ++   ++  +++  ++   +   ++                           
     2,4-(Cl).sub.2                                                            
            2-Cl,6-CH.sub. 3                                                   
                      A    ++   ++  ++   ++   +   ++                           
     2,4-(Cl).sub.2                                                            
            4-tert.but.                                                        
                      A    +++  ++  ++   ++   +   ++                           
     2,4-(Cl).sub.2                                                            
            3,5-(Cl).sub.2                                                     
                      A    ++   +++ ++++ ++   ++  +++                          
     2,4-(Cl).sub.2                                                            
            3-CH.sub. 3,4-Cl                                                   
                      A    +++  ++  ++   ++   ++  +                            
     __________________________________________________________________________
TBL                                    Table C 3                               
     __________________________________________________________________________
     BACTERIOSTATIC AND BACTERIOCIDAL ACTIVITY                                 
                R.sub.1                                                        
                .vertline.                                                     
                .vertline.                                                     
                CH.sub.2                                                       
                .angle.                                                        
                .angle.                                                        
                R.sub.2 OO                                                     
                .vertline..vertline..vertline.                                 
                --S--CH.sub.2 --------                                         
                     Bacteriostatic activity                                   
                                   Bacteriocidal activity                      
     R.sub.1                                                                   
            R.sub.2                                                            
                Isomer                                                         
                     E. ins.                                                   
                          Staph.                                               
                              Strept.                                          
                                   E. ins.                                     
                                        Staph.                                 
                                            Strept.                            
     __________________________________________________________________________
     2,4-(Cl).sub.2                                                            
            4-Br                                                               
                A + B                                                          
                     +++  ++  ++++ ++   +   +++                                
     2,4-(Cl).sub.2                                                            
            H   A + B                                                          
                     ++++ ++  ++++ +++  +   +++                                
     __________________________________________________________________________
TBL                                    Table C 4                               
     __________________________________________________________________________
                R.sub.1                                                        
                .vertline.                                                     
                .vertline.                                                     
                CH.sub.2                                                       
                .angle.                                                        
                .angle.                                                        
                R.sub.2 OO                                                     
                .vertline..vertline..vertline.                                 
                --CH.sub.2 --CH.sub.2 --------                                 
                        Bacteriostatic activity                                
                                      bacteriocidal activity                   
     R.sub.1                                                                   
             R.sub.2                                                           
                   Isomer                                                      
                        E. ins.                                                
                             Staph.                                            
                                 Strept.                                       
                                      E. ins.                                  
                                           Staph.                              
                                               Strept.                         
     __________________________________________________________________________
     2,4-(Cl).sub.2                                                            
            2-Cl        ++++ +++ ++++ +++  ++  +++                             
     2,4-(Cl).sub.2                                                            
            2,4-(Cl).sub.2                                                     
                        ++++ +++ ++++ +++  ++  +++                             
     2,4-(Cl).sub.2                                                            
            2,6-(Cl).sub.2                                                     
                   A + B                                                       
                        ++++ +++ ++++ +++  ++  +++                             
     2,4-(Cl).sub.2                                                            
            4-OCH.sub.3                                                        
                   A + B                                                       
                        ++++ +   +++  +++  +   ++                              
     2,4-(Cl).sub.2                                                            
            4-Cl        ++++ ++  ++++ +++  +   +++                             
     2,4-(Cl).sub.2                                                            
            H           ++++ ++  +++  +++  0   ++                              
     __________________________________________________________________________
PAR  The following examples are given to illustrate but not to limit the scope
      of the present invention. Unless otherwise stated all parts are by weight.
PAC  A. NOVEL INTERMEDIATES OF FORMULA III
DETD
PAC  EXAMPLE I
PAR  A mixture of 11.7 parts of 2-bromo-4'-chloroacetophenone, 9 parts of
      1-(p-chlorophenyl)-1,2-ethanediol, 0.5 parts of p-toluenesulfonic acid and
      80 parts of benzene is stirred and refluxed for 2 days with
      water-separator. The reaction mixture is cooled and washed successively
      twice with a sodium hydrogen carbonate solution and once with water. The
      organic phase is dried and evaporated. The residue is triturated in
      petroleum ether and cooled on ice. The precipitated product is filtered
      off, crystallized from methanol, stirred in acetonitrile while cooling on
      ice, filtered off again and washed once more with acetonitrile, yielding
      2-(bromomethyl)-2,4-bis(-chlorophenyl)-1,3-dioxolane.
PAC  EXAMPLE II
PAR  A mixture of 11.6 parts of 2-bromo-4'-chloroacetophenone, 8.4 parts of
      .alpha.-hydroxymethyl)benzylalcohol, 0.1 parts of p-toluene sulfonic acid,
      210 parts of benzene and 40 parts of ethanol is stirred and refluxed for
      24 hours. The reaction mixture is evaporated and the residue is triturated
      in methanol. The product is filtered off and crystallized from methanol,
      yielding 2-(bromomethyl)-2-(p-chlorophenyl)-4-phenyl-1,3-dioxolane; mp.
      60.degree.C.
PAC  EXAMPLE III
PAR  A mixture of 11.6 parts of 2-bromo-4'-chloroacetophenone, 12.4 parts of
      1-(2.4-dichlorophenyl)-1,2-ethanediol, 0.1 parts of p-toluenesulfonic
      acid, 80 parts of n-butanol and 160 parts of benzene is stirred and
      refluxed for 24 hours with water-separator. The solvent is removed in
      vacuo and the residue is triturated in methanol. The precipitated product
      is filtered off and crystallized from petroleum ether, yielding
      2-(bromoethyl)-2-(p-chlorophenyl)-4-(2,4-dichlorophenyl)-1,3-dioxolane;
      m.p. 82.7.degree.C.
PAC  EXAMPLE IV
PAR  Following the procedure of Example III and using equivalent amounts of the
      appropriate starting materials, the following dioxolanes are prepared:
TBL  R.sub.1                                                                   
     BrCH.sub.2 .vertline.                                                     
     .angle.                                                                   
     .angle.                                                                   
     OO                                                                        
     .vertline..vertline.                                                      
     ----------                                                                
     R.sub.2 .vertline.                                                        
      R.sub.1     R.sub.2      Melting Point                                   
     ______________________________________                                    
     4-Br        4-Cl          101.3.degree.                                   
     4-Br        2,4-(Cl).sub.2                                                
                               99.9.degree.                                    
     4-OCH.sub.3 4-Cl          115.6.degree.                                   
     --          4-Cl          63.9.degree.                                    
     4-CH.sub.3  2,4-(Cl).sub.2                                                
                               89.9.degree.                                    
     4-Br        4-Br          96.8.degree.                                    
     4-CH.sub.3  4-Cl          122.degree.                                     
     4-CH.sub.3  4-Br          118.6.degree.                                   
     4-CH.sub.3  2-Cl                                                          
     ______________________________________                                    
PAC  EXAMPLE V
PAR  A mixture of 13.4 parts of 2-bromo-2',4'-dichloroacetophenone, 8.4 parts of
      .alpha.-(hydroxymethyl)benzyl alcohol, 1.15 parts of p-toluenesulfonic
      acid, 160 parts of benzene and 140 parts of n-butanol is stirred and
      refluxed for 48 hours with a water-separator. The solvent is removed in
      vacuo. The residue is purified by column-chromatography over silica gel,
      using chloroform as eluent. The pure fractions are collected and the
      eluent is evaporated, yielding
      2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-phenyl-1,3-dioxolane as residue.
PAC  EXAMPLE VI
PAR  Following the procedure of Example V but substituting for the
      .alpha.-(hydroxymethyl)benzyl alcohol used therein equivalent amounts of
      2,4-dichloro-.alpha.-(hydroxymethyl)benzyl alcohol and
      p-chloro-.alpha.-(hydroxymethyl)benzyl alcohol, and using the
      appropriately substituted 2-bromoacetophenone, there are prepared
      2-(bromomethyl)-4-(2,4-dichlorophenyl)-2-phenyl-1,3-dioxolane and
      2-(bromomethyl)-4-(p-chlorophenyl)-2-(2,4-dichlorophenyl)-1,3-dioxolane.
PAC  EXAMPLE VII
PAR  A mixture of 11.5 parts of 2-bromo-p-chloroacetophenone, 10.4 parts of
      o-chloro-.alpha.-(hydroxymethyl)benzylalcohol, 0.2 parts of
      p-toluenesulfonic acid, 180 parts of benzene and 80 parts of butanol is
      stirred and refluxed overnight with water-separator. The solvent is
      removed in vacuo and the residue is dissolved in chloroform. The
      chloroform solution is stirred with silica gel for 30 minutes. The silica
      gel is filtered off and the solvent is removed in vacuo, yielding
      2-(bromomethyl)-4-(o-chlorophenyl)-2-(p-chlorophenyl)-1,3-dioxolane as a
      residue.
PAC  EXAMPLE VIII
PAR  Following the procedure of Example VII and using equivalent amounts of the
      appropriate starting materials, the following dioxolanes are prepared:
TBL  BrCH.sub.2 .vertline.R.sub.1                                              
     .angle..angle.                                                            
     OO                                                                        
     .vertline..vertline.                                                      
     --------------                                                            
     R.sub.2                                                                   
     R.sub.1    R.sub.2       Melting Point                                    
     ______________________________________                                    
     2-Cl       2,4-(Cl).sub.2                                                 
     4-Br       2-Cl                                                           
     2-Cl       4-Cl                                                           
     2,4-(Cl).sub.2                                                            
                2,4-(Cl).sub.2                                                 
     4-Br       --            70.degree.                                       
     --         4-Br          71.3.degree.                                     
     2,4-(Cl).sub.2                                                            
                2-Cl                                                           
     2,4-(Cl).sub.2                                                            
                4-Br                                                           
     4-Cl       4-Br          80.5.degree.                                     
     3-Cl       2,4-(Cl).sub.2                                                 
     2-Cl       4-Br                                                           
     4-Cl       4-CH.sub.3                                                     
     4-Br       4-CH.sub.3                                                     
     4-Cl       4-F                                                            
     4-Br       4-F                                                            
     ______________________________________                                    
PAC  EXAMPLE IX
PAR  A mixture of 11.7 parts of 2-bromo-4'-chloroacetophenone, 11.9 parts of
      1-(4-chloro-o-tolyloxy)-2,3-propanediol, 2.5 parts of p-toluenesulfonic
      acid and 240 parts of benzene is stirred and refluxed for 24 hours in a
      four-necked round-bottomed flask equipped with a watertrap. The benzene
      solution is washed successively with a diluted sodium hydroxide solution
      and with water. The solvent is removed in vacuo. The residue is
      crystallized from methanol and the less pure fraction is recrystallized
      from diisopropylether, yielding
      A-2-(bromomethyl-2-(p-chlorophenyl)-4-(4-chloro-o-tolyloxymethyl)-1,3-diox
     olane; m.p. 102.5.degree.C. The methanol filtrate is evaporated in vacuo,
      yielding
      B-2-(bromomethyl)-2-(p-chlorophenyl)-4-(4-chloro-o-tolyloxymethyl)-1,3-dio
     xolane as a residue.
PAC  EXAMPLE X
PAR  Following the procedure of Example IX and using equivalent amounts of the
      appropriate starting materials, the following dioxolanes are prepared:
     BrCH.sub.2 .vertline.R.sub.1                                              
     .angle..angle.                                                            
     OO                                                                        
     .vertline..vertline.                                                      
     --O--CH.sub.2 --------                                                    
     .vertline.                                                                
     R.sub.2                                                                   
     Isomer  R.sub.1    R.sub.2    Melting Point                               
     ______________________________________                                    
     A       4-Cl       4-CH.sub.3                                             
     B       4-Cl       4-CH.sub.3                                             
     A       4-Cl       2,4-Cl                                                 
     B       4-Cl       2,4-Cl                                                 
     A       4-Cl       4-F        102.degree.                                 
     B       4-Cl       4-F                                                    
     A       4-Cl       2-CH.sub.3 82.2 - 85.degree.                           
     B       4-Cl       2-CH.sub.3                                             
     A       4-Cl       2-Cl       85 - 88.6.degree.                           
     B       4-Cl       2-Cl                                                   
     A       4-Cl       4-OCH.sub.3                                            
     B       4-Cl       4-OCH.sub.3                                            
     A       2,4-(Cl).sub.2                                                    
                        4-F                                                    
     A       2,4-(Cl).sub.2                                                    
                        4-OCH.sub.3                                            
     ______________________________________                                    
PAC  EXAMPLE XI
PAR  A mixture of 11.7 parts of 2-bromo-4'-chloroacetophenone, 12.2 parts of
      1-(p-chlorophenoxy)-2,3-propanediol, 3 parts of p-toluenesulfonic acid and
      240 parts of benzene is stirred and refluxed for 20 hours in a four-necked
      round-bottom flask equipped with a watertrap. The benzene solution is
      washed successively with a diluted sodium hydroxide solution and with
      water. The solvent is removed in vacuo. The residue is triturated in
      methanol. The precipitated product is filtered off (methanol filtrate is
      set aside) and crystallized from toluene, yielding
      A-2-(bromomethyl-4-(p-chlorophenoxymethyl)-2-(p-chlorophenyl)-1,3-dioxolan
     e; m.p. 165.degree.C.
PAR  The methanol filtrate is evaporated in vacuo. The residue is
      chromatographed over silica gel with chloroform as eluent, yielding
      B-2-(bromomethyl)-4-(p-chlorophenoxymethyl)-2-(p-chlorophenyl)-1,3-dioxola
     ne as a residue.
PAC  EXAMPLE XII
PAR  A mixture of 13.4 parts of 2-bromo-2', 4'-dichloroacetophenone, 11.2 parts
      of 1-(p-tolyloxy)-2,3-propanediol, 3 parts of p-toluenesulfonic acid and
      240 parts of benzene is stirred and refluxed in a four-necked
      round-bottomed flask, equipped with a water-trap. When no more water is
      evolved (20 hours), the benzene solution is washed successively with
      diluted sodium hydroxide solution and twice with water. The solution is
      dried and the solvent is removed in vacuo. The residue is triturated in
      methanol. The precipitated product is filtered off (filtrate is set aside)
      and crystallized from butanol, yielding
      A-2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-(p-tolyloxymethyl)-1,3-dioxolan
     e.
PAR  The methanol filtrate (see above) is evaporated in vacuo and residue is
      dissolved in chloroform. This solution is stirred with silica gel for 5
      hours. The mixture is filtered and the filtrate is evaporated in vacuo,
      yielding
      B-2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-(p-tolyloxymethyl)-1,3-dioxolan
     e.
PAC  EXAMPLE XIII
PAR  Following the procedure of Example XII and using equivalent amounts of the
      appropriate starting materials, the following dioxolanes are prepared:
     BrCH.sub.2 .vertline.R.sub.1                                              
     .angle..angle.                                                            
     OO                                                                        
     .vertline..vertline.                                                      
     --O--CH.sub.2 --------                                                    
     .vertline.                                                                
     R.sub.2                                                                   
     Isomer R.sub.1    R.sub.2       Melting Point                             
     ______________________________________                                    
     A      2,4-(Cl).sub.2                                                     
                       4-Cl                                                    
     B      2,4-(Cl).sub.2                                                     
                       4-Cl                                                    
     A      2,4-(Cl).sub.2                                                     
                       2,4-(Cl).sub.2                                          
     B      2,4-(Cl).sub.2                                                     
                       2,4-(Cl).sub.2                                          
     A      2,4-(Cl).sub.2                                                     
                       --            97.6.degree.                              
     A      2,4-(Cl).sub.2                                                     
                       3,4-(Cl).sub.2                                          
     A      2,4-(Cl).sub.2                                                     
                       3-Cl                                                    
     A      2,4-(Cl).sub.2                                                     
                       4-Cl,3,5-(CH.sub.3).sub.2                               
                                     115.8.degree.                             
     A      2,4-(Cl).sub.2                                                     
                       2,4-(Br).sub.2                                          
     A      2,4-(Cl).sub.2                                                     
                       4-CN                                                    
     A      2,4-(Cl).sub.2                                                     
                       2-OCH.sub.3                                             
     A+B    2,4-(Cl).sub.2                                                     
                       4-C.sub.6 H.sub.5                                       
     A+B    2,4-(Cl).sub.2                                                     
                       4-iC.sub.3 H.sub.7                                      
                                     90.degree.                                
     A      2,4-(Cl).sub.2                                                     
                       4-Cl,3-CH.sub.3                                         
     A      2,4-(Cl).sub.2                                                     
                       3,5-(Cl).sub.2                                          
     A      2,4-(Cl).sub.2                                                     
                       4-tert.butyl                                            
     ______________________________________                                    
PAC  EXAMPLE XIV
PAR  A mixture of 11.7 parts of 2-bromo-4'-chloroacetophenone, 14.2 parts of
      1-(2,6-dichlorophenoxy)-2,3-propanediol, and 3 parts of p-toluenesulfonic
      acid and 240 parts of benzene is stirred and refluxed for 20 hours in a
      four-necked round-bottomed flask equipped with watertrap. The
      benzene-solution is washed successively with a diluted sodium hydroxide
      solution and with water. The solvent is removed in vacuo, yielding A +
      B-2-(bromomethyl)-2-(p-chlorophenyl)-4-(2,6-dichlorophenoxymethyl)-1,3-dio
     xolane as a residue.
PAC  EXAMPLE XV
PAR  A mixture of 13.4 parts of 2-bromo-2',4'-dichloroacetophenone, 11.2 parts
      of 3-(o-tolyloxy)-1,2-propanediol, 3 parts of p-toluenesulfonic acid and
      240 parts of benzene is stirred and refluxed in a four-necked round
      bottomed flask equipped with a water-trap. After 20 hours, the theoretical
      amount of water is evolved and the reaction mixture is allowed to cool to
      room temperature. The mixture is washed successively with diluted sodium
      hydroxide solution and twice with water. The solvent is removed in vacuo
      and the residue is dissolved in chloroform. This solution is stirred with
      silica gel, filtered and the filtrate is evaporated in vacuo, yielding A +
      B-2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-(o-tolyloxymethyl)-1,3-dioxolan
     e.
PAC  EXAMPLE XVI
PAR  Following the procedure of Example XV but substituting for the
      3-(o-tolyloxy)-1,2-propanediol used therein equivalent amounts of the
      appropriate starting material, the following dioxolanes are prepared: A +
      B 2-(bromomethyl)-4-(o-chlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dio
     xolane;
      2-(bromomethyl)-4-(2,6-dichlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-d
     ioxolane; A + B
      2-(bromomethyl)-4-(o-bromophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxol
     ane; A + B
      2-(bromomethyl)-4-(4-bromophenoxymethyl)-2-(2-bromophenyl)-1,3-dioxolane;
      A + B
      2-(bromomethyl)-4-(2-chloro-6-methylphenoxymethyl)-2-(2,4-dichlorophenyl)-
     1,3-dioxolane; and A + B
      2-(bromomethyl)-4-(2,3-dichlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-d
     ioxolane.
PAC  EXAMPLE XVII
PAR  A mixture of 6 parts of 2-bromo-2', 4'-dichloroacetophenone, 6 parts of
      3-(4-chloro-o-tolyloxy)-1,2-propanediol, 3 parts of p-toluenesulfonic
      acid, 80 parts of n-butanol and 180 parts of benzene is stirred and
      refluxed for 24 hours with water-separator. The solvent is removed in
      vacuo and the residue is triturated in methanol. The product is filtered
      off and crystallized from petroleumether, yielding A +B
      2-(bromomethyl)-4-(4-chloro-2-tolyloxymethyl)-2-(2,4-dichlorophenyl)-1,3-d
     ioxolane.
PAC  EXAMPLE XVIII
PAR  A mixture of 13.6 parts of 2-bromo-1-(2,4-dichlorophenyl)-1-ethanone, 12
      parts of 3-(2,5-dimethylphenoxy)-1,2-propanediol, 3 parts of
      4-methylbenzenesulfonic acid, 80 parts of butanol and 180 parts of benzene
      is stirred and refluxed for 24 hours with water-separator. The reaction
      mixture is evaporated and the residue is dissolved in trichloromethane.
      The solution is stirred with silicagel for 30 minutes. The latter is
      filtered off and the filtrate is evaporated, yielding A + B
      2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-(2,5-dimethylphenoxymethyl)-1,3-d
     ioxolane as a residue.
PAC  EXAMPLE XIX
PAR  Following the procedure of Example XVIII and using equivalent amounts of
      the appropriate starting materials, the following dioxolanes are prepared:
     BrCH.sub.2 .vertline.R.sub.1                                              
     .angle..angle.                                                            
     OO                                                                        
     .vertline..vertline.                                                      
     --OCH.sub.2 --------                                                      
     .vertline.                                                                
     R.sub.2                                                                   
     Isomer       R.sub.1      R.sub.2                                         
     ______________________________________                                    
     A+B        2,4-(Cl).sub.2                                                 
                             2,4,6-Cl).sub.3                                   
     A+B        2,4-(Cl).sub.2                                                 
                             2-Cl,4-C(CH.sub.3).sub.3                          
     A+B        2,4-(Cl).sub.2                                                 
                             2,4,5-(Cl).sub.3                                  
     A+B        2,4-(Cl).sub.2                                                 
                             2,5-(Br).sub.2,4-CH.sub.3                         
     A+B        2,4-(Cl).sub.2                                                 
                             2-OC.sub.2 H.sub.5                                
     A+B        2-Cl         4-Br                                              
     ______________________________________                                    
PAC  EXAMPLE XX
PAR  A mixture of 13.6 parts of 2-bromo-2',4'-dichloroacetophenone, 18 parts of
      3-(6-bromo-2-napthyloxy)-1,2-propanediol, 3 parts of p-toluenesulfonic
      acid, 80 parts of n-butanol and 180 parts of benzene is stirred and
      refluxed for 24 hours with water-separator. The reaction mixture is
      evaporated. The residue is dissolved in chloroform and the solution is
      stirred with silica gel for one hour. The latter is filtered off and the
      filtrate is evaporated. The residue is crystallized twice: first from
      diisopropylether and then from dibutylether, yielding A
      2-(bromomethyl)-4-(6-bromo-2-naphthyloxymethyl)-2-(2,4-dichlorophenyl)-1,3
     -dioxolane.
PAC  EXAMPLE XXI
PAR  A mixture of 13.6 parts of 2-bromo-1-(2,4-dichlorophenyl)-1-ethanone, 13.1
      parts of 3-(2-naphtalenyloxy)-1,2-propanediol, 3 parts of
      4-methylbenzenesulfonic acid, 180 parts of benzene and 80 parts of butanol
      is stirred and refluxed for 12 hours with water-separator. The reaction
      mixture is evaporated and the residue is triturated in methanol. The
      product is filtered off and crystallized from 2-propanol, yielding A
      2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-[(2-naphthalenyloxy)methyl]-1,3-d
     ioxolane; mp. 117.6.degree.C.
PAC  EXAMPLE XXII
PAR  Following the procedure of Example XXI and using equivalent amounts of the
      appropriate starting materials, the following dioxolanes are prepared:
     BrCH.sub.2 R.sub.1                                                        
     .angle..angle.                                                            
     OO                                                                        
     .vertline..vertline.                                                      
     --O--CH.sub.2 --------                                                    
     .vertline.                                                                
     R.sub.2                                                                   
     Isomer     R.sub.1     R.sub.2 Melting Point                              
     ______________________________________                                    
     A        2,4-(Cl).sub.2                                                   
                          2-F       125.7.degree.                              
     A+B      4-CH.sub.3  4-Br      121.1.degree.                              
     A+B      4-Cl        4-Br      157.4.degree.                              
     A+B      4-Br        4-Br      158.7.degree.                              
     A        2,4-(Cl).sub.2                                                   
                          3-Br      112.7.degree.                              
     A        2,4-(Cl).sub.2                                                   
                          3,5-(CH.sub.3).sub.2                                 
                                    118.7.degree.                              
     A+B      2,4-(Cl).sub.2                                                   
                          4-CH.sub.2 -C.sub.6 H.sub.5                          
                                    106.1.degree.                              
     A+B      4-OCH.sub.3 4-Br      117.degree.                                
     A        --          4-Br       85.6.degree.                              
     ______________________________________                                    
PAC  EXAMPLE XXIII
PAR  A mixture of 13.6 parts of 2-bromo-1-(2,4-dichlorophenyl)-1-ethanone, 15.2
      parts of 3-(4-chloro-1-naphthalenyloxy)-1,2-propanediol, 3 parts of
      4-methylbenzenesulfonic acid, 80 parts of butanol and 180 parts of benzene
      is stirred and refluxed for 24 hours with water-separator. The reaction
      mixture is evaporated and the residue is triturated in 2-propanol. The
      product is filtered off and crystallized from butanol, yielding A + B
      2-(bromomethyl)-4-(4-chloro-1-naphthalenyloxymethyl)-2-(2,4-dichlorophenyl
     )-1,3-dioxolane; mp. 122.7.degree.C.
PAC  EXAMPLE XXIV
PAR  A mixture of 13.6 parts of 2-bromo-1-(2,4-dichlorophenyl)-1-ethanone, 15.8
      parts of 3-(4-bromophenylthio)-1,2-propanediol, 3 parts of
      4-methylbenzenesulfonic acid, 180 parts of butanol and 90 parts of benzene
      is stirred and refluxed for 12 hours with water-separator. The reaction
      mixture is evaporated and the residue is dissolved in trichloromethane.
      The solution is stirred with silica gel for 30 minutes. The latter is
      filtered off and the filtrate is evaporated, yielding A + B
      2-(bromomethyl)-4-(4-bromophenylthiomethyl)-2-(2,4-dichlorophenyl)-1,3-dio
     xolane as a residue.
PAC  EXAMPLE XXV
PAR  A mixture of 13.6 parts of 2-bromo-1-(2,4-dichlorophenyl)-1-ethanone, 11.1
      parts of 3-(phenylthio)-1,2-propanediol, 3 parts of
      4-methylbenzenesulfonic acid, 80 parts of butanol and 180 parts of benzene
      is stirred and refluxed for 24 hours with water-separator. The reaction
      mixture is evaporated and the residue is dissolved in trichloromethane.
      The solution is stirred with silica gel for 30 minutes. The latter is
      filtered off and the filtrate is evaporated, yielding A + B
      2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-(phenylthiomethyl)-1,3-dioxolane
      as a residue.
PAC  EXAMPLE XXVI
PAR  A mixture of 222.5 parts of 2-bromo-1-(2,4-dichlorophenyl)-1-ethanone, 250
      parts of 3-(4-bromophenoxy)-1,2-propanediol, 50 parts of
      4-methylbenzenesulfonic acid and 3150 parts of benzene is stirred and
      refluxed in a four-necked, round-bottomed flask, equipped with a
      water-trap. After 16 hours the theoretical amount of water is evolved. The
      reaction mixture is allowed to cool to room temperature and washed
      successively with diluted sodium hydroxide solution and twice with water.
      The solvent is dried and removed in vacuo. The residue is triturated in
      methanol. The product is filtered off (the filtrate is set aside) and
      crystallized from butanol, yielding
      A-2-(bromomethyl)-4-(p-bromophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-diox
     olane.
PAR  The filtrate (see above) is evaporated. The residue is dissolved in 210
      parts of 2,2'-oxybispropane and the solution is allowed to crystallize.
      The precipitated product is filtered off and discarded. The filtrate is
      evaporated and the residue is dissolved in 400 parts of a mixture of
      hexane and trichloromethane (3 : 1 by volume). The undissolved part is
      filtered off and discarded. The filtrate is purified twice by
      column-chromatography over silica gel using a mixture of hexane and
      trichloromethane (3 : 1 by volume) as eluent. The pure fractions are
      collected and the eluent is evaporated. The residue solidifies on
      triturating in petroleumether. The product is filtered off and dried,
      yielding
      B-2-(bromomethyl)-4-(4-bromophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-diox
     olane.
PAC  EXAMPLE XXVII
PAR  A mixture of 11.8 parts of 3-(2,6-dimethylphenoxy)-1,2-propanediol, 13.6
      parts of 2-bromo-1-(2,4-dichlorophenyl)-1-ethanone, 3 parts of
      4-methylbenzenesulfonic acid, 80 parts of butanol and 180 parts of
      methylbenzene is stirred and refluxed for 3 days. The reaction mixture is
      evaporated and the residue is dissolved in 2,2'-oxybispropane. The
      solution is stirred for 30 minutes with silica gel. The latter is filtered
      off and the filtrate is evaporated, yielding A + B
      2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-(2,6-dimethylphenoxymethyl)-1,3-d
     ioxolane as a residue.
PAC  EXAMPLE XXVIII
PAR  A mixture of 11.2 parts of 2,2', 4'-trichloroacetophenone, 14.9 parts of
      1-(2,4-dichlorophenoxy)-2,3-propanediol, 3 parts of p-toluenesulfonic acid
      and 240 parts of benzene is stirred and refluxed for 20 hours in a
      four-necked, round-bottomed flask, equipped with a water-trap. The
      reaction mixture is washed successively with a diluted sodium hydroxide
      solution and twice with water. The solvent is removed in vacuo. The
      residue is triturated in methanol for 3 hours. The precipitated product is
      filtered off and crystallized from 2-propanol, yielding
      A-2-(chloromethyl)-4-(2,4-dichlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,
     3-dioxolane; mp. 92.5.degree.C.
PAC  EXAMPLE XXIX
PAR  A mixture of 24 parts of 3-(4-bromophenoxy)-1,2-propanediol, 28 parts of
      2-(bromomethyl)-2-(2,3,4-trichlorophenyl)-1,3-dioxolane, 4 parts of
      4-methylbenzenesulfonic acid, 40 parts of butanol and 225 parts of
      methylbenzene is stirred and refluxed for 2 days. The reaction mixture is
      allowed to cool to room temperature and evaporated. The residue is
      triturated in methanol. The product is filtered off and crystallized from
      2-propanol, yielding
      A-2-(bromomethyl)-4-(4-bromophenoxymethyl)-2-(2,3,4-trichlorophenyl)-1,3-d
     ioxolane.
PAC  EXAMPLE XXX
PAR  A mixture of 14.4 parts of 1-[2-(4-methylphenyl)ethyl]-ethanediol, 15.6
      parts of 2-(bromomethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolane, 5 parts of
      4-methylbenzenesulfonic acid, 225 parts of methylbenzene and 40 parts of
      butanol is stirred and refluxed for 3 days with water-separator. The
      reaction mixture is evaporated and the residue is dissolved in
      2,2'-oxybispropane. The solution is stirred for 30 minutes with silica
      gel. The latter is filtered off and the filtrate is evaporated, yielding
      2-(bromomethyl-2-(2,4-dichlorophenyl)-4-[2-(4-methylphenyl)ethyl]-1,3-diox
     olane as a residue.
PAC  EXAMPLE XXXI
PAR  To a stirred and refluxing Grignard-complex, previously prepared starting
      from 98 parts of 1-(chloromethyl)-2,4-dichlorobenzene and 14 parts of
      magnesium in 70 parts of 1,1-oxybisethane, is added dropwise a solution of
      46.5 parts of 2-(chloromethyl)oxirane in 350 parts of 1,1'-oxybisethane.
      Upon completion, stirring at reflux temperature is continued overnight.
      The reaction mixture is cooled in an ice-bath and decomposed by dropwise
      addition of 120 parts of a concentrated hydrochloric acid solution. The
      whole is poured onto water and the layers are separated. The organic phase
      is washed three times with water. The aqueous phase is extracted with
      1,1'-oxybisethane. The combined organic phases are dried, filtered and
      evaporated. The residue is distilled, yielding
      2,4-dichloro-.alpha.-(chloromethyl)benzenepropanol; bp. 130.degree.C. at
      0.04 mm. pressure.
PAC  EXAMPLE XXXII
PAR  Following the procedure of Example XXXI and using equivalent amounts of the
      appropriate starting materials, the following compounds are prepared:
TBL  OH                                                                        
     .vertline.                                                                
     --CH.sub.2 --CH.sub.2 --CH--CH.sub.2 Cl                                   
     .vertline.                                                                
     R                   boiling point                                         
     ______________________________________                                    
     2-Cl           118.degree.C. at 0.01 mm. pressure                         
     2,6-(Cl).sub.2 136.degree.C. at 0.2 mm. pressure                          
     4-OCH.sub.3    140.degree.C. at 0.2 mm. pressure                          
     4-Cl           130-135.degree.C. at 0.3 mm. pressure                      
     ______________________________________                                    
PAC  EXAMPLE XXXIII
PAR  A solution of 87 parts of
      2,4-dichloro-.alpha.-(chloromethyl)-benzenepropanol in 144 parts of
      concentrated sodium hydroxide solution and 350 parts of 2,2'-oxybispropane
      is stirred overnight at room temperature. The product is extracted with
      2,2'-oxybispropane. The extract is washed with water, dried, filtered and
      evaporated. The oily residue is distilled, yielding
      [2-(2,4-dichlorophenyl)ethyl]oxirane; bp. 90.degree.-98.degree.C. at 0.01
      mm. pressure.
PAC  EXAMPLE XXXIV
PAR  Following the procedure of Example XXXIII and using equivalent amounts of
      the appropriate starting materials, the following oxirane derivatives are
      prepared:
      ##EQU5##
PAC  EXAMPLE XXXV
PAR  A mixture of 50 parts of [2-(2,4-dichlorophenyl)ethyl]-oxirane, 7 parts of
      ethanedioic acid, 300 parts of 1,4-dioxane and 150 parts of water is
      stirred and refluxed for 36 hours. The reaction mixture is evaporated. The
      residue is crystallized from 2,2'-oxybispropane. The product is filtered
      off and dried at the air, yielding
      1-[2-(2,4-dichlorophenyl)ethyl]ethanediol; mp. 83.2.degree.C.
PAC  EXAMPLE XXXVI
PAR  By repeating the procedure of Example XXXV and using therein an equivalent
      amount of the appropriate starting material, the following compounds are
      prepared:
PAR  1-[2-(2-chlorophenyl)ethyl]ethanediol; mp. 64.1.degree.C.;
PAR  4-(2,6-dichlorophenyl)-1,2-butanediol; mp. 111.7.degree.C.; and
PAR  1-[2-(4-chlorophenyl)ethyl]ethanediol; bp. 150.degree.C. at 0.02 mm.
      pressure.
PAC  EXAMPLE XXXVII
PAR  To a stirred solution of 12 parts of 2-[2-(4-methoxyphenyl)-ethyl]oxirane
      in 1.8 parts of sulfuric acid and 160 parts of 2-propanone are added 100
      parts of water. The whole is stirred for 2 days at room temperature. The
      reaction mixture is stirred with a sodium bicarbonate solution and the
      product is extracted with trichloromethane. The extract is dried, filtered
      and evaporated, yielding 1-[2-(4-methoxyphenyl)ethyl]-1,2-ethanediol as a
      residue.
PAC  EXAMPLE XXXVIII
PAR  A mixture of 13.6 parts of 2-bromo-1-(2,4-dichlorophenyl)-1-ethanone, 14.1
      parts of 1-[2-(2,4-dichlorophenyl)ethyl]ethanediol, 3 parts of
      4-methylbenzenesulfonic acid, 80 parts of butanol and 180 parts of benzene
      is stirred and refluxed for 24 hours. The reaction mixture is evaporated
      and the residue is stirred for 2 hours with 160 parts of methanol. The
      precipitated product is filtered off, yielding
      2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-[2-(2,4-dichlorophenyl)ethyl]-1,3
     -dioxolane.
PAC  EXAMPLE XXXIX
PAR  Following the procedure of Example XXXVIII and using an equivalent amount
      of the appropriate starting material, the following dioxolanes are
      prepared:
PA1  2-(bromomethyl)-4-[2-(2-chlorophenyl)ethyl]-2-(2,4-dichlorophenyl)-1,3-diox
     olane;
PA1  2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-[2-(2,6-dichlorophenyl)ethyl]-1,3-
     dioxolane; and
PA1  A + b
      2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-[2-(4-methoxyphenyl)ethyl]-1,3-di
     oxolane.
PAC  EXAMPLE XL
PAR  A mixture of 11.2 parts of 1-[2-(4-chlorophenyl)ethyl]ethanediol, 15.6
      parts of 2 -(bromomethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolane, 4 parts of
      4-methylbenzenesulfonic acid, 40 parts of butanol and 225 parts of
      methylbenzene is stirred and refluxed for 5 days with water-separator. The
      reaction mixture is evaporated and the residue is dissolved in
      2,2'-oxybispropane. The solution is stirred with silica gel. The latter is
      filtered off and the filtrate is evaporated, yielding
      2-(bromomethyl)-4-[2-(4-chlorophenyl)ethyl]2-(2,4-dichlorophenyl)-1,3-diox
     olane as a residue.
PAC  EXAMPLE XLI
PAR  Following the procedure of Example XL and using therein an equivalent
      amount of 4-phenyl-1,2-butanediol as a starting material, there is
      obtained:
      2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-(2-phenylethyl)-1,3-dioxolane as
      a residue.
PAC  B. FINAL PRODUCTS OF FORMULA I
PAC  EXAMPLE XLII
PAR  A mixture of 1.1 parts of imidazole, 1 part of
      2-(bromomethyl)-2,4-bis(p-chlorophenyl)-1,3-dioxolane, 0.4 parts of
      potassium iodide and 20 parts of dimethylformamide is stirred and refluxed
      for 12 hours. Water is added and the product is extracted with ether. The
      extract is washed twice with water, dried, filtered and evaporated. The
      residue of 1-[2,4-bis(p-chlorophenyl)-1,3- dioxolan-2-ylmethyl]imidazole
      is converted into the nitrate salt. The crude salt is filtered off and
      crystallized from a mixture of 2-propanol and diisopropylether, yielding
      1-[2,4-bis(p-chlorophenyl)-1,3-dioxolan-2-ylmethyl]imidazole nitrate; mp.
      192.3.degree.C.
PAC  EXAMPLE XLIII
PAR  A mixture of 7 parts of imidazole, 7.5 parts of
      2-(bromomethyl)-2-(p-chlorophenyl)-4-phenyl-1,3-dioxolane, 2 parts of
      sodium iodide and 100 parts of dimethyl formamide is stirred and refluxed
      for 48 hours. The reaction mixture is allowed to cool to room temperature
      and is poured into water. The product is extracted twice with benzene. The
      extract is washed twice with water and the solvent is removed in vacuo.
      The residue of
      1-[2-(p-chlorphenyl)-4-phenyl-1,3-dioxolan-2-ylmethyl]imidazole is
      converted into the nitrate salt in 4-methyl-2-pentanone and
      diisopropylether. The crude salt is filtered off and crystallized from
      4-methyl-2-pentanone, yielding
      1-[2-(p-chlorophenyl)-4-phenyl-1,3-dioxolan-2-ylmethyl]-imidazole nitrate;
      mp. 153.2.degree.C.
PAC  EXAMPLE XLIV
PAR  Following the procedure of Example XLIII and using equivalent amounts of
      the appropriate starting materials, the following imidazoles and imidazole
      acid addition salts are prepared:
               .vertline..vertline.R.sub.1                                     
               CH.sub.2                                                        
               .angle.                                                         
               .angle.                                                         
               OO                                                              
               .vertline..vertline.                                            
               --------                                                        
               R.sub.2 .vertline.                                              
                                     Melting Point                             
     R.sub.1  R.sub.2    Acid Salt   of Salt                                   
     ______________________________________                                    
     4-Cl     2,4-(Cl).sub.2                                                   
                         HNO.sub.3   196.6.degree.                             
     4-Br     4-Cl       HNO.sub.3   152.6.degree.                             
     4-Br     2,4-(Cl).sub.2                                                   
                         HNO.sub.3   205.3.degree.                             
     2,4-(Cl).sub.2                                                            
              --         2(COOH).sub.2                                         
                                     107.7.degree.                             
     4-OCH.sub.3                                                               
              4-Cl       HNO.sub.3   196.3.degree.                             
     --       2,4-(Cl).sub.2                                                   
                         HNO.sub.3   163.8.degree.                             
     2,4-(Cl).sub.2                                                            
              4-Cl       1.5 (COOH).sub.2                                      
                                     119.9.degree.                             
     --       4-Cl       HNO.sub.3   134.7.degree.                             
     4-Cl     2-Cl       HNO.sub.3   183.8.degree.                             
     2-Cl     2,4-(Cl).sub.2                                                   
                         HNO.sub.3   164.2.degree.                             
     2,4-(Cl).sub.2                                                            
              2-Cl       HNO.sub.3   151.degree.                               
     ______________________________________                                    
PAC  EXAMPLE XLV
PAR  A mixture of 13.6 parts of imidazole, 18.5 parts of
      2-(bromomethyl)-2-(o-chlorophenyl)-4-(p-chlorophenyl)-1,3-dioxolane, 4
      parts of sodium iodide and 150 parts of dimethyl formamide is stirred and
      refluxed for 72 hours. Water is added and the product is extracted twice
      with diisopropylether. The combined extracts are washed twice with water,
      dried, filtered, and evaporated. The residue is purified by
      columnchromatography over silica gel using chloroform as eluent. The pure
      fractions are collected and the eluent is evaporated. The residue of
      1-[2-(o-chlorophenyl)-4-(p-chlorophenyl)-1,3-dioxolan-2-ylmethyl]imidazole
      is converted into the nitrate salt in 2-propanol and diisopropylether. The
      salt is filtered off and crystallized from a mixture of ethanol and
      diisopropylether, yielding
      1-[2-(o-chlorophenyl)-4-(p-chlorophenyl)-1,3-dioxolan-2-ylmethyl]imidazole
      nitrate; mp. 183.1.degree.C.
PAC  EXAMPLE XLVI
PAR  A mixture of 13.6 parts of imidazole, 18.6 parts of
      2-(bromomethyl)-4-(p-bromophenyl)-2-(2,4-dichlorophenyl)-1,3-dioxolane, 4
      parts of sodium iodide and 150 parts of dimethylformamide is stirred and
      refluxed for 3 days. The reaction mixture is poured into water and the
      product is extracted twice with diisopropylether. The combined extracts
      are washed twice with water, dried, filtered, and evaporated. The residue
      is purified by column-chromatography over silica gel using chloroform as
      eluent. The pure fractions are collected and the eluent is evaporated. The
      residue, 1-[4-(p
      -bromophenyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-ylmethyl]imidazole, is
      converted into the nitrate salt in 2-propanol and diisopropylether. The
      salt is filtered off and crystallized from a mixture of 2-propanol and
      diisopropylether, yielding
      1-[4-(p-bromophenyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-ylmethyl]imidaz
     ole nitrate; mp. 141.9.degree.C.
PAC  EXAMPLE XLVII
PAR  A mixture of 13.6 parts of imidazole, 17.5 parts of
      2-(bromomethyl)-2-(p-bromophenyl)-4-(o-chlorophenyl)-1,3-dioxolane, 4
      parts of sodium iodide and 150 parts of dimethyl formamide is stirred and
      refluxed for 3 days. Water is added and the product is extracted twice
      with diisopropylether. The combined extracts containing
      1-[2-(p-bromophenyl)-4-(o-chlorophenyl)-1,3-dioxolane-2-ylmethyl]imidazole
      are washed twice with water and acidified with an excess of a concentrated
      nitric acid solution. The nitrate salt is filtered off and crystallized
      from a mixture of ethanol and diisopropylether, yielding 1-[2-(p
      -bromophenyl)-4-(o-chlorophenyl)-1,3-dioxolan-2-ylmethyl]imidazole
      nitrate; mp. 194.7.degree.C.
PAC  EXAMPLE XLVIII
PAR  Following the procedure of Example XLVII and using equivalent amounts of
      the appropriate starting materials, the following imidazoles and imidazole
      acid addition salts are prepared:
TBL  .vertline.                                                                
     R.sub.1                                                                   
     CH.sub.2 .vertline.                                                       
     .angle.                                                                   
     .angle.                                                                   
     OO                                                                        
     .vertline..vertline.                                                      
     --------                                                                  
     .vertline.                                                                
     R.sub.2                                                                   
                                     Melting                                   
     R.sub.1  R.sub.2    Acid Salt   Point of Salt                             
     ______________________________________                                    
     2,4-(Cl).sub.2                                                            
              2,4-(Cl).sub.2                                                   
                         HNO.sub.3   161.2.degree.                             
     4-Br     --         HNO.sub.3   156.5.degree.                             
     --       4-Br       HNO.sub.3   131.1.degree.                             
     4-CH.sub.3                                                                
              2,4-(Cl).sub.2                                                   
                         HNO.sub.3   193.6.degree.                             
     4-Br     4-Br       HNO.sub.3   144.3.degree.                             
     4-CH.sub.3                                                                
              4-Cl       HNO.sub.3   200.8.degree.                             
     4-Cl     4-Br       HNO.sub.3   145.2.degree.                             
     4-CH.sub.3                                                                
              4-Br       HNO.sub.3   210.5.degree.                             
     3-Cl     2,4-(Cl).sub.2                                                   
                         HNO.sub.3   165.4.degree.                             
     2-Cl     4-Br       HNO.sub.3   184.1.degree.                             
     4-CH.sub.3                                                                
              2-Cl       HNO.sub.3   207.5.degree.                             
     4-Cl     4-CH.sub.3 HNO.sub.3   144.3.degree.                             
     4-Br     4-CH.sub.3 HNO.sub.3   140.2.degree.                             
     4-Cl     4-F        HNO.sub.3   163.2.degree.                             
     4-Br     4-F        HNO.sub.3   179.3.degree.                             
     ______________________________________                                    
PAC  EXAMPLE IL
PAR  To a stirred solution of 2.3 parts of sodium in 80 parts of methanol are
      added 6.8 parts of imidazole, followed by the addition of 100 parts of
      dimethyl formamide and the methanol is removed at atmospheric pressure
      till an internal temperature of 130.degree.C is reached. Then there are
      added 7 parts
      A-2-(bromomethyl)-2-(p-chlorophenyl)-4-(4-chloro-o-tolyloxymethyl)-1,3-dio
     xolane and the mixture is stirred and refluxed for 3 hours. The reaction
      mixture is poured into water and the product is extracted with benzene.
      The extract is dried and evaporated in vacuo. The residue of
      A-1-[2-(p-chlorophenyl)-4-(4-chloro-o-tolyloxymethyl)-1,3-dioxolan-2-ylmet
     hyl]imidazole is converted into the nitrate salt in 2-propanol. Upon the
      addition of diisopropylether, the salt is precipitated. It is filtered off
      and crystallized from a mixture of methanol and diisopropylether, yielding
      cis1-[2-(p-chlorophenyl)-4-(4-chloro-o-tolyloxymethyl)-1,3-dioxolan-2-ylme
     thyl]imidazole nitrate; mp. 164.3.degree.C.
PAC  EXAMPLE L
PAR  Following the procedure of Example IL and using equivalent amounts of the
      appropriate starting materials, the following imidazoles and imidazole
      acid addition salts are prepared:
TBL  .vertline.                                                                
     CH.sub.2 .vertline.R.sub.1                                                
     .angle.                                                                   
     .angle.                                                                   
     OO                                                                        
     .vertline..vertline.                                                      
     --O--CH.sub.2 --------                                                    
     R.sub.2                                                                   
                                       Melting Point                           
     Isomer                                                                    
           R.sub.1 R.sub.2    Acid Salt                                        
                                       of Salt                                 
     ______________________________________                                    
     trans 4-Cl    4-Cl,2-CH.sub.3                                             
                              HNO.sub.3                                        
                                       190 - 190.7.degree.                     
     cis   4-Cl    4-CH.sub.3 HNO.sub.3                                        
                                       140.2.degree.                           
     trans 4-Cl    4-CH.sub.3 HNO.sub.3                                        
                                       160.degree.                             
     trans 4-Cl    4-Cl       HNO.sub.3                                        
                                       171.8 - 176.9.degree.                   
     cis   4-Cl    4-Cl       HNO.sub.3                                        
                                       165.8 - 169.6.degree.                   
     B     4-Cl    2,4-Cl     HNO.sub.3                                        
                                       160 - 165.3.degree.                     
     cis   4-Cl    4-F        HNO.sub.3                                        
                                       172.3 - 174.5.degree.                   
     trans 4-Cl    4-F        HNO.sub.3                                        
                                       175.9.degree.                           
     A     4-Cl    2-CH.sub.3 HNO.sub.3                                        
                                       134.6 - 145.4.degree.                   
     B     4-Cl    2-CH.sub.3 HNO.sub.3                                        
                                       156.6 - 161.6.degree.                   
     B     4-Cl    2-Cl       HNO.sub.3                                        
                                       170.5.degree.                           
     B     4-Cl    4-OCH.sub.3                                                 
                              HNO.sub.3                                        
                                       133.2.degree.                           
     ______________________________________                                    
PAC  EXAMPLE LI
PAR  To a stirred solution of 2.3 parts of sodium in 80 parts of methanol are
      added 6.8 parts of imidazole, 150 parts of dimethylformamide and 2 parts
      of sodium iodide at room temperature. The methanol is removed at
      atmospheric pressue till an internal temperature of 130.degree.C is
      reached. Then there are added 8 parts of
      A-2-(bromomethyl)-2-(p-chlorophenyl)-4-(2,4-dichlorophenoxymethyl)-1,3-dio
     xolane and the whole is stirred and refluxed for 2 hours. The reaction
      mixture is allowed to cool to room temperature and water is added (400
      parts). The reaction mixture is diluted with 80 parts of diisopropylether,
      whereupon the product is crystallized. it is filtered off and
      recrystallized from 4-methyl-2-pentanone, yielding
      A-1-[2-(p-chlorophenyl)-4-(2,4-dichlorophenoxymethyl)-1,3-dioxolane-2-ylme
     thyl]imidazole; mp. 175.4.degree.-179.5.degree.C.
PAC  EXAMPLE LII
PAR  Following the procedure of Example LI but substituting for the
      A-2-(bromomethyl)-2-(p-chlorophenyl)-4-(2,4-dichlorophenoxymethyl)-1,3-dio
     xolane used therein equivalent amounts of
      A-2-(bromomethyl)-4-(o-chlorophenoxymethyl)-2-(p-chlorophenyl)-1,3-dioxola
     ne and
      A-2-(bromomethyl)-2-(p-chlorophenyl)-4-(p-methoxyphenoxymethyl)-1,3-dioxol
     ane there are prepared
      A-1-[4-(o-chlorophenoxymethyl)-2-(p-chlorophenyl)-1,3-dioxolan
      2-ylmethyl]imidazole (mp. 140.8.degree.-143.6 .degree.) and
      A-1-[2-p-chlorophenyl)-4-(p-methoxyphenoxymethyl)-1,3-dioxolan-2-ylmethyl]
     imidazole (mp. 111.1.degree.).
PAC  EXAMPLE LIII
PAR  To a stirred solution of 4.6 parts of sodium in 160 parts of methanol are
      added successively 13.6 parts of imidazole, 300 parts of dimethylformamide
      and 4 parts of sodium iodide. The methanol is distilled off at atmospheric
      pressure till an internal temperature of 130.degree.C is reached. Then
      there are added 25.9 parts of A +
      B-2-(bromomethyl)-2-(p-chlorophenyl)-4-(2,6-dichlorophenoxymethyl)-1,3-dio
     xolane and the whole is stirred at reflux temperature for 2 hours. The
      reaction mixture is allowed to cool to room temperature and poured onto
      water. The product is extracted twice with benzene. The combined extracts
      are washed twice with water, dried and evaporated in vacuo. The residue,
      containing the A and B-isomers, is chromatographed over silica gel with
      chloroform as eluent. The A-isomer is collected as an oily free base and
      is converted into the nitrate salt in 2-propanol. The crude salt is
      crystallized from 2-propanol, yielding 3.8 parts of
      A-1-[2-(p-chlorophenyl)-4-(2,6-dichlorophenoxymethyl)-1,3-dioxolan-2-ylmet
     hyl]imidazole nitrate; mp. 145.8.degree.C. The B-isomer is also collected
      as an oily free base and is converted into the nitrate salt in 2-propanol
      and diisopropyl-ether. The crude salt is crystallized from 2-propanol,
      yielding 2.2 parts of
      B-1-[2-(p-chlorophenyl)-4-(2,6-dichlorophenoxymethyl)-1,3-dioxolan-2-ylmet
     hyl]imidazole nitrate; mp. 197.degree.-200.5.degree.C.
PAC  EXAMPLE LIV
PAR  To a stirred solution of 4.6 parts of sodium in 120 parts of methanol are
      added successively 13.6 parts of imidazole, 200 parts of dimethylformamide
      and 2 parts of sodium iodide. The methanol is removed at atmospheric
      pressure, while stirring, till an internal temperature of 130.degree.C is
      reached. Then there are added 21.5 parts of A +
      B-2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-(o-tolyloxymethyl)-1,3-dioxolan
     e and the whole is stirred and refluxed for 2 hours. The reaction mixture
      is allowed to cool to room temperature and poured onto water. The product
      is extracted with benzene (twice). The extracts are washed twice with
      water, dried, filtered and removed in vacuo. The residue is
      chromatographed over silica gel with chloroform as eluent. The A-isomer is
      collected and the eluent is evaporated. The free base residue is converted
      into the nitrate salt in 4-methyl-2-pentanone. Upon the addition of
      diisopropylether, the nitrate salt is precipitated. It is filtered off and
      crystallized from 4-methyl-2-pentanone, yielding
      A-1-[2-(2,4-dichlorophenyl)-4-(o-tolyloxymethyl)-
      1,3-dioxolan-2-ylmethyl]imidazole nitrate.; mp. 156.2.degree.C.
PAR  The B-isomer is collected too and the eluent is evaporated. The free base
      residue is converted into the oxalate salt in 4-methyl-2-pentanone and
      diisopropylether. The crude salt is filtered off and crystallized from
      4-methyl-2-pentanone, yielding B
      -1-[2-(2,4-dichlorophenyl)-4-(o-tolyloxymethyl)-1,3-dioxolan-2-ylmethyl]im
     idazole sesquioxalate; mp. 138.5.degree.C.
PAC  EXAMPLE LV
PAR  A mixture of 6.8 parts of imidazole, 8.5 parts of B
      -2-(bromomethyl)-4-(p-chlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-diox
     olane, 2 parts of sodium iodide and 100 parts of dimethylformamide is
      stirred and refluxed for 36 hours. The reaction mixture is allowed to cool
      to room temperature and poured into water. The product is extracted twice
      with benzene. The combined organic layers are washed twice with water,
      dried and the solvent is removed in vacuo. The residue is purified by
      column-chromatography over silica gel using chloroform as eluent. The pure
      fractions are collected and the eluent is evaporated. The residue of
      B-1-[4-(p-chlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-ylmet
     hyl]-imidazole is converted into the oxalate salt in 4-methyl-2-pentanone:
      upon the addition of diisopropylether, the salt is precipitated. It is
      filtered off and crystallized from 4-methyl-2-pentanone, yielding 3.1
      parts of
      trans-1-[4-p-chlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-yl
     methyl]-imidazole sesquioxalate; mp. 101.degree.C.
PAC  EXAMPLE LVI
PAR  A mixture of 6.8 parts of imidazole, 8.9 parts of
      B-2-(bromomethyl)-4-(2,4-dichlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3
     -dioxolane, 3 parts of sodium iodide and 100 parts of dimethyl formamide is
      stirred and refluxed for 48 hours. The reaction mixture is allowed to cool
      to room temperature and poured into water. The product is extracted twice
      with benzene. The combined extracts are washed twice with water and the
      solvent is removed in vacuo. The residue is purified by
      column-chromatography over silica gel, using chloroform as eluent. The
      pure fractions are collected and the eluent is evaporated. The residue of
      B-1-[4-(2,4-dichlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-y
     lmethyl]imidazole is converted into the oxalate salt in
      4-methyl-2-pentanone: upon the addition of diisopropylether, the salt is
      precipitated. It is filtered off and crystallized twice from
      4-methyl-2-pentanone, yielding
      B-1-[4-(2,4-dichlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-y
     lmethyl]-imidazole sesquioxalate; mp. 121.2.degree.C.
PAC  EXAMPLE LVII
PAR  A mixture of 6.8 parts of imidazole, 7.8 parts of
      A-2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-(phenoxymethyl)-1,3-dioxolane,
      4 parts of sodium iodide and 150 parts of dimethylformamide is stirred and
      refluxed for 3 days. The reaction mixture is allowed to cool to room
      temperature, poured into water and the product is extracted twice with
      diisopropylether. The combined extracts containing
      A-1-[2-(2,4-dichlorophenyl)-4-(phenoxymethyl)-1,3-dioxolan-2-ylmethyl]imid
     azole are washed twice with water and acidified with an excess of a
      concentrated nitric acid solution. The salt is filtered off and
      crystallized from a mixture of ethanol and diisopropylether, yielding 5.6
      parts of
      A-1-[2-(2,4-dichlorophenyl)-4-(phenoxymethyl)-1,3-dioxolan-2-ylmethyl]imid
     azole nitrate; mp. 180.5.degree.C.
PAC  EXAMPLE LVIII
PAR  Following the procedure of Example LVII and using equivalent amounts of the
      appropriate starting materials, the following imidazoles and imidazole
      acid addition salts are prepared:
TBL  .vertline.R.sub.1                                                         
     CH.sub.2 .vertline.                                                       
     .angle.                                                                   
     .angle.                                                                   
     OO                                                                        
     .vertline..vertline.                                                      
     --O--CH.sub.2 --------                                                    
     R.sub.2                                                                   
                                        Melting Point                          
     Isomer                                                                    
           R.sub.1    R.sub.2    Acid Salt                                     
                                        Of Salt                                
     ______________________________________                                    
     A     2,4-(Cl).sub.2                                                      
                      3,4-(Cl).sub.2                                           
                                 HNO.sub.3                                     
                                        152.1.degree.                          
     A     2,4-(Cl).sub.2                                                      
                      3-Cl       HNO.sub.3                                     
                                        120.9.degree.                          
     A+B   2,4-(Cl).sub.2                                                      
                      4-Cl,2-CH.sub.3                                          
                                 HNO.sub.3                                     
                                        121.9.degree.                          
     A     2,4-(Cl).sub.2                                                      
                      2,4-(Br).sub.2                                           
                                 HNO.sub.3                                     
                                        164.9.degree.                          
     A     2,4-(Cl).sub.2                                                      
                      2-F        HNO.sub.3                                     
                                        135.6.degree.                          
     A     H          4-Br       HNO.sub.3                                     
                                        167.6.degree.                          
     B     2,4-(Cl).sub.2                                                      
                      4-Br       HNO.sub.3                                     
                                        131.1.degree.                          
     ______________________________________                                    
PAC  EXAMPLE LIX
PAR  A mixture of 6.8 parts of imidazole, 5 parts of
      A-2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-(p-fluorophenoxymethyl)-1,3-dio
     xolane, 2 parts of sodium iodide and 50 parts of dimethylformamide is
      stirred and refluxed for 24 hours. The reaction mixture is allowed to cool
      to room temperature and then poured into water. The product is extracted
      twice with benzene. The combined organic phases are washed twice with
      water, dried, filtered, and evaporated in vacuo. The residue of
      A-1-[2-(2,4-dichlorophenyl)-4-(p-fluorophenoxymethyl)-1,3-dioxolan-2-ylmet
     hyl]imidazole is converted into the nitrate salt in 2-propanol. The crude
      salt is filtered off and crystallized from 2-propanol, yielding 3.2 parts
      of
      A-1-[2-(2,4-dichlorophenyl)-4-(p-fluorophenoxymethyl)-1,3-dioxolan-2-ylmet
     hyl]imidazole nitrate; mp. 151.degree.-152.degree.C.
PAC  EXAMPLE LX
PAR  Following the procedure of Example LIX and using equivalent amounts of the
      appropriate starting materials, the following imidazoles and imidazole
      acid addition salts are prepared:
TBL  .vertline.R.sub.1                                                         
     CH.sub.2 .vertline.                                                       
     .angle.                                                                   
     .angle.                                                                   
     OO                                                                        
     .vertline..vertline.                                                      
     --O--CH.sub.2 --------                                                    
     .vertline.                                                                
     R.sub.2                                                                   
                                         Melting Point                         
     Isomer                                                                    
            R.sub.1   R.sub.2    Acid Salt                                     
                                         of Salt                               
     ______________________________________                                    
     A     2,4--(Cl).sub.2                                                     
                     4--CH.sub.3 HNO.sub.3                                     
                                         141.8.degree.                         
     B     2,4--(Cl).sub.2                                                     
                     4--CH.sub.3 (COOH).sub.2                                  
                                         145.1.degree.                         
     A     2,4--(Cl).sub.2                                                     
                     4--OCH.sub.3                                              
                                 (COOH).sub.2                                  
                                         184.7.degree.                         
     cis   2,4--(Cl).sub.2                                                     
                     4--Cl       HNO.sub.3                                     
                                         152.7.degree.                         
     A     2,4--(Cl).sub.2                                                     
                     2,4--(Cl).sub.2                                           
                                 HNO.sub.3                                     
                                         146.5.degree.                         
     A     2,4--(Cl).sub.2                                                     
                     4--Br       HNO.sub.3                                     
                                         158.9.degree.                         
     A     2,4-(Cl).sub.2                                                      
                     4--Cl,3,5--CH.sub.3                                       
                                 HNO.sub.3                                     
                                         185.7.degree.                         
     A     2,4--(Cl).sub.2                                                     
                     4--CN       HNO.sub.3                                     
                                         208.degree.                           
     A     2,4--(Cl).sub.2                                                     
                     2--OCH.sub.3                                              
                                 2(COOH).sub.2                                 
                                         110.6.degree.                         
     ______________________________________                                    
PAC  EXAMPLE LXI
PAR  A mixture of 13.6 parts of imidazole, 22.2 parts of A +
      B-2-(bromomethyl)-4-(o-chlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dio
     xolane, 4 parts of potassium iodide, and 150 parts of dimethylformamide is
      stirred and refluxed for 3 days. The reaction mixture is allowed to cool
      to room temperature, poured into water and the product is extracted twice
      with diisopropylether. The combined extracts are washed twice with water,
      dried, filtered and evaporated. The residue is purified by
      column-chromatography over silica gel using chloroform as eluent, yielding
      two fractions.
PAR  The first fraction is evaporated and the residue of
      A-1-[4-(o-chlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-ylmet
     hyl]imidazole is dissolved in a mixture of 4-methyl-2-pentanone and
      diisopropylether. The solution is acidified with an excess of a
      concentrated nitric acid solutuion. The nitrate salt is filtered off and
      crystallized from a mixture of 4-methyl-2-pentanone and diisopropylether,
      yielding
      A-1-[4-(o-chlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-ylmet
     hyl]imidazole nitrate; mp. 136.2.degree.C.
PAR  The second fraction is evaporated and the residue of
      B-1-[4-(o-chlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-ylmet
     hyl]imidazole is dissolved in a mixture of 4-methyl-2-pentanone and
      diisopropylether. The solution is acidified with an excess of oxalic acid.
      The oxalate salt is filtered off and crystallized from
      4-methyl-2-pentanone, yielding 4parts of
      B-1-[4-(o-chlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-ylmet
     hyl]imidazole dioxalate; mp. 103.5.degree.C
PAC  EXAMPLE LXII
PAR  Following the procedure of Example LXI and using equivalent amounts of the
      appropriate starting materials, the following imidazoles and imidazole
      acid addition salts are prepared. Where only one isomer is listed, no
      second fraction was obtained from chromatography.
TBL  R.sub.1                                                                   
     .vertline..vertline.                                                      
     CH.sub.2                                                                  
     .angle.                                                                   
     .angle.                                                                   
     OO                                                                        
     .vertline..vertline.                                                      
     .vertline..vertline.                                                      
     .vertline.--O--CH.sub.2 --------                                          
                                   Melting Point                               
     Isomer                                                                    
           R.sub.1                                                             
                  R.sub.2  Acid Salt                                           
                                    of Salt                                    
     __________________________________________________________________________
     A    2,4--(Cl).sub.2                                                      
                 2,6--(Cl).sub.2                                               
                           HNO.sub.3                                           
                                   159.degree.                                 
     cis  2,4--(Cl).sub.2                                                      
                 2--Br     HNO.sub.3                                           
                                   142.2.degree.                               
     trans                                                                     
          2,4--(Cl).sub.2                                                      
                 2--Br     2(COOH).sub.2                                       
                                   151.3.degree.                               
     A    2,4--(Cl).sub.2                                                      
                 2,5--(CH.sub.3).sub.2                                         
                           HNO.sub.3                                           
                                   180.9.degree.                               
     B    2,4--(Cl).sub.2                                                      
                 2,5--(CH.sub.3).sub.2                                         
                           1.5(COOH).sub.2                                     
                                   142.7.degree.                               
     A    2,4--(Cl).sub.2                                                      
                 2,4,6--(Cl).sub.3                                             
                           HNO.sub.3                                           
                                   181.6.degree.                               
     B    2,4--(Cl).sub.2                                                      
                 2,4,6--(Cl).sub.3                                             
                           2(COOH).sub.2                                       
                                   143.9.degree.                               
     A    2,4--(Cl).sub.2                                                      
                 2--Cl,4--C(CH.sub.3).sub.3                                    
                           HNO.sub.3                                           
                                   141.2.degree.                               
     B    2,4--(Cl).sub.2                                                      
                 2--Cl,4--C(CH.sub.3).sub.3                                    
                           HNO.sub.3                                           
                                   141.1.degree.                               
     A    2,4--(Cl).sub.2                                                      
                 2,4,5--(Cl).sub.3                                             
                           HNO.sub.3                                           
                                   196.1.degree.                               
     B    2,4--(Cl).sub.2                                                      
                 2,4,5--(Cl).sub. 3                                            
                           1.5(COOH).sub.2                                     
                                   173.6.degree.                               
     A    2,4--(Cl).sub.2                                                      
                 2,5--(Br).sub.2,4--CH.sub.3                                   
                           HNO.sub.3                                           
                                   175.4.degree.                               
     A    2,4--(Cl).sub.2                                                      
                 2OC.sub.2 H.sub.5                                             
                           HNO.sub.3                                           
                                   117.7.degree.                               
     A+B  2--Cl  4--Br     HNO.sub.3                                           
                                   145.3.degree.                               
     B    2--Cl  4--Br     HNO.sub.3                                           
                                   152.7.degree.                               
     A    2--Br  4--Br     HNO.sub.3                                           
                                   149.9.degree.                               
     B    2--Br  4--Br     HNO.sub.3                                           
                                   169.3.degree.                               
     A    2,4--(Cl).sub.2                                                      
                 2--Cl,6--CH 3                                                 
                           HNO.sub.3                                           
                                   154.2.degree.                               
     __________________________________________________________________________
PAC  EXAMPLE LXIII
PAR  A mixture of 13.6 parts of imidazole, 12 parts of A
      2-(bromomethyl)-4-(6-bromo-2-naphthyloxymethyl)-2-(2,4-dichlorophenyl)-1,3
     -dioxolane, 4 parts of potassium iodide and 150 parts of dimethylformamide
      is stirred and refluxed for 3 days. The reaction mixture is allowed to
      cool to room temperature, poured into water and the product is extracted
      twice with benzene. The combined extracts are washed twice with water,
      dried, filtered and evaporated. The residue of
      A-1-[4-(6-bromo-2-naphthyloxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2
     -ylmethyl]imidazole is converted into the nitrate salt in
      4-methyl-2-pentanone and diisopropylether. The salt is filtered off and
      crystallized from a mixture of methanol and diisopropylether, yielding A
      1-[4-(6-bromo-2-naphtyloxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-yl
     methyl]imidazole nitrate; mp. 195.5.degree.C.
PAC  EXAMPLE LXIV
PAR  A mixture of 6.8 parts of 1H-imidazole, 6 parts of A
      2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-[(2-naphthalenyloxy)methyl]-1,3-d
     ioxolane, 4 parts of potassium iodide and 150 parts of
      N,N-dimethylformamide is stirred and refluxed for 3 days. The reaction
      mixture is poured into water and the product is extracted twice with
      1,1'-oxybisethane. The combined extracts containing
      A-1-[2-(2,4-dichlorophenyl)-4-(2-naphthalenyloxymethyl)-1,3-dioxolan-2-ylm
     ethyl]-1H-imidazole are washed twice with water and acidified with an
      excess of a concentrated nitric acid solution. The nitrate salt is
      filtered off and crystallized from a mixture of ethanol and
      2,2'-oxybispropane, yielding
      A-1-[2-(2,4-dichlorophenyl)-4-(2-naphthalenyloxymethyl)-1,3-dioxolan-2-ylm
     ethyl]-1H-imidazole nitrate; mp. 156.3.degree.C.
PAC  EXAMPLE LXV
PAR  A mixture of 9.7 parts of 1H-imidazole, 12.5 parts of A + B
      2-(bromomethyl)-4-(4-bromophenoxymethyl)-2-(4-methylphenyl)-1,3-dioxolane,
      3 parts of potassium iodide and 135 parts of N,N-dimethylformamide is
      stirred and refluxed for 72 hours. The reaction mixture is poured into
      water and the product is extracted twice with 1,1' -oxybisethane. The
      extract containing
      A-1-[4-(4-bromophenoxymethyl)-2-(4-methylphenyl)-1,3-dioxolan-2-ylmethyl]-
     1H-imidazole is washed twice with water, and an excess of a concentrated
      nitric acid solution and 2,2'-oxybispropane are added. The formed salt is
      filtered off and crystallized from a mixture of ethanol and
      2,2'-oxybispropane, yielding 5.6 parts of A
      1-[4-(4-bromophenoxymethyl)-2-(4-methylphenyl)-1,3-dioxolan-2-ylmethyl]-1H
     -imidazole nitrate; mp. 175.5.degree.C.
PAC  EXAMPLE LXVI
PAR  Following the procedure of Example LXV but substituting for the
      A+B-2-(bromomethyl)-4-(4-bromophenoxymethyl)-2-(4-methylphenyl)-1,3-dioxol
     ane used therein equivalent amounts of
      A+B-2-(bromomethyl)-4-(4-bromophenoxymethyl)-2-(4-chlorophenyl)-1,3-dioxol
     ane and
      A+B-2-(bromomethyl)-4-(4-bromophenoxymethyl)-2-(4-bromophenyl)-1,3-dioxola
     ne there are prepared
      A-1-[4-(4-bromophenoxymethyl)-2-(4-chlorophenyl)-1,3-dioxolan2-ylmethyl]-1
     H-imidazole and its nitrate salt (mp. 158.degree.) and
      A-1-[4-(4-bromophenoxymethyl)-2-(4-bromophenyl)-1,3-dioxolan2-ylmethyl]-1H
     -imidazole and its nitrate salt (mp. 170.8.degree.).
PAC  EXAMPLE LXVII
PAR  A mixture of 20.8 parts of 1H-imidazole, 21 parts of A + B
      2-(bromomethyl)-4-(4-chloro-1-naphtalenyloxymethyl)-2-(2,4-dichlorophenyl)
     -1,3-dioxolane, 4 parts of potassium iodide and 135 parts of
      N,N-dimethylformamide is stirred and refluxed for 3 days. The reaction
      mixture is poured into water and the product is extracted twice with
      2,2'-oxybispropane. The combined extracts containing A + B
      1-[4-(4-chloro-1-naphthalenyloxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxola
     n-2-ylmethyl]-1H-imidazole are washed twice with water and an excess of a
      concentrated nitric acid solution is added. The nitrate salt is filtered
      off and crystallized from a mixture of ethanol and 2,2'-oxybispropane,
      yielding A + B
      1-[4-(4-chloro-1-napthalenyloxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan
     -2-ylmethyl]-1H-imidazole nitrate; mp. 136.7.degree.C.
PAC  EXAMPLE LXVIII
PAR  A mixture of 20.4 parts of 1H-imidazole, 27.2 parts of A + B
      2-(bromomethyl)-4-(4-bromophenylthiomethyl)-2(2,4-dichlorophenyl)-1,3-diox
     olane, 4 parts of potassium iodide and 180 parts of N,N-dimethylformamide
      is stirred and refluxed for 3 days. The reaction mixturue is poured into
      water and the product is extracted twice with 1,1'-oxybisethane. The
      combined extracts are washed twice with water, dried, filtered and
      evaporated. The residue is purified by column-chromatography over silica
      gel using trichloromethane as eluent. The pure fractions are collected and
      the eluent is evaporated. The residue of A +
      B-1-[4-(4-bromophenylthiomethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-ylm
     ethyl]-1H-imidazole is converted into the nitrate salt in
      4-methyl-2-pentanone and 2,2'-oxybispropane. The salt is filtered off and
      crystallized from a mixture of ethanol and 2,2'-oxybispropane. The product
      is filtered off and dried, yielding A + B
      1-[4-(4-bromophenylthiomethyl)-2-(2,4-dichlorphenyl)-1,3-dioxolan-2-ylmeth
     yl]-1H-imidazole nitrate; mp. 170.0.degree.C.
PAC  EXAMPLE LXIX
PAR  A mixture of 20.4 parts of 1H-imidazole, 20.5 parts of A + B
      2-(bromomethyl)-2-(2,4-dichlorphenyl)-4-(phenylthiomethyl)-1,3-dioxolane,
      4 parts of potassium iodide and 135 parts of N,N-dimethylformamide is
      stirred and refluxed for 3 days. The reaction mixture is poured into water
      and the product is extracted twice with 1,1'-oxybisethane. The combined
      extracts are washed twice with water, dried, filtered and evaporated. The
      residue is purified by column-chromatography over silica gel using
      trichloromethane as eluent. The pure fractions are collected and the
      eluent is evaporated. The residue of A + B
      1-[2-(2,4-dichlorophenyl)-4-(phenylthiomethyl)-1,3-dioxolane-2-ylmethyl]-1
     H-imidazole is converted into the nitrate salt in 4-methyl2-pentanone and
      2,2'-oxybispropane. The salt is filtered off and crystallized from a
      mixture of ethanol and 2,2'-oxybispropane. The product is filtered off and
      dried, yielding A + B
      1-[2-(2,4-dichlorophenyl)-4-(phenylthiomethyl)-1,3-dioxolane-2-ylmethyl]-1
     H-imidazole nitrate; mp. 122.3.degree. C.
PAC  EXAMPLE LXX
PAR  A mixture of 7.9 parts of 1H-imidazole, 11.5 parts of A + B
      2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-(4-phenylphenoxymethyl)-1,3-dioxo
     lane, 4 parts of potassium iodide and 135 parts of N,N-dimethylformamide is
      stirred and refluxed for 3 days. The reaction mixture is poured onto water
      and the product is extracted twice with 1,1'-oxybisethane. The combined
      extracts are washed with water, dried, filtered and evaporated. The
      residue is purified by column-chromatography over silica gel, using
      trichloromethane as eluent.
PAR  The first fraction is collected and the eluent is evaporated. The rsidue is
      converted into the nitrate salt in 4-methyl-2-pentanone and
      2,2'-oxybispropane. The salt is filtered off and crystallized from a
      mixture of ethanol and 2,2'-oxybispropane, yielding A + B
      1-[2-(2,4-dichlorophenyl)-4-(4-phenylphenoxymethyl)-1,3-dioxolan-2-ylmethy
     l]-1H-imidazole nitrate; mp. 187.9.degree.C.
PAR  The second fraction is collected and the eluent is evaporated. The residue
      is crystallized from 4-methyl-2-pentanone, yielding B
      1-[2-(2,4-dichlorophenyl)-4-(4-phenylphenoxymethyl)-1,3-dioxolan-2-ylmethy
     l]-1H-imidazole; mp. 155.7.degree.C.
PAC  EXAMPLE LXXI
PAR  To a stirred sodium methoxide solution, prepared starting from 2.3 parts of
      sodium in 48 parts of methanol, is added a mixture of 6.8 parts of
      1H-imidazole and 180 parts of N,N-dimethylformamide. The methanol is
      distilled off at normal pressure till an internal temperature of
      125.degree.C. is reached. Then there are added 22.8 parts of A + B
      2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-(2,6-dimethylphenoxymethyl)-1,3-d
     ioxolane and 3 parts of potassium iodide. The whole is stirred and refluxed
      for 24 hours. The reaction mixture is poured onto water and the product is
      extracted three times with 1,1'-oxybisethane. The combined extracts are
      washed twice with water, dried, filtered and evaporated. The residue is
      purified by column-chromatography over silica gel using trichloromethane
      as eluent.
PAR  The first fraction (A-isomer) is collected and the eluent is evaporated.
      The residue is converted into the nitrate salt in 4-methyl-2-pentanone and
      2,2'-oxybispropane. The salt is filtered off and crystallized from a
      mixture of ethanol and 2,2'-oxybispropane, yielding
      A-1-[2-(2,4-dichlorophenyl)-4-(2,6-dimethylphenoxymethyl)-1,3-dioxolan-2-y
     lmethyl]-1H-imidazole nitrate; mp. 155.6.degree.C.
PAR  The second fraction (B-isomer) is collected and the eluent is evaporated.
      The residue is converted into the nitrate salt in 4-methyl-2-pentanone and
      2,2'-oxybispropane. The salt is filtered off and crystallized from a
      mixture of 2-propanol and 2,2'-oxybispropane, yielding A + B
      1-[2-(2,4-dichlorophenyl)-4-(2,6-dimethylphenoxymethyl)-1,3-dioxolan-2-ylm
     ethyl]-1H-imidazole nitrate; mp. 134.5.degree.C.
PAC  EXAMPLE LXXII
PAR  A mixture of 8.6 parts of 1H-imidazole, 11.3 parts of
      A-2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-(3,5-dimethylphenoxymethyl)-1,3
     -dioxolane, 4 parts of potassium iodide and 135 parts of
      N,N-dimethylacetamide is stirred and refluxed for 3 days. The reaction
      mixture is poured onto water and the product is extracted twice with
      2,2'-oxybispropane. The combined extracts are washed twice with water and
      an excess of a concentrated nitric acid solution is added. The formed
      nitrate salt is filtered off and crystallized from a mixture of 2-propanol
      and 2,2'-oxybispropane. The product is filtered off again and
      recrystallized from 4-methyl-2-pentanone, yielding
      A-1-[2-(2,4-dichlorophenyl)-4-(3,5-dimethylphenoxymethyl)-1,3-dioxolan-2-y
     lmethyl]-1H-imidazole nitrate hydrate; mp. 122.6.degree.C.
PAC  EXAMPLE LXXIII
PAR  A mixture of 5.4 parts of 1H-imidazole, 7.5 parts of A +
      B-2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-[4-(1-methylethyl)-phenoxymethy
     l]-1,3-dioxolane, 3 parts of potassium iodide and 135 parts of
      N,N-dimethylacetamide is stirred and refluxed for 3 days. The reaction
      mixture is allowed to cool to room temperature, poured onto water and the
      product is extracted twice with 2,2'-oxybispropane. The combined extracts
      are washed twice with water and an excess of a concentrated nitric acid
      solution is added. The formed nitrate salt is filtered off and
      crystallized from a mixture of 2-propanol and 2,2'-oxybispropane, yielding
      A +
      B-1-{2-(2,4-dichlorophenyl)-4-[4-(1-methylethyl)phenoxymethyl]-1,3-dioxola
     n-2-ylmethyl{-1H-imidazole nitrate.
PAC  EXAMPLE LXXIV
PAR  Following the procedure of Example LXXIII and using equivalent amounts of
      the appropriate starting materials, the following imidazoles and imidazole
      acid addition salts were prepared:
PA1  A-1-{2-(2,4-dichlorophenyl)-4-[4-(1,1-dimethylethyl)phenoxymethyl]-1,3-diox
     olan-2-ylmethyl}-1H-imidazole nitrate; mp. 169.5.degree.C.;
PA1  A-1-[4-(3,5-dichlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-yl
     methyl]-1H-imidazole nitrate hydrate; mp. 136.7.degree.C.; and
      A-1-[4-(4-chloro-3-methylphenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxola
     n-2-ylmethyl]-1H-imidazole nitrate; mp. 142.8.degree.C.
PAC  EXAMPLE LXXV
PAR  A mixture of 6.8 parts of 1H-imidazole, 8 parts of
      A-2-(bromomethyl)-4-(p-bromophenoxymethyl)-2-(2,4-dichlorophenyl-1,3-dioxo
     lane, 3 parts of sodium iodide and 90 parts of N,N-dimethylformamide is
      stirred and refluxed for 3 days. The reaction mixture is cooled and poured
      onto 500 parts of water. The product is extracted twice with 180 parts of
      methylbenzene. The combined extracts are washed twice with 200 parts of
      water, dried, filtered and evaporated. The residue is taken up in a
      mixture of methanol and 2,2'-oxybispropane, treated with activated
      charcoal and evaporated. The residue is converted into the nitrate salt in
      4-methyl-2-pentanone. The salt is sucked off and the free base is
      liberated in the conventional manner. It is extracted with methylbenzene
      and the extract is dried, filtered and evaporated. The residue is
      triturated in 2,2'-oxybispropane. The product is filtered off and dried,
      yielding
      cis-1-[4-(4-bromophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-ylme
     thyl]-1H-imidazole; mp. 121.8.degree.C.
PAC  EXAMPLE LXXVI
PAR  Following the procedure of Example LXXV and using equivalent amounts of the
      appropriate starting materials, the following imidazoles and imidazole
      acid additions salts are prepared:
PA1  1-{4-[2-(2-chlorophenyl)ethyl]-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-ylmeth
     yl}-1H-imidazole nitrate; mp. 98.8.degree.C.;
PA1  1-{2-(2,4-dichlorophenyl)-4-[2-(2,4-dichlorophenyl)ethyl]-1,3-dioxolan-2-yl
     methyl}-1H-imidazole nitrate; mp. 158.1.degree.C.; and
PA1  A + b
      1-{2-(2,4-dichlorophenyl)-4-[2-(2,6-dichlorophenyl)ethyl]-1,3-dioxolan-2-y
     lmethyl}-1H-imidazole nitrate; mp. 140.1.degree.C.
PAC  EXAMPLE LXXVII
PAR  A mixture of 14.4 parts of 1H-imidazole, 18.5 parts of A + B
      2-(bromomethyl)-2-(2,4-dichlorophenyl)-4-[2-(4-methoxyphenyl)ethyl]-1,3-di
     oxolane, 5 parts of potassium iodide and 135 parts of N,N-dimethylacetamide
      is stirred and refluxed for 2 days. The reaction mixture is allowed to
      cool to room temperature and poured onto water. The product is extracted
      twice with 2,2'-oxybispropane. The combined extracts are washed with
      water, dried, filtered and evaporated. The residue is converted into the
      ethanedioate salt in 4-methyl-2-pentanone and 2,2'-oxybixpropane. The salt
      is filtered off and crystallized from a mixture of 2,2'-oxybispropane and
      ethanol, yielding A + B
      1-{2-(2,4-dichlorophenyl)-4-[2-(4-methoxyphenyl)ethyl]-1,3-dioxolan-2-ylme
     thyl}-1H-imidazole sesquiethanedioate; mp. 130.7.degree.C.
PAC  EXAMPLE LXXVIII
PAR  Following the procedure of Example LXXVII and using equivalent amounts of
      the appropriate starting materials, the following imidazoles and imidazole
      acid addition salts are prepared:
PA1  1-{4-[2-(4-chlorophenyl)ethyl]-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-ylmeth
     yl}-1H-imidazole diethanedioate; mp. 131.9.degree.C.;
PA1  1-[2-(2,4-dichlorophenyl)-4-(2-phenylethyl)-1,3-dioxolan-2-yl-methyl]-1H-im
     idazole sesquiethanedioate; mp. 117.8.degree.C.; and A + B
      1-{2-(2,4-dichlorophenyl)-4-[2-(4-methylphenyl)ethyl]-1,3-dioxolan-2ylmeth
     yl}-1H-imidazole sesquiethanedioate hydrate; mp. 123.8.degree.C.
PAC  EXAMPLE LXXIX
PAR  A mixture of 10.6 parts of 1H-imidazole, 15.8 parts of
      A-2-(bromomethyl)-4-(4-bromophenoxymethyl)-2-(2,3,4-trichlorophenyl)-1,3-d
     ioxolane, 3 parts of potassium iodide and 135 parts of
      N,N-dimethylacetamide is stirred and refluxed for 2 days. The reaction
      mixture is allowed to cool to room temperature and poured onto water. The
      product is extracted twice with 1,1'-oxybisethane. The combined extracts
      are washed twice with water and acidified with an excess of a concentrated
      nitric acid solution. Upon the addition of 2,2'-oxybispropane, the formed
      nitrate salt is precipitated. it is filtered off and crystallized from a
      mixture of ethanol and 2,2'-oxybispropane, yielding
      A-1-[4-(4-bromophenoxymethyl)-2-(2,3,4-trichlorophenyl)-1,3-dioxolan-2-ylm
     ethyl]-1H-imidazole nitrate; mp. 174.4.degree.C.
PAC  EXAMPLE LXXX
PAR  A mixture of 17 parts of 1H-imidazole, 33.5 parts of A +
      B-2-(bromomethyl)-4-(2,3-dichlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3
     -dioxolane, 3 parts of potassium iodide and 135 parts of
      N,N-dimethylacetamide is stirred and refluxed for 2 days. The reaction
      mixture is allowed to cool to room temperature and poured onto water. The
      product is extracted twice with 1,1'-oxybisethane. The combined extracts
      are washed twice with water, dried, filtered and evaporated. The residue
      is purified by columnchromatography over silica gel, using
      trichloromethane as eluent.
PAR  The first fraction (A-isomer) is collected and the eluent is evaporated.
      The residue is converted into the ethanedioate salt in
      4-methyl-2-pentanone and 2,2'-oxybispropane. The salt is filtered off and
      crystallized from 4-methyl-2-pentanone, yielding
      A-1-[4-(2,3-dichlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2yl
     methyl -1H-imidazole diethanedioate; mp. 151.1.degree.C.
PAR  The second fraction (B-isomer) is collected and the eluent is evaporated.
      The residue is converted into the ethanedioate salt in
      4-methyl-2-pentanone and 2,2'-oxybispropane. The salt is filtered off and
      crystallized from 4-methyl-2-pentanone, yielding
      B-1-[4-(2,3-dichlorophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-y
     lmethyl]-1H-imidazole sesquiethanedioate; mp. 156.3.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A chemical compound selected from the group consisting of an imidazole
      derivative having the formula:
      ##EQU6##
      and the therapeutically active acid addition salts and stereochemical
      optical isomeric forms thereof,
PAL  wherein:
PA1  Ar.sup.1 is a member selected from the group consisting of phenyl, mono-,
      di- and trihalophenyl, loweralkylphenyl and loweralkoxyphenyl;
PA1  Ar.sup.2 is a member selected from the group consisting of phenyl,
      substituted phenyl, naphthyl and halonaphthyl, and wherein substituted
      phenyl has the meaning of a phenyl group, having thereon from 1 to 3
      substituents, independently selected from the group consisting of halo,
      loweralkyl, loweralkoxy, cyano, phenyl and benzyl;
PA1  X is a member selected from the group consisting of O, S and CH.sub.2 ; and
      n is the integer 0 or 1.
NUM  2.
PAR  2. A chemical compound selected from the group consisting of
      A-1-[2-(2,4-dichlorophenyl)-4-(p-fluorophenoxymethyl)-1,3-dioxolan-2-ylmet
     hyl]imidazole and the therapeutically acceptable acid addition salts
      thereof.
NUM  3.
PAR  3. A chemical compound selected from the group consisting of
      A-1-[4-(p-bromophenoxymethyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-2-ylmeth
     yl]imidazole and the therapeutically acceptable acid addition salts
      thereof.
NUM  4.
PAR  4. A chemical compound selected from the group consisting of
      A-1-[2-(2,4-dichlorophenyl)-4-(p-methoxyphenoxymethyl)-1,3-dioxolan-2-ylme
     thyl]imidazole and the therapeutically acceptable acid addition salts
      thereof.
NUM  5.
PAR  5. A chemical compound selected from the group consisting of
      A-1-[2-(2,4-dichlorophenyl)-4-(2-fluorophenoxymethyl)-1,3-dioxolan-2-ylmet
     hyl]-1H-imidazole and the therapeutically acceptable acid addition salts
      thereof.
NUM  6.
PAR  6. A chemical compound selected from the group consisting of
      A-1-[4-(4-bromophenoxymethyl)-2-(4-chlorophenyl)-1,3-dioxolan-2-ylmethyl]-
     1H-imidazole and the therapeutically acceptable acid addition salts
      thereof.
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PAL  (Hexahydrobenzimidazol-2-yl)benzophenones are prepared by reaction of the
      .psi.-acid chloride of an o-aroyl benzoic acid with an
      N-monotosyl-1,2-diaminocyclohexane, and heating the resulting benzoyl
      benzamide product with sulfuric acid. The intermediate benzoyl benzamides
      are also claimed as are the benzophenones. The compounds are useful in
      hyperglycemia therapy.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  (Hexahydrobenzimidazol-2-yl)benzophenones are prepared according to this
      invention by contacting the appropriate benzoyl benzamide with sulfuric
      acid. Thus (hexahydrobenzimidazol-2-yl)benzophenones of the formula
      ##SPC1##
PAL  Wherein R is hydrogen or (lower)alkyl; R.sub.1 is selected from the group
      consisting of phenyl, monohalophenyl, dihalophenyl,
      mono(lower)alkyl-phenyl, di(lower)alkylphenyl, trifluoromethylphenyl,
      mono(lower)alkoxyphenyl di(lower) alkoxyphenyl, R.sub.2 is selected from
      the group consisting of hydrogen, halogen, (lower)alkyl and (lower)alkoxy;
      R.sub.3 is hydrogen when R.sub.2 and R.sub.3 are dissimilar and when
      R.sub.2 and R.sub.3  are the same they are both selected from the group
      consisting of hydrogen, halogen, (lower)-alkyl and (lower)alkoxy; are
      obtained when a benzoyl benzamide of the formula
      ##SPC2##
PAL  Wherein R, R.sub.1, R.sub.2 and R.sub.3 are as defined above and R.sub.7 is
      selected from the group consisting of lower alkylsulfonyl, phenylsulfonyl,
      monohalophenylsulfonyl, dihalophenylsulfonyl, mono(lower)
      alkylphenylsulfonyl, di(lower)alkylphenylsulfonyl and lower
      alkoxyphenylsulfonyl, is contacted with sulfuric acid of from about 90 to
      100% concentration, preferably heated on a steam bath from 0.25 to 0.75
      hour and allowed to stand at room temperature for from 4 to 24 hours,
      preferably 15 to 18 hours. The reaction mixture is worked up
      conventionally such as by quenching with water and adjusting the pH to
      above 7 with a base. Where R is lower alkyl, the product of formula (I)
      precipitates in the benzophenone form. Where R is hydrogen the product
      precipitates as the 5a, 6, 7, 8, 9, 9a-hexahydro-isoindolo [2,
      1-a]benzimidazol-11-ol.  In either case, the product in the form of the
      free base can then be reacted with a pharmaceutically acceptable acid to
      form the acid addition salt. The acid addition salt of the
      hexahydro-isoindolo [2, 1-a]benzimidazol-ol is in the benzophenone form
      and becomes 2-(3a, 4, 5, 6, 7, 7a-hexahydrobenzimidazol-2-yl)benzophenone,
      hydrochloride, for example. For the change in forms, note U.S. Pat. No.
      3,763,178, issued Oct. 2, 1973, incorporated herein by reference.
PAR  The intermediate benzoyl benzamides are prepared by reaction of the
      .psi.-acid chloride of an appropriate o-aroyl benzoic acid of the formula
      ##SPC3##
PAL  Wherein R.sub.1, R.sub.2 and R.sub.3 are as above identified with an
      N-monotosyl-1,2-diaminocyclohexane of the formula
      ##SPC4##
PAL  Wherein R and R.sub.7 are as above identified. The reaction can be carried
      out in pyridine or in a solvent such as dichloromethane in the presence of
      a base such as triethyl amine, pyridine or N,N-dimethyl aniline. Other
      inert solvants include toluene, benzene, chloroform, diethyl ether,
      acetone and the like.
PAR  The materials of formula (III) are readily prepared from the keto acids by
      standard procedures well known to the art.
PAR  The materials of formula (IV) are prepared directly by reaction of the
      appropriate diamine with the appropriate tosyl chloride.
      ##SPC5##
PAR  As employed herein the term (lower)alkyl includes straight and branched
      chain hydrocarbon moieties of from 1 to about 4 carbon atoms such as
      methyl, ethyl, propyl, i-propyl and butyl. The term (lower)alkoxy includes
      hydrocarbonoxy groups which contain from 1 to about 6 carbon atoms such as
      methoxy ethoxy, propoxy, butoxy and hexoxy. The term "halogen" and "halo"
      as used herein include bromine, fluorine, chlorine and iodine.
PAR  The compounds of this invention are useful in hyperglycemia therapy. For
      example, the compounds were active in the following test: Male rats
      weighing 170-200 grams are fasted overnight, a control blood sample is
      taken from the tail and a test dose of 60 mg/kg is administered by stomach
      tube. Subsequent blood samples are taken at hourly intervals for 5 hours.
      In general, a compound is considered active if a depression in blood sugar
      approximating 20% is observed for at least 3 of the 5 hour test period.
PAR  In addition the compounds of Example 5, 6 and 8 have anti-reserpine
      activity, the compounds of Examples 6 and 7 have both anti-arrhythmic and
      anti-ulcerogenic activity and the compound of Example 8 has anorexiant
      activity.
PAR  The compounds of this invention may be administered alone or in combination
      with pharmaceutically acceptable carriers, the proportion of which is
      determined by the solubility and chemical nature of the compound selected,
      the chosen route of administration, and standard pharmaceutical practice.
      For example, they may be administered orally in the form of tablets or
      capsules, which may contain conventional excipients, or in the form of
      solutions; or they may be injected parenterally, that is intramuscularly,
      intravenously or subcutaneously. For parenteral administration, they may
      be used in the form of sterile solutions containing other solutes, for
      example, enough saline or glucose to make the solutions isotonic.
PAR  The dosage of the present therapeutic agents will vary with the form of
      administration and the particular compound chosen. It will generally be
      found that when the composition is administered orally, larger quantities
      of the active agent will be required to produce the same effect as a
      smaller quantity given parenterally. In general, the compounds of this
      invention are most desirably administered at a concentration level that
      will generally afford effective results without causing any harmful or
      deleterious side effects. Such a concentration level to relieve
      hyperglycemia will generally be within the range of about 10 to about 80
      mg/kg of animal body weight.
PAR  The processes of this invention and the new and novel compounds prepared
      thereby are illustrated by the following examples. In examples XIII and
      IX, wherein R is hydrogen, the process employed is that of U.S. Pat. No.
      3,423,421, issued Jan. 21, 1969, except that 1,2-diaminocyclohexane is
      employed instead of an o-phenylene diamine to prepare the
      hexahydroisoindolobenzimidazolones instead of the
      isoindolobenzimidazolones. The hexahydroisoindolobenzimidazolones are then
      tosylated and further reacted with a mineral acid as described in U.S.
      Pat. No. 3,763,178, issued Oct. 2, 1973.
DETD
PAC  EXAMPLE I
PAC  Part I
PAR  100 Grams of 1,2-diaminocyclohexane (mainly trans) and 200 ml of
      dichloromethane were stirred and cooled in an ice bath. A solution of 55
      grams of p-toluene sulfonylchloride in 200 ml of dichloromethane was added
      dropwise while the temperature was kept below 15.degree.C. The admixture
      was stirred at room temperature for 1 hour, filtered, the filtrate was
      extracted once with 500ml water, and the organic layer was extracted with
      500 ml of a 15% hydrochloric acid. The acid extract was made basic with
      sodium carbonate solution, extracted with ethyl acetate and dried over
      magnesium sulfate. The ethyl acetate extract was evaporated to a viscous
      residue, triturated with ether, the solid being filtered, reslurried with
      ether and filtered and dried to obtain a mixture of cis and trans(mainly
      trans)-N-(2-aminocyclohexyl)-p-toluene-sulfonamide, 41 grams, having a
      melting point of 72.degree.-75.degree.C. Upon standing, 8 grams of a
      second crop was obtained from the ether having a melting point of
      85.degree.-89.degree.C.
PAC  Part II
PAR  35 Grams of monotosyl-1,2-diaminocyclohexane from above, 200 ml
      dichloromethane and 30 ml of triethylamine were stirred and cooled in an
      ice bath. A solution of 13 grams of acetyl chloride in 75 ml of
      dichloromethane was added dropwise while maintaining the temperature below
      15.degree.C. The admixture was stirred at room temperature for one-half
      hour, extracted with 250 ml of 15% hydrochloric acid, the organic phase
      washed with water and dried over magnesium sulfate, filtered and
      evaporated to dryness. The gummy residue was triturated with ether until
      it solidified. The solids were separated and washed with ether to obtain
      38 grams of a mixture of cis and trans(mainly trans)
      N-(2-acetamidocyclohexyl)-p-toluenesulfonamide. The product was
      recrystallized from ethylacetate with charcoal treatment to yield a
      product with a melting point of 157.degree.-160.degree.C.
PAR  Anal: Calculated for C.sub.15 H.sub.22 N.sub.2 SO.sub.3 : C, 58.03; H,
      7.14; N, 9.03; S, 10.33. Found: C, 58.22; H, 7.94; N, 9.01; S, 10.59.
PAC  Part III
PAR  34 Grams of N.sup.1 -tosyl-N.sup.2 -acetyl-1,2-diamino-cyclohexane from
      above were added in portions to a stirred suspension of 10 grams of
      LiAlH.sub.4 in 750 ml of ether, stirred at room temperature for one hour
      after addition was completed, then refluxed for 18 hours. The reaction
      mixture was decomposed by dropwise addition of water, filtered and the
      filter cake was extracted with 800 ml of hot ethyl acetate. The organic
      solutions were combined and evaporated to dryness. The oily residue was
      dissolved in dichloromethane, dried over magnesium sulfate and evaporated
      to dryness. The residue was cooled, triturated with a small volume of
      ether and the solids separated to yield 29 grams of a mixture of cis and
      trans (mainly trans) N-(2-ethylaminocyclohexyl)-p-toluenesulfonamide,
      melting point 82.degree.-90.degree.C.
PAC  EXAMPLE II
PAR  A solution of 20 grams of .psi.-acid chloride of o-(p-chlorobenzoyl)benzoic
      acid and 60 ml of methylenechloride was added slowly with stirring to a
      solution of 22 grams of N-(2-ETHYLAMINO-CYCLOHEXYL)-p-TOLUENE SULFONAMIDE
      (mainly trans), from Example I,125 ml of methylenechloride and 20 ml of
      triethylamine. After addition was completed, the mixture was stirred and
      refluxed for three hours. The mixture was extracted with water and with
      10% hydrochloric acid. The methylenechloride solution was dried over
      magnesium sulfate then evaporated to dryness. The residue was triturated
      with ether and filtered to obtain a mixture of cis and trans
      2-(p-CHLOROBENZOYL)-N-[2-(p-TOLUENE-SULFONAMIDO)CYCLOHEXYL]N-ETHYLBENZAMID
     ES.
PAR  The above solid and 300 ml of ethyl acetate were heated to reflux, then
      filtered to remove undissolved solids. The separated solid was
      recrystallized from a large volume of ethylacetate to obtain
      cis-2-(p-CHLOROBENZOYL)-N-[2-(p-TOLUENESULFONAMIDO)CYCLOHEXYL]-N-ETHYLBENZ
     AMIDE, mp. 213-5.degree.C.
PAR  Anal: Calculated for C.sub.29 H.sub.31 N.sub.2 ClSO.sub.4 : C,64.61;
      H,5.80; N,5.20; Cl,6.58; S,5.95. Found: C, 64.83; H,6.01; N,5.31; S,6.09;
      Cl,6.68.
PAR  The ethyl acetate filtrate from the treatment of the mixed benzamides, was
      evaporated to dryness. The solid residue was recrystallized from ethyl
      acetate to obtain trans-2
      -(p-CHLOROBENZOYL)-N-[2-(p-TOLUENESULFONAMIDO)CYCLOHEXYL]-N-ETHYLBENZAMIDE
     , mp. 178.degree.-180.degree.C.
PAR  Anal: Calculated for C.sub.29 H.sub.31 N.sub.2 Cl SO.sub.4 : C, 64.61;
      H,5.80; N,5.20; Cl,6.58; S,5.95. Found: C, 64.75; H,5.94; N,5.16; S,5.69;
      Cl,6.86.
PAC  EXAMPLE III
PAR  Eighteen grams of trans 1,2-diamino-cyclohexane sulfate was suspended in
      100 ml of warm water and made basic with 50% sodium hydroxide solution.
      The mixture was extracted with benzene. The benzene solution was dried
      over magnesium sulfate and evaporated to dryness. The residual oil was
      dissolved in 35 ml of methylenechloride and cooled to 5.degree.C. A
      solution of 4 grams of p-toluenesulfonyl chloride and 20ml of
      methylenedichloride was added to the above solution while maintaining the
      temperature between 5.degree. and 10.degree.C. The mixture was stirred an
      additional 10 minutes, then extracted with 100 ml of water. The
      methylenechloride solution was extracted with 75ml of 15% hydrochloric
      acid. The acid portion was made basic with saturated sodium carbonate
      solution and extracted with ethyl acetate. The ethyl acetate extract was
      dried over magnesium sulfate, then evaporated to dryness. The residue was
      triturated with a small volume of ether and filtered to obtain trans
      N-(2-AMINOCYCLOHEXYL)-p-TOLUENESULFONAMIDE, mp. 93-5.degree.C.
PAR  Anal: Calculated for C.sub.13 H.sub.20 N.sub.2 SO.sub.2 : C, 58.18; H,
      7.51; N, 10.43; S, 11.95. Found: C, 58.32; H, 7.52; N, 10.34; S, 11.70.
PAR  Three grams of the above material was dissolved in 50 ml of methylene
      chloride. Five ml of triethylamine was added and the solution was cooled
      in an ice bath. A solution of 1.2 grams of acetyl chloride in 10 ml of
      methylenechloride was added in small portions with stirring. The mixture
      was left at room temperature for 1 hour. The mixture was extracted
      successively with 10% hydrochloric acid, water, and saturated sodium
      carbonate solution. The methylene chloride solution was dried over
      magnesium sulfate, then evaporated to dryness. THe residue was
      recrystallized from ethyl acetate to obtain trans
      N-(2-ACETAMIDOCYCLOHEXYL)-p-TOLUENESULFONAMIDE, mp. 174-6.degree.C
      (resolidifies and remelts at 182-4.degree.C).
PAR  Anal: Calculated for C.sub.15 H.sub.22 N.sub.2 SO.sub.3 : C, 58.03; H,
      7.14; N, 9.03; S, 10.33. Found: C, 57.91; H, 7.17; N, 901; S, 10.23.
PAR  Twenty-three grams of trans-N-(2-ACETAMIDOCYCLOHEXYL)-p-TOLUENESULFONAMIDE
      was added in portions to a stirred suspension of 7 grams of lithium
      aluminium hydride and 500ml of anhydrous ether. The mixture was stirred
      and refluxed for 17 hours. The mixture was decomposed by dropwise addition
      of water and filtered. The filter cake was extracted with a total of 750
      ml of boiling ethyl acetate. The organic portions were combined, dried
      over magnesium sulfate, then evaporated to dryness. The residue was
      slurried with ether and filtered. On recrystallization from ether there
      was obtained trans N-(2-ETHYLAMINOCYCLOHEXYL)-p-TOLUENESULFONAMIDE, mp.
      112-4.degree.C.
PAR  Anal: Calculated for C.sub.15 H.sub.24 N.sub.2 SO.sub.2 : C, 60.77; H,8.16;
      N, 9.95; S, 10.82. Found: C, 61.01; H, 8.23; N, 9.32; S, 10.86.
PAC  EXAMPLE IV
PAR  8.5 Grams of the .psi.-acid chloride of o-(p-chlorobenzoyl) benzoic acid, 9
      grams of trans N-(2-ethylaminocyclohexyl)-p-tolnenesulfonamide from
      Example III, 100 ml dichloromethane and 25ml of triethylamine were
      refluxed for 2 hours. The reaction mixture was extracted with water, the
      organic phase was then extracted with 75 ml of 10% hydrochloric acid,
      washed with sodium carbonate solution, dried over magnesium sulfate, and
      evaporated to dryness. The residue was triturated with ether and the solid
      was separated and washed with ether to obtain 7 grams of material which
      was recrystallized form ethyl acetate. The first crop of 3.3 grams melted
      at 180.degree.-182.degree.C. and was pure trans
      2-(p-chlorobenzoyl)-N-[2-(p-toluenesulfonamido)cyclohexyl]-N-ethyl
      benzamide.
PAR  Anal: Calculated for C.sub.29 H.sub.31 N.sub.2 ClSO4: C, 64.75; H, 5.94; N,
      5.16; Cl 6.86; S, 5.69. Found: C, 64.76; H, 5.83; N, 5.08;Cl, 6.41; S,
      5.84.
PAC  EXAMPLE V
PAR  17 Grams of the trans isomer of
      2-(p-chlorobenzoyl)-N-[2-(p-toluenesulfonamido)cyclohexyl]-N-ethylbenzamid
     e from Example II and 50 ml of 96% sulfuric acid were heated in a steam
      bath for 35 minutes then left at room temperature for 18 hours. The
      admixture was quenched with ice water, extracted with ethyl acetate and
      back extracted with water. The aqueous portions were combined, made basic
      with 50% sodium hydroxide solution and extracted with ethyl acetate. The
      ethyl acetate portion was washed with water, dried over magnesium sulfate
      and evaporated to dryness to obtain 6.5 grams of residual oil. The oil was
      dissolved in 30 ml of ether, the solid crystallixed on standing and was
      filtered and washed with ether (very soluble in ether) to yield 1.5 grams
      melting at 105.degree.-107.degree.C. The ether filtrate was saturated with
      hydrogen chloride, left standing overnight, separated by filtration and
      the solid was washed with a 1:1 mixture of ether and acetone and dried in
      vacuo to yield 4.5 grams melting at 181.degree.-185.degree.C with
      decomposition.
PAR  The solid was recrystallized from a mixture of ethanol and ethyl acetate to
      yield 2 grams, melting at 198.5.degree.-201.degree.C, of the trans isomer
      of 4'-chloro-2-(1-ethyl-3a, 4, 5, 6, 7, 7
      a-hexahydrobenzimidazol-2-yl)benzophenone hydrochloride. Analysis
      calculated for C.sub.22 H.sub.23 N.sub.2 ClO.HCl C,65.51; H,6.00; N,6.94;
      Cl,17.58. Found: C,65.37; H,5.98; N,7.11; Cl,17.28.
PAC  EXAMPLE VI
PAR  A mixture of 7.5 grams of
      cis-2-(p-CHLOROBENZOYL)-N-[2-(p-TOLUENESULFONAMIDO)CYCLOHEXYL]-N-ETHYLBENZ
     AMIDE from Example II and 25ml of 96% sulfuric acid was heated in a steam
      bath for 35 minutes, then left standing at room temperature for 15 hours.
      The mixture was quenched with 250ml of ice water and extracted with ethyl
      acetate. The aqueous portion was cooled and made basic with 50% sodium
      hydroxide solution. The mixture was extracted with ethyl acetate. The
      ethyl acetate portion was extracted with water, dried over magnesium
      sulfate, then evaporated to dryness. Residual oil solidified on standing.
      The solid, mp. 73-6.degree.C, was dissolved in ether and saturated with
      hydrogen chloride. The solid was separated by filtration. On
      recrystallization from ethanol-acetone there was obtained cis
      4'-CHLORO-2-(1-ETHYL-3a, 4, 5, 6, 7, 7a-HEXAHYDROBENZIMIDAZOL-2-YL)
      BENZOPHENONE HYDROCHLORIDE,mp. 219.degree.-221.degree.C.
PAR  Anal: Calculated for C.sub.22 H.sub.23 N.sub.2 ClO.HCl; C, 65.51; H,6.00;
      N,6.94; Cl,17.58. Found: C,65.35; H,6.18; N,7.09; Cl,17.96.
PAC  EXAMPLE VII
PAR  Twenty-four grams of trans N-(2-ETHYLAMINOCYCLOHEXYL)-p-TOLUENESULFONAMIDE
      from Example III,200 ml of methylenechloride, 24ml of triethylamine and 20
      grams of .psi.-acid chloride of o-benzoylbenzoic acid were mixed together
      and refluxed 4 hours. The mixture was extracted successively with water,
      15% hydrochloric acid, and saturated sodium carbonate solution. The
      methylenechloride solution was dried over magnesium sulfate, then
      evaporated to dryness. The residue was slurried with ethyl acetate and
      filtered. Recrystallization from ethyl acetate afforded
      trans-2-BENZOYL-N-[2-(p-TOLUENESULFONAMIDO)CYCLOHEXYL]-N-ETHYL BENZAMIDE,
      mp. 201.5.degree.-204.degree.C.
PAR  Anal: Calculated for C.sub.29 H.sub.32 N.sub.2 SO.sub.4 : C, 69.02; H,6.39;
      N,5.55; S,6.35. Found C, 69.00; H,6.52; N,5.16; S,6.58.
PAR  Thirty-five grams of
      trans-2-BENZOYL-N-[2-(p-TOLUENESULFONAMIDO)CYCLOHEXYL]-N-ETHYLBENZAMIDE
      and 75ml of 96% sulfuric acid were mixed and heated in a steam bath for 40
      minutes, then left at room temperature for 16 hours. The mixture was
      quenched with 700ml of ice water and the whole extracted with ethyl
      acetate. The aqueous portion was cooled and made basic with 50% sodium
      hydroxide solution. The mixture was extracted with ethyl acetate. The
      ethyl acetate portion was extracted with water, dried over magnesium
      sulfate, then evaporated to dryness. The oily residue was dissolved in
      25ml of ether-75ml of hexane. Solid precipitated on standing. On
      recrystallization from diethyl ether-hexane there was obtained trans
      2-(1-ETHYL-3a, 4, 5, 6, 7, 7a-HEXAHYDRO-BENZIMIDAZOL-2yl) BENZOPHENONE,
      mp. 80-3.degree.C.
PAR  Anal: Calculated for C.sub.22 H.sub.24 N.sub.2 O; C,79.48; H,7.28; N,8.43.
      Found C,79.33; H,7.49; N,8.33.
PAC  EXAMPLE VIII
PAR  A mixture of 75 grams of o-(p-chlorobenzoyl)benzoic acid, 75ml of
      1,2-di-aminocyclohexane (mainly trans), and 150ml of toluene was refluxed
      19 hours in a flask equipped with a water separator. The solution was
      extracted with water, then filtered to remove the insoluble material. The
      toluene portion was evaporated to dryness. The residue was slurried with
      ethanol and filtered to afford 4-b-(p-CHLOROPHENYL)-4b, 5, 6, 7, 8, 9,
      -HEXAHYDROISOINDOLO[2,1-a]-11 H-BENZIMIDAZOL-11-ONE (mainly trans), mp
      172-5.degree.C. The latter compound is described in an article by Aeberli
      and Houlihan in The Journal of Organic Chemistry, Vol.34, No. 6, June
      1969, (pages 1720-1726), particularly compound 13e.
PAR  The above material, 32 grams of p-toluenesulfonyl chloride and 100ml of
      pyridine were refluxed 24 hours. The mixture was evaporated to dryness.
      The residue was triturated with ethyl acetate and the solid was separated
      by filtration. Recrystallization from ethanol afforded
      trans-4b(p-CHLOROPHENYL-5-(p-TOLYLSULFONYL)-4b, 5, 6, 7, 8,
      9-HEXAHYDROISOINDOLO[2,1-a]-11 H-BENZIMIDAZOL-11-ONE, mp.
      207.degree.-210.degree.C.
PAR  Anal: Calculated for C.sub.27 H.sub.25 N.sub.2 ClSO.sub.3 : C, 65.77;
      H,5.11; N,5.68. Found C, 65.65 H,5.32; N,5.65.
PAR  Forty grams of the above material and 80ml of 90% sulfuric acid were heated
      in a steam bath until solution occurred, then left standing at room
      temperature for 3.5 hours. The mixture was quenched with 750ml of ice
      water. The mixture was filtered to remove precipitated material. The
      separated solid was shaken with ethyl acetate and saturated sodium
      carbonate solution. The ethyl acetate portion was evaporated to dryness.
      The solid was slurried with 95% ethanol and separated; mp.
      188.degree.-191.degree.C.
PAR  Aqueous mother liquors (from initial quench) were made basic with 50%
      sodium hydroxide solution. The precipitated solid was separated and dried;
      mp. 185-9.degree.C. This material was combined with above solid and
      dissolved in ethanol. The solution was saturated with hydrogen chloride
      and evaporated to dryness. The residue was recrystallized from
      ethanol-acetone to obtain trans 4-CHLORO-2-(3a, 4, 5, 6, 7,
      7a-HEXAHYDROBENZIMIDAZOL-2-YL)BENZOPHENONE, HYDROCHLORIDE, mp.
      210.degree.-212.degree.C (dec.). (Resolidifies on heating, remelts at
      274.degree.-277.5.degree.C).
PAR  Anal: Calculated for C.sub.20 H.sub.19 ClN.sub.2 O.HCl: C, 64.00; H,5.37;
      N,7.46; Cl,18.91. Found C, 64.29; H,5.33; N,7.40; Cl,18.97.
PAC  EXAMPLE IX
PAR  A mixture of 125 grams of o-benzoyl-benzoic acid, 300ml of toluene and 200
      grams of 1,2-diaminocyclohexane (mainly trans) was refluxed 19 hours in a
      flask equipped with a water separator. The solution was cooled, extracted
      with water and with saturated sodium carbonate solution. The toluene
      portion was evaporated to dryness. The residue was slurried with ethanol
      and filtered. The solid was recrystallized from ethanol to afford 4b, 5,
      6, 7, 8, 9-HEXAHYDRO-4-b-PHENYL ISOINDOLO[2,1-a]  11
      H-BENZIMIDAZOL-11-ONE, mp. 143-5.degree.C.
PAR  Anal: Calculated for C.sub.20 H.sub.20 N.sub.2 O: C,78.91; H,6.62; N,9.21.
      Found C,78.92; H,6.62; N,9.24.
PAR  A mixture of 90 grams of the above material, 63 grams of p-toluenesulfonyl
      chloride and 400ml of pyridine was refluxed 20 hours. The mixture was
      evaporated to dryness. The residue was slurried with a mixture of water
      and ethyl acetate, then filtered. Recrystallization from ethanol afforded
      trans-4b, 5, 6, 7, 8,
      9-HEXAHYDRO-4b-PHENYL-5-(p-TOLYLSULFONYL)ISOINDOLO[2,1-a]-11-H-BENZIMIDAZO
     L-11-ONE, mp. 213-5.degree.C.
PAR  Anal: Calculated for C.sub.27 H.sub.26 N.sub.2 O.sub.3 S: C,70.71; H,5.71;
      N,6.70. Found C,70.47; H,5.32; N,6.25.
PAR  Fifty-three grams of the above material and 120ml of 90% sulfuric acid were
      heated in a steam bath for 1 hour, then left at room temperature for 19
      hours. The mixture was quenched with 1500ml of ice water. The mixture was
      filtered and the filtrate was made basic with 50% sodium hydroxide
      solution. The precipitated solid was separated by filtration and washed
      with water. Two recrystalizations from ethanol-ethylacetate afforded trans
      5a, 6, 7, 8, 9, 9a -HEXAHYDRO-11-PHENYL-11 H-ISOINDOLO[2,1-a]
      BENZIMIDAZOL-11-OL, mp. 176-8.degree.C.
PAR  Anal: Calculated for C.sub.20 H.sub.20 N.sub.2 O: C,78.91; H,6.62; N,9.21.
      Found C,78.65; H,6.52; N,9.11.
PAC  EXAMPLE X
PAR  By analogous procedures the following compounds are prepared:
      ##SPC6##
TBL  R.sub.2  R.sub.3    R.sub.1         R                                     
     ______________________________________                                    
     6-bromo  hydrogen   p-iodophenyl    Methyl                                
     7-methoxy                                                                 
              hydrogen   3,4-dimethylphenyl                                    
                                         methyl                                
     6-chloro 7-chloro   p-methoxyphenyl hydrogen                              
     6-methyl hydrogen   trifluoromethylphenyl                                 
                                         ethyl                                 
     6-methyl 7-methyl   2,5-dibromophenyl                                     
                                         hydrogen                              
     5-ethoxy hydrogen   3,4-dimethoxyphenyl                                   
                                         methyl                                
     6-methoxy                                                                 
              7-methoxy  phenyl          n-butyl                               
     8-iodo   hydrogen   p-propoxyphenyl methyl                                
     6-fluoro 7-fluoro   phenyl          n-butyl                               
     hydrogen hydrogen   2,5-dipropoxyphenyl                                   
                                         hydrogen                              
     6-ethyl  hydrogen   p-fluorophenyl  hydrogen                              
     7-propyl hydrogen   3,4-diethylphenyl                                     
                                         methyl                                
     6-ethyl  7-ethyl    phenyl          hydrogen                              
     hydrogen hydrogen   o-chlorophenyl  methyl                                
     7-ethyl  hydrogen   phenyl          methyl                                
     hydrogen hydrogen   2,5-dibutylphenyl                                     
                                         hydrogen                              
     6-ethoxy hydrogen   p-chlorophenyl  n-propyl                              
     hydrogen hydrogen   m-chlorophenyl  hydrogen                              
     6-n-propyl                                                                
              7-n-propyl 4-fluorophenyl  hydrogen                              
     6-methyl hydrogen   3,4-dichlorophenyl                                    
                                         hydrogen                              
     6-n-butyl                                                                 
              hydrogen   4-ethoxyphenyl  ethyl                                 
     6-bromo  7-bromo    4-bromophenyl   n-propyl                              
     6-chloro hydrogen   phenyl          methyl                                
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. The pharmaceutically acceptable acid addition salt of a compound having
      the formula
      ##SPC7##
PAL  wherein R is hydrogen or lower alkyl, R.sub.1 is selected from the group
      consisting of phenyl, monohalophenyl, dihalophenyl,
      mono(lower)alkylphenyl, di(lower)alkylphenyl, trifluoromethylphenyl,
      mono(lower)alkoxyphenyl, di(lower)alkoxyphenyl; R.sub.2 is selected from
      the group consisting of hydrogen, halogen,(lower)alkyl and (lower)alkoxy;
      R.sub.3 is hydrogen when R.sub.2 and R.sub.3 are dissimilar and when
      R.sub.2 and R.sub.3 are the same they are both selected from the group
      consisting of hydrogen, halogen (lower)alkyl and (lower)alkoxy.
NUM  2.
PAR  2. The compound of claim 1 which is 4'-chloro--2-(3a, 4, 5, 6, 7,
      7a-hexahydrobenzimidazol-2-yl)benzophenone hydrochloride.
NUM  3.
PAR  3. The compound of claim 1 which is trans 2-(1-ethyl-3a, 4, 5, 6, 7,
      7a-hexahydrobenzimidazol-2-yl)benzophenone.
NUM  4.
PAR  4. The compound of claim 1 which is trans 4'-chloro-2-(1-ethyl-3a, 4, 5, 6,
      7, 7a-hexahydrobenzimidazol-2-yl)-benzophenone hydrochloride.
NUM  5.
PAR  5. The compound of claim 1 which is cis 4'-chloro-2-(1-ethyl-3a, 4, 5, 6,
      7, 7a-hexahydrobenzimidazol-2-yl)benzophenone hydrochloride.
NUM  6.
PAR  6. A compound of the formula:
      ##SPC8##
PAL  wherein R.sub.1 is selected from the group consisting of phenyl,
      monohalophenyl, dihalophenyl, mono(lower)alkylphenyl,
      di(lower)alkylphenyl, trifluoromethylphenyl, mono(lower)alkoxyphenyl,
      di(lower) alkoxyphenyl; R.sub.2 is selected from the group consisting of
      hydrogen, halogen, (lower)alkyl and (lower)alkoxy; R.sub.3 is hydrogen
      when R.sub.2 and R.sub.3 are dissimilar and when R.sub.2 and R.sub.3 are
      the same they are both selected from the group consisting of hydrogen,
      halogen, (lower)alkyl and (lower)alkoxy.
NUM  7.
PAR  7. The compound of claim 6 which is trans 5a, 6, 7, 8, 9,
      9a,-hexahydro-11-phenyl-11-H-isoindolo[2,1-a]benzimidazol-11-ol.
PATN
WKU  039364720
SRC  5
APN  3249395
APT  1
ART  122
APD  19730119
TTL  Lactone acid synthesis
ISD  19760203
NCL  14
ECL  1
EXA  Tighe; Anne Marie T.
EXP  Rush; Raymond V.
INVT
NAM  Kinney; Robert Earl
CTY  Lawrenceville
STA  NJ
INVT
NAM  Williams; Albert Lloyd
CTY  Hopewell Township
STA  NJ
INVT
NAM  Heiba; El-Ahmadi Ibrahim
CTY  Princeton
STA  NJ
ASSG
NAM  Mobil Oil Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  2603436
XCL  2603265FL
XCL  2603265FN
XCL  252 546
XCL  252 56D
EDF  2
ICL  C07D30728
FSC  260
FSS  343.6;343.5
UREF
PNO  3155685
ISD  19641100
NAM  Prill et al.
OCL  260343.6
UREF
PNO  3155686
ISD  19641100
NAM  Prill et al.
OCL  260343.6
UREF
PNO  3755173
ISD  19730800
NAM  Kennedy et al.
OCL  260343.6
LREP
FR2  Huggett; C. A.
FR2  Barclay; R. W.
FR2  Strober; S. A.
ABST
PAL  Alkyl lactone esters or sulfidic esters are prepared by reacting an
      alkenylsuccinic anhydride with an alcohol or thiol in the presence of an
      acid-acting catalyst. The esters are useful as dispersants or detergents
      in aqueous or hydrocarbon systems or they may be further reacted with
      amines to produce other useful additives for such systems. Esters of
      monohydroxy alcohols or monothiols or polyhydroxy alcohols or polythiols
      may be prepared and used in this invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of preparing lactone acid compounds in
      excellent yields, and more particularly this invention relates to the
      preparation of lactone acid esters and their use in fluid systems or as
      intermediates.
PAR  2. Description of the Prior Art
PAR  Copending U.S. application Ser. No. 212,626, filed on Dec. 27, 1971, now
      abandoned discloses the preparation of hydroxyamide soaps and lactam
      acetic acid amides from lactone acids. These lactone acids are the
      products of acid hydrolysis of alkenylsuccinic anhydrides. The preparation
      takes over 15 hours and achieves only about 40 to 50 percent conversion of
      anhydride to lactone acid, and requires a second 15-hour or more
      conversion or recycled unreacted anhydride. For example, a two-step
      34-hour reaction cycle may yield no more than about 75% lactone acid based
      on initial anhydride.
PAR  U.S. Pat. Nos. 3,200,075 and 3,261,782 describe the preparation of a methyl
      lactone ester by reacting dimethyl bromosuccinate and an olefin in the
      presence of a peroxide. Cyclization to the lactone occurs through the
      removal of a methyl group.
PAC  SUMMARY OF THE INVENTION
PAR  Alkyl lactone esters and thioesters may be prepared directly from
      alkenylsuccinic anhydride at high yields by the method of reacting the
      anhydride with an alcohol or mercaptan in the presence of an acid-acting
      catalyst. The ester or thioester products of this invention may be (1)
      further reacted with an amine to produce lactone- or lactam-amides, (2)
      hydrolyzed to the lactone acid for further reaction with metal compounds
      or amines to produce metal or amine salts of hydroxyacids or (3) used
      themselves as fluid additives.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  One major aspect of the present invention involves the reaction between an
      alkenylsuccinic anhydride and an alcohol or mercaptan, also referred to
      herein as thiol. The reaction is an acid catalyzed esterification and
      lactonization. The anhydride, which may contain a single alkenyl radical
      or a mixture of alkenyl radicals variously bonded to the cyclic succinic
      anhydride group, is understood to contain a substantial proportion of
      ##EQU1##
      wherein R, R' and R" may individually be hydrogen or hydrocarbyl or
      substituted hydrocarbyl each having from 1 to about 400 carbon atoms, and
      preferably from 1 to about 200 carbon atoms. This compound is obtained by
      well-known methods, such as the reaction between an olefin-1 and maleic
      anhydride or halosuccinic anhydride or succinic ester (U.S. Pat. No.
      2,568,876). In branched olefins, particularly branched polyolefins, R" may
      range from methyl to a longer carbon chain than R or R'. However, the
      exact structure may not always be ascertained and the various R groups
      cannot be precisely identified. In straight chain alkenyl groups, R' and
      R" would be hydrogen.
PAR  Suitable olefins include butene, isobutene, pentene, decene, dodecene,
      tetradecene, hexadecene, octadecene, eicosene, and polymers of propylene,
      butene, isobutene, pentene, decene, and the like, and halogen-containing
      olefins. The olefins may also contain cycloalkyl and aromatic groups. It
      is understood that the addition of the olefin involves a shift of the
      unsaturated bond from the end carbon-carbon bond back to the adjacent
      carbon-carbon bond as shown above.
PAR  The alkenylsuccinic anhydride is reacted with an alcohol or a thiol in the
      presence of an acid-acting catalyst. This reaction is preferably carried
      out under reflux conditions for a period of from 1 to about 15 hours. The
      reaction is understood to open the anhydride and form a lactone ring at
      the unsaturated bond of the alkenyl group and an ester group, as follows:
      ##EQU2##
      wherein R, R' and R" are already designated, X is oxygen or sulfur, p is 1
      or more, and preferably 1 to 4, and R'" is hydrocarbyl, including, without
      limitation, alkyl, aralkyl, cycloalkyl, and the alkylene and other
      polyvalent forms when p is greater than 1. R'" may contain from 1 to about
      50, and preferably from 1 to about 30, carbon atoms and halogen and
      oxygen-containing derivatives thereof. R'"[XH].sub.p may be a simple
      alcohol or mercaptan, such as methanol, ethanol, propanol, butanol,
      pentanol, neopentyl alcohol, hexanol, decanol, tetradecanol, hexadecanol,
      eicosanol, benzyl alcohol, cyclopentanol, cyclohexanol; methyl mercaptan,
      ethyl mercaptan, propyl mercaptan; halo-substituted alcohols, such as
      chloroethanol, iodoethanol and the like. Polyhydroxy alcohols are also
      suitable. These include without limimtation glycol, methyl glycol,
      propylene glycol, hexamethylene glycol, decamethylene glycol,
      cyclohexandiol isomers, 2-hydroxymethyl propanol-1, dimethylol propane,
      2,2- or 2,3-dihydroxymethyl butane, 2,2,3-trihydroxymethyl butane,
      2,2-dihydroxymethyl butanol-1 (also termed trimethylol propane),
      pentaerythritol, ether alcohols (wherein R'"  contains either linkages),
      such as Cellosolve and methyl Cellosolve.
PAR  As the acid-acting catalyst for the reaction, any highly dissociated
      anhydrous acid may be used, such as phosphoric, polyphosphoric, sulfonic,
      arylsulfonic (p-toluene sulfonic), phosphonic and hydrogen halide.
      However, the heterogeneous catalysts are preferred to liquids and the
      cation exchange resins are most preferred since they are very effective
      and they permit convenient separation from the reaction mixture. Also
      suitable are crystalline aluminosilicates, at least partially in the
      hydrogen form, zeolites and synthetic aluminosilicate particularly, with
      such supports as alumina, vanadia, titania, chromia, chromia-alumina, zinc
      oxide; other oxides and sulfides, such as phosphorus pentoxide, iron
      sulfide, nickel sulfide and the like.
PAR  Of the preferred ion exchange resin catalyts, the strong acid resins, most
      preferably sulfonic acid resins, but also phenolsulfonic, phosphonic,
      etc., are very effective. These acid functional groups are attached to a
      resin matrix, such as phenolic resin, a crosslinked copolymer of styrene
      using any crosslinking agent, e.g. polyfunctional monomer or partial
      polymer, such as a styrene-divinylbenzene copolymer. Other matrices, such
      as acrylates, polystyrene, chlorinated styrene polymers, are also
      acceptable. Even sulfonated coal may be used.
PAR  Of the resulting alkyl lactone acid esters or thioesters, certain classes
      may be novel. Novel lactone esters are those in which R'" is alkyl,
      aralkyl or cycloalkyl of at least 5 carbon atoms when p is 1, or R'" may
      be any organic radical and p is 2 or greater than 2. These esters may have
      utility as detergents or dispersants in industrial organic fluids, such as
      lubricants, heat-exchange liquids, transmission fluids and the like. If
      the alkenyl group of the succinic anhydride reactant is straightchain (R'
      and R" are hydrogen) of about 25 carbon atoms or less, the esters may also
      be useful as intermediates in preparing detergents or soaps for aqueous
      systems. The esters derived from high molecular weight alkenylsuccinic
      anhydride (and R" is methyl or higher alkyl) may be further reacted with
      amines to provide lactone amides or lactam amides or poly(lactam amides),
      or with other alcohols or thiols to provide other esters which also have
      detergent properties for organic fluid systems.
PAR  The most preferred alkenylsuccinic anhydrides used in this invention are
      those in which the alkenyl group contains a total of from 4 to 400 carbon
      atoms: from 4 to about 20 carbon atoms for aqueous systems; and at least 8
      to 400 but preferably 10 to 300 for organic systems. The preferred
      alcohols or thiols from 1 to about 10 carbon atoms, i.e. methanol, ethanol
      or ethyl mercaptan, particularly if a metal soap or lactone or lactam
      amide is the desired end product; and polyhydroxy alcohols, if the ester
      itself is the desired end product. In preparing the amide derivatives,
      alkylene polyamines of the formula H.sub.2 N(C.sub.m H.sub.2m NH).sub.n H
      are the preferred reactant, wherein m is 2 to 4 and n is from 1 to 10;
      especially desirable are triethylene tetramine, tetraethylene pentamine
      and the like. While the light molecular weight esters described in this
      invention evidence excellent detergent properties, the lower molecular
      weight esters also show unexpectedly high detergency in conjunction with
      metallic additives normally used in organic media. Of particular interest
      are the alkali and alkaline earth metal organic sulfonates, derived from
      alkyl, aryl, alkaryl and like sulfonates, including both neutral and
      "overbased" sulfonates, i.e. those having a greater metal content than
      stoichiometric. Techniques for increasing the metal content of sulfonates
      are known (usually by reacting them with carbon dioxide and metal oxides
      or hydroxides). Other metal salts may also be present in the organic media
      for a variety of functions, such as metal phosphorodithioates,
      carboxylates and the like.
PAR  The following examples are provided as more specific illustration of the
      present invention but should not be deemed to limit the scope thereof in
      any manner.
PAC  EXAMPLE I
PAR  Into a 5-liter flask fitted with a reflux condenser, stirrer and
      thermometer were added 1220 grams of a product of a reaction between
      polybutene of about 1300 molecular weight (about 93 carbon atoms) and
      maleic anhydride. About 700 grams (0.5 mole) of the added amount is the
      alkenylsuccinic anhydride, the remainder being unreacted polybutene. To
      the flask were added 1200 ml of n-octane with moderate heat (to about
      50.degree.C.) and agitation to form a solution, followed by 46 grams (1.5
      mole) of methanol and 150 grams of an ion exchange resin of sulfonic acid
      on a vinyl-divinylbenzene copolymer matrix in bead form. The mixture was
      heated to reflux with stirring for 12 hours. The resulting solution was
      separated from the beads and filtered.
PAR  Atmospheric distillation of the solution took off 32 grams of methanol and
      the n-octane. The remaining 1236 grams consists of the 520 grams of
      polybutene and about 716 grams of the methyl ester of the corresponding
      lactone acetic acid. Infrared spectra show about 90% gamma-butyrolactone
      ester and about 10% of a delta-lactone ester.
PAC  EXAMPLE II
PAR  Into a 500-ml flask were added 100 g (0.34 mole) of n-tetradecenylsuccinic
      anhydride, 16.3 grams (0.51 mole) of methanol and 250 ml of n-octane. The
      reaction mixture was heated to reflux at about 70.degree.C. with stirring.
      The temperature rose to 80.degree.C. and was maintained at that level for
      two hours. Octane and excess methanol were stripped off leaving 105 grams
      of the half ester of n-tetradecenylsuccinic acid.
PAR  In a sealed pressure vessel, containing 47 grams of the said half ester, 15
      grams of the sulfonic acid resin catalyst of Example I, 50 ml of n-octane
      and 10 drops of methanol, the reaction mixture was stirred and heated at
      125.degree.C. for three hours. The mixture was then cooled, diluted with
      ethanol and the catalyst filtered off. Ethanol and octane were evaporated
      leaving 41.6 grams of the methyl ester of the corresponding lactone acid.
PAC  EXAMPLE III
PAR  Into a 4-necked flask fitted with a Dean-Stark trap under a condenser,
      thermometer, stirrer and nitrogen inlet tube were added 1620 grams of a
      reaction product prepared in a manner similar to that of Example I, of
      which about 58 percent by weight was the methyl ester of the
      alkyl-gamma-butyrolactone acid (0.648 mole) and the remainder is
      polybutene, and 122.7 grams (0.648 mole) of tetraethylenepentamine. The
      reactor was swept with nitrogen and sealed under a nitrogen atmosphere.
      The contents of the flask were stirred and heated to 140.degree.C. After 4
      hours at this temperature, the temperature was raised to 220.degree.C.
      while methanol was collected in the trap. The mixture was held at this
      temperature for 20 hours. The yield of resulting reaction product was 1720
      grams of lactam amide.
PAC  EXAMPLE IV
PAR  Using equipment and procedure similar to that of Example III, a mixture was
      prepared consisting of 747 grams of a reaction product (1) prepared in a
      manner similar to that of Example I except that the alkyl group of the
      lactone acid ester contains about 64 carbon atoms, of which product about
      81 percent by weight is the methyl ester of the alkyl-gamma-butyrolactone
      acetic acid (0.575 mole) and the remainder is polybutene, and 851 grams of
      a reaction product (2) prepared as in Example I except the alkyl group of
      the lactone acid ester contains about 190 carbon atoms, of which product
      about 47.5 percent by weight is the methyl ester (0.144 mole), to which
      mixture were added 136 grams (0.719 mole) of tetraethylenepentamine. The
      reaction was heated at 140.degree.C. under nitrogen for 4 hours and at
      220.degree.C. for 20 hours with stirring. The yield of resulting reaction
      mixture was 1710 grams of a mixed lactam amide.
PAC  EXAMPLE V
PAR  A mixture of 16.5 grams of a lactone ester prepared by reaction of methanol
      with a polyisobutenyl-succinic anhydride of 1400 average molecular weight
      under conditions similar to that of Example I; and 12.3 grams of the
      polyisobutene used to prepare the anhydride was dissolved in 40 cc of
      n-octane in a reaction flask equipped with a reflux condenser and a
      Dean-Stark trap. To the flask were added 0.53 grams of trimethylolpropane
      and 2.0 grams of the sulfonic acid resin catalyst.
PAR  The reaction mixture was stirred and heated at reflux until infrared
      analysis showed that all of the hydroxyl groups of the trimethylolpropane
      had reacted. The resulting octane-polyester solution was washed three
      times with water and the octane was distilled off.
PAC  EXAMPLE VI
PAR  A mixture of 69.5 grams of the lactone ester of Example V and about 36.1
      grams of polyisobutene was added to a reaction flask. To the mixture were
      added 2.3 grams of trimethylolpropane and 1.0 gram of p-toluene sulfonic
      acid. The reaction mixture was stirred and heated at 125.degree.C. for 41
      hours. An additional 0.77 gram of trimethylolpropane was added. The
      reaction was continued for 29 hours. Infrared analysis showed that all of
      the hydroxyl groups had reacted to form the polyester exchange product;
      also that a portion of the lactone rings had undergone a reaction to form
      ester linkages. The polyester was then treated as the polyester solution
      of Example V.
PAC  EXAMPLE VII
PAR  To the reactor similar to that of Example V were added 33 grams (0.0235
      mole) of polyisobutenylsuccinic anhydride prepared from a polyisobutene of
      1300 molecular weight and 17 grams of the unreacted polyisobutene and 25
      ml of n-octane. The anhydride was dissolved in the octane with stirring
      under moderate heating. To this solution were added 3.62 grams (0.0247
      mole) of 1-octanethiol (5 percent excess) and 7.5 grams of the sulfonic
      acid resin catalyst used in previous examples. The mixture was stirred and
      heated at 120.degree.C. for 8 hours under nitrogen. Octane and the excess
      thiol were removed by vacuum stripping, leaving 53 grams of product
      (including the 17 grams of olefin). The presence of thioester was
      confirmed by infrared spectrum.
PAC  EXAMPLE VIII
PAR  To a reaction flask equipped with a water trap and condenser were charged
      105 grams (0.075 mole) of an alkenylsuccinic anhydride of average
      molecular weight 1400, 12.4 grams (0.095 mole) of n-octyl alcohol, 100 ml
      of n-octane, and 15 grams of a sulfonic acid resin catalyst. The reaction
      mixture was stirred and heated at reflux for 3 hours. An additional 6.2
      grams (0.047 mole) of n-octyl alcohol were added and refluxing continued
      for 4 hours. The reaction mixture was cooled, filtered, and the octane
      solvent evaporated. Infra-red analysis of the product showed complete
      conversion of the anhydride to the octyl ester of the corresponding
      lactone acid.
PAC  EXAMPLE IX
PAR  Using a procedure similar to that of Example I, 20 grams (0.068 mole) of
      n-tetradecenylsuccinic anhydride was dissolved in n-octane with warming
      and agitation, and 7.35 grams (0.072 mole or 6 percent excess) of n-hexyl
      alcohol were added, followed by 15 grams of sulfonic acid resin catalyst.
      The mixture was heated to reflux at 120.degree. to 125.degree.C. After 3
      1/2 hours, infrared spectra indicated no anhydride remaining. Heating was
      continued overnight; conversion was complete. The product was isolated by
      filtering off the catalyst and evaporating the n-octane.
PAC  EXAMPLE X
PAR  To a 250 ml flask equipped with an air-cooled Vigreux column and condenser,
      were charged 50 grams of lactone ester similar to that of Example II
      (prepared by reaction of the half methyl ester of n-tetradecenyl succinic
      acid with a sulfonic acid resin catalyst), and 100 cc of 6N hydrochloric
      acid. The reaction mixture was stirred and heat at reflux until 70 ml of
      distillate were collected. The residue was dissolved in chloroform, dried
      with anhydrous sodium sulfate, and the solvent evaporated. Infrared
      analysis of the product showed that the ester had been completely
      hydrolyzed to form the lactone acid.
PAR  In a suitable reactor, 33.5 g of the lactone acid and 9.0 g of sodium
      bicarbonate were heated and stirred with 80 ml of a 50/50 by weight
      t-butyl alcohol/H.sub.2 O mixture to form the corresponding sodium lactone
      carboxylate (by reaction with the carboxylic acid group). To the product
      were added 7.35 grams of ethanolamine and the mixture heated at reflux
      until all of the lactone was converted to the hydroxyamide
      ##EQU3##
      The solvent was then evaporated. A 1 percent solution of the product in
      distilled water was prepared. Copious suds were formed upon shaking this
      solution. When one volume of this solution was added to one volume of a
      calcium chloride solution (900 ppm hardness as calcium carbonate), no
      precipitate resulted and copious suds were again formed. Similar results
      were obtained with a magnesium sulfate solution (900 ppm hardness).
PAC  EVALUATION OF PRODUCTS
PAR  One of the characteristics of a detergent, particularly for lubricating
      oils, is its ability to pick up fine particulate matter, such as products
      of fuel combustion, from surfaces upon which they are deposited and
      maintain the suspension of these particles in the oil. The suspensoids can
      then be carried away from the operating mechanism as the oil is circulated
      through the system. In the following test, a lubricant composition is
      passed through a bed of nickel powder upon which carbon black has been
      deposited. The amount of carbon removed by the lubricant is measured. The
      greater the percent removal, the more effective is the lubricant in
      picking up and suspending carbon particles.
PAR  In a stainless steel cylindrical cell mounted in a constant temperature
      bath of 100.degree.C., one gram of nickel powder is formed in a porous bed
      on a 400-mesh screen. Carbon black is deposited on the screen by passing
      10 ml of a dispersion of 250 ppm of carbon black in white oil through the
      bed at one ml per minute followed by 5 ml of white oil alone. Then the
      test lubricant solution (5 ml) consisting of 5 percent by weight of a
      detergent additive in a refined paraffinic white oil (Nujol) is passed
      through at the rate of one ml per minute. The product of Example III is
      compared in this test with an alkenylsuccinimide prepared by reacting
      alkenylsuccinic anhydride, in which the alkenyl group has a formula weight
      of about 900, and tetraethylene pentamine. The same oil with no additive
      present was tested. Light transmission measurements of the test oil are
      made before and after the test; the percent of light transmission is
      proportional to the amount of carbon present (Beer-Lambert law). The
      following results were obtained:
TBL                  Carbon                                                    
     Test Oil Additive                                                         
                     Removed (%)                                               
     ______________________________________                                    
     None             0                                                        
     Alkenylsuccinimide                                                        
                     25                                                        
     Example III     54                                                        
     ______________________________________                                    
PAL  Preparation of the carbon black dispersion to prepare the bed initially
      involves mixing 12.5 mg of 0.18 micron diameter carbon black in 50 grams
      of white oil and subjecting the same to ultrasonic radiation at 80 kc/sec.
      for 15 minutes.
PAR  Using 5 percent by weight of ester in a typical lubricating oil for
      passenger car lubrication as a base test medium, the esters of this
      invention performed in the carbon removal test with the following results:
TBL                   Carbon                                                   
     Test Oil Additive                                                         
                      Removed (%)                                              
     ______________________________________                                    
     None             12                                                       
     Example I Product                                                         
                      31                                                       
     Example V Product                                                         
                      27                                                       
     Example VI Product                                                        
                       30.                                                     
     ______________________________________                                    
PAL  The oil composition used in this test (Oil A) consists of a mid-continent,
      solvent-refined oil of 360 SUS at 100.degree.F., which contains an
      acrylate polymer additive, and 3% by weight of three metal salts, a zinc
      (lower alkyl) phosphorodithioate, an overbased calcium phenate and,
      present as one-third of the three metal salts, an overbased calcium
      petroleum sulfonate. The composition contains about 0.2% calcium.
PAR  The methyl ester of Example I was tested in this test in a similar base oil
      (Oil B) as in the previous test (except 340 SUS at 100.degree.F.) in the
      presence of the above overbased calcium sulfonate (about 10% calcium) and
      of an overbased magnesium petroleum sulfonate (about 10% magnesium). The
      results are tabulated below (wherein "CaSO.sub.3 " and "MgSO.sub.3 " refer
      to the said overbased salts, respectively)
TBL  Ester         CaSO.sub.3      Carbon                                      
     Conc., %      Conc., %        Removed, %                                  
     ______________________________________                                    
     0             0                7                                          
     0             8               14                                          
     8             0               10                                          
     5             3               29                                          
                   MgSO.sub.3                                                  
                   Conc.,%                                                     
     ______________________________________                                    
     0             8                8                                          
     5             3               30                                          
     ______________________________________                                    
PAL  It is thus seen that the esters of this invention furnish dispersant
      properties to an oil formulation. Moreover, when the methyl ester is used
      in conjunction with a metal sulfonate, the combination displays higher
      dispersant characteristics than either component alone at the same total
      concentration.
PAR  The additives of this invention may also provide antioxidant properties to
      a lubricating oil or other industrial hydrocarbon fluid. The following
      test is used:
PAR  The test is conducted in an oxygen circulation apparatus of the type
      described by Dornte (Ind. Eng. Chem., 28, pages 26-30, 1936) modified so
      that the rate of oxygen absorption can be recorded automatically. In
      general, a tube containing an oil sample (30 g) and additive is placed in
      a heater thermostatted at 347.degree.F. (175.degree.C.). After thermal
      equilibrium is established, the sample tube is connected with a closed
      oxygen circulating system. Oxygen is circulated through a fritted glass
      disk near the bottom of the sample tube at a rate of 5 liters per hour.
      The smaller the amount of oxygen absorbed in a given period of time, the
      more stable the oil. In several examples, the time (t.sub.1.0) required
      for the absorption of one mole oxygen per kilogram of oil is used to
      compare oils. The larger the value of t.sub.1.0, the more stable the oil.
PAR  Sludge determinations were conducted by mixing the oxidized oil (30 grams)
      with 300 ml hexane, stirring overnight, and filtering through a medium
      frit glass filter (10 to 15 microns).
PAR  The concentration of additive in the test lubricant sample is 2 percent by
      weight in a solvent-refined mineral oil stock of 100 SS (at
      100.degree.F.).
PAR  The following results, using the same metal salts as in the previous carbon
      removal test, are:
TBL  Additive         Sludge, mg                                               
                                .sup.t 1.0, hours                              
     ______________________________________                                    
     Product of Example III                                                    
                      15        38.2                                           
     Alkenylsuccinimide                                                        
                      44        34.0                                           
     ______________________________________                                    
PAR  Thus the method of preparing lactone acid esters as described in this
      invention are useful in providing intermediates for making lactone or
      lactam amides or metal or amine soaps. Reaction of a hydrolyzed low
      molecular weight lactone ester (R" is hydrogen) with alkali metal
      carbonates, bicarbonates or hydrides followed by reaction with an
      alkanolamine provides excellent hard water surfactants. The method also
      provides novel esters having dispersant utility alone or in combination
      with metal sulfonates in organic fluids. This invention, being susceptible
      of many derivative aspects, is not limited by any particular description
      herein except as defined in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of producing a lactone ester comprising the step of mixing
      alkenylsuccinic anhydride, wherein the alkenyl group has from 14 to 190
      carbon atoms, with an organic compound having the formula R'"(XH).sub.p,
      wherein p is from 1 to 4, X is selected from the group consisting of
      oxygen sulfur and, R'" is alkyl having from 1 to 8 carbon atoms, in the
      presence of an acid-acting catalyst selected from the group consisting of
      a liquid acid selected from the group consisting of phosphoric,
      polyphosphoric, sulfonic, p-toluene sulfonic, phosphonic and hydrogen
      halide, a cation exchange resin, a crystalline aluminosilicate at least
      partially in the hydrogen form, and forming said lactone ester.
NUM  2.
PAR  2. The method of claim 1 wherein X is oxygen.
NUM  3.
PAR  3. The method of claim 1 wherein p is 1.
NUM  4.
PAR  4. The method of claim 1 wherein the organic compound is selected from the
      group consisting of methyl alcohol, hexyl alcohol, trimethylolpropane and
      octanethiol.
NUM  5.
PAR  5. The method of claim 1 wherein the acid-acting catalyst is a sulfonic
      acid-ion exchange resin.
NUM  6.
PAR  6. A compound prepared by the method of claim 1 wherein p is from 2 to 4.
NUM  7.
PAR  7. The compound of claim 6 wherein the organic compound is trimethylol
      propane.
NUM  8.
PAR  8. A compound prepared by the method of claim 1 wherein p is 1 and R'" is
      alkyl having at least 5 carbon atoms.
NUM  9.
PAR  9. The compound of claim 8 wherein the organic compound is hexyl alcohol.
NUM  10.
PAR  10. A compound prepared by the method of claim 1 wherein the alkenyl group
      is polyisobutenyl.
NUM  11.
PAR  11. The compound of claim 8 wherein the organic compound is octanethiol.
NUM  12.
PAR  12. The compound of claim 8 wherein the organic compound is octyl alcohol.
NUM  13.
PAR  13. The compound of claim 10 wherein the average number of carbon atoms of
      the polyisobutenyl is in the range of 64 to 190.
NUM  14.
PAR  14. The method of claim 1 wherein the acid acting catalyst is p-toluene
      sulfonic acid.
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ABST
PAL  The activity of a catalyst system comprising a salt of a noble metal of
      Group VIII of the Periodic Table, a salt of copper, an organic acid and an
      oxygen-containing gas which is utilized in the vinylation of aromatic
      compounds may be enhanced by effecting the reaction in the presence of a
      compound containing an active methylene group.
BSUM
PAR  This invention relates to a process for the vinylation of an aromatic
      compound in the presence of certain catalytic compositions of matter and a
      compound containing an active methylene group. More specifically the
      invention is concerned with effecting the vinylation of an aromatic
      compound in the presence of a catalyst system and a compound containing an
      active methylene group whereby the activity of the vinylation catalyst is
      greatly enhanced.
PAR  It is known in the prior art that aromatic compounds may be subjected to a
      vinylation reaction by treatment with an ethylenic compound in the
      presence of certain catalyst systems to obtain a vinylated aromatic
      compound. For example, phenol may be treated with an ethylenic compound
      such as methyl acrylate in the presence of a catalyst system comprising a
      mixture of a salt of a noble metal of Group VIII of the Periodic Table, a
      salt of a transition series metal, an oxygen-containing gas in a solvent
      medium which comprises an organic acid to prepare vinylated aromatic
      compounds such as coumarin. The vinylated aromatic compounds which are
      thus prepared comprise aromatic compounds containing a substituent which
      possesses an ethylenic linkage and thus will be useful in the chemical
      industry, and particularly the aroma industry. For example, methyl
      cinnamate which possesses a balsamic odor, may be prepared according to
      the vinylation process. Another compound which may be prepared by the
      vinylation process comprises .beta.-stearyl acetate which may be
      subsequently hydrogenated to form .beta.-phenylethyl acetate, this
      compound being thereafter hydrolyzed to form .beta.-phenylethanol which
      possesses an aroma of attar of rose. Another compound prepared by the
      hydrolysis of .beta.-stearyl acetate is phenylacetaldehyde, this compound
      adding flower aromas such as hyacinth, jonquil or narcissus notes to
      fragrance chemicals. In addition, another compound which may be prepared
      by the vinylation process is 2-(2-hydroxyphenyl)acrylic acid which may be
      converted to coumarin, said coumarin possessing a fragrant odor similar in
      nature to vanilla and which is used as a deodorizing and odor enhancing
      agent in perfumes, soaps, tobaccos, inks, rubber and other products where
      aromatic properties are required. Furthermore, coumarin itself may be
      prepared by, as hereinbefore set forth, treating phenol with methyl
      acrylate to form coumarin and/or o-methyl coumarate, the latter compound
      then being cyclized to form coumarin. The aforementioned vinylated
      aromatic compounds are useful in the preparation of fragrance or aroma
      compositions which are added to cosmetic and toiletry articles such as
      perfumes, colognes, soaps, talcs, bath powders, deodorants, after-shave
      lotions, etc., whereby the aforementioned compounds will possess desirable
      and pleasing scents.
PAR  As hereinafter set forth in greater detail, it will be shown that by
      effecting the vinylation reaction in the presence of certain compounds,
      the activity of the catalysts which are used in the reaction will be
      greatly enhanced, thereby permitting the obtention of greater yields of
      the desired vinylated aromatic compounds.
PAR  It is therefore an object of this invention to provide a process for
      preparing vinylated aromatic compounds.
PAR  A further object of this invention is to provide a process for obtaining
      improved yields of vinylated aromatic compounds by effecting the reaction
      of an aromatic compound with a compound containing an ethylenic linkage in
      a catalytic manner, the activity of the catalyst which is used in the
      process being increased by effecting the reaction in the presence of
      certain compounds containing an active methylene group.
PAR  In one aspect an embodiment of this invention resides in a process for the
      vinylation of an aromatic compound which comprises treating an aromatic
      compound with an olefinic compound at vinylation conditions in the
      presence of a catalyst system which comprises a salt of a noble metal of
      Group VIII, a salt of copper, an oxygen-containing gas and an organic acid
      and recovering the resultant vinylated aromatic compound, the improvement
      which comprises effecting said vinylation reaction in the presence of a
      compound containing an active methylene group.
PAR  A specific embodiment of this invention is found in a process for the
      vinylation of an aromatic compound which comprises treating phenol with
      methyl acrylate at a temperature in the range of from about ambient to
      about 250.degree. C. and a pressure in the range of from about atmospheric
      to about 500 atmospheres in the presence of a catalyst comprising
      palladium acetate, cupric acetate, propionic acid and air and also in the
      presence of 2,4-pentanedione.
PAR  Other objects and embodiments will be found in the following further
      detailed description of the present invention.
PAR  As hereinbefore set forth the present invention is concerned with an
      improvement in a process for the vinylation of an aromatic compound in
      which said aromatic compound is treated with a compound containing an
      ethylenic linkage at vinylation conditions in the presence of a catalyst
      system of a type hereinafter set forth in greater detail, the improvement
      which comprises also effecting the reaction in the presence of a compound
      containing an active methylene group.
PAR  Examples of organic compounds which may be reacted in the process will
      possess the generic formula:
      ##SPC1##
PAL  in which R is selected from the group consisting of hydrogen, hydroxyl,
      alkyl, alkoxyl, aryl, alkaryl, aralkyl, cycloalkyl and halogen (preferably
      chlorine) radicals and n is an integer of from 0 to about 2. Specific
      examples of these compounds will include benzene, toluene, ethylbenzene,
      n-propylbenzene, isopropylbenzene (cumene), n-butylbenzene,
      sec-butylbenzene, t-butylbenzene, n-amylbenzene, sec-amylbenzene, etc.,
      phenol, o-cresol, m-cresol, p-cresol, 2,3-dimethylphenol,
      2,4-dimethylphenol 2,5-dimethylphenol, 2,6-dimethylphenol,
      3,4-dimethylphenol, 3,5-dimethylphenol, 2-sec-butylphenol,
      3-sec-butylphenol, 4-sec-butylphenol, 2-tert-butylphenol,
      4-tert-butylphenol, 2-tert-butyl-4-methylphenol,
      2-tert-butyl-5-methylphenol, 4-tert-butyl-2-methylphenol, etc.,
      o-chlorophenol, m-chlorophenol, p-chlorophenol, 2-chloro-4-methylphenol,
      etc., 2-methoxyphenol, 4-methoxyphenol, etc., anisole, phenetole,
      propylphenylether, isopropylphenylether, butylphenylether, etc.,
      phenylbenzene, benzylbenzene, o-tolylbenzene, m-tolylbenzene,
      p-tolylbenzene, cyclohexylbenzene, cyclopentylbenzene, chlorobenzene,
      1-methylnaphthalene, 2-methylnaphthalene, 1,6-dimethylnaphthalene,
      1,2-diethylnaphthalene, 1-methoxynaphthalene, 2-methoxynaphthalene,
      1,6-methoxynaphthalene, 1,8-methoxynaphthalene, 1-ethoxynaphthalene,
      2-ethoxynaphthalene, 1-phenylnaphthalene, 2-phenylnaphthalene,
      1-benzylnaphthalene, 1-p-tolylnaphthalene, 2-p-tolylnaphthalene,
      1-o-tolylnaphthalene, 1-m-tolylnaphthalene, 1-benzylnaphthalene,
      2-benzylnaphthalene, 1-cyclopentylnaphthalene, 2-cyclohexylnaphthalene,
      1-chloronaphthalene, 2-chloronaphthalene, 1,6-dichloronaphthalene, the
      corresponding anthracenes, etc.
PAR  The aforementioned aromatic compounds are reacted with an ethylenic
      compound which possesses the generic formula:
      ##EQU1##
      in which X and Y are selected from the group consisting of hydrogen,
      alkyl,
      ##EQU2##
      and OR' radicals, R' being selected from the group consisting of hydrogen,
      alkyl, aryl, cycloalkyl, aralkyl, alkaryl radicals and n is an integer of
      from 0 to about 16. Some specific examples of these compounds which
      contain an ethylenic linkage will include methyl vinyl ketone, ethyl vinyl
      ketone, propyl vinyl ketone, butyl vinyl ketone, methyl propenyl ketone,
      ethyl propenyl ketone, propyl propenyl ketone, phenyl vinyl ketone, phenyl
      propenyl ketone, cyclopentyl vinyl ketone, cyclohexyl vinyl ketone,
      cyclopentyl propenyl ketone, cyclohexyl propenyl ketone, benzyl vinyl
      ketone, benzyl propenyl ketone, o-tolyl vinyl ketone, m-tolyl vinyl
      ketone, p-tolyl vinyl ketone, o-tolyl propenyl ketone, m-tolyl propenyl
      ketone, p-tolyl propenyl ketone, acrolein, acrylic acid, allyl acetate,
      isobutenyl acetate, isobutenyl propionate, methallyl acetate, methyl
      acrylate, ethyl acrylate, propyl acrylate, isopropyl acrylate, phenyl
      acrylate, benzyl acrylate, cyclopentyl acrylate, cyclohexyl acrylate
      o-tolyl acrylate, m-tolyl acrylate, p-tolyl acrylate, methyl methacrylate,
      ethyl methacrylate, propyl methacrylate, isopropyl methacrylate, phenyl
      methacrylate, benzyl methacrylate, cyclopentyl methacrylate, cyclohexyl
      methacrylate, o-tolyl methacrylate, m-tolyl methacrylate, p-tolyl
      methacrylate, acrylonitrile, vinyl acetate, vinyl propionate, vinyl
      benzoate, vinyl cyclohexane, acrylamide, N-methacrylamide,
      N-ethylacrylamide, N-propylacrylamide, N-isopropylacrylamide,
      N-phenylacrylamide, N-benzylacrylamide, N-o-tolylacrylamide,
      N-p-tolylacrylamide, N-cyclopentylacrylamide, N-cyclohexylacrylamide,
      N,N-dimethylacrylamide, N,N-diethylacrylamide, N,N-dipropylacrylamide,
      N,N-diisopropylacrylamide, N,N-diphenylacrylamide, N,N-dibenzylacrylamide,
      N,N-di-o-tolylacrylamide, N,N-di-m-tolylacrylamide,
      N,N-di-p-tolylacrylamide, N,N-dicyclohexylacrylamide,
      N,N-dicylopentylacrylamide, etc. It is to be understood that the
      aforementioned aromatic compounds and compounds containing an ethylenic
      linkage are only representative of the class of compounds which may be
      utilized as starting materials, and that the present invention is not
      necessarily limited thereto.
PAR  The reaction between the aromatic compound and the ethylenic compound of
      the type hereinbefore set forth in greater detail is effected in the
      presence of a catalyst. In the preferred embodiment of the invention the
      catalyst will comprise a system consisting of a salt of a noble metal of
      Group VIII of the Periodic Table, a salt of a transition series metal, and
      preferably copper, an oxygen-containing gas such as oxygen or air and a
      solvent comprising an organic acid. It is also contemplated within the
      scope of this invention that other catalysts may also be employed in place
      of the catalyst system, although not necessarily with equivalent results.
      Examples of these other catalysts which may be employed will include an
      organic salt of a metal of Group VIII of the Periodic Table or a catalyst
      system consisting essentially of a metal of Group VIII of the Periodic
      Table, a transition series metal and an oxygen-containing gas. In the
      preferred catalyst system of the present invention, the salts of a noble
      metal of Group VIII of the Periodic Table will preferably comprise
      carboxylates or acetylacetonates of these metals. Specific examples of
      these Group VIII metal salts will include the carboxylates such as
      palladium acetate, palladium propionate, palladium butyrate, palladium
      valerate, palladium caproate, platinum acetate, platinum propionate,
      platinum butyrate, platinum valerate, platinum caproate, rhodium acetate,
      rhodium propionate, rhodium butyrate, rhodium valerate, rhodium caproate,
      ruthenium acetate, ruthenium propionate, ruthenium butyrate, ruthenium
      valerate, ruthenium caproate, osmium acetate, osmium propionate, osmium
      butyrate, osmium valerate, osmium caproate, iridium acetate, iridium
      propionate, iridium butyrate, iridium valerate, iridium caproate, nickel
      acetate, nickel propionate, nickel butyrate, palladium acetylacetonate,
      platinum acetylacetonate, rhodium acetylacetonate, ruthenium
      acetylacetonate, osmium acetylacetonate, iridium acetylacetonate, etc.
      Some specific examples of the salts of copper which may be employed as the
      second component of the catalyst system will also include the carboxylates
      and acetylacetonates such as copper acetate, copper propionate, copper
      butyrate, copper valerate, copper acetylacetonate, etc. As was
      hereinbefore set forth, the third component of the catalyst system will
      contain an oxygen-containing gas such as oxygen or air, the latter being
      preferred due to the readily greater availability and negligible cost
      therefor.
PAR  The vinylation reaction is effected in the presence of a solvent which
      comprises an organic acid, examples of said acids being acetic acid,
      propionic acid, butyric acid, valeric acid, isobutyric acid, isovaleric
      acid, caproic acid, oenanthylic acid, caprylic acid, pelargonic acid,
      capric acid, etc. Again, in the preferred embodiment of the invention, the
      acid solvent which is used will be acetic acid or propionic acid due to
      the greater availability and lower cost thereof.
PAR  The reaction conditions under which the process of this invention is
      effected will include temperatures ranging from ambient (about 20.degree.
      to 25.degree. C.) up to about 250.degree. C. or more. In addition the
      reaction pressure at which the aromatic compound is reacted with the
      ethylenic compound will range from about atmospheric up to about 500
      atmospheres or more, the superatmospheric pressures usually being supplied
      by the introduction of the oxygen-containing gas into the reaction vessel.
      However, it is also contemplated within the scope of this invention that
      the oxygen-containing gas may afford only a partial pressure of the total
      desired reaction pressure, the remainder of said pressure being provided
      for by the introduction of a substantially inert gas such as nitrogen into
      the reaction zone.
PAR  As will be hereinafter set forth in greater detail in the examples at the
      end of the specification, we have now discovered that by effecting the
      reaction in the presence of a compound containing an active methylene
      group, the activity and efficiency of the catalyst system will be greatly
      enhanced thereby permitting a more rapid recovery of the desired product.
      The activity of the catalyst is maintained until all of the olefinic
      compound is consumed, which is in contrast to the behavior of a catalyst
      system in a reaction in which no compound containing an active methylene
      group is present, the activity of the catalyst system decreasing over an
      extended period of time without the total consumption of the olefinic
      compound.
PAR  Examples of compounds which possess active methylene groups which may be
      utilized to increase the catalytic activity of the catalyst system
      according to the process of the present invention will include such
      compounds as methyl acetoacetate, ethyl acetoacetate, n-propyl
      acetoacetate, isopropyl acetoacetate, n-butyl acetoacetate, amyl
      acetoacetate, hexyl acetoacetate, heptyl acetoacetate, etc., methyl
      propioacetate, ethyl propioacette, n-propyl propioacetate, isopropyl
      propioacetate, n-butyl propioacetate, amyl propioacetate, hexyl
      propioacetate, heptyl propioacetate, etc., methyl butyroacetate, ethyl
      butyroacetate, n-propyl butyroacetate, isopropyl butyroacetate, n-butyl
      butyroacetate, amyl butyroacetate, hexyl butyroacetate, heptyl
      butyroacetate, etc., dimethyl malonate, diethyl malonate, dipropyl
      malonate, dibutyl malonate, dipentyl malonate, etc.; .beta.-diketones
      possessing the generic formula:
      ##EQU3##
      in which R and R' comprise alkyl containing compounds from 1 to about 4
      carbon atoms and R" is selected from the group consisting of hydrogen,
      alkyl, cycloalkyl, aryl, alkaryl and aralkyl radicals such as
      2,4-pentanedione, 2,4-hexanedione, 2,4-heptanedione, 2,4-octanedione,
      3,5-heptanedione, 3,5-octanedione, 3,5-nonanedione, 4,6-nonanedione,
      3-methyl-2,4-pentanedione, 3-ethyl-2,4-pentanedione,
      3-cyclopentyl-2,4-pentanedione, 3-benzyl-2,4-pentanedione,
      3-p-tolyl-2,4-pentanedione, 3-methyl-2,4-hexanedione,
      3-cyclopentyl-2,4-hexanedione, 3-phenyl-2,4-hexanedione,
      4-ethyl-3,5-heptanedione, 4-p-tolyl-3,5-heptanedione,
      4-cyclohexyl-3,5-nonanedione, 4-propyl-3,5-nonanedione,
      1-phenyl-1,3-butanedione, 1,3-cyclopentanedione, 1,3-cyclohexanedione,
      1,3-cycloheptanedione, 1,3-cyclooctanedione, 2-acetylcyclopentanone,
      2-acetylcyclohexanone, etc.; benzyl ketones such as methyl benzyl ketone,
      ethyl benzyl ketone, propyl benzyl ketone, butyl benzyl ketone, etc. As in
      the case of the aromatic compounds and the ethylenic compounds, it is also
      understood that the aforementioned compounds containing an active
      methylene group are only representative of the class of compounds which
      may be used, and that the present invention is not necessarily limited
      thereto. The aforementioned compounds containing an active methylene group
      may be present in a range of from about 0.1:1 to about 10:1 moles of
      compound containing an active methylene group per mole of noble metal of
      Group VIII of the Periodic Table.
PAR  The process of this invention may be effected in any suitable manner and
      may be effected in either a batch or continuous type operation. For
      example when a batch type operation is used, a quantity of the aromatic
      compound and the compound containing an ethylenic or olefinic linkage is
      placed in an appropriate apparatus along with the particular catalyst
      system which is used. In addition, the compound containing an active
      methylene group is also added to the apparatus along with the organic acid
      solvent. This apparatus may, in the preferred embodiment of the invention,
      comprise an autoclave of the rotating or mixing type. The autoclave is
      then sealed and the oxygen-containing gas is charged thereto until the
      desired operating pressure has been reached. Thereafter the apparatus is
      then heated to the desired operating temperature and maintained at the
      predetermined conditions of temperature and pressure for a residence time
      which may range from about 0.5 up to about 40 hours or more in duration.
      At the end of this period, heating is discontinued and the apparatus and
      contents thereof are allowed to return to room temperature. Thereafter any
      excess pressure, if any, is discharged and the autoclave is opened. The
      reaction mixture is recovered therefrom and then subjected to conventional
      means of separation and purification, said means including filtration to
      separate any solid catalyst followed by washing with water, drying over
      sodium sulfate, evaporation, fractional crystallization, fractional
      distillation, etc. whereby the desired product comprising a vinylated
      aromatic compound is recovered. By utilizing the added feature of
      effecting the reaction in the presence of a compound containing an active
      methylene group, it will be possible to considerably shorten the residence
      time during which the vinylation reaction takes place, said shortened
      residence time being accompanied by a complete consumption of the olefinic
      charge stock.
PAR  It is also contemplated within the scope of this invention that the
      vinylation process may be effected in a continuous manner of operation.
      When such a type of operation is used, a quantity of the aromatic compound
      and the ethylenic compound are continuously charged to a reactor which
      contains the particular catalyst system and the compound containing an
      active methylene group, said reactor being maintained at the desired
      operating conditions of temperature and pressure. In addition, the
      oxygen-containing gas and the organic acid solvent are continuously
      charged to the reactor through separate lines or, if so desired, one or
      both of the reactants may be admixed with the solvent prior to entry into
      said reactor and the resulting mixture charged thereto in a single stream.
      Upon completion of the desired residence time, the reactor effluent is
      continuously withdrawn from the reactor and subjected to separation and
      purification processes similar in nature to those set forth above. In
      these separation and purification processes the desired vinylated aromatic
      compound is separated from any unreacted aromatic compound, unreacted
      ethylenic compound, solvent and undesired isomers. The unreacted starting
      material and solvent may be recycled to form a portion of the feed stock.
      When utilizing a solid catalyst system, it is possible to effect the
      continuous manner of operation in various ways. For example, one such
      method is to utilize the catalyst as a fixed bed in the reactor and pass
      the reactants through said catalyst bed in either an upward or downward
      flow. Another method of effecting the reaction is to utilize the solid
      catalyst system in a moving bed type operation whereby the reactants in
      the solvent medium in the presence of the compound containing an active
      methylene group are passed through the reaction zone either concurrently
      or countercurrently to each other, while yet another method is the slurry
      type operation in which the catalyst is carried into the reaction zone as
      a slurry in one or both of the reactants.
PAR  Examples of compounds which have been prepared according to the process of
      this invention will include coumarin, 2-phenylvinyl acetate, 2-phenylvinyl
      propionate, 2-phenylvinyl butyrate, 2-phenylvinyl valerate,
      2-(2-hydroxyphenyl)vinyl acetate, 2-(2-methoxyphenyl)vinyl acetate,
      2-methyl-3-phenylacrylic acid methyl ester,
      2-methyl-3-(2-hydroxyphenyl)-acrylic acid methyl ester,
      2-methyl-3-(2-methoxyphenyl)acrylic acid methyl ester, 3-(phenyl)acrylic
      acid, 3-(2-hydroxyphenyl)acrylic acid, 3-(2-methoxyphenyl)acrylic acid,
      3-(2-chlorophenyl)acrylic acid, 3-(2-bromophenyl)acrylic acid, etc.
DETD
PAR  The following examples are given to illustrate the process of the present
      invention which, however, are not intended to limit the generally broad
      scope of the present invention in strict accordance therewith.
PAC  EXAMPLE I
PAR  In this example 282 grams (3.0 mole) of phenol, 104 grams (1.2 mole) of
      methyl acrylate along with 2.8 grams (0.012 mole) of palladium acetate,
      4.8 grams (0.024 mole) of cupric acetate monohydrate and 6 grams of Celite
      were placed in a solvent mixture comprising 65 grams of propionic acid and
      65 grams of cyclohexane. The reaction mixture was charged to a 1-liter
      stainless steel, stirred autoclave which was then sealed. The autoclave
      was then pressured with 250 pounds per square inch with air, the autoclave
      was heated to a temperature of 90.degree. C. and maintained thereat as air
      was passed through the system at a rate of about 1 standard cubic foot per
      hour. At the end of the vinylation period, the air was replaced with
      nitrogen and the temperature was increased to 130.degree. C. for a period
      of 1 hour to cause a precipitation of the palladium metal. The catalyst
      which was very active during the first hour of the reaction, rapidly
      deactivated and it took a period of 9 hours to reach a 90% conversion of
      the methyl acrylate. Qualitative gas-liquid chromatography indicated that
      at a 70% methyl acrylate conversion there was a 41% selectivity to
      o-methyl coumarate and coumarin in which the ratio of o-methyl coumarate
      to coumarin was 0.7:1, while the ratio of o-methyl coumarate to p-methyl
      coumarate was 2.3:1.
PAC  EXAMPLE II
PAR  In this example the above experiment was repeated using identical
      proportions of reactants, solvent and catalyst, the only difference being
      that 48 millimoles of 2,4-pentanedione was added to the reaction mixture.
      The autoclave was again sealed, pressured with 250 pounds per square inch
      of air and heated to a temperature of 90.degree. C. as air was passed
      through the system at a rate of about 1 standard cubic foot per hour. The
      addition of the 2,4-pentanedione disclosed that, in contradistinction to
      the above experiment, the reaction rate increased after a period of 2
      hours and the reaction continued at the increased rate until all of the
      methyl acrylate had reacted after a period of 5 hours. Preparative
      gas-liquid chromatography disclosed that at 70% methyl acrylate
      conversion, there was a 47% selectivity to o-methyl coumarate and
      coumarin, the ratio of o-methyl coumarate to coumarin was 0.8:1 while the
      ratio of o-methyl coumarate to p-methyl coumarate was 3.2:1. It is to be
      noted that in addition to the shorter reaction time in which the methyl
      acrylate was converted, there was also a higher ratio of o-methyl
      coumarate to p-methyl coumarate. This is a desirable feature of the
      reaction inasmuch as the o-methyl coumarate can be cyclized and converted
      to coumarin while the p-methyl coumarate cannot and thus constitutes an
      unwanted side product in the reaction.
PAC  EXAMPLE III
PAR  In this example 324 grams (3.0 mole) of o-cresol, 104 grams (1.2 mole) of
      methyl acrylate, 0.012 mole of palladium acetylacetonate, 0.024 mole of
      cupric acetate and 6 grams of Celite are placed in a solvent mixture
      comprising 65 grams of acetic acid and 65 grams of cyclohexane. The
      reaction mixture is then charged to a 1-liter stainless steel autoclave
      which is sealed and air is pressed in until an initial operating pressure
      of 250 pounds per square inch is reached. The autoclave is then heated to
      a temperature of 110.degree. C. and maintained thereat as air was passed
      through the system at a rate of about 1 standard cubic foot per hour for a
      period of time until all of the methyl acrylate is consumed.
PAR  The above experiment is repeated utilizing the same amounts of reactants,
      catalyst and solvent, there being added to said reaction mixture 50
      millimoles of methyl acetoacetate. When the autoclave is pressured by
      charging air thereto and heated to a temperature of 100.degree. C., it
      will be found that the reaction time during which the methyl acrylate is
      consumed will be considerably shorter than the reaction time needed to
      effect the reaction of paragraph one whereby the desired product
      comprising 8-methylcoumarin is obtained.
PAC  EXAMPLE IV
PAR  To a stainless steel autoclave is added a mixture of 234 grams (3.0 mole)
      of benzene, 120 grams (1.2 mole) of allyl acetate, 0.012 mole of palladium
      acetylacetonate, 0.024 moles of cupric acetate monohydrate, 6 grams of
      Celite along with a solvent system comprising 130 grams of acetic acid. In
      addition 50 millimoles of dimethyl malonate is also placed in the reactor
      which is thereafter sealed and pressed with air until a pressure of 300
      pounds per square inch is reached. The autoclave is then heated to a
      temperature of 100.degree. C. and maintained thereat as air was passed
      through the system at a rate of about 1 standard cubic foot per hour until
      the allyl acetate is consumed. Following this the autoclave is purged with
      nitrogen and heated to a temperature of 130.degree. C. for an additional
      hour in order to precipitate the palladium. Recovery of the product and
      analysis by means of gas-liquid chromatography will disclose the presence
      of the desired product comprising cinnamyl acetate with a complete
      consumption of the allyl acetate.
PAR  When the above experiment is repeated omitting the dimethyl malonate, it
      will be found that a considerably longer reaction time is required in
      order to consume the allyl acetate and obtained the desired cinnamyl
      acetate in desirable yields.
PAC  EXAMPLE V
PAR  In this experiment 234 grams (3.0 moles) of benzene, 103 grams (1.2 moles)
      of vinyl acetate along with 0.012 mole of platinum acetylacetonate, 0.024
      mole of cupric propionate, 6 grams of Celite and a solvent comprising 130
      grams of propionic acid is placed in an autoclave along with 50 millimoles
      of 2,4-hexanedione. The autoclave is sealed and pressed with 250 pounds
      per square inch with air, after which the autoclave is heated to a
      temperature of 100.degree. C. and maintained thereat as air was passed
      through the system at a rate of about 1 standard cubic foot per hour.
      After a predetermined residence time has elapsed, the air is purged from
      the autoclave by passage of nitrogen therethrough following which the
      autoclave is heated to a temperature of 130.degree. C. in order to
      precipitate the platinum. The autoclave is then cooled, the excess
      pressure is discharged and the reaction mixture is recovered therefrom.
      Analysis by means of gas-liquid chromatography will establish the fact
      that the vinyl acetate has been consumed with a desirable yield of
      2-phenylvinyl acetate being obtained therefrom.
PAR  In contradistinction to the results obtained in the above paragraph, when
      the experiment is repeated utilizing similar quantities of reactants,
      catalyst and solvent but omitting the presence of the 2,4-hexanedione, it
      will be found that a considerably longer reaction time is required in
      order to obtain similar results.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In a process for the preparation of a coumarin which comprises reacting
      a hydroxy substituted aromatic compound possessing the generic formula:
      ##SPC2##
PAL  in which R is selected from the group consisting of hydrogen, hydroxyl,
      alkyl, alkoxyl, aryl, alkaryl, aralkyl, cycloalkyl and halogen radicals
      and n is an integer of from 0 to about 2 with an ethylenic compound which
      possesses the generic formula:
      ##EQU4##
      in which X and Y are selected from the group consisting of hydrogen,
      alkyl,
      ##EQU5##
      and OR' radicals, R' being selected from the group consisting of hydrogen,
      alkyl, aryl, cycloalkyl, aralkyl, alkaryl radicals and n is an integer of
      from 0 to about 16 at a temperature in the range of from about ambient to
      about 250.degree. C. and a pressure in the range of from atmospheric to
      about 500 atmospheres in the presence of a catalyst system comprising an
      acetylacetonate or carboxylate salt of copper or a noble metal of Group
      VIII of the Periodic Table, oxygen, and organic acid and recovering the
      resultant coumarin compound, the improvement which comprises effecting
      said vinylation reaction in the presence of a compound containing an
      active methylene group selected from the group consisting of lower alkyl
      acetoacetate; lower alkyl propioacetate; lower alkyl butyroacetate;
      diloweralkyl malonate: .beta.-diketones possessing the generic formula:
      ##EQU6##
      in which R and R' comprise alkyl containing compounds from 1 to about 4
      carbon atoms and R' ' is selected from the group consisting of hydrogen,
      alkyl, cycloalkyl, aryl, alkaryl and aralkyl radicals and benzyl ketones
      present in a range of from about 0.1:1 to about 10:1 moles of said active
      methylene group-containing compound per mole of noble metal of Group VIII
      of the Periodic Table or copper.
NUM  2.
PAR  2. The process as set forth in claim 1 in which said compound containing an
      active methylene group is methyl acetoacetate.
NUM  3.
PAR  3. The process as set forth in claim 1 in which said compound containing an
      active methylene group is dimethyl malonate.
NUM  4.
PAR  4. The process as set forth in claim 1 in which said compound containing an
      active methylene group is a .beta.-diketone.
NUM  5.
PAR  5. The process as set forth in claim 4 in which said .beta.-diketone is
      2,4-pentanedione.
NUM  6.
PAR  6. The process as set forth in claim 4 in which said .beta.-diketone is
      2,4-hexanedione.
NUM  7.
PAR  7. The process as set forth in claim 4 in which said .beta.-diketone is
      3-methyl-2,4-pentanedione.
NUM  8.
PAR  8. The process as set forth in claim 1 in which said aromatic compound is
      phenol, said olefinic compound is methyl acrylate and said vinylated
      aromatic compound is coumarin.
NUM  9.
PAR  9. The process as set forth in claim 1 in which said aromatic compound is
      o-cresol, said olefinic compound is methyl acrylate and said vinylated
      aromatic compound is 8-methylcoumarin.
NUM  10.
PAR  10. The process as set forth in claim 1 in which said catalyst system
      comprises palladium acetate, cupric acetate, acetic acid and air.
NUM  11.
PAR  11. The process as set forth in claim 1 in which said catalyst system
      comprises palladium acetylacetonate, cupric acetate, acetic acid and air.
NUM  12.
PAR  12. The process as set forth in claim 1 in which said catalyst system
      comprises platinum acetylacetonate, cupric propionate, propionic acid and
      air.
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ABST
PAL  Ethers of open chain terpenoid compounds and their monoepoxides were
      synthesized and found to mimic the juvenile hormones of insects and to be
      extremely effective as insect control agents.
GOVT
PAR  A non-exclusive, irrevocable, royalty-free license in the invention herein
      described throughout the world for all purposes of the United States
      Government, with the power to grant sublicenses for such purposes, is
      hereby granted to the Government of the United States of America.
PARN
PAR  This is a division of PC-5806 application, Ser. No. 363,294, dated May 23,
      1973, which in turn is a division of PC-5339 application, Ser. No. 78,577,
      filed Oct. 6, 1970, now abandoned.
BSUM
PAR  This invention relates to insect control and more particularly to compounds
      and to the preparation of compounds that have high juvenile hormone
      activity and which are highly ovicidal to insect eggs.
PAR  There is considerable concern throughout the world about the persistence of
      many insecticides and insecticide residues in our environment and the
      potential hazard that these materials represent to human populations. In
      addition, many species of insect pests have become resistant or immune to
      many of the insecticides on the market. Thus, more selective chemicals are
      required which will not pose a threat to human populations and to which
      the insects will not develop resistance.
PAR  The compounds of the present invention should be suitable replacements for
      the insecticides now being used to control stored product insects and many
      social pests such as fireants and termites. In addition, it may be
      feasible to use these compounds in field applications to control a wide
      variety of insects, the toxicity of the compounds to vertebrates should be
      insignificant, and the cost to produce them commercially should be very
      competitive with that of well known insecticides.
PAR  One object of this invention is to provide a means for achieving selective,
      safe, economical control of insect pests.
PAR  Another object is to provide chemical compounds that prevent insect
      maturation when applied topically, when fed to insects or when applied in
      a vapor state as a fumigant, to an insect in an immature stage of growth.
PAR  A further object of this invention is to provide compounds that adversely
      affect the biological function of insects, particularly their ability to
      mature to an adult stage.
PAR  In general, according to the present invention the terpenoid ethers and
      their corresponding epoxides are synthesized and found to prevent insect
      maturation when applied to immature stages of several species of insects
      by topical application, by feeding or by fumigation (exposure to vapor).
      Thus an immature insect exposed to these compounds is unable to
      metamorphose into a normal adult. Topical application of as little as 10.0
      nanograms (0.01 .mu. g) of the more active compounds in this series is
      sufficient to prevent metamorphosis. The insect which emerges from the
      treated pupa retains immature genitalia which preclude copulation and
      reproduction. The insects die shortly after molting to this adultoid
      condition. Also, when used as a vapor or as a dip treatment for eggs the
      compounds drastically reduce egg hatch.
PAR  The compounds of this invention having the following general formula.
      ##EQU1##
      wherein Y is
      ##EQU2##
      R is a straight chain alkyl containing from 1-2 carbon atoms such as
      CH.sub.3 --, CH.sub.3 CH.sub.2 --,
PA1  x is a number from 1 to 2, and
PA1  Z is one of the following groups:
EQU  --CH.sub.2 Ch.sub.2 --O(CH.sub.2).sub.n CH.sub.3
PAL  in which n is 0-3;
      ##EQU3##
      in which n is 0-1;
      ##EQU4##
      in which n is 0-3.
PAR  The terpenoid portions of the compounds were prepared in part by the Marc
      Julia synthesis [Bull. Soc. Chem. France 1072, (1960)] as outlined below.
      ##EQU5##
      Oxidation was performed with chromic acid solution in acetone [J. Chem.
      Soc. 2548(1953)]
      ##EQU6##
      The vinyl alcohols are prepared by the grignard reaction with vinyl
      magnesium bromide (or chloride) in tetrahydrofuran.
      ##EQU7##
      The vinyl alcohols were converted to the allylic bromides by treatment
      with hydrogen bromide in aqueous or acetic acid solution. Thus, an aliquot
      of the vinyl alcohol was added dropwise to a rapidly stirred ice cold
      aqueous or acetic acid solution containing 2 molar equivalents of hydrogen
      bromide. When addition was complete, stirring was continued for 20 minutes
      and then the reaction mixture was poured into an excess of ice cold 5%
      sodium carbonate solution, extracted with diethyl ether and washed to
      neutrality with water. After drying the ethereal extracts over sodium
      sulfate and removal of the solvent in vacuo, the allylic bromides were
      obtained in nearly quantitative yield.
      ##EQU8##
PAR  Another series of compounds in which the terpenoid carbon chain was one
      carbon longer were prepared in a similar manner except that the bromides
      were prepared by a continuation of the Julia synthesis as follows:
      ##EQU9##
      Compounds of the general formula
      ##EQU10##
      R is a straight chain alkyl containing from 1 to 2 carbon atoms such as
      CH.sub.3 --, CH.sub.3 CH.sub.2 --;
PA1  x is a number from 1 to 2; and
PA1  A is -- CH.sub.2 CH.sub.2 -- O(CH.sub.2).sub.n CH.sub.3
      ##EQU11##
      in which n is 0 to 3; were synthesized by coupling the foregoing bromides
      with the respective alcohols of A to form the corresponding ethers by
      refluxing the bromides or stirring at room temperature for several hours
      with a slight molar excess of the alcohols and a base such as powdered
      potassium hydroxide or potassium teritary butoxide in an anhydrous solvent
      such as diethyl ether, dimethoxyethane or dimethyl formamide.
      Alternatively, the reactants were sealed in a small reaction bomb and
      place in an oven at 150.degree.C for 2-4 hours.
PAR  The reaction mixture was then diluted with water and extracted several
      times with hexane. The hexane extracts were combined and washed to
      neutrality with water. The hexane portion was dried over sodium sulfate
      and the solvent removed in vacuo to yield the crude ethers.
      ##EQU12##
      The crude ethers obtained from the foregoing reactions were purified by
      chromatography over florisil. The crude material was put on a florisil
      column (30 gm florisil/gm crude material) in hexane and eluted stepwise
      with increasing concentrations of diethyl ether in hexane. Purity was
      determined by gas-liquid chromatography and infra-red spectroscopy to be
      greater than 99%.
PAR  Compounds of the general formula
      ##EQU13##
      R is a straight chain alkyl containg from 1-2 carbon atoms such as
      CH.sub.3 --, CH.sub.3 CH.sub.2 --;
PA1  x is a number from 1 to 2; and
      ##EQU14##
      in whichn is 0 to 1 were prepared from the terpenoid alcohols. The allylic
      terpenoid alcohols were prepared from their corresponding vinyl analogs by
      chromic acid oxidation [J. Chem. Soc. 2548 (1953)] to the conjugated
      aldehyde, followed by reduction to the primary alcohol with a metal
      hydride such as sodium borohydride in methanol, or lithium aluminum
      hydride in ether.
      ##EQU15##
      The primary halides of E, (Br CH.sub.2 COO(CH.sub.2).sub.n CH.sub.3, or
      ##EQU16##
      were coupled with the terpenoid alcohols under basic conditions in a
      reaction bomb, under reflux, or by stirring at room temperature for an
      extended period of time.
      ##EQU17##
      The crude ethers were purified by chromatography over florisil as
      previously described. Purity was determined by gas-liquid chromatography
      and infra-red spectroscopy to be greater than 99%. Compounds of the
      general structure
      ##EQU18##
      R=Straight chain alkyl containing from 1-2 carbon atoms such as CH.sub.3
      --, CH.sub.3 CH.sub.2 --;
PA1  x is a number from 1 to 2; and
PA1  n is a number from 0 to 3
PAL  were prepared by stirring the terpenoid alcohols for 2 hours at room
      temperature with the appropriate vinyl ether in the presence of a
      catalytic amount of hydrochloric acid.
      ##EQU19##
      The reaction was complete in 1 hour and the reaction mixture was extracted
      with diethyl ether and washed successively with 5% aqueous sodium
      carbonate and water. The ethereal extract was dried over anhydrous sodium
      sulfate. The crude product was isolated by evaporation of the solvent in
      vacuo.
PAR  The desired compounds were purified by column chromatography over florisil
      as previously described. Purity was determined by gas-lipid chromatography
      and infrared spectroscopy to be greater than 99%.
PAR  All of the ethers prepared by the foregoing syntheses were then epoxidized
      by stirring them in an organic solvent such as benzene, chloroform or
      methylene chloride during the addition of a slight molar excess of an
      epoxidizing agent such as m-chloro perbenzoic acid.
PAR  Epoxidation occurred selectively at the terminal double bond within a few
      minutes to 1 hour. The reaction mixture was washed with 5% sodium
      carbonate and then with water to neutrality, and dried over sodium
      sulfate. Solvent was removed in vacuo.
PAR  The epoxides were purified by chromatography over florisil as previously
      described.
PAR  Purity was ascertained by gas-liquid chromatography and infrared
      spectroscopy to be greater than 99%.
PAR  The compounds and their epoxides prepared by the above procedures are shown
      in Table I.
PAR  Although the general procedures just described are undoubtedly adequate for
      those skilled in the art, the following examples further illustrate the
      preparation of compounds within the scope of each of the general
      structures shown above.
PAR  Synthesis of Compound 49 in Table I
      ##SPC1##
PAL  In a 500 ml. boiling flask, 10.8 g. ethylene glycol butyl ether, was
      combined with 10.2 g. potassium tert-butoxide and 10 g. geranyl bromide in
      100 ml. dimethoxyethane. The reaction mixture was stirred at room
      temperature for 16 hrs. and then poured into 200 ml. of hexane and washed
      2X with water and 1X with saturated aqueous sodium chloride solution. The
      organic layer was dried over anhydrous sodium sulfate and the hexane
      removed in vacuo. 13.6 g. of crude compound was recovered and found to be
      suitable for the subsequent epoxidation.
PAR  Epoxidation of Compound 49 in Table I
      ##SPC2##
PAL  Dissolved 4 g. of the Compound 49 in 50 ml. CH.sub.2 Cl.sub.2 and with
      stirring added 3.2 g. m-chloroperbenzoic acid in aliquots. Stirred 30 min.
      and then made the solution basic with 10% aqueous sodium carbonate.
      Stripped off the solvent in vacuo. Residue was dissolved in diethyl ether
      and washed in a separatory funnel with 10% sodium carbonate 2X, and water
      2X. Dried organic layer over anhydrous sodium sulfate. Stripped off
      solvent in vacuo. Crude epoxide yield was 3.8 gm. Fractionation of the
      crude epoxide over 60 gm. of florisil by stepwise elution with increasing
      concentrations of diethyl ether in hexane gave 3.0 g. pure epoxide.
      (Compound No. 57)
PAR  Synthesis of Compound 65 in Table II
      ##SPC3##
PAL  Combined 10 gm. glycerol acetonide and 5.4 gm. potassium tertbutoxide in 50
      ml. dimethoxyethane and stirred for 20 min. Added 8.2 g. geranyl bromide
      and continued stirring at room temperature for 16 hrs. Filtered, stripped
      off dimethoxyethane, dissolved residue in diethyl ether and washed with
      water in a separatory funnel 3X. Dried organic layer over anhydrous sodium
      sulfate and stripped off solvent in ether. Crude ether Compound 65 yield
      was 6.7 gm. 3 gm. of Compound 65 was fractionated by column chromatography
      over 70 gm. of florisil. Stepwise elution with increasing concentrations
      of diethyl ether in hexane gave 1.9 g. of pure Compound 65.
PAR  Epoxidation of Compound 65 in Table II
      ##SPC4##
PAL  Dissolved 1.3 g. of Compound 65 in 30 ml. CH.sub.2 Cl .sub.2 and added in
      aliquots 1.0 gm. of m-Chloroperbenzoic acid. Reaction stirred 30 min.
      Solution made basic with 10% aqueous sodium carbonate. Stripped off
      solvent in vacuo. Residue dissolved in diethyl ether and washed in a
      separatory funnel with 10% sodium carbonate 2X and with water 2X. Dried
      over anhydrous sodium sulfate. Crude epoxide, Compound 73, was 1.3 g. The
      crude epoxide was fractionated by column chromatography as specified for
      Compound 65. Yield of pure epoxide, Compound 73, was 950 mg. (Compound 73)
PAR  Synthesis of Compound 81 in Table I
      ##SPC5##
PAL  Stirred 5 gm geraniol with 3.5 gm. potassium tert-butoxide in 50 ml.
      dimethoxyethane for 30 minutes. Added to above 5.8 g. of methyl
      bromoacetate and stirred at room temperature for 16 hrs. Reaction mixture
      dissolved in 200 ml. diethyl ether and washed in a separatory funnel with
      water 3X. Organic layer dried over anhydrous sodium sulfate. Stripped off
      solvent in vacuo. Yield of crude Compound 81 was 7.3 gm. The crude ether
      was chromatographed on a column containing 150 gm. of florisil. Elution
      with increasing concentrations of diethyl ether in hexane gave a pure
      fraction containing 1.4 gm. of Compound 81.
PAR  Epoxidation of Compound 89 in Table I
      ##SPC6##
PAL  Dissolved 1 gm. of Compound 81 in 25 ml. of CHCl.sub.3 -Hexane (3-2)
      containing 0.4 gm. sodium bicarbonate with stirring in an ice bath. To
      this was added dropwise 1.0 gm. m-chloroperbenzoic acid in 25 ml. of
      CHCl.sub.3 -- Hexane (3-2). After addition, stirring in the ice bath was
      maintained for 15 min. Sodium sulfite was added to destroy any excess
      peracid. The reaction mixture was dissolved in about 200 ml. of diethyl
      ether and washed in a separatory funnel with 10% aqueous sodium carbonate
      2X and water 2X. Organic layer was dried over anhydrous sodium sulfate and
      the solvent stripped off in vacuo. Yield of crude Compound 89 was 1.26 gm.
      The crude Compound 89 was fractionated over 30 gm. of florisil as
      specified for Compound 81 and 770 mg. of pure Compound 89 was obtained.
      Analysis by gas-chromatography and infrared. (Compound 89)
PAR  Synthesis of Compound 113 in Table I
      ##SPC7##
PAL  Dissolved 5 g. geraniol in 50 ml. dimethoxyethane containing 3.5 g.
      potassium tert-butoxide with stirring for 30 min. Added 4.4 g.
      epibromohydrin and stirred at room temperature for 3 hrs. Filtered,
      dissolved in about 250 ml. diethyl ether and washed with water 3X in a
      separatory funnel. The organic layer was dried over anhydrous sodium
      sulfate and the solvent stripped off in vacuo. Yield of crude ether was
      7.6 gm. The crude ether was fractionated by column chromatography over 150
      gm. of florisil. Stepwise elution with increasing concentrations of either
      in hexane gave 2.24 gm. of pure Compound 113.
PAR  Epoxidation of Compound 113 in Table I
      ##SPC8##
PAL  Dissolved 2.24 g. of Compound 113 in 50 ml. CH.sub.2 C1.sub.2 and with
      stirring added 2.2 g. m-chloroperbenzoic acid in aliquots. Stirred an
      additional 30 min., made basic with 10% aqueous sodium carbonate,
      dissolved in 200 ml. diethyl ether and washed with 10% aqueous sodium
      carbonate 2X and with water 2X in a separatory funnel. Organic layer dried
      over anhydrous sodium sulfate. Yield of crude Compound 121 was 2.0 gm.
      Column chromatography of Compound 121 over 60 gm. florisil by stepwise
      elution with increasing concentrations of diethyl ether in hexane gave 713
      mg. of pure Compound 121. Analysis by gas-chromatography and infrared.
      (Compound 121)
PAR  Synthesis of Compound 145 in Table I
      ##SPC9##
PAL  Geraniol (10 gm.) in 25 ml. diethyl ether was added dropwise to 14 g. ethyl
      vinyl ether containing 1 drop of concentrated HCl. After addition,
      stirring was maintained for 2 hrs. in a warm water bath (ca.
      50.degree.C.). The reaction mixture was dissolved in 200 ml. of diethyl
      ether and washed in a separatory funnel with 5% aqueous sodium carbonate
      1X, and water 3X. The organic layer was dried over anhydrous sodium
      sulfate. The solvent was stripped off in vacuo. The crude acetal yield was
      14.5 gm. Filtration of 5 gm. of the acetal in hexane through a column
      containing 150 gm. of florisil gave a quantitative return of 5 gm. of pure
      acetal Compound 145. Purity ascertained by gas-chromatography and infrared
      analysis.
PAR  Epoxidation of Compound 145 in Table I
      ##SPC10##
PAL  To a stirred solution of 5 gm. of Compound 145 in 100 ml. hexane was added
      dropwise 4.94 gm. m-chloroperbenzoic acid dissolved in 100 ml. CH.sub.2
      Cl.sub.2. After addition, stirring was continued for 20 min. Excess
      peracid was destroyed with sodium sulfite. The reaction mixture was made
      basic with 5% aqueous potassium hydroxide and the solvent stripped off in
      vacuo. The residue was dissolved in diethyl ether and washed in a
      separatory funnel with 5% aqueous potassium hydroxide 1X and with water
      3X. Organic layer was dried over anhydrous sodium sulfate and the solvent
      stripped off in vacuo. Yield of crude Compound 153 was 5.0 gm.
      Fractionization of 5.0 gm. of Compound 153 by column chromatography over
      100 gm. of florisil by stepwise elution with increasing concentrations of
      diethyl ether in hexane gave 3.0 gm. of pure Compound 153. Analysis by
      gas-chromatography and infrared. (Compound 153).
PAR  The morphogenetic effects of some of the compounds in the Tenebrio
      genitalia assay (Life Sciences 4, 2323-31, 1965) are shown in Table II.
PAR  Topical application to Tenebrio pupae of as little as 10 nanograms (0.01
      .mu.g) of several compounds (i.e. 25, 26, 28, 57, 73) resulted in the
      retention of complete pupal genitalia after the ultimate molt toward the
      adult beetle. Topical application of 100 nanograms (0.1 .mu.g) resulted in
      the development of pupal-adult intermediates.
PAR  Topical application of somewhat greater amounts of compounds 76, 89, 121,
      153, were required to induce retention of pupal genitalia and/or produce
      pupal-adult intermediates in Tenebrio. In all cases the affected insects
      were unable to form normal adults and died during or shortly after their
      ultimate molt without significant feeding and without any reproduction.
PAR  Table III shows the effects of compounds 25, 26, 28, 57, 73, 81, 89, 153,
      on the Mexican bean beetle. Topical application of nanogram to microgram
      quantities of these compounds prevents normal adult development and the
      insects die during the ultimate molt. Topical treatment of Mexican bean
      beetle eggs with extremely dilute acetone solutions of these compounds
      caused severe reduction in egg hatch.
PAR  Table IV shows the morphogenetic effects of compounds 25, 26, 28, 57, 73,
      89, 121, 153, on Tenebrio after exposure of the pupae to the vapors of
      these compounds. These results exemplify the potential use of the
      compounds as fumigants.
      ##SPC11##
TBL                Table 11                                                    
     ______________________________________                                    
     Morphogenetic Effects of Representative Compounds in                      
     the Tenebrio Genitalia Assay                                              
     Compound                                                                  
             Micrograms of Compound Required to                                
     Number  Produce the Indicated Morphogenetic Effects                       
     in      Pupal-Adult                                                       
     Table I Intermediates.sup.1                                               
                             Pupal Genitalia.sup.2                             
     ______________________________________                                    
     25      0.1             0.01                                              
     26      0.1             0.01                                              
     28      0.1             0.01                                              
     57      0.1             0.01                                              
     73      0.1             0.01                                              
     76      1.0             0.1                                               
     89      100.0           1.0                                               
     121     100.0           1.0                                               
     153     100.0           10.0                                              
     ______________________________________                                    
      .sup.1 Pupal adult intermediates represent an intermediate in which the  
      insect molts to a monster with an essentially pupal abdomen and an       
      adultoid head and thorax.                                                
      .sup.2 Pupal genitalia refers to the effect in which the insect is nearly
      adult but retains immature genitalia.                                    
      Each of the above morphogentic effects causes the insect to die shortly  
      thereafter.                                                              
TBL                Table III                                                   
     ______________________________________                                    
     Reduction in Adult Emergence and Egg Hatch of Mexican                     
     Bean Beetle Epilachna varivestis                                          
     Compound                                                                  
             Micrograms of Compound                                            
                               PPM of Compound                                 
             Required to cause 90%                                             
                               Required to cause                               
     Number in                                                                 
             Reduction in adult                                                
                               90% Reduction in                                
     Table 1 Emergence.sup.1   Egg Hatch.sup.2                                 
     ______________________________________                                    
     25      0.1               1.0                                             
     26      0.1               10.0                                            
     28      0.01              1.0                                             
     57      0.1               100.0                                           
     73      0.1               10.0                                            
     81      10.0              100.0                                           
     89      100.0             100.0                                           
     153     0.1               1.0                                             
     ______________________________________                                    
      .sup.1 Topical treatment of 2-day old prepupae with an acetone .sup.3    
      solution of compound.                                                    
      .sup.2 Topical treatment by dipping egg masses in an acetone .sup.3      
      solution of compound.                                                    
      .sup.3 An acetone control conducted for each of the above treatments     
      showed that the solvent contributed nothing to the effect of the         
      compounds.                                                               
TBL                Table IV                                                    
     ______________________________________                                    
     Morphogentic Effects of Representative Compounds on                       
     Tenebrio pupae by Fumigation. -                                           
     Compound                                                                  
             Micrograms of Compound Required to                                
             Produce Pupal-Genitalia and Pupal-                                
     Number in                                                                 
             Adult intermediates by Vapor Exposure.sup.1                       
     Table I                                                                   
     ______________________________________                                    
     25      0.1 - 5.0                                                         
     26      0.1 - 5.0                                                         
     28      0.1 -- 5.0                                                        
     57      0.1 - 5.0                                                         
     73      0.1 - 5.0                                                         
     89      0.1 - 5.0                                                         
     121     1.0 -10.0                                                         
     153     1.0 -10.0                                                         
     ______________________________________                                    
      .sup.1 Compounds were spread over the lid of a 100 mm diameter petri dish
      in a small volume of acetone and after evaporation of the acetone the lid
      was placed over the bottom of the petri dish containing newly molted     
      Tenebrio pupae. The pupae were therefore exposed only to the vapors and  
      did not come in contact with the compound directly. The insects were left
      in the dish until they underwent the final molt toward the adult.   CM I 
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NUM  1.
PAR  1.  A compound of the general formula
      ##EQU20##
      wherein R and R' are selected from the group consisting of methyl and
      ethyl; x is a number from 1 to 2; and n is a number from 0 to 3.
NUM  2.
PAR  2. The compound of claim 1 in which R and R' are methyl, x is 1, and n is
      0.
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ABST
PAL  Ethers of open chain terpenoid compounds and their monoepoxides were
      synthesized and found to mimic the juvenile hormones of insects and to be
      extremely effective as insect control agents.
PARN
PAR  This a division of application, Ser. No. 363,294, dated May 23, 1973, which
      in turn is a division of application, Ser. No. 78,577, filed Oct. 5, 1969,
      now abandoned.
BSUM
PAR  This invention relates to insect control and more particularly to compounds
      and to the preparation of compounds that have high juvenile hormone
      activity and which are highly ovicidal to insect eggs.
PAR  There is considerable concern throughout the world about the persistence of
      many insecticides and insecticide residues in our environment and the
      potential hazard that these materials represent to human populations. In
      addition, many species of insect pests have become resistant or immune to
      many of the insecticides on the market. Thus, more selective chemicals are
      required which will not pose a threat to human populations and to which
      the insects will not develop resistance.
PAR  The compounds of the present invention should be suitable replacements for
      the insecticides now being used to control stored product insects and many
      social pests such as fireants and termites. In addition, it may be
      feasible to use these compounds in field applications to control a wide
      variety of insects, the toxicity of the compounds to vertebrates should be
      insignificant, and the cost to produce them commercially should be very
      competitive with that of well known insecticides.
PAR  One object of this invention is to provide a means for achieving selective,
      safe, economical control of insect pests.
PAR  Another object is to provide chemical compounds that prevent insect
      maturation when applied topically, when fed to insects or when applied in
      a vapor state as a fumigant, to an insect in an immature stage of growth.
PAR  A further object of this invention is to provide compounds that adversely
      affect the biological function of insects, particularly their ability to
      mature to an adult stage.
PAR  In general, according to the present invention the terpenoid ethers and
      their corresponding epoxides are synthesized and found to prevent insect
      maturation when applied to immature stages of several species of insects
      by topical application, by feeding or by fumigation (exposure to vapor).
      Thus an immature insect exposed to these compounds is unable to
      metamorphose into a normal adult. Topical application of as little as 10.0
      nanograms (0.01 .mu.g) of the more active compounds in this series is
      sufficient to prevent metamorphosis. The insect which emerges from the
      treated pupa retains immature genitalia which preclude copulation and
      reproduction. The insects die shortly after molting to this adultoid
      condition. Also, when used as a vapor or as a dip treatment for eggs the
      compounds drastically reduce egg hatch.
PAR  The compounds of this invention having the following general formula.
      ##EQU1##
      R is a straight chain alkyl containing from 1-2 carbon atoms such as
      CH.sub.3 --, CH.sub.3 CH.sub.2 --, x is a number from 1 to 2, and Z is one
      of the following groups:
      ##EQU2##
PAR  The terpenoid portions of the compounds were prepared in part by the Marc
      Julia synthesis [Bull. Soc. Chem. France 1072, (1960)] as outlined below.
      ##EQU3##
      Oxidation was performed with chromic acid solution in acetone [J. Chem.
      Soc. 2548(1953)]
      ##EQU4##
      The vinyl alcohols are prepared by the grignard reaction with vinyl
      magnesium bromide (or chloride) in tetrahydrofuran.
      ##EQU5##
      The vinyl alcohols were converted to the allylic bromides by treatment
      with hydrogen bromide in aqueous or acetic acid solution. Thus, an aliquot
      of the vinyl alcohol was added dropwise to a rapidly stirred ice cold
      aqueous or acetic acid solution containing 2 molar equivalents of hydrogen
      bromide. When addition was complete, stirring was continued for 20 minutes
      and then the reaction mixture was poured into an excess of ice cold 5%
      sodium carbonate solution, extracted with diethyl ether and washed to
      neutrality with water. After drying the ethereal extracts over sodium
      sulfate and removal of the solvent in vacuo, the allylic bromides were
      obtained in nearly quantitative yield.
      ##EQU6##
PAR  Another series of compounds in which the terpenoid carbon chain was one
      carbon longer were prepared in a similar manner except that the bromides
      were prepared by a continuation of the Julia synthesis as follows:
      ##EQU7##
      Compounds of the general formula
      ##EQU8##
      R is a straight chain alkyl containing from 1 to 2 carbon atoms such as
      CH.sub.3 --, CH.sub.3 CH.sub.2 --;
PA1  x is a number from 1 to 2; and
PA1  A is -- CH.sub.2 CH.sub.2 --O(CH.sub.2).sub.n CH.sub.3
PAR  or
      ##EQU9##
      in which n is 0 to 3; were synthesized by coupling the foregoing bromides
      with the respective alcohols of A to form the corresponding ethers by
      refluxing the bromides or stirring at room temperature for several hours
      with a slight molar excess of the alcohols and a base such as powdered
      potassium hydroxide or potassium teritary butoxide in an anhydrous solvent
      such as diethyl ether, dimethoxyethane or dimethyl formamide.
      Alternatively, the reactants were sealed in a small reaction bomb and
      place in an oven at 150.degree.C for 2-4 hours.
PAR  The reaction mixture was then diluted with water and extracted several
      times with hexane. The hexane extracts were combined and washed to
      neutrality with water. The hexane portion was dried over sodium sulfate
      and the solvent removed in vacuo to yield the crude ethers.
      ##EQU10##
      The crude ethers obtained from the foregoing reactions were purified by
      chromatography over florisil. The crude material was put on a florisil
      column (30 gm florisil/gm crude material) in hexane and eluted stepwise
      with increasing concentrations of diethyl ether in hexane. Purity was
      determined by gas-liquid chromatography and infra-red spectroscopy to be
      greater than 99%.
PAR  Compounds of the general formula
      ##EQU11##
      R is a straight chain alkyl containing from 1-2 carbon atoms such as
      CH.sub.3 --, CH.sub.3 CH.sub.2 --;
PA1  x is a number from 1 to 2; and
      ##EQU12##
      in which n is 0 to 1 were prepared from the terpenoid alcohols. The
      allylic terpenoid alcohols were prepared from their corresponding vinyl
      analogs by chromic acid oxidation [J. Chem. Soc. 2548 (1953)] to the
      conjugated aldehyde, followed by reduction to the primary alcohol with a
      metal hydride such as sodium borohydride in methanol, or lithium aluminum
      hydride in ether.
      ##EQU13##
      The primary halides of E,
      ##EQU14##
      were coupled with the terpenoid alcohols under basic conditions in a
      reaction bomb, under reflux, or by stirring at room temperature for an
      extended period of time.
      ##EQU15##
      The crude ethers were purified by chromatography over florisil as
      previously described. Purity was determined by gas-liquid chromatography
      and infra-red spectroscopy to be greater than 99%. Compounds of the
      general structure
      ##EQU16##
      R=Straight chain alkyl containing from 1-2 carbon atoms such as CH.sub.3
      --, CH.sub.3 CH.sub.2 --;
PA1  x is a number from 1 to 2; and
PA1  n is a number from 0 to 3
PAL  were prepared by stirring the terpenoid alcohols for 2 hours at room
      temperature with the appropriate vinyl ether in the presence of a
      catalytic amount of hydrochloric acid.
      ##EQU17##
      The reaction was complete in 1 hour and the reaction mixture was extracted
      with diethyl ether and washed successively with 5 percent aqueous sodium
      carbonate and water. The ethereal extract was dried over anhydrous sodium
      sulfate. The crude product was isolated by evaporation of the solvent in
      vacuo.
PAR  The desired compounds were purified by column chromatographyy over florisil
      as previously described. Purity was determined byy gas-lipid
      chromatography and infrared spectroscopy to be greater than 99%.
PAR  All of the ethers prepared by the foregoing syntheses were then epoxidized
      by stirring them in an organic solvent such as benzene, chloroform or
      methylene chloride during the addition of a slight molar excess of an
      epoxidizing agent such as m-chloro perbenzoic acid.
PAR  Epoxidation occurred selectively at the terminal double bond within a few
      minutes to 1 hour. The reaction mixture was washed with 5 percent sodium
      carbonate and then with water to neutrality, and dried over sodium
      sulfate. Solvent was removed in vacuo.
PAR  The epoxides were purified by chromatography over florisil as previously
      described.
PAR  Purity was ascertained by gas-liquid chromatography and infrared
      chromatography to be greater than 99 percent. 99 perecent.
PAR  The compounds and their epoxides prepared by the above procedures are shown
      in Table I.
PAR  Although the general procedures just described are undoubtedly adequate for
      those skilled in the art, the following examples further illustrate the
      preparation of compounds within the scope of each of the general
      structures shown above.
PAR  Synthesis of Compound 49 in Table I
      ##SPC1##
PAL  In a 500 ml. boiling flask, 10.8 g. ethylene glycol butyl ether, was
      combined with 10.2 g. potassium tert-butoxide and 10 g. geranyl bromide in
      100 ml. dimethoxyethane. The reaction mixture was stirred at room
      temperature for 16 hrs. and then poured into 200 ml. of hexane and washed
      2X with water and 1X with saturated aqueous sodium chloride solution. The
      organic layer was dried over anhydrous sodium sulfate and the hexane
      removed in vacuo. 13.6 g. of crude compound was recovered and found to be
      suitable for the subsequent epoxidation.
PAR  Epoxidation of Compound 49 in Table I
      ##SPC2##
PAL  Dissolved 4 g. of the Compound 49 in 50 ml. CH.sub.2 Cl2 and with stirring
      added 3.2 g. m-chloroperbenzoic acid in aliquots. Stirred 30 min. and then
      made the solution basic with 10% aqueous sodium carbonate. Stripped off
      the solvent in vacuo. Residue was dissolved in diethyl ether and washed in
      a separatory funnel with 10 percent sodium carbonate 2X, and water 2X.
      Dried organic layer over anhydrous sodium sulfate. Stripped off solvent in
      vacuo. Crude epoxide yield was 3.8 gm. Fractionation of the crude epoxide
      over 60 gm. of florisil by stepwise elution with increasing concentrations
      of diethyl ether in hexane gave 3.0 g. pure epoxide. (Compound No. 57)
PAR  Synthesis of Compound 65 in Table II
      ##SPC3##
PAL  Combined 10 gm. glycerol acetonide and 5.4 gm. potassium tertbutoxide in 50
      ml. dimethoxyethane and stirred for 20 min. Added 8.2 g. geranyl bromide
      and continued stirring at room temperature for 16 hrs. Filtered, stripped
      off dimethoxyethane, dissolved residue in diethyl ether and washed with
      water in a separatory funnel 3X. Dried organic layer over anhydrous sodium
      sulfate and stripped off solvent in ether. Crude ether Compound 65 yield
      was 6.7 gm. 3 gm. of Compound 65 was fractionated by column chromatography
      over 70 gm. of florisil. Stepwise elution with increasing concentrations
      of diethyl ether in hexane gave 1.9 g. of pure Compound 65.
PAR  Epoxidation of Compound 65 in Table II
      ##SPC4##
PAL  Dissolved 1.3 g. of Compound 65 in 30 ml. CH.sub.2 Cl.sub. 2 and added in
      aliquots 1.0 gm. of m-Chloroperbenzoic acid. Reaction stirred 30 min.
      Solution made basic with 10% aqueous sodium carbonate. Stripped off
      solvent in vacuo. Residue dissolved in diethyl ether and washed in a
      separatory funnel with 10 percent sodium carbonate 2X and with water 2X.
      Dried over anhydrous sodium sulfate. Crude epoxide, Compound 73, was 1.3
      g. The crude epoxide was fractionated by column chromatography as
      specified for Compound 65. Yield of pure epoxide, Compound 73, was 950 mg.
      (Compound 73)
PAR  Synthesis of Compound 81 in Table I
      ##SPC5##
PAL  Stirred 5 gm geraniol with 3.5 gm. potassium tert-butoxide in 50 ml.
      dimethoxyethane for 30 minutes. Added to above 5.8 g. of methyl
      bromoacetate and stirred at room temperature for 16 hrs. Reaction mixture
      dissolved in 200 ml. diethyl ether and washed in a separatory funnel with
      water 3X. Organic layer dried over anhydrous sodium sulfate. Stripped off
      solvent in vacuo. Yield of crude Compound 81 was 7.3 gm. The crude ether
      was chromatographed on a column containing 150 gm. of florisil. Elution
      with increasing concentrations of diethyl ether in hexane gave a pure
      fraction containing 1.4 gm. of Compound 81.
PAR  Epoxidation of Compound 89 in Table I
      ##SPC6##
PAL  Dissolved 1 gm. of Compound 81 in 25 ml. of CHCl.sub.3 -Hexane (3-2)
      containing 0.4 gm. sodium bicarbonate with stirring in an ice bath. To
      this was added dropwise 1.0 gm. m-chloroperbenzoic acid in 25 ml. of
      CHCl.sub.3 -- Hexane (3-2). After addition, stirring in the ice bath was
      maintained for 15 min. Sodium sulfite was added to destroy any excess
      peracid. The reaction mixture was dissolved in about 200 ml. of diethyl
      ether and washed in a separatory funnel with 10 percent aqueous sodium
      carbonate 2X and water 2X. Organic layer was dried over anhydrous sodium
      sulfate and the solvent stripped off in vacuo. Yield of crude Compound 89
      was 1.26 gm. The crude Compound 89 was fractionated over 30 gm. of
      florisil as specified for Compound 81 and 770 mg. of pure Compound 89 was
      obtained. Analysis by gas-chromatography and infrared. (Compound 89)
PAR  Synthesis of Compound 113 in Table I
      ##SPC7##
PAL  Dissolved 5 g. geraniol in 50 ml. dimethoxyethane containing 3.5 g.
      potassium tert-butoxide with stirring for 30 min. Added 4.4 g.
      epibromohydrin and stirred at room temperature for 3 hrs. Filtered,
      dissolved in about 250 ml. diethyl ether and washed with water 3X in a
      separatory funnel. The organic layer was dried over anhydrous sodium
      sulfate and the solvent stripped off in vacuo. Yield of crude ether was
      7.6 gm. The crude ether was fractionated by column chromatography over 150
      gm. of florisil. Stepwise elution with increasing concentrations of ether
      in hexane gave 2.24 gm. of pure Compound 113.
PAR  Epoxidation of Compound 113 in Table I
      ##SPC8##
PAL  Dissolved 2.24 g. of Compound 113 in 50 ml. CH.sub.2 C1.sub.2 and with
      stirring added 2.2 g. m-chloroperbenzoic acid in aliquots. Stirred an
      additional 30 min., made basic with 10 percent aqueous sodium carbonate,
      dissolved in 200 ml. diethyl ether and washed with 10 percent aqueous
      sodium carbonate 2X and with water 2X in a separatory funnel. Organic
      layer dried over anhydrous sodium sulfate. Yield of crude Compound 121 was
      2.0 gm. Column Chromatography of Compound 121 over 60 gm. florisil by
      stepwise elution with increasing concentrations of diethyl ether in hexane
      gave 713 mg. of pure Compound 121. Analysis by gas-chromatography and
      infrared. (Compound 121)
PAR  Synthesis of Compound 145 in Table I
      ##SPC9##
PAL  Geraniol (10 gm.) in 25 ml. diethyl ether was added dropwise to 14 g. ethyl
      vinyl ether containing 1 drop of concentrated HCl. After addition,
      stirring was maintained for 2 hrs. in a warm water bath (ca.
      50.degree.C.). The reaction mixture was dissolved in 200 ml. of diethyl
      ether and washed in a separatory funnel with 5 percent aqueous sodium
      carbonate 1X, and water 3X. The organic layer was dried over anhydrous
      sodium sulfate. The solvent was stripped off in vacuo. The crude acetal
      yield was 14.5 gm. Filtration of 5 gm. of the acetal in hexane through a
      column containing 150 gm. of florisil gave a quantitative return of 5 gm.
      of pure acetal Compound 145. Purity ascertained by gas-chromatography and
      infrared analysis.
PAR  Epoxidation of Compound 145 in Table I
      ##SPC10##
PAL  To a stirred solution of 5 gm. of Compound 145 in 100 ml. hexane was added
      dropwise 4.94 gm. m-chloroperbenzoic acid dissolved in 100 ml. CH.sub.2
      Cl.sub.2. After addition, stirring was continued for 20 min. Excess
      peracid was destroyed with sodium sulfite. The reaction mixture was made
      basic with 5 percent aqueous potassium hydroxide and the solvent stripped
      off in vacuo. The residue was dissolved in diethyl ether and washed in a
      separatory funnel with 5 percent aqueous potassium hydroxide 1X and with
      water 3X. Organic layer was dried over anhydrous sodium sulfate and the
      solvent stripped off in vacuo. Yield of crude Compound 153 was 5.0 gm.
      Fractionization of 5.0 gm. of Compound 153 by column chromatography over
      100 gm. of florisil by stepwise elution with increasing concentrations of
      diethyl ether in hexane gave 3.0 gm. of pure Compound 153. Analysis by
      gas-chromatography and infrared. (Compound 153).
PAR  The morphogenetic effects of some of the compounds in theh Tenebrio
      genitalia assay (Life Sciences 4, 2323- 31, 1965) are shown in Table II.
PAR  Topical application to Tenebrio pupae of as little as 10 nanograms (0.01
      .mu.g) of several compounds (i.e., 25, 26, 28, 57, 73) resulted in the
      retention of complete pupal genitalia after the ultimate molt toward the
      adult beetle. Topical application of 100 nanograms (0.1 .mu.g) resulted in
      the development of pupal-adult intermediates.
PAR  Topical application of somewhat greater amounts of compounds 76, 89, 121,
      153, were required to induce retention of pupal genitalia and/or produce
      pupal-adult intermediates in Tenebrio. In all cases the affected insects
      were unable to form normal adults and died during or shortly after their
      ultimate molt without significant feeding and without any reproduction.
PAR  Table III shows the effects of compounds 25, 26, 28, 57, 73, 81, 89, 153,
      on the Mexican bean beetle. Topical application of nanogram to microgram
      quantities of these compounds prevents normal adult development and the
      insects die during the ultimate molt. Topical treatment of Mexican bean
      beetle eggs with extremely dilute acetone solutions of these compounds
      caused severe reduction in egg hatch.
PAR  Table IV shows the morphogenetic effects of compounds 25, 26, 28, 57, 73,
      89, 121, 153, on Tenebrio after exposure of the pupae to the vapors of
      these compounds. These results exemplify the potential use of the
      compounds as fumigants.
      ##SPC11##
TBL                Table II                                                    
     ______________________________________                                    
     Morphogenetic Effects of Representative Compounds in                      
     the Tenebrio Genitalia Assay                                              
     ______________________________________                                    
     Compound                                                                  
             Micrograms of Compound Required to                                
     Number  Produce the Indicated Morphogenetic Effects                       
     in      Pupal-Adult                                                       
     Table I Intermediates.sup.1                                               
                             Pupal Genitalia.sup.2                             
     ______________________________________                                    
     25      0.1             0.01                                              
     26      0.1             0.01                                              
     28      0.1             0.01                                              
     57      0.1             0.01                                              
     73      0.1             0.01                                              
     76      1.0             0.1                                               
     89      100.0           1.0                                               
     121     100.0           1.0                                               
     153     100.0           10.0                                              
     ______________________________________                                    
      .sup.1 Pupal adult intermediates represent an intermediate in which the  
      insect molts to a monster with an essentially pupal abdomen and an       
      adultoid head and thorax.                                                
      .sup.2 Pupal genitalia refers to the effect in which the insect is nearly
      adult but retains immature genitalia. Each of the above morphogentic     
      effects causes the insect to die shortly thereafter.                     
TBL                Table III                                                   
     ______________________________________                                    
     Reduction in Adult Emergence and Egg Hatch of Mexican                     
     Bean Beetle Epilachna varivestis                                          
     ______________________________________                                    
     Compound                                                                  
             Micrograms of Compound                                            
                               PPM of Compound                                 
             Required to cause 90%                                             
                               Required to cause                               
     Number in                                                                 
             Reduction in adult                                                
                               90% Reduction in                                
     Table I Emergence.sup.1   Egg Hatch.sup.2                                 
     ______________________________________                                    
     25      0.1               1.0                                             
     26      0.1               10.0                                            
     28      0.01              1.0                                             
     57      0.1               100.0                                           
     73      0.1               10.0                                            
     81      10.0              100.0                                           
     89      100.0             100.0                                           
      153    0.1               1.0                                             
     ______________________________________                                    
      .sup.1 Topical treatment of 2-day old prepupae with an acetone.sup.3     
      solution of compound.                                                    
      .sup.2 Topical treatment of dipping egg masses in an acetone .sup.3      
      solution of compound.                                                    
      .sup.3 An acetone control conducted for each of the above treatments     
      showed that the solvent contributed nothing to the effect of the         
      compounds.                                                               
TBL                Table IV                                                    
     ______________________________________                                    
     Morphogentic Effects of Representative Compounds on                       
     Tenebrio pupae by Fumigation.                                             
     ______________________________________                                    
     Compound   Micrograms of Compound Required to                             
                Produce Pupal-Genitalia and Pupal-                             
     Number in  Adult intermediates by Vapor Expo-                             
     Table I    sure.sup.1                                                     
     ______________________________________                                    
     25         0.1 - 5.0                                                      
     26         0.1 - 5.0                                                      
     28         0.1 - 5.0                                                      
     57         0.1 - 5.0                                                      
     73         0.1 - 5.0                                                      
     89         0.1 - 5.0                                                      
     121        1.0 - 10.0                                                     
     153        1.0 - 10.0                                                     
     ______________________________________                                    
      .sup.1 Compounds were spread over the lid of a 100 mm diameter petri dish
      in a small volume of acetone and after evaporation of the acetone the lid
      was placed over the bottom of the petri dish containing newly molted     
      Tenebrio pupae. The pupae were therefore exposed only to the vapors and  
      did not come in contact with the compound directly. The insects were left
      in the dish until they underwent the final molt toward the adult.        
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the general formula
      ##EQU18##
      wherein R and R' are selected from the group consisting of methyl and
      ethyl; and x is a number from 1 to 2.
NUM  2.
PAR  2. The compound of claim 1 in which R and R' are methyl, and x is 1.
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ABST
PAL  Silicone compositions consisting essentially of 100 parts by weight
      organopolysiloxane, 20-200 parts by weight finely divided silica filler,
      5-100 parts by weight finely divided manganese carbonate, and 5-1,000 ppm
      platinum alone or in a platinum containing material, based on the weight
      of the organopolysiloxane. Finished products prepared by molding the
      compositions exhibit particularly excellent flame-proofing and improved
      degrees of permanent strain caused by stress. Particularly preferred are
      silicone compositions with 5-100 parts by weight of finely divided
      manganese carbonate having a particle size from about 1.mu. to about
      50.mu..
PARN
PAC  CROSS-REFERENCE TO PRIOR APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 332,495
      filed on Feb. 14, 1973, "SILICONE COMPOSITIONS", and now abandoned.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates to silicone compositions having improved properties
      and, in particular, to silicone elastomer stock compositions which are
      useful in the preparation of silicone elastomers, having the property of
      flameproofing or self-extinguishing after the igniting condition has been
      removed, and also good elasticity or capability of improving strains with
      low degrees of permanent strain after release of stress.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Silicone elastomers have been used in various fields for their elasticity
      and some other advantageous properties, but they have been found defective
      because of their own combustibility. Some attempts have been made to
      render silicone elastomers incombustible, for example, by incorporating a
      finely divided cupreous material in the silicone compounds comprising
      methylphenylpolysiloxane and a filler, as described in U.S. Pat. No.
      2,891,033 or by incorporating a platinum-containing material in the
      silicone compounds comprising an ordinary organopolysiloxane and a filler,
      as disclosed in U.S. Pat. No. 3,514,424. However, these silicone
      elastomers have failed to exhibit satisfactory self-extinguishing
      property, as well as elastic strain characteristics. Specifically, the
      cupreous material-containing silicone elastomers have not been able to be
      free of coloration, and to be unsuitable for wire coating in different
      colors, while the platinum-containing elastomers have been defective in
      that heat resistance, which is an essential requirement, would be
      degraded, and their incombustibility would not be attained to sufficient
      degrees.
PAR  It is also known that antimony oxide, or the like, flame-retardants have
      been incorporated in various molding plastics in order to render them
      hardly combustible. However, the presence of such known flame-retardants
      in silicone compositions would, disadvantageously, result in the
      degradation of the inherent properties possessed by the silicone
      elastomers to be prepared therefrom.
PAC  OBJECT OF THE INVENTION
PAR  It is a primary object of the present invention to provide silicone
      compositions, which are free from the abovedescribed drawbacks, and which
      are capable of producing molded articles having excellent mechanical
      strength and heat resistance.
PAC  DESCRIPTION OF THE INVENTION
PAR  The silicone compositions comprise essentially (a) 100 parts by weight of
      an organopolysiloxane having the general formula
EQU  R.sub.a SiO.sub.4 -a/2
PAL  wherein R is a substituted or unsubstituted monovalent hydrocarbon radical,
      and a is from 1.90 to 2.05, (b) 20 to 200 parts by weight of a finely
      divided silica filler, (c) 5 to 100 parts by weight of finely divided
      manganese carbonate, preferably having a particle size of from about 1
      micron(.mu.) to about 50.mu., and (d) 5 to 1,000 p.p.m. of platinum alone
      or in a platinum-containing compound, based on the weight of component
      (a).
PAR  The silicone compositions of this invention will be illustrated in further
      detail.
PAR  This invention has been accomplished based on the discovery that when
      compositions comprising the above-mentioned components (a), (b), (c) and
      (d) are heated and cured in the presence of a known cross-linking agent,
      they are converted, as ordinary heat-curable silicone rubbers are, to
      rubbery elastomers having excellent heat resistance and tear strength, and
      further, that when a strip of the elastomer is suspended vertically and
      exposed to fire at its lower tip, it continues to burn until the fire is
      removed, and then the flame becomes self-extinguishing. It has also been
      ascertained that the elastomers thus produced are improved with respect to
      permanent strain which would usually be caused by use of a certain
      cross-linking agent.
PAR  The organopolysiloxane as component (a) in this invention, which is usually
      employed as a main component of a silicone elastomer stock, is a
      straight-chained polysiloxane having the general formula
EQU  R.sub.a SiO.sub.4-a/a
PAL  where R is a substituted or unsubstituted monovalent hydrocarbon radical
      selected from the group consisting of methyl, ethyl, propyl and phenyl
      radicals, their halogen-substituted hydrocarbon radicals, and vinyl and
      allyl radicals, and a is from 1.90 to 2.05.
PAR  The organopolysiloxane has a viscosity exceeding 100,000 cs. at
      25.degree.C, desirably exceeding 1,000,000 cs. It may contain in its
      structure CH.sub.3 SiO.sub.1.5 units, so long as their amount is small,
      say, less than 5 mole %. Further, it may be terminated with hydroxyl or
      trimethyl-silyl radicals.
PAR  The finely divided silica filler as component (b), can be a known filler
      customarily used for silicone rubbers, such as fume silica, precipitated
      silica, quartz or diatomaceous earth, in fine powders, preferably having a
      particle size less than about 50.mu. for at least 90% thereof. Generally
      speaking, if the amount of component (b) used is too large, the physical
      properties of the resulting cured silicone elastomers would be degraded,
      and if it is, on the other hand, too small, the mechanical
      characteristics, such as tear strength, of the silicone elastomer would be
      deteriorated. In this invention, therefore, component (b) should be used
      in an amount of from 20 to 200 parts by weight per 100 parts by weight of
      component (a), as set forth above.
PAR  The finely divided manganese carbonate used as component (c), in
      cooperation with component (d) to be described later, imparts excellent
      flame-retardant and self-extinguishing properties to the resulting
      silicone elastomers due to its function of generating CO.sub.2 gas under
      heat as well as its catalytic function. It has also been ascertained that
      this component is capable of highly improving the elastic strain of the
      resulting products. It is preferred that component (c) is so finely
      divided that at least 90% thereof has a particle size less than 50.mu..
      Further, it has been found that the size of the particles are critical and
      should be preferably from about 1.mu. to about 50.mu. size. In order for
      the resulting silicone elastomer products to have high flame retardancy
      and elasticity without degrading their proper characteristic properties,
      it is required to incorporate component (c) in the composition in an
      amount of from 5 to 100 parts by weight per 100 parts by weight of
      component (a).
PAR  If considered only from their function of generating CO.sub.2 gas, calcium
      carbonate, zinc carbonate, cobalt carbonate, sodium carbonate and the like
      would similarly be effective in the attainment of the objects of this
      invention. However, it has been found that these carbonates impart no
      improved self-extinguishing effects to the resulting elastomers and,
      additionally, exert bad influences on the heat resistance of the
      elastomers. Those carbonates, therefore, are unsuitable for use in the
      practice of the invention.
PAR  Next, platinum or a platinum-containing compound as component (d) is
      required for imparting the self-extinguishing property to the silicone
      composition in cooperation with component (c) above. As
      platinum-containing compounds, platinic chloride and complexes of platinic
      chloride with alcohols, ethers and aldehydes may be exemplified. This
      component also includes materials comprising platinum powders borne on
      such carriers as alumina, silica gel and asbestos. For the purpose of
      advantageously imparting the self-extinguishing property in the invention,
      component (d) should be used in an amount of from 5 to 1,000 p.p.m. as
      calculated as platinum metal, preferably from 10 to 100 p.p.m., based on
      the weight of component (a).
PAR  The silicone compositions of this invention can be molded into a variety of
      articles by means of heating and curing. In the heat-cure process, organic
      peroxides or organohydrogenpolysiloxanes, which are known cross-linking
      agents (curing agents), may be employed. Examples of the organic peroxides
      are benzoyl peroxide, tertiarybutyl perbenzoate, 2,4-dichlorobenzoyl
      peroxide, ditertiary-butyl peroxide, dicumyl peroxide and monochlorbenzoyl
      peroxide, as the organohydrogenpolysiloxanes, methyl-hydrogenpolysilozanes
      containing at least two .tbd.Si-H links in one molecule are exemplified.
      In the case where organic peroxide is used, its amount should be from 0.3
      to 6 parts by weight per 100 parts by weight of component (a). Further, in
      the case where the organohydrogenpolysiloxane is used, its amount should
      be such that the number of the .tbd.Si-H links will be from 0.8 to 1.5 per
      .tbd.Si-CH=CH.sub.2 link in component (a) which, in this case, should
      contain at least 2 .tbd.Si-CH=CH.sub.2 links in an average molecule.
PAR  For the preparation of the silicone compositions of the invention,
      components (a), (b), (c) and (d) are mixed together and kneaded
      homogeneously by means of a suitable roll kneader. To these components,
      the above-described organic peroxide or organohydrogenpolysiloxane, may be
      added. Low molecular weight organic silicone compounds, such as diphenyl
      silane diol, diphenylmethyl silanol and alkoxysilane, and pigments can be
      the other additives, according to need. The formulation thus prepared is
      then heated at about 100.degree. to about 350.degree.C for several seconds
      to 1 hour under elevated or atmospheric pressure and subjected to
      post-heating treatment, according to need, to produce cured articles, for
      example, in shapes of sheets, tapes and insulation on electrical
      conductors, which have excellent properties in heat resistance,
      self-extinguishment and rubbery elasticity.
PAR  This invention will now be illustrated by reference to the following
      specific examples in which parts are all by weight. In the examples, the
      hardness, elongation, tensile strength and permanent strain of the
      individual test pieces were determined according to Japanese Industrial
      Standard (JIS) K-6301.
PAR  The extinguishing property was evaluated by the following manner.
PAR  A sample composition was heated under pressure and cured to produce a
      rubber sheet having a thickness of 2mm. The sheet was cut to obtain test
      specimens 0.5 cm wide and 20 cm long. The test specimen thus obtained was
      held almost vertically so that its lower tip directly contacted the flame
      of an alcohol lamp for a period of 15 seconds for ignition. Thereupon, the
      flame was taken away from the specimen, and the time required for
      extinguishing of the flame was measured. The extinguishing property is
      expressed in terms of the time recorded in seconds.
DETD
PAC  EXAMPLE 1
PAR  A silicone elastomer stock composed of 100 parts of an organopolysiloxane
      gum consisting of 99.9 mole % of (CH.sub.3).sub.2 SiO units and 0.1 mole %
      of CH.sub.3 (CH.sub.2 =CH)SiO units, 25 parts of fume silica (trade name:
      Aerosil 200), 20 parts of powdery manganese carbonate, 2.5 parts of
      diphenyl silane diol as a silica-dispersing agent, 0.05 part of a solution
      of 2% (as calculated as platinum metal) of platinic chloride in butanol,
      50 parts of quartz powder having a particle size of about 5.mu. and 5
      parts of titanium oxide of the anatase type were uniformly mixed and
      kneaded on two rolls, and then heat-treated at 150.degree.C for 1 hour. In
      the mixture thus obtained and treated 0.7 part, per 100 parts thereof, of
      a silicone oil paste containing 50% benzoyl peroxide was incorporated. The
      resulting composition was again kneaded on two rolls to produce a
      composition suitable for molding. This molding composition was press-cured
      under 30 kg/cm.sup.2 at 120.degree.C for 10 minutes into a sheet, which
      was then post-cured at 150.degree.C for 2 hours. The physical properties
      of the cured sheet were determined and the results are shown in Table 1.
PAR  For comparison, a cured sheet was prepared in the same manner as above,
      except that powdery manganese carbonate was excluded. The results on this
      comparative test are also shown in the table.
TBL                TABLE 1                                                     
     ______________________________________                                    
                     This invention                                            
                               Comparative                                     
     ______________________________________                                    
     Hardness (JIS)    55          50                                          
     Elongation (%)    300         320                                         
     Tensile strength (kg/cm.sup.2)                                            
                       73          75                                          
     Extinguishing property (sec.)                                             
     (first test)      3           25                                          
     Extinguishing property (sec.)                                             
     (second test)*    0           33                                          
     ______________________________________                                    
      *After completion of the first extinguishing test, the flame of the      
      alcohol lamp was contacted with the specimen again for 15 seconds and the
      extinguishing property was determined.                                   
PAC  EXAMPLE 2
PAR  A molding composition was prepared in the same manner as in Example 1,
      except that 0.2 part of an organohydrogenpolysiloxane, consisting of 2
      moles of the (CH.sub.3).sub.2 (H)SiO.sub.0.5 units and 1 mole of the
      SiO.sub.2 units was employed instead of the silicone oil paste. The
      composition was molded into a sheet and cured for 30 minutes in an oven
      maintained at 150.degree.C. When the extinguishing test was conducted on
      the cured sheet thus obtained, the time required for extinguishment was
      only 6 seconds, while in the case of a comparative product prepared
      without employing manganese carbonate, the time required for
      extinguishment was 35 seconds.
PAC  EXAMPLE 3
PAR  100 parts of an organopolysiloxane composed of 97.85 mole % of
      (CH.sub.3).sub.2 SiO units, 2 mole % of (C.sub.6 H.sub.5).sub.2 SiO units
      and 1.15 mole % of CH.sub.3 (CH.sub.2 =CH)SiO units, 3 parts of
      methyltriethoxysilane, 45 parts of fume silica and 4 parts of diphenyl
      silane diol were mixed uniformly by means of two rolls. The mixture was
      heat-treated at 150.degree.C for 3 hours. The resulting mixture was
      divided into portions to obtain 6 samples, in each of which the additive
      components in amounts as indicated in Table 2 were incorporated. These
      compositions were then molded into sheets in the same manner as in Example
      1. The results are tabulated in the table.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                              Platinic                                         
                                   Benzoyl                                     
                              chloride                                         
                                   peroxide                                    
                   Manganese                                                   
                         Quartz                                                
                              (2% sol-                                         
                                   (50% Extin-                                 
     Sample   Base carbonate                                                   
                         powder                                                
                              ution)                                           
                                   paste)                                      
                                        guishing                               
     No.      mixture                                                          
                   added added                                                 
                              added                                            
                                   added                                       
                                        property                               
     __________________________________________________________________________
              (parts)                                                          
                   (parts)                                                     
                         (parts)                                               
                              (parts)                                          
                                   (parts)                                     
                                        (sec.)                                 
     3-1                                                                       
     (comparison)                                                              
              100   0    30   0.1  1.0  35                                     
     3-2                                                                       
     (this invention)                                                          
              100  15    15   0.1  1.0   2                                     
     3-3                                                                       
     (comparison)                                                              
              100   0    50    0.05                                            
                                   1.0  30                                     
     3-4                                                                       
     (this invention)                                                          
              100  30    20    0.05                                            
                                   1.1   0                                     
     3-5                                                                       
     (this invention)                                                          
              100  40     0    0.05                                            
                                   1.2   0                                     
     3-6                                                                       
     (comparison)                                                              
              100   0     0   0.1  1.0  60                                     
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  In the same manner as in Example 3, samples 3-1' and 3-2' were prepared
      from the same compositions as of samples 3-1 and 3-2 in Example 3,
      respectively, except that 1.3% of 2,4-dichlorobenzoyl peroxide, which has
      a defect of increasing the permanent strain on silicone rubbers, was used
      instead of the benzoyl peroxide. Each sample was pressed under 30
      kg/cm.sup.2 at 120.degree.C for 10 minutes, to produce sheets having a
      thickness of 2 mm and also sheets of a thickness of 12 mm. These sheets
      were then post-cured at 200.degree.C for another 4 hours. In the
      determination of the physical properties as shown in Table 3, the 2 mm
      thick sheets were used except for permanent strain. For the determination
      of the permanent strain, the 12 mm thick sheets were used.
TBL                TABLE 3                                                     
     ______________________________________                                    
                      Sample 3-1' Sample 3-2'                                  
                                  (this                                        
     Physical Properties                                                       
                      (Comparison)                                             
                                  invention)                                   
     ______________________________________                                    
     Hardness (JIS)   57          62                                           
     Elongation (%)   350         320                                          
     Tensile strength (kg/cm.sup.2)                                            
                      83          85                                           
     Permanent strain (%)                                                      
                      50          18                                           
     Extinguishing property                                                    
                      30          3                                            
     (sec.)                                                                    
     ______________________________________                                    
      Note:                                                                    
      Percentage of the permanent strain is determined by B/A .times. 100 and A
      is original thickness of the material, and B is the thickness of its part
      which remains unrecovered after release of stress.                       
PAC  EXAMPLE 5
PAR  100 parts of a dimethylpolysiloxane composed of the units (CH.sub.3).sub.2
      SiO units, 30 parts of precipitated silica, 5 parts of
      methyltrimethoxysilane, 30 parts of powdery manganese carbonate, 0.1 part
      of a solution of 2% of a solution of 2% (as calculated as platinum metal)
      of platinic chloride in 2-ethylhexanol, and 3 parts of a paste containing
      50% of benzoyl peroxide were mixed uniformly by means of two rolls. The
      mixture was then press-molded at 120.degree.C, to obtain a sheet having a
      thickness of 2.mm. The sheet was post-cured at 150.degree.C for 4 hours.
      The resulting cured material was subjected to the extinguishing test. As a
      result, it was found that the material was not at all ignited.
PAC  EXAMPLE 6
PAR  For comparative purposes, the same procedure as of Example 1 was repeated,
      except that the powdery manganese carbonate was replaced with sodium
      carbonate, calcium carbonate or zinc carbonate. The results are shown in
      the following table. The sample sheets were further heated at 250.degree.C
      for 24 hours to determine their respective hardness, elongation and
      tensile strength, the results of which are also given in the following
      Table 4.
TBL                                    TABLE 4                                 
     __________________________________________________________________________
                   Manganese                                                   
                         Sodium                                                
                               Caldium                                         
                                     Zinc                                      
                   carbonate                                                   
                         carbonate                                             
                               carbonate                                       
                                     carbonate                                 
                   (this in-                                                   
                         (compari-                                             
                               (compari-                                       
                                     (compari-                                 
                   vention)                                                    
                         son)  son)  son)                                      
     __________________________________________________________________________
     Hardness (JIS)                                                            
                   55          57    53                                        
     Elongation (%)                                                            
                   300         295   330                                       
     Tensile                                                                   
     strength (kg/cm.sup.2)                                                    
                   73          77    56                                        
     Extinguishing                                                             
     Property (sec.):    No                                                    
                         good                                                  
      First test    3          Burnt out                                       
                                      5                                        
                         sheet                                                 
      Second test   0    was   --    35                                        
     At 250.degree. C for 24 hours:                                            
                         obtained.                                             
     Hardness (JIS)                                                            
                   57          60    75                                        
     Elongation (%)                                                            
                   200         170   90                                        
     Tensile                                                                   
     strength (kg/cm.sup.2)                                                    
                   63          66    30                                        
     __________________________________________________________________________
PAR  It was also observed that the sheet comprising zinc carbonate, which
      exhibited an excellent extinguishing property, became to rapidly lose its
      flame-retardancy after ignition had been repeated several times, while its
      heat resistance was remarkably bad and its permanent strain was as large
      as about 3 times that of the sheet comprising manganese carbonate.
PAC  EXAMPLE 7
PAR  A mixture was prepared from the following four ingredients in the manner
      described in the specification hereinabove and Examples:
TBL  (a)  Organopolysiloxane gum consisting of                                 
          99.85 mole % (CH.sub.3).sub.2 SiO unit and 0.15                      
          mole % (CH.sub.2 =CH) (CH.sub.3)SiO unit                             
                                   100    parts                                
     (b)  Fume silica (tradename: Aerosil 130)                                 
                                   25     parts                                
     (c)  Hexamethyldisilazane (as a silica-                                   
          dispersing agent)        4      parts                                
     (d)  Polydimethylsiloxane, terminated with                                
          hydroxy groups at both ends and having                               
          a viscosity of 10 cs     3      parts                                
      Remarks:                                                                 
      (i) Parts mentioned herein are all by weight.                            
      (ii) The organopolysiloxane gum above was used as a 1% solution in       
      toluene, having a viscosity of 2.5 cs.                                   
      (iii) Viscosities are all at 25.degree.C.                                
PAL  The mixture thus prepared was kneaded on a 2-roll mill at 150.degree.C for
      2 hours. The resulting compound was divided into portions to obtain 4 test
      samples, and to each sample were added the following 4 ingredients:
TBL  (e)  A solution of 2% (as calculated as                                   
          platinum metal) platinic chloride in                                 
          isopropyl alcohol      0.05     part                                 
     (f)  Finely divided manganese carbonate                                   
          having each one of the different                                     
          particle sizes as indicated in the                                   
          following Remark       20       parts                                
     (g)  Finely divided quartz having a                                       
          particle size of about 5.mu.                                         
                                 30       parts                                
     (h)  Silicone oil paste containing 50%                                    
          benzoyl peroxide       1.5      parts                                
      Remarks:                                                                 
      (i) The above-mentioned parts are based on 100 parts by weight of the tes
      sample.                                                                  
      (ii) The particle size of the manganese carbonate used in the making of  
      each test sample was 5, 30, 70 or 100.mu., respectively, on an average fo
      its 90% or greater part.                                                 
PAR  The 4 test samples were individually applied to a 2-roll mill and then
      press-cured under 30 kg/cm.sup.2 at 120.degree.C for 10 minutes, to
      finally obtain cured sheets, 2 mm thick. Apart from those samples which
      included manganese carbonate, there was prepared a similar test sample
      excepting the inclusion of manganese carbonate. This is referred to as a
      "blank" sample. The test results are shown in the Table 5 below. The
      various physical properties mentioned therein are the same as set forth in
      the description of Example 1.
TBL                TABLE 5                                                     
     ______________________________________                                    
     Manganese Carbonate                                                       
               5.mu. 30.mu.  70.mu.  100.mu.                                   
                                           Blank                               
     ______________________________________                                    
     Hardness    56      53      49    45    44                                
     Elongation  360     330     215   190   420                               
     Tensile Strength                                                          
                 85      80      41    37    80                                
     Extinguishing                                                             
     Property:                                                                 
      First test  2       5      26    33    40                                
      Second test                                                              
                  0       0      35    39    43                                
     ______________________________________                                    
PAR  From the results shown in the foregoing Table, it is seen that there is a
      vast difference in extinguishing properties for use of manganese carbonate
      in silicone compositions when the manganese carbonate compositions have a
      particle size less than 70.mu., i.e., for particle sizes of 5.mu. and
      30.mu.. The tests show a difference in kind, not merely in degree.
PAR  The particle size of manganese carbonate used in Examples 1 through 6 was
      tested as follows:
TBL  Example 1         5.2.mu.                                                 
     Example 2         5.2.mu.                                                 
     Example 3         3.4.mu.                                                 
     Example 4         3.4.mu.                                                 
     Example 5         4.8.mu.                                                 
     Example 6         7.4.mu.                                                 
PAR  The above determination of particle size was conducted, using a Fischer
      Subsieve-sizer which is an apparatus for determining particle size well
      known in the art of handling powdery material.
PAR  In order that the criticality of the above particle size range may be more
      clearly seen, two test samples are added to those presented. These two
      test samples were obtained according to the same procedure and conditions
      as outlined hereinabove, except that the two manganese carbonate
      compositions each had a particle size of 1.4 or 47.mu.. The test results
      for the various physical properties of these two new samples are given in
      the following Table to supplement the Table presented hereinabove.
TBL                TABLE                                                       
     ______________________________________                                    
                    Manganese Carbonate                                        
                    1.4.mu.   47.mu.                                           
     ______________________________________                                    
     Hardness         57          50                                           
     Elongation       375         250                                          
     Tensile strength 88          63                                           
     Extinguishing property:                                                   
      First test       2          14                                           
      Second test      0           3                                           
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Silicone compositions which comprise
PA1  a. 100 parts by weight of an organopolysiloxane having the formula:
EQU  R.sub.a SiO.sub.4-a/2
PAL  wherein R is a member selected from the group consisting of substituted and
      unsubstituted monovalent hydrocarbon radicals; and a is a number from
      about 1.90 to about 2.05;
PA1  b. from about 20 to about 200 parts by weight of finely divided silica
      filler,
PA1  c. from about 5 to about 100 parts by weight of manganese carbonate having
      a particle size of from about 1.mu. to about 50.mu. and
PA1  d. from about 5 to about 1,000 parts per million parts by weight of a
      platinum-containing composition, at least a part of which is platinum, the
      parts of platinum in said composition being based on the weight of the
      said organopolysiloxane component (a).
NUM  2.
PAR  2. Silicone composition consisting essentially of
PA1  a. 100 parts by weight of an organopolysiloxane having the formula:
EQU  R.sub.a SiO.sub.4-a/2
PAL  wherein R is a member selected from the group consisting of substituted and
      unsubstituted monovalent hydrocarbon radicals; and a is a number from
      about 1.90 to about 2.05;
PA1  b. from about 20 to about 200 parts by weight of finely divided silica
      filler;
PA1  c. from about 5 to about 100 parts by weight of manganese carbonate having
      a particle size of from about 1.mu. to about 50.mu.;
PA1  d. from about 5 to about 1,000 parts per million by weight of platinum,
      said weight of platinum being based on the weight of organopolysiloxane
      component (a); and
PA1  e. from about 0.3 to about 6 parts by weight of organic peroxide.
NUM  3.
PAR  3. Silicone composition consisting essentially of
PA1  a. 100 parts by weight of an organopolysiloxane having the formula
EQU  R.sub.a Sio.sub.4-a/2
PAL  wherein R is a member selected from the group consisting of substituted and
      unsubstituted monovalent hydrocarbon radicals; and a is a number from
      about 1.90 to about 2.05, and wherein a contains at least 2 .tbd.
      Si-CH=CH.sub.2 moieties in an average radical;
PA1  b. from about 20 to about 200 parts by weight of finely divided silica
      filler;
PA1  c. from about 5 to about 100 parts by weight of manganese carbonate having
      a particle size of from about 1.mu. to about 50.mu.;
PA1  d. from about 5 to about 1,000 parts per million parts by weight of
      platinum, said weight of platinum being based on the weight of
      organopolysiloxane component (a); and
PA1  e. organohydrogenpolysiloxane in such an amount that the number of .tbd.
      Si--H moieties is from about 0.8 to about 1.5 per .tbd.SiCH=CH.sub.2
      moiety in organpolysiloxane component (a).
NUM  4.
PAR  4. The silicone composition according to claim 1, wherein said component
      (d) is present in an amount of from about 10 to 100 parts per million.
PATN
WKU  039364771
SRC  5
APN  5010691
APT  1
ART  117
APD  19740828
TTL  Blue anthraquinoid disperse dyes, their production and use
ISD  19760203
NCL  5
ECL  1
EXP  Demers; Arthur P.
INVT
NAM  Maier; Karl
CTY  Ludwigshafen
CNT  DT
INVT
NAM  Hartwig; Ernst
CTY  Heidelberg
CNT  DT
ASSG
NAM  BASF Aktiengesellschaft
CTY  Ludwigshafen am Rhine
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730913
APN  2346047
CLAS
OCL  260380
XCL    8 39C
XCL    8179
XCL  260376
EDF  2
ICL  C07C 9726
ICL  C07C10180
FSC  260
FSS  376;380
UREF
PNO  3329692
ISD  19670700
NAM  Ramanathan
OCL  260380
UREF
PNO  3652601
ISD  19720300
NAM  Gertisser
OCL  260380
UREF
PNO  3752831
ISD  19730800
NAM  Diamantoglou
OCL  260376
LREP
FRM  Johnston, Keil, Thompson & Shurtleff
ABST
PAL  Anthraquinoid disperse dyes of formula:
      ##SPC1##
PAL  In which
PA1  X is hydrogen, chloro, methyl, methoxy or ethoxy;
PA1  Y is alkylene of two to eight carbon atoms or --(CH.sub.2).sub.2
      --O--(CH.sub.2).sub.2 --; and-
PA1  Z is CN or COOH.
PAL  The dyes give deep blue colorations of high fastness to light and heat
      setting on synthetic materials and particularly those of linear
      polyesters. The dyeings have a neutral evening shade which is not
      displaced toward red.
BSUM
PAR  The invention relates to new blue anthraquinoid disperse dyes based on
      1,5-diamino-4,8-dihydroxyanthraquinone and to their production and use.
PAR  The new dyes have the formula:
      ##SPC2##
PAL  In which
PA1  Y is saturated alkylene of two to eight carbon atoms or --(CH.sub.2).sub.2
      --O--(CH.sub.2).sub.2 --;
PA1  Z is CN or COOH; and
PA1  X is hydrogen, chloro, methyl, methoxy or ethoxy.
PAR  The dyes dye synthetic fibrous material of polyamide or cellulose acetate
      and particularly of linear polyesters full blue shades. The dyeing
      obtained have a very high light fastness and excellent fastness to
      dry-heat pleating and setting. On fibrous material of linear polyesters
      the dyeings have an evening shade which is not displaced toward red.
PAR  The alkylene radical Y may be linear or branched.
PAR  Dyes of the formula (I) are particularly preferred in which Y is --CH.sub.2
      --CH.sub.2 -- or --CH.sub.2 --CH.sub.2 --O--CH.sub.2 -- and X is hydrogen.
PAR  The new dyes may be prepared for example
PA1  A. by the reaction of 4,8-diamino-1,5-dihydroxyanthraquinone-2,6-disulfonic
      acid or an alkali metal salt or ammonium salt of the same with a phenol
      ether of the formula:
      ##SPC3##
PAL  In which X, Y and Z have the above meanings in a mixture of sulfuric acid
      and boric acid; or
PA1  B. by the reaction of the quinonimine derivative obtained by oxidation of
      4,8-diamino-1,5-dihydroxyanthraquinones with pyrolusite with a phenol
      ether of the formula (II) by a conventional method. The process (A) is
      preferred for industrial reasons.
PAR  The same dye is obtained by both methods. They do not differ either
      tinctorially or in physical properties such as the melting point (mixed
      melting point) or the spectrum in visible or infrared light.
PAR  According to the disclosure in Indian J. Chem. 9, (1971), pages 1060 to
      1063 the reaction (A) introduces the phenyl radical into the
      ortho-position to the amino group.
PAR  The reaction according to (A) takes place in a mixture of boric acid and
      concentrated sulfuric acid or monohydrate in the ratio of from 1:5 to 1:20
      parts by weight. The sulfonic acid is placed in the mixture of boric acid
      and sulfuric acid and the phenol ether (II) is added at a low temperature,
      preferably at from -10.degree. to +10.degree.C. The reaction is over as a
      rule within from one hour to three hours at from 0.degree. to
      +10.degree.C.
PAR  The reaction mixture is added to ice and a mixture of ice and water and the
      diluted reaction mixture is heated for several hours at from 80.degree.C
      to the boiling point of the mixture. After cooling the reaction product is
      separated and washed with water until neutral. The reaction product
      obtained, which is the monosulfonic acid of (I), is dissolved in dilute
      aqueous ammonia solution and then sodium dithionite is added and the
      mixture is heated at from 90.degree. to 95.degree.C so that the sulfo
      group is eliminated. After cooling the dye is suction filtered and washed
      until neutral.
PAR  According to method (B) the 1,5-diamino-4,8-dihydroxyanthraquinone is first
      oxidized in concentrated sulfuric acid at a temperature of about
      0.degree.C with pyrolusite into the corresponding quinonimine and the
      imine obtained is reacted at a low temperature, preferably of from
      -30.degree.C to 0.degree.C with the phenol ether (II). The dye is
      precipitated in a conventional manner from the reaction mixture by pouring
      the latter into ice or ice-water and isolated.
PAR  Phenol ethers (II) which may be used for the process include:
      .beta.-phenoxypropionitrile, .beta.-(.beta.'-phenoxyethoxy)-propionitrile,
      .beta.-(m-cresoxyethoxy)-propionitrile, .beta.-(m-cresoxy)-propionitrile,
      .beta.-(o-ethoxyphenoxyethoxy)-propionitrile,
      .beta.-(m-chlorophenoxyethoxy)-propionitrile,
      .gamma.-phenoxybutyronitrile, .delta.-phenoxyvaleronitrile,
      .epsilon.-phenoxycapronitrile, .epsilon.-phenoxy-
      .gamma.-methylcapronitrile, .omega.-phenoxyoenanthonitrile,
      .delta.-(m-cresoxy)-valeronitrile and the corresponding carboxamides and
      carboxylic acids of the abovementioned nitriles. When starting from a
      nitrile, it is also possible to obtain according to the abovementioned
      methods, mixtures of dyes which contain the nitrile and the corresponding
      carboxylic acid.
PAR  The ratio is dependent on the reaction conditions. The corresponding
      carboxamides are not formed. When starting from an amide however the
      corresponding carboxylic acid is always obtained.
PAR  The new blue dyes dye linear polyesters full blue shades which are fast to
      light and particularly fast to heat setting. They are suitable for both
      the high temperature method and for the carrier dyeing method. They are
      also suitable for printing on polyester fibers.
PAR  The invention is further illustrated by the following Examples. Parts and
      percentages hereinafter referred to are by weight.
DETD
PAC  EXAMPLE 1 (Method (A))
PAR  20 parts of 4,8-diamino-1,5-dihydroxyanthraquinone-2,6-disulfonic acid is
      introduced at 50.degree. to 60.degree.C into a solution of 10 parts of
      boric acid in 100 parts of 96% sulfuric acid. After it has all dissolved
      the mixture is cooled to 0.degree.C, 12 parts of
      .beta.-phenoxypropionitrile is introduced within fifteen minutes at
      0.degree. to 5.degree.C and the whole is stirred for another hour at the
      said temperature. The reaction mixture is then poured into 600 parts of
      ice-water and the mixture is heated for two hours at the boiling point.
      120 parts of sodium chloride is then added and the whole is cooled. The
      precipitate is suction filtered. The filter residue is washed with a
      common salt solution until neutral and then stirred into 300 parts of
      water. 25 parts of a 25% ammonia solution and 11 parts of sodium
      dithionite are added and the whole is heated at from 90.degree. to
      95.degree.C for two hours and then cooled. The precipitate is suction
      filtered and washed with water until neutral. The yield is 14 parts of the
      dye of the formula (I) in which X is hydrogen and --O--Y--Z is O--CH.sub.2
      --CH.sub.2 --CN. It has a melting point of 243.degree. to 244.degree.C
      after it has been recrystallized from chlorobenzene. The dye gives full
      blue dyeings which are fast to light and to heat setting on linear
      polyester fibrous material.
PAC  EXAMPLE 2 (Method (B))
PAR  18 parts of pyrolusite is introduced within thirty minutes at 0.degree. to
      5.degree.C into a solution of 28.6 parts of
      4,8-diamino-1,5-dihydroxyanthraquinone in 500 parts of concentrated
      sulfuric acid. Excess of pyrolusite is then filtered off and the residue
      is washed with 350 parts of 96% sulfuric acid. The combined filtrates
      cooled to -30.degree.C have added thereto within twenty minutes 24.6 parts
      of .beta.-(.beta.'-phenoxyethoxy)-propionitrile and the mixture is stirred
      for another two hours at -30.degree.C. The reaction mixture is then poured
      onto ice and the precipitate is filtered off and washed with water until
      it is neutral. The yield is 40 parts of the dye of the formula:
      ##SPC4##
PAL  It has a melting point of 205.degree. to 207.degree.C after it has been
      recrystallized from xylene.
PAR  The dye gives dyeings of high fastness to heat setting on linear polyester
      fibrous material.
PAC  EXAMPLE 3 (Method (A))
PAR  20 parts of 4,8-diamino-1,5-dihydroxyanthraquinone-2,6-disulfonic acid is
      dissolved at 65.degree. to 70.degree.C in a solution of 10 parts of boric
      acid in 100 parts of 96% sulfuric acid. After the whole has been cooled to
      0.degree. to 5.degree.C 15.6 parts of
      .beta.-(.beta.'-phenoxyethoxy)-propionitrile is dripped in, stirred for
      one hour at 0.degree. to 5.degree.C, the whole is added to 600 parts of
      ice-water, boiled for two hours and the product is salted out at
      80.degree.C by adding common salt (salt concentration about 20%). After
      cooling the precipitate is suction filtered and washed with a 20% solution
      of common salt. The filter residue is stirred into 400 parts of water,
      then 60 parts of 25% aqueous ammonia solution and 11 parts of sodium
      dithionite are added and the whole is heated for two hours at from
      90.degree. to 95.degree.C. The product is worked up as described in
      Example 1. The yield is 14 parts of the same dye as in Example 2. The
      melting point is 201.degree. to 202.degree.C after it has been
      recrystallized from chlorobenzene. The mixed melting point with the dye of
      Example 2 is 203.degree. to 204.degree.C. The dye has exactly the same
      tinctorial behavior as the dye obtained according to Example 2.
PAR  The phenol ethers (II) specified in the following Table are reacted with
      4,8-diamino-1,5-dihydroxyanthraquinone-2,6-disulfonic acid in a mixture of
      boric acid and sulfuric acid as described in Example 1 or Example 3. In
      each case method (A) is used. Ex = Example No. Y = yield based on 20 parts
      of 4,8-diamino-1,5-dihydroxyanthraquinone-2,6-disulfonic acid. The dye in
      Example 9 is identical with that obtained in Example 8. m.p. = melting
      point in .degree.C; recrystallized from the solvent indicated in
      parenthesis.
TBL  __________________________________________________________________________
     EXAMPLES 4 TO 16                                                          
     __________________________________________________________________________
     Ex   Phenol ether (II)                                                    
                           Y    m.p.                                           
     __________________________________________________________________________
     4    .gamma.-phenoxybutyronitrile                                         
                           14   252-253                                        
     5    .delta.-phenoxyvaleronitrile                                         
                           17.5 217-218                                        
     6    .epsilon.-phenoxycapronitrile                                        
                           13.5 241-242                                        
     7    .omega.-phenoxyenanthonitrile                                        
                           16   213-214                                        
     8    .beta.-phenoxypropionic acid                                         
                           14.5 243-244 (nitrobenzene)                         
     9    .beta.-phenoxypropionamide                                           
                           12.5 239-240                                        
          (in 96% sulfuric acid)                                               
                                243-244                                        
                                (nitrobenzene)                                 
     10   .beta.-phenoxypropionamide                                           
                           14   244-245                                        
          (in monohydrate)      (nitrobenzene)                                 
     11   .delta.-m-cresoxyvaleronitrile                                       
                           8.5  209-210 (anisol)                               
     12   .beta.-(m-cresoxyethoxy)-propio-                                     
                           11.5 206-207 (toluene)                              
          nitrile                                                              
     13   .beta.-(m-cresoxy)-propionitrile                                     
                           11   213-217 (toluene)                              
     14   .beta.-(o-ethoxyphenoxyethoxy)-pro-                                  
                           13   126-128 (benzene)                              
          pionitrile                                                           
     methylcapro-n.-phenoxy- .gamma.                                           
          17               210-212 (chlorobenzene)                             
          nitrile                                                              
     16   .beta.-(m-chlorophenoxyethoxy)-pro-                                  
                           13                                                  
          pionitrile                                                           
     __________________________________________________________________________
PAR  Dyes of the formula:
      ##SPC5##
PAL  in which X, Y and Z have the following meanings are obtained:
TBL  Example  X           --Y--Z                                               
     ______________________________________                                    
     4        H           --(CH.sub.2).sub.3 --CN                              
     5        H           --(CH.sub.2).sub.4 --CN                              
     6        H           --(CH.sub.2).sub.5 --CN                              
     7        H           --(CH.sub.2).sub.6 --CN                              
     8        H           --(CH.sub.2).sub.2 --COOH                            
     9        H           --(CH.sub.2).sub.2 --COOH                            
     10       H           --(CH.sub.2).sub.2 --COOH                            
     11       m- CH.sub.3 --(CH.sub.2).sub.4 --CN                              
     12       m- CH.sub.3 --(CH.sub.2).sub.2 --O--CH.sub.2 --CH.sub.2 CN       
     13       m- CH.sub.3 --CH.sub.2 --CH.sub.2 --CN                           
     14       o- H.sub.5 C.sub.2 O--                                           
                          --(CH.sub.2).sub.2 --O--CH.sub.2 --CH.sub.2 --CN     
     15       H           --(CH.sub.2).sub.2 --CH--(CH.sub.2).sub.2 --CN       
                          .vertline.                                           
                          CH.sub.3                                             
     16       m- Cl       --(CH.sub.2).sub.2 --O--CH.sub.2 --CH.sub.2 --CN     
     ______________________________________                                    
PAC  EXAMPLE 17
PAR  18 parts of pyrolusite is introduced at 0.degree. to 5.degree.C within
      thirty minutes into a solution of 28.6 parts of
      4,8-diamino-1,5-dihydroxyanthraquinone in 490 parts of 96% sulfuric acid.
      Undissolved material is then suction filtered andd the residue is washed
      with 320 parts of 96% sulfuric acid. The combined filtrates are cooled to
      -30.degree.C and 21 parts of .beta.-phenoxypropionitrile is added within
      twenty minutes at this temperature. The whole is stirred for another two
      hours at -30.degree.C. The reaction mixture is then poured out onto ice
      and the precipitated dye is suction filtered and washed with water until
      it is neutral. After recrystallization from chlorobenzene or xylene a
      product is obtained which melts at 238.degree. to 240.degree.C. The dye is
      identical with that obtained according to Example 1 (no melting point
      depression).
CLMS
STM  We claim:
NUM  1.
PAR  1. A dye of the formula:
      ##SPC6##
PAL  in which
PA1  X is hydrogen, chloro, methyl, methoxy or ethoxy;
PA1  Y is saturated alkylene of two to eight carbon atoms or --(CH.sub.2).sub.2
      --O--(CH.sub.2).sub.2 --;
PAL  and
PA1  Z is --CN or --COOH.
NUM  2.
PAR  2. A dye as claimed in claim 1 in which Z is --CN and X and Y have the
      meanings given in claim 1.
NUM  3.
PAR  3. A dye of the formula given in claim 1 in which Y is --CH.sub.2
      --CH.sub.2 -- or --CH.sub.2 --CH.sub.2 --O--(CH.sub.2).sub.2 --.
NUM  4.
PAR  4. A dye of the formula:
      ##SPC7##
NUM  5.
PAR  5. A dye of the formula:
      ##SPC8##
PATN
WKU  039364780
SRC  5
APN  4808231
APT  1
ART  124
APD  19740619
TTL  Process for the preparation of desmosterol derivatives
ISD  19760203
NCL  10
ECL  1
EXP  Roberts; Elbert L.
INVT
NAM  Takeshita; Toru
CTY  Hino
CNT  JA
INVT
NAM  Ishimoto; Sachio
CTY  Tokyo
CNT  JA
ASSG
NAM  Teijin Limited
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730620
APN  48-68657
PRIR
CNT  JA
APD  19730703
APN  48-74367
CLAS
OCL  2603972
EDF  2
ICL  C07J  900
FSC  260
FSS  397.5;397.2
UREF
PNO  3846455
ISD  19741100
NAM  Ikekawa et al.
OCL  260397.2
LREP
FRM  Sherman & Shalloway
ABST
PAL  A process for the preparation of desmosterol of which the hydroxyl group at
      the 3-position is protected, or bis-form derivatives thereof in high
      purity and with high yields, which comprises reacting
      24-hydroxycholesterol of which the hydroxyl group at the 3-position is
      protected, or bis-form derivatives thereof, with
PA1  A. phosphorus pentoxide or acid potassium sulfate, or
PA1  B. phosphorus oxychloride, thionyl chloride, or sulfonyl chlorides, in the
      presence of tertiary amine.
BSUM
PAR  This invention relates to a process for the preparation of desmosterol
      derivatives. More particularly the invention relates to a process
      comprising dehydration of 24-hydroxycholesterol of which the hydroxyl
      group at the 3-position is protected, or bis-form derivatives thereof, as
      can be expressed by the formula (1) below, to thereby produce desmosterol
      of which the hydroxyl groups at the 3-position is protected or the
      bis-form derivatives thereof, expressed by the formula (2) below:
      ##SPC1##
PAL  In which
PA1  R stands for a monovalent or divalent  protective group, and
PA1  n is 1 or 2;
      ##SPC2##
PAL  In which R and n have the same definitions as given as to the formula (1).
PAR  Desmosterol of the formula (3) below
      ##SPC3##
PAL  And the derivatives thereof are valuable compounds as the intermediates of
      biologically active steroids or of active forms of Vitamin D.sub.3 such as
      1.25-dihydroxycholecalciferol,  24,25-dihydroxycholecalciferol, and
      25-hydroxycholecalciferol.
PAR  It is known to make desmosterol or the derivatives thereof from
      3.beta.-acetoxy-5-cholenic acid, by synthesizing
      3.beta.-acetoxy-5-cholenaldehyde from the starting material via the acid
      chloride of 3.beta.-acetoxy-5-cholenic acid and ethyl
      3.beta.-acetoxythiol-5-cholenate, and then subjecting the aldehyde to
      Wittig reaction with isopropyl bromide, to thereby form desmostrol
      3-acetate (refer to J. Am. Chem. Soc., 79, p. 6473). Desmosterol 3-acetate
      is also known to be formable from methyl 3.beta.-hydroxy-5-cholenate,
      through six stages (see U.S. Pat. No. 3,152,152), or from methyl
      3.beta.-acetoxychol-5-ene-24-carboxylate, through 5 stages [see J. C. S.
      Perkin I (1973), 2423 - 2425].
PAR  However, all of those known methods use as the starting material
      3.beta.-hydroxycholenic acid of the formula (4) below,
      ##SPC4##
PAL  Which is very expensive. They also involve many and complex steps before
      the object product is obtained only with insufficient yields. Thus, they
      are hardly satisfactory for industrial practice.
PAR  It has also been proposed to use 25-ketonorcholesterol of the formula (5)
      below
      ##SPC5##
PAL  As the starting material, which is converted to 25-hydroxycholesterol by
      Grignard reaction, and then dehydrated in the presence of sulfuric acid or
      phosphorus oxychloride to provide desmosterol or an ester thereof (see J.
      Org. Chem. 23, p. 459, and J. Lipid Research, 8, p. 152). This method
      however again has such deficiencies as that the starting
      25-ketonorcholesterol is expensive and that the yield of dehydration
      reaction is low. Particularly when phosphorus oxychloride is used in the
      reaction, substantial amounts of 25-dehydrocholesterol 3-acetate is
      produced as a by-product. Thus, the method is not industrially
      advantageous.
PAR  Accordingly, an object of the present invention is to provide a novel
      process for making desmosterol derivatives through a reaction requiring
      less steps, with high yield.
PAR  Another object of the invention is to provide a process for making
      desmosterol derivatives with high yield, from 24-hydroxycholesterol of
      which the hydroxyl group at the 3-position is protected, or from bis-form
      derivatives thereof, through a simple dehydration reaction.
PAR  Still many other objects and advantages of the invention will become
      apparent from reading the following descriptions.
PAR  The foregoing objects and advantages of the invention are accomplished by
      reacting 24-hydroxycholesterol of which the hydroxyl group at the
      3-position is protected or bis-form derivatives thereof, of the formula
      (1) below,
      ##SPC6##
PAL  in which
PA1  R stands for a monovalent or divalent  protective group, and
PA1  n is 1 or 2;
PAL  with
PAR  A. phosphorus pentoxide or potassium hydrogen-sulfate, or
PAR  B. phosphorus oxychloride, thionyl chloride, or sulfonyl chlorides, in the
      presence of tertiary amine, to thereby produce desmosterol or bis-form
      derivatives thereof of which the hydroxyl group at the 3-position is
      protected, of the formula (2) below:
      ##SPC7##
PAL  in which the definitions of R an n are the same as given for formula (1)
      above.
PAC  [STARTING COMPOUNDS]
PAR  Referring to the definitions given as to the formula (1) denoting the
      starting compounds to be employed in this invention, when n is 1, R is a
      monovalent protective group, and when n is 2, obviously R is a divalent
      group.
PAR  Consequently, the formula (1) covers the two groups of compounds expressed
      by the formulae (1-a) and (1-b) below:
      ##SPC8##
PAL  in which R is a monovalent protective group, and
      ##SPC9##
PAL  in which R is a divalent protective group.
PAR  The formula (1-a) covers the cases wherein the n is 1 referring to formula
      (1), and formula (1-b), those wherein the n is 2.
PAR  The R in the formula (1) may be any protective group, so far as it can be
      transformed to hydroxyl group by any suitable means such as hydrolysis,
      reduction, or the like, after the compounds of formula (2) are formed
      according to the invention, without destroying or changing the structures
      of the compounds of formula (2) or derivatives thereof.
PAR  The R in the formula (1-a) denotes such monovalent protective groups, and
      that in formula (1-b) covers such divalent protective groups.
PAR  Preferred examples of such protective groups R include the following:
PAR  A. substituted or unsubstituted, saturated or unsaturated, and monovalent
      or divalent, hydrocarbon residues of 1 to 12 carbon atoms, and
PAR  B. substituted or unsubstituted, and saturated or unsaturated carboxylic
      acid residues of 1 to 12 carbon atoms, i.e., the acyl groups derived from
      such carboxylic acids.
PAR  When R is a hydrocarbon residue within the group (A) above the hydroxyl
      group at the 3-position of 24-hydroxycholesterol is protected by forming
      an ether. Whereas, when the R is a member of the group (B) the hydroxyl
      group is protected by the carboxylic acid.
PAR  The protective groups will be further explained with more specific
      examples. The hydrocarbon residues of group (A) can be roughly divided
      into two large subgroups of aliphatic hydrocarbon residues and aromatic
      hydrocarbon residues. In either case the hydrogen atom or atoms of the
      residues may be substituted with inert substituent groups such as halogen
      atom, alkoxy, nitro, acyl, carboxyl, ester of carboxyl, alkyl (for
      aliphatic hydrocarbon residues only), and aromatic groups (for aromatic
      hydrocarbon residues only). Furthermore, with the aliphatic hydrocarbon
      residues, the methylene groups thereof may be substituted with oxygen
      atoms, forming ethers.
PAR  Specific examples of the aliphatic hydrocarbon residues include alkyl
      groups such as methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl,
      heptyl, octyl, nonyl, dodecyl, iso-propyl, iso-butyl, sec-butyl, t-butyl,
      iso-pentyl, neopentyl, ter-pentyl, iso-hexyl, cyclopentyl, and cyclohexyl;
      alkenyl groups such as allyl, butenyl, iso-propenyl, hexenyl, snf
      cyclohexenyl; alkylene groups such as methylene, ethylene, trimethylene,
      tetramethylene, pentamethylene, and hexamethylene; aliphatic hydrocarbon
      residues substituted with monovalent inert substituent groups such as
      chloromethyl, .beta.-chloroethyl, benzyl, nitrobenzyl, cinnamyl,
      chlorobenzyl, and phenethyl; and aliphatic hydrocarbon residues in which
      the methylene group is substituted with oxygen atom, such as
      tetrahydropyranyl and methoxymethyl.
PAR  Of the above-named examples, particularly the alkyl groups of 1 to 6 carbon
      atoms and benzyl are preferred.
PAR  Also the specific examples of aromatic hydrocarbon residues include aryl
      groups such as phenyl and naphthyl; arylene groups such as phenylene; and
      substituted aromatic hydrocarbon residues such as tolyl, ethylphenyl,
      cumenyl, chlorophenyl, and methoxyphenyl.
PAR  The carboxylic acid residues of the group (B) can be further divided into
      two large subgroups of aliphatic carboxylic acid residues and aromatic
      carboxylic acid residues, in which the hydrogen atom or atoms may be
      substituted with monovalent, inert substituent groups such as halogen
      atom, alkoxy, nitro, acyl, carboxyl, ester of the carboxyl, alkyl
      (aromatic carboxylic acid residues only), aromatic groups (aliphatic
      carboxylic acid residues only).
PAR  Specific examples of such carboxylic acid residues include: saturated
      aliphatic monocarboxylic acid residues such as acetyl, propanoyl,
      butanoyl, pentanoyl, hexanoyl, capronyl, capryryl, laurayl, cyclohexanoyl,
      and cyclopentanoyl; unsaturated aliphatic monocarboxylic acid residues
      such as acrylyl, methacrylyl, .alpha.-ethylacrylyl, .beta.-methylcrotonyl,
      crotonyl, heptanoyl, and algeloyl; substituted aliphatic carboxylic acid
      residues such as fluoroacetyl, chloroacetyl, bromoacetyl, dichloroacetyl,
      trichloroacetyl, .alpha.-chloropropanoyl, .alpha.-bromocapronyl,
      phenylacetyl, phenylpropanoyl, cinnamoyl, naphthylacetyl, m-nitrocinamoyl,
      p-nitrophenylacetyl, nitrophenylpropanoyl, acetoacetyl, levulinoyl,
      carboxyacetyl, methoxycarboxyacetyl, .omega.-carboxypropylacetyl,
      carboxyphenylacetyl, and carboxynaphthylacetyl; saturated and unsaturated
      dicarboxylic acid residues such as oxalyl, malonyl, succinyl, glutaryl,
      adipoyl, sebacyl, maleyl, fumaryl, glutaconoyl, and dihydromuconoyl; and
      substituted aliphatic dicarboxylic acid residues such as chloromalonyl,
      bromomalonyl, dichloromalonyl, chlorosuccinyl, and bromosuccinyl.
PAR  Also as the specific examples of aromatic carboxylic acid residues, the
      following may be named: aromatic monocarboxylic acid residues such as
      benzoyl and naphthoyl; aromatic carboxylic acid residues substituted with
      monovalent, inert substituent groups such as ethylbenzoyl, toluyl,
      trimethylbenzoyl, methylnaphthoyl, fluorobenzoyl, chlorobenzoyl,
      dichlorobenzoyl, chloronaphthoyl, nitrobenzoyl, dinitrobenzoyl,
      methoxybenzoyl, carboxybenzoyl, 2,4-dicarboxylbenzoyl, carboxynaphthoyl,
      and methoxycarbonylbenzoyl; aromatic dicarboxylic acid residues such a
      phthaloyl, iso-phthaloyl, terephthaloyl, and naphtholoyl, and aromatic
      dicarboxylic acid residues substituted with monovalent, inert substituent
      groups such as chlorophthaloyl, chloroterephthaloyl,
      dichloroterephthaloyl, and nitroterephthaloyl.
PAR  The 24-hydroxychlolesterol derivatives used as a starting material in the
      process of this invention can be synthesized easily in high yields from
      fucosterol occurring in great quantities in seaweeds belonging to brown
      algae and contained in great quantities in industrial wastes from the
      sodium alginate-producing industry. One example of the method of synthesis
      involves oxidizing a fucosterol derivative with ozone in a customary
      manner to form a 24-ketocholesterol derivative easily, and treating this
      24-ketocholesterol derivative with a suitable reducing agent to form the
      desired 24-hydroxycholesterol derivative in high yields. [Dehydrating
      agent and dehydration reaction conditions]
PAR  According to the invention, the compounds of the foregoing formula (1),
      i.e., those of the formula (1-a) or (1-b), are contacted with the
      dehydrating agent hereinbelow described, as closely as possible to cause
      the dehydrating reaction.
PAR  We discovered the following dehydrating agents to be effective for the
      present invention:
PA1  A-1. phosphorus pentoxide
PA1  A-2 acid potassium sulfate
PA1  B-1 phosphorus oxychloride
PA1  B-2 thionyl chloride, and
PA1  B-3 sulfonyl chlorides
PAL  We also found that known dehydrating agents other than the above five types
      are substantially ineffective.
PAR  Of the above-named, particularly the dehydrating agents of A-1, A-2, B-1,
      and B-2 are favorably used, phosphorus pentoxide (A-1) being the most
      advantageous.
PAR  The starting material employed in this invention, i.e.,
      24-hydroxycholesterol of which the hydroxyl group at the 3-position is
      protected, or the bis-form derivatives thereof, expressed by the formula
      (1), cannot be converted to the desmosterol derivatives of the formula (2)
      intended by the invention, with known dehydrating agents such as, for
      example, sulfuric acid, polyphosphoric acid, and the like. It is indeed
      surprising, therefore, that the same starting material is convertible to
      the desmosterol derivatives with high yields, when the above-specified
      five types of dehydrating agents, particularly preferably phosphorus
      pentoxide, are used. The specified dehydrating agents are used at the
      ratio of 0.5 to 100 molar times, preferably from 1 to 50 molar times, the
      starting compound of the formula (1) with advantage.
PAR  When phosphorus pentoxide (A-1) or acid potassium sulfate (A-2) is used as
      the dehydrating agent, the dehydrating reaction is advantageously
      performed in an inert solvent, at the temperatures ranging from
      -10.degree.C to 150.degree.C., perferably from -5.degree.C. to
      130.degree.C. Particularly when phosphorus pentoxide is used, the optimum
      reaction temperature ranges from -5.degree.C. to 50.degree.C. Thus the
      dehydrating reaction can be completed normally within 5 minutes to 20
      hours. The reaction time is variable within said range depending on such
      factors as the reaction temperature and type and quantity of the
      dehydrating agent.
PAR  If any one of
PA1  (B-1) phosphorus oxychloride,
PA1  (B-2) thionyl chloride, or
PA1  (B-3) sulfonyl chlorides
PAL  is used as the dehydrating agent, the dehydrating reaction should be
      performed in the presence of tertiary amine as the acid acceptor.
PAR  As the sulfonyl chlorides, those covered by the formula below,
EQU  R'SO.sub.2 Cl
PAL  in which R' is a monovalent organic group, preferably an aromatic or
      aliphatic group of 1 to 10 carbon atoms, can be used with favorable
      results. More specifically, particularly methanosulfonyl chloride,
      toluenesulfonyl chloride, and benzene sulfonyl chloride, for example, are
      preferred.
PAR  Also as the tertiary amines, for example, aliphatic tertiary amines such as
      triethylamine, tri-n-propylamine, tri-n-butylamine, tri-isobutylamine,
      dimethylethylamine, 1,4-diazabicyclo[2,2,2]octane, and
      1,5-diazabicyclo[4,3,0] -5-nonene; aromatic amines such as
      dimethylaniline, diethylaniline, and triphenylamine; pyridines; picolines;
      lutidines; collidines; quinolines; and heterocyclic compounds such as
      pyridazine and pyrimidine can be used, particularly triethylamine,
      tri-n-propylamine, pyridines, lutidines, and collidines being preferred.
PAR  Of the above-named tertiary amines, those which are liquid at the
      temperatures at which the dehydrating reaction of the invention is
      performed, function also as the inert solvent, besides their action as the
      acid acceptor.
PAR  The dehydrating reaction using the dehydrating agent (B-1), (B-2), or (B-3)
      is performed in the presence of 0.5 to 100 mols, preferably 1 to 50 mols,
      of the dehydrating agent per mol of the starting compound of the formula
      (1) at -10.degree.C to 180.degree.C., preferably from 0.degree.C. to
      150.degree.C., with advantage. The reaction is normally completed within 5
      minutes to 30 hours.
PAR  The dehydrating reaction of the invention is advantageously performed in an
      inert solvent. Whereas, when phosphorus oxychloride (B-1), thionyl
      chloride (B-2), or sulfonyl chlorides (B-3) is used as the dehydrating
      agent, the reaction should be performed in the presence of a tertiary
      amine as aforesaid. When the tertiary amine is liquid at the reaction
      temperature, the whole or a part of the inert solvent may be substituted
      with the tertiary amine.
PAR  The type of the inert solvent is not critical, so far as it is a liquid
      medium which does not interfere with the dehydrating reaction intended by
      the present invention, and can dissolve the starting compound of the
      formula (1), the dehydrating agent, and if used, the tertiary amine.
PAR  As such inert solvent, for example, aliphatic hydrocarbons such as
      petroleum ether, ligroine, hexane, pentane, cyclohexane, decaline, and
      methylcyclohexane; aromatic hydrocarbons such as benzene, toluene, xylene,
      and ethylbenzene; halogenated hydrocarbons such as carbon tetrachloride,
      tetrachloroethane, and tetrachloroethylene; ethers such as ethyl ether,
      tetrahydrofurane, and dioxane; and esters such as ethyl acetate and butyl
      acetate, can be used with preference.
PAR  In a preferred embodiment of the invention, therefore,
      24-hydroxycholesterol 3-acetate of the formula (1-c) below,
      ##SPC10##
PAL  for example, is reacted with phosphorus pentoxide in an inert solvent, at
      the temperatures within the range of -5.degree.C. to 50.degree.C., to form
      through a simple single-stage reaction desmosterol 3-acetate of the
      formula (2-c) below,
      ##SPC11##
PAL  with a high yield.
PAC  [The product, and its separation and refining]
PAR  The above-described dehydrating reaction produces the desmosterol with its
      3-positioned hydroxyl group protected as expressed by the formula (2-a),
      ##SPC12##
PAL  in which R denotes a monovalent protective group, when
      24-hydroxycholesterol of which the hydroxyl group at the 3-position is
      protected, as shown by the formula (1-a), is used as the starting
      material. Whereas, if the bis-form derivatives of the compound of formula
      (1-a), i.e., the compound of the formula (1-b), is used as the starting
      material, the corresponding bis-form derivative of desmosterol of which
      the hydroxyl group at the 3-position is protected, of the formula (2-b)
      below, is obtained.
      ##SPC13##
PAL  in which R denotes a divalent protective group.
PAR  After completion of the reaction, if the reaction mixture containing the
      formed object product of the formula (2-a) or (2-b) also contains the
      dehydrating agent or decomposition product thereof in the form of solid,
      the mixture is subjected to an optional solid-liquid separation means such
      as filtration, centrifugation, sedimentation, or decantation. Or, if the
      dehydrating agent dissolves in the reaction mixture, the dehydrating agent
      or decomposition products thereof can be separated by such steps as, for
      example, adding water to the reaction mixture to thereby extract the
      dehydrating agent or the decomposition products into the water, and
      separating the aqueous phase from the inert solvent phase containing the
      object product.  pg,17
PAR  Obviously, the above solid-liquid separation may be effected by the aqueous
      extraction, or the solid-liquid separation means may be practiced in
      combination with the aqueous extraction.
PAR  The object product then can be separated from the reaction mixture from
      which the dehydrating agent or the decomposition products thereof had been
      removed, by distilling off the inert solvent, or, if necessary, by first
      suitably concentrating the system and then recrystallizing the product
      from other suitable solvents, or by subjecting the system to column
      chromatography. Through such means, the object product separated may also
      be refined.
PAR  Again according to the invention, the reaction mixture containing the so
      formed desmosterol or bis-form derivatives thereof of which the hydroxyl
      group at the 3-position is protected, as expressed by the formula (2-a) or
      (2-b) may be hydrolyzed or reduced either directly or after the removal of
      the dehydrating agent or decomposition product thereof, under suitable
      conditions. The protective group is thereby eliminated and the object
      product can be converted to desmosterol. For example, if the hydroxyl
      group at the 3-position is protected by a carboxylic acid residue, the
      product can be transformed to desmosterol by the hydrolysis under the
      conditions normally employed for that of esters, i.e., the hydrolysis
      using an acid or alkali. In a more specific embodiment, a caustic
      potash-methanol solution containing a sufficient amount of caustic potash
      is added to the reaction mixture containing desmosterol with its
      3-positioned hydroxyl group protected by a carboxylic acid residue, and
      the system is hydrolyzed at a temperature within the range of room
      temperature to 60.degree.C., if necessary in the presence of an inert
      solvent such as benzene. Thus free desmosterol can be obtained.
PAR  Or, the carboxyl compounds may be reduced by a suitable metal hydride such
      as excessive lithium aluminium tetra-hydride, to free desmosterol.
PAR  If the 3-positioned hydroxyl group is protected by a hydrocarbon residue,
      such desmosterol derivatives can be easily converted to desmosterol by a
      treatment with hydrochloric acid, provided the hydrocarbon residue is such
      that can be easily eliminated with acid, e.g., tetrahydropyranyl,
      methoxymethyl, or the like. Other hydrocarbon residues serving as the
      protective groups can be eliminated, by treating the desmosterol
      derivatives with hydrogen iodide, aluminium bromide, boron tribromide, or
      the like.
PAR  The desmosterol product again can be easily separated from the above
      reaction mixture and refined, by such means as the recrystallization or
      column chromatography.
PAR  According to the invention, therefore, the desmosterol derivatives of the
      formula (2-a) or (2-b) may also be separated as desmosterol.
PAR  The utility of the specified five types of compounds (A-1), (A-2), (B-1),
      (B-2), and (B-3), as dehydrating agent per se is known. However, of the
      numerous compounds known as functioning as dehydrating agents, only the
      specified five types of compounds show unique reactivity in the
      dehydrating reaction of 24-hydroxycholesterol and bis-form derivatives
      thereof with their hydroxyl groups at 3-positions protected, and form the
      desmosterol derivatives through simple operation, furthermore with high
      yields. The reaction for making desmosterol derivatives using such
      dehydrating agents is entirely novel.
PAR  Thus, according to the invention desmosterol of which the hydroxyl group at
      the 3-position is protected (2-a), or bis-form derivatives thereof (2-b),
      or desmosterol, can be formed with high yields.
PAR  The invention is particularly characteristic in that the desmosterol
      derivatives containing a double bond at 24-position as indicated by the
      formula (2-a) or (2-b) can be selectively formed.
PAR  Our studies confirmed that when 25-hydroxycholesterol derivatives are
      dehydrated, for example, with phosphorus oxychloride, the compound having
      the double bond at 25-position and desmosterol derivatives (containing the
      double bond at 24-position) are formed at the ratio of approximately 1:1.
      In the face of that fact, it is indeed surprising that upon dehydration of
      24-hydroxycholesterol according to the subject process, the desmosterol
      derivatives are selectively formed.
PAR  As will be demonstrated by the below described Control, dehydration of
      25-hydroxycholesterol with sulfuric acid yields desmosterol derivatives,
      but it is extremely difficult to form the object desmosterol derivatives
      by dehydrating the 24-hydroxycholesterol derivatives of the formula (1),
      which is used as the starting material in the subject process, with
      sulfuric acid.
PAR  Furthermore, according to the invention the formation of olefins by
      elimination of the group RO-bonded at the 3-position of A ring hardly
      takes place.
PAR  As so far described, high-purity desmosterol derivatives or desmosterol
      converted therefrom can be formed and recovered through simple reaction
      procedures, with high yields.
DETD
PAR  Hereinafter the invention will be explained with reference to the working
      examples, which are given for the sole purpose of facilitating the
      understanding of the invention, and should never be construed to limit the
      scope of the invention.
PAC  EXAMPLE 1
PAR  350 Milligrams of phosphorus pentoxide was added to 24 ml of benzene, and
      while the system was maintained at 10.degree.C., 440 mg of
      24-hydroxycholesterol 3-acetate was added under stirring, during 3
      minutes. The stirring was continued for 35 minutes more, and then 30 ml of
      water was added to the reaction mixture to separate the benzene phase. The
      benzene phase was washed with water, and dried with sodium sulfate. Then
      the benzene was distilled off under a reduced pressure, leaving 430 mg of
      a white solid.
PAR  The product was separated and refined by means of column chromatography,
      using the column filled with 200-mesh silica gel (elution being effected
      with benzene-n-hexane mixed solvent). Thus 360 mg (yield = 85%) of the
      product having the physical properties as indicated below was obtained.
PA1  Melting point, 93.degree. -  94.degree.C.
PA1  [.alpha.].sub.d.sup.19  = -42.7.degree. (c = -0.48, CHCl.sub.3)
PA1  Ir(.nu..sub.max, cm.sup.-.sup.1, KBr);
PA2  1,730, 1,370, 1,250, 800
PA1  Nmr (cdcl.sub.3, .delta. (ppm));
PA2  0.67 (3H, s. C-18-H,s),
PA2  1.01 (3H, s, C-19-H,s),
PA2  1.60 (3H, s, C-26-H,s or C-27-H,s),
PA2  1.69 (3H, s, C-26-H,s or C-27-H,s),
PA2  2.01 (3H, s, CH.sub.3 CO-),
PA2  4.63 (1h, b, C-3-H),
PA2  5.08 (1h, t, J=6.5H.sub.z, C-24-H),
PA2  5.35 (1h, m, C-6-H)
PA1  s: singlet, b: broad, t: triplet, m: multiplet,
PA1  Mass Spectra (m/e);
PA2  366 (M-CH.sub.3 COOH), 351, 253, 145, 93, 69,
PAR  From the above data, the product obtained was idenfified to be desmosterol
      3-acetate.
PAR  Incidentally, according to the disclosures of J. Org. Chem., 23, 459
      (1958), desmosterol 3-acetate had the melting point of 92.5.degree. -
      93.degree.C., and [.alpha.].sub.D.sup.25 equals -40.6 (c = 0.9,
      CHCl.sub.3).
PAC  EXAMPLES 2 - 11
PAR  24-Hydroxycholesterol 3-acetate and phosphorus pentoxide were reacted in a
      manner similar to Example 1, in the reaction solvent and at the
      temperature which are both indicated in Table 1, for the times also
      indicated in the same Table.
PAR  Except for Example 10, the reaction products were separated through the
      steps of adding water to the reaction system to separate the organic
      phase, washing the organic phase with water and drying with sodium
      sulfate, and distilling off the organic solvent under a reduced pressure.
      In Example 10, water and ethyl were added instead of water alone, to
      separate the ether phase.
PAR  The product separated in each run was first eluted with a mixed solvent of
      benzene and n-hexane, through a chromato-column filled with 200-mesh
      silica gel. Thus the product (I) was obtained. Further, elution with a
      mixed solvent of benzene and ethyl acetate yielded the product (II).
PAR  The product (I) was identified to be desmosterol 3-acetate from the melting
      point, [.alpha.].sub.D.sup.19 , IR, NMR, and mass spectra.
PAR  Also the product (II) was identified to be desmosterol, because the results
      of gas chromatography (1.5% OV-1 on chromosorb WHP) corresponded with
      those of desmosterol, and the product showed the melting point and NMR as
      given below.
PA1  Melting point: 120.degree. - 121.degree.C.
PA1  Nmr (cdcl.sub.3, .delta. (ppm));
PA2  0.67 (3H, s, C-18-H,s),
PA2  1.00 (3H, s, C-19-H,s),
PA2  1.60 (3H, s, C-26-H,s or C-27-H,s),
PA2  1.68 (3H, s, C-26-H,s or C-27-H,s),
PA2  3.50 (1H, b, C-3-H),
PA2  5.08 (1h, t, J=6.5H.sub.z, C-24-H),
PA2  5.30 (1h, m, C-6-H)
PAR  According to J. Org. Chem. 23 459 (1958), desmosterol has the melting point
      at 120.5.degree. - 121.degree.C.
PAR  The results of the reaction were as shown in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
                                          Yield                                
          24-hydroxy                                                           
                 Solvent                  Desmosterol                          
                                                  Desmosterol                  
          cholesterol           Reaction                                       
                                     Reaction                                  
                                          3-acetate                            
     Example                                                                   
          3-acetate                                                            
                 kind       P.sub.2 O.sub.5                                    
                                temp.                                          
                                     time (Product I)                          
                                                  (Product II)                 
     No.  (mg)   (ml)       (mg)                                               
                                (.degree.C.)                                   
                                     (min.)                                    
                                          (mg)                                 
                                              (%) (mg)                         
                                                      (%)                      
     __________________________________________________________________________
     2    300    Methylene chloride                                            
                            310 -5   50   210 73  --  --                       
                 (20)                                                          
     3    300    Benzene    280 25   40   150 52  3   1.2                      
                 (20)                                                          
     4    300    Benzene    150 50   20   138 48  7.8 3.0                      
                 (30)                                                          
     5    150    Toluene     70 90   20    63 44  3.6 2.8                      
                 (18)                                                          
     6    440    Methylene chloride                                            
                            400  5   20   330 78  --  --                       
                 (25)                                                          
     7    300    Cyclohexane                                                   
                            300 10   40   190 66  --  --                       
                 (40)                                                          
     8    300    Tetrachloroethylene                                           
                            260  5   50   204 71  --  --                       
                 (28)                                                          
     9    300    Chlorobenzene                                                 
                            300  5   40   181 63  --  --                       
                 (25)                                                          
     10   100    Tetrahydrofuran                                               
                            600 60   320   41 43  --  --                       
                 (10)                                                          
     11   100    Ethylene acetate                                              
                            600 60   240   43 45  --  ---  (10)                
     __________________________________________________________________________
PAC  EXAMPLE 12
PAR  A solution composed of 30 ml of toluene, 440 mg of 24-hydroxycholesterol
      3-acetate, and 3.0 g of acid potassium sulfate, was stirred for 3 hours at
      110.degree.C. After completion of the reaction, 40 ml of water was added
      to the reaction mixture, to separate the toluene phase, which was
      subsequently treated similarly to Example 1. Thus 300 mg of the refined
      product was recovered, with the yield of 70%, which showed the physical
      properties identical with those of the desmosterol 3-acetate obtained in
      Example 1.
PAC  EXAMPLES 13 - 18
PAR  24-Hydroxycholesterol 3-acetate and acid potassium sulfate were reacted in
      the reaction solvent at the temperature and for the time each specified in
      Table 2.
PAR  Excepting Example 18, the reaction products were separated by the steps of
      adding water to the reaction system to separate the organic phase, washing
      the organic phase with water and drying with sodium sulfate, and
      distilling off the organic solvent under a reduced pressure. In Example
      18, the water as the extraction agent was replaced by water and ethyl
      ether, and the ether phase was separated. The refining of the product was
      effected in the identical manner with that of Example 1.
PAR  The results were as shown also in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
          24-Hydroxy     Acid            Yield                                 
          cholesterol    potassium                                             
                               Reaction                                        
                                    Reaction                                   
                                         desmosterol                           
     Example                                                                   
          3-acetate                                                            
                 Solvent sulfate                                               
                               temp.                                           
                                    time 3-acetate                             
     No.  (mg)   (ml)    (g)   (.degree.C.)                                    
                                    (hr) (mg)                                  
                                             (%)                               
     __________________________________________________________________________
     13   300    Benzene 3      60  12   138 48                                
                 (30)                                                          
     14   150    Toluene 1.5    80  10    82 57                                
                 (18)                                                          
     15   150    o-Xylene                                                      
                         1.5   144  3     95 66                                
                 (20)                                                          
     16   300    Tetra-  3     110  3    178 62                                
                 chloroethylene                                                
                 (30)                                                          
     17   300    Chlorobenzene                                                 
                         3     105  4    156 52                                
                 (30)                                                          
     18   100    Dioxane 1.5   100  25    39 41                                
                 (15)                                                          
     __________________________________________________________________________
PAC  EXAMPLE 19
PAR  A mixture of 460 mg of 24 -hydroxycholesterol 3-propionate and 30 ml of
      tetrachloroethylene was maintained at 110.degree.C.; 2.0 g of acid
      potassium sulfate was added to the mixture under stirring. After stirring
      for 4 more hours 30 ml of water was added to separate the
      tetrachloroethylene phase, which was treated in a similar manner to
      Example 1 to yield 300 mg of the refined product. The yield was 67%.
PAR  The product showed NMR as follows:
PA1  Nmr (cdcl.sub.3, .delta. (ppm));
PA2  0.67 (3H, s, C-18-H,s),
PA2  1.02 (3H, s, C-19-H,s),
PA2  1.60 (3H, s, C-26-Hs,s, or C-27-H,s),
PA2  1.68 (3H, s, C-26-H,s or C-27-H,s),
PA2  4.62 (1H, b, C-3-H),
PA2  5.07 (1h, t, J=6.5H.sub.z, C-24-H),
PA2  5.35 (1h, m, C-6-H)
PAR  When the product was reduced with lithium aluminium tetrahydride in ethyl
      ether at room temperature, a product having the melting point (119.degree.
      - 120.degree.C.) and NMR identical with those of the desmosterol formed in
      Examples 3 - 5 was obtained. From the qualitative analyses data, the
      product of this Example was identified to be desmosterol 3-propionate.
PAC  EXAMPLE 20
PAR  A solution formed of 30 ml of benzene and 250 mg of 24-hydroxycholesterol
      3-benzoate was maintained at 5.degree.C. under stirring; 200 mg of
      phosphorus pentoxide was added to the solution. After stirring for 30
      minutes, the system was treated similarly to Example 1. Thus 242 mg of a
      light yellow solid was recovered from the benzene phase, which was refined
      through a chromato-column filled with silica gel (eluting agent:
      benzene-n-hexane mixed solvent) to yield 162 mg of the product having NMR
      as follows. The yield was 67%.
PA1  Nmr (cdcl.sub.3, .delta. (ppm));
PA2  0.68 (3H, s, C-18-H,s),
PA2  1.05 (3H, s. C-19-H,s),
PA2  1.60 (3H, s, C-26-H,s, or C-27-H,s),
PA2  1.68 (3H, s, C-26-H,s or C-27-H,s),
PA2  4.70 (1H, b, C-3-H),
PA2  5.00 (1h, m, C-24-H),
PA2  5.37 (1h, m, C-6-H),
PA2  7.49 (3h, m, benzoate-ortho-H,s),
PA2  8.02 (2H, m, benzoate-meta and para-H,s),
PAR  The product was hydrolyzed in a methanol solution of caustic potash at
      60.degree.C. for an hour. Thus a product having the melting point
      (120.degree.C.) and NMR identical with those of the desmosterol obtained
      in Examples 3 - 5 was obtained. From those data, the product of this
      Example was identified to be desmosterol 3-benzoate.
PAC  EXAMPLE 21
PAR  A solution formed of 20 ml of benzene and 100 mg of 24-hydroxycholesterol
      3-caprylate was maintained at 10.degree.C. under stirring, to which
      solution 100 mg of phosphorus pentoxide was added. After stirring for 30
      minutes, the system was treated similarly to Example 1. Thus 96 mg of a
      light yellow, oily substance was recovered from the benzene phase, which
      was then refined through a chromato-column filled with silica gel (eluting
      agent: a mixed solvent of benzene and n-hexane) to give 56 mg of the
      refined product. The yield was 58%.
PAR  The product showed NMR data as follows:
PA1  Nmr (cdcl.sub.3, .delta. (ppm));
PA2  0.67 (3H, s, C-18-H,s),
PA2  1.02 (3H, s, C-19-H,s),
PA2  1.60 (3H, s, C-26-H,s or C-27-H,s),
PA2  1.68 (3H, s C-26-H,s or C-27-H,s),
PA2  4.63 (1H, b, C-3-H),
PA2  5.08 (1h, t, J=6.5 H.sub.z, C-24-H),
PA2  5.35 (1h, m, C-6-H).
PAR  The product was hydrolyzed under the identical conditions with those
      employed for the hydrolysis of the product of Example 20, to form a
      product of which melting point (119.degree. - 120.degree.C.) and NMR
      corresponded to those of desmosterol.
PAR  From those results, the product was identified to be desmosterol
      3-caprylate.
PAC  EXAMPLE 22
PAR  A solution formed of 30 ml of benzene and 100 mg of
      bis(24-hydroxycholesterol) 3,3'-terephthalate was maintained at
      10.degree.C. under stirring, and 70 mg of phosphorus pentoxide was added
      to the solution. The system was stirred for 40 minutes more, and then
      treated similarly to Example 1. From the benzene phase, 97 mg of a white
      solid was recovered, which was refined through a chromato-column filled
      with silica gel (eluting agent: benzene) to yield 53 mg of a product. The
      yield was 55%.
PAR  The product showed the NMR analysis results as follows:
PA1  Nmr (cdcl.sub.3, .delta. (ppm));
PA2  0.68 (6H, s, C-18-H,s),
PA2  1.04 (6H, s, C-19-H,s),
PA2  1.60 (6H, s, C-26-H,s or C-27-H,s),
PA2  1.67 (6H, s, C-26-H,s or C-27-H,s),
PA2  4.70 (2H, b, C-3-H),
PA2  5.10 (2h, b, C-24-H),
PA2  5.38 (2h, c-6-h),
PA2  8.03 (4h, s, benzene ring-H,s),
PAR  The same product was hydrolyzed in a methanol-benzene solution of caustic
      potash at 60.degree.C. for 1.5 hours, to form a product of which melting
      point (118.degree. - 120.degree.C.) and NMR perfectly corresponded to
      those of the desmosterol obtained in Examples 3 through 5.
PAR  From those results the product of this Example was identified to be
      bis(desmosterol)3,3'-terephthalate.
PAC  EXAMPLE 23
PAR  A solution formed of 15 ml of toluene, 150 mg of 24-hydroxycholesterol
      3-benzoate, and 1.5 g of acid potassium sulfate was maintained at
      110.degree.C., under stirring for 3 hours. After completion of the
      reaction, the system was treated similarly to Example 12, and 150 mg of a
      light yellow solid was recovered from the toluene phase. The same solid
      was refined by means of column chromatography using a column filled with
      silica gel (eluting agent: benzene-n-hexane mixed solvent) to yield 75 mg
      of desmosterol 3-benzoate showing the same NMR spectra with those of the
      product of Example 20. The yield was 52%.
PAC  EXAMPLE 24
PAR  To 25 ml of n-hexane, 0.40 g of phosphorus pentoxide was added, and
      maintained at 0.degree.C. under stirring. Then 420 mg of
      3-methoxy-24-hydroxy-cholest-5-ene was added to the solution, consuming
      1.5 minutes, followed by stirring for 30 minutes more. Thereafter 25 ml of
      water and 25 ml of ethyl ether were added to separate the organic phase.
      By distilling n-hexane and ether off from the organic phase under a
      reduced pressure, 400 mg of a white, crystalline product was obtained. The
      solid was separated and refined by means of a chromato-column filled with
      silica gel (eluting agent: benzene-n-hexane mixed solvent) to recover 250
      mg of a refined product. The yield was 59%.
PAR  The product had the NMR as follows, and from the data is identified to be
      3-methoxycholesta-5,24-diene.
PA1  Nmr (cdcl.sub.3, .delta.(ppm));
PA2  0.67 (3H, s, C-18-H,s),
PA2  1.01 (3H, s, C-19-H,s),
PA2  1.60 (3H, s, C-26-H,s or C-27-H,s),
PA2  1.69 (3H, s, C-26-H,s or C-27-H,s),
PA2  3.00 (1H, b, C-3-H),
PA2  3.31 (3h, s, CH.sub.3 O-),
PA2  5.04 (1h, t, J=6.5H.sub.z, C-24-H),
PA2  5.34 (1h, m, C-6-H),
PAC  EXAMPLE 25
PAR  To a solution formed of 20 ml of methylene chloride and 150 mg of
      3.beta.-n-butoxy-24-hydroxycholest-5-ene maintained at 10.degree.C., 150
      mg of phosphorus pentoxide was added. The system was stirred for
      subsequent 30 minutes, and treated similarly to Example 1. Thus 142 mg of
      a white solid was recovered from the methylene chloride phase. The solid
      was refined by column chrometography (absorbent: silica gel, eluting
      agent: benzene-n-hexane mixed solvent) to yield 79 mg of the purified
      product. The yield was 55%.
PAR  The product had the NMR as follows, and from the data is identified to be
      3.beta.-n-butoxy-cholesta-5,24-diene.
PA1  Nmr (cdcl.sub.3, .delta.(ppm));
PA2  0.65 (3H, s, C-18-H,s),
PA2  0.98 (3H, s, C-19-H,s),
PA2  1.58 (3H, s, C-26-H,s or C-27-H,s),
PA2  1.62 (3H, s, C-26-H,s, or C-27-H,s),
PA2  3.00 (1H, b, C-3-H),
PA2  3.37 (2h, m, --CH.sub.2 --O--),
PA2  5.04 (1h, m, C-24-H),
PA2  5.30 (1h, m, C-6-H)
PAC  EXAMPLE 26
PAR  To a solution formed of 50 mg of
      24-hydroxycholest-5-en-3.beta.-(2'-tetrahydropyranyl)-ether and 10 ml of
      benzene maintained at 24.degree.C., 150 mg of phosphorus pentoxide was
      added. The system was stirred for 60 minutes more, and after completion of
      the reaction extracted with 1% aqueous sodium carbonate solution and ethyl
      ether. The separated organic phase was washed thoroughly with water, and
      dried with anhydrous sodium sulfate. Then the benzene and ethyl ether were
      distilled off under a reduced pressure.
PAR  The residue was passed through a chromato-column filled with silica gel
      which had been deactivated with water, and eluted first with a
      benzene-n-hexane mixed solvent to give 14.4 mg of further product (III).
      The yield was 30%. Then the elution with a benzene-ethyl acetate mixed
      solvent, to give 5 mg of the product (IV). The yield was 13%.
PAR  The NMR of the product (III) was as follows:
PA1  Nmr (cdcl.sub.3, .delta.(ppm));
PA2  0.67 (3H, s, C-18-H,s),
PA2  1.00 (3H, s, C-19-H,s),
PA2  1.60 (3H, s, C-26-H,s or C-27-H,s),
PA2  1.69 (3H, s, C-26-H,s or C-27-H,s),
PA2  3.10 - 3.90 (4H, b, C-3-H and the proton at 2 position of pyranyl group)
PA2  5.08 (1H, m, C-24-HO),
PA2  5.35 (1h, m, C-6-H),
PAR  When the product (III) was treated with hydrochloric acid, a product
      showing the same melting point (119.degree. - 120.degree.C.) and NMR with
      those of the desmosterol obtained in Examples 3 through 5 was obtained.
PAR  Based on those results, the product (III) was identified to be
      cholesta-5,24-diene-3.beta.-(2'-tetrahydropyranyl) ether.
PAR  Also the product (IV) had the melting point and NMR corresponding to those
      of desmosterol which was the hydrochloric acid-decomposed product of above
      product (III), and from that fact was identified to be desmosterol.
PAC  EXAMPLE 27
PAR  A solution formed of 15 ml of toluene, 50 mg of
      3.beta.-n-butoxy-24-hydroxycholest-5-ene, and 700 mg of acid potassium
      sulfate was maintained at 110.degree.C. under stirring for 2 hours. After
      completion of the reaction, the system was treated similarly to Example
      12, and 47 mg of a solid was recovered from the toluene phase. By refining
      the solid through a silica gel-filled chromato-column (eluting agent:
      benzene-n-hexane mixed solvent), 23 mg of a product was obtained. The
      yield was 48%. Because the product showed the NMR perfectly identical with
      that of the product of Example 25, it was identified to be
      3.beta.-(n-butoxy)-cholesta-5,24-diene.
PAC  EXAMPLE 28
PAR  440 Milligrams of 24-hydroxycholesterol 3-acetate was dissolved in 11 ml of
      pyridine, and while the solution was maintained at 22.degree.C., 1.1 ml of
      phosphorus oxychloride was dropped slowly thereinto, followed by stirring
      for an hour. Thereafter the reaction solution was poured into ice water,
      and extracted with 50 ml of ether.
PAR  The ether phase was washed with diluted hydrochloric acid, further
      repeatedly washed with water, and finally dried with sodium sulfate.
      Distilling the ether off under a reduced pressure yielded 420 mg of a
      white, crystalline product.
PAR  The solid was separated and refined by means of a silica gel-filled
      chromato-column (eluting agent: benzene-n-hexane mixed solvent), to yield
      260 mg of the refined product. The yield was 61%.
PAR  The product had the melting point at 92.degree. - 93.degree.C., and its NMR
      well corresponded to that of the product of Example 1. Thus the product
      was identified to be desmosterol 3-acetate.
PAC  EXAMPLES 29 - 36
PAR  24-Hydroxycholesterol 3-acetate was reacted with phosphorus oxychloride or
      thionyl chloride in the presence of tertiary amine. The amounts of the
      reactants, type of the tertiary amine, and the reaction temperature and
      time employed in each run were as shown in Table 3. The reaction mixtures
      were treated similarly to Example 28, and the products were separated and
      refined.
PAR  The results were as given also in Table 3.
PAR  All the products were identified to be desmosterol 3-acetate, from the
      melting points and NMR analyses data.
TBL                                    Table 3                                 
     __________________________________________________________________________
         24-Hydroxy                                                            
                POCl.sub.3 or           Yield                                  
         cholesterol  t-amines                                                 
                             Reaction                                          
                                   Reaction                                    
                                        desmosterol                            
     Sample                                                                    
         3-acetate                                                             
                SOCl.sub.2   temp. time 3-acetate                              
     No. (mg)   (ml)  (ml)   (.degree.C.)                                      
                                   (hr) (mg)                                   
                                            (%)                                
     __________________________________________________________________________
     29  200    POCl.sub.3                                                     
                      pyridine                                                 
                             50    6    109 57                                 
                (0.3)  (5)                                                     
     30  200    POCl.sub.3                                                     
                      pyridine                                                 
                             98    2    105 55                                 
                (0.3)  (5)                                                     
     31  440    SOCl.sub.2                                                     
                      pyridine                                                 
                             15    2.5  230 55                                 
                (1.1) (11)                                                     
     32  100    SOCl.sub.2                                                     
                      pyridine                                                 
                             50    3     48 50                                 
                 (0.25)                                                        
                      (2.5)                                                    
     33  100    SOCl.sub.2                                                     
                      pyridine                                                 
                             76    2     50 52                                 
                 (0.20)                                                        
                      (2.8)                                                    
     34  220    POCl.sub.3                                                     
                      trichylamine                                             
                             0-18  20   140 66                                 
                (1.0) (10)   (gradually                                        
                             rising)                                           
     35  440    POCl.sub.3                                                     
                      s-collidine                                              
                             22    5    279 66                                 
                (0.6) (13)                                                     
     36  100    SOCl.sub.2                                                     
                      .alpha.-picoline                                         
                             20    3     47 49                                 
                 (0.28)                                                        
                       (3)                                                     
     __________________________________________________________________________
PAC  EXAMPLE 37
PAR  250 Milligrams of 24-hydroxycholesterol 3-benzoate was dissolved in 15 ml
      of pyridine, and maintained at 20.degree.C. Into the solution 1.0 ml of
      phosphorus oxychloride was added dropwise, followed by stirring for 20
      hours. Thereafter the reaction liquid was poured into water, and extracted
      with a benzene-ether mixed solvent.
PAR  The organic phase was separated, washed with water, dried with sodium
      sulfate, and the organic solvent was distilled off.
PAR  The residue was refined similarly to Example 1, and 150 mg of a product
      showing the NMR well corresponding to that of the product of Example 20
      (desmosterol 3-benzoate) was obtained. The yield was 62%. When the product
      was hydrolyzed with a methanol solution of caustic potash at 60.degree.C.
      for an hour, the product had the melting point (119.degree. -
      120.degree.C.) and NMR identical with those of desmosterol.
PAR  From the foregoing results, the product of this Example was identified to
      be desmosterol 3-benzoate.
PAC  EXAMPLE 38
PAR  100 Milligrams of 3.beta.-n-butoxy-24-hydroxycholest-5-ene was dissolved in
      3 ml of pyridine. While the solution was maintained at 20.degree.C., 0.30
      ml of thionyl chloride was added thereto, followed by stirring for 3
      hours. The reaction mixture was treated similarly to Example 28, and 94 mg
      of a white solid was refined by means of column chromatography using
      silica gel and a benzene-n-hexane mixed solvent. Thus 50 mg of a product
      was obtained with the yield of 52%.
PAR  From the results of NMR analysis, the product was identified to be
      3.beta.-(n-butoxy)-cholesta-5,24-diene.
PAC  EXAMPLE 39
PAR  58 Milligrams of
      24-hydroxycholest-5-en-3.beta.-(2'-tetrahydropyranyl)-ether was dissolved
      in 1.5 ml of pyridine, and while the solution was maintained in
      18.degree.C., 0.1 ml of phosphorus oxychloride was slowly added, followed
      by stirring for 2 hours. The reaction mixture was treated similarly to
      Example 28, and 49 mg of a light yellow solid was separated from the ethyl
      ether phase.
PAR  The solid was refined by column chromatography using the silica gel which
      had been deactivated with water and a mixed solvent of benzene and
      n-hexane as the eluting agent. Thus 23 mg of a product having the NMR
      corresponding to that of
      cholesta-5,24-dien-3.beta.-(2'-tetrahydropyranyl)-ether was obtained. The
      yield was 42%.
PAR  Treatment of the product with hydrochloric acid yielded a material which
      had the melting point (118.5.degree. - 120.degree.C.) and NMR
      corresponding to those of desmosterol.
PAR  From those results, the product of this Example was identified to be
      cholesta-5,24-dien-3.beta.-(2'-tetrahydropyranyl)-ether.
PAC  EXAMPLE 40
PAR  To a solution formed from 0.44 g of 24-hydroxycholesterol 3-acetate and 13
      ml of pyridine, 0.50 g of p-toluenesulfonyl chloride was added at room
      temperature. After reaction for 3 hours at 110.degree.C., the reaction
      liquid was poured into ice water, and extracted with 100 ml of ether. The
      ether phase was washed with 5% aqueous sodium carbonate solution and 1N
      hydrochloric acid, and then repeatedly with water. Then the ether phase
      was treated similarly to Example 28, to separate 193 mg of a product with
      the yield of 46%. The product had the melting point at 93.5.degree. -
      94.degree.C., and its NMR well corresponded to that of desmosterol
      3-acetate.
PAC  EXAMPLES 41 - 45
PAR  24-Hydroxycholesterol 3-acetate was reacted with various sulfonyl chlorides
      in the presence of tert.-amines. The amounts of the reactants, type of
      t.-amine, and reaction temperature and time employed for each run were as
      shown in Table 4. The reaction mixtures were treated similarly to Example
      40, and the products were separated and refined.
PAR  The results were as shown in Table 4. All the products were identified to
      be desmosterol 3-acetate, from their melting points and NMR analyses data.
TBL                                    Table 4                                 
     __________________________________________________________________________
          24-Hydroxy                       Yield                               
          cholesterol            Reaction                                      
                                      Reaction                                 
                                           desmosterol                         
     Example                                                                   
          3-acetate                                                            
                 Sulfonyl chlorides                                            
                           t-amine                                             
                                 temp.                                         
                                      time 3-acetate                           
     No.  (mg)   (mg)      (ml)  (.degree.C.)                                  
                                      (hr.)                                    
                                           (mg)                                
                                               (%)                             
     __________________________________________________________________________
     41   150    p-Toluene sulfonyl                                            
                           pyridine                                            
                                 40-50                                         
                                      18   56  39                              
                 chloride  (5)                                                 
                 (240)                                                         
     42   100    p-Toluene pyridine                                            
                                  83  18   38  40                              
                 sulfonyl chloride                                             
                           (4)                                                 
                 (150)                                                         
     43   100    p-Toluene s-    158  3    41  43                              
                 sulfonyl chloride                                             
                           collidine                                           
                 (120)     (4)                                                 
     44   150    Methan    pyridine                                            
                                 110  3.5  72  50                              
                 sulfonyl chloride                                             
                           DMF 4 ml                                            
                 (400)                                                         
     45   100    Benzene   pyridine                                            
                                 110  4    44  46                              
                 sulfonyl chloride                                             
                           (4)                                                 
                 (110)                                                         
     __________________________________________________________________________
PAC  EXAMPLE 46
PAR  120 Milligrams of 24-hydroxycholesterol-3-benzoate was dissolved in 6 ml of
      pyridine, and while the solution was maintained at 110.degree.C., 150 mg
      of p-toluenesulfonyl chloride was added thereto, followed by stirring for
      3 hours. The reaction mixture was treated similarly to Example 40, passed
      through a chromato-column filled with silica gel, and refined as extracted
      by the mixed solvent of benzene and n-hexane. Thus 51 mg of a product was
      obtained, with the yield of 44%.
PAR  The product showed NMR identical with that of the product of Example 20,
      and when it was hydrolyzed with a caustic potash-methanol solution at
      60.degree.C. for an hour, had the melting point (118.5.degree. -
      120.degree.C.) and NMR identical with those of desmosterol.
PAR  From those results, the product of this Examples was identified to be
      desmosterol 3-benzoate.
PAC  EXAMPLE 47
PAR  43 Milligrams of 3.beta.-n-butoxy-24-hydroxycholest-5-ene was dissolved in
      2 ml of pyridine, and to the solution which was maintained at
      110.degree.C., 60 mg of p-toluenesulfonyl chloride was added and reacted
      for 6 hours. The reaction mixture was treated similarly to Example 40,
      separated and refined through a chromato-column filled with silica gel, a
      benzene-n-hexane mixed solvent being used for the elution. Thus 16 mg of a
      product showing the NMR identical with that of
      3.beta.-n-butoxy-cholesta-5,24-diene was obtained. The yield was 38%.
PAC  EXAMPLE 48
PAR  130 Milligrams of phosphorus pentoxide was added to 10 ml of benzene, and
      maintained at -5.degree.C. under stirring. Then 200 mg of
      24-hydroxycholesterol 3-acetate was added thereto, and the system was
      stirred for further 40 minutes at that temperature and reacted. Thereafter
      the solid and benzene phase were separated by decantation. To the benzene
      phase 10 ml of methanol and 10 ml of 2N-caustic potash-methanol solution
      were added to effect the hydrolyzing reaction for an hour while refluxing
      methanol. After the reaction ethyl ether and water were added to the
      system, and the ethyl ether phase was separated, which was subsequently
      washed with 1N-hydrochloric acid, then repeatedly with water, and dried
      with anhydrous Glauber's salt. The ethyl ether was distilled off under a
      reduced pressure, leaving 168 mg of a light yellow solid. The solid was
      separated and refined through a chromato-column filled with silica gel,
      and eluted with a mixed solvent of benzene and ethyl acetate. Thus 131 mg
      of desmosterol having the same properties with those of the product of
      Examples 3 - 5 was obtained. The yield was 76%.
PAC  CONTROL
PAR  A sulfuric acid-dioxane system which has been reported to be effective for
      the synthesis of desmosterol from 25-hydroxycholesterol 3-acetate (cf. J.
      Org. Chem., 23 456 (1958)) was applied to the reaction of
      24-hydroxycholesterol 3-acetate.
PAR  To 6 ml of 12% sulfuric acid-dioxane mixture (% by weight), 25 mg of
      24-hydroxycholesterol 3-acetate was added, and stirred for 2 days at room
      temperature.
PAR  Thereafter the reaction mixture was poured into water, and extracted with
      ether. The extract was acetylated in an acetic anhydride-pyridine system
      and analyzed. Whereupon it was found that the object desmosterol 3-acetate
      was obtained with the yield not higher than 5%.
PAR  When the above reaction was performed at 50.degree.C. for 30 minutes, a
      large amount of side-products was obtained, and the yield of desmosterol
      3-acetate was only 10%.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of desmosterol of which the hydroxyl group
      at the 3-position is protected, or bis-form derivatives thereof, of the
      formula (2) below:
      ##SPC14##
PAL  in which R denotes respectively a monovalent or divalent protective group
      which is convertible into a hydroxyl group through hydrolysis or
      reduction, and n is respectively 1 or 2, which comprises reacting
      24-hydroxycholesterol of which the hydroxyl group at the 3-position is
      protected, or bis-form derivatives thereof, of the formula (1) below:
      ##SPC15##
PAL  in which R and n have the same definitions as given for formula (2), with a
      dehydrating agent selected from the group consisting of
PA1  (A)(1) phosphorus pentoxide, (A)(2) acid potassium sulfate,
PA1  (B)(1) phosphorus oxychloride, (B)(2) thionyl chloride, and (B)(3) sulfonyl
      chlorides, with the proviso that when the dehydrating agent is (B)(1),
      (B)(2) or (B)(3) it is used in the presence of tertiary amine.
NUM  2.
PAR  2. The process according to claim 1, in which the protective group R in the
      formula (1) or (2) is a substituted or unsubstituted, saturated or
      unsaturated, monovalent or divalent, hydrocarbon residue of 1 to 12 carbon
      atoms, or a substituted or unsubstituted, saturated or unsaturated,
      carboxylic acid residue of 1 to 12 carbon atoms.
NUM  3.
PAR  3. The process for the preparation of desmosterol of which the hydroxyl
      group at the 3-position is protected or bis-form derivatives thereof, of
      the formula (2) below:
      ##SPC16##
PAL  in which R denotes a monovalent or divalent protective group, and n is 1 or
      2, according to claim 1, which comprises reacting 24-hydroxycholesterol of
      which the hydroxyl group at the 3-position is protected, or bis-form
      derivatives thereof, of the formula (1) below:
      ##SPC17##
PAL  in which R and n have the same definitions as given for formula (2), with
      phosphorus pentoxide or acid potassium sulfate in the presence of an inert
      solvent, at the temperatures ranging from -10.degree.C. to 150.degree.C.
NUM  4.
PAR  4. The process for the preparation of desmosterol of which the hydroxyl
      group at the 3-position is protected, or bis-form derivatives thereof, of
      the formula (2) below:
      ##SPC18##
PAL  in which R denotes a monovalent or divalent protective group, and n is 1 or
      2, according to claim 1, which comprises reacting 24-hydroxylcholesterol
      of which the hydroxyl group at the 3-position is protected, or bis-form
      derivatives thereof, of the formula (1) below:
      ##SPC19##
PAL  in which R and n have the same definitions as given for formula (2), with
      phosphorus oxychloride, thionyl chloride, or sulfonyl chloride in the
      presence of tertiary amine, at the temperatures ranging from 0.degree.C.
      to 180.degree.C.
NUM  5.
PAR  5. The process for the preparation of desmosterol 3-acetate of the formula
      (2-c) below:
      ##SPC20##
PAL  according to claim 1 which comprises reacting 24-hydroxycholesterol
      3-acetate of the formula (1-c) below:
      ##SPC21##
PAL  with phosphorus pentoxide in the presence of an inert solvent at the
      temperatures ranging from -5.degree.C. to 50.degree.C.
NUM  6.
PAR  6. A process for the preparation of desmosterol of the formula (3) below:
      ##SPC22##
PAL  which comprises reacting 24-hydroxycholesterol of which the hydroxyl group
      at the 3-position is protected, or bis-form derivatives thereof, of the
      formula (1) below:
      ##SPC23##
PAL  in which R denotes respectively a monovalent or divalent protective group
      which is convertible into a hydroxyl group through hydrolysis or
      reduction, and n respectively is 1 or 2, with a dehydrating agent selected
      from the group consisting of
PA1  (A)(1) phosphorus pentoxide, (A)(2) acid potassium sulfate,
PA1  (B)(1) phosphorus oxychloride, (B)(2) thionyl chloride, and (B)(3) sulfonyl
      chlorides, with the proviso that when the dehydrating agent is (B)(1),
      (B)(2) or (B)(3) it is used in the presence of tertiary amine,
PAL  to form the corresponding desmosterol of which the hydroxyl group at the
      3-position is protected, or bis-form derivatives thereof, of the formula
      (2) below:
      ##SPC24##
PAL  in which R and n have the same definitions as given for formula (1), and
      hydrolyzing or reducing the same to eliminate the protective group (--R,
      or --R--).
NUM  7.
PAR  7. The process of claim 1 wherein R is selected from the group consisting
      of saturated or unsaturated hydrocarbon residues of 1 to 12 carbon atoms
      which may optionally contain oxygen atom to form ether linkage and
      saturated or unsaturated carboxylic acid residues of 1 to 12 carbon atoms.
NUM  8.
PAR  8. The process of claim 1 wherein said dehydrating agent is phosphorus
      pentoxide (A-1) and the dehydrating reaction is carried out in an inert
      solvent at a temperature of -5.degree. to 50.degree.C.
NUM  9.
PAR  9. The process of claim 6 wherein R is selected from the group consisting
      of saturated or unsaturated hydrocarbon residues of 1 to 12 carbon atoms
      which may optionally contain oxygen atom to form ether linkage and
      saturated or unsaturated carboxylic acid residues of 1 to 12 carbon atoms.
NUM  10.
PAR  10. The process of claim 6 wherein said dehydrating agent is phosphorus
      pentoxide (A-1) and the dehydrating reaction is carried out in an inert
      solvent at a temperature of -5.degree. to 50.degree.C.
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PAL  The present invention concerns benzophenone compounds of the formula:
      ##SPC1##
PAL  Wherein
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 are hydrogen or substituents, e.g.
      alkyl,
PA1  X is a mono-, di- or trivalent radical and
PA1  n is an integer 1, 2 or 3.
PAL  The compounds are useful as U.V. stabilizers for, for example, plastics
      materials.
BSUM
PAR  The present invention relates to ketocompounds and more specifically to
      benzophenone derivatives. In particular, the present invention relates to
      benzophenone derivatives which are useful in the stabilisation of organic
      materials against degradation by ultraviolet radiation, hereinafter
      referred to as U.V. stabilisers.
PAR  Accordingly, the present invention provides a method of stabilising organic
      material susceptible to U.V. degradation which comprises treating said
      organic material with a compound of formula I,
      ##SPC2##
PAL  wherein
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 are, independently, hydrogen;
      fluorine; chlorine; bromine; cyano; alkyl of 1 to 12 carbon atoms; alkoxy
      of 1 to 18 carbon atoms; cycloalkyl of 5 to 12 ring carbon atoms;
      cycloalkylalkyl of 5 to 11 ring carbon atoms and 6 to 12 carbon atoms in
      the aggregate thereof; cycloalkoxy of 5 to 12 ring carbon atoms;
      cycloalkylalkoxy of 5 to 12 ring carbon atoms and 6 to 18 carbon atoms in
      the aggregate thereof; cycloalkyl, cycloalkylalkyl, cycloalkoxy or
      cycloalkylalkoxy, as defined, ring mono-, di- or tri- substituted by alkyl
      of 1 to 4 carbon atoms; aryl of 6 to 14 carbon atoms; aryl of 6 to 14 aryl
      carbon atoms substituted by hydroxyl; aryl of 6 to 14 aryl carbon atoms
      substituted by 1 or 2 alkyls each of 1 to 4 carbon atoms; aryl of 6 to 14
      aryl carbon atoms substituted by hydroxyl and further substituted by 1 to
      2 alkyls each of 1 to 4 carbon atoms; aralkyl of 6 to 14 aryl carbon atoms
      and 7 to 15 carbon atoms in the aggregate thereof; aralkyl of 6 to 14 aryl
      carbon atoms and 7 to 15 carbon atoms in the aggregate thereof ring
      substituted by hydroxyl; aralkyl of 6 to 14 carbon atoms and 7 to 15
      aralkyl carbon atoms ring substituted by 1 or 2 alkyls each of 1 to 4
      carbon atoms; aralkyl of 6 to 14 carbon atoms and 7 to 15 aralkyl carbon
      atoms ring substituted by hydroxyl and further ring substituted by 1 or 2
      alkyls each of 1 to 4 carbon atoms; aralkoxy of 6 to 14 aryl carbon atoms
      and 7 to 18 carbon atoms in the aggregate thereof; aralkoxy of 6 to 14
      aryl carbon atoms and 7 to 18 aralkoxy carbon atoms ring substituted by
      alkyl of 1 to 4 carbon atoms; a radical --COOR.sub.5,
PA2  wherein R.sub.5 is hydrogen, alkyl of 1 to 18 carbon atoms; cycloalkyl of 5
      to 12 carbon atoms; cycloalkylalkyl of 5 to 12 ring carbon atoms and 6 to
      18 carbon atoms in the aggregate thereof; cycloalkyl or cycloalkylalkyl,
      as defined, ring mono-, di- or tri- substituted by alkyl of 1 to 4 carbon
      atoms; aralkyl of 6 to 14 aryl carbon atoms and 7 to 18 carbon atoms in
      the aggregate thereof; phenyl; phenyl substituted by hydroxyl; phenyl
      substituted by 1 or 2 alkyls each of 1 to 14 carbon atoms and 7 to 20
      carbon atoms in the aggregate thereof; phenyl substituted by hydroxyl and
      further substituted by 1 or 2 alkyls, each of 1 to 14 carbon atoms, having
      7 to 20 carbon atoms in the aggregate thereof;
PA1   or alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl,
      alkylcycloalkylalkyl, or aryl or aralkyl, unsubstituted or ring
      substituted by hydroxyl and/or alkyl, as defined, bound to the
      benzophenone aromatic nucleus via an --SO-- or an --SO.sub.2 -- linkage,
PA1  n is an integer 1, 2 or 3, when n is 1, then X is alkyl of 1 to 22 carbon
      atoms; alkenyl of 2 to 22 carbon atoms; alkynyl of 2 to 22 carbon atoms;
      cycloalkyl of 5 to 12 carbon atoms; cycloalkenyl of 5 to 12 carbon atoms;
      cycloalkylalkyl of 5 to 12 ring carbon atoms and 6 to 22 carbon atoms in
      the aggregate thereof; cycloalkylalkenyl of 5 to 12 carbon atoms and 7 to
      22 carbon atoms in the aggregate thereof; cycloalkyl, cycloalkenyl,
      cycloalkylalkyl, or cycloalkylalkenyl as defined mono-, di- or tri- ring
      substituted by alkyl of 1 to 4 carbon atoms; aralkyl of 6 to 14 aryl
      carbon atoms and 7 to 22 carbon atoms in the aggregate thereof; aralkyl of
      6 to 14 aryl carbon atoms and 7 to  22 carbon atoms in the aggregate
      thereof ring substituted by hydroxyl; aralkyl of 6 to 14 aryl carbon atoms
      and 7 to 22 aralkyl carbon atoms, ring substituted by 1 or 2 alkyls, each
      of 1 to 4 carbon atoms; aralkyl of 6 to 14 aryl carbon atoms and 7 to 22
      aralkyl carbon atoms, ring substituted by hydroxyl and further ring
      substituted by 1 or 2 alkyls, each of 1 to 4 carbon atoms; aralkenyl of 6
      to 14 aryl carbon atoms and 8 to 22 carbon atoms in the aggregate thereof;
      aralkenyl of 6 to 14 aryl carbon atoms and 8 to 22 carbon atoms in the
      aggregate thereof, ring substituted by hydroxyl; aralkenyl of 6 to 14 aryl
      carbon atoms and 8 to 22 aralkenyl carbon atoms ring substituted by 1 or 2
      alkyls, each 1 to 4 carbon atoms; aralkenyl of 6 to 14 aryl carbon atoms
      and 8 to 22 aralkenyl carbon atoms ring substituted by hydroxyl and
      further ring substituted by 1 or 2 alkyls; alkenyl, alkynyl,
      cycloalkylalkyl, cycloalkylalkenyl, or aralkyl or aralkenyl, unsubstituted
      or ring substituted by hydroxyl and/or alkyl, as defined, containing a
      linkage selected from --O--, --S--, --SO-- and --SO.sub.2 -- in a
      non-cyclic alkylene portion thereof; phenyl; fluoro, chloro, bromo, cyano
      or hydroxy substituted phenyl; phenyl substituted by 1 or 2 alkyls each of
      1 to 8 carbon atoms; phenyl substituted by 1 or 2 alkoxy radicals each of
      1 to 12 carbon atoms; phenyl substituted either by hydroxyl or by 1 or 2
      alkoxy radicals each of 1 to 12 carbon atoms, further substituted by 1 or
      2 alkyls each of 1 to 8 carbon atoms; phenyl substituted by phenyl; phenyl
      substituted by phenoxy; or phenyl substituted by a radical R.sub.6
      SO.sub.2 --
PA2  wherein R.sub.6 is alkyl of 1 to 22 carbon atoms; alkyl of 1 to 22 carbon
      atoms substituted by chlorine or bromine; cycloalkyl of 5 to 12 ring
      carbon atoms; cycloalkylalkyl of 5 to 12 ring carbon atoms and 6 to 22
      carbon atoms in the aggregate thereof; cycloalkyl or cycloalkylalkyl as
      defined mono-, di- or tri- ring substituted by alkyl of 1 to 4 carbon
      atoms; phenyl; or phenyl substituted by 1 or 2 alkyls each of 1 to 4
      carbon atoms;
PA1   when n is 2, then X is alkylene of 1 to 22 carbon atoms; cycloalkylene of
      5 to 12 ring carbon atoms; cycloalkylalkylene of 5 to 12 ring carbon atoms
      and 6 to 22 carbon atoms in the aggregate thereof; cycloalkylene or
      cycloalkylalkylene as defined mono-, di- or tri- ring substitued by alkyl
      of 1 to 4 carbon atoms; aralkylene of 6 to 14 aryl carbon atoms and of 7
      to 22 carbon atoms in the aggregate thereof; aralkenylene of 6 to 14 aryl
      carbon atoms and 8 to 22 carbon atoms in the aggregate thereof; alkylene,
      cycloalkylalkylene, alkylcycloalkylene, alkylcycloalkylalkylene,
      aralkylene or aralkenylene, as defined, and containing an -S- linkage in a
      non-cyclic alkylene portion thereof; phenylene, diphenylene, or
      diphenylene oxide; and
PA1   when n is 3, then X is trivalent phenyl.
PAR  The preferred U.V. stabilizers of the method of the present invention are
      the compounds of formula Ia,
      ##SPC3##
PAL  wherein
PA1  R.sub.1 ', r.sub.2 ', and R.sub.4 ' are, independently, hydrogen; fluorine;
      chlorine; bromine; alkyl of 1 to 12 carbon atoms; cycloalky of 5 to 12
      ring carbon atoms; cycloalkylalkyl of 5 to 11 ring carbon atoms and 6 to
      12 carbon atoms in the aggregate thereof; alkoxy of 1 to 12 carbon atoms;
      cycloalkoxy of 5 to 12 ring carbon atoms; cycloalkylalkoxy of 5 to 11 ring
      carbon atoms and 6 to 12 carbon atoms in the aggregate thereof;
      cycloalkyl, cycloalkylalkyl, cycloalkoxy or cycloalkylalkoxy, as defined
      above, mono-, di- or tri- ring substituted by alkyl of 1 to 4 carbon
      atoms; phenyl; phenyl substituted by hydroxyl; phenyl substituted by 1 or
      2 alkyls each of 1 to 4 carbon atoms; phenyl substituted by hydroxyl and
      further substituted by 1 or 2 alkyls, each of 1 to 4 carbon atoms; a
      radical --COOR.sub.5 ',
PA2  wherein R.sub.5 ' is alkyl of 1 to 8 carbon atoms; cycloalkyl of 5 to 8
      ring carbon atoms; cycloalkylalkyl of 5 to 7 ring carbon atoms and 6 to 8
      carbon atoms in the aggregate thereof; cycloalkyl or cycloalkylalkyl as
      defined, mono-, di- or tri- ring substituted by alkyl of 1 to 4 carbon
      atoms; phenyl; phenyl substituted by hydroxyl; phenyl substituted by 1 or
      2 alkyls each of 1 to 4 carbon atoms; or phenyl substituted by hydroxyl
      and further substituted by 1 or 2 alkyls each of 1 to 4 carbon atoms;
PA1   or alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl,
      alkylcycloalkylalkyl, or phenyl unsubstituted or substituted by hydroxyl
      and/or alkyl, as defined above, bound to the benzophenone nucleus via an
      --S-- or an --SO.sub.2 -- linkage, and
PA1  n and X are as defined above.
PAR  Further preferred U.V. stabilizers of the method of the present invention
      are the compounds of formula Ib,
      ##SPC4##
PAL  wherein
PA1  R.sub.1 " and R.sub.4 ", independently, are hydrogen; fluorine; chlorine;
      bromine; alkyl of 1 to 8 carbon atoms; cycloalkyl of 5  to 8 ring carbon
      atoms; cycloalkylalkyl of 5 to 7 ring carbon atoms and 6 to 8 carbon atoms
      in the aggregate thereof; alkoxy of 1 to 12 carbon atoms; cycloalkoxy of 5
      to 8 ring carbon atoms; cycloalkylalkoxy of 5 to 8 ring carbon atoms and 6
      to 12 carbon atoms in the aggregate thereof; or cycloalkyl,
      cycloalkylalkyl, cycloalkoxy or cycloalkylalkoxy, as defined above, mono-,
      di- or tri- ring substituted by alkyl of 1 to 4 carbon atoms;
PA1  R.sub.2 " has one of the significances of R.sub.1 " or R.sub.4 ", or is
      cyano, phenyl or --COOR.sub.5 ' wherein R.sub.5 ' is as defined above,
PA1  R.sub.3 " is hydrogen and
PA1  n and X are as defined above.
PAR  Still further preferred U.V. stabilizers of the method of the present
      invention are the compounds of formula Ic,
      ##SPC5##
PAL  wherein
PA1  R.sub.1 '" is hydrogen or alkyl of 1 to 4 carbon atoms,
PA1  R.sub.2 '" and R.sub.4 '" are, independently, hydrogen, alkyl of 1 to 4
      carbon atoms, fluorine, chlorine, bromine, or alkoxy of 1 to 8 carbon
      atoms,
PA1  R.sub.3 '" is hydrogen,
PA1  n' is an integer 1 or 2 and
PA1  X is as defined above.
PAR  Still further preferred U.V. stabilizers of the method of the present
      invention are compounds of formula Id,
      ##SPC6##
PAL  wherein
PA1  R.sub.1 "" is hydrogen or alkyl of 1 to 4 carbon atoms,
PA1  R.sub.4 "" is hydrogen, alkyl of 1 to 4 carbon atoms, fluorine, chlorine,
      bromine or alkoxy of 1 to 8 carbon atoms,
PA1  R.sub.2 "" and R.sub.3 "" are each hydrogen and
PA1  n' and X are as defined above.
PAR  When any or all of R.sub.1, R.sub.2, R.sub.3, R.sub.4 or X of formula I, or
      where appropriate, their counterparts in formulae Ia, Ib, Ic or Id, are or
      contain aryl of 6 to 14 carbon atoms (i.e. substituted or unsubstituted
      aryl, aralkyl or aralkoxy), the aryl or aryl portion thereof is preferably
      phenyl, naphthyl, fluorenyl, acenaphthyl, anthracenyl or phenanthryl.
      Preferably said aryl or aryl portion is of 6 to 12 carbon atoms, e.g.
      phenyl, naphthyl, fluorenyl or acenaphthyl and more preferably said aryl
      or aryl portion is phenyl or naphthyl, particularly phenyl.
PAR  When any or all of R.sub.1, R.sub.2, R.sub.3 or R.sub.4, or where
      appropriate their counterparts in formulae Ia, Ib, Ic, or Id, are or
      contain an alkyl group of more than 2 carbon atoms, this may be linear or
      branched, primary or secondary, or when of more than 3 carbon atoms,
      tertiary. Examples of primary alkyl radicals R.sub.1, R.sub.2, R.sub.3 or
      R.sub.4 are methyl, ethyl, propyl, butyl, pentyl, hexyl, and unbranched
      alkyl radicals with 7 to 12 carbon atoms. Examples of secondary alkyl
      radicals are isopropyl, 2-butyl, 3-methyl-2-butyl, 2-pentyl,
      2,2-dimethyl-3-butyl, 2-hexyl, 3-hexyl, 2-methyl-3-pentyl,
      3-methyl-2-pentyl, 4-methyl-2-pentyl, 2,2-dimethyl-3-pentyl,
      2,4-dimethyl-3-pentyl, 2-heptyl, 3-heptyl, 4-heptyl, 2-methyl-3-hexyl,
      4-methyl-3-hexyl, 5-methyl-3-hexyl, 3-ethyl-4-hexyl, 2,2-dimethyl-3-hexyl,
      2,4-dimethyl-3-hexyl, 2,5-dimethyl-3-hexyl, 3,4-dimethyl-2-hexyl,
      2-methyl-3-heptyl, 3-methyl-2-heptyl, 3-methyl-4-heptyl,
      4-methyl-3-heptyl, 5-methyl-3-heptyl, 6-methyl-2-heptyl, 2-octyl, 3-octyl,
      4-octyl, 2,2,4-trimethyl-3-pentyl, 5-ethyl-2-heptyl,
      2,2-dimethyl-3-heptyl, 2,6-dimethyl-4-heptyl, 2-methyl-3-octyl,
      3-methyl-4-octyl, 6-ethyl-3-octyl, 2-decyl, 5-decyl, 2,2-dimethyl-3-octyl,
      2-methyl-4-nonyl, 3-methyl-4-nonyl, 6-ethyl-3-decyl,
      7-ethyl-2-methyl-4-nonyl, 2-dodecyl, 2,6,8-trimethyl-4-nonyl. Examples of
      tertiary radicals for R.sub.1, R.sub.2, R.sub.3 or R.sub.4 are tertiary
      butyl, 2-methyl-2-butyl, 2,3-dimethyl-2-butyl, 2-methyl-2-pentyl,
      3-methyl-3-pentyl, 3-ethyl-3-pentyl, 2,4-dimethyl-2-pentyl,
      2-methyl-2-hexyl, 3-methyl-3-hexyl, 3,4-dimethyl-3-hexyl,
      3,5-dimethyl-3-hexyl, 2-methyl-2-heptyl, 3-methyl-3-heptyl,
      4-methyl-4-heptyl, 2,3,4-trimethyl-3-pentyl, 2,4,4-trimethyl-2-pentyl,
      3-ethyl-3-heptyl, 2-methyl-2-octyl, 4-methyl-4-octyl, 2-methyl-1-propyl,
      2,2-dimethyl-1-propyl, 2-methyl-1-butyl, 2-ethyl-1-butyl,
      2,2-dimethyl-1-butyl, 2-methyl-1-pentyl, 3-methyl-1-pentyl,
      4-methyl-1-pentyl, 2,4-dimethyl-1-pentyl, 2-ethyl-1-hexyl,
      2,2-dimethyl-1-hexyl, 2,2,4-trimethyl-1-pentyl,
      4-methyl-2-propyl-1-pentyl, 3,7-dimethyl-1-octyl and 2,2-dimethyl-1-decyl.
PAR  When any or all of R.sub.1, R.sub.2, R.sub.3 or R.sub.4 of formula I, or
      their counterparts in formulae Ia, Ib, Ic or Id, are alkyl or alkoxy,
      preferably these each have 1 to 6 carbon atoms, more preferably 1 to 5
      carbon atoms, particularly 1 to 4 carbon atoms. In addition, when any or
      all of R.sub.1, R.sub.2, R.sub.3 or R.sub.4, or their counterparts in
      formulae Ia, Ib, Ic or Id, are alkoxy, this is preferably primary or
      secondary alkoxy, more preferably primary alkoxy.
PAR  When X in formula I, or its counterpart in formulae Ia, Ib, Ic or Id, is
      alkyl, this is preferably of more than 1 carbon atom, particularly 2 to 20
      carbon atoms, especially 2to 17 carbon atoms, e.g. 5 to 17 carbon atoms,
      particularly 7 to 17 carbon atoms.
PAR  When X in formula I or its counterpart in formulae Ia, Ib, Ic or Id, is
      alkenyl or alkynyl, this is preferably of 2 to 20 carbon atoms, especially
      3 to 17 carbon atoms.
PAR  When any or all of R.sub.1, R.sub.2, R.sub.3, R.sub.4 or X of formula I, or
      where appropriate, their counterparts in formulae Ia, Ib, Ic or Id, are or
      contain cycloalkyl, this is preferably of 5 to 7 carbon atoms,
      particularly 5 or 6 carbon atoms, especially cyclohexyl. Examples of
      cycloalkyl and alkylcycloalkyl radicals embraced by R.sub.1, R.sub.2,
      R.sub.3, R.sub.4 or X of formula I are cyclopentyl, cyclohexyl,
      cycloheptyl, 2-, 3- and 4-methylcyclohexyl, cyclooctyl, 2,5-, 2,6-, 3,4-
      and 3,5-dimethylcyclohexyl, 1-cyclohexylpropyl, 2-propyl-cyclohexyl,
      3,3,5-trimethyl-cyclohexyl, 2-butyl-cyclohexyl, 4-tert.butyl-cyclohexyl,
      3-methyl-6-isopropyl-cyclohexyl and cyclododecyl. Further examples are
      1-methylcyclopentyl, 1-methyl-cyclohexyl, 1-methyl-cycloheptyl,
      1-propylcyclopentyl and 1-butyl-cyclopentyl. Examples of cycloalkylalkyl
      radicals embraced by R.sub.1, R.sub.2, R.sub.3, R.sub.4 and X of formula I
      are cyclohexyl-methyl, 2-cyclohexyl-ethyl, cycloheptyl-methyl,
      3-cyclohexyl-propyl, cyclooctyl-methyl, cycloundecyl-methyl and
      cyclododecyl-methyl.
PAR  When any or all of R.sub.1, R.sub.2, R.sub.3 and R.sub.4 of formula I, or,
      where appropriate, their counterparts in formulae Ia or Ib are
      cycloalkoxy, or alkylcycloalkoxy, examples are cyclopentoxy, cyclohexoxy,
      cycloheptoxy, 2-, 3- and 4-methylcyclohexoxy, cyclooctoxy, 2,5-, 2,6-,
      3,4- and 3,5-dimethyl-cyclohexoxy, 1-propyl-cyclohexoxy,
      2-propyl-cyclohexoxy, 3,3,5-trimethyl-cyclohexoxy, 2-butyl-cyclohexoxy,
      4-tert.butyl-cyclohexoxy, 3-methyl-6-isopropyl-cyclohexoxy,
      cyclododecyloxy, 1-methyl-cyclopentoxy, 1-methylcyclohexoxy,
      1-methyl-cycloheptoxy, 1-propyl-cyclopentoxy and 1-butyl-cyclopentoxy.
PAR  When any or all of R.sub.1, R.sub.2, R.sub.3 and R.sub.4 of formula I, or
      where appropriate, their counterparts in formulae Ia or Ib are
      cycloalkylalkoxy, examples are cyclohexyl-methoxy, 2-cyclohexyl-ethoxy,
      cycloheptylmethoxy, 3-cyclohexyl-propoxy, cyclooctyl-methoxy,
      cycloundecyl-methoxy and cyclododecyl-methoxy.
PAR  When , or as the case may be n', of formulae I, Ia, Ib, Ic and Id, is the
      integer 1, then X thereof is preferably alkyl of 2 to 22 carbon atoms,
      especially alkyl of 7 to 17 carbon atoms; phenylalkyl of 7 to 12 carbon
      atoms, especially of 7 or 8 carbon atoms; phenylalkyl of 7 to 12 carbon
      atoms ring substituted by hydroxyl; phenylalkyl of 7 to 12 carbon atoms
      ring substituted by 1 or 2 alkyls each of 1 to 8 carbon atoms, preferably
      each of 1 to 4 carbon atoms; phenylalkyl of 7 to 12 carbon atoms ring
      substituted by hydroxyl and further ring substituted by 1 or 2 alkyls each
      of 1 to 8 carbon atoms; phenylalkenyl of 8 to 12 carbon atoms, especially
      styryl; phenylalkenyl of 8 to 12 carbon atoms ring substituted by
      hydroxyl; phenylalkenyl of 8 to 12 carbon atoms ring substituted by 1 or 2
      alkyls each of 1 to 8 carbon atoms, preferably each of 1 to 4 carbon
      atoms; phenylalkenyl of 8 to 12 carbon atoms ring substituted by hydroxyl
      and further ring substituted by 1 or 2 alkyls each of 1 to 8 carbon atoms;
      phenyl; phenyl substituted by fluorine, chlorine, bromine, cyano or
      hydroxyl, especially chlorine, cyano or hydroxyl; phenyl substituted by 1
      or 2 alkyls each of 1 to 8 carbon atoms, especially each of 1 to 4 carbon
      atoms; phenyl substituted by 1 or 2 alkoxy radicals each of 1 to 12 carbon
      atoms, especially each of 1 to 8 carbon atoms, preferably each of 1 to 4
      carbon atoms; phenyl substituted by hydroxyl or 1 or 2 alkoxy radicals,
      each of 1 to 12 carbon atoms, and further substituted by 1 or 2 alkyls
      each of 1 to 8 carbon atoms; phenyl substituted by phenyl; or phenyl
      substituted a radical R.sub.6 'SO.sub.2 --
PA1  wherein R.sub.6 ' is alkyl of 1 to 22 carbon atoms, especially alkyl of 1
      to 12 carbon atoms, preferably alkyl of 1 to 6 carbon atoms, particularly
      alkyl of 1 to 3 carbon atoms; alkyl of 1 to 22 carbon atoms substituted by
      chlorine or bromine; phenyl; or phenyl substituted by 1 or 2 alkyls each
      of 1 to 4 carbon atoms; and
PAL  when n, or as the case may be n', of formulae I, Ia, Ib, Ic and Id is the
      integer 2, then X thereof is phenylene.
PAR  When n, or as the case may be, n', of formulae I, Ia, Ib, Ic and Id, is the
      integer 1, then X thereof is more preferably phenyl; phenyl substituted by
      chlorine, cyano or hydroxyl; phenyl substituted by 1 or 2 alkyls each of 1
      to 4 carbon atoms or alkoxy of 1 to 4 carbon atoms; phenyl substituted by
      hydroxyl and further substituted by 1 or 2 alkyls each of 1 to 4 carbon
      atoms; or phenyl substituted by phenyl; and in addition when n, or as the
      case may be, n', of formulae I, Ia, Ib, Ic and Id is the integer 2, then X
      thereof is phenylene.
PAR  Particularly interesting U.V. stabilizers of the method of the present
      invention are the compounds of formula Ie
      ##SPC7##
PAL  wherein
PA1  R.sub.1.sup.v is hydrogen or alkyl of 1 to 4 carbon atoms,
PA1  R.sub.4.sup.v is hydrogen, alkyl of 1 to 4 carbon atoms, fluorine,
      chlorine, bromine or alkoxy of 1 to 4 carbon atoms,
PA1  n' is as defined above,
PA1  when n' is 1
PA2  X is phenyl; 4-alkyl-phenyl having 1 to 4 alkyl carbon atoms;
      4-alkoxyphenyl having 1 to 4 alkoxy carbon atoms; 4-hydroxy-phenyl;
      4-hydroxyphenyl further ring substituted by 1 or 2 alkyls at the 3-
      position, or at the 3-, 5- positions respectively of the phenyl nucleus,
      each alkyl having 1 to 4 carbon atoms; or phenyl 4-substituted by phenyl;
      and
PA1  when n' is 2
PA2  then X is 1, 4 phenylene.
PAR  Examples of X when n, or as the case may be, n', of formulae I, Ia, Ib, Ic
      and Id, is the integer 1 are:
      ##SPC8##
PAR  Examples of X when n, or as the case may be n', of formulae I, Ia, Ib, Ic
      and Id is the integer 2 are:
      ##SPC9##
PAR  Preferably n, or as the case may be, n', of formulae I, Ia, Ib, Ic and Id
      is the integer 1.
PAR  The method of the invention comprises treating the organic material
      susceptible to U.V. degradation with a compound of formula I, either by
      coating or mixing, preferably by homogeneously distributing the compound
      of formula I throughout the organic material. Thus according to a first
      embodiment, the method may be effected by intimately mixing the U.V.
      stabilizer with, for example, a plastics material such as polypropylene
      granules, in a kneader or other suitable device, to obtain uniform
      distribution of the U.V. stabilizer throughout the plastics material. The
      plastics material may thereafter be formed into final shape e.g. by
      extrusion. This embodiment is particularly suited to textile production
      whereby the stabilized plastics material is extruded in the form of
      textile filaments.
PAR  According to a second embodiment, organic material in final form, for
      example, textile filaments, is passed through a dispersion of the U.V.
      stabilizer e.g. in aqueous medium, to provide a protective coating of the
      U.V. stabilizer.
PAR  According to a third embodiment of the method of the present invention,
      particularly suited to stabilization of polymers or copolymers susceptible
      to U.V. degradation, the U.V. stabilizer is mixed with the monomer or
      prepolymer before polymerisation or, as the case may be, copolymerisation,
      is effected, to yield the polymer or copolymer having the U.V. stabilizer
      uniformly distributed therethrough.
PAR  Examples of organic materials susceptible to U.V. degradation and embraced
      by the method of the present invention are cellulose acetate, cellulose
     acetobutyrate,   polyvinyl chloride,                                      
     polycarbonates,  polyurethanes, polyvinyl                                 
PAL  chloride-acetate, polyamides, polystyrene, ethyl cellulose, cellulose
      nitrate, polyvinyl alcohol, silicon rubber, cellulose propionate,
      melamineformaldehyde resins, urea-formaldehyde resins, allyl casting
      resins, polymethyl methacrylate, polyesters, polyacrylonitrile,
      copolymers, for example, acrylonitrile-butadiene-styrene copolymers,
      natural products such as rubber, cellulose, wool and silk, and
      particularly polyalkylenes, e.g. polyethylene or polypropylene.
PAR  A notable property of the U.V. stabilizers of the method of the present
      invention is their heat stability, allowing the method to be effected at
      elevated temperatures.
PAR  In some cases, the method of the present invention also imparts stability
      against degradation by heat and/or oxygen. Thus, the compounds of formula
      I wherein either X or the substituents on rings A or B of formula I are or
      contain the grouping
      ##SPC10##
PAL  wherein
PA1  Z is a tertiary alkyl group, e.g. tertiary butyl,
PA1  and the substituents OH and Z are on adjacent carbon atoms on the phenyl
      nucleus,
PAL  are also suited to stabilization of organic materials against degradation
      by heat or oxygen.
PAR  The amount of U.V. stabilizer employed in the method of the invention will
      of course vary with the mode of application, the compound employed and the
      nature of the organic material to be treated. In general, however,
      satisfactory results are obtained when the amount of U.V. stabilizer
      applied is between 0.01 and 5 %, preferably between 0.05 and 1 %, by
      weight with respect to the material to be stabilized.
DETD
PAR  An example of the method of the invention will now be described.
PAC  METHOD EXAMPLE 1
PAR  Polypropylene granules and a U.V. stabilizer of formula I are mixed in the
      ratio of 99.5:0.5 by weight, respectively and homogeneously kneaded on a
      roll mill at a temperature of 180.degree.C. After thorough and uniform
      distribution of the U.V. stabilizer throughout the polypropylene, the
      kneaded mixture is extruded through a suitable nozzle to form a
      polypropylene film of 0.3 mm thickness.
PAC  METHOD EXAMPLE 2
PAR  Polyethylene granules are mixed with 0.2 % by weight of a binding agent,
      then rolled for 5 minutes at 95 to 199.degree.C with 0.5 % by weight of a
      U.V. stabilizer of formula I, e.g of the formula:
      ##SPC11##
PAL  and finally pressed at 170.degree.C into plates of 0.3 mm thickness.
PAR  The relative stability of the U.V. stabilized film or plates may be tested
      in the "klimatest" apparatus by the De La Rue method at a temperature of
      40.degree.C and 75 % relative humidity.
PAR  The compounds of formula I, with the proviso that when n is the integer 1
      and X is phenyl, then R.sub.1, R.sub.2, R.sub.3 and R.sub.4 in the
      aggregate thereof contain at least 4 carbon atoms, hereinafter referred to
      as compounds of formula I', are new and also form part of the present
      invention.
PAR  The compounds of formula I' may be produced in accordance with a still
      further aspect of the present invention, by a process which comprises
      condensing one mol of a compound of formula II,
EQU  (HOOC).sub.n --X                                           II
PA0  wherein X and n are as defined above,
PAL  or a functional derivative thereof, with n mols of a compound of formula
      III,
      ##SPC12##
PA0  wherein n, R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are as defined above with
      the proviso that when n is the integer 1 and X of formula II is phenyl,
      then R.sub.1, R.sub.2, R.sub.3 and R.sub.4 in the aggregate thereof
      contain at least 4 carbon atoms.
PAR  Preferred functional derivatives of the acids of formula II are the
      anhydrides thereof, for example, succinic anhydride, phthalic anhydride,
      homophthalic anhydride or diglycolic or thiodiglycolic anhydride, the acid
      chlorides thereof, and the esters, preferably methyl esters, thereof.
PAR  The reaction is preferably effected in the presence of an acid binding
      agent when the acid chloride functional derivative of the acids of formula
      II is employed.
PAR  If the free carboxylic acid of formula II is employed and is liquid and of
      sufficiently low volatility, e.g. stearic, adipic or tetraphthalic acids,
      the compounds II and III can be reacted in the absence of a solvent by
      heating to a temperature between, e.g. 40.degree. and 100.degree.C,
      leading to dehydration and formation of the desired product. In the case
      where both compounds II and III are solid, the reaction may be effected in
      the melt at a temperature of between 120.degree. and 220.degree.C under
      normal or reduced pressure. Alternatively, the reaction may be effected in
      an inert solvent, such as xylene, under heat to slowly distil off the
      solvent during the reaction thus serving as an entrainer for the removal
      of water.
PAR  A catalyst, for example, boric acid may be added to the reaction mixture.
PAR  If desired, the reaction of the free carboxylic acid of formula II with the
      amine of formula III may be effected under milder conditions than would be
      otherwise possible by employing a condensation agent, e.g.
      dicyclohexylcarbodiimide, such as is commonly employed in peptide forming
      reactions.
PAR  The compounds of formulae II and III are either known, or, insofar as they
      are not known, they may be produced in analogous manner to the processes
      for producing the known compounds, or by processes known per se.
PAR  Examples of the process of the invention will now be described. Where
      temperatures are referred to, these are in .degree.C.
PAC  EXAMPLE 1
PAC  Production of the compound:
      ##SPC13##
PAR  9.9 Parts of 2-aminobenzophenone and 5.1 parts of triethylamine are added
      to 200 parts of toluene with stirring. After 30 minutes 13.4 parts of
      3,5-di. tert. butyl-4-hydroxybenzoyl chloride are added to the turbid
      mixture with continued stirring. The mixture is reacted for 24 hours at
      95.degree.. After cooling it is washed with water and the toluene phase
      separated. The remaining solution is dried with Glauber's salt and the
      solvent distilled off. The solid, pale yellow residue is crystallized from
      methanol.
TBL  ______________________________________                                    
     Elementary analysis:                                                      
                  C        H        N      O                                   
     ______________________________________                                    
     calculated:  78.3 %   7.3 %    3.3 %  11.2 %                              
     found:       78.1 %   7.4 %    3.2 %   11.3 %                             
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  Production of the compound:
      ##SPC14##
PAR  5.34 Parts of 2-amino-5-methyl-4'-tert. butyl benzophenone and 1.6 parts of
      pyridine are added to 80 parts of toluene, then in 10 minutes 3.92 parts
      of p-tert. butyl benzoyl chloride are added at room temperature with
      stirring. The mixture is reacted for 3 hours at 50.degree. with stirring.
      After the reaction, it is washed with water. The toluene phase is
      separated, the solvent distilled off, and the residue crystallized from
      methanol.
TBL  ______________________________________                                    
     Elementary analysis:                                                      
                    C        H        N                                        
     ______________________________________                                    
     calculated:    81.6 %   7.8 %    3.28 %                                   
     found:         81.7 %   7.5 %    3.3  %                                   
     ______________________________________                                    
PAL  The compounds specified in Tables 1 and 2 below are produced in an
      analogous manner to the processes described in Examples 1 to 2. The
      structure is identified by micro analysis and by spectral analysis.
TBL                Table 1                                                     
     ______________________________________                                    
     No.   Q        n        X             M. pt .degree.C                     
     ______________________________________                                    
     1     H        1      --C.sub.7 H.sub.15 (n)                              
                                           oil                                 
     2     H        1     --C.sub.17 H.sub.35 (n)                              
                                           54-55.degree.                       
     3     H        1     --CH=CH--C.sub.6 H.sub.5                             
                                           109-111.degree.                     
     4     H        1                      176-177.degree.                     
     5     H        1                      128-129.degree.                     
     6     H        1                      102-103.degree.                     
     7     H        1                      124-125.degree.                     
     8     H        1                      141-142.degree.                     
     9     H        1                      111-112.degree.                     
     10    Cl       1                      resin                               
     11    Cl       1                      250-253.degree.                     
     12    H        2                      265-267.degree.                     
     13    H        1                      138-140.degree.                     
     14    Cl       1                      110-111.degree.                     
     15    H        3                                                          
     16    H        2                                                          
     17    Cl       1                      230-36                              
     18             1     C.sub.17 H.sub.35 n                                  
                                           110-12                              
     19             1                      178-80                              
     20    Cl       1     C.sub.17 H.sub.35 n                                  
                                           74-75                               
     21    H        1                      139-40                              
     22    Cl       1                      144-45                              
     23    H        1     --SO.sub.2 --CH.sub.2 --CH.sub.2 --Cl                
                                           139-40                              
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC15##
PAL  wherein
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.3 are independently, hydrogen or alkyl
      of 1 to 4 carbon atoms, and
PA1  X is phenyl which is substituted by hydroxy and 1 or 2 alkyls of 1 to 4
      carbon atoms, or by alkoxy of 1 to 4 carbon atoms and 1 to 2 alkyls of 1
      to 4 carbon atoms, or by phenyl sulphoxide; styryl; or phenylalkyl of 8
      carbon atoms which is substituted by hydroxy and 1 or 2 alkyls of 1 to 4
      carbon atoms.
NUM  2.
PAR  2. The compound, of the formula:
      ##SPC16##
NUM  3.
PAR  3. A compound of claim 1, wherein X is phenyl substituted by hydroxy and
      further substituted by 1 or 2 alkyls, each of 1 to 4 carbon atoms.
NUM  4.
PAR  4. The compound of claim 3, of the formula:
      ##SPC17##
NUM  5.
PAR  5. The compound of claim 3, of the formula:
      ##SPC18##
NUM  6.
PAR  6. The compound of claim 3, of the formula:
      ##SPC19##
NUM  7.
PAR  7. A compound of claim 1, wherein X is phenyl substituted by alkoxy of 1 to
      4 carbon atoms and further substituted by 1 or 2 alkyls, each of 1 to 4
      carbon atoms.
NUM  8.
PAR  8. The compound of claim 7, of the formula:
      ##SPC20##
NUM  9.
PAR  9. The compound, of the formula:
      ##SPC21##
NUM  10.
PAR  10. The compound, of the formula:
      ##SPC22##
NUM  11.
PAR  11. A compound of claim 1,
PA1  wherein X is styryl.
NUM  12.
PAR  12. The compound of claim 11, of the formula:
      ##SPC23##
NUM  13.
PAR  13. A compound of claim 1,
PA1  wherein X is phenyl substituted by phenyl sulphoxide.
NUM  14.
PAR  14. The compound of claim 13, of the formula:
      ##SPC24##
NUM  15.
PAR  15. A compound of the formula
      ##SPC25##
PA1  wherein X is phenyl substituted by hydroxy and further substituted by 1 or
      2 alkyls, each of 1 to 4 carbon atoms.
NUM  16.
PAR  16. The compound of claim 15, of the formula:
      ##SPC26##
NUM  17.
PAR  17. A compound of claim 1,
PA1  wherein X is phenylalkyl of 8 carbon atoms ring substituted by hydroxy and
      further substituted by 1 or 2 alkyls, each of 1 to 4 carbon atoms.
NUM  18.
PAR  18. The compound of claim 17, of the formula:
      ##SPC27##
NUM  19.
PAR  19. A compound of the formula
      ##SPC28##
PA1  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are each, independently,
      hydrogen or alkyl of 1 to 4 carbon atoms.
NUM  20.
PAR  20. The compound of claim 19, of the formula:
      ##SPC29##
NUM  21.
PAR  21. The compound of claim 19, of the formula:
      ##SPC30##
NUM  22.
PAR  22. The compound of claim 19, of the formula:
      ##SPC31##
NUM  23.
PAR  23. The compound of claim 19, of the formula:
      ##SPC32##
NUM  24.
PAR  24. A compound of the formula
      ##SPC33##
PA1  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are each, independently,
      hydrogen or alkyl of 1 to 4 carbon atoms.
NUM  25.
PAR  25. The compound of claim 24, of the formula:
      ##SPC34##
NUM  26.
PAR  26. The compound of claim 24, of the formula:
      ##SPC35##
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ABST
PAL  New lubricating oil additives are provided comprising the reaction product
      of a hydroxy compound, such as an alcohol or hydroxyaromatic compound,
      with an aliphatic chain substituted-carboxylic anhydride, acid, chloride,
      or ester, which aliphatic chain substituent is substantially saturated and
      contains at least about 30 carbon atoms, said reaction product being
      neutralized with an ashless basic compound, so that the final product or
      additive contains at least about 0.9%, up to about 2.5%, by weight of
      nitrogen. Lubricating oils, fuel oils, and carburants containing the new
      additives have excellent detergent, dispersing and anti-rust properties.
PARN
PAR  This application is a continuation-in-part of our copending application,
      Ser. No. 267,048, filed June 28, 1972, now U.S. Pat. No. 3,862,981.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to new lubricating oil additives which impart
      to lubricating oils good detergent, dispersing and anti-rust properties.
      This invention relates also to lubricating oils and to fuels and
      carburants containing said additives.
PAR  There are known to the prior art, additives for lubricating oils which
      consist of derivatives of carboxylic acids substituted with slightly
      unsaturated hydrocarbons. This class of additives, which has been known
      for some years, was an important development to the lubricating oil art.
      They consist mainly of reaction products of carboxylic acid acylating
      agents, substituted with a fairly saturated hydrocarbon radical containing
      an aliphatic chain of at least 30 carbon atoms, preferably 50 carbon
      atoms, with amines or alcohols.
PAR  Lubricating oil additives in the nature of acylated amines produced from
      the reaction of substituted carboxylic acid acylation agents with amines,
      such as disclosed in U.S. Pat. No. 3,172,892, granted Mar. 9, 1965, are
      known for their desirable dispersing properties, especially with regard to
      sludge. A "sludge" is the product formed in a motor crank case when the
      temperature of the lubricating agent in the crank case is alternately low
      and high or maintained at a low temperature in a continuous way. This last
      condition frequently occurs in urban traffic in what is frequently
      referred to as "door to door" travel at low speeds. Low operating
      temperatures favor water formation and accumulation within the lubricating
      agent. The combination of condensed water, of curburant and lubricating
      agent, decomposition products, and of oil forms the sludge. This sludge,
      which is not readily dispersed, may be damaging to the operation of a
      motor.
PAR  Lubricating agent additives in the form of esters resulting from the
      reaction of the same foregoing acylation agents with alcohols or phenols
      are efficient anti-rust agents and reasonably good detergents. Products of
      this nature are disclosed in U.S. Pat. No. 3,381,022, granted Apr. 30,
      1968. The dispersing action of these additives is, however, limited by
      their relatively low thermal stability, by their lack of resistance to
      hydrolysis, and by their acidity.
PAR  It is an object of the present invention to provide a lubricating oil
      additive which does not have the shortcomings of the prior art additives.
PAR  It is also an object of the present invention to provide lubricating oils
      containing the new additives and which oils have improved dispersing,
      detergent and anti-rust properties.
PAR  Another object of the present invention is the provision of a lubricating
      oil additive having improved properties over those of the prior art alkyl
      substituted carboxylic acid esters described, for example, in U.S. Pat.
      No. 3,381,022, and also with regard to the amide derivatives described in
      the U.S. Pat. No. 3,172,892.
PAR  Other objects of the invention will be apparent to those skilled in the art
      from the present description.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  The lubricating oil additives of the present invention comprise reaction
      products of an alcohol or hydroxyaromatic compound with a hydrocarbon
      chain substituted carboxylic acid, anhydride, chloride or ester, which
      hydrocarbon chain substituent is substantially saturated and contains at
      least 30, and preferably at least 50, carbon atoms, said resulting product
      being then neutralized with an ashless basic compound to provide in the
      final reaction product at least about 0.9% by weight of nitrogen. After an
      extensive research investigation it has been found that these additives
      impart improved detergency, dispersing and anti-rust properties to
      lubricating oils, fuel oils and carburants.
PAR  These novel additives and products of the invention are produced in the
      form of a complex mixture, rather than a precise chemical compound, of
      which it is difficult to determine the exact chemical composition and the
      relative proportions present of the various constituents. It is for this
      reason that the products must be described in terms of the process of
      manufacturing them. The presence of the ester grouping resulting from the
      reaction of the alcohol or hydroxyaromatic compound and the substituted
      carboxylic acid, anhydride, chloride or ester has been confirmed by
      infra-red analysis. The esterification reaction between the substituted
      carboxylic acid, anhydride, etc., acylating agent and the alcohol or
      hydroxyaromatic compound results in an equilibrium difficult to displace;
      the resulting product contains in solution a variable proportion of the
      unreacted acylating agent and, as a dispersion in said solution, unreacted
      alcohol or hydroxyaromatic compound. It is essential, in order to obtain
      good dispersing properties when employing the product as a lubricating oil
      additive, to neutralize completely the complex reaction mixture with an
      ashless basic nitrogen compound.
PAR  The content of this reaction mixture in residual acid compounds, acid
      and/or anhydride functional groups, is evaluated by methods conventional
      for each type of acylating agent. For example, a simple potentiometric
      titration may be concerned in the case when acylation agent is a
      monocarboxylic acid or a determination by infrared spectroscopy in the
      case where the acylation agent is a substituted cyclic anhydride, or any
      other suitable method taken separately or in combination may be employed.
PAR  In fact, the content of residual acid components must have a determined
      value if it is desired to obtain, after neutralization by an ashless basic
      compound, a product possessing good dispersing properties with regard to
      sludge. It has appeared more practical to express the content of residual
      acid components in terms of a minimal nitrogen content in the final
      product. This minimal nitrogen content, which determines the quantity of
      ashless basic nitrogen compound necessary for neutralizing the residual
      acid components (acid and/or anhydride functional groups) expresses the
      basicity degree to be introduced in the medium for obtaining a product
      having good dispersing power. This minimal content in nitrogen is about
      0.9% by weight. It is comprised in the final complex mixture between about
      0.9 and 2.5%. This amount is important if satisfactory results are to be
      obtained.
PAR  Consideration has been given to neutralizing the complex mixture by means
      of a metal base compound such as barium, magnesium or calcium oxides.
      However, the resulting final products, if they are good detergents
      possessing anti-rust properties, are poor dispersing agents. However, if
      the complex mixtures are neutralized, in accordance with the present
      invention, with an ashless basic nitrogen compound, such as an aminated
      compound, and among this class of compounds more especially polyamines,
      the resulting complex products are good dispersing agents, the anti-rust
      efficiency of which depends upon ester quantity present in the final
      compound.
PAR  It has been tried to reconstitute artificially the invention complex
      product by mixing a neutral ester and succinimide, but it has been found
      that the dispersing power was clearly lower and unsatisfactory. It is,
      therefore, obvious that the products of the invention are not simple
      mixtures of esters and succinimides.
PAR  Carboxylic acids substituted with a fairly saturated hydrocarbon chain
      containing at least 30 carbon atoms, and preferably at least about 50
      carbon atoms, or their substituted derivatives such as anhydrides, acid
      chlorides, esters, are the preferred acylation agents of the present
      invention. They are prepared in reacting an ethylenically unsaturated
      carboxylic acid, or an anhydride, an halide, or an alkyl ester of the
      acid, with an unsaturated polyolefin or an halogenated polyolefin of high
      molecular weight, having at least about 30 carbon atoms, and preferably
      about 50 carbons, on the chain. Reaction consists only of heating the two
      bodies in reaction at a temperature comprised between 150.degree. and
      250.degree.C. Those products, of high molecular weight, may contain polar
      substituted groups or lateral hydrocarbon substitution groups.
PAR  As the carboxylic acid moiety, ethylenically unsaturated carboxylic
      compounds, may be employed including monoacids, such as acrylic acid,
      methacrylic acid; diacids, such as maleic, fumaric, itaconic acids, their
      anhydrides or their chlorinated derivatives, ethylenic acids of C.sub.5,
      C.sub.6, etc. Succinic anhydride and succinic acid both substituted by a
      fairly saturated hydrocarbon group containing at least 50 carbon atoms,
      are the preferred acylation agents. They are easily obtained by reaction
      of maleic acid or anhydride with a polyolefin, such as polyethylene,
      polypropylene polybutylene, polyisobutylene, polypentene, etc., or a
      chlorinated polyolefin, such as chlorinated polypropylene. Those products
      have a molecular weight sufficient for reaching a condensation product of
      about 50 molecular units. Practically speaking, the molecular weight is at
      least about 700.
PAR  Suitable esterification agents for the substituted carboxylic acids defined
      hereinabove, may vary greatly. These may include aliphatic monoalcohols,
      such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, hexyl, heptyl,
      octyl, isooctyl, nonyl, decyl alcohols, fatty alcohols, etc.; aromatic or
      cycloaliphatic monoalcohols, such as benzyl alcohol, cyclohexanol, etc.;
      polyalcohols, such as ethylene glycol, propylene glycol, diethylene
      glycol, triethylene glycol, glycerol, trimethylolethane,
      trimethylolpropane, pentaerythritol, sorbitol, mannitol, etc.; and
      partially esterified esters of those polyols. It is also possible to use
      unsaturated alcohols, such as allyl alcohol, unsaturated polyols,
      substituted alcohols such as the amino-alcohols.
PAR  Hydroxyaromatic compounds, such as the phenolic compounds, may be employed
      to esterify the substituted carboxylic acid, anhydride, etc. These include
      phenol, the cresols, naphthols, alkylphenols, such as amylphenol,
      nonylphenol, dodecylphenol, halogenated phenols, diphenols, such as
      p,p'-dihydroxydiphenol, resorcinol, pyrocatechol, hydroquinone,
      diphenylolmethane, diphenylolpropane, etc.
PAR  Esterification, the time of which is comprised between 1 and 10 hours at a
      temperature of between about 50.degree. and 300.degree.C., preferably
      between about 100.degree. to 200.degree.C., may take place at atmospheric
      pressure, under pressure, at reduced pressure, or under nitrogen
      atmosphere, in the presence or in the absence of carrier solvent such as
      xylene, toluene, etc., this solvent facilitating both temperature control
      and water removal from the reaction mixture, by azeotrope formation. The
      esterification reaction may take place in the presence of a classical
      esterification catalyst, such as pyridine or its hydrochloride, sulfuric
      acid, para-toluene sulfonic acid and resins having a strongly or
      moderately acid character. It may also be achieved in the absence of any
      catalyst.
PAR  The relative proportions of the two constituents, alcohol or phenolic
      compound and aliphatic substituted carboxylic acid or anhydride, may vary
      within large limits. But in any event, since esterification is usually not
      complete, the remaining substituted acid or anhydride must afterwards be
      neutralized with an ashless basic nitrogen compound. Such neutralization
      is an important feature of the invention, as stated hereinabove, as it is
      necessary to obtain good dispersing properties. The unreacted alcohol or
      phenolic compound, finely dispersed in the product resulting from the
      esterification reaction, may be removed if it is in a substantial
      quantity. Otherwise it may remain in the product in a divided form without
      involving any disadvantage or incompatibility.
PAR  Suitable ashless basic compounds include ammonia, aliphatic, aromatic, or
      heterocyclic mono-amines, such as ethylamine, butylamine, aniline,
      pyridine, quinoline, etc., amines having polar groups, such as
      hydroxypropylene, nitroaniline, etc., alkylsubstituted amines,
      hydroxylated amines. Preferably polyamines shall be employed such as
      alkylidene diamines, triamines, tetramines, pentamines, hexamines;
      ethylene diamine, diethylene triamine, triethylene tetramine,
      tetraethylene pentamine, pentaethylene hexamine, polypropylene polyamide -
      polybutylene polyamines. Ureas, thioureas, hydrazines, cyanamides, etc.,
      may be employed.
PAR  This neutralization is accomplished by heating the reaction mixture and
      ashless basic compound at a temperature of about 100.degree. to
      250.degree.C. for a period of 1 to 6 hours, preferably 1 to 3 hours, under
      light vacuum, or by any other method known in the art of facilitating
      removal of water formed by a reaction. The molar ratio when a polyamine is
      employed and the residual acid compounds present in esterification mixture
      is desirably between about 0.25 and 2, preferably between 0.4 and 1.5.
PAR  The complex mixture resulting from neutralization is difficult to analyze.
      Therefore, the industrial new products obtained after this final stage,
      having excellent dispersing power, will be defined by their general
      process of manufacture.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In order to disclose more clearly the nature of the present invention, the
      following examples illustrating the invention are given. It should be
      understood, however, that this is done solely by way of example and is
      intended neither to delineate the scope of the invention nor limit the
      ambit of the appended claims. In the examples which follow, and through
      the specification, the quantities of material are expressed in terms of
      parts by weight, unless otherwise specified.
PAR  The acylation agent used in the Examples 1 through 12 was the reaction
      product of 350 grams of maleic anhydride with 2500 grams of a
      polyisobutene having a molecular weight equal to about 1000, heated at a
      temperature of between 190.degree. and 240.degree.C. for 10 hours. The
      resulting product is a polyisobutylene substituted-succinic anhydride.
PAC  EXAMPLE 1
PA1  a. 1258 grams of polyisobutylene substituted succinic anhydride, prepared
      as hereinabove, having a Pibsa index = 62.5 [Pibsa index (for
      polyisobutenylsuccinic anhydride) is the number of potash milligrams
      necessary to neutralize 1 gram of the product] were reacted with 11.9
      grams of pentaerythritol for 3 hours, 50 minutes at a temperature of
      140.degree.-150.degree.C., then for 2 hours at 180.degree.-190.degree.C.
PA1  b. 200 grams of the product prepared hereinabove in part a) were reacted
      with 6.8 grams of tetraethylenepentamine at a temperature of 155.degree.C.
      for 2 hours under a partial vacuum (about 400 mm. Hg. pressure). The
      vacuum treatment was continued providing evaporation at a pressure of 20
      mm. Hg. for 30 minutes. This vacuum treatment facilitated removal of water
      formed during the reaction. The resulting product had a nitrogen weight
      percentage of 1.21%.
PAC  EXAMPLE 2
PA1  a. 898 grams of polyisobutylene substituted-succinic anhydride, produced as
      hereinabove, having a Pibsa index = 62.5, were reacted with 12 grams of
      glycerol for 3 hours at a temperature of 150.degree.C., followed by 3
      hours at 190.degree.C.
PA1  b. 300 grams of the product of part a) hereinabove were reacted with 9.6
      grams of triethylenetetramine under the same reaction conditions as in
      Example 1b). Nitrogen weight percentage in the final product was 1.17%.
PAC  EXAMPLE 3
PA1  a. 1258 grams of polyisobutylene substituted-succinic anhydride, produced
      as hereinabove, having a Pibsa index = 62.5, were reacted with 19 grams of
      pentaerythritol for 4 hours at a temperature of 150.degree.C., then for 2
      hours at 190.degree.C.
PA1  b. 150 grams of the product prepared in part a) were reacted with 4.9 grams
      of tetraethylenepentamine under the same reaction conditions as in
      Examples 1b). Nitrogen weight percentage of the final product was 1.11%.
PAC  EXAMPLE 4
PA1  a. 1796 grams of polyisobutylene substituted-succinic anhydride, produced
      as hereinabove, having a Pibsa index = 62.5, were reacted with 94 grams of
      phenol in the presence of 280 grams of xylene for 1.5 hours at a
      temperature of 160.degree.C. Then 9 grams of p-toluene sulfonic acid were
      added and reaction continued for 2 hours at 160.degree.C. Water formed
      during the reaction was removed by means of a Dean-Starck apparatus.
      Afterwards distillation was conducted under reduced pressure (20 mm. Hg.)
      for 1 hour at 160.degree.C.
PA1  b. 200 grams of the product prepared in part a) were reacted with 6 grams
      of tetraethylene pentamine under the reaction conditions of Example 1b).
      Nitrogen weight percentage of the final product was 1.08%.
PAC  EXAMPLE 5
PA1  a. 898 grams of polyisobutylene substituted-succinic anhydride, produced as
      hereinabove, having a Pibsa index = 56, were reacted with 94 grams of
      phenol in the presence of 150 grams of xylene for 2 hours at a temperature
      of 160.degree.C. Then 5 grams of p-toluene sulfonic acid were added and
      reaction continued for another hour at 160.degree.C. Water formed during
      the reaction was removed by means of a Dean-Starck apparatus. Reaction was
      concluded under reduced pressure (20 mm. Hg.) for 1.5 hours at
      160.degree.C.
PA1  b. 200 grams of the product prepared in part a) were reacted with 6.8 grams
      of triethylenetetramine under the same reaction conditions as in Example
      1b). Nitrogen weight percentage of the final product was 1.25%.
PAC  EXAMPLE 6
PAR  200 grams of the product prepared in Example 4, part a), were reacted with
      8.81 grams of tetraethylenepentamine under the same reaction conditions as
      in Example 1b). Nitrogen weight percentage in the final product was 1.55%.
PAC  EXAMPLE 7
PAR  2 kilograms of polyisobutylene substituted-succinic anhydride, prepared as
      hereinabove [Pibsa index = 53] were reacted with 107 grams of diphenylol
      propane in the presence of 21 grams of p-toluenesulfonic acid catalyst for
      4 hours at a temperature of 160.degree.C. The product was then vaporized
      under vacuum at 160.degree.C. for 1 hour, and neutralized with 82 grams of
      tetraethylenepentamine at 155.degree.C. for 2 hours, under a partial
      vacuum (400 mm. Hg. pressure, approximately). This treatment was followed
      with a vaporization at 20 mm. Hg. pressure for 30 minutes. Nitrogen
      content in the final product was 1.29%.
PAC  EXAMPLE 8
PAR  62.5 grams of diphenylolpropane were heated at 170.degree.C. 484 grams of
      polyisobutylene substituted-succinic acid prepared as hereinabove (Pibsa
      Index = 63.5) were introduced over 15 minutes at 170.degree.C. under 400
      mm. Hg. pressure. The reaction proceeded for 4 hours (170.degree.C. under
      partial vacuum). 543 grams of the resulting product were treated
      afterwards with 21.5 grams of tetraethylenepentamine under the same
      conditions as in Example 7. Nitrogen content in final product was 1.40%.
PAC  EXAMPLE 9
PAR  64 grams of diphenylolpropane were heated in the presence of 472 grams of
      xylene at 110.degree.-115.degree.C. Then 1257 grams of polyisobutylene
      substituted-succinic anhydride prepared as hereinabove, (Pibsa Index =
      62.5), were introduced over a period of 25 minutes. After 1 hour of
      reaction at 110.degree.-115.degree.C., 13.2 grams of pyridine were added.
      A second addition of an equal amount of pyridine was made after 2 hours of
      reaction. After 3.5 hours of reaction, the product is vapourized at
      140.degree.C. under 20 mm. Hg. pressure for 30 minutes.
PAC  EXAMPLE 10
PAR  200 grams of the product of Example 9 were neutralized with 5.6 grams of
      tetraethylenepentamine under the same conditions as in Example 7. Nitrogen
      content of the final product was 1%.
PAC  EXAMPLE 11
PAR  200 grams of the product of Example 9 were neutralized with 7.7 grams of
      triethylenetetramine under the same conditions as in Example 7. Nitrogen
      content of the final product was 1.42%
PAC  EXAMPLE 12
PAR  6640 grams of polyisobutylene substituted-succinic anhydride (Pibsa Index =
      76.3) were reacted with 465 grams of diphenylolpropane in the presence of
      53 grams of para-toluene sulfonic acid for 2.5 hours at 162.5.degree.C.
      Then the product was vapourized under vacuum for 1.5 hours. 667 grams of
      the resulting product were neutralized with 23.1 grams of
      tetraethylenepentamine under the same conditions as in Example 7. Nitrogen
      content of the final product obtained in this way was 1.23%.
PAC  EXAMPLE 13
PAR  The acylating agent employed in this example was the reaction product of
      maleic anhydride with a polyisobutene having a molecular weight equal to
      about 455, heated at a temperature between 190.degree. and 240.degree.C.
      for 10 hours.
PAR  200 grams of the resulting polyisobutylene substituted-succinic anhydride
      (Pibsa Index = 81) were reacted with 16.46 grams of diphenylolpropane and
      2.1 grams of p-toluene-sulfonic acid over 4 hours at 170.degree.C. and for
      30 minutes under vacuum at 170.degree.C. 201 grams of the resulting
      product were reacted with 9 grams of tetraethylenepentamine at
      155.degree.C. for 2 hours under partial vacuum (about 400 mm. Hg.
      pressure). Treatment was completed under vacuum of 20 mm. Hg. pressure for
      30 minutes. Nitrogen content of the final product was 1.44%.
PAR  The acylation agent used in Examples 14 and 15 below, was the reaction
      product of acrylic acid with a chlorinated polyisobutene, heated at
      temperature of 180.degree.-190.degree.C. during 10 hours. The obtained
      chlorinated polyisobutenylpropionic acid had an acid index of 31 potash
      milligrams per gram.
PAC  EXAMPLE 14
PA1  a. 138 grams of chlorinated polyisobutenylpropionic acid, prepared as
      hereinabove, were reacted at a temperature of 140.degree.C. with 2.13
      grams of pentaerythritol in the presence of 150 grams of xylene and 1.4
      grams of paratoluene-sulfonic acid. The reaction was ended when the
      stoichiometric amount of water was collected. The unreacted
      pentaerythritol was removed by filtration. The remaining mixture was
      treated in a rotary evaporator at 130.degree.C. under reduced pressure of
      1 mm. Hg. for 30 minutes. The final product had an acid index of 17.25
      potash milligrams per gram.
PA1  b. 110 grams of the product obtained in part a) were reacted with 4.3 grams
      of tetraethylene pentamine in 50 grams heptane for 1.5 hours at
      150.degree.C. The product was then filtered and evaporated at
      120.degree.C. under 5 mm. Hg. for 30 minutes. Nitrogen weight percentage
      in the final product was 1.35%.
PAC  EXAMPLE 15
PA1  a. 200 grams of chlorinated polyisobutenylpropionic acid, produced as
      hereinabove, were reacted with 10.38 grams of diphenylolpropane in the
      presence of 150 grams of xylene and 2.1 grams of para-toluene sulfonic
      acid in accordance with the reaction conditions of Example 14a).
PA1  b. 142 grams of the product prepared in part a) were reacted with 6.4 grams
      of tetraethylenepentamine in 50 grams of heptane in accordance with the
      reaction conditions of Example 14b). Nitrogen weight percentage in the
      final product was 1.43%.
PAR  It will be apparent that in the foregoing examples other polyolefin
      substituted-acid anhydrides, -carboxylic acids, -acid halides, -esters,
      and the like may be employed, such as polyethylene-, polypropylene- or
      polypentene-substituted-acid anhydrides, carboxylic acids, acid halides
      and esters. Other alcohols or hydroxy-aromatic compounds may be employed
      such as those listed hereinabove in the present specification. Similarly,
      other ashless or organic bases may be employed, including those listed
      hereinabove in the present specification.
PAR  The additive products of the present invention, including the products of
      the foregoing examples, are desirably employed in lubricating oils, fuel
      oils and carburants, in amounts of between about 0.01% and 10%, preferably
      between about 0.1% and 3%, by weight of final product.
PAR  The foregoing products according to the present invention have been tested
      with regard to anti-rust and dispersing properties in lubricants.
PAR  The tests of the dispersing power were conducted according to the stain or
      spot method described in Volume 1 of A. Schilling's book "Les huiles pour
      moteurs et le graissage des moteurs" (Oils for motors and motor greasing),
      edition of 1962, pages 89-90. Stains or spots were achieved with the
      additive dissolved in a lubricating oil of SAE 30. Sludge was added in
      order to obtain a content of carbonaceous substances of 0.36%. There are
      five stains or spots obtained:
PA1  1. after heating at 200.degree.C. for 10 minutes
PA1  2. after heating at 250.degree.C. for 10 minutes
PA1  3. after heating at 200.degree.C. for 10 minutes (at the outset 1% of water
      was added)
PA1  4. after heating at 200.degree.C. during 1 minute (initially 1% of water
      was added)
PA1  5. After adding of 1% of water, in the cold state
PAL  Readings were made after 48 hours. For every stain or spot, the dispersed
      sludge percentage is expressed with regard to the oil stain and calculated
      from the respective diameters. The higher the percentages of dispersed
      product; the better is the dispersion with regard to sludge.
PAR  For the products of the foregoing examples the following values were
      obtained:
PA1  Example 1 product = 308
PA1  Example 2 product = 304
PA1  Example 3 product = 312
PA1  Example 4 product = 306
PA1  Example 5 product = 303
PA1  Example 6 product = 308
PA1  Example 7 product = 308
PA1  Example 8 product = 306
PA1  Example 10 product = 301
PA1  Example 11 product = 312
PA1  Example 14 product = 298
PA1  Example 15 product = 308
PAR  A comparison was made of the dispersing values obtained by the same test
      method with other products such as a non-neutralized ester and prior art
      products commonly used, considered as typical of the present state of the
      art. Listed below are the values obtained:
     Product of Example 9 (non-neutralized product                             
                                &lt;     200                                      
     Monosuccinimide (Product of Comparative                                   
     Example 16, below)               268                                      
     Bis-succinimide (Product of Comparative                                   
     Example 17, below)               274                                      
     Ester of substituted succinic acid and                                    
     pentaerythritol (Comparative Example                                      
     18, below)                       265                                      
     Ester of substituted succinic acid and                                    
     glycerol (Comparative Example 19, below)                                  
                                      250                                      
     Ester of substituted succinic acid and                                    
     phenol (Comparative Example 20, below)                                    
                                &lt;     200                                      
     Polyisobutenylpropionamide (Comparative                                   
     Example 21, below)               263                                      
PAR  The mono and bis-succinimides and polyisobutenylpropionamide were tested,
      on the basis of the same nitrogen content as the products of Examples 1
      through 8, 10, 11, 14 and 15 (reference: 1% monosuccinimide in SAE 30
      oil).
PAR  The various prior art succinimide esters listed in the above table were
      synthesized according to classical esterification processes described
      hereinbelow and tested, for the same weight as the products of Examples 1
      through 8, 10, 11, 14 and 15 (1.8% in SAE 30 oil).
PAC  COMPARATIVE EXAMPLE 16 -- MONOSUCCINIMIDE PREPARATION
PAR  250 grams of polyisobutylene substituted-succinic anhydride having a Pibsa
      index = 53 were reacted with 18 grams of tetraethylenepentamine at
      155.degree.C. for 2 hours, under partial vacuum (about 400 mm. Hg.
      pressure). Treatment was followed with a vapourization under 20 mm. Hg.
      pressure for 30 minutes. Nitrogen content of the final product was 2.46%.
PAC  COMPARATIVE EXAMPLE 17 -- BIS-SUCCINIMIDE PREPARATION
PAR  250 Grams of polyisobutylene substituted-succinic anhydride having a Pibsa
      index = 55 were reacted with 8.6 grams of triethylenetetramine at
      155.degree.C. for 2 hours, under a partial vacuum (about 400 mm. Hg.
      pressure). Treatment was followed by a vapourization under 20 mm. Hg.
      pressure for 30 minutes. Nitrogen content of the final product was 1.32%.
PAC  COMPARATIVE EXAMPLE 18 -- PREPARATION OF SUBSTITUTED SUCCINIC ACID AND
      PENTAERYTHRITOL ESTER
PAR  1258 grams of polyisobutylene substituted-succinic anhydride (Pibsa index =
      62.5) were reacted with 94 grams of pentaerythritol for 3.5 hours at
      135.degree.-145.degree.C. then for 2 hours at 175.degree.-185.degree.C.
      Unreacted pentaerythritol was removed by filtration. The filtrate
      constituted ester.
PAC  COMPARATIVE EXAMPLE 19 -- PREPARATION OF GLYCEROL AND SUBSTITUTED SUCCINIC
      ANHYDRIDE ESTER
PAR  898 grams of polyisobutylene substituted-succinic anhydride with a Pibsa
      Index = 62.5 were reacted with 46 grams of glycerol for 3 hours at
      150.degree.C., then for 3 hours at 190.degree.C. The reaction product was
      the desired ester.
PAC  COMPARATIVE EXAMPLE 20 -- PREPARATION OF PHENOL AND SUBSTITUTED SUCCINIC
      ACID ESTER
PAR  898 grams of polyisobutylene substituted-succinic anhydride with a Pibsa
      index = 62.5 were reacted with 376 grams of phenol in the presence of 190
      grams of xylene for 1 hour at 160.degree.-165.degree.C. Afterwards 12.7
      grams of p-toluene sulfonic acid were added. The reaction proceeded for 30
      minutes at 160.degree.-165.degree.C. This operation was repeated twice.
      Finally, xylene, residual phenol and catalyst were removed under vacuum
      (160.degree.-165.degree.C. during 30 minutes -- 10 to 20 mm. Hg.
      pressure). The final product was the ester.
PAC  COMPARATIVE EXAMPLE 21 -- POLYISOBUTENYLPROPIONAMIDE
PAR  200 grams of polyisobutenylpropionic acid were reacted with 14.55 grams of
      tetraethylenepentamine in 200 grams of heptane at 160.degree.C. under
      reflux for 3 hours. After cooling, 100 grams of heptane were added. The
      mixture was filtered. Heptane was eliminated at 120.degree.C. under 1 mm.
      Hg. with a rotary evaporator. Nitrogen content of final product was 2.32%.
PAR  As will be shown below, residual acidity in the lubrication additives of
      the present invention must be reduced to a minimum, otherwise poor
      dispersion qualities will result. It has been discovered that sufficient
      ashless basic compound must be introduced into the product after
      esterification to impart a nitrogen content of at least about 0.9% in the
      additive product. For the demonstration which follows there was
      synthesized a range of products representing various quantities of free
      acidity in the reaction product at the end of the esterification reaction.
      Various molar ratios of substituted carboxylic acid or anhydride with
      respect to hydroxy compound were employed as well as various quantities of
      catalyst and various ratios of the ashless basic compound.
PAR  In the tables hereinbelow, residual acidity is represented by free
      anhydride groups, the same as by groups of free acids. The estimation of
      this acidity was made in the cases which follow by determination of free
      anhydride function by means of infrared spectroscopy. First case: ester
      based on substituted succinic anhydride and pentaerythritol.
TBL  ______________________________________                                    
                     Weight percentage of                                      
     Weight percentage of free                                                 
                     corresponding nitrogen                                    
     anhydride neutralized by                                                  
                     in the final complex                                      
                                     Spot test                                 
     tetraethylene pentamine                                                   
                     mixture         value                                     
     ______________________________________                                    
      0              0                     265                                 
      6              0.27            &lt;     200                                 
     24              0.82            &lt;     200                                 
     30              1                     295                                 
     35              1.11                  312                                 
     47              1.56                  303                                 
     54              1.65                  305                                 
     65              2.11                  309                                 
     ______________________________________                                    
PAR  As is seen from the above table, a minimal basicity degree of 0.9% of
      nitrogen, in the neutralized mixture is necessary to provide good
      dispersion. This corresponds to a weight percentage of about 30% of
      residual acid compounds in the mixture resulting from esterification
      before neutralization. Second case: ester based on substituted succinic
      anhydride and phenol.
TBL  ______________________________________                                    
     Weight percentage of free                                                 
     anhydride neutralized by                                                  
     triethylenetetramine or                                                   
                      Weight percentage of                                     
     tetraethylene pentamine with                                              
                      corresponding nitrogen                                   
                                      Spot                                     
     different molar ratios                                                    
                      in the final complex                                     
                                      test                                     
     amine/anhydride  mixture         value                                    
     ______________________________________                                    
     47               0.71            265                                      
     47               0.88            273                                      
     47               1.26            303                                      
     47               1.56            308                                      
     ______________________________________                                    
      Third case: ester based on polyisobutenylpropionic acid and
      pentaerythritol.
TBL  ______________________________________                                    
                    Weight percentage of                                       
     Weight percentage of                                                      
                    corresponding nitrogen                                     
     free acid neutralized by                                                  
                    in the final complex                                       
                                    Spot test                                  
     tetraethylenepentamine                                                    
                    mixture         value                                      
     ______________________________________                                    
     40             0.85            269                                        
     65             1.35            308                                        
     ______________________________________                                    
PAR  As is shown, it is necessary to have a nitrogen percentage of at least 0.9%
      by weight in the final complex mixture to obtain good dispersing
      properties.
PAR  Finally, for comparison purposes, spot test values achieved with products
      produced artificially by mixing a neutral ester with a succinimide, a
      bis-succinimide or a propionamide will be shown below. Numbers 0 -- 20 --
      50 -- 80 -- 100 express weight percentages in mixture.
TBL  __________________________________________________________________________
            Ester of neutral pentaerythri-                                     
            tol and substituted suc-                                           
                            0 20 50 80 100                                     
            cinic anhydride                                                    
     Mono-                                                                     
     succinimide                                                               
     __________________________________________________________________________
     100                     270                                               
     80                       293                                              
     50                          270                                           
     20                             221                                        
      0                                265                                     
     __________________________________________________________________________
TBL         Ester of neutral pentaerythri-                                     
            tol and substituted suc-                                           
                            0 20 50 80 100                                     
            cinic anhydride                                                    
     Bis-                                                                      
     succinimide                                                               
     __________________________________________________________________________
     100                    280                                                
     80                       259                                              
     50                          216                                           
     20                             227                                        
      0                                265                                     
     __________________________________________________________________________
PAR  Equal parts by weight of ester of pentaerythritol and
      polyisobutenylpropionic acid and polyisobutenylpropionamide gave a spot
      test value of 270.
PAR  The numbers which are to be compared specially with the ones of Examples 1,
      3, 6, 7 and 11 show the superiority of dispersion characteristics of the
      products according to the invention, which are 308 or 312.
PAR  The anti-rust characteristics of the products according to the invention
      have been tested in the laboratory with favorable results. The general
      tendency has been confirmed by motor tests (sequence II B, gasoline motor
      V-8 of a 1967 Oldsmobile). The basic information to which the additive was
      added was composed of a calcium sulfonate, a calcium phenate and a zinc
      dithiophosphate. The following values expressing average engine rust
      (AER), were obtained (ideal value 10):
PA1  Basic formula plus Example 7 product -- AER 8.6
PA1  Basic formula plus Example 11 product -- AER 7.9
PA1  As a comparison of the prior art, the following value was obtained:
PA1  Basic formula plus bis-succinimide -- AER 7.2
PAR  The entirety of the test results set forth hereinabove shows quite well the
      important improvement provided by the additives for lubricating oils
      produced according to the invention and characterizes the technical
      progress that such new products have achieved.
PAR  The terms and expressions which have been employed are used as terms of
      description and not of limitation, and there is no intention in the use of
      such terms and expressions of excluding any equivalents of the features
      shown and described or portions thereof, but it is recognized that various
      modifications are possible within the scope of the invention claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An additive comprising the reaction product of a hydroxyl compound with
      a member selected from the class consisting of hydrocarbon chain and
      chlorinated polyolefin -substituted carboxylic compounds, wherein said
      hydroxyl compound is a member selected from the class consisting of
      aliphatic, cycloaliphatic mono- and poly-alcohols and phenolic compounds,
      wherein said hydrocarbon chain and said chlorinated polyolefin substituent
      are substantially saturated and contain at least about 30 carbon atoms,
      which reaction product is neutralized wholly with an ashless basic
      nitrogen compound selected from the class of aromatic and aliphatic
      mono-amines, alkylene poly-amines, and ammonia, the residual acidity of
      said reaction product being such that its total neutralization is
      accomplished by the addition of sufficient ashless basic nitrogen compound
      to impart a nitrogen content of between about 0.9% and 2.5% by weight of
      the final product.
NUM  2.
PAR  2. An additive in accordance with claim 1 wherein the hydrocarbon chain and
      chlorinated polyolefin substituent is a substantially unsaturated
      aliphatic substituent containing at least about 50 carbon atoms.
NUM  3.
PAR  3. An additive in accordance with claim 1, wherein the hydrocarbon chain
      and chlorinated polyolefin substituted carboxylic compound is a member
      selected from the class consisting of hydrocarbon substituted mono- and
      poly-carboxylic acids, anhydrides, halides and esters thereof.
NUM  4.
PAR  4. An additive in accordance with claim 1, wherein the reaction between the
      hydroxyl compound and the hydrocarbon chain and chlorinated polyolefin
      substituted carboxylic compound is conducted at a temperature of between
      about 100 and 200.degree.C. for a period of between about 1 and 10 hours.
NUM  5.
PAR  5. An additive in accordance with claim 1, wherein the residual acid
      components present after the reaction between the hydroxyl compound and
      the hydrocarbon chain and chlorinated polyolefin substituted carboxylic
      compound and the ashless basic nitrogen compound added to neutralize them
      shall have a molar ratio of base to acid of between about 0.25 and 2.
NUM  6.
PAR  6. An additive in accordance with claim 1, wherein the ashless basic
      nitrogen compound is a polyalkylene polyamine.
NUM  7.
PAR  7. An additive in accordance with claim 1, wherein the hydrocarbon
      substituent is a polyolefin radical.
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ABST
PAL  New hydrazono-1,3,2-dithiarsetanes, -stannetanes and -stibitanes are
      provided which have biocidal activity.
BSUM
PAR  Generally stated, the subject matter of the present invention relates to
      hydrazono-1,3,2-dithiarsetanes, -stannetanes and stibitanes.
PAC  THE INVENTION
PAR  The present invention, in accordance with its purpose as embodied and
      broadly described, provides hydrazono-1,3,2-dithiarsetanes, -stannetanes
      and stibitanes having the following formula:
      ##EQU1##
      wherein M is a polyvalent metal selected from the group consisting of
      antimony, arsenic and tin; R is a monovalent hydrocarbyl radical selected
      from the group consisting of lower alkyl (including cycloalkyl of 4-6
      carbons), mono or bicyclic aromatic (e.g., phenyl and naphthyl as well as
      lower alkyl substituted analogs), and monocyclic aralkyl; n is an integer
      of 3 or 4; A is lower alkyl, --CO-aryl or --SO.sub.2 -aryl; B is hydrogen
      or lower alkyl; or A and B taken together are polymethylene of 4 to 5
      carbons; and aryl is monocyclic.
PAR  The compounds of this invention exhibit biocidal properties. Herbicidal
      activity toward wheat, radish, cucumber and corn; fungicidal activity
      toward Aspergillus niger and Stemphylium Sarcinaeforme; nematocidal
      activity toward Turbatrix aceti; and insecticidal activity were shown.
      Accordingly, the compounds can be used agriculturally in conventional
      formulations as fungicides, herbicides, nematocides and insecticides.
PAR  The compounds of this invention can be prepared by reacting an
      organo-metalic dihalide of Formula II with a dialkali metal salt of a
      substituted dithiocarbazic acid of Formula III as in the following
      equation:
      ##EQU2##
      wherein R, M, A, B and n are as defined above, "hal" is halogen of atomic
      number above 9, and M.sub.1 is an alkali metal such as sodium or
      potassium. The reaction can be carried out by contacting approximately
      equimolar amounts of the dihalide and dithiolate in a suitable reaction
      medium.
PAR  Suitable inert reaction media include dibutylether, acetonitrile,
      dimethylformamide, "Diglyme", dimethyylacetamide, dimethyl sulfoxide, etc.
PAR  When the two reactants are contacted, some heat is usually evolved.
      Therefore, it is usually advantageous to combine the reactants at room
      temperature. Under certain conditions, it may be necessary to provide a
      cooling means to remove the heat of reaction. In a few cases, it may be
      necessary to apply heat to promote the completion of the reaction.
      Temperatures between room temperature and the boiling point of the
      reaction medium may be used. The reactions are rapid and usually require
      only a short time for completion.
PAR  The reaction products may be isolated by any convenient means. It is
      advantageous to add water, when a watermiscible reaction medium has been
      used, whereupon the product precipitates, if it is not already
      precipitated.
PAR  Five types of organo-metalic dihalides may be used in the preparation of
      the compounds of this invention. They are shown in the following general
      formulae:
      ##EQU3##
PAR  Accordingly, three main types of compounds of Formula I can be obtained by
      varying the particular dihalide which is reacted with the dithiolate. The
      types are shown in the following formulae:
      ##EQU4##
PAR  Representative organo dihalides of trivalent arsenic in Formula IV are
      alkyl- and aryl-dihaloarsines, such as methyldichloroarsine,
      methyldiiodoarsine, methyldichloroarsine, ethyldibromoarsine,
      amyldibromoarsine, heptyldichloroarsine, trifluoromethyldibromoarsine,
      ethoxyethyldichloroarsine, phenyldibromoarsine, phenyldiiodoarsine,
      phenyldichloroarsine, o-tolyldichloroarsine, 2-naphthyldichloroarsine,
      p-chlorophenyldichloroarsine, m-nitrophenyldichloroarsine,
      2,5-dimethylphenyldichloroarsine, 4acetamidophenyldichloroarsine,
      4acetamidophenyldichloroansine, benzyldichloroarsine, etc.
PAR  Representative organo dihalides of trivalent antimony in Formula V are
      alkyl- and aryl-dihalostibines, such as methyldichlorostibine,
      ethyldichlorostibine, phenyldiiodostibine, p-nitrophenyldichlorostibine,
      p-tolyldichlorostibine, p-ethylphenyldichlorostibine,
      2-naphthyldichlorostibine, etc.
PAR  Representative organo-tin dihalides of Formula VIII are dialkyl- and
      diaryl-dihalo-tin compounds such as dimethyldichlorotin,
      diethyldibromotin, dibutyldibromotin, diamyldichlorotin,
      dioctyldichlorotin, didecyldichlorotin, butylpropyldichlorotin,
      diphenyldiiodotin, di-p-tolyldichlorotin,
      bis-(p-methoxyphenyl)dichlorotin, dibenzyldiiodotin,
      dicyclohexyldichlorotin, etc.
PAR  As indicated above; three classes of compounds of Formula III may be used
      in reaction 1. These are shown by Formulas VII, VIII and IX.
      ##EQU5##
PAR  Examples of VII include the dialkali metal salts of
      3,3-dimethyldithiocarbazic acid, 3,3-tetramethylenedithiocarbazic acid,
      etc.
PAR  Examples of VIII include the dialkali metal salts of
      3-benzoyldithiocarbazic acid, etc.
PAR  Examples of IX include the dialkali metal salts of
      3-phenylsulfonyldithiocarbazic acid, etc.
DETD
PAR  The following examples are provided for illustrative purposes and may
      include particular features of the invention. However, the examples should
      not be construed as limiting the invention, many variations of which are
      possible without departing from the spirit or scope thereof.
PAC  EXAMPLE I
PAR  4-Dimethylhydrazono-2,2-diphenyl-1,3,2-dithiastannetane
      ##EQU6##
PAR  A solution of 5.3 g. of dipotassium 3,3-dimethyldithiocarbazate in 30 ml.
      of the dimethylformamide is added to a cool solution of 8.6 g. of
      diphenyldichlorotin in 50 ml. of dimethylformamide. After about 1 hour at
      ambient temperature, 200 ml. of water is added and the white granular
      precipitate is separated by filtration, washed with water and dried. The
      product melts at about 72.5.degree.-74.5.degree.C.
PAR  Following the same procedure except for the replacement of the
      diphenyldichlorotin by dibutyldichlorotin, the compound
      4-dimethylhydrazone-2,2-butyl-1,3,2-dithiastannetane is obtained.
PAC  EXAMPLE II
PAR  4-Benzoylhydrazono-2,2-diphenyl-1,3,2-dithiastannetane
      ##EQU7##
PAR  A solution of 6.9 g. of diphenyldichlorotin in 50 ml. of dimethylformamide
      is added to a cool solution of dipotassium 3-benzoyldithiocarbazate in 30
      ml. of dimethylformamide. Water (about 400  ml.) is added to the yellow
      solution. The precipitate is separated and washed with water and methanol.
      The resulting yellow gum is recrystallized from benzene and ligroin to
      obtain a white solid.
PAR  Following the same procedure except for the replacement of the dipotassium
      3-benzoyldithiocarbazate by dipotassium 3-phenylsulfonyldithiocarbazate,
      the compound 4-phenylsulfonylhydrazono-2,2-diphenyl-1,3,2-dithiastannetane
      is obtained.
PAC  EXAMPLE III
PAR  4-(Tetramethylenehydrazono)-2,2-diphenyl-1,3,2-dithiastannetane
      ##EQU8##
PAR  A solution of about 2.4 g. of dipotassium 3,3-tetramethylenedithiocarbazate
      in 6 ml. of dimethylformamide is added to a cool solution of 1.72 g. of
      diphenyldichlorotin in 10 ml. of dimethylformamide. The yellow solution is
      diluted with water and the precipitate is separated and dried. The melting
      point of the product is in the range of 100.degree.-105.degree.C.
PAC  EXAMPLE IV
PAR  4-Dimethylhydrazono-2-phenyl-1,3,2-dithiarsetane
      ##EQU9##
PAR  Phenyldiiodoarsine (4.06 g.) is slowly added to a cooled solution of about
      3.8 g. of dipotassium 3,3-dimethyldithiocarbazate in 3 ml. of
      dimethylformamide. The reaction mixture is diluted with water and the
      white precipitate is separated and washed with water. The product melts at
      about 117.5.degree.-119.5.degree.C.
PAC  EXAMPLE V
PAR  4-Benzoylhydrazone-2-phenyl-1,3,2-dithiarsetane
      ##EQU10##
PAR  Phenyldiiodarsine (6.09  g.) is slowly added to a cool slurry of 4.32 g. of
      dipotassium 3-benzoyldithiocarbazate in 3 ml. of dimethylformamide. The
      yellow reaction mixture is diluted with about 200 ml. of water and the
      precipitate is separated and washed with water and ligroin. The
      precipitate is recrystallized from ethyl acetate with addition of ligroin
      and then from dimethylformamide with addition of water. The white product
      melts with the decomposition in the range of 90.degree.-100.degree.C.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula:
      ##EQU11##
      wherein M is a polyvalent metal selected from the group consisting of
      antimony, arsenic and tin; R is a monovalent hydrocarbyl radical selected
      from the group consisting of lower alkyl, mono or bicyclic aromatic, and
      monocyclic aralkyl; n is an integer of 3 when M is arsenic or antimony and
      4 when M is tin; A is lower alkyl, --CO--aryl or --SO.sub.2 ---aryl; B is
      hydrogen or lower alkyl; and aryl is monocyclic.
NUM  2.
PAR  2. The compound according to claim 1,
      4-dimethylhydrazono-2,2-diphenyl-1,3,2-dithiastannetane.
NUM  3.
PAR  3. The compound according to claim 1,
      4-benzoylhydrazono-2,2-diphenyl-1,3,2-dithiastannetane.
NUM  4.
PAR  4. The compound according to claim 1,
      4-dimethylhydrazono-2-phenyl-1,3,2-dithiarsetane.
NUM  5.
PAR  5. The compound according to claim 1,
      4-benzoylhydrazono-2-phenyl-1,3,2-dithiarsetane.
NUM  6.
PAR  6. The compound according to claim 1 wherein R is a cycloalkyl of 4 to 6
      carbon atoms.
NUM  7.
PAR  7. The compound according to claim 1 wherein R is a mono or bicyclic
      aromatic and is a member selected from the group consisting of phenyl,
      naphthyl and lower alkyl substituted analogs thereof.
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ABST
PAL  Organothio-tin compounds of the general formula
      ##EQU1##
      in which R represents a p-xylylene radical or a
      ##EQU2##
      radical, useful as catalysts in the polycondensation of organosilicon
      compounds, are prepared by reacting a di-octyl tin oxide with the diester
      obtained by reacting thioglycollic acid with 2,2'-dihydroxy-dipropyl ether
      or p-xylylene glycol.
PARN
PAR  This is a division of application Ser. No. 237,514 filed Mar. 23, 1972, now
      U.S. Pat. No. 3,819,673.
BSUM
PAR  The present invention provides a process for the polycondensation of
      organosilicon compounds in the presence of certain tin compounds.
PAR  The tin compounds used in the process of the invention are cyclic
      organothiotins corresponding essentially to the following formula
      ##EQU3##
      in which the symbols R, which may be the same or different, each represent
      a divalent hydrocarbon radical, or a divalent radical consisting of
      divalent hydrocarbon radicals bonded to one another by --O--, --CO--,
      --COO-- or --CHOH-- radicals, the symbols R', which may be the same or
      different, each represent a monovalent hydrocarbon radical and n
      represents a positive integer.
PAR  The organo-tin compounds of formula I can also contain products of the
      following formulae
      ##EQU4##
      IN WHICH X REPRESENTS AN INTEGER, THE FORMULA III compound apparently
      being in equilibrium with the formula I compound. The presence of small
      amounts of the formula II and III compounds, e.g. up to about 5% does not
      appear to modify the catalytic activity of the organothiotin compound of
      the formula I.
PAR  In the compounds of formulae I, II and III the symbol R can, for example,
      represent an alkylene radical such as those with 2 to 13 carbon atoms, an
      arylene radical, such as phenylene, biphenylene, xylylene or
      ##SPC1##
PAL  Or one of the above mentioned radicals substituted by one or more alkyl,
      aryl, cyclohexyl or alkoxy radicals; R can also represent a
      polyoxyalkylene radical, particularly a polyoxyethylene or
      polyoxypropylene radical, or a --R"--O--R"-- radical in which R"
      represents an alkylene or arylene radical, for example, one of those
      specifically mentioned above.
PAR  Specific examples of symbol R are those where the diol HO--R--OH is
      1,2-ethanediol; 1,3-propanediol; 1,2-propanediol, 1,2-butanediol;
      1,3-butanediol, 1,4-butanediol; 2,3-butanediol; catechol, resorcinol,
      hydroquinone and their derivatives substituted on the benzene ring, as for
      example, 3,5-dimethylcatechol, 2,5-dimethylhydroquinone,
      2,2'-dihydroxy-diphenyl, 3,3'-dihydroxydiphenyl, 4,4'-dihydroxy-diphenyl,
      phenylhydroquinone, 4-phenyl-pyrocatechol and their derivatives
      substituted on the benzene rings; 3,3'-dihydroxy-diphenylmethane;
      4,4'-dihydroxy-diphenylmethane and their derivatives substituted on the
      benzene rings; hydrobenzoin, phenyl-ethylene glycol, benzopinacol,
      diethylene glycol, triethylene glycol, dipropylene glycol, o-xylene glycol
      m-xylene glycol, p-xylene glycol, 2,2'-dihydroxy-dipropyl ether,
      3,3'-dihydroxy-dipropyl ether and 4,4'-dihydroxydibutyl ether.
PAR  The symbol R' can represent an alkyl radical with 1 to 20 carbon atoms, an
      alkenyl radical with 2 to 20 carbon atoms or an aryl or aralkyl radical
      such as methyl, ethyl, butyl, n-octyl, iso-octyl, myricyl, phenyl, tolyl,
      vinyl, allyl, benzyl and menyl radicals. In practice however, radicals
      with 4 carbon atoms to 12 carbon atoms are preferred.
PAR  The value of n is usually 1 to 18, and is preferably 1 to 4.
PAR  The silicon compounds which can be polycondensated in the presence of the
      derivatives of the formula I should contain at least an Si--OH group. They
      can contain other types of functional groups (Si--X) which react with
      water to give Si--OH groups, or which react with the Si-OH groups to form
      Si--O--Si bonds with elimination of HX. Thus, a silicon compound
      containing Si--X groups will be mixed with the formula I catalyst. By
      exposing the mixture to humidity, the hydrolysis of the Si--X groups will
      produce Si--OH groups, the condensation of which will be accelerated by
      the presence of the catalyst.
PAR  The symbols X can represent hydrogen, alkoxy groups such as methoxy, ethoxy
      or --O--CH.sub.2 --CH.sub.2 --OCH.sub.3, acyloxy groups such as acetoxy,
      propionyloxy or benzyloxy, and ketoxime groups such as
      --O--N=C(CH.sub.3).sub.2 ; aldoxime groups such as --O--N=CH--CH.sub.3 ;
      carbamate groups such as
      ##EQU5##
      R.sub.2 "N--O-- groups where R" is a methyl, ethyl or phenyl radical; and
      halogen atoms such as Cl, Br and F as well as any hydrolysable group
      attached to the silicon atom.
PAR  There are between 0.9 and 3 other substituent groups on each atom of the
      silicon reactant. They can be hydrocarbon radicals, for example, alkyl
      radicals such as methyl, ethyl and propyl radicals, alkenyl radicals such
      as vinyl, allyl or hexenyl radicals, cycloalkyl radicals such as
      cyclohexyl, cyclopentyl and methylcyclohexyl radicals, cycloalkenyl
      radicals such as cyclohexenyl, aryl radicals such as phenyl, tolyl, xenyl
      and xylylenenaphthyl radicals, and aralkyl radicals such as benzyl and
      phenylethyl radicals.
PAR  They may also be halogenated hydrocarbon radicals such as chloromethyl,
      .gamma.-chloropropyl, bromooctadecyl, chlorophenyl, fluorocyclohexyl,
      chlorobutenyl, .alpha.,.alpha.,.alpha. -trifluorotolyl and
      3,3,3-trifluoro-propyl radicals. They may also consist of hydrocarbon
      chains linked by --O--, --COO--, --CO-- or --CHOH-- radicals, such as
      --(CH.sub.l 2 CH.sub.2 O).sub.7 CH.sub.3, --(CH.sub.2).sub.3 --O Et,
      --(CH.sub.2).sub.3 --OOC--CH=CH.sub.2, --(CH.sub.2).sub.6 --OOC--Me and
      --(CH.sub.2).sub.2 COO Et; they can also be hydrocarbon radicals
      susbstituted by --CH, --NH.sub.2, --CONH.sub.2 or --SH radicals such as
      --(CH.sub.2).sub.2 CH, --(CH.sub.2).sub.3 CN and --C.sub.6 H.sub.4 --CH.
PAR  The organosilicon compounds have different structures combining species of
      the type R Si O.sub.3/2, R.sub.2 SiO and R.sub.3 SiO.sub.1/2. The atoms of
      silicon can also be linked among themselves by atoms or radicals other
      than oxygen, such as divalent radicals, e.g. methylene, dimethylene,
      hexamethylene and phenylene or hydrocarbon ether radicals such as
      --C.sub.6 H.sub.4 --O--C.sub.6 H.sub.4 --, or with silazane links e.g.
      Si--NH--Si or
      ##EQU6##
      or with Si--S--Si links.
PAR  Certain of the organothiotin compounds of the formula I, as well as their
      method of preparation, have already been described in German patent
      specification No. 1,020,335. They can be obtained by the reaction of a
      .omega.,.omega.' -dithiodiester with a di(organo)-tin oxide, the
      .omega.,.omega.' -dithioester being itself obtained by the
      diesterification of a glycol by a .omega.-thioalkanoic acid.
PAR  Other organothiotin compounds of formula I are new compounds and these new
      compounds from a further aspect of the present invention. The new
      compounds are those of formula I where each R' is a C.sub.8 H.sub.17
      radical, R is a p-xylylene radical or a
      ##EQU7##
      radical and n = 1.
PAR  The new compounds may be prepared by a method analogous to the known
      method, that is by reacting a di-octyl tin oxide with the diester obtained
      by reacting thioglycollic acid with 2,2'-dihydroxy-dipropyl ether or
      p-xylylene glycol.
PAR  The organothiotin compounds of formula I show a remarkable catalytic
      activity, superior to that of the tin derivatives already used, are
      storage stable and stable when used under exceptional conditions.
PAR  Their high activity allows them to be used in smaller amounts, in
      comparison to the tin catalysts previously used, to achieve an equivalent
      final result. If they are used in equivalent amounts to the amounts used
      hitherto, then a more rapid catalysis results or a lower catalysis
      temperature can be used. Their stability allows their use as aqueous
      emulsions for catalysing the polycondensation of organosilicon compounds
      in emulsion.
PAR  The catalysts used in the present invention can be used under the same
      conditions as the tin catalysts used hitherto in the polycondensation,
      such as diorganotin dialkanoates. Thus the concentration of catalyst can
      vary between 0.01 and 3% expressed as the weight of tin relative to the
      silicon derivatives used and the polycondensation temperature can be
      15.degree. to 200.degree.C.
DETD
PAR  Examples 1 and 2 illustrate the product of novel compounds of formula I
      while the subsequent Examples illustrate the polycondensation process of
      the invention.
PAC  EXAMPLE 1
PAR  368 g. (4mols) of thioglycollic acid HS--CH.sub.2 --COOH, (as an 80%
      strength aqueous solution), 281 g. (2.1 mols) of 2,2'-dihydroxy-dipropyl
      ether and 200 g. of toluene are introduced into a flask equipped with a
      stirrer.
PAR  The flask is heated to reflux the toluene for 2 hours during which time
      about 80% of the theoretical amount of water produced in the reaction is
      removed azeotropically. To complete the esterification, 3.2 g. of
      para-toluenesulphonic acid are added, and after 3 hours of reaction,
      practically all the theoretical amount of water formed by the
      esterification reaction can be removed.
PAR  The toluene solution is cooled to about 20.degree.C, washed three times
      with 100 cm.sup.3 of an aqueous solution containing 5% of NaHCO.sub.3, and
      then twice with 100 cm.sup.3 of pure water. The organic phase is then
      dried over anhydrous sodium sulphate and filtered.
PAR  636 g. of a solution containing 508 g. of the desired ester (theory 564 g.)
      corresponding to the formula
      ##EQU8##
      are obtained.
PAR  483 g. of the solution obtained above, 520 g. of di-n-octyl-tin oxide [O Sn
      (C.sub.8 H.sub.17).sub.2 ] and 400 g. of toluene are introduced into a
      flask equipped with a stirrer.
PAR  The mixture is boiled for 10 hours during which time 17.5 g. of H.sub.2 O
      are removed azeotropically. After cooling, the product is filtered to
      remove 1.4 g. of residue which had not reacted. The filtrate is washed
      twice with 250 cm.sup.3 of an aqueous solution containing 5% of
      NaHCO.sub.3, and then twice with 250 cm.sup.3 of pure water. The toluene
      solution thus obtained is dried over anhydrous Na.sub.2 SO.sub.4. It
      weights 1,085 g. is straw yellow in colour and contains 670 g. of the
      desired organo-tin derivative corresponding principally to the formula
      ##EQU9##
PAR  The tin content is 17.95% of the dry product, theoretical: 19.05%. The
      molecular weight is 1,020 .+-. 5o (osmometry), theoretical = 1250.
PAC  EXAMPLE 2
PAR  1 Mol (138 g.) of p-xylylene glycol, 2.1 mols (193 g.) of thioglycollic
      acid (in the form of an 80% strength aqueous solution) and 400 g. of
      toluene are introduced into a stirred flask.
PAR  Using the same procedure as described in Example 1,487 g. of solution
      containing 257 g. of the diester of the formula
      ##EQU10##
      are finally obtained.
PAR  Analysis shows that the molecule contains 20.7% of SiH, theoretical 23.1%.
      Alcohol groups cannot be detected by infra-red methods.
PAR  400 g. of the toluene solution obtained above, 280 g. of di-n-octyl-tin
      oxide and 200 g. of toluene are introduced into a stirred flask. Using the
      same procedure as described in Example 1, 630 g. of a toluene solution
      containing 430 g. of the organo-tin derivative corresponding principally
      to the formula
      ##EQU11##
      are obtained.
PAR  The tin content of the dry product is 17.9%, theoretical = 18.9%. Residual
      SH &lt;1%.
PAC  EXAMPLE 3
PAR  This Example shows the stability of the catalysts of formula I and of their
      catalytic power.
PAR  An emulsion A of the catalyst is prepared by mixing an organic solution
      containing:
PA1  43 g. of the toluene solution of Example 1 containing:
PA1  17.95% of Sn,
PA1  150.4 g. of zinc octoate containing 12% of zinc, diluted with 150.4 g. of
      toluene,
PA1  23.2 g. of toluene, and
PA1  23.2 g. of perchloroethylene,
PA1  with an aqueous solution consisting of: 11.3 g. of a polyvinyl alcohol
      known by the name Rhodoviol 13/135 P and 100.0 g. of water.
PAR  The mixture is homogenised in a colloid mill and the resulting emulsion
      adjusted to a Sn content of 1% by the addition of 130 g. of water.
PAR  An emulsion B is prepared according to the same technique by adding the
      quantity of catalyst of Example 2 required to give 1% of Sn.
PAR  Emulsion C is prepared by replacing the catalysts of the invention by an
      equivalent amount of Sn in the form of di-n-octyl tin diacetate.
PAR  Emulsion D is prepared using the equivalent amount of Sn in the form of
      di-n-butyl tin diacetate.
PAR  A silicone emulsion, intended for the non-stick treatment of paper, is
      prepared by mixing 252 g. of a dimethylpolysiloxane in which about 50% of
      the chain ends are OH groups and 50% are OCH.sub.3 groups, and which has a
      viscosity at 25.degree.C of 2,000 cPo, 9.2 g. of a
      methylhydrogenopolysiloxane, the chain ends of which are (CH.sub.3).sub.3
      SiO.sub.1/2 and containing 36.5% of SiH, 34 g. of a dimethylpolysiloxane
      with terminal --OH groups, and of viscosity 30 cPo at 25.degree.C, 80 g.
      of a 50/50 by volume mixture of toluene and perchloroethylene and 180 g.
      of the aqueous solution of Rhodoviol prepared as above.
PAR  The silicone emulsion is produced in a colloid mill, and then adjusted to a
      silicone content of 40% by the addition of 168 g. of water.
PAR  25 parts by weight of the silicone emulsion, 5 parts of the catalyst
      emulsion A, B, C or D, and the water necessary to bring the total volume
      to 200 cm.sup.3 are mixed together. The resulting catalysed emulsion is
      applied to paper by means of a glass rod. After drying the treated paper
      at 120.degree.C for 2 minutes, the silicone is polycondensed. A
      determination shows that approximately 0.7 g. of active silicone matter
      remains per m.sup.2 of paper.
PAR  A similar treatment of paper is carried out with the the catalysed diluted
      emulsions mentioned above, but after they have first undergone a natural
      aging of 6 hours.
PAR  The papers treated in this way are subjected to a self-adhesion test by
      applying an adhesive tape, known under the name Sparadrap, to the paper
      and by measuring the force necessary (in g./cm) to remove the tape by
      pulling at an angle of 180.degree.. The removed tape is then applied to a
      steel sheet and the force necessary to detach it from the steel sheet is
      measured. Finally the force necessary to detach an adhesive tape which has
      not undergone contact with the silicone paper and which has been directly
      applied to the steel sheet is measured.
PAR  This last measurement will be designated by the term "standard adhesion";
      the detachment from the paper will be designated: the non-stick character;
      the detachment from the steel sheet after contact of the tape with paper
      will be designated: the subsequent adhesion. The results obtained are
      given in Table I below. The quality of the silicone treatment of the paper
      will be the higher the lower is the non-stick character and the closer is
      the lower is the non-stick character and the closer is the subsequent
      adhesion to the standard adhesion.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Fresh catalyst emulsion                                                   
                         Catalyst emulsion aged                                
                         for 6 hours                                           
     Cata-                                                                     
         Stan-                                                                 
             Non-  Subsequent                                                  
                         Stan-                                                 
                             Non-  Subsequent                                  
     lysts                                                                     
         dard                                                                  
             stick adhesion                                                    
                         dard                                                  
                             stick adhesion                                    
             character       character                                         
     __________________________________________________________________________
     A   167 12    167   157 15    150                                         
     B   172  9    170   171 13    165                                         
     C   170 10    154   163 15    145                                         
     D   165 12    150   165 15    143                                         
     __________________________________________________________________________
PAR  The good performance of the papers treated with the emulsion catalysed with
      the catalysts A and B can thus be seen. Catalysts C and D, give a weak
      subsequent adhesion; this demonstrates a migration of the silicone from
      the treated paper to the adhesive tape, and thus a loss of adhesion to the
      latter.
PAC  EXAMPLE 4
PAR  The same tests are repeated by treating the papers as described in Example
      3, but the curing of the silicone is carried out only at 80.degree.C for
      30 seconds. The results of the tests are given in the following Table II
      below.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Fresh catalyst emulsion                                                   
                         Catalyst emulsion aged                                
                         for 6 hours                                           
     Cata-                                                                     
         Stan-                                                                 
             Non-  Subsequent                                                  
                         Stan-                                                 
                             Non-  Subsequent                                  
     lysts                                                                     
         dard                                                                  
             stick adhesion                                                    
                         dard                                                  
                             stick adhesion                                    
             character       character                                         
     __________________________________________________________________________
     A   170 18    168   170 18    165                                         
     B   172 20    172   172 18    167                                         
     C   168 25    145   170 28    145                                         
     D   170 27    140   170 30    150                                         
     __________________________________________________________________________
PAR  These curing conditions show that the reactivity of the catalyst emulsions
      A and B is still adequate for them to provide the desired properties,
      whilst emulsions C and D have a less pronounced non-stick character and
      give too great a migration of the silicone of the paper to the adhesive.
PAC  EXAMPLE 5
PAR  A solution is prepared of 28 parts of a dimethylsiloxane rubber, the chain
      ends of which are blocked by CH groups and the Williams plasticity of
      which is 150, 2 parts of a methylhydrogenopolysiloxane, the chain ends of
      which are blocked by (CH.sub.3).sub.3 SiO.sub.1/2 groups and the Si--H
      content of which is 47% by weight, and 70 parts of toluene.
PAR  Solutions E, F and G to be used in treating papers, are prepared as
      follows:
PAR  To 34 g. of the above mentioned solution are added 0.38 g. of the solution
      of Example 1, 0.10 g. of acetic acid and 166.0 g. of oil C (petroleum
      fraction boiling between 72 and 98.degree.C). The resulting solution is
      designated solution E.
PAR  In the same way, a solution F in which the tin catalyst is replaced by the
      solution of Example 2 is prepared. Finally, in the same way, a solution G
      is prepared in which the tin catalyst is di-n-butyl-tin dilaurate,
      containing an equivalent amount of Sn.
PAR  Using these solutions, the silicone is applied to the paper by means of a
      glass rod. After drying the treated paper at 120.degree.C. for 2 minutes,
      the silicone is polycondensed. A determination shows that about 0.4 g. of
      active material remains per m.sup.2 of paper.
PAR  This paper is subjected to the same tests as those described in Example 3
      and the results are given in Table III below.
TBL                TABLE III                                                   
     ______________________________________                                    
                          Non-stick   Subsequent                               
     Solutions                                                                 
              Standard    character   adhesion                                 
     ______________________________________                                    
     E        165         6           163                                      
     F        172         8           165                                      
     G        168         19          150                                      
     ______________________________________                                    
PAR  This table shows that at a constant proportion of tin relative to the
      silicone, the catalysis is more effective with the catalysts of the
      invention (solutions E and F).
PAC  EXAMPLE 6
PAR  The procedure described in Example 5 is repeated but the paper is dried
      only at 80.degree.C for 30 seconds.
PAR  The results of the tests are given in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
                          Non-stick   Subsequent                               
     Solutions                                                                 
              Standard    character   adhesion                                 
     ______________________________________                                    
     E        158          9          150                                      
     F        172         13          167                                      
     G        170         36          148                                      
     ______________________________________                                    
PAR  This table shows that with the solutions E and F, the catalysis is still
      very adequate, although with the solution G, the non-stick character
      becomes mediocre and the migration of the insufficiently catalysed
      silicone becomes too great.
PAC  EXAMPLE 7
PAR  In this example, the catalysts are used for curing a non-stick silicone
      resin. It is difficult to estimate the non-stick character of a silicone
      coating on a solid support, because the choice of adhesive material must
      show a sufficient "grab" to limit the number of measurements within a
      suitable time. It must nevertheless permit sufficient measurement to
      represent as well as possible the permanent use to which the silicone will
      be submitted.
PAR  The test described here consists of cooking omelettes, which have been
      salted and peppered, on a metallic support, previously coated with a cured
      silicone coating. The silicone composition used in the coating is the
      following: 3.1% by weight of a methylphenylpolysiloxane resin containing
      4% by weight of OH groups bonded to the silicon; 0.55 phenyl group per
      silicon and 1.35 phenyl and methyl groups per silicon; 0.01% of the
      monethyl ether of dipropylene glycol; 0.20% of dimethylpolysiloxane fluid,
      the chain ends of which are blocked by OH- groups, proportion of OH: 4.2%;
      1.79% of methyltriacetoxysilane and 94.90% of 1,1,1-trichloroethane.
PAR  Various samples of this resin are catalysed with the tin salts shown below
      so that there is 0.27% by weight of catalyst relative to the resin
      described above. In this case, the less tin the active molecule contains,
      the less of it calculated as metal is present.
PA0  Resin 1 contains the catalyst of Example 1,
PA0  Resin 2 contains the catalyst of Example 2,
PA0  Resin 3 dilaurate, contains di-n-butyl-tin dilaurate,e
PA0  Resin 4 contains d-n-butyl-tin diacetate,
PA0  Resin 5 contains di-n-octyl-tin diacetate and
PA0  Resin 6 contains di-n-octyl-tin dilaurate.
PAR  Each catalysed composition is placed in a closed glass container. Each is
      tested immediately after catalysis and after storage for 6 months.
PAR  The catalysed resins thus obtained are applied to aluminium egg pans, of 12
      cm diameter. These pans are previously carefully degreased, then coated
      with the catalysed resins. The solvent is evaporated in about 15 minutes
      and the resin is finally cured by stoving at 150.degree.C. for 30 minutes.
PAR  The eggs are beaten, salted and peppered. No greasy matter whatsoever is
      used. The pen is heated on a Bunsen burner thus allowing a temperature of
      250.degree.C to be reached on the treated face. 10 cm.sup.3 of beaten eggs
      are deposited, left to cook for 1 minute and the resulting omelette is
      removed with a wooden spatula. The pan is rapidly cooled by placing it on
      a cold metallic body. The treated face is then at about 80.degree.C. after
      1.5 minutes. The pan is heated again to 250.degree.C. and the operation is
      begun again. After every 20 omelettes the pan is allowed to cool to about
      20.degree.C. and the cycle is repeated.
PAR  Table V below shows the number of omelettes that can be cooked and removed
      from the pan without sticking to the surface.
TBL                TABLE V                                                     
     ______________________________________                                    
     Resin No.      1      2      3    4    5    6                             
     ______________________________________                                    
     Number of omelettes                                                       
     with the fresh &gt;80    &gt;80    36   30   37   40                            
     catalyst                                                                  
     Number of omelettes                                                       
     with the catalyst                                                         
     aged for 6 months                                                         
                    &gt;80    &gt;80    33   25   31   34                            
     ______________________________________                                    
PAR  With resins 1 and 2, the number of omelettes made is in excess of 80, the
      test having been stopped at this value. The other resins do not begin even
      to approach this number. Thus with resin No. 3 for example, sticking
      begins at the 36th omelette and, if the test is continued a little longer
      until the 42nd omelette, it becomes practically impossible to separate the
      omelette from the pan.
PAR  It is also noteworthy that the efficacy is maintained at a high level with
      the resins stored for 6 months in the cases of No. 1 and No. 2, in
      accordance with the invention; in cases 3, 4, 5 and 6 the efficacy has
      diminished, compared to that of the freshly catalysed resin.
PAC  EXAMPLE 8
PAR  The same tests are repeated, this time catalysing the silicone resin with a
      constant proportion of tin, the tin being supplied by the catalysts
      already described in Example 7.
PAR  The concentration of tin is 1% by weight relative to the quantity of active
      silicone matter. It is then noted that the efficacy of the resins
      containing the catalysts of the invention always remains superior to that
      of the resins containing the tin compounds used hitherto.
CLMS
STM  We claim:
NUM  1.
PAR  1. Organothio-tin compounds of the general formula
      ##EQU12##
      in which R represents a p-xylylene radical or a
      ##EQU13##
      radical.
NUM  2.
PAR  2. The organo-tin compound of claim 1 which has the formula:
      ##EQU14##
NUM  3.
PAR  3. The organo-tin compound of claim 1 which has the formula
      ##EQU15##
PATN
WKU  039364836
SRC  5
APN  0640913
APT  1
ART  124
APD  19700728
TTL  Organic polyisocyanates
ISD  19760203
NCL  6
ECL  1
EXA  Torrence; Dolph H.
EXP  Gotts; Lewis
INVT
NAM  Gemeinhardt; Paul G.
CTY  Pittsburgh
STA  PA
ASSG
NAM  Mobay Chemical Corporation
CTY  Pittsburgh
STA  PA
COD  02
RLAP
COD  71
APN  358633
APD  19640409
PSC  03
CLAS
OCL  260453AR
XCL  252182
XCL  260  25AT
XCL  260 775AT
XCL  260453AM
EDF  2
ICL  C07C119048
FSC  252
FSS  182;102
FSC  260
FSS  453 AR
UREF
PNO  2683730
ISD  19540700
NAM  Seeger et al.
OCL  260453
UREF
PNO  3294713
ISD  19661200
NAM  Hudson et al.
XCL  260453
UREF
PNO  3341463
ISD  19670900
NAM  Gemeinhardt
OCL  252182
FREF
PNO  1,348,459
ISD  19631200
CNT  FR
LREP
FR2  Harsh; Gene
ABST
PAL  A polyisocyanate composition comprising a mixture of from about 10 percent
      to about 90 percent by weight of toluene diisocyanate and the balance a
      mixture of polyphenyl-polymethylene-polyisocyanates which latter are
      preferably the refined condensation product of aniline and formaldehyde.
      These polyisocyanate compositions are eminently suitable as isocyanate
      precursors for the production of high rise, thin section cellular
      polyurethane moldings.
PARN
PAR  This application is a continuation of application Ser. No. 358,633, filed
      Apr. 9, 1964, now abandoned, and relates to organic polyisocyanates and
      more particularly to an improved mixture of polyisocyanates which produce
      polyurethane plastics having improved properties.
BSUM
PAR  It has been proposed heretofore to prepare polyurethane plastics from
      organic polyisocyantes. Moreover, it is known that mixtures of homologous
      organic polyisocyanates can be made and used together for reaction with
      active hydrogen containing compounds to prepare polyurethane plastics. The
      heretofore known mixtures of homologous polyisocyantes have not always
      been satisfactory for the production of polyurethane plastics,
      particularly polyurethane foams, because of unpredictable deficiencies in
      both the foaming characteristics and in the physical properties of the
      product. Moreover, some mixtures of homologous polyisocyanates, when
      reacted with an active hydrogen containing compound produce a discolored
      polyurethane foam. Discoloration can sometimes be tolerated if it is
      constant and uniform throughout the reaction mixture. The difficulty with
      the use of mixtures of polyisocyanates in the production of polyurethane
      foams is that they have a propensity for causing nonuniform and
      unpredictable discoloration. This often leads to striations in the
      resulting product.
PAR  It would be desirable in order to obtain uniform color to use a pure
      toluylene diisocyanate or a pure polyphenyl polymethylene polyisocyanate
      such as that disclosed in U.S. Pat. No. 2,683,730, but each of these
      alternatives results in disadvantageous properties in the polyurethane
      product for different reasons in most cases and the same reason in at
      least one case. Generally speaking, the dimensional stability and the
      flame resistance of a polyurethane plastic based on polyphenyl
      polymethylene polyisocyanate is better than the same properties in a
      polyurethane based on toluylene diisocyanate. Alternately, the foaming
      characteristics and the ability to control the reaction are better when
      using a toluylene diisocyanate. Neither a polyphenyl polymethylene
      polyisocyanate nor toluylene diisocyanate is entirely satisfactory for
      foaming in place the cavity where a high rise, thin section molding is
      desired. The characteristic example is the thin interior space in the wall
      of a refrigerator. Here the foaming ingredients are inserted into the thin
      section. They react and rise and fill the cavity with a polyurethane foam.
      But in the absence of multiple pours which create weak spots, or other
      processing technique, the foam is sheared and consequently weak at the
      interface between the wall of the mold and the body of the foam,
      particularly near the top of the mold. Stated in other words, as the foam
      prepared from either toluylene diisocyanate alone or polyphenyl
      polymethylene isocyanate along rises in a thin section mold, the cells
      near the edge and toward the top of the thin section molding become
      elongated and very often leave a loose piece of foam between the walls and
      the upper end of the mold. This causes several difficulties which destroy
      the value of foaming in place. One difficulty is that the insulation value
      of the foam is destroyed. Another difficulty is that the foam is then
      weaker and more friable at the upper end of the thin section molding.
      Still another difficulty is that dimensional stability is poor at low
      temperatures, for example below 10.degree. C.
PAR  When a polyurethane foam is prepared based on toluylene diisocyanate alone
      and without the addition of any flame resistant additive, the foam will
      burn and support combustion once ignited, thus making it unsatisfactory
      for the production of building materials and the like.
PAR  Further, while mixtures of isocyanates which are not homologs have been
      mentioned in the literature for preparation of polyurethanes, none of
      these has heretofore proved to be of any practical significance. In many
      cases the reactivity of the mixture suffers from being in admixture with a
      non-homolog. The mixture of blends heretofore proposed sometime produce
      polyurethanes with poorer physical properties than the separate
      isocyanates. It is very unusual for a mixture of isocyanates to have
      improved reactivity or to produce improved polyurethanes.
PAR  It is therefore an object of this invention to provide an improved mixture
      of organic polyisocyanates and improved polyurethane plastics prepared
      therefrom. A further object of this invention is to provide a mixture of
      organic polyisocyanates for the production of polyurethanes which have
      improved flame resistance and dimensional stability. Still another object
      of this invention is to provide a mixture of polyisocyanates which are
      adapted to the preparation of improved moldable polyurethane plastics. A
      further object of this invention is to provide a mixture of
      polyisocyanates adapted to produce a cellular polyurethane plastic, the
      mixture being such that there is a favorable balance between the rate of
      foam rise and the rate of gelation of the polymer so that an unusually
      high rise of foam can be produced with a small amount of shear breakdown
      of the foam structure at the interface between the foam and the container
      walls. Still a further object of this invention is the production of
      polyurethane plastics which have improved physical properties. Another
      object of this invention is to provide polyurethane foam formulations,
      particularly adapted for high rise, thin section foaming to produce
      insulation having improved physical properties throughout.
PAR  The foregoing objects and others which will become apparent from the
      following description are accomplished, generally speaking, by providing a
      mixture of from about 10 to about 90 per cent by weight of toluylene
      diisocyanate and the balance polyaryl polyalkylene polyisocyanate, the
      latter containing both diisocyanate and triisocyanate. Therefore, this
      invention contemplates mixtures of toluylene diisocyanate and polyaryl
      polyalkylene polyisocyanates as well as polyurethane plastics prepared
      therefrom. For best results in the preparation of polyurethane plastics,
      it is preferred that the mixture of toluylene diisocyanate with polyaryl
      polyalkylene polyisocyanates have less than 200 ppm and most preferably
      less than 100 ppm of a heavy metal including compounds of vanadium,
      chromium, manganese, zinc and gallium, but especially including iron,
      cobalt and nickel, iron being the worst offender. It is not understood why
      some heavy metal compounds are detrimental both to the activity of the
      mixture of isocyanates and to the burning rate of the resulting
      polyurethane plastic. It may be that some of these heavy metals and their
      compounds catalyze some of the decomposition reactions which go on in the
      pyrolysis of a polyurethane foam. It is known that an iron compound in
      this composition will cause a rapid increase in the burning rate of the
      foam even at very low concentrations. Thus, it is highly preferred to
      maintain the iron content of the mixture below about 200 ppm.
PAR  The isocyanate mixture of this invention has an exceedingly favorable rate
      of reactivity when reacted with an organic compound containing at least
      two active hydrogen containing groups as determined by the Zerewitinoff
      method between the rate of foam rise and the rate of gelation of the
      polymer resulting in unusually high rise of the foam while maintaining an
      unexpectedly small amount of shear breakdown of foam structure at the
      interface of the foam and the container or mold walls. The mixture is
      better than either of the essential isocyanates when used alone.
PAR  Any suitable mixture of from 10 to 90 per cent by weight of toluylene
      diisocyanate and the balance a polyaryl polyalkylene polyisocyanate
      containing both diisocyanates and triisocyanates may be used. The mixture
      preferably contains at least 50 per cent by weight of the polyphenyl
      polymethylene polyisocyanate. A preferred mixture is one with less than
      200 ppm of a heavy metal and particularly iron which has from 50 to 65 per
      cent of a polyphenyl polymethylene polyisocyanate containing from about 40
      to 60 per cent of a diphenylmethane diisocyanate, from about 20 to 30 per
      cent of a triisocyanate having the formula:
      ##SPC1##
PAL  and the balance high polyisocyanates, with from about 35 to 50 per cent by
      weight of toluylene diisocyanate which is preferably a mixture of 2,4- and
      2,6-toluylene diisocyanate.
PAR  Any suitable toluylene diisocyanate may be used including, for example,
      2,4-toluylene diisocyanate, 2,6-toluylene diisocyanate and the like.
      Particularly suitable mixtures are those containing from about 65 per cent
      to about 80 per cent 2,4-toluylene diisocyanate and the balance
      2,6-toluylene diisocyanate. The commercially available mixture containing
      about 80 per cent 2,4- and about 20 per cent 2,6-toluylene diisocyanate is
      very useful.
PAR  Any suitable polyaryl polyalkylene polyisocyanate and preferably a
      polyphenyl methylene polyisocyanate which contains both di- and
      triisocyanates may be used. Mixtures of isocyanates such as those
      disclosed in U.S. Pat. No. 2,683,730, British Patent 874,430 and Canadian
      Patent 665,495 are suitable. It is also possible to use mixtures of
      polyphenyl polymethylene polyisocyanates which are outside the scope of
      these patents. A particularly desirable one has a viscosity of from about
      150 to about 250 cp/25.degree. C., an --NCO content of at least about 31
      per cent and has from about 42 per cent to about 48 per cent of its
      isocyanate content present as a monomeric diphenyl methane diisocyanate.
      It is preferred to prepare the polyaryl polyalkylene polyisocyanate by the
      reaction between aniline and formaldehyde in such proportions of these two
      reactants that an amine product is obtained which has from about 40 per
      cent to about 60 per cent of diphenylmethane diamine and the balance
      higher polyamines so that when the resulting mixture of diphenyl methane
      diamine and higher polyphenyl polymethylene polyamines is phosgenated, the
      product contains from about 40 per cent to about 60 per cent diphenyl
      methane diisocyanate, 20 to 30 per cent triisocyanates, 8 to 17 per cent
      tetraisocyanate and 5 to 30 per cent penta- or higher polyisocyanates.
      Thus, in accordance with a preferred method of preparing the polyphenyl
      polymethylene polyisocyanates, one must in fact begin with the
      aniline-formaldehyde reaction wherein the aniline and acid catalyst are
      first mixed and reacted together and then the resulting mixture of the
      acid salt, e.g. aniline hydrochloride, and aniline are reacted with
      formaldehyde to produce the mixture of diphenyl methane diamine and high
      polyamines. Then the initial amine product is neutralized with
      approximately a stoichiometric amount of a base or even a very slight
      excess of a base such as sodium hydroxide, potasssium hydroxide or the
      like and then the amines to be phosgenated are separated from the salt
      formed by decantation and distillation to remove the water and the salt.
      This mixture of amines may then be phosgenated to prepare a mixture of
      organic polyisocyanates by any suitable phosgenation reaction such as
      those disclosed for example of U.S. Pat. Nos. 2,683,160, 2,683,730,
      2,875,226 and the like. However, in order to get the desired percentage of
      diisocyanates, the desired viscosity and the desired --NCO content, it is
      preferred to carry out the reaction in two stages, first at a temperature
      of from about -20.degree. C. to about 80.degree. C. and then in a second
      stage at a temperature of from about 90.degree. C. to about 200.degree. C.
      Thus, the polyphenyl polymethylene polyisocyanates are preferably prepared
      by reacting phosgene with the aforementioned mixture of amines in two
      stages at such a temperature that the exothermic reaction occuring when
      these two components are combined is initially not substantially above
      about 90.degree. C. to form a carbamyl chloride-amine hydrochloride slurry
      which is then reacted with further phosgene at a temperature above about
      90.degree. C. but below about 20.degree. C. to prepare the mixture of
      polyphenyl polymethylene polyisocyanates referred to above. It is
      preferred to use an inert organic solvent in the phosgenation of the
      amine. For this purpose, both the amine and the phosgene are premixed with
      the organic solvent and then reacted in a solution in two stages as set
      forth above to prepare the organic polyisocyanate. It is preferred to use
      some type of high speed mixer for contacting the phosgene solution and
      amine solution in the preparation of the initial carbamyl chloride-amine
      hydrochloride slurry.
PAR  Any suitable high-speed mixer is contemplated by a preferred embodiment of
      the invention such as, for example, turbo-mixers, colloid mills, pumps
      including centrifugal pumps, and the like which contain structural
      elements which rotate at high speeds and thus insure intimate contact
      between the amine and phosgene within a relatively short period of time.
      Preferably, the high-speed mixer should be one which rotates at a speed of
      about 100 rpm or more.
PAR  Any suitable organic solvent which is inert to the amine, to the resulting
      isocyanate and to phosgene may be used. Thus, suitable solvents are, for
      example, those which have the formula:
      ##SPC2##
PAL  wherein R is the same or different and is lower alkyl, hydrogen, halogen,
      nitro, aryloxy, alkoxy as well as hydrocarbons, ethers, esters and the
      like. Any suitable halogen may be used such as, for example, chlorine,
      bromine, iodine, fluorine and the like. Any suitable aryloxy radical may
      be used such as, for example, phenoxy, cresoxy, ethylphenoxy, and the
      like. Any suitable alkoxy radical may be used such as, for example,
      ethoxy, methoxy, propoxy, butoxy, and the like. Furthermore, mixtures of
      hydrocarbons such as kerosene may be used. Examples of specific compounds
      are benzene, toluene, xylene, chlorobenzene, o-dichlorobenzene,
      nitrobenzene, cyclohexane, durene, o-, m-, p-cymenes, dodecyl naphthylene
      ethyl acetate, diphenyl and the like.
PAR  It has also been found preferable to use a low amount of acid in the
      condensation of aniline with formaldehyde in order to achieve a mixture of
      amines which will, on phosgenation, yield the proper amount of
      diisocyanate, total isocyanate and viscosity as set forth above. This
      amount is preferably from about 1 per cent to about 15 per cent of the
      acid required to react with all of the amine in the reaction mixture.
PAR  The invention also contemplates polyurethane plastics prepared from these
      mixtures of organic polyisocyanates. For the production of the
      polyurethane plastic, any suitable organic compound containing at least
      two active hydrogen containing groups as determined by the Zerewitinoff
      method may be used. It is preferred to use polyols and where a cellular
      polyurethane plastic is to be prepared, it is preferred to use a polyol
      having from 3 to 8 hydroxyl groups and a molecular weight of from about
      200 to about 5,000. The most suitable compounds are prepared by reacting
      an alkylene oxide such as, ethylene oxide, 1,2-propylene oxide,
      1,2-butylene oxide, 2,3-butylene oxide, epichlorohydrin, styrene oxide, or
      the like with an active hydrogen containing component which preferably has
      at least three hydrogen atoms which may be reacted with the alkylene oxide
      to add the alkylene oxide onto the molecule and thus produce a polyhydric
      polyalkylene ether. The most suitable compounds of the latter type are
      either polyamines or polyhydric alcohols including for example, ethylene
      diamine, 2,4-toluylene diamine, 1,3-propylene diamine,
      4,4'-diaminodiphenyl methane, p-phenylene diamine, 1,4-butane diamine,
      1,6-hexamethylene diamine, trimethylolpropane, glycerine, pentaerythritol,
      sorbitol, 1,2,6-hexane triol, mannitol, alpha-methyl-d-glucoside and the
      like. Of course it is also possible when using highly functional organic
      polyisocyanates to use those active hydrogen compounds which are
      substantially difunctional such as, for example, polyethylene glycol
      having a molecular weight of 1500,  polypropylene glycol having a
      molecular weight of 2000 and similar difunctional components which
      normally produce flexible, foamed polyurethanes when reacted with organic
      diisocyanates.
PAR  It is also possible to use polyesters as the active hydrogen containing
      compound. For this purpose, any suitable polyester may be used such as are
      obtained, for example, from polycarboxylic acids and polyhydric alcohols.
      Any suitable polycarboxylic acid may be used such as, for example, oxalic
      acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic
      acid, suberic acid, azelaic acid, sebacic acid, brassylic acid, thapsic
      acid, maleic acid, fumaric acid, glutaconic acid, alphahydromuconic acid,
      beta-hydromuconic acid, alpha-butyl-alpha-ethylglutaric acid,
      alpha-beta-diethylsuccinic acid, isophthalic acid, terephthalic acid,
      hemimellitic acid, trimellitic acid, trimesic acid, mellophanic acid,
      prehnitic acid, pyromellitic acid, benzenepentacarboxylic acid,
      1,4-cyclohexanedicarboxylic acid, 3,4,9,10-perylenetetracarboxylic acid
      and the like. Any suitable polyhydric alcohol may be used such as, for
      example, ethylene glycol, 1,3-propylene glycol, 1,2-propylene glycol,
      1,4-butylene glycol, 1,3-butylene glycol, 1,2-butylene glycol, 1,5-pentane
      diol, 1,4-pentane diol, 1,3-pentane diol, 1,6-hexane diol, 1,7-heptane
      diol, glycerine, trimethylol propane, 1,3,6-hexanetriol, triethanolamine,
      pentaerythritol, sorbitol and the like.
PAR  In accordance with a preferred embodiment of the invention a portion,
      preferably about 20 to 90 per cent and most preferably 30 to 60 per cent
      by weight of the active hydrogen containing component is one which
      contains chemically combined phosphorous. Any suitable compound containing
      active hydrogen containing groups as determined by the Zerewitinoff method
      and containing chemically combined phosphorous may be used. The
      phosphorous containing compounds most preferably have free --OH groups and
      tertiary nitrogen atoms. Suitable examples of phosphorous-containing
      compounds include de(hydroxyalkyl) alkyl phosphonites,
      R--P--[O--(R'--O).sub.n H].sub.2, alkyl-di(hydroxyalkyl) phosphinites,
      RO--P[(R'--O).sub.n H].sub.2, hydroxyalkyl phosphites,
      P--[O--(R'--O).sub.n H].sub.3, hydroxyalkyl phosphates,
      PO--[O--(R'--O).sub.n H].sub.3, and the like where R is lower alkyl or
      phenyl (examples of lower alkyl are methyl, ethyl, propyl, butyl and the
      like) and R' is alkylene, preferably having from 1 to 4 carbon atoms, such
      as methylene, ethylene, 1,2-propylene, 1,2-butylene and the like and n is
      an integer preferably below 10.
PAR  In addition, one may use reaction products of phosphoric acid with a
      polyhydric alcohol or phosphorous-containing polyols which are prepared by
      reacting a half ester of an unsaturated carboxylic acid and a polyhydric
      alcohol with a trialkyl phosphite. It is preferred that phosphorous
      containing polyols also contain nitrogen and suitable
      phosphorous-containing polyols which also contain nitrogen having the
      formula:
      ##EQU1##
      where R and R' have the meanings given above may be used. A preferred
      compound is dioxyethyl-N,N-bis(2-hydroxyethyl) amino methyl phosphonate,
      ##EQU2##
      The preferred hydroxyl number for the resin mixture is from about 300 to
      600, most preferably 350 - 450 to yield best flame resistance and physical
      properties including dimensional stability.
PAR  In accordance with still another preferred embodiment of this invention, it
      is possible to chemically combine the phosphorous-containing compound with
      the above mentioned active hydrogen containing compounds which do not
      contain phosphorous so that a complete product results which is made up on
      a weight basis of from 20 to about 90 and preferably 30 to 60 parts of the
      phosphorous-containing basic structure, the balance being a skeleton of
      organic compound containing active hydrogen containing groups. Thus, for
      example, one may take a polyhydric polyalkylene ether, polyester,
      polythioether, polyamine or the like and react it with one of the
      phosphorous containing compounds set forth above to prepare a compositie
      type of product. To illustrate a specific example, one may modify
      pentaerythritol with both propylene oxide and
      di-oxyethyl-N,N-bis-(2-hydroxy ethyl amino methyl) phosphonate to prepare
      a product having an hydroxyl number of from about 200 to about 600 and
      containing from about 20 to about 90 parts by weight of the phosphonate
      and the balance pentaerythritol and propylene oxide adduct thereof. It is
      preferred that these composite phosphorous containing polyols have from 3
      to 8 free hydroxyl groups.
PAR  When preparing a cellular polyurethane plastic in accordance with the
      invention, one should provide a blowing agent which causes the reaction
      mixture to expand by the generation of gas during the
      isocyanatepolyaddition reaction. The blowing agent may be water which
      reacts with isocyanate to produce carbon dioxide which blows the reaction
      mixture. Alternately, a temperature-sensitive blowing agent may be used
      such as, for example, a halohydrocarbon including trichlorofluoromethane,
      dichlorofluoromethane, trichlorotrifluoromethane, dichlorodifluoromethane
      and the like or an alkane such as butane, hexane, heptane, or the like,
      methylene chloride or any other suitable blowing agent.
PAR  It is sometimes desirable to carry out the reaction for the preparation of
      a cellular polyurethane plastic in the presence of a catlayst. As pointed
      out above, one should avoid iron compounds where flame resistance is
      desired. When the polyols used for the reaction contain a tertiary
      nitrogen atom, it is often not necessary to have any added catalyst. It
      may be desirable to add a catalyst which may be either a tertiary amine or
      a tin salt of carboxylic acid. Suitable catalysts of the tertiary amine
      type include triethylene diamine, tetramethyl quanidine,
      N,N-diethyl-3-diethylpropyl amine, N-methyl morpholine, N-ethyl
      morpholine, diethyl ethanol amine, N-coco morpholine, 1-methyl-4-dimethyl
      aminoethyl piperazine, 3-methoxy-N-dimethyl propyl amine,
      N-dimethyl-N'-methyl isopropyl propylene diamine, dimethyl benzyl amine,
      permethylated triamine and the like. Suitable tin salts are stannous
      octoate, stannous oleate, dibutyltin-di-2-ethyl hexoate and the like.
PAR  It is very desirable to have a foam stabilizer present in the course of the
      reaction and here one may use any suitable foam stabilizer including
      polydimethyl siloxane and preferably one having a viscosity between about
      20 and about 200 centipoises at 25.degree. C. or an alkyl silane
      polysiloxane polyoxyalkylene block copolymer such as, those disclosed in
      U.S. Pat. No. 2,834,748. A preferred alkyl silane polysiloxane
      polyoxyalkylene block copolymer is within the scope of the formula:
      ##EQU3##
      wherein R, R' and R" are alkyl radicals having 1 to 4 carbon atoms, p, q
      and r each have a value of from 4 to 8 and (C.sub.n H.sub.2n O).sub.z is a
      mixed polyoxyethylene oxypropylene group containing from 15 to 19
      oxyethylene units and from 11 to 15 oxypropylene units with z equal to
      from about 26 to about 34.
PAR  One may also use sulphonated castor oil as the foam stabilizer substance.
PAR  The polyurethane process of the invention may be carried out by simply
      mixing the organic polyisocyanate with the organic compound containing
      active hydrogen containing groups. Some of the components may be premixed
      and it is even possible to pre-react an excess of the organic
      polyisocyanate with part or all of the organic compound or compounds
      containing active hydrogen containing groups and then later bring about
      the foaming reaction. If prepolymers are prepared, they should be prepared
      under substantially anhydrous conditions. The mixing of the components may
      be accomplished by stirring with a hand mixer or the mixing may be
      accomplished by any of the numerous mechanical or spraying devices
      available including the mixer of U.S. Pat. No. Re. 24,514 and U.S. Pat.
      No. 3,073,533.
PAR  It is also sometimes desirable to include various additives in the reaction
      mixture such as coloring agents, fillers, flame retardants and the like.
      Suitable coloring agents are, for example, carbon black, titanium dioxide,
      menthol blue, chromium red and the like. Suitable fillers are fatty acids
      including tall oil fatty acids, or tall oil per se, which, if desired, may
      be halogenated for example, with chlorine or bromine, vermiculite, saw
      dust, synthetic plastics including vinyl polymers such as, polyvinyl
      chloride, polystyrene and the like. Suitable flame retardants are antimony
      oxide, tris(chloroethyl) phosphate, tricresyl phosphate, triphenyl
      phosphate and the like.
PAR  The cellular polyurethane plastics of the invention exhibit some striking
      advantages over heretofore known cellular polyurethanes, particularly for
      thin section, high-rise molding. It is possible when using the isocyanate
      of the invention with a polyol, to prepare a polyurethane plastic which
      has improved adhesion to the walls of a refrigerator and less elongated
      cells and reduced shear at the interface between the body of the foam and
      the refrigerator wall than was heretofore possible. Moreover, the new
      cellular polyurethanes have greatly improved dimensional stability,
      particularly at low temperature and a very fine cell structure which gives
      them a good insulating property. The mixture of polyisocyanates avoids
      striations and undesirable discoloration. Still further, the mixture is
      less viscous than heretofore known products containing some impurities
      resulting from the preparation of polyisocyanates in the phosgenation
      procedure. There is a striking difference therefore in the way these new
      polyisocyanates mix with active hydrogen containing compounds. Also, the
      resulting mixture is relatively non viscous so that it easily flows into
      all crevices in even a very thin, deep and intricate mold.
PAR  The polyisocyanates of the invention are useful in many areas where
      polyisocyanates have been used heretofore. They are also useful in the
      preparation of polyurethane plastics for applications not heretofore
      possible with either of the components of the mixture alone. Furthermore,
      the particular mixtures of polyisocyanates disclosed result in a foam with
      less tendency toward discoloration, striation and the like. Thus, the
      cellular polyurethanes of the invention may be molded into the walls of a
      dwelling to provide an insulating layer between the outside wall and the
      inner walls or they may be formed in place in the walls of a refrigerator
      or the like. Decorative moldings with uniform color can also be made such
      as Christmas decorations in the form of stars and the like.
PAR  The polyisocyanates of the invention offer numerous advantages over the
      heretofore proposed mixtures of isocyanates as well as the heretofore
      known unrefined isocyanates, including toluylene diisocyanate and
      unrefined reaction products of aniline with formaldehyde. In addition to
      having an exceedingly favorable rate of reactivity for reaction with an
      organic compound containing active hydrogen containing groups, they
      produce polyurethanes which have not only self-extinguishing properties,
      but when used in preferred amounts, produce polyurethanes which are
      non-burning according to ASTM test D-1692-59T. It is therefore
      particularly preferred in accordance with the invention to use mixtures
      which have at least about 35 per cent by weight of polyphenyl
      polymethylene polyisocyanate and at least about 35 per cent by weight of
      toluylene diisocyanate. Cellular polyurethane plastics produced from these
      mixtures of non-homologous polyisocyanates will not only have the
      excellent reactivity rate and high rise characteristics with low shear,
      but will be non-burning according to the tests set forth above. The only
      other isocyanate which will produce the same property of unusually high
      rise without shear is a mixture of unrefined isocyanates which are only
      self-extinguishing by the above test and not completely non-burning. The
      non-burning property together with good compression strength at low
      temperatures makes the isocyanates of this invention very important from
      both a physical property view point and a price view point for use in
      filling the thin walls in refrigerators, including those for domestic use
      and large industrial installations.
DETD
PAR  The invention is further illustrated by the following examples in which
      parts are by weight unless otehrwise specified.
PAC  EXAMPLE 1
PAR  A polyol mixture is prepared by mixing about 80 parts of a polyhydric
      polyalkylene ether having an hydroxyl number of about 410 and a viscosity
      of about 100,000 cp/25.degree.C. prepared by reacting sucrose with
      propylene oxide, with about 20 parts of dioxy-diethyl-N,N-bis-(2-hydroxyl
      ethyl) amino methyl phosphonate. An isocyanate mixture is prepared by
      mixing about 50 parts of 80 per cent 2,4- and 20 per cent 2,6-toluylene
      diisocyanate with about 50 parts of a polyphenyl polymethylene
      polyisocyanate prepared by phosgenating the reaction product of aniline
      with formaldehyde, said polyphenyl polymethylene polyisocyanate having the
      following formula:
      ##SPC3##
PAL  wherein n has an average value of about 1.1 and contains about 45 per cent
      diisocyanate, about 20 per cent triisocyanate, the balance being tetra-
      and pentaisocyanates sufficient to give n a value of about 1.1, said
      polyphenyl polymethylene polyisocyanate having an --NCO content of about
      31.7. Then about 100 parts of the polyol mixture and about 82.4 parts of
      the premixed isocyanates are combined wiht about 30 parts of
      trichloromonofluoromethane, about 1.5 parts of
      N,N,N',N'-tetramethyl-1,3-butane diamine and about 1 part of an alkyl
      silane siloxane oxyalkylene block copolymer having the formula:
      ##EQU4##
      wherein (C.sub.n H.sub.2n O) is a mixed polyoxyethylene and oxypropylene
      block copolymer containing about 17 oxyethylene units and 13 oxypropylene
      units on a machine mixer as disclosed in U.S. Pat. No. Re. 24,514. The
      mixture from the foam machine is discharged into a cardboard mold where it
      begins to cream in about 10 seconds and rises to produce a rigid cellular
      polyurethane plastic in about 135 seconds. The maximum exotherm during the
      foaming reaction is about 164.degree. C. After curing at room temperature
      for 8 hours or more, a rigid cellular polyurethane plastic results which
      has a density of about 1.6 lbs/ft.sup.3 and has a compression strength at
      yield of 20.5 lbs/in.sup.2. The foam is non-burning according to ASTM test
      D-1692-59T.
PAC  EXAMPLE 2
PAR  About 80 parts of a polyhydric polyalkylene ether having an hydroxyl number
      of about 440 and a viscosity of about 45,000 cp/25.degree. C. prepared by
      reacting alpha-methyl glucoside with propylene oxide are premixed with
      about 20 parts of dioxy-diethyl-N,N-bis-(2-hydroxy ethyl) aminomethyl
      phosphonate (OH number 440). About 100 parts of the mixture of polyols is
      then mixed with about 87 parts of the mixture of isocyanates employed in
      Example 1, about 30 parts of trichloromonofluoromethane, about 1.5 parts
      of 1-methyl-4-dimethyl amino ethyl piperazine and about 1 part of the
      alkyl silane siloxane oxyalkylene block copolymer of Example 1 on a
      machine mixer as disclosed in U.S. Pat. No. Re. 24,514. The mixture from
      the foam machine is discharged into a cardboard mold where it begins to
      cream in about 10 seconds and rises to produce a rigid cellular
      polyurethane plastic in about 135 seconds. The maximum exotherm during the
      foaming reaction is about 172.degree. C. After curing at room temperature
      for 8 hours or more, a rigid cellular polyurethane plastic which has a
      density of about 1.5 lbs/ft.sup.3 and has a compression strength at yield
      of 17 lbs/in.sup.2 results. The foam is non-burning according to ASTM test
      D-1692-59T.
PAC  EXAMPLE 3
PAR  About 100 parts of the polyol mixture of Example 1 are mixed with about 119
      parts of the isocyanate mixture of Example 1, about 3 parts of water,
      about 1.5 parts of N,N,N',N'-tetramethyl-1,3-butane diamine and about 1
      part of the alkyl silane siloxane oxyalkylene block copolymer of Example 1
      on a machine mixer as disclosed in U.S. Pat. No. 24,514. The mixture from
      the foam machine is discharged into a cardboard mold where it begins to
      cream in about 5 seconds and rises to produce a rigid cellular
      polyurethane plastic in about 105 seconds. The maximum exotherm during the
      foaming reaction is greater than about 200.degree. C. After curing at room
      temperature for 8 hours or more, a rigid cellular polyurethane plastic
      which has a density of about 2.1 lbs/ft.sup.3 results. The foam is
      non-burning according to ASTM test D-1692-59T.
PAC  EXAMPLE 4
PAR  About 100 parts of the polyol mixture of Example 1 are mixed with about
      93.5 parts of a mixture of isocyanates prepared by mixing about 20 parts
      of 80 per cent 2,4- and 20 per cent 2,6-toluylene diisocyanate with about
      80 parts of the polyphenyl polymethylene polyisocyanate of Example 1,
      about 30 parts of trichloromonofluoromethane, about 1.5 parts of N,N,N',
      N'-tetramethyl-1,3-butane diamine and about 1 part of the alkyl silane
      siloxane oxyalkylene block copolymer of Example 1 on a machine mixer as
      disclosed in U.S. Pat. No. Re. 24,514. The mixture from the foam machine
      is discharged into a carboard mold where it begins to cream in about 15
      seconds, and rises to produce a rigid cellular polyurethane plastic in
      about 200 seconds. The maximum exotherm during the foaming reaction is
      about 155.degree. C. After curing at room temperature for 8 hours or more,
      a rigid cellular polyurethane plastic which has a density of about 1.8
      lbs/ft.sup. 3 results. The foam is non-burning according to ASTM test
      D-1692-59T.
PAC  EXAMPLE 5
PAR  Example 1 is repeated except that in place of 82.4 parts of the mixture of
      isocyanates, 72.5 parts of a mixture of isocyanates prepared by combining
      80 parts of 80 per cent 2,4- and 20 per cent 2,6-toluylene diisocyanate
      and 20 parts of the polyphenyl polymethylene polyisocyanate of Example 1
      are used. The mixture begins to cream in about 7 seconds and rises to
      produce a rigid cellular polyurethane plastic in about 130 seconds. The
      maximum exotherm during the foaming reaction is about 185.degree. C. After
      curing at room temperature for 8 hours or more, a rigid cellular
      polyurethane plastic which has a density of about 1.5 lbs/ft.sup.3
      results. The foam is self-extinguishing according to ASTM test D-1692-59T.
PAC  EXAMPLE 6
PAR  Example 1 is repeated except that in place of 82.4 parts of the isocyanate
      mixture one uses 92 parts of a mixture of 40 parts of 80 per cent 2,4- and
      20 per cent 2,6-toluylene diisocyanate with 60 parts of the polyphenyl
      polymethylene polyisocyanates of Example 1. The mixture begins to cream in
      about 13 seconds and rises to produce a rigid cellular polyurethane
      plastic in about 185 seconds. The maximum exotherm during the foaming
      reaction is about 160.degree. C. After curing at room temperature for 8
      hours or more, a rigid cellular polyurethane plastic results which has a
      density of about 1.7 lbs/ft.sup.3. The foam is non-burning according to
      ASTM test D-1692-59T.
PAC  EXAMPLE 7
PAR  Example 1 is repeated except that in place of the 82.4 parts of the mixture
      of isocyanates, one employs 78 parts of a mixture of isocyanates prepared
      by mixing about 60 parts of a mixture of 80 per cent 2,4- and 20 per cent
      2,6-toluylene diisocyanate with about 40 parts of the polyphenyl
      polymethylene polyisocyanate of Example 1. The mixture begins to cream in
      about 9 seconds and rises to produce a rigid cellular polyurethane plastic
      in about 155 seconds. The maximum exotherm during the foaming reaction is
      about 170.degree.C. After curing at room temperature for 8 hours or more,
      a rigid cellular polyurethane plastic results which has a density of about
      1.6 lbs/ft.sup.3. The foam is non-burning according to ASTM test
      D-1692-59T.
PAC  EXAMPLE 8
PAR  About 100 parts of a polyester prepared from a mixture corresponding to
      about 2.5 mols of adipic acid, 0.5 mol of phthalic anhydride and 4.1 mols
      of 1,2,6-hexanetriol having an hydroxyl number of about 280, a molecular
      weight of about 800 and a viscosity of about 2500 cp/73.degree. C. is
      mixed with about 54.7 parts of the mixture of isocyanates of Example 1,
      about 30 parts of trichloromonofluoromethane, about 2.5 parts of N-ethyl
      morpholine and about 2.5 parts of dimethyl amineoleate on a machine mixer
      as disclosed in U.S. Pat. No. Re. 24,514. A substantially rigid foam
      having a density of approximately 2 lbs/ft.sup.3 is obtained.
PAC  EXAMPLE 9
PAR  A composition suitable for coating wood, metal or the like is prepared by
      combining 100 parts of a polyester prepared from about 15.6 mols of adipic
      acid, about 16.3 mols of diethylene glycol and about 1 mol of trimethylol
      propane, said polyester having a molecular weight of about 2000 and an
      hydroxyl number of about 56 are mixed with about 10.5 parts of the mixture
      of polyisocyanates of Example 1 in about 100 parts of the diethyl ether of
      diethylene glycol. The resulting solution may be coated on wood where it
      cures to a hard chemically resistant coating.
PAC  EXAMPLE 10
PAR  About 100 parts of a polyester prepared from adipic acid and ethylene
      glycol and having a molecular weight of about 2000 and an hydroxyl number
      of about 56 are prereacted with about 21 parts of the mixture of
      isocyanates of Example 1 to prepare a prepolymer having free --NCO groups.
      About 100 parts of the resulting prepolymer is then mixed with about 3.75
      parts of 1,4-butane diol under substantially anhydrous conditions and cast
      in a mold where it is allowed to cure to prepare a substantially
      non-porous polyurethane casting.
PAC  EXAMPLE 11
PAR  About 100 parts of a polyester prepared by reacting adipic acid, diethylene
      glycol and trimethylol propane to an hydroxyl number of about 50 are mixed
      with about 37.4 parts of the mixture of isocyanates of Example 1, about
      2.5 parts of N-ethyl morpholine, about 1.5 parts of dimethyl amino oleate,
      about 1.5 parts of sulphonated castor oil and about 3.2 parts of water on
      a machine mixer as disclosed in U.S. Pat. No. Re. 24,514. The resulting
      foam after curing is flexible and has a low density.
PAC  EXAMPLE 12
PAR  About 100 parts of a polyhydric polyalkylene ether prepared by reacting
      glycerine with propylene oxide until a product is obtained having an
      hydroxyl number of about 56 are mixed with about 38 parts of the mixture
      of isocyanates of Example 1, about 0.3 part of stannous octoate, about 0.5
      part of 1-methyl-4-dimethyl aminoethyl piperazine, about 1 part of
      N-methyl morpholine, about 1 part of the alkyl silane siloxane oxyalkylene
      block copolymer of Example 1 and about 3.2 parts of water on a machine
      mixer as disclosed in U.S. Pat. No. Re. 24,514. The resulting mixture is
      discharged into a mold where it rises and cures in a short time to form a
      cellular polyurethane plastic having a low density.
PAC  EXAMPLE 13
PAR  The mixture of toluylene diisocyanate and polyphenyl polymethylene
      polyisocyanate used in the foregoing working examples is prepared as
      follows:
PAR  The polyphenyl polymethylene polyisocyanate is prepared in a separate step
      beginning with aniline hydrochloric acid and formaldehyde to prepare a
      mixture of amines which is subsequently phosgenated. An aqueous solution
      of 36 per cent hydrochloric acid is reacted with aniline in a first step
      in such proportions that about 12.5 per cent of the stoichiometric
      quantity of hydrochloric acid required to react with the amino groups is
      used. The resulting mixture of aniline-hydrochloride and aniline is
      adjusted to a temperature of about 50.degree. to about 55.degree. C. and a
      37 per cent formaldehyde solution in water is added to the mixture of
      aniline and aniline-hydrochloride solution. The aniline-aniline
      hydrochloride solution is agitated throughout the addition of the
      formaldehyde solution. After the addition of all of the formaldehyde
      solution, the temperature of the reaction mixture is increased to about
      100.degree. C. and digested at this temperature with agitation for about
      two hours. Approximately a stoichiometric amount of a concentrated sodium
      hydroxide solution is then added to neutralize the digested product which
      consists of a mixture of amines containing about 47 per cent diamine and
      higher polyamines obtained by the condensation of the aniline with the
      formaldehyde. The residual water, salt and aniline are separated from the
      amine product to obtain a substantially anhydrous mixture of amines which
      is phosgenated in the following manner to prepare a mixture of
      polyisocyanates. A 15 per cent solution of the resulting mixture of amines
      in monochlorobenzene is mixed in a highly agitated reaction mixture with a
      15 per cent solution of phosgene in monochlorobenzene. The proportions of
      the reactants are such that there is about 150 per cent excess of phosgene
      in the reaction mixture of diisocyanate required to react with all of the
      amino groups in the reaction mixture to produce an isocyanate. The
      reaction temperature in the initial stage is held at about 50.degree. C.
      with cooling. The initial product is then transferred to a second reaction
      vessel where it is heated with additional phosgene at a temperature of
      about 130.degree.C. for about one hour to complete the reaction. The final
      product is obtained by removing the solvent and the hydrochloric acid
      under conditions which do not exceed about 165.degree. C. After
      purification by removal of the HCl and solvent, a mixture of
      polyisocyanates is obtained which corresponds to the following formula:
      ##SPC4##
PAL  wherein n has an average value of 1.1 and contains about 45 per cent
      diphenyl methane diisocyanate, about 20 per cent triisocyanate, about 15
      per cent tetraisocyanate and about 20 per cent penta- or higher
      polyisocyanates, the product having a viscosity of about 200
      cp/25.degree.C., a pour point of about 0.degree. F. and containing about
      31.5 per cent free --NCO.
PAR  The iron content of the resulting mixture of isocyanates is determined by
      polarographic analysis to be about 200 ppm. The iron content is reduced to
      about 25 ppm or 50 ppm as desired by contacting the mixture of isocyanates
      with at least about 10 per cent by weight of decolorizing activated carbon
      with agitation over night. The activated carbon is filtered off and the
      resulting mixture again analyzed where the iron content is 25 ppm or 50
      ppm depending on the time of agitation and the efficiency of the activated
      carbon.
PAR  The resulting polyphenyl polymethylene polyisocyanate is then mixed with 80
      per cent 2,4- and 20 per cent 2,6-toluylene diisocyanate in the amounts
      shown in the following table to prepare the mixture of isocyanates
      contemplated by the present invention.
TBL                                    Table 1                                 
     __________________________________________________________________________
                     Isocyanate Type                                           
                     1    2    3   4    5                                      
     __________________________________________________________________________
     Polyphenyl polymethylene                                                  
     isocyanate (parts)                                                        
                     50   80   20  60   40                                     
     80% 2,4- and 20% 2,6-                                                     
     toluylene diisocyanate (parts)                                            
                     50   20   80  40   60                                     
     NCO, percent    40   35   45  38.3 41.7                                   
     Amine equivalent                                                          
                     104.8                                                     
                          119.7                                                
                               93.4                                            
                                   109.5                                       
                                        100.5                                  
     Viscosity, cp/25.degree. C.                                               
                     20   75   10  50   25                                     
     Hydrolyzable chlorides,                                                   
     percent         0.3  0.5  .05 0.3  0.3                                    
     Total chlorides, percent                                                  
                     0.5  0.7  0.1 0.5  0.5                                    
     Acidity, percent                                                          
                     0.2  0.2  .01 0.2  0.2                                    
     Iron, ppm       50   50   25  50   50                                     
     __________________________________________________________________________
PAR  It is to be understood that the foregoing working examples are given for
      the purpose of illustration and that any other suitable mixture of
      polyaryl polyalkylene polyisocyanates with toluylene diisocyanate, active
      hydrogen containing compound, catalyst, stabilizer or the like could have
      been used in the examples provided that the teachings of this disclosure
      are followed.
PAR  Although the invention has been described in considerable detail in the
      foregoing it is to be understood that such detail is merely for the
      purpose of illustration and that many variations can be made by those
      skilled in the art without departing from the spirit and scope of the
      invention except as set forth in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition comprising a mixture of from about 10 per cent to about 90
      per cent by weight of toluylene diisocyanate selected from the group
      consisting of 2,4-toluylene diisocyanate, 2,6-toluylene diisocyanate and
      mixtures thereof and the balance a polyphenylpolymethylene-polyisocyanate
      comprising a mixture of from about 40 per cent to about 60 per cent
      diphenylmethane diisocyanate, from about 20 per cent to about 30 per cent
      of triisocyanate having the formula
      ##SPC5##
PAL  and the balance higher functional polyphenyl-poltmethylene-polyisocyanates.
NUM  2.
PAR  2. The composition of claim 1 wherein the toluylene diisocyanate is an
      isomeric mixture of about 80 per cent 2,4-toluylene diisocyanate and about
      20 per cent 2,6-toluylene diisocyanate.
NUM  3.
PAR  3. The composition of claim 2 wherein the toluylene diisocyanate component
      is present in an amount of from about 50 per cent to about 35 per cent by
      weight and the polyphenyl-polymethylene-polyisocyanate component is
      present in an amount of from about 50 per cent to about 65 per cent by
      weight.
NUM  4.
PAR  4. The composition of claim 2 wherein the toluylene diisocyanate component
      is present in an amount of about 50 per cent by weight component the
      polyphenyl-polymethylene-polyisocyanate compound is present in an amount
      of about 50 per cent by weight.
NUM  5.
PAR  5. The composition of claim 1 wherein the
      polyphenyl-polymethylene-polyisocyanates are represented by the formula
      ##SPC6##
PAL  wherein n has an average value of 1.1 and the mixture contains about 45 per
      cent diphenylmethane diisocyanate, about 20 per cent triisocyanate, about
      15 per cent tetraisocyanate and about 20 per cent penta- or higher
      functional polyisocyanates, the mixture having a viscosity of about 200
      cp/25.degree.C., a pour point of about 0.degree.F. and about 31.5 per cent
      free --NCO.
NUM  6.
PAR  6. The composition of claim 1 wherein the higher functional
      polyphenyl-polymethylene-polyisocyanate comprises from about 8 per cent to
      about 17 per cent tetraphenylene trimethylene tetraisocyanate and from
      about 5 per cent to about 30 per cent higher frunction homologous
      polyphenyl-polymethylene-polyisocyanates.
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ABST
PAL  A method for the production of isocyanic acid esters (isocyanates) from
      substituted ureas by thermally decomposing the substituted urea at
      elevated temperatures while said urea is dissolved in a suitable inert
      solvent and in the presence of an inert carrier agent to produce the
      isocyanate and/or amine as overhead products in the vapor phase minimizing
      the recombination of the isocyanate and the amine and separately
      recovering the isocyanate and amine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A number of prior art processes have been proposed for the thermal
      decomposition of substituted ureas particularly arylureas at temperatures
      ranging from 135.degree.C. to 500.degree.C. to produce the corresponding
      amines and isocyanates. Such processes are generally carried out in the
      vapor phase and facilitated by the presence of phosphorus pentoxide,
      carbonyl chloride (phosgene) or hydrogen chloride. The recombination of
      the dissociation products which can occur readily on cooling has generally
      limited the recovery of the isocyanates from these types of reactions
      giving low yields.
PAR  The thermal decomposition of substituted ureas in liquid phase at high
      temperatures has also be reported. In most cases the liquid phase reaction
      at high temperatures resulted in low yields of isocyanate and were further
      complicated by secondary reactions resulting in the undesirable formation
      of polymerization products such as tars and resins. French Pat. No.
      1,473,821 (1967) discloses a method for the liquid phase (low temperature)
      pyrolysis of substituted ureas to isocyanates and amines using a
      particular class of solvents and at temperatures of 200.degree.C. and
      below, with reaction times ranging from 6 to 35 hours to give moderate
      yields of the isocyanate. The French patent further discloses that
      temperatures above 250.degree.C. are to be avoided, not only because of
      high thermal requirements, but because of the secondary reactions giving
      mediocre yields of the isocyanates and impure products.
PAR  Isocyanates are compounds of significant industrial importance and have
      become large volume items of commerce with well-known uses in the polymer
      and coatings field with tailored properties.
PAR  Contrary to the teachings of the prior art, it has surprisingly been
      discovered that di- and tri-substituted ureas can be thermally decomposed
      to give excellent yields of isocyanates which can be obtained within
      relatively short reaction times and at elevated temperatures, i.e.,
      temperatures of 230.degree.C. and higher and at the same time essentially
      avoid the problems of secondary reactions and recombination of the
      dissociation products encountered by prior processes.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method for the production of isocyanic acid
      esters (isocyanates) from di- and tri-substituted ureas by thermally
      treating the urea while the urea is dissolved in an inert solvent and in
      the presence of an inert carrier agent to produce the corresponding
      isocyanate and/or amine as overhead products in the vapor phase and
      separately recovering the isocyanate and amine.
PAR  It is an object of this invention, therefore, to provide a method to
      generate isocyanates from substituted ureas at high conversions.
PAR  It is another object of this invention to convert di- and tri-substituted
      ureas to the corresponding isocyanates and amines at elevated
      temperatures.
PAR  It is a further object of this invention to produce by thermal
      decomposition isocyanates from substituted ureas wherein said ureas are
      dissolved in an inert solvent and in the presence of an inert carrier gas
      or carrier solvent or combination thereof.
PAR  Other objects of this invention will be apparent from the description of
      the invention which follows and from the claims.
PAR  To attain the objects of this invention, it has surprisingly been
      discovered that di- and tri-substituted ureas can be thermally decomposed
      to the isocyanate and corresponding amine at elevated temperatures with a
      high conversion in excellent yields using an inert heavy reaction medium
      solvent in conjunction with a carrier agent comprised of a gas or inert
      solvent or combination thereof to aid in removal of either one or both of
      the isocyanate and amine decomposition products and to minimize
      recombination thereof.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention an isocyanate is produced from a di- or
      tri-substituted urea. Representative urea starting materials may be
      characterized by the formula R(NHCONR'R").sub.x wherein R is a substituted
      or unsubstituted mono-, di- or trivalent organic radical selected from
      saturated or monoolefinic unsaturated straight or branched chain aliphatic
      or cycloaliphatic radicals containing not more than 32 carbon atoms,
      alkoxy-alkyl radicals having not more than 32 carbons with one or more
      ether linkages, aryl radicals, aralkyl radicals, and alkaryl radicals
      containing 1 to 5 rings which may be either condensed or non-condensed; R'
      and R" may be the same or different and are substituted or unsubstituted
      mono-, di- or trivalent organic radical, preferably mono- or divalent,
      selected from saturated or monoolefinic unsaturated straight or branched
      chain aliphatic or cycloaliphatic radicals containing not more than 32
      carbon atoms, and preferably not more than 18 carbon atoms, similar
      alkoxyalkyl radicals, aryl radicals, aralkyl radicals, and alkaryl
      radicals containing 1, 2 or 3 rings either condensed or non-condensed. R'
      or R" but not both may be hydrogen. x is an integer at least equal to 1
      and may be 2 or 3.
PAR  Preferably R will be an organic aliphatic radical containing up to 18
      carbon atoms for example, methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, amyl, isoamyl, neopentyl, the hexyls, the heptyls, the octyls,
      the nonyls, the decyls, and the like including the octadecyl, and the
      monoolefinic compounds such as propenyl, butenyl, pentyl, hexenyl, decenyl
      and the like including octadecenyl radicals. The divalent radicals such as
      ethylene, propylene, butylene, amylene, hexylene, heptylene, octylene,
      nonylene, decylene and the like up to octadecylene also are included and
      likewise the trivalent radicals. These radicals may be hydrocarbyl or may
      be substituted with groups non-reactive with isocyanates, for example,
      nitro or halo, in particular chloro groups. Also included are the
      cycloaliphatic radicals containing from 5 to 7 carbon atoms preferably
      such as the cyclopentyl, cyclohexyl and cycloheptyl radicals, likewise the
      di- and tri-valent corresponding radicals. The mono-unsaturated C.sub.5 to
      C.sub.7 cycloaliphatic radicals are also included as well as the
      substituted compounds wherein the substituent is a lower alkyl radical of
      1 to 4 carbon atoms, or nitro, or halo such as chloro. The alkoxyalkyl
      radicals can range from the short chain such as methoxymethyl and
      ethoxyethyl to the longer chain radicals such as ethoxyethoxyethyl,
      propoxypropyl, butoxy-butyl and the like up to 18 carbon atoms.
PAR  Likewise R can be an aryl radical such as the mono-, di- and tri-valent
      radicals of benzene, toluene, naphthalene, diphenyl, anthracene,
      phenanthrene, terphenyl, naphthacene, and pentacene with the mono- and
      di-valent radicals being particularly preferred. These aryl radicals can
      also be substituted with one or more lower alkyl groups preferably having
      from 1 to 4 carbon atoms or by radicals non-reactive with isocyanates such
      as nitro or halo, particularly chloro radicals. In addition to the alkaryl
      radicals, the aralkyl radicals, such as methyl, ethyl, propyl, and butyl
      radicals having a hydrogen substituted by phenyl, naphthyl, anthryl or
      phenanthryl radicals thus the lowest member of the group is methyl having
      a phenyl radical substituted for a hydrogen on the methyl giving a benzyl
      radical. Likewise more than one hydrogen may be substituted with a phenyl
      group as in diphenyl methane, the corresponding aralkyl radical being
      diphenylmethyl.
PAR  Preferably the R' and R" of the above formula will be an organic radical
      containing up to 18 carbon atoms, i.e. the same alkyl radicals enumerated
      above for R, the same monoolefinic compounds enumerated for R the same
      alkoxyalkyl radicals enumerated for R and the same aryl radicals up to 3
      rings enumerated for R. R' or R" but not both may also be hydrogen.
PAR  Representative ureas as characterized above include N,N'-diphenylurea,
      N-ethyl-N'-phenylurea, N-.alpha.-naphthyl-N'phenylurea,
      N,N'-dicyclohexylurea, 2,4-tolylene-bis-(N,N'-diisopropylurea),
      2,6-tolylene-bis-(N,N'-diisopropylurea), N-butyl-N'-phenylurea,
      N-butyl-N'-methylurea, N-ethoxymethyl-N'-(2-methoxyethyl)urea,
      N(4-ethoxyphenyl)-N'(2-chlorophenyl)urea,
      N-(3-bromophenyl)-N'-(2-bromophenyl) urea, N-phenyl-N'-tolyl urea,
      N-phenyl-N'-cyclohexylurea, N-cyclohexyl-N'-butylurea,
      N-phenyl-N'-isopropylurea, N-(2-ethoxyphenyl)-N'-tolylurea,
      N,N'-dimethylurea, N-n-butyl-N'-p-tolyl urea, N-methyl-N'-(2-chlorophenyl)
      urea, N-ethyl-N'-ethyl-N'-cyclohexylurea,
      N-(1,4-butylene)-N'-ethyl-N'-phenylurea,
      N-butyl-N'-(3,4-dichlorophenyl)-N'-methylurea,
      N-(4-methoxyphenyl)-bis-(N',N'-p-nitrophenyl)urea,
      N-chlorophenyl-N',N'-dimethoxymethyl urea, N,N'-ethylphenyl urea,
      N-phenyl-N',N'-diisopropylurea and the like. These ureas specifically
      named are obviously merely representative of the very large number of
      ureas falling within the definition of the general formula for the
      compounds which can be converted to isocyanates by the method of this
      invention. In general secondary alkyl R' and R" radicals are more
      preferred.
PAR  Representative isocyanic acid esters (isocyanates) which can be obtained by
      the method of the invention include for example phenyl isocyanate,
      2,4-tolylenediisocyanate, 2,6-tolylenediisocyanate, 1,4-butylene
      diisocyanate, cyclohexyl isocyanate, p-ethoxyphenyl isocyanate,
      p-chlorophenyl isocyanate, 1,6-hexylene diisocyanate, 1,5-naphthylene
      diisocyanate, 1,4-cyclohexylene diisocyanate and the like.
PAR  In carrying out the process of this invention a substituted urea is added
      to a reaction medium solvent, to be characterized completely hereinafter
      in an amount such that substantially all of the urea will be completely
      dissolved at the reaction temperature. The urea can either be added to the
      cold solvent and the mixture heated to reaction temperature, which method
      is generally employed in smaller scale batch runs, or the urea can be
      added to the heated solvent continuously as would be more feasible for
      commercial large scale operations.
PAR  The process can be carried out at temperatures ranging from 230.degree.C.
      to 350.degree.C. with the most preferred range being from 250.degree.C. to
      285.degree.C.
PAR  The reaction time can vary from several minutes to several hours depending
      upon the particular substituted urea being reacted and the reaction
      temperature employed. In general times ranging from 5 minutes to 4-6 hours
      are sufficient to obtain high conversions in batch runs, while in
      continuous runs, residence times of from 1 to 20 hours can be employed
      depending upon the desired degree of conversion.
PAR  The process is preferably carried out at atmospheric pressure when suitable
      high boiling solvents are employed, or it can be run at superatmospheric
      pressures when lower boiling solvents are used.
PAR  It is important in carrying out the process of this invention that the
      substituted urea be substantially completely dissolved in the reaction
      medium solvent at reaction temperature during conversion to the isocyanate
      and amine. If the amine is lower boiling than the isocyanate as is usually
      the case, then the amine can be removed by the assistance of an inert
      carrier gas being passed through the solution such as through a fritted
      disc or similiar means for dispersion or by the use of a lower boiling
      inert carrier solvent meeting the same criteria as will be set forth
      hereinafter and generally boiling between the isocyanate and amine. By
      this means recombination of the amine and isocyanate is minimized.
      Moreover, since the reaction is carried out in solution the formation of
      polymerization products such as tars and resins is inhibited as well as
      the formation of undesirable by-products associated with the thermal
      decomposition of substituted ureas.
PAR  Alternatively if the amine is higher boiling than the generated isocyanate,
      the isocyanate can be removed overhead by the use of an inert carrier gas
      or by the use of suitable inert carrier solvent also to be defined.
PAR  In order to obtain optimum results and minimize the recombination of the
      isocyanate and amine produced in the vapor phase, the decomposition is
      carried out in the presence of an inert carrier agent which may be an
      inert gas or an inert solvent or a mixture thereof. The carrier agent is
      generally employed at a molar ratio of carrier agent vapor to urea feed of
      about 3 to 1. Much higher ratios of carrier agent to urea feed may be
      utilized for example, up to 110 to 1 or higher but obviously are avoided
      for economic reasons and the necessity of recovering the larger amounts of
      vaporous carrier agent. Mixtures of the inert carrier gas and inert
      carrier solvent may be used, for example, nitrogen and
      tetrahydronaphthalene. The percentages of each in the mixture may vary
      greatly. Generally, when a mixed carrier gas and solvent are employed in
      the method of this invention the inert gas may comprise the greater
      percentage. An added advantage of employing a carrier solvent either alone
      or in combination with a carrier gas is to minimize sublimation and
      depositing of the urea as a solid in the reactor column. A carrier solvent
      may be utilized which will partially condense in the reactor column and
      solubilize the urea, thereby returning it to the reactor for further
      pyrolysis.
PAR  The inert reaction medium solvent must be capable of completely dissolving
      the substituted urea at reaction temperatures and in addition be higher
      boiling than the isocyanate product. A second criteria of the solvent is
      that it be non-reactive with either the urea or isocyanate.
PAR  Since it is necessary in accordance with the objects of this invention to
      carry out the conversion of the substituted urea in solution it is
      preferred that the concentration of the urea in the reaction medium
      solvent should not exceed from 70-80 weight per cent based on the weight
      of the solution.
PAR  Both the reaction medium solvent and the solvent employed to carry the
      reaction product or products overhead (the inert carrier solvent) must not
      decompose at the reaction temperature employed and in addition these
      solvents cannot contain active hydrogens which, of course, would react
      with the isocyanate produced. In general any compound containing reactive
      groups that combine with the isocyanate should not be employed as these
      solvents in this invention.
PAR  Compounds which can be used as reaction medium solvents in this invention
      include aliphatic, cycloaliphatic or aromatic hydrocarbons or substituted
      hydrocarbons or mixtures thereof, and also certain oxygenated compounds
      such as ethers, ketones, and esters. Other oxygenated compounds such as
      alcohols and acids cannot be used because of their reactivity with the
      generated isocyanate. Water also must, of course, be excluded. The sulfur
      analogues of the ethers, ketones, and esters also can be employed. When
      operating at atmospheric pressure the boiling point of the solvent or
      solvent mixture should be at or above the desired operating temperature.
      Lower boiling solvents or mixtures of solvents can be used by employing
      super-atmospheric pressures, however, since the reaction must be carried
      out in the liquid phase, the single solvent or solvent mixture cannot have
      a critical temperature below 230.degree.C. (the minimum reaction
      temperature). Preferred reaction medium solvents are the higher molecular
      weight alkanes such as hexadecane, heptadecane, octadecane and the like
      and the higher molecular weight alkyl aryl hydrocarbons, for example, a
      monoalkylated benzene wherein the alkyl group can be either branched or
      straight chain and contains from 10 to 13 carbon atoms or mixtures of such
      alkyl benzenes wherein the mixture has an average of 11 carbon atoms in
      the alkyl group or higher molecular weight alkyl benzenes can be used. One
      such solvent sold commercially under the trade name "Dodane-S" is a
      monoalkylated benzene mixture wherein the straight chain alkyl groups
      attached to the benzene ring have from 10 to 13 carbon atoms with an
      average of 11. Another preferred alkyl benzene fraction has from 10 to 15
      carbon atoms in the alkyl side chain, with over 90 weight per cent of the
      mixture having from 12 to 14 carbon atoms with an average side chain of 13
      carbon atoms attached to the benzene ring.
PAR  As indicated hereinabove, the amine and/or isocyanate after formation in
      the reaction medium are removed into the vapor phase either by the use of
      an inert carrier gas, an inert carrier solvent or mixtures of gas and
      solvent. The isocyanate and amine are then separated by suitable
      fractionation and/or partial condensation. When a solvent is employed to
      carry the products overhead, it can be used to assist in the condensation
      of either the isocyanate or amine.
PAR  The inert gases which can be employed as carrier agents include nitrogen,
      helium, argon, methane, ethane, propane and the like, either alone or in
      mixtures. Nitrogen is preferred because of its convenience.
PAR  The inert carrier solvents employed to carry the reaction product or
      products overhead are those which have a boiling point below the product
      isocyanate and do not decompose at the reaction temperature employed.
      Mixtures of solvents may be used as the carrier agent.
PAR  The compounds which can be used as inert carrier solvents in this invention
      are the lower boiling solvents, that is, solvents having a boiling point
      below the isocyanate produced which, for example, with respect to
      toluene-2,4-diisocyanate (TDI) would be 251.degree.C. and include
      aliphatic, cycloaliphatic or aromatic hydrocarbons or substituted
      hydrocarbons or mixtures thereof, and also certain oxygenated compounds
      such as ethers and ketones. Alcohols and acids cannot be used because of
      their reactivity with the generated isocyanate and, of course, water must
      be excluded. The sulfur analogues of the ethers and ketones can be
      employed.
PAR  Thus, more specifically suitable compounds for use as the inert carrier
      solvent alone or admixtures thereof include alkanes such as the pentanes,
      hexanes, heptanes, octanes, nonanes and decanes. The aromatics such as
      benzene, toluene, orthoxylene, meta-xylene, para-xylene, mixtures of two
      or more of the xylenes, trimethylbenzene, ethylbenzene, cumene,
      diisopropylbenzenes, dibutylbenzenes, naphthalene, tetrahydronaphthalene,
      substituted benzenes non-reactive with isocyanates such as the nitro or
      halogenated compounds for example, the chlorobenzenes, nitrobenzenes and
      the like may be used. Likewise cycloaliphatic hydrocarbons such as
      cyclopentane, methylcyclopentane, 1,1-dimethyl cyclopentane, ethyl
      cyclopentane, cyclohexane, methyl cyclohexane, ethyl cyclohexane,
      cycloheptane and others of 5 to 7 carbon atoms may be used as the carrier
      agent.
PAR  Ethers (including cyclic ethers), polyethers and ketones which do not
      contain a substituent group which would react with an isocyanate can also
      be used, for example, tetrahydrofuran, dioxane and methyl ethyl ketone.
PAR  The following Examples are provided to illustrate the production of
      isocyanic acid esters (isocyanates) in accordance with the principles of
      this invention but are not to be construed as limiting the invention in
      anyway except as indicated by the appended claims.
PAC  EXAMPLE I
PAR  A mixture of 10 g 2,4-tolylene-bis-(N',N'-diisopropylurea) and 50 g
      n-hexadecane was placed in a three-necked flask fitted with a magnetic
      stirrer, heating mantle, nitrogen inlet tube, thermometer, and 6 inch
      Vigreaux column attached to a room temperature trap and a dry-ice trap.
      The column was not heated externally in this run. The reaction mixture was
      heated at 250.degree.C. for 2 hours while 30 liters per hour of nitrogen
      was passed through the mixture. During the course of the run some of the
      urea sublimed into the column depositing there as a solid and was,
      therefore, not available for further reaction in the reaction medium. The
      yield of toluene-2,4-diisocyanate (TDI) was 40 mol percent. The
      diisopropylamine carried overhead was collected in a Dry-Ice trap.
PAC  EXAMPLE II
PAR  It was found that the urea sublimation problem of Example I could be
      minimized by utilizing a carrier solvent which would partially condense in
      the column and solubilize the urea, thereby returning it to the reactor
      for further reaction. Along with the 10 g of the urea of Example I and 50
      g of n-hexadecane of Example I was added 10 g tetrahydronaphthalene.
      Nitrogen as a carrier gas was passed through the reaction mixture at a
      rate of 13 liters per hour. The mixture was maintained at 250.degree.C.
      for one hour. Analysis showed that the yield of TDI was 72.7 mol percent,
      along with more than 10 mole percent of the feed urea and the intermediate
      monourea-monoisocyanate. The product diisopropylamine was collected in a
      Dry-Ice trap.
PAC  EXAMPLE III
PAR  A mixture of 5 g of the urea of Example I, 50 g n-hexadecane and 10 g
      tetralin was heated at 250.degree.C. for 1 hour in the presence of 12
      liters per hour of nitrogen with the column heated externally at
      85.degree.C. The yield of TDI in this run was 88.1 mol percent. This
      compares to the 62 mol percent yield of TDI obtained by the process of
      Example I of the aforementioned French patent after 10 hours at
      140.degree.C. in the absence of a carrier solvent and carrier gas.
PAC  EXAMPLE IV
PAR  In a run similar to that of Example III, except that the reactor
      temperature was 265.degree.C. and the column externally heated to
      180.degree.-200.degree.C. the yield of TDI left in the flask at the end of
      1/2 hour was 70.6 mol percent. An additional 6 mol percent
      monourea-monoisocyanate and 9.7 mol percent unreacted urea was found in
      the overhead due to the carryover of TDI and subsequent reaction with the
      amine. Since these recombination products can be recycled to the reactor
      after separation, the ultimate yield of TDI was over 86 mol percent.
PAC  EXAMPLE V
PAR  In this example a long chain alkylbenzene was used as the reaction medium
      solvent. A mixture of 5 g of the urea of Example I and 50 g
      Dodane-S.sup.(1) was heated at 265.degree.-270.degree.C. for 10 minutes in
      the presence of 24 liters per hour of nitrogen. The yield of TDI was 62
      mol percent along with 11.4 mol percent monourea-monoisocyanate and 3.4
      mol percent unreacted urea.
PAL  1. Dodane-S is a trade name for a monoalkylated benzene mixture wherein the
      straight chain alkyl groups attached to the benzene ring have from 10 to
      13 carbon atoms with an average of 11.
PAC  EXAMPLE VI
PAR  In this example 10 g of 1,2,4-trimethylbenzene was used as the carrier
      solvent along with the 5 g of urea of Example I and 50 g Dodane-S.sup.(1).
      Reaction was carried out at 250.degree.-255.degree.C. for 1 hour in the
      presence of 24 liters per hour nitrogen. The yield of TDI was 55 mol
      percent along with unreacted monourea-monoisocyanate and unreacted urea.
      No attempt was made to obtain optimum yield in this run.
PAC  EXAMPLE VII
PAR  A mixture of 5 g urea of Example I, 50 g n-hexadecane and 5 g
      tetrahydronaphthalene was heated at 258.degree.-259.degree.C. for 15
      minutes in the presence of 20 liters per hour of nitrogen. Analysis showed
      that the yield of TDI was 73.5 mol percent, along with unreacted
      monourea-monoisocyanate and unreacted urea. The diisopropylamine carried
      overhead was collected in a Dry-Ice trap.
PAC  EXAMPLE VIII
PAR  A mixture of 10 g of the urea of Example I and 100 g n-hexadecane was
      heated at 265.degree.C. for 1/2 hour in the presence of 30 liters per hour
      of nitrogen. The column was wrapped to give a top temperature of
      180.degree.C. and the condenser was kept at 170.degree.C. Analysis of the
      reactor material showed a yield of 41.1 mol percent TDI, 1.1 mol percent
      monourea-monoisocyanate and 0.2 mol percent unreacted urea. The overhead
      material analyzed 18.9 mol percent TDI, 17.6 mol percent
      monourea-monoisocyanate and 3.0 mol percent unreacted urea. Additional
      urea and diisopropylamine was present in the dry-ice trap, but was not
      analyzed.
PAC  EXAMPLE IX
PAR  A mixture of 5 g of the urea of Example I, 50 g n-hexadecane and 5 g
      tetrahydronaphthalene was heated at 265.degree.C. in the presence of 12
      liters per hour nitrogen for 1/2 hour. An additional 5 g
      tetrahydronaphthalene was added to the column during the run. The column
      temperature was heated to 170.degree.-192.degree.C. during the run and the
      condenser was at 160.degree.-180.degree.C. Analysis of the reactor product
      showed a 32.6 mol percent yield of TDI, along with 1.6 mol percent
      monourea-monoisocyanate. Analysis of the room temperature trap showed 19.6
      mol percent TDI, 18.4 mol percent monourea-monoisocyanate and 5.5 mol
      percent unreacted urea. The dry-ice trap contained 3.3 mol percent
      monourea-monoisocyanate and 5.8 mol percent unreacted urea and the
      diisopropylamine. Total recovery was 86.8 mol percent.
PAR  Examples VIII and IX demonstrate that the reaction could be carried out
      under continuous operation with removal of both the amine and isocyanate
      overhead. By operating under optimum condensation temperatures and mol
      ratios of carrier agent to urea charged to the reactor the amount of
      recombination of the amine with the isocyanate in the overhead system can
      be minimized. Any products formed by recombination would be recovered and
      recycled to the continuous system.
PAC  EXAMPLE X
PAR  A mixture of 5 g of the urea of Example I, 50 g n-hexadecane and 50 g of
      tetralin is heated at 250.degree.C. for 1 hour. Results similar to Example
      III are obtained.
PAC  EXAMPLE XI
PAR  The procedure of Example III is followed using 5 g of
      N-(2-tolyl)-N'-isopropylurea. The product is toluene isocyanate and
      isopropylamine which is collected in a Dry-Ice trap.
PAC  EXAMPLE XII
PAR  The procedure of Example III is followed using 5 g. of N,N'-diphenylurea.
      The product is aniline and phenylisocyanate.
PAC  EXAMPLE XIII
PAR  The procedure of Example III is followed using 5 g. of
      N-n-butyl-N'-n-butylurea. The product is butyl isocyanate and n-butylamine
      which is collected in a Dry-Ice trap.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the production of isocyanates from di- and tri-substituted
      ureas having the formula R(NHCONR'R'").sub.x wherein R is a substituted or
      unsubstituted mono-, di- or trivalent organic radical selected from the
      group consisting of a saturated or mono-olefinic unsaturated straight or
      branched chain aliphatic or cycloaliphatic radical containing not more
      than 32 carbon atoms, an alkoxyalkyl radical having not more than 32
      carbon atoms, an aryl radical, and an alkaryl radical containing 1 to 5
      rings; R' and R" are the same or different and are the same radicals
      enumerated for R; R' and R" but not both may be hydrogen; and x is an
      integer of from 1 to 3, which comprises thermally decomposing said urea at
      a temperature in the range of from 230.degree.C. to 350.degree.C. while
      said urea is dissolved in an inert reaction medium solvent to produce the
      isocyanate and corresponding amine, said reaction medium solvent being
      higher boiling than the isocyanate product and selected from the group
      consisting of high molecular weight aliphatic, cycloaliphatic, and
      aromatic hydrocarbons or substituted hydrocarbons and in the presence of
      an inert carrier agent consisting of an inert carrier gas or inert carrier
      solvent or mixtures thereof, said inert carrier gas being selected from
      the group consisting of nitrogen, helium, argon, methane, ethane and
      propane, said inert carrier solvent being lower boiling than the
      isocyanate product and selected from the group consisting of lower boiling
      aliphatic, cycloaliphatic or aromatic hydrocarbons, substituted
      hydrocarbons, oxygenated compounds selected from ethers oxygenated
      compounds selected from ethers or ketones and the sulfur analogues of said
      oxygenated compounds and separately recovering the isocyanate and amine.
NUM  2.
PAR  2. A method according to claim 1 wherein the substituted urea is
      2,4-tolylene-bis-(N',N'-diisopropyl urea).
NUM  3.
PAR  3. A method according to claim 2 wherein the decomposition products are
      toluene-2,4-diisocyanate and diisopropylamine.
NUM  4.
PAR  4. A method according to claim 1 wherein the inert reaction medium solvent
      is a higher molecular weight alkane or monoalkylated aryl hydrocarbon.
NUM  5.
PAR  5. A method according to claim 4 wherein the solvent is selected from the
      group consisting of hexadecane, heptadecane, octadecane and monoalkylated
      benzene having from 10 to 15 carbon atoms in the alkyl group.
NUM  6.
PAR  6. A method according to claim 1 wherein the inert carrier agent is a
      mixture of nitrogen and tetrahydronaphthalene or trimethylbenzene.
NUM  7.
PAR  7. A method according to claim 1 wherein the decomposition temperature is
      in the range of from 250.degree.C. to 285.degree.C. and R, R', and R" is
      selected from the group consisting of mono-, di- and trivalent
      unsubstituted organic aliphatic radicals containing up to 18 carbon atoms,
      halo or mono-nitro substituted mono-, di- or trivalent organic aliphatic
      radicals containing up to 18 carbon atoms, mono, di and trivalent
      cycloaliphatic radicals containing from 5 to 7 carbon atoms,
      mono-unsaturated cycloaliphatic radicals having from 5 to 7 carbon atoms
      and substituted cycloaliphatic radicals wherein the substituent is a lower
      alkyl radical having 1 to 4 carbon atoms, a nitro radical or a chloro
      radical and wherein R' and R" but not both may be hydrogen.
NUM  8.
PAR  8. A method according to claim 1 wherein the decomposition temperature is
      in the range of from 250.degree.C. to 285.degree.C. and R, R' and R" is
      selected from the group consisting of mono-, di- or trivalent
      unsubstituted aryl radicals having from 1 to 5 rings, aryl radicals
      substituted with 1 or more alkyl groups having from 1 to 4 carbon atoms,
      nitro groups or halo groups, and aralkyl radicals wherein the alkyl
      portion contains from 1 to 4 carbon atoms and the aryl contains from 1 to
      3 rings and wherein R' and R" but not both may be hydrogen.
NUM  9.
PAR  9. A method according to claim 1 wherein the decomposition temperature is
      in the range of from 250.degree.C. to 285.degree.C., said inert reaction
      medium solvent being a higher molecular weight alkane or monoalkylated
      aryl hydrocarbon, said carrier agent being a mixture of an inert carrier
      gas and inert carrier solvent.
NUM  10.
PAR  10. A method according to claim 9 wherein said reaction medium solvent is
      n-hexadecane or monoalkylated benzene having from 10 to 13 carbon atoms in
      the alkyl groups and said inert carrier agent is a mixture of nitrogen and
      tetrahydronaphthalene or trimethylbenzene.
NUM  11.
PAR  11. A method for the production of a toluene diisocyanate from its
      corresponding substituted urea which comprises thermally decomposing the
      urea at a temperature of from 250.degree.C. to 285.degree.C. while said
      urea is dissolved in an inert reaction medium solvent selected from the
      group consisting of n-hexadecane and monoalkylated benzene having from 10
      to 13 carbon atoms in the alkyl group, and in the presence of an inert
      carrier agent selected from the group consisting of a mixture of nitrogen
      and tetrahydronaphthalene or trimethylbenzene.
NUM  12.
PAR  12. A method according to claim 11 wherein said toluene diisocyanate is
      toluene-2,4-diisocyanate and said substituted urea is
      2,4-tolylene-bis-(N',N'-diisopropylurea).
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PAL  New and valuable N-substituted sulfonylglycolic acid anilides and a process
      for controlling the growth of unwanted plants with these compounds.
PARN
PAR  This is a division of application Ser. No. 310,640 filed Nov. 29, 1972, now
      U.S. Pat. No. 3,865,860.
BSUM
PAR  The present invention relates to new and valuable N-substituted
      sulfonylglycolic acid anilides and their use as herbicides.
PAR  It is known to use substituted acid anilides, e.g., chloroacetic
      acid-N-isopropylanilide, chloroacetic acid-N-propargylanilide and
      chloroacetic acid-N-isobutynylanilide as herbicides. However, their action
      is unsatisfactory.
PAR  We have now found that N-substituted sulfonylglycolic acid anilides of the
      formula
      ##EQU1##
      where R.sup.1 denotes alkyl, cycloalkyl, haloalkyl, aralkyl, alkenyl, or
      haloalkenyl, or phenyl which may be substituted by alkyl, haloalkyl,
      alkoxy, halogen or nitro, R.sup.2 denotes phenyl which may be substituted
      by alkyl, and R.sup.3 denotes alkyl of more than 2 carbon atoms,
      cycloalkyl, alkenyl or alkynyl, have a good herbicidal action.
PAR  R.sup.1 may for instance have the following meanings: methyl, chloromethyl,
      ethyl, 2-chloroethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
      tert-butyl, pentyl, cyclopentyl, hexyl, cyclohexyl, benzyl, vinyl, allyl,
      butenyl, pentenyl, hexenyl, phenyl, 4-methylphenyl, 4-chlorophenyl,
      4-bromophenyl, 4-nitrophenyl, 4-fluorophenyl, 4-iodophenyl, 4-ethylphenyl,
      2-nitrophenyl, 3-nitrophenyl, 3,4-dichlorophenyl, etc.
PAR  R.sup.2 may for instance have the following meanings: phenyl,
      2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2-ethylphenyl,
      4-ethylphenyl, 2,6-dimethylphenyl, 2,6-diethylphenyl, 2,5-dimethylphenyl,
      3,5-dimethylphenyl, 3,4-dimethylphenyl, 2,4-dimethylphenyl,
      2,3-dimethylphenyl, 2,4,6-trimethylphenyl, 2,4,5-trimethylphenyl,
      4-isopropylphenyl, 2-isopropylphenyl, 2-methyl-6-ethylphenyl,
      2,6-diisopropylphenyl, etc.
PAR  R.sup.3 may for instance denote the following radicals: n-propyl,
      isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, cyclopentyl,
      hexyl, cyclohexyl, allyl, butenyl, pentenyl, hexenyl, propargyl, butynyl,
      pentynyl and hexynyl.
PAR  The compounds of the invention may be prepared by reacting a substituted
      glycolic acid anilide with a substituted sulfonyl chloride in the presence
      of an acid acceptor such as triethylamine.
DETD
PAR  The preparation of the compounds of the invention is illustrated in the
      following examples.
PAC  EXAMPLE 1
PAC  Preparation of O-methylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide
PAR  At 0.degree.C and over a period of 20 minutes, a solution of 21 parts by
      weight of methanesulfochloride in 26 parts by weight of dichloromethane
      was added to a solution of 30.5 parts by weight of N-butyn-1-yl-3-glycolic
      acid anilide and 27.6 parts of triethylamine in 920 parts by weight of
      dichloromethane. After 45 minutes the reaction mixture was washed with ice
      water, with cold 5% hydrochloric acid and subsequently with cold saturated
      sodium bicarbonate solution. The organic phase was dried with magnesium
      sulfate and concentrated in vacuo. During cooling the oily residue
      crystallized upon a small amount of ether being added. The crude product
      was recrystallized from ether; melting point: 58.degree. to 60.degree.C.
PAR  The compound has the following structural formula:
      ##EQU2##
PAR  The following compounds for instance may be prepared analogously:
PA0  O-methylsulfonylglycolic acid-(N-propargyl)-anilide
PA0  O-ethylsulfonylglycolic acid-(N-propargyl)-anilide
PA0  O-propylsulfonylglycolic acid-(N-propargyl)-anilide
PA0  O-isopropylsulfonylglycolic acid-(N-propargyl)-anilide
PA0  O-n-butylsulfonylglycolic acid-(N-propargyl)-anilide
PA0  O-ethylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide, m.p. 76.degree. to
      78.degree.C
PA0  O-propylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide, m.p. 50.degree. to
      52.degree.C
PA0  O-isopropylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide, m.p. 83.degree.
      to 85.degree.C
PA0  O-n-butylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide, m.p. 69.degree. to
      71.degree.C
PA0  O-cyclohexylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide, m.p. 99.degree.
      to 100.degree.C
PA0  O-chloromethylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide, m.p.
      80.degree. to 81.degree.C
PA0  O-methylsulfonylglycolic acid-(N-3-methylbutyn-1-yl-3)-anilide, m.p.
      89.degree. to 90.degree.C
PA0  O-ethylsulfonylglycolic acid-(N-3-methylbutyn-1-yl-3)-anilide
PA0  O-propylsulfonylglycolic acid-(N-3-methylbutyn-1-yl-3)-anilide
PA0  O-isopropylsulfonylglycolic acid-(N-3-methylbutyn-1-yl-3)-anilide
PA0  O-n-butylsulfonylglycolic acid-(N-3-methylbutyn-1-yl-3)-anilide
PA0  O-phenylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide, m.p. 86.degree. to
      87.degree.C
PA0  O-4-methylphenylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide, m.p.
      67.degree. to 69.degree.C
PA0  O-4-chlorophenylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide, oil
PA0  O-methylsulfonylglycolic acid-(N-isopropyl)-anilide, m.p. 92.degree. to
      93.degree.C
PA0  O-methylsulfonylglycolic acid-(N-isobutyl)-anilide, m.p. 70.degree. to
      71.degree.C
PA0  O-methylsulfonylglycolic acid-(N-tert-butyl)-anilide
PA0  O-ethylsulfonylglycolic acid-(N-isopropyl)-anilide, m.p. 60.degree. to
      61.degree.C
PA0  O-ethylsulfonylglycolic acid-(N-isobutyl)-anilide
PA0  O-ethylsulfonylglycolic acid-(N-tert-butyl)-anilide
PA0  O-propylsulfonylglycolic acid-(N-isopropyl)-anilide, m.p. 56.degree. to
      57.degree.C
PA0  O-propylsulfonylglycolic acid-(N-isobutyl)-anilide
PA0  O-isopropylsulfonylglycolic acid-(N-isopropyl)-anilide, m.p. 60.degree. to
      62.degree.C
PA0  O-phenylsulfonylglycolic acid-(N-isopropyl)-anilide
PA0  O-4-methylphenylsulfonylglycolic acid-(N-isopropyl)-anilide
PA0  O-4-chlorophenylsulfonylglycolic acid-(N-isopropyl)-anilide
PA0  O-phenylsulfonylglycolic acid-(N-propargyl)-anilide
PA0  O-4-methylphenylsulfonylglycolic acid-(N-propargyl)-anilide
PA0  O-4-chlorophenylsulfonylglycolic acid-(N-propargyl)-anilide
PA0  O-methylsulfonylglycolic acid-(N-allyl)-anilide
PA0  O-ethylsulfonylglycolic acid-(N-allyl)-anilide
PA0  O-propylsulfonylglycolic acid-(N-allyl)-anilide
PA0  O-n-butylsulfonylglycolic acid-(N-allyl)-anilide
PA0  O-phenylsulfonylglycolic acid-(N-allyl)-anilide
PA0  O-4-methylphenylsulfonylglycolic acid-(N-allyl)-anilide
PA0  O-4-chlorophenylsulfonylglycolic acid-(N-allyl)-anilide
PA0  O-butylsulfonylglycolic acid-(N-isopropyl)-anilide, m.p. 76.degree. to
      78.degree.C
PA0  O-pentylsulfonylglycolic acid-(N-isopropyl)-anilide, m.p. 50.degree. to
      52.degree.C
PA0  O-cyclohexylsulfonylglycolic acid-(N-isopropyl)-anilide, m.p. 110.degree.
      to 112.degree.C
PA0  O-benzylsulfonylglycolic acid-(N-isopropyl)-anilide, m.p. 107.degree. to
      108.degree.C
PA0  O-isopropylsulfonylglycolic acid-(N-sec-butyl)-anilide, m.p. 55.degree. to
      56.degree.C
PA0  O-butylsulfonylglycolic acid-(N-sec-butyl)-anilide, m.p. 44.degree. to
      46.degree.C
PA0  O-pentylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide, m.p. 49.degree. to
      50.degree.C
PA0  O-benzylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide, m.p. 65.degree. to
      66.degree.C.
PAR  The corresponding O-sulfonyl-N-alkenyl- and O-sulfonyl-N-alkylglycolic acid
      anilides may be prepared from suitable O-sulfonyl-N-alkynylglycolic acid
      anilides by partial or complete hydrogenation of the carbon-carbon triple
      bond.
PAC  EXAMPLE 2
PAC  Preparation of O-methylsulfonylglycolic acid-(N-buten-1-yl-3)-anilide
PAR  1 part by weight of catalyst (0.7% by weight palladium on calcium
      carbonate, with added zinc) was added to a solution of 28.1 parts by
      weight of O-methylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide in 180
      parts by weight of ethyl acetate, and hydrogenation carried out until
      2,350 parts by volume of hydrogen had been absorbed at room temperature
      and 0.02 atmosphere gauge. The catalyst was then separated, the solution
      evaporated to dryness in vacuo and the residue recrystallized from ether;
      m.p.: 54.degree. to 55.degree.C.
PAR  Similarly, O-methylsulfonylglycolic acid-(N-sec-butyl)-anilide (m.p.:
      68.degree. to 70.degree.C) may be obtained by complete hydrogenation
      employing a palladium on activated carbon (10%) catalyst.
PAR  The agents according to the invention may be used as solutions, emulsions,
      suspensions or dusts. The form of application depends entirely on the
      purpose for which the agents are being used; in any case it should ensure
      a fine distribution of the active ingredient.
PAR  For the preparation of solutions to be sprayed direct, hydrocarbons having
      boiling points higher than 150.degree.C, e.g. tetrahydronaphthalene or
      alkylated naphthalenes, or organic liquids having boiling points higher
      than 150.degree.C and having one or more than one functional group, e.g.
      the keto group, the ether group, the ester group or the amide group, this
      group or these groups being attached as substituent(s) to a hydrocarbon
      chain or being a component of a heterocyclic ring, may be used as spray
      liquids.
PAR  Aqueous formulations may be prepared from emulsion concentrates, pastes or
      wettable powders by adding water. To prepare emulsions the ingredients as
      such or dissolved in a solvent may be homogenized in water or organic
      solvents by means of wetting or dispersing agents, e.g., polyethylene
      oxide adducts. Concentrates which are suitable for dilution with water may
      be prepared from active ingredient, emulsifying or dispersing agent and
      possibly solvent. Oils or adhering agents may also be added.
PAR  Dusts may be prepared by mixing or grinding the active ingredients with a
      solid carrier, e.g., kieselguhr, talc, clay or fertilizers.
PAR  Granules may be prepared by blending with solid carriers.
PAC  EXAMPLE 3
PAR  Loamy sandy soil was filled into pots and sown with Zea mays, Soja hispida,
      Gossypium hirsutum, Echinochloa crusgalli, Setaria spp., Poa trivialis,
      Lolium multiflorum and Sinapis arvensis.
PAR  The soil was then treated with 2 kg per hectare of O-methylsulfonylglycolic
      acid-(N-butyn-1-yl-3)-anilide (I), 2 kg per hectare of
      O-methylsulfonylglycolic acid-(N-sec-butyl)-anilide (II) and, for
      comparison, with 2 kg per hectare of N-propargyl-.alpha.-chloroacetanilide
      (III) and 2 kg per hectare of N-butyn-(1)-yl-(3)-chloroacetic acid anilide
      (VII), each active ingredient being dispersed in 500 liters of water per
      hectare.
PAR  After 4 to 5 weeks it was observed that I and II had a stronger herbicidal
      action on the broadleaved and grassy weeds than III and VII, combined with
      the same good crop plant compatibility.
PAR  The results of this experiment are given below:
TBL               I     II      III      VII                                   
     ______________________________________                                    
     Zea mays       0       0       0      0                                   
     Soja hispida   0       0       0      10                                  
     Gossypium hirsutum                                                        
                    0       0       0      0                                   
     Echinochloa crus-galli                                                    
                    100     100     70     95                                  
     Setaria spp.   100      95     70     85                                  
     Poa trivialis  100      75     40     65                                  
     Lolium multiflorum                                                        
                     95      75     40     70                                  
     Sinapis arvensis                                                          
                     75      40     20     20                                  
     ______________________________________                                    
      0 = no damage                                                            
      100 = complete destruction                                               
PAR  The action of the following compounds corresponds to that of I and II in
      this experiment:
PA0  O-methylsulfonylglycolic acid-(N-isopropyl)-anilide
PA0  O-methylsulfonylglycolic acid-(N-isobutyl)-anilide.
PAC  EXAMPLE 4
PAR  The plants Zea mays, Triticum aestivum, Echinochloa crusgalli, Setaria
      spp., and Panicum spp. were treated at a growth height of from 5 to 15 cm
      with 3 kg per hectare of each of the following active ingredients, each
      being dispersed in 500 liters of water per hectare:
PA0  O-methylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide (I);
PA0  O-methylsulfonylglycolic acid-(N-sec-butyl)-anilide (II);
PAL  and, for comparison,
PA0  N-propargyl-.alpha.-chloroacetanilide (III);
PA0  N-butyn-(1)-yl-(3)-.alpha.-chloroacetanilide (VII).
PAR  After 3 to 4 weeks it was ascertained that active ingredients I and II had
      a stronger herbicidal action on the broadleaved and grassy weeds than III
      and VII, combined with the same or superior crop plant compatibility.
PAR  The results of this experiment are given below:
TBL               I      II       III     VII                                  
     ______________________________________                                    
     Zea mays       0        0        0     0                                  
     Triticum aestivum                                                         
                    0        0        10    30                                 
     Echinochloa crus-galli                                                    
                    95       80       65    70                                 
     Setaria spp.   80       70       55    50                                 
     Panicum spp.   85       75       60    50                                 
     Matricaria chamomilla                                                     
                    90       80       60    70                                 
     ______________________________________                                    
      0 = no damage                                                            
      100 = complete destruction                                               
PAR  The action of the following compounds corresponds to that of I and II
      above:
PA0  O-methylsulfonylglycolic acid-(N-isopropyl)-anilide
PA0  O-methylsulfonylglycolic acid-(N-isobutyl)-anilide.
PAC  EXAMPLE 5
PAR  Loamy sandy soil was filled into pots and sown with Zea mays, Soja hispida,
      Gossypium hirsutum, Beta vulgaris, Echinochloa crus-galli, Setaria spp.,
      Poa trivialis, Bromus tectorum and Alopecurus myosuroides.
PAR  The soil prepared in this manner was then treated with 2 kg per hectare of
      each of the following active ingredients, each being dispersed in 500
      liters of water per hectare:
PA0  O-ethylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide (IV);
PA0  O-n-butylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide (V); and, for
      comparison,
PA0  N-isopropyl-.alpha.-chloroacetanilide (VI);
PA0  N-butyn-(1)-yl-(3)-.alpha.-chloroacetanilide (VII).
PAR  After 4 to 5 weeks it was ascertained that active ingredients IV and V had
      a stronger herbicidal action than VI and VII, combined with the same or
      superior crop plant compatibility.
PAR  The results are given below:
TBL               IV    V       VI       VII                                   
     ______________________________________                                    
     Zea mays       0       0       0      0                                   
     Soja hispida   0       0       0      10                                  
     Gossypium hirsutum                                                        
                    0       0       0      0                                   
     Beta vulgaris  0       0       0      10                                  
     Echinochloa crus-galli                                                    
                    100     100     70     95                                  
     Setaria spp.   100     100     70     85                                  
     Poa trivialis   95      95     40     65                                  
     Bromus tectorum                                                           
                     95      95     40     45                                  
     Alopecurus myosuroides                                                    
                    100      70     50     60                                  
     ______________________________________                                    
      0 = no damage                                                            
      100 = complete destruction.                                              
PAC  EXAMPLE 6
PAR  The plants Zea mays, Gossypium hirsutum, Beta vulgaris, Echinochloa
      crus-galli, Poa annua, Panicum spp. and Avena fatua were treated at a
      growth height of from 3 to 15 cm with 4 kg per hectare of each of the
      following active ingredients, each being dispersed in 500 liters of water
      per hectare:
PA0  O-ethylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide (IV);
PA0  O-n-butylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide (V);
PAL  and, for comparison,
PA0  N-isopropyl-.alpha.-chloroacetanilide (VI);
PA0  N-butyn-(1)-yl-(3)-.alpha.-chloroacetanilide (VII).
PAR  After 3 to 4 weeks it was ascertained that active ingredients IV and V had
      superior crop plant compatibility and a stronger herbicidal action than
      compounds VI and VII.
PAR  The results of the experiment are given below:
TBL               IV     V        VI      VII                                  
     ______________________________________                                    
     Zea mays       0        0        5     10                                 
     Gossypium hirsutum                                                        
                    0        0        25    25                                 
     Beta vulgaris  10       0        20    30                                 
     Echinochloa crus-galli                                                    
                    90       85       70    80                                 
     Poa annua      90       90       30    60                                 
     Panicum spp.   95       90       65    70                                 
     Avena fatua    80       80       40    45                                 
     ______________________________________                                    
      0 = no damage                                                            
      100 = complete destruction                                               
PAC  EXAMPLE 7
PAR  90 parts by weight of compound I is mixed with 10 parts by weight of
      N-methyl-.alpha.-pyrrolidone. A mixture is obtained which is suitable for
      application in the form of very fine drops.
PAC  EXAMPLE 8
PAR  20 parts by weight of compound II is dissolved in a mixture consisting of
      80 parts by weight of xylene, 10 parts by weight of the adduct of 8 to 10
      moles of ethylene oxide to 1 mole of oleic acid-N-monoethanolamide, 5
      parts by weight of the calcium salt of dodecylbenzenesulfonic acid, and 5
      parts by weight of the adduct of 40 moles of ethylene oxide to 1 mole of
      castor oil. By pouring the solution into 100,000 parts by weight of water
      and uniformly distributing it therein, an aqueous dispersion is obtained
      containing 0.02% by weight of the active ingredient.
PAC  EXAMPLE 9
PAR  20 parts by weight of compound IV is dissolved in a mixture consisting of
      40 parts by weight of cyclohexanone, 30 parts by weight of isobutanol, 20
      parts by weight of the adduct of 7 moles of ethylene oxide to 1 mole of
      isooctylphenol, and 10 parts by weight of the adduct of 40 moles of
      ethylene oxide to 1 mole of castor oil. By pouring the solution into
      100,000 parts by weight of water and uniformly distributing it therein, an
      aqueous dispersion is obtained containing 0.02% by weight of the active
      ingredient.
PAC  EXAMPLE 10
PAR  20 parts by weight of compound V is dissolved in a mixture consisting of 25
      parts by weight of cyclohexanol, 65 parts by weight of a mineral oil
      fraction having a boiling point between 210.degree. and 280.degree.C, and
      10 parts by weight of the adduct of 40 moles of ethylene oxide to 1 mole
      of castor oil. By pouring the solution into 100,000 parts by weight of
      water and uniformly distributing it therein, an aqueous dispersion is
      obtained containing 0.02% by weight of the active ingredient.
PAC  EXAMPLE 11
PAR  20 parts by weight of compound I is well mixed with 3 parts by weight of
      the sodium salt of diisobutylnaphthalene-.alpha.-sulfonic acid, 17 parts
      by weight of the sodium salt of a ligninsulfonic acid obtained from a
      sulfite waste liquor, and 60 parts by weight of powdered silica gel, and
      triturated in a hammer mill. By uniformly distributing the mixture in
      20,000 parts by weight of water, a spray liquid is obtained containing
      0.1% by weight of the active ingredient.
PAC  EXAMPLE 12
PAR  3 parts by weight of compound II is intimately mixed with 97 parts by
      weight of particulate kaolin. A dust is obtained containing 3% by weight
      of the active ingredient.
PAC  EXAMPLE 13
PAR  30 parts by weight of compound IV is intimately mixed with a mixture
      consisting of 92 parts by weight of powdered silica gel and 8 parts by
      weight of paraffin oil which has been sprayed onto the surface of this
      silica gel. A formulation of the active ingredient is obtained having good
      adherence.
PAC  EXAMPLE 14
PAR  In the greenhouse, loamy sandy soil was filled into pots and sown with Zea
      mays, Gossypium hirsutum, Glycine hispida, Beta vulgaris, Brassica
      oleracea, Echinochloa crus-galli, Setaria faberii, Alopecurus myosuroides
      and Eleusine indica. The soil prepared in this manner was then treated
      with 1 and 2 kg per hectare of each of the following active ingredients,
      each being emulsified in 500 liters of water per hectare:
PA0  I. o-methylsulfonylglycolic acid-[N-butyn-(1)-yl-(3)]-anilide;
PA0  Ii. o-n-butylsulfonylglycolic acid-[N-butyn-(1)-yl-(3)]-anilide;
PA0  Iii. o-phenylsulfonylglycolic acid-[N-butyn-(1)-yl-(3)]-anilide;
PA0  Iv. o-p-methylphenylsulfonylglycolic acid-[N-butyn-(1)-yl-(3)]-anilide;
PA0  V. o-methylsulfonylglycolic acid-(N-methyl)-anilide.
PAR  After 4 to 5 weeks it was ascertained that active ingredients I to IV had a
      stronger herbicidal action than comparative agent V, combined with the
      same excellent crop plant compatibility.
PAR  The results of this experiment are given below:
TBL              I        II       III                                         
     kg/ha       1    2   1    2   1    2                                      
     __________________________________________________________________________
     Zea mays    0    0   0    0   0    0                                      
     Gossypium hirsutum                                                        
                 0    0   0    0   0    0                                      
     Soja hispida                                                              
                 0    0   0    0   0    0                                      
     Beta vulgaris                                                             
                 0    0   0    0   0    0                                      
     Brassica oleracea                                                         
                 0    0   0    0   0    0                                      
     Echinochloa crus-galli                                                    
                 90-100                                                        
                      100 100  100 90   90-100                                 
     Setaria faberii                                                           
                 90-100                                                        
                      100 100  100 90   90-100                                 
     Alopecurus myosuroides                                                    
                 80   90  90   100 60-70                                       
                                        80                                     
     Eleusine indica                                                           
                 90-100                                                        
                      100 90-100                                               
                               100 90   90-100                                 
                      IV           V                                           
     kg/ha            1   2        1    2                                      
     __________________________________________________________________________
     Zea mays         0   0        0    0                                      
     Gossypium hirsutum                                                        
                      0   0        0    0                                      
     Soja hispida     0   0        0    0                                      
     Beta vulgaris    0   0        0    0                                      
     Brassica oleracea                                                         
                      0   0        0    0                                      
     Echinochloa crus-galli                                                    
                      90-100                                                   
                          100      70-80                                       
                                        90                                     
     Setaria faberii  90-100                                                   
                          100      70   80-90                                  
     Alopecurus myosuroides                                                    
                      80-90                                                    
                          90-100   50-60                                       
                                        70-80                                  
     Eleusine indica  90-100                                                   
                          100      70-80                                       
                                        80-90                                  
     __________________________________________________________________________
      0 = no damage                                                            
      100 = complete destruction                                               
PAC  EXAMPLE 15
PAR  In the greenhouse, the plants Zea mays, Glycine hispida, Gossypium
      hirsutum, Beta vulgaris, Oryza sativa, Triticum aestivum, Hordeum vulgare,
      Eleusine indica, Echinochloa crus-galli, Setaria faberii, Panicum
      virgatum, Digitaria sanguinalis, Alopecurus myosuroides and Poa annua were
      treated at a growth height of the crop plants of 7 to 15 cm and of the
      broadleaved and grassy weeds of 2 to 10 cm with 1 kg per hectare of each
      of the following active ingredients, each being emulsified in 500 liters
      of water per hectare:
PA0  I. o-methylsufonylglycolic acid-[N-butyn-(1)-yl-(3)]-anilide
PA0  Ii. o-n-butylsulfonylglycolic acid-[N-butyn-(1)-yl-(3)]-anilide
PA0  Iii. o-methylsulfonylglycolic acid-(N-methyl)-anilide.
PAR  After 3 to 4 weeks it was observed that I and II had a better herbicidal
      action than comparative agent III, combined with the same good crop plant
      compatibility.
PAR  The results of this experiment are given below:
TBL               I       II        III                                        
     ______________________________________                                    
     Zea mays       0-10      0-10      10                                     
     Glycine hispida                                                           
                    0         0         5                                      
     Gossypium hirsutum                                                        
                    0         0         0                                      
     Beta vulgaris  0         0         0                                      
     Oryza sativa   0-10      0-10      0-10                                   
     Triticum aestivum                                                         
                    0-10      0-10      0-10                                   
     Hordeum vulgare                                                           
                    0-10      0-10      0-10                                   
     Eleusine indica                                                           
                    90-100    90-100    60-70                                  
     Echinochloa crus-galli                                                    
                    90-100    100       40-50                                  
     Setaria faberii                                                           
                    90-100    100       60                                     
     Panicum virgatum                                                          
                    90-100    100       60                                     
     Digitaria sanguinalis                                                     
                    90-100    90-100    60-70                                  
     Alopecurus myosuroides                                                    
                    90-100    100       60-70                                  
     Poa annua      100       100       70-80                                  
     ______________________________________                                    
      0 = no damage                                                            
      100 = complete destruction                                               
PAR  The action of the following compounds corresponds to that of I and II in
      this example:
PA0  O-phenylsulfonylglycolic acid-[N-butyn-(1)-yl-(3)]-anilide
PA0  O-p-methylphenylsulfonylglycolic acid-[N-butyn-(1)-yl-(3)]-anilide.
CLMS
STM  We claim:
NUM  1.
PAR  1. A N-substituted sulfonylglycolic acid anilide of the formula
      ##EQU3##
      where R.sup.1 denotes benzyl, phenyl or phenyl substituted by methyl or
      ethyl, halogen or nitro, R.sup.2 denotes phenyl or phenyl substituted by
      alkyl of 1 to 3 carbon atoms, and R.sup.3 denotes alkynyl of 3 to 6 carbon
      atoms.
NUM  2.
PAR  2. O-phenylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide.
NUM  3.
PAR  3. O-4-methylphenylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide.
NUM  4.
PAR  4. O-4-chlorophenylsulfonylglycolic acid-(N-butyn-1-yl-3)-anilide.
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ABST
PAL  The process for the production of malonic acid dinitrile which includes
      quickly preheating acetonitrile to a temperature between 110.degree. and
      700.degree.C. Cyanogen chloride and the preheated acetonitrile, both in
      the gaseous state, are reacted at a temperature between 700.degree. and
      1200.degree.C. Malonic acid dinitrile, in the gaseous state, results. The
      reaction product mixture of gaseous malonic acid dinitrile, gaseous
      cyanogen chloride, gaseous acetonitrile and HCl, a reaction byproduct, is
      chilled with liquid reaction product mixture to a temperature between
      40.degree.C. and the boiling point of the reaction product mixture. A
      liquid reaction product results. Simultaneously with the chilling step,
      the exhaust gas resulting from the chilling of the reaction product
      mixture is distilled or refined to separate the cyanogen chloride and
      acetonitrile from the HCl component in the exhaust gas. The malonic acid
      dinitrile is isolated from the liquid reaction product mixture and
      purified.
BSUM
PAC  BACKGROUND OF THIS INVENTION
PAR  1. Field of this Invention
PAR  This invention relates to a process for the production of malonic acid
      dinitrile which involves reacting cyanogen chloride and acetonitrile in
      the gaseous phase at temperatures of 700.degree. to 1200.degree.C,
      chilling the reaction product mixture and isolating the malonic acid
      dinitrile from the reaction product mixture.
PAR  2. Prior Art
PAR  It is known to produce malonic acid dinitrile by reaction of cyanogen
      chloride and acetonitrile, both in the gaseous state, at a temperature
      above 600.degree.C. (see U.S. Pat. No. 2,553,406).
PAR  German Application Nos. 1,768,154 and 1,911,174, which have been laid open
      to public inspection, teach producing malonic acid dinitrile from
      acetonitrile and cyanogen chloride at a medium reaction temperature below
      800.degree.C. and immediately chilling the gaseous reaction product, for
      example, with ice water, to a low temperature. If the reaction is carried
      out in the presence of water, then acid-binding substances are added.
PAR  German Pat. No. 1,281,424 teaches the reaction of acetonitrile and cyanogen
      chloride is described in the presence of certain catalysts at 800.degree.
      to 950.degree.C., or in the presence of chlorine or bromine, as a
      catalyst, at 700.degree. to 950.degree.C. In such process the reaction
      mixture is then chilled to a low temperature.
PAR  Swiss Patent No. 493,473 discloses the production of malonic acid dinitrile
      from acetonitrile and cyanogen chloride in the gaseous phase at a
      temperature of 740.degree. to 780.degree.C. At the same time a molar ratio
      of cyanogen chloride to acetonitrile of 1:1 to 1:5 is used. A tarry time
      of 1 to 15 seconds is used. The developing reaction product is cooled
      immediately, preferably by application of a cooling brine, to 20.degree.
      to 50.degree.C, and preferably to 25.degree. to 30.degree.C.
PAR  In all of the known processes, an attempt was made to chill (quench) the
      reaction product mixture as quickly as possible to as low a temperature as
      possible, because the assumption was made that the formation of secondary
      products could thus be avoided. As a result of such a rapid chilling to a
      low temperature, a part of the HCl formed during the reaction remained
      dissolved in the reaction mixture and resinifications developed nitrile
      compounds, which caused choking and incrustations both in the chilling
      part of the reactor as well as in the subsequent distillation. As a result
      of that the apparatus could only be used for a short time -- which in
      practice leads to the fact that these processes were hardly usable
      technologically. If the chilling is carried out with the help of cooled
      acetonitrile (see German application No. 1,768,154), then there is the
      additional disadvantage that large quantities of HCl are still dissolved
      in the excess acetonitrile and the separation of the reaction mixture is
      made even more difficult. As has already been explained previously, this
      is exceedingly difficult because of the resinification and it can be
      carried out only on an uneconomical basis.
PAR  If alkalis are inserted simultaneously with the chilling for the purpose of
      neutralizing the hydrochloric acid formed, then considerable losses of
      acetonitrile as a result of hydrolysis cannot be avoided and the ammonium
      salts formed are an additional burden to the separating processes.
PAC  BROAD DESCRIPTION OF THIS INVENTION
PAR  An object of this invention is to provide an improvement in the production
      of malonic acid dinitrile which increases the space-time-yield (capacity)
      of the reaction equipment, which decreases the loss of acetonitrile, which
      decreases the yield of polymeric byproducts that lead to resinification,
      and which technologically simplify the processing of the reaction product
      mixture.
PAR  Other objects and advantages of this invention are set out in this
      application or are obvious to one ordinarily skilled in the art.
PAR  Such objects and advantages are achieved by this invention.
PAR  This invention broadly involves a process which includes preheating
      acetonitrile to a temperature of 110.degree. to 700.degree.C., reacting
      the preheated acetonitrile with cyanogen chloride, chilling the gaseous
      reaction product mixture with liquid reaction product mixture to a
      temperature between 40.degree.C. and the boiling temperature of the
      reaction product while simultaneously stripping (refining) the exhaust
      gases and isolating and purifying the resultant malonic acid dinitrile.
PAR  This invention involves a process for the production of malonic acid
      dinitrile. The process involves quickly preheating acetonitrile to a
      temperature between 110.degree. and 700.degree.C. Cyanogen chloride and
      the preheated acetonitrile, both in the gaseous state, are reacted at a
      temperature between 700.degree. and 1200.degree.C. Malonic acid dinitrile,
      in the gaseous state, results. The reaction product of gaseous malonic
      acid dinitrile, gaseous cyanogen chloride, gaseous acetonitrile and
      gaseous HCl, a reaction by product, are chilled with liquid reaction
      product mixture to a temperature between 40.degree.C. and the boiling
      point of the reaction product mixture. A liquid reaction product results.
      Simultaneously with the chilling step, the exhaust gas from the chilling
      of the reaction product mixture is distilled or refined to separate the
      cyanogen chloride and/or acetonitrile from the HCl component in the
      exhaust gas. The malonic acid dinitrile from the liquid reaction product
      mixture is isolated and purified.
PAR  Preferably the acetonitrile is quickly preheated to a temperature between
      200.degree. and 700.degree.C, and most preferably to a temperature between
      600.degree. and 650.degree.C. Preferably the acetonitrile is preheated by
      passing the acetonitrile through a preheater at a velocity between 20 and
      100 m/sec., and most preferably at a velocity between 50 and 70 m/sec.
      Preferably the molar ratio of the acetonitrile and the cyanogen chloride
      in the reactor is between 1:1 and 6:1.
PAR  Preferably the reaction product mixture is chilled to a temperature between
      55.degree. and 78.degree.C., and most preferably to a temperature between
      60.degree. and 70.degree.C. Preferably a portion of the liquid reaction
      product mixture obtained from the chilling step is used as the liquid
      reaction product mixture used in the chilling step to achieve the chilling
      of the reaction product mixture. Preferably part or all of the
      acetonitrile recovered from said liquid reaction product is recycled to
      the acetonitrile preheating step. Preferably part or all of the
      acetonitrile recovered from said exhaust gas is recycled to the
      acetonitrile preheating step. Preferably the malonic acid dinitrile is
      isolated from the liquid reaction product mixture by means of
      distillation.
PAR  The chilling or quenching step should be carried out as rapidly as
      possible. The chilling time is in the order of magnitude of the known
      chilling times.
PAR  This invention and many of its advantages resides a great deal in its novel
      combination of preheating-chilling. This becomes clear from the
      space-time-yield and from the shelf lives. ("Shelf live", as used herein,
      is the time after which the apparatus must be cleaned.)
PAC  DETAILED DESCRIPTION OF THIS INVENTION
PAR  The preheating of the acetonitrile to a temperature of 110.degree. to
      700.degree.C., preferably 600.degree. to 650.degree.C., considerably
      increases the space-time-yield (capacity) of the reactor. Applicants were
      afraid that as a result of preheating the acetonitrile to the
      above-mentioned temperature a decomposition of the acetonitrile would
      occur, but surprisingly that was not the case. The preheating of the
      gaseous acetonitrile is accomplished as quickly as possible and without
      overheating at the heating surface. This can be accomplished by passing
      the acetonitrile vapor at a high speed through a preheater, preferably a
      preheating pipe. A velocity of 20 to 100 m/sec. is used effectively, and
      preferably the velocity is 50 to 70 m/sec.
PAR  The preheated acetonitrile and the cyanogen chloride are reacted in the
      reactor effectively at a molar ratio between 1:1 and 6:1, at a tarry time
      of fractions of a second (e.g., 0.3 second) up to a few seconds (e.g., 10
      seconds) and at a temperature between 700.degree. and 1200.degree.C.
PAR  Subsequently the gaseous reaction product mixture is chilled by means of
      liquid (condensable) reaction product mixture at a temperature of more
      than 40.degree.C., up to almost the boiling temperature of the reaction
      product mixture. The boiling temperature of the reaction product mixture
      in the case of standard pressure lies approximately between 75.degree. and
      78.degree.C., depending on the composition of the reaction product
      mixture. If one operates at above atmospheric pressure, then the boiling
      temperature increases and thus also does the chilling temperature.
      Effectively, chilling is accomplished at standard pressure and at a
      temperature of 55.degree. to 78.degree.C, preferably 60.degree. to
      70.degree.C.
PAR  As used herein the term reaction product mixture means a mixture of
      unreacted acetonitrile and cyanogen chloride, malonic acid dinitrile and
      HCl. The liquid reaction product mixture will not contain all or most of
      the HCl (byproduct).
PAR  A part of the liquid (condensed) reaction product mixture is brought to the
      desired temperature by circulation through heat exchanges and is used as
      the chilling liquid. The remaining part of the liquid reaction product
      mixture is drawn off from the chilling part of the apparatus. The
      acetonitrile which has not been converted is separated and the latter is
      fed to the reaction in circulation; that is to say after preheating, it is
      again reacted.
PAR  The malonic acid dinitrile is isolated from the liquid reaction product
      mixture using any suitable isolation method, but distillation is preferred
      and reduced-pressure distillation is most preferred.
PAR  The crude malonic acid dinitrile obtained during the distillation is
      processed or purified using conventional and known methods into a pure
      product.
PAR  During the chilling (quenching) the exhaust gas which consists mainly of
      gaseous HCl is refined (separated) from the reaction product mixture. With
      the help of a proper reflux system, the condensable portions which had
      been carried along, mostly acetonitrile, are returned (after preheating)
      to the reaction site. The HCl obtained in the case of the reaction of
      cyanogen chloride and acetonitrile is refined (separated) in this manner
      without any particular problems. As a result of that the acetonitrile,
      which is recovered during the distillation (isolation step) of the liquid
      reaction product mixture, also contains essentially no HCl or only such
      slight traces of HCl that the acetonitrile can be recycled without
      difficulty to the preheating system. As a result of this, no corrosion
      problems occur.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a graph of resin content vs. chilling temperature; and
PAR  FIG. 2 is a graph of the preheating temperature of acetonitrile vs. the
      space-time-yield for the subject reaction.
DETD
PAR  FIG. 1 shows the relationship between the chilling temperature and the
      formation of resin and FIG. 2 shows the relationship between the
      preheating temperature and space-time-yield (both for a particular reactor
      geometry and dimensions). From this it is quite clear, that the
      improvements of the known process achieved by this invention makes the
      production of malonic nitrile from acetonitrile and cyanogen chloride
      technically feasible.
PAC  EXAMPLE 1
PAC  INFLUENCE OF THE CHILLING TEMPERATURE: RESIN PORTION IN THE MDN - ROH
PAR  After condensation of the reaction temperature by chilling, the excess
      acetonitrile was distilled off under reduced pressure. The bubble product,
      termed MDN - ROH, had a resin portion which is directly dependent upon the
      chilling temperature -- this is shown in FIG. 1. (MDN = malonic acid
      dinitrile; ROH is equated to the resin portion) SHELF LIFE OF THE CHILLING
      AND OF THE RECTIFICATION Example:
TBL  Quenching temperature                                                     
                   shelf life                                                  
                 chilling    rectification                                     
     ______________________________________                                    
     20.degree. to 30.degree.C                                                 
                   2 to 3 days   5 days                                        
     60 to 70.degree.C.                                                        
                   30 days       30 days                                       
     ______________________________________                                    
     Acetonitrile-preheater-                                                   
                      Space-time                                               
     temperature      yield                                                    
     ______________________________________                                    
     100.degree.C.    0.0708 kg  MDN.sup.. 1t.sup..sup.-1. h.sup..sup.-1       
     300.degree.C     0.089      MDN                                           
     400.degree.C     0.1165     MDN                                           
     500.degree.C     0.126      MDN                                           
     ______________________________________                                    
PAL  The following examples of the process according to this invention and
      examples of the known processes, by means of comparison, show the
      unexpected and sizable progress which is achieved by the measures of this
      invention.
PAC  EXAMPLE 2
PAC  (comparative example)
PAR  Cyanogen chloride and acetonitrile were reacted, forming malonic acid
      dinitrile, in a reactor system at a molar ratio of 1:5.7, at a mean
      temperature of 815.degree.C. and at a tarry time of 2 seconds. The
      evaporated acetonitrile was fed to the reactor at a temperature of
      100.degree.C. The space-time-yield amounted to 0.0708 kg . 1t.sup.- .sup.1
      . h.sup.-.sup.1.
PAC  EXAMPLE 3
PAR  In the same reactor system and under otherwise identical conditions as in
      Example 2, but with a preheating of the acetonitrile to 500.degree.C. a
      space-time-yield of 0.126 kg . 1t.sup.-.sup.1 . h.sup.-.sup.1 was
      achieved.
PAC  EXAMPLE 4
PAC  (comparative example)
PAR  With subsequent separation of excess acetonitrile, cyanogen chloride and
      acetonitrile were converted to malonic acid dinitrile in a reactor system
      at a molar ratio of 1:5.7, at a mean temperature of 815.degree.C. and at a
      tarry time of 2 seconds. The chilling of the reaction product mixture took
      place at 30.degree. using liquid (condensed) reaction product mixture. The
      portion of resin in the crude malonic acid dinitrile (after separation of
      the acetonitrile) amounted to 32 percent by weight. At two day intervals,
      the chilling equipment was completely resinified ("clogged-up") and had to
      be cleaned out after stopping the reactor assembly. The distillation
      (refining) column for the acetonitrile, although it was equipped with
      installations which were not very subject to displacement, had to be
      cleaned out after five day intervals.
PAC  EXAMPLE 5
PAR  In the same reactor system as described in Example 4 and under otherwise
      identical conditions, the chilling was accomplished at temperature of
      70.degree. by returning the liquid (condensed) reaction product mixture.
      The portion of the resin in the crude malonic acid dinitrile amounted to
      only 10 percent by weight. After 30 days, the chilling equipment was still
      so little resinified ("clogged-up") that no cleaning was needed; and the
      acetonitrile distillation (refining) column could be operated for 30 days
      without cleaning.
PAR  Examples 3 and 5 represent this invention. Example 3 shows increased
      space-time-yield as compared to Example 2. Example 5 shows decreased resin
      formation ascompared to Example 4.
PAR  As used in this application, parts, percentages, ratios and proportions are
      on a weight basis unless otherwise stated or obvious to one ordinarily
      skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process for the production of malonic acid dinitrile which
      comprises:
PA1  a. quickly preheating acetonitrile to a temperature between 110.degree. and
      700.degree.C. by passing said acetonitrile through a preheater at a
      velocity between 20 and 100 m/sec.;
PA1  b. reacting a reaction admixture of cyanogen chloride and said
      acetonitrile, both in the gaseous state, the molar ratio of said
      acetonitrile and said cyanogen chloride is between 1:1 and 6:1, at a
      temperature between 700.degree. and 1200.degree.C., malonic acid
      dinitrile, in the gaseous state, resulting;
PA1  c. chilling the reaction product mixture of step (b) which is comprised of
      said gaseous malonic acid dinitrile, said gaseous cyanogen chloride, said
      gaseous acetonitrile and HCl, a reaction byproduct, with liquid mixture,
      which is comprised of malonic acid dinitrile, cyanogen chloride,
      acetonitrile and HCl, to a temperature between 40.degree.C. and the
      boiling point of said reaction product mixture, a liquid reaction product
      resulting;
PA1  d. simultaneously with step (c), refining the exhaust gas from said
      chilling of said reaction product mixture of step (c) whereby the cyanogen
      chloride and acetonitrile is separated from the HCl in the exhaust gas;
      and
PA1  e. isolating said malonic acid dinitrile from said liquid reaction product
      mixture and purifying said malonic acid dinitrile.
NUM  2.
PAR  2. The process of claims 1 wherein said acetonitrile is quickly preheated
      to a temperature between 200.degree. and 700.degree.C.
NUM  3.
PAR  3. The process of claim 2 wherein said acetonitrile is quickly preheated to
      a temperature between 600.degree. and 650.degree.C.
NUM  4.
PAR  4. The process of claim 3 wherein said acetonitrile is preheated by passing
      said acetonitrile through a preheater at a velocity between 50 and 70
      m/sec.
NUM  5.
PAR  5. The process of claim 3 wherein said refining of step (d) involves
      distilling said exhaust gas whereby said cyanogen chloride and said
      acetonitrile are separated from said HCl in said exhaust gas.
NUM  6.
PAR  6. The process of claim 3 wherein said chilling step is achieved at
      standard pressure.
NUM  7.
PAR  7. The process of claim 3 wherein said reaction product mixture is chilled
      in step (c) to a temperature between 55.degree. and 78.degree.C.
NUM  8.
PAR  8. The process of claim 3 wherein said reaction product mixture is chilled
      in step (c) to a temperature between 60.degree. and 70.degree.C.
NUM  9.
PAR  9. The process of claim 2 wherein part of all of the acetonitrile recovered
      from said liquid reaction product is recycled to step (a).
NUM  10.
PAR  10. The process of claim 2 wherein part or all of the acetonitrile
      recovered from said exhaust gas is recycled to step (a).
NUM  11.
PAR  11. The process of claim 2 wherein part of said liquid reaction product
      mixture obtained by step (d) is used as the liquid reaction product
      mixture used in step (d) to achieve said chilling of said reaction product
      mixture.
NUM  12.
PAR  12. The process of claim 2 wherein said malonic acid dinitrile is isolated
      from said liquid reaction product mixture by means of distillation.
NUM  13.
PAR  13. The process of claim 3 wherein said distillation is reduced-pressure
      distillation.
NUM  14.
PAR  14. The process of claim 2 wherein said reaction admixture has a tarry time
      of 0.3 to 10 seconds.
NUM  15.
PAR  15. The process of claim 1 wherein said acetonitrile is quickly preheated
      to a temperature between 300.degree. and 700.degree.C.
NUM  16.
PAR  16. The process for the production of malonic acid dinitrile which consists
      of:
PA1  a. quickly preheating acetonitrile to a temperature between 110.degree. and
      700.degree.C. by passing said acetonitrile through a preheater at a
      velocity between 20 and 100 m/sec.;
PA1  b. reacting a reaction admixture of cyanogen chloride and said
      acetonitrile, both in the gaseous state, the molar ratio of said
      acetonitrile and said cyanogen chloride is between 1:1 and 6:1,
PA1  c. chilling the reaction product mixture of step (b) which is comprised of
      said gaseous malonic acid dinitrile, said gaseous cyanogen chloride, said
      gaseous acetonitrile and HCl, a reaction byproduct, with liquid mixture,
      which is comprised of malonic acid dinitrile, cyanogen chloride,
      acetonitrile and HCl, to a temperature between 40.degree.C. and the
      boiling point of said reaction product mixture, a liquid reaction product
      resulting;
PA1  d. simultaenously with step (c), refining the exhaust gas from said
      chilling of said reaction product mixture of step (c) whereby the cyanogen
      chloride and acetonitrile is separated from the HCl in the exhaust gas;
      and
PA1  e. isolating said malonic acid dinitrile from said liquid reaction product
      mixture and purifying said malonic acid dinitrile.
NUM  17.
PAR  17. The process of claim 16 wherein said acetonitrile is quickly preheated
      to a temperature between 200.degree. and 700.degree.C.
NUM  18.
PAR  18. The process of claim 17 wherein said acetonitrile is quickly preheated
      to a temperature between 600.degree. and 650.degree.C.
NUM  19.
PAR  19. The process of claim 18 wherein said acetonitrile is preheated by
      passing said acetonitrile through a preheater at a velocity between 50 and
      70 m/sec.
NUM  20.
PAR  20. The process of claim 18 wherein said refining of step (d) involves
      distilling said exhaust gas whereby said cyanogen chloride and said
      acetonitrile are separated from said HCl in said exhaust.
NUM  21.
PAR  21. The process of claim 18 wherein said chilling step is achieved at
      standard pressure.
NUM  22.
PAR  22. The process of claim 18 wherein said reaction product mixture is
      chilled in step (c) to a temperature between 55.degree. and 78.degree.C.
NUM  23.
PAR  23. The process of claim 18 wherein said reaction product mixture is
      chilled in step (c) to a temperature between 60.degree. and 70.degree.C.
NUM  24.
PAR  24. The process of claim 17 wherein part or all of the acetonitrile
      recovered from said liquid reaction product is recycled to step (a).
NUM  25.
PAR  25. The process of claim 17 wherein part or all of the acetonitrile
      recovered from said exhaust gas is recycled to step (a).
NUM  26.
PAR  26. The process of claim 17 wherein part of said liquid reaction product
      mixture obtained by step (d) is used as the liquid reaction product
      mixture used in step (d) to achieve said chilling of said reaction product
      mixture.
NUM  27.
PAR  27. The process of claim 17 wherein said malonic acid dinitrile is isolated
      from said liquid reaction product mixture by means of distillation.
NUM  28.
PAR  28. The process of claim 17 wherein said distillation is reduced-pressure
      distillation.
NUM  29.
PAR  29. The process of claim 17 wherein said reaction admixture has a tarry
      time of 0.3 to 10 seconds.
NUM  30.
PAR  30. The process of claim 17 wherein said acetonitrile is preheated to a
      temperature between 300.degree. and 700.degree.C.
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ABST
PAL  This invention is a group of 3- and 4-oxa PG type compounds, and processes
      for making them. These compounds are useful for a variety of
      pharmacological purposes, including anti-ulcer, inhibition of platelet
      aggregation, increase of nasal patency, labor inducement at term, and
      wound healing.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of my copending application Ser. No.
      332,067, filed Feb. 13, 1973, now abandoned, which was a
      continuation-in-part of my then copending application Ser. No. 47,169,
      filed June 17, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compositions of matter, and to methods and
      intermediates for producing them. In particular, the several aspects of
      this invention relate to novel analogs of some of the known
      prostaglandins, for example, prostaglandin E.sub.1 (PGE.sub.1),
      prostaglandin E.sub.2 (PGE.sub.2), prostaglandin F.sub.1
      (PGF.sub.1.sub..alpha. and PFG.sub.1.sub..beta.), prostaglandin F.sub.2
      (PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta.), prostaglandin A.sub.1
      (PGA.sub.1), prostaglandin A.sub.2 (PGA.sub.2), prostaglandin B.sub.1
      (PGB.sub.1), prostaglandin B.sub.2 (PGB.sub.2), the corresponding PG.sub.3
      's, and the dihydro PG.sub.1 derivatives, to novel methods for producing
      those novel prostaglandin analogs, and to novel chemical intermediates
      useful in those novel methods.
PAR  Each of the above-mentioned known prostaglandins is a derivative of
      prostanoic acid which has the following structure and atom numbering:
      ##SPC1##
PAL  A systematic name for prostanoic acid is
      7-[(2.beta.-octyl)cyclopent-1.alpha.-yl]heptanoic acid.
PAR  PGE.sub.1 has the following structure:
      ##SPC2##
PAR  PGF.sub.1.sub..alpha. has the following structure:
      ##SPC3##
PAR  PGF.sub.1.sub..beta. has the following structure:
      ##SPC4##
PAR  PGA.sub.1 has the following structure:
      ##SPC5##
PAR  PGB.sub.1 has the following structure:
      ##SPC6##
PAR  Each of the known prostaglandins PGE.sub.2, PGF.sub.2.sub..alpha.,
      PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-5 and C-6 are linked with a cis carbon-carbon double bond. For example,
      PGE.sub.2 has the following structure:
      ##SPC7##
PAR  Each of the known PG.sub.3 prostaglandins has a structure the same as that
      of the PG.sub.2 compounds except that in each, C- 17 and C- 18 are linked
      with a cis carbon-carbon double bond. For example, PGE.sub.3 has the
      following structure:
      ##SPC8##
PAR  Each dihydro derivative of PGE.sub.1, PGF.sub.1 .sub..alpha., PGF.sub.1
      .sub..beta., PGA.sub.1, and PGB.sub.1 has a structure the same as that
      shown for the corresponding PG.sub.1 compound except that in each, C- 13
      and C- 14 are linked with a carbon-carbon single bond. For example,
      dihydro-PGE.sub.1 has the following structure:
      ##SPC9##
PAR  The prostaglandin formulas mentioned above each have several centers of
      asymmetry. As drawn, formulas II to IX each represents the particular
      optically active form of the prostaglandin obtained from certain mammalian
      tissues, for example, sheep vesicular glands, swine lung, and human
      seminal plasma, or by reduction or dehydration of a prostaglandin so
      obtained. See, for example, Bergstrom et al., Pharmacol. Rev. 20, 1
      (1968), and references cited therein. The mirror image of each formula
      represents a molecule of the enantiomer of that prostaglandin. The racemic
      form of the prostaglandin consists of equal numbers of two types of
      molecules, one represented by one of the above formulas and the other
      represented by the mirror image of that formula. Thus, both formulas are
      needed to define a racemic prostaglandin. See Nature 212, 38 (1966) for
      discussion of the stereochemistry of the prostaglandins.
PAR  In formulas I-IX, as well as in the formulas given hereinafter, broken line
      attachments to the cyclopentane ring indicate substituents in alpha
      configuration, i.e., below the plane of the cyclopentane ring. Heavy solid
      line attachments to the cyclopentane ring indicate substituents in beta
      configuration, i.e., above the plane of the cyclopentane ring.
PAR  Prostaglandins with carboxyl-terminated side chains attached to the
      cyclopentane ring in beta configuration are also known. These are
      derivatives of 8-iso-prostanoic acid which has the following formula:
      ##SPC10##
PAL  A systematic name for 8-iso-prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.beta.-yl]heptanoic acid.
PAR  The side-chain hydroxy at C-15 in formulas II to IX is in alpha (S)
      configuration. See Nature 212, 38 (1966) for discussion of the
      stereochemistry of the prostaglandins.
PAR  PGE.sub.1, PGE.sub.2, dihydro-PGE.sub.1, and the corresponding
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds, and their esters,
      acylates, and pharmacologically acceptable salts, are extremely potent in
      causing various biological responses. For that reason, these compounds are
      useful for pharmacological purposes. See, for example, Bergstrom et al.,
      Pharmacol. Rev. 20, 1 (1968), and references cited therein. A few of those
      biological responses are systemic blood pressure lowering in the case of
      the PGE and PGA compounds as measured, for example, in anesthetized
      (pentobarbital sodium) pentolinium-treated rats with indwelling aortic and
      right heart cannulas; stimulation of smooth muscle as shown, for example,
      by tests on strips of guinea pig ileum, rabbit duodenum, or gerbil colon;
      potentiation of other smooth muscle stimulants; antilipolytic activity as
      shown by antagonism of epinephrine-induced mobilization of free fatty
      acids or inhibition of the spontaneous release of glycerol from isolated
      rat fat pads; inhibition of gastric secretion in the case of the PGE and
      PGA compounds as shown in dogs with secretion stimulated by food or
      histamine infusion; activity on the central nervous system; controlling
      spasm and facilitating breathing in asthmatic conditions; decreassng blood
      platelet adhesiveness as shown by platelet-to-glass adhesiveness, and
      inhibition of blood platelet aggregation and thrombus formation induced by
      various physical stimuli, e.g., arterial injury, and various biochemical
      stimuli, e.g., ADP, ATP, serotonin, thrombin, and collagen; and in the
      case of the PGE and PGB compounds, stimulation of epidermal proliferation
      and keratinization as shown when applied in culture to embryonic chick and
      rat skin segments.
PAR  Because of these biological responses, these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE compounds, are useful
      in mammals, including man, as nasal decongestants. For this purpose, the
      compounds are used in a dose range of about 10 .mu.g. to about 10 mg. per
      ml. of a pharmacologically suitable liquid vehicle or as an aerosol spray,
      both for topical application.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., and PGA compounds are useful in
      the treatment of asthma. For example, these compounds are useful as
      bronchodilators or as inhibitors of mediators, such as SRS-A, and
      histamine which are released from cells activated by an antigen-antibody
      complex. Thus, these compounds control spasm and facilitate breathing in
      conditions such as bronchial asthma, bronchitis, bronchiectasis, pneumonia
      and emphysema. For these purposes, these compounds are administered in a
      variety of dosage forms, e.g., orally in the form of tablets, capsules, or
      liquids; rectally in the form of suppositories; parenterally,
      subcutaneously, or intramuscularly, with intravenous administration being
      preferred in emergency situations; by inhalation in the form of aerosols
      or solutions for nebulizers; or by insufflation in the form of powder.
      Doses in the range of about 0.01 to 5 mg. per kg. of body weight are used
      1 to 4 times a day, the exact dose depending on the age, weight, and
      condition of the patient and on the frequency and route of administration.
      For the above use these prostaglandins can be combined advantageously with
      other anti-asthmatic agents, such as sympathomimetics (isoproterenol,
      phenylephrine, ephedrine, etc.); xanthine derivatives (theophylline and
      aminophylline); and corticosteroids (ACTH and predinisolone). Regarding
      use of these compounds see South African Pat. No. 681,055.
PAR  The PGE and PGA compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secretion, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of such ulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful whenever
      it is desired to inhibit platelet aggregation, to reduce the adhesive
      character of platelets, and to remove or prevent the formation of thrombi
      in mammals, including man, rabbits, and rats. For example, these compounds
      are useful in the treatment and prevention of myocardial infarcts, to
      treat and prevent post-operative thrombosis, to promote patency of
      vascular grafts following surgery, and to treat conditions such as
      atherosclerosis, arteriosclerosis, blood clotting defects due to lipemia,
      and other clinical conditions in which the underlying etiology is
      associated with lipid imbalance or hyperlipidemia. For these purposes,
      these compounds are administered systemically, e.g., intravenously,
      subcutaneously, intramuscularly, and in the form of sterile implants for
      prolonged action. For rapid response, especially in emergency situations,
      the intravenous route of administration is preferred. Doses in the range
      about 0.005 to about 20 mg. per kg. of body weight per day are used, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are especially
      useful as additives to blood, blood products, blood substitutes, and other
      fluids which are used in artificial extracorporeal circulation and
      perfusion of isolated body portions, e.g., limbs and organs, whether
      attached to the original body, detached and being preserved or prepared
      for transplant, or attached to a new body. During these circulations and
      perfusions, aggregated platelets tend to block the blood vessels and
      portions of the circulation apparatus. This blocking is avoided by the
      presence of these compounds. For this purpose, the compound is added
      gradually or in single or multiple portions to the circulating blood, to
      the blood of the donor animal, to the perfused body portion, attached or
      detached, to the recipient, or to two or all of those at a total steady
      state dose of about 0.001 to 10 mg. per liter of circulating fluid. It is
      especially useful to use these compounds in laboratory animals, e.g.,
      cats, dogs, rabbits, monkeys, and rats, for these purposes in order to
      develop new methods and techniques for organ and limb transplants.
PAR  PGE compounds are extremely potent in causing stimulation of smooth muscle,
      and are also highly active in potentiating other known smooth muscle
      stimulators, for example, oxytocic agents, e.g., oxytocin, and the various
      ergot alkaloids including derivatives and analogs thereof. Therefore,
      PGE.sub.2, for example, is useful in place of or in combination with less
      than usual amounts of these known smooth muscle stimulators, for example,
      to relieve the symptoms of paralytic ileus, or to control or prevent
      atonic uterine bleeding after abortion or delivery, to aid in expulsion of
      the placenta, and during the puerperium. For the latter purpose, the PGE
      compound is administered by intravenous infusion immediately after
      abortion or delivery at a dose in the range about 0.01 to about 50 .mu.g.
      per kg. of body weight per minute until the desired effect is obtained.
      Subsequent doses are given by intravenous, subcutaneous, or intramuscular
      injection or infusion during puerperium in the range 0.01 to 2 mg. per kg.
      of body weight per day, the exact dose depending on the age, weight, and
      condition of the patient or animal.
PAR  The PGE and PGA compounds are useful as hypotensive agents to reduce blood
      pressure in mammals, including man. For this purpose, the compounds are
      administered by intravenous infusion at the rate about 0.01 to about 50
      .mu.g. per kg. of body weight per minute or in single or multiple doses of
      about 25 to 500 .mu.g. per kg. of body weight total per day.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful in place
      of oxytocin to induce labor in pregnant female animals, including man,
      cows, sheep, and pigs, at or near term, or in pregnant animals with
      intrauterine death of the fetus from about 20 weeks to term. For this
      purpose, the compound is infused intravenously at a dose of 0.01 to 50
      .mu.g. per kg. of body weight per minute until or near the termination of
      the second stage of labor, i.e., expulsion of the fetus. These compounds
      are especially useful when the female is one or more weeks post-mature and
      natural labor has not started, or 12 to 60 hours after the membranes have
      ruptured and natural labor has not yet started. An alternative route of
      administration is oral.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful for
      controlling the reproductive cycle in ovulating female mammals, including
      humans and animals such as monkeys, rats, rabbits, dogs, cattle, and the
      like. By the term ovulating female mammals is meant animals which are
      mature enough to ovulate but not so old that regular ovulation has ceased.
      For that purpose, PGF.sub.2.sub..alpha., for example, is administered
      systemically at a dose level in the range 0.01 mg. to about 20 mg. per kg.
      of body weight of the female mammal, advantageously during a span of time
      starting approximately at the time of ovulation and ending approximately
      at the time of menses or just prior to menses. Intravaginal and
      intrauterine are alternative routes of administration. Additionally,
      expulsion of an embryo or a fetus is accomplished by similar
      administration of the compound during the first third of the normal
      mammalian gestation period.
PAR  The PGE and PGF compounds are useful in causing cervical dilation in
      pregnant and nonpregnant female mammals for purposes of gynecology and
      obstetrics. In labor induction and in clinical abortion produced by these
      compounds, cervical dilation is also observed. In cases of infertility,
      cervical dilation produced by PGE and PGF compounds is useful in assisting
      sperm movement to the uterus. Cervical dilation by prostaglandins is also
      useful in operative gynecology such as D and C (Cervical Dilation and
      Uterine Curettage) where mechanical dilation may cause perforation of the
      uterus, cervical tears, or infections. It is also useful in diagnostic
      procedures where dilation is necessary for tissue examination. For these
      purposes, the PGE and PGF compounds are administered locally or
      systemically. PGE.sub.2, for example, is administered orally or vaginally
      at doses of about 5 to 50 mg. per treatment of an adult female human, with
      from one to five treatments per 24 hour period. PGE.sub.2 is also
      administered intramuscularly or subcutaneously at doses of about one to 25
      mg. per treatment. The exact dosages for these purposes depend on the age,
      weight, and condition of the patient or animal.
PAR  As mentioned above, the PGE compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      this compound is useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The PGA compounds and derivatives and salts thereof increase the flow of
      blood in the mammalian kidney, thereby increasing volume and electrolyte
      content of the urine. For that reason, PGA compounds are useful in
      managing cases of renal disfunction, especially those involving blockage
      of the renal vascular bed. Illustratively, the PGA compounds are useful to
      alleviate and correct cases of edema resulting, for example, from massive
      surface burns, and in the management of shock. For these purposes, the PGA
      compounds are preferably first administered by intravenous injection at a
      dose in the range 10 to 1000 .mu.g. per kg. of body weight or by
      intravenous infusion at a dose in the range 0.1 to 20 .mu.g. per kg. of
      body weight per minute until the desired effect is obtained. Subsequent
      doses are given by intravenous, intramuscular, or subcutaneous injection
      or infusion in the range 0.05 to 2 mg. per kg. of body weight per day.
PAR  The PGE and PGB compounds promote and accelerate the growth of epidermal
      cells and keratin in animals, including humans, useful domestic animals,
      pets, zoological specimens, and laboratory animals. For that reason, these
      compounds are useful to promote and accelerate healing of skin which has
      been damaged, for example, by burns, wounds, and abrasions, and after
      surgery. These compounds are also useful to promote and accelerate
      adherence and growth of skin autografts, especially small, deep (Davis)
      grafts which are intended to cover skinless areas by subsequent outward
      growth rather than initially, and to retard rejection of homografts.
PAR  For these purposes, these compounds are preferably administered topically
      at or near the cite where cell growth and keratin formation is desired,
      advantageously as an aerosol liquid or micronized powder spray, as an
      isotonic aqueous solution in the case of wet dressings, or as a lotion,
      cream, or ointment in combination with the usual pharmaceutically
      acceptable diluents. In some instances, for example, when there is
      substantial fluid loss as in the case of extensive burns or skin loss due
      to other causes, systemic administration is advantageous, for example, by
      intravenous injection or infusion, separate or in combination with the
      usual infusions of blood, plasma, or substitutes thereof. Alternative
      routes of administration are subcutaneous or intramuscular near the site,
      oral, sublingual, buccal, rectal, or vaginal. The exact dose depends on
      such factors as the route of administration, and the age, weight, and
      condition of the subject. To illustrate, a wet dressing for topical
      application to second and/or third degree burns of skin area 5 to 25
      square centimeters would advantageously involve use of an isotonic aqueous
      solution containing 1 to 500 .mu.g./ml of the PGB compound or several
      times that concentration of the PGE compound. Especially for topical use,
      these prostaglandins are useful in combination with antibiotics, for
      example, gentamycin, neomycin, polymyxin B, bacitracin, spectinomycin, and
      oxytetracycline, with other antibacterials, for example, mafenide
      hydrochloride, sulfadiazine, furazolium chloride, and nitrofurazone, and
      with corticoid steroids, for example, hydrocortisone, prednisolone,
      methylprednisolone, and fluprednisolone, each of those being used in the
      combination at the usual concentration suitable for its use alone.
PAC  SUMMARY OF THE INVENTION
PAR  It is a purpose of this invention to provide novel 3-oxa and 4-oxa
      prostaglandin analogs, and processes for making them.
PAR  The novel prostaglandin analogs of this invention each have an oxygen
      (--O--) in place of the methylene (--CH.sub.2 --) moiety at the 3-position
      or at the 4-position of the prostanoic acid formula (l). For example,
      3-oxa--PGE.sub.1, one of the novel compounds of this invention, is
      represented by the formula:
      ##SPC11##
PAL  The novel compound, 4-oxa-PGE.sub.1 is represented by the formula:
      ##SPC12##
PAR  Some of the novel prostaglandin analogs of this invention have a smaller or
      greater number of carbon atoms than the formulas shown above, in either
      the carboxy-terminated side chain or the alkyl-terminated side chain.
PAR  For example, five of the novel prostaglandin analogs of this invention are
      represented by the formulas:
      ##SPC13##
PAL  Based on its relationship to PGE.sub.1 and prostanoic acid, the compound of
      formula XIII is named 3-oxa-4-nor-PGE.sub.1 ; the compound of formula XIV
      is named 4-oxa-4a,4b-dihomo-13,14-dihydro-15-beta-PGF.sub.1.sub..alpha. ;
      the compound of formula XV is named 3-oxa-19,20-dinor-PGA.sub.2 ; the
      compound of formula XVI is named 3-oxa-5,6-dehydro-20-methyl-PGB.sub.2 ;
      and the compound of formula XVII is named
      3-oxa-4a-homo-PGF.sub.3.sub..beta..
PAR  These names for the compounds of formulas XIII to XVII are typical of the
      names used hereinafter for the novel compounds of this invention. These
      names can better be understood by reference to the structure and numbering
      system of prostanoic acid (Formula I, above). That formula has seven
      carbon atoms in the carboxy-terminated chain and eight carbon atoms in the
      hydroxy-containing chain. In these names, "3-oxa" and "4-oxa" indicate an
      oxa oxygen (--O--) in place of the 3-methylene and 4-methylene,
      respectively of the PG compound.
PAR  The use of "nor" or "dinor" in the names for the novel compounds of this
      invention indicates the absence of one or two of the chain carbon atoms
      and the attached hydrogen atoms. The number or numbers in front of nor, or
      dinor indicate which of the original prostanoic acid carbon atoms are
      missing in the named compound.
PAR  The use of "homo" or "dihomo" as in the names of the formula-XIV and -XVII
      examples indicate one or two additional carbon atoms in the
      carboxy-terminated side chain. In the name of the formula-XIV example
      "4a,4b-dihomo" indicates two additional carbon atoms specifically between
      the oxygen atom at "4" and the C-5 carbon atom. There are, therefore,
      eight carbon atoms and one oxygen atom in that side chain instead of the
      six carbon atoms and one oxygen atom of the normal 3-oxa structure of this
      invention.
PAR  In the name of the formula-XVI example, "20-methyl" indicates that a methyl
      group replaces a hydrogen on C-20. The methyl-terminated chain of that
      example therefore has nine carbon atoms.
PAR  Where there is branching or fluoro substitution in the side chains, the
      points of attachment to the side chains are indicated in the conventional
      manner, following the atomic numbering of the prostanoic acid skeleton
      (1).
PAR  Novel compounds of this invention with epi configuration for the hydroxy at
      C-15 are so designated by using "15-beta" in the name. An example is the
      name given above for the compound of formula XIV. If 15-beta does not
      appear in the name, the natural configuration for the C-15 hydroxy,
      identified as the "S" configuration for PGE.sub.1, is to be assumed.
PAR  The following formulas represent the novel 3-oxa and 4-oxa compounds of
      this invention in the same optically active form as the naturally
      occurring prostaglandins.
      ##SPC14##
PAL  Formulas XVIII to XXVII represent 3-oxa and 4-oxa compounds of the PGE
      type. Formulas XXVIII to XXXVII represent 3-oxa and 4-oxa compounds of the
      PGF type. Formulas XXXVIII to XLVII represent 3-oxa and 4-oxa compounds of
      the PGA type. Formulas XLVIII to LVII represent 3-oxa and 4-oxa compounds
      of the PGB type.
PAR  In formulas XVIII to LVII, R.sub.1 is hydrogen, alkyl of one to 12 carbon
      atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl
      of 7 to 12 carbon atoms, inclusive, phenyl, phenyl substituted with one to
      3 chloro or alkyl of one to 4 carbon atoms, inclusive, or ethyl
      substituted in the .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2,
      or 3 iodo. R.sub.2 is alkyl of one to 10 carbon atoms, inclusive,
      substituted with zero to 3 fluoro. Q is
      ##EQU1##
      or
      ##EQU2##
      wherein R.sub.3 is hydrogen or alkyl of one to 4 carbon atoms, inclusive.
      R.sub.9 is alkyl of one to 4 carbon atoms, inclusive, substituted with
      zero, one, 2, or 3 fluoro. R.sub.5, R.sub.6, R.sub.7, and R.sub.8 are
      hydrogen or alkyl of one to 4 carbon atoms, inclusive. The divalent moiety
      --C.sub.n H.sub.2n -- represents alkylene of one to 10 carbon atoms,
      inclusive, with one to 5 carbon atoms, inclusive, between --CH.sub.2 --
      and --O--. The divalent moiety --C.sub.m H.sub.2m -- represents alkylene
      of one to 9 carbon atoms, inclusive, with one to 4 carbon atoms,
      inclusive, between --CH.sub.2 -- and --O--. The divalent moiety --C.sub.p
      H.sub.2p -- represents alkylene of one to 8 carbon atoms, inclusive, with
      one, 2, or 3 carbon atoms between --CH=CH-- or --C.tbd.C-- and --O--. The
      divalent moiety --C.sub.q H.sub.2q -- represents alkylene of one to 7
      carbon atoms, inclusive, with one or 2 carbon atoms between --CH=CH-- or
      --C.tbd.C-- and --O--. The divalent moiety --C.sub.j H.sub.2j --
      represents alkylene of one to 4  carbon atoms, inclusive. The wavy line
      .about. indicates attachment of the hydroxyl group to the ring in alpha or
      beta configuration.
PAR  Formulas XVIII through LVII include the separate isomers wherein Q is
      either
      ##EQU3##
      or
      ##EQU4##
      i.e. where the hydroxyl is in either alpha (natural) or beta
      configuration. Referring to the prostanoic acid atom numbering (formula I
      above), the point of attachment corresponds to C-15, and, herein,
      regardless of the variation in the C-1 to C-7 carboxy chain, these epimers
      are referred to as "C-15 epimers".
PAR  Formulas XXVIII through XXXVII wherein the C-9 hydroxyl (following
      prostanoic acid atom numbering) is attached to the cyclopentane with a
      wavy line .about. include both PGF.sub..alpha.- and PGF.sub..beta.-type
      compounds.
PAR  Included in formulas XX, XXI, XXX, XXXI, XL, XLI, L, and LI are both the
      cis and the trans compounds with respect to the C-5 to C-6 double bond in
      the carboxyl-terminated side chain. In all of the compounds containing the
      C.sub.13 -to-C.sub.14 double bond, that double bond is in trans
      configuration, and the chain containing that moiety is attached to the
      cyclopentane ring in beta configuration in compounds encompassed by
      formulas XVIII to XLVII.
PAR  The novel 3-oxa and 4-oxa compounds of this invention include racemic
      compounds and both optically active enantiomeric forms thereof. As
      discussed hereinabove, two structural formulas are required to define
      accurately these racemic compounds. The formulas as drawn herein are
      intended to represent compounds with the same configuration as the
      naturally-occurring prostaglandins. However, for convenience in the charts
      herein only a single structural formula is used, for example in Chart E,
      to define not only the optically active form but also the racemic
      compounds which generally undergo the same reactions.
PAR  Formula XVIII represents 3-oxa-PGE.sub.1 (formula XI hereinabove) when
      C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --, Q is
      ##EQU5##
      R.sub.1, R.sub.5, and R.sub.6 are hydrogen, and R.sub.2 is n-pentyl.
PAR  With regard to formulas XVIII to LVII, examples of alkyl of one to 4 carbon
      atoms, inclusive, are methyl, ethyl, propyl, butyl, and isomeric forms
      thereof. Examples of alkyl of one to 8 carbon atoms, inclusive, are those
      given above, and pentyl, hexyl, heptyl, octyl, and isomeric forms thereof.
      Examples of alkyl of one to 12 carbon atoms, inclusive, are those given
      above, and nonyl, decyl, undecyl, dodecyl, and isomeric forms thereof.
      Examples of cycloalkyl of 3 to 10 carbon atoms, inclusive, which includes
      alkyl-substituted cycloalkyl, are cyclopropyl, 2-methylcyclopropyl,
      2,2-dimethylcyclopropyl, 2,3-diethylcyclopropyl, 2-butylcyclopropyl,
      cyclobutyl, 2-methylcyclobutyl, 3-propylcyclobutyl,
      2,3,4-triethylcyclobutyl, cyclopentyl, 2,2-dimethylcyclopentyl,
      3-pentylcyclopentyl, 3-tert-butylcyclopentyl, cyclohexyl,
      4-tert-butylcyclohexyl, 3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl,
      cycloheptyl, cyclooctyl, cyclononyl, and cyclodecyl. Examples of aralkyl
      of 7 to 12 carbon atoms, inclusive, are benzyl, phenethyl, 1-phenylethyl,
      2-phenylpropyl, 4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-napthylmethyl). Examples of phenyl substituted by one to 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, are p-chlorophenyl,
      m-chlorophenyl, o-chlorophenyl, 2,4-dichlorophenyl, 2,4,6-trichlorophenyl,
      p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl, p-tert-butylphenyl,
      2,5-dimethylphenyl, 4-chloro-2-methylphenyl, and
      2,4,-dichloro-3-methylphenyl.
PAR  Examples of alkyl or one to 10 carbon atoms, inclusive, substituted with
      one to 3 fluoro, are fluoromethyl, 2-fluoroethyl, 2-fluorobutyl,
      3-fluorobutyl, 4-fluorobutyl, 5-fluoropentyl, 4-fluoro-4-methylpentyl,
      3-fluoroisoheptyl, 8-fluorooctyl, 3,4-difluorobutyl, 4,4-difluoropentyl,
      5,5-difluoropentyl, 5,5,5-trifluoropentyl, and 10,10,10-trifluorodecyl.
PAR  Examples of alkylene within the various scopes of C.sub.j H.sub.2j, C.sub.m
      H.sub.2m, CnH.sub.2n, C.sub.p H.sub.2p, and C.sub.q H.sub.2q, as those are
      defined above, are methylene, ethylene, trimethylene, tetramethylene,
      pentamethylene, and those alkylene with one or more alkyl substituents on
      one or more carbon atoms thereof, e.g., --CH(CH.sub.3)--,
      --C(CH.sub.3).sub.2 --, --CH(CH.sub.2 CH.sub.3)--, --CH.sub.2
      --CH(CH.sub.3)--, --CH(CH.sub.3)--CH(CH.sub.3)--, --CH.sub.2
      --C(CH.sub.3).sub.2 --, --CH.sub.2 --CH(CH.sub.3)--CH.sub.2 --, --CH.sub.2
      --CH.sub.2 --CH(CH.sub.2 CH.sub.2 CH.sub.3)--,
      --CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2 --CH.sub.2 --, --CH.sub.2
      --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 --, and --CH.sub.2
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH(CH.sub.3)--.
PAR  The novel formula XVIII-XXVII PGE-type 3-oxa and 4-oxa compounds, the novel
      formula XXVIII-XXXVII PGF.sub..alpha.-type and PGF.sub..beta.-type 3-oxa
      and 4-oxa compounds, the novel formula XXXVIII-XLVII PGA-type 3-oxa and
      4-oxa compounds, and the novel formula XLVIII-LVII PGB-type 3-oxa and
      4-oxa compounds, and their racemic forms, each cause the biological
      responses described above for the PGE, PGF.sub..alpha., PGF.sub..beta.,
      PGA, and PGB compounds, respectively, and each of these novel compounds is
      accordingly useful for the above-described corresponding purposes, and is
      used for those purposes in the same manner as described above.
PAR  The known PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds
      uniformly cause multiple biological responses even at low doses. For
      example, PGE.sub.1 and PGE.sub.2 both cause vasodepression and smooth
      muscle stimulation at the same time they exert antilipolytic activity.
      Moreover, for many applications, these known prostaglandins have an
      inconveniently short duration of biological activity. In striking
      contrast, the novel formula XVIII-to-LVII analogs and their racemic forms
      are substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have a substantially longer
      duration of biologicial activity. Therefore, each of these novel
      prostaglandin analogs is useful in place of one of the corresponding
      above-mentioned known prostaglandins for at least one of the
      pharmacological purposes indicated above for the latter, and is
      surprisingly and unexpectedly more useful for that purpose because it has
      a different and narrower spectrum of biological activity than the known
      prostaglandin, and therefore is more specific in its activity and causes
      smaller and fewer undesired side effects than the known prostaglandin.
      Moreover, because of its prolonged activity, fewer and smaller doses of
      the novel prostaglandin analog can frequently be used to attain the
      desired result.
PAR  To obtain the optimum combination of biological potency specificity and
      duration of activity, certain compounds within the scope of formulas XVIII
      to LVII are preferred. For example, it is preferred that the
      carboxyterminated chain in each formula contain a chain of six atoms
      between the carboxyl and the cyclopentane ring. One of those six atoms
      will be the oxa atom and the other five will be carbon atoms. Accordingly
      and with reference to formulas XVIII to LVII, it is preferred that
      --C.sub.n H.sub.2n -- represent a 3-carbon divalent chain, that --C.sub.m
      H.sub.2m -- represent a 2-carbon divalent chain, and that --C.sub.p
      H.sub.2p -- represent a divalent carbon atom. These preferences do not
      exclude additional carbon atoms (alkyl groups) as branching.
PAR  A seven-atom carboxy terminated chain is not included in the compounds of
      formulas XXI, XXIII, XXVII, XXXI, XXXIII, XXXVII, XLI, XLIII, XLVII, LI,
      LIII, and LVII, i.e., formulas wherein the carboxy-terminated side chain
      is 4-oxa and contains a carbon-carbon double or triple bond. In each of
      those compounds, the q of --C.sub.q H.sub.2q is at least one, and at least
      seven atoms, one oxygen (oxa) and six carbons, are present between the
      carboxyl and the cyclopentane ring. In these compounds, the preference is
      for that minimum chain, i.e., q is one.
PAR  Another preference for the compounds of formulas XVIII to LVII is that
      R.sub.3, R.sub.5, Rr.sub.6, R.sub.7, and R.sub.8 be hydrogen or methyl.
      All of those R groups can be hydrogen, all can be methyl, or there can be
      any of the possible combinations of hydrogen and methyl. It is especially
      preferred for prolonged duration of biological acitivity that both R.sub.5
      and R.sub.6 be methyl, and/or that R.sub.3 be methyl.
PAR  Certain variations in the nature of R.sub.2 in formulas XVIII-XXV,
      XXVIII-XXXV, XXXVIII-XLV, and XLVIII-LV are especially important. In the
      known prostaglandins, e.g., PGE.sub.1 the portion of the molecule
      corresponding to R.sub.2 in the abovementioned formulas is pentyl. It is
      preferred that R.sub.2 be pentyl in formulas XVIII-XXV, XXVIII-XXXV,
      XXXVII-XLV, and XLVIII-LV. It is also preferred that R.sub.2 be straight
      chain alkyl of 3 to 7 carbon atoms, inclusive, with or without a fluoro
      substituent at the 1-position, e.g., --CHF--(CH.sub.2).sub.g --CH.sub.3
      wherein g is 1 to 5. Alternately, R.sub.2 is represented by
      --CH--(CH.sub.2)g-CH.sub. 3
PAL  wherein R.sub.4 is hydrogen or fluoro and g is 1, 2, 3, 4, or 5. Pentyl and
      1-fluoropentyl are, of course, included in this preference.
PAR  In compounds of formulas XXVI, XXVII, XXXVI, XXXVII, XLVI, XLVII, LVI, and
      LVII, it is preferred that C.sub.j H.sub.2j be methylene and that R.sub.9
      be ethyl.
PAR  Another advantage of the novel compounds of this invention, especially the
      preferred compounds defined hereinabove, compared with the known
      prostaglandins, is that these novel compounds are administered effectively
      orally, sublingually, intravaginally, buccally, or rectally, in addition
      to usual intravenous, intramuscular, or subcutaneous injection or infusion
      methods indicated above for the uses of the known prostaglandins. These
      quantities are advantageous because they facilitate maintaining uniform
      levels of these compounds in the body with fewer, shorter, or smaller
      doses, and make possible self-administration by the patient.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type 3-oxa and 4-oxa
      compounds encompassed by formulas XVIII to LVII including the special
      classes of compounds described above, are used for the purposes described
      above in the free acid form, in ester form, or in pharmacologically
      acceptable salt form. When the ester form is used the ester is any of
      those within the above definition of R.sub.1. However, it is preferred
      that the ester be alkyl of one to 12 carbon atoms, inclusive. Of those
      alkyl, methyl and ethyl are especially preferred for optimum absorption of
      the compound by the body or experimental animal system; and straight-chain
      octyl, nonyl, decyl, undecyl, and dodecyl are especially preferred for
      prolonged activity in the body or experimental animal.
PAR  Pharmacologically acceptable salts of these formula XVIII-to-LVII compounds
      useful for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc, and iron, are within the scope of this
      invention.
PAR  Pharmacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      ,triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, crotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      N-butylethanolamine, 2-amino-1butanol, 2-amino-2-ethyl-1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris-(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)-di-ethanolamine, galactamine,
      N-methylglucamine, N-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium tetraethylammonium
      benzyltrimethylammonium, phenyltriethylammonium, and the like. 3.
PAR  The 3-oxa and 4-oxa PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type
      compounds encompassed by formulas XVIII to LVII including the special
      classes of compounds described above, are also used for the purposes
      described above in free hydroxy form or in the form wherein the hydroxy
      moieties are transformed to lower alkanoate moieties, e.g., --OH to
      --OCOCH.sub.3. Examples of lower alkanoate moieties are acetoxy,
      propionyloxy, butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy,
      octanoyloxy, and branched chain alkanoyloxy isomers of those moieties.
      Especially preferred among these alkanoates for the above described
      purposes are the acetoxy compounds. These free hydroxy and alkanoyloxy
      compounds are used as free acids, as esters, and in salt form all as
      described above.
PAR  As discussed above, the compounds of formulas XVIII to LVII are
      administered in various ways for various purposes; e.g., intravenously,
      intramuscularly, subcutaneously, orally, intravaginally, rectally,
      buccally, sublingually, topically, and in the form of sterile implants for
      prolonged action. For intravenous injection or infusion, sterile aqueous
      isotonic solutions are preferred. For that purpose, it is preferred
      because of increased water solubility that R.sub.2 in the formula
      XVIII-to-LVII compound be hydrogen or a pharmacologically acceptable
      cation. For subcutaneous or intramuscular injection, sterile solutions or
      suspensions of the acid, salt, or ester form in aqueous or non-aqueous
      media are used. Tablets, capsules, and liquid preparations such as syrups,
      elixirs, and simple solutions, with the usual pharmaceutical carriers are
      used for oral sublingual administration. For rectal or vaginal
      administration, suppositories prepared as known in the art are used. For
      tissue implants, a sterile tablet or silicone rubber capsule or other
      object containing or impregnated with the substance is used.
PAR  The 3-oxa and 4-oxa PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type
      compounds encompassed by formulas XVIII to LVII are produced by the
      reactions and procedures described and exemplified hereinafter.
PAR  The various 3-oxa and 4-oxa PGF.sub..alpha.-type and PGF.sub..beta.-type
      compounds encompassed by formulas XXVIII-XXXVII are prepared by carbonyl
      reducton of the corresponding PGE type compounds encompassed by formulas
      XVIII-XXVII. For example, carbonyl reducton of 3-oxa PGE.sub.1 gives a
      mixture of 3-oxa PGF.sub.1.sub..alpha. and 3-oxa PGF.sub.1.sub..beta..
PAR  These ring carbonyl reductions are carried out by methods known in the art
      for ring carbonyl reductions of known prostanoic acid derivatives. See,
      for example, Bergstrom et al., Arkiv Keml 19, 563 (1963), Acta Chem.
      Scand. 16, 969 (1962), and British Specification No. 1,097,533. Any
      reducing agent is used which does not react with carbon-carbon double
      bonds or ester groups. Preferred reagents are
      lithium(tri-tert-butoxy)aluminum hydride, the metal borohydrides,
      especially sodium, potassium and zinc borohydrides, and metal trialkoxy
      borohydrides, e.g., sodium trimethoxyborohydride. The mixtures of alpha
      and beta hydroxy reduction products are separated into the individual
      alpha and beta isomers by methods known in the art for the separation of
      analogous pairs of known isomeric prostanoic acid derivatives. See, for
      example, Bergstrom et al., cited above, Granstrom et al., J. Biol. Chem.
      240, 457 (1965), and Green et al., J. Lipid Research 5, 117 (1964).
      Expecially preferred as separation methods are partition chromatographic
      procedures, both normal and reversed phase, preparative thin layer
      chromatography, countercurrent distribution procedures, and column
      chromatography.
PAR  The various 3-oxa and 4-oxa PGA-type compounds encompassed by formulas
      XXXVIII-XLVII are prepared by acidic dehydration of the corresponding PGE
      type compounds encompassed by formulas XVIII-XXVII. For example, acidic
      dehydration of 3-oxa PGE.sub.1 gives 3-oxa PGA.sub.1.
PAR  These acidic dehydrations are carried out by methods known in the art for
      acidic dehydrations of known prostanoic acid derivatives. See, for
      example, Pike et al., Proc. Nobel Symposium II, Stockholm (1966),
      Interscience Publishers, New York, pp. 162-163 (1967); and British
      Specification No. 1,097,533. Alkanoic acids of 2 to 6 carbon atoms,
      inclusive, especially acetic acid, are preferred acids for this acidic
      dehydration. Dilute aqueous solutions of mineral acids, e.g., hydrochloric
      acid, especially in the presence of a solubilizing diluent, e.g.,
      tetrahydrofuran, are also useful as reagents for this acidic dehydration,
      although these reagents may cause partial hydrolysis of an ester reactant.
PAR  The various 3-oxa and 4-oxa PGB-type compounds encompassed by formulas
      XLVII-LVII are prepared by basic dehydration of the corresponding PGE type
      compounds encompassed by formulas XVIII-XXVII, or by contacting the
      corresponding PGA compounds encompassed by formulas XXXVIII-XLVII with
      base. For example, both 3-oxa PGE.sub.1 and 3-oxa PGA.sub.1 give 3-oxa
      PGB.sub.1 on treatment with base.
PAR  These basic dehydrations and double bond migrations are carried out by
      methods known in the art for similar reactions of known prostanoic acid
      derivatives. See, for example, Bergstrom et al., J. Biol. Chem. 238,3555
      (1963). The base is any whose aqueous solution has pH greater than 10.
      Preferred bases are the alkali metal hydroxides. A mixture of water and
      sufficient of a water-miscible alkanol to give a homogenous reaction
      mixture is suitable as a reaction medium. The PGE-type or PGA-type
      compound is maintained in such a reaction medium until no further PGB-type
      compound is formed, as shown by the characteristic ultraviolet light
      absorption near 278 nm for the PGB type compound.
PAR  The various transformations of 3-oxa and 4-oxa PGE type compounds of
      formulas XVIII to XXV to the corresponding 3-oxa and 4-oxa
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type compounds are shown in
      Chart A, wherein Q, R.sub.1, R.sub.2, and .about. are as defined above,
      and wherein A is --CH.sub.2 --CH.sub.2 -- or trans--CH=CH--, Q is
      ##SPC15##
      ##EQU6##
      or
      ##EQU7##
      and V is --C.sub.n H.sub.2n --O--CR.sub.5 R.sub.6 --, --C.sub.m H.sub.2m
      --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --, --CH=CH--C.sub.p H.sub.2p
      --O--CR.sub.5 R.sub.6 -- (cis or trans), --CH=CH--C.sub.q H.sub.2q
      --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 -- (cis or trans),
      --C.tbd.C--C.sub.p H.sub.2p --O--CR.sub.5 R.sub.6 --, or
      --C.tbd.C--C.sub.q H.sub.2q --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --,
      wherein R.sub.5, R.sub.6, R.sub.7, R.sub.8, C.sub.n H.sub.2n, C.sub.m
      H.sub.2m, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as defined above,
      with the proviso that V is --C.sub.n H.sub.2n --O--CR.sub.5 R.sub.6 -- or
      --C.sub.m H.sub.2m --O--Cr.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --when A is
      --CH.sub.2 --CH.sub.2 --. The 3-oxa and 4-oxa PGE.sub.3 type compounds of
      formulas XXVI and XXVII are transformed to the corresponding 3-oxa and
      4-oxa PGF.sub.3.sub..alpha., PGF.sub.3.sub..beta., PGA.sub.3, and
      PGB.sub.3 compounds by analogous reactions.
PAR  The various 3-oxa and 4-oxa dihydro-PGE.sub.1,
      dihydro-PGF.sub.1.sub..alpha., dihydro-PGF.sub.1.sub..beta.,
      dihydro-PGA.sub.1, and dihydro-PGB.sub.1 type compounds encompassed by
      formulas XXIV, XXV, XXXIV, XXXV, XLIV, XLV, LIV, and LV are prepared by
      carbon-carbon double bond reduction of the corresponding PGE,
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type compound containing a
      trans double bond in the hydroxycontaining side chain. A cis or trans
      double bond or an acetylenic bond can also be present in the
      carboxyterminated side chain of the unsaturated reactant, and will be
      reduced at the same time to --CH.sub.2 CH.sub.2 --. For example,
      dihydro-3-oxa-PGE.sub.1 is produced by reduction of 3-oxa-PGE.sub.1,
      3-oxa-PGE.sub.2, or 5,6-dehydro-3-oxa-PGE.sub.2.
PAR  These reductions are carried out by reacting the unsaturated PGE,
      PGF.sub..alpha., PGF.sub..beta., PGA, or PGB type compound with diimide,
      following the general procedure described by van Tamelen et al., J. Am.
      Chem. Soc., 83, 3726 (1961). See also Fieser et al., "Topics in Organic
      Chemistry," Reinhold Publishing Corp., New York, pp. 432-434 (1963) and
      references cited therein. The unsaturated acid or ester reactant is mixed
      with a salt of azodiformic acid, preferably an alkali metal salt such as
      the disodium or dipotassium salt, in the presence of an inert diluent,
      preferably a lower alkanol such as methanol or ethanol, and preferably in
      the absence of substantial amounts of water. At least one molecular
      equivalent of the azodiformic acid salt is used for each multiple bond
      equivalent of the unsaturated reactant. The resulting suspension is then
      stirred, preferably with exclusion of oxygen, and the mixture is made
      acid, advantageously with a carboxylic acid such as acetic acid. When a
      reactant wherein R.sub.1 is hydrogen is used, that carboxylic acid
      reactant also serves to acifify an equivalent amount of the azodiformic
      acid salt. A reaction temperature in the range about 10.degree. to about
      40.degree. C. is usually suitable. Within that temperature range, the
      reaction is usually complete within less than 24 hours. The desired
      dihydro product is then isolated by conventional methods, for example,
      evaporation of the diluent, followed by separation from inorganic
      materials by solvent extraction.
PAR  In the case of the 3-oxa and 4-oxa unsaturated PGE, PGF.sub..alpha., and
      PGF.sub..beta. type reactants, the reductions to the corresponding 3-oxa
      and 4-oxa dihydro-PGE.sub.1, dihydro-PFG.sub.1.sub..alpha., and
      dihydro-PGF.sub.1.sub..beta. compounds are also carried out by catalytic
      hydrogenation. For that purpose, palladium catalysts, expecially on a
      carbon carrier, are preferred. It is also preferred that the hydrogenation
      be carried out in the presence of an inert liquid diluent, for example,
      methanol, ethanol, dioxane, ethyl acetate, and the like. Hydrogenation
      pressures ranging from about atmospheric to about 50 p.s.i., and
      hydrogenation temperatures ranging from about 0.degree. to about
      100.degree. C. are preferred. The resulting dihydro product is isolated
      from the hydrogenation reaction mixture by conventional methods, for
      example, removal of the catalyst by filtration or centrifugation, followed
      by evaporation of the solvent.
PAR  Diimide reductions and catalystic hydrogenations to produce the various
      novel 3-oxa and 4-oxa dihydro compounds of this invention from the
      corresponding 3 -oxa and 4-oxa PGE.sub.1, PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGA.sub.1, and PGB.sub.1 type compounds are shown in
      Chart B, wherein Q, R.sub.1, R.sub.2, and .about. are as defined above,
      and W is --C.sub.n H.sub.1n --O--CR.sub.5 R.sub.6 -- or --C.sub.m H.sub.2m
      --O--CR.sub.5 R.sub.6 --CRR.sub.7 R.sub.8 --, wherein C.sub.n H.sub.2n,
      C.sub.m H.sub.2m, R.sub.5, R.sub.6, R.sub.7, and R.sub.8 are as defined
      above.
PAC  CHART B
      ##SPC16##
PAR  These diimide reductions and catalytic hydrogenations to produce the same
      novel 3-oxa and 4-oxa dihydro compounds of this invention from the
      corresponding 3-oxa and 4-oxa PGE.sub.2, PGF.sub.2.sub..alpha.,
      PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 type compounds and also
      from the corresponding compounds with a trans-ethylenic or an acetylenic
      linkage in place of the cis-ethylenic linkage in the carboxyl-terminated
      side chain, are shown in Chart C, wherein Q, R.sub.1, R.sub.2, and .about.
      are as defined above, U is cis-CH=CH--, trans--CH=CH--, or --C.tbd.C--,
      and Y is --C.sub.p H.sub.2p --O--CR.sub.5 R.sub.6 --or --C.sub.q H.sub.2q
      --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --, wherein p, q, R.sub.5,
      R.sub.6, R.sub.7, and R.sub.8 are as defined above.
PAR  The 3-oxa and 4-oxa compounds of the PGE.sub.2, PGF.sub.2.sub..alpha.,
      PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 type wherein the
      carbon-carbon double bond in the carboxy-terminated side chain is in cis
      configuration are prepared by reduction of the corresponding acetylenic
      3-oxa and 4-oxa compounds, i.e., those with a carbon-carbon triple bond in
      place of said carbon-carbon double bond. For that purpose, there are used
      any of the known reducing agents which reduce an acetylenic linkage to a
      cis-ethylenic linkage. Especially preferred for that purpose are diimide
      or hydrogen anb a catalyst, for example, pallaldium (5%) on barium
      sulfate, especially in the presence of pyridine. See Fieser et al.,
      "Reagents for Organic Synthesis," pp. 566-567, John Wiley & Sons, Inc.,
      New York, N.Y. (1967). These reductions are shown in Chart C, wherein Q,
      R.sub.1, R.sub.2, and .about. are as defined above, and Y is --C.sub.p
      H.sub.2p --O--CR.sub.5 R.sub.6 -- or --C.sub.q H.sub.2q --O--CR.sub.5
      R.sub.6 --CR.sub.& R.sub.8 --. These 3-oxa and 4-oxa cis compounds of the
      PGE.sub.2, PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., PGA.sub.2, and
      PGB.sub.2 type are also prepared as described hereinafter.
PAC  CHART C
      ##SPC17##
PAC  CHART D
      ##SPC18##
PAR  The 3-oxa and 4-oxa PGE type compounds of formulas XVIII to XXIII except
      wherein R.sub.1 is hydrogen, and the 3-oxa and 4-oxa PGA type compounds of
      formulas XXXVIII to XLIII except wherein R.sub.1 is hydrogen are prepared
      by the series of reactions shown in Chart E, wherein Q, R.sub.2, and V are
      as defined above, R.sub.11 and R.sub.12 are alkyl of one to 4 carbon
      atoms, inclusive, R.sub.10 is the same as the above definition of R.sub.1
      except that R.sub.10 does not include hydrogen, R.sub.13 is alkyl of one
      to 5 carbon atoms, inclusive, and .about. indicates exo or endo
      configuration with respect to the moiety attached to the cyclopropane
      ring.
PAR  The 3-oxa and 4-oxa PGE.sub.1 type compounds of formulas XVIII and XIX, the
      3-oxa and 4-oxa, 5,6-dehydro-PGE.sub.2 type compounds of formulas XXII and
      XXIII, the 3-oxa and 4-oxa PGA.sub.1 type compounds of formulas XXXVIII
      and XXXIX, and the 3-oxa and 4-oxa 5,6-dehydro-PGA.sub.2 type compounds of
      formulas XLII and XLIII are also prepared by the series of reaction shown
      in Chart F, where in Q, R.sub.2, R.sub.9, R.sub.10, annd R.sub.13, are as
      defined above, Z is --C.sub.n H.sub.2n --O--CR.sub.5 R.sub.6 --, --C.sub.m
      H.sub.2m --O CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --, --C.tbd.C-C.sub.p
      H.sub.2p --O--CR.sub.5 R.sub.6 --, or --C.tbd.C-C.sub.q H.sub.2q
      --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --, and .about. indicates exo or
      endo configuration with respect to the moiety attached to the cyclopropane
      ring.
PAR  It should be observed regarding the series of reactions shown in Charts E
      and F, that the reactions starting with glycol LX in Chart E are similar
      to the reactions starting with glycol LXVII in Chart F. The only
      differences here are the definitions of the divalent moieties V (Chart E)
      and Z (Chart F). V includes saturated, cis and trans ethylenic, and
      acetylenic divalent moieties. Z is limited to the saturated and acetylenic
      divalent moleties encompassed by V.
PAC  CHART E
      ##SPC19##
PAC  CHART F
      ##SPC20##
PAL  In other words, final 3-oxa and 4-oxa PGE type compounds of formula LXII
      (Chart E) encompass compounds of formulas XVIII to XXIII. Final 3-oxa and
      4-oxa PGA type compounds of formula LXIII (Chart E) encompass compounds of
      formulas XXXVIII to XLIII. On the other hand, final 3-oxa and 4-oxa PGE
      type compounds of formula LXIX (Chart F) encompass only compounds of
      formulas XVIII, XIX, XXII, and XXIII, and final 3-oxa and 4-oxa PGA type
      compounds of formula LXX (Chart F) encompass only compounds of formulas
      XXXVIII, XXXIX, XLII, and XLIII.
PAR  As will subsequently appear, an acetylenic intermediate of formula LIX,
      formula LX, or formula LXVII is transformed by reduction to the
      corresponding cis or trans ethylenic intermediates of formulas LIX or LX,
      and an acetylenic intermediate of formulas LIX, LX, or LXVIII, or a cis or
      trans ethylenic intermediate of formulas LIX or LX is transformed by
      reduction to the corresponding saturated intermediate of formulas LIX, LX,
      or LXVII.
PAR  The initial bicyclo-ketone reactant of formula LXV in Chart F is also used
      as an initial reactant to produce the initial bicyclo-ketone cyclic ketal
      reactant of formula LVIII in Chart E. The reactions of the Chart G will
      produce cyclic ketal LVIII. There THP is tetrahydropyranyl, and .phi. is
      phenyl.
PAR  The bicyclo-ketone reactant of formula LXV exists in four isomeric forms,
      exo and endo with respect to the attachment of the --CH=CH--R.sub.2
      moiety, and cis and trans with respect to the double bond in that moiety.
      Each of those isomers separately or various mixtures thereof are used as
      reactants according to this invention to produce substantially the same
      final 3-oxa or 4-oxa PGE or PGA type product mixture.
PAC  CHART G
      ##SPC21##
PAR  The process for preparing either the exo or endo configuration of the
      formula-LXV bicyclo-letone is known to the art. See Belgian Pat. No.
      702,477; reprinted in Farmdoc Complete Specifications, Book 714, No.
      30,905, page 313, March 12, 1968. See West Germany Offenlegungsschrift No.
      1,937,912; reprinted in Farmdoc Complete Specifications, Book No. 14, No.
      6869 R, Week R.sub.5, Mar. 18, 1970.
PAR  In said Belgian Pat. No. 702,477, a reaction sequence capable of forming
      exo ketone LXV is as follows: The hydroxy of 3-cyclopentenol is protected,
      for example, with a tetrahydropyranyl group. Then a diazoacetic acid ester
      is added to the double bond to give an exo-endo mixture of a
      bicyclo[3.1.0]hexane substituted at 3 with the protected hydroxy and at 6
      with a esterified carboxyl. The exo-endo mixture is treated with a base to
      isomerize the endo isomer in the mixture to more of the exo isomer. Next,
      the carboxylate ester group at 6 is transformed to an aldehyde group,
      --CHO. Then, said aldehyde group is transformed by the Wittig reaction, in
      this case to a moiety of the formula --CH=CH--R.sub.2 which is in exo
      configuration relative to the bicyclo ring structure. Next, the protective
      group is removed to regenerate the 3-hydroxy which is then oxidized, for
      example, by the Jones reagent, i.e., chromic acid (see J. Chem. Soc. 39
      (1946)), to give said exo ketone LXV.
PAR  Separation of the cis-exo and trans-exo isomers of LXV is described in said
      Belgian Pat. No. 702,477. However, as mentioned above, that separation is
      usually not necessary since the cis-trans mixture is useful as a reactant
      in the next process step.
PAR  The process described in said Belgian Pat. No. 702,477 for producing the
      exo form of bicyclo-ketone LXV uses, as an intermediate, the exo form of a
      bicyclo [3.1.0]hexane substituted at 3 with a protected hydroxy, e.g.,
      tetrahydropyranyloxy, and at 6 with an esterified carboxyl. When the
      corresponding endo compound is substituted for that exo intermediate, the
      process in said Offenlegungsschrift No. 1,937,912 leads to the endo form
      of bicyclo-ketone LXV. That endo compound to be used has the formula:
      1,937,912 leads to the endo
PAL  Compound LXXIV is prepared by reacting
      endo-bicyclo[3.1.0]hexane-3-ol-6-carboxylic acid methyl ester which is
      then reacted with dihydropyran in the presence of a catalytic amount of
      POCl.sub.3 to give the desired compound. This is then used as described in
      said Offenlegungsschrift No. 1,937,912 to produce the endo form of
      bicyclo-ketone LXV.
PAR  As for exo LXV, the above process produces a mixture of endo-cis and
      endo-trans compounds. These are separated as described for the separation
      of exo-cis and exo-trans LXV, but this separation is usually not necessary
      since, as mentioned above, the cis-trans mixture is useful as a reactant
      in the next process step.
PAR  In the processes of said Belgian Pat. and said Offenlegungsschrift, certain
      organic halides, e.g., chlorides and bromides, are necessary to prepare
      the Wittig reagents used to generate the generic moiety, --CH=CH--R.sub.2
      of bicyclo-ketone LXV. These organic chlorides and bromides R.sub.2
      --CH.sub.2 --Cl and R.sub.2 --CH.sub.2 --Br, are known in the art or can
      be prepared by methods known in the art.
PAR  To illustrate the availability of these organic chlorides consider first
      the above-described 3-oxa and 4-oxa PGE-type compounds of formulas XVIII
      to XXVII wherein G is alkyl of 1 to 10 carbon atoms, inclusive,
      substituted with zero, one, 2, or 3 fluoro.
PAR  For those products wherein R.sub.2 is alkyl of one to 10 carbon atoms,
      substituted with zero to 3 fluoro atoms, there are available the monohalo
      hydrocarbons, e.g., bromo (or chloro-)methane, -ethane, -propane,
      -pentane, -octane, and -decane; and the monohalofluorohydrocarbons, e.g.,
      CH.sub.2 FCl, CH.sub.2 FCH.sub.2 Br, CHF.sub.2 CH.sub.2 Cl, CF.sub.3
      CH.sub.2 Br, F(CH.sub.2).sub.3 Br, CH.sub.3 CF.sub.2 CH.sub.2 Cl, CF.sub.3
      (CH.sub.2).sub.2 Br, F(CH.sub.2).sub.4 Cl, CH.sub.3 CF.sub.2 CH.sub.2
      CH.sub.2 Cl, C.sub.4 H.sub.9 CFHCH.sub.2 Br, CF.sub.3 (CH.sub.2).sub.3 Cl,
      CF(CH.sub.2).sub.2 BrCH.sub. 3, CH.sub.2 F(CH.sub.2).sub.4 Cl, C.sub.2
      H.sub.5 CF.sub.2 (CH.sub.2).sub.2 Cl, CF.sub.3 (CH.sub.2).sub.4 Cl,
      CH.sub.3 (CH.sub.2).sub.4 CF.sub.2 (CH.sub.2).sub.2 CH.sub.2 Cl, and
      CH.sub.3 (CH.sub.2).sub.3 CF.sub.2 (CH.sub.2).sub.3 CH.sub.2 Cl, as
      described in "Aliphatic Fluorine Compounds," A. M. Lovelace et al., Am.
      Chem. Soc. Monograph Series 1958, Reinhold Publ. Corp. Those halides not
      available are prepared by methods known in the art by reacting the
      corresponding primery alcohol R.sub.2 --CH.sub.2 OH with PCl.sub.3,
      PBr.sub.3, or any of the other halogenating agents useful for this
      purpose. Available alcohols include CH.sub.3 CH(CF.sub.3)CH.sub.2 OH,
      (CH.sub.3).sub.2 CHCH.sub.2 CH.sub.2 OH, (CH.sub.3).sub.3 CCH.sub.2 OH,
      CF.sub.3 CH(CH.sub.3)CH.sub.2 CH.sub.2 OH, for example. For those halides
      of the formula R.sub.2 --CH.sub.2 --Hal wherein Hal is chloro or bromo
      R.sub.2  is R.sub.14 (CH.sub.2).sub.d , d being one, 2, 3, or 4, and
      R.sub.14 being isobutyl, tert-butyl, 3,3-difluorobutyl, 4,4-difluorobutyl,
      or 4,4,4-trifluorobutyl, the intermediate alcohols are prepared as
      follows.
PAR  In the case of R.sub.14 being isobutyl or tert-butyl, known alcohols are
      converted to bromides, thence to nitriles with sodium cyanide, thence to
      the corresponding carboxylic acids by hydrolysis, and thence to the
      corresponding primary alcohols by reduction, e.g. with lithium aluminum
      hydride, thus extending the carbon chain one carbon atom at a time until
      all primary alcohols are prepared.
PAR  In the case of R.sub.14 being 3,3-difluorobutyl, the necessary alcohols are
      prepared from keto carboxylic acids of the formula, CH.sub.3
      --CO--(CH.sub.2).sub.r --COOH, wherein r is 2, 3, 4, 5, or 6. All of those
      acids are known. The methyl esters are prepared and reacted with sulfur
      tetrafluoride to produce the corresponding CH.sub.3 --CF.sub.2
      --(CH.sub.2).sub.r --COOCH.sub.3 compounds, which are then reduced with
      lithium aluminum hydride to CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.r
      --CH.sub.2 OH. These alcohols are then transformed to the bromide or
      chloride by reaction with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.14 being 4,4-difluorobutyl, the initial reactants are
      the known dicarboxylic acids, HOOC--(CH.sub.2).sub.f --COOH, wherein f is
      3, 4, 5, 6, or 7. These dicarboxylic acids are esterified to CH.sub.3
      OOC--(CH.sub.2).sub.f --COOCH.sub.3 and then half-saponified, for example
      with barium hydroxide, to give HOOC--(CH.sub.2).sub.f --COOCH.sub.3. The
      free carboxyl group is transformed first to the acid chloride with thionyl
      chloride and then to an aldehyde by the Rosenmund reduction. Reaction of
      the aldehyde with sulfur tetrafluoride then gives CHF.sub.2
      --(CH.sub.2).sub.f --COOCH.sub.3 which by successive treatment with
      lithium aluminum hydride and PBr.sub.3 or PCl.sub.3 gives the necessary
      bromides or chlorides, CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Br or
      CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Cl.
PAR  In the case of R.sub.14 being 4,4,4-trifluorobutyl, aldehydes of the
      formula CH.sub.3 OOC--(CH.sub.2).sub.f --CHO are prepared as described
      above. Reduction of the aldehyde with sodium borohydride gives the alcohol
      CH.sub.3 OOC--(CH.sub.2).sub.f --CH.sub.2 OH. Reaction with a hydrogen
      halide, for example hydrogen bromide, gives the corresponding
      halocarboxylic acid which by reaction with sulfur tetrafluoride gives the
      necessary CF.sub.3 --(CH.sub.2).sub.f --CH.sub.2 --Br or CF.sub.3
      --(CH.sub.2).sub.f --CH.sub.2 --Cl.
PAR  For the above reactions of SF.sub.4, see U.S. Pat. No. 3,211,723 and J.
      Org. Chem. 27, 3164 (1962).
PAR  As mentioned above, formula XVIII-to-LVII compounds with an alpha-fluoro
      substitutent in a straight chain 3 to 7-carbon R.sub.2, i.e., R.sub.2
      being --CHF--(CH.sub.2).sub.g --CH.sub.3 wherein g is one, 2, 3, 4, or 5,
      represent preferred embodiments among the novel 3-oxa and 4-oxa compounds
      of this invention. Among those, for example, is 3-oxa-16-fluoro-PGE.sub.1.
      The formula-LXV bicycloketones necessary to produce those monofluoro
      compounds are advantageously prepared by reacting either of the
      above-mentioned bicyclo-aldehydes, exo or endo, with a Wittig reagent
      prepared from CH.sub.3 --(CH.sub.2).sub.g --CO--CH.sub.2 --Br and
      triphenylphosphine. The aldehyde group is thereby transformed to
      ##EQU8##
      The resulting unsaturated ketone is reduced to the corresponding
      ##EQU9##
      compound. Then --OH in that group is replaced with fluoro by known
      methods, for example, directly by reaction with
      2-chloro-1,1,1-trifluorotriethylamine or indirectly, for example, by
      transforming the hydroxy to tosyloxy or mesyloxy, and reacting the
      resulting compound with anhydrous potassium fluoride in diethylene glycol.
PAR  The transformation of bicyclo-ketone-olefin LXV to glycol LXXIII is carried
      out by reacting olefin LXV with a hydroxylation reagent. Hydroxylation
      reagents and procedures for this purpose are known in the art. See, for
      example, Gunstone, Advances in Organic Chemistry, Vol. 1, pp. 103-147,
      Interscience Publishers, New York, N.Y. (1960). Especially useful
      hydroxylation reagents for this purpose are osmium tetroxide and performic
      acid (formic acid plus hydrogen peroxide). Various isomeric glycols are
      obtained depending on such factors as whether olefin LXV is cis or trans
      and endo or exo, and whether a cis or a trans hydroxylation reagent is
      used. These various glycol mixtures can be separated into individual
      isomers by silica gel chromatography. However, this separation is usually
      not necessary, since all isomers of a particular glycol are equally useful
      as intermediates according to this invention and the processes outlined in
      Chart E to produce final products of formulas LXII and LXIII, and then,
      according to Chart A, B, C, and D to produce the other final products of
      this invention.
PAR  The transformation of glycol LXXIII to the cyclic ketal of formula LVIII
      (Chart E) is carried out by reacting said glycol with a dialkyl ketone of
      the formula
      ##EQU10##
      wherein R.sub.11 and R.sub.12 are alkyl of one to 4 carbon atoms,
      inclusive, in the presence of an acid catalyst, for example potassium
      bisulfate or 70% aqueous perchloric acid. A large excess of the ketone and
      the absence of water is desirable for this reaction. Examples of suitable
      dialkyl ketones are acetone, methyl ethyl ketone, diethyl ketone, methyl
      propyl ketone, and the like. Acetone is preferred as a reactant in this
      process.
PAR  Referring again to Chart E, cyclic ketal LVIII is transformed to cyclic
      ketal LIX by alkylating with an alkylation agent of the formula
      Hal--CH.sub.2 --V--COOR.sub.10 wherein R.sub.10 and V are as defined
      above, and Hal is chlorine, bromine, or iodine. Similarly, referring to
      Chart F, olefin LXV is transformed to olefin LXVI by alkylating with an
      alkylation agent of the formula Hal--CH.sub.2 --Z--COOR.sub.10 wherein
      R.sub.10, Z, and Hal are as defined above.
PAR  Any of the alkylation procedures known in the art to be useful for
      alkylating cyclic ketones with alkyl halides and haloalkanoic esters are
      used for the transformations of LVIII to LIX and LXV to LXVI. See, for
      example, the abovementioned Belgian Pat. No. 702,477 for procedures useful
      here and used there to carry out similar alkylations, e.g., employing the
      bicyclo enamines.
PAR  For these alkylations, it is preferred that Hal be bromo or iodo. Any of
      the usual alkylation bases, e.g., alkali metal alkoxides, alkali metal
      amides, and alkali metal hydrides, are useful for this alkylation. Alkali
      metal alkoxides are preferred, especially tert-alkoxides. Sodium and
      potassium are preferred alkali metals. Expecially preferred is potassium
      tert-butoxide. Preferred diluents for this alkylation are tetrahydrofuran
      and 1,2-dimethoxyethane. Otherwise, procedures for producing and isolating
      the desired formula LIX and LXVI compounds are within the skill of the
      art.
PAR  These alkylation procedures produce mixtures of alpha and beta alkylation
      products, i.e., a mixture of the formula-LIX products wherein the
      --CH.sub.2 --V--COOR.sub.10 moiety is attached in alpha configuration,
      with corresponding compounds having that moiety attached in beta
      configuration, or a mixture of the formula-LXVI products with
      corresponding compounds having the --CH.sub.2 --Z--COOR.sub.10 moiety in
      the beta configuration. When about one equivalent of base per equivalent
      of formula LXV or LVIII ketone is used, the alpha configuration usually
      predominates. Use of an excess of base and longer reaction times usually
      result in production of larger amounts of beta products. These alphabeta
      isomer mixtures are separated at this stage or at any subsequent stage in
      the multi-step processes shown in Charts E and F. Silica gel
      chromatography is preferred for this separation.
PAR  The necessary alkylating agents for the above-described alkylations, i.e.,
      compounds of the formulas Hal--CH.sub.2 --V--COOR.sub.10 and Hal--CH.sub.2
      --Z--COOR.sub.10, are prepared by methods known in the art.
PAR  There are eight groups of compounds encompassed by these two genera of
      alkylating agents. Alkylating agents of the formula Hal--CH.sub.2
      --Z--COOR.sub.10 include compounds of the following formulas:
TBL  R.sub.5                                                                   
     .vertline.                                                                
     Hal--CH.sub.2 --C.sub.n H.sub.2n --O--C--COOR.sub.10                      
                                 LXXV                                          
     .vertline.                                                                
     R.sub.6                                                                   
     R.sub.5 R.sub.7                                                           
     .vertline..vertline.                                                      
     Hal--CH.sub.2 --C.sub.m H.sub.2m --O--C----C--COOR.sub.10                 
                                 LXXVI                                         
     .vertline..vertline.                                                      
     R.sub.6 R.sub.8                                                           
     R.sub.5                                                                   
     .vertline.                                                                
     Hal--CH.sub.2 --C.tbd.C--C.sub.p H.sub.2p --O--C--COOR.sub.10             
                                 LXXVII                                        
     .vertline.                                                                
     R.sub.6                                                                   
     R.sub.5 R.sub.7                                                           
     .vertline..vertline.                                                      
     Hal--CH.sub.2 --C.tbd.C--C.sub.q H.sub.2q --O--C----C--COOR.sub.10        
                                 LXXVIII                                       
     .vertline..vertline.                                                      
     R.sub.6 R.sub.8                                                           
PAL  Alkylating agents of the formula Hal--CH.sub.2 --V--COOR.sub.10 include the
      above-listed compounds of formulas LXXV, LXXVI, LXXVII, and LXXVIII, and
      also compounds of the following formulas:
TBL  HHR.sub.5                                                                 
     .angle.C=C.angle..vertline.                                               
     Hal--CH.sub.2 C.sub.p H.sub.2p --O--C--COOR.sub.10                        
                                 LXXIX                                         
     .vertline.                                                                
     R.sub.6                                                                   
     R.sub.5                                                                   
     .vertline.                                                                
     HC.sub.p H.sub.2p --O--C--COOR.sub.10                                     
                                 LXXX                                          
     .angle.C=C.angle..vertline.                                               
     Hal--CH.sub.2 HR.sub.6                                                    
     HHR.sub.5 R.sub.7                                                         
     .angle.C=C.angle..vertline..vertline.                                     
     Hal--CH.sub.2 C.sub.q H.sub.2q --O--C----C--COOR.sub.10                   
                                 LXXXI                                         
     .vertline..vertline.                                                      
     R.sub.6 R.sub.8                                                           
     R.sub.5 R.sub.7                                                           
     .vertline..vertline.                                                      
     HC.sub.q H.sub.2q --O--C----C--COOR.sub.10                                
                                 LXXXII                                        
     .angle.C=C.angle..vertline..vertline.                                     
     Hal--CH.sub.2 HR.sub.6 R.sub.8                                            
PAR  These alkylating agents of formulas LXXV to LXXXII are accessible to those
      of ordinary skill in the art. For example, the 3-oxa alkylating agents of
      formulas LXXV, LXXVII, LXXIX, and LXXX are advantageously prepared by
      reacting an alpha-hydroxy ester or acid of the formula HO--CR.sub.5
      R.sub.6 --COOR.sub.1, wherein R.sub.1, R.sub.5, and R.sub.6 are as defined
      above, with a compound of the formula, J--CH.sub.2 --C.sub.n H.sub.2n --G,
      J--CH.sub.2 --C=C--CpH.sub.2p --G, and J--CH.sub.2 --CH=CH--CpH.sub.2p
      --G, respectively, wherein C.sub.n H.sub.2n and C.sub.p H.sub.2p are as
      defined above, J is chloro, bromo, iodo, or a group transformable to one
      of those, for example, tetrahydropyranyloxy or mesyloxy, and G is chloro,
      bromo, iodo, mesyloxy, tosyloxy, or the like, in the presence of a strong
      base, for example, sodium hydride when R.sub.1 is a carbon-containing
      group, and lithium diisopropyl amide when R.sub.1 is hydrogen.
      Alternatively, an alpha-bromo ester or acid of the formula Br--CR.sub.5
      R.sub.6 --COOR.sub.1, wherein R.sub.1, R.sub.5, and R.sub.6 are as defined
      above, is reacted in the presence of a similar strong base with a compound
      of the formula J-CH.sub.2 --C.sub.n H.sub.2n --OH, J--CH.sub.2
      --C.tbd.C--C.sub.p H.sub.2p --OH, or J--CH.sub.2 --CH=CH--C.sub.p H.sub.2p
      --OH. When both R.sub.5 and R.sub.6 in the ester are alkyl, it is
      preferred to use the hydroxy acid or ester route. When there are two alkyl
      groups in C.sub.n H.sub.2n or C.sub.p H.sub.2p on the carbon to which --OH
      or --G is attached, it is preferred to use the bromo acid or ester route.
      When a formula LXXV, LXXVII, LXXIX, or LXXX alkylating agent is desired
      wherein both R.sub.5 and R.sub.6 are alkyl and CnH.sub.2 n or CpH.sub.2 p
      has two alkyl groups attached to the carbon to which --0-- is attached, it
      is preferred that G be mesyloxy or tosyloxy, or that the Br of the bromo
      acid or ester be replaced with mesyloxy or tosyloxy, whereupon bases and
      reaction conditions known in the art may be used, for example, potassium
      tert-butoxide in dimethyl sulfoxide. Alternatively, this group of
      tetraalkyl compounds is advantageously prepared by using the hydroxy acid
      or ester route with a compound wherein G is chloro, or by using the bromo
      acid or ester route wherein the bromo is replaced with chloro, using
      freshly precipitated wet magnesium hydroxide in an inert solvent
      suspension as the base. Alternatively this group of tetraalkyl compounds
      is advantageously prepared by the hydroxy acid or ester route wherein G is
      iodo, and silver oxide is used as the base. Any of these alternative
      routes is, of course, useful to make the other compounds within the scope
      of formulas LXXV, LXXVII, LXXIX, and LXXX.
PAR  An alternative procedure generally applicable to the production of the
      alkylating agents of formulas LXXV, LXXVII, LXXIX, and LXXX comprises
      reacting a compound of the formula J--CH.sub.2 --C.sub.n H.sub.2n --OH,
      J--CH.sub.2 --C.tbd.C--C.sub.p H.sub.2p --OH, or J--CH.sub.2
      --CH=CH--C.sub.p H.sub.2p --OH with an ethylene oxide of the formula
      ##EQU11##
      wherein R.sub.5 and R.sub.6 are as defined above, in the presence of an
      acid catalyst, e.g., hydrochloric acid, sulfuric acid, or boron
      trifluoride. The alcohol which is usually the major product, i.e.,
      J--CH.sub.2 --C.sub.n H.sub.2n --O--CR.sub.5 R.sub.6 --CH.sub.2 OH,
      J--CH.sub.2 --C.tbd.C--C.sub.p H.sub.2p--O--CR.sub.5 R.sub.6 --CH.sub.2
      OH, or cis or trans J--CH.sub.2 --CH=CH--C.sub.p H.sub.2p --O--CR.sub.5
      R.sub.6 --CH.sub.2 OH, is isolated, oxidized to the corresponding
      carboxylic acid with Jones reagent, and the acid esterified (R.sub.10).
PAR  The 4-oxa alkylating agents of formulas LXXVI, LXXVIII, LXXXI, and LXXXII
      are advantageously prepared as described above for the 3-oxa compounds,
      combining compounds of the formula J--CH.sub.2 --CmH.sub.2 m-- G,
      J--CH.sub.2 --CmH.sub.2 m-- OH, J--CH.sub.2 --C.tbd.C--Cqh.sub.2 q-- G,
      J--CH.sub.2 --C.tbd.C--CqH.sub.2 q-- OH, J--CH.sub.2 --CH=CH--C.sub.q
      H.sub.2 q --G, and J--CH.sub.2 --CH=CH--CqH.sub.2 q-- OH, with
      .beta.-hydroxy acids or esters and .beta.-halo acids or esters of the
      formulas HO--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --COOR.sub.1 and
      Br--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --COOR.sub.1, or trimethylene
      oxides of the formula
      ##EQU12##
      All of the procedures, preferences, and alternatives described above for
      the preparation of the 3-oxa alkylating agents are applicable to the
      preparation of these 4-oxa alkylating agents.
PAR  The alkylating agents of formulas LXXV to LXXXII are esters. When an alpha
      or beta hydroxy acid or bromo acid is used as a reactant as described
      above, the resulting product is a carboxylic acid. This acid is esterified
      to the corresponding formulas LXXV-to-LXXXII alkylating agent by known
      procedures. As will be described hereinafter, the ester moiety R.sub.10 is
      chosen according to the desired type of final 3-oxa or 4-oxa
      prostaglandin-like product.
PAR  The alpha-hydroxy, alpha-halo, beta-hydroxy, and beta-halo acids and esters
      and the ethylene and tri-methylene oxides used as described above to
      produce the formula LXXV to LXXXII alkylating agents are all known in the
      art or are readily accessible through known methods to those of ordinary
      skill in the art.
PAR  The other reactants of the formulas J--CH.sub.2 --C.sub.n H.sub.2n --OH,
      J--CH.sub.2 --C.sub.m H.sub.2m --OH, J--CH.sub.2 --C.tbd.C--C.sub.p
      H.sub.2p --OH, J--CH.sub.2 --CH=CH--C.sub.p H.sub.2p --OH, J--CH.sub.2
      --C.tbd.C--C.sub.q H.sub.2q --OH, J--CH.sub.2 --CH=CH--C.sub.q H.sub.2q
      --OH, and the corresponding reactants with halogen, mesyloxy, or tosyloxy
      in place of --OH also are known in the art or are readily accessible
      through known methods to those of ordinary skill in the art.
PAR  For example, consider the compounds
      ##EQU13##
      wherein THP represents 2-tetrahydropyranyl, and each free valence -- is
      attached to hydrogen or to alkyl, with a total of zero to 9 attached alkyl
      carbon atoms. Said compounds are within the scope of J--CH.sub.2
      --CnH.sub.2 n--OH as above defined, and are advantageously prepared by
      hydroxylating by known methods, olefins of the formula
      ##EQU14##
      to give the glycols HO--CH.sub.2 --C--OH, which are transformed by known
      methods to the above tetrahydropyranyl ethers. These ethers are also
      transformed by known methods to
      ##EQU15##
      compounds within the scope of J--CH.sub.2 --C.sub.n H.sub.2n --G as above
      defined.
PAR  Consider the compounds
      ##EQU16##
      wherein THP is as above defined, and the free valences are attached to
      hydrogen or to alkyl, with a total of zero to 8 attached alkyl carbon
      atoms. Said compounds are within the scope of J--CH.sub.2 --C.sub.n
      H.sub.2n --OH as above defined, and are advantageously prepared by known
      methods from beta-hydroxyesters of the formula
      ##EQU17##
      wherein R.sub.15 is methyl or ethyl and the free valences are attached to
      hydrogen or to alkyl. Said esters are available through methods known in
      the art, e.g., the Reformatsky reaction. Said compounds are also
      transformed by known methods to
      ##EQU18##
      compounds within the scope of J--CH.sub.2 --C.sub.n H.sub.2n --G as above
      defined.
PAR  Consider the compounds
      ##EQU19##
      wherein THP is as defined above and the free valences are attached to
      hydrogen or to alkyl, with a total of zero to 7 attached alkyl carbon
      atoms. Said compounds are within the scope of J--CH.sub.2 --C.sub.n
      H.sub.2n --OH as above defined, and are advantageously prepared by known
      methods from the known succinic acid half esters of the formula
      ##EQU20##
      wherein R.sub.15 is methyl or ethyl, the carboxyl end being transformed to
      THP--O--CH.sub.2 --, and then the --COOR.sub.15 end being transformed to
      ##EQU21##
      both by known methods. Said compounds are also transformed by known
      methods to
      ##EQU22##
      compounds within the scope of J--CH.sub.2 --CnH.sub.2 n--G as above
      defined.
PAR  Consider the compounds
      ##EQU23##
      wherein THP is as defined above and the free valences are attached to
      hydrogen or to alkyl, with a total of zero to 6 attached alkyl carbon
      atoms. Said compounds are within the scope of J--CH.sub.2 --C.sub.n
      H.sub.2n --OH as above defined, and are advantageously prepared by known
      methods from
      ##EQU24##
      wherein THP and the free valence attachments are as above defined, and
      R.sub.15 is methyl or ethyl. These ester reactants are prepared by known
      methods from
      ##EQU25##
      reactants whose preparation is described in the proceeding paragraph. Said
      compounds are also transformed by known methods to
      ##EQU26##
      compounds within the scope of J--CH.sub.2 --CnH.sub.2 n--G as above
      defined. In a similar manner, compounds of the formulas
      ##EQU27##
      and
      ##EQU28##
      wherein the free valences are attached to hydrogen or to alkyl, with a
      total of zero to 5 attached alkyl carbon atoms, are prepared from
      ##EQU29##
      compounds.
PAR  Consider the compounds
      ##EQU30##
      wherein THP is as above defined, and the free valences are attached to
      hydrogen or to alkyl, with a total of zero to seven attached alkyl carbon
      atoms. Said compounds are within the scope of J--CH.sub.2
      --C.tbd.C--CpH.sub.2 p--OH, as above defined, and are prepared by known
      methods from reactants of the formula
      ##EQU31##
      which are known in the art or are prepared by known methods. See, for
      example, U.S. Pat. No. 3,108,140. Said compounds are also transformed by
      known methods to
      ##EQU32##
      compounds within the scope of J--CH.sub.2 --C.tbd.C--CpH.sub.2 p--G as
      above defined.
PAR  Consider the compounds
      ##EQU33##
      wherein THP is as above defined, and the free valences are attached to
      hydrogen or to alkyl, with a total of zero to six attached alkyl carbon
      atoms. Said compounds are within the scope of J--CH.sub.2
      --C.tbd.C--CpH.sub.2 p--OH, as above defined, and are prepared by known
      methods from the known or easily accessible beta-hydroxy esters of the
      formula
      ##EQU34##
      wherein R.sub.15 is methyl or ethyl. The hydroxy end of those is changed
      to -0-THP and the R.sub.15 OOC-end is changed to
      ##EQU35##
      both by known methods. Then
      ##EQU36##
      is changed by known methods first to HC.tbd.C- and then to HO--CH.sub.2
      --C.tbd.C--. Finally
      ##EQU37##
      is transformed by known methods to
      ##EQU38##
      The latter is also transformed by known methods to THP--0--CH.sub.2
      --C.tbd.C--C--C--Br, compounds within the scope of J--CH.sub.2
      --C.tbd.C--CpH.sub.2 p--G as above defined.
PAR  Another route to compounds
      ##EQU39##
      as above defined comprises Reformatsky-type reactions to propargyl
      bromides of the formula
      ##EQU40##
      with ketones or aldehydes
      ##EQU41##
      or
      ##EQU42##
      to give
      ##EQU43##
      or
      ##EQU44##
      See, for Example, J. Chem. Soc. (London) 2696 (1949). Then --OH is changed
      to --O--THP and HC.tbd.C-- is changed to HO--CH.sub.2 --C.tbd.C--, both by
      known methods. Finally,
      ##EQU45##
      is changed to
      ##EQU46##
      by known methods.
PAR  Consider the compounds
      ##EQU47##
      wherein THP is as above-defined, and the free valences are attached to
      hydrogen or to alkyl, with a total of zero to 5 attached alkyl carbon
      atoms. Said compounds are within the scope of J--CH.sub.2
      --C.tbd.C--CpH.sub.2 p--OH as above defined, and are prepared by known
      methods from the known succinic acid half esters of the formula
      ##EQU48##
      wherein R.sub.15 is methyl or ethyl. The carboxyl end is changed to Br--
      and the --COOR.sub.15 end is changed to
      ##EQU49##
      both by known methods. Then, Br-- is changed first to HOOC- and then to
      ##EQU50##
      both by known methods. Then
      ##EQU51##
      is changed first to HC.tbd.C-- and then to HO--CH.sub.3 --C.tbd.C--, both
      by known methods. Finally,
      ##EQU52##
      is transformed by known methods to
      ##EQU53##
      The latter is also transformed by known methods to
      ##EQU54##
      compounds within the scope of J--CH.sub.2 --C.tbd.C--CpH.sub.2 p--G as
      above defined.
PAR  Another route to compounds of the formulas
      ##EQU55##
      and
      ##EQU56##
      both types within the scope of J--CH.sub.2 --C.tbd.C--CpH.sub.2 p--OH as
      above defined comprises reaction of
      ##EQU57##
      with
      ##EQU58##
      by known procedures. These latter reactants are known or easily accessible
      by known methods.
PAR  The reactants of formulas J--CH.sub.2 --C.sub.m H.sub.2m --OH and
      J--CH.sub.2 --C.sub.m H.sub.2m --G are prepared as described above for the
      preparation of the corresponding C.sub.n H.sub.2n compounds, due
      consideration being given to the definition differences between CnH.sub.2
      n and CmH.sub.2 m. Similarly, reactants of formulas J--CH.sub.2
      --C.tbd.C--CqH.sub.2 q--OH and J--CH.sub.2 --C.tbd.C--CqH.sub.2 q--G are
      prepared as described above for the preparation of the corresponding
      CpH.sub.2 p compounds, due consideration being given to the definition
      differences between CpH.sub.2p and CqH.sub.2 q.
PAR  The cis and trans ethylenic reactants of formulas J-- CH.sub.2
      --CH=CH--CpH.sub.2 p--OH, J--CH.sub.2 --CH=CH--CpH.sub.2 p--G, J--CH.sub.2
      --CH=CH--CqH.sub.2 q--OH, and J--CH.sub.2 --CH=CH--CqH.sub.2 q--G are
      prepared by cis or trans reduction of the corresponding acetylenic
      reactant prepared as above described, or by cis or trans reduction of any
      earlier acetylenic intermediate in which both ends of the acetylenic bond
      are substituted, i.e., not hydrogen as in the moiety HC.tbd.C--.
      Alternatively, this cis or trans reduction is carried out on any
      subsequent acetylenic reaction product leading up to and including the
      final acetylenic alkylating agent of formula LXXVII or LXXVIII.
PAR  For these cis reductions of the acetylenic bonds, it is advantageous to use
      hydrogen plus a catalyst which catalyzes hydrogenation of --C.tbd.C-- only
      to cis--CH=CH--. Such catalysts and procedures are well known to the art.
      See, for example, Fieser et al., "Reagents for Organic Synthesis", pp.
      566-567; John Wiley & Sons, Inc., New York, N.Y. (1967). Palladium (5%) on
      barium sulfate, especially in the presence of pyridine as a diluent, is a
      suitable catalyst for this purpose. Alternative reagents useful to
      transform these acetylenic compounds to cis-ethylenic compounds are
      bis3-methyl-2-butylborane ("disiamylborane") and diisobutylaluminum
      hydride.
PAR  For trans reductions of the acetylenic bond, except for those compounds
      containing halogen, it is advantageous to use sodium or lithium in liquid
      ammonia or a liquid alkylamine, e.g., ethylamine. When the moiety
      HO--CH.sub.2 --C.tbd.C-- is present in the acetylenic compound being
      reduced, the use of lithium aluminum hydride gives trans reduction of the
      triple bond. Procedures for these trans reductions are known in the art.
      See, for example, Fieser et al., above cited, pp. 577, 592-594, and 603,
      and J. Am. Chem. Soc. 85, 622 (1963).
PAR  Referring again to Chart E, after alkylation as discussed above, cyclic
      ketal LIX is transformed to glycol LX by reacting the cyclic ketal with an
      acid with pK less than 5. Suitable acids and procedures for hydrolyzing
      cyclic ketals to glycols are known in the art. Suitable acids are formic
      acid, hydrochloric acid, and boric acid. Especially preferred as diluents
      for this reaction are tetrahydrofuran and .beta.-methoxyethanol.
PAR  Referring again to Chart F, after alkylation as discussed above, olefin
      LXVI is hydroxylated to glycol LXVII. As discussed above, the divalent
      moiety --Z-- includes the moieties --C.sub.n H.sub.2n --O--CR.sub.5
      R.sub.6 --, C.sub.m H.sub.2m --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --,
      --C.tbd.C--C.sub.p H.sub.2p --O--CR.sub.5 R.sub.6 --, and
      --C.tbd.C--C.sub.q H.sub.2q --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --,
      wherein CmH.sub.2 m, C.sub.n H.sub.2n, C.sub.p H.sub.2p, C.sub.q H.sub.2q,
      R.sub.6, R.sub.7, and R.sub.8 are as defined above. When Z is --C.sub.n
      H.sub.2n --O--CR.sub.5 R.sub.6 -- or --C.sub.m H.sub.2m --O--CR.sub.5
      R.sub.6 --CR.sub.7 R.sub.8 --, this hydroxylation of LXVI is carried out
      as described above for the hydroxylation of olefin LXV to glycol LXXIII,
      i.e., with any of the known reagents and procedures described in Gunstone,
      above cited. When Z is --C.tbd. C--C.sub.p H.sub.2p --O--CR.sub.5 R.sub.6
      -- or --C.tbd.C--C.sub.q H.sub.2q --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8
      --, some of the reagents and procedures described by Gunstone tend to
      attack the acetylenic linkage as well as the ethylenic linkage of the
      formula LXVI olefin. Therefore it is preferred to use a hydroxylation
      reagent and procedure which attacks the ethylenic linkage preferentially.
      For this, it is preferred to carry out hydroxylation of these acetylenic
      formula LXVI olefins with organic peracids, e.g., performic acid,
      peracetic acid, perbenzoic acid, or m-chloroperbenzoic acid, as described
      by Gunstone, above cited, pp. 124-130.
PAR  As discussed above regarding the hydroxylation of unalkylated olefin LXV to
      unalkylated glycol LXXIII, various isomeric glycols are obtained by
      hydroxylation of the formula LXVI alkylated olefin. The particular
      formula-LXVII glycol or glycol mixture obtained depends on such factors as
      whether the olefin LXVI is cis or trans and endo or exo, and whether a cis
      or a trans hydroxylation takes place. However, all of the isomeric
      formula-LXVI erythro and threo glycols and the various glycol mixtures
      each are useful as an intermediate according to this invention and the
      processes of Chart F to produce final products of formulas LXIX and LXX,
      and then according to Charts A, B, C, and D, to produce the other final
      products of this invention. Therefore, it is usually not necessary to
      separate individual formula-LXVI glycol isomers before proceeding further
      in the synthesis, although that separation is accomplished by silica gel
      chromatography.
PAR  Referring again to Charts E and F, bis-alkanesulfonic acid esters LXI and
      LXVIII are prepared by reacting glycols LX and LXVII, respectively, with
      an alkanesulfonyl chloride or bromide, or with an alkanesulfonic acid
      anhydride, the alkyl in each containing one to 5 carbon atoms, inclusive.
      Alkanesulfonyl chlorides are preferred for this reaction. The reaction is
      carried out in the presence of a base to neutralize the byproduct acid.
      Especially suitable bases are tertiary amines, e.g., dimethylaniline or
      pyridine. It is usually sufficient merely to mix the two reactants and the
      base, and maintain the mixture in the range 0.degree. to 25.degree. C. for
      several hours. The formula LXI and LXVIII bis-sulfonic acid esters are
      then isolated by procedures known to the art.
PAR  Referring now to Chart E, bis-sulfonic acid esters LXI are transformed
      either to 3-oxa or 4-oxa PGE-type compounds LXII, or to 3-oxa or 4-oxa
      PGA-type compounds LXIII. Referring to Chart F, bis-sulfonic acid esters
      LXVIII are transformed either to 3-oxa or 4-oxa PGE type compounds LXIX,
      or to 3-oxa or 4-oxa PGA type compounds LXX.
PAR  The transformations of LXI and LXVIII to the PGE type compounds LXII and
      LXIX respectively, are carried out by reacting bis-esters LXI and LXVIII
      with water in the range about 0.degree. to about 60.degree. C. In making
      3-oxa-PGE.sub.1 or 4-oxa-PGE.sub.1, 25.degree. C. is a suitable reaction
      temperature, the reaction then proceeding to completion in about 5 to 20
      hours. It is advantageous to have a homogenous reaction mixture. This is
      accomplished by adding sufficient of a water-soluble organic diluent which
      does not enter into the reaction. Acetone is a suitable diluent. The
      desired product is isolated by evaporation of excess water and diluent if
      one is used. The residue contains a mixture of formula LXII or formula
      LXIX C-15 epimers which differ in the configuration of the side chain
      hydroxy, that being either "natural" (.alpha.) or "epi" (.beta.). These
      are separated from byproducts and from each other by silica gel
      chromatography. A usual byproduct is the mono-sulfonic acid ester of
      formula LXIV (Chart E) or formula LXXI (Chart F). These mono-sulfonic acid
      esters are esterified to the formula LXI or LXVIII bis-sulfonic acid
      esters, respectively, in the same manner described above for the
      transformation of glycol LX or LXVII to bis-ester LXI or LXVIII and thus
      are recycled back to additional formula LXII or LXIX final product.
PAR  The transformations of LXI and LXVIII to the PGA type compounds LXIII and
      LXX, respectively, are carried out by heating bis-esters LXI and LXVIII in
      the range 40.degree. to 100.degree. C. with a combination of water, a base
      characterized by its water solution having a pH 8 to 12, and sufficient
      inert water-soluble organic diluent to form a basic and substantially
      homogenous reaction mixture. A reaction time of one to 10 hours is usually
      used. Preferred bases are the water-soluble salts of carbonic acid,
      especially alkali metal bicarbonates, e.g., sodium bicarbonate. A suitable
      diluent is acetone. The products are isolated and separated as described
      above for the transformation of bis-esters LXI and LXVIII to PGE type
      products LXII and LXIX. The same mono-sulfonic acid esters LXIV and LXXI
      observed as by-products in those transformations are also observed during
      preparation of PGA type products LXIII and LXX.
PAR  For the transformations of bis-sulfonic acid esters LXI and LXVIII to final
      products LXII, LXIII, LXIX, and LXX, it is preferred to use the bis-mesyl
      esters, i.e., compounds LXI and LXVIII wherein R.sub.13 is methyl.
PAR  Referring again to Charts E and F, the configuration of the --CH.sub.2
      --V--COOR.sub.10 moiety in the formula--LXI bis-esters or the
      configuration of the --CH.sub.2 --Z--COOR.sub.10 moiety in the formula
      LXVIII bis-esters does not change during these transformations of LXI to
      LXII, LXIII, and LXIV, and of LXVIII to LXIX, LXX, and LXXI. Therefore,
      when in formula LXI, for example, V is --CH.sub.2 CH.sub.2 CH.sub.2
      OCH.sub.2 --and R.sub.2 is pentyl, natural and 15--epi 3--oxa--PGE.sub.1
      esters (LXII) are obtained when --CH.sub.2 --V--COOR.sub.10 is attached
      initially (LXI) in alpha configuration, and natural and 15-epi
      8--iso--3--oxa--PGE.sub.1 esters are obtained when the moiety is attached
      in beta configuration. Similarly, when in formula LXI, V is
      cis--CH=CHCH.sub.2 OCH.sub.2 -- or --C.tbd.CCH.sub.2 OCH.sub.2 -- and
      R.sub.2 is pentyl, natural and 15--epi 3--oxa--PGE.sub.2 esters and
      natural and 15--epi 5,6-dehydro-3-oxa-PGE.sub.2 esters are obtained when
      --CH.sub.2 --V--COOR.sub.10 is attached initially in alpha configuration,
      and the corresponding 8-iso compounds are obtained when that moiety is
      attached in beta configuration. The same retention of --CH.sub.2
      --V--COOR.sub.10 configuration occurs when formula LXIII and LXIV
      compounds are produced, and a similar retention of --CH--Z--COOR.sub.10
      configuration occurs when formula LXIX, LXX, and LXXI compounds are
      produced from formula LXVIII bis-esters.
PAR  The 3-oxa and 4-oxa PGE.sub.3 -type compounds encompassed by formulas XXVI
      and XXVII are prepared by the transformations shown in Chart H, wherein
      C.sub.j H.sub.2j, Q, R.sub.9, R.sub.10, R.sub.13, THP, Y, and .about. are
      as defined above.
PAR  Starting material LXXII, previously discussed (Chart G) is converted to the
      formula-LXXXIII compound by several steps known in the art, employing
      first a Wittig reaction of a phosphonium salt of a haloalkyne of the
      formula Br--CH.sub.2 --C.sub.j H.sub.2j --C.tbd.C--R.sub.9 wherein C.sub.j
      H.sub.2j, and R.sub.9 are as defined above. See, for example, U. Axen et
      al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Compound LXXXIII is then alkylated with an alkylation agent of the formula
      Hal--CH.sub.2 --C.tbd.C--Y--COOR.sub.10 wherein Y, R.sub.10, and Hal are
      as defined above, i.e. Y is --C.sub.p H.sub.2p --O--CR.sub.5 R.sub.6 -- or
      --C.sub.q H.sub.2q --O--CR.sub.5 R.sub.6 CR.sub.7 R.sub.8 --, R.sub.10 is
      the same as the definition of R.sub.1 except that R.sub.10 does not
      include hydrogen, and Hal is chloro, bromo, or iodo. These alkylating
      agents have been discussed above in connection with Charts D and E and the
      procedures for alkylation are similar to those employed in preparing the
      acetylenic compounds above. See also Axen et al., references cited.
PAC  CHART H
      ##SPC22##
PAR  Accordingly, for the preparation of 3-oxa-PGE.sub.3 compounds of formula
      XXVI wherein C.sub.p H.sub.2p is methylene, there is used an alkylating
      agent of the formula Hal--CH.sub.2 --C.tbd.C--CH.sub.2 --O--CH.sub.2
      --COOR.sub.10 prepared as discussed above in connection with alkylating
      agent LXXVII.
PAR  Referring again to Chart H, after alkylation, compound LXXXIV is
      hydroxylated to glycol LXXXV. Hydroxylation reagents and procedures for
      this purpose are known in the art. See also Axen et al., references cited.
PAR  Bis(alkanesulfonic acid) esters LXXXVI are prepared by reacting glycol
      LXXXV with an alkanesulfonyl chloride or bromide, for example
      methanesulfonyl chloride in the presence of a tertiary amine, by methods
      known in the art.
PAR  Referring again to Chart H, bis(sulfonic acid) esters LXXXVI are
      transformed to oxa-phenylene bisdehydro PGE.sub.3 -type compounds LXXXVII
      by reaction with water in the range about 0.degree. to about 60.degree.
      C., preferably in an acetone-water mixture, as known in the art and
      discussed hereinabove. See also Axen, references cited.
PAR  Transformation of LXXXVII to the PGE.sub.3 -type compounds LXXXVIII is
      accomplished by hydrogenation of LXXXVII using a catalyst which catalyzes
      hydrogenation of --C.tbd.C-- only to cis--CH=CH--, as known in the art and
      discussed hereinabove. Preferred is Lindlar catalyst in the presence of
      quinoline, see Axen, references cited.
PAR  The product is a mixture of formula-LXXXVIII C-15 epimers which are
      separated from by-products and from each other by silica gel
      chromatography.
PAR  The transformations of the formula-LXXXVIII PGE.sub.3 -type products to the
      corresponding PGF.sub.3, PGA.sub.3, and PGB.sub.3 products are carried out
      by the steps shown in Chart A, discussed hereinabove.
PAR  The formula-LXII and LXIX 3-oxa and 4-oxa PGE-type compounds and the
      formula-LXIII and LXX 3-oxa and 4-oxa PGA-type compounds shown in Charts E
      and F and the formula-LXXXVIII 3-oxa and 4-oxa PGE.sub.3 -type compounds
      shown in Chart H are all R.sub.10 carboxylic acid esters, wherein R.sub.10
      is as defined above. Moreover, when those PGE-type and PGA-type R.sub.10
      esters are used to prepare the other 3-oxa and 4-oxa prostaglandin-like
      compounds according to Charts A, B, C, and D, corresponding R.sub.10
      esters are likely to be produced, especially in the case of the 3-oxa and
      4-oxa PGF-type compounds. For some of the uses described above, it is
      preferred that the novel formula XVIII-to-LVII 3 oxa and 4-oxa
      prostaglandin-like compounds of this invention be in free acid form, or in
      salt form which requires the free acid as a starting material. The
      PGF-type esters of formulas XXVII-XXXVII and the PGB-type compounds of
      formulas XLVIII-LVII are easily hydrolyzed or saponified to the free acids
      by the usual known procedures, especially when R.sub.1 (R.sub.10 ) is
      alkyl of one to 4 carbons, inclusive, preferably methyl or ethyl.
PAR  On the other hand, the PGE-typee esters of formulas XVIII-XXVII and the
      PGA-type esters of formulas XXXVIII-XLVII are difficult to hydrolyze or
      saponify without causing unwanted structural changes in the desired acids.
      There are several other procedures to make the free acid forms of these
      PGE- and PGA-type compounds.
PAR  One of those procedures is applicable mainly in preparing the free acids
      from the corresponding alkyl esters wherein the alkyl group contains one
      to 8 carbon atoms, inclusive. That procedure comprises subjecting the
      alkyl ester to the acylase enzyme system of a microorganism species of
      Subphylum 2 of Phylum 111, and thereafter isolating the acid. See West
      Germany Offenlegungsschrift No. 1,937,678; reprinted in Farmdoc Complete
      Specifications, Book No. 13, No. 6863 R, Week R5, Mar. 18, 1970.
PAR  Especially preferred for this purpose are species of the orders Mucorales,
      Hypocreales, Moniliales, and Actinomycetales. Also especially preferred
      for this purpose are species of the families Mucoraceae,
      Cunninghamellaceae, Nectreaceae, Moniliaceae, Dematiaceae,
      Tuberculariaceae, Actinomycetaceae, and Streptomycetaceae. Also especially
      preferred for this purpose are species of the genera Absidia, Circinella,
      Gongronella, Rhizopus, Cunninghamella, Calonectria, Aspergillus,
      Penicillium, Sporotrichum, Cladosporium, Fusarium, Nocardia, and
      Streptomyces. Examples of microorganisms falling within the scope of those
      preferred orders, families, and genera are listed in U.S. Pat. No.
      3,290,226.
PAR  This enzymatic ester hydrolysis is carried out by shaking the PG-type alkyl
      ester in aqueous suspension with the enzyme contained in a culture of one
      of the abovementioned microorganism species until the ester is hydrolyzed.
      A reaction temperature in the range 20.degree. to 30.degree. C. is usually
      satisfactory. A reaction time of one to 20 hours is usually sufficient to
      obtain the desired hydrolysis. Exclusion of air from the reaction mixture,
      for example, with argon or nitrogen is usually desirable.
PAR  The enzyme is obtained by harvest of cells from the culture, followed by
      washing and resuspension of the cells in water, and cell disintegration,
      for example, by stirring with glass beads or by sonic or ultrasonic
      vibrations. The entire aqueous disintegration mixture is used as a source
      of the enzyme. Alternatively and preferably, however, the cellular debris
      is removed by centrifugation or filtration, and the aqueous supernatant or
      filtrate is used.
PAR  In some cases, it is advantageous to grow the microorganism culture in the
      presence of an alkyl ester of an aliphatic acid, said acid containing 10
      to 20 carbon atoms, inclusive, and said alkyl containing one to 8 carbon
      atoms, inclusive, or to add such an ester to the culture and maintain the
      culture without additional growth for one to 24 hours before cell harvest.
      Thereby, the enzyme produced is sometimes made more effective in
      transforming the PG-type ester to the free acid. An example of a useful
      alkyl ester for this purpose is methyl oleate.
PAR  This enzymatic hydrolysis is also applicable to the above PGF- and PGB-type
      alkyl esters.
PAR  Another procedure for making the free acid form of the above PGE- and
      PGA-type compounds involves treatment of certain haloethyl esters of those
      acids with zinc metal and an alkanoic acid of 2 to 6 carbon atoms,
      preferably acetic acid. Those haloethyl esters are the esters wherein
      R.sub.10 is ethyl substituted in the .beta.-position with 3 chloro, 2 or 3
      bromo, or one, 2, or 3 iodo. Of those haloethyl moieties, .beta., .beta.,
      .beta.-trichloroethyl is preferred. Zinc dust is preferred as the physical
      form of the zinc. Mixing the haloethyl ester with the zinc dust at about
      25.degree. C. for several hours usually causes substantially complete
      replacement of the haloethyl moiety of the ester with hydrogen. The free
      acid is then isolated from the reaction mixture by procedures known to the
      art. This procedure is also applicable to the production of PGF- and
      PGB-type free acids.
PAR  Referring to Charts E and F, formula LIX cyclic ketals and formula LXVI
      olefins wherein R.sub.10 is haloethyl as above defined are necessary as
      intermediates for this route to the final PGE, PGF, PGA, and PGB type free
      acids. These haloethyl ester intermediates can be prepared by alkylation
      of cyclic ketal LVIII (Chart E) or olefin LXV (Chart F), respectively,
      with the appropriate formula LXV to LXXXII alkylating agent wherein
      R.sub.10 is haloethyl as above defined. However, preferred routes to the
      formula LIX and LXVI haloethyl ester intermediates are shown in Charts I
      and J. In Charts I and J, R.sub.2, R.sub.11, R.sub.12, V, Z, and .about.
      are as defined above. Haloethyl represents ethyl substituted in the
      .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo,
      preferably --CH.sub.2 CCl.sub.3. R.sub.16 represents alkyl of one to 4
      carbon atoms, inclusive, preferably methyl or ethyl.
PAR  Compound LXXXIX in Chart I is within the scope of compound LIX in Chart E.
      Compound LXV in Chart J is within the scope of compound LXVI in Chart F.
      Ketones LXXXIX and XCV are reduced to corresponding hydroxy compounds XC
      and XCVI, respectively, with a carbonyl reducing agent, e.g., sodium
      borohydride, as described above in discussion of Chart A. Then, hydroxy
      esters XC and XCVI are saponified by known procedures to hydroxy acids XCI
      and XCVII, respectively. These two hydroxy acids are transformed to keto
      haloethyl esters XCIV and C, respectively, by oxidation of the hydroxy
      group to keto and esterification of the carboxyl group to
      --COO--haloethyl.
PAC  CHART I
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PAC  CHART J
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PAL  As shown in Charts I and J, these two reactions are carried out in either
      order. However, it is preferred to oxidize first and then esterify.
PAR  Hydroxy acids XCI and XCVII are oxidized to keto acids XCIII and XCIX,
      respectively, and hydroxy haloesters XCII and XCVIII are oxidized to keto
      haloesters XCIV and C, respectively, by reaction with an oxidizing agent
      which does not attack other parts of these molecules, especially the
      cyclic ketal group of compounds XCI and XCII or the ethylenic linkage of
      compounds XCVII and XCVIII. An especially useful reagent for this purpose
      is the Jones reagent. Acetone is a suitable diluent for this purpose, and
      a slight excess of oxidant and temperatures at least as low as about
      0.degree. C., preferably about -10.degree. to about -20.degree. C. should
      be used. The oxidation proceeds rapidly and is usually complete in about 5
      to about 30 minutes. Excess oxidant is destroyed, for example, by addition
      of a lower alkanol, advantageously isopropyl alcohol, and the aldehyde is
      isolated by conventional methods, for example, by extraction with a
      suitable solvent, e.g., diethyl ether. Other oxidizing agents can also be
      used. Examples are mixtures of chromium trioxide and pyridine or mixtures
      of dicyclohexylcarbodiimide and dimethyl sulfoxide. See, for example, J.
      Am. Chem. Soc. 87, 5661 (1965).
PAR  Haloethyl esters XCII, XCIV, XCVIII, and C are prepared by reacting acids
      XCI, XCIII, XCVII, and XCIX, respectively, with the appropriate
      haloethanol, e.g., .beta., .beta., .beta.-trichloroethanol, in the
      presence of a carbodiimide, e.g., dicyclohexylcarbodiimide, and a base,
      e.g., pyridine, preferably in the presence of an inert liquid diluent,
      e.g., dichloromethane, for several hours at about 25.degree. C.
PAR  Still another method of obtaining the free acid form of these 3-oxa and
      4-oxa PG type compounds, preferred for the PGE analogs, but useful for the
      PGF, PGA, and PGB analogs as well, is by enzymatic hydrolysis using an
      esterase enzyme composition obtained from the marine invertebrate Plexaura
      homomalla (Esper), 1792. Plexaura homomalla is a member of the subclass
      Octocorallia, order Gorgonacea, suborder Holaxonia, family Plexauridae,
      genus Plexaura. See, for example, Bayer, "The Shallow-Water Octocorallia
      of the West Indian Region", Martinus Nijhoff, The Hague (1961). Colonies
      of these Plexaura homomalla are abundant on the ocean reefs in the zone
      from the low-tide line to about 25 fathoms in the tropical and subtropical
      regions of the western part of the Atlantic Ocean, from Bermuda to the
      reefs of Brazil, including the eastern shore reefs of Florida, the
      Caribbean island and mainland reefs, and the Gulf of Mexico island and
      mainland reefs. These colonies are bush-like or small tree-like in habit
      and are readily identified for collection as Plexaura homomalla (Esper),
      1792, by those of ordinary skill in this art. Two forms exist, the "R"
      form and the "S" form. See W.P. Schneider et al., J. Am. Chem. Soc. 94,
      2122 (1972).
PAR  The esterase enzyme composition is produced by the steps;
PAR  1. extracting colonies or colony pieces of the marine invertebrate Plexaura
      homomalla (Esper), 1792, forma R or forma S, with liquid acetone for a
      sufficient time to remove substantially all soluble lipids, and
PAR  2. recovering the acetone-insoluble matter as said composition.
PAR  The colonies of Plexaura homomalla are used either in their as-harvested
      form or in broken or chopped pieces. It is immaterial whether they are
      used fresh from their natural environment, or after freezing and thawing,
      or even after drying under ambient conditions.
PAR  The extraction with acetone may be done batch-wise, as by stirring in a
      container, or by percolation, or by continuous methods of extraction known
      in the art. If stirring is used, it is advantageous to first chop the
      Plexaura homomalla into small pieces, for example less than 3 mm. in
      greatest dimension. The product is accordingly then a powder consisting of
      pieces smaller than 3 mm. Contact with acetone is continued until
      substantially all of the soluble lipids are removed. Normally 1 hour is
      sufficient, although a longer time is required for whole colonies and a
      shorter time is sufficient for chopped colonies with efficient extraction.
      The end-point can be determined simply by examination of the acetone, as
      by evaporation and by physical measurements on any residue thus obtained.
      The extraction temperature is kept below 50.degree. C. to avoid
      denaturation of the enzyme, and is preferably in the range 20.degree. to
      30.degree. C. Lower temperatures may be used but the extraction then
      proceeds more slowly. The extraction is generally done at atmospheric
      pressure, but it may be carried out at higher or lower pressures provided
      the acetone is in a liquid state when contacting the Plexaura homomalla.
PAR  The acetone-insoluble enzyme composition is recovered from the acetone by
      decantation, filtration, centrifugation, or other convenient method for
      separating solids and liquids. A small amount of adherent acetone, for
      example, 10% of the weight of the composition, may be left on the product
      but it is preferred that the amount be lowered to less than 1%, for
      example by drying under ambient conditions or under reduced pressure. The
      product can then be stored without deterioration, preferably at about
      -20.degree. C.
PAR  In utilizing the above esterase enzyme composition for the purposes of this
      invention, the 3-oxa or 4-oxa PG-type ester is contacted with a mixture of
      the enzyme composition and water. The ester is conveniently added as a
      solution, for example in ethanol or benzene, to about 50-100 times its
      weight of water. The enzyme composition is added in an amount about 1-15
      times the weight of ester. The mixture is stirred until the ester is
      hydrolyzed, generally about 18-24 hours at 25.degree. C. Temperatures of
      about 0.degree.-50.degree. C. may be employed, although about 25.degree.
      C. is preferred. The progress of hydrolysis is readily followed by
      analysis, for example by thin-layer chromatography by methods known in the
      art. See, for example, Hamberg et al., J. Biol. Chem. 241, 257 (1966).
      Finally, several volumes of acetone are added and the soluble acid
      products are recovered by filtration concentration, and extraction using
      methods known in the art.
PAR  As described above, the alkylations of cyclic ketal LVIII to LIX (Chart E)
      and olefin LXV to LXVI (Chart F) usually produces a mixture of alpha and
      beta alkylation products with respect to the --CH.sub.2 --V--COOR.sub.10
      and --CH.sub.2 --Z--COOR.sub.10 moieties. Also as described above, those
      two isomers lead to different final products, alpha leading to the PG type
      series, and beta leading to the 8-iso-PG type series. If a compound in one
      or the other of those two series is preferred, there are two methods for
      favoring production of the preferred final product.
PAR  One of those methods involves isomerization of the final product of
      formulas XVIII to XXVII. Either the alpha isomer of a formula
      XVIII-to-XXVII compound, ester or free acid, or the corresponding beta
      isomer is maintained in an inert liquid diluent in the range 0.degree. to
      80.degree. C. and in the presence of a base characterized by its water
      solution having a pH below about 10 until a substantial amount of the
      isomer has been isomerized to the other isomer, i.e., alpha to beta or
      beta to alpha. Preferred bases for this purpose are the alkali metal salts
      of carboxylic acids, especially alkanoic acids of 2 to 4 carbon atoms,
      e.g., sodium acetate. Examples of useful inert liquid diluents are
      alkanols of one to 4 carbon atoms, e.g., ethanol. This reaction at about
      25.degree. takes about 1 to about 20 days. Apparently an equilibrium is
      established. The mixtures of the two isomers, alpha and beta, are
      separated from the reaction mixture by known procedures, and then the two
      isomers are separated from each other by known procedures, for example,
      chromatography, recrystallization, or a combination of those. The less
      preferred isomer is then subjected to the same isomerization to produce
      more of the preferred isomer. In this manner, by repeated isomerizations
      and separation, substantially all of the less preferred isomer of the
      formula XVIII-to-XXVII compound is transformed to more preferred isomer.
PAR  The second method for favoring production of a preferred formula
      XVIII-to-XXVII isomer involves any one of the keto intermediates of
      formulas LIX, LX, LXVI, or LXVII (Charts E and F). Either the alpha form
      or the beta form of one of those intermediates is transformed to a mixture
      of both isomers by maintaining one or the other isomer, alpha or beta, in
      an inert liquid diluent in the presence of a base and in range 0.degree.
      to 100.degree. C. until a substantial amount of the starting isomer has
      been isomerized to the other isomer. Preferred bases for this
      isomerization are alkali metal amides, alkali metal alkoxides, alkali
      metal hydrides, and triarylmethyl alkali metals. Especially preferred are
      alkali metal tert-alkoxides of 4 to 8 carbon atoms, e.g., potassium
      tert-butoxide. This reaction at about 25.degree. C. proceeds rapidly (one
      minute to several hours). Apparently an equilibrium mixture of both
      isomers is formed, starting with either isomer. The isomer mixtures in the
      equilibrium mixture thus obtained are isolated by known procedures, and
      then the two isomers are separated from each other by known procedures,
      for example, chromatography. The less preferred isomer is then subjected
      to the same isomerization to produce more of the preferred isomer. In this
      manner, by repeated isomerizations and separations, substantially all of
      the less preferred isomer of any of these intermediates is transformed to
      the more preferred isomer. Cyclic acetalketone intermediates of formula
      LIX are preferred over the other intermediates for this isomerization
      procedure.
PAR  Certain 15-alkyl 3-oxa and 4-oxa PGE, PGF, PGA, and PGB type compounds of
      formula XVIII to LVII whereiin R.sub.3 is alkyl of one to 4 carbon atoms,
      inclusive, preferably methyl or ethyl, are preferred over the
      corresponding 3-oxa and 4-oxa PGE, PGF, PGA, and PGB type compounds in
      which R.sub.3 is hydrogen for the above-described pharmacological
      purposes.
PAR  These 15-alkyl prostaglandin analogs are surprisingly and unexpectedly more
      useful than the corresponding 15-hydrogen compounds for the reason that
      they are substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have a substantially longer
      duration of biological activity. For that reason, fewer and smaller doses
      of these 15-alkyl prostaglandin analogs are needed to attain the desired
      pharmacological results.
PAR  Although the above-mentioned 15-alkyl compounds are produced by the methods
      outlined above in Charts A-H, the preferred methods are set forth in Chart
      K as follows.
PAR  In Chart K, R.sub.19 is alkyl of one to 4 carbon atoms, inclusive, and A,
      Hal, R.sub.1, V, and .about. are as heretofore defined. Also in Chart K,
      R.sub.17 is (1) R.sub.2 as defined above or
      ##EQU59##
      wherein C.sub.j H.sub.2j and R.sub.9 are as defined above; and R.sub.18 is
      R.sub.1 as defined above or silyl of the formula --Si--(T).sub.3 wherein T
      is alkyl of one to 4 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, or phenyl substituted with one to 2 fluoro,
      chloro, or alkyl of one to 4 carbon atoms, inclusive. The various T's of a
      --Si(T).sub.3 moiety are alike or different. For example, a --Si(T).sub.3
      can be trimethylsilyl, dimethylphenylsilyl, or methylphenylbenzylsilyl.
      Examples of alkyl of one to 4 carbon atoms, inclusive, are methyl, ethyl,
      propyl, isopropyl, isobutyl, sec-butyl, and tert-butyl. Examples of
      aralkyl of 7 to 12 carbon atoms, inclusive, are benzyl, phenethyl,
      .alpha.-phenylethyl, 3-phenylpropyl, .alpha.-naphthylmethyl, and
      2-(.beta.-napthyl)ethyl.
PAC  CHART K
      ##SPC25##
      Examples of phenyl substituted with one or 2 fluoro, chloro, or alkyl of
      one to 4 carbon atoms, inclusive, are p-chlorophenyl, m-fluorophenyl,
      o-tolyl, 2,4-dichlorophenyl, p-tert-butylphenyl, 4-chloro-2-methylphenyl,
      and 2,4-dichloro-3-methylphenyl.
PAR  In Chart K, the final 3-oxa and 4-oxa PGF.sub..alpha. and
      PGF.sub..beta.-type products are those encompassed by formulas CIV and CV
      which are within the scope of PGF-type compounds of formula XXVIII-XXXVII.
PAR  The initial optically active or racemic reactants of formula CI in Chart K,
      i.e., the 3-oxa and 4-oxa PGF.sub.1 -, PGF.sub.2 -, PGF.sub.3 -,
      dehydro-PGF.sub.2 -, and dihydro-PGF.sub.1 -type compounds in their
      .alpha. and .beta. forms, and their esters, are prepared by methods
      described herein. These acids and esters of formula CI are transformed to
      the corresponding intermediate 15-oxo acids and esters of formula CII by
      oxidation with reagents such as 2,3-dichloro-5,6-dicyano-1,4-benzoquinone,
      activated manganese dioxide or nickel peroxide (see Fieser et al.,
      "Reagents for Organic Syntheses," pp. 215, 637, and 731). Alternatively,
      and especially for the formula-CI reactants wherein A is --CH.sub.2
      CH.sub.2 --, and V is Y as defined above, these oxidations are carried out
      by oxygenation in the presence of the 15-hydroxy-prostaglandin
      dehydrogenase of swine lung (see Arkiv for Kemi 25, 293 (1966)). These
      reagents are used according to procedures known in the art. See, for
      example, J. Biol. Chem. 239, 4097 (1964).
PAR  Referring again to Chart K, intermediate compounds CII are transformed to
      silyl derivatives CIII by procedures known in the art. See, for example,
      Pierce, "Silylation of Organic Compounds," Pierce Chemical Co., Rockford,
      Ill. (1968). Both hydroxy groups of the formula-CII reactants are thereby
      transformed to --O--Si--(T).sub.3 moieties wherein T is as defined above,
      and sufficient of the silylating agent is used for that purpose according
      to known procedures. When R.sub.1 in intermediate CII is hydrogen, the
      --COOH moiety thereby defined is simultaneously transformed to
      --COO--Si--(T).sub.3, additional silylating agent being used for this
      purpose. This latter transformation is aided by excess silylating agent
      and prolonged treatment. When R.sub.1 in formula CII is alkyl, then
      R.sub.18 in formula CIII will also be alkyl. The necessary silylating
      agents for these transformations are known in the art or are prepared by
      methods known in the art. See, for example, Post, "Silicones and Other
      Organic Silicon Compounds,"  Reinhold Publishing Corp., New York, N.Y. (
      ).
PAR  Referring again to Chart K, intermediate silyl compounds CIII are
      transformed to the final compounds of formulas CIV and CV by first
      reacting the silyl compound with a Grignard reagent of the formula
      R.sub.19 MgHal wherein R.sub.19 is as defined above, and Hal is chloro,
      bromo, or iodo. For this purpose, it is preferred that Hal be bromo. This
      reaction is carried out by the usual procedure for Grignard reactions,
      using diethyl ether as a reaction solvent and saturated aqueous ammonium
      chloride solution to hydrolyze the Grignard complex. The resulting disilyl
      or trisilyl tertiary alcohol is then hydrolyzed with water to remove the
      silyl groups. For this purpose, it is advantageous to use a mixture of
      water and sufficient of a water-miscible solvent, e.g., ethanol to give a
      homogenous reaction mixture. The hydrolysis is usually complete in 2 to 6
      hours at 25.degree. C., and is preferably carried out in an atmosphere of
      an inert gas, e.g., nitrogen or argon.
PAR  The mixture of 15-.alpha. and 15-.beta. isomers obtained by this Grignard
      reaction and hydrolysis is separated by procedures known in the art for
      separating mixtures of prostanoic acid derivatives, for example, by
      chromatography on neutral silica gel. In some instances, the lower alkyl
      esters, especially the methyl esters of a pair of 15-.alpha. and 15-.beta.
      isomers are more readily separated by silica gel chromatography than are
      the corresponding acids. In those cases, it is advantageous to esterify
      the mixture of acids as described below, separate the two esters, and
      then, if desired, saponify the esters by procedures known in the art for
      saponification of prostaglandins F.
PAR  Although formula-CIV and -CV compounds wherein A is --CH.sub.2 CH.sub.2 --
      and V is Y as defined above may be produced according to the processes of
      Chart K, it is preferred to produce those novel dihydro-PGF.sub.1 analogs
      by hydrogenation of one of the corresponding unsaturated compounds, i.e.,
      a compound of formula CIV or CV wherein A is trans --CH=CH-- and V is
      either saturated or unsaturated as defined above. This hydrogenation is
      advangateously carried out catalytically, for example, in the presence of
      a 5% palladium-on-charcoal catalyst in ethyl acetate solution at
      25.degree. C. and one atmosphere pressure of hydrogen.
PAR  The novel 15-alkyl 3-oxa or 4-oxa PGE-type acids and esters of formula
      XVIII to XXVII are prepared from the corresponding PGF compounds,
      heretofore described, by oxidation. For this purpose, an oxidizing agent
      is used which selectively oxidizes secondary hydroxy groups to carbonyl
      groups in the presence of carbon-carbon double bonds. The PGF.sub..beta.
      isomers are preferred starting materials when the carboxyl side chain is
      alpha, although the corresponding .alpha.-hydroxy isomers are also useful
      for this purpose.
PAR  Oxidation reagents useful for this transformation are known to the art. An
      especially useful reagent for this purpose is the Jones reagent. Acetone
      is a suitable diluent for this purpose, and a slight excess beyond the
      amount necessary to oxidize one of the secondary hydroxy groups of the
      15-alkyl PGF reactant is used. Reaction temperatures at least as low as
      about 0.degree. C. should be used. Preferred reaction temperatures are in
      the range -10.degree. to -50.degree. C. The oxidation proceeds rapidly and
      is usually complete in about 5 to 20 minutes. The excess oxidant is
      destroyed, for example by addition of a lower alkanol, advantageously,
      isopropyl alcohol, and the PGE-type product is isolated by conventional
      methods.
PAR  Examples of other oxidation reagents useful for this purpose are silver
      carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of chromium
      trioxide and pyridine (Tetrahedron Letters 3363 (1968), J. Am. Chem. Soc.
      75, 422 (1953), and Tetrahedron, 18, 1351 (1962)), mixtures of sulfur
      trioxide in pyridine and dimethyl sulfoxide (J. Am. Chem. Soc. 89, 5505
      (1967)), and mixtures of dicyclohexylcarbodiimide and dimethyl sulfoxide
      (J. Am. Chem. Soc. 87, 5661 (1965)).
PAR  The novel 15-alkyl 3-oxa or 4-oxa PGA-type acids and esters of formulas
      XXXVIII to XLVII are prepared from the 15-alkyl 3-oxa or 4-oxa PGE
      compounds, heretofore described, by dehydration. For this purpose, a
      dehydrating agent is used which removes the hydroxy group from the
      alicyclic ring in the presence of a hydroxy group on a tertiary carbon
      atom.
PAR  Dehydration agents useful for this transformation are known in the art. Any
      of the known substantially neutral dehydrating agents is used for these
      reactions. See Fieser et al., "Reagents for Organic Syntheses", John Wiley
      & Sons, Inc., New York, 1967. Preferred dehydrating agents are mixtures of
      at least an equivalent amount of a carbodiimide and a catalytic amount of
      a copper (II) salt. Especially preferred are mixtures of at least an
      equivalent amount of dicyclohexylcarbodiimide and a catalytic amount of
      copper (II) chloride. An equivalent amount of a carbodiimide means one
      mole of the carbodiimide for each mole of the PGE-type reactant. To ensure
      completeness of the reaction, it is advantageous to use an excess of the
      carbodiimide, i.e., 1.5 to 5 or even more equivalents of the carbodiimide.
PAR  The dehydration is advantageously carried out in the presence of an inert
      organic diluent which gives a homogeneous reaction mixture with respect to
      the PGE-type reactant and the carbodiimide. Diethyl ether is a suitable
      diluent. It is advantageous to carry out the dehydration in an atmosphere
      of an inert gas, e.g., nitrogen, helium, or argon. The time required for
      the dehydration will depend in part on the reaction temperature. With the
      reaction temperature in the range 20.degree. to 30.degree. C., the
      dehydration usually takes place in about 40 to 60 hours. The PGA-type
      product is isolated by methods known in the art, e.g., filtration of the
      reaction mixture and concentration of the filtrate. If desired, the
      product is purified by methods known in the art, advantageously by
      chromatography on silica gel.
PAR  The 3-oxa-PGE.sub.1 compounds encompassed by formula XVIII and the
      3-oxa-PGF.sub.1.sub..alpha. compounds encompassed by formula XXVIII are
      also prepared by the transformations shown in Charts L and M. Therein
      R.sub.1, R.sub.2, and .about. are as defined above and Q' is
      ##EQU60##
PAR  In Chart L, wherein are shown the steps leading to intermediate CXI of
      Chart M, R.sub.20 is either
      ##EQU61##
      wherein R.sub.29 is alkyl of one to 4 carbon atoms, inclusive, phenylalkyl
      of 7 to 10 carbon atoms, inclusive, or nitro, and s is zero to 5,
      inclusive, provided that not more than two R.sub.29 's are other than
      alkyl, and that the total number of carbon atoms in the R.sub.29 's does
      not exceed 10 carbon atoms;
      ##SPC26##
PAL  wherein R.sub.30 is alkyl of one to 4 carbon atoms, inclusive;
      ##SPC27##
PAL  wherein R.sub.29 and s are as defined above; or (4) acetyl. Use of acetyl
      of p-phenylbenzoyl is known in the art (see Corey et al., J. Am. Chem.
      Soc. 93, 1491 (1971)).
PAR  In Chart L, R.sub.21 is a "blocking group," which is defined as any group
      which replaces hydrogen of the hydroxyl groups, which is not attacked by
      nor is reactive to the reagents used in the respective transformations to
      the extent that the hydroxyl group is, and which is subsequently
      replaceable by hydrogen at a later stage in the preparation of the
      prostaglandin-like products.
      ##SPC28##
PAC  CHART M
      ##SPC29##
      Several blocking groups are known in the art, e.g., tetrahydropyranyl and
      substituted tetrahydropyranyl (see Corey, Proceedings of the Robert A.
      Welch Foundation Conferences on Chemical Research. XII Organic Synthesis,
      pp. 51-79 (1969).
PAR  Those which have been found useful in this series of transformations
      include (a) tetrahydropyranyl; (b) tetrahydrofuranyl; and (c) a group of
      the formula
      ##EQU62##
      wherein R.sub.25 is alkyl of one to 18 carbon atoms, inclusive, cycloalkyl
      of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms,
      inclusive, phenyl, or phenyl substituted with one, 2, or 3 alkyl of one to
      4 carbon atoms, inclusive, wherein R.sub.26 and R.sub.27 are the same or
      different, being hydrogen, alkyl of one to 4 carbon atoms, inclusive,
      phenyl or phenyl substituted with one, 2, or 3 alkyl of one to 4 carbon
      atoms, inclusive, or, when R.sub.26 and R.sub.27 are taken together,
      --(CH.sub.2)a-- or --(CH.sub.2)b--O--(CH.sub.2)c-- wherein a is 3,4, or 5,
      b is one, 2, or 3, and c is one, 2, or 3 with the proviso that b plus c is
      2, 3, or 4, and wherein R.sub.28 is hydrogen or phenyl.
PAR  Furthermore, in Chart L, Q" is either
      ##EQU63##
      or
      ##EQU64##
      wherein R.sub.21 is a blocking group as defined above.
PAR  The starting materials represented by formula CVI in Chart L are known in
      the art or are prepared by methods known in the art. See, for example,
      E.J. Corey et al., J. Am. Chem. Soc. 91, 5675 (1969) for the dl (racemic)
      form and 92, 397 (1970) for the optically active form. Likewise see
      Belgian Pat. No. 781,979, Oct. 12, 1972, or West German Offenlegunsschrift
      2,217,044, October 26, 1972. See Derwent Farmdoc 71483T-B, T48.
PAR  In that Belgian patent an iodolactone of the formula
      ##SPC30##
PAL  is subjected to an acylating agent, for example an acid, an anhydride, or
      an acyl halide, to replace the hydrogen of the hydroxyl group with
      R.sub.20. The resulting compound is next deiodinated, for example with
      zinc dust or tributyltin hydride. That product is then demethylated, as
      with boron tribromide. Finally, the aldehyde is formed by oxidation, as
      with Collins reagent (pyridine-CrO.sub.3).
PAR  Continuing with Chart L, the formula-CVII compound is obtained by Wittig
      alkylation of CVI, using the sodio derivative of an appropriate
      alkylphosphonate of the general formula (R.sub.31 O).sub.2 P(O)CH.sub.2
      C(O)--R.sub.2 wherein R.sub.2 is as defined above and R.sub.31 is
      preferably alkyl of one to 8 carbon atoms, inclusive.
PAR  As examples of phosphonates useful for this purpose there are:
      ##EQU65##
      The phosphonates are prepared and used by methods known in the art. See
      D.H. Wadsworth et al., J. Org. Chem. 30, 680 (1965).
PAR  Conveniently, the appropriate aliphatic acid ester is condensed with
      dimethyl methylphosphonate in the presence of n-butyllithium. For this
      purpose, acids of the general formula
      ##EQU66##
      wherein g and R.sub.4 are as defined above are used in the form of their
      lower alkyl esters, preferably methyl or ethyl. These aliphatic acids of
      various chain length, with or without fluoro substitution within the scope
      of
      ##EQU67##
      are known in the art. The fluoro-substituted acids are readily available,
      e.g. 2-fluorobutyric, 2-fluorovaleric, 2-fluorohexanoic,
      2-fluoroheptanoic, and 2-fluorooctanoic acids.
PAR  Continuing with Chart L, the formula-CVIII compound is obtained as a
      mixture of alpha and beta isomers by reduction of CVII. For this
      reduction, use is made of any of the known ketonic carbonyl reducing
      agents which do not reduce ester or acid groups or carbon-carbon double
      bonds when the latter is undesirable. Examples of those are the metal
      borohydrides, especially sodium, potassium, and zinc borohydrides, lithium
      (tri-tert-butoxy)-aluminum hydride, metal trialkoxy borohydrides, e.g.,
      sodium trimethoxyborohydride, lithium borohydride, diisobutyl aluminum
      hydride, and when carbon-carbon double bond reduction is not a problem,
      the boranes, e.g., disiamylborane.
PAR  For production of natural-configuration PG-type compounds, the desired
      15-alpha form of the formula-CVIII compound is separated from the 15-beta
      isomer by silica gel chromatography.
PAR  The formula-CIX compound is then obtained by deacylation of CVIII with an
      alkali metal carbonate, for example potassium carbonate in methanol at
      about 25.degree. C.
PAR  Previously, the preparation of a bicyclic lactone diol within the scope of
      formula CIX
      ##SPC31##
PAL  was reported by E. J. Corey et al., J. Am. Chem. Soc. 91, 5675 (1969), and
      later disclosed in an optically active form by E. J. Corey et al., J. Am.
      Chem. Soc. 92, 397 (1970). Conversion of this intermediate to PGE.sub.2
      and PGF.sub.2.sub..alpha., either in racemic or optically active form, was
      disclosed in those publications.
PAR  Continuing with Chart L, compound CX is obtained by introducing blocking
      groups R.sub.21. When the blocking group is tetrahydropyranyl or
      tetrahydrofuranyl, the appropriate reagent, e.g. 2,3-dihydropyran or
      2,3-dihydrofuran, is used in an inert solvent such as dichloromethane, in
      the presence of an acid condensing agent such as p-toluenesulfonic acid or
      pyridine hydrochloride. The reagent is used in slight excess, preferably
      1.0 to 1.2 times theory. The reaction is carried out at about
      20.degree.-50.degree.C.
PAR  When the blocking group is of the formula
      ##EQU68##
      as defined above, the appropriate reagent is a vinyl ether, e.g. isobutyl
      vinyl ether or any vinyl ether of the formula R.sub.25
      --O--C(R.sub.26)=CR.sub.27 R.sub.28 wherein R.sub.25, R.sub.26, R.sub.27,
      and R.sub.28 are as defined above; or an unsaturated cyclic or
      heterocyclic compound, e.g. 1-cyclohex-1-yl methyl ether or
      5,6-dihydro-4-methoxy-2H-pyran. See C. B. Reese et al., J. Am. Chem. Soc.
      89, 3366 (1967). The reaction conditions for such vinyl ethers and
      unsaturates are similar to those for dihydropyran above.
PAR  The lactol CXI is obtained on reduction of the formula-CX lactone without
      reducing the 13,14-ethylenic group. For this purpose, diisobutylaluminum
      hydride is used. The reduction is preferably done at -60.degree. to
      -70.degree.C.
PAR  The stereochemistry of the side chain is preserved in transforming CVIII to
      CIX to CX to CXI. For example, a 3-alpha compound CVIII yields a 3-alpha
      compound CXI.
PAR  Referring to Chart M, the steps are shown whereby compound CXI is
      transformed to either 3-oxa-PGF.sub.1 .sub..alpha. compounds (CXVI) or
      3-oxa-PGE.sub.1 compounds (CXVIII). Therein, Q', Q", R.sub.1, R.sub.2, and
      R.sub.21 are as defined above. R.sub.22 is either methyl or ethyl, and
      R.sub.23 is either hydrogen or a blocking group R.sub.21.
PAR  The formula-CXII compound is obtained from the formula-CXI lactol by the
      Wittig reaction, with a (carbalkoxymethylene)triphenyl phosphorane,
      R.sub.22 OOC--CH=P(C.sub.6 H.sub.5).sub.3. The reaction is conveniently
      carried out at 25.degree.C.
PAR  The formula-CXIII compound is then obtained by reduction of the ethylenic
      group in the carboxyl chain. For this purpose a reducing agent is used
      which does not reduce the --CH=C(Q")--R.sub.2 group, for example hydrogen
      in the presence of a catalyst such as palladium on carbon or rhodium on
      alumina. Mild conditions are sufficient such as low pressure and
      temperatures of 0.degree. to 40.degree.C.
PAR  The formula-CXIV alcohol is obtained from the formula-CXIII compound by
      reduction, for example with lithium aluminum hydride or lithium trimethoxy
      aluminum hydride. A solvent such as diethyl ether or tetrahydrofuran is
      conveniently used.
PAR  The formula-CXV compound is obtained by a Williamson synthesis, condensing
      the formula-CXIV alcohol with a haloacetate, Hal--CH.sub.2 --COOR.sub.1
      wherein Hal is chloro, bromo, or iodo and R.sub.1 is as above defined, in
      the presence of a base. For the base, there is used for example,
      n-butyllithium, phenyllithium, triphenylmethyllithium, sodium hydride, or
      potassium t-butoxide. When R.sub.23 is hydrogen it is preferred that only
      one molecular equivalent of the base be used; when R.sub.23 is a blocking
      group excess of the base may be used. The acetate is employed in about
      100% excess. Instead of a haloacetic acid ester, a salt, for example
      lithium chloroacetate is useful. After the condensation, the salt is
      transformed to the CXV compound by methods known in the art. The
      condensation is conveniently run in a solvent such as dimethyl formamide,
      tetrahydrofuran, dimethyl sulfoxide, or hexamethylphosphoramide.
PAR  The CXV intermediate is transformed to the formula-CXVI 3-oxa-PGF.sub.1
      .sub..alpha. -type product by hydrolysis of the blocking groups, for
      example in dilute acetic acid, aqueous citric acid, or aqueous phosphoric
      acid-tetrahydrofuran.
PAR  The formula-CXVII PGE-.sub.1 -type compound is obtained by oxidation of the
      formula CXV-compound, for example by either the Jones or Collins reagents.
      Thereafter, the blocking groups are removed by hydrolysis to yield the
      formula-CXVIII 3-oxa-PGE.sub.1 -type products. The 3-oxa-PGE.sub.2
      compounds encompassed by formula XX and the 3-oxa-PGF.sub.2 .sub..alpha.
      compounds encompassed by formula XXX are also prepared by the
      transformations shown in Chart N. Therein Q', Q", R.sub.1, R.sub.2,
      R.sub.21, and R.sub.22, are as defined above for Charts L and M.
PAR  Starting material CXII is provided by the first step of Chart M as shown
      above. Next, the formula-CXIX alcohol is obtained by reduction, for
      example with lithium aluminum hydride or lithium trimethoxy aluminum
      hydride. A solvent such as diethyl ether or tetrahydrofuran is
      conveniently used. Thereafter, the steps by which the formula-CXXI
      PGF.sub.2 .sub..alpha.-type compounds and the formula-CXXIII PGE.sub.2
      -type compounds are formed are by using the same reagents and conditions
      employed for preparing the corresponding formula-CXVI PGF.sub.1
      .sub..alpha.-type and formula-CXVIII PGE.sub.1 -type compounds represented
      in Chart M and discussed above.
PAR  The 4-oxa-PGF.sub.1 .sub..alpha. compounds encompassed by formula-XXIX are
      also prepared by the transformations shown in Chart O. Therein Q', Q",
      R.sub.1, R.sub.2, and R.sub.21 are as defined above for Charts L and M.
PAR  Starting material CXI is provided by the steps of Chart L above. Next, the
      formula-CXXIV allyl compound is obtained by reaction of the lactol with a
      Wittig reagent. For a discussion of the conditions of various Wittig
      reactions, see for example "Organic Reactions," Vol. 14, p. 270, R. Adams
      et al. edit., Wiley, 1965. The formula-CXXV compound is obtained by
      methods known in the art or discussed herein. Hydroboration then yields
      the formula-CXXVI alcohol. See, for example, "Hydroboration," H. C. Brown,
      W. A. Benjamin, Inc., New York, 1962.
PAC  CHART N
      ##SPC32##
PAC  CHART O
      ##SPC33##
PAL  Thereafter, the formula-CXXVII allyl compound is obtained by the Williamson
      ether synthesis, employing allyl chloride. Hydroboration yields the
      formula-CXXVIII alcohol which is readily oxidized with the Jones reagent
      to the formula-CXXIX acid wherein R.sub.1 is hydrogen. Blocking groups
      R.sub.21 are removed by methods described above to yield the formula-CXXX
      4-oxa-PGF.sub.1 .sub..alpha. product. If compound CXXIX is esterified,
      compound CXXX is obtained as an ester.
PAR  The 5-nor-4-oxa-PGE.sub.1 compounds encompassed by formula XIX and the
      5-nor-4-oxa-PGF.sub.1 .sub..alpha. compounds encompassed by formula XXIX
      are also prepared by the transformations shown in Chart P. Therein Q', Q",
      R.sub.1, R.sub.2, and R.sub.21 are as defined above.
PAR  Starting material CX is obtained by the steps of Chart L. Next, the
      formula-CXXXI alcohol is obtained by reduction. For this purpose sodium
      borohydride, lithium aluminum hydride, or diisobutylaluminum hydride are
      useful. Generally the reaction is carried out within a temperature range
      of 0.degree.-50.degree.C. Thereafter, successive steps employing the
      Williamson ether synthesis, hydroboration, and oxidation yield the
      formula-CXXXIV acid. Removal of blocking groups R.sub.21 yields the
      formula-CXXXVI 5-nor-4-oxa-PGE.sub.1 acid. Esters are obtained, for
      example by esterifying acid CXXXIV to form compound CXXXV and thence
      compound CXXXVI.
PAR  Formula CXXXVII 5-nor-4-oxa-PGF.sub.1 compounds are obtained by reduction
      of the formula-CXXXVI compounds, for example with sodium borohydride, and
      thereafter separating the 9-alpha and 9-beta compounds by methods known in
      the art or described herein.
PAC  CHART P
      ##SPC34##
PAR  The final formula XVIII-to-LVII compounds or their corresponding racemates
      prepared by the processes of this invention, in free acid form, are
      transformed to pharmacologically acceptable salts by neutralization with
      appropriate amounts of the corresponding inorganic or organic base,
      examples of which correspond to the cations and amines listed above. These
      transformations are carried out by a variety of procedures known in the
      art to be generally useful for the preparation of inorganic, i.e., metal
      or ammonium, salts, amine acid addition salts, and quaternary ammonium
      salts. The choice of procedure depends in part upon the solubility
      characteristics of the particular salt to be prepared. In the case of the
      inorganic salts, it is usually suitable to dissolve the formula
      XVIII-to-LVII acid in water containing the stoichiometric amount of a
      hydroxide, carbonate, or bicarbonate corresponding to the inorganic salt
      desired. For example, such use of sodium hydroxide, sodium carbonate, or
      sodium bicarbonate gives a solution of the sodium salt. Evaporation of the
      water or addition of a water-miscible solvent of moderate polarity, for
      example, a lower alkanol or a lower alkanone, gives the solid inorganic
      salt if that form is desired.
PAR  To produce an amine salt, the formula XVIII-to-LVII acid is dissolved in a
      suitable solvent of either moderate or low polarity. Examples of the
      former are ethanol, acetone, and ethyl acetate. Examples of the latter are
      diethyl ether and benzene. At least a stoichiometric amount of the amine
      corresponding to the desired cation is then added to that solution. If the
      resulting salt does not precipitate, it is usually obtained in solid form
      by addition of a miscible diluent of low polarity or by evaporation. If
      the amine is relatively volatile, any excess can easily be removed by
      evaporation. It is preferred to use stoichiometric amounts of the less
      volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      formula XVIII-to-LVII acid with the stoichiometric amount of the
      corresponding quaternary ammonium hydroxide in water solution, followed by
      evaporation of the water.
PAR  The final formula XVIII-to-LVII acids or esters or their corresponding
      racemates prepared by the processes of this invention are transformed to
      lower alkanoates by interaction of the formula XVIII-to-LVII hydroxy
      compound with a carboxyacylating agent, preferably the anhydride of a
      lower alkanoic acid, i.e., an alkanoic acid of one to 8 carbon atoms,
      inclusive. For example, use of acetic anhydride gives the corresponding
      diacetate. Similar use of propionic anhydride, isobutyric anhydride, and
      hexanoic acid anhydride gives the corresponding carboxyacylates.
PAR  The carboxyacylation is advantageously carried out by mixing the hydroxy
      compound and the acid anhydride, preferably in the presence of a tertiary
      amine such as pyridine or triethylamine. A substantial excess of the
      anhydride is used, preferably about 10 to about 10,000 moles of anhydride
      per mole of the hydroxy compound reactant. The excess anhydride serves as
      a reaction diluent and solvent. An inert organic diluent, for example,
      dioxane, can also be added. It is preferred to use enough of the tertiary
      amine to neutralize the carboxylic acid produced by the reaction, as well
      as any free carboxyl groups present in the hydroxy compound reactant. The
      carboxyacylation reaction is preferably carried out in the range about
      0.degree. to about 100.degree.C. The necessary reaction time will depend
      on such factors as the reaction temperature, and the nature of the
      anhydride and tertiary amine reactants. With acetic anhydride, pyridine,
      and a 25.degree.C. reaction temperature, a 12 to 24-hour reaction time is
      used.
PAR  The carboxyacylated product is isolated from the reaction mixture by
      conventional methods. For example, the excess anhydride is decomposed with
      water, and the resulting mixture acidified and then extracted with a
      solvent such as diethyl ether. The desired carboxyacylate is recovered
      from the diethyl ether extract by evaporation. The carboxyacylate is then
      purified by conventional methods, advantageously by chromatography.
PAR  By this procedure, the formula XVIII-to-XXVII PGE-type compounds are
      transformed to dialkanoates, the formula XXVIII-to-XXXVII PGF-type
      compounds are transformed to trialkanoates, and the formula
      XXXVIII-to-LVII PGA-type and PGB-type compounds are transformed to
      monoalkanoates.
PAR  When a PGE-type dialkanoate is transformed to a PGF-type compound by
      carbonyl reduction as shown in Chart A, a PGF-type dialkanoate is formed
      and is used for the above-described purposes as such or is transformed to
      a trialkanoate by the above-described procedure. In the latter case, the
      third alkanoyloxy group can be the same as or different than the two
      alkanolyoxy groups present before the carbonyl reduction.
PAR  The 3-oxa and 4-oxa prostaglandin compounds described herein, as well as
      most of the intermediates, except for LVIII and LXV, each has at least one
      center of asymmetry and each can exist in racemic (dl) form and in either
      enantiomeric optically active form i.e., d and l. The formulas XVIII to
      LVII as drawn each represents the optically active form with the same
      configuration as the naturally-occurring prostaglandins. A formula
      defining the enantiomer is the mirror image of the formula as drawn. Both
      formulas are necessary to define accurately the corresponding racemic
      form. In the charts, only the formulas for one optically active form are
      shown, but the transformations therein depicted are intended to apply to
      either enantiomorphic form and also the racemic mixture.
PAR  When an optically active (d or l) final compound is desired, it is made by
      resolution of the racemic compound or by use of a resolved asymmetric
      intermediate. These resolutions are carried out by procedures known in the
      art. For example, when final compound XVIII to LVII is a free acid, the dl
      form thereof is resolved into the d and l forms by reacting said free acid
      by known general procedures with an optically active base, e.g., brucine
      or strychnine, to give a mixture of two diastereoisomers which are
      separated by known general procedures, e.g., fractional crystallization,
      to give the separate diastereoisomeric salts. The optically active acid of
      formula XVIII to LVII is then obtained by treatment of the salt with an
      acid by known general procedures.
PAR  Another procedure for obtaining optically active 3-oxa and 4-oxa PGF-type
      compounds is by stereoselective microbiological reduction of the racemic
      3-oxa and 4-oxa PGE compounds. For this purpose actively fermenting
      baker's yeast is employed. The PGE compound is contacted with a
      yeast-sugar-water mixture at about 25.degree.C. for 24-48 hours. There is
      produced by reduction a mixture of the PGF.sub..alpha. compound and the
      enantiomeric PGF.sub..beta. compound, which are separable by silica gel
      chromatography for example. Accompanying this transformation, carboxylic
      ester groups are removed by hydrolysis.
PAR  Still another method referring to the processes discussed above and
      especially to Charts E, F, and H, is by resolution of cyclic ketal LIX,
      olefin LXVI, or glycols LX, LXVII or LXXXV in their free acid form into
      separate d and l forms. They are then esterified and transformed further
      to the corresponding optically active form of the final products XVIII to
      LVII as described above.
PAR  Alternatively, bicyclo ketone reactants LX, LXVII, or LXXXV, in exo or endo
      form, are transformed to ketals with an optically active 1,2-glycol, e.g.,
      D--(--)--2,3-butanediol, by reaction of said 1,2-glycol with the formula
      LX, LXVII, or LXXXV compound in the presence of a strong acid, e.g.,
      p-toluenesulfonic acid. The resulting ketal is a mixture of
      diastereoisomers which is separated into the d and l diastereoisomers,
      each of which is then hydrolyzed with an acid, e.g., oxalic acid, to the
      original keto compound, now in optically active form. These reactions
      involving optically active glycols and ketals for resolution purposes are
      generally known in the art. See, for example, Chem. Ind. 1664 (1961) and
      J. Am. Chem. Soc. 84, 2938 (1962). Dithiols may be used instead of
      glycols.
PAR  With reference to the processes of charts L, M, N, O, and P, the final
      optically active 3-oxa and 4-oxa products corresponding to formulas XVIII
      to LVII are obtained by starting with the proper optically active aldehyde
      CVI as discussed above. Likewise the corresponding racemic products are
      obtained by starting with the racemic (dl) aldehyde CVI or subsequent
      racemic intermediate.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention can be more fully understood by the following examples and
      preparations:
PAR  All temperatures are in degrees centigrade.
PAR  Infrared absorption spectra are recorded on a Perkin-Elmer Model 421
      infrared spectrophotometer. Except when specified otherwise, undiluted
      (neat) samples are used.
PAR  Ultraviolet spectra are recorded on a Cary Model 15 spectrophotometer.
PAR  NMR spectra are recorded on a Varian A-60 spectrophotometer on
      deuterochloroform solutions with tetramethylsilane as an internal standard
      (downfield).
PAR  Mass spectra are recorded on an Atlas CH-4 mass spectrometer with a TO-4
      source (ionization voltage 70 ev).
PAR  The collection of chromatographic eluate fractions starts when the eluant
      front reaches the bottom of the column.
PAR  "Brine," herein, refers to an aqueous saturated sodium chloride solution.
PAR  The A-IX solvent system used in thin layer chromatography is made up from
      ethyl acetate-acetic acid- 2,2,4-trimethylpentane-water (90:20:50:100)
      according to M. Hamberg and B. Samuelsson, J. Biol. Chem. 241, 257 (1966).
PAR  "Skellysolve-B" refers to mixed isomeric hexanes.
PAR  Silica gel chromatography, as used herein, is understood to include
      elution, collection of fractions, and combination of those fractions shown
      by TLC (thin layer chromatography) to contain the desired product free of
      starting material and impurities.
DETD
PAC  PREPARATION 1
PAC  Endo-bicyclo[3.1.0]hexan-3ol-6-carboxylic acid methyl ester.
PAR  A mixture of endo-bicyclo[3.1.0]hex-2-ene-6-carboxylic acid methyl ester
      (103 g.) and anhydrous diethyl ether (650 ml.) is stirred under nitrogen
      and cooled at -5.degree.C. A one molar solution (284ml.) of diborane in
      tetrahydrofuran is added dropwise during 30 minutes while keeping the
      temperature below 0.degree.C. The resulting mixture is then stirred and
      allowed to warm to 25.degree.C. during 3 hrs. Concentration under reduced
      pressure gives a residue which is dissolved in 650 ml. of anhydrous
      diethyl ether. The solution is cooled to 0.degree.C., and 3 N. aqueous
      sodium hydroxide solution (172 ml.0 is added dropwise under nitrogen and
      with vigorous stirring during 15 min., keeping the temperature at
      0.degree. to 5.degree. C. Next, 30% aqueous hydrogen peroxide (94 ml.) is
      added dropwise with stirring during 30 min. at 0.degree. to 5.degree.C.
      The resulting mixture is stirred an hour while warming to 25.degree. C.
      Then, 500 ml. of brine is added, and the diethyl ether layer is separated.
      The aqueous layer is washed with four 200 ml. portions of ethyl acetate,
      the washings being added to the diethyl ether layer, which is then washed
      with brine, dried, and concentrated to give 115 g. of residue. This
      residue is distilled under reduced pressure to give 69 g. of a mixture of
      the methyl esters of endo-bicyclo[3.1.0]hexan-3-ol-6-carboxylic acid and
      endo-bicyclo[3.1.0]hexan-2-ol-6-carboxylic acid; b.p.
      86.degree.-95.degree.C. at 0.5 mm.
PAC  PREPARATION 2
PAC  Endo-bicyclo[3.1.0]hexan-3-ol-6-carboxylic acid methyl ester
      tetrahydropyranyl ether.
PAR  The 2-ol and 3-ol mixture (66 g.) obtained according to Preparation 1 in 66
      ml. of dihydropyran is stirred and cooled at 15.degree.-20.degree.C.
      during addition of 3 ml. of anhydrous diethyl ether saturated with
      hydrogen chloride. The temperature of the mixture is then kept in the
      range 20.degree. to 30.degree.C. for one hour with cooling, and is then
      kept at 25.degree. for 15 hrs. Concentration gives a residue which is
      distilled under reduced pressure to give 66 g. of a mixture of the methyl
      esters-tetrahydropyranyl esters of
      endo-bicyclo[3.1.0]hexan3-ol-6-carboxylic acid and
      endo-bicyclo[3.1.0]hexan-2-ol-6-carboxylic acid; b.p.
      96.degree.-104.degree.C. at 0.1 mm.
PAC  PREPARATION 3
PAC  Endo-6-hydroxymethylbicyclo[3.1.0]hexan-3-ol-3-tetrahydropyranyl ether.
PAR  A solution of the mixture (69 g.) of products obtained according to
      Preparation 2 in 300 ml. of anhydrous diethyl ether is added dropwise
      during 45 min. to a stirred and cooled mixture of lithium aluminum hydride
      (21 g.) in 1300 ml. of anhydrous diethyl ether under nitrogen. The
      resulting mixture is stirred 2 hrs. at 25.degree.C., and is then cooled to
      0.degree.C. Ethyl acetate (71 ml.) is added, and the mixture is stirred 15
      min. Water (235 ml.) is then added, and the diethyl ether layer is
      separated. The water layer is washed twice with diethyl ether and twice
      with ethyl acetate. A solution of Rochelle salts is added to the aqueous
      layer, which is then saturated with sodium chloride and extracted twice
      with ethyl acetate. All diethyl ether and ethyl acetate solutions are
      combined, washed with brine, dried and concentrated to give 61 g. of a
      mixture of the 3-tetrahydropyranyl ethers of
      endo-6-hydroxymethylbicyclo[3.1.0]hexan-3-ol and
      endo-6-hydroxymethylbicyclo[3.1.0]hexan-2-ol.
PAC  PREPARATION 4
PAC  Endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether.
PAR  A solution of the mixture (34 g.) of products obtained according to
      Preparation 3 in 1000 ml. of acetone is cooled to -10.degree.C. Jones
      reagent (75 ml. of a solution of 21 g. of chromic anhydride, 60 ml. of
      water, and 17 ml. of concentrated sulfuric acid), precooled to
      0.degree.C., is added dropwise with stirring during 10 min. at
      10.degree.20.degree.C. After 10 min. of additional stirring at
      -10.degree.C., isopropyl alcohol (35 ml.) is added during 5 min., and
      stirring is continued for 10 min. The reaction mixture is then poured into
      8 l. of an ice and water mixture. The resulting mixture is extracted 6
      times with dichloromethane. The combined extracts are washed with aqueous
      sodium bicarbonate solution, dried, and concentrated to give 27 g. of a
      mixture of the tetrahydropyranyl ethers of
      endo-bicyclo[3.1.0]hexane-3-ol-6-carboxaldehyde and
      endo-bicyclo[3.1.0]hexane-2-ol-6-carboxaldehyde.
PAC  PREPARATION 5
PAC  Endo-6-(cis- and trans-1-heptenyl)bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether.
PAR  Refer to Chart G. A mixture of hexyl bromide (100 g.). triphenylphosphine
      (160 g.), and toluene (300 ml.) is stirred and heated at reflux for 7 hrs.
      The mixture is then cooled to 10.degree.C., and the crystals which
      separate are collected by filtration, washed with toluene, and dried to
      give 147 g. of hexyltriphenylphosphonium bromide; m.p.
      197.degree.-200.degree.C.
PAR  A mixture of hexyltriphenylphosphonium bromide (102 g.) and benzene (1200
      ml.) is stirred under nitrogen during addition of a solution of butyl
      lithium in hexane (146 ml. of a 15% solution- w/v). The resulting mixture
      is stirred 30 min. Then a solution of the mixture (27 g.) of products
      obtained according to Preparation 4 in 300 ml. of benzene is added
      dropwise with stirring during 30 min. The mixture is heated and stirred at
      70.degree.C. for 2.5 hrs., and then is cooled to 25.degree.C. The
      resulting precipitate is collected by filtration and washed with benzene.
      The filtrate and benzene wash are combined, washed with water, and dried
      to give 58 g. of a mixture of the tetrahydropyranyl ethers of endo-6-(cis-
      and trans-1-heptenyl)bicyclo[3.1.0]hexan-3-ol and endo-6-(cis- and
      trans-1-heptenyl)bicyclo[3.1.0]hexan-2-ol.
PAC  PREPARATION 6
PAC  Endo-6-(cis- and trans-1-heptenyl)bicyclo[3.1.0]hexan-3-ol.
PAR  Refer to Chart G. Oxalic acid (3 g.) is added to a solution of the mixture
      (58 g.) of products obtained according to Preparation 5 in 1500 ml. of
      methanol. The mixture is heated under reflux with stirring for 1.5 hrs.
      Concentration under reduced pressure gives an oil which is dissolved in
      dichloromethane. That solution is washed with aqueous sodium bicarbonate
      solution, dried, and concentrated under reduced pressure. The residue is
      dissolved in an isomeric hexane mixture (Skellysolve B), and
      chromatographed on 600 g. of wet-packed silica gel. The column is eluted
      with 2 l. of Skellysolve B, and then successively with 1 l. of 2.5%, 2 l.
      of 5%, 2 l. of 7.5%, 5 l. of 10%, and 3 l. of 15% ethyl acetate in
      Skellysolve B. Cooncentration of the combined fractions corresponding to
      the 10% and 15% ethyl acetate gives 16 g. of a mixture of endo-6-(cis- and
      trans-1-heptenyl)bicyclo[3.1.0]hexan-3-o1 and endo-6-(cis- and
      trans-1-heptenyl)bicyclo[3.1.0]hexan-2-o1.
PAC  PREPARATION 7
PAC  Endo-6-(cis- and trans-1-heptenyl) bicylo[3.1.0]hexan-3-one (Formula LXV:
      R.sub.2 is pentyl, and .about. is endo).
PAR  Refer to Chart G. A solution of the mixture (15 g.) of products obtained
      according to Preparation 6 in 450 ml. of acetone is cooled to -10.degree.
      C. and stirred while adding 30 ml. of Jones reagent (Preparation 4)
      dropwise during 10 min. The resulting mixture is stirred 10 min. at
      -10.degree. C. Then, isopropyl alcohol (15 ml.) is added and stirring is
      continued for 10 min. The mixture is poured into 2400 ml. of water. The
      water is extracted 5 times with dichloromethane. The combined extracts are
      washed with aqueous sodium bicarbonate solution, dried, and concentrated
      to give an oil. The oil is chromatographed on 500 g. of silica gel
      wetpacked with isomeric hexanes (Skellysolve B), eluting successively with
      2 l. of Skellysolve B, 2 l. of 2.5% ethyl acetate in Skellysolve B, and 10
      l. of 5% ethyl acetate in Skellysolve B. The first 1.5 l. of the 5% ethyl
      acetate in Skellysolve B eluate is concentrated to give 5.9 g. of the
      title compound; R.sub.f 0.62 on thin layer chromatography with silica gel
      plates developed with 20% ethyl acetate in cyclohexane.
PAR  Following the procedures of Preparations 5, 6, and 7, but using in
      Preparation 5 butyl bromide, pentyl bromide, heptyl bromide, and octyl
      bromide in place of hexyl bromide, there are obtained the 1-pentenyl,
      1-hexenyl, 1-octenyl, and 1-nonenyl compounds corresponding to the product
      of Preparation 7.
PAR  Also following the procedures of Preparations 5, 6, and 7, but using in
      Preparation 5, primary bromides of the formula X--(CH.sub.2).sub.d
      --CH.sub.2 Br, wherein d is one, 2, 3, or 4, and X is isobutyl,
      tert-butyl, 3,3-difluorobutyl, 4,4-difluorobutyl, 4,4,4-trifluorobutyl,
      and 3,3,4,4,4-pentafluorobutyl, in place of hexyl bromide, there are
      obtained compounds corresponding to the product of Preparation 7 with
      X--(CH.sub.2).sub.d --CH=CH-- in place of the 1-heptenyl moiety.
PAR  Also following the procedures of Preparations 5, 6, and 7 but using in
      Preparation 5 the other bromides of the formula
      ##EQU69##
      wherein g and R.sub.17 are as defined above in place of hexyl bromide,
      there are obtained compounds corresponding to the products of Preparation
      7 with
      ##EQU70##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedures of Preparations 5, 6, and 7 but using in
      Preparation 5, exo-bicyclo[3.1.0]hexane reactants in place of each of the
      endo reactants defined in Preparation 5 and after Preparation 7, the exo
      compounds corresponding to the endo product of Preparation 7 and each of
      the endo products defined after Preparation 7 are obtained. The necessary
      exo bicyclo[3.1.0]hexane reactants are prepared as described in Belgian
      Pat. No. 702,477.
PAR  By the above-described procedures, each of the reactants encompassed by
      formula LXV, above, is prepared.
PAC  PREPARATION 8
PAC  Endo-6-(1-2-dihydroxyheptyl) bicyclo[3.1.0]hexan-3-one (Formula LXXIII
      R.sub.2 is pentyl, and .about. is endo).
PAR  Refer to Chart G. A solution of potassium chlorate (1.0 g.) and osmium
      tetroxide (0.065 g.) in 25 ml. of water is added with stirring to a
      solution of the product (1.0 g.) of Preparation 7. The mixture is stirred
      vigorously for 5 hrs. at 50.degree. C. Then, the nearly colorless mixture
      is concentrated under reduced pressure. The residue is extracted
      repeatedly with dichloromethane, and the combined extracts are dried and
      concentrated to give 1.2 g. of a dark oil. This oil is chromatographed on
      100 g. of silica gel, and eluted successively with 300 ml. of 10% ethyyl
      acetate in a mixture of isomeric hexanes (Skellysolve B), with 500 ml. of
      25% ethyl acetate in Skellysolve B, and then with 50% ethyl acetate in
      Skellysolve B, collecting 100 ml. eluate fractions. Fractions 13-19 (50%
      ethyl acetate) were combined and concentrated to give 867 mg. of the title
      compound.
PAR  Following the procedure for Preparation 8 but using as reactants the endo
      and the exo 1-pentenyl, 1-hexenyl, 1-octenyl, and 1-nonenyl compounds
      corresponding to the 1-heptenyl bicyclo[3.1.0]hexane reactant of
      Preparation 8, the corresponding endo and exo 1,2-dihydroxypentyl,
      1,2-dihydroxyhexyl, 1,2-dihydroxyoctyl, and 1,2-dihydroxynonyl
      bicyclo[3.1.0]hexane products are obtained.
PAR  Also following the procedure of Preparation 8 but using as reactants the
      endo and the exo compounds with X--(CH.sub.2).sub.d --CH=CH-- in place of
      the 1-heptenyl moiety of the reactant of Preparation 8, the corresponding
      X--(CH.sub.2).sub.d --CHOH--CHOH--bicyclo[3.1.0]hexane products are
      obtained.
PAR  Also following the procedure of Preparation 8 but using as reactants, endo
      and exo bicyclo[3.1.0]hexane compounds of the formula
      ##SPC35##
PAL  wherein g and R.sub.17 are as defined above, those compounds being prepared
      as described above, the corresponding
      ##EQU71##
      products are obtained.
PAC  PREPARATION 9
PAC  Endo-6-(1,2-dihydroxyheptyl)-bicyclo[3.1.0]hexan-3-one acetonide (Formula
      LVIII: R.sub.2 is pentyl, R.sub.11 and R.sub.12 are methyl, .about. is
      endo).
PAR  Refer to Chart G. A solution of the product (8.41 g.) of Preparation 8 and
      700 mg. of potassium bisulfate in 140 ml. of acetone is stirred at
      25.degree. C. for 64 hrs. Then, sodium carbonate monohydrate (710 mg.) is
      added, and the mixture is stirred 10 min. The acetone is evaporated at
      reduced pressure, and water is added. The aqueous solution is extracted
      repeatedly with dichloromethane, and the extracts are combined, washed
      with water, dried, and concentrated to give 9.3 g. of an oil. The oil is
      chromatographed on 400 g. of silica gel, being eluted with 2 l. of 10%
      ethyl acetate in Skellysolve B, and then with 4 l. of 15% ethyl acetate in
      Skellysolve B. The 15% ethyl acetate eluates are concentrated to give 7.4
      g. of the title compound; infrared absorption at 3000, 1745, 1370, and
      1045 cm.sup.-.sup.1 ; NMR peaks at 4.2-3.8 (multiplet), 3.5 (doublet),
      2.9-2.0 (multiplet), 1.25 (singlet), and 0.91 (triplet) .delta..
PAR  Following the procedure of Preparation 9 but using as reactants the exo
      1,2-dihydroxyheptyl, the endo and the exo 1,2-dihydroxypentyl,
      1,2-dihydroxyhexyl, 1,2-dihydroxyoctyl, and 1,2-dihydroxynonyl compounds
      corresponding to the 1,2-dihydroxyheptyl bicyclo[3.2.1]hexane reactant of
      Preparation 9, the corresponding acetonides are obtained.
PAR  Also following the procedure of Preparation 9 but using as reactants the
      endo and exo compounds with X--(CH.sub.2).sub.d --CHOH--CHOH-- in place of
      the 1,2-dihydroxyheptyl moiety of the reactant of Preparation 9, the
      corresponding acetonides are obtained.
PAR  Also following the procedure of Preparation 9 but using as reactants the
      endo and exo compounds with
      ##EQU72##
      in place of the 1,2-dihydroxyheptyl of the reactant of Preparation 9, the
      corresponding acetonides are obtained.
PAC  EXAMPLE 1
PAC  dl-Ethyl
      3-oxa-7-[endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]heptanoat
     e (Formula LXVl: R.sub.2 is pentyl, R.sub.10 is ethyl, Z is
      --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is endo).
PAR  Refer to Chart F. A solution of potassium tertbutoxide (8.8 g.) in 500 ml.
      of nitrogen-purged tetrahydrofuran is added during 45 min. to a stirred
      solution of endo-6-(1-heptenyl)-bicyclo[3.1.0]hexan-3-one (10.0 g., the
      product of Preparation 7) and ethyl 7-iodo-3-oxaheptanoate (42.6 g.) in
      250 ml. of tetrahydrofuran under nitrogen at 25.degree. C. The resulting
      mixture is acidified at once with 120 ml. of 5% hydrochloric acid, and
      then is concentrated under reduced pressure below 40.degree. C. to remove
      most of the tetrahydrofuran. Water (400 ml.) is added to the residue, and
      the mixture is extracted with three 400-ml. portions of ethyl acetate. The
      combined extracts are washed succesively with aqueous sodium thiosulfate
      solution and brine, dried, and concentrated under reduced pressure. The
      residue (46.5 g.) is chromatographed over 4 kg. of silica gel wetpacked
      with 8 l. of 5% ethyl acetate in a mixture of isomeric hexanes
      (Skellysolve B), eluting with 8 l. each of 5-10%, 10-15%, 15-20%, and
      20-25% ethyl acetate in Skellysolve B (gradients), then with 2 l. 30%, 2
      l. 35%, and 2 l. 40% ethyl acetate in Skellysolve B, and finally with 4 l.
      of 50-100% ethyl acetate in Skellysolve B (gradient), collecting 400-ml.
      fractions. TLC with 20% ethyl acetate in Skellysolve B shows which
      fractions contain only the desired alkylation product. Those fractions are
      combined and concentrated to give 4.7 g. of the title compound; NMR peaks
      at 4.7-5.9 (multiplet), 4.21 (quartet), 4.05 (singlet), and 3.57 (triplet)
      .delta.. A small amount of the corresponding 2.beta.-yl isomer is isolated
      in later chromatographic fractions.
PAC  EXAMPLE 2
PAC  dl-Ethyl
      2,2-dimethyl-3-oxa-7-[exo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2-yl]hepta
     noate (Formula LXVl: R.sub.2 is pentyl, R.sub.10 is ethyl, Z is
      --(CH.sub.2).sub.3 OC(CH.sub.3).sub.2 --, .about. is endo).
PAR  Refer to Chart F. A solution of potassium tertbutoxide (3.8 g.) in 1000 ml.
      of nitrogen-purged tetrahydrofuran is addeed during 70 min. to a stirred
      solution of exo-6-(1-heptenyl)-bicyclo[3.1.0]hexan-3-one (5.0 g.) and
      ethyl 2,2-dimethyl-7-iodo-3-oxaheptanoate in 500 ml. of anhydrous
      tetrahydrofuran under nitrogen at 0.degree. C. The resulting mixture is
      acidified with 50 ml. of 5% hydrochloric acid and then concentrated under
      reduced pressure below 40.degree. C. to remove most of the
      tetrahydrofuran. Water (400 ml.) is added to the residue, and the mixture
      is extracted repeatedly with ethyl acetate. The combined extracts are
      washed successively with aqueous sodium thiosulfate solution and brine,
      dried, and concentrated under reduced pressure. The residue (25.5 g.) is
      chromatographed on a column prepared by wet-packing 2 kg. of silica gel
      with 4 l. of 5% ethyl acetate in Skellysolve B, eluting with 8 l. of a 5
      to 22.5% ethyl acetate gradient in Skellysolve B. TLC with 10% ethyl
      acetate shows which fractions contain the desired alkylation products.
      Those fractions are combined and concentrated to give, separately, 1.1 g.
      of dl-ethyl
      2,2-dimethyl-3-oxa-7-[exo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]heptanoate and 0.75 g. of the corresponding beta isomer, dl-ethyl
      2,2-dimethyl-3-oxa-7-[exo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex2.beta.-yl]
     heptanoate.
PAR  Following the procedures of Examples 1 or 2, but using in place of the
      bicyclo[3.1.0]hexane reactant, each of endo and exo forms of the various
      formula-LXV bicyclo[3.1.0]hexane reactants whose preparation is described
      following Preparation 7, for example, formula-LXV bicyclo compounds
      wherein R.sub.2 is propyl, butyl, hexyl, or heptyl, or wherein R.sub.2 is
      --(CH.sub.2).sub.d --X wherein d is zero, 1, 2, 3, or 4, and X is
      isobutyl, tert-butyl, 3,3-difluorobutyl, 4,4-difluorobutyl,
      4,4,4-trifluorobutyl, or 3,3,4,4,4-pentafluorobutyl, or wherein R.sub.2 is
      --CHRhd 17--(CH.sub.2).sub.g --CH.sub.3 wherein g is one, 2, 3, 4, or 5,
      those being prepared as described above, there are obtinaed alpha and beta
      exo and endo compounds corresponding to the products of Examples 1 and 2
      with one of these R.sub.2 moieties in place of the pentyl moiety (the
      R.sub.2 portion of 1-heptenyl) of those products. As for Example 1, with
      excess base and a longer reaction time, these alternative products contain
      substantial amounts of the corresponding beta isomer which is separated
      from the alpha isomer as described above.
PAR  Also following the procedure of Examples 1 and 2, but using in place of the
      iodo alkylating agents of those Examples, ethyl 7-iodo-4-oxaheptanoate,
      ethyl 7-iodo-3-oxa-5-heptynoate, and ethyl 8-iodo-4-oxa-6-octynoate, there
      are obtained alpha and beta exo and endo compounds corresponding to the
      products of Examples 1 and 2 with --(CH.sub.2).sub.3 OCH.sub.2 CH.sub.2
      COOEt, --CH.sub.2 C.tbd.CCH.sub.2 OCH.sub.2 COOEt, and --CH.sub.2
      C.tbd.CCH.sub.2 OCH.sub.2 CH.sub.2 COOEt, respectively, wherein Et is
      ethyl, in place of the --(CH.sub.2).sub.4 OCH.sub.2 COOEt and
      --(CH.sub.2).sub.4 OC(CH.sub.3).sub.2 COOEt moieties of the products of
      Examples 1 and 2. As described above, both alpha and beta products are so
      obtained. In the same manner but using, according to Examples 1 and 2,
      other esters of the Example 1 and 2 alkylating agents and of the other
      above-mentioned alkylating agents within the scope of R.sub.10  as
      above-defined, e.g., the methyl, isopropyl, tert-butyl, octyl, cyclohexyl,
      benzyl, and phenyl esters, there are obtained the corresponding esters of
      the alpha and beta bicyclo[3.1.0]hexane alkylation products.
PAR  Also following the procedure of Examples 1 and 2 but using in combination
      each of the above-described alternative formula-LXV bicyclo[3.1.0]hexane
      reactants and each of the above-described alternative omega-halo
      alkylation reactants, there are obtained formula-LXVl compounds
      corresponding to the products of Examples 1 and 2 but different therefrom
      with respect to both the carboxylate-terminated side chain and the side
      chain attached to the cyclopropane ring of the product.
PAR  Also following the procedure of Examples 1 and 2, but using in place of the
      iodo alkylating agents of those Examples, each of the other alkylating
      agents within the scope of Hal--CH.sub.2 --Z--COOR.sub.10 as above
      defined, i.e., alkylating agents of formulas LXXV, LXXVl, LXXVll, and
      LXXVlll as above-described, there are obtained alpha and beta exo and endo
      compounds corresponding to the products of Examples 1 and 2 with each of
      the other --CH.sub.2 --Z--COOR.sub.10 side chains in place of the
      --(CH.sub.2).sub.4 OCH.sub.2 COOEt and --(CH.sub.2).sub.4
      OC(CH.sub.3).sub.2 COOEt side chains of the Example 1 and 2 products. For
      example, using as alkylating agents in the Example 1 and 2 procedure,
PA1  I(ch.sub.2).sub.4 och(ch.sub.3)cooet,
PA1  Ich(ch.sub.3)--(ch.sub.2).sub.3 och.sub.2 cooet,
PA1  I(ch.sub.2).sub.3 och.sub.2 cooet,
PA1  I(ch.sub.2).sub.5 och.sub.2 cooet,
PA1  Ich.sub.2 ch(ch.sub.3)ch.sub.2 ch.sub.2 och.sub.2 cooet,
PA1  Ich.sub.2 ch.sub.2 c(ch.sub.2 ch.sub.3).sub.2 ch.sub.2 och.sub.2 cooet,
PA1  I(ch.sub.2).sub.3 c(ch.sub.3).sub.2 och.sub.2 cooet,
PA1  I(ch.sub.2).sub.3 och.sub.2 ch.sub.2 cooet,
PA1  I(ch.sub.2).sub.2 och.sub.2 ch.sub.2 cooet,
PA1  I(ch.sub.2).sub.4 och.sub.2 ch.sub.2 cooet,
PA1  I(ch.sub.2).sub.3 och(ch.sub.3)ch.sub.2 cooet,
PA1  I(ch.sub.2).sub.3 oc(ch.sub.3).sub.2 ch.sub.2 cooet,
PA1  I(ch.sub.2).sub.3 och.sub.2 c(ch.sub.3).sub.2 cooet,
PA1  Ich(ch.sub.3)ch.sub.2 ch.sub.2 och.sub.2 ch.sub.2 cooet,
PA1  Ich.sub.2 ch(ch.sub.3)ch.sub.2 och.sub.2 ch.sub.2 cooet,
PA1  Ich.sub.2 ch.sub.2 c(ch.sub.3).sub.2 och.sub.2 ch.sub.2 cooet,
PA1  Ich.sub.2 c(ch.sub.2 ch.sub.3).sub.2 ch.sub.2 och.sub.2 ch.sub.2 cooet,
PA1  Ich.sub.2 c.tbd.cch.sub.2 och.sub.2 cooet,
PA1  Ich(ch.sub.3)c.tbd.cch.sub.2 och.sub.2 cooet,
PA1  Ich.sub.2 c.tbd.cch.sub.2 ch.sub.2 och.sub.2 cooet,
PA1  Ich.sub.2 c.tbd.cch.sub.2 och(ch.sub.3)cooet,
PA1  Ich.sub.2 c.tbd.cch.sub.2 oc(ch.sub.3).sub.2 cooet,
PA1  Ich.sub.2 c.tbd.cch(ch.sub.3)och.sub.2 cooet,
PA1  Ich.sub.2 c.tbd.cc(ch.sub.3).sub.2 och.sub.2 cooet,
PA1  Ich.sub.2 c.tbd.c-ch.sub.2 och.sub.2 ch.sub.2 cooet,
PA1  Ich(ch.sub.3)c.tbd.cch.sub.2 och.sub.2 ch.sub.2 cooet,
PA1  Ich.sub.2 c.tbd.cch.sub.2 ch.sub.2 och.sub.2 ch.sub.2 cooet,
PA1  Ich.sub.2 c.tbd.cch.sub.2 och(ch.sub.3)ch.sub.2 cooet,
PA1  Ich.sub.2 c.tbd.cch.sub.2 oc(ch.sub.3).sub.2 ch.sub.2 cooet,
PA1  Ich.sub.2 c.tbd.cch(ch.sub.3)och.sub.2 ch.sub.2 cooet,
PA1  Ich.sub.2 c.tbd.cc(ch.sub.3).sub.2 och.sub.2 ch.sub.2 cooet,
PA1  Ich.sub.2 c.tbd.cch.sub.2 och.sub.2 c(ch.sub.3).sub.2 cooet
PAL  there are obtained exo and endo alpha and beta alkylated
      bicyclo[3.1.0]hexanes each having a carboxylate-terminated side chain
      corresponding to one of the above specific omegaiodo alkylating agents.
      For example, the side chain will be alpha or beta --(CH.sub.2).sub.4
      OCH(CH.sub.3)COOEt when the alkylating agent is I(CH.sub.2).sub.4
      OCH(CH.sub.3)COOEt.
PAR  Also following the procedure for Examples 1 and 2, but using in combination
      each of the alternative alkylating agents within the scope of
      Hal--CH.sub.2 -- Z--COOR.sub.10, including the specific examples of those
      just mentioned, and each of the above-described formula-LXV alternative
      bicyclo[3.1.0]hexane reactants, there are obtained formula-LXVI exo and
      endo alpha and beta compounds corresponding to the products of Examples 1
      and 2 but different therefrom with respect to both the
      carboxylate-terminated side chain and the side chain attached to the
      cyclopropane ring of the product. In the same manner, alternative
      alkylating agents within the scope of Hal--CH.sub.2 --Z-COOR.sub.10
      wherein R.sub.10 is other than ethyl, e.g., methyl, isopropyl, tert-butyl,
      octyl, cyclohexyl, benzyl, and phenyl, are used.
PAC  EXAMPLE 3
PAC  dl-Ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)3-oxobicyclo[3.1.0]hex-2.alpha.-yl]he
     ptanoate Acetonide (Formula LlX: R.sub.2 is pentyl, R.sub.11 and R.sub.12
      are methyl, V is --(CH.sub.2).sub.3 OCH.sub.2 --, .about.  is endo).
PAR  Refer to Chart E. Following the procedure of Example 1,
      endo-6-(1,2-dihydroxyheptyl)-bicyclo[3.1.0]hexan-3-one acetonide
      (Preparation 9) is alkylated with ethyl 7-iodo-3-oxaheptanoate to give the
      title compound.
PAR  Following the procedure of Example 3 but using in place of the
      bicyclo[3.1.0]hexane acetonide reactant, each of the exo and endo forms of
      the various formula-LVlll bicyclo[3.1.0]hexane cyclic ketals whose
      preparation is described following Preparation 9, for example,
      formula-LVIII bicyclo acetonides wherein R.sub.2 is propyl, butyl, hexyl,
      or heptyl, or wherein R.sub.2 is --(CH.sub.2).sub.d --X wherein d is 0, 1,
      2, 3, or 4, and X is isobutyl, tert-butyl, 3,3-difluorobutyl,
      4,4-difluorobutyl, 4,4,4-trifluorobutyl, or 3,3,4,4,4-pentafluorobutyl, or
      wherein R.sub.2 is --CHR.sub.17 --(CH.sub.2).sub.g -CH.sub.3 wherein g and
      R.sub.17 are as defined above, those being prepared as described above,
      there are obtained alpha and beta exo and endo compounds corresponding to
      the product of Example 3 with one of these R.sub.2 moieties in place of
      the pentyl moiety of that product.
PAR  Also following the procedure of Example 3, but using in place of ethyl
      7-iodo-3-oxaheptanoate, ethyl 7-iodo-4-oxaheptanoate, ethyl
      cis-7-iodo-3-oxa-5-heptenoate, ethyl trans-7-iodo-3-oxa-5-heptenoate,
      ethyl cis-8-iodo-4-oxa-6-octenoate, ethyl trans-8-iodo-4-oxa-6-octenoate,
      ethyl 7-iodo-3-oxa-5-heptynoate, and ethyl 8-iodo-4-oxa-6-octynoate, there
      are obtained alpha and beta and beta exo and endo compounds corresponding
      to the product of Example 3 with --(CH.sub.2).sub.3 OCH.sub.2 CH.sub.2
      COOEt, cis- and trans- --CH.sub.2 CH=CHCH.sub.2 OCH.sub.2 COOEt, cis- and
      trans- -CH.sub.2 CH=CHCH.sub.2 OCH.sub.2 CH.sub.2 COOEt, --CH.sub.2
      C.tbd.CCH.sub.2 OCH.sub.2 COOEt, and --CH.sub.2 C.tbd.CCH.sub.2 OCH.sub.2
      CH.sub.2 COOEt, respectively, wherein Et is ethyl, in place of the
      --(CH.sub.2).sub.4 OCH.sub.2 COOEt moiety of the Example 3 product. As
      described above, both alpha and beta products are so obtained. In the same
      manner but using, according to Example 3,  other esters of the Example 3
      alkylating agent and of the other above-mentioned alkylating agents within
      the scope of R.sub.10 as above-defined, e.g., the methyl, isopropyl,
      tert-butyl, octyl, cyclohexyl, benzyl, and phenyl esters, there are
      obtained the corresponding esters of these alpha and beta exo and endo
      bicyclo[3.1.0]hexane cyclic ketal alkylation products.
PAR  Also following the procedure of Example 3 but using in combination each of
      the above-described alternative formula XLV bicyclo[3.1.0]hexane cyclic
      ketal reactants and each of the above-described omega-halo alkylation
      reactants, there are obtained formula-LIX compounds corresponding to the
      product of Example 3 but different therefrom with respect to both the
      carboxylate-terminated side chain and the side chain attached to the
      cyclopropane ring of the product.
PAR  Also following the procedure of Example 3, but using in place of the ethyl
      7-iodo-3-oxaheptanoate, each of the other alkylating agents within the
      scope of HAl--CH.sub.2 --V--COOR.sub.10, as above defined, i.e.,
      alkylating agents of formulas LXXV-to-LXXXII, inclusive, as
      above-described, there are obtained formula-LIX alpha and beta products
      corresponding to the product of Example 3 with each of the other
      --CH.sub.2 --V--COOR.sub.10 side chains in place of the --(CH.sub.2).sub.4
      OCH.sub.2 COOEt side chain of the Example 3 product. For example, using as
      alkylating agents in the Example 3 procedure, the cis and the trans isomer
      of the following:
PA1  Ich.sub.2 ch=chch.sub.2 och.sub.2 cooet,
PA1  Ich(ch.sub.3)ch=chch.sub.2 och.sub.2 cooet,
PA1  Ich.sub.2 ch=chch.sub.2 ch.sub.2 och.sub.2 cooet,
PA1  Ich.sub.2 ch=chch.sub.2 och(ch.sub.3)cooet,
PA1  Ich.sub.2 ch=chch.sub.2 oc(ch.sub.3).sub.2 cooet,
PA1  Ich.sub.2 ch=chch(ch.sub.3)och.sub.2 cooet,
PA1  Ich.sub.2 ch=chc(ch.sub.3).sub.2 och.sub.2 cooet,
PA1  Ich.sub.2 ch=chch.sub.2 och.sub.2 ch.sub.2 cooet,
PA1  Ich(ch.sub.3)ch=chch.sub.2 och.sub.2 ch.sub.2 cooet,
PA1  Ich.sub.2 ch=chch.sub.2 ch.sub.2 och.sub.2 ch.sub.2 cooet,
PA1  Ich.sub.2 ch=chch.sub.2 och(ch.sub.3)ch.sub.2 cooet,
PA1  Ich.sub.2 ch=chch.sub.2 oc(ch.sub.3).sub.2 ch.sub.2 cooet,
PA1  Ich.sub.2 ch=chch(ch.sub.3)och.sub.2 ch.sub.2 cooet,
PA1  Ich.sub.2 ch=chc(ch.sub.3).sub.2 och.sub.2 ch.sub.2 cooet,
PA1  Ich.sub.2 ch=chch.sub.2 och.sub.2 c(ch.sub.3).sub.2 cooet
PAL  and also the list of specific saturated and acetylenic 3-oxa and 4-oxa
      omega-iodo ethyl esters given above, there are obtained formula-LIX alpha
      and beta alkylated bicyclo[3.1.0]hexane cyclic ketals each having a
      carboxylate-terminated side chain corresponding to one of these specific
      omega-iodo alkylating agents. For example, the side chain will be alpha or
      beta --(CH.sub.2).sub.4 OCH(CH.sub.3)COOEt when the alkylating agent is
      I(CH.sub.2).sub.4 OCH(CH.sub.3)COOEt.
PAR  Also following the procedure of Example 3, but using in combination each of
      the alternative alkylating agents within the scope of Hal--CH.sub.2
      --Z--COOR.sub.10, including the specific examples of those just mentioned,
      and each of the abovedescribed alternative formula-LVIII
      bicyclo[3.1.0]hexane cyclic ketal reactants, there are obtained
      formula-LIX exo and endo alpha and beta compounds corresponding to the
      product of Example 3 but different therefrom with respect to both the
      carboxylate-terminated side chain and the side chain attached to the
      cyclopropane ring of the product. In the same manner, alternative
      alkylating agents within the scope of Hal--CH.sub.2 --V--COOR.sub.10
      wherein R.sub.10 is other than ethyl, e.g., methyl, isopropyl, tert-butyl,
      octyl, cyclohexyl, benzyl, and phenyl, are used.
PAC  EXAMPLE 4
PAC  dl-3-Oxa-7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]heptanoi
     c acid (Formula LXVI: R.sub.2 is pentyl, R.sub.10 is hydrogen, Z is
      --(CH.sub.2).sub.3 OCH.sub.2 -, .about. is endo).
PAR  Refer to Chart F. A solution of sodium borohydride (1.5 g.) in 10 ml. of
      water is added with stirring to a solution of ethyl
      3-oxa-7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]heptanoate
      (5.0 g.) in 110 ml. of absolute ethanol at 0.degree. C. The mixture is
      stirred for 2.5 hours at 0.degree. to 5.degree. C. Then, 40 ml. of acetone
      is added, and, after 5 min., the mixture is concentrated under reduced
      pressure. The residue is extracted with dichloromethane, and the extract
      is washed successively with dilute hydrochloric acid and brine, dried, and
      concentrated to give dl-ethyl
      3-oxa-7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]heptan
     oate; NMR peaks at 5.2-5.87 (multiplet), 4.0-4.38 (quartet), 4.01
      (singlet), 3.5 (triplet) .delta..
PAR  This hydroxy ester is dissolved in a mixture of methanol (100 ml.) and 45%
      aqueous potassium hydroxide solution (30 ml.), and the solution is stirred
      under nitrogen at 25.degree. C. for 15 hrs. Two volumes of water is then
      added, and the mixture is acidified with cold hydrochloric acid and then
      extracted with a mixture of dichloromethane and diethyl ether (1:3). The
      extract is washed with brine, dried, and concentrated to give
      dl-3-oxa-7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]hep
     tanoic acid.
PAR  Jones reagent (7 ml.; Preparation 4) is added to a solution of this hydroxy
      acid in 120 ml. of acetone at 0.degree. C. The mixture is stirred 5 min.
      at 0.degree. C. Then, 5 volumes of water is added, and the mixture is
      extracted with a mixture of dichloromethane and diethyl ether (1:3). The
      extract is washed successively with dilute hydrochloric acid and brine,
      dried, and concentrated to give 4.5 g. of the title compound; NMR peaks at
      10.4 (singlet), 4.7-5.9 (multiplet), 4.06 (singlet), 3.54 (triplet)
      .delta..
PAR  Following the procedure of Example 4, but using in place of the
      Formula-LXVI 3-oxobicyclo[3.1.0]hexane ester, each of the specific endo
      and exo, alpha and beta, saturated and acetylenic esters described in and
      after Example 2 is reduced with sodium borohydride to give the
      corresponding 3-hydroxybicyclo[3.1.0]hexane ester. That hydroxy ester is
      then saponified as described in Example 4 to the corresponding
      3-hydroxybicyclo[3.1.0]hexane acid. That hydroxy acid is then oxidized as
      described in Example 4 to the corresponding 3-oxobicyclo[3.1.0]hexane
      acid.
PAC  Example 5
PAC  dl-3-Oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]heptanoic acid Acetonide (Formula LIX: R.sub.2 is pentyl, R.sub.10 is
      hydrogen, R.sub.11 and R.sub.12 are methyl, V is --(CH.sub.2).sub.3
      OCH.sub.2 -, .about. is endo).
PAR  Refer to Chart E. Following the procedure of Example 4, dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate acetonide is reduced with sodium borohydride to dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-
     yl]heptanoate acetonide. That hydroxy ester is then saponified as described
      in Example 4 to
      dl-3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-hydroxybicyclo[3.1.0]hex-2.alph
     a.-yl]heptanoic acid acetonide. That hydroxy acid is then oxidized as
      described in Example 4 to the title compound.
PAR  Following the procedure of Example 5 but using in place of the formula-LIX
      3-oxobicyclo[3.1.0]hexane ester acetonide, each of the specific endo and
      exo, alpha and beta, saturated, cis and trans ethylenic, and acetylenic
      ester cyclic ketals described after Example 3 is reduced with sodium
      borohydride to give the corresponding 3-hydroxybicyclo[3.1.0]hexane ester
      cyclic ketal. That hydroxy ester is then saponified as in Example 5 to the
      corresponding 3-hydroxybicyclo[3.1.0]hexane acid cyclic ketal. That
      hydroxy acid is then oxidized as in Example 5 to the corresponding
      3-oxobicyclo[3.1.0]hexane acid cyclic ketal.
PAC  EXAMPLE 6
PAC  dl-.beta., .beta., .beta.-Trichloroethyl
      3-Oxa-7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]heptanoate
      (Formula LXVI: R.sub.2 is pentyl, R.sub.10 is
      .beta.,.beta.,.beta.-trichloroethyl, Z is --(CH.sub.2).sub.3 OCH.sub.2 --,
      .about. is endo).
PAR  Refer to Chart F. Successively, .beta.,.beta.,.beta.-trichloroethanol (25
      ml.), pyridine (15 ml.), and dicyclohexylcarbodiimide (4.0 g.) are added
      to a solution of
      dl-3-oxa-7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]heptano
     ic acid, (Example 4, 2.0 g.) in 100 ml. of dichloromethane. This mixture is
      stirred 3 hrs. under nitrogen at 25.degree. C. Water (50 ml.) is then
      added, and the mixture is stirred 10 min. The dichloromethane is
      evaporated under reduced pressure and the residue is extracted repeatedly
      with ethyl acetate. The combined extracts are washed with ice-cold 3N
      hydrochloric acid. Then, the extracts are washed successively with aqueous
      sodium bicarbonate solution and brine, dried, and concentrated under
      reduced pressure. The residue is chromatographed on 600 g. of silica gel,
      eluting with 10 l. of a 20-100% ethyl acetate-Skellysolve B gradient,
      collecting 250-ml. fractions. The middle fractions which show the presence
      of a product on TLC with the A-IX system are combined and concentrated
      under reduced pressure. The residue is chromatographed on 200 g. of silica
      gel impregnated with silver nitrate, eluting with 4 l. of 20-100% ethyl
      acetate-skellysolve B gradient, collecting 50-ml. fractions. The middle
      fractions which show a product free of starting materials on TLC with the
      A-IX system are combined and concentrated under reduced pressure to give
      the title compound.
PAR  Following the procedure of Example 6, but using in place of the Formula-LII
      3-oxobicyclo[3.1.0]hexane acid, each of the specific endo and exo, alpha
      and beta, saturated and acetylenic acids defined after Example 4, there
      are obtained the corresponding .beta.,.beta.,.beta.-trichloroethyl esters
      of those 3-oxobicyclo[3.1.0]hexane acids.
PAC  Example 7
PAC  dl-.beta.,.beta.,.beta.-Trichloro
      3-Oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate Acetonide (Formula LIX: R.sub.2 is pentyl, R.sub.10 is
      .beta.,.beta.,.beta.-trichloroethyl, R.sub.11 and R.sub.12 are methyl, V
      is --(CH.sub.2).sub.3 OCH.sub.2 -, .about. is endo).
PAR  Refer to Chart E. Following the procedure of Example 6,
      dl-3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]heptanoic]
      acid acetonide (Example 5) is esterified to the corresponding
      .beta.,.beta.,.beta.-trichloroethyl ester.
PAR  Following the procedure of Example 7, each of the specific formula-LIX exo
      and endo, alpha and beta, saturated, cis and trans ethylenic, and
      acetylenic 3-oxobicyclo[3.1.0]hexane acids defined after Example 5 is
      transformed to the corresponding .beta.,.beta.,.beta.-trichloroethyl
      ester.
PAC  Example 8
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate (Formula LXVII: R.sub.2 is pentyl, R.sub.10 is ethyl, Z is
      --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is endo).
PAR  Refer to Chart F. Osmium tetroxide (0.15 g.) and a solution of potassium
      chlorate (2.0 g.) in 24 ml. of water at 50.degree. C. are added to a
      solution of dl-ethyl
      3-oxa-7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]heptanoate
      (Example 1, 2.5 g.) in 50 ml. of tetrahydrofuran at 50.degree. C. The
      mixture is stirred vigorously at 50.degree. C. for 3 hrs. The resulting
      mixture is evaporated under reduced pressure, and the residue is extracted
      with dichloromethane. The extract is dried and concentrated to give a
      residue which is chromatographed on 450 g. of silica gel wet-packed with
      950 ml. of 50% ethyl acetate-Skellysolve B (v/v), eluting with 3 l. 50%, 1
      l. 60%, 1 l. 70%, 1 l. 80%, and 1 l. 100% ethyl acetate in Skellysolve B,
      collecting 120-ml. fractions. Fractions 30-36 and 38-47 are separately
      combined and concentrated to give, respectively, 0.75 g. of a less polar
      glycol and 1.05 g. of a more polar glycol, both being isomeric forms of
      dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate; NMR peaks for both glycols at 4.22 (quartet), 4.02 (singlet),
      and 3.54 (triplet) .delta..
PAC  EXAMPLE 9
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate (Formula LXVII: R.sub.2 is pentyl, R.sub.10 is ethyl, Z is
      --CH.sub.2).sub.3 OCH.sub.2 --, .about. is endo).
PAR  Osmium tetroxide (0.50 g.) and a solution of potassium chlorate (7.2 g.) in
      80 ml. of water at 50.degree. C. are added to a solution of dl-ethyl
      3-oxa-7-[endo-6-(1-heptenyl)-3-oxo-bicyclo[3.1.0]hex-2.alpha.-yl]heptanoat
     e (Example 1, 9.0 g.) in 175 ml. of tetrahydrofuran at 50.degree. C. The
      mixture is stirred vigorously at 50.degree. C. for 3.5 hrs. The resulting
      mixture is concentrated under reduced pressure, and the residue is
      extracted with dichloromethane. The extract is dried and concentrated to
      give a residue which is chromatographed on 2 kg. silica gel wet-packed
      with 4 l. of 50% ethyl acetate-Skellysolve B (v/v) containing 20 ml. of
      ethanol, eluting with two gradients, the first combining 4 l. 50% ethyl
      acetate in Skellysolve B with 4 l. of 75% ethyl acetate in Skellysolve B,
      and the second combining 4 l. 75% ethyl acetate in Skellysolve B with 4 l.
      ethyl acetate, stripping with ethyl acetate, collecting 400-ml. fractions.
      Fractions 19 to 35 are combined and concentrated under reduced pressure to
      give 7.18 g. of mixture of isomeric forms of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate corresponding to both the less polar and the more polar glycols
      of Example 8.
PAC  EXAMPLE 10
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate (Formula LXVII: R.sub.2 is pentyl, R.sub.10 is ethyl, Z is
      --(CH.sub.2 ).sub.3 OCH.sub.2 --, .about. is endo).
PAR  A solution of osmium tetroxide (2.54 g.) in 20 ml. of pyridine at
      50.degree. is added to a solution of dl-ethyl
      3-oxa-7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-heptanoat
     e (Example 1, 3.50 g.) in 25 ml. of pyridine at 5.degree. C. The resulting
      mixture gradually turns black, and is stirred at 25.degree. C. for 24 hrs.
      Then 400 ml. of petroleum ether is added, and the precipitate which forms
      is separated by filtration, washed with petroleum ether, and dissolved in
      250 ml. of dioxane. This solution is cooled to 0.degree. C., and is then
      saturated with hydrogen sulfide gas. The precipitated osmium dioxide is
      removed by filtration, and the dioxane is removed under reduced pressure
      to give a glycol mixture substantially the same as that obtained in
      Example 8.
PAC  EXAMPLE 11
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     heptanoate (Formula LXVII: R.sub.2 is pentyl, R.sub.10 is ethyl, Z is
      --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is endo).
PAR  Hydrogen peroxide (0.9 ml. of 30% aqueous solution) is added with stirring
      to a solution of dl-ethyl
      3-oxa-7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]heptanoate
      (Example 1, 3.5 g.) and sodium carbonate (5.3 g.) in 100 ml. formic acid
      (98%) at 0.degree. C. under nitrogen. The resulting mixture is allowed to
      warm to 25.degree. C., and is stirred under nitrogen at 25.degree. C. for
      1 hour. Concentration under reduced pressure gives a residue which is
      dissolved in 100 ml. of methanol. A solution of sodium carbonate (30 g.)
      in 100 ml. of water is added to the methanol solution, and the mixture is
      stirred 4 hrs. at 25.degree. C. The mixture is then acidified and
      extracted with dichloromethane. The extract is dried and concentrated to
      give a mixture of isomeric forms of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate. The individual glycols in this mixture are separated as
      described in Example 8, or the mixture of glycols is used as a further
      reactant without separation, as in Example 9.
PAR  Following the procedure of Examples 8, 9, 10, or 11 but using the
      hex-2.beta.-yl isomer in place of the hex-2.alpha.-yl isomer of bicyclo
      reactant, dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]he
     ptanoate is obtained.
PAR  Also following the procedures of Examples 8, 9, 10, or 11, each of the
      specific formula-LXVI exo and endo, alpha and beta, saturated and
      acetylenic bicyclo[3.1.0]hexane olefinic esters defined above after
      Examples 1 and 2 is oxidized to mixtures of the corresponding isomeric
      dihydroxy compounds.
PAR  Also following the procedures of Examples 8, 9, 10, or 11, each of the
      specific formula-LXVI exo and endo, alpha and beta, saturated and
      acetylenic bicyclo[3.1.0]hexane olefinic
      .beta.,.beta.,.beta.-trichloroethyl esters defined above in and after
      Example 6 is oxidized to mixtures of the corresponding isomeric dihydroxy
      compounds.
PAC  EXAMPLE 12
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate (Formula LX: R.sub.2 is pentyl, R.sub.10 is ethyl, V is
      --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is endo).
PAR  Refer to Chart E. Concentrated hydrochloric acid (2.5 ml.) is added to a
      solution of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate acetonide (Example 3, 2.0 g.) in a mixture of 50 ml. of
      tetrahydrofuran and 2.5 ml. of water. The mixture is stirred at 25.degree.
      C. under nitrogen for 6 hrs. The resulting mixture is then concentrated
      under reduced pressure, and the residue is extracted with ethyl acetate.
      The extract is washed with brine, dried, and concentrated to give
      essentially the same dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate mixture obtained in Examples 8 and 9.
PAR  Following the procedure of Example 12 but using in place of the acetonide,
      each of the specific formula-LIX exo and endo, alpha and beta, saturated,
      cis and trans ethylenic, and acetylenic bicyclo[3.1.0]hexane acetonide
      esters defined above after Example 3, there are obtained the corresponding
      formula-LX dihydroxy compounds.
PAR  Also following the procedure of Example 12 each of the specific formula-LIX
      exo and endo, alpha and beta, saturated, cis and trans ethylenic, and
      acetylenic bicyclo[3.1.0]hexane acetonide
      .beta.,.beta.,.beta.-trichloroethyl esters defined in and after Example 7
      is hydrolyzed to the corresponding dihydroxy
      .beta.,.beta.,.beta.-trichloroethyl ester.
PAC  EXAMPLE 13
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     cis-5-heptenoate Acetonide (Formula LIX: R.sub.2 is pentyl, R.sub.10 is
      ethyl, R.sub.11 and R.sub.12 are methyl, V is cis--CH=CHCH.sub.2 OCH.sub.2
      --, .about. is endo).
PAR  Refer to Chart E. A solution of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     5-heptynoate acetonide (0.5 g.) in 10 ml. of pyridine is hydrogenated in
      the presence of a 5% palladium on barium sulfate catalyst (150 mg.) at
      25.degree. C. and one atmosphere. During 300 min., 90 ml. of hydrogen is
      absorbed. The resulting mixture is filtered and concentrated to about
      one-third the original volume. Four volumes of ethyl acetate is added, and
      the remaining pyridine is removed by addition of ice and one N
      hydrochloric acid. The ethyl acetate layer is separated, washed
      successively with one N hydrochloric acid and brine, dried, and
      concentrated. The residue is chromatographed on 250 g. of silica gel which
      has previously been acid-washed to pH 4 (Silicar CC4, 100-200 mesh,
      Mallincrodt Co.), eluting with 3 l. of a 25-75% ethyl acetate-Skellysolve
      B gradient, collecting 100-ml. fractions. The fractions shown to have the
      desired product free of starting material by TLC with the A-IX system are
      combined and concentrated under reduced pressure to give the title
      compound.
PAR  Following the procedure of Example 13, each of the specific formula-LIX exo
      and endo, alpha and beta, acetylenic bicyclo[3.1.0]hexane ester cyclic
      ketals defined above after Example 3, and also each of the corresponding
      specific acetylenic .beta.,.beta.,.beta.-trichloroethyl ester cyclic
      ketals defined above in Example 7 and thereafter is hydrogenated to the
      corresponding cis-ethylenic cyclic ketal. Following the procedure of
      Example 12, each of those specific formula-LIX exo and endo, alpha and
      beta, cis-ethylenic bicyclo[3.1.0]hexane cyclic ketals is then hydrolyzed
      with hydrochloric acid to the corresponding formula-LX cis-ethylenic
      dihydroxy ester, including the .beta.,.beta.,.beta.-trichloroethyl ester.
PAR  Also following the procedure of Example 13, but using in place of the
      acetonide, each of the specific formula-LX and each of the specific
      formula-LXVII exo and endo, alpha and beta, acetylenic
      bicyclo[3.1.0]hexane dihydroxy esters, including
      .beta.,.beta.,.beta.-trichloroethyl esters, defined above after Examples
      11 and 12 is hydrogenated to the corresponding cisethylenic dihydroxy
      ester, including the .beta.,.beta.,.beta.-trichloroethyl ester.
PAC  EXAMPLE 14
PAC  dl-Ethyl
      3-Oxa-6-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl)-
     trans-5-heptenoate Acetonide (Formula LIX: R.sub.2 is pentyl, R.sub.10 is
      ethyl, R.sub.11 and R.sub.12 are methyl, V is trans--CH=CHCH.sub.2
      OCH.sub.2 --, .about. is endo).
PAR  Refer to Chart E. A solution of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     5-heptynoate acetonide (1.0 g.) in 20 ml. of tetrahydrofuran is cooled to
      -10.degree. C. This solution is added to a fresh solution of lithium metal
      (0.1 g.) in 30 ml. of liquid ammonia in a glass-lined autoclave. The
      autoclave is sealed, and the reaction mixture is stirred for 16 hrs. at
      25.degree. C. ambient temperature. Then the autoclave is opened, and the
      ammonia allowed to evaporate. Water (20 ml.) is added, and the resulting
      solution is acidified with one N hydrochloric acid, and then extracted
      with ethyl acetate. The extract is washed successively with aqueous sodium
      bicarbonate solution and brine, dried, and concentrated under reduced
      pressure. The residue is chromatographed as described for the
      corresponding cis compound in Example 12 to give the title compound.
PAR  Following the procedure of Example 14, each of the specific formula-LIX exo
      and endo, alpha and beta acetylenic bicyclo[3.1.0]hexane ester cyclic
      ketals defined above after Example 3, and also each of the corresponding
      specific acetylenic .beta.,.beta.,.beta.-trichloroethyl ester cyclic
      ketals defined above in Example 7 and thereafter is reduced to the
      corresponding trans-ethylenic cyclic ketal. Following the procedure of
      Example 12, each of those specific formula-LIX exo and endo, alpha and
      beta, trans-ethylenic bicyclo[3.1.0]hexane cyclic ketals is then
      hydrolyzed to the corresponding formula-LX trans-ethylenic dihydroxy
      ester, including the .beta.,.beta.,.beta.-trichloroethyl ester.
PAR  Also following the procedure of Example 14, but using in place of the
      acetonide, each of the specific formula-LX and each of the specific
      formula-LXVII exo and endo, alpha and beta, acetylenic
      bicyclo[3.1.0]hexane dihydroxy esters, including
      .beta.,.beta.,.beta.-trichloroethyl ester, defined above after Examples 11
      and 12 is reduced to the corresponding transethylenic dihydroxy ester,
      including the .beta.,.beta.,.beta.-trichloroethyl ester.
PAC  EXAMPLE 15
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]
     heptanoate (Formula LXVIII: R.sub.2 is pentyl, R.sub.10 is ethyl, R.sub.11
      and R.sub.12 are methyl, Z is --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is
      endo).
PAR  Refer to Chart F. Methanesulfonyl chloride (2.0 ml.) is added dropwise with
      stirring to a solution of the less polar form of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate (745 mg.; Example 8) in 20 ml. of pyridine at 0.degree. C. under
      nitrogen. The mixture is stirred at 0.degree. C. for 2.5 hrs. under
      nitrogen. Then, ice chips (30 g.) are added, and the resulting mixture is
      stirred 10 min. This mixture is mixed with 250ml. of a mixture of
      dichloromethane and diethyl ether (1:2, v/v). That mixture is washed
      successively with cold one N hydrochloric acid, water, aqueous sodium
      bicarbonate solution, and brine. The organic layer is separated, dried,
      and concentrated under reduced pressure to give 830 mg. of the title
      compound; NMR singlet peaks at 3.05 and 3.08 .delta..
PAR  The above procedure is repeated with the more polar form of ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]
     heptanoate (1045 mg.; Example 8) to give an isomeric dimesylate of the same
      formula and with the same NMR peaks.
PAC  EXAMPLE 16
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]
      heptanoate (Formula LXVlll: R.sub.2 is pentyl, R.sub.10 is ethyl, R.sub.11
      and R.sub.12 are methyl, Z is --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is
      endo).
PAR  Refer to Chart F. Methanesulfonyl chloride (20 ml.) is added dropwise with
      stirring during 2 minutes to a solution of the mixture (7.18 g.) of ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     heptanoate isomers obtained in Example 9 in 150 ml. of pyridine at
      --15.degree. C. The mixture is stirred 2.5 hrs. at 0.degree. C. under
      nitrogen. A mixture of isomeric forms of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl
     ]heptanoate is then obtained from the resulting mixture as described in
      Example 15.
PAR  Following the procedures of Examples 15 and 16, the racemic forms of ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]he
     ptanoate, .beta., .beta., .beta.-trichloroethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]
     heptanoate, .beta., .beta., .beta.-trichloroethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo(3.1.0]hex-2.beta.-yl]-h
     eptanoate, ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     cis-5-heptenoate, ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-ci
     s-5-heptenoate, .beta., .beta., .beta.-trichloroethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     cis-5-heptenoate, .beta., .beta., .beta.-trichloroethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-c
     is-5-heptenoate, ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0
      ]hex-2.alpha.-yl]-trans-5-heptenoate, ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-t
     rans-5 -heptenoate, .beta., .beta., .beta.-trichloroethyl 3-oxa-
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-trans-
     5-heptenoate, .beta., .beta., .beta.-trichloroethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-t
     rans-5-heptenoate, ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)3-oxobicyclo[3.1.0]hex-2.beta.-yl]-5-
     heptynoate, ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-5
     -heptynoate, .beta., .beta., .beta.-trichloroethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     5-heptynoate, and .beta., .beta., .beta.-trichloroethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-5
     -heptynoate are each transformed to the corresponding 1,2-dimesyloxyheptyl
      compound.
PAR  Also following the procedure of Examples 15 and 16, each of the
      endo-4-oxa-1,2-dihydroxyheptyl esters corresponding to the
      endo-3-oxa-1,2-dihydroxyheptyl ester of Examples 15 and 16 and to each of
      the 15 other above-listed endo-3-oxa-1,2-dihydroxyheptyl esters is
      transformed to the corresponding endo-4-oxa-1,2-dimesyloxyheptyl ester.
PAR  Also following the procedures of Examples 15 and 16, each of the 16
      exo-3-oxa-1,2-dihydroxyheptyl esters and each of the 16
      exo-4oxa-1,2-dihydroxy esters corresponding to the above-defined 16
      endo-3-oxa-1,2-dihydroxyheptyl esters and the above-defined 16
      endo-4-oxa-1,2-dihydroxyheptyl esters, respectively, is transformed to the
      corresponding exo-3-oxa-1,2-dimesyloxyheptyl ester and the corresponding
      exo-4-oxa-1,2-dimesyloxyheptyl ester.
PAR  Also following the procedures Examples 15 and 16, each of the other
      specific exo and endo, alpha and beta, saturated, cis and trans ethylenic,
      and acetylenic, 3-oxa and 4-oxa glycols defined above after Examples 11,
      12, 13, and 14 is transformed to the corresponding dimesyloxy compound.
PAC  EXAMPLE 17
PAC  dl-3-Oxa-PGE.sub.1 Ethyl Ester (Formula LXII Q is
PAC  H OH,
PAC  R.sub.2 is pentyl, R.sub.10 is ethyl, V is --(CH.sub.2).sub.3 OCH.sub.2
      --).
PAR  Refer to Chart E. A solution of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]
     hex-2.alpha.-yl]heptanoate (830 mg., Example 15; obtained from the less
      polar glycol of Example 8) in a mixture of acetone (25 ml.) and water
      (12.5 ml.) is maintained at 25.degree.  C. for 16 hrs. Additional water
      (25 ml.) is then added, and the acetone is removed under reduced pressure.
      The remaining water solution is extracted with a mixture of diethyl ether
      and dichloromethane (2:1), and the extract is washed successively with 10%
      aqueous sodium bicarbonate solution and brine, dried, and concentrated to
      give 0.40 g. of residue.
PAR  The above procedure is repeated with the dimesylate obtained in Example 15
      from more polar glycol (1.045 g.) of Example 8. TLC behavior shows that
      the residue (0.80 g.) from this procedure is similar in composition to the
      residue from the above procedure.
PAR  The two residues are combined (1.20 g.) and chromatographed on a column
      prepared by wet-packing 500 g. of silica gel with one l. of 50% ethyl
      acetate in Skellysolve B, eluting with a gradient of 3 l. of 50% ethyl
      acetate in Skellysolve B with 3 l. of ethyl acetate, and then with 1.5 l.
      of 10% ethanol in ethyl acetate, collecting 110-ml. fractions. Fractions
      7-17 are combined and concentrated to give 520 mg. of a mixture of
      isomeric forms of
      3-oxa-7-[endo-6-(1-hydroxy-2-mesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alph
     a.-yl]heptanoate. Fractions 46-54 are combined to give 225 mg. of dl-
      15-epi- 3-oxa-PGE.sub. 1 ethyl ester; NMR peaks at 5.64-5.74 (multiplet),
      4.0-4.39 (quartet), 4.0l (singlet), 3.5 (triplet) .delta.. Fraction 60
      (ethanol-ethyl acetate) is evaporated to give 235 mg. of
      dl-3-oxa-PGE.sub.1 ethyl ester; NMR peaks at 5.5-5.7 (multiplet), 4.0-4.39
      (quartet), 4.01 (singlet), 3.5 (triplet) .delta..
PAR  Following the procedure of Example 17, the mixture of dimesylates of
      Example 16 is transformed to 0.99 g. of dl-15-epi-3-oxa-PGE.sub.1 ethyl
      ester and 0.99 of dl-3-oxa-PFE.sub.1 ethyl ester.
PAR  Following the procedure of Example 17, each of the specific dimesylates
      defined in the first paragraph after Example 16 is transformed to the
      racemic forms of 8-iso-3-oxa-PGE.sub.1 ethyl ester,
      8-iso-15-epi-3-oxa-PGE.sub.1 ethyl ester, 3-oxa-PGE.sub.1 .beta., .beta.,
      .beta.-trichloroethyl ester, 15-epi-3-oxa-PGE.sub.1, .beta., .beta.,
      .beta.-trichloroethyl ester, 8-iso-3-oxa-PGE.sub.1, .beta., .beta.,
      .beta.-trichloroethyl ester, 8-iso-15-epi-3-oxa-PGE.sub.1 .beta., .beta.,
      .beta.-trichloroethyl ester, 3-oxa-PGE.sub.2 ethyl ester,
      15-epi-3-oxa-PGE.sub.2 ethyl ester, 8-iso-3-oxa-PGE.sub.2 ethyl ester,
      8-iso-15-epi-3-oxa-PGE.sub.2 ethyl ester, 3-oxa-PGE.sub.2 .beta., .beta.,
      .beta.-trichloroethyl ester, 15-epi-3-oxa-PGE.sub.2 .beta.,
      .beta..beta.-trichloroethyl ester, 8-iso-3-oxa-PGE.sub.2 .beta., .beta.,
      .beta.-trichloroethyl ester, 8-iso-15-epi-3-oxa-PGE.sub.2 .beta., .beta.,
      .beta.-trichloroethyl ester, trans-5,6-dehydro- 3-oxa-PGE.sub.1 ethyl
      ester trans-5,6-dehydro-15-epi-3-oxa-PGE.sub.1 ethyl ester,
      trans-5,6-dehydro-8-iso-3-oxa-PGE.sub.1 ethyl ester,
      trans-5,6-dehydro-8-iso-15-epi-3-oxa-PGE.sub.1 ethyl ester, trans-5,6
      -dehydro-3-oxa-PGE.sub.1 .beta., .beta., .beta.-trichloroethyl ester,
      trans-5,6-dehydro-15-epi-3-oxa-PGE.sub.1 .beta., .beta.,
      .beta.-trichloroethyl ester, trans-5,6-dehydro-8-iso-3-oxa-PGE.sub.1 62 ,
      .beta., .beta.-trichloroethyl ester,
      trans-5,6-dehydro-8-iso-15-epi-3-oxa-PGE.sub.1 .beta., .beta.,
      .beta.-trichloroethyl ester, 5,6-dehydro-3-oxa-PGE.sub.2 ethyl ester,
      5,6-dehydro-15-epi-3-oxa-PGE.sub.2 ethyl ester,
      5,6-dehydro-8-iso-3-oxa-PGE.sub.2 ethyl ester,
      5,6-dehydro-8-iso-15-epi-3-oxa-PGE.sub.2 ethyl ester,
      5,6-dehydro-3-oxa-PGE-.sub.2 .beta., .beta., .beta.-trichloroethyl ester,
      5,6-dehydro-15-epi-3-oxa-PGE.sub.2 .beta., .beta., .beta.-trichloroethyl
      ester, 5,6-dehydro-8-iso-3-oxa-PGE.sub.2, .beta., .beta.,
      .beta.-trichloroethyl ester, and 5,6-dehydro-8-iso-15-epi-3-oxa-PGE.sub.2
      .beta., .beta., .beta.-trichloroethyl ester, respectively.
PAR  Also following the procedure of Example 17, each of the 16
      endo-4-oxa-1,2-dimesyloxyheptyl esters corresponding to the
      endo-3-oxa-1,2-dimesyloxyheptyl esters used as reactant in Example 17 or
      in the paragraph above is transformed to the corresponding
      4-oxa-prostaglandin E ester.
PAR  Also following the procedure of Example 17, each of the specific 16
      exo-3-oxa-1,2-dimesyloxyheptyl esters defined above and each of the
      specific 16 exo-4-oxa-1,2-dimesyloxy esters defined above is transformed
      to the same corresponding 3-oxa-prostanglandin E ester and
      4-oxa-prostaglandin E ester and 4-oxa-prostaglandin E ester, respectively.
PAR  Also following the procedure of Example 17, each of the other specific exo
      and endo, alpha and beta, saturated, cis and trans ethylenic, and
      acetylenic 3-oxa and 4-oxa di-alkanesulfonic acid esters defined above
      after Example 16, including the .beta., .beta., .beta.-trichloroethyl
      esters, is transformed to the corresponding 3-oxa- and
      4-oxa-prostaglandin-like E ester.
PAR  In each of the transformations described above after Example 17, the
      monomesylate corresponding to the monomesylate product of Example 17 is
      also obtained.
PAC  EXAMPLE 18
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]
     heptanoate.
PAR  Following the procedure of Example 15, the 520 mg. of dl-ethyl
      3-oxa-7-[endo-6-(1-hydroxy-2-mesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alph
     a.-yl]heptanoate obtained as a byproduct in Example 17 is reacted with
      methanesulfonyl chloride to give the corresponding 1,2-dimesyloxyheptyl
      compound, used as reactant in Example 17.
PAR  Following the procedure of Example 18, each of the monomesylates obtained
      as a byproduct during production of each of the 3-oxa and 4-oxa
      prostaglandin-like esters defined after Example 17 is transformed to the
      corresponding dimesylate.
PAC  EXAMPLE 19
PAC  dl--3--Oxa--PGE.sub.1 (Formula XVIII: Q is
      ##EQU73##
PAC  C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --, R.sub.2 is pentyl, R.sub.1,
      R.sub.5, and R.sub.6 are hydrogen).
PAR  Zinc dust (400 mg.) is added to a solution containing dl-3-oxa-PGE.sub.1
      .beta., .beta., .beta.-trichloroethyl ester (100 mg.) in 5 ml. of a
      mixture of acetic acid and water (9:1 v/v). This mixture is stirred under
      nitrogen 2 hrs. at 25.degree. C. Ethyl acetate (4 volumes) is then added,
      followed by addition of one N. hydrochloric acid (one vol.). The ethyl
      acetate layer is separated, washed with water and then with brine, dried,
      and concentrated. The residue is chromatographed on 15 g. of acid-washed
      silica gel (Silicar CC4), being eluted with 100 ml. of 50% , 100 ml. of
      80%, and 200 ml. of 100% ethyl acetate in Skellysolve B, collecting 20-ml.
      fractions. The fractions containing dl-3-oxa-PGE.sub.1 and no starting
      material or dehydration products as shown by TLC are combined and
      evaporated to give dl-3-oxa-PGE.sub.1.
PAR  Following the procedure of Example 19, dl-15-epi-3-oxa-PGE.sub.1 .beta.,
      .beta., .beta.-trichloroethyl ester is transformed to
      dl-15-epi-3-oxa-PGE.sub.1.
PAR  Also following the procedure of Example 19, each of the specific .beta.,
      .beta., .beta.-trichloroethyl esters defined in the second paragraph after
      Example 17 is transformed to the racemic forms of 8-iso-3-oxa-PGE.sub.1,
      8-iso-15-epi-3-oxa-PGE.sub.1, 31oxa-PGE.sub.2, 15-epi-3-oxa-PGE.sub.2,
      8-iso-3-oxa-PGE.sub.2, 8-iso-15-epi-3-oxa-PGE.sub.2,
      trans-5,6-dehydro-3-oxa-PGE.sub.1,
      trans-5,6-dehydro-15-epi-3-oxa-PGE.sub.1,
      trans-5,6-dehydro-8-iso-3-oxa-PGE.sub.1, trans-5,6-dehydro-8
      -iso-15-epi-3-oxa-PGE.sub.1, 5,6-dehydro-3-oxa-PGE.sub.2, 5,6-dehydro-15
      -epi-3-oxa-PGE.sub.2, 5,6-dehydro-8-iso-3-oxa-PGE.sub.2, and
      5,6dehydro-8-iso-15-epi-3-oxa-PGE.sub.2, respectively.
PAR  Also following the procedure of Example 19, the .beta., .beta.,
      .beta.-trichloroethyl esters of each of 4-oxa-prostaglandin E compounds
      corresponding to the .beta., .beta., .beta.-trichloroethyl esters of each
      of the above 3-oxa-prostaglandin E compounds is transformed to the
      corresponding dl-4-oxa-prostaglandin E free acid.
PAR  Also following the procedure of Example 19, each of the other .beta.,
      .beta., .beta.-trichloroethyl esters of 3-oxa- and
      4-oxa-porstaglandin-like E compounds defined above after Example 17 is
      transformed to the corresponding dl-3-oxa- and 4-oxa prostaglandin-like E
      free acid.
PAC  EXAMPLE 20
PAC  Enzymatic Hydrolysis of dl-3-Oxa-PGE.sub.1 Ethyl Ester.
PAR  A. Enzyme preparation
PAR  A medium is prepared consisting of 2% corn steep liquor (a mixture of equal
      parts of cerelose and glucose) in tap water. This is brought to pH 4.5 by
      adding hydrochloric acid, and 1% of methyl oleate is added. Four 500 ml.
      flasks each containing 100 ml. of the above medium are inoculated with
      Cladosporum resinae C1-11, ATCC 11,274) and are placed on a shaker at room
      temperature (about 28.degree. C.) for 4 days. The culture is then placed
      in 40 ml. centrifuge tubes and centrifuged at about 2000 rmp. in a
      clinical centrifuge. The liquid is decanted from the centrifuge tubes and
      the collected cells are washed with cold water. The washed cells from 2
      centrifuge tubes are suspended in 50 ml. of ice cold 0.05 M pH 7.0
      phosphate buffer and placed in small Waring blender cup chilled with ice.
      Glass beads are added and the suspended cells are churned in the blender
      for 15 minutes. The resulting suspension of broken cells is centrifuged in
      a clinical centrifuge at about 2000 r.p.m. for  15 min. at room
      temperature, then the supernatant liquid is collected. This supernatant
      liquid contains Cladosporium resinae acylase and is used directly for the
      hydrolysis of alkyl esters or is stored, preferably frozen, until needed.
      B. Esterase hydrolysis
PAR  Ten milliliters of the supernatant liquid containing Cladosporium resinae
      acylase, prepared as described in part A of this example and 50 mg. of
      dl-3-oxa-PGE.sub.1 ethyl ester (Example 17) are shaken at room temperature
      under nitrogen for about 19 hrs., then 70 ml. of acetone is added and the
      mixture is filtered giving a filtrate and an insoluble residue. The
      filtrate is concentrated under reduced pressure and gives 40-50 mg. of a
      slightly yellow oil comprising 3-oxa-PGE.sub.1. Both this oil and the
      insoluble residue are combined and chromatographed over 10 g. of
      acid-washed silica gel (Silicar CC-4, Mallinckrodt). Elution is with mixed
      hexanes (Skellysolve B) containing increasing amounts of ethyl acetate,
      collecting 50 ml. fractions as follows:
     Fraction             Solvent                                              
     ______________________________________                                    
     1      Skellysolve B                                                      
     2      40 ml. Skellysolve B - 10 ml. ethyl acetate                        
     3      30 ml. Skellysolve B - 20 ml. ethyl acetate                        
     4      25 ml. Skellysolve B - 25 ml. ethyl acetate                        
     5      20 ml. Skellysolve B - 30 ml. ethyl acetate                        
     6      10 ml. Skellysolve B - 40 ml. ethyl acetate                        
     7       5 ml. Skellysolve B - 45 ml. ethyl acetate                        
     8      ethyl acetate                                                      
     9      ethyl acetate                                                      
     10     ethyl acetate                                                      
     11     ethyl acetate                                                      
     12     100 ml. of ethyl acetate                                           
     ______________________________________                                    
PAL  Fractions 6 to 12 are combined and concentrated to give 3-oxa-PGE.sub.1
      with substantially the same properties as that obtained according to
      Example 19.
PAR  Following the procedure of Example 20, each of the specific methyl, ethyl,
      and other alkyl esters defined above after Example 17 is hydrolyzed
      enzymatically to the corresponding dl-3-oxa- or 4-oxa prostaglandin-like E
      free acid.
PAC  EXAMPLE 21 dl-3-Oxa-PGF.sub.1.alpha. Ethyl Ester and dl-3-Oxa-PGF.sub.1
      Ethyl Ester (Formula XXVIII: Q is
      ##EQU74##
PAC  C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --, R.sub.1 is ethyl, R.sub.2 is
      pentyl, R.sub.5 and R.sub.6 are hydrogen, .about. is alpha or beta).
PAR  Refer to Chart A. A solution of sodium borohydride (0.30 g.) in 1 ml. of
      water is added with stirring to a solution of dl-3-oxa-PGE.sub.1 ethyl
      ester (Example 17, 600 mg.) in 25 ml. of absolute ethanol at 0.degree. C.
      The mixture is stirred 2.5 hrs. at 0.degree. C. Then, 15 ml. of acetone is
      added and, 10 min. later, 3 volumes of water is added. The mixture is
      acidified with dilute hydrochloric acid and then extracted with
      dichloromethane. The extract is washed with brine, dried, and
      concentrated. The residue is chromatographed on 400 g. of silica gel
      wet-packed with 800 ml. of chloroform containing 60 ml. of absolute
      ethanol, eluting with 2 l. of 12.5% and 2 l. of 15% absolute ethanol in
      chloroform, collecting 100-ml. fractions. Fractions 1-5 are combined and
      concentrated to give 122 mg. of dl-3-oxa-PGF.sub.1.sub..alpha.  ethyl
      ester, m.p. 44.degree.-45.degree.C. after recrystallization from a mixture
      of diethyl ether and Skellysolve B. Fractions 9-17 are combined and
      evaporated to give 238 mg. of dl-3-oxa-PGF.sub.1.sub..beta.  ethyl ester;
      m.p. 77.degree.-78.degree.C. after recrystallization from diethyl ether.
PAR  Following the procedure of Example 21, dl-3-oxa-PGE.sub.1 is transformed to
      dl-3-oxa-PGF.sub.1.sub..alpha.  and dl-3-oxa-PGF.sub.1.sub..beta..
PAR  Also following the procedure of Example 21, the ethyl ester and free acid
      forms of the racemic forms of 15-epi-3-oxa-PGF.sub.1.sub..alpha.,
      15-epi-3-oxa-PGF.sub.1.sub..beta., 8-iso-3-oxa-PGF.sub.1.sub..alpha.,
      8-iso-3-oxa-PGF.sub.1.sub..beta.,
      8-iso-15-epi-3-oxa-PGF.sub.1.sub..alpha., 8-iso-15-epi-3-oxa-PGF.sub.1.sub
     ..beta., 3-oxa-PGF.sub.2.sub..alpha., 3-oxa-PGF.sub.2.sub..beta.,
      15-epi-3-oxa-PGF.sub.2.sub..alpha., 15-epi-3-oxa-PGF.sub.2.sub..beta.,
      8-iso-3-oxa-PGF.sub.2.sub..alpha., 8-iso-3-oxa-PGF.sub.2.sub..beta.,
      8-iso-15-epi-3-oxa-PGF.sub.2.sub..alpha.,
      8-iso-15-epi-3-oxa-PGF.sub.2.sub..beta.,
      trans-5,6-dehydro-3-oxa-PGF.sub.1.sub..alpha.,
      trans-5,6-dehydro-3-oxa-PGF.sub.1.sub..beta.,
      trans-5,6-dehydro-15-epi-3-oxa-PGF.sub.1.sub..alpha.,
      trans-5,6-dehydro-15-epi-3-oxa-PGF.sub.1.sub..beta.,
      trans-5,6-dehydro-8-iso-3-oxa-PGF.sub.1.sub..alpha., trans-5,6
      -dehydro-8-iso-3-oxa-PGF.sub.1.sub..beta., trans-5,6-dehydro-8-iso-15
      -epi-3-oxa-PGF.sub.1.sub..alpha.,
      trans-5,6-dehydro-8-iso-15-epi-3-oxa-PGF.sub.1.sub..beta.,
      5,6-dehydro-3-oxa-PGF.sub.2.sub..alpha.,
      5,6-dehydro-3-oxa-PGF.sub.2.sub..beta.,
      5,6-dehydro-15-epi-3-oxa-PGF.sub.2.sub..alpha.,
      5,6-dehydro-15-epi-3-oxa-PGF.sub.2.sub..beta.,
      5,6-dehydro-8-iso-3-oxa-PGF.sub.2.sub..alpha.,
      5,6-dehydro-8-iso-3-oxa-PGF.sub.2.sub..beta.,
      5,6-dehydro-8-iso-15-epi-3-oxa-PGF.sub.2.sub..alpha.,
      5,6-dehydro-8-iso-15-epi-3-oxa-PGF.sub.2.sub..beta.,
      4-oxa-PGF.sub.1.sub..alpha., 4-oxa-PGF.sub.1.sub..beta.,
      15-epi-4-oxa-PGF.sub.1.sub..alpha., 15-epi-4-oxa-PGF.sub.1.sub..beta.,
      8-iso-4oxa-PGF.sub.1.sub..alpha., 8-iso-4-oxa-PGF.sub.1.sub..beta.,
      8-iso-15-epi-4-oxa-PGF.sub.1.sub..alpha.,
      8-iso-15-epi-4-oxa-PGF.sub.1.sub..beta., 4-oxa-PGF.sub.2.sub..alpha.,
      4-oxa-PGF.sub.2.sub..beta., 15-epi-4-oxa-PGF.sub.2.sub..alpha.,
      15-epi-4-oxa-PGF.sub.2.sub..beta., 8-iso-4-oxa-PGF.sub.2.sub..alpha.,
      8-iso-4-oxa-PGF.sub.2.sub..beta.,
      8-iso-15-epi-4-oxa-PGF.sub.2.sub..alpha., 8-iso-15-epi-4-oxa-PGF.sub.2.sub
     ..beta., trans-5,6-dehydro-4-oxa-PGF.sub.1.sub..alpha., trans-
      5,6-dehydro-4-oxa-PGF.sub.1.sub..beta.,
      trans-5,6-dehydro-15-epi-4-oxa-PGF.sub.1.sub..alpha.,
      trans-5,6-dehydro-15-epi-4-oxa-PGF.sub.1.sub..beta., trans-5,6
      -dehydro-8-iso-4-oxa-PGF.sub.1.sub..alpha.,
      trans-5,6-dehydro-8-iso-4-oxa-PGF.sub.1.sub..beta.,
      trans-5,6-dehydro-8-iso-15-epi-4-oxa-PGF.sub.1.sub..alpha.,
      trans-5,6-dehydro-8-iso-15-epi-4-oxa-PGF.sub.1.sub..beta.,
      5,6-dehydro-4-oxa-PGF.sub.2.sub..alpha.,
      5,6-dehydro-4-oxa-PGF.sub.2.sub..beta., 5,6-dehydro-15
      -epi-4-oxa-PGF.sub.2.sub..alpha.,
      5,6-dehydro-15-epi-4-oxa-PGF.sub.2.sub..beta.,
      5,6-dehydro-8-iso-4-oxa-PGF.sub.2.sub..alpha.,
      5,6-dehydro-8-iso-4-oxa-PGF.sub.2.sub..beta.,
      5,6-dehydro-8-iso-15-epi-4-oxa-PGF.sub.2.sub..alpha., and
      5,6-dehydro-8-iso-15-epi-4-oxa-PGF.sub.2.sub..beta.  are prepared by
      reduction of the corresponding dl-3-oxa- or 4-oxa-PGE type ethyl ester or
      free acid.
PAR  Also following the procedure of Example 21, each of the other 3-oxa- and
      4-oxa-PGE-type esters and free acids defined above after Examples 17 and
      19 is transformed to the corresponding 3-oxa- and
      4-oxa-PGF.sub..alpha.-type and PGF.sub..beta.-type ester and free acid.
PAC  EXAMPLE 22
PAC  Dl-3-Oxa-PGA.sub.1 Ethyl Ester and Free Acid (Formula XXXVIII -is
PAC  H OH,
PAC  C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --, R.sub.1 is ethyl or hydrogen,
      R.sub.2 is pentyl, R.sub.5 and R.sub.6 are hydrogen).
PAR  Refer to Chart A. A solution of 3-oxa-PGE.sub.1 ethyl ester (Example 17,
      400 mg.) in a mixture of tetrahydrofuran (5 ml.) and 0.5 N hydrochloric
      acid (5 ml.) is maintained under nitrogen at 25.degree. C. for 5 days. The
      resulting mixture is diluted with one volume of brine and extracted with a
      mixture of diethyl ether and dichloromethane (3:1). The extract is washed
      with brine, dried, and concentrated. The resiude (380 mg.) is dissolved in
      diethyl ether, and the solution is extracted with cold 5% aqueous sodium
      bicarbonate solution to give an aqueous layer A and a diethyl ether layer
      B. Aqueous layer A is acidified with dilute hydrochloric acid and then
      extracted with dichloromethane. This extract is washed with brine, dried,
      and concentrated to give 300 mg. of dl-3-oxa-PGA.sub.1 free acid; NMR
      peaks at 7.38-7.63 (multiplet), 6.1-6.3 (multiplet), 7.0 (singlet),
      5.57-5.7 (multiplet), 4.05 (singlet), and 3.53 (triplet) .delta.. Diethyl
      ether layer B is evaporated to give 62 mg. of dl-3-oxa-PGA.sub.1 ethyl
      ester; NMR peaks at 7.35-7.6 (multiplet), 6.1-6.25 (multiplet), 5.6-5.75
      (multiplet), 4.23 (quartet), 4.02 (singlet), and 3.52 (triplet) .delta..
PAC  EXAMPLE 23
PAC  dl-3-Oxa-PGA.sub.1 Ethyl Ester.
PAR  Refer to Chart A. A solution of 3-oxa-PGE.sub.1 ethyl ester in a mixture of
      glacial acetic acid (9 ml.) and water (1 ml.) is heated under nitrogen at
      60.degree. C. for 18 hrs. Then, the acetic acid and water are evaporated
      under reduced pressure, and the residue is chromatographed on 50 g. of
      acid-washed silica gel, eluting with a 25-100% gradient of ethyl acetate
      in Skellysolve B. The fractions containing the desired product free of
      starting material as shown by TLC are combined and concentrated to give
      dl-3-oxa-PGA.sub.1 ethyl ester with substantially the same physical
      properties as when prepared by the procedure of Example 22.
PAR  Following the procedure of Example 22 or of Example 23, dl-3-oxa-PGE.sub.1
      free acid is transformed to dl-3-oxa-PGA.sub.1 free acid.
PAR  Also following the procedure of Example 22 or Example 23, the ethyl ester
      and free acid forms of the racemic forms of 15-epi-3-oxa-PGA.sub.1,
      8-iso-s-oxa-PGA.sub.1, 8-iso-15-epi-3-oxa-PGA.sub.1, 3-oxa-PGA.sub.2,
      15-epi-3-oxa-PGA.sub.2, 8-iso-3-oxa-PGA.sub.2,
      8-iso-15-epi-3-oxa-PGA.sub.2, trans-5,6-dehydro-3-oxa-PGA.sub.1,
      trans-5,6-dehydro-15-epi-3-oxa-PGA.sub.1,
      trans-5,6-dehydro-8-iso-3-oxa-PGA.sub.1,
      trans-5,6-dehydro-8-iso-15-epi-3-oxa-PGA.sub.1,
      5,6-dehydro-3-oxa-PGA.sub.2, 5,6-dehydro-15-epi-3-oxa-PGA.sub.2,
      5,6-dehydro-8-iso-3-oxa-PGA.sub.2,
      5,6-dehydro-8-iso-15-epi-3-oxa-PGA.sub.2, 4-oxa-PGA.sub.1,
      15-epi-4-oxa-PGA.sub.1, 8-iso-4-oxa-PGA.sub.1,
      8-iso-15-epi-4-oxa-PGA.sub.1, 4-oxa-PGA.sub.2, 15-epi-4-oxa-PGA.sub.2,
      8-iso-4-oxa-PGA.sub.2, 8-iso-15-epi- 4-oxa-PGA.sub.2,
      trans-5,6-dehydro-4-oxa-PGA.sub.1,
      trans-5,6-dehydro-15-epi-4-oxa-PGA.sub.1,
      trans-5,6-dehydro-8-iso-4-oxa-PGA.sub.1,
      trans-5,6-dehydro-8-iso-15-epi-4-oxa-PGA.sub.1,
      5,6-dehydro-4-oxa-PGA.sub.2, 5,6-dehydro-15-epi-4-oxa-PGA.sub.2,
      5,6-dehydro-8-iso-4-oxa-PGA.sub.2, and
      5,6-dehydro-8-iso-15-epi-4-oxa-PGA.sub.2 are prepared by dehydration of
      the corresponding dl-3-oxa- or 4-oxa-PGE-type ethyl ester or free acid.
PAR  Also following the procedure of Example 22 or of Example 23, each of the
      other 3-oxa- and 4-oxa-PGE type esters and free acids defined above after
      Examples 17 and 19, including the .beta.,.beta.,.beta.-trichloroethyl
      esters, is transformed to the corresponding 3-oxa- and 4-oxa-PGA type
      ester and free acid.
PAC  EXAMPLE 24
PAC  dl-3-Oxa-PGA.sub.1 Ethyl Ester.
PAR  Refer to Chart E. A solution of dl-ethyl
      3-oxa-7[endo6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]he
     ptanoate (from 800 ml. of less polar glycol; Example 15) in 75 ml. of
      acetone is mixed with 10 ml. of water and 20 ml. of saturated aqueous
      sodium bicarbonate solution. The mixture is refluxed under nitrogen for 4
      hrs. Then, the mixture is cooled, acidified with 5% hydrochloric acid, and
      extracted with ethyl acetate. The extract is washed with brine, dried, and
      evaporated to give dl-3-oxa-PGA.sub.1 ethyl ester with substantially the
      same physical properties as when prepared by the procedures of Examples 22
      and 23.
PAR  Following the procedure of Example 24, each of the dimesylates defined
      after Example 17 is transformed to the corresponding 3-oxa- or
      4-oxa-PGA-type ester, including the .beta.,.beta.,.beta.-trichloroethyl
      esters, each of those esters corresponding to the 3-oxa- or 4-oxa-PGE type
      esters prepared as described in and after Example 17.
PAC  EXAMPLE 25
PAC  dl-3-Oxa-PGA.sub.1 Free Acid.
PAR  Following the procedure of Example 19, dl-3-oxa-PGA.sub.1,
      .beta.,.beta.,.beta.-trichloroethyl ester is transformed to
      dl-3-oxa-PGA.sub.1 free acid, with substantially the same physical
      properties as when prepared according to Example 22.
PAC  EXAMPLE 26
PAC  dl-3-Oxa-PGB.sub.1 (Formula XLVIII : Q is
PAC  H  OH,
PAC  C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --, R.sub.1, R.sub.5, and R.sub.6
      are hydrogen, R.sub.2 is pentyl).
PAR  Refer to Chart A. A solution of dl-3-oxa-PGE.sub.1 (200 mg.) in 100 ml. of
      50% aqueous ethanol containing 10 grams of potassium hydroxide is kept at
      25.degree. C. for 10 hrs. under nitrogen. Then, the solution is cooled at
      10.degree. C. and neutralized by addition of 3 normal hydrochloric acid at
      10.degree. C. The resulting solution is extracted repeatedly with ethyl
      acetate, and the combined ethyl acetate extracts are washed with water and
      then with brine, dried, and concentrated to give the title compound.
PAR  Following the procedure of Example 26, dl-3-oxa-PGA.sub.1 is transformed to
      dl-3-oxa-PGB.sub.1 with substantially the same physical properties as when
      prepared from dl-3-oxa-PGE.sub.1.
PAR  Also following the procedure of Example 26, the racemic forms of
      15-epi-3-oxa-PGB.sub.1, 3-oxa-PGB.sub.2, 15-epi-3-oxa-PGB.sub.2,
      trans-5,6-dehydro-3-oxa-PGB.sub.1,
      trans-5,6-dehydro-15-epi-3-oxa-PGB.sub.1, 5,6-dehydro-3-oxa-PGB.sub.2,
      5,6-dehydro-15-epi-3-oxa-PGB.sub.2, 4-oxa-PGB.sub.1,
      15-epi-4-oxa-PGB.sub.1, 4-oxa-PGB.sub.2, 15-epi-4-oxa-PGB.sub.2,
      trans-5,6-dehydro-4-oxa-PGB.sub.1,
      trans-5,6-dehydro-15-epi-4-oxa-PGB.sub.1, 5,6-dehydro-4-oxa-PGB.sub.2, and
      5,6-dehydro-15-epi-4-oxa-PGB.sub.2 are prepared from the corresponding
      3-oxa- and 4-oxa-PGE type acids and also from the corresponding 3-oxa- and
      4-oxa-PGA type compounds defined above after Examples 19, 20, 22, and 25.
PAC  EXAMPLE 27
PAC  dl-13,14-Dihydro-3-oxa-PGE.sub.1 (Formula XXIV : Q is
PAC  H OH,
PAC  C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --, R.sub.5 and R.sub.6 are
      hydrogen, R.sub.2 is pentyl).
PAR  Refer to Chart B. A solution of dl-3-oxa-PGE.sub.1 (Example 19, 100 mg.) in
      10 ml. of ethyl acetate is shaken with hydrogen at about one atmosphere
      pressure at 25.degree. C. in the presence of 5% palladium on charcoal (15
      mg.). One equivalent of hydrogen is absorbed in about 90 min. The
      hydrogenation is then stopped, and the catalyst is removed by filtration.
      The filtrate is concentrated, and the residue is chromatographed on 25 g.
      of silica gel, eluting with a 50-100% ethyl acetate gradient in
      Skellysolve B. Those fractions shown by TLC to contain the desired product
      free of the starting product and dehydration products are combined and
      concentrated to give the title compound.
PAR  Following the procedure of Example 27, dl-3-oxa-PGE.sub.1 ethyl ester is
      reduced to dl-13,14-dihydro-3-oxa-PGE.sub.1 ethyl ester.
PAR  Also following the procedure of Example 27, dl-3-oxa-PGE.sub.2,
      trans-5,6-dehydro-3-oxa-PGE.sub.1, and dl-5,6-dehydro-3-oxa-PGE.sub.2 are
      each reduced to dl-13,14-dihydro-3-oxa-PGE.sub.1 using two equivalents of
      hydrogen for the first two reactants, and three equivalents of hydrogen
      for the third reactant.
PAR  Also following the procedure of Example 27, the ethyl ester and the free
      acid form of the racemic forms of 13,14-dihydro-15-epi-3-oxa-PGE.sub.1,
      13,14-dihydro-8iso-3-oxa-PGE.sub.1,
      13,14-dihydro-8-iso-15-epi-3-oxa-PGE.sub.1, 13,14-dihydro-4-oxa-PGE.sub.1,
      13,14-dihydro-15-epi-4-oxa-PGE.sub.1, 13,14-dihydro-8-iso-4-oxa-PGE.sub.1,
      and 13,14-dihydro-8-iso-15-epi-4-oxa-PGE.sub.1 are prepared by catalytic
      hydrogenation of the ethyl ester and free acid form of the corresponding
      3-oxa and 4-oxo-PGE-type compound, using equivalents of hydrogen
      appropriate to the degree of unsaturation of the reactant, i.e., one
      equivalent for the PGE.sub.1 type, two equivalents for the PGE.sub.2 type
      and trans-5,6-dehydro-PGE.sub.1 type, and three equivalents for the
      5,6-dehydro-PGE.sub.2 type.
PAR  Also following the procedure of Example 27, dl-3-oxa-PGF.sub.1.sub..alpha.
      and its ethyl ester are reduced to
      dl-13,14-dihydro-3-oxa-PGF.sub.1.sub..alpha. and the ethyl ester of that,
      respectively.
PAR  Also following the procedure of Example 27, the ethyl ester and the free
      acid form of the racemic forms of
      13,14-dihydro-3-oxa-PGF.sub.1.sub..beta., 13,14-dihydro-15-epi-3-oxa-PGF.s
     ub.1.sub..alpha.,  13,14-dihydro-15-epi-3-oxa-PGF.sub.1.sub..beta.,
      13,14-dihydro-8-iso-3-oxa-PGF.sub.1.sub..alpha.,
      13,14-dihydro-8-iso-3-oxa-PGF.sub.1.sub..beta.,
      13,14-dihydro-8-iso-15-epi-3-oxa-PGF.sub.1.sub..alpha.,
      13,14-dihydro-8-iso-15-epi-3-oxa-PGF.sub.1.sub..beta.,
      13,14-dihydro-4-oxa-PGF.sub.1.sub..alpha.,
      13,14-dihydro-4-oxa-PGF.sub.1.sub..beta.,
      13,14-dihydro-15-epi-4-oxa-PGF.sub.1.sub..alpha.,
      13,14-dihydro-15-epi-4-oxa-PGF.sub.1.sub..beta.,
      13,14-dihydro-8-iso-4-oxa-PGF.sub.1.sub..alpha.,
      13,14-dihydro-8-iso-4-oxa-PGF.sub.1.sub..beta.,
      13,14-dihydro-8-iso-15-epi-4-oxa-PGF.sub.1.sub..alpha., and
      13,14-dihydro-8-iso-15-epi-4-oxa-PGF.sub.1.sub..beta.  are prepared by
      catalytic hydrogenation of the ethyl ester and free acid form of the
      corresponding 3-oxa and 4-oxa-PGF type compound, using equivalents of
      hydrogen appropriate to the degree of unsaturation of the reactant.
PAR  Also following the procedure of Example 27, each of the esters and free
      acid forms of the other 3-oxa- and 4-oxaPGE type and PGF type compounds
      defined above after Examples 17, 19, and 21 is catalytically hydrogenated
      to the corresponding dihydro compound.
PAC  EXAMPLE 28
PAC  dl-13,14-Dihydro-3-oxa-PGA.sub.1 (Formula XLIV : Q is
PAC  H OH,
PAC  C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --, R.sub.1, R.sub.5, and R.sub.6
      are hydrogen, R.sub.2 is pentyl).
PAR  Refer to Chart B. A suspension of disodium azodiformate (50 mg.) in 5 ml.
      of absolute ethanol is added to a stirred solution of dl-3-oxa-PGA.sub.1
      (50 mg.) in 10 ml. of absolute ethanol under nitrogen at 25.degree. C. The
      mixture is made acid with glacial acetic acid, and then is stirred under
      nitrogen at 25.degree. C. for 8 hrs. The resulting mixture is concentrated
      under reduced pressure, and the residue is mixed with a mixture of diethyl
      ether and water (1:1). The diethyl ether layer is separated, dried, and
      concentrated to give the title compound.
PAR  Following the procedure of Example 28, dl-3-oxa-PGA.sub.1 ethyl ester is
      reduced to dl-13,14-dihydro-3-oxa-PGA.sub.1 ethyl ester.
PAR  Also following the procedure of Example 28, the racemic forms of
      3-oxa-PGA.sub.2, trans-5,6-dehydro-3-oxa-PGA.sub.1, and
      5,6-dehydro-3-oxa-PGA.sub.2 are each reduced to
      13,14-dihydro-3-oxa-PGA.sub.1, using amounts of the disodium azodiformate
      reactant appropriate to the degree of unsaturation of the reactant.
PAR  Also following the procedure of Example 28, the ethyl ester and the free
      acid form of the racemic forms of 13,14-dihydro-15-epi-3-oxa-PGA.sub.1,
      13,14-dihydro-8-iso-3-oxa-PGA.sub.1, 13,14-dihydro-8-iso-15-epi-PGA.sub.1,
      13,14-dihydro-4-oxa-PGA.sub.1, 13,14-dihydro-15-epi-4-oxa-PGA.sub.1,
      13,14-dihydro-8-iso-4-oxa-PGA.sub.1, and
      13,14-dihydro-8-iso-15-epi-4-oxa-PGA.sub.1 are prepared by diimide
      reduction of the corresponding 3-oxa- and 4-oxa-PGA type compound, using
      amounts of diimide appropriate to the degree of unsaturation of the PGA
      type reactant.
PAR  Also following the procedure of Example 28, the ethyl ester and the free
      acid form of the racemic forms of 13,14-dihydro-3-oxa-PGB.sub.1,
      13,14-dihydro-15-epi-3-oxa-PGB.sub.1, 13,14-dihydro-4-oxa-PGB.sub.1, and
      13,14-dihydro-15-epi-4-oxa-PGB.sub.1 are prepared by diimide reduction of
      the corresponding 3-oxa- and 4-oxa-PGB type compound, using amounts of
      diimide appropriate to the degree of unsaturation of the PGB type
      reactant.
PAR  Also following the procedure of Example 28, each of the esters and free
      acid forms of the other 3-oxa- and 4-oxa-PGA type and PGB type compounds
      defined above in and after Examples 22, 23, 24, 25, and 26 is reduced with
      diimide to the corresponding dihydro compound.
PAC  EXAMPLE 29
PAC  dl-3-Oxa-PGB.sub.1 Methyl Ester.
PAR  A solution of diazomethane (about 0.5 g.) in diethyl ether (25 ml.) is
      added to a solution of dl-3-oxa-PGB.sub.1 (Example 26, 50 mg.) 25 ml. of a
      mixture of methanol and diethyl ether (1:1). The mixture is allowed to
      stand at 25.degree.C. for 5 min. Then, the mixture is concentrated to give
      the title compound.
PAR  Following the procedure of Example 29, each of the other specific 3-oxa and
      4-oxa PGB type, PGA type, PGE type, and PGF type free acids defined above
      is converted to the corresponding methyl ester.
PAR  Also following the procedure of Example 29, but using in place of the
      diazomethane, diazoethane, diazobutane, 1-diazo-2-ethylhexane, and
      diazocyclohexane, there are obtained the corresponding ethyl, butyl,
      2-ethylhexyl, and cyclohexyl esters of 3-oxa-PGB.sub.1. In the same
      manner, each of the other specific 3-oxa and 4-oxa PGB type, PGA type, PGE
      type, and PGF type free acids defined above is converted to the
      corresponding ethyl, butyl, 2-ethylhexyl, and cyclohexyl esters.
PAC  EXAMPLE 30
PAC  dl-3-Oxa-PGE.sub.1 Methyl Ester Diacetate.
PAR  Acetic anhydride (5 ml.) and pyridine (5 ml.) are mixed with
      dl-3-oxa-PGE.sub.1 methyl ester (20 mg.), and the mixture is allowed to
      stand at 25.degree. C. for 18 hrs. The mixture is then cooled to 0.degree.
      C., diluted with 50 ml. of water, and acidified with 5% hydrochloric acid
      to pH 1. That mixture is extracted with ethyl acetate. The extract is
      washed successively with 5% aqueous sodium bicarbonate solution, water,
      and brine, dried, and concentrated to give the title compound.
PAR  Following the procedure of Example 30 but replacing the acetic anhydride
      with propionic anhydride, isobutyric anhydride, and hexanoic acid
      anhydride, there are obtained the corresponding dipropionate,
      diisobutyrate and dihexanoate derivatives of dl-3-oxa-PGE.sub.1 methyl
      ester.
PAR  Also following the procedure of Example 30, each of the 3-oxa and 4-oxa PGE
      type, PGF type, PGA type, and PGB type esters and free acids defined above
      is transformed to the corresponding acetate, propionates, isobutyrates,
      and hexanoates, the PGE derivatives being dicarboxyacylates, the PGF type
      derivatives being tricarboxyacylates, and the PGA type and PGB type
      derivatives being monocarboxyacylates.
PAC  EXAMPLE 31
PAC  dl-3-Oxa-PGE.sub.1 Sodium Salt.
PAR  A solution of dl-3-oxa-PGE.sub. 1 (Example 19, 100 mg.) in 50 ml. of a
      water-ethanol mixture (1:1) is cooled to 5.degree. C. and neutralized with
      an equivalent amount of 0.1 N aqueous sodium hydroxide solution. The
      neutral solution is concentrated to give the title compound.
PAR  Following the procedure of Example 31 but using potassium hydroxide,
      calcium hydroxide, tetramethylammonium hydroxide, and
      benzyltrimethylammonium hydroxide in place of sodium hydroxide, there are
      obtained the corresponding salts of dl-3-oxa-PGE.sub.1.
PAR  Also following the procedure of Example 31 each of the 3-oxa and 4-oxa PGE
      type, PGF type, PGA type, and PGB calcium, acids defined above is
      transformed to the sodium, potassium, calciu, tetramethylammonium, and
      benzyltrimethylammonium salts.
PAC  EXAMPLE 32
PAR  dl-3-Oxa-PGE.sub.3 Methyl Ester (Formula XXVI : Q is
PAC  H OH,
PAC  C.sub.j H.sub.2j, and C.sub.p H.sub.2p are --CH.sub.2 --, R.sub.1  is
      methyl, R.sub.4 is ethyl, and R.sub.5 and R.sub.6 are hydrogen) and its
      15.sub..beta. epimer.
PAR  1. Refer to Chart H. Following the procedure of Preparations 5, 6, and 7,
      but replacing hexyltriphenylphosphonium bromide with
      (hex-3-ynyl)triphenylphosphonium bromide (Axen et al., Chem. Comm. 1970,
      602) there are obtained successively endo-6-(cis- and
      trans-1-hepten-4-ynyl)bicyclo[3.1.0]hexan-3-ol tetrahydropyranyl ether;
      endo-6-(cis- and trans-1-hepten-4-ynyl)bicyclo[3.1.0]hexan-3-ol; and the
      formula-LXXIII endo-6-(cis- and
      trans-1-hepten-4-ynyl)bicyclo[3.1.0]hexan-3-one. The desired
      formula-LXXIII intermediate is isolated after silica gel chromatography.
PAR  2. There is next prepared the compound corresponding to formula-LXXXIV by
      alkylation. Following the procedures of Example 2, the product of step 1
      above is reacted with methy 7-chloro-3-oxa-hept-5-ynoate to yield
      dl-methyl 7-[endo-6-(cis- and
      trans-1-hepten-4-ynyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-hept-5-yn
     oate.
PAR  3. Glycol LXXXV is next prepared, following the procedure of Example 8 and
      reacting the product of step 2 with osmium tetroxide. Without separating
      the isomeric glycols, the bismesylate corresponding to formula LXXXVI is
      then prepared following the procedures of Example 15. Thereafter,
      following hydrolysis of the bismesylate by the procedures of Example 17,
      the bisdehydro-PGE.sub.3 -type compound corresponding to formula LXXXVII
      is recovered. Silica gel chromatography is used to separate the respective
      C-15 epimers.
PAR  4. Thereafter, each of the C-15 epimers of step 3 above is hydrogenated in
      pyridine using 5% palladium on barium sulfate catalyst at 25.degree. C.
      and 1 atmosphere and the products subjected to silica gel chromatography
      to yield the title compounds.
PAR  The various Preparations and Examples given above describe the preparation
      of racemic intermediates and final products. Each of intermediates and
      final products named and defined above is also obtained in each of the
      enantiomeric forms, d amd l, by resolution of that compound or by
      resolution of an intermediate used to prepare that compound. For example,
      d-3-oxa-PGA.sub.1 free acid is prepared by resolution of
      dl-3-oxa-PGA.sub.1 free acid (Example 22) or by dehydration as in Example
      22 of optically active 3-oxa-PGE.sub.1 free acid with the same absolute
      configuration. These resolutions are carried out by procedures known in
      the art, for example, those described hereinabove.
PAC  EXAMPLE 33
PAC  2,3,4-Trinor-PGF.sub.2.sub..alpha., Ethyl Ester, Bis(tetrahydropyranyl
      ether) (Formula CXII : --CH=CH-- is in cis configuration, Q' is
PAC  H OTHP,
PAC  R.sub.2 is n-pentyl, R.sub.21 is THP, i.e. tetrahydropyranyl, and R.sub.22
      is ethyl); and its 5,6-trans isomer.
PAR  Refer to Chart M. The starting material is the formula-CXI compound,
      3.alpha.,
      5.alpha.-dihydroxy-2.beta.-(3.alpha.-hydroxy-trans-1-octenyl)-1.alpha.-cyc
     lopentaneacetaldehyde .gamma.-lactol bis(tetrahydropyranyl ether). See E.
      J. Corey et al., J. Am. Chem. Soc. 92, 397 (1970). The optically active
      isomer is used which will lead to a prostaglandin-type compound of the
      natural configuration. The formula-CXI compound (10.0 g.) is dissolved in
      150 ml. of absolute ethanol containing 3 drops of acetic acid. To the
      solution is added (carbethoxymethylene)triphenyl phosphorane (10 g.) and
      the mixture is stirred at about 25.degree. C. for 72 hrs. The mixture is
      concentrated under reduced pressure to a volume of about 35 ml., mixed
      with ice and dilute sodium bicarbonate solution, and shaken with ethyl
      acetate. The organic phase is washed with brine, dried over magnesium
      sulfate, and concentrated to a residue. The residue is slurried in 100 ml.
      of diethyl ether and filtered. The filtrate is concentrated to a residue
      which is subjected to silica gel chromatography, eluting with 20-40% ethyl
      acetate in Skellysolve B (mixed isomeric hexanes). Besides unreacted
      starting material there are recovered the title compound, 1.1 g., its
      5,6-trans isomer, 1.63 g., and a mixture of the two isomers, 3.89 g. The
      NMR spectrum of the title compound has peaks at 6.52-5.74, 5.70-5.39,
      4.72, 4.37-4.00 (quartet), 1.38-1.15 (triplet), and 0.87 .delta.. The NMR
      spectrum of the 5,6-trans isomer has peaks at 7.30-5.75, 5.66-5.38, 4.70,
      4.37-4.00 (quartet), 1.38-1.15 (triplet), and 0.87 .delta..
PAC  EXAMPLE 34
PAC  2,3,4-Trinor-PGF.sub.1.sub..alpha., Ethyl Ester, Bis(tetrahydropyranyl
      ether) (Formula CXIII : Q" is
PAC  H OTHP,
PAC  R.sub.2 is n-pentyl, R.sub.21 is THP, and R.sub.22 is ethyl).
PAR  Refer to Chart M. The formula-CXII PGF.sub.2.sub..alpha. compound (Example
      33, 1.10 g.) is mixed with a 5%-palladium-on-carbon catalyst (0.3 g.) in
      30 ml. of ethyl acetate and hydrogenated at slightly above atmospheric
      pressure. When about 41 ml. of hydrogen is consumed, the catalyst is
      filtered off and the filtrate concentrated under reduced pressure to yield
      the title compound, 1.10 g. The NMR spectrum has peaks at 5.70-5.39, 4.72,
      4.37-4.00 (quartet), 1.38-1.15 (triplet), and 0.87 .delta..
PAC  EXAMPLE 35
PAC  4.alpha.-(4-Hydroxybutyl)-5.beta.-(3'.alpha.-hydroxy-1'-transoctenyl)cyclop
     entane-1.alpha., 3.alpha.-diol, 1,3-Bis(tetrahydropyranyl ether) (Formula
      CXIV : Q" is
PAC  H OTHP,
PAC  R.sub.2 is n-pentyl, R.sub.21 is THP, and R.sub.23 is hydrogen).
PAR  Refer to Chart M. The formula-CXIII PGF.sub.1.sub..alpha. compound (Example
      34, 1.1 g.) in 30 ml. of diethyl ether is added with stirring to a mixture
      of lithium aluminum hydride (0.3 g.) in 60 ml. of diethyl ether over a 10
      minute period. The mixture is heated under reflux for 2 hrs., cooled, and
      treated with 0.35 ml. of water added cautiously dropwise followed by 0.35
      ml. of 15% aqueous sodium hydroxide solution and then 1.0 ml. of water.
      The solids are removed by filtration and the filtrate is concentrated
      under reduced pressure to give the title compound.
PAC  EXAMPLE 36
PAC  3-Oxa-PGF.sub.1.sub..alpha., 11,15-Bis(tetrahydropyranyl ether), Ethyl
      Ester (Formula CXV : Q" is
PAC  H OTHP,
PAC  R.sub.1 is ethyl, R.sub.2 is n-pentyl, R.sub.1 is THP, and R.sub.23 is
      hydrogen).
PAR  Refer to Chart M. The formula-CXIV 4-hydroxybutyl compound (Example 35, 1.7
      g.) together with 15 ml. of dimethylsulfoxide and 5 ml. of
      tetrahydrofuran, is treated with 2.28 ml. of 1.6 M n-butyllithium in
      hexane, with stirring and cooling. After 5 min., there is added 5 ml. of
      dimethyformamide. The solution is stirred and cooled to 0.degree. C. and
      lithium chloroacetate (0.70 g.) is added. The mixture is stirred at
      0.degree. C. for 2 hrs. and at about 25.degree. C. for 22 hrs., then
      diluted with 200 ml. of ice water, acidified with a cold solution of 3 ml.
      of concentrated hydrochloric acid in 50 ml. of water, and immediately
      extracted with dichloromethane. The organic phase is washed with cold
      water and brine, and dried over magnesium sulfate. At this stage the
      solution contains 3-oxa-PGF.sub.1.sub..alpha., 11,15-bis(tetrahydropyranyl
      ether).
PAR  To the above solution is added excess ethereal diazoethane and after a few
      minutes the excess reagent is destroyed with acetic acid. The mixture is
      washed with a mixture of sodium bicarbonate solution and brine, and then
      brine, dried and concentrated under reduced pressure. The residue is
      subjected to silica gel chromatography, eluting with 60-100% ethyl acetate
      in Skellysolve B to yield the title compound, 0.71 g. The NMR spectrum has
      peaks at 5.2-5.58, 4.6, 3.99-4.29, 3.95 (singlet), and 3.35-3.55 .delta..
PAC  EXAMPLE 37
PAC  3-Oxa-PGF.sub.1.sub..alpha., Ethyl Ester (Formula CXVI : Q' is
PAC  H OH,
PAC  R.sub.1 is ethyl and R.sub.2 is n-pentyl).
PAR  Refer to Chart M. The formula-CXV bis(tetrahydropyranyl ether) (Example 36,
      0.7 g.) is mixed with 15 ml. of acetic acid and 7.5 ml. of water and
      heated at about 38.degree. C. for 2.5 hrs. The mixture is diluted with ice
      and water and shaken with ether-dichloromethane (3:1). The organic phase
      is washed with cold dilute sodium bicarbonate, water, and brine, and dried
      and concentrated. The residue is subjected to silica gel chromatography,
      eluting with 12.5-15% ethanol in chloroform, to yield the title compound.
PAC  EXAMPLE 38
PAC  3-Oxa-PGE.sub.1, Ethyl Ester (Formula CXVIII : Q' is
PAC  H OH,
PAC  R.sub.1 is ethyl, and R.sub.2 is n-pentyl).
PAR  Refer to Chart M. The formula-CXV 3-oxa-PGF.sub.1.sub..alpha.,
      11,15-bis(tetrahydropyranyl ether), ethyl ester (Example 36, 0.7 g.) in 25
      ml. of acetone at -20.degree. C. is treated with 0.67 ml. of Jones reagent
      (J. Chem. Soc. 39 (1946)). The mixture is stirred at -20.degree. C. for 15
      min., diluted with ice water, and immediately extracted with
      ether-dichloromethane (3:1). The organic phase is washed with ice cold
      dilute hydrochloric acid and brine, dried and concentrated to give the
      formula-CXVII 3-oxa-PGE.sub.1, 11,15-bis(tetrahydropyranyl ether), ethyl
      ester, 0.66 g. The NMR spectrum has peaks at 5.35-5.7, 4.64, 3.98-4.3,
      3.95 (singlet) and 3.36-3.53 g; infrared spectral absorption at 1740
      cm.sup.-.sup.1.
PAR  The formula-CXVII intermediate above is hydrolyzed to remove
      tetrahydropyranyl groups following the procedure of Example 37.
      Thereafter, using silica gel chromatography, and eluting with 1-5% ethanol
      in ethyl acetate, there is obtained the title compound, 0.28 g., having
      the same NMR spectrum as the product of Example 17 above.
PAC  EXAMPLE 39
PAC  3.alpha.-Allyl-2-[(3'S)-3'-hydroxy-1'-transoctenyl]cyclopentane-1.alpha.,4.
     alpha.-diol, 1,3'-Bis(tetrahydropyranyl ether) (Formula CXXIV: Q" is
PAC  H OTHP,
PAC  R.sub.2 is n-pentyl, and R.sub.21 is THP).
PAR  Refer to Chart O. Methyltriphenylphosphonium bromide (17.5 g.) is added to
      a solution of sodio dimethylsulfinylcarbanide prepared from sodium hydride
      (57%, 2.02 g.) and 75 ml. of dimethyl sulfoxide at 65.degree.-70.degree.
      C. and cooled to 15.degree. C. The mixture is stirred at
      15.degree.-25.degree. C. for 20 min., cooled to 15.degree. C., and to it
      is added a solution of the formula-CXI
      3.alpha.,5.alpha.-dihydroxy-2.beta.-(3.alpha.-hydroxy-trans-1-octenyl)1.al
     pha.-cyclopentaneacetaldehyde .gamma.-lactol bis(tetrahydropyranyl ether)
      (10 g.) in 20 ml. of dimethyl sulfoxide. See E. J. Corey et al., J. Am.
      Chem. Soc. 92, 397 (1970). That optically active isomer is used which will
      lead to a prostaglandin-type compound of the natural configuration. The
      resulting mixture above is stirred at about 25.degree. C. for 2.5 hrs.,
      then shaken with water and 500 ml. of diethyl ether. The organic phase is
      washed with water and brine, dried, and concentrated under reduced
      pressure. The residue is triturated with diethyl ether and, then,
      Skellysolve B, to yield triphenylphosphine oxide (3.5 g.) and a residue
      which is chromatographed on a silica gel column to yield the title
      compound, 5.6 g., having R.sub.f 0.8 (TLC on silica gel plates in ethyl
      acetate-Skellysolve B (1:1)) and NMR spectral peaks at 4.9-6.2 and 4.7
      .delta..
PAC  EXAMPLE 40
PAC  2.alpha.,4.alpha.-Dihydroxy-5[(3'S)-3'-hydroxy-1'-transoctenyl]cyclopentane
     -1.alpha.-propanol,2,3',4-Tris(tetrahydropyranyl ether) (Formula CXXVI: Q"
      is
PAC  H OTHP,
PAC  R.sub.2 is n-pentyl, and R.sub.21 is THP).
PAR  Refer to Chart O. There is first prepared the formula-CXXV
      tris(tetrahydropyranyl) ether. A mixture of the formula-CXXIV
      3-allyl-2-[(3'S)-3'-hydroxy-1'-trans-octenyl]cyclopentane-1.alpha.,4.alpha
     .-diol, 1,3-bis(tetrahydropyranyl ether) (Example 39, 5 g.), 15 ml. of
      freshly distilled dihydropyran, and 0.3 g. of pyridine hydrochloride in
      100 ml. of dichloromethane is stirred under nitrogen at about 25.degree.
      C. for 18 hrs. The mixture is diluted with 500 ml. of cold diethyl ether,
      washed with ice-cold 0.1 N hydrochloric acid, water, 5% aqueous sodium
      bicarbonate, and brine, dried, and concentrated under reduced pressure.
      The product is subjected to silica gel chromatography, eluting with 5-25%
      ethyl acetate in Skellysolve B, to yield the tris(tetrahydropyranyl
      ether).
PAR  To a solution of the above compound (5.2 g.) in 50 ml. of dry
      tetrahydrofuran at 0.degree. C. under nitrogen is added with stirring 10
      ml. of disiamylborane (bis(1,2-dimethylpropyl)borane) (1M. in
      tetrahydrofuran). After one hr. at 0.degree. C. there is added one ml. of
      water and (cautiously) a solution of 1 ml. of 50% aqueous sodium hydroxide
      in 20 ml. of methanol. To this mixture is added 15 ml. of 15% hydrogen
      peroxide, maintaining the temperature below 40.degree. C. After stirring 1
      hr. at about 25.degree. C., the mixture is shaken with brine and ethyl
      acetate. The organic phase is washed with brine, dried, and concentrated.
      The residue is taken up in xylene and again concentrated under reduced
      pressure. The product is subjected to silica gel chromatography eluting
      with 30-50% ethyl acetate in Skellysolve B to yield the title compound.
PAC  EXAMPLE 41
PAC  3.alpha.-Allyloxypropyl-2-[(3'S)-3'-hydroxy-1'-trans-octenyl]cyclopentane-1
     .alpha. ,4.alpha.-diol, 1,3', 4-Tris(tetrahydropyranyl ether) (Formula
      CXXVII: Q" is
PAC  H OTHP,
PAC  R.sub.2 is n-pentyl, and R.sub.21 is THP).
PAR  Refer to Chart O. N-Butyllithium (6.25 ml. of 1.6 M. solution in hexane) is
      added dropwise to a stirred solution of the formula-CXXVI
      2.alpha.,4.alpha.-dihydroxy-5-[(3'S)-3'-hydroxy-1'-trans-octenyl]cyclopent
     ane-1.alpha.-propanol, 2,3',4-tris(tetrahydropyranyl ether) (Example 40,
      5.4 g.) in 40 ml. of tetrahydrofuran. There is then added 10 ml. of
      freshly distilled allyl chloride and 40 ml. of dimethylformamide. After
      stirring about 0.5 hr., the mixture is shaken with water and diethyl
      ether. The organic phase is washed with water and brine, dried, and
      concentrated. The product is subjected to silica gel chromatography,
      eluting with 5-20% ethyl acetate in Skellysolve B.
PAC  EXAMPLE 42
PAC  2-Decarboxy-2-hydroxymethyl-4-oxa-PGF.sub.1 .sub..alpha.,
      9,-11,15-Tris(tetrahydropyranyl ether) Formula CXXVIII: Q" is
PAC  H OTHP,
PAC  R.sub.2 is n-pentyl, and R.sub.21 is THP).
PAR  Refer to Chart O. Following the procedure of Example 40, the formula-CXXVII
      3.alpha.-allyloxypropyl-2-[(3'S)-3'-hydroxy-1'-trans-octenyl]cyclopentane-
     1.alpha.,4.alpha.-diol, 1,3',4-tris(tetrahydropyranyl ether) (Example 41,
      5.8 g.) is reacted with disiamylborane and hydrogen peroxide to yield the
      title compound.
PAC  EXAMPLE 43
PAC  4-Oxa-PGF.sub.1 .sub..alpha., Tris(tetrahydropyranyl ether). (Formula
      CXXIX: Q" is
PAC  H OTHP,
PAC  R.sub.2 is n-pentyl, R.sub.21 is THP, and R.sub.1 is hydrogen.
PAR  Refer to Chart O. The formula-CXXVIII
      2-decarboxy-2-hydroxymethyl-4-oxa-PGF.sub.1 .sub..alpha.,
      9,11,15-tris(tetrahydropyranyl ether) (Example 42, 3.0 g.) in 50 ml. of
      acetone is treated at -20.degree. C. with 3 ml. of Jones reagent over a
      period of about 1 min. Thereafter the mixture is stirred for 30 min. and
      shaken with ethyl acetate (300 ml.) and brine (200 ml.). The organic phase
      is washed with water and brine, dried, and concentrated. The product is
      subjected to silica gel chromatography to yield the title compound.
PAC  EXAMPLE 44
PAC  4-Oxa-PGF.sub.1 .sub..alpha. (Formula CXXX: Q' is
PAC  H OH,
PAC  R.sub.2 is n-pentyl, and R.sub.1 is hydrogen).
PAR  Refer to Chart O. The formula-CXXIX 4-oxa-PGF.sub.1 .sub..alpha.,
      tris(tetrahydropyranyl ether) (Example 43, 1.0 g.) is stirred with 25 ml.
      of glacial acetic acid, 12.5 ml. of water, and 3 ml. of tetrahydrofuran at
      40.degree. C. for 4 hrs. Thereafter the mixture is freeze-dried and the
      residue is subjected to silica gel chromatography, eluting with 60% ethyl
      acetate in Skellysolve B to 100% ethyl acetate to yield the title
      compound.
PAC  EXAMPLE 45
PAC  4-Oxa-PGF.sub.1 .sub..alpha., Methyl Ester, Tris(tetrahydropyranyl ether)
      Formula CXXIX: Q" is
PAC  H OTHP,
PAC  R.sub.2 is n-pentyl, R.sub.21 is THP, and R.sub.1 is methyl).
PAR  Refer to Chart O. There is first prepared the formula-CXXIX 4-oxa-PGF.sub.1
      .sub..alpha., tris(tetrahydropyranyl ether) following the procedure of
      Example 43. That acid (3.0 g.) is then treated with excess ethereal
      diazomethane for a few minutes. The excess diazomethane is destroyed by
      addition of acetic acid and the mixture is washed with dilute sodium
      bicarbonate and brine, dried, and concentrated. The product is subjected
      to silica gel chromatography to yield the title compound.
PAC  EXAMPLE 46
PAC  4-Oxa-PGF.sub.1 .sub..alpha., Methyl Ester (Formula CXXX: Q' is
PAC  H OH,
PAC  R.sub.2 is n-pentyl, and R.sub.1 is methyl).
PAR  Refer to Chart O. The formula-CXXIX 4-oxa-PGF.sub.1 .sub..alpha., methyl
      ester, tris(tetrahydropyranyl ether) (Example 45, 1.0 g.) is stirred with
      25 ml. of glacial acetic acid, 12.5 ml. of water, and 3 ml. of
      tetrahydrofuran at 40.degree. C. for 4 hrs. The mixture is then diluted
      with 150 ml. of ethyl acetate and shaken with cold dilute sodium hydroxide
      solution. The organic phase is washed with brine, dried, and concentrated.
      The product is subjected to silica gel chromatography, eluting with 8-16%
      ethanol in chloroform to yield the title compound.
PAC  EXAMPLE 47
PAC  2.alpha.,4.alpha.-Dihydroxy-5-[(3'S)-3'-hydroxy-1'-transoctenyl]cyclopentan
     e-1.alpha.-ethanol, 3',4-Bis(tetrahydropyranyl ether) (Formula CXXXI: Q" is
PAC  H OTHP,
PAC  R.sub.2 is n-pentyl, and R.sub.21 is THP).
PAR  Refer to Chart P. The formula-CX
      3.alpha.,5.alpha.-dihydroxy-2.beta.-(3.alpha.-hydroxy-trans-1-octenyl)-1.a
     lpha.-cyclopentaneacetaldehyde .gamma.-lactol bis(tetrahydropyranyl ether)
      (6.3 g.) in 50 ml. of ethanol at 0.degree. C. is treated, while stirring,
      with a solution of sodium borohydride (0.6 g.) in 10 ml. water. After 10
      min. the mixture is shaken with 20 ml. of water, 250 ml. of ethyl acetate,
      and 150 ml. of brine. The organic phase is washed with brine, dried, and
      concentrated under reduced pressure to yield the title compound, 6.3 g.,
      having R.sub.f 0.2 (TLC on silica gel in 50% ethyl acetate in Skellysolve
      B).
PAC  EXAMPLE 48
PAC  3.alpha.-Allyloxyethyl-2-[(3'S)-3'-hydroxy-1'-transoctenyl]cyclopentane-1.a
     lpha.,4.alpha.-diol, 1,3'-Bis(tetrahydropyranyl ether) (Formula CXXXII: Q"
      is
PAC  H OTHP,
PAC  R.sub.2 is n-pentyl, and R.sub.21 is THP).
PAR  Refer to Chart P. The formula-CXXXI
      2.alpha.,4.alpha.-dihydroxy5-[(3'S)-3'-hydroxy-1'-trans-octenyl]cyclopenta
     ne-1.alpha.-ethanol, 3',4-bis(tetrahydropyranyl ether) (Example 47, 8.1 g.)
      in 40 ml. of tetrahydrofuran at -15.degree. C. under nitrogen is treated,
      while stirring, with 11.5 ml. of 1.6 M. n-butyllithium in hexane added
      dropwise over a 5-min. period. To the clear solution is added 15 ml. of
      freshly distilled allyl chloride and 40 ml. of dimethyl formamide. The
      mixture is stirred at about 25.degree. C. for 24 hrs. and is then shaken
      with 400 ml. of water and 500 ml. of ether. The organic phase is washed
      with water and brine, dried, and concentrated under reduced pressure. The
      residue is subjected to silica gel chromatography, eluting with 50% ethyl
      acetate in Skellysolve B, to obtain the title compound, 2.0 g., having NMR
      spectral peaks at 5.0-6.2, 4.7, and 3.87-4.0 .delta..
PAC  EXAMPLE 49
PAC  2-Decarboxy-2-hydroxymethyl-5-nor-4-oxa-PGF.sub.1 .sub..alpha.,
      9,11,15-Tris(tetrahydropyranyl ether) (Formula CXXXIII: Q" is
PAC  H OTHP,
PAC  R.sub.2 is n-pentyl, and R.sub.21 is THP).
PAR  Refer to Chart P. The formula-CXXXII
      3.alpha.-allyloxyethyl2-[(3'S)-3'-hydroxy-1'-trans-octenyl]cyclopentane-1.
     alpha.,4.alpha.-diol, 1,3'-bis(tetrahydropyranyl ether) (Example 48, 2.0
      g.) in 20 ml. of tetrahydrofuran at 0.degree. C. under nitrogen is
      treated, while stirring, with 10 ml. of 1M. disiamylborane in
      tetrahydrofuran added dropwise. The mixture is stirred at 0.degree. C. for
      an additional hour, then treated with 2 ml. of water added cautiously.
      Then a solution of 1 ml. of 50% aqueous sodium hydroxide in 25 ml. of
      methanol is added followed by 15 ml. of 15% hydrogen peroxide solution
      added dropwise while stirring, maintaining the temperature below
      40.degree. C. The mixture is stirred an additional hour at about
      25.degree. C., then shaken with 100 ml. of brine and ethyl acetate. The
      organic phase is washed with brine, dried, and concentrated under reduced
      pressure. Xylene is added and the mixture concentrated under vacuum at
      about 40.degree.  C./0.5 mm to yield the title compound, having R.sub.f
      0.3 (TLC on silica gel in ethyl acetate) and NMR spectral peaks at 5.3-5.6
      and 4.7 .delta..
PAC  EXAMPLE 50
PAC  5-Nor-4-oxa-PGE.sub.1, Bis(tetrahydropyranyl ether) (Formula CXXXIV: Q" is
PAC  H OTHP,
PAC  R.sub.2 is n-pentyl, and R.sub.21 is THP); and Methyl Ester (Formula CXXXV:
      R.sub.1 is methyl).
PAR  Refer to Chart P. The formula-CXXXIII
      2-decarboxy-2-hydroxymethyl-5-nor-4-oxa-PGF.sub.1 .sub..alpha.,
      9,11,15-tris(tetrahydropyranyl ether) (Example 49, 1.9 g.) in 40 ml. of
      acetone at -20.degree. C. under nitrogen is treated, while stirring, with
      4 ml. of Jones reagent over a one-min. period. The mixture is stirred at
      -20.degree. C. for an additional 35 min., then shaken with 300 ml. of
      ethyl acetate and 200 ml. of brine. The organic phase is washed with water
      and brine, dried, and concentrated under reduced pressure. The residue is
      subjected to silica gel chromatography, eluting with 50-70% ethyl acetate
      in Skellysolve B to yield 5-nor-4-oxa-PGE.sub.1, bis(tetrahydropyranyl
      ether), 1.3 g.
PAR  The above acid is treated in diethyl ether solution with an excess of
      ethereal diazomethane. After 1 min., acetic acid is added to destroy
      excess diazomethane. The mixture is washed with dilute aqueous sodium
      bicarbonate and brine, dried, and concentrated under reduced pressure. The
      residue is subjected to silica gel chromatography, eluting with 40-50%
      ethyl acetate in Skellsolve B to yield the title compound methyl ester,
      0.85 g., having NMR spectral peaks at 5.5-5.7, 4.7, 3.7 (singlet), and
      2.4-2.62 (triplet) .delta..
PAC  EXAMPLE 51
PAC  5-Nor-4-oxa-PGE.sub.1, Methyl Ester (Formula CXXXVI: Q' is
PAC  H OH,
PAC  R.sub.1 is methyl, and R.sub.2 is n-pentyl).
PAR  Refer to Chart P. The formula-CXXXV 5-nor-4-oxa-PGE.sub.1,
      bis(tetrahydropyranyl ether), methyl ester, (Example 50, 0.85 g.) is
      stirred with 20 ml. of acetic acid, 10 ml. of water, and 2 ml. of
      tetrahydrofuran at 40.degree. C. for 4 hrs. The mixture is diluted with
      150 ml. of cold ethyl acetate and washed with ice-cold dilute sodium
      hydroxide (15 ml. of 50% aqueous sodium hydroxide and 85 ml. of water).
      The organic phase is washed with aqueous sodium bicarbonate and brine,
      dried, and concentrated. The residue is subjected to silica gel
      chromatography, eluting with 0-4% methanol in ethyl acetate, to yield the
      title compound, 0.41 g., an oil, having NMR spectral peaks at 5.58-5.70,
      3.70 (singlet), and 2.44-2.65 (triplet) .delta.; and mass spectral peaks
      (TMS derivative) at 485, 469, 429, 410, 379, 370, 339, and 285.
PAC  EXAMPLE 52
PAC  5-Nor-4-oxa-PGF.sub.1 .sub..alpha., Methyl Ester (Formula CXXXVII: Q' is
PAC  H OH,
PAC  R.sub.1 is methyl, R.sub.2 is n-pentyl, and .about. is alpha); and
      5-Nor-4-oxa-PGF.sub.1 .sub..beta., Methyl Ester (Formula CXXXVII: .about.
      is beta).
PAR  Refer to Chart P. the formula-CXXXVI 5-nor-4-oxa-PGE.sub.1, methyl ester
      (Example 51, 0.29 g.) in 10 ml. of methanol at 0.degree. C. is added to a
      stirred solution of sodium borohydride (0.075 g.) in 0.75 ml. of water.
      The mixture is stirred at 0.degree. C. for 10 min. and diluted with 100
      ml. of ethyl acetate. The mixture is washed with brine, dried, and
      concentrated. The residue is subjected to silica gel chromatography,
      eluting with 0-15% ethanol in chloroform, to yield the PGF.sub.1
      .sub..alpha. title compound, 60 mg., an oil, having NMR spectral peaks at
      5.4-5.55, 3.70 (singlet), and 2.49-2.7 (triplet) .delta.; mass spectral
      peaks (TMS derivative) at 559, 543, 503, 484, 469. 413, 394, 323, and 173;
      and R.sub.f 0.45 (TLC on silica gel in 10% ethanol in chloroform).
PAR  There is likewise obtained in the later-eluting (more polar)fractions the
      corresponding PGF.sub.1 .sub..beta. title compound, 170 mg., m.p.
      96.degree.-97.degree. C., having NMR spectral peaks at 5.4-5.55, 3.70
      (singlet), and 2.49-2.7 (triplet) .delta.; mass spectral peaks as observed
      above for PGF.sub.1 .sub..alpha.compound; and R.sub.f 0.35 (TLC on silica
      gel in 10% ethanol in chloroform).
CLMS
STM  I claim:
NUM  1.
PAR  1. An optically active compound of the formula:
      ##SPC36##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
      C.sub.n H.sub.2n is alkylene of one to 10 carbon atoms, inclusive, with 1
      to 5 carbon atoms, inclusive, between --CH.sub.2 -- and --O--; wherein Q
      is
PAC  R.sub.3  OH or R.sub.3  OH
PAL  wherein R.sub.3 is hydrogen or methyl; wherein R.sub.1 is hydrogen, alkyl
      of one to 4 carbon atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms,
      inclusive, aralkyl of 7 to 12 carbon atoms, inclusive, phenyl, phenyl
      substituted with one, 2, or 3 chloro or alkyl of one to 4 carbon atoms,
      inclusive, or ethyl substituted in the .beta.-position with 3 chloro;
      wherein R.sub.2 is
      ##EQU75##
      wherein R.sub.4 is hydrogen or fluoro and g is one, 2, 3, 4, or 5; wherein
      R.sub.5 and R.sub.6 are hydrogen or alkyl of one to 4 carbon atoms,
      inclusive; including the lower alkanoates thereof, and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  2.
PAR  2. A racemic compound according to claim 1.
NUM  3.
PAR  3. An optically active compound according to claim 1.
NUM  4.
PAR  4. A compound according to claim 3 wherein C.sub.n H.sub.2n is straight
      chain alkylene of one to 5 carbon atoms, inclusive.
NUM  5.
PAR  5. A compound according to claim 4 whrein C.sub.n H.sub.2n is trimethylene.
NUM  6.
PAR  6. A compound according to claim 5 wherein R.sub.5 and R.sub.6 are hydrogen
      or methyl, being the same or different.
NUM  7.
PAR  7. A compound according to claim 6 wherein R.sub.5 and R.sub.6 are
      hydrogen.
NUM  8.
PAR  8. A compound according to claim 7 wherein R.sub.2 is pentyl.
NUM  9.
PAR  9. A compound according to claim 8 wherein Q is
PAC  R.sub.3  OH
PAL  wherein R.sub.3 is hydrogen or methyl.
NUM  10.
PAR  10.
PAL  a compound according to claim 8 wherein Q is
PAC  R.sub.3  OH wherein R.sub.3 is hydrogen or methyl.
NUM  11.
PAR  11. A compound according to claim 10 wherein R.sub.1 is hydrogen or alkyl
      or one to 4 carbon atoms, inclusive, including the pharmacologically
      acceptable salts thereof when R.sub.1 is hydrogen.
NUM  12.
PAR  12. A compound according to claim 11 wherein R.sub.1 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive.
NUM  13.
PAR  13. A compound according to claim 12 wherein R.sub.1 is hydrogen, methyl,
      or ethyl.
NUM  14.
PAR  14. 3-Oxa-PGF.sub.1 .sub..alpha., a compound according to claim 13.
NUM  15.
PAR  15. 3-Oxa-PGF.sub.1 .sub..alpha., methyl ester, a compound according to
      claim 13.
NUM  16.
PAR  16. 15-Methyl-3-oxa-PGF.sub.1 .sub..alpha., a compound according to claim
      13.
NUM  17.
PAR  17. 15-Methyl-3-oxa-PGF.sub.1 .sub..alpha., methyl ester, a compound
      according to claim 13.
NUM  18.
PAR  18. An optically active compound of the formula:
      ##SPC37##
     or a racemic compound of that formula and the mirror image thereof, wherein
      C.sub.p H.sub.2p is alkylene of 1 to 8 carbon atoms, inclusive, with one,
      2, or 3 carbon atoms, between --CH=CH-- and --O--; wherein Q is
PAC  R.sub.3  OH or R.sub.3  OH
PAL  wherein R.sub.3 is hydrogen or methyl wherein R.sub.1 is hydrogen, alkyl of
      1 to 4 carbon atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms,
      inclusive, aralkyl of 7 to 12 carbon atoms, inclusive, phenyl, phenyl
      substituted with 1, 2, or 3 chloro or alkyl of one to 4 carbon atoms,
      inclusive, or ethyl substituted in the .beta.-position with 3 chloro;
      wherein R.sub.2 is
      ##EQU76##
      wherein R.sub.4 is hydrogen or fluoro and g is one, 2, 3, 4, or 5; wherein
      R.sub.5 and R.sub.6 are hydrogen or alkyl of one to 4 carbon atoms,
      inclusive; including the lower alkanoates thereof, and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  19.
PAR  19. A racemic compound according to claim 18.
NUM  20.
PAR  20. An optically active compound according to claim 18.
NUM  21.
PAR  21. A compound according to claim 20 wherein C.sub.n H.sub.2n is straight
      chain alkylene of 1 to 5 carbon atoms, inclusive.
NUM  22.
PAR  22. A compound according to claim 21 wherein C.sub.n H.sub.2n is
      trimethylene.
NUM  23.
PAR  23. A compound according to claim 22 wherein R.sub.5 and R.sub.6 are
      hydrogen or methyl, being the same or different.
NUM  24.
PAR  24. A compound according to claim 23 wherein R.sub.5 and R.sub.6 are
      hydrogen.
NUM  25.
PAR  25. A compound according to claim 24 wherein R.sub.2 is pentyl.
NUM  26.
PAR  26. A compound according to claim 25 wherein Q is
PAC  R.sub.3  OH
PAL  wherein R.sub.3 is hydrogen or methyl.
NUM  27.
PAR  27. A compound according to claim 25 wherein Q is
PAC  R.sub.3  OH
PAL  wherein R.sub.3 is hydrogen or methyl.
NUM  28.
PAR  28. A compound according to claim 27 wherein R.sub.1 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, including the pharmacologically
      acceptable salts thereof when R.sub.1 is hydrogen.
NUM  29.
PAR  29. A compound according to claim 28 wherein R.sub.1 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive.
NUM  30.
PAR  30. A compound according to claim 29 wherein R.sub.1 is hydrogen, methyl,
      or ethyl.
NUM  31.
PAR  31. A compound according to claim 30 wherein the C-5 to C-6 double bond in
      the carboxyl-terminated side chain is in the cis configuration.
NUM  32.
PAR  32. 3-Oxa-PGF.sub.2 .sub..alpha., a compound according to claim 31.
NUM  33.
PAR  33. 3-Oxa-PGF.sub.2 .sub..alpha., methyl ester, a compound according to
      claim 31.
NUM  34.
PAR  34. 15-Methyl-3-oxa-PGF.sub.2 .sub..alpha., a compound according to claim
      31.
NUM  35.
PAR  35. 15-Methyl-3-oxa-PGF.sub.2 .sub..alpha., methyl ester, a compound
      according to claim 31.
NUM  36.
PAR  36. An optically active compound of the formula:
      ##SPC38##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
      C.sub.p H.sub.2p is alkylene of one to 8 carbon atoms, inclusive, with
      one, 2, or 3 carbon atoms between --C.tbd.C-- and --O--; wherein Q is
PAC  R.sub.3  OH or R.sub.3  OH
PAL  wherein R.sub.3 is hydrogen or methyl; wherein R.sub.1 is hydrogen, alkyl
      of one to 4 carbon atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms,
      inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or alkyl of
      one to 4 carbon atoms, inclusive, or ethyl substituted in the
      .beta.-position with 3 chloro; wherein R.sub.2 is
      ##EQU77##
      wherein R.sub.4 is hydrogen or fluoro and g is 1, 2, 3, 4, or 5; wherein
      R.sub.5 and R.sub.6 are hydrogen or alkyl of one to 4 carbon atoms,
      inclusive; including the lower alkanoates thereof, and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  37.
PAR  37. A racemic compound according to claim 36.
NUM  38.
PAR  38. An optically active compound according to claim 36.
NUM  39.
PAR  39. A compound according to claim 38 wherein C.sub.n H.sub.2n is straight
      chain alkylene of 1 to 5 carbon atoms, inclusive.
NUM  40.
PAR  40. A compound according to claim 39 wherein C.sub.n H.sub.2n is
      trimethylene.
NUM  41.
PAR  41. A compound according to claim 40 wherein R.sub.5 and R.sub.6 are
      hydrogen or methyl, being the same or different.
NUM  42.
PAR  42. A compound according to claim 41 wherein R.sub.5 and R.sub.6 are
      hydrogen.
NUM  43.
PAR  43. A compound according to claim 42 wherein R.sub.2 is pentyl.
NUM  44.
PAR  44. A compound according to claim 43 wherein Q is
PAC  R.sub.3  OH
PAL  wherein R.sub.3 is hydrogen or methyl.
NUM  45.
PAR  45. A compound according to claim 43 wherein Q is
PAC  R.sub.3  OH
PAL  wherein R.sub.3 is hydrogen or methyl.
NUM  46.
PAR  46. A compound according to claim 45 wherein R.sub.1 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, including the pharmacologically
      acceptable salts thereof when R.sub.1 is hydrogen.
NUM  47.
PAR  47. A compound according to claim 46 wherein R.sub.1 is hydrogen or alkyl
      of 1 to 4 carbon atoms, inclusive.
NUM  48.
PAR  48. A compound according to claim 47 wherein R.sub.1 is hydrogen, methyl,
      or ethyl.
NUM  49.
PAR  49. 3-Oxa-5,6-didehydro-PGF.sub.1 .sub..alpha., a compound according to
      claim 48.
NUM  50.
PAR  50. 3-Oxa-5,6-didehydro-PGF.sub.1 .sub..alpha., methyl ester, a compound
      according to claim 48.
NUM  51.
PAR  51. 15-Methyl-3-oxa-5,6-didehydro-PGF.sub.1 .sub..alpha., a compound
      according to claim 48.
NUM  52.
PAR  52. 15-Methyl-3-oxa-5,6-didehydro-PGF.sub.1 .sub..alpha., methyl ester, a
      compound according to claim 48.
NUM  53.
PAR  53. An optically active compound of the formula:
      ##SPC39##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
      C.sub.n H.sub.2n is alkylene of one to 10 carbon atoms, inclusive, with
      one to 5 carbon atoms, inclusive, between --CH.sub.2 -- and --O--; wherein
      Q is
PAC  R.sub.3  OH or R.sub.3  OH,
PAL  wherein R.sub.3 is hydrogen or methyl; wherein R.sub.1 is hydrogen, alkyl
      of 1 to 4 carbon atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms,
      inclusive, aralkyl of 7 to 12 carbon atoms, inclusive, phenyl, phenyl
      substituted with 1, 2, or 3 chloro or alkyl of one to 4 carbon atoms,
      inclusive, or ethyl substituted in the .beta.-position with 3 chloro;
      wherein R.sub.2 is
      ##EQU78##
      wherein R.sub.4 is hydrogen or fluoro and g is one, 2, 3, 4, or 5; wherein
      R.sub.5 and R.sub.6 are hydrogen or alkyl of one to 4 carbon atoms,
      inclusive; including the lower alkanoates thereof, and the
      pharmacologically acceptable salts thereof, when R.sub.1 is hydrogen.
NUM  54.
PAR  54. A racemic compound according to claim 53.
NUM  55.
PAR  55. An optically active compound according to claim 53.
NUM  56.
PAR  56. A compound according to claim 55 wherein C.sub.n H.sub.2n is straight
      chain alkylene of one to 5 carbon atoms, inclusive.
NUM  57.
PAR  57. A compound according to claim 56 wherein C.sub.p H.sub.2p is
      trimethylene.
NUM  58.
PAR  58. A compound according to claim 57 wherein R.sub.5 and R.sub.6 are
      hydrogen or methyl, being the same or different.
NUM  59.
PAR  59. A compound according to claim 58 wherein R.sub.5 and R.sub.6 are
      hydrogen.
NUM  60.
PAR  60. A compound according to claim 59 wherein R.sub.2 is pentyl.
NUM  61.
PAR  61. A compound according to claim 60 wherein Q is
PAC  R.sub.3  OH
PAL  wherein R.sub.3 is hydrogen or methyl.
NUM  62.
PAR  62. A compound according to claim 60 wherein Q is
PAC  R.sub.3  OH
PAL  wherein R.sub.3 is hydrogen or methyl.
NUM  63.
PAR  63. A compound according to claim 62 wherein R.sub.1 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, including the pharmacologically
      acceptable salts thereof when R.sub.1 is hydrogen.
NUM  64.
PAR  64. A compound according to claim 63 wherein R.sub.1 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive.
NUM  65.
PAR  65. A compound according to claim 64 wherein R.sub.1 is hydrogen, methyl,
      or ethyl.
NUM  66.
PAR  66. 3-Oxa-13,14-dihydro-PGF.sub.1 .sub..alpha., a compound according to
      claim 65.
NUM  67.
PAR  67. 3-Oxa-13,14-dihydro-PGF.sub.1 .sub..alpha., methyl ester, a compound
      according to claim 65.
NUM  68.
PAR  68. 15-Methyl-3-oxa-13,14-dihydro-PGF.sub.1 .sub..alpha., a compound
      according to claim 65.
NUM  69.
PAR  69. 15-Methyl-3-oxa-13,14-dihydro-PGF.sub.1 .sub..alpha., methyl ester, a
      compound according to claim 65.
NUM  70.
PAR  70. An optically active compound of the formula:
      ##SPC40##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
      C.sub.j H.sub.2j is alkylene of one to 4 carbon atoms, inclusive; wherein
      C.sub.p H.sub.2p is alkylene of one to 8 carbon atoms, inclusive, with
      one, 2, or 3 carbon atoms between
      ##EQU79##
      and --O--; wherein Q is
PAC  R.sub.3  OH or R.sub.3  OH
PAL  wherein R.sub.3 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of 1 to 4 carbon atoms, inclusive, or ethyl substituted in the beta
      position with 3 chloro; wherein R.sub.9 is alkyl of 1 to 4 carbon atoms,
      inclusive, substituted with zero, 1, 2, or 3 fluoro; wherein R.sub.5 and
      R.sub.6 are hydrogen or alkyl of 1 to 4 carbon atoms, inclusive; including
      the lower alkanoates thereof, and the pharmacologically acceptable salts
      thereof when R.sub.1 is hydrogen.
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ABST
PAL  A process for the production of partially saturated gamma-pyrones of the
      general formula I:
      ##SPC1##
PAL  wherein R represents hydrogen, hydroxy, lower alkyl, or lower alkoxy and n
      represents 1 or 2, by reacting a suitably substituted tetralone (IIa) or
      indanone (IIb) with a boron trifluoride compound and acetic anhydride to
      obtain intermediate boron complexes III, which are reacted with a
      Vilsmeier reagent prepared from phosphorus oxychloride and
      dimethylformamide to obtain the partially saturated gamma-pyrones of
      formula I. The gamma-pyrones I have anti-allergy and anti-secretory
      activity.
PARN
PAR  This is a division of application Ser. No. 351,912, filed Apr. 18, 1973,
      now U.S. Pat. No. 3,862,144.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to the process for preparing compounds of the
      formula I:
      ##SPC2##
PAL  wherein R represents hydrogen, hydroxy, lower alkyl, or lower alkoxy and n
      represents 1 or 2, which comprises treating a compound of the formula II:
      ##SPC3##
PAL  wherein R represents hydrogen, lower alkyl, lower alkoxy, or lower acyloxy,
      and n represents 1 or 2, with an acetic anhydride and a boron trifluoride
      compound, to provide an intermediate of the formula III:
      ##SPC4##
PAL  wherein R represents hydrogen, lower alkyl, lower alkoxy, or lower acyloxy
      and n represents 1 or 2, and treating intermediate III with a Vilsmeier
      reagent prepared from phosphorus oxychloride and dimethylformide, followed
      by hydrolysis. Novel intermediates III are useful in the preparation of
      final compounds I which are therapeutically active as anti-allergy and
      anti-secretory agents.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. I is a schematic representation of the reaction process of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. I of the drawing, the final compounds I are obtained by reacting a
      suitably substituted tetralone IIa (n = 2) or indanone IIb (n=1) with
      acetic anhydride and a boron trifluoride compound, preferably boron
      trifluoride etherate to obtain the novel boron complex III, which is then
      reacted with a Vilsmeier reagent prepared from phosphorus oxychloride
      (POCl.sub.3) and dimethylformamide (DMF) and subjected to hydrolysis.
PAR  The substituted-tetralone (IIa) and indanone (IIb) starting materials used
      in the novel process of this invention are commercially available or
      easily prepared from available materials by known methods.
PAR  The novel boron complex intermediates III wherein n represents 2 and R
      represents hydrogen, methyl, methoxy or acetoxy form the preferred class
      of novel intermediates used to prepare final compounds I having valuable
      therapeutic properties. In this regard, when the R substituent in
      intermediate III is acyloxy, such as acetoxy, hydrolysis takes place
      during reaction with the Vilsmeier reagent and a hydroxy substituent is
      formed on final compound I.
PAR  In addition, the intermediate boron complex III wherein n represents 1 and
      R is hydrogen can be used to prepare a similarly substituted, preferred
      final compound I.
PAR  Final compounds of the formula I are more fully discribed in co-pending
      application U.S. Ser. No. 352,135, filed Apr. 18, 1973 now abandoned in
      favor of Continuation-in-part application Ser. No. 480,647, filed June 19,
      1974 now U.S. Pat. No. 3,887,585. The partially saturated gamma-pyrones
      prepared according to the process of this invention, has been found to
      reduce histaminic responses to antigen challenge by inhibiting
      antibody-antigen reactions in mammals such as rats or guinea pigs upon
      oral or parenteral administration. When tested in accordance with the
      procedure of Mota, Life Sciences, 7, 465, (1963) and Ovary, Proc. Soc.
      Exptl. Biol. Med., 81, 584, (1952) therapeutic compositions containing
      these compounds are effective at dosages of 5 mg to 50 mg/kg of body
      weight.
PAR  Pharmaceutical compositions containing the compounds of formula I are
      therefore useful in the management of allergic reactions such as bronchial
      asthma. To treat bronchial asthma, a dose of 5 mg to 50 mg/kg by injection
      or by aerosol administration is suggested. The dosage may be varied
      depending upon severity of the condition and the weight, age and sex of
      the patient being treated.
PAR  In use, the compounds of formula I may be combined with a parenterally
      acceptable vehicle, such as a gum tragacanth saline suspension, to provide
      dosage forms suitable for parenteral administration; or they may be
      combined with pharmaceutical diluents such as lactose, cornstarch, and the
      like and formulated into tablet or capsule dosage forms. In order to
      enhance their therapeutic spectrum, the compounds of formula I may be
      combined with sympathomimetic agents such as isoprenaline or combined with
      steroids such as cortisone and its derivatives.
PAR  The compounds of formula I also exhibit antisecretory effects and are
      therefore useful in relieving gastric hyperacidity. Gastric hyperacidity
      has generally been described as a factor which contributes to peptic
      ulcer. The compounds of formula I, when administered to mammals in a
      manner as described below, have been found to inhibit the gastric
      secretion of hydrochloric acid and are therefore effective in eliminating
      the resulting acidity in the stomach.
PAR  At a dosage of 20 mg/kg, administered intraperitoneally, the subject
      compositions are effective in reducing gastric acidity in the pylorus
      ligated rat when tested according to the procedure of H. Shay,
      Gastroenterology, 5, 43, (1945).
PAR  Pharmaceutical compositions containing the compounds of formula I are thus
      indicated in the management of gastric hyperacidity and the treatment of
      peptic ulcer resulting from such hyperacidity. For parenteral
      administration, the pharmaceutical compositions containing the compounds
      of formula I may be administered as aqueous suspensions for intramuscular
      injection. These are prepared, for example, by suspending the active
      ingredient in sterile water and packaging in ampules so as to provide a
      concentration of 1,000 mg of the active ingredient per dosage unit.
PAR  In all of the above formulas I, II, and III, the R group definitions may be
      more fully described as follows: the term "lower alkyl" is meant to
      include lower aliphatic hydrocarbons having 1 to 4 carbon atoms in the
      carbon chain, such as methyl, ethyl, propyl, isopropyl, butyl, or
      isobutyl. This definition for lower alkyl also applies to the lower alkyl
      portion of "lower alkoxy".
PAR  The "acyl" in the term "lower acyloxy" is meant to include lower alkyl
      carboxylic acids wherein the "lower alkyl" moiety has the above described
      meaning.
PAR  To further illustrate the practice of this invention, the following
      examples are included.
PAC  EXAMPLE I
      ##SPC5##
PAC  Preparation of
      2,2-difluoro-5,6-dihydro-4-methylnaphtho[1,2-e]-1,3,2-dioxaborin - Method
      A
PAR  Boron trifluoride etherate (100 g. - 0.7 mole) is added to a mixture of 73
      g. (0.5 mole) .alpha.-tetralone in 204 g. (2.0 mole) of acetic anhydride.
      The mixture is heated on a steam bath for two hours (permitting volatiles
      to escape) and then gently refluxed for 1 hr. After standing overnight the
      mixture is triturated with cold ethyl acetate and filtered. The product is
      washed with ethyl ether and dried yielding 112 g. (95%) of greenish
      crystals; mp 156.degree.-159.degree.C. The analytical sample (from ethyl
      acetate) melted at 159.degree.-160.degree.C.
PAR  Anal. Calcd: C.sub.12 H.sub.11 BF.sub.2 O.sub.2 : C, 61.07; H, 4.70; F,
      16.10. Found: C, 61.14; H, 4.72; F, 16.12.
PAC  EXAMPLE II
      ##SPC6##
PAC  Preparation of
      2,2-difluoro-5,6-dihydro-4,6-dimethylnaphtho[1,2-e]1,3,2-dioxaborin
PAR  Starting with 4-methyl-.alpha.-tetralone and using method A of Example I,
      2,2-difluoro-5,6-dihydro-4,6-dimethylnaphtho[1,2-e]1,3,2-dioxaborin is
      obtained having an mp of 120.degree.-122.degree.C.
PAR  Anal. Calcd: C.sub.13 H.sub.13 BF.sub.2 O.sub.2 : C, 62.44; H, 5.24; F,
      15.20. Found: C, 62.47; H, 5.24; F, 15.21.
PAC  EXAMPLE III
      ##SPC7##
PAC  Preparation of
      2,2-difluoro-5,6-dihydro-7-methoxy-4-methylnaphtho[1,2-e]1,3,2-dioxaborin
PAR  Starting with 5-methoxy-.alpha.-tetralone and using method A of Example I,
      2,2-difluoro-5,6-dihydro-7-methoxy-4-methylnaphtho[1,2-e]1,3,2-dioxaborin
      is obtained having an mp of 176.degree.-177.degree.C.
PAR  Anal. Calcd.: C.sub.13 H.sub.13 BF.sub.2 O.sub.3 : C, 58.69; H, 4.92; F,
      14.28.  Found: C, 58.62; H, 5.09; F, 14.24.
PAC  EXAMPLE IV
      ##SPC8##
PAC  Preparation of
      2,2-difluoro-5,6-dihydro-8-methoxy-4-methylnaphtho[1,2-e]1,3,2-dioxaborin
PAR  Starting with 6-methoxy-.alpha.-tetralone and using method A of Example I,
      2,2-difluoro-5,6-dihydro-8-methoxy-4-methylnaphtho[1,2-e]1,3,2-dioxaborin
      is obtained having an mp of 175.degree.-176.degree.C.
PAR  Anal. Calcd.: C.sub.13 H.sub.13 BF.sub.2 O.sub.3 : C, 58.69; H, 4.92; F,
      14.28. Found: C, 58.36; H, 4.81; F, 14.23.
PAC  EXAMPLE V
      ##SPC9##
PAC  Preparation of
      2,2-difluoro-5,6-dihydro-7-acetoxy-4-methylnaphtho[1,2-e]1,3,2-dioxaborin
PAR  Starting with 5-acetoxy-.alpha.-tetralone and using Method A of Example I,
      2,2-difluoro-5,6-dihydro-7-acetoxy-4-methylnaphtho[1,2-e]1,3,2-dioxaborin
      is obtained having an mp of 159.degree.-160.degree.C.
PAR  Anal. Calcd: C.sub.14 H.sub.13 BF.sub.2 O.sub.4 : C, 57.18, H, 4.46; F,
      12.92. Found: C, 56.98; H, 4.41; F, 13.13.
PAC  EXAMPLE VI
      ##SPC10##
PAC  Preparation of
      2,2-difluoro-5,6-dihydro-9-nitro-4-methylnaphtho[1,2-e]1,3,2-dioxaborin
PAR  Starting with 7-nitro-.alpha.-tetralone and using method A of Example I,
      2,2-difluoro-5,6-dihydro-9-nitro-4-methylnaphtho[1,2-e]1,3,2-dioxaborin is
      obtained having an mp of 176.degree.-191.degree.C.
PAR  Anal. Calcd: C.sub.12 H.sub.10 BF.sub.2 NO.sub.4 : C, 51.29; H, 3.59; F,
      13.52. Found: C, 51.38; H, 3.53; F, 13.63.
PAC  EXAMPLE VII
      ##SPC11##
PAC  Preparation of 2,2-difluoro-4-methyl-5H-indeno[2,3-e]dioxaborin
PAR  Starting with indanone and using method A of Example I,
      2,2-difluoro-4-methyl-5H-indeno[2,3-e]dioxaborin is obtained having an mp
      of 233.degree.-235.degree.C (dec.).
PAR  Anal. Calcd: C.sub.11 H.sub.9 BF.sub.2 O.sub.2 : C, 59.51; H, 4.09; F,
      17.12. Found: C, 59.64; H, 4.12; F, 16.92.
PAC  EXAMPLE VIII
      ##SPC12##
PAC  Method B - Preparation of
      5,6-dihydro-4-oxo-4H-naphtho[1,2-b]pyran-3-carboxaldehyde
PAR  Phosphorus oxychloride (153 g., 1.0 mole) is added dropwise to 365 g. (5.0
      moles) of dimethyl formamide with cooling in order to maintain temperature
      below 10.degree.C. The mixture is stirred for an additional 10-15 minutes
      and 118 g. (0.5 mole) of
      2,2-difluoro-5,6-dihydro-4-methylnaphtho[1,2-e]1,3,2-dioxaborin is added.
      The mixture is then heated for two hours on a steam bath and poured
      cautiously into 4 liters of cold water. After standing for several hours
      with occasional stirring, the mixture is filtered to yield, after drying,
      202 g. (89.5%) dark brown product; mp 153.degree.-156.degree.C. The
      analytical sample (from acetonitrile) melted at 154.degree.-156.degree.C.
PAR  Anal. Calcd for C.sub.14 H.sub.10 O.sub.3 : C, 74.33; H, 4.46; O, 21.22.
      Found: C, 74.33; H, 4.41; O, 21.05.
PAC  EXAMPLE IX
      ##SPC13##
PAC  Preparation of
      5,6-dihydro-6-methyl-4-oxo-4H-naphtho[1,2-b]pyran-3-carboxaldehyde
PAR  Starting with
      2,2-difluoro-5,6-dihydro-4,6-dimethylnaphtho[1,2-e]1,3,2-dioxaborin and
      using method B of Example VIII,
      5,6-dihydro-6-methyl-4-oxo-4H-naphtho[1,2-b]pyran-3-carboxaldehyde is
      obtained having an mp of 146.degree.-148.degree.C.
PAR  Anal. Calcd: C.sub.15 H.sub.12 O.sub.3 : C, 74.99; H, 5.03; O, 19.98.
      Found: C, 74.90; H, 5.07; O, 19.83.
PAC  EXAMPLE X
      ##SPC14##
PAC  Preparation of
      5,6-dihydro-7-hydroxy-4-oxo-4H-naphtho[1,2-b]pyran-3-carboxaldehyde
PAR  Starting with
      2,2-difluoro-5,6-dihydro-7-acetoxy-4-methylnaphtho[1,2-e]1,3,2-dioxaborin
      and using method B of Example VIII,
      5,6-dihydro-7-hydroxy-4-oxo-4H-naphtho[1,2-b]pyran-3-carboxaldehyde is
      obtained having an mp of 255.degree.-256.degree.C. (dec.)
PAR  Anal. Calcd: C.sub.14 H.sub.10 O.sub.4 : C, 69.42; H, 4.16; O, 26.42.
      Found: C, 69.58; H, 5.20; O, 26.68.
PAC  EXAMPLE XI
      ##SPC15##
PAC  Preparation of
      5,6-dihydro-7-methoxy-4-oxo-4H-naphtho[1,2-b]-pyran-3-carboxaldehyde
PAR  Starting with
      2,2-difluoro-5,6-dihydro-7-methoxy-4-methylnaphtho[1,2-e]1,3,2-dioxaborin
      and using method B of Example VIII,
      5,6-dihydro-7-methoxy-4-oxo-4H-naphtho[1,2-b]-pyran-3-carboxaldehyde is
      obtained having an mp of 201.degree.-202.degree.C.
PAR  Anal. Calcd: C.sub.15 H.sub.12 O.sub.4 : C, 70.30; H, 4.72. Found: C,
      70.23; H, 4.73.
PAC  EXAMPLE XII
      ##SPC16##
PAC  Preparation of
      5,6-dihydro-8-methoxy-4-oxo-4H-naphtho[1,2-b]pyran-3-carboxaldehyde
PAR  Starting with
      2,2-difluoro-5,6-dihydro-8-methoxy-4-methylnaphtho[1,2-e]1,3,2-dioxaborin
      and using method B of Example VIII,
      5,6-dihydro-8-methoxy-4-oxo-4H-naphtho[1,2-b]pyran-3-carboxaldehyde is
      obtained having an mp of 186.degree.-187.degree.C. (dec.)
PAR  Anal. Calcd: C.sub.15 H.sub.12 O.sub.4 : C, 70.30; H, 4.72; O, 24.98.
      Found: C, 70.11; H, 4.77; O, 24.78.
CLMS
STM  I claim:
NUM  1.
PAR  1. Compounds of the formula III:
      ##SPC17##
PAL  wherein R is hydrogen, lower alkyl, or lower acyloxy and n represents 1 or
      2.
NUM  2.
PAR  2. A compound according to claim 1 wherein R is hydrogen, methyl, or
      acetoxy and n is 2.
NUM  3.
PAR  3. A compound according to claim 1 wherein R is hydrogen and n is 1.
NUM  4.
PAR  4. A compound according to claim 2 which is
      2,2-difluoro-5,6-dihydro-4-methylnaphtho[1,2-e]-1,3,2-dioxaborin.
NUM  5.
PAR  5. A compound according to claim 2 which is
      2,2-difluoro-5,6-dihydro-4,6-dimethylnaptho[1,2-e]1,3,2-dioxaborin.
NUM  6.
PAR  6. A compound according to claim 2 which is
      2,2-difluoro-5,6-dihydro-7-acetoxy-4-methylnaphtho[1,2-e]-1,3,2-dioxaborin
     .
NUM  7.
PAR  7. A compound according to claim 5 which is
      2,2-difluoro-4-methyl-5H-indeno[2,3-e]dioxaborin.
NUM  8.
PAR  8. 2,2-Difluoro-5,6-dihydro-9-nitro-4-methylnaphth
     o[1,2-e]-1,3,2-dioxaborin.
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ABST
PAL  Process for the solvent extraction of liquids mutually immiscible with each
      other and having different specific gravity, in which both the mother
      liquor and the solvent(s) are dispersed in a gas or vapour, thereafter the
      disperse state of the system is terminated by condensation, and the
      immiscible phases are separated from each other.
BSUM
PAR  This invention relates to a process and an equipment for solvent
      extraction.
PAR  Solvent extraction is an operation known for a long time and widely
      utilized in every field of the industry. Material transport takes place in
      the liquid phase between two liquids which are mutually immiscible with
      each other, and may aim at the purification (or washing) of the so-called
      mother liquid, or at the enrichment or isolation of a valuable substance.
      Isomers of similar chemical characteristics but of different solubility
      can also be separated from each other by solvent extraction.
PAR  Solvent extraction is widely used in the chemical, pharmaceutical and food
      industries, in the preparation of drugs and cosmetics, and in numerous
      other branches of industry.
PAR  Using the different known methods and apparatus, new contact surfaces are
      created, i.e., the interface is renewed by difforming or dispersing one
      liquid in the other. Difforming and dispersing is carried out in the
      different equipments generally with the condition that a suppressable
      (i.e., breakable) difform or disperse system (emulsion) should be formed.
PAR  The common feature of the well known extraction equipments (such as
      spraying columns, Scheibel column, perforated plate columns, pulsating
      columns, apparatus for mixer-settler processes, centrifugal extractors,
      etc.) is that they difform or disperse one liquid in the other. More rapid
      material transport is attained by the renewal of the contact surfaces
      during difforming or dispersing.
PAR  According to the known processes extraction is carried out in one or
      several stages; generally large apparatus is employed which has large
      horizontal (columns) or vertical (mixer-settlers) dimensions, and both the
      mother liquor and the solvent reside in such apparatus for considerably
      long periods. On the other hand, centrifugal extractors, where a shorter
      residence time is also sufficient, require, due to their high rate of
      revolution, rotors made of special materials and at a high level of
      technology, excellent bearing support and careful operation. Moreover, in
      such equipments serious breakdowns may occur due to careless handling.
PAR  When using prior art apparatus, the extraction of sensitive, labile
      substances can be carried out only with great difficulty partly due to the
      long residence times. Thus, for example, serious problems arise when the
      impurities (starting substances, by-products, etc.) to be removed from the
      mother liquor, i.e., from the main product of the chemical process, are
      highly water-soluble, but at the same time the mother liquor also reacts
      with water, i.e., it suffers hydrolysis. In such instances the residence
      time comes into the prominence, which, however, influences the extraction
      efficiency in a reverse way. In other words, the effective purification
      and acceptable materials transport require long residence time, while in
      order to suppress hydrolysis the residence time should be decreased.
PAR  Now we have found that the operation time as well as the contact time of
      the liquid pair can considerably be shortened without decreasing the
      extraction efficiency and the extent of material transport, and
      furthermore the extent of material transport compared to that of the known
      processes substantially increases, if the mother liquor and the
      solvent(s), mutually immiscible with each other and having a different
      specific gravity, are dispersed together in a gas. The fact that material
      transport proceeds with a higher rate and the extraction efficiency
      substantially increases when both the mother liquor and the solvent are
      dispersed in a gas and extraction is carried out in cloud phase is
      particularly striking and could not be aforeseen on the basis of the known
      art.
PAR  Examining several liquid pairs we have stated that when both the mother
      liquor and the solvent are brought into cloud phase and said cloud phase
      is subsequently terminated or destroyed and the liquids are separated from
      each other, a very short operation period as well as a particularly
      advantageous material transport and extraction efficiency can be attained.
      This short operation period is particularly advantageous where labile
      substances (mother liquor or extract) are concerned.
PAR  A further advantage of the short operation period is that the process can
      also be carried out at a temperature different from (lower or higher than)
      room temperature, since the temperature of the small volumes of liquids
      processed at a given moment can easily and safely be controlled. This
      advantage makes also possible to extend the use of extraction to
      substances which could not be worked up so far with the conventional
      extraction processes.
PAR  We have found, in a complete contradistiction with the prior art, that the
      mother liquor -- solvent cloud phase of high dispersion grade (order of
      magnitude of microns) can readily be destroyed with or without contacting
      it with a charge of high surface area, and the condensed liquids can be
      easily separated from each other.
PAR  The invention is a process for the solvent extraction of liquids mutually
      immiscible with each other and having different specific gravity, in which
      both the mother liquor and the solvent(s) are dispersed in a gas,
      thereafter the disperse system is destroyed by condensation, and the
      immiscible phases are separated from each other.
PAR  A further advantage of the process according to the invention is that
      substances sensitive to oxidation can be easily extracted using an inert
      gas, e.g. nitrogen or carbon dioxide, as dispersing medium. Another
      advantage is that the mother liquor -- solvent ratio depends exclusively
      on the quantity and distribution coefficient of the substance to be
      extracted; consequently the substance that is to be recovered can be
      separated with a small amount of an appropriate solvent even from large
      quantities of a mother liquor.
PAR  According to the method of the invention the disperse system, i.e., the
      cloud phase, can be formed from the liquid pair by atomizing, such as by
      spraying. Spraying can be achieved with an inert gas.
DRWD
PAR  The schematic picture of apparatus for realizing the above process is shown
      on the attached drawing. The invention also relates to this apparatus.
PAR  The dispersing unit 4, i.e., a spraying nozzle (such as circular slit or
      slit nozzle), is attached to the top of the extraction column 5. The
      mother liquor enters the dispersing unit through line 1, the solvent
      through line 2, while when spraying is carried out with an inert gas, this
      gas is led to the dispersing unit through line 3. The extraction column 5
      is optionally filled with a charge of high specific surface area
      (Raschig-rings, glass fibers, etc.). The inert gas leaving the column at
      the top enters the trap 9 through line 11, and leaves the same through
      line 10, while the liquid accumulated in trap 9 is recycled into the
      column through line 12.
PAR  Upon passing through the optionally charged column the cloud phase becomes
      destroyed, and the resulting liquid phase enters the separator 6. In this
      unit the liquids, due to their different specific gravities, separate from
      each other, and the heavier one leaves the separator through line 8, while
      the lighter one through line 7.
PAR  The extraction column 5 is jacketed. The most suitable temperature for the
      individual extraction processes can be ensured by circulating a cooling or
      heating medium in said jacket. Most suitably the temperature of the column
      is adjusted to a temperature which is above the solidification point of
      the liquid having the highest solidification point and below the boiling
      point of the liquid having the lowest boiling point.
PAR  Multiple step extraction apparatus can be constructed by connecting a
      number of the above-described apparatus in series. In such
      series-connected apparatus the liquid can be circulated in con-current or
      counter-current flow.
PAR  In the case of con-current extraction, line 7 of the first stage is
      connected with line 1 or 2 of the second stage, while line 8 of the first
      stage with line 2 or 1 of the second stage. The liquids leaving the second
      stage can similarly be fed into the third stage, and so on.
PAR  In the case of counter-current extraction, fresh mother liquor is fed into
      the first stage through line 1, and is dispersed together with a solvent
      obtained from line 8 or 7 of the second stage, taken already part in the
      extraction, entering the first stage through line 2. The solvent leaving
      the separator of the first stage is discarded, while the mother liquor is
      fed into line 1 of the second stage, and dispersed together with the
      solvent obtained from the separator of the third stage, entering the
      second stage through line 2. The solvent leaving the separator of the
      second stage is fed into line 2 of the first stage, while the mother
      liquor is pumped into line 1 of the third stage. Using a three-stage
      equipment fresh solvent is fed into line 2 of the third stage, the solvent
      obtained in the separator of the third stage is fed into the second stage,
      while the extracted mother liquor leaving the third stage is discarded.
PAR  Due to the short operation period (about 30 to 35 minutes) the dimensions
      of the apparatus may be relatively small even if high capacity is
      required. Consequently, such apparatus can be built with low costs even
      when the special tasks of certain extraction procedures require expensive
      construction materials (glass, stainless steel, etc.). This advantage is
      particularly important in several fields of pharmaceutical, food and
      chemical industry, where special extraction conditions are required.
PAR  The apparatus of the present invention does not contain moving elements,
      consequently it can be operated with good security, and the risk of
      breakdown is very low.
PAR  The process and the apparatus according to the invention can be used with
      great advantage for the separation of the individual components of
      isomeric mixtures, of liquids forming azeotropic mixtures, and of
      solutions, as well as for the extraction (purification or separation) of
      mother liquors or substances subject to decomposition.
PAR  The invention is further illustrated by the aid of the following
      non-limiting Examples.
PAR  The main characteristics of the glass equipment used in the Examples are as
      follows:
PAR  Extraction column: a jacketed glass column (outer diameter: 120 mm., inner
      diameter: 95 mm., length: 1000 mm.), is filled with Raschig-rings of 20
      mm. diameter for a height of 600 mm. A circular-slit nozzle was used for
      dispersing. The dimensions of the separator are the same as of the
      extraction column.
DETD
PAC  EXAMPLE 1
PAR  Alkyl chloroformates and dialkyl carbonates are prepared in the presence of
      an excess of alcohol in a known manner. The obtained crude alkyl
      chloroformates contain 10 to 40 percent of alcohol, depending on the
      number of carbon atoms. Alcohol was removed by aqueous washing in a known
      manner, but due to the hydrolysis of alkyl chloroformates and dialkyl
      carbonates a loss of 8 to 15 percent occurred even if washing was carried
      out with ice water.
PAR  4000 g./hour of crude methyl chloroformate (containing 39.6 percent by
      weight of methanol) and 4000 g./hour of water are sprayed into the
      extraction column described above with air of a pressure of 0.2 att. The
      residence time of the substance in cloud phase of 14 .degree.C is 1.5 min.
      in the extractor and 30 min. in the separator.
PAR  After the first washing 2328 g./hour of methyl chloroformate containing 0.5
      percent by weight of methanol, as well as 5672 g./hour of water containing
      29.6 percent by weight of methanol leave the equipment.
PAR  The ester leaving the first stage is subjected to a second aqueous washing
      at 14 .degree.C in an equipment quite similar to that used in the first
      stage.
PAR  The purity grade of the 3,880 g./hour of methyl chloroformate leaving the
      second stage is 99.98 percent by weight, while the methanol content of the
      water is 0.49 percent by weight.
PAR  Extraction loss: 3.7 percent by weight of methyl chloroformate.
PAC  EXAMPLE 2
PAR  One proceeds as described in Example 1 with the difference, that 4000
      g./hour of water of 0.95 att. pressure are used to disperse the crude
      methyl chloroformate. The temperature of the extraction column is 16
      .degree.C, while the residence period in the column is 1.5 min. 2390.
      g./hour of methyl chloroformate containing 0.7 percent by weight of
      methanol, as well as 5,600 g./hour of water containing 27.6 percent by
      weight of methanol are removed from the first stage. The second stage
      supplies 3919 g./hour of pure (methanol-free) methyl chloroformate and
      4090 g./hour of water containing 0.58 percent by weight of methanol.
PAR  Extraction loss: 2 percent by weight of methyl chloroformate.
PAC  EXAMPLE 3
PAR  4000 g./hour of crude ethyl chloroformate (containing 21.2 percent by
      weight of ethanol) are fed into the first stage together with 4,000
      g./hour of water, and sprayed with air of a pressure of 0.2 att. The
      temperature of the extraction column is kept at 15 .degree.C. The
      residence time of the mixture is 1.5 min. in the extractor and 30 min. in
      the separator.
PAR  In the first stage 3220 g./hour of ethyl chloroformate containing 0.4
      percent by weight of ethanol and 4880 g./hour of water containing 19.6
      percent by weight of ethanol are obtained.
PAR  The second stage supplies 3,900 g./hour of pure (ethanol-free) ethyl
      chloroformate and 4,090 g./hour of water containing 0.39 percent by weight
      of ethanol.
PAR  Extraction loss: 2.3 percent by weight of ethyl chloroformate.
PAC  EXAMPLE 4
PAR  4,000 g./hour of crude ethyl chloroformate, containing 21.2 percent by
      weight of ethanol, are dispersed into the first stage with 4,000 g./hour
      of water of a pressure of 0.95 att. The temperature of the extraction
      column is kept at 17 .degree.C. The residence time of the mixture is 1.5
      min. in the column and 30 min. in the separator. In the first stage 3160
      g./hour of ethyl chloroformate containing 0.5 percent by weight of ethanol
      and 4840 g./hour of water containing 17.4 percent by weight of ethanol are
      obtained.
PAR  The second stage supplies pure (ethanol-free) ester and an aqueous phase
      containing 0.49 percent by weight of ethanol.
PAR  Extraction loss: 1.2 percent by weight of ethyl chloroformate.
PAC  EXAMPLE 5
PAR  4000 g./hour of isopropyl chloroformate containing 15 percent by weight of
      isopropanol and 4000 g./hour of water are sprayed into the first stage
      with air of a pressure of 0.2 att. The temperature of the extractor is
      kept at 14 .degree.C. The residence time is 1.5 min. in the column and 30
      min. in the separator. The isopropyl chloroformate leaving the first stage
      contains 0.2 percent by weight of isopropanol, while the isopropanol
      content of the aqueous wash is 14.3 percent by weight. After the second
      stage 3913.g./hour of pure (alcohol-free) isopropyl chloroformate and 4087
      g./hour of water containing 0.1 percent by weight of isopropanol are
      obtained.
PAR  Extraction loss: 2,1 percent by weight of isopropyl chloroformate.
PAC  EXAMPLE 6
PAR  One proceeds as described in Example 5 with the difference that the mixture
      is dispersed with water of a pressure of 0.95 att. The isopropyl content
      of isopropyl chloroformate leaving the first stage is 0.4 percent while
      that of the aqueous wash is 13.6 percent by weight.
PAR  After the second stage 3927 g./hour of pure isopropyl chloroformate are
      obtained.
PAR  Extraction loss: 1.1 percent by weight.
PAC  EXAMPLE 7
PAR  4000 g./hour of crude diethyl carbonate (purity grade: 80.5 percent by
      weight) and 4000 g./hour of 10 percent aqueous sodium chloride solution
      are sprayed into the extraction column with air of a pressure of 0.2 att.
      (Saline is used in order to secure the necessary difference of specific
      gravity). Extraction is carried out at a temperature of 18.degree.C. and
      with a residence time of 1.5 min. From the first stage 3258 g./hour of
      diethyl carbonate containing 1.5 percent by weight of ethanol are
      obtained.
PAR  The purity grade of diethyl carbonate leaving the second stage is 99.5
      percent by weight, while after the third stage 3908 g./hour of practically
      pure diethyl carbonate are obtained.
PAR  Extraction loss: 2.5 percent by weight of diethyl carbonate.
PAC  EXAMPLE 8
PAR  The fed quantities are the same as indicated in Example 7, but the mixtures
      are dispersed with a 10 percent aqueous sodium-chloride solution of a
      pressure of 0.95 att. in all of the three columns.
PAR  The extraction temperature of the individual columns is 18 .degree.C.,
      while the residence time is 1.5 min. in each of the columns and 30 min. in
      each of the separators.
PAR  After the third stage completely pure diethyl carbonate is obtained.
PAR  The aqueous phase leaving the first stage contains 15.6 percent by weight,
      that leaving the second stage 0.4 percent by weight, while that leaving
      the third stage 0.23 percent by weight of ethanol.
PAR  Extraction loss: 1.53 percent by weight.
PAC  EXAMPLE 9
PAR  6,000 g./hour of a 30 percent aqueous acetic-acid solution and 2400 g./hour
      of isopropyl ether are sprayed into the first extraction column with air
      of a pressure of 0.2 att. After the first washing the acetic-acid content
      of the aqueous phase is 27.5 percent, and the amount of extract is 5640
      g./hour.
PAR  The obtained raffinate is extracted again with 2400 g./hour of isopropyl
      ether in the same equipment. After this second stage 5190 g./hour of
      raffinate are obtained, containing 22.2 percent of acetic acid. This
      raffinate is extracted again with 2,400 g./hour of isopropyl ether. 4,663
      g./hour of a raffinate containing 14.3 percent of acetic acid are
      obtained.
PAR  The percentage composition of the individual extracts obtained in the three
      extraction steps is in a good agreement with the calculated one, within
      the titration error limits.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a process for the solvent extraction of a component of a mother
      liquor comprising liquids that are immiscible with each other and have
      differing specific gravities, the improvement which comprises, in
      sequence: dispersing said liquids and a solvent by simultaneously
      atomizing them together with an atomizing gas through a spraying nozzle
      into an extraction chamber, then condensing the dispersion to terminate
      the disperse state, and separating the immiscible phases from each other.
NUM  2.
PAR  2. The process of claim 1, wherein said sequence of dispersing, condensing
      and separating is carried out at least twice in succession.
NUM  3.
PAR  3. The process of claim 2, in which the separated mother liquor recovered
      in a previous sequence is mixed a separated solvent recovered in a
      sequence subsequent to said previous sequence.
NUM  4.
PAR  4. The process of claim 2, in which the separated mother liquor recovered
      in a previous sequence is mixed with the separated solvent recovered in
      said previous sequence.
NUM  5.
PAR  5. The process of claim 2, in which the separated mother liquor recovered
      in a previous sequence is mixed with fresh solvent.
NUM  6.
PAR  6. The process of claim 1, wherein said extraction chamber is cooled below
      or heated above the ambient temperature.
NUM  7.
PAR  7. The process of claim 6, in which the temperature of the extraction
      chamber is maintained at a temperature which is above the solidification
      point of the liquid having the highest solidification point, and below the
      boiling point of the liquid having the lowest boiling point.
NUM  8.
PAR  8. The process of claim 1, wherein said atomizing gas is an inert gas.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to a method for carrying out addition
      reactions and particularly to anionic addition and condensation reactions
      through the generation of hydrocarbon carbanions.
PAR  2. Description of the Prior Art
PAR  Theoretically, almost any anionic addition reaction could be carried out as
      long as a nucleophilic molecule and a substrate molecule are present. The
      present state of the art, however, limits reactions to materials
      containing specific functional groups. The Michaels condensation, for
      example, carried out in conventional solvents is limited to very acidic
      nucleophiles (pK.sub.a 's of 10 - 25) and substrates such as .alpha.,
      .beta. unsaturated ketones.
PAR  It is the object of this invention to provide a process which will greatly
      extend the type or types of compounds that will participate in addition or
      condensation type reactions.
PAR  It is also an object of this invention to provide a process whereby very
      weakly acidic materials may serve as nucleophiles in condensation or
      addition reactions.
PAR  It is a further object of this invention to provide a process whereby
      simple hydrocarbons may serve as substrates in condensation and addition
      reactions.
PAR  These and other objects will appear more clearly from the detailed
      specification which follows.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that acidic materials, including weakly acidic
      materials having a pK.sub. a as high as about 35 will react as
      nucleophiles with simple hydrocarbons as substrates if the reaction is
      carried out in contact with a basic reagent in the presence of certain
      special solvents. Specifically, it has been found that nucleophilic
      molecules of the general formula XCH.sub.3, wherein X is an active
      electron withdrawing group such as a nitro, nitrile, carbonyl, sulfoxy,
      sulfone, aryl or vinyl, will react with simple hydrocarbon substrates of
      the formula R--CH=CH.sub.2 wherein R stands for an aryl or vinyl radical,
      preferably a simple hydrocarbon such as butadiene, when maintained in
      contact with a suitable base, preferably potassium tertiary butoxide, and
      alkyl phosphoramide solvents to produce a broad scope of materials ranging
      from lube oils to chemical specialties.
PAR  The base employed in the base-solvent system may be any of a wide variety
      of materials. The only limitation on this material is that it have
      sufficient basicity to permit the reactions to proceed at a satisfactory
      rate. Examples of suitable bases include alkali metal hydrides, such as
      sodium hydride, alkali metal organic amides such as sodium methyl amide;
      alkali metal amides as NaNH.sub.2, alkali metal alkoxides such as sodium
      methoxide or ethoxide, potassium t-butoxide; alkali metal hydroxides such
      as sodium, potassium or cesium hydroxide and alkali metal alkyls such as
      sodium ethyl or butyl lithium. Particularly preferred are bases containing
      the heavy alkali metals, e.g. potassium, cesium and rubidium. Furthermore,
      where the base has an alkyl group, effectiveness is increased by
      increasing the number of carbon atoms. For Example, KOC.sub.2 H.sub.5 is
      more effective than KOCH.sub.3 and K-t-butylate is more effective than
      either of the foregoing. This listing is by way of illustration only since
      other suitable bases will readily occur to those skilled in the art.
PAR  The particular solvent used is of critical importance. Obviously, the
      solvents employed in the instant invention must be base stable, i.e.
      resistant to decomposition in the presence of the base and the reactants.
      Alkyl phosphoramides such as trimethyl phosphoramide and hexamethyl
      phosphoramide and tetraalkyl ureas such as tetramethyl area are unique in
      bringing about the desired condensation in a reasonable time while
      avoiding complicating side reactions. Another solvent which is effective
      within the scope of the instant invention is N-methyl-2-pyrollidone.
PAR  Suitable nucleophilic compounds of the general formula XCH.sub.3 as defined
      above which may be condensed with hydrocarbon substrates in accordance
      with the present invention include acetonitrile, acrylonitrile,
      isobutyronitrile, acetaldehyde, isobutyraldehyde, acetone,
      diisopropylketone, aryl methanes such as toluene, diphenylmethane,
      di-p-tolylmethane, allyl benzene, and p-nitrotoluene. Preferably, the
      nucleophilic compounds have no more than about 40 carbon atoms in the
      molecule and include organonitriles such as n-valeronitrile,
      n-decanonitrile, 4-methylhexadecano-3-nitrile, cyclohexanonitrile,
      n-eicosanonitrile, 3-ethylhexaeicosanonitrile, etc.
PAR  The simple hydrocarbons which may be used as substrates for condensation
      with the above-mentioned nucleophilic reagents correspond to compounds
      having the following general formula:
      ##EQU1##
      wherein R.sub.1 is selected from the group consisting of hydrocarbyl
      radicals having the general formulas:
      ##EQU2##
      and
      ##SPC1##
PAL  wherein R.sub.3, R.sub.4, R.sub.5 and R.sub.6 are selected from the group
      consisting of hydrogen, C.sub.1 to C.sub.10 alkyl, C.sub.5 to C.sub.10
      cycloalkyl, C.sub.2 to C.sub.10 alkenyl, C.sub.6 to C.sub.10 aryl, C.sub.7
      to C.sub.10 alkaryl, and C.sub.7 to C.sub.10 aralkyl radicals, and X is a
      positive integer of from 0- 5 and represents the number of substituents
      present on the aromatic nucleus, and R.sub.2 is selected from the group
      consisting of hydrogen and C.sub.1 to C.sub.10 alkyl radicals; and
      ##SPC2##
PAL  wherein R.sub.7 is selected from the group consisting of hydrogen and
      C.sub.1 to C.sub.10 alkyl radicals and y is a positive integer of from 0-7
      and represents the number of substituents present on the aromatic nucleus.
      Preferably R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, and R.sub.7 are
      selected from the group consisting of hydrogen, methyl and ethyl radicals,
      and X and y are less than 2. Most preferably the hydrocarbon substrate is
      selected from the group consisting of butadiene, isoprene, piperylene,
      styrene, alpha methyl styrene and anthracene.
PAR  The reaction phase may be either homogeneous or heterogeneous depending
      upon the particular base-solvent system used. Where the base is soluble in
      the solvent, such as various alkoxides (potassium t-butoxide) then the
      reaction is homogeneous in base and may, if desired, be homogeneous in the
      hydrocarbon. Practically, the reaction could be operated heterogeneously
      where the feed and product are separated by a simple mixer-settler
      operation. Certain bases such as potassium hydroxide and sodium hydroxide,
      are insoluble and here a fixed bed might be used with the reactants and
      solvent contacting the base.
PAR  The particular ratios of solvent to base and base to reactants are
      dependent upon a variety of factors. For example, in homogeneous systems,
      it is desirable to have at least 1 wt. % of base dissolved in the solvent
      up to saturation. It is preferable that from about 3 to 10 wt. % of the
      base-solvent system be composed of base. In heterogeneous base-solvent
      systems, since the base is practically insoluble, the amount of solvent
      must be sufficient to ensure complete wetting of the surface of the base.
      More solvent may be used if it is desirable to dissolve the feed.
PAR  The ratio of the amount of base to the reactants should be about 1 mole of
      base to about 1 mole of nucleophile. Lower ratios are possible but
      generally undesirable because of the slowness in the rate and by the
      disastrous effect of trace quantities of hydroxylic-containing materials.
      Higher ratios could be used but would be uneconomic. The preferred range
      would be 0.5 to 3 moles of base per mole of nucleophile.
PAR  In carrying out the condensation in accordance with the present invention
      the temperature of the reaction mixture is maintained between about
      10.degree. and 100.degree.C., preferably at about 25.degree.C. The
      reaction is continued for a period of about 1 to about 20 hours.
PAR  The following examples are illustrative of the present invention.
PAR  The bulk of the experimental work which forms the basis of the following
      examples involved the use of 0.6 molar solutions of potassium
      tert-butoxide (KOtBu) in hexamethyl phosphoramide (HMPA) at room
      temperature. With acetonitrile several other media were tried. All
      solutions were prepared in a nitrogen dry box. For most of the reagents
      blank experiments were run to determine the extent of reaction in the
      absence of one or the other reagent. During the course of an experiment,
      small aliquots were analyzed periodically by gas chromatography to get any
      estimate of reaction rates. These rates were then compared on the basis of
      the first order rate of butadiene consumption. (This value is only
      qualitative since butadiene consumption is not exactly first order and is
      sometimes consumed by several reactive positions on the same molecule.)
      The final product was freed from the solvent by water dilution and
      analyzed by a combination of gas chromatography, mass spectrometry,
      infrared spectroscopy (IR) and nuclear magnetic resonance (NMR).
DETD
PAC  EXAMPLE 1
PAR  Acetonitrile was chosen for the initial process studies because it has
      fairly acidic hydrogens (pK.sub.a .about.25) and contains a functional
      group that can be converted to other useful intermediates. It is also
      capable of reacting in several different ways. Successive replacement of
      .alpha.-hydrogens would lead to mono, di and tri-butenylacetonitriles
      (reactions 1-3).
TBL  ______________________________________                                    
     CH.sub.3 CN + C.sub.4 H.sub.6                                             
                      (C.sub.4 H.sub.7)CN.sub.2 CN                             
                                      (1)                                      
     (C.sub.4 H.sub.7)CH.sub.2 CN + C.sub.4 H.sub.6                            
                      (C.sub.4 H.sub.7).sub.2 CHCN                             
                                      (2)                                      
     (C.sub.4 H.sub.7).sub.2 CHCN + C.sub.4 H.sub.6                            
                      (C.sub.4 H.sub.7).sub.3 CCN                              
                                      (3)                                      
     ______________________________________                                    
PAL  On the other hand, the initial product might isomerize to an .alpha.,.beta.
      unsaturated nitrile which could react with another molecule of
      acetonitrile (reactions 4 and 5).
      ##SPC3##
PAL  The exact mode of addition could most likely be controlled by the ratio of
      the reactants.
PAR  The reaction was studied using KOtBu in HMPA at butadiene to acetonitrile
      ratios ranging from 0.5 to 4. For each experiment, 3.25 g. of KOtBu was
      dissolved in 50 ml. of HMPA in a nitrogen purged drybox. The solution was
      placed in a 100 ml. Erlenmeyer flask and sealed with a puncturable serum
      cap. 2.0 g. of acetonitrile was added to each flask with a hypodermic
      syringe. From 1.45 to 11.6 g. of butadiene was then added via a hypodermic
      syringe needle from a sight glass containing a solution of 50 wt. %
      butadiene in n-heptane. Small aliquot samples were withdrawn periodically
      and analyzed by gas chromatography to determine the extent of reaction. At
      the conclusion of an experiment the entire mixture was quenched with 100
      ml. of H.sub.2 O. The aqueous solution was then extracted several times
      with benzene and the resulting organic phase was analyzed by a combination
      of gas chromatography, mass spectrometry, infrared spectrometry and
      nuclear magnetic resonance.
PAR  The reaction proceeded rapidly at room temperature and in all cases was
      essentially complete in less than one hour. In all cases the selectivity
      to the trisubstituted nitrile was very high.
TBL  ______________________________________                                    
     Mole Ratios                                                               
     C.sub.4 H.sub.6 /CH.sub.3 CN                                              
                0.54      1.03      1.95   4.1                                 
     Conditions  1 hour at RI                                                  
     Yield* Wt. %                                                              
                122       141       85     70                                  
     Selectivities                                                             
     (C.sub.4 H.sub.7).sub.3 C CN                                              
                84.0      92.7      92.9   97.3                                
     C.sub.13 H.sub.20                                                         
                3.5       1.4       2.6    2.0                                 
     ______________________________________                                    
      *Wt. % on butadiene (theoretical at 3/1 = 125).                          
PAL  Minor amounts of other products were formed but never in sufficient
      quantity for positive identification. The failure of mole ratio to have
      any significant effect on selectivity indicates that the reaction becomes
      more rapid as substitution increases. This was confirmed during studies
      with isobutyronitrile in which 1.35 g. of the latter were reacted with 1.0
      g. of butadiene in the presence of 3.25 g. KOtBu and 50 ml. HMPA at
      25.degree.C. for 2 hours. 2.2 g. of product, mainly
      dimethylbutenylacetonitrile, were recovered and the first order rate of
      butadiene disappearance was &lt;6.4 .times. 10.sup.-.sup.4, a rate somewhat
      faster than the initial rate observed for acetonitrile.
PAR  The hydrocarbon product, C.sub.13 H.sub.20, obtained with acetonitrile
      undoubtedly arises from elimination of HCN from the initial product. The
      amount of elimination is fairly small at one hour but increases markedly
      as reaction time increased.
TBL  ______________________________________                                    
     Time, Hrs. 1.0            22.5                                            
     C.sub.4 H.sub.6 /CH.sub.3 CN                                              
                1.95           1.75                                            
     Yield, Wt. %                                                              
                85             120                                             
     Selectivities                                                             
     (C.sub.4 H.sub.7).sub.3 C CN                                              
                92.9           55.9                                            
     C.sub.13 H.sub.20                                                         
                2.6            36.8                                            
     ______________________________________                                    
PAL  The elimination reaction was also studied by contacting a preformed nitrile
      product with KOtBu in HMPA at 55.degree.C. At the end of 20 hours, it was
      found that only 39% of the initial nitrile remained. In general, the
      elimination reaction should be minimized because it consumes the catalyst,
      although the C.sub.13 tetraolefin produced by elimination might have some
      interesting properties.
PAR  In order to minimize elimination and also to study the generality of the
      reaction, several other combinations of base and solvent tabulated below
      were tried.
TBL  ______________________________________                                    
                                  HMPA                                         
     Solvent   HMPA     HMPA      + 4% t-BuOH                                  
                                            TMU                                
     Base      KOtBu    KOH       KOtBu     KOtBu                              
     Time, Hrs.                                                                
               1.0      5.0       5.0       5.0                                
     Rel. Rate 1.0      0.025     0.063     0.04                               
     Yield, Wt. %                                                              
               85       84        83        44                                 
     Selectivities                                                             
     (C.sub.4 H.sub.7).sub.3 C CN                                              
               92.9     94.8      92.9      92.7                               
     C.sub.13 H.sub.20                                                         
               2.6      0.6       2.1       0.0                                
     ______________________________________                                    
PAL  Potassium hydroxide, which is insoluble in HMPA, catalyzes the addition
      reaction but at a considerably reduced rate. There was slightly less
      elimination with KOH. When tert-butyl alcohol is added to HMPA the rate
      drops off markedly but there is essentially no change in selectivity. With
      TMU (tetramethylurea), a less active solvent as compared to HMPA, the
      reaction is also considerably slower but there is essentially no
      elimination.
PAR  The preceding data clearly show the ease with which the addition reactions
      are carried out in alkyl phosphoramide solvents. Although the reaction
      mechanism dictates that only one product can be formed in high yield, the
      reaction itself can be carried out at various conditions using different
      solvents and bases. The trisubstituted product might have several uses
      with one in particular being in the preparation of ester lubricants.
      Hydrolysis and hydrogenation should lead to a carboxylic acid which upon
      esterification with the corresponding alcohol will result in a highly
      hindered ester.
PAC  EXAMPLE 2
PAR  Isobutyronitrile is fairly similar to acetonitrile except that it has only
      one .alpha.-hydrogen. The reaction of this nitrile with butadiene was
      studied to evaluate a synthetic route to simple, highly hindered
      carboxylic acids. Isobutyronitrile reacts at a rate about 1.5 to 2 times
      faster than acetonitrile and the product consists of a mixture of double
      bond isomers of dimethylbutenylacetonitrile (C.sub.4
      H.sub.7)C(CH.sub.3).sub.2 CN. This product is formed with essentially 100%
      selectivity. Aqueous hydrolysis of this material resulted in a 90% yield
      of the corresponding unsaturated carboxylic acid which in turn was readily
      hydrogenated to .alpha., .alpha.dimethylhexanoic acid
      ##EQU3##
      The hexanoic acid is very similar to acids presently employed for the
      synthesis of ester lubricants.
PAR  Data from two additional runs are summarized in the following table:
TBL  Exp. Run       A            B                                             
     ______________________________________                                    
     Temp., .degree.C.                                                         
                    25           25                                            
     HMPA, ml.      50           200                                           
     Base                                                                      
      Type          KOtBu        KOtBu                                         
      Amt., g.       3.25        14.0                                          
     Reactant                                                                  
      Type          Isobutyronitrile                                           
                                 Isobutyronitrile                              
      Amt., g.       1.35         5.96                                         
      mM.           19.5         86.3                                          
     Substrate                                                                 
      Type          Butadiene    Butadiene                                     
      Amt., g.      1.0          6.0                                           
      mM.           18.3         111.0                                         
     Time, Hrs.     2.0          2.0                                           
     Prod. Rec'd, g.                                                           
                    2.2          8.0                                           
     First Order Rate                                                          
     of C.sub.4 .sub.=.sub.= disap.; sec..sup.-.sup.1                          
                    &gt;6.4 .times. 10.sup.-.sup.4                                
                                 --                                            
     Elemental, Wt. %                                                          
     C                           78.27                                         
     H                           10.37                                         
     N                           10.28                                         
     O                           &lt;.01                                          
     P                           --                                            
     ______________________________________                                    
PAR  When n-valeronitrile, n-decanonitrile, cyclohexanonitrile,
      n-eicosanonitrile, or 3-ethylhexaeicosanonitrile is substituted for
      isobutyronitrile in the experiment described in example 2(B),
      substantially identical results are obtained, in that a
      butadiene-organonitrile addition product is produced.
PAR  When isoprene, piperylene, styrene, .alpha.methyl styrene or anthracene is
      substituted for butadiene in the experiment described in example 2(B),
      substantially identical results are obtained in that an addition product
      of the hydrocarbon and isobutyronitrile is produced.
PAR  When sodium hydride, sodium methyl amide, cesium hydroxide, or butyl
      lithium is substituted for potassium tertiary butoxide in the experiment
      described in example 2(B), substantially identical results are obtained in
      that the addition product of isobutyronitrile and butadiene is produced.
PAR  When N-methyl-2-pyrollidone or trimethyl phosphoramide is substituted for
      hexamethylphosphoramide in the experiment described in example 2(B)
      substantially identical results are obtained in that the addition product
      of isobutyronitrile and butadiene is produced.
PAC  EXAMPLE 3
PAR  Isobutyraldehyde (IBA) and diisopropylketone (DIPK) were chosen as
      representative nucleophilic molecules containing the aldehyde and ketone
      group (carbonylic groups) because they contain a minimum of replaceable
      hydrogens. These materials are known to undergo base catalyzed
      auto-condensations (aldol condensations) but blank experiments in the
      absence of butadiene indicated only minor amounts of reaction. Data from
      three of the reactions of butadiene with DIPK are set out in the following
      table:
TBL  Conditions              2 hours at RT                                     
     C.sub.4 H.sub.6 /DIPK, Mole Ratio                                         
                    0.56     0.92        2.75                                  
     Yield, Wt. %*  340      260         115                                   
     Selectivities                                                             
     Mono           93       72          18                                    
     Mixed**        7        8           11                                    
     Di             --       20          64                                    
       * Wt. % on butadiene, theoretical at 1/1 = 367 wt. %?                   
      ** Absolute amount of mono- and di-adducts in this fraction is unknown   
PAL  Dipk reacted rapidly with butadiene, at a relative rate of 0.5 compared to
      acetonitrile, and produced both mono and di addition products according to
      equations A and B.
EQU  (CH.sub.3).sub.2 CHCOCH(CH.sub.3).sub.2 + C.sub.4 H.sub.6
      .fwdarw.(CH.sub.3).sub.2 C(C.sub.4 H.sub.7)COCH(CH.sub.3).sub.2 (A)
EQU  (CH.sub.3).sub.2 C(C.sub.4 H.sub.7)COCH(CH.sub.3).sub.2 + C.sub.4 H.sub.6
      .fwdarw.[(CH.sub.3).sub.2 C(C.sub.4 H.sub.7)].sub.2 CO    (B)
PAL  in this case the first reaction has very little effect on the rate of the
      second reaction and high selectivities to either product can be achieved
      by varying the ratio of butadiene to the ketone.
PAR  The data from several additional runs are summarized in the following
      table.
TBL  __________________________________________________________________________
     Exp. Run     3A     3B     3C     3D     3E                               
     __________________________________________________________________________
     Temp., .degree.C.                                                         
                  25     25     25     25     25                               
     HMPA, ml.    200    50     50     50     50                               
     Base                                                                      
      Type        KOtBu  KOtBu  KOtBu  KOtBu  KOtBu                            
      Amt., g.    14.0   3.25   3.25   3.25   3.25                             
     Reactant                                                                  
      Type        Isobutyr-                                                    
                         Isobutyr-                                             
                                Diisopropyl-                                   
                                       Diisopropyl-                            
                                              Diisopropyl-                     
                  aldehyde                                                     
                         aldehyde                                              
                                ketone ketone ketone                           
      Amt., g.    5.96   1.44   2.28   1.51   2.79                             
      mM.         82.8   20.0   20.0   13.3   24.5                             
     Substrate                                                                 
      Type        Butadiene                                                    
                         Butadiene                                             
                                Butadiene                                      
                                       Butadiene                               
                                              Butadiene                        
      Amt., g.    6.0    1.0    1.0    2.0    0.74                             
      mM.         111.0  18.3   18.3   36.6   13.7                             
     Time, Hrs.   49.0   44.0   2.0    2.0    2.0                              
     Prod. Rec'd, g.                                                           
                  8.2    1.53   2.64   2.3    2.5                              
     First Order Rate                                                          
     of C.sub.4 .sub.=.sub.= disap.; sec..sup.-.sup.1                          
                  --     4.5 .times. 10.sup.-.sup.6                            
                                4.5 .times. 10.sup.-.sup.4                     
                                       --     --                               
     Elemental, Wt. %                                                          
     C            75.78  75.30  79.11                                          
     H            10.89  11.77  11.93                                          
     N            0.04   0.17   0.10                                           
     P            &lt;.01   0.10   0.04                                           
     O            13.28  12.66  8.82                                           
     __________________________________________________________________________
PAR  The reaction of isobutyraldehyde with butadiene was found to be unique
      among the anionic addition reactions studied. The reaction is fairly slow
      and 44 hours were required to get an appreciable yield. Mass spectrometry
      indicated the presence of both low and high molecular weight products. A
      detailed study of the low M.W. product by NMR proved the structure to be
      4,4-dimethyl-5-hydroxycyclohexene. This undoubtedly arises via an
      intramolecular addition to the carbonyl following the initial reaction
      (reaction C).
      ##EQU4##
      Overall, the yield of 4,4-dimethyl-5-hydroxycyclohexene was about 40% of
      theoretical. This material, once formed, can then undergo base catalyzed
      isomerization to yield a cyclohexanone (reaction D).
      ##SPC4##
PAL  The cyclohexanone has reactive .alpha.-hydrogens and thus could be the
      source of higher molecular weight products. No ketone was found in the
      lower molecular weight region so the ketone formed in reaction (D) must be
      more reactive than the initial isobutyraldehyde. Subsequent work with
      cyclohexanone proved this to be the case. The intramolecular cyclization
      is a novel reaction and provides a new technique for synthesis of C.sub.6
      rings.
PAC  EXAMPLE 4
PAR  The benzylic hydrogens on alkyl aromatics represent the most weakly acidic
      materials of all those studied (pK.sub.a 's of 33-38). Diaryl methanes and
      allyl benzene react fairly rapidly with butadiene while toluene reacted
      only very slowly. Diphenylmethane and di-p-tolylmethane reacted with
      butadiene at rates relative to acetonitrile of 0.5 and 0.05, respectively.
      The inhibition of rate by p-methyl groups is consistent with hydrocarbon
      acidity data. The products from both diaryl methanes include mono and
      disubstituted methanes (reactions E and F).
EQU  (R-.phi.).sub.2 CH.sub.2 + C.sub.4 H.sub.6 .fwdarw. (R-.phi.).sub.2
      CHC.sub.4 H.sub.7                                         (E)
EQU  (R-.phi.).sub.2 CHC.sub.4 H.sub.7 + C.sub.4 H.sub.6 .fwdarw.
      (R-.phi.).sub.2 C(C.sub.4 H.sub.7).sub.2                  (F)
PAL  upon hydrogenation the disubstituted methanes, particularly from the
      di-p-tolylmethane, should make excellent lubes.
PAR  The products from the reaction of allyl benzene appear to be rather complex
      and consist of mixtures of multisubstituted allyl benzenes with addition
      occurring at both the alpha and gamma carbon atoms on the side chains.
      Toluene did not yield enough product for further study.
PAR  Data are summarized in the following table.
TBL  __________________________________________________________________________
     Exp., 1037-  39     113    40     114                                     
     __________________________________________________________________________
     Temp., .degree.C.                                                         
                  25     25     25     25                                      
     HMPA, ml.    200    50     200    50                                      
     Base                                                                      
      Type        KOtBu  KOtBu  KOtBu  KOtBu                                   
      Amt., g.    13.0   3.25   13.0   3.25                                    
     Reactant                                                                  
      Type        Diphenyl-                                                    
                         Diphenyl-                                             
                                Di-p-tolyl-                                    
                                       Toluene                                 
                  methane                                                      
                         methane                                               
                                methane                                        
      Amt., G.    20.0   3.36   24.0   1.62                                    
      mM.         119    20.0   122    16.5                                    
     Substrate                                                                 
      Type        Butadiene                                                    
                         Butadiene                                             
                                Butadiene                                      
                                       Butadiene                               
      Amt., g.    12.15  1.31   12.15  1.31                                    
      mM.         225    24.3   225    24.3                                    
     Time, Hrs.   21.0   21.0   51.0   21.0                                    
     Prod. Rec'd, g.                                                           
                  32.2   3.6    31.5   0.19                                    
     First Order Rate                                                          
     of C.sub.4 .sup.=.sup.= disap.; sec..sup.-.sup.1                          
                  2.1 .times. 10.sup.-.sup.4                                   
                         5.6 .times. 10.sup.-.sup.4                            
                                6.0 .times. 10.sup.-.sup.5                     
                         91.00                                                 
                         8.20                                                  
                         0.39                                                  
                         0.24                                                  
     __________________________________________________________________________
PAC  EXAMPLE 5
PAR  Cyclopentanone and cyclohexanone were reacted with butadiene in accordance
      with the procedure of Example 1. The conditions and the yields are
      summarized in the following table:
TBL  Exp., 1037-    30          31                                             
     ______________________________________                                    
     Temp., .degree.C.                                                         
                    25          25                                             
     HMPA, ml.      50          50                                             
     Base                                                                      
      Type          KOtBu       KOtBu                                          
      Amt., g.      3.25        3.25                                           
     Reactant                                                                  
      Type          Cyclopentanone                                             
                                Cyclohexanone                                  
      Amt., g.      2.18        2.46                                           
      mM.           25.9        25.1                                           
     Substrate                                                                 
      Type          Butadiene   Butadiene                                      
      Amt., g.      1.5         1.5                                            
      mM.           27.7        27.7                                           
     Time, Hrs.     4.0         4.0                                            
     Prod. Rec'd, g.                                                           
                    1.7         2.2                                            
     First Order Rate                                                          
     of C.sub.4 .sup.=.sup.= disap.; sec..sup.-.sup.1                          
                    1 .times. 10.sup.-.sup.4                                   
                                4.5 .times. 10.sup.-.sup.5                     
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  In order to demonstrate the use of substrates other than butadiene,
      acetonitrile has been added to anthracene in accordance with the procedure
      of Example 1. The conditions and yield are summarized in the following
      table.
TBL  ______________________________________                                    
     Temp., .degree.C.        25                                               
     HMPA, ml.                50                                               
     KOtBu, g.                3.25                                             
     Anthracene, g.           4.4                                              
     Acetonitrile, g.         1.0                                              
     Time, Hrs.               15                                               
     Reaction Product                                                          
      9-Methylanthracene, g.  2.17                                             
      9,10-Dimethylanthracene, g.                                              
                              0.24                                             
     ______________________________________                                    
PAL  In this case the major product proves to be that derived from addition
      followed by subsequent elimination of HCN as per the following equations:
      ##SPC5##
PAL  As indicated previously in Example 1, the amount of elimination could be
      controlled by variations in time, temperature, base and solvent.
PAR  The data that have been obtained have covered a fairly broad range of
      acidities. With this information, it is possible to construct the
      following very qualitative plot of reaction rates versus acidity
      (expressed as pK.sub.a).
      ##SPC6##
PAL  The plot is only qualitative because rate measurements are not very good
      and pK.sub.a 's are not known very accurately. The data show a maximum
      rate at a pK.sub.a of about 28. It can be inferred that to the right of
      this point the ionization of the acidic reagent will be rate determining
      while to the left the addition reaction itself is fate determining. The
      pK.sub.a of acetonitrile starts at 25 and becomes higher as substitution
      increases thus accounting for the increase in reaction rate. Overall,
      these data indicate that appreciable reaction rates will be obtained with
      compounds having pK.sub.a 's anywhere between 18 and 34, and preferably
      between about 22 and about 30.
PAR  The foregoing description contains a limited number of embodiments of the
      present invention. It will be understood that this invention is not
      limited thereto, since numerous variations are possible without departing
      from the scope of this invention as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a tri substituted nitrile which comprises
      reacting acetonitrile with butadiene, at a temperature of from about
      10.degree. to 100.degree.C for a period of from about 1 to 25 hours, in
      the presence of a basic alkali metal catalyst, said catalyst being
      selected from the group consisting of alkali metal hydrides, alkali metal
      organo amides, alkali metal alkoxides, alkali metal hydroxides, and alkali
      metal alkyls, said reaction taking place in a solvent selected from the
      group consisting of trimethyl phosphoramide, hexamethyl phosphoramide,
      tetramethyl urea, and N-methyl-2-pyrollidone.
NUM  2.
PAR  2. The process of claim 1 wherein said solvent is selected from the group
      consisting of hexamethyl phosphoramide and tetramethyl urea.
NUM  3.
PAR  3. A process for preparing dimethyl butenyl acetonitrile which comprises
      reacting isobutyronitrile with butadiene at a temperature of from about
      10.degree. to 100.degree.C for a period of from 1 to 25 hours in the
      presence of a basic alkali metal catalyst, said catalyst being selected
      from the group consisting of alkali metal hydrides, alkali metal organo
      amides, alkali metal alkoxides, alkali metal hydroxides, and alkali metal
      alkyls, said reaction taking place in a solvent selected from the group
      consisting of trimethyl phosphoramide, hexamethyl phosphoramide,
      tetramethyl urea, and N-methyl-2-pyrollidone.
NUM  4.
PAR  4. The process of claim 3 wherein said basic alkali metal catalyst is
      selected from the group consisting of sodium hydride, sodium methylamide,
      sodium methoxide, sodium ethoxide, potassium-t-butoxide, sodium hydroxide,
      potassium hydroxide, cesium hydroxide, sodium ethyl and butyl lithium.
NUM  5.
PAR  5. In the process of claim 3 wherein said solvent is
      hexamethylphosphoramide.
NUM  6.
PAR  6. The process of claim 5 wherein said catalyst is potassium-t-butoxide.
NUM  7.
PAR  7. The process of claim 1 wherein said catalyst is potassium-t-butoxide.
NUM  8.
PAR  8. The process of claim 1 wherein the solvent is selected from the group
      consisting of trimethyl phosphoramide, hexamethyl phosphoramide, and
      tetramethyl urea.
NUM  9.
PAR  9. The process of claim 1 wherein said basic alkali metal catalyst is
      selected from the group consisting of sodium hydride, sodium methylamide,
      sodium methoxide, sodium ethoxide, potassium-t-butoxide, sodium hydroxide,
      potassium hydroxide, cesium hydroxide, sodium ethyl and butyl lithium.
NUM  10.
PAR  10. The process of claim 1 wherein said basic alkali metal catalyst is
      potassium tertiary butoxide.
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PAL  Substituted diphenyl adamantylidene methanes. Examples of substituents on
      the para positions of the phenyl groups are propoxy and acetyloxy. The
      compounds have estrogenic activities.
BSUM
PAR  This invention relates to new adamantylene compounds of formula I
      ##SPC1##
PAL  in which formula R is a hydroxy group, an alkoxy group having 1 to 3 carbon
      atoms or an acyloxy group having up to 20 carbon atoms.
PAR  As examples of the groups which are denoted by R may be mentioned: methoxy,
      ethoxy, propoxy, isopropoxy, formyloxy, acetyloxy, propionyloxy,
      caproyloxy, palmityloxy, stearyloxy, succinyloxy, tartaryloxy, benzoyloxy,
      fumaryloxy, and the like. In the case R is an acid radical of a
      multivalent acid having a free carboxyl group, said carboxyl group may be
      present in the salt form, for example, as Na, K, Ca or ammonium salt.
PAR  It is known that some adamantane derivatives substituted in 1 or 2
      positions, have antiviral activities. It has surprisingly been found that
      the novel adamantylene compounds of the invention exhibit in mammals,
      estrogenic and antifertile activities and in addition show
      antiprogestational activities.
PAR  Particularly active compounds are di(p.methoxyphenyl)-adamantylidene
      methane, di(p.hydroxyphenyl)-adamantylidene methane and
      di(p.acetyloxyphenyl-adamantylidene methane. Of these compounds,
      di(p.acetyloxyphenyl)-adamantylidine methane shows a strong
      antiprogestational activity and di (p.hydroxyphenyl)-adamantylidine
      methane shows a very strong antiprogestational activity.
PAR  On the basis of these properties, the compounds of formula I may be used as
      antifertility agents. They may alternatively be used to induce
      menstruation. The daily dose is about 7-21 mg/kg.
PAR  Generally the compounds will be administered in humans orally at a dosage
      of about 500 to 1500 mg/day, 1200 mg/day being preferred. To prevent
      fertility this dosage is administered during 5-7 days at the end of the
      menstrual cycle when gravidity is probable or from day 20 to day 25 of the
      cycle to prevent nidation. To induce menstruation this dosage is
      administered from day 24 to day 27 of the cycle.
PAR  The estrogenic properties of the compounds is shown in the following
      experiments.
PAR  A. Three-week-old, infantile female rats were injected subcutaneously with
      a compound according to the invention. Up to the end of the experiments 2
      mg per 48 hours were thus administered. The estrogenic activity of a
      substance is expressed in this test in a premature opening of the vagina.
      Both the treated group and the blank group consisted of 8 rats.
PAR  B. Eight three-week-old infantile castrated female rats were injected
      subcutaneously one daily with 4 to 5 .gamma. of the compound to be tested.
      The estrogenic activity of the substance to be tested is expressed in this
      test also in the opening of the vagina in the treated group. In addition
      the uterus of the experimental animals was weighed after dissection. The
      estrogenic activity is expressed in a higher weight of the uterus of the
      treated animals than of the animals of the blank group.
PAR  C. Six female rats were castrated. Two weeks later the vagina epithelium
      had given rise to a castration picture. At that instant 1 mg of a compound
      to be tested was administered subcutaneously daily to the animals. Vaginal
      smears were daily' investigated microscopically. In this test a peripheric
      estrogenic activity is expressed in the disappearance of leucocytes and
      the renewed formation of epithelium and horn cells.
PAR  d. Groups of twenty castrated adult female rats were injected
      subcutaneously two weeks after castration with a compound to be tested.
      One day later the same quantity was administered twice. After 24, 40, 48
      and 64 hours vaginal smears were made and investigated microscopically.
      The injected dose of substance varied for each individual group and lay
      between 2 and 4000 .gamma. per time.
PAR  e. In the so-called Rubin test, 8 infantile female mice of three weeks old
      were injected subcutaneously for three days with a compound to be tested.
      After dissection the weight of the uteri was compared with that of the
      animals of the blank group. The dose varied from 4 .GAMMA. to 1 mg daily.
PAR  The antiprogestatinaal activity of the compounds according to the invention
      was established in the so-called anti-Clauberg test. In this test groups
      of 4 infantile female rabbits were daily injected for 8 days with 4 units
      of estradiol monobenzoate. This substance was then administered daily in a
      quantity of 0.8 units, together with 150 .gamma. of progesterone
      subcutaneously and 2 to 2000 .gamma. of the compound to be tested also
      subcutaneously. In this test, the antiprogestational activity of the
      compound to be tested is expressed in the inhibition of the secretory
      changes of the endometrium caused by the injected progesterone.
PAR  The anti-fertile properties of the compounds were found in a test in which
      1 male rat was placed with 3 adult female rats. The next day vaginal
      smears were made and tested for the presence of sperm. The female rats in
      which sperm was found were subcutaneously administered from the first day
      of pregnancy with 20 to 2000 .gamma. of the compound to be tested for 6
      days. On the 15th day of pregnancy dissection was carried out and the
      number of living young ones, dead young ones and foetus residues in the
      uterus were determined. The antifertile activity in this test is expressed
      in a reduction of the number of living young ones with respect to the
      blank group.
PAR  The results of these tests are given below for the compounds Du 34,394
      (compound of formula I wherein R = OCH.sub.3), Du 34,427 (compound of
      formula I wherein R = OH) and Du 34,444, compound of formula I wherein
      ##EQU1##
PAC  ESTROGENIC TESTS
PAC  Test a
PAR  With Du 34,394--The vagina in each of the eight rats treated with the drug
      opened between day 3 and day 7. In the blanks in 7 out of 8 rats the
      vagina only opened between day 8 and day 14.
PAC  Test b
PAR  1. With Du 34,427--In each of the eight rats treated with the compound Du
      34,427 at a dose of 4 g/day the vagina opened on day 4 or 5. In the blanks
      (8 rats) the vagina did not open at all. The uterus weight of the treated
      rats averaged 60 mg. that of the untreated rats averaged 27 mg.
PAC  Test b
PAR  2. With Du 34,444--In each of the eight rats treated with the compound Du
      34,444 at a dose of 5g/day the vagina opened at day four or five. In the
      blanks the vagina did not open at all. The average weight of the uterus of
      the treated rats was 57 mg. that of the untreated rats was 27 mg.
PAC  Test c (Dose of 1 mg/day employed)
PAR  1. With Du 34,394--With the administration of Du 34,394 the vaginal smears
      exhibited horn cells. The average weight of the uterus of the treated rat
      was 139 mg, that of the untreated rat, 61 mg.
PAR  2. With Du 34,427--With the administration of Du 34,427, the vaginal smears
      exhibited horn cells. The average uterus weight of the treated rats was
      205 mg, that of the untreated rats, 61 mg.
PAR  3. With Du 34,444--With the administration of Du 34,444, the vaginal smears
      exhibited horn cells. The average uterus weight of the treated rats was
      187 mg, that of the untreated rats 61 mg.
PAR  In all cases, the vaginal smears of the untreated rats exhibited leucocytes
      epithelium cells plus horn cells.
PAC  Test d
PAR  Ten rats were treated with 0.25 mg of the test compounds and there were ten
      blanks. The compounds tested were Du 34,427 and Du 34,444. Both compounds
      exhibited the following results: After 24 hours the vaginal smears showed
      epithelium cells, after 40 hours, 48 hours and 64 hours the vaginal smears
      showed horn cells.
PAR  The blanks showed the same results as in test c.
PAC  Test e
PAR  With the administration of 2 mg of Du 34,394 the average uterus weight was
      37.0 mg, that of the blanks was 18.9 mg.
PAR  With the administration of 0.25 mg of Du 34,427 the average uterus weight
      was 33.7 mg and that of the blanks was 14.0 mg.
PAC  Antiprogestational Activity
PAR  Du 34,394 administered in 3 mg dose produced no effect.
PAR  Du 34,427 administered in 0.2 mg dose produced complete effect.
PAR  Du 34,444 administered in 0.8 mg dose produced complete effect.
PAC  Antifertility Activity
PAR  Du 34,394 - ED.sub.50 = 1 mg
PAR  Du 34,427 - ED.sub.50 = 0.025 mg
PAR  Du 34,444 - ED.sub.50 = 0.038 mg
PAR  The invention also relates to novel methods for preparing the new
      adamantylidene compounds.
PAR  The compounds of the invention may be prepared by starting from a compound
      of formula II
      ##SPC2##
PAL  in which formula R.sub.1 is an alkoxy group, an aralkoxy group, a halogen
      atom, preferably a chlorine atom, or a group
      ##SPC3##
PAL  in which formula R' is an alkoxy group, a benzyloxy group or a pyranyloxy
      group. These compounds may be reacted, for example, in diethyl ether,
      tetrahydrofurane, dioxane and similar solvents with a compound of formula
      III
      ##SPC4##
     25/5
PAL  in which compounds of formula IV are formed after hydrolysis of the
      reaction product. In formula III, X means a lithium atom or the group
      HalMg--, in which Hal is a halogen atom. When R' in the starting
      substances is a benzyloxy group, for example, a t. butyloxygroup, a free
      hydroxyl group may be obtained therefrom in the reaction product by
      hydrolysis. Particularly the benzyloxy group may be split off also by
      hydrogenolysis, for example, with Pt or Pd/C and hydrogen. The resulting
      hydroxy groups may be converted into acyloxy groups with an acid, acid
      halide or acid anhydride derived from an acid having up to 20 carbon
      atoms.
PAR  The starting substances of formula II, in which formula R.sub.1 is a
      halogen atom, an alkoxy group or an aralkoxy group, may be obtained in the
      conventional manner from 2-adamantyl carboxylic acid, which substance may
      be prepared by reacting 2-hydroxy adamantane with formic acid and
      sulphuric acid. The ketones of formula II are obtained, for example, by
      reacting 2-adamantyl carboxylic acid chloride with a cadmium reagent of
      formula V
      ##SPC5##
PAL  which may be obtained by reacting cadmium chloride with a compound of
      formula III.
PAR  The compounds according to the invention may alternatively be prepared by
      reacting adamantanone with a compound of formula VI
      ##SPC6##
PAL  in which formula R.sub.2 is the group = P(C.sub.6 H.sub.5).sub.3 in which
      case n = 0, or the group - P = O(OCH.sub.3).sub.2 or P = O(OL.sub.2
      H.sub.5).sub.2 in which cases n = 1 or the group = P(A).sub.3 wherein A is
      lower alkyl such as n. butyl, n. propyl, ethyl and methyl and also
      p-anisolyl and p. tolyl. R" in this formula is a hydroxy group, an alkoxy
      group, an acyloxy group having up to 20 carbon atoms, or a benzyloxy group
      or a pyranyloxy group. The reaction may be carried out, for example, in
      inert solvent, for example, methanol, petroleum ether, dimethyl sulfoxide,
      and the like. In case a phosphorane is reacted, reactions are preferably
      carried out in a medium made alkaline, for example, with sodium
      alcoholate, phenyl lithium, NaOH and the like. After the coupling reaction
      benzyloxy groups, pyranyloxy groups and alkoxy groups, for example, t.
      butyloxy groups, may be converted into free hydroxy groups by hydrolysis.
      The benzyloxy group may alternatively be split off easily by catalytic
      hydrogenation.
PAR  The compounds of formula I may be prepared alternatively by reacting
      2-adamantyl carboxylic acid chloride, under the influence of a
      Friedel-Crafts catalyst with a compound of formula VII,
      ##SPC7##
PAL  in which formula R"' is a hydroxy group, an alkyloxy group, a pyranyloxy
      group or a benzyloxy group, and splitting off from the reaction product
      pyranyloxy groups benzyloxy groups or alkoxy groups having more than 3
      carbon atoms, by hydrolysis or hydrogenolysis. Compounds in which R is an
      acyloxy group may be obtained by acylating subsequently the hydroxy
      compound with an acid, acid halide or acid anhydride. The coupling
      reaction may be carried out in the reagent of formula VII as a solvent or
      in an invet solvent, for example, carbon disulphide and the like.
PAR  The compounds according to the invention can be compounded into suitable
      forms for administration, for example, tablets, coated tablets, capsules,
      pills, powders, injection liquids and the like by means of the
      conventional methods and by the use of pharmaceutically acceptable
      carriers and auxiliary substances.
PAR  As carriers, there may be used, for example, water, glycerine, chalk,
      calcium phosphate, lactose and powdered sugar (saccharose), or mixtures of
      these substances. The use of sugars as a carrier has the advantage that
      these substances have a pleasant taste.
PAR  Uncoated tablets and coated tablets may contain in addition swelling agents
      which cause the preparation to easily disintegrate in water. As such may
      be used, for example, potato starch, maize starch, arrow root (amylum
      marantae), carboxymethyl cellulose. In addition lubricants may be used,
      for example, talcum, magnesium stearate and calcium stearate.
PAR  As preservatives may be added such compounds as for example,
      methyl-p.hydroxy benzoate, propyl-p.hydroxybenzoate and benzyl alcohol.
PAR  As surface-active substances there may be used, for example, mono-, di-, or
      tri-esters of, for example, lauric acid, palmitic acid, stearic acid,
      ricinic acid, and oleic acid with a poly alcohol, for example, sorbitan,
      mannitan, mannide and glycerol and in addition polyoxyethylene derivatives
      of inter alia the above-mentioned esters.
PAR  Tablets may have, for example, the following composition:
PA1  100 mg di-p.hydroxyphenyl adamantylidene methane.
PA1  25 mg glycerly monostearate
PA1  250 mg powdered lactose.
PA1  50 mg polyvinyl pyrrolidone.
PA1  2 mg magnesium stearate.
PA1  10 mg talcum.
DETD
PAR  The invention will now be described in greater detail with reference to the
      following examples:
PAR  Tablets were prepared as follows:
PAR  100 g of di-p-hydroxyphenyl adamantylidene methane and 25 g of glyceryl
      monostearate were dissolved in 250 ml of methylene chloride. The solution
      was added to 250 g of powdered lactose, after which the mixture was left
      to stand until the methylene chloride was evaporated. The residue was
      sieved through a 80 mesh sieve and then mixed with 50 g of polyvinyl
      pyrrolidone. After wetting with a mixture of ethanol and water 1 : 1, the
      mixture was granulated and dried. 2 g of magnesium stearate and 10 g of
      talcum were added to the granulate which was then compressed to 1000
      437-mg tablets.
PAR  Capsules may have the following composition:
PA1  100 mg of di-p.acetoxyphenyl adamantylidene methane
PA1  20 mg sodium lauryl sulfate
PA1  2 mg magnesium stearate.
PA1  50 mg powdered lactose.
PAR  Capsules were prepared as follows:
PAR  100 g of di-p.acetoxyphenyl adamantylidene methane were mixed with 20 g of
      sodium lauryl sulphate and then ground. The mixture was mixed with 2 g of
      magnesium stearate and 50 g of powdered lactose and then dispensed in
      capsules.
PAR  Capsules having a composition of
PA1  100 mg di-p.methoxyphenyl-adamantylidene methane and
PA1  0.3 ml polyoxyethylene glycol
PAL  were obtained by grinding 100 g of di-p.methoxy phenyl adamantylidene
      methane in a ball mill in the presence of 100 ml of polyoxylthylene
      glycol, until the average diameter was 2 .mu. 200 ml of polyoxyethylene
      glycol were then added to the ground substances, after which the whole was
      mixed and then dispensed in soft gelatin capsules.
PAC  EXAMPLE 1
PAR  a. 2-Adamantylcarboxylic acid
PAR  4.5 g of 2.hydroxyadamantane were dissolved in 30 mls of HCOOH 98-100 %,
      and this solution was added dropwise, while stirring vigorously, to 1.5 1.
      of H.sub.2 SO.sub.4 96% cooled to 5.degree.C. Stirring was then continued
      at the same temperature for 90 minutes and the mixture was finally poured
      out on ice. NaOH was added to the mixture until it has a pH of
      approximately 1 and the formed precipitate was extracted with diethyl
      ether. The extract was dried over Na.sub.2 SO.sub.4 and the solvent was
      then evaporated. The cruse 2-adamantyl carboxylic acid was thus obtained,
      which was purified by two crystallizations from 70% ethanol. The purified
      acid had a melting point of 142-144.degree.C.
PAR  b. 2-Adamantyl carboxylic ethyl ester
PAR  7 g of 2-adamantyl carboxylic acid were refluxed for 30 minutes with 15 ml
      of SOCl.sub.2. HC1 escaped. The excess of SOCl.sub.2 was then evaporated
      and the crude acid chloride dissolved twice in benzene, the benzene being
      evaporated each time. 1.8 g of absolute alcohol were then added dropwise
      carefully in 25 ml of absolute diethyl e ether. In this manner a solution
      of 2-adamantyl carboxylic ethyl ester was obtained.
PAR  c. Adamantylidene di-(p-methoxyphenyl)methane
PAR  The solution of 2-adamantyl carboxylic ethyl ester described in 1b was
      added dropwise to a solution prepared according to Grignard from 15.6 g of
      anisol and 2.25 g of magnesium in 50 ml of diethyl ether. Some heat
      evolved. The solution was then refluxed for one hour and then cooled and
      poured out on 75 mls of a saturated solution of NH.sub.4 Cl cooled to
      0.degree.C. The organic layer was separated, washed once with a saturated
      solution of NH.sub.4 Cl, twice with water and dried on Na.sub.2 SO.sub.4.
      The solvent and an excess of 2-bromo anisol were then evaporated. The
      remaining semisolid mass was dissolved in benzene and chromatographed over
      silica gel. Thus crystalline 2-adamantylidene di-(p.methoxy phenyl)methane
      was obtained which after recrystallization from absolute alcohol had a
      melting point of 151.5.degree.-153.degree.C.
PAC  EXAMPLE 2
PAR  2-Adamantylidene di-(p.hydroxyphenyl)methane
PAR  1.9 g of 2-adamantylidene-di(p.methoxyphenyl) methane were dissolved in 5.5
      ml of diethylene glycol (boiling point 220.degree.C) and 1.3 gms of KOH
      were added to this solution after which water was distilled off until the
      temperature of the mixture was 210.degree.-220.degree.C. The solution was
      then refluxed for 31/2 hours and then poured on ice. The water layer was
      extracted with ether and then acidified with 5 nHCl, a solid
      precipitating. This solid was then taken up with ether. After drying on
      Na.sub.2 SO.sub.4, the solvent was evaporated and the crude remaining
      2-adamantylidene di(p.hydroxyphenyl)methane was recrystallized from
      petroleum ether (boiling point 60.degree.-80.degree.C) and very little
      absolute alcohol. The resulting product consisted of cream-colored laminae
      m.p. 258.degree.-259.degree.C.
PAC  EXAMPLE 3
PAR  2.Adamantylidene-di-(p.acetoxyphenyl) methane
PAR  1 g of 2-adamantylidene di-(p.acetoxyphenyl) methane was dissolved in 10 ml
      of acetic anhydride after which one drop of H.sub.2 SO.sub.4 96% was
      added. Some heat evolved. The solution was then heated on a steam bath for
      30 minutes after which the mixture was cooled and poured in water; this
      mixture was finally heated on a steam bath for 30 minutes while stirring
      vigorously. After cooling it was extracted with ether, the ethereal
      solution was washed twice with a saturated solution of NaHCO.sub.3 and
      once with water, dried on Na.sub.2 SO.sub.4 and evaporated in vacuo at
      room temperature. The evaporated residue was crystallized from alcohol. In
      this manner a product was obtained which consisted of cream-colored
      laminae, melting point 160.5.degree. - 161.5.degree.C.
PAC  EXAMPLE 4
PAR  2-Adamantylidene di-(p.methoxyphenyl)-methane
PAR  2.0 g of di-(p.methoxyphenyl)methylchloride, which was prepared as
      described in J. Chem. Soc. 1958, 1925, were mixed with 1.5 g of
      trimethylphosphite and the mixture was heated for 1 hours, during which
      the temperature was gradually raised from 140.degree.C to 200.degree.C.
      During the first 30 minutes gas bubbles were observed of escaping methyl
      chloride. The crude di-(p-methoxypjenyl)methyl dimethyl phosphonate was
      thus obtained as a yellow oil. It was dissolved in 10 mls of absolute
      dimethoxy ethane. A suspension of 0.32 g of NaH. in dry dimethoxy ethane
      was added and the whole was stirred at room temperature for 60 minutes.
      Gas evolved. 1.14 g of adamantanone in 10 mls of dimethoxy ethane were
      then added dropwise. The mixture was then kept at room temperature for 30
      minutes while stirring and then refluxed for 4 hours. 100 ml of water were
      added and the water layer was then extracted three times with diethyl
      ether. The ether extract was dried over Na.sub.2 SO.sub.4 after which the
      ether was evaporated. The remaining crude 2-adamantylidene
      di(p.methoxyphenyl) methane was finally crystallized from methanol and
      thus obtained as a pure product.
PAC  EXAMPLE 5
PAR  a. 2.Adamantyl-p-methoxyphenylketone
PAR  A solution according to Grignard was prepared in the conventional manner
      from 2.3 g of magnesium and 18.7 g of bromoanisol in 55 mls of absolute
      diethyl ether. 18.3 g of CdCl.sub.2 which had been dried overnight at
      121/2.degree.C were then added to this solution while stirring vigorously.
      The solution was then refluxed for 90 minutes. The ether was evaporated.
      20 mls of absolute benzene were then added and finally it was distilled
      off in vacuo. 70 ml of absolute benzene were then added and 19.8 g of
      2-adamantyl carbonyl chloride (prepared according to 1b) in 70 mls of
      absolute benzene were added dropwise in approximately 10 minutes while
      stirring vigorously. The solution was then refluxed for 21/2 hours while
      stirring vigorously, after which the mixture was stirred overnight at room
      temperature. 100 g of ice and 1.9 ml of H.sub.2 SO.sub.4 96% were finally
      added. The organic layer was separated and the water layer extracted once
      with benzene. The collected benzene solutions were washed once with water,
      twice with a saturated NaHCO.sub.3 solution and then twice with water. The
      solution was dried over C.sub.a Cl.sub.2 and the benzene was then
      evaporated. The remaining oil was distilled off in vacuo and in this
      manner 2-adamantyl-p-methoxyphenylketone was obtained as a pure product,
      all manipulations prior to mixing the reaction product with ice being
      carried out in a nitrogen atmosphere.
PAR  b. 2-adamantylidene di(p.methoxyphenyl)methane
PAR  To a solution according to Grignard prepared from 2.3 g of magnesium and
      18.7 g of bromoanisol in 55 ml of absolute ether, a solution of 27 g of
      2-adamantyl-p.methoxy-phenylketone in 70 ml of absolute ether was added
      dropwise. The solution started boiling. After everything had been added,
      the solution was refluxed for 1 hour. The mixture was then poured on a
      saturated solution of NH.sub.4 Cl cooled to 0.degree.C. The organic layer
      was separated, washed once with a saturated solution of NH.sub.4 Cl and
      twice with water. Then it was dried over Na.sub.2 SO.sub.4 and the solvent
      was evaporated. The resulting crude 2-adamantylidene di(p.methoxy-phenyl)
      methane was purified as described in 1c.
PAC  EXAMPLE 6
PAR  a. Adamantylidene di-(p.benzyloxyphenyl) methane
PAR  A grignard solution was prepared in 50 ml of ether from 10.5 g of
      1-bromophenyl benzyl ether and 1 g of Mg. 4.2 g of 2-adamantylcarboxylic
      ethyl ester prepared as described in 1b, were added to the solution and
      according to the method in 1c adamantylidene di(p.benzyloxyphenyl) methane
      was obtained.
PAR  b. Adamantylidene di-(p.hydroxyphenyl) methane
PAR  The crude adamantylidene di-(p.benzyloxyphenyl)methane mentioned in 6a was
      dissolved in 100 ml of ethyl acetate. 300 mgs of Pd/C (10% were added;
      hydrogenation was carried out in the conventional manner. After 820 ml of
      H.sub.2 had been taken up, the catalyst was filtered off and the solvent
      evaporated. The crude adamantylidene di-(p.hydroxyphenyl) methane was
      purified as described in example 2.
PAR  While we have described our invention in connection with specific
      embodiments and applications, other modifications thereof will be readily
      apparent to those skilled in this art without departing from the spirit
      and scope of the invention as defined in the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An adamantylidene compound of the formula
      ##SPC8##
PAL  wherein R is a member selected from the group consisting of hydroxy, alkoxy
      of 1 to 3 carbon atoms inclusive, alkanoyloxy of up to 20 carbon atoms and
      benzoyloxy.
NUM  2.
PAR  2. A compound which is represented by the formula:
      ##SPC9##
PAL  wherein R.sub.1 and R.sub.2 are identically hydrogen or alkyl of 1 through
      3 carbon atoms.
NUM  3.
PAR  3. A compound of claim 1 wherein R is methoxy and the compound is
      di-(p.methoxyphenyl) adamantylidene-methane.
NUM  4.
PAR  4. The compound of claim 1 wherein R is hydroxy and the compound is
      di-(p.hydroxyphenyl) adamantylidene-methane.
NUM  5.
PAR  5. A compound of claim 1 wherein R is acetyloxy and the compound is
      di(p.acetyloxyphenyl) adamantylidene-methane.
NUM  6.
PAR  6. 2[bis(p-hydroxyphenyl) methylene] adamantane.
NUM  7.
PAR  7. 2[bis(p-methoxyphenyl) methylene] adamantane.
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ABST
PAL  A novel class of monomeric emulsion stabilizers consists of certain types
      of ethylenically-unsaturated radicals covalently linked to a quaternary
      nitrogen atom which in turn is covalently linked to a lipophilic radical.
      Such monomers will polymerize with other ethylenically-unsaturated
      radicals forming self-stabilized, surfactant-free polymeric dispersions.
PARN
PAR  This is a division of copending application Ser. No. 272,282, filed July
      17, 1972, now abandoned, which in turn is a division of our application
      Ser. No. 867,899, filed Oct. 20, 1969, now U.S. Pat. No. 3,780,092.
BSUM
PAR  This invention relates to stabilizing agents for emulsion polymerization.
      More particularly it relates to a class of quaternized organic salts which
      serve simultaneously as stabilizing agents for emulsion polymerizations
      and as monomeric reactants in the polymerization, so that the salts become
      an integral part of the polymer, which is thereby self-stabilized without
      the use of surfactants.
PAR  Polymeric latices, derived from ethylenically-unsaturated monomers, are
      widely used for a variety of applications, such as adhesive masses and
      binders for nonwoven fabrics. Most conventional polymeric latices are
      produced by an emulsion polymerization process, in which monomeric
      materials are polymerized while they are dispersed in an aqueous medium by
      means of a surface active agent. The surface active agent may be anionic
      in nature, such as soap or sodium lauryl sulfate. Alternatively, it may be
      of nonionic type as represented by various ethylene oxide derivatives, or
      by polyhydroxy compounds, or it may be cationic, as represented by alkyl
      ammonium halides. Cationic agents are preferably combined with a nonionic
      agent for improved performance. The polymerization of monomeric materials
      is also frequently effected in the presence of water-soluble protective
      colloids or stabilizing agents. Any of the above emulsifying or
      stabilizing agents leads to the presence of a water-sensitive ingredient
      in the final polymeric latex. For latex utilizations wherein wet strength
      and resistance to the influence of water are desirable, as in most paper
      coatings nonwoven fabrics, certain pressure-sensitive adhesive tapes, and
      the like, the presence of a water-sensitive ingredient in the polymeric
      mass is undesirable.
PAR  A preferred method of avoiding the presence of water-sensitive elements in
      a polymeric latex is to employ what is termed herein monomeric emulsion
      stabilizers -- that is, a class of organic monomer which co-polymerize
      with the ethylenically-unsaturated monomers, becoming a part of the final
      polymer, but which stabilize the polymerization process against the
      formation of coagulum and against subsequent phase separation. Such
      monomeric emulsion stabilizers may be cationically-charged nitrogen
      compounds as set forth in my U.S. Pat. No. 3,399,159 wherein the use of
      monomers such as vinyl pyridines, acid-amines, and certain
      nitrogencontaining acrylic derivatives is described.
PAR  Also, in my copending application Ser. No. 769,355, filed Oct. 21, 1968,
      there is described a process for preparing monomeric emulsion stabilizers
      containing a quaternized nitrogen atom ionically linked to an acidic
      group, such as a sulfate, sulfite, sulfonate, or phosphate, which acid
      group is covalently bonded to a lipophilic group of 8 to 24 carbon atoms.
PAR  It is an object of the present invention to prepare a new and useful class
      of monomeric emulsion stabilizers containing a quaternized nitrogen atom
      covalently linked to an ethylenically unsaturated radical and to a
      lipophilic group, and ionically linked to an anionic group.
PAR  It is a further object of the invention to prepare a new and useful species
      of self-stabilized, surfactant-free polymeric emulsion suitable for use as
      coatings, binding agents for nonwoven fabrics, adhesives, and the like.
      Other objects of the invention will be apparent from the following
      specification and claims.
PAR  It has now been found that the polymerization of ethylenically unsaturated
      monomers may be advantageously carried out if a major portion of such a
      monomer or mixture of monomers is copolymerized with a minor proportion of
      a quaternized monomer of the general formula:
      ##EQU1##
      where V is an ethylenically-unsaturated radical selected from the
      following three classes:
PA1  a. acid ester groups or acid amido groups derived from the dicarboxylic
      unsaturated acids maleic, fumaric, citraconic, or itaconic, such as
      HO--CO--CH=CH--COO--, HO--CO--CH=CH--CONH--,
      HO--CO--CH=C(CH.sub.3)--COO--, HO--CO--CH=C(CH.sub.3)--CONH--,
      ##EQU2##
      b. acrylic ester or acrylamido groups represented by the formulas CH.sub.2
      =CR.sub.4 --COO-- and CH.sub.2 =CR.sub.4 --CONH--, where R.sub.4 is H or
      CH.sub.3 ;
PA1  c. allyl, CH.sub.2 =CH--CH.sub.2 --; methallyl, CH.sub.2
      =C(CH.sub.3)--CH.sub.2 --; vinyloxy, CH.sub.2 =CH--O--; allyloxy, CH.sub.2
      =CH--CH.sub.2 --O--; methallyloxy, CH.sub.2 =C(CH.sub.3)--CH.sub.2 --O--;
      vinyl acetoxy, CH.sub.2 =CH--O--CO--CH.sub.2 --; allyl acetoxy; CH.sub.2
      =CH--CH.sub.2 --O--CO--CH.sub.2 --; and methallyl acetoxy, CH.sub.2
      =C(CH.sub.3)--CH.sub.2 --O--CO--CH.sub.2 --.
PAL  In the formula given above, the A moiety of the monomeric emulsion
      stabilizer is zero when V is allyl, methallyl, vinyl acetoxy, allyl
      acetoxy, or methallyl acetoxy. Otherwise, A is a divalent radical selected
      from the classes consisting of
PA1  a. ethylene, --CH.sub.2 --CH.sub.2 --; propylene, --CH.sub.2 --CH.sub.2
      --CH.sub.2 --; hydroxypropylene, --CH.sub.2 --CHOH--CH.sub.2 --;
      acetoxypropylene,
      ##EQU3##
      and isopropylene, --CH.sub.2 --CH(CH.sub.3)--, ethylene, propylene,
      isopropylene, and hydroxypropylene being preferred;
PA1  b. --O--CH.sub.2 --CHR.sub.4 (O--CH.sub.2 --CHR.sub.4).sub.n -- where n
      equals zero to four and R.sub.4 again is H or CH.sub.3.
PAR  The quaternary nitrogen group -N.sup.+.R.sub.1.R.sub.2.R.sub.3 contains a
      lipophilic radical R.sub.3. By the term lipophilic radical in the claims
      and specification herein is meant a radical containing an aliphatic
      hydrocarbon chain having from about 7 to 28 carbon atoms, with a chain of
      9 to 18 carbon atoms preferred. This hydrocarbon group may be covalently
      linked to the nitrogen either directly or through one of the following
      intermediate linkages; a benzyl group; an ester group such as --CH.sub.2
      --CH.sub.2 --O--CO--R.sub.3 ; a polyalkylene oxide group such as
      --O--CH.sub.2 --CHR.sub.4 --(O--CH.sub.2 --CHR.sub.4)n--OR.sub.3 where
      R.sub.4 is H or CH.sub.3 and n is 0 to 4; an alkyl acetoxy or alkyl
      acetamido group such as --CH.sub.2 --CO--OR.sub.3 and --CH.sub.2
      --CO--NHR.sub.3 ; alkyl alkylene ethers such as --CH.sub.2 --O--R.sub.3 ;
      and alkyl amides such as --CH.sub.2 -- CH(CH.sub.3)--NH--CO--R.sub.3. The
      lipophilic radical R.sub.3 may be linear or branched, saturated or
      unsaturated.
PAR  In the preferred embodiments of the invention, R.sub.1 is an alkyl or
      benzyl group of from 1 to 7 carbon atoms, and R.sub.2 is either an alkyl
      or benzyl group of from 1 to 7 carbon atoms or a group selected from the
      class consisting of R.sub.5 --O--CO--CH.sub.2 -- and R.sub.5
      --NH--CO--CH.sub.2 -- where R.sub.5 is H or an alkyl group of from 1 to 4
      carbon atoms. Cases where R.sub.1 and R.sub.2 are lower alkyl groups,
      especially methyl groups, are preferred.
PAR  R.sub.1 and R.sub.2 may also be valence bonds of a cyclic amine of the
      piperidine or morpholine type,
      ##SPC1##
PAL  In the monomeric emulsion stabilizers of this invention, the X which is
      ionically linked to the quaternary nitrogen is an acid radical selected
      from the class consisting of F.sup.-, CI.sup.-, Br.sup.-, I.sup.-,
      CH.sub.3 SO.sub.4 .sup.-, C.sub.2 H.sub.5 SO.sub.4 .sup.-, and
      ##SPC2##
PAL  with CI.sup.-, Br.sup.-, or CH.sub.3 SO.sub.4 preferred.
PAR  Typical reaction procedures for producing the monomeric emulsion
      stabilizers of this invention include the reaction of an appropriate
      ethylenically-unsaturated alkylene halide with a tertiary amine containing
      a lipophilic group or with an appropriate ring compound in which nitrogen
      is a ring member; or the reaction of a halogenated compound containing
      active halogen with an ethylenically-unsaturated compound containing a
      tertiary amine.
PAR  Representative preparations are the reactions between allyl chloride and
      dimethyl dodecyl amine or dimethyl hexadecyl amine; between allyl bromide
      and N-cocomorpholine, in which the nitrogen atom in the morpholine ring is
      covalently bonded to a mixture of saturated alkyl groups averaging 12
      carbon atoms; between dimethyl allyl amine and dodecyl chloroacetate; and
      between maleic anhydride and the reaction product of dimethylamino ethanol
      and lauryl bromide. Specific illustrations of these and other reactions
      will be given below in the following examples, together with illustrations
      of their use as monomeric emulsion stabilizers.
PAC  EXAMPLE 1.
PAC  Preparation and Use of Allyl Dodecyl Dimethyl Ammonium Chloride.
PAR  23 grams of dimethyl dodecyl amine were dissolved in 31 grams of H.sub.2 O
      and 9 grams of allyl chloride were added. After 6 hours stirring at
      25.degree.C some precipitation had occurred. 50 grams more H.sub.2 O were
      added and stirring was continued for 16 hours, resulting in a slightly
      cloudy homogenous solution.
PAR  18 grams of this solution were dissolved in 290 grams of H.sub.2 O, and 100
      grams of ethyl acrylate were emulsified therein by gradual addition with
      stirring. The pH of the emulsion was about 6.0. It was cooled to
      17.degree.C and 0.3 grams of 3% H.sub.2 O.sub.2 in H.sub.2 O were added,
      followed by the dropwise addition of a reductant solution (0.02 grams of
      ferrous ammonium sulfate and 0.5 grams of ascorbic acid in 10 grams of
      H.sub.2 O). A nitrogen atmosphere was maintained throughout the
      polymerization in all examples, polymerization being initiated in the
      present instance after 1.8 grams of reductant solution had been added. The
      exotherm was 33.degree.C in about two minutes. Addition of 2 grams more
      reductant and 2 grams more of 3% H.sub.2 O.sub.2 after the reaction had
      cooled gave a 5.degree.C exotherm. The yield of polymer formed was over
      90% of theoretical, and no coagulum was formed.
PAR  Essentially similar results were obtained when the ethyl acrylate was
      replaced by a mixture of 10 parts of ethyl acrylate and 74 parts of
      2-ethylhexyl acrylate. The above precedure was also repeated using
      dimethyl hexadecyl amine in place of dimethyl dodecyl amine, and using a
      mixture of 20 grams of vinyl acetate and 80 grams of 2-ethylhexyl acrylate
      as the principal monomer.
PAC  EXAMPLE 2.
PAC  Preparation and Use of Vinyloxyethyl Dimethyl Tridecyloxycarbonylmethyl
      Ammonium Chloride
PAR  28.8 grams of dimethylaminoethyl vinyl ether were dissolved in 98 grams of
      acrylonitrile. After cooling the solution to 15.degree.C, 69.3 grams of
      tridecylchloroacetate were added with stirring. Stirring was continued for
      72 hours at 25.degree.C. Analysis showed 100% conversion to the
      quaternized ammonium chloride.
PAR  6 grams of the above solution were dissolved in 280 grams of H.sub.2 O, to
      which was added with stirring a mixture of 80 grams of ethyl acrylate, 10
      grams of butyl acrylate, and 7 grams of acrylonitrile. The pH of the
      resulting emulsion was between 5.0 and 5.5. The emulsion was cooled to
      17.degree.C, after which polymerization was initiated and maintained using
      H.sub.2 O.sub.2 and reductant as in Example 1. There was no coagulum
      formed in the resulting polymeric emulsion, and the yield was 92% of
      theoretical.
PAC  EXAMPLE 3.
PAC  Preparation and Use of Methacryloyloxyethyl Dimethyl
      Dodecyloxycarbonylmethyl Ammonium Chloride.
PAR  15.9 grams of dimethylaminoethyl methacrylate and 26.6 grams of dodecyl
      chloroacetate were stirred together in 45 grams of ethyl acetate at room
      temperature. After a short period of stirring, the white crystalline solid
      quaternary ammonium compound was formed, and was isolated.
PAR  3.0 grams of the above quaternary compound were dissolved in 350 grams of
      H.sub.2 O, to which a mixture of 10 grams of ethyl acrylate and 73.6 grams
      of 2-ethylhexyl acrylate were added with stirring. The pH of the resulting
      emulsion was 6.0. It was cooled to 18.degree.C, and polymerization was
      initiated and maintained as in the above examples. The polymer yield was
      about 90%.
PAR  If the proper equivalents of dimethylaminoethyl methacrylate and
      tridecylchloroacetate are used to form the quaternized compound, the
      resulting methacryloyloxyethyl dimethyl tridecyloxycarbonylmethyl ammonium
      chloride acts as a monomeric emulsion stabilizer similar to its dodecyl
      homolog.
PAC  EXAMPLE 4.
PAC  Preparation and Use of Allyloxycarbonylmethyl Dimethyl Hexadecyl Ammonium
      Chloride.
PAR  13.5 grams of allyl chloroacetate were added with stirring to 26.9 grams of
      dimethyl hexadecyl amine in 40 grams of dimethyl formamide. Two layers
      were initially formed, but with continued stirring for 16 hours at
      25.degree.C, a clear, light yellow homogeneous solution was obtained.
      After 6 days standing, the solvent was removed under vacuum at
      40.degree.C. The resultant solid was washed with ethyl ether and dried.
      The product was somewhat greasy, and analysis showed 97% of the
      theoretical chloride content present.
PAR  Using the same general procedures as in the above examples, a mixture of 55
      grams of vinyl acetate and 45 grams of butyl acrylate were emulsified
      using 3% of the weight of the above monomeric emulsifying agent, based on
      the weight of vinyl acetate and butyl acrylate, dissolved in 280 grams of
      H.sub.2 O. Polymerization was initiated and maintained as above by the use
      of H.sub.2 O.sub.2 and reductant. The yield of polymer was 83%.
PAC  EXAMPLE 5.
PAC  Preparation and Use of Allyl Dodecylmorpholinium Bromide.
PAR  91.3 grams of N-cocomorpholine and 45 grams of allyl bromide were stirred
      in 306 grams of H.sub.2 O at 25.degree.C for 24 hours. The clear,
      colorless solution contained 96% of the theoretical yield of quaternized
      ammonium salt.
PAR  5 grams of the above 30% aqueous solution were dissolved in 1,000 grams of
      H.sub.2 O, and a mixture of 160 grams of ethyl acrylate, 20 grams of
      acrylonitrile, and 20 grams of butyl acrylate were added with stirring.
      The resultant emulsion was polymerized by the use of 0.3 grams of t-butyl
      peroxy maleic acid and 4.1 grams of the ferrous ammonium sulfate-ascorbic
      acid reductant solution. The yield of polymer was 96% of theoretical.
PAC  EXAMPLE 6.
PAC  Preparation and Use of 3-(4-Hydroxymaleoyl)-aminopropyl Dimethyl
      Tridecyloxycarbonylmethyl Ammonium Chloride
PAR  This quaternary compound was prepared in two stages. 20.4 grams of
      dimethylamino propylamine were mixed with 55.4 grams of tridecyl
      chloroacetate in 75.8 grams of acrylonitrile. After 72 hours at
      25.degree.C, 90% of the theoretical chloride content was found in the form
      of the quaternized salt. The solution was cooled and 19.6 grams of crushed
      maleic anhydride were added, cooling being employed to keep the exothermic
      reaction below 22.degree.C. 100% of the theoretical chloride ion was found
      by analysis.
PAR  6 grams of the above solution were dissolved in 280 grams of H.sub.2 O, and
      a mixture of 80 grams of ethyl acrylate, 10 grams of butyl acrylate, and 7
      grams of acrylonitrile were added with stirring. The resulting emulsion,
      pH 4.0 to 4.5, was cooled, and polymerization was initiated and maintained
      by the H.sub.2 O.sub.2 -reductant system described in Example 1. Less than
      1% of coagulum was formed, and the yield of polymer was 92%.
PAC  EXAMPLE 7.
PAC  Preparation and Use of 2-(4-Hydroxymaleoyloxy)ethyl Dimethyl
      p-Dodecylbenzyl Ammonium Chloride
PAR  The preparation of this quaternary compound, like that of Example 6, was a
      two-stage reaction. 29.5 grams of p-dodecylbenzyl chloride and 8.9 grams
      of dimethylamino ethanol were mixed in 38.4 grams of acrylontrile. After
      24 hours at 25.degree.C, 9.8 grams of crushed maleic anhydride were added
      to the clear solution. After 13 days' standing, the separated crystalline
      compound was washed with ethyl acetate and dried.
PAR  2.25 grams of the quaternary salt were dissolved in 290 grams of H.sub.2 O
      and 75 grams of ethyl acrylate were added with stirring. The resultant
      emulsion was polymerized with the H.sub.2 O.sub.2 -reductant system used
      in previous examples. The yield of polymer was 96% of theoretical.
PAR  When lauryl bromide was used in the initial quaternization reaction in
      place of p-dodecylbenzyl chloride, followed by reaction with maleic
      anhydride, 2-(4-hydroxymaleoyloxy)ethyl dimethyl dodecyl ammonium bromide
      was produced. Its behavior as a monomeric emulsion stabilizer in the
      polymerization of ethyl acrylate was essentially similar to the behavior
      of 2-(4-hydroxymaleoyloxy)ethyl dimethyl p-dodecylbenzyl ammonium
      chloride.
PAC  EXAMPLE 8.
PAC  Preparation and Use of Methacryloyloxyethyl Dimethyl Hexadecyl Ammonium
      Bromide.
PAR  19.3 grams of 2-bromethyl methacrylate and 27.8 grams of dimethyl
      hexadecylamine were mixed at 25.degree.C in 47.1 grams of acrylonitrile.
      After 6 days, 92% of the theoretical bromide was found in the form of the
      quaternized salt.
PAR  3 grams of the above solution diluted to 33% in acrylonitrile were added to
      280 grams of H.sub.2 O. A mixture of 80 grams of ethyl acrylate, 10 grams
      of butyl acrylate, and 8 grams of acrylonitrile were added with stirring.
      Polymerization of the resultant emulsion was initiated and maintained by
      the H.sub.2 O.sub.2 -reductant system described in Example 1. The yield of
      polymer was 96%.
PAC  EXAMPLE 9.
PAC  Preparation and Use of Allyl Dimethyl Tridecyloxycarbonylmethyl Ammonium
      Chloride.
PAR  8.5 grams of dimethyl allylamine and 27.7 grams of tridecyl chloroacetate
      were mixed together in 36 grams of dimethyl formamide at 25.degree.C.
      After 15 days' standing, petroleum ether was added to precipitate and
      isolate the crystalline product. Analysis showed that 85% of the
      theoretical chloride content was in the form of the quaternized salt.
PAR  5 grams of the quaternized compound were dissolved in 290 grams of H.sub.2
      O, and 100 grams of ethyl acrylate were added with stirring. The resulting
      emulsion was polymerized by the customary H.sub.2 O.sub.2 -reductant
      system. The yield of usable polymer was over 90%.
PAR  When 26.3 grams of dodecyl chloroacetate were substituted for the 27.7
      grams of the tridecyl chloroacetate, the dodecyl homolog of the
      above-described monomeric emulsion stabilizer was prepared. Its function
      and behavior are the same as that of the tridecyl compound.
PAC  EXAMPLE 10.
PAC  Preparation and Use of Vinyloxyethyl Dimethyl p-Dodecylbenzyl Ammonium
      Chloride.
PAR  11.5 grams of dimethylaminoethyl vinyl ether and 29.5 grams of
      p-dodecylbenzyl chloride were stirred together in 41 grams of
      acrylonitrile at 25.degree.C for 24 hours. The chloride by analysis was
      found to be completely quaternized.
PAR  2.5 grams of the above solution were dissolved in 700 grams of H.sub.2 O. A
      mixture of 200 grams of ethyl acrylate, 25 grams of butyl acrylate, and 24
      grams of acrylonitrile were added with stirring. The resultant emulsion
      was polymerized using a total of 35 grams of 3% H.sub.2 O.sub.2 and 11
      grams of the reductant solution of Example 1. No coagulum was formed, and
      the polymer yield was 91% of theoretical.
PAC  EXAMPLE 11.
PAC  Preparation and Use of 3-Methacryloyloxy 2-Hydroxypropyl Dimethyl Octadecyl
      Methyl Ammonium Sulfate.
PAR  Equimolar quantities of N-methyl-N-octadecyl amine and glycidyl
      methacrylate were reacted together in methanol to form
      methacryloyloxyhydroxypropyl methyl octadecyl amine. 14.3 grams of the
      resultant amine were dissolved in 20 grams of dimethyl formamide and 4.2
      grams of dimethyl sulfate were added slowly with stirring. After 10 days'
      standing at 25.degree.C, 9 grams of crystalline material was isolated,
      washed with ether, and dried. The sulfate band in the crystalline product
      was identified in the I.R. spectrum.
PAL  2.25 grams of the above stabilizer were dissolved in 290 grams of H.sub.2
      O. 75 grams of ethyl acrylate were added with stirring. Polymerization was
      initiated and maintained by the usual H.sub.2 O.sub.2 -reductant system.
      Less than 1 gram of coagulum formed, and the polymer yield was 96% of
      theoretical.
PAC  EXAMPLE 12.
PAC  Preparation and Use of Allyl Hexadecyl Dimethyl Ammonium Fluoride.
PAR  Allyl hexadecyl dimethyl ammonium chloride was prepared by reacting allyl
      chloride and dimethyl hexadecyl amine as set forth in Example 1. 17.8
      grams of the chloride in 23.5% aqueous solution were treated with a
      stoichiometric excess of AgF in aqueous solution until analysis of the
      filtrate showed only a trace of chloride ion present. Excess silver ion
      was removed by the careful addition of NaCl, AgCl being removed by
      filtration.
PAR  64 grams of ethyl acrylate, 8 grams of butyl acrylate, and 8 grams of
      acrylonitrile were emulsified by gradual addition with stirring to 2.4
      grams (3% by weight) of the allyl hexadecyl dimethyl ammonium fluoride in
      120 grams of H.sub.2 O. The pH of the emulsion was about 6.0. It was
      cooled to 20.degree.C and 10 grams of 3% aqueous H.sub.2 O.sub.2 were
      added, followed by the dropwise addition of the reductant solution of
      Example 1 until polymerization was initiated after 5 grams of reductant
      had been added. The exotherm was 10.degree.C in 13 minutes. A total of 14
      grams of reductant and 13 grams of aqueous H.sub.2 O.sub.2 were used to
      complete the polymerization. No coagulum was formed and the polymer yield
      was 95%.
PAC  EXAMPLE 13.
PAC  Preparation of Allyl Hexadecyl Dimethyl Ammonium Iodide.
PAR  16.8 grams of allyl iodide were dissolved in 44.6 grams of ethyl acetate
      and 27.8 grams of dimethyl hexadecyl amine were added slowly with stirring
      at room temperature. Within 15 minutes after the addition of the amine was
      complete, the viscosity of the solution increased and crystallization
      occurred. After 24 hours the crystals were filtered, washed with ethyl
      acetate, and dried. The colorless crystalline product contained 88% of the
      theoretical amount of iodide ion.
PAR  The proportion by weight of monomeric emulsion stabilizer used to stabilize
      the polymerization of other ethylenically-unsaturated monomers will depend
      on the nature of the latter. In general, 0.1% to 10% of stabilizer is
      used, with a preferred range of 1% to 5%. In the case where ethyl acrylate
      is the major monomer, 0.5% of emulsion stabilizer will generally result in
      a satisfactory polymerization. In the case of 2-ethylhexyl acrylate, the
      amount of stabilizer is increased to from 3% to 5%.
PAR  Ethylenically-unsaturated monomers suitable for copolymerizing with the
      monomeric emulsion stabilizers of this invention comprise vinyl acetate,
      vinyl chloride, acrylonitrile, and acrylic monomers in general represented
      by the general formula
      ##EQU4##
PAR  where R.sub.6 is a hydrogen atom or a methyl group, and R.sub.7 is a
      saturated alkyl radical of 1 to 14 carbon atoms. As is known in the art of
      preparing acrylic ester polymers, the softness of the polymer and the
      difficulty of initiating polymerization increase as the number of carbon
      atoms in the ester group increases. In the practice of this invention,
      when the acrylic monomer contains more than 8 carbon atoms in the ester
      group, it is advantageous to mix therewith at least about 20% of an
      acrylic ester with fewer than 4 carbon atoms in the ester group to
      initiate polymerization and enhance the stability of the dispersion.
      Therefore, esters in which the ester group contains from 1 to 4 carbon
      atoms are preferred.
PAR  Mixtures of more than one such ethylenically-unsaturated monomer may be
      used, and in order to impart special properties of toughness, rigidity, or
      cross-linking reactivity to the polymer, a minor proportion, usually less
      than 20 mole percent, of the major monomer may be replaced by some other
      ethylenically-unsaturated monomer such as vinyl esters, typified by vinyl
      laurate and vinyl stearate; vinyl ethers such as vinyl methyl ether, vinyl
      ethyl ether, and vinyl butyl ether; di-unsaturated monomers such as
      diethylene glycol diacrylate, ethylene glycol diitaconate, diallyl
      phthalate, divinyl benzene and the like; acrylic and methacrylic acids,
      acrylamide and methacrylamide, hydroxyethyl acrylate and methacrylate, and
      hydroxypropyl acrylate and methacrylate, and styrene.
PAR  Although the above examples using the stabilizers of this invention relate
      to batch processing, their use is equally well adapted to continuous
      polymerization processes.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. Compounds corresponding to the formula
      ##EQU5##
      wherein V is selected from the class consisting of vinyl acetoxy,
      (CH.sub.2 =CH--O--CO--CH.sub.2 --), allyl acetoxy, (CH.sub.2 =CH--CH.sub.2
      --O--CO--CH.sub.2 --), and methallyl acetoxy (CH.sub.2
      =C(CH.sub.3)--CH.sub.2 --O--CO--CH.sub.2 --) groups;
PAL  R.sub.1 and R.sub.2 are selected from the class consisting of benzyl groups
      and alkyl groups of from 1 to 7 carbon atoms; R.sub.3 is a lipophilic
      saturated aliphatic hydrocarbon group of from 7 to 28 carbon atoms; and X
      is a radical selected from the class consisting of F.sup.-, CI.sup.-,
      Br.sup.-, I.sup.-, and
      ##SPC3##
NUM  2.
PAR  2. The compound according to claim 1 wherein R.sub.1 and R.sub.2 are methyl
      groups.
NUM  3.
PAR  3. The compound according to claim 1 wherein the compound is
      allyloxycarbonylmethyl dimethyl hexadecyl ammonium chloride,
      ##EQU6##
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PAL  Novel diarylmethylenyl cyclohexane carbinols and esters thereof and methods
      of preparing these novel compounds are described. The novel compounds are
      useful as antilittering agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new class of chemical compounds having utility
      as antilittering agents. The novel compounds are diarylmethylenyl
      cyclohexane carbinols and esters thereof and are typified by compounds
      having the following molecular structure:
      ##SPC1##
PAL  Wherein R.sub.1 is hydrogen or --COR wherein R is lower alkyl of from 1 to
      5 carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl and the
      like; R.sub.2 is hydrogen, a lower alkyl group of from 1-5 carbon atoms or
      a lower alkynyl group of from 2-5 carbon atoms such as ethynyl, propynyl,
      butynyl and the like; R.sub.3 and R.sub.4 are hydrogen, a lower alkyl
      group of from 1-5 carbon atoms, a lower alkoxy group of from 1-5 carbon
      atoms such as methoxy, ethoxy, propoxy, isopropoxy, butoxy and the like or
      a lower alkanoyloxy group of from 2-5 carbon atoms such as acetoxy,
      propionyloxy and the like. Preferred among the compounds represented above
      are those wherein R is lower alkyl and R.sub.3 and R.sub.4 are each
      hydrogen, although those compounds wherein R.sub.3 and R.sub.4 are lower
      alkoxy and lower alkanoyloxy also show good activity. The most preferred
      compound of the present invention is
      1-(diphenylmethylenyl)-2-methyl-3-ethyl-4-acetoxycyclohexane.
PAR  The novel diarylmethylenyl cyclohexane carbinol esters and derivatives of
      the present invention can be prepared by reacting an appropriately
      substituted, protected cyclohexanone with a Grignard reagent carrying the
      desired aryl moiety of the final compound. Suitable protecting groups for
      the cyclohexanone include ketals such as the cyclic ethylene ketal and
      thioketals such as the cyclic ethylene thioketal. The resulting
      condensation product is then dehydrated, preferably in a strong acid
      catalyzing system, to effect formation of the methylene bridge. Suitable
      acid catalysts include p-toluenesulfonic acid, hydrochloric acid, sulfuric
      acid and the like. The acid-catalyzed reaction has no stereochemical
      affect on the alkyl groups. The ketone protecting group is then removed
      and the cyclohexanone compound which forms is a useful intermediate which
      also possesses some antilittering activity. The preferred reagent for
      regenerating the ketone from the protecting group is a mixture of mercuric
      chloride and cadmium carbonate. The cyclohexanone intermediate is then
      reduced to the hydroxy compound with an appropriate reducing agent such as
      a complex metal hydride. Suitable complex metal hydrides are lithium
      aluminum hydride, sodium borohydride and the like. The final step is an
      esterification process whereby the hydroxy group is converted to the
      appropriate ester function using standard esterification techniques.
PAR  The thioketals which are used as the starting materials in the preparation
      of the novel diarylmethylene cyclohexane carbinol esters are themselves
      novel compounds as are all of the compounds obtained during each step of
      the reaction sequence. The starting materials may be prepared in
      accordance with the procedures set forth in the Examples hereinafter
      presented.
PAR  It will be appreciated by those skilled in the art that stereochemical
      considerations may be encountered in the reaction sequence. It is an
      advantage of the present process, however, that the stereochemical
      relations of the groups are retained in the Grignard reactions and in the
      neutral process of regenerating the ketones from the thioketals. The
      compounds prepared by the above-described process have cis-methyl and
      cis-ethyl configurations relative to the ester moiety.
PAR  Alternatively the thioketal hydroxy compound may be first converted to an
      hydroxy cyclohexanone derivative as described above, followed by
      dehydration with strong acid. When this method is employed, however, some
      epimerization of the 3-ethyl group takes place.
PAR  As stated previously, the compounds of the present invention exhibit
      antilittering activity. In addition, the intermediates used in preparation
      of the novel diarylmethylenyl cyclohexane derivatives also exhibit
      antilittering activity in varying degrees.
PAR  The novel diarylmethylenyl cyclohexane derivatives of this invention differ
      in this regard from the closest prior art of which applicant is aware,
      namely U.S. Patent No. 3,287,397, dated November 22, 1966. In the
      above-noted patent, compounds having a bis-(alkoxyphenyl, benzyloxyphenyl
      and hydroxyphenyl) methylenyl cyclohexane moiety are disclosed together
      with some analogs thereof, wherein the cyclohexane moiety is alkyl
      substituted. This prior art, however, does not disclose compounds having
      the activity of the instant compounds nor does it disclose compounds
      wherein the cyclohexane moiety carries either the free carbinol or an
      esterified carbinol at the position para to the methylene bridge.
PAR  In the examples which appear hereinbelow, antilittering actitity is
      determined as follows:
PAR  A test group of rats is fed a calculated amount of a test substance in the
      feed for a period of 7 days during which time males and females are kept
      separate with both sexes receiving the test substance. Thereafter, the
      males and females are cohabited and the diet fed is continued for 15 days.
      At the end of this time, the cohabitation is ended and the drug removed
      from the diet. The females are then observed for a period of 21 days and
      are allowed to deliver their young, if any, and to raise them. A control
      group of rats is handled in precisely the same way at the same time except
      that their diet does not include the test substance.
PAR  As mentioned above, the compounds of the invention also exhibit post-coital
      antilittering effects when administered on days 9 through 12 after coitus
      in one single, oral dose per day. The effect is measured by determining
      the percent resorption of conceptuses at a particular dosage level. The
      novel compounds have been found to be effective when administered at
      dosage levels of from at least 0.5 mg/kg to about 25 mg/kg.
DETD
PAR  The following examples are given to illustrate specific and preferred
      embodiments of the present invention:
PAC  EXAMPLE 1
PAC  1-Diphenyl 2-methyl-3-ethyl-4-acetoxycyclohexane
PAR  To a stirred suspension of 1.0 g. of lithium aluminum hydride in 30 ml. of
      tetrahydrofuran is added, portionwise, a total of 2.0 g. of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-ketocyclohexane. The resulting
      mixture is stirred at 25.degree. C. for 40 minutes, after which it is
      poured into a cold stirred mixture of 10 ml. of 20% aqueous sodium
      hydroxide, 10 ml. of saturated brine and 100 ml. of ethyl ether. The
      hydrolysis mixture is stirred at 25.degree. C. for 40 minutes, filtered to
      remove inorganic solids and the filtrate layers are separated. The ether
      phase is washed with water, dried over magnesium sulfate and upon
      evaporation 2.0 g. of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-hydroxycyclohexane are obtained as
      a viscous oil. The crude carbinol is dissolved in a mixture of 25 ml. of
      pyridine and 3 ml. of acetic anhydride and the resulting solution is
      maintained at 90.degree. C. for 5 hours. The solution is then cooled to
      15.degree. C., diluted with 100 ml. of water and extracted with 30 ml. of
      hexane. The hexane solution is successively washed with cold dilute
      hydrochloric acid, water and sodium bicarbonate, dried over magnesium
      sulfate and evaporated to an oily residue. The residue is chromatographed
      on neutral alumina, and the column is eluted with a 10% ether-90% hexane
      solution. The eluates are combined and evaporated to yield 1.6 g. of
      crystalline material. Upon two recrystallizations from aqueous methanol
      0.85 g. of the 2,3-cis-3,4-cis isomer of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-acetoxycyclohexane, are obtained
      as fine white prisms, m.p. 91.degree.-92.degree. C.
PA1  .lambda..lambda. max: 3.28, 3.31, 5.75, 7.28, 8.08, 9.20-9.30, 14.30.mu.
      (CCl.sub.4)
PAC  EXAMPLE 2
PAC  1-[di-(p-Anisyl)methylenyl]-2-methyl-3-ethyl-4-acetoxycyclohexane
PAR  A solution of 1.5 g. of lithium aluminum hydride in 40 ml. of
      tetrahydrofuran is stirred at 0.degree. C. and to it is added a solution
      of 2.8 g. of
      1-[di-(p-anisyl)methylenyl]-2-methyl-3-ethyl-4-ketocyclohexane in 20 ml.
      of tetrahydrofuran over a period of 5 minutes. The reaction mixture is
      stirred at 25.degree. C. for 90 minutes after which it is cooled in ice.
      The excess lithium aluminum hydride is destroyed by the cautious addition
      of 5 ml. of 10% aqueous sodium hydroxide, followed by 10 ml. of saturated
      aqueous sodium sulfate. After the evolution of hydrogen has ceased, the
      mixture is filtered, and the filter cake is washed thoroughly with ether.
      The ether phase of the filtrate is separated, dried over magnesium
      sulfate, filtered and evaporated to yield
      1-[di-(p-anisyl)methylenyl]-2-methyl-3-ethyl-4-hydroxycyclohexane as a
      viscous yellow oil.
PAR  The crude carbinol is acetylated by dissolving it in a mixture of 12 ml. of
      pyridine and 3 ml. of acetic anhydride and heating the resultant solution
      at 95.degree.-100.degree. for 5 hours. The excess acetic anhydride is
      hydrolyzed at the addition of water and the acetate is extracted with
      ether. The ether solution was washed with dilute hydrochloric acid, water,
      and sodium bicarbonate solution, dried with magnesium sulfate and
      evaporated to a viscous yellow oil. The oil is purified by distillation
      under high vacuum to afford 2.6 g. of the 2,3-cis-3,4-cis isomer of
      1-[di-(p-anisyl)methylenyl]-2-methyl-3-ethyl-4-acetoxycyclohexane as a
      yellow glass which distills at 175.degree.-185.degree. at 0.001 mm. The
      resonances of the 2-methyl and the 4-acetoxy groups in the nuclear
      magnetic resonance spectrum indicate that the product essentially consists
      of one isomer.
PA1  .lambda..lambda. max: 5.78, 8.08, 8.51, 9.68, 10.50, 11.83, 12.08,
      13.29.mu., (neat).
PAC  EXAMPLE 3
PAC  1-Diphenylmethylenyl-2-methyl-3-ethyl-4-hydroxycyclohexane Hexanoate
PAR  A. A solution of 22.5 g. of ethyl
      2-methyl-3-ethyl-4-ketocyclohexanecarboxylate (all-cis form, m.p.
      28.degree.-32.degree.) in 450 ml. of methanol is stirred and maintained at
      a temperature of 5.degree.-7.degree. C. while a total of 11.0 g. of sodium
      borohydride is added over a period of 40 minutes. The reaction mixture is
      stirred at 5.degree. C. for an additional one hour after which a total of
      40 ml. of acetic acid is added cautiously to neutralize the base. The
      methanol solution if evaporated under vacuum to a pasty residue which is
      shaken with ether and water. The ether phase is washed with aqueous sodium
      bicarbonate and is dried and evaporated to yield a colorless oil. Upon
      distillation of the oil, 21.5 g. of ethyl
      2-methyl-3-ethyl-4-hydroxycyclohexanecarboxylate is obtained as a mobile
      oil having a boiling point of 88.degree.-91.degree. at 0.001 mm.
PAR  The nuclear magnetic resonance spectrum of the oil shows that the
      hydroxyester is a mixture of 80% 1,2-cis-2,3-cis-3,4-cis isomer and 20%
      1,2-cis-2,3-cis-3,4-trans isomer.
PAR  B. A solution of 7.6 g. of ethyl
      2-methyl-3-ethyl-4-hydroxycyclohexanecarboxylate (prepared as in A above)
      in 70 ml. of tetrahydrofuran is stirred at 0.degree.-10.degree. C. while
      64 ml. of 2.3 molar solution of phenyl lithium is added. The reaction
      mixture is allowed to stand at 25.degree. C. for 16 hours after which it
      is poured with stirring into an ice and water mixture which has been
      layered with 120 ml. of ether. The aqueous phase is separated, reextracted
      with ether, after which the combined ether solution is washed with water,
      dried over magnesium sulfate and evaporated to a tacky crystalline
      residue. The residue is recrystallized from a methylene chloride-carbon
      tetrachloride mixture to afford 10.35 g. of fine white prisms which melt
      at 170.degree.-176.degree.. The nuclear magnetic resonance spectrum shows
      that the product is diphenyl-(2-methyl-3-ethyl-4-hydroxycyclohexanyl-1)
      carbinol, which is mostly the 1,2-cis-2,3-cis-3,4-cis isomer, containing a
      few percent of the 1,2-cis-2,3-cis-3,4-trans isomer.
PAR  C. To a stirred suspension of 3.0 g. of
      diphenyl-(2-methyl-3-ethyl-4-hydroxycyclohexanyl-1) carbinol (prepared as
      in B above) in 50 ml. acetic acid is added 0.4 g. of p-tolunesulfonic acid
      monohydrate. The resulting clear solution is maintained at 25.degree. for
      one hour after which it is poured into a mixture of ice and excess 10%
      ammonium hydroxide, layer with ether. After shaking and separation of the
      layers, the ether phase is dried over magnesium sulfate and evaporated to
      afford 2.8 g. of a viscous colorless oil. The nuclear magnetic resonance
      spectrum shows the oil to be the 2,3-cis-3,4-cis isomer, containing a few
      percent of the 2,3-cis-3,4-trans isomer.
PAR  D. A solution of 2.8 g. of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-hydroxycyclohexane (prepared as in
      C, above) in a mixture of 7 ml. of pyridine and 5 ml. of hexanoic
      anhydride is heated at 95.degree.-100.degree. C. for five hours. To this
      solution is added 1 ml. of water and 3 ml. of pyridine, and the mixture is
      stirred at 25.degree. C. for 4 hours to hydrolyze excess hexanoic
      anhydride. The mixture is then diluted with hexane and the hexane phase is
      washed twice with dilute hydrochloric acid and three times with dilute
      ammonium hydroxide after which it is dried and evaporated to yield an oily
      residue. The residue is then distilled to afford 3.36 g. of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-hydroxycyclohexane hexanoate, a
      viscous pale yellow oil which boils at 150.degree.-160.degree. C. at 0.001
      mm.
PA1  .lambda..lambda. max: 5.80, 8.03, 8.51, 9.12, 9.31, 9.70, 10.42, 13.12,
      13.32, 14.28.mu. (neat).
PAC  EXAMPLE 4
PAC  1-Diphenylmethylenyl-2-methyl-3-ethyl-4-acetoxycyclohexane
      (2,3-cis-3,4-trans isomer)
PAR  To a stirred suspension of 8.0 g. of lithium aluminum hydride in 240 ml. of
      tetrahydrofuran is added, portionwise, a total of 16.0 g. of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-ketocyclohexane. The resulting
      mixture is stirred at 25.degree. C. for 40 minutes, after which it is
      poured into a cold, stirred mixture of 80 ml. of 20% aqueous sodium
      hydroxide, 80 ml. of saturated brine, and 800 ml. of ethyl ether. The
      hydrolysis mixture is stirred at 25.degree. C. for 40 minutes, filtered to
      remove inorganic solids and the filtrate layers are separated. The ether
      phase is washed with water, dried over magnesium sulfate, and upon
      evaporation 16.0 g. of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-hydroxycyclohexane are obtained as
      a viscous oil. The crude carbinol is dissolved in a mixture of 200 ml. of
      pyridine and 24 ml. of acetic anhydride and the resulting solution is
      maintained at 90.degree. C. for 5 hours. The solution is then cooled to
      15.degree. C., diluted with 800 ml. of water and extacted with 240 ml. of
      hexane. The hexane solution is successively washed with cold dilute
      hydrochloric acid, water and sodium bicarbonate, after which it is dried
      over magnesium sulfate and evaporated to an oily residue. The residue is
      chromatographed on neutral alumina and the column is eluted with a 10%
      ether-90% hexane solution. The eluates are combined and evaporated to
      yield 12.8 g. of crystalline material. Upon two recrystallizations from
      aqueous methanol, 6.8 g. of the 2,3-cis-3,4-cis isomer of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-acetoxycyclohexane are obtained as
      fine white prisms, m.p. 91.degree.-92.degree.. The mother liquors are
      combined and evaporated to a viscous oil which crystallizes from methanol.
      Five small successive crops are taken as the volume of methanolic mother
      liquor is diminished by evaporation. The first two crops are mostly the
      2,3-cis-3,4-cis isomer and melt in the range of 86.degree.-94.degree. C.
      The last three crops, which total 0.65 g., are mostly the 3,4-trans isomer
      and melt in the range of 112.degree.-135.degree. C. The higher-melting
      portions are combined and are recrystallized twice from methanol to afford
      0.30 g. of the 2,3-cis-3,4-trans isomer of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-acetoxycyclohexane as white, dense
      granules, m.p. 140.degree.-142.degree. C.
PA1  .lambda..lambda. max: 5.76, 8.04, 9.60, 9.70, 10.29, 14.28.mu.(CCl.sub.4)
PAR  The 3,4-trans isomer is readily distinguished from the cis isomer by NMR
      spectroscopy. The doublet of the 2-methyl group of the 3,4-trans isomer
      has a chemical shift value (.delta., in CDCl.sub.3) smaller than that of
      the 3,4-cis isomer.
PAC  EXAMPLE 5
PAC  1-Diphenylmethylenyl-2-methyl-3-ethyl-4-methyl-4-acetoxycyclohexane
PAR  A mixture of 1.8 g. of
      1-diphenylmethylenyl-2-methyl-3-ethyl-41hydroxy-4-methylcyclohexane and 15
      ml. of acetic anhydride is refluxed for 10 hours and then it is evaporated
      under high vacuum to a viscous oil of the crude acetate. The oil is
      chromatographed on silicic acid, eluting with benzene, to separate the
      acetate from unacetylated carbinol. The portions containing the acetate
      are combined and upon recrystallization from a small amount of methanol
      1.1 g. of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-methyl-4-acetoxycyclohexane are
      obtained as fine white granules, m.p. 88.degree.-89.degree.C.
PA1  .lambda..lambda.max: 5.79, 8.05, 8.39, 8.54, 8.90, 9.78, 11.32, 13.09,
      14.25.mu. (KBr).
PAC  EXAMPLE 6
PAC  1-Diphenylmethylenyl-2-methyl-3-ethyl-4-acetoxy-4-ethynylcyclohexane
PAR  A solution of 1.3 g. of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-hydroxy-4-ethynylcyclohexane in 30
      ml. of tetrahydrofuran is stirred at 5.degree. C. and to it is added 1.7
      ml. of a 2.3 molar ethereal solution of methyl lithium, followed by 0.38
      ml. of acetic anhydride After 10 minutes, water is added to the reaction
      mixture and the ether phase separated, dried and evaporated to a viscous
      oil. Upon crystallization from hexane, 1.1 g. of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-acetoxy-4-ethynylcyclohexane are
      obtained as fine white prisms, m.p. 126.degree.-127.degree. C.
PA1  .lambda..lambda.max: 3.07, 5.78, 8.12, 9.34, 9.81, 10.51, 11.12, 12.92,
      13.09, 13.21, 14.26.mu. (KBr).
PAC  EXAMPLE 7
PAC  1-Diphenylmethylenyl-2-methyl-3-ethyl-4-hydroxy-4-methylcyclohexane
      2,3-cis-3,4(OH)-cis
PAR  A solution of 4.0 g. of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-ketocyclohexane in 80 ml. of
      tetrahydrofuran is stirred at -20.degree.C. while 23 ml. of a 2.3 molar
      ethereal solution of methyl lithium is added. The reaction mixture is
      allowed to stand at 25.degree. C. for 18 hours and then it is again cooled
      to -20.degree. and stirred while 100 ml. of ether, followed by 40 ml. of
      water, is added. After separation of layers, the organic phase is washed
      with water, dried with magnesium sulfate, and evaporated to a viscous pale
      yellow oil. The latter is dissolved in hexane and the solution is chilled
      to afford, in three crops, a total of 2.4 g. of large cream granules. The
      entire 2.4 g. is dissolved in 50 ml. of hexane, with stirring, at
      25.degree. C. and the solution is filtered to remove a small amount of
      insoluble matter. The filtrate is reduced to a volume of 8 ml., seeded,
      and stored at 0.degree. C. to afford 1.6 g. of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-hydroxy-4-methylcyclohexane, large
      white granules which melt at 70.degree.-71.degree.C.
PAR  The nuclear magnetic resonance spectrum indicates that the product is
      essentially a single isomer, the 2,3-cis-3,4(OH)-cis.
PA1  .lambda..lambda.max: 2.80, 8.40, 9.22, 9.31, 10.98, 11.08, 11.37, 12.64,
      13.03, 13.16, 14.32.mu. (KBr).
PAC  EXAMPLE 8
PAC  1-[di-(p-Acetoxyphenyl)methylenyl]-2-methyl-3-ethyl-4-acetoxycyclohexane
PAR  A. A solution of 4.5 g. of
      1-[di-(p-acetoxyphenyl)methylenyl]-2-methyl-3-ethyl-4-ketocyclohexane in
      90 ml. of tetrahydrofuran is stirred and maintained at
      10.degree.-20.degree.C. while a total of 9.0 g. of lithium aluminum
      hydride is added over a period of 20 minutes. The resulting mixture is
      refluxed with stirring for one hour and then chilled in ice and water. A
      5% aqueous hydrochloric acid solution is added to the cold mixture until
      an acidic pH is attained. The mixture is extracted with two 100 ml.
      portions of ether and the combined ether extracts are dried over anhydrous
      magnesium sulfate. Upon evaporation of the ether, 4.0 g. of
      1-[di(p-hydroxyphenyl)methylenyl]-2-methyl-3-ethyl-4-hydroxycyclohexane
      are obtained as a glassy residue.
PA1  .lambda..lambda.max: 2.9- 3.2, 6.22, 6.65, 6.97, 7.9-8.2, 9.10, 9.50,
      12.00.mu. (neat:melted glass).
PAR  B. The
      1-[di-(p-hydroxyphenyl)methylenyl]-2-methyl-3-ethyl-4-hydroxycyclohexane
      (4.0 g.), prepared as described in A above, is acetylated by heating it in
      25 ml. of pyridine and 15 ml. of acetic anhydride at
      95.degree.-100.degree. C. for 3 hours. The resulting solution is poured
      onto 600 g. of a mixture of ice and water, layered with 150 ml. of ether
      and this mixture is stirred for 30 minutes to hydrolyze the excess acetic
      anhydride. After separation of the layers, the ethereal phase is
      successively washed with 6N hydrochloric acid, water, 10% aqueous sodium
      bicarbonate, and again with water. The ether solution is then dried and
      upon evaporation an oily residue is obtained which crystallizes from a
      mixture of ether and hexane as white granules. A second recrystallization
      from ether-hexane yields 2.1 g. of
      1-[di-(p-acetoxyphenyl)methylenyl]-2-methyl-3-ethyl-4-acetoxycyclohexane,
      m.p. 139.degree.-143.degree. C.
PA1  .lambda..lambda.max: 3.30, 5.70, 5.78, 6.26, 6.67, 7.31, 8.05, 8.20, 8.28,
      8.40, 8.60, 9.80, 11.00, 11.70.mu. (KBr).
PAC  EXAMPLE 9
PAC  1-Diphenylmethylenyl-2-methyl-3-ethyl-4-hydroxy-4-ethynylcyclohexane:
      2,3-cis-3,4(OH)-cis
PAR  To 200 ml. of dioxane, previously saturated with acetylene gas, is added
      9.0 g. of 1-diphenylmethylenyl-2-methyl-3-ethyl-4-ketocyclohexane and 36
      g. of lithium acetylide-ethylenediamine complex. Acetylene is bubbled
      through this mixture for one hour, and then it it stirred at 25.degree. C.
      for 20 hours. After it has been chilled in ice, the reaction mixture is
      diluted with 300 ml. of ether and cautiously treated with 200 ml. of a 10%
      aqueous ammonium chloride solution. After separation of the layers, the
      ether phase is dried with magnesium sulfate and evaporated to a viscous
      brown oil. The oil is then chromatographed on neutral alumina and elution
      with ether and ether plus 10% ethyl acetate affords 6.0 g. of a viscous
      oil. The infrared spectrum shows the oil to be a mixture of unreacted
      starting ketone and the desired ethynyl carbinol. This mixture is boiled
      under reflux for 40 minutes in a mixture of 100 ml. of methanol, 3.0 g. of
      semicarbazide hydrochloride and 3.0 g. of sodium acetate. Most of the
      methanol is removed under vacuum and the residue is shaken with ether and
      water. The ether phase is dried and evaporated, and the oily residue is
      chromatographed on neutral alumina. Elution with ethyl ether containing
      20% ethyl acetate affords 3.5 g. of a crystalline product. The infrared
      spectrum shows the crystalline material to be ethynylcarbinol free of
      ketone and semicarbazone. Recrystallization from ether-hexane affords a
      total of 2.2 g. of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4-hydroxy-4-ethynylcyclohexane as
      white prisms, m.p. at 121.degree.-122.degree. C.
PAR  The nuclear magnetic resonance spectrum indicates that this product is a
      singleisomer, the 2,3-cis-3,4(OH)-cis compound.
PA1  .lambda..lambda.max: 2.79, 3.04, 8.89, 9.31, 9.50, 9.68, 10.50, 10.89,
      13.10, 14.20, 14.74, 15.23.mu. (KBr).
PAC  PREPARATION OF INTERMEDIATES
PAC  I
PAC  1-Diphenylmethylenyl-2-methyl-3-ethyl-4-ketocyclohexane
PAR  A mixture of 2.0 g. of
      1-diphenylmethylenyl-2-methyl-3-ethyl-4,4-ethylenedithiocyclohexane, 3 g.
      of cadmium carbonate, 3 g. of mercuric chloride, 10 ml. of water and 200
      ml. of acetone is stirred at 25.degree.C. for 24 hours. An additional 2 g.
      each cadmium carbonate and mercuric chloride is added and the resultant
      mixture is stirred for another 24 hours. Then 2 g. each of the above
      reagents is again added and stirring is continued for a final 24 hours.
      After filtration, the acetone solution is evaporated to dryness and the
      residue is leached with 100 ml. of methylene chloride and filtered. The
      methylene chloride solution is shaken with 150 ml. of 5% ammonium
      hydroxide and filtered on a wide funnel to remove inorganic solids. The
      solvent is evaporated to a white solid and the solid is recrystallized
      from methanol to afford 1.4 g. of
      1-diphenylethylenyl-2-methyl-3-ethyl-4-ketocyclohexane as white granules,
      m.p. 105.degree.-106.degree.C.
PA1  .lambda..lambda.max: 5.84, 6.70, 6.92, 8.25, 9.13, 10.49, 11.71, 12.92,
      13.13, 14.12-14.20.mu.(KBr).
PAC  II
PAC  1-Diphenylmethylenyl-2-methyl-3-ethyl-4,4-ethylenedithiocyclohexane
PAR  A. To a solution of 10 g. of 2-methyl-3-ethyl-4-ketocyclohexanecarboxylic
      acid (all-cis isomer, m.p. 100.degree.-103.degree.) in 10 ml. of
      1,2-ethanedithiol is added 10 ml. of a 1.4 N. ethereal solution of
      hydrogen chloride. The resulting mixture is held at
      25.degree.-30.degree.C. for 3 hours after which it is diluted with 50 ml.
      of nitromethane, chilled at 0.degree.C. for one hour and filtrated to
      isolate 4.75 g. of 2-methyl-3-ethyl-4,
      4-ethylenedithiocyclohexanecarboxylic acid as white prisms, m.p.
      168.degree.-173.degree.C. A sample melting at 176.degree.-177.degree. is
      obtained upon recrystallization from methanol.
PAR  B. To a solution of 5 g. of the acid, prepared as in A above, in 100 ml. of
      methanol is added 25 ml. of 10% methanolic sodium hydroxide and 200 ml. of
      dimethylformamide. The resulting solution is evaporated to a volume of
      about 150 ml. and the suspension of the sodium salt is cooled at
      10.degree.C., treated with 6 ml. of dimethyl sulfate and then held at
      25.degree.C. for 11/2 hours. The reaction mixture is then evaporated to a
      small pasty residue which is shaken with ether and water. The ether phase
      is separated, washed several times with aqueous potassium carbonate,
      dried, and evaporated. The residue is crystallized from hexane to afford
      4.9 g. of methyl 2-methyl-3-ethyl-4,4-ethylenedithiocyclohexanecarboxylate
      as white granules, m.p. 66.degree.-67.degree.C.
PAR  C. To a stirred solution of 1.0 g. of the thioketal ester, prepared as in B
      above, in 25 ml. of tetrahydrofuran is added 5 ml. of a 3 M. solution of
      phenylmagnesium bromide in ether. The reaction mixture is stirred at
      50.degree.C. for 11/2 hours after which it is cooled, diluted with 50 ml.
      of ether and hydrolyzed with aqueous ammonium chloride. The ether phase is
      dried and avaporated and the solid residue obtained is recrystallized from
      nitromethane to afford 1.2 g. of the tertiary carbinol,
      diphenyl-(2-methyl-3-ethyl-4,4-ethylenedithiocyclohexanyl-1)carbinol as
      pale yellow prisms, m.p. 174.degree.-175.degree.C.
PAR  D. A mixture of 1.6 g. of the diphenylcarbinol, obtained as in C above, 0.5
      g. of p-toluenesulfonic acid, and 25 ml. of acetic acid is stirred at
      70.degree.C. for 5 minutes to effect solution and the solution is kept at
      25.degree.C. for 20 minutes. The yellow solution is then diluted with 150
      ml. of water and extracted with a mixture of ether and hexane. The organic
      phase is extracted with water and with aqueous potassium carbonate and
      then dried and evaporated to a viscous residue which is crystallized from
      hexane to afford 1.3 g. of
      1-diphenylmetehylenyl-2-3-ethyl-4,4-ethylenedithiocyclohexane as white
      granules, m.p. 120.degree.-121.degree.C.
PA1  .lambda..lambda.max: 9.30, 11.12, 12.92, 13.31, 13.49, 14.21.mu.(KBr).
PAC  III
PAC  1-[di-(p-Anisyl)methylenyl]-2-methyl-3ethyl-4,4-ethylenedithiocyclohexane
PAR  A. To a stirred suspension of 5.0 g. of magnesium turnings in 200 ml. of
      ether is added, with stirring under gentle reflux, a solution of 13.5 g.
      of p-bromoanisole in 50 ml. of tetrahydrofuran, over a period of 20
      minutes. The resulting solution of p-anisylmagnesium bromide is refluxed
      for an additional period of 45 minutes after which it is chilled to
      -45.degree.C. To the cold solution is added with stirring a solution of
      4.0 g. of methyl
      2-methyl-3-ethyl-4,4-ethylenediethiocyclohexanecarboxylate in 20 ml. of
      tetrahydrofuran. The reaction mixture is warmed to room temperature and
      then refluxed for 2 hours. After cooling to -15.degree.C., the mixture is
      hydrolyzed by the addition of 100 ml. of a half-saturated aqueous solution
      of ammonium acetate. The magnesium is filtered off and the ether phase of
      the filtrate is separated and washed with a 5% aqueous sodium hydroxide
      solution and with water. The ether solution is dried over magnesium
      sulfate and then evaporated to an oily residue. The residue is
      crystallized from ether to afford 1.0 g. of
      [di-(p-anisyl)-2-methyl-3-ethyl-4,4-ethylenedithiocyclohexanyl-1]carbinol
      as white granules, m.p. 174.degree.-178.degree.C.
PA1  .lambda..lambda.max: 2.8-2.9, 6.19, 6.60, 7.99, 8.45, 9.62, 11.10, 11.38,
      11.88, 12.06, 12.18 .mu.(KBr).
PAR  B.
      [di-(p-Anisyl)-2-methyl-3-ethyl-4,4-ethylenedithiocyclohexanyl-1]carbinol
     (1.0 g.) is dissolved in 25 ml. of acetic acid at 70.degree.C. The solution
      is then cooled at 25.degree.C. and 120 mg. of p-toluenesulfonic acid
      monohydrate is added. The resulting solution is then maintained at
      25.degree.C. for one hour. After dilution with 100 ml. of water, the
      acetic acid solution is extracted with a mixture of ether and hexane. The
      organic phase is washed well with aqueous sodium hydroxide, dried over
      magnesium sulfate and evaporated to a viscous oily residue. The residue is
      crystallized from an ether plus hexane mixture to afford 0.7 g. of
      1-[di-(p-anisyl)methylenyl]-2-methyl-3-ethyl-4,4-ethylenedithiocyclohexane
      as white granules, m.p. 106.degree.-107.degree.C.
PA1  .lambda..lambda.max: 3.35, 3.40, 3.50, 6.19, 6.32, 6.60, 8.00, 9.62, 10.92,
      11.72, 11.98, 12.08, 12.28.mu. (KBr).
PAC  IV
PAC  1-[di-(p-Acetoxyphenyl)methylenyl]-2-methyl-3-ethyl-4-ketocyclohexane
PAR  A solution of 4.3 g. of
      1-[di-(p-acetoxyphenyl)-methylenyl]-2-methyl-3-ethyl-4,4-ethylenedithiocyc
     lohexane in 300 ml. of acetone is stirred and to it is added 15 ml. of
      water, followed by 8 g. of mercuric chloride and 8 g. of cadmium
      carbonate. This mixture is stirred at 25.degree.C. for 24 hours and then
      filtered. The filtrate is evaporated to a pasty wet residue. The residue
      is treated with 200 ml. of ether and 100 ml. of a saturated aqueous
      potassium bicarbonate solution and the resulting mixture is shaken
      vigorously for several minutes. The brown precipitate which forms is
      filtered off and the ether phase of the filtrate is separated and washed
      with 10% ammonium hydroxide. The ether solution is filtered again and then
      washed with water, dried and evaporated to a viscous oil. Upon
      crystallization from etherhexane 2.7 g. of
      1-[di-(p-acetoxyphenyl)-methylenyl]-2-methyl-3-ethyl-4-ketocyclohexane are
      obtained as dense cream granules, m.p. 142.degree.-143.degree.C.
PA1  .lambda..lambda.max: 5.70, 5.86, 8.23, 8.38, 8.59, 10.99, 11.85, 12.80,
      14.92.mu.(KBr).
PAC  V
PAC  1-]di-(p-anisyl) -2-methyl-3-ethyl-4-ketocyclohexane
PAR  A mixture of 3.0 g. of
      1-[di-(p-anisyl)methylenyl]-2-methyl-3-ethyl-4,4-ethylenedithiocyclohexane
     , 5.0 g. of cadmium carbonate, 3.0 g. of mercuric chloride, 15 ml. of
      water, and 250 ml. of acetone is stirred for 3 hours at 25.degree.C. An
      additional 5.0 g. of cadmium carbonate and 5.0 g. of mercuric chloride are
      added and the resultant mixture is stirred for 20 hours. The mixture is
      then filtered and the acetone filtrate is evaporated to dryness. The solid
      residue is leached with 200 ml. of methylene dichloride and the insoluble
      material is filtered off. The filtrate is washed with 100 ml. of 5%
      aqueous ammonia and filtered a second time. The methylene chloride
      filtrate is evaporated to dryness and the residue is recrystallized twice
      from an ether-hexane mixture to afford 1.3 g. of
      1-[di-(p-anisyl)methylenyl]-2-methyl-3-ethyl-4-ketocyclohexane as white
      granules, m.p. 106.degree.-107.degree.C.
PA1  .lambda..lambda.max: 3.35, 5.86, 6.20, 6.35, 6.60, 8.00, 9.62, 12.08,
      12.30.mu.(KBr).
PAC  VI
PAC  1-[di-(p-Tolyl)methylenyl]-2-methyl-3-ethyl-4-ketocyclohexane
PAR  A. The Grignard reagent is prepared in the conventional manner from 26.8 g.
      of p-bromotoluene and 4.0 g. of magnesium in 125 ml. of ether. The thus
      prepared Grignard reagent is then stirred at -30.degree.C. and to it is
      added 10 g. of methyl
      2-methyl-3-ethyl-4,4-ethylenedithiocyclohexanecarboxylate (prepared as
      described above) dissolved in 50 ml. of tetrahydrofuran. The reaction
      mixture is refluxed for 4 hours and then subjected to conventional
      hydrolytic workup to afford a glassy ether residue of reaction products.
      Digestion of the latter with 100 ml. of hexane affords 11.1 g. of
      di-(p-tolyl)-2-methyl-3-ethyl-4,4-ethylenedithiocyclohexanyl-1 carbinol as
      fine white granules.
PA1  .lambda..lambda.max: 2.88, 8.65, 9.08, 9.81, 12.10, 12.38, 12.80,
      13.32.mu.(KBr).
PAR  B. A mixture of 11.0 g. of the carbinol obtained in A (above), 1.0 g. of
      p-toluenesulfonic acid and 300 ml. of acetic acid is stirred at
      25.degree.C. for one hour and then diluted with 1200 ml. of water and
      extracted with hexane. The hexane phase is washed with aqueous potassium
      carbonate, dried, and evaporated to a viscous oil. The oil is then
      redissolved in 30 ml. of hexane. On storage at 0.degree.C., the hexane
      solution deposits 7.0 g. of
      1-[di-(p-tolyl)-methylenyl]-2-methyl-3-ethyl-4,4-ethylenedithiocyclohexane
      as fine white prisms, m.p. 107.degree.-109.degree.C.
PA1  .lambda..lambda.max: 8.43, 0.91, 9.33, 9.79, 11.01, 12.09, 12.22, 12.33,
      12.78, 13.49, 13.78.mu.(KBr).
PAR  C. The 4-keto group is regenerated from the unsaturated thioketal obtained
      in B (above) as described in preparation I above using 7.0 g. of the
      thioketal and appropriately larger quantities of mercuric chloride,
      cadmium carbonate, acetone and water. After conventional work-up, the
      methylene chloride solution of the reaction products is further washed
      with a 5% aqueous solution of ammonium sulfide before final drying,
      filtration and evaporation to a viscous oil. The oil is crystallized from
      ether plus hexane to afford 3.6 g. of
      1-[di-(p-tolyl)-methylenyl]-2-methyl-3-ethyl-4-ketocyclohexane as fine
      white prisms, m.p. 102.degree.-103.degree.C.
PA1  .lambda..lambda.max: 5.90, 8.23, 8.48, 8164, 9.02, 9.11, 9.79, 10.60,
      12.28, 12.70, 13.63, 13.92, 14.80.mu.(KBr).
PAC  VII
PAC  1-[di-(p-Acetoxyphenyl)-methylenyl]-2-methyl-3-ethyl-4,4-ethylenedithiocycl
     ohexane
PAR  A. The Grignard reagent is prepared in the conventional manner from 50 g.
      of p-bromophenol tetrahydropyranyl ether and 8.0 g. of magnesium turnings
      in a mixture of 150 ml. of ethyl ether and 40 ml. of tetrahydrofuran. The
      thus prepared Grignard reagent is then stirred at -30.degree.C. and to it
      is added a solution of 12 g. of methyl
      2-methyl-3-ethyl-4,4-ethylenedithiocyclohexanecarboxylate in 30 ml. of
      tetrahydrofuran. The reaction mixture is allowed to stand at 25.degree.C.
      for 18 hours after which it is diluted with 200 ml. of ether and stirred
      at -20.degree. while 50 ml. of a 30% aqueous solution of ammonium acetate
      is added over 15 minutes. A voluminous white precipitate forms and is
      collected by filtration. The filter cake is washed with ether and water,
      care being taken to leave the heavier particles of unreacted magnesium in
      the reaction flask. The filtrate layers are separated and the ether
      solution is concentrated under vacuum to a pasty residue. The residue is
      treated with 150 ml. of ether, chilled at 0.degree. C. and filtered to
      obtain an additional 5 g. of crystalline product. The major portion, after
      drying in air, weighs 22 g. A total of 27 g. of
      [di-(p-tetrahydropyranloxyphenyl)-2-methyl-3-ethyl-4,4-ethylenedithiocyclo
     hexanyl-1)] carbinol is obtained. A small portion, upon recrystallization
      from acetone, is obtained as white microprisms, m.p.
      214.degree.-222.degree.C., with decomposition.
PA1  .lambda..lambda.max: 2.88, 8.08, 8.50, 9.00, 9.62, 9.78, 10.33, 10.85,
      11.90.mu.(KBr).
PAR  B. A mixture of 10.0 g. of the carbinol obtained in A (above), 1.0 g. of
      p-toluenesulfonic acid and 250 ml. of acetic acid is stirred vigorously at
      25.degree.C. for 35 minutes after which 5 ml. of water is added; the
      stirring is continued for an additional 20 minutes. The acetic acid
      solution is diluted with 150 ml. of ether and 100 ml. of hexane and then
      with one liter of water. After vigorous shaking, the aqueous phase is
      drawn off and the ether phase is washed with 500 ml. of water and then,
      cautiously, with excess aqueous potassium bicarbonate to remove all of the
      acetic acid. After drying with magnesium sulfate, the ether solution is
      evaporated under vacuum to an amorphous glassy froth which is dissolved in
      100 ml. of warm chloroform. Upon prolonged storage at 0.degree.C., the
      chloroform solution slowly deposits 6.0 g. of pale yellow microprisms
      which melt at 103.degree.-106.degree.C. The product is the dehydrated
      phenolic compound, 1-[di-(p-hydroxyphenyl)-methylene]-2
      -methyl-3-ethyl-4,4-ethylenedithiocyclohexane.
PA1  .lambda..lambda.max: 3.02, 8.02, 8.21, 8.52, 9.08, 12.01, 13.29.mu.(KBr).
PAR  C. A solution of 5.4 g. of the phenolic thioketal, as obtained in B (above)
      in 50 ml. of pyridine and 15 ml. of acetic anhydride is allowed to stand
      at 25.degree. for 2 hours after which the excess acetic anhydride is
      hydrolyzed by the gradual addition of ice chips. The temperature is kept
      below 35.degree. during the addition of the ice chips. The acetylation
      mixture is then diluted with 200 ml. of ether and the ether solution is
      washed, successively, with 150 ml. of water, two 100 ml. portions of 5%
      hydrochloric acid, and two 60 ml. portions of 10% potassium carbonate. The
      ether phase is dried with magnesium sulfate and evaporated to a viscous
      oil. Upon crystallization from an ether-hexane mixture, 5.1 g. of
      1-[di-(p-acetoxyphenyl)methylenyl]-2-methyl-3-ethyl-4,4
      -ethylenedithocyclohexane is obtained as white granules, m.p.
      154.degree.-156.degree.C.
PA1  .lambda..lambda.max: 5.69, 8.3-8.4, 8.59, 9.81, 11.02, 11.75,
      15.02.mu.(KBr).
PAC  VIII
PAC  2-Methyl-3-ethyl-4-ketocyclohexanecarboxylic acid: all-cis isomer
PAR  Crude 2-methyl-3-ethyl-4-ketocyclohexanecarboxylic acid, as described in J.
      Am. Chem. Soc., 78, 6163-6166 (1956), is a viscous oil which is a mixture
      of isomers. The pure crystalline isomer is prepared as follows:
PAR  A. A mixture of 30 g. of ethyl
      2-methyl-3-ethyl-4-ketocyclohexanecarboxylate (all-cis isomer, m.p.
      28.degree.-32.degree.), 36 g. of 85% potassium hydroxide, 200 ml. of
      methanol and 200 ml. of water is stirred and very rapidly heated to the
      boiling point. After 3 minutes of boiling under reflux, the saponification
      mixture is cooled, diluted with one liter of water and partially
      evaporated at 25.degree.-30.degree. to remove most of the methanol. A
      small amount of insoluble oil is extracted with ether and discarded. The
      clear aqueous solution is acidfied with hydrochloric acid and then
      extracted three times with methylene dichloride. The combined methylene
      dichloride solution is dried with anhydrous magnesium sulfate and
      evaporated to remove solvent as completely as possible. The glassy
      carboxylic acid is dissolved in a small amount of ether, diluted with
      hexane, and treated with a few drops of water. The crystalline acid which
      slowly forms is filtered off and the filtrate is reduced in volume and
      reworked to produce another crop. A total of 11.8 g. of acid is thus
      obtained and recrystallization from ether-hexane affords 7.8 g. of
      2-methyl-3-ethyl-4-ketocyclohexanecarboxylic acid, m.p.
      100.degree.-103.degree.. This all-cis isomer is obtained in its purest
      form by an additional recrystallization, m.p. 105.degree.-106.degree..
PAR  B. The crude 2-methyl-3-ethyl-4-ketocyclohexanecarboxylic acid described in
      J. Am. Chem. Soc., 78, 6163-6166 (1956) is prepared by saponification of
      the corresponding crude ethyl ester. Both compounds are complex mixtures
      of numerous isomers. Low-temperature recrystallization to isolate the
      all-cis ester is described elsewhere in this application. The all-cis acid
      may also be isolated by crystallization as described below.
PAR  A 140 g. portion of oily mixed acids is dissolved in 150 ml. of ether plus
      350 ml. of hexane. This solution is stirred at 0.degree.C. for 20 hours
      after which the solid acid is filtered off. This weighs 43 g. and melts at
      79.degree.-87.degree.. The acid is recrystallized as described above from
      100 ml. of ether plus 300 ml. of hexane to afford 35 g., m.p.
      90.degree.-95.degree.. Another recrystallization from ether-hexane finally
      yields 27 g., m.p. 98.degree.-102.degree.. This is a relatively high
      quantity sample of the all-cis form of
      2-methyl-3-ethyl-4-ketocyclohexanecarboxylic acid and is suitable for such
      applications as conversion to the 4,4-ethylenedithio derivative, as
      described above.
PAC  IX
PAC  Ethyl 2-methyl-3-ethyl-4-ketocyclohexanecarboxylate: all-cis isomer
PAR  Crude ethyl 2-methyl-3-ethyl-4-ketocyclohexane-carboxylate (a mixture of
      isomers) is prepared as described in J. Am Chem. Soc., 78, 6163-6166
      (1956). Fifty grams of this ester mixture is dissolved in 350 ml. of
      pentane plus 20 ml. of ether and the resultant solution is stirred
      vigorously and cooled slowly to -70.degree.C. The solid which crystallizes
      at this low temperature is rapidly filtered off with suction onto a
      pre-cooled funnel and the filter cake is washed with 35 ml. of pentane
      (pre-cooled to 0.degree.C.). The once-crystallized ester melts above
      20.degree.; while still cold the ester is dissolved in 100 ml. of pentane
      plus 15 ml. of ether and the solution is again stirred and cooled to
      -70.degree.C. The crystalline solid is filtered off and washed with cold
      pentane as described above. For final crystallization, the cold solid
      ester is dissolved in 100 ml. of pentane plus 8 ml. of ether and the
      stirring. cooling to -70.degree., and filtering are again performed as
      described above.
PAR  These three low-temperature crystallizations afford 13.4 g. of ethyl
      2-methyl-3-ethyl-4-ketocyclohexanecarboxylate as long white prisms, m.p.
      28.degree.-32.degree.C. The all-cis configuration is assigned to this
      isomer on the basis of nuclear magnetic resonance on the ester itself and
      on products derived therefrom, as described above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC2##
PAL  wherein R.sub.1 is hydrogen or --COR wherein R is lower alkyl of from 1-5
      carbon atoms, R.sub.2 is hydrogen, lower alkyl of from 1-5 carbon atoms or
      lower alkynyl of from 2-5 carbon atoms, R.sub.3 and R.sub.4 are the same
      or different hydrogen, lower alkyl of from 1-5 carbon atoms, lower alkoxy
      of from 1-5 carbon atoms or a lower alkanoyloxy group of from 2-5 carbon
      atoms.
NUM  2.
PAR  2. The compound of claim 1, wherein R.sub.1 is hydrogen, R.sub.2 is lower
      alkyl and R.sub.3 and R.sub.4 are hydrogen.
NUM  3.
PAR  3. The compound of claim 1 wherein R.sub.1 is --COR, R is lower alkyl and
      R.sub.2, R.sub.3 and R.sub.4 are hydrogen.
NUM  4.
PAR  4. The compound of claim 1 wherein R.sub.1 is --COR, R is methyl, and
      R.sub.2, R.sub.3 and R.sub.4 are hydrogen.
NUM  5.
PAR  5. The compound of claim 1 wherein R.sub.1 is --COR, R is methyl, R.sub.3
      and R.sub.4 are methoxy, and R.sub.2 is hydrogen.
NUM  6.
PAR  6. The compound of claim 1 wherein R.sub.1 is --COR, R is pentyl, R.sub.2,
      R.sub.3 and R.sub.4 are hydrogen.
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ABST
PAL  Naphthenohydroxamic acid is prepared by reaction at 25.degree.C to
      30.degree.C, equimolar quantities of
PA1  A. an ester of naphthenic acid,
PA1  B. hydroxylamine dissolved in an alcohol/water/alkali metal sulfate slurry
      wherein the water content of the slurry is insufficient to hydrolyze the
      ester during conversion to naphthenohydroxamic acid, and
PA1  C. an alkali metal hydroxide dissolved in alcohol.
PAL  Naphthenohydroxamic acid is useful as a chelating agent in hydrometallurgy
      to recover metal values from dilute solution.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to naphthenohydroxamic acid, its preparation and use
      in hydrometallurgical processes to recover metal values and more
      particularly in liquid ion exchange processes.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 2,397,508 - G. F. Rouault and H. D. Rhodes, issued Apr. 2,
      1946, describes preparation of naphthenohydroxamic acid from an ester of
      naphthenic acid by adding a dry hydroxylammonium salt such as the sulfate
      or chloride to the neutralized ester in alcohol and adding an aqueous
      sodium hydroxide solution to liberate the free hydroxylamine and convert
      the ester to the hydroxamic acid. The procedure is lengthy and yields are
      low.
PAR  U.S. Pat. No. 2,818,429 - Beretvas issued Dec. 31, 1957, describes an
      improved procedure for manufacture of naphthenohydroxamic acid from an
      ester of naphthenic acid by dissolving hydroxylammonium chloride in
      alcohol, adding the ester to the alcohol solution and neutralizing with an
      aqueous sodium hydroxide solution. The critical factors in this procedure
      are claimed to be: (1) the hydroxylammonium salt must be dissolved in
      alcohol; and (2) the amount of water in the reaction mixture must be not
      more on a weight basis than the amount of sodium hydroxide used.
PAR  This procedure is an improvement over the preparation described in U.S.
      Pat. No. 2,397,508 but it has two major disadvantages:
PAR  1. About one-third of the ester is decomposed because the saponification
      reaction is competing with the conversion of the ester to hydroxamic acid
      reaction. This is the result of addition of a water solution of metal
      hydroxide during the critical stage of the reaction when the ester is
      being converted to hydroxamic acid.
PAR  2. The most inexpensive source of hydroxylamine is hydroxylammonium
      sulfate, not hydroxylammonium chloride, which increases cost of the free
      base 2-3 times. The sulfate cannot be used in the process of U.S. Pat. No.
      2,818,429 because it is completely insoluble in alcohol.
PAR  Hydrometallurgical processes for the treatment of ores and concentrates
      especially in the recovery of copper and nickel have been known to the
      mining industry for the last two decades. Some 15% of the copper produced
      in the United States is now produced by hydrometallurgical techniques and
      production of nickel from laterites is becoming standard practice through
      the world. The most important hydrometallurgical commercial process for
      copper employs substituted 2-hydroxybenzophenoximes. See, e.g., U.S. Pat.
      No. 3,428,488 - Swanson issued Feb. 18, 1969. This process involves
      extraction of copper from dilute leach solutions by a countercurrent
      process using a water insoluble organic solvent solution of the chelating
      agent to form a metal complex. The so formed metal complex remains
      dissolved in the organic phase at a much higher concentration than
      originally present in the leach solution. Recovery of copper is
      accomplished by stripping the organic phase with a strong (10-30%)
      sulfuric acid solution.
PAR  The principal disadvantages of processes using substituted
      2-hydroxybenzophenoneoximes are the relatively high cost of the chelating
      agent, its low chelating capacity and the very strong acid required for
      stripping. The strong acid causes gradual deterioration of the capacity of
      the chelating agent.
PAR  U.S. Pat. No. 3,367,959, Fetscher and Lipowski, issued Feb. 6, 1968,
      discloses the preparation and use of oil soluble chelators which are
      amidoximes and hydroxamic acids containing ester moieties. These materials
      are expensive to prepare and because of the presence of the ester linkage
      tend to decompose under acid conditions.
PAR  There is a need for further improvements in chelating agents as well as in
      hydrometallurgical processes where these agents are to be used. If
      naphthenohydroxamic acid is to be useful as a chelating agent in metal
      recovery processes, it is important to obtain a product having the maximum
      chelating capacity; e.g., complete conversion of the ester group to a
      hydroxamic acid group which contains the chelating oxime moiety, -C=N-OH.
PAC  SUMMARY OF THE INVENTION
PAR  An improved naphthenohydroxamic acid process involves reaction at about
      25.degree.C to about 30.degree.C, about equimolar quantities of
PA1  a. an ester of naphthenic acid
PA1  b. hydroxylamine dissolved in an alcohol/water/alkali metal sulfate slurry
      wherein the water content of the slurry is insufficient to hydrolyze the
      ester during conversion to naphthenohydroxamic acid, and
PA1  c. an alkali metal hydroxide dissolved in alcohol.
PAL  When naphthenohydroxamic acid is prepared by the improved process of this
      invention, its chelating power approximates the theoretical maximum
      indicating that the conversion of ester to hydroxamic acid is
      substantially 100%.
PAR  Use of naphthenohydroxamic acid as a chelating agent in the recovery of
      metal values from aqueous solutions also provides an improved
      hydrometallurgical process. In this process, a dilute aqueous solution
      containing metal values is contacted with a solution of
      naphthenohydroxamic acid dissolved in a water insoluble organic solvent
      such as a hydrocarbon solvent. Reaction between the metal ions in the
      aqueous solution and the naphthenohydroxamic acid dissolved in the organic
      solution is very rapid so a very short contact time between the metal ions
      and the naphthenohydroxamic acid is required to form a complex with the
      metal ions. The naphthenohydroxamic acid is soluble in water insoluble
      organic solvents so it can be used to preferentially extract metal ions
      from the aqueous phase.
PAR  Further, the naphthenohydroxamic acid - metal ion complex is soluble in the
      organic solvent phase and concentrates in the organic solvent during
      extraction of metal ions from the aqueous solution. When the concentration
      of the complex in the organic solvent reaches the desired level, it is
      separated from the aqueous solution which has been depleted of metal ions
      and is contacted with an aqueous stripping medium or other suitable means
      to recover the metal ions.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The formula for naphthenohydroxamic acids is
      ##EQU1##
      wherein R.sup.1 is the hydrocarbon moiety of a naphthenic acid, a
      monocarboxylic acid of the naphthene (alicyclic) series of hydrocarbons.
      The general formula for naphthenic acids may be written as
      R(CH.sub.2).sub.n COOH where R is a cyclic nucleus having one or more
      rings. These rings are usually 5-membered (cyclopentane) and may be
      alkylated.
PAR  The simplest naphthenic acid conforming to this formula when n=1 is
      cyclopentaneacetic acid
      ##EQU2##
      Naphthenic acids are natural components of crude petroleum and are not
      formed during refining. They are predominately monocarboxylic acids.
      Generally, the carboxyl group is not directly attached to the ring but
      through a methylene chain containing from one to five methylene groups.
PAR  The most important general types of naphthenic acids are C.sub.n
      H.sub.2n.sub.-2 O.sub.2, C.sub.n H.sub.2n.sub.-4 O.sub.2 and C.sub.n
      H.sub.2n.sub.-6 O.sub.2 (1, 2 and 3 rings). Naphthenic acids are well
      known in the art. They have been described in the literature in numerous
      publications and patents. Additional details on the chemical nature and
      properties of naphthenic acids may be found in Kirk-Othmer Encyclopedia of
      Chemical Technology, 2nd ed, vol. 13, pp. 727-734 and in Fieser & Fieser,
      Organic Chemistry, 2nd ed, pp. 91-92.
PAR  The process of the present invention employs an alkyl naphthenate which is
      obtained by esterification of one or more of the above naphthenic acids
      with an alcohol such as methanol, ethanol or propanol. If desired, the
      esterification may be carried out under pressure to obtain an ester having
      a purity of 96% or higher.
PAR  Further, the improved process employs hydroxylamine dissolved in an alkali
      metal sulfate-alcohol-water slurry. This slurry was discovered during
      study of naphthenohydroxamic processes and was developed because
      hydroxylammonium chloride previously used in such processes is an
      expensive chemical intermediate and is not commercially available in large
      quantities. The cheapest and most readily available hydroxylamine salt is
      hydroxylammonium sulfate. This sulfate is completely insoluble in an
      alcohol such as methanol, ethanol or propanol so any attempt to prepare a
      free hydroxylamine solution in alcohol by adding an alcoholic metal
      hydroxide solution such as alcoholic potassium hydroxide or sodium
      hydroxide solution to a hydroxylammonium sulfate slurry in alcohol fails.
      Further, an aqueous solution of hydroxylamine cannot be reacted with an
      alkyl naphthenate to produce the hydroxamic acid because hydrolysis of the
      alkyl naphthenate occurs at a faster rate in the aqueous medium than the
      reaction forming the hydroxamic acid potassium salt.
PAR  It was discovered that hydroxylamine can be dissolved in an
      alcohol/water/alkali metal sulfate slurry by
PA1  a. slurrying hydroxylammonium sulfate in water,
PA1  b. adding alcohol to the slurry,
PA1  c. cooling the slurry to about 0.degree.C to about 5.degree.C,
PA1  d. adding sufficient alkali metal hydroxide dissolved in water or alcohol
      to the slurry with agitation and cooling to a temperature below 5.degree.C
      to adjust the final pH of the slurry to about 7 to about 8, and
PA1  e. adding sufficient alcohol to adjust the weight ratio of alcohol to water
      in the slurry to from about 2:1 to about 3:1.
PAR  The resulting hydroxylamine slurry is then reacted at about 25.degree.C to
      about 35.degree.C with about equimolar quantities of an ester of
      naphthenic acid and an alkali metal hydroxide dissolved in an alcohol to
      obtain the desired naphthenohydroxamic acid.
PAR  Useful hydroxylamine slurries may be prepared by
PA1  a. slurrying from about 64 to about 70 parts by weight of hydroxylammonium
      sulfate in from about 32 to about 40 parts by weight of water,
PA1  b. adding from about 48 to about 60 parts by weight of alcohol,
PA1  c. cooling at about 0.degree.C to about 5.degree.C,
PA1  d. adding sufficient sodium hydroxide dissolved in water or alcohol with
      agitation and cooling at a temperature below 5.degree.C to obtain a slurry
      having a final pH from about 7 to about 8, and
PA1  e. adding sufficient alcohol to adjust the ratio of alcohol to water in the
      slurry to from about 2:1 to about 3:1.
PAR  In the above slurry preparations, the alkali metal dissolved in water or
      alcohol must be added at a slow rate with efficient cooling so that the
      temperature is maintained at 0.degree.-10.degree.C. The temperature at
      which the hydroxylammonium sulfate is neutralized and the final pH of the
      slurry are of extreme importance because the exothermic reaction will
      produce a sharp increase in temperature and too high a pH will cause rapid
      decomposition of the concentrated hydroxylamine solution.
PAR  After neutralization of the hydroxylammonium sulfate is complete,
      sufficient methanol is added to the slurry to adjust the weight ratio of
      alcohol to water in the slurry to about 2:1 to about 3:1 and then the
      ester of naphthenic acid, e.g., methyl naphthenate is added. Conversion of
      the ester to the hydroxamic acid is accomplished by a slow addition of
      alkali metal hydroxide dissolved in alcohol, e.g., a 25-30% potassium
      hydroxide solution in methanol using an amount of potassium hydroxide
      equivalent to the amount of ester present (one mole KOH to one mole
      ester). Temperature during this addition is maintained at
      20.degree.-25.degree.C and rate of alkali metal hydroxide addition is
      regulated in such a way that any rapid increase in pH is avoided. When the
      reaction is carried out under these conditions, saponification of the
      ester is reduced to a minimum and substantially complete conversion of the
      ester to naphthenohydroxamic acid is obtained.
PAR  After all of the alkali metal hydroxide is added, the reaction mixture is
      stirred for an additional 3-4 hours, neutralized with a mineral or organic
      acid to a pH of about 7.0. Alcohol is removed from the reaction product by
      vacuum stripping and sufficient water is added to dissolve all of the salt
      present in the slurry. The mixture then separates into two phases
      (layers). The phases are separated and the desired product,
      naphthenohydroxamic acid (upper phase) is separated from the aqueous phase
      (lower phase), washed and dried by the addition of a solvent (kerosene,
      xylene, chlorinated solvent or the like) and azeotropic distillation.
      Filtration is not required. The amount of solvent remaining in the product
      will depend upon the activity desired. The activity may be as high as 100%
      but usually for ease of handling 50-80% by weight activities as preferred.
PAR  In the foregoing processes, the alkali metal sulfate may be sodium sulfate
      or potassium sulfate. The alkali metal hydroxide may be sodium hydroxide
      or potassium hydroxide and the alcohol may be methanol, ethanol or
      propanol. The ester of naphthenic may be methyl naphthenate, ethyl
      naphthenate or propyl naphthenate.
PAR  Naphthenohydroxamic acid is miscible at any ratio with aromatic and
      aliphatic hydrocarbon solvents. Useful hydrocarbon solvents include
      kerosene, petroleum ether, VMP naphtha, mineral spirits, Stoddard Solvent,
      diesel oil, benzene, toluene, xylene, other alkyl aromatic compounds,
      their mixtures and the like. Typical of the alkyl aromatic compounds used
      as solvents are those sold under the Panasol trademark by Amoco Chemical
      Corporation such as the RX and AN series. These solvents are liquid and
      essentially insoluble in water. They have specific gravities in the range
      from 0.5 to 0.9 and have a mid-boiling point in the approximate range of
      120.degree.F to 615.degree.F (ASTM Distillation). In addition to these
      hydrocarbon solvents, chlorinated hydrocarbon solvents may also be used
      and in some instances may improve solubility. Accordingly, the term
      hydrocarbon solvents as used herein includes both the unsubstituted
      hydrocarbons and the chlorinated hydrocarbon solvents. The heavy syrupy
      naphthenohydroxamic acid is dissolved in one or more of the above
      hydrocarbon solvents to obtain an effective amount of chelating agent from
      about 0.01 to about 50% by weight of the acid in hydrocarbon solution when
      it is used in a hydrometallurgical process with the preferred being from
      about 1% to about 25% by weight of the acid.
PAR  Naphthenohydroxamic acid solutions prepared by the above methods are used
      as the chelator in hydrometallurgical processes to recover metal values.
      These processes are well-known and are described in the aforementioned
      U.S. Pat. No. 3,428,448.
PAR  The hydrometallurgical process disclosed herein may be used to recover
      metal values such as
TBL  Metal Value      Symbol                                                   
     ______________________________________                                    
     Aluminum         Al                                                       
     Bismuth          Bi                                                       
     Cerium           Ce                                                       
     Chromium         Cr                                                       
     Cobalt           Co                                                       
     Copper           Cu                                                       
     Dysprosium       Dy                                                       
     Erbium           Er                                                       
     Europium         Eu                                                       
     Gadolinium       Gd                                                       
     Gold             Au                                                       
     Holmium          Ho                                                       
     Iridium          Ir                                                       
     Iron             Fe                                                       
     Lanthanum        La                                                       
     Lead             Pb                                                       
     Lutetium         Lu                                                       
     Molybdenum       Mo                                                       
     Nickel           Ni                                                       
     Osmium           Os                                                       
     Palladium        Pd                                                       
     Platinum         Pt                                                       
     Plutonium        Pu                                                       
     Praseodymium     Pr                                                       
     Radium           Ra                                                       
     Rhodium          Rh                                                       
     Ruthenium        Ru                                                       
     Samarium         Sm                                                       
     Terbium          Tb                                                       
     Thallium         Tl                                                       
     Thulium          Tm                                                       
     Tin              Sn                                                       
     Uranium          U                                                        
     Vanadium         V                                                        
     Ytterbium        Y                                                        
     Zinc             Zn                                                       
     ______________________________________                                    
PAR  These metal values are in the form of dilute solutions such as those
      obtained by the leaching operations described on pages 615-750 of Evans
      and Shoemaker, "International Symposium on Hydrometallurgy", (The American
      Institute of Mining, Metallurgical and Petroleum Engineers, Inc. N.Y.,
      N.Y., 1973). Leaching can be effected by chemical and/or microbiological
      means and by using reagents such as acids, e.g., sulfuric acid or
      hydrochloride acid; bases, e.g., ammonium hydroxide or sodium hydroxide;
      salts, e.g., sodium sulfide or sodium cyanide; and gases dissolved in
      water, e.g., ammonia or sulfur dioxide. Leaching operations are well known
      in the art.
PAR  The use of a hydrocarbon solution of naphthenohydroxamic acid in a
      hydrometallurgical process may be illustrated by recovery of copper values
      from a dilute acid leach solution containing copper ions. In most
      commercial operations copper leach solutions have a pH in the range of
      from about 1.7 to about 3. Copper values are recovered from the aqueous
      leach solution by contacting the leach solution with a hydrocarbon
      solution containing naphthenohydroxamic acid. The copper ions and
      naphthenohydroxamic acid react to form a complex which is soluble in the
      hydrocarbon solvent. Reaction between the copper ions and
      naphthenohydroxamic acid is instantaneous so for all practical purposes
      only a few minutes contact time between the chelator and the copper ions
      is all the time that is required in most hydrometallurgical processes.
      Copper ions in dilute leach solutions containing up to 10 g/l can be
      extracted during a single pass or contact with the naphthenohydroxamic
      acid solution. With more concentrated copper solutions, it is preferable
      to use several passes to avoid phase separation difficulties such as
      emulsification of the hydrocarbon solution with the leach solution. In
      many processes, the pH of the copper leach solution is adjusted with
      ammonium to about 9.5 to about 11 before extraction.
PAR  After extraction of the aqueous leach solution with the naphthenohydroxamic
      acid in hydrocarbon solution, the hydrocarbon soluble copper complex of
      naphthenohydroxamic acid remains in the hydrocarbon phase. The hydrocarbon
      phase containing the copper complex is then separated from the leach
      solution and copper is stripped from the hydrocarbon solution by use of a
      dilute sulfuric acid solution, e.g., containing 2 to 5% by weight sulfuric
      acid. Use of a dilute sulfuric acid solution for stripping of the
      hydrocarbon phase not only permits frequent regeneration of
      naphthenohydroxamic acid but also avoids deterioration or decomposition of
      the naphthenohydroxamic acid by strong acid.
PAR  After the copper ions are stripped from the hydrocarbon phase, metallic
      copper is recovered from the acid solution by cementation on metallic iron
      or by electrowinning. Electrowinning is similar to electrolytic refining
      except that an insoluble anode is employed and the electrode arrangement
      is different. The electrowinning reactions are as follows:
PAR  The anode reaction is
EQU  SO.sub.4.sup.2.sup.- +H.sub.2 O.fwdarw.H.sub.2 SO.sub.4 + 1/2 O.sub.2 = 2e
PAR  The cathode reaction is
EQU  Cu.sup.2.sup.+ + 2e.fwdarw.Cu
PAR  The net reaction being
EQU  CuSO.sub.4 + H.sub.2 O.fwdarw.Cu.degree. + H.sub.2 SO.sub.4 + 1/2 O.sub.2
PAR  Further, hydrocarbon solutions of naphthenohydroxamic acid may be used to
      recover metal values from neutral or alkaline leach solutions as well as
      from ammoniacal solutions. These solutions may be used to recover specific
      metals such as copper and uranium as well as the rare earth metals and
      noble metals listed in the table above.
DETD
PAR  For a fuller understanding of the nature and objects of this invention,
      reference may be made to the following examples. These examples are given
      merely to illustrate the invention and are not to be construed in a
      limiting sense. All parts, proportions and quantities are by weight unless
      otherwise indicated. The terms, g, ml, l, .degree.C, .degree.F, min, in,
      ppm are used to indicate grams, milliliters, liters, degrees Centrigrade,
      degrees Fahrenheit, minutes, inches, parts per million, respectively, in
      these examples.
PAC  EXAMPLE I
PA0  A. preparation of methyl ester of naphthenic acid
PAR  A total of 600 g methanol and 300 g naphthenic acid were charged into a 2
      liter reaction flask equipped with stirrer, thermometer and reflux
      condenser. The mixture was agitated until a clear solution was obtained.
      Then 20 g of 98% sulfuric acid was added to the solution. The solution was
      heated to reflux temperature (68.degree.-69.degree.C), refluxed for 5 hr,
      cooled to 20.degree.C and the methanol was distilled off under vacuum. The
      maximum temperature during vacuum distillation was 40.degree.C.
PAR  The mixture was transferred to a separatory funnel and allowed to stand
      undisturbed for 2 hr for phase separation. The bottom layer which was a
      50% sulfuric acid in water solution was discarded and the upper layer
      which was methyl naphthenate was washed twice with a 5% sodium bicarbonate
      in water solution, dried with anhydrous sodium sulfate and filtered to
      obtain a total of 300 g methyl naphthenate. The ester had an acid value of
      6 and a saponification value of 212.
PA0  B. preparation of naphthenohydroxamic acid
PAR  To a 2 l reaction flask equipped with stirrer, thermometer and condenser
      and immersed in an ice-water-salt cooling solution was charged 64 g
      hydroxylammonium sulfate and 32 g water. The resulting slurry was stirred
      for 10 minutes and 48 g methanol added. The reaction mixture was then
      cooled to 0.degree.C and 60 g of a 50% sodium hydroxide in water solution
      was added very slowly with good stirring at such a rate that the maximum
      temperature did not exceed 5.degree.C. Sodium hydroxide addition required
      1 hr and the final pH of the slurry was 7.8.
PAR  Then 90 g methanol and 160 g methyl naphthenate were added to the slurry
      and the cooling bath removed. A total of 132 g of a 25% potassium
      hydroxide solution in methanol was added very slowly over a 3 hr period
      with good agitation. The initial addition temperature was 25.degree.C but
      rose gradually to 30.degree.C. The mixture was stirred for 5 additional hr
      at 30.degree.C, then 38 g acetic acid was added under cooling to adjust
      the pH to 7.5.
PAR  Methanol was removed by vacuum stripping, and then 320 g water was added to
      dissolve the solid sodium sulfate and potassium acetate. The mixture was
      then transferred to a separatory funnel and allowed to stand undisturbed
      for 2 hr for phase separation. The bottom salt-water layer was drawn off.
      The naphthenohydroxamic acid which was the upper layer was washed with a
      10% sodium sulfate solution and transferred to a half liter flask. Then 50
      g ethylene dichloride was added and the residual water removed from the
      product by azeotropical distillation under vacuum. After removal of all
      the water and solvent, the product was recovered as a heavy yellow colored
      syrup. Then 160 g kerosene was added to dissolve the syrup and to obtain
      320 g of a 50% kerosene solution of the naphthenohydroxamic acid in the
      form of a mobile light yellow liquid.
PAC  EXAMPLE II
PAR  Samples of naphthenohydroxamic acid were prepared according to the
      procedures of U.S. Pat. 2,397,508, U.S. Pat. 2,818,429 and the procedure
      of this invention as described in Example I above. Maximum chelating
      capacity of each sample was determined by dissolving one gram (active
      basis) of each sample in 200 ml hexane and mixing this solution with a
      solution containing 10 grams of copper sulfate pentahydrate in 50 ml water
      for 3 hours. Each mixture was allowed to stand undisturbed and separated
      into two phases (layers). The upper layer containing the deep green
      solution of the copper complex was washed several times with a 10% by
      weight sodium sulfate solution, then the chelated copper was liberated
      from the copper complex in the hexane solution by extracting with 50% by
      weight sulfuric acid. The acid solution of copper was then diluted to one
      liter in a volumetric flask and the total copper content determined by
      atomic absorption and checked by a control method, the wet method using
      zinc dibenzyldithiocarbamate as the reagent.
PAR  The following results on the total chelating capacity of these three
      samples were obtained:
TBL  Sample Prepared According                                                 
     To The Method In % Copper Chelated                                        
     ______________________________________                                    
     U.S. Pat. No. 2,397,508                                                   
                       7.8                                                     
     U.S. Pat. No. 2,818,429                                                   
                      15.8                                                     
     Example I of this                                                         
     Invention        24.0                                                     
     ______________________________________                                    
PAL  The methyl naphthenate ester used in the preparation of these three samples
      had a saponification value of 212 which corresponded to a molecular weight
      of 264. The theoretical maximum per cent of copper which could be chelated
      by any sample was 24.05. The above results show that the sample prepared
      by the method of this invention as described in Example I above chelated
      24.0% and indicates that the method gave almost a 100% conversion of the
      ester to the hydroxamic acid compared to a 32.5% conversion by the method
      given in U.S. Pat. 2,397,508 and a 66% conversion by the method given in
      U.S. Pat. 2,818,429.
PAC  EXAMPLE III
PAR  11.789 g copper sulfate (CuSO.sub.4.5H.sub.2 O) was dissolved in 900 g
      distilled water. 14.8 g of an aqueous ammonia solution was added to the
      copper sulfate solution. The mixture was transferred to a 1 liter
      volumetric flask and adjusted with distilled water to the 1 liter mark.
      Concentration of copper in the solution was 3 g/l (3000 ppm copper). The
      pH of the solution was 9.5. 200 ml of the copper solution containing 0.6 g
      copper and 200 ml of a kerosene solution containing 7 g of
      naphthenohydroxamic acid (3.5% active by volume) from Example I as the
      chelator were mixed together in an Erlenmeyer flask using a 2 in magnetic
      stirring bar. After 10 minutes of vigorous stirring, the mixture was
      transferred to a seperatory funnel and the phases separated. The aqueous
      bottom phase was analyzed for copper content (atomic absorption method)
      and showed a copper content of 0 ppm.
PAC  EXAMPLE IV
PAR  The organic phase from Example III which was the upper phase containing the
      solution of copper naphthenohydroxamic acid complex was mixed with 100 ml
      of a 2% sulfuric acid solution for 10 minutes in an Erlenmeyer flask using
      a 2 in magnetic stirring bar. The organic phase was mixed with the
      sulfuric acid solution to strip the copper from the organic phase and to
      regenerate the chelator in the organic phase. The organic phase containing
      the regenerated chelator was then separated from the sulfuric acid
      solution and used to extract a 3000 ppm copper solution following the
      procedure given in Example III. The regenerated chelator gave the same
      results as in Example III and the copper content of 200 ml of ammoniacal
      solution containing 3000 ppm of copper was reduced to 0 ppm.
PAC  EXAMPLE V
PAR  200 ml of an ammoniacal copper solution having a pH of 9.5 and containing
      3000 ppm copper was mixed with 200 ml of a kerosene solution containing
      3.5 g of naphthenohydroxamic acid (1.75% active by volume) from Example I
      as the chelator in an Erlenmeyer flask using a 2 in magnetic stirring bar.
      After stirring for 2 min, the mixture was transferred to a separatory
      funnel and the phases separated. The aqueous phase was analyzed for copper
      content. It was found that the copper content of the aqueous phase had
      been reduced to 800 ppm copper during the short contact time between the
      two phases even though the kerosene solution contained only one-half as
      much of the naphthenohydroxamic acid as was used in Example IV above.
PAC  EXAMPLE VI
PAR  108.065 g copper sulfate (CuSO.sub.4.5H.sub.2 O), 19.7 g zinc chloride
      (ZnCl.sub.2) and 2.184 g nickel acetate Ni(C.sub.2 H.sub.3
      O.sub.2).sub.2.4H.sub.2 O were dissolved in 500 g distilled water. 300 g
      of an aqueous ammonia solution was added to the above solution. The
      mixture was transferred to a 1 liter volumetric flask and adjusted with
      distilled water to the 1 liter mark. Concentration of the metals in the
      solution was 27.5 g/l copper (27,500 ppm Cu), 9.45 g/l zinc (9,450 ppm Zn)
      and 0.515 g/1 nickel (515 ppm Ni). The pH of the solution was 10.5. A 200
      ml aliquot of the water solution was extracted four times with 400 ml
      portions of a 2.35% active by volume soltuion of naphthenohydroxamic acid
      from Example I dissolved in kerosene. The water solution was extracted
      using four passes. Contact time for each pass was 4 min. After each pass
      the phases were separated and analyzed for metal content. A fresh
      naphthenohydroxamic acid solution was used for each pass. Table I shows
      the ppm Extracted of each metal by each pass.
TBL                TABLE I                                                     
     ______________________________________                                    
                ppm Extracted                                                  
                Copper  Zinc      Nickel                                       
     ______________________________________                                    
     Pass No. 1   7700      800       50                                       
     Pass No. 2   7500      850       40                                       
     Pass No. 3   7500      900       40                                       
     Pass No. 4   3800      900       40                                       
     ______________________________________                                    
PAC  EXAMPLE VII
PAR  To effect a more efficient separation of copper from zinc, each of the
      organic phases obtained from the first three passes in Example VI was
      eluted using a 5% sulfuric acid solution. The resulting acid extractions
      were then combined. The ratio of copper to zinc in the three combined acid
      extractions was 8.9 parts copper to 1 part zinc. The pH of the acid
      solution was adjusted to 10.5 with aqueous ammonia and then extracted with
      a 2.35% active by volume solution of naphthenohydroxamic acid from Example
      I dissolved in kerosene solution. The organic phase was separated and
      analyzed for copper and zinc. It contained 40 parts copper to 1 part zinc
      as compared to the original water solution in Example V which contained
      2.91 parts copper to 1.0 parts zinc. The copper-nickel ratio in the
      organic phase was 200 parts copper to 1 part nickel as compared to the
      original solution in Example VI which contained 53.4 parts copper to 1.0
      part nickel.
PAC  EXAMPLE VIII
PAR  113.96 g copper sulfate (CuSO.sub.4.5H.sub.2 O), 21.263 zinc chloride
      (ZnCl.sub.2) and 2.226 g nickel acetate Ni(C.sub.2 H.sub.3
      O.sub.2).sub.2.4H.sub.2 O were dissolved in 500 g distilled water. 320 g
      of an aqueous ammonia solution was added to the above solution and the
      total volume of the mixture was adjusted with distilled water to 1 liter.
      Concentration of the metals in the solution was 29 g/l copper (29,000 ppm
      Cu), 10.2 g/l zinc (10,200 ppm Zn) and 0.525 g/l nickel (525 ppm Ni). The
      pH of the solution was 10.5. A 200 ml aliquot of the water solution was
      extracted with four 200 ml portions of a 4.7% active by volume solution of
      naphthenohydroxamic acid from Example I dissolved in carbon tetrachloride.
      The water solution was extracted using 4 passes. Contact time for each
      pass was 4 min. After each pass, the phases were separated and analyzed
      for metal content. A fresh carbon tetrachloride solution of the chelator
      was used in each pass. Phase separation between the water solution and
      carbon tetrachloride solution was instantaneous. Table II shows the ppm
      Extracted of each metal by each pass.
TBL                TABLE II                                                    
     ______________________________________                                    
                ppm Extracted                                                  
                Copper  Zinc      Nickel                                       
     ______________________________________                                    
     Pass No. 1   8000      600       50                                       
     Pass No. 2   7500      700       50                                       
     Pass No. 3   6500      800       50                                       
     Pass No. 4   5500      900       50                                       
     ______________________________________                                    
PAC  EXAMPLE IX
PAR  147.362 g copper sulfate (CuSO.sub.4.5H.sub.2 O) was dissolved in 500 g
      distilled water. 300 g of an aqueous ammonia solution was added to the
      copper sulfate solution. The total volume was adjusted with distilled
      water to 1 liter. Concentration of copper in the solution was 37,500 ppm
      (37.5 g/l). The pH of the solution was 10.5. 100 ml of the water solution
      was extracted with five 200 ml portions of a 2.35% active by volume
      solution of naphthenodroxamic acid from Example I dissolved in kerosene.
      The water solution was extracted using five passes. Contact time for each
      pass was 4 min and a fresh portion of the chelator solution was used for
      each pass. Table III shows the ppm Cu Extracted and the % Cu Extracted for
      each pass as well as the total ppm Cu Extracted and the total % Cu
      Extracted.
TBL                TABLE III                                                   
     ______________________________________                                    
                ppm Cu Extracted                                               
                            % Cu Extracted                                     
     ______________________________________                                    
     Pass No. 1   8500          22.67                                          
     Pass No. 2   8400          22.40                                          
     Pass No. 3   8400          22.40                                          
     Pass No. 4   8400          22.40                                          
     Pass No. 5   3750          10.00                                          
     TOTAL        37450         99.87                                          
     ______________________________________                                    
PAC  EXAMPLE X
PAR  This example demonstrates use of a commercial benzophenone oxime chelator
      as described in aforementioned U.S. Pat. 3,428,449. This chelator is known
      commercially as LIX 64-N (General Mills) and is 50% active.
PAR  108.065 g copper sulfate (CuSO.sub.4.5H.sub.2 O) was dissolved in 500 g
      distilled water. 225 g of an aqueous ammonia solution was added to the
      copper sulfate solution. The total volume was adjusted with distilled
      water to 1 liter. Concentration of copper in the solution was 27,500 ppm
      (27.5 g/l). The pH of the solution was 10.5. 100 ml of the water solution
      was extracted with five 200 ml portions of a kerosene solution containing
      2.35% active by volume of this commercial benzophenone oxime chelator. The
      water solution was extracted using five passes. Contact time for each pass
      was 4 min. A fresh portion of the chelator solution was used for each
      pass. Table IV shows the ppm Cu Extracted and the % CU Extracted for each
      pass as well as the total ppm Cu Extracted and the total % Cu Extracted.
TBL                TABLE IV                                                    
     ______________________________________                                    
                ppm Cu Extracted                                               
                            % Cu Extracted                                     
     ______________________________________                                    
     Pass No. 1   4700          17.09                                          
     Pass No. 2   4500          16.36                                          
     Pass No. 3   3800          13.82                                          
     Pass No. 4   3700          13.45                                          
     Pass No. 5   3600          13.09                                          
     TOTAL        20300         73.81                                          
     ______________________________________                                    
PAR  Comparision of the data in Table III and Table IV shows that the extraction
      rate is 32% to 66% greater with naphthenohydroxamic acid as the chelator.
      Further, Table III and Table IV show that in comparative tests using the
      same concentrations of chelating agent, a 37,500 ppm
      Cu.sup.+.sup.+solution was reduced to 55 ppm Cu.sup.+.sup.+with
      naphthenohydroxamic acid in five passes while the commercial chelator in
      five passes reduced a 27,500 ppm copper solution only to 7200 ppm
      Cu.sup.+.sup.+. At this rate, more than nine passes would be required to
      exhaust a 37,500 ppm Cu.sup.+.sup.+ solution with the commercial chelator
      to 50 ppm Cu.sup.+.sup.+. Otherwise, it would be necessary to use twice as
      much of the commercial chelating agent as naphthenohydroxamic acid.
PAC  EXAMPLE XI
PAR  100 ml of an aqueous solution containing 27,500 ppm copper and having a pH
      of 10.5 was extracted with five 200 ml portions of a kerosene solution
      containing 2.35% naphthenohydroxamic acid. The aqueous solution was
      extracted using five passes. Contact time for each pass was 4 min. and a
      fresh portion of the chelator solution was used for each pass. Table V
      shows the ppm Cu Extracted and the % Cu Extracted for each pass as well as
      the total ppm Cu Extracted and the total % Cu Extracted.
TBL                TABLE V                                                     
     ______________________________________                                    
                ppm Cu Extracted                                               
                            % Cu Extracted                                     
     ______________________________________                                    
     Pass No. 1   7500          27.27                                          
     Pass No. 2   7200          26.18                                          
     Pass No. 3   6500          23.63                                          
     Pass No. 4   5500          20.00                                          
     Pass No. 5    750           2.73                                          
     TOTAL        27450         99.81                                          
     ______________________________________                                    
PAR  Comparison of the data in Table IV and Table V shows that the extraction
      rate with equal copper levels is about 60% greater with
      naphthenohydroxamic acid as the chelator. Further, Table IV and Table V
      show that more copper was extracted in 3 passes with the
      naphthenohydroxamic acid (77.08%) then with the commercial chelator in 5
      passes (73.81%).
PAC  EXAMPLE XII
PAR  A 100 ml aliquot of a water solution containing 10 grams per liter uranium
      (10,000 ppm UO.sub.2.sup.+.sup.+) was extracted with 100 ml of a kerosene
      solution containing 7.3 grams of naphthenohydroxamic acid. The extracted
      water solution was analyzed for residual uranium and found to have a
      uranium content of 55 ppm UO.sub.2 .sup.+.sup.+. Approximately 99.5% of
      the uranium was chelated and present in the kerosene phase. The kerosene
      phase was stripped with a 5% sulfuric acid solution and uranium was
      recovered from the acid extract by neutralization with ammonia. The
      regenerated naphthenohydroxamic acid in the kerosene phase showed no loss
      in chelating power for uranium.
PAC  EXAMPLE XIII
PAR  This example demonstrates the extraction of copper from an acid solution.
PAR  12.575 g copper sulfate (CuSO.sub.4.5H.sub.2 O) was dissolved in 800 g
      distilled water. The volume of the solution was adjusted to 1 liter. The
      pH of the solution was 4.O. (The Cu content was 3200 ppm) 200 ml of the
      copper solution was extracted using five 200 ml portions of a kerosene
      solution of naphthenohydroxamic acid containing 7 g of the chelator. The
      copper solution was extracted using five passes. After each pass, the pH
      of the copper solution was readjusted with 50% sodium hydroxide solution
      to a pH of 4.0. Table VI shows the ppm Cu extracted in each pass as well
      as the total ppm Cu Extracted.
TBL                TABLE VI                                                    
     ______________________________________                                    
                    ppm Cu Extracted                                           
     ______________________________________                                    
     Pass No. 1       850                                                      
     Pass No. 2       800                                                      
     Pass No. 3       800                                                      
     Pass No. 4       500                                                      
     Pass No. 5       250                                                      
     TOTAL            3200                                                     
     ______________________________________                                    
PAC  EXAMPLE XIV
PAR  This example demonstrates the extraction of uranium solutions with
      naphthenohydroxamic acid solutions. A total of 1.7818 g uranyl acetate
      (UO.sub.2 (C.sub.2 H.sub.3 O.sub.2).sub.2.2H.sub.2 O) was dissolved in 950
      g distilled water and the volume of the solution was adjusted to 1 liter.
      The solution contained 1000 ppm UO.sub.2 .sup.+.sup.+. The pH of the
      solution was 4.8. A 100 ml aliquot of the uranium solutuion was extracted
      with 100 ml of a kerosene solution containing 0.32 g of
      naphthenohydroxamic acid. The extracted water solution was analyzed for
      uranium content using a colorimetric determination method based on the
      reaction of dibenzoylmethane with uranium (VI). Uranium content of the
      solution was reduced from 1000 ppm UO.sub.2 .sup.+.sup.+ to 10.5 ppm
      UO.sub.2 .sup.+.sup.+. Approximately 99% of the uranium ions were chelated
      in the organic phase.
PAC  EXAMPLE XV
PAR  This example demonstrates extraction of a rare earth metal solution
      containing 1 g of lanthanum chloride (LaCl.sub.3) dissolved in 100 cc
      distilled water. The solution contained 5460 ppm lanthanum and had a pH of
      6.65. A total of 5 g of a 50% by weight naphthenohydroxamic acid in
      kerosene solution was diluted with 100 cc of kerosene.
PAR  The two solutions were mixed together and stirred on a magnetic stirrer
      plate for 15 min. The mixture was transferred to a separatory funnel for
      phase separation and the two phases separated. The lower water phase was
      analyzed for lanthanum according to the alizarinsulfonate method in
      Sandell, Colorimetric Determination of Traces of Metals - Third Edition
      (Interscience Publisher, Inc., N.Y.,N.Y. 1959) and found to contain 109
      ppm lanthanum.
PAR  The upper solvent phase was treated with 6 N nitric acid solution to elute
      lanthanum from the complex and the nitric acid water phase was analyzed
      for lanthanum content. Analysis showed 98% of the lanthanum value in the
      original LaCl.sub.3 solution was recovered.
PAC  EXAMPLE XVI
PAR  This example demonstrates extraction of a noble metal solution prepared by
      dissolving 1 g of aurochloric acid (HAuCl.sub.4.3H.sub.2 O) containing
      50.04% or 500.4 mg gold in 400 cc distilled water. The solution contained
      1251 ppm Au and had a pH of 2.8. A total of 6 g of a 50% by weight
      naphthenohydroxamic acid in kerosene solution was diluted with 50 cc of
      kerosene. The two solutions were mixed together and stirred on a magnetic
      stirrer plate for 10 min. The mixture was transferred to a separatory
      funnel and the two phases separated.
PAR  The gold content of the water phase was analyzed according to the Rhodamine
      B Method in Sandell, Colorimetric Determination of Traces of Metals -
      Third Edition (Interscience Publishers, Inc., N.Y.,N.Y. 1959) and found to
      contain 0 ppm gold.
PAR  A sample of the solvent phase containing gold in form of a complex with
      naphthenohydroxamic acid was digested with a mixture of fuming nitric acid
      and sulfuric acid; the residue dissolved in a mixture of nitric and
      hydrochloric acids and analyzed for gold content. Analysis showed 100% of
      the gold in the original solution of aurochloric acid was recovered.
PAR  While the invention has been described with reference to certain specific
      embodiments thereof, it is understood that it is not to be so limited
      since alterations and changes may be made therein which are within full
      and intended scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for producing naphthenohydroxamic acid from an ester of
      napthenic acid, the improvement comprising reacting at about 25.degree.C
      to about 30.degree.C about equimolar quantities of
PA1  a. ester of naphthenic acid,
PA1  b. hydroxylamine dissolved in an alcohol/water/alkali metal sulfate slurry
      wherein the water content of the slurry is insufficient to hydrolyze the
      ester during conversion to naphthenohydroxamic acid, and
PA1  c. an alkali metal hydroxide dissolved in alcohol.
NUM  2.
PAR  2. The process of claim 1 wherein the alkali metal sulfate is selected from
      the group consisting of sodium sulfate and potassium sulfate.
NUM  3.
PAR  3. The process of claim 1 wherein the alcohol is selected from the group
      consisting of methanol, ethanol and propanol.
NUM  4.
PAR  4. The process of claim 1 wherein the alkali metal hydroxide is selected
      from the group consisting of potassium hydroxide and sodium hydroxide.
NUM  5.
PAR  5. The process of claim 1 wherein the slurry is prepared by:
PA1  a. slurrying hydroxylammonium sulfate in water,
PA1  b. adding alcohol to the slurry
PA1  c. cooling the slurry to about 0.degree.C to about 5.degree.C,
PA1  d. adding sufficient alkali metal hydroxide dissolved in water or alcohol
      to the slurry with agitation and cooling to a temperature below 5.degree.C
      to adjust the final pH of the slurry to about 7 to about 8, and
PA1  e. adding sufficient alcohol to adjust the weight ratio of alcohol to water
      in the slurry to from about 2:1 to about 3:1.
NUM  6.
PAR  6. The process of claim 1 wherein naphthenohydroxamic acid is prepared by:
PA1  a. slurrying hydroxylammonium sulfate in water,
PA1  b. adding alcohol to the slurry,
PA1  c. cooling the slurry to about 0.degree.C to about 5.degree.C,
PA1  d. adding sufficient alkali metal hydroxide dissolved in water or alcohol
      to the slurry with agitation and cooling to a temperature below 5.degree.C
      to adjust the final pH of the slurry to about 7 to about 8,
PA1  e. adding sufficient alcohol to adjust the weight ratio of alcohol to water
      in the slurry to from about 2:1 to about 3:1, and
PA1  f. reacting at about 25.degree.C to about 35.degree.C about equimolar
      quantities of the ester of naphthenic acid, the hydroxylamine slurry from
      (e) and alkali metal hydroxide dissolved in an alcohol.
NUM  7.
PAR  7. The process of claim 1 wherein the hydroxylamine is dissolved in a
      methanol/water/sodium sulfate slurry.
NUM  8.
PAR  8. The process of claim 1 wherein the hydroxylamine dissolved in
      alcohol-water-alkali sulfate slurry is prepared by:
PA1  a. slurrying from about 64 to about 70 parts by weight of hydroxylammonium
      sulfate in from about 32 to about 40 parts by weight of water,
PA1  b. adding from about 48 to about 60 parts by weight of alcohol,
PA1  c. cooling at about 0.degree.C to about 5.degree.C,
PA1  d. adding sufficient sodium hydroxide dissolved in water or alcohol with
      agitation and cooling at a temperature below 5.degree.C to obtain a slurry
      having a final pH from about 7 to about 8, and
PA1  e. adding sufficient alcohol to adjust the weight ratio of alcohol to water
      in the slurry to from about 2:1 to about 3:1.
NUM  9.
PAR  9. The process of claim 1 wherein the ester of naphthenic acid is selected
      from the group consisting of methyl naphthenate, ethyl naphthenate and
      propyl naphthenate.
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ABST
PAL  The p-toluene sulfonic acid addition salt of
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid is formed to readily allow crystallization of the product from
      solution. The acid addition salt may be dissolved and then neutralized to
      obtain the free base in pure form.
BSUM
PAR  The present invention relates to a novel and useful process for purifying
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid by the formation of an intermediate acid addition salt. The acid
      addition salt may be dissolved and then neutralized to obtain the free
      base in an even more pure form. More particularly, it relates to the
      p-toluene sulfonic acid salt of
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid.
PAR  It is known in the art that
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid is a very potent decarboxylase inhibitor (see U.S. Pat. No.
      3,462,536). It is further known in the art that such decarboxylase
      inhibitors are useful in combination with L-dopa in the treatment of
      Parkinsons disease (see U.S. Pat. No. 3,769,424). It is still further
      known that the D-isomer of
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)-propionic
      acid is inactive and that it is preferred to use a composition containing
      the L-isomer rather than the racemic mixture (see British Pat. No.
      1,261,660). Since the products are to be used for pharmaceutical purposes,
      it is obvious that they should be obtained in as pure a form as is
      possible. However, when such compounds are formed, it is inherent that
      there be some minor amounts of impurities. In many instances such
      impurities can be removed by simple crystallization of the acid addition
      salts of the compounds. With the present compounds many acid addition
      salts have been tried but many formed gums or glasses and do not
      crystallize from solution. For example, the acid addition salts formed
      with hydrochloric acid, sulfuric acid and phosphoric acid will not
      crystallize from solution. Quite obviously, if a relatively simple acid
      addition salt could be formed with crystallized readily from solutions, it
      would represent a substantial advancement in the purification of such
      compounds.
PAR  Furthermore, due to a breakdown in equipment or mismeasurement etc., it
      sometimes happens that quality control detects pills, capsules, etc. which
      are either subpotent or super-potent. In such instances, it is desirable
      to recover the
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)-propionic
      acid since it represents an expensive component of the composition.
      Obviously, if a simple purification step would allow such recovery, it
      would represent an advancement in the art.
PAR  It is an object of the present invention to provide an acid addition salt
      of racemic of
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid which will readily crystallize from solution. A further object is to
      provide a process for purifying racemic or
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid. A still further object is to provide a purification process which
      can be carried out on either a laboratory or industrial scale. Other
      objects will become apparent as the description of the invention proceeds.
PAR  These objects are accomplished by the present invention which provides the
      p-toluene sulfonic acid addition salt of
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid. In a preferred embodiment of the present invention, the
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid is in the L-stero configuration rather than being a racemic mixture.
PAR  The present invention further provides a process for purifying
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)-propionic
      acid which comprises dissolving said compound in an inert solvent,
      reacting said compound with at least about a 0.8 mole ratio of p-toluene
      sulfonic acid and thereafter precipitating the p-toluene sulfonic acid
      addition salt of
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid from the solution.
PAR  In a preferred embodiment of the present invention, the inert solvent is
      water or ethyl acetate which is merely heated to dissolve the compound and
      then cooled to precipitate the acid salt.
PAR  The present invention also provides a still further purification process
      wherein the p-toluene sulfonic acid addition salt of
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid is dissolved in an inert solvent and neutralized to give
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid as the free base. Preferably the free base is in the L-stereo
      configuration.
PAR  The term "dissolving" is used in its broadest sense to mean that at least
      part of the compound is dissolved in the solvent. It should be noted
      however that not all of the compound need be dissolved and that the
      purification process can be carried out with slurrys or suspensions of the
      compound. The "inert solvents" which may be used in the practice of the
      present invention include water, alkanols of from 1 to 5 carbon atoms,
      ethyl acetate, acetone and other such obvious solvents. While it is
      preferred that water or ethyl acetate be used as the solvent, many other
      solvents may likewise be used. Water and ethyl acetate are preferred
      because when heated they readily dissolve the acid addition salt or the
      free base and when cooled the acid addition salt or the free base readily
      precipitates from the solution. Ethanol is a suitable solvent but the
      final materials of each step are quite soluble in ethanol and it is
      generally preferred to precipitate the acid addition salt or the free base
      by the addition of ethyl acetate and a stripping of the ethanol from the
      solution. In other instances a second solvent may be mixed with the first
      solvent to force the precipitation of the final product, i.e. either the
      acid addition salts or the free base. In any event, such precipitation
      procedures are well known in the art.
PAR  When carrying out the formation of the acid addition salt in solution, it
      is preferred that an excess of the p-toluene sulfonic acid be employed to
      insure as complete a recovery as is possible of the
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid. In general, from about 0.8 to about 3, more preferably from about 1
      to about 2, moles of p-toluene sulfonic acid will be employed for each
      mole of racemic of
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid. As a practical matter, from about 1.2 to about 1.7 moles of
      p-toluene sulfonic acid are employed.
DETD
PAR  The following examples are given to illustrate the invention and are not
      intended to limit it in any manner. All parts are given in parts be weight
      unless otherwise expressed.
PAC  EXAMPLE 1
PAC  A. Preparation of p-toluene sulfonic acid addition salt of
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid
      ##SPC1##
PA0  C.sub.17 h.sub.22 n.sub.2 o.sub.7 s, m.w. 398.43
PA0  2572 g. (10.5 moles)
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid
PA0  3000 g. (15.8 moles) p-toluene sulfonic acid monohydrate
PA0  12.6 1. water
PAR  The above hydrazine compound is slurried in 12.6 1. of water under
      nitrogen. The p-toluene sulfonic acid is added all at once. The mixture is
      warmed to 30.degree.-40.degree.C. to from a solution. Crystallization
      occurs rapidly. The crystalline mixture is aged two hours at room
      temperature, then is chilled to 5.degree.C. and aged at
      0.degree.-5.degree.C. for one hour. The product is filtered and washed
      once with cold mother liquors. The product is dried in vacuo (20 mm.) at
      40.degree.C. Yield 3931 g., 94 percent of theory.
PAC  B. Preparation of
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid
      ##SPC2##
PA0  20 g. (0.0503 moles) P-toluene sulfonic acid salt of
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid
PA0  300 ml. water
PA0  4 ml. ammonium hydroxide
PAR  The salt is dissolved in the water under nitrogen. The solution is
      filtered. The pH is adjusted from 1.6 to 2.0 with approximately 3 ml. of
      ammonium hydroxide. The precipitating
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)-propionic
      acid is aged with stirring for 30 minutes. The pH is adjusted to 3.0 -3.5
      with approximately 1 ml. of ammonium hydroxide and the slurry is again
      aged for 30 minutes. The product is chilled in an ice bath for 3 hours.
      The product is filtered, washed four times with ice water and dried in
      vacuo (20 mm.) at 40.degree.-45.degree.C. Yield 11.38 g., 93 percent
      theory. The product is analytically pure.
PAC  EXAMPLE 2
PAC  A. Preparation of p-toluene sulfonic acid salt of
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid
PAR  A slurry is formed with 5.0 g. (0.025 moles) of
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid in 50 ml. of ethyl acetate under nitrogen. The slurry is heated to
      70.degree.C. and 4 g. (0.028 moles) of p-toluene sulfonic acid monohydrate
      is added all at once. The mixture which has cooled somewhat is reheated to
      70.degree.C. and then allowed to cool to room temperature. The mixture is
      aged 21/2 hours at room temperature. The product is filtered, washed once
      with ethyl acetate and then dried in vacuo (20 mm.) at room temperature.
      The p-toluene sulfonic acid salt of
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid is obtained in a yield of 7.84 g. or 82 percent of theory.
PAC  B. Preparation of
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid
PAR  The procedure of Example 1B is repeated utilizing the above salt. The
      results obtained are substantially as in Example 1B.
PAC  EXAMPLE 3
PAR  The procedure of Examples 1A and 1B is repeated with the exception that in
      place of the pure
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid there is employed first the racemate of
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid and secondly a mixture of broken tablets containing fillers, etc. as
      well as the
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid. With both starting materials substantially the same results are
      obtained with the exception that when a racemic product is employed a
      purified racemic product is the end product.
PAR  Many other equivalent modifications will be apparent to those skilled in
      the art from a reading of the foregoing without a departure from the
      inventive concept.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The p-toluene sulfonic acid addition salt of
      .alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid.
NUM  2.
PAR  2. The p-toluene sulfonic acid addition salt of
      L-.alpha.-hydrazino-.alpha.-methyl-.beta.-(3,4-dihydroxyphenyl)propionic
      acid.
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ABST
PAL  The invention concerns a novel process for the production of benzidine
      compounds having at least one nuclear sulphonic acid group, comprising
      reacting a nitro- or nitroso-benzene with an aniline or mono-N-alkyl
      aniline, reducing the reaction product to a hydrazo compound and
      rearranging this to the benzidine compound.
BSUM
PAR  The present invention relates to a process for the production of benzidine
      derivatives.
PAR  The invention provides a process for the production of compounds of Formula
      I,
      ##SPC1##
PAL  in which in rings A and B at least one of the positions 2,3,5,6,2',3',5'
      and 6' is substituted by a sulphonic acid group and the rings A and B are
      otherwise unsubstituted or substituted by halogen of atomic number from 9
      to 53 and/or by alkyl or alkoxy of 1 to 6 carbon atoms, which comprises
      reacting a compound of formula II,
      ##SPC2##
PAL  in which X signifies NO.sub.2 or --NO, and the ring A is defined as above,
      the position 4 being unsubstituted, with a compound of formula III,
      ##SPC3##
PAL  in which
PA1  R signifies hydrogen or an alkyl radical capable of being split off in the
      reaction with the compound of formula II, and
PA1  Ring B is as defined above, the position 4' being unsubstituted, with the
      provisos that if R signifies an alkyl radical, then X signifies --NO.sub.2
      and if X signifies --NO, then R signifies hydrogen,
PAL  And reducing the reaction product to a hydrazo compound of formula IV,
      ##SPC4##
PAL  in which rings A and B are as defined above, the positions 4 and 4' being
      unsubstituted, and rearranging the compound of formula IV to produce the
      compound of formula I.
PAR  When rings A and/or B are substituted by halogen this is preferably
      chlorine; preferred alkyl or alkoxy substituents are of 1 or 2 carbon
      atoms, for example methyl, ethyl, methoxy or ethoxy.
PAR  If X in formula II signifies --NO.sub.2, R in formula III signifies
      hydrogen or, preferably, an optionally substituted alkyl radical, which
      latter radical may be any radical which is split off in the reaction to
      give rise to an oxidation product of R. Preferably R signifies methyl,
      ethyl or .beta. -hydroxyethyl.
PAR  The process of this invention is specially suitable for the production of
      asymmetrical compounds of formula (I), in particular of compounds which
      contain only one sulphonic acid group or in which the rings A and B each
      bears one sulphonic acid group. The process of the present invention is
      conveniently used for the production of compounds of formula Ia or Ib,
      ##SPC5##
PAL  in which
PA1  R.sub.1 and R.sub.3 each independently signifies hydrogen, halogen or alkyl
      or alkoxy containing 1 to 6 carbon atoms and
PA1  R.sub.2 signifies hydrogen, halogen, alkyl or alkoxy containing 1 to 6
      carbon atoms or the sulphonic acid group.
PAR  On the reaction of a compound of formula II in which X signifies --NO with
      a primary amine of formula III an azo compound of formula VII,
      ##SPC6##
PAL  in which rings A and B are as defined above, is formed. The reaction may
      suitably be carried out in basic (pH 8-15) or acid (pH 6-2) medium, at
      temperatures from about room temperature to the boiling point of the
      reaction mixture, preferably between 50.degree. and 80.degree.C. If an
      acid, for example an acetic acid, medium is employed, it is preferred to
      add a catalyst, e.g., a tertiary amine such as pyridine, lutidine or
      quinoline.
PAR  The reaction of a compound of formula II in which X signifies --NO.sub.2
      with a compound of formula III in which R signifies hydrogen, yields an
      azo compound of formula VII or, may possibly, under particular conditions,
      yield an analogous azoxy compound. The reaction is conveniently carried
      out in a strongly alkaline medium, for example at pH of at least 12,
      preferably between 14 and 15. The reaction is preferably carried out at
      elevated temperature, advantageously at least 50.degree.C, preferably from
      70.degree.C to the boiling point of the reaction mixture, or at higher
      temperatures under pressure, if necessary with the addition of an oxygen
      acceptor, for example glucose, molasses or glycerine. The reaction of a
      compound of formula II in which X signifies --NO.sub.2 with a compound of
      formula III in which R is different from hydrogen yields azo compounds of
      formula VII; the reaction of the nitro compound with the secondary amine
      is suitably carried out under the same conditions as the reaction with the
      primary amine described above but the addition of an oxygen acceptor is
      not necessary.
PAR  It may be noted that the reaction of compounds of formulae II and III in
      alkaline medium results in the reaction product being formed in alkali
      salt form.
PAR  Subsequent reduction to the hydrazo compounds of formula IV may be carried
      out by any of the conventional methods in which reduction does not proceed
      beyond the hydrazo stage, for example with a base metal or an alloy of
      base metals, for example zinc or silicon or sodium amalgam, in an aqueous,
      strongly alkaline medium, for example in the presence of sodium or
      potassium hydroxide, preferably in the absence of air and preferably with
      heating, for example at temperatures from 70.degree.C to the boiling
      temperature of the reaction mixture, especially between 80.degree. and
      90.degree.C. Reduction may also be accomplished electrolytically in
      alkaline medium. Further suitable reduction methods are described, for
      example, in Houben-Weyl, Methoden der Organischen Chemie, 4th impression
      (1967), Vol. X/2, pp. 705-724.
PAR  The rearrangement of the hydrazo compounds of formula IV to the benzidine
      compounds of formula I may be carried out in conventional manner, for
      example in strongly acid medium (pH 1.5 - 0), for example using
      hydrochloric acid, and suitably at temperatures from 10.degree. to
      50.degree.C.
PAR  Reduction may also be carried out with simultaneous rearrangement by the
      use of tin dichloride as reducing agent in a concentrated hydrochloric
      acid medium (pH 1.5 - 0) and at temperatures from 0.degree. to
      30.degree.C. It is preferred to de-tin the reaction mixture by one of the
      known methods, for example by electrolysis, before the final product is
      isolated. It is not known for certain whether the hydrazo intermediate of
      formula IV is formed transitorily in this simultaneous process, but it is
      to be understood to fall under the process of this invention.
PAR  The newly formed compounds, if desired after neutralization of the excess
      acid, may be isolated by the normal methods and if necessary purified.
PAR  The compounds of formula I may be used as intermediates for the production
      of anionic dyes in well known manner. For example,
      4,4'-diamino-1,1'-diphenyl-3-sulphonic acid serves as an intermediate for
      the production of anthraquinone and azo dyes of anionic character, as
      described, for example, in French Pat. Nos. 1,211,502, 1,486,851 and
      1,540,735.
PAR  In the following Examples the parts and percentages, unless otherwise
      stated, are by weight and the temperatures in degrees centrigrade. The
      parts by weight relate to the parts by volume as grams to millilitres.
DETD
PAC  EXAMPLE 1
PAR  Aqueous sodium hydroxide solution containing 8 parts of sodium hydroxide is
      made up to 70 parts by volume with water and 20.3 parts of
      3-nitrobenzenesulphonic acid in the form of the sodium salt and 10.7 parts
      of N-methyl-aniline are added. The solution is reacted at the boiling
      temperature for 20 hours with reflux. After distillation of the unreacted
      N-methylaniline with water vapour, 8 parts of sodium chloride are added
      and the solution allowed to cool to 20.degree.. The crystalline
      precipitate is filtered with suction and dried at 100.degree..
      Chromatographic analysis of the sodium salt of azobenzene-3-sulphonic acid
      thus formed shows it to be virtually pure. It is obtained as a red-brown
      cystalline powder which dissolves in water with a yellow colour. On
      heating it carbonizes slowly without melting.
PAR  26.2 Parts of this azobenzene-3- sulphonic acid sodium salt are dissolved
      in 280 parts of water at 60.degree. and the solution cooled to room
      temperature, on which the azo compound settles out as fine crystals.
PAR  28 parts of tin (II)) chloride dihydrate are entered into 60 parts by
      volume of 36.5% hydrochloric acid and stirred for about 6 hours at room
      temperature until completely dissolved. The solution is allowed to flow in
      about 30 minutes into the dye suspension. Ice is added from time to time
      to keep the reaction temperature below 30.degree..The hydrazo compound is
      formed with decolouration and is simultaneously rearranged to
      4',4'-diamino-1,1'-diphenyl-2-sulphonic acid. The resulting solution is
      diluted with 150 parts of water and clarified by filtration. It is then
      de-tinned. Copper is used as anode and a graphite rod standing in a
      diaphragm filled with hydrochloric acid is used as cathode. Electrolytic
      de-tinning is carried out at room temperature. After complete separation
      of the tin the solution is again clarified by filtration. Then its pH is
      adjusted to 4.2 by the addition of aqueous sodium hydroxide solution, on
      which the 4,4'-diamino-1,1'-diphenyl-2-sulphonic acid is completely
      precipitated. It is filtered and dried at 100.degree.. The dry powder is
      of pale grey colour and is poorly soluble in water, but soluble in alkalis
      and dilute mineral acids.
PAC  EXAMPLE 2
PAR  An amount of the sodium salt of 2-nitrobenzenesulphonic acid equivalent to
      20.3 parts of the free sulphonic acid and 9.3 parts of aniline in 26 parts
      of 30% sodium hydroxide solution are held at the boiling temperature for
      30 minutes with stirring and reflux, and subsequently diluted with 50
      parts of water. Firstly unreacted aniline is distilled with water vapour,
      and then, after neutralization with hydrochloric acid, the
      2-nitro-1-hydroxybenzene formed as by-product. Filtering earth is added,
      then the remaining solution is filtered while hot and the product
      precipitated from the filtrate with sodium chloride. It is isolated by
      filtration with suction and dried. Chromatography of the sodium salt of
      azobenzene-2-sulphonic acid thus formed shows that it is virtually
      homogeneous. It is obtained as a crystalline powder which dissolves
      readily in water to give a yellow solution. On heating it carbonizes
      slowly without melting.
PAR  26.2 Parts of this sodium salt of azobenzene-2-sulphonic acid are dissolved
      in 300 parts of water at 60.degree.. A concentrated aqueous solution of 18
      parts of sodium hydroxide is added to adjust the solution to the strongly
      alkaline region. It is raised to 80.degree. and in the absence of air 7.5
      parts of zinc powder are added in portions in about 30 minutes. Stirring
      is continued for about 2 hours at 80.degree.-89.degree. until the reaction
      solution is decolourised. It is filtered free of the zinc sludge, cooled
      to 10.degree. and run into 110 parts by volume of 30% hydrochloric acid.
      Ice is added as required to keep the temperature at 10.degree. to
      15.degree.. To complete the rearrangement of the
      hydrazobenzene-2-sulphonic acid into the
      4,4'-diamino-1,1'-diphenyl-3-sulphonic acid, stirring is continued for 10
      hours and finally the temperature is increased to 40.degree.. The pH is
      adjusted to 5.5 with concentrated aqueous sodium hydroxide solution, on
      which the 4,4'-diamino-1,1'-diphenyl-3-sulphonic acid is precipitated from
      the solution. It is filtered and dried at 100.degree..
PAC  EXAMPLE 3
PAR  40.6 Parts of 3-nitrobenzenesulphonic acid in the form of the sodium salt,
      20 parts of aniline, 250 parts of water, 35 parts of 30% sodium hydroxide
      solution and 20 parts of glycerin (as oxygen acceptor) are reacted for
      about 48 hours at 90.degree. with stirring and reflux condensation. The
      reaction solution gradually acquires an intense yellow colour. On
      completion of the reaction the excess aniline is distilled with water
      vapour. The remaining dye solution is set with sodium chloride and cooled,
      on which the sodium salt of azobenzene-3-sulphonic acid settles out as
      yellow crystals. It is filtered and dried.
PAR  Reduction of the azobenzene-3-sulphonic acid to the corresponding hydrazo
      compound and rearrangement to the 4,4'-diamino-1,,1'diphenyl-2-sulphonic
      acid can be carried out in accordance with the procedure described in
      Example 1 or 2.
PAC  EXAMPLE 4
PAR  17.3 Parts of 1-aminobenzene -3-sulphonic acid are dissolved in 35 parts of
      water and 100 parts of pyridine with heating, 70 parts of 100% acetic acid
      are slowly added and the solution adjusted to 80.degree.. After the
      addition of 10.7 parts of nitrobenzene in small portions the reaction
      mixture is stirred for 2 hours at 80.degree..The solvent is distilled
      under reduced pressure. The residue is dissolved in water and 5.3 parts of
      sodium carbonate with heating, some filtering earth is added to the
      solution and it is then filtered while hot. On the addition of sodium
      chloride and cooling, the sodium salt of azobenzene-3-sulphonic acid
      settles out. It is filtered and dried.
PAR  Reduction of the azobenzene-3-sulphonic acid to the corresponding hydrazo
      compound and rearrangement to the 4,4'-diamino-1,1'-diphenyl-2-sulphonic
      acid can be carried out in analogy with the procedures given in Example 1
      or 2.
PAR  In the table below further compounds of formula I are specified which can
      be produced in analogy with the procedures of Examples 1 to 4. They are
      distinguished in the table by the starting compounds of formulae II and
      III and by the structural formula of the resulting compound.
TBL                                    Table                                   
     __________________________________________________________________________
     Example                                                                   
          Compound of  Compound of Final product                               
     No.  formula II   formula III                                             
     __________________________________________________________________________
          HO.sub.3 S                                                           
          .vertline.                                                           
     5    --NO.sub.2   C.sub.2 H.sub.5 NH--                                    
                                   H.sub.2 N--NH.sub.2                         
                                   .vertline.                                  
                                   SO.sub.3 H                                  
          HO.sub.3 S   CH.sub.3 O  OCH.sub.3                                   
          .vertline.   .vertline.  .vertline.                                  
     6    --NO.sub.2   HOC.sub.2 H.sub.4 NH--                                  
                                   H.sub.2 N--NH.sub.2                         
                                   .vertline.                                  
                                   SO.sub.3 H                                  
          HO.sub.3 S   C.sub.2 H.sub.5 O                                       
                                   OC.sub.2 H.sub.3                            
          .vertline.   .vertline.  .vertline.                                  
     7    --NO.sub.2   H.sub.2 N-- H.sub.2 N--NH.sub.2                         
                                   .vertline.                                  
                                   SO.sub.3 H                                  
          HO.sub.3 S   CH.sub.3 O  CH.sub.3 OOCH.sub.3                         
          .vertline.   .vertline.  .vertline..vertline.                        
     8    --NO.sub.2   CH.sub.3 NH--                                           
                                   H.sub. 2 N--NH.sub.2                        
          .vertline.               .vertline.                                  
          OCH.sub.3                SO.sub.3 H                                  
          HO.sub.3 S                                                           
          .vertline.                                                           
     9    --NO.sub.2   H.sub.2 N-- H.sub.2 N--NH.sub.2                         
                                   .vertline.                                  
                                   SO.sub.3 H                                  
          HO.sub.3 S               HO.sub.3 S                                  
          .vertline.               .vertline.                                  
     10   --NO.sub.2   H.sub.2 N-- H.sub.2 N--NH.sub.2                         
                       .vertline.  .vertline.                                  
                       SO.sub.3 H  SO.sub.3 H                                  
          SO.sub.3 H                                                           
          .vertline.                                                           
     11   --NO.sub.2   H.sub.2 N-- H.sub.2 N--NH.sub.2                         
                                   .vertline.                                  
                                   HO.sub.3 S                                  
          SO.sub.3 H   CH.sub.3 O  OCH.sub.3                                   
          .vertline.   .vertline.  .vertline.                                  
     12   --NO.sub.2   H.sub.2 N-- H.sub.2 N--NH.sub.2                         
                       .vertline.                                              
                       HO.sub.3 S                                              
     __________________________________________________________________________
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the production of compounds of formula I,
      ##SPC7##
PAL  in which in ring A at least one of the positions 2, 3, 5 and 6 is
      substituted by a sulphonic acid group and the rings A and B are otherwise
      unsubstituted or substituted by halogen of atomic number from 9 to 53
      and/or by alkyl or alkoxy of 1 to 6 carbon atoms, which comprises reacting
      a compound of formula II,
      ##SPC8##
PAL  in which the ring A is defined as above, the position 4 being
      unsubstituted, with a compound of formula III,
      ##SPC9##
PAL  in which
PA1  R signifies methyl, ethyl or .beta.-hydroxyethyl, and
PA1  ring B is as defined above, the position 4' being unsubstituted,
PAL  at a temperature of at least 50.degree.C and a pH of at least 12, and
      reducing the resulting azo reaction product, under conditions whereby the
      reduction does not proceed beyond the hydrazo stage, to a hydrazo compound
      of formula IV,
      ##SPC10##
PAL  in which rings A and B are as defined above, the positions 4 and 4' being
      unsubstituted, and rearranging the compound of formula IV in a strongly
      acid medium to produce the compound of formula I.
NUM  2.
PAR  2. A process according to claim 1 wherein the step of reducing the azo
      compound to the hydrazo compound is carried out in alkaline medium.
NUM  3.
PAR  3. A process according to claim 2, in which the reduction of the reaction
      product of the compounds of formulae II and III is carried out using a
      base metal in an aqueous strongly alkaline medium.
NUM  4.
PAR  4. A process according to claim 3, in which zinc, silicon or sodium amalgam
      is used with a sodium or potassium hydroxide solution, at a reaction
      temperature of from 70.degree.C to the boiling temperature of the reaction
      mixture.
NUM  5.
PAR  5. A process according to claim 3, in which the rearrangement is carried
      out in hydrochloric acid of pH 1.5-0  at a temperature of from 10.degree.
      to 50.degree.C.
NUM  6.
PAR  6. A process according to claim 3, in which, the compounds of formulae II
      and III, the ring A is substituted by only one sulphonic acid group.
NUM  7.
PAR  7. A process according to claim 6, in which the resulting compound of
      formula I is of the formula Ia
      ##SPC11##
PAL  in which R.sub.1, R.sub.2 and R.sub.3 each independently signifies
PA1  hydrogen, halogen or alkyl or alkoxy containing 1 to 6 carbon atoms.
NUM  8.
PAR  8. A process according to claim 3, in which the substituents for rings A
      and B are selected from chlorine, methyl, methoxy, ethyl and ethoxy.
NUM  9.
PAR  9. A process according to claim 1, in which simultaneous reduction and
      rearrangement is effected by treating the reaction product of the
      compounds of formulae II and III with tin chloride in a concentrated
      hydrochloric acid of pH 1.5-0 and at a temperature of from 0.degree. to
      30.degree.C.
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ABST
PAL  Disodium 4,4'-diaminostilbene-2,2'-disulfonate is prepared by catalytically
      reducing disodium 4,4'-dinitrostilbene-2,2'-disulfonate with hydrogen in
      the presence of a nickel catalyst, either (1) in an alcohol medium in
      which a water content of the reaction system is 3 % by weight or below
      based on the system before the beginning of the reaction, or (2) in an
      aqueous medium in which pH of the system is adjusted to a range from 5 to
      10 using a buffer.
BSUM
PAR  The present invention relates to an improvement in the preparation of
      disodium 4,4'-diaminostilbene-2,2'-disulfonate (hereinafter referred to as
      "DAS") by a catalytic reduction of disodium
      4,4'-dinitrostilbene-2,2'-disulfonate (hereinafter referred to as "DNS").
PAR  DAS is very important as an intermediate for the preparation of dyestuffs,
      and of particularly fluorescent brightening agents, and at present is
      generally prepared by an iron reduction process. Since the method requires
      a large amount of iron, however, separation of DAS from iron sludge after
      completion of the reaction is very troublesome, and in addition treatment
      of the iron sludge is also very labor-consuming. Therefore, the method is
      not suitable for a mass production.
PAR  There is a catalytic reduction process as an alternative method free from
      these defects. According to the method, DAS can be prepared using only
      hydrogen and a catalytic amount of metal, so that the method has no such
      troubles as encountered in the iron reduction process. The catalytic
      reduction of DNS, however, has essentially serious problems. For example,
      it produces a large amount of dibenzyl derivatives as by-products because
      DNS has an ethylenic linkage which is very easily hydrogenated like nitro
      group. Furthermore, it produces colored products which are responsible for
      very low quality of the resulting DAS.
PAR  U.S. Pat. No. 2,784,220 and Japanese Patent Publication No. 815/1973
      disclose the preparation of high-purity DAS using a platinum or palladium
      catalyst, but the method disclosed in the above two patents has aforesaid
      serious problems to be solved. In addition, the method includes the
      operation of adding an aqueous DNS solution to the reaction system at such
      a rate as does not allow the unreacted DNS to be present in excess, which
      is very troublesome and requires a reaction time as long as 25 hours.
      Therefore, the method has a very low industrial value.
PAR  With the object of producing a high-quality DAS satisfactory as an
      intermediate for the preparation of fluorescent brightening agents in a
      high concentration and a high yield and in a short time, and moreover of
      establishing a simple manufacturing method thereof, the inventors have
      extensively studied the catalytic reduction process on its various
      conditions including catalysts, reaction solvents, reaction temperatures,
      reaction pressures and operations.
PAR  The present invention provides a process for preparing disodium
      4,4'-diaminostilbene-2,2'-disulfonate which comprises reducing disodium
      4,4'-dinitrostilbene-2,2'-disulfonate with hydrogen in the presence of a
      nickel catalyst, either (1) in an alcohol medium wherein a water content
      of the reaction system before the beginning of the reaction is 3 % by
      weight or below, or (2) in an aqueous medium, wherein pH of the reaction
      system is adjusted to a range from 5 to 10 using a buffer throughout the
      reaction.
PAR  A first embodiment of the present invention j will be illustrated as
      follows:
PAR  The catalytic reduction in an alcohol is carried out in a pressure vessel
      or autoclave. The alcohol used includes a lower aliphatic alcohol such as
      methyl alcohol, ethyl alcohol, isopropyl alcohol, n-propyl alcohol,
      n-butyl alcohol, isobutyl alcohol, sec-butyl alcohol and tert-butyl
      alcohol alone or in combination thereof.
PAR  The catalyst used may be any of nickel compounds and is particularly
      preferably wet-developed nickel such as Raney nickel or Urushibara nickel
      [Bull. Chem. Soc. Japan, 25, 280 (1952); 27, 480 (1954)] or dry nickel.
PAR  The amount of the catalyst used is at least 0.1 % by weight, preferably at
      least 0.5 % by weight based on DNS. The reaction temperature depends upon
      amounts of catalyst and DNS and hydrogen pressure, and for a higher
      reaction rate and a shorter reaction time, a temperature range from
      20.degree. to 200.degree.C, and particularly from 30.degree. to
      170.degree.C, is preferred. It is of course sufficiently possible to carry
      out the reaction out of the above temperature range.
PAR  For the hydrogen pressure (internal pressure), a pressure of at least 0.5
      kg/cm.sup.2 is sufficient, and particularly a pressure of at least 1
      kg/cm.sup.2 is advantageous for shortening the reaction time.
PAR  An upper limit of the pressure is not particularly limited, but a pressure
      of 30 kg/cm.sup.2 is sufficient to achieve the object of the present
      invention.
PAR  The concentration of DNS in the reaction system is at least 1% by weight
      based on the weight of the system, and particularly preferably from 10 to
      30% by weight in view of economy and solubility of DNS.
PAR  The reaction time depends upon an amount of catalyst, hydrogen pressure,
      reaction temperature and DNS concentration, but it is usually from 30
      minutes to 8 hours.
PAR  Before starting the reaction, a water content of the reaction system must
      be reduced to 3% by weight or less. If the content exceeds 3% by weight,
      conversion into DAS of the colored diazo compound intermediately produced
      from DNS becomes slow so remardably that the diazo compound remains
      unreacted in an increasing amount and at the same time a large amount of
      dibenzyl compounds are produced as by-products. Thus, the DAS produced is
      disadvantageously low in yield and poor in quality.
PAR  Reducing the water content to 3% by weight or less before the beginning of
      the reaction may be carried out by previously removing water from each of
      catalyst, DNS and alcohol according to a conventional manner such as
      filtration, drying and distillation, or by distilling off water from the
      mixture, if necessary.
PAR  According to the process of the present invention, only nitro group is
      selectively reduced and the formation of red-colored by-products can be
      prevented.
PAR  The process of the present invention is very unique and any other
      combination of catalyst and solvent can not achieve the object of the
      present invention. For example, in combined systems such as
      platinum-water, palladium-water, platinum-alcohols and palladium-alcohols,
      the reaction does not proceed at all, or even if proceeds, it produces
      dibenzyl derivatives as by-products in a proportion as high as 50% based
      on the total product or a large amount of red-colored by-products and no
      effect comparable to the process of the present invention can be obtained.
PAR  The present invention can give the surprising effect that formation of
      dibenzyl derivatives and red-colored materials is inhibited to less than
      0.01% and to zero, respectively, and that the yield of DAS is increased to
      more than 97%.
PAR  Superiority of the present invention will become more apparent from the
      follow-up result of the above two patents that the dibenzyl derivatives
      and red-colored products are produced in a proportion of 20 to 50% and 5
      to 10% based on the total product, respectively.
PAR  Next, a second embodiment of the present invention will be illustrated.
PAR  The catalytic reduction in aqueous medium according to the present
      invention is also carried out in a pressure vessel or autoclave.
PAR  The buffer used in the process of the present invention includes
      compositons of phosphoric acid, boric acid or organic acid series. The
      compositions of phosphoric acid series comprise a mixture of phosphoric
      acid, alkali hydrogen phosphates and/or alkali dihydrogen phosphates, if
      desired, together with at least one member of alkali hydroxides, alkali
      hydrogen carbonates, borax, boric acid, hydrochloric acid, acetic acid,
      citric acid and diethyl barbiturate. Favorable examples are as follows:
     (1)     Potassium dihydrogen phosphate (or sodium salt)                   
             Disodium hydrogen phosphate (or dipotassium                       
              salt)                                                            
     (2)     Potassium dihydrogen phosphate (or sodium salt)                   
             Sodium hydrogen carbonate (or potassium salt)                     
     (3)     Potassium dihydrogen phosphate (or sodium salt)                   
             Sodium hydroxide (or potassium salt)                              
     (4)     Potassium dihydrogen phosphate (or sodium salt)                   
             Borax                                                             
     (5)     Disodium hydrogen phosphate (or dipotassium                       
              salt)                                                            
             Citric acid                                                       
     (6)     Sodium dihydrogen phosphate (or potassium salt)                   
             Borax                                                             
     (7)     Dipotassium hydrogen phosphate (or disodium                       
              salt)                                                            
             Citric acid                                                       
     (8)     Phosphoric acid, acetic acid and boric acid                       
             Sodium hydroxide (or potassium salt)                              
     (9)     Potassium dihydrogen phosphate (or sodium salt),                  
              citric acid, boric acid, diethyl barbiturate                     
              and hydrochloric acid                                            
             Sodium hydroxide (or potassium salt)                              
PAR  The buffer compositions of boric acid series comprise a mixture of boric
      acid and/or borax with at least one member of alkali chlorides, alkali
      hydroxides, alkali carbonates, succinic acid and alkali hydrogen citrates.
      Favorable examples are as follows:
TBL  (10)      Boric acid                                                      
               Potassium chloride (or sodium salt)                             
               Sodium carbonate (or potassium salt)                            
     (11)      Boric acid                                                      
               Potassium chloride (or sodium salt)                             
               Sodium hydroxide (or potassium salt)                            
     (12)      Borax                                                           
               Boric acid                                                      
               Sodium chloride (or potassium salt)                             
     (13)      Borax                                                           
               Succinic acid                                                   
     (14)      Borax                                                           
               Potassium hydrogen citrate (or sodium salt)                     
     (15)      Borax                                                           
               Sodium carbonate (or potassium salt)                            
PAR  Further, the buffer compositions of organic acid series used according to
      the present invention comprise a mixture of glycine, alkali citrates,
      acetic acid, alkali acetates, alkali diethyl barbiturates and/or alkali
      dimethylaminoacetates together with at least one member of alkali
      chlorides, alkali hydroxides and hydrochloric acid. Favorable examples are
      as follows:
TBL  (16)    Glycine                                                           
             Sodium chloride (or potassium salt)                               
             Sodium hydroxide (or potassium salt)                              
     (17)    Sodium citrate (or potassium salt)                                
             Sodium hydroxide (or potassium salt)                              
     (18)    Acetic acid                                                       
             Sodium acetate (or potassium salt)                                
     (19)    Sodium diethyl barbiturate (or potassium salt) - Sodium acetate   
             (or potassium salt)                                               
             Hydrochloric acid                                                 
     (20)    Sodium diethyl barbiturate (or potassium salt)                    
             Hydrochloric acid                                                 
     (21)    Sodium dimethylaminoacetate (or potassium salt)                   
             Hydrochloric acid                                                 
PAR  The reaction according to the present invention proceeds smoothly at pH of
      at least 5, and preferably 5 to 10. A pH value of less than 5 leads to
      dissolution of the catalyst, inhibiting progress of the reaction
      remarkably, while a pH value of more than 10 causes not only formation of
      a large amount of red-colored by-products but also elongation of reaction
      time and reduction in yield. Therefore, composition of the abovementioned
      buffer solution must be adjusted to keep the pH within the above range.
PAR  When the buffer is not used, the pH fluctuates very widely before, during
      and after reaction, so that the reaction is very complicated and the
      preparation of dibenzyl derivatives and red-colored by-products is
      promoted. These side reactions can be well inhibited by using the buffer.
PAR  In this process, the phosphoric acid, boric acid and organic acid series
      compositions act not only as a buffer but also as a promotor for nickel
      catalyst, thus promoting formation of DAS and inhibiting formation of
      dibenzyl derivatives.
PAR  As the nickel catalysts used according to the present invention, common
      nickel catalysts are sufficient, but Raney nickel or Urushibara nickel is
      particularly preferred in view of reaction rate and reaction temperature.
PAR  For Raney nickel catalysts, there are several grades, W-1 to W-7, any of
      which may be used, but W-7, the most active grade, is particularly
      preferred. In case of Urushibara nickel, both the grades, A and B, may be
      used. The amount of catalyst used is at least 0.1% by weight, and
      preferably at least 0.5% by weight, based on DNS.
PAR  The reaction temperature is 20.degree. to 200.degree.C, and preferably
      50.degree. to 180.degree.C, and at a temperature of less than 20.degree.C
      the reaction time is prolonged while at a temperature of more than
      200.degree.C the yield of DAS is somewhat reduced.
PAR  The hydrogen pressure is at least 1 kg/cm.sup.2, and preferably 3 to 30
      kg/cm.sup.2. At below 1 kg/cm.sup.2, the reaction time is prolonged while
      an upper limit is not particularly present, but 30 kg/cm.sup.2 is
      sufficient to carry out the present invention.
PAR  AS for the concentration of DNS, a concentration of at least 1% by weight
      is sufficient, but that of 10 to 30% by weight is most preferred in view
      of economy and solubility of DNS in water.
PAR  The reaction time is affected largely by catalyst amount, reaction
      temperature and hydrogen pressure, but is generally 1 to 8 hours.
PAR  Thus, according to the method of the present invention, it is possible not
      only to reduce the amounts of dibenzyl derivatives and red-colored
      by-products formed to 0.05% and to zero, respectively, but also to obtain
      DAS in a yield as high as more than 98%.
DETD
PAR  The present invention will be illustrated with reference to the following
      examples, which are only given for the purpose of illustration and not to
      be interpreted as limiting thereto.
PAR  In the examples, all parts and percents are expressed by weight unless
      otherwise indicated and, the purity of DAS was measured according to JIS K
      4158 (1970), and the dibenzyl derivative was analyzed by liquid
      chromatography.
PAC  EXAMPLE 1
PAR  In an autoclave were placed 1,000 parts of dry DNS, 9,000 parts of absolute
      methanol and 20 parts of Raney nickel containing as little water as
      possible (water content 5 parts), and the reaction was carried out at
      45.degree. .+-. 5.degree.C under a hydrogen pressure of 1 to 7
      kg/cm.sup.2. Absorption of hydrogen was completed in one hour and a half.
      After filtering off the catalyst, methanol was distilled off to obtain 860
      parts of DAS in a yield of 100% (purity 99.9%).
PAR  As another method of isolating the objective compound, the above filtrate
      free from the catalyst was acidified with a 2 N-hydrochloric acid to
      obtain 780 parts of 4,4'-diaminostilbene-2,2'-disulfonic acid (hereinafter
      referred to as "DAS-H") as white needles. Yield 99.4% and purity 99.8%.
      Dibenzyl derivatives were not detected.
PAR  In the same manner as mentioned above, the catalytic reduction was carried
      out except that DNS concentration of 30% and 20 parts of dry nickel were
      used instead. Yield 99.1% and purity 99.9%.
PAC  EXAMPLE 2
PAR  To an autoclave were added 2,040 parts of DNS (water content 2%), 8,000
      parts of ethanol and 50 parts of Raney nickel (water content 25 parts) and
      the reaction was conducted at 55.degree. .+-. 3.degree.C under a hydrogen
      pressure of 3 to 12 kg/cm.sup.2. Absorption of hydrogen was completed in
      one hour and 40 minutes. After dissolving partially separated DAS in
      additional water, the reaction solution was acidified with a 2
      N-hydrochloric acid to obtain 1,540 parts of greyish white DAS-H in a
      yield of 99.0% (purity 98.5%). Dibenzyl derivatives were not detected.
PAR  Decreasing the DNS concentration to 10%, the procedure was carried out in
      the same manner as mentioned above to obtain DAS-H in a yield of 98.9%
      (purity 98.5%).
PAC  EXAMPLE 3
PAR  In an autoclave were placed 2,220 parts of DNS (water content 10%), 8,000
      parts of n-propyl alcohol and 50 parts of Urushibara nickel A (water
      content 40%) and the reduction was carried out at 50.degree. .+-.
      3.degree.C under a hydrogen pressure of 3 to 10 kg/cm.sup.2. Absorption of
      hydrogen was completed in one hour and a half. The reaction mass was
      aftertreated in the same manner as described in Example 1 to give 1,540
      parts of white DAS-H in a yield of 98.7% (purity 99.7%). Dibenzyl
      derivatives were not detected.
PAC  EXAMPLE 4
PAR  To an autoclave were added 1,500 parts of dry DNS, 8,500 parts of
      tert-butyl alcohol and 38 parts of Urushibara nickel A (water content
      40%), and the reduction was carried out at 70.degree. .+-. 3.degree.C
      under a hydrogen pressure of 5 to 15 kg/cm.sup.2. Absorption of hydrogen
      was completed in one hour and 20 minutes. After dissolving partially
      separated DAS in additional water, the reaction solution was acidified
      with a 2 N-hydrochloric acid to obtain 1,149 parts of greyish white DAS-H
      in a yield of 98.2% (purity 97.0%). Dibenzyl derivatives were not
      detected.
PAC  EXAMPLE 5
PAR  A mixture comprising 250 parts of DNS (water content 20%), 3,000 parts of
      n-butyl alcohol containing 10% of water and 5 parts of Raney nickel (water
      content 50%) was heated to distill off a n-butyl alcohol-water fraction
      until the water content of the system was reduced to less than 3%. Then,
      the procedure was carried out in the same manner as described in Example 4
      to give DAS-H (purity 99.4%) in a yield of 98.7%. Dibenzyl derivatives
      were not detected.
PAC  REFERENTIAL EXAMPLE 1
PAR  The hydrogenation was carried out in the same manner as described in
      Example 5 except that dehydration was not conducted. Then, the reaction
      product contained 68% of DAS-H and as by-products 7% of dibenzyl
      derivatives and 22% of red-colored products.
PAC  EXAMPLE 6
PAR  In an autoclave were placed 100 parts of DNS, 2.00 parts of Raney nickel
      W-6 (water content 40% and, as a buffer, 2.18 parts of potassium
      dihydrogen phosphate, 6.66 parts of disodium hydrogen phosphate and 900
      parts of water. The pH of the system was 7.2. Then, hydrogenation was
      carried out at 155.degree. .+-. 5.degree.C under a hydrogen pressure of 5
      to 20 kg/cm.sup.2. Absorption of hydrogen was completed in about 2.5
      hours.
PAR  After cooling to room temperature, the Raney nickel was removed by
      filtration to obtain a yellow filtrate. DAS concentration of the filtrate
      was 8.7% (corresponding to yield of 100%), and dibenzyl derivatives and
      red-colored products were not detected.
PAR  On acidifying the filtrate with a 2 N-hydrochloric acid, 76 parts of
      greyish white DAS-H was obtained, while both dibenzyl derivatives and
      red-colored products were not detected. Yield 97% and purity 100%.
PAC  EXAMPLE 7
PAR  In an autoclave were added 200 parts of DNS, 4.0 parts of wet Urushibara
      nickel B and, as a buffer, 6.94 parts of boric acid, 1.64 part of sodium
      chloride, 4.58 parts of borax (Na.sub.2 B.sub.4 O.sub.7.1OH.sub.2 O) and
      800 parts of water. The pH of the system was 8.1. On conducting
      hydrogenation at 160.degree. .+-. 5.degree.C under a hydrogen pressure of
      5 to 20 kg/cm.sup.2, absorption of hydrogen was completed in about 2 hours
      and 20 minutes.
PAR  After cooling to room temperature, the nickel catalyst was removed by
      filtration to obtain a yellow filtrate. DAS concentration of the filtrate
      was 17.2% (yield 100%) and both dibenzyl derivatives and colored products
      were not detected.
PAC  EXAMPLE 8
PAR  In an autoclave were added 250 parts of DNS, 4.0 parts of wet Raney neckel
      W-7 and, as a buffer, 14.0 parts of potassium dihydrogen phosphate, 2.16
      parts of sodium hydrogen carbonate and 750 parts of water. The pH of the
      system was 6.1. On conducting hydrogenation at 140.degree. .+-. 5.degree.C
      under a hydrogen pressure of 10 to 25 kg/cm.sup.2, absorption of hydrogen
      was completed in about 3 hours.
PAR  Aftertreatment was carried out in the same manner as described in Example 2
      to obtain the reaction solution having a DAS concentration of 21.8%
      (corresponding to yield of 100%). Both dibenzyl derivatives and colored
      products were not detected.
PAR  On acidifying the solution with hydrochloric acid, DAS-H (purity 100%) was
      obtained in a yield of 96%.
PAC  REFERENTIAL EXAMPLE 2
PAR  In an autoclave were placed 150 parts of DNS, 2.40 parts of wet Raney
      nickel W-7 and 850 parts of water. The pH of the system was 8.1, and
      hydrogenation was then carried out at 70.degree. .+-. 3.degree.C under a
      hydrogen pressure of 10 to 30 kg/cm.sup.2. After a theoretical amount of
      hydrogen was absorbed, the reaction solution was cooled to room
      temperature and filtered to remove the nickel catalyst. It was found from
      analysis that the red filtrate (pH 11) thus obtained contained neither DAS
      nor dibenzyl derivatives. On standing at room temperature, the red
      filtrate turned into a gelatinous matter with unknown structure.
PAC  REFERENTIAL EXAMPLE 3
PAR  The reduction process disclosed in Example 1 of Japanese Patent Publication
      No. 815/1973 was followed up, and it was found that the reduction stopped
      18 hours after the beginning of reaction in spite of the presence of
      unreacted DNS. After filtering off the palladium catalyst, the filtrate
      obtained was measured on the content ratio between DAS, dibenzyl
      derivatives, and DNS recovered. It was found from the result that the
      ratio was 35 : 38 : 27 and further that DAS obtained was colored.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing disodium 4,4'-diaminostilbene2,2'-disulfonate,
      which comprises reducing disodium 4,4'-dinitrostilbene-2,2'-disulfonate
      with hydrogen in the presence of a nickel metal catalyst in an aqueous
      medium at a temperature of 20.degree. to 200.degree.C in which the pH of
      the reaction system is adjusted to a range from 5 to 10 using a buffer.
NUM  2.
PAR  2. The process according to claim 1, wherein the buffer is a composition of
      phosphoric acid, boric acid or organic acid series.
NUM  3.
PAR  3. The process according to claim 1, wherein the nickel catalyst is a
      wet-developed nickel or dry nickel.
NUM  4.
PAR  4. The process according to claim 3, wherein the wet-developed nickel is
      Raney nickel or urushibara nickel.
NUM  5.
PAR  5. The process according to claim 1, wherein the nickel catalyst is used in
      an amount of at least 0.1% by weight based on the weight of disodium
      4,4'-dinitrostilbene-2,2'-disulfonate.
NUM  6.
PAR  6. The process according to claim 1, wherein the reducing is conducted
      under a hydrogen pressure of not higher than 30 kg/cm.sup.2.
NUM  7.
PAR  7. The process according to claim 1, wherein a concentration of disodium
      4,4'-dinitrostilbene-2,2'-disulfonate is at least 1% by weight based on
      the weight of the reaction system.
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ABST
PAL  A detergent builder composition having the formula:
      ##EQU1##
      wherein R is --CH.sub.2 --CH.sub.2 --COOX, X being a member selected from
      the class consisting of hydrogen, alkali metals, ammonium and substituted
      ammonium.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 183,277, filed Sept. 23, 1971,
      now U.S. Pat. No. 3,767,598.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Summary of the Invention
PAR  The present invention relates to a detergent builder composition having the
      formula:
      ##EQU2##
      wherein R is --CH.sub.2 --CH.sub.2 --COOX, X being a member selected from
      the class consisting of hydrogen, alkali metals, ammonium and substituted
      ammonium.
PAR  2. Description of the Prior Art
PAR  The broad concept of "built" detergent compositions has been known for some
      time and encompasses the capability possessed by certain substances of
      substantially improving the effectiveness of detergent compounds. The
      improved or enhanced result as evidenced by a washed article appearing
      cleaner and brighter is generally characterized as the "builder" effect.
      Compounds which perform in this manner are called builders. The improved
      performance attributed to the builder is manifested in a variety of ways.
      Among the ways with respect to which builders are thought to have useful
      effects are such factors as stabilization of suspended solid soils,
      emulsification of soils, the surface activity in an aqueous detergent
      solution, the solubilization of water-insoluble materials, foaming or suds
      producing characteristics of the washing solutions, peptization of soil
      agglomerates, neutralization of acid soils and the like, in addition to
      the sequestration of mineral constituents present in the washing solution.
      The term "detergent" is used in a general sense and is intended to embrace
      both cleaning and whiteness maintenance properties. Built detergent
      compostions prepared specifically for laundering the wide range of natural
      and synthetic fabrics commonly in use today are termed "heavy-duty"
      detergents. Such compositions rely for their effectiveness, in part, on a
      relatively high proportion of builder materials being present in the
      composition.
PAR  The nature of the building action, while quite widely recognized in the
      literature is not completely understood. There does appear to be some
      connection between the ability of a builder to soften water which is used
      to make up the washing solution and the improved result in detergency
      obtained when the builder is used. However, not all materials which act to
      sequester hardness-imparting calcium and magnesium ions perform
      satisfactorily as builders. No general basis has been found or is known
      either as regards physical properties or in chemical structure upon which
      one can predict with any degree of accuracy the performance of chemicals
      as detergent builders. Further, useful building actions with the most
      effective builders can be noted both above and below the point at which
      the builder is present in the washing solution in stoichiometric
      proportions to the hardness in water.
PAR  Building effects in detergents have been noted in connection with various
      inorganic alkaline salts such as alkali metal carbonates, bicarbonates,
      phosphates, polyphosphates and solicates. Similar building properties have
      also been noted in connection with certain organic salts such as alkali
      metal, potassium ethylenediaminetetraacetate, sodium and potassium N-(2
      -hydroxyethyl)ethylenediaminetriacetate, sodium and potassium
      nitrilotriacetate, and sodium, potassium and
      triethanolammonium-N-(2-hydroxyethyl)-nitrilodiacetate. Alkali metal salts
      of phytic acid have also been utilized to some degree as organic builders
      in detergent formulations.
PAR  In recent years, the detergent industry has become concerned about water
      pollution caused by phosphates. The use of these builders is being
      discouraged or prohibited by law in order to curtail the growth of algae
      in rivers, lakes and streams where the residues from household and
      industrial detergents can collect, causing ecological damage by
      maintaining an active growth of algae that normally require phosphate ions
      for metabolism and survival.
PAR  Cyanoethylation of various ketones with acrylonitrile has produced a
      variety of compositions. For example, it has been disclosed in U.S. Pat.
      No. 2,386,736, entitled "Cyanoethylation of Ketones," that acrylonitrile
      can be reacted in the presence of alkaline condensing agent with a ketone
      having an active methyl, methylene, or methenyl group immediately adjacent
      to the carbonyl group. The reaction results in a beta-cyanoethyl radical
      being attached to the carbon atom adjacent to the carbonyl group. Ketones
      which can be reacted in this manner include methyl ethyl ketone,
      phenoxyacetone, cyanoacetone, ethoxyacetone, acetophenone,
      p-methyl-acetophenone, acetyl-p-cymene, and the like. The polycarboxylic
      acid salt is then produced by saponification of hydrolysis.
PAR  It has now been surprisingly discovered that organic pentacarboxylic acids
      and water-soluble salts thereof prepared from cyanoethylated methyl ethyl
      ketone which is subsequently hydrolyzed, possesses extraordinary builder
      properties for a variety of cynthetic detergents: for example, the long
      chain alkyl benzene sulfonate type, such as sodium isododecyl benzene
      sulfonate and sodium alkylaryl sulfonate. These carboxylic acids and salts
      do not contain phosphorus or nitrogen which can act to enhance and
      maintain the growth of algae.
PAR  It is therefore an object of the present invention to provide a new and
      improved class of detergent builder materials.
PAR  It is a further object of the present invention to provide a new detergent
      composition.
PAR  It is a further object of the present invention to provide a new process
      for preparing a detergent composition.
PAR  Other objects and advantages of the present invention will be readily
      apparent to those skilled in the art from a reading of the specification
      and claims which follow.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The polycarboxylic acids and water-soluble salts thereof used in the
      present invention may be prepared by reacting methyl ethyl ketone in the
      presence of a strongly basic alkaline catalyst with sufficient
      acrylonitrile to introduce 5 beta-cyanoethyl groups into the methyl ethyl
      ketone molecule. Catalysts useful for this purpose are the alkali metals
      and their oxides, hydroxides, alkoxides, and hydrides, as well as strongly
      basic quaternary ammonium hydroxides and alkoxides. One or several of
      these materials may be suspended or dissolved in methyl ethyl ketone or in
      a solution of methyl ethyl ketone in an enert liquid which is less
      reactive than the reacting methyl ethyl ketone, such as tertiary butyl
      alcohol. The quality of strongly basic alkaline catalyst necessary for the
      reaction is between about 0.1% and 2.0% on the combined weight of the
      reactants. Preferably, about 1.0% is utilized.
PAR  The amount of acrylonitrile necessary to react with methyl ethyl ketone to
      produce 5 beta-cyanoethyl groups on the methyl ethyl ketone molecule will,
      of course, vary with the temperature and time of the reaction, as well as
      the selected solvent system and catalyst. However, good yields of 5
      beta-cyanoethylated methyl ethyl ketone can be successfully obtained by
      utilizing about 280 grams of acrylonitrile dissolved in about 120 grams of
      tertiary butyl alcohol, for each gram mole of methyl ethyl ketone.
PAR  The reaction between methyl ethyl ketone and acrylonitrile takes place
      readily at temperatures during the first half of the reaction from about
      25.degree.C to about 35.degree.C, preferably at 30.degree.C. During the
      second half of the reaction, temperatures between about 50.degree.C and
      65.degree.C are utilized, preferably 60.degree.C. The reaction has been
      found to be exothermal so that cooling, at least during the initial part
      of the reaction, may be advantageous in order to control the vigor of the
      reaction and to prevent undesired polymerization or side reactions.
PAR  The reaction which occurs is:
      ##EQU3##
PAR  These cyanoethylation products are then hydrolyzed to the corresponding
      polycarboxylic acid salts by reacting with, for example, an aqueous alkali
      metal hydroxide, such as a sodium or potassium hydroxide solution to
      "split off" ammonia as completely as possible, giving a water-soluble
      salt. For example, in the case of the preparation of the sodium salt the
      reaction would be as follows:
      ##EQU4##
PAR  Any free alkali can be neutralized with strong acids such as sulfuric or
      hydrochloric acid since the presence of minor amounts of alkali metal
      sulfates or chlorides in the dried finished product is tolerated in the
      detergent composition itself. The solvent may also be evaporated off to
      leave behind the non-volatile salt of the polycarboxylic acid.
PAR  The water-soluble alkali metal salts of the polycarboxylic acids prepared
      as above described can, if desired, contain more than one species of
      alkali metal cation. For example, three of the five carboxyl groups can be
      neutralized with sodium hydroxide. Of the remaining two carboxyl groups,
      one each can be neutralized with potassium hydroxide and lithium
      hydroxide. These ratios can be varied to suit relevant conditions of
      crystallinity, hygroscopicity, and ease of spray drying, to meet the
      specific needs of various powdered, packaged detergents to give a readily
      flowable, non-caking, non-hygroscopic, white crystalline product. For most
      commercial, powdered, synthetic detergents, the pentasodium salt of
      pentacarboxyethyl methyl ethyl ketone, is preferred because of low cost
      and efficiency. However, other water-soluble salts may also be used. For
      example, sodium, potassium, lithium, ammonium, ethanolammonium,
      diethanolammonium, triethanolammonium, cyclohexylammonium, morpholinium,
      piperidinium, hydrazinium, benzyl ammonium, and the like, may also be
      successfully used.
PAR  Many varieties of synthetic detergents may be built with the builder of the
      present invention. For example, anionic detergents may be successfully
      utilized. These detergents are water-soluble salts, especially the alkali
      metal salts of sulfuric reaction products having in their molecular
      structure an alkyl radical containing from about 8 to about 22 carbon
      atoms and a radical selected from the class consisting of sulfonic acid
      and sulfuric acid ester radicals. Among the particular materials which can
      be used are: (1) the sodium alkyl sulfates, particularly those obtained by
      sulfating high carbon alcohols produced by reducing glycerides of tallow
      or coconut oil, (2) sodium or potassium alkylbenzenesulfonates in which
      the alkyl group contains about C.sub.9 to about C.sub.18, (3) sodium
      alkylpolyethersulfonates, especially those ethers of the higher alcohols
      derived from tallow and coconut oil, (4) sodium coconut oil fatty acid
      monoglyceride sulfates and sulfonates, (5) sodium or potassium salts of
      sulfuric acid esters of the reaction product of 1 mole of a higher fatty
      alcohol and about 1 to 6 moles of ethylene oxide, (6 ) sodium or potassium
      salts of alkylphenol polyoxyalkylene ether sulfate with about 1 to 10
      units of alkylene oxide per molecule and in which the alkyl radicals
      contain about 9 to about 18 carbon atoms, (7) the reaction product of
      fatty acids esterified with isethionic acid and neutralized with sodium
      hydroxide, where, for example, the fatty acids are derived from coconut
      oil, and (8) sodium or potassium salts of fatty acid amides of taurine in
      which the fatty acids are derived from coconut oil or the like. These
      detergent compounds can be formulated into a variety of forms such as
      granular, flake, liquid, powder and tablet forms.
PAR  Generally speaking, when preparing either granular of liquid detergent
      formulations, about 5% to about 50% of the total active formulation may
      consist of the present builder. Under normal circumstances, about 10% of
      our builder has been found to be preferred. However, the exact amount of
      the builder composition of the present invention utilized will vary
      depending on the base detergent formulation and the particular commercial
      application at hand.
PAR  Our builder composition has been found to have particular utility in liquid
      detergents. Liquid detergents have posed especially perplexing and
      difficult problems for the detergent formulators, mainly because of
      solubility and stability factors in aqueous mediums. It is well known that
      although sodium tripolyphosphate is effective in granular detergents, it
      is not satisfactory in liquid formulations because of conversion to
      orthophosphate. In view of the increasing acceptance by the industry of
      liquid detergents it is a very significant contribution of the present
      invention that an improved built liquid detergent product is made possible
      that will provide detergency levels far superior to a sodium
      tripolyphosphate built liquid product in a liquid formulation.
PAR  Most of the built liquid detergents available are either water based or
      have a mixture of water and alcohol as the liquid base. Our detergent
      builder composition may be satisfactorily utilized in these bases.
PAR  A detergent formulation containing our builder composition may contain a
      variety of miscellaneous additives which may make the finished product
      more effective and commercially attractive. For example, a soluble sodium
      carboxymethylcellulose may be added in minor amounts to inhibit soil
      redeposition. A tarnish inhibitor such as benzotriazole or
      ethylenethiourea may be added in minor amounts. Fluorescence, perfume,
      coloring compounds, and optical brightening agents may be frequently
      desirable. An alkaline material or alkali such as sodium or potassium
      hydroxide may be added in minor amounts for pH adjustment. Additionally,
      moisture and brightening agents such as sodium sulfate and sodium
      carbonate may also be added. Other minor additives may also include
      corrosion and scale inhibitors and hydrotropic agents to promote
      homogeneity at lower temperatures.
PAR  The following examples further illustrate the novel qualities of the
      present invention:
PAC  EXAMPLE 1
PAR  The present example illustrates the preparation of the present builder
      composition. Into a one liter 3-neck flask fitted with a stirrer,
      thermometer, funnel and reflux condenser, was added a solution of 40 grams
      of tertiary butyl alcohol and 36 grams methyl ethyl ketone. While
      stirring, 0.5 grams of reagent potassium hydroxide pellets were added. To
      this solution was added dropwise a solution of 60 grams tertiary butyl
      alcohol and 140 grams of acrylonitrile. Intermittent water bath cooling
      was required because of an observed vigorous exotherm. 50% of the
      acrylonitrile solution was first added within 35 minutes at a temperature
      of about 25.degree.C-35.degree.C. After the acrylonitrile addition, the
      reaction was "aged" for 45 minutes. 0.5 grams of potassium hydroxide
      pellets was then added as additional catalyst. The remaining acrylonitrile
      solution was then added during a 1 hour period. The reaction temperature
      rose to 48.degree.C. The reaction batch was then permitted to "age" for
      21/2 hours at about 50.degree.C to 60.degree.C.
PAR  The solvent and volatiles were distilled under vacuum to a terminal
      115.degree.C pot temperature and 3mm pressure and the residue was
      hydrolyzed by adding 150 grams of sodium hydroxide dissolved in 325 grams
      of water. The batch was heated to reflux at 95.degree.C at which point
      vigorous ammonia evolution was noted. The reflux was continued for about 3
      hours until the ammonia in the overhead was negligible. Reflux was then
      continued for 11 additional hours to complete the hydrolysis with
      intermittent distillate removal. The excess caustic was neutralized with
      concentrated hydrochloric acid. The resulting product was 39% active
      sodium salt of 1, 1, 1, 3, 3 pentacarboxyethyl 3 methyl acetone.
PAC  EXAMPLE II
PAR  Standard Tergotometer tests were made to determine the soil removal
      effectiveness of a representative laundry detergent composition containing
      a control formulation and 10% of the builder composition of the present
      invention in a similar formulation. This test is one commonly used in the
      industry and is detailed in "Proposed Method for Measuring Soil Removal
      and Whiteness Retention of Fabrics," published by the American Society for
      Testing and Materials, February, 1969. This method provides a means of
      measuring the ability of detergents to remove artifical soil from fabric
      and prevent its redeposition on clean fabric. A laboratory-scale
      agitator-type washing machine is utilized, together with a reflectometer
      which is calibrated by means of standard vitreous enamel plaques having
      reflectance in the range of the fabric sample being measured. The washer
      is operated at a suitable fixed speed which is recorded with test results.
      After washing, the sample material is damp dried between clean toweling
      and then ironed flat between two pieces of clean white cotton sheeting.
      The reflectance readings are then determined. The test builder of the
      present invention was a sample of the sodium salt made as in Example I.
      The detergent compositions were as follows:
TBL                   Control     Test Formula                                 
                      (% by wt.)  (% by wt.)                                   
     Polycarboxylic builder                                                    
                      --          10.0                                         
     Carboxymethyl cellulose                                                   
                      1.0         1.0                                          
     Sodium silicate  7.0         7.0                                          
     Sodium sulfate   76.0        66.0                                         
     Linear sodium alkylaryl                                                   
                      16.0        16.0                                         
     sulfonate                                                                 
PAR  Each sample was tested at a dilution of 0.25% in water having a hardness
      rating of 15 grains per gallon. Detergency was measured as the increase in
      diffuse of reflectance accomplished after the laundering of the following
      three different soiled cloths:
PA1  1. Test fabric soiled cotton, wash and were finish
PA1  2. ACH 115 soiled cotton*
PA1  3. U.S. Testing Soiled Cotton
FNT  * Supplied by ACH Fabric Service, Inc., Boston, Mass.
PAL  The calculation of the improvement in reflectance was made as follows:
EQU  Percent improvement in reflectance = [(A-B)/(C-B)] .times. 100
PAL  where:
PA1  A = average reflectance of 16 soiled swatches after washing
PA1  B = average reflectance of 16 soiled swatches before washing, and
PA1  C = average reflectance of 4 unsoiled swatches before washing.
PAR  To assure the presence of the correct amount of each formula ingredient in
      the wash solution, dilute aqueous solutions of both samples were prepared
      and added on an aliquot basis to the Tergotometer beaker.
PAR  The Tergotometer test was made in accordance with the following test
      conditions:
     Amount of solution/vessel                                                 
                           1 liter                                             
     Temperature          125.degree.F .+-. 1.degree.                          
     Speed of agitation   150 cycles/minute                                    
     Water hardness        15 grains/gallon                                    
     Concentration of formulated detergent                                     
                           0.25%                                               
     Wash time             15 minutes                                          
     Rinse                 2 five minute cycles                                
PAR  The results of soil removal tests are as follows:
TBL                Table 2A                                                    
     ______________________________________                                    
     Average increase in Diffuse Reflectance                                   
                          U.S.      Testing                                    
     Builder    ACH 115   Testing   Fabric  Total                              
                Cotton    Cotton    Cotton  Gain                               
     ______________________________________                                    
     Control    32.6      5.4       15.5    58.5                               
     Polycarboxylic                                                            
                35.1      6.6       17.6    59.3                               
      acid salt                                                                
     ______________________________________                                    
PAR  Although the invention has been described in terms of specified embodiments
      which are set forth in detail, it should be understood that this is by
      illustration only and that the invention is not necessarily limited
      thereto, since alternative embodiments and operating techniques will
      become apparent to those skilled in the art in view of the disclosure.
      Accordingly, modifications are contemplated which can be made without
      departing from the spirit of the described invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A detergent builder composition having the formula:
      ##EQU5##
      wherein R is --CH.sub.2 --CH.sub.2 --COOX, X being a member selected from
      the class consisting of hydrogen, alkali metals, and ammonium.
NUM  2.
PAR  2. The builder composition of claim 1 wherein R is:
EQU  --CH.sub.2 --CH.sub.2 --COONa.
NUM  3.
PAR  3. A detergent builder composition having the formula:
      ##EQU6##
      wherein R is --CH.sub.2 --CH.sub.2 --COOX, X being a member selected from
      the class consisting of hydrogen, alkali metals, ammonium and mixtures
      thereof.
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ABST
PAL  A process is described wherein prilled urea of low biuret content is
      prepared by crystallizing urea of low biuret content by melting from only
      30 to 70 percent of the urea crystals through the application of heat
      thereto, and forming a heterogeneous mixture of the unmelted crystals in
      the melted urea. That mixture is then fed to conventional pelleting
      apparatus.
BSUM
PAR  The present invention relates to a process for the production of prilled
      urea from melted urea with a very low increase in biuret content.
PAR  It is well known that in several uses of urea a high purity degree is
      required, particularly a very low biuret content.
PAR  Several methods for obtaining high purity urea are known; the most known
      one provides the production of urea crystals.
PAR  In the apparatus for crystallizing urea solution, also with high biuret
      concentration, pure crystals of urea develop and the content of impurities
      is limited on the surfaces where the mother liquor covers the crystals.
PAR  It is sufficient therefore to wash said crystals to obtain a high purity
      product.
PAR  Crystals are however generally subject to packing and therefore urea is
      usually in demand by the market in prills.
PAR  Said kind of product, i.e., prills, is much more suitable from the point of
      view of the handling and presents no problems of packing when stored in
      bags or in bulk.
PAR  For these two reasons urea is generally preferred in prills and not in
      crystals.
PAR  To obtain a product in prills with a low biuret content use is made of a
      production cycle which allows to obtain urea as high purity crystals; said
      crystals are then melted and the melted urea is prilled with techniques
      known in the art.
PAR  The melted urea tends however to give biuret according to following quick
      reaction:
      ##EQU1##
      Therefore the melting of urea crystals is the most critical stage in the
      above techniques as said stage must be carried out with a minimum increase
      in biuret content so as to have a final product presenting a high purity.
PAR  The market of low biuret content urea requires usually a product with a
      maximum 0.3 percent biuret content.
PAR  Object of the present invention is a method for melting urea crystals so as
      to minimize the biuret content increase occurring during the melting and
      at the same time to reduce the heat consumption.
PAR  The above advantages are achieved by using a method in which only a partial
      melting of the crystals is provided so as to obtain crystals in suspension
      in melted urea suitable to be prilled by known method.
PAR  The tests, we carried out, had shown that it is possible to avoid to feed
      the pelleting apparatus with completely melted urea.
PAR  In fact it is possible to operate with melted urea having crystals in
      suspension, in this way not only it is possible to utilize known pelleting
      apparatus but the product obtained presents excellent mechanical
      properties.
PAR  The process according to the present invention comprises the following
      fundamental zones:
PAR  1. A melting zone where crystals are melted by heat supplying.
PAR  2. A zone where melted urea is mixed with crystals fed to the apparatus.
PAR  3. A system to control the ratio between melted urea and crystals in
      suspension.
PAR  The advantages obtained with the process according to the present
      invention, i.e., the partial fusion of the urea crystals, are the
      following ones:
PAR  1. A lower increase of the biuret content during the melting since the
      portion of not melted crystals keeps its biuret content equal to the
      initial value.
PAR  The biuret content in the heterogeneous mixture melted urea -- urea
      crystals is much lower than the content when the crystals are completely
      and wholly melted.
PAR  2. A high reduction of heat consumption since it is necessary to supply
      only the heat necessary to melt only part of the crystals introduced into
      the apparatus.
DETD
PAR  For illustrative purpose only reference is made to the following example
      specifying, with reference to the enclosed drawing, a realization of the
      present invention.
PAR  It will be clear that other realizations of the present invention are
      possible and that the following example is not restrictive.
PAC  EXAMPLE
PAR  Through line 1 urea crystals with a 0.05% biuret content are fed to the
      mixer 2, said crystals being at a temperature of 90.degree.C.
PAR  Through line 7 melted urea with crystals in suspension is also fed to mixer
      2, this heterogeneous mixture is circulated through conduit 3 by means of
      pump 4 sent, through 5, to the heat exchanger 6 supplied with the heat
      necessary to melt the requested amount of crystals; said amount is
      controlled by the heating fluid flow rate and by the outlet temperature of
      this fluid from the exchanger. The heating fluid enters through 9 and
      leaves through 10.
PAR  The melted urea, with 30 percent of crystals in suspension, is in part
      sent, through 8, to the following treatment of pelleting and the remainder
      is recycled through line 7 to mixer 2.
PAR  While the content of biuret in the urea melted with the method according to
      the present invention, i.e., melted urea with crystals in suspension, is
      in a prilling at 138.degree.C of 0.12 percent, the biuret content by
      employing known methods, i.e., the complete melting of urea crystals, is
      of 0.25 percent.
PAR  The consumption of the steam, entering through 9 the echanger 6, is of 140
      kg/ton of urea.
PAR  The crystals content in the urea-crystals suspension can be increased up to
      70 percent with a further reduction of steam consumption. It depends on
      the apparatuses employed in the pelleting and on the allowed biuret
      content.
PAR  In known methods said steam consumption is of 200 kg/ton of urea.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the production of prilled urea having a low biuret content
      comprising the steps of crystallizing urea of low biuret content, melting
      the resulting crystals and pelleting the melted urea, wherein the
      improvement comprises supplying to the urea crystals to be pelleted
      sufficient heat to melt from only 30% to 70% of said crystals, forming
      therefrom a heterogeneous mixture of melted urea with crystals in
      suspension, and feeding said mixture to pelleting apparatus.
NUM  2.
PAR  2. A process for the production of prilled urea having a low biuret content
      according to claim 1 wherein the residual content of crystals in the
      mixture of melted urea does not exceed 70 percent by weight.
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PAL  Ammonium carbamate is decomposed and removed in the form of its gaseous
      components by contacting a urea synthesis solution comprising the
      carbamate with a stripping gas, such as carbon dioxide, the countercurrent
      stripping conducted at adiabatic conditions in the stripper unit. Urea
      synthesis solution to be treated is supplied at higher pressures and
      temperatures, at least 205.degree.C and at a pressure of at least 225 atm.
      Conveniently, the decomposition of the ammonium carbamate and the removal
      of the liberated gases are carried out at these temperatures and pressures
      so that the stripper is operative under the same conditions as well.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known that the preparation of urea from ammonia and carbon dioxide is
      in two steps, via the intermediate product ammonium carbamate; under the
      usual conditions of temperature and pressure the conversion of ammonia and
      carbon dioxide into ammonium carbamate according to the exothermic
      reaction:
EQU  2 NH.sub.3 + CO.sub.2 .revreaction. NH.sub.2 COONH.sub.4 + a kcal
PAL  Is practically complete, but the conversion of the ammonium carbamate into
      urea according to the endothermic reaction
EQU  NH.sub.2 COONH.sub.4 .revreaction. CO(NH.sub.2).sub.2 + H.sub.2 O - b kcal
PAL  Is only a partial one.
PAR  Synthesis pressures used in modern processes for preparation of urea are
      between 125 and 200 atm. and the synthesis temperatures used are between
      180.degree. and 200.degree.C. These temperatures are in agreement with the
      findings of E. Otsuka, who investigated the conversion of ammonia and
      carbon dioxide into urea at different temperatures and molar ratios of
      H.sub.2 O to CO.sub.2 and found for each H.sub.2 O to CO.sub.2 ratio that
      the equilibrium conversion passes through a maximum at approximately
      190.degree.C. See Hydrocarbon Processing, June 1970, pages 111-115.
PAR  In order to increase the degree of conversion according to another known
      expedient, the urea synthesis is carried out in the presence of an excess
      quantity of ammonia. The solution obtained during the synthesis therefore
      contains, in addition to urea and water, non-converted ammonium carbamate
      and free NH.sub.3. The ammonium carbamate and free ammonia should be
      removed from the solution before the urea solution can be concentrated and
      be processed into a salable end product.
PAR  According to the process described in U.S. Pat. No. 3,356,723, the
      non-converted ammonium carbamate and free NH.sub.3 are removed by
      subjecting the urea synthesis solution, under pressure, to a
      countercurrent stripping treatment with gaseous carbon dioxide, in which
      the ammonium carbamate is decomposed into NH.sub.3 and CO.sub.2, with
      expulsion of a gaseous mixture of NH.sub.3, CO.sub.2 and H.sub.2 O. This
      gas mixture is condensed and returned as an ammonium carbamate solution to
      the urea synthesis zone. The disclosure of U.S. Pat. No. 3,356,723 in the
      name of Kaasenbrood, one of the coinventors herein, is hereby incorporated
      by reference to the extent necessary to fully describe the present
      invention.
PAR  The decomposition of the ammonium carbamate and the expulsion of the
      ammonia and the carbon dioxide are effected in the stripping process by
      reduction of the partial pressure of one of the two reaction components
      with the aid of the stripping gas and with the addition of heat. The
      decomposition can be hastened by using a pressure as low as possible at
      which the stripping treatment takes place. However, condensation of the
      gases discharged from the stripping zone should take place at as high a
      pressure as possible in order to assure the ammonium carbamate formation
      at as high a temperature as possible, so that there are more possibilities
      of applying the liberated heat and, also, that the ammonium carbamate is
      returned to the urea synthesis zone with as little water as possible -- a
      desirable factor in view of the detrimental influence of water on the
      conversion to urea. For these reasons the condensation is carried out at
      the pressure at which the urea synthesis takes place so that there is only
      a small pressure differential, if any, between the condenser and the urea
      synthesis zone.
PAR  The gas mixture discharged from the stripping zone, which as mentioned,
      contains water in addition to ammonia and carbon dioxide, can only be
      compressed if special measures are taken to avoid formation of liquid or
      solid phases in the compressor and in the lines. Moreover, a particularly
      high amount of energy is needed for driving the compressors. In practice,
      therefore, the stripping treatment is carried out at the same pressure as
      the condensation and the synthesis. Actually, this pressure is determined
      by the maximum temperature level at which the heat required for the
      stripping treatment can still be supplied without hydrolysis of the urea
      formed and formation of biuret occurring to an unacceptable degree.
PAR  Further, to minimize or avoid hydrolysis and formation of biuret in the
      stripping zone, it is essential that the residence time of the urea
      synthesis solution in the stripping zone be as short as possible. This is
      achieved by passing the solution along a wall in the form of a fast
      flowing film; the heat required is applied external to the wall and to
      accomplish this a vertical tubular heat exchanger is used in practice,
      through the shell or external side of which a heating medium flows, while
      the urea synthesis solution flows along the internal walls of the tubes in
      a direction counter-current to the ascending stripping gas. In order to
      avoid excess local heating of the urea synthesis solution and the
      hydrolysis and subsequent formation of biuret therefrom, it is necessary
      that the liquid to be stripped be applied as evenly as possible to the
      internal walls of the tubes. In view of this requirement, high demands are
      made on the distribution of the liquid over the interior of the tubes and
      one must use accurately dimensioned distributors. Further, care should
      also be taken that the stripping gas is evenly distributed over the
      internal areas of the tubes, which can be accomplished by providing the
      gas discharge ends of the tubes with identical orifices.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  We have found that it is possible for the ammonium carbamate present in the
      urea synthesis solution to be decomposed at a high pressure and for the
      gas mixture formed thereby to be expelled from the solution without the
      necessity to supply heat to this solution from an outside source. For,
      surprisingly, it has appeared that, calculated on the basis of the
      quantity of carbon dioxide supplied, the equilibrium conversion also
      continues to increase above 190.degree.C, and that at higher temperatures
      the enthalpy or heat content per unit mass of the urea synthesis solution
      is sufficient to meet the heat demands made during the stripping treatment
      for the decomposition of the major portion of the ammonium carbamate
      present. Accordingly, this invention represents an improvement upon our
      earlier process.
PAR  Briefly stated, the present invention provides a process for preparing
      urea, in which ammonia and carbon dioxide are reacted in a synthesis zone
      at a suitable pressure and temperature, the urea synthesis solution thus
      formed is subjected to a stripping treatment by being countercurrently
      contacted with a gaseous medium such as carbon dioxide, and the gas
      mixture which forms during the stripping treatment is condensed to form
      ammonium carbamate which is recirculated to the urea synthesis zone. The
      improvement includes synthesizing at a pressure of at least 225 atm. and
      that the urea synthesis solution having an initial temperature of at least
      205.degree.C is contacted with the gaseous medium under mainly adiabatic
      conditions.
PAR  Maximum temperatures and pressures, which are of course interrelated, will
      depend to a large extent upon the operational conditions employed.
      Generally, the maximum for both parameters will be established by the
      process efficiency and will be adjusted accordingly; for example,
      appropriate adjustments are made as the efficiency declines when the
      pressure and/or temperature are increased. Usually, the pressure will not
      exceed about 600 atm. and the temperature will not be above 245.degree.C,
      and although in theory these values may be exceeded, such operation will
      merely add to the cost of the process.
PAR  During the stripping treatment the liquid surface area in contact with the
      stripping gas should here, as in the prior process, be as large as
      possible in order that the mass transfer from the liquid phase to the gas
      phase proceed as rapidly and as completely as possible. According to one
      preferred embodiment of the process according to the present invention,
      the urea synthesis solution is introduced in the form of fine drops into a
      rising stream of the gaseous medium to increase the liquid surface area in
      contact with the stripping gas. According to another preferred embodiment
      of the process according to the present invention and in order to increase
      the liquid surface area, the urea synthesis solution is passed in the form
      of a thin film along a number of vertical or inclined planes of a plated
      stripping unit.
PAR  The heat required in the urea synthesis zone for the endothermic conversion
      of ammonium carbamate into urea may be obtained by condensing, according
      to known procedures, at least part of the gas mixture obtained during the
      stripping treatment in the synthesis zone and by directly utilizing in
      this way the heat liberated during the formation of ammonium carbamate.
      For this purpose and as an illustration, about 25-60% of the gas mixture
      formed during the stripping treatment is condensed in a separate
      condensation zone and the resulting mixture of gas and liquid is sent to
      the synthesis zone.
PAR  In comparison with known processes in which the synthesis solution is also
      subjected to a stripping treatment, the process according to the present
      invention involves several advantages. For instance, as a consequence of
      the higher pressure and temperature in the synthesis zone, the conversion
      of ammonium carbamate into urea proceeds at a higher rate, so that a
      larger conversion is achieved in a relatively short time. The specific
      reactor volume, that is, the reactor capacity per ton of urea to be
      produced, may be smaller. Condensation takes place at a higher pressure,
      so that heat of a higher temperature level may be recovered. As a result
      of the higher degree of conversion in the urea synthesis zone, less
      ammonium carbamate need be decomposed and less gas need be expelled.
      Hence, the size of the stripping unit may be smaller, for it is no longer
      determined by factors related to the heat transfer as in prior processes,
      but by quantities determining the mass transfer. Also, the design of the
      stripper may be simplified because instead of heat exchange tubes with
      liquid and gas distributors and the consequent uniform distribution
      problems thereof, liquid conveying devices of a less complicated nature
      may be used and in principle it is even possible to omit them entirely.
      Since the specific capacity of the various vessels is smaller, it is
      possible that at the same maximum dimensions, which depend on the
      transport facilities production units having larger capacities can be
      built than have so far, hence larger plants with larger production
      capacity. Other advantages attending the use of the improved process as
      described herein will be appreciated as the foregoing is intended to be
      merely an example or illustration of the potential advancements of the
      process.
DETD
PAR  The invention will now be further described and illustrated in the
      diagrammatic illustration.
PAR  Referring now to the attached figure, in synthesis autoclave 1, at a
      pressure of 225-500 atm. and a temperature of 195.degree.-235.degree.C, a
      urea synthesis solution is formed from ammonia supplied via line 2 and a
      mixture of gas and liquid supplied via line 3, which mixture contains
      ammonium carbamate, ammonia, carbon dioxide and water. The reaction
      conditions and the feed streams are adjusted such that the urea solution
      leaving the synthesis autoclave has a temperature of at least
      205.degree.C. Preferably, this temperature is in the range of 215.degree.
      to 235.degree.C. The temperature conditions in the synthesis autoclave
      will vary, provided that the discharged urea solution be of at least
      205.degree.C. The urea solution is introduced into the top part of column
      5 via line 4, where it is counter-currently contacted with the carbon
      dioxide which is required for the urea synthesis, or another gas, for
      instance ammonia or ammonia synthesis gas, and which is led into the
      bottom part of column 5 via line 6. Heat is neither supplied nor withdrawn
      from column 5, so that the column operates under adiabatic conditions. The
      residence time of the urea synthesis solution in column 5 is kept as short
      as possible, preferably shorter than 10 seconds, in order to keep the
      hydrolysis of urea during the rectification within acceptable limits. The
      two demands, counter-current treatment and a short residence time, can be
      met with the aid of an irrigated wall column of enlarged internal surface
      area in which the solution to be rectified flows in the form of a thin
      film along a number of vertically arranged plates.
PAR  It is also possible to introduce the urea synthesis solution in a column
      without internal surface-expanding devices or baffles by spraying in the
      form of fine drops and to have these drops fall downward into a rising
      stream of stripping gas.
PAR  The solution collecting in the bottom part of column 5 after the stripping
      treatment is removed via line 7 and reducing valve 8 to a low-pressure
      stage not shown in the figure, where according to a known process as
      described in U.S. patent application Ser. No. 547,116, filed Mar. 23,
      1966, the disclosure of which is hereby incorporated by reference, the
      ammonium carbamate values still present are decomposed and the liberated
      ammonia and carbon dioxide are separated off and condensed to form an
      ammonium carbamate solution and the aqueous urea solution is concentrated.
PAR  The remaining component is a gas mixture mainly consisting of ammonia,
      carbon dioxide and water vapor discharged from column 5 and led into
      condenser 10 via line 9 together with ammonia supplied via line 11 and
      ammonium carbamate solution supplied via line 12 from scrubber 13, in
      which with the aid of ammonium carbamate solution recirculated from the
      low-pressure stage via line 14, ammonia and carbon dioxide are removed
      from the gas mixture containing inert components which is discharged from
      synthesis autoclave 1. In condenser 10 a portion of the gas mixture
      supplied is condensed such that a mixture of liquid and gas is obtained
      which still contains sufficient quantities of non-condensed ammonia and
      carbon dioxide to obtain urea synthesis solution of the desired final
      temperature of at least 205 .degree.C after the mixture has been mixed
      with fresh ammonia supplied via line 2 and after condensation has been
      continued in synthesis autoclave 1. The process according to the present
      invention described above may be conducted and simplified by having the
      formation of the ammonium carbamate and the formation of urea therefrom
      take place completely in one device.
PAR  The process as described herein is not limited to one in which the
      stripping treatment is carried out at the same pressure as the urea
      synthesis for in principle, it is also possible to carry out the stripping
      treatment at a pressure lower than the synthesis pressure. However is
      practice the gas expelled during the lower pressure stripping treatment
      has to be compressed prior to being introduced into the condensation zone.
PAR  The present invention will be further illustrated by way of the following
      example wherein all parts and percentages are by weight unless otherwise
      indicated.
PAC  EXAMPLE
PAR  For preparation of 1,000 tons of urea a day which amounts to 41,665 kg/h,
      23,610 kg/h of NH.sub.3 and 30,555 kg/h of CO.sub.2 are needed. Proceeding
      using process described on the basis of the attached diagram, 14,060 kg/h
      of NH.sub.3 are supplied to synthesis autoclave 1 via line 2 and the
      remaining 9,550 kg/h to condenser 10 via line 11. Synthesis autoclave 1 is
      further supplied via line 3 with a mixture of gas and liquid having a
      temperature of 190.degree. C whose gross composition is as follows:
PA1  57,065 kg/h of NH.sub.3
PA1  53,105 kg/h of CO.sub.2
PA1  17,690 kg/h of H.sub.2 O
PAR  The pressure at which the urea synthesis, the stripping of the urea
      synthesis solution and the condensation of the gas mixture expelled during
      the stripping take place amounts to 360 kg/cm.sup.2. The urea synthesis
      solution supplied to stripping column 5 has a temperature of 225.degree.
      C. The composition is a follows:
PA1  42,220 kg/h of NH.sub.3
PA1  17,440 kg/h of CO.sub.2
PA1  43,860 kg/h of urea
PA1  30,550 kg/h of H.sub.2 O
PAR  This solution is introduced into the top part of column 5 which is provided
      with vertical plates along which the liquid flows downward as a thin film
      in countercurrent with 30,555 kg/h of CO.sub.2 which has a temperature of
      170.degree. C and is introduced into the bottom part of the column. A
      solution is discharged from column 5 which in addition to 41,665 kg/h of
      urea and 27,590 kg/h of H.sub.2 O, contains 12,715 kg/h of NH.sub.3 and
      14,960 kg/h of CO.sub.2 and has a temperature of 190.degree. C. From the
      top of column 5 a gas mixture is discharged consisting of:
PA1  30,750 kg/h of NH.sub.3
PA1  34,645 kg/h of CO.sub.2
PA1  2,300 kg/h of H.sub.2 O,
PAL  which mixture is led into condenser 10.
PAR  The dilute ammonium carbamate solution which is led from the low-pressure
      stage to scrubber 13 forms a solution with the components therein absorbed
      from the purge gas mixture, which solution contains
PA1  16,765 kg/h of NH.sub.3
PA1  18,460 kg/h of CO.sub.2
PA1  15,390 kg/h of H.sub.2 O,
PAL  and which is also leg into condenser 10. In this condenser 5 tons/h of 8
      atm. steam are formed.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a continuous process for the preparation of urea wherein NH.sub.3 and
      CO.sub.2 are reacted at elevated temperature and pressure in a synthesis
      zone to continuously provide ammonium carbamate, thereafter converting the
      ammonium carbamate into a urea solution containing unconverted ammonium
      carbamate and stripping the carbamate from said solution in a stripping
      zone by decomposing the carbamate by continuously contacting said solution
      with a stripping gas at a temperature of about 180.degree. to at most
      200.degree. C. and under a pressure of about 125 to at most 200 atm.
      continuously in said stripping zone, said urea synthesis zone and
      stripping zone being operated under substantially the same pressure,
      expelling the resulting NH.sub.3, CO.sub.2 and H.sub.2 O from said
      stripping zone, condensing the resulting mixture of stripping gas and
      gases expelled from said urea solution after addition of further NH.sub.3
      or CO.sub.2 to form a carbamate solution, and returning the thus formed
      carbamate solution to said urea synthesis zone for further urea synthesis,
PA1  the improvement comprising conducting said urea synthesis and stripping
      zone at a pressure of at least 225 atm., and contacting said urea solution
      with said stripping gas at an initial temperature of at least 205.degree.
      C, said stripping step occurring under substantially adiabatic conditions
      devoid of the addition of heat to said stripping zone.
NUM  2.
PAR  2. The process according to claim 1 wherein said stripping is conducted by
      spraying said urea synthesis solution in the form of fine droplets into
      the ascending stripping gas.
NUM  3.
PAR  3. The process according to claim 1 wherein said stripping is conducted by
      downwardly flowing said urea synthesis solution in a thin film over a
      number of vertical or inclined planes of said stripping zone while
      contacting the ascending gaseous medium.
NUM  4.
PAR  4. The process according to claim 1 wherein the said initial temperature is
      in the range from about 215.degree. to about 235 .degree.C.
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PAL  The present invention relates to a process for the direct manufacture of
      crystalline urea phosphate. The process consists in the reaction of solid
      urea with ortho-phosphoric acid in a substantially anhydrous form. A
      concentrated phosphoric acid with above 90% by weight H.sub.3 PO.sub.4 can
      be used as starting reagent. A preheating of the phosphoric acid at
      60.degree.-90.degree.C is preferred in order to induce the spontaneous
      reaction with the solid urea. The urea phosphate product obtained is ready
      for use without any further operation. Desired micronutrients such as Mg,
      Co, Fe, Zn, Cu, Mn may be incorporated in the initial ortho-phosphoric
      acid prior to the reaction with the solid urea.
BSUM
PAR  The present invention concerns the manufacture of crystalline urea
      phosphate by the direct reaction of urea with ortho-phosphoric acid.
PAR  Urea phosphate ia a valuable product with great potential as a fertilizer
      and as a feed additive mainly for cattle. Recently, urea phosphate was
      also successfully used as a speciality cleaner and as an active ingredient
      in some detergent compositions.
PAR  The process of urea phosphate production by which aqueous wet process
      phosphoric acid containing up to 69% H.sub.3 P0.sub.4 is reacted with an
      aqueous solution of urea (70% urea), is known from U.S. Pat. No.
      1,149,924. The reaction product consists of a highly concentrated aqueous
      solution of urea phosphate from which urea phosphate is crystallized and
      separated. The crystals of urea phosphate, separated from the mother
      liquor have to be dried very carefully, below 70.degree.C, as otherwise
      the solid crystalline mass becomes fluid and undergoes decomposition.
      Similarly the recovery of the mother liquor has to be effected under
      rigorously controlled conditions in order to avoid hydrolysis. Therefore,
      this known process is characterized by the complicated and expensive
      equipment required for the recovery of crystalline urea phosphate.
PAR  In the U.S.S.R., a process was recently reported (Phosphorus and Potassium,
      52, 1971) for the manufacture of a granular urea phosphate by the reaction
      of polyphosphoric acid and urea. It specifies that the flowrate of the
      reactants is controlled in order to obtain products with various ratios of
      N:P. The product obtained can be used mainly as fertilizer in view of its
      granular form. As known urea phosphate in a granular form is unsuitable
      for animal feed.
PAR  It is one of the objects of the present invention to obtain, crystalline
      urea phosphate from urea and ortho-phosphoric acid. Another object of the
      present invention is directly to obtain crystalline urea phosphate from
      urea and ortho-phosphoric acid without the further processing and recovery
      problems normally encountered in the crystalline urea phosphate
      production. These and other objects which may appear as this specification
      proceeds, are achieved by this invention.
PAR  The invention consists of a process for the direct manufacture of
      crystalline urea phosphate, characterized in that solid urea is reacted
      with ortho-phosphoric acid in a substantially anhydrous form. The
      invention is based on the surprising observation that when solid urea is
      reacted with a stoichiometric amount of anyhdrous ortho-phosphoric acid, a
      spontaneous complete addition reaction occurs which results directly in
      dry crystalline urea phosphate which does not require any further
      processing or recovery problems. By a microscopic investigation of the
      course of reaction, it was found that the reactants, solid urea and
      anhydrous ortho-phosphoric acid, pass through a stage where the crystals
      of urea are suspended in the syrupy mass of anhydrous ortho-phosphoric
      acid without at any stage forming a clear transparent solution.
      Monocrystalline urea phosphate crystals of the orthorhombic system are
      suddenly formed in this syrupy mass without the necessity of any further
      separation operation. By a thorough further investigation of the reaction
      involved between the solid urea and ortho-phosphoric acid it was
      unexpectedly found that up to 7% by weight water may be present in the
      reaction system, this amount of water being expelled during the exothermic
      reaction between the urea and the ortho-phosphoric acid. Thus for example,
      when the reaction was carried out with ortho-phosphoric acid of 92.5%
      H.sub.3 PO.sub.4 (wt. per cent) and solid urea, in stoichiometric amounts,
      which corresponds to a water content of about 5% by weight in the reaction
      system, the resulting product was crystalline urea phosphate which
      contains only 0.4% water. These crystals of urea phosphate were identical
      to the urea phosphate crystals obtained from anhydrous ortho-phosphoric
      acid, in their main composition and microscopial appearance. This
      unexpected observation enables replacement of the anhydrous
      ortho-phosphoric acid which is not a common commercially available reagent
      by concentrated ortho-phosphoric acid having a concentration above 90%
      H.sub.3 PO.sub.4 by weight, in the reaction with solid urea for the
      present invention. This concentrated ortho-phosphoric acid is normally
      obtained from the elemental phosphorous or by liquid - liquid extraction
      of phosphoric acid solutions. These grades of ortho-phosphoric acid are,
      characterized by their high degree of purity which yields a pure urea
      phosphate, virtually free of heavy cations. This is very important when
      used as animal feed.
PAR  Also available on the market is the so-called superphosphoric acid, which
      contains P.sub.2 O.sub.5 in addition to H.sub.3 PO.sub.4, which has a
      P.sub.2 O.sub.5 content of over 72% P.sub. 2 O.sub.5. When experiments
      were performed with this type of superphosphoric acid and stoichiometric
      amounts of solid urea under the same conditions as for the present
      invention, no crystalline urea phosphate was obtained. The resulting
      product was a sticky "honey" mass which did not crystallize and took
      several days to solidify. The mechanism which would explain the reasons
      why superphosphoric acid does not react with solid urea to give
      crystalline urea phosphate is not fully understood. Many theories could
      perhaps be presented to explain this phenomenon, but these would be beyond
      the scope of the present invention.
PAR  The molar ratios between the urea and ortho-phosphoric acid is 1:1; a small
      excess of urea may be present without interfering in the direct
      preparation of the crystalline urea phosphate but an excess of
      ortho-phosphoric acid should be avoided.
PAR  The process according to the invention can be carried continuously by the
      constant feed of molar (1:1) ratios of ortho-phosphoric acid and the solid
      urea to an apparatus in which the reactants are mixed and at the same time
      conveyed onward e.g., by means of a pugmill. Of course, any other suitable
      mixer system can be used and it is not necessary that the mixing be done
      simultaneously with the onward conveying; the reactants may dwell in the
      mixer for a time and the entire product then be discharged from the mixer
      at once. It is preferable, however, that a continuous mixing of the
      reagents be provided in order to obtain a better contact between them and
      to avoid agglomerating of the urea phosphate crystals. In order to improve
      the free-flowing properties of the urea phosphate crystals, a common
      anti-caking agent such as amorphous silica, bentonite, flour, etc., may be
      added. The amount of the anti-caking agent is in the usual range utilized
      for this purpose such as between 1.50 - 3% by weight.
PAR  The process is very simple to carry out; starting with anhydrous
      ortho-phosphoric acid, which is crystalline at room temperature, a slight
      heating transforms the crystals into a clear liquid solution. In order to
      induce the spontaneous reaction with the solid urea, a preheating of the
      anhydrous ortho-phosphoric acid at 60.degree.-90.degree.C is preferred.
      After mixing with the solid urea, the reaction system has to be vigorously
      cooled in view of the exothermic reaction which takes place. The reaction
      is accomplished after a few seconds and dry crystalline urea phosphate
      formed in the reaction vessel is ready for use without any further
      operation. When starting with concentrated ortho-phosphoric acid, which
      has a concentration of over 90% H.sub.3 PO.sub.4 (wt. per cent), the
      reaction according to the invention can be carried out in two ways.
      According to one preferable procedure the two reactants, in which the
      ortho-phosphoric acid (above 90% by wt. H.sub.3 PO.sub.4) is previously
      preheated at 60.degree.-90.degree.C, are mixed. The water present in the
      initial ortho-phosphoric acid is expelled during the prior heating and
      exothermal reaction with the solid urea. By another procedure the initial
      concentrated ortho-phosphoric acid (above 90% H.sub.3 PO.sub.4) is first
      transformed into the anhydrous form and thereafter reacted with the solid
      urea. The final product in both procedures was the same as in the case of
      anhydrous ortho-phosphoric acid, and containing only between 0.3% and 0.7%
      water.
PAR  The urea to be used as a starting material in the reaction according to the
      invention may be any solid urea form commercially available such as prills
      or crystals or the like.
PAR  When the crystalline urea phosphate is for fertillizer or cattle feed use,
      desired micronutrients such as Mg, Co, Fe, Zn, Cu, Mn, etc., may be
      incorporated in the initial ortho-phosphoric acid prior to the reaction
      with the solid urea without interfering the course of reaction. This is an
      additional advantage over the urea phosphate produced in an aqueous media
      by crystallization, where a reliable dosage of micronutrients is not
      possible.
PAR  If desired to obtain compounds with a higher ratio of N:P or N:P:K
      fertilizers, the crystalline urea phosphate may be transformed into prills
      by adding some more urea or potassium salts. It can also be used in
      various compound fertilizers where impurity-free, ballast-free, high
      analysis completely water soluble fertilizers are required.
PAR  In order to further illustrate the nature of this invention and the manner
      of practicing it more fully, the following examples are presented for
      clearness of understanding only, and no limitation should be understood
      therefrom since modifications will be obvious to those skilled in the art.
DETD
PAC  EXAMPLE 1
PAR  An amount of 8.5 kgs. of crystals of anhydrous ortho-phosphoric acid
      (produced by Fluka) was heated at 70.degree.C where it became a fluid
      syrup. The anhydrous ortho-phosphoric acid solution was fed simultaneously
      with 5.3 kgs. of urea prills into a continous pug-mill type mixer. The
      exothermic reaction between the two reactants started immediately. By
      vigorous cooling, the reaction temperature was kept at
      85.degree.-90.degree.C. The reaction mixture became a non-transparent
      fluid syrup from which crystalline urea phosphate resulted, as the
      reaction mixture moved forward. An amount of 300 grams of amorphous silica
      as anti-caking reagent was added and 14.1 kgs. of free-flowing crystalline
      urea phosphate product poured directly into a bag. The product contained
      16.8%N and 18.8%P.
PAC  EXAMPLE 2
PAR  An amount of 11.2 kgs. of ortho-phosphoric acid of 92.5% H.sub.3 PO.sub.4
      (wt. per cent) obtained by liquid-liquid extraction of phosphoric acid
      solution was preheated at 70.degree.C and fed simultaneously with 6.3 kgs.
      of urea prills into a continuous pug-mill type mixer system, and continued
      as in the previous example. The same reaction as described in the previous
      example occurred here. The final product contained 16.8%N, 18.6%P amd 0.4%
      H.sub.2 O, being of the same quality and appearance as in the previous
      example.
PAC  EXAMPLE 3
PAR  Example 2 was repeated using the same amounts and equipment, the only
      difference being the use of 5 kgs. urea crystals instead of urea prills.
      As in Example 2, the same product, having identical compsition and
      appearance, was obtained.
PAC  EXAMPLE 4
PAR  The following micronutrients: 200 g Fe in form of ferrous sulphate, 0.2 g
      Co as cobaltous sulphate, 20 g Cu as copper sulphate, 40 g Mn as manganous
      sulphate and 80 g Zn as zinc sulphate were dissolved in 11.2 kgs. of
      ortho-phosphoric acid of 92.5% by weight and reacted with 6.3 kgs. of urea
      prills as in Example 2. The final product contained 16.5%N, 18.2%P,
      1.1%Fe, 0.0011%Co, 0.11%Cu, 0.22%Mn and 0.44%Zn.
PAC  EXAMPLE 5
PAR  The following micronutrients: 200 g Mg in form of magnesium oxide
      (magnesium hydroxide and magnesium sulphate were also experimented), 100 g
      Fe in form of ferrous hydroxide (ferrous sulphate, ferric hydroxide and
      ferric sulphate were also experimented), 0.2 g Co as cobaltous sulphate,
      40 g Mn as manganous sulphate and 80 g Zn as zinc oxide (zinc sulphate was
      also experimented) were dissolved in 11.2 kgs. of ortho-phosphoric acid of
      92.5% by weight and reacted with 6.3 kgs. of urea prills as in Example 2.
      The final product contained 16.5%N, 18.2%P, 0.6%Fe, 1.2%Mg, 0.0011% Co,
      0.11%Cu, 0.22%Mn and 0.44%Zn.
CLMS
STM  We claim:
NUM  1.
PAR  1. An exothermic process for the direct manufacture of crystalline urea
      phosphate characterized in that solid urea is reacted stoichiometrically
      in equimolar quantities with orthophosphoric acid at a temperature of
      about 60.degree.-90.degree.C wherein said orthophosphoric acid contains
      above 90% H.sub.3 PO.sub.4 by weight.
NUM  2.
PAR  2. A process for the direct manufacture of crystalline urea phosphate
      according to claim 1, characterized in that the preheated ortho-phosphoric
      acid is admixed with solid urea.
NUM  3.
PAR  3. A process for the direct manufacture of crystalline urea phosphate
      according to claim 1, wherein the ortho-phosphoric acid is first
      transformed into an anhydrous form and thereafter reacted with solid urea.
NUM  4.
PAR  4. A process for the direct manufacture of crystalline urea phosphate
      according to claim 1, being carried out as a a continuous process by the
      constant feed of molar (1.1) proportions of ortho-phosphoric acid and
      solid urea into an apparatus in which the reactants are mixed and at the
      same time conveyed onward.
NUM  5.
PAR  5. A process for the direct manufacture of crystalline urea phosphate
      according to claim 1, wherein the ortho-phosphoric acid is preheated at
      the start of reaction to about 70.degree.C.
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ABST
PAL  Hydration of nitriles to amides by reaction of a selected nitrile with
      water in presence of a solid catalyst selected from copper acetylide or
      copper nitride is described. The reaction is carried out with the reaction
      mixture in liquid state contacting the solid catalyst which is preferably
      in finely divided particulate form. The specific examples describe
      catalytic hydration of acrylonitrile to make acrylamide.
BSUM
PAR  The invention relates to catalytic hydration of nitriles to produce
      corresponding amide products. For example, acrylamide is produced by
      hydration of acrylonitrile with water in presence of a selected
      heterogeneous solid catalyst.
PAR  A number of solid heterogeneous solid catalysts have been proposed for use
      in the catalytic hydration of nitriles with water in liquid phase to
      convert the cyano radical of the nitrile to the
      ##EQU1##
      radical, thereby producing an amide from the nitrile. Some typical solid
      catalysts that have been proposed for this use have been manganese
      dioxide, Raney copper, Urushibara copper, Urushibara nickel, oxides of
      copper, copper chromium oxide, etc. With only a few exceptions most of the
      proposed catalysts have proved to be too low in catalytic activity for use
      in commercial processes. It has been usually recognized in prior art that
      a selected heterogeneous catalyst having proved useful catalytic activity
      for hydration of any selected nitrile will similarly be found to catalyze
      the hydration of a much broader range of nitriles although rates and
      yields may vary with different selected nitriles.
PAR  According to the present invention we employ either copper acetylide
      (Cu.sub.2 C.sub.2) or copper nitride, Cu.sub.3 N as the heterogeneous
      solid catalyst for hydration of a nitrile with water in a liquid reaction
      mixture. A mixture of the selected nitrile and water, preferably with the
      nitrile in aqueous solution, is contacted at a selected reaction
      temperature with the solid catalyst for contact time sufficient to permit
      the catalytic conversion.
PAR  These solid catalysts are effective to improve the rate of hydration of a
      nitrile that is at least slightly soluble with water. In the detailed
      examples below, preferred embodiments are described using acrylonitrile in
      the catalytic reaction with water to make acrylamide but the process of
      the invention can be used for hydration of many other nitriles such as
      benzonitrile, acetonitrile, propionitrile, stearonitrile,
      methacrylonitrile, chloroacetonitrile, nitroacetonitrile,
      cyclohexanecarbonitrile, napthylacetonitrile, adiponitrile,
      terephthalonitrile, phthalonitrile, succinonitrile, crotononitrile,
      dicyanocyclobutane, and the like. In appropriate cases an alcohol or other
      suitable cosolvent can be used to improve solubility of the nitrile in
      water for making the reaction mixture.
PAR  The catalytic process of the invention is adaptable for both batch and
      continuous processing. The hydration catalysts are active in finely
      divided form as illustrated in the examples below, without the use of
      catalyst supports. The catalysts can also be prepared and used on catalyst
      supports such as alumina, carbon, kieselguhr and the like. In use, the
      solid catalysts can be slurried in the liquid reactants, or can be placed
      in a fixed-bed catalytic continuous reactor through which the liquid
      reactants are passed in contact with the solid catalyst material.
PAR  The only pressure needed for the reaction will be sufficient pressure to
      maintain a liquid phase of the reactants at the operating temperature. It
      is sufficient to maintain autogenic pressure as the liquid reaction
      mixture is heated to reaction temperature. Higher pressures may be used as
      desired.
PAR  The reaction rate is increased as the reaction temperature is increased but
      in some instances the production of unwanted by-products may also increase
      at higher temperatures. With the particular catalysts of the present
      invention an optimum operating temperature will usually be found in the
      range from about 30.degree.C. to about 125.degree.C.
PAR  It is preferred to operate with an excess of water and with sufficient
      water to solubilize all of the nitrile reactant but the hydration will
      proceed with any practical mixture of the reactants in any ratio. We
      prefer to use enough excess water to solubilize the amide product. The
      reaction rate will usually increase as the ratio of catalyst to reactants
      is increased and as the contact time is increased. The catalyst is
      effective in catalytic amounts. For batch processes it is preferred to use
      a slurry of the solid catalyst in the liquid reaction mixture and in
      continuous processing it is preferred to employ a fixed-bed or
      stirred-tank catalytic reactor. For a batch process the reaction can be
      carried out with from about 0.1 to about 10 grams catalyst per gram of
      nitrile and in continuous processing the reaction can be carried out with
      contact times from about 0.5 to about 10 hours. We define contact time for
      a continuous reaction as catalyst bed volume divided by the volume flow
      rate of the reaction mixture.
PAR  It is preferred to begin the catalytic process with freshly prepared,
      finely divided, catalyst to ensure maximum catalyst activity. In the
      examples below are described preferred methods for fresh catalyst
      preparation but copper acetylide or copper nitride catalysts prepared by
      other methods can be used.
PAR  Reaction conditions should be chosen to reduce excessive degradation of the
      reactants and products. For example, when a nitrile is used that has
      olefinic unsaturation in the molecule, e.g. acrylonitrile, it may be
      preferred to use a polymerization inhibitor such as hydroquinone or the
      like, in very small amounts in the liquid reaction mixture.
DETD
PAR  Following are specific examples which include the best mode presently
      contemplated for carrying out the invention, with detailed description of
      certain preferred embodiments of the invention.
PAC  EXAMPLE I
PAR  Copper nitrate trihydrate, 3.2 g, and 12.8 g hydroxylamine hydrochloride
      were dissolved in 120 ml water to give a pale green solution. Concentrated
      ammonia, 12.8 ml, was added to give a colorless to pale blue solution.
      Calcium carbide, 0.6 g, was added as a solid to the solution to
      precipitate a bright red copper acetylide which was separated and washed.
      In a test tube with 0.25 g of the copper acetylide solid was placed 5.3 ml
      of 5.66 per cent by wt. aqueous solution of acrylonitrile. The mixture was
      reacted for 1 hour at 57.degree.C. The reaction gave 13.5% conversion of
      acrylonitrile to acrylamide (equivalent of 45% for 1 g catalyst) at the
      end of 1 hour, with some by-product .beta.-hydroxy propionitrile.
PAC  EXAMPLE II
PAR  Six grams of anhydrous copper difluoride was placed in a tube furnace and
      heated to 280.degree.C. in a stream of NH.sub.3 gas (.about.300 cc/min).
      The white fluoride turned dark green color and after 3 hours, the sample
      was cooled and removed to give 4.3 g of dark green Cu.sub.3 N. One gram of
      Cu.sub.3 N was used at a catalyst as in Example 1 with 5.3 ml of 5.66%
      acrylonitrile aqueous solution. A 12.5% conversion to acrylamide was
      obtained in 1 hour at 57.degree.C. with only a small amount of
      .beta.-hydroxy propionitrile by-product.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for production of acrylamide by hydration of acrylonitrile
      comprising contacting said nitrile in the presence of water with a solid
      heterogeneous catalyst selected from copper acetylide and copper nitride.
NUM  2.
PAR  2. A process defined by claim 1 wherein the selected catalyst is copper
      acetylide.
NUM  3.
PAR  3. A process defined by claim 1 wherein the selected catalyst is copper
      nitride.
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PAL  Aryl-substituted aliphatic diquaternary ammonium compounds having a long
      chain alkyl group in which an aryl group is attached to an internal carbon
      atom and the nitrogen atoms are connected by an alkylene group, useful as
      cationic bituminous emulsifiers and for fabric treating and textile
      processing.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 731,695, now abandoned filed May 24, 1968 as a
      continuation-in-part of our application Ser. No. 502,563, filed Oct. 22,
      1965, and now abandoned.
BSUM
PAR  This invention relates to a novel class of aryl-substituted aliphatic
      diquaternary compounds, and more particularly this invention relates to
      diquaternary compounds containing one long chain aliphatic group to which
      an aryl group is attached to an internal carbon atom, thereby providing an
      aralkyl group. The compounds of this invention have utility as cationic
      emulsifiers for preparing asphalt or other bituminous emulsions. The
      compounds may also be used for other purposes, such as for fabric
      treatment and in textile processing.
PAR  The diquaternary compounds of the present invention can be represented by
      the following structural formula:
      ##EQU1##
      wherein R.sub.1 and R.sub.5 are selected from the group consisting of
      alkyl radicals having from 1 to 3 carbon atoms; R.sub.2 is selected from
      the group consisting of alkyl radicals having from 1 to 3 carbon atoms,
      --(CH.sub.2 CH.sub.2 O).sub.p H, and
      ##EQU2##
      R.sub.3 is selected from the group consisting of alkyl radicals having
      from 1 to 3 carbon atoms, --(CH.sub.2 CH.sub.2 O).sub.w H, and
      ##EQU3##
      R.sub.4 is selected from the group consisting of alkyl radicals having
      from 1 to 3 carbon atoms, --(CH.sub.2 CH.sub.2 O).sub.r H, and
      ##EQU4##
      wherein p, r and w are integers from 1 to 40 and the sum of p, r, and w is
      less than 80; R is selected from phenyl, naphthyl, and phenyl-substituted
      with from 1 to 2 groups selected from methyl, hydroxy, and methoxy; x is
      an integer from 0 to 18; y is an integer from 1 to 19 and the sum of x and
      y is an integer from 8 to 19; z is an integer from 2 to 6; A is an anion;
      m and n are integers from 1 to 2 and the product of n times m is 2; said
      compounds comprising isomeric mixtures with respect to the position of
      attachment of R to the alkyl chain.
PAR  In one subclass, R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are methyl,
      and z is 3. In another subclass, R.sub.1 and R.sub.5 are methyl, R.sub.2
      is --]CH.sub.2 CH.sub.2 O).sub.p H, R.sub.3 is --(CH.sub.2 CH.sub.2
      O).sub.r H, and R.sub.4 is --(CH.sub.2 CH.sub.2 O).sub.w H, with p, r and
      w being integers of 1 to 20, and with the total of p, r, and w not
      exceeding 50, and z is 3. In a preferred subclass p, r and w are integers
      of 1 to 5 with the total of p, r and w of 3 to 15. In another preferred
      subclass p, r and w are 1 with the total of p, r and w being 3, forming
      .beta. -hydroxyethyl groups. In these subclasses, the other variables have
      the meanings previously defined, and in particularly preferred subclasses
      R is phenyl, n is 1, m is 2, and A is chloride.
PAR  In another subclass, R.sub.2 is
      ##EQU5##
      R.sub.3 is
      ##EQU6##
      and R.sub.4 is
      ##EQU7##
      with p, r and w being integers of 1 to 20 and with the total of p, r and w
      not exceeding 50. In a preferred subclass p, r and w are integers of 1 to
      5 with the total of p, r and w of 3 to 15. In another preferred subclass
      p, r and w are 1 with the total of p, r and w being 3, forming
      .beta.-hydroxypropyl groups. The other variables have the meanings
      previously defined, and in particularly preferred subclasses R is phenyl,
      m is 2, n is 1, and A is chloride.
PAR  The ethoxylated and propoxylated diquaternary ammonium compounds of our
      invention are produced from ethoxylated and propoxylated diamines which
      may be produced according to the teachings more fully disclosed in our
      copending application Ser. No. 590,474 filed Oct. 31, 1966, now U.S. Pat.
      No. 3,492,352. Alkoxylated amines are well known in the art to be produced
      by the reaction of an alkylene oxide such as ethylene oxide or propylene
      oxide with a primary or secondary amine. The use of several moles of
      alkylene oxide per mole of amine results in an alkylene oxide adduct
      having repeated ether linkages with a terminal hydroxy function. The
      random growth of an alkylene oxide adduct by addition of alkylene oxide to
      hydroxyl functions is well known in the art. Therefore, when more than
      three moles of alkylene oxide is reacted with a diamine a mixture of
      alkylene oxide adduct chain lengths is formed. The product thus formed is
      identified by the sum of the alkylene oxide units or the moles of alkylene
      oxide reacted with a mole of amine. Thus, p, r and w in the above formulae
      are integers such that the alkoxylated amines contain from 1 to 40 moles
      of alkylene oxide per amino function. In the above formulae, w, r, and p
      are integers having a sum of 1 to 80. Amines containing the beta
      hydroxyethyl function attached directly to the nitrogen atom have been
      found especially suitable to form the compounds for use in this invention.
PAR  It will be noted from the foregoing formula that the diquaternary compounds
      contain at least one long chain aryl-substituted aliphatic group, or, more
      specifically, an arylalkyl group. In one specific embodiment the alkyl
      portion of the arylalkyl group contains a total of 18 carbons, with x and
      y totalling 15. In other specific embodiments, the alkyl portion of the
      arylalkyl groups contain 11, 16 or 22 carbons. More generally, the total
      of x and y, which is three less than the total of carbons in the alkyl
      chain of the arylalkyl, may range from 8 to 19. In one especially
      preferred subclass of compounds x is an integer of 0 to 14, y is an
      integer of 1 to 15, the total of x and y being 15, as for example derived
      by arylation of oleic acid. In another preferred subclass of compounds x
      is an integer of 0 to 8, y is an integer of 1 to 8, the total of x and y
      being 8, as for example derived by arylation of undecylenic acid. In
      another preferred subclass of compounds x is an integer of 0 to 19, y is
      an integer of 1 to 19, the total of x and y being 19, as for example
      derived by arylation of erucic acid.
PAR  The compounds also contain at least two, or up to five, short chain alkyl
      groups which are bonded to the nitrogen atoms. While methyl groups are
      preferred, the alkyl groups may also comprise ethyl or propyl or mixtures
      of methyl, ethyl, or propyl.
PAR  In the formula, R represents the aryl substituent. The carbon to which the
      aryl group is attached varies with the respective values of x and y. With
      unsaturated alkenyl chains, such as oleyl, under most reaction conditions
      the double bond migrates up and down the chain (isomerization by hydrogen
      ion transfer), resulting in a mixture of isomeric products. In arylating
      oleyl, there is a tendency for the C.sub.8 -C.sub.14 and the C.sub.17 aryl
      isomers to predominate, but smaller mole percentages of other isomers,
      such as the C.sub.6, C.sub.7, C.sub.15 and C.sub.16 isomers are also
      produced. The mole percent of the C.sub.2 -C.sub.5 isomers is usually
      quite small. The relative proportions of the various isomers may vary
      depending on the arylation process. See J. Org. Chem. 30, 885-888 (1965).
      However, the total of x and y will remain constant for the particular
      unsaturated chain, viz., 15, for oleyl, 8 for undecyl, 19 for behenyl,
      etc. By arylation, oleic acid is converted to aryl-substituted stearic
      acid, Similarly, palmitoleic, erucic, and 10-undecenoic acids can be
      converted to the corresponding aryl-substituted carboxylic acids. Ordinary
      commercial grade oleic acid contains several percent of palmitoleic acid,
      and therefore a mixture of aryl-substituted stearic and palmitic acids are
      obtained by arylation.
PAR  Among the preferred aryl substituents are phenyl, hydroxyphenyl, tolyl,
      anisyl, and naphthyl. More generally, the phenyl nucleus may be
      substituted with 1 or 2 groups such as methyl, hydroxy, and methoxy. Other
      groups coming within this subclass are cresyl, resorcyl, xylyl, etc.
PAR  Since the diquaternaries are in the form of salts, the cationic portion of
      the molecule will be associated with an anionic portion. The particular
      anion is not critical, and generally the anion may be any of those which
      are commonly present in quaternary compounds, such as monovalent or
      divalent anions. To provide for complete neutralization, the formula
      indicates that m will be 2 for monovalent anions where n is 1, and 1 for
      divalent anions where n is 2. The halogen salts chloride, bromide and
      iodide of the diquaternary are particularly useful. Chloride salts of the
      diquaternary are particularly desirable where the compounds are to be
      employed as cationic emulsifiers, but other salts can be used such as
      hydroxides, sulfates, nitrates, hydrochlorates, perchlorates,
      hypochlorates, formates, acetates, etc. For certain purposes, the anion
      should be selected to provide water solubility or water dispersibility.
PAR  The diquaternary ammonium compounds contain an alkylene group linking the
      two nitrogen atoms. The alkylene group may contain from 2 to 6 carbon
      atoms; that is the alkylene group may be dimethylene, trimethylene,
      tetramethylene, pentamethylene or hexamethylene and their branched chain
      isomers such as 2-methyl-1, 3-propylene, 1-methyl-1, 3-propylene and
      1-methyl ethylene. One especially preferred embodiment is the presence of
      the trimethylene group wherein z is 3.
PAR  The diquaternary compounds of our invention may be obtained by different
      process routes to obtain the diamine from which the diquaternary is
      formed. N-arylalkyl alkylene diamines may be obtained from initial
      reactants of either unsaturated aliphatic acid or unsaturated aliphatic
      alcohol.
PAR  Unsaturated aliphatic carboxylic acids are the desired initial reactant to
      produce n-arylalkyl trimethylene diamines. The unsaturated aliphatic acid
      is preferably converted to the nitrile derivative, which is reacted with
      an arylating agent in the presence of a catalyst such as aluminum
      chloride. The arylalkyl nitrile compound, by procedures well known in the
      art, can then be converted to the corresponding aliphatic amine by
      hydrogenation. The primary amine can then be cyanoethylated by reaction
      with acrylonitrile to obtain the cyanoethyl arylalkyl amine, which can
      then be converted to the diamine by hydrogenation, resulting in
      N-arylalkyl trimethylene diamine.
PAR  The unsaturated aliphatic acid may be first arylated and then converted to
      the primary amine through the nitrile. For direct arylation of fatty
      acids, catalysts other than aluminum chloride are preferred, such as
      activated clays, or hydrofluoric acid. A process employing hydrofluoric
      acid as the catalyst is described in U.S. Pat. No. 2,275,312, while the
      use of an activated clay is described in U.S. Pat. No. 3,074,983. An
      improved hydrofluoric acid process is described and claimed in copending
      application, Ser. No. 679,251, filed Oct. 30, 1967, entitled "Process for
      Mono-Alkylation of Aromatic Compounds". The arylated fatty acid can then
      be used to prepare the diquaternary compounds of the present invention.
      For example, phenylstearic acid, or other aryl-substituted long chain
      aliphatic acid can be converted to the corresponding nitrile, the nitrile
      converted to the primary amine, and the primary amine converted to the
      diamine.
PAR  The N-arylalkyl alkylene diamine may also be obtained by arylating an
      unsaturated alcohol, such as oleyl alcohol to form 9(10)-phenylstearyl
      alcohol. The aryl-alkyl alcohol can be readily converted to the arylalkyl
      bromide, chloride or iodide by bubbling gaseous hydrogen halide through
      the alcohol at a temperature of from 50.degree. to 150.degree.C.
      Essentially quantitative conversion is obtained. The arylalkyl bromide,
      chloride, or iodide is then reacted with an excess of alkylene diamine,
      having from 2 to 6 carbon atoms, preferably in an alcohol solvent at
      reflux temperatures. The alcohol solvent may be removed by distillation
      and the excess alkylene diamine reactant separates from the product
      N-arylalkyl alkylene diamine. The product may be purified by solvent
      extraction and water washing. Further exemplification of this process
      using ethylene diamine is shown in Journal of American Chemical Society,
      67, 1581 (1945). Preferred compounds produced according to this method
      include N-arylalkyl dimethylene diquaternary ammonium compounds and the
      arylalkyl hexamethylene diquaternary ammonium compounds.
PAR  The diamines produced by any of these methods can then be quaternized by
      reaction with a suitable quaternizing agent such as methyl chloride or
      dimethyl sulfate. The diamine can also be ethoxylated by reaction with
      ethylene oxide, or propoxylated with propylene oxide, before being
      quaternized. It will be understood that such procedures are well known in
      the art.
PAR  This invention is further illustrated by the following specific examples.
DETD
PAC  EXAMPLE I
PAR  Phenylstearic acid and hydroxyphenylstearic acid were prepared from
      commercial grade oleic acid which contained a few percent of palmitoleic
      acid by a Friedel-Crafts reaction using aluminum chloride as the catalyst,
      and benzene and phenol; respectively, as the arylating agents. Thereafter,
      phenyloctadecylnitrile was prepared on a continuous nitrile unit over
      bauxite catalyst at 280.degree.-300.degree.C from 1127 grams phenylstearic
      acid. A crude yield of 833.5 grams of phenyloctadecylnitrile was obtained.
      The product was a mixture of isomers, predominately the C.sub.8 to
      C.sub.14 and the C.sub.17 isomers with lesser proportions of other
      isomers. Similarly, hydroxyphenyloctadecylnitrile was obtained in 62
      percent crude yield from the crude acid.
PAC  EXAMPLE II
PAR  Phenyloctadecylnitrile (591 grams), prepared as described in Example I, was
      reduced in a 1-liter, Parr autoclave over 2 percent alcohol washed Raney
      nickel catalyst in the presence of ammonia (150
      psi/30.degree.-40.degree.C.) and hydrogen (800 psi total pressure at
      125.degree.C for 4-5 hours). The product was obtained as a light amber
      oil, 582.3 grams (97% crude yield). Pure phenyloctadecylamine was obtained
      in 67 percent yield upon distillation at 183.degree.-190.degree./0.3 mm.
      Similarly, hydroxyphenyloctadecylamine was prepared in 91.5 percent crude
      yield and 81 percent distilled yield from distilled
      hydroxyphenyloctadecylnitrile prepared as in Example I.
PAC  EXAMPLE III
PAR  N-(Beta-cyanoethyl)phenyloctadecylamine was prepared as follows:
      Acrylonitrile (61.0 grams, 1.15 moles) was added slowly over 2 hours, with
      stirring, to a mixture of phenyloctadecylamine, prepared as described in
      Example II, (363.8 grams, 1.05 moles) and 17.0 grams water at
      60.degree.-70.degree.C. The resulting mixture was then stirred at
      70.degree.-80.degree. for 4 additional hours. The water was separated and
      the product dried under reduced pressure at 60.degree.-70.degree.C.
PAR  Analysis: NE = 401 (calc'd 398.6);
PAR  PA = nil;
PAR  SA = 99.5%.
PAR  N-(Beta-cyanoethyl)hydroxyphenyloctadecylamine was prepared by the same
      procedure and resulted in a product with the following analysis:
PA1  Pa = 0.04 meg/g.
PA1  Sa = 82%
PA1  ta = 14.2% (456 mol. Wt. HClO.sub.4 titration)
PA1  Irno. P5032-3 % CN = 100.4
PAC  EXAMPLE IV
PAR  N-(Beta-cyanoethyl)phenyloctadecylamine prepared as described in Example
      III was reduced in the presence of 1 percent alcohol washed Raney nickel,
      ammonia (125 psi/40.degree.C.) and hydrogen (800 psi total pressure) at
      135.degree. in 6-7 hours, thereby obtaining phenyloctadecyltrimethylene
      diamine. The product was a mixture of isomers, predominately the C.sub.8
      to C.sub.14 and C.sub.17 isomers, with lesser proportions of other
      isomers.
PAR  Analysis: NE = 201 (Calc'd. 201.3);
PAR  PA = 53.4%;
PAR  SA = 45.5%;
PAR  Reduction of the N-(Beta-cyanoethyl)hydroxyphenyloctadecylamine of Example
      III under similar conditions yielded hydroxyphenyloctadecyltrimethylene
      diamine with the following analysis:
PA1  Ne = 225.5 (calc'd. 209.3)
PA1  Pa = 48.3%
PA1  sa = 34.5%
PA1  ta = 7.5%
PAC  example v
PAR  phenyloctadecyltrimethylene diamine (50 grams, 0.124 mole) prepared as
      described in Example IV was quaternized in isopropanol and sodium
      bicarbonate (35.3 grams, 0.372 mole) with methyl chloride at
      80.degree.-90.degree./65-70 psi for 4-5 hours with periodic venting. The
      sodium bicarbonate was removed by filtration and the solvent stripped
      under reduced pressure to yield 60 grams of a viscous oil.
PAR  Analysis: 88.1% diquaternary;
PAR  2.1% free amine.
PAR  The product N,N,N',N',N'-pentamethyl-N-phenyloctadecyltrimethylene
      diammonium dichloride, was a mixture of isomers, predominately the C.sub.8
      to C.sub.14 and the C.sub.17 isomers. The
      hydroxyphenyloctadecyltrimethylene diamine of Example IV can be similarly
      quaternized.
PAC  EXAMPLE VI
PAR  A 500 ml. glass reactor was charged with 74 grams (0.178 mole) of
      N-(Gamma-aminopropyl)tolyloctadecylamine, 49.0 grams (0.59 mole) of sodium
      bicarbonate and 150 ml. of isopropanol. The reaction mixture was heated to
      60.degree.-70.degree.C. and gaseous methyl chloride added to a pressure of
      60-70 psig. The mixture was maintained at 60.degree.-70.degree.C/60-70
      psig for 5 hours with periodic venting. Sodium chloride and excess sodium
      bicarbonate were removed by filtration. The isopropanol solution of
      N,N,N',N',N'-pentamethyl-N-(tolyloctadecyl) trimethylenediammonium
      dichloride had the following analysis:
     Diquaternary          41.8%                                               
     Free amine            4.05%                                               
     Amine .sup.. HCl      0.18%                                               
PAC  EXAMPLE VII
PAR  Similarly, N-(Gamma-aminopropyl)anisyloctadecylamine (69.0 grams, 0.16
      mole) in isopropanol (200 ml) was quaternized with methyl chloride at
      60.degree.-70.degree.C/60-70 psig in 5 hours with periodic venting in the
      presence of sodium bicarbonate (39.5 grams, 0.483 mole). The isopropanol
      solution of
      N,N,N',N',N'-pentamethyl-N-(anisyloctadecyl)trimethylenediammonium
      dichloride had the following analysis:
TBL  Diquaternary          49.9%                                               
     Free amine            0.59%                                               
     Amine .sup.. HCl      0.27%                                               
PAC  EXAMPLE VIII
PAR  In like manner, N-(Gamma-aminopropyl)naphthyloctadecylamine (15 grams,
      0.032 mole) was quaternized in isopropanol (150 ml) with methyl chloride
      60.degree.-70.degree.C/60-70 psig in 5 hours with periodic venting in the
      presence of sodium bicarbonate (8.1 grams, 0.097 mole). The isopropanol
      solution of
      N,N,N',N',N'-pentamethyl-N-(naphthyloctadecyl)trimethylenediammonium
      dichloride had the following analysis:
TBL  Diquaternary           14 %                                               
     Free amine              0.4%                                              
     Amine .sup.. HCl       Nil                                                
PAC  EXAMPLE IX
PAR  A 500 ml glass reactor was charged with 82.6 grams (0.175 mole, 0.35
      equiv.) of N-(Gamma-aminopropyl)xylyloctadecylamine, 89.1 grams (1.06
      moles) of sodium bicarbonate and 150 ml of isopropanol. The reaction
      mixture was heated to 80.degree.C and gaseous methyl chloride introduced
      at 85 psig. The mixture was maintained at 80.degree.-85.degree.C/85-90
      psig for 4 hours with periodic venting. Sodium chloride and excess sodium
      bicarbonate were removed by filtration. The isopropanol solution of
      N,N,N',N',N'-pentamethyl-N-(xylyloctadecyl)trimethylenediammonium
      dichloride had the following analysis:
TBL  Diquaternary           44.2 %                                             
     Free amine              0.38%                                             
     Amine .sup.. Hcl       Nil                                                
PAC  EXAMPLE X
PAR  N-(Gamma-aminopropyl)phenyldocosylamine (25.5 grams, 0.05 mole, 0.055
      equiv.) in isopropanol (about 150 ml) was quaternized with methyl chloride
      at 70.degree.-75.degree.C/70-80 psig in 2.5 hours in the presence of
      sodium bicarbonate (13.4 grams, 0.16 mole) with periodic venting. The
      isopropanol solution of
      N,N,N',N',N'-pentamethyl-N-(phenyldocosyl)trimethylenediammonium
      dichloride had the following analysis:
TBL  Diquaternary           27.1 %                                             
     Free amine              0.23%                                             
     Amine .sup.. HCl       Nil                                                
PAC  EXAMPLE XI
PAR  A 500 ml glass reactor was charged with 78.6 grams (0.25 mole) of
      N,N',N'-tri(Beta-hydroxyethyl)-N-(xylyloctadecyl)trimethylene diamine and
      about 120 ml of isopropanol. The mixture was heated to 80.degree.C and
      gaseous methyl chloride was introduced at 85 psig. The mixture was
      maintained at 80.degree.-85.degree.C/85-90 psig for 10 hours. The
      isopropanol solution of the diquaternary ammonium salt had the following
      analysis:
TBL  Diquaternary          38.8 %                                              
     Free amine            0.07%                                               
     Amine .sup.. HCl      0.96%                                               
PAC  EXAMPLE XII
PAR  A 500 ml glass reactor was charged with 51.5 grams (0.087 mole, 0.175
      equivalent) of the reaction product of 5 moles of propylene oxide with
      N-(Gamma-aminopropyl)phenylundecylamine (neutralization equivalent,
      N.E.295, tertiary amine 100%), and 80 ml of iospropanol. The reactant
      diamine contained two tertiary nitrogen atoms showing the substitution of
      the .beta.-hydroxypropyl groups for all of the active amino hydrogens.
      Further adduct formation using the remaining 2 moles of propylene oxide
      occurred on a statistical basis as is well known by those skilled in the
      art. The reactor was sealed and the mixture heated to 80.degree.C. Gaseous
      methyl chloride was introduced at 80 psig and the reaction mixture
      maintained at 80.degree.-85.degree.C/75-80 psig for three hours. The
      temperature was then raised to 100.degree.C at 80-85 psig and maintained
      at 100.degree.-105.degree.C/80-85 psig for an additional 16 hours. The
      diquaternary salt was obtained as an iospropanol solution having the
      following analysis:
TBL  Diquaternary           35.8%                                              
     Free amine             Nil                                                
     Amine .sup.. HCl        5.1%                                              
PAC  EXAMPLE XIII
PAR  A 250 ml glass reactor was charged with 72.0 grams (0.09 mole, 0.18
      equivalent) of the reaction product of 7.4 moles ethylene oxide with
      N-(Gamma-aminopropyl)phenyldocosylamine (N.E. 400, tertiary amine 96.6%),
      104 ml of isopropanol and 2.0 grams (2.5% by wt.) of sodium bicarbonate.
      The reactant diamine contained 96.6% tertiary amine having substantially
      complete substitution of .beta.-hydroxyethyl groups for all of the active
      amino hydrogens. Further adduct formation using the remaining 4.4 moles of
      ethylene oxide took place on a statistical basis as is well known by one
      skilled in the art. The reactor was sealed and the mixture heated to
      80.degree.C. Gaseous methyl chloride was introduced at 70 psig and the
      reaction mixture maintained at 80.degree.-85.degree.C/70-80 psig for about
      10 hours. Sodium chloride and excess sodium bicarbonate were removed by
      filtration and the diquaternary product obtained as an isopropanol
      solution having the following analysis:
TBL  Diquaternary           54.5%                                              
     Free amine              2.74%                                             
     Amine .sup.. HCl       Nil                                                
PAC  EXAMPLE XIV
PAR  A 250 ml glass reactor was charged with 49.0 grams (0.102 moles) off the
      reaction product of 4 moles of ethylene oxide with
      N-(Gamma-aminopropyl)phenylundecylamine (N.E. 240, tertiary amine 99.9%),
      50 ml of isopropanol and 2.5 grams (5% by wt.) of sodium bicarbonate. The
      reactor was sealed and the mixture heated to 80.degree.C. Gaseous methyl
      chloride was introduced at 60 psig and the reaction mixture maintained at
      80.degree.-85.degree.C/60-65 psig for 7 hours. Sodium chloride and excess
      sodium bicarbonate were removed by filtration. The diquaternary product
      was obtained as an isopropanol solution having the following analysis:
TBL  Diquaternary           46.0%                                              
     Free amine              1.17%                                             
     Amine .sup.. HCl       Nil                                                
PAC  EXAMPLE XV
PAR  N-(Gamma-aminopropyl)phenylundecylamine (20.0 grams, 0.065 mole) in
      isopropanol (30 grams) was quaternized with methyl chloride at
      75.degree.-80.degree.C/70-75 psig in 3 hours in the presence of sodium
      bicarbonate (16.4 grams, 0.195 mole) with periodic venting. The
      isopropanol solution of
      N,N,N',N',N'-pentamethyl-N-(phenylundecyl)trimethylenediammonium
      dichloride had the following analysis after filtration:
TBL  Diquaternary           41.0%                                              
     Free amine              0.3%                                              
     Amine .sup.. HCl       Nil                                                
PAC  EXAMPLE XVI
PAR  A 250 ml three neck flask equipped with reflux condenser, thermometer, gas
      sparger and magnetic stirrer was charged with 33.3 grams (0.1 mole) of
      phenylstearyl alcohol. The alcohol was heated to about 100.degree.C and
      dry hydrogen bromide gas was bubbled through the reaction mixture for 3
      hours. The mixture was then poured into ice water, ether added and the
      ether solution washed with water until the washings were neutral. The
      ether solution was dried over anhydrous sodium sulfate and the ether
      stripped off under reduced pressure. The product, phenylstearyl bromide,
      was obtained in 92.3% crude mass yield (36.4 grams) as an oil. Infrared
      analysis showed little or no free alcohol remaining.
PAR  A solution of 15.8 grams (0.04 mole) of phenylstearyl bromide and 19.25
      grams (0.32 mole) of ethylene diamine in 250 ml of ethanol was refluxed
      for 3 hours. The alcohol solvent was removed under reduced pressure and
      the resulting mixture separated into two layers. The lower layer was
      removed and 100 ml of water added to the top layer. The oily layer which
      then formed was dissolved in ether and washed free of residual ethylene
      diamine with water. The ether solution was dried over anhydrous sodium
      sulfate and the ether stripped off under reduced pressure to yield 13
      grams (87% crude mass yield) of N-phenylstearyl ethylene diamine having
      the following analysis:
TBL  Neutralization equivalent                                                 
                         218 (calc'd 187)                                      
     Primary Amine        45.0%                                                
     Secondary Amine      40.7%                                                
PAR  A glass pressure bottle was charged with 10.5 grams (0.024 moles)
      N-phenylstearyl ethylene diamine as prepared above and about 10 grams
      (0.12 mole) of sodium bicarbonate in enough isopropanol to result in a 50%
      active amine solution. The reaction mixture was heated to
      50.degree.-60.degree.C. and methyl chloride was added to 55-70 psig. The
      reaction mixture was maintained at 50.degree.-60.degree.C. and about 55-70
      psig with periodic venting of carbon dioxide over about an 8 hour period.
      The crude product, consisting mainly of
      N,N,N',N',N'-pentamethyl-N-phenylstearyl ethylene diammonium dichloride,
      was obtained as an isopropanol solution and after filtration had the
      following analysis:
TBL  Diquaternary          69.3%                                               
     Free amine            0.9%                                                
     Amine .sup.. HCl      8.1%                                                
PAC  EXAMPLE XVII
PAR  Following the procedure of Example XVI a solution of 15.8 grams (0.04 mole)
      of phenylstearyl bromide and 37.2 grams (0.32 mole) of hexamethylene
      diamine in 400 ml of ethanol was refluxed for three hours. After the same
      recovery procedure 15.2 grams (88.4% crude mass yield) of N-phenylstearyl
      hexamethylene diamine was obtained having the following analysis:
TBL  Neutralization Equivalent                                                 
                         243 (calc'd 215)                                      
     Primary amine       59.8%                                                 
     Secondary amine     28.4%                                                 
PAR  Ten grams (0.022 mole) of N-phenylstearyl hexamethylene diamine as prepared
      above was quaternized following the procedure described in Example XVI
      resulting in the isopropanol solution of
      N,N,N',N',N'-pentamethyl-N-phenylstearyl hexamethylene diammonium
      dichloride having the following analysis:
TBL  Diquaternary           47.7%                                              
     Free amine              8.3%                                              
     Amine .sup.. HCl       Nil                                                
PAC  EXAMPLE XVIII
PAR  A solution of 2.3 grams of sodium bromide in 30cc isopropanol was added
      with stirring to a solution of 11.0 grams of N-9(10)phenylstearyl
      N,N,N',N',N'-pentamethyl trimethylene diammonium dichloride (1.84
      milliequivalents/gram) in 100cc isopropanol. Less than 1cc of water was
      added to improve solubility. A white precipitate of sodium chloride formed
      immediately and was separated by filtration. Isopropanol was removed from
      the product by distillation under reduced pressure of about 10-20mm
      mercury to give the product, predominately, N-9(10)phenylstearyl
      N,N,N',N',N'-pentamethyl trimethylene diammonium dibromide having the
      following analysis by x-ray spectroscopy:
TBL                Percent                                                     
     Residual Chloride                                                         
                     4.4                                                       
     Bromide         26.8     (Theoretical                                     
                                25.2)                                          
PAC  EXAMPLE XIX
PAR  A solution of 3.2 grams of sodium iodide in 30cc isopropanol was added with
      stirring to a solution of 10.5 grams of N-9(10)phenylstearyl
      N,N,N',N',N'-pentamethyl trimethylene diammonium dichloride (1.84
      milliequivalents/gram) in 100cc isopropanol. A white precipitate of sodium
      chloride formed immediately and was separated by filtration. Isopropanol
      was removed from the product by distillation under reduced pressure of
      about 10-20mm mercury to give the product, predominately,
      N-9(10)phenylstearyl N,N,N',N',N'-pentamethyl trimethylene diammonium
      diiodide having the following analysis by x-ray spectroscopy:
TBL                Percent                                                     
     Residual Chloride                                                         
                     3.6                                                       
     Iodide          26.5     (Theoretical                                     
                              34.6)                                            
PAC  EXAMPLE XX
PAR  A solution of 2.0 grams of sodium nitrate in 30cc isopropanol was added
      with stirring to a solution of 11.8 grams of N-9(10)phenylstearyl
      N,N,N',N',N'-pentamethyl trimethylene diammonium dichloride (1.84
      milliequivalents/gram) in 100cc isopropanol. Less than 1cc of water was
      added to improve solubility. A white precipitate of sodium chloride formed
      immediately and was separated by filtration. Isopropanol was removed from
      the product by distillation under reduced pressure of about 10-20mm
      mercury to give the product, predominately, N-9(10)phenylstearyl
      N,N,N',N',N'-pentamethyl trimethylene diammonium dinitrate having the
      following analysis by x-ray spectroscopy:
TBL                  Percent                                                   
     Residual Chloride                                                         
                     4.5                                                       
PAC  EXAMPLE XXI
PAR  A solution of 1.0 grams of sodium hydorxide in 30cc isopropanol was added
      with stirring to a solution of 13.0 grams of N-9(10)phenylstearyl
      N,N,N',N',N'-pentamethyl trimethylene diammonium dichloride (1.84
      milliequivalents/gram) in 100cc isopropanol. Less than 1cc of water was
      added to improve solubility. A white precipitate of sodium chloride formed
      immediately and was separated by filtration. Isopropanol was removed from
      the product by distillation under reduced pressure of about 10-20mm
      mercury to give the product, predominately, N-9(10)phenylstearyl
      N,N,N',N',N'-pentamethyl trimethylene diammonium dihydroxide having the
      following analysis by x-ray spectroscopy:
TBL                  Percent                                                   
     Residual Chloride                                                         
                     4.7                                                       
PAC  EXAMPLE XXII
PAR  A solution of 1.58 grams of sodium formate in 30cc isopropanol was added
      with stirring to a solution of 11.4 grams of N-9(10)phenylstearyl
      N,N,N',N',N'-pentamethyl trimethylene diammonium dichloride (1.84
      milliequivalents/gram) in 100cc isopropanol. A white precipitate of sodium
      chloride formed immediately and was separated by filtration. Isopropanol
      was removed from the product by distillation under reduced pressure of
      about 10-20mm mercury to give the product, predominately,
      N-9(10)phenylstearyl N,N,N',N',N'-pentamethyl trimethylene diammonium
      diformate having the following analysis by x-ray spectroscopy:
TBL                  Percent                                                   
     Residual Chloride                                                         
                     4.8                                                       
PAC  EXAMPLE XXIII
PAR  The compounds of this invention have been found useful as emulsifiers in
      the formation of storage stable asphalt-in-water cationic emulsions. Lower
      chain length diquaternary ammonium salts having a phenyl group on the
      carbon atom alpha to a nitrogen atom do not function as asphalt
      emulsifiers.
PAR  In specific comparative tests 0.5% active diquaternary ammonium compound
      was mixed with 65% MC-3000 and 35% water, heated to 150.degree.F and
      subjected to 5 minutes of high sheer by mixing with a blender at 1750 rpm.
      MC-3000 is a standard medium curing liquid asphalt made up of 85-100 pen.
      asphalt and a petroleum distillate solvent as described in the Asphalt
      Institute Specifications, Introduction to Asphalt, Manual Series No. 5,
      published by The Asphalt Institute, College Park, Md., 1962, page 58.
PAR  In one instance N-(1-phenylbutyl)-N,N,N',N',N'-pentamethyl trimethylene
      diammonium dibromide
      ##EQU8##
      was used as the diquaternary ammonium compound. In this instance the
      formulation did not emulsify at all.
PAR  In the second instance a compound according to this invention,
      N-(phenyloctadecyl)-N,N,N',N',N'-pentamethyl trimethylene diammonium
      dichloride
      ##EQU9##
      wherein x is 0 to 14, y is 1 to 15, and the total of x and y is 15, was
      used as the diquaternary ammonium compound. In this case, the asphalt
      emulsified in the water and the emulsion remained stable for more than a
      week.
PAR  While in the foregoing specification this invention has been described in
      relation to specific embodiments thereof and many details have been set
      forth for purpose of illustration, it will be apparent to those skilled in
      the art that the invention is susceptible to additional embodiments than
      those specifically disclosed herein, and that certain of the details as
      previously set forth can be varied without departing from the basic
      principles of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Diquaternary ammonium compounds represented by the formula
      ##EQU10##
      wherein R.sub.1 and R.sub.5 are selected from the group consisting of
      alkyl radicals having from 1 to 3 carbon atoms; R.sub.2 is selected from
      the group consisting of alkyl radicals having from 1 to 3 carbon atoms,
      --(CH.sub.2 CH.sub.2 O).sub.p H, and
      ##EQU11##
      R.sub.3 is selected from the group consisting of alkyl radicals having
      from 1 to 3 carbon atoms, --(CH.sub.2 CH.sub.2 O).sub.w H, and
      ##EQU12##
      R.sub.4 is selected from the group consisting of alkyl radicals having
      from 1 to 3 carbon atoms, --(CH.sub.2 CH.sub.2 O).sub.r H, and
      ##EQU13##
      wherein p, r, and w are integers from 1 to 40 and the sum of p, r, and w
      is less than 80; R is selected from phenyl, naphthyl, and
      phenyl-substituted with from 1 to 2 groups selected from methyl, hydroxy,
      and methoxy; x is an integer from 0 to 18, y is an integer from 1 to 19,
      and the sum of x and y is an integer from 8 to 19; z is an integer from 2
      to 6; A is an anion; m and n are integers from 1 to 2 and the product of m
      times n is 2; said compounds consisting of isomeric mixtures with respect
      to the position of attachment of R to the alkyl chain.
NUM  2.
PAR  2. The compounds of claim 1 wherein R is phenyl.
NUM  3.
PAR  3. The compounds of claim 1 wherein z is 2.
NUM  4.
PAR  4. The compounds of claim 1 wherein z is 3.
NUM  5.
PAR  5. Diquaternary ammonium compounds of claim 1 represented by the formula
      ##EQU14##
      wherein x is an integer from 0 to 14, y is an integer from 1 to 15, the
      total of x and y is 15, A is an anion having a valence of 1 to 2, m and n
      are integers from 1 to 2 and the product of m times n is 2, and R is
      phenyl, said compounds consisting of isomeric mixtures with respect to the
      position of attachment of R to the alkyl chain.
NUM  6.
PAR  6. Diquaternary ammonium compounds of claim 1 represented by the formula
      ##EQU15##
      wherein x is an integer from 0 to 14, y is an integer from 1 to 15, the
      total of x and y is 15, A is an anion having a valence of 1 to 2, m and n
      are integers from 1 to 2 and the product of m times n is 2, and R is
      hydroxyphenyl, said compounds consisting of isomeric mixtures with respect
      to the position of attachment of R to the alkyl chain.
NUM  7.
PAR  7. Diquaternary ammonium compounds of claim 1 represented by the formula
      ##EQU16##
      wherein x is an integer from 0 to 14, y is an integer from 1 to 15, the
      total of x and y is 15, A is an anion having a valence of 1 to 2, m and n
      are integers from 1 to 2 and the product of m times n is 2, and R is
      naphthyl, said compounds consisting of isomeric mixtures with respect to
      the position of attachment of R to the alkyl chain.
NUM  8.
PAR  8. Diquaternary ammonium compounds of claim 1 represented by the formula
      ##EQU17##
      wherein x is an integer from 0 to 14, y is an integer from 1 to 15, the
      total of x and y is 15, A is an anion having a valence of 1 to 2, m and n
      are integers from 1 to 2 and the product of m times n is 2, and R is
      selected from phenyl, hydroxyphenyl, tolyl, naphthyl, anisyl, and xylyl,
      said compounds consisting of isomeric mixtures with respect to the
      position of attachment of R to the alkyl chain.
NUM  9.
PAR  9. The compounds of claim 8 wherein A is chloride, n is 1, and m is 2.
NUM  10.
PAR  10. Diquaternary ammonium compounds of claim 1 represented by the formula
      ##EQU18##
      wherein x is an integer from 0 to 18, y is an integer from 1 to 19, the
      total of x and y is an integer from 8 to 19; A is an anion having a
      valence of 1 to 2, m and n are integers from 1 to 2 and the product of m
      times n is 2, R.sub.2 is --(CH.sub.2 CH.sub.2 O).sub.p H, R.sub.3 is
      --(CH.sub.2 CH.sub.2 O).sub.r H, and R.sub.4 is --(CH.sub.2 CH.sub.2
      O).sub.w H, with p, r, and w being integers from 1 to 20 with the total of
      p, r, and w not exceeding 50, and R is selected from phenyl, naphthyl and
      phenyl-substituted with from 1 to 2 groups selected from methyl, hydroxy,
      and methoxy, said compounds consisting of isomeric mixtures with respect
      to the position of attachment of R to the alkyl chain.
NUM  11.
PAR  11. The compounds of claim 10 wherein A is chloride, n is 1, and m is 2.
NUM  12.
PAR  12. Diquaternary ammonium compounds of claim 1 represented by the formula
      ##EQU19##
      wherein x is an integer from 0 to 18, y is an integer from 1 to 19, the
      total of x and y is an integer from 8 to 19, A is an anion having a
      valence of 1 to 2, m and n are integers from 1 to 2 and the product of m
      times n is 2, R.sub.2 is
      ##EQU20##
      with p, r and w being integers from 1 to 20 and with the total of p, r and
      w not exceeding 50, and R is selected from phenyl, naphthyl, and
      phenyl-substituted with from 1 to 2 groups selected from methyl, hydroxy,
      and methoxy, said compounds consisting of isomeric mixtures with respect
      to the position of attachment of R to alkyl chain.
NUM  13.
PAR  13. The compounds of claim 1 wherein the sum of x and y is 19.
NUM  14.
PAR  14. The compounds of claim 1 wherein the sum of x and y is 8.
NUM  15.
PAR  15. The compounds of claim 1 wherein A is selected from the group
      consisting of chloride, bromide, iodide, hydroxide, sulfate, nitrate,
      hydrochlorate, perchlorate, hypochlorate, formate and acetate.
NUM  16.
PAR  16. The compounds of claim 1 wherein A is chloride.
NUM  17.
PAR  17. Diquaternary ammonium compounds represented by the formula
      ##EQU21##
      wherein R.sub.1 and R.sub.5 are selected from the group consisting of
      alkyl radicals having from 1 to 3 carbon atoms; R.sub.2 is selected from
      the group consisting of alkyl radicals having from 1 to 3 carbon atoms,
      --(CH.sub.2 CH.sub.2 O).sub.p H, and
      ##EQU22##
      R.sub.3 is selected from the group consisting of alkyl radicals having
      from 1 to 3 carbon atoms, --(CH.sub.2 CH.sub.2 O).sub.w H, and
      ##EQU23##
      R.sub.4 is selected from the group consisting of alkyl radicals having
      from 1 to 3 carbon atoms, --(CH.sub.2 CH.sub.2 O).sub.r H, and
      ##EQU24##
      wherein p, r, and w are integers from 1 to 40 and the sum of p, r, and w
      is less than 80; R is selected from phenyl, naphthyl, and
      phenyl-substituted with from 1 to 2 groups selected from methyl, hydroxy,
      and methoxy; x is an integer from 0 to 18, y is an integer from 1 to 19,
      and the sum of x and y is an integer from 8 to 19; said alkylene group
      having 2 to 6 carbon atoms; A is an anion; m and n are integers from 1 to
      2 and the product of m times n is 2; said compounds consisting of isomeric
      mixtures with respect to the position of attachment of R to the alkyl
      chain.
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ABST
PAL  2-Nitroindane-1,3-dione derivatives are useful in the prophylaxis and
      treatment of asthma, hay fever and also in the treatment of rhinitis.
BSUM
PAR  This invention relates to pharmaceutical compositions which are useful in
      the inhibition of the effects of certain types of antigen-antibody
      reactions, and are therefore useful in the prophylaxis and treatment of
      diseases associated with allergic or immunological reactions, e.g. certain
      types of asthma and hay-fever, and also in the treatment of rhinitis.
PAR  We have discovered that certain derivatives of 2-nitroindane-1,3-dione have
      useful activity in warm-blooded mammals in that they inhibit the effects
      of certain types of antigen-antibody reactions. In particular, they appear
      to inhibit the release of mediator substances, such as histamine, which
      are normally released after antigen-antibody combinations and which
      normally mediate the allergic response. The class of
      2-nitroindane-1,3-dione derivatives which we have found to be active in
      this way has formula (I):
      ##SPC1##
PAL  and the salts of compounds (I) are also active. In formula (I), R.sub.1,
      R.sub.2, R.sub.3, and R.sub.4 are each hydrogen or alkyl, alkoxy, aryl,
      aralkyl, heterocyclic or halogen groups, or any two adjacent groups
      R.sub.1 and R.sub.2, R.sub.2 and R.sub.3, or R.sub.3 and R.sub.4 taken
      together represent the residue of a substituted or unsubstituted
      carbocyclic or heterocyclic ring system. However, a search of the chemical
      literature has revealed that not all of the members of class (I) are novel
      compounds. Below we list those compounds of formula (I) which are
      mentioned in the literature, together with the appropriate literature
      reference:
PA1  (I): R.sub.1 = R.sub.2 = R.sub.3 = R.sub.4 = H
PA1  (i): r.sub.1 = r.sub.2 = och.sub.3 ; r.sub.3 = r.sub.4 = h chem.Abs. 1961,
      55, 476g
PA1  (I): R.sub.2 = OCH.sub.3 ; R.sub.1 = R.sub.3 = R.sub.4 = H Chem.Abs. 1968,
      68, 87034q
PA1  (I): R.sub.1 = Cl; R.sub.2 = R.sub.3 = R.sub.4 = H Chem.Abs. 1969, 70,
      11379b
PA1  (I): R.sub.2 = Cl; R.sub.1 = R.sub.3 = R.sub.4 = H Chem.Abs. 1969, 70,
      37507s
PA1  (I): R.sub.2 = Br; R.sub.1 = R.sub.3 = R.sub.4 = H Chem.Abs. 1972, 132349s
PA1  (I): R.sub.1 = CH.sub.3 ; R.sub.2 = R.sub.3 = R.sub.4 = H Latv. PSR Zinat
      Akad, Vestis (Khim Ser) 1971, 425-30
PA1  (I): R.sub.2 = I; R.sub.1 = R.sub.3 = R.sub.4 = H ibid 1971, 179-181
PAR  In the above list, no reference has been given for the first compound, i.e.
      2-nitroindane-1,3-dione itself which is, of course, a common laboratory
      reagent.
PAR  Although the above compounds are reported in the literature, no form of
      useful biological activity has been ascribed to them. Likewise there has
      been in the literature no suggestion that such compounds are likely to
      possess any form of useful biological activity, and in particular the
      discovery that they have anti-allergic activity has not been predicted in
      any way.
PAR  Accordingly, the present invention provides in its broadest aspect, a
      pharmaceutical composition comprising a compound of formula (I) or a
      pharmaceutically acceptable salt thereof:
      ##SPC2##
PAL  together with one or more pharmaceutically acceptable carriers, in which
      formula R.sub.1, R.sub.2, R.sub.3 and R.sub.4 represent hydrogen, lower
      alkyl, lower alkoxy, aryl, aralkyl, heterocyclic or halogen groups, and
      any two adjacent groups R.sub.1 and R.sub.2, and R.sub.3 or R.sub.3 and
      R.sub.4 may be joined in a carbocyclic or heterocyclic ring system, this
      definition of R.sub.1, R.sub.2, R.sub.3 and R.sub.4 being subject to the
      proviso that R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are not simultaneously
      hydrogen.
PAR  It will be noted that the above definition of the compositions of this
      invention specifically excludes compositions 2-nitroindane-1,3-dione
      itself. This exclusion is necessary since such compositions are claimed in
      a different pending patent application commonly assigned.
PAR  The compositions of this invention may be presented as a microfine powder
      for insufflation, e.g. as a snuff or in capsules of hard gelatine. They
      may also be presented together with a sterile liquid carrier for
      injection. Some of the compounds of formula (I) appear to be active when
      given by the oral route and thus the compositions of this invention may be
      in the form of tablets, capsules, pills or syrups. Preferably the
      compositions of this invention are presented in unit dosage form, or in a
      form in which the patient can administer to himself a single dosage. If
      desired, a small amount of bronchodilator compound may be incorporated in
      the compositions of the invention, both to inhibit the cough response if
      the composition is insufflated and to provide immediate relief during an
      asthmatic attack. The effective dose of compound (I) depends on the
      particular compound employed, but is generally in the range of from 0.1
      mg/kg/day to 100 mg/kg/day.
PAR  The precise nature of the pharmaceutical carrier used in the composition of
      this invention is not important. Standard pharmaceutical practice may be
      followed, but it is perhaps worth noting that if the composition is to be
      administered by insufflation, a microfine powder where substantially all
      the particles have diameters of less than 50 microns is preferred.
PAR  The present invention also provides, in another of its aspects compounds of
      formula (I) and salts thereof:
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are each hydrogen or alkyl,
      alkoxy, aryl, aralkyl, heterocyclic or halogen groups, or any two adjacent
      groups, R.sub.1 and R.sub.2, R.sub.2 and R.sub.3, R.sub.3 and R.sub.4 may
      be joined in a carbocyclic or heterocyclic ring system, with the exception
      of the following compounds and salts thereof:
PA1  2-nitroindane-1,3-dione
PA1  4,5-dimethoxy-2-nitroindane-1,3-dione
PA1  5-methoxy-2-nitroindane-1,3-dione
PA1   4-chloro-2-nitroindane-1,3-dione
PA1  5-chloro-2-nitroindane-1,3-dione
PA1  5-bromo- 2-nitroindane-1,3-dione
PA1  4-methyl-2-nitroindane-1,3-dione
PA1  5-iodo-2-nitroindane-1,3-dione
PAR  Hereafter in this specification when the phrase "the compounds of this
      invention" is used, it is to be understood that we mean compounds of
      formula (I) and salts thereof excluding the eight compounds specifically
      listed above, and their salts.
PAR  Examples of groups R.sub.1, R.sub.2, R.sub.3 and R.sub.4 which may be
      present in the compounds of this invention include methyl, ethyl, n- and
      iso-propyl, n-, sec- and tert- butyl; methoxy, ethoxy, n- and iso-
      propoxy, n-, sec- and tert- butoxy, phenyl, benzyl, pyridyl, fluoro,
      chloro, bromo or iodo groups. In addition R.sub.1 and R.sub.2 and R.sub.2
      and R.sub.3 or R.sub.3 and R.sub.4 taken together may represent the
      residue of a 1,2-phenylene or 1,2-cyclohexylene ring, which may carry one
      or more of the substituents listed above.
PAR  Compounds of the present invention which are especially preferred for their
      high activity include the following compounds and their pharmaceutically
      acceptable salts:
PA1  5,6-dimethyl-2-nitroindane-1,3-dione;
PA1  2-nitrobenz[f]indane-1,3-dione;
PA1  4-methoxy-6-ethyl-2-nitroindane-1,3-dione;
PA1  4-n-butoxy-2-nitroindane-1,3-dione;
PA1  4,6-dimethyl-2-nitroindane-1,3-dione;
PA1  5-methyl-2-nitroindane-1,3-dione;
PA1  4-fluoro-2-nitroindane-1,3-dione;
PAR  In the preceeding paragraphs, we have referred to pharmaceutically
      acceptable salts of the compounds of formula (I). Such salts include the
      alkali metal salts e.g. sodium or potassium, and salts with organic bases
      such as amines or amino compounds. These compounds may, on occasions, be
      capable of existing in an anhydrous form or one or more hydrates. The
      invention includes all of these forms.
PAR  The compounds of this invention may be prepared by a process which
      comprises nitrating the parent indane-1,3-dione of formula (III):
      ##SPC4##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are as hereinbefore defined.
      The nitration step may be carried out at various temperatures although
      usually below 25.degree.C. In general a temperature range of from
      -20.degree.C to +20.degree.C will be suitable, with +10.degree.C being
      preferred.
PAR  The starting materials of formula (III) above may be prepared by known
      methods, the choice of method being dependent on the nature of the
      substituents present. With a single relatively chemically inert
      substituent such as a methyl, methoxy, or phenyl radical, the method of
      choice is the Claisen condensation wherein a compound of formula (IV):
      ##SPC5##
PAL  wherein R is the inert substituent and X is an alkyl group is reacted with
      ethyl acetate.
PAR  With alkyl or alkoxy substituents in both the 3- and 6- position of (IV)
      the Claisen condensation may sometimes afford only low yields of the
      required diones and the same is true for the 4,5-methylenedioxy analogue.
      In such cases the preferred method involves the reaction of a compound
      formula (V), formed from the appropriate anhydride and acetic anhydride
      ##SPC6##
PAL  wherein both R.sub.1 and R.sub.2 are 4- or 7 - alkyl or alkoxy groups or
      R.sub.1 R.sub.2 is a 5,6-methylenedioxy group with a strong base such as
      sodium methoxide.
PAR  Neither of the above procedures is advisable in the presence of halogen
      functions, and here the Knoevenagel reaction is best suited. This involves
      the reaction of an active methylene compound with a compound of formula
      (VI):
      ##SPC7##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are the same or different and
      each is hydrogen or a halogen group. The use of ethyl acetoacetate as the
      active methylene compound is most convenient (and economical) but has led
      to difficulties with both the 4-bromo and tetrachloro compounds, in which
      the carbethoxy intermediates are isolated ( (VII) and (VIII) respectively)
      ##SPC8##
PAR  For this reason, ethyl acetoacetate has been replaced by the more easily
      removable t-butyl acetoacetate with complete success.
PAR  The following Examples illustrate the preparation of some of the compounds
      of this invention (and also a few of the previously known compounds listed
      above) and illustrate the biological activity of such compounds.
DETD
PAC  EXAMPLE 1
PAC  a. 4-Methyl indane-1,3-dione
PAR  To a 50% dispersion of sodium hydride in mineral oil (8.2 g; 0.17 mole of
      NaH) was added a solution of diethyl 3-methyl phthalate (28 g; 0.119 mole)
      in ethyl acetate (40 ml) and the mixture refluxed with occasional swirling
      on a steam bath for 4 hr. After cooling, the bright yellow sodium salt was
      filtered and washed with a little cold ethyl acetate. To the dried sodium
      salt (ca 27.2 g) was added rapidly a hot (80.degree.C) solution of
      hydrochloric acid (48 ml) in water (480 ml) and the product kept at
      70.degree.C until decarboxylation ceased (7 mins), cooled to 5.degree.C,
      and the pale yellow solid filtered and washed with water.
      Recrystallisation from benzene afforded a pale yellow crystalline solid,
      m.p. 125.degree.-8.degree.C. (Found; C, 75.38; H, 5.04; C.sub.10 H.sub.8
      O.sub.2 requires; C, 74.99; H, 5.03%).
PAC  b. 4-Methyl-2-nitroindane-1,3-dione
PAR  To a stirred suspension of 4-methyl-1,3-indanedione (1.02g.0.006 mole) in
      anhydrous ether (5 ml) at ca 10.degree.C was added dropwise and with
      stirring fuming nitric acid (2.0 ml). After 10 mins. a clear, dark
      solution formed followed by precipitation of a bright yellow solid. The
      mass was filtered and washed with 5N hydrochloric acid. Recrystallisation
      from water/hydrochloric acid afforded the title compound, m.p.
      108.degree.-9.degree.C. (Found; C, 56.16; H, 3.74; N, 6.32; C.sub.10
      H.sub.7 NO.sub.4.1/2H.sub.2 O requires; C, 56.07; H, 3.76; N, 6.54%).
PAC  EXAMPLE 2
PAC  a. 5-Methyl indane-1,3-dione
PAR  This was prepared as in Example 1(a) from diethyl 4-methyl phthalate, m.p.
      (benzene) 114.degree.-116.degree.C. (Found; C, 75.04; H, 5.19; C.sub.10
      H.sub.8 O.sub.2 requires; C, 74.99; H, 5.03%).
PAC  b. 5-Methyl-2-nitroindane-1,3-dione
PAR  Nitration of 5-methyl indane-1,3-dione as in Example 1(b) yeilded the nitro
      product, m.p. (water/hydrochloric acid) 115.degree.-117.degree.C. (Found;
      C, 58.43; H, 3.39; N, 6.86; C.sub.10 H.sub.7 NO.sub.4 requires; C, 58.54;
      H, 3.44; N, 6.83%).
PAC  EXAMPLE 3
PAC  a. 4-Methoxy indane-1,3-dione
PAR  Dimethyl-3-methoxy phthalate (13.8 g; 0.062 mole) in ethyl acetate (20 ml)
      was added to a 50% dispersion of sodium hydride in mineral oil (4.1 g;
      0.085 mole of NaH) and the mixture refluxed for 4 hr. in a water bath.
      After cooling the red oil was treated with water and the yellow solid
      filtered and washed well with cold water. The sodium salt (15.8 g) was
      decarboxylated with 5N hydrochloric acid (23 ml) at 70.degree.C. M.p.
      (benzene) 145.degree.-147.degree.C (d). (Found; C, 68.22; H, 4.63;
      C.sub.10 H.sub.8 O.sub.3 requires; C, 68.18; H, 4.58%).
PAC  b. 4-Methoxy-2-nitro indane-1,3-dione
PAR  Nitration of 4-methoxy indane-1,3-dione as in Example 1(b) afforded the
      title compound, m.p. (water, hydrochloric acid) 132.degree.-4.degree.C.
      (Found; C, 54.39; H, 3.22; N, 6.42; C.sub.10 H.sub.7 NO.sub.5 requires; C,
      54.32; H, 3.19; N, 6.33%).
PAC  EXAMPLE 4
PAC  a. 4-Ethoxy indane-1,3-dione
PAR  Dimethyl 3-ethoxy phthalate (m.p. 58.degree.C) was converted into 4-ethoxy
      indane-1,3-dione according to Example 1(a), m.p. (benzene) 111.degree.C.
      (Found; C, 69.48; H, 5.34; C.sub.11 H.sub.10 O.sub.3 requires; C, 69.46;
      H, 5.30%).
PAC  b. 4-Ethoxy-2-nitro indane-1,3-dione
PAR  Direct nitration of 4-ethoxy indane-1,3-dione with fuming nitric acid as in
      Example 1(b) gave the  2-nitro derivative, m.p. (water, hydrochloric acid)
      95.degree.-96.degree.C. (Found; C, 48.83; H, 4.81; N, 4.97; C.sub.10
      H.sub.9 NO.sub.5. 2H.sub.2 O requires; C, 48.71; H, 4.83; N, 5.17%).
PAC  EXAMPLE 5
PAC  a. Benz[f] indane-1,3-dione
PAR  This was prepared by an analagous procedure to that described in Example
      1(a), m.p. 136.degree.C (d) from benzene. (Found; C, 73.80; H, 4.15;
      C.sub.13 H.sub.8 O.sub.2.H.sub.2 O requires; C, 72.89; H, 4.71%).
PAC  b. 2-Nitro benz[f]indane-1,3-dione
PAR  Nitration of benz[f] indane-1,3-dione with fuming nitric acid in ether at
      10.degree.C afforded the title compound, m.p. (water, hydrochloric acid)
      163.degree.-4.degree.C. (Found; C, 64.89; H, 3.06; N, 5.03; C.sub.13
      H.sub.7 NO.sub.4 requires; C, 64.74; H, 2.93; N, 5.81%).
PAC  EXAMPLE 6
PAC  a. 3-Methoxy-6-methyl phthalalyl acetic acid
PAR  3-Methoxy-6-methyl phthalic anhydride (21.29 g; 0.11 mole) was treated with
      freshly fused potassium acetate (16.7 g) and acetic anhydride (35 ml). The
      resulting mixture was heated for 1 hr. at 100.degree.C and then for a
      further 4 hrs. at 150.degree.-5.degree.C. After cooling water (100 ml) was
      added and the dark precipitate filtered and washed well with cold water
      and methanol until the filtrate was almost colourless; the solid was
      extracted with 5% aqueous sodium bicarbonate (500ml) and the filtered
      extract acidified. A pale yellow precipitate of the phthalalylacetic acid
      separated in quantitative yield, m.p. (dioxan) 260.degree.-2.degree.C (d).
      (Found; C, 61.13; H, 4.40; C.sub.12 H.sub.10 O.sub.5 requires; C, 61.54;
      H, 4.30%).
PAC  b. 4-Methoxy-7-methyl indane-1,3-dione
PAR  Sodium methoxide [from sodium (10.8g)] in methanol (100 ml) was added with
      vigorous shaking to a solution of 3-methoxy-6-methyl phthalalyl acetic
      acid (10.8 g; 0.046 mole) in methanol (250 ml) and the mixture stood at
      ambient temperature for 2 hrs. The resulting orange gel was heated for 5
      hrs. at 100.degree.C, cooled and then filtered. On addition of hot
      (80.degree.C) 5N hydrochloric acid (160 ml) spontaneous decarboxylation
      ensued and an orange-yellow solid formed. Filtration and recrystallisation
      (benzene) afforded the indanedione, m.p. 172.degree.C as a buff solid.
      (Found; C, 69.50; H, 5.34; C.sub.11 H.sub.10 O.sub.3 requires; C, 69.46;
      H, 5.30%).
PAC  c. 4-Methoxy-7-methyl-2-nitro indane-1,3-dione
PAR  Treatment with 4-methoxy-7-methyl indane-1,3-dione with fuming nitric acid
      as in Example 1(b) gave the 2-nitro derivative as a yellow solid, m.p.
      (water, hydrochloric acid) 143.degree.-146.degree.C. (Found; C, 56.61; N,
      3.93; N, 5.80; C.sub.11 H.sub.9 NO.sub.5 requires; C, 56.18; H, 3.86; N,
      5.96%).
PAC  EXAMPLE 7
PAC  a. 5-Bromo indane-1,3-dione
PAR  A solution of 4-bromo phthalic anhydride (4.15 g; 0.018 mole) in acetic
      anhydride (10 g) containing triethylamine (4 g) was treated at room
      temperature with ethyl acetoacetate (2.38g; 0.02 mole). After 24 hrs. with
      stirring, crushed ice (20 g) and concentrated hydrochloric acid (10 ml)
      were added and the precipitated red solid filtered. Addition of a hot
      (70.degree.-80.degree.C) solution of hydrochloric acid (150 ml) in water
      (750 ml) to this solid resulted in decarboxylation and generation of
      5-bromo indane-1,3-dione as red plates, m.p. (acetone)
      152.degree.-3.degree.C. (Found; C, 48.04; H, 2.17; Br, 35.63; C.sub.9
      H.sub.5 Br O.sub.2 requires; C, 48.05; H, 2.24; Br, 35.52%).
PAC  b. 5-Bromo-2-nitro indane-1,3-dione
PAR  Nitration as described in Example 1(b) converted 5-bromo indane-1,3-dione
      to its 2-nitro derivative, m.p. (water, hydrochloric acid)
      127.degree.-9.degree.C. (Found; C, 40.03; H, 1.55; N, 5.11, Br, 29.32;
      C.sub.9 H.sub.4 Br NO.sub.4 requires; C, 40.01, H, 1.49; N, 5.18; Br,
      29.58%).
PAC  EXAMPLE 8
PAC  a. 4-Bromo indane-1,3-dione
PAR  A modification of the procedure used in Example 7(a) in which ethyl
      acetoacetate was replaced by t-butyl acetoacetate afforded 4-bromo
      indane-1,3-dione from the anhydride, decomposes above 120.degree.C.
PAC  b. 4-Bromo-2-nitro indane-1,3-dione
PAR  This was prepared as for the 5-bromo isomer m.p. (water, hydrochloric acid)
      127.degree.-8.degree.C. (Found; C, 40.16; H, 1.60; N, 5.36; Br, 28.65;
      C.sub.9 H.sub.4 Br NO.sub.4 requirements; C, 40.01; H, 1.49; N, 5.18; Br,
      29.58%).
PAC  EXAMPLE 9
PAC  a. 4-Fluoro indane-1,3-dione
PAR  Using the procedure outlined in Example 8a gave 4-fluoro indane-1,3-dione
      m.p. (benzene) 117.degree.-118.degree.C from 4-fluoro phthalic anhydride.
      (Found; C, 65.87; H, 3.15; C.sub.9 H.sub.5 FO.sub.2 requires; C, 65.86; H,
      3.07%).
PAC  b. 4-Fluoro-2-nitro indane-1,3-dione
PAR  The title compound was formed by nitration of 4-fluoro indane-1,3-dione at
      10.degree.C, m.p. (water, hydrochloric acid) 124.degree.C. (Found; C,
      47.75; H, 2.68; N, 6.19; C.sub.9 H.sub.4 F NO.sub.4.H.sub.2 0 requires; C,
      47.59; H, 2.66; N, 6.17%).
PAC  EXAMPLE 10
PAC  a. 4,5,6,7-Tetrachloro indane-1,3-dione
PAR  Tetrachloro phthalic anhydride was converted to the indane dione by the
      method described in Example 8(a), decomposes on heating. (Found; C, 39.01;
      H, 0.75; Cl, 50.15; C.sub.9 H.sub.2 Cl.sub.4 O.sub.2 requires: C, 38.07;
      H, 0.71; Cl, 49.60%).
PAC  b. 2-Nitro-4,5,6,7-tetrachloro indane-1,3-dione
PAR  Nitration of 4,5,6,7-Tetrachloro indane-1,3-dione at 10.degree.C afforded
      the 2-nitro derivative, m.p. (water, hydrochloric acid)
      184.degree.-5.degree.C. (Found; C, 27.89; H, 1.40; N, 3.41; C.sub.9 H
      Cl.sub.4 NO.sub.4.3H.sub.2 O requires; C, 28.22; H, 1.84; N, 3.66%).
PAC  EXAMPLE 11
PAC  a. Dimethyl 3,6-dihydro-4,5-dimethyl phthalate
PAR  2,3-dimethyl butadiene (30 g; 0.366 mole) and dimethyl acetylene
      dicarboxylate 47.69 0.366 mole) were heated to 140.degree.C in an
      autoclave and maintained at the temperature for 4 hrs. After cooling ether
      was added and the solution filtered. Evaporation of the filtrate afforded
      the title compound which was recrystallised from methanol; light petroleum
      (40-60), m.p. 71.degree.-72.degree.C (Found; C, 64.41; H, 7.16; C.sub.12
      H.sub.16 O.sub.4 requires; C, 64.27; H, 7.19%).
PAC  b. Dimethyl 4,5-dimethyl phthalate
PAR  The above dihydro aromatic compound (50 g.) was added to 10% palladium on
      charcoal (2.5 g.) and the mixture aerated at 220.degree.-225.degree.C for
      3 hrs. After cooling ether was added and the mixture filtered. Evaporation
      and distillation afforded dimethyl 4,5-dimethyl phthalate, m.p. (methanol,
      light petroleum (40-60) ) 53.degree.-4.degree.C. (Found: C, 64.87; H,
      6.36; C.sub.12 H.sub.14 O.sub.4 requires: C, 64.85; H, 6.35%).
PAC  c. 5,6-Dimethyl indane-1,3-dione
PAR  Dimethyl 4,5-dimethyl phthalate (14.6 g; 0.066 mole) in ethyl acetate (20
      ml.) was added to a 50% dispersion of sodium hydride in mineral oil (4.63
      g; 0.096 mole of NaH) and the mixture refluxed for 4 hrs. on a steam bath.
      After cooling the yellow solid was filtered and washed with a little cold
      ethyl acetate. Treatment with a hot (80.degree.C) solution of concentrated
      hydrochloric acid (20 ml.) in water (200 ml.) for 7 mins. gave the title
      compound m.p. (benzene) 159.degree.C. (Found: C, 75.77; H, 5.79; C.sub.11
      H.sub.10 O requires: C, 75.84; H, 5.79%).
PAC  d. 5,6-Dimethyl-2-nitro-indane-1,3-dione
PAR  5,6-dimethyl indane-1,3-dione (0.52 g; 0.003 mole) suspended in anhydrous
      ether (5 ml.) was stirred at 10.degree.C during the dropwise addition of
      fuming nitric acid (1.0 ml.). After the addition was complete the mixture
      was stirred at ambient temperature for 1 hr. and the precipitated yellow
      solid filtered. m.p. (water, hydrochloric acid) 111.degree.-113.degree.C.
      (Found: C, 60.11; H, 4.10; N, 6.14; C.sub.11 H.sub.9 NO.sub.4 requires: C,
      60.28; H, 4.14; N, 6.39%).
PAC  EXAMPLE 12
PAC  a. 4-Isopropyloxy indane-1,3-dione
PAR  Dimethyl 3-isopropyloxy phthalate (41.93 g; 0.166 mole) in ethyl acetate
      (55 ml) was cautiously added to a 50% dispersion of sodium hydride in
      mineral oil (11.0 g; 0.228 mole of NaH) and the mixture refluxed for 4
      hours on a steam bath. A yellow solid separated which, after cooling, was
      filtered and washed with a little ethyl acetate. Addition of this solid to
      1N hydrochloric acid at 80.degree.C caused immediate dicarboxylation which
      was complete within 10.15 mins.
PAR  After cooling and filtration, recrystallisation (benzene, petroleum
      (40.degree.-60.degree.) afforded the title product, m.p.
      69.degree.-70.degree.C (Found: C, 70.88; H, 5.93; C.sub.12 H.sub.12
      O.sub.2 requires: C, 70.58; H, 5.92%).
PAC  b. 4-Isopropyloxy-2-nitro-indane-1,3-dione
PAR  4-Isopropyloxy indane-1,3-dione (0.16 g; 0.003 mole) suspended in dry ether
      (5 ml) was treated dropwise and with stirring with fuming nitric acid (1.0
      ml) at 10.degree.C. The resulting dark solution was treated with 5N
      hydrochloric acid and evaporated to a yellow crystalline product; m.p.
      (water, hydrochloric acid) 80.degree.-81.degree.C. (Found: C, 57.94; H,
      4.43; N, 5.46; C.sub.12 H.sub.11 NO.sub.5 requires: C, 57.83; H, 4.45; N,
      5.62%).
PAC  EXAMPLE 13
PAC  a. 4,6Dimethyl indane-1,3-dione
PAR  Dimethyl 3,5-dimethyl phthalate (15.1 g; 0.068 mole) in ethyl acetate (22
      ml.) was treated with a 50% dispersion of sodium hydride in mineral oil
      (4.80 g; 0.10 mole of NaH) and the mixture refluxed for 4 hrs. at
      100.degree.C. After filtration the resulting yellow sodium salt was
      treated for 7 mins. at 70.degree.-80.degree.C. with hydrochloric acid
      (11.0 ml.) in water (110 ml.) and the dione product filtered and
      recrystallised. m.p. (benzene) 137.degree.-138.degree.C. (Found: C, 75.73;
      H, 5.67; C.sub.11 H.sub.10 O.sub.2 requires: C, 75.84; H, 5.79%).
PAC  b. 4,6-Dimethyl-2-nitro-indane-1,3-dione
PAR  4,6-Dimethyl indane-1,3-dione (0.52 g; 0.003 mole) suspended in anhydrous
      ether (5 ml.) was nitrated to the title product as described in Example 12
      m.p. (water, hydrochloric acid) 111.degree.-112.degree.C, (Found: C,
      60.12, H, 4.16; N, 6.14; C.sub.11 H.sub.9 NO.sub.4 requires: C, 60.28; H,
      4.14; N, 6.39%).
PAC  EXAMPLE 14
PAC  a. Benz (e) indane-1,3-dione
PAR  To a 50% dispersion of sodium hydride in mineral oil (4.55 g) was added to
      a solution of diethyl naphthalene 1,2-dicarboxylate (18.5 g) in ethyl
      acetate (22 ml.) and the mixture refluxed for 3.5 hrs. on a steam bath.
      After cooling the precipitated orange solid was filtered and
      decarboxylated with hydrochloric acid (35 ml.) in water (350 ml) at
      70.degree.C over 7 mins. to yield benze(e) indane-1,3-dione, m.p.
      (benzene) 178.degree.C (decomp.) (Found: C, 79.21; H, 4.22; C.sub.13
      H.sub.8 O.sub.2 requires: C, 79.58; H, 4.11%).
PAC  b. 2-Nitro benz(e)indane-1,3-dione
PAR  Nitration of benz(e) indane-1,3-dione as described in Example 12 afforded
      the 2-nitro derivative as an orange crystalline solid, m.p. (water,
      hydrochloric acid) 134.5.degree. - 135.5.degree.C. (Found: C, 64.76; H,
      2.91; N, 5.59; C.sub.13 H.sub.7 NO.sub.4 requires: C, 64.74; H, 2.93; N,
      5.81%).
PAC  EXAMPLE 15
PAC  a. 3,6-Dimethyl phthalalyl acetic acid
PAR  3,6-Dimethyl phthalic anhydride (m.p. 144.degree.-5.degree.C; 15.3 g; 0.087
      mole) was treated with freshly fused potassium acetate (13.3 g) and acetic
      anhydride (27 ml) and heated at 100.degree.C for 1 hr. The mixture was
      then heated to 150.degree.-155.degree.C at which temperature it was
      maintained for 4 hours. After cooling, water (80 ml) was added and the
      brown solid filtered off and washed well with water and cold methanol,
      After extraction of the residue with 5% sodium bicarbonate followed by
      acidification of the extract, the title compound was isolated as a yellow
      solid, m.p. (dioxan) 264.degree.-5.degree.C (Found: C, 66.04; H, 4.69;
      C.sub.12 H.sub.10 O.sub.4 requires: C, 66.05; H, 4.62%).
PAC  b. 4,7-Dimethyl indane-1,3-dione
PAR  Sodium methoxide (from sodium 8.05 g in methanol (80 ml) ) was added with
      vigorous stirring to a solution of 3,6-dimethyl phthalalyl acetic acid
      (7.5 g) in methanol (200 ml) and the gel allowed to stand for 2 hrs. The
      red suspension was then refluxed for 5 hours on a steam bath, cooled and
      filtered. Addition of the solid to hot (80.degree.C) 5N hydrochloric acid
      (120 ml) caused immediate decarboxylation and generation of the dione.
      After cooling the indane dione was filtered, dried, recrystallised, m.p.
      (benzene) 187.degree.-188.degree.C (Found: C, 75.48; H, 5.88; C.sub.11
      H.sub.10 O.sub.2 requires: C, 75.84; H, 5.79%).
PAC  c. 4,7-Dimethyl-2-nitro-indane-1,3-dione
PAR  4,7-Dimethyl indane-1,3-dione (0.52 g; 0.003 mole) in dry ether (5 ml) was
      nitrated with fuming nitric acid (1.0 ml) as described in Example 12 to
      give 4,7-dimethyl-2-nitro-indane-1,3-dione, m.p. (water, hydrochloric
      acid) 108.degree.-110.degree.C, (Found: C, 60.07; H, 4.20; N, 6.29;
      C.sub.11 H.sub.9 NO.sub.4 requires: C, 60.28; H, 4.14; N, 6.39%).
PAC  EXAMPLE 16
PAC  a. Dimethyl-3-ethyl phthalate
PAR  Dimethyl acetylene dicarboxylate (26.0 g; 0.183 mole) was added to a
      solution of 1,3-hexadine (15.0 g; 0.183 mole) in dry benzene (100 ml) and
      the mixture stirred in an autoclave at 65.degree.C for 24 hours.
      Evaporation and distillation then afforded the dihydro aromatic adduct as
      a colourless oil bp.sub.0.3 mm Hg. 80.degree.-100.degree.C. Aeration of
      this at 220.degree.-225.degree.C in the presence of 10% palladinised
      charcoal over 3 hours then afforded, after spinning bend separation, the
      title compound as a colourless oil bp.sub.1,2 mm Hg. 126.degree.C; (Found:
      64.46; H, 6.46; C.sub.12 H.sub.14 O.sub.4 requires: C, 64.85; H, 6.35%).
PAC  b. 4-Ethyl indane-1,3-dione
PAR  A solution of dimethyl 3-ethyl phthalate (7.38 g; 0.033 mole) in ethyl
      acetate (10 ml) was added to a 50% dispersion of sodium hydride in mineral
      oil (2.32 g) and the mixture reluxed for 4 hours on a steam bath. After
      cooling the yellow sodium salt was filtered, washed well with dry ether
      and dried. Treatment with a hot (80.degree.C) solution of hydrochloric
      acid (10 ml) in water (100 ml) over 10 mins. then gave the requisite
      dione; m.p. (benzene) 148.degree.C; (Found: C, 76.65; H, 5.45; C.sub.11
      H.sub.10 O.sub.2 requires: C, 75.85; H, 5.80%).
PAC  c. 4-Ethyl-2-nitro indane-1,3-dione
PAR  A suspension of 4-ethyl indane-1,3-dione (0.52 g; 0.003 mole) in dry ether
      (5 ml) was treated dropwise at 10.degree.C with fuming nitric acid (1.0
      ml) and the precipitated product filtered after 40 mins. at room
      temperature; m.p. (water, hydrochloric acid) 98.degree.-100.degree.C;
      (Found; C, 59.98; H, 4.18; N, 6.34; C.sub.11 H.sub.9 NO.sub.4 requires: C,
      60.28; H, 4.14; N, 6.39%).
PAC  EXAMPLE 17
PAC  a. 4-Methoxy-6-methyl indane-1,3-dione
PAR  Dimethyl 3-methoxy-5-methyl phthalate (14.8 g: 0.062 mole) in ethyl acetate
      (20 ml) was added to a 50% dispersion of sodium hydride in mineral oil
      (4.1 g; 0.085 mole) and the mixture refluxed for 4 hours at 100.degree.C.
      Addition of ether, ethyl acetate to the residual cooled oil afforded a
      yellow solid which was filtered. Treatment of this solid with 5N
      hydrochloric acid (30 ml) at 70.degree.C during 7 mins. afforded the title
      product m.p. (benzene) 172.degree.-3.degree.C (Found: C, 69.45; H, 5.43;
      C.sub.11 H.sub.10 O.sub.3 requires; C, 69.46; H, 5.30%).
PAC  b. 4-Methoxy-6-methyl-2-nitro indane-1,3-dione
PAR  A suspension of 4-methoxy-6-methyl indane-1,3-dione in dry ether was
      nitrated as in Example 16c to yield the 2-nitro derivative; m.p. (water,
      hydrochloric acid) 156.degree.-57.degree.C. (Found: C, 56.00; H, 3.86; N,
      5.90; C.sub.11 H.sub.9 NO.sub.5 requires; C, 56.16; H, 3.86; N, 5.96%).
PAC  EXAMPLE 18
PAC  a. 6-Ethyl-4-methoxy indane-1,3-dione
PAR  Claisen condensation of dimethyl 5-ethyl-3-methoxy phthalate (m.p.
      89.degree.C) as given in Example 16b afforded the title product m.p.
      (benzene, petroleum [40.degree.-60.degree.C ]) 112.degree.-113.degree.C.
      (Found: C, 70.60; H, 5.97; C.sub.12 H.sub.12 O.sub.3 requires: C, 70.57;
      H, 5.92%).
PAC  b. 6-Ethyl-4-methoxy-2-nitro indane-1,3-dione
PAR  Nitration of a suspension of 6-ethyl-4-methoxy indane-1,3-dione in dry
      ether as described in Example 16c gave the 2-nitro derivative, m.p.
      (water, hydrochloric acid) 116.degree.C; (Found: C, 57.85; H, 4.47; N,
      5.77; C.sub.12 H.sub.11 NO.sub.5 requires: C, 57.83; H, 4.45; N, 5.62%).
PAC  EXAMPLE 19
PAC  a. 5-Phenyl indane-1,3-dione
PAR  A solution of dimethyl 4-phenyl phthalate (bp 0.1 170.degree.-80.degree.C)
      in ethyl acetate was cyclised to the indane dione as described in Example
      16b, m.p. (benzene, petroleum [40.degree.-60.degree.]) 116.degree.C.
      (Found: C, 80.96; H, 4.70; C.sub.15 H.sub.10 O.sub.2 requires: C, 81.07;
      H, 4.54%).
PAC  b. 2-nitro-5-phenyl indane-1,3-dione
PAR  Nitration of 5-phenyl indane-1,3-dione with fuming nitric acid as described
      in Example 16c gave 2-nitro-5-phenyl indane-1, 3-dione, m.p. (water,
      hydrochloric acid) 119.degree.C. (Found: C, 65.54; H, 3.39; N, 4.93;
      C.sub.15 H.sub.9 NO.sub.4.1/2 H.sub.2 O requies: C, 65.21; H, 3.65; N,
      5.07%).
PAC  EXAMPLE 20
PAC  a. 4-Isobutyloxy indane-1,3-dione
PAR  a solution of dimethyl 3-isobutyloxy phthalate (26.6 g; 0.1 mole;
      b.p..sub.0.1 mm Hg 140.degree.-144.degree.C in ethyl acetate (34 ml) was
      treated with a 50% dispersion of sodium hydride in mineral oil (6.64 g;
      0.137 mole) and the brown solution refluxed for 4 hours on a steam bath.
      The bright yellow solid which separated was filtered aand cleaned by
      trituration with ethanol: ether (3:1). Decarboxylation with 5N
      hydrochloric acid (45 ml) at 70.degree.C over 10 min. gave the title
      dione; m.p. (benzene, petroleum [40.degree.-60.degree.]) 65.degree.C.
      (Found: C, 71.63; H, 6.52; C.sub.13 H.sub.14 O.sub.4 requires: C, 71.54;
      H, 6.47%).
PAC  b. 4-Isobutyloxy-2-nitro indane-1,3-dione
PAR  4-Isobutyloxy indane-1,3-dione (0.654 g; 0.003 mole) suspended in dry ether
      (5 ml) was treated dropwise with fuming nitric acid (1.0 ml) at
      10.degree.C and the clear dark red solution left to stir at room
      temperature for 1 hour. Evaporation in the presence of 5N hydrochloric
      acid gave the 2-nitro derivative as a yellow solid, m.p. (water,
      hydrochloric acid) 75.degree.-77.degree.C. (Found: C, 58.92; H, 5.00; N,
      5.48; C.sub.13 H.sub.13 NO.sub.5 requires: C, 59.31; H, 4.98; N, 5.32%).
PAC  EXAMPLE 21
PAC  a. 4-n-Butyloxy indane-1,3-dione
PAR  Claisen condensation of dimethyl 3-n-butyloxy phthalate (m.p. 48.degree.C)
      with ethyl acetate as described in Example 16b afforded the title
      compound, m.p. (benzene, petroleum [40.degree.-60.degree.]) 66.degree.C.
      (Found: C, 71.41; H, 6.54; C.sub.13 H.sub.14 O.sub.4 requires: C, 71.54;
      H, 6.47%).
PAC  b. 4-n-Butyloxy-2-nitro indane-1,3-dione
PAR  Nitration of 4-n-butyloxy indane-1,3-dione as described in Example 20b
      afforded the 2-nitro derivative, m.p. (water, hydrochloric acid)
      85.degree.C. (Found: C, 59.07; H, 5.13; N, 5.13; C.sub.13 H.sub.13
      NO.sub.5 requrires: C, 59.31; H, 4.98; N, 5.32%).
PAC  EXAMPLE 22
PAC  a. 4-n-Propyloxy indane-1,3-dione
PAR  Claisen condensation of dimethyl 3-n-propyloxy phthalate with ethyl acetate
      as described in Example 20a afforded 4-n-propyloxy indane-1,3-dione, m.p.
      (benzene) 94.degree.-95.degree.C. (Found: C, 70.69; H, 6.05; C.sub.12
      H.sub.12 O.sub.3 requires: C, 70.58; H, 5.92%).
PAC  b. 2-Nitro-4-n-Propyloxy indane-1,3-dione
PAR  Nitration of 4-n-Propyloxy indane-1,3-dione as described in Example 16c
      gave the 2-nitro derivative, m.p. (water, hydrochloric acid)
      114.degree.-115.degree.C. (Found: C, 57.57; H, 4.43; N, 5.48; C.sub.12
      H.sub.11 NO.sub.5 requires: C, 57.83; H, 4.45; N, 5.62%).
PAC  EXAMPLE 23
PAC  a. 4-Phenyl indane-1,3-dione
PAR  Dimethyl 3-phenyl phthalate (15.0 g; 0.055 mole) in ethyl acetate (20 ml)
      was added to a 50% dispersion of sodium hydride in mineral oil (3.67 g)
      and the mixture refluxed for 4 hrs. on a steam bath. Separation of the
      bright yellow solid followed by decarboxylation with a hot (80.degree.C)
      solution of hydrochloric acid (25 ml) in water (250 ml) over 7 mins. gave
      the title product, m.p. (benzene) 125.degree.-128.degree.C (Found: C,
      80.94; H, 4.69; C.sub.15 H.sub.10 O.sub.2 requires C, 81.07; H, 4.54%).
PAC  b. 2-Nitro-4-Phenyl indane-1,3-dione
PAR  Nitration of 4-phenyl indane-1,3-dione as described in Example 16c afforded
      the 2-nitro derivative, m.p. (water, hydrochloric acid) 119.degree.C;
      (Found: C, 67.04; H, 3.37; N, 4.96; C.sub.15 H.sub.9 NO.sub.4 requires: C,
      67.42; H, 3.39; N, 5.24%).
PAC  EXAMPLE 24
PAC  Biological Results
PAR  All of the 2-nitro indane-1,3-dione prepared in the preceding Examples were
      submitted for biological testing. The test system was the Rat Passive
      Cutaneous Anaphylaxis (PCA) test described below in (ii).
PAR  i. Serum containing heat labile homocytotropic antibody was raised in rats
      by a method similar to that used by Mota. (I. Mota Immunology 1964,
      7,681).
PAR  Male Wistar rats of 250-300 g, were injected intraperitoneally with 0.5 ml
      of Bordatella pertussis vaccine (containing 4 .times. 10.sup.10 dead
      organism per ml) and subcutaneously with 0.5 ml of an emulsion of 100 mg.
      of ovalbumin in 2 ml of saline and 3 ml of incomplete Freunds' adjuvant.
      Rats were bled by cardiac puncture on day 18, the blood was pooled and
      separated and serum stored at -20.degree. and thawed only once before use.
PAR  ii. The P.C.A. test was similar to that described by Ovary and Bier (A.
      Ovary and O. E. Bier, Proc. Soc. Exp.. Biol. Med. 1952, 81, 584) and Goose
      and Blair (J. Goose and A. M. J. N Blair, Immunolgy 1969, 16, 769).
PAR  0.1 ml of each of six twofold serial dilutions of the serum in 0.9% saline
      were injected intradermally into separate sites on the shaved dorsal
      surface of 250-350 g. Wistar rats. 72 hours later the animals were
      challenged by i.v. injection of 0.3 ml of 1% ovalbumin mixed with 0.1 ml
      of a 5% solution of pontamine sky blue dye both in isotonic saline
      buffered with pH. 7.2 Sorenson buffer (P.B.S.). The rats were killed after
      20 minutes and the diameter of the blue wheals at the antibody injection
      sites were measured. The starting dilution of the serum was adjusted so
      that there was no response, after challenge, at the site of injection of
      the highest dilution and a maximum response at the lowest dilution.
      Typically, six twofold serial dilutions of the serum from 1/4 to 1/128
      were used.
PAR  Compounds were tested for their ability to reduce the diameter of the
      wheels at the injection sites of dilutions of antibody which on all the
      controls have less than maximum response. Amounts of the compounds were
      administered to rats each amount to a test group of six animals at a
      specified time prior to intravenous challenge with ovalbumin. The
      diameters of the blue wheals which developed on the tests group of animals
      were compared with those on a control group of six animals treated in the
      same way as the test group, but which had not received the compound under
      test.
EQU  % Inhibition of P.C.A. = 100 (1 - a/b)
PA1  a = The mean of the sum of the diameters of the wheals produced in the test
      group of animals at those antibody sites where all the control group of
      animals gave less than maximum response.
PA1  b = The mean of the sum of diameters of the wheals produced in the control
      group of animals at those antibody sites were all the animals in the group
      gave less than maximum response.
PAR  The preferred method of administration was a solution of the test compound
      dissolved in pH 7.2 buffer and neutralised with sodium bicarbonate. For
      those compounds having insoluble sodium salts, the salts were isolated by
      reaction of the free nitro compound with 2.5N sodium hydroxide and the
      filtered sodium salt washed free of alkali with water. The dried salts
      were then administered as a suspension in 1% methyl cellulose.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                             TIME BETWEEN                                      
                                     INHIBITION                                
                             DOSING AND                                        
                                     OF                                        
     TEST      FORM IN WHICH                                                   
                        DOSE CHALLENGE                                         
                                     PCA RESPONSE                              
     COMPOUND  ADMINISTERED                                                    
                        (mg/kg)                                                
                             (MINS)                                            
     __________________________________________________________________________
     5-bromo-2-                                                                
               Solution of Na                                                  
                        25   0       46                                        
     nitroindane-1,                                                            
               salt     25   60      87                                        
     3-dione            100  0       30                                        
                        100  60      64                                        
     5-methyl-2-                                                               
               solution of Na                                                  
                        25   0       66                                        
     nitroindane-1,3-                                                          
               salt     25   30      44                                        
     dione              100  0       100                                       
                        100  30      47                                        
     4-methyl- Suspension of                                                   
                        25   0       2                                         
     2-nitroindane-                                                            
               Na salt in 1%                                                   
                        25   60      33                                        
     1,3-dione methyl   100  0       6                                         
               cellulose                                                       
                        100  60      57                                        
     4-methoxy-2-                                                              
               Suspension of                                                   
                        25   0       -2                                        
     nitroindane-1,                                                            
               Na salt in                                                      
                        25   60      25                                        
     3-dione   1% methyl                                                       
                        100  0       18                                        
               cellulose                                                       
                        100  60      36                                        
     2-nitro-  Suspension of                                                   
                        25   0       100                                       
     benz[f] indane-                                                           
               Na salt in                                                      
                        25   60      37                                        
     1,3-dione 1% methyl                                                       
                        100  0       100                                       
               cellulose                                                       
                        100  60      72                                        
     4-bromo-2-                                                                
               Suspension of                                                   
                        25   0       8                                         
     nitroindane-                                                              
               Na salt in 1%                                                   
                        25   60      24                                        
     1,3-dione methyl   100  0       -4                                        
               cellulose                                                       
                        100  60      70                                        
     4,5,6,7-  Solution 25   0       -13                                       
     tetrachloro-                                                              
               of Na    25   60      9                                         
     2-nitroin-                                                                
               salt     100  0       -3                                        
     dane-1,3-          100  60      7                                         
     dione                                                                     
     4-ethoxy-2-                                                               
               Solution of                                                     
                        25   0       13                                        
     nitroindane-                                                              
               Na salt  25   30      68                                        
     1,3-dione          100  0       76                                        
                        100  30      55                                        
     4-fluoro-2-                                                               
               Solution of                                                     
                        25   0       48                                        
     nitroindane-                                                              
               Na salt  25   30      8                                         
     1,3-dione          100  0       86                                        
                        100  30      30                                        
     4-methoxy-7-                                                              
               Solution of                                                     
                        25   0       34                                        
     methyl-2- Na salt  25   30      62                                        
     nitroindane-       100  0       36                                        
     1,3-dione          100  30      44                                        
     5,6-dimethyl-                                                             
               Suspension of                                                   
                        25   0       92                                        
     2-nitroindane-                                                            
               Na salt in                                                      
                        25   60      48                                        
     1,3-dione 1% methyl                                                       
                        100  0       73                                        
               cellulose                                                       
                        100  60      54                                        
     4-isopropyloxy-                                                           
               Suspension of                                                   
                        25   0       23                                        
     2-nitroindane                                                             
               Na salt in                                                      
                        25   30      36                                        
     1,3-dione 1% methyl                                                       
                        100  0       49                                        
               cellulose                                                       
                        100  30      51                                        
     4,6-dimethyl-                                                             
               Solution of                                                     
                        25   0       58                                        
     2-nitroindane-                                                            
               Na salt  25   30      27                                        
     1,3-dione          100  0       69                                        
                        100  0       35                                        
     4,7-dimethyl-                                                             
               Suspension of                                                   
                        25   0       35                                        
     2-nitroindane-                                                            
               Na salt in                                                      
                        25   60      16                                        
     1,3-dione 1% methyl                                                       
                        100  0       46                                        
               cellulose                                                       
                        100  60      8                                         
     2-nitrobenz(e)                                                            
               Suspension of                                                   
                        25   0       16                                        
     indane-1,3-                                                               
               Na salt in                                                      
                        25   60      50                                        
     dione     1% methyl                                                       
                        100  0       13                                        
               cellulose                                                       
                        100  60      47                                        
     4-ethyl-2-                                                                
               Suspension of                                                   
                        25   0       - 5                                       
     nitroindane-1,                                                            
               Na salt in                                                      
                        25   60      23                                        
     3-dione   1% methyl                                                       
                        100  0       1                                         
               cellulose                                                       
                        100  60      25                                        
     4-methoxy-6-                                                              
               Solution of                                                     
                        25   0       34                                        
     methyl-2- Na salt  25   30      31                                        
     nitroindane-1,     100  0       80                                        
     3-dione            100  30      24                                        
     6-ethyl-4-                                                                
               Solution 25   0       66                                        
     methoxy-2-                                                                
               of Na    25   30      37                                        
     nitroindane-1,                                                            
               Salt     100  0       91                                        
     3-dione            100  30      32                                        
     2-nitro 5-phenyl                                                          
               Suspension                                                      
                        25   0       58                                        
     indane-   of Na salt                                                      
                        25   60      56                                        
     1,3-dione in 1%    100  0       82                                        
               methyl   100  60      36                                        
               cellulose                                                       
     4-isobutyloxy-                                                            
               Solution 25   0       61                                        
     2-nitroindane                                                             
               of Na salt                                                      
                        25   30      28                                        
     1,3-dione          100  0       78                                        
                        100  30      41                                        
     4-n-butyloxy-                                                             
               Solution 25   0       29                                        
     2-nitroindane                                                             
               of Na salt                                                      
                        25   60      43                                        
     1,3-dione          100  0       63                                        
                        100  60      50                                        
     2-nitro-4-                                                                
               Solution 25   0       12                                        
     phenyl indane                                                             
               of Na    25   60      22                                        
     1,3 indione                                                               
               Salt     100  0       8                                         
                        100  60      24                                        
     __________________________________________________________________________
PAC  EXAMPLE 25
PAC  a. 4,5-Cyclohexano indane-1,3-dione.
PAR  The Claisen condensation of dimethyl tetralin 5,6-dicarboxylate (11.6 g;
      0.0465 mole) with ethyl acetate (15 ml.) as described in example 1b,
      afforded 4,5-cyclohexano indane-1,3-dione as a yellow crystalline
      compound, m.p. (benzene) 97.degree.-99.degree.C (Found: C, 77.80; H, 5.74;
      C.sub.13 H.sub.12 O.sub.2 requires: C, 77.98; H, 6.04).
PAC  b. 4,5-Cyclohexano-2-nitroindane-1,3-dione.
PAR  To a stirred suspension of 4,5-cyclohexano indane-1,3-dione (1.0 g; 0.005
      mole) in anhydrous ether (8.0 ml.) at  -20.degree.C was added fuming
      nitric acid (1.0 ml.) dropwise. After stirring at 0.degree.-5.degree.C for
      1 hr. and then at room temperature for a further 1 hr. water (20 ml.) was
      added, the ether removed under vacuo and the solution filtered. Addition
      of concentrated hydrochloric acid to the clear, yellow filtrate afforded
      the title compound on cooling, m.p. (water, hydrochloric acid)
      108.degree.-109.degree.C. (Found: C, 63.67; H, 4.48; N, 5.43; C.sub.13
      H.sub.11 NO.sub.4 requires: C, 63.67; H, 4.72; N, 5.71%).
PAC  EXAMPLE 26
PAC  a. 4,5-Cyclopentano inane-1,3-dione.
PAR  Condensation of dimethyl indane 4,5-dicarboxylate (12.42 g; 0.053 mole)
      with ethyl acetate as in example 1b gave the dione as a yellow solid, m.p.
      (benzene, petroleum [40.degree.-60.degree.]) 159.degree.-162.degree.(d).
      (Found: C, 77.55; H, 5.65; C.sub.12 H.sub.10 O.sub.2 requires; C, 77.40;
      H, 5.41%).
PAC  b. 4,5-Cyclopentano-2-nitro indane-1,3-dione.
PAR  Fuming nitric acid (1.0 ml.) was added dropwise to a stirred suspension of
      4,5-cyclopentano indane-1,3-dione (0.95 g; 0.005 mole) in dry ether (8.0
      ml.) at 5.degree.-10.degree.C and the mixture stirred at this temperature
      for 45 mins. Further stirring at room temperature for 1 hr. followed by
      addition of water (20 ml.), evaporation of ether, and filtration gave a
      clear, yellow filtrate. Addition of an equal volume of concentrated
      hydrochloric acid to the latter yielded the 2-nitro derivative as a yellow
      crystalline solid, m.p. (water, hydrochloric acid)
      128.degree.-130.degree.C. (Found: C, 59.96; H, 3.96; N, 5.89: C.sub.12
      H.sub.9 NO.sub.4.1/2H.sub.2 O requires: C, 60.80; H, 4.20; N, 5.83%).
PAC  EXAMPLE 27
PAC  a. 5-Methoxy-6-Methyl indane-1,3-dione.
PAR  A solution of dimethyl 4-methoxy-5-methyl phthalate (14.21 g; 0.06 mole;
      m.p. 66.degree.-68.degree.C) in ethyl acetate (20 ml.) was added to a 50%
      dispersion of sodium hydride in mineral oil (3.95 g; 0.082 mole of NaH)
      and the mixture refluxed for 4 hrs. The orange-brown sodium salt which
      separated was broken-up with 1:1 ethanol, ether, filtered and dried in
      vacuo. Addition of the dried solid to hot (80.degree.C) 5N hydrochloric
      acid (15 ml.) followed by stirring at 70.degree.C for 7 mins. gave the
      title dione as a yellow solid, m.p. (benzene) 215.degree.-216.degree.C.
      (Found: C, 69.11; H, 5.50; C.sub.11 H.sub.10 O.sub.3 requires: C, 69.46;
      H, 5.30).
PAC  b. 5-Methoxy-6-methyl-2-nitro indane-1,3-dione.
PAR  Nitration of 5-methoxy-6-methyl indane-1,3-dione as outlined in examplb 1b
      gave the 2-nitro derivative as an initially yellow solid which turned
      orange on dehydration, m.p. 110.degree.C. (Found: C, 56.59; H, 3.83; H,
      6.03: C.sub.11 H.sub.9 NO.sub.5 requires: C, 56.17; H, 3.86; N, 5.96%).
TBL  Biological Data for Compounds not                                         
     included in Table I                                                       
     __________________________________________________________________________
                                Time between                                   
                                       Inhibition                              
     Test Compound                                                             
               Form in which                                                   
                          dose  dosing and                                     
                                       of PCA                                  
               administered.                                                   
                          (mg./kg.)                                            
                                challenge                                      
                                       response                                
                                (mins).                                        
     __________________________________________________________________________
     4-n-propyloxy                                                             
               Solution of                                                     
                          25     0     77                                      
     2-nitroindane-                                                            
               sodium salt                                                     
                          25    30     37                                      
     1,3-dione.           100    0     30                                      
                          100   30     37                                      
     4,5-cyclohexano                                                           
               Suspension of                                                   
                          34     0      7                                      
     2-nitroindane-                                                            
               Na salt in 1%                                                   
                          34    60     32                                      
     1,3-dione methyl cellulose                                                
     4,5-cyclopentane                                                          
               Suspension of Na                                                
                          25     0      5                                      
     2-nitroindane-                                                            
               salt in 1% methyl                                               
                          25    60     34                                      
     1,3-dione.                                                                
               cellulose  100    0     26                                      
                          100   60     28                                      
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula (I) or a pharmaceutically acceptable non-toxic
      salt thereof:
      ##SPC9##
PA1  wherein
PA2  1or 2 of R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are methyl, ethyl, n-propyl,
      iso-propyl, n-butyl, sec-butyl, t-butyl, methoxy, ethoxy, n-propoxy,
      iso-propoxy, n-butoxy, sec-butoxy or t-butoxy and the remaining 2 or 3 are
      each hydrogen or one of R.sub.1, R.sub.2, R.sub.3 and R.sub.4 is fluoro,
      phenyl or benzyl and the remaining 3 are each hydrogen, or each of
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4 is chloro, or R.sub.1 and R.sub.2,
      or R.sub.2 and R.sub.3, or R.sub.3 and R.sub.4 taken together are the
      residue of a 1,2-phenylene ring or a 1,2-cyclohexylene ring.
NUM  2.
PAR  2. 5,6-Dimethyl-2-nitroindane-1,3-dione or a pharmaceutically acceptable
      non-toxic salt thereof.
NUM  3.
PAR  3. 2-Nitrobenz indane-1,3-dione or a pharmaceutically acceptable non-toxic
      salt thereof.
NUM  4.
PAR  4. 4-Methoxy-6-ethyl-2-nitroindane-1,3-dione or a pharmaceutically
      acceptable non-toxic salt thereof.
NUM  5.
PAR  5. 4-n-Butoxy-2-nitroindane-1,3-dione or a pharmaceutically acceptable
      non-toxic salt thereof.
NUM  6.
PAR  6. 4,6-Dimethyl-2-nitroindane-1,3-dione or a pharmaceutically acceptable
      non-toxic salt thereof.
NUM  7.
PAR  7. 5-Methyl-2-nitroindane-1,3-dione or a pharmaceutically acceptable
      non-toxic salt thereof.
NUM  8.
PAR  8. 4-fluoro-2-nitroindane-1,3-dione or a pharmaceutically acceptable
      non-toxic salt thereof.
NUM  9.
PAR  9. The compound according to claim 1 which is
      4-methoxy-2-nitroindane-1,3-dione.
NUM  10.
PAR  10. The compound according to claim 1 which is
      4-ethoxy-2-nitroindane-1,3-dione.
NUM  11.
PAR  11. The compound according to claim 1 which is
      4-methoxy-7-methyl-2-nitroindane-1,3-dione.
NUM  12.
PAR  12. The compound according to claim 1 which is
      2-nitro-4,5,6,7-tetrachloroindane-1,3-dione.
NUM  13.
PAR  13. The compound according to claim 1 which is
      4-isopropyloxy-2-nitroindane-1,3-dione.
NUM  14.
PAR  14. The compound according to claim 1 which is 2-nitro-benz(e)
      indane-1,3-dione.
NUM  15.
PAR  15. The compound according to claim 1 which is
      4,7-dimethyl-2-nitroindane-1,3-dione.
NUM  16.
PAR  16. The compound according to claim 1 which is
      4-ethyl-2-nitroindane-1,3-dione.
NUM  17.
PAR  17. The compound according to claim 1 which is
      4-methoxy-6-methyl-2-nitroindane-1,3-dione.
NUM  18.
PAR  18. The compound according to claim 1 which is
      2-nitro-5-phenylindane-1,3-dione.
NUM  19.
PAR  19. The compound according to claim 1 which is
      4-isobutyloxy-2-nitroindane-1,3-dione.
NUM  20.
PAR  20. The compound according to claim 1 which is
      2-nitro-4-n-propyloxyindane-1,3-dione.
NUM  21.
PAR  21. The compound according to claim 1 which is
      2-nitro-4-phenylindane-1,3-dione.
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ABST
PAL  An unsaturated aldehyde having three to four carbon atoms is prepared by
      reacting the corresponding olefin with molecular oxygen in the vapor phase
      at a temperature of from 350.degree. to 520.degree. C in the presence of a
      metal oxide catalyst comprising the metallic components: (a) molybdenum;
      (b) at least one metal selected from the group consisting of niobium and
      tantalum; and (c) at least one metal selected from the group consisting of
      tellurium, bismuth, cobalt, tungsten, indium, and titanium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for preparing unsaturated aldehydes
      having three to four carbon atoms by oxidizing the corresponding olefin
      with molecular oxygen. More particularly, this invention relates to a
      process for preparing methacrolein in high yields by oxidizing isobutylene
      with molecular oxygen.
PAR  2. Description of the Prior Art
PAR  Various processes for preparing unsaturated aldehydes by the catalytic
      vapor phase oxidation of olefins having three to four carbon atoms with
      molecular oxygen in the presence of various catalysts have been proposed.
      In most of these processes, acrolein has been advantageously produced from
      propylene. However, it has been difficult to prepare methacrolein from
      isobutylene using similar processes. For example, it is known that
      acrolein can be prepared from propylene in a selectivity of more than 85%
      and an olefin conversion of 90 - 95% which is required for industrial
      production. If the process is used for the preparation of methacrolein
      from isobutylene, selectivities for methacrolein of up to 50% are obtained
      which is unsatisfactory for industrial purposes.
PAR  Even though propylene and isobutylene are very similar compounds and
      isobutylene is readily combustible, there is a substantial difference in
      the oxidative reactivity of the two compounds. However, it is expected
      that suitable catalysts can be found which exhibit high yields and
      selectiveties for the conversion of isobutylene to methacrolein.
PAR  A need, therefore, exists for a catalyst which will promote the oxidative
      reaction of isobutylene to give methacrolein in high yields and
      selectivity.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a process for
      preparing unsaturated aldehydes having three to four carbon atoms in high
      yield.
PAR  It is another object of this invention to provide a process for preparing
      methacrolein in substantially high yields which have not been attained by
      conventional processes.
PAR  Yet another object of this invention is to provide a process for preparing
      higher yields of acrolein.
PAR  These objects and other objects of this invention as hereinafter will
      become more readily apparent can be attained by a process for preparing an
      unsaturated aldehyde having three to four carbon atoms by the oxidation of
      the corresponding olefin with molecular oxygen in the presence of a metal
      oxide catalyst containing the metallic components: (a) molybdenum; (b) at
      least one of niobium and tantalum; and (c) at least one of tellurium,
      bismuth, cobalt, tungsten, indium and titanium. The catalysts of this
      invention may also contain various nonessential components such as an
      oxide of an alkali metal, copper, silver, calcium, magnesium, cadmium,
      lead, arsenic, antimony, vanadium, chromium, iron, nickel, lanthanum,
      cerium, tin, phosphorous, boron and silicon to improve the activity of the
      catalyst.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The catalysts of this invention have the desired catalytic activity, only
      when the catalysts contain all of the essential components. If the
      catalysts lack one or two of the essential components, the activities of
      these catalysts will be relatively low, which will result in low yields of
      the desired unsaturated aldehydes, rendering the catalysts unsatisfactory
      for commercial applications. The preferred catalysts of the invention are
      characterized by the following empirical formula which, in part, contains
      12 molybdenum atoms,
PAC  Mo.sub.12 -- X.sub.x -- Y.sub.y -- O.sub.d
PAL  wherein X represents at least one of Nb and Ta: Y represents at least one
      of Te, Bi, Co, W In and Ti; x is a number from 0.1 to 9, preferably 0.3 to
      3; y is a number from 0.2 to 12, preferably 0.5 to 5; and d, which is
      determined by the oxidation state of each component, is a number from
      about 36 to about 95 when each component is in a highly oxidized state.
PAR  When the catalysts of this invention contain the additional or nonessential
      components, the preferred empirical formula may be expressed as follows:
PAC  Mo.sub.12 -- X.sub.x -- Y.sub.y -- Z.sub.z -- O.sub.d
PAL  wherein X, Y, x and y are defined as before; Z represents at least one
      alkali metal (Li, Na, K), Cu, Ag, Ca, Mg, Cd, B, Si, Sn, Pb, P, As, Sb, V,
      Cr, Fe, Ni, La, Ce; z is a number from 0.2 to 15, preferably 0.5 to 5; and
      d is a number from about 36 to about 132 when each component is in a
      highly oxidized state.
PAR  Two improvements are noted in the catalysts when the non-essential
      components are present. The first improvement is in the conversion of the
      olefin and the second improvement is in the selectivities achieved of the
      desired unsaturated aldehydes. The degree of improvement in both cases
      depends upon the type of additional metallic component present in the
      catalyst. The improvements can be attained without decreasing the
      selectivity or the conversion. Selectivities are enhanced by the addition
      of Fe, Cu, Cr, Ag or Mg to the catalyst, while conversions are enhanced by
      the addition of Sb, As, alkali metal (Li, Na, K), Cd, Pb, Ce or Ca to the
      catalyst.
PAR  In one embodiment of the process according to this invention, desired
      unsaturated aldehydes can be prepared in substantially high yields with a
      mixed metal oxide catalyst consisting of the metallic components (a) Mo;
      (b) at least one of Nb and Ta; and (c) Bi. Preferably, the metallic
      components consist of (a) Mo; (b) at least one of Nb and Ta; (c) Bi; and
      (d) at least one alkali metal (Li, Na, K), Cu, Te, As, Sb and Fe.
      Preferably, the catalyst of the first embodiment has the empirical formula
PAC  Mo.sub.12 -- X.sub.a -- Bi.sub.b -- O.sub.d
PAL  wherein X represents Nb or Ta; a is a number from 0.1 to 9, preferably 0.3
      to 3; b is a number from 1 to 12, preferably 3 to 10; and d, which is
      determined by the oxidation state of the metallic components, is a number
      from about 37 to about 77 when each component is in a highly oxidized
      state. When at least one of the nonessential components is present in the
      catalyst such as an alkali metal, Cu, Te, As, Sb and Fe, the preferred
      empirical formula may be expressed as follows:
PAC  Mo.sub.12 -- X.sub.a -- Bi.sub.b -- Y'.sub.c -- O.sub.d
PAL  wherein X, a and b are defined as above; Y' represents at least one metal
      selected from the group consisting of an alkali metal, Cu, Te, As, Sb and
      Fe; c is a number from 0.1 to 15, preferably 0.5 to 5; and d is a number
      from about 37 to about 114 depending upon the oxidation states of the
      metal components.
PAR  In a second embodiment of the process of this invention, specific
      unsaturated aldehydes are prepared by reacting an olefin having three to
      four carbon atoms with molecular oxygen in the presence of a metal oxide
      catalyst, containing the metallic components (a) Mo; (b) at least one of
      Nb and Ta; and (c) Te. Preferably, the metallic components, (a) Mo; (b) at
      least one of Nb and Ta; (c) Te; and (d) at least one alkali metal (Li, Na,
      K), Cu, As, Sb, and Fe are used.
PAR  In the second embodiment of the invention it is preferable to use the
      catalyst having the empirical formula;
PAC  Mo.sub.12 -- X.sub.a -- Te.sub.e -- O.sub.d
PAL  wherein X is defined as before; a is a number from 0.2 to 9, preferably 0.5
      to 3; e is a number from 0.2 to 5, preferably 0.5 to 3; and d is a number
      from 37 to 76 when each metallic component is in a highly oxidized state.
      When at least one nonessential metallic component is present in the
      catalyst such as an alkali metal, Cu, As, Sb or Fe, the preferred
      empirical formula of the catalyst may be expressed as follows:
PAC  Mo.sub.12 -- X.sub.a -- Te.sub.e -- Y".sub.f -- O.sub.d
PAL  wherein X, a and e are defined as above; Y" represents at least one metal
      selected from the group consisting of an alkali metal, Cu, As, Sb, and Fe;
      f is a number from 0.2 to 9, preferably 0.5 to 5; and d is a number from
      37 to 103 when each component is in a highly oxidized state.
PAR  The catalysts of this invention may be prepared by any one of several
      methods. Preferably, the catalysts may be prepared by concentrating a
      solution or a suspension containing the desired components and drying the
      resulting concentrate. Thereafter, preferably the dried product is
      calcined at a temperature from 400.degree. to 600.degree. C., especially
      450.degree. to 550.degree. C., for about 1 to about 20 hours in air. Then,
      the calcined product is ground into a mesh size of 35 to 100, which is
      suitable for use. The prepared catalyst has a specific surface area of 0.1
      to 50 m.sup.2 /g.
PAR  In some cases, the catalysts are preferably supported on a suitable
      carrier, such as silica, silica-containing materials, silicon carbide,
      alumina and the like, in order to improve the physical properties of the
      catalysts. The amount of the carrier used is preferably in the range of 30
      to 97% by weight based on the weight of the supported catalyst.
PAR  The exact chemical structure of the catalysts of this invention is not
      known. However, it can reasonably be presumed that the catalyst may be a
      homogeneous mixture of the oxides and/or complex oxides of all the
      components.
PAR  The starting materials of each component used in the preparation of the
      catalysts are listed as follows: Suitable sources of molybdenum include
      ortho-, meta- or paramolybdic acid, ortho, meta- or paramolybdates,
      heteromolybdic acid, heteromolybdates, molybdenum oxide and the like.
      Suitable sources of niobium and tantalum include niobium oxide, niobium
      hydroxide, niobium oxalate, tantalum oxide, tantalum hydroxide, tantalum
      oxalate and the like. Suitable sources of bismuth include bismuth oxide,
      bismuth hydroxide, bismuth nitrate and the like. Suitable sources of
      chromium include chromium nitrate, chromium oxide, chromates, bichromates
      and the like. Suitable sources of tungsten include ammonium paratungstate,
      tungsten oxide, tungstic acid and salts thereof and the like. Suitable
      sources of tin, phosphorous, antimony, tellurium, cobalt, indium and
      titanium include tin oxide, tin hydroxide, tin chloride, phosphoric acid,
      and salts thereof, antimony oxide, antimony chloride; telluric acid and
      salts thereof, tellurium oxide, cobalt oxide, cobalt nitrate, indium
      oxide, indium nitrate, titanium chloride, titanium oxide, titanium
      hydroxide and the like. Suitable sources of an alkali metal, Cu, Ag, Mg,
      Ca, Cd, Pb, As, V, Fe, Ni, La, Si, B, Ce and Th include the oxides,
      nitrates, hydroxides and ammonium salts thereof.
PAR  In the preparation of an unsaturated aldehyde having three or four carbon
      atoms from the corresponding olefin having three or four carbon atoms, the
      reaction temperature may vary within the range from 350.degree. C. to
      520.degree. C., preferably 430.degree. C. to 500.degree. C., and the
      reaction pressure may vary within the range from 1 to 10 atmospheres
      absolute, preferably 1 to 5 atmospheres absolute. When the reaction
      pressure is in the upper regions of said range, the reaction temperature
      may be somewhat lower within the indicated temperature range. The apparent
      contact time may usually vary from 0.1 to 20 seconds, preferably 0.5 to 5
      seconds.
PAR  The mole ratio of oxygen to olefin in the feed gas supplied to the reactor
      usually ranges from 3 : 1 to 1 : 5, especially 3 : 1 to 1 : 1. The oxygen
      used in the reaction can be any source of molecular oxygen under the
      reaction conditions with air being the most economical oxygen source.
      Sometimes, the yield of the desired unsaturated aldehyde is increased by
      admitting steam to the gaseous reactant mixture. The concentration of
      steam admitted is preferably in the range of from 5 to 60%, especially 10
      to 30%. It is also possible to add an inert gas such as nitrogen or
      saturated hydrocarbons such as methane, ethane, propane and butane, to
      said gaseous reactant mixture. Any type of reactor suitable for vapor
      phase oxidation may be employed in the operation of this invention.
      Suitable reactors include continuously operating, intermittently
      operating, solid bed and fluid bed reactors.
PAR  In accordance with the process of this invention, the preparation of
      methacrolein from isobutylene can be successfully conducted on an
      industrial scale. Therefore, development of new methods of application of
      methacrolein should be persued, since methacrolein can be economically and
      easily prepared.
DETD
PAR  Having generally described the invention, a more complete understanding can
      be obtained by reference to certain specific examples, which are intended
      for purpose of illustration only and are not intended to be limiting
      unless otherwise specified.
PAR  The following definitions apply to olefin conversion and to the selectivity
      of unsaturated aldehyde. All of the analyses were conducted by means of
      gas chromatography.
      ##EQU1##
PAR  The atomic ratio of the metallic components of the catalysts with the
      exception of the oxygen ratios are shown in the columns of the Tables in
      the Examples and References.
PAC  EXAMPLE 1
PAR  A solution of 655 g of bismuth nitrate (Bi(NO.sub.3).sub.3) in a mixture of
      600 ml of water and 120 ml of 60% nitric acid was added with vigorous
      stirring to a solution of 318 g of ammonium molybdenate in 600 ml of
      water. A suspension of 19.9 g of niobium oxide (Nb.sub.2 O.sub.5) in a
      mixture of 300 ml of water and 200 ml of 60% nitric acid, was added with
      stirring, to the heated slurry. The mixture was condensed and dried. The
      resulting cake was dried at 120.degree. C. for 16 hours and was calcined
      at 500.degree. C. for 3 hours so that a solid metal oxide mixture having
      the empirical formula Mo.sub.12 Bi.sub.9 Nb.sub.1 (oxygen omitted) was
      obtained. The solid oxide was passed through a sieve to yield catalyst
      particles having a 35 - 100 mesh size. A 2 ml quantity of the catalyst was
      uniformly admixed with 4  ml of silicon carbide having an 80 mesh particle
      size. A U-shaped stainless steel reaction tube with an inner diameter of 6
      mm was filled with the fluid. The reaction tube was put into a molten salt
      bath heated at 460.degree. C. A gaseous reactant mixture consisting of 85%
      nitrogen by volume, 10% oxygen by volume, and 5% isobutylene by volume was
      passed through the reaction tube with a contact time of 1 second. The
      results obtained are shown below:
     Conversion of isobutylene                                                 
                         93.8%                                                 
     Selectivity of methacrolein                                               
                         74.4%                                                 
     Combustion rate (CO + CO.sub.2)                                           
                         20.3%                                                 
PAC  EXAMPLE 2
PAR  In accordance with the process of Example 1, with the exception that 33.2 g
      of tantalum oxide (Ta.sub.2 O.sub.5) was used instead of niobium oxide, an
      oxide catalyst having the empirical formula Mo.sub.12 Bi.sub.9 Ta.sub.1
      (oxygen omitted) was prepared. The gaseous reactant mixture was reacted in
      accordance with the process of Example 1. The results obtained are shown
      below.
TBL  Conversion of isobutylene                                                 
                         91.1%                                                 
     Selectivity of methacrolein                                               
                         72.0%                                                 
     Combustion rate (CO + CO.sub.2)                                           
                         23.5%                                                 
PAC  EXAMPLES 3 - 10
PAR  In accordance with the process of Examples 1 to 2 the metal oxide catalysts
      shown in Table I were used to catalyze the oxidation of isobutylene to
      methacrolein. The results obtained are shown in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Example                                                                   
           Catalyst System                                                     
                       isobutylene                                             
                              methacrolein                                     
                                     Combustion                                
     No.               conversion                                              
                              selectivity                                      
                                     rate(CO+CO.sub.2)                         
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     3     Mo.sub.12 Bi.sub.4 Nb.sub.1                                         
                       82.3   75.0   19.7                                      
     4     Mo.sub.12 Bi.sub.1 Nb.sub.1                                         
                       53.2   79.8   15.5                                      
     5     Mo.sub.12 Bi.sub.9 Nb.sub.3                                         
                       96.1   74.0   22.7                                      
     6     Mo.sub.12 Bi.sub.9 Nb.sub.7                                         
                       95.6   73.5   23.1                                      
     7     Mo.sub.12 Bi.sub.9 Nb.sub.0.3                                       
                       92.2   73.6   19.9                                      
     8     Mo.sub.12 Bi.sub.4 Ta.sub.1                                         
                       78.7   72.4   24.2                                      
     9     Mo.sub.12 Bi.sub.9 Ta.sub.3                                         
                       92.3   73.6   22.2                                      
     10    Mo.sub.12 Bi.sub.9 Ta.sub.0.5 Nb.sub.0.5                            
                       92.6   73.1   20.8                                      
     __________________________________________________________________________
PAC  REFERENCE I
PAR  In accordance with the process of Example 1, the metal oxide catalysts
      shown in Table II were used to catalyze the oxidation of isobutylene to
      methacrolein. The results obtained are shown in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Catalyst  Isobutylene                                                     
                          Methacrolein                                         
                                     Combustion                                
     System    conversion selectivity                                          
                                     rate (CO+CO.sub.2)                        
               (%)        (%)        (%)                                       
     ______________________________________                                    
     Mo.sub.12 Bi.sub.9                                                        
               71.5       69.9       24.8                                      
     Mo.sub.12 Nb.sub.3                                                        
               82.6       65.8       29.1                                      
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  A suspension of 2.66 g of niobium oxide in 10 ml of water was added with
      vigorous stirring to a solution of 42.4 g of ammonium paramolybdenate in
      100 ml of water until a slurry was achieved. A 5 ml quantity of nitric
      acid was diluted with 20 ml of water, added to the slurry and heated with
      stirring. A 6.35 g amount of tellurium oxide (II) powder was added to the
      slurry, heated under stirring, condensed and dried. The resulting cake was
      dried at 120.degree. C. for 12 hours and was calcined at 500.degree. C.
      for 3 hours so that a solid metal oxide having the empirical formula
      Mo.sub.12 Nb.sub.1 Te.sub.2 (oxygen omitted) was obtained. The solid oxide
      was crushed and was passed through a sieve to yield catalyst particles
      having a 35 - 100 mesh size. A 2 ml amount of the sieved catalyst was
      uniformly admixed with 4 ml of silicon carbide having an 80 mesh particle
      size. A U-shaped, stainless steel reaction tube with an inner diameter of
      6 mm was filled with the catalyst. The reaction tube was immersed in a
      molten salt bath heated at 435.degree. C. A gaseous reactant mixture
      consisting of 85% nitrogen by volume, 10% oxygen by volume, and 5%
      isobutylene by volume was passed through the reaction tube with a contact
      time of 1 second. The conversion of isobutylene was 82.3% with a 70.5%
      selectivity of methacrolein and a combustion rate (CO + CO.sub.2) of
      23.0%.
PAC  EXAMPLES 12 - 16
PAR  The gaseous mixture was reacted in accordance with the process of Example
      11 except that metal oxide catalysts having the empirical formulas shown
      in Table V were used. The results obtained are shown in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Example                                                                   
           Catalyst System                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion                                
     No.               Conversion                                              
                              Selectivity                                      
                                     rate                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     12    Mo.sub.12 Nb.sub.1 Te.sub.1                                         
                       80.1   70.7   24.9                                      
     13    Mo.sub.12 Nb.sub.3 Te.sub.5                                         
                       76.2   68.8   25.5                                      
     14    Mo.sub.12 Nb.sub.5 Te.sub.2                                         
                       87.0   68.5   29.0                                      
     15    Mo.sub.12 Nb.sub.0.5 Te.sub.1                                       
                       51.4   74.3   21.1                                      
     16    Mo.sub.12 Nb.sub.1 Te.sub.0.5                                       
                       69.4   69.0   26.6                                      
     __________________________________________________________________________
PAC  EXAMPLES 17 - 20
PAR  The gaseous mixture was reacted in accordance with the process of Example
      11 except that 11.6 g of cobalt nitrate (Co(NO.sub.3).sub.2. 6H.sub.2 O),
      10.4 g of ammonium tungstate (5(NH.sub.4).sub.20.12WO.sub.3.5H.sub.2 O),
      14.2 g of indium nitrate (In(NO.sub.3).sub.3.3H.sub.2 O), or 7.5 g of
      titanium tetrachloride were used instead of tellurium oxide in order to
      prepare metal oxide catalysts having the empirical formulas shown in Table
      IV. The results obtained are shown in Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     17    Mo.sub.12 Nb.sub.1 Co.sub.2                                         
                       75.6   72.9   25.0                                      
     18    Mo.sub.12 Nb.sub.1 W.sub.2                                          
                       76.1   71.1   23.4                                      
     19    Mo.sub.12 Nb.sub.1 In.sub.2                                         
                       70.6   77.5   21.3                                      
     20    Mo.sub.12 Nb.sub.1 Ti.sub.2                                         
                       73.2   75.8   20.4                                      
     __________________________________________________________________________
PAC  EXAMPLES 21 - 24
PAR  The gaseous mixture was reacted in accordance with the process of Examples
      17 - 20 except that metal oxide catalysts having the empirical formulas in
      Table V were used. The results obtained are shown in Table V.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     21    Mo.sub.12 Nb.sub.0.5 Co.sub.5                                       
                       83.0   69.0   24.2                                      
     22    Mo.sub.12 Nb.sub.2 W.sub.1                                          
                       79.7   75.2   23.5                                      
     23    Mo.sub.12 Nb.sub.1 In.sub.5                                         
                       65.3   81.0   12.8                                      
     24    Mo.sub.12 Nb.sub.0.5 Ti.sub.4                                       
                       71.2   72.6   24.7                                      
     __________________________________________________________________________
PAC  EXAMPLE 25
PAR  The gaseous mixture was reacted in accordance with the process of Example
      11, except that 4.42 g of tantalum oxide was used instead of niobium oxide
      in order to prepare metal oxide catalysts having the empirical formula,
      Mo.sub.12 Ta.sub.12 Te.sub.12 (oxygen omitted). The results of the
      experiment gave an 81.8% conversion of isobutylene, a 67.3% selectivity of
      methacrolein and a combustion rate of 25.6%.
PAC  EXAMPLES 26 - 28
PAR  The gaseous mixture was reacted in accordance with the process of Example
      25 except that metal oxide catalysts having the empirical formulas shown
      in Table VI were used. The results obtained are shown in Table VI.
TBL                                    TABLE VI                                
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     26    Mo.sub.12 Ta.sub.1 Te.sub.1                                         
                       82.6   68.3   25.5                                      
     27    Mo.sub.12 Ta.sub.5 Te.sub.5                                         
                       79.1   70.8   21.4                                      
     28    Mo.sub.12 Ta.sub.3 Te.sub.2                                         
                       87.0   65.2   27.8                                      
     __________________________________________________________________________
PAC  EXAMPLES 29 - 32
PAR  The gaseous mixture was reacted in accordance with the process of Example
      11 except that metal oxide catalysts having the empirical formulas shown
      in Table VII were used. The results obtained are shown in Table VII.
TBL                                    TABLE VII                               
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     29    Mo.sub.12 Ta.sub.1 Co.sub.2                                         
                       77.9   71.0   21.8                                      
     30    Mo.sub.12 Ta.sub.2 W.sub.1                                          
                       80.5   66.1   30.7                                      
     31    Mo.sub.12 Ta.sub.1 In.sub.5                                         
                       70.4   75.3   20.2                                      
     32    Mo.sub.12 Ta.sub.1 Ti.sub.2                                         
                       76.2   70.3   27.9                                      
     __________________________________________________________________________
PAC  REFERENCES II - 1 - 8
PAR  The gaseous mixture was reacted in accordance with the process of Example
      11, except that the metal oxide catalysts having the empirical formulas
      shown in Table VIII were used. The results obtained are shown in Table
      VIII.
TBL                                    TABLE VIII                              
     __________________________________________________________________________
     Reference                                                                 
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     II-1  Mo.sub.12 Te.sub.2                                                  
                       19.9   72.6   22.5                                      
     II-2  Mo.sub.12 Nb.sub.1                                                  
                       65.2   61.0   28.9                                      
     II-3  Mo.sub.12 Ta.sub.1                                                  
                       67.1   64.4   29.3                                      
     II-4  Mo.sub.12 W.sub.2                                                   
                       43.0   60.1   27.7                                      
     II-5  Mo.sub.12 Co.sub.2                                                  
                       48.9   50.8   41.5                                      
     II-6  Mo.sub.12 In.sub.2                                                  
                       27.2   69.6   27.4                                      
     II-7  Mo.sub.12 Nb.sub.1 P.sub.1                                          
                       18.0   40.1   55.6                                      
     II-8  Mo.sub.12 Nb.sub.1 Sb.sub.2                                         
                       27.5   49.7   46.3                                      
     __________________________________________________________________________
PAC  EXAMPLE 33
PAR  A solution of 655 g of bismuth nitrate (Bi(NO.sub.3).sub.3.5H.sub.2 O) in a
      mixture of 600 ml of water and 120 ml of 60% nitric acid was added with
      vigorous stirring to a solution of 318 g of ammonium paramolybdenate in
      600 ml of water. A 23.9 g amount of tellurium oxide (TeO.sub.2) powder was
      slowly added to the resulting heated slurry. A suspension of 19.9 g of
      niobium oxide (Nb.sub.2 O.sub.5) in a mixture of 200 ml of water and 19.9
      g of nitric acid was added to the slurry. The mixture was condensed and
      dried.
PAR  The resulting metal oxide cake was dried at 120.degree. C. for 16 hours and
      then was calcined at 500.degree. C. for 3 hours to form a solid metal
      oxide catalyst having an empirical formula of Mo.sub.12 Bi.sub.9 Nb.sub.1
      Te.sub.1 (oxygen omitted). The solid metal oxide particles were passed
      through a sieve to give a catalyst with a 35 - 100 mesh particle size. The
      gaseous mixture was reacted over the catalyst in accordance with the
      process of Example 1. The results obtained are shown below.
TBL  ______________________________________                                    
     Conversion of isobutylene                                                 
                         88.3%                                                 
     Selectivity of methacrolein                                               
                         83.6%                                                 
     Combustion rate (CO + CO.sub.2)                                           
                         14.0%                                                 
     ______________________________________                                    
PAC  EXAMPLE 34
PAR  The gaseous mixture was reacted in accordance with the process of Example
      33, except that a catalyst was used which had the empirical formula
      Mo.sub.12 Bi.sub.9 Ta.sub.1 Te.sub.1 (oxygen omitted). The catalyst was
      prepared as described in Example 33 except that niobium oxide was replaced
      with 33.2 g of tantalum oxide (Ta.sub.2 O.sub.5). The results obtained are
      shown below.
TBL  ______________________________________                                    
     Conversion of isobutylene                                                 
                         87.0%                                                 
     Selectivity of methacrolein                                               
                         73.9%                                                 
     Combustion rate (CO + CO.sub.2)                                           
                         21.2%                                                 
     ______________________________________                                    
      EXAMPLES 35 - 41
PAR  The gaseous mixture was reacted in accordance with the processes of
      Examples 33 and 34, except that the catalysts were prepared by
      substituting a solution of 60 g of chromium nitrate
      (Cr(NO.sub.3).sub.3.9H.sub.2 O) in 500 ml of water, 39.2 g of ammonium
      paratungstate powder, 22.6 g of tin oxide (SnO.sub.2) powder in a solution
      of 17.3 g of 85% phosphoric acid in 100 ml of water; or 21.8 g of antimony
      oxide (Sb.sub.2 O.sub.3) powder in the place of tellurium oxide in the
      metal oxide catalysts so as to form catalysts with the empirical formulas
      shown in Table IX. The results obtained are shown in Table IX.
TBL                                    TABLE IX                                
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     35    Mo.sub.12 Bi.sub.9 Nb.sub.1 Cr.sub.1                                
                       88.6   79.0   16.1                                      
     36    Mo.sub.12 Bi.sub.9 Nb.sub.1 W.sub.1                                 
                       78.9   85.2   10.7                                      
     37    Mo.sub.12 Bi.sub.9 Nb.sub.1 Sn.sub.1                                
                       91.8   78.8   17.0                                      
     38    Mo.sub.12 Bi.sub.9 Nb.sub.1 P.sub.1                                 
                       90.5   78.3   16.6                                      
     39    Mo.sub.12 Bi.sub.9 Nb.sub.1 Sb.sub.1                                
                       87.1   80.4   15.3                                      
     40    Mo.sub.12 Bi.sub.9 Ta.sub.1 W.sub.1                                 
                       96.6   71.7   22.3                                      
     41    Mo.sub.12 Bi.sub.9 Ta.sub.1 Sb.sub.1                                
                       76.0   78.3   16.5                                      
     __________________________________________________________________________
PAC  EXAMPLES 42 - 57
PAR  In accordance with the processes of Examples 33 - 40, metal oxide catalysts
      having the empirical formulas shown in Table X were prepared. The gaseous
      mixture was reacted over the catalysts in accordance with the process of
      Example 1. The results obtained are shown in Table X.
TBL                                    TABLE X                                 
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     42    Mo.sub.12 Bi.sub.9 Nb.sub.1 Te.sub.3                                
                       86.3   82.1   14.3                                      
     43    Mo.sub.12 Bi.sub.9 Ta.sub.1 Te.sub.7                                
                       62.9   85.7   10.8                                      
     44    Mo.sub.12 Bi.sub.9 Nb.sub.3 Te.sub.1                                
                       95.0   76.2   18.4                                      
     45    Mo.sub.12 Bi.sub.1 Nb.sub.3 Te.sub.1                                
                       85.6   73.5   22.2                                      
     46    Mo.sub.12 Bi.sub.9 Ta.sub.0.3 Te.sub.1                              
                       86.2   82.3   12.6                                      
     47    Mo.sub.12 Bi.sub.9 Nb.sub.1 Cr.sub.5                                
                       94.8   75.4   19.9                                      
     48    Mo.sub.12 Bi.sub.1 Nb.sub.1 Cr.sub.5                                
                       79.2   74.4   21.3                                      
     49    Mo.sub.12 Bi.sub.9 Ta.sub.1 W.sub.5                                 
                       83.7   81.6   14.7                                      
     50    Mo.sub.12 Bi.sub.9 Nb.sub.5 W.sub.1                                 
                       92.0   80.8   14.8                                      
     51    Mo.sub.12 Bi.sub.9 Nb.sub.1 W.sub.0.5                               
                       87.7   82.2   16.2                                      
     52    Mo.sub.12 Bi.sub.9 Ta.sub.1 P.sub.5                                 
                       60.3   79.8   16.1                                      
     53    Mo.sub.12 Bi.sub.9 Nb.sub.1 Sb.sub.5                                
                       65.1   87.6    9.5                                      
     54    Mo.sub.12 Bi.sub.9 Ta.sub.5 Sb.sub.1                                
                       89.4   82.0   13.1                                      
     55    Mo.sub.12 Bi.sub.9 Nb.sub.3 Sb.sub.5                                
                       85.3   85.1    9.8                                      
     56    Mo.sub.12 Bi.sub.9 Nb.sub.1 Sb.sub.0.5 Te.sub.0.5                   
                       89.8   81.3   17.3                                      
     57    Mo.sub.12 Bi.sub.9 Ta.sub.1 Te.sub.0.5 W.sub.0.5                    
                       92.3   79.8   16.3                                      
     __________________________________________________________________________
PAC  EXAMPLES 58 - 65
PAR  In accordance with the processes of Examples 1 - 10 and 33, metal oxide
      catalysts having the empirical formulas shown in Table XI were prepared. A
      gaseous mixture was passed over the catalyst in accordance with the
      process of Example 1, except that propylene was used instead of
      isobutylene and the reaction temperature was maintained at 470.degree. C.
      The results obtained are shown in Table XI.
TBL                                    TABLE XI                                
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Propylene                                               
                              Acrolein                                         
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     58    Mo.sub.12 Bi.sub.9 Nb.sub.1                                         
                       95.3   79.1   13.8                                      
     59    Mo.sub.12 Bi.sub.9 Ta.sub.1                                         
                       90.5   78.9   14.3                                      
     60    Mo.sub.12 Bi.sub.9 Nb.sub.1 Te.sub.1                                
                       93.7   87.0   9.4                                       
     61    Mo.sub.12 Bi.sub.9 Ta.sub.1 Cr.sub.1                                
                       94.4   85.7   11.5                                      
     62    Mo.sub.12 Bi.sub.9 Ta.sub.1 W.sub.1                                 
                       90.3   89.2    7.9                                      
     63    Mo.sub.12 Bi.sub.9 Ta.sub.1 Sn.sub.1                                
                       98.2   82.6   14.0                                      
     64    Mo.sub.12 Bi.sub.9 Ta.sub.1 P.sub.1                                 
                       93.8   84.4   12.2                                      
     65    Mo.sub.12 Bi.sub.9 Nb.sub.1 Sb.sub.1                                
                       93.0   86.9   10.3                                      
     __________________________________________________________________________
PAC  EXAMPLES 66 - 70
PAR  The gaseous mixture was reacted in accordance with the process of Examples
      11 - 32 except that metal oxide catalysts having the empirical formulas
      shown in Table XII were used. The results obtained are shown in Table XII.
TBL                                    TABLE XII                               
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     66    Mo.sub.12 Nb.sub.1 Te.sub.0.5 Ta.sub.2                              
                       80.3   70.1   26.3                                      
     67    Mo.sub.12 Nb.sub.1 Te.sub.2 In.sub.2                                
                       75.7   80.5   11.0                                      
     68    Mo.sub.12 Nb.sub.1 Te.sub.2 Co.sub.2                                
                       94.4   76.0   19.4                                      
     69    Mo.sub.12 Ta.sub.1 Co.sub.1 Ti.sub.1                                
                       82.8   71.2   27.5                                      
     70    Mo.sub.12 Ta.sub.1 Te.sub.2 W.sub.2                                 
                       99.8   75.6   20.7                                      
     __________________________________________________________________________
PAC  EXAMPLE 71
PAR  A suspension of 2.66 g of niobium oxide (Nb.sub.2 O.sub.5) in 10 ml of
      water was added with vigorous stirring to a solution of 42.4 g of ammonium
      paramolybdenate in 100 ml of water until a slurry was obtained. A 5 ml
      quantity of nitric acid was diluted with 20 ml of water, and the diluted
      acid was added to the slurry and heated with stirring. A 5.80 g amount of
      antimony oxide (Sb.sub.2 O.sub.3) powder and 6.35 g of tellurium oxide
      (TeO.sub.2) were added to the slurry, heated with stirring, condensed and
      dried. The resulting cake was dried at 120.degree. C. for 12 hours and
      then was calcined at 500.degree. C. for 3 hours until a solid oxide having
      the empirical formula Mo.sub.12 Nb.sub.1 Te.sub.2 Sb.sub.2 (oxygen
      omitted) was obtained.
PAR  The solid metal oxide catalyst was crused and was passed through a sieve to
      yield a catalyst having a 35 - 100 mesh particle size. A 2 ml amount of
      the sieved catalyst was uniformly admixed with 4 ml of silicon carbide
      having an 80 mesh particle size. A U-shaped, stainless steel reaction tube
      having an inner diameter of 6 mm was filled with the catalyst. The
      reaction tube was placed in a molten salt bath at a temperature of
      435.degree. C.
PAR  A gaseous reactant mixture consisting of 85% nitrogen by volume, 10% oxygen
      by volume, and 5% isobutylene by volume was passed through the reaction
      tube with a contact time of 1 second. The results obtained indicated a
      71.6% conversion of isobutylene, an 89.5% selectivity of methacrolein and
      a 6.1% combustion rate (CO + CO.sub.2).
PAC  EXAMPLES 72 - 79
PAR  The gaseous mixture was reacted in accordance with the process of Example
      71, except that metal oxide catalysts having the empirical formulas shown
      in Table XIII were prepared by adding a solution or suspension of 4.60 g
      of arsenic oxide (As.sub.2 O.sub.5), 0.96 g of lithium hydroxide (LiOH),
      1.60 g of sodium hydroxide (NaOH), 2.24 g of potassium hydroxide (KOH),
      12.3 g of cadmium nitrate (Cd(NO.sub.3).sub.2.4H.sub.2 O), 6.64 g of lead
      nitrate (Pb(NO.sub.3).sub.2), 17.4 g of ammonium cerium nitrate
      (Ce(NO.sub.3).sub.4.2NH.sub.4 NO.sub.3.2H.sub.2 O) or 2.96 g of calcium
      hydroxide (Ca(OH).sub.2 in 50 ml of water in place of antimony oxide
      (Sb.sub.2 O.sub.3) to the other metal oxide components. The results
      obtained are shown in Table XIII. It was found that the selectivity of
      methacrolein was high when these metal oxide catalysts were used.
TBL                                    TABLE XIII                              
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion                                
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO+CO.sub.2)rate                         
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     72    Mo.sub.12 Nb.sub.1 Te.sub.2 As.sub.2                                
                       71.4   82.9   14.7                                      
     73    Mo.sub.12 Nb.sub.1 Te.sub.2 Li.sub.2                                
                       82.1   80.3   14.8                                      
     74    Mo.sub.12 Nb.sub.1 Te.sub.2 Na.sub.2                                
                       77.8   83.4   10.2                                      
     75    Mo.sub.12 Nb.sub.1 Te.sub.2 K.sub.2                                 
                       80.1   81.9   13.0                                      
     76    Mo.sub.12 Nb.sub.1 Te.sub.2 Cd.sub.2                                
                       83.6   77.3   21.8                                      
     77    Mo.sub.12 Nb.sub.1 Te.sub.2 Pb.sub.2                                
                       68.4   87.5   10.4                                      
     78    Mo.sub.12 Nb.sub.1 Te.sub.2 Ce.sub.2                                
                       72.6   82.7   14.1                                      
     79    Mo.sub.12 Nb.sub.1 Te.sub.2 Ca.sub.2                                
                       81.5   81.6   13.9                                      
     __________________________________________________________________________
PAC  EXAMPLES 80 - 84
PAR  The gaseous mixture was reacted in accordance with the process of Example
      76 except that metal oxide catalysts having the empirical formulas shown
      in Table XIV were used. These catalysts were prepared by adding a solution
      or suspension of 3.20 g of iron oxide (Fe.sub.2 O.sub.3); 9.66 g of copper
      nitrate (CU(NO.sub.3).sub.2.3H.sub.2 O); 16.0 g of chromium nitrate
      (Cr(NO.sub.3).sub.3.9H.sub.2 O); 6.80 g of silver nitrate (AgNO.sub.3); or
      10.3 g of magnesium nitrate (Mg(NO.sub.3).sub.2.6H.sub.2 O) in 50 ml of
      water to the other metal oxide components instead of antimony oxide. The
      results obtained are shown in Table XIV. It was found that the conversion
      of isobutylene was high when these oxide catalysts were used.
TBL                                    TABLE XIV                               
     __________________________________________________________________________
     Example                                                                   
           Catalyst System                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     80    Mo.sub.12 Nb.sub.1 Te.sub.2 Fe.sub.2                                
                       96.1   75.8   20.2                                      
     81    Mo.sub.12 Nb.sub.1 Te.sub.2 Cu.sub.2                                
                       93.5   76.6   21.4                                      
     82    Mo.sub.12 Nb.sub.1 Te.sub.2 Cr.sub.2                                
                       95.3   70.3   23.8                                      
     83    Mo.sub.12 Nb.sub.1 Te.sub.2 Ag.sub.2                                
                       98.7   70.3   25.0                                      
     84    Mo.sub.12 Nb.sub.1 Te.sub.2 Mg.sub.2                                
                       97.8   76.3   21.0                                      
     __________________________________________________________________________
PAC  EXAMPLES 85 - 88
PAR  The gaseous mixture was reacted in accordance with the process of Example
      71, except that metal oxide catalysts having the empirical formulas shown
      in Table XV were used. These catalysts were prepared by adding a solution
      or suspension of 11.6 g of nickel nitrate (Ni(NO.sub.3).sub.2.6H.sub.2 O);
      4.68 g of ammonium vanadate (NH.sub.4 VO.sub.3); 17.3 g of lanthanum
      nitrate (La(NO.sub.3).sub.3.6H.sub.2 O); or 22.1 g of thorium nitrate
      (Th(NO.sub.3).sub.4.4H.sub.2 O) in 50 ml of water to the other metal oxide
      components instead of antimony oxide. The results obtained are shown in
      Table XV.
TBL                                    TABLE XV                                
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     85    Mo.sub.12 Nb.sub.1 Te.sub.2 Ni.sub.2                                
                       87.9   74.5   24.9                                      
     86    Mo.sub.12 Nb.sub.1 Te.sub.2 V.sub.2                                 
                       85.2   73.0   20.5                                      
     87    Mo.sub.12 Nb.sub.1 Te.sub.2 La.sub.2                                
                       84.3   77.4   20.8                                      
     88    Mo.sub.12 Nb.sub.1 Te.sub.2 Th.sub.2                                
                       88.2   73.6   24.3                                      
     __________________________________________________________________________
PAC  EXAMPLES 89 - 102
PAR  The gaseous mixture was reacted in accordance with the process of Examples
      71 except that metal oxide catalysts having the empirical formulas shown
      in Table XVI were used. These catalysts were prepared in accordance with
      the process of Examples 71 - 79. The results obtained are shown in Table
      XVI.
TBL                                    TABLE XVI                               
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     89    Mo.sub.12 Nb.sub.1 Te.sub.1 Sb.sub.0.5                              
                       78.1   80.6   13.6                                      
     90    Mo.sub.12 Nb.sub.1 Te.sub.1 Sb.sub.2                                
                       68.0   87.0    8.3                                      
     91    Mo.sub.12 Nb.sub.3 Te.sub.1 Sb.sub.2                                
                       85.9   77.8   21.8                                      
     92    Mo.sub.12 Nb.sub.1 Te.sub.1 As.sub.5                                
                       65.9   85.5   11.4                                      
     93    Mo.sub.12 Nb.sub.3 Te.sub.2 As.sub.3                                
                       77.0   83.9   13.8                                      
     94    Mo.sub.12 Nb.sub.1 Te.sub.2 Li.sub.0.5                              
                       80.5   79.3   14.1                                      
     95    Mo.sub.12 Nb.sub.2 Te.sub.2 Na.sub.1                                
                       85.2   80.3   13.8                                      
     96    Mo.sub.12 Nb.sub.1 Te.sub.1 Na.sub.2                                
                       83.4   82.7   10.6                                      
     97    Mo.sub.12 Nb.sub.1 Te.sub.5 K.sub.0.5                               
                       77.4   84.7   10.5                                      
     98    Mo.sub.12 Nb.sub.1 Te.sub.1 Cd.sub.5                                
                       78.1   79.2   16.0                                      
     99    Mo.sub.12 Nb.sub.1 Te.sub.2 Cd.sub.0.5                              
                       82.5   74.8   17.5                                      
     100   Mo.sub.12 Nb.sub.1 Te.sub.2 Pb.sub.0.5                              
                       75.2   83.1   16.2                                      
     101   Mo.sub.12 Nb.sub.2 Te.sub.2 Ce.sub.1                                
                       75.5   80.4   18.4                                      
     102   Mo.sub.12 Nb.sub.1 Te.sub.2 Ca.sub.3                                
                       75.2   83.1   16.2                                      
     __________________________________________________________________________
PAC  EXAMPLES 103 - 112
PAR  The gaseous mixture was reacted in accordance with the process of Example
      71, except that metal oxide catalysts having the empirical formulas shown
      in Table XVII were used. These catalysts were prepared in accordance with
      the process of Examples 80 - 84. The results obtained are shown in Table
      XVII.
TBL                                    TABLE XVII                              
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     103   Mo.sub.12 Nb.sub.1 Te.sub.2 Fe.sub.0.5                              
                       88.4   78.2   15.1                                      
     104   Mo.sub.12 Nb.sub.1 Te.sub.5 Fe.sub.5 Sb                             
                       90.1   74.2   20.9                                      
     105   Mo.sub.12 Nb.sub.0.5 Te.sub.2 Fe.sub.2                              
                       88.0   76.5   21.9                                      
     106   Mo.sub.12 Nb.sub.1 Te.sub.1 Cu.sub.1                                
                       91.7   78.0   20.9                                      
     107   Mo.sub.12 Nb.sub.3 Te.sub.4 Cu.sub.3                                
                       89.1   72.6   25.3                                      
     108   Mo.sub.12 Nb.sub.2 Te.sub.2 Cr.sub.1                                
                       94.3   75.2   22.0                                      
     109   Mo.sub.12 Nb.sub.2 Te.sub.2 Cr.sub.0.5                              
                       91.7   77.9   21.4                                      
     110   Mo.sub.12 Nb.sub.1 Te.sub.2 Ag.sub.1                                
                       96.7   70.9   23.7                                      
     111   Mo.sub.12 Nb.sub.1 Te.sub.2 Mg.sub.1                                
                       95.1   75.9   20.0                                      
     112   Mo.sub.12 Nb.sub.1 Te.sub.2 Fe.sub.2 Sb.sub.2                       
                       99.0   76.9   21.1                                      
     __________________________________________________________________________
PAC  EXAMPLES 113 - 117
PAR  The gaseous mixture was reacted in accordance with the process of Example
      71 except that metal oxide catalysts having the empirical formulas shown
      in Table XVIII were used. The catalysts were prepared in accordance with
      the process of Examples 85 - 88. The results obtained are shown in Table
      XVIII.
TBL                                    TABLE XVIII                             
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     113   Mo.sub.12 Nb.sub.2 Te.sub.2 Ni.sub.0.5                              
                       86.3   76.5   18.3                                      
     114   Mo.sub.12 Nb.sub.2 Te.sub.2 V.sub.1                                 
                       88.7   74.2   23.4                                      
     115   Mo.sub.12 Nb.sub.1 Te.sub.3 V.sub.0.5                               
                       79.6   75.5   20.7                                      
     116   Mo.sub.12 Nb.sub.0.5 Te.sub.1 La.sub.1                              
                       85.8   75.4   19.8                                      
     117   Mo.sub.12 Nb.sub.1 Te.sub.5 Th.sub.5                                
                       85.0   73.6   17.2                                      
     __________________________________________________________________________
PAC  EXAMPLE 118
PAR  The gaseous mixture was reacted in accordance with the process of Example
      71 except that the metal oxide catalysts used having the empirical
      formula, Mo.sub.12 Ta.sub.1 Te.sub.2 Sb.sub.2 were prepared with 4.42 g of
      tantalum oxide (Ta.sub.2 O.sub.5) instead of niobium oxide. The results
      obtained indicated a 73.2% conversion of isobutylene, an 85.9% selectivity
      of methacrolein and a 13.3% combustion rate.
PAC  EXAMPLES 119 - 131
PAR  The gaseous mixture was reacted in accordance with the process of Example
      71 except that metal oxide catalysts having the empirical formulas shown
      in Tables IXX, XX and XXI were used. These catalysts were prepared by
      using 4.42 g of tantalum oxide instead of niobium oxide in accordance with
      the process of Examples 72 - 88. The results obtained are shown in Tables
      IXX, XX and XXI. WHen the catalysts shown in Table IXX were used, the
      selectivity of methacrolein was high. When the catalysts shown in Table XX
      were used, the conversion of isobutylene was high.
TBL                                    TABLE IXX                               
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     119   Mo.sub.12 Ta.sub.1 Te.sub.2 As.sub.3                                
                       74.3   83.7   14.4                                      
     120   Mo.sub.12 Ta.sub.1 Te.sub.1 Na.sub.2                                
                       77.1   81.1   17.6                                      
     121   Mo.sub.12 Ta.sub.1 Te.sub.2 Pb.sub.0.5                              
                       75.3   82.6   15.1                                      
     122   Mo.sub.12 Ta.sub.1 Te.sub.2 Ce.sub.2                                
                       82.8   73.6   25.9                                      
     123   Mo.sub.12 Ta.sub.1 Te.sub.1 Ca.sub.2                                
                       79.5   80.4   14.7                                      
     __________________________________________________________________________
TBL                                    TABLE XX                                
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     124   Mo.sub.12 Ta.sub.1 Te.sub.2 Cu.sub.2                                
                       91.5   70.0   21.2                                      
     125   Mo.sub.12 Ta.sub.1 Te.sub.2 Cr.sub.1                                
                       92.4   69.4   19.0                                      
     126   Mo.sub.12 Ta.sub.1 Te.sub.2 Ag.sub.0.5                              
                       91.4   71.5   24.0                                      
     127   Mo.sub.12 Ta.sub.1 Te.sub.2 Mg.sub.2 Co.sub.0.5                     
                       90.3   70.9   25.6                                      
     128   Mo.sub.12 Nb.sub.0.5 Ta.sub.0.5 Te.sub.2 Mg.sub.1                   
                       95.7   71.0   20.3                                      
     129   Mo.sub.12 Nb.sub.1 Ta.sub.0.5 Te.sub.5 Mg.sub.2                     
                       87.6   72.3   24.9                                      
     __________________________________________________________________________
TBL                                    TABLE XXI                               
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     130   Mo.sub.12 Ta.sub.1 Te.sub.3 V.sub.2                                 
                       85.1   70.3   21.5                                      
     131   Mo.sub.12 Ta.sub.1 Te.sub.2 Th.sub.2                                
                       87.5   71.0   22.4                                      
     __________________________________________________________________________
PAC  COMPARISON EXAMPLES III - 1 - 8
PAR  The gaseous mixture was reacted in accordance with the process of Example
      76 except that the metal oxide catalysts having the empirical formulas
      shown in Table XXII were used. These catalysts were prepared in accordance
      with the process of Examples 76 - 96. The results obtained are given in
      Table XXII.
TBL                                    TABLE XXII                              
     __________________________________________________________________________
     Comparison                                                                
           Catalyst system                                                     
                       Isobutylene                                             
                              Methacrolein                                     
                                     Combustion rate                           
     Example           Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
     No.               (%)    (%)    (%)                                       
     __________________________________________________________________________
     III-1 Mo.sub.12 Nb.sub.1 Te.sub.2 Sn.sub.2                                
                       77.3   52.8   37.2                                      
     III-2 Mo.sub.12 Nb.sub.1 Te.sub.2 Pd.sub.2                                
                       62.1   51.7   48.0                                      
     III-3 Mo.sub.12 Nb.sub.1 Te.sub.2 P.sub.1                                 
                       17.9   50.4   51.4                                      
     III-4 Mo.sub.12 Te.sub.2 Ce.sub.2                                         
                       48.5   75.2   29.7                                      
     III-5 Mo.sub.12 Te.sub.2 Co.sub.2                                         
                       25.3   86.0   12.6                                      
     III-6 Mo.sub.12 Nb.sub.1 Fe.sub.1 Sb.sub.2                                
                       46.0   51.3   45.1                                      
     III-7 Mo.sub.12 Nb.sub.1 Te.sub.2                                         
                       82.3   70.5   23.0                                      
     III-8 Mo.sub.12 Ta.sub.1 Te.sub.2                                         
                       81.8   67.3   25.6                                      
     __________________________________________________________________________
PAC  EXAMPLE 132
PAR  The gaseous mixture was reacted in accordance with the process of Example
      71 except that 6 ml of a metal oxide catalyst having the empirical formula
      Mo.sub.12 Nb.sub.1 Te.sub.2 Sb.sub.2 was used without the presence of
      silicon carbide. The contact time of the gas mixture was 3 seconds. The
      results obtained indicated a 94.5% conversion of isobutylene, an 89.1%
      selectivity of methacrolein and a 6.9% combustion rate.
PAC  EXAMPLE 133
PAR  The gaseous mixture was reacted in accordance with the process of Example
      76 except that 6 ml of a metal oxide catalyst having the empirical formula
      Mo.sub.12 Nb.sub.1 Te.sub.2 Fe.sub.2 of Example 85 was used, without the
      presence of silicon carbide. The contact time for the gas mixture was 3
      seconds at a temperature of 395.degree. C. in a molten salt bath. The
      results obtained indicated a 96.7% conversion of isobutylene, a 74.5%
      selectivity of methacrolein and an 18.1% combustion rate.
PAC  EXAMPLES 134 - 138
PAR  The gaseous mixture was reacted with the metal oxide catalysts of Examples
      11, 19, 29, 66 and 67 in accordance with the process of Example 11 except
      that propylene was used instead of isobutylene, and the reactor was heated
      in a molten salt bath at 400.degree. C. The results obtained are shown in
      Table XXIII.
TBL                                    TABLE XXIII                             
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Propylene                                               
                              Acrolein                                         
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     134   Mo.sub.12 Nb.sub.1 Te.sub.2                                         
                       90.3   82.6   15.3                                      
     135   Mo.sub.12 Nb.sub.1 In.sub.2                                         
                       87.3   79.0   15.9                                      
     136   Mo.sub.12 Ta.sub.1 Co.sub.2                                         
                       92.4   78.6   18.7                                      
     137   Mo.sub.12 Nb.sub.1 Te.sub.2 In.sub.2                                
                       89.8   80.3   15.0                                      
     138   Mo.sub.12 Nb.sub.1 Ta.sub.0.5 Te.sub.2                              
                       89.4   81.0   16.1                                      
     __________________________________________________________________________
PAC  EXAMPLES 139 - 145
PAR  The gaseous mixture was reacted in accordance with the process of EXample
      76 except that propylene was used instead of isobutylene. In addition, the
      catalysts shown in Table XXIV were used at a temperature of 400.degree. C.
      in the molten salt bath. The results obtained are shown in Table XXIV.
TBL                                    TABLE XXIV                              
     __________________________________________________________________________
     Example                                                                   
           Catalyst system                                                     
                       Propylene                                               
                              Acrolein                                         
                                     Combustion rate                           
     No.               Conversion                                              
                              Selectivity                                      
                                     (CO + CO.sub.2)                           
                       (%)    (%)    (%)                                       
     __________________________________________________________________________
     139   Mo.sub.12 Nb.sub.1 Te.sub.2 Sb.sub.2                                
                       85.0   91.6    4.2                                      
     140   Mo.sub.12 Nb.sub.1 Te.sub.2 Fe.sub.2                                
                       98.8   83.6   12.5                                      
     141   Mo.sub.12 Nb.sub.1 Te.sub.2 Na.sub.2                                
                       87.2   85.0   13.1                                      
     142   Mo.sub.12 Nb.sub.1 Te.sub.2 Cu.sub.2                                
                       96.2   84.9   11.0                                      
     143   Mo.sub.12 Ta.sub.1 Te.sub.2 Sb.sub.2                                
                       87.0   88.4   10.1                                      
     144   Mo.sub.12 Nb.sub.0.5 Ta.sub.0.5 Te.sub.2 Mg.sub.1                   
                       97.2   86.1   12.9                                      
     145   Mo.sub.12 Nb.sub.1 Ta.sub.0.5 Te.sub.5 Mg.sub.2                     
                       94.8   86.8   13.0                                      
     __________________________________________________________________________
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. A process for preparing an unsaturated aldehyde having three to four
      carbon atoms, which comprises:
PA1  reacting the corresponding olefin with molecular oxygen in a mole ratio of
      oxygen to olefin ranging from 3 : 1 to 1 : 5 in the vapor phase at a
      temperature of from 350.degree.C to 520.degree.C and a pressure of 1 to 10
      atms. in the presence of a metal oxide catalyst having the formula:
PAC  Mo.sub.12 --X.sub.a --Bi.sub.b --Y'.sub.c --O.sub.d
PAL  wherein X is Nb, or Ta; Y' is at least one metal, but not more than 2
      metals selected from the group consisting of alkali metals, Cu, Te, As, Sb
      and Fe; a is 0.1 to 9; b is 1 to 12; c is 0.1 to 15; and d is 37 to 114.
NUM  2.
PAR  2. The process of claim 1, wherein the temperature of reaction is
      430.degree.C to 500.degree.C.
NUM  3.
PAR  3. The process of claim 1, wherein the pressure of reaction ranges from 1
      to 5 atmospheres.
NUM  4.
PAR  4. The process of claim 1, wherein the mole ratio of oxygen to olefin
      ranges from 3 : 1 to 1 : 1.
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ABST
PAL  Unsymmetrical halogen-substituted diacyl peroxides have been prepared
      either by rapidly adding an .alpha.-halogen-substituted aliphatic acyl
      halide and a hydrocarbon solvent to an aqueous solution of an alkali metal
      peroxide followed by portion-wise addition of an acyl halide or by rapidly
      adding an acyl halide and a hydrocarbon solvent to an aqueous solution of
      an alkali metal peroxide followed by portion-wise addition of an
      .alpha.-halogen-substituted aliphatic acyl halide. The formation of diacyl
      peroxides and symmetrical halogenated diacyl peroxides as by-products is
      minimized by either technique.
PARN
PAR  This is a continuation-in-part of Ser. No. 193,717 filed Oct. 29, 1971 now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to a method of preparing unsymmetrical
      halogen-substituted diacyl peroxides and in particular to the preparation
      of unsymmetrical bromo-or chloro- substituted diacyl peroxides.
PAR  Unsymmetrical halogen substituted diacyl peroxides have been prepared by
      adding approximately equimolar quantities of two dissimilar acyl chlorides
      dissolved in an inert solvent to an excess of aqueous sodium peroxide
      solution. However, this procedure affords a mixture of peroxides of which
      the desired unsymmetrical peroxide constitutes a much smaller percentage
      than is obtained by the process of this invention. The other components of
      such a procedure are the symmetrical halogen substituted diacyl peroxide
      and the unhalogenated symmetrical diacyl peroxide. This reaction is
      delineated in the equation below:
      ##EQU1##
      where a, b and c represent quantities which vary according to the
      reactivities of the starting acyl halides; and R is a long chain alkyl
      radical.
PAR  It is an object of this invention to provide a means for obtaining a high
      yield of unsymmetrical diacyl peroxides with a substantial reduction in
      contamination from symmetrical diacyl peroxides of either the halogen
      substituted or non-halogen substituted types:
PAR  It is another object of this invention to provide unsymmetrical halogenated
      acyl peroxides having about 12 to 18 carbon atoms on each side of the
      molecule.
PAR  Other objects will become apparent to those skilled in the art upon reading
      the specification.
PAC  SUMMARY OF THE INVENTION
PAR  A method of preparing unsymmetrical .alpha.-halogen substituted diacyl
      peroxides having the formula:
      ##EQU2##
      wherein each of R and R' is a long chain alkyl radical having about 10 to
      about 16 carbon atoms and X is a halogen selected from the group
      consisting of bromine and chlorine, has been developed which comprises the
      steps of:
PA1  A. agitating an aqueous solution of an alkali metal peroxide at about 0 to
      about 10.degree.C.;
PA1  b. adding a normally liquid hydrocarbon solvent to the agitated solution of
      (a) while maintaining a temperature of about 0.degree. to about
      10.degree.C.;
PA1  c. rapidly adding about 1 mol of an .alpha.-halogen substituted aliphatic
      acyl halide having about 12 to about 18 carbons therein;
PA1  D. agitating the mixture of (a), (b) and (c) for at least about 2 hours at
      about 0.degree. to about 10.degree.C.;
PA1  e. adding about 1 mol of an aliphatic acyl halide having about 12 to about
      18 carbon atoms therein in small regular increments to the agitated
      mixture of (a), (b) and (c) while continuing agitation for at least about
      0.5 hours at a temperature of about 0.degree. to about 10.degree.C.;
PA1  f. lowering the pH of the agitated mixture of (a), (b), (c) and (e) to
      about 1 to 1.5 by acidification of said agitated mixture of (a), (b), (c)
      and (e);
PA1  g. allowing the resultant reaction mixture to stand unagitated until said
      reaction mixture separates into an hydrocarbon solution layer and an
      aqueous layer; and
PA1  h. isolating the hydrocarbon solution layer containing unsymmetrical
      .alpha.-halogen substituted diacyl peroxide.
PAL  This method provides a mixture containing predominantly the unsymmetrical
      peroxide and greatly minimizes the formation of the symmetrical peroxides.
      The novel feature of this process resides in the in situ conversion of the
      contained symmetrical bis .alpha.-haloacyl peroxide to the
      .alpha.-halogen-substituted aliphatic peracid alkali metal salt prior to
      its subsequent reaction with acyl halide.
PAR  An alternate method of preparing unsymmetrical .alpha.-halogen substituted
      diacyl peroxides having the formula:
      ##EQU3##
      wherein each of R and R' is a long chain alkyl radical having about 10 to
      about 16 carbon atoms and X is a halogen selected from the group
      consisting of bromine and chlorine, has been developed which comprises the
      steps of:
PA1  A. agitating an aqueous solution of an alkali metal peroxide at about
      0.degree. to about 10.degree.C.;
PA1  B. adding a normally liquid hydrocarbon solvent to the agitated solution of
      (A) while maintaining a temperature of about 0.degree. to about
      10.degree.C.;
PA1  C. rapidly adding about 1 mol of an aliphatic acyl halide having about 12
      to about 18 carbons therein;
PA1  D. agitating the mixture of (A), (B) and (C) for at least about 2 hours at
      about 0.degree. to about 10.degree.C.;
PA1  E. adding about 1 mol of an .alpha.-halogen substituted aliphatic acyl
      halide having about 12 to 18 carbons therein in small regular increments
      to the agitated mixture of (A), (B) and (C) while continuing agitation for
      at least about 0.5 hours at a temperature of about 0.degree. to about
      10.degree.C.;
PA1  F. lowering the pH of the agitated mixture of (A), (B), (C) and (E) to
      about 1 to 1.5 by acidification of said agitated mixture of (A), (B), (C)
      and (E);
PA1  G. allowing the resultant reaction mixture to stand unagitated until said
      reaction mixture separates into an hydrocarbon solution layer and an
      aqueous layer; and
PA1  H. isolating the hydrocarbon solution layer containing unsymmetrical
      .alpha.-halogen substituted diacyl peroxide.
PAC  DESCRIPTION OF THE INVENTION
PAR  The aqueous solution of alkali metal peroxide used in the first step of
      this invention can be conveniently prepared by mixing an aqueous solution
      of hydrogen peroxide with an alkali metal hydroxide. For convenience and
      economic reasons sodium hydroxide is the preferred hydroxide although
      potassium or lithium hydroxide may be used as well.
PAR  The selection of normally liquid hydrocarbon solvent used in the second
      step is not narrowly critical. Alilphatic hydrocarbons, such as hexane,
      heptane and the like; halogenated aliphatic hydrocarbons such as methylene
      chloride, ethylene dichloride, n-butyl chloride, and the like, and
      substituted aromatic hydrocarbons such as toluene, ortho-xylene,
      metaxylene, ethylbenzene and the like may be advantageously used. The
      choice of solvent will also be dictated to some extent by the requirement
      that it be a liquid at 0.degree.C. The hydrocarbon solvent should also be
      free of groups which would be reactive with either sodium hydroxide, acyl
      halides and/or the peroxide formed as the final product, that is the
      unsymmetrical .alpha.-halo acyl peroxide.
PAR  Any type of agitation known to those skilled in the art, such as, stirring,
      can be used.
PAR  Pressure is not critical but it is preferred to employ atmospheric
      conditions for economical reasons although superatmospheric as well as
      subatmospheric pressures can be used if desired.
PAR  Although reaction temperatures in the range of about 0.degree. to about
      10.degree.C. can be used, it is preferred in the first method to use a
      range of about 0.degree. to about 5.degree.C. for the reaction between
      alkali metal peroxide and the .alpha.-halogen substituted acyl halide
      which produces an alpha halogen substituted aliphatic peracid alkali metal
      salt according to the equation shown below:
      ##EQU4##
      where x is bromine or chlorine and R' is an alkyl group having about 10 to
      16 carbon atoms.
PAR  Even though time is not narrowly critical for the formation of the
      .alpha.-halogen substituted aliphatic peracid alkali metal salt as shown
      above, it is preferred to allow this reaction to proceed at least 2 hours
      in order to insure maximum yields. It is even more preferred to use a
      reaction time of about 3 to 4  hours. This step can be extended beyond 4
      hours but there is a gradual decrease in yield as one exceeds this upper
      limit.
PAR  The addition of the acyl halide to the .alpha.-halogen substituted peracid
      alkali metal salt is preferably done in small regularly timed increments
      to minimize formation of unsubstituted symmetrical peroxide. The volume of
      these increments depends on the total volume of the reactants used in any
      one run.
PAR  The preferred temperature of addition of the acyl halide is the same as
      that for the preparation of the .alpha.-halogen substituted peracid alkali
      metal salt.
PAR  It is preferred to continue stirring the reaction mixture after the
      addition of acyl halide is complete for about 30 minutes although this
      time is by no means critical.
PAR  The acidification of the reaction mixture is desirable since it precludes
      the formation of alkali metal carboxylates which act as emulsifiers and
      make the separation of the aqueous from the hydrocarbon layer more
      difficult. Any commonly used acids can be used for this purpose although
      it is preferred to use mineral acids such as sulfuric acid or hydrochloric
      acid.
PAR  The preferred peroxides made by this invention are 2-bromolauroyl lauroyl
      peroxide and 2-chlorolauroyl lauroyl peroxide because of the combination
      of availability and effectiveness for initiating polymerization of vinyl
      monomers.
PAR  It is also preferred to isolate the .alpha.-halogen substituted
      unsymmetrical peroxide as a solution in hydrocarbon solvent since this is
      a convenient way of handling this material as an initiator for
      polymerization.
PAR  As will be discussed in more detail infra, the purity of the peroxide
      initiator made by the abovedescribed methods affords a smoother
      polymerization reaction for the polymerization of vinyl monomers than
      previously used methods in which a mixture of peroxides was obtained. This
      is due to the more constant decomposition range resulting from the greatly
      increased relative concentration of the unsymmetrical peroxide species.
PAR  In the second or alternate method the process variables recited above also
      hold true. Thus for the reaction between alkali metal peroxide and acyl
      halide, the reaction temperature can be between about 0 to 10.degree.C.
      although a range of about 0.degree. to 5.degree.C. is preferred. The
      equation for this reaction is:
      ##EQU5##
      where x is bromine or chlorine and R is an alkyl group having about 10 to
      16 carbon atoms.
PAR  The more preferred time allowed for the formation of the unsubstituted
      aliphatic peracid alkali metal salt in (2) is also about 3 to 4 hours,
      although again this is not critical.
PAR  The addition of .alpha.-halogen substituted acyl halide to the
      unsubstituted aliphatic peracid alkali metal salt is also preferably done
      in small regularly timed increments at a temperature of about 0.degree. to
      about 10.degree.C.
PAR  The invention is further described in the examples which follow. All parts
      and percentages are by weight unless otherwise specified.
DETD
PAC  EXAMPLE 1
PAC  Preparation of 2-bromolauroyl lauroyl peroxide
PAR  A solution of sodium peroxide prepared by the addition of 15.7 grams of
      47.8 percent hydrogen peroxide to 17.6 grams of sodium hydroxide dissolved
      in 175 ml. of water was stirred in a 3 necked round-bottom flask equipped
      with stirrer, thermometer and an addition funnel at 0.degree.C. while 70.6
      grams of a mixture containing 80 percent .alpha.-bromolauroyl halide (a
      mixture of .alpha.-bromolauroyl chloride and of .alpha.-bromolauroyl
      bromide) and 20% lauroyl chloride dissolved in 200 grams of toluene was
      rapidly added. The resulting mixture was stirred at 0.degree.C. for 4
      hours whereupon 43.2 grams of lauroyl chloride was added dropwise. After
      stirring for about 35 minutes at 0.degree.C. the pH of the reaction
      mixture was observed to have dropped from 14 to 6. At this point 9 grams
      of a 20 percent aqueous solution of sulfuric acid was added dropwise
      causing the pH of the mixture to be lowered to about 1.0-1.5. The reaction
      mixture was transferred to a separatory funnel and placed in a crushed ice
      bath. After standing for about 30 minutes, the layers were separated and
      the upper toluene solution layer was found to contain 29.3 percent
      peroxide calculated as 2-bromolauroyl lauroyl peroxide. This represented a
      yield of 86.2 percent based on either .alpha.-bromolauroyl bromide or
      lauroyl chloride. The assay of the 2-bromolauroyl lauroyl peroxide was
      carried out iodometrically. The method used employed a 0.001 percent
      solution of ferric chloride hexahydrate dissolved in glacial acetic acid
      to insure complete decomposition of the diacyl peroxide. This method is
      described by L. S. Silbert and D. Swern in the Journal of the American
      Chemical Society, Volume 81, page 2364 (1959). The half-life at
      45.degree.C. of the mixture containing predominantly 2-bromolauroyl
      lauroyl peroxide was about 5 hours as compared to a half-life of about 6
      hours for pure 2-bromolauroyl lauroyl peroxide when measured under
      identical conditions. Half-lives were determined by taking samples
      containing approximately 30 percent diacyl peroxide dissolved in toluene
      weighed into pressure bottles which contain chloroform, to provide
      solutions containing 1.5 percent diacyl peroxide. After a purge with
      nitrogen the bottles were capped and exposed to 45.degree.C. temperature
      in a constant temperature bath for varying cooled of time. At one hour
      intervals samples were withdrawn, colled to room temperature, uncapped and
      treated successively with a saturated solution of sodium iodide and 0.001
      percent solution of ferric chloride hexahydrate dissolved in glacial
      acetic acid. After standing in the dark for 15 minutes, water was added
      and the sample titrated until free of color with a standardized solution
      of sodium thiosulfate. The halflife is defined as the time required for
      the decomposition of one-half of the initial amount of peroxide present.
      The decomposition of diacyl peroxides is a first order reaction. As such,
      the first order kinetic expression for the rate of disappearance of
      species, A, at constant temperature is applicable. This may be expressed
      as:
      ##EQU6##
      or
EQU  C.sub.o =Ce .sup.-.sup.kt
PAL  which can also be written
      ##EQU7##
      where C = initial concentration,
PA1  C.sub.o = concentration at time t, and
PA1  k = rate constant, in units of t.sup.-.sup.1.
PAC  EXAMPLE 2
PAR  Example 1 was repeated with the exception that the .alpha.-bromoauroyl
      halide mixture was replaced by .alpha.-chlorolauroyl chloride. Comparable
      yields of .alpha.-chlorolauroyl lauroyl peroxide were obtained. The
      halflife of this product was about 3.5 hours at 40.degree.C.
PAC  CONTROL
PAR  A solution prepared by the addition of 2.72 grams of 50 percent hydrogen
      peroxide to 3.2 grams of sodium hydroxide dissolved in 50 ml. of water was
      stirred in a round bottom 3-necked flask equipped with a stirrer,
      thermometer and an addition funnel and cooled to 0.degree.C., keeping the
      temperature at 0.degree.C. to -5.degree.C. A mixture of 6.3 grams of
      lauroyl chloride and 16.7 grams of .alpha.-bromolauroyl bromide (which
      contains 23 percent lauroyl chloride) was rapidly added next, dropwise.
      The mixture was stirred for an additional hour and then 34 grams of
      toluene was added and the mixture stirred at 0.degree. to -5.degree.C. for
      an additional 10 minutes. The layers were then separated and the toluene
      layer washed with ice water. After drying over anhydrous sodium sulfate
      the toluene layer was filtered and analyzed for peroxide. It was found to
      contain 31.8 percent peroxide calculated at 2-bromolauroyl lauroyl
      peroxide. The yield was 85.5 percent but as can be seen from an
      examination of the Figure, the peroxide product is contaminated with
      bis-2-bromolauroyl peroxide. The vertical axis of the graph in the Figure,
      C/C.sub.o, represents the initial concentration of the peroxide mixture
      divided by the observed concentration of the mixture at a given time
      exposure at 45.degree.C., plotted on a logarithmic scale. The 2.0 point on
      this axis represents the point at which one-half of the peroxide has been
      consumed by the peroxide determination described supra. The horizontal
      axis is linear and depicts the time in hours. Line A representing the
      decomposition of the product from Example 1 shows that the 2-bromolauroyl
      lauroyl peroxide sample is decomposing by simple first-order kinetics.
      Line B, representing the decomposition of the product from the Control, on
      the other hand, shows a much more rapid decomposition at the earlier
      exposure times with a flattening of the curvve as the exposure time
      increases. This indicates the presence of bis-2-bromolauroyl peroxide
      which decomposes first. The flattening of the curve indicates the presence
      of unsymmetrical 2-bromolauroyl lauroyl peroxide, the desired product, in
      reduced amounts because some of the .alpha.-bromolauroyl halide needed to
      make it was consumed in the formation of bis-2-bromolauroyl peroxide. As
      the curve continues it remains flat because of the second impurity,
      dilauroyl peroxide, also present in the product mix from the Control,
      since dilauroyl peroxide has a half-life of well over 100 hours at
      45.degree.C.
PAR  The undesirability of this peroxide mix for use in initiating the
      polymerization of vinyl monomer resides in the fact that in the earlier
      stages of polymerization vigorous exothermic reactions occur and then the
      initiator lags behind the desired rate. The ideal initiator is one which
      decomposes at a constant rate which requireS a higher degree of purity.
      The Figure demonstrates the higher purity of the unsymmetrical halogen
      substituted acyl peroxide provided by the claimed invention.
PAC  EXAMPLE 3
PAR  When Example 1 is repeated with the exception that .alpha.-chlorostearoyl
      chloride and stearoyl chloride are used as the reactants, comparable
      yields of 2-chlorostearoyl stearoyl peroxide are obtained.
PAR  Although the invention has been described in its preferred form with a
      certain degree of particularity, it is understood that the present
      disclosure has been made only by way of example, and that numerous changes
      can be made without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing unsymmetrical .alpha.-halogen substituted diacyl
      peroxides having the formula:
      ##EQU8##
      wherein each of R and R' is a long chain alkyl radical having about 10 to
      about 16 carbon atoms and X is a halogen selected from the group
      consisting of bromine and chlorine, which comprises the steps of:
PA1  a. agitating an aqueous solution of an alkali metal peroxide at about
      0.degree. to about 10.degree.C.;
PA1  b. adding a hydrocarbon solvent which is liquid at 0.degree.C. to the
      agitated solution of (a) while maintaining a temperature of about
      0.degree. to about 10.degree.C.;
PA1  c. rapidly adding about 1 mol of an .alpha.-halogen substituted aliphatic
      acyl halide having about 12 to about 18 carbons therein;
PA1  d. agitating the resultant mixture of (a), (b) and (c) for at least about 2
      hours at about 0.degree. to about 10.degree.C.;
PA1  e. adding about 1 mol of an aliphatic acyl halide having about 12 to 18
      carbon atoms therein in small regular increments to the agitated mixture
      of (d) and continuing agitation for at least 0.5 hours at a temperature of
      about 0.degree. to about 10.degree.C.;
PA1  f. lowering the pH of the agitated mixture of (e) to about 1 to 1.5 by
      acidification of said agitated mixture of (e);
PA1  g. allowing the resultant reaction mixture to stand unagitated until said
      reaction mixture separates into a hydrocarbon solution layer and an
      aqueous layer; and
PA1  h. isolating the hydrocarbon solution layer containing unsymmetrical
      halogen substituted diacyl peroxide.
NUM  2.
PAR  2. Method claimed in claim 1 wherein R and R' are each 10 and X is
      chlorine.
NUM  3.
PAR  3. Method claimed in claim 1 wherein R and R' are each 10 and X is bromine.
NUM  4.
PAR  4. Method claimed in claim 1 wherein R and R' are each 16 and X is bromine.
NUM  5.
PAR  5. Method claimed in claim 1 wherein R and R' are each 16 and X is
      chlorine.
NUM  6.
PAR  6. Method claimed in claim 1 wherein the hydrocarbon solvent is toluene.
NUM  7.
PAR  7. Method claimed in claim 1 wherein the alkali metal peroxide is sodium
      peroxide.
NUM  8.
PAR  8. A method of preparing unsymmetrical .alpha.-halogen substituted diacyl
      peroxides having the formula:
      ##EQU9##
      wherein each of R and R' is a long chain alkyl radical having about 10 to
      about 16 carbon atoms and X is a halogen selected from the group
      consisting of bromine and chlorine, which comprises the steps of:
PA1  A. agitating an aqueous solution of an alkali metal peroxide at about
      0.degree. to about 10.degree.C.;
PA1  B. adding a hydrocarbon solvent which is liquild at 0.degree.C. to the
      agitated solution of (A) while maintaining a temperature of about
      0.degree. to about 10.degree.C.;
PA1  C. rapidly adding about 1 mol of an aliphatic acyl halide having about 12
      to about 18 carbons therein;
PA1  D. agitating the resultant mixture of (A), (B), and (C) for at least about
      2 hours at about 0.degree. to about 10.degree.C.;
PA1  E. adding about 1 mol of an .alpha.-halogen substituted aliphatic acyl
      halide having about 12 to 18 carbons therein in small regular increments
      to the agitated mixture of (D) while continuing agitation for at least
      about 0.5 hours at a temperature of about 0.degree. to about 10.degree.C.;
PA1  F. lowering the pH of the agitated mixture of (E) to about 1 to 1.5 by
      acidification of said agitated mixture of (E);
PA1  G. allowing the resultant reaction mixture to stand unagitated until said
      reaction mixture separates into an hydrocarbon solution layer and an
      aqueous layer; and
PA1  H. isolating the hydrocarbon solution layer containing unsymmetrical
      .alpha.-halogen substituted diacyl peroxide.
NUM  9.
PAR  9. Method claimed in claim 8 wherein R and R' are each 10 and X is
      chlorine.
NUM  10.
PAR  10. Method claimed in claim 8 wherein R and R' are each 10 and X is
      bromine.
NUM  11.
PAR  11. Method claimed in claim 8 wherein R and R' are each 16 and X is
      chlorine.
NUM  12.
PAR  12. Method claimed in claim 8 wherein R and R' are each 16 and X is
      bromine.
NUM  13.
PAR  13. Method claimed in claim 8 wherein the hydrocarbon solvent is toluene.
NUM  14.
PAR  14. Method claimed in claim 8 wherein the alkali metal peroxide is sodium
      peroxide.
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ABST
PAL  A process for the production of 2,2-(4,4'-dihydroxydiphenyl)propane
      (bisphenol A) of high purity of condensation of phenol with acetone in the
      presence of strong acids, which comprises
PA1  Preparing an addition product of bisphenol A and phenol and
PA1  Separating the constituents of this addition product by fractional
      condensation of the vapours obtained by treating the addition product at
      high temperature and at reduced pressure for a short time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an improved process for the production of
      2,2-(4,4' dihydroxydiphenylpropane, and particularly to a process for the
      production of 2,2-(4,4'-dihydroxydiphenyl)propane having a high degree of
      purity.
PAR  2. Description of the Prior Art
PAR  2,2-(4,4'-Dihydroxydiphenyl)propane, commonly known as "bisphenol A," is
      the condensation product of two molecules of phenol with one molecule of
      acetone. The condensation is catalyzed by acidic substances. In practice,
      bisphenol A is prepared by reaction of acetone with excess phenol in the
      presence of strong acids and optionally in the presence of accelerators.
      Usually, sulphuric acid and in particular hydrogen chloride are used as
      strong acids while mercaptans or mercapto acids are used as accelerators.
      The reaction yields a crude mixture containing various undesirable
      by-products in addition to bisphenol A, unreacted phenol and acetone, the
      acidic catalyst, any activator, and the reaction water. These undesirable
      by-products include, for example, isomers of bisphenol A having different
      properties, particularly 2,2-(2,4'-dihydroxydiphenyl)propane and
      2,2-(2,2'-dihydroxydiphenyl)propane, complex products such as the
      so-called "co-dimer" (2,2,4-trimethyl-4-p-hydroxyphenylchroman),
      condensation products such as trisphenol, even higher condensation
      products in the form of tarry and high-boiling substances, and
      decomposition products.
PAR  The presence of these by-products involves considerable disadvantages both
      because of their tendency to remain in the final product and to cause
      undesirable discolouring of the final product. These tendencies are often
      pronounced to an extent that the use of the final product is prejudiced,
      and not only in cases where high purity is required. Moreover, the
      presence of the decomposition products inhibits some reactions in which
      bisphenol A usually may be used, for example in the preparation of
      polycarbonates. The importance of obtaining bisphenol A of high purity
      therefore seems obvious, and numerous methods have been proposed in the
      art for this purpose.
PAR  According to one of these methods (U.S. Pat. No. 2,191,831), the crude
      reaction mixture is treated so as to separate bisphenol A directly in
      crystalline form. However, this is a very complicated and expensive method
      not only for the numerous washes to which the crystalline bisphenol A must
      be subjected, but also for the rigorous and careful regulation of the
      conditions necessary for satisfactory crystallization. Moreover, only
      rather low yields of bisphenol A are attained.
PAR  According to another method (French Pat. No. 1,374,477) the crude
      condensation mixture is subjected to fractional distillation in order to
      separate at first the unreacted products and then bisphenol A, which is
      finally purified by extraction or recrystallization. However, this
      procedure involves considerable losses of bisphenol A. Additionally, in
      order to obtain bisphenol A having high purity, repeated extraction or
      recrystallization is necessary. Thus, even if the distillation is carried
      out under precautionary conditions, this process involves decomposition of
      the bisphenol A so that new undesired contaminants are formed,
      particularly products that give unsatisfactory colour characteristics.
      Furthermore, complete separation by distillation is often rather difficult
      and unattainable in practice. This is due to the fact that some
      components, particularly the isomers of bisphenol A have boiling points
      very close to bisphenol A.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a simple and economical
      process for the production of bisphenol A of high purity.
PAR  It is a further object of this invention to provide a process for the
      production of bisphenol A that is devoid of the disadvantages described
      above.
PAR  These objects and others that will become apparent from the following
      description are accomplished in accordance with this invention, generally
      speaking, by preparing an addition product of bisphenol A and phenol and
      separating the constitutents of this addition product by fractional
      condensation of the vapours obtained by treating the addition product at
      high temperatures and at pressures below atmospheric pressure for a short
      time.
PAR  The addition product of bisphenol A and phenol (in the following
      description referred to as: the adduct) has a molar ratio of bisphenol to
      phenol of 1:1.
PAR  More particularly, according to the process of the present invention an
      excess of phenol is reacted with acetone in the presence of an acidic
      agent at a temperature not exceeding 80.degree.C until the acetone has
      substantially completely reacted. Then, the acidic agent is removed from
      the reaction mixture and the bisphenol A contained in the reaction mixture
      is recovered by crystallization of the bisphenol/phenol adduct. The two
      constituents of the adduct are finally separated by fractional
      condensation of the vapours obtained on treatment of the adduct at high
      temperatures and pressures below atmospheric pressure for a short time.
PAR  More precisely, according to the process of the present invention phenol is
      mixed with acetone in a molar ratio of at least about 2:1 but not
      exceeding about 10:1. The mixture is then brought to a temperature of
      between about 40.degree. and 80.degree.C, and an acidic agent, preferably
      hydrogen chloride, is introduced. The pressure may be varied within the
      range of from about 1 to 20 atmospheres by adjustment of the feed of
      gaseous hydrogen chloride. The mixture is held under these conditions for
      a time of from about 1 to 10 hours, in order to provide substantially
      complete conversion of the acetone.
PAR  The reaction may be carried out continuously or batchwise in one or more
      reactors.
PAR  The hydrogen chloride is removed from the reaction product by usual means.
      For example, an inert gas may be blown in or the product may be fed into a
      chamber kept at a low pressure.
PAR  The phenol/bisphenol adduct is then crystallized from the degassed crude
      reaction product. For this purpose, the crude product is first dried, for
      example by azeotropic distillation of the water-phenol mixture. Hereafter,
      the anhydrous crude product, is cooled to temperatures below 60.degree.C
      but not below 35.degree.C.
PAR  In order to accelerate the crystallization, usual means may be employed,
      such as introduction of preformed adduct crystals. Improved purity of the
      final bisphenol A is attained when the adduct obtained is subjected to
      washing or recrystallization using a solvent chosen from among aromatic,
      paraffinic, or chlorinated solvents having boiling points not exceeding
      about 150.degree.C or using phenol directly.
PAR  The washing is carried out using solvent-adduct weight ratios of from about
      0.1:1 to 1:1 while the ratios in the crystallization are from about 0.5:1
      to 2:1. The crystallization of the adduct and its washing with solvents
      frequently present certain difficulties due to the viscosity of the
      phenolic mother liquors. These operations can be facilitated if
      predetermined quantities of the solvent (from about 10 to 50% by weight
      with respect to the weight of bisphenol present in the crude product) are
      added to the crude product to be crystallized. The solvent may also
      conveniently be added directly in bisphenol A synthesis. The presence of
      the solvent does not affect the characteristics of the bisphenol A
      obtained and allows the condensation of phenol and acetone to be carried
      out at temperatures and with ratios of phenol to acetone lower than the
      ratios normally used. In a preferred embodiment of the invention, phenol
      of high purity (at least 99.9%) particularly free from carbonyl compounds,
      is used as the solvent for washing or crystallization. It should, however,
      be noted that if commercial phenol is used for washing or
      recrystallization of the adduct, a bisphenol A having undesirable
      characteristics, particularly an undesired colour, is obtained.
PAR  Furthermore, even when phenol is used for washing or recrystallization, a
      solvent different from phenol may also be added during bisphenol A
      synthesis.
PAR  The adduct is then melted at a temperature of from about 90.degree. to
      120.degree.C. Afterwards, it is fed into a chamber at a pressure below
      atmospheric pressure and at a temperature above about 180.degree.C and
      kept in this chamber for a time of not more than about 30 minutes but not
      less than about 0.1 minute.
PAR  In practice, the best results are obtained by using the thin-film technique
      and employing pressures of from about 1 to 20 mmHg and temperatures of
      from about 180.degree. to 250.degree.C. In this way bishpenol A and phenol
      are separated as vapours from the last traces of the coloured and tarry
      components. The vapours liberated are subjected to fractional condensation
      so as to separate the bisphenol A at temperatures of from about 160 to
      170.degree.C and the phenol at about 45.degree.C. In this way, bisphenol A
      having a Hazen colour not exceeding 20 and a crystallization point equal
      to or higher than 156.2.degree.C is obtained. Moreover, in cases where the
      adduct has been subjected to washing with phenol of high purity, bisphenol
      A having a Hazen colour not exceeding 10 and a crystallization point equal
      to or higher than 157.degree.C is obtained directly by fractional
      condensation. The bisphenol A thus obtained may be used directly in
      reactions where high purity bisphenol A is required, such as in the
      production of polycarbonates.
PAR  In this description and in the following examples the purity of the
      bisphenol produced is always expressed and defined on the basis of the
      colour and the crystallization point. The latter is determined in the
      usual manner by crystallization of the molten bisphenol at 160.degree.C.
      The colour is determined by the Hazen method (ASTM D 1209), which
      essentially comprises dissolving bisphenol A in methanol to give a 50% by
      weight solution and comparing the colour of this solution with that of
      standard solutions.
PAR  In the fractional condensation, phenol of particularly high purity is
      recovered in addition to bisphenol A of high purity, so that it can be
      used advantageously for washing of the adduct.
PAR  One of the essential aspects of the process of the present invention is the
      combination of preparing an adduct of bisphenol A and phenol and
      separating the two constituents of this adduct by fractional condensation
      of the vapours obtained under the conditions described. It is already
      known in the art that bisphenol A can be recovered from the crude
      condensation product of phenol and acetone by precipitation of its adduct
      with phenol. Bisphenol A and phenol are then separated by distillation of
      the melted adduct or by steam distillation. However, these known processes
      are characterized by low yields of the useful products, in addition to the
      difficulties occurring in practical performance. Moreover, both the phenol
      and the bisphenol A separated show insufficient purities. In particular,
      the bisphenol A has undesirable colour characteristics, which render it
      unsuitable for use in fields where high purity is required, for example in
      the preparation of polycarbonates. Moreover, the phenol separated is not
      suited for use in washing or crystallization of the adduct.
PAR  Further advantages are achieved in the process of the present invention
      when the secondary reaction products separated from the phenolic mother
      liquors resulting from crystallization of the adduct are recycled to the
      condensation reaction. In this case formation of by-products is decreased
      and it is possible to use milder reaction conditions.
DETD
PAR  The invention will now be further illustrated by the following examples,
      which are not intended to limit it in any way. All percentages are by
      weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  564 g of phenol and 58 g of acetone were introduced into an autoclave at a
      pressure of 6 kg/cm.sup.2 of anhydrous hydrogen chloride. The temperature
      rose rapidly and was maintained at 64.degree.C for 2 hours. The reacted
      mixture was then passed into a degassing tower consisting of a pyrex tube
      2.5 cm in diameter and 50 cm in height, packed with 5 .times. 5 mm Raschig
      rings, maintained at a temperature of 80.degree.C and at a pressure of 1
      atm, where the hydrogen chloride dissolved in the mixture was stripped
      off. The mixture was then dried by distillation of the waterphenol
      azeotrope at a pressure of about 20 mmHg and at a temperature of
      100.degree.C. The resulting mixture was then cooled to 45.degree.C to
      crystallize the phenol-bisphenol A adduct, which was separated by
      filtration from the phenolic mother liquors. 294 g of adduct containing
      31.6% of phenol and having a Hazen colour of 30 (50% in methanol) were
      obtained.
PAR  The adduct was melted at a temperature of 100.degree.C and transferred to a
      thin-film evaporator of the Luwa type maintained at a temperature of
      200.degree.C and at a pressure of about 1 mmHg. Phenol and bisphenol A
      were removed at the top in gaseous form, whereas the last traces of
      coloured and tarry components separated at the bottom. The vapours
      separated at the top were subjected to fractional condensation to separate
      bisphenol A at 160.degree.C and phenol at 45.degree.C.
PAR  The bisphenol A obtained had the following characteristics:
PA1  Hazen colour (50% in methanol): 20
PA1  Crystallization point: 156.2.degree.C
PA1  Isomers + co-dimer: 0.3%
PA1  Trisphenol: 0.05%
PA1  Phenol: 0.01%
PAC  EXAMPLE 2 (COMPARATIVE EXAMPLE)
PAR  The adduct obtained as in Example 1 was separated into phenol and bisphenol
      A by simple distillation at a pressure of about 10 mmHg and at a
      temperature of 160.degree.C.
PAR  For this purpose, the adduct melted at a temperature of 100.degree.C was
      fed continuously into a column 50 cm in height and 2.5 cm in diameter
      packed with 0.4 .times. 0.4 cm Raschig rings so as to allow a residence
      time of 5 minutes. The phenol separated at the top and the bisphenol A at
      the base of the column. The bisphenol A had the following characteristics:
PA1  Hazen colour (50% in methanol): 300
PA1  Crystallization point: 155.8.degree.C
PA1  Isomers + co-dimer: 0.5%
PA1  Trisphenol: 0.07%
PA1  Phenol: 0.5%
PAC  EXAMPLE 3 (COMPARATIVE EXAMPLE)
PAR  The adduct obtained as in Example 1 was separated into phenol and bisphenol
      A by steam distillation carried out at a pressure of about 10 mmHg and a
      temperature of 160.degree.C.
PAR  For this purpose, the adduct melted at a temperature of 100.degree.C was
      fed into the column of Example 2, where steam was simultaneously blown in
      at a ratio of 6 parts by weight of steam per 1 part by weight of adduct.
      The operating conditions were adjusted so as to allow a residence time of
      1 minute. The bisphenol A separated at the base of the column had the
      following characteristics:
PA1  Hazen colour (50% in methanol): 100
PA1  Crystallization point: 156.0.degree.C
PA1  Isomers + co-dimer: 0.4%
PA1  Trisphenol: 0.07%
PA1  Phenol: 0.01%
PAC  EXAMPLE 4
PAR  The adduct obtained in accordance with Example 1 was subjected to washing
      on a filter with the phenol recovered from the thin-film distillation.
      This was carried out at a temperature of 45.degree.C and with a weight
      ratio of phenol to adduct equal to 1. The adduct washed in this way was
      then subjected to the same operations as in Example 1, under identical
      conditions. The bisphenol A obtained by condensation of the vapours from
      the Luwa evaporator had the following characteristics:
PA1  Hazen colour (50% in methanol): 10
PA1  Crystallization point: 157.0.degree.C
PA1  Isomers: 0.03%
PA1  Co-dimer: 0.01%
PA1  Trisphenol: --
PA1  Phenol: 0.01%
PAC  EXAMPLE 5
PAR  Example 4 was repeated, however, commercial phenol having a titer of 99.8%
      and containing 500 ppm of carbonyl compounds was used instead of the
      recovered phenol. The bisphenol A thus obtained, though containing the
      same amount of impurities as the bisphenol A of Example 4, had a pink
      colour (Hazen colour: 20; out of tone scale) and was not suited for the
      production of polycarbonates.
PAC  Example 6
PAR  30 g of isomers and co-dimer recovered by distillation of the phenolic
      mother liquors resulting from crystallization of the adduct in an earlier
      cycle and 100 g of toluene were added to the charge of phenol and acetone
      of Example 1. The condensation reaction was carried out at a temperature
      of 50.degree.C and at a pressure of 10 kg/cm.sup.2 of anhydrous hydrogen
      chloride for 3 hours. After removal of the hydrogen chloride and drying of
      the degassed product by distillation of the water-toluene azeotrope,
      crystallization was carried out at 40.degree.C in the presence of the
      excess toluene that had not separated in the preceding operation. The
      adduct was washed on a filter with phenol recovered from an earlier
      distillation in the Luwa evaporator with a phenol/adduct weight ratio of
      30:100. The crystallized and washed adduct was then treated as in Example
      1. The bisphenol A thus obtained had the following characteristics:
PA1  Hazen colour (50% in methanol): 10
PA1  Crystallization point: 157.0.degree.C
PA1  Isomers: --
PA1  Co-dimer: --
PA1  Trisphenol: --
PA1  Phenol: 0.01%
PAC  EXAMPLE 7
PAR  The adduct obtained in accordance with Example 6, instead of being washed
      with phenol, was crystallized from toluene at a temperature of
      50.degree.C. The crystallized adduct was then treated as in Example 6. The
      bisphenol A thus obtained had the following characteristics:
PA1  Hazen colour (50% in methanol): 15
PA1  Crystallization point: 157.0.degree.C
PA1  Isomers: --
PA1  Co-dimer: --
PA1  Trisphenol: --
PA1  Phenol: 0.01%
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the production of 2,2-(4,4'-dihydroxydiphenyl)propane,
      which comprises the steps of:
PA1  a. reacting phenol with acetone in a molar ratio of phenol to acetone of at
      least 2:1 and not exceeding 10:1 in the presence of an acid catalyst at a
      temperature not exceeding 80.degree.C;
PA1  b. removing the acid catalyst and water from the resulting reaction
      mixture;
PA1  c. crystallizing and separating from said reaction mixture formed in (b) an
      addition product of 2,2-(4,4'-dihydroxydiphenyl)propane and phenol in a
      molar ratio of 1:1;
PA1  d. washing or recrystallizing the crystallized addition product using a
      solvent selected from the group consisting of paraffinic, aromatic and
      chlorinated hydrocarbons having a boiling point lower than about
      150.degree.C and employing weight ratios of solvent to addition product of
      from about 0.1:1 to 1:1 in the washing and from about 0.5:1 to 2:1 in the
      crystallization;
PA1  e. melting said separated addition product at a temperature between
      90.degree. to 120.degree.C and then vaporizing said melted addition
      product by thin film evaporation at a temperature of from 180.degree. to
      250.degree.C and at a pressure of from 1 to 20 mmHg for a time of from 0.1
      to 30 minutes to obtain a gaseous mixture containing phenol and
      2,2-(4,4'-dihydroxydiphenol)propane; and
PA1  f. subjecting said gaseous mixture to fractional condensation, thus
      separating and recovering said 2,2-(4,4'-dihydroxydiphenyl)propane at a
      temperature of from about 160.degree. to 170.degree.C and said phenol at a
      temperature of about 45.degree.C.
NUM  2.
PAR  2. A process according to claim 1, wherein the crystallization of the
      addition product is carried out by cooling said reaction mixture formed in
      step (b) to temperatures of from about 35.degree. to 60.degree.C.
NUM  3.
PAR  3. A process according to claim 1, wherein the reaction of phenol with
      acetone is carried out at temperatures of from about 40.degree. to
      80.degree.C and at pressures of from about 1 to 20 atmospheres for a time
      in the range of from about 1 to 10 hours.
NUM  4.
PAR  4. A process according to claim 1, wherein hydrogen chloride is used as the
      acid catalyst.
NUM  5.
PAR  5. A process according to claim 1, wherein the reaction of phenol with
      acetone is carried out in the presence of a solvent selected from at least
      one member of the group consisting of paraffinic, aromatic, and
      chlorinated hydrocarbons having a boiling point lower than about
      150.degree.C in a quantity of from about 10 to 50% with respect to the
      2,2-(4,4'-dihydroxydiphenyl)propane produced.
NUM  6.
PAR  6. A process according to claim 1, wherein phenol is used as the solvent in
      step (d).
NUM  7.
PAR  7. A process according to claim 6, wherein the phenol recovered in the
      fractional condensation of the vapors is used as the solvent in step (d).
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ABST
PAL  A process for producing chloroprene from 3,4-dichlorobutene-1 and sodium
      hydroxide solution wherein a dehydrated mixture of n-butanol and aqueous
      sodium hydroxide solution is reacted with 3,4-dichlorobutene-1 to form
      chloroprene and solid sodium chloride.
BSUM
PAR  This invention relates to a process for the preparation of
      2-chlorobutadiene-1,3 (chloroprene) by the action of substances which
      split off hydrogen chloride on 3,4-dichlorobutene-1 in the presence of
      organic solvents.
PAR  U.S. Pat. No. 2,180,115 discloses the reaction of 1,2-dihalobutene with an
      alkaline reagent in the presence of an organic solvent at the boiling
      point of the solvent to produce a .beta.-halobutadiene. Thus for example
      3,4-dichlorobutene-1 may be converted to chloroprene by this method. The
      following alkaline reagents may be used: sodium methoxide, potassium
      methoxide, potassium ethoxide, pyridine, quinoline, triethanolamine and
      suspensions of sodium carbonate or potassium carbonate.
PAR  U.S. Pat. No. 2,430,016 describes a process in which chloroprene is
      obtained by reacting 1,2-dichlorobutene-3 with aqueous solutions of sodium
      hydroxide. This process is said to have advantages over the process of
      U.S. Pat. No. 2,180,115 as using aqueous solutions of sodium hydroxide
      increases the yield of chloroprene and renders the process more economical
      and simpler. In particular the chloroprene need not be recovered from
      mixtures containing organic solvents.
PAR  In the process of U.S. Pat. No. 2,180,115 1 mol of methanol or ethanol is
      formed as a by-product, when 1 mol of 1,2-dichlorobutene-3 is reacted with
      sodium methoxide or sodium ethoxide. It turned out that the chloroprene
      cannot be separated from the methanol or ethanol by fractional
      distillation as hitherto unknown azeotropic mixtures are formed, i.e. an
      azeotropic mixture of chloroprene and 25 % of methanol, boiling at
      49.degree.C or an azeotropic mixture of chloroprene and 15 % of ethanol,
      boiling at 55.degree.C. Therefore more involved methods have to be used to
      recover pure chloroprene.
PAR  U.S. Pat. No. 3,639,492 relates to a process for producing chloroprene by
      reacting 3,4-dichlorobutene-1 with an aqueous sodium hydroxide solution in
      the presence of 0.1 to 15 % by weight (based on dichlorobutene) of certain
      sulfonium compounds. Such compounds may be made, e.g. by reacting
      dodecyl-2-hydroxy-ethyl-sulphide and methyl iodide. This additive
      accelerates the reaction so that the disadvantages of the process of U.S.
      Pat. No. 2,430,016 are overcome.
PAR  The processes according to U.S. Pat. Nos. 2,430,016 and 3,639,492 use
      inexpensive aqueous sodium hydroxide solutions as starting materials and
      3,4-dichlorbutene-1. However, 1 mol of sodium chloride as a dilute aqueous
      solution is obtained per mol of chloroprene.
PAR  The discharge of this aqueous sodium chloride solution as waste water
      presents a serious water pollution problem on account of its salt content
      and/or its content of organic compounds such as organic chloro-compounds.
      Thus there is a demand of a process for producing chloroprene in which the
      advantages of using aqueous sodium hydroxide solutions are preserved but
      in which no waste water containing sodium chloride is formed.
PAR  It has now been found that the disadvantages of the known processes for
      producing chloroprene by subjecting 3,4-dichlorobutene-1 to the action of
      substances which split off hydrogen chloride can be obviated as follows:
      An aqueous solution of sodium hydroxide and n-butanol is dehydrated by
      azeotropic distillation in a first distillation column to form effluent
      water which is practically free from organic constituents by removing from
      the head of the column a binary mixture of n-butanol and water, condensing
      the mixture and separating it into layers in a separator and then
      returning the upper (n-butanol-rich) phase to the distillation process and
      introducing the lower (aqueous) phase into a second distillation column
      where it is stripped from dissolved n-butanol, the head product from the
      second column being then returned to the head product of the first column
      so that pure effluent water is obtained in the sump of the second column.
      The sump from the first column which is completely water-free and
      constitutes essentially sodium butylate dissolved in n-butanol is then
      reacted with 3,4-dichlorobutene-1 in the liquid phase at temperatures of
      0.degree. to 200.degree.C in the absence of molecular oxygen. The solid
      sodium chloride formed in this reaction is mechanically removed from the
      reaction mixture while the chloroprene formed in the reaction is isolated
      by distillation in a third distillation column. The liquid residue, which
      consists mainly of n-butanol, is then introduced into a fourth
      distillation column where it is freed from unreacted 3,4-dichlorobutene-1
      by removing from the head of the column an azeotropic mixture of
      3,4-dichlorobutene-1 and n-butanol which contains about 50 % of
      3,4-dichlorobutene-1 and boils at 113.degree.C and returning this
      azeotropic mixture to the reaction of 3,4-dichlorobutene-1 with the sump
      product from the first distillation column. At the same time, the sump
      product from the fourth distillation column is returned to the first
      distillation column.
PAR  The process according to the invention has the following advantages: The
      reaction of 3,4-dichlorobutene-1 with the sump product from the first
      distillation column takes place in a homogeneous phase. Chloroprene can
      easily be obtained in a pure form from the reaction product by fractional
      distillation since it does not form an azeotropic mixture with n-butanol.
      Sodium chloride which is formed in the reaction is insoluble in the
      reaction product and can be removed mechanically, e.g. by filtration or
      centrifuging, and can be obtained in an anhydrous form. No effluent water
      containing sodium chloride and/or organic compounds is obtained.
PAR  The reaction of 3,4-dichlorobutene-1 with sump product from the first
      distillation column is advantageously carried out in the absence of
      oxygen. When carrying out the distillation in the first column, any
      molecular oxygen dissolved in the aqueous sodium hydroxide solution is
      removed by stripping. The reaction of 3,4-dichlorobutene-1 and recovery of
      chloroprene by distillation may be carried out in the presence of
      inhibitors.
PAR  Chloroprene is an important monomer for the production of polychloroprene
      rubbers.
PAR  The reaction of 3,4-dichlorobutene-1 with the sump product from the first
      distillation column may be carried out at temperatures of 0.degree. to
      200.degree.C, e.g. at 50.degree. to 150.degree.C. It may be carried out at
      atmospheric, superatmospheric or subatmospheric pressure. The first column
      may be operated with a ratio of 1 mol of 3,4-dichlorobutene-1 to 1 mol of
      sodium in the sump product although other ratios may also be employed, for
      example 1.0 to 1.1 mol of 3,4-dichlorobutene-1 per mol of sodium in the
      sump product of the first column. The sodium compounds present in the sump
      product of the first column can be converted practically completely into
      insoluble chloride. The conversion of 3,4-dichlorobutene-1 to chloroprene
      is in the order of 90 to 100 %. The process may be carried out in such a
      manner that after the reaction and separation of the sodium chloride and
      chloroprene a liquid product is left which consists mainly of n-butanol
      and may contain small quantities of unreacted 3,4-dichlorobutene-1. After
      removal of any 3,4-dichlorobutene-1 which may be present in the fourth
      distillation column, a liquid product consisting mainly of n-butanol is
      left. If desired, a part of this liquid product may be purified by
      redistillation, e.g., in a thin layer evaporator, before its return to the
      first column, so that contaminants, such as high boiling side products do
      not accumulate therein.
PAR  The residence time of the reactants in the reaction of the sump product of
      the first distillation column and 3,4-dichlorobutene-1 may vary within
      wide limits, for example from 1 to 60 minutes, preferably 5 to 20 minutes.
      Various types of reactors are suitable, for example stirrer vessels and
      reaction tubes. The reaction may be carried out isothermally,
      adiabatically in partly adiabatically. It may be carried out at or near
      the boiling point of butanol. The heat of reaction may be used to
      evaporate the chloroprene formed in the reaction and optionally part of
      the n-butanol. The vapours which consist mainly of chloroprene and
      n-butanol and possibly unreacted 3,4-dichlorobutene-1 may be separated in
      a distillation column, chloroprene being obtained as head product.
PAR  The reaction temperature and/or reaction pressure employed for the
      conversion of 3,4-dichlorobutene-1 to chloroprene may also be below the
      boiling point of the mixture of
      chloroprene/n-butanol/3,4-dichlorobutene-1. Then no vapours containing
      chloroprene leave the reactor. For example, the mixture of sump product
      from the first column and 3,4-dichlorobutene-1 may be passed upwardly
      through a reaction tube at a pressure of 5 atmospheres and an inlet
      temperature of 60.degree.C. Due to a favourable distribution of residence
      times under these conditions, the sodium compounds in the sump product
      from the first distillation column are completely converted to sodium
      chloride. If the flow velocity is made higher than the sedimentation
      velocity of the sodium chloride formed, the reaction mixture, which
      consists of chloroprene, unreacted 3,4-dichlorobutene-1, n-butanol and
      suspended sodium chloride, may be transferred directly to a device for the
      mechanical separation of sodium chloride, e.g., a decanter. After removal
      of the sodium chloride, the chloroprene can be recovered from the reaction
      mixture in a distillation column. It has surprisingly been found that when
      this method is employed no losses due to polymerisation of chloroprene
      occur.
PAR  The mechanically separated sodium chloride may, if necessary, be freed from
      any impurities present by washing it with pure butanol. The n-butanol used
      as washing liquid can be recovered in pure form as a side stream from the
      lower part of the first distillation colum. Very pure sodium chloride can
      be obtained in known manner by drying with recovery of the n-butanol
      contained in it and may then be used for other purposes, e.g. for
      electrolysis. The n-butanol recovered from the sodium chloride in the
      drying step may be returned to the first distillation column. The aqueous
      sodium hydroxide required for the reaction may contain differing
      quantities of sodium hydroxide. A commercial concentrated solution of
      sodium hydroxide in water containing e.g. 50 % by weight of sodium
      hydroxide may be used. The n-butanol is generally used in quantities of 2
      to 10 mol, preferably 3 to 7 mol per mol of sodium hydroxide.
DETD
PAC  EXAMPLE
PAR  The method of carrying out the example is described with reference to the
      FIGURE. 564 g per hour of soda lye containing 282 g of sodium hydroxide
      and 3,140 g per hour of a return stream 23 consisting of n-butanol are
      introduced into a first distillation column 1 from pipe 9. A binary
      mixture of n-butanol and water is removed from the head of the column 1 at
      10 and after cooling it is introduced by way of 11 into the separator 2 in
      which it is separated into layers. The upper phase is returned to 1 by way
      of 12. The lower phase is introduced into a second distillation column 3
      by way of 13. In this distillation column 3, the dissolved n-butanol is
      removed at the head as a binary mixture with water and returned to 2 by
      way of 14 and 11. Pure water is removed from the sump of the column 3 at
      15 at the rate of 409 g per hour. The sump from column 1 discharged
      through pipe 16 and 883 g of 3,4-dichlorobutene-1 from 25 are together
      introduced at 26 into a stirrer vessel 4 in which practically complete
      conversion of dichlorobutene to sodium chloride and chloroprene takes
      place with a residence time of 1 hour at 60.degree.C. The reaction product
      is carried by way of 17 to the decanter 5 where the sodium chloride is
      separated mechanically and removed through pipe 19. The n-butanol
      recovered when the sodium chloride is subsequently dried is returned to 5.
      The reaction product freed from sodium chloride is introduced into the
      third distillation column 6 by way of 20. In this distillation column 6,
      chloroprene is removed as head product at 21 at the rate of 625 g per
      hour. The sump from column 6 is introduced into a fourth distillation
      column 7 by way of 22. In this fourth column 7, a head product is removed
      at the rate of 5%, based on the rate of flow from 22, and this head
      product is returned to 4 by way of pipe 24. The sump from column 7 is
      returned to the first distillation column 1 by way of pipe 23.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing chloroprene which comprises dehydrating a
      mixture of an aqueous alkali metal hydroxide solution and n-butanol by
      azeotropic distillation, then reacting resulting dehydrated mixture with
      3,4-dichlorobutene-1, removing insoluble alkali metal chloride from
      resulting reaction mixture and distilling resulting liquid reaction
      product to separate chloroprene and n-butanol.
NUM  2.
PAR  2. The process of claim 1 wherein said reaction is carried out at a
      temperature of from 0.degree. to 200.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein said alkali metal hydroxide is sodium
      hydroxide.
NUM  4.
PAR  4. The process of claim 1 wherein said reaction is carried out in the
      substantial absence of oxygen.
NUM  5.
PAR  5. The process of claim 1 wherein the reaction is carried out at a
      temperature and at a pressure at which chloroprene is liquid.
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ABST
PAL  A process for separating dimethyl naphthalenes having a component
      comprising 2,6-dimethyl naphthalene in the form of complexes with a
      complex-forming compound, which comprises contacting a dimethyl
      naphthalene isomer mixture comprising at least 2,6-dimethyl naphthalene or
      a hydrocarbon mixture containing said dimethyl naphthalene isomer mixture
      with a complex-forming compound selected from the group consisting of
      nitro compounds of 2,6-naphthalene dicarboxylic acid, trimellitic
      anhydride and 2-chloro-5-nitrobenzoic acid, thereby to form a mixture of
      complexes of the dimethyl naphthalenes with said complex-forming compound
      having a main component comprising a complex of 2,6-dimethyl naphthalene
      with the complex-forming compound, and separating the complexes in the
      solid state from the reaction mixture.
BSUM
PAR  This invention relates to a process for separating dimethyl naphthalenes
      comprising 2,6-dimethyl naphthalene as a main component in the form of
      their complexes with a complexforming compound, which comprises contacting
      a mixture of isomers of dimethyl naphthalene (abbreviated as "DMN"
      hereinbelow) containing at least 2,6-dimethyl naphthalene (abbreviated as
      "2,6-DMN" hereinbelow) or a hydrocarbon mixture containing such isomeric
      mixture with a complex-forming compound selected from the group consisting
      of a nitro-compounds of 2,6-naphthalene dicarboxylic acids, trimellitic
      anhydride and 2-chloro-5-nitrobenzoic acid.
PAR  2,6-DMN can be converted to naphthlene-2,6-dicarboxylic acid by oxidation,
      and the resulting naphthalene-2,6-dicarboxylic acid is useful as the
      starting material for the preparation of polyesters and plasticizers.
PAR  Also other DMN isomers such as 1,5-DMN and 1,6-DMN can be converted to
      naphthalene-2,6-dicarboxylic acid by oxidizing them and then subjecting
      the oxidized products to the so-called Henkel rearrangement reaction.
PAR  Accordingly, various proposals have been made to separate DMN mixtures
      comprising 2,6-DMN in the highly concentrated state from a mixture of DMN
      isomers comprising 2,6-DMN or a hydrocarbon mixture containing such
      mixture of DMN isomers.
PAR  For instance, a DMN mixture comprising 2,6-DMN and 2,7-DMN as main
      components can be obtained by cooling a DMN-containing fraction
      concentrated and extracted from a petroleum or coal tar starting material
      by a suitable method. The resulting DMN mixture is recrystallized from a
      suitable solvent. This recrystallizing method is disclosed in, for
      instance, U.S. Pat. No. 3,249,644. In U.S. Pat. No. 3,485,885 and U.S.
      Pat. No. 3,400,548 a partially melting process is proposed comprising
      melt-separating low melting point components of the above DMN mixture or a
      low melting point eutectic mixture, from such DMN mixture derived from a
      petroleum or coal tar starting material. By adopting these methods or a
      combination of these methods 2,6-DMN can be separated but the yield of
      2,6-DMN is very low.
PAR  2,6-DMN and 2,7-DMN form a eutectic mixture at a molar ratio of 41.5:58.5,
      and 2,6-DMN and 2,3-DMN form a eutectic mixture at a molar ratio of
      47.5:52.5. Accordingly, if the starting DMN mixture contains 2,7-DMN of
      2,3-DMN as well as 2,6-DMN, a eutectic mixture of 2,6-DMN with 2,7- or
      2,3-DMN is formed and it is impossible to separate 2,6-DMN from the
      starting mixture in which such eutectic mixture has been formed, by the
      above recrystallizing or partially melting method. In an ordinary starting
      mixture, for instance, 2,6-DMN is contained at a content of about 11 - 12%
      by weight, and 2,7-DMN is contianed at a similar content. In starting
      mixture, about 4/6 mole of 2,6-DMN per mole of 2,7-DMN forms a eutectic
      mixture with 2,7-DMN present in the starting mixture. Accordingly, the
      2,6-DMN which can be actually separated is at most 30% or less of the
      entire 2,6-DMN present in the starting mixture, and although it is
      possible to increase the content of 2,6-DMN by fractional rectification up
      to about 30%, since the boiling point of 2,7-DMN is very close to the
      boiling point of 2,6-DMN the proportions of 2,6-DMN and 2,7-DMN can not be
      changed greatly. Therefore, the yield of pure 2,6-DMN cannot be increased
      by the above recrystallizing or partially melting method.
PAR  With a view to overcoming the disadvantages of the above methods, it was
      proposed to separate DMN in the form of a complex of it with a compound
      capable of forming a complex. For example, U.S. Pat. No. 3,665,043
      discloses a method in which pyromellitic anhydride is used as the
      complex-forming compound. The pyromellitic anhydride, however, has the
      property of selectively forming a complex with 1,5-DMN, and is
      unsatisfactory when it is desired to separate 2,6-DMN selectively in the
      form of its complex. Furthermore, since 1,5-DMN is in the form of crystals
      having a melting point of 82.degree.C., and forms a eutectic mixture with
      2,6-DMN in a ratio of 66:34, difficulties will be encountered when the
      resulting complex is heat-melted at reduced pressure to separate 2,6-DMN.
      Thus, pyromellitic anhydride is unsuitable as a complex-forming compound
      for the separation of 2,6-DMN.
PAR  U.S. Pat. No. 3,665,044 discloses a method in which 2-chloro-4-nitrobenzoic
      acid is used as a complex-forming compound for the separation of DMN.
      However, the 2-chloro-4-nitrobenzoic acid has the property of forming a
      complex selectively with 1,6-DMN and is unsuitable for selectively
      separating 2,6-DMN.
PAR  On the other hand, U.S. Pat. No. 3,725,490 discloses a method in which
      m-nitrobenzoic acid is utilized as a complex-forming compound. This method
      involves contacting a dimethyl naphthalene isomer mixture comprising at
      least 2,6-dimethyl naphthalene or a hydrocarbon mixture containing said
      dimethyl naphthalene isomer mixture with m-nitrobenzoic acid thereby to
      form a mixture of complexes of the dimethyl naphthalenes with
      m-nitrobenzoic acid having a main component comprising a complex of
      2,6-dimethyl naphthalene with m-nitrobenzoic acid, and separating the
      complexes in the solid state from the reaction mixture.
PAR  As a result of our work on the improvement of the method for separating
      2,6-DMN, we found that a compound selected from the group consisting of
      nitro-compounds of 2,6-naphthalenedicarboxylic acid, trimellitic anhydrie
      and 2-chloro-5-nitrobenzoic acid selectively forms a complex with 2,6-DMN.
PAR  It has also been found that these complex-forming compounds can selectively
      form more complexes with 2,6-DMN when used in lesser amounts than in the
      case of m-nitrobenzoic acid disclosed in U.S. Pat. No. 3,725,490. The
      m-nitrobenzoic acid forms a complex with DMN in a mol ratio of 2:1,
      whereas the two complex-forming compounds used in this invention, namely
      trimellitic anhydride and 2-chloro-5-nitrobenzoic acid, form complexes in
      a mol ratio of 1:1., Therefore, these complex-forming compounds used in
      this invention selectively form complexes with 2,6-DMN with very good
      efficiency.
PAR  Furthermore, the complex-forming compounds used in this invention have
      lower solubility in DMN than m-nitrobenzoic acid has. The solubility of
      m-nitrobenzoic acid at room temperature is about 2%, whereas the
      solubilities of 2-chloro-5-nitrobenzoic acid, trimellitic anhydride, and a
      nitro compound of 2,6-naphthalenedicarboxylic acid, e.g., its dinitro
      compound are about 1%, 0.2%, and less than 0.1%, respectively. Hence, the
      loss of the complex-forming compound as a result of dissolution in the
      mother liquor after separation of 2,6-DMN complex is reduced. We further
      found that when separating 2,6-DMN from the resulting 2,6-DMN complex, the
      amount of the complex-forming compound to be mixed in the 2,6-DMN solvent
      solution is small, and 2,6-DMN of high purity can be obtained.
PAR  Accordingly, it is a primary object of this invention to provide an
      improved process by which a DMN mixture containing 2,6-DMN in a very high
      concentration can be separated in high yield from a mixture of isomers of
      DMN.
PAR  Another object of this invention is to provide an improved process by which
      a DMN mixture containing 2,6-DMN in a very high concentration can be
      separated in high yield from a hydrocarbon mixture comprising 2,6-DMN and
      one or more other DMN isomers.
PAR  Other objects and advantages of this invention will be apparent from the
      following description.
PAR  According to this invention a process is provided for separating DMN the
      main component of which is 2,6-DMN in the form of their complexes with a
      complex-forming compound, which comprises contacting a DMN isomer mixture
      comprising at least 2,6-DMN or a hydrocarbon mixture containing such DMN
      isomer mixture with a complex-forming compound selected from the group
      consisting of nitro-compounds of 2,6-naphthalenedicarboxylic acid,
      trimellitic anhydride, and 2-chloro-5-nitrobenzoic acid, thereby to form a
      mixture of complexes of the DMN with said complex-forming compound the
      main component of which is a complex of 2,6-DMN with the complex-forming
      compound, and separating the complexes in the solid state from the
      reaction mixture.
PAR  In general, mixtures of DMN isomers and hydrocarbon mixtures comprising
      such isomeric mixture are liquid at room temperature. When these mixtures
      are allowed to contact with a complex-forming compound selected from the
      group consisting of nitro compounds of 2,6-naphthalenedicarboxylic acid,
      trimellitic anhydride and 2-chloro-5-nitrobenzoic acid in accordance with
      this invention, the complex-forming compound forms solid complexes
      selectively with 2,6- and 2,7-DMN, especially with 2,6-DMN. The resulting
      solid complexes can be separated easily from the liquid mixture by a known
      liquid-solid separation technique such as filtration and centrifugal
      separation.
PAR  Of the complex-forming compounds used in the present invention, trimellitic
      anhydride is most preferred. The nitrocompounds of
      2,6-naphthalenedicarboxylic acid include, for example, mono-, di-,
      tri-nitro compounds and mixtures thereof. Of these, the di-nitro compounds
      are especially preferred, and the dinitro-compound alone or a mixture of
      it with the dinitrocompound can be utilized preferably. The mixture
      preferably contains at least 80%, based on the weight of the mixture, of
      the di-nitro compound. The mixture can be used without any trouble even if
      it contains 2,6-naphthalenedicarboxylic acid which is a starting material
      for the synthesis of the nitro compound. Accordingly, the nitration
      reaction mixture of 2,6-naphthalenedicarboxylic acid can be directly used.
      Desirably, however, the unreacted 2,6-naphthalenedicarboxylic acid is
      removed as much as possible by, for example, recrystallization. This is
      preferable in order to increase the efficiency of adsorption, and to
      utilize an adsorption-separation device effectively.
PAR  In this invention any DMN isomer mixture comprising at least 2,6-DMN can be
      used as a starting material. Hydrocarbon mixtures containing a DMN isomer
      mixture comprising at least 2,6-DMN can also be used. For example, a
      250.degree. - 270.degree.C. fraction obtained from coal tar comprises
      about 5-10% by weight of 2,6-DMN, about 5-10% by weight of 2,7-DMN, 45-55%
      by weight of other DMN isomers, and various aromatic compounds such as
      biphenyl monomethyl naphthalene, and monoethyl naphthalene. Further, a
      250.degree. - 270.degree.C. aromatic fraction extracted from the reaction
      product obtained by the the thermal cracking of a 200.degree. -
      300.degree.C. petroleum fraction comprises about 8-13% of 2,6-DMN, about
      8-13% of 2,7-DMN, about 50-60% of other DMN isomers and about 10-20% of
      other aromatic compounds. In addition, various mixtures of DMN isomers
      comprising 2,6-DMN are contained in bottom oils of petroleum reformers.
PAR  In accordance with this invention, any aliphatic, alicyclic or aromatic
      hydrocarbon mixture containing a mixture of DMN isomers comprising at
      least 2,6-DMN, such as those mentioned above, can be used.
PAR  Even when the starting material to be used in this invention contains small
      amounts, for example, less than about 10%, of a nitrogen-containing
      compound such as quinoline and indole and a sulfur-containing compound
      such as thionaphthene, no particular disadvantage is brought about.
PAR  According to this invention, the DMN isomer mixture comprising at least
      2,6-DMN or the hydrocarbon mixture containing said dimethyl naphthalene
      isomer mixture is contacted with the complex-forming compound in a manner
      such that the isomeric mixture or hydrocarbon mixture is kept in the
      liquid state during the contact. Accordingly, when the starting mixture is
      solid at room temperature, it may be heated to melt it, or an aliphatic,
      alicyclic or aromatic hydrocarbon having a low boiling point is added to
      form a liquid system. It is also possible to heat such a liquid system
      formed by the addition of the low boiling hydrocarbon. During the contact,
      the complex-forming compound may be either in the solid state or in the
      liquid state. In order, however, to complex the complex-forming reaction
      in a short period of time, it is preferable to add the complex-forming
      compound to the starting isomeric mixture or hydrocarbon mixture and mix
      them in the liquid state under heat. The complex-forming reaction can be
      carried out at room temperature to 150.degree.C., preferably from room
      temperature to 70.degree.C.
PAR  When the reaction is carried out while maintaining both in the dissolved
      state as described above, the resulting liquid reaction mixture is cooled,
      and the precipitated solid is separated from the reaction mixture. The
      precipitated solid is composed of complexes of the complex-forming
      compound with isomers of DMN containing as a main component a complex of
      the complex-forming compound with 2,6-DMN. It is sufficient that cooling
      is carried out to an extent which leads to the formation of solid
      precipitates.
PAR  The complex-forming reaction in this invention can be performed in various
      modes. For example, there can be employed a batchwise method in which the
      DMN isomer mixture comprising at least 2,6-DMN or the hydrocarbon mixture
      containing the above DMN isomer mixture is mixed in a suitable ratio with
      the complex-forming compound in a vessel of appropriate capacity, and the
      mixture is stirred to form complexes, a method in which the
      above-mentioned starting material is passed through a column packed with
      the complex-forming compound, and a method in which the starting material
      is introduced from the bottom of a cylindrical reaction tube and the
      complex-forming compound is added from the top of the tube to bring them
      into a continuous countercurrent contact with each other. Hence, the ratio
      between the above starting material and the complex-forming compound may
      be any ratio, and can be changed optionally according to the method
      employed.
PAR  In accordance with this invention, the mixture of complexes of the
      complex-forming compound with DMN isomers, the main component of which is
      the 2,6-DMN complex, is precipitated in the form of stable solid crystals
      preferably by cooling it appropriately. The cooling temperature is
      determined according to the desired amount of the precipitated crystals.
      In general, the precipitation is performed preferably at a temperature
      lower by at least 5.degree.C. than the temperature employed in the
      complex-forming reaction and within a range of from room temperature to
      110.degree.C., preferably to 70.degree.C. Of course, no particular
      disadvantage arises if the precipitation of solid crystals is effected at
      a temperature a little lower or higher than the above range.
PAR  Precipitated crystals can be separated from the liquid reaction mixture by
      an optional solid-liquid separating technique, such as filtration and
      centrifugal separation. The separated complex may be purified, if desired.
      In order to purify the precipitated crystals, they are preferably washed
      with a solvent selected from the group consisting of aromatic
      hydrocarbons, aliphatic hydrocarbons, alicyclic hydrocarbons, ethers,
      esters, alcohols and ketones. Examples of the aromatic hydrocarbons are
      those of 6 to 9 carbon atoms, such as benzene, toluene, xylene, trimethyl
      benzene, ethyl benzene, methyl benzene and cumene. Examples of the
      aliphatic hydrocarbons are those of 6 to 10 carbon atoms such as hexane,
      heptane, octane, nonane and decane. Examples of the alicyclic hydrocarbons
      are those of 6 to 10 carbon atoms such as cyclohexane and decalin.
      Examples of the ethers are diethyl ether, diisopropyl ether,
      tetrahydrofuran and dioxane. The alcohols are preferably methanol, ethanol
      and isopropanol. Acetone and methyl ethyl ketone are especially preferred
      as the ketone. Ethyl acetate is most preferred as the ester. Mixtures of
      two or more of the above solvents can also be used.
PAR  When the amount of the above organic solvent used for purification is
      large, the complex partly decomposes, and DMN separates. Hence,
      purification and decomposition can be performed simultaneously.
PAR  In order to decompose a mixture of complexes consisting of the
      complex-forming compound of this invention and DMN isomers, which has thus
      been obtained in accordance with this invention and contains as a main
      component a complex of the complex-forming compound with 2,6-DMN, to a
      mixture of DMN isomers and the complex-forming compound, it is preferable
      to use the following four methods in the main.
PAR  A. A method comprising heating the mixture of complexes at a temperature
      not lower than 50.degree.C. but preferably up to the composition point of
      the complex-forming compound (which will be referred to as "decomposition
      method A" hereinbelow).
PAR  B. A method comprising contacting a mixture of complexes with a solvent
      which hardly dissolves the complex-forming compound but dissolves DMN well
      (which will be referred to as "decomposition method B" hereinbelow).
PAR  C. A method comprising contacting a mixture of complexes with a solvent
      which hardly dissolves DMN but dissolves the complex-forming compound well
      (which will be referred to as "decomposition method C" hereinbelow).
PAR  D. A method comprising contacting a mixture of complexes simultaneously or
      alternately with the solvents used in the above methods B and C which are
      immiscible with each other (which will be referred to as "decomposition
      method D" hereinbelow).
PAC  DECOMPOSITION METHOD A
PAR  One example of the decomposition method A comprises heating a mixture of
      complexes at a temperature not lower than 50.degree.C., preferably in an
      atmosphere of an inert gas. Although the decomposition can be accomplished
      by heating the complex mixture at a temperature not lower than
      50.degree.C. in the air, the heating is preferably done in an atmosphere
      of an inert gas such as nitrogen, carbon dioxide gas, hydrogen and a lower
      hydrocarbon, e.g., methane and ethane, because the heating in an oxidizing
      atmosphere results in a tendency that the resulting mixture of DMN isomers
      contains 2,6-DMN as a main component is colored or decomposed. In the
      above decomposition, steam can be used instead of the inert gas.
PAR  When heating the complex mixture preferably in an inert gas atmosphere, the
      heating temperature can be raised above the distillation or sublimation
      temperature of the mixture thereby to recover a DMN mixture composed
      mainly of 2,6-DMN simultaneously with the decomposition of the complex
      mixture according to a distillation or sublimation technique.
PAR  Further, when decomposing the complex by method A, the complex mixture can
      be heated at a temperature higher than 50.degree.C. in a solvent to be
      used in the decomposition method B, C or D, which will be described below
      in detail.
PAR  The upper limit of the heating temperature is the decomposition temperature
      of 2,6-DMN, and any temperatures not lower than 50.degree.C. but up to the
      decomposition temperature of 2,6-DMN can be used. However, in order to
      recover and reuse the complex-forming compound of this invention, heating
      is carried out preferably at a temperature lower than the decomposition
      temperature of the complex-forming compound. Especially preferred heating
      temperatures are 70.degree. to 50.degree.C.
PAC  DECOMPOSITION METHOD B
PAR  The decomposition method B comprises contacting the complex mixture
      intimately with a solvent which hardly dissolves the complex-forming
      compound but dissolves DMN well. Suitable solvents include, for example,
      aliphatic, alicyclic or aromatic hydrocarbons containing 3 to 10 carbon
      atoms, especially 3 to 8 carbon atoms, those saturated being particularly
      preferred, such as propane, butane, petroleum ether, pentane, hexane,
      heptane, octane, decalin, ligron, cyclopentane and cyclohexane. The amount
      of the solvent is not critical, but as the amount of the complex-forming
      compound sissolved increases in proportion to the amount of the solvent
      used, it is preferred to use the solvent in a smaller amount, for example,
      0.5 to 10 parts by weight per part by weight of the complex mixture to be
      decomposed.
PAR  The complex-forming compound dissolved in the solvent can be removed by
      extraction with hot water after the decomposition treatment.
PAR  In order to decompose the complex mixture by contacting it with such a
      solvent, the system is preferably heated at a temperature not lower than
      50.degree.C. but up to the decomposition temperature of 2,6-DMN,
      especially up to the decomposition temperature of the complex-forming
      compound. Especially preferred temperatures are 70.degree. to
      150.degree.C., as described with respect to the decomposition method A.
PAC  DECOMPOSITION METHOD C
PAR  According to this decomposition method C, the complex mixture is decomposed
      by contacting it with a solvent which hardly dissolves DMN but dissolves
      the complex-forming compound well. Preferred solvents are, for example,
      water (hot water), and alkaline aqueous solutions. The use of alkaline
      aqueous solutions is most preferred because they have the ability to
      decompose the complex mixture completely.
PAR  In this method, complex forming compounds are recovered as their alkaline
      salt. Addition of a mineral acid or carbon dioxide gas to the recovered
      product permits it to be recovered as a free acid.
PAR  Water-soluble hydroxides, oxides and carbonates of alkali metals and
      alkaline earth metals, aqueous ammonoa, and water-soluble amines can, for
      example, be used to form the alkaline aqueous solutions. The use of
      aqueous ammonia is especially preferred.
PAR  In this method C, the temperature conditions as described with respect to
      the decomposition method B can be similarly applied. However, if an
      alkaline aqueous solution is used, the complex can be decomposed very
      smoothly at a temperature lower than 50.degree.C., for example, at room
      temperature.
PAR  The amount of the solvent used is not particularly critical.
PAC  DECOMPOSITION METHOD D
PAR  In this method, at least one solvent described with regard to the method B
      and at least one solvent described with regard to the method C, which are
      immiscible with each other, are used, and the complex mixture is contacted
      with them simultaneously or alternately.
PAR  Preferably, a mixture is used which consists of (i) at least one saturated
      hydrcarbons containing 3 to 10 carbon atoms, especially 3 to 8 carbon
      atoms, such as described with regard to the decomposition method B and
      (ii) at least one solvent selected from water and alkaline aqueous
      solutions.
PAR  As stated above, the amount of the solvent (ii) is not particularly
      critical, while it is preferred to use the solvent (i) in an amount of 0.3
      to 5 parts by weight, especially 0.5 to 3 parts by weight, per part by
      weight of the complex mixture.
PAR  When the complex mixture is decomposed by this method D, the solvents (i)
      and (ii) are placed in a decomposition vessel, a suitable amount of the
      complex mixture is added thereto, and the mixture is well blended and
      agitated. When water is used as the solvent (ii), the system is preferably
      heated at a temperature of 70.degree. to 150.degree.C. When an alkaline
      aqueous solution is used as the solvent (ii), heating is unnecessary.
PAR  Preferably, the agitation is performed until both of the solvents (i) and
      (ii) become clear. By using this procedure, the complex mixture is
      decomposed to a DMN mixture composed mainly of 2,6-DMN which is
      substantially dissolved in the layer of the saturated hydrocarbon (i).
PAR  The DMN mixture composed mainly of 2,6-DMN can be separated and recovered
      by distilling off a part of the solvent from the layer of the solvent (i),
      and then cooling it, or by distilling off substantially the whole of the
      solvent (i).
PAR  The DMN mixture so recovered which contains 2,6-DMN as a main component
      can, if desired, be purified by the abovementioned crystallizing or known
      purification method.
DETD
PAR  The following Examples illustrate the invention in greater detail.
PAC  EXAMPLE 1
PAR  20 parts of trimellitic anhydride was added to 40 parts of a crude DMN
      fraction of the composition shown in the 2nd column of Table 1. The
      mixture was allowed to stand for 2 hours at room temperature, filtered,
      and washed with petroleum ether to afford 36.2 parts of a complex. The
      resulting mother liquor was combined with the residue resulting from the
      removal of the petroleum ether from the washed filtrate by evaporation
      (the combined mixture will be referred to as "filtrate" for simplicity).
      The amount of the filtrate obtained was 23.8 parts. The complex was then
      dispersed in water, and heated to distill DMN together with steam to
      afford 16.3 parts of a DMN mixture and 20 parts of trimellitic acid. The
      compositions of the filtrate and the DMN mixture separated from the
      complex are shown in the third and fourth columns of Table 1. The
      composition was determined by gas-chromatography. Thus, 80% of 2,6-DMN
      contained in the starting material was separated as a complex. The
      proportion of DMN in the complex was 45%. On the other hand, 76% of
      2,6-DMN was separated as a complex using m-nitrobenzoic acid in an amount
      half of that of the starting material. The proportion of DMN in the
      complex was about 25%. This shows that when used in the same amount,
      trimellitic anhydride could separate DMN and 2,6-DMN with better
      efficiency than m-nitrobenzoic acid.
PAC  EXAMPLE 2
PAR  20 parts of trimellitic anhydride was added to 80 parts of the same DMN
      fraction as used in Example 1. The mixture was stirred for 2 hours at room
      temperature, filtered, and washed with 20 parts of petroleum ether to
      afford 35.9 parts of a complex. The complex was placed in a separatory
      funnel, and shaken upon addition of 50 parts of ether and a 10% aqueous
      solution of sodium hydroxide. As a result, the hydrocarbons moved to the
      ether phase. Ether was evaporated off from the ether phase to afford 16.1
      parts of a DMN mixture. The filtrate weighed 64.1 parts, and contained
      0.2% of trimellitic anhydride dissolved therein.
PAR  The compositions of the filtrate and the DMN mixture separated from the
      complex are shown in the 5th and 6th columns of Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Example No.                                                               
                Example 1    Example 2                                         
                     DMN mixture  DMN mixture                                  
                     separated    separated                                    
     Starting        from the     from the                                     
     material   Filtrate                                                       
                     complex Filtrate                                          
                                  complex                                      
     (wt.%)     (wt.%)                                                         
                     (wt.%)  (wt.%)                                            
                                  (wt.%)                                       
     __________________________________________________________________________
     Ethylnaph-                                                                
           5.0  7.6  1.3     6.0  1.0                                          
     thalene                                                                   
     2,6-DMN                                                                   
           12.1 4.1  23.8    7.1  32.0                                         
     2,7-DMN                                                                   
           12.0 13.6 9.7     13.3 6.8                                          
     1,7-DMN                                                                   
           12.8 10.6 16.0    12.7 13.2                                         
     1,6-DMN                                                                   
           18.6 12.6 27.3    16.2 28.0                                         
     1,3-DMN                                                                   
           12.1 14.7 8.3     14.1 4.3                                          
     2,3-DMN                                                                   
           4.8  3.9  6.1     4.9  4.5                                          
     1,4-DMN                                                                   
           2.0  2.6  1.1     2.2  1.2                                          
     1,5-DMN                                                                   
           2.3  2.9  1.5     2.6  1.1                                          
     1,2-DMN                                                                   
           2.6  1.4  4.4     2.4  3.5                                          
     1,8-DMN                                                                   
           0.4  0.5  0.2     0.5  0.1                                          
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  10 parts of 2-chloro-5-nitrobenzoic acid was added to 32 parts of a crude
      DMN fraction of the composition shown in the 2nd column of Table 2. The
      mixture was stirred for 3 hours at room temperature, filtered, and washed
      with petroleum ether to afford 17.6 parts of a complex. The complex was
      decomposed with steam to afford 7.9 parts of a DMN mixture. The filtrate
      weighed 24.4 parts, and contained 0.3 part of the 2-chloro-5-nitrobenzoic
      acid.
PAR  The compositions of the starting materials, the filtrate and the separated
      DMN mixture are shown in Table 2.
PAC  EXAMPLE 4
PAR  12 parts of 2-chloro-5-nitrobenzoic acid was added to 100 parts of a
      starting DMN mixture of the same composition as used in Example 3, and the
      mixture was stirred for one hour at room temperature. The mixture was
      filtered, and washed with 10 parts of petroleum ether to form 20.3 parts
      of a comlex. The filtrate weighed 91.7 parts, and contained 0.9 part of
      the 2-chloro-5-nitrobenzoic acid. The composition of the filtrate is shown
      in the 5th column of Table 2.
PAR  The complex was decomposed in the same way as in Example 2 to afford 9.2
      parts of a DMN mixture which had the composition shown in the 6th column
      of Table 2. The composition was determined by gas-chromatography.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Example No. Example 3    Example 4                                        
                      DMN mixture  DMN                                         
                      separated    separated                                   
            Starting  from the     from the                                    
            DMN  Filtrate                                                      
                      complex Filtrate                                         
                                   complex                                     
            (wt.%)                                                             
                 (wt.%)                                                        
                      (wt.%)  (wt.%)                                           
                                   (wt.%)                                      
     __________________________________________________________________________
     Mononuclear                                                               
     aromatics                                                                 
            16.3 20.0 4.3     18.6 2.1                                         
     Ethylnaph-                                                                
     thalene                                                                   
            4.0  5.1  0.8     4.7  0.5                                         
     2,6-DMN                                                                   
            12.0 4.7  39.9    7.5  58.7                                        
     2,7-DMN                                                                   
            11.9 9.6  20.8    11.1 20.1                                        
     Other DMN                                                                 
            54.9 59.7 34.0    56.7 18.0                                        
     Others 1.4  1.3  0.2     1.4  0.6                                         
     __________________________________________________________________________
PAR  When the DMN mixture separated from the complex was recrystallized with
      methanol, 4.1 parts of 2,6-DMN having a purity of 99.3% was obtained.
PAC  EXAMPLE 5
PAR  200 parts of a dinitro compound of 2,6-naphthalenedicarboxylic acid was
      added to 280 parts of a crude DMN fraction of the composition shown in the
      second column in Table 3 below, the mixture was stirred for 3 hours at
      room temperature, and filtered, followed by washing with 70 parts of
      petroleum ether to form 243.5 parts of a complex. The filtrate weighed 229
      parts and contained 0.03 part of dinitro 2,6-naphthalene dicarboxylic
      acid. The composition of this filtrate is shown in the third column of
      Table 3. The resulting complex was decomposed as Example 2 to obtain 43.6
      g of the DMN mixture. The composition of the resulting DMN mixture is
      shown in the fourth column of Table 3.
PAC  EXAMPLE 6
PAR  40 parts of a dinitro compound of 2,6-naphthalenedicarboxylic acid was
      added to a mixture of 50 parts of a starting DMN as used in Example 5 and
      450 parts of o-xylene. The mixture was stirred for 5 hours at room
      temperature, filtered, and washed with petroleum ether to obtain 48 parts
      of a complex. In the same way as in Example 5, the complex was decomposed
      with an alkali aqueous solution, and DMN was extracted with ether. Ether
      was evaporated off from the ether phase to afford 9.9 parts of a DMN
      mixture. The compositions of the filtrate and the DMN separated are shown
      in the 5th and 6th column of Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Example No. Example 5    Example 6                                        
                      DMN mixture  DMN                                         
                      separated    separate                                    
            Starting  from         from the                                    
            material                                                           
                 Filtrate                                                      
                      the complex                                              
                              Filtrate                                         
                                   complex                                     
            (wt.%)                                                             
                 (wt.%)                                                        
                      (wt.%)  (wt.%)                                           
                                   (wt.%)                                      
     __________________________________________________________________________
     Mononuclear                                                               
     aromatics                                                                 
            16.3 19.2 1.8     20.9 0.1                                         
     Ethylnaph-                                                                
     thalene                                                                   
            4.0  4.9  --      5.1  --                                          
     2,6-DMN                                                                   
            12.2 7.1  39.1    4.0  45.9                                        
     2,7-DMN                                                                   
            11.9 11.2 19.2    6.2  35.0                                        
     Other DMNs                                                                
            54.4 56.5 41.5    62.5 18.6                                        
     Others 1.2  1.2  0.3     1.2  0.2                                         
     __________________________________________________________________________
PAC  EXAMPLE 7
PAR  125.0 parts of an o-xylene solution containing 25% of a starting crude DMN
      of the composition shown in the second column of Table 4 and 10.0 parts of
      a dinitro compound of 2,6-naphthalenedicarboxylic acid were stirred for 4
      hours at room temperature. The mixture was treated in the same way as in
      Example 5 to form 14.6 parts of a complex. The complex was decomposed with
      alkali in the same way as in Example 5 to form 5.3 parts of a DMN mixture.
      The compositions of the filtrate and DMN separated are shown in the third
      and fourth columns of Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
                Starting         DMN separated                                 
                DMN     Filtrate from the complex                              
                (wt.%)  (wt.%)   (wt.%)                                        
     ______________________________________                                    
     Mononuclear aromatic                                                      
                  5.9       7.3      0.6                                       
     Ethylnaphthalene                                                          
                  --        --       --                                        
     2,6-DMN      58.5      50.5     90.0                                      
     2,7-DMN      17.4      20.5     5.5                                       
     Other DMNs   17.7      21.3     3.9                                       
     Others       0.4       0.4      0.1                                       
     ______________________________________                                    
PAC  EXAMPLES 8 and 9
PAR  250 Parts of an o-xylene solution containing 10% of the same starting DMN
      as used in Example 5 was mixed with 20 parts of a dinitro compound of
      2,6-naphthalenedicarboxylic acid, and the mixture was stirred for 2 hours
      at room temperature, and filtered to form 23.4 parts of a complex.
PAR  11.7 parts of the complex was neutralized with a 5% aqueous solution of
      sodium hydroxide, and DMNs were extracted using ether. Ether was
      evaporated off from the ether phase to form 2.0 parts of a DMN mixture.
      The composition of the DMN mixture is shown in the fourth column of Table
      5 below. (Example 8).
PAR  The remaining half (11.7 parts) of the complex was mixed with 200 parts of
      heptane, and heated to 80.degree.C., after which the mixture was filtered.
      The precipitate was washed twice with 14 parts of hot heptane. Heptane was
      evaporated off to form 1.96 parts of a DMN mixture which had the
      composition shown in the fifth column of Table 5. (Example 9-1)
PAR  Then, the complex after washing with heptane was neutralized with a 5%
      aqueous solution of alkali, and extracted with ether. Ether was evaporated
      off from the ether phase to afford 0.03 parts of a DMN mixture which had
      the composition shown in the sixth column of Table 5. (Example 9-2)
PAR  It can be seen from the results that 98% of DMN in the complex was
      separated by means of hot heptane.
TBL                Table 5                                                     
     ______________________________________                                    
     Starting              Example  Example                                    
                                           Example                             
     DMN          Filtrate 8        9-1    9-2                                 
     (wt.%)       (wt.%)   (wt.%)   (wt.%) (wt.%)                              
     ______________________________________                                    
     Mononuclear                                                               
     aromatic                                                                  
             16.3     18.5     3.8    3.8    --                                
     Ethylnaph-                                                                
     thalene 4.0      4.5      --     --     --                                
     2,5-DMN 12.2     5.7      46.1   44.8   58.6                              
     2,7-DMN 11.9     9.6      23.9   24.8                                     
     Other DMNs                                                                
             54.4     60.8     25.8   26.2   41.4                              
     Others  1.2      9.9      0.4    0.4                                      
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for separating dimethyl naphthalenes having a component
      comprising 2,6-dimethyl naphthalene in the form of complexes with a
      complex-forming compound, which comprises contacting a dimethyl
      naphthalene isomer mixture comprising at least 2,6-dimethyl naphthalene or
      a hydrocarbon mixture containing said dimethyl naphthalene isomer mixture
      with a complex-forming compound selected from the group consisting of
      nitro compounds of 2,6-naphthalene dicarboxylic acid, trimellitic
      anhydride and 2-chloro-5-nitrobenzoic acid, thereby to form a mixture of
      complexes of the dimethyl naphthalenes with said complex-forming compound
      having a main component comprising a complex of 2,6-dimethyl naphthalene
      with the complex-forming compound, and separating the complexes in the
      solid state from the reaction mixture.
NUM  2.
PAR  2. The process of claim 1 wherein the dimethyl naphthalene isomer mixture
      comprising at least 2,6-dimethyl naphthalene or the hydrocarbon mixture
      containing said dimethyl naphthalene isomer mixture is contacted in the
      liquid state with said complex-forming compound.
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ABST
PAL  Cured aromatic resin compositions in which the resin is obtained by
      reacting (A) the reaction product of a mononuclear aralkyl halide and/or
      aralkyl ether with a molar excess of a phenol with 1-3 hydroxyl groups
      attached to the aromatic nucleus with (B) an epoxy compound containing at
      least two epoxy groups per molecule.
PARN
PAR  This is a continuation of application Ser. No. 282,614, filed Aug. 21,
      1972, abandoned, which is a division of Ser. No. 9,946, filed Feb. 9,
      1970, now abandoned.
BSUM
PAR  This invention relates to curable aromatic resin compositions and to a
      process for curing aromatic resins.
PAR  In application No. 654,357 issued Apr. 27, 1971 as U.S. Pat. No. 3,576,788
      there is described and claimed a process for the preparation of aromatic
      resins which comprises reacting (1) an aralkyl ether of the general
      formula R' [--(CH.sub.2 OR)].sub.a and/or aralkyl halide of the general
      formula R" [--(CH.sub.2 X)].sub.a wherein R' is a divalent or trivalent
      aromatic hydrocarbon or hydrocarbonoxy radical, R" is a divalent or
      trivalent aromatic hydrocarbon radical, R' and R" optionally containing
      inert substituents in the aromatic nucleus, R is an alkyl radical
      containing less thann 6 carbon atoms, X is chlorine, bromine or iodine and
      a has a value of 2 or 3, with a molar excess of (2) a phenolic compound or
      a phenolic compound and a compound containing aromatic nuclei.
PAR  As disclosed in the said U.S. Pat. No. 3,576,788 the resins prepared by the
      said process may be converted to higher molecular weight materials, that
      is eured, by heating with, for example, hexamethylene tetramine, chloranil
      or anhydroformaldehyde. We have now discovered that polymers of the type
      described in U.S. Pat. No. 3,576,788 can be cured by reaction with an
      organic compound containing at least two epoxy groups.
PAR  Accordingly this invention provides a process for the preparation of a
      cured aromatic resin which comprises (1) forming a polymer containing
      phenolic groups by reacting (a) an aralkyl ether and/or an aralkyl halide
      of the general formula R' [--(CH.sub.2 X)].sub.a wherein a has a value of
      2 or 3, X is a halogen atom or an alkoxy radical containing less than 6
      carbon atoms and R' is a divalent or trivalent aromatic hydrocarbon or
      hydrocarbonoxy radical in which the oxygen is present as an ether group,
      the radical R' optionally containing inert substituents in the aromatic
      nucleus, with a molar excess of (b) a phenolic compound, or both a
      phenolic compound and a compound containing aromatic nuclei, said compound
      or compounds containing at least two free nuclear hydrogen atoms per
      molecule, and (2) thereafter at least partially curing the polymer so
      produced by reaction with a compound containing at least two epoxy groups
      per molecule.
PAR  The invention also includes curable compositions comprising a mixture of
      the resin prepared according to (1) above and an epoxy compound containing
      at least two epoxy groups per molecule.
PAR  The term "phenolic compound" as employed herein in respect of reactant (b)
      includes any compound or mixture of compounds derived from benzene and
      containing from 1 to 3, preferably one or two hydroxyl radicals attached
      to the aromatic nucleus, there being at least two free nuclear hydrogen
      atoms per molecule, that is, at least two nuclear hydrogen atoms available
      for reaction with (a). Examples of phenolic compounds for use in the
      process of this invention include phenol, p-cresol, resorcinol, catechol,
      isopropyl catechol, beta-naphthol, diphenylolpropane, diphenylolmethane,
      alkyl phenols such as p-ethylphenol, p-tert-butylphenol and p-tert-octyl
      phenol, p-phenylphenol, m-phenylphenol, o-phenylphenol, pyrogallol,
      phlorogulcinol, 4,4.sup.1 -dihydroxysulphone and diphenylol propane. Most
      preferred as the phenolic compounds are those containing one or two
      hydroxyl radicals per aromatic nucleus for example, phenol, p-phenylphenol
      and resorcinol.
PAR  In accordance with step (1) of the process of this invention the phenolic
      compound is reacted with an aralkyl halide and/or an aralkyl ether (a) of
      the general formula R' --(CH.sub.2 X).sub.a. In this general formula R'
      may represent any divalent or trivalent mononuclear aromatic hydrocarbon
      radical, for example the phenylene radical, or the radical
      ##SPC1##
PAL  The radical x may be any alkoxy radical containing less than six, and
      preferably less than four, carbon atoms, for example the methoxy, propoxy,
      or butoxy radicals, or it may be a chlorine, bromine or iodine atom. The
      preferred compounds (1) for reaction with the phenolic compounds (2) are
      those in which a has a value of 2, particularly the p-xylylene dihalides,
      for example p-xylylene dichloride, and the p-xylylane dialkylethers, for
      example p-xylyleneglycoldimethyl ether.
PAR  If desired the R' radicals may contain substituents, for example methyl
      radicals, attached to the aromatic nucleus provided the said substituents
      are inert under the conditions of the reaction. In fact the presence of
      chlorine or fluorine atoms in some or all of the available positions in
      the aromatic nucleus can be advantageous in that it leads to improved
      flame resistance in the resulting polymeric products Examples of
      substituted aralkyl ethers and aralkyl halides which may be employed
      according to this invention are
      2,3,5,6-tetrachloro-1,4-di(methoxy-methyl)-benzene and
      2,3,5,6-tetrachloro-1,4-di(chloromethyl)-benzene.
PAR  The reaction between the phenolic compound and the aralkyl ether or aralkyl
      halide involves condensation of the alkoxy radicals or halogen atoms in
      the aralkyl compound with nuclear hydrogen atoms in the phenolic compound,
      and, when present, the compound containing aromatic nuclei, with the
      elimination of an alcohol or a hydrogen halide. Preferably the process is
      carried out in the presence of a suitable catalyst for this reaction, for
      example, acid activated ball clays, sulphuric acid, p-toluene sulphonic
      acid, diethyl sulphate, or a Friedel Crafts type catalyst such as stannic
      chloride, zinc chloride or ferric chloride. The most preferred catalysts
      are stannic chloride and diethyl sulphate.
PAR  The quantity of catalyst employed is not critical and from about 0.01 to
      about 1 per cent by weight based on the weight of the reactants (a) and
      (b) has been found to be sufficient for most purposes although up to 3 per
      cent or more may be used if desired. In order to obtain reasonably short
      reaction times the reactants are preferably heated to temperatures in the
      range from about 130.degree. to 200.degree.C.
PAR  If desired organic solvents may be added to the reaction mixture for
      example to compatibilise the reaction components or assist in the recovery
      of the reaction product. Such organic solvents, if present, should
      preferably comprise the high boiling chlorinated aromatic compounds, with
      de-activated aromatic rings, for example chlorobenzene.
PAR  The time required for the performance of the step (1) reaction will depend
      upon such variables as the nature of the reactants (a) and (b), the type
      and quantity of the catalyst and the reaction temperatures. Preferably the
      reaction should be carried to substantial completion, the alcohol or
      hydrogen halide liberated being removed from the reaction mixture by any
      suitable means.
PAR  The phenolic compounds may be employed alone in forming the curable
      aromatic polymers or they may be employed in the reaction in conjunction
      with compounds containing aromatic nuclei and not being phenolic
      compounds, as required by this invention. The additional use of the said
      aromatic compounds in the reaction provides a means of modifying the
      properties of the product. Suitable aromatic compounds are those capable
      of condensation with the aralkyl halide or aralkyl ether and include for
      example diphenyl ether, dibenzyl ether, terphenyl, diphenylamine, diphenyl
      sulphide, diphenyl, anthracene, naphthalene, diphenyl sulphone, triphenyl
      phosphate and octaphenylcyclotetrasiloxane. Preferably the compound
      containing aromatic nuclei is selected from diphenyl, terphenyl and
      diphenyl ether. The compound containing aromatic nuclei may be employed in
      proportions of up to 75 per cent by weight or more based on the weight of
      the phenolic compound. The upper limit will normally be determined by the
      proportion of phenolic hydroxyl radicals desired for subsequent reaction
      with the epoxy compound according to Step (2) of the process of this
      invention.
PAR  Conveniently the compound containing aromatic nuclei is mixed with the
      remaining components and the reaction initiated. In some cases however,
      particularly where the aromatic compound is of low reactivity, it may be
      advantageous partially to react the compound containing aromatic nuclei
      with the aralkyl ether or aralkyl halide prior to incorporating the
      phenolic compound in the reaction mixture.
PAR  When the compound containing aromatic nuclei is employed it is not then
      essential that the phenolic compound should itself be present in molar
      excess over the aralkyl halide and/or aralkyl ether provided that the
      total of the phenolic compound and the compound containing aromatic nuclei
      taken together represents the required molar excess. As the molar
      proportion of the aralkyl halide or aralkyl ether approaches that of the
      other reactant the reaction mixture exhibits an increased tendency to gel
      prematurely. Generally therefore we prefer to employ from 1.3 to 3.0 and
      more preferably from 1.4 to 2.0 moles of the phenolic compound, or of the
      phenolic compound and the compound containing aromatic nuclei, for every
      mole of the aralkyl halide and/or aralkyl ether.
PAR  In accordance with step (2) the polymeric product obtained from step (1) is
      at least partially cured by reaction with a compound containing at least
      two epoxy groups
      ##EQU1##
PAR  A wide variety of such epoxy compounds are known for example
      1,2,3,4,-di-epoxybutene, 1,2,3-tri(1,2-epoxypropoxy)propane,
      cycloaliphatic epoxides e.g.
      ##EQU2##
      the diglycidyl ethers of bisphenol A, aliphatic diacid glycidyl esters
      e.g.
      ##EQU3##
      polyepichlorohydrins, poly(allylglycidylether) and organosilicon compounds
      containing at least two epoxide groups, for example those described in
      Specification No. 834,326. Also operative as the epoxy compounds for use
      according to the process of this invention are the epoxylated novelac
      resins both of the conventional type and of the type described in
      Application No. 746,283 Resins of the latter type may be prepared by
      reacting a phenolic polymer of the type obtainable according to step (1)
      of the present invention with an epihalohydrin in the presence of an acid
      acceptor.
PAR  The curing reaction according to step (2) may be carried out by mixing the
      phenolic product of step (1) with the epoxy compound and heating the
      mixture to a temperature at which reaction occurs between the phenolic
      groups and epoxy groups of the components of the reaction mixture. The
      temperature at which reaction occurs may vary with the nature of the
      reactions. Preferably curing is effected at temperatures above 80.degree.C
      if extended curing times are to be avoided, the most preferred curing
      temperatures residing within the range from 110.degree.C to 210.degree.C.
      The curing of the phenolic polymer may be expedited by including in the
      composition an accelerator for the curing reaction. Suitable compounds for
      this purpose are those known as cure accelerators in connection with the
      anhydride curing of epoxy compounds and include morpholinium-p-toluene
      sulphonate, 2,4,6-tris(dimethyl-aminomethyl)-phenol and
      benzyldimethylamine. Hexamine may also be used as a cure accelerator and
      can bring about at least pertial cure of the aromatic resin in the
      presence of the epoxy compound at temperatures of 20.degree.C or lower
      depending on the relative proportions of the components present. The cure
      accelerating compounds are effective in very small proportions, from 0.05
      to 1.5 per cent by weight based on the weight of the aromatic resin
      usually being sufficient Curable compositions which are mixtures of the
      polymer containing phenolic groups, the compound containing epoxy groups
      and an accelerator for the curing reaction are also within the scope of
      this invention.
PAR  The proportion of the epoxide compound used may vary widely depending on
      the phenolic hydroxyl content of the curable polymeric product, the
      epoxide content of the epoxy compound and the degree of cure desired. The
      epoxide compound may thus be employed in proportions varying from a large
      deficiency to a large excess based on equivalency of epoxy groups in the
      epoxide compound and phenolic hydroxyl groups in the curable polymer.
      Preferably however, the epoxy compound is present in an amount of from 25
      to 150 per cent by weight based on the weight of aromatic resin. The
      curing of the phenolic polymers according to this invention may be
      performed employing any desired sequence of operations. Thus, for example,
      the phenolic polymer may be prepared and the epoxy compound subsequently
      incorporated with the polymer with or without a cure accelerator when
      curing is to be effected.
PAR  Alternatively, the phenolic polymer may be partially pre-reacted with the
      epoxy compound to give a partially cured product which may, if desired,
      subsequently be more completely cured by further heating or by addition of
      further quantities of the epoxy compound.
PAR  Curable compositions comprising the phenolic resin and epoxy compound
      according to this invention are useful in the preparation of inter alia
      laminated and moulded products and as surface coating materials. If
      desired they may have incorporated therein organic solvents and may
      contain various fillers, for example, silicas and metal oxides and other
      additives, for example pigments.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  Phenol (12 moles, 1128 g.), p-xylyleneglycoldimethyl ether (8 moles, 1328
      g.) and diethyl sulphate (0.012 moles, 1.6 ml.) were placed in a reaction
      flask fitted with a condenser and the contents of the flask heated with
      stirring at 136.degree. to 160.degree.C for approximately 2.5 hours,
      during which time the theoretical quantity of methanol was liberated. The
      reaction product was then dissolved in ethyl methyl ketone to give a 60
      per cent by weight solution. This solution was designated Resin A Resin A
      (27 g) was mixed with a commercial epoxy compound sold as Bakelite ERL
      4221 (12.6g.) and having the formula
      ##EQU4##
      to give a mixture having an epoxy to phenolic Oh ratio of 1:1. When the
      mixture was heated at 175.degree.C for 1 hour an infusible brown resin was
      obtained which was insoluble in organic solvents.
PAR  Similar results were obtained when the experiment was repeated employing
      proportions of Resin A and Bakelite ERL 4221 equivalent to phenolic
      OH/epoxy ratios of 1:2 and 2:1 respectively.
PAC  EXAMPLE 2
PAR  Resin A (27 g) was mixed with a commercially available epoxy resin Epikote
      828 (19 g.), the resin being a diglycidyl ether of diphenylol propane, to
      give an epoxy group to phenolic group ratio in the mixture of 1:1. When
      this mixture was heated at 175.degree.C for 1 hour an infusible light
      yellow solid was obtained which was insoluble in common organic
PAC  EXAMPLE 3
PAR  Resin A (50 g) was mixed with dicyclopentadiene dioxide (50 g.) and
      benzyldimethylamine (0.50 ml) added. After 65 minutes at 135.degree.C the
      resulting mixture gelled to give a hard brown solid.
PAC  EXAMPLE 4
PAR  Resin A (50 g.) was mixed with the Dow Chemical Co. epoxy-nov lac resin
      D.E.N.431 (50.g.) and benzyldimethylamine (0.5 ml) added. The resulting
      system gelled within 30 minutes at 135.degree.C to give a hard brown
      solid.
PAC  EXAMPLE 5
PAR  Resin A (405 g.) was mixed with an epoxy resin Epikote 828 (285 g.) (i.e.
      phenolic OH/epoxy ratio of 1:1) and benzyldimethylamine (0.5 g.) A further
      200 gs. of ethylmethyl ketone was used to dilute the mixture and the
      solution was coated on to Marglass 317 glasscloth treated with an
      amino-silane finish to give a resin content of 33%. The coated glasscloth
      was precured at 135.degree.C for 10 minutes, cooled and cut into
      twenty-four 10 inch squares which were then pressed together at
      175.degree.C for 1 hour at 1,000 p.s.i. The resulting laminated board was
      postcured from room temperature to 250.degree.C in 4 hours and then at
      250.degree.C for 24 hours and had flexural strengths (measured in the warp
      direction) of 111000 p.s.i. at room temperature and 15200 p.s.i. at
      250.degree.C. Following heat aging of the laminate for 1000 hours at
      250.degree.c 109% of the room temperature and 76% of the 250.degree.C
      strength was retained.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition comprising the cured aromatic resin product consisting
      essentially of the product obtained by reacting at a temperature between
      110.degree. and 210.degree.C
PA1  A. the reaction product obtained by reacting at a temperature between
      130.degree. and 200.degree.C
PA2  1. a compound selected from the group consisting of aralkyl others of the
      general formula R.sup.1 (--CH.sub.2 OR).sub.a and aralkyl halides of the
      general formula R.sup.1 (--CH.sub.2 X).sub.a where R is an alkyl radical
      containing less than six carbon atoms, R.sup.1 is a mono nuclear aromatic
      group, X is selected from the group consisting of chlorine, bromine and
      iodine, and a is 2 or 3, with
PA2  2. a phenol with 1 - 3 hydroxyl groups attached to the aromatic nucleus
      with at least two free nuclear hydrogen atoms per molecule, in a molar
      ratio of said phenol (2) to said ether or halide compound (1) being from
      1.3 : 1 to 3 : 1, with
PA1  B. an epoxy compound containing at least two epoxy groups per molecule, the
      molar ratio of phenolic groups in the reaction product (A) to the epoxy
      groups of the epoxy compound (B) being from 1 : 2 to 2 : 1.
NUM  2.
PAR  2. A composition according to claim 1 where the molar ratio of phenolic
      compound to aralkyl compound is in the range 1.4 to 2.0 : 1.
NUM  3.
PAR  3. A composition according to claim 1 wherein the phenol has one or two
      hydroxyl groups attached to the aromatic nucleus.
NUM  4.
PAR  4. A composition according to claim 3 wherein the compound containing at
      least 2 epoxy groups per molecules is selected from the group comprising
      the resinous diglycidyl ethers of diphenylol propane and epoxy novolac
      resins.
NUM  5.
PAR  5. A composition according to claim 3 wherein the phenol has one hydroxyl
      group attached to the benzene nucleus.
NUM  6.
PAR  6. A composition according to claim 5 wherein the phenol is phenol.
NUM  7.
PAR  7. A composition according to claim 3 wherein the phenol has two hydroxyl
      groups attached to the benzene nucleus.
NUM  8.
PAR  8. A composition according to claim 7 wherein the phenol is selected from
      the group consisting of resorcinol and catechol.
NUM  9.
PAR  9. A composition according to claim 5 wherein the aralkyl ether is p -
      xylylene glycol dimethyl ether.
NUM  10.
PAR  10. A composition according to claim 7 wherein the aralkyl ether is
      p-xylylene glycol dimethyl ether.
NUM  11.
PAR  11. A composition according to claim 5 which is obtained by the reaction of
      (A) with a mixture of (B) and a cure acceleration selected from the group
      comprising morpholinium p-toluene sulphonate, 2,4,6 - tris
      (dimethyl-aminomethyl) phenol benzyldimethylamine and hexamethylene
      tetramine.
NUM  12.
PAR  12. A composition according to claim 7 which is obtained by the reaction of
      said reaction product A with said epoxy compound B in the presence of a
      cure accelerator selected from the group consisting of morpholinium
      p-toluene sulphonate, 2, 4, 6-tris (dimethylaminomethyl)phenol,
      benzyldimethylamine and hexamethylene tetramine.
NUM  13.
PAR  13. A composition according to claim 12 wherein said cure accelerator is
      present in an amount of 0.05 to 1.5% by weight based on the weight of said
      reaction product A.
NUM  14.
PAR  14. A composition according to claim 9 wherein the molar ratio of phenolic
      groups in the reaction product A to the epoxy groups in the epoxy compound
      B is about 1 : 1.
NUM  15.
PAR  15. A composition according to claim 10 wherein the molar ratio of phenolic
      groups in the reaction product A to the epoxy groups in the epoxy compound
      B is about 1 : 1.
NUM  16.
PAR  16. A composition according to claim 12 wherein the aralkyl ether is
      p-xylylene glycol dimethyl ether and the molar ratio of phenolic groups in
      said reaction product A to the epoxy groups of said epoxy compound B is
      about 1 : 1.
NUM  17.
PAR  17. A composition according to claim 1 wherein R.sup.1 is a phenylene group
      substituted by methyl or chlorine.
NUM  18.
PAR  18. A composition according to claim 1 wherein the phenol has one hydroxyl
      group attached to the benzene nucleus.
NUM  19.
PAR  19. A composition according to claim 4 wherein the phenol has two hydroxyl
      groups attached to the benzene nucleus.
NUM  20.
PAR  20. A composition according to claim 19 wherein the phenol is selected from
      the group consisting of resorcinol and catechol.
NUM  21.
PAR  21. A composition according to claim 19 wherein the aralkyl ether is
      p-xylylene glycol dimethyl ether and the molar ratio of phenolic groups in
      said reaction product A to the epoxy groups of said epoxy compound B is
      about 1 : 1.
NUM  22.
PAR  22. A composition according to claim 21 which is obtained by the reaction
      of said reaction product A with said epoxy compound B in the presence of a
      cure accelerator selected from the group consisting of morpholinium
      p-toluene sulphonate, 2,4,6-tris (dimethylaminomethyl)phenol,
      benzyldimethylamine and hexamethylene tetramine.
NUM  23.
PAR  23. A composition according to claim 1 wherein said epoxy compound B is a
      cycloaliphatic epoxide.
NUM  24.
PAR  24. A composition according to claim 23 wherein the phenol has one or two
      hydroxyl groups attached to the aromatic nucleus.
NUM  25.
PAR  25. A composition according to claim 24 wherein the phenol has one hydroxyl
      group attached to the benzene nucleus.
NUM  26.
PAR  26. A composition according to claim 24 wherein the phenol has two hydroxyl
      groups attached to the benzene nucleus.
NUM  27.
PAR  27. A composition according to claim 26 wherein the phenol is selected from
      the group consisting of resorcinol and catechol.
NUM  28.
PAR  28. A composition according to claim 25 wherein the aralkyl ether is
      p-xylylene glycol dimethyl ether.
NUM  29.
PAR  29. A composition according to claim 26 wherein the aralkyl ether is
      p-xylylene glycol dimethyl ether.
NUM  30.
PAR  30. A composition according to claim 26 which is obtained by the reaction
      of said reaction product A with said epoxy compound B in the presence of a
      cure accelerator selected from the group consisting of morpholinium
      p-toluene sulphonate, 2,4,6-tris (dimethylaminomethyl) phenol,
      benzyldimethylamine and hexamethylene tetramine.
NUM  31.
PAR  31. A composition according to claim 29 wherein said reaction product A is
      obtained by reacting p-xylylene glycol dimethyl ether with a phenol with
      two hydroxyl groups attached to a benzene nucleus, with a molar ratio of
      said phenol to said ether of 1.4 : 1 to 2 : 1 and said epoxy compound is
      of formula
      ##EQU5##
NUM  32.
PAR  32. A composition according to claim 25 where in the compound containing at
      least 2 epoxy groups per molecule is dicyclopentadiene dioxide or
      ##EQU6##
NUM  33.
PAR  33. A composition comprising the cured aromatic resin product consisting
      essentially of the product obtained by reacting at a temperature between
      110.degree. and 210.degree.C (A) the reaction product obtained by reacting
      at a temperature between 130.degree. and 200.degree.C.
PA1  1. a compound selected from the group consisting of aralkyl ethers-of the
      general formula R.sup.1 (--CH.sub.2 OR).sub.a and aralkyl halides of the
      general formula R.sup.1 (--CH.sub.2 X).sub.a where R is an alkyl radical
      containing less than six carbon atoms, R.sup.1 is a mono nuclear aromatic
      group, X is selected from the group consisting of chlorine, bromine and
      iodine, and a is 2 or 3, with (2) a phenol with 1-3 hydroxyl groups
      attached to the aromatic nucleus with at least two free nuclear hydrogen
      atoms per molecule, in a molar ratio of said phenol (2) to said ether or
      halide compound (1) being from 1.3 : 1 to 3 : 1, with (B) an epoxy
      compound containing at least two epoxy groups per molecule, the amount of
      said epoxy compound (B) being from 25 to 150% by weight of said reaction
      product (A).
NUM  34.
PAR  34. A composition according to claim 33 wherein said epoxy compound is
      selected from the group consisting of the resinous diglycidyl ethers of
      diphenylol propane and epoxy novolac resins.
NUM  35.
PAR  35. A composition according to claim 34 wherein said phenol has one or two
      hydroxyl groups attached to a benzene nucleus and said aralkyl ether is
      p-xylylene glycol dimethyl ether.
NUM  36.
PAR  36. A composition according to claim 35 wherein said phenol has two
      hydroxyl groups attached to a benzene nucleus.
NUM  37.
PAR  37. A composition according to claim 33 wherein said epoxy compound is a
      cycloaliphatic epoxide.
NUM  38.
PAR  38. A composition according to claim 37 wherein said epoxy compound is of
      formula
      ##EQU7##
NUM  39.
PAR  39. A composition according to claim 37 wherein said phenol has two
      hydroxyl groups attached to a benzene nucleus and said aralkyl ether is
      p-xylylene glycol dimethyl ether.
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ABST
PAL  The invention relates to a process for the production of
      acrylonitrile-vinyl chloride copolymers, consisting of 20 - 85 % by weight
      of acrylonitrile and of 80 - 15 % by weight of vinyl chloride wherein the
      process is carried out in the presence of a latex of acrylonitrile-vinyl
      chloride copolymer.
BSUM
PAR  This invention relates to a process for the copolymerisation of
      acrylonitrile and vinyl chloride and, optionally, other copolymerisable
      compounds with an improved volume-time yield.
PAR  Copolymers containing 20 to 85 % by weight of acrylonitrile and 80 to 15 %
      by weight of vinyl chloride are suitable for the production of filaments
      and fibres of the so-called modacrylic type. In addition to the usual
      favourable properties, modacrylics are highly flameproof as a result of
      their chlorine content, so that they are eminently suitable for use as a
      wig material and in the production of weaving fleeces, children's
      clothing, carpets, decorative materials, drapes and curtains.
PAR  It is known that acrylonitrile-vinyl chloride copolymers can be obtained by
      emulsion polymerisation. The emulsion polymerisation process is carried
      out with the usual catalysts, for example persulphates, percarbonates and
      hydrogen peroxide, and optionally in the presence of reducing compounds
      such as amines, mercaptans, pyrosulphite and emulsifiers, for example
      alkyl sulphonates, alkylaryl sulphonates, sodium lauryl sulphate and
      sodium dioctyl sulphosuccinate. In many cases, it has also proved to be of
      advantage to use a buffer system for keeping the pH-value constant.
PAR  The copolymerisation of acrylonitrile with vinyl chloride is characterised
      by the different reactivities of the monomers, the acrylonitrile being
      much more reactive than the vinyl chloride (cf. J. Brandrup and E. H.
      Immergut, Polymer Handbook, Interscience Publ., New York 1966). A
      polymerisation reaction in which the entire monomer mixture is introduced
      at the same time results in the formation of highly irregular products
      which cannot be used as a fibre material because polymers extremely rich
      in acrylonitrile are formed at the beginning of the reaction, whereas
      polymers extremely rich in vinyl chloride are formed towards the end of
      polymerisation when the concentration of acrylonitrile diminishes. The
      individual components of the polymer mixture are incompatible with each
      other, and it is not possible to produce useful spinning solutions. In
      order to obtain uniform polymers with a definite AN:AC ratio,
      polymerisation has to be carried out semi-continuously, a certain monomer
      ratio AN:VC has to be adjusted at the beginning of polymerisation and the
      monomer ratio kept constant by continuing to supply the more quickly
      consumed acrylonitrile and, optionally, other components such as, for
      example, the initiator. In general, all the vinyl chloride is introduced
      at the beginning of polymerisation, although it is also possible, if
      desired, to introduce part of the vinyl chloride during the polymerisation
      reaction. In addition, polymerisation has to be carried out at relatively
      low temperatures in order to obtain uniform products with good fibre
      properties. The slow polymerisation velocity at these temperatures is a
      disadvantage since relatively long polymerisation times are required if
      high yields are to be obtained.
PAR  It is known that the time required to induce polymerisation can be
      shortened by the addition of a starting latex and that uniform and
      concentrated latices can be obtained by polymerisation onto the polymer
      particles initially introduced (cf. for example Houben-Weyl, Vol. XIV/1,
      page 339 and U.S. Pat. No. 2,520,959). In the process described in U.S.
      Pat. No. 2,520,959, the starting latex initially introduced is used to
      prepare concentrated latices, the polymerisation conditions being
      regulated in such a way that it is only the polymer particles present
      which continue to grow, and no new latex particles are formed. The effect
      of this procedure is such that polymerisation takes place extremely slowly
      being slower for larger sizes and smaller numbers of latex particles.
PAR  Surprisingly, it has now been found that the polymerisation velocity of
      this semi-continuous polymerisation process can be considerably increased
      by adding to the initial polymerisation mixture a small quantity of a
      starting latex of acrylonitrile-vinyl chloride copolymer, and that the
      fibre properties of the polymer are improved in this way.
PAR  In contrast to the known process, the size of particles remains constant
      during polymerisation in the process according to the invention, instead
      the number of particles is increased by approximately 50 times. In
      addition, it has been found that by adding the starting latex a much
      higher polymerisation velocity is obtained throughout the entire
      polymerisation process, giving an improved volume-time yield of polymer
      and a better conversion, based on vinyl chloride. Improved yields, based
      on vinyl chloride, are also obtained.
PAR  Therefore it is an object of this invention to increase the polymerisation
      velocity in a copolymerisation of acrylonitrile with vinyl chloride.
PAR  It is another object of this invention to produce uniform
      acrylonitrile-vinyl chloride copolymers.
PAR  Further objects will be evident by the description and the examples.
PAR  These objects are accomplished by a process for production of
      acrylonitrile-vinyl chloride copolymers, comprising 20 to 85 % by weight
      of acrylonitrile and 80 to 15 % by weight of vinyl chloride by emulsion
      polymerisation with a large excess of vinyl chloride and with continuous
      introducing of acrylonitrile wherein polymerisation is carried out in the
      presence of a starting latex of acrylonitrile-vinyl chloride copolymer.
PAR  In one preferred embodiment, polymerisation is carried out in the absence
      of heavy metal salts at temperatures of from 5 to 40.degree.C. It has also
      proved to be of particular advantage to carry out polymerisation at
      temperatures of from 15 to 25.degree.C.
PAR  If, therefore, it is desired to obtain a polymer with a precisely defined
      AN:VC ratio from this polymerisation reaction, it is possible, by using a
      starting latex initiator, to introduce a larger quantity of acrylonitrile
      over a certain period of time without changing the monomer ratio AN:VC,
      and hence to obtain a higher yield of polymer in the same times.
PAR  If, for comparison, two semi-continuous polymerisation reactions are
      carried out in the manner described, the only difference between them
      being that a starting latex is added to one polymerisation mixture at the
      beginning of polymerisation, although equal quantities of acrylonitrile
      and initiator are introduced over the same periods, the different
      polymerisation velocities of both mixtures produce the following results:
      the mixture containing the starting latex gives a high yield of a product
      with the required acrylonitrile and vinyl chloride contents, whilst the
      mixture with out the starting latex gives a poor yield of a product with
      an excessively high acrylonitrile content and an excessively low vinyl
      chloride content. In the second case, the monomer ratio AN:VC changes
      after the beginning of polymerisation because the acrylonitrile is not
      consumed at a rate commensurate with that at which it is introduced into
      the polymerisation autoclave, on account of the slower reaction velocity,
      but instead accumulates in the monomer mixture giving a higher monomer
      ratio AN:VC and a corresponding higher polymer ratio AN:VC is also
      obtained.
PAR  In order to obtain a polymer identical with that obtained in the first
      case, therefore, the quantity of acrylonitrile introduced has to be
      reduced to such an extent that the monomer ratio AN:VC remains constant
      and the quantity of acrylonitrile introduced corresponds to the quantity
      of acrylonitrile consumed.
PAR  Accordingly, the advantage of the process according to the invention over
      conventional processes is that, by adding a starting latex, the
      copolymerisation of acrylonitrile/vinyl chloride can be carried out with
      improved volume-time yields in a shorter time. The composition of starting
      latex is not critical, however, a latex is preferred which has a similar
      composition as the polymer to be produced.
PAR  The products thus obtained are soluble in for example, acetone,
      acetonitrile and dimethyl sulphoxide; have a high degree of thermal
      stability; liberate only a little hydrochloric acid both in solid form and
      also in solution, even at elevated temperature; have a high affinity for
      dyes and can be processed both by wet spinning and also by dry spinning
      into highly flameproof fibres and filaments with outstanding textile
      properties.
DETD
PAR  The following examples are to further illustrate the invention without
      limiting it. In the examples the parts quoted are parts by weight.
PAC  EXAMPLE 1
PAR  16,200 parts of deionised water, 32 parts of sodium pyrosulphite, 80 parts
      of sodium lauryl sulphate, 20.5 parts of sodium acetate (anhydrous), 15
      parts of acetic acid, 800 parts of a latex of acrylonitrile-vinyl chloride
      copolymer with a 5 % solids content (analysis data chlorine 29.3 %,
      nitrogen 12.25 %, AN/VCl = 47.3 : 52.7, K-value according to Fikentscher
      72.3) and 250 parts of acrylonitrile, are introduced into a polymerisation
      autoclave. The autoclave is rinsed with nitrogen, 4,200 parts of vinyl
      chloride are introduced under pressure and a temperature of 20.degree.C is
      adjusted. Polymerisation is initiated by the addition of 13.5 parts of
      potassium persulphate in 300 parts of deionised water, after which 170
      parts of acrylonitrile and a solution of 4.5 parts of potassium
      persulphate in 100 parts of water are continuously pumped in hourly. After
      7 hours, a solids content of 12.4 % is obtained and the latex is run off
      from the autoclave, precipitated with acetone and worked up. 2660 parts of
      polymer are obtained with a chlorine content of 30.0 %, a nitrogen content
      of 11.76 % (AN:VC ratio = 45.7 : 54.3) and a K-value of 67.6 (0.5 %
      solution in dimethyl formamide, 25.degree.C) (according to Fikentscher,
      Cellulosechemie 13, 58 (1932).
PAC  COMPARISON TEST 1
PAR  The procedure is as described above, except that the starting latex is left
      out. After a polymerisation time of 7 hours, a solids content of 9.0 % is
      obtained. Working up gives 1370 parts of polymer with a chlorine content
      of 25.4 %, a nitrogen content of 14.2 % (AN:VC = 54.6 : 45.4) and a
      K-value of 86.5.
PAR  Accordingly, this test which is carried out in the absence of the starting
      latex gives a much poorer yield of polymer than the test described in
      Example 1 because of the slower reaction velocity. In addition, the
      polymer does not have the required composition because the acrylonitrile
      content of the polymer is too high and the vinyl chloride content too low.
PAC  COMPARISON TEST 2
PAR  In order to obtain a product similar to that obtained in accordance with
      Example 1, the test described in Example 1 is repeated without the
      starting latex and with only 130 parts of acrylonitrile per hour. A solids
      content of 9.0 % is obtained after 7 hours' polymerisation. Working up
      gives a yield of 1650 parts of polymer with a chlorine content of 29.6 %,
      a nitrogen content of 12.14 % (AN:VC = 46.8 :53.2) and a K-value of 68.5.
PAR  Although this polymer has the required composition in accordance with
      Example 1, the yield is considerably lower than in Example 1 because of
      the slower polymerisation velocity.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is repeated in the presence of a starting latex
      of an acrylonitrile/vinyl chloride copolymer (5 % solids content, analysis
      Cl 30.8 %, N 11.22 %, Acn/VC = 43.9 : 56.1, K-value 62.6) and with 130
      parts of acrylonitrile per hour. A solids content of 14.2 % is obtained
      after 7 hours' polymerisation. The yield amounts to 2160 parts of polymer
      with a chlorine content of 32.7 %, a nitrogen content of 10.7 % (AN:VC =
      41.3 : 58.7) and a K-value of 66.0.
PAR  If this polymerisation test is compared with comparison test 2, from which
      it is distinguished solely by the starting latex added, the solids content
      measured hourly clearly shows the higher polymerisation velocity in
      Example 2 (cf. FIG. 1).
PAC  EXAMPLE 3
PAR  16,200 parts of deionised water, 32 parts of sodium pyrosulphite, 80 parts
      of sodium dioctylsulphosuccinate, 20.5 parts of sodium acetate
      (anhydrous), 15 parts of acetic acid, 800 parts of a latex of
      acrylonitrile-vinyl chloride copolymer with a solids content of 4 %
      (analysis Cl = 26.4 %, N = 13.48 %, AN/VCl = 52.3 : 47.7, K-value 75.9)
      and 250 parts of acrylonitrile, are introduced into a polymerisation
      autoclave. After rinsing with nitrogen, 4,200 parts of vinyl chloride are
      introduced under pressure. Polymerisation is initiated at 20.degree.C by
      the introduction of 13.5 parts of potassium persulphate in 300 parts of
      deionised water, after which 140 parts of acrylonitrile and a solution of
      4.5 parts of potassium persulphate in 100 parts of water are continuously
      pumped in hourly. After 7 hours, a solids content of 11.1 % is obtained
      and the latex is run off from the autoclave, precipitated with acetone and
      worked up. Working up gives 1920 parts of polymer with a chlorine content
      of 30.95 %, a nitrogen content of 11.24 % (AN:VC ratio = 43.9 : 56.1) and
      a K-value of 87.0.
PAC  COMPARISON TEST 3
PAR  The procedure is as in Example 3, but without the starting latex. A solids
      content of 8.8 % is obtained after 7 hours' polymerisation. Working up
      gives 1,220 parts of polymer with a chlorine content of 29.4 %, a nitrogen
      content of 12.65 % (AN:VC = 48.1 : 51.9) and a K-value of 95.0.
PAR  This test which is carried out without the starting latex also gives a much
      poorer yield of polymer than in Example 3 on account of the slower
      polymerisation velocity. In addition, the polymer does not have the
      required composition as in Example 3   because the acrylonitrile content
      of the polymer is too high and its vinyl chloride content too low.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process for the production of acrylonitrile-vinyl chloride
      copolymers comprising 20 to 80% by weight of acrylonitrile and 80 to 15%
      by weight of vinyl chloride by emulsion polymerization; the improvement
      comprising conducting the emulsion polymerization at a temperature of
      5.degree. to 40.degree.C. by adding acrylonitrile, as the sole added
      monomer, to a starting emulsion containing, in addition to a large excess
      of vinyl chloride, a latex of acrylonitrile-vinyl chloride copolymer,
      whereby the volume-time yield of copolymer and conversion of vinyl
      chloride is increased compared to the corresponding process conducted in
      the absence of said latex of acrylonitrile-vinyl chloride copolymer in the
      starting emulsion; the product of said process having a uniform
      acrylonitrile:vinyl chloride ratio and having good fiber properties.
NUM  2.
PAR  2. The process of claim 1, wherein said polymerisation is carried out at
      temperatures of from 15.degree. to 25.degree.C.
NUM  3.
PAR  3. Process of claim 1 carried out in the absence of heavy metal salts.
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ABST
PAL  A polyolefin micro-flake aggregation which is easily micro-flakable from
      the aggregation into a plurality of irregularly shaped micro-flakes
      suitable for producing synthetic paper, is manufactured from a solution of
      5 - 40% by weight of polyolefin such as polyethylene and polypropylene in
      a solvent such as hydrocarbons and chlorinated hydrocarbons in the
      presence of a surface active compound of at least 0.01% based on the
      weight of the polyolefin by spraying the solution which is at a
      temperature of at least 100.degree.C from a closed container into
      atmosphere through an orifice.
PAL  A polyolefin synthetic paper is formed from a suspension of the
      micro-flakes in an organic liquid such as hydrocarbons and chlorinated
      hydrocarbons which can swell or partially dissolve the polyolefin.
PARN
PAR  This is a division, of application Ser. No. 864,457, filed Oct. 7, 1969.
BSUM
PAR  The present invention relates to a polyolefin micro-flake aggregation
      useful for manufacturing synthetic paper and polyolefine synthetic papers
      obtainable from the aggregation, more particularly, relates to a
      polyolefine micro-flake aggregation easily micro-flakable from the
      aggregation into a plurality of individual micro-flakes suitable for
      manufacturing synthetic paper having an appearance extremely resembling
      the conventional cellulosic paper and polyolefin synthetic papers
      obtainable from the micro-flake aggregation.
PAR  Recently, demand for paper has rapidly increased in various fields, thus,
      in order to meet the demand, it is required to increase supplying capacity
      of the paper as quickly as possible. However, owing to insufficient
      supplying capacities of raw material for paper manufacture, particularly,
      wood pulp and good water suitable for industrial use, it is very difficult
      to sufficiently satisfy the above-mentioned requirement.
PAR  It is required, in various practical uses, that the paper should have
      additional properties, such as water proofing property, printing property
      and tensile strength have much higher grades. But, it is very difficult
      for the conventional papers made of the pulp to satisfy such requirements.
      In order to improve the conventional pulp paper for satisfying the above
      requirement, the new paper making process under a dry condition and the
      paper improving process by addition of synthetic polymeric compounds were
      proposed, but these processes could not satisfactorily eliminate or
      imporve the disadvantages of the conventional pulp paper.
PAR  Further, a process for manufacturing the paper from synthetic polymeric
      compounds was proposed in order to meet the above-mentioned requirements,
      and the so-called synthetic papers are now practically marketable.
PAR  The synthetic papers are manufactured by the following process.
PAR  1. A synthetic film is prepared from a synthetic polymeric compound by the
      conventional inflation process or T-die process, and the synthetic film is
      modified so as to have a cellulosic paper-like surface appearance.
      (Hereinafter, the synthetic papers manufactured by process (1) are
      referred to as "film paper".)
PAR  2. A plurality of multi-filaments prepared from synthetic polymers by the
      conventional process are disconnectedly separated and then interlocked
      with each other by action of electrostatic or gaseous jetting, the
      interlocked multi-filaments are formed into a web by adhering at the
      interlocked points of the multi-filaments by an adhesion or fusing manner,
      and then the web is modified into a paper form. (hereinafter, the
      synthetic papers prepared by process (2) are referred to as "filament
      paper".)
PAR  3. A plurality of synthetic staple fibers manufactured from synthetic
      polymers by the conventional process and having a length of several
      millimeters or several centimeters, are dispersed by carding or gaseous
      jetting, the dispersed staples are blown with a gaseous stream against a
      paper forming surface to form a synthetic paper under a dry condition.
      This process is a dry paper making process.
PAR  4. The synthetic staple fibers described in process (3) are formed into a
      synthetic paper by the conventional wet paper making process.
      (Hereinafter, the synthetic papers prepared by the above-mentioned process
      (3) and (4) are referred to as "staple paper".)
PAR  Compared with the conventional cellulosic paper, the "film paper" prepared
      by the above-mentioned conventional process has the following advantages
      and disadvantages:
PAR  1. Advantage
PA1  A. high water resistance,
PA1  B. high chemical reagent resistance,
PA1  C. high tensile strength, and
PA1  D. good sealing property for gaseous substance.
PAR  2. Disadvantage
PA1  A. low tear strength,
PA1  B. difficult folding due to air non-permeability, and
PA1  C. high manufacturing cost.
PAR  The film paper is utilized only for a specified use owing to the
      above-mentioned disadvantages.
PAR  The filament paper has an appearance closely resembling non-woven cloth.
      Therefore, a number of processing steps are necessary for making a
      cellulosic paper-like appearance on the filament paper. This caused high
      manufacturing cost, and thus, the filament paper may be utilized only for
      a specified use.
PAR  The conventional synthetic staple paper manufactured from synthetic
      polymers has the following disadvantages;
PAR  1. difficult preparation of a desirable slurry in which the staples are
      uniformly suspended in water owing to hydrophobic property of the
      synthetic staple,
PAR  2. necessary addition of a surface active agent or thickener into a
      suspension medium in order to overcome the disadvantage described above,
PAR  3. low tensile strength of the resultant staple paper,
PAR  4. necessity of adhering the interlocked points of the staples with an
      adhesive or by partial fusing of the staples in order to reinforce the
      tensile strength,
PAR  5. difficulty to obtain sufficient tensile strength even by the
      above-mentioned manner (4).
PAR  The dry paper-making process is proposed for overcoming the disadvantages
      presented in the wet paper-making process. However, the dry process has
      the various defects such as difficult forming of a paper material having a
      uniform thickness, necessary adhesion for reinforcing the tensile
      strength, undesirable appearance, and low manufacturing efficiency.
PAR  Based upon the above-stated recent circumstances in order to meet the
      increased demand for paper, it is greatly required to provide a synthetic
      paper which has an appearance and features closely resembling the
      conventional cellulosic paper but is independent from the natural wood
      material.
PAR  Main objects of the present invention are as follows;
PAR  1. to provide a polyolefin micro-flake aggregation suitable for
      manufacturing a synthetic paper having a hand feeling and an appearance
      closely resembling conventional cellulosic paper, a high water resistance,
      a high chemical reagent resistance, a high tensile strength and a
      desirable low extensibility,
PAR  2. to provide a process for directly manufacturing the polyolefin
      micro-flake aggregation from a polymeric solution,
PAR  3. to provide a polyolefin synthetic paper having the above-stated features
      and appearance, and
PAR  4. to provide a process for manufacturing the polyolefin synthetic paper
      from the micro-flake aggregation.
PAR  The present invention provides a polyolefin micro-flake aggregation which
      is easily micro-flakable from the aggregation into a plurality of
      micro-flakes having a thickness of 5 to 20 .mu., having an irregular shape
      but not having a fined shape by which a synthetic paper having a
      cellulosic paper-like hand feeling and appearance is easily obtainable.
PAR  The present invention also provides a process for directly manufacturing
      the polyolefin micro-flake aggregation comprising the following steps;
PAR  a. preparing a solution by dissolving 5 to 40% by weight of at least a
      polyolefin at a temperature not lower than 100.degree.C into a solvent
      having a boiling point not higher than the solution temperature within a
      closed container, in the presence of at least 0.01% based on the weight of
      the polyolefin of at least one surface active compound, and
PAR  b. spouting or spraying the polyolefin solution containing the surface
      active compound from the closed container into atmosphere througn an
      orifice.
PAR  Further, the present invention provides polyolefin synthetic papers in
      which the polyolefin micro-flakes are interlocked and/or introduced to
      each other in random directions.
PAR  Also, the present invention includes a process for manufacturing the
      polyolefin synthetic paper from the polyolefine micro-flake aggregation.
      The process comprises the following steps;
PAR  a. micro-flaking away the polyolefin aggregation at a temperature not
      higher than 60.degree.C within an organic solvent which can swell or
      partially dissolve the polyolefin, and
PAR  b. at the same time, homogeneously suspending the polyolefin micro-flake in
      the organic solvent.
PAR  In the polyolefin micro-flake aggregation according to the present
      invention, the micro-flakes not having a fixed shape are aggregated and
      interlocked with each other in random directions so as to form a white
      globe or cylinder. The aggregation is easily micro-flakable by lightly
      beating.
PAR  Owing to such an easy micro-flaking property, the aggregation of the
      present invention is very suitable for a paper-forming process, for
      example, a wet cellulosic paper-forming process.
PAR  In the paper-forming process, the aggregation is easily micro-flaked by a
      beating operation into a suspension medium such as organic liquid by
      beating, and then the resultant micro-flakes are uniformly suspended in
      the medium so as to form a slurry usable for paper-forming.
PAR  The micro-flakes obtained from the aggregation of the present invention are
      unpredetermined-shaped flakes in which these shapes are highly complex,
      and thus, easily interlockable with each other during a paper-forming
      operation such as the conventional wet paper-forming and blowing against a
      paper-forming surface. Such an interlocking property of the micro-flakes
      relating to the present invention, closely resembles that of cellulose
      fibrils for the cellulosic paper.
PAR  The polyolefin micro-flake aggregation of the present invention is quite
      novel and has not been known in the past, and the synthetic sheet
      material, particularly, synthetic paper having an appearance and hand
      feeling closely resembling conventional cellulosic paper is now obtainable
      therewith.
PAR  The micro-flake of the present invention has a thickness of 5 to 20.mu.. If
      the thickness is smaller than 5.mu., a force for maintaining a condition
      in which the micro-flakes are interlocked with each other is insufficient,
      but if the thickness is larger than 20.mu., the interlockability of the
      micro-flakes is unsatisfactory, therefore, in both cases, the
      manufacturing of good quality synthetic paper is difficult.
PAR  Further, it is desirable to provide the micro-flake with a length and width
      of not larger than 20 mm and a specific surface area of at least 0.1
      m.sup.2 /g.
PAR  In case the micro-flake length is larger than 20 mm, the preparation of the
      uniform slurry is difficult and the interlocking property of the
      micro-flake is insufficient. In case the specific surface area of the
      micro-flake is smaller than 0.1 m.sup.2 /g, the interlocking property of
      the micro-flake is insufficient owing to simple shape thereof.
PAR  The polyolefin micro-flakes provides with the above-defined conditions can
      form a synthetic sheet material, particularly, a synthetic paper having a
      high tensile strength the same or larger than that of the conventional
      cellulosic paper and a desirable tensile elongation without use of any
      adhesion due to its excellent interlocking property.
PAR  The polyolefin micro-flake aggregation is made of polyethylene,
      polypropylene, copolymers of ethylene and propylene or these mixtures,
      preferably polyethylene or polypropylene.
PAR  In case the aggregation is prepared from high density polyethylene, it is
      desirable, in our experience, that at least 50% by weight of low density
      polyethylene or isotactic polypropylene is mixed into the high density
      polyethylene.
PAR  In prior arts for example, in U.S. Pat. No. 3,081,519, it is well-known
      that a crystalline synthetic polymer strand having a network structure
      composed of a plurality of three dimensionally jointed film-like or
      fibrous elements can be obtained by extruding a solution of a crystalline
      polymeric compound in a high temperature organic solvent into a region of
      lower pressure through an orifice, utilizing the self-produced pressure of
      the solvent.
PAR  The products obtained by the process stated above, are yarn-like strands
      having a network structure and the strands are not micro-flakable by the
      general beating operation. Therefore, in order to prepare material
      suitable for manufacturing the synthetic paper, the strand need be cut
      into desired short lengths.
PAR  The term "microflake" as used herein refers to irregular three-dimensional
      shaped objects having one minor dimension (thickness) and two major
      dimensions (length and width) the "micro" prefix indicating the small size
      of each object. In other words, the term microflake connotes an
      irregularly shaped, flat chip similar to snowflakes or small soap chips.
      This is in contrast to fibers which have only one major dimension (length)
      and two minor dimensions.
PAR  The process of the present invention is valuable for directly manufacturing
      the polyolefin micro-flake aggregation easily micro-flakable from a
      polyolefin solution. The process is characterized by the presence of a
      surface active compound of at least 0.01% by weight based on the weight of
      the polyolefin in the polyolefin solution in a solvent having.
PAR  The surface active compound valuable for the present invention may be
      selected from the compound which can be dissolved or uniformly mixed in or
      with the solvent and the polyolefin, for example, anionic surface active
      compound such as fatty acid soaps, napthenic acid soaps, Turkey red oil,
      sulfuric acid fatty ester salts, higher sulfonated fatty acid ester salts,
      fatty acid ester sulfuric ester salts, fatty acid amide sulfuric ester
      salts, higher fatty alcohol sulfuric ester salts, alkyl sulfuric ester
      salts, alkyl sulfonic salts, alkylaryl sulfonic salts, fatty acid amide
      sulfonic salts, secondary alcohol sulfuric ester salts, alkyl phosphorus
      esters, phosphoric alkyl esters, alkyl phosphoric salts, and alkyl
      phenol-polyethylene glycol-sulfuric ester sodium salts; cationic surface
      active compound such as fatty amines, quaternary alkyl ammonium compound,
      basic alkyl pyridinium salts, basic alkyl picolinium salts, alkyl
      benzimidazole derivatives; amphoteric surface active compound such as
      betain-type compounds, sulfobetain-type compounds, sulfuric ester-type
      amphoteric compounds, and phosphoric ester-type amphoteric compounds; and
      non-ionic surface active compound such as polyoxyethylene alkyl esters,
      polyoxyethylene alkyl ethers, polyoxyethylene alkyl aryl ethers, higher
      alcohol fatty acid esters, polyoxyethylene sorbitan fatty acid esters,
      polyoxyethylene alkylamines, fatty acid alkanol amides,
      polyoxyethylene-polyoxypropylene block copolymers, and polyoxyethylene
      alkylthioethers.
PAR  Particularly, the non-ionic compounds as stated above are useful for the
      process of the present invention.
PAR  The solvent usable for the process of the present invention may be selected
      from the organic compound which can uniformly dissolve the polyolefin,
      such as aromatic hydrocarbons such as benzene, toluene and, xylene;
      aliphatic hydrocarbons such as butane, pentane, hexane, heptane, octane
      and these isomers; alicyclic hydrocarbons such as cyclohexane; chlorinated
      hydrocarbons such as dichloromethane, chloroform, chloroethane,
      tetrachloromethane, chloromethane, fluorinated compounds such as fluoro
      hydrocarbons; and mixtures of the above stated solvents. Particularly, the
      chlorinated hydrocarbons are most useful for the present invention. These
      solvents are required to have a boiling point not higher than the
      temperature of the solution to be utilized for manufacturing the
      polyolefin micro-flake aggregation and to not substantially react with the
      polyolefine and the surface active compound to be dissolved therewith.
PAR  In the process of the present invention, the polyolefin is dissolved at a
      temperature of at least 100.degree.C in a concentration of 5 to 40% by
      weight within a closed container. Generally, the polyolefines are soluble
      in the above-stated solvents only at a temperature of at least
      100.degree.C. If the temperature is lower than 100.degree.C, it is
      difficult to homogeneously dissolve the polyolefines into the above
      solvents. The dissolving operation should be carried out within the closed
      container because of rapid evaporation of the solvent at the temperature
      of 100.degree.C or higher.
PAR  When the polyolefin is dissolved at a concentration below 5%, the resultant
      micro-flake can not satisfy the above-defined conditions. Also, when the
      polyolefin is dissolved at a concentration above 40%, it is difficult to
      obtain the micro-flake provided with the above-defined conditions owing to
      very high viscosity of the resultant solution.
PAR  The surface active compound should be mixed into the polyolefin solution at
      a mixing ratio of at least 0.01% based on the weight of the polyolefin. If
      the mixing ratio is lower than 0.01%, an endless porous strand is
      obtainable from the polyolefin solution, but the easily micro-flakable
      aggregation of the micro-flakes is not obtainable.
PAR  Generally, it is preferable that the mixing ratio of the surface active
      compound with respect to the polyolefin is 15% or smaller based on the
      weight of the polyolefine.
PAR  In case the mixing ratio is larger than 15%, none of the advantages are
      found in the resultant micro-flake aggregation, and at the same time,
      economical disadvantages are enlarged owing to ineffective consumption of
      the surface active compound.
PAR  Further, it is preferable that the surface active compound mixed in the
      polyolefin solution remains within the resultant micro-flake or on the
      surface thereof. For this purpose, the surface active compound should have
      a boiling point higher than the solution temperature.
PAR  The surface active compound remaining in the microflake or on the surface
      thereof, is valuable for desirably improving the micro-flaking property of
      the aggregation, antistatic property and suspending property in an organic
      medium of the micro-flakes, and hand feeling of the resultant synthetic
      paper.
PAR  The surface active compound usable for the present invention may be
      simultaneously dissolved in the solvent together with the polyolefin
      before or after the polyolefin is dissolved in the solvent.
PAR  Furthermore, it is desirable that the surface active compound is
      sufficiently dried into an anhydrous condition for preparing a suitable
      solution thereof.
PAR  Dissolving of the polyolefin and the surface active compound may be carried
      out by the following steps; (1) desired quantities of the solvent, the
      polyolefin and the surface active compound are charged into a closed
      container, for example, an auto-clave with a heating jacket, (2) the
      container is closed, and (3) the charged material is heated to a desired
      temperature of at least 100.degree.C with stirring so as to pressurize the
      resultant solution in the closed container with the vapor produced by the
      solvent.
PAR  The high pressure polyolefin solution thus resulted in the closed container
      is sprayed into the atmosphere through an orifice.
PAR  The sprayed polyolefin solution is rapidly coagulated by the rapid
      evaporation of the solvent having a boiling point lower than the solution
      temperature, so as to form the easily micro-flakable aggregation of the
      polyolefin micro-flakes.
PAR  The synthetic paper of the present invention is formed by closely
      interlocking and/or interadhering the polyolefin micro-flakes with each
      other, and has a surface appearance and hand feeling closely resembling
      conventional cellulosic paper and a tensile strength and extensibility
      being the same as or more desirable than those of the conventional
      cellulosic paper even without application of adhesive.
PAR  Though the polyolefin micro-flakes forming the synthetic paper of the
      present invention are not subjected to the drawing step so-called in the
      artificial filament manufacturing process, the synthetic paper prepared
      from the polyolefine micro-flakes has a very small breaking elongation as
      compared with that of the conventional film paper in which the film is
      subjected to the drawing step in general. This is due to the fact that the
      tensile breaking of the paper is caused by breakage of the interlocking
      points and/or interadhering points of the microflakes, but not of breakage
      of the micro-flakes themselves. Such a breaking factor is identical to
      that of the conventional cellulosic paper.
PAR  Based upon the above-stated paper-forming factor, the synthetic paper of
      the present invention has a fine rugged surface valuable for printing,
      coating and adhering thereon.
DRWD
PAR  The features and advantages of the synthetic papers of the present
      invention will be apparent from the ensuing description with reference to
      the accompanying drawings, in which:
PAR  FIG. 1 shows a stress-strain curve of an embodiment of the conventional
      cellulosic paper, and
PAR  FIG. 2 shows stress-strain curves of a synthetic paper according to the
      present invention and a polypropylene film.
PAR  FIG. 1 shows a typical stress-strain curve of a cellulosic paper (high
      class printing paper) having a weight of 179.9 g/m.sup.2 and a thickness
      of 69.mu.. The cellulosic paper has a relatively low breaking elongation
      of approximately 17%.
DETD
PAR  Curve I in FIG. 2 shows a stress-strain curve of the polyolefin synthetic
      paper of the present invention having a weight of 59.8 g/m.sup.2 and a
      thickness of 132.mu.. This curve I has a shape closely resembling the
      curve of FIG. 1, and illustrates the fact that the synthetic paper of the
      present invention has a relatively lower breaking elongation of
      approximately 13%. Compared with curve I, curve II of FIG. 2 showing a
      stress-strain curve of a polyolefin film having a weight of 100 g/m.sup.2
      and a thickness of 100.mu., illustrates the fact that the polyolefine film
      has a relatively higher breaking elongation of approximately 50% and an
      initial modulus lower than those shown in the curve of FIG. 1 and curve I.
PAR  In order to improve the tensile strength of the synthetic paper of the
      present invention, application of adhesives to the synthetic paper is
      allowable. Also, a filler, hand feeling modifying agent, coloring agent,
      and lustering agent may be contained in the synthetic paper.
PAR  Once again, the features and the advantages of the synthetic paper of the
      present invention is indicated as follow:
PAR  1. appearance and hand feeling very closely resembling those of the
      conventional cellulosic paper,
PAR  2. high tensile strength and desirable low tensile elongation,
PAR  3. excellent water resistance, chemical reagent resistance and corrosion
      resistance,
PAR  4. very light weight,
PAR  5. easy processing for printing, coating, adhering and embossing.
PAR  The synthetic papers of the present invention are usable for the same uses
      as those of the conventional cellulosic paper and the additional following
      uses:
PAR  1. building materials such as water-proof canvases, molding framework
      materials for cementing, materials to be buried in the ground,
PAR  2. interior materials such as curtains, blinds, paper for Japanese paper
      sliding doors (Shoji), paper for Japanese sliding door (Fusuma) and
      backing cloth for carpet,
PAR  3. interior materials for cars and ships, and
PAR  4. miscellaneous goods such as toys, umbrellas, beach parasols, bags,
      water-proof book covers, heat and cold retaining materials, oil-retaining
      paper, and water-proof packing material.
PAR  In the synthetic paper forming process in accordance with the present
      invention, the micro-flake aggregation of the present invention is easily
      micro-flakable away in an organic liquid such as hydrocarbons, chlorinated
      hydrocarbons at 100.degree.C or higher and the resultant micro-flakes are
      homogeneously suspended in the organic liquid.
PAR  The organic liquid usable for the process of the present invention, should
      have a swelling or partially dissolving property for the polyolefin at a
      temperature not higher than 60.degree.C, for example, aromatic
      hydrocarbons such as benzene, toluene, and xylene; aliphatic hydrocarbons
      such as hexane, heptane, octane and their isomers and homologues;
      alicyclic hydrocarbons such as cyclohexane, tetrahydronaphthalene, and
      decahydronaphthalene; alkyl halides such as dichloromethane,
      tetrachloromethane, chloromethane, chloroform, ethylchloride,
      trichloroethylene, and tetrachloroethylene; fluorinated compounds and
      mixtures of the above compounds.
PAR  The synthetic paper of the present invention is obtained by paper-forming
      according to the usual wet manner from the polyolefine micro-flake slurry
      and by evaporating the organic liquid from the resulting paper material.
      In that time, the micro-flakes are interlocked and interadhered with each
      other during paper-forming and evaporating of the organic liquid so as to
      reinforce the tensil strength of the resultant paper. The paper-forming
      operation may be carried out according to the conventional manner by
      utilizing the conventional paper-forming machine such as hand paper-making
      machine, cylinder mold paper-making machine or Fourdrinier-type
      paper-making machine. Also, the paper-forming manner usable for the
      present invention may contain the blowing process in which the microflake
      slurry is blown against a paper-forming surface.
PAR  Content of the micro-flakes in the slurry may be adjusted in response to
      the manner and purpose of the process. In general, the content of the
      micro-flakes is 0.05 to 10% by weight, preferably 0.05 to 5% by weight.
      Adhesive, thickener such as clay, different kinds of flakes, fiber,
      fibril, coloring agent, and surface active agent may be contained in the
      slurry of the micro-flakes.
PAR  In the paper-forming process of the present invention, the conventional
      drying manner such as heat-drying and vacuumdrying is usable for
      eliminating the organic liquid from the resultant paper.
PAR  In order to easily eliminate the organic liquid, it is required that the
      organic liquid have a relatively lower boiling point, a low latent heat
      for evaporation, low cost, an easy recovering property and hard burning
      property. Tetrachloromethane chloroform, and dichloromethane are
      satisfactory for the above requirement.
PAR  The polyolefin micro-flake aggregation of the present invention is also
      useful for manufacturing mold products. In such a case, the aggregation is
      uniformly charged into a mold and micro-flaked by beating and then the
      charged flakes are heated at a proper temperature in order to obtain a
      porous mold product.
PAR  Further, features and advantages of the present invention will be
      illustrated by the following examples.
PAC  EXAMPLE 1
PAR  15 parts of isotactic polypropylene having an intrinsic viscosity [.eta.]
      of 2.0 in tetrahydronapthalene at 135.degree.C and 85  parts of
      dichloromethane were charged into a closed auto-clave provided with a
      heating jacket, together with 1% of nonipol 200 (polyoxyethylene alkyl
      aryl ether-type non-ionic surface active compound, manufactured by Sanyo
      Kasei Co., Ltd., Japan) based on the weight of the isotactic
      polypropylene, heated to 190.degree.C with stirring in order to dissolve
      the polypropylene and nonipol 200 in dichloromethane. The pressure of the
      gases in the auto-clave was increased to 39 kg/cm.sup.2 G with
      dichloromethane vapor produced by the heating.
PAR  The high temperature solution thus prepared was sprayed from the auto-clave
      into atmosphere through an orifice having a diameter of 0.5 mm and a
      length of 0.5 mm. The sprayed solution was coagulated by evaporation of
      dichloromethane, and formed a white micro-flake aggregation composed of
      micro-fine flakes. The resultant micro-flake aggregation was easily
      micro-flakable in tetrachloromethane by lightly beating the aggregation.
PAR  It was found by microscopic observation in an enlarged condition of 400
      times, that the micro-flakes had an average thickness of 5.mu., an average
      length of 1.0 mm, an average width of 0.5 mm and an average specific
      surface area of 0.22 m.sup.2 /g.
PAC  EXAMPLE 2 to 25
PAR  24 kinds of polyolefine micro-flake aggregations were prepared as indicated
      in Table 1. These aggregations were manufactured in the same manner as
      described in Example 1.
PAR  The features of the micro-flakes in the aggregations were as is indicated
      in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Ex.  Polymer                  Surface Active                              
     No.  [.eta.] or sp/c                                                      
                        Solvent    Compound                                    
     ______________________________________                                    
      2   Polypropylene Dichloro-                                              
          [.eta.] = 1.4 methane    A. Al. S (Na) (*1)                          
      3   Polypropylene Dichloro-                                              
          [.eta.] = 1.4 methane    A. A. S (Na) (*2)                           
      4   Polypropylene Dichloro-                                              
          [.eta.] = 1.4 methane    A. Naph. S (Na) (*3)                        
      5   Polypropylene Dichloro-  Na-Lauryl                                   
          [.eta.] = 1.4 methane    sulfate                                     
      6   Polyethylene  Dichloro-  Na-Lauryl                                   
          .eta. sp/c = 0.8                                                     
                        methane    sulfate                                     
      7   Polyethylene  Dichloro-                                              
          .eta.sp/c = 0.8                                                      
                        methane    A.A.S(Na)                                   
     ______________________________________                                    
               Content                                                         
               of Sur-                                                         
               face                                                            
               Active           Micro-Flake                                    
                     Compound                                                  
          Composition                                                          
                     (% based                                                  
          of Solution                                                          
                     on the    Temper-                                         
                                      Average                                  
                                             Average                           
     Ex.  Polymer/   weight of ature of                                        
                                      Thickness                                
                                             Length                            
     No.  Solvent    polymer)  Solution                                        
                                      (.mu.) (mm)                              
     ______________________________________                                    
      2   20/80      0.5       199    18     1.0                               
      3   18/82      0.7       180    20     1.1                               
      4   18/82      0.5       192    18     1.5                               
      5   15/85      0.1       195    8      1.0                               
      6   18/82      0.5       198    7      8.0                               
       7  20/80      0.2       198    20     1.0                               
     ______________________________________                                    
     Ex.  Polymer                  Surface Active                              
     No.  [.eta.] or .eta. sp/c                                                
                        Solvent    Compound                                    
     ______________________________________                                    
          Mixture                                                              
          Polyethylene: 70%                                                    
      8   .eta. sp/c = 0.8                                                     
                        Dichloro-  Na-Lauryl                                   
          Polypropylene: 30%                                                   
                        methane    sulfate                                     
          [.eta.] = 1.4                                                        
      9   Polypropylene Dichloro-                                              
          [.eta.] = 1.4 methane    P. OE. A. A. (*4)                           
     10   Polypropylene Dichloro-                                              
          [.eta.] = 2.0 methane    P. OE. A. A.                                
     11   Polypropylene Dichloro-  Alkyl-benzyl                                
          [.eta.] = 2.0 methane    ammonium chloride                           
     ______________________________________                                    
               Content                                                         
               of                                                              
               Surface                                                         
               Active           Micro-Flake                                    
                     Compound                                                  
          Composition                                                          
                     (% based                                                  
          of Solution                                                          
                     on the    Temper-                                         
                                      Average                                  
                                             Average                           
     Ex.  Polymer/   weight of ature of                                        
                                      Thickness                                
                                             Length                            
     No.  Solvent    polymer)  Solution                                        
                                      (.mu.) (mm)                              
     ______________________________________                                    
      8   17/83      1.0       200    15     1.0                               
      9   20/80      1.0       180    18     1.1                               
     10   15/85      0.5       202    6      1.0                               
     11   15/85      0.8       199    18     1.0                               
     ______________________________________                                    
     Ex.  Polymer                  Surface Active                              
     No.  [.eta. ] or .eta. sp/c                                               
                        Solvent    Compound                                    
     ______________________________________                                    
     12   Polypropylene Dichloro-                                              
          [.eta.] = 1.4 methane    A. Am. S (*5)                               
     13   Polypropylene Dichloro-                                              
          [.eta.] = 1.4 methane    A. Pr. H (*6)                               
     14   Polypropylene Dichloro-                                              
          [.eta.] = 2.0 methane    P. A. Ether (*7)                            
     15   Polypropylene Dichloro-                                              
          [.eta.] = 1.4 methane    P. A. Ether                                 
     16   Polypropylene Dichloro-                                              
          [.eta.] = 1.4 methane    P. A. Ether                                 
     ______________________________________                                    
               Content                                                         
               of                                                              
               Surface                                                         
               Active           Micro-Flake                                    
                     Compound                                                  
          Composition                                                          
                     (% based                                                  
          of Solution                                                          
                     on the    Temper-                                         
                                      Average                                  
                                             Average                           
     Ex.  Polymer/   weight of ature of                                        
                                      Thickness                                
                                             Length                            
     No.  Solvent    polymer)  Solution                                        
                                      (.mu.) (mm)                              
     ______________________________________                                    
     12   15/85      2.0       198    15     1.5                               
     13   18/82      1.0       199    15     1.5                               
     14   20/80      1.5       200    8      1.0                               
     15   20/80      3.0       200    5      1.0                               
     16   15/85      5.0       200    12     1.8                               
     ______________________________________                                    
     Ex.  Polymer                  Surface Active                              
     No.  [.eta.] or .eta. sp/c                                                
                        Solvent    Compound                                    
     ______________________________________                                    
          Mixture                                                              
          Polypropylene: 70%                                                   
                        Tetrachloro-                                           
     17   [.eta.] = 1.4 Tetrachloro-                                           
                                   P. A. P. Ether (*8)                         
          Polyethylene: 30%                                                    
                        methane                                                
          .eta. sp/c = 1.0                                                     
          Mixture                                                              
          Polypropylene: 70%                                                   
                        Tetra-                                                 
     18   [.eta.] = 2.0 chloro-    P. A. P. Ether                              
          Polyethylene: 30%                                                    
                        methane                                                
          .eta. sp/c = 0.8                                                     
          Polyethylene  Tetrachloro-                                           
     19   .eta. sp/c = 1.0                                                     
                        methane    P. A. Ether                                 
     20   Polyethylene  Dichloro-                                              
          .eta. sp/c = 1.0                                                     
                        methane    P. A. Ether                                 
     ______________________________________                                    
               Content                                                         
               of                                                              
               Surface                                                         
               Active           Micro-Flake                                    
                     Compound                                                  
          Composition                                                          
                     (% based                                                  
          of Solution                                                          
                     on the    Temper-                                         
                                      Average                                  
                                             Average                           
     Ex.  Polymer/   weight of ature of                                        
                                      Thickness                                
                                             Length                            
     No.  Solvent    polymer)  Solution                                        
                                      (.mu.) (mm)                              
     ______________________________________                                    
     17   18/82      0.05      200    6      8.0                               
     18   20/80      0.9       200    12     1.0                               
     19   19/81      1.0       199    10     1.0                               
     20   14/86      2.0       200    12     1.0                               
     ______________________________________                                    
     Ex.  Polymer                  Surface Active                              
     No.  [.eta.] or .eta. sp/c                                                
                        Solvent    Compound                                    
     ______________________________________                                    
     21   Polyethylene  Dichloro-                                              
          .eta. sp/c = 0.8                                                     
                        methane    P. A. Ether                                 
     22   Polypropylene Dichloro-                                              
          [.eta.] = 1.4 methane    P. A. Ether                                 
     23   Polyethylene  Dichloro-                                              
          .eta. sp/c = 0.8                                                     
                        methane    P. A. Ether                                 
                        Mixture                                                
     24   Polypropylene Dichloro-                                              
          [.eta.] = 1.4 methane: 50%                                           
                                   P. A. Ether                                 
                        Tetrachloro-                                           
                        methane: 50%                                           
                        Mixture                                                
     25   Polypropylene Tetrachloro-                                           
          [.eta.] = 1.4 methane: 50%                                           
                                   P. A. P. Ether                              
                        Chloro-                                                
                        form: 50%                                              
     ______________________________________                                    
               Content                                                         
               of                                                              
               Surface                                                         
               Active           Micro-Flake                                    
                     Compound                                                  
          Composition                                                          
                     (% based                                                  
          of Solution                                                          
                     on the    Temper-                                         
                                      Average                                  
                                             Average                           
     Ex.  Polymer/   weight of ature of                                        
                                      Thickness                                
                                             Length                            
     No.  Solvent    polymer)  Solution                                        
                                      (.mu.) (mm)                              
     ______________________________________                                    
     21   20/80      0.01      198    20     1.2                               
     22   15/85      15        198    15     1.5                               
     23   20/80      15        198    10     1.8                               
     24   20/80      0.1       200    7      1.0                               
     25   18/82      0.5       200    18     1.0                               
     ______________________________________                                    
     Note:                                                                     
     *1    A. Al. S (Na):                                                      
                        Na-higher alcohol sulfate                              
                        [ROSO.sub.3 Na]                                        
     *2    A. A. S (Na):                                                       
                        Na-alkyl aryl sulfonate                                
     *3    A. Naph. S (Na):                                                    
                        Na-alkylnaphthalene sulfonate                          
     *4    P. OE. A. A.:                                                       
                        Polyoxyethylene alkyl amine                            
                        (C.sub.2 H.sub.4 O)mH                                  
                         RN.angle.                                             
                        (C.sub.2 H.sub.4 O)nH                                  
     *5    A. Am. S:    Alkylamine salt                                        
                        [R.sub.1 NR.sub.2 R.sub.3 ].sup.+x .sup.-              
     *6    A. Pr. H:    Alkyl pyridinium halide                                
     *7    P. A. Ether: Polyoxyethylene alkyl ether                            
                        [RO(C.sub.2 H.sub.4 O)nH]                              
     *8    P. A. P. Ether:                                                     
                        Polyoxyethylene alkyl-phenyl ether                     
     ______________________________________                                    
PAR  In the above-mentioned formulas, R, R.sub.1, R.sub.2, and R.sub.3 represent
      alkyl radical, and X represents halogen atom.
PAR  The resultant micro-flake aggregations shown in Table 1 were easily
      micro-flakable in the solvents.
PAR  For comparison the present Example, the comparison Examples 1 to 4, as
      shown in Table 2, were carried out in the same manner as described in
      Example 1.
TBL                Table 2                                                     
     ______________________________________                                    
     Com-                                                                      
     par-                                 Composition                          
     ison                         Surface of Solution                          
     Ex-   Polymer                Active  Polymer/                             
     ample [.eta.] or .eta. sp/c                                               
                        Solvent   Compound                                     
                                          Solvent                              
     No.                                                                       
     ______________________________________                                    
     1     Polypropylene                                                       
                        Dichloro- P. A. P.                                     
           [.eta.] = 2.0                                                       
                        methane   Ether   44/56                                
     2     Polypropylene                                                       
                        Dichloro- P. A. P.                                     
           [.eta.] = 2.0                                                       
                        methane   Ether   10/90                                
     3     Polyethylene Dichloro- P. A. P.                                     
           .eta. sp/c = 0.8                                                    
                        methane   Ether   45/55                                
           Mixture                                                             
            Polypropyl-                                                        
            ene: 30%                                                           
     4      [.eta.] = 2.0                                                      
                        Dichloro- P. A. P.                                     
            Polyethyl-  methane   Ether   20/80                                
            ene: 70%                                                           
            .eta. sp/c = 1.0                                                   
     ______________________________________                                    
     Content of Surface                                                        
                  Temper-                                                      
     Active Compound                                                           
                  ature                                                        
     (% based on the                                                           
                  of Solu-                                                     
     weight of polymer)                                                        
                  tion     Product                                             
     ______________________________________                                    
     0.4          200      Non-flakable endless strand                         
                           having a net-work structure                         
     0.005        200      Non-flakable endless strand                         
                           having a net-work structure                         
     0.2          210      Non-flakable endless strand                         
                           having a net-work structure                         
     0.005        195      Non-flakable endless strand                         
                           having a net-work structure                         
     ______________________________________                                    
PAR  The resultant products were endless strands having a network structure, and
      not flakable by conventional beating.
PAC  EXAMPLE 26
PAR  0.3 parts of the polypropylene micro-flake aggregation obtained through the
      same process as stated in Example 1 was mixed into 99.7 parts of
      dichloromethane at 25.degree.C and heated by way of TAPPI Standard Sheet
      Machine in order to obtain a homogeneous slurry. Synthetic papers having a
      weight od 34 g/m.sup.2 and an average thickness of 79.mu. were formed from
      the slurry by way of a Fourdrinier-type paper machine.
PAR  The appearance of the resultant synthetic paper closely resembles that of
      the conventional middle class cellulosic papers and the tensile strength
      and breaking elongation were as shown in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
                                 Breaking                                      
     Item      Tensile Strength (kg)                                           
                                 Elongation (%)                                
     ______________________________________                                    
     Longitudinal                                                              
               3.64              12                                            
     Lateral   2.39              8.3                                           
     ______________________________________                                    
      Note: Testing specimen for determination of tensile strength and breaking
      elongation was prepared in a length of 180 mm and a width of 30 mm.      
PAR  For comparison with the present Example, polypropylene staple fibers having
      a length of 5 mm and a specific surface area of 0.11 m.sup.2 /g were
      prepared from a polypropylene multi-filament having an individual
      filamentary fineness of 10 denier. The polypropylene staples were
      suspended in dichloromethane and paper-formed in the same manner as
      described above. The resultant paper had a weight of 35 g/m.sup.2 and high
      bulkiness, but a poor tensile strength being lower than 0.8 kg, and thus,
      was practically unusable.
PAC  EXAMPLES 27 to 30
PAR  Polypropylene synthetic papers as shown in Table 4 were formed from the
      polypropylene micro-flake aggregation manufactured in the same manner as
      shown in Example 1.
PAR  The paper-forming process was carried out under the conditions shown in
      Table 4 and the resultant paper had the features as shown in Table 4.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Slurry          Paper                                                     
        Content of                                                             
                Beating   Thick-                                               
                              Tensile                                          
                                   Breaking                                    
     Ex.                                                                       
        Micro-Flake                                                            
                Time Weight                                                    
                          ness                                                 
                              Strength                                         
                                   Elongation                                  
     No.                                                                       
        (% by weight)                                                          
                (min)                                                          
                     (g/m.sup.2)                                               
                          (.mu.)                                               
                              (kg) (%)                                         
     __________________________________________________________________________
     27 0.3     3     40.5                                                     
                           91 7.21 58.7                                        
     28 0.3     5     75.5                                                     
                          116 2.85 7.5                                         
     29 0.1     2    151.4                                                     
                          270 11.6 7.5                                         
     30 0.5     1    101.0                                                     
                          120 4.35 8.1                                         
     __________________________________________________________________________
      Note: Tensile strength and breaking elongation were determined in a      
      longitudinal direction.                                                  
PAC  EXAMPLE 31
PAR  A polypropylene synthetic paper was formed in the same manner as indicated
      in Example 26. But, 0.36 parts of Bond H-7 (Commercial name of adhesive,
      essentially consisting of isobutylene-isoprene rubber made by Konishi
      Gisuke Corp., Japan) was dissolved in the polypropylene micro-flake
      slurry. Tensile strength and breaking elongation of the resultant paper
      were as shown in Table 5.
TBL                Table 5                                                     
     ______________________________________                                    
                                 Breaking                                      
     Item      Tensile Strength (kg)                                           
                                 Elongation (%)                                
     ______________________________________                                    
     Longitudinal                                                              
               5.25              36.6                                          
     Lateral   5.01              37.2                                          
     ______________________________________                                    
PAR  The resultant polypropylene paper was laundered in water by an electric
      laundering machine for 10 minutes. The laundered paper had an appearance
      closely resembling parchment and a soft hand feeling. This soft
      parchment-like synthetic paper was valuable for book covering paper and
      interior materials.
PAC  EXAMPLES 32 and 33
PAR  Two polymeric mixtures were prepared from a high density polyethylene and
      an isotactic polypropylene in the mixing ratios of 3 : 7 (Example 32) and
      of 7 : 3 (Example 33). Each polymeric mixture (17 parts) was mixed into 87
      parts of dichloromethane in the presence of Nonipol 160 (polyoxyethylene
      alkyl phenyl ethertype non-ionic surface active agent, manufactured by
      Sanyo Kasei Co., Ltd., Japan) of 0.17% based on the weight of the
      polymeric mixture, and then the mixture was heated to 190.degree.C for
      preparing a polymeric mixture solution.
PAR  Each polymeric mixture solution was subjected to the manufacturing process
      of the micro-flake aggregation by the same manner as stated in Example 1.
      Each resultant micro-flakes had an average thickness of 7.mu. and an
      average length of 0.55 mm.
PAR  Each micro-flake aggregation was mixed into a mixture liquid which
      consisted of dichloromethane and tetrachloromethane in a mixing ratio of
      50 : 50 at 27.degree.C, and beaten by a stirring device for 2 minutes so
      as to obtain a homogeneous slurry containing 0.6% of the micro-flakes.
PAR  The desired synthetic paper was obtained from each slurry by paper-forming
      by way of a Fourdrinier-type paper machine and then by drying the paper at
      50.degree. to 70.degree.C. Each resultant synthetic paper had a waxy and
      smooth hand feeling and a longitudinal tensile strength and breaking
      elongation as shown in Table 6.
TBL                Table 6                                                     
     ______________________________________                                    
     Example No.                                                               
               Tensile Strength                                                
                             Breaking Elongation                               
     ______________________________________                                    
     32        2.8           11.1                                              
     33        1.67          6.8                                               
     ______________________________________                                    
PAR  Table 6 shows that the synthetic paper of Example 32, which has a higher
      content of isotactic polypropylene, has a tensile strength higher than
      that of the synthetic paper of Example 33 which has a high content of high
      density polyethylene.
PAC  EXAMPLE 34
PAR  A polypropylene micro-flake aggregation prepared in the same manner as
      stated in Example 26, was suspended into dichloromethane so as to form a
      slurry. A linter pulp having a length of 5 mm of 0.17% based on the weight
      of the aggregation was further suspended into the slurry. The slurry thus
      obtained was subjected to a paper-forming process in the same manner as
      stated in Example 26. The resultant polypropylene synthetic paper was very
      bulky and was provided with the features as indicated in Table 7.
TBL                Table 7                                                     
     ______________________________________                                    
     Item                     Value                                            
     ______________________________________                                    
     Weight (g/m.sup.2)           55.8                                         
     Thickness (.mu.)             307                                          
                     Longitudinal 1.07                                         
     Tensile Strength                                                          
                     Lateral      1.07                                         
                     Longitudinal 3.9                                          
     Breaking Elongation                                                       
                     Lateral      3.0                                          
     ______________________________________                                    
PAC  EXAMPLE 35
PAR  A mixture composed of 10 parts of high density polyethylene, 0.6 parts of
      linter pulp having a length of 2 mm, 89.3 parts of dichloromethane and 0.1
      part of Newpol E (polyoxyethylene alkyl ether-type non-ionic surface
      active agent, made by Osaka Kagaku Co., Japan) was heated to 180.degree.C
      for preparing a high temperature high pressure polymeric solution. The
      resultant polymeric solution. The resultant polymeric solution was spurted
      through an orifice in the same manner as described in Example 1 in order
      to obtain the high density polyethylene micro-flake aggregation. The
      obtained aggregation was easily micro-flakable.
PAR  The resultant micro-flakes were provided with an average thickness of
      10.mu., an average length of 3 mm, an average width of 1 mm and an average
      specific surface area 0.2 m.sup.2 /g.
PAR  The aggregation was mixed into a mixture of tetrachloromethane and methanol
      (9 : 1) at 20.degree.C and beaten by way of a stirring device having a
      rotation of 1700 rpm for 3 minutes so as to prepare a homogeneous slurry
      containing 0.1% by weight of the micro-flakes. The resultant slurry was
      subjected to the synthetic paper-forming process as stated in Example 26.
PAR  The obtained polyethylene synthetic paper had a moisture regain of
      approximately 6% under a standard condition wherein, temperature was
      20.degree.C and relative humidity 67%. Further, the synthetic paper was
      dyeable with direct dye, for example, Japanol Brilliant Blue 6 BKX
      (manufactured by Sumitomo Chemical Co., Japan).
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for manufacturing a synthetic microflake aggregate useful for
      producing a paper-like synthetic sheet, comprising
PA1  a. preparing, in a closed container, a solution at a temperature not lower
      than 100.degree.C, containing 5 to 40 weight percent of at least one
      polyolefin in an organic solvent capable of dissolving said polyolefin and
      having a boiling point not higher than said temperature of said solution
      at normal pressure, in the presence of 0.01 to 15%, based on the weight of
      said polyolefin, of at least one surface active compound,
PA1  b. spraying said polyolefin solution from said closed container through an
      orifice into an atmosphere maintained at a lower pressure than the
      pressure of said solution in said closed container, and
PA1  c. rapidly evaporating said organic solvent from said sprayed solution,
      whereby said solution is finely divided and converted to an aggregate of
      numerous irregular shaped micro-flakes.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein said polyolefin is
      polypropylene.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein said polyolefin is
      polyethylene.
NUM  4.
PAR  4. Process as claimed in claim 1, wherein said polyolefin is a mixture of
      polyethylene and polypropylene.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein said surface active compound is
      selected from anionic surface active compounds.
NUM  6.
PAR  6. A process as claimed in claim 5, wherein said anionic compound is
      selected from the group consisting of fatty acid soaps, naphthenic acid
      soaps, Turkey red oil, sulfuric acid fatty ester salts, sulfonated fatty
      acid ester salts, fatty acid ester sulfuric ester salts, fatty acid amide
      sulfuric ester salts, fatty alcohol sulfuric ester salts, alkyl sulfuric
      ester salts, alkyl sulfuric salts, alkylaryl sulfuric salts, fatty acid
      amide sulfuric salts, secondary alcohol sulfuric ester salts, alkyl
      phosphorous ester, phosphoric alkyl esters, alkyl phosphoric salts and
      alkyl phenol-polyethylene glycol sulfuric ester salts.
NUM  7.
PAR  7. A process as claimed in claim 1, wherein said surface active compound is
      selected from cationic surface active compounds.
NUM  8.
PAR  8. A process as claimed in claim 7, wherein said cationic compound is
      selected from the group consisting of fatty amines, quaternary alkyl
      ammonium compounds, basic alkyl pyridinium salts, basic alkyl picolinium
      salts and alkyl benzimidazoles.
NUM  9.
PAR  9. A process as claimed in claim 1, wherein said surface active compound is
      selected from non-ionic surface active compounds.
NUM  10.
PAR  10. A process as claimed in claim 9, wherein said non-ionic compound is
      selected from the group consisting of polyoxyethylene alkyl esters,
      polyoxyethylene alkyl ethers, polyoxyethylene alkylaryl ethers, alcohol
      fatty acid esters, polyoxyethylene sorbitan fatty acid esters,
      polyoxyethylene alkylamines, fatty acid alkanol amides,
      polyoxyethylene-polyoxypropylene block copolymers and polyoxyethylene
      alkylthioethers.
NUM  11.
PAR  11. A process as claimed in claim 1, wherein said surface active compound
      is selected from amphoteric surface active compounds.
NUM  12.
PAR  12. A process as claimed in claim 11, wherein said amphoteric surface
      active compound is selected from the group consisting of betain amphoteric
      compounds, sulfobetain amphoteric compounds, sulfuric ester amphoteric
      compounds and phosphoric ester amphoteric compounds.
NUM  13.
PAR  13. A process as claimed in claim 1, wherein said organic solvent is
      selected from the group consisting of aromatic hydrocarbons, aliphatic
      hydrocarbons, alicyclic hydrocarbons, chlorinated hydrocarbons,
      fluorinated hydrocarbons, and mixtures of two or more of the
      above-mentioned compounds.
NUM  14.
PAR  14. A process as claimed in claim 13, wherein said aromatic hydrocarbon is
      selected from the group consisting of benzene, toluene and xylene.
NUM  15.
PAR  15. A process as claimed in claim 13, wherein said aliphatic hydrocarbon is
      selected from the group consisting of butane, pentane, hexane, heptane,
      octane, and isomers thereof.
NUM  16.
PAR  16. A process as claimed in claim 13, wherein said alicyclic hydrocarbon is
      cyclohexane.
NUM  17.
PAR  17. A process as claimed in claim 13, wherein said chlorinated hydrocarbon
      is selected from the group consisting of dichloromethane, chloroform,
      chloroethane, tetrachloromethane and chloromethane.
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ABST
PAL  Vacuole-free films, filaments and fibers consisting of a polymer mixture
      which comprises a copolymer of acrylonitrile and a polymer which is
      obtained by a polymer-analogue reaction of a polyacrylic acid ester with
      dimethylamine, said polymer containing from 40-99 mol % of N,N-dimethyl
      acrylamide units.
BSUM
PAR  This invention relates to vacuole-free filaments and films of a polymer
      mixture of an acrylonitrile copolymer with a polymer of a polyacrylic acid
      ester and dimethylamine.
PAR  Films, fibres and filaments produced from acrylic and modacrylic polymers
      often lose their gloss and appear dull when they come into contact with
      hot water or steam at elevated temperature. This applies in particular to
      fibre materials produced from acrylonitrile/vinylidene chloride
      copolymers, acrylonitrile/vinyl chloride copolymers and
      acrylonitrile/vinyl bromide copolymers, which are important in the
      production of substantially non-inflammable articles. The undesirable
      dullness is produced by extremely small cavities known as vacuoles which
      are formed inside the shaped articles under the external conditions
      mentioned above. Shaped articles such as filaments are inevitably exposed
      to the effect of hot water or steam during processing, for example during
      stretching and crimping in the case of filaments, during dyeing in the
      case of the yarns produced from them and during washing and ironing in the
      case of the finished fabrics. The dulling effect of the vacuoles is
      uncontrollable and would appear to be governed to a large extent by the
      external conditions, for example by the intensity with which and the
      temperature at which the water comes into contact with the filaments or
      films, so that the articles produced from the filaments or films are
      uneven in their appearance.
PAR  It has now been found that the formation of the vacuoles in fibres or films
      of copolymers of acrylonitrile with from 20 to 80 % by weight of
      vinylidene chloride and/or vinyl chloride and/or vinyl bromide can be
      significantly reduced or even completely avoided by adding, to the
      spinning solutions of the acrylonitrile copolymers and organic solvents,
      polymers containing N,N-dimethyl acrylamide, which are obtained by the
      polymer-analogue reaction of polyacrylic acid esters, especially
      polyacrylic acid methyl ester, with dimethylamine. These gloss-stabilising
      additives can contain from 40 to 99 mol % of N,N-dimethyl acrylamide units
      in the polymer chain and develop their activity when added to the film-
      and fibre-forming acrylonitrile copolymers in a quantity of from 4 to 20 %
      by weight.
PAR  It is an object of this invention to provide vacuole-free fibers, films and
      filaments.
PAR  Further objects will be evident from the description and the examples.
PAR  These objects are accomplished by fibers, films and filaments consisting of
      a polymer mixture which comprises:
PAR  A. FROM 80 TO 96 % BY WEIGHT OF A COPOLYMER OF ACRYLONITRILE WITH FROM 20
      TO 80 % BY WEIGHT OF A MEMBER SELECTED FROM THE GROUP CONSISTING OF
      VINYLIDENE CHLORIDE, VINYL CHLORIDE, VINYL BROMIDE AND A MIXTURE OF THESE,
      AND, OPTIONALLY, WITH FROM 0 TO 5 % BY WEIGHT OF A MONOMER SELECTED FROM
      THE GROUP CONSISTING OF A MONOMER WITH AT LEAST ONE FUNCTIONAL ACID GROUP,
      A MONOMER WITH AT LEAST ONE FUNCTIONAL BASIC GROUP AND A MONOMER WITH AT
      LEAST ONE FUNCTIONAL ACID AND BASIC GROUP, AND
PAR  B. FROM 20 TO 4 % BY WEIGHT OF A POLYMER CONTAINING N,N-dimethyl acrylamide
      units obtained by the polymer-analogue reaction of polyacrylic acid
      esters, preferably polyacrylic acid methyl ester, with dimethylamine. The
      amide units can amount to between 40 and 99 mol %.
PAR  The molecular weight of the amide-containing copolymers added in accordance
      with the invention can vary within wide limits. Generally, polymers with
      K-values (according to H. Fikentscher, Cellulosechemie 13 (1932), page 58)
      of from 10 to 100 are effective, polymers with a K-value of from 30 to 70
      being particularly favourable.
PAR  The quantity of additive required to produce adequate gloss stabilisation
      in the film- and fibre-forming base material (a) is governed to a crucial
      extent by the N,N-dimethyl acrylamide content of the added polymer
      component (b). The quantity required is smaller, the higher the
      N,N-dimethyl acrylamide group content of the polymer. In the case of the
      polymers (b), the greatest effectiveness, which is governed to a lesser
      extent by the composition of the base material a), is obtained with a
      content of amide units of from 60 to 99 mol %, for example 60 to 90 mol %,
      but also 90.1 to 99 mol %. In these cases, vacuole-free filaments and
      films are obtained with an addition of as little as 4 to 10 % by weight.
PAR  Suitable organic solvents which can be used for the preparation of the
      spinning solutions from the mixtures according to the invention include
      the usual polar solvents for polyacrylonitrile, such as dimethyl
      formamide, dimethyl acetamide, ethylene carbonate, .gamma.-butyrolactone,
      dimethyl sulfoxide or hexamethyl phosphoric acid triamide. Acetone,
      cyclohexanone or tetrahydrofuran, for example, can also be used as the
      solvents.
PAR  Although it is known to be possible by adding 5 to 30 parts by weight of a
      homopolymer of a (meth)acrylamide of the general formula (I):
      ##EQU1##
      in which R.sub.1 represents hydrogen or CH.sub.3 whilst R.sub.2 and
      r.sub.3, represent hydrogen or an alkyl group with 1 to 6 carbon atoms, or
      by adding at least 50 % copolymers of these (meth) acrylamides to 70 to 95
      parts by weight of copolymers of acrylonitrile with vinylidene chloride or
      vinyl chloride, to improve the hydrophilicity and dyeability of filaments
      and fibres of polymer mixtures such as these, the gloss-stabilising effect
      of these amide-containing polymers, i.e. the elimination of troublesome
      vacuole formation during the treatment of films and filaments of
      modacrylic polymers with hot water or steam, is not mentioned in DAS No.
      1,059,614, nor is it achieved by the majority of the amide-containing
      polymers described, instead it is unique to dimethyl acrylamide
      homopolymers and a few special dimethyl acrylamide copolymers.
PAR  Neither do graft polymers, for example of acrylonitrile and acrylamides,
      either as such or as additives to fibre-forming acrylonitrile polymers,
      produce the adequate technical effect which is obtained in accordance with
      the invention by the addition of N,N-dimethyl acrylamide copolymers
      obtained by polymer-analogue reaction. The films and filaments of polymer
      mixtures according to the invention differ basically from films and
      filaments of known polymers in that the films and filaments according to
      the invention consist of polymer mixtures which do not contain any graft
      polymer.
PAR  It is also known that homopolymers and copolymers of N,N-dimethyl
      acrylamide containing from 0 to 80 mol % of acrylonitrile can be used as
      gloss-stabilising additives for copolymers of acrylonitrile containing
      from 20 to 80 % by weight of vinylidene chloride and/or vinyl chloride,
      reference having been made to their specific activity within the group of
      polymers containing N-monosubstituted or -disubstituted (meth)
      acrylamides.
PAR  It has now been found that other copolymers of N,N-dimethyl acrylamide,
      above all those materials which are obtained by copolymerisation with
      (meth) acrylic acid esters, give vacuole-free films and filaments when
      added in relatively high concentrations to the film- or fibre-forming base
      material. Thus, an adequate effect can be obtained with N,N-dimethyl
      acrylamide/acrylic acid methyl ester copolymers containing from 70 to 90
      mol % of the amide component by an addition of at least 15 % by weight.
PAR  It was surprising that polymers obtained by the polymeranalogue reaction of
      polyacrylic acid esters, especially polyacrylic acid methyl ester, with
      dimethylamine should produce the required gloss stabilisation in a much
      lower concentration of from 5 to 10 % by weight, despite their comparable
      amide content.
PAR  Fractionation tests have shown that the reaction products of polyacrylic
      acid alkyl esters and dimethylamine do not have a high chemical
      uniformity. Thus, the amide content of the relatively high molecular
      weight fractions distinctly decreases, in other words the degree of
      reaction of the relatively high molecular weight polyacrylic acid ester
      fractions is appreciably lower. A polymerisation composition of this kind
      cannot be obtained by copolymerising the monomers by conventional
      processes, nor is it generally sought. In the present case, however, it
      must be regarded as favourable because it is possible in this way to
      produce vacuole-free films and filaments with much smaller additions.
PAR  The frequently inadequate dyeability of the claimed fibers, filaments and
      films can be obtained in a known manner in the present base material by
      copolymerising small quantities, generally about 1 to 3 % by weight, of a
      monomer with acid or basic groups, for example styrene sulfonic acid, a
      disulfonimide, vinyl pyridine or a sulfobetaine.
PAR  Adverse effects upon the properties of the films and fibres, for example
      increased shrinkage or reduced flameresistance of the materials, do not
      occur by virtue of the addition of the N,N-dimethyl acrylamide copolymers
      obtained by polymer-analogue reaction, which must be regarded as another
      advantage of the process according to the invention for the production of
      vacuole-free films, fibers and filaments.
PAR  The effectiveness of the N,N-dimethyl acrylamide-containing polymers in
      preventing vacuole formation can be tested on film materials. The
      aftertreatment stages through which the fibres pass during their
      production are largely simulated in the following test:
PA1  1. Film formation from dimethyl formamide solution (50.degree.C)
PA1  2. stretching the film material in boiling water in a ratio of 1:4
PA1  3. Boiling the film strips stretched across frames for 1 hour in boiling
      water
PA1  4. Drying the test strips at 50.degree.C (1 hour)
PA1  5. Tempering the film strips at 140.degree.C (20 minutes)
PA1  6. Boiling the films in boiling water (1 hour)
PA1  7. Drying the film strips at 50.degree.C (30 minutes)
PAR  After the last two treatment stages (6 and 7), gloss-stable film materials
      should not show any more signs of hazing and should be clearly transparent
      and glossy. The quality of the films is assessed on an arbitrary scale in
      which 0 stands for no visible hazing caused by vacuoles, whilst 8 stands
      for very pronounced hazing by numerous vacuoles.
TBL  ______________________________________                                    
     Mark        Appearance of the film specimens                              
     ______________________________________                                    
     8      brilliant white, no gloss                                          
     7      white, no gloss                                                    
     6      pale white, no gloss                                               
     5      transparent, still hazy, still no gloss                            
     4      transparent, still slightly hazy with some gloss                   
     3      almost clear with some gloss                                       
     2      almost clear, glossy                                               
     1      clear, glossy                                                      
     0      clear with high gloss                                              
     ______________________________________                                    
PAR  The K-values of the polymers quoted in the following Examples were
      determined at 25.degree.C in 0.5 % dimethyl formamide solution according
      to Fikentscher, Cellulosechemie 13 (1932), page 58.
DETD
PAR  The following examples are to further illustrate the invention without
      limiting it.
PAC  EXAMPLE 1
PAC  Production of an N,N-dimethyl Acrylamide Copolymer by Polymer-analogue
      Reaction
PAR  240 g of polyacrylic acid methyl ester (molecular weight M.sub.v =
      250,000), dissolved in 1360 g of dimethyl formamide, are reacted with 140
      g of dimethylamine in a three litre titanium shaker-type autoclave. The
      molar excess of dimethylamine amounts to 10 %. At a reaction temperature
      of 180.degree.C, the internal pressure in the reaction vessel initially
      rises to 20 atms. and then falls with increasing degree of reaction to
      approximately 10 atms. After 8 hours, a pale yellow coloured reaction
      solution is recovered, a polymer with a nitrogen content of 11.4 % being
      isolated from it. The polymer consists of 80 % by weight of N,N-dimethyl
      acrylamide units and forms a clear solution in methanol and water and has
      a K-value of 73.5. (Copolymerisate B )
PAC  EXAMPLE 2
PAR  10 % solutions in dimethyl formamide were prepared from the following
      polymer mixtures consisting of a copolymer (A) of 58.5 % by weight of
      acrylonitrile, 38.5 % by weight of vinylidene chloride and 3 % by weight
      of methacrylaminobenzene benzene disulfonimide with a K-value of 92.5, and
      of the polymeric additive component (copolymerisate B ) as prepared in
      Example 1.
TBL  ______________________________________                                    
                  I       II      III   IV   V                                 
     % by weight (A)                                                           
                  100     95      90    85   80                                
     % by weight (B)                                                           
                   0       5      10    15   20                                
     ______________________________________                                    
PAR  The gloss-stabilising effect of component (B) is determined by the test
      method described on page 8. The appearance of the films after the various
      treatment stages can be assessed as in Table (I)
TBL                Table (I)                                                   
     ______________________________________                                    
     Films boiled   tempered   Boiled for 1 hour                               
     for 1 hour     at 140.degree.C                                            
     moist       dry               moist   dry                                 
     ______________________________________                                    
     I       8       8      5        8       8                                 
     II      7       7      3        5       5                                 
     III     6       6      1        2       2                                 
     IV      4       3      1        1       1                                 
     V       2       2      0        1       0                                 
     ______________________________________                                    
PAR  A vacuole-free glossy film can be obtained with 10 % of component (B)
      obtained by polymer-analogue reaction.
PAC  Comparison Example 1
PAC  Production of an N,N-dimethyl Acrylamide/Acrylic Acid Methyl Ester
      Copolymer
PAR  16.5 parts by weight of N,N-dimethyl acrylamide and 3.5 parts by weight of
      acrylic acid methyl ester are polymerised in 100 parts by volume of
      tert.-butanol over a period of 8 hours under nitrogen at a temperature of
      80.degree.C following the addition of 0.03 parts by weight of
      azodiisobutyrodinitrile. The viscous solution is diluted with 100 parts by
      volume of methanol. The polymer is isolated by precipitation from
      petroleum ether. An N,N-dimethyl acrylamide/acrylic acid methyl ester
      copolymer containing 81 % by weight of amide is obtained. K-value: 71.0,
      Yield: 89 %. (Copolymerisate C )
PAC  Comparison Example 2
PAR  10 % solutions in dimethyl formamide are prepared from the following
      polymer mixtures consisting of a copolymer (A) of example 2, consisting of
      58.5 % by weight of acrylonitrile, 38,5% by weight of vinylidene chloride
      and 3 % by weight of methacrylaminobenzene benzene disulfonimide with a
      K-value of 92.5, and of the copolymer (C) as prepared in Comparison
      Example 1.
TBL  ______________________________________                                    
                  I       II      III   IV   V                                 
     % by weight (A)                                                           
                  100     95      90    85   80                                
     % by weight (C)                                                           
                  0        5      10    15   20                                
     ______________________________________                                    
PAR  The gloss-stabilising effect of component (C) obtained by copolymerisation
      is determined by the test method described on page 8. The appearance of
      the films after the various treatment stages can be assessed as in Table
      (II).
TBL                Table (II)                                                  
     ______________________________________                                    
     Films boiled   tempered   Boiled for 1 hour                               
     for 1 hour     at 140.degree.C                                            
     moist       dry               moist   dry                                 
     ______________________________________                                    
     I       8       8      6        8       8                                 
     II      8       8      5        8       8                                 
     III     7       7      3        4       4                                 
     IV      4       4      1        2       1                                 
     V       2       2      0        1       0                                 
     ______________________________________                                    
PAR  The product (C) obtained by the copolymerisation of N,N-dimethyl acrylamide
      and acrylic acid methyl ester only produces an adequate gloss-stabilising
      effect when added in a quantity of 15 %.
PAC  EXAMPLE 3
PAR  Polymers differing in their N,N-dimethyl acrylamide content are produced as
      in Example 1 by the polymer analogue reaction of polyacrylic acid methyl
      ester with varying quantities of dimethylamine. They can be characterised
      as follows:
TBL  N,N-dimethylacrylamide content [% by weight] K-value                      
            (D)      52         65                                             
            (E)      68         66                                             
            (F)      86         70                                             
            (G)      94         68                                             
PAR  10 % solutions in dimethyl formamide are prepared from polymer mixtures
      consisting of a copolymer (A) of example 2 consisting of 58.5 % by weight
      of acrylonitrile, 38.5 % by weight of vinylidene chloride and 3 % by
      weight of methacrylaminobenzene benzenedisulfonimide (K-value 92.5), with
      5 or 10 % by weight of the polymeric additives (D), (E), (F) or (G). The
      dulling of the films prepared from the solutions is assessed in Table
      (III) by the test described.
TBL                Table (III)                                                 
     ______________________________________                                    
               Films boiled                                                    
                        tempered  Boiled for                                   
               for 1 hour                                                      
                        at 140.degree.C                                        
                                  1 hour                                       
               moist dry              moist dry                                
     ______________________________________                                    
     no addition 8       8      5       8     8                                
     with  5 % (D)                                                             
                 8       8      5       8     8                                
     with 10 % (D)                                                             
                 6       6      4       5     5                                
     with  5 % (E)                                                             
                 6       6      4       5     4                                
     with 10 % (E)                                                             
                 5       4      2       3     2                                
     with  5 % (F)                                                             
                 6       6      2       5     4                                
     with 10 % (F)                                                             
                 5       4      1       2     1                                
     with  5 % (G)                                                             
                 5       5      2       2     2                                
     with 10 % (G)                                                             
                 2       2      0       1     0                                
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  10 % solutions in dimethyl formamide are prepared from a copolymer (H),
      obtained by emulsion polymerisation, of 55 % by weight of vinyl chloride
      and 45 % by weight of acrylonitrile with a K-value of 68, without and with
      additions of 5, 10, 15 and 20 % by weight of the copolymer (B) described
      in Example 1. The quantity of the films prepared from these solutions is
      assessed in Table (IV) by the test method described on page 8:
TBL                Table (IV)                                                  
     ______________________________________                                    
               Films boiled                                                    
                        tempered  Boiled for                                   
               for 1 hour                                                      
                        at 140.degree.C                                        
                                  1 hour                                       
               moist dry              moist dry                                
     ______________________________________                                    
     no addition 6       6      4       5     5                                
     with  5%    6       6      3       4     4                                
     with 10 %   5       5      2       3     2                                
     with 15 %   4       3      1       1     1                                
     with 20 %   2       2      0       0     0                                
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  10 % solutions in dimethyl formamide were prepared from the following
      polymer mixtures consisting of a copolymer (J) of 58 % by weight of
      acrylonitrile, 27 % by weight of vinylidene chloride, 12 % by weight of
      vinyl bromide and 3 % by weight of methacrylaminobenzene
      benzenedisulfonimide with a K-value of 93.5, and of the polymeric additive
      component (B) described in Example 1.
TBL  ______________________________________                                    
                  I       II      III   IV   V                                 
     % by weight (J)                                                           
                  100     95      90    85   80                                
     % by weight (B)                                                           
                  0        5      10    15   20                                
     ______________________________________                                    
PAR  The gloss-stabilising effect of component (B) is determined by the test
      method described. The appearance of the films after the various treatment
      stages can be assessed as in Table (V).
TBL                Table (V)                                                   
     ______________________________________                                    
     Films boiled   tempered   Boiled for                                      
     for 1 hour     at 140.degree.C                                            
                               1 hour                                          
     moist       dry               moist   dry                                 
     ______________________________________                                    
     I       8       8      6        8       8                                 
     II      7       7      4        6       7                                 
     III     6       6      3        4       3                                 
     IV      5       4      2        2       2                                 
     V       3       3      0        1       0                                 
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  30 % spinning solutions in dimethyl formamide of the following composition
      are prepared from a copolymer (A) of example 2, consisting of 58.7 % by
      weight of acrylonitrile, 38.3 % by weight of vinylidene chloride and 3 %
      by weight of methacrylaminobenzene benzenedisulfonimide with a K-value of
      93.5, and of a polymer (K) prepared in accordance with Example 1 with an
      N,N-dimethyl acrylamide content of 81 % by weight and a K-value of 75.0.
TBL  ______________________________________                                    
                parts by                                                       
                       parts by parts by                                       
                weight weight   weight                                         
                (A)    (K)      DMF                                            
     ______________________________________                                    
            I     3000      0       7000                                       
            II    2775     225      7000                                       
            III   2700     300      7000                                       
            IV    2625     375      7000                                       
     ______________________________________                                    
PAR  These solutions are spun in known manner from a spinneret with 120 holes of
      0.25 mm in diameter in a spinning duct heated to 165.degree.C into
      filaments with a spinning denier of 9.4 dtex, run off at a rate of 200
      m/minute and wound up. The filaments thus obtained are stretched in a
      ratio of 1:3.7 in boiling water, passed through a washingwater bath at
      80.degree.C and a preparation bath at 60.degree.C and then dried in a
      hot-air dryer at 140.degree.C and wound up. Filaments with a circular
      cross section and a glossy appearance are obtained. When the bundle of
      filaments is immersed in a mixture of 30 parts by weight of chlorobenzene
      and 70 parts by weight of o-nitrotoluene, the filaments become transparent
      and the mixture appears homogeneous, in other words no vacuoles are
      present in the filaments.
PAR  In order to test their gloss stability, samples of the films obtained as
      described above are boiled for 30 minutes in a boiling water bath,
      compressed between filter paper and then dried for 1 hour at 50.degree.C
      in a recirculatingair drying cabinet. The samples are visually assessed in
      regard to their appearance and, in order to reveal the vacuole content,
      are immersed in the mixture of 30 % of chlorobenzene and 70 % of
      nitrotoluene. The filament haze revealed in this way is assessed on the
      basis of a 0 to 10 scale, 0 standing for complete transparency and 10 for
      complete opacity. Result:
TBL                  Haze  Appearance                                          
                     mark                                                      
     ______________________________________                                    
     I     no addition     10      dull white                                  
     II    with 7.5 % of (K)                                                   
                           5       white, with high                            
                                   surface gloss                               
     III   with 10.0 % of (K)                                                  
                           3       glossy with a few                           
                                   white streaks                               
     IV    with 12.5 % of (K)                                                  
                           1       glossy                                      
     ______________________________________                                    
PAR  The following process can be used to reveal more clearly the differences in
      gloss: the glossy stretched filaments are re-wound on to perforated metal
      spools until about 5 layers have been applied. The ends of the filaments
      are knotted together. The spools are then introduced into an already
      boiling water bath in which they are boiled for 30 minutes. After drying
      at 50.degree.C, even slight differences in gloss can readily be recognised
      through the parallel position of the filaments. Visual assessment gives
      the following results:
PA1  I dull, white, low surface gloss
PA1  Ii opalescent, high surface gloss
PA1  Iii glossy with only a few isolated hazy capillaries
PA1  Iv completely glossy as before boiling.
PAC  EXAMPLE 7
PAR  36 % spinning solutions in dimethyl formamide of the following composition
      are prepared from a copolymer (L) of 58.1 % by weight of vinyl chloride
      and 41.5 % by weight of acrylonitrile with a K-value of 70.5 and of a
      polymer (M) obtained in accordance with Example 1 with 79 % by weight of
      N,N-dimethyl acrylamide units and a K-value of 64:
TBL            parts by                                                        
                      parts by parts by                                        
               weight weight   weight                                          
               (L)    (M)      DMF                                             
     ______________________________________                                    
     I           3600     --       6400                                        
     II          3312     288      6400                                        
     III         3240     360      6400                                        
     ______________________________________                                    
PAR  In accordance with Example 6, these solutions are spun into filaments with
      a spinning denier of 9.6 dtex, stretched in a ratio of 1:4 in boiling
      water, washed, prepared and dried for 75 seconds at 140.degree.C in a
      hot-air cylinder dryer. The filaments are glossy and have a round cross
      section.
PAR  The testing method described in Example 6 gives the following results:
PAR  1. Vacuole test in the mixture of 30 % of chlorobenzene and 70 % of
      nitrotoluene
TBL                 Haze  Appearance                                           
                    mark                                                       
     ______________________________________                                    
     I      no addition   10      dull, white                                  
     II     with 8% of (M)                                                     
                          4       opalescent with                              
                                  high surface gloss                           
     III    with 10% of (M)                                                    
                          1       glossy                                       
     ______________________________________                                    
PAR  2. Spool gloss test
PA1  I matt, white
PA1  Ii opalescent, high surface gloss
PA1  Iii glossy.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A synthetic film, fiber or filament comprising a mixture of
PA1  a. from 80 to 96% by weight of a copolymer of acrylonitrile with from 20 to
      80% by weight of vinylidene chloride, vinyl chloride, vinyl bromide or a
      mixture of these, and with from 0 to 5% by weight of a monomer with at
      least one functional acid group, a monomer with at least one functional
      basic group or a monomer with at least one functional acid and basic
      group; and
PA1  b. from 20 to 4% by weight of a polymer obtained by reacting a polyacrylic
      acid ester with dimethylamine under conditions which result in said
      polymer (b) containing 40 to 90 mol % of N,N-dimethylacrylamide units;
      said film, fiber or filament having improved gloss characteristics
      compared to the corresponding film, fiber or filament in which the (b)
      component is a polymer prepared by conventional addition copolymerization
      of the acrylic acid ester and N,N-dimethylacrylamide.
NUM  2.
PAR  2. A synthetic film, fiber or filament comprising a mixture of
PA1  a. from 80-96% by weight of a copolymer of acrylonitrile with from 20-80%
      by weight vinylidene chloride, vinyl chloride, vinyl bromide or a mixture
      of these; and
PA1  b. from 20-4% by weight of a polymer obtained by reacting polyacrylic acid
      ester with dimethylamine under conditions which result in said polymer (b)
      containing 40 to 90 mol % of N,N-dimethylacrylamide units; said film,
      fiber or filament having improved gloss characteristics compared to the
      corresponding film, fiber or filament in which the (b) component is a
      polymer prepared by conventional addition copolymerization of the acrylic
      acid ester and N,N-dimethylacrylamide.
NUM  3.
PAR  3. A process for the production of a vacuole-free film, fiber or filament
      which comprises dissolving a polymer mixture containing an acrylonitrile
      copolymer in a polar organic solvent and shaping said film, fiber or
      filament from the solution thus obtained, said polymer mixture containing
      an acrylonitrile copolymer comprising
PA1  a. from 80-96% by weight of a copolymer of acrylonitrile with from 20 to
      80% by weight of vinylidene chloride, vinyl chloride vinyl bromide or a
      mixture thereof, and with from 0 to 5% by weight of a monomer having at
      least one functional acid group, having at least one functional basic
      group and having at least one functional acid and basic group; and
PA1  b. from 20 to 4% by weight of a polymer obtained by reacting a polyacrylic
      acid ester with dimethylamine under conditions which result in said
      polymer (b) containing 40 to 90 mol % of N,N-dimethylacrylamide units;
      said film, fiber or filament having improved gloss characteristics
      compared to the corresponding film, fiber or filament in which the (b)
      component is a polymer prepared by conventional addition copolymerization
      of the acrylic acid ester and N,N-dimethylacrylamide.
NUM  4.
PAR  4. A process for the production of a vacuole-free film, fiber or filament
      which comprises dissolving a polymer mixture containing an acrylonitrile
      copolymer in a polar organic solvent and shaping said film, fiber or
      filament from the solution thus obtained, said polymer mixture containing
      an acrylonitrile copolymer comprising
PA1  a. from 80-96% by weight of a copolymer of acrylonitrile with from 20 to
      80% by weight of vinylidene chloride, vinyl chloride, vinyl bromide or a
      mixture thereof; and
PA1  b. from 20-4% by weight of a polymer obtained by reacting polyacrylic acid
      ester with dimethylamine under conditions which result in said polymer (b)
      containing 40 to 90 mol % of N,N-dimethylacrylamide units; said film,
      fiber or filament having improved gloss characteristics compared to the
      corresponding film, fiber or filament in which the (b) component is a
      polymer prepared by conventional addition copolymerization of the acrylic
      acid ester and N,N-dimethylacrylamide.
NUM  5.
PAR  5. The synthetic film, fiber and filament of claim 1, in which said
      polyacrylic acid ester is polyacrylic acid methyl ester.
NUM  6.
PAR  6. The synthetic film, fiber and filament of claim 2, in which said
      polyacrylic acid ester is polyacrylic acid methyl ester.
NUM  7.
PAR  7. The synthetic film, fiber and filament of claim 1, in which said
      component (b) has a K-value (according to Fikentscher CELLULOSECHEMIE 13
      (1932), page 58) of from 10 to 100.
NUM  8.
PAR  8. The synthetic film, fiber and filament of claim 2, in which said
      component (b) has a K-value (according to Fikentscher CELLULOSECHEMIE 13
      (1932), page 58) of from 10 to 100.
NUM  9.
PAR  9. The synthetic film, fiber and filament of claim 1, in which said
      component (b) contains 60 to 90 mol % of dimethylacrylamide units.
NUM  10.
PAR  10. The synthetic film, fiber and filament of claim 2, in which said
      component (b) contains 60 to 90 mol % of dimethylacrylamide units.
NUM  11.
PAR  11. The synthetic film, fiber or filament of claim 1 in which said
      component (b) comprises 5 to 10% by weight of said polymer mixture.
NUM  12.
PAR  12. The synthetic film, fiber or filament of claim 2, in which said
      component (b) comprises 5 to 10% by weight of said polymer mixture.
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ABST
PAL  Polyalkylene glycol vinylphosphates having the formula:
      ##EQU1##
      ARE PROVIDED WHEREIN R is a polyalkylene glycol residue, n is an integer
      from 1 to about 100, R' is selected from the group consisting of hydrogen,
      alkyl and haloalkyl and Z and Y are each selected from the group
      consisting of halogen, hydrogen and alkyl, provided Z and Y are not both
      hydrogen or alkyl. Also provided are flame retardant polymeric
      compositions containing said phosphates alone or in combination with other
      reactive or non-reactive flame retardants.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      410,674, filed Nov. 12, 1973, which is a continuation-in-part of U.S.
      application Ser. No. 86,313 filed Nov. 2, 1970, now U.S. Pat. No.
      3,819,750, which, in turn, is a continuation-in-part of Application Ser.
      No. 63,262, filed Aug. 6, 1970, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to polyalkylene glycol vinyl phosphonates and to
      flame retardant polymeric compositions containing said phosphates alone or
      in combination with other flame retardants.
PAC  BACKGROUND OF THE INVENTION
PAR  In the polyurethane field, increased interest is being shown in compounds
      which can be added to the polyurethane polymers to act as fire retardant
      agents. Particular interest is being shown in compounds which have
      functional groups reactive with the polyol or polyisocyanate used in
      preparing the polyurethane so that the fire retardant agent can be
      copolymerized into the polymer chain. One such group of compounds of this
      type are the polyalkylene glycol polyphosphites and phosphonates. In
      general, these materials are prepared by transesterifying a secondary
      phosphite with a polyalkylene glycol in the presence of an alkaline
      catalyst such as sodium phenolate or sodium methylate. However, many of
      these materials have relatively high acidity causing them to react with
      and thereby deactivate certain catalyst systems generally used in the
      formation of polyurethane polymers such, for example, as tertiary amine
      compounds. To alleviate this problem, the polyalkylene glycol phosphonates
      have heretofore been reacted with materials such as alkylene oxides in
      order to reduce the number of acid groups on the phosphorus. However,
      addition of the alkylene groups onto the phosphorus has decreased the
      relative flame retardancy of these compounds. Alternatively, secondary
      polyalkylene glycol phosphites have been reacted with carbon tetrachloride
      or chloral in order to add flame retardant chlorine atoms to the molecule.
      However, the phosphonates formed in this manner are still relatively high
      in acidity.
PAR  Therefore, it is an object of the present invention to produce a class of
      compounds which are compatible with polyurethane foams, which can be
      copolymerized therewith, which have a high degree of flame retardancy and
      which are relatively low in acidity. Various other objects and advantages
      of this invention will be apparent from a reading of the disclosure which
      follows hereinafter.
PAC  TECHNICAL DESCRIPTION OF THE INVENTION
PAR  It has now been discovered that this object can be realized by employing
      novel polyalkylene glycol vinyl phosphates, produced by transesterifying a
      tertiary phosphite with a polyalkylene glycol, and reacting the
      polyphosphite so obtained with a carbonyl compound. The novel compounds of
      the present invention have a formula corresponding to:
      ##EQU2##
      wherein n is a number having a value of from 1 to about 100, Y and Z are
      each selected from the group consisting of hydrogen halogen or alkyl,
      having from 1 to about 4 carbon atoms, R is a polyalkylene glycol residue
      and R' is hydrogen, alkyl or haloalkyl haivng from 1 to 4 carbon atoms,
      provided Z and Y are not both hydrogen or alkyl.
PAR  The term "polyalkylene glycol residue" is meant to designate that portion
      remaining after two hydroxyl groups have been removed from a polyalkylene
      glycol having the formula:
EQU  HO--[R"--O].sub.m H
PAL  wherein R" is an alkylene group of from 2 to about 20 carbon atoms, and m
      designates the number of repeating alkylene ether units and is normally
      from 2 to about 20.
PAR  Illustrative of the compounds of the present invention are the following:
PA1  tripropylene glycol-.beta., .beta.-dichlorovinyl phosphate
PA1  bis(tripropylene glycol-.beta., .beta.-dichlorovinyl phosphate)
PA1  tris(tripropylene glycol-.beta., .beta.-dichlorovinyl phosphate)
PA1  poly(tripropylene glycol-.beta.,.beta.-dichlorovinyl phosphate)
PA1  dipropylene glycol-.beta., .beta.-dichlorovinyl phosphate
PA1  bis(dipropylene glycol-.beta., .beta.-dichlorovinyl phosphate)
PA1  tris(dipropylene glycol-.beta., .beta.-dichlorovinyl phosphate)
PA1  poly(dipropylene glycol-.beta., .beta.-dichlorovinyl phosphate)
PA1  triethylene glycol-.beta., .beta.-dichlorovinyl phosphate
PA1  bis(triethylene glycol-.beta.,.beta.-dichlorovinyl phosphate)
PA1  poly(triethylene glycol-.beta., .beta.-dichlorovinyl phosphate)
PA1  tributylene glycol-.beta.,.beta.-dichlorovinyl phosphate
PA1  bis(tributylene glycol-.beta.,.beta.-dichlorovinyl phosphate)
PA1  tris(tributylene glycol-.beta., .beta.-dichlorovinyl phosphate)
PA1  tris(triethylene glycol-.beta., .beta.-dichlorovinyl phosphate)
PA1  poly(tributylene glycol-.beta., .beta.-dichlorovinyl phosphate)
PA1  dibutylene glycol-.beta., .beta.-dichlorovinyl phosphate
PA1  bis(dibutylene glycol-.beta.,.beta.-dichlorovinyl phosphate)
PA1  tris(dibutylene glycol-.beta.,.beta.-dichlorovinyl phosphate)
PA1  poly(dibutylene glycol-.beta.,.beta.-dichlorovinyl phosphate)
PA1  trihexylene glycol-.beta.,.beta.-dichlorovinyl phosphate
PA1  bis(trihexylene glycol-.beta., .beta.-dichlorovinyl phosphate)
PA1  tris(trihexylene glycol-.beta., .beta.-dichlorovinyl phosphate)
PA1  poly(trihexylene glycol-.beta., .beta.-dichlorovinyl phosphate)
PA1  tripropylene glycol-.beta., .beta.-dibromovinyl phosphate
PA1  bis(tripropylene glycol-.beta., .beta.-dibromovinyl phosphate)
PA1  tris(tripropylene glycol-.beta.,.beta.-dibromovinyl phosphate)
PA1  poly(tripropylene glycol-.beta.,.beta.-dibromovinyl phosphate)
PA1  dipropylene glycol-.beta., .beta.-dibromovinyl phosphate
PA1  poly(dipropylene glycol-.beta.,.beta.-dibromovinyl phosphate)
PA1  poly(triethylene glycol-.beta.,.beta.-dibromovinyl phosphate)
PA1  poly(dibutylene glycol-.beta., .beta.-dibromovinyl phosphate)
PA1  poly(tributylene glycol-.beta.,.beta.-dibromovinyl phosphate)
PA1  poly(trihexylene glycol-.beta.,.beta.-dibromovinyl phosphate)
PA1  the monomer, dimer, trimer, and higher polymer of polypropylene
      glycol-.beta.,.beta.-dichlorovinyl and dibromovinyl phosphates wherein the
      polypropylene glycol has an average of 14 ether units; the monomer, dimer,
      trimer and higher polymer of a polyethylene
      glycol-.beta.,.beta.-dichlorovinyl and dibromovinyl phosphates wherein the
      polyethylene glycol has an average of 2 ether units,
PA1  poly(dipropylene glycol-.alpha.-methyl-.beta.,.beta.-dichlorovinyl
      phosphate),
PA1  poly(tripropylene glycol-.alpha.-methyl-.beta.,.beta.-dichlorovinyl
      phosphate),
PA1  poly(tributylene glycol-.alpha.-methyl-.beta.,.beta.-dichlorovinyl
      phosphate),
PA1  poly(tripropylene
      glycol-.alpha.-trichloromethyl-.beta.,.beta.-dichlorovinyl phosphate),
      poly(dipropylene glycol-.alpha.-methyl-.beta.,.beta.-dibromovinyl
      phosphate), poly(tripropylene
      glycol-.alpha.-methyl-.beta.,.beta.-dibromovinyl phosphate), mixtures
      thereof and the like. It is understood that the compounds of the present
      invention are usually obtained as mixtures of the monomer, dimer, trimer
      and polymer rather than as the pure compounds. However, these mixtures
      perform as well in the urethane foams as the unmixed compound.
PAR  In accordance with the present invention, a tertiary phosphite is initially
      reacted with a polyalkylene glycol to yield the intermediate polyalkylene
      glycol phosphite. The term "tertiary phosphite" as used herein is meant to
      designate compounds having the formula:
      ##EQU3##
      wherein R.sub.1, R.sub.2 and R.sub.3 are each alkyl having from 1 to about
      10 carbon atoms or aryl. Illustrative of the alkyl groups are methyl,
      ethyl, propyl, butyl, hexyl and the like. The term alkyl is also intended
      to include substituted alkyl groups, including aromatic substituted alkyls
      such as benzyl and the like. Illustrative of the aryl groups are phenyl
      and naphthyl groups and substituted forms thereof. The tertiary phosphites
      which are preferred for use in the present invention are trimethyl
      phosphite, triethyl phosphite, triisopropyl phosphite, tributyl phosphite,
      triphenyl phosphite, dimethyl ethyl phosphite, and methyl diethyl
      phosphite.
PAR  The selected tertiary phosphite is tranesterified with a polyalkylene
      glycol. The term "polyalkylene glycol" as used herein is meant to
      designate those compounds having a formula corresponding to:
EQU  HO--[R"--O ].sub.m H
PAL  wherein R" and m are as defined above. Illustrative of the polyalkylene
      glycols which can be employed in the present invention are: diethylene
      glycol, triethylene glycol, dipropylene glycol, tripropylene glycol,
      dibutylene glycol, tributylene glycol, polyethylene glycols where the
      average number of ether units is 2, polypropylene glycols where the
      average number of ether units is 14, trihexylene glycol and the like.
PAR  The transesterification step is accomplished by reacting the tertiary
      phosphite with the polyalkylene glycol in approximately a 1:1 molar ratio.
      By employing this equimolar proportion of reactants, polyalkylene, glycol
      phosphites having the formula:
      ##EQU4##
      wherein R.sub.1, R and n are as defined above, are obtained. The
      temperature at which the transesterification step is conducted is from
      about 80.degree.C. to about 200.degree.C. and preferably at from about
      100.degree.C. to about 150.degree.C.
PAR  This reaction can be improved by employing any of the well known
      transesterification catalysts. Particularly useful catalysts are the
      alkali metal alcoholates and phenolates such as sodium methylate, sodium
      phenolate, sodium decylate and the like. These catalysts are normally
      employed in an amount from 0.01 to 5 percent, by weight, of the entire
      reactant mixture. The degree of transesterification can be measured by the
      quantity of by-product alcohol formed. For example, when 1 mole of
      trimethyl phosphite is reacted with 1 mole of tripropylene glycol, the
      transesterification is completed when 2 moles of methanol has been
      evolved. The reaction time will vary over a wide range depending upon the
      reactants, temperature and catalyst used. Normally reaction times will be
      in the range from about 0.5 to 50 hours.
PAR  The polyalkylene phosphite produced by the transesterification step is then
      reacted with a carbonyl compound having the formula:
      ##EQU5##
      where R', Z and Y are as defined above, with the proviso that the carbonyl
      compound is one which does not have monohalo- substitution on an alpha
      carbon atom, and X is bromine or chlorine. Z and Y cannot both by hydrogen
      or alkyl. These carbonyl compounds can be illustrated by the following:
      chloral, bromal, 1,1,1-trichloroacetone, 1,1,1-tribromoacetone,
      hexachloroacetone, dichloroacetaldehyde, dibromoacetaldehyde,
      dichloromethyl ethyl ketone, trichloromethyl ethyl ketone, and the like.
      Particuarly preferred compounds for use in the present invention are
      chloral, bromal, dichloroacetaldehyde and dibromoacetaldehyde.
PAR  The carbonyl compounds defined above are normally reacted witht he
      transesterification product in approximately equimolar proportions with
      respect to the starting tertiary phosphite. The reaction is conducted at a
      temperature in the range from about 0.degree. to about 100.degree.C., and
      preferably, at from about 10 to about 40.degree.C. The reaction can be
      monitored by determining the amount of alkyl or aryl chloride by-product
      formed. The reaction is complete when approximately 1 mole of chloride has
      been formed for each mole of carbonyl compound employed.
PAR  Both the transesterification and the subsequent reaction with the carbonyl
      compound can, if desired, be carried out in the presence of a solvent or
      diluent although this is not necessary to the invention. The solvent or
      diluent should be non-reactive with respect to both the starting materials
      and the desired products, and should be miscible therewith. The solvent
      can also form an azeotrope with the by-product alkanol or phenol of the
      transesterification step. Illustrative of suitable solvents are benzene
      xylene, ethylbenzene, diethylbenzene, various alkanes having boiling
      points greater than that of the by-product, and the like.
PAR  The novel compounds of the present invention are characterized by their
      ability to copolymerize with polyisocyanates employed in forming
      polyurethanes and by their relatively low acidity. These compounds can
      completely replace the polyols normally employed in forming the foams or
      they may be used in combination with the polyols, thereby yielding foams
      with greatly improved flame resistance. The acid numbers of the compounds
      of the present invention are normally below about 2 mg. of KOH per gram of
      the polyalkylene glycol vinyl phosphates. This low acidity makes these
      compounds relatively unreactive toward the polymerization catalysts
      employed in producing the polyurethane foams. The high percentage of the
      flame retardant phosphorus and chlorine atoms present in these compounds
      reduces the concentration necessary to achieve a flame resistant foam.
PAR  A further advantage of the compounds of the present invention is their
      ability to render the foam self-extinguishing. This characteristic is
      particularly important in the area of flexible urethane foams. Normally
      the compounds of the present invention can be employed in amounts of from
      about 5 to about 30 percent, by weight, of foam to yield
      self-extinguishing flexible foams. The amount will vary depending upon the
      particular foam used.
PAR  The novel compounds of the present invention can also be used as flame
      retardants in a wide variety of polymeric systems. Illustrative of these
      systems are: polyesters, polyolefins, cellulose ethers and esters,
      urethane coatings and elastomers, polymethyl methacrylates, polyvinyl
      chlorides and many others. These compounds can be employed in combination
      with any of the known flame retardants, whether reactive or non-reactive,
      and can also be used as the sole flame retardant in foams or polymers.
PAR  Thus, urethane foams prepared in accordance with the present invention can
      contain at least one polyalkylene glycol vinyl phosphate in combination
      with at least one non-reactive, additive type flame retardant which
      contains atoms or phosphorus, halogen, boron or Group 5A heavy metals.
      These compounds are well known in the art and are exemplified by the
      following: the organic esters and amides of phosphoric acid, halogenated,
      i.e., chlorinated or brominated aliphatic hydrocarbons, including the
      chlorinated and brominated waxes, oils, and paraffins; halogenated
      aromatic hydrocarbons such as the chlorinated and brominated di- and
      triphenyls; metal borates, and in particular the hydrated borates such as
      zinc borate; and the oxides of antimony, bismuth and arsenic.
PAR  The preferred non-reactive, additive type flame retardants for use in the
      present invention are the organic esters and amides of phosphoric acid,
      and, in particular, the chlorinated and brominated esters and amides.
      These compounds are exemplified by the bis and tris (haloalkyl)
      phosphates, phosphonates and phosphoramidates. Particularly preferred
      additive flame retardants for the present invention are:
      tris(2-chloroethyl) phosphate and its thermally condensed polymers,
      tris(1,3-dichloro-2-propyl)phosphate, tris(2-chloropropyl) phosphate,
      tris(2,3-dibromopropyl)phosphate, tris(1-bromo-3-chloro-2-propyl)
      phosphate, dibromoneopenyl glycol N,N-dimethyl phosphoramidate,
      dibromomoneopentyl glycol N,N-diethyl phosphoramidate, the halogenated
      polyphosphonates such as:
      ##EQU6##
      where x is a number from about 0 to about 3, and mixtures thereof. When
      these particularly preferred additive flame retardants, are blended with
      the poly(di or tri- propylene or ethylene glycol dichlorovinyl phosphates)
      and incorporated into the foam forming reaction, there are obtained foams
      having extremely good flame retardant and physical characteristics, even
      when compared with the results obtained with other additive flame
      retardants applicable for use in the process of the present invention.
      This is particularly true with the combination of poly(dipropylene glycol
      dichlorovinyl phosphate) and tris(2,3-dibromopropyl) phosphate.
PAR  The additive type flame retardants are normally employed in amounts ranging
      from 1 to about 10 percent by weight of the final foam and preferably from
      about 2 to 8 percent. The polyalkylene glycol vinyl phosphate and the
      additive flame retardant will normally be present in a weight ratio of
      from about 10:1 to about 1:1 with a ratio of from about 5:1 to about 1:1
      being preferred.
PAR  The urethane foams of the present invention can also contain at least one
      other reactive flame retardant which contains at least 2% phosphorus, 10%
      halogen or mixtures thereof and which is distinct from the polyalkylene
      glycol vinyl phosphates described above. The term "halogen" as used herein
      is meant to designate chlorine or bromine. These reactive flame
      retardants, as mentioned above, are those materials containing functional
      groups which react with the foam forming reagents and are thereby
      chemically incorporated into the foam. Therefore, polyols containing
      phosphorus, halogen or mixtures thereof can be employed. Likewise,
      isocyanates and amines which contain atoms of phosphorus or chlorine are
      also suitable. Illustrative of these materials are the polyol esters of
      phosphoric acid; halogenated polyols, in particular, the brominated
      polyols; halogenated aliphatic and aromatic amines, such as methylene
      bis(orthochloro)aniline; halogenated aromatic isocyanates, such as
      chlorinated and brominated toluene diisocyanates; and the like. The
      preferred compounds for the present invention are of the halogenated
      polyol type and, in particular, those halogenated polyols which contain
      phosphorus.
PAR  Illustrative of these preferred compounds are the following:
      bis(polyoxyethylene)hydroxymethyl phosphonate; poly(tripropylene glycol
      hydrogen phosphonates), dialkyl N,N'-bis(2-hydroxyethyl)aminomethyl
      phosphonate; dibromoneopentyl glycol; the adipic acid adduct of
      dibromoneopentyl glycol (having a hydroxyl number approximately equal to
      150); the propylene oxide adducts of dibromoneopentyl glycol (having
      hydroxyl number from about 220 to about 250); 2,3-dibromobutene-1,4-diol;
      the tetrabromophthalic glycol esters (particularly those derived from the
      reaction of tetrabromophthalic anhydride with diethylene glycol and
      propylene oxide); and brominated fatty acid (C.sub.10 -C.sub.20 compounds
      sold under the names "Brominex 150P, 160P, or 161P", by Swift and Company,
      having 2.6% phosphorus and 35% bromine.
PAR  The reactive flame retardants are normally employed in amounts ranging from
      1 to about 10 percent by weight of the final foam and preferably from
      about 2 to about 8 percent. The polyalkylene glycol vinyl phosphate and
      the reactive flame retardant will normally be present in a weight ratio of
      from about 10:1 to about 1:1 with a ratio of from about 5:1 to about 1:1
      being preferred.
PAR  The specific proportion of each component of these blends as well as the
      overall concentration of the blend in the polyurethane foam will, of
      course, be dependent upon such factors as the degree of flame retardancy
      desired, the particular end use of the foam, the particular polyalkylene
      glycol vinyl phosphate and reactive or non-reactive flame retardant used
      and the foam constituents which are utilized.
PAR  The present invention will be further illustrated by the following
      examples. Unless otherwise stated, all parts and percentages are by weight
     .
DETD
PAC  EXAMPLE 1
PAR  To a 500 ml. flask fitted with a thermometer, mechanical stirrer and
      distilling head was charged 402 grams (3 moles) of dipropylene glycol, 372
      grams (3 moles) of trimethyl phosphite and 1.5 grams of sodium methylate
      under a nitrogen atmosphere. The mixture was heated to 110.degree.C. and
      maintained at this temperature for 8 hours. Then, pressure was reduced by
      water aspiration to approximately 15 millimeters of Hg and the temperature
      was kept at 100.degree.C. for another hour. The resulting mixture was
      cooled in an ice bath and the distilling head was replaced with a dropping
      funnel containing 442.5 grams (3 moles) of chloral. The chloral was added
      dropwise while maintaining the temperature below 30.degree.C. by means of
      an ice bath. The mixture was then allowed to stand at room temperature
      overnight. The volatiles were removed from the product at 50.degree.C. and
      0.3 mm. pressure, leaving 886 grams of a viscous clear oil (98% yield). An
      infrared analysis revealed vinyl stretching frequency at 1630.sup..sup.-1
      cm. Analysis of the product confirmed the structure to be poly(dipropylene
      glycol-.beta., .beta.-dichlorovinyl phosphate) having an average n value
      of 6. In addition, it has an acid number of 0.1 milligram of KOH/gram of
      product.
PAC  EXAMPLE 2
PAR  Employing the method of Example 1, 192 grams (1 mole) of tripropylene
      glycol was reacted with 124 grams (1 mole) of trimethyl phosphite in the
      presence of 0.5 grams of sodium methylate. After removal of the methanol,
      147.4 grams (1 mole) of chloral was added. Again, the temperature was
      maintained below 30.degree.C. during the addition of the chloral.
      Isolation of the product yielded 475 grams was 99.5 percent of
      theoretical. The acid number of the product was 1.4 mg. KOH/g sample. The
      product was shown by I.R. and Elemental Analysis to be poly (tripropylene
      glycol-.beta.,.beta.-dichlorovinyl phosphate) having an average n value of
      5.
PAC  EXAMPLE 3
PAR  106 grams (1 mole) of diethylene glycol was reacted with 124 grams (1 mole)
      of trimethyl phosphite in the presence of 0.37 grams of sodium methylate
      according to the procedure of Example 1. To the resulting reaction product
      was added 100 ml. of benzene and this mixture was then cooled by means of
      an ice bath. A mixture of 100 ml. of benzene and 147.4 grams (1 mole) of
      chloral was then added dropwise to the reaction product mixture while
      maintaining the temperature below 30.degree.C. This mixture was then
      stirred overnight at room temperature. The benzene and other volatiles
      were then removed at 80.degree.C. under reduced pressure. The product was
      a light yellow viscous oil having an acid number of 1.31. The product was
      analyzed and shown to be poly(diethylene
      glycol-.beta.,.beta.-dichlorovinyl phosphate) having an average n value of
      7.
PAC  EXAMPLE 4
PAR  268 grams (2 moles) of dipropylene glycol was reacted with 248 grams (2
      moles) of trimethyl phosphite in the presence of 0.75 grams of sodium
      methoxide according to the procedures of Example 1. To the reaction
      product was added, with stirring, 500 ml. of benzene and this mixture was
      stirred overnight at room temperature. Next, 323 grams (2 moles) of
      trichloroacetone was added dropwise to the benzene reaction mixture over a
      period of 3 hours while maintaining the temperature in the range from
      about 15.degree. to about 25.degree.C. After the product had been allowed
      to sit at room temperature overnight, it was heated to 50.degree.C. for 4
      hours. An aspirator was used to reduce the pressure and the volatile
      components were removed at 50.degree.C. yielding a colorless oil in a
      product yield of 90% of the theoretical yield. The product has an acid
      number of 1.53 and analysis showed it to be poly(diptopylene
      glycol-.alpha.-methyl-.beta.,.beta.-dichlorovinyl phosphate) having an
      average n value of 6.
PAC  EXAMPLE 5
PAR  33.5 grams (0.25 moles) of dipropylene glycol was reacted with 31.0 grams
      (0.25 moles) of trimethyl phosphite according to the procedure of Example
      1. 100 ml. of benzene was added and the temperature of the reactant
      mixture was lowered to 10.degree.C. by means of an ice bath. Next, 70.3
      grams (0.25 moles) of bromal was added dropwise over a period of 75
      minutes, while maintaining the temperature at 10.degree.C. After
      completion of the addition, the reactant mixture was allowed to come up to
      room temperature and stirred for several hours. The temperature was then
      raised to 50.degree.C. for another hour and a half. Stripping off the
      volatiles at 65.degree.C. followed by aspiration at reduced pressure, then
      at high vacuum, yielded 93.5 grams of a dark brown viscous oil. Analysis
      showed this to be poly(dipropylene glycol-.beta.,.beta.-dibromovinyl
      phosphate.
PAC  EXAMPLE 6
PAR  Employing the procedure of Example 1, 536 grams (4 moles) of dipropylene
      glycol was reacted with 496 grams (4 moles) of trimethyl phosphite in the
      presence of 1.5 grams of sodium methoxide, and the resulting reaction
      product was then reacted with 588 grams (4 moles) of chloral in 500 ml. of
      benzene. The product was a light yellow oil having an acid number of 0.93
      milligrams of KOH/gram of product. This product was then incorporated into
      a foam formulation as set forth in Table 1.
TBL                TABLE I                                                     
     ______________________________________                                    
                              Grams                                            
     ______________________________________                                    
     Polyol, (3000 M.W. triol, propoxylated glycerol)                          
                                100                                            
     (ethylene oxide-capped)                                                   
     The compound of Example 6  30                                             
     Silicone sulfactant        1.0                                            
     Water                      3.9                                            
     Dimethyl ethanolamine (DMEA)                                              
                                0.30                                           
     1-(N,N-dimethylaminoethyl)-4-methylpiperazine                             
                                0.10                                           
     Methylene chloride         3.0                                            
     Stannous octoate, 50% solution in dioctyl                                 
                                0.60                                           
     phthalate                                                                 
     ______________________________________                                    
PAR  Upon addition of 52.9 g. of toluene diisocyanate (80%, 2,4 and 20%, 2,6
      isomers), this mixture yielded a flexible urethane foam with good physical
      and flame retardancy properties. The foam was self-extinguishing and
      exhibited no differences in physical properties when compared with a
      similar foam formulated without the compound of Example 6.
PAC  EXAMPLE 7
PAR  This example illustrates the preparation of a polyurethane foam
      incorporating two-component flame retardant blends of reactive and
      non-reactive flame retardants in accordance with this invention. It also
      provides a comparison with foams which contain each of the individual
      components of these blends as well as a control formulation which did not
      contain either of the components.
PAR  A number of different urethane foams are prepared by admixing their
      respective ingredients in the sequence in which they are listed in the
      following Table 2. The amounts are listed in parts per hundred parts of
      the base polyol.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                        FOAM                                                   
                            FOAM                                               
                                FOAM                                           
                                    FOAM                                       
                                        FOAM                                   
                                            FOAM                               
                                                FOAM                           
                                                    FOAM                       
                                                        FOAM                   
                                                            FOAM               
                                                                FOAM           
                        No. 1                                                  
                            No. 2                                              
                                No. 3                                          
                                    No. 4                                      
                                        No. 5                                  
                                            No. 6                              
                                                No. 7                          
                                                    No. 8                      
                                                        No. 9                  
                                                            No.                
                                                                No.            
     __________________________________________________________________________
                                                                11             
     The poly(dipropylene glycol vinyl                                         
      phosphate) as prepared according                                         
      to Example 1      --   0  25  25  15  15  15  15  15  15  15             
     Tris(2,3-dibromopropyl)phosphate                                          
                        --   5  --  --   5   5  --  --  --  --  --             
     Tris(2-chloroethyl)phosphate                                              
                        --  --  --  --  --  --  --  --  --   5  --             
     Tris(1,3-dichloro-2-propyl)phosphate                                      
                        --  --  --  --  --  --  --  --  --  --   5             
     Mixture of Chlorinated polyphos-                                          
      phonates.sup.(1)  --  --  --  --  --  --  --  --   5  --  --             
     Dibromoneopentylglycol N,N-                                               
      dimethyl phosphonamidate                                                 
                        --  --  --  --  --  --  --  5   --  --  --             
     A polyol comprising a propylene                                           
      oxide adduct of glycerine having                                         
      some ethylene oxide capping and                                          
      a molecular weight of about 3,000                                        
      sold by the Jefferson Chemical                                           
      Company as "THANOL F-3002"                                               
                        100 --  100 100 100 100 100 100 --  --  --             
     Polyol-propylene oxide adduct of                                          
      glycerine having a molecular                                             
      weight of 3,000 and sold by                                              
      Olin Mathieson as Poly C-3030                                            
                        --  100 --  --  --  --  --  --  100 100 100            
     A silicone surfactant sold by                                             
      the Union Carbide Corp. as "L-540"                                       
                        1.0 0.9 1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.9 0.9            
     Water              3.9 4.0 3.9 4.5 3.9 4.5 3.9 3.9 4.0 4.0 4.0            
     2-(dimethylamino)ethyl ether                                              
      (Catalyst)        0.14                                                   
                            0.17                                               
                                0.14                                           
                                    0.14                                       
                                        0.14                                   
                                            0.14                               
                                                0.14                           
                                                    0.14                       
                                                        0.17                   
                                                            0.17               
                                                                0.17           
     N-ethyl morpholine (Catalyst)                                             
                        0.20                                                   
                            0.20                                               
                                0.20                                           
                                    0.20                                       
                                        0.20                                   
                                            0.20                               
                                                0.20                           
                                                    0.20                       
                                                        0.20                   
                                                            0.20               
                                                                0.20           
     1,4-diazobicyclic [2,2,2]                                                 
      octane (Catalyst) 33% solution                                           
      in dipropylene glycol                                                    
                        0.30                                                   
                            --  0.30                                           
                                    0.30                                       
                                        0.30                                   
                                            0.30                               
                                                0.30                           
                                                    0.30                       
                                                        --  --  --             
     Methylene Chloride                                                        
      (Blowing Agent)    3   3   3   3   3   3   3   3   3   3   3             
     A 50% solution of stabilized                                              
      stannous octoate in dioctyl                                              
      phthalate (Catalyst)                                                     
                        0.30                                                   
                            0.40                                               
                                0.30                                           
                                    0.30                                       
                                        0.30                                   
                                            0.30                               
                                                0.30                           
                                                    0.30                       
                                                        0.40                   
                                                            0.40               
                                                                0.40           
     An 80:20 mixture of 2,4-and                                               
      2,6-toluene diisocyanate (TDI)                                           
                        50.1                                                   
                            51.1                                               
                                52.2                                           
                                    58.5                                       
                                        51.3                                   
                                            57.55                              
                                                51.7                           
                                                    52  52  52  52             
     __________________________________________________________________________
     .sup.(1) A mixture of chlorinated polyphosphanates having                 
     the formula:                                                              
     OOCH.sub.3 O                                                              
     .parallel..parallel..vertline..parallel.                                  
     Cl--CH.sub.2 CH.sub.2 --O--P--O--CH--P--O--CH--------P--O--CH.sub.2       
     CH.sub.2 --Cl.sub.2                                                       
     .vertline..vertline..vertline.                                            
     Cl--CH.sub.2 CH.sub.2 CH.sub.3 O--CH.sub.2 CH.sub.2 --Cl                  
     where x is an integer having a value of from about 0 to 3.                
PAR  In carrying out this procedure, all of the ingredients, with the exception
      of the TDI are thoroughly admixed with one another, whereupon the TDI is
      introduced thereby initiating the foam forming reaction. In each case, the
      TDI index of the resulting foams is 107, the latter factor being computed
      as follows:
      ##EQU7##
PAR  The following Table 3 presents the flame retardancy and physical property
      data for each of the foams which are prepared. The physical properties
      which are evaluated are:
PAR  1. Rise Time - The time required for the foam to rise. A rise time of from
      about 0.5 to 2.0 minutes is acceptable.
PAR  2. Density - A density of from about 1.2 - 2.0 pounds per cubic foot is
      acceptable.
PAR  3. Air Flow - This is an evaluation of the porosity of the foam in terms of
      the air flow, flow rate in cubic feet per minute, required to maintain a
      constant pressure differential of 0.5 inches of H.sub.2 O across the one
      inch dimension of a 2 inch .times. 2 inch .times. 1 inch specimen of the
      foam which is placed in an apparatus which maintains a vacuum across the
      rear surface of the specimen. An air flow value greater than 2 cubic feet
      per minute is considered satisfactory.
PAR  4. 50% and 90% Compression Set - In these tests, a 2 inch .times. 2 inch
      .times. 1 inch specimen of the foam is compressed in the 1 inch dimension,
      down to a thickness of 0.5 inch and 0.1 inch respectively, and held in
      these positions for 22 hours at 70.degree.C. Upon releasing the pressure,
      the amount of set, i.e., the extent to which the foam has been compressed,
      is measured. Thus, if the foam returns to its original 1 inch width, it
      has a zero set. Accordingly, low values, no higher than about 20 %, are
      desirable in this test as being indicative of a high degree of resistance
      to permanent deformation.
PAR  5. The Autoclave Compression Set - This test is conducted in the same
      manner as the above after the foams have been placed in a steam autoclave
      at 200.degree.F. for 3 hours prior to testing. Acceptable reading are
      below about 30.
PAR  6. The Compression Load Deflection - Measures the firmness of the foam. It
      is the force in pounds per square inch need to deflect the foams to 25 and
      65 percent of its thickness.
PAR  The flame retardancy characteristics of the various foams are determined by
      means of the following procedure.
PAR  1. ASTM Test D-1692 - This test evaluates the surface flammability of the
      foams by supporting a 6 inch .times. 2 inch .times. 0.5 inch foam specimen
      on a horizontal hardware-cloth with the 0.5 inch dimension vertical and
      contacting one end for 60 seconds with a 1.5 inch high blue flame from a
      3/8 inch diameter barrel bunsen burner fitted with a 17/8 inch side wing
      top. During the course of this test, it is determined whether the sample
      is selfextinguishing or whether it continues to burn until it is
      completely extinguished.
PAR  2. Dry Heat Aging Test - This test is identical to ASTM test D-1692 with
      the exception that the foam samples are first dry heat aged at
      140.degree.C. for 22 hours prior to being burned. Thus, it is a far more
      rigorous test since the foam is in a drier, more flammable condition
      before being burned and many foams lose their additive flame retardants by
      volatilization.
PAR  3. Limiting Oxygen Index (LOI) - This test is conducted by means of the
      procedure described by Fenimore and Martin in the November, 1966, issue of
      Modern Plastics. In brief, this procedure directly relates flame
      retardancy to a measurement of the minimum percentage concentration of
      oxygen in an oxygen:nitrogen mixture which permits the sample to burn; the
      LOI being calculated as follows:
      ##EQU8##
      Thus, a higher LOI is indicative of a higher degree of flame retardancy.
PAR  The following Table 3 presents the results of this evaluation.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
                        FOAM                                                   
                            FOAM                                               
                                FOAM                                           
                                    FOAM                                       
                                        FOAM                                   
                                            FOAM                               
                                                FOAM                           
                                                    FOAM                       
                                                        FOAM                   
                                                            FOAM               
                                                                FOAM           
                        No.1                                                   
                            No.2                                               
                                No.3                                           
                                    No.4                                       
                                        No.5                                   
                                            No.6                               
                                                No.7                           
                                                    No.8                       
                                                        No.9                   
                                                            No.10              
                                                                No.11          
     __________________________________________________________________________
     Rise Time (Seconds)                                                       
                        78  109 80  80  80  80  116 113 146 165 140            
     Density (lbs/cu.ft)                                                       
                        1.37                                                   
                            1.58                                               
                                1.62                                           
                                    1.49                                       
                                        1.57                                   
                                            1.46                               
                                                1.60                           
                                                    1.81                       
                                                        1.74                   
                                                            1.88               
                                                                1.67           
     Airflow (Cu.ft/min)                                                       
                        5.4 5.6 2.6 2.4 3.1 3.9 5.8 4.0 3.7 4.5 6.0            
     90% Compression Set (Percent Set)                                         
                        8   15  36  32  14  10  8   12  9   8   9              
     50% Compression Set (Percent Set)                                         
                        --  --  9   8   7   6   --  --  --                     
     Autoclave Compression Set                                                 
     (Percent Set)      --  20  90  90  31  16  14  19  11  8   8              
     Flammability rating (ASTM                                                 
     Test 1692).sup.(1) (2)                                                    
                        B   SE  SE  SE  SE  SE  B   SE  SE  SE  SE             
     Dry Heat Aged Flammability                                                
     (ASTM D1692)       B   B   SE  SE  SE  SE  SE  SE  SE  SE  SE             
     Compression Load Deflection                                               
     (lb/sq.in)(CLD)25% --  --  0.25                                           
                                    0.34                                       
                                        0.34                                   
                                            0.36                               
                                                --  --  --  --  --             
     (lb/sq.in)(CLD)65% --  --  0.39                                           
                                    0.51                                       
                                        0.54                                   
                                            0.52                               
                                                --  --  --  --  --             
     Autoclave CLD 25% (lb/sq.in.)                                             
                        --  --  0.21                                           
                                    0.31                                       
                                        0.29                                   
                                            0.33                               
                                                --  --  --  --  --             
     Autoclave CLD 65% (lb/sq.in.)                                             
                        --  --  0.38                                           
                                    0.51                                       
                                        0.57                                   
                                            0.52                               
                                                --  --  --  --  --             
     LOI                --  --  22.3                                           
                                    22.8                                       
                                        22.6                                   
                                            22.3                               
                                                --  --  --  --  --             
     __________________________________________________________________________
      .sup.(1) SE = Self-Extinguishing                                         
      .sup.(2) B = Burns                                                       
PAR  The results contained in Table 3 demonstrate the benefits of blends
      obtained in accordance with the present invention. Foam No. 1 (the
      control) does not contain any flame retardants and burns under flame test
      conditions. Foam No. 2 contains only the non-reactive flame retardant and,
      though being self extinguishing initially, burns after dry heat aging.
      Foams No. 3 and No. 4 contain only the polyalkylene glycol vinyl
      phosphate. Foams No. 5 and No. 6 contain the blend of the present
      invention but at lower concentrations of flame retardant than contained in
      Foam No. 3 and No. 4. Foams No. 5 and No. 6 exhibit similar flame
      retardance while having physical properties superior to Foams No. 3 and
      No. 4 respectively. Foam No. 7 contains only the polyalkylene glycol vinyl
      phosphate, but at lower concentration that Foams No. 3 and No. 4. Foam No.
      7 burns prior to dry heat aging.
PAR  Foams No. 8, 9, 10 and 11 demonstrate the good flame retardancy and
      physical characteristics obtained when the blends of the present invention
      are employed. Similarly, excellent results are obtained when
      tris(2-chloropropyl) phosphate and
      tris(1-bromo-3-chloro-2-propyl)phosphate are substituted for the
      tris(2,3-dibromopropyl)phosphate of Foams No. 5 and 6. Likewise, good
      results are obtained when polyalkylene glycol vinyl phosphates of Examples
      2, 3 and 4 are substituted for the poly(dipropylene glycol-.beta.
      ,.beta.-dichlorovinyl phosphate) of Example 1 in Foams No. 5 and 6.
PAC  EXAMPLE 8
PAR  A foam is blended according to the procedure of Example 7, Foam No. 7 with
      the exception that 3 parts per hundred of antimony oxide are added prior
      to addition of the isocyanate. The resultant foam has excellent flame
      retardance, both initially and after dry heat aging, while exhibiting good
      physical properties.
PAC  EXAMPLE 9
PAR  This example illustrates the preparation of a polyurethane foam
      incorporating two-component flame retardant blends of polyalkylene glycol
      vinyl phosphates and other reactive flame retardants in accordance with
      this invention. It also provides a comparison with foams which contain
      each of the individual components of these blends as well as a control
      formulation which did not contain either of the components.
PAR  A number of different urethane foams are prepared by admixing their
      respective ingredients in the sequence in which they are listed in the
      following Table 4. The amounts are listed in parts per hundred parts of
      the base polyol.
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     FOAM      FOAM                                                            
                   FOAM                                                        
                       FOAM                                                    
                           FOAM                                                
                               FOAM                                            
                                   FOAM                                        
                                       FOAM                                    
                                           FOAM                                
                                               FOAM                            
                                                   FOAM                        
                                                       FOAM                    
                                                           FOAM                
                                                               FOAM*           
     No.1      No.2                                                            
                   No.3                                                        
                       No.4                                                    
                           No.5                                                
                               No.6                                            
                                   No.7                                        
                                       No.8                                    
                                           No.9                                
                                               No.10                           
                                                   No.11                       
                                                       No.12                   
                                                           No.13               
                                                               No.14           
     __________________________________________________________________________
     The poly(dipropylene glycol vinyl phosphate) as prepared according to     
     Example 1                                                                 
           --  15  15  15  15  15  15  15  15  15  15  15  15  15              
     dibromoneopentyl glycol                                                   
           --  --  5   5   --  --  --  --  --  --  --  --  --  --              
     adipic acid adduct of dibromoneopentyl glycol (OH No.=150)                
           --  --  --  --  5   --  --  --  --  --  --  --  --  --              
     propylene oxide adduct of dibromoneopentyl glycol (OH No.=220)            
           --  --  --  --  --  5   --  --  --  --  --  --  --  --              
     propylene oxide adduct of dibromoneopentyl glycol (OH No.=250)            
           --  --  --  --  --  --  5   --  --  --  --  --  --  --              
     Brominex 150 P                                                            
           --  --  --  --  --  --  --  5   5   --  --  --  --  --              
     Brominex 160 P                                                            
           --  --  --  --  --  --  --  --  --  5   --  --  --  --              
     Brominex 161 P                                                            
           --  --  --  --  --  --  --  --  --  --  5   --  --  --              
     Esterification product of tetrabromophthalic anhydride, propylene oxide   
     and diethylene glycol                                                     
           --  --  --  --  --  --  --  --  --  --  --  5   --  --              
     2,3-dibromobutene-1,4 diol                                                
           --  --  --  --  --  --  --  --  --  --  --  --  --  5               
     2,3-dibromopropanol                                                       
           --  --  --  --  --  --  --  --  --  --  --  --  5   --              
     A polyol comprising a propylene oxide adduct of glycerine having some     
     ethylene oxide capping and a molecular weight of about 3,000 sold by the  
     Jefferson Chemical Company as "THANOL F-3002"                             
           100 100 100 --  100 100 100 100 --  --  --  --  --  --              
     A polyol comprising a propylene oxide adduct of glycerol having a         
     molecular weight of about 3000 sold by Union Carbide as "NIAX             
           ---56"                                                              
               --  --  100 --  --  --  --  100 100 100 100 100 --              
     A silicone surfactant sold by the Union Carbide Corp. as                  
           1.0540"                                                             
               1.0 1.0 0.9 1.0 1.0 1.0 1.0 0.9 0.9 0.9 0.9 0.9 0.9             
     Water 3.9 3.9 3.9 4.0 3.9 3.9 3.9 3.9 3.9 4.0 4.0 4.0 4.0 4.0             
     2-(dimethylaminoethyl) ether (Catalyst)                                   
           0.14                                                                
               0.14                                                            
                   0.14                                                        
                       0.17                                                    
                           0.14                                                
                               0.14                                            
                                   0.14                                        
                                       0.14                                    
                                           0.17                                
                                               0.17                            
                                                   0.17                        
                                                       0.17                    
                                                           0.17                
                                                               0.17            
     N-ethyl morpholine (Catalyst)                                             
           0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2             
     1,4-diazobicyclo [2.2.2] octane (Catalyst) 33% Solution                   
           0.3 0.3 0.3 --  0.3 0.3 0.3 0.3 --  --  --  --  --  --              
     Methylene Chloride (Blowing Agent)                                        
           3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0             
     A 50% solution of stabilized stannous octoate in dioctyl phthalate        
     (Catalyst)                                                                
           0.45                                                                
               0.45                                                            
                   0.30                                                        
                       0.40                                                    
                           0.35                                                
                               0.45                                            
                                   0.45                                        
                                       0.45                                    
                                           0.40                                
                                               0.40                            
                                                   0.40                        
                                                       0.40                    
                                                           0.40                
                                                               0.40            
     An 80:20 mixture of 2,4-and 2,6-toluene diisocyanate (TDI)                
           50.1                                                                
               51.7                                                            
                   55.2                                                        
                       56.3                                                    
                           52.9                                                
                               53.7                                            
                                   53.8                                        
                                       52.0                                    
                                           53.1                                
                                               53.1                            
                                                   53.2                        
                                                       54.1                    
                                                           55.8                
                                                               55.5            
     __________________________________________________________________________
      *Foam No. 14 contained a propylene oxide adduct of glycerine having a    
      moleculaar weight of 3000 and sold by Olin Mathieson as "POLYOL 3030     
PAR  In carrying out this procedure, all of the ingredients, with the exception
      of the TDI are thoroughly admixed with one another, whereupon the TDI is
      introduced thereby initiating the foam forming reaction. In each case, the
      TDI index as defined in Example 7 of the resulting foams is 107.
PAR  The following Table 5 presents the flame retardancy and physical property
      data for each of the foams which are prepared. The physical properties
      which are evaluated are defined in Example 7.
TBL                                    TABLE 5                                 
     __________________________________________________________________________
            FOAM                                                               
                FOAM                                                           
                    FOAM                                                       
                        FOAM                                                   
                            FOAM                                               
                                FOAM                                           
                                    FOAM                                       
                                        FOAM                                   
                                            FOAM                               
                                                FOAM                           
                                                    FOAM                       
                                                        FOAM                   
                                                            FOAM               
                                                                FOAM           
            No.1                                                               
                No.2                                                           
                    No.3                                                       
                        No.4                                                   
                            No.5                                               
                                No.6                                           
                                    No.7                                       
                                        No.8                                   
                                            No.9                               
                                                No.10                          
                                                    No.11                      
                                                        No.12                  
                                                            No.13              
                                                                No.14          
     __________________________________________________________________________
     Rise Time (Seconds)                                                       
            78  116 116 129 127 104 107 110 153 132 146 141 144 152            
     Density (lbs/cu.ft.)                                                      
            1.37                                                               
                1.60                                                           
                    1.66                                                       
                        1.66                                                   
                            1.73                                               
                                1.62                                           
                                    1.80                                       
                                        1.72                                   
                                            1.69                               
                                                1.65                           
                                                    1.71                       
                                                        1.71                   
                                                            1.72               
                                                                1.69           
     Air flow (cu.ft./min.)                                                    
            5.4 5.8 5.0 2.7 1.3 2.0 2.0 2.0 5.0 5.5 5.7 4.5 3.2 1.4            
     90% Compression Set -(4 day)                                              
            8   8   26  22  13  22  19  25  10  10  10  10  23  21             
     Autoclave 90% Compression Set -                                           
            24  14  40  32  26  45  53  51  9   9   12  25  49  45             
     Flammability (ASTM Test 1692.sup.(1))                                     
            B   B   S.E.                                                       
                        --  S.E.                                               
                                S.E.                                           
                                    S.E.                                       
                                        S.E.                                   
                                            --  --  --  --  --  S.E.           
     Dry Heat Aged Flammability                                                
            B   S.E.                                                           
                    S.E.                                                       
                        S.E.                                                   
                            S.E.                                               
                                S.E.                                           
                                    S.E.                                       
                                        S.E.                                   
                                            S.E.                               
                                                S.E S.E S.E.                   
                                                            S.E.               
                                                                --             
     __________________________________________________________________________
      .sup.(1)                                                                 
       B = burn                                                                
      S.E. = self-extinguishing                                                
PAR  The results contained in Table 5 demonstrate the excellant flame
      retardancy, both initially and upon dry heat aging, of the foams employing
      blends in accordance with the present invention. Furthermore, these hand
      blended foams exhibit relatively little loss in physical properties,
      normally being within the typical tolerance listed above. It is obvious
      that further improvement in physical properties can be obtained by machine
      blending, as is well known in the art, thereby rendering foams within the
      desired tolerances.
PAC  EXAMPLE 10
PAR  Three foams are blended in like manner to Foam No. 3 of Table 4 in Example
      9 except that dibromoneopentyl glycol is replaced by 5 parts of
      poly(tripropylene glycol hydrogen phosphonate);
      diethyl-N,N-bis(2-hydroxyethyl)aminomethyl phosphonate; and
      bis(polyoxyethylene)hydroxymethyl phosphonate, respectively. Each yields a
      self-extinguishing foam having good physical properties.
PAR  Excellent results are also obtained when the polyalkylene glycol vinyl
      phosphates of Examples 2, 3 and 4 are substituted for the poly(dipropylene
      glycol-.beta.,.beta.-dichlorovinyl phosphate) of Example 1 in Foams Nos. 3
      to 14.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Polyalkylene glycol vinyl phosphates having the formula:
      ##EQU9##
      wherein R is a polyalkylene glycol residue defined as that portion
      remaining after two hydroxyl groups have been removed from a polyalkylene
      glycol having the formula:
EQU  HO-- R"--O ].sub.m H
PAL  where R" is an alkylene group of from 2 to about 20 carbon atoms, and m
      designates the number of repeating alkylene ether units and is from 2 to
      about 20, n is an integer from 1 to about 100, R' is selected from the
      group consisting of hydrogen, alkyl and haloalkyl having from 1 to 4
      carbon atoms, Z and Y are each selected from the group consisting of
      halogen, hydrogen and alkyl, provided Z and Y are not both hydrogen ar
      alkyl.
NUM  2.
PAR  2. A composition according to claim 1 wherein R is a tripropylene glycol
      residue.
NUM  3.
PAR  3. A composition according to claim 1 wherein R is a triethylene glycol
      residue.
NUM  4.
PAR  4. A composition according to claim 1 wherein Y and Z are selected from the
      group consisting of chlorine and bromine.
NUM  5.
PAR  5. A composition according to claim 4 wherein R' is hydrogen.
NUM  6.
PAR  6. A composition according to claim 5 wherein R is a tripropylene glycol
      residue.
NUM  7.
PAR  7. A composition according to claim 5 wherein R is a dipropylene glycol
      residue.
NUM  8.
PAR  8. A composition according to claim 5 wherein R is a diethylene glycol
      residue.
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PAL  A slinger device for use in a humidifier liquid dispersion system includes
      blades having a main sloping section tilted in two planes relative to the
      rotational axis of the assembly and provided with flange means
      substantially co-extensive with at least one side edge whereby the outer
      edge of the flange means extends a constant distance from the axis of
      rotation.
BSUM
PAR  This invention relates generally to humidifiers and is more specifically
      directed to improvements in liquid slinger devices as employed in those
      humidifier systems which use a slinger-belt arrangement for dispersing
      liquid throughout an evaporative element located in a forced-air stream.
PAR  One of the major problems inherent in current slinger devices resides in
      providing a truly economical mechanism or structure capable of dispersing
      liquid onto an evaporative element with substantially even distribution.
      It has been considered to date that in order to obtain the desired
      distribution across the entire width of an evaporative element, at low
      rotational speeds, it was necessary to provide a slinger member with a
      plurality of axially staggered terminal points. The reasoning behind this
      stemmed from the fact that at low rotational speeds only the liquid thrown
      from the tips i.e. farthest points from the axis of rotation, has enough
      energy to the evaporative element. Naturally, to design a slinger having
      axially spaced "tips" not only increases manufacturing costs but also
      complicates static and dynamic balancing, and, in short, a compromise
      between the number of tips, costs and operating characteristics obviously
      leaves much to be desired.
PAR  It is further noted that current slinger members based on what may be
      termed the "staggered tip ejection" design, have an optimum operating high
      speed range which renders them unsatisfactory for humidifiers having
      provision for variable output, i.e. including low speed ranges.
PAR  The present invention provides a concept whereby a slinger device can be
      operated at various speeds and still effect liquid dispersion
      substantially throughout the entire working length of the evaporative
      element. Slinger devices embodying this novel concept are also symmetrical
      in all respects such that static and dynamic balancing is essentially no
      problem.
PAR  In brief, a slinger member according to the present invention includes fin
      elements of equal length diverging from the axis of rotation, with each
      fin element including flange means, the outer free edge of the flange
      means being parallel with the axis of rotation. By virtue of this
      construction, an ejection edge (or edges) is provided with each "point" on
      the edge being located at a fixed common radial distance from the center
      of rotation.
DRWD
PAR  Further objects and advantages of the invention will be apparent from the
      following description taken in conjunction with the appended drawings
      wherein:
PAR  FIG. 1 is a perspective view of a preferred configuration of the new
      slinger-belt arrangement mounted on an axis of rotation,
PAR  FIG. 2 is a perspective view of a single slinger member on a somewhat
      larger scale and provided with arrows indicating the flow of water when
      rotated, and
PAR  FIG. 3 is a perspective view of a humidifier partially cut open to show the
      arrangement of the new slinger member therewithin.
DETD
PAR  In FIG. 1, there is shown a slinger-belt arrangement which includes an
      electromotor 11 having a horizontally extending drive shaft 12. Adjacent
      the free end of the drive shaft 12, two slinger members 13 and 14 are
      secured to the drive shaft 12 in back-to-back position and separated from
      each other by a spacer 15. A belt 16 lies loosely over the spacer 15 and
      extends downwardly into a water reservoir (not shown). Each slinger member
      includes a hub member 17 and 18 respectively withwhich it is mounted on
      the drive shaft 12 in a plane normal thereto and for rotation therewith.
      At least one pair of opposed fin members 19, 20 and 21, 22 respectively
      are connected to the hub member 17 and 18 respectively. As particularly
      shown in FIG. 2, each fin member extends from the hub member at a
      preselected angle relative to the drive shaft 12 and includes a base
      portion 23, 24, which forms an angled extension of the surface of the hub
      member 18. The base portion 23, 24 is additionally inclined about its
      longitudinally axis by an angle designated A in FIG. 2, i.e., the junction
      line between the hub member 18 and the base portion 23, 24 includes an
      angle other than 90.degree. with respect to the free edges of the hub
      member. The fin member is further provided with flange means 25 and 26
      respectively which are substantially coextensive with at least one side
      edge of the base portion and whose outer edge is at a constant distance
      from the axis of rotation of the drive shaft 12. The flange means 25, 26
      may be located along the leading or trailing edges of the base portion 23,
      24 which makes it possible to use identical slinger members in a
      back-to-back arrangement on the drive shaft 12.
PAR  When motor 11 is operating, water is transported from a water reservoir
      upwardly by the belt 16 and transferred to the slinger members 13 and 14
      mainly by contact between the sides of the belt and the hub members 17 and
      18. From the hub members the liquid is driven by the action of centrifugal
      surface tension and inertial forces towards the base portions 23, 24.
      Owing to the inclination of these base portions, most of the liquid has
      the tendency to flow up towards the flange means 25, 26 and then further
      up to the outer edge where it is thrown radially outwardly. Some of the
      liquid flows to the other free edge of the base portion where it is also
      thrown radially outwardly. This flow pattern is illustrated by arrows in
      FIG. 2. As pointed out before, all points on the outer edge of the flange
      means 25, 26 are located at a constant distance from the axis of rotation
      of the drive shaft 12. The result of this is that the centrifugal forces
      by which the liquid will be thrown away from the edge are exactly the same
      at every point of the edge thereby providing a uniform dispersion of the
      liquid along the entire edge regardless of the speed of rotation and so
      achieving the desired even distribution across an evaporative element.
PAR  It is obvious that the invention described can be achieved with different
      slinger configuration and is not necessarily restricted to the shape shown
      in FIG. 2. For example, the number of fin members can be increased from
      the two illustrated to 3, 4 or more symmetrically arranged around the hub
      member. Also the cross-sectional shape of the base portion of the fin
      member can be modified. The cross-section may be of angular or arcuate
      shape. In an effort to make the performance of the slinger less dependent
      on the surface conditions of the base portion, the base portion may be
      formed so that it is a portion of a conical surface. The liquid brought up
      by the belt on such conical surface will move in radial and axial
      directions, curving slightly toward the flange means due to the action of
      the inertial forces. The flange means is positioned in such a way that it
      gradually intercepts all of the liquid flowing on the base portion. When
      the liquid reaches the flange means, it moves up to the outer edge from
      where it is thrown radially outwardly. Less fit surface conditions brought
      on by the deposition of lime, for instance, which could somewhat impede
      the flow of the liquid on the base portion, are thereby overcome.
      Important is also here, of course, that every point of the outer edge of
      the flange means has the same distance from the axis of rotation.
PAR  A practical use of the above-disclosed slinger members is illustrated in
      FIG. 3 whereby the same numerals were employed for those parts already
      shown in FIGS. 1 and 2. A humidifier 27 which is cut open to permit a
      clear view of the arrangements in the interior, includes a cabinet 28 of
      preferably rectangular shape and a removable water reservoir 29 of
      drawer-like design and function located in the lower portion of the
      cabinet. The drawer-like reservoir 29 can be inserted and removed as
      necessary through an opening formed in the rear wall of the cabinet. The
      slinger-belt arrangement of FIG. 1 is mounted within the upper portion of
      the cabinet 28 by bracket means 30 and 31 which secure the motor 11 in a
      horizontal position and protect it from water spray during operation and
      water splash when the unit is being filled. The drive shaft 12 extends
      horizontally from both sides of the motor 11 whereby the rearwardly
      extending portion carries a fan blade 32. The fan blade 32 is positioned
      in front of an air inlet opening 33 which is provided in the rear wall of
      cabinet 28. The forwardly extending portion of the drive shaft 12 carries
      adjacent its end the slinger arrangement consisting of the slinger members
      13 and 14 in back-to-back position and separated from each other by the
      spacer 15, and the belt 16 which lies loosely over the spacer 15 and
      extends downwardly into the water reservoir 29. The slinger-belt
      arrangement is partially enclosed or bridged by an evaporative element 34
      shown herein in the form of an elongated band, preferably made of an open
      pore plastic foam, arching from one side over its top to the other side.
      The evaporative element 34 is supported by substantially arch-shaped rods
      35, 36 and 37 and a flange 38 extending horizontally from the edge of a
      semicircular opening 39 formed in a baffle 40. The baffle 40 is positioned
      in the upper portion of the cabinet 28 parallel to its rear and front
      walls. If forms with the appropriate front and side wall portions of the
      cabinet an air duct means extending between the air inlet opening 33 and
      an air outlet opening 41. The air outlet opening 41 occupies a major part
      of the top wall of the cabinet 18 and is covered by louver assemblies 42,
      43 and 44 of preferably square shape which have fixed slanting vanes. A
      splash guard 45 is connected to the front and side walls of the cabinet 28
      slightly above the water reservoir 29 for redirecting excess water running
      down from the evaporative element 34 and the inside surfaces of the
      cabinet walls which are within the wetting range of the slinger members,
      into the water reservoir 29. The inner free edge of the splash guard 45 is
      turned upwardly forming a channel to collect the excess water and direct
      it to discharge outlets provided in the splash guard portion along the
      front wall of the cabinet 28 and adjacent each front corner. Underneath
      the discharge outlets and attached to the front wall of water reservoir 29
      are located two collectors 46 which direct the water discharged from the
      splash guard 45 to the front wall of the water reservoir where it runs
      down quietly thus eliminating any dripping noise.
PAR  In operation, the motor 11 drives fan blade 32 which draws air through the
      air inlet opening 33 into the cabinet 28. The air enters through the
      semicircular opening 39 in baffle 40 the air duct means, is diverted
      upwardly and forced through the continuously wetted evaporative element
      34. The incomming air picks up moisture from the water spray continuously
      filling the space beneath the evaporative element 34 and while passing
      through this element, and is then discharged through the louvers  pg,8 42,
      43 and 44 into the space to be humidified. The motor 11 drives also the
      slingers-belt arrangement whereby water is transported by the belt 16
      upwards from the water reservoir 29 and distributively transferred onto
      the slinger members 13 and 14. As has been explicitly described in
      connection with the arrangements shown in FIGS. 1 and 2, most of the water
      flows up towards the flange means 25, 26 and then to the outer edge of the
      flange means where it thrown radially outwardly. Some of the water flows
      to the free edge of the base portion 23, 24 and is thrown off there. In
      this way an extensive and uniform wetting of the entire evaporative
      element 34 is achieved.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A slinger device for use in a humidifer liquid dispersion system
      comprising a hub member mountable on a drive shaft in a plane normal
      thereto and for rotation therewith, and at least two divergent fin members
      connected to said hub member, said fin members symmetrically arranged
      around said hub member and each of the fin members including a base
      portion forming an angled extension of the surface of said hub member,
      said base portion inclined outwardly from said hub member relative to said
      drive shaft at an angle selected to cause liquid to flow outward along
      said base portion when said hub member is rotated by said drive shaft,
      each of the fin members further including flange means substantially
      coextensive with at least one side edge of said respective base portion,
      the outer edge of each flange means extending at a constant distance from
      the axis of rotation of said drive shaft.
NUM  2.
PAR  2. The slinger device as defined in claim 1 wherein the base portion of
      said fin member is additionally inclined about its longitudinal axis such
      that the angle between the edges of the hub member and the junction line
      between hub member and base portion is other than 90.degree..
NUM  3.
PAR  3. The slinger device as defined in claim 1 wherein the cross-section of
      said base portion is of angular shape.
NUM  4.
PAR  4. The slinger device as defined in claim 1 wherein the cross-section of
      said base portion is of arcuate shape.
NUM  5.
PAR  5. The slinger device as defined in claim 4 wherein the arcuate-shaped
      cross-section is such that the surface of said base portion defines a
      portion of a conical surface.
NUM  6.
PAR  6. In a humidifier comprising a housing, a water reservoir occupying the
      lower portion of said housing, air inlet and outlet openings in the upper
      portion of said housing, air duct means formed within the upper portion of
      said housing and an evaporative element supported therein, drive means in
      the form of an electromotor located in the upper portion of said housing
      to power means for providing an air flow from said air inlet opening
      through said evaporative element to said air outlet opening, the drive
      shaft of said motor extending horizontally from both sides of the motor
      towards said air inlet opening and said air duct means respectively, said
      means providing an air flow including fan blade means mounted on that end
      of said drive shaft extending toward air inlet opening, and a slingerbelt
      arrangement including at least one slinger device mounted on that end of
      said drive shaft extending toward said air duct means for supplying water
      from said reservoir to said evaporative element, said slinger device
      including a hub member mountable to said drive shaft in a plane normal
      thereto, at least two divergent fin members connected to said hub member
      and each having a base portion forming an angled extension of the surface
      of said hub member inclined outwardly from said hub relative to said drive
      shaft at an angle selected to cause liquid to flow outward along said base
      portion when said hub member is rotated by said drive shaft, said base
      portion also being inclined about its longitudinal axis such that the
      angle between the edges of said hub member and the junction line between
      hub member and base portion is other than 90.degree., and flange means
      substantially coextensive with at least one side edge of said base
      portion, the outer edge of said flange means extending substantially
      parallel to the axis of rotation of said drive shaft.
NUM  7.
PAR  7. A humidifier as defined in claim 6 wherein said slinger-belt arrangement
      includes two slinger devices having fin members displaying base portions
      with an arcuate-shaped cross-section such that the surface of said base
      portions define part of a conical surface, said slinger devices being
      disposed on said drive shaft in tandem and connected to each other in
      back-to-back relationship but separated from each other by a spacer and a
      slinger belt lying loosely over said spacer and extending into said water
      reservoir.
NUM  8.
PAR  8. A humidifier as defined in claim 7 wherein said flanges means are
      positioned such that they gradually intercept all of the water supplied by
      said belt and flowing on said base portions.
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ABST
PAL  A carburetor having an altitude effects compensation mechanism comprising
      means disposed in the fuel passage from the float chamber of the
      carburetor to the Venturi for limiting the rate of fuel flow, a bellows
      adapted to be displaced by responding to changes in atmospheric pressure,
      and means for transmitting a displacement of the bellows to the limiting
      means. The bellows is immersed in the fuel in the float chamber.
BSUM
PAR  This invention relates to altitude effects compensation mechanisms adapted
      for use with carburetors for supplying a fuel-air mixture to internal
      combustion engines, and more particularly it is concerned with an altitude
      effects compensation mechanism adapted for use with a carburetor for a
      motor vehicle and a method for manufacturing the same.
PAR  Attempts have been made to restrict the noxious components of exhausts from
      motor vehicle engines. There is no doubt that this tendency will be
      increased more and more in the future.
PAR  There are several methods available for rendering noxious components of
      exhausts innocuous. Attention has been attracted to exhaust emission
      control devices whereby air is blown into the exhaust pipe to remove the
      noxious elements from exhaust gases. Of all these devices, an exhaust
      emission control device of the catalyst type wherein air is supplied to
      the catalyst is considered to be most promising. The catalyst acts such
      that it converts carbon monoxide, hydrocarbons and other combustible
      unburnt components of exhaust gases into carbon dioxide and water vapor by
      self-oxidation action. A catalyst has limits to its resistance to heat on
      the high temperature side (700.degree. to 800.degree.C). When the
      temperature to which a catalyst is exposed exceeds this range, the
      catalyst burns and ceases to perform its function of purifying exhaust
      gases.
PAR  Carburetors of motor vehicle engines are generally set such that their
      exhaust emission control devices of the catalyst type exhibit the most
      satisfactory performance in controlling exhaust emissions at low altitude.
      When such engines are made to operate at high altitude, the air-fuel ratio
      (air volume/fuel volume) of a fuel-air mixture supplied from the
      carburetor to the engine is reduced because air density is reduced at high
      altitude. With the enriching of the fuel-air mixture, the combustible
      unburnt components of exhaust gases increase in amount. This tends to
      elevate the temperature of the catalyst because of its increased oxidation
      action, with the result that the catalyst burns and is rendered
      inoperative.
PAR  In order to prevent this trouble, motor vehicle carburetors are each
      generally provided with a mechanism for compensating for the effect of
      altitude on air density. In one type of such mechanisms of the prior art,
      a bellows is mounted in the upper portion of the float chamber for sensing
      changes in pressure and its displacement caused to occur by a change in
      pressure is transmitted, through a linkage or the like, to a valve
      disposed in the main fuel jet, so as to thereby control the flow rate of
      fuel. It is essential that a mechanism for compensating for the effect of
      altitude on air density function with a high degree of precision. The
      aforementioned construction of the mechanism is disadvantageous. Since the
      bellows is mounted in a position in which it is exposed to atmosphere,
      there is the danger of the bellows being subjected to the impact of
      vibration of the engine and vibration of the vehicle body running on a bad
      road. This will cause a change to occur in the characteristics of the
      bellows and render the catalyst inoperative in a safe temperature range.
PAR  Another disadvantage of the mechanism for compensating for the effect of
      altitude on air density of the prior art is that it is impossible for the
      mechanism to function accurately and large errors occur, because the valve
      mounted in the main fuel jet is operated by a relatively long link from
      outside the carburetor. Another disadvantage is that it is impossible to
      obtain a compact overall size in a carburetor when the mechanism for
      compensating for the effect of altitude on air density is attached to the
      carburetor. This will result in the carburetor taking more space than is
      necessary in the engine room, thereby making it impossible to install
      other attachments in the engine room which might otherwise be mounted
      therein for controlling the exhaust emission, providing means for safe
      driving and other purposes.
PAR  Nowadays, the high speed side and the low speed side of the engine tends to
      be each provided a mechanism for compensating for the effect of altitude
      on air density. The mounting of two bellows on one carburetor is
      impossible from the point of view of engine room layout.
PAR  An object of the invention is to provide a carburetor having an altitude
      effect compensation mechanism which is highly resistant to vibration and
      which shows little change in characteristics.
PAR  Another object of the invention is to provide a carburetor having an
      altitude effects compensation mechanism which is compact in size and
      capable of being assembled and installed in the carburetor without any
      difficulty.
PAR  The outstanding characteristic of the invention is that the altitude
      effects compensation mechanism comprises means for limiting the fuel flow
      rate disposed in fuel passage means for supplying fuel from the float
      chamber to induction passage means for supplying air and fuel to the
      engine, means adapted to be displaced by responding to changes in
      atmospheric pressure, and means for transmitting a displacement of such
      means to the flow rate limiting means, the means adapted to be displaced
      being immersed in the fuel in the float chamber.
DRWD
PAR  Additional and other objects and features of the invention will become
      evident from the description set forth hereinafter when considered in
      conjunction with the accompanying drawings.
PAR  FIG. 1 is a diagram showing the relation between altitude and the air-fuel
      ratio of a fuel-air mixture;
PAR  FIG. 2 is a sectional side view of a carburetor provided with the altitude
      effects compensation mechanism comprising one embodiment of the invention;
PAR  FIG. 3 is a fragmentary vertical sectional view of the essential portions
      of the carburetor shown in FIG. 2;
PAR  FIG. 4 is a sectional view, on an enlarged scale, of the guide for guiding
      the needle of the carburetor shown in FIG. 2 and FIG. 3;
PAR  FIG. 5 is a vertical sectional view of the essential portions of a
      carburetor provided with the altitude effects compensation mechanism
      comprising another embodiment of the invention; and
PAR  FIG. 6 is a front view of the lever shown in FIG. 5.
DETD
PAR  The invention will now be described with reference to the embodiment shown
      in FIG. 2.
PAR  In FIG. 2, there is shown a carburetor provided with an altitude effects
      compensation mechanism which mechanism is built in the float chamber of
      the carburetor of the prior art. The carburetor comprises a passage body 2
      formed therein with an induction passage 1 for inducing a supply of air to
      flow therethrough from an air cleaner (not shown) to an engine manifold
      (not shown) and a supply of fuel of a volume consistent with the air
      volume to the engine, and a chamber section 4 formed therein with a float
      chamber 3. Mounted within the induction passage 1 is a minor Venturi 6
      disposed in the middle of the passage which is formed integral with member
      5 which forms a part of the induction passage, a major Venturi 7 disposed
      on the downstream side of the minor Venturi 6, and a throttle valve 8
      supported for pivotal movement by a shaft affixed to the passage body 2.
PAR  The float chamber 3 is defined by a bottom 9 which is substantially
      horizontal and rectangular in shape, a vertical side wall 10 of the
      passage body 2, vertical side walls 11 disposed on three sides, and a cap
      portion 12 disposed above the bottom 9 and shared by the passage body 2.
      The fuel chamber 3 contains therein fuel which is generally gasoline.
      Disposed in the upper portion of the float chamber is a device for
      maintaining a predetermined fuel level in the float chamber 3 which
      comprises a float 13 disposed in the fuel in the fuel chamber 3, and a
      valve mechanism 15 formed in the cap portion 12 and adapted to respond to
      the movement of the float 13 to control the rate of flow of fuel through a
      fuel inlet path 14 communicating with a fuel tank (not shown).
PAR  The altitude effects compensation mechanism 16 according to the invention
      is mounted in the fuel chamber 3 and generally extends from the central
      region to the lower portion of the chamber. The mechanism 16 is built in a
      metering body 17 formed by bending, a plate into an L shape and comprising
      a vertical portion 18 formed in its central portion with a cutout to
      provide a hollow portion 19. A guide 20 is disposed above the hollow
      portion 19, while a main fuel jet section 21 comprising a main fuel jet 37
      and forming a part of the fuel passage is disposed below the hollow
      portion 19.
PAR  Formed in the guide 20 is a perpendicular aperture 22 which is contiguous
      with a larger aperture 23 disposed thereabove. The aperture 22 is formed
      therein with a threaded portion in which a low speed air jet 24 is
      threadably engaged. The low speed air jet 24 is formed at its top with a
      groove 25 for receiving the tip of a driver therein, and at its lower
      portion with a ring-shaped groove for fitting an O-ring 26 therein.
      Interposed between the lower end of the low speed air jet 24 and a portion
      of a needle 27 which is guided by the guide section 20 is a horizontal
      duct 28 which is maintained in communication with a portion of the
      induction passage 1 which is disposed on the upstream side of the minor
      Venturi 6 and on the downstream side of the air cleaner.
PAR  The guide 20 has an outer upper end which is inserted through a packing 31
      in a hole 30 formed in the cap portion 12. The top of the outer end of the
      guide 20 and the cap portion 12 define therebetween a hollow space which
      is maintained in communication with a portion of the induction passage 1
      near the throttle valve 8 through an air passage 32, low speed air passage
      33 and bypass 34 formed in the passage body 2 as shown in FIG. 3. Disposed
      midway in the low speed fuel passage 33 is a low speed fuel jet 35
      connected to a low speed fuel passage 36 which is maintained in
      communication with a portion of the float chamber 3 disposed below the
      fuel level.
PAR  The needle 27 is interposed between the low speed air jet 24 and a main
      fuel jet 37 and constructed such that it has opposite and portions growing
      smaller insize going toward the respective ends and inserted in part in
      the jets 24 and 37 respectively. The needle 27 is formed with a first
      flange 40 substantially at its central portion and a second flange 41
      disposed above the first flange 40. A coil spring 42 in a compressed state
      is mounted between the first flange 40 and the bottom of the hollow
      portion 19 formed in the vertical portion 18 of the metering body 17 to
      urge the needle 27 to move upwardly. The second flange 41 cooperates with
      the bottom of the hollow portion 19 to limit the upward movement of the
      needle 27. The hollow portion 19 is formed at its lower portion with a
      vertical hole 43 which has a larger diameter lower portion threaded at 44
      and which ends in a still larger diameter lowermost portion. The main fuel
      jet 37 is threadably inserted in the minor diameter portion and the
      intermediate diameter portion of the vertical hole 43 through a packing
      45. The major diameter portion has fitted therein an insert 46 so as to
      leave no hollow space therein. Formed in the vertical hole 43 between the
      lower end of the main fuel jet 37 and the upper end of the insert 46 is a
      horizontal opening 47 connected to a main fuel passage 48 which is
      maintained in communication with the induction passage 1 through a main
      well 49 and a fuel injection port 50 formed in the minor Venturi 6.
PAR  A bellows 51, which is evacuated in the inside and disposed in the fuel in
      the fuel chamber 3 with its longitudinal axis being parallel to the
      horizontal, has a boss 52 at one end thereof which is secured as by means
      of screws to the vertical portion 18 of the metering body 17, and another
      boss 53 at the other end thereof which is slidably received for axial
      sliding movement in a horizontal opening 56 formed in a vertical portion
      of an L-shaped block 55 screwed to a horizontal portion 54 of the metering
      body 17. Formed on the end surface of the second boss 56 is a small
      spherical projection 57 which is positioned against a substantially
      vertical portion of a lever 60 pivotally supported by a pin 59 affixed to
      the upper portion of a stay 58 extending upwardly from the horizontal
      portion 54 of the metering body 17, the lever 60 being bent substantially
      at a position in which it is supported by the stay 58. The lever has an
      upper or forward end 61 formed such that it is maintained in line contact
      with the first flange 40 of the needle 27, so that the upwardly biasing
      force of the coil spring 42 and the axially oriented force of the bellows
      51 balance through the lever 60.
PAR  In operation, when the pressure in the manifold becomes negative or
      sub-atmospheric and air is drawn by suction thereinto through the air
      cleaner, an air stream is produced in the induction passage 1. This air
      stream, particularly a portion of the air stream passing through the minor
      Venturi 6, causes fuel flow from the float chamber 3 into the air stream
      through the main fuel jet 37, horizontal opening 47, manifold passage 48,
      main well 49 and fuel injection port 50. Thus the resultant fuel-air
      mixture is drawn by suction into the manifold. At the same time, a
      negative pressure of high order is produced in a portion of the induction
      passage 1 which is in the vicinity of the throttle valve 8, particularly
      when the degree of opening of the valve 8 is large. This negative pressure
      caused air flow from the air passage 29 to this portion of the induction
      passage 1 through the low speed air jet 24, air passage 32 and low speed
      fuel passage 33. This air stream causes fuel flow from the float chamber 3
      through the low speed fuel passage 36 and low speed fuel jet 35 to the low
      speed fuel passage 33 where the fuel is mixed with the air stream and
      drawn by suction into the manifold through the bypass 34 and induction
      passage 1.
PAR  When a motor vehicle runs at high altitude, the bellows 51 is expanded
      axially thereof due to reduced atmospheric pressure and causes the lever
      60, through the projection 57, to be moved counter clockwise in pivotal
      movement about the pin 59. Pivoting of the lever 60 result in its forward
      end portion 61 moves the needle 27 downwardly against the biasing force of
      the coil spring 32, with the result that the main fuel jet 37 is reduced
      in area and the low speed air jet 24 is increased in area.
PAR  From this it will be seen that when the motor vehicle runs at high speed
      the fuel flow from the main fuel supply system can be adjusted according
      to the air density, and that when the motor vehicle runs at low speed the
      air flow from the low speed air jet 24 increases, so that the fuel-air
      mixture can be varied according to the air density. It is thus possible to
      provide protection to the catalyst of an exhaust emission control device
      of the catalyst type which is constructed such that a fuel-air mixture of
      a basically constant air-fuel ratio would otherwise be supplied to the
      engine.
PAR  When the vibration of the motor vehicle engine or the impact applied
      thereto is transmitted to the metering body 17, the bellows 51 will
      naturally vibrate because it is affixed at one end to the metering body 17
      and supported at the other end by a bearing for free axial sliding
      movement. However, since the altitude effects compensation mechanism 16 is
      immersed in the fuel in the float chamber 3, the vibration of the bellows
      51 is damped by the viscosity of the fuel and it merely moves slowly in
      the fuel.
PAR  The provision of the altitude effects compensation mechanism 16 in the
      vicinity of the main fuel jet 37 and the low speed air jet 24 enables to
      reduce the length of the lever 60 interconnecting the needle 27 inserted
      in the main fuel jet 37 and low speed air jet 24 and the bellows 51. This
      enables to obtain an overall compact size in an altitude effects
      compensated carburetor.
PAR  As shown in FIG. 4, a linear ball bearing 62 capable of moving axially in
      sliding movement may be mounted in the aperture formed in the guide 20 for
      guiding the needle 27 thereby. This arrangement is conductive to
      elimination of the failure of the needle to slide or the hysteresis
      thereof.
PAR  The altitude effects compensation mechanism 16 comprising the metering body
      17, block 55, bellows 51, lever 60, needle 27, spring 42, guide 20 main
      fuel jet 37 and low speed air jet 24 can be assembled as a unit and housed
      in a cassette for insertion in the float chamber 3 of the carburetor after
      adjusting the bellows 51 and lever 60 in an effort to eliminate variations
      in quality and prevent misoperation. This facilitates production and
      mounting of the mechanism.
PAR  FIG. 5 shows the essential portions of an embodiment of the invention in
      which the altitude effects compensation mechanism is mounted in a duplex
      carburetor. In this embodiment, the low speed air jet and main fuel jet
      are operatively associated with each other by the same means as described
      with reference to the embodiment shown in FIG. 1 and FIG. 2. Two sets of
      mechanisms each comprising a main fuel jet and a low speed air jet are
      arranged symmetrically and adapted to be actuated by a single lever and a
      single bellows. The essential portions of the embodiments will now be
      described.
PAR  In the figure, 37A is a primary main fuel jet, 24A a primary low speed air
      jet, 35A a primary low speed fuel jet, 33A a primary low speed fuel
      passage, 27A a primary needle, 42A a primary spring, and 20A a primary
      guide. On the other hand, 37B is a secondary main fuel jet, 24B a
      secondary low speed air jet, 35B a secondary low speed fuel jet, 33B a
      secondary low speed fuel passage, 27B a secondary needle, 42B a secondary
      spring and 20B a secondary guide. In order to control the primary needle
      27A and secondary needle 27B according to the altitude, a lever 60AB
      having a bifurcated end as shown in FIG. 6 is used for transmitting
      displacements of the bellows 51 to the primary needle 27A and secondary
      needle 27B. The inventiona permits the main fuel systems and low speed
      fuel systems on the primary and secondary sides of a duplex carburetor to
      be controlled simultaneously by using a single bellows. The altitude
      effects compensation mechanism is immersed in the fuel in the float
      chamber in this embodiment too.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An altitude effects compensated carburetor comprising an induction
      passage having a venturi therein and a throttle valve downstream of said
      venturi, a member defining said induction passage, a float chamber
      containing fuel therein, a metering body in said float chamber, said
      metering body having a substantially vertical part and a substantially
      horizontal part, an air jet provided in the upper portion of said vertical
      part, each end of which communicates with said induction passage upstream
      of said venturi and downstream of said venturi respectively, a main fuel
      jet provided in the lower portion of said vertical part of said metering
      body, each end of which communicates with the fuel in said float chamber
      and said venturi respectively, a needle for controlling opening of each of
      said main fuel jet and said air jet, a bellows disposed within the fuel in
      said float chamber, the axis of which is substantially horizontal, one end
      of said bellows being fixed to said vertical part of said metering body,
      the other end being movable along said axis according to a change of
      atmospheric pressure, and means for operating said needle according to the
      movement of the movable end of said bellows.
NUM  2.
PAR  2. An altitude effects compensated carburetor as defined in claim 1,
      wherein said needle has two end portions, each diameter of which gradually
      decreases toward the end thereof, said each end portion forming valve
      means in co-operation with each of said main fuel jet and said air jet.
NUM  3.
PAR  3. An altitude effects compensated carburetor as defined in claim 2,
      wherein said operating means comprises a spring exerting a force upon said
      needle in the axial direction and a lever transmitting the horizontal
      movement of said bellows to said needle.
NUM  4.
PAR  4. An altitude effects compensated carburetor as defined in claim 3,
      wherein a plurality of said valve means comprising a plurality of said air
      jet, a plurality of said main fuel jet and a plurality of said needle are
      operated by said one lever and said one bellows.
NUM  5.
PAR  5. A process of assemblying an altitude effects compensated carburetor
      which comprisies assembling an air jet, a main fuel jet, a spring, a lever
      and a bellows on a metering body, testing the assembly, inserting said
      assembly into a float chamber and then fixing said assembly to said float
      chamber.
NUM  6.
PAR  6. An altitude effects compensated carburetor comprising an induction
      passage, a venturi in said passage, a throttle valve, a float chamber
      having a float and a valve mechanism connected with said float, a fuel
      passage for supplying fuel into said induction passage at said venturi, an
      altitude effects compensation means fully disposed in said float chamber
      and comprising first valve means for controlling a quantity of fuel flow
      to said fuel passage, bellows means fully immersed in fuel in said float
      chamber for making a displacement in response to changes in atmospheric
      pressure, valve control means for controlling said first valve means in
      response to the displacement of said bellows means, air passage means
      by-passing said venturi for introducing air from said induction passage
      upstream of said venturi to said induction passage in the vicinity of said
      throttle valve, and second valve means for controlling a quantity of air
      flow in said air passage means and being controlled by said valve control
      means, wherein said first valve means comprises a main fuel jet and a
      first needle, and said second valve means includes a low speed air jet and
      a second needle, said first and second needle being defined by end
      portions of a rod-shaped member which is controlled by said valve control
      means.
NUM  7.
PAR  7. An altitude effects compensated carburetor as defined in claim 6,
      wherein said compensating means includes means fixed to said float chamber
      for mounting thereon said first and second valve means, said bellows
      means, and said valve control means.
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PAL  A method for processing solvent soluble solids to produce micron size
      particles of the solids is disclosed. A solvent solution of a material
      such as a polymer is prepared, frozen, comminuted, and mixed under
      conditions of high shear with a non-solvent liquid which is miscible with
      the solvent but in which the polymeric material is insoluble. When the
      temperature of the mixture exceeds the melting point of the solvent, the
      solvent melts and diffuses into the non-solvent liquid and the polymeric
      material is caused to precipitate out of solution in the form of finely
      divided particles having a normal particle size distribution. The freezing
      and comminution of the solvent solution of polymeric material may be
      accomplished in a one step process in-situ by slowly adding the polymer
      solution to the non-solvent liquid under conditions of high shear
      agitation, the non-solvent liquid being maintained at a temperature
      substantially below the melting point of the solvent whereby dispersed
      droplets of the solution are caused to freeze prior to substantial
      diffusion of the solvent into the non-solvent liquid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved method for processing solvent
      soluble solids whereby the solids may be recovered in finely divided,
      particulate form. More specifically, the present invention is directed
      towards the preparation of an electrostatographic toner material which is
      suitable for use in electrostatic and xerographic processes.
PAR  It is known that images may be formed and developed on the surfaces of
      certain photoconductive materials by electrostatic means. The basic
      xerographic process, as taught by Carlson in U.S. Pat. No. 2,297,691
      involves uniformly charging a photoconductive insulating layer followed by
      exposure of layer to a pattern of light and shadow which dissipates the
      charge on the portions of the layer which are exposed to light. The
      electrostatic latent image formed on the layer corresponds to the
      configuration of the light and shadow image. Alternatively, a latent
      electrostatic image may be formed on the plate directly by charging said
      plate in image configuration. This image is rendered visable by depositing
      on the image bearing layer a finely divided electroscopic developing
      material called a toner. A toner usually includes a thermoplastic resin
      and a colorant. The toner material will normally be attracted to those
      portions of the layer which retain a charge, thereby forming a toner image
      corresponding to the latent electrostatic image. This powder image may
      then be transferred to paper or other receiving surfaces, and the
      transferred image may be made permanent by heating using suitable fixing
      means. The above general process is also described in U.S. Pat. Nos.
      2,357,809, 2,891,001 and 3,079,342.
PAR  Toner materials are most commonly prepared by forming an intimate mixture
      of a thermoplastic resin and a colorant material, and thereafter
      comminuting the mixture using a pulverizer, jet mill, or other device to
      produce particles having an average particle size within the range of
      about 1 to 30 microns. Other techniques for forming toner material involve
      the mixing of a colorant with a dispersion, solution or latex of a
      resinous material followed by spray drying of the mixture whereby descrete
      particles are formed. General techniques for preparing toner material are
      disclosed for example in U.S. Pat. RE25/36 and U.S. Pat. No. 3,502,582.
PAR  Other techniques for recovering materials in finely divided form include
      the precipitation technique and the cryogenic grinding technique. The
      recovery of solvent soluble solids from a solvent by the precipitation
      into a non-solvent involves the selection of a non-solvent for the solid
      and the pouring of a solvent solution of the solid into a non-solvent,
      normally under agitation, causing precipitation of the solid solute. Such
      procedures have found use in recovering all types of organic compounds
      including dyes, pigments, aromatic compounds, polymers and the like.
      Another technique for the reduction of the particle size of solids such as
      polymeric materials is accomplished by utilizing cryogenic grinding. This
      practice involves cooling the material down to a very low temperature with
      dry ice or liquid nitrogen and grinding it in a high shear grinder. This
      technique is particularly applicable for reducing the particle size of
      polymers having low softening points or melting points. Typical examples
      of these and other techniques for polymer particle size reduction are
      found in U.S. Pat. Nos. 271,080, 1,201,132, 2,067,971, 2,216,094,
      2,879,173, and 3,379,797.
PAR  While these techniques have generally proven satisfactory in most
      applications, they do suffer certain disadvantages. For example ordinary
      mechanical methods of disintegration may cause degredation of the
      polymeric material accompanied by a reduction in molecular weight. The
      heat generated during mechanical treatment even under cryogenic conditions
      is often sufficient to soften the polymeric material giving rise to
      clogging of the grinding mechanism and destruction of the particulate
      character of the processed polymer. It is also difficult to precisely
      control the particle size of the polymeric material so processed and often
      subsequent screening operations are required to meet target goals in terms
      of particle size. With regard to the precipitation technique, target
      particle size goals are often difficult to reach since the solute may
      precipitate out of solution in the form of a difficult to recover colloid.
      Also, precipitated polymers having moderately low softening or melting
      points may have a tendency to congeal unless extremely low temperatures
      are maintained in the system.
PAR  It is thus most desirable to devise a simplified process for the
      preparation of finely divided solid materials which offers a more precise
      control over the particle size of the material processed thereby, and
      which process avoids many of the disadvantages referred to above.
PAC  SUMMARY OF THE INVENTION
PAR  An improved process for the preparation of micron size solvent soluble
      solid materials has now been discovered. The process involves the steps of
      forming a solution of a solid material in a solvent therefore, freezing
      said solution, comminuting said frozen solution, exposing said frozen
      particulate solution under conditions of high shear agitation to a liquid
      which is a non-solvent for said solid material, but which liquid is
      miscible with said solvent thereby forming a mixture of said liquid and
      discrete particles of said frozen solution, and allowing said frozen
      solvent to melt in said liquid whereby the solvent diffuses into the
      liquid and the solids precipitate out of solution in the form of finely
      divided micron sized particles. The finely divided particles may then be
      recovered by conventional techniques. A preferred method for carrying out
      the process of this invention is a simplified single step, in-situ
      operation whereby a solvent solution of a solid material is gradually
      added to the non-solvent liquid under conditions of high shear agitation,
      said non-solvent liquid being selected such that it has a melting point
      substantially lower than the melting point of said solvent and said
      non-solvent liquid further being maintained at a temperature substantially
      lower than the melting temperature of said solvent during addition of said
      solution. Because of the high shear agitation, the solution is caused to
      rapidly disperse in said liquid to form a mixture, the temperature of said
      liquid being such as to cause quick freezing of the dispersed solution
      droplets prior to any substantial diffusion of the solvent within the
      liquid. The temperature of the mixture of the liquid and frozen particles
      of the solution is then raised under continued high shear agitation to a
      point above the melting point of the solvent whereby the solvent diffuses
      into the liquid and the solids are caused to precipitate out of solution
      in the form of finely divided micron sized particles. The process of this
      invention affords the capability of preparing particles of solids, such as
      a polymeric material, having a normal particle size distribution and an
      average particle size in the order of 20 microns or less. Materials such
      as anthracene and polymeric materials with melting or softening points as
      low as 45.degree.C. which are difficult to particulate to the desired
      particle size by prior art techniques can be readily processed according
      to the present invention. In addition, electrostatographic toner materials
      comprising uniform mixtures of polymeric material and other additives such
      as pigments, dyes and the like may be prepared by dispersing or dissolving
      these additives in the polymeric solution prior to processing, as will be
      hereinafter disclosed.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention solids may be processed into
      finely divided micron sized particles having a normal particle size
      distribution and an average particle size of 20 microns or less. The
      invention is equally applicable to virtually any class of solids which can
      be made to dissolve in a solvent, which solvent is miscible with a second
      liquid, and in which second liquid the solid material itself is not
      soluble. Otherwise, the process is operable substantially independent of
      the physical or rheological properties of the solid material, with the
      exception that the softening or melting point of the solid material must
      not be so low that the particles congeal prior to recovery.
PAR  The selection of the particular solvent to be used in the process is
      dictated by at least two variables: it must be a material capable of
      dissolving the solid to be processed and it must be miscible with a liquid
      which is a non-solvent for the solid. Conversely, the selection of the
      non-solvent liquid is dictated by miscibility with the solvent and
      insolubility with the solid. Many organic solids, for example polymers,
      are completely soluble in aromatic or aliphatic hydrocarbons, and are
      substantially insoluble in organic alcohols, which alcohols are miscible
      with most organic solvents. Thus, non-polar materials such as benzene,
      toluene, kerosene, and aromatic and aliphatic hydrocarbons in general are
      suitable as the solvent material for many polymers, while polar materials
      such as aliphatic or aromatic alcohols like methanol, ethanol, propylene
      glycol, phenol and the like are correspondingly suitable for the
      non-solvent material. Where the solid to be processed is soluble in polar
      materials, then polar solvents such as the aforementioned alcohols or
      water could be used as the solvent material while non-polar hydrocarbons
      would be the non-solvent liquids employed in the process. Given a specific
      solid to be processed and also given the aforementioned parameters, the
      selection of specific solvent and non-solvent liquids will be evident to
      one skilled in the art.
PAR  An additional consideration of the above comes into play in the embodiment
      wherein the present process is carried out in the mode involving the
      freezing of the solvent solution under high shear mixing conditions
      in-situ in the presence of the non-solvent liquid. In this instance, the
      melting or freezing point of the non-solvent liquid must be substantially
      lower than the melting or freezing point of the solvent in which the solid
      is dissolved. The temperature of the non-solvent liquid must be maintained
      low enough during addition of the solution of solid such that dispersed
      droplets of the solution will freeze prior to diffusion of the solvent
      within the non-solvent, but not so low that the non-solvent liquid itself
      is caused to freeze. The in-situ mode is best facilitated by selecting as
      solvent materials those compounds having relatively high melting points,
      and as non-solvent materials those compounds with relatively low melting
      points. For best results, the melting point differential between the
      solvent and non-solvent materials should be at least 20.degree.C, and
      preferably at least about 50.degree.C, or greater. Exemplary of solvents
      having suitably high melting points would be benzene or water,
      while-non-solvents having suitably low melting points would be methanol,
      propylene glycol, methyl-ethyl ketone, and the like.
PAR  Within the aforementioned criteria, a wide variety of solid materials may
      be processed in accordance with the present invention, both organic and
      inorganic.
PAR  Suitable examples of inorganic solids include metal salts; inorganic dyes
      and pigments; hydrates; oxides; phosphorous compounds; and the like.
      Suitable organic solids include organic dyes and pigments; naturally
      occuring substances such as cellulose or natural rubber; hydrocarbons such
      as naphthalene or anthracene; polymeric materials; and the like. Suitable
      polymers which may be processed according to the present invention include
      natural or synthetic, amorphous or crystalline materials which can be
      dissolved in a solvent and which are insoluble in some other liquid
      miscible with said solvent. Exemplary materials are polyesters;
      polyethers; polyolefins including monoolefin and diolefin polymers; vinyl
      polymers; vinylaromatic polymers; phenol or amine aldehyde condensation
      polymers; polysulfide and polysulfone polymers; cellulose polymers;
      polyamides; polyamines and the like; as well as copolymers. Where the
      polymeric material is to be used as a xerographic toner, especially
      suitable are vinyl aromatic polymers such as polystyrene and copolymers of
      styrene and acrylates or methacrylates; copolymers of vinyl toluene with
      butadiene, isoprene and the like; polyvinylacetate and copolymers of vinyl
      acetate with other vinyl monomers; polyalkylacrylates and methacrylates;
      polyesters such as polyhexamethylene sebacate; and like polymers.
PAR  The first step of the process involves the formation of a solution of the
      solid which may be conveniently accomplished by dispersing particles of
      the solid or a melt of the solid into a solvent in a suitable mixing
      vessel until the solid is substantially completely dissolved. The solid
      concentration may be from trace amounts of less than 1% up to saturation
      or limit of solubility levels. The ultimate particle size of the solid
      after processing according to the present invention may be controlled to a
      large extent by the concentration of the solid in the solution, with
      smaller particles being obtained at low concentrates and larger particles
      resulting from higher concentrations.
PAR  Where the processed solid material is polymeric and is to be used as a
      xerographic toner, an appropriate colorant material should also be finely
      dispersed or dissolved in the solution at this time. It is not necessary
      that the colorant be soluble in the solvent, but it should be dispersed
      therein uniformly. The colorant material used in preparing the toner
      composition may include any finely divided pigment or water or organic
      solvent soluble dye. The most common pigments used in electrostatographic
      toner materials are finely divided carbon black, cyan, magenta and yellow
      pigments. The most common dyes are the acid, basic and dispersed dyes of
      suitable color as are known in the art. Typical examples of suitable
      colorants are disclosed in U.S. Pat. No. 3,502,582. The pigment or dye
      should be present in an amount effective to render the toner highly
      colored so that it will form a clearly visible image on a recording
      member. Preferably for sufficient color density, the pigment is employed
      in an amount from about 1% to about 20% by weight, based on the total
      weight of the colored toner. If the toner colorant employed is a dye,
      quantities substantially smaller than about 1% by weight may be used.
PAR  Next, a dispersion of frozen particles of the solution in the non-solvent
      liquid is formed by either of two methods. The first method involves
      freezing the solution, comminuting the frozen solution without melting it
      to form finely divided particles having an average particle size
      preferably less than about 500 microns and subsequently dispersing the
      frozen particles under conditions of high shear agitation into the
      non-solvent liquid. This technique may be accomplished by grinding the
      frozen solution under cryogenic conditions in any suitable mill or
      pulverizer, or by impact disintegration of chunks of the frozen solution
      such as involved in the cold stream process. The comminuted frozen
      particles of solution are then admixed with a non-solvent liquid under
      conditions of high shear agitation in a suitable mixing device such as a
      Waring Blender, Kadymill or a homogenizer, and mixing continued until the
      solvent component of the frozen particles of solution has completely
      melted. As the solvent melts, it diffuses into the non-solvent liquid and
      the solid solute begins to precipitate out of solution in the form of
      finely divided particles. After diffusion is complete, the precipitated
      solid, or the precipitated solid composition containing a colorant, may be
      recovered by conventional techniques such as by decanting, filtering,
      spray drying and the like. In this embodiment of the process, it is not
      necessary that the non-solvent liquid be maintained at a temperature below
      the melting point of the solvent when the frozen particles of the solution
      are admixed therewith; in most instances, however, it is preferable that
      the temperature of the non-solvent liquid be low enough such that the
      frozen solution does not melt before it has been uniformly dispersed and
      ground under high shear conditions within the non-solvent liquid.
PAR  The second and preferred method for preparing a dispersion of frozen
      particles of the solution in the non-solvent liquid is the one step
      process wherein the solution is dispersed under high shear conditions into
      the non-solvent liquid at a temperature well below the melting point of
      the solvent, and the dispersed droplets frozen in-situ in the presence of
      the non-solvent liquid prior to any substantial diffusion of the solvent
      into the non-solvent. This may be carried out by first providing a
      quantity of the non-solvent liquid and reducing the temperature of this
      liquid to a point substantially below the melting point of the solvent in
      which the solid material is dissolved, but not so low as to cause the
      non-solvent liquid itself to freeze. This cooling may be brought about by
      employing mixing equipment having jacketed cooling, by refrigeration of
      the liquid, or by adding frozen carbondioxide (dry ice) or like inert
      materials to the non-solvent. In most cases, the amount of cooling
      required should be sufficient to reduce the temperature of the non-solvent
      liquid to below 0.degree.C., preferably from -20.degree.C. to
      -100.degree.C. Next, the solution is slowly added to the cooled
      non-solvent liquid under high shear conditions. This may be accomplished
      by subjecting the cooled non-solvent liquid to high shear conditions in a
      device such as a Waring Blender, Kady Mill, or a homogenizer, and
      gradually adding the solution thereto. When the droplets of solution
      contact the cooled non-solvent liquid under these conditions, the droplets
      are immediately dispersed and quick frozen. After the desired amount of
      the solution has been added, high shear mixing of the mixture is continued
      for a period of time sufficient to insure that the average particle size
      of the dispersed frozen droplets is less than about 100 microns. At this
      point, the mixture is warmed either by applying external heat or by
      allowing the mixture to warm by means of internal frictional heat
      generated by continued high shear mixing. When the temperature of the
      mixture reaches the melting point of the solvent, the solvent diffuses
      into the non-solvent liquid and the solute is caused to precipitate out of
      solution. After diffusion and precipitation are complete, the solid solute
      may be recovered as indicated above.
PAR  The ratio in which the non-solvent liquid and the solvent solution are
      mixed in either of the above process embodiments may vary within the range
      of from trace amounts of solvent solution up to about 35% by weight of
      solvent solution based on total weight of the mixture. The concentration
      of non-solvent liquid must be sufficient such that the solute dissolved in
      the solvent will precipitate in the diffused mixture of solvent and
      non-solvent after the solvent has melted. In most cases, a 10 to 1 ratio
      of non-solvent to solvent solution has proven effective.
PAR  The following examples are illustrative of the process of this invention.
PAC  EXAMPLE 1
PAR  To 100 parts by weight of methanol was added sufficient dry ice to reduce
      the temperature of the methanol to approximately -50.degree.C. The cool
      methanol was then added to the container portion of a Waring Blender and
      agitation commenced at medium speed. Ten parts by weight of a 10% by
      weight solution of polystyrene in benzene was then slowly added to the
      cold methanol. It was observed that a benzene slush formed immediately as
      the solution was added to the methanol. After all of the solution was
      added, mixing was continued until the temperature of the mixture reached
      about 25.degree.C., at which point mixing was discontinued. The dispersed
      particles of polystyrene were then recovered by filtering the mixture and
      drying the residue. The polystyrene was recovered in the form of finely
      divided particles having an average particle size of about 14 microns and
      a normal particle size distribution within the range of about 4 to 40
      microns.
PAC  EXAMPLE 2
PAR  An electrostatographic toner material was prepared by forming a 10% by
      weight solution in benzene of a 65/35 styrene/n-butyl methacrylate
      copolymer. About 0.1% by weight polymer of a benzene soluble cyan dye
      (Heliogen Blue OS) was also dissolved in the benzene. The material was
      processed by the same method as employed in Example 1 except that a Kady
      Mill was used as the high shear mixing device. The copolymer/dye mixture
      was recovered in the form of finely divided particles having an average
      particle size of about 10 microns. This toner material was tested in a
      copy machine marketed by the Xerox Corporation and found to produce good
      copy print quality.
PAC  EXAMPLE 3
PAR  In this example the particle size of anthracene which is a difficult
      material to comminute, was reduced from 200 microns to about 5 microns.
PAR  Anthracene having a particle size of about 200 microns was dissolved in
      benzene at a concentration of about 7.5 grams per 100 ml. Next, a mixture
      of dry ice and methanol was added to a Kady Mill. When the temperature of
      the methanol had reached approximately -70.degree.C., the benzene solution
      of anthracene was slowly added under milling conditions until about 10% by
      weight based on the methanol had been added. The benzene solution was
      observed to crystallize almost immediately, and was subjected to
      continuous fracturing in the mill until the temperature of the mixture
      reaches about 15.degree.C. The precipitated anthracene was subsequently
      recovered by filtration and dried. It was found to have an average
      particle size of about 5 microns and a normal particle size distribution
      within the range of about 2 - 20 microns.
PAR  This material may then be used in the preparation of photosensitive plates
      used in electrophotographic processes.
PAR  As pointed out above, the present process provides a simplified method for
      reducing the particle size of materials which heretofore required more
      complex operations and expensive equipment. It offers good control over
      the normal distribution of particle size. Particle size may be controlled
      by simply varying the concentration of solute or by varying the ratio of
      solvent and non-solvent liquids employed in the process. Thus, target
      goals in terms of particle size distribution may be achieved without
      resorting to subsequent screening or comminution steps.
PAR  While the invention has been described with reference to the processes
      disclosed herein, it is not confined to the specific embodiments set
      forth, and this application is intended to cover such operative
      modifications or changes as may come within the scope of the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing solvent soluble solids in finely divided form
      comprising:
PA1  a. providing a solution of a solid material in solvent therefor;
PA1  b. freezing said solution;
PA1  c. comminuting said frozen solution;
PA1  d. mixing said comminuted frozen solution with a' liquid which is a
      non-solvent for said solid material under conditions of high shear
      agitation, said non-solvent being miscible with said solvent;
PA1  e. agitating said mixture such that said solvent melts and diffuses into
      said non-solvent and said solid precipitates out of solution in finely
      divided form;
PA1  f. recovering said solid in finely divided form, wherein the average
      particle size of said recovered solid in 20 microns or less.
NUM  2.
PAR  2. The process of claim 1 wherein the temperature of said liquid is less
      than the melting point of said solvent during said mixing step.
NUM  3.
PAR  3. The process of claim 2 wherein said solution is mixed with said liquid
      at a level of up to 35% by weight of the total mixture.
NUM  4.
PAR  4. A process for preparing solvent soluble solids in finely divided form
      comprising:
PA1  a. providing a solution of a solid material in a solvent therefor;
PA1  b. providing a liquid which is a non-solvent for said solid material,
      miscible with said solvent, and which liquid is maintained at a
      temperature substantially below the melting point of said solvent;
PA1  c. forming a mixture of said solution and said liquid by adding said
      solution to said liquid under conditions of high shear agitation
      sufficient to rapidly disperse said solution in said liquid, the
      temperature of said liquid being such as to cause freezing of said
      dispersed solution prior to any substantial diffusion of said solvent
      within said liquid;
PA1  d. raising the temperature of said mixture to a point above the melting
      point of said solvent while continuing agitation whereby said solvent is
      caused to diffuse into said liquid and said solid is caused to precipitate
      out of said mixture in the form of finely divided particles;
PA1  e. recovering said solid in finely divided form, wherein the average
      particle size of said recovered solid is 20 microns or less.
NUM  5.
PAR  5. The process of claim 4 wherein said liquid is maintained at a
      temperature of at least 20.degree.C. less than the melting point of said
      solvent during said mixing step.
NUM  6.
PAR  6. The process of claim 5 wherein said solution is mixed with said liquid
      at a level of up to 35% by weight of the total mixture.
NUM  7.
PAR  7. The process of claim 5 wherein said solid is polymeric.
NUM  8.
PAR  8. The process of claim 7 wherein said provided solution further includes a
      colorant material dissolved or finely dispersed therein.
NUM  9.
PAR  9. The process of claim 6 wherein said liquid is maintained at a
      temperature of at least 50.degree.C. less than the melting point of said
      solvent during said mixing step.
NUM  10.
PAR  10. The process of claim 9 wherein said solution is mixed with said liquid
      at a ratio of about one part of solution per ten parts of liquid.
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ABST
PAL  An improvement in a process for preparing a foamed thermoplastic article in
      which a foamable thermoplastic resin is passed through an orifice of a die
      and is permitted to expand after passing through said orifice. The
      improvement includes
PA1  A. passing the foamable thermoplastic resin through an orifice, the outer
      periphery of which contains a plurality of recesses,
PA1  B. allowing the resin to expand to form a soft-surfaced porous shaped
      article having peaks and valleys corresponding to the recesses of the
      orifice, and
PA1  C. pressing the surface of said article so as to level the peaks.
PAL  A smooth-surfaced shaped article is produced having a surface structure
      characterized by high density portions corresponding to the peaks and low
      density portions corresponding to the valleys and resembling natural wood.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for preparing a synthetic wood product.
PAR  It is known that an elongated foamed article can be prepared by extruding a
      normally hard, thermoplastic resin from a die while in a softened state.
      If a die having a single orifice and which is normally used for the
      preparation of a board is employed, however, the elongated article
      obtained does not have a structure wherein foamed portions of high density
      exist alternately with foamed portions of low density. The foamed article
      does not have, therefore, a ring structure as seen in natural wood. The
      foamed articles obtained by these conventional processes although not
      having appearance which actually resembles natural wood, are sometimes
      called synthetic wood.
PAR  A process is also known for preparing a foamed structure in which foamed
      portions of higher density are contained therein alternately with foamed
      portions of lower density, both portion extending throughout the entire
      structure. In the process a foamable resin is extruded through a die
      provided with a number of apertures and mounted on an extruder to form a
      number of foamed resin strands, each of which has a high density surface
      skin and a low density inner portion, which strands are different in their
      average densities. The strands are then coalesced into a unitary foamed
      article. In the foamed article thus obtained, each of the strands acts as
      if it were one annual ring, and as a result, the foamed article shows a
      property similar to natural wood. Such a process is disclosed in Japanese
      Patent Publications No. 47-40293, No. 47-40294 and No. 47-51945 and U.S.
      Pat. No. 3720572.
PAR  Because the synthetic wood obtained by the above process has a structure
      wherein a number of foamed strands, having various average densities, are
      coalesced, density differences are provided even in the inner portions.
      Thus, the synthetic wood has an appearance of straight grains and
      mechanical properties resembling natural wood. Further, characteristically
      the straight grains do not disappear even with planing off or other
      fabrications. Due to such advantages, the synthetic wood has a wide
      variety of applications in many fields.
PAR  The synthetic wood described above, however, sometimes has disadvantages
      when used in certain specific applications. For example, the synthetic
      wood is easily torn away along the coalesced surfaces formed between the
      foamed strands therein, and thus the synthetic wood has a low bending
      strength in the direction perpendicular to the longitudinal direction of
      the strands. As a result, when the synthetic wood is made into a broad
      board, it is not suitable for use in applications wherein bending strength
      may be needed in the width direction of the board. A need exists,
      therefore, for a synthetic wood having an appearance of straight grains on
      the surface thereof and a high bending strength in the width direction.
      The present invention has been made in order to meet the above need.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a process wherein a foamable resin is
      extruded through a die having an orifice having recesses or grooves around
      its periphery running in the width direction of said orifice to form a
      foamed article having the shape of the grooves or recesses (peaks and
      valleys) on the surface and thereafter the peaks are pressed, or
      compressed, while the article is still in a softened state to eliminate
      the peaks. As a result, there is obtained a foamed board having on its
      surface a striped pattern consisting of high density foamed portions and
      low density foamed portions, said high density portions being produced by
      pressing at the places wherein the protruding peaks are formed when the
      foamable resin is extruded - said low density portions being at the
      valleys. Further, the foamed board has a surface pattern resembling the
      annual rings of natural wood. Moreover, the foamed board is imparted with
      the striped pattern only on its surface portions, and is evenly foamed in
      its inner portions. Thus, the board obtained according to the invention
      has a high bending strength in the width direction and an appearance
      similar to natural wood and has, therefore, improved properties which have
      not been attained by the known processes.
PAR  According to the present invention, an improvement in a process for
      preparing a synthetic wood, which process includes the step of extruding a
      thermoplastic resin containing a foaming agent from a die mounted on an
      extruder, is provided with: employing as the die, a die having an orifice
      for forming a cross section of a desired profile, and having on the
      peripheries of the orifice grooves or recesses at least on the outlet
      side; extruding a foamable resin from the die to form a porous shaped
      article having peaks and valleys on its surfaces corresponding to the
      grooves or recesses; and thereafter pressing the peaks while the article
      is still in a softened state to level the peaks so as to provide a flat
      surface wherein the peaks are on the same level with the valleys and
      whereby higher density portions are formed at places corresponding to the
      peaks than at places corresponding to the valleys.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is further explained by referring to the drawings, in
      which:
PAR  FIG. 1 is a front view of a die used in the present invention.
PAR  FIG. 2 is a front view of a foamed article immediately after being extruded
      from a die according to the present invention.
PAR  FIG. 3 is a view of foamed article which has been extruded, passed through
      a guide and then pressed by rolls according to the present invention.
PAR  FIGS. 4 to 6 are front views of a die which can be used in the present
      invention, wherein various types of grooves and recesses for an orifice
      are shown, and in particular;
PAR  FIG. 4 is a front view of a die provided with an orifice which has a cross
      section having grooves or recesses, said grooves or recesses having a
      steep angle m on the left and lesser angle n on the right.
PAR  FIG. 5 is a front view of a die provided with an orifice having a cross
      section containing a plurality of small rectangles positioned at equal
      distances from one another.
PAR  FIG. 6 is a front view of a die provided with an orifice having a cross
      section containing grooves or recesses of a variety of shapes.
PAR  FIG. 7 shows a horizontal section and top view of one embodiment of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, die 2 is mounted on the forward end 1 of an extruder.
      Die 2 is surrounded by heaters 3 and provided with orifice 4 therein.
      Orifice 4 is approximately in the form of a board at the outlet side and
      has corrugated portions 5 on each of the upper and lower surfaces at the
      outlet end - the corrugated portions undulating in the width direction of
      board. Supporting members 6 for supporting cooling pipes are mounted on
      the upper and lower portions of orifice 4.
PAR  Referring to FIG. 2, there is shown a state, wherein a foamable resin is
      extruded from die 2 provided with orifice 4 having corrugated portions 5
      as shown in FIG. 1. When extruded, the foamable resin becomes a shaped
      article 8 having on the upper and lower surfaces so-called peaks and
      valleys or corrugations, corresponding to corrugated portions 5 around
      orifice 4. Pipes 7 are fixed to the vicinity of the orifice by the
      supporting members 6. Cooling air may be circulated through pipes 7 to
      cool the surfaces of pipes 7. Pipes 7 are arranged so that each of their
      surfaces may contact only the protruding peaks on each of the upper and
      lower surfaces of shaped article 8. The peaks and valleys extend in the
      longitudinal direction and length of the article, and only the peaks of
      the article are continuously cooled by pipes 7.
PAR  FIG. 3 shows a process wherein a foamed article having peaks and valleys on
      its surface which has been prepared in the manner illustrated in FIG. 2 is
      pressed or compressed from the surface, and forms high density portions at
      locations corresponding to the peaks now-compressed, and low density
      portions at locations corresponding to the valleys. In FIG. 3, shaped,
      foamed article 8 is at first passed through guide 9, then through a
      forming frame 10, whereby the external shape of the aticle is adjusted.
      Forming frame 10 is closely contacted with outside surface of box 11
      containing cooling water therein. Thereafter, foamed article 8 is pressed
      by a number of rolls 12, which are arranged in parallel crosses, while
      article 8 is being cooled in contact with the cooling water, so as to
      level the peaks with the valleys and to form a flat surface. After thus
      being pressed, high density portions 82 are formed on the portions of the
      article corresponding to the portions of the article where the peaks were
      located. As a result, there is obtained a synthetic wood 13 having
      alternately high density portions and low density portions on the
      surfaces. Because the surface of article 8 is in a softened state at a
      time of pressing, the pressing has an influence only on the surface and
      does not cause or only minimally causes changes in the inner portion of
      the article.
PAR  The present invention is characterized in that the recesses or grooves,
      i.e., corrugations, are provided at the periphery of the outlet side of
      the orifice in the die used therein. The recesses are first fully
      explained hereinbelow, and then the high density portions formed in the
      final article are explained in connection with the recesses.
PAR  In general, the purpose of the recesses is to provide the surface of the
      final article with high density portions, and accordingly to impart the
      final article with a pattern similar to annual rings. In view of this
      purpose, the recesses should have dimensions within a pertinent range. In
      particular, height h from one valley to the contiguous peak should be
      within a pertinent range, as seen in FIG. 4, and distance f from one peak
      to the contiguous peak should also be within a pertinent range. If the
      height h is too big, then it becomes difficult to level the peak with the
      valley by pressing the peak, and if the distance f is too big in
      comparison with the height h, then density gradient becomes too small from
      the high density portion to the low density portion, and consequently the
      final article cannot have an appearance of natural wood. Thus, it is
      preferable that the height h is about 0.5 - 10 mm, most preferably about 1
      - 5 mm. The distance f between the contiguous peaks is preferably less
      than 20 mm, most preferably about 10 - 2 mm. The recesses may have various
      shapes such as annular, triangular, or rectangular shapes on the outlet
      surface of the die. Preferably the recesses may be extended from the
      outlet surface to an inner portion away from the surface.
PAR  In FIG. 4, die 2 is provided with orifice 4 having width w and approximate
      thickness t, and recesses 5 formed on upper and lower peripheries of
      orifice 4. The recesses 5 in FIG. 4 are formed by cutting away several
      portions, each of which has a triangular cross-section having a steep
      slope m on the left and a lesser slope n on the right. The foamed article
      extruded from orifice 4 is in the form of a board, the surface of which
      has protruding portions corresponding in shape to the recesses around the
      orifice 4. Each of the protruding portions has a steep slope m on the left
      and lesser slope n on the right. The protruding portions, when pressed in
      a softened state, form high density portions the densities being highest
      at positions corresponding to the tops of the peaks and gradually
      decreasing according to the distances from the tops of the peak to the
      contiguous valleys on the right or left. In the high density portions, the
      density gradient is sharp on the left, because it has been formed by the
      left slope m, and gentle on the right, because it has been formed by the
      right slope n. Thus, width and density gradients of the high density
      portions may be varied by changing the cross-sectional shapes of recesses
      5.
PAR  Referring to FIG. 5, die 2 is provided with orifice 4 having width w and
      approximate thickness t, and recesses 5 formed on upper and lower
      peripheries. The recesses 5 are rectangular in shape. The foamed article
      extruded from orifice 4 is in the form of a board, the surface of which
      has protruding portions of rectangular cross-section corresponding to the
      recesses 5 of the orifice 4. The peak in each of the protruding portions
      forms a plane parallel to the surface of the board, and both side surfaces
      in each of the protruding portions form planes perpendicular to the
      surface of the board. When the protruding portions are pressed in a
      softened state, they form high density portions in the final article. The
      high density portions are located at places corresponding to the plane
      peaks, and the remaining portions form low density portions. Transitions
      from the high density portions to the low density portions or vice versa
      are very clear, and transition portions form linear lines which have no
      substantial widths.
PAR  In FIG. 6, die 2 is provided with orifice 4 having width w and approximate
      thickness t, and recesses 5 formed on upper and lower peripheries of
      orifice 4. The recesses 5 are composed of many portions cut away, which
      have various sections and are located at various intervals. When foamable
      resin is extruded from the orifice 4, there is a formed a foamed article
      having peaks and valleys on its surface. When the surface is pressed, a
      synthetic wood product may be obtained in which high density portions and
      low density portions are alternately positioned in parallel relation, and
      transition portions between two contiguous portions have various width and
      density gradients.
PAR  Said recesses 5 are preferably formed deeply in the orifice from the outlet
      surface of the die towards the inner portion of the die. In general, it is
      necessary that the recesses 5 are formed deeply in the orifice in order to
      obtain a highly foamed article. It is not necessary, however, that
      recesses 5 be formed deeply in the orifice if a low foamed article is
      desired. In the case where a low foamed article is desired to be obtained,
      recesses 5 may be formed only in the vicinity of the outlet end of the
      die, and recesses 5 may be tapered so as to be progressively enlarged on a
      steep slope close to the outlet surface. Such tapered recesses are
      preferable in that they are easily formed in the die.
PAR  As mentioned above, a flattening process as illustrated in FIG. 3 may be
      continuously carried out immediately after foamed article 8 having peaks
      and valleys has been obtained in an extruding process as illustrated in
      FIG. 2. The flattening process, however, may also be carried out
      separately from the extruding process. In the latter case, the foamed
      article 8 is cooled and once taken out in the form of a board having peaks
      and valleys on the surface, as extruded. The article is then heated again
      from the surfaces to soften only the surface portions thereof, and
      thereafter the article is either continuously passed through a number of
      rolls which are arranged in parallel crosses, or placed in a heated press,
      in order to press only a surface layer of the article.
PAR  When the foamed article having peaks and valleys is pressed to level the
      peaks with the valleys, while the surface of the article is in a softened
      state, high density portions are produced in places where the peaks have
      been located. The high density portions are produced only in the surface
      layer of the article and no density change is formed in the inner portion
      of the article.
PAR  As for the resin material, so-called hard thermoplastic resin, i.e., a
      resin highly resistant to scratching and abrasion, should be used in the
      present invention but not soft thermoplastic resin. This is quite natural
      since it is intended that the end product should be similar to wood in
      physical characteristics. The hard thermoplastic resin may be, for
      example, a homopolymer of ethylene, styrene, propylene, vinyl chloride, or
      methyl methacrylate, or a copolymer of any of these. These resins may be
      used alone or by mixing one with one another.
PAR  Various known foaming agents may be used as the foaming agent in the
      present invention. The known foaming agents can be roughly classified into
      two groups, one of which is a solid compound that decomposes at elevated
      temperatures, and the other group includes liquid or gaseous compounds.
      The solid compounds are compounds having the property that, when heated
      above the softening temperature of a resin, decompose to generate gas
      which expands or foams the resin. The liquid or gaseous compounds are
      liquid or gaseous compounds that are dissolved in a resin under high
      temperatures and/or high pressures, and which when the resin containing
      the compound is brought into a lower temperature and/or under less
      pressure, and decreased in solubility in the resin and liberated from the
      resin, and expand the resin. As examples of the former compounds, there
      may be mentioned azo-dicarbonamide, dinitrosopentamethylenetetramine, and
      sodium bicarbonate. Examples of the latter compounds are hydrocarbons such
      as propane, butane, pentane, hexane, and halogenated hydrocarbons which
      are generally called "Freon" (Trademark) such as monochloromethane,
      trichloromonofluoromethane and the like. Among these foaming agents, the
      latter hydrocarbons and halogenated hydrocarbons are advantageous because
      they are easy to handle and because there is little fear of decomposition,
      and because the foaming density may be controlled as desired even with a
      minor quantity of them. The foaming agent may be incorporated into or
      mixed with the resin prior to charging into an extruder, or in the course
      of passing through an extruder.
PAR  Various materials other than the foaming agent may also be added to the
      resin. The materials are, for example, auxiliary foaming agents, fillers,
      coloring agents, stabilizers, plasticizers and the like. Among these, the
      auxiliary foaming agents are those which help the primary foaming agent
      foam up the resin, for example, citric acid for sodium bicarbonate. Some
      of the fillers may act as nuclei for foaming when the resin is foamed, and
      thus if a suitable amount of the filler is contained in the resin, a great
      number of minute cells are formed therein. The coloring agents are useful
      in imparting the foamed article with an appearance resembling natural wood
      and also with a pattern like annual rings because the coloring agents
      produce and intensify different shades according to variation of densities
      in a foamed article.
PAR  FIG. 2 shows an example of extrusion wherein cooling pipes 7 are used. The
      action of the pipes in explained as follows:
PAR  Without cooling pipes 7 in FIG. 2, it is possible to obtain an article
      having peaks and valleys on its surfaces. However, if cooling pipes 7 are
      not used, the peaks and valleys are not formed in such well-defined shapes
      as those of recesses or grooves 5 provided in die 2, but the peaks are
      somewhat deformed and height differences between the peaks and the valleys
      are lessened. However, if the cooling pipes are provided so that the
      surface of each of the pipes may be contacted with only tops of the
      individual peaks formed on the extruded article, then individual peaks are
      clearly formed, because the tops are cooled by cooling pipe 7, and after
      the peaks have been pressed, high density portions are clearly formed in
      the synthetic wood product. Other suitable cooling means may also be used
      to cool the surface of the extruded resins.
PAR  The synthetic wood product obtained by the present invention has a number
      of high density stripes and low density stripes, both stripes are
      alternately situated on the surfaces, and extend through the longitudinal
      direction of the product. The product, therefore, has a surface appearance
      resembling natural wood. When a coloring material is added to the resin in
      order to impart a color of natural wood to the resin, the product presents
      shade differences in color corresponding to density differences, and thus
      the product tends to have a greater resemblance to natural wood in
      appearance. Moreover, the synthetic wood product has high density stripes
      only on its surface layer, and has high surface hardness as a whole,
      therefore the surface of the product is difficult to damage. Further, the
      product differs from the known synthetic wood having an annual ring
      structure in that the product according to the invention has high bending
      strength in its width direction, because the product is not consituted of
      many coalesced resin strands. Furthermore, according to the present
      invention, it is easy to adjust a distribution of high density stripes and
      low density stripes formed on the synthetic wood product, merely by
      varying shapes and sizes of the recesses provided on the peripheries of
      the orifice.
PAR  In order to obtain a synthetic wood board product having a broad width, it
      is necessary to allow the formable resin to flow uniformly in the width
      direction of the orifice in die 2. For this purpose, die 2 may be provided
      with an intermediate plate indicated by numeral reference 14 in FIG. 7.
      Intermediate plate 14 has a structure such that a number of perforations
      are uniformly distributed across the face of a plate which as a uniform
      thickness over entire face of the plate. The perforations provided in the
      center portion of the plate have the same diameter throughout their
      lengths, however, the perforations in the peripheral portion are enlarged
      in their diameters at the resin inlet side. The land length of the
      enlarged portion is greatest in the outermost perforation and decreases
      gradually as the perforations are located in close position to the center.
      When a die having such plate is used, an extruded resin meets with great
      resistance in the central portion of intermediate plate 14, but with
      little resistance in the peripheral portion. In general, a resin has a
      tendency to flow easily in the central portion of an orifice but not in
      the peripheral portion. The tendency, however, can be adjusted by an
      intermediate plate 14 so that the resin may flow uniformly across the
      width of the orifice and therefore by the use of intermediate plate 14 it
      is easy to prepare a board having a broad width. Although FIG. 7
      illustrates intermediate plate 14 provided with perforations having
      enlarged portions at the resin inlet side, the perforations may have the
      enlarged portions at the resin inlet side. Further, the perforations may
      be distributed unevenly on the face of the plate, i.e., a greater number
      of perforations at the peripheral portions, instead of providing
      perforations with enlarged portions.
PAR  In order to obtain a synthetic wood board having a broad width, it is also
      necessary to supply to die 2 a large amount of resin which is at an
      identical temperature. to this end, there may be used a temperature
      regulator which is indicated by numeral reference 15 in FIG. 7.
      Temperature regulator 15 is constructed by inserting a torpedo-like member
      17 into an outer sheath 16, and an annular passage 18 is defined between
      them. Torpedo 17 houses a cavity, whereto two pipes extend, and a heating
      or cooling medium is circulated through said pipes to heat or cool torpedo
      17. Outer sheath 16 is provided with a groove along the outer surface of
      the outer sheath, whereto pipes extend, and outer sheath 16 is heated or
      cooled in the same manner. Thus, the resin passing through annular passage
      18 is heated or cooled through both outer sheath 16 and torpedo 17, and
      the resin temperature can be controlled within a narrow range.
PAR  Intermediate plate 14 and temperature regulator 15 are use in some examples
      stated below.
PAR  By way of examples, the present invention is further explained in order to
      clarify features and effects of the present invention. Parts referred to
      in the examples are parts by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  Foamable resin material was prepared by intimately mixing 100 parts of
      polystyrene beads which contain about 2 weight % of butane, with 2 parts
      of fine powdery talc acting as a cellnucleating agent and 0.1 part of a
      brown pigment, and the foamable resin material was thereafter charged into
      an extruder having an internal diameter of 40 mm. In the extruder, a screw
      was rotated at the rate of 40 rotations per minute, the polystyrene was
      heated at 135-145.degree.C and extruded from a die. Temperature regulator
      15 was provided between the die and the forward end of the extruder as
      shown in FIG. 7, and intermediate plate 14 was also provided in the die.
PAR  The orifice in the die had the shape shown in FIG. 5. In FIG. 5, the
      orifice has a slit constituting a bases for a desired article, and
      thickness t in the slit was 5 mm and width w in the slit was 50 mm, height
      h and width j in recesses a were 2 mm and 2.5 mm, respectively, and nine
      recesses a were provided on each of upper and lower peripheries. Land
      length of the orifice was 15 mm.
PAR  Cooling pipes 7 were provided on the forward end of die 2 as shown in FIG.
      2, and air was circulated into pipes 7.  Foamable resin extruded from the
      orifice was at first introduced into a forming guide 9, which has inner
      dimensions of 24 .times.  100 mm, then into a forming frame 10, which had
      inner dimensions of 20 .times.  90 mm, and thereafter into a cooling box
      11 containing water, wherein the surface of the thus foamed article was
      completely flattened by rolls, which were arranged in parallel crosses,
      and thus obtained a synthetic wood product.
PAR  For comparison, another synthetic wood product was obtained in the same
      procedure, except that there was removed cooling pipes 7, and accordingly
      the foamable resin was not cooled at the peak by pipes 7.
PAR  Both synthetic wood products had an appearnace similar to natural wood
      having a straight grained pattern wherein high density portions were
      colored in deep brown, low density portions in light brown, and the high
      density portions were formed alternately with the low density portions.
      Each border between the above two portions were clearly observed as a line
      having no substantial width.
PAR  Surface hardness and density of the respective synthetic wood products were
      measured. It was found that the synthetic wood products had different
      values in the surface hardness and surface density, depending upon whether
      cooling pipes 7 were used or not. The products, however, had identifcal
      hardness and density in the inner portions. Further, it was found that it
      was only in the surface layer within about 1 mm in depth from the surface
      that were produced high density portions and low density portions, and
      that both products were uniformly foamed in the inner portions except for
      the above surface layer. The results are as follows:
TBL           Measured portions                                                
                         Hardness.sup.(1)                                      
                                 Density                                       
     __________________________________________________________________________
              High density portion                                             
                                 g/cm.sup.3                                    
              (deep color)                                                     
                         75 - 80 0.60                                          
     When cooling                                                              
              Low density portion                                              
     pipes were used                                                           
              (light color)                                                    
                         41 - 46 0.27                                          
              Central portion in                                               
              the foamed article                                               
                         60 - 65 0.48                                          
              High density portion                                             
              (deep color)                                                     
                         60 - 65 0.48                                          
     When no cooling                                                           
              Low density portion                                              
     pipes were used                                                           
              (light color)                                                    
                         38 - 43 0.26                                          
              Central portion in                                               
              the foamed article                                               
                         20 - 25 0.19                                          
     __________________________________________________________________________
PAR  1. The hardness was measured by means of Type-D-durometer according to
      ASTM-D-2240-64T.
PAR  Bending strength was found to be 60 kg/cm.sup.3 in the direction
      perpendicular to the extruding direction of the synthetic wood product.
      The bending strength was measured in the following manner: There was used
      an apparatus of Tensilon UTM-1 type made by Toyo Measuring Instrument
      Company Limited. Test pieces having the dimensions of 20 mm (thickness)
      .times. 90 mm (width) .times. 50 mm (length) (extruding direction runs in
      the side of 50 mm) were cut from the respective synthetic wood products,
      each of which pieces was supported by two points, each of the points being
      at a distance of 10 mm from both ends of the side having 90 mm length (and
      therefore the interval of above two points was 70 mm), and each of which
      pieces was pressed by adding a pressing force parallel to the side of 20
      mm onto the pieces at the rate of 30 mm/min, thus the bending strength was
      measured.
PAR  For further comparison, a conventional synthetic wood product was prepared
      by extruding foamable polystyrene to form a number of foamed strands
      having low density foamed skin, and by coalescing them to form a foamed
      article having annual ring structure (average density 0.2 g/cm.sup.3).
      With respect to the thus obtained product, bending strength in the
      direction perpendicular to the extruding direction was measured in the
      same manner as stated above.  The bending strength was 15 kg/cm.sup.2.
      Comparing this to the above values, it was confirmed that the synthetic
      wood product prepared by the present invention had a greater bending
      strength.
PAC  EXAMPLE 2
PAR  100 parts of polypropylene was mixed with 1.0 part of fine powdery talc
      (cell-nucleating agent) and 0.1 part of blue pigment, and the thus
      obtained mixture was charged into an extruder having inner diameter of 40
      mm connected in series with another extruder having inner diameter of 50
      mm. Both extruders were heated at 200.degree.-250.degree.C. Pentane was
      added to the mixture in the extruders at the rate of about 3 parts of
      pentane against 100 parts of polypropylene. Temperature of the die was
      maintained at 155.degree. - 160.degree.C. In this example, temperature
      regulator 15 and intermediate plate 14 were provided as shown in FIG. 7,
      and these were as same as in Example 1.
PAR  Orifice in the die was formed so as to have a rough shape as shown in FIG.
      4, which orifice was provided with many triangular recesses on the resin
      outlet side, though the number of the recesses was not identical with that
      of the recesses in FIG. 4. In particular, the orifice had such shape that,
      in FIG. 4, t was 3 mm, w 50 mm, f 3 mm, h 2 mm, length proportion of side
      m to side n was 1 : 2, and 16 triangular recesses were provided on each of
      the upper and lower peripheries. Land length of the die was 15 mm.
      Foamable polypropylene was extruded from the orifice in the die, and the
      thus extruded article cooled by cooling pipes 7 only at its peaks as in
      Example 1. Then the peaks were pressed in the same manner as in Example 1
      to form a synthetic wood product having a cross section of 20 mm
      (thickness) .times. 90 mm (width) and a density of 0.27 g/cm.sup.3.
PAR  The synthetic wood product had appearance similar to natural wood having
      straight grains, wherein deep blue portions having high density were
      formed alternately with light blue portions having low density. However,
      transitions between the high and low density portions were all gradual,
      and density gradients were steep on sides m and less on the sides n.
      Further, the high and low density portions were positioned only in surface
      layer within the depth of 1 mm from the surface of the product, and the
      inner portions were uniformly foamed. Regarding the product, hardness and
      density were measured in the same manner as in Example 1, and the hardness
      and density in the high density portions were found to be 40 - 45 and 0.47
      g/cm.sup.3, respectively, those in the low density portions 22 - 28, and
      0.30 g/cm.sup.3, respectively, and those in the inner portions 15 - 20 and
      0.25 g/cm.sup.3, respectively. Bending strength in the width direction of
      the product was 66 kg/cm.sup.2.
PAR  For comparison, a conventional synthetic wood product was prepared in
      almost the same manner as in Example 1, by extruding foamable
      polypropylene to form a number of foamed strands having low density skin,
      and by coalescing the strands to form a foamed article having annual ring
      structure (average density 0.27 g/cm.sup.3). With respect to the thus
      obtained product, bending strength in the direction perpendicular to the
      extruding direction was measured in the same manner as stated above. As a
      result, the bending strength was found to be 9kg/cm.sup.2. From a
      comparison of these values, it was made clear that the synthetic wood
      product obtained by the present invention had a greater bending strength.
PAC  EXAMPLE 3
PAR  100 parts of polystyrene were mixed with 2 parts of fine powdery talc
      (cell-nucleating agent) and 0.12 part of brown pigment, and the thus
      obtained mixture was charged into the extruder used in Example 2. The
      extruder was heated to 190.degree. - 220.degree.C, about 2.5 parts of
      butane was added under pressure to the mixture in the extruder, and die
      was maintained at the temperature of 145.degree.- 150.degree.C.
PAR  Orifice in the die was formed so as to have a rough shape such as that
      shown in FIG. 6, which orifice was constituted from a basic slit and many
      recesses of various shapes added to the slit. The basic slit had, as in
      FIG. 6, thickness t of 2.5 mm and width w of 150 mm. Among the recesses, a
      recess located at the center on the upper periphery in the width direction
      had a rectangular cross section, width f.sub.1 of which was 10 mm and
      height h 1.5 mm. The other recesses were progressively decreased in width
      f according as the recesses were situated more distant from the center
      recess, although height h was maintained at 1.5 mm in all the recesses.
      Thus, the outest recess had width f.sub.n of 3 mm. Land length of the die
      was 10 mm.
PAR  Foamable polystyrene was extruded from the orifice in the die, and the thus
      extruded article was treated in the same manner as in Example 1 with the
      use of cooling pipes 7, to obtain a synthetic wood product having a
      thickness of 10 mm, width of 260 mm, and average density of 0.17
      g/cm.sup.3.
PAR  The synthetic wood product had high and low density portions which were
      alternately located on the surface and extended through the longitudinal
      direction of the product, high density portions being deep brown in color
      and low density portions light brown. Thus the product had an appearance
      similar to natural wood. Transitions from the high density portions to the
      low density portions and vice versa, took place gradually spreading over
      some ranges except in center portion, and the transitions took place only
      in the surface layer within about 1 mm in depth from the surface. Surface
      hardness and density in various portions of the product were found to be
      36 - 42 and 0.38 g/cm.sup.3, respectively, those in the low density
      portions 24-27 and 0.26 g/cm.sup.3, respectively, and those in the inner
      portions 10 - 15 and 0.13, respectively. Further, the product had great
      bending strength in the width direction.
PAC  EXAMPLE 4
PAR  In this example, the pressing process was carried out separately from the
      extruding process. In particular, foamed board which has peaks and valleys
      on its surface was at first cooled and taken out as a shaped article, then
      the board was heated again from its surface, and the peaks were pressed to
      flatten the surface.
PAR  In the extruding process, there was used the same resin material containing
      talc and pigment, the same extruder and die as used in Example 3, but not
      using forming guide 9, forming frame 10, and rolls 12 arranged in parallel
      crosses, shown in FIG. 3, in the extruding process. The foamed board was
      obtained by maintaining the other conditions identical with those in
      Example 3. The board had peaks and valleys, height differences between
      which were 1 - 2 mm, and the board had the average thickness of 20 mm, the
      width of 300 mm, and the average density of 0.13 g/cm.sup.3. (No
      substantial density difference was found between the peaks and valleys.)
PAR  The foamed board was placed in a press heated at 100.degree.C, pressed
      until the board had the thickness of 12 mm, maintained in this state for a
      minute, immediately thereafter cooled to 50.degree.C. A board product was
      obtained the surface of which was flattened. The board product had a
      thickness of 12 mm, an average density of 0.22 g/cm.sup. 3, deep brown
      high density portions and light brown low density portions on the surface
      thereof, and an appearance similar to natural wood.
PAR  With respect to the board product, hardness and density were measured in
      the same manner as in Example 3. As a result, hardness and density in the
      deep brown high density portions were found to be 55 - 60 and 0.42
      g/cm.sup.3, respectively; hardness and density in the light brown low
      density were found to be 40 - 45 and 0.30 g/cm.sup.3, respectively, and
      hardness and density in the inner portion 10 - 15 and 0.14 g/cm.sup.3,
      respectively. Comparing the above values with values obtained in Example
      3, it was found that the synthetic wood product in Example 4 had greater
      hardness and greater density differences than that in Example 3. This is
      due to formation of the surface skin which has high density and covers
      entire surface of the product, on account of after-pressing.
PAC  EXAMPLE 5
PAR  Resin material, extruder and extruding conditions used in this Example were
      the same as those used in Example 1, except that there was used a die
      having an orifice 4 such as in FIG. 1, which die was provided with many
      semicircular recesses on both peripheries 5. In particular, the orifice
      consisted of a basic slit with semicircular, recesses, the basic slit had
      a width of 50 mm, a thickness of 5 mm, and each of peripheries 5 was
      provided with 18 semicircular recesses, the diameters of which were all
      1.2 mm. Land Length of the die was 15 mm.
PAR  Foamable resin was extruded from the orifice to obtain a board having peaks
      and valleys, which peaks were contacted with cooling pipes 7, advanced
      continuously, and treated in the same manner as in Example 1.
PAR  The synthetic wood product obtained had a cross section of 20 mm .times. 90
      mm and a density of 0.2 g/cm.sup.3. The product had deep brown high
      density portions and light brown low density portions, both of which were
      positioned alternately of each other at equal intervals only in the
      surface layer of the product, and extended in the extruding direction. The
      product had transition portions from the high density portions to the low
      density portions, and vice versa, in which transition portions density
      changes occurred gradually within a range of some width, and an appearance
      similar to natural wood having straight grains. The synthetic wood product
      had a bending strength of 60 kg/cm.sup.2 in the direction perpendicular to
      the extruding direction. The product had a greater bending strength
      compared with the conventional synthetic wood which comprises many
      coalesced resin strands.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for preparing a foamed thermoplastic article wherein a
      softened foamable thermoplastic resin is passed through an orifice of a
      die and is permitted to expand after passing through said orifice, the
      improvement comprising:
PA1  a. passing the softened thermoplastic resin through an orifice having a
      cross-section corresponding substantially to the cross-section of the
      desired article and having a plurality of recesses on the outer periphery
      thereof, said recesses extending toward the inlet side of said orifice,
PA1  (b) allowing the resin to expand to form a foamed shaped article having
      peaks and valleys on the surface thereof corresponding to the recesses of
      said orifice, and thereafter,
PA1  c. pressing the surface of said article while it is in a softened state so
      as to level the peaks and to provide a smooth-surfaced shaped article
      having surface structure characterized by high density portions
      corresponding to said peaks and low density portions corresponding to said
      valleys.
NUM  2.
PAR  2. The process of claim 1 wherein said peaks are cooled prior to being
      pressed.
NUM  3.
PAR  3. The process of claim 1 wherein the heights of said recesses are in the
      range of 0.5 to 10mm, preferably 1 to 5mm, and the distances between the
      contiguous peaks are less than 20mm, preferably 10 to 2mm.
NUM  4.
PAR  4. The process of claim 1 wherein said recesses are annular, triangular or
      rectangular recesses.
NUM  5.
PAR  5. The process of claim 1 wherein said softened foamed shaped article is
      cooled and then reheated prior to being pressed.
NUM  6.
PAR  6. The process of claim 1 wherein said thermoplastic resin is a resin
      capable of forming an article having a hard, mar-resistant surface.
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ABST
PAL  An automated system for fabricating a lead pencil in which the lead is
      securely bonded to a sheath formed of foam plastic material and having a
      smooth skin. In the system, individual pieces of lead which are
      pre-treated with a heat-activatable adhesive layer, are sequentially fed
      into an extrusion die in which the lead is ensheathed by molten foam
      plastic material whose heat serves to activate the adhesive. The string of
      ensheathed lead pieces emerging from the die are advanced through a sizing
      jig in a cooling station wherein the diameter of the sheath is rendered
      uniform and the surface thereof is formed into a smooth skin, the sheath
      being rigidified in the station and the activated adhesive being set to
      strongly bond the lead to the sheath. The resultant rod is fed to a
      cut-off station which serves to sever the rod into individual pencils.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the manufacture of lead pencils, and
      more particularly to a technique for fabricating pencils having a sheath
      formed of foam plastic material.
PAR  The conventional pencil consists of a core or lead locked within a sheath
      or casing made of wood. The lead is a mixture of clay and graphite, the
      clay serving as a binder. The hardness of the lead is determined by the
      ratio of clay to graphite in the mixture. The wood must be of a special
      quality in that in the finished pencil, the sheath not only acts as the
      support for the relatively fragile lead, but it must also lend itself
      readily to sharpening.
PAR  The technique for manufacturing pencils with wooden sheaths and lead cores
      is costly and time-consuming, for not only are at least 12 steps involved
      in the manufacturing procedure, but a large quantity of wood is wasted.
      With the increasing shortage of wood acceptable for pencils, the waste
      factor becomes less tolerable.
PAR  In the standard method of making lead pencils, a wood block, usually of
      cedar, is first cut into small slabs which are then provided with an array
      of parallel grooves to accommodate the leads. A second grooved slab is
      placed over the first slab to enclose the leads, the two slabs being then
      glued together. Thereafter the joined slab assembly is fed through a
      cutting machine to produce individual pieces which are thereafter shaped
      into the familiar hexagonal or round forms. Finally the pencils are
      painted and erasers are installed at the ends.
PAR  Among the problems encountered with conventional pencils having wood
      sheaths are the following:
PAR  A. Pencils are exposed to varying degrees of temperature and humidity,
      causing the wood to expand or dry out as a result of which the lead
      loosens in the sheath and slips out and breaks. This is especially
      characteristic of pencils formed of two wood slabs having different
      grains.
PAR  B. When the wood sheath is manually sharpened, the grain of the wood tends
      to guide the knife, and in some cases the persons sharpening the pencil
      cannot control the direction of cutting in the desired manner. And with
      machine-sharpened wood pencils, the sharpened point is left rough because
      the cutting blades operate across the grain.
PAR  C. Cedar for wood pencils is now difficult to obtain and what cedar is
      available is quite expensive.
PAR  In order to reduce the cost of manufacturing lead pencils, attempts have
      been made to substitute a moldable material for the wooden sheaths. Thus
      in U.S. Pat. No. 1,649,892, a pulp mass is extruded simultaneously with
      the advance of a central lead to form a pencil. This process requires
      subsequent evaporation of the moisture content of the extruded pulp to
      render the body rigid and inflexible. In a similar fashion, U.S. Pat. No.
      1,937,104 forms a sheath of wood flour and a water-soluble binder.
PAR  It is also known, as evidenced by the U.S. Pat. Nos. 2,960,967 and
      3,551,064, to form the sheath of extruded plastic material. And while the
      substitution of synthetic plastic for wood overcomes the problem of wood
      shortages, pencils of the type theretofore known have a serious
      disadvantage for there is not an adequate bond between the lead and the
      plastic sheath; hence the lead has a tendency to slip out and break.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is the main object of this invention to
      provide an improved method of fabricating a pencil having a plastic
      sheath.
PAR  More particularly, it is an object of this invention to provide an
      automated system for producing lead pencils having a sheath formed by a
      foam plastic material whose outer skin is relatively smooth. A significant
      advantage of a pencil of this type is that the sheath has a porous,
      non-grained structure and may be sharpened without difficulty, either
      manually or by machine, without leaving a rough surface on the tip.
PAR  A salient feature of the invention is that the central lead is securely
      bonded to the foam-plastic sheath, whereby slippage of the lead relative
      to the sheath and breakage of the lead are avoided.
PAR  Yet another object of the invention is to provide a system for efficiently
      mass-producing plastic-sheathed pencils at high-speed and low-cost.
PAR  Briefly stated, these objects are attained in a system in which individual
      pieces of lead pre-treated with heatactivatable adhesive are sequentially
      fed into an extrusion die wherein the lead is surrounded by molten foam
      plastic material whose heat serves to activate the adhesive. The
      ensheathed lead pieces emerging from the die are advanced through a sizing
      jig in a cooling station wherein the diameter of the sheath is rendered
      uniform and the surface thereof is pressed into a smooth skin, the sheath
      being rigidified in the station and the activated adhesive being set to
      strongly bond the lead to the sheath thereby producing a continuous rod
      which is fed to a cut-off station wherein the rod is periodically severed
      to form individual pencils.
DRWD
PAC  OUTLINE OF THE DRAWING
PAR  For a better understanding of the invention as well as other objects and
      features thereof, reference is made to the following detailed description
      of the invention to be read in conjunction with the accompanying drawing
      wherein:
PAR  FIG. 1 is a schematic diagram of a system for producing synthetic plastic
      pencils in accordance with the invention; and,
PAR  FIG. 2 is a section taken through the pencil.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there is shown a system for fabricating pencils
      having a plastic sheath in accordance with the invention, the system being
      constituted by an automatic lead feeder unit 10, an extruder 11, a cooling
      station 12 and a cut-off station 13.
PAR  The lead feeder unit 10 is adapted to receive from a dispenser 14,
      individual lengths of graphite-clay leads 15 and to feed these leads
      sequentially into the central tube 16 of a coaxial extrusion die 17. The
      feeder may be in the form of a hydraulically operated reciprocating piston
      or any other suitable means for receiving a lead and for ejecting it
      axially. The leads are all pre-treated with a heat-activatable adhesive,
      so that each lead is thinly and uniformly coated with a solid
      thermoplastic material which quickly melts upon heating and then sets to a
      firm bond upon cooling. A hot melt or heat activatable adhesive, as
      distinguished from most other types set by evaporation of a solvent, tends
      to bond almost instantaneously, rendering the adhesive well-suited to
      automated operations.
PAR  The nature of the heat-activatable adhesive is determined by the chemistry
      of the plastic sheath to which lead bonding is effected. Typical
      ingredients for heat-activatable adhesives are polyethylene, polyvinyl
      acetate, polyamides, hydrocarbon resins as well as bitumens and resinous
      materials. Thus where the sheath is formed of a polyvinyl chloride foam
      plastic material, a vinyl based adhesive is appropriate.
PAR  The foam plastic sheath may be formed of polystyrene, ABS resin,
      polypropylene or any other known foam material having acceptable pencil
      sheath properties. A preferred foam is polyvinyl chloride (PVC) foam which
      has good aging characteristics and physical properties in comparison to
      other materials and is resistant to hydrolysis, oxidation, mildew,
      chemicals and solvents, as well as being non-flammable. Most foam is
      expanded through the use of chemical blowing agents which are activated at
      or about fusion temperature or at a suitable melt temperature, thereby
      producing a gas which expands to create the cellular structure.
PAR  Cellular vinyl may be expanded through the use of a gas or low boiling
      liquid which is dissolved in a plastisol under pressure. The pressure is
      released after fusion, resulting in expansion. This technique may be used
      in the present invention in the extrusion device wherein the vinyl is
      blown as it emerges from the orifice of die 17 into atmospheric pressure.
PAR  In the extruder station, the plastic stock in particular form is fed into a
      cylindrical chamber containing a rotating feed screw 18 which advances the
      powder past a heater 19 surrounding the chamber. The molten plastic is
      then forced through a breaker plate 20 into a heated lateral passage 21
      which conducts the molten plastic into the annular chamber 22 in die 17.
PAR  Supported in chamber 22 is a conical core 23 which terminates the central
      tube 16, whereby the advancing lead 15 which passes through the die
      orifice 24 is encased with a cylindrical sheath of plastic material, the
      plastic foaming as it emerges from the die orifice.
PAR  The heat of the molten plastic activates the adhesive layer on the lead.
      The foam-coated string of lead pieces is then conducted through a sizing
      jig 25 in the evacuated chamber of the cooling station 12. The chamber is
      partially filled with water to a level above the jig, the jig being
      foraminous whereby the plastic passing therethrough is subjected to the
      reduced atmospheric pressure. The sizing jig serves to constrict the
      advancing foam-coated lead so as to render the diameter thereof uniform.
PAR  The cross-sectional shape of the jig bore determines the ultimate shape of
      the pencil. The shear forces produced by the jig forms a smooth and
      somewhat glossy, closed cell skin on the surface of the resultant rod
      which rigidifies as the rod passes continuously through the water bath in
      the chamber and is quenched thereby. Suitable cooling coils 26 surround
      the chamber to refrigerate the water therein. The low atmospheric pressure
      in the chamber acts to further expand the cells in the molten plastic and
      to cause the sheath to press outwardly against the wall of the jig bore,
      thereby enhancing the effect of the jig on the formation of a smooth skin.
PAR  The cooling action also acts to set the hot-melt adhesive, thereby bonding
      the lead to the sheath. The continuous rod is advanced by suitable
      take-off belts 27, the rod being fed into cut-off station 13 in which a
      reciprocating blade 28 acts to cut the rod into individual pencil pieces.
PAR  Each piece, as shown in FIG. 1 consists of a central lead L which is bonded
      by an adhesive layer A to a rigid open-cell foam plastic sheath FP whose
      outer surface S is a smooth closed cell, somewhat glossy skin. In
      practice, the plastic may be pigmented to impart a desired color thereto.
      Because the sheath is cellular and has no grain, it may be readily
      sharpened, and because the lead is securely adhered to the sheath no
      slippage thereof is experienced.
PAR  While there has been shown a preferred embodiment of an Extruded Foam
      Plastic Lead Pencil, it will be appreciated that many changes may be made
      therein without departing from the essential spirit of the invention. For
      example, multiple extruders may be used to form foam-plastic sheaths
      provided with differently colored stripes or other decorative features.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of fabricating pencils comprising the steps of:
PA1  A. advancing through the central tube of a coaxial die a graphite-clay lead
      pre-treated with a layer of heatactivatable adhesive, said die having an
      annular chamber surrounding said tube,
PA1  B. forcing into said annular chamber a molten plastic material containing a
      blowing agent, whereby the lead emerging from the die is coated with a
      cylindrical sheath of the molten foamed plastic material, the heat of
      which activates said adhesive,
PA1  C. passing the ensheathed lead through a cooling station to set said
      adhesive to effect a bond between the lead and the sheath and to rigidify
      said molten foamed plastic material to form a pencil rod.
NUM  2.
PAR  2. The method as set forth in claim 1, wherein said leads are fed
      sequentially into said die to continuously produce a rod formed by a
      string of said leads surrounded by a sheath, and further including the
      steps of cutting said rod into individual pencils.
NUM  3.
PAR  3. The method as set forth in claim 1, wherein said cooling is accompanied
      by constriction of said foam plastic in a sizing jig to produce shear
      forces that close the cells on the surface thereof to impart a closed cell
      skin to the surface thereof, said constriction acting to make the diameter
      of said sheath uniform.
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ABST
PAL  Plastic shutters and the like are manufactured by attaching a decorative
      plastic shroud to a supporting frame without substantial use of adhesives
      by a process in which a generally pan-shaped rectangular shroud is heat
      formed, the supporting frame is positioned within the plastic shroud, and
      the sides of the plastic shroud are post-formed to embrace the outer rim
      of the supporting frame. Since the supporting frame and the plastic shroud
      are not completely bonded to each other, the shroud and the frame can
      separately expand or contract without materially warping or distorting the
      shroud.
PARN
PAR  This is a continuation of application Ser. No. 328,067, filed Jan. 30, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Historically, decorative and functional panels have been made from wood. By
      way of example, wooden shutters of various designs have been used for many
      years in home construction.
PAR  Decorative wooden panels (such as shutters) which are used for exterior
      purposes (and thus subjected to a wide range of conditions) must be
      treated for purposes of protecting the wood and to maintain a pleasing
      decorative appearance.
PAR  In recent years, various companies have manufactured plastic shutters as a
      substitute or alternate for wooden shutters. Properly constructed, plastic
      shutters have numerous advantages including the general lack of
      maintainence required. Plastic shutters can be manufactured by a variety
      of techniques. for example, solid core plastic shutters can simply be
      molded from suitable plastics. Some plastic shutters, because of their
      design, can be manufactured with a hollow core defined by rather thin
      exterior plastic walls. Also, plastic can be used to coat shutter-like
      wood cores. Other plastic shutters can be made by forming a thin sheet of
      rigid plastic material into a generally rectangular, pan-shaped shroud
      which is thereafter attached to a suitable frame (e.g. a wooden or plastic
      frame) by means of adhesives, fasteners, or the like.
PAR  The present invention represents an improvement over the latter type of
      shutter construction.
PAR  In the latter type of shutter construction, it is common to bond the
      supporting frame to the plastic shroud, usually by means of an adhesive
      which is used to bond the shroud completely around the outer rim of the
      supporting frame. Although one might assume that a firm bond between the
      entire frame and the shroud is desirable, creating a firm bond between the
      entire frame and shroud actually results in certain disadvantages. One
      disadvantage of substantially completely bonding the entire supporting
      frame to the shroud is that the rates of expansion and contraction of the
      frame and the shroud are not identical. As a consequence, shutters of this
      type have a tendency to become distorted after a period of time,
      particularly in the colder climates. This detracts from the appearance of
      the shutter.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is based upon the discovery that improved shutters
      can be manufactured if the entire frame is not substantially completely
      bonded to the plastic shroud.
PAR  Broadly described, the process of the present invention contemplates mating
      the plastic shroud and the supporting frame by post-forming a portion of
      the sides or margin of the plastic shroud to wrap around or embrace the
      edges or rim of the supporting frame.
PAR  The process of the present invention can be utilized without adhesively
      bonding any portion of the supporting frame to the plastic shroud.
      However, it is both possible and sometimes desirable to adhesively bond a
      small segment of the supporting frame (e.g. adhesively bond the
      cross-brace 14 of the frame as shown in FIG. 3) to the plastic shroud for
      convenience in manufacturing.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a perspective view of an unfinished plastic shroud.
PAR  FIG. 2 is a fragmentary cross sectional view of a portion of the plastic
      shroud of FIG. 1 as taken along the plane 2--2 in the direction of the
      arrows.
PAR  FIG. 3 is a perspective view of a supporting frame.
PAR  FIG. 4 is a fragmentary view showing how one of the open corners of the
      plastic shroud can be notched to form foldable marginal tabs on each side
      wall.
PAR  FIG. 5 is a cross sectional view of the plastic shroud of FIG. 2 after
      first placing the supporting frame shown in FIG. 3 within the plastic
      shroud.
PAR  FIG. 6 is a cross sectional view of a finished shutter after the marginal
      tabs of the plastic shroud have been post formed to embrace the supporting
      frame.
DETD
PAC  DETAILED DESCRIPTION
PAR  Although the process of the present invention is applicable to the
      manufacture of plastic panels other than plastic shutters, it is
      hereinafter described with particular reference to plastic shutters for
      the sake of illustration and without intending to be limited thereby.
PAR  One of the first steps in the manufacture of plastic shutters according to
      the present invention is to vacuum form a sheet of plastic material (e.g.,
      a thermoplastic such as polyvinyl chloride or the like) in a female mold
      (not shown) to thereby form a generally rectangular, pan-shaped plastic
      shroud which is generally designated by the numeral 1 in FIG. 1. As shown
      in FIG. 1, the plastic shroud has a decorative front face 2 (which faces
      downwardly and to the right as shown in FIG. 1) and upturned sidewalls 3,
      4, 5 and 6. As is generally known in the vacuum forming art, the vacuum
      forming process creates a generally outwardly extending peripheral lip 7
      which is integral with sidewalls 3, 4, 5 and 6. This outwardly extending
      lip or flange 7 is, for most purposes, considered scrap and is generally
      removed from the remainder of a molded article after the vacuum forming
      process has been completed.
PAR  For the present invention, it is necessary to remove at least a portion of
      this outwardly extending lip 7 from sidewalls 3, 4, 5 and 6. If desired,
      this removal can be complete, e.g. as by cutting sidewalls 3, 4, 5 and 6
      immediately below the protruding lip 7. However, it is preferred for
      purposes of the present invention that the removal of protruding lip 7 be
      incomplete so that a small outwardly turned lip 8 as shown in FIG. 2 is
      retained as a part of each of sidewalls 3, 4, 5 and 6.
PAR  The plastics used in the present invention are those plastics which can be
      shaped or molded with heat (i.e. "thermo-formed") and which can
      subsequently be further shaped or molded with heat (i.e. post formed).
      Thermoplastics are preferred although some thermosetting plastics can be
      used under controlled conditions as is known in the art.
PAR  The plastics used to make the shrouds will ordinarily be used in the form
      of relatively large thin sheets. Although these plastics are "rigid" in
      the sense that they can be shaped or molded, large sheets of such plastics
      tend to flex or bend and they need support when they are to be used for
      functional or decorative purposes. Ordinarily, sheets of plastic used in
      this invention will have a thickness of less than 3mm (e.g. about 1 mm or
      less).
PAR  After the plastic shroud 1 has been formed and the lip 7 trimmed, a
      supporting frame is positioned within plastic shroud 1. A suitable
      supporting frame is shown in FIG. 3 and is generally designated by the
      numeral 9. As shown in FIG. 3, the supporting frame consists of an open,
      generally rectangularly shaped frame made of elongated strips 10, 11, 12
      and 13. The strength of open frame 9 is enhanced by use of brace 14.
PAR  Frame 9 can be made of wood or plastic. For many purposes it is convenient
      to manufacture the frame 9 from wood. Although the cross sectional shape
      of elongated strips 10, 11, 12 and 13 can vary (e.g. they can be
      hemispherical), a generally rectangular cross section is preferred (e.g. a
      square cross section).
PAR  Before or after supporting frame 9 has been positioned within trimmed
      plastic shroud 1, the four open corners of the plastic shroud are notched
      as shown in FIG. 4. The purpose of notching the corners is to permit the
      upper portions of upturned sides 3, 4, 5 and 6 to be used as marginal tabs
      which can be post-formed around the upper face of frame 9 (e.g. see FIG.
      5) to thereby embrace the rim of frame 9. In practice, it has been found
      most convenient to perform this notching after the supporting frame 9 has
      been positioned within trimmed plastic shroud 1. The depth and width of
      the notch should be selected to permit the tab portions of upturned
      sidewalls 3, 4, 5 and 6 to be post-formed inwardly to closely embrace
      supporting frame 9. Desirably, the width of the notch will be sufficient
      so that the marginal tabs do not overlap after they have been post-formed.
      Still further, it is desirable for the bottom portion of the notch to be
      slightly rounded to prevent the creation of unnecessary stresses.
PAR  Next, the marginal tabs created by notching the four open corners of the
      shroud 1 are heated and formed around the edges or rim of supporting frame
      9 to thereby closely embrace the frame 9.
PAR  In practice, it has been found that the post forming of the marginal tabs
      can be facilitated by heating the upturned sidewalls along a line
      generally extending parallel to the decorative face 2 of plastic shroud 1
      at approximately the base of the corner V-notches. This type of heating
      can be conveniently accomplished by means of line focus heating elements.
      After the upturned sidewalls, 3, 4, 5 and 6 have been heated, the marginal
      tabs are bent inwardly to thereby embrace the supporting frame 9.
PAR  Improved results can be obtained if a channel 15 (e.g., a kerf, groove, or
      shoulder) is provided in the upper or back face of frame 9. For example,
      as shown in FIG. 5, and in FIG. 3, a channel 15 has been cut into the
      upper or back face 16 of frame 9. This permits the marginal tab portion of
      the sidewalls (e.g. the tab portion of sidewall 6 as shown in FIG. 5) to
      be post-formed around the edge of supporting frame 9 (e.g., into kerf 15
      of frame element 11 as shown in FIG. 5). Desirably, the channel which is
      formed in the upper or back face of supporting frame 9 will reduce the
      thickness of the supporting frame 9 near its outermost edge by an amount
      at least equal to the thickness of the plastic used to form the shroud.
      This permits the marginal tab to be bent or post formed into channel 15
      without overlying the upper or back face of frame 9. This allows the
      finished product to be placed against an exterior wall of a home or in
      another suitable location in such a manner that the supporting frame 9
      will make direct contact with the supporting wall. This allows the shutter
      to be fastened to the wall or a window frame by means of mounting hardware
      which passes through supporting frame 11. Also, this allows hardware to be
      screwed to the back face of the supporting frame.
PAR  It has also been found that the effectiveness of the present process can be
      enhanced by use of a channel having an inclined surface such as that
      described in FIGS. 5 and 6. This kerf or inclined channel permits the
      marginal tabs to be post-formed inwardly and downwardly as shown in FIGS.
      5 and 6 through an angle of more than 90.degree.. Post forming over an
      angle of more than 90.degree. is simplified by the small lip 8 which has
      been retained on the upturned sidewalls. One advantage of this bending of
      more than 90.degree. is that there is some tendency for the post-formed
      marginal tabs or flanges to unfold slightly after the post-forming heat
      and pressure have been released. By initially bending the tabs inwardly
      and downwardly over more than 90.degree., they are more likely to retain a
      permanent bend of at least 90.degree. after the heat and pressure have
      been removed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process of manufacturing shutters and the like without substantial
      adhesive bonding which comprises the steps of:
PA1  a. forming a relatively thin rigid sheet of plastic material to thereby
      form a generally rectangular, panshaped shroud having a decorative front
      face and upturned sidewalls, said forming process creating a generally
      outwardly extending peripheral lip on said sidewalls;
PA1  b. removing at least a portion of the outwardly extending lip from the
      sidewalls;
PA1  c. positioning a frame within the shroud with the front face of the frame
      abutting the shroud and the outer rim of the frame lying adjacent the
      upturned sides of the shroud, said frame having a channel in its back face
      with an inclined bottom surface;
PA1  d. notching the four open corners of the shroud to thereby create a
      foldable marginal tab on each of the sidewalls;
PA1  e. heating the upturned sidewalls along a line generally parallel to the
      decorative front face of the plastic shroud;
PA1  f. post-forming the heated upturned sidewalls to embrace the outer rim of
      the frame without use of vacuum means, by the steps of:
PA2  i. applying mechanical force to the marginal tab to bend it along the
      heated line;
PA2  ii. positioning the mechanical force to bend the marginal tab 90.degree.
      along the heated line and into the frame channel without generally causing
      the plastic shroud to permanently deform except along the heated line;
PA2  iii. applying mechanical force to the sidewall lip to bend the tab beyond
      90.degree. along the heated line and adjacent the channel bottom surface
      to at least partially prevent elastic restoring forces from displacing the
      tab out of the channel when cooled; and
PA1  g. cooling the plastic shroud in abutting engagement with the frame to
      provide a non-adhesive interlock between the frame and the marginal tab
      which resists deformation due to temperature variations.
NUM  2.
PAR  2. The process of claim 1 in which the frame is an open wooden frame made
      of elongated wood strips each having a generally rectangular cross section
      and in which the sheet of plastic is vacuum formed in a female mold in
      step a.
NUM  3.
PAR  3. The process of claim 2 in which the wood strips forming the periphery of
      the frame are generally square in crosssection and in which the
      tab-receiving channel has been cut from the corner of the wood strips to
      remove a portion of the outside verical edge of the strips which is
      adjacent the line along which the marginal tabs are bent, thereby
      permitting the marginal tabs to be post-formed into the channel without
      overlying the back face of the frame.
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ABST
PAL  A method is provided for multiple simultaneous blow molding operations for
      forming hollow objects such as containers, the method employing at least
      two circumferentially spaced parison forming means with a single rotary
      indexing turntable. A first container is formed at one station and a
      second container is formed at about the same time at a second station
      circumferentially spaced from the first station, and the containers are
      simultaneously circumferentially transferred to an unloading station. The
      method provides for multiple container forming and unloading operations on
      the same turntable. Different containers may be manufactured at the same
      time with one rotary indexing turntable.
PARN
PAR  This is a division of application Ser. No. 368,249, filed June 8, 1973 now
      U.S. Pat. No. 3,854,855.
BSUM
PAR  This invention relates to blow molding. Specifically this invention relates
      to manufacturing plastic containers, such as bottles wherein a parison is
      extruded between opposed parted mold cavities and then blown in the closed
      mold to final configuration by the use of internally applied air pressure.
      More specifically this invention relates to manufacturing plastic
      containers as aforesaid wherein multiple manufacturing operations are
      performed with a single rotary turntable.
PAR  Heretofore one extruder was employed to extrude a parison for positioning
      in an opened partible mold mounted on a rotary indexing turntable. The
      mold was then closed and the parison was formed into a container. During
      one rotation of the turntable the blow molded container was formed, cooled
      and discharged from the reopened mold, prior to the reopened mold being
      positioned to receive the next extruded parison. In the prior art, the
      container discharge station was generally that indexing station next
      preceding the extruder station. The reopened, emptied mold was thus
      transferred from the discharge or unloading station to the extruder
      station.
PAR  Attempts were made to increase production rates by increasing the
      rotational speed of a conventional size turntable. Such attempts however
      were of limited success as the increased angular acceleration necessitated
      turntable redesign which was thought to be prohibitive.
PAR  It has now been found that many thermoplastic materials could be extruded,
      blow molded to form a hollow object such as a container, and the formed
      container unloaded from a rotary turntable by utilizing less than about
      one-half the full rotation of a conventional size turntable at customary
      rotational speeds.
PAR  It has now been further found that a blow molded container may be
      discharged from an opened mold at an extruder station just prior to the
      same opened mold receiving a parison from the extruder station, without
      any significant increase in the extruder station indexed dwell period.
PAR  Now therefore there is provided by this invention a method for multiple
      extrusions and blow molding operations with a single rotary indexing
      turntable thereby increasing rates of production heretofore unattainable
      for such turntable.
PAR  It is therefore an object of this invention to provide a method for
      multiple blow molding operations to be performed with a rotary indexing
      turntable.
PAR  It is a further object of this invention to provide a method as aforesaid
      wherein at least two extruders are circumfrentially spaced adjacent a
      rotary indexing turntable for providing parisons at about the same time to
      separate molds.
PAR  It is still a further object of this invention to provide a method as
      aforesaid wherein multiple parison positioning operations are actuated
      simultaneously.
PAR  It is still a further object of this invention to provide a method as
      aforesaid wherein several different objects may be blow molded at about
      the same time on a rotary indexing turntable.
PAR  It is still a further object of this invention to provide a method as
      aforesaid wherein the unloading of a blow molded object from the mold is
      accomplished at an extrusion station just prior to the positioning of a
      parison therewithin.
PAR  Another object of this invention is to provide a method for loading a
      parison into and unloading a blow molded object from an opened partible
      mold with minimum dwell time.
PAR  It is a further object of this invention to provide a method for loading a
      parison and unloading a blow molded object as aforesaid wherein multiple
      loadings and unloadings are performed at about the same time with a rotary
      indexing turntable.
PAR  It is a further object of this invention to provide for unloading a blow
      molded object from a partible mold as aforesaid wherein apparatus is
      mounted to partible sections of the mold and is cooperatively actuated
      with the opening of the mold.
PAR  Another object of this invention is to provide a method for multiple blow
      molding with a rotary indexing turntable which is safe and practical in
      use and is readily fabricated and of relatively inexpensive construction
      and practical in design and operation.
DRWD
PAR  Further objects and advantages of the present invention will become
      apparent from the following description and the accompanying drawings
      which illustrate certain presently preferred embodiments of the invention
      and wherein:
PAR  FIG. 1 is a top plan schematic view of the rotary indexing turntable and
      extruder stations of this invention;
PAR  FIG. 2 is a side elevational schematic view of the apparatus of FIG. 1
      depicting mold A and D at stations I and IV respectively;
PAR  FIG. 3 is a side elevational view of the parison loading apparatus taken
      along line 3--3 of FIG. 1;
PAR  FIG. 4 is a side elevational view of mold D at station IV, depicting in
      action sequence container unloading and parison loading operations;
PAR  FIG. 5 is a side elevational view of mold A in partial sectional view, at
      station I, immediately upon closure of the mold;
PAR  FIG. 6 is a functional schematic of the apparatus of this invention;
PAR  FIG. 7 is an enlarged side elevational view of the container unloader; and
PAR  FIG. 8 is a partial sectional view taken along line 8--8 of FIG. 3.
DETD
PAR  Referring now to FIGS. 1 and 2, there is shown a rotary indexing turntable
      10 having six equiangularly spaced partible molds A through F mounted
      thereon. Each of the molds A-F is rotatably indexed, in seriatim, that is,
      each mold is sequentially stopped in rotation of the turntable 10, at each
      of six equiangularly circumfrentially spaced stations I through VI, in the
      counter-clockwise direction as viewed in FIG. 1. A first thermoplastic
      extruder 11a is operatively positioned at station I and a second
      thermoplastic extruder 11b is operatively positioned at station IV,
      diametrically disposed 180.degree. from the first extruder. The said
      extruders 11a and 11b are mechanically equivalent in operation.
PAR  Each thermoplastic extruder 11a, 11b is generally of conventional design
      and comprises heated thermoplastic material plasticizer portions 12a, 12b
      respectively; extruder screw drive portions 13a, 13b respectively;
      cross-head die assemblies 14a, 14b respectively; outlet dies 15a, 15b
      respectively; and respective die faces 16a and 16b. Thermoplastic pellet
      material feed systems including thermoplastic material hopper and dryer
      assemblies are provided for each extruder and are of conventional
      construction and operation (not shown).
PAR  Both extruders 11a and 11b are operated at the same rate of production, and
      the extruder screw shaft (not shown) for each is rotated at the same rate.
      In the specific preferred embodiment described herein, thirty turns of
      each screw extruder shaft are completed for each 360.degree. rotation or
      one full turn of turntable 10. Every five turns of each screw extruder
      expresses sufficient plasticized thermoplastic material from its
      respective die face to form a parison P of sufficient length to form blown
      object O. Said parison P after being formed is then severed from its
      respective die face, grabbed, lowered and positioned between a parted,
      opened, indexed mold, as will be more fully described hereinafter. Each
      parison P is then blow molded in the closed mold to form an object O, such
      as a container or bottle.
PAR  The screw extruder shaft of extruder 11a is mechanically interconnected
      through belts and pulleys 17 to the input end 18a of reducing coupling 18.
      At the output end 18b of reducing coupling 18, there is mounted a cam 19.
      Every five turns of the screw extruder input shaft results in one rotation
      of cam 19. In each rotation of cam 19, micro switch E-154 is actuated.
      Each rotation of cam 19 constitutes one indexing cycle at each station I
      and IV.
PAR  In the following discussion the parison loader apparatus of station I is
      denoted by the suffix a, in contradistinction to the parison loader
      apparatus of station IV wherein the equivalent apparatus features are
      denoted by the suffix, b.
PAR  Micro-switch E-154 is electrically connected to parison loaders 20a and 20b
      for extruders 11a and 11b respectively. The parison loaders 20a and 20b
      are mechanically equivalent. The function of the parison loaders is to
      sever the parison P from the respective die faces 16a and 16b, grab or
      pinch the parison at the top severed end and then lower the parison so as
      to position the parison between parted halves of an opened mold.
PAR  Referring now specifically to FIGS. 3 and 8 there is shown parison loader
      20a. A tubular support frame 21a supports a cantilevered top flange member
      22a, cantilevered intermediate flange member 23a and a cantilevered bottom
      flange member 24a. Flange members 23a and 24a are generally of the same
      configuration and are in opposed facing relationship. Supportedly mounted
      between cantilevered intermediate flange 23a is a vertically disposed
      pneumatic cylinder 25a. A retractably extensible ram 26a is slidably
      receiived in the bottom end 27a of cylinder 25a. End face 27a of parison
      loader 25a is mounted to the top face 28a of flange 23a. An upper portion
      29a of cylinder 25a is mounted through hole 30a of the bottom part of
      flange member 22a, and retained therein. A pneumatic hose 32a, through
      connection 31a, is secured to the top end of cylinder 25a. A compressed
      air feed line for cylinder 25a generally shown as 33a is mounted to frame
      support 21a and comprises a filter 34a, a pressure gauge 35a and pressure
      reducing valve 36a, and a lubricator 37a.
PAR  As stated a retractably extensible ram 26a is in sliding engagement with
      the bottom 27a of pneumatic cylinder 25a. A guide fixture 38a depends from
      and is mounted to vertical depending portion 39a of flange 23a, by means
      of bolts 40a (typical). Stop member 41a is fixedly mounted at an
      intermediate portion of ram 26a and contactingly engages the lower face
      42a of guide fixture 38a. Member 41a is in turn disconnectably fixed in
      place by nut 42a'. Ram 26a passes through parison lowering member 44a
      being held in place by means of nuts 43a and 50a. Parison lowering member
      44a is provided with two vertically disposed through holes 45a and 46a for
      sliding engagement with two vertically disposed spaced rods 48a and 49a
      respectively. The top and bottom ends of each of the rods 48a and 49a are
      securely mounted to flanges 23a and 24a  respectively. A bracket 51a is
      mounted to the side 52a of parison lowering member 44a, that is, that side
      of the parison loading member 44a that is in facing relationship with the
      die 15a of extruder 11a. Extending outwardly from bracket 51a are two pair
      of spaced bracket portions 52a1, 52a2, 53a1 and 53a2. A pair of double
      acting air cylinders 54a and 55a are horizontally, transversely disposed
      to and mounted through and between one each of the two pair of brackets.
      That is one cylinder each is mounted between one of said pair of bracket
      portions 52a1, 52a2, 53a1 and 53a2. Between and at the ends of the
      cylinders 54a and 55a, plates 56a and 57a respectively, are fixedly
      mounted so as to be movable with the retraction and extension of the rams
      for the cylinders 54a and 55a. A pair of facing vertically disposed angle
      flanges 60a and 61a are also mounted for horizontal movement with the
      simultaneous double acting extension and retraction of the rams of
      pneumatic cylinders 54a and 55a. A pair of horizontally disposed plates or
      jaws 62a and 63a are mounted to respective flanges 60a and 61a, that is,
      one jaw for each flange. Of course the flanges 60a and 61a and in turn the
      jaws 62a and 63a would be moved toward and away from each other with
      retraction and extension by cylinders 54a and 55a.
PAR  Mounted to the top face of jaw 62a is parison severing member 80a. The
      parison severing member is fixedly mounted to jaw 62a by means of bolts
      64a (typical). The top edge 81a of parison severing member 80a is in
      sliding resilient relationship with die face 16a of extruder 11a.
PAR  A compressed air supply line generally shown as 70a is provided to supply
      compressed air to both cylinders 54a and 55a. Compressed air supply line
      70a comprises a filter 71a, a pressure gauge 72a, reducing valve 73a and a
      lubricator 74a. Compressed air conduits from supply line 70a to the
      cylinders 54a and 55a are not shown.
PAR  Referring now specifically to FIG. 8, there is shown parison P centrally
      axially located on the line of closure for jaws 62a and 63a. Edge portions
      62a1 and 63a1 of jaws 62a and 63a are in facing relationship. In the
      retraction of cylinders 54a and 55a, jaws 62a and 63a move toward each
      other and edge portions 62a1 and 63a1 contactingly, grippingly pinch
      parison P. Edge portion 81a faces upwardly from face 65a of 80a so as to
      sever the parison P from die face 16a. The severing edge 81a completely
      passes through parison P after jaw edges 62a1 and 63a1 have securely,
      grippingly, retained the parison therebetween. Parison severing member 80a
      is provided with a cut-out 82a to prevent adhering of the top
      circumfrential edge of the parison after severing and also to prevent
      adhering of the bottom leading edge of the next formed parison (not
      shown). The broken line construction of FIG. 8 depicts the jaws 62a and
      63a closed on the parison and in a lowered position. When cylinder 25a is
      actuated by cam actuated micro-switch E-154, ram 26a is extended
      downwardly thereby lowering member 44a as it slidably engages rods 48a and
      49a.
PAR  Micro-switch E-154 simultaneously actuates pneumatic cylinders 54a, 55a and
      25a, so that as pneumatic cylinder 25a begins to lower member 44a,
      cylinders 54a and 55a are being retracted so as to retract or close plates
      or jaws 62a and 63a on parison P. Inasmuch as the parison lowering member
      44a has a mechanical lag as compared with the quicker acting jaws 62a and
      63a, the parison is severed (by severing member 80a) and grabbed (by jaws
      62a and 63a) just prior to being lowered.
PAR  In lowering the parison, member 44a moves to a lowered position as shown in
      broken line illustration. An adjustable stop 90a is affixedly mounted to
      bottom flange 24a, so that upon descent of member 44a, lower depending end
      portion 75a of shaft 26a contactingly abuts protruding shaft end portion
      91a of stop 90a. The stop 90a is adjustable to insure the proper vertical
      positioning of parison P in the opened mold (not shown in FIG. 3).
PAR  Further as lowering member 44a nears the end of its descent, micro-switch
      E-116a is contacted and actuates the closing of mold A at station I, as
      will be fully discussed hereinafter. It is of course understood that at
      about the exact same time, parison severing, grabbing and lowering
      operations are also being performed at station IV, so as to lower a second
      parison into opened mold D and similarly, micro-switch E-116b would be
      actuated to close the parted mold sections of mold D on said second
      parison.
PAR  Referring again to FIGS. 1 and 2, the rotary turntable, generally shown as
      10 is of conventional size and generally of conventional construction with
      certain modifications as will be discussed hereinafter. The turntable 10
      is driven by a standard 10 h.p. motor 100 which is connected through belts
      and pulleys generally shown as 101 to clutch 102 actuatable by clutch
      valve SV-108. The clutch 102 is a M07S Posidyne, manufactured by Force
      Control Industries, Hamilton, Ohio. A master cam E-106 for the rotary
      turntable is mounted adjacent to the drive motor 100 and is operatively
      connected to clutch solenoid valve SV-108. The master cam is an Allen
      Bradley Bulletin 803, Style E, Model 9E manufactured by Allen Bradley Co.,
      Milwaukee, Wisconsin. The master cam E-106 comprises nine distinct limit
      switches, LSW1 through LSW9 inclusive; L.S.W.'s 1, 2, 4 and 7 not being
      utilized for the particular embodiment of the invention as described
      herein. Each of the operable L.S.W.'s are designed so as to be actuated
      during particular times during rotation of the turntable for the
      sequential timing of the several blow molding operations.
PAR  When clutch 102 is engaged the drive motor drives circumfrential gear 105
      which in turn engages the circumfrental gear 106 of turntable so as to
      cause rotation of the turntable in the counter-clockwise direction as
      viewed in FIG. 1. Thusly, mold A moves from station I to station II and
      mold E moves from station II to station III, and so forth.
PAR  A cylindrical support column 110 is axially disposed to rotary turntable 10
      and is mounted to base frame 107 of rotary turntable 10. Support column
      110 is provided with connection for compressed air and water for
      performing blow molding operations for each mold, in the conventional
      manner. At the upper end of support column 110 is a commutator 111 which
      maintains electrical connection from the master cam E-106 to and from the
      parison loaders 20a and 20b and the several molds, as the turntable is
      rotated.
PAR  Referring now specifically to FIG. 4, there is shown mold assembly D in the
      opened position at station IV, although it is of course to be understood
      that this opened mold disposition is typical of each mold at either
      station I or station IV. It is also of course understood that all of the
      molds have corresponding features and each of the suffixes A-D denote a
      particular mold.
PAR  Mold assembly D comprises a vertically disposed inner support frame 112D
      and a spaced, opposing, facing, vertically disposed, outer support frame
      113D. Frames 112D and 113D are fixedly mounted to member 114D which in
      turn is mounted to frame 107. Four horizontally disposed, spaced mold
      support rods 115D, 116D, 117D and 118D are transversely fixedly mounted to
      and between support frames 112D and 113D by means of nuts 119D (typical).
      Two sections 120D and 121D of partible mold D are slidably mounted on
      support rods 115D, 116D, 117D and 118D. The mold sections 120D and 121D
      are disconnectably connected to brackets 122D and 123D respectively. One
      end 124D of linkage assembly 125D is fixedly secured to bracket 122D and
      the other end 126D of linkage assembly 125D is fixedly secured to member
      127D. Member 127D is formed with four through holes 128D, 129D, 130D and
      131D for sliding engagement with support rods 115D, 116D, 117D and 118D,
      respectively. Four mold close rods 132D, 133D, 134D and 135D are fixed
      secured at one end of each thereof to member 127D by means of nuts 136D
      and 137D (typical). The other respective ends of rods 132D-135D inclusive
      are secured to bracket 123D by means of caps 138D, 139D, 140D and 141D,
      respectively.
PAR  Linkage 125D comprises a series of linkages 142D, 142D' and 143D; linkage
      142D at one end being pivotally connected to bracket 127D and at the other
      end being pivotally connected to linkage 142D'; linkage 142D' in turn is
      rotatably mounted on shaft 144D and the other end of linkage 142D' is
      pivotally connected to linkage 143D; and linkage 143D is in turn pivotally
      connected to bracket 122D. A drive linkage assembly 150D is mounted to the
      pivotal connection of linkages 142 and 143 and said linkage assembly is
      fixedly mounted to vertically disposed retractably extensible ram 151D of
      pneumatic cylinder 152D.
PAR  By this manner of construction mold D is opened by the actuation of
      solenoid valve SV-117D to deliver compressed air to cylinder 152D to cause
      the vertical extension of ram 151D causing the upward movement of drive
      linkage 150D which in turn causes counter-clockwise rotation of pivotal
      connections of linkages 142D' and 143D, and 142D and 142D' about shaft
      144D. This linkage rotation results in mold section 120D and member 127D
      being drawn closer in sliding on support rods 115D-118D, inclusive. Mold
      section 121D is concommitantly moved away from its counterpart sections
      120D by the reaction of member 127D pushing rods 132D-135D, inclusive. To
      close the mold D, solenoid valve SV-117D is actuated to deliver compressed
      air to cylinder 152D to cause the downward retraction of ram 151 which in
      turn causes the downward movement of drive linkage 150D which in turn
      results in the clockwise rotation of the aforesaid pivotal connections.
      The linkages 141D, 142D' and 143D are thusly extended causing mold section
      120D and 121D to close at a pre-calculated centerline disposed below the
      axis of the parison P at station IV.
PAR  In FIG. 5, mold A is depicted as having just been closed on a lowered
      parison. The linkages 141A, 142A and 143A are shown extended horizontally.
      The rotational direction arrows about shaft 144A at station I are
      corresponding opposite to those of shaft 144D at station IV.
PAR  Coolant fluid such as water is supplied to and returned from the molds
      through piping 160. Compressed air is supplied through a common rotary
      connection (not numbered) and is separated into two air feed systems to
      wit; the mold open-close air supply system, generally shown as 161, and
      the parison blow molding air supply system, generally shown as 162. The
      mold open-close air supply system supplies compressed air to pneumatic
      cylinders 152A-152D. The parison blow molding air supply system supplies
      compressed air to blow pipe assemblies 170A-170D.
PAR  Each blow pipe assembly 170 (A-D) is of usual design, such as by way of
      example the blow mold cylinder described in U.S. Pat. No. 3,334,773. The
      blow pipe assembly pierces the parison enclosed in the mold and then
      introduces compressed air to the interior of the parison so as to cause
      the parison to expand to conform to the interior of the mold
      configuration, thereby forming a blown object O such as a container and
      the like. In FIG. 5, mold A is enclosed on parison P and is pinching the
      parison, the lower end thereof is pinched and sealed so as to form bottom
      flash F1 and the top end of the parison pinched to form top flash F2. The
      parison P in FIG. 5 is thus ready for the introduction of compressed air.
PAR  It is also noted in FIG. 5 that in closing mold sections 120A and 121A, two
      corresponding sections 181A and 182A, respectively, of container unloader
      assembly 180A are closed about parison flash F2.
PAR  In FIG. 7 the solid line drawing depicts the closed mold section with a
      parison or object therewithin. The broken line drawing depicts the
      container unloader 180 with the mold sections pushed away from one
      another.
PAR  Unloader assembly 180 (typical of A-D) comprises a pair of opposed facing
      symmetrical sections 181 and 182. The following discussion is generally
      limited to section 182 but it is of course understood that corresponding
      features are found in section 181. Each section comprises a mounting base,
      as 301 fixedly secured to a respective neck portion of the mold section
      120 (typical A-D). Spaced above and in facing relationship to the base is
      a top 303. Sides 305 and 307 enclose the top 303 and base 301. Side 307 is
      shown for section 181. A bushing 308 fixedly secured between the bottom
      face of top 303 and the top face of base 301. A rod 311 is slidably
      received through bushing 308 of section 182, and rod 312 is slidably
      received through bushing 306 of section 181. Rod extension member 313 is
      fixed to post 315 of rod 311 by means of pin 316.
PAR  A washer 317 is mounted to end face 318 of rod extension member 313 by
      means of a spherical headed bolt 319. Bolt 319 is secured to extension
      member 313 by means of pin 320. The outer face, of washer 319 is in
      contacing relationship with end 322 of bushing 308 when the mold is
      closed.
PAR  The spherically-shaped end 319 is off-set from the axis of the rod. This
      spherical shaped surface pressing contacts the parison top flash portion
      F2. That is the opposed facing spherically headed bolts pinch the parison
      as the mold is closed on the lowered parison. In FIG. 7, P is shown in
      pinched in construction. The opposed bolts 319 and its counterpart are in
      horizontal axial alignment. The spherical ends of bolt 319 and its
      counterpart push the top flash of the parison along a line about coaxial
      with the center of gravity of the object. This coaxial alignment assures
      that the object O will fall free straight down without cocking in a
      direction because of imbalance, when released by the unloader.
PAR  Rod 311 is attached by nut 332 to retractably extensible ram 330 of
      pneumatic cylinder 331. A compression spring 333 is housed in air cylinder
      331 so as to bias the rods away from the center-line of the meeting line
      at which the molds close. The compression spring force is from about 5 to
      about 20 pounds and is readily overcome by the action of the closing molds
      which pull the rods 311 and 312 towards each other.
PAR  The other end of pneumatic cylinder 331 is formed with a flange 336 having
      a transverse through hole. Said through hole is coaxial with through hole
      337 of upright flange 338. A second upright flange 339 having a coaxial
      hole is mounted on the other side of cylinder flange 336. A pin 340 passes
      through the aforesaid holes so as to provide a pivot for cylinder 331.
      Flanges 339 and 338 are bolted to plate 341 by bolts 342 (typical) which
      plate 341 in turn is welded to and bolted to vertical mold frame support
      112 (typical A-D). The opposing air cylinder 335 is likewise pivoted and
      bolted to opposing mold frame support 113 (typical A-D).
PAR  A three-way valved air limit switch AL-135 is fixedly mounted to the inward
      face of mold frame support 113 (typical A-D). The switch AL-135 is
      constructed and positioned so that upon opening of the mold (A-D), mold
      section bracket 123 (A-D) trips the switch as the opened mold clears the
      major sectional dimension of the container O.
PAR  Container O is of course being held in place between the unloader rods
      under a force exerted by compressed air to the inlet sides of cylinders
      331 and 335. The compressed air being supplied from the air source
      interconnected to SV-117. That is as the signal to open the mold is
      provided by LSW3 (cam E-106) the actuation of SV-117 (A-D) provides
      compressed air not only to open the mold but to prime the unloader
      cylinders as well. In this manner, container O remains in place as the
      mold is opened.
PAR  Switch AL-135 interconnects a compressed air supply line 350 which is
      interconnected from a tap line from SV-117 (A-D) and then to the inlet
      sides or pressurization sides of each of unloader cylinder 331 and 335,
      respectively, through lines 351 and 356. Switch AL-135, on its outer
      outlet side is interconnected to the outlet side or depressurization side
      of each of the unloader cylinders 331 and 335 through lines 352 and 353,
      respectively. In this manner of construction, as switch AL-135 is
      actuated, the compressed air lines 351 and 350 are closed so as to
      discontinue the pressurization of cylinder 335 and 331, and the compressed
      air in the cylinders is expelled through lines 352 and 353 to the
      atmosphere.
PAR  As the compressed air is expelled from unloader cylinders 331 and 335,
      compression springs 333 in cylinder 331 and its counterpart in cylinder
      335 drive the rods 312 and its counterpart 311 away from the container O,
      thereby permitting the container to fall free clear of the parted mold
      sections 120 (A-D) and 121 (A-D). The container falls into hopper 360
      (typical A-D) for conveyance to the trim and finishing operations (not
      shown).
PAR  The afore-described apparatus is operated in the manner as hereinafter
      described with particular reference being made to FIG. 6.
PAR  In FIG. 6, the functional schematic of the apparatus is simplified to show
      molds A and D at stations I and IV, respectively. It is of course
      understood that diametric molds B and E, and C and F could similarly be
      represented.
PAR  In FIG. 6, and referred to herein, the numbers in brackets refer to the
      particular circuit under discussion.
PAR  The screw extruders 11a and 11b are turned "on" to operate simultaneously
      at identical rates of production. For each and every five turns or
      rotations of the extruder screw 11a, cam 19 undergoes a single rotation
      closing switch E-154, closing the circuit through the normally closed
      contacts 200 of master coil R1 (mounted on master panel, not shown). In
      closing switch E-154, solenoid valves SV-120a, SV-120b are actuated,
      permitting compressed air to cylinders 25a and 25b, thereby causing
      parison loaders 20a and 20b, respectively, to be lowered (201 and 202).
      Concommitantly, the same closing of switch E-154 actuates solenoid valves
      SV-119a and SV-119b permitting air to cylinders 54a, 55a and 54b, 55b
      respectively, thereby causing the closing (203 and 204) of jaws 62a, 63a
      and 62b, 63b, respectively so as to grab and sever parisons at stations I
      and IV respectively. As stated insofar as the jaws 62a, 63a and 62b, 63b
      are quicker acting than lowering members 44a and 44b, the parisons P are
      first severed and grabbed before actually being lowered.
PAR  As parison loaders 20a and 20b are nearing the end of their descent,
      members 45a and 45b, trip micro-switches E-116a and E-116b, respectively
      closing the circuits (205 and 206), respectively, so as to actuate the
      respective mold closing solenoids SV-117A and SV-117D (207 and 208). The
      circuit connections from the micro-switches E-116a and E-116b to the mold
      solenoid valves SV-117D are made through brush (typical) and slip ring
      (typical) of commutator 111 (typical).
PAR  As molds A and D close, respectively, mold sections 121A and 121D trip
      switches E-112A and E-112B closing the blow air "on" circuits (209 and
      210), to cause the expansion of the parisons. The closing of circuits
      (209, 210) also energizes relay R1 and switch E-118, so that R1 normally
      open contacts 211, close solenoids SV-119A, D and SV-120A, D to cause the
      parison loaders 20a and 20b to return to their upper positions (circuits
      212, 213), and concommitantly to open the parison gripping jaws (62a, 63a,
      and 62b, 63b), as by circuits (214, 215). Further the closing of normally
      open contacts 211 of relay R1, clutch solenoid valve SV-108 is energized
      through table cam limit switch LSW9 of master table cam E-106.
PAR  The energizing of clutch solenoid valve SV-108 causes engagement of clutch
      102 to start rotation of the turntable.
PAR  As the molds rotate 60.degree., limit switchs LSW5 and LSW6 actuate the
      closing of the circuit to shut blow air off to the molds (B and E for the
      case at point) that are next approaching stations I and IV. Upon somewhat
      further rotation before indexing, limit switch LSW3 closes and energizes
      solenoid valve SV-117F and SV-117E so as to open the mold to permit
      unloading of bottles and to institute another indexing cycle.
PAR  In FIG. 6, the schematic diagram shown for molds A and D only and therefore
      limit switches LSW5 and LSW6 will actuate SV-111A and SV-111D to shut off
      the blow air at about the end of the third index cycle, that is when mold
      A reaches station IV and mold D reaches station I, at 180.degree.
      rotation. These operations are of course repeated so that each mold A-D is
      unloaded and reloaded twice for each 360.degree. rotation of the
      turntable.
PAR  In actuality LSW5 and LSW6 are interconnected through a jump switch E-125
      at commutator 111. So that in one index cycle LSW6 of cam E-106 will
      actuate the air "off" to both molds A and D and in the next index cycle
      LSW5 of cam E-106 will actuate the air "off" to both molds B and E. That
      is each limit switch, LSW5 or LSW6, is actuated during each alternate
      index cycle. Since there are six molds for a 360.degree. rotation, each
      limit switch LSW5 or LSW6, is actuated every other 60.degree. rotation
      period of the turntable 10.
PAR  Also near the termination of each index cycle LSW8 is actuated to assist
      commutator 111 in the load switching so as to prolong the useful life of
      commutator 111.
PAR  During discharge of the containers from the respective molds, as aforesaid,
      and as the molds are entering the respective extruder stations I and IV,
      LSW9 of cam E-106 actuates SV-108 to disengage clutch 102 causing the
      turntable to stop. That is to say the mold comes to a complete stop to
      discharge the container and immediately thereafter receive the next formed
      parison which is being lowered into the now opened and unloaded mold. (See
      action sequence of FIG. 4). This combination of parison loading and
      container unloading as the turntable is indexed, minimizes the dwell time
      at the extruder stations.
PAR  Since each mold undergoes bottle unloading and parison loading twice for
      each rotation, production rates can in theory be doubled that of
      conventional systems.
PAR  Furthermore, while the molds A-D are shown as being identical in the
      preferred embodiment this need not be the case and it is within the
      contemplation of this invention to produce at least two different products
      simultaneously with a single rotary turntable. Further the thermoplastic
      material at each extruder, e.g. 11a and 11b, need not be the same but may
      vary in polymer structure or certain physical properties such as color.
      Therefore it is also within the contemplation of this invention to
      simultaneously produce at least two products of different polymers and/or
      color with a single rotary turntable.
PAR  It is within the contemplation of this invention that the means to form a
      parison comprise a thermoplastic extruder and die operatively positioned
      at a station. Further it is also within the contemplation of this
      invention that means to form a parison comprise a single extruder with
      means to convey the extruded mass to at least two separate dies, wherein
      each of the dies being operatively positioned at first and second stations
      circumfrentially spaced one from the other. In other words while it may be
      desirable, it is not necessary to provide separate extruders at each
      station whereat a parison is to be formed. Molten thermoplastic material
      may be conveyed to parison forming dies at any desired station or number
      of stations. Therefore the terms "means to form a parison" is defined
      herein as including the immediately aforesaid arrangement of a single
      extruder with separate remote die means as well as the heretofore
      described preferred embodiment.
PAR  Further it is also within the contemplation of this invention to have more
      than two extruder stations in operation so as to further increase the
      production rates. Also of course more than one parison may be formed at
      each extruder station and several containers may be blow molded
      simultaneously at each mold assembly.
PAR  As can be seen the above description discloses a method and apparatus for
      producing hollow plastic articles such as containers at substantially
      higher rates of production than was previously heretofore possible with a
      rotary indexing turntable.
PAR  From the foregoing description of the invention, it will be apparent that
      various modifications in the method and apparatus described in detail
      herein, may be made without departing from the spirit and scope of the
      invention and it is not intended that the invention be limited to the
      specific embodiment shown herein, but is to be construed according to the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for parison loading and blow molding object unloading of a
      partible mold on a rotary indexing turntable comprising the steps of:
PA1  a. opening the mold containing said object as the mold is being indexed
      while continuously holding a flash portion of the object until the mold
      opens clear of the object;
PA1  b. forming a parison above the opened mold during said indexing;
PA1  c. releasing the flash portion and allowing the object to fall free of the
      opened mold;
PA1  d. positioning the parison between the open mold as the object falls past
      the mold; and
PA1  e. closing the mold on the parison and holding a flash portion of the
      parison prior to blowing and cooling.
NUM  2.
PAR  2. The method of claim 1, wherein the step of positioning the parison
      comprises pinching the parison at an upper portion thereof, severing the
      parison from a die face, and lowering the parison into a respective open
      emptied mold.
NUM  3.
PAR  3. The method of claim 1, wherein the holding of the flash comprising
      advancing a pair of axially aligned opposed rod members toward the upper
      flash portion upon closure of the mold so as to deformably hold the upper
      flash portion of the parison therebetween; and wherein allowing the object
      to fall free of the opened mold comprises retracting the rod members.
NUM  4.
PAR  4. The method of claim 3, wherein the advancing and retracting of the rod
      members is by moving the rod members relative to the opposed parts of the
      mold, one rod member being mounted on one part of the mold and the other
      rod member being mounted on the other part of the mold.
NUM  5.
PAR  5. The method of claim 1, wherein the flash of the just formed parison is
      held at one indexing station and is continuously held during transfer of
      the mold to a second circumfrentially spaced indexing station and wherein
      the releasing of the immediately aforesaid flash portion of the now blown
      object occurs at the second station.
NUM  6.
PAR  6. The method of claim 1, wherein the step of simultaneously positioning
      each parison comprises pinching the parison at an upper portion thereof,
      severing the parison from a die face, and lowering the parison into a
      respective open emptied mold, and wherein the object falls free clear of
      the opened parts of the parted mold while the parison is being lowered.
NUM  7.
PAR  7. A method for multiple parison loadings and blow molded object unloadings
      of partible molds on a rotary turntable comprising the steps of:
PA1  a. opening each of the molds containing each of said objects as the mold is
      being indexed while holding at least a portion of the object until the
      mold opens clear of the object;
PA1  b. forming a parison above each of the opened molds during said indexing;
PA1  c. releasing the held portion and allowing each of the objects to fall free
      of the respective opened mold; and
PA1  d. positioning each of the parisons between its respective opened mold as
      each of the objects fall past the respective mold, and wherein said
      plurality of said parison loadings and objects unloadings are performed
      simultaneously at circumfrentially spaced locations on said rotary
      indexing turntable.
NUM  8.
PAR  8. The method of claim 7, further comprising actuating the parison
      positioning movement for each of the plurality of parisons by the forming
      of one parison.
NUM  9.
PAR  9. The method of claim 8, further comprising actuating holding of parison
      flash by the parison positioning movement of each parison, with closure of
      the mold.
NUM  10.
PAR  10. The method of claim 9, wherein the parisons are formed at separate
      circumfrentially spaced stations.
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ABST
PAL  A process for preparing fusible, crosslinkable resinous intermediates of
      polyaddition and polycondensation resins consisting essentially of
      continuously proportioning and feeding a resin precursor composition in
      solid and liquid form, in a mixing and kneading machine, intensively
      mixing the resin precursor composition in both the longitudinal and
      transversal directions and simultaneously heating said composition,
      thereby plasticizing and homogenizing the same below the temperature of
      cross-linking and hardening and at a temperature of 50.degree.-90.degree.
      C during a brief average dwell time in the mixing chamber of said machine
      which will prevent excessive stiffening of the mixture in the form of a
      pasty mass to thereby plug the machine, continuously expelling the
      plasticized intermediate resin mix at a temperature of 50.degree. to
      90.degree. C in the form of a pasty mass through a hollow die with twin
      conical outlet heated to a temperature of not more than 50.degree. C. The
      intermediate resin mix which is expelled is cooled, solidified, preformed
      by a pair of rollers into a strand which is friable and is adapted to be
      broken by up grinding to form a powdered intermediate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  The present invention refers to a process and apparatus for the preparation
      of intermediates of polyaddition and polycondensation resins. These are
      plastics which are prepared by the polyaddition reaction of one ore more
      resin precursors together with hardener and any other ingredients. The
      resultant intermediate resin then being obtained as a fine powder, wherein
      the resin macromolecules are not yet cross-linked, or have been allowed
      under control to develop the so-called partial cross-links only. This
      means of course that the most reactive hardener has not yet reacted,
      allowing the powder to be applied for example as thin homogenous layer to
      an object and then to be melt-fused to a homogenous coating, which is
      fully hardened, or respectively that the powder can be fused to desired
      form in a heated die resulting in fully hardened parts.
PAR  At least one of the resin precursors is a linear polymer, which by itself
      may not be hardenable, but which can accept in a polymeric addition
      reaction further monomers or polymers. The reaction proceedsstepwise and
      intermediate products show properties which progress from completely
      fuseable over partially fuseable to completely hardened and thermoset. The
      more important physical properties change as well, especially the melt
      viscosity and the brittleness. Nevertheless, highly reactive components
      remain in the intermediate products, sensitive to react under influence of
      temperature and sometimes also of pressure, though to a more limited
      extent.
PAR  The intermediates furthermore do not possess a sharply defined melting
      point and depending on the intermediate stage they have frequently a very
      broad melting range.
PAC  b. Description of the Prior Art
PAR  As known to those skilled in the art, a phase occurs during the preparation
      of the intermediate resin, where the components form a pasty to liquid
      mass showing pronounced adhesive tackiness. While the tacky mixture still
      retains these disadvantageous properties of adhesion and tackiness, the
      mass has to be passed through a die and then through forming rolls and
      onto a endless belt for quick cooling, and it has been disclosed, that by
      heating the die adhesive build-up in the die can be minimized and
      continuous processing would be possible. But experience with longer
      production runs has shown, that these measures alone will not be
      sufficient to prevent a block-up of the die after a number of hours with
      some formulations.
PAR  The previous art uses flat band-die outlets to give to the issuing band of
      material a profile as thin and wide as possible, so that the material
      having low thermal conductivity might be cooled quickly and evenly. But
      during extrusion through such a die a thin boundary layer forms, in which
      flow is retarded by contact with the walls of the die-land and therefore
      exposed for a somewhat longer period to the die temperature. This can
      provoke some hardening in the material depending on the reactivity of the
      resin mix, and with some material formulated highly reactive, hardening
      will build-up the boundary-layers in contact with the die-land, until the
      die opening is blocked-up. Depending on the reactivity this build-up is
      more or less retarded, but always ends with the interruption of the
      continuous production run.
PAR  Up to now one has used the expedient to have a second die in readiness for
      a quick exchange. The first die can then be cleaned of obstructions after
      the exchange, which forces nevertheless a short interuption of the
      production and is still highly undesirable. Another possibility,
      especially with the most desirable formulas, which are also the most
      reactive, is to run the production without a die at the end of the
      extruder. But this is not very economical, due to loss of not fully worked
      product during start-up, when it is difficult and takes appreciable time
      to reach equilibrium working conditions without the aid of a die.
PAC  OBJECTS OF THE INVENTION
PAR  It is the object of the present invention to propose a substantially
      improved process, which insures under any working condition, that the die
      will not block-up, even during continuous processing of highly reactive
      formulas and this for hours or days running.
PAC  SUMMARY OF THE INVENTION
PAR  The improvement is gained according to this invention by extruding the
      pasty product with a die held at maximum around 50.degree. centigrade only
      and with the product at a temperature in the range from 50.degree. to
      90.degree.  centigrade, the exact product temperature depending on the
      reactivity of the formulation and on processing conditions.
PAR  In order to create an especially advantageous equipment combination to
      perform the new invention, the apparatus disclosed in U.S. Pat. No.
      3,643,874 is substantially improved by using a heatable die of novel
      construction. This novel die has no die-lands, it is constructed as a
      round-strand die with a die opening with an acute edge, formed by the die
      throat sloping away on both the entry and excit sides.
PAR  In a preferred embodiment, this die may have a heatable wedge chute
      smoothly connecting to the exit side of the die, both bodies of die and
      wedge should be bored or made hollow for circulating a heating or cooling
      medium.
PAR  The details of the proposed process improvement will now be explained,
      using the attached drawing to illustrate by way of an example the novel
      die in cross section.
PAR  When developing the process described in U.S. Pat. No. 3,643,874 it was
      observed that the resin intermediates, homogenously prepared to contain
      only so-called partial links, have a very broad melting range, without a
      sharply defined melting point. They change slowly with increased
      temperature from molten pasty to a more fluid state of low viscosity. In
      the later state there is more pronounced tendency of some molecules to
      further cross-linking and hardening, but on the other hand the adhesive
      tackiness tends to diminuish strongly. At a lower temperature range
      approximately between 50.degree. and 90.degree. centigrade the state of
      the resin intermediates is a stiff paste with strong tackiness, but also
      no longer prone to cross-linking reactions with subsequent hardening. And
      then at temperatures below 50.degree. centigrade the resin intermediates
      start to become brittle solids, completely solidified at room temperature,
      the show then little or no adhesiveness but would be prove to solidify in
      an extrusion die.
PAR  Up-to now, one has circumvented the thermically more safe but tacky phase
      at the excit of a continuous mixing and kneading machine, by maintaining
      the die hot enough, so that the material might issue from the die in the
      more liquid form and without tackiness. But this required to accept some
      hardening of the boundary layers in contact with the die surfaces,
      especially when processing highly reactive formulas.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  According to the new improved process, the intermediate resin is extruded
      in its stiff and pasty phase with a material temperature in the range from
      50.degree. to 90.degree. centigrade, and through a die, held at
      approximately 45.degree. to 50.degree. centigrade on all its surfaces,
      which might be in contact with the extrudate. At these temperature there
      is no danger of some hardening occuring nor of material sticking to the
      die. But there could be danger of solidification and freezing to the
      die-lips. This danger has been effectively overcome by using an acute die
      construction like a knife-edge contrary to the many die-forms developed by
      the previous art. The dwell time in contact with this edge is partically
      nil and the absence of a proper die-land has the additional advantage of
      widely expanding the issuing strand of material, which can then be easely
      guided to the cooling stretch.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A preferred embodiment of a die is illustrated by way of example on the
      attached drawing in cross-section, where 1 is the end of the housing of a
      continuous kneading and mixing machine, as for example disclosed in U.S.
      Pat. No. 3,219,320 of F. Sutter entitled "Method of Continuous Kneading
      and Mixing and an Arrangement for Carrying out the Method", but any other
      single -- or multiple -- screw extruder known to the art and having
      intensive mixing action in both longitudinal and transversal direction
      would be suited for the purposes of the present invention. The housing 1
      of the drawing terminates with a flange 2 on the exit side. Within the
      housing is arranged a kneading and mixing screw 3 in a manner well known
      to the art. The housing 1 may have jackets 4 enclosing a space 5 in which
      a heating or cooling medium may be circulated.
DETD
PAR  A die 6 is mounted to the flange 2. The die has an outlet 7 in form of a
      twin-conical constricted throat 8 sloping away smoothly on both inlet and
      outlet sides of the die. The die between the two conical slopes is formed
      as a round opening having acute edges 9. The die body is made hollow 10 in
      the region of the construction, so that a heat transfer medium may be
      circulated connected by lines 11 and 11' (the latter not shown). This
      allows to maintain the die construction at a pre-set temperature.
PAR  Connected with a smooth fit to the die exit is a wedge chute 12, to lead
      away the issuing strand of material. The chute 12 is made hollow 13 so
      that a heat transfer medium may be circulated inside the chute, through
      lines 14 and 14' (the later now shown). Thus the chute can be maintained
      at a pre-set temperature similar as the die.
PAC  Examples:
PAR  1. In a process as described in the U.S. Pat. No. 3,643,874 of the previous
      art, resin intermediates were produced in continuous operation.
PAR  A formulation well known to the art, and selected to obtain a final full
      hardening in 60 seconds at 180.degree. centigrade allowed 6 hours to run
      until the band-die was blocked-up to such an extend that the run had to be
      interrupted. An even more reactive formulation to obtain final hardening
      within 10 to 20 seconds at 180.degree. centigrade was economically not
      possible with a band-die which blocked-up in a very short time. Runs
      without a die were possible, but only with the disadvantage of loss of
      intermediate resin precursor material not being fully worked during the
      lengthy start-up, when it is diffucult and takes appreciable time to reach
      equilibrium working conditions.
PAR  2. Test runs using the processing method and equipment according to the
      present invention produced the following result with a highly reactive
      formulation, selected for its known processing difficulty:
PA1  Final hardening time of the produced intermediate resin: 10-20 seconds at
      180.degree. centigrade
PA1  Product paste temperature 80.degree.C
PA1  Die temperature 45.degree.C
PA1  Wedge chute temperature 45.degree.C
PA1  Duration of test run 6 hours
PA1  Final product quality: perfect flow, hardness and colour
PA1  Condition of the die after 6 hours operation: free from any traces of
      deposited material, in perfect operation condition.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A process for the preparation of fusible resinous intermediates of fully
      cross-linkable polyaddition and polycondensation resins, consisting
      essentially of:
PA1  continuously proportioning and feeding the resin precursor composition
      containing one of the precursors as a linear polymer, in solid or liquid
      form, in a mixing and kneading machine;
PA1  intensively mixing the resin precursor composition in both the longitudinal
      and transversal directions and simultaneously heating said composition,
      thereby plasticizing and homogenizing the same below the temperature of
      cross-linking and hardening and at a temperature of 50.degree. to
      90.degree. C during a brief average dwell time in the mixing chamber of
      said machine which will prevent stiffening of the mixture whereby the
      mixture is in the form of a pasty mass at a temperature of about
      50.degree. to 90.degree.;
PA1  continuously expelling the plasticized pasty mass at said temperature of
      50.degree. to 90.degree. C through a hollow heated die having an outlet in
      the form of a twin conical throat with acute edges sloping away smoothly
      at inlet and outlet sides to a temperature of not more than 50.degree. C;
PA1  preforming said expelled mass between a pair of rollers to form a strand;
PA1  cooling and solidifying the expelled strand into a friable state; and,
PA1  breaking up and grinding said strand into a powder adapted to fuse and
      cross-link.
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PAL  In a method for the manufacture of formed elongated articles of
      cross-linked polyethylene in which the polyethylene is shaped in the
      non-cross-linked condition and is subsequently cross-linked by the
      application of heat in the presence of organic radical-forming agents, the
      improvement wherein 0.1 to 20% by weight of polyethylene of a cross-link
      promoting coagent selected from the group consisting of
      2,4-dienoxy-6-amino-alkyl(ene)-s-triazines and
      N,N'-bis-(2,4-dienoxy-s-triazine-6)-diamines, is admixed with the
      polyethylene and is thereafter shaped and continuously cross-linked by
      application of heating at about atmospheric pressure and at a temperature
      above about 150.degree.C. and below the decomposition temperature of the
      components of the mixture.
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PAC  DESCRIPTION OF THE INVENTION
PAR  The increasing demand for electric energy calls for efficient distribution
      networks. To this end, one is interested in higher load capacities of
      transmission lines with minimum losses and therefore, endeavors to use
      insulation with maximum thermal stability and minimum dielectric losses
      for electric cable and wire. For electric cables with plastic insulation
      this means that insulation with the heretofore commonly used thermoplastic
      material base, such as polyvinylchloride and polyethylene, must be
      replaced to an increasing extent by more dimensionally heatstable
      insulating materials, for instance, with a cross-linked polyethylene base.
PAR  Also, in other technical fields there is interest in having available
      dimensionally heat-stable, continuously formed plastic sections or tubing
      which may be used as storage containers, or transport containers. Such
      containers may be disposed on a carrier, such as a ship, airplane or truck
      for transporting hot water or hot oil and the like. Also such materials
      may be used for application in profiled jointing rings and cord, as well
      as for use in combination with metal stripping, or metal rope or wire
      which is coated with plastic, for instance, for corrosion protection.
PAR  It is known to manufacture electric cable having insulation made of
      cross-linked plastic, such as cross-linked polyethylene. Such a method
      comprises applying non-cross-linked polyethylene to the conductor and is
      reacted into a tougher and more elastic state by exposing the polyethylene
      to high-energy irradiation which produces interlinking or cross-linking of
      the polyethylene. (German Auslegeschrift 1,000,076). Such a method,
      however, is very expensive process-wise and is attended by high costs.
PAR  Another method has also been disclosed in the technology in which the
      initially thermoplastic material is cross-linked by chemical means. For
      this purpose, chemical cross-linking agents or catalysts or initiators
      such as, preferably organic peroxides, are used. They may be worked into
      the thermoplastic polyethylene mixture wherein they are decomposed at
      elevated temperature thereby causing the chemical cross-linking of the
      polyethylene (German Pat. No. 1,109,366). The peroxides heretofore
      preferably used for cross-linking of polyethylene, particularly the
      ditertiary alkyl or aralkyl peroxides such as, for instance,
      di-.alpha.-cumyl peroxide, however, are subject to thermal decomposition,
      particularly in the temperature range of technical interest, and may
      decompose into gaseous and highly volatile peroxide reaction products.
      This leads to gas bubbles in the cross-linked polyethylene.
PAR  To prevent this pore formation, which is detrimental particularly for
      electrical purposes, it is customary to cross-link the polyethylene
      insulation of electric cables at high pressure, and particularly in a
      pressurized atmosphere of steam at pressures of about 160 to 200
      N/cm.sup.2 (16 to 20 atm.gauge) (German Offenlegungsschrift 1,915,892).
      The cross-linking temperatures attainable are a maximum of about
      210.degree.C. For this reason, and also depending on the insulating
      material (composition of mixture) and the wall thickness of the
      insulation, the residence times of the coated conductors are about 1 to
      several minutes if the process is carried out by means of passing the
      covered conductors coming from the extruder through vulcanizing tubes
      filled with superheated steam. As the vulcanizing tubes cannot be made of
      any desired length, the running speed of the covered conductors must be
      adapted to required residence time. This running speed is substantially
      slower than the speeds which are attainable per se in extruding the
      conductor jackets.
PAR  It is furthermore known to perform the vulcanization of cable insulation of
      synthetic or natural rubber in a "pressureless" system, i.e., at or nearly
      at atmospheric pressure, in a salt bath (British Pat. Nos. 906,139 and
      1,012,562; German Offenlegungsschrift 1,939,134). Through suitable
      composition of the rubber mixtures, for instance, by using sulfur
      cross-linking agents instead of peroxides, a bubble-free vulcanized
      product can be obtained.
PAR  It is an object of the invention to provide a process for the manufacture
      of elongated material such as formed sections or tubing with a
      cross-linked polyethylene base, particularly for the manufacture of
      electric cable and wire with a jacket and/or insulation having a
      cross-linked polyethylene base. The process of this invention is more
      economical and process-wise is a more advantageous method than the known
      cross-linking process described using pressurized steam. The process of
      this invention ensures good electrical properties, particularly good
      dielectric properties of the sections or the tubing, particularly of the
      jackets and/or the insulation. By "jackets and/or insulation" are meant
      here layers or sheets with a cross-linked polyethylene base provided
      within the cable cross section. These may be, for instance, slightly
      conductive conductor coatings or insulation which is applied directly on a
      conductor or on a conductor coated with a conductor finish (glazer), or
      may be cable jackets or a protective layer of a metallic cable sheath.
PAR  The method of the present invention includes extrusion of non-cross-linked
      polyethylene and subsequent cross-linking thereof through the application
      of heat in the presence of organic radical-forming agents. According to
      the invention, a polyethylene mixture is used for the manufacture of the
      section or tubing, particularly for covering and/or insulating electrical
      cable or wire, which contains between about 0.1 to 20% by weight of the
      polymer of a cross-link promoting agent. Such agents include
      2,4-dienoxy-6-aminoalkyl(ene)-s-triazines and/or of
      N,N'-bis-(2,4-dienoxy-s-triazine-6) diamines. The polyethylene mixture is
      continuously cross-linked, after extrusion, by heating in a
      high-temperature section, for instance, in a salt bath, a liquid bath, a
      fluidized bed or in hot air, or in a suitably heated inert gas such as
      nitrogen, argon, carbon dioxide, etc. The pressure is maintained at
      approximately atmospheric pressure and the temperature at above about
      150.degree.C., and preferably at least about 200.degree.C.
PAR  In the method developed in accordance with the invention, cross-linking the
      sections and tubing having a polyethylene base, particularly of the jacket
      or the insulation of an electric conductor or an electric cable takes
      place under normal pressure conditions, i.e., without super-atmospheric
      pressure. It is thereby possible to carry out the "pressureless"
      cross-linking at considerably higher temperatures and accordingly, with
      considerably higher speed. This is surprising inasmuch as it had
      heretofore been assumed that polyethylene cannot be cross-linked without
      pressure by means of organic radical-forming agents if the development of
      gas bubbles during the cross-linking due to the formation of gaseous
      dissociation products of the radical-forming agents is to be avoided. It
      has been discovered that the gaseous dissociation products produced during
      the cross-linking of polyethylene using organic radical-forming agents do
      not lead to the formation of bubbles in the cross-linking process, if
      certain cross-link promoting admixtures are added to the polyethylene.
PAR  Only through the use of such cross-link promoting additives as herein
      disclosed does bubble formation no longer occur at cross-linking
      temperatures of above 200.degree.C. and in particular, at temperatures of
      above 220.degree.C., i.e., at temperatures, which can be hardly or not at
      all be reached with the conventional cross-linking processes for
      polyethylene using pressurized steam. Such bubble formation, however, is
      unavoidable at cross-linking temperatures above 220.degree.C. under prior
      art conditions wherein no cross-link promoting additives are admixed with
      the polyethylene or if only previously known cross-link promoting
      additives are admixed with the polyethylene. An example of such a known
      cross-link promoting additive is triallyl cyanurate (TAC), which is
      difficult to mix into or with polyethylene due to its low solubility in
      polyethylene and because of its low melting point (about 27.degree.C.).
      This leads to evaporation losses and thereby to impairment of
      predetermined mixing ratios, particularly at high cross-linking
      temperatures (above 220.degree.C.).
PAR  Since the cross-linking temperature available under the method herein
      claimed can be substantially higher than the temperature in the prior
      methods, the cross-linking can be performed in substantially less time and
      therefore, at a substantially higher production speed. Without the use of
      unusually long heating zones, the running speed for the cross-linking can
      be made to approach the extrusion velocities of the polyethylene, so that
      a more economical utilization of the extruder is obtained. Also, if the
      polyethylene mixture already contains the organic radical-forming agents
      necessary for cross-linking when it is extruded, the cross-linking takes
      place during the same extrusion operation.
PAR  There are upper limits for the cross-linking temperature with the
      pressureless cross-linking method disclosed within the scope of the
      invention. The ultimate limit is set by the decomposition temperature of
      the polyethylene, which is at about 400.degree.C. Generally, cross-linking
      temperatures above 300.degree.C. are of less interest, as in this
      temperature range (300.degree.C. - 400.degree.C.) the cross-linking
      reaction proper takes place in less than 1 second. The corresponding
      running times, i.e., the cross-linking times proper, of the insulated or
      jacketed cable or wire through the salt bath, which are increased by the
      time required to heat the polyethylene to the cross-linking temperature,
      then are no longer important in the time frame of the manufacturing
      process. The temperature range for the cross-linking of the polyethylene
      by the method according to the invention is therefore between
      210.degree.C. and 300.degree.C. as far as the increase of the production
      speed is concerned, and preferably at about 230.degree.C. and
      280.degree.C.
PAR  A further advantage of the new method, in which polyethylene contains the
      organic radical-forming agents required for the cross-linking and the
      cross-link promoting coagents is extruded and is cross-linked in the same
      operation without pressure, is seen in the fact that now polyethylene
      insulation with other than rounded cross sections, i.e., for instance,
      so-called sector conductors, and particularly also pre-twisted sector
      conductors, can be cross-linked in the same operation in the manufacture
      of electric cable and wire. To such conductors, thermoplastic insulation
      material is generally applied by the so-called "hose-stretching" process,
      in which the tubing which surrounds the conductor is initially made with
      clearance or play and then is extruded such as to cause the conductor to
      be pulled off at a higher velocity than the exit velocity of the tubing
      thereby causing the tubing to be brought into contact with the conductor
      on all sides by stretching. The use of this hose-stretching process with
      subsequent cross-linking of the thermoplastic material in a vulcanizing
      tube filled with saturated steam has not been feasible heretofore because
      premature compression of the tubing took place due to the pressure in the
      vulcanizing tube required for pore-free cross-linking.
PAR  The important advantage of the new method is therefore that in spite of the
      pressureless cross-linking of the polyethylene at cross-linking
      temperatures of preferably above 220.degree.C., a pore-free and therefore
      high-quality electrical product, in particular, insulation or jacketing of
      electric cable, is obtained. The products of cross-linked polyethylene
      obtained with this method contain no bubbles or voids stemming from
      gaseous decomposition products of the peroxidic cross-linking agents used,
      or from other sources. Their mechanical and electrical properties are
      therefore at least equivalent to the products obtained with pressurized
      steam.
PAR  The measure of pressureless cross-linking of the polyethylene provided
      within the scope of the invention is essentially based on the use of
      certain cross-link promoting agents, i.e., the
      2,4-dienoxy-6-amino-alkyl(ene)-s-triazines and/or the
      N,N'-bis'(2,4-dienoxy-s-triazine-6) diamines, which are unsaturated
      derivatives of s-triazine. These substances are produced by partial
      aminolysis of trisenoxy-s-triazines with diamino alkanes, diamino
      alkylenes, diamino-alkylated aromatic and heterocyclic compounds, or by
      partial aminolysis of trisalkenoxy-s-triazines with primary aliphatic
      amines as well as secondary alkylene amines. The cross-link promoting
      agents mentioned are used in an amount of between about 0.1 and 20% by
      weight and preferably 0.1 to 5% by weight of the polymer.
PAR  The above-mentioned 2,4-dienoxy-6-alkyl(ene) amino-s-triazines are
      represented by the general formula:
      ##SPC1##
PAL  where:
PA1  R is any of an allyl, methallyl, ethallyl, propallyl, 3-ethylbutenyl-2,
      3-butenyl,2,4-hexadienyl, crotyl, 3-nonenyl group;
PA1  R.sub.1 is any of R;
PA1  R.sub.2 is any of an alkyl group with 1 to 20 carbon atoms, an alkyl
      cycloalkane group with 4 to 10 carbon atoms, an alkylene
      aryl-(-heteroaryl) group with 7 to 10 carbon atoms, an allyl, alkene and
      alkyne group with 3 to 16 carbon atoms; and,
PA1  R.sub.3 is any of hydrogen or an alkylene group, which may be cyclically
      bonded to R.sub.2 and wherein individual methylene groups may be
      substituted by oxo or thio groups.
PAR  Examples of the alkyl groups are methyl, ethyl, propyl, butyl, hexyl,
      stearyl groups and isomers, in which the amino group is bonded to the
      alkyl residue via a methylene group.
PAR  Examples of alkylene cycloalkane groups are methylene cyclopropane,
      ethylene cyclobutane, and ethylene cyclohexane groups. The alkylene aryl
      groups can be benzyl, phenethylcinnamyl groups. Alkene and alkyne groups
      can be, for instance, butenyl-3, hexenyl-4 and butynyl-3 or heptynyl-5
      groups. An alkene group can be a trimethylene, tetramethylene group,
      wherein oxo or thio groups can also be included in place of methylene
      groups.
PAR  Examples for unsaturated alkyl(-ene amino-s-triazine esters are:
      2,4-dialloxy-6-methylamino-s-triazine (R = R.sub.1 = allyl, R.sub.2 =
      methyl, R.sub.3 = H); 2,4-diethalloxy-6-stearylamino-s-triazine (R =
      R.sub.1 = ethallyl, R.sub.2 = stearyl, R.sub.3 = H);
      2,4-dimethalloxy-6-allylamino-s-triazine (R = R.sub.1 methallyl, R.sub.2 =
      allyl, R.sub.3 = H); 2,4-dialloxy-6-phenethylamino-s-triazine (R = R.sub.1
      = allyl, R.sub.2 = phenethyl, R.sub.3 = H);
      2,4-dialloxy-6-pyrrolidino-s-triazine (R = R.sub.1 = allyl, R.sub.2 =
      R.sub.3 = tetramethylene); 2,4-dimethalloxy-6-pyrrolino-s-triazine (R =
      R.sub.1 = methallyl, R.sub.2 = R.sub.3 = 1,4-butene-(2);
      2,4-dialloxy-6-morpholino-s-triazine (R = R.sub.1 = allyl, R.sub.2 =
      R.sub.3 = ethylene oxoethylene); 2,4-dicrotyloxy-6-benzylamino-s-triazine
      (R = R.sub.1 = crotyl, R.sub.2 = benzyl, R.sub.3 = H).
PAR  The method for preparing these unsaturated s-triazines is surprisingly
      simple. Trisenoxy-s-triazine and alkyl(-ene)-amine or aryl alkylamine are
      melted and combined. After standing for several hours, the unsaturated
      alkyl(-ene)aminotriazine ester precipitates mostly as a solid with a yield
      of about 80 to 90%.
PAR  The above-mentioned "bridged" unsaturated s-triazines, i.e., the
      N,N'-bis-(2,4-dienoxy-s-triazine-6)-diamines, are represented by the
      formula
      ##SPC2##
PAL  wherein:
PA1  R is any of an alkylene group with 2 to 18 carbon atoms, a bisalkylene
      cycloalkane group with 5 to 10 carbon atoms, or dialkene furan,
      -thiophene, -pyridine or triazine groups with 6 to 12 carbon atoms, and
      other heterocyclic structures substituted with alkylene groups;
PA1  R.sub.1 is preferably allyl, but may also be crotyl, methallyl, ethallyl,
      propallyl, 3-butenyl, 2-hexenyl, 2,4-hexadienyl-3-decenyl and other
      unsaturated groups, and;
PA1  R.sub.2 is any of H or an alkylene group, which together with R forms a
      diazacycloaliphatic ring.
PAR  Examples of alkylene groups are: ethylene; 2-methylpropylene-1,3;
      2,3-dimethylbutylene-1,4; trimethylene; tetramethylene; pentamethylene;
      hexamethylene; heptamethylene; and octamethylene groups as well as
      homologs with methyl, ethyl and isopropyl groups in the side chain and
      2-methylamino groups in .omega.,.omega.' position.
PAR  Examples of bisalkylene-cycloalkane groups are: bismethylene-cyclopropane;
      bismethylene or bisethylene-cyclobutane; and, bismethylene or
      bisethylene-cyclohexane.
PAR  Bisalkylenearylene groups are, for instance: bismethylene or
      bisethylene-phenylene, -tolylene and -naphthylene groups. Examples of
      dialkylenefurane, -thiophene, -pyridine and -triazine groups are
      diethylenefurane, -thiophene, -pyridine and -triazine groups.
PAR  Several examples of these N,N'-bis-(2,4-dienoxy-s-triazine-6)-diamines are
      given in the following:
PAL  N,n'-bis-(2,4-dialloxy-s-triazine-6)diamino ethane (R = ethylene, R.sub.1 =
      allyl, R.sub.2 = H); N,N'-bis-(2,4-dialloxy-s-triazine-6)-diamino butane
      (R = tetramethylene, R.sub.1 = allyl, R.sub.2 = H);
      N,N'-bis-(2,4-dimethalloxy-s-triazine-6)-diamino hexane (R =
      hexamethylene, R.sub.1 = methallyl, R.sub.2 = H); N,
      N'-bis-(2,3-diethalloxy-s-triazine-6)-diamino octane (R = octamethylene,
      R.sub.1 = ethallyl, R.sub.2 = H);
      N,N'-bis-(2,4-dialloxy-s-triazine-6)-diaminodiethylene-2,4-s-triazine (R =
      2,4-diethylene-s-triazine, R.sub.1 = allyl, R.sub.2 = H);
      N,N'-bis-(2,4-dialloxy-s-triazine-6)-diaminodiethylene pyridine (R =
      diethylene pyridine, R.sub.1 = allyl, R.sub.2 = H);
      N,N'-bis-(2,4-dialloxy-s-triazine-6)-piperazine (R = ethylene, R.sub.1 =
      allyl, R.sub.2 = methylene).
PAR  The method of preparation of these agents is straightforward. Generally,
      the pure starting materials are combined in equimolar ratio at room
      temperature and permitted to stand for several hours, preferably at
      between 20.degree.C. and 50.degree.C. A solvent can usually be dispensed
      with and heating or cooling operations are usually no more necessary than
      for post-purification recrystallization, as the reaction products are
      usually analytically pure and are produced with a yield of about 80 to 98%
      as solids.
PAR  With the method according to this invention, commercial polyethylenes,
      which are produced either by the high-pressure or the low-pressure
      process, can be used as well as mixtures of high- and low-pressure
      polyethylenes in any mixing ratio. Also, peroxidic cross-linkable
      copolymers of ethylene may be included. It is advantageous, particularly
      for electric cables in the range of medium and high voltages, to use
      polyethylenes which are free from components which are not soluble in
      polyethylenes such as catalyst residues and polymerisation agents, and
      also free of dust and gel components as well as of moisture. On the other
      hand, it is possible in the case of low-voltage cables to work with
      polyethylene mixtures which are provided with fillers, pigments, etc.
PAR  As radical-forming agents, which bring about the di-tertiary cross-linking,
      are preferably used: di-tertiary alkyl or aralkyl peroxides such as
      di1tertiary butyl peroxide; dicumyl peroxide; 1,3
      bis(t-butylperoxyisopropyl)-benzene; 2,5 dimethyl-2,5
      di(t-butylperoxy)-hexane; and 2,5 dimethyl di(t-butylperoxy)-hexane in
      amounts of 0.1 to 5% by weight of polymer.
PAR  Common mixing methods can be used for mixing the polyethylene with the
      peroxidic cross-linking agents and the cross-link promoting agents as well
      as with stabilizers against thermal-oxidative decomposition and,
      optionally, with additives of coloring pigments. However, it is advisable
      to homogenize this mixture, by heating it above the softening point of the
      polymer and by a suitable kneading process. However, care must be taken
      that no linking of the peroxide-containing mixture takes place. Instead,
      the polymer alone can also be heated above the softening point, and then,
      the additives such as cross-linking agents, cross-link-promoting agents,
      coloring pigments and aging retardants can be added to the melted polymer
      in order to obtain uniform distribution; it is advisable to add the
      cross-linking agent last.
PAR  However, in order to achieve good and uniform distribution of the peroxide
      and the cross-link-promoting coagent which is to be used according to the
      invention, or of the mixture of such cross-link-promoting coagents,
      whereby bubble-free, pressureless cross-linking is promoted, it is
      advantageous to add the peroxide to the granular or powdered polyethylene
      in a suitable solvent such as acetone, dichloromethane, benzene or
      alcohol, prior to processing of the cross-linkable polyethylene compound
      in the extruder. To aid the distribution, the mixture can be homogenized
      by heating it above the softening point of the polyethylene. The peroxide
      dissolved in a solvent and, if required, the cross-link-promoting coagent
      can also be added directly to the melted polyethylene. In the course of
      admixing the cross-linking agent and the cross-link-promoting coagent,
      other additives such as odidation stabilizers, stabilizers against copper
      catalysis decomposition of polyethylene or color pigments can be mixed in.
PAR  Particularly advantageous is the use of a lubricant such as, for instance,
      silicone oil or a lubricant which serves at the same time as a solvent for
      the peroxide and possible for the coagent and which is added to the
      polyethylene which is present in granular or powder form. For this
      purpose, solvents such as, for instance, diphenyl ether and chlorinated
      biphenyl can be used. They are non-volatile in the range of the processing
      temperature of the polyethylene and have no detrimental effect on the
      cross-linking of the polyethylene.
PAR  The cross-linkable polyethylene mixture prepared by one of the methods
      described above is applied to the conductor, which has been made free of
      dust, wire drawing oil and oxidation products which might adhere to the
      surface. The polyethylene is applied by extruding and is subsequently
      cross-linked in a liquid bath continuously and without pressure at
      temperatures above 150.degree.C. and preferably 200.degree.C. to
      280.degree.C. As the heat exchange medium in the liquid bath, there can be
      used, for instance, polyethylene glycols, but preferably are eutectic salt
      mixtures. Because it can be washed off easily with water, a heat exchange
      medium consisting of a eutectic salt mixture of 53% KNO.sub.3, 40%
      NaNO.sub.2 and 7% NaNO.sub.3 has proven particularly useful.
PAR  It is advisable to preheat the metallic surface, e.g., the conductor, to
      temperatures of between about 80.degree.C. to 200.degree.C., and
      preferably 100.degree.C. to 170.degree.C., by means of a suitable
      preheating arrangement before the cross-linkable polyethylene compound is
      applied which are known in the art.
PAR  In the following, the invention will be illustrated by means of several
      examples.
DETD
PAC  EXAMPLE 1
PAR  A copper conductor cleaned of dust and wire drawing oil, built up of
      several wires and having a cross sectional area of 1.5 mm.sup.2 2, was
      preheated to 120.degree.C. and was continuously sprayed on all sides with
      a mixture of 96.5 parts of high-pressure polyethylene (d = 0.918, fusion
      index MFI.sub.190/2 = 0.2), 1.2 parts of
      1,3-bis-(t-butylperoxyisopropyl)benzene (96%), 2.0 parts of
      2,4-dialloxy-6-stearylamino-s-triazine and 0.3 parts of polymer
      2,2,4-trimethyl-1,2-dihydroquinoline.
PAR  For the preparation of the mixture, the polyethylene, which was in granular
      form, was reacted with a solution of the peroxide, the
      2,4-dialloxy-6-stearylamino-s-triazine and the aging retardant in
      dichloromethane. The mixture was allowed to stand for several days and the
      solvent was then evaporated. The mixture was homogenized through a mixing
      extruder at 120.degree.C. and then granulated.
PAR  The insulation coating obtained by application of the mixture at a
      temperature of 126.degree.C. to 131.degree.C. (wall thickness of the
      insulation 0.8 mm) was then continuously cross-linked in a salt bath at
      atmospheric pressure following application of the mixture. The bath which
      consisted of a eutectic nitrite-nitrate mixture was used. The following
      salt bath temperatures and dwelling times in the salt bath were used:
TBL                TABLE 1                                                     
     ______________________________________                                    
     Salt Bath                                                                 
              Dwelling Time in the Salt                                        
                                 Percent Cross-                                
     Temperature                                                               
              Bath / Cross-Linking Time                                        
                                 Linking                                       
     (.degree.C.)                                                              
              (Sec.)             (%)                                           
     ______________________________________                                    
     200      32                 81                                            
     220      12                 80                                            
     240      7                  83                                            
     250      5                  81                                            
     ______________________________________                                    
PAR  After stepwise cooling (80.degree.C., 60.degree.C., 20.degree.C. water
      temperature), bubble-free insulation of cross-linked polyethylene was
      obtained which, although adhering tightly to the copper conductor, was
      easily stripped therefrom.
PAR  The cross-linking percentages, determined as a measure for the degree of
      cross-linking of the cross-linked polyethylene insulation, are shown in
      Table 1. By suitable measurements of the mechanical properties of such
      pressureless, cross-linked insulation of cross-linked polyethylene it was
      possible to ascertain that at a percentage of 76% and higher of
      cross-linking, the insulation is cross-linked to a technically sufficient
      degree, i.e., the insulation manufactured according to Table 1 is
      sufficiently cross-linked for use as described.
PAR  The percentage of cross-linking is determined as follows:
PAR  About 0.5 g. of the cross-linked insulation in the form of test specimens
      having approximately 1 mm diameter are extracted in stabilized xylol for 6
      hours and are then dried in vacuum at 100.degree.C. for 12 hours.
      ##EQU1##
PAC  EXAMPLE 2
PAR  As per Example 1, insulation was produced at the cross-linking temperatures
      and times given there, according to Table 1, from a mixture which
      contained triallylcyanurate instead of
      2,4-dialloxy-6-stearylamino-s-triazine.
PAR  In contrast to Example 1, the pressureless, cross-linked insulation
      obtained with this mixture contained bubbles, particularly at the boundary
      surface between the copper conductor and the insulation. Samples taken
      from different points of the insulation, moreover, showed differences in
      the degree of cross-linking.
PAC  EXAMPLE 3
PAR  As per Example 1, a mixture was prepared which contained instead of
      2,4-dialloxy-6-stearylamino-s-triazine, 2 parts of a coagent, which had
      been obtained by reacting 1 mol of triallylcyanurate with 1 mol of a
      mixture of primary fatty amines (chain distribution C.sub.12 -C.sub.20).
PAR  The insulation obtained with this mixture by extrusion at a material
      temperature of 125.degree.C. to 130.degree.C. (wall thickness of the
      insulation 2.2 mm on a copper conductor with a cross section of 1.5
      mm.sup.2) was then continuously cross-linked without pressure in a salt
      bath installed following the extruder, consisting of a eutectic
      nitrite-nitrate mixture at the following salt bath temperatures and
      dwelling times in the salt bath:
TBL                TABLE 2                                                     
     ______________________________________                                    
     Salt Bath                                                                 
              Dwelling Time in the Salt                                        
                                 Percent Cross-                                
     Temperature                                                               
              Bath / Cross-Linking Time                                        
                                 Linking                                       
     (.degree.C.)                                                              
              (Sec.)             (%)                                           
     ______________________________________                                    
     210      18                 87                                            
     230      10                 87                                            
     250      7                  89                                            
     260      4                  86                                            
     ______________________________________                                    
PAR  After stepwise cooling (80.degree.C., 60.degree.C., 20.degree.C. water
      temperature), insulation free of bubbles of cross-linked polyethylene with
      a high degree of cross-linking (Table 2) was obtained which, while
      adhering to the copper conductor, was easily stripped therefrom.
PAC  EXAMPLE 4
PAR  A carefully cleaned aluminum conductor composed of individual wires with a
      cross section of 1.5 mm.sup.2 was preheated to 160.degree.C. by means of a
      suitable wire preheating apparatus and was continuously sprayed all around
      with a mixture of 96.5 parts of high-pressure polyethylene (d = 0.918,
      MFI.sub.190/2 = 0.2), 1.2 parts of 1,3-bis(t-butylperoxyisopropyl)benzene
      (96%), 2.0 parts of N,N'-bis-(2,4-dialloxy-s-triazine-6)diaminooctane and
      0.3 parts of polymer 2,2,4-trimethyl-1,2dihydroquinoline.
PAR  The mixture was prepared by reacting the granular polyethylene with a
      solution of the peroxide, the N,N'-bis-(2,4-dialloxy-s-triazine-6)
      diaminooctane and the aging retardant in dichloromethane; the mixture was
      allowed to stand for several days and the solvent was then evaporated. The
      mixture was homogenized through a mixing extruder at 120.degree.C. and
      then granulated.
PAR  The insulation obtained by extruding at a material temperature of
      127.degree.C. to 132.degree.C. with a wall thickness of the insulation of
      0.8 mm was then continuously cross-linked without pressure by passing it
      through a salt bath installed following the extruder, which consisted of a
      eutectic nitrite-nitrate mixture, at the following salt bath temperatures
      and dwelling times in the salt bath:
TBL                TABLE 3                                                     
     ______________________________________                                    
     Salt Bath                                                                 
              Dwelling Time in the Salt                                        
                                 Percent Cross-                                
     Temperature                                                               
              Bath / Cross-Linking Time                                        
                                 Linking                                       
     (.degree.C.)                                                              
              (Sec.)             (%)                                           
     ______________________________________                                    
     210      15                 85                                            
     220      12                 86                                            
     240      9                  88                                            
     250      7                  87                                            
     ______________________________________                                    
PAR  After cooling, insulation with the cross-linking data given in Table 3 was
      obtained, which had good adhesion to the aluminum conductor and was easily
      stripped therefrom.
PAC  EXAMPLE 5
PAR  A copper conductor pretreated as in Example 1 was sprayed all around with a
      mixture of 96.3 parts of high-pressure polyethylene (d = 0.920,
      MFI.sub.190/2 = 0.2), stabilized with 0.15% by weight of
      4,4'-thio-bis-(3-methyl-6-t-butylphenol), 1.5 parts of dicumylperoxide
      (95%), 2.0 parts 2,4-dialloxy-6-stearylamino-s-triazine, 0.2 parts of
      polymer 2,2,4-trimethyl-1.2-dihydroquinoline. The polyethylene mixture was
      prepared in the manner described in Example 1.
PAR  The insulation obtained with this mixture by extruding at a material
      temperature of 128.degree.C. - 132.degree.C. (wall thickness of the
      insulation 0.8 mm) was then continuously cross-linked in a salt bath
      installed following extruder, consisting of a eutectic nitrite-nitrate
      mixture, at the following salt bath temperatures and dwelling times in the
      salt bath:
TBL                TABLE 4                                                     
     ______________________________________                                    
     Salt Bath                                                                 
              Dwelling Time in the Salt                                        
                                 Percent Cross-                                
     Temperature                                                               
              Bath / Cross-Linking Time                                        
                                 Linking                                       
     (.degree.C.)                                                              
              (Sec.)             (%)                                           
     ______________________________________                                    
     190      52                 81                                            
     200      28                 83                                            
     220      11                 84                                            
     240      6                  82                                            
     250      4                  80                                            
     ______________________________________                                    
PAR  After cooling in steps, insulation of cross-linked polyethylene free of
      bubbles, which adhered tightly to the conductor, was obtained with the
      cross-linking data given in Table 4.
PAC  EXAMPLE 5
PAR  A mixture was prepared as per the information in Example 1, which contained
      1.6 parts of di-t-butylperoxide instead of 1.2 parts of
      1,3-bis-(t-butylperoxyisopropyl)benzene.
PAR  The insulation obtained with this mixture by extruding at a material
      temperature of 130.degree.C. to 135.degree.C. (wall thickness of the
      insulation 0.8 mm) was then continuously cross-linked in a salt bath
      installed following the extruder, consisting of a eutectic nitrite-nitrate
      mixture at the following salt bath temperature and dwelling times in the
      salt bath:
TBL                TABLE 5                                                     
     ______________________________________                                    
     Salt Bath                                                                 
              Dwelling Time in the Salt                                        
                                 Percent Cross-                                
     Temperature                                                               
              Bath / Cross-Linking Time                                        
                                 Linking                                       
     (.degree.C.)                                                              
              (Sec.)             (%)                                           
     ______________________________________                                    
     190      72                 85                                            
     210      18                 86                                            
     230      10                 87                                            
     250      6                  84                                            
     ______________________________________                                    
PAR  After cooling in steps, a bubble-free, easily stripped insulation with a
      high degree of cross-linking was obtained (Table 5).
PAC  EXAMPLE 7
PAR  As per Example 1, a mixture was prepared, which contained a high-pressure
      polyethylene (d = 0.918) with an MFI value 0.5 instead of a high-pressure
      polyethylene with the MFI value 0.2.
PAR  The insulation obtained with this mixture according to Example 1 was free
      of bubbles and highly cross-linked, as will be seen from Table 6.
TBL                TABLE 6                                                     
     ______________________________________                                    
     Salt Bath                                                                 
              Dwelling Time in the Salt                                        
                                 Percent Cross-                                
     Temperature                                                               
              Bath / Cross-Linking Time                                        
                                 Linking                                       
     (.degree.C.)                                                              
              (Sec.)             (%)                                           
     ______________________________________                                    
     200      32                 79                                            
     220      12                 78                                            
     240      8                  81                                            
     260      4                  80                                            
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  A carefully cleaned copper conductor according to Example 1 was heated to
      160.degree.C. by a suitable wire preheating apparatus and continuously
      sprayed all around with a mixture of 95.8 parts of high-pressure
      polyethylene (d = 0.918, MFI.sub.190/2 = 0.2), 1.4 parts of
      1,3-bis(t-butylperoxyisopropyl)benzene (96%), 2.0 parts
      2,4-dialloxy-6-dodecylamino-s-triazine, 0.3 parts of polymer
      2,2,4-trimethyl-1.2-dihydroquinoline and 0.5 parts of a commercial metal
      deactivator. To prepare the mixture, the polyethylene in granular form was
      reacted with the metal deactivator and homogenized through a heated
      kneading machine at 180.degree.C. under nitrogen. The mixture was
      comminuted and reacted with a solution of the peroxide, the
      2,4-dialloxy-6-dodecylamino-s-triazine and the aging retardant in
      dichloromethane; the mixture was allowed to stand for several days and the
      solvent was then evaporated.
PAR  The insulation obtained with this mixture by extruding at a material
      temperature of 123.degree.C. to 127.degree.C. (wall thickness of the
      insulation of 0.8 mm) was then continuously cross-linked without pressure
      in a salt bath installed following the extruder, consisting of a
      nitrite-nitrate mixture, at the following salt bath temperatures and
      dwelling times in the salt bath:
TBL                TABLE 7                                                     
     ______________________________________                                    
     Salt Bath                                                                 
              Dwelling Time in the Salt                                        
                                 Percent Cross-                                
     Temperature                                                               
              Bath / Cross-Linking Time                                        
                                 Linking                                       
     (.degree.C.)                                                              
              (Sec.)             (%)                                           
     ______________________________________                                    
     200      40                 80                                            
     220      15                 81                                            
     240      8                  79                                            
     250      6                  80                                            
     ______________________________________                                    
PAR  After cooling in steps (80.degree.C., 60.degree.C., 20.degree.C. water
      temperature), bubble-free insulation with adequate cross-linking was
      obtained having good adhesion to the copper conductor and being easily
      stripped therefrom. (Table 7).
PAC  EXAMPLE 9
PAR  In a further series of tests pigment concentrates with the colors yellow,
      green, brown and blue, which in each case contained small amounts of
      titaniumdioxide, were added to the mixture according to Example 1 prior to
      extruding. The insulation obtained by extruding with subsequent continuous
      cross-linking without pressure (cross-linking temperatures and times
      according to Example 1) was free of bubbles and sufficiently cross-linked.
      It was furthermore found that the colors were not affected by the
      pressureless cross-linking in the salt bath at temperatures above
      200.degree.C.
PAC  EXAMPLE 10
PAR  The core of a medium-voltage cable was fabricated by preheating a copper
      conductor composed of individual wires with a cross-section of 25 mm.sup.2
      to about 120.degree.C. and then covering it at the same time in a dual
      spraying head with the conductor finishing agent and the insulation. As
      the conductor finishing agent a copolymer of ethylene-vinyl acrylate or
      ethylene-vinyl acetate was used, to which was added carbon black, and as
      the cross-linking agent, 1 to 2% of dicumyl peroxide.
PAR  For the insulation, the mixture described in Example 1 was used. The
      procedure for the preparation of the mixture also was as described in
      Example 1.
PAR  The conductor finish was extruded at a material temperature of
      110.degree.C. and the insulation mixture at a material temperature of
      130.degree.C. The wall thickness of the insulation was 5.5 mm. The
      cross-linking took place in a salt bath at 230.degree.C. for 50 sec. After
      cooling in steps (80.degree.C., 60.degree.C., 20.degree.C. water
      temperature), bubble-free insulation of cross-linked polyethylene, which
      had good adhesion to the likewise cross-linked conductor finish, was
      obtained with a cross-linking percentage of 85%.
PAR  It will be understood that it is intended to cover all changes and
      modifications of the examples of the invention herein chosen for the
      purpose of illustration which do not constitute departures from the spirit
      and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for the manufacture of formed elongated articles of
      cross-linked polyethylene in which the polyethylene is shaped in the
      non-cross-linked condition and is subsequently cross-linked by the
      application of heat in the presence of organic radical-forming agents, the
      improvement wherein 0.1 to 20% by weight of polyethylene of a cross-link
      promoting coagent selected from the group consisting of
      2,4-dienoxy-6-amino-alkyl(ene)-s-triazines and
      N,N'-bis-(2,4-dienoxy-s-triazine-6)-diamines, is admixed with said
      polyethylene and is thereafter shaped and continuously cross-linked by
      application of heating at about atmospheric pressure and at a temperature
      above about 150.degree.C. and below the decomposition temperature of the
      components of said mixture.
NUM  2.
PAR  2. The method of claim 1 wherein said polyethylene is shaped by extrusion.
NUM  3.
PAR  3. The method of claim 2 wherein the heating temperature for cross-linking
      is between about 200.degree.C. and 280.degree.C.
NUM  4.
PAR  4. The method according to claim 2, wherein a solution of said
      radical-forming agents and the said cross-link promoting coagent are mixed
      with powdered or granular polyethylene before the polyethylene is shaped.
NUM  5.
PAR  5. The method according to claim 2, wherein the polyethylene is in powder
      or granular form and is externally barrel-coated with a liquid lubricant
      in proportion of between about 0.05 to 1.0% by weight of said
      polyethylene.
NUM  6.
PAR  6. The method of claim 5 wherein said lubricant is selected from the group
      consisting of silicone oil and polyglycol in an amount between about 0.2
      and 0.5% by weight.
NUM  7.
PAR  7. The method according to claim 4 wherein said polyethylene is dissolved
      in a solvent which is not volatile in the range of the processing
      temperature of the polyethylene and has no detrimental effect on the
      subsequent cross-linking process.
NUM  8.
PAR  8. The method of claim 7 wherein said solvent is selected from the group
      consisting of diphenyl ether and chlorinated diphenyl.
NUM  9.
PAR  9. The method according to claim 1 wherein said polyethylene mixture
      contains 0.1 to 5% by weight of said polymer, of said cross-link promoting
      coagent.
NUM  10.
PAR  10. The method according to claim 2 wherein said polyethylene mixture
      contains 0.1 to 5 % by weight of said polymer, of said cross-link
      promoting coagent.
NUM  11.
PAR  11. The method according to claim 3 wherein said polyethylene mixture
      contains 0.1 to 5 % by weight of said polymer, of said cross-link
      promoting coagent.
NUM  12.
PAR  12. The method according to claim 4 wherein said polyethylene mixture
      contains 0.1 to 5 % by weight of said polymer, of said cross-link
      promoting coagent.
NUM  13.
PAR  13. The method according to claim 5 wherein said polyethylene mixture
      contains 0.1 to 5 % by weight of said polymer, of said cross-link
      promoting coagent.
NUM  14.
PAR  14. The method according to claim 6 wherein said polyethylene mixture
      contains 0.1 to 5% by weight of said polymer, of said cross-link promoting
      coagent.
NUM  15.
PAR  15. The method according to claim 7 wherein said polyethylene mixture
      contains 0.1 to 5% by weight of said polymer, of said cross-link promoting
      coagent.
NUM  16.
PAR  16. The method according to claim 8 wherein said polyethylene mixture
      contains 0.1 to 5% by weight of said polymer, of said cross-link promoting
      coagent.
NUM  17.
PAR  17. The method according to claim 1 wherein the cross-link promoting
      coagent is a compound selected from the group consisting of
      2,4-dialkeneoxy-6-alkyl(-ene)amino-s-triazines of the general formula
      ##SPC3##
PAL  wherein:
PA1  R is any of an allyl, methallyl, ethallyl, propallyl, 3-ethyl-butenyl-2, 3
      butenyl, 2,4-hexadienyl, crotyl, 3-nonenyl group;
PA1  R.sub.1 is any of R;
PA1  R.sub.2 is any of an alkyl group containing 1 to 20 carbon atoms, an
      alkylene cycloalkane group containing 4 to 10 carbon atoms, an alkylene
      aryl-heteroaryl) group with 7 to 10 carbon atoms, an allyl, alkene and
      alkyne group with 3 to 16 carbon atoms; and
PA1  R.sub.3 is any of hydrogen, and an alkylene group.
NUM  18.
PAR  18. The method of claim 17 wherein said alkylene of R.sub.3 is cyclically
      bonded to said R.sub.2.
NUM  19.
PAR  19. The method of claim 17 wherein methylene groups of said alkylene of
      R.sub.3 are substituted by radicals selected from the group consisting of
      oxy and thio groups.
NUM  20.
PAR  20. The method of claim 2 wherein the coagent is the coagent of claim 17.
NUM  21.
PAR  21. The method of claim 20 wherein the coagent is the coagent of claim 18.
NUM  22.
PAR  22. The method of claim 20 wherein the coagent is the coagent of claim 19.
NUM  23.
PAR  23. The method of claim 3 wherein the coagent is the coagent of claim 17.
NUM  24.
PAR  24. The method of claim 23 wherein the coagent is the coagent of claim 18.
NUM  25.
PAR  25. The method of claim 23 wherein the coagent is the coagent of claim 19.
NUM  26.
PAR  26. The method of claim 4 wherein the coagent is the coagent of claim 17.
NUM  27.
PAR  27. The method of claim 28 wherein the coagent is the coagent of claim 18.
NUM  28.
PAR  28. The method of claim 26 wherein the coagent is the coagent of claim 19.
NUM  29.
PAR  29. The method of claim 5 wherein the coagent is the coagent of claim 17.
NUM  30.
PAR  30. The method of claim 29 wherein the coagent is the coagent of claim 18.
NUM  31.
PAR  31. The method of claim 29 wherein the coagent is the coagent of claim 19.
NUM  32.
PAR  32. The method of claim 8 wherein the coagent is the coagent of claim 17.
NUM  33.
PAR  33. The method of claim 32 wherein the coagent is the coagent of claim 18.
NUM  34.
PAR  34. The method of claim 32 wherein the coagent is the coagent of claim 19.
NUM  35.
PAR  35. The method of claim 9 wherein the coagent is the coagent of claim 17.
NUM  36.
PAR  36. The method of claim 35 wherein the coagent is the coagent of claim 18.
NUM  37.
PAR  37. The method of claim 35 wherein the coagent is the coagent of claim 19.
NUM  38.
PAR  38. The method of claim 1 wherein the cross-link promoting coagent is a
      compound selected from the group consisting of bridged unsaturated
      s-triazines of the general formula
      ##SPC4##
PAL  wherein:
PA1  R is any of an alkylene group with 2 to 18 carbon atoms, a bisalkylene
      cycloalkane group with 5 to 10 carbon atoms, and dialkyl furan,
      -thiophene, -pryidine or -triazine group with 6 to 12 carbon atoms and
      heterocyclic groups substituted with alkylene groups;
PA1  R.sub.1 is any of allyl, crotyl, methallyl, ethallyl, propallyl, 3-butenyl,
      2-hexenyl, 2,4-hexadienyl-3-decenyl and unsaturated groups; and,
PA1  R.sub.2 is selected from the group consisting of hydrogen and an alkylene
      group which together with R forms a diazacycloaliphatic ring.
NUM  39.
PAR  39. The method of claim 2 wherein the coagent is the coagent of claim 38.
NUM  40.
PAR  40. The method of claim 3 wherein the coagent is the coagent of claim 38.
NUM  41.
PAR  41. The method of claim 4 wherein the coagent is the coagent of claim 38.
NUM  42.
PAR  42. The method of claim 5 wherein the coagent is the coagent of claim 38.
NUM  43.
PAR  43. The method of claim 8 wherein the coagent is the coagent of claim 38.
NUM  44.
PAR  44. The method of claim 9 wherein the coagent is the coagent of claim 38.
NUM  45.
PAR  45. The method of claim 12 wherein the coagent is the coagent of claim 38.
NUM  46.
PAR  46. The method of claim 16 wherein the coagent is the coagent of claim 38.
NUM  47.
PAR  47. The method of claim 17 wherein said cross-link promoting coagent is
      selected from the group consisting of:
PA1  a. 2,4-dialloxy-6-methylamino-s-triazine;
PA1  b. 2,4-diethalloxy-6-stearylamino-s-triazine;
PA1  c. 2,4-dimethalloxy-6-allylamino-s-triazine;
PA1  d. 2,4-dialloxy-6-phenethylamino-s-triazine;
PA1  e. 2,4-dialloxy-6-pyrrolidino-s-triazine;
PA1  f. 2,4-dimethalloxy-6-pyrrolino-s-triazine;
PA1  g. 2,4-dialloxy-6-morpholino-s-triazine;
PA1  h. 2,4-dicrotyloxy-6-benzylamino-s-triazine; and
PA1  i. 2,4-dialloxy-6-dodecylamino-s-triazine.
NUM  48.
PAR  48. The method of claim 38 wherein said cross-link promoting coagent is
      selected from the group consisting of:
PA1  a. N,N'-bis-(2,4-dialloxy-s-triazine-6)-diamino ethane;
PA1  b. N,N'-bis-(2,4-dialloxy-s-triazine-6)-diamino butane;
PA1  c. N,N'-bis-(2,4-dimethalloxy-s-triazine-6)diamino hexane;
PA1  d. N,N'-bis-(2,4-diethalloxy-s-triazine-6)diamino octane;
PA1  e. N,N'-bis-(2,4-dialloxy-s-triazine-6)-diaminodiethylene-2,4-s-triazine;
PA1  f. N,N'-bis-(2,4-dialloxy-s-triazine-6)-diaminodiethylene pyridine; and,
PA1  g. N,N'-bis-(2,4-dialloxy-s-triazine-6)-piperazine.
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ABST
PAL  Polyisobutylene oxide polymer moldings containing 70 wt. % or more of
      isobutylene oxide, are prepared by heating the polymer to a temperature
      above 170.degree.C and then quickly cooling the same by contacting it with
      a coolant to obtain crystalline resin having a diffraction peak at about
      2.theta.=12.degree. in the X-ray diffraction pattern of the resin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for preparing polyisobutylene oxide
      moldings. More particularly, the invention relates to a process for
      preparing polyisobutylene oxide moldings which comprises the step of
      quickly cooling a heated or molten resin of polyisobutylene oxide to
      obtain crystalline resin different from that obtained by slow cooling,
      thereby facilitating the subsequent processing operations, such as
      stretching.
PAR  2. Description of the Prior Art
PAR  Although polyisobutylene oxides are highly crystalline polymers having
      excellent physical properties, the presently available films and thin
      sheets of polyisobutylene oxide do not have sufficient transparency or
      satisfactory mechanical properties.
PAR  It has been already known that remarkable improvements in strength,
      transparency, bending strength and impact strength are attained by
      subjecting polyisobutylene oxide moldings to a stretching treatment on
      heating or another heat treatment thereby stretching them to several or
      several tens times their original size and that the resulting films are
      practical (see the Official Gazette of Japanese Pat. Publication No.
      12180/1965).
PAR  However, if the polyisobutylene oxide moldings are subjected to tensile
      drawing, particularly for the purpose of obtaining films, they must be
      heated to a temperature around their melting points
      (170.degree.-175.degree.C), because they are highly crystalline polymers.
      Consequently, even if there occurs only a small error in the temperature,
      partial fusion of the polymer can occur if the temperature is even
      slightly too high or the drawing operation per se can become very
      difficult if the temperature is even slightly too low due to insufficient
      softening, thereby causing breakage of the film during the drawing
      operation. Small errors or fluctuations in the temperature or the
      thickness of the sheet cause remarkable unevenness in the thickness of the
      stretched film. Thus, precisely controlled conditions are required for the
      production of the sheets on a commercial scale.
PAR  For facilitating the tensile stretching, a method can be considered in
      which heat rolls are used. However, this method is not suitable for
      obtaining a thin, transparent film on a commercial scale. The stretching
      property can be improved by means of copolymerization, blending or
      incorporation of an additive in the polyisobutylene oxide resin. However,
      these technical means are not preferred, because by these means, the
      physical properties of the resulting film are changed.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is the X-ray diffraction pattern of a polymer obtained by the
      process of the present invention. FIG. 2 is the X-ray diffraction pattern
      of a polymer obtained by a prior art process.
PAC  SUMMARY OF THE INVENTION
PAR  After intensive investigations for eliminating the defects of the
      conventional methods, the inventors have discovered that transparent
      polyisobutylene oxide moldings of excellent workability and having a
      crystalline property completely different from the properties of moldings
      obtained by slow cooling, can be obtained by heating moldings or
      film-forming polymers containing 70 wt. % or more of isobutylene oxide to
      a temperature above 170.degree.C and then rapidly cooling them by
      contacting them with a coolant, such as a cooling roll, water or the like.
      There is obtained crystalline resin having a diffraction peak at about
      2.theta.=12.degree. in the X-ray diffraction pattern. The heating
      temperature of the polymer may be selected appropriately within the range
      of from 170.degree.C up to the decomposition temperature of the polymer.
      Usually, this decomposition temperature is at most 300.degree.C. Specific
      polyisobutylene oxide polymers can have decomposition temperatures lower
      than 300.degree.C. The maximum temperature during the heating step must be
      below the decomposition temperature of the specific polymer employed. The
      velocity of cooling is not particularly critical provided that the
      crystalline form of the final product is such that the above described
      particular diffraction peak is formed in its X-ray diffraction pattern.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Essentially, crystalline high molecular weight molecules can take various
      crystalline forms and, therefore, they exhibit the same polymorphism as
      that of low molecular weight substances. For example, three crystalline
      modifications have been noted in guttapercha (1,4-trans-polyisoprene).
      Further, various modifications have been formed in protein, nylon and
      polypropylene (see, for example, Mandelkern: "Crystallization of High
      Molecules" translated by Akio Nakajima, Ryuzo Kitamaru and Fumimasa Hamada
      and published by Kagaku Dojin Co. also published by McGraw-Hill, 1964).
PAR  However, the crystalline modification of polyisobutylene oxide has never
      been reported. The inventors have succeeded in obtaining a polymer which
      affords an X-ray diffraction pattern (FIG. 1) which is completely
      different from the X-ray diffraction pattern of conventional
      polyisobutylene oxide crystal as shown in FIG. 2. This unique crystalline
      form of polyisobutylene oxide is obtained by the process of the present
      invention. In FIG. 1, X-ray diffraction peaks are noted at around
      12.degree., 17.degree. and 21.degree.. These are clearly different from
      the peaks of the X-ray diffraction pattern of conventional polyisobutylene
      oxide as shown in FIG. 2. The crystalline forms of the two polymers
      affording different X-ray diffraction patterns as shown in FIGS. 1 and 2
      are clearly different from each other. Particularly, the novel peak at
      around 2.theta.=12.degree. in FIG. 1 is unexpected in view of FIG. 2. It
      is technologically correct to verify the formation of a new crystalline
      form on the basis of the existence of this new peak at about 12.degree..
PAR  Moreover, the quick cooling step of the present invention is not a general
      procedure for obtaining crystalline modification of polymers. For example,
      a crystalline form of polypropylene different from that of commercial
      polypropylene has been obtained by crystallizing it from a melt or
      solution at a temperature of about 100.degree.-130.degree.C under
      atmospheric pressure or by crystallizing it under a high pressure. Thus,
      the unique effect of the process of the present invention cannot be
      predicted on the basis of conventional techniques.
PAR  It is apparent that polyisobutylene oxide is a highly crystalline polymer
      and that the physical properties thereof depend upon its crystalline
      property. The physical properties of polyisobutylene oxide are regulated
      by controlling its degree of crystallization by a known method. However,
      the finding of the present invention, i.e., that the crystalline form of
      polyisobutylene oxide is completely modified and that the unique
      crystalline modification is stable at room temperature for a long period,
      is noteworthy not only from a practical viewpoint but also from a
      scientific viewpoint.
PAR  As described above, the physical properties of polyisobutylene oxide depend
      on the high crystallinity thereof and, therefore, different crystalline
      forms have different physical properties. In the present invention, the
      resin obtained by quick cooling is different from that obtained by slow
      cooling and their actions are different from each other, almost as if they
      were completely different polymers. For example, the polyisobutylene oxide
      according to the invention has a high transparency that cannot be obtained
      in the conventional polyisobutylene oxide. In addition, it has been found
      that the tensile elongation of films prepared according to the process of
      the present invention is 200-400%, while the elongation of the
      conventional polyisobutylene oxide is 40-50%, both measured at room
      temperature.
PAR  A remarkable improvement is obtained also in the stretching property. In a
      stretching test carried out on 10 samples, surprisingly, the polymer
      prepared by the process of the present invention stretched easily in each
      test, while the polymer prepared by the conventional process was difficult
      to stretch, and cracks were formed in the film in 8 tests out of 10 tests,
      even though the tests were carried out by skilled workers. In this
      connection, it is to be noted that the film prepared by the process of the
      present invention has an excellent workability and the film can be
      stretched to 200-400% size even at room temperature.
PAR  In the process disclosed in the specification of Japanese Patent
      Publication No. 12180/1965, the stretching temperature is defined to be
      from 100.degree. to 190.degree.C.
PAR  If the sheet-shaped moldings obtained by the present invention are
      processed at room temperature and then heated to a temperature above
      100.degree.C for longer than 10 minutes, the crystalline form thereof
      becomes the same as that obtained by the slow cooling method and the
      products thus obtained are hard moldings having a small elongation.
      Alternatively, the moldings obtained by the present invention can be cold
      worked without destroying their unique crystalline form. The reason why
      the new crystalline modification is maintained in a stable state (i.e.,
      metastable state) at temperatures below about 100.degree.C is not known
      exactly and further investigations are necessary to elucidate this.
      Probably, however, the two methyl groups of the isobutylene oxide unit
      hinder the formation of the more stable configuration of the crystal
      thereby causing such a metastable state.
PAR  The polyisobutylene oxide used in the present invention should be, of
      course, a polymer which is able to form practical moldings or films.
      Generally, such a polymer has a reduced viscosity .eta.sp/c of higher than
      0.8 inclusive, preferably, more than 1.0, which viscosity is determined by
      dissolving polyisobutylene oxide in o-dichlorobenzene at 110.degree.C to
      obtain a solution having a concentration of 0.1 g/100 ml and measuring
      viscosity of the solution with an Ostwald's viscometer at 110.degree.C.
PAR  The polyisobutylene oxides of the present invention are polymers including
      homopolymers and copolymers or blended polymer compositions, all
      containing more than 70 wt. % of isobutylene oxide units. As typical
      copolymerizable compounds, there can be mentioned, for example,
      oxygen-containing heterocyclic compounds such as ethylene oxide, propylene
      oxide, epichlorohydrin, allyl glycidyl ether,
      3,3-bischloromethyl-cyclooxetane and trimethylene oxide and unsaturated
      double bond containing compounds such as phthalic anhydride, maleic
      anhydride, styrene and methylmethacrylate. As to the blended compositions,
      there may be mentioned those containing additives such as other polymers
      (blends), plasticizers and nucleating agent. Other compositions can also
      be used.
PAR  The moldings of the invention include general moldings obtained by
      injection, extrusion and/or compression molding, etc. such as sheets,
      films, fibers and various other resinous products.
PAR  The quick cooling employed in this invention employs a velocity of cooling
      which is effective for obtaining a peak at about 2.theta.=12.degree. in
      the X-ray diffraction pattern. The velocity is dependent on the particular
      composition treated and its physical shape and, thus, is not defined in
      concrete figures. Generally, this result can be attained by quickly
      cooling the molding at a rate higher than 10.degree.C/sec., which rate is
      determined by contacting the heated polyisobutylene oxide polymer with a
      coolant such as a cooled roll or water, measuring the time required for
      lowering the temperature of the polymer to nearly that of the coolant from
      the starting high temperature (&gt;170.degree.C), using a thermoelectric
      thermometer, and calculating the value of total temperature drop/total
      cooling time.
PAR  Thus, for any specific molding made of any specific polyisobutylene oxide
      composition, test samples treated by the process of the invention using
      different cooling rates can be analyzed by X-ray diffraction to determine
      if the characteristic peak at 2.theta.=12.degree. appears. From these
      results, the specific cooling rate required to be used for commercial
      production of products to obtain the unique crystalline form of the
      invention can be readily determined by simple experimentation following
      the procedures described above. As stated previously, the critical test
      result indicating the presence of the unique crystalline form is the
      occurrence of the characteristic peak at about 2.theta.=12.degree. in the
      X-ray diffraction pattern.
PAR  According to the present invention, further working or shaping (such as
      rolling or cold forming) of polyisobutylene oxide at room temperature or
      higher temperature is facilitated by modifying the crystalline form of the
      polymer and, accordingly, the procedure of preparing practical molded
      articles on a commercial scale is improved highly. Thus, the process of
      the present invention has a high commercial value.
PAR  The process of the present invention will be further described with
      reference to the following illustrative Examples, which by no means limit
      the scope of the invention.
PAC  EXAMPLE 1
PAR  Polyisobutylene oxide of .eta.sp/c of 1.5 was melted at 190.degree.C and a
      sheet of the molten polymer was poured into ice-water at
      0.degree.-3.degree.C to cool the polymer quickly at a velocity of about
      50.degree.C/sec. The resulting sheet had a high transparency and it
      exhibited an X-ray diffraction pattern as shown in FIG. 1. The breaking
      stress and breaking elongation of the sheet at room temperature was 470
      Kg/cm.sup.2 and 264%, respectively.
PAR  On the other hand, a sheet obtained by heating the polymer at 190.degree.C
      followed by cooling at a rate of 20.degree.C/min. exhibited an X-ray
      diffraction as shown in FIG. 2. The breaking stress and breaking
      elongation of this sheet were 400 Kg/cm.sup.2 and 42%, respectively.
PAC  EXAMPLE 2
PAR  A sheet of polyisobutylene oxide of .eta.sp/C of 2.3 was extruded at a
      temperature of 220.degree.C and then was contacted with a roll cooled with
      water to 5.degree.C positioned very close to the die to quickly cool the
      product at a rate of about 50.degree.C/sec. The X-ray diffraction pattern
      of the thus formed semi-transparent sheet of 1.2 mm thickness was as shown
      in FIG. 1. By stretching this sheet biaxially at the same time to 6-fold
      size by using a biaxial stretching device at 80.degree.C, a transparent,
      tough film was obtained. On the other hand, a sheet extruded by a
      conventional method at 220.degree.C, showed cracks after 40-50% stretching
      at the same stretching temperature. In the latter case the cooling rate
      was 5.degree.C/min.
PAC  EXAMPLE 3
PAR  Against the sheet of polyisobutylene oxide obtained in Example 2, there was
      pressed a mold of the shape of a fruit dish patterned with a flower at a
      pressure of about 5 Kg/cm.sup.2 and the resin was heat-treated at
      130.degree.C for 30 minutes to obtain a hard plastic dish. The X-ray
      diffraction pattern of this dish was as shown in FIG. 2. This example
      demonstrates that molded products having an X-ray diffraction pattern as
      appearing in FIG. 1 can be molded and their crystalline structure can be
      modified so that the X-ray diffraction pattern becomes like that of FIG.
      2.
PAR  The process of the present invention can be carried out both with
      previously formed moldings which are heated to a temperature over
      170.degree.C close to but below the melting point but also with polymers
      which are melted at a temperature over 170.degree.C and then quickly
      cooled according to the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property at
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Isobutylene oxide polymer selected from the group consisting of
      homopolymers of isobutylene oxide and copolymers of isobutylene oxide and
      a copolymerizable cyclic ether or a copolymerizable compound containing an
      unsaturated carbon to carbon double bond, said copolymer containing at
      least 70 percent by weight of isobutylene oxide units said isobutylene
      oxide polymer having an x-ray diffraction pattern with a characteristic
      peak at 2.theta.= about 12.degree., having an elongation at room
      temperature of from 200 to 400 percent and having a reduced specific
      viscosity of at least 1.0, said viscosity being determined by dissolving
      the isobutylene oxide polymer in o- dichlorobenzene in a concentration of
      0.1 g/100 ml. and measuring the viscosity at 110.degree.C.
NUM  2.
PAR  2. Isobutylene oxide polymer as claimed in claim 1 having an X-ray
      diffraction pattern as appearing in FIG. 1 of the attached drawing.
NUM  3.
PAR  3. A process for preparing isobutylene oxide polymer molding, which
      comprises
PA1  heating a molding material to a temperature of over 170.degree.C and below
      the decomposition temperature of the molding material, said molding
      material selected from the group consisting of homopolymers of isobutylene
      oxide and copolymers of isobutylene oxide and a copolymerizable cyclic
      ether or a copolymerizable compound containing an unsaturated carbon to
      carbon double bond, said copolymer containing at least 70 % by weight of
      isobutylene oxide units said molding material having a reduced viscosity
      .eta.sp/c of at least about 1.0, said viscosity being determined by
      dissolving the isobutylene oxide polymer in o-dichlorobenzene in a
      concentration of 0.1 g/100 ml and measuring the viscosity at 110.degree.C;
PA1  then rapidly cooling the material at a rate effective to provide in the
      X-ray diffraction pattern of the material a characteristic peak at about
      2.theta.=12.degree..
NUM  4.
PAR  4. A process according to claim 3, in which the molding material is a
      homopolymer of isobutylene oxide, at or a copolymer containing at least 70
      percent by weight of isobutylene oxide units and the balance is selected
      from the group consisting of ethylene oxide, propylene oxide,
      epichlorohydrin, allyl glycidyl ether, 3,3-bischloromethyl-cyclooxetane,
      trimethylene oxide, phthalic anhydride, maleic anhydride, styrene and
      methyl methacrylate.
NUM  5.
PAR  5. A process according to claim 3, including the additional step of
      subjecting the isobutylen oxide polymer molding to a tensile drawing or
      stretching procedure.
NUM  6.
PAR  6. A process according to claim 3, including the additional steps of
      altering the shape of the isobutylene oxide polymer molding and then
      heating the isobutylene oxide polymer molding to a temperature of at least
      about 100.degree.C for a period of time effective to cause said
      characteristic peak in the X-ray diffraction pattern to disappear.
NUM  7.
PAR  7. A process according to claim 3, in which the step of rapidly cooling the
      material comprises contacting the water with a cooled surface or cool
      fluid to reduce the temperature of the material from the starting
      temperature to substantially the temperature of the surface or fluid at a
      rate such that the value of total temperature drop/total cooling time is
      higher than 10.degree.C/sec.
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ABST
PAL  It has been found that slimes from phosphate ore washer plants may be used
      to absorb sulfur dioxide from waste gases such as tail gases from sulfuric
      acid plants or waste gases generated from the combustion of fossil fuels.
      The sulfur dioxide is retained in the slimes as a bisulfite, subsequently
      oxidized to bisulfate, and eventually precipitated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Even before the widespread demand for pollution abatement in industry, much
      activity was devoted to the removal of sulfur dioxide from waste gases
      because of its destructive tendencies. Many different approaches have been
      tried both before and since the increased interest in pollution abatement.
      However, sulfur dioxide is one of the most pervasive pollutants in
      industry, and its removal is accomplished only at significant economic
      penalty.
PAR  As examples of patents disclosing various approaches to the removal of
      sulfur dioxide from stack gases, the reader may be interested in reviewing
      Eustis, U.S. Pat. No. 1,589,133, Johnstone et al, U.S. Pat. No. 2,161,056,
      Suriani et al, U.S. Pat. No. 3,574,530, Potts U.S. Pat. NO. 3,630,672,
      Villers-Fisher et al, U.S. Pat. No. 3,632,306, and Urban, U.S. Pat. No.
      3,644,087. Of interest also in the context of the following disclosure
      will be U.S. Pat. Nos. 3,401,014, 3,421,848 and 3,632,307 to Saeman,
      Popovici et al and Cornelis van Es et al, respectively. The patent to
      Potts may be of particular interest because of its use of potassium
      polyphosphate to absorb sulfur dioxide. The reader may also be interested
      in the following literature articles:
PA1  Volume 6, Environmental Science and Technology, "SO.sub.2 Removal
      Technology Enters Growth Phase,"  pages 688-691; Slack and Falkenberry,
      "Sulfur Oxide Removal From Waste Gases: Lime-Limestone Scrubbing
      Technology," Volume 22, APCA Journal No. 3, March, 1972, pages 159-166;
      Horlacher et al, "Four SO.sub.2 Removal Systems," Volume 68, Chemical
      Engineering Progress, pages 43-50; Bonnifay et al, "Partial and Total
      Sulfur Recovery," Volume 68, Chemical Engineering Progress, August, 1972,
      pages 51-52; Potter and Craig "Commercial Experience with an SO.sub.2
      Recovery Process," Volume 68, Chemical Engineering Progress, pages 53-54;
      and Brown et al, "SO.sub.2 Recovery with Activated Carbon," Chemical
      Engineering Progress, Volume 68, pages 55-56. Also of interest may be U.S.
      Pat. No. 3,671,189 to Betts.
PAC  SUMMARY OF THE INVENTION
PAR  My invention employs phosphate slimes for the absorption of sulfur dioxide
      and its subsequent precipitation as part of an insoluble compound such as
      gypsum or other sulfate. Phosphate slimes are suspensions or slurries of
      clays, apatite of fluoroapatite, and fine sand in water, averaging from 2
      to about 6% solids when discharged from a phosphate rock beneficiation
      process. They may also include small amounts of limestone and/or dolomite.
      Phosphate slimes are abundant in areas where phosphate ore is mined,
      particularly where the ore is of sedimentary origin. A more complete
      recitation of the composition of a typical phosphate slime will be found
      later in the specification. The sulfur dioxide may be removed from a waste
      gas in which it is present in amounts up to 5,000 ppm.sub.v, usually about
      100 to 5,000 ppm.sub.v, reduction to 10 - 20 ppm.sub.v may be
      accomplished.
PAR  The sulfur dioxide is retained in the slimes slurry as bisulphite, and is
      slowly oxidized to bisulphate on exposure to air. Therefore, it is a part
      of my invention that the phosphate slime containing the absorbed SO.sub.2
      is exposed to air so that the residual small SO.sub.2 vapor pressure which
      is in equilibrium with the bisulfite is completely eliminated. The gas is
      most advantageously scrubbed with the phosphate slimes through the use of
      conventional scrubbing equipment such as spray towers or Venturi
      scrubbers.
PAR  I have found that a minimum of about ten parts of slime based on the dry
      solids content thereof is required to absorb one part of sulfur dioxide.
      This requirement should be taken in the context that the sulfur dioxide
      content in the off gas is reduced by the absorption process from, perhaps,
      1,000 ppm.sub.v to a level of from 200 to 300 parts per million by volume
      as the objective of the process. A resultant level higher than this is
      considered to be insufficient. Where the ratio of solids in the phosphate
      slime to sulfur dioxide is about 20 to 1, the emission of SO.sub.2 from
      the off gas is decreased to the range of 30 to 40 parts per million.
      Ratios of less than 10 to 1 are technically effective but are considered
      impractical for most situations.
PAR  The sulfur dioxide scrubbing process involves two steps; first, absorption
      of sulfur dioxide gas to give sulfurous acid, and second, reaction of the
      formed acid with slimes to give bisulfite. The second reaction, the
      formation of bisulfite, is the rate controlling step requiring
      approximately 15 -30 minutes to go to completion.
PAR  The nature of the phosphate slimes makes this material most ideal for the
      absorption of sulfur dioxide as the slimes possess a very high surface
      area per weight due to the small particle size. Generally more than half
      of the slimes solids are smaller than 0.5 micron.
DETD
PAR  In the application of the invention, the sulfur dioxide-containing gas is
      contacted with the slimes in conventional scrubbing equipment such as
      spray towers, packed columns or Venturi scrubbers. Depending on the
      quantity of slimes employed the sulfur dioxide may be reduced in the gas
      to as little as 10-20 ppm.sub.v, as will be explained further.
PAR  It is desirable to provide a large enough holdup tank for the scrubber
      liquid to give a 10-20 minute retention time before the liquid is
      recirculated through the absorption device. This retention time is
      necessary to allow sufficient reaction with and absorption of the
      sulfurous acid in the slimes solids to assure a satisfactory scrubbing
      performance.
PAR  The progress of the consumption of the formed sulfurous acid by the slimes
      is indicated by the pH of the slurry. At equilibrium conditions, a given
      acidity of the scrubber liquid corresponds to a certain concentration of
      sulfurous acid which in turn determines the residual sulfur dioxide
      concentration in the gas phase. At typical reactant ratios, the slurry pH
      in the immediate absorption zone ranges from 4.3 to 4.5. On storage for
      10-20 minutes the reaction between the slimes and sulfurous acid goes to
      completion and the pH changes to 5.1-5.2.
PAR  The choice of the reactant ratio is mainly determined by the desired sulfur
      dioxide level in the off-gas. This relationship is shown in Table I where
      the weight ratio of the slimes solids to the sulfur dioxide in the stack
      gas is correlated to the resulting sulfur dioxide concentration in the
      scrubbed gas. In this case, a stack gas containing 2,200 ppm.sub.v sulfur
      dioxide was used and the flow of phosphate slimes was adjusted to give the
      listed ratio. See Example I. Accordingly, a ratio of 10:1 is required to
      achieve a sulfur dioxide reduction of this gas to 200-300 ppm.sub.v.
      Increasing the slimes flow to give a ratio of 30:1 reduces the sulfur
      dioxide emission to 15-20 ppm.sub.v.
PAR  The interaction of sulfur dioxide and the phosphate slimes is rather
      complex, and not merely a neutralization reaction between sulfurous acid
      and the carbonates of the slimes. For example, a test of a series of
      slimes samples from different mine locations gave no direct correlation
      between the carbonate content and scrubbing performance. Table II lists
      the quantities of slimes solids which were required to maintain a pH of
      4.2 in the scrubber liquid in the standard scrubbing test.
TBL                TABLE I                                                     
     ______________________________________                                    
     SULFUR DIOXIDE SCRUBBING WITH PHOSPHATE SLIMES                            
     Experiment                                                                
             Slimes Solids/SO.sub.2                                            
                            Scrubber Liquid                                    
                                        Off-Gas                                
     No.     Wt. Ratio      pH          SO.sub.2 ppm.sub.v                     
     ______________________________________                                    
     1       7.4            4.20        284                                    
     2       7.7            4.25        265                                    
     3       15             4.50        85                                     
     4       20             4.70        35                                     
     5       31             5.05        15                                     
     6       59             5.40        11                                     
     ______________________________________                                    
TBL                                    TABLE II                                
     __________________________________________________________________________
     SULFUR DIOXIDE SCRUBBING WITH PHOSPHATE SLIMES                            
     COMPARISON OF PERFORMANCE VERSUS COMPOSITION                              
     Slimes Slimes Solids/SO.sub.2 Wt. Ratio                                   
                            Analysis, %                                        
     Sample No.                                                                
            to give pH 4.2  Solids                                             
                                CO.sub.2                                       
                                    P.sub.2 O.sub.5                            
                                        MgO pH                                 
     __________________________________________________________________________
     1      11              1.9 0.4 8.9 1.8 7.4                                
     2      20              2.3 0.6 6.4 2.2 7.3                                
     3      31              4.5 1.3 14.5                                       
                                        1.6 7.3                                
     4      31              3.6 2.4 14.9                                       
                                        1.8 7.7                                
     __________________________________________________________________________
PAR  The residual acidity of the spent slimes can be reduced further by blending
      with additional fresh slimes. This practice presents no problem since the
      slimes are usually pumped into a large settling pond anyway where mixing
      with additional slimes takes place. Settling ponds are known to contain at
      least some dissolved oxygen so long as they are exposed to the atmosphere.
PAR  On prolonged exposure of the spent slimes to atmospheric oxygen, the
      bisulfite in the spent slimes is slowly oxidized to bisulfate which in
      turn reacts with the apatite, a form of tricalcium phosphate, or other
      calcium containing material of the slimes to give gypsum and dicalcium
      phosphate as the final product.
PAC  Ca(HSO.sub.4).sub.2 + Ca.sub.3 (PO.sub.4) + 4H.sub.2 O .fwdarw.
      2CaSO.sub.4.2H.sub.2 O + 2CaHPO.sub.4
PAL  For best results, the spent slime should be exposed to atmosphere for at
      least 3 days.
PAC  EXAMPLE 1
PAR  Simulated stack gas containing 2,200 ppm.sub.v SO.sub.2 was passed through
      Florida phosphate slimes at a rate of 102 liters per hour. A gas
      dispersion tube was used to provide intimate contact between the gas and
      the liquid. The slimes were pumped through the scrubber column at the
      desired rate (a range between 150 and 400 ml per hour) providing a liquid
      level of 5 inches through which the gas had to pass. The temperature was
      controlled by external heating to maintain 35.degree.C. Scrubbed gas was
      passed through two wash bottles containing dilute sodium hydroxide to
      absorb and determine sulfur dioxide which had not been removed from the
      gas in the scrubber. The acidity of the phosphate slimes in the scrubber
      column was monitored by a glass electrode. Results are expressed in Table
      I.
PAR  Throughout this specification, the composition of phosphate slimes slurry
      used in the examples was as follows:
TBL         Solids, %      3.2                                                 
            pH             7.2                                                 
PAR  Composition of the slimes solids in percent was as follows:
TBL              Before        After                                           
                 Scrubbing     Scrubbing                                       
     P.sub.2 O.sub.5                                                           
                 8.88          9.84                                            
     CaO         12.9          14.11                                           
     Al.sub.2 O.sub.3                                                          
                 12.3          14.40                                           
     Fe.sub.2 O.sub.3                                                          
                 2.50          2.80                                            
     MgO         3.52          1.94                                            
     K.sub.2 O   0.86          0.92                                            
     Na.sub.2 O  0.48          0.35                                            
     CO.sub.3    2.58          0.64                                            
     F           0.87          0.99                                            
PAL  However, for my purpose a phosphate slime may be any composition within the
      ranges of components set forth in Table IV. Table III is a typical
      composition by minerals:
TBL                TABLE III                                                   
     ______________________________________                                    
     Approximate mineralogical weight composition                              
     of phosphate slimes                                                       
              Mineral   Percent                                                
     ______________________________________                                    
     Carbonate fluorapatite                                                    
                        20-25                                                  
     Quartz             30-35                                                  
     Montmorillonite    20-25                                                  
     Attapulgite         5-10                                                  
     Wavellite          4-6                                                    
     Feldspar           2-3                                                    
     Heavy minerals     2-3                                                    
     Dolomite           1-2                                                    
     Miscellaneous      0-1                                                    
     ______________________________________                                    
TBL                TABLE IV                                                    
     ______________________________________                                    
     Chemical composition of phosphate slimes                                  
     Chemical    Typical analyses,                                             
                                Range,                                         
                 percent        percent                                        
     ______________________________________                                    
     P.sub.2 O.sub.5                                                           
                 12.2            5-20                                          
     SiO.sub.2   35.8           23-50                                          
     Fe.sub.2 O.sub.3                                                          
                 3.5            1.5-8.5                                        
     Al.sub.2 O.sub.3                                                          
                 11.9           7.5-17                                         
     CaO         1.37            8-27                                          
     MgO         2.9            0.5-7                                          
     CO.sub.2    2.4            0.5-5.5                                        
     F           1.5            0.5-2.5                                        
     LOI (1,000.degree. C)                                                     
                 14.6           12-15                                          
     BPL         26.7           11-43                                          
     ______________________________________                                    
PAR  I do not intend to be restricted to the above specific illustrations and
      embodiments of my invention. It may be otherwise variously practiced
      within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method of removing sulfur dioxide from gases containing at least 100
      parts per million by volume sulfur dioxide comprising scrubbing said gases
      with an effective amount of phosphate slimes to absorb the sulfur dioxide
      therein to cause chemical reaction of said phosphate slimes with a
      substantial portion of said sulfur dioxide, which is removed from said
      waste gas, and exposing the phosphate slime containing the thus removed
      sulfur dioxide to air for a period of at least 3 days.
NUM  2.
PAR  2. Method of removing sulfur dioxide from a stream of gas comprising
      scrubbing said gas with phosphate slimes containing at least about 10
      parts solids for each part SO.sub.2 treated, to cause chemical reaction of
      said phosphate slimes with a substantial portion of said sulfur dioxide,
      which is removed from said waste gas continuously passing said slimes into
      a retaining vessel to be held for about 10-20 minutes, and recirculating
      said slimes.
NUM  3.
PAR  3. Method of removing sulfur dioxide from gases containing at least 100
      parts per million by volume sulfur dioxide comprising scrubbing said gases
      with phosphate slimes to absorb the sulfur dioxide therein to cause
      chemical reaction of said phosphate slimes with a substantial portion of
      said sulfur dioxide, which is removed from said waste gas, and exposing
      the phosphate slime containing the thus removed sulfur dioxide to air for
      a period of at least 3 days wherein the phosphate slimes employed contain
      at least about ten parts by weight of solids for each part of SO.sub.2
      treated.
NUM  4.
PAR  4. Method of claim 3 in which the phosphate slimes contain from about 2 to
      about 6% solids consisting essentially of clays, apatite, and fine sand.
NUM  5.
PAR  5. Method of removing sulfur dioxide from a stream of gas comprising
      scrubbing said gas with phosphate slimes containing at least about 10
      parts solids for each part SO.sub.2 treated, continuously passing said
      slimes into a retaining vessel to be held for about 10-20 minutes,
      recirculating said slimes to cause chemical reaction of said phosphate
      slimes with a substantial portion of said sulfur dioxide, which is removed
      from said waste gas and passing spent phosphate slime to a settling pond
      in contact with the atmosphere.
NUM  6.
PAR  6. Method of claim 5 including the step of blending additional fresh slimes
      into the recirculated slimes.
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ABST
PAL  The present invention provides a process for the preparation of alkyl
      esters of polyene antibiotics, wherein a polyene antibiotic is reacted
      with a diazoalkane in the presence of a basic substance.
PAL  The present invention also provides, as new materials, alkyl esters of
      polyene antibiotics in which the alkyl radical of the ester grouping
      contains 2 or more carbon atoms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Polyene antibiotics have been known for a number of years. However, most of
      them have a low solubility in water which limits their use and, more
      important, they have a haemolytic action on red blood cells and are so
      toxic that their clinical use is either prevented or very restricted.
PAR  The polyene antibiotics constitute a wide category of substances which are
      normally produced by the metabolism of various microorganisms of the
      Streptomyces species. Having regard to their unsaturated structure
      containing conjugated double bonds, they are divided into groups, such as
      the hexaenes, the pentaenes and, of particular importance, the heptaenes
      and the tetraenes, each group being characterised by its own ultra-violet
      absorption spectrum, which serves as an important means of structural
      elucidation.
PAR  Although the formulae of these substances are, in most cases, unknown or
      have only been partially elucidated, the substances are known to have a
      macrolide structure; as far as the physico-chemical characteristics are
      concerned, these substances are generally amphoteric; sometimes they are
      characterised by the presence of only one functional group, which may be
      acidic or basic.
PAR  Very few samples of esters of natural polyenic substances have been
      reported in the literature. As far as we know, the few such derivatives
      which have been reported are all methyl esters.
PAR  Consequently, there is clearly a great need for an improved method for
      preparing esters of the polyene antibiotics which have the same desirable
      properties as the natural antibiotic without suffering from the
      disadvantages thereof, such as toxicity and haemolytic activity.
PAR  Using the polyenic, amphoteric or acidic antibiotics as starting materials,
      we have found that the corresponding alkyl esters can easily be obtained
      therefrom. Detailed analytical investigations of the natural polyenes have
      shown that they often consist of a mixture of several substances with
      similar structures so it is obvious that they can be esterified as such in
      mixtures or separately, when the individual constituents are available.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, according to the present invention, there is provided a process for
      the preparation of alkyl esters of polyene antibiotics, wherein a polyene
      antibiotic is reacted with an appropriate diazoalkane in the presence of a
      basic substance.
PAR  The esters thereby obtained, in which the alkyl radical of the ester
      grouping contains 2 or more carbon atoms, are new.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The diazo compound is generally only used in slight excess in order to
      prevent the formation of products with a higher degree of alkylation, the
      diazoalkanes being used with the necessary degree of caution because they
      are poisonous and potentially explosive. The time of the reaction is
      generally between 1 and 24 hours and more often between 4 and 8 hours,
      while the reaction temperature is generally kept at between 0.degree. and
      50.degree.C. or, most advantageously, at about ambient temperature
      (15.degree. - 30.degree.C.).
PAR  When the evolution of nitrogen has ceased, which indicates that the
      reaction has terminated, the desired ester can be isolated, for example,
      by precipitation with an appropriate solvent and subsequent filtration; if
      desired, it can be recrystallised from appropriate solvents or purified by
      column chromatography.
PAR  The preferred solvents for the esterification reaction include dimethyl
      sulphoxide, dimethyl formamide, formamide, dimethyl acetamide,
      2-ethoxyethanol, pyridine and other organic solvents having a high
      dissolving action for the original polyenes and being, at the same time,
      inert to the diazoalkane used for the reaction; in contrast thereto,
      precipitating agents with a low solvent power are used for the recovery of
      the reaction product, such agents including ether, benzene, water in
      excess and the like. The crude esters thereby isolated can be purified for
      analytical purposes by using appropriate mixtures of solvents, such as
      dimethyl sulphoxide/ether, dimethyl sulphoxide/water, dimethyl
      acetamide/water and the like.
PAR  Chromatographic purification is usually carried out on a column of silica
      gel, using more or less complex mixtures of solvents as eluents, for
      example pyridine/petroleum ether or butanol/ethanol/acetone/ammonia.
PAR  As stated above, the esterification of the polyene antibiotics is carried
      out in the presence of a basic substance, such as ammonia, which is added
      in stoichiometric to catalytic quantities. Organic bases, for example
      triethylamine, can also be used.
PAR  Carrying out the reaction at an alkaline pH (for example pH 10 - 10.5,
      determined after appropriate dilution up to 1%) prevents the formation of
      certain by-products, some of which are unknown, and, therefore, the
      products obtained are very pure and have a high microbiological activity.
PAR  The alkyl esters according to the present invention are crystalline solids
      with a slight yellow to brown colour, the melting points of which cannot
      be well determined. They are usually insoluble in water and in aqueous
      solutions of alkalis (absence of acid functions) and also in ether,
      petroleum ether, benzene and the like; sparingly soluble or insoluble in
      alcohols and in anhydrous acetone; but moderately soluble when these
      solvents contain 10 - 20% of water. However, they are very soluble in
      dimethyl sulphoxide, pyridine, formamide and dimethyl-acetamide. It is
      interesting to observe that several of them are able to form complexes in
      varying weight ratios with particular substances, for example with sodium
      desoxycholate, sodium lauryl sulphate and others which have been reported
      in literature for the natural polyenes, these complexes giving aqueous
      solutions in which the substances are finely dispersed in colloidal form
      (pseudosolutions). This behaviour shows that the carboxyl group of the
      polyenes is not indispensable for the formation of these molecular
      complexes.
PAR  The alkyl esters according to the present invention contain the unaltered
      polyenic structure of the starting substances, as is demonstrated by their
      ultra-violet absorption spectra which are entirely unchanged with regard
      to the wavelengths of the absorption maxima and show only very slight
      changes in the intensity values, as is to be expected. Occasional marked
      modifications found in the ratios between the intensities of the various
      maxima in comparison with the natural substance have, in contrast, shown a
      certain degradation of the substance, with consequent diminution of the
      microbiological activity. Because they are substances with a high
      molecular weight, the percentage elementary analysis is not markedly
      changed by the substituent introduced and often the elementary analysis
      cannot provide structural elucidation. However, the method and the
      reagents used in the reaction, in agreement with the general procedures
      found in literature, indicate that the new compounds have the structure of
      alkyl esters. This is supported by the disappearance of the acid function
      from the starting material (insolubility in alkali) and by the infra-red
      spectrum which shows a strong absorption band with frequencies generally
      over 1700 cm.sup.-.sup.1 attributable to the stretching vibration of the
      C=O group of an ester. The NMR spectra (solutions in dimethyl-d.sub.6
      sulphoxide) are also of value and have characteristic peaks which, in the
      case of the methyl esters, show a chemical shift, compared with
      tetramethyl-silane, of about 3.5 ppm. The purity of the product obtained,
      in particular the total disappearance of the starting polyenes, is easily
      checked by means of thin layer chromatography on silica gel F254. With
      this technique and using solvent systems of the type
      butanol/ethanol/acetone/concentrated aqueous ammonium hydroxide solution
      (2:5:1:3), all the polyenic esters examined show Rf values which are much
      higher than those of the untreated substance and thus provide an effective
      control of the purity. The spots can be seen by exposure to ultra-violet
      light at appropriate wavelength.
PAR  With regard to their microbiological activity, the alkyl esters according
      to the present invention possess substantially the same spectrum of action
      as the natural polyene: they have little or no activity against gram
      positive and gram negative bacteria but are active against numerous
      species of pathogenic fungi, especially Candida albicans, as well as
      against yeasts and protozoa. When the original substance also has an
      activity against certain protozoa, as is often the case, especially
      against Trichomonas, this activity is usually also retained. The degree of
      action of these esters is strictly connected with that of the starting
      substances, so that it cannot be taken as a whole for the entire class of
      substances, although it has been shown that the heptaene esters examined
      inhibit the growth of the same strain of Candida albicans at the same
      concentration or at 2 - 4 or more times lower concentration, i.e., the
      activity is the same or better. The tetraene esters, on the other hand,
      are usually just as active although their action is sometimes considerably
      reduced, even though it loses none of its theoretical and practical value.
PAR  The toxicity of the alkyl esters is quite low and, in any case, markedly
      lower than that of the starting compounds. The tests were carried out by
      administering suspensions in carboxymethylcellulose to various
      experimental animals by the oral and peritoneal routes. The potential
      toxicity of the polyenes is influenced to a considerable extent by their
      very low solubility in water and in physiological media. Since this
      greatly affects the possibility of absorption, other tests have been
      carried out, after solubilisation of the compounds with bile acids, to
      avoid changes in the solubility producing misleading results. In this
      case, too, there was a considerable increase in the LD.sub.50 values for
      the new esterified derivatives. The haemolytic action, a side-effect which
      has greatly reduced the possibilities of using the heptaenic polyenes
      clinically, is markedly decreased in the new derivatives which have a
      minimum haemolytic concentration which is up to 10 - 20 times higher than
      that of the starting materials.
PAR  Seen as a whole, the microbiological and toxicological properties of the
      alkyl esters and, in particular, of the alkyl esters of the heptaenes,
      show their great importance as therapeutic agents for combating fungal and
      protozoal infections in humans, animals and plants.
PAR  Of particular interest in their use in the field of dermatological
      infections caused by Candida albicans and by Trichomonas vaginalis, either
      in the form of an ointment, cream, foam and tincture for topical use or in
      the form of vaginal suppositories. The low absorption through the
      intestinal wall of most of the insoluble derivatives indicates them
      particularly for combating, by oral administration, the intestinal mycotic
      infections which often arise in humans after prolonged treatments with
      antibacterial agents, such as chloramphenicol and tetracycline. However,
      the possibility of being able to add the polyenic esters to vehicles
      consisting of the most varied organic and non-toxic solvents, together
      with their capacity of forming water-soluble or colloidally dispersible
      molecular complexes with numerous substances, such as the bile acids, does
      not preclude their possibility of absorption after oral and parenteral
      administration and their consequent effectiveness in combating generalised
      infections. Preliminary clinical investigations have been successfully
      carried out on some of the alkyl esters, for example amphotericin methyl
      ester.
PAR  The following Examples are given for the purpose of illustrating the
      present invention:
DETD
PAC  EXAMPLE 1
PAR  10 g of amphotericin B are dissolved in 100 ml. dimethyl sulphoxide,
      whereafter a solution of ammonium hydroxide is added dropwise, while
      stirring, in a quantity sufficient to being the pH of the solution to
      about 10, the pH value being measured on a sample of solution after
      dilution to 1% by adding a mixture of dimethyl sulphoxide/water (1:1). 100
      ml. of a 2.5% ethereal solution of diazomethane are then added cautiously
      and the reaction mixture is kept at ambient temperature, while slowly
      stirring, for 6 hours. After this time, the reaction product is
      precipitated by the addition of excess ether and the precipitate is
      collected by filtration. After treatment with a mixture of acetone/ether
      and subsequent thorough washing with water, the desired amphotericin B
      methyl ester is obtained in the form of a yellow crystalline solid. Thin
      layer chromatographic analysis on plates of silica gel F254, using a
      mixture of butanol/ethanol/acetone/concentrated aqueous ammonium hydroxide
      solution (2:5:1:3) as eluent system, shows a single spot with an Rf value
      around 0.74 (amphotericin B, Rf 0.41). The ultra-violet absorption
      spectrum in ethanolic solution shows maxima at 346, 364, 383 and 407
      m.mu., as does the starting material, while the infra-red spectrum in
      nujol suspension (see FIG. I of the accompanying drawings) shows an
      absorption band at 1713 cm.sup.-.sup.1, attributable to the stretching
      vibration of a C=O ester group.
PAR  Amphotericin B methyl ester exhibits the growth of a strain of Candida
      albicans (minimum inhibiting concentration) at a dilution of 0.3 mcg./ml.
      (Amphotericin B, MIC 0.6 mcg./ml.) and has a minimum haemolytic
      concentration on rat erythrocytes after 1 hour at 25 - 50 mcg./ml.
      (Amphotericin B, MHC 2.25 mcg./ml.). Acute toxicity tests, after
      intravenous administration to mice of suspensions of the product in
      amorphous form (isolated from dimethyl sulphoxide-water) give LD.sub.50
      values of about 60 mg./kg. (Amphotericin B under the same experimental
      conditions, LD.sub.50 about 5 mg./kg.). When used in crystalline form, the
      ester has a very low toxicity by the oral and peritoneal routes in various
      experimental animals, as has the natural polyene.
PAC  EXAMPLE 2
PAR  5 g. of crystalline amphotericin B methyl ester, obtained by the procedure
      described in Example 1, are dissolved in 100 ml. dimethyl sulphoxide. The
      solution obtained is added, while stirring, at ambient temperature to 500
      ml. of a 0.5% solution of sodium desoxycholate, an amorphous precipitate
      thereby being obtained. This material is isolated by centrifuging and
      washed first with a 0.5% solution of sodium chloride and then thoroughly
      with distilled water.
PAR  The product is again isolated by centrifuging and then suspended in a
      solution containing 4.2 g. sodium desoxycholate in 300 ml. distilled water
      and the mixture is kept at ambient temperature for 18 hours, with
      occasional stirring.
PAR  The amphotericin B methyl ester dissolved gradually and finally the
      solution obtained is filtered to remove traces of suspended material,
      whereafter the filtrate is evaporated to dryness by lyophilisation or by
      careful distillation in a vacuum. The solid obtained is stable and readily
      soluble in water; microbiological examination and spectrophotometric
      titration demonstrate that it contains amphotericin B methyl ester in
      percentages generally above 50% (about 50 - 60%) and that its
      microbiological activity is fully retained. Acute toxicity tests carried
      out on this water-soluble compound with sodium desoxycholate give
      LD.sub.50 values of about 80 mg./kg. (expressed as amphotericin D methyl
      ester) after intravenous administration to mice (amphotericin B complex
      with sodium desoxycholate: LD.sub.50 about 4 mg./kg.).
PAC  EXAMPLE 3
PAR  To a solution of 2 g. amphotericin B in 40 ml. dimethyl sulphoxide,
      containing an aqueous ammonium hydroxide solution as in Example 1, are
      added dropwise 40 ml. of a 1% ethereal solution of diazobutane. The
      reaction mixture is slowly stirred at 25.degree.C. for 8 hours and then
      excess ether is added, a yellow crystalline product being obtained, which
      is isolated by filtration, washed well with ether and then with water and
      dried in a vacuum at ambient temperature, amphotericin B butyl ester being
      obtained in high yields. The physico-chemical analysis of the compound
      gives values which do not differ very much from those of the corresponding
      methyl ester: the Rf value on silica gel in thin layer chromatography is
      about 0.77, while, in the infra-red spectrum, the absorption band of the
      carbonyl group seems to be at a slightly lower frequency (1709
      cm.sup.-.sup.1).
PAR  The amphotericin B butyl ester has a minimum inhibiting concentration on
      Candida albicans of about 1.2 mcg./ml. and a minimum haemolytic
      concentration on rate erythrocytes, after a 1 hour experiment, of about 50
      mcg./ml.
PAR  The product can be solubilised by using sodium desoxycholate in the manner
      described in Example 3. The compound obtained retains the microbiological
      activity of amphotericin B butyl ester and forms a stable pseudosolution
      in an aqueous medium.
PAC  EXAMPLE 4
PAR  5 g. ayfactin are dissolved in 50 ml. dimethyl sulphoxide and a small
      quantity of aqueous ammonium hydroxide is added thereto until the pH is
      about 10, this value being measured after dilution to 1% with dimethyl
      sulphoxide/water (1:1), whereafter 40 ml. of a 2.5% ethereal solution of
      diazomethane are added dropwise, while stirring slowly.
PAR  After working up the reaction mixture as in Example 1, there is obtained a
      quantitative yield of ayfactin methyl ester in the form of a yellow to
      yellow-brown crystalline solid. The product has an Rf value of about 0.75
      by thin layer chromatography on silica gel, using the usual solvent
      mixture butanol/ethanol/acetone/concentrated aqueous ammonium hydroxide
      solution (2:5:1:3) (ayfactin, Rf about 0.48).
PAR  The ultra-violet spectrum in pyridine solution gives maxima absorption
      values at 346, 366, 388 and 410 m.mu., as does the natural polyene, and
      the infra-red spectrum (see FIG. II of the accompanying drawings) has an
      absorption peak of the ester C=O group at about 1715 cm.sup.-.sup.1.
PAR  Ayfactin methyl ester has a minimum inhibiting concentration value on
      Candida albicans of 0.3 - 0.6 mcg./ml., which is about the same as that of
      the original ayfactin. The product is also active against Trichomonas
      vaginalis. The toxicity tests show an LD.sub.50 of over 1000 mg./kg. by
      the oral route and of about 30 mg./kg. after administration in suspension
      to mice by the peritoneal route (ayfactin, LD.sub.50 about 1 mg./kg.
      i.p.).
PAR  Esters with similar chemical and biological properties are also obtained by
      using the single components ayfactin A and ayfactin B as starting
      materials.
PAC  EXAMPLE 5
PAR  A solution of 20 g. candicidin in dimethyl sulphoxide is treated with an
      ethereal solution of diaxomethane in the presence of aqueous ammonium
      hydroxide solution as in Example 1. The same procedure is as in Example 1,
      high yields of candicidin methyl ester being obtained in the form of a
      dark yellow, crystalline powder. The product is characterised by thin
      layer chromatography with the usual techniques and has an Rf value of
      about 0.77 (candicidin, Rf 0.48); ultra-violet absorption maxima in
      ethanolic solution at 340, 359, 378 and 400 m.mu. as for candicidin;
      infra-red absorption band (see FIG. III of the accompanying drawings) of
      the ester carbonyl at about 1710 cm.sup.-.sup.1. Candicidin methyl ester
      has a minimum inhibiting concentration on Candida albicans of 0.15 - 0.30
      mcg/ml (candicidin, MIC 0.15 mcg/ml) and a minimum haemolytic
      concentration on rat erythrocytes, after 1 hour, of 5 - 10 mcg/ml
      (candicidin, MHC 0.3 - 0.6 mcg/ml). The acute toxicity, after peritoneal
      administration to mice of suspensions in carboxymethylcellulose, gives
      LD.sub.50 values of about 15 mg/kg (candicidin LD.sub.50, about 4 mg/kg).
PAC  EXAMPLE 6
PAR  10 g. nystatin, dissolved in 100 ml. dimethyl sulphoxide, are cautiously
      treated with 80 ml. of a 2% ethereal solution of diazomethane in the
      presence of aqueous ammonium hydroxide solution as in Example 1. The
      reaction mixture is slowly stirred for 4 hours at 25.degree.C. and then
      excess ether is added to precipitate the reaction product. The solid is
      filtered off and washed with ether and then with water to give the desired
      product in the form of a light yellow, crystalline solid. The nystatin
      methyl ester obtained has an Rf value of 0.68 (nystatin, Rf 0.39) by thin
      layer chromatography on silica gel, eluating with
      butanol/ethanol/acetone/concentrated aqueous ammonium hydroxide solution
      (2:5:1:3). It shows absorption maxima in the ultra-violet spectrum,
      carried out in ethanol solution, at 292, 304 and 319 m.mu., which are the
      same frequencies as for nystatin, and a peak attributed to the C=O
      stretching of an ester at 1718 cm.sup.-.sup.1 in the infra-red spectrum
      (see FIG. IV of the accompanying drawings). Microbiologically, nystatin
      methyl ester inhibits the growth of Candida albicans at 12 mcg/ml
      (nystatin, MIC 6 mcg/ml).
PAC  EXAMPLE 7
PAR  2 g. pimaricin in dimethyl sulphoxide solution are treated with
      diazomethane in the presence of aqueous ammonium hydroxide solution in the
      manner described in Example 1. The methyl ester of pimaricin thereby
      obtained has an Rf value, carrying out the chromatography in the usual
      way, of about 0.74 (pimaricin, Rf 0.42). The UV spectrum in ethanolic
      solution has absorption maxima at 290, 303 and 318 m.mu. as does the
      original pimaricin, and has a strong band around 1710 cm.sup.-.sup.1 in
      the infra-red spectrum (see FIG. V of the accompanying drawings). The
      product is only moderately active against Candida albicans having a
      minimum inhibiting concentration of over 40 mcg/ml (pimaricin, MIC 8 - 10
      mcg/ml) and has little or no haemolytic activity on rat erythrocytes.
PAC  EXAMPLE 8
PAR  To a solution of 2 g. of the heptane antibiotic DJ-400 in 40 ml. dimethyl
      sulphoxide is added a concentrated solution of ammonium hydroxide in a
      quantity sufficient to bring the pH of the solution to about 10 (the pH
      value is measured after dilution to 1% by adding a mixture of dimethyl
      sulphoxide/water (1:1)). 20 ml. of a 2.5% ethereal solution of
      diazomethane are then added, while slowly stirring, whereafter the
      reaction mixture is kept at ambient temperature for 2 hours. The reaction
      mixture is then filtered and excess water is added, the methyl ester of
      antibiotic DJ-400 being obtained; it is isolated by filtration, washed
      well with water and acetone and dried in a vacuum. The DJ-400 methyl ester
      is a yellow crystalline product.
PAR  Thin layer chromatographic analysis on silica gel, using the usual solvent
      system, shows an Rf value of about 0.77, which is higher than the Rf value
      of the starting antibiotic DJ-400. The ultra-violet absorption spectrum in
      ethanolic solution is practically unchanged and shows maxima at 402, 381,
      360 and 340 m.mu., while the infra-red spectrum in nujol suspension shows
      a new absorption band sttributable to the stretching vibration of a C=O
      ester group.
PAR  From the microbiological point of view, the methyl ester of antibiotic
      DJ-400 shows a marked activity against Candida albicans and Trichomonas
      vaginalis.
PAC  EXAMPLE 9
PAR  3 g. of antibiotic DJ-400 are dissolved in 60 ml. dimethyl sulphoxide and
      the solution so obtained is treated with ammonium hydroxide and then with
      ethereal solution of diazopropane as described in Example 8. After the
      usual working up, the propyl ester of antibiotic DJ-400 is obtained.
PAR  The product is identified by its infra-red spectrum and is characterised by
      thin layer chromatography (Rf = about 0.80); in the same way as the other
      alkyl esters, the propyl ester of antibiotic DJ-400 shows a strong
      activity against Candida albicans and Trichomonas vaginalis.
PAR  The present invention also provides pharmaceutical compositions, which can
      be administered orally or parenterally, containing at least one alkyl
      ester of a polyene antibiotic, in admixture with a solid or liquid
      pharmaceutical carrier.
PAR  The esters can be used in the pharmaceutical compositions as such or in the
      form of the previously mentioned soluble or dispersable complexes or in
      the form of acid-addition salts, especially the hydrochlorides.
PAR  Solid compositions for oral, rectal or vaginal administration include
      compressed tablets, effervescent tablets, pills, dispersable powders,
      capsules, granules and suppositories. In such solid compositions, the
      active material is admixed with at least one inert diluent, such as
      calcium carbonate, starch, alginic acid or lactose. The compositions may
      also comprise, as is normal practice, additional substances other than
      inert diluents, for example, lubricating agents, such as magnesium
      stearate.
PAR  Liquid compositions for oral administration include pharmaceutically
      acceptable emulsions, solutions, suspensions, syrups and elixirs
      containing inert diluents commonly used in the art, such as water and
      liquid paraffin. Besides inert diluents, such compositions may also
      comprise adjuvants, such as wetting and suspension agents and sweetening
      and flavouring agents.
PAR  The compositions according to the present invention, for oral
      administration, include capsules of absorbable material, such as gelatine,
      containing the active material, with or without the addition of diluents
      or excipients.
PAR  Preparations according to the present invention for parenteral
      administration include sterile aqueous or non-aqueous solutions,
      suspensions or emulsions. Examples of non-aqueous solvents or suspending
      media include propylene glycol, polyethylene glycol, vegetable oils, such
      as olive oil, and injectable organic esters, such as ethyl oleate. These
      compositions may also contain adjuvants, such as wetting, emulsifying and
      dispersing agents. They may be sterilised, for example, by filtration
      through bacteria-retaining filters, by incorporation into the compositions
      or sterilising agents, by irradiation or by heating. They may also be
      produced in the form of sterile solid compositions, which can be dissolved
      in sterile water or some other sterile injectable medium immediately
      before use.
PAR  The percentage of active ingredient in the compositions of the present
      invention may be varied, it being necessary that it should constitute a
      proportion such that a suitable dosage for the desired therapeutic effect
      shall be obtained.
PAR  Examples of pharmaceutical compositions containing the polyene antibiotic
      include the following:
PAC  EXAMPLE 10
PAC  Ointment
TBL  Composition:                                                              
     ______________________________________                                    
     amphotericin B butyl ester  0.5 g.                                        
     alcoholic fats              60 g.                                         
     lanolin                     15 g.                                         
     polyethylene glycol                                                       
       1540 monostearate  ad    100 g.                                         
     ______________________________________                                    
PAC  EXAMPLE 11
PAC  Liniment
PAR  Composition:
TBL  ayfactin methyl ester                                                     
                           0.5 g.                                              
     dimethylacetamide     5 g.                                                
     anhydrous lanolin    15 g.                                                
     cetyl alcohol        30 g.                                                
     oleyl alcohol        15 g.                                                
     sorbitan trioleate   10 g.                                                
     polyethylene glycol                                                       
       1540 monostearate  24 g.                                                
PAC  EXAMPLE 12
PAC  Vaginal suppositories
TBL  Each vaginal suppository contains:                                        
     ______________________________________                                    
     antibiotic DJ-400 methyl ester                                            
                              5 mg.                                            
     dimethyl acetamide      50 mg.                                            
     polyethylene glycol 1540 monostearate                                     
                              1.35 g.                                          
     cetyl alcohol            0.500 g.                                         
     ______________________________________                                    
PAC  EXAMPLE 13
PAC  Vaginal suppositories
TBL  Each vaginal suppository contains:                                        
     ______________________________________                                    
     antibiotic DJ-400 propyl ester                                            
                             25 mg.                                            
     dimethyl acetamide      50 mg.                                            
     polyethylene glycol 1540 monostearate                                     
                              1.35 g.                                          
     cetyl alcohol            0.500 g.                                         
     ______________________________________                                    
PAR  The pharmaceutical compositions illustrated in Examples 10 to 13 above show
      valuable anti-fungal and anti-protozoal activity when administered to
      humans.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of an alkyl ester of Amphotericin B,
      wherein Amphotericin B is reacted with a diazoalkane containing from one
      to four carbon atoms in the presence of a basic substance selected from
      the group consisting of ammonia, triethylamine and pyridine in a
      substantially stoichiometric quantity, the resulting pH being 10 to 10.5
      (determined after dilution to 1%), the reaction being carried out at a
      temperature between 15 and 30.degree.C.
NUM  2.
PAR  2. A process according to claim 1 wherein the Amphotericin B alkyl ester is
      the butyl ester and the diazoalkane is diazobutane.
NUM  3.
PAR  3. The product of the process of claim 2.
NUM  4.
PAR  4. A process according to claim 1 wherein the Amphotericin B alkyl ester is
      the methyl ester and the diazoalkane is diazomethane.
NUM  5.
PAR  5. The product of the process of claim 4.
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ABST
PAL  Treatment of dogs and cats to overcome mouth odors by feeding tablets rich
      in methionine.
PARN
PAR  This application is a continuation of my copending application Ser. No.
      886,725 filed Dec. 19, 1969, now abandoned.
BSUM
PAR  This invention relates to the prevention of mammalian mouth odors.
PAR  The causes of the annoying strong mouth odors of some pet dogs are not
      clearly understood. The treatments generally used for this condition have
      not solved the problem. Among such suggested treatments are regular
      cleaning of teeth and removal of tartar and even dental surgery, changes
      in diet, giving bones to chew, dosing with chlorophyll preparations or
      with powders that foam in the mouth or with charcoal tablets. A similar
      mouth odor problem is also encountered with cats.
PAR  It has now been found, surprisingly, that a very large proportion of cases
      of strong mouth odors of dogs and cats can be treated successfully in a
      simple manner, by feeding the animals with tablets rich in methionine. The
      treatment has been successful not only for cases in which the attending
      veterinarian has attributed the breath odor to impaired digestion but also
      in cases which the veterinarian has diagnosed the breath odor as being due
      to oral conditions such as dental tartar, gingivitis or ulcerations of the
      mouth.
PAR  The following Example is given to illustrate this invention further. In
      this application all proportions are by weight unless otherwise specified.
DETD
PAC  EXAMPLE
PAR  Tablets were prepared, each containing 200 mg of d,1-methionine, 243 mg of
      soya protein (Promine D), 300 mg of dessicated liver, 45 mg of dry fish
      meal, 12 mg of dry yeast, 35 mg of sorbitol, 11 mg of acacia, 17 mg of
      polyethylene glycol 6000 (average molecular weight 6000-7500), 7.5 mg of
      magnesium stearate and 15 mg of stearic acid. The soya protein, dessicated
      liver, fish meal and yeast help to make the tablets more palatable and
      acceptable to the animal. The acacia, polyethylene glycol and sorbitol
      serve as excipients, while the magnesium stearate and stearic acid are
      lubricants (e.g. to help in the conventional tablet pressing operation).
      The tablets were hard and of conventional round, squat, cylindrical shape
      with convex ends (like conventional aspirin tablets), they crumbled when
      chewed without substantially adhering to the teeth; they can also be
      crumbled by hand. They were made by mixing the powdered ingredients and
      compressing them together in a conventional tablet-forming machine.
PAR  In a test the tablets were fed to dogs and cats having chronic cases of
      annoying strong mouth odors (which had been diagnosed as due to dental
      tartar, gingivitis, ulcerations and impaired digestive function) at a
      dosage of 1 to 2 tablets daily for animals weighing 5 to 20 pounds, 2 to 3
      tablets daily for animals weighing 20 to 50 pounds and 3 tablets daily for
      animals weighing 50 pounds and over. The tablets were fed directly to the
      mouths of the animals by hand or crumbled and placed in the animal's food.
      Excellent results were obtained, and in many cases a significant reduction
      in mouth odor was evident in a matter of 3 to 6 hours. It appears that the
      methionine acts systemically rather than topically in the mouth. A
      suitable maintenance dosage, after the first week of treatment, is one
      tablet daily for animals weighing 5 to 20 pounds, one to two tablets daily
      for those weighing 20 to 50 pounds, and two tablets daily for animals over
      50 pounds in weight.
PAR  It will be seen that the initial dosage used is generally in the range of
      some 10 to 50 mg of the methionine per pound of body weight. From a
      practical point of view, it is preferred that each tablet contain over 50
      mg, and more preferably over 100 mg, of the methionine. Much larger
      amounts than 200 mg per tablet are believed to be unnecessary and possibly
      wasteful, and for practical purpose it is preferred that the methionine
      content be less than 500 mg, and more preferably less than 400 mg, per
      tablet. Generally the tablets will contain at least 5% methionine.
PAR  The Promine D is a sodium soy proteinate containing 95% protein on a dry
      basis and about 90% protein on an as is basis, about 4.5% ash and about
      0.2% fibre having a pH of 7; the amino acid composition of this soy
      protein, in terms of grams amino acid per 100 grams protein, is arginine
      7.6, cystine 1.0, histidine 2.5, isoleucine 4.7, leucine 7.7, lysine 6.0,
      methionine 1.1, phenylalanine 5.3, threonine 3.6, tryptophan 1.4, tyrosine
      3.7, valine 4.7.
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that variations may be made therein without
      department from the spirit of the invention. The "Abstract" given above is
      merely for the convenience of technical searchers and is not to be given
      any weight with respect to the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of alleviating strong mouth odor in a dog or cat having said
      odor which comprises feeding said dog or cat an effective amount of
      methionine to reduce said odor.
NUM  2.
PAR  2. The method of claim 1 in which said amount of methionine is in tablet
      form.
NUM  3.
PAR  3. The method of claim 2 wherein the methionine content per tablet is over
      50 mg.
NUM  4.
PAR  4. The method of claim 3 wherein each tablet contains about 50-500 mg. of
      methionine.
NUM  5.
PAR  5. The method of claim 3 wherein the tablets further contain protein
      concentrates.
NUM  6.
PAR  6. The method of claim 5 wherein the protein concentrates comprise a blend
      of soya protein, dessicated liver and fish meal.
NUM  7.
PAR  7. A method of alleviating strong mouth odor in a dog or cat having said
      odor which comprises feeding said dog or cat a tablet containing at least
      5% methionine in a daily dosage of 10 to 50 mg of methionine per pound of
      body weight in addition to its regular diet.
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ABST
PAL  This application describes analgesic formulations including d
      2-(6-methoxy-2-naphthyl)propionic acid, or a pharmaceutically acceptable
      salt or ester thereof, in combination with at least one central nervous
      system active analgesic compound. Analgesic activity of the combination is
      greater than that obtained with either of the components alone, thus
      demonstrating enhanced analgesia which can be obtained therewith.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an analgesic formulation including d
      2-(6-methoxy-2-naphthyl)propionic acid, or a pharmaceutically acceptable
      salt or ester thereof, in combination with at least one central nervous
      system active analgesic compound.
PAC  BACKGROUND OF THE INVENTION
PAR  Prior to this invention, it was heretofore known to provide analgesic
      compositions having improved analgesic properties by combining
      .alpha.-d-propoxyphene with namoxyrate or indomethacin; for example, see
      United States No. 3,749,797 or Great Britian No. 1,278,040, respectively.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to analgesic formulations having enhanced
      analgesic activity and including d 2-(6-methoxy-2-naphthyl)propionic acid,
      or a pharmaceutically acceptable salt or ester thereof, in combination
      with at least one central nervous system active analgesic compound. It has
      been found that the analgesic activity of the combination of d
      2-(6-methoxy-2-naphthyl)propionic acid and the central nervous system
      active analgesic compound, for example, an analgesic as represented by
      opium and the opium alkaloids, such as, for example, codeine sulfate,
      codeine phosphate, morphine, morphine sulfate, hydromorphone, oxymorphone,
      meperidine, .alpha.-d-propoxyphene or .alpha.-d-propoxyphene napsylate, is
      greater than can be obtained with either of the components alone, thus
      demonstrating enhanced analgesia which can be obtained with the combined
      mixture.
PAR  2-(6-Methoxy-2-naphthyl)propionic acid, the pharmaceutically acceptable
      salts and esters thereof, and methods for their preparation are described
      in copending application Ser. No. 372,028, filed June 21, 1973, copending
      application Ser. No. 394,751, filed Sept. 6, 1973, and U.S. Pat. Nos.
      3,651,106; 3,652,683; 3,658,858; 3,658,863; and 3,663,584. Resolution of
      2-(6-methoxy-2-naphthyl)propionic acid to yield the optical isomers
      thereof, including d 2-(6-methoxy-2-naphthyl)propionic acid is shown in
      U.S. Pat. No. 3,683,015 and copending applications Ser. Nos. 279,329,
      filed Aug. 10, 1972, and 350,193, filed Apr. 11, 1973. To the extent
      necessary to complete the disclosure of this application, or to make any
      portion hereof complete and fully understandable, all or any part of the
      aforementioned patents or pending applications are incorporated herein by
      reference.
PAR  The term "pharmaceutically acceptable salts" refers to those salts of d
      2-(6-methoxy-2-naphthyl)propionic acid prepared from pharmaceutically
      acceptable non-toxic bases including inorganic bases and organic bases.
      Salts derived from inorganic bases include the sodium, potassium, lithium,
      ammonium, calcium, magnesium, ferrous, zinc, manganous, aluminum, ferric,
      and manganic salts, and the like. Salts derived from organic non-toxic
      bases include salts of primary, secondary, tertiary, and quaternary
      amines, substituted amines, including naturally-occurring substituted
      amines, cyclic amines, and basic ion-exchange resins, such as
      triethylamine, tripropylamine, ethanolamine, 2-dimethylaminoethanol,
      2-diethylaminoethanol, lysine, arginine, histidine, caffeine, procaine,
      N-ethylpiperidine, hydrabamine, choline, betaine, ethylenediamine,
      glucosamine, methylglucamine, theobromine, piperazine, piperidine, and the
      like.
PAR  The term "pharmaceutically acceptable esters" refers to the alkyl esters of
      d 2-(6-methoxy-2-naphthyl)propionic acid wherein the alkyl group has from
      1 to 22 carbon atoms and, accordingly, includes the methyl, ethyl, propyl,
      isopropyl, butyl, t-butyl, pentyl, isopentyl, cyclopentyl, hexyl,
      cyclohexyl, octyl, nonyl, tridecyl, isotetradecyl, pentadecyl,
      isohexadecyl, heptadecyl, eicosyl, and docosyl esters, and the like.
PAR  Administration of the formulation of the present invention can be via any
      of the accepted modes for the administration of agents for the treatment
      of pain. Thus, administration can be, for example, orally, parenterally,
      intraveneously, or rectally, in the form of solid, semi-solid, or liquid
      dosage forms, such as, for example, tablets, suppositories, pills,
      capsules, powders, liquid solutions, suspensions, or the like, preferably
      in unit dosage forms suitable for simple administration of precise
      dosages. The formulations of this invention will include a conventional
      pharmaceutical carrier or excipient, d 2-(6-methoxy-2-naphthyl)propionic
      acid, or a salt or ester thereof, and the other analgesic compound, and in
      addition, may include other pharmaceutical agents, adjuvants, etc.
PAR  The preferred manner of administration is oral using a convenient daily
      dosage regimen which can be adjusted according to the degree of
      affliction. For such oral administration, a pharmaceutically acceptable
      non-toxic formulation is prepared by admixture of the active components
      with any of the normally employed pharmaceutical excipients, such as, for
      example, pharmaceutical grades of mannitol, lactose, starch, calcium
      sulfate, dicalcium phosphate, magnesium stearate, sodium saccharin,
      talcum, cellulose, glucose, sucrose, magnesium carbonate, aluminum
      hydroxide, and the like. Such compositions take the form of tablets,
      pills, capsules, powders, sustained release formulations, suspensions,
      solutions, and the like.
PAR  The active components may be formulated into a suppository using, for
      example, polyoxyethylenes, such as, Carbowax 4000, Witepsol H-15
      (triglycerides of saturated fatty acids; a product of Riches-Nelson, Inc.,
      New York, N.Y.) cocoa butter, etc., as the suppository base or carrier.
      Liquid pharmaceutically administrable compositions can, for example, be
      prepared by dissolving, dispersing, etc., the active components and any
      optional pharmaceutical adjuvants in a carrier, such as, for example,
      water, saline, aqueous dextrose, glycerol, propylene glycol, ethanol, and
      the like, to thereby form a solution or suspension of the active
      components in the liquid carrier. If desired, the pharmaceutical
      formulation may also contain minor amounts of non-toxic auxiliary
      substances such as wetting or emulsifying agents, pH buffering agents,
      preservatives, and the like, such as, for example, sorbitan monolaurate,
      triethanolamine oleate, sodium acetate, methyl paraben, etc.
PAR  Actual methods of preparing such dosage forms are known, or will be
      apparent, to those skilled in this art; for example, see Remington's
      Pharmaceutical Sciences, Mack Publishing, Easton, Pa., 14th edition, 1970.
      The formulation to be administered will, in any event, contain a
      pharmaceutically acceptable carrier and, in admixture therewith, a
      quantity of the active components in a pharmaceutically effective amount
      for relief of pain in accordance with the teachings of this invention.
PAR  Generally, the amount of d 2-(6-methoxy-2-naphthyl)propionic acid and the
      central nervous system active analgesic compound to be used in the
      practice of this invention will correspond to those amounts which are
      suitable for use individually; however, since the combination exhibits
      enhanced analgesia, it is possible to reduce the total amount of the
      active components administered to levels which are, by themselves,
      inactive or insufficiently active, yet retaining desired analgesic
      activity, or maintain the same dosage rate (as used individually) while
      attaining greater analgesia. With regard to d
      2-(6-methoxy-2-naphthyl)propionic acid, a daily dose (per os) from about
      0.1 mg. to 20 mg. per kilogram of body weight, generally from about 1 mg.
      to about 10 mg. per kilogram of body weight, is satisfactory when the
      aforementioned compound is used alone as an analgesic agent. The amount of
      the central nervous system active analgesic agent to be used in
      combination with the d 2-(6-methoxy-2-naphthyl)propionic acid can be
      determined with reference to the amount thereof which is used when such a
      compound is administered alone. However, as indicated above, the amount of
      each active component in the combination can be reduced in view of the
      enhanced analgesia which can be obtained with the combination. Exemplary
      formulations are 250-500 mg. of d 2-(6-methoxy-2-naphthyl)propionic acid
      and 15-65 mg. codeine sulfate or 32-65 mg. .alpha.-d-propoxyphene
      hydrochloride. In place of the d 2-(6-methoxy-2-naphthyl)propionic acid
      there can be used 250-550 mg. of the sodium salt  of d 2-(6-methoxy-2-
      naphthyl)propionic acid. Such formulations can be, for example,
      administered (per os) 3 times per day. In any event, the combined
      formulation will generally include about 50 to about 750 mg. of d
      2-(6-methoxy-2-naphthyl)propionic acid.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The following Examples are given to enable those skilled in this art to
      more clearly understand and practice the present invention. They should
      not be considered as a limitation upon the scope of the invention but
      merely as being illustrative and representative thereof.
PAR  In the following Examples, the analgesic activity of various formulations
      including d 2-(6-methoxy-2-naphthyl)propionic acid and either codeine
      sulfate or propoxyphene is compared with the analgesic activity of the
      compounds used individually and against a control situation where no
      medication is administered. The test used is a mouse writhing test, which
      consists of orally administering the compound or combination formulation
      to be tested by gavage in an aqueous vehicle at time 0 to 18-20 gram male
      Swiss-Webster mice. Twenty minutes later 0.25 ml. of a 0.02% solution of
      phenylquinone prepared by dissolving 4 mg. of phenylquinone in 0.5 ml.
      absolute ethanol, and adding 19.5 ml. warmed distilled water to the
      ethanol solution is injected intraperitoneally. This solution induces
      writhing. The animals are then observed for the next 10 minutes for
      writhing.
PAR  End point: the total number of mice that writhe and the average number of
      writhes per mouse.
PAR  Analgesia is measured by inhibition or reduction in writhing, with the
      degree of analgesic activity being measured by the difference in the
      average number of writhes between the control animals (animals receiving
      by gavage an aqueous vehicle with no active medication) and the test
      animals (animals receiving active agents - either individually or in
      combination).
DETD
PAC  EXAMPLES I - II
PAR  These Examples illustrate the enhanced analgesic activity which can be
      obtained with a mixture of d 2-(6-methoxy-2-naphthyl)propionic acid and
      codeine sulfate. The results of the mouse writhing tests are given in
      Table I below.
TBL                                    Table I                                 
     __________________________________________________________________________
     The Analgesic Activity of Orally Administered Doses of                    
     d 2-(6-methoxy-2-naphthyl)propionic acid and                              
     Codeine Sulfate Given in Combination                                      
                       No.                                                     
                       of        Mean %                                        
                  No.  Mice      No.  Change                                   
             Dose of   That Total                                              
                                 of   in                                       
     Ex.                                                                       
        Agent(s)                                                               
             mg.  Mice Writhe                                                  
                            Writhes                                            
                                 Writhes                                       
                                      Writhing                                 
     __________________________________________________________________________
     -- Control                                                                
             --   10   9    222  22.2 --                                       
     -- (1)  0.01 10   10   274  27.4 +23                                      
             0.02 10   10   207  20.7 -7                                       
     -- (2)  0.05 10   9    205  20.5 -8                                       
             0.1  10   9    215  21.5 -3                                       
      I (1)  0.01 10   7    119  11.9 -46                                      
        (2)  0.05                                                              
     II (1)  0.02 10   10   148  14.8 -33                                      
        (2)  0.1                                                               
     __________________________________________________________________________
      (1)= d 2-(6-methoxy-2-naphthyl)propionic acid                            
      (2)= Codeine Sulfate                                                     
PAR  Thus, it can be seen that when doses of codeine sulfate and d
      2-(6-methoxy-2-naphthyl)propionic acid, which by themselves do not inhibit
      writhing, are combined and given together, the combination is effective in
      inhibiting writhing. For example, in Table I, it can be seen that 0.01 mg.
      d 2-(6-methoxy-2-naphthyl)propionic acid in combination with 0.05 mg.
      codeine sulfate elicited a 46% inhibition of writhing, whereas when given
      alone these doses are ineffective. In contrast, double the ineffective
      dose of d 2-(6-methoxy-2-naphthyl)propionic acid or double the ineffective
      dose of codeine sulfate, each given alone, are still ineffective in
      inhibiting writhing. This clearly suggests synergism of the combination as
      opposed to additive effect.
PAC  EXAMPLE III
PAR  This Example illustrates the enhanced analgesic activity which can be
      obtained with a mixture of d 2-(6-methoxy-2-naphthyl)propionic acid and
      the hydrochloride salt of propoxyphene. The results of the mouse writhing
      tests are given in Table II below.
TBL                                    Table II                                
     __________________________________________________________________________
     The Analgesic Activity of Orally Administered Doses of                    
     d 2-(6-methoxy-2-naphthyl)propionic acid and                              
     Propoxyphene Hydrochloride Given in Combination                           
                        No.                                                    
                        of        Mean %                                       
                   No.  Mice      No.  Change                                  
              Dose of   That Total                                             
                                  of   in                                      
     Ex. Agent(s)                                                              
              mg.  Mice Writhe                                                 
                             Writhes                                           
                                  Writhes                                      
                                       Writhing                                
     __________________________________________________________________________
     --  Control                                                               
              --   10   10   238  23.8 --                                      
     --  (1)  0.02 10   10   242  24.2 +2                                      
     --  (3)  0.5  10   10   258  25.8 +8                                      
     III (1)  0.02 10    9   120  12.0 -50                                     
         (3)  0.5                                                              
     __________________________________________________________________________
      (1)= d 2-(6-methoxy-2-naphthyl)propionic acid                            
      (3)= propoxyphene hydrochloride                                          
PAR  Thus, it can be seen that an ineffective amount of d
      2-(6-methoxy-2-naphthyl)propionic acid and an ineffective amount of
      propoxyphene hydrochloride when combined are effective in reducing
      writhing.
PAR  In the following Examples, the analgesic activity of various formulations
      including d 2-(6-methoxy-2-naphthyl)propionic acid and either
      .alpha.-d-propoxyphene or codeine sulfate is compared with the analgesic
      activity of the compounds used individually. The test used is a mouse hot
      plate test, which makes use of a hot plate apparatus consisting of a 9
      1/2" .times. 6 1/2inch tin can filled with a 50-50 mixture of ethyl
      formate and acetone. A hot is cut in the upper surface of the can to allow
      for vaporization of the liquid upon heating. A second hole is made for a
      thermometer and both holes are sealed with rubber stoppers placed around
      the condenser and the thermometer. The can is placed on a hot plate and
      the liquid heated to a constant temperature of 55.degree.C (the boiling
      point of the mixture of ethyl formate and acetone).
PAR  Male Horton ICR mice (18-24 g.) in groups of 10 are used. An open plastic
      box is placed on the can to contain the mice. Each animal is individually
      placed on the hot plate and the time from being dropped on the hot plate
      until it "drums" its hind feet on the can or jumps to the top of the box
      is recorded. Each animal is tested three times, at one half-hour
      intervals. Two hours after the start of the experiment the animal is given
      the test compound or test formulation at the stated dose, i.p. (Example
      IV) or p.o. (Example V). Each animal is then tested three more times at
      the half-hour intervals beginning immediately after administration of the
      active material.
PAR  A material is judged to be effective if the time duration before a pain
      response is evoked in the mouse, at any testing period after an active
      material is administered, is two or more times longer than the mean of the
      time duration before the active material is administered.
PAC  EXAMPLE IV
PAR  This Example illustrates the enhanced analgesic activity, as represented by
      an increase in the time until "drumming" occurs (i.e., an increase in
      threshold response), which can be obtained with a mixture of
      d-(6-methoxy-2-naphthyl)propionic acid and the hydrochloride salt of
      propoxyphene. The results of the mouse hot plate experiment are given in
      Table III below.
TBL                Table III                                                   
     ______________________________________                                    
               Dose, I.P.                                                      
                        Threshold Increase                                     
     Ex.  Agents     mg./kg.    2hr. 2 1/2 hr.                                 
                                              3hr.                             
     ______________________________________                                    
     --   (1)        100        0/10 0/10     0/10                             
     --   (3)        20         0/10 1/10     1/10                             
     IV   (1) + (3)  100 + 20   7/10 6/10     2/10                             
     ______________________________________                                    
      (1)= d 2-(6-methoxy-2-naphthyl)propionic acid                            
      (3)= propoxyphene hydrochloride                                          
PAR  Thus, it can be seen that an ineffective amount of d
      2-(6-methoxy-2-naphthyl)propionic acid and an ineffective amount of
      propoxyphene hydrochloride when combined show enhanced analgesic activity.
PAC  EXAMPLE V
PAR  In this Example ED.sub.50 is the amount of an active material which
      produces significant analgesia in 50% of the animals tested, in this case,
      as measured by prolongation of the time until the animal "drums" his hind
      feet.
PAR  This Example illustrates the reduction in the amount of codeine sulfate
      which has to be administered to attain the ED.sub.50 obtained with the
      codeine sulfate alone, such reduction being caused by the enhanced
      analgesia which can be attained by combining d
      2-(6-methoxy-2-naphthyl)propionic acid with codeine sulfate. The results
      of this mouse hot plate experiment are given in Table IV below.
TBL                                    Table IV                                
     __________________________________________________________________________
                     No.  Codeine Dose                                         
                     of   levels  Codeine                                      
     Ex.                                                                       
        Agents       animals                                                   
                          (mg/kg),P.O.                                         
                                  ED.sub.50 (mg/kg)                            
     __________________________________________________________________________
     -- (1)(100 mg/kg)                                                         
                     10   Inactive                                             
     -- (1)(250 mg/kg)                                                         
                     10   Inactive                                             
     -- (2)          40   20-80   36                                           
     -- (2) + (1)(100 mg/kg)                                                   
                     47   5-40    .gtoreq.36                                   
     V  (2) + (1)(250 mg/kg)                                                   
                     47   5-40    8                                            
     __________________________________________________________________________
      (1)= d 2-(6-methoxy-2-naphthyl)propionic acid                            
      (2)= codeine sulfate                                                     
PAR  Thus, it can be seen that an ineffective amount of d
      2-(6-methoxy-2-naphthyl)propionic acid when combined with codeine sulfate
      is effective to reduce the amount (by a factor of about 4.5) of codeine
      sulfate which has to be administered to attain the ED.sub.50 obtained with
      the codeine sulfate alone. The results of this experiment also show that
      not all dose levels of d 2-(6-methoxy-2-naphthyl)propionic acid give the
      desired enhanced analgesia with a constant amount of codeine sulfate. The
      amount of d 2-(6-methoxy-2-naphthyl)propionic acid which will give the
      desired result of enhanced analgesia can be determined by routine
      pharmaceutical or pharmacological experimentation, for example, by use,
      inter alia, of the tests set forth in the Examples above.
PAR  The preceding results, as shown in Tables I-IV, are indicative of the
      enhanced analgesic activity which can be attained with combinations of d
      2-(6-methoxy-2-naphthyl)propionic acid and a central nervous system active
      analgesic compound such as codeine sulfate and propoxyphene hydrochloride.
      Since, however, the activities of these compounds vary, it may be
      necessary to conduct certain routine tests, such as the tests described in
      the Examples above, in order to accurately define a dose for each
      component of the mixture which will afford enhanced analgesic activity for
      the combined formulation. If, for example, the dose for each compound (or
      both compounds) is (are) selected too low, then enhanced analgesic
      activity may not be attained; however, by increasing the dosage for each
      component (or both) to a higher level(s) enhanced analgesic activity for
      the combined formulation should be attained.
PAR  While the present invention has been described with reference to specific
      embodiments thereof, it should be understood by those skilled in this art
      that various changes may be made and equivalents may be substituted
      without departing from the true spirit and scope of the invention. In
      addition, many modifications may be made to adapt a particular situation,
      material or composition of matter, process, process step or steps, or
      then-present objective to the spirit of this invention without departing
      from its essential teachings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An analgesic formulation comprising, as a first component, about 50 to
      about 750 mg. of d 2-(6-methoxy-2-naphthyl)propionic acid, or a
      pharmaceutically acceptable salt thereof, and, in combination therewith,
      as a second component, a central nervous system active analgesic compound
      selected from the group consisting of codeine, propoxyphene, or a
      pharmaceutically acceptable salt thereof; said components being present in
      the ratio of about 0.2 parts by weight of said second component, expressed
      as propoxyphene hydrochloride, or about 0.02 to about 0.16 part by weight
      of said second component, expressed as codeine sulfate, per part by weight
      of said first component, expressed as d 2-(6-methoxy-2-naphthyl)propionic
      acid; said formulation exhibiting enhanced analgesic activity over that
      which can be obtained utilizing either of said components alone.
NUM  2.
PAR  2. The formulation of claim 1 wherein said central nervous system active
      analgesic compound is codeine.
NUM  3.
PAR  3. The formulation of claim 1 wherein said central nervous system active
      analgesic compound is codeine sulfate.
NUM  4.
PAR  4. The formulation of claim 1 wherein said central nervous system active
      analgesic compound is propoxyphene.
NUM  5.
PAR  5. The formulation of claim 1 wherein said central nervous system active
      analgesic compound is propoxyphene hydrochloride.
NUM  6.
PAR  6. The formulation of claim 1 wherein said first component capsules d
      2-(6-methoxy-2-naphthyl)propionic acid.
NUM  7.
PAR  7. The formulation of claim 1 wherein said formulation contains about 50 to
      about 750 mg. of the sodium salt of d 2-(6-methoxy-2-naphthyl)propionic
      acid.
NUM  8.
PAR  8. The formulation of claim 1 further including a nontoxic pharmaceutically
      acceptable carrier in combustion therewith.
NUM  9.
PAR  9. A method of treating a mammal to relieve pain which comprises
      administering to said mammal a therapeutically effective amount of an
      analgesic formulation comprising, as a first component, about 50 to about
      750 mg. of d 2-(6-methoxy-2-naphthyl)propionic acid, or a pharmaceutically
      acceptable salt thereof, and, in combination therewith, as a second
      component, a central nervous system active analgesic compound selected
      from the group consisting of codeine, propoxyphene, or a pharmaceutically
      acceptable salt thereof; said components being present in the ratio of
      about 0.2 part by weight of said second component, expressed as
      propoxyphene hydrochloride, or about 0.02 to about 0.16 by weight of said
      second component, expressed as codeine sulfate, per part by weight of said
      first component, expressed as d 2-(6-methoxy-2-naphthyl)propionic acid;
      said formulation exhibiting enhanced analgesic activity over that which
      can be obtained utilizing either of said components alone.
NUM  10.
PAR  10. The method of claim 9 wherein said central nervous system active
      analgesic compound is codeine.
NUM  11.
PAR  11. The method of claim 9 wherein said central nervous system active
      analgesic compound is codeine sulfate.
NUM  12.
PAR  12. The method of claim 9 wherein said formulation further includes a
      non-toxic pharmaceutically acceptable carrier in combination therewith.
NUM  13.
PAR  13. The method of claim 9 wherein said central nervous system active
      analgesic compound is propoxyphene.
NUM  14.
PAR  14. The method of claim 9 wherein said central nervous system active
      analgesic compound is propoxyphene hydrochloride.
NUM  15.
PAR  15. The method of claim 9 wherein said first component comprises d
      2-(6-methoxy-2-naphthyl)propionic acid.
NUM  16.
PAR  16. The method of claim 9 wherein said first component comprises the sodium
      salt of d 2-(6-methoxy-2-naphthyl)propionic acid.
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ABST
PAL  An improved photoemissive layer in apparatus for ionography and methods of
      increasing the photoemissivity of formed layers of photoemissive material
      involving depositing the photoemissive material on a substrate so that it
      will be oriented along a chosen lattice plane, such as the &lt;111&gt; plane.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In copending patent application Ser. No. 431,020, filed Jan. 7, 1974, which
      is a continuation of Serial No. 158,172, filed June 30, 1971, now
      abandoned there is disclosed a process known as ionography which utilizes
      a photoemissive layer disposed on a suitable conductive substrate spaced
      from a second conductive layer having an insulative receptor material in
      the form of a sheet or the like disposed thereon. A d.c. voltage is
      applied across the gap between the conductive plates such that one is
      positive and one is negative. The arrangement can be utilized to make
      X-ray images of an object placed adjacent one of the plates between that
      plate and an X-ray source. The photoemissive layer is preferably an
      efficient absorber of X-rays. In the early work in the field of
      ionography, such as that disclosed by K. H. Reiss in Z. Angew, Physik,
      Volume 19, page 1 (1965), a heavy metal such as lead was utilized as a
      photoemitter. A quenching gas is flowed or may be stationary within the
      gap between the plate electrodes. When an object is disposed adjacent the
      anode and is irradiated by X-rays or gamma rays, the electromagnetic
      radiation is differentially absorbed by the object and passes through the
      transmissive anode and insulative layer affixed thereto, and across the
      gap to strike the photoemitter where it is strongly absorbed by the
      photoemitter. As a consequence, the photoemitter ejects electrons having
      energies up to many kilo-electron volts. The number of electrons emitted
      is dependent upon the number of X-ray photons absorbed in that portion,
      the depth of absorption and the photon energy. On leaving the photoemitter
      surface, the electrons find themselves in the d.c. field between the
      electrodes and travel toward the positive electrode. The quenching gas
      serves to slow down the electrons so that they will not scatter when
      reaching the insulator and to increase their number by secondary
      ionization. Upon arrival at the insulator surface, the electrons and any
      negative ions which may have been formed by attachment to components of
      the quenching gas are collected in an image configuration forming a latent
      electrostatic image consisting of negative charges corresponding to
      elements or portions of the object which are relatively transparent to
      X-rays, and no charges or fewer charges corresponding to portions of the
      elements of the object which are opaque or relatively opaque to X-rays.
      The latent image is then made visible by development or by cathode ray
      tube display techniques.
PAR  One of the most significant limitations in the foregoing ionographic
      process is the photo-emissivity of the photoemissive layer. Since the
      electrons emitted are dependent upon the number of X-ray photons absorbed,
      the level of X-ray exposure has a significant impact on the results to be
      achieved in the ionographic process. One of the major advantages of the
      ionographic process as compared to normal X-ray techniques utilizing
      silver halide film is its ability to produce X-ray images with reduced
      X-ray exposure. As it known, it is most advantageous to be able to reduce
      the duration of X-ray exposure when individuals are being X-rayed. One way
      in which this can be accomplished in the inorgraphic process is by
      providing a photoemissive layer or material that has increased
      photoemissivity such that results equivalent to those obtainable with
      longer X-ray exposure periods can be achieved at shorter durations. In
      other words, it is highly desirable that sufficient electrons be produced
      by the photoemissive layer to achieve formation of a satisfactory latent
      image on an insulative substrate with reduced X-ray exposure. Heretofore,
      little effort was directed toward attempts at improving the
      photoemissivity of the photoemissive layer or the photoemissive layer
      utilized in the process of ionography. It was not heretofore known, for
      example, to employ as an ionographic photoemitter a material in the form
      of a thin film such as gold epitaxially grown on a substrate such as mica.
      However, it is known that gold can be epitaxially grown on mica. For
      example, see the paper by H. L. Chopra and L. C. Bobb entitled.
      "Electrical Conduction of Thin Epitaxially Grown Gold Films," Proceedings,
      International Conference on Single-Crystal Films, Blue Bell, Pennsylvania,
      May 1963. A related reference mentions lead deposition as well: "Thin Film
      Phenomena" by K. L. Chopra, McGraw-Hill, N.Y. 1966 (especially pages 225
      and 236).
PAC  SUMMARY OF THE INVENTION
PAR  Among the objects of the invention are the provision of a photoemissive
      layer having increased photoemissivity and the provision of such an
      improved photoemissive layer for use in the process of ionography
      permitting reduced X-ray exposure of subjects whose image is formed
      ionographically.
PAR  A further object of this invention is to provide an improved ionographic
      system including a photoemissive layer having increased photoemissivity.
PAR  Another object of this invention is the provision of improved methods of
      forming photoemissive layers having increased photoemissivity.
PAR  These and other objects of this invention are accomplished by the present
      invention involving, briefly, formation of an oriented crystalline
      photoemissive layer on a suitable substrate. Preferably, the substrate
      chosen has lattice planes upon which the crystalline layer can be
      epitaxially deposited in a preferred crystallographic orientation so as to
      have significantly improved photoelectron yield as compared to a
      photoemissive layer of the same material having a different orientation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-section of an oriented photoemissive layer disposed on a
      suitable substrate;
PAR  FIG. 2 is a schematic representation of an ionographic system;
PAR  FIG. 3 is a depiction of Townsend curves for a gold photoemissive layer
      deposited on glass and mica substrates in accordance with the invention;
PAR  FIG. 4 is a yield degradation curve for a lead photoemissive layer on a
      mica substrate where the surface is continually exposed to X-ray
      radiation; and
PAR  FIG. 5 depicts Townsend curves for a lead photoemissive layer on mica and
      glass substrates in accordance with the invention but following continued
      X-ray exposure thereof and after stabilization has occurred.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As indicated above, the process of ionography is dependent upon the number
      of electrons emitted from the photoemissive surface when activated by an
      X-ray source. In order to obtain a latent image of sufficient density so
      that it can subsequently be developed so as to be practicably useful,
      there must be sufficient electrons emitted from the photoemitter. The
      electron range, R, of a photoemissive material is defined by the distance
      in the photoemissive material which an electron can travel before it loses
      all of its engergy. It can thus be seen that the electron range is an
      important factor in considering and selecting photoemitters, and
      particularly in determining at least the maximum thickness of the
      photoemissive surface utilized. Since it is desirable and necessary in the
      process of ionography for the electrons to actually leave the
      photoemissive material and to travel toward a receptor, a photoemissive
      layer having a thickness greater than the electron range of the material
      is not useful for ionography since some of the electrons would only travel
      within the material itself and not escape therefrom to form an image.
PAR  It can be seen from the following equation that the electron range of the
      photoemissive layer is dependent upon the electron energy to some power
      greater than one. The electron energy is in turn dependent upon the X-ray
      energy.
      ##EQU1##
      See C. Feldman, Physical Review, Vol. 117, p. 455 (1960). It can now be
      seen that if the electron range of the material forming the photoemissive
      layer is increased, one can increase the effective electron yield by
      increasing the thickness of the layer, since the electrons can travel a
      greater distance before losing their energy. In other words, more
      electrons will be emitted from a thicker layer if the layer is of a
      material having increased electron range. Thermionic It has been reported
      in the Handbook of thermionic Properties by V. S. Formenko, published by
      Plenum Press Data Division, p. 55 (1966) that thermionic electron emission
      from a single crystal of silicon was anisotropic and was most efficient
      when the &lt;111&gt; plane was facing the electron detector. However, prior to
      the present invention, there was no concern for the orientation of
      photoemissive layers or for the effect of crystallographic orientation on
      the electron range of a photoemissive material. Further, there has
      previously been no suggestion of utilizing a photoemissive layer of a
      preferred crystallographic orientation in an ionographic process and
      apparatus. In accordance with the present invention, a photoemissive layer
      for ionography is crystallographically oriented along a preferred lattice
      plane to provide an increase in the electron range of that material and
      thus effectively to increase the photoemissivity of the layer.
PAR  It should be pointed out that in a normal photoemitter the planes of the
      polycrystalline material are relatively randomly oriented with no concern
      for a particular preferred orientation. However, even if no specific
      attempt is made to orient the photoemissive material, by utilizing some
      known techniques for depositing photoemissive layers one will inherently
      obtain a preferred crystallographic orientation for a particular material.
      For example, when a crystalline photoemissive layer is deposited on a
      substrate by sputtering or by vacuum deposition, the photoemissive
      material can achieve an inherently preferred crystallographic orientation.
      For a given material this preferred crystallographic orientation is not
      necessarily the orientation at which that material will have an improved
      electron range. For example, utilizing one of the above-mentioned
      sputtering or vacuum deposition techniques, one can deposit a crystalline
      photoemissive material on a substrate in such a way that the deposited
      layer will have a particular preferred plane of crystallographic
      orientation. This does not mean that it will be completely oriented in a
      given plane but that most of the material will be so oriented. This
      deposition of the photoemitter in a preferred plane of crystallographic
      orientation may not increase the electron range of the emitter any more
      than depositing the same photoemitter by a different technique which
      results in a random disposition of planes. Thus, through trial and error,
      one can preferably orient given photoemissive materials in differing
      oriented layers and determined which orientation provides for the maximum
      increase in electron range. It should be understood that such
      experimentation could well indicate that for a given photoemissive
      material the maximum electron range is obtained when that material is not
      oriented in its own preferred crystallographic orientation, though the
      same might not necessarily hold for many or most photoemissive materials.
      Achieving such orientation would require the use of some external means
      for orienting the material in an orientation other than that normally
      preferred.
PAR  It has been found, as will be shown in the specific examples, that when a
      known good photoemissive material such as the layer of lead shown in FIG.
      1 is deposited on a mica substrate 13, the lead will be oriented with its
      &lt;111&gt; plane parallel to the &lt;001&gt; plane of the mica. The mica, a
      pseudohexagonal monoclinic crystalline substance, utilized for sheet 13 is
      initially cleaved so that the surface 15 of the mica is the &lt;001&gt; plane.
      Mica is of particular advantage here since it can readily be obtained
      (cleaved) oriented in the &lt;001&gt; plane. The lead 11 can then be vacuum
      evaporated onto the surface 15 so that the lead becomes epitaxially
      oriented on the mica in the &lt;111&gt; plane. It has been found that, when the
      lead is so deposited and oriented on the mica substrate, a significant
      increase in photoemissivity is obtained as compared to that of a lead
      photoemissive surface having random crystallographic orientation.
PAR  In particular, it has been found that lead on a mica substrate, as
      illustrated in FIG. 1, when utilized in an ionographic process and
      subjected to a series of X-ray exposures, experiences a decrease in
      photoemissive yield with time to a given stabilized level, as will be
      further shown in the examples. When gold is epitaxially deposited on mica
      with its &lt;111&gt; plane parallel to the &lt;001&gt; plane of the mica, there is
      also found to be an increase in the photoemissivity of the gold layer.
      Unlike lead, however, the photoemissive yield from gold does not appear to
      deteriorate with X-ray exposure. Though it has not been specifically
      determined why the yield from lead decrease to a stable level, possible
      mechanisms include X-ray-induced chemical reaction such as oxidation,
      radiation-induced damage to the crystalline structure, or erosion of the
      surface crystalline micro-hillocks by ion bombardment. Even though the
      photoemissive yield of such an oriented lead layer decreases with X-ray
      exposure, it nonetheless stabilizes at a level significantly above that of
      a lead layer having random crystallographic orientation. The invention is
      illustrated by the following examples:
PAC  EXAMPLE 1
PAR  A 5.times.7 inch sheet of mica was cleaned by glow discharge. A gold layer
      was then vacuum deposited to a thickness of 20 microns at a slow rate,
      heating of the substrate being permitted to facilitate epitaxial
      deposition. As schemiatically represented in FIG. 2, mica substrate 17
      with a gold layer 19 thereon was secured to a 5.times.7 inch glass backing
      plate electrode 21 by an adhesive, and the three-layer plate was then
      utilized in an ionographic arrangement. A conventional electrode plate 23
      having an insulative receptor surface 24 was spaced from the photoemissive
      surface to provide a gap 25 of 14 mils therebetween which was filled with
      argon flowing at the rate of 50 cc/min. The X-ray exposure rate was 250
      mR/sec. from a Machlett molybdenum target tube 27 with settings of 30 kVp
      and 100 mA. The distance from the target to the photoemissive layer was 27
      inches. Townsend curves were obtained by incrementally increasing the
      voltage from a power supply 29 connected across the two plates and
      measuring the resulting current at each voltage.
PAR  The same process was repeated utilizing a gold layer on a glass substrate.
      The gold layer was deposited on the glass substrate by vacuum evaporation
      in a generally random crystallographic orientation, glass having no
      appreciable effect upon orientation.
PAR  FIG. 3 is a plot of Townsend curves obtained with the gold on the two
      different substrate materials. Little or no gas multiplication occurs in
      the plateau regions, which extends approximately between 10 and 300 volts.
      Thus, the current level of the plateau is proportional to the
      photoemission yield. An increase of about 7 percent photoemissive yield in
      the plateau region is seen for the gold on mica (the gold being oriented
      in the &lt;111&gt; lattice plane) as compared with the yield from the randomly
      oriented, i.e., nonoriented, gold on glass. The fact that the gold
      deposited on the glass yielded a higher current output beyond the plateau
      region as compared to the gold on the mica is not germane in this context
      because this effect is due to electron multiplication in the gas rather
      than to photoemission from the gold.
PAC  EXAMPLE 2
PAR  The procedure outlined in Example 1 was repeated using lead as the
      photoemitter. In one instance, lead was deposited on mica to a thickness
      of 20 microns, and for comparison a 20-micron layer of lead was also
      deposited on a glass substrate by vacuum evaporation. It was found that
      the electron emission of the lead on the mica decreased during a series of
      X-ray exposures. The effect of exposure on photoemissive yield is seen in
      FIG. 4. The photoemissive yield from a radiation-degraded lead/mica plate
      can be partially restored and stabilized at a higher level than that
      indicated in FIG. 4 by annealing the degraded lead/mica plate by heating
      it for 48 hours at about 100.degree.C.
PAR  FIG. 5 shows the Townsend curves obtained with the lead on glass and the
      stabilized lead on mica plates. The intial difference in electron yield
      between the oriented lead on mica as compared to the non-oriented lead on
      glass before stabilization was 60 percent. However, as shown in FIG. 5,
      after stabilization of the lead on the mica substrate the electron yield
      was still greater by a substantial amount, on the order of 38 percent.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above constructions and methods
      without departing from the scope of the invention, it is intended that all
      matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming an improved ionographic photoemitter comprising:
      selecting a substrate of mica; depositing on the substrate a layer of a
      photoemissive material consisting of lead, the photoemissive material
      being deposited in a preferred crystallographic orientation providing
      relatively high photoemissivity; subjecting the photoemissive material to
      x-ray exposure, causing a decrease in the photoemissive yield thereof; and
      annealing the photoemissive material on the substrate to partially restore
      and stabilize the photoemissive yield thereof.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein the photoemissive material is
      subjected to X-ray exposure until the photoemissive yield decreases to a
      first stabilized level, and annealing the photoemissive material on the
      substrate to partially restore the photoemissive yield thereof to a second
      stabilized level, the second stabilized level being higher than the first.
NUM  3.
PAR  3. A method as set forth in claim 1 wherein the photoemissive material is
      deposited with its (111) lattice plane oriented parallel to the (001)
      lattice plane of the mica substrate.
NUM  4.
PAR  4. A method as set forth in claim 2 wherein the annealing is carried out at
      a temperature of about 100.degree. C. for a period of about 48 hours.
NUM  5.
PAR  5. A method as set forth in claim 3 wherein the photoemissive material is
      deposited as an epitaxial layer.
NUM  6.
PAR  6. A method as set forth in claim 5 wherein the photoemissive material is
      deposited by vacuum evaporation.
NUM  7.
PAR  7. A method as set forth in claim 6 wherein the photoemissive material is
      deposited to a thickness of about 20 microns.
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ABST
PAL  A method for preparing coatings, particularly imaged surfaces such as
      photoresists, printing plates, etc. which includes coating the surface of
      a substrate with a solid curable composition containing styrene-allyl
      alcohol copolymer based polyene and polythiol components, curing the
      composition by exposing selected areas thereof to a free radical
      generating source, e.g. actinic radiation and removing e.g. by dissolving
      the uncured, unexposed areas of the curable composition to bare the
      underlying substrate. The solid polyene component is a reaction product of
      a copolymer of styrene-allyl alcohol and an unsaturated isocyanate e.g.
      allyl isocyanate or an unsaturated acid e.g. acrylic acid. The solid
      polythiol is a reaction product of a copolymer of styrene-allyl alcohol
      and a mercapto carboxylic acid, e.g. .beta.-mercaptopropionic acid.
PARN
PAR  This is a division of application Ser. No. 250,729, filed May 5, 1972, now
      U.S. Pat. No. 3,832,421.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a solid curable polymer composition. More
      particularly, this invention relates to a solvent soluble solid
      polyene-solid polythiol curable composition, method of preparing the same,
      as well as curing the solid polymer composition in the presence of a free
      radical generator to solid, cross-linked solvent-insoluble materials. More
      specifically, this invention relates to solid photoresists and method of
      preparing same.
PAR  It is known that polyenes are curable by polythiols in the presence of free
      radical generators such as actinic radiation to solid polythioether
      containing resinous or elastomeric products. In these prior art
      polyene-polythiol curable systems, either both the polyenes and polythiol
      were liquids, or one of the polymeric components was solid and the other
      liquid. Both liquid curable systems and the liquid-solid curable polymeric
      systems possess certain limitations and disadvantages. The use of curable
      liquid systems in preparation of photoimaged surfaces such as relief
      printing plates and photoresists have many undesirable features such as
      time consuming liquid coating operation which involves the use of
      cumbersome and additional apparatus, particularly expensive liquid
      dispensing equipment. A particular disadvantage of the liquid polymer
      systems is the resulting limited resolution during the photoimaging step,
      since it is necessary to maintain an air gap between the image, e.g.,
      photographic negative and the liquid photocurable composition coated on a
      surface which is to be imaged in order to avoid marring the image and
      allowing its reuse.
PAR  Additionally, in the manufacture of certain printed circuits, when various
      photosensitive polymers are applied as liquid photoresists they clog
      "thru-holes" in double sided or multi-layer printed circuits.
PAR  On the other hand, in the liquid-solid curable system, the components are
      often incompatible, are not easily workable, or do not produce dry films.
PAR  The novel solid curable polymer system of the present invention overcomes
      the numerous defects of prior art materials. Both components of the
      curable composition, the solid polyene and solid polythiol are compatible
      materials. This curable composition can be compounded easily by mixing the
      polyene and polythiol and be rapidly cured, particularly photocured in a
      solid state. This solid polyene-polythiol mixture is a versatile
      photocurable composition which is particularly useful in preparation of
      solid photoresists, solid relief or offset printing plates, coatings and
      the like. The subject photocurable polyene-polythiol composition readily
      forms a dry solid film material which can be easily handled and stored
      prior to utilizing it in photocuring processes such as photoresist
      formation. This dry film polymer composition can be readily laminated on a
      desired solid surface such as metal or metal clad substrate. In a
      photoimaging application such as photoresist formation, selective portions
      of this solid photocurable polymer composition are photocured and
      insolubilized, thereby forming a protective coating which shows excellent
      adhesion to metal surfaces such as copper.
PAR  In accordance with this invention, a solid curable polymer composition can
      be easily prepared from compatible solid polyene and solid polythiol
      components having a similar polymeric backbone formed from styrene-allyl
      alcohol copolymers. This styrene-allyl alcohol copolymer based polyene and
      polythiol mixture is a highly reactive composition which is capable of
      being photocured when exposed to actinic radiation in the presence of a UV
      sensitizer to insoluble polythioether containing materials which exhibit
      excellent physical and chemical properties. For example, photoresist
      coating formed from the cured styrene-allyl alcohol copolymer based
      polyene and polythiol composition are capable of withstanding severe
      chemical environments employed in the printed circuit board manufacturing
      processes. The subject cured materials resist strongly acid etching
      solutions or highly alkaline conditions of electroless metal plating
      baths. The desirable characteristics of the cured materials make the
      styrene-allyl alcohol copolymer backbone containing polyene-polythiol
      curable composition particularly useful in both subtractive and additive
      circuitry applications.
PAR  Generally speaking, the novel solid curable composition is comprised of a
      solid polyene component containing at least 2 reactive carbon to carbon
      unsaturated bonds per molecule which is a reaction product of a copolymer
      of styrene-allyl alcohol and at least one unsaturated organic compound
      such as ene-acid or ene-isocyanate; and a solid polythiol component
      containing at least two thiol groups, which is the reaction product of a
      styrene-allyl alcohol copolymer and a mercaptocarboxylic acid.
PAR  The formation of such solid polyenes may be schematically represented by
      the following non-limiting equation, wherein the unsaturated organic
      compound reactant is an ene-isocyanate having reactive allylic end groups
      as illustrated by a reaction product of one mole of 2,4-toluene
      diisocyanate with one mole of allyl alcohol:
      ##SPC1##
PAL  In the above equation, z is at least 2.
PAR  Similarly, the formation of the solid polythiol may be represented by the
      non-limiting equation illustrating .beta.-mercaptopropionic acid as the
      mercaptocarboxylic reactant:
      ##SPC2##
PAL  In the above equation, z is at least 2.
PAR  It is to be noted that in the above equations I and II, no attempt to show
      structural arrangement of the polymer is to be inferred.
PAR  Broadly, both the operable polyene and polythiol components of the solid
      curable composition are solid derivatives of styrene-allyl alcohol
      copolymers in which the reacting group is the hydroxyl functionality of
      the allyl alcohol portion of the copolymer. Operable solid polyenes
      include but are not limited to unsaturated ester and urethane derivatives
      of styrene-allyl alcohol copolymers, while solid polythiols are
      mercaptoester derivatives of styrene-allyl alcohol copolymers.
PAR  As used herein, styrene-allyl alcohol copolymers refer to copolymers of an
      ethylenically unsaturated alcohol and a styrene monomer. Operable
      styrene-allyl alcohol copolymers are those containing from about 30 to 94
      percent by weight of the styrene monomer, and preferably 60 to 85 percent
      by weight and correspondingly, from abut 70 to 6 percent by weight of the
      ethylenically unsaturated alcohol, and preferably from about 40 to 15
      percent on the same basis. In general, styrene-allyl alcohol copolymers
      having from about 1.8 to 10 percent hydroxyl groups by weight, preferably
      4 to 8 percent.
PAR  The actual hydroxyl group content of the aforesaid copolymers may not
      always conform to the theoretical content calculated from the relative
      proportions of styrene monomer and ethylenically unsaturated alcohol, due
      to possible destruction of hydroxyl groups during copolymerization.
PAR  The styrene monomer moiety of said copolymer may be styrene or a
      ring-substituted styrene in which the substituents are 1-4 carbon atom
      alkyl groups or chlorine atoms. Examples of such ring-substituted sytrenes
      include the ortho-, meta- and para-, methyl, ethyl, butyl, etc. monoalkyl
      styrenes; 2,3- 2,4-dimethyl and diethyl styrenes; mono-, di- and
      tri-chlorostyrenes; alkylchlorostyrenes such as 2-methyl-4-chlorostyrene,
      etc. Mixtures of two or more of such styrene monomer moieties may be
      present. The ethylenically unsaturated alcohol moiety may be allyl
      alcohol, methallyl alcohol, or a mixture thereof. For the purposes of
      brevity and simplicity of discussion, the entire class of copolymers set
      forth in this paragraph shall hereinafter be referred to simply as
      styrene-allyl alcohol copolymers.
PAR  The styrene-allyl alcohol copolymers may be prepared in several ways. One
      operable method which yields styrene-allyl copolymer starting materials
      which are solid products is taught in U.S. Pat. No. 2,630,430. A more
      desirable method of copolymerizing the styrene and allyl alcohol
      components in a substantially oxygen-free composition, thus minimizing the
      oxidative loss of hydroxyl groups, is disclosed in U.S. Pat. No.
      2,894,938.
PAR  Furthermore, the suitable styrene-allyl alcohol copolymers are generally
      commercially available materials.
PAR  The aforedescribed styrene-allyl alcohol copolymers are operable starting
      materials for the formation of both the solid polyene and solid
      polythiols.
PAR  In the preferred solid curable polyene-polythiol containing compositions,
      the styrene-allyl alcohol copolymeric backbone is identical for both the
      polyene and polythiol components, however, components having different
      styrene-allyl alcohol copolymeric backbones are also operable.
PAR  The polyenes of the subject invention have a molecular weight in the range
      of 332 to 20,000, preferably from 1200 to 10,000.
PAR  One group of operable polyenes containing styrene-allyl alcohol copolymer
      backbones are unsaturated urethane derivatives. These solid polyenes,
      i.e., unsaturated urethane derivatives of styrene-allyl alcohol copolymers
      may be represented by the general formula:
      ##EQU1##
      wherein Q is a styrene-allyl alcohol copolymeric moiety remaining after n
      hydroxyl groups of a said styrene-allyl alcohol co-polymer, have reacted
      to form n urethane, i.e.,
      ##EQU2##
      linkages; A and B are polyvalent organic radical members free of reactive
      carbon to carbon unsaturation and containing group members such as aryl,
      substituted aryl, aralkyl, substituted aralkyl, cycloalkyl, substituted
      cycloalkyl, alkyl and substituted alkyl containing 1 to 36 carbon atoms
      and mixtures thereof. These group members can be internally connected to
      one another by a chemically compatible linkage such as --O--, --S--,
      carboxylate, carbonate, carbonyl, urethane and substituted urethane, urea
      and substituted urea, amide and substituted amide, amine and substituted
      amine and hydrocarbon. Z is a divalent chemically compatible linkage such
      as
      ##EQU3##
      --O-- and --S--, preferably
      ##EQU4##
PAR  Preferred examples of operable aryl members are either phenyl or naphthyl,
      and of operable cycloalkyl members which have from 3 to 8 carbon atoms.
      Likewise, preferred substituents on the substituted members may be such
      groups as chloro, bromo, nitro, acetoxy, acetamido, phenyl, benzyl, alkyl
      and alkoxy of 1 to 9 carbon atoms, and cycloalkyl of 3 to 8 carbon atoms.
PAR  X is a member selected from the group consisting of:
PA0  a. --(CH.sub.2).sub.d --(CR'=CHR
PA0  b. --O(CH.sub.2).sub.d --CR'=CHR
PA0  c. --S--(CH.sub.2).sub.d --CR'=CHR
PA0  d. --(CH.sub.2).sub.d --C.tbd.CR
PA0  e. --O--(CH.sub.2).sub.d --C.tbd.CR
PA0  f. --S--(CH.sub.2).sub.d --C.tbd.CR
PAL  and mixtures thereof; and R and R' each are independently either a hydrogen
      or methyl radical, preferably a hydrogen radical; and d, p and q each are
      integers from 0 to 1; y is an integer from 1 to 10, preferably 1 to 5; m
      is an integer of at least 1, preferably from 1 to 4, and more particularly
      from 1 to 2, and n is an integer of at least 1, and preferably 2 or
      greater, and more particularly from about 4 to 10, with the proviso that
      when n is l, y or m is at least 2.
PAR  As used herein, polyenes and polyynes refer to simple or complex species of
      alkenes or alkynes having a multiplicity of pendant or terminally reactive
      carbon to carbon unsaturated functional groups per average molecule. For
      example, a diene is a polyene that has two reactive carbon to carbon
      double bonds per average molecule, while a diyne is a polyyne that
      contains two reactive carbon to carbon triple bonds per average molecule;
      a solid polyene which is a reaction product of a styrene-allyl alcohol
      copolymer having about 8 hydroxyl groups per average molecule and a
      reactive unsaturated monoisocyanate having one terminal reactive carbon to
      carbon double bond per average molecule is a complex polyene which
      contains in its structure 8 reactive carbon to carbon double bonds per
      average molecule. For purposes of brevity, all these classes of compounds
      will be referred to hereafter as polyenes.
PAR  In defining the position of the reactive functional carbon to carbon
      unsaturation, the term terminal is intended to mean that functional
      unsaturation is at an end of the main chain in the molecule. The term
      pendant means that the reactive carbon to carbon unsaturation is located
      terminal in a branch of the main chain as contrasted to a position at or
      near the ends of the main chain. For purposes of brevity, all of these
      positions are referred to herein generally as terminal unsaturation.
PAR  Functionality as used herein refers to the average number of ene or thiol
      groups per molecule in the polyene or polythiol, respectively. For
      example, a triene is a polyene with an average of three reactive carbon to
      carbon unsaturated groups per molecule, and thus has a functionality (f)
      of three. A dithiol is a polythiol with an average of two thiol groups per
      molecule and thus has a functionality (f) of two.
PAR  The term reactive unsaturated carbon to carbon groups means groups which
      will react under proper conditions as set forth herein with thiol groups
      to yield the thioether linkage
      ##EQU5##
      as contrasted to the term unreactive carbon to carbon unsaturation which
      means
      ##EQU6##
      groups found in aromatic nuclei (cyclic structures exemplified by benzene,
      pyridine, anthracene, and the like) which do not under the same conditions
      react with thiols to give thioether linkages. For purposes of brevity,
      this term will hereinafter be referred to generally as reactive
      unsaturation or a reactive unsaturated compound.
PAR  As used herein, the term polyvalent means having a valence of two or
      greater.
PAR  A general method of forming the urethane containing styrene-allyl alcohol
      copolymer based polyene is to react the styrene-allyl alcohol represented
      by a general formula Q--(OH).sub.n, which n is at least 1 and Q is as
      hereinbefore set forth; with at least one reactive unsaturated isocyanate
      of the general formula NCO--A--Z.sub.p --B.sub.q --(X).sub.y ].sub.m in
      which the members A, Z, B, X and the integers p, q, y and m are as
      hereinbefore set forth.
PAR  The term reactive unsaturated isocyanate will hereinafter be referred to as
      an ene-isocyanate or an yne-isocyanate.
PAR  The reaction is carried out in a moisture free atmosphere at atmospheric
      pressure at a temperature in the range from about 30.degree. to
      100.degree.C, preferably from about 40.degree. to 80.degree.C, for a
      period of about 10 minutes to about 24 hours. The reaction is preferably a
      one step reaction wherein all the reactants are charged together. The
      ene-isocyanate or yne-isocyanate is added in a stoichiometric amount
      necessary to react with the hydroxy groups in the sytrene-allyl alcohol
      copolymer. The reaction, if desired, may be carried out in the presence of
      a catalyst and inert solvent. Operable non-limiting catalysts include tin
      catalysts such as dibutyl tin dilaurate, stannous octoate; tertiary amines
      such as triethylene diamine or N,N,N',N'-tetramethyl-1,3-butanediamine,
      etc. Useful inert solvents include aromatic hydrocarbons, halogenated
      saturated aliphatic or aromatic hydrocarbons and mixtures thereof.
      Representative non-limiting examples include benzene, chlorobenzene,
      chlorofrom, 1,1,1-trichloroethane, 1,2-dichloroethane and the like.
PAR  Operable ene- or yne- isocyanates having the above defined general formula
      include, but are not limited to, simple monoeneisocyanates such as allyl
      isocyanate, 2-methallyl isocyanate, crotyl isocyanate, etc.
PAR  The aforementioned reactive unsaturated isocyanates are a group of
      compounds having the above general formula of operable ene- or
      yne-isocyanates wherein the integers p and q are 0 and m is 1. Thus, the
      urethane styrene-allyl alcohol copolymer based polyenes formed for these
      reactive unsaturated isocyanates may be represented by simplifying the
      general formula for the polyenes to the following specific formula:
      ##EQU7##
      wherein preferably y is 1 and n is 2 and the other members being as
      hereinbefore set forth.
PAR  Other operable ene- or yne-isocyanates are those prepared by reacting a
      polyisocyanate of the general formula A--NCO).sub.x, in which x is at
      least 2 and A is as hereinbefore set forth; with a reactive unsaturated
      alcohol of the general formula [(X).sub.y --B--OH in which B, X and y are
      as hereinbefore set forth.
PAR  The above polyisocyanate and alcohol reactants are added in such
      stoichiometric amounts that x- 1 isocyanate groups react to give x-1
      urethane linkages.
PAR  Operable non-limiting examples of starting polysiocyanate reactants include
      hexamethylenediisocyanate, tolylene diisocyanate, xylylene diisocyanate,
      methylenebis(phenyl isocyanate), 4,4'-methylene(cyclohexyl isocyanate),
      1-methoxy-2,4,6-benzenetrisocyanate, 2,4,4'-triisocyanatodiphenylether,
      diphenylmethane tetraisocyanates, polyisocyanates having various
      functional groups such as N,N',N"-tris(isocyanatohexyl)-biuret or adducts
      of polyalcohols and diisocyanates which have at least 2 free isocyanate
      groups. Adducts of trimethylolpropane and 3 moles of toluene diisocyanate,
      is suitable.
PAR  Illustrative of the operable reactive unsaturated alcohols which may react
      with the polyisocyanates to give the desired eneisocyanate include but are
      not limited to allyl and methallyl alcohol, crotyl alcohol,
      .omega.-undecylenyl alcohol, 2-vinyloxyethanol, vinylhydroxyethyl sulfide,
      propargyl alcohol, 1-allylcyclopentanol, 2-methyl-3-butene-2-ol. Reactive
      unsaturated derivatives of polyhydric alcohols such as glycols, triols,
      tetraols, etc., are also suitable. Representative examples include
      trimethylolpropane or trimethylolethane diallyl ethers, pentaerythritol
      triallyl ether and the like. Mixtures of various reactive unsaturated
      alcohols are operable as well. A suitable ene-isocyanate prepared by
      treating one mole of trimethylbenzene triisocyanate with two moles of
      trimethylolpropane diallyl ether. The resulting urethane containing
      ene-isocyanate is a polyene having four reactive allyl ether groups per
      molecule. Mixtures of various ene- or yne-isocyanates are operable as
      well.
PAR  Another class of solid polyenes operable in forming the solid curable
      polyene-polythiol system of the subject invention are esters of
      styrene-allyl alcohol copolymers. Similarly, these polyenes may be
      represented by the general formula
      ##EQU8##
      wherein Q is a styrene-allyl alcohol copolymeric moiety remaining after
      removal of n hydroxyl groups from a said styrene-allyl alcohol copolymer
      thereby forming an ester linkage; the members A, B, and X and integers p,
      q, y, n and m are as hereinbefore set forth in the urethane containing
      styrene allyl-alcohol copolymer based polyene and k is an integer from 0
      to 1.
PAR  A general method of forming these esters is to react the styrene-allyl
      alcohol copolymer represented by the aforedefined general formula
      Q--(OH).sub.n ; with at least one reactive unsaturated monocarboxylic acid
      of the general formula:
      ##EQU9##
      in which the members A, B and X, and the integers k, p, q, y and n are as
      hereinbefore set forth. The term reactive unsaturated carboxylic acid will
      hereinafter be referred to as an ene- and/or an yne-acid.
PAR  The esterification reaction may be carried out in a conventional manner in
      the presence of an acid catalyst, the water formed during the reaction
      being removed as an azeotrope.
PAR  Operable ene- or yne-acids include but are not limited to simple
      monoene-acids such as acrylic acid, methacrylic acid, vinylacetic acid,
      5-hexenoic acid, 6-heptynoic acid, propiolic acid and the like.
PAR  These aforementioned reactive unsaturated acids are a group of acids having
      the above general formula of operable ene- or yne-acids wherein the
      integers p and q are 0, and m is 1. Thus the ester containing
      styrene-allyl alcohol copolymer based polyenes formed from these reactive
      unsaturated acids may be represented by simplifying the general formula
      for the polyenes to the following specific formula:
      ##EQU10##
      wherein, preferably, y is 1 and n is 2 and the other members being as
      hereinbefore set forth.
PAR  Other operable acids are those containing more than one terminally reactive
      unsaturated group in the molecule. These may be prepared by reacting a
      polycarboxylic acid of the general formula A--(COOH).sub.x, in which x is
      at least 2 and A is as herein-before set forth, with a reactive
      unsaturated alcohol of the general formula [(X).sub.y --B]--OH, in which
      B, X and y are as herein-before set forth.
PAR  The above polycarboxylic acid and alcohol reactants are added in such
      stoichiometric amounts that x- 1 carboxylic groups react to give x-1 ester
      linkages.
PAR  Operable polycarboxylic acids include but are not limited to dicarboxylic
      acids such as adipic, tartaric, succinic, terephthalic, etc.
PAR  Operable reactive unsaturated alcohol components are the same as described
      above as being suitable in forming ene-isocyanates. As an example, a
      suitable ene-acid can be prepared by reacting one mole of
      trimethylolpropane diallyl ether with one mole of succinic anhydride in
      the presence of pyridine as a solvent. The resulting succinate product
      contains a free carboxylic group as well as two reactive allyl ether
      groups.
PAR  The polythiol component of the solid curable composition is solid
      mercaptoester having at least two thiol groups per molecule. The polythiol
      is a reaction product of a styrene-allyl alcohol copolymer and at least
      one mercaptocarboxylic acid. The polythiols have a molecular weight in the
      range from about 472 to 20,000, preferably 1300 to 8000, and may be
      represented by the following general formula:
      ##EQU11##
      wherein x is an integer of at least 2, and preferably from 4 to 10, and E
      is a styrene-allyl alcohol copolymeric moiety remaining after removal of n
      hydroxyl groups from a said styrene-allyl alcohol copolymer, thereby
      forming x ester linkages; R.sub.3 is a polyvalent organic radical member
      free of reactive carbon to carbon unsaturation and contains group members
      such as aryl, substituted aryl, aralkyl, substituted aralkyl, cycloalkyl,
      substituted cycloalkyl, alkyl and substituted alkyl groups containing 1 to
      16 carbon atoms.
PAR  Preferred examples of operable aryl members are either phenyl or naphthyl,
      and of operable cycloalkyl members which have from 3 to 8 carbon atoms.
      Likewise, preferred substitutents on the substituted members may be such
      groups as chloro, bromo, nitro, acetoxy, acetamido, phenyl, benzyl, alkyl
      and alkoxy of 1 to 9 carbon atoms, and cycloalkyl of 3 to 8 carbon atoms.
PAR  Operable styrene-allyl alcohol copolymers are those which have been
      described in detail above.
PAR  Operable mercaptocarboxylic acids include but are not limited to
      thioglycollic acid (mercaptoacetic acid), .alpha.-mercaptopropionic acid,
      .beta.-mercaptopropionic acid, 4-mercaptobutyric acid, mercaptovaleric
      acids, mercaptoundecyclic acid, mercaptostearic acid, and o- and
      p-mercaptobenzoic acids. Preferably, thioglycollic or
      .beta.-mercaptopropionic acid is employed. Mixtures of various
      mercaptocarboxylic acids are operable as well.
PAR  The polythiol esters are prepared by the esterification of the
      styrene-allyl alcohol with mercaptocarboxylic acid in the presence of an
      acid catalyst, the water formed during the reaction being removed as an
      azeotrope in a suitable solvent.
PAR  The reaction is carried out in an inert, moisture-free atmosphere at
      atmospheric pressure at a temperature in the range of from 60.degree. to
      about 150.degree.C, preferably from 60.degree. to 110.degree.C for a
      period of 30 minutes to about 24 hours.
PAR  Suitable acid catalysts include but are not limited to p-toluenesulfonic
      acid, sulfuric acid, hydrochloric acid and the like. Useful inert solvents
      include but are not limited to saturated aliphatic hydrocarbons, aromatic
      hydrocarbons, chlorinated hydrocarbons, ethers, ketones, etc.
      Representative non-limiting examples of solvents include toluene, benzene,
      xylene, chloroform, 1,2-dichloroethane, etc.
PAR  In summary, by admixing the novel solid styrene-allyl alcohol copolymer
      based polyenes and polythiols and thereafter exposing the solid mixture at
      ambient conditions to a free radical generator, a solid, cured insoluble
      polythioether product is obtained.
PAR  Prior to curing the solid polyene and polythiol, components are admixed in
      a suitable manner so as to form a homogeneous solid curable mixture. Thus,
      the polyene and polythiol reactants may be dissolved in a suitable solvent
      and thereafter the solvent can be removed by suitable means such as
      evaporation.
PAR  To obtain the maximum strength, solvent resistance, creep resistance, heat
      resistance and freedom from tackiness, the reactive components consisting
      of the polyenes and polythiols are formulated in such a manner as to give
      solid, crosslinked, three dimensional network polythioether polymer
      systems on curing. In order to achieve such infinite network formation,
      the individual polyenes and polythiols must each have a functionality of
      at least 2 and the sum of the functionalities of the polyene and polythiol
      components must always be greater than 4. Blends and mixtures of various
      solid polyenes and various solid polythiols containing said functionality
      are also operable herein.
PAR  The solid compositions to be cured in accord with the present invention
      may, if desired, include such additives as antioxidants, accelerators,
      dyes, inhibitors, activators, fillers, thickeners, pigments, anti-static
      agents, flame-retardant agents, surface-active agents, extending oils,
      plasticizers and the like within the scope of this invention. Such
      additives are usually pre-blended with the polyene or polythiol prior to
      or during the compounding step. The aforesaid additives may be present in
      quantities up to 500 or more parts based on 100 parts by weight of the
      polyene-polythiol curable compositions and preferably 0.005-300 parts on
      the same basis.
PAR  The solid polythioether-forming components and compositions, prior to
      curing may be admixed with or blended with other monomeric and polymeric
      materials such as thermoplastic resins, elastomers or thermosetting resin
      monomeric or polymeric compositions. The resulting blend may be subjected
      to conditions for curing or co-curing of the various components of the
      blend to give cured products having unusual physical properties.
PAR  Although the mechanism of the curing reaction is not completely understood,
      it appears most likely that the curing reaction may be initiated by most
      any free radical generating source which dissociates or abstracts a
      hydrogen atom from an SH group, or accomplishes the equivalent thereof.
      Generally, the rate of the curing reaction may be increased by increasing
      the temperature of the composition at the time of initiation of cure. In
      many applications, however, the curing is accomplished conveniently and
      economically by operating at ordinary room temperature conditions.
PAR  Operable curing initiators or accelerators include radiation such as
      actinic radiation, e.g., ultraviolet light, lasers; ionizing radiation
      such as gamma radiation, X-rays, corona discharge, etc.; as well as
      chemical free radical generating compounds such as azo, peroxidic, etc.,
      compounds.
PAR  Azo or peroxidic compounds (with or without amine accelerators) which
      decompose at ambient conditions are operable as free radical generating
      agents capable of accelerating the curing reaction include benzoyl
      peroxide, di-t-butyl peroxide, cyclohexanone peroxide with dimethyl
      aniline or cobalt naphthenate as an accelerator; hydroperoxides such as
      hydrogen peroxide, cumene hydroperoxide, t-butyl hydroperoxides; peracid
      compounds such as t-butylperbenzoate, peracetic acid; persulfates, e.g.,
      ammonium persulfate; azo compounds such as azobis-isobutyronitrile and the
      like.
PAR  These free radical generating agents are usually added in amounts ranging
      from about 0.001 to 10 percent by weight of the curable solid
      polyene-polythiol composition, preferably 0.01 to 5 percent.
PAR  The curing period may be retarded or accelerated from less than 1 minute to
      30 days or more.
PAR  Conventional curing inhibitors or retarders which may be used in order to
      stabilize the components or curable compositions so as to prevent
      premature onset of curing may include hydroquinone; p-tert-butyl catechol;
      2,6-di tert-butyl-p-methylphenol; phenothiazine; N-phenyl-2-naphthylamine;
      phosphorous acid; pyrogallol and the like.
PAR  The preferred free radical generator for the curing reaction is actinic
      radiation, suitably in the wavelength of about 2000 to 7500A, preferably
      for 2000 to 4000A.
PAR  A class of actinic light useful herein is ultraviolet light, and other
      forms of actinic radiation which are normally found in radiation emitted
      from the sun or from artificial sources such as Type RS Sunlamps, carbon
      arc lamps, xenon arc lamps, mercury vapor lamps, tungsten halide lamps and
      the like. Ultraviolet radiation may be used most efficiently if the
      photocurable polyene/polythiol composition contains a suitable photocuring
      rate accelerator. Curing periods may be adjusted to be very short and
      hence commercially economical by proper choice of ultraviolet source,
      photocuring rate accelerator and concentration thereof, temperature and
      molecular weight, and reactive group functionality of the polyene and
      polythiol. Curing periods of less than about 1 second duration are
      possible, especially in thin film applications such as desired, for
      example, in coatings, adhesives and photoimaged surfaces.
PAR  Various photosensitizers, i.e., photocuring rate accelerators are operable
      and well known to those skilled in the art. Examples of photosensitizers
      include, but are not limited to, benzophenone o-methoxybenzophenone,
      acetophenone, o-methoxyacetophenone, acenaphthene-quinone, methyl ethyl
      ketone, valerophenone, hexanophenone, .gamma.-phenylbutyrophenone,
      p-morpholinopropiophenone, dibenzosuberone, 4-morpholinobenzophenone,
      benzoin, benzoin methyl ether, 4'-morpholinodeoxybenzoin,
      p-diacetylbenzene, 4-aminobenzophenone, 4'-methoxyacetophenone,
      benzaldehyde, o-methoxybenzaldehyde, .alpha.-tetralone,
      9-acetylphenanthrene, 2-acetylphenanthrene, 10-thioxanthenone,
      3-acetylphenanthrene, 3-acetylindole, 9-fluorenone, 1-indanone,
      1,3,5-triacetylbenzene, thioxanthen-9-one, xanthene-9-one,
      7-H-benz[de]anthracen-7-one, 1-naphthaldehyde,
      4,4'-bis(dimethylamino)benzophenone, fluorene-9-one, 1'-acetonaphthone,
      2'-acetonaphthone, triphenylphosphine, tri-o-tolylphosphine,
      acetonaphthone and 2,3-butanedione, benz[a]anthracene 7,12 dione, etc.,
      which serve to give greatly reduced exposure times and thereby when used
      in conjunction with various forms of energetic radiation yield very rapid,
      commercially practical time cycles by the practice of the instant
      invention.
PAR  These photocuring rate accelerators may range from about 0.005 to 50
      percent by weight of the solid photocurable polyenepolythiol composition,
      preferably 0.05 to 25 percent.
PAR  The mole ratio of the ene/thiol groups for preparing the solid curable
      composition is from about 0.2/1.0 to about 8/1.0, and preferably from
      0.5/1.0 to about 2/1.0 group ratio.
PAR  The solid curable styrene-allyl alcohol copolymer based polyene and
      polythiol compositions are used in preparing solid, cured crosslinked
      insoluble polythioether polymeric products having many and varied uses,
      examples of which include, but are not limited to, coatings; adhesives;
      films; molded articles; imaged surfaces, e.g., solid photoresists; solid
      printing plates; e.g., offset, lithographic, letterpress, gravures, etc.,
      silverless photographic materials and the like.
PAR  Since the cured materials formed from the solid polyenesolid polythiol
      composition posses various desirable properties such as resistance to
      severe chemical and physical environments, they are particularly useful
      for preparing imaged surfaces.
PAR  A general method for preparing coatings, particularly imaged surfaces such
      as photoresists, printing plates, etc., comprises coating the solid
      curable composition on a solid surface of a substrate such as plastic,
      rubber, glass, ceramic, metal, paper and the like; exposing image-wise
      either directly using "point" radiation or through an image bearing
      transparency, e.g., photographic negative or positive or a mask, e.g.,
      stencil, to radiation, e.g., U.V. light until the curable composition
      cures and cross-links in the exposed areas. After image-wise exposure, the
      uncured, unexposed areas are removed, e.g., with an appropriate solvent,
      thereby baring the unprotected surface of the substrate in selected areas.
      The resulting products are cured latent images on suitable substrates or
      supports. In case or preparing printing plates, e.g., a flexible relief
      plate wherein the substrate is usually a plastic material, the imaged
      product is ready for use. However, in other cases, e.g., in printed
      circuit manufacture or in chemical milling, the cured polymer composition
      acts as a photoresist.
PAR  The solid curable polyene-polythiol compositions of the subject invention
      are extremely suitable for use as a photoresist composition since (1) it
      adheres to the substrate firmly and readily on photocuring, (2) is
      resistant to the etching and plating environments for the substrate as
      well as soldering environments and (3) is easily removed by a solvent
      which does not affect the protected area.
PAR  Thus, in the preparation of an imaged surface by one operable photoresist
      process, the solid photocurable polyene-polythiol composition is coated or
      laminated onto an etchable solid surface, preferably a metal or metal clad
      substrate, as a solid, tack-free layer; exposed through an image bearing
      transparency to a free radical generator such as actinic radiation
      suitably in the wavelength range from about 2000 to 7500A or ionizing
      radiation to selectively cure the exposed portion of the composition, thus
      baring the metal beneath the removed uncured portion of the composition,
      optionally removing the exposed metal from the substrate to the desired
      depth and thereafter optionally removing the cured composition, thus
      leaving defined metal areas on the substrate.
PAR  In the printed circuit board manufacturing processes, the solid surface or
      board is usually electrically insulating substrate such as ceramic, thick
      plastic, epoxy, glass, etc., which can be clad with an etchable metal such
      as copper, aluminum, nickel, stainless steel and the like.
PAR  The above process illustrates the use of the solid photoresist in
      substractive circuitry applications, however, the subject solid
      photoresist compositions are very satisfactory for use in additive
      circuitry applications which utilize electroless metal plating processes
      which generally have highly caustic plating baths and thus require an
      extremely resistant photoresist material. Typical electroless metal
      plating baths, as well as conventional sensitizing and activating
      solutions utilized in additive circuit processes are disclosed in U.S.
      Pat. Nos. 3,546,009 and 3,573,973.
PAR  Various metals such as copper, nickel, gold, silver, tin, lead, etc., may
      be plated on metal clad substrates by conventional metal depositing
      techniques other than electroless plating, such as electroplating,
      chemical vapor deposition, flow soldering coating techniques and the like.
      The subject photocured resist composition are capable of withstanding the
      various metal depositing environments.
PAR  The solid film of photocurable composition can be formed by coating a
      solution or dispersion onto the metal cladding of a substrate and drying
      the layer by removal of the solvent by any suitable means, such as
      evaporation. The solid photoresist compositions may also be melted and
      suitably applied directly onto the metal surface of a metal clad
      substrate. Coating may be carried out by any of the conventional coating
      procedures such as spraying, dip coating, roller coating or curtain
      coating.
PAR  The photocurable resist layer has usually a dry coating thickness of about
      1 mil, although it may range from 0.015 to about 5 mils or more.
PAR  In forming the solid photoresist composition comprised of the solid
      polythiol and the solid polyene, it is desirable that the photocurable
      composition contain a photocuring rate accelerator from about 0.005 to 50
      parts by weight based on 100 parts by weight of the aforementioned polyene
      and polythiol.
PAR  It is to be understood, however, that when energy sources, e.g., ionizing
      radiation, other than visible or ultraviolet light, are used to initiate
      the curing reaction, photocuring rate accelerators (i.e.,
      photosensitizers, etc.) generally are not required in the formulation.
PAR  When U.V. radiation is used for the curing reaction, a dose of 0.0004 to
      6.0 watts/cm.sup.2 is usually employed.
PAR  The thickness of the metal or metal cladding on the substrates may vary
      from 0.1 mil to 20 mils, depending on the desired end use.
DETD
PAR  The following examples will aid in explaining, but should not be deemed
      limiting, the instant invention. In all cases unless otherwise noted, all
      parts and percentages are by weight.
PAC  PREPARATION OF SOLID POLYENES
PAC  Example 1
PAR  In a 1-liter flask maintained under a nitrogen atmosphere and equipped with
      a stirrer, thermometer, condenser and a gas inlet and outlet, was added
      348 g (2.0 moles) of toluene diisocyanate (a 80/20 mixture of the 2,4 and
      2,6 isomers). 116 g (2.0 moles) of allyl alcohol was slowly added over a
      period of 2 hours to the reaction vessel with stirring during which time
      the exotherm and reaction temperature were maintained below about
      70.degree.C. After the addition of the allyl alcohol was completed the
      reaction was continued for about 15 hours at about 25.degree.C. The thus
      formed liquid monoallyl urethane had an NCO content of 4.13 meq/g and an
      unsaturation of 4.5 mmoles/g. This product will hereinafter be referred to
      as ene-isocyanate A.
PAC  Example 2
PAR  110 g of a copolymer of styrene allyl alcohol having an equivalent weight
      of about 220 and a hydroxyl content of about 7.7 percent and commercially
      available from Monsanto Company under the tradename RJ 101, was dissolved
      in 300 ml of benzene in a 1-liter reaction flask maintained under a
      nitrogen atmosphere and equipped with a stirrer, condenser, thermometer
      and a gas inlet and outlet. 0.6 g of dibutyl tin dilaurate as a catalyst
      was added to the reaction flask followed by dropwise addition over a
      period of 1/2 hour of 116 g of the ene-isocyanate A prepared in Example 1.
      The reaction was allowed to continue for about 15 hours while maintaining
      the temperature at about 70.degree.C. Thereafter, the reaction mixture was
      cooled to room temperature and the solvent was removed under vacuum. The
      resulting solid polyene having a styrene-allyl alcohol based polymeric
      backbone (190 g) had an unsaturation of 2.2 mmoles/g and a melting point
      of 85.degree.-105.degree.C. This polyene will hereinafter be referred to
      as Polyene A.
PAC  Example 3
PAR  Example 2 was repeated except that 150 g of a copolymer of styrene-allyl
      alcohol having an equivalent weight of about 300 and a hydroxyl content of
      about 5.7 percent and commercially available from Monsanto Company under
      the tradename RJ 100, instead of the RJ 101 was employed as the
      styrene-allyl alcohol copolymer backbone and the benzene solvent was
      replaced by 1,2-dichloroethane. The resulting solid was an allyl
      terminated polyene having a styrene-allyl alcohol copolymer based
      polymeric backbone. This polyene will hereinafter be referred to as
      Polyene B.
PAC  Example 4
PAR  220 g of a copolymer of styrene allyl-alcohol having an equivalent weight
      of about 220 and a hydroxyl content of about 7.7 percent and commercially
      available from Monsanto Company under the tradename RJ 101, and 72.0 g
      acrylic acid along with 400 ml of benzene as solvent and 1.5 g of
      p-toluenesulfonic acid as a catalyst were charged to a resin kettle
      equipped with a stirrer, condenser, Dean Stark trap, thermometer and gas
      inlet and outlet. The mixture was heated to reflux and the benzene-water
      azeotrope was collected. The amount of water obtained was about 16.0 ml.
      The reaction mixture was then diluted with 400 ml benzene and washed two
      times with 250 ml portions of 10 percent sodium bicarbonate solution to
      remove the excess unreacted acid. The thus treated mixture was then
      vacuum-stripped to remove the benzene. The mixture was then dried in a
      vacuum oven at 40.degree.C resulting in a solid polyene containing acrylic
      acid ester groups and styrene-allyl alcohol copolymer based polymeric
      backbone. This solid polyene had an unsaturation of 2.5 mmoles/g and a
      melting point from about 83.degree.-75.degree.C. This polyene will
      hereinafter be referred to as Polyene C.
PAC  PREPARATION OF SOLID POLYTHIOLS
PAC  Example 5
PAR  220 g of a copolymer of styrene allyl-alcohol having an equivalent weight
      of about 220 and a hydroxyl content of about 7.7 percent and commercially
      available from Monsanto Company under the tradename RJ 101, and 106 g of
      .beta.-mercaptopropionic acid along with 400 ml of benzene as a solvent
      and 2.0 g of p-toluenesulfonic acid as a catalyst were charged to a resin
      kettle equipped with a stirrer, condenser, Dean Stark trap, thermometer
      and gas inlet and outlet. The mixture was heated to reflux and the
      benzene-water azeotrope was collected. The amount of water obtained was
      about 18 ml. The reaction mixture was then vacuum-stripped to remove the
      benzene. The mixture was then dried in a vacuum oven at 40.degree.C
      resulting in a white rubbery solid polythiol having a styrene-allyl
      alcohol copolymer bases polymeric backbone which had a mercaptan content
      of 2.65 meq/g. This polythiol will hereinafter be referred to as Polythiol
      A.
PAC  Example 6
PAR  Example 3 was repeated except that 2.0 of sulfuric acid instead of
      p-toluenesulfonic acid was employed as a catalyst. The results were
      substantially the same as in Example 3.
PAC  Example 7
PAR  Example 5 was repeated except that 300 g of a copolymer of styrene-allyl
      alcohol having an equivalent weight of about 300 and a hydroxyl content of
      about 5.7 percent and commercially available from Monstant Company under
      the tradename RJ 100, instead of the RJ 101 was employed as the
      styrene-allyl alcohol copolymeric backbone. The resulting rubbery solid
      polythiol had a mercaptan content of about 2.38 meq/g and will hereinafter
      be referred to as Polythiol B.
PAC  Example 8
PAR  110 g of a copolymer of styrene allyl-alcohol having an equivalent weight
      of about 220 and a hydroxyl content of about 7.7 percent and commercially
      available from Monsanto Company under the tradename RJ 101, and 46 g of
      mercaptoacetic acid along with 250 ml of benzene as solvent and 1.0 g of
      p-toluenesulfonic acid as a catalyst were charged to a resin kettle
      equipped with a stirrer, condenser, Dean-Stark trap, thermometer and gas
      inlet and outlet. The mixture was heated to reflux and the benzene-water
      azeotrope was collected. The amount of water obtained was about 11 ml. The
      reaction mixture was then vacuum-stripped to remove most of the benzene.
      The mixture was poured into petroleum ether in a blender to precipitate a
      solid which was dried in a vacuum oven at 40.degree.C resulting in a
      rubbery, non-tacky solid polythiol ester having a styrene-allyl alcohol
      based polymeric backbone. This polythiol which had a mercaptan content of
      2.94 meq/g will hereinafter be referred to as Polythiol C.
PAC  CURING PROCESSES
PAC  EXAMPLE 9
PAR  An admixture of 3.7 g of solid Polyene A from Example 2, 4.5 g of solid
      Polythiol A from Example 5 and 0.2 g benzophenone were dissolved in
      acetone. The solution was applied uniformly to the copper surface of a
      circuit board comprising a 0.001 inch thick copper cladding on a 0.050
      inch epoxy-glass substrate.
PAR  The acetone was allowed to evaporate, leaving about a 1 mil solid
      photocurable coating of the admixture on the copper. A negative
      image-bearing transparency of a printed circuit was placed in contact with
      and over the coating, and the photocurable coating was exposed through the
      transparency to UV radiation from a 8,000 watt Ascorlux pulsed xenon arc
      lamp at a surface intensity of 3800 microwatts/cm.sup.2 for about 100
      seconds. The major spectral lines of this lamp are all above 3000 A. The
      negative transparency was removed and the coating was washed in acetone to
      remove the unexposed, uncured portion thereof, thus exposing the copper
      thereunder. The imaged circuit board was then etched in an aqueous 30
      percent by weight ammonium persulfate solution for about 5 minutes at
      120.degree.F to remove the exposed copper, followed by a water wash. The
      cured photoresist coating was then removed in methylene chloride solution,
      thus revealing the desired copper electrical circuit.
PAC  Example 10
PAR  An admixture of 2.0 g of Polyene A from Example 2, 3.0 g of solid Polythiol
      A from Example 5, 0.025 g of octadecyl-.beta.-(4-hydroxy-3,5-di-t-butyl
      phenyl) propionate, a stabilizer commercially available from Geigy-Ciba
      under the tradename "Irganox 1076," 0.025 g of 2,6-di-tert-butyl-4-methyl
      phenol commercially available under the tradename "Ionol" from Shell
      Chemical Co. and 0.2 g benzophenone were dissolved in chloroform. The
      solution was applied uniformly to a 1 mil thick protective polyethylene
      terephthalate film. The chloroform was allowed to evaporate leaving a 1.5
      mil solid photocurable coating of the admixture on the film. The coating
      on the polyethylene terephthalate film was brought in contact with the
      copper cladding of a clean copper clad epoxy-glass printed circuit board
      blank. Heat (60.degree.C) and pressure are applied to make the laminate.
      The polyethylene terephthalate film was stripped off. A negative
      image-bearing transparency of a printed circuit was placed in contact with
      and over the coating, and the photocurable coating was exposed through the
      transparency to UV radiation from a 8000 watt Ascorlux pulsed xenon arc
      lamp at a surface intensity of 3800 microwatts/cm.sup.2 for 1 minute. The
      major spectral lines of this lamp are all above 3000 A. The negative
      transparency was removed and the coating was washed in
      1,1,1-trichloroethane to remove the unexposed, uncured portion thereof,
      thus exposing the copper thereunder.
PAR  The imaged coated circuit board was then etched in a 50 percent by volume
      nitric acid solution for more than 5 minutes at 25.degree.C to remove the
      exposed copper, followed by a water wash. The cured photoresist coating
      which was not affected by the strong acid solution was then removed by a
      methylene chloride solvent, thus revealing the desired copper electrical
      circuit on the epoxy-glass printed circuit board.
PAC  Example 11
PAR  Example 10 was repeated except the printed circuit board blank had a
      cladding of nickel metal instead of copper, and the cured photoresist was
      removed with trichlorethylene instead of methylene chloride. The procedure
      resulted in a highly satisfactory quality nickel electrical circuit board.
PAC  Example 12
PAR  A mixture containing 2.0 g of solid Polyene A from Example 2, 3.0 g of
      solid Polythiol A from Example 5, 0.2 g of benzophenone, 0.025 g of
      octadecyl .beta.-(4-hydroxy-3,5-di-t-butyl phenyl)propionate commercially
      available from Geigy-Ciba under the tradename "Irganox 1076" and 0.025 g
      of 2,6-di-tert-butyl-4-methylphenol, an antioxidant commercially available
      under the tradename "Ionol" from Shell Chemical Co. was dissolved in
      chloroform. The solution was applied uniformly to a 1 mil thick protective
      polyethylene terephthalate film. The chloroform was allowed to evaporate
      leaving a 1.5 mil solid photocurable coating of the admixture on the film.
      A second protective 1 mil thick polyethylene film was laminated to the
      coating under pressure at 25.degree.C to form a sandwich. The polyethylene
      film was stripped off and the coating on the polyethylene terephthalate
      film was brought in contact with the surface of a epoxy-glass printed
      circuit board blank which had been treated with a conventional cleaning
      and sensitizing solution which rendered the surface receptive to
      electroless copper deposition. Heat (60.degree.C) and pressure are applied
      to make the laminate which showed good adhesion to the treated epoxy-glass
      surface. The polyethylene terephthalate film was stripped off. A negative
      image-bearing trnasparency of a printed circuit was placed in contact with
      and over the coating, and the photocurable coating was exposed through the
      transparency to UV radiation from a 8000 watt Ascorlux pulsed xenon acr
      lamp at a surface intensity of 3800 microwatts/cm.sup.2 for 1 minute. The
      major spectral lines of this lamp are all above 3000 A. The negative
      transparency was removed and the coating was washed in
      1,1,1-trichloroethane to remove the unexposed, uncured portion thereof,
      thus exposing the sensitized epoxy-glass surface of the printed circuit
      board. The thus treated photocured resist coated substrates was placed
      into a conventional solution containing a catalyst for accelerating the
      deposition of copper prior to immersion into an electroless plating bath
      for about 2 minutes. The thus catalyzed solid photocured resist coated
      substrate was then placed into a highly alkaline (pH about 12) electroless
      copper plating bath at about 60.degree.C. and after about 5 minutes a
      bright shiny layer of copper wad deposited on the exposed areas of the
      epoxy-glass substrate. This copper coated board was allowed to remain an
      additional 5 hours in the electroless copper plating bath. The resulting
      product was a cured photoresist bearing printed circuit board having a
      uniform layer of copper deposited on the catalyzed epoxyglass areas of the
      board unprotected by the photocured resist layer. Inspection of the board
      showed that the photocured resist layer exhibited excellent resistance to
      the highly alkaline plating environment.
PAC  Example 13
PAR  Example 12 was repeated except that a commercially available photopolymer
      solid film resist composed of a photopolymerizable polymer was employed as
      the photoresist material instead of the solid photocurable composition of
      Example 10. Within 2 hours of being exposed to the alkaline electroless
      copper plating bath, the photopolymerized hardened photoresist layer
      exhibited blistering.
PAC  Example 14
PAR  An admixture of 2.0 g of solid Polyene A from Example 2, 3.10 g parts of
      solid Polythiol A from Example 5, 0.2 g of benzophenone, 0.025 g of
      "Irganox 1075," 0.025 g "Ionol", 0.025 g phosphorous acid was dissolved in
      chloroform. The solution was applied uniformly by means of a drawbar to
      the copper surface of a copper clad epoxy-glass printed circuit board
      blank.
PAR  The chloroform was allowed to evaporate, leaving a 1 mil solid photocurable
      coating of the admixture on the copper. A negative image-bearing
      transparency of a printed circuit was placed in contace with and over the
      coating, and the photocurable coating was exposed through the transparency
      to UV radiation from a 8000 watt Ascorlux pulsed xenon arc lamp at a
      surface intensity of 3000 microwatts/cm.sup.2 for two minutes. The major
      spectral lines of this lamp are all above 3000 A. The negative
      transparency was removed and the coating was washed in
      1,1,1-trichloroethane to remove the unexposed, uncured portion thereof,
      thus exposing the copper thereunder.
PAR  The imaged circuit board was passed over a foaming flux, i.e. "Hydrosolv
      709" a fast drying organic flux commercially available from Alphametal
      Inc. to coat with the flux the unprotected copper surface to be soldered.
      The board was then conveyed over a preheater maintained at a temperature
      of 700.degree.F and then over a solder bath containing 60/40 tin-lead
      alloy and maintained at 500.degree.F. A uniform layer of tin-lead alloy
      was deposited on the copper areas unprotected by the photocured resist
      layer. Inspection of the board showed that the cured composition was
      unaffected by the soldering steps.
PAC  Example 15
PAR  An admixture of 4.7 g of solid Polyene B from Example 3, 3.9 g of solid
      Polythiol B from Example 7, and 0.2 of benzophenone was dissolved in
      1,2-dichloroethane. The solution was applied uniformly to the copper
      surface of a copper clad epoxy-glass printed circuit board blank.
PAR  The dichlorethane was allowed to evaporate, leaving a 1 mil solid
      photocurable coating of the admixture on the copper. A negative
      image-bearing transparency of a printed circuit was placed in contact with
      and over the coating, and the photocurable coating was exposed through the
      transparency to UV radiation from a 8000 watt Ascorlux pulsed xenon arc
      lamp at a surface intensity of 3800 microwatts/cm.sup.2 for about 2
      minutes. The major spectral lines of this lamp are all above 3000 A. The
      negative transparency was removed and the coating was washed in 1,1,1
      trichloroethane to remove the unexposed, uncured portion thereof, thus
      exposing the copper thereunder. The image circuit board was then etched in
      an aqueous 30 percent by weight ammonium persulfate solution for about 5
      minutes at 120.degree.F to remove the exposed copper, followed by a water
      wash. The cured photoresist coating which was not affected by the etching
      solution was left on the etched printed circuit board as a protective
      cover for the desired copper electrical circuit thereunder.
PAC  Example 16
PAR  An admixture of 2.7 g of solid Polyene C from Example 4, 3.3 g of solid
      Polythiol A from Example 5, and 0.1 g of dibenzosuberone were dissolved in
      20 g of chloroform. The solution was spin coated to the copper surface of
      a clean copper clad epoxy-glass printed circuit board blank. The
      chloroform was allowed to evaporate leaving a 1.0 mil solid photocurable
      coating of the admixture on the copper. A negative image-bearing
      transparency of a printed circuit was placed in contact with and over the
      coating, and the photocurable coating was exposed through the transparency
      to UV radiation from 8,000 watt Ascorlux pulsed xenone arc lamp at a
      surface intensity of 4000 microwatts/cm.sup.2 for about 1 minute. The
      major spectral lines of this lamp arc are all above 3000 A. The negative
      transparency was removed and the coating was washed in
      1,1,1-trichloroethane to remove the unexposed, uncured portion thereof,
      thus exposing the copper thereunder. The imaged circuit board was then
      etched by spraying it with a ferric chloride solution 38.degree. Baume for
      about 5 minutes at 60.degree.C to remove the exposed copper, followed by a
      water wash. The cured photoresist coating was then removed in methylene
      chloride solution, thus revealing the desired copper electrical circuit.
PAC  Example 17
PAR  Example 15 was repeated except that 2.9 g of Polythiol C from Example 8 was
      used in place of Polythiol B. The results were substantially the same.
PAC  Example 18
PAR  A mixture containing 2.7 g of solid Polyene C from Example 4, 3.3 g of
      solid Polythiol A from Example 5, 0.1 g of dibenzosuberone, 0.025 g of
      octadecyl .beta.-(4-hydroxy-3,5-di-t-butyl phenyl) propionate commercially
      available from Geigy-Ciba under the tradename "Irganox 1076", 0.001 g of
      phosphorous acid and 0.025 g of 2,6-ti-tert-butyl-4-methylphenol, an
      antioxidant commercially available under the tradename "Ionol" from Shell
      Chemical Co. was dissolved in chloroform.
PAR  The solution was spin coated to the surface of 6 mil thick cold rolled
      steel sheet. The chloroform was allowed to evaporate leaving a 1.0 mil
      solid photocurable coating of the admixture on the steel sheet. A negative
      image-bearing transparency was placed in contact with and over the coating
      which showed good adhesion to the steel surface, and the photocurable
      coating was exposed through the transparency to UV radiation from 8,000
      watt Ascorlux pulsed xenon arc lamp at a surface intensity of 4000
      microwatts/cm.sup.2 for about 1 minute. The major spectral lines of this
      lamp are all above 3000 A. The negative transparency was removed and the
      coating was washed in 1,1,1-trichloroethane to remove the unexposed,
      uncured portion thereof, thus exposing the surface of the steel sheet
      thereunder. The steel sheet was treated on the surface containing the
      cured photoresist by spraying with a ferric chloride solution 42.degree.
      Baume at 50.degree.C. After about 15 minutes all the exposed steel sheet
      was etched through its entire thickness by the chemical milling reaction.
PAR  The molecular weight of the polyenes and polythiols of the present
      invention as well as the starting styrene-allyl alcohol polymer materials
      of this invention may be measured by various conventional methods
      including solution viscosity, osmotic pressure and gel permeation
      chromatography. Additionally, the molecular weight may be calculated from
      the known molecular weight of the reactants.
PAR  As can be seen from the above detailed description, the subject solid
      curable and particularly photocurable compositions comprised of compatible
      solid polyenes and solid polythiols having similar polymeric backbones
      based on styrene-allyl alcohol copolymers exhibit extremely satisfactory
      chemical and physical properties and are versatile curable polymeric
      systems which do not possess the many drawbacks of liquid curable polymer
      compositions.
PAR  A desirable characteristic of these solid photocurable polyene-polythiol
      compositions is that solid films of the same may be formed easily by known
      film forming techniques and the solid photosensitive film can be packaged
      as a sandwich between removable protective cover sheets such as
      polyolefin, films and a flexible, usually UV transparent, support
      polymeric film composed of polyesters, cellulose esters, polyamides, etc.
      In this manner, they can be easily stored and handled and when ready for
      use can be directly laminated, usually under pressure and heat, to the
      desired solid surface, e.g., metal clad printed circuit board. The solid
      uncured polyene-polythiol composition adhere very satisfactorily to
      various surfaces, particularly to copper.
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that many variations may be made therein without
      departing from the spirit of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process which comprises:
PA1  A. applying to the surface of a substrate a solid layer of a curable
      composition consisting essentially of
PA2  1. a solid polyene containing at least 2 reactive unsaturated carbon to
      carbon bonds per molecule selected from the group consisting of polyene
      compounds having the general formula:
      ##EQU12##
      wherein Q is a styrene-allyl alcohol copolymeric moiety remaining after n
      hydroxyl groups of a styrene-allyl alcohol copolymer have reacted to form
      (i) n urethane linkages in Formula I and (ii) n ester linkages in Formula
      II; A and B are polyvalent organic radical members free of reactive carbon
      to carbon unsaturation and are independently selected from the group
      consisting of aryl, substituted aryl, aralkyl, substituted aralkyl,
      cycloalkyl, substituted cycloalkyl, alkyl and substituted alkyl containing
      1 to 36 carbon atoms and mixtures thereof, said group members can be
      internally connected to one another by a chemically compatible linkage
      selected from the group consisting of --O--, --S--, carboxylate,
      carbonate, carbonyl, urethane and substituted urethane, urea and
      substituted urea, amide and substituted amide, amine and substituted amine
      and hydrocarbon; Z is a divalent chemically compatible linkage selected
      from the group consisting of -NH-C-O-,
PAL  --o-- and --S--; X is a member selected from the group consisting of:
PA1  a. --(CH.sub.2).sub.d --CR'=CHR
PA1  b. --O(CH.sub. 2).sub.d --CR'=CHR
PA1  c. --S-(CH.sub.2).sub.d -CR'=CHR
PA1  d. --(CH.sub.2).sub.d --C.tbd.CR
PA1  e. --O--(CH.sub.2).sub.d --C.tbd.CR
PA1  f. --S--(CH.sub.2).sub.d --C.tbd.CR
PAL  and mixtures thereof; where R and R' each are independently selected from
      the group consisting of hydrogen and methyl radicals; d, k, p and q are
      each integers from 0 to 1; y is an integer from 1 to 10; m and n are each
      integers of at least 1; with the proviso that when n is 1, y or m is at
      least 2; and
PA1  2.
NUM  2.
PAR  2. a solid polythiol containing at least 2 thiol groups per molecule of the
      general formula:
      ##EQU13##
      wherein x is an integer of at least 2; E is a styrene-allyl alcohol
      copolymeric moiety remaining after removal of x hydroxyl groups from a
      styrene-allyl alcohol copolymer to form x ester linkages; and R.sub.3 is a
      polyvalent organic radical member free of reactive carbon to carbon
      unsaturation and is selected from the group consisting of aryl,
      substituted aryl, aralkyl, substituted aralkyl, cycloalkyl, substituted
      cycloalkyl, alkyl and substituted alkyl groups containing 1 to 16 carbon
      atoms and mixtures thereof, the total combined functionality of (1) the
      reactive unsaturated carbon to carbon bonds per molecular in the polyene
      and (2) the thiol groups per molecule in the polythiol being greater than
      4;
PA1  B. exposing selected areas of said composition to a free radical generator,
      thereby curing the exposed areas of said composition; and
PA1  C. removing the unexposed uncured areas of the curable composition, thereby
      baring the surface of said substrate beneath the removed uncured areas of
PAR   the composition. 2. The process of claim 1 wherein
PA1  1. said solid polyene is selected from the group consisting of polyene
      compounds having the formula:
      ##SPC3##
PAL  wherein in Formula I, B is a polyvalent organic radical selected from the
      group consisting of
      ##EQU14##
      and mixtures thereof; X is a member selected from the group consisting of
      --CH.sub.2 --CH=CH.sub.2, --CH.sub.2 CH=CHCH.sub.3, --O--CH.sub.2
      --CH=CH.sub.2 and --CH=CH.sub.2 and mixtures thereof, y is an integer of 1
      or 2; and the integers q and n in Formula I and the Q radicals in Formulas
      I and II have the same meaning as in claim 1; and wherein in Formula II, n
      is an integer of at least 2 and X is a member selected from the group
      consisting of --CH=CH.sub.2, --CCH.sub.3 =CH.sub.2, --CH.sub.2
      --CH=CH.sub.2 and mixtures thereof; and (2) the radical R.sub.3 in said
      solid polythiol selected from the group consisting of --CH.sub.2 --,
      ##EQU15##
       -CH.sub.2 CH.sub.2 -- and mixtures thereof; and said styrene-allyl
      alcohol copolymer reactants having an equivalent weight of about 300 .-+.
      130 and a hydroxyl group content from about 4 to 10 percent by weight.
NUM  3.
PAR  3. A composition of claim 2 wherein said solid polyene is a polyene having
      Formula I and q is an integer of 0, n is an integer of at least 2 and X
      member is --CH.sub.2 --CH=CH.sub.2 ; and the radical R.sub.3 in said solid
      polythiol is --CH.sub.2 --CH.sub.2 --; said styrene-allyl alcohol
      reactants having an equivalent weight of about 220 and a hydroxyl group
      content of about 7.7 percent by weight.
NUM  4.
PAR  4. The process according to claim 1 wherein the composition is applied to
      the surface by a lamination process wherein a removable protective carrier
      film is used to apply said composition as an adherent preformed layer.
NUM  5.
PAR  5. The process according to claim 1 wherein the composition is applied to
      the surface as a coating in solution and the solvent is removed.
NUM  6.
PAR  6. The process according to claim 1 wherein the free radical generator is
      actinic radiation.
NUM  7.
PAR  7. The process according to claim 6 wherein the actinic radiation is
      actinic laser radiation.
NUM  8.
PAR  8. The process according to claim 6 wherein the actinic radiation is
      ultraviolet light having a wavelength between about 2000A and about 4000A.
NUM  9.
PAR  9. The process according to claim 1 wherein at least the surface of said
      substrate is metallic.
NUM  10.
PAR  10. The process according to claim 9 further including the steps of: (D)
      etching the exposed metallic areas of said substrate to the desired depth,
      and (E) optionally removing the cured areas of said composition.
NUM  11.
PAR  11. The process according to claim 10 wherein the surface is a metal
      cladding on an insulating substrate.
NUM  12.
PAR  12. The process of claim 6 wherein said composition contains from 0.005 to
      50 parts by weight of 100 parts by weight of said polyene and said
      polythiol of a photocuring rate accelerator.
NUM  13.
PAR  13. The process according to claim 1 further including the steps of (D)
      depositing a layer of metal onto the bared areas of said surface, and
      thereafter (E) optionally removing the cured composition from said
      substrate.
NUM  14.
PAR  14. The process according to claim 13 wherein the substrate is an
      insulating substrate.
NUM  15.
PAR  15. The process according to claim 13 wherein the deposition of said metal
      is electroless.
NUM  16.
PAR  16. The process according to claim 13 wherein the surface of said substrate
      is a metal cladding.
NUM  17.
PAR  17. The process according to claim 16 wherein in step (E) the cured portion
      of said composition is removed from said surface, and thereafter the
      unprotected unplated areas of said metal cladding are etched.
NUM  18.
PAR  18. The process according to claim 13 wherein said metal is deposited by
      soldering onto a metallic surface.
NUM  19.
PAR  19. The process according to claim 1 wherein said substrate is perforated.
NUM  20.
PAR  20. The process according to claim 1 wherein the substrate is a plastic.
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ABST
PAL  A masking process for masking a defined area on the surface of a substrate
      which is to be coated with a combustible coating material which comprises
      using as the masking means, a combustible masking material having a
      heating element enveloped therein along the edges thereof, coating the
      masked substrate with the coating material, decomposing the coating
      material and the masking material at the edges of the latter with the
      heating element, and then removing the remaining coated masking material
      and the heating element.
BSUM
PAC  I. BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the coating of partially masked substrates which
      coatings formed from combustible coating materials.
PAR  2. Description of the Prior Art
PAR  Various types of combustible coatings are applied to substrates to coat
      such surfaces. One class of such combustible coating materials is the
      paraxylylene-polymers which are formed from a vaporous diradical which is
      condensed to form the polymer. These polymers are commonly employed to
      coat or encapsulate various types of substrates. In some applications, it
      is necessary to mask defined areas on certain types of substrates in order
      to prevent the deposition of the coating on such defined areas during the
      coating operation. Such substrates which must be masked for this purpose
      include electrical circuit boards, hybrid circuits, and electrical
      components and modules. It may also be necessary to mask non-electrical
      substrates which require a masking/demasking operation in conjunction with
      the use of adhesives in an assemblying operation.
PAR  The exposed electrical contacts and connectors on the surface of circuit
      board substrates must be masked, for example, before the coating
      operation, and the masking must be removed by mechanical stripping before
      the coated substrate can then be put to its intended use. The cost
      incurred heretofore by the masking/demasking process can account, in many
      applications, for at least about 20 to 50 percent of the total cost of the
      coating.
PAR  Such costs have curtailed, to some extent, the use of these coating
      materials for various coating applications which could not stand such
      costs. A more simplified and effective masking process was sought,
      therefore, in order to expand the field of use of these coating materials.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that a relatively simple and effective masking
      process is provided when coating a portion of the surface of a substrate
      with a coating formed from a combustible coating material, by first
      masking, with a combustible masking material having heating element means
      enveloped therein at the edges thereof, that portion of the surface which
      is not to be coated, then applying the coating material over the masked
      and unmasked surfaces of the substrate, then decomposing the coating
      material and the masking means at the edges of the latter with the heating
      element means, and then removing the remaining coated masking material and
      the heating element means.
PAR  An object of the present invention is to provide a masking process which
      will facilitate the use of coatings formed from combustible coating
      materials.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic flow sheet of a p-xylylene polymer coating device
      arrangement.
PAR  FIG. 2 shows a top view of a circuit board with a portion of the surface
      thereof masked in accordance with the present invention.
PAR  FIG. 3 shows a cross section of the masked circuit board of FIG. 2 through
      section I-I thereof.
PAR  FIG. 4 shows a cross section of the masked circuit board of FIG. 2, through
      section I-I thereof, after the coating operation.
PAR  FIG. 5 shows a top view of the circuit board of FIG. 2 after the coating
      operation, after the burning off of the masking material and the coating
      material thereon, and after the removal of the heating elements.
PAR  FIG. 6 shows a cross-section of the masked circuit board of FIG. 5, through
      section II-II thereof.
PAR  FIG. 7 shows a top view of the coated circuit board of FIG. 5, after the
      masking has been removed.
PAR  FIG. 8 shows a cross-section of the coated circuit board of FIG. 7, through
      Section III-III thereof.
DETD
PAC  II. DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  1. The Basic Process of the Present Invention
PAR  The basis process of the present invention may be more explicitly defined
      as
PAR  a masking process for masking a defined area on the surface of a substrate
      which is to be coated with a combustible coating material which comprises
PAR  providing heating element means along the edges of such defined area
PAR  placing combustible masking means over such defined area and such heating
      element means,
PAR  applying the combustible coating material to the surface of the substrate
      so as to coat the unmasked area of such surface and at least those
      portions of the surface of the combustible masking means which cover the
      heating element means,
PAR  heating the heating element means to a temperature and for a period of time
      sufficient to decompose the combustible masking means and the combustible
      coating material along the edges of such defined area, and then removing
      the remaining combustible masking means and the heating element means from
      the substrate.
PAR  A combustible material means, for the purposes of the present invention,
      one which, when subjected to temperatures of &gt; 25.degree.C can be made to,
      when subjected to such temperature for a sufficient period of time,
      progressively decompose by oxidation, as evidenced by the appearance of
      carbonyl groups in the infra red spectrum analysis of gaseous products
      formed during the oxidation decomposition of such combustible material.
      The progressive oxidative degradation or decomposition of the combustible
      material should procede, for the purposes of the present invention, at
      least to the point where such combustible material suffers a loss, at a
      temperature of &gt; 25.degree.C, of at least about 125 percent, and
      preferably of at least 200 percent, in the elongation value of such
      combustible material as measured at 25.degree.C by ASTM procedure
      D-882-56T. The progressive oxidative degradation or decomposition of the
      combustible material can be allowed to proceed to the point where the
      combustible material is completely burned-off, or vaporized, by oxidation.
      The progressive degradation can also be accomplished in the absence of
      oxygen by pyrolytic decomposition.
PAR  The preferred of the combustible coating materials for use in the process
      of the present invention are linear para-xylylene polymers, and the
      remaining description of the present invention will be principally based
      on the use of such polymers in this process.
PAC  2. GENERAL PREPARATION OF PARA-XYLYLENE POLYMERS
PAR  Linear para-xylylene polymers are usually prepared by condensing, in a
      condensation zone, vapors of p-xylylene monomers which can be produced by
      the pyrolytic cleavage, in a pyrolysis zone, of one or more cyclic dimers
      represented by the following structure:
      ##SPC1##
PAL  wherein R is an aromatic nuclear substituent, x and y are each integers
      from 0 to 3, inclusive, and R' is H, Cl and/or F. The thus formed vaporous
      p-xylylene moiety may be in the form of diradicals having the structures
      ##SPC2##
      and/or moieties having the tetraene or quinoid structures:
      ##SPC3##
PAR  It is believed that the tetraene or quinoid structure is the dominant
      structure which results when the dimer is pyrolyzed, but that the monomer
      polymerizes as though it were in the diradical form.
PAR  Thus, where x and y are the same, and the aromatic nuclear substituent on
      each monomer is the same, and all the R's are the same, two moles of the
      same p-xylylene monomer are formed, and when condensed, yield a
      substituted or unsubstituted p-xylylene homopolymer. When x and y are
      different or the aromatic nuclear substituents on each p-xylylene monomer
      are different, or the R's are different, condensation of such monomers
      will yield copolymers as hereinafter set forth. Examples of the R
      substituent groups which may be present in the dimers and monomers are
      organic groups such as alkyl, aryl, alkenyl, cyano, alkoxy, hydroxy alkyl,
      carbalkoxy and like radicals and inorganic radicals such as hydroxyl,
      halogen and amino groups. COOH, NO.sub.2 and SO.sub.3 H groups may be
      added as R groups to the polymer after it is formed. The unsubstituted
      positions on the aromatic rings are occupied by hydrogen atoms.
PAR  The particularly preferred substituent R groups are the C.sub.1 to C.sub.10
      hydrocarbon groups, such as the lower alkyls, i.e., methyl, ethyl, propyl,
      butyl and hexyl, and aryl hydrocarbons such as phenyl, alkylated phenyl,
      naphthyl and like groups; and the halogen groups, chlorine, bromine,
      iodine and fluorine. Hereinafter the term "a di-p-xylylene" refers to any
      substituted or unsubstituted cyclic di-p-xylylene as hereinabove
      discussed.
PAR  Condensation of the p-xylylene monomers to form the p-xylylene polymers can
      be accomplished at any temperature below the decomposition temperature of
      the polymer, i.e., at &lt; 250.degree.C. The condensation of the monomers
      will proceed at a faster rate, the colder is the substrate on which the
      condensation is to take place. Above certain temperatures, which might be
      defined as a ceiling condensation temperature, the monomers will condense
      at rates which are relatively slow for commercial applications. Each has a
      different ceiling condensation temperature. For example, at 0.5 mm Hg
      pressure the following condensation and polymerizations ceilings are
      observed for the following monomers:
TBL                      Degrees centigrade                                    
     p-Xylylene          25-30                                                 
     Chloro-p-xylylene   70-80                                                 
     Cyano-p-xylylene    120-130                                               
     n-Butyl-p-xylylene  130-140                                               
     Iodo-p-xylylene     180-200                                               
PAR  Thus, homopolymers may be made by maintaining the substrate surface at a
      temperature below the ceiling condensation temperature of the particular
      monomer species involved, or desired in the homopolymer. This is most
      appropriately termed "homopolymerizing conditions."
PAR  Where several different monomers existing in the pyrolyzed mixture have
      different vapor pressure and condensation characteristics as for example
      p-xylylene, or cyano-p-xylylene and chloro-p-xylylene, or any other
      mixture thereof with other substituted p-xylylenes, homopolymerization
      will result when the condensation and polymerization temperature is
      selected to be at or below that temperature at which only one of the
      monomers condenses and polymerizes. Thus, for the purpose of this
      invention the term "under homopolymerization conditions" is intended to
      include thos conditions where only homopolymers are formed.
PAR  Therefore it is possible to make homopolymers from a mixture containing one
      or more of the substituted monomers when any other monomers present have
      different condensation or vapor pressure characteristics, and wherein only
      one monomer species is condensed and polymerized on the substrate surface.
      Of course, other monomer species not condensed on the substrate surface
      can be drawn through the apparatus as hereinafter described in vaporous
      form to be condensed and polymerized in a subsequent cold trap.
PAR  Inasmuch as the p-xylylene monomers, for example, are condensed at
      temperatures of about 25.degree. to 30.degree.C., which is much lower than
      that at which the cyano p-xylylene monomers condense, i.e., about
      120.degree. to 130.degree.C., it is possible to have such p-xylylene
      monomers present in the vaporous pyrolyzed mixture along with the
      cyano-substituted p-xylylene monomers when a homopolymer of the
      substituted dimer is desired. In such a case, homopolymerizing conditions
      for the cyano p-xylylene monomers are secured by maintaining the substrate
      surface at a temperature below the ceiling condensation temperature of the
      substituted p-xylylene but above that of the unsubstituted p-xylylene;
      thus permitting the unsubstituted p-xylylene vapors to pass through the
      apparatus without condensing and polymerizing, but collecting the
      poly-p-xylylene in a subsequent cold trap.
PAR  It is also possible to obtain substituted copolymers through the pyrolysis
      process hereinabove described. Copolymers of p-xylylene and substituted
      p-xylylene monomers, as well as copolymers of substituted p-xylylene
      monomers wherein the substituted groups are all the same radicals but
      wherein each monomer contains a different number of substituent groups,
      can all be obtained through such pyrolysis process.
PAR  Copolymerization also occurs simultaneously with condensation, upon cooling
      of the vaporous mixture of reactive monomers to a temperature below about
      200.degree.C. under polymerization conditions.
PAR  Copolymers can be made by maintaining the substrate surface at a
      temperature below the ceiling condensation temperature of the lowest
      boiling monomer desired in the copolymer, such as at room temperature or
      below. This is considered "copolymerizing conditions," since at least two
      of the monomers will condense and copolymerize in a random copolymer at
      such temperature.
PAR  In the pyrolytic process, the reactive monomers are prepared by pyrolyzing
      a substituted and/or unsubstituted di-para-xylylene at a temperature less
      than about 750.degree.C., and preferably at a temperature between about
      600.degree.C. to about 680.degree.C. At such temperatures, essentially
      quantitative yields of the reactive monomers are secured. Pyrolysis of the
      starting di-p-xylylene begins at about 450.degree.C. regardless of the
      pressure employed. Operation in the range of 450.degree.-550.degree.C.
      serves only to increase the time of reaction and lessen the yield of
      polymer secured. At temperatures above about 750.degree.C., cleavage of
      the substituent group can occur, resulting in a tri-/or polyfunctional
      species causing cross-linking or highly branched polymers.
PAR  The pyrolysis temperature is essentially independent of the operating
      pressure. It is preferred, however that reduced or subatmospheric
      pressures be employed. For most operations, pressures within the range of
      0.0001 to 10 mm Hg absolute are most practical. However, if desired,
      greater pressures can be employed. Likewise, if desirable, inert vaporous
      diluents such as nitrogen, argon, carbon dioxide, steam and the like can
      be employed to vary the optimum temperature of operation or to change the
      total effective pressure in the system.
PAR  When the vapors condense on the substrate to form the polymer, i.e.,
      coating, the coating forms as a continuous film of uniform thickness. The
      coatings are transparent and pinhole free. Thickness of the coating can be
      varied by various procedures, as by varying the amount of dimer used, and
      by varying the reaction temperature, time, pressure and substrate
      temperature.
PAR  In addition to the linear para-xylylene polymers, other combustible coating
      materials may be used in the process of the present invention.
PAC  3. MASKING MEANS
PAR  The masking means which is used in the process of the present invention to
      mask those areas of the surface of the substrate which are not to be
      coated include all the conventional combustible masking means such as
      masking tape, paper, polyethylene, vinyl resins, polytetrafluoroethylene
      resins, acetate resins, cellophane, woven tapes, foils, silicone rubber,
      and laminates made of resins such as epoxy resins, polyester resins, and
      phenolic resins. These laminates may be made with or without structural
      reinforcing elements.
PAR  Adhesives, clamps, clips, spring loaded holders, shrinkfit devices and the
      like, may be used to secure the masking means to the surfaces being
      coating the coating operations.
PAR  The masking means may be used in the form of thin sheets or film which are
      about 0.0005 to 0.020 inches thick, or in the form of thicker sleeves,
      templates, and the like. The masking means may be molded or machined to
      conform to the configuration of the substrate being masked therewith.
PAC  4. HEATING ELEMENT
PAR  As noted above, at the edges of the masking means there is provided,
      usually by enveloping it therein, a heating element. Such heating element
      means would include thermal conductors such as strips or wires of
      aluminum, iron, copper and brass.
PAR  The heating element means may also be an electrical conductor or
      semi-conductor such as one made of copper, aluminum, inconel, nichrome,
      and tungsten.
PAR  The electrical conductors and semi-conductors can be heated by applying a
      voltage therethrough.
PAR  The heating element means are relatively thin materials having a diameter
      or width of about 0.001 to 0.010 inches.
PAR  The heating element means should be capable of providing the desired
      temperature needed to decompose the masking material and the coating
      material. The required temperatures are of the order of about .gtoreq.
      250.degree.C, and preferably of the order of about
      750.degree.-1000.degree.C.
PAC  5. MASKING PROCESS
PAR  Thus the masking process of the present invention can be more specifically
      defined as
PAR  a process for masking a defined area on the surface of a substrate during
      the coating of such surface with a combustible coating material so as to
      prevent the coating of the defined area with the combustible coating
      material which comprises
PAR  applying combustible masking means onto the defined area so as to cover
      such defined area,
PAR  the combustible masking means having heating element means enveloped
      therein along the edges thereof which define the defined area,
PAR  such heating element means being adapted to being heated to a temperature
      at which the combustible masking means and the combustible coating
      material can be partially or completely decomposed,
PAR  applying the combustible coating material to the surface of the substrate
      so as to continuously coat the unmasked areas of the surface and at least
      those portions of the surface of the combustible masking means which
      envelope the heating element means,
PAR  heating the heating element means at a temperature and for a period of time
      sufficient to decompose the combustible masking means and the combustible
      coating material at the edges of the defined area, and then
PAR  removing the remaining combustible masking means and the heating element
      means from the substrate.
PAR  A more detailed understanding of the masking process of the present
      invention, in which para-xylylene polymers are employed, in a vapor
      deposition coating process, as the coating materials, may be obtained by
      now referring to the drawings.
PAR  FIG. 1 shows a schematic view of various parts of equipment that may be
      used, in combination, in carrying out the masking process of the present
      invention. Thus, the vaporization of the p-xyxylene dimer is conducted in
      a vaporizer unit 1. The vapors are then conducted to a pyrolysis unit 2
      for the purposes of pyrolyzing the vaporous cyclic dimer to form, per mol
      of dimer, two mols of the p-xylylene moiety. The p-xylylene vapors are
      then passed into deposition chamber 3, wherein the novel process of the
      present invention is essentially conducted. Unreacted p-xylylene vapors
      pass through deposition chamber 3 into a cold trap 4 where they are
      condensed. The entire series of elements 1 through 4 is connected in
      series to vacuum pump 5 which is used to maintain the desired pressure
      conditions throughout the interconnected system of devices, and also to
      help cause the dimer and p-xylylene vapors to flow in the desired
      direction. Valves may be inserted between the adjoining devices in the
      system to regulate the flow of the vapors.
PAR  For the purposes of the present invention the p-xylylene vapors are usually
      fed to deposition chamber 3 through the side thereof, through line 2a,
      and/or through the top thereof, through line 2b.
PAR  FIG. 2 shows a top view of a circuit board 6 having an upper surface 7. On
      upper surface 7 there are placed masking means 8a and 8b. These masking
      means are used to protect the underlying areas of surface 7 from being
      coated with para-xylylene polymer during the coating operation. Underneath
      those edges of masking means 8a and 8b which are not coextensive with the
      edges of the circuit board there are placed heating elements 9a and 9b,
      respectively. The underlying position of these heating elements is shown
      by dotted lines on the inner edge of masking means 8a and on the entire
      edge of masking means 8b.
PAR  Heating element means 9a and 9b are attached to suitable leads, not shown,
      for the purposes of supplying the necessary heat to such heating element
      means.
PAR  FIG. 3 shows a cross section of circuit board 6, prior to the coating
      operation, through section I--I of the uncoated circuit board as seen in
      FIG. 2. In FIG. 3 heating elements 9a and 9b are shown lying on the
      surface 7 of circuit board 6 with the tops and sides thereof covered or
      enveloped by masking means 8a and 8b respectively. The heating elements
      may also be further enveloped by the masking means by having the edges of
      the masking means placed under the heating elements. Masking means 8a
      extends down along the length of one side of circuit board 6.
PAR  The surface 7 of circuit board 6 usually contains exposed electrical
      elements such as electrical connectors, or electrical devices such as
      diodes, transistors, integrated circuit chips, capacitors, resistors, and
      the like.
PAR  The existence and possible positioning of such electrical elements is not
      shown since it is not necessary for a proper understanding of the
      invention. The electrical elements which are to be coated with the coating
      material, however, are generally positioned within the unmasked areas of
      surface 7. To avoid coating such exposed electrical elements during the
      coating process, therefore, the surface 7 of circuit board must be masked
      accordingly, and the configuration of the masking means can be readily
      tailored to accomplish this end.
PAR  Where it is necessary to lay a heating element means directly, or entirely
      enveloped within the edges of the masking means, over the surface of an
      exposed electrical element on surface 7, suitable thermal or electrical
      insulation should be inserted, where necessary, between such exposed
      electrical elements and the heating element means so as to avoid damaging
      the exposed electrical elements during the heating of the heating element
      means.
PAR  When masking means 8a and 8b, and heating element means 9a and 9b, are in
      place on surface 7, the thus assembled circuit board is coated with
      para-xylylene polymers in deposition chamber 3 by allowing p-xylylene
      dimer vapors to condense and polymerize, as disclosed above, on the
      exposed surface 7 of circuit board 6 and on the surfaces of masking means
      8a and 8b. As a result, a continuous coating of para-xylylene polymer
      forms over such surfaces.
PAR  FIG. 4 shows a cross section of circuit board 6 after such coating
      operation through section I--I of the circuit board as seen in FIG. 2. The
      unmasked surface 7 of circuit board 6, as well as the surfaces of masking
      means 8a and 8b, are now coated with a continuous coating 10 of
      para-xylylene. Heating elements 9a and 9b are still enveloped in masking
      means 8a and 8b, respectively.
PAR  Under the usual coating conditions employed in coating substrates in a
      vapor deposition process with coating materials such as para-xylylene
      polymers, all the exposed, unmasked, surfaces of the object being coated,
      top sides and/or bottom, are usually coated. In the case of circuit board
      6, the bottom of it was not coated, since the bottom was not exposed to
      the coating vapors. The unmasked side 6a of circuit board 6 was coated
      with coating 10 during the coating process, whereas the masked side 6b of
      the board was only coated on the mask, and not on such side of the board
      itself.
PAR  After the coating operation, heating elements 9a and 9b are then heated up,
      through their leads, to a temperature, and for a period of time, as is
      necessary, oxidatively to decompose those areas of the masking means and
      the coating means which are adjacent and above the heating element. This
      decomposition operation can also be conducted in deposition chamber 3,
      before removing the coated circuit board therefrom, if the necessary leads
      were attached to the heating elements before the masked circuit board was
      first inserted into the deposition chamber. The width of the decomposed
      area of the coating material usually amounts to about 1.5 to 2 times the
      width of the heating element, with the width of the heating element
      itself, included in such area.
PAR  The decomposition operation can be conducted at a temperature and for a
      period of time as is sufficient to completely oxidize and burn-off the
      coating material, and masking means which covers, and/or is adjacent to,
      the heating element. The heating element can then be readily removed from
      the substrate. The heating element itself can also, of course be removed
      by a complete oxidative decomposition thereof.
PAR  The decomposition operation can also be conducted at a temperature and for
      a period of time as is sufficient to cause the coating material, and
      masking means, which covers, and/or is adjacent to, the heating element to
      suffer a loss of elongation value (as measured at 25.degree.C) of &gt; 125
      percent, and preferably of at least 200 percent, without causing a
      complete oxidation of such coating material and such masking means. The
      partially decomposed coating material and masking means can then be
      readily torn by a shearing force, and removed from the substrate. The
      heating element can then also be readily removed.
PAR  The removal of the partially or completely decomposed portions of the
      coating material and the masking means as described above, does not impair
      the integrity of the adhesion of the coating remaining on the substrate
      itself, or on the remaining masking means.
PAR  FIG. 5 shows a top view, and FIG. 6 shows a cross-section through section
      II--II of FIG. 5, of coated circuit board 6 after the decomposition
      operation and after the removal of the heating elements. Thus FIGS. 5 and
      6 show the decomposed path provided in and through coating 10 by the
      heating elements, along the edges of masking means 8a and 8b.
PAR  FIG. 7 shows a top view, and FIG. 8 shows a cross section through Section
      III--III of FIG. 7, of coated circuit board 6 after the decomposition
      operation, and, further, after the removal of coated masking means 8a and
      8b. Coating 10 now covers only that portion of surface 7 which was
      directly exposed to the coating vapors. Surface areas 7a and 7b of circuit
      board 6 are not coated with para-xylylene polymer, and they are those
      areas which were respectively covered for the most part by masking means
      8a and 8b.
PAR  In all the drawings the relative dimensions of the elements are not drawn
      to scale in order to readily described the present invention. In practice,
      coatings 10 are usually of the order of about 2 to 30 microns thick where
      para-xylylene polymers are employed as the coating materials. Thicker
      coatings of the order of about 100 to 250 microns, may be used with other
      coating materials.
PAR  The process of the present invention can thus be even more specifically
      defined, with respect to the use of para-xylylene polymer as the coating
      material, as
PAR  a process for masking a defined area on the surface of a substrate during
      the coating of such substrate with para-xylylene polymer so as to prevent
      the coating of the defined area with such polymer, which comprises
PAR  applying combustible masking means to the defined area so as to cover such
      defined area,
PAR  the combustible masking means having heating element means enveloped
      therein along the edges thereof which define the defined area,
PAR  such heating element means being adapted to being heated to a temperature
      at which the combustible masking means and the polymer can be partially or
      completely decomposed,
PAR  applying the polymer, in a vapor deposition process, as a coating over the
      masked and unmasked areas of the surface of the substrate,
PAR  heating the heating element means to a temperature and for a period of time
      sufficient to decompose the combustible masking means and the polymer at
      the edges of the defined area, and then
PAR  removing the remaining combustible masking means and the heating element
      means from the surfaces of the substrate.
PAC  6. EXAMPLES
PAR  The following examples are merely illustrative of the process of the
      present invention and are not intended as a limitation upon the scope
      thereof.
PAC  EXAMPLES 1 - 3
PAR  A series of three experiments were conducted to illustrate the process of
      the present invention. For each experiment a blank circuit board substrate
      was masked, coated and demasked in accordance with the present invention.
      The substrate was a 3 inch .times. 8 inch .times. 1/16 inch glass fiber
      reinforced phenolic resin laminate which is commonly used as a circuit
      board substrate. The substrate was devoid of any electrical circuitry.
PAR  The masking means and heating element means used in each experiment were as
      follows:
     Example  Masking Means   Heating Element Means                            
     ______________________________________                                    
     1        teflon tape     30 gauge nichrome                                
              1" wide         wire, 6" long,                                   
              0.004" thick    0.010" in diameter                               
     2        paper tape      inconel wire                                     
              1" wide         6" long                                          
              0.005" thick    0.003" in diameter                               
     3        black vinyl     22 gauge nichrome                                
              electrical tape wire, 6" long,                                   
              3/4" wide       0.025" in diameter                               
              0.007" thick                                                     
     ______________________________________                                    
PAR  The masking means used in each experiment had an adhesive backing which
      allowed the tape to be adhesively bonded to the substrate and to the
      heating element.
PAR  In each experiment a single width of the tape, i.e., the masking means, was
      used to mask one of the 3 inch wide ends of the upper surface of the
      substrate, with the heating element running under the inner (with respect
      to the surface of the substrate) edge of the tape, in the positions
      corresponding to those of masking means 8a and heating element means 9a as
      shown in FIGS. 2 and 3 of the drawings. About 1 1/2 inches of the heating
      element means also extended beyond each of the top and bottom, as seen in
      FIG. 2, edges of surface 7 of circuit board 6. These 1 1/2 inch leads were
      subsequently attached to a source of electricity which was used to supply
      the voltage necessary to heat the heating element, as described below.
PAR  In each experiment the masked substrate was then placed in a para-xylylene
      polymer coating deposition chamber and the masked and unmasked surface of
      the substrate was then coated with a continuous coating of
      polychloro-para-xylylene which was about 0.0005 to 0.0007 inches thick.
PAR  The coating was supplied in each experiment by charging about 35 grams of
      chloro-para-xylylene monomer to a vaporizer unit and vaporizing and
      pyrolyzing the monomer, and condensing the resulting diradical on the
      substrate being coated in the deposition chamber, as described above.
      During the coating operation the following conditions prevailed in the
      coating apparatus in each experiment:
     vaporizer unit temperature                                                
                         :        200.degree.C                                 
     pyrolysis unit temperature                                                
                         :        650.degree.C                                 
     deposition chamber pressure                                               
                         :        30-90 microns                                
     cold trap temperature                                                     
                         :        -86.degree.C                                 
     vacuum pump         :        3 microns                                    
PAR  After the coating operations, the coated substrates were removed from the
      deposition chamber and the leads from the heating elements (which elements
      were now coated by both the masking means and the
      poly-chloro-para-xylylene coating as shown in FIGS. 5 and 6 of the
      drawings) were now attached to a source of electric power, through a
      transformer, and a voltage was applied to the heating element to heat it
      to a red heat (.gtoreq.900.degree.F) under the following conditions:
TBL                     Secondary                                              
             Primary    Voltage,  Current,                                     
                                          Time the                             
             Voltage of to heating                                             
                                  to heating                                   
                                          voltage                              
             Transformer                                                       
                        element   element,                                     
                                          applied,                             
     Example (volts)    (volts)   (amperes)                                    
                                          (seconds)                            
     ______________________________________                                    
     1       50         8.2       3.0     2                                    
     2       20         3.3       1.0     5                                    
     3       50         8.2       2.8     1                                    
     ______________________________________                                    
PAR  The thus heated heating elements completely burned through the overlying
      and adjacent masking tape and polymeric coating. The short heating time
      did not necessitate the use of insulation between the heating element and
      the substrate surface. The heating element was then removed, leaving a
      continuous uncoated path in the polymeric coating, as shown in FIGS. 5 and
      6, which was about twice the width of the heating element. The coated
      masking means was then stripped from the substrate leaving the unmasked
      areas of the substrate coated with a continuous coating, as shown in FIGS.
      7 and 8. The adhesion of the remaining coating, to the unmasked substrate,
      was not impaired by the heating of the heating element.
PAR  As discussed above the present invention contemplates having the heating
      element means enveloped in one end of the masking means. It is also
      possible for the heating element means to be placed outside of, and along
      the edge of, the masking means. Thus, as seen in FIGS. 2-4 of the
      Drawings, heating element 9a need not be covered by the overlapping end of
      masking means 8a, but need only be there, in place, along the edge of
      masking means 8a. When the coating 10 is applied, it will directly coat
      both the masking means and the heating element means. Then, the heating
      element need only be heated to a temperature, and for a period of time, as
      is sufficient to decompose the overlying and adjacent coating. The heating
      element can then be removed, leaving the circuit board as seen in FIGS. 5
      and 6.
PAR  The process of the present invention can then also be defined as
PAR  a process for masking a defined area on a substrate which is to be coated
      with a combustible coating material which comprises
PAR  providing heating element means along the edges of such defined area,
PAR  masking such defined area with combustible masking means,
PAR  applying the combustible coating material to the substrate so as to
      continuously coat the unmasked area of such substrate, the heating element
      means, and at least those portions of the combustible masking means which
      edge the heating element means,
PAR  heating the heating element means to a temperature and for a period of time
      as is sufficient to decompose the coating material which covers the
      heating element means, and
PAR  removing the masking means and the heating element means from the substrate
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for masking a defined area on a substrate which is to be
      coated with a combustible coating material which suffers a loss at a
      temperature of &gt; 25.degree.C., of at least about 125 percent in the
      elongation value of such combustible material as measured at 25.degree.C.,
      which comprises
PA1  providing heating element means along the edges of said defined area,
PA1  placing combustible masking means over said defined area and said heating
      element means,
PA1  applying the combustible coating material to the substrate so as to coat
      the unmasked area of said substrate and at least those portions of the
      combustible masking means which cover said heating element means,
PA1  heating said heating element means to a temperature and for a period of
      time as is sufficient to decompose said masking means and said coating
      material along the edges of said defined area, and
PA1  removing the remaining masking means and said heating element means from
      said substrate.
NUM  2.
PAR  2. A process as in claim 1 in which said heating is sufficient to cause the
      complete decomposition of said masking means and said coating material
      along the edges of said defined area.
NUM  3.
PAR  3. A process as in claim 2 in which said masking means comprises masking
      tape.
NUM  4.
PAR  4. A process as in claim 3 in which said heating element means comprises an
      electrical conductor.
NUM  5.
PAR  5. A process as in claim 1 in which said coating material comprises
      para-xylylene polymer.
NUM  6.
PAR  6. A process as in claim 5 in which said coating material comprises
      poly-chloro-para-xylylene.
NUM  7.
PAR  7. A process as in claim 5 in which said coating material is applied so as
      to provide a coating on said unmasked area of the substrate which is about
      2 to 30 microns thick.
NUM  8.
PAR  8. A process for masking a defined area on a substrate during the coating
      of said substrate with a combustible coating material which suffers a loss
      at a temperature of &gt; 25.degree.C., of at least about 125 percent in the
      elongation value of such combustible material as measured at 25.degree.C.,
      so as to prevent the coating of said defined area with said coating
      material,
PA1  which comprises
PA1  applying combustible masking means to said defined area so as to cover said
      defined area
PA2  said combustible masking means having heating element means enveloped
      therein along the edges thereof which define said defined area,
PA3  said heating element means being adapted to being heated to a temperature
      at which said combustible masking means and said combustible coating
      material can be partially or completely decomposed,
PA1  applying the combustible coating material to said substrate so as to
      continuously coat the unmasked areas of said substrate and at least those
      portions of the combustible
PA1  masking means which envelope said heating said heating element means,
PA1  heating said heating element means to a temperature and for a period of
      time as is sufficient to cause the decomposition of said combustible
      masking means and said combustible coating material at the edges of said
      defined area, and
PA1  removing the remaining combustible masking means and said heating element
      means from said substrate.
NUM  9.
PAR  9. A process as in claim 8 in which said heating is sufficient to cause the
      complete decomposition of said masking means and said coating material
      along the edges of said defined area.
NUM  10.
PAR  10. A process as in claim 9 in which said masking means comprises masking
      tape.
NUM  11.
PAR  11. A process as in claim 10 in which said heating element means comprises
      an electrical conductor.
NUM  12.
PAR  12. A process as in claim 8 in which said coating material comprises
      para-xylylene polymer.
NUM  13.
PAR  13. A process as in claim 12 in which said coating material comprises
      poly-chloro-para-xylylene.
NUM  14.
PAR  14. A process as in claim 12 in which said coating material is applied so
      as to provide a coating on said unmasked areas of the substrate which is
      about 2 to 30 microns thick.
NUM  15.
PAR  15. A process for masking a defined area on a substrate during the coating
      of said substrate with para-xylylene polymer so as to prevent the coating
      of said defined area with said polymer,
PA1  said defined area being less than the total coatable area of said
      substrate,
PA1  which comprises masking said defined area with combustible masking means,
PA2  said combustible masking means having heating element means enveloped
      therein along the edges thereof which define said defined area,
PA3  said heating element means being adapted to being heated to a temperature
      at which said combustible masking means and said polymer can be partially
      or completely decomposed,
PA1  applying said polymer, in a vapor deposition process, as a coating over the
      masked and unmasked areas of said substrate,
PA1  heating said heating element means to a temperature and for a period of
      time as is sufficient to cause the decomposition of said combustible
      masking means and said polymer at the edges of said defined area, and
PA1  removing the remaining combustible masking means and said heating element
      means from said substrate.
NUM  16.
PAR  16. A process as in claim 15 in which said heating is sufficient to cause
      the complete decomposition of said masking means and said polymer along
      the edges of said defined area.
NUM  17.
PAR  17. A process as in claim 16 in which said masking means comprises masking
      tape.
NUM  18.
PAR  18. A process as in claim 17 in which said heating element means comprises
      an electrical conductor.
NUM  19.
PAR  19. A process as in claim 15 in which said para-xylylene polymer comprises
      poly-chloro-para-xylylene.
NUM  20.
PAR  20. A process as in claim 15 in which said polymer is applied so as to
      provide a coating on the unmasked areas of said substrate which is about 2
      to 30 microns thick.
NUM  21.
PAR  21. A process for masking a defined area on a substrate which is to be
      coated with a combustible coating material which suffers a loss at a
      temperature of &gt; 25.degree.C., of at least about 125 percent in the
      elongation value of such combustible material as measured at 25.degree.C.,
      which comprises
PA1  providing heating element means along the edges of said defined area,
PA1  masking said defined area with combustible masking means,
PA1  applying the combustible coating material to the substrate so as to
      continuously coat the unmasked area of said substrate, said heating
      element means; and at least those portions of said combustible masking
      means which edge said heating element means,
PA1  heating said heating element means to a temperature and for a period of
      time as is sufficient to decompose the coating material which covers said
      heating element means, and
PA1  removing the masking means and said heating element means from said
      substrate.
NUM  22.
PAR  22. A process as in claim 21 in which said heating is sufficient to cause
      the complete decomposition of said coating material along the edges of
      said defined area.
NUM  23.
PAR  23. A process as in claim 22 in which said masking means comprises masking
      tape.
NUM  24.
PAR  24. A process as in claim 23 in which said heating element means comprises
      an electrical conductor.
NUM  25.
PAR  25. A process as in claim 21 in which said coating material comprises
      para-xylylene polymer.
NUM  26.
PAR  26. A process as in claim 25 in which said coating material comprises
      poly-chloro-para-xylylene.
NUM  27.
PAR  27. A process as in claim 25 in which said coating material is applied so
      as to provide a coating on said unmasked area of the substrate which is
      about 2 to 30 microns thick.
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ABST
PAL  Improved, more reliable activation of a thin wire emitter for field
      ionization and field desorption mass spectrometry is provided by
      controlled preroughening of the emitter wire prior to growing
      semiconducting microneedles on the wire surface.
BSUM
PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  The present invention relates to mass spectrometry, and more particularly
      to field ionization and field desorption mass spectrometry.
PAR  Field ionization (FI) and field desorption (FD) mass spectrometry are
      increasingly important techniques for studying thermally unstable organic
      molecules, especially those which are biologically important. With either
      technique, positive ions of a meterial being analyzed are generated by
      exposing the material to a high magnitude electric field (of the order of
      10.sup.7 -10.sup.8 V/cm). Of the various types of field anodes or emitters
      which have been used for producing such fields, including single sharp
      metal points, sharp metal edges, and activated thin wires, the latter have
      proved most suitable.
PAR  "Activation," as the term is used herein, is the production of a
      substantial number of semiconducting microneedles on the surface of a
      field anode to provide local field enhancement. The microneedles are grown
      on the emitter by field polymerization or field pyrolysis of an organic
      compound, usually benzonitrile. For FI work, densely activated, short
      needle (.about.1 um) emitters are considered preferable, but for FD work,
      emitters having much longer needles (10-25 um) are used.
PAR  Several methods for activating thin metal wires are known. Room temperature
      activation has been described, for example, by Beckey et al. in
      Messtechnik, 79, (1971) 196-20l. Activation at considerably higher
      temperatures (1200.degree.C.) has been detailed by Beckey et al. in J.
      Phys. E: Scientific Instruments, 6, (1973) 1040-44. High temperature
      activation is considered superior, since the microneedles produced at high
      temperature have a higher thermal stability, much higher resistance to
      chemical attack, and a reduced tendency to yield to high electric field
      stresses.
PAR  Attempts to produce activated thin wire emitters using prior art methods
      have met with many difficulties, particularly in initiating the desired
      dense, uniform needle growth. In many instances, activation did not
      proceed at all, and when microneedles were produced, they were sparsely
      distributed in tufts over the surface of the wire. Good emitters are
      essential to the operation of an FI/FD ion source, and the development of
      FD mass spectrometry in particular has been inseparably linked to
      improvements in the technique for making field anodes.
PAR  There is a need, therefore, for an improved method for reliably producing
      activated thin wire emitters for field ionization and field desorption
      mass spectrometry.
PAR  A general object of the present invention is to provide a method which
      meets the above-identified need in a practical and satisfactory manner.
PAR  A more specific object of the invention is to provide a method for
      reproducibly growing microneedles on thin wire field anodes.
PAR  A related object of the invention is to provide improved, activated thin
      wire emitters for FI/FD mass spectrometry.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects of the present invention are accomplished by a
      method for producing activated thin wire emitters which comprises
      uniformly preroughening the surface of the emitter wire prior to
      activation. In a preferred practice of the invention, the emitter wire is
      preroughened by alternate oxidation and reduction of the wire surface.
      Controlled preroughening by the method of the invention produces a large
      number of uniformly distributed sites for the initiation of needle growth
      during subsequent activation.
PAR  After preroughening, the wire, suitably a tungsten wire having a diameter
      of about 5-10 .mu.m, is activated at high temperature. Needle growth
      initiates and proceeds readily on the preconditioned surface, and a
      uniform, dense growth of semiconducting microneedles results.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel method of the invention will be more fully explained by the
      following detailed description and the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic illustration of apparatus used for uniformly
      preroughening an emitter wire;
PAR  FIG. 2 is a schematic illustration of apparatus used to activate a
      preroughened wire; and
PAR  FIGS. 3-7 are micrographs depicting an emitter wire at different stages
      during preroughening and activation according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Describing now a preferred embodiment of the invention, and referring first
      to FIG. 1 of the drawings, apparatus for preroughening the surface of an
      emitter wire prior to activation is indicated generally at 10. The
      apparatus includes an oxidation-reduction cell 12 having a removable cap
      14 joined to the cell's main body 18 by a ground joint 16. An emitter
      holder 20 is supported within the central portion of body 18 by a pair of
      conductive leads 22 extending through suitable seals 23 at the top of cap
      14. The leads are connected outside the cell to the output terminals of a
      direct current power supply 24. Power supply 24 suitably is a variable
      voltage regulated supply having a current capacity of about 250 milliamps.
PAR  Emitter holder 20 includes a pair of rigid support electrodes 26 embedded
      in and held apart a suitable distance by a glass spacer 27. In the actual
      practice of the invention, the support electrodes have a spacing of about
      4.5 mm. An emitter wire 30 is attached, as by spot welding, to the
      electrodes at one end of holder 20, the lower end in the drawings. At the
      other end, the electrodes are detachably fastened to leads 22 by suitable
      connectors 28, facilitating the rapid interchange of emitter-bearing
      holders in cell 12.
PAR  Cell body 18 is provided at one end, the left end in FIG. 1, with an
      upturned gas outlet spout 32. The other end of body 18 is connected to the
      neck of a sealed flask 34 by a tube or line 36. Teeing into line 36 is a
      line 38 connected to one outlet of a conventional two-way stopcock 40. The
      inlet of stop-cock 40 is connected to a suitable source (not shown) of
      pure hydrogen by a line 42. A line 44 connected to the stopcock's other
      outlet extends through a seal in the top of flask 34 to a location just
      above the bottom of the flask, as shown.
PAR  Flask 34 is partially filled with distilled water, as indicated in FIG. 1.
      Heater means (not shown) is provided for maintaining the water at a
      desired temperature, indicated by a sealed-in thermometer 46.
PAR  As will be apparent, with stopcock 40 turned to the position indicated in
      FIG. 1, hydrogen gas will flow into cell 12 from line 42 through lines 38
      and 36. With the stopcock turned 90.degree. clockwise, hydrogen will flow
      into flask 34 through line 44, bubble through the water in the flask, then
      flow into the cell through line 36. In either case, after passing through
      the body of the cell the gas escapes through spout 32. For safety, the gas
      is ignited at the open end of the spout by a pilot flame (not shown).
PAR  In the preferred practice of the invention, FI/FD emitters are made from
      tungsten wire having a diameter of about 5-10 .mu.m, preferably about 8
      .mu.m. Suitable wire is commercially available from A. D. Mackay, Inc.,
      198 Broadway, New York, N. Y. 10038. As supplied, this wire has a
      relatively smooth surface, as shown in FIG. 3, a scanning electron
      microscope (SEM) micrograph of an untreated portion of the wire. The
      striation visible in the micrograph is caused by the wire manufacturing
      process.
PAR  After a length of 8 .mu.m tungsten wire has been spot welded between the
      support electrodes of an emitter holder, the wire is cleaned in alcohol,
      and the holder mounted in an oxidation-reduction cell, as shown in FIG. 1.
      Air is swept from the system, and stopcock 42 turned to the position shown
      to establish a flow of pure hydrogen through the cell.
PAR  Initially, the surface of the wire is cleaned by high temperature reduction
      in the pure hydrogen atmosphere of cell 12. Using power supply 24, current
      is passed through the wire to heat it to about 1100.degree.-1300.degree.C.
      for about 1-5 minutes. Reduction at about 1300.degree.C. (.about.200 mA)
      for about 1-2 minutes is preferred in practice.
PAR  Next, the temperature of the emitter wire is reduced to about 750.degree.C.
      (165-175 mA), and the surface oxidized by briefly flushing the cell with a
      hydrogen-water vapor mixture. This is accomplished by rotating stopcock 42
      clockwise 90.degree. to allow an aliquot of hydrogen to bubble through the
      water in flask 34, then immediately rotating it back 90.degree.
      (counterclockwise) to reestablish the flow of pure hydrogen. The water in
      flask 34 is maintained at a temperature of about 70.degree.-90.degree.C.,
      preferably about 85.degree.C. At this stage, the middle portion (about 3
      mm) of the emitter wire will be covered with a characteristic matte
      gray-black oxide layer. Microscopic examination of the wire reveals a
      uniform granular surface, shown in the FIG. 4 SEM micrograph.
PAR  Finally, the gray-black oxide is reduced to the parent metal by repeating
      the reduction step, i.e., the wire temperature is again raised to
      1100.degree.-1300.degree.C. for 1-5 minutes in a pure hydrogen atmosphere.
      The result is a wire having a uniformly roughened surface, as shown in the
      FIG. 5 micrograph, providing a large number of sharp bumps and edges for
      the initiation of microneedle growth under subsequent activation.
PAR  Referring now to FIG. 2, the activation apparatus shown therein is
      conventional, having been described, for example, by Beckey et al. in
      Messtechnik 79, (1971) pp 196-201. The apparatus includes an activation
      cell 50 connected through a valve 52 to a suitable vacuum pump (not
      shown), and through a valve 54 to a container (not shown) holding a supply
      of benzonitrile. An emitter holder 20 mounting an emitter wire 30 is
      supported in the cell above a mesh cathode 56 by a hollow metal finger 58.
      The finger includes a flange 59 which seats against a vacuum seal 60
      during activation. Cathode 56 is connected to the negative terminal of a
      suitable high voltage power supply 62. The positive terminal of supply 62
      is connected through a microammeter 64 to the emitter holder. A
      low-voltage, variable direct current power supply 66 is connected to
      holder 20 as shown, for heating the emitter wire during activation.
PAR  Describing briefly the high-temperature activation procedure, after a
      preroughened tungsten emitter wire 30 has been mounted in cell 50, the
      cell is evacuated, then filled with benzonitrile vapor at a pressure of
      about 10.sup..sup.-2 Torr. The temperature of the emitter wire is raised
      to about 1200.degree.C. (about 28mA), then power supply 62 is activated to
      apply high voltage to the heated wire. A potential of 10 kV is applied
      initially. The pressure of the benzonitrile vapor is regulated using
      valves 52 and 54 so that it is just below the point where a glow discharge
      occurs in the activation cell.
PAR  Activation initiates and proceeds readily on the uniformly roughened
      surface. FIG. 6 depicts the growth of microneedles on the surface of wire
      30 after an activation time of about 20 minutes. As is apparent from the
      micrograph, needle growth initiates on surface protrusions provided by the
      preroughening treatment.
PAR  The density of microneedle growth depends on the intial applied electric
      field and on subsequent changes in the field during activation. For a 8
      .mu.m wire, the field strength at 10 kV is sufficient for activation to
      proceed at a majority of the surface protrusions, and a dense growth is
      initiated. At lower voltages, activation takes place only at the sharper
      sites, producing a less dense growth. Similarly, if, during activation,
      the voltage is lowered, growth proceeds further only on the sharpest
      needles. In general, growth to a substantially uniform needle length of
      about 13 .mu.m occurs within a period of 3 to 4 hours.
PAR  In order to compensate for cooling of the needle tips as they increase in
      length, as well as to extend the growth region over a larger portion of
      the wire, the temperature of the emitter is raised by increasing the
      heating current about 2 mA/hr during the activation period. FIG. 7 depicts
      an emitter wire activated at 10 kV for 3 hours, during which time the
      heating current was raised from 28 to 34 mA. As shown, needle growth is
      quite uniform, but extremely dense. Less dense growths aare achieved by
      reducing the high voltage over a period of time to about 5 kV after about
      one-half to one hour initiation time at the higher voltage. Needle density
      appears to be inversely proportional to the rate of this voltage decrease.
      In any event, the distribution of semi-conducting microneedles is quite
      uniform.
PAR  The uniformity of microneedle distribution over the surface of the emitter
      wire is attributable directly to the uniformity of the preroughening
      treatment. Although the oxidation-reduction technique detailed above
      reproducibly yields uniformly roughened surfaces, needle growth will
      initiate on surface protrusions irrespective of how they are produced.
      Growth has been initiated, for example, on the rough oxidized surface of a
      tungsten wire, such as that shown in FIG. 4. However, since the oxide is
      not strongly adhered to the tungsten substrate, needles produced in this
      manner detach from the wire too easily under field stress. In
      preroughening tungsten emitter wires by the oxidation-reduction method of
      the invention, overoxidation should be avoided. The proper degree of
      oxidation is primarily dependent on the temperature of the emitter wire
      during exposure to the hydrogen-water vapor mixture. The optimum
      temperature is about 750.degree.C., just below the lowest temperature
      which can be measured by optical pyrometry. In practice, the temperature
      is determined by extrapolating below the optical pyrometer limit a plot of
      emitter resistance versus temperatures measured above the limit. If the
      emitter temperature is too low during the oxidation step, no visible
      oxidation will occur. Just below the proper temperature range, a
      blue-black oxide layer will be formed over most of the wire. As the
      temperature is increased slightly, a small portion at the center of the
      wire will attain the desired matte gray-black appearance. The oxidation
      can be extended to cover about 3 mm of the emitter length by yet another
      small increase in temperature. However, if the temperature is increased
      beyond this point in an effort to lengthen the oxide zone further, the
      central portion of the wire will become too hot, rapidly overoxidize, and
      burn through.
PAR  The oxidation step depends less critically on the temperature of the water
      in flask 34 and the length of exposure to the hydrogen-water vapor
      atmosphere. The correct exposure time can be easily determined
      emperically. Although a preferred embodiment of the invention has been
      described herein, it is understood that variations and modifications are
      possible without departing from the spirit of the invention. For example,
      the preroughening method is applicable to emitter wires made of materials
      other than tungsten, and other methods of activation, such as room
      temperature activation, may be employed.
CLMS
STM  It is claimed and desired to secure by letters patent:
NUM  1.
PAR  1. In the manufacture of an activated wire field anode for field ionization
      and field desorption mass spectrometry by a method including the
      activation of a tungsten wire, the improvement comprising the
      preactivation steps of
PAR  providing a substantially uniform granular oxide surface layer on the wire,
      and
PA1  reducing the oxide layer to the parent metal, yielding a substantially
      uniformly roughened surface.
NUM  2.
PAR  2. The improvement of claim 1, wherein said oxide surface layer is provided
      by exposing said wire at an elevated temperature to a moisture-bearing
      hydrogen atmosphere.
NUM  3.
PAR  3. The improvement of claim 1, wherein said oxide layer is reduced by
      exposure at an elevated temperature to an atmosphere of hydrogen.
NUM  4.
PAR  4. The improvement of claim 1, wherein said preactivation steps comprise
      exposure of said wire at an elevated temperature to a moisture-containing
      atmosphere, followed by exposure at an increased temperature to a dry
      hydrogen atmosphere.
NUM  5.
PAR  5. An improvement in the manufacture of an activated wire field anode for
      field ionization and field desorption mass spectrometry by a method
      including the step of activating the surface of a tungsten wire,
      comprising the preactivation steps of
PA1  providing said surface with a substantially uniform gray-black oxide layer,
      and
PA1  reducing said layer to the parent metal, yielding a substantially uniformly
      roughened tungsten surface.
NUM  6.
PAR  6. The improvement of claim 5, wherein said gray-black oxide layer is
      provided by heating said wire to a temperature of about 750.degree.C. and
      exposing the heated wire to a water vapor-bearing atmosphere.
NUM  7.
PAR  7. The method of claim 5, wherein said oxide layer is reduced by heating
      said wire to a temperature of about 1100.degree.-1300.degree.C. in a pure
      hydrogen atmosphere.
NUM  8.
PAR  8. An impovement in the manufacture of an activated wire field anode for
      field ionization and field desorption mass spectrometry by a method
      including the activation of a tungsten wire, comprising the preactivation
      steps of exposing said wire at an elevated temperature to a
      moisture-containing hydrogen atmosphere to provide a substantially uniform
      gray-black oxide layer thereon, and reducing said layer to the parent
      metal by exposure at an increased temperature to a dry hydrogen
      atmosphere, whereby a substantially uniformly roughened tungsten surface
      is provided on the wire.
NUM  9.
PAR  9. The improvement of claim 8, wherein said elevated temperature is a
      temperature of about 750.degree.C.
NUM  10.
PAR  10. The method of claim 9, wherein said increased temperature is a
      temperature of about 1100.degree.-1300.degree.C.
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ABST
PAL  A method is disclosed for applying rather viscous line marking material to
      road surfaces whereby simultaneously with the manufacturing of marking
      strips in the same continuous motion crossribs from the same material are
      shaped on the marking strips. The marking material flows out through a
      slit between the back edge of the bottom side and the lower edge of the
      back wall of a storage box, a periodical up- and down movement being
      imparted to this back wall for shaping the ribs, preferably by means of
      fast upward driving impulses each of one followed up by a separate
      downward driving impulse. Preferably the material is forced to flow out
      substantially in a direction at an angle of at least 30.degree. to the
      direction of movement of the storage box and the trailing end thereof is
      kept in engagement with the road surface.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  1. Field of the invention
PAR  This invention relates generally to the application of marking lines of
      contrast coloured material such as strips of synthetic resin paint to road
      surfaces for the guidance of traffic.
PAR  2. Description of the prior art
PAR  It is well-known in the art to apply such strip-shaped lines by means of
      spray painting, the paint being supplied to a spray nozzle on a carriage
      moved along the road surface, the thickness of the paint strip being
      adjustable by means of a jet needle by which the nozzle can also be
      closed. According to another known method a narrow strip of tar was laid
      on the road surface by a tar sprayer which was followed by a grit spreader
      discharging white grit from a controlled slit-shaped opening, carried
      above and parallel to the road surface. By these known methods only strips
      of regular continuous thickness could be made, though this thickness could
      be adjusted to a value as desired.
PAR  It is also known per se in the prior art to enclose the traffic lanes on
      the road surface between prefabricated marking strips of concrete provided
      with parallel cross ribs following a zigzag course in their longitudinal
      direction, rather steep light-reflecting front faces of the ribs being
      directed at least by their upper portions against the headlights of
      approaching vehicles. In this known art the marking strip appeared, thanks
      to the close succession of these ribs to the oncoming traffic as a clearly
      visible, continuous, farstretching, shining strip even in dark and bad
      weather. Until now, however, it was very expensive to provide roads with
      such ideal marking lines and the application was restricted therefore to
      extremely dangerous road bends.
PAR  In the field of road construction a method has been proposed for the
      continuous construction of ribbed retaining beams along the sides of road
      pavements from concrete which is poured between the side walls of a
      bottomless mould which is moved along the side of the road surface and the
      ribs are formed on the surface of the beam by means of an outward and
      inward swinging movement of a hinged mould back wall, controlled by
      eccentrics or cranks on a rotating axle.
PAR  In still another field of the art, to be the art of providing a
      prefabricated band with a ribbed or knurled surface of a snowy or
      lump-forming material it has been proposed to use the band as the bottom
      of a bottomless storage box comprising the said material, this band being
      moved relatively along the bottomside of the boxframe e.g. by unwinding it
      from a reel; an oscillatory up- and down movement being imparted to the
      back wall of the box so that the lower edge of the said wall will shape a
      ribbed or knurled surface of the material left behind upon the
      prefabricated band, a knurled shape being obtained by providing the said
      wall with a toothed lower edge.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to operate a storage box or trough
      provided with a discharge slit for the supply of marking material on the
      road surface and to control the height of the slit during its movement
      above and parallel to a road surface in such a way that not only a marking
      strip is formed on the road surface, but at the same time parallel cross
      ribs are formed in close succession on the surface of this strip from the
      same material.
PAR  It is a further object of the invention to present a method by which these
      ribs, though manufactured on the road surface in one track by the use of a
      small storage carriage which is continuously moved in one direction, have
      an ideal shape for obtaining clear visibility of the marking line as
      indicated hereinbefore.
PAR  This object cannot be obtained even if gauges as known from the
      above-mentioned prior art would be used for the present purpose, because
      an oscillatory up- and down or out- and inward swinging movement of the
      back wall of a storage box as used in the prior art would cause a
      sinusoidal curving of the upper surface of a marking strip but would not
      shape ribs as desired for the present purpose.
PAR  According to the present invention the storage trough or box is filled with
      rather viscous marking material (e.g. plastic paint with "filler"
      substances). The said box is moved into the longitudinal direction of the
      road surface, a discharge slit at the trailing end of the storage box
      being bordered at its lower side by the back bottom edge or the imaginary
      line connecting the lower trailing ends of the box sidewalls and its upper
      side by the corresponding lower edge of a box back wall or back wall
      portion, which is executed as a slide for up- and down movement in
      vertical guides at the end of the box. An adjustable stop limits the
      lowest position of the said slide in operation for defining the thickness
      of the marking strip and another adjustable stop limits its maximum upper
      position for defining the height of the ribs to be shaped. At least the
      trailing bottom end side of the storage box and eventually the whole
      bottom of the box are moved in close proximity and preferably in
      engagement with the road surface that is in a shoving movement along the
      road. In order to obtain a fully satisfactory result as to the shaping of
      sufficient steep rib front surfaces directed against oncoming traffic at
      least for the upper rib parts (near their crests) it is essential that the
      upward movement be imparted to the sliding back wall by a fast impulse,
      e.g. to be initiated by a blow so that the upper position be reached
      within a space of time shorter than one half of the periodicity of
      succession of the said impulses, a separate, independent impulse being
      applied each time after breaking off the upward impulse for moving the
      slide down onto its lower working position, wherein the height of the
      discharge slit corresponds to the basic thickness of the marking strip.
PAR  Thus, this invention provides a method for applying contrast-coloured
      marking lines to the surface of roads by passing a storage trough
      comprising the marking material along the road surface and discharging the
      material from a controlled, slit-shaped opening, carried above and
      parallel to the road surface, characterized in that in a continuous motion
      of shaping a marking strip of viscous material on the road surface
      parallel cross ribs are formed simultaneously in close succession on the
      said marking strip from the same material by imparting a periodical up and
      down movement to at least a portion of the trough backwall defining by its
      lower edge and upper boundary of the said material discharge slit the
      lower boundary of the said discharge slit being defined by the
      corresponding outer edge of the trough bottom at its trailing end.
PAR  This invention is further characterized in that an upward impulse is
      periodically imparted to the said backwall part so as to initiate a fast
      movement from its lower rest position onto its highest position within a
      space of time shorter than one-half of the periodicity of succession of
      the said impulses, a separate independent impulse being applied each time
      after breaking off the said upward impulse for moving the said wall down
      onto its lower working position, wherein the height of the discharge slit
      corresponds to the basic thickness of the said marking strip.
PAR  For the same purpose it is further advantageous that the velocity of the
      outstreaming material be lowered by arranging at least substantially parts
      of the discharge slit at an angle of at least 30.degree. to the direction
      of the forward movement of the storage box.
PAR  The above and other features of the invention, including various novel
      details will now more particularly be described with reference to the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing illustrates in a schematic way an apparatus arranged for the
      application of the new method to be described at the hand of this drawing.
PAR  FIG. 1 is a top view on a storage box mounted on a pair of road wheels.
PAR  FIG. 2 is a side view of the same carriage, its side wall at the side of
      the viewer being removed.
PAR  FIG. 3 is a sectional detail on a larger scale.
PAR  FIG. 4 is a longitudinal section through a part of a marking strip as
      applied to and at the same time manufactured upon the road surface by the
      new method.
DETD
PAR  The box 1 is moved on its wheels 2 in the longitudinal direction P1 of the
      road upon which the marking strip is to be manufactured. On both sides of
      the back end or trailing end of the box in operation guides 3 are provided
      for the box back wall 4 which is mounted slidably between those guides 3
      in sealing engagement in order to prevent leaking out of the marking
      material with which the box 1 is to be filled. In the position as shown
      the lower edge of the sliding wall 4 provides also for a sealed closure
      against the corresponding outer edge of the box bottom 5.
PAR  In operation, the lower position of the slide 4 will be defined by an
      adjustable stop member (as known in the art and not shown in the drawing)
      defining the minimum height of the discharge slit between the lower edge
      of the slide 4 and the corresponding edge of the box bottom 5 and thereby
      the basic thickness of the marking strip to be shaped upon the road
      surface. The up- and-down movement of the slide 4 is controlled as a
      practical example e.g. for a marking strip having a basic thickness of 1,5
      mm so as to shape parallel cross ribs thereon having a height of 6 to 10
      mm at a distance of 40 to 80 mm from each other. This movement is imparted
      by impulses of a character as mentioned hereinbefore in order to insure
      that the vertical boundary surface of the viscous marking material mass
      inside the box 1 against the inner surface of the slide 4 in its lower
      position is suddenly made free by a fast upward movement of the slide to
      move outward from the box upon the material of the basic marking strip
      which flows continuously outward through the lower part of the discharge
      slit. Thus the front slope of the ribs will maintain a steepness as
      desired.
PAR  In the example as shown one end of a lever 7 is hinged at 6 to the slide 4.
      The lever 7 swings around an axle 8 which is supported in the longitudinal
      side walls of the box 4 and it is pushed to a position corresponding to
      the lower position of the slide 4 by means of springs 9 compressed between
      a strip 10 (FIG. 2) on the box side walls and side wings 11 of the lever
      7. These side wings 11 provide at the same time for the hinge connection
      with the slide 4. The longer lever arm 12 extends above and past an axle
      16 bearing the road wheels 2. The axle 16 is vertically guided through
      slits in the box side walls which are sealed against leaking out of
      marking material by means of discs bearing against the inner surfaces of
      these side walls. Springs 15 are compressed between the axle 16 and a
      cross strip 14 bearing upon the box side walls. In this way part of the
      weight of the storage box 1, which keeps its bottom 5 in engagement with
      the road surface is carried by the carriage comprising the axle 16 and
      wheels 2. As is self-evident from the drawings, cylindrical casings 13 are
      retainers for springs 15 and 9.
PAR  The axle 16 bears fixed thereto inside the box 4 a pair of hubs 17 and from
      each of these extends a row of radially directed pins 18. These pins
      rotate in the sense of arrow P2 when the carriage is moved in the
      direction P1 and successively they impart blows to the hook ends 19 of a
      wing piece 20 fixed to the lever arm 12 by means of a slit and screw bolt
      connection 21 allowing longitudinal adjustment of the wing piece 20 along
      the arm 12 and thereby adjustment of the time period of engagement of the
      blowing ends of the pins 18 with the wing piece parts 19. The ends of the
      pins 18 impinge upon the leverarm 12 with their own velocity of rotation
      and it will be clear that the lever end is pulled down with corresponding
      velocity so that the slide 4 is pulled upwardly pulselike with great
      velocity against the action of the springs 9 loading them up. Each time
      when a pair of pins 18 leaves the hook ends 19 the drive of the slide 4 is
      further left to the springs 9. The maximal upper position of the slide 4
      and therewith the maximum height of the discharge slit of the storage-box,
      that is the height of the ribs on the marking strip may further be defined
      by an adjustable stop for the upward movement of the slide (not shown).
PAR  It will also be clear that the time period during which each pair of pins
      18 is in engagement with lever part 19 can be made shorter than one half
      of the time period between two successive blows. After breaking off of
      each upward impulse the springs 9 take care of an independent downward
      impulse to the slide 4, by which the latter takes its lower working
      position before the next upward blow follows. During the lapse of time in
      between, a small length of marking strip is shaped each time at its basic
      thickness between two successive ribs. The transition of the drive to the
      springs 9 before they initiate the downward movement of the slide 4
      includes a short floating time before the downward movement sets in and
      during that time a less or more flattened crest is shaped on the top of
      the ribs because the box carriage moves onward in the meantime. A steep
      back side of the ribs is thereupon shaped by the accelerated downward
      movement of the slide 4.
PAR  According to the example shown in the drawing each hub 17 bears 6 pins 18
      equally divided around its circumference and when the wheels 2 would have
      a circumference of e.g. 36 cm six ribs will be shaped at equal distances
      from each other on a marking strip length of 36 cm. Other proportions may
      be obtained by changing out the wheels for other ones with another
      diameter, by changing the number of pins or by inserting a variator gear
      box between the axle 16 and the hubs 17. The marking substance within the
      box 1 may be separated from driving parts by arranging an inner housing
      enclosing the hubs and end parts of lever arm 12, the portion of this arm
      leaving this inner housing being led through a slit therein provided with
      a sealing.
PAR  It is of advantage to use a greater length of the slit for a given width of
      the marking strip and at the same time to change the direction of outflow
      of the marking material, making it possible to use less viscous material
      as the outflow is made slower because a given volume per time unit will
      flow out through a longer slit and because the change in direction will
      increase inner friction between the mass particles. For this purpose the
      position of the slide and the length of side and bottom walls may be
      chosen so as to obtain an oblique position of the slide 4 and thereby for
      the discharge slit with respect to the direction of movement of the
      storage carriage 1 as indicated by a chain line in FIG. 1. The same result
      may be obtained, however, by using a corrugated plate at least for the
      lower part 22 of the slide 4 and cutting of the trailing edge of the
      bottom 5 along a corresponding line as shown in FIGS. 1 and 2. Of course
      the top of the waves extending each at one side of the plane 4 should be
      covered in order to prevent streaming out of marking material through
      these top ends of the corrugated slide part 22. Also the ribs shaped upon
      the marking strip will then run along a corrugated line in their
      longitudinal direction and when desired the overall direction of each rib
      may include an angle with the direction P1 if at the same time the measure
      as indicated hereabove by the chain line of FIG. 1 is taken. These
      measures bring not only wellknown advantages as to the reflection of the
      light from traffic vehicles, but in the execution of the present method
      they allow an outflow of material with lower velocities (as above
      explained) in order to maintain steep rib slopes even with low viscosities
      of the marking material. Also by the fact that at least substantial
      portions of the slide 4 above the discharge slit are receding sideways the
      carrying away of material from the ribs by the lower edge of the slide 4
      on its forward movement is restricted and at the same time the sliding of
      the substantially obliquely positioned slide wall portions cause a
      smoothing of the rib surfaces at the rib front sides.
PAR  Where the expression "corrugated" is used the spirit of the considered
      measure includes a "meandering" line comprising straight portions
      interconnected at rounded meeting corners.
PAR  FIG. 3 illustrates (vide in FIG. 1 the part built on to the outer side of
      the lower slide portion 22 as indicated by a chain line) that the slide 4
      may be partly executed as a flat box into which a medium, e.g. heated air,
      may be supplied through a connector pipe 24. This medium streams out
      through a gauze covered opening 23 at the lower edge of the slide 4 upon
      the surface of the material flowing out through the discharge slit of the
      storage box 1.
PAR  By these means the hardening of thermosetting plastics can be accelerated
      by means of heated air or the outflow of viscous thermoplastic material
      may be improved, and eventually the formation of lumps at the lower edge
      of the slide 4 may be prevented thereby. Depending on the marking material
      to be used it is also made possible by these means to supply a cooling
      medium on the surface of the marking strip or to supply hardening means to
      the said surface.
CLMS
STM  What I claim to be new and desire to protect by letters Patent is:
NUM  1.
PAR  1. A method for continuously forming and applying contrast colored marking
      lines including raised periodic projecting crossrib structures on the
      surface of a road, said method including the steps of:
PA1  providing a storage trough containing a contrast colored viscous marking
      material,
PA1  passing said storage trough over said road surface along a path over which
      it is desired to apply said marking line,
PA1  providing a controllable slit-shaped opening along the lower trailing edge
      of said storage trough with the opening dimensions being controlled by an
      upwardly and downwardly movable back wall member, said slit-shaped opening
      being carried above and substantially parallel to the said road surface
      and discharging said marking material therefrom,
PA1  repetively moving said back wall member upwardly with a fast impulse motion
      such that an upper limit position is attained within a time shorter than
      one-half of the time period between such upwardly directed impulse
      movements, and
PA1  repetively moving said back wall member downwardly to a lower limit
      position after each of said upwardly directed movements thereby
      continuously forming and applying marking lines having a basic thickness
      corresponding to said lower limit position, a raised crossrib projection
      thickness corresponding to said upper limit position, and a relatively
      steeply inclined reflecting face on each such crossrib corresponding to
      the upwardly directed fast impulse motion of said back wall member.
NUM  2.
PAR  2. A method as in claim 1 wherein said downwardly directed movements are
      also caused to comprise fast impulse motions such that the lower limit
      position is attained within a time shorter than one-half the time period
      between such downwardly directed impulse movements whereby both the
      leading and trailing faces of the inclined crossribs are relatively
      steeply inclinded corresponding to the fast upward and fast downward
      impulse motions respectively.
NUM  3.
PAR  3. A method as in claim 1 wherein a lower edge of said opening is moved in
      substantial engagement with the road surface therebeneath.
NUM  4.
PAR  4. A method as in claim 3 further comprising the step of carrying at least
      part of the weight of said trough on road wheels through the intermediary
      of springs disposed between the trough structure and an axle structure
      carrying said road wheels.
NUM  5.
PAR  5. A method as in claim 1 wherein:
PA1  said upwardly directed impulse movements are imparted by physically
      striking one end of a lever whose other end is mechanically coupled to
      said back wall member,
PA1  said physical striking being provided by the ends of pins radially
      extending from an axle which is driven by wheels in contact with said road
      surface, and
PA1  said downwardly directed movements being imparted by springs acting upon
      said lever, said springs storing energy from said physical striking and
      thereafter releasing said stored energy when said lever is released by
      continued subsequent movement of said pins.
NUM  6.
PAR  6. A method as in claim 1 further comprising the step of directing said
      slit-shaped opening at an angle of at least 30.degree. with respect to the
      longitudinal direction of the marking strip.
NUM  7.
PAR  7. A method as in claim 6 wherein the shape of back wall member along a
      direction transverse to said marking line includes a plurality of portions
      directed in other than a straight transverse line so as to define a
      non-linearly slitshaped opening.
NUM  8.
PAR  8. A method as in claim 1 further comprising the step of heating the outer
      surface of said marking material after it has been discharged onto said
      road surface.
NUM  9.
PAR  9. A method as in claim 8 wherein said heating step comprises feeding a
      heated medium over the outer surface of said back wall member and then
      upon the upper surface of said marking strip.
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ABST
PAL  The invention is a method for freezing liquid sulfur. The method comprises
      introducing liquid sulfur into a tumbling bed of particulate sulfur to
      coat the particulate sulfur with liquid sulfur and providing a sufficient
      amount of water to the tumbling bed of particulate sulfur to maintain the
      bed temperature below the freezing point of the liquid sulfur.
PAL  By controlling the temperature of the tumbling bed, particulate sulfur
      containing only small amounts of moisture can be produced. The product is
      roughly spherical, free flowing and substantially dust free.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a method for freezing or solidifying liquid sulfur
      or other materials that are substantially water insoluble and freeze at
      temperatures in the range of from about 80.degree. to about 300.degree. C.
PAR  Particularly, the invention is directed to production of sulfur particles
      that are free flowing and dust free. In particular, the method is directed
      to a process for producing sulfur in the form of pellets which are easy to
      handle and store. The process can be operated to produce pellets with low
      water content. More particularly, the process produces frozen sulfur in a
      form which minimizes the dust pollution arising from loading and handling
      dry bulk sulfur at producing plants and rail and ocean terminals.
PAR  Sulfur can be solidified in the form of pellets by means of prilling towers
      wherein droplets of sulfur are passed countercurrent to a stream of air
      for a sufficient length of time for the sulfur to solidify. Although the
      prilled sulfur is in a form which can be readily handled, the apparatus
      necessary to prill sulfur represents a substantial capital investment
      which makes the process unattractive for commercial installation.
PAR  Sulfur can also be frozen by contacting the sulfur with the surface of a
      chilled roll or by forming a layer of sulfur on a metal belt which carries
      the sulfur for a sufficient length of time for the sulfur to harden. The
      sulfur from these processes is in the form of lumps or flakes and is not
      readily flowable. The processes require considerable screening and
      crushing equipment to provide a material in a suitable particle size
      range.
PAR  U.S. Pat. No. 3,504,061 discloses a method for producing pelletized sulfur
      in which liquid sulfur is admitted to a turbulent body of water. The
      sulfur forms a small pellet and is reduced in temperature to a point below
      the freezing point of sulfur. The frozen sulfur is removed from the
      turbulent body of water and passed over a dewatering screen. If a dry
      pellet is required certain silicone materials are added to the water and
      the pellets dried. The silicone materials are necessary to overcome the
      tendency of the sulfur droplets to form with a narrow cone shaped
      depression which entraps water in the pellet. A substantially dry particle
      is usually required since it substantially reduces the heat required to
      remelt the material.
PAR  It is an object of the present invention to provide a method to freeze
      sulfur and other substantially water insoluble materials in the form of
      easily handled dustfree pellets. It is an object of the present invention
      to provide a process whereby substantially dry pellets can be produced. It
      is a further object of the present invention to provide a process which
      can produce substantially dry sulfur pellets utilizing relatively
      inexpensive equipment.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  According to the present invention, liquid sulfur is solidified by
      introducing the liquid sulfur into a tumbling bed of solid particulate
      sulfur to coat the particulate sulfur with the liquid sulfur and providing
      a sufficient amount of water to said tumbling bed of particulate sulfur to
      maintain the temperature of the tumbling bed below the freezing point of
      sulfur. The particles formed by the process are free flowing and
      substantially dust-free.
PAR  The amount of water which is provided to the tumbling bed of particulate
      sulfur can be controlled to maintain the temperature of the particulate
      sulfur in a temperature range above the boiling point of water or at a
      temperature sufficiently high that the water is substantially eliminated
      from the solid particles when the particles leave the freezing apparatus
      and are exposed to the air. The freezing apparatus can be supplied with an
      air stream to aid in producing a drier particle.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. I is a diagrammatic elevation of an apparatus useful for producing
      sulfur pellets according to the process of the invention.
PAR  FIG. II is an illustration viewed from the left of a cross section of the
      rotating drum of FIG. I showing positioning of the liquid sulfur, water,
      air and particulate sulfur inlets and the form of the tumbling bed.
PAR  FIG. III is a diagrammatic elevation in cross section of an apparatus which
      can provide substantially dry pellets without the need for introducing
      separate particulate sulfur seed particles.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the process of the present invention, liquid sulfur is introduced into a
      bed of tumbling particulate sulfur. A tumbling bed refers to a bed of
      particulate material in which the particles are continually rolled or
      tumbled and in which particles from within the bed are moved to the
      surface. The tumbling action can be imparted to the bed in means such as a
      rotating drum, kiln, ribbon mixer, gas fluidized bed or the like. A
      preferred means for providing a tumbling bed is a rotating drum or kiln.
PAR  Liquid sulfur is introduced into the bed to coat the tumbling particles
      with liquid sulfur as they tumble or roll in the bed. The tumbling and
      rolling of the particles tends to distribute the liquid sulfur over the
      surface of the particles. The tumbling and rolling action of the bed
      continuously brings particles from the interior of the bed to the surface
      so the particles can be contacted with the liquid sulfur.
PAR  Liquid sulfur is frozen or solidified by maintaining the temperature of the
      tumbling bed below the freezing point of sulfur. At bed temperatures
      higher than about 2.degree.C. below the freezing point of sulfur, the
      sulfur is slow to solidify, production rates are inordinately low and the
      liquid sulfur has an opportunity to build up on the surfaces of the
      apparatus used to contain the sulfur. The process can be operated at
      temperatures more than 70.degree.C. below the freezing point of sulfur
      without difficulty. Lower temperatures increase the rate at which sulfur
      can be frozen; however, when the bed temperature is maintained below about
      70.degree.C., the frozen sulfur tends to become damp and remain damp when
      the frozen sulfur is exposed to the air on a pile. To provide a product
      which contains only small amounts of moisture, it is preferred to maintain
      the tumbling bed of particulate sulfur at a temperature above about
      70.degree.C., preferably between about 70.degree. and about 2.degree.C.
      below the freezing point of the liquid. When a substantially dry sulfur
      pellet is required, the bed is most preferably maintained between about
      80.degree. and about 110.degree.C. At the lower temperatures improved
      results are obtained if the bed is contacted with a moving stream of air
      to reduce the partial pressure of water vapor in the vicinity of the
      particles. It is possible to control the temperature of the tumbling bed
      of particulate sulfur to produce product sulfur particles containing less
      than about 0.15% moisture by weight.
PAR  A valuable adjunct to the process is the introduction of a stream of air
      into the apparatus to contact the tumbling bed of particulate material.
      The air stream provides additional cooling and reduces the partial
      pressure of water vapor in the apparatus. Air introduced into the
      apparatus provides a drier product at a lower temperature.
PAR  The water can be provided to the tumbling bed by spray, by addition of
      water through an open pipe or layer of water in a rotating apparatus or by
      incorporation of water in damp or wet particulate sulfur feed to the
      tumbling bed.
PAR  The amount of water which is provided to the bed of tumbling sulfur pellets
      is controlled to maintain the temperature of the tumbling bed in the
      desired operating range. The amount of water provided to the bed is
      determined by the rate of addition of liquid sulfur, and the temperature
      range in which the bed is operated. Larger particles tend to provide lower
      production rates.
PAR  The process can be operated in a batch or continuous manner and can provide
      frozen sulfur particles in a wet or substantially dry condition.
PAR  In a batch operation, liquid sulfur can be introduced into the tumbling bed
      of particulate sulfur and sufficient water provided to maintain the
      tumbling bed within the temperature range necessary to provide a wet or
      dry product. When the tumbling particles achieve the required particle
      size range, the bed can be emptied and recharged with particulate sulfur
      of a size smaller than the required size of the product particles.
PAR  When the process is operated continuously, seed particles or nuclei must be
      provided continuously or periodically to the bed to maintain a tumbling
      bed of particulate sulfur within the particle size range required. If no
      seed particles are provided, the particles in the bed continue to increase
      in size and become difficult to handle.
PAR  In general, a product with particles in the range of about one-eighth inch
      to about 1 inch diameter can be readily produced. Particles larger than
      about 1 inch in diameter can be produced but the capacity of the equipment
      to freeze sulfur is substantially reduced since heat transfer area and
      area for coating with liquid sulfur becomes smaller. As the average size
      of the particles in the bed increases, seed particles or nuclei can be
      provided to the bed by addition of particulate sulfur from a source
      outside of the tumbling or rolling bed, or can be produced in the bed by
      fracture of large particles or by breaking loosely adhering coating from
      particles in the bed.
PAR  Normal attrition in the bed does not ordinarily provide a sufficient number
      of seed particles. The coated particles as formed are rather tough,
      resilient and resistant to fracture. The toughness, resiliency and
      resistance to fracture of the coated particles can be reduced by
      introduction of a small amount of free ammonia, in the range of about 5 to
      about 100 parts per million based on the weight of sulfur into the
      tumbling bed. The ammonia can be introduced into the tumbling bed with the
      water, the sulfur or in the form of a liquid or gas. Larger amounts of
      free ammonia can be introduced into the bed without a deleterious effect
      on the process but involves an unnecessary added expense. The small amount
      of ammonia substantially increases the friability of the sulfur particles
      and aids in the production of seed particles in the bed.
PAR  In operation, liquid sulfur is introduced into the bed of tumbling
      particulate sulfur. It is preferred to introduce the sulfur into the
      tumbling bed of particulate sulfur in the form of a spray or curtain to
      coat the particulate sulfur with a thin coat of liquid sulfur. The
      tumbling and rolling action of the particles in the bed exposes all
      surfaces of the particles to the liquid sulfur and aids in providing a
      more or less uniform coating of liquid sulfur on the particles. The
      tumbling and rolling action of the bed continually raises particles from
      the interior of the bed to the surface so that they can be coated with the
      liquid sulfur.
PAR  Since the temperature of the bed is maintained below the freezing point of
      sulfur, the liquid sulfur solidifies on the sulfur particle as the
      individual particle is tumbled or rolled in the bed.
PAR  The temperature of the tumbling and rolling bed of particulate sulfur is
      maintained below the freezing point of sulfur by heating and vaporizing
      water. The amount of water provided to the bed can be controlled to
      maintain the bed temperature in the range required to provide a product
      with a required moisture content. In general, as the bed temperature is
      maintained at lower levels, the product particulate sulfur contains
      increasing quantities of water. However, as the bed temperature is
      reduced, the capacity of the equipment for freezing sulfur increases and
      the particle size of the product tends to decrease. Air or other inert
      gases can be moved through the apparatus to produce a drier product at
      lower temperatures.
PAR  The water can be provided to the tumbling bed in the form of a spray, thin
      curtain, open pipe or intermixed with seed particles or nuclei entering
      the bed.
PAR  The preferred method for providing water to the bed is dependent upon the
      moisture content required in the product, continuous or batch operation
      and the method of providing seed particles in the bed.
PAR  When a substantially dry product is required, that is, when the bed is
      maintained at an elevated temperature, it is preferred to provide the
      water to the bed in the form of a fine spray, thin curtain or mixed with
      the seed particles entering the bed. If a product containing a substantial
      amount of moisture is suitable, water can be provided by any means capable
      of delivering a sufficient amount of water to the bed to maintain water in
      the bed. If the amount of water mixed with the product particulate frozen
      sulfur is not critical the addition of water to the bed need not be
      closely controlled. Periodic addition of a sufficient amount of water to
      maintain the bed wetted will suffice.
PAR  Water is not generally occluded in the sulfur particle. Water droplets
      which may be on the surface of the sulfur particle prevent the liquid
      sulfur from sticking to the solid particle and provide a weak section in
      the coating which can be broken off by the tumbling and rolling action of
      the sulfur particles in the bed. Providing a wetted bed of sulfur
      particles is a method of generating seed particles or nuclei in the bed.
      When the bed contains a substantial amount of water, the sulfur pellets
      remain relatively cool and can have droplets of water adhering to the
      surface of the particle. When the cool wet particle is contacted with
      liquid sulfur, the sulfur quickly freezes. The droplets of water provide
      areas on the pellets where the coating of liquid sulfur does not stick to
      the previously formed solid particle. The weak spot is cracked and broken
      off by the rolling and tumbling of the particles in the bed. The small
      fragments which are broken off in this manner provide seed particles which
      are nuclei for coating by the liquid sulfur.
PAR  Small particles of particulate sulfur (seed particles or nuclei) can be
      provided to the bed by means such as crushing oversized or product
      particles which are formed in the bed and returning the crushed particles
      to the bed, addition of particulate sulfur from any source, addition of
      ceramic, stone or metal balls to the bed to fracture particles or to
      become coated with sulfur which is broken off by collision in the bed,
      chains hanging in the apparatus positioned to strike the walls or
      operating a wet bed. A preferred embodiment of the invention provides a
      wet bed to form seed particles which are transferred to a bed operating at
      a higher temperature to form a substantially dry product.
PAR  Preferably, the operation is carried out in a rotating drum arranged with
      its axis disposed substantially horizontally. The drum is rotated
      continuously at a speed wherein the mass of sulfur particles contained
      therein are caused to ascend at the rising side of the drum and then to
      tumble and roll downwardly so that they are in condition of continual but
      variable movement. Methods for providing tumbling action to a bed of
      particles are well known in the art. The liquid sulfur is preferably
      directed at a point near the ascending portion of the tumbling bed. The
      water is preferably admitted at a point near the lower part of the bed so
      that the particulate sulfur coated with the liquid sulfur tumbles or rolls
      down the outside of the moving bed and is contacted at the lower portion
      with water. The drum is rotated at a speed which is sufficiently high to
      cause the particulate sulfur to tumble, similar to the balls in a ball
      mill rather than merely sliding within the rotating apparatus.
PAR  In a continuous operation, as the liquid sulfur is added to the tumbling
      bed of particulate sulfur and the liquid sulfur hardens, the level of the
      particulate sulfur in the rotating drum increases. When the level of
      particulate sulfur has increased to the point that it is above the
      discharge point, the pelletized sulfur begins to flow out of the tumbling
      bed. If sulfur pellets with a particle size in a relatively small range
      are desired, the sulfur which is being discharged from the rotating drum
      can be passed over a separation means such as a screen which separates the
      particles into particular particle size ranges. The oversize can be
      crushed and returned to the bed along with the undersized particles as
      seed or nuclei for coating with liquid sulfur.
PAR  If substantially dry particulate sulfur is required, water in the form of a
      fine spray can be admitted to the bed at a controlled rate to maintain the
      temperature of the particulate sulfur in the bed at above about
      70.degree.C. and preferably from about 80.degree. to about 110.degree.C.
      When the particles in the tumbling bed are maintained at the elevated
      temperatures, they rapidly dry on discharge and sulfur containing less
      than 0.15% moisture can be produced. Air can be introduced into the
      apparatus to aid in producing a substantially dry particle. As used herein
      substantially dry refers to particulate material containing less than
      about 0.5% water by weight measured after the particle has cooled to
      ambient temperature exposed to the air.
PAR  When a layer of water is maintained in the bottom of the rotating
      apparatus, a considerable amount of water is incorporated in the tumbling
      pellets and a frozen sulfur product containing above about 0.5% moisture
      is obtained. If a particulate sulfur product containing levels of moisture
      above about 0.5% are suitable, the process can be readily operated with
      little control by maintaining a small amount of water in the bottom of the
      rotating drum or periodic additions of water to the bed to insure that the
      bed is wetted.
PAR  The moisture incorporated in the bed of tumbling particles produces nuclei
      by forming weak spots where the liquid sulfur is not bonded to the surface
      of the solid particle. By operation in this manner the tumbling bed of
      particulate sulfur does not require the addition of nuclei or seed
      particles to maintain a large number of small particles in the tumbling
      bed.
PAR  If the tumbling bed does not contain sufficient water or other means to
      provide seed particles, seed particles must be provided to the bed from an
      external source. If nuclei or seed particulate sulfur is not provided in
      the bed, the tumbling particles simply grow larger and particles in the
      size range of 1 to 4 inches in diameter can be produced by the process. It
      is preferred, however, to produce particles in the range of from about
      one-eigth to about 1 inch and preferably from about 3/16 to about
      three-fourth inch in diameter. Particles in this size range are readily
      handled by many types of solids handling equipment.
PAR  The invention will be further described by a reference to the drawings.
PAR  FIG. I is an illustration of an apparatus for carrying out the process of
      the invention. FIG. I shows rotating drum 10 which is of relatively large
      diameter in relation to its length. Rotating drum 10 is supported by shaft
      7 carried on bearings 8 supported by pedestals 11 mounted on base 15.
      Shaft 7 has pulley 12 mounted thereon which is rotated by motor 14 which
      operates belt 13 in contact with pulley 12. The drum is rotated at a speed
      to impart a tumbling and rolling action to the particles in the drum. The
      speed of rotation necessary to maintain tumbling action in the bed of
      particulate material is related to the diameter of the drum and the depth
      of the bed of material in the drum. In general, larger diameter drums
      operate at lower rotational speeds. As the level of pelletized or
      particulate sulfur builds up in the drum, the particulate sulfur overflows
      through skirt 9 over grizzly screen 4 which separates the oversized
      particles from the particles in the desired size range. The particles
      which pass through grizzly screen 4 enter screw conveyor 5 and are carried
      away by the rotation of screw member 6. Oversized particles can pass to
      crushing means not shown and be recycled to the bed.
PAR  When a substantially dry sulfur is desired, particulate sulfur can be added
      to rotating drum 10 through particulate sulfur feed means 3. A sufficient
      amount of particulate sulfur is added to the bed to insure that the
      particle size which overflows skirt 9 in drum 10 is in the desired
      particle size range. When substantially dry sulfur is required, the
      temperature of the particulate sulfur overlflowing drum 10 through skirt 9
      is maintained above about 70.degree.C. and preferably from about
      80.degree. to about 110.degree.C.
PAR  The liquid sulfur is admitted to the tumbling bed of particulate sulfur in
      drum 10 by means of liquid sulfur inlet 1 which is a steam jacketed pipe
      adapted to maintain the sulfur in the liquid state and which terminates in
      a spray nozzle which provides a square spray pattern of liquid sulfur. The
      spray is adjusted to wet the surface of the tumbling particulate sulfur
      over substantially the entire width of the rotating drum. The liquid
      sulfur is admitted to the tumbling bed of particulate sulfur near the
      upper end of the piled up sulfur which accrues in the direction of
      rotation of the drum.
PAR  The particulate sulfur is contacted with liquid sulfur while tumbling down
      the bed. The tumbling action exposes different portions of the particle to
      the spray of liquid sulfur and tends to distribute the liquid sulfur as a
      more or less even thin coating on the surface of the particles. Near the
      lower portion of the pile the tumbling particles are contacted with a fine
      spray of water. The water is admitted through inlet line 2 and contacts
      the bed in the form of a fine spray of mist through a spray nozzle 22
      which may be gas atomized. The rate of addition of the water is controlled
      to maintain the temperature of the particulate sulfur in the bed in the
      desired temperature range. That is, above about 60.degree.C. and
      preferably from about 80.degree. to about 110.degree.C. when substantially
      dry sulfur pellets are required. Air can be admitted to the apparatus
      through air line 16.
PAR  If it is not necessary to produce a substantially dry sulfur the water
      spraying nozzle can be replaced with an open pipe water inlet sufficient
      to provide a wetted bed or a small amount of water in the bottom of
      rotating drum 10. When the tumbling bed is wetted or there is water in the
      drum the liquid sulfur rapidly solidifies on the surface of the relatively
      cool particles. The rotation of the drum tends to incorporate a
      substantial amount of water in the tumbling bed if water is present in the
      drum. The water is carried along in the interstices between the sulfur
      pellets.
PAR  The small seed particles or nuclei can be provided to the bed by chains
      hanging in the rotating drum or by incorporating into the bed ceramic,
      stone or metal balls or pieces which by the rolling and tumbling action
      cause attrition of some of the particulate material. The balls can become
      coated with sulfur and the coating broken off by collisions between the
      balls.
PAR  FIG. 2 illustrates the position of air inlet 16, sulfur spray nozzle 21
      attached to sulfur inlet line 1, particulate sulfur inlet 3 and water
      spray nozzle 22 attached to water inlet line 2 in relation to the rotation
      of the drum and the tumbling bed 23. As stated previously, if a small
      layer of water is maintained in drum 10 a spray nozzle or means for
      dispersing the water over the surface of the tumbling bed need not be
      utilized.
PAR  The temperature of the tumbling bed can be monitored by means of infrared
      detectors, thermocouples which pass through the tumblinb material or by
      thermocouples which measure the temperature of the material which
      overflows the bed. It is also possible to judge the temperature of the bed
      by the appearance of the tumbling particles. The particles change from a
      yellow color to an orange color as the bed temperature increases. The bed
      temperature is important in insuring that the temperature is below the
      freezing point of sulfur or where it is necessary to maintain the
      temperature in the range required to produce a substantially dry product.
PAR  The process of the present invention can be carried out in an apparatus
      shown diagrammatically in FIG. 3.
PAR  FIG. 3 shows rotating drum 30, which rotates about the horizontal axis (not
      shown), supported by riding rings 41 which ride on trunnions 43 supported
      by supports 48 on base 49. The rotating drum is rotated by means of drive
      assembly 45 which engages girt gear 42, through gear 44. The drive
      assembly is supported on base 49 by support 46. Rotating drum 30 is
      separated into two compartments by baffle plate 38 which has opening 39
      cut therein to permit flow of particles from bed 35 to bed 37.
PAR  In operation bed 35 in compartment 50 is maintained wet or a small amount
      of water 36 can be maintained in the bottom of compartment 50 by means of
      admitting water to the rotating bed through water inlet 32. As the drum
      rotates, the particulate sulfur contacts the water and the wet particles
      of sulfur are carried along with the rotation of the drum. Liquid sulfur
      is admitted to compartment 50 near the upper portion of the bed. The wet
      or damp sulfur particles contact the liquid sulfur and the liquid sulfur
      solidifies. Due to droplets of water adhering to the sulfur particles in
      the wet bed, the sulfur does not adhere to the solid particles over the
      entire surface. The tumbling action which occurs in the bed as the drum
      rotates causes the non-adhering portion of sulfur to break off and provide
      nuclei or small seed particles for maintaining a small particle size in
      the bed.
PAR  As the level of the sulfur particles in compartment 50 builds up, the
      particulate material overflows through opening 39 in partition 38 into
      compartment 60. The particles in tumbling bed 37 in compartment 60 are
      maintained at a temperature above about 60.degree.C. but below the
      freezing point of sulfur and preferably above about 80.degree.C. but below
      about 110.degree.C. The bed temperature in compartment 60 may be
      controlled by adjusting the liquid sulfur feed rate to a rate sufficient
      to remove the water carried with the particles entering compartment 60
      from compartment 50 without additional water feed to bed 37 to provide a
      substantially dry product. Additional water can be introduced into bed 37
      in compartment 60 through fine spray nozzle 61 attached to water inlet
      line 34. The particles which have overflowed from compartment 50 to
      compartment 60 are rapidly dried by contact with the tumbling bed of
      heated particles. Air can be admitted to compartments 50 or 60 through an
      air inlet line not shown.
PAR  Sulfur is admitted to tumbling bed 37 and compartment 60 through steam
      jacketed sulfur inlet line 33 and spray nozzle 62 which is adjusted to
      provide a square spray pattern to spread the sulfur over substantially the
      entire width of the tumbling bed. The spray is located in such a manner as
      to direct the liquid sulfur to a point near the highest point in the bed
      so that the sulfur particles become coated with liquid sulfur as they
      tumble down on the top of the bed as the drum rotates.
PAR  Water can be admitted through inlet line 34 and spray nozzle 61 which
      provides a fine spray of water controlled to maintain the bed temperature
      at above about 70.degree.C. When a substantially dry product is to be
      produced at low temperatures a gas (preferably air) is advantageously
      admitted to the apparatus to lower the partial pressure of water vapor in
      the atmosphere in contact with the tumbling particles. The temperature of
      the bed can be monitored by infrared monitoring device 63 which monitors
      the temperature of the particles which overflow from compartment 60 over
      skirt 54. The particles which overflow bed 37 in compartment 60 pass onto
      grizzly screen 51 which separates the oversized particles from particles
      in the desired size range. The particles which pass through grizzly screen
      51 fall into screw conveyor 52 and are conveyed away by rotation of screw
      53. The oversized particles can be collected in a hopper now shown,
      crushed and returned to the bed if desired. The oversized particles can
      also be remelted and returned as liquid sulfur to the tumbling bed.
PAR  Oversized sulfur particles tend to segregate at the bottom of the bed and
      lifting vanes in the form of bars welded parallel to the axis of the
      rotating drum between the outer wall and partition 38 can be so-spaced as
      to permit particles to fall therebetween but carry oversized particles to
      the top of the bed where they are discharged from the compartment.
PAR  The invention will be illustrated by reference to the following examples.
PAC  EXAMPLE 1
PAR  A rotating drum such as illustrated in FIG. 1, 3 feet in diameter by 1 foot
      long was utilized in the experiment.
PAR  The outer face of the drum is a ring 3 feet OD .times. 2 feet ID. The ring
      retains a bed of sulfur 6 inches deep in the rotating drum. A short
      section of 45.degree. cone is attached to the ring matching the ID and
      forming a discharge shute or skirt. The drum is rotated about the
      horizontal axis at 13 rpm. to provide the tumbling action to the
      particulate bed of sulfur.
PAR  Sulfur is fed to the bed through a steam jacketed line to a Spraying
      Systems Company spray nozzle number 3/8 HH 18 SQ. with a spray orifice of
      5/32nds of an inch. The spray nozzle has the following characteristics for
      water:
TBL  Pressure (psig.)                                                          
                  Capacity      Spray Angle                                    
     ______________________________________                                    
     5            1.3 G.P.M.    --                                             
     7            1.5 G.P.M.    71.degree.                                     
     10           1.8 G.P.M.    --                                             
     20           2.5 G.P.M.    75.degree.                                     
     ______________________________________                                    
PAR  The spray nozzle has a square spray pattern so that a fairly uniform
      distribution of sulfur across the tumbling bed is provided. The spray is
      adjusted so that the sulfur is applied over a broad band in the direction
      of tumble. The particles in the bed have an opportunity to be rotated and
      thus coated on all sides. The spray is adjusted to extend within 2 inches
      of the sides of the tumbling bed. The flow of sulfur to the spray nozzle
      is controlled by a jacketed ball valve. The head of sulfur available to
      the spray nozzle is approximately 30 feet.
PAR  Water is applied to the bed by atomization through a paint sprayer in the
      form of a fine mist. Eight 1 inch by 1/8 inch steel strips are welded
      across the cylindrical section of the pan parallel to the axis to prevent
      the bed from sliding along the surface of the drum.
PAR  Particulate sulfur is added to the drum. The rotational speed of 13 rpm's
      is determined by observing the tumbling action of the particulate sulfur.
      Drum rotation is started and sulfur is introduced through the square spray
      nozzle onto the tumbling bed of particulate sulfur. Water is introduced as
      a fine mist through the paint sprayer. Sulfur is added at a rate which
      does not cause buildup on the pan. The temperature of the bed as measured
      at the particles overflowing through the cone section was maintained
      between 75.degree. and 105.degree.C.
PAR  The initial particle discharge is fairly uniform roughly spherical
      particles smaller than one-fourth inch in diameter. As the run continues
      for several hours, the tumbling mass becomes progressively coarser until
      the average particle size is about 3 inches in diameter.
PAR  There is insufficient attrition and breakage of the lumps in the bed to
      form seed material on which fresh particles can grow. As the particle size
      increases, the freezing surface is reduced. It becomes necessary to reduce
      the sulfur feed rate until the spray nozzle can no longer produce a spray.
      In order to produce a uniform particle size solified sulfur particle, it
      is necessary to provide particulate sulfur or seed to the bed. Particles
      grow on the seed particles as product is removed from the tumbling bed.
PAC  EXAMPLE 2
PAR  The rotating drum utilized in Example 1 is emptied of the large particle
      size sulfur and refilled with particulate sulfur less than one-fourth inch
      in diameter. The paint sprayer is removed. Water is introduced into the
      drum with a garden hose without a spray nozzle. The drum is rotated and
      the tumbling mass rapidly incorporates the water into the bed. Liquid
      sulfur is admitted to the bed through the spray nozzle. The bed is wetted
      and water is added periodically in accordance with the appearance of the
      bed. Sufficient water is added to maintain the color of the bed; a bright
      yellow. The bed is wet and has good heat removal characteristics. It is
      possible to use a maximum sulfur spray rate, that is, the capacity of the
      sulfur nozzle utilized in Example 1 with the full 30 feet of sulfur head.
PAR  The pellet size remains stable and no buildup is experienced on the drum.
      The rate of freezing sulfur exceeds 1000 pounds per hour. The sulfur
      product contains more than about 1% water by weight.
PAC  EXAMPLE 3
PAR  The addition of water as in Example 2 is discontinued. The sulfur addition
      to the bed is continued. When the bed temperature reached 85.degree.C. the
      damp product produced in Example 2 is added to the bed at a rate to
      maintain the bed temperature between about 70.degree. and 110.degree.C.
      Random samples of product are taken and placed in cooled jars and it is
      noted if water condenses on the inside of the jar as the product cools.
      Samples are taken wherein no water condenses on the jar as the jar is
      cooled. A sample which shows no condensation in the jar is dried in an
      oven overnight at 75.degree.C. The sulfur is found to contain 0.128% by
      weight water.
PAR  A sample in which condensation occurs on the jar as the product is cooled
      is dried overnight at a temperature of 75.degree.C. The weight loss of the
      sample is 0.56%.
PAR  The product has a size range of from about one-fourth to about
      three-fourths inch in diameter. The bulk density of the product is 67
      pounds per cubic foot.
PAC  EXAMPLE 4
PAR  The rotating drum utilized in Example 3 is emptied of about one quarter of
      the bed and the sulfur replaced by 1 inch diameter steel balls. The water
      is admitted to the bed by means of the paint sprayer used in Example 1.
PAR  The process is operated as in Example 1. The size of the particles in the
      bed remains stable. The sulfur feed rate is not reduced due to an increase
      in the size of the particles in the bed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing free flowing solid sulfur particles comprising:
PA1  a. tumbling a bed of solid sulfur particles;
PA1  b. introducing molten sulfur into said tumbling bed to distribute and
      provide a coat of molten sulfur on the surface of said solid sulfur
      particles;
PA1  c. introducing an amount of water into said bed to cool and solidify the
      molten sulfur coating on said solid sulfur particles to thereby form free
      flowing coated sulfur particles;
PA1  d. removing said free flowing substantially dust free coated sulfur
      particles from said bed.
NUM  2.
PAR  2. The process of claim 1 wherein an amount of said water is introduced
      into said bed to maintain the temperature of said bed between about
      70.degree.C. and the freezing point of sulfur.
NUM  3.
PAR  3. The process of claim 1 wherein said water is introduced into said
      tumbling bed in the form of a spray to maintain the temperature of said
      tumbling bed between about 80.degree. and about 110.degree.C.
NUM  4.
PAR  4. The process of claim 1 wherein the temperature of said tumbling bed is
      maintained below the freezing point of sulfur by introducing sulfur
      particles wetted with water into said tumbling bed of sulfur particles.
NUM  5.
PAR  5. The process of claim 1 wherein sulfur particles wetted with water are
      introduced into said tumbling bed and additional water in the form of a
      spray is introduced into said tumbling bed.
NUM  6.
PAR  6. The process of claim 1 wherein the temperature of said bed is maintained
      below about 100.degree.C. by introducing a sufficient amount of water into
      said bed to maintain the bed wetted with water.
NUM  7.
PAR  7. The process of claim 1 which comprises
PA1  a. introducing a sufficient amount of water into said tumbling bed of
      sulfur particles to maintain said bed wetted with water;
PA1  b. transferring said sulfur particles wetted with water to a second
      tumbling bed of sulfur particles;
PA1  c. introducing an amount of molten sulfur into said second tumbling bed to
      distribute and provide a coat of molten sulfur on the surface of said
      solid sulfur particles and to maintain the temperature of said bed of
      sulfur particles above about 80.degree.C. and below the freezing point of
      sulfur to form substantially dry and dust free, free flowing, coated
      sulfur particles;
PA1  d. removing said substantially dry and dust free, free flowing, coated
      sulfur particles from said second bed.
NUM  8.
PAR  8. The process of claim 7 wherein additional water is introduced into said
      second tumbling bed of sulfur particles.
NUM  9.
PAR  9. The process of claim 1 wherein a stream of air is introduced into the
      means for tumbling the bed of sulfur particles to provide additional
      cooling and to reduce the partial pressure of water vapor in the means for
      tumbling the bed of sulfur particles, whereby drier particles are produced
      at a lower temperature.
NUM  10.
PAR  10. The process of claim 2 wherein a stream of air is introduced into the
      means for tumbling the bed of sulfur particles to provide additional
      cooling and to reduce the partial pressure of water vapor in the means for
      tumbling the bed of sulfur particles, whereby drier particles are produced
      at a lower temperature.
NUM  11.
PAR  11. The process of claim 7 wherein a stream of air is introduced into the
      means for tumbling the second bed of sulfur particles to provide
      additional cooling and to reduce the partial pressure of water vapor in
      the means for tumbling the second bed of sulfur particles, whereby drier
      particles are produced at a lower temperature.
NUM  12.
PAR  12. The process of claim 2 wherein crushed sulfur, of a particle size
      smaller than the sulfur particles recovered from said bed, is added to
      said bed and coated with the molten sulfur.
NUM  13.
PAR  13. The process of claim 1 wherein from about 5 to about 100 parts per
      million, based on the weight of sulfur, of ammonia is introduced into said
      tumbling bed of sulfur particles, during the addition of molten sulfur, to
      reduce the toughness and resiliency of the particles.
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ABST
PAL  To produce heat-resistant carbon or graphite-fiber reinforced composite
      members having improved strength and uniformity, the fibers are coated
      with a dilute solution or emulsion of a hardenable resin, dried to remove
      the solvent, and laid out in porous layers. The layers are subsequently
      impregnated with tar pitch and heated to 900.degree.C so as to carbonize
      the resin and the tar pitch. The composite members, which consist of a
      carbon matrix with reinforcing fibers of carbon or graphite, are
      especially suited for components which are simultaneously stressed
      thermally and mechanically, such as heat shields, casting molds, crucibles
      and the like.
BSUM
PAR  The invention relates to a method of producing heat-resistant,
      fiber-reinforced composite members.
PAR  To produce heat-resistant form bodies or moldings, it has been known
      heretofore to form mixtures of granular or powdered carbon-containing
      solids, such as petroleum and pitch coke, graphite and carbon black as
      well as binding agents such as tar pitch and synthetic resins, for
      example, in extrusion or die or stamping presses or by other forming
      processes and, subsequently to heat them to temperatures of about
      1000.degree.C or more to carbonize the binding agent. Such carbon bodies
      have excellent heat resistance in a non-oxidizing atmosphere and
      outstanding mechanical properties, especially since the tensile strength
      and the modulus of elasticity increase with temperature.
PAR  For some fields of use, however, such as in aeronautical and space
      technology, for example, the relatively low strength and particularly the
      fracture characteristic thereof, which resembles that of brittle
      materials, are a disadvantage. This characteristic is fundamentally
      unchanged by impregnating carbon bodies with tar pitch, synthetic resins
      or pyrocarbon, and the strength increased by the impregnations is offset
      by the greater weight of the moldings, that is disadvantageous for many
      uses.
PAR  The ultimate strength of carbon bodies is mainly determined by the solids
      used, and it is to be expected that by processing largely faultfree
      solids, such as fibers or whiskers, for example, which can in addition be
      embedded with suitable orientation into the moldings, a considerable
      increase in the strength and uniformity of the bodies can be obtained.
      Greater improvements in the strength and rigidity of the bodies will
      naturally be attainable only if the binding agent coke matrix adheres
      firmly to the embedded fibers, and applied stresses can be transmitted to
      the fibers.
PAR  From U.S. Pat. No. 3,462,289 to C. W. Rohl, et al., it is known to produce
      fiber-reinforced carbon members by mixing carbon fibers with a binding
      agent consisting of synthetic resins, molding the mixture and, thereafter,
      heating it so as to carbonize the binding agent. Since the binding agent
      shrinks during the carbonizing phase and separates partially or completely
      from the surface of the fiber, the carbon fibers are bonded only very
      loosely with the coke matrix. Under mechanical load, the fibers barely
      absorb the stresses, and the strength of the member is determined almost
      completely by the strength of the coke matrix. French Pat. No. 1,476,157
      therefore provides for impregnating the moldings with pyrocarbon after
      carbonizing. For this purpose, carbon-containing gases are passed at
      temperatures between 800.degree. and 900.degree.C over the moldings, at
      the outer and inner surfaces of which, carbon is deposited through
      decomposition of the hydrocarbons. The disadvantage of this method is that
      pyrocarbon is preferentially precipitated in the outer zones of the
      molding and the deposits thereof impede the gas exchange with the center
      of the member and finally prevent it altogether. The resulting drop in
      density and strength from the outside to the inside can be prevented only
      by costly control of the reaction conditions.
PAR  From German Published Non-Prosecuted Patent Application DDS No. 1,571,390,
      it is known to form carbon or graphite fibers, without a binder, into a
      member of predetermined shape, then to subject the member to reduced
      pressure, and, thereafter, to impregnate the member with a binder under
      pressure. The binder is then cured similarly under pressure, and is
      carbonized by heating in a protective gas atmosphere. The member is then
      impregnated, cured and carbonized at least once more. To anchor the fibers
      in the coke matrix completely, however, about six such cycles are
      necessary, which creates a considerable technical expenditure.
PAR  A further disadvantage of the heretofore known methods of producing fiber
      reinforced composite members is that the reinforcing fibers are initially
      covered with a closed resin film, so that shrinkage stresses produced
      during the carbonizing step are completely transmitted to the fibers,
      until finally the coke layer that is formed breaks off. Since very high
      peak stresses are produced, damage to the fibers, for instance through the
      fracture of individual filaments, is unavoidable.
PAR  It is accordingly an object of the invention to avoid the foregoing
      difficulties and disadvantages of the heretofore known methods and to
      provide a method of producing heat-resistant composite members that have
      great strength and uniformity.
PAR  With the foregoing and other objects in view, there is provided in
      accordance with the invention, a method of producing heat-resistant,
      fiber-reinforced composite members, which comprise coating ceramic fibers,
      such as carbon or graphite fibers with a dilute solution or emulsion of a
      hardenable resin, drying the coated fibers so as to remove the solvent or
      the closed phase, respectively by heating, laying out the fibers out in
      layers, heating the layers to 120.degree. to 180.degree.C so as to cure
      the resin impregnating the fiber layers with a tar pitch, and heating the
      tar pitch-impregnated fiber layers to about 900.degree.C to carbonize the
      resin and the tar pitch. By a "closed phase" is meant the coherent phase
      of an emulsion, such as water, for example, wherein a second phase, such
      as resin, for example, is dispersed.
PAR  The invention is based upon the perception that layers of diluted resin or
      resin emulsions applied by spraying, brushing or immersing on ceramic
      fibers or whiskers exhibit excellent adhesion and do not separate from the
      fiber surface during curing and carbonizing. Since the thickness of the
      resin films, which is about 1 to 2.mu.m, is very slight and adjacent
      fibers are furthermore interlinked only at a limited number of points,
      only low stresses that are harmless to the fibers are produced during
      carbonizing and fissures and similar faults are avoided. The fibers which
      are partially covered with resin coke are embedded in a matrix consisting
      of coked tar pitch, the brittleness of which is less than that of resin
      coke, so that the probability of the formation of cracks in the matrix is
      primarily reduced. The tar pitch coke, in turn, forms a strong bond with
      the resin coke.
PAR  To produce composite members in accordance with the method of the
      invention, fibers or whiskers that are thermally stable at the carbonizing
      and application temperature and do not react or react only to a limited
      extent with the binder phase, are best suited. Graphite fibers and carbon
      fibers which are used in the form of staple fibers, strings, ribbons,
      endless filaments or as a mixture of endless filaments and staple fibers,
      as well as carbon and graphite whiskers, are preferred.
PAR  To coat the ceramic fibers, any resin which can be diluted and carbonized
      is suitable, such as, for example, phenol formaldehyde resin, melamine
      resin, epoxy resin and furane resin, to which hardening catalysts can be
      added optionally in a conventional manner. According to the invention, the
      resins are used in the form of dilute solutions, ethanol solutions
      containing 1 to 20% by weight of resin being particularly advantageous.
      According to a further mode of the method of the invention, aqueous resin
      emulsions the resin content of which is advantageously 1 to 20% by weight,
      are applied to the fibers.
PAR  To coat the filaments with synthetic resin, for example, endless filaments
      are drawn through a bath filled with a synthetic resin solution, or staple
      fibers are sprayed with a synthetic-resin solution. After excess solution
      has drained off, the fibers are laid out in a mold in layers and
      optionally compressed so that the fiber content is 30 to 70% by volume.
PAR  To cure the resin, the members are then heated to about 120.degree. to
      180.degree.C, in accordance with the invention. Application of the
      pressure greater than atmospheric is generally unnecessary, but the curing
      can be performed in a conventional manner in autoclaves at pressures of 2
      to 10 kp/cm.sup.2 (kiloponds per square centimeter).
PAR  After the curing treatment, the fiber is surrounded by a firmly adhering
      resin layer. The bond between the individual fibers is loose, however, and
      numberous substantially cylindrical pores extend parallel to the fibers.
      These pores are filled with tar pitch in a subsequent impregnating
      treatment. Suitable impregnating agents are, for example, coal tar pitch
      with a softening point according to Kraemer-Sarnow of between 300.degree.
      and 80.degree.C or mixtures of very high-viscosity coal tar pitches with
      thinning agents, such as anthracene oil, for example. The impregnated
      members are then heated in an inert atmosphere, such as nitrogen, the rare
      gases, or carbon monoxide, for example, optionally under pressure, to a
      temperature above 800.degree.C so as to carbonize the resin and the tar
      pitch.
PAR  The composite members produced in accordance with the method of the
      invention have a three-phase structure. Predominantly parallel-disposed
      reinforcing fibers are surrounded by a thin layer consisting of relatively
      brittle resin coke, and are embedded in a soft matrix of tar pitch coke.
      Through this construction, good bonding of the fibers that are not damaged
      by shrinkage stresses and, consequently, the extensive transmission of
      external stresses through the matrix to the reinforcing fibers are
      achieved. The composite members produced in accordance with the method of
      the invention exhibit great uniformity for relatively low densities and
      great strength. The composite members are highly resistant to thermal
      shock treatment and, due to their rigidity, are particularly well suited
      for thermally and mechanically stressed components such as heat shields
      and rocket nose cones, for example. They can also be used to advantage for
      casting molds and crucibles, for pipes and channels for transporting melts
      or reactive liquids, and for chemical apparatus.
DETD
PAR  Hereinafter, the invention will be described in the form of examples.
PAC  EXAMPLE 1
PAR  Carbon yarn or thread which had the following properties:
TBL  Rupture strength                                                          
                   --         16.4 .times. 10.sup.3 kp/cm.sup.2                
     Modulus of elasticity                                                     
                   --          1.6 .times. 10.sup.6 kp/cm.sup.2                
     Density       --          1.72 g/cm.sup.3                                 
PAL  was pulled continuously through a trough containing a 10% solution of
      phenol formaldehyde resin in ethaneol, and the solvent was largely removed
      by storing the yarn at temperatures between 20.degree. and 30.degree.C.
      The carbon yarn was then cut into sections of equal length, which were
      placed in parallel orientation in a mold and compressed into a member
      having a fiber content of 60% by volume. The molding pressure was about 3
      kp/cm.sup.2
PAR  To cure the phenol formaldehyde resin the composite body was subsequently
      heated in an oven for 30 minutes at 100.degree.C and for another 30
      minutes at 150.degree.C. The member was impregnated with a coal tar pitch,
      having a softening point of 75.degree.C, and was placed for this purpose
      in an autoclave, having a pressure which was first reduced to about 0.3
      kp/cm.sup.2 and, after adding the pitch, was increased to about 2
      kp/cm.sup.2. The exposure time was about 30 minutes.
PAR  The impregnated member was then heated in a nitrogen atmosphere in a muffle
      furnace with a temperature gradient of about 15.degree.C/hour to
      900.degree.C.
PAR  The carbonized composite member had the following properties:
TBL  Bending strength                                                          
                   --         810 kp/cm.sup.2                                  
     Modulus of elasticity                                                     
                   --          0.56 .times. 10.sup.6 kp/cm.sup.2               
     Density       --          0.82 g/cm.sup.3                                 
PAC  EXAMPLE 2
PAR  The carbon twine or yarn aforedescribed in Example 1 was pulled
      continuously through a 15% phenol formaldehyde resin emulsion in a
      water-ethanol mixture with a mixing ratio of 2 parts water to 1 part of
      ethanol and, as further described in Example 1, was cut up after being
      dried at about 60.degree.C, placed in molds, cured, impregnated and
      carbonized. The properties of the composite member were as follows::
TBL  Bending strength                                                          
                   --         1030 kp/cm.sup.2                                 
     Modulus of elasticity                                                     
                   --           0.66 .times. 10.sup.6 kp/cm.sup.2              
     Density       --           1.07 g/cm.sup.3                                
PAC  EXAMPLE 3
PAR  A graphite yarn or thread with a breaking or rupture strength of 16 .times.
      10.sup.3 kp/cm.sup.2 and a modulus of elasticity of 2.0 .times. 10.sup.6
      kp/cm.sup.2 was pulled through a 6% emulsion of phenolic resin in water,
      dried at about 80.degree.C, then cut into sections of equal length and,
      thereafter, placed in a mold and compressed. The fiber content was about
      65% by volume. The subsequent process steps were the same as those
      described above in Example 1. The finished composite member had the
      following properties:
TBL  Bending strength                                                          
                   --         1070 kp/cm.sup.2                                 
     Modulus of elasticity                                                     
                   --           0.67 .times. 10.sup.6 kp/cm.sup.2              
     Density       --           1.12 g/cm.sup.3                                
PAC  EXAMPLE 4
PAR  Carbon staple fibers with a length of 2 cm were sprayed with a solution of
      20% furfuryl alcohol in ethanol, the solvent was removed by storing at
      about 50.degree.C, and the sprayed staple fibers were then placed in a
      mold. The staple fibers which were disposed approximately paralled with
      the aid of a stream of air were then compressed into a member with a fiber
      content of about 40% by volume and subsequently processed further as
      aforedescribed in Example 1.
PAR  The properties of the composite member were as follows:
TBL  Bending strength                                                          
                   --         630 kp/cm.sup.2                                  
     Modulus of elasticity                                                     
                   --          0.52 .times. 10.sup.6 kp/cm.sup.2               
     Density       --          0.65 g/cm.sup.3                                 
CLMS
STM  I claim:
NUM  1.
PAR  1. Method of producing heat-resistant, fiber-reinforced composite members
      which comprises coating fibers formed of a substance selected from the
      group consisting of carbon and graphite first with a substance selected
      from the group consisting of a dilute solution of hardenable resin and an
      emulsion of hardenable resin dispersed in a liquid, drying the coated
      fibers so as to remove, respectively, the solvent or the liquid therefrom,
      laying out the fibers in layers, curing the layers at 120.degree. to
      180.degree. C whereby said fibers are surrounded by a firmly adhering
      layer of said resin, then impregnating the fiber layers with tar pitch and
      heating the tar pitch-impregnated fiber layers to a temperature above
      800.degree.C to carbonize the tar pitch and the resin.
NUM  2.
PAR  2. Method according to claim 1 wherein the solution is an ethanol solution
      of 1 to 20% by weight of resin.
NUM  3.
PAR  3. Method according to claim 1 wherein the coating resin is phenol
      formaldehyde or furane resin.
NUM  4.
PAR  4. Method according to claim 1 wherein the emulsion is an aqueous resin
      emulsion.
NUM  5.
PAR  5. Method according to claim 1 wherein the impregnating tar pitch is a
      coal-tar pitch.
NUM  6.
PAR  6. Method according to claim 1 wherein the fiber content of the composite
      members is from 30 to 70% by volume.
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ABST
PAL  Rubber is adhered to metal such as the metal in the belt of a vehicle tire
      or conveyor belt, by first coating the metal with rubber containing a
      small amount of the amine of cobaltous chloride, CoCl.sub.2.2NH.sub.3. The
      metal may first be zinc coated.
BSUM
PAR  Rubber is adhered to steel by first applying a zinc coating to the steel
      and then covering this with a vulcanizable rubber which contains a small
      amount of ammine complex of cobaltous chloride, CoCl.sub.2.2NH.sub.3,
      which may contain 2 molecules of water. The ammine may be either the cis-
      or trans- form. The rubber-coated metal is then heated to cure the rubber
      and bond it to the metal.
PAR  It has been proposed to coat metal, such as tire-bead wire, with a
      cobalt-containing compound before bonding rubber to it. See, for instance,
      Gray U.S. Pat. No. 1,919,718, Banks et al. U.S. Pat. No. 2,599,359,
      Wilkins U.S. Pat. No. 2,643,273, Formanek et al. U.S. Pat. No. 2,912,355
      and Adler U.S. Pat. No. 2,939,207.
PAR  The steel may be wire used in the plies or belt of an automobile tire, a
      flat steel plate to which rubber is to be affixed, or any one of a number
      of metal products or parts to which rubber is vulcanized. It has been
      customary to first coat steel with brass because rubber can be readily
      vulcanized to brass. A complex cyanide solution is needed to plate out the
      brass coating. The cyanide solution is poisonous and presents a health
      hazard. The disposal of the waste cyanide solution also presents a
      difficult problem. Zinc, on the other hand, can be applied by an
      electrolytic coating procedure and, furthermore, zinc coatings are softer
      than brass coatings and therefore the dies through which zinc-coated wire,
      etc. is passed have a much longer life than dies similarly employed on
      brass-coated wire, etc. Also storage of zinc-coated wire, etc. does not
      present the problems often present in the handling of brass which becomes
      oxidized in shipping or storage, because zinc oxide, which is formed on
      the surface of zinc, is favorable to rubber vulcanization.
PAR  Generally, the rubber compound will contain 0.1 to 5.0 parts of the complex
      per 100 parts of the rubber. It is necessary to compound carbon black in
      the rubber, the amount being used being dependent upon the kind of rubber,
      the amount of extender, etc. employed, and the use to which the
      rubber-coated product is to be put, but will usually be about 15 to 90,
      and preferably 40 to 80, parts per 100 parts of the rubber. The "parts"
      referred to are all on the basis of weight.
PAR  There are many other advantages inherent in the use of cobalt ammine
      complex in a rubber compound for adhering rubber to metal. Among these may
      be mentioned the fact that the complex is amorphous in character, contains
      a relatively large amount of cobalt and is readily dispersible in rubber
      compounds. It is possible to cure such rubber products in the presence of
      sulfur without the addition of a usual rubber accelerator because on
      heating the ammine gives off ammonia which acts as an accelerator. With or
      without an accelerator, the cobalt complex provides a slow rate of cure
      which permits the sulfur to become involved in the rubber-to-metal
      adhesive bond instead of being rapidly and completely used up in the
      formation of rubber cross-links such as occurs in highly accelerated
      rubber compounds.
PAR  With the wide use of steel wire and brass-coated steel wire for tire
      reinforcement (in bias-ply tires, radial-ply tires and in steel belts for
      tires), there is a demand for a strong adhesive which will withstand the
      intense, high-temperature flexing to which such wires are subjected.
      Adhesive coatings which contain cobalt ammine (which can contain two moles
      of water) have been found satisfactory, regardless of the rubber in the
      coating and the rubber which is adhered to the wire, which latter may be
      different from the rubber used in the coating. The adhesive may be used
      for coating metals other than the metal in tire components, as suggested
      in the cited patents, for example. The metal must be clean, free of
      grease, rust and scale.
PAR  The rubbers in the tire or other product and that in the wire coating may
      be the same or different. The latter may be composed largely or entirely
      of a diene rubber such as, for instance, natural rubber, polybutadiene,
      polyisoprene, butadiene-styrene copolymer, reclaimed rubber, etc. The
      rubber in the tire may be any rubber or mixture of rubbers usually used in
      tires, with the compounding ingredients usually present.
PAR  The rubber used for the wire coating is a curable rubber which includes
      compounding ingredients (often without any usual accelerator). It is found
      that it is necessary to use carbon black in the coating, and although
      generally the amount used will be within the range set forth in the
      following recipe, a larger or smaller amount may be used, and the amount
      of oil or pine tar or other extender will be varied accordingly. The
      recipe refers more particularly to the amounts of compounding ingredients
      usually employed; other amounts and other compounding ingredients may be
      used with other rubbers, as will be apparent to those skilled in the art.
PAR  Although the composition of the rubber used may vary with respect to the
      rubber, antioxidant, accelerator, extender, pigments, etc., used, it has
      been found that it should include carbon black to get good adhesion.
PAR  The following rubber formulae were used on coating zinc-coated and
      brass-coated steel samples and it is shown that the adhesion obtained on
      the zinc-plated steel is substantially as good as on the brass-plated
      steel.
TBL  ______________________________________                                    
                       Formula A                                               
                                Formula B                                      
     ______________________________________                                    
     Hevea               100        100                                        
     HAF Black*          60         60                                         
     Zinc Oxide          7.5        7.5                                        
     Ajone DD            2.0        2.0                                        
     Santoflex 13**      0.9        0.9                                        
     Stearic Acid        0.5        3.4                                        
     Pine Tar            5.55       5.55                                       
     Retarder (Vultrol)  1.0        1.0                                        
     Sulfur              2.0        3.0                                        
     Accelerator         0.2        0.6                                        
     Ammine of cobaltous chloride                                              
                         3.0        0.0                                        
     ______________________________________                                    
       *High Abrasion Furnace Black                                            
      **Santoflex 13 is an N-alkyl-N'-aryl-p-phenylenediamine. Ajone DD is     
      6-dodecyl-1,2-dihydro-2,2,4-trimethyl quinoline. Vultrol is              
      n-nitroso-diphenylamine.                                                 
PAR  In the T-adhesion test to which the following tests refer, cords twisted
      from 5 filaments of brass-coated and zinc-coated wire are used. Each
      filament is 0.010 inch in diameter. The diameter of the strand is 0.027
      inch. One quarter inch of one end of such a strand is embedded between two
      pieces of the vulcanizable rubber compound to be tested. Then the rubber
      is cured at 300.degree.F. for 30 minutes. Thus the end of the wire is held
      by one-fourth inch of rubber which is held in a clamp. The other end of
      the wire is pulled, and the value obtained by pulling is multiplied by 4
      to obtain the strength of the bond between the wire and the rubber in
      pounds per inch.
PAR  T-adhesion tests were made on samples prepared according to the above two
      recipes, adhered to zinc-coated wire and to brass-coated wire and the
      samples were heated to 230.degree.F. for testing. No heating is necessary
      to promote the adhesion. The results are given below:
TBL               Tests on Brass-Coated Steel Wire                             
                  Coating       Coating                                        
                  Formula A     Formula B                                      
     ______________________________________                                    
     Unaged         145             175                                        
     Aged 4 days at 212.degree.F.                                              
                     97              95                                        
                  Tests on Zinc-Coated Steel Wire                              
                    Coating         Coating                                    
                    Formula A       Formula B                                  
     ______________________________________                                    
     Unaged         180             0                                          
     Aged 4 days at 212.degree.F.                                              
                    104             0                                          
     ______________________________________                                    
PAR  These data indicate that a bond can be obtained to zinc-plated steelcord
      which is equivalent to a bond obtained to a brass-plated steelcord. This
      test also indicates that the ammine of cobaltous chloride is necessary for
      a bond to zinc.
PAR  Ammine complexes of other cobalt compounds may be used. Adhesion was
      obtained with cobalt urea and cobalt phosphothionate complexes and also
      Manobond C (a rubber additive of Monsanto Chemical Company used to improve
      the adhesive properties of the rubber). No satisfactory bond was obtained
      with the ammine complex of cobaltic chloride. It appears that using the
      ammine complex of cobaltous chloride, the carbon black catalyzes oxidation
      of [Co.sup..sup.+2 (NH.sub.3).sub. 2 9 .sup..sup.+2 to [Co.sup..sup.+3
      (NH.sub.3).sub. 2 ].sup..sup.+3 and on heating, ammonia is given off
      forming [Co].sup..sup.+2, and the zinc plating is oxidized, effecting a
      good bond. If the temperature is too low, no ammonia (or insufficient
      ammonia) is given off. Temperatures in the range of 230.degree. to
      350.degree.F may be used.
CLMS
STM  It is claimed that:
NUM  1.
PAR  1. The method of adhering a sulfur-curable carbon black containing diene
      rubber compound to zinc-coated steel, which method comprises covering the
      zinc surface with a diene rubber containing substantially 15 to 90 parts
      by weight of carbon black and 0.1 to 5 parts by weight of CoCl.sub.2 .
      2NH.sub.3 which contains 2 molecules of water, per 100 parts by weight of
      the rubber, curing the rubber and heating for a sufficient time for
      ammonia to be given off and for action of the ammine complex to form a
      strong bond with the zinc.
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ABST
PAL  Detergent-compatible antistatic compositions are described containing a
      combination of cationic antistatic agents and certain organic adjuncts as
      discrete particles. Preferred compositions also include certain smectite
      clay materials to permit the simultaneous attainment of fabric softening,
      static-reduction and cleansing effects of fabrics washed therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compositions adapted to provide antistatic
      effects in fabric laundering operations. More particularly, it relates to
      the provision of these effects while simultaneously cleansing fabrics by
      means of conventional synthetic detergent compounds and organic or
      inorganic detergent builders.
PAR  Various quaternary ammonium compounds known in the art possess antistatic
      properties. These compounds are well known to be incompatible with anionic
      surfactants commonly employed in the laundering of fabrics. The opposite
      electrical charges of the two species lead not only to the mutual
      attraction of the surfactants, which results in formation of insoluble
      compounds and the depletion of the respective materials, but also to
      reversal of the electrical charges on surfaces exposed to the wash liquor.
      This reversal results in undesirable effects such as increased soil
      redeposition on fabrics and poorer soil removal. A further consequence of
      this incompatibility is the inhibition of the tendency of the cationic
      surfactant to deposit on the fabric surface and an associated reduction in
      the antistatic benefit delivered to the laundered fabric.
PAR  It is an object of the present invention to provide particulate additive
      products which can be added to laundry detergent formulations to reduce
      the tendency of fabrics that are washed therewith and then subjected to
      machine drying to generate or retain static electricity.
PAR  It is also an object of the present invention to provide detergent
      compositions incorporating discrete particulates containing antistat
      materials capable of reducing the buildup of static charges on fabrics
      that are washed therewith and are then subjected to machine drying.
PAR  It is a further object of the present invention to provide fabric softening
      and antistatic compositions capable of providing their effects in the
      presence of conventional detergent compositions to thereby concurrently
      launder, soften, and impart antistatic benefits to fabrics.
PAR  It is yet another object of the present invention to provide compositions
      containing certain clay fabric softening agents and quaternary ammonium
      antistatic agents adapted for to use in the washing cycle of a laundering
      operation.
PAC  PRIOR ART
PAR  As noted hereinabove, there is a substantial body of art relating to fabric
      antistat agents which assertedly can be applied to fabrics in the presence
      of various surfactants. Pursuant to the provisions of the Notice of the
      Commissioner of Patents relating to the citation of prior art, appearing
      in the Official Gazette, Sept. 3, 1974, a complete compilation of
      references relevant to the instant invention and known to Applicants will
      be placed on file in the U.S. Patent Office.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is based in part upon the discovery that the
      interactive effects of antistatic agents, particularly quaternary ammonium
      antistatic agents, and conventional detergent laundering compositions can
      be mitigated by incorporating the antistatic agent together with an
      organic dispersion inhibitor in the form of discrete particles, these
      particles having a specified range of particle size, solubility in water
      and melting point. These particulate materials can be employed, either as
      additives to supplement conventional laundering products when the latter
      are added to the wash solution or as part of a product designed to provide
      textile materials with simultaneous cleansing, antistatic and optionally
      fabric-softening effects.
PAR  According to one aspect of the invention there is provided a particulate
      additive product containing as essential ingredients a quaternary ammonium
      antistat agent and an organic dispersion inhibitor in an intimate mixture.
PAR  The present invention also encompasses, as integral formulations,
      compositions containing the materials hereinbefore defined in combination
      with synthetic detergent compounds and organic or inorganic builder salts.
      Such compositions, merely added to water, provide in a single step the
      provision of a laundering bath adapted to the provision of simultaneous
      cleansing, softening, and antistat effects.
PAR  In a method aspect, the invention encompasses a method of simultaneously
      cleansing, softening, and providing antistatic effects on textile fabrics
      which comprises the steps of (1) treating the textile fabrics in an
      aqueous laundry bath containing detergent, clay, and a particulate
      material comprising an antistatic quaternary ammonium agent and a
      dispersion inhibitor as defined herein, and (2) subjecting the treated
      textile fabrics to drying at a temperature in the range of 125.degree.F to
      200.degree.F.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The additive product and method of this invention employ two essential
      ingredients; the quaternary ammonium antistatic agent; and the solid
      organic dispersion inhibitor. The detergent compositions of the invention
      additionally can comprise a water-soluble detergency compound and a
      detergency builder salt. The quaternary ammonium compound provides
      antistatic effects on the fabrics and adds an increment of softening
      benefit to the fabrics while the detergent and builder components provide
      the known cleansing and building effects. The various components of the
      compositions herein are described in greater detail hereinafter, together
      with the methods of preparation of the particulate detergent additive
      products and detergent compositions containing them. The method of
      preparation of the individual components of the additive products and
      detergent compositions incorporating them are well known in the art and
      form no part of the present invention.
PAR  Particulate detergent products suited herein as additives to the detergent
      washing bath of a laundering operation, and termed "additive products"
      herein comprise:
PAR  a. from about 80 to about 20% by weight of a quaternary ammonium compound
      of the formula:
      ##EQU1##
      wherein R.sub.1 and preferably also R.sub.2 represent an organic radical
      containing a group selected from a C.sub.16 -C.sub.22 aliphatic radical or
      an alkyl phenyl or alkyl benzyl radical having 10-16 atoms in the alkyl
      chain, R.sub.3 and R.sub.4 represent hydrocarbyl groups containing from 1
      to about 4 carbon atoms, C.sub.2 -C.sub.4 hydroxy alkyl groups and cyclic
      structures in which the nitrogen atom forms part of the ring, and Y is an
      anion such as halide or methylsulfate; and
PAR  b. from about 20 to about 80% by weight of a solid organic dispersion
      inhibitor having a softening point in the range of from 100.degree.F to
      200.degree.F and a solubility in water of 50 ppm max at 25.degree.C,
      selected from the group consisting of paraffinic waxes, cyclic and acyclic
      mono- and polyhydric alcohols, substituted and unsubstituted aliphatic
      carboxylic acids, esters of the foregoing alcohols and acids, C.sub.3
      -C.sub.4 alkylene oxide condensates of any of the foregoing materials, and
      mixtures thereof,
PAR  substantially all of the individual particles having a size within the
      range 10.mu. to 500.mu., said product having a solubility in water of 50
      ppm max at 25.degree.C and having a softening point in the range of
      100.degree.F to 200.degree.F.
PAR  Built laundry detergent compositions of the invention comprise (a) from
      about 10 to about 25% by weight of an anionic surfactant; (b) from about
      10 to about 60% by weight of an organic or inorganic detergent builder
      salt; (c) from about 3 to about 25% by weight of the composition of a
      particulate combination consisting essentially of: (1) from about 80 to
      about 20% by weight of a quaternary ammonium antistatic agent of the
      formula:
      ##EQU2##
      wherein R.sub.1 and preferably also R.sub.2 represent an organic radical
      containing a group selected from a C.sub.16 -C.sub.22 aliphatic radical or
      an alkyl phenyl or alkyl benzyl radical having 10-16 atoms in the alkyl
      chain, R.sub.3 and R.sub.4 represent hydrocarbyl groups containing from
      about 1 to about 4 carbon atoms and wherein Y is an anion, e.g., fluoride,
      chloride, bromide, or methylsulfate; and
PAR  b. from about 20 to about 80% of a solid organic dispersion inhibitor
      having a softening point in the range of from 100.degree.F to 200.degree.F
      and a solubility in water of 50 ppm max at 25.degree.C, selected from the
      group consisting of paraffinic waxes, cyclic and acyclic mono- and
      polyhydric alcohols, substituted and unsubstituted aliphatic carboxylic
      acids, esters of the foregoing alcohols and acids, C.sub.3 -C.sub.4
      alkylene oxide condensates of any of the foregoing materials and mixtures
      thereof,
PAR  the individual particles having a size in the range of 10.mu. to 500.mu., a
      solubility in water of 50 ppm max at 25.degree.C and a softening point in
      the range of 100.degree.F to 200.degree.F.
PAR  The detergent compositions herein provide a solution pH of from about 7 to
      about 12, preferably from about 9 to about 11, when dissolved in water at
      a concentration of about 0.12% by weight.
PAC  Antistatic Agent
PAR  The quaternary ammonium antistatic agents will normally be employed in the
      particulate additive products in an amount of from about 80 to about 20%
      preferably from about 80 to about 50%, and most preferably from 65 to 50%
      by weight of the additive particles. The quaternary ammonium antistatic
      agent will normally be present in the detergent compositions of the
      invention in an amount of from about 0.5 to about 15% preferably in an
      amount of from about 1 to about 10% and most preferably in an amount of
      from about 2 to 5% by weight of the composition. Whether an additive or
      detergent composition of the invention is employed in providing an aqueous
      laundering bath or liquor, an amount sufficient to provide a concentration
      of quaternary ammonium compound in the bath or liquor of from about 5 ppm
      (parts per million) to about 250 ppm will normally be employed.
PAR  The antistatic agents useful herein are quaternary ammonium salts of the
      formula [R.sub.1 R.sub.2 R.sub.3 R.sub.4 N].sup.+Y.sup.- wherein R.sub.1
      and preferably R.sub.2 represent an organic radical containing a group
      selected from a C.sub.16 -C.sub.22 aliphatic radical or an alkyl phenyl or
      alkyl benzyl radical having 10-16 atoms in the alkyl chain, R.sub.3 and
      R.sub.4 represent hydrocarbyl groups containing from 1 to about 4 carbon
      atoms, or C.sub.2 -C.sub.4 hydroxy alkyl groups and cyclic structures in
      which the nitrogen atom forms part of the ring, and Y is an anion such as
      halide or methosulfate.
PAR  In the context of the above definition, the hydrophobic moiety (i.e., the
      C.sub.16.sub.-22 aliphatic, C.sub.10.sub.-16 alkyl phenyl or alkyl benzyl
      radical) in the organic radical R.sub.1 may be directly attached to the
      quaternary nitrogen atom or may be indirectly attached thereto through an
      amide, ester, alkoxy, ether, or like grouping.
PAR  The quaternary ammonium antistatic compounds useful herein include both
      water soluble and substantially water insoluble materials. For example,
      the imidazolinium compounds of the structure
      ##EQU3##
      where R is a C.sub.16 -C.sub.20 alkyl group, possess appreciable water
      solubility but can be utilized in the present invention by mixture with
      the appropriate level and type of organic dispersion inhibitor so as to
      give an ultimate particle solubility in water of less than 50 ppm at
      25.degree.C.
PAR  Similarly other relatively water-soluble quaternary ammonium antistatic
      agents can be used such as the diisostearyl dimethyl ammonium chlorides
      disclosed in U.S. Pat. No. 3,395,100 to Fisher et al.
PAR  However, the preferred quaternary ammonium antistatic agents useful herein
      are characterized by their limited solubility in water. That is to say,
      such quaternary salts are essentially insoluble in water, existing therein
      in what appears to be the mesomorphic liquid crystalline state.
PAR  The quaternary ammonium antistatic agents used in this invention can be
      prepared in various ways well known in the art. Many such materials are
      commercially available. The quaternaries are often made from alkyl halide
      mixtures corresponding to the mixed alkyl chain lengths in fatty acids.
      For example, the "di-tallow" quaternaries are made from alkyl halides
      having mixed C.sub.14 -C.sub.18 chain lengths. Such mixed di-long chain
      quaternaries are useful herein and are preferred from a cost standpoint.
PAR  As noted above, essentially any anionic group can be the counter-ion in the
      quaternary compounds used herein. The anionic groups in the quaternary
      compounds can be exchanged, one for another, using standard anion exchange
      resins. Thus, quaternary ammonium salts having any desired anion are
      readily available. While the nature of such anions has no effect on the
      compositions and processes of this invention, chloride ion is the
      preferred counter-ion from an availability standpoint.
PAR  The following are representative examples of substantially water-insoluble
      quaternary ammonium antistatic agents suitable for use in the compositions
      and processes of the instant invention. All of the quaternary ammonium
      compounds listed can be formulated with the detergent compositions herein,
      but the compilation of suitable quaternary compounds hereinafter is only
      by way of example and is not intended to be limiting of such compounds.
      Dioctadecyldimethylammonium chloride is an especially preferred quaternary
      antistatic agent for use herein by virtue of its high antistatic activity;
      ditallow dimethyl ammonium chloride is equally preferred because of its
      ready availability and its good antistatic activity; other useful di-long
      chain quaternary compounds are dicetyldimethyl-ammonium chloride;
      bis-docosyldimethylammonium chloride; didodecyldimethylammonium chloride;
      ditallowdimethylammonium bromide; dioleoyldimethylammonium hydroxide;
      ditallowdiethyl-ammonium chloride; ditallowdipropylammonium bromide;
      ditallow-dibutylammonium fluoride, cetyldecylmethylethylammonium chloride,
      bis-[ditallowdimethylammonium]sulfate;
      tris-[ditallow-dimethylammonium]phosphate; and the like.
PAC  Organic Dispersion Inhibitor
PAR  The essential organic dispersion inhibitor comprises about 20 to about 80%,
      preferably from about 20 to about 50%, and most preferably 35 to about 45%
      by weight of the particulate additive product. In the built detergent
      embodiments, the dispersion inhibitor is present in an amount from about
      0.5 to about 15%, preferably from about 1 to about 10% by weight of the
      total composition. Normally, in either the additive or detergent
      embodiments of the invention, an amount of dispersion inhibitor sufficient
      to provide a weight ratio of quaternary ammonium compound to dispersion
      inhibitor of from about 4:1 to about 1:1, and preferably from 2:1 to 3:2,
      is employed.
PAR  The dispersion inhibitor should have a solubility in water of 50 ppm max at
      25.degree.C and a softening point in the range of
      100.degree.-200.degree.F, preferably 125.degree.-200.degree.F, and is
      selected from the group consisting of paraffinic waxes, cyclic and acyclic
      mono- and polyhydric alcohols, substituted and unsubstituted aliphatic
      carboxylic acids, esters of the foregoing alcohols and acids, C.sub.3
      -C.sub.4 alkylene oxide condensates of any of the foregoing materials and
      mixtures thereof.
PAR  Preferred herein because of ready availability is tallow alcohol, but
      useful dispersion inhibitors include other fatty alcohols in the C.sub.14
      -C.sub.26 range such as myristyl alcohol, cetyl alcohol, stearyl alcohol,
      arachidyl alcohol, behenyl alcohol, and mixtures thereof.
PAR  Saturated fatty acids having 12 to 24 carbon atoms in the alkyl chain can
      be used such as: lauric acid, myristic acid, palmitic acid, stearic acid,
      arachidic acid, and behenic acid, as well as mixtures of these,
      particularly those derived from naturally occurring sources such as
      tallow, coconut, and marine oils.
PAR  Esters of the aliphatic alcohols and fatty acids are useful dispersion
      inhibitors, provided they have a total of more than 22 carbon atoms in the
      acid and alkyl radicals.
PAR  Long chain C.sub.22 -C.sub.30 paraffinic hydrocarbon materials such as the
      saturated hydrocarbon octacosane having 28 carbon atoms can also be used.
PAR  Another preferred class of materials useful in the present invention are
      the water insoluble sorbitan esters which comprise the reaction product of
      C.sub.12 -C.sub.26 fatty acyl halides or fatty acids and the complex
      mixtures of cyclic anhydrides of sorbitol collectively known as
      "sorbitan". The reaction sequence necessary to produce such sorbitan
      esters from sorbitol is set out schematically below, the esters being
      shown in the fully esterified form.
      ##SPC1##
PAR  The sorbitan esters are, in turn, complex mixtures of mono, di, tri, and
      tetra ester forms, of which the tri and tetra are the least water-soluble
      and hence the most preferred for the purposes of the present invention.
      However, commercially available mixtures of the various forms are quite
      satisfactory provided that the mixture satisfies the water solubility and
      melting point range constraints for the organic dispersion inhibitor.
      Typical fatty acids that are suitable for the alkyl portion of the ester
      are palmitic, stearic, docosanoic, and behenic acids and mixtures of any
      of these. These sorbitan esters, particularly the tri and tetra esters,
      provide a degree of fabric softening in addition to their function as
      dispersion inhibitors. Minor proportions of unsaturated C.sub.10 -C.sub.26
      fatty acids, present in commercially available fatty acid mixtures such as
      coconut-, palm-, tallow-, and marine oil-derived acids are also
      acceptable. Another preferred group of materials are the C.sub.20
      -C.sub.26 mono- and di- ester forms which also provide a degree of fabric
      softening performance in addition to their function as dispersion
      inhibitors.
PAR  Materials of this general class are commercially available under various
      trade names, e.g., the Span series sold by Atlas Chemical Corporation.
PAC  Particulate Additive Product
PAR  The particulate additive product comprises a mixture of the quaternary
      ammonium antistatic agent and the organic dispersion inhibitor in a weight
      ratio of 4:1 to 1:4, the individual particle size of the product lying in
      the range 10.mu. to 500.mu., preferably 25.mu. to 250.mu., and most
      preferably 50.mu. to 100.mu.. Further essential requirements are that the
      particulate product should not have a solubility in water at 25.degree.C
      of greater than 50  ppm, preferably less than 10 ppm and that the
      softening or melting point of the product should lie in the range
      100.degree. to 200.degree.F, preferably 150.degree. to 175.degree.F.
PAR  As acknowledged in the prior art, the combination of cationic organic
      materials with conventional anionic surfactant-containing detergent
      compositions has traditionally been regarded as nugatory because of the
      tendency for the oppositely-charged moieties to interact. The interaction
      results in the depletion of both species and leads to a lowering both of
      the cleaning and sudsing performance of the detergent and of the fabric
      softening and/or antistat performance of the cationic material.
PAR  It has been determined that this interaction is a function of the ability
      of the cationic material to disperse in aqueous media and that if this
      dispersion is inhibited or prevented, then the disadvantageous effects
      seen hitherto can be avoided.
PAR  The accompanying Table shows the particulate size range of a typical, but
      preferred, quaternary ammonium material under several conditions of
      product incorporation and usage.
TBL                                    H                                       
     __________________________________________________________________________
     PARTICLE SIZE COMPARISON OF VARIOUS                                       
     FORMS OF DTDMAC                                                           
     Physical Form    In Product                                               
                              In the Wash Solution                             
     __________________________________________________________________________
     In typical commercial liquid                                              
      softeners       0.1 to 2.mu.                                             
                                0.1 to 2.mu.                                   
     As 95% active solid particles                                             
                      100 to 300.mu.                                           
                                 2 to 10.mu.                                   
     As particles combined with                                                
      tallow alcohol  200 to 400.mu.                                           
                                 50 to 100.mu.                                 
     __________________________________________________________________________
PAR  Ditallow dimethyl ammonium chloride (DTDMAC) is substantially insoluble in
      water, but if the immersion of a solid particle of DTDMAC in water is
      observed microscopically, the particle can be seen to absorb water very
      rapidly, swelling to become an amorphous jelly-like mass which disperses
      easily into small, ultimate particles of about 0.1 to 2.mu. in size.
PAR  In the form of a commercially available liquid softener product, sold as a
      5% solution in water, the dispersed particle size of the quaternary is
      approximately the same as that in water and little change occurs on
      dilution in the rinse water where the product is applied. However,
      addition of this product to the wash causes a marked decrease in sudsing
      and cleaning performance, while not providing any noticeable antistat or
      softening benefit to the fabrics. It is postulated that these effects are
      due to the large surface area: mass ratio of the antistat particles which
      results in an appreciable proportion of the anionic surfactants being used
      to not only neutralize the positive charge of the quaternary, but also
      adsorb on the neutralized particle and convert it into an anionic
      particle. This reverses the force normally tending to attract the
      quarternary cation to the anionic fabric surface and as the particles are
      very small, they are not large enough to be trapped in the fabric fibers
      so that no deposition or benefit accrues.
PAR  The use of a solid powdered form of the quaternary, while ensuring that the
      initial particle size on contact with water is larger, does not prevent
      the attainment of a small, ultimate particle size, although it is larger
      than that obtained when a liquid product is diluted. It is believed that
      this ultimate particle size is typical of that realized by quaternary
      materials that have been incorporated into granular products by addition
      to the detergent slurry prior to spray drying. Some antistatic benefit can
      be obtained if high levels of the quaternary, e.g., &gt;10% by weight of the
      product, are used although cleaning and sudsing are sacrificed.
PAR  However, if in accordance with the present invention, the quaternary
      antistat material is intimately mixed, for example, by co-melting, with a
      solid organic material having a low water solubility and a relatively high
      softening temperature and then formed into a particle of a specified size
      range, these previously mentioned negative effects can be virtually
      eliminated. The provision of such a mixture with a particle size in the
      range 10 to 500.mu. significantly reduces the surface area of the
      quaternary exposed to the solution, and hence its ability to absorb water
      and disperse. Depletion of the anionic surfactants in the wash is thereby
      reduced and the structural integrity of the particulates is retained so
      that they are trapped by the fibers during the wash cycle. Exposure of the
      fabrics to the elevated temperatures of a heated rotary dryer then spreads
      the quaternary-inhibitor mixture over the surface of the fabrics to give
      the desired antistat benefit, together with some softening effect.
PAR  Optimum results are seen when a preparative technique is used that leads to
      a particle of approximately 250.mu. in size that comprises an aggregation
      of smaller particles of about 25 to 50.mu.. In solution, the larger
      particle disintegrates to leave the smaller particles that are not visible
      to the naked eye on the fabrics but are still large enough both to avoid
      significant surfactant depletion and to be trapped by the fabric fibers.
PAR  Quaternary softening and antistat materials are conventionally supplied as
      a mixture with a solvent material such as a lower alkarol, e.g.,
      isopropanol. This aids dispersion in aqueous media but is disadvantageous
      to the present invention. Consequently, quaternary materials for use in
      this invention are preferably low in solvent and ideally are substantially
      free thereof.
PAR  It will be appreciated that the greater the water solubility of the
      quaternary ammonium compound, the larger will be the amount of organic
      dispersion inhibitor and/or the smaller its water solubility in order to
      satisfy the essential criteria of the invention. Correspondingly for a
      particular quaternary ammonium compound the greater the water solubility
      of an organic dispersion inhibitor, the more will have to be used.
PAR  The particulate detergent additive product is made by intimately mixing the
      quaternary antistat and the organic dispersion inhibitor and then forming
      this mixture into particulates. This can be accomplished by dry mix
      addition followed by a mechanical process such as extrusion or milling to
      form the particulates. However, a preferred technique involves comelting
      of the two materials prior to the particle formation.
PAR  In at least the preferred embodiments of the present invention, comelting
      permits the formation, when the mixture is subsequently cooled, of a solid
      phase which is crystallographically distinct from either of the individual
      components. This phase is believed to enhance the inhibition of the
      solubility of the quaternary antistat organic dispersion inhibitor
      particle, even when the latter has a size in the range of 10.mu. to
      50.mu..
PAR  The formation of the particulates from the comelt can be carried out in a
      number of ways. The mixture can be sprayed via a single- or two-fluid
      pressure nozzle to form droplets of the desired size range, i.e. 50.mu. to
      250.mu. which are then solidified by cooling and subjected to screening to
      remove material which is either too coarse or too fine. A tower-prilling
      technique can also be used to obtain the same result, namely a mixture of
      substantially spherical droplets having a broad spread of particle sizes
      about a given mean.
PAR  Alternatively a prilling process such as that disclosed in German D.O.S.
      2,137,042 and 2,137,043 (both incorporated herein by reference) can be
      employed. Particulates made in this manner are entirely satisfactory for
      the purpose of delivering an antistat benefit in accordance with the
      invention. However, such particulates are less satisfactory from an
      aesthetic standpoint in that they are visible as a deposit on fabrics
      which have been removed from the wash liquor but have not been subjected
      to machine drying. The use of elevated drying temperatures together with
      the tumbling effect created by the rotary motion of the dryer, serves to
      soften the particulates and spread them over the fabrics to give the
      desired antistat benefit and eliminate their aesthetic disadvantage.
PAR  Another method of obtaining particulates of the desired size range which
      are not visible to the naked eye on fabrics removed from the wash solution
      is as follows. The comelt of quaternary ammonium compound and dispersion
      inhibitor is solidified and then comminuted to obtain particles which are
      irregular and angular rather than uniform and spherical in shape. High
      energy comminution processes such as hammer, rod, and ball mills and air
      impact mills can be used but preferably a low energy input process is
      employed which does not result in an appreciable temperature increase of
      the material being treated. While the theory of the process is not fully
      understood, it is believed that a low energy comminution process such as
      grating through a sieve avoids the surface softening or melting associated
      with processes involving higher energy inputs and thereby minimizes
      agglomeration of the comminuted material. Any agglomerates which do form
      are fragile in nature and disintegrate under the subsequent agitated
      conditions of the wash into individual particles of the desired size
      range.
PAC  Detergent Compositions
PAR  The particulate detergent additive products of the present invention may
      themselves constitute components of laundry detergent compositions of
      different types, e.g., additive products intended to provide specific
      performance attributes where added to wash liquors containing conventional
      detergent formulations or fully developed formulations designed to include
      the particulate additive as part of the product.
PAR  Examples of the first type include mixtures of the particulate additive
      with other granular materials such as oxygen or chlorine bleaches, peroxy
      bleach activators, optical brighteners, enzymatic agents, detergent
      builders, and sequestering agents, antibacterial agents, fabric softeners,
      and the like. In this type, the percentage by weight of the particulate
      additive product can vary between very wide limits depending on the number
      and amount of the other components, but will generally lie within the
      range of 5 to 95%, preferably 10 to 50% by weight of the composition.
PAR  Examples of the second type are those compositions comprising surfactants,
      detergent builders, suds modifiers, antiredeposition agents, bleaches,
      etc., which constitute complete heavy-duty laundry products.
PAR  In fully developed detergent compositions the particulate product will
      normally be present in an amount sufficient to provide 1 to 10%,
      preferably 2 to 5% of the quaternary antistat material in the detergent
      composition. The remainder of the composition will comprise 1 to 50% by
      weight, preferably 10 to 25% by weight of a detersive surfactant and
      approximately 15 to 60%, more preferably 20 to 45% by weight of a
      detergent builder, together with other conventional detergent ingredients.
PAC  Surfactant
PAR  From about 1 to about 50% by weight, preferably about 10 to about 25% by
      weight and most preferably from about 5 to about 20% by weight, of the
      detergent compositions can comprise an organic surfactant selected from
      the group consisting of anionic, nonionic, ampholytic, and zwitterionic
      detergents and mixtures thereof. Examples of organic surfactants of these
      types are described in U.S. Pat. No. 3,579,454; incorporated herein by
      reference, column 11, line 45 to column 13, line 64.
PAR  Water-soluble salts of the higher fatty acids, i.e., "soaps" are useful as
      the anionic surfactant herein. This class of surfactants includes ordinary
      alkali metal soaps such as the sodium, potassium, ammonium, and
      alkanolammonium salts of higher fatty acids containing from about 8 to
      about 24 carbon atoms and preferably from about 10 to about 20 carbon
      atoms. Soaps can be made by direct saponification of fats and oils or by
      the neutralization of free fatty acids. Particularly useful are the sodium
      and potassium salts of the mixtures of fatty acids derived from coconut
      oil and tallow, i.e., sodium or potassium tallow and coconut soaps.
PAR  Another class of anionic surfactants includes water-soluble salts,
      particularly the alkali metal, ammonium and alkanolammonium salts, of
      organic sulfuric reaction products having in their molecular structure an
      alkyl group containing from about 8 to about 22 carbon atoms and a
      sulfonic acid or sulfuric acid ester group. (Included in the term "alkyl"
      is the alkyl portion of acyl groups.) Examples of this group of synthetic
      surfactants which can be used in the present invention are the sodium and
      potassium alkyl sulfates, especially those obtained by sulfating the
      higher alcohols (C.sub.8 -C.sub.18 carbon atoms) produced by reducing the
      glycerides of tallow or coconut oil; and sodium and potassium alkyl
      benzene sulfonates, in which the alkyl group contains from about 9 to
      about 15 carbon atoms in straight chain or branched chain configuration,
      e.g., those of the type described in U.S. Pat. Nos. 2,220,099 and
      2,477,383, incorporated herein by reference (especially valuable are
      linear straight chain alkyl benzene sulfonates in which the average of the
      alkyl groups is about 11.8 carbon atoms and commonly abbreviated as
      C.sub.11.8 LAS).
PAR  Other preferred detergents for use herein are alkyl ether sulfates. These
      materials have the formula RO(C.sub.2 H.sub.4 O).sub.x SO.sub.3 M wherein
      R is alkyl or alkenyl of about 10 to about 20 carbon atoms, x is 1 to 30,
      and M is a water-soluble cation such as alkali metal, ammonium, and
      substituted ammonium. The alkyl ether sulfates useful in the present
      invention are condensation products of ethylene oxide and monohydric
      alcohols having about 10 to about 20 carbon atoms. Preferably, R has 14 to
      18 carbon atoms. The alcohols can be derived from fats, e.g., coconut oil
      or tallow, or can be synthetic. Lauryl alcohol and straight chain alcohols
      derived from tallow are preferred herein. Such alcohols are reacted with 1
      to 30, and especially 1 to 6, molar proportions of ethylene oxide and the
      resulting mixture of molecular species, having, for example, an average of
      3 moles of ethylene oxide per mole of alcohol, is sulfated and
      neutralized.
PAR  Specific examples of fat-derived alkyl ether sulfates of the present
      invention are sodium coconut alkyl ethylene glycol ether sulfate; sodium
      tallow alkyl trioxyethylene ether sulfate; and sodium tallow alkyl
      hexaoxyethylene sulfate.
PAR  Examples of alkyl ether sulfates of synthetic origin in which the starting
      alcohol is a narrow-cut olefin feed stock include sodium C.sub.14-15 alkyl
      trioxyethylene ether sulfate and C.sub.15-16 alkyl trioxyethylene ether
      sulfate.
PAR  Other anionic surfactant compounds herein include the sodium alkyl glyceryl
      ether sulfonates, especially those ethers of higher alcohols derived from
      tallow and coconut oil; sodium coconut oil fatty acid monoglyceride
      sulfonates and sulfates; and sodium or potassium salts of alkyl phenol
      ethylene oxide ether sulfate containing about 1 to about 10 units of
      ethylene oxide per molecule and wherein the alkyl groups contain from
      about 8 to about 12 carbon atoms.
PAR  Other useful anionic surfactants herein include the water-soluble salts of
      esters of .alpha.-sulfonated fatty acids containing from about 6 to 20
      carbon atoms in the ester group; water-soluble salts of
      2-acyloxy-alkane-1-sulfonic acids containing from about 2 to 9 carbon
      atoms in the acyl group and from about 9 to about 23 carbon atoms in the
      alkane moiety; alkene sulfonates containing from about 10 to 20 carbon
      atoms in the alkane group; and .beta.-alkyloxy alkane sulfonates
      containing from about 1 to 3 carbon atoms in the alkyl group and from
      about 8 to 20 carbon atoms in the alkane moiety.
PAR  Other preferred detergents utilizable herein are olefin sulfonates having
      about 12 to about 24 carbon atoms. The term "olefin sulfonates" is used
      herein to mean compounds which can be produced by the sulfonation of
      .alpha.-olefins by means of uncomplexed sulfur trioxide, followed by
      neutralization of the acid reaction mixture in conditions such that any
      sultones which have been formed in the reaction are hydrolyzed to give the
      corresponding hydroxy-alkane sulfonates. The sulfur trioxide can be liquid
      or gaseous, and is usually, but not necessarily, diluted by inert
      diluents, for example by liquid SO.sub.2, chlorinated hydrocarbons, etc.,
      when used in the liquid form, or by air, nitrogen, gaseous SO.sub.2, etc.,
      when used in the gaseous form.
PAR  The .alpha.-olefins from which the olefin sulfonates are derived are
      mono-olefins having 12 to 24 carbon atoms, preferably 14 to 16 carbon
      atoms. Preferably they are straight chain olefins. Examples of suitable
      1-olefins include 1-dodecane, 1-tetradecene, 1-hexadecene, 1-octadecene,
      1-eicosene, and 1-tetracosene.
PAR  In addition to the true alkene sulfonates and a portion of hydroxy-alkane
      sulfonates, the olefin sulfonates can contain minor amounts of other
      materials, such as alkene disulfonates depending upon the reaction
      conditions, proportion of reactants, the nature of the starting olefins
      and impurities in the olefin stock and side reactions during the
      sulfonation process.
PAR  A specific anionic detergent which is useful in the present invention is
      described more fully in the U.S. Pat. No. 3,332,880 of Phillip F. Pflaumer
      and Adrian Kessler, issued July 25, 1967, titled "Detergent Composition",
      the disclosure of which is incorporated herein by reference.
PAR  Preferred nonionic surfactants useful in the present invention are those
      obtained by the condensation of one to twelve ethylene oxide moieties with
      a C.sub.10 -C.sub.18 aliphatic alcohol. The alcohol may be completely
      linear as occurs in materials derived from natural feedstocks such as
      vegetable oils and animal fats, or may be slightly branched as occurs in
      petroleum-derived alcohols made by oxo-type synthesis. Particularly
      preferred materials are C.sub.14 -C.sub.15 alcohol condensed with an
      average of seven ethylene oxide groups, C.sub.12 -C.sub.13 alcohol
      condensed with an average of about four ethylene oxide groups and then
      subjected to stripping to remove unethoxylated and low ethoxylated
      materials, to leave an ethoxylate having a mean of 4.5 ethylene oxide
      groups.
PAR  Preferred zwitterionic materials are derivatives of quaternary ammonium
      compounds containing an aliphatic straight chain group of 14-18 carbon
      atoms and a sulfate or sulfonate anionic solubilizing group. Specific
      examples include 3-(N,N-dimethyl-N-hexadecyl
      ammonio-2-hydroxypropane-1-sulfonate; 3-(N,N-dimethyl-N-tallowyl
      ammonio)-2-hydroxypropane-1-sulfonate; 3-(N,N-dimethyl-N-tetradecyl
      ammonio)propane-1-sulfonate; and
      6-(N,N-dimethyl-N-hexadecylammonio)hexanoate.
PAC  Detergency Builders
PAR  The detergent compositions of the instant invention can also contain a
      detergent builder in an amount from about 5 to 95% by weight, preferably
      from about 15 to 60% by weight of the composition. Useful builders herein
      include any of the conventional inorganic and organic water-soluble
      builder salts as well as various water-insoluble and so-called "seeded"
      builders. In the present compositions these water-soluble builder salts
      serve to maintain the pH of the laundry solution in the range of from
      about 7 to about 12, preferably from about 8 to about 11. Furthermore,
      these builder salts enhance the fabric cleaning performance of the overall
      compositions while at the same time they serve to suspend particulate soil
      released from the surface of the fabrics and prevent its redeposition on
      the fabric surfaces. Additionally, in preferred detergent compositions
      that contain certain smectite clays as fabric softening agents,
      polyanionic builder salts have been found to cause these smectite-type
      clays to be readily and homogeneously dispersed throughout the aqueous
      laundering medium with a minimum of agitation. The homogeneity of the clay
      dispersion is necessary for the clay to function effectively as a fabric
      softener, while the ready dispersability allows granular detergent
      compositions to be formulated.
PAR  Suitable detergent builder salts useful herein can be of the polyvalent
      inorganic and polyvalent organic types, or mixtures thereof. Non-limiting
      examples of suitable water-soluble, inorganic alkaline detergent builder
      salts include the alkali metal carbonates, borates, phosphates,
      polyphosphates, tripolyphosphates, bicarbonates, silicates, and sulfates.
      Specific examples of such salts include the sodium and potassium
      tetraborates, bicarbonates, carbonates, tripolyphosphates, pyrophosphates,
      and hexametaphosphates.
PAR  Examples of suitable organic alkaline detergency builder salts are: (1)
      water-soluble amino polyacetates, e.g., sodium and potassium
      ethylenediaminetetraacetates, nitrilotriacetates, and
      N-(2-hydroxyethyl)nitrilodiacetates; (2) water-soluble salts of phytic
      acid, e.g., sodium and potassium phytates; (3) water-soluble
      polyphosphonates, including, sodium, potassium and lithium salts of
      ethane-1-hydroxy-1,1-diphosphonic acid; sodium, potassium, and lithium
      salts of methylenediphosphonic acid and the like.
PAR  Additional organic builder salts useful herein include the polycarboxylate
      materials described in U.S. Pat. No. 2,264,103, including the
      water-soluble alkali metal salts of mellitic acid. The water-soluble salts
      of polycarboxylate polymers and copolymers such as are described in U.S.
      Pat. No. 3,308,067, incorporated herein by reference, are also suitable
      herein. It is to be understood that while the alkali metal salts of the
      foregoing inorganic and organic polyvalent anionic builder salts are
      preferred for use herein from an economic standpoint, the ammonium,
      alkanolammonium, e.g., triethanolammonium, diethanolammonium, and the
      like, water-soluble salts of any of the foregoing builder anions are
      useful herein.
PAR  Mixtures of organic and/or inorganic builders can be used herein. One such
      mixture of builders is disclosed in Canadian Pat. No. 755,038, e.g., a
      ternary mixture of sodium tripolyphosphate, trisodium nitrilotriacetate,
      and trisodium ethane-1-hydroxy-1,1-diphosphonate.
PAR  A further class of builder salts is the insoluble alumino silicate type
      which functions by cation exchange to remove polyvalent mineral hardness
      and heavy metal ions from solution. A preferred builder of this type has
      the formulation Na.sub.z (AlO.sub.2).sub.z (SiO.sub.2).sub.y . x H.sub.2 O
      wherein z and y are integers of at least 6, the molar ratio of z to y is
      in the range from 1.0 to about 0.5 and x is an integer from about 15 to
      about 264. Compositions incorporating builder salts of this type form the
      subject of the commonly assigned Application of John Michael Corkill,
      Bryan L. Madison, and Michael E. Burns, Ser. No. 450,266 filed Mar. 11,
      1974 and entitled "Detergent", the disclosure of which is incorporated
      herein by reference.
PAR  Another type of detergency builder material useful in the present
      compositions and processes comprises a water-soluble material capable of
      forming a water-insoluble reaction product with water hardness cations in
      combination with a crystallization seed which is capable of providing
      growth sites for said reaction product. Such "seeded builder" compositions
      are fully disclosed in the copending application of Benjamin, Ser. No.
      248,546, filed Apr. 28, 1972 (now abandoned), the disclosures of which are
      incorporated herein by reference.
PAR  More particularly, the seeded builders useful herein comprise a
      crystallization seed having a maximum particle dimension of less than 20
      microns, preferably a particle diameter of from about 0.01 micron to about
      1 micron, in combination with a material capable of forming a
      water-insoluble reaction product with free metal ions.
PAR  Many builder materials, e.g., the water-soluble carbonate salts,
      precipitate water hardness cations, thereby performing a builder function.
      Unfortunately, many of the precipitating builders used in laundry
      compositions do not reduce the free metal ion content of laundry baths
      quickly, and such builders only compete with the organic detergent and the
      soil for the free metal ions. The result is that while some of the free
      metal ions are removed from the solution, some ions do react with the
      organic detergent and the soil, thereby decreasing the detersive action.
      The use of the crystallization seed quickens the rate of precipitation of
      the metal cations, thereby removing the hardness before it can adversely
      affect detergency performance.
PAR  By using a material capable of forming a water-insoluble product with free
      metal ions in combination with a crystallization seed, the combined
      (Ca.sup.+.sup.+ and Mg.sup.+.sup.+) free metal ion concentration of an
      aqueous laundering liquor can be reduced to less than 0.5 grains of
      hardness within about 120 seconds. In fact, the preferred seeded builders
      can reduce the free metal hardness to less than 0.1 grains/gallon within
      about 30 seconds.
PAR  Preferred seeded builders consist of: a water-soluble material capable of
      forming a reaction product having a solubility in water of less than about
      1.4 .times. 10.sup..sup.-2 wt.% (at 25.degree.C) with divalent and
      polyvalent metal ions such as calcium, magnesium and iron; and a
      crystallization seed (0.001-20 micron diameter) which comprises a material
      which will not completely dissolve in water within 120 seconds at
      25.degree.C.
PAR  Specific examples of materials capable of forming the water-insoluble
      reaction product include the water-soluble salts of carbonates,
      bicarbonates, sesquicarbonates, silicates, aluminates and oxalates. The
      alkali metal, especially sodium, salts of the foregoing materials are
      preferred for convenience and economy.
PAR  The crystallization seed employed in such seeded builders is preferably
      selected from the group consisting of calcium carbonate; calcium and
      magnesium oxalates; barium sulfate; calcium, magnesium and aluminum
      silicates; calcium and magnesium oxides, calcium and magnesium salts of
      fatty acids having 12 to 22 carbon atoms; calcium and magnesium
      hydroxides; calcium fluoride; and barium carbonate. Specific examples of
      such seeded builder mixtures comprise: 3:1 wt. mixtures of sodium
      carbonate and calcium carbonate having a 5 micron particle diameter; 2.7:1
      wt. mixtures of sodium sesquicarbonate and calcium carbonate having a
      particle diameter of 0.5 microns, 20:1 wt. mixtures of sodium
      sesquicarbonate and calcium hydroxide having a particle diameter of 0.01
      micron; and a 3:3:1 wt. mixture of sodium carbonate, sodium aluminate and
      calcium oxide having a particle diameter of 5 microns.
PAR  A seeded builder comprising a mixture of sodium carbonate and calcium
      carbonate is especially preferred herein. A highly preferred seeded
      builder comprises a 30:1 to 5:1 (wt. Na.sub.2 CO.sub.3 :CaCO.sub.3)
      mixture of sodium carbonate and calcium carbonate wherein the calcium
      carbonate has an average particle diameter from 0.01 micron to 5 microns.
PAR  Another type of builder useful herein includes various substantially
      water-insoluble materials which are capable of reducing the hardness
      content of laundering liquors, e.g., by ion-exchange processes. Examples
      of such builder materials include the phosphorylated cloths disclosed in
      U.S. Pat. No. 3,424,545 to Bauman issued Jan. 28, 1969, incorporated
      herein by reference.
PAC  Clay Compounds
PAR  A valuable optional ingredient of the present compositions consists of
      particular smectite clay materials, namely sodium and calcium
      montmorillonites, sodium saponites, and sodium hectorites. These smectite
      clays are present in the additive compositions of this invention at levels
      from about 5 to about 90%, preferably from 8 to 75% by weight. In the
      built detergent composition embodiments of this invention, the smectite
      clay is used in an amount from about 1 to about 50%, preferably from about
      5 to about 25% by weight. The clays used herein are "impalpable", i.e.,
      have a particle size which cannot be perceived tactilely. Impalpable clays
      have particle sizes below about 50 microns; the clays used herein have a
      particle size range of from about 5 microns to about 50 microns.
PAR  The clay minerals can be described as expandable, three-layer clays, i.e.,
      alumino-silicates and magnesium silicates, having an ion exchange capacity
      of at least 50 meq/100 g. of clay and preferably at least 60 meq/100 g. of
      clay. The term "expandable" as used to describe clays relates to the
      ability of the layered clay structure to be swollen, or expanded, on
      contact with water. The three-layer expandable clays used herein are those
      materials classified geologically as smectites.
PAR  There are two distinct classes of smectite clays that can be broadly
      differentiated on the basis of the numbers of octahedral metal-oxygen
      arrangements in the central layer for a given number of silicon-oxygen
      atoms in the outer layers. The dioctahedral minerals are primarily
      trivalent metal ion-based clays and are comprised of the prototype
      pyrophyllite and the members montmorillonite (OH).sub.4 Si.sub.8.sub.-y
      Al.sub.y (Al.sub.4.sub.-x Mg.sub.x)O.sub.20, nontronite (OH).sub.4
      Si.sub.8.sub.-y Al.sub.y (Al.sub.4.sub.-x Fe.sub.x)O.sub.20, and
      volchonskoite (OH).sub.4 Si.sub.8.sub.-y Al.sub.y (Al.sub.4.sub.-x
      Cr.sub.x)O.sub.20, where x has a value of from 0 to about 4.0 and y has a
      value of from 0 to about 2.0. Of these only montmorillonites having
      exchange capacities greater than 50 meq/100 g. are suitable for the
      present invention and provide fabric softening benefits.
PAR  The trioctahedral minerals are primarily divalent metal ion based and
      comprise the prototype talc and the members hectorite (OH).sub.4
      Si.sub.8.sub.-y Al.sub.y (Mg.sub.6.sub.-x Li.sub.x)O.sub.20, saponite
      (OH).sub.4 (Si.sub.8.sub.-y Al.sub.y) (Mg.sub.6.sub.-x Al.sub.x)O.sub.20,
      sauconite (OH).sub.4 Si.sub.8.sub.-y Al.sub.y (Zn.sub.6.sub.-x
      Al.sub.x)O.sub.20, vermiculite (OH).sub.4 Si.sub.8.sub.-y Al.sub.y
      (Mg.sub.6.sub.-x Fe.sub.x)O.sub.20, wherein y has a value of 0 to about
      2.0 and x has a value of 0 to about 6.0. Hectorite and saponite are the
      only minerals in this class that are of value in the present invention,
      the fabric softening performance being related to the type of exchangeable
      cation as well as to the exchange capacity. It is to be recognized that
      the range of the water of hydration in the above formulas can vary with
      the procossing to which the clay has been subjected. This is immaterial to
      the use of the smectite clays in the present invention in that the
      expandable characteristics of the hydrated clays are dictated by the
      silicate lattice structure.
PAR  As noted hereinabove, the clays employed in the compositions of the instant
      invention contain cationic counterions such as protons, sodium ions,
      potassium ions, calcium ions, and lithium ions. It is customary to
      distinguish between clays on the basis of one cation predominantly or
      exclusively absorbed. For example, a sodium clay is one in which the
      absorbed cation is predominantly sodium. Such absorbed cations can become
      involved in exchange reactions with cations present in aqueous solutions.
      A typical exchange reaction involving a smectite-type clay is expressed by
      the following equation: smectite clay (Na) + .revreaction. smectite clay
      (NH.sub.4) + NaOH Since the foregoing equilibrium reaction, one equivalent
      weight of ammonium ion replaces an equivalent weight of sodium, it is
      customary to measure cation exchange capacity (sometimes termed "base
      exchange capacity") in terms of milli-equivalents per 100 g. of clay
      (meq/100 g.). The cation exchange capacity of clays can be measured in
      several ways, including by electrodialysis, by exchange with ammonium ion
      followed by titration or by a methylene blue procedure, all as fully set
      forth in Grimshaw, "The Chemistry and Physics of Clays", pp. 264- 265,
      Interscience (1971). The cation exchange capacity of a clay mineral
      relates to such factors as the expandable properties of the clay, the
      charge of the clay, which, in turn, is determined at least in part by the
      lattice structure, and the like. The ion exchange capacity of clays varies
      widely in the range from about 2 meq/100 g. of kaolinites to about 150
      meq/100 g., and greater, for certain smectite clays. Illite clays although
      having a three layer structure, are of a non-expanding lattice type and
      have an ion exchange capacity somewhere in the lower portion of the range,
      i.e., around 26 meq/100 g. for an average illite clay. Attapulgites,
      another class of clay minerals, have a spicular (i.e. needle-like)
      crystalline form with a low cation exchange capacity (25-30 meq/100 g.).
      Their structure is composed of chains of silica tetrahedrons linked
      together by octahedral groups of oxygens and hydroxyls containing Al and
      Mg atoms.
PAR  It has been determined that illite, attapulgite, and kaolinite clays, with
      their relatively low ion exchange capacities, are not useful in the
      instant compositions. Indeed, illite and kaolinite clays constitute a
      major component of clay soils and, as noted above, are removed from fabric
      surfaces by means of the instant compositions. However the alkali metal
      montmorillonites, saponites, and hectorites, and certain alkaline earth
      metal varieties of these minerals such as calcium montmorillonites have
      been found to show useful fabric softening benefits when incorporated in
      compositions in accordance with the present invention.
PAR  Specific non-limiting examples of such fabric softening smectite clay
      minerals are:
PAC  Sodium Montmorillonite
PA0  Brock
PA0  Volclay BC
PA0  Gelwhite GP
PA0  Thixo-Jel No. 1
PA0  Ben-A-Gel
PAC  Sodium Hectorite
PA0  Veegum F
PA0  Laponite SP
PAC  Sodium Saponite
PA0  Barasym NAS 100
PAC  Calcium Montmorillonite
PA0  Soft Clark
PA0  Gelwhite L
PAC  Lithium Hectorite
PA0  Barasym LIH 200
PAL  Accordingly, smectite clays useful herein can be characterized as
      montmorillonite, hectorite, and saponite clay minerals having an ion
      exchange capacity of at least about 50 meq/100 g. and preferably at least
      60 meq/100 g.
PAR  While not intending to be limited by theory, it appears that the
      advantageous softening (and potentially dye scavenging, etc.) benefits of
      the instant compositions are ascribable to the physical characteristics
      and ion exchange properties of the clay minerals used therein.
      Furthermore, the unique physical and electrochemical properties of the
      smectite clays apparently cause their interaction with, and dispersion by,
      the poly-anionic builder salts used in the instant compositions. Thus, it
      has now been found that, rather than agglomerating to form viscous gels
      when contacted by water, the smectite clays used herein can be added to
      aqueous laundry baths in granular compositions containing poly-anionic
      detergency builders of the type disclosed herein to yield homogeneous,
      clay suspensions. The problems of gelling and agglomeration usually
      encountered when smectite clays are added to aqueous media in solid form
      are alleviated by the presence of the builder. Apparently, the negative
      electrical charges on the builder anions serve to repulse the clay
      particles, thereby providing the desired homogeneous clay dispersion and
      preventing agglomeration. Whatever the reason for the advantageous
      co-action of the detergency builder and smectite clays used herein, the
      combination of poly-anionic detergency builders with the specific
      aluminum-containing and magnesium-containing smectites, provides a means
      whereby such smectite clay minerals can be added in solid form to
      surfactant-containing media so as to give the homogeneous clay dispersion
      required for effective fabric softening performance.
PAR  Most of the smectite clays useful in the compositions herein are
      commercially available under various tradenames, for example, Thixo-Jel
      No. 1 and Gelwhite GP from Georgia Kaolin Co., Elizabeth, New Jersey;
      Volclay BC and Volclay No. 325, from American Colloid Co., Skokie,
      Illinois; and Veegum F, from R. T. Vanderbilt. It is to be recognized that
      such smectite minerals obtained under the foregoing tradenames can
      comprise mixtures of the various discrete mineral entities. Such mixtures
      of the smectite minerals are suitable for use herein.
PAR  Within the classes of montmorillonite, hectorite, and saponite clay
      minerals having a cation exchange capacity of at least about 50 meq/100 g,
      certain clays are preferred for fabric softening purposes. For example,
      Gelwhite GP is an extremely white form of smectite clay and is therefore
      preferred when formulating white granular detergent compositions. Volclay
      BC, which is a smectite clay mineral containing at least 3% of iron
      (expressed as Fe.sub.2 O.sub.3) in the crystal lattice, and which has a
      very high ion exchange capacity, is one of the most efficient and
      effective clays for use in laundry compositons and is preferred from the
      standpoint of product performance. On the other hand, certain smectite
      clays marketed under the name "bentonite" are sufficiently contaminated by
      other silicate minerals, as evidenced by a low colloid content
      (.apprxeq.50%) that their ion exchange capacity falls below the requisite
      range, and such clays are of no use in the instant compositions.
PAR  Bentonite, in fact, is a rock type originating from volcanic ash and
      contains montmorillonite (one of the smectite clays) as its principal clay
      component. The Table shows that materials commercially available under the
      name bentonite can have a wide range of cation exchange capacities and
      fabric softening performance.
TBL                             EXCHANGE CAPACITY                              
     BENTONITE   SUPPLIER       meg/100 g  SOFTENING ABILITY                   
     __________________________________________________________________________
     Brock       Georgia Kaolin Co. USA                                        
                                63         Good                                
     Soft Clark  Georgia Kaolin Co. USA                                        
                                84         Good                                
     Bentolite L Georgia Kaolin Co. USA                                        
                                68         Fair - Good                         
     Clarolite T-60                                                            
                 Georgia Kaolin Co. USA                                        
                                61         Fair                                
     Granulare Naturale                                                        
      Bianco     Seven C. Milan Italy                                          
                                23         Fair - Poor                         
     Thixo--Jel No. 4                                                          
                 Georgia Kaolin Co. USA                                        
                                55          Poor*                              
     Granular Naturale                                                         
      Normale    Seven C. Milan Italy                                          
                                19         Poor                                
     Clarsol FB 5                                                              
                 Ceca Paris France                                             
                                12         Poor                                
     PDL 1740    Georgia Kaolin Co. USA                                        
                                26         None                                
     Versuchs Product FFI                                                      
                 Sud-Chemie Munich Germany                                     
                                26         None                                
     __________________________________________________________________________
      *Low colloid content (.apprxeq.50%)                                      
PAR  Appropriate clay minerals for use herein can be selected by virtue of the
      fact that smectites exhibit a true 14A x-ray diffraction pattern. This
      characteristic pattern, taken in combination with exchange capacity
      measurements performed in the manner noted above, provides a basis for
      selecting particular smectite-type minerals for use in the compositions
      disclosed herein.
PAR  The smectite clay materials useful in the present invention are hydrophilic
      in nature, i.e. they display swelling characteristics in aqueous media.
      Conversely they do not swell in nonaqueous or predominantly nonaqueous
      systems, including those incorporating the smectite clay minerals
      described hereinbefore should restrict the nonionic content of the
      surfactant system to less than 33% by weight of the total surfactant,
      preferably less than 25%.
PAC  Other Optional Components
PAR  Another optional ingredient that may be incorporated is an enzyme for
      removal of protein-based or carbohydrate-based stains. Enzymes for
      removing protein-based stains are proteolytic in nature such as those sold
      under the trade names "Alcalase" and "Esterase" by Novo Industries A/S
      Denmark or under the trade names "Maxatase" and "AZ Protease" by
      Gist-Brocades N.V. The Netherlands. These materials are normally
      incorporated at levels of up to 1% by weight, preferably 0.25 to 0.75% by
      weight, and are preferably coated or prilled with inert additives to
      minimize dust formation and improve storage stabililty. A wide range of
      enzyme materials and means for their incorporation into synthetic
      detergent granules is disclosed in U.S. Pat. No. 3,553,139 issued on Jan.
      5, 1971, to McCarty, Roald, DeOude, Blomeyer, and Cracco which disclosure
      is hereby incorporated by reference.
PAR  A further ingredient that may be incorporated to improve product
      performance is a bleaching agent of the halogen or oxygen-containing type.
      Examples of the hypohalite bleach type include trichloro isocyanuric acid
      and the sodium and potassium dichloroisocyanurates and N-chloro and
      N-bromo alkane sulphonamides. Such materials are normally added to 0.5-10%
      by weight of the finished product, preferably 1-5% by weight.
PAR  Examples of oxygen-containing bleaches include sodium perborate, sodium
      percarbonate, and potassium nonopersulphate that are incorporated at
      levels of 5-30%, preferably 10-25% by weight of the final product. The
      inclusion of organic bleach activators such as phthalic anhydride, tetra
      acetyl ethylene diamine, tetra acetyl methylene diamine or tetra acetyl
      glycouril lead to the in situ production during the washing process of the
      corresponding organic peroxy acids which have enhanced low temperature
      bleaching performance. Activators of this type are normally used with
      sodium perborate, at usage levels of 5-15% by weight of the final product.
PAR  Materials to boost or modify the sudsing pattern of the compositions of the
      present invention may also be included. Examples of suds boosters include
      coconut and tallow mono- and di-alkanolamides, particularly ethanolamides
      and C.sub.12-15 alkyl di-lower alkyl amine oxides. Typical suds depressors
      include long chain fatty acids such as those disclosed in U.S. Pat. No.
      2,954,347 issued Sept. 27, 1960, to Wayne St. John and combinations of
      certain nonionics therewith as disclosed in U.S. Pat. No. 2,954,348 issued
      Sept. 27, 1960, to Eugene Schwoeppe, both disclosures being incorporated
      herein by reference.
PAR  Other optional ingredients in granular products include hydrotropes and
      anticaking additives such as salts of lower alkyaryl sulphonic acids,
      salts of .alpha.-sulphosuccinic acid, and .alpha.-sulphobenzoic acid, and
      urea, normally utilized at levels of 0.5 to 5% by weight of the final
      product, preferably at levels of 1-3% by weight. C.sub.12 -C.sub.18 alkyl
      acid phosphates and their condensation products with ethylene oxide may
      also be incorporated at similar levels for control of crutcher mix
      viscosity. Antiredeposition agents such as carboxymethyl cellulose,
      hydroxyethyl cellulose, and their derivatives may also be incorporated.
PAR  Advantageously, ingredients may also be included to minimize the wrinkling
      of fabrics that occurs during conventional drying processes. Detergent
      products incorporating starch and other particulate materials useful as
      fabric conditioning agents are disclosed in Belgian Pat. No. 811,082
      published Aug. 16, 1974, and incorporated herein by reference. A
      non-limiting example of such a fabric conditioning agent is corn starch,
      which can be added at a level of 0.1-5.0% by weight of the composition,
      preferably 0.25-1.0%.
PAR  Anti-tarnish and anti-corrosion agents, perfume and colour may also be
      included, the last ingredient being conveniently added either as a general
      colour or in the form of a speckle applied to a separate granule fraction
      of the entire formulation or to a granulate of one or more of the
      ingredients.
PAR  The pH of detergent formulations in accordance with the present invention
      can lie anywhere within the range 5-12 but is preferably chosen to fall
      within the range 8.0-10.5 as this provides a slight particulate soil
      removal benefit on synthetic fabrics. However, the use of specific
      optional components such as enzymes may require the selection of a product
      pH that will permit optimum functioning of the component concerned.
PAC  Composition Usage
PAR  As previously stated, the particulate additive products can be conveniently
      employed to supplement an aqueous liquor containing a conventional laundry
      detergent composition. Levels of product addition to give from 10 ppm to
      250 ppm, preferably from 40 to 100 ppm of antistatic agent in solution are
      generally used. Where the additive forms part of a combination product
      providing, for example, presoak capability the formulation will typically
      comprise about 1 to 30%, preferably 5 to 20% by weight of the particulate
      antistat additive product, from 10 to 80%, preferably 20 to 60% of a
      detergency builder, from about 5 to 45%, preferably 10 to 30% by weight of
      a bleach, and from 0.05 to 2.0%, preferably 0.1 to 1.0% by weight of a
      detergency enzyme. Compositions of this type are designed to deliver
      approximately 100-500 ppm builder concentration to a 5-8 gallon soak
      solution when employed at the 1/2 to 11/2  cup usage level which is common
      practice in household laundering processes.
PAR  Fully formulated detergent compositions, in addition to providing the
      solution concentration of detergency builder specified above, also provide
      a surfactant concentration in the range 50-500 ppm, more preferably
      150-250 ppm in a 5-8 gallon wash solution. Surfactant level in product
      will normally range from 1 to 50%, preferably 10 to 25% by weight of the
      composition.
PAR  In use, the detergent additive product may be in contact with the fabrics
      for 1 to 24 hours if employed as, or as part of, a presoak treatment
      following which the wash liquor is removed and replaced by fresh water and
      detergent, and the fabrics are laundered.
PAR  When used directly in the laundering operation either as a separate
      additive product or as part of a fully formulated detergent composition,
      the solution containing the suspended particulate antistat additive is in
      contact with the fabrics for 10 to 45 minutes, following which, the
      fabrics are rinsed and spun dry before being subjected to temperatures of
      125.degree.-200.degree.F in a conventional rotary dryer. During the drying
      process, the particulate antistat product softens as the fabrics approach
      the dryer air temperature, and the tumbling action of the dryer causes the
      individual particles of material to "crayon" or smear, thus distributing
      the quaternary antistat over the surface of the fabrics and minimizing the
      build-up of static charges on the fabrics.
DETD
PAR  The following examples illustrate the compositions and processes of the
      invention but are not intended to be limiting thereof:
PAC  EXAMPLE I
PAR  A laundry wash additive composition was prepared as follows:
     Ingredient           Weight Percent                                       
     ______________________________________                                    
     Dimethyl di hydrogenated tallow                                           
      ammonium chloride*  57                                                   
     Tallow alcohol       43                                                   
                          100                                                  
     ______________________________________                                    
      *In the form of a 95% active powder.                                     
PAR  The dimethyl, dihydrogenated tallow ammonium chloride (DTDMAC) and tallow
      alcohol were melted together to form a clear solution at 180.degree.F.
      This molten solution was poured into trays and allowed to solidify at room
      temperature into sheets. The sheets were then reduced to particles having
      a size in the range 200-400.mu. by grating on a 20 mesh woven wire screen
      and collecting the material that passed a 35 Tyler mesh sieve and was
      retained on a 65 Tyler mesh sieve. The melting point of the DTDMAC/tallow
      alcohol mixture was found to be 165.degree.F. In addition, the laundry
      additive composition was subjected to x-ray diffraction analysis and
      compared with pure tallow alcohol and the 95% active DTDMAC powder. The
      combined DTDMAC/tallow alcohol was found to have a crystalline structure
      differing from both tallow alcohol and DTDMAC.
PAR  Seven parts of the particulate additive product were then incorporated into
      93 parts of a granular detergent resulting the following composition:
TBL  Base Detergent Composition                                                
     Ingredient               Weight Percent                                   
     ______________________________________                                    
     C.sub.11.8 alkylbenzene sulfonate                                         
                              10.0                                             
     Sodium tallow alkyl sulfate                                               
                              5.5                                              
     Sodium C.sub.14 -C.sub.16 alkyl triethoxy sulfate                         
                              5.5                                              
     Sodium tripolyphosphate  25.0                                             
     Sodium silicate          15.0                                             
     Sodium sulfate           25.0                                             
     Water                    5.0                                              
     Miscellaneous (perfumes, brighteners, etc.)                               
                              2.0                                              
                              93.0                                             
     Particulate additive     7.0                                              
                              100.0                                            
     ______________________________________                                    
PAR  This product was added to a domestic washing machine filled with 17 gallons
      of water to give a wash liquor containing 0.12 weight percent of the above
      detergent composition.
PAR  A wash load of 33 items consisting of several different types of fabrics
      (cotton, polyamide, polyester, and cotton/polyester blend) was washed in
      this wash liquor, after which the fabrics were rinsed, spun dried, and
      finally dried in a domestic clothes dryer. After drying for 50 minutes
      with air heated to between 150.degree.F and 180.degree.F, the clothes were
      removed from the dryer and found to be not only clean and dry but also
      free of static, with no fabrics clinging to each other. In a separate wash
      of the same load of fabrics by the same procedure using the same detergent
      composition but without the DTDMAC/tallow alcohol laundry additive, static
      was generated by the tumbling action of the dryer resulting in 6 of the 33
      items clinging to each other. The cotton terry cloth items washed in the
      above two washes were compared and judged to feel softer when washed with
      detergent plus the DTDMAC/tallow alcohol additive than when washed with
      the detergent alone.
PAC  EXAMPLE II
PAR  A laundry wash additive composition of the following formula was made by
      the same procedure used in Example I:
TBL  Ingredient         Weight Percent                                         
     ______________________________________                                    
     Methyl, 1-alkylamidoethyl,                                                
     2-alkyl imidazolinium                                                     
     methosulfate*      50                                                     
     Tallow alcohol     50                                                     
                        100                                                    
     ______________________________________                                    
      *A commercially availablie antistatic agent sold by Ashland Chemical     
      Corporation under the trade name Varisoft 475 comprising 85% active, 15% 
      isopropanol.                                                             
PAR  A wash load consisting of four fabric swatches of cotton and two each of
      polyamide, polyester, and cotton/polyester blend was subjected to a 10
      minute wash in 105.degree.F water of hardness 7 grains/U.S. gallon (Ca:Mg
      = 3:1) using a miniature washer. The wash liquor contained 125 ppm of the
      above particulate antistat additive and 930 ppm of the base detergent
      composition used in Example I. After drying in a miniature dryer, the
      bundle of dried fabrics was placed in a Faraday cage, and the voltage was
      read. Individual fabrics were then removed from the bundle in the Faraday
      cage in random order noting the change in voltage as each item was
      removed. The amount of static generated in the dryer was determined and
      expressed as the sum of the absolute value of the voltage changes for all
      the fabrics per square yard of fabric area. Using this technique, the
      static generated in the above washing and drying was found to be 0.3 volts
      per square yard. The same bundle washed by the same procedure using the
      same detergent composition but without the imidazolinium/tallow alcohol
      additive was found to generate 7.1 volts per square yard when dried in the
      dryer. In addition, after drying, none of the swatches washed with the
      imidazolinium/tallow alcohol additive were clinging, but several of the
      swatches washed in detergent alone were clinging to each other.
PAC  EXAMPLE III
PAR  A laundry wash additive composition of the following formula was made by
      the same procedure used in Example I:
TBL  Ingredient           Weight Percent                                       
     ______________________________________                                    
     Dimethyl dihydrogenated tallow                                            
      ammonium chloride   33                                                   
     Paraffin wax*        67                                                   
                          100                                                  
     ______________________________________                                    
      *Parowax, a commercially available paraffin wax sold by Boron            
      Laboratories, Cleveland, Ohio having a melting point of 130.degree.F.    
PAR  DTDMAC/paraffin particles of a size that pass a 35 Tyler mesh screen and
      are retained on a 50 Tyler mesh screen were added to a wash to provide 120
      ppm of the additive in solution together with 930 ppm of the base
      detergent composition of Example I. The procedure of Example II was
      repeated using the same bundle of fabrics as in that Example. The static
      generated in the miniature dryer was found to be 2.1 volts per square
      yard.
PAC  EXAMPLE IV
PAR  A laundry pre-soak and detergent additive composition is made up as
      follows:
TBL  Ingredient           Weight Percent                                       
     ______________________________________                                    
     Dimethyl di hydrogenated tallow                                           
      ammonium chloride   2.5                                                  
     Sorbitan ester.sup.1 10.0                                                 
     Sodium tripolyphosphate                                                   
                          31.4                                                 
     Sodium perborate .4 H.sub.2 O                                             
                          20.0                                                 
     Borax                7.5                                                  
     Tallow ethoxylate.sup.2                                                   
                          3.8                                                  
     Spray-dried granules.sup.3                                                
                          24.0                                                 
     Enzyme.sup.4         0.3                                                  
     Brightener, dye, perfume, and                                             
      water               Balance                                              
     ______________________________________                                    
      .sup.1 A mixture of C.sub.10 -C.sub.22 alkyl sorbitan esters, the major  
      portion comprising tri- and tetra-esters.                                
      .sup.2 Tallow alcohol condensed with an average of 22 ethylene oxide     
      groups.                                                                  
      .sup.3 Comprising, in spray-dried granule form: 10% linear alkyl benzene 
      sulfonate, 20% sodium carbonate, 20% sodium silicate, and balance sodium 
      sulfate and water.                                                       
      .sup.4 Alcalase (Novo) and protease (Miles' Laboratories).               
PAR  The quaternary antistat/dispersion inhibitor is prepared by co-melting the
      sorbitan esters and quaternary to provide a substantially homogeneous
      melt. The melt is sprayed onto a moving belt, whereupon it solidifies. The
      melt is removed from the belt by a doctor blade in the form of flakes. The
      flakes are pulverized in a mill and sieved through a 60 mesh sieve to give
      a particulate additive for use in the composition.
PAR  This additive is then dry-mixed with the remaining ingredients until a
      homogeneous, granular product is secured.
PAR  One-half a cup of the total composition is used to pre-soak soiled fabrics
      for a period of three hours. Thereafter, the fabrics are laundered using a
      commercial anionic detergent, rinsed, spun-dried, and finally dried in an
      automatic clothes dryer, with tumbling and venting, at a temperature which
      varies over a range of 135.degree.F to 170.degree.F for a period of 60
      minutes. The fabrics treated in this manner are dry and clean, and exhibit
      an especially desirable, soft, and anti-static finish. Moreover, the
      condition of the fabrics is noteworthy inasmuch as they are quite easy to
      iron.
PAR  In the composition of Example IV, the sodium tripolyphosphate is replaced
      by an equivalent amount of sodium citrate, sodium nitrilotriacetate,
      hydrated zeolite A, and a 5:1 weight mixture of sodium carbonate and
      calcium carbonate crystals having an average particle size of 1 .mu. as
      the builder component, respectively, and equivalent results are secured.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A particulate detergent additive product adapted to prevent static
      buildup on textiles when applied thereto from a detergent wash liquor,
      said particulate product being an intimate mixture of:
PA1  A. 80-20% by weight of the particles of quaternary ammonium compounds of
      formula [R.sub.1 R.sub.2 R.sub.3 R.sub.4 N].sup.+Y.sup.-, wherein at least
      one of R.sub.1 R.sub.2 R.sub.3 and R.sub.4 is an organic radical
      containing a group selected from a C.sub.16 -C.sub.22 aliphatic radical,
      or an alkyl phenyl or alkyl benzyl radical having 10 to 16 carbon atoms in
      the alkyl chain, the remaining group or groups being selected from C.sub.1
      -C.sub.4 alkyl, C.sub.2 -C.sub.4 hydroxyalkyl, and cyclic structures in
      which the nitrogen atom forms part of the ring, Y constituting an anionic
      radical selected from the group consisting of hydroxide halide, sulphate
      and methylsulfate ions and phosphate ions,
PA1  B. 20- 80% by weight of the particles of a dispersion inhibitor, being a
      solid organic material having a solubility in water of 50 ppm max at
      25.degree.C and a softening point in the range of 100.degree.F to
      200.degree.F, said material being selected from the group consisting of
      paraffinic waxes, cyclic and acyclic mono- and polyhydric alcohols,
      substituted and unsubstituted aliphatic carboxylic acids, esters of the
      foregoing alcohols and acids, C.sub.3 -C.sub.4 alkylene oxide condensates
      of any of the foregoing materials and mixtures thereof,
PAL  substantially all of the individual particles having a size within the
      range 10.mu. to 500.mu., said product having a solubility in water of 50
      ppm max at 25.degree.C and having a softening point in the range
      100.degree.F to 200.degree.F.
NUM  2.
PAR  2. A particulate detergent additive according to claim 1 wherein
      substantially all of the particles have a size within the range 25.mu. to
      250.mu..
NUM  3.
PAR  3. A particulate detergent additive according to claim 1 wherein
      substantially all of the particles have a size within the range 50.mu. to
      100.mu..
NUM  4.
PAR  4. A particulate detergent additive product according to claim 1 wherein
      the particles have a softening point in the range 150.degree.F to
      175.degree.F.
NUM  5.
PAR  5. A particulate detergent additive product according to claim 1 wherein
      the weight ratio of quaternary ammonium compound to dispersion inhibitor
      lies in the range of 1:1 to 4:1.
NUM  6.
PAR  6. A particulate detergent additive product according to claim 1 wherein
      the weight ratio of quaternary ammonium compound to dispersion inhibitor
      lies in the range of 3:2 to 2:1.
NUM  7.
PAR  7. A particulate detergent additive product according to claim 2 wherein
      the intimate mixture is formed of a solidified comelt of the quaternary
      ammonium compound and the dispersion inhibitor.
NUM  8.
PAR  8. A particulate detergent additive product according to claim 7 wherein
      the mixture of the quaternary ammonium compound and dispersion inhibitor
      constitutes a discrete solid phase, distinguishable from the phases of the
      respective components.
NUM  9.
PAR  9. A particulate detergent additive product according to claim 1 wherein
      the quaternary ammonium compound is selected from ditallow dimethyl
      ammonium chloride and ditallow dimethyl ammonium methyl sulfate.
NUM  10.
PAR  10. A particulate detergent additive product according to claim 1 wherein
      the dispersion inhibitor is tallow alcohol.
NUM  11.
PAR  11. A particulate detergent additive product according to claim 1 wherein
      the dispersion inhibitor is a C.sub.10 -C.sub.22 alkyl sorbitan ester.
NUM  12.
PAR  12. A particulate detergent additive product according to claim 11 wherein
      the dispersion inhibitor is a mixture of C.sub.10 -C.sub.22 alkyl sorbitan
      esters, the major components of which is one or more esters selected from
      the group consisting of sorbitan trilaurate, sorbitan trimyristate,
      sorbitan tripalmitate, sorbitan tristearate, sorbitan tetralaurate,
      sorbitan tetramyristate, sorbitan tetrapalmitate, sorbitan tetrastearate,
      and mixtures thereof.
NUM  13.
PAR  13. A detergent composition adapted to prevent static buildup on textiles
      laundered therewith consisting essentially of:
PA1  1. 50 to 90% by weight of the composition of a surfactant selected from the
      group consisting of anionic, nonionic, and zwitterionic surfactants,
PA1  2. 10 to 50% by weight of the composition of a particulate combination
      comprising an intimate mixture consisting essentially of:
PA2  A. 80 to 20% by weight of the particles of quaternary ammonium compounds of
      formula [R.sub.1 R.sub.2 R.sub.3 R.sub.4 N].sup.+Y.sup.-, wherein at least
      one of R.sub.1 R.sub.2 R.sub.3 and R.sub.4 is an organic radical
      containing a group selected from a C.sub.16 -C.sub.22 aliphatic radical,
      or an alkyl phenyl or alkyl benzyl radical having 10 to 16 carbon atoms in
      the alkyl chain, the remaining group or groups being selected from C.sub.1
      -C.sub.4 alkyl, C.sub.2 -C.sub.4 hydroxyalkyl, and cyclic structures in
      which the nitrogen atom forms part of the ring, Y constituting an anionic
      radical selected from the group consisting of halide and methosulfate
      ions,
PA2  B. 20 to 80% by weight of the particles of a dispersion inhibitor, being a
      solid organic material having a solubility in water of 50 ppm max at
      25.degree.C and a softening point in the range 100.degree.F to
      200.degree.F, said material being selected from the group consisting of
      paraffinic waxes, cyclic and acyclic mono- and polyhydric alcohols,
      substituted and unsubstituted aliphatic carboxylic acids, esters of the
      foregoing alcohols and acids, C.sub.3 -C.sub.4 alkylene oxide condensates
      of any of the foregoing materials and mixtures thereof,
PAL  substantially all of the individual particles having a size within the
      range 10.mu. to 500.mu., said product having a solubility in water of 50
      ppm max at 25.degree.C and having a softening point in the range
      100.degree. to 200.degree.F.
NUM  14.
PAR  14. A detergent composition according to claim 13 wherein substantially all
      of the particles of said particulate combination have a size within the
      range 25.mu. to 250.mu..
NUM  15.
PAR  15. A detergent composition according to claim 13 wherein the particles of
      said particulate combination have a softening point in the range
      150.degree.F to 175.degree.F.
NUM  16.
PAR  16. A detergent composition according to claim 13 wherein the weight ratio
      of quaternary ammonium compound to dispersion inhibitor lies in the range
      of 1:1 to 4:1.
NUM  17.
PAR  17. A detergent composition according to claim 13 wherein the intimate
      mixture is formed of a solidified comelt of the quaternary ammonium
      compound and the dispersion inhibitor.
NUM  18.
PAR  18. A granular detergent additive product consisting essentially of:
PA1  1. 5 to 95% by weight of the product of a particulate consisting
      essentially of:
PA2  A. 80 to 20% by weight of the particles of quaternary ammonium compounds of
      formula [R.sub.1 R.sub.2 R.sub.3 R.sub.4 N].sup.+Y.sup.-, wherein at least
      one of R.sub.1 R.sub.2 R.sub.3 and R.sub.4 is an organic radical
      containing a group selected from a C.sub.16 -C.sub.22 aliphatic radical,
      or an alkyl phenyl or alkyl benzyl radical having 10 to 16 carbon atoms in
      the alkyl chain, the remaining group or groups being selected from C.sub.1
      -C.sub.4 alkyl, C.sub.2 -C.sub.4 hydroxyalkyl, and cyclic structures in
      which the nitrogen atom forms part of the ring, Y constituting an anionic
      radical selected from the group consisting of halide and methosulfate
      ions,
PA2  B. 20 to 80% by weight of the particles of a dispersion inhibitor, being a
      solid organic material having a solubility in water of 50 ppm max at
      25.degree.C and a softening point in the range of 100.degree.F to
      250.degree.F, said material being selected from the group consisting of
      paraffinic waxes, cyclic and acyclic mono- and polyhydric alcohols,
      substituted and unsubstituted aliphatic carboxylic acids, esters of the
      foregoing alcohols and acids, C.sub.3 -C.sub.4 alkylene oxide condensates
      of any of the foregoing materials and mixtures thereof,
PA1   substantially all of the individual particles having a size within the
      range 10.mu. to 500.mu., said product having a solubility in water of 50
      ppm max at 25.degree.C and having a softening point in the range
      100.degree. to 200.degree.F;
PA1  2. 95 to 5% by weight of the product of a detergent adjunct selected from
      the group consisting of organic and inorganic detergency builders,
      chlorine and peroxybleach compounds, soil suspending agents, suds
      modifiers, enzymes, antibacterial agents, and optical brighteners, and
      mixtures of any of the foregoing.
NUM  19.
PAR  19. A granular detergent additive product according to claim 18 wherein the
      detergent adjunct is a detergency builder selected from the group
      consisting of alkali metal, ammonium and alkanolammonium, polyphosphates,
      pyrophosphates, bicarbonates, carbonates, silicates, borates,
      nitrilotriacetates, and citrates.
NUM  20.
PAR  20. A granular detergent additive product according to claim 18 wherein the
      detergent adjunct is a detergency builder selected from the group
      consisting of alkali metal zeolite A, B and Y-type materials.
NUM  21.
PAR  21. A granular detergent additive product according to claim 18 wherein the
      detergent adjunct is a detergency builder, is a seeded builder, comprising
      a 30:1 to 5:1 mixture of sodium carbonate and particulate calcium
      carbonate having an average particle diameter of from 0.01 to 5 microns.
NUM  22.
PAR  22. A granular additive product according to claim 18 wherein the bleach is
      selected from the group consisting of sodium perborate, sodium
      percarbonate, and potassium monopersulfate.
NUM  23.
PAR  23. A granular detergent additive product according to claim 18 wherein the
      enzyme is selected from the group consisting of alkaline and neutral
      proteases and amylase, and mixtures thereof.
NUM  24.
PAR  24. A granular detergent composition adapted to prevent static buildup on
      textiles laundered therewith consisting essentially of:
PA1  1. 10 to 25% by weight of the compositions of an anionic surfactant
      selected from the group consisting of C.sub.10-12 linear and branched
      alkyl benzene sulfonates, C.sub.10-20 linear alkyl sulfates, C.sub.10-20
      alkyl polyoxyalkylene ether sulfates containing one to four oxyalkylene
      groups and mixtures thereof;
PA1  2. 10 to 60% by weight of the composition of a detergent builder salt;
PA1  3. 3 to 25% by weight of the composition of a particulate combination
      comprising an intimate mixture consisting essentially of:
PA2  A. 80 to 20% by weight of the particles of quaternary ammonium compounds of
      formula [R.sub.1 R.sub.2 R.sub.3 R.sub.4 N].sup.+Y .sup.-, wherein at
      least one of R.sub.1 R.sub.2 R.sub.3 and R.sub.4 is an organic radical
      containing a group selected from a C.sub.16 -C.sub.22 aliphatic radical,
      or an alkyl phenyl or alkyl benzyl radical having 10 to 16 carbon atoms in
      the alkyl chain, the remaining group or groups being selected from C.sub.1
      -C.sub.4 alkyl, C.sub.2 -C.sub.4 hydroxyalkyl, and cyclic structures in
      which the nitrogen atom forms part of the ring, Y constituting an anionic
      radical selected from the group consisting of halide and methosulfate
      ions,
PA2  B. 20 to 80% by weight of the particles of a dispersion inhibitor, being a
      solid organic material having a solubility in water of 50 ppm max at
      25.degree.C and a softening point in the range of 100.degree.F to
      200.degree.F, said material being selected from the group consisting of
      paraffinic waxes, cyclic and acyclic mono- and polyhydric alcohols,
      substituted and unsubstituted aliphatic carboxylic acids, esters of the
      foregoing alcohols and acids, C.sub.3 -C.sub.4 alkylene oxide condensates
      of any of the foregoing materials and mixtures thereof,
PAL  substantially all of the individual particles having a size within the
      range 10.mu. to 500.mu., said product having a solubility in water of 50
      ppm max at 25.degree.C and having a softening point in the range
      100.degree. to 200.degree.F.
NUM  25.
PAR  25. A granular detergent composition according to claim 24 wherein the
      detergent builder is present in an amount of from 15 to 45% by weight of
      the composition.
NUM  26.
PAR  26. A granular detergent composition according to claim 24 wherein the
      detergent builder comprises a water soluble salt selected from the group
      consisting of alkali metal, ammonium and alkanolammonium, polyphosphates,
      pyrophosphates, bicarbonates, carbonates, silicates, borates,
      nitrilotriacetates, and citrates.
NUM  27.
PAR  27. A granular detergent composition according to claim 24 wherein the
      detergent builder is selected from an alkali metal zeolite A, B and Y-type
      materials.
NUM  28.
PAR  28. A granular detergent composition according to claim 24 wherein the
      detergent builder is a seeded builder comprising a 30:1 to 5:1 mixture of
      sodium carbonate and particulate calcium carbonate having an average
      particle diameter of from 0.01 to 5 microns.
NUM  29.
PAR  29. A granular detergent composition according to claim 24 including 5 to
      20% by weight of the composition of a smectite clay selected from the
      group consisting of alkali metal and calcium montmorillonites, alkali
      metal saponites and hectorites, and mixtures thereof.
NUM  30.
PAR  30. A granular detergent composition according to claim 24 including 0.1 to
      5% of a fabric conditioning agent serving to reduce wrinkling.
NUM  31.
PAR  31. A granular detergent composition according to claim 30 wherein the
      fabric conditioning agent is corn starch.
NUM  32.
PAR  32. A process for conditioning fabrics comprising the steps of:
PA1  1. contacting said fabrics with an effective amount of a particulate
      additive product comprising an intimate mixture of:
PA2  A. 80 to 20% by weight of the particles of quaternary ammonium compounds of
      formula [R.sub.1 R.sub.2 R.sub.3 R.sub.4 N].sup.+Y.sup.-, wherein at least
      one of R.sub.1 R.sub.2 R.sub.3 and R.sub.4 is an organic radical
      containing a group selected from a C.sub.16 -C.sub.22 aliphatic radical,
      or an alkyl phenyl or alkyl benzyl radical having 10 to 16 carbon atoms in
      the alkyl chain, the remaining group or groups being selected from C.sub.1
      -C.sub.4 alkyl, C.sub.2 -C.sub.4 hydroxyalkyl, and cyclic structures in
      which the nitrogen atom forms part of the ring, Y constituting an anionic
      radical selected from the group consisting of halide and methosulfate
      ions,
PA2  B. 20 to 80% by weight of the particles of a dispersion inhibitor, being a
      solid organic material having a solubility in water of 50 ppm max at
      25.degree.C and a softening point in the range of 100.degree.F to
      200.degree.F, said material being selected from the group consisting of
      paraffinic waxes, cyclic and acyclic mono- and polyhydric alcohols,
      substituted and unsubstituted aliphatic carboxylic acids, esters of the
      foregoing alcohols and acids, C.sub.3 -C.sub.4 alkylene oxide condensates
      of any of the foregoing materials and mixtures thereof,
PA1   substantially all of the individual particles having a size with the range
      10.mu. to 500.mu., said product having a solubility in water of 50 ppm max
      at 25.degree.C and having a softening point in the range 100.degree. to
      200.degree.F;
PA1  2. subjecting the fabrics to a temperature within the range of from
      125.degree. to 200.degree.F.
NUM  33.
PAR  33. A process according to claim 32 wherein the conditioning agent is
      applied to the fabrics from an aqueous bath.
NUM  34.
PAR  34. A process according to claim 33 wherein the conditioning agent is
      applied to the fabrics from a laundry wash liquor.
NUM  35.
PAR  35. A process according to claim 33 wherein the fabrics are caused to move
      relative to each other while being subjected to a temperature in the range
      of 125.degree. to 200.degree.F.
NUM  36.
PAR  36. A process according to claim 35 wherein the relative movement is a
      tumbling action.
PATN
WKU  039365387
SRC  5
APN  508931&
APT  1
ART  143
APD  19740925
TTL  Polymeric film dryer-added fabric softening compositions
ISD  19760203
NCL  16
ECL  1
EXA  Woodberry; Edward
EXP  Anderson; Harold D.
INVT
NAM  Marshall; Susan Kathryn
CTY  Pittsburgh
STA  PA
INVT
NAM  Gerding; Thomas Graham
CTY  Rumson
STA  NJ
INVT
NAM  King; Elmer Miller
CTY  Coraopolis
STA  PA
ASSG
NAM  Calgon Consumer Products Company Inc.
CTY  Pittsburgh
STA  PA
COD  02
RLAP
COD  72
APN  452224
APD  19740318
PSC  03
CLAS
OCL  427242
XCL  252  88
XCL  428279
EDF  2
ICL  B05D  312
ICL  D06M 1500
ICL  D06M 1508
FSC  252
FSS  8.8;8.6
FSC  117
FSS  139.5 A;109
FSC  427
FSS  242
FSC  428
FSS  279
UREF
PNO  3634947
ISD  19720100
NAM  Furgal
OCL  117109
UREF
PNO  3736668
ISD  19730600
NAM  Dillarstone
OCL  427242
UREF
PNO  3743534
ISD  19730700
NAM  Zamora
OCL  427242
UREF
PNO  3749691
ISD  19730700
NAM  Kandathil
OCL  252  8.8
FREF
PNO  1,313,697
ISD  19730400
CNT  UK
OCL  117109
LREP
FR2  Anderson, Jr.; Rudolph J.
FR2  Westlake; Harry E.
FR2  Katz; Martin L.
ABST
PAL  Fabric-softening compositions useful for softening and preventing static
      electricity in textile fabrics comprising a film-forming polymer, a
      softening agent and a waxy surfactant.
PARN
PAR  This application is a continuation-in-part of U.S. Ser. No. 452,224, now
      abandoned filed Mar. 18, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fabric-softening composition. More
      particularly, this invention relates to a polymeric film that softens and
      prevents static electricity.
PAR  Certain chemical compounds have long been known in the art to possess the
      desired quality of imparting softness to textile fabrics. The quality of
      "softness" or being "soft" is well defined in the art, and, as used
      herein, means that quality of the treated fabric whereby its handle or
      texture is smooth, pliable, and fluffy, and not rough or scratchy to the
      touch. Known generally as "fabric softeners", these compounds have long
      been used by housewives in the laundry and by the textile industry to
      soften a finished fabric.
PAR  Additionally, many of these compounds act to reduce the "static cling" of
      the treated fabrics. Static cling is generally the phenomenon of a fabric
      adhering to another object or to parts of itself as a result of static
      electrical charges located on the surface of the fabric. It can also
      involve the adherence of lint, dust, and other undesired substances to the
      fabric due to these static charges. It is noticeably present in unsoftened
      fabrics that are freshly washed and dried in an automatic dryer. By
      softening and reducing the static cling of a fabric, it is more
      comfortable when worn. Such treated fabrics additionally are easier to
      iron, and have fewer hard-to-iron wrinkles.
PAR  Generally, fabric softeners are used in the rinse cycle of an automatic
      clothes washer and liquid, powder, tablet, and granular formulations are
      known for such use.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Recently, however, fabric-softening compositions have been disclosed for
      use in softening fabrics in an automatic, rotary drum, clothes dryer. For
      example, U.S. Pat. No. 3,630,949 discloses an aerosol formulation that is
      sprayed directly on the surface of fabrics to dissipate static electricity
      and U.S. Pat. No. 3,650,816 discloses an aerosol formulation that is
      sprayed on the dryer drum surface whereupon the static dissipating and
      fabric-softening additives are transferred to clothing in the course of a
      normal drying cycle. U.S. Pat. No. 3,442,692 discloses a flexible
      substrate, as for example, a cellulosic sheet, coated with softening
      additives. This sheet is then tumbled with the fabrics to be softened in a
      dryer. U.S. Pat. No. 3,632,396 discloses a flexible substrate coated with
      a softener additive and an outer, waxy coating that is tumbled with
      fabrics in the dryer, and U.S. Pat. No. 3,686,025 discloses an absorbent
      substrate, as for example, a flexible sheet, ball, puff or swatch of
      fibrous, absorbent material that carries a softening-antistatic agent.
      U.S. Pat. No. 3,633,538 discloses a resilient sphere having a hollow core
      and openings in its surface. The sphere contains the softening agent and
      is tumbled with the fabrics being treated in a dryer. U.S. Pat. No.
      3,634,947 discloses the use of a thin, flexible substrate that is coated
      with a softening agent and adhesively adhered to the dryer drum. U.S. Pat.
      No. 3,696,034 discloses the use of alkanolamide fabric softeners which may
      be coated onto substrates or formed by themselves into a cake form. U.S.
      Pat. No. 3,676,199 discloses a dryer-added softener comprising a rigid,
      form-retaining base coated with a softener. U.S. Pat. No. 3,698,095
      discloses a dryer-added softener comprising a form-retaining base covered
      with a flexible material having an outer coating of a fabric softener.
PAR  These prior art techniques have not provided a softener composition which
      releases significant amounts of softener during use while leaving an
      easily disposable residue and minimizing adverse effects on the dryer and
      are, therefore, not as efficient and acceptable as possible.
PAR  Accordingly, it is an object of this invention to provide novel
      fabric-softening compositions that can be used to soften fabrics during
      the final rinse cycle of an automatic clothes washer or in an automatic
      rotary drum dryer.
PAR  It is a further object of this invention to provide a fabric-softening
      composition which imparts antistatic properties to the fabrics being
      treated.
PAR  It is a still further object of this invention to provide a
      fabric-softening composition which leaves no residue after use in the
      washer and an easily disposable residue in the dryer.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects are accomplished by the invention herein which is a
      water-soluble, heat sensitive film comprising at lease one film-forming
      polymer, at least one softening agent and at lease one waxy polymeric
      substance. Efficient fabric softener release is obtained by the
      dissolution of the film in the washer and by transfer of the film and
      agent to clothing in the dryer during tumbling. Perfumes and dyes may be
      incorporated in the composition, if desirable.
PAR  The fabric-softening compositions herein, while effective when used to
      soften fabrics in the final rinse cycle of an automatic clothes washer,
      find particular application in effectively softening fabrics in automatic
      clothes dryers. As the fabrics in the dryer contact the compositions of
      this invention by means of the spinning or tumbling action of the dryer's
      rotary drum, the fabric conditioning substances are transferred to the
      fabrics rendering them soft and static free.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to a fabric-softening composition comprising: (a) at
      least one film-forming polymer; (b) at least one fabric softening agent;
      and (c) at least one waxy cationic or nonionic surfactant. Optionally, the
      film may also contain a small amount of a perfume. While the amounts of
      the above listed constituents of the fabric-softening compositions of this
      invention may be varied by one skilled in the art, the preferred
      compositions comprise: (a) 20 - 50 percent by weight of at least one
      film-forming polymer; (b) 30 - 75 percent by weight of at least one
      softening agent; (c) 1 - 35 percent by weight of at least one waxy
      surfactant; (d) 00- 10 percent by weight perfume; and (e) 0 - 1 percent by
      weight dye.
PAR  Any film-forming polymer can be utilized that can be cast or otherwise
      processed to form an essentially uniform, self-supporting film. Suitable
      polymers include homopolymers of ethylene oxide or vinyl alcohol, methyl
      vinyl ether-maleic anhydride copolymers, carboxy vinyl polymers,
      acrylamide or acrylic acid polymers, polyurethanes, sodium carboxy methyl
      cellulose, hydroxy cellulose, hydroxypropyl cellulose, methyl cellulose,
      sodium alginates, and natural gums such as locust bean gum, gum arabic,
      gum tragacanth, Irish moss extract and other suitable cellulosic
      derivatives. The most preferred polymers, however, are the high molecular
      weight polymers of ethylene oxide, vinyl alcohol, sodium carboxymethyl
      cellulose, hydroxyethyl cellulose and urethanes such as toluene
      diisocyanate or combinations and copolymers thereof. As used herein, the
      term "high molecular weight polymer" means any polymer having a molecular
      weight of at least 100,000. The preferred polymers, however, have
      molecular weights of at least 500,000.
PAR  The fabric softeners, as more particularly described hereinafter, can be
      selected from the following broadly denoted classes of compounds which
      contain at least one long chain group:
PA1  1. Cationic quaternary ammonium salts and imidazolium salts;
PA1  2. Nonionic compounds, such as tertiary phosphine oxides, tertiary amine
      oxides, ethoxylated alcohols and alkyl phenols, and ethoxylated amines;
PA1  3. Anionic soaps, sulfates and sulfonates, for example, fatty acid soaps,
      ethoxylated alcohol sulfates, sodium alkyl sulfates, alkyl sulfonates,
      sodium alkyl benzene sulfonates, and sodium or potassium alkyl glyceryl
      ether sulfonates;
PA1  4. Amphoteric teritary ammonium compounds;
PA1  5. Zwitterionic quaternary ammonium compounds; and
PA1  6. Compatible mixtures thereof of one or more compounds of these classes.
PAR  Particularly preferred fabric softeners herein are the cationic quaternary
      ammonium salts which have the general formula:
      ##EQU1##
      wherein "X" is an anion, preferably a halide or alkyl sulfate and more
      particularly, a chloride or methyl sulfate ion. Suitable other anions can
      include acetate, phosphate and nitrite radicals. Additionally, in the
      above formula, "R" and "R.sub.1 " represent benzyl or an alkyl radical
      (hereinafter referred to simply as "alkyl") containing from one to three
      carbon atoms, "R.sub.2 " represents benzyl, or an alkyl containing from
      one to 22 carbon atoms, or alkoxypropyl or hydroxy-substituted
      alkoxypropyl radicals (hereinafter referred to simply as "alkoxy") wherein
      the alkoxy contains from 2 to 40 carbon atoms, and "R.sub.3 " represents
      an alkyl containing from 12 to 22 carbon atoms. The carbon chains of
      "R.sub.3 " and "R.sub.2 ", whenever "R.sub.2 " represents a chain of from
      12 to 22 carbon atoms, can be straight or branched, and saturated or
      unsaturated.
PAR  Because of their known softening efficacy, the most preferred cationic
      fabric softeners are dialkyl dimethyl ammonium chloride or alkyl trimethyl
      ammonium chloride wherein the alkyl contains from 12 to 20 carbon atoms
      and are derived from long chain fatty acids, especially from hydrogenated
      tallow. The term "tallowalkoxy", used herein means an alkyl ether radical
      wherein the alkyl essentially contains from 16 to 18 carbon atoms.
PAR  Other cationic fabric softeners of formula (1) are known and include
      variables wherein "R" and "R.sub.1 " can also represent a phenyl radical
      or a hydroxy substituted alkyl of from one to three carbon atoms.
PAR  Cationic quaternary imidazolinium compounds are also preferred as fabric
      softeners in the compositions herein. These compounds conform to the
      formula:
      ##EQU2##
      wherein "R.sub.5 " is an alkyl containing from one to four, preferably
      from one to two, carbon atoms, "R.sub.6 " is an alkyl containing from one
      to four carbon atoms or a hydrogen radical, "R.sub.7 " is an alkyl
      containing from eight to 25, preferably at least 15, carbon atoms,
      "R.sub.4 " is hydrogen or an alkyl containing from eight to 25, preferably
      at least 15, carbon atoms, and "X" is an anion, preferably an alkyl
      sulfate such as methyl sulfate or a chloride ion. Other suitable anions
      include those disclosed with reference to the cationic fabric softeners of
      formula (1). Particularly preferred are those compounds of formula (2) in
      which both "R.sub.4 " and "R.sub.7 " are alkyls of from 16 to 25,
      especially 16 to 18 and 20 to 22, carbon atoms.
PAR  Many other cationic quaternary ammonium fabric softeners, which are useful
      herein are known, for example, alkyl [C.sub.12 to C.sub.20 ]-pyridinium
      chlorides, alkyl[C.sub.12 to C.sub.20 ]-alkyl[C.sub.1 to C.sub.3
      ]-morpholinium chlorides, and quaternary derivatives of amino acids and
      amino esters.
PAR  Other particularly preferred fabric softeners include Zwitterionic
      quaternary ammonium compounds which have the formula:
      ##EQU3##
      wherein "R.sub.9 " and "R.sub.10 " are each methyl, ethyl, n-propyl,
      isopropyl, 2-hydroxyethyl or 2-hydroxypropyl, "R.sub.8 " is a 20- to
      30-carbon-atom alkyl or alkenyl radical (hereinafter referred to simply as
      "alkyl") and wherein said alkyl or alkenyl contains from zero to two
      hydroxyl substituents, from zero to five ether linkages, and from zero to
      one amide linkage and "R.sub.11 " is an alkylene group containing from one
      to four carbon atoms with from zero to one hydroxyl substituents,
      particularly preferred are compounds wherein "R.sub.8 " is a carbon chain
      containing from 20 to 26 carbon atoms selected from the group consisting
      of alkyls and alkenyls and wherein said alkyls and alkenyls contain zero
      to two hydroxyl substituents.
PAR  Other Zwitterionic compounds useful as fabric softeners in the compositions
      herein are known and include Zwitterionic synthetic detergents as
      represented by derivatives of aliphatic quaternary ammonium compounds
      wherein one of the four aliphatic groups has about eight to 20 carbon
      atoms (particularly 16 to 18 carbon atoms), another contains a
      water-solubilizing group (e. g. carboxy, sulfato or sulfo groups). Each
      aliphatic group can be either straight chain or branched chain, preferably
      straight. A more detailed disclosure of these compounds can be found in
      U.S. Pat. No. 3,213,030, the disclosure of which is incorporated by
      reference herein.
PAR  Nonionic tertiary phosphine oxide compounds are also preferred fabric
      softeners for use in the novel fabric softening composition herein. These
      compounds have the generic formula:
EQU  R.sub.12 R.sub.13 R.sub.14 P.fwdarw. O                     (4)
PAL  wherein "R.sub.12 " is alkyl, alkenyl, or monohydroxyalkyl having a chain
      length of from 20 to 30 carbon atoms and wherein "R.sub.13 " and "R.sub.14
      " are each alkyl or monohydroxyalkyl containing from one to four carbon
      atoms, particularly preferred are tertiary phosphine oxides in which
      "R.sub.12 " is alkyl, alkenyl, or monohydroxyalkyl having a chain length
      of from 15 to 26 carbon atoms, and wherein "R.sub.13 " and "R.sub.14 " are
      each methyl, ethyl, or hydroxyethyl groups.
PAR  Other nonionic tertiary phosphine oxides useful herein are known and
      include the nonionic synthetic detergents having the same formula as that
      of formula (4) above wherein "R.sub.12 " is an alkyl, alkenyl, or
      monohydroxyalkyl of from 10 to 20 carbon atoms, and wherein "R.sub.13 "
      and "R.sub.14 " are each alkyl or monohydroxyalkyl of from one to three
      carbon atoms.
PAR  Nonionic tertiary amine oxides are also useful as fabric softeners and can
      be utilized in the compositions of the present invention. These nonionic
      compounds have the formula:
EQU  R.sub.15 R.sub.16 R.sub.17 N.fwdarw. O                     (5)
PAL  wherein "R.sub.15 " represents a straight or branched chain alkyl or
      alkenyl containing from 15 to 30 carbon atoms and from zero to two
      hydroxyl substituents, from zero to five ether linkages, there being at
      least one moiety of at least 15 carbon atoms containing no ether linkages,
      and zero to one amide linkage, and wherein "R.sub.16 " and "R.sub.17 " are
      each alkyl or monohydroxyalkyl groups containing from one to four carbon
      atoms and wherein "R.sub.16 " and "R.sub.17 " can be joined to form a
      heterocyclic group containing from four to six carbon atoms, particularly
      preferred are those wherein "R.sub.15 " is a straight or branched alkyl,
      alkenyl, or monohydroxyalkyl containing 15 to 26 carbon atoms and wherein
      "R.sub.16 " and "R.sub.17 " are each methyl, ethyl, or hydroxyethyl
      groups.
PAR  Other tertiary amine oxides useful herein are known and include compounds
      corresponding to formula (5) above wherein "R.sub.15 " is an alkyl of
      eight to 20, particularly 16 to 18, carbon atoms and "R.sub.16 " and
      "R.sub.17 " are methyl or ethyl radicals.
PAR  Nonionic ethoxylated alcohol compounds are also useful as fabric softeners
      and are preferred in the fabric-softening compositions herein. These
      compounds have the generic formula:
EQU  R.sub.18 -O(C.sub. 2 H.sub.4 O).sub.X H                    (6)
PAL  wherein "R.sub.18 " represents an alkyl of from 20 to 30 carbon atoms and
      "X" is an integer of from 3 to 45.
PAR  The particularly preferred ethoxylated alcohol compounds of this class are
      the condensation products of reacting from 3 moles to 45 moles of ethylene
      oxide with 1 mole of eicosyl alcohol,, heneicosyl alcohol, tricosyl
      alcohol, tetracosyl alcohol, pentacosyl alcohol, or hexacosyl alcohol.
      Other preferred ethoxylated alcohols are the condensation products of from
      3 moles to 45 moles of ethylene oxide and 1 mole of heptacosyl, octacosyl,
      nonacosyl, or triacontyl alcohols.
PAR  Also suitable for use as fabric softeners in the compositions herein are
      nonionic synthetic detergents as represented by the polyethylene oxide
      condensates of aliphatic alcohols containing from eight to 20 carbon atoms
      and alkylphenols wherein the alkyl contains from eight to 20 carbon atoms.
      Particularly preferred are the condensation products of 1 mole of tallow
      alcohol with 20 moles and with 30 moles of ethylene oxide.
PAR  Other preferred fabric softeners for use in the compositions of this
      invention are ethoxylated amines of the general formula:
      ##EQU4##
      wherein "Y" is an ethoxylated group of the type --(C.sub.2 H.sub.4
      O).sub.X H, wherein "X" is an integer of from 1 to 50, wherein "R.sub.1 "
      is hydrogen, "Y", or an alkyl having from one to about four carbon atoms,
      and wherein "R.sub.2 " is an alkyl having from about 12 to about 30 carbon
      atoms.
PAR  Also preferred as fabric softeners in the compositions herein are anionic
      ethoxylated alcohol sulfates and anionic sulfonates.
PAR  The preferred ethoxylated alcohol sulfates have the generic formula:
EQU  R.sub.19 -- O(C.sub.2 H.sub.4 O).sub.X SO.sub.3 .sup.-M.sup.+ (8)
PAL  wherein "X" is an integer of from 1 to 20, "M" is an alkali metal (e. g.
      Na, K, Li), ammonium or substituted ammonium cations, and wherein
      "R.sub.19 " is an alkyl containing from 15 to 30 carbon atoms.
PAR  The particularly preferred anionic ethoxylated alcohol sulfate fabric
      softeners are the sodium and potassium salts or the monoethanol,
      diethanol, or triethanol ammonium salts of the sulfated condensation
      product of from 1 to about 20 moles of ethylene oxide with 1 mole of
      eicosyl alcohol, heneicosyl alcohol, tricosyl alcohol, tetracosyl alcohol,
      pentacosyl alcohol, or hexacosyl alcohol.
PAR  Other preferred anionic ethoxylated sulfate compounds are the sodium or
      potassium salts or monoethanol, diethanol, or triethanol ammonium cations
      of the sulfated condensation products of from 1 to 20 moles of ethylene
      oxide with 1 mole of heptcosyl alcohol, octacosyl alcohol, nonacosyl
      alcohol, and triacontyl alcohol.
PAR  Anionic synthetic detergents as represented by alkyl sulfates of the
      formula:
EQU  R.sub.20 -- OSO.sub.3 .sup.-M.sup.+                        (9)
PAL  wherein "M" is an alkali metal and "R.sub.20 " is an alkyl of from eight to
      20 carbon atoms are useful as fabric softeners herein.
PAR  The preferred anionic sulfonates have the general formula:
      ##EQU5##
      wherein "M" is an alkali metal or a substituted ammonium cation and
      "R.sub.21 " is an alkyl containing from 15 to 30 carbon atoms. The
      particularly preferred anionic sulfonates are those in which "R.sub.21 "
      is an alkyl containing from 15 to 26 carbon atoms.
PAR  Other fabric softeners are known in the art and can be used herein. For
      example, guanidines and guanidine salts are useful fabric softeners;
      betaines and substituted betaines are similarly useful fabric softeners.
PAR  The admixture of one or more fabric softeners of one class with one or more
      compatible fabric softeners of another class can be used in the
      compositions herein; when such admixtures are used herein, the amount of
      fabric softener of any one class can range from 1 percent to 99 percent,
      as desired, by weight of the admixture.
PAR  Other fabric-finishing additives can also be used in combinations with the
      fabric softeners herein. Although not essential to the invention herein,
      certain of these additives are particularly desirable and useful, as for
      example, perfumes, such as oils, spray dried powders, and encapsulated
      oils; brightening agents, shrinkage controllers, antistatic agents, and
      spotting agents. Other additives can include anticreasing agents,
      soil-releasing agents, fumigants, lubricants, fungicides, colorants, and
      sizing agents. Specific examples of possible additives disclosed herein
      can be found in any current Year Book of the American Association of
      Textile Chemists and Colorists. Any additive used should be compatible
      with the fabric softener.
PAR  The fabric-softening compositions of this invention also contain waxy
      surfactants which act as emulsifying agents in the preparation of the
      solution from which the film is to be cast or otherwise processed and also
      modify the properties of the film to give it body and enhance the release
      of the active agents. Suitable waxy surfactants have melting points in the
      range of from about 100.degree. to about 180.degree.F., most preferably in
      the range of from about 140.degree. to about 170.degree.F.
PAR  Particularly preferred nonionic waxy surfactants are the condensation
      products of 1 mole of tallow alcohol with from 10 to 40 moles of ethylene
      oxide (m.p. from about 100.degree. to about 150.degree.F.), most
      particularly with 20 and 30 moles of ethylene oxide (hereinafter
      designated, respectively, TAE.sub.20 and TAE.sub.30). The term "tallow",
      as used herein means an alkyl containing from 16 to 18 carbon atoms.
PAR  Other particularly preferred nonionic materials herein include polymers of
      polyethylene glycol having average molecular weights (A.M.W.) ranging from
      about 950 to about 7,500. Polymers of polyethylene glycol are commercially
      available under the trade name "Carbowax". Specific Carbowaxes which are
      particularly preferred herein include the following:
TBL  Trade Name  A.M.W.        m.p. (about)                                    
     ______________________________________                                    
     Carbowax 1000                                                             
                  950 - 1,050   97.degree. - 103.degree.F.                     
     Carbowax 1500                                                             
                 500 - 600     100.degree. - 106.degree.F.                     
     Carbowax 1540                                                             
                 1,300 - 1,600 109.degree. - 114.degree.F.                     
     Carbowax 4000                                                             
                 3,000 - 3,700 128.degree. - 134.degree.F.                     
     Carbowax 6000                                                             
                 6,000 - 7,500 140.degree. - 145.degree.F.                     
     ______________________________________                                    
PAR  Other nonionic materials can be selected from the group consisting of:
PA1  a. the condensation product of 1 mole of a saturated or unsaturated,
      straight or branched chained aliphatic alcohol having from about 10 to
      about 24 carbon atoms with from about 10 to about 40 moles of ethylene
      oxide;
PA1  b. the condensation product of 1 mole of a saturated or unsaturated,
      straight or branched chain aliphatic carboxylic acid having from about 10
      to about 18 carbon atoms with from about 20 to about 50 moles of ethylene
      oxide;
PA1  c. aliphatic carboxylic acids containing from about 12 to about 30 carbon
      atoms;
PA1  d. aliphatic alcohols having from about 16 to about 30 carbon atoms;
PA1  e. the condensation product of 1 mole of an alkyl phenol, wherein the alkyl
      chain has from about eight to about 18 carbon atoms, with from about 25 to
      about 50 moles of ethylene oxide;
PA1  f. glycerides, selected from the group consisting of monoglycerides,
      diglycerides, and mixtures thereof;
PA1  g. amides, selected from the group consisting of:
PA2  i. propyl amide,
PA2  ii. N-methyl amides having an acyl chain length of from about 10 to about
      15 carbon atoms,
PA2  iii. oleamide,
PA2  iv. amides or ricinoleic acid,
PA2  v. N-isobutyl amides of pelargonic, capric, undecanoic, or lauric acids,
PA2  vi. N-(2-hydroxyethyl) amides having a carbon chain length of from about
      six to about 10 carbon atoms,
PA2  vii. pentyl anilide,
PA2  viii. anilides having a carbon chain length of from about seven to about 12
      carbon atoms, and
PA2  ix. N-cyclopentyllauramide and N-cyclo-pentylstearamide; and,
PA1  h. the condensation product of 1 mole of a primary or secondary amine
      containing at least 12 carbon atoms with from 1 to about 100 moles of
      ethylene oxide;
PA1  i. the products resulting from addition of propylene oxide and ethylene
      oxide to ethylenediamine such as the Tetronic polyols;
PA1  j. block copolymers of ethylene oxide and polyoxypropylene glycol such as
      the Pluronic polyols;
PA1  k. block copolymers of propylene oxide and polyoxyethylene glycol such as
      the Pluronic R polyols.
PAR  The films of this invention are prepared by casting an aqueous solution or
      dispersion of the aforementioned constituents onto a moving belt. A doctor
      blade or leveling knife may be used to control the thickness and
      uniformity of the cast film and the belt may be constructed from stainless
      steel and coated, if desired, with Teflon or some other suitable release
      coating in order to improve the releasability of the film. The cast film
      is then passed through a forced air oven having a temperature of
      100.degree.- 320.degree.F. in order to dry the film. The dried film is
      then stripped from the carrier web, cut and packaged. Alternatively, the
      films of this invention may be prepared by conventional extrusion
      techniques or other suitable means. The films of this invention may also
      be slitted or cut so that each sheet contains a plurality of parallel
      slits or perforations.
DETD
PAR  The following examples are illustrative of the preparation of the
      fabric-softening compositions of this invention.
PAC  EXAMPLE 1
PAR  80 parts of a 10 percent by weight solution of CMC-7LT, a carboxymethyl
      cellulose, and 20 parts Varisoft 475, methyl alkylamidoethyl alkyl
      imidazolinium methylsulfate, are thoroughly mixed and cast on the glass
      plate. A No. 30 Meyer Rod was used to draw out a film and the solution
      dried under forced air at 125.degree.F. until a dry film was obtained. The
      film was then stripped from the glass plate.
PAC  Example 2
PAR  80 parts by weight of a 10 percent solution of Kelgin XL, sodium alginate
      and 20 parts by weight of Varisoft 475 were mixed with agitation until a
      viscous cream was obtained which was cast and dried on a glass plate
      according to the procedure of Example 1.
PAC  EXAMPLE 3
PAR  5 parts by weight carboxymethyl cellulose, 5 parts by weight carboxymethyl
      hydroxymethyl cellulose and 90 parts by weight water were mixed until a
      viscous gel was obtained. To this gel was added 25 parts by weight Ammonyx
      2194, dimethyl ditallow ammonium methylsulfate, and the mixture agitated
      until a uniform white paste was obtained which was cast and dried
      according to the procedure of Example 1.
PAR  A 3.87 gram sheet of this film was placed in a heated dryer with six wet
      towels for 50 minutes. The towels had a softness of 2.5 on a scale of 1-4
      with 4 being the maximum.
PAC  EXAMPLE 4
PAR  80 parts by weight of a 10 percent aqueous suspension of Polyox WSRN 80, a
      polymer of ethylene oxide having a molecular weight of about 200,000, 10
      parts by weight Ammonyx 2200-P100, a dimethyl distearyl ammonium chloride
      cationic surfactant, and 10 parts by weight Avitex NA, a complex
      alkylamine, were vigorously stirred, cast, and dried according to the
      procedure of Example 1. In a like manner, 80 parts by weight Polyox 750, a
      polymer of ethylene oxide having a molecular weight of about 300,000,  was
      mixed with 10 parts by weight Ammonyx 2194, dimethyl ditallow ammonium
      methylsulfate, and 10 parts by weight Avitex NA to form a film.
PAR  A sheet of this film was placed in a heated dryer with six wet towels for
      50 minutes. The towels were dry and had a softness of about 2.5. The only
      residue was several wax-like balls in the lint trap of the dryer.
PAC  EXAMPLE 5
PAR  78 parts by weight of a 10 percent solution of Polyox WSRN 750, 2 parts by
      weight Urea, 8 parts by weight Carbowax 6000, a polyethylene glycol having
      a molecular weight of approximately 6000, 2 parts by weight Drew-9264B,
      ethoxylated glycerol monostearate, and 10 parts by weight Varisoft 222, a
      complex difatty alkyl quaternary methosulfate, were thoroughly mixed, cast
      on a glass plate and dried in accordance with the procedure of Example 1
      to produce a film having a composition of 27.1 percent by weight Polyox,
      6.9 percent by weight urea, 27.8 percent by weight Carbowax, 6.9 percent
      by weight Drew 9264B and 31.3 percent by weight Varisoft 222.
PAC  EXAMPLE 6
PAR  40 parts by weight of a 10 percent solution of aqueous IPA Polyox 750, 17.4
      parts by weight of a 10 percent solution of carboxymethyl cellulose, 17.5
      parts by weight of a 10 percent solution of carboxymethyl hydroxyethyl
      cellulose, 0.1 parts by weight of urea, 10.0 parts by weight of a 75
      percent concentration of Adogen 442,  a dimethyl, dihydrogenated tallow
      ammonium chloride, 70.0 parts by weight of a 90 percent concentration of
      Varisoft 222, and 8.0 parts by weight of a 50 percent 6000/50 percent 400
      Carbowax mix were thoroughly mixed, cast on a glass plate and dried in
      accordance with the procedure of Example 1 to produce a film having a
      composition of 13.85 percent by weight aqueous IPA Polyox 750, 6.07
      percent by weight carboxymethyl cellulose, 6.10 percent by weight
      carboxymethyl hydroxyethyl cellulose, 0.35 percent by weight urea, 26.10
      percent by weight Adogen 442, 19.50 percent by weight Varisoft 222 and
      27.90 percent by weight Carbowax mix.
PAC  EXAMPLE 7
PAR  50 parts by weight of a 10 percent solution of Polyox 750, 15 parts by
      weight of a 10 percent solution of carboxymethyl cellulose, 15 parts by
      weight of a 10 percent solution of hydroxyethyl cellulose, 5 parts by
      weight of Adogen 442, 5 parts by weight of Varisoft 222, 9 parts by weight
      of Carbowax 6000 and 1 part by weight of perfume were thoroughly mixed,
      cast on a glass plate and dried in accordance with the procedure of
      Example 1 to produce a dry film having a composition of 19.05 percent by
      weight Polyox 750, 5.71 percent by weight carboxymethyl cellulose, 5.71
      percent by weight hydroxyethyl cellulose, 14.28 percent by weight Adogen
      442, 17.14 percent by weight Varisoft 222, 34.29 percent by weight
      Carbowax 6000, and 3.81 percent by weight perfume.
PAR  A sheet of film produced according to this Example was placed in a heated
      dryer, having six wet towels, for 50 minutes on 11  occasions. The towels
      were dry, had an average softness of about 2.4, had good fragrance and the
      film left very little residue in the dryer.
PAR  A 10-inch by 10-inch sheet of film produced according to the procedure of
      this Example was placed, during the rinse cycle, in a home washing machine
      having six towels and the towels had an average softness of 3.4 after one
      cycle, 3.3 after five cycles and 3.3 after ten cycles.
PAC  EXAMPLE 8
PAR  6.6 parts by weight of a 10 percent solution of Polyox WSR205, 6.6 parts by
      weight polyurethane, 165.0 parts by weight water, 19.9 parts by weight of
      a 75 percent concentration of Adogen 442, 7.95 parts by weight of a 90
      percent concentration of Varisoft 222, 8.85 parts by weight of Carbowax
      6000 and 1.1 parts by weight of perfume were thoroughly mixed, cast on a
      glass plate and dried in accordance with the procedure of Example 1 to
      produce a dry film having a composition of 14.6 percent by weight Polyox
      WSR205, 14.6 percent by weight polyurethane, 33.1 percent by weight Adogen
      442, 15.8 percent by weight Varisoft 222, 19.6 percent by weight Carbowax
      6000, and 2.25 percent by weight perfume.
PAR  A sheet of film produced according to this Example was placed in a heated
      dryer, having six wet towels, for 50 minutes on 11 occasions. The towels
      were dry, had an average softness of about 2.7 to 2.9, had good fragrance
      and the film left very little residue in the dryer.
PAC  EXAMPLE 9
PAR  10.64 parts by weight of a 10 percent solution of Polyox WSR205, 2.66 parts
      by weight polyurethane, 157 parts by weight water, 19.9 parts by weight of
      a 75 percent concentration of Adogen 442, 7.95 parts by weight of a 90
      percent concentration of Varisoft 222, 8.85 parts by weight of Carbowax
      6000 and 1.1 parts by weight of perfume were thoroughly mixed, cast on a
      glass plate and dried in accordance with the procedure of Example 1 to
      produce a dry film having a composition of 23.5 percent by weight Polyox
      WSR205, 5.9 percent by weight polyurethane, 32.9 percent by weight Adogen
      442, 15.8 percent by weight Varisoft 222, 19.5 percent by weight Carbowax
      6000, and 2.4 percent by weight perfume.
PAR  A sheet of film produced according to this Example was placed in a heated
      dryer, having six wet towels, for 50 minutes on 11 occasions. The towels
      were dry, had an average softness of about 2 to 2.8, had good fragrance
      and the film left very little residue in the dryer.
PAC  EXAMPLE 10
PAR  An emulsion was prepared using 73 percent water, 8.1 percent medium
      viscosity, fully hydrolyzed polyvinylalcohol, 10.3 percent Adogen 442, 6.2
      percent Varisoft 222, 1.4 percent Pluronic F68, 0.25 percent
      triethanolamine, 0.5 percent sodium acetate, and 0.25 percent perfume oil.
      The emulsion was then cast onto a glass plate and dried in accordance with
      the procedure of Example 1 to produce a dry film having the composition of
      30 percent polyvinylalcohol, 38 percent Adogen 442, 23 percent Varisoft
      222, five percent Pluronic F68, one percent triethanolamine, two percent
      sodium acetate, and one percent perfume oil.
PAR  A sheet of film produced according to this example was placed in a heated
      dryer, having six wet towels for 50 minutes on 12 occasions. The towels
      were dry, had an average softness of 2.4, had a good fragrance, and the
      film left only a crumpled sheet residue behind.
PAC  EXAMPLE 11
PAR  An emulsion was prepared using 75.9 percent water, 8.4 percent medium
      viscosity, fully hydrolyzed polyvinylalcohol, 8.4 percent Adogen 442, 5.1
      percent Varisoft 222, 1.2 percent Tetronic 707, 0.25 percent
      triethanolamine, 0.25 percent perfume oil and 0.5 percent sodium acetate.
      The emulsion was then cast onto a glass plate and dried in accordance with
      the procedure of Example 1 to produce a dry film having the composition of
      35 percent polyvinylalcohol, 35 percent Adogen 442, 21 percent Varisoft
      222, five percent Tetronic 707, one percent triethanolamine, two percent
      sodium acetate and one percent perfume oil.
PAR  A sheet of film produced according to this Example was placed in a heated
      dryer having six wet towels for 50 minutes on 10 occasions. The towels
      were dry, had an average softness of 2.25, had a good fragrance and the
      film left only a crumpled sheet residue behind.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fabric-softening composition consisting essentially of an essentially
      uniform, self-supporting preformed film comprising at least one
      film-forming polymer having a molecular weight of at least 100,000, a
      fabric softener and a waxy surfactant.
NUM  2.
PAR  2. A composition as in claim 1 wherein film contains from about 20 to about
      50 percent by weight of at least one film-forming polymer, from about 30
      to about 75 percent by weight of a fabric softener and from about 1 to
      about 35 percent by weight waxy surfactant.
NUM  3.
PAR  3. A composition as in claim 2 wherein the film contains up to about 10
      percent by weight of at least one perfume.
NUM  4.
PAR  4. A composition as in claim 1 wherein the film-forming polymer is a
      polymer of ethylene oxide.
NUM  5.
PAR  5. A composition as in claim 1 wherein the film-forming polymer is a
      polyurethane.
NUM  6.
PAR  6. A composition as in claim 1 wherein the film-forming polymer is
      polyvinylalcohol.
NUM  7.
PAR  7. A composition as in claim 1 wherein the fabric softener is a member
      selected from the group consisting of cationic quaternary ammonium salts
      and imidazolium salts, tertiary phosphine oxides, tertiary amine oxides,
      ethoxylated alcohols and alkyl phenols, ethoxylated amines, anionic soaps,
      sulfates and sulfonates, amphoteric tertiary ammonium compounds,
      Zwitterionic quaternary ammonium compounds, and compatible mixtures
      thereof or one or more compounds of these classes.
NUM  8.
PAR  8. A composition as in claim 2 wherein the film contains up to about 1
      percent by weight of a dye.
NUM  9.
PAR  9. A process for softening freshly washed fabrics in an automatic rotary
      drum clothes dryer comprising the steps of:
PA1  a. loading said fabrics into the dryer drum and adding a sheet of a fabric
      softening composition consisting essentially of an essentially uniform,
      self-supporting preformed film comprising at least one film-forming
      polymer having a molecular weight of at least 100,000, a fabric softener
      and a waxy surfactant; and
PA1  b. operating said dryer, whereby the action of the clothes dryer provides
      contact of the fabrics with the fabric softening composition to effect
      softening of the fabrics.
NUM  10.
PAR  10. A process as in claim 9 wherein the film contains from about 20 to
      about 50 percent by weight of at least one film-forming polymer, from
      about 30 to 75 percent by weight of a fabric softener and from about 1 to
      about 35 percent by weight waxy surfactant.
NUM  11.
PAR  11. A process as in claim 10 wherein the film contains up to about 10
      percent by weight of at least one perfume.
NUM  12.
PAR  12. A process as in claim 10 wherein the film contains up to about 1
      percent by weight of a dye.
NUM  13.
PAR  13. A process as in claim 9 wherein the film-forming polymer is a polymer
      of ethylene oxide.
NUM  14.
PAR  14. A process as in claim 9 wherein the film-forming polymer is a
      polyurethane.
NUM  15.
PAR  15. A process as in claim 9 wherein the film-forming polymer is
      polyvinylalcohol.
NUM  16.
PAR  16. A process as in claim 9 wherein the fabric softener is a member
      selected from the group consisting of cationic quaternary ammonium salts
      and imidazolium salts, tertiary phosphine oxides, tertiary amine oxides,
      ethoxylated alcohols and alkyl phenols, ethoxylated amines, anionic soaps,
      sulfates and sulfonates, amphoteric tertiary ammonium compounds,
      Zwitterionic quaternary ammonium compounds, and compatible mixtures
      thereof of one or more compounds of these classes.
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ABST
PAL  Dispersion-strengthened nickel and nichrome protected by an aluminum
      diffusion coating over a chromium diffusion coating, have their resistance
      to oxidation at extremely high temperatures increased by including cobalt
      with the chromium diffusion coating. Aluminum diffusion can be effected
      with an energizer kept out of contact with workpieces by being confined in
      porous containers.
PARN
PAR  This application is in part a continuation of application Ser. No. 254,403
      filed May 18, 1972 (U.S. Patent 3,785,854 granted January 15, 1974), which
      in turn is in part a continuation of application Ser. No. 90,682 filed
      Nov. 18, 1970 (U.S. Patent 3,764,371 granted October 9, 1973).
BSUM
PAR  The present invention relates to the coating of dispersion strengthened
      nickel and dispersion strengthened nichrome to increase their resistance
      to high temperatures, inside jet engines for example.
PAR  The foregoing as well as additional objects of the present invention will
      be more fully understood from the following description of several of its
      exemplifications.
PAR  Dispersion-strengthened nickel, now called DS nickel and previously called
      TD nickel, is manufactured with 2% or so of inert finely divided oxide
      such as ThO.sub.2, ZrO.sub.2, HfO.sub.2 or Eu.sub.2 O.sub.3, dispersed
      through the metal, and has unusually high strength at temperatures of
      about 2200.degree. to 2300.degree.F. To prevent it from rapidly oxidizing
      away when exposed to oxidizing atmospheres at those temperatures, it has
      been suggested to diffusion coat the metal with chromium and then with
      aluminum.
PAR  According to the present invention the oxidation resistance of those dual
      coatings is improved by incorporating a little cobalt in the aluminum
      layer. Such cobalt forms a cobalt-aluminum intermetallic that imparts to
      the aluminum coating the typical beige tinge of that intermetallic and
      also significantly increases the oxidation resistance. Only about 0.5%
      cobalt in the outer skin of the aluminum coating is sufficient to increase
      the high-temperature life of the double coating by at least about 20%.
PAR  Because cobalt and aluminum do not deposit together in a single diffusion
      coating step, the cobalt is combined with the chromium applied as the
      undercoat. As little as 1 to 2% cobalt content, preferably 4 to 8%, in the
      skin of the chromium diffusion case will be sufficient cobalt to provide
      the improved results of the present invention. During the application of
      the aluminum diffusion coating over the cobalt-containing chromium, the
      cobalt diffuses outwardly to form the desired cobalt aluminide.
PAR  For the greatest resistance the chromium case should show a pick-up of
      about 40 to 60 milligrams of chromium per square centimeter, and the
      aluminum pick-up should be about 1.5 to 4 milligrams per square
      centimeter. Such combinations provide a useful coating life of several
      hundred hours to 2200.degree.F. At lower temperatures, as for example
      2150.degree.F or below, more than adequate coating life is obtained with
      the same pick-up of aluminum, but with a chromium pick-up of only 18-25
      milligrams per square centimeter.
PAR  The heavier chromium pick-ups can be provided by the one-step chromizing
      described in the above-mentioned prior applications, or by using a
      succession of lower pick-up diffusion coating stages. The cobalt addition
      of the present invention can be confined to the last chromium coating
      although it can also be applied with each chromium layer if desired.
PAR  At the very high combustion temperatures to which a jet engine burner wall
      is subjected, a simple DS nickel wall about 1/16 inch thick should have
      the coating combination with the high chromium pick-up. However a
      so-called "finwall" hollow wall construction of thin sheet DS nickel with
      internal air cooling operates at lower temperatures and only needs the
      lower chromium pick-up coating combination. Heavier coatings on such thin
      sheet metal unduly increase its thickness.
DETD
PAR  A typical sequence of the present invention is:
PAC  EXAMPLE I
PAR  A jet engine burner housing of DS nickel 30 inches long and about 15 inches
      in maximum diameter was packed in an Inconel diffusion coating retort 40
      inches high, using a pack made of, by weight,
TBL            20%    chromium                                                 
               3%     nickel                                                   
               3%     cobalt                                                   
               0.5%   NH.sub.4 Cl                                              
               balance                                                         
                      Al.sub.2 O.sub.3                                         
PAL  all in powder form and intimately mixed together. The pack filled the
      retort to within 3 inches of its top, covered all of the outside surface
      of the housing, and completely filled its interior.
PAR  A loosely fitted cover was placed over the top of the retort after which
      the retort was placed on a furnace support and an outer retort bell
      lowered around it, as in the arrangement illustrated in the prior
      applications, and sealed against the support. A furnace shell was then
      lowered around the outer retort and a stream of argon was started through
      the interior of the outer retort to flush the air out, the argon then
      replaced by dry hydrogen, and the furnace turned on to bring the
      temperature in the interior of the retort to 2200.degree.F. After 30 hours
      at that temperature, the furnace heat is turned off, the hydrogen
      continued till the temperature in the retort reaches 300.degree.F, at
      which time it is replaced by argon to flush out the hydrogen, and the
      furnace shell removed. After unloading the burner housing and giving it a
      light blast cleaning with 100 grit aluminum oxide propelled by a blast of
      air from a 20 psig line, the coating case measures from about 45 to 55
      milligrams per square inch throughout the treated surface, and an electron
      probe trace shows about 1.5% cobalt on the coated surface.
PAR  The housing is now packed again in the same inner retort cup, this time
      using the following chromium-inhibited aluminizing pack, as taken from
      Canadian Patent No. 806,618:
TBL  Ultra-fine magnesothermic chromium powder                                 
                                40%                                            
     Very fine aluminum powder  10%                                            
     Calcined alumina (minus 325 mesh)                                         
                                49.2%                                          
     Ammonium chloride           0.8%                                          
PAL  The percentages are all by weight and the pack had been subjected to a
      preparatory break-in treatment at 1650.degree.F. for five hours with no
      work-piece present, after which 0.8% NH.sub.4 Cl was again added to it.
      The burner housing was also treated in the resulting pack at
      1650.degree.F. for 5 hours.
PAR  The final coated product after another light blasting with the same 100
      grit aluminum oxide, has a smooth light-colored surface with a beige tinge
      and a weight gain from aluminum pick-up about 3 milligrams per square
      centimeter. A sample of its metal has a life in air at 2100.degree.F. of
      about 600 hours before showing a loss of weight, whereas the same chromium
      and aluminum pick-ups without the use of the cobalt gives a coated DS
      nickel product that has a life of only about 250 hours in air at
      2100.degree.F. before showing a loss of weight.
PAR  A similar improvement in high temperature oxidation resistance is obtained
      when the aluminizing of the foregoing example is replaced by an
      aluminizing in an aluminizing pack of, by weight:
TBL  Aluminum (minus 325 mesh)                                                 
                              30%                                              
     Alumina (minus 325 mesh) 70%                                              
PAL  to which is added aluminum chloride (anhydrous) in an amount 1/2% of the
      combined Al and Al.sub.2 O.sub.3. The same heating procedure is used as
      for the chromizing, but the aluminizing pack is kept at 950.degree.F. for
      10 hours.
PAR  The foregoing burner housing has a wall of solid, that is not hollow, DS
      nickel approximately 70 mils thick, the dispersion strengthening
      ingredient being thorium oxide. When coating a similar burner housing made
      of "finwall" construction having an inside surface sheet 9 mils thick, an
      outside surface sheet 9 mils thick and an air space of about 60 mils
      between them with corrugated spacing strips of 9 mil DS nickel sheet
      spanning the air space every few millimeters, the coating procedure can be
      identical with that of Example I except that the chromizing time at
      temperature is reduced to 20 hours and the temperature to 2025.degree.F.
      The chromium pick-up is then about 25 milligrams per square centimeter.
      While this coated finwall material shows a somewhat shorter life when
      tested in air at 2100.degree.F., its life in an engine is actually as long
      or longer than that of a solid DS nickel wall. With the finwall
      construction the presence of the cobalt also adds at least about 20% to
      the life.
PAR  In the coating of the finwall construction, the diffusion coating pack is
      packed into the air space of the hollow walls, as well as inside and
      outside the entire burner housing. The packing in the air space is
      simplified by mounting the burner housing on a vibrator and vibrating the
      vibrator while the packed powder is poured into the accessible portions of
      the air space. Removal of the powder pack from the air space after the
      coating heat is completed, is more troublesome inasmuch as the powder is
      generally not fluent then and requires physical loosening. While such
      loosening can be effected by poking narrow probes into the air space, the
      powder removal can be greatly expedited through the use of a modified pack
      containing MgO as some or all of the inert filler. MgO is readily soluble
      in aqueous nitric acid containing as little as 5% acid and as much as 40%,
      by weight, while the chromized surface with and without the subsequent
      aluminizing is not attacked by such acid. It is accordingly a relatively
      simple matter, when removing the powder pack after a heat, to clean out
      any stubbornly held portions of the pack by pouring some 5% nitric acid
      over those portions and then waiting a few moments for the acid to react.
      A flush with water will then flush out the loosened pack remnants and also
      rinse away residual acid as well as acid reaction products. The acid will
      not attack the nickel or cobalt portions of the pack inasmuch as the
      nickel and cobalt become diffused with chromium in sufficient
      concentration to protect them. It will also not attack free aluminum in
      the pack. Chromium-inhibited aluminum in a pack will have the aluminum
      diffused into the chromium and the resulting alloy is also immune to the
      nitric acid treatment.
PAR  Only about 10% MgO in a pack will enable the foregoing simplified removal.
      It is preferred however when MgO is to be used that it constitute the
      entire inert filler.
PAR  The coating of the present invention is also suitable for protecting
      objects much smaller than the burner housing described above. However
      where smaller objects are to be chromized with the 40 to 60 milligram per
      square centimeter pick-up, the chromizing is best carried out in an
      unsealed cup-shaped retort at least 15 inches high, as described in
      application Serial No. 90,682. It is possible to obtain such high pick-ups
      with a vacuum-type diffusion as described in U.S. Pat. No. 3,290,126, and
      even in such vacuum chromizing the addition to the pack of cobalt in an
      amount 1/3 to 1/20 that of the chromium by weight, will provide the
      increased oxidation resistance of the present invention.
PAR  Nickel need not be used in a vacuum-type chromizing since it does not
      significantly affect such chromizing operation or the resultant product.
      On the other hand, in chromizing conducted at atmospheric pressure, the
      addition of the nickel is particularly desirable because it reduces the
      oxide content of the coating and thus renders the chromized case much more
      adherent. This is particularly significant with the heavier 40-60
      milligrams per square centimeter coating pick-ups, although it still
      provides significant improvement with lower pick-ups down to even 15
      milligrams of chromium per share centimeter. It appears that the vacuum of
      the vacuum-type chromizing is effective by itself to keep the oxide
      content of the coating sufficiently low, although a special atmosphere as
      described in Example I will not do this. The use of a halogen atmosphere,
      such as in a retort sealed by molten glass using iodine for example as an
      energizer to flush out the air and generate its own retort atmosphere,
      likewise does not keep down the oxide content of heavy chromized cases.
      Similarly the oxide content is not held down by an autogenous atmosphere
      provided when ammonium chloride or ammonium fluoride is used as an
      energizer with a retort sealed by molten glass. In both of these glass
      sealed retort arrangements the present invention can be practiced by using
      the packs described in Example I above or by the following alternative
      packs.
PAC  EXAMPLE II
TBL  ______________________________________                                    
     EXAMPLE II                                                                
     Chromizing pack (by weight)                                               
     ______________________________________                                    
     25% chromium                                                              
     21/2% nickel                                                              
     31/2% cobalt                                                              
     1/2% ammonium fluoride                                                    
     balance MgO                                                               
     coating temperature 2190.degree.F.                                        
     coating time at temperature -- 28 hours                                   
     ______________________________________                                    
     Aluminizing pack (by weight)                                              
     ______________________________________                                    
     20% aluminum (plus 150 mesh)                                              
     1/2% ammonium chloride                                                    
     balance alumina (plus 150 mesh)                                           
     coating temperature 1000.degree.F                                         
     coating time at temperature -- 5 hours                                    
     ______________________________________                                    
PAR  The presence of cobalt in the chromizing packs of the present invention
      also reduces somewhat the coating temperature needed to provide the
      desired chromizing. Thus when using the chromizing pack of Example I, but
      without its cobalt, the chromium pick-up will not reach the desired levels
      in a 30-hour heat unless the coating temperature is maintained at
      2250.degree.F. or higher.
PAR  The presence of a small amount of magnesium halide powder (anhydrous) in
      the chromizing pack also seems to help a little in reducing the oxide
      content of the coating as described in application Ser. No. 90,682, but
      high quality results are obtained even when it is omitted.
PAR  For the lower ranges of chromium pick-up, it is not necessary to use a
      retort cup at least 15 inches high, and the following example illustrates
      such treatment.
PAC  EXAMPLE III
PAR  A DS nickel burner ring of finwall construction is chromized in a retort
      cup 5 inches high under an argon atmosphere using the following pack (by
      weight):
TBL  18% chromium                                                              
     4% nickel                                                                 
     21/2% cobalt                                                              
     1/2% ammonium bromide                                                     
     balance MgO                                                               
     coating temperature 2050.degree.F.                                        
     coating time at temperature -- 30 hours                                   
PAR  The energizers used in any of the foregoing examples of atmospheric
      pressure coating can in general be a halogen or a halogenide that
      volatilizes as it is heated up to coating temperature to provide a
      halogen-containing atmosphere, as is recognized by the art. When the
      diffusion coating is applied under vacuum as in U.S. Pat. No. 3,290,126, a
      halogenide that does not volatilize is used and it is then preferred to
      have the pack contain a relatively large amount of diffusing metal, at
      least 40% by weight and as much as 80% by weight, if the coating time is
      to be kept down to reasonable lengths.
PAR  The pack, or at least those pack ingredients that remain solid during the
      coating, is of relatively fine particle size. The maximum particle size is
      desirably 150 microns and preferably less than 40 microns, although the
      activator particles can be up to about 1 millimeter in size without
      detracting from the quality of the coating. Best chromium-inhibited
      aluminizing results have been obtained with chromium particles less than
      10 microns in size and with filler particles up to about 40 microns in
      size. Unless otherwise indicated particles that pass through a 50-mesh
      screen and do not pass through a 100-mesh screen are generally used.
PAR  The chromium diffusion packs also give better results for the second and
      subsequent coating treatments after they are freshly mixed. If desired the
      freshly mixed packs can be subjected to a blank run with or without work
      pieces before they are placed in service. Used packs are simply reused
      with the addition of another charge of activator, and scavenger if
      desired, so long as the metal content is adequate. About 1 to 2% chromium
      can also be added to used chromizing packs to keep the metal content
      substantially unchanged through successive coating runs. Cobalt
      consumption can be replaced by adding 1/4 to 1/2% of fresh cobalt to the
      pack after each coating run. Any nickel additions should be kept very low
      inasmuch as there is very little nickel consumed during the coating.
PAR  The foregoing improvements are obtained on nickel that is dispersion
      strengthened with any of the oxides referred to above, and even with
      so-called DS nichrome which is a dispersion strengthened nickel-chromium
      alloy containing about 20% chromium. With DS nichrome, the chromium
      pick-up during chromizing can be less than 40 milligrams per square
      centimeter so that the chromizing time can be reduced when using the
      process of Example I, and 20 hours of chromizing will then provide a
      chromium pick-up of 30 milligrams per square centimeter. Alternatively DS
      nichrome will provide satisfactory results when the chromizing is carried
      out in a retort less than 10 inches high where only about a 20-25
      milligram per square centimeter pick-up of chromium is obtained.
PAR  A preliminary break-in heat for the aluminizing pack is helpful but
      hydrated aluminum chloride can be used as the energizer for such packs, in
      which event break-in treatment can be dispensed with. Thus the
      substitution of 1.5% AlCl.sub.3.sup.. 6H.sub.2 O for the ammonium chloride
      or the anhydrous aluminum chloride energizers of the aluminizing
      treatments of Example I, gives about the same good results with or without
      such break-in, when the hydrated material is out of contact with the
      workpieces until the hydrated material vaporizes. This use of hydrated
      aluminum chloride without a break-in is also effective in aluminizing
      other metals including chromium-containing steels such as martensitic
      stainless steels, as well as low carbon steel. Aluminizing in this way is
      conducted in a hydrogen-blanketed or hydrogen-washed atmosphere as in
      Example I, although the blanketing or washing hydrogen can be diluted with
      as much as three times its volume of inert gases, such as argon. Hydrated
      aluminum bromide and hydrated aluminum iodide can be substituted for the
      hydrated aluminum chloride in equimolar amounts, but aluminum fluoride is
      not a suitable energizer for diffusion coatings and hydrated aluminum
      fluoride is likewise unsuitable.
PAR  As to the chromizing step of the process of the present invention when
      carried out without the use of evacuation, the chromium content of the
      chromizing pack can range from about 5 to about 50%, the nickel about 1/3
      to about 1/20 of the chromium and the cobalt from 1/5 to 1/2 % of the
      chromium, all values being by weight. The inert filler can be any such
      filler known, including kaolin, Cr.sub.2 O.sub.3, and those mentioned
      above.
PAR  For the aluminizing step the aluminum content of the pack can range from 2
      to 50% aluminum by weight with the remainder any of the inert fillers
      referred to above. The aluminizing temperatures can range from about
      800.degree. to about 1700.degree.F. with a coating time at temperature
      about 4 to 20 hours. As pointed out above, the aluminizing can also be
      conducted with an inhibitor such as chromium also present in the pack.
      Such inhibited aluminizing is described in the above-mentioned Canadian
      Patent No. 806,618, as well as in U.S. Pat. No. 3,257,230, and is
      generally conducted at 1600.degree.F. for about 5 hours, with ranges again
      from about 800.degree. to 1700.degree.F. from about 4 to about 10 hours.
      Where an ammonium compound is used as an energizer, best results are
      obtained when the coating temperature is sufficiently high to crack the
      ammonia that volatilizes from such compound, so that the upper portions of
      the above temperature ranges, above about 1000.degree.F., are then
      preferred. On the other hand, aluminum halide energizers are preferred for
      use in the lower portions of those ranges at about 1000.degree.F. or
      below.
PAR  Also all types of aluminum halide energizers are preferably kept out of
      contact with the workpieces until these energizers vaporize. Thus these
      energizers can be confined in porous containers, distributed throughout
      the pack and preferably so arranged as not to contact the workpieces.
      Alternatively these energizers can be mixed with a stratum of the pack
      below and out of contact with the workpieces, and/or above and out of
      contact with the workpieces and/or on the sides and out of contact with
      the workpieces. With virgin packs using a hydrated energizer, merely
      placing 3 to 6 grams of the energizer for 6.5 lb packs and larger
      quantities for larger packs on a section of fine stainless steel screen
      and then crumpling the screen around the soplaced portion of the energizer
      to encapsulate it, makes a suitable container of energizer that gives
      excellent coating results when such containers are two or more inches
      apart throughout the pack. The containers can be made of aluminum or of
      materials that do not appreciably diffuse into the workpieces during the
      aluminizing.
PAR  Other ingredients such as metallic manganese can also be present in the
      uninhibited aluminizing pack without affecting its operation parameters.
      The amount of manganese so included can range from about 1/4 to 3/4 the
      weight of the aluminum.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process of pack aluminizing method workpieces at temperatures of
      about 1000.degree.F or below using an aluminum halide enerigizer selected
      from the group consisting of aluminum chloride, aluminum bromide, aluminum
      iodide or hydrated derivatives thereof, wherein the energizer is held in
      at least one porous container placed in the pack.
NUM  2.
PAR  2. The combination of claim 1 in which the container is out of contact with
      the workpieces.
NUM  3.
PAR  3. The combination of claim 1 in which the energizer is aluminum chloride.
NUM  4.
PAR  4. The combination of claim 1 in which the container is made of a metal
      that does not appreciably diffuse into the workpieces during the
      aluminizing.
NUM  5.
PAR  5. The combination of claim 1 in which the container is made of aluminum or
      stainless steel.
NUM  6.
PAR  6. The combination of claim 2 in which the energizer is aluminum chloride.
NUM  7.
PAR  7. The combination of claim 1 in which the workpieces are
      chromium-containing steel.
NUM  8.
PAR  8. The combination of claim 6 in which the workpieces are
      chromium-containing steel and the container is made of aluminum or
      stainless steel.
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ABST
PAL  In wet process hot dip galvanising use is made of a flux which melts at
      below 500.degree.C and consists of 30 - 70% by weight magnesium chloride
      and 20 - 70% by weight sodium chloride and/or potassium chloride.
BSUM
PAR  This invention concerns the hot dip galvanising of ferrous metals.
PAR  In hot dip galvanising, ferrous metals or alloys, particularly cast iron
      and mild steel, are treated to prevent corrosion. The hot dip galvanising
      process involves dipping a ferrous metal article having a surface which is
      chemically clean, into molten zinc, which may contain minor quantities of
      other elements, in order to coat the surface of the article with a
      protective layer of zinc. The coating formed adheres as a result of
      alloying taking place at the ferrous metal-zinc interface. As alloying
      cannot take place unless the surface of the article being coated is
      chemically clean, the cleaning cycle is an extremely important part of the
      hot dip galvanising process.
PAR  Normally the initial steps in the cleaning cycle can include degreasing,
      for example using trichloroethylene vapour or aqueous alkaline solutions,
      and possibly shot or grit blasting. Acid pickling then follows and the
      final stage is usually flux treatment using a salt or a mixture of salts.
      As the fluxing treatment usually immediately precedes galvanising it is
      this step which most ensures wetting of the surface being coated by the
      molten zinc.
PAR  Initially in the hot dip galvanising process the fluxing material was
      provided by iron salts which remained on the ferrous metal surface after
      pickling. The more recent process, of which there are two main types,
      employ a separate fluxing agent, and differ from each other in the manner
      in which the fluxing agent is applied. In the "Wet Process" the ferrous
      metal article is pickled, sometimes rinsed, and then dipped into molten
      zinc through a layer of molten flux floating on the surface of the zinc.
      In the "Dry Process" a layer of flux is applied to the surface of the
      ferrous metal article to be galvanised before the article is dipped into
      molten zinc. Application is by applying a solution of fluxing agent to the
      surface and drying the article to leave the flux coating on the surface.
      The wet and dry processes may be used together, i.e. first a flux is dried
      on to the surface of the article and then the article is dipped into the
      molten zinc bath through a layer of molten flux.
PAR  Fluxing agents commonly used in hot dip galvanising processes are ammonium
      chloride, zinc chloride, physical mixtures of the two, and also a chemical
      combination in the form of zinc ammonium chloride. These fluxing agents
      may be mixed with one or more alkali metal chlorides.
PAR  Most known fluxing agents suffer from the disadvantage that they evolve
      copious obnoxious fume, and although the addition of alkali metal
      chlorides reduces the quantity of fume evolved such practice may also
      result in a reduction of flux efficiency.
PAR  Due to the introduction of more and more stringent environmental
      regulations and since hot dip galvanising is in general likely to be
      carried out at higher temperatures than formerly, with the probable
      replacement of the usual metal galvanising baths by refractory lined
      baths, the use of fluxes which give rise to little or no fume is becoming
      increasingly important.
PAR  It has now been found that hot dip galvanising by the wet process may be
      carried out with little fume evolution using a flux containing essentially
      magnesium chloride together with sodium chloride and/or potassium
      chloride, and optionally calcium chloride.
PAR  According to the present invention there is provided a method of hot dip
      galvanising a ferrous metal article which comprises passing the article
      into molten zinc through a molten flux disposed on the surface of the
      zinc, and subsequently removing the article from the molten zinc, said
      flux melting below 500.degree.C and comprising 30 - 70% by weight
      magnesium chloride, and 20 - 70% by weight sodium chloride and/or
      potassium chloride. Preferably the flux melts below 460.degree.C. The flux
      may also contain up to 20% calcium chloride.
PAR  Other chlorides may be present, for example, aluminium chloride, lead
      chloride, zinc chloride, ammonium chloride, and zinc ammonium chloride,
      either used alone or in combination. However, since these chlorides tend
      to increase the amount of fume evolved they should not constitute more
      than 20% by weight of the total composition.
PAR  The preferred magnesium chloride content (as MgCl.sub.2) is 40 - 60% by
      weight, the preferred sodium and/or potassium chloride content is 30 - 60%
      by weight, and the preferred calcium chloride content is 0 - 10% by
      weight.
PAR  The flux compositions may also contain frothing agents, which are often
      desirable in the wet process of hot dip galvanising for increasing the
      thickness of the layer of flux floating on the surface of the molten zinc.
      Materials which slowly decompose at the temperature of the hot dip
      galvanising bath are suitable as frothing agents. Examples include tallow,
      sawdust, glycerin and various resins.
PAR  Using the flux compositions of the invention hot dip galvanising may be
      carried out with little fume evolution over a wide range of operating
      temperatures.
PAR  The following examples will serve to illustrate the invention:
PAC  EXAMPLE 1
PAR  A flux composition was prepared having the following composition by weight:
TBL  magnesium chloride       50%                                              
     sodium chloride          30%                                              
     potassium chloride       20%                                              
PAR  Ferrous metal articles were shot blasted, pickled in 15% hydrochloric acid,
      rinsed in water and dried. The articles were then immersed in molten zinc
      at 450.degree. - 460.degree.C through a 1/2 inch blanket of the above flux
      disposed on the surface of the zinc. The immersion time was 3 - 4 minutes.
      No fume was evolved. After removal from the zinc, quenching and swilling
      the galvanised articles exhibited a bright even finish.
PAC  EXAMPLE 2
PAR  A flux composition was prepared having the following composition by weight:
TBL  magnesium chloride       40%                                              
     sodium chloride          30%                                              
     potassium chloride       25%                                              
     calcium chloride          5%                                              
PAR  Ferrous metal articles were galvanised by immersion through a layer of the
      above flux into molten zinc using the procedure described in Example 1.
      The temperature of the zinc was 530.degree. to 540.degree.C, and the
      immersion time was 1 - 2 minutes. Little fume was evolved. After removal
      from the zinc, quenching and swilling, the galvanised articles exhitibed a
      bright even finish.
PAC  EXAMPLE 3
PAR  A flux composition was prepared having the following composition by weight:
TBL  magnesium chloride       60%                                              
     potassium chloride       40%                                              
PAR  The flux was used in the galvanising of ferrous metal articles using the
      procedure described in Example 2 except that the temperature of the molten
      zinc was 525.degree.C and the immersion time was 1 - 2 minutes.
PAC  EXAMPLE 4
PAR  A flux composition was prepared having the following composition by weight:
TBL  magnesium chloride       50%                                              
     sodium chloride          50%                                              
PAR  The flux was used in the galvanising of ferrous metal articles using the
      procedure in Example 2 except that the temperature of the molten zinc was
      550.degree.C and the immersion time was 1 - 2 minutes.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In the method of hot dip galvanising a ferrous metal article which
      comprises passing the article into molten zinc through a molten flux
      disposed on the surface of the zinc, and subsequently removing the article
      from the molten zinc, the improvement which comprises using a flux melting
      below 500.degree.C and consisting essentially of 30 - 70% by weight
      magnesium chloride and 20 - 70% by weight of at least one compound
      selected from the class consisting of sodium chloride, potassium chloride
      and mixtures thereof.
NUM  2.
PAR  2. The method of claim 1 wherein the flux melts at below 460.degree.C.
NUM  3.
PAR  3. The method of claim 1 wherein the flux further contains up to 20%
      calcium chloride.
NUM  4.
PAR  4. The method of claim 1 wherein the ingredients of the flux are present in
      the following proportions by weight:
TBL  magnesium chloride        40 - 60%                                        
     sodium chloride, potassium                                                
                               30 - 60%                                        
     chloride, or mixtures thereof                                             
     calcium chloride           0 - 10%.                                       
NUM  5.
PAR  5. The method of claim 4 wherein the flux further contains up to 20% by
      weight of at least one chloride selected from the class consisting of
      aluminum chloride, lead chloride, zinc chloride, ammonium chloride and
      zinc ammonium chloride.
NUM  6.
PAR  6. The method of claim 1 wherein the flux further contains a frothing
      agent.
NUM  7.
PAR  7. The method of claim 6 wherein the frothing agent is selected from the
      class consisting of tallow, sawdust and glycerin.
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ABST
PAL  This relates to a method of decorating a panel having a multi-level pattern
      of ridges and recesses on a major surface thereof. This patterned major
      surface is coated with a liquid pigmented material and is thereafter
      rollingly contacted under pressure with a roll having a resilient surface.
      The resilient roll picks up liquid pigmented material from the higher
      portions of the pattern while at the same time the pigmented material
      which has been picked up from the panel surface is continually removed or
      cleaned from the roll surface. Thereafter, the pigmented material which
      remains on the panel surface is at least partially dried or cured. In the
      preferred form of the invention the panel surface has a layer of paper
      integrally combined therewith, the paper having a printed surface thereon
      which complements the multi-level surface pattern of the panel. The degree
      of pressure between the roll surface and the panel is such as to provide
      for a pick-up of sufficient of the pigmented material from the higher
      portions of the multi-level pattern as to expose the printed paper surface
      at the higher portions to view. A clear protective top coat is applied to
      the product. In the final product, relatively large amounts of pigment
      remain in the deeper valleys or recesses while little or no pigment is
      located on the higher ridges. Between these two extremes varying amounts
      of pigment remain. Thus, the embossed pattern stands out clearly and the
      apparent depth of pattern is relatively great. Furthermore, the underlying
      printed surface of the paper shows through at the higher ridges and thus
      the final product exhibits color variations on the higher ridges which in
      combination with the varying amounts of accent pigments on the lower
      surface portions provides a pleasing overall visual effect.
BSUM
PAR  This invention relates to the decorating or finishing of a multilevel
      product surface, for example, an embossed or textured surface, by
      providing a color contrast between the high and low areas or regions of
      the surface.
PAR  The most common prior art procedure used extensively for surface accent
      coloring of multilevel surfaced products is reverse roll coating (reverse
      roll wiping). In this method colored coating material is metered from a
      paint well to a rubber applicator roll and is then transferred onto the
      product surface. Sufficient coating is carried on the applicator roll to
      cover the entire board surface, with partial flow-down into the embossed,
      low lying areas. A steel wiping roll, which turns in a direction opposed
      to the panel travel, simultaneously removes coating material from the
      uppermost surface of the product and floods the embossed areas with excess
      coating. The coating material that is removed from the product is
      constantly doctored from the steel roll. This excess material is
      transferred to the applicator roll, and finally is returned to the coating
      well for re-use.
PAR  Reverse roll wiping leaves much to be desired with products which display
      non-uniform product thicknesses across the width of the web, panel, or
      piece to be finished. When product thickness varies, the inflexible steel
      wiping roll will leave an excess of colorant on the low surface areas of
      the product in a manner undesirable from an appearance, product quality,
      or process viewpoint. For example, fibreboard products formed by the
      common hot press methods both wet or dry fibre mat techniques exhibit a
      tendency (to varying uncontrollable degress) to have edges greater in
      thickness than the center of the panels due to unequal shrinkage in the
      hot press, and also show the typical fibreboard "cockle" or "hammer"
      pattern over the surface of the products. (This latter effect is believed
      due to individual wood fibres collecting into large clots in the pulp
      slurry, which results in non-uniform mat formation.)
PAR  When color accenting of this surface by the reverse flooding or reverse
      wiping method is attempted, an excess of accent material will be left by
      the non-deflecting steel wiping roll near the center of the panel where
      the board thickness is lowest, and at the low lying areas adjacent those
      regions having a "cockle" or "hammer" pattern on the surface. Thus it
      becomes difficult, if not impossible, to achieve the desired end effect of
      leaving accent color only in the embossed low areas of the product, and
      not on the surface, if the reverse wipe technique is employed.
PAR  A somewhat similar undesirable effect is seen with embossed plywood
      products as a result of poor caliper uniformity or low caliper areas
      associated with core voids. Again, the steel wiping roll method will leave
      an excess of color coating at the low caliper areas on the panel surface,
      thus interfering with product quality, increasing coating cost, and
      destroying the appearance of the final product.
PAR  The above problems are reduced somewhat, but not entirely eliminated, by
      exerting the maximum possible pressure of the reverse wiping roll on the
      product surface. However, this method for continuous production is not
      completely satisfactory in that equipment maintenance is dramatically
      increased due to the added strain placed on the machine, and more
      importantly, the severe wiping action of the steel roll tends to mark or
      score the product surface if it is sensitive to mechanical abrasion. An
      example of this is illustrated in multiple-coat products manufactured on
      high speed finishing lines. When the accent color is applied and wiped
      over a partially cured painted surface, the relatively tender and
      underlying coating system can be easily marked or completely removed by
      the scraping action of the reverse roll.
PAR  It is, therefore, desirable to provide a color accenting method which
      applies coating material uniformly over a major surface of the product
      combined with a process which consistently and gently removes the excess
      coating from the higher surfaces of the product, while leaving the accent
      color in the low-lying embossed areas.
PAR  This invention involves the steps of applying the coating or accent
      material to a major surface of the product by means such as a direct roll
      coater, or spray coater combined with means employing a roll having a
      resilient surface adapted to remove excess coating material from the upper
      areas of the panel product to provide a proper colour contrast and
      graduation without damage to the underlying surface.
PAR  Thus, in accordance with one aspect of the invention there is provided a
      process for producing a visible pattern on a panel which includes passing
      in a path of travel a panel having a surface pattern of pronounced ridges
      and walled recesses or valleys, the ridges and valleys having varying
      widths and the valleys extending to various depths below an imaginary
      datum surface defined by the tops of the highest ridges, and applying a
      liquid coating of a pigment or accent material over the entire surface.
      Thereafter, pressure contact is effected between the panel surface and a
      rotating resiliently deformable roll surface whereby said roll surface
      deforms under the influence of the contact pressures and contacts at least
      the higher ones of the ridges and effects removal of pigmented or accent
      material from the contacted portions of the panel surface. At the same
      time, the removed pigmented or accent material is continually removed from
      the surface of the rotating roll. Thereafter at least some drying or
      curing of the pigmented or accent material remaining on the panel is
      effected.
PAR  It is a further important feature that the above mentioned roll be made to
      rotate in the same direction as the moving panel with there being
      substantially no relative movement between the roll surface and the panel
      at the line of contact. Relative movement between roll and panel tends to
      displace the accent or pigmented material back into the grooves or valleys
      thus resulting in an excessive thickness of same at the bottom of these
      valleys which can give rise to blistering of this material during later
      curing or drying stages. Thus, to ensure optimum pick-up of accent
      material from those portions of the panel contacted by the roll there
      should be substantially no relative movement between the roll surface and
      the panel.
PAR  In a typical process, the panel will have a clear protective overlay
      coating applied thereto after completion of the above described steps.
      Curing or drying of the panel surface is then effected to provide a
      finished panel.
PAR  The invention is well suited to a variety of board products such as
      embossed fibre board and particle board, embossed plywoods and various
      other textured surfaces requiring decoration. The invention is
      particularly well suited to the decorating and finishing of embossed fibre
      boards of the type made by the process disclosed in U.S. Pat. No.
      3,576,711 issued Apr. 27, 1971 to Stanley H. Baldwin, the disclosure of
      which patent is incorporated herein by reference. Basically, that patent
      discloses a process for producing hardboard having a simulated woodgrain
      surface which involves applying a printed pattern to a sheet of paper,
      applying such sheet to a partially dewatered mat with the printed surface
      facing outwardly, and pressing in a hot press to combine the sheet with
      the mat and emboss a pattern which is complementary to the printed
      pattern. The printed pattern is not in registry with the embossed pattern
      although the two are complementary to each other. This product has a
      greatly improved realism and apparent depth of pattern as compared with
      prior art process. However, the appearance of the above described product
      can be further greatly improved by further treating same in accordance
      with the principles of the present invention.
PAR  Thus, in accordance with a further aspect of the invention, a panel
      comprising a base, a sheet of paper integrally combined with a major
      surface of the base and a pattern printed on the exterior surface of such
      paper with contours complementary to but not in registration with the
      printed pattern embossed in the surface of such paper (such embossing
      extending into said major surface of the base) is treated as described
      above. That is, the embossed, printed paper side of the panel is coated
      with liquid pigmenting or accent material is thereafter contacted with the
      rotating resiliently deformable roll surface whereby the roll surface
      deforms under pressure and contacts the higher ridges and, depending upon
      roll hardness and pressure applied, upper portions of at least some of the
      side walls of the valleys and effects removal of the pigmenting or accent
      material therefrom with a graduation in pigment density between the
      highest surface areas and the lowest valley regions being provided. In the
      higher surface areas where the pigmentation has been fully or partially
      removed, the underlying printed paper can be seen. By selecting the colors
      of the printed paper and the patterns thereon in conjunction with the
      selection of the pigment, a very pleasing over-all visual effect can be
      achieved.
PAR  After the above, the pigment is dried or cured at last partially, and a
      clear protective top coat is applied and then is dried or cured to provide
      the finished product.
DRWD
PAR  Further aspects of the invention will be apparent from the following
      description, by way of example, of a preferred embodiment of same,
      reference being had to drawings wherein:
PAR  FIG. 1 schematically illustrates the preparation of an embossed paper
      overlaid hardboard in accordance with the teachings of U.S. Pat. No.
      3,576,711 issued Apr. 27, 1971;
PAR  FIG. 2 schematically illustrates the decorating of a multi-level panel
      surface in accordance with the invention;
PAR  FIG. 3 schematically illustrates apparatus for applying a liquid accenting
      or pigmenting material to the panel;
PAR  FIG. 4 schematically illustrates apparatus for removing or picking up
      pigmenting material from higher portions of the surface contacted;
PAR  FIG. 5 illustrates the relative orientation of the roll and an embossed
      pattern;
PAR  FIG. 6 is a partial cross-sectional view taken along the line of contact of
      the resilient roll with the panel surface;
PAR  FIG. 7 is a cross-sectional representation of a portion of a panel treated
      according to the present invention;
PAR  FIG. 8 illustrates apparatus for applying a protective top coat to the
      panel.
PAR  With reference to FIG. 1 a hardboard is formed in accordance with the
      process disclosed in the above mentioned Baldwin patent by defibrating
      wood chips and refining same in conventional fashion followed by forming
      and dewatering of the wet lap on a Fourdrinier machine 10. A sheet of
      paper 12 is applied to the lap or mat 14 when it has been dried to a
      consistency of about 25-40% solids by weight. The paper is printed on its
      exterior surface with a pattern such as a wood graim representation, e.g.,
      a simulated Barnboard. The paper is preferably of a groundwood or
      newsprint type as set forth in the Baldwin patent. The combined base mat
      and paper overlay are then transferred to a hot press 16 having its caul
      plates which will be in contact with the paper surface shaped to provide
      an embossing of the surface with a pattern complementary to the printed
      pattern. When a wood grain effect is being achieved, the wood grain is
      made to extend longitudinally of the panel and, in order that the printed
      pattern may complement the embossed pattern, (they are not registered with
      one another) the alternating or blended hues or shades of pattern
      colouring on the paper which provide the wood grain representation also
      extend generally longitudinally of the panel. The depth of draw or
      embossing depth will depend on the countours of the printed pattern and
      also on the nature of the paper as explained in the above mentioned
      patent. As noted in the patent, embossing depths as great as 0.080 inches
      were achieved without paper breaks; embossing depths as great as 0.100
      have since been achieved. After the pressing and embossing, the panels are
      baked in bake ovens 18 as described in the above patent cooled and
      rehumidified as known in the art and the embossed paper overlaid panels
      stored up for the next stage of the procedure. No protective coating is
      applied to the paper overlay surface at this time as the paper surface
      must be sufficiently absorbent as to ensure good retention of the pigment
      or accent material which is applied at a later stage of the process.
PAR  With reference to FIG. 2 of the drawings, the panels are then passed from a
      storage point 20 on to a moving conveyor 22 which passes the sheets
      beneath a conventional vacuum brush arrangement 24 to clear the top
      embossed paper overlaid surface of the panel from dust, debris etc. In the
      next stage, the panel is passed into the coating apparatus 26 which is
      shown more clearly in FIG. 3. The coater includes a soft pile fabric
      covered coating roll 28 which contacts the embossed paper overlaid surface
      and a back-up or support roll 30 in opposition thereto. A synthetic woven
      pile fabric having a pile height of about seven-sixteenths inch has been
      found to provide a very effective coating roll covering. A metering roll
      32 contacts the pile surface of roll 28 and a pool 34 of pigmenting or
      accent coating is maintained in the nip formed between these rolls. Thus,
      as the rolls 28, 30, 32 rotate in the directions shown, a uniform coating
      of accent material is applied to the panel surface. The main object is to
      get a complete coating of material on the panel surface and to ensure that
      all valleys receive a coat of material. At the same time, it should be
      realized that other types of coaters, such as spray coaters, could be used
      here as well.
PAR  The accent material may be any one of a number of commercially available
      pigmenting agents, either solvent based or water based. The preferred
      accent materials comprise amine modified water base acrylic emulsions such
      as may be commercially obtained from Reliance Universal Inc. of Chicago,
      ILL. The level of pigmentation in the emulsion is preferably kept
      relatively low so that at thin film thicknesses the accent coat is
      transparent. If the level of pigmentation is too high it is more difficult
      to obtain a proper graduation or shading. By way of example only, a black
      accent coat of an amine modified water base acrylic emulsion had a 2.6%
      pigment solids content by weight while in a lighter reddish brown shade a
      4.6% pigment solids by weight concentration gave good results. Any colour
      can be used, of course, depending upon the panel end shade desired.
PAR  After the coating stage the panel is passed into apparatus 36 for
      "accenting" or removing some of the coating from the embossed surface of
      the panel (see FIG. 4). Apparatus 36 includes a smooth surfaced pick-up
      roll 38 having a resilient surface 40 which directly contact the coated
      embossed panel surface, and a back-up roll 42 which contacts the opposite
      or lower panel surface. In order to continually wash the pickup roll 38
      clean, a washer roll 44 runs in contact with the surface of roll 38, both
      these rolls rotating in the same direction so that the relative motion
      between them ensures a good cleaning action. Washer roll 44 has a soft
      sponge surface to further enhance the washing action and runs with its
      lower portion immersed in a pan 46 of washing liquid which, in the case of
      water based accent materials, may be water. A suitable fresh water supply
      and removal systeem (not shown) is provided to avoid an undue
      concentration or build-up of pigment in pan 46. To further clean the
      surface of pick-up roll 38, a doctor blade 48 is provided after the
      washing roll 44 to continually wipe clean the surface of roll 38. Thus,
      during rotation, the pick-up roll 38 continually presents a clean surface
      to the coated panel surface thus assisting in assuring optimum pick-up
PAR  In some cases a further "accenting" apparatus 36 can be provided which is
      positioned downstream of the first apparatus 36 whereby to provide for a
      pick-up of additional accent material from the panel surface.
PAR  A pressure applying means is provided to continually urge roll 38 towards
      the panel and the underlying back-up roll. This may consist of spring
      loading devices 50 attached to opposing ends of the axle on which roll 38
      rotates, with screw and crank adjustment means 52 being provided to vary
      the degree of compression of the springs.
PAR  The pick-up roll has a non-absorbent resilient surface, as for example,
      Buna N rubber. Other similar materials could be used such as Neoprene,
      Nitrile, natural rubber etc, so long as the material used is chemically
      resistant to the accent coating used and is not subject to rapid wear as
      the result of abrasion. The accent material must also cling to the roll
      so, in the case of water based pigmenting materials, a hydrophilic roll
      surface is required. A "dual Durometer" roll could also be used, i.e., one
      having a softer core to accommodate overall caliper (panel thickness)
      variations and a somewhat harder surface in the case of designs where the
      embossing is very shallow. Roll hardness and roll contact pressures depend
      somewhat on the nature of the embossed pattern. Where the pattern involves
      deep detailed valleys a softer surfaced roll 38 may be employed coupled
      with higher contact pressures. Shallow designs may call for harder
      surfaced rolls and lighter nip pressures. In a typical embodiment
      employing a roll having a diameter of 8 inches and a 25 Durometer roll
      surface hardness gave good results for most types of embossed patterns.
      Twenty Durometer rolls are acceptable in some cases but tend to wear
      somewhat too rapidly. On the other hand it is suggested that roll hardness
      be kept below about 40 Durometer. Optimum nip pressures are arrived at
      experimentally, i.e., roll pressure is simply increased by way of the
      adjustment means until it is determined by observation that the desired
      amount of accent material is being picked up from the ridges and valley
      side walls of the embossed design. Roll 38 is driven in rotation by
      suitable drive means (not shown) at a speed related to the speed of
      movement of the panel so that there is as little as possible relative
      motion between the roll surface 40 and the embossed panel surface at the
      line of contact, i.e., there is substantially pure rolling contact between
      them. This assists in ensuring that there is optimum pick-up of the
      pigment or accent material by the roll surface. Any significant amount of
      relative motion between the roll 38 and the panel tends to displace the
      accent or pigmenting material back into the deeper valleys resulting in
      excessive pigment thicknesses and possible blistering of the pigment
      during later curing or drying stages. Furthemore, relative motion may
      damage the rather delicate paper overlay on the panel.
PAR  FIG. 5 shows the preferred relative orientation of the rotation axis of
      roll 38 and the primary direction of the valleys V and ridges R in the
      panel surface. These valleys and ridges, in a wood grain pattern for
      example, extend generally longitudinally of the panel and generally
      transversely of the rotation axis of the roll as also does the printed
      woodgrain pattern on the paper overlay. If one were to view the operation
      along the line of contact of the roll 38 with the panel, the configuration
      depicted in FIG. 6 would be seen. Because of the contact pressure between
      the roll 38 and the panel, the resilient roll surface contacts not only
      the ridges R but also the side walls and in some cases even the bottoms of
      the wider shallow valleys. However, in the deeper or more abrupt valleys
      V' there is no contact between the roll surface and the panel and hence a
      relatively large amount of the previously applied pigmenting agent will be
      left in those regions. Since the highest contact pressure occurs at the
      upper parts of the ridges R virtually all of the accent or pigmenting
      agent will be removed or picked up therefrom. Along the valley side walls,
      varying amounts of material are picked up by roll 38, and since the
      contact pressures vary from the tops of the ridges down into the valleys,
      there will be corresponding graduations in the amounts of pigmenting
      material left on the panel surface as illustrated in FIG. 7.
PAR  After the panel has passed beneath roll 38, provision is made to at least
      partially dry or cure the accent or pigment on the panel surface. Thus
      with reference to FIG. 1, the panel is passed through a high velocity hot
      dryer which blows air at about 325.degree.F onto the treated surface for a
      period of time to cure or dry the accent material on the panel surface to
      a degree sufficient as to prevent removal thereof during application of
      the clear protective top coat. It is not necessary to fully cure or dry
      the accent material at this stage as additional heat is required, in any
      event, to cure the final top coat, which additional heat will also cure or
      dry the accent material as well.
PAR  The panel is then conveyed to a topcoat applicator 50 as depicted in FIG. 2
      and shown in more detail in FIG. 8. The topcoat applicator is precision
      roll coater of conventional design and employs a rubber applicator roll 52
      for contacting the panel, a back up roll 54 in opposition thereto below
      the panel, an engraved surface (eg. gravure) transfer roll 56 contacting
      applicator roll 52, and a topcoat material pickup roll 58 running in a
      bath 60 of topcoat materials and contacting roll 56. Excess material is
      doctored off the transfer roll 56 by a doctor blade 62. The object is to
      provide the panel with a transparent protective coating and accordingly a
      clear plastics finish compatible with the previously applied accent or
      pigment material is applied as, for example, an amine modified water based
      acrylic emulsion, preferably with some catalyst added to speed curing,
      which emulsion contains no pigmenting agents. The average film thickness
      will usually be in the order of 0.3 mils. The exact type of topcoat
      applicator used is not critical and, if desired, the clear topcoat may be
      sprayed on.
PAR  After the top coat application, the panel is then passed through banks of
      high velocity hot air dryers to completely dry and cure both the pigmented
      accent material and the clear protective top coat. Temperatures as high as
      600.degree.F may be reached during the final curing stage with both
      temperature and time being dependent on the exact make-up or composition
      of the accent and topcoat materials.
PAR  The final accented product will thus have a greatly improved appearance due
      to several factors. In the more pronounced valleys and recesses relatively
      large amounts of pigment remain while little or no pigment remains on the
      higher ridges. Between these two extremes, varying amounts of pigment
      remain. Thus, the embossed pattern stands out clearly and the apparent
      depth of pattern is greater as compared with non-accented prior art
      products. Furthermore, since little or no pigment remains on the higher
      ridges, the underlying printed surface of the paper shows through. Thus,
      assuming that the paper has been printed with several muted shades, the
      final product will exhibit colour variations on the higher ridges which,
      in combination with the varying amounts of accent pigment on the lower
      surface portions, will provide a very pleasing overall effect assuming
      that the printed colours on the paper and the accent colour are selected
      to complement one another.
CLMS
STM   We claim:
NUM  1.
PAR  1. A method of producing a distinctive pattern on a panel comprising
      passing a panel in a path of travel, the panel having a multi-level
      surface pattern of pronounced ridges and walled recesses or valleys,
      applying a liquid coating of coloring material over said surface, and
      thereafter removing at least some of said liquid material from at least
      the higher ones of the ridges and portions of the walls of the recesses or
      valleys by transferring the liquid material onto a non-absorbent
      resiliently deformable surface of a rotating roll, said transferring of
      the liquid material including effecting pressurized contact between the
      resiliently deformable roll surface and the moving panel surface with the
      surface speed and direction of rotation of the roll being so related to
      the speed and direction respectively of the panel surface as to avoid
      substantial relative motion at the regions of contact therebetween whereby
      to avoid substantial displacement of the liquid material into said
      recesses or valleys, continually removing from the roll surface the liquid
      material which has been transferred thereto from the panel surface so that
      the roll continually presents a substantially clear surface to the coated
      panel surface, and thereafter, effecting drying or curing of the liquid
      material remaining on the panel.
NUM  2.
PAR  2. The method of claim 1 further including applying a transparent top coat
      over the panel surface after said liquid material has been at least
      partially cured.
NUM  3.
PAR  3. A method of treating a panel having a multi-level pattern of ridges and
      recesses on a major surface thereof comprising passing the panel in a path
      of travel, coating said patterned major surface with a liquid coloring
      material and thereafter transferring at least some of said liquid material
      from at least the higher portions of the pattern onto a non-absorbent
      resiliently deformable surface of a rotating roll by rollingly contacting
      said coated major surface under pressure with the resiliently deformable
      surface of the roll such that said roll surface resiliently deforms under
      the influence of the contact pressures and contacts at least the higher
      portions of the patterned surface and thus picks up and removes liquid
      material from said higher portions, the speed of rotation of the roll and
      the rate of movement of the panel being so related so as to avoid
      substantial relative motion between the roll surface and the panel surface
      at the areas of contact therebetween thereby to avoid substantial
      displacement of said liquid material back into said recesses, and
      continually removing from the roll surface the liquid material which has
      been picked up by the roll so that the roll continually presents a
      substantially clean surface to the coated panel surface, and thereafter at
      least partially drying or curing the liquid material which remains on said
      surface of the panel.
NUM  4.
PAR  4. A method of decorating a panel having a major surface comprising a base
      and a paper layer thereon presenting an outer surface having a multi-level
      pattern of ridges and recesses, said method comprising passing a panel in
      a path of travel, applying a liquid coating of a coloring material over
      said outer surface, and thereafter removing at least some of said liquid
      material from at least the higher portions of the pattern by transferring
      the liquid material thereon to a non-absorbent resiliently deformable
      surface of a rotating roll, said transferring of liquid material including
      effecting pressurized contact between the rotating roll and the moving
      outer surface with there being substantially no relative movement between
      the roll surface and said outer surface at the regions of contact
      therebetween thus to avoid substantial displacement of the liquid material
      back into said recesses, continually removing from the roll surface the
      liquid material which has been transferred thereto from the outer surface
      so that the roll continually presents a substantially clean surface to the
      coated outer surface and thereafter, effecting drying or curing of the
      liquid material remaining on the panel.
NUM  5.
PAR  5. The method of claim 4 wherein said outer surface of said paper has a
      printed pattern on said paper complementary to the multi-level surface
      pattern on said panel surface with said roll removing sufficient liquid
      material from at least the higher ones of the ridges as to expose to view
      the printed surface on the paper on at least the higher ones of the
      ridges.
NUM  6.
PAR  6. A method of decorating a panel, said panel comprising a base and a layer
      of paper integrally combined with a surface of the base and in which the
      paper covered surface of the panel has a multi-level pattern of ridges and
      recesses thereon, said paper layer intimately conforming with said
      multi-level pattern to present a patterned outer major paper surface
      having ridges and recesses thereon, said method comprising passing the
      panel in a path of travel, coating said patterned major surface with a
      liquid coloring material and thereafter transferring at least some of said
      liquid material from at least the higher portions of the patterned major
      surface onto a non-absorbent resiliently deformable surface of a rotating
      roll by contacting said coated major surface under pressure with the
      resiliently deformable surface of the roll, the speed and direction of
      rotation of the roll being so related to the speed and direction of
      movement of the panel as to avoid substantial relative motion at the
      regions of contact therebetween whereby to avoid substantial displacement
      of said liquid material back into said recesses, and continually removing
      from the roll surface the liquid material which has been transferred
      thereto so that the roll continually presents a substantially clean
      surface to the coated outer surface, and thereafter at least partially
      drying or curing the liquid material which remains on said major surface
      of the panel.
NUM  7.
PAR  7. The method of claim 6 further including the subsequent step of applying
      a non-pigmented, transparent protective coating to said major surface of
      the panel and drying or curing the protective coating.
NUM  8.
PAR  8. The method of claim 6 wherein said outer surface of the layer of paper
      is printed, and the degree of pressure between the roll surface and the
      panel and the roll surface hardness is such as to provide for the removal
      of sufficient liquid material from the at least higher portions of the
      patterned major surface as to expose to view the printed paper surface on
      at least the higher portions.
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ABST
PAL  A method of applying a stable, aqueous, low viscosity resin composition to
      porous or absorbent materials and controlling the migration thereon which
      comprises: treating the porous or absorbent materials with an alkaline
      material to raise its pH above about 7 and give it an alkaline reserve
      potential; and applying to the porous or absorbent materials a stable,
      aqueous, acidic low viscosity resin composition having a viscosity of less
      than about 1,000 centipoises and an acidic pH less than about 7 and
      comprising from about 10% to about 60% by weight on a solids basis of a
      synthetic resin and from about 0.3% to about 8% by weight of a low
      viscosity, self-thickening resin having a polycarboxylate capability of
      converting the aqueous, acidic low viscosity resin composition to an
      aqueous, neutral or alkaline high viscosity resin composition having a
      viscosity of more than about 3,000 centipoises upon neutralization by
      conversion of the polycarboxylic function therein from the acid form which
      exists at an acidic pH less than about 7 to an alkali or ammonium
      carboxylate salt form which exists at about a neutral pH or an alkaline pH
      greater than about 7, whereby the resin composition substantially
      immediately thickens in place on the porous or absorbent material with a
      minimum of migration thereon.
BSUM
PAR  The present invention relates to: improved stable, aqueous synthetic resin
      compositions; methods of utilizing the same; and the resulting products.
      More specifically, the present invention relates to stable, aqueous
      synthetic resin compositions which are intended to be applied to porous or
      absorbent materials such as textile materials, paper, paper products,
      wood, leather polyurethane and other foams, wallboard, concrete cinder
      block, etc.; to methods of applying such synthetic resin compositions to
      such porous or absorbent materials on which or into which the extent of
      the migration, diffusion, penetration, or spreading of such synthetic
      resin compositions is controlled; and to the porous materials so treated
      with these synthetic resin compositions.
PAC  GENERAL BACKGROUND
PAR  In many industries such as the textile, paper, paper products, wood,
      leather, polyurethane foam, printing arts, decorative arts, building
      materials and like industries, there is often a need to apply a stable,
      aqueous resin composition to porous or absorbent materials and to maintain
      such resin composition in the same shape, size and configuration, as well
      as in the same location, on the porous or absorbent materials where it was
      originally applied without undesirably migrating, penetrating, or
      spreading materially therefrom in any direction to any substantial extent
      on or into the porous or absorbent materials.
PAR  Such resins have found use in the coating industries for the coating of
      woven, knitted, nonwoven and other textile fabrics, paper, paper products
      and other related materials. The resins are also used as adhesives for
      laminating materials or for binding fibrous webs. These resins have also
      found wide use as additives in the manufacture of paper, the printing
      industry, the decorative printing of textiles, and in other industries.
PAC  PURPOSES AND OBJECTS
PAR  It is therefore a principal purpose and object of the present invention to
      provide improved, stable, aqueous low viscosity resin compositions which
      can be applied to porous or absorbent materials in such fashion as to
      control the extent of the migration, diffusion, penetration or spreading
      of the resin composition on or into the porous or absorbent materials.
PAC  STATEMENT OF THE INVENTION
PAR  It has been found that such purpose and object, as well as other purposes
      and other objects which will become clear from a further reading hereof,
      may be achieved by treating porous or absorbent materials with an alkaline
      material to raise its pH above about 7 and give it an alkaline reserve
      potential; and then applying to the porous or absorbent materials a
      stable, aqueous, acidic low viscosity resin composition having a viscosity
      of less than about 1,000 centipoises and an acidic pH less than about 7
      and comprising from about 10% to about 60% by weight, and preferably from
      about 20% to about 50% by weight, on a solids basis of a synthetic resin;
      from about 0.3% by weight to about 8% by weight, and preferably from about
      0.5% to about 5% by weight, all percentages being based on the weight of
      the resin composition, of a low viscosity, self-thickening resin having a
      polycarboxylate capability of converting the aqueous, acidic low viscosity
      resin composition to an aqueous, neutral or alkaline high viscosity resin
      composition having a viscosity of more than about 3,000 centipoises upon
      neutralization by conversion of the polycarboxylic function therein from
      the acid form which exists at an acidic pH less than about 7 to an alkali
      or ammonium carboxylate salt form which exists at about a neutral pH or an
      alkaline pH greater than about 7, whereby the resin composition
      substantially immediately thickens in place on the porous or absorbent
      material with a minimum of migration thereon.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  In the following specification and accompanying drawings, there are
      described and illustrated preferred embodiments of the invention but it is
      to be understood that the inventive concept is not to be considered
      limited to the embodiments disclosed except as determined by the scope of
      the appended claims.
DRWD
PAC  GENERAL DESCRIPTION OF THE DRAWING
PAR  Referring to the drawing, there is shown a graph of viscosities vs pH
      values showing the effect of neutralization with ammonia of a composition
      comprising the self-thickening resin used in Example 1 of this
      specification. Attention is called to the highly viscous nature of the gel
      produced over the pH range of from about 6.5 to about 10. The abrupt rise
      in viscosities from a very low value to a plateau of about 7,000 is
      notable.
DETD
PAC  PREFERRED ILLUSTRATIVE EMBODIMENT
PAR  The present invention will be described in greater particularity herein
      purely for illustrative but not limitative purposes insofar as it relates
      to porous, absorbent fibrous sheet materials and to their methods of
      manufacture. More particularly, however, the present invention is
      concerned with the so-called bonded, "nonwoven" textile fabrics, i.e.
      fabrics produced from textile fibers without the use of conventional
      spinning, weaving, knitting or felting operations.
PAR  Although not limited thereto, the invention is of primary importance in
      connection with nonwoven fabrics derived from "oriented" or carded fibrous
      webs composed of textile-length fibers, the major proportion of which are
      oriented predominantly in one direction.
PAR  Another aspect of the present invention is its application to nonwoven
      fabrics wherein the textile-length fibers were originally predominantly
      oriented in one direction but have been reorganized and rearranged in
      predetermined designs and patterns of fabric openings and fiber bundles.
PAR  Still another aspect of the present invention is its application to
      nonwoven fabrics wherein the textile-length fibers are disposed at random
      by air-laying techniques and are not predominantly oriented in any one
      direction. Typical nonwoven fabrics made by such procedures are termed
      "isotropic" nonwoven fabrics.
PAR  And still another aspect of the present invention is its application to
      nonwoven fabrics which comprise wood pulp fibers and/or textile-length
      fibers and which are made basically by conventional or modified aqueous
      paper making techniques. Such fabrics are also basically "isotropic" and
      generally have like properties in all directions.
PAR  The conventional base starting material for the majority of these nonwoven
      fabrics is usually a fibrous web comprising any of the common
      textile-length fibers, or mixtures thereof, the fibers varying in average
      length from approximately 1/2 inch to about 21/2 inches. Exemplary of such
      fibers are the natural fibers such as cotton and wool and the synthetic or
      man-made cellulosic fibers, notably rayon or regenerated cellulose.
PAR  Other textile-length fibers of a synthetic or man-made origin may be used
      in various proportions to replace either partially or perhaps even
      entirely the previously-named fibers. Such other fibers include: polyamide
      fibers such as nylon 6, nylon 66, nylon 610, etc.; polyester fibers such
      as "Dacron", "Fortrel" and "Kodel"; acrylic fibers such as "Acrilan",
      "Orlon" and "Creslan"; modacrylic fibers such as "Verel" and "Dynel";
      polyolefinic fibers derived from polyethylene and polypropylene; cellulose
      ester fibers such as "Arnel" and "Acele"; polyvinyl alcohol fibers; etc.
PAR  These textile-length fibers may be replaced either partially or entirely by
      fibers having an average length of less than about one-half inch and down
      to about one-quarter inch. These fibers, or mixtures, thereof, are
      customarily processed through any suitable textile machinery (e.g., a
      conventional cotton card, a "Rando-Webber", a paper-making machine, or
      other fibrous web producing apparatus) to form a web or sheet of loosely
      associated fibers, weighing from about 100 grains to about 2,000 grains
      per square yard or even higher.
PAR  If desired, even shorter fibers, such as wood pulp fibers or cotton
      linters, may be used in varying proportions, even up to 100%, where such
      shorter length fibers can be handled and processed by available apparatus.
      Such shorter fibers have lengths less than 1/4 inch.
PAR  The resulting fibrous web or sheet, regardless of its method of production,
      is then subjected to at least one of several types of bonding operations
      to anchor the individual fibers together to form a self-sustaining web.
      One method is to impregnate the fibrous web over its entire surface area
      with various well-known bonding agents, such as natural or synthetic
      resins. Such over-all impregnation produces a nonwoven fabric of good
      longitudinal and cross strength, acceptable durability and washability,
      and satisfactory abrasion resistance. However, the nonwoven fabric tends
      to be somewhat stiff and boardlike, possessing more of the properties and
      characteristics of paper or board than those of woven or knitted textile
      fabric. Consequently, although such over-all impregnated nonwoven fabrics
      are satisfactory for many uses, they are still basically unsatisfactory as
      general purpose textile fabrics.
PAR  Another well-known bonding method is to print the fibrous webs with
      intermittent or continuous straight or wavy lines, or areas of binder
      extending generally transversely or diagonally across the web and
      additionally, if desired, along the fibrous web. The resulting nonwoven
      fabric is far more satisfactory as a textile fabric than over-all
      impregnated webs in that the softness, drape and hand of the resulting
      nonwoven fabric more nearly approach those of a woven or knitted textile
      fabric.
PAR  The printing of the resin binder on these nonwoven webs is usually in the
      form of relatively narrow lines, or elongated rectangular, triangular or
      square areas or annular, circular, or elliptical binder areas which are
      spaced apart a predetermined distance which, at its maximum is preferably
      slightly less than the average fiber constituting the web. This is based
      on the theory that the individual fibers of the fibrous web should be
      bound together in as few places as possible.
PAR  These synthetic resin colloidal dispersions, or synthetic resin emulsions,
      or latexes, may be anionic, nonionic or even polyionic, and are available
      commercially at pH's of from about 21/2 to about 10, and usually from
      about 21/2 to about 61/2, which latter range is the pH range of the
      application of the present inventive concept. In the event that it is
      desired to use a particular synthetic resin which is available
      commercially in a pH range greater than 61/2, then the synthetic resin
      must first be acidified to bring the pH to the range of between about 21/2
      and about 61/2 before the carboxylated self-thickening or swelling resin
      is added thereto. This acidification is accomplished by adding to the
      synthetic resin emulsion sufficient amounts of an acid, such as acetic
      acid, for example, to bring the pH to the desired acidic range. It is
      imperative, however, that the addition of  the acid to the synthetic resin
      emulsion does not affect or destroy its stability and that the synthetic
      resin emulsion remain in a stable condition.
PAR  The amount of resin solids which is applied to the porous or absorbent
      material varies within relatively wide limits, depending upon the resin
      itself, the nature and character of the porous or absorbent materials to
      which the resins are being applied, its intended use, etc. A general range
      of from about 4% by weight up to about 50% by weight, based on the weight
      of the porous or absorbent material, is satisfactory under substantially
      all uses. Within the more commerical limits, however, a range of from
      about 10% to about 30% by weight, based on the weight of the porous or
      absorbent material, is preferred.
PAR  Such bonding increases the strength of the nonwoven fabric and retains
      substantially complete freedom of movement for the individual fibers
      whereby the desirable softness, drape and hand are obtained. This spacing
      of the binder lines and areas has been accepted by the industry and it has
      been deemed necessarily so, if the stiff and board-like appearance, drape
      and hand of the over-all impregnated nonwoven fabrics are to be avoided.
PAR  The nonwoven fabrics bonded with such line and area binder patterns have
      had the desired softness, drape and hand and have not been undesirably
      stiff or board-like. However, such nonwoven fabrics have also possessed
      some disadvantages.
PAR  The nominal surface coverage of such binder lines or areas will vary widely
      depending upon the precise properties and characteristics of softness,
      drape, hand and strength which are desired in the final bonded product. In
      practice, the nominal surface coverage can be designed so that it falls
      within the range of from about 10% to about 50% of the total surface of
      the final product. Within the more commercial aspects of the present
      invention, however, nominal surface coverages of from about 12% to about
      40% are preferable.
PAR  In certain cases, especially where larger proportions of short fibers are
      used, surface coverages of up to about 85% are often encountered and such
      are preferred in some applications of the present invention.
PAR  The relatively narrow binder lines and relatively small binder areas of the
      applicator (usually an engraved print roll) which are laid down on the
      fibrous web possess specified physical dimensions and interspatial
      relationships as they are initially laid down. Unfortunately, after the
      binder is laid down on the wet fibrous web and before it hardens or
      becomes fixed in position, it tends to spread, diffuse or migrate whereby
      its physical dimensions are increased and its interspatial relationships
      decreased. And, at the same time, the binder concentration in the binder
      area is lowered and rendered less uniform by the migration of the binder
      into adjacent fibrous areas. One of the results of such migration is to
      make the surface coverage of the binder areas increase whereby the effect
      of the intermittent bonding approaches the effect of the over-all bonding.
      As a result, some of the desired softness, drape and hand are lost and
      some of the undesired properties of harshness, stiffness and boardiness
      are increased.
PAR  It is therefore desirable that the narrow binder lines remain narrow and
      that they do not migrate into wide binder lines. As pointed out
      previously, such desirable features are provided by the use of the resin
      compositions of the present invention.
PAC  THE SYNTHETIC RESINS
PAR  The synthetic resins may be selected from a relatively large group of
      synthetic resins well known in industry for bonding, coating, impregnating
      or related uses, and may be of a self cross-linking type, externally
      cross-linking type, or not cross-linked. Specific examples of such
      synthetic resins include: polymers and copolymers of vinyl ethers; vinyl
      halides such as plasticized and and unplasticized polyvinyl chloride,
      polyvinyl chloride-polyvinyl acetate, ethylene-vinyl chloride, etc.;
      polymers and copolymers of vinyl esters such as plasticized and
      unplasticized polyvinyl acetate, ethylene-vinyl acetate, acrylic-vinyl
      acetate, etc.; polymers and copolymers of the polyacrylic resins such as
      ethyl acrylate, methyl acrylate, butyl acrylate, ethylbutyl acrylate,
      ethyl hexyl acrylate, hydroxyethyl acrylate, dimethyl amino ethyl
      acrylate, etc.; polymers and copolymers of the polymethacrylic resins such
      as methyl methacrylate, ethyl methacrylate, isopropyl methacrylate, butyl
      methacrylate etc.; polymers and copolymers of acrylonitrile,
      methacrylonitrile, acrylamide, N-isopropyl acrylamide, N-methylol
      acrylamide, methacrylamide, etc., vinylidene polymers and copolymers, such
      as polyvinylidene chloride, polyvinylidene chloride-vinyl chloride,
      polyvinylidene chloride-ethyl acrylate, polyvinylidene chloride-vinyl
      chloride-acrylonitrile etc.; polymers and copolymers of polyolefinic
      resins including polyethylene, polypropylene, ethylene-vinyl chloride and
      ethylene-vinyl acetate which have been listed previously; the synthetic
      rubbers such as 1,2-butadiene, 1,3-butadiene, 2-ethyl-1,3-butadiene, high,
      medium and carboxylated butadiene-acrylonitrile, butadiene-styrene,
      chlorinated rubber, etc.; the polyurethanes; the polyamides; the
      polyesters; the polymers and copolymers of the styrenes including:
      styrene, 2-methyl styrene, 3-methyl styrene, 4-methyl styrene, 4-ethyl
      styrene, 4-butyl styrene; phenolic resin; etc.
PAR  These resins may be used either as homopolymers comprising a single
      repeating monomer unit, or they may be used as copolymers comprising two,
      three, or more different monomer units which are arranged in random
      fashion, or in a definite order alternating fashion, within the polymer
      chain. Also included within the inventive concept are the block polymers
      comprising relatively long blocks of different monomer units in a polymer
      chain and graft polymers comprising chains of one monomer attached to the
      backbone of another polymer chain.
PAR  The synthetic resins are present in the resin composition in concentration
      of from about 10% to about 60% by weight on a dry solids basis, and
      preferably from about 20% to about 50% by weight on a dry solids basis.
PAC  THE SELF-THICKENING RESIN
PAR  The low viscosity self-thickening or swelling resin, as normlly
      commercially available, possesses a low viscosity usually in the range of
      from about 30 centipoises to about 400 centipoises and normally has a pH
      in the range of from about 21/2 to about 61/2. When the pH level is
      raised, such as by the addition of a base, the resin particles in the
      emulsion self-thicken and swell to a very great extent forming stable,
      highly viscous gels or emulsions having viscosities of from about 3,000 to
      over 100,000 centipoises or even more. For the purpose of the present
      invention as it relates to the application of synthetic resin compositions
      to textile materials, such as nonwoven fabrics, viscosities of from about
      3,000 to about 10,000 are preferred.
PAR  It is believed that the self-thickening or swelling properties are created
      by the polycarboxylate capability of the resin which, when existing in the
      polycarboxylic acid form at a pH less than about 7 provides for the low
      viscosity values but which, when neutralized and converted to the
      polycarboxylate salt form at a pH equal to or greater than about 7,
      immediately thickens and provides for the high viscosity values.
PAR  Specific examples of low viscosity, self-thickening or swelling resin
      include homopolymers of alpha, beta-unsaturated carboxylic acids such as
      acrylic acid, methacrylic acid, fumaric acid, maleic acid, itaconic acid,
      crotonic acid, isocrotonic acid, angelic acid, tiglic acid, etc.
      Copolymers of such polymerizable unsaturated acids with other
      polymerizable materials are also of value, provided sufficient percentage
      concentrations of the carboxylic acid function (--COOH) are present in the
      copolymer and are available for neutralization and conversion by a base to
      the carboxylate salt function. For the purposes of the present invention,
      the minimum percentage concentration must be greater than about 9% by
      weight. Examples of such other co-polymerizable monomeric materials
      include: vinyl halide, vinyl ester, or vinyl ether monomers including for
      example, vinyl chloride, vinyl acetate and vinyl ethyl ether; olefin
      monomers such as ethylene and propylene; acrylic and methacrylic monomers
      including for example, ethyl acrylate, ethyl hexyl acrylate, methyl
      acrylate, propyl acrylate, butyl acrylate, hydroxyethyl acrylate, dimethyl
      amino ethyl acrylate, methyl methacrylate, ethyl methacrylate, isopropyl
      methacrylate, butyl methacrylate, acrylonitrile, methacrylonitrile,
      acrylamide, N-isopropyl acrylamide, N-methylol acrylamide, methacrylamide;
      vinylidene monomers such as vinylidene chloride; diene monomers including
      for example, 1,2-butadiene, 1,3-butadiene, 2-ethyl-1,3 butadiene; styrene
      monomers including for example, styrene, 2-methyl styrene, 3-methyl
      styrene, 4-methyl styrene, 4-ethyl styrene, 4-butyl styrene; etc.
PAR  The self-thickening or swelling resin is present in the resin composition
      in concentrations of from about 0.3% to about 8% by weight on a dry solids
      basis, and preferably from about 0.5% to about 5% by weight on a dry
      solids basis. Higher concentrations may be used such as up to 10% or 15%
      by weight but is uneconomical and does not add to the efficiency or
      effectiveness of the process involved.
PAR  Other improvement or modifying materials may also be included in the resin
      compositions. Such materials would include surfactants, primarily anionic
      or nonionic; pigments, dyes and other coloring agents; antifoam agents;
      antioxidants; etc.
PAC  THE ALKALINE MATERIAL
PAR  Ammonium hydroxide is the preferred alkaline material or base which is used
      to neutralize the carboxylic acid function by converting it to the
      carboxylate salt function. Other alkaline materials, however, may also be
      used depending on the particular circumstances and requirements involved.
      Such other alkaline materials include, for example, other inorganic bases
      including alkali metal hydroxides such as sodium hydroxide, potassium
      hydroxide, lithium hydroxide, etc.; sodium carbonate and sodium
      bicarbonate; sodium phosphate and dibasic sodium phosphate; sodium
      perborate; sodium silicate; organic bases such as ethanolamine,
      diethanolamine, triethanolamine, morpholine, alkylamines such as
      ethylamine, propyl amine, butyl amine, etc.
PAR  The amount of ammonium hydroxide which is applied to the porous or
      absorbent materials must be sufficient not only to raise its pH to above
      about 7 but it must be sufficient to subsequently neutralize and convert
      the polycarboxylic acid function (--COOH) of the self-thickening synthetic
      resin to the polycarboxylate salt function (--COOCation) and maintain the
      ultimate pH of the resin composition at or above about 7. It is to be
      observed that maximum viscosity of the resin composition is obtained when
      the ultimate pH is in the range of from about 7.5 to about 8.5.
PAR  The ammonium hydroxide may be applied to the porous or absorbent materials
      in any desired convenient fashion, such as by saturation in a dip or
      wet-out section, or by passing the printed porous or absorbent materials
      over ammonia fumes, substantially immediately after printing of the binder
      pattern. In any event, regardless of whether the porous or absorbent
      materials are pretreated with ammonium hydroxide, or whether they are
      post-treated with ammonia fumes after printing, the applied acidic binder
      must be converted substantially immediately to the alkaline condition as
      soon as it is applied to the porous or absorbent materials to control and
      limit the migration of the binder.
PAR  As used herein, unless specifically designated other, viscosity readings in
      centipoises are Brookfield, No. 2 spindle at 60 revolutions per minute at
      25.degree.C.
PAR  The invention will be further illustrated in greater detail by the
      following specific examples. It should be understood, however, that
      although these examples may describe in particular detail some of the more
      specific features of the invention, they are given primarily for purposes
      of illustration and the invention in its broader aspects is not to be
      construed as limited thereto.
PAC  EXAMPLE I
PAR  A fibrous card web weighing about 525 grains per square yard and comprising
      100% rayon fibers 11/2 denier and 1 9/16 inches in length is treated with
      28% ammonium hydroxide and is intermittently print pattern bonded by the
      rotogravure processs using a binder applying roll engraved with 4
      diamond-pattern print lines per inch, each line being 0.024 inch in width.
PAR  The resin binder composition comprises:
TBL                     Parts by Weight                                        
                                  Parts by Weight                              
                        As Received                                            
                                  of Active Solids                             
                                              % Solids                         
     __________________________________________________________________________
     i)  National 125-2859                                                     
                        124.4     55.8      95.4                               
     ii) Mono ammonium phosphate                                               
                        0.4       0.4       0.72                               
     iii)                                                                      
         Water          3.6                                                    
     iv) Monastral Fast Green GNVS                                             
                        0.5       0.29      0.50                               
     v)  Water          2.5                                                    
     vi) Water          61.4                                                   
     vii)                                                                      
         Viscalex HV30  6.5       1.95      3.33                               
     viii)                                                                     
         Antifoam RD    0.7       0.07      0.12                               
                                  58.51     100.00                             
     __________________________________________________________________________
        i) a vinyl acetate/acrylate copolymer latex at 45% solids content.     
       ii) a corrosion inhibitor and latent acid catalyst for promoting the    
      self-crosslinking reaction of i).                                        
       iii) water to solvate ii) prior to mixing.                              
       iv) colourant at 57% solids content.                                    
        v) diluent water for iv) prior to mixing.                              
       vi) diluent water for vii).                                             
       vii) base-activated polyacrylic acid thickener at 30% solids content.   
      viii) silicone emulsion antifoam at 10% solids content.                  
PAR  The viscalex HV30, as supplied, has a pH 2.5-3.0, a viscosity of 5cps
      (Brookfield, 20rpm) and a specific gravity of 1.05.
PAR  The pH of the resin binder composition is acidic and is below 7. Upon being
      deposited on the ammonia-treated fibrous web, its pH is raised to above 7
      (range about 7.8-8.3) and the resin binder composition thickens
      immediately in place with substantially no further migration.
PAR  The treated nonwoven fabric is dried. The resin solids add-on is 125 grains
      per square yard bringing the finished nonwoven fabric weight to 650 grains
      per square yard. Examination of the finished nonwoven fabric reveals that
      the binder migration is minimal and well within acceptable limits.
PAC  EXAMPLE II
PAR  The procedures of Example 1 are followed substantially as set forth therein
      with the exception that the Viscalex HV30 self-thickener is replaced by
      Viscalex EM15 which is a mobile, white unneutralized acidic polyacrylate
      emulsion of an acrylic copolymer of vinyl acetate and a lower alkyl
      acrylate (presumably ethyl acrylate) containing free carboxyl groups.
PAR  The results are generally comparable to those obtained in Example 1.
      Examination of the finished nonwoven fabric reveals that binder migration
      is minimal and is well within commercially acceptable limits.
PAC  EXAMPLE III
PAR  The procedures of Example 1 are followed substantially as set forth therein
      with the exception that the Viscalex HV30 self-thickener is replaced by
      Primal ASE-60 which contains carboxylic acid groups and is a cross-linked
      50:50 anionic copolymer of ethyl acrylate and acrylic acid (28% solids).
      As received, the pH is approximately 3.5, the viscosity is 4 cps
      (Brookfield, 12 rpm, 25.degree.C.)
PAR  The results are generally similar to those obtained in Example 1.
      Examination of the finished nonwoven fabric reveals that binder migration
      is minimal and is well within commercially acceptable limits.
PAC  EXAMPLE IV
PAR  The procedures of Example 1 are followed substantially as set forth therein
      with the exception that the vinyl acetate/acrylate copolymer is replaced
      by HA-8 which is essentially polyethyl acrylate.
PAR  The results are generally similar to those obtained in Example 1.
      Examination of the finished nonwoven fabric reveals that binder migration
      is minimal and is well within commercially acceptable limits.
PAC  EXAMPLE V
PAR  The procedures of Example 1 are followed substantially as set forth therein
      with the exception that the vinyl acetate/acrylate copolymer is replaced
      by Hycar 2600H1060 which is a modified butadiene-stryene copolymer.
PAR  The results are generally similar to those obtained in Example 1.
      Examination of the finished nonwoven fabric reveals that binder migration
      is minimal and is well within commercially acceptable limits.
PAC  EXAMPLE VI
PAR  A fibrous card web weighing about 525 grains per square yard and comprising
      100% rayon fibers 11/2 denier and 1 9/16 inches in length is treated with
      28% ammonium hydroxide and is intermittently print pattern bonded by the
      rotogravure process using a binder applying roll engraved with 4
      diamond-pattern print lines per inch, each line being 0.024 inch in width.
PAR  The resin binder composition comprises:
TBL                          Pounds                                            
     ______________________________________                                    
     Anti Foam                 0.01                                            
     Polyethyl acrylate (46% solids)                                           
                               8.0                                             
     Water                     2.0                                             
     50:50 Copolymer of ethyl acrylate and                                     
     acrylic acid (28% solids) 1.5                                             
     Hydroxy ethyl cellulose (2%)                                              
                               1.0                                             
     Pigment                   0.5                                             
                               13.01                                           
     ______________________________________                                    
PAR  This is equivalent to 27.75% by weight of polyethyl acrylate and 3.23% by
      weight of the copolymer of ethyl acrylate and acrylic acid. The aqueous
      copolymer, as supplied, is anionic, has a pH of 3.5, a solids content of
      28%, and a viscosity of 4, Brookfield reading, 12 rpm at 25.degree.C.
PAR  The pH of the resin binder composition is acidic and is below 7. Upon being
      deposited on the ammonia-treated fibrous web, its pH is raised to above 7
      (range about 7.8 - 8.3) and the resin binder composition thickens
      immediately in place with substantially no further migration.
PAR  The treated nonwoven fabric is dried. The resin solids add-on is 125 grains
      per square yard bringing the finished nonwoven fabric weight to 650 grains
      per square yard. Examination of the finished nonwoven fabric reveals that
      the binder migration is minimal and well within acceptable limits.
PAC  EXAMPLE VII
PAR  A fibrous card web weighing about 525 grains per square yard and comprising
      100% rayon fibers 11/2  denier and 1 9/16 inches in length is treated with
      28% ammonium hydroxide and is intermittently print pattern bonded by the
      rotogravure process using a binder applying roll engraved with 4
      diamond-pattern print lines per inch, each line being 0.024 inch in width.
PAR  The resin binder composition comprises:
TBL                          Pounds                                            
     ______________________________________                                    
     Anti Foam                 0.01                                            
     Polyethyl acrylate (46% solids)                                           
                               14.0                                            
     Water                     1.5                                             
     50:50 Copolymer of Ethyl Acrylate and                                     
     Acrylic Acid (28% solids) 0.3                                             
     Pigment                   0.2                                             
                               16.01                                           
     ______________________________________                                    
PAR  This is equivalent to 40.2% by weight of polyethyl acrylate and 0.52% by
      weight of the copolymer of ethyl acrylate and acrylic acid. The aqueous
      copolymer, as supplied is anionic, has a pH of 3.5, a solids content of
      28%, and a viscosity of 4, Brookfield reading, 12 rpm at 25.degree.C.
PAR  The pH of the resin binder composition is acidic and is below 7. Upon being
      deposited on the ammonia-treated fibrous web, its pH is raised to above 7
      (range 7.9-8.2) and the resin binder composition thickens immediately in
      place with substantially no further migration.
PAR  The treated nonwoven fabric is dried. The resin solids add-on is 125 grains
      per square yard bringing the finished nonwoven fabric weight to 650 grains
      per square yard. Examination of the finished nonwoven fabric reveals that
      the binder migration is minimal and well within acceptable limits.
PAC  EXAMPLE VIII
PAR  A fibrous card web weighing about 525 grains per square yard and comprising
      100% rayon fibers 11/2 denier and 1 9/16 inches in length is treated with
      28% ammonium hydroxide and is intermittently print pattern bonded by the
      rotogravure process using a binder applying roll engraved with 4
      diamond-pattern print lines per inch, each line being 0.024 inch in width.
PAR  The resin binder composition comprises:
TBL                          Pounds                                            
     ______________________________________                                    
     Anti Foam                 0.01                                            
     Polyethyl acrylate (46% solids)                                           
                               14.0                                            
     Water                     1.5                                             
     50:50 Copolymer of Ethyl Acrylate and                                     
     Acrylic Acid (28% solids) 0.6                                             
     Pigment                   0.2                                             
                               16.31                                           
     ______________________________________                                    
PAR  This is equivalent to 40.0% by weight of polyethyl acrylate and 1.04% by
      weight of the copolymer of ethyl acrylate and acrylic acid. The aqueous
      copolymer, as supplied, is anionic, has a pH of 3.5, a solids content of
      28%, and a viscosity of 4, Brookfield reading, 12 rpm at 25.degree.C.
PAR  The pH of the resin binder composition is acidic and is below 7. Upon being
      deposited on the ammonia-treated fibrous web, its pH is raised to above 7
      (range 8.0-8.1) and the resin binder composition thickens immediately in
      place with substantially no further migration.
PAR  The treated nonwoven fabric is dried. The resin solids add-on is 125 grains
      per square yard bringing the finished nonwoven fabric weight to 650 grains
      per squard yard. Examination of the finished nonwoven fabric reveals that
      the binder migration is minimal and well within acceptable limits.
PAC  EXAMPLE IX
PAR  The procedures of Example VI are followed substantially as set forth
      therein with the exception that the self-thickening copolymer is a 50:50
      copolymer of methyl methacrylate and methacrylic acid. The aqueous
      copolymer, as supplied, is anionic, has a pH of 3.0, a solids content of
      20%, and a viscosity of 50. The results are comparable to those set forth
      in Example VI and the binder migration control is deemed excellent.
PAC  EXAMPLE X
PAR  A fibrous card web weighing about 525 grains per square yard and comprising
      100% polyethylene glycol tirephthalate polyester fibers 11/2 denier and 1
      9/16 inches in length is treated with 28% ammonium hydroxide and is
      intermittently print pattern bonded by the rotogravure process using a
      binder applying roll engraved with the cross-hatch pattern print line,
      with each line being 0.032 inch in width.
PAR  The resin binder composition comprises:
TBL                         Pounds                                             
     ______________________________________                                    
     Anti Foam                0.001                                            
     Polyethyl acrylate (46% solids)                                           
                              15.0                                             
     50:50 Copolymer of Ethyl Acrylate and                                     
     Acrylic Acid (28% solids)                                                 
                              1.0                                              
     Surfactant               0.08                                             
                              16.081                                           
     ______________________________________                                    
PAR  This is equivalent to 47.5% by weight of polyethyl acrylate and 1.6% by
      weight of the copolymer of ethyl acrylate and acrylic acid. The aqueous
      copolymer, as supplied, is anionic, has a pH of 3.5, a solids content of
      28%, and a viscosity of 4, Brookfield reading, 12 rpm at 25.degree.C.
PAR  The pH of the resin binder composition is acidic and is below 7. Upon being
      deposited on the ammonia-treated fibrous web, its pH is raised to above 7
      (about 8) and the resin binder composition thickens immediately in place
      with substantially no further migration.
PAR  The treated nonwoven fabric is dried. The resin solids add-on is 125 grains
      per square yard being the finished nonwoven fabric weight of 650 grains
      per square yard. Examination of the finished nonwoven fabric reveals that
      the binder migration is minimal and well within acceptable limits.
PAC  EXAMPLE XI
PAR  The procedures of Example VI are followed substantially as set forth
      therein with the exception that the self-thickening copolymer is replaced
      by Rohm & Haas "Acrysol" ASE-60 which is a cross-linked acrylic acid
      emulsion copolymer having an anionic charge. As supplied, it has a
      viscosity of 4, a pH of 3.5 and 28% solids content. The results are
      comparable to those obtained in Example VI and the binder migration
      control is deemed excellent.
PAC  EXAMPLE XII
PAR  The procedures of Example VI are followed substantially as set forth
      therein with the exception that the self-thickening copolymer is replaced
      by Rohm & Haas "Acrysol" ASE-108 which is a cross-linked acrylic acid
      emulsion copolymer having an anionic charge. As supplied, it has a
      viscosity of 250, a pH of 3.8 and 20% solids content. The results are
      comparable to those obtained in Example VI and the binder migration
      control is deemed excellent.
PAC  EXAMPLE XIII
PAR  The procedures of Example VI are followed substantially as set forth
      therein with the exception that the self-thickening copolymer is replaced
      by Rohm & Haas "Rhoplex" B-15 which is a non-ionic, cross-linkable acrylic
      acid emulsion.
PAR  As supplied, it has a viscosity of 50, a pH of 6.4 and 46% solids content.
      The results are comparable to those obtained in Example VI and the binder
      migration control is deemed excellent.
PAC  EXAMPLE XIV
PAR  The procedures of Example VI are followed substantially as set forth
      therein with the exception that the self-thickening copolymer is replaced
      by B. F. Goodrich "Hycar" 2679X6 which is a self-thickening acrylic acid
      latex having an anionic charge. As supplied, it has a viscosity of 300, a
      pH of 5.0 and 48.5% solids content. The results are comparable to those
      obtained in Example VI and the binder migration control is deemed
      excellent.
PAC  EXAMPLE XV
PAR  The procedures of Example VI are followed substantially as set forth
      therein with the exception that the self-thickening copolymer is replaced
      by polyacrylic acid homopolymer. The results are comparable to those
      obtained in Example VI and the binder migration control is deemed
      excellent.
PAC  EXAMPLE XVI
PAR  The procedures of Example VI are followed substantially as set forth
      therein with the exception that the rayon fibers are replaced by polyvinyl
      alcohol fibers having a denier of 1.4 and a length of 44 millimeters.
PAR  The results are comparable to the results obtained in Example VI. The
      binder migration control is satisfactory.
PAC  EXAMPLE XVII
PAR  The procedures of Example VI are followed substantially as set forth
      therein with the exception that the synthetic resin (polyethyl acrylate)
      is replaced by:
PA1  a. polyvinyl acetate;
PA1  b. ethyl acrylate-vinyl acetate copolymer;
PA1  c. ethylene vinyl acetate;
PA1  d. butyl acrylate; and
PA1  e. polyvinyl chloride (original pH of 81/2 requires acidification with
      acetic acid to pH of 51/2)
PAR  The results are comparable to those obtained in Example VI. The binder
      migration control is considered excellent.
PAR  Although specific examples of the inventive concept have been described,
      the same should not be construed as limited thereby nor to the specific
      features mentioned therein but to include various other equivalent
      features as set forth in the claims appended hereto. It is understood that
      any suitable changes, modifications and variations may be made without
      departing from the spirit and scope of the invention.
CLMS
STM  What is claim is:
NUM  1.
PAR  1. A method of print bonding nonwoven fibrous webs in an intermittent print
      pattern with a stable resin binder composition and controlling the binder
      migration thereon which comprises:
PA1  treating nonwoven fibrous webs with an alkaline material to raise the pH
      above about 7 to give same an alkaline reserve potential; and
PA1  applying the stable resin binder composition to said fibrous webs with a
      binder applying print roll, said resin binder composition having a
      viscosity of less than 1000 centipoises and comprising a synthetic resin
      and low viscosity, self-thickening resin having a polycarboxylate
      capability of converting said acidic resin composition to a neutral or
      alkaline resin composition having a viscosity of more than 3,000
      centipoises upon neutralization and conversion of the polycarboxylic
      function from the acid form at an acidic pH less than about 7 to an alkali
      or ammonium carboxylate salt form at a neutral pH of about 7 or an
      alkaline pH greater than about 7, whereby said resin composition
      substantially immediately thickens in place on said fibrous webs with a
      minimum of migration thereon.
NUM  2.
PAR  2. A method of print bonding non-woven fibrous webs in an intermittent
      print pattern with a stable resin binder composition and controlling the
      binder migration thereon which comprises:
PA1  treating non-woven fibrous webs with an alkaline material to raise the pH
      above about 7 to give same an alkaline reserve potential; and
PA1  applying the stable resin binder composition to said fibrous webs with a
      binder applying print roll, said resin binder composition having a
      viscosity of less than about 1000 centipoises and an acidic pH less than
      about 7 and comprising from about 10% to about 60% by weight on a solids
      basis of a synthetic resin and from about 0.3% to about 8% by weight based
      on the weight of the resin composition, of a low viscosity,
      self-thickening resin having a polycarboxylate capability of converting
      said acidic low viscosity resin composition to a neutral or alkaline high
      viscosity resin composition having a viscosity of more than about 3,000
      centipoises upon neutralization and conversion of the polycarboxylic
      function from the acid form at an acidic pH less than about about 7 to an
      alkali or ammonium carboxylate salt form at a neutral pH of about 7 or an
      alkaline pH greater than about 7, whereby said composition substantially
      immediately thickens in place on said fibrous webs with minimum of
      migration thereon.
NUM  3.
PAR  3. A method as defined in claim 1 wherein the alkaline material is ammonium
      hydroxide.
NUM  4.
PAR  4. A method as defined in claim 1 wherein the pH of the resin composition
      is in the range of from about 7.6 to about 8.5, after application to said
      porous materials.
NUM  5.
PAR  5. A method as defined in claim 1 wherein the viscosity of the low
      viscosity, self-thickening resin is in the range of from about 4 to about
      350 centipoises, Brookfield values, 12 rpm at 25.degree.C.
NUM  6.
PAR  6. A method as defined in claim 5 wherein the low viscosity,
      self-thickening resin is polyacrylic acid.
NUM  7.
PAR  7. A method as defined in claim 5 wherein the low viscosity,
      self-thickening resin is polymethacrylic acid.
NUM  8.
PAR  8. A method as defined in claim 5 wherein the low viscosity,
      self-thickening resin is polyitaconic acid.
NUM  9.
PAR  9. A method as defined in claim 5 wherein the low viscosity,
      self-thickening resin is a copolymer of acrylic acid and ethyl acrylate.
NUM  10.
PAR  10. A method as defined in claim 5 wherein the low viscosity,
      self-thickening resin is a copolymer of methacrylic acid and methyl
      methacrylate.
NUM  11.
PAR  11. A method of print bonding nonwoven fibrous webs in an intermittent
      print pattern with a stable resin binder composition and controlling the
      binder migration thereon which comprises:
PA1  applying a stable resin binder composition to fibrous webs with a binder
      applying print roll, said resin binder composition having an acidic pH
      less than about 7 and having a viscosity of less than 1,000 centipoises
      and comprising a synthetic resin and a low viscosity self-thickening resin
      having a polycarboxylate capability of converting said resin composition
      to a resin composition having a viscosity of more than 3,000 centipoises
      upon neutralization and conversion of the polycarboxylic function from the
      acid form at an acidic pH of less than about 7 to an alkali or ammonium
      carboxylate salt form at an alkaline pH greater than about 7; and
      substantially immediately neutralizing and converting said polycarboxylic
      acid function to said polycarboxylate salt function, whereby said resin
      composition substantially immediately thickens in place on said fibrous
      webs with a minimum of migration thereon.
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ABST
PAL  A method of preparing carbon steel strip and sheet for hot dip metallic
      coating in a Selas-type direct-fired furnace, wherein the atmosphere in
      the furnace is controlled to contain from about 3% oxygen to about 2%
      excess combustibles by volume, thereby forming a thin iron oxide film on
      the carbon steel surfaces. The strip and sheet is then heated in a
      subsequent furnace containing at least 5% hydrogen by volume at a
      temperature sufficient to reduce the oxide film, viz., at least about
      675.degree.C. The direct-fired furnace is preferably operated at
      stoichiometrically equivalent fuel:air ratios.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in the process of hot dip metallic
      coating of carbon steel strip and sheet material with molten coating
      metals such as zinc, zinc alloys, aluminum, aluminum alloys and terne.
      More particularly, this invention relates to the preparation of carbon
      steel strip and sheet surfaces for coating by a preliminary treatment
      involving heating in a furnace heated by direct combustion of fuel and air
      therein and in an atmosphere containing gaseous products of combustion,
      under conditions which achieve optimum combustion efficiency, and optimum
      production rate through an increase in furnace heat input. Carbon steels
      which may be treated by the process of the present invention include
      compositions falling within the definition of carbon steel as set forth in
      Steel Products Manual, Carbon Sheet Steel, page 7 (May 1970), published by
      American Iron and Steel Institute. Coated carbon steel strip or sheet
      produced in accordance with the process of the invention can be produced
      to commercial quality, drawing quality or non-earring (normalized) quality
      specifications.
PAR  2. Description of the Prior Art
PAR  In the hot dip metallic coating of carbon steel strip and sheet material
      without a flux, it is necessary to subject the sheet and strip surfaces to
      a preliminary treatment which provides a clean surface free of iron oxide
      scale which is readily wettable by the molten coating metal and to which
      the coating metal will adhere after solidification thereof. Two types of
      in-line-anneal preliminary treatments are commonly used in this country,
      one being the so-called Sendzimir process (a detailed description of which
      may be found in U.S. Pat. No. 2,110,893, issued Mar. 15, 1938 to T.
      Sendzimir) and the other being the so-called Selas process (a detailed
      description of which may be found in U.S. Pat. No. 3,320,085, issued May
      16, 1967 to C. A. Turner, Jr.).
PAR  The Sendzimir process has several disadvantages, among which are a
      limitation on the strip preheat temperature in the open end oxidizing
      furnace to about 800.degree.F in order to avoid over-oxidation; a
      requirement for a high strip temperature cycle in a strongly reducing
      atmosphere, thereby making it impossible to practice sub-critical
      annealing cycles; abrasive contact between the atmosphere-furnace hearth
      rolls and the oxidized strip which causes hearth roll pick-up and in turn
      causes strip dents and gouges, thereby lowering the quality of the
      finished product; and the necessity to provide a high hydrogen content (at
      least 20%) reducing furnace atmosphere, thereby increasing cost and
      creating a potential safety hazard. These disadvantages are substantially
      avoided in the Selas-type method in which surface contaminants are removed
      by a high-gradient, direct-fired strip heating with a complete absence of
      strip oxidation under conventional conditions.
PAR  The direct-fired Selas furnace is connected in sealed relation to a
      subsequent furnace containing a controlled atmosphere of hydrogen and
      nitrogen. This is advantageous in that the furnace system can be operated
      above atmospheric pressure by controlling the discharge rate of the
      direct-fired furnace combustion products, thus eliminating the hazard of
      air contamination of the hydrogen and nitrogen atmosphere by small furnace
      leaks. In the conventional Selas-type method the following conditions must
      be observed:
PAR  The fuel-to-air ratio must be regulated to produce at least about 3% excess
      combustibles, by volume, in the furnace atmosphere.
PAR  According to the above-mentioned Turner patent a substantial difference
      between the furnace temperature and the maximum strip temperature must be
      maintained, i.e. the furnace temperature is maintained above about
      1315.degree.C (2400.degree.F) and the maximum strip temperature is not
      allowed to exceed about 760.degree.C (1400.degree.F) or a critical strip
      temperature value. In actual commercial practice furnace temperatures of
      about 1205.degree.C(2200.degree.F) and higher are now commonly used.
PAR  Since the atmosphere of gaseous products of combustion in the direct-fired
      Selas furnace is reducing to carbon steel under dynamic strip heating
      conditions, hydrogen contents of 5% or less by volume are adequate in the
      subsequent furnace having the controlled atmosphere of hydrogen and
      nitrogen.
PAR  The Selas-type direct-fired furnace may either be connected to a subsequent
      cooling section having a hydrogen and nitrogen atmosphere, or it may be
      connected to a subsequent furnace for further heating in a hydrogen and
      nitrogen atmosphere followed by cooling and/or holding. In either event,
      this is followed by a coating section, and the strip is brought
      approximately to the bath temperature and conducted beneath the level of
      the molten coating metal bath while still surrounded by the protective
      hydrogen-nitrogen atmosphere. The coating and finishing are carried out by
      any conventional method.
PAR  The process of the present invention is applicable to the second
      above-described type of Selas method, i.e. wherein a subsequent reducing
      furnace is provided, preferably of vertical configuration.
PAR  It has previously been considered essential that the strip leaving the
      direct-fired furnace be bright and non-oxidized in order to obtain
      satisfactory coating quality, in the conventional Selas-type process. This
      is effected by maintaining at least about 3% excess combustibles in the
      furnace atmosphere, and by controlling the maximum strip temperature
      relative to the thickness of the strip and the furnace temperature, so as
      to insure that no trace of oxidation occurs on the surface of the strip
      material.
PAR  While the Selas-type method has the above-mentioned advantages over the
      older Sendzimir method, nevertheless the Selas-type method does not
      realize optimum combustion efficiency and optimum production rate.
PAC  SUMMARY
PAR  It is a principal object of the present invention to provide a method for
      the preliminary treatment of carbon steel strip and sheet which obtains
      optimum combustion efficiency and optimum production rate, while taking
      full advantage of combined direct-fired and reducing furnace capabilities
      to meet commercial quality and drawing quality annealing cycle
      requirements. The present invention achieves this objective while still
      retaining most of the advantages of the Selas-type method over the
      Sendzimir method.
PAR  It has been discovered that carbon steel strip and sheet surfaces can be
      slightly oxidized in a Selas-type direct-fired preheat furnace, and the
      thin iron oxide film so formed can be removed in the subsequent hydrogen
      and nitrogen atmosphere prior to coating if at least 5% hydrogen by volume
      is present in the atmosphere of the subsequent furnace and if strip
      temperatures reached in the reducing furnace are at least about
      675.degree.C (1250.degree.F). This in turn has made it possible to operate
      the direct-fired furnace at stoichiometrically equivalent fuel air ratios,
      or even with a slight excess of air, thereby achieving optimum combustion
      efficiency and increasing furnace heat input. More specifically, it has
      been found that an iron oxide film of controlled thickness, which can
      readily be reduced to a bright iron surface in a subsequent furnace having
      an atmosphere containing at least 5% hydrogen by volume, can be obtained
      by subjecting the strip to heating in a direct-fired furnace having an
      atmosphere ranging from about 3% excess oxygen to about 2% excess
      combustibles by volume within the temperature range of about 1000.degree.F
      to about 1300.degree.F (540.degree. C to 705.degree.C).
PAR  Although the oxide film thickness obtained in the practice of the present
      invention has not been precisely measured, these film thicknesses may be
      defined as being substantially less than those formed in the Sendzimir
      method and have been found to be so light as to have substantially no
      effect on the furnace atmosphere dew point when the films are subsequently
      reduced.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference is made to the accompanying drawings wherein:
PAR  FIG. 1 is a graphic representation of the influence of combustion ratio and
      furnace temperature on the critical strip temperature of 24 gauge carbon
      steel strip;
PAR  FIG. 2 is a graphic representation of the influence of strip thickness and
      combustion ratio on the critical strip temperature in a furnace maintained
      at 2400.degree.F (1315.degree.C);
PAR  FIG. 3 is a graphic representation of the conventional operating practice
      in Selas-type furnaces contrasted to the method of this invention in terms
      of the critical strip temperature relation for 24 gauge strip in a furnace
      maintained at 2300.degree.F (1260.degree.C).
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An indicated above, in its broad aspect the process of the invention
      comprises heating carbon steel strip and sheet in an atmosphere containing
      from about 3% excess oxygen to about 2% excess combustibles, then reducing
      this oxide film in a subsequent furnace having an atmosphere containing at
      least about 5% hydrogen. Preferably the atmosphere in the direct-fired
      preheat furnace contains 0% oxygen and 0% excess combustibles, i.e.
      stoichiometric combustion, and the subsequent furnace preferably contains
      at least about 15% hydrogen by volume with the balance substantially
      nitrogen, although up to 100% hydrogen may be used.
PAR  The temperature above which carbon steel will become oxidized, i.e. the
      critical strip temperature, is variable depending upon the percentage of
      excess combustibles, the preheat furnace temperature and the strip
      thickness. It will of course be recognized that the strip thickness
      affects the dwell time required to reach a given temperature.
PAR  FIGS. 1 and 2 illustrate graphically the parameters for operation in a
      Selas-type furnace in order to heat without strip oxidation. These data
      were developed subsequent to issuance of the above-mentioned Turner patent
      and are based on laboratory studies and commonly used operating practices
      which do not conform to the disclosures of the Turner patent.
PAR  Reference is made to FIG. 1 from which it is evident that with a constant
      strip thickness and a constant percentage of excess combustibles, an
      increase in furnace temperature increases the critical strip temperature.
      With furnace temperatures ranging between 2250.degree.F and 2400.degree.F
      (1230.degree.C and 1315.degree.C), and about 2% excess combustibles, the
      critical strip temperature ranges between about 950.degree.F and
      1300.degree.F (510.degree.C and 705.degree.C) for 0.024 inch thick strip.
PAR  Reference is next made to FIG. 2. Assuming a constant furnace temperature
      and a constant percentage of excess combustibles a decrease in strip
      thickness increases the critical strip temperature. With a 2400.degree.F
      (1315.degree.C) furnace temperature and about 2% excess combustibles,
      strip thickness variations from about 0.024 inch to 0.112 inch exhibit
      critical temperatures ranging from about 1300.degree.F (705.degree.C) down
      to about 1200.degree.F (650.degree.C), respectively.
PAR  Finally, reference is made to FIG. 3, from which it will be noted that with
      a constant furnace temperature and strip thickness, an increase in the
      percentage of combustibles increases the critical strip temperature. At a
      furnace temperature of 2300.degree.F (1260.degree.C) and a 24 gauge strip
      thickness the critical strip temperature ranges from about 1000.degree.F
      (540.degree.C) for 1.5% excess combustibles to about 1300.degree.F
      (705.degree.C) for about 2.5% excess combustibles.
PAR  In FIG. 3 the area A B C D defines the operative parameters of the process
      of the present invention, whereas the area E F G H indicates the operating
      conditions for conventional Selas-type installations, as practiced in the
      prior art. It will be noted that at a furnace temperature of 2300.degree.F
      (1260.degree.C) strip of 24 gauge thickness can be heated to a temperature
      between about 1000.degree.F and about 1300.degree.F (540.degree.C and
      705.degree.C) in an atmosphere ranging from about 3% oxygen to about 2%
      excess combustibles, and these limits define safe operating conditions for
      current mill practices.
PAR  For heavier gauge strip, or lower furnace temperature, maximum temperatures
      may be slightly lower to avoid formation of unreducible oxide film
      thicknesses. The process of the present invention thus involves operating
      on the oxidizing side of the critical strip temperature curve of FIG. 3
      (within the range of about 1000.degree.F to about 1300.degree.F) by
      control of the preheat furnace atmosphere to contain not more than about
      2% excess combustibles. Preferably, the temperature at which the strip
      exits the preheat furnace is maintained between about 1100.degree.F and
      about 1200.degree.F (595.degree.C to 650.degree.C). In the subsequent
      reducing furnace the strip may be heated to the range of about
      1250.degree.F to about 1650.degree.F (675.degree.C to 900.degree.C).
PAR  Apparatus adapted to carry out the process of the invention comprises a
      direct-fired furnace, a radiant tube furnace, preferably of vertical
      configuration, a cooling furnace and a metal coating pot. Operation of the
      direct-fired furnace at 0% excess combustibles and at about 2300.degree.F
      (1260.degree.C) resulted in a fuel savings of about 6% to about 10% per
      ton of coated product, in an experimental run.
PAR  Exemplary routings for various grades of coated products are as follows:
TBL  Preheat Furnace (2300.degree.F)                                           
                           Reducing Furnace                                    
     Strip Temp.                                                               
               %          % Excess       Maximum                               
     After Preheater                                                           
               Combustibles                                                    
                          O.sub.2  % H.sub.2                                   
                                         Strip Temp.                           
     ______________________________________                                    
     Commercial Quality-Zn Coating                                             
     1100F     0          0        15    1300F                                 
     Drawing Quality-Zn Coating                                                
     1200F     0          0        15    1450F                                 
     Non-Earring (Normalized) Quality                                          
     1250F     0          0        15    1650F                                 
     ______________________________________                                    
PAR  Maximum preheat strip temperatures above those defined by the line BC of
      FIG. 3 are to be considered critical from the standpoint of safe
      commercial practice, since heating above these temperatures in
      corresponding atmosphere shown in FIG. 3 may result in formation of a
      relatively thick oxide scale which cannot be removed adequately in the
      subsequent reducing furnace. Heavier gauge strip may require slightly
      lower maximum strip temperatures than those indicated by line BC of FIG.
      3.
PAR  It will be apparent that modifications may be made in the exemplary
      procedures set forth above without departing from the spirit and scope of
      the invention. Thus, various coating metals may be used, e.g., zinc, zinc
      alloys, aluminum, aluminum alloys and terne, and including those disclosed
      in U.S. Pat. No. 2,784,122 issued Mar. 5, 1957 to N. Cox et al, at column
      2, lines 9-33, and in U.S. Pat. No. 2,839,455, issued June 17, 1958 to H.
      LaTour et al, at column 1, lines 68-71 and column 2, lines 1-7. The
      disclosures of these patents are incorporated herein by reference.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of preparing carbon steel strip and sheet for fluxless hot dip
      metallic coating, comprising the steps of heating said strip and sheet in
      a furnace heated by direct combustion of fuel and air therein and in an
      atmosphere containing from about 3% by volume oxygen to about 2% by volume
      excess combustibles in the form of hydrogen and carbon monoxide,
      controlling the strip and sheet temperature within the range of about
      540.degree. to about 705.degree. C, and thereafter heating said strip and
      sheet in a subsequent furnace containing at least about 5% hydrogen by
      volume and balance substantially nitrogen to a temperature of at least
      about 675.degree.C.
NUM  2.
PAR  2. The method claimed in claim 1, wherein the atmosphere in said furnace
      heated by direct combustion of fuel and air contains 0% oxygen and 0%
      excess combustibles.
NUM  3.
PAR  3. The method claimed in claim 2, wherein the strip temperature exiting
      said furnace heated by direct combustion of fuel and air ranges from about
      595.degree. to about 650.degree.C.
NUM  4.
PAR  4. The method claimed in claim 1, wherein the strip temperature exiting
      said subsequent furnace ranges from about 675.degree. to about 900.degree.
      C.
NUM  5.
PAR  5. The method claimed in claim 1, wherein the atmosphere of said subsequent
      furnace contains at least about 15% hydrogen.
NUM  6.
PAR  6. In a method of fluxless hot dip metallic coating of carbon steel strip
      and sheet wherein the strip and sheet surface is prepared for coating by a
      preliminary treatment involving heating in a furnace heated by direct
      combustion of fuel and air therein and in an atmosphere containing gaseous
      products of combustion, followed by further treatment under conditions
      reducing to iron oxide, the improvement which comprises conducting said
      heating in an atmosphere containing from about 3% oxygen by volume to
      about 2% hydrogen plus carbon monoxide by a volume at a temperature above
      the temperature at which said strip and sheet is oxidized and within the
      range of about 540.degree. to about 705.degree.C, whereby to produce an
      iron oxide film of controlled thickness, and conducting said further
      treatment in a subsequent furnace containing at least about 5% hydrogen by
      volume at a temperature sufficient to reduce any oxide present on the
      strip and sheet as it exits said direct-fired furnace.
NUM  7.
PAR  7. The improvement claimed in claim 6, wherein said atmosphere in said
      furnace heated by direct combustion of fuel and air contains 0% oxygen and
      0% hydrogen plus carbon monoxide.
NUM  8.
PAR  8. The improvement claimed in claim 6, wherein the strip and sheet is
      heated in said furnace heated by direct combustion of fuel and air to a
      temperature of about 540.degree. to about 705.degree.C.
NUM  9.
PAR  9. The improvement claimed in claim 6, wherein the atmosphere in said
      subsequent furnace contains at least about 15% hydrogen and balance
      substantially nitrogen.
NUM  10.
PAR  10. The improvement claimed in claim 6, wherein the strip is heated in said
      subsequent furnace to a temperature of about 675.degree. to about
      900.degree. C.
NUM  11.
PAR  11. The improvement claimed in claim 6, wherein the coating metal is chosen
      from the class consisting of zinc, zinc alloys, aluminum, aluminum alloys
      and terne.
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ABST
PAL  A process is disclosed for manufacturing flat shaped articles made of
      individual fibers such as paper, woven fabric, knitted fabric and
      non-woven fabric impregnated with an aqueous dispersion of a polymeric
      binder including a sensitizing agent for causing the dispersion to
      coagulate at a temperature substantially below 100.degree.C. The binder
      coagulates at a temperature substantially below 100.degree.C. and the
      method includes impinging live steam on the major surfaces of the article
      to suddenly coagulate the binder, thereby fixing its position within the
      fabric and preventing its migration to the fabric's surfaces. One or more
      adjustable position steam nozzles are used for this purpose.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of fibrous, flat-shaped articles
      and, more particularly, to a process for coagulating aqueous
      heat-coagulatable polymer binder dispersions impregnated in or coated on
      such articles.
PAR  The term "flat-shaped articles", as used in this application, includes
      material formed from individual fibers such as, for example, paper, woven
      fabric, knitted fabric and non-woven fabric. Of these, since non-woven
      fabrics are the most interesting, with their broad field of use, the
      invention will be described using the term non-woven fabric. Nonetheless,
      it should be clear that the inventive process is also applicable to the
      above-mentioned broader class of fibrous flat-shaped articles.
PAR  It is known to make non-woven fabric by forming a non-woven sheet,
      impregnating the sheet with an aqueous dispersion of a heat-coagulatable
      polymer binder and to coagulate the dispersion by heating (see U.S. Pat.
      No. 3,776,799). Known techniques for accomplishing such heating include
      the use of hot air, heated drums and infrared radiation. However, when a
      non-woven sheet is heated on both sides by any one of these techniques,
      water evaporates from both surfaces and the binder migrates toward the
      evaporation surfaces leaving a space in the middle of the sheet which
      contains only a very small proportion of binder. Such uneven distribution
      of the binder in the sheet tends to weaken it and causes it to split or
      delaminate along the core (i.e., in the area of low binder concentration)
      when subjected to severe stress. Binder migration upon drying, therefore,
      presents the man skilled in the art with serious problems.
PAR  In order to eliminate these problems, binder dispersions which reduce or
      eliminate binder migration on exposure to heat have been developed. One
      known technique to reduce binder migration is to add a thickening agent to
      the dispersion. Thickening agents, however, are difficult to remove from
      the sheet after the sheet has been dried and if they remain in the sheet
      they tend to impair the hand of the finished fabric.
PAR  A better known solution to the problem of binder migration is the use of
      heat sensitizing agents in the dispersion which causes the binder to begin
      coagulating at such low temperatures that pratically no evaporation takes
      place before coagulation begins. Depending on the heat sensitizing agents
      used and the binder system with which they are used, coagulation takes
      place either by the dispersed binder particles agglomerating to form
      larger particles which adhere to the fibers in the sheet, or the
      dispersion, with the binder in it, solidifies into a gel. In either case,
      by choosing one of these systems and appropriate choice of and proportions
      of chemical agents, the dispersion can be adjusted to be stable up to a
      desired temperature below 100.degree.C. and to coagulate suddenly, for
      example, at between about 30.degree.C. and 80.degree.C. When a non-woven
      sheet is impregnated with such heat sensitized dispersions and the sheet
      is subjected to heat, the effect of the heat is to cause sudden
      coagulation of the binder in the dispersion either by flocculation onto
      the fibers or by the formation of the dispersion into a gel. In both
      cases, the location of the binder throughout the fabric in the heating
      zone is fixed at a temperature below the evaporation temperature of the
      water so no migration can occur even during subsequent drying of the
      sheet.
PAR  Though these techniques work well in theory, in actual practice, various
      difficulties have been encountered. Thus, heretofore, for example, after a
      non-woven sheet has been impregnated either by spraying or dipping, etc.,
      it has in some instances been heated by direct contact with steam heated
      drums or rolls such as can dryers. While such dryers heat the material
      sufficiently for coagulation to occur, the binder tends to migrate in a
      direction away from the drum and the material tends to stick to the
      dryers, causing surface defects in the sheet.
PAR  Infrared heating, while avoiding the surface defect problem of steam heated
      drums, has several other problems associated with it. The energy density
      of infrared radiators is low so the area which they cover has to be
      relatively large. Further, when a continuous web of heat-sensitized
      aqueous binder dispersion impregnated non-woven material is passed
      horizontally between infrared radiators and the web breaks, it falls on
      the lower radiator, presenting a fire hazard. Also, continued processing
      of the web is delayed while the radiators cool sufficiently to remove it
      and rethread the apparatus.
PAR  Further, it is difficult to adjust the heat output of infrared radiators so
      that coagulation occurs without unwanted drying. If, on the other hand, a
      coagulation by flocculation heat-sensitized aqueous binder system is used
      and the impregnated fabric passes vertically between two infrared
      radiators, the aqueous residue which is liberated on coagulation of the
      binder dispersion tends to flow downward in the sheet from the point of
      coagulation making it impossible to control the dilution of the binder in
      the non-coagulated portion of the sheet resulting in a finished product
      having non-uniform properties. The flow of this residue to still
      uncoagulated portions of the material not only dilutes the binder
      dispersion in those portions, it also means that more heat energy has to
      be imparted to that area to achieve coagulation. If this heat is not
      forthcoming, the material will contain binder in uncoagulated form and
      migration problems will occur during drying of the sheet at a later stage.
PAR  Accordingly, it is the principal object of this invention to provide a
      method which avoids the disadvantages of known prior art techniques and in
      which binder migration is prevented in a simple, economic manner.
PAC  SUMMARY OF THE INVENTION
PAR  In a process for manufacturing fibrous flat-shaped articles such as paper,
      knitted fabric, woven fabric and non-woven fabric which have been coated
      or impregnated with a dispersion of a polymeric binder including a
      sensitizing agent for causing the dispersion to coagulate at a temperature
      substantially below 100.degree.C of the invention comprises the step of
      impinging live steam on the treated material to suddenly heat the
      dispersion in the material causing it to coagulate. This steam impinging
      step includes directing at least one jet of steam at a pressure higher
      than atmospheric pressure against at least one major surface of the
      article. Where the material is a non-woven, it is preferably impregnated
      with a heat-sensitized, aqueous, colloidal dispersion of a polymeric
      binder having a coagulation temperature of between about 30.degree.C. to
      about 80.degree.C. The preferred process according to the invention also
      includes the step of removing at least a portion of the aqueous residue
      from the material after coagulation by a non-evaporative technique such as
      squeezing the material following its exposure to live steam. Thereafter,
      if desired, the material may be washed to remove further portions of this
      residue. The preferred process according to the invention additionally
      includes the step of impinging the steam on the material in a narrowly
      defined zone. Another preferred aspect of the process according to the
      invention includes the step of impinging superheated steam on the treated
      material.
PAR  In apparatus for manufacturing fibrous flat-shaped articles which are
      coated or impregnated with a heat-coagulatable aqueous polymeric binder
      dispersion coagulatable at temperatures below 100.degree.C. and in which
      apparatus there are means for coating or impregnating such articles, means
      for moving them through the apparatus and means for drying them after
      coagulation, one aspect of the invention includes providing means for
      impinging live steam on the coated or impregnated article for suddenly
      coagulating the binder in the article. When used for non-woven materials
      impregnated with a binder dispersion adapted to adhere the fibers when
      subjected to heat (rather than one which forms a gel on heating), the
      apparatus preferably also includes nonevaporative means for removing at
      least a portion of the aqueous residue from the dispersion after the
      binder has flocculated and its position in the material has become fixed
      and before the article is dried. In the preferred embodiment of the
      apparatus, such means include means for squeezing the material to remove a
      portion of the residue from it. Means may also be included for washing the
      non-woven to remove additional portions of the residue.
PAR  The apparatus for impinging live steam on articles impregnated with heat
      sensitized binder systems preferably comprises at least one steam fed pipe
      adjacent one side of the article. The pipe preferably has a plurality of
      steam nozzles spaced apart in a line along its length with the nozzles
      aimed toward the article. The pipe is preferably rotatable about its
      central axis so the direction of its nozzles can be adjusted. Further,
      preferably the pipe is movable toward and away from the article to adjust
      the distance between the nozzles and the article. Where the apparatus is
      designed for use with non-woven materials, there are preferably two such
      pipes on opposite sides of the material, both of which are rotatable about
      their own axes and movable toward and away from the material.
PAR  The use of steam as a high energy carrier impinging upon one or more sides
      of an article coated or impregnated with a heat-coagulatable binder
      dispersion heats the article quickly accomplishing sudden coagulation of
      the binder without evaporation and overcomes the other disadvantages of
      can driers or infrared treating equipment as well. By treating such
      articles with steam it is possible to transport an article comprising a
      continuous web of material horizontally between the heating units without
      any danger of fire, even if the material tears. Further, by simply
      shutting off the steam, the torn material can rapidly be passed through
      the narrowly defined steaming zone and rethreaded through the equipment.
      Because of the high energy density of steam it is not only possible to
      locate the equipment in a very small amount of space, it also makes
      possible the faster operation of the apparatus, particularly if the steam
      used is superheated.
PAR  When aqueous binder systems are used which flocculate on being exposed to
      heat, flocculation on exposure to live steam creates a sudden separation
      of the water in the dispersion from the binder without evaporation of
      water taking place in the steaming zone. When infrared heating equipment
      is used, and particularly if the infrared path is not carefully controlled
      or overdimensioned, evaporation cannot be prevented. Another advantage of
      the preferred process according to the invention is that when a
      flocculating heat-sensitized aqueous binder system is used and the
      material is subjected to live steam, the water which is separated out from
      the binder contains a large part of the undesired adjuvants including the
      heat-sensitizing and emulsion stabilizing aids (i.e., chemical agents)
      which were present in the dispersion both in dissolved and finely
      dispersed form. Because this liquid residue is created as a result of the
      steam treatment rather than from evaporation causing heat, it tends to be
      diluted (by the steam) rather than thickened and bound more firmly to the
      fibers as would tend to occur with a heating system in which evaporation
      occurs.
PAR  The step of the preferred process according to the invention in which an
      article is pressed out or squeezed immediately after coagulation is of
      particular importance, because this pressing or squeezing not only removes
      a substantial part of the undesired liquid residue with its dissolved and
      finally dispersed chemicals from the material, it does this immediately
      following coagulation so that there is little chance for the residue to be
      bound to the material by evaporative heating which occurs when the
      material is dried.
PAR  An additional important advantage in the process according to the invention
      is that the residue which has been squeezed from the sheet material need
      not be evaporated at all. This in turn results in a considerable savings
      in the amount of energy required to dry the material, because there is
      less liquid in it to be dried. Though it is often desirable to wash
      articles or sheet material after squeezing the liquid residue from them,
      after the washing step they can again be squeezed in order to remove
      additional chemicals and water to reduce the amount of energy required for
      the final drying step.
PAR  Any suitable water dispersable binders which are heat sensitizable are
      suitable in the practice of the invention. There are numerous such
      materials known to those skilled in the art and the details need not be
      repeated here. Illustrative well known classes of suitable binders for the
      process according to the invention include elastic, synthetic or natural
      polymers which can be coagulated from an aqueous dispersion under the
      influence of heat. Particularly suitable are: aqueous dispersions of
      copolymers of butadiene, acrylonitrile and minor amounts of methacrylic
      acid with free carboxyl groups; copolymers of
      carboxylated-butadiene-acrylonitrile; butadiene-styrene copolymers
      modified to include carboxylic groups in the polymer chain; and other
      polyacrylic and polymethacrylic acid esters and natural or synthetic
      rubber latex. Some of these products are available under the following
      trade names from the indicated manufacturers:
PA1  "Perbunan-N-Latex 4M", "Perbunan-N 3415 M" and "N Latex T", products of
      Farbenfabriken Bayer;
PA1  "Hycar 2570 x 1" and "Hycar 1570 H 6", products of CIAGO (N. V. Chemische
      Industrie AKU-Goodrich);
PA1  "Primal HA 8", "Primal HA 12" and "Primal HA 16", products of Rohm & Haas;
PA1  "Acronal 500 D", a product of BASF (Badische Analine Soda Fabrik); and
PA1  "LCG 4412 LATEX", a product of Goodyear Chemical Div. (France).
PAR  Any suitable emulsion stabilizers known to be subject to the action of heat
      sensitizing agents are also suitable in the practice of the invention.
      There are numerous such materials known to those skilled in the art and
      the details need not be repeated here. Illustrative well known classes of
      stabilizers include electrically neutral fatty acid condensation products
      and alkylaryl polyether alcohols of the octylphenol series, for example,
      water soluble isooctylphenol-polyethoxy-ethanol containing ten moles of
      ethylene oxide. The former is available from Bayer under the trade name
      "Emulvin W". The latter is available from Rohm & Haas under the trade name
      "Triton X-100".
PAR  Further, any suitable heat sensitizing agents known to be useful in making
      such water dispersable binder dispersions sensitive to the presence of
      heat are suitable for the practice of this invention. There are numerous
      such materials known to those skilled in the art. One such class of agents
      includes functional organopolysiloxanes which are useful for adjusting the
      coagulation temperature of such binders to between about 30.degree.C. and
      about 80.degree.C. One such agent is available from Bayer under the trade
      name "Coagulant WS".
PAR  In addition, any suitable agents known to be useful in dispersing the
      vulcanizing agents in these binder systems are suitable in the practice of
      the invention. There are numerous such agents known to those skilled in
      the art so they need not be mentioned here. For example, one well known
      class of such agents comprise Naphthalenesulfonic acid condensation
      products. Further, one of these products is available from BASF (Badische
      Analine Soda Fabrik) under the trade name "Vultamol".
PAR  Other features and advantages of the process and apparatus according to the
      invention will be apparent from the following description taken in
      connection with the drawing and the amended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatic view of the preferred apparatus.
PAR  FIG. 2 is a profile view of the steam pipe portions of the apparatus of
      FIG. 1 shown in profile and illustrating means for adjusting the
      rotational positions of the pipes as well as for adjusting their distances
      from the sheet material.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIGS. 1 and 2 of the drawings, the preferred embodiment of the
      apparatus includes means for impregnating and/or coating a continuous
      non-woven web of material with a heat coagulatable aqueous dispersion of
      polymer binder material, means for thereafter heating the material to
      coagulate the binder, means for thereafter washing the material, means for
      thereafter drying the material and means for moving the web of non-woven
      material continuously through each of these means, the central feature of
      the apparatus being characterized by the fact that the coagulating means
      comprises at least one pair of steam-fed nozzle pipes extending across the
      direction of travel of the web with its nozzles aimed towards the web. The
      pipes preferably lie on opposite sides of the web a predetermined
      adjustable distance away from its major surfaces. Also, there are means
      for adjusting this distance as well as means for adjusting the rotational
      position of each pipe about its central axis.
PAR  Discussing the process and the preferred embodiment of the apparatus
      together in somewhat more detail, a web of non-woven fabric 1 is drawn
      continuously from a supply (not shown) over guide rolls 3 through a tank 4
      filled with a heat-sensitized aqueous colloidal dispersion of polymeric
      binder material 5. The purpose of the tank is to coat or impregnate the
      article or fabric with the binder dispersion. In the examples set forth
      below, the fabric web 1 traveled at a linear velocity of from between
      about 4 to about 20 meters per minute.
PAR  Driven squeeze rolls 6 at the discharge end of the tank 4 provide a pulling
      force on the fabric web 1 for drawing the fabric from the supply. They
      also reduce the aqueous dispersion content of the web to a desired
      proportion of the dry fabric weight. The fabric emerges from between these
      rolls uniformly treated with the binder dispersion. Next, the web passes
      horizontally between two steam fed nozzle pipes 7, which extend above and
      below and completely across the path of the traveling web. A row of
      perforations 8, longitudinally spaced about 1 centimeter apart in each
      pipe, extends across the width of the fabric. These perforations have a
      diameter of between about 1-2 millimeters and are directed toward the
      opposite sides (i.e., the major surfaces) of the fabric web. As
      illustrated, the pipes are rotatable about their own axes by a linkage
      system (See FIG. 2).
PAR  Since this system is the same for each pipe it will be explained referring
      to one pipe only. The linkage includes gear wheel 16 mounted
      concentrically to one end of pipe 7, a pinion gear 18 engaged with the
      gear wheel 18, a shaft 20 on one end of which the pinion 18 is mounted, a
      bearing 22 for carrying the shaft 20 and a handle 24 which is removably
      splined to the end of the shaft opposite the pinion 18. Because the handle
      24 is removable it can be mounted on either of the shafts 24. When used to
      rotate the shaft it adjusts the rotational position of the pipe with which
      it is associated. Other linkage systems for accomplishing this rotational
      adjustment may also be used.
PAR  Further, any suitable means for adjusting the distances of the two pipes
      apart from each other may also be used. One such system illustrated in
      FIG. 2 includes a plurality of threaded collars 26 carrying one end of the
      pipes 7 and the bearings 22 at the other end of the pipes on a pair of
      threaded shafts 28 adjacent opposite ends of both pipes. These shafts 28
      are mounted vertically in plane of the pipes and lie perpendicularly to
      them. They are rotatably mounted in supports 29 at their opposite ends and
      are rotatably drivable by a pair of cranks 30 connected to them. The
      threads on similar halves of shafts 28 are formed in one direction, but
      the threads on one half are formed in the opposite direction from those on
      the other half. Accordingly, when the cranks 30 are rotated in the same
      direction, the pipes 7 are carried further apart or moved closer together
      by the collars 26 depending on the direction in which the cranks are
      rotated.
PAR  The pipes 7 are connected to a steam boiler (not shown) through a
      superheater 9 so that jets of steam 10 are discharged from the pipes
      against the major faces of fabric web 1. The steam impinges on about 20
      linear centimeters of fabric web when the pipes 7 are spaced about 15
      centimeters apart and the steam is directed perpendicularly against the
      fabric web. This gives a heating zone about 20 centimeters long. In the
      examples set forth hereinafter, the steam in pipes 7 was at a temperature
      of about 130.degree.C. and at a pressure of about 7.5 p.s.i.g. with a
      fabric web linear velocity of about 4 meters per minute and about 3
      centimeters spacing between pipes 7, the temperature in the web was about
      70.degree.C. It has been found from the examples set forth hereinafter,
      that a period of steaming or contact of steam with the web of up to about
      3 seconds is sufficient to cause coagulation of the dispersion.
PAR  When performations 8 are aligned in a common vertical plane, as shown in
      the drawing, directing the steam perpendicularly against the fabric web 1,
      the length of the heating zone is minimized. Rotation of pipes 7 effects
      fine adjustment of the distance travelled by the steam, and therefore its
      temperature, before it impinges on the fabric web and also permits fine
      adjustment of the length of the heating zone. Additional adjustment of
      these variables is effected by adjusting the vertical spacing between
      pipes 7. Preferably this distance is adjustable to leave a distance of
      from about 1 centimeter to about 15 centimeters between them.
PAR  Another pair of driven squeeze rolls 11 pulls the fabric web 1 through the
      heating zone and squeezes out much of the aqueous residue formed during
      coagulation. In the preferred embodiment, the squeeze rolls 11 comprise
      one rubber roll (Shore A hardness 70) and one steel roll.
PAR  The fabric web 1 next passes through a wash tank 12 containing a
      conventional suction cylinder 13 (preferably having a diameter of about 50
      centimeters). The dashed line above tank 12 indicates that this washing
      apparatus may be bypassed if desired.
PAR  A third pair of driven squeeze rolls 14 pulls the fabric web 1 through the
      wash tank 12 and squeezes out more of the residue and much of the wash
      water picked up in the tank 12. The fabric web 1 next is dried in an oven
      15 in a manner conventional in itself and, therefore, not shown or
      described in detail.
PAR  The following examples are further illustrative of the process according to
      this invention. All percentage values are by weight unless otherwise
      stated.
PAC  EXAMPLE 1
PAR  A heat coagulatable aqueous colloidal dispersion of polymeric elastomeric
      binder was prepared from the ingredients and in the ratio of amounts set
      forth in the following table:
TBL  Ingredient     Solids weight                                              
                              Solids %                                         
                                      Total weight                             
     __________________________________________________________________________
     An aqueous dispersion of                                                  
     a vulcanizable copolymer                                                  
     of butadiene, acrylonitile                                                
                    100  kg   45 %    222  kg                                  
     and 4 % methacrylic acid                                                  
     (Perbunan-N-Latex 4M)                                                     
     An electrically neutral                                                   
     fatty acid condensation                                                   
                    6    kg   20 %    30   kg                                  
     product (Emulvin W)                                                       
     A functional organopoly-                                                  
     siloxane coagulant                                                        
                    4,5  kg   33 %    13,6 kg                                  
     (Coagulant WS)                                                            
     Colloidal sulfur                                                          
                    1,2  kg                                                    
     Zinc oxide     6,0  kg                                                    
     2-mercaptobenzothiazole  30 %    29,7 kg                                  
     zinc salt      0,6  kg                                                    
     Zinc diethyldithiocarbamate                                               
                    0,4  kg                                                    
     A naphthalenesulfonic acid                                                
     condensation product                                                      
                    0,8  kg                                                    
     (Vultamol)                                                                
     Water          --        --      103,4                                    
                                           kg                                  
                    119,5                                                      
                         kg           398,7                                    
                                           kg                                  
     Total solids % about     30 %                                             
     __________________________________________________________________________
PAL  The above aqueous binder dispersion had a coagulation temperature in the
      range of about 30.degree.-40.degree. C.
PAR  A non-woven fabric web consisting of about 30 % nylon fibers and about 70 %
      cellulose fibers and having a weight of 95 to 100 grams per square meter
      was impregnated with the above-described aqueous binder dispersion in the
      apparatus illustrated in the drawing. The binder content, solids basis, of
      the impregnated fabric was adjusted by squeeze rolls 6 to 100 % based on
      the dry fiber weight. The linear speed of the fabric was maintained
      through the apparatus to between about 4 to about 20 meters per minute by
      squeeze rolls 6.
PAR  The fabric web was then exposed to jets of live steam 10 in the heating
      zone. The steam temperature in pipes 7 was about 130.degree. C; the
      pressure was about 7.5 p.s.i.g. The vertical spacing between pipes 7 was
      about 3 centimeters. At a fabric web 1 linear velocity of about 14 meters
      per minute, the heating zone was about 5 centimeters long. Coagulation of
      the binder dispersion was instantaneous. When the web was exposed to the
      jets of steam in this narrower heating zone, the period of steaming
      necessary to effect coagulation was much shorter than 3 seconds.
      Respectively for 4, 14 and 20 meters/minute linear speed of the fabric,
      the period of steaming can be calculated to be, respectively 0.75, 0.21
      and 0.15 seconds.
PAR  Next, the aqueous residue of the binder dispersion was partly squeezed out
      by rolls 11. The fabric web was then water washed by passing it over
      suction cylinder 13 in tank 12. It was then squeezed again between rolls
      14 and dried in the oven 15 which raised the temperature in the material
      to about 150.degree. C. allowing vulcanization to occur.
PAR  The ultimate product had a bulk density of 0.465 grams per cubic
      centimeter. It did not delaminate under stress in any direction sufficient
      to cause the fabric to break.
PAC  EXAMPLE 2
PAR  A heat coagulatable aqueous colloidal dispersion of polymeric elastomeric
      binder was prepared from the ingredients and in the ratio of amounts set
      forth in the following table:
     Ingredient       Solids weight                                            
                                 Solids % Total weight                         
     __________________________________________________________________________
     A carboxylic rubber latex                                                 
     comprising a cross linkable                                               
     butadiene-styrene copolymer                                               
     modified to include carboxylic                                            
     groups in the polymer chain                                               
                      277,5                                                    
                           kg    55,7 %   500 kg                               
     and curable at room temperature                                           
     in the presence of zinc oxide                                             
     (Hycar 2570 .times. 1)                                                    
     An electrically neutral fatty                                             
     acid condensation product                                                 
                      4,-  kg                                                  
     (Emulvin W)                                                               
     A functional organopoly-                                                  
     siloxane coagulant                                                        
                      4,-  kg    16,6 %    60 kg                               
     (Coagulant WS)                                                            
     Ammonium chloride                                                         
                      2,-  kg                                                  
     Water            --         --       120 kg                               
     Total solids % about                                                      
                      287,5                                                    
                           kg             680 kg                               
                                 42,4 %                                        
     __________________________________________________________________________
PAL  The above aqueous binder dispersion had a coagulation temperature in the
      range of about 30.degree.-40.degree. C.
PAR  A non-woven fabric web consisting of about 25 % cotton linters, 25 %
      cellulose fibers and 50 % nylon fibers and having a weight of 200 grams
      per square meter was impregnated with the above-described aqueous binder
      dispersion and steam coagulated in the apparatus illustrated in the
      drawing in the manner described in Example 1.
PAR  After being steamed the fabric web 1 was passed through squeeze rolls 11 to
      remove most of the aqueous residue and steam condensate. Wash tank 12 was
      bypassed, and the fabric was dried in oven 15 maintained at 150.degree.C.
      The ultimate product, after drying and vulcanization, did not exhibit
      objectional harshness due to residual sensitizing agent. It had a bulk
      density of 0.395 grams per cubic centimeter. The fabric did not delaminate
      when subjected to destructive stresses.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing binder-treated flat-shaped fibrous articles, such
      as paper, woven fabric, knitted fabric and non-woven fabric, by a process
      which includes a step of uniformly treating the articles with a desired
      amount of an aqueous dispersion of a polymeric binder including a
      sensitizing agent for causing said dispersion to coagulate at a
      temperature substantially below 100.degree.C., heating the articles to
      coagulate the binder and thereafter drying the articles, the heating step
      being characterized by directing at least one jet of steam at a pressure
      higher than atmospheric pressure, said pressure being at least about 7.5
      p.s.i.g., against at least one major surface of each of the articles to
      suddenly coagulate the binder without evaporation of the aqueous vehicle
      in the dispersion.
NUM  2.
PAR  2. A method according to claim 1 characterized by immediately squeezing the
      fibrous articles after binder coagulation to remove from the articles at
      least a portion of the aqueous residue separated from the dispersion
      during coagulation of the binder.
NUM  3.
PAR  3. In a process for bonding fibers in a non-woven fabric together in which
      the fabric is uniformly impregnated with an aqueous dispersion of a
      polymeric binder including a sensitizing agent for causing said dispersion
      to coagulate at a temperature substantially below about 100.degree.C. and
      in which the fabric is heated to coagulate the binder and thereafter
      dried, the improvement comprising directing at least one jet of steam at a
      pressure higher than atmospheric pressure, said pressure being at least
      about 7.5 p.s.i.g., against at least one major surface of the fabric to
      suddenly coagulate the binder without evaporation of the aqueous vehicle
      in the dispersion.
NUM  4.
PAR  4. In a process according to claim 3, the improvement comprising impinging
      live superheated steam on the fabric.
NUM  5.
PAR  5. In a process according to claim 3, the improvement comprising removing
      from the fabric at least a portion of the aqueous residue separated from
      the dispersion during coagulation of the binder by a non-evaporative
      technique.
NUM  6.
PAR  6. In a method according to claim 5 the improvement wherein the
      non-evaporative technique comprises squeezing the fabric.
NUM  7.
PAR  7. In a continuous process for bonding fibers in a continuous non-woven
      fabric together in which the fabric is uniformly impregnated with an
      aqueous colloidal dispersion of a polymeric binder including a sensitizing
      agent for causing said dispersion to coagulate at a temperature
      substantially below 100.degree.C. and in which the fabric is heated to
      coagulate the binder and thereafter dried, the improvement comprising
      directing at least one jet of steam at a pressure higher than atmospheric
      pressure, said pressure being at least about 7.5 p.s.i.g., against the
      fabric in a narrowly defined zone on both major surfaces of the fabric to
      suddenly coagulate the binder without evaporation of the aqueous vehicle
      in the dispersion.
NUM  8.
PAR  8. In a process according to claim 7 the improvement comprising moving the
      fabric past a heating station and at that station impinging the steam on
      the fabric in a zone having a length across the width of the fabric but
      not more than a length of about 20 centimeters in the direction in which
      the fabric is moved past the station.
NUM  9.
PAR  9. In a process according to claim 7 the improvement comprising squeezing
      the fabric to remove from the fabric at least a portion of the aqueous
      residue separated from the dispersion during coagulation of the binder,
      thereafter washing the fabric in water to remove additional residue
      followed by squeezing the fabric after the washing step and before drying
      the fabric.
NUM  10.
PAR  10. A method according to claim 1 characterized by directing at least one
      jet of steam against the articles for a steaming period of up to about 3
      seconds.
NUM  11.
PAR  11. In a process according to claim 3, the improvement comprising directing
      at least one jet of steam against the fabric for a steaming period of up
      to about 3 seconds.
NUM  12.
PAR  12. In a process according to claim 7, the improvement comprising directing
      at least one jet of steam against the fabric for a steaming period of up
      to about 3 seconds.
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ABST
PAL  A vapor deposited aluminum metallizing film is transformed into a
      transparent insulating oxide at selective locations at which a film of
      bismuth or sodium is vapor deposited either beforehand on the substrate or
      afterward on the aluminum. The oxide forms at only the selected locations
      to the full depth of the layer and has insulating qualities of interest
      for electrical components. The use of a pigmented substrate which will
      show through the transparent oxide areas is useful for providing visible
      legends, symbols, scales, and reference margins, marks or rasters.
BSUM
PAR  This invention relates to thin film material or devices having a metallic
      film on a carrier substrate in which selected areas of the metallic film
      are oxidized and methods and apparatus for producing the same.
PAR  Various thin film processes and products are known in which, on vapor
      deposited surfaces, geometrical designs, legends or symbols are isolated
      or are formed by gaps in the film. The methods for producing such patterns
      heretofore used are, on the one hand, vapor deposition through a physical
      stencil which covers the surfaces to be kept free of the film, on the
      other hand by depositing a continuous layer and thereafter covering the
      parts of the layer that are to remain and etching away of the parts to be
      removed, and finally, the prevention of condensation of the layer to be
      deposited in certain places to be kept free of deposit by means of a thin
      layer of oil applied in certain portions on the substrate before vapor
      deposition.
PAR  The first of these methods, to wit vapor deposition through a mechanical
      stencil, is unsuited for many applications, particularly for applying
      complicated patterns on sheet or tape material, because mechanical
      stencils must be provided with connecting webs which result in undesired
      gaps in the layer pattern on the completed article. The second method,
      involving subsequent covering of the portions of the layer that are to
      remain and etching away the portions to be removed is really suitable only
      for material in the form of stiff plates, for example for the production
      of printed circuits. A series of process steps is necessary, which greatly
      limits for economic reasons the scope of application of the process. The
      third known process mentioned above, involving the provision of an oil
      layer previous to vapor deposition is not suitable for all kinds of vapor
      deposition layers. If, for example, an aluminum layer is to be deposited,
      a very heavy oil layer must be provided to prevent the condensation of
      aluminum on the carrier because of the high condensability of aluminum
      vapor. Such a heavy oil layer necessarily produces poorly defined
      contours.
PAR  The object of the invention is to provide a metallized substrate with
      selectively oxidized regions which is more satisfactory and more easily
      produced and to devise a process and apparatus for producing it. In
      particular the object is to provide a process involving only a few
      operations and one which will enable the manufacture of stable oxidized
      regions with sharp contours. A further object is to provide a process that
      lends itself well to continuous vapor deposition on a flexible tape
      substrate and one which is usable for the provision of any desired
      contours, such as, for example, line patterns, symbols, firm names,
      insulating boundary lines in printed circuits or the like.
PAR  Subject matter of the present invention: Briefly, the oxidized areas of the
      metallic layer are produced by local corrosion. It has been found that
      such local corrosion can be selectively promoted by local application in a
      suitable pattern of at least one material adapted to incite corrosion of
      the metal layer. The resulting pattern of corroded material may be used to
      provide an optically or electrically detectable pattern for recognition or
      registration purposes or the like or to provide an electrically insulating
      layer or an electrically insulating division of the entire metallic layer
      at the location on the carrier of the corroded material.
PAR  The corrosion or similar layer transformation can be provided by various
      mechanisms, individually or concurrently. Thus, the corrosion inciting
      material can be applied on the substrate so as to modify locally the
      growth conditions of the vapor deposited layer. Such a changed layer
      structure, however, also has other corrosion phenomena as consequences.
      According to the position of the additive material in the electro-chemical
      potential series, the progress of corrosion can be substantially
      accelerated by the formation of corrosion current. Finally, a layer of
      transformation and accentuated corrosion can also be initiated by a
      chemical reaction between the materials brought together, either directly
      or with intermediate steps.
PAR  According to the nature and form of the particular application in question,
      of the corrosion inciting material and of the apparatus used, it can be
      advantageous to apply the corrosion inciting material in vacuum either
      before or after the vapor deposition of the metal layer. It is especially
      practical to apply the corrosion inciting material onto the carrier in a
      vapor deposition process separate from the process of the vapor deposition
      of the metallic layer. Bismuth is particularly suitable as a corrosion
      inciting material for corroding an aluminum layer, but sodium is also
      usable to advantage as such a corrosion inciting material.
PAR  If the optical properties of the corroded layer portions are to be utilized
      in reflective light, it is advantageous to apply a colored layer directly
      on the carrier and then so to choose the thickness and materials for the
      corroded areas that the colored layer will be visible through the corroded
      layer. In this manner, an optically detectable pattern can be simply and
      conveniently produced. The provision of a corroded layer, such that the
      colored layer can be visible through it, is readily feasible because thin
      metal oxide layers of the thicknesses here of interest, up to more than
      100 nanometers, are transparent. In this connection, it is convenient as a
      matter of manufacture to form the colored layer on the carrier by
      spreading or rolling on a pigment bearing layer or film. As a rule it is
      advantageous to apply the corrosion inciting material next on top of the
      colored layer and only then to apply the metal layer on top, carrying out
      these steps by vapor deposition in vacuum in immediate succession.
PAR  It is effective as a process to vapor-deposit the corrosion inciting
      material through a fine mesh screen having particular regions filled in
      after the manner of currently used screen printing processes. The spacing
      between the screen plane and the substrate surface during vapor deposition
      of the corrosion inciting material must be set at such a value that no
      projection replica of the screenwork results and that instead, with the
      help of penumbra, the surface of the substrate behind the portions of the
      screen which are not filled in is coated with the corrosion inciting
      material.
PAR  For carrying out the process, it has been found successful to use an
      apparatus having an apertured roll for depositing, from vapor produced
      inside the roll, spots or areas of the corrosion inciting material
      followed by an exposure roll with the same surface velocity as the
      aperture roll adapted to carry the carrier with its deposit of corrosion
      inciting material disposed outwardly around the exposure roll, past a
      window member through which the metal layer is deposited from vapor. In
      such an arrangement, it is appropriate to enclose both rolls and their
      related vapor deposition means in a single vacuum maintaining enclosure.
      The apertures of the aperture roll can be arranged in a pattern without
      disturbances produced by interrupting webs.
DRWD
PAR  Illustrative embodiments of the methods, apparatus and products of the
      invention are further described with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a schematic representation of an experimental apparatus for
      carrying out the process of the invention;
PAR  FIGS. 2a and 2b respectively show cross-sections of the vapor deposited
      layer according to the invention before and after the formation of
      oxidized regions;
PAR  FIG. 3 is a plan view of a piece of metallized paper provided with a raster
      pattern for registration purposes;
PAR  FIG. 4 is a plan view of metallized paper provided with a conduction
      pattern suitable for a pulsing capacitor;
PAR  FIG. 5 is a diagrammatic cross-section of an apparatus for carrying out a
      process according to the invention, and
PAR  FIG. 6 is a diagrammatic cross-section of another apparatus for carrying
      out a process according to the invention.
DETD
PAR  In FIG. 1 is shown a carrier 10 covered by a mask or diaphragm 11 having
      openings or perforations 12. The mask is pivoted on a holder 13, so that
      it may be swung in or out of position.
PAR  On the side of the mask 11, away from the carrier 10, are arranged a first
      vaporizer 14 and a second vaporizer 15. The openings 12 in the mask 11 lie
      at places where the vapor deposited layer should not be visible in the
      finished pattern.
PAR  In order to produce oxidized areas disposed in a pattern, a material is
      vapor deposited from the vaporizer 14 through the openings 12 onto the
      carrier which will later incite local corrosion of the final vapor
      deposited layer. Bismuth and sodium were among the materials utilized for
      this purpose in experiments carried out in this manner. The mask 11 is
      then removed, which in the apparatus shown in FIG. 1 is done by a simple
      sideways rotation arrangement. Thereafter, the entire surface of the
      carrier facing the two vaporizers is coated, by vapor deposition from the
      second vaporizer 15, with the actual metallizing layer. In the experiments
      carried out, aluminum was used as the metallizing metal.
PAR  The steps just described result in the layer structure shown in FIG. 2a, in
      which on the carrier 10 there are spots of corrosion inciting material 16
      and over that a metal layer 17. The corrosion inciting material is, in
      this case, bismuth and the metal layer is of aluminum.
PAR  Experiments have shown that with approximately the same results, an
      inversion of the sequence of steps is possible. Thus, the metal layer can
      be vapor deposited first and only thereafter the corrosion inciting
      material. When aluminum is used as the metal layer, the evacuated
      experimental apparatus should not be opened to the admission of air
      between the two steps, because in such case the aluminum surface will be
      covered, as the result of atmospheric oxidation, with an oxidized layer
      having a strongly corrosion limiting effect.
PAR  The pressure in the evacuated vapor deposition apparatus is less than
      10.sup..sup.-4 torr. Immediately upon removal of the coated carrier from
      the evacuated apparatus or after a certain reaction time depending upon
      the kind and quantity of material, the layer structure has the composition
      shown in FIG. 2b. For the combination of bismuth as corrosion inciting
      material and aluminum as metallizing layer, the reaction is completed
      after about 20 seconds after the aeration of the apparatus.
PAR  As shown in FIG. 2b, the metal layer 17 remains unchanged at the location
      not occupied by the corrosion inciting material 16, while at the places
      where the corrosion inciting material 16 was laid down an invisible
      transparent layer 18 is formed. The oxides and reaction products of the
      layer reaction produced in these places have a high electrical resistance
      and, in the layer depth deposited from vapor, are transparent. Because of
      this high insulation resistance, the reaction products are believed to
      include chiefly mixed or combined oxides of the vapor deposited materials.
PAR  In this manner, a pattern can be produced on a non-metallic substrate
      which, in addition to possessing differentiation by electrical properties
      in comparison to those of the metal layer, also possess good optical
      contrast determined by the optical properties of the surface. In order to
      emphasize the pattern more clearly, either the carrier itself can be dyed
      or otherwise colored or, as here illustrated, a pigment bearing organic
      covering medium can be spread or rolled onto the carrier 10 to form the
      layer 19. This layer, which may conveniently be black as shown in FIG. 3,
      is clearly visible in sharply defined areas corresponding to the pattern
      in which the corrosion inciting material was originally laid down, as a
      result of the conversion of the vapor deposited materials in those
      locations. The vapor deposited aluminum layer 17 and the corrosion
      inciting layer 16 are invisible at these locations and allow the pigment
      layer to be seen through them.
PAR  The electrical properties of the metallic layer 17 and of the transparent
      layer 18 are also strongly differentiated from each other. The resistance
      of the transparent layer 18 is so high that paths formed by this layer can
      take on the role of electric insulation isolating portions of the metallic
      layer.
PAR  The following example of a thin film structure according to the invention
      was experimently tested and measured:
PAR  On a glass substrate 75 mm long and 25 mm wide bismuth strips 25 mm long,
      0.4 mm wide and about 20 nm thick were vapor deposited in accordance with
      the invention through a diaphragm having a number of slits each 0.4 mm
      wide. The diaphragm was then removed and the entire substrate surface was
      coated with a 50 nm thickness of vapor deposited aluminum. The 25 mm long
      and 0.4 mm wide oxidized regions in the aluminum layer produced by induced
      corrosion were found to possess electrical resistance, measured in air, of
      far more than 100 megohms.
PAR  This process is particularly well suited for the manufacture of insulating
      strips or webs in metallized paper capacitors. Pulsing capacitors for high
      voltages provide an example of this application of the process. In such
      capacitors, it is necessary to take care to assure that the energy
      liberated by self-healing phenoma remains limited. FIG. 4 shows an example
      of metallized paper designed to take care of that problem. The metallizing
      layer 41 is in that case subdivided by insulating strips 42 into a sort of
      comb composed of many capacitor elements linked together. By this
      subdivision, the energy developed by a short circuit is reduced and the
      damage or destruction of the dielectric is prevented.
PAR  Another useful application of the process of this invention is illustrated
      by the production of a reference margin on an aluminized paper coded
      information tape in which the reference margin is adapted to be optically
      followed. The reference margin is formed of a linear array of squares
      measuring 1.2 mm on an edge, separated by 2.54 mm intervals. Black coated
      paper of a thickness of 40 .mu.m is used as a carrier, the coating having
      a thickness of 1 .mu.m. A cutting from a strip of such paper is shown in
      FIG. 3. FIG. 5 shows an apparatus for coating material in the form of tape
      in accordance with the invention.
PAR  The paper tape 20, which is to be vapor coated, is previously provided with
      a pigment layer applied by spreading or rolling. It is loaded into a vapor
      deposition apparatus that operates in a vessel in which a vacuum can be
      established and maintained. The paper runs first over a roll 21 which has
      square openings through its periphery spaced in sequence around the roll
      in a suitable array. Inside of the roll 21 is a vaporizing tube 23 having
      orifices in the plane of the holes of the roll 21. If more than one raster
      traces are to be produced at the same time, than two or more planes of
      holes are provided along side of each other.
PAR  Inside of the evaporation tube 23, which may be either directly or
      indirectly heated, a constant level of bismuth vapor pressure is
      maintained during the entire vapor deposition operation. The vapor
      pressure is so high that a bismuth accumulation of 2 .mu.g/cm.sup.2 is
      obtained through the square openings 22 of the roll 21. An auxiliary
      heater 24 provides for the introduction of additional heat where it can
      best prevent or mitigate condensation of bismuth atoms on the surface of
      the roll. The paper tape 20 then runs over a first guide roll 25 onto an
      exposure roll 26 and thereafter over a second guide roll 25'. The exposure
      roll 26 carries the surface of the tape on which bismuth was deposited
      (through the openings 22) now opposite a window in a diaphragm 27 through
      which an aluminum layer is vapor deposited on tha tape under the usual
      vapor deposition conditions. The source of aluminum vapor is not shown in
      FIG. 5. The amount of aluminum deposition amounts to 10 .mu.g/cm.sup.2.
PAR  The metallized paper tape 20 is then wound up on a takeup roll (not shown)
      in the apparatus. After removal from the vapor deposition apparatus and in
      part even while the product is still within the apparatus, the reaction
      begins. In the case of unhindered air access, the metal layer at the
      places where bismuth was laid down is transformed after 30 seconds. In the
      wound-up takeup roll, the reaction time is, according to the conditions,
      slightly lengthened. The end product of the reaction is transparent, so
      that the black background of the pigmented organic coating is visible. The
      contrast is excellent and the edges are sharp, so that the requirements
      for optical detection and matching up are fulfilled.
PAR  A very rapid layer conversion in the case of an aluminum layer can also be
      obtained if a thin sodium layer is used instead of bismuth. In an
      experiment carried out with vapor deposition of such a sodium layer,
      density of deposition of about 3 .mu.g/cm.sup.2 was observed. On the
      finished patterned metallized paper, practically no difference between the
      effect of sodium and that of bismuth can be recognized.
PAR  FIG. 6 shows another apparatus for carrying out the process of this
      invention. In front of the substrate 51 is located a fine mesh screen 52
      with a mesh width of 40 .mu.m. An area 54 of the screen 52 comprising many
      apertures of the screen is covered by an organic filling such as is used
      in screen printing. At this location, the metal layer should later be
      preserved. Following the process of this invention, a thin bismuth layer
      of 2 .mu.g/cm.sup.2 is now first vapor deposited through the screen from a
      vapor source 53. The screen is then removed and the entire surface vapor
      coated with about 10 .mu.g/cm.sup.2 of aluminum. After exposure to air and
      completion of the reaction, the marks imposed by the covering 54 are
      visible. The variation of the appearance of the background in the regions
      56 produced by change of the spacing d between the screen 52 and the
      surface of the substrate 51 is an important touchstone of this form of the
      process. If this spacing is very small, for example smaller than 1 mm, the
      projection fidelity of the process is so high that a raster is produced
      exactly corresponding to the geometrical dimensions of the screen from
      which the characters or other contours provided by the covered areas 54
      are set off. If the separation d is increased, an increasing fuzziness is
      produced on account of the fact that the vapor source 53 is not a point
      source but has finite dimensions, thus producing penumbra regions that
      meet at a certain minimum separation, while at the same time reflection
      and scattering of the vapor atoms also reduces the sharpness and depth of
      shadows. A distance is soon reached at which the entire area 56 is covered
      with a bismuth layer, even though of somewhat varying thickness. Since for
      the process of this invention, however, a wide range of acceptable density
      of bismuth layer is available, it is possible to obtain the result that
      the background pattern corresponding to the screen characteristics
      practically disappears, for the oxide formed over the whole surface region
      56 is transparent. The places more thinly coated with the corrosion
      inciting agent located directly behind the screen filaments do not show up
      in practice because the oxidation reaction is independent within wide
      limits of the amount or density of the oxidation promoting material.
PAR  The process of this invention has a copying fidelity that, in practice, is
      limited only by the vapor deposition conditions. With this process,
      oxide-metal patterns may be produced in size ranges that are not feasible
      with other processes such as, for example, direct vapor deposition of
      oxide, reactive vapor treatment and anodic oxidation. A particular
      advantage of the process of the invention lies in the fact that it can be
      carried out in a single vapor processing stage at small technical and time
      cost.
PAR  The application of the new process is, however, by no means limited to the
      illustrated examples. Just as the optical qualities of the reaction
      product may be used for the production of patterns in vapor deposited
      layers, their mechanical, electrical and dielectric properties can
      likewise be utilized for technically significant purposes. For example,
      utilization as a mechanical protective layer and finally use as a
      dielectric in thin film capacitors are to be considered.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of producing a visibly patterned metal layer supported on a
      carrier which comprises the steps of:
PA1  vapor-depositing a layer of a first metal under vacuum on said carrier
      substrate,
PA1  vapor-depositing under vacuum, at selected locations on said carrier, a
      second metal having corrosion inciting properties with respect to the
      first metal, such as to promote the formation of corrosion products of
      said first metal at said locations, and then
PA1  exposing the metal layer on said carrier to an oxidizing atmosphere to
      produce at said selected locations modified portions of the metal layer
      remaining fixed on said carrier and having characteristics readily
      distinguishable optically from unaffected portions of said metal layer,
PA1  the two aforesaid metal layer deposition steps being performed successively
      in the order above set forth under continued maintenance of vacuum.
NUM  2.
PAR  2. A method of producing a visibly patterned metal layer as defined in
      claim 1 in which said first metal is aluminum and said second metal is
      selected from the group consisting of bismuth and sodium.
NUM  3.
PAR  3. A method as defined in claim 1 in which said second metal (16) is
      vapor-deposited through a fine mesh screen (52) having particular regions
      thereof filled in as for a screen printing process.
NUM  4.
PAR  4. A method as defined in claim 3 in which the spacing between the plane of
      said screen and the surface of said substrate during the vapor-deposition
      of said second metal (16) is sufficient for said second metal (16) to
      reach the surface of said substrate behind the meshes of said screen but
      insufficient to allow said second metal to reach the surface of said
      substrate behind filled-in regions of said screen.
NUM  5.
PAR  5. A method of producing a visibly patterned metal layer supported on a
      carrier which comprises the steps of:
PA1  applying a colored layer to a carrier substrate,
PA1  vapor-depositing a metal layer under vacuum on said carrier substrate,
PA1  vapor-depositing under vacuum at selected locations on said carrier
      substrate a corrosion inciting material adapted to cause the formation of
      corrosion products of said metal at said locations, and then
PA1  exposing said metal layer to an oxidizing atmosphere to produce at said
      locations modified portions of said layer remaining fixed on said carrier
      substrate and having characteristics readily distinguished optically from
      unaffected portions of said metal layer,
PA1  said two vapor-depositing steps being performed after the application of
      said colored layer to said carrier substrate and being performed
      successively in the order above set forth, the thickness and materials of
      said vapor-deposited metal and corrosion inciting material being so chosen
      that said colored layer is visible through the corrosion products formed
      as aforesaid.
NUM  6.
PAR  6. A method as defined in claim 5 in which said colored layer is applied to
      said carrier substrate (10) by spreading or rolling on of a pigment
      bearing layer (19).
NUM  7.
PAR  7. A method as defined in claim 5 in which following the application of
      said colored layer to said carrier substrate, the vapor-deposition in
      vacuum of said metal layer and then the vapor-deposition in vacuum thereon
      of said corrosion inciting material are carried out in immediate
      succession.
NUM  8.
PAR  8. A method of producing a visibly patterned metal layer as defined in
      claim 5 in which said metal layer is a layer of aluminum and in which said
      corrosion inciting material is selected from the group consisting of
      bismuth and sodium.
NUM  9.
PAR  9. A method of producing a visibly patterned metal layer supported on a
      carrier which comprises the steps of:
PA1  vapor-depositing under vacuum, at selected locations on said carrier, a
      layer of a first metal,
PA1  vapor-depositing on said carrier substrate a layer of a second metal so as
      to cover both said selected locations on said carrier where said first
      metal has already been deposited and also portions of the surface of said
      carrier lying between said selected locations,
PA1  said first metal having corrosion inciting properties with respect to the
      second metal, and then
PA1  exposing the metal layer on said carrier to an oxidizing atmosphere to
      produce at said selected locations modified portions of the metal layer
      remaining fixed on said carrier and having characteristics readily
      distinguishable optically from unaffected portions of said metal layer,
PA1  the two aforesaid metal layer deposition steps being performed successively
      in the order above set forth under continued maintenance of vacuum.
NUM  10.
PAR  10. A method of producing a visibly patterned metal layer as defined in
      claim 9 in which said first metal is selected from the group consisting of
      bismuth and sodium and said second metal is aluminum.
NUM  11.
PAR  11. A method as defined in claim 9 in which said first metal is
      vapor-deposited through a fine mesh screen (52) having particular regions
      thereof filled in as for a screen printing process.
NUM  12.
PAR  12. A method as defined in claim 11 in which the spacing of said screen and
      the surface of said substrate during the vapor-deposition of said first
      metal is sufficient for said first metal to reach the surface of said
      substrate behind the meshes of said screen, but insufficient to allow said
      first metal to reach the surface of said substrate behind filled-in
      regions of said screen.
NUM  13.
PAR  13. A method of producing a visibly patterned metal layer supported on a
      carrier which comprises the steps of:
PA1  applying a colored layer to a carrier substrate,
PA1  vapor-depositing a first metal under vacuum at selected locations on said
      carrier substrate,
PA1  vapor-depositing a second metal layer under vacuum on said carrier
      substrate covering both said selected locations where said first metal has
      already been deposited and also the surface of said carrier substrate
      lying between said selected locations,
PA1  said first metal being a corrosion inciting material able to promote the
      formation of corrosion products of said second metal at said locations,
      and then
PA1  exposing said metal layer to an oxidizing atmosphere to produce at said
      locations modified portions of said layer remaining fixed on said carrier
      substrate and having characteristics readily distinguishable optically
      from unaffected portions of said metal layer,
PA1  the two vapor-depositing steps being performed after the application of
      said colored layer to said carrier substrate and being performed
      successively in the order above set forth, the thickness and composition
      of said vapor-deposited metal layers being so chosen that said colored
      layer is visible through the corrosion products formed as aforesaid.
NUM  14.
PAR  14. A method as defined in claim 13 in which following the application of
      said colored layer to said carrier substrate, the vapor-deposition in
      vacuum of said first metal (16) and then the vapor-deposition in vacuum
      thereon of said second metal layer (17) are carried out in immediate
      succession.
NUM  15.
PAR  15. A method as defined in claim 13 in which said colored layer is applied
      to said carrier substrate (10) by spreading or rolling on of a pigment
      bearing layer (19).
NUM  16.
PAR  16. A method of producing a visibly patterned metal layer as defined in
      claim 13 in which said first metal is selected from the group consisting
      of bismuth and sodium and in which said second metal is aluminum.
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ABST
PAL  Polymeric resinous coatings are formed on metallic surfaces by immersing
      them in an acidic aqueous coating composition comprising an oxidizing
      agent and a coating-forming polymeric resin dispersed in said composition
      by a dispersing agent said resin and dispersing agent being present in a
      predetermined proportion. The coating composition tends to become unstable
      as it is used. The stability of the coating composition is maintained by
      controlling the amounts of metal ions which tend to build-up in the bath
      and/or the dispersing agent. Specifically, dispersing agent and resin are
      added to said coating composition in amounts to replenish these
      ingredients and in a proportion such that the proportion of said added
      dispersing agent to said added resin is greater than said predetermined
      proportion and sufficient to maintain the stability of the dispersed resin
      in the composition thereby prolonging the operability of the coating
      composition.
PARN
PAC  FIELD AND BACKGROUND OF INVENTION
PAR  This is a continuation, of application Ser. No. 152,994, filed June 14,
      1971, now abandoned.
BSUM
PAR  This invention relates to the application of resinous coatings to metallic
      surfaces. More specifically, this invention relates to a method for
      maintaining the stability of a resinous coating composition which is used
      to coat metallic surfaces by immersing them in the composition.
PAR  There are disclosed in co-pending applications Ser. Nos. 791,762 and
      791,801, each filed on Jan. 16, 1969, now U.S. Pat. Nos. 3,592,699 and
      3,585,084 respectively, in the names of Steinbrecher and the present
      applicant a unique method and composition for applying resinous coatings
      to objects having metallic surfaces. (The disclosures of the
      aforementioned applications are incorporated herein by reference.) The
      resinous coatings are formed by immersing or dipping the metallic surfaces
      in an acidic aqueous coating composition comprising an organic
      coating-forming material and an oxidizing agent. Examples of organic
      coating-forming materials which can be utilized in the invention described
      in the aforementioned applications are polymeric resinous film-forming
      materials such as polyethylene, poly-acrylics, and styrene-butadiene
      copolymers. The film-forming material can be present in the acidic aqueous
      coating composition in dissolved, emulsified or dispersed form. Examples
      of oxidizing agents used in the coating composition are hydrogen peroxide,
      dichromate, perborate, bromate, permanganate, nitrite, nitrate and
      chlorate. A preferred coating composition is an acidic aqueous composition
      comprising fluoride ion, an oxidizing agent selected from the class
      consisting of hydrogen peroxide and dichromate, and particles of a
      film-forming resin dispersed in the composition, wherein the fluoride ions
      are added to the composition in the form of hydrofluoric acid and wherein
      the pH of the composition is within the range of about 1.6 to about 3.8.
PAR  Coatings formed from the above described coating compositions have
      excellent corrosion resistant and paint adherent properties. They can be
      used as a pre-pain coating. Or they can be used as a final finish on the
      metallic surface.
PAR  Coating compositions described in the aforementioned applications have a
      number of extremely important unique characteristics. For example, the
      coating compositions are effective in forming resinous coatings, the
      weights or thicknesses of which are related to the time the metallic
      surface is immersed in the composition. The longer the time of immersion,
      the heavier or thicker the coating. This characteristic is not possessed
      by known organic coating compositions. For example, it is known that a
      conventional latex, that is a dispersion of a film-forming polymeric
      material in water, can be utilized to form organic coatings on metallic
      surfaces by immersing the surface in a bath of the latex; however, the
      thickness of the resultant coating is substantially the same regardless of
      how long the surface is immersed. In essence, the weight or thickness of a
      coating that can be obtained from a particular latex is limited when the
      surface is simply immersed therein. In order to build up the thickness of
      the coating, applicators have subjected metallic surfaces to a multiple
      stage coating operation in an effort to attain a coating of the desired
      thickness. Such operation includes immersing the metallic surface in a
      latex bath, withdrawing the surface, drying or fusing (as by heating) the
      coating formed thereon and then repeating the immersion and drying steps
      until the thickness of the coating is satisfactory. This, of course, is a
      time-consuming and costly operation. Moreover, the resins of some
      film-forming latices do not adhere to themselves readily and efforts to
      build up layer upon layer of the resin have been frustrated or special
      techniques must be utilized. This further adds to the cost of the multiple
      stage application process. These disadvantages can be avoided by the use
      of the compositions described in the aforementioned applications.
PAR  Another undesirable characteristic of known aqueous organic film-forming
      compositions is that the coating deposited on the metallic surface is not
      initially adherent to the surface. For example, the coating cannot be
      rinsed without removing virtually all of the coating from the surface.
      This evidences a lack of adherence to the substrate. On the other hand,
      the coatings formed from the compositions described in the aforementioned
      patents are initially adherent to the substrate and resist being rinsed
      therefrom even when they are still wet.
PAR  Another shortcoming of utilizing known organic film-forming compositions is
      that little or no coating is formed on the edges of the metallic article.
      However, coatings formed from the compositions described in the
      aforementioned patents adhere to the edges of the article.
PAR  A problem that has been encountered in the use of coating compositions
      described in the aforementioned patents is that as the composition is used
      to coat quantities of metallic surfaces, the composition eventually
      becomes unstable. Instability of the composition is characterized by
      floculation, coagulation, or gelling of the resinous coating-forming
      material. After the composition becomes unstable, it can no longer be used
      effectively to coat metallic surfaces. For all practical purposes the
      composition is rendered inoperative.
PAR  Abortive attempts were made to preserve the stability of the bath of
      coating composition by replenishing the ingredients comprising the
      composition as they were depleted during the use of the composition,
      However, it was found that replenishment of the ingredients was not
      effective to maintain the stability of the composition. By way of example,
      it is noted that a replenished coating composition became unstable
      notwithstanding that the amounts of ingredients in the composition were
      about the same immediately prior to its becoming unstable as when the
      composition was being used to effectively form coatings on metallic
      surfaces immersed therein.
PAR  This invention is directed to maintaining the stability of a bath of
      resinous coating composition of the type described in the aforementioned
      patents.
DRWD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, it has been found that an acidic aqueous
      coating composition comprising (1) a coating-forming resin dispersed in
      the composition by a dispersing agent associated therewith and (2) an
      oxidizing agent can be maintained in a stable coating-forming state as it
      is used to coat a plurality of metallic surfaces which are immersed
      therein by controlling the amounts of (1) excess oxidized metallic ions
      which build-up in the coating composition and (2) the dispersing agent in
      the composition to maintain them in a proportion effective to prevent said
      dispersed resin from becoming unstable throughout the composition.
PAR  By way of explanation, it is noted that the coating-forming resinous
      ingredient of the coating composition described herein is water insoluble
      and is dispersed uniformly in the aqueous phase of the composition by
      surfactants or dispersing agents associated therewith. However, as the
      coating composition is used, the dispersing agent is rendered ineffective
      to maintain the resin particles uniformly distributed throughout the
      aqueous phase by metallic ions which build-up in the composition. For
      example, when an iron surface is immersed in the acidic aqueous
      composition, ferrous ions are dissolved from the metallic surface and are
      oxidized by the oxidizing agent of the composition to ferric ions. During
      initial use of the composition, the ferric ions function to render the
      dispersed resin particles unstable in the region of the metallic surface.
      It is believed that the ferric ions function to render the dispersing
      agent ineffective for maintaining the resin particles to their dispersed
      state. The unstabilized resin particles deposit on the metallic surface.
      However as additional metallic surfaces are immersed in the composition,
      the amount of ferric ions in the composition tends to build-up with the
      result that the dispersed resin becomes unstable, not only in the region
      of the metallic surface, but also in other portions of the coating
      composition. As this occurs, the dispersed resin begins to coagulate,
      flocculate or gel throughout the bath of coating composition. This renders
      the bath unstable and eventually inoperative.
PAR  In accordance with the invention, the bath of coating composition can be
      maintained stable as it is used to coat a plurality of metal objects by
      controlling the amounts of oxidized metallic ions which tend to cause the
      instability problem, referred to herein as "excess oxidized metallic
      ions", and the dispersing agent for maintaining the resin particles in
      their dispersed state in a proportion effective to prevent said dispersed
      resin from becoming unstable in the composition except in the region of
      the metallic surface. As will be explained in detail hereinbelow, said
      effective proportion of excess oxidized metallic ions and dispersing agent
      can be maintained either by removing the excess oxidized metallic ions
      from the composition, for example, by precipitation thereof, or by adding
      additional dispersing agent to the composition. In utilizing the latter
      method, the amount of dispersing agent added must be over and above that
      which is normally associated with an aqueous dispersed resin which is used
      to replenish the resinous ingredient as it is depleted during use of the
      composition. The stability of the bath can be maintained also by using a
      combination of both the aforementioned steps, that is by adding additional
      dispersing agent and removing said excess oxidized metallic ions.
PAR  When coating iron surfaces, a preferred method for removing excess ferric
      ions is precipitation thereof by adding calcium hydroxide to the coating
      composition.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As mentioned hereinabove, coating compositions for use in this invention
      comprise an acidic aqueous coating composition containing a
      coating-forming resin dispersed in said composition by a dispersing agent
      associated therewith and an oxidizing agent.
PAR  It is believed that this invention will have its widest application of use
      with compositions which contain a coating-forming polymeric resin which is
      dispersed in the aqueous phase of the coating composition in the form of
      liquid or solid particles. Such resin dispersions are referred to
      generally as "latices".
PAR  Speaking generally, the resin particles are maintained in their dispersed
      state by one or more dispersing agents which are associated with the
      particles, as by being absorbed on the surfaces of the individual
      particles. The dispersing agent function to keep the particles separate
      and apart in the water phase so that they remain in a suspended state. In
      addition, the dispersing agent functions as a wetting agent which lowers
      the interfacial tension between the resin particles and the water.
PAR  In the absence of an effective dispersing agent, the resin particles will
      tend to coagulate, flocculate or gel. As mentioned briefly above, it is
      believed that the metal ions that are dissolved from the metallic surface
      and then oxidized by the acidic aqueous coating composition are
      responsible for causing the resin particles to deposit on the metallic
      surface by rendering the dispersing agent associated with the resin
      particles ineffective for maintaining the particles in their suspended
      state.
PAR  Resin dispersions for use in the composition described herein are well
      known and many are available commercially. They are made generally by
      emulsion polymerization in which one or more monomers are polymerized in
      water in the presence of dispersing agents or emulsifiers which function
      to solubilize the monomer, suspend monomer droplets and suspend also the
      polymeric particles which are produced by the polymerization reaction. An
      alternative method for preparing the resin dispersions is by post
      emulsification which includes stirring particles of the resin in water
      which contains a dispersing agent.
PAR  Dispersing agents which are used in resin dispersions are well known. In
      general, they are anionic or non-ionic materials which have surface active
      properties. Some examples of dispersing agents are: sulfuric acid esters:
      sulphonic acids; materials containing amine and carboxyl groups; and
      various esters and amides.
PAR  Most resin dispersions or latices contain usually other ingredients such as
      opaque and extender pigments, and dispersants therefor, preservatives,
      anti-rust agents, foamers, pH buffers, protective colloids and
      plasticizers. The exact composition of most commercially available latices
      is proprietary information. Because of the many different ingredients
      comprising the dispersions they are very difficult to analyze. However,
      the basic ingredients and range of amounts thereof are known to those
      skilled in the art, and as mentioned above, many types are available
      commercially.
PAR  The amount of film-forming resin utilized in the acidic aqueous composition
      can vary over a wide range. The lower concentration limit is dictated by
      the amount of coating material needed to provide sufficient material to
      form a coating. The upper limit is dictated by the amount of material
      which can be dispersed in the acidic aqueous composition.
PAR  In formulating the coating composition, it is preferred that the other
      ingredients of the composition be added to the latex. Upon addition of the
      other ingredients to the latex, there is obtained a composition which can
      be characterized as an acidic aqueous solution of an oxidizing agent
      having dispersed therein resin particles.
PAR  The coating composition is acidic and thus contains acid. Any acid, present
      in an amount sufficient to impart a pH of less than 7 to the composition,
      can be used. Typical examples of mineral acids that can be used are
      sulphuric, hydrochloric, hydrofluoric, nitric, phosphoric, hydrobromic and
      hyroiodic. Examples of organic acids that can be used are acetic,
      chloracetic, trichloracetic, lactic, tartaric and polyacrylic acid.
      Examples of other acids that can be used are fluoboric, fluotitanic and
      fluosilicic. Hydrofluoric acid is a preferred acid.
PAR  It is noted also that an acid which contains an anion that functions an an
      oxidizing agent can be the source of not only hydrogen ion, but also the
      oxidizing agent. An example of such an acid is nitric acid.
PAR  It is preferred that the aqueous coating composition have a pH within the
      range of about 1.6 to about 3.8. Thus, the preferred amounts of acids are
      those which impart to the composition a pH within the preferred range.
PAR  The acid component dissociates, of course, to yield hydrogen ion and an
      anion. If it is desired to have a particular anion present in a
      composition such, as for example, fluoride ion, which gives particularly
      good results, and it is desired also to use an acid other than one which
      contains the particular anion, then the anion can be added by way of a
      soluble salt containing the anion.
PAR  Any oxidizing agent can be utilized in the coating composition. Examples of
      oxidizing agents that can be used are hydrogen peroxide, dichromate,
      perborate, bromate, permanganate, nitrite, nitrate, and chlorate.
      Oxidizing agents can be conveniently added to the composition in the form
      of its water soluble salt, such as for example alkali and ammonium salts.
      Particularly good results have been obtained when the oxidizing agent is
      one which releases oxygen in the acidic aqueous coating composition. The
      preferred oxidizing agents are hydrogen peroxide and dichromate, with
      hydrogen peroxide being most preferred. Hydrogen peroxide can be added
      conveniently to the composition in the form of a 30% aqueous solution. As
      to the source of dichromate, excellent results have been obtained by
      utilizing a dichromate salt, for example, calcium dichromate. However, any
      water soluble hexavalent chromium-containing compound, which forms
      dichromate in an aqueous acidic medium can be used. For example, chromates
      and chromic acid can be used as the source of dichromate.
PAR  The amount of oxidizing agent that should be used is an amount sufficient
      to provide an oxidizing equivalent of at least 0.01 per liter of the
      composition. (The term "oxidizing equivalent" when used herein means the
      number of grams of oxidizing agent used divided by the equivalent weight
      of the oxidizing agent. The equivalent weight of the oxidizing agent is
      the gram molecular weight of the agent divided by the change in valence of
      all atoms in the molecule which change valence (usually one element).)
      Amounts of oxidizing agent which provide an oxidizing equivalent somewhat
      below 0.01 can be used but preferably the oxidizing equivalent should be
      at least within the range of about 0.01. It appears that there is no
      critical upper limit as to the oxidizing equivalents that are used;
      however, it is preferred that the oxidizing agent be present in an amount
      such that the upper oxidizing equivalent value is about 0.2. However, it
      should be understood that the oxidizing agent can be used in an amount to
      provide an oxidizing equivalent much higher than 0.2, for example, one or
      more.
PAR  There appears hereinafter a description of a preferred coating composition
      for use in accordance with this invention. The preferred composition is
      one which contains a dispersed resin as the coating-forming ingredient,
      the source of the resin being latex thereof, in combination with fluoride
      ion and either hydrogen peroxide or dichromate as the oxidizing agent.
      More particularly the preferred aqueous acidic coating composition
      comprises:
PA1  a. about 5 gs/l to about 550 gs/l of resin dispersed in the composition,
      the source of the resin being a latex thereof;
PA1  b. about 0.4 g/l to about 5 gs/l of fluoride ion;
PA1  c. an oxidizing agent selected from the class consisting of H.sub.2 O.sub.2
      and dichromate, said agent being present in an amount sufficient to
      provide from about 0.01 to about 0.2 of oxidizing equivalent per liter of
      composition; and
PA1  d. hydrogen ion is an amount sufficient to impart a pH to the composition
      of about 1.0 to about 3.8.
PAR  As will be apparent from the discussion which follows, coating compositions
      can be formulated with above mentioned ingredients present in amounts
      outside of the ranges set forth above -- the above described composition
      being a preferred one.
PAR  With respect to the resin component of the above described preferred
      composition, it is present in the composition in the form of dispersed
      particles. This aqueous resin dispersion is preferably supplied as a
      latex.sup.(1). The latex should be stable, of course, in the presence of
      the other ingredients comprising the composition. The manifestation of an
      unstable latex or one which cannot be stabilized is the dispersed resin
      will precipitate, flocculate or gel.
FNT  .sup.(1) An authorative discussion concerning latex resins may be found in
      Emulsion and Water Soluble Paints and Coatings by Charles R. Martens,
      published by Reinhold Publishing Corporation, 1954.
PAR  Examples of commercially available latices which can be used include the
      following:
     TRADENAME          REPORTED COMPOSITION                                   
     ______________________________________                                    
     Pliolite 491       Styrene-butadiene                                      
     Acrylene 45        Acrylic co-polymer                                     
     Catalin A-1464     Acrylic co-polymer                                     
     Catalin A-1482     Acrylic co-polymer                                     
     Geon 552           Polyvinyl chloride                                     
     Hycar 2600X 91     Acrylic co-polymer                                     
     Hycar 2600X 92     Acrylic co-polymer                                     
     Catalin A-1422     Acrylic co-polymer                                     
     Rhoplex HA-12      Acrylic co-polymer                                     
     Poly-Em 40         Polyethylene                                           
     Pliovic 400        Acrylic co-polymer                                     
     Teflon             Tetrafluoroethylene                                    
     ______________________________________                                    
PAR  Coating-forming latices other than those listed above, may be employed.
      However, the group of latices listed above has been found to give very
      satisfactory and acceptable results, and for this reason may be regarded
      as the preferred set of latex resin materials for use in the invention.
PAR  The amount of dispersed resin utilized in the coating composition can vary
      over a wide range. The lower concentration limit of the resin is dictated
      by the amount of resin needed to provide sufficient resinous material to
      form a coating. The upper limit is dictated by the amount of resin which
      can be dispersed in the acidic aqueous solution. Although higher or lower
      amounts can be used, it is preferred that the composition contain from
      about 5 to about 550 gs/l of resin. The volume of latex utilized to
      provide the desired amount of resin will vary depending on the amount of
      resin dispersed in the latex, as latices varying in solids content are of
      course available.
PAR  The concentration of the resin in the composition has an influence on the
      weight of coating that will be obtained, other factors held constant.
      Compositions with greater amounts of a particular resin will produce
      higher coating weights. For example in one series of experiments panels
      were immersed for one minute in a composition that contained 1.5 gs/l of
      hydrogen peroxide, 2 gs/l of fluoride ion (added as HF) and different
      amounts of acrylic resin, the source of which was Catalin A-1316 latex.
      When the acrylic resin content was about 12 gs/l a coating weight of 232.2
      mgs/sq. ft. was obtained, whereas when the composition contained in the
      range of about 250 gs/l of acrylic resin, the weight of the coating was
      almost 1550 mgs/sq. ft.
PAR  As mentioned above, the preferred aqueous acidic coating composition for
      use in this invention contains fluoride ion. The optimum, preferred method
      of making the composition acidic and adding fluoride ion comprises the use
      of hydrofluoric acid. This acid permits a simple means for control over pH
      requirements of the composition and obviates the need for introducing the
      fluoride ion in the form of an alkali metal, ammonium or other salt. While
      coatings can be obtained by adding the fluoride in salt form, it is
      preferred to utilize hydrofluoric acid and avoid the use of salts which
      may give rise to undesirable cations in the coating composition or
      complicate pH adjustment. If the fluoride component is added in the form
      of a salt, the pH of the composition can be adjusted by the use of acids
      other than hydrofluoric or in combination with hydrofluoric. Examples of
      such acids include sulfuric, phosphoric, nitric and hydrochloric.
PAR  With respect to the fluoride ion concentration, amounts within the range of
      about 0.4 to about 5 gs/l of composition (calculated as F) are preferred.
      Nevertheless, higher or lower amounts can be utilized to provide coatings
      wherein the coating weight builds up as a function of time.
PAR  As noted hereinabove, the preferred pH value of the acidic coating
      composition is within the range of about 1.6 to about 3.8. This pH may be
      measured by any conventional means, the standard glass electrode method
      being conventional practice. However, due to the presence of fluoride ion
      in the coating solution, the pH value should be determined by rapidly
      observing the value obtained on initial immersion of the glass electrodes.
      Where the pH is permitted to fall below 1.6, the coating composition may
      tend to etch the metal surface. On the other hand, when the pH of the
      coating composition rises above about 3.8,  the composition tends to
      impart very thin coatings to the metal substrate.
PAR  The oxidizing agent used in the preferred coating composition is hydrogen
      peroxide or dichromate ion (Cr.sub.2 O.sub.7). Hydrogen peroxide is most
      preferred. The hydrogen peroxide can be added conveniently in the form of
      a 30% aqueous solution of hydrogen peroxide.
PAR  The dichromate constituent can be added in the form of a variety of water
      soluble hexavalent chromium-containing compounds. Examples of such
      compounds include chromic acid, potassium dichromate, magnesium
      dichromate, potassium chromate and sodium chromate. Any water soluble
      hexavalent chromium-containing compound, which in an aqueous acidic medium
      forms dichromate can be used. Preferred sources of the dichromate
      ingredient are dichromates, for example calcium dichromate. Particularly
      good results have been obtained by utilizing an aqueous solution of
      chromic acid and a calcium salt, for example calcium carbonate. In
      addition, particularly good results have been obtained by adding to the
      composition an aqueous solution made up from potassium dichromate and
      calcium acetate. It is preferred also that the source of dichromate be
      added to the latex used in the form of an aqueous solution of the
      hexavalent chromium-containing compound. 31/2
PAR  The preferred amount of oxidizing agent is an amount sufficient to provide
      an oxidizing equivalent of about 0.01 to about 0.2 in one liter of the
      composition. Somewhat lesser amounts of the oxidizing agent which provide
      an oxidizing equivalent outside of the lower value can be utilized also.
      The upper equivalent value is not critical and can be much higher. For
      example, resinous coatings have been obtained when the amount of hydrogen
      peroxide used provided an oxidizing equivalent in excess of one. It has
      been observed that when dichromate is utilized as the oxidizing agent in
      amounts to provide oxidizing equivalents in the higher range, then higher
      amounts of fluoride should be used -- for example 31/2  to 5 gs., when the
      dichromate equivalent is within the range of about 0.1 to about 0.2.
PAR  As to particularly preferred amounts of the oxidizing agent, there should
      be utilized about 0.3 to about 3.0 g/l of hydrogen peroxide (approximately
      0.02 to 0.2 equivalent) and from about 1 g/l to about 2 g/l of dichromate
      (approximately 0.03 to 0.055 equivalent). However, when an aqueous
      solution made up from chromic acid and calcium carbonate or when an
      aqueous solution made up from potassium dichromate and calcium acetate is
      used, then lower amounts of dichromate can be utilized and thicker
      coatings can be obtained, for example about 0.735 g/l to about 0.95 g/l of
      dichromate (approximately 0.02 to 0.03 equivalent).
PAR  The above described preferred composition can be utilized to good advantage
      to produce quality coatings, the thickness of which can be controlled by
      the time a metallic surface is immersed therein.
PAR  Other optional ingredients can be added to the coating compositions
      described above.
PAR  The addition of a coalescing agent can enhance the corrosion resistant
      properties of the coatings. Among the many coalescing agents which are
      available, it is preferred that ethylene glycol monobutyl ether, commonly
      known as butyl Cellosolve, be used. This particular agent demonstrates
      complete compatibility in various proportions in the coating composition
      of this invention, and imparts a high degree of adhesion with respect to
      bonding polymeric films. Examples of other coalescing agents than can be
      used are hexylene glycol, diethylene glycol monoethyl ether acetate,
      diethylene glycol monobutyl ether acetate and ethylene glycol monobutyl
      ether acetate.
PAR  With respect to the amount of coalescing agent used, it is preferred that
      from about 5 to about 30 grams (per liter of composition) of this agent be
      employed to realize the enhanced corrosion resistant and adhesion
      properties; nevertheless, higher or lower amounts can be utilized.
PAR  As an aid in assuring thorough wetting of the metallic surface during
      treatment, it is sometimes preferable to incorporate into the coating
      composition a small quantity of a wetting agent, such as up to about 0.15%
      by weight of the total composition, over and above that which may be
      present in the source of the coating-forming material, for example a
      latex. Use of wetting agents is preferred practice where the metallic
      surface to be treated is not thoroughly cleaned, since such agents permit
      wetting of the metallic substrate with removal of some or all of the
      contaminants present thereon. Preferably nonionic or anionic type wetting
      agents are used; they provide satisfactory degrees of wetting when
      incorporated into the coating composition of this invention. Examples of
      wetting agents that can be utilized are alkyl phenoxy polyethoxy ethanol
      and sodium salts of alkylaryl polyether sulfonate.
PAR  If desired, the coating composition used in the present invention may be
      formulated so as to provide decorative or aesthetic effects upon treated
      metallic surfaces. When applied to metallic surfaces, the colors of the
      coatings produced tend to vary depending on a number of factors, including
      for example, the conditions under which the coatings are dried or fused
      and the coating-forming material used. Variations in the color may be
      realized by adding to the composition commonly used water-dispersible
      pigments, such as for example, phthalocyanine blue, phthalocyanine green,
      carbon black or quinacridone red. Generally, these pigments provide
      excellent color variations with no sacrifice in coating quality. Any
      pigment that is compatible with the composition and does not make is
      unstable can be used.
PAR  The amount of pigment which may be employed will depend, as is well known
      in the art, upon the depth or degree of hue desired. It should be noted
      that when dispersible pigments are used, it is advantageous to employ a
      small quantity of a wetting agent, in accordance with the above
      discussion, to aid in dispersing the pigment and maintaining it in
      satisfactory dispersion.
PAR  The coating composition for use in the practice of this invention can be
      utilized to coat a variety of metallic surfaces. Particularly good results
      have been obtained in the coating of ferriferous and zinciferous surfaces.
PAR  Metallic surfaces which have thereon a previously formed coating also can
      be coated by the coating compositions described above. Such previously
      formed coatings may be of the crystalline or amorphous types. Process and
      compositions for applying such coatings are well known. By way of example,
      such coatings can include those that are generally referred to as
      phosphates, chromates oxalates, and oxides (anodized or chemically
      converted) coatings.
PAR  There follows a description of conditions under which a coating may be
      applied in the practice of this invention.
PAR  The time of immersion of a metallic surface in the coating composition may
      vary from as little as 30 seconds to as much as 10 minutes or even longer.
      However, it has been found that while coating weights increase with
      prolonged treating times, maximum coating weights seem to be realized
      within about 10 minutes time, so that longer exposure of the metal
      surfaces to the action of the coating compositions generally do no yield
      correspondingly heavier coating weights. This matter of coating weights is
      also dependent to some extent upon the type of coating-forming material
      employed, so that in any particular instance preliminary coating weight
      determinations may be run in order to ascertain the type of coatings which
      are likely to be obtained with a particular system. In the interest of
      ecomony, suffice it to say that it is preferred to operate utilizing
      coating cycles of from about 1 to about 5 minutes duration.
PAR  As was pointed out above, the coating weight, for a particular coating
      composition and type of metal surface being treated, tends to increase, up
      to a maximum, as the time of treatment is increased. Once the operating
      characteristics of a particular coating system have been ascertained, this
      fact cn be exploited to provide a convenient, readily variable, control
      parameter for securing the desired coating weight. If a light coating is
      desired, a short treating time can be employed, and when a heavy coating
      is desired, the treatment time can be lengthened. This advantage is
      unavailable to those using other types of resinous coating compositions
      because the coating weights obtained with other types of compositions are
      not, as a practical matter, a function of time.
PAR  With respect to coating bath temperature, this is preferably operated
      anywhere from ambient temperature, that is from about 20.degree.C., up to
      about 40.degree.C. If the coating bath temperatures are permitted to rise
      much in excess of about 40.degree.C. it has been found that coating
      weights begin to decrease, so that if heavier coatings are desired they
      will not be obtained by raising the temperature -- other factors held
      constant. Nevertheless, coatings can be produced when the temperature of
      the composition is in excess of about 40.degree.C. Obviously, temperatures
      which render the composition unstable should be avoided. Since the
      coatings obtained at ambient temperature are completely satisfactory, it
      is preferred to operate at this temperature so as to obviate the necessity
      of maintaining heated bath compositions, and thus obtain a reduction in
      coating costs. Of greater importance, however, is bath stability, which is
      at its maximum at room temperature. It has been noted that with respect to
      latices, these are more stable at room temperature.
PAR  Nevertheless, some advantages can be obtained by immersing the metallic
      surface in a heated coating composition. With all factors held constant
      except the temperature of the coating bath, it has been found that higher
      weight coatings can be obtained as the temperature of the composition is
      raised. The coating weight begins to fall off as the temperature exceeds a
      certain limit, which limit will vary depending on the type of
      coating-forming material utilized in formulating the coating composition.
PAR  It is preferred that relative motion be maintained between the coating
      composition and the metallic surface immersed therein. This may be
      accomplished, for example, by stirring the composition with a mixer or by
      moving the surface in the composition. By maintaining relative motion
      between the surface and the composition, heavier or thicker coatings can
      be obtained. By way of example, it is noted that in one experiment wherein
      a metallic surface was moved in the composition, there was obtained a
      coating that weighed almost ten times as much as a coating formed on a
      surface that was simply immersed in the composition with no relative
      motion between it and the composition being maintained.
PAR  Coatings can be formed from the composition without utilizing electricity
      as is used in the electrocoat or electrodeposit process for painting
      metals. The metallic surface may have an electrical charge as a result of
      being immersed in the coating composition, but a charge applied from an
      external source is not needed.
PAR  Numerous exemplary compositions for forming resinous coatings as described
      above are set forth in the aforementioned applications Ser. Nos. 791,762
      and 791,801 (now U.S. Pat. Nos. 3,592,699 and 3,585,084 respectively) and
      the examples of said applications are incorporated herein by reference.
PAR  As mentioned hereinabove, continued use of the caoting compositions
      described herein leads to their becoming unstable as a result of the
      build-up of excess oxidized metallic ions; as the ions build-up in
      concentration, the proportion or ratio of ions to dispersing agent
      increases. The ions render the dispersing agent for the dispersed resin
      particles ineffective for maintaining the particles in their dispersed
      state. It should be understood that in order for the composition to coat
      the metallic surface, the dispersed resin particles in the region of the
      metallic surface must be rendered unstable so that they deposit on the
      surface. In effect, an object of this invention is to maintain the resin
      particles in the aqueous phase of the composition in their dispersed state
      except for those particles in the region of or adjacent to the metallic
      surface.
PAR  In accordance with this invention this can be accomplished by controlling
      the amounts of excess oxidized metallic ions, that is, those ions
      dissolved from the metallic surface and then oxidized by the oxidizing
      agent, and the dispersing agent for the resin particles to maintain them
      in a proportion which is effective to prevent the dispersed resin from
      becoming unstable in the composition except in the region of the metallic
      surface.
PAR  In view of the numerous variables which are associated with the coating
      compositions described herein and the manner in which they are used, it is
      impractical, if not impossible, to state a numerical value for the
      proportion of excess oxidized metallic ions and the dispersing agents. The
      following factors can have a bearing on said proportion; the type of metal
      being coated; the specific type of resin dispersion comprising the
      composition, particularly the dispersing agents associated therewith; the
      rate of throughput of the metallic surfaces in the composition; and the
      extent to which the composition ionizes the metallic surfaces. It is noted
      also that the amount of dispersing agent usually associated with the resin
      is relatively small, for example, about 0.2 to 3 wt. %. This coupled with
      the numerous other ingredients that generally comprise a latex can make
      analysis of the composition difficult. For these reasons, it has been
      found more expedient to make certain empirical determinations respecting
      the operating characteristics of specific baths and then utilize these
      determinations as guidelines for adjusting or controlling the amounts of
      excess oxidized metallic ion and dispersing agent in the desired
      proportion or ratio.
PAR  In general, it will be most convenient to make the empirical determinations
      on a test bath and then use the determinations in operating a production
      bath. Two such determinations which can be made are recording the surface
      tension of the composition as it used to coat metallic surfaces and
      analyzing the bath for metallic ion content as it is used. These
      recordings and analyses should continue until the compositions become
      unstable.
PAR  An explanation of how these determinations can be used as guidelines for
      determining when to adjust the amounts of excess oxidized metallic ions
      and/or dispersing agent to maintain them in a proportion which will
      maintain the bath in a stable condition follows.
PAR  It has been found that as the composition is used, the metallic ions build
      up, the surface tension of the composition begins to rise and, if steps
      are not taken to control the stability of the compositions, the surface
      tension will continue to rise to a value at which the resin dispersion
      flocculates, gels, or coagulates throughout the composition thereby
      rendering it inoperative. By operating a given coating composition to a
      state of instability and recording the surface tension of the composition,
      the value at which any given composition tends to become unstable under
      typical operating conditions can be determined. This information can be
      used in future operation of a like composition. By recording the surface
      tension of the composition as metallic surfaces are processed through it,
      steps can be taken to avoid instability. For example, excess oxidized ions
      can be removed from the composition; or additional dispersing agent can be
      added to the composition thereby lowering the surface tension to its
      normal operating and stable value.
PAR  Periodic analyses of the metal content of an operating bath is another way
      for determining when the proportion of excess oxidized metallic ions and
      dispersing agent should be adjusted. It has been found, for any given
      coating composition, the composition will become unstable when the
      metallic ions build-up to a certain value. By operating a given coating
      composition to a state of instability and recording the metallic ion
      content, the concentration at which any given composition tends to become
      unstable under typical operating conditions can be determined. This
      information can be used in the future operation of a like composition to
      avoid instability. By recording the excess oxidized metallic ion
      concentration of the composition as metallic surfaces are processed
      through it, steps, as outlined above can be taken to avoid instability.
      Excess oxidized metallic ions can be removed from the bath thereby
      reducing the concentration thereof in the composition. Or additional
      dispersing agent can be added to the composition.
PAR  It has been found that for relatively long continued operating of the bath,
      it will be necessary to remove excess oxidized metallic ions from the
      bath. The addition of dispersing agent is effective to prolong stability
      of the bath to a certain extent, but as the metallic ions continue to
      build-up in concentration, further additions of dispersing agent are not
      effective to maintain stability. By way of example, it is noted that when
      utilizing a coating composition containing an aqueous dispersion of
      styrene-butadiene copolymer, HF and H.sub.2 O.sub.2 to coat steel panels,
      the composition tended to become unstable as the ferric ion concentration
      exceeded about 1.5 g/l. The composition could be operated for prolonged
      periods by replenishing the ingredients as they were consumed and removing
      ferric ions periodically as their concentration approached about 1.5 g/l.
PAR  Bath stability of the same type of composition was prolonged also by adding
      periodically dispersing agent, instead of removing the ferric ions.
      However, when utilizing this method, it was found that the composition
      became unstable when the iron concentration in the bath reached about 3
      g/l notwithstanding that additional amounts of dispersing agent were added
      to the composition. Thus, this method can be used effectively for
      applications in which the bath is not used extensively, but for extensive
      use it is necessary to remove eventually the excess oxidized metallic
      ions.
PAR  It is preferred that the aforementioned methods be used in combination.
      Dispersing agent can be added to prolong stability at relatively higher
      metallic ion concentration (this concentration can be determined by the
      empirical determinations described above) and the metallic ions can be
      removed from the bath.
PAR  It is noted also that many present commerically available latices, which
      can be used in the composition described herein, have a surface tension in
      the range of about 30 to about 40 dynes/centimeter. The addition of acid
      and oxidizing agent to such latices does not affect the surface tension
      thereof to any significant degree so that compositions prepared from such
      latices can have a like surface tension. (The surface tension of pure
      water is about 72 dynes/cm). In coating steel panels, it has been found
      that such compositions tend to become unstable as the surface tension
      rises to about 40 to about 50 dynes/cm. and as the iron in the bath
      builds-up to a concentration of about 1 to about 3 g/1 or higher. It
      should be understood that these values are exemplary and that for any
      given composition and specific use thereof the values can differ; however,
      they can be determined readily.
PAR  The excess oxidized metallic ions can be removed by any suitable method. It
      is preferred that they be removed by precipitating them from the
      composition.
PAR  When utilizing a preferred composition within the scope of this invention,
      that is one prepared from a latex and containing HF and H.sub.2 O.sub.2 to
      coat an iron surface, it is preferred that the generated ferric ions be
      precipitated by adding Ca(OH).sub.2 to the composition. Ferric ions
      precipitate as Fe(OH).sub.3 as the pH of the composition is raised by the
      addition of Ca(OH).sub.2.
PAR  The use of Ca(OH).sub.2 has a number of advantages. No Ca ion is left in
      the composition because it precipitates as CaF.sub.2. Thus, there is no
      build-up of this cation in the composition. (The fluoride which
      precipitates with the Ca can be replenished readily.) Other advantages of
      using Ca(OH).sub.2 are its very low cost and the ease with which it can be
      handled.
PAR  The Ca(OH).sub.2, which is preferably added in the form of an aqueous
      slurry, should be added in an amount sufficient to remove as much ferric
      ion as required to maintain bath stability. By way of example, it is noted
      that in the use of a preferred coating composition described herein to
      coat steel panels, most of the ferric ion was precipitated by raising the
      pH of the composition from about 2.5 to about 4.
PAR  Other materials which can be used to precipitate ferric ion include other
      alkaline earth metal hydroxides and oxides and alkali metal hydroxide.
      However, in utilizing NaOH, it has been found that the coatings formed
      from the resulting composition, which was adjusted subsequently to its
      operating pH by the addition of HF, were less resistant to water rinsing.
      In addition, when using NaOH, sodium ions tend to build-up concentration
      in the composition. The quality of coatings produced form such a
      composition is affected adversely.
PAR  The use of Ca(OH).sub.2 is very much preferred in the practice of this
      invention.
PAR  After the excess oxidized metallic ions are precipitated from the
      composition, the precipitate can be separated from the composition by
      filtration. This can be done in batch or on a continuous basis. Another
      method for removing the precipitate is centrifugation.
PAR  As to keeping the bath stable by the addition thereto of dispersing agent,
      any suitable dispersing agent can be used. In general, the dispersing
      agents will be of the anionic and/or non-ionic type. Preferably, the
      dispersing agent should be the one present in the aqueous resin dispersion
      used in formulating the coating composition. Examples of dispersing agents
      that can be used include alkyl aryl sulfonates and ethoxylated alkyl
      pheonols.
PAR  The dispersing agent should be added in an amount to maintain the surface
      tension of the coating composition at a value below that at which the
      composition tends to become unstable. Generally speaking, the amount will
      depend on the specific coating composition used, the conditions under
      which it is operated and the effectiveness of the specific dispersing
      agent added. Care should be exercised to avoid raising the pH to a valve
      which may cause the resin dispersion to be removed by filtration along
      with the iron preciptitate. For example, in utilizing Ca(OH).sub.2 to
      remove iron from an aqueous composition containing dispersed
      styrene-butadiene resin, HF and black pigment, it was found that the resin
      and pigment were removed from the aqueous phase of the composition along
      with the iron precipitate when the pH was above 9. Generally speaking, it
      is unnecessary to raise the pH to such high values to preciptiate the
      metallic ions.
PAR  It should be understood that as the coating composition is used to apply
      coatings to metallic surfaces, the ingredients thereof will be depleted.
      To maintain the ingredients in the composition in efective operating
      amounts, they have to be replenished. With respect to replenishing the
      resin in the composition, this can be accomplished most conveniently by
      adding additional aqueous dispersion of the resin to the composition. The
      aqueous resin dispersion utilized as the replenishing ingredient will, of
      course, contain a dispersing agent which maintains the resin in its
      dispersed state; thus, additional dispersing agent will be added to the
      composition. However, as mentioned hereinabove, it has been found that
      replenishment of the composition in this manner is not itself effective
      for maintaining bath stability. Thus, additional dispersing agent over and
      above the amount that is present normally in an aqueous resin dispersion
      utilized as a replenishing ingredient must be added to the composition
      when this method is used to maintain the stability of the bath.
PAR  After withdrawing the coated metallic surface from the acidic aqueous
      coating composition, it is preferred that the coating be rinsed with water
      to remove loose material that is dragged out of the coating bath.
PAR  The corrosion resistance of resin-coated metallic surfaces can be improved
      by rinsing with water followed by rinsing with an aqueous rinse solution
      containing chromium, for example, a dilute solution of chromic acid or a
      rinse solution containing Cr.sup.+.sup.6 /reduced Cr of the type disclosed
      in U.S. Pat. No. 3,063,877.
PAR  After the coating has been rinsed, it should be dried by allowing water to
      evaporate. The fusion of a polymeric resinous coating serves to render the
      coating continuous, thereby improving its resistance to corrosion and
      adherence to the underlying metal surface.
PAR  The conditions under which the drying operation is carried out depend
      somewhat upon the type of resin employed. Fusion characteristics of
      coatings formed from the various types of resins which can be utilized in
      practicing the invention are known and the drying conditions best utilized
      for a coating formed from a specific resin can be selected on the basis of
      previous experience. Some of the resins which are suitable for use in the
      invention do not require high temperatures for fusion, and for these
      resins air drying at ambient temperatures can be used. Drying can be
      accelerated by placing the coated surface in a heated environment. Most of
      the resinous coatings require heated drying stages, or baking, in order to
      fuse the resin and to insure that the desired corrosion resistance is
      obtained. In summary, while the drying operation can be performed at room
      temperature under some circumstances, it is generally preferred that it be
      done by oven drying or baking.
PAR  When a heated environment is used, the drying or fusion stage may be
      carried out at temperatures above 110.degree.C., and preferably from
      120.degree. to 150.degree.C. However, it is to be understood that whatever
      temperature is ultimately employed will depend, at least in part, on the
      particular resin utilized. For example, coatings formed from a
      polyethylene latex are satisfactorily fused within a temperature range of
      from 110.degree.C to about 140.degree.C.; tetraflurorethylene coatings
      require appreciably higher temperatures. Since the resinous materials are
      organic, they will tend to degrade if extremely high drying temperatures
      are employed, and it is, of course, preferred that such temperatures be
      avoided. This factor presents no difficulty in the operation of the
      invention, since adequate drying or fusion without degradation is easily
      obtainable by operation within the temperature ranges set out above.
PAR  Drying temperature is also partially dependent upon the time cycles
      employed. Where relatively short drying cycles are used, i.e., from 30
      seconds to two or three minutes, higher oven temperatures are needed. If
      the drying cycle is of appreciably longer duration, such as for example 10
      to 15 minutes, then generally lower temperatures can be utilized. Suffice
      it to say, the choice of drying conditions will be dictated by
      considerations of the type of coating formed and drying cycles
      contemplated.
PAR  It has been observed that metallic surfaces coated with the coating
      composition used in the practice of this invention have formed thereon an
      organic-inorganic coating, with the inorganic coating being sandwiched
      between the surface of the metal and the organic coating. The organic
      coating comprises the coating-forming material used in the coating
      composition. The nature of the inorganic coating has been difficult to
      characterize; however, when coating ferriferous surfaces, there has been
      found some evidence which would indicate that the inorganic coating is an
      oxide of the metal being coated, for example iron oxide. Thus, an
      inorganic coating and an organic coating are applied simultaneously to the
      metal substrate. Whatever the exact nature of the coatings, it is apparent
      that their corrosion resistant and adherent properties can be vastly
      superior to coatings produced by previous methods and that these
      properties can be further improved in accordance with this invention.
PAC  EXAMPLE 1
PAR  A 45 liter bath of the following composition was prepared:
TBL  Ingredients              Amt/liter                                        
     ______________________________________                                    
     an aqueous dispersion of 56 wt. %                                         
                              100 ml                                           
     styrene-butadiene copolymer and                                           
     containing an ethoxylated nonyl                                           
     phenol dispersing agent*                                                  
     HF                       2.1g                                             
     H.sub.2 O.sub.2          1.8g                                             
     water                    to make                                          
                              1 liter                                          
     ______________________________________                                    
      *Pliolite 491 sold by Goodyear Tire and Rubber Co.                       
PAR  The pH of the above composition was 2. The composition contained also 5
      ml/l of 75 wt. % H.sub.3 PO.sub.4 ; this ingredient aids in improving
      corrosion resistance of the coatings. Cold rolled steel panels, 4 inches
      .times. 12 inches, were coated in the bath. The coatings weighed about
      2000 mg/sq.ft. and had a thickness of about 0.8 mil. After processing
      about 360 sq. ft. of panels in the composition and replenishing the
      ingredients of the composition periodically as needed, the bath contained
      about 2.0 g/l of ferric ion. On the basis of previous experience with this
      composition, it was found that the composition became unstable as the
      amount of ferric ion built up to a concentration in excess of about 2 g/l.
      To prevent the composition of this example from becoming unstable, the
      coating operation was stopped and there was added to the bath an aqueous
      slurry of calcium hydroxide in an amount such that the pH of the
      composition was raised from 2 to about 5.5. Iron precipitated from the
      composition in the form of ferric hydroxide. The precipitate was removed
      from the composition by filtration. Thereafter, a sufficient amount of HF
      was added to restore the pH of the composition to 2. The coating operation
      was then resumed and additional panels were coated in the bath.
PAC  EXAMPLE 2
PAR  The above coating composition was used to coat additional steel panels and
      when the ferric ion concentration again built up to about 2 g/l, calcium
      hydroxide was added again as described above to precipitate additional
      iron. At this time about 1/2 of the resin that had been present in the
      original composition was consumed and the consumed resin was replenished.
      The surface tension of the composition was about 45 dynes/cm. On the basis
      of previous experience with this type of composition, it was found that if
      the surface tension was allowed to rise much higher, the bath became
      unstable. Therefore, about 0.03 wt. % of an ethoxylated nonyl phenol
      dispersing agent (Triton N-100 sold by Rohm & Haas Co.) was added to the
      composition to reduce the surface tension to a value of about 37 dynes/cm.
      The composition was used to coat additional panels. Periodically, the
      ingredients were replenished, iron was precipitated as described, and
      additional dispersing agent was added as described until there was
      consumed the amount of resin initially present. Following this procedure,
      it appeared that the bath could be used to to coat indefinitely.
PAC  EXAMPLE 3
PAR  There was prepared a 45 liter bath of the composition of Example 1. It was
      used to coat steel panels as described in Example 1. When the ferric ion
      content of the composition had built up to a concentration in excess of
      about 2 g/l, about 0.03 wt. % of ethoxylated nonyl phenol dispersing agent
      was added to the composition. This reduced the surface tension of the
      composition from 45 to 37 dynes/cm. As mentioned above, previous
      experience showed that this composition tended to become unstable at a
      ferric ion concentration in excess of about 2 g/l. However, after the
      addition of the dispersing agent, and continued use of the bath, it was
      found that it could be operated to coat panels effectively at ferric ion
      concentrations as of high as about 3 g/l. Maintaining the stability of the
      bath for additional coating required that ferric ion be precipitated.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the method wherein an organic resinous coating is applied to a
      metallic surface by immersing said surface in an acidic aqueous coating
      composition containing an oxidizing agent and dispersed solid particles of
      an organic coating-forming resin dispersed in said composition by a
      dispersing agent associated therewith, said dispersing agent and resin
      being present in a predetermined proportion, and wherein metal ions are
      formed by the dissolution of said metallic surface through the chemical
      action of said coating composition, and wherein said metal ions are
      oxidized to a form which renders said dispersed resin unstable in the
      region of said surface and wherein said unstabilized resin deposits and
      forms on said surface a resinous coating, the thickness or amount of which
      increases during at least a portion of the time said surface is immersed
      in said composition, and wherein said resinous coated surface is withdrawn
      from said composition and is heated to fuse the resin, and wherein
      additional metallic surfaces are immersed in said composition and are
      coated as set forth, and wherein ingredients of said composition are
      consumed as said surfaces are coated, and wherein additional amounts of
      said ingredients are added to said composition to replenish the
      concentrations thereof, and wherein as said metallic surfaces are coated
      as set forth, there is formed in said composition additional excess
      oxidized metal ions which tend to cause said dispersed resin to become
      unstable, not only in the region of said metallic surface, but also
      throughout the other portions of said coating compositions, as
      characterized by flocculation, coagulation or gelation of the dispersed
      resin particles, thereby rendering said composition inoperative for
      coating, the improvement comprising adding dispersing agent and resin to
      said composition in amounts to replenish these ingredients and in a
      proportion such that the proportion of said added dispersing agent to said
      added resin is greater than said predetermined proportion and sufficient
      to maintain the stability of said dispersed resin in said other portions
      of said composition thereby prolonging the operability of said coating
      composition.
NUM  2.
PAR  2. The method according to claim 1 wherein said excess oxidized metal ions
      are removed from said composition.
NUM  3.
PAR  3. In the method wherein an organic resinous coating is applied to a
      metallic surface by immersing said surface in an aqueous coating
      composition comprising:
PA1  i. hydrogen ion in an amount sufficient to make the composition acidic;
PA1  ii. fluoride ion;
PA1  iii. an oxidizing agent selected from the class consisting of hydrogen
      peroxide and dichromate; and
PA1  iiii. solid particles of resin dispersed in said composition by a
      dispersing agent associated therewith, said dispersing agent and resin
      being present in a predetermined proportion; and wherein said ingredients
      are present in amounts such that said dispersed resin is rendered unstable
      in the region of said surface and wherein said unstabilized resin deposits
      on said metallic surface a resinous coating, the thickness of which
      increases during at least a portion of the time said surface is immersed
      in said composition, said coating being initially adherent to said
      surface, and wherein metal ions are dissolved from said surface by the
      chemical action of said coating composition, and wherein additional
      metallic surfaces are immersed in said composition and are coated as set
      forth, and wherein ingredients of said composition are consumed as said
      surfaces are coated, and wherein additional amounts of said ingredients
      are added to said composition to replenish the concentrations thereof, and
      wherein as additional metallic surfaces are immersed in said composition
      and are coated as set forth, said dispersed resin tends to become
      unstable, not only in the region of said metallic surfaces, but also in
      other portions of said coating composition, as characterized by
      flocculation, coagulation or gelation of the dispersed resin particles,
      thereby rendering said composition inoperative for coating, the
      improvement comprising maintaining the surface tension of said aqueous
      composition at a value at which said resin is maintained in its dispersed
      state, except in the region of said metallic surface, by adding to said
      composition dispersing agent and resin in amounts to replenish these
      ingredients and in a proportion such that the proportion of said added
      dispersing agent to said added resin is greater than said predetermined
      proportion and sufficient to maintain the stability of said dispersed
      resin in said other portions of said composition thereby prolonging the
      operability of said coating composition.
NUM  4.
PAR  4. The method according to claim 3 including removing metal ions which are
      dissolved from said surfaces from said composition.
NUM  5.
PAR  5. The method according to claim 1 wherein said composition has a surface
      tension within the range of about 30 to about 40 dynes/cm and wherein said
      surface tension is maintained within said range by adding to said
      composition said dispersing agent.
NUM  6.
PAR  6. The method according to claim 5 wherein said surfaces are ferriferous
      surfaces and wherein said metal ions are iron ions.
NUM  7.
PAR  7. The method according to claim 6 wherein said composition tends to become
      unstable as the surface tension of said composition rises to about 40 to
      about 50 dynes/cm and as said iron ions in said composition build up to a
      concentration of about 1 to about 3 g/l or higher, and wherein said
      surface tension is maintained below about 40 dynes/cm by the addition of
      said dispersing agent.
NUM  8.
PAR  8. The method according to claim 3 wherein said composition has a surface
      tension within the range of about 30 to about 40 dynes/cm and wherein said
      surface tension is maintained within said range by adding to said
      composition said dispersing agent.
NUM  9.
PAR  9. The method according to claim 8 wherein said surfaces are ferriferous
      surfaces and wherein said metal ions are iron ions.
NUM  10.
PAR  10. The method according to claim 9 wherein said composition tends to
      become unstable as the surface tension of said composition rises to about
      40 to about 50 dynes/cm and as said iron ions in said composition build up
      to a concentration of about 1 to about 3 g/l or higher, and wherein said
      surface tension is maintained below about 40 dynes/cm by the addition of
      said dispersing agent.
NUM  11.
PAR  11. The method according to claim 1 wherein said composition contains:
PA1  i. about 5 to about 550 g/l of a polymeric coating-forming resin dispersed
      in the composition, the source of the resin being a latex thereof;
PA1  ii. about 0.4 to about 5 g/l of fluoride ion;
PA1  iii. hydrogen peroxide in an amount sufficient to provide from about 0.01
      to about 0.2 of oxidizing equivalent per liter of composition; and
PA1  iiii. hydrogen ion in an amount sufficient to impart a pH of about 1.6 to
      about 3.8 to the composition.
NUM  12.
PAR  12. The method according to claim 11 wherein said surfaces are ferriferous
      surfaces and wherein said metal ions are iron ions.
NUM  13.
PAR  13. The method according to claim 12 wherein said composition tends to
      become unstable as the surface tension of said composition rises to about
      40 to about 50 dynes/cm and as said iron ions in said composition build up
      to a concentration of about 1 to about 3 g/l or higher, and wherein said
      surface tension is maintained below about 40 dynes/cm by the addition of
      said dispersing agent.
NUM  14.
PAR  14. The method according to claim 13 wherein said excess oxidized iron ions
      are removed from said composition.
NUM  15.
PAR  15. The method according to claim 14 wherein said resin is
      styrene-butadiene copolymer and wherein the amount of said oxidized iron
      ions removed from said composition is such that the amount thereof is
      maintained below about 3 g/l.
NUM  16.
PAR  16. The method according to claim 15 wherein the amount of said oxidized
      iron ions is maintained below about 1.5 g/l.
NUM  17.
PAR  17. The method according to claim 14 wherein said excess oxidized iron ions
      are removed from said composition by adding thereto an alkaline earth
      metal hydroxide or an alkaline earth metal oxide or an alkali metal
      hydroxide to precipitate them and wherein the resulting precipitate is
      separated from said composition.
NUM  18.
PAR  18. The method according to claim 17 wherein said excess oxidized iron ions
      are precipitated by adding to said composition calcium hydroxide.
NUM  19.
PAR  19. In the method wherein an organic resinous coating is applied to a
      metallic surface by immersing said surface in an acidic aqueous coating
      composition containing an oxidizing agent and dispersed solid particles of
      an organic coating-forming resin dispersed in said composition by a
      dispersing agent associated therewith, said dispersing agent and resin
      being present in a predetermined proportion, and wherein said ingredients
      are present in amounts such that said dispersed resin is rendered unstable
      in the region of said surface and wherein said unstabilized resin deposits
      on said metallic surface a resinous coating, the thickness of which
      increases during at least a portion of the time said surface is immersed
      in said composition, and wherein metal ions are dissolved from said
      surface by the chemical action of said coating composition, and wherein
      additional metallic surfaces are immersed in said composition and are
      coated as set forth, and wherein ingredients of said composition are
      consumed as said surfaces are coated, and wherein additional amounts of
      said ingredients are added to said composition to replenish the
      concentrations thereof, and wherein as additional metallic surfaces are
      immersed in said composition and are coated as set forth, said dispersed
      resin tends to become unstable, not only in the region of said metallic
      surface, but also in other portions of said coating composition, as
      characterized by flocculation, coagulation or gelation of the dispersed
      resin particles, thereby rendering said composition inoperative for
      coating, the improvement comprising adding dispersing agent and resin to
      said composition in amounts to replenish these ingredients and in a
      proportion such that the proportion of said added dispersing agent to said
      added resin is greater than said predetermined proportion and sufficient
      to maintain the stability of said dispersed resin in said other portions
      of said composition thereby prolonging the operability of said coating
      composition.
NUM  20.
PAR  20. The method according to claim 19 including removing from said
      composition metal ions dissolved from surface.
NUM  21.
PAR  21. The method according to claim 19 wherein said surfaces are ferriferous
      surfaces.
NUM  22.
PAR  22. The method according to claim 20 wherein said surfaces are ferriferous
      surfaces and wherein iron ions are removed from said composition.
NUM  23.
PAR  23. The method according to claim 1 wherein said surfaces are ferriferous
      surfaces.
NUM  24.
PAR  24. The method according to claim 23 wherein said excess oxidized metal
      ions are ferric ions and including removing ferric ions from said
      composition.
NUM  25.
PAR  25. The method according to claim 3 wherein said surfaces are ferriferous
      surfaces.
NUM  26.
PAR  26. The method according to claim 25 wherein said metal ions are iron ions
      and including removing said iron ions from said composition.
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ABST
PAL  Melamine resin films prepared by impregnating paper, cellulose fleece or
      fabric with a solution of a monomeric dimethylolmelamine mon-, di- or
      trimethylether, monomeric trimethylolmelamine mono-, di or trimethylether
      or a mixture thereof and drying the same at temperatures of about
      130.degree. to about 180.degree.C.
BSUM
PAR  In the furniture industry, melamine resin films are used for coating wood
      chip boards, molded fiber boards, plywood, and other wood materials.
      Melamine resin films are prepared by impregnating paper webs, cellulose
      fleece or fabric webs with an aqueous solution of a melamine resin and
      subsequently drying the same. The melamine resin films prepared in such a
      manner are adhered to the wooden substrate by applying heat and pressure
      and using an adhesive material. Urea resins filled with cellulose powder,
      melamine resins and/or chips thereof as well as so-called cold glues based
      on a polyvinyl acetate dispersion are customarily used as the adhesive
      material. However, the melamine resin films may also be provided with a
      coating of glue based on a urea resin, a melamine resin or a
      polyvinylacetate dispersion or mixtures of the individual constituents and
      may then be processed as the so-called self-adherent films. The resulting
      wooden materials laminated with the melamine resin films generally are
      coated with polyester, nitro or acid-catalyzed varnishes.
PAR  The melamine resin films prepared with the previously used melamine resins
      are insufficiently elastic and water-resistant for some purposes. It is,
      however, known that elasticity and consequently the bending radius may be
      improved if certain modifying agents, such as glycols, are added to the
      melamine resin. With the improvement in elasticity which is thereby
      obtained, there is associated, however, an impairment of water-resistance,
      so that for some purposes, e.g., edging profiles, the melamine resin films
      are not satisfactory.
PAR  According to the present invention, melamine resin films may be prepared
      having good elasticity, as well as advantageous water-resistance and
      lacquer adhesion properties. The invention relates to a process for the
      preparation of melamine resin films by impregnating paper, cellulose
      fleece or fabric with an improved melamine resin solution and subsequent
      drying. The novel process is characterized in that monomeric
      dimethylolmelamine mono-, di- or trimethylether, monomeric
      trimethylolmelamine mono-, di- or trimethylether or a mixture thereof is
      used as the resin.
PAR  In the process of this invention, paper, cellulose fleece and fabric
      weighing, for example 80 to 350 g./m.sup.2 may be used. These are, as
      usual, processed in continuous rolls.
PAR  The paper, the cellulose fleece or the cellulose fabric is impregnated with
      a solution of monomeric dimethyolmelamine monomethylether,
      dimethylolmelamine dimethylether, trimethylolmelamine monomethylether,
      trimethylolmelamine dimethylether, trimethylolmelamine trimethylether or a
      mixture of two or more of these ethers.
PAR  The above ethers or a mixture of these ethers may be used dissolved in
      water or in any suitable organic solvent for the ethers. Suitable organic
      solvents, for example, include aromatic hydrocarbons such as benzene,
      lower ketones such as acetone or methylethyl ketone and acid amides such
      as dimethylformamide. Particularly preferred are lower alkanols having 1
      to 4 carbon atoms such as methanol, isopropanol and isobutanol. Mixtures
      of various solvents, e.g., water-alkanol mixtures, may also be used.
PAR  Impregnation of the paper, the cellulose fleece or fabric with solutions of
      the aforesaid ethers in organic solvents or in admixture with water and
      water-miscible organic solvents for the most part is particularly
      advantageous, since such solutions have lower surface tensions and,
      therefore, penetrate easily and deeply into the material to be
      impregnated. Solutions of the ethers in alkanols with 1 to 4 carbon atoms
      or mixtures thereof with water are particularly suitable for this purpose.
PAR  Impregnation is undertaken in a manner known per se, e.g., by dipping,
      spraying, coating or rolling. Subsequently, the impregnated material is
      dried, suitably at temperatures of about 90.degree. to 200.degree.C.,
      preferably of about 130.degree. to about 180.degree.C., to a volatile
      content of 0.5% to 5%, preferably of 1 to 2 % by weight. Impregnation is
      preferably undertaken in such a manner that 20 to 45% by weight, and even
      more, preferably 35 to 40% by weight of resin, related to the weight of
      the finished film, is brought onto the material.
PAR  For curing the resin, 0.1 to 5% by weight, based on the solid resin, of an
      acid reacting compound, such as alcoholic hydrochloric acid, p-toluene
      sulfonic acid or ammonium chloride may be added to the resin solution. For
      a further improvement of water-resistance, 1 to 5% by weight, based on the
      solid resin, of o- and/or p-toluene sulfonamide may be added to the resin
      solution. For the achievement of a high gloss finish on the coated
      melamine resin film a polyvinyl acetate dispersion may be added to the
      resin solution.
PAR  The necessary ethers of dimethylolmelamine or trimethylolmelamine may be
      prepared by the etherification of dimethylolmelamine or
      trimethylolmelamine with methanol. In the etherification, an acid
      catalyst, e.g., sulfuric acid or hydrogen chloride is added. If in the
      etherification, the procedure is carried out without water, there is
      obtained from dimethylolmelamine, dimethylolmelamine dimethylether and
      from trimethylolmelamine, trimethylolmelamine trimethylether. If the
      etherification is carried out with the addition of water, then the
      corresponding mono- or diethers are obtained in accordance with the
      quantity of the water added. It is immaterial in the process of this
      invention that the ethers used, e.g., the trimethylolmelamine
      dimethylether, probably are obtained in this type of etherification as a
      mixture of various ethers and not as a uniform product. The mono- and
      dimethylethers of the tri- or dimethylolmelamine or the
      trimethylolmelamine trimethylether prepared in such a manner are
      water-soluble monomeric substances.
DETD
PAR  Specific details for the preparation of the aforesaid ethers are contained
      in the examples which illustrate the present invention. Temperatures are
      in degrees Centigrade, percentages are in percent by weight and parts are
      parts by weight.
PAC  EXAMPLE 1
PAR  There are introduced into 60 kg. water, 40 kg. trimethylolmelamine
      trimethylether and 2 kg. 15% alcoholic hydrochloric acid. In this solution
      a decorative paper weighing about 120 g./m.sup.2 and prepared of cellulose
      is impregnated and dried at a temperature of 170.degree.. For further
      processing preference is given to a resin content of 35 - 38%, based on
      the weight of the finished film, and a volatile content of 2%. The
      melamine resin film thus prepared may be pressed onto a wood chip board
      using wet glue consisting of
PA1  100 parts urea resin (commercial Kaurit 390)
PA1  20 parts cellulose powder
PA1  1 - 2 parts ammonium chloride
PAL  The wet glue application amounted to 120 g./m.sup.2. Pressing was
      undertaken for 120 seconds at a temperature of 160.degree. under a
      pressure of 6 ka./cm.sup.2. After removing from the hot mold and air
      cooling of the material, coating was accomplished with a commercial
      polyester varnish.
PAR  The determination of the residual moisture content (volatile content)
      occurred by differential weighing after a 5-minute drying at 160.degree..
PAR  The trimethylolmelamine trimethylether may be prepared by cooling a mixture
      of 100 parts by weight trimethylolmelamine and 200 parts by weight dry
      methanol to a temperature of +5.degree.. While stirring at this
      temperature, dry hydrogen chloride is introduced up to the point of
      saturation and the trimethylolmelamine dissolves to form a limpid
      solution. The reaction mixture is then carefully mixed with sodium
      methylate up to a pH of 8 to 9, the temperature being maintained below
      20.degree.. The precipitated sodium chloride is filtered off and the
      solution concentrated at temperatures below 20.degree.. Further
      precipitated sodium chloride is also separated. Concentration is continued
      until a thick syrup remains. Upon standing, the trimethylolmelamine
      trimethylether crystallizes out as white crystals.
PAC  EXAMPLE 2
PAR  There are introduced into 65 kg. water, 35 kg. dimethylolmelamine
      dimethylether and 0.35 kg. p-toluene sulfonic acid. In this solution, a
      decorative paper weighing 80 g./m.sup.2 is impregnated to a resin
      proportion of 35% and dried at 180.degree. to a volatile content of 1%.
PAR  In a second coating process, this melamine resin film receives a glue
      application consisting of 70 parts melamine resin (commercial Madurit 5238
      N liquid in a 55% aqueous solution), 30 parts polyvinyl acetate dispersion
      (Mowilith DHL) and 0.1 part ammonium chloride.
PAR  The reserve side glue application amounts to about 40 g./m.sup.2 (solid
      resin). The total volatile content of the film amounts to about 2.5% after
      a second drying. This film is pressed for 3 minutes onto a wood chip board
      at 140.degree. and under a pressure of 8 kp./cm.sup.2. Further processing
      is carried out in accordance with Example 1.
PAR  The dimethylolmelamine dimethylether may be prepared in accordance with the
      method of preparation given in Example 1 for trimethylolmelamine
      trimethylether if dimethylolmelamine is used in place of
      trimethylolmelamine.
PAC  EXAMPLE 3
PAR  There are introduced into 25 kg. water and 35 kg. isopropylalcohol, 40 kg.
      trimethylolmelamine trimethylether and 2.5 kg. 15% alcoholic hydrochloric
      acid in sequence.
PAR  In this solution, a cellulose carrier sheet weighing about 250 g./m.sup.2
      is impregnated to a resin content of 25%. It is then dried at 130.degree.
      to a volatile content of less than 1%.
PAR  The melamine resin film subsequently receives a lacquer application of an
      acid-catalyzed commercial lacquer in an amount of about 30 g./m.sup.2, and
      is glued as an edging profile to a wood chip board edge using a commercial
      synthetic resin adhesive.
PAC  EXAMPLE 4
PAR  There are introduced into 60 kg. isobutanol, 40 kg. dimethylolmelamine
      monomethylether and 800 g. p-toluene sulfonic acid.
PAR  In this solution, a soda craft paper weighing about 80 g./m.sup.2 is
      impregnated to a resin proportion of 35-38%. It is then dried to a
      volatile content of 2.5%. This melamine resin film is subsequently pressed
      onto a wood fiber hard board using a wet glue according to Example 1. The
      curing time is 90 seconds at a pressure of 30 kp./cm.sup.2 and a
      temperature of 140.degree.. After cooling, the coated material receives a
      lacquer application of a pigmented polyester lacquer.
PAR  The necessary dimethylolmelamine monomethylether may be prepared in
      accordance with the method of preparation given in Example 1 for
      trimethylolmelamine trimethylether if dimethylolmelamine is used in place
      of the trimethylolmelamine and the methanol is diluted with water up to
      30%.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a melamine resin film which comprises
      impregnating paper, cellulose fleece or fabric with a solution of
      monomeric dimethylolmelamine monomethylether, dimethylolmelamine
      dimethylether, trimethylolmelamine monomethylether, trimethylolmelamine
      dimethylether, or trimethylolmelamine trimethylether or a mixtue thereof
      and drying the same at temperatures of about 90.degree. to about
      200.degree.C., preferably of 130.degree. to 180.degree.C.
NUM  2.
PAR  2. The process of claim 1 wherein an alkanol having 1 to 4 carbon atoms is
      used to form the monomer solution.
NUM  3.
PAR  3. The process of claim 1 wherein aqueous alkanol having 1 to 4 carbon
      atoms in said alkanol is used to form the monomer solution.
NUM  4.
PAR  4. The process of claim 1 wherein the impregnation incorporates 20 to 45%
      by weight of resin based on the weight of the dried film.
NUM  5.
PAR  5. The process of claim 1 wherein the impregnation incorporates 35 to 40%
      by weight of resin based on the weight of the dried film.
NUM  6.
PAR  6. The process of claim 1 wherein 0.1 to 5% by weight, based on the resin
      content of said film, of an acid reacting compound is added to the monomer
      solution employed for impregnating.
NUM  7.
PAR  7. The process of claim 6 wherein said acid reacting compound is alcoholic
      hydrochloric acid, p-toluene sulfonic acid or ammonium chloride.
NUM  8.
PAR  8. The process of claim 1 wherein 1 to 5% by weight, based on the resin
      content of said film, of o-toluene sulfonamide or p-toluene sulfonamide or
      a mixture thereof is added to the monomer solution.
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ABST
PAL  A method for the production of a material for printed circuits is
      disclosed. A temporary base is coated by electroplating with a thin,
      unbroken and unpatterned metallic layer having a thickness less than 17
      .mu.m and the free surface of said metallic layer is bonded to a final
      insulating base. The temporary base is thereafter removed and the desired
      wiring pattern is produced by a process comprising etching of the metal
      layer. A material for use in production of printed circuits is also
      disclosed comprising a temporary base which is coated by electroplating
      with a thin, unbroken and unpatterned metal layer having a thickness less
      than 17 .mu.m. Said material can comprise a final, insulating base bonded
      to the free surface of the thin metal layer. The temporary base may be
      comprised of an aluminum foil coated with a layer of zinc or an aluminum
      foil to which has been applied zinc and which has the zinc replaced
      electrochemically by half or partly, by a layer of a metal which is more
      electro-positive than the metal zinc. In electroplating a thin, unbroken
      and unpatterned metallic layer onto the temporary base the electroplating
      takes place in a solution containing copper, pryophosphate and an acid,
      the pK-value of which is at least 0.8 at 20.degree.C.
PARN
PAR  This application is a continuation-in-part application of U.S. Ser. No.
      283,955, filed Aug. 28, 1972.
BSUM
PAR  The present invention relates to a method for producing material for
      printed circuits, said material comprising a thin layer of metal on an
      insulating carrier or base.
PAR  Printed circuits are used to a large extent in the electronics industry and
      are usually produced with a copperclad plastic laminate as a starting
      material. A copy of the desired wiring pattern is transferred to the
      copper layer by printing or by a photochemical method to which is applied
      so-called etch resist which acts as a protection during subsequent
      elimination by etching of the superfluous copper. Thereafter electronic
      components are mounted on the laminate carrying the circuit thus obtained.
      The copper of the board constitutes the electrical connections and the
      laminate provides the required mechanical support. This technique provides
      space and weight saving in the building of an electronic unit. This method
      of forming a circuit board produces a highly reliable product which is
      susceptible to mass production techniques.
PAR  The most common bases are paper-reinforced phenolic laminates which are
      used for comparatively simple circuits, and glass cloth reinforced epoxy
      resin laminates which are used where the technical requirements are high.
      Use is also made of fiber reinforced plastic laminates of other types.
      Base materials of plastic films and plastic coated metal plates also are
      used to a certain extent. For producing the copper coating or layer it is
      common to use copper foils or sheets which are placed on a base-forming
      fiber material impregnated with partially cured or hardened plastic (so
      called prepreg) whereupon the composite material is molded at high
      pressure and increased temperature. The final curing of the plastic is
      thereafter effected whereby the fiber material is converted into a sheet
      bonded to the copper foil. The copper foil usually has a thickness of 35
      .mu.m, but thicker and thinner foils also can be used. According to
      another known method the copper foil is glued to a plastic film by means
      of heat and pressure.
PAR  Owing to the rapid development of the electronics field the demand for
      printed circuits with good dimensional precision, especially in circuitry
      with narrow width lines and short distances between conductors, is
      increasing. Already at present printed circuits with a line width of 0.2
      mm are required in many cases. Even smaller dimensions have been used and
      such a need will increase in the future. This development has led to a
      demand for laminates with thinner copper layers. Lately laminates with 17
      .mu.m thick copper foils have come into use to an increasing extent. By
      using thinner copper foils advantages are gained, i.a. a decrease of the
      so-called "undercut." By undercut is meant the elimination of copper under
      the etch resist caused by the etching solution which while dissolving the
      unprotected portions of the copper layer also eats into the copper covered
      by the etch resist. The undercut is a difficult problem causing
      unacceptably low dimensional accuracy especially in circuits with
      fine-line conductors. The effect of the undercut at varying thicknesses of
      the copper layer shall be explained in more detail in the following
      description.
PAR  By means of suitable technique it is possible to obtain a high degree of
      precision in the application of the etch resist proper. However, owing to
      the undercut, difficulties arise in maintaining good dimensional accuracy
      as to, for instance, the line width which the technique involving masking
      by means of an etch resist makes possible.
PAR  Some applications require very exactly defined distances between conductors
      even though being otherwise ordinary-dimensioned circuits. This is
      particularly true where electrical influence between conductors must be
      considered, i.a. in electronic systems which operate at high frequencies.
PAR  Thin copper-layer clad laminates can be used with advantage also for such
      systems.
PAR  There are other advantages as a result of thinner copper layers. Thus, the
      etching time is considerably reduced and the amount of etching solution
      consumed also is reduced. The amount of copper required for obtaining the
      copper layer is likewise reduced. Because of these advantages thin copper
      layers can be beneficial also if the requirements as to dimensional
      accuracy are not very high.
PAR  If an increased thickness of the copper conductor is desirable the
      thickness can be increased by chemically or electrolytically depositing
      copper according to known techniques. By either procedure copper is
      deposited only on the portion of the copper layer constituting the
      conductors of the final printed circuit which portion usually is the minor
      portion of the total surface of the printed circuit. By suitable
      techniques the increase of the thickness of the copper layers can be
      effected with good dimensional accuracy. In the case of insulation bases
      which are provided on both sides thereof with a conductor pattern of
      copper the increase of the copper thickness can suitably be carried out in
      connection with a so-called through-holes plating which is a method often
      used for providing electrical connections between the printed circuits on
      each side of the base and for providing holes for the mounting of
      electrical components. Thus, no extra process step is required to increase
      the thickness of the conductors. The method also provides the advantage
      that the main portion of the conductors of the circuit and the copper
      layer in the holes will consist of homogeneous and simultaneously
      deposited metal which is favorable from the point of view of reliability.
PAR  From the above discussion the advantages gained by using bases with thinner
      metal layers than what is used at present in the manufacture of printed
      circuits clearly appear.
PAR  In the usual method for the production of metal coated, insulating bases
      for printed circuits an unbroken or continuous, non-patterned metal foil
      or sheet is used as a starting material which foil is bonded to the base
      by molding at increased temperature or in other ways. The most commonly
      used metal foil is a copper foil produced electrolytically. Such a copper
      foil has a high degree of purity. However, numerous problems occur if an
      insulating base with a copper foil having a thickness less than 17 .mu.m
      shall be produced according to the usual method, since there are many
      difficulties in connection with the practical handling of such thin copper
      foils. Another sizeable disadvantage of this known method in the case of
      very thin copper foils produced electrolytically is due to the fact that
      the copper foil often has cavities and through-going holes, so call
      micropores, the latter being, for reasons easily realized, more difficult
      to avoid with a decreased thickness of the foil. During the molding of the
      laminate still uncured resin material can penetrate through the pores and
      accumulate on the free surface of the foil where it can give rise to
      difficulties i.a. during the subsequent etching of the copper foil when
      the resin on the surface acts as an unwanted etch-resist.
PAR  Another method has been suggested according to which a thin copper layer is
      deposited on an insulating base by directly plating on the base. Such
      plating must be effected at least partly by methods other than
      electroplating since the carrier is of an insulating material. An
      applicable method is chemical plating which, however, is comparatively
      expensive and complicated. Thus, for instance, the surface of the laminate
      must often be pretreated to assure good bonding of the deposited copper.
      This pretreatment can give rise to deep cavities in the base which
      cavities will be filled by copper during the plating procedure. This
      necessitates relatively long etching time to assure that all copper is
      removed from the etched portions of the laminate. The prolonged etching
      time increases the production costs and also leads to an increased
      undercut even in the case of laminates with thin chemically deposited
      copper layers.
PAR  For completing the picture of the prior art in the manufacture of materials
      for printed circuits a method shall be mentioned which is described in
      U.S. Pat. No. 2,692,190. According to this patent a final wiring pattern
      of copper is applied to or formed on a temporary base whereupon this base
      with the pattern facing the final, insulating base, and with the resin
      material of the final base still uncured is molded to the final base. In
      the molding operation the wiring pattern usually penetrates the final
      base. After final curing or hardening the temporary base is removed, for
      instance by etching. This method has been described in connection with
      ordinary thicknesses for the copper layer and often has the purpose of
      providing a final printed circuit in which the surface of the wiring
      pattern is situated at the same level as the surrounding surface of the
      insulating base. This makes it possible to use so-called glide contacts in
      the circuit arrangement for which the circuit is to be used. However, it
      turns out that this known method has certain inconveniences which can
      cause trouble at least in certain applications. Some of these
      inconveniences are discussed in British Pat. No. 1,116,299. In connection
      with the present invention it shall be further pointed out that practical
      and economic difficulties arise when the method is used for the production
      of printed circuits requiring a very high degree of precision, i.a., in
      the manufacture of circuits with very narrow wiring pattern conductors and
      very short distances between the conductors. After the etching the
      temporary base with the wiring must be handled, transported and molded to
      the final insulating base. These steps combine to decrease the accuracy of
      the method. It also is to be understood that the method is practically
      unusuable for laminates with wiring patterns on each side of the final
      base and with so-called through-holes plating. Finally it should be
      recognized that an increase in the thickness of the copper conductors on
      the final base meets with great difficulty if a high degree of accuracy is
      desired.
PAR  The inconveniences of the known methods pointed out above are avoided to a
      very high degree by the present invention.
PAR  The method according to the present invention for the production of
      material having a layer of metal on an insulating base for printed
      circuits comprises applying by electroplating a thin, unbroken unpatterned
      metal layer having a thickness less than 17 .mu.m to a temporary base,
      having a thickness of for instance about 30 .mu.m preferably of a
      throw-away type, in the form of a metal foil aluminum, zinc, their alloys,
      steel, or a thin layer of metal on aluminum which is more electro-positive
      than zinc, strongly adhering the free surface of the said thin metal layer
      to a final, insulating base and removing the temporary base whereupon
      desired wiring patterns of printed circuits can be produced by a process
      comprising etching of metal layer bound to the final insulating base.
PAR  The thickness of the thin metal layer, should according to the present
      invention be between 1 and 15 .mu.m, preferably between 2 and 10 .mu.m,
      and can be, for instance about 5 .mu.m.
PAR  According to the present invention it is not necessary to carry out the
      steps of the method immediately one after the other and in one and the
      same locality. The procedure can be divided in time and space by
      separately producing one or more intermediate products which are
      thereafter subjected to complementary treatment for carrying out the
      complete method according to the present invention.
PAR  The thin metal layer which is to form the wiring pattern can suitably
      consist of copper or nickel or their alloys. The metal layer can be a
      single layer or consist of a combination of two or more layers of
      different metals or alloys thereof. Other metals than those mentioned
      above and other combinations of metals also can be used.
PAR  The final, insulating base can suitably consist of a stiff sheet of plastic
      which may be fiber-reinforced, for instance a sheet of glass fiber
      reinforced epoxy resin, but it also can consist of a plastic film which
      may likewise be fiber-reinforced.
PAR  According to a further development of the present invention for application
      especially in the case when a foil of aluminum or an alloy thereof is used
      as a temporary base a relatively thin layer of zinc, tin or their alloys
      can be applied on the surface of the temporary base facing the metal
      layer, before applying the metal layer by electroplating.
PAR  The present invention also relates to a material for printed circuits
      produced by the method according to the present invention and to materials
      intended to be used in the form of intermediate products for carrying out
      the method. A first intermediate product consists of a temporary base of
      throw-away type in the form of a foil aluminum, zinc, their alloys, steel,
      a foil of aluminum upon which has been placed a layer of zinc or a layer
      of zinc on the temporary base being replaced electrochemically wholly or
      partly by a layer of a metal which is more electro-positive than the metal
      zinc, with at least one unbroken or continuous, thin layer of metal
      applied by electroplating. The layer has a thickness less than 17 .mu.m,
      suitably a thickness of 1 - 15 .mu.m, and preferably a thickness of 2 - 10
      .mu.m. A second intermediate product consists of the first intermediate
      product laminated or molded to the final insulating base with the thin
      metal layer facing the final base and bound thereto. The electroplating of
      the metal layer onto the temporary base may be accomplished by depositing
      the copper electrolytically from a copper cyanide solution or an acid
      copper solution, normally a sulphate copper solution.
PAR  However, when the copper is deposited electrolytically on the zinc-treated
      aluminum foil from, for instance, a copper cyanide solution or an acid
      copper solution, normally a sulphate copper solution, certain drawbacks
      result. One drawback with the solution containing cyanide is its
      poisonousness. It is here not only a question of environmental aspects and
      the costs for taking care of an neutralizing used plating solution, but
      also of the disadvantages and risks associated with the fairly large
      amount of poison which has to be handled at the working sites.
PAR  The difficulties are considerably reduced, if copper cyanide solution is
      avoided and the plating is performed in an acid copper solution directly
      on the zinc coated aluminum foil. However, this generally results in a
      very low adhesion between the copper layer and the zinc layer, and it is
      difficult to avoid blistering between the two layers at the subsequent
      processing steps.
PAR  Therefore, one of the objects of the present invention is to avoid the
      aforesaid disadvantages and to provide a material for printed circuits and
      a method for its production, which satisfies prevailing requirements as to
      the properties of the material and the influence on the environment.
PAR  According to the present invention a method for the production of a
      material for printed circuits has been devised in which a thin layer of
      zinc is first applied to the temporary base, the layer of zinc being then
      replaced electrochemically, wholly or partly, by a layer of a metal which
      is more electro-postive than the metal zinc, whereupon the copper layer is
      applied on the layer of said more inert metal by means of plating.
PAR  The material thus obtained may then be strongly bonded to a final
      insulating base with the copper layer facing said final insulating base,
      which may be, for instance, a plastic laminate. The laminate with the
      copper layer and the temporary base can then be used at any desired site
      for the production of printed circuits. For such production the temporary
      base in the form of an aluminum foil is first removed, for instance by
      etching, whereafter the desired wiring pattern is obtained by a method
      comprising etching on the copper layer bonded to the final base which
      copper after the temporary base has been removed may still be covered by a
      coating of said metal which is more electro-positive than zinc.
PAR  According to the present invention the layer of zinc on the temporary base
      is preferably replaced by nickel. The metal more electro-positive than
      zinc and moreover capable of being plated in an acid copper solution, is
      not limited to nickel since other metals such as, for instance, iron,
      chrome, tin, cadmium and cobalt may be chosen. The average thickness of
      the layer of nickel thus obtained is suitably at least 0.01 .mu.m but not
      more than 1 .mu.m, for example 0.05 to 0.5 .mu.m. The replacement of zinc
      by nickel can suitably be carried out in a solution in which the
      Ni++-concentration is 2 to 25 g/l (grams per liter), preferably 5 to 15
      g/l, e.g., about 8 g/l. Nickel chloride has proved to be a suitable
      supplier of nickel ions in the solution, the pH value of which generally
      ought to be between 0.5 to 5, preferably between 1 and 3.
PAR  The plating of copper on the layer of nickel may be performed in an acid
      copper solution.
PAR  With regard to the removal of the temporary base from the copper layer the
      possibility of removing the temporary base by hand or with the aid of
      mechanical means has several practical advantages for many applications.
      When the temporary base is peeled off this can be performed rapidly and
      easy and it does not cause any appreciable problems with waste products,
      which by contrast, is the case if the temporary base is removed for
      instance by etching. The water products produced when the temporary base
      is etched are solutions of aluminum salts and hydrogen gas, which require
      special protective measures. For the production of copper-coated foils of
      aluminum by plating first in a copper cyanide solution and then in a
      strongly acid (sulfuric acid) copper solution an adhesion between the foil
      of aluminum and copper is obtained, which is so adjusted that the foil of
      aluminum can be peeled off. The use of a copper cyanide solution, however,
      creates special problems regarding toxicity.
PAR  At the same time as it is desirable to be able to peel off the foil of
      aluminum, which necessitates a relatively low degree of adhesion between
      aluminum and copper, a certain degree of adhesion between the two metal
      layers is required to prevent unintentional separation of said layers from
      each other at the handling of the product. Consequently the degree of
      adhesion between aluminum and copper must lie between two limits. The
      upper limit is determined by the requirement that it must be possible to
      peel off the foil of aluminum without the layer of copper or parts of it
      being separated from the final base, and this peeling off should
      preferably be possible to perform by hand from larger surfaces without too
      much effort. The lower limit is determined by the requirement that it must
      be possible to handle the copper coated foil of aluminum at various stages
      of the production process without the two metal layers becoming separated
      from each other. Another factor which necessitates a certain minimum
      adhesion between aluminum and copper is connected with the presence of
      small through-going holes, so called mircopores, in the plated copper
      layer. These micropores which in practice are difficult completely to
      avoid, lead to risks for small resin patches being formed on the surface
      at the production by high pressure molding of, for instance, glass fiber
      reinforced plastic epoxy laminate. This is due to the fact that during the
      molding, which occurs at an elevated temperature, the resin passes a state
      of relatively low viscosity before it is hardened and is transformed into
      the solid state. In its fluid state some of the resin may be pressed
      through the micropores to form small patches on the surface of the copper.
      These resin patches cause difficulties at the production of circuits for
      instance by etching. This problem is avoided if the adhesion between
      aluminum and copper is so high that the foil of aluminum forms a barrier
      which prevents the resin from penetrating to the surface of the copper
      layer. As the aluminum foil during the molding operation is pressed
      against the one surface of the copper layer with the same force as the
      resin is pressed in the opposite direction, the adhesion between aluminum
      and copper, it is true, needs not amount to a very high value, but on the
      other hand it must not be so low that the resin during the molding
      operation can penetrate between the copper layer and the aluminum foil at
      those points where the adhesion between them is particularly weak.
PAR  Therefore another object of the present invention is to provide a method
      for plating a foil of aluminum or an aluminum alloy with a layer of copper
      for production of a material for printed circuits which secures such an
      adhesion between the copper layer and the foil of aluminum that the above
      mentioned requirements are fulfilled.
PAR  The method according to the present invention is characterized in principle
      in that the plating is performed in a solution containing copper,
      pyrophosphate, and an acid, the pK value of which is at least 0.8 at
      20.degree.C.
PAR  According to the present invention the pH value of the plating solution is
      adjusted to between 3.5 and 9, preferably to between 5 and 8, by means of,
      e.g., ammonium hydroxide or an amine.
PAR  The content of copper in the plating solution expressed as metal should be
      5 to 50 g/l, preferably 10 to 30 g/l, and the content of pyrophosphate
      calculated as the content of the pyrophosphate group (P.sub.2 O.sub.7)
      should be 5 to 400 g/l, preferably 25 to 250 g/l, e.g., about 70 g/l. At
      the plating the current density can be between 2 and 35 A/dm.sup.2,
      preferably between 5 and 20 A/dm.sup.2, and the temperature of the
      solution can be 30.degree. to 100.degree.C.
PAR  The acid in the solution can suitably be oxalic acid or a similar organic
      or inorganic, weak acid.
PAR  A measuring method, which suitably can be used for determining the degree
      of adhesion between a base and a layer adhering to it, for instance a
      foil, and which is frequently used in practice for copper-clad laminates
      designed for printed circuits, is ASTM D-1867. According to this method
      the strength is measured which is required for peeling off a strip of foil
      perpendicularly to the base.
PAR  The adhesion as measured according to this method is to a certain extent
      dependent on the thickness and the rigidity of the foil. Practical
      experiments have shown that when the adhesion of a rolled 50 .mu.m thick
      aluminum foil to a base is not more than about 0.5 kp/cm as measured
      according to ASTM D-1867, the foil can easily be peeled off by hand power.
      When mechanical facilities are used higher values, e.g., up to about 1.0
      kp/cm, can be allowed. If the base as in the present invention is a layer
      of copper which in its turn is bonded to a final base, for instance a
      laminate, there is no risk that the copper layer will be peeled off from
      the final base provided that the adhesion between the two last mentioned
      materials amounts to values generally accepted in practice. For glass web
      reinforced epoxy plastic laminates to which a foil of copper having a
      thickness of 35 .mu.m is bonded, the adhesion between the copper foil and
      the laminate shall be at least 8 lbs/inch = 1.43 kp/cm, measured according
      to ASTM D-1867.
PAR  In practical experiments with a material consisting of an aluminum foil
      having a thickness of 50 .mu.m plated with a copper layer, it has,
      however, turned out that, as the adhesion between the two layers of metal
      is less than about 0.01-0.02 kp/cm, the metal layers will easily become
      separated from each other during the handling of the material. In view of
      the aforesaid it is reasonable to establish that the adhesion between the
      aluminum foil and the copper layer ought to be within the limits 0.01 and
      1.0 kp/cm at measurements performed according to ASTM D-1867 on rolled
      aluminum foil having a thickness of 50 .mu.m. Good results are obtained
      within the limits 0.05 and 0.5 kp/cm. The adhesion should preferably be
      between 0.05 and 0.3 kp/cm.
PAR  The effect of the aluminum foil as a barrier against penetration of resin
      in the production of a laminate by molding can be easily tested by etching
      away the copper layer from the final base. If during the molding operation
      resin has penetrated through the micropores and formed small patches on
      the surface of the copper, residues of copper will remain on the final
      base after the etching, because the patches of resin have acted as etching
      masks preventing the copper under the patches from being etched away.
      Experiments have shown that, even at as low an adhesion as 0.005 kp/cm, no
      residues of copper remained on the final base after the etching operation.
      In these experiments the final base consisted of a glass web reinforced
      epoxy resin laminate. In experiments for comparison in which the copper
      layer was peeled off from the foil of aluminum before the molding
      operation small patches having a diameter of about 3 mm were obtained on
      the surface of the epoxy laminate after etching.
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PAR  The present invention will be more fully described hereinbelow with
      reference to the drawings. In the drawings,
PAR  FIGS. 1-3 illustrate the influence of the thickness of the copper layer on
      the so-called undercut in an etching procedure;
PAR  FIGS. 4-10 illustrate steps of a method according to one embodiment of the
      present invention;
PAR  FIG. 11 illustrates the result of a modified method;
PAR  FIGS. 12-14 illustrate the steps of a method according to the present
      invention in which the thickness of the wiring pattern forming portions of
      a thin metal layer are increased by plating, whereupon the other portions
      of the metal layer are removed by etching;
PAR  FIG. 15 illustrates the result after so-called through-holes plating;
PAR  FIG. 16 shows schematically a device for producing, according to the
      present invention, materials for printed circuits; and
PAR  FIG. 17 illustrates schematically a further embodiment of the method
      according to the present invention.
DETD
PAR  In FIGS. 1-3 there is shown in cross-section a metal layer of copper
      2.sup.I, 2.sup.II and 2.sup.III respectively, of a printed circuit. The
      copper layer is bonded to an insulating base 1 and covered by an etch
      resist 3. In FIG. 1 reference 4 designates the cavity in the metal layer
      under the etch resist caused by the etching. U.sup.I is the measure of the
      undercut. In FIGS. 2 and 3 the undercut is designated by U.sup.II and
      U.sup.III, respectively. The metal layer 2.sup.I according to FIG. 1 is
      relatively thick, i.e., about 35 .mu.m, and requires an extensive etching
      time. The undercut in this case is considerable. The metal layer 2.sup.II
      in FIG. 2 is thinner, i.e., about 17 .mu.m, and the undercut U.sup.II is
      considerably less than U.sup.I of FIG. 1. The metal layer 2.sup.III is
      very thin, for instance about 5 .mu.m, and requires only a short etching
      time. The undercut U.sup.III is negligible even when the conductors formed
      by the metal layer are of a very small width.
PAR  FIGS. 4 - 10 illustrate a method according to the present invention. FIG. 4
      illustrates a temporary base 5 of aluminum. In FIG. 5 a thin copper layer
      6, with a thickness less than 17 .mu.m is deposited by electroplating to
      5. In FIG. 6 the material according to FIG. 5 is thereafter laminated or
      molded with a final, insulating base 7, for instance of glass fiber
      reinforced epoxy resin, with the copper layer facing the final base. The
      temporary base 5 is removed, for instance by peeling or by etching as
      shown in FIG. 7. On the product of FIG. 7, an etch resist 8 is then
      applied which corresponds to a desired pattern as seen in FIG. 8. The
      uncovered portions of the thin copper layer are removed thereafter by
      etching as shown in FIG. 9. After dissolving the etch resist 8 the final
      printed circuit is obtained as in FIG. 10.
PAR  The material shown in FIG. 7 can, as shown in FIGS. 8 and 9, be used as
      such, in which case the advantage is obtained that the undercut is
      negligible. This advantage can, however, be maintained also if it is
      desired to produce wiring patterns with increased conductor thickness.
      FIGS. 12 - 14 show how this can be achieved.
PAR  On an insulating base 11 a copper layer 12 with a thickness of, for
      instance, 5 .mu.m has been deposited by means of a method according to the
      present invention. For increasing the thickness of the conductors a mask
      13 corresponding to the negative of the desired conductor pattern is first
      applied to the copper layer 12, as shown in FIG. 12. Thereafter further
      copper 16 is deposited on the layer 12 by electroplating until the desired
      conductor thickness, for instance 35 .mu.m, has been obtained whereupon a
      different metal serving as an etch resist 17 is applied to the deposited
      copper, all as shown in FIG. 13. Finally the mask 13 is dissolved and the
      thin copper layer covered by the mask is removed by etching which takes
      only a short time. The result is shown in FIG. 14 from which appears that
      a conductor with a considerable thickness for instance 35 .mu.m, and with
      very accurate dimensions has been achieved, the latter thanks to the
      absence of mentionable undercut.
PAR  In FIG. 15 a so-called through-holes plating method is illustrated which
      suitably can be carried out simultaneously with plating for achieving
      increased conductor thickness as illustrated in FIGS. 12- 14. An insulated
      base 21 is provided on each side thereof with a very thin copper layer 22a
      and 22b respectively, by a method according to the present invention. In
      the composite material through-going holes 24 have been made, for instance
      by drilling. After pretreatment of the holes and after masking in a known
      manner plating is carried out whereby the deposited copper material is
      applied on the unmasked portions of the thin copper layer and on the inner
      walls of the holes until the desired plating thickness has been achieved.
      After removing the mask and etching the underlying portions of the copper
      layer the final product shown in FIG. 15 is obtained. It appears that the
      deposited copper layers 23a on the thin copper layers and the deposited
      copper layers 23b on the walls of the holes 24 become approximately
      equally thick and have good connection to each other which is of great
      importance from the point of view of reliability.
PAR  The temporary base used in the method according to the present invention
      need and should not be thicker than what is required for forming and
      supporting the thin copper layer so that the composite material consisting
      of the temporary base and the copper layer can be handle comfortably
      during the further processing. The temporary base should preferably be of
      the throwaway type so that it can be destroyed after use. The thickness of
      the temporary base depends on the stiffness of the materials used but
      should suitably be not more than 0.2 mm, preferably not more than 0.1 mm
      and can be, for instance, about 0.03 mm.
PAR  A further advantage of the present invention is that the temporary base can
      serve as protection against oxidation, scratching and other damage of the
      thin metal layer during transport, storing and mechanical treatment of the
      laminate. The temporary base is then removed in connection with the
      manufacture of the printed circuit.
PAR  Another advantage is related to the aforementioned presence of
      through-going holes, so-called micropores, in the copper layer, said
      micropores being difficult to avoid in an electroplating process. These
      micropores create, as mentioned, difficulties, since part of the resin
      flows through the micropores to the surface of the copper during the high
      pressure molding step, e.g., in the manufacture of glass cloth reinforced
      opoxy resin laminate. These patches of epoxy resin on the copper surface
      are highly harmful in the manufacture of the printed circuit both in the
      etching, plating and soldering steps. The thinner the copper foil the more
      difficult it is to avoid this problem. The present invention solves the
      problem, since the temporary base constitutes an effective barrier during
      the molding operation to preventing any flow through of resin onto the
      surface of the copper layer.
PAR  Before the temporary base with the copper layer is molded to the final base
      it is preferable to subject the copper to a surface treatment for
      improving the bond between the copper and the resin of the final base.
      This surface treatment often makes the surface of the copper uneven. The
      thickness of the deposited copper layer is therefore calculated as an
      average thickness. An average thickness of 10 .mu.m corresponds to a
      surface weight of about 87 g/m.sup.2.
PAR  The method according to the present invention is further illustrated by the
      following examples.
PAC  EXAMPLE 1
PAR  An aluminum foil (50 .mu.m) was washed in a cleaning solution consisting of
      water, sodium carbonate and sodium phosphate. The foil then was washed in
      water and thereafter electroplate in a water solution containing
TBL  Cu (CN).sub.2    25 g/l                                                   
     NaCN             20 g/l                                                   
     Na.sub.2 CO.sub.3                                                         
                      30 g/l                                                   
     NaOH              3 g/l                                                   
     Rochelle Salt    70 g/l                                                   
PAL  for 2 minutes at 45.degree.C. with a current density of 15 mA/cm.sup.2.
      After washing the foil was electroplated for 2 minutes with a current
      density of 50 mA/cm.sup.2 at a temperature of 42.degree.C. in a water bath
      containing
TBL         CuSO.sub.4                                                         
                   170 g/l                                                     
            H.sub.2 SO.sub.4                                                   
                    50 g/l                                                     
PAL  Thereafter the electroplating was carried out in the same bath at a current
      density of 200 mA/cm.sup.2 during 2 minutes for achieving a surface with
      high crystallinity and good adhesion to epoxy resin. A copper layer with a
      thickness of 5 .mu.m was obtained.
PAR  After the electroplating the aluminum foil was washed and dried whereupon
      it was placed on a few sheets of an epoxy resin impregnated glass web with
      the copper coated surface facing said sheets. The laminate was molded
      under pressure after which the aluminum foil was peeled off.
PAR  The copper layer bound to the final laminate had an adhesion to the base,
      so-called peel strength, of 8.5 lbs/in measured according to the
      standardized measuring method ASTM D/1867 after increasing the thickness
      of the copper layer by electroplating to 35 .mu.m. The thickness of the
      metal layer obtained by electroplating can be changed in a simple manner
      by varying the electroplating time and/or the current density. On the
      laminate thus obtained a wiring pattern for the desired printed circuit
      was thereafter etched in a known manner.
PAC  EXAMPLE 2
PAR  A laminate was produced in the manner according to Example 1 but the
      aluminum foil was etched away in hydrochloric acid instead of being
      removed mechanically by tearing. The peel strength was 9.0 lbs/in.
PAC  EXAMPLE 3
PAR  A zinc foil (80 .mu.m) was electroplated in a bath consisting of
TBL  CuSO.sub.4 . 5H.sub.2 O                                                   
                     220 g/l                                                   
     H.sub.2 SO.sub.4                                                          
                     100 g/l                                                   
PAL  during 2 minutes at 20.degree.C. with a current density of 100 mA/cm.sup.2.
      After washing the foil was electroplated during 20 seconds at room
      temperature in the same electroplating bath with a current density of 500
      mA/cm.sup.2. Thereafter electroplating took place in the same bath for 30
      seconds at a current density of 50 mA/cm.sup.2. A copper layer of 6 .mu.m
      was thereby obtained. After molding according to Example 1 the zinc foil
      was etched away by means of hydrochloric acid. On the final laminate the
      copper layer had a peel strength of 12 lbs/in.
PAC  EXAMPLE 4
PAR  A steel foil (100 .mu.m) was electroplated in a bath consisting of
TBL         CuP.sub.2 O.sub.7                                                  
                    50 g/l                                                     
            K.sub.2 P.sub.2 O.sub.7                                            
                   250 g/l                                                     
PAL  for 2 minutes at 35.degree.C. with a current density of 24 mA/cm.sup.2.
      After washing the foil was electroplated for 3 minutes at 35.degree.C. in
      a electroplating bath consisting of
TBL  CuSO.sub.4 . 5H.sub.2 O                                                   
                     225 g/l                                                   
     H.sub.2 SO.sub.4                                                          
                     100 g/l                                                   
PAL  at a current density of 100 mA/cm.sup.2.
PAR  The foil was thereafter electroplated at 35.degree.C. in the same bath for
      20 seconds at a current density of 500 mA/cm.sup.2. Thereafter the foil
      was electroplated once again at 35.degree.C. in the same bath for 20
      seconds at a current density of 100 mA/cm.sup.2.
PAR  A copper layer with a thickness of 10 .mu.m was obtained. After molding
      according to Example 1 the steel foil could be peeled off. The copper
      layer of the final laminate had a peel strength of 10.5 lbs/in.
PAC  EXAMPLE 5
PAR  An aluminum foil was electroplated with a 5 .mu.m thick copper layer in the
      manner described in Example 1. Thereafter the foil was molded under heat
      and pressure to a 75 .mu.m thick plastic film of polyethylene
      terephthalate with the copper coated surface facing the film. As a binding
      agent heat curing polyurethane resin was used. After bonding the metal
      foil to the plastic film the aluminum foil could be peeled off. A flexible
      laminate consisting of a plastic film coated with a 5 .mu.m thick copper
      layer was obtained.
PAC  EXAMPLE 6
PAR  An aluminum foil was electroplated with a 10 .mu.m thick copper layer in
      the manner described in Example 1. Thereafter the foil was placed on a
      sheet of "non-woven" cloth of polyester fiber which had been impregnated
      with a partly cured epoxy resin. The copper coated surface of the foil
      faced the impregnated cloth. After molding at a raised temperature the
      aluminum foil could be peeled off. The copper clad laminate obtained had
      good flexibility.
PAC  EXAMPLE 7
PAR  An aluminum foil was electroplated with a 3 .mu.m thick copper layer in the
      manner described in Example 1. Thereafter the copper clad surface of the
      foil was coated with a 75 .mu.m thick layer of partly cured epoxy resin of
      the heat resistant type. A 1 mm thick copper plate was also coated with a
      75 .mu.m thick layer of partly cured epoxy resin of the same type. By
      electrolytical treatment the surface of the copper plate was placed in a
      condition giving good adhesion to epoxy resin. The foil and the copper
      plate were molded together under heat and pressure with the epoxy resin
      coated surfaces facing each other. Thereafter the aluminum foil was etched
      away in hydrochloric acid. The final laminate consisted of a copper plate
      and a 3 .mu.m thick copper layer with an electrically insulating layer of
      epoxy resin therebetween. The copper plate assured effective dissipation
      of heat from a heated article which was soldered to the thin copper layer.
PAR  From an economical point of view the most advantageous temporary base to be
      used according to the present invention is an aluminum foil which is
      cheap, easy to etch and gives less dangerous waste products from the point
      of view of environmental protection. The use of such a foil however, is
      not free from problems. It is difficult to obtain good adhesion of a metal
      layer on an aluminum foil by electroplating. This is true, i.a., if it is
      desired to apply a copper layer on the foil In this case it is usually
      necessary to utilize a cyanide containing plating bath which gives rise to
      waste products which are dangerous to the environment. The handling of
      cyanides during the plating process also involves risk.
PAR  According to an embodiment of the present invention a temporary base of
      aluminum foil is used which is coated with a thin layer of zinc or tin,
      preferably of a thickness less than 2 .mu.m, after which the thin metal
      layer is applied to the zinc or tin coating by electroplating. The
      adhesion between the meal, for instance copper, and the zinc or tin layer
      is very good, and one also can avoid the use of cyanide containing
      solutions, if desired. FIG. 11 shows how a temporary base 5 of aluminum
      has been provided with a thin layer of zinc 9 on which a copper coating 6
      has been deposited by electroplating.
PAC  EXAMPLE 8
PAR  A hard-rolled aluminum foil was treated for 1 minute at room temperature in
      a zincate solution consisting of
TBL          Zno    95 g/l                                                     
             NaOH  520 g/l                                                     
PAL  After the treatment it was found that the foil was covered by a layer of
      zinc. The zinc layer was dissolved by immersion in 50% HNO.sub.3, whereby
      a clean aluminum surface was obtained. The aluminum foil was thereafter
      treated once again in the abovementioned zincate solution for 1 minute at
      room temperature, whereby a thin zinc layer with good adhesion to aluminum
      foil was obtained.
PAR  The aluminum foil thus treated was electroplated with nickel in a Watts'
      solution consisting of
TBL  Nickel sulphate   300 g/l                                                 
     Nickel chloride    45 g/l                                                 
     Boric acid        180 g/l                                                 
PAL  for 3 minutes at 50.degree.C. and a current density of 50 mA/cm.sup.2.
      Thereafter the plating was continued for 1 minute in the same bath at
      50.degree.C. and with a current density of 150 mA/cm.sup.2.
PAR  The electroplated aluminum foil was placed on a few sheets of epoxy resin
      impregnated glass cloth with the nickel coated surface facing said cloth.
      The laminate was molded after which the aluminum foil with the zinc layer
      was dissolved by means of H.sub.2 SO.sub.4. A laminate coated with a 5
      .mu.m thick nickel layer was obtained. The strength of the bond between
      the nickel layer and the epoxy glass fiber laminate, i.e., the peel
      strength, measured on a 35 .mu.m thick foil was 12 lbs/in.
PAC  EXAMPLE 9
PAR  A hard-rolled aluminum foil was immersed for 3 minutes in a 5%
      NaOH-solution. Thereafter the foil was immersed for 1 minute in a zincate
      solution of
TBL         NaOH      60 g/l                                                   
            ZnO        6 g/l                                                   
            FeCl.sub.3 . 6H.sub.2 O                                            
                       2 g/l                                                   
            Rochelle salt                                                      
                      55 g/l                                                   
            NaNO.sub.3                                                         
                       1 g/l                                                   
PAL  The zinc-treated aluminum foil was electroplated with brass for 6 minutes
      at 60.degree.C. and a current density of 40 mA/cm.sup.2 in a bath
      containing
TBL         CuCN    55 g/l                                                     
            ZN(CN).sub.2                                                       
                    31 g/l                                                     
            NaCN    95 g/l                                                     
            Na.sub.2 CO.sub.3                                                  
                    35 g/l                                                     
            NH.sub.4 OH                                                        
                    10 g/l                                                     
PAL  A laminate was produced according to the procedure of Example 8. The
      temporary base was dissolved by means of H.sub.2 SO.sub.4 after the
      molding. A laminate with a 4 .mu.m thick brass layer was obtained. The
      proportion between copper and zinc of the brass was about 70:30. The peel
      strength was 6 lbs/in.
PAC  EXAMPLE 10
PAR  A hard-rolled aluminum foil was zinc-treated according to the procedure of
      Example 8. Thereafter the foil was electroplated with brass for 5 minutes
      at room temperature and a current density of 50 mA/cm.sup.2 in a bath
      containing
TBL         CuCN      20 g/l                                                   
            Zn(CN).sub.2                                                       
                      45 g/l                                                   
            NaCN      50 g/l                                                   
            Na.sub.2 CO.sub.3                                                  
                      32 g/l                                                   
            NaOH      30 g/l                                                   
            Rochelle Salt                                                      
                       5 g/l                                                   
PAL  A laminate was produced according to the procedure of Example 8. The
      temporary base was dissolved by means of H.sub.2 SO.sub.4 after the
      molding. A laminate with a 5 .mu.m thick layer of brass was obtained. The
      proportion between copper and zinc of the brass was about 40:60. The peel
      strength was 6 lbs/in.
PAC  EXAMPLE 11
PAR  An aluminum foil which had been zinc-treated according to the procedure of
      Example 8 was plated at room temperature of 1, 2, 5 or 10 minutes
      respectively at a current density of 60 mA/cm.sup.2 in an acid copper
      solution containing
TBL  CuSO.sub.4 . 5H.sub.2 O                                                   
                     200 g/l                                                   
     H.sub.2 SO.sub.4                                                          
                      70 g/l                                                   
PAL  Thereafter the foil was electroplated at room temperature in the same
      solution for 20 seconds at a current density of 200 mA/cm.sup.2 and
      thereafter for a further period of 20 seconds at a current density of 50
      mA/cm.sup.2.
PAR  Laminates were produced in the same manner as they were produced in Example
      8. After the molding the temporary base was peeled off. The laminates were
      coated with a copper layer with a thickness of 4 .mu.m, 5 .mu.m, 8 .mu.m
      and 13 .mu.m respectively. The adhesion to the final base was about 11
      lbs/in.
PAR  The thickness of the metal layer obtained by electroplating can thus simply
      be changed by varying the plating time which is shown in Example 11.
PAR  FIG. 16 illustrates schematically a continuous process according to the
      present invention for the manufacture of a material for printed circuits
      consisting of an aluminum foil with a very thin copper coating deposited
      thereon. An aluminum foil 32 is drawn from a storage roll 31, is passed
      through cleaning bath 33 and washing bath 34 containing Na.sub.2 CO.sub.3,
      Na.sub.3 PO.sub.4 or NaOH and thereafter is pretreated by means of a
      zincate or stannate solution 35 for depositing a thin layer of zinc and
      tin, respectively on the aluminum foil. After a further washing in a
      suitable liquid 36 the foil is led down into solution 37 in a device for
      electroplating the surface of the foil coated with zinc and tin,
      respectively, for obtaining a thin copper layer thereon. Solution 37 for
      instance, can be a solution of copper sulphate, copper pyrophosphate or
      copper cyanide. The foil on the roll 40 serves as a cathode while plate 41
      is an anode for the electroplating procedure. After the electroplating the
      product is washed in bath 43 and is dried by means of a device 38,
      whereupon the copper coated aluminum foil 42 thus obtained is wound up on
      the roll 39. The described process serves only as an illustration. Certain
      process steps can be eliminated and others can be added. Thus, for
      instance, further plating steps can be undertaken in certain cases.
PAR  The present invention also relates to a modified method which is especially
      advantageous technically and economically in the manufacture of certain
      types of metal coated plastic films. According to this method the thin
      metal layer carried by the temporary base is coated with a layer of a
      resin solution or a prepolymer or a solution of a prepolymer. It also is
      possible to use resin dispersions, melts or other liquid phases of the
      resin or its prepolymer. The deposited layer is transformed to solid phase
      for instance by evaporation of the solvent and polymerizing the
      prepolymer. Thereafter the temporary base can be removed, whereupon a
      plastic film coated with the very thin metal layer is obtained. Examples
      of metal coated plastic films which can be manufactured with advantage by
      means of this process are films of polybenzoxazole, polybenzimidazole,
      polyimide and polybutadiene resins. These plastics have good dielectric
      properties and good heat resistance which is advantageous in printed
      circuitry. Such metal coated plastic films find use for instance in the
      manufacture of flexible printed circuits.
PAR  FIG. 17 illustrates schematically a continuous process according to this
      modified method. From a storage roll 51 for a foil 52 which if desired,
      can consist of the final product 42 obtained by the process according to
      FIG. 16, the foil is drawn horizontally over a support 53, it being
      assumed that the underside of the horizontal foil is constituted by a
      temporary base in the form of a metal foil 52a and the upper side is
      constituted by a metal foil deposited on the temporary base by means of
      electroplating and consisting of a thin layer 52b, for instance of copper.
      From a container 54 is drawn a fluid prepolymer 55 of a resin suitable for
      forming a final, insulating base of the material for printed circuits to
      be produced. The metal layer is coated with the prepolymer which is
      thereafter brought to final polymerization by means of a suitable
      apparatus 57 whereby a strong, flexible film 56 is obtained. After
      removing the metal foil 52a which is wound up on a roll 59 the film 56
      with the thin metal coating bonded thereto is wound up on a roll 58. For
      the sake of simplicity further process steps which can be undertaken for
      instance pretreatment of the component foil materials have not been shown
      in FIG. 17. From the roll 59 the metal foil can go to replating, if
      desired. Instead of peeling off the temporary base the latter can be
      removed in any other manner for instance by etching, which can be carried
      out with advantage in immediate connection with the manufacture of the
      printed circuit.
PAC  EXAMPLE 12
PAR  An aluminum foil with a copper layer with a thickness of 5 .mu.m was
      produced according to Example 11. The free copper surface was coated with
      a layer of a solution consisting of
TBL  Polybenzoxazole, prepolymer                                               
                        15 parts by weight                                     
     Dimethylacetamide  85 parts by weight                                     
PAL  The dimethylacetamide was evaporated in an oven while gradually increasing
      the temperature from 60.degree.C. to 160.degree.C. for 60 minutes.
      Thereafter the temperature was increased to 300.degree.C. which
      temperature was maintained for 45 minutes. During the last mentioned
      treatment which was carried out in a nitrogen gas atmosphere the
      prepolymer underwent a chemical reaction so that an aromatic
      polybenzoxazole was obtained.
PAR  Thereafter the aluminum foil was etched away by means of hydrochloric acid.
      As a result of 25 .mu.m thick film of polybenzoxazole plastic coated with
      a 5 .mu.m thick copper layer was obtained. The plastic film proper had
      high flexibility and very good heat resistance at temperatures up to
      250.degree.C. The tensile strength was 1050 kp/cm.sup.2 at 20.degree.C.
PAC  EXAMPLE 13
PAR  An aluminum foil having a thickness of 50 .mu.m was washed at room
      temperature in an alkaline solution containing 5% NaOH. The foil was then
      treated in a solution containing 5% NaOH, 0.5% ZnO and 0.1% FeCl.sub.3.
      After this treatment the aluminum foil was coated with a thin layer of
      zinc (&lt; 0.3 .mu.m). At this stage it would have been possible to plate the
      foil with copper, for instance in a copper cyanide solution. In an acid
      copper solution the result might, however, not be good, because of the
      difficulty of avoiding blistering.
PAR  In order to treat the foil so that a better result would be obtained with
      plating in an acid copper solution, the zinc coated foil of aluminum was
      immersed in a solution containing 40 g/l NiCl.sub.2 . 6H.sub.2 O. By means
      of sulphuric acid the acidity of the solution was adusted to pH = 2. By an
      electrochemical reaction zinc was replaced by nickel in this solution,
      that is, metallic nickel was precipitated on the foil while zinc was
      dissolved. It should be pointed out that it is important that the
      treatment is carried out within a correctly adjusted time period. A period
      of treatment which is too short will result in a layer of nickel, which is
      unevenly distributed over the surface of the foil so that zinc and also
      aluminum metal will be exposed to the acid copper solution subsequently
      applied. On the other hand, with too long a period of treatment in the
      nickel solution the aluminum foil under the layer of zinc will be attacked
      to an unpermissible extent so that it will be weakened. The correct
      duration of the treatment in the above mentioned solution of nickel
      appeared to be between 30 and 150 seconds at room temperature.
PAR  The nickel coated foil was plated at room temperature in a solution
      containing 220 g/l CuSO.sub.4 . 5H.sub.2 O and 100 g/l H.sub.2 SO.sub.4,
      first during a period of 135 seconds with a current density of 3
      A/dm.sup.2, then during 45 seconds at 14 A/dm.sup.2 and finally during 60
      seconds at 4 A/dm.sup.2. After this treatment the foil had a coating of
      copper the thickness of which was about 5 .mu.m. The free surface of the
      copper coating had a structure that resulted in good adhesion to the final
      base, for instance an epoxy laminate.
PAR  The foil thus produced was washed and dried, whereafter it was placed on a
      few sheets of epoxy resin impregnated glass web with the copper coated
      surface facing said sheets. After molding at increased temperature for
      hardening the epoxy resin a laminate was obtained consisting of an
      electrically insulating plate of glass fiber reinforced epoxy plastic with
      a metal foil bonded to its surface. The production of this laminate could
      be performed without blistering occurring between the layers of metal. The
      aluminum foil was etched away in a hydrochloric acid solution. The
      laminate finally obtained consisted of a layer of copper having a
      thickness of about 5 .mu.m directly bonded to the epoxy plastic and
      covered by a thin (thickness less thant 0.5 .mu.m) layer of nickel.
PAR  At the manufacture of the printed circuit the thin layer of nickel can be
      removed from the copper, if necessary. A rapid and easy method for such
      removal is etching in ferric chloride solution. As this solution also
      dissolves copper, the length of the period must be carefully adjusted, so
      that the treatment is interrupted when the nickel is removed and before an
      appreciable part of the copper is etched away. A somewhat more complicated
      but more reliable method is electrochemical elimination, at which the
      nickel can be removed selectively. Such a method will be described in the
      following example.
PAC  EXAMPLE 14
PAR  A laminate is produced as described in Example 13. After the aluminum foil
      was removed, the copper was found to be covered by a layer of nickel, the
      thickness of which was about 0.2 .mu.m. The metal coating on the laminate
      was used as an anode in an electrolytic cell containing a solution which
      was free of halogen and consisted of three parts of concentrated sulphuric
      acid and two parts of distilled water at room temperature. With a current
      density of 2 A/dm.sup.2 the layer of nickel was dissolved out without
      noticeable attack on the copper layer.
PAR  The thin layer of nickel can thus be removed from the copper in various
      manners, If desired. However, it was shown to be possible to produce
      printed circuits without removal of the nickel layer. At a so called
      through-holes plating with simultaneous increase of the thickness of the
      conductors by plating with copper a good adhesion between the copper and
      the nickel layer was obtained.
PAR  In the manufacture of certain types of printed circuits the thin layer of
      nickel may be of great advantage. In this case the thickness of the nickel
      layer may, if required, be increased by electrolytic plating. Printed
      circuits having nickel coated conductors of copper enable connection of
      electronic components by welding instead of soldering and this may be
      required at, for instance, printed circuits with a high degree of
      miniaturization This is a further advantage with the invention in addition
      to the advantages mentioned above in connection with the plating process.
PAC  EXAMPLE 15
PAR  A rolled foil of aluminum having a thickness of 50 .mu.m was rinsed in a
      solution of 5% by weight of NaOH in water during 5 minutes at 20.degree.C.
      Thereafter the foil was washed in water and was then plated at
      60.degree.C. in a water solution containing
TBL  Cu.sub.2 P.sub.2 O.sub.7 . 4 H.sub.2 O                                    
                               40 g/l                                          
     H.sub.2 C.sub.2 O.sub.4 . 2 H.sub.2 O (oxalic acid)                       
                               60 g/l                                          
     K.sub.4 P.sub.2 O.sub.7   90 g/l                                          
     NH.sub.4 OH to pH = 5.7                                                   
PAR  After the plating the foil was washed and dried, whereafter it was placed
      on a few sheets of an epoxy resin impregnated glass web with the copper
      coated surface facing said sheets. After molding at a pressure of 50
      kp/cm.sup.2 and a temperature of 165.degree.C. during 45 minutes a
      laminate was obtained from which the foil of aluminum could easily be
      peeled off by hand. The adhesion between aluminum and copper was measured
      according to ASTM D-1867  and is shown in the following table which also
      indicates the values of the current density and the plating time at the
      process.
TBL                Table                                                       
     ______________________________________                                    
            Current Density Plating time Adhesion                              
     Example                                                                   
            A/dm.sup.2      seconds      lbs/inch                              
     ______________________________________                                    
     1      5.7             300          0.03                                  
     2      8.6             200          1.07                                  
     3      11.4            150          1.47                                  
     ______________________________________                                    
PAL  The adhesion was measured according to ASTM D-1867.
PAR  The copper plated aluminum foil could be handled without the layers of
      metal becoming separated from each other. It also turned out to be
      possible to roll up the foil on a cylindrical rod and then unroll it
      without the copper being loosened from the aluminum foil. As the laminate
      has been molded and the aluminum foil had been peeled off a copper layer
      having a thickness of about 5 .mu.m was obtained on the final base. By
      etching in 20% ammonium persulphate all the copper could be removed from
      the surface of the epoxy laminate, that is, no penetration of resin
      through the micropores could be observed.
PAR  The present invention is not limited to the embodiments and examples shown
      and described since they can be modified in different manners within the
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the production of a material for use in the production of
      printed circuits comprising applying a thin layer of zinc to a foil of
      aluminum or an aluminum alloy galvanically replacing the layer of zinc
      wholly or partly, by a layer of a metal selected from the group consisting
      of nickel, iron, chrome, tin, cadmium and cobalt and plating a layer of
      copper to the metal layer.
NUM  2.
PAR  2. The method according to claim 1 in which the thickness of the nickel
      layer exceeds 0.01 .mu.m and is less than 1 .mu.m.
NUM  3.
PAR  3. The method according to claim 1 in which the replacement of zinc by
      nickel is carried out in a solution in which the concentration of Ni++ is
      2 to 25 g/l.
NUM  4.
PAR  4. The method according to claim 1 in which the replacement of zinc by
      nickel is carried out in a solution in which the concentration of Ni++ is
      5 to 15 g/l.
NUM  5.
PAR  5. The method according to claim 1 in which the replacement of zinc by
      nickel is carried out in a solution in which the concentration of Ni++ is
      8 g/l.
NUM  6.
PAR  6. The method according to claim 1 in which replacement of zinc by nickel
      is carried out in a solution containing nickel chloride.
NUM  7.
PAR  7. The method according to claim 1 in which the replacement of zinc by
      nickel is carried out in a solution in which the pH value is between 0.5
      to 5.
NUM  8.
PAR  8. The method according to claim 1 in which the replacement of zinc by
      nickel is carried out in a solution in which the pH value is between 1 and
      3.
NUM  9.
PAR  9. The method according to claim 1, in which the electroplating of copper
      on the layer of nickel is carried out in an acid copper solution.
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ABST
PAL  Coating apparatus for applying a coating liquid to a moving roll. The
      apparatus has a trough-like pan, longer than the width of the roll surface
      to be coated, for holding a supply of the coating liquid. A pair of weirs
      is mounted on the pan which holds the coating liquid partially impounded
      therebetween. The weirs are spaced closer than the ends of the roll and
      the width of the roll surface to be coated. The weirs each are formed with
      a curved concave central portion having a radius the same or slightly
      larger than the radius of the roll, and with at least one overflow end
      portion to serve as a spillway. Coating liquid is supplied continuously to
      the central portion of the pan between the weirs and is drained
      continuously from the weir overflow end portions. The level of the coating
      liquid between the weirs is maintained at a higher level than coating
      liquid outside the weirs. The roll may serve as a backup roll for a strip
      passing around it or as a transfer roll to transfer the coating liquid
      from the pan to a strip in contact with the upper portion of the roll.
PAL  A method of applying a coating liquid to one side of a strip of material by
      providing a body of coating liquid between a pair of spaced weirs which
      are mounted on a trough-like container. The material to be coated extends
      laterally beyond the weirs and is passed through the body of coating
      liquid in a curved path beneath a backup roll which is partially submerged
      in the coating liquid. The weirs each have a curved portion and at least
      one end overflow portion communciating with collecting compartments beyond
      the weirs. The coating liquid level in the collecting compartments is
      maintained below the lowest level of the curved weir portions whereby the
      excess coating liquid from the liquid body flows over the weir overflow
      portions, into the collecting compartments.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to equipment for applying a coating liquid to a
      moving strip of material, and in particular to a coating pan construction
      which holds a quantity of coating liquid which is applied directly to one
      side of the strip or is applied to a transfer roll mounted above the pan
      and partially submerged in the coating liquid in the pan. More
      particularly, the invention relates to a coating pan construction having a
      pair of spaced weirs mounted on the pan which forms a reservoir for a pool
      of coating liquid which accurately controls the wetted area of the
      transfer roll or the width of the area to which liquid is applied to the
      moving strip, and which provides a cleaner pool of coating liquid.
PAR  The invention also relates to an improved method of applying a coating
      liquid to one side of a moving strip of material, and in particular to a
      method of applying and accurately controlling the moving strip surface
      area that is coated.
PAR  2. Description of the Prior Art
PAR  Prior coating equipment and coating methods use pan constructions which
      hold a supply of coating liquid and in which the strip material backup
      rolls or the liquid transfer rolls are placed so that the roll journals
      pass over the pan ends with the body of the roll dipping a short distance
      into the coating liquid. The rolls dip into the coating liquid a short
      distance and pick up a quantity of the liquid for transfer to a web or
      strip of material moving or passing over and in contact with the top of
      the coating roll. A second roll may be mounted above and in contact with
      such lower rolls for receiving a supply of coating liquid from the pickup
      rolls for transfer to a moving strip of material. Likewise, the strip of
      material may pass directly through the coating liquid moving about and
      beneath the backup roll partially submerged therein.
PAR  It was necessary with such prior coating equipment and in such coating
      methods to use a coating liquid holding pan of size sufficient to
      accommodate strips of material of various widths. This resulted in
      requiring large quantities of coating liquid to completely fill the pan to
      the proper level even though the width of the strip material being coated
      was quite small in comparison to the length of the pan. Likewise, even in
      those situations where a pan roll is used as a backup roll the uncovered
      portion of the roll is submerged in the coating liquid, requiring frequent
      and expensive cleanups of the roll and pan.
PAR  These prior pans usually had a remote coating liquid supply reservoir to
      maintain the supply of coating liquid in the pans at the desired level by
      replacing the liquid that is deposited on the moving strip being coated.
      Impurities, however, continued to collect within the pan from the
      surrounding atmosphere and from the strip being coated.
PAR  The lighter impurities floating near the top of the coating liquid were
      transferred to the coated web or strip of material resulting in an uneven
      coated surface and rough or uncoated areas on the coated strip. The
      heavier impurities settle to the bottom of the pan, necessitating numerous
      equipment shutdowns for cleaning the pan, after draining off the coating
      liquid.
PAR  Air bubbles also form on the top of the coating liquid within the pan due
      to the slight agitation of the liquid by the rotating liquid transfer roll
      or material backup roll and by the runoff of the excess coating liquid.
      These bubbles also cause an uneven coating to be applied to the moving
      strip.
PAR  The coating liquid in prior coating equipment and methods works out beyond
      the roll ends due to the entire roll body being submersed in the coating
      liquid. This results in the roll ends being "wet" and a supply of coating
      liquid accumulates thereon. The accumulated coating liquid builds up on
      the roll journals and mounting mechanism requiring constant maintenance of
      the same. Likewise, the edges of the strip material being coated also are
      coated. This is not desirable in many applications since some of the
      coating material passes to the uncoated side of the strip material.
PAR  Thus, a need has existed for coating apparatus and for a method of applying
      coating liquid to strip material which enable the coating width on the
      strip or transfer roll to be adjustably and accurately controlled, and
      which reduce harmful impurities in the coating liquid which heretofore
      resulted in producing imperfect coatings on the moving strip being coated.
PAC  SUMMARY OF THE INVENTION
PAR  Objectives of the invention include providing apparatus for applying a
      coating liquid to strip material which includes a coating liquid holding
      pan which enables the length of the coating liquid pool to be adjusted
      within the pan whereby the area of a moving strip to be coated can be
      adjusted to the desired size, and which requires only a portion of the pan
      to be filled with coating liquid thereby more effectively using the
      coating liquid supply; providing apparatus for applying coating liquid to
      strip material in which the coating liquid is maintained relatively free
      of harmful impurities which can accumulate during coating operations, by
      removing the floating impurities through spillways formed along the sides
      of the pan roll and by removing the heavier impurities through pan bottom
      openings; providing apparatus for applying coating liquid to strip
      material having a pair of spaced adjustable weirs mounted on the coating
      liquid pan for forming a coating liquid pool and pan spillways, in which
      the pan has drain outlets and an inlet for recirculating the supply of
      coating liquid, and has deflector means for eliminating harmful agitation
      of the coating liquid pool by incoming coating liquid supply; and
      providing apparatus for applying coating liquid to strip material which
      eliminates difficulties heretofore encountered, achieves the stated
      objectives simply and effectively, and solves problems and satisfies
      existing needs.
PAR  Objectives of the invention further include providing an improved method
      for applying coating liquid to moving strip material which enables the
      coated area of the strip to be accurately controlled and adjusted; which
      method provides a smoother coated surface on the strip material, freer of
      blemishes and of unevenly coated spots than with prior procedures; and
      which method is cleaner, requires less maintenance of the equipment used
      in carrying out the method, and which eliminates problems heretofore
      encountered with prior methods of applying coating liquid to a moving
      strip.
PAR  These objectives and advantages are obtained by the liquid coating
      apparatus, the general nature of which may be stated as including pan
      means having at least a pair of longitudinally extending side walls and a
      bottom wall forming an open top container; longitudinally spaced weir
      means mounted on the pan means and extending laterally between the side
      walls forming a coating liquid reservoir therebetween together with
      portions of the side walls and bottom wall within the container; the weir
      means having top edges, each top edge being formed with a concave curved
      portion and a liquid overflow portion at least at one end of the curved
      portion; inlet means communicating with the pan means for supplying
      coating liquid to the reservoir; drain means communicating with the pan
      means for removing from the pan means coating liquid which flows from the
      reservoir over said weir means liquid overflow portions; and means
      adjustably mounting the weir means on the pan means.
PAR  These objectives and advantages of the present invention also are obtained
      by the new method of applying coating liquid to one side of a moving
      strip, the general nature of which may be stated as including the steps of
      providing a container having longitudinally spaced weirs formed with
      curved portions and a connecting weir overflow portion at least at one end
      of each curved portion; maintaining a body of coating liquid in said
      container; passing an object to be coated laterally through the liquid
      body in a curved path and extending longitudinally beyond the weirs;
      controlling the spacing of the object being coated from the curved weir
      edge portions to prevent flow of the coating liquid between the object and
      the curved weir portions; and flowing excess coating liquid from the body
      of coating liquid within the container over the weir overflow portions.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Preferred embodiments of the invention -- illustrative of the best modes in
      which applicants have contemplated applying the principles -- are set
      forth in the following description and shown in the drawings and are
      particularly and distinctly pointed out and set forth in the appended
      claims.
PAR  FIG. 1 is a diagrammatic side elevation of the improved coating pan
      construction used in an improved paper coating method;
PAR  FIG. 2 is a more detailed diagrammatic view of a paper coating installation
      and equipment using the improved coating pan construction;
PAR  FIG. 3 is a fragmentary diagrammatic perspective view, with portions broken
      away and in section, showing a coating roll in cooperation with the
      improved coating pan construction;
PAR  FIG. 4 is a reduced fragmentary top plan view, with portions broken away,
      of the coating roll and improved coating pan construction shown in FIG. 3
      with the coating liquid removed;
PAR  FIG. 5 is an enlarged fragmentary sectional view taken on line 5--5, FIG.
      4;
PAR  FIG. 6 is an enlarged fragmentary sectional view taken on line 6--6, FIG.
      4;
PAR  FIG. 7 is a diagrammatic side elevation of the improved coating pan
      construction and associated equipment used in strip coating installation
      in which the coating liquid is transferred to the moving strip by a
      coating roll;
PAR  FIG. 7A is a diagrammatic view similar to FIG. 7, showing the improved
      coating pan construction in association with a pair of transfer rolls, an
      air knife, and a blowoff box for coating a moving strip;
PAR  FIG. 8 is an enlarged fragmentary sectional view of the improved coating
      pan construction for coating moving strip, taken on line 8--8, FIG. 7;
PAR  FIG. 9 is a diagrammatic rear elevation of the improved coating pan
      construction used in carrying out the improved metal strip coating method;
PAR  FIG. 10 is a sectional view taken on line 10--10, FIG. 9;
PAR  FIG. 11 is an enlarged sectional view taken on line 11--11, FIG. 10;
PAR  FIG. 12 is a fragmentary sectional view similar to FIG. 5, showing the flow
      of coating liquid, with the coating roll and strip to be coated in
      stationary position;
PAR  FIG. 13 is a fragmentary sectional view taken on line 13--13, FIG. 12;
PAR  FIG. 14 is a fragmentary sectional view taken on line 14--14, FIG. 12;
PAR  FIG. 15 is a fragmentary sectional view similar to FIG. 12, showing the
      flow of coating liquid, with the coating roll rotating and the strip
      passing around the roll;
PAR  FIG. 16 is a fragmentary sectional view taken on line 16--16, FIG. 15;
PAR  FIG. 17 is a fragmentary top plan view of an alternate construction of the
      improved coating pan construction;
PAR  FIG. 18 is an enlarged fragmentary sectional view taken on line 18--18,
      FIG. 17;
PAR  FIG. 19 is a reduced fragmentary sectional view taken on line 19--19, FIG.
      18;
PAR  FIG. 20 is a sectional view of an alternate coating pan construction,
      similar to FIG. 12, showing the coating liquid flow with the coating roll
      and strip to be coated in stationary position;
PAR  FIG. 21 is a fragmentary sectional view taken on line 21--21, FIG. 20;
PAR  FIG. 22 is a fragmentary sectional view taken on line 22--22, FIG. 20;
PAR  FIG. 23 is a fragmentary sectional view similar to FIG. 20, showing the
      coating liquid flow with the coating roll rotating and the strip passing
      around the roll; and
PAR  FIG. 24 is a fragmentary sectional view taken on line 24--24, FIG. 23.
PAR  Similar numerals refer to similar parts throughout the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  First Embodiment
PAR  FIGS. 1 and 3 are diagrammatic views of a coating installation using the
      improved coating apparatus indicated at 1 and illustrating the improved
      coating method for coating a paper web 2 on one side with a liquid
      coating. Web 2 is payed out from a supply roll and moves in a usual manner
      about a guide roll 3 and beneath a backup roll 4 towards a collection roll
      or other web treating apparatus (FIG. 1). Roll 4 is mounted above coating
      apparatus 1 which includes the improved pan construction indicated at 5,
      which is described in detail below.
PAR  Web 2 picks up a supply of coating liquid from within pan 5 and moves
      upwardly past an air brush 6. Air brush 6 forms a pressure dam on the
      upward running web 2 to limit the coating film thickness on web 2. The
      excess coating liquid runs back down web 2 into the pool of coating liquid
      within pan 5.
PAR  The improved coating pan construction 5 used for carrying out the improved
      coating method, is shown in FIGS. 3-6 in conjunction with a roll 4. Pan 5
      preferably is V-shaped in cross section having inwardly sloped
      longitudinally extending side walls 7 and 8 which join together in a
      curved bottom wall 9. Spaced laterally extending end walls 10 and 11
      extend between the ends of side walls 7 and 8 to form an open trough-like
      container 12 for holding a supply of coating liquid 13. End walls 10 and
      11 are generally V-shaped to coincide with the slope of side walls 7 and 8
      and curved bottom wall 9.
PAR  Drain openings 14 and 15 (FIG. 4) are formed in bottom wall 9 adjacent end
      walls 10 and 11, respectively. Drain conduits 16 and 17 are welded at 18
      to bottom pan wall 9 and communicate with drain openings 14 and 15.
PAR  A coating material inlet opening 19 is formed centrally in bottom wall 9
      and communicates with a supply conduit 20 for supplying a quantity of
      coating liquid 13 to pan 5.
PAR  In accordance with the invention, a pair of weirs 21 and 22 is spaced
      longitudinally within container 12 (FIGS. 3 and 4) for forming a reservoir
      23 for holding a supply of coating liquid 13. Weirs 21 and 22 are similar,
      and each includes a plate 24 having a horizontally laterally extending top
      edge 25, sloped side edges 26 and 27 and a curved bottom edge 28. Plate
      side edges 26 and 27 and bottom edge 28 are shaped to follow the contour
      of pan side walls 7 and 8 and bottom wall 9, to form a generally
      liquid-tight reservoir 23 with the pan side and bottom walls.
PAR  Weir top edges 25 are spaced below the level of top edges 29 of pan side
      walls 7 and 8 to form spillways 30 between roll 4 and side walls 7 and 8.
      Excess coating liquid flows unrestricted over spillways 30 into drain
      compartments 64 and 65 formed by weirs 21 and 22 and pan end walls 10 and
      11, respectively. A concavely-shaped central portion 31 is formed in the
      top edge 25 of each weir 21 and 22. Central portions 31 have a radius of
      curvature equal to or slightly larger than the radius of the particular
      roll 4 which is used with pan 5 for a particular coating operation.
PAR  A small notch 32 is formed in the bottom edge 28 of each weir to provide
      openings in weirs 21 and 22 above bottom pan wall 9. Notches 32 permit
      scale, debris and other impurities, which are heavier than coating liquid
      13 and which settle to the bottom of pan 5, to flow through notches 32 for
      removal from pan 5.
PAR  Weirs 21 and 22 preferably are adjustably mounted on pan 5 by a pistol-grip
      mechanism 33 (FIGS. 3, 4 and 6). Mechanism 33 includes a curved support
      bracket 34 which is bolted at 35 to weir plate 24 for holding and
      positioning plate 24 within container 12. The upper end of bracket 34 is
      bolted at 36 to a handle 37.
PAR  Handle 37 has a forked front portion 38 in which bracket 34 is bolted.
      Forked portion 38 extends downwardly along and in contact with pan wall 7
      and has a pair of lugs 39 which extend outwardly from forked portion 38 to
      provide stability to handle 37 and weir plate 24.
PAR  Handle 37 includes a slotted grip 40 formed with an aperture 41 in the top
      portion thereof. A curved notch 42 is formed at the junction of fork 38
      and grip 40 having a radius equal to the radius of the curved upper edge
      29 of pan side wall 7. A trigger 44 having an elongated lower lever end 45
      is pivotally mounted within slotted grip 40 by a pin 46 and is biased
      outwardly from grip 40 by a spring 47. A cylindrical lug 48 is formed on
      the extended upper end of trigger 44 having a radius equal to the inner
      radius of upper pan edge 29.
PAR  Weirs 21 and 22 are mounted easily on pan wall 7 by compressing a trigger
      44 within handle grip 40 which pivots lug 48 outwardly and downwardly.
      Weirs 21 and 22 then are placed within container 12 at the desired
      location with pan edge 29 engaged within handle notch 42. Trigger 44 is
      released and lug 48 pivots upwardly into engagement with the bottom side
      of pan edge 29, clamping handle 37 to pan 5.
PAR  Weirs 21 and 22 need not be adjustably mounted on pan 5 by the pistol-grip
      mechanism 33 as shown and described, but may be mounted by setscrews,
      clamps or similar attachment means without affecting the operation of
      weirs 21 and 22.
PAR  A pistol-grip mechanism 49 similar to mechanisms 33 also may be used to
      mount a deflector plate 50 on pan 5 and within container 12 opposite
      coating liquid inlet opening 19 (FIGS. 3, 4 and 5). A bracket 51 is
      attached to the forked end 52 of mechanism 49 by bolts 53 and extends
      downwardly along compartment side wall 7. Plate 50 is welded at 54 to the
      end of bracket 51 and is spaced a short distance above inlet opening 19.
PAR  The incoming stream of coating liquid 13 (arrows A, FIGS. 3 and 5) is
      deflected by plate 50 upon entering reservoir 23 preventing agitation of
      the pool of coating liquid 13 and the formation of undesirable air bubbles
      therein.
PAR  Plate 50 preferably is removably mounted on pan 5 by pistol-grip mechanism
      49 to permit easy cleaning of pan 5 and plate 50.
PAR  Roll 4 is rotatably mounted longitudinally above pan 5 with shafts 55 being
      journaled in bearings 56. Bearings are attached to the ends of support
      arms 57 which may be pivotally mounted at their other ends to enable roll
      4 to be removed from pan 5 to permit cleaning and maintenance work to be
      performed on pan 5. Pan 5 also may be mounted on a structure which permits
      pan 5 to be moved downwardly and away from roll 4, especially where roll 4
      is permanently fixed in its mounting mechanism.
PAR  A more detailed illustration of the particular paper coating apparatus and
      method of FIG. 1 is shown in FIG. 2. A supply of coating liquid 13 from a
      remote source is fed through a line 58 into a recirculating supply tank
      59. A pump 60 pumps the coating liquid from tank 59 through line 61 into
      pan 5 through supply conduit 20 into reservoir 23 where the incoming
      stream contacts deflector plate 50 and is dispensed into the pool of
      coating liquid. A bypass line 62 and valve 63 may be connected between
      tank 59 and line 61 to bypass pump 60.
PAR  The incoming stream of coating liquid 13 replaces the liquid applied to the
      moving web 2 with the excess coating liquid flowing over spillways 30
      (arrows B, FIG. 3). This excess liquid flows into drain compartments 64
      and 65 and then into conduits 16 and 17 through drain openings 14 and 15.
PAR  Conduits 16 and 17 are connected to a surge tank 66 by lines 67 and 68,
      respectively. The collected coating liquid flows from tank 66 in line 69
      through a filtering screen 70 and deaerator 71 to remove impurities from
      the liquid prior to reentering supply tank 59 through line 72.
PAR  The heavier impurities in coating liquid 13 pass from reservoir 23 through
      weir notches 32 into drain compartments 64 and 65, and then through drain
      openings 14 and 15 into surge tank 66.
PAR  The continuous flow of clean coating liquid 13 into and out of the pool of
      coating liquid in reservoir 23 between weirs 21 and 22 removes most of the
      impurities which form and collect within the coating pool. The lighter
      impurities flow over spillways 30 with the heavier impurities flowing
      through bottom weir notches 32. The recirculation of the drained coating
      liquid through filtering screens 70 and deaerator 71 removes the collected
      impurities, enabling the collected liquid to be returned to the reservoir
      pool. The liquid entering tank 59 through line 58 from a remote supply is
      only that needed to make up for the coating liquid applied to web 2.
PAR  Roll 4 is spaced above weirs 21 and 22 a sufficient distance to permit roll
      4 to rotate freely without contacting top edge 25 of weirs 21 and 22, and
      close enough to preventing coating liquid 13 from flowing freely
      therebetween. Most coating liquids have a sufficient thickness and
      viscosity that a clearance of between 1/32 inch and 1/16 inch is
      satisfactory to prevent free flowing of the liquid between roll 4 and
      concave central portion 31 of plate edge 25.
PAR  Roll 4 (FIG. 3) is shown wetted with coating liquid 13 only between weirs
      21 and 22, as indicated at 73, and in a pair of narrow "workout" strips 74
      beyond weirs 21 and 22. Workout strips 74 are the areas covered by coating
      liquid 13 due to the thinning out of the liquid in a longitudinal or axial
      direction of the roll onto the uncovered area bordering liquid covered
      area 73. The width of strips 74 remains relatively constant for a
      particular coating roll speed and viscosity of coating liquid 13. It has
      been found that the width of strips 74 remains relatively constant and
      provides a generally straight outer edge line 75. Thus, roll wipers which
      heretofore were required to form edge line 75 are no longer essential.
PAR  Weirs 21 and 22 can be adjusted to provide for a wetted area 73 on roll 4
      having a specific width (FIG. 3), or can be adjusted to provide a specific
      width of coating on a web 2 (FIGS. 1 and 2) which is passed around roll 4.
      Coating liquid 13 can be applied only to that area of roll 4 or web 2
      which is desired to be coated, without coating the entire roll 4 or web 2
      as with prior coating apparatus and methods.
PAR  Weirs 21 and 22 enable the ends of roll 4 to run dry which eliminates the
      buildup of coating liquid on the roll ends which would subsequently dry
      and harden, portions of which would break off and fall into the bath of
      coating liquid causing defects in the applied coat. The amount of coating
      liquid 13 required for a particular coating application is reduced since
      the coating pond is adjusted to the necessary width, eliminating filling
      the entire coating pan. The continual recirculation of the coating liquid
      and removal of the light impurities over spillways 30 and removal of the
      heavy impurities contained therein through notches 32, provides a highly
      controlled and accurately applied coated surface on the strip material,
      more free of defects, such as color lumps and pin holes, than heretofore
      possible with prior coating apparatus and methods.
PAR  A detailed illustration of the improved coating method and of the improved
      coating apparatus used in carrying out the method is shown in FIGS. 12-16
      and is described below. A continuous supply of coating liquid 13 is pumped
      into pan 5 at a predetermined rate depending upon the particular coating
      procedure being performed.
PAR  The excess liquid 13 flows unrestricted over spillways 30 formed on both
      sides of roll 4 due to the location of the top edge 25 of weirs 21 and 22
      below top edge 29 of pan side walls 7 and 8. This overflow liquid 13a and
      13b (FIG. 12) runs down the outer sides of weir plates 24 into drain
      compartments 64 and 65 and along bottom pan wall 9 through drain openings
      14 and 15.
PAR  Roll 4 is adjusted vertically with respect to concave portions 31 of weir
      plates 24 so that the arcuate opening or space indicated at 76, between
      web 2 and portions 31 is small enough to prevent free flow of liquid 13
      through opening 76 when roll 4 is stationary but large enough to permit
      restricted flow when roll 4 is rotating, as shown in FIGS. 12 and 13. The
      size of opening 76 is determined by the viscosity of liquid 13, the type
      of material forming web 2 and the speed at which roll 4 will be rotated.
PAR  The incoming supply of liquid 13 enters through conduit 20, located at the
      center of pan 5 and reservoir 23 (FIGS. 3 and 4), and flows in both
      directions from conduit 20 towards the ends of reservoir 23 carrying with
      it the light debris floating on top of liquid 13. This light debris is
      carried over spillways 30 by overflow liquid 13a and 13b and through
      drains 16 and 17 to equipment, such as deareator 71 and filters 70, where
      the impurities are removed before pumping the collected liquid back into
      reservoir 23.
PAR  The heavier debris and impurities sink to the bottom of reservoir 23 where
      they are removed by liquid streams 13c which flow through weir bottom
      notches 32 into drains 16 and 17 (FIGS. 12, 13 and 14).
PAR  A small amount of liquid 13d moves outwardly along roll 4 through arcuate
      openings 76 as roll 4 rotates, forming a pair of workout strips 77
      adjacent the edges of web 2 (FIG. 16) similar to workout strips 74 on roll
      4 (FIG. 3).
PAR  The width of workout strips 77 also is determined by the speed of roll 4,
      the size of openings 76 and the viscosity of the particular coating liquid
      13. Even during rotation of roll 4 and the coating of web 2, liquid 13d
      does not flow downwardly along weir plates 24 but moves outwardly along
      web 2 forming strips 77, as illustrated in FIGS. 15 and 16.
PAR  Web 2 moves beneath roll 4 in a curved semicircular path and through liquid
      13 picking up a quantity of liquid 13 on surface 78 of web 2 (FIGS. 15 and
      16). This coating is smoothed and regulated by air brush 6 or other
      coating control means, such as an air knife or the like.
PAR  Edges 79 of web 2 (FIG. 16) may be maintained "dry" by positioning weirs 21
      and 22 a sufficient distance inwardly from the web edges so that workout
      strips 77 do not extend to the edges of web 2. Likewise, the ends of roll
      4 are maintained dry and free of coating liquid as well as the remaining
      central portion of roll 4 covered by web 2. Roll 4 can be maintained
      completely free from contact with coating liquid 13 by moving web 2 about
      roll 4 prior to filling reservoir 23 with liquid 13 or prior to moving
      roll 4 partially into liquid 13, thereby eliminating costly downtime for
      cleaning roll 4 as heretofore required.
PAR  In accordance with the invention, the improved method as shown in FIGS.
      12-16, includes the steps of applying a liquid coating 13 to a moving
      surface 78 of a strip of material 2 by passing surface 78 to web 2 in a
      curved path through the liquid pool in reservoir 23. Reservoir 23 is
      maintained in a trough-like container or pan 5 having spaced weirs 21 and
      22 which are formed with curved portions 31 connecting weir overflow
      portions or spillways 30. The openings 76 between web 2 and curved
      portions 31 are maintained at a predetermined controlled spacing,
      sufficient to prevent free flow of liquid 13 therebetween when roll 4 is
      stationary, so that liquid 13 flows from the reservoir beyond either end
      of the curved weir surfaces over the spaced weir overflow portions and
      through openings 76 when roll 4 is rotating.
PAR  Roll 4 need not be solid as shown in FIGS. 3, 5 and 6, but roll 4 may be
      hollow enabling a hot or cold medium to be circulated through the roll in
      a usual manner for heating or cooling, as is well known for example as in
      U.S. Pat. Nos. 1,961,827, 3,070,457 and 3,279,425.
PAR  The heating of the roll outer surface enables a coating liquid applied to
      roll 4 to be dried and continuously removed as a film of such coating
      liquid, by a usual process known in the coating trade as "film casting".
      Likewise, a chilled roll 4 enables a molten coating liquid applied to roll
      4 to be solidified and removed as a film in such a film casting process.
PAC  Second Embodiment
PAR  The improved method and apparatus can be used for coating a strip 80 which
      passes over the top of roll 4 (FIGS. 7, 7A and 8) instead of passing
      beneath roll 4 and through liquid 13, as described above and shown in
      FIGS. 1 and 2. Strip 80 may be a paper web similar to web 2, or may be
      strips of steel, cloth and the like.
PAR  Roll 4 when rotating picks up a quantity of liquid 13 from pan 5 and
      transfers the liquid to the underside surface 81 and strip 80. Coated
      strip 80 then passes about a second roll 82 and moves upwardly past an air
      brush 6 which forms a pressure dam on coated strip 80 to more accurately
      control the thickness of coating applied thereon. The excess coating
      liquid 83 runs back down coated surface 81 of strip 80 and drops into a
      collection tank 84 located beneath roll 82.
PAR  The liquid 13 picked up by roll 4 from pan 5 for transfer to strip 80
      assumes the pattern shown in FIG. 8, which is similar to that illustrated
      in FIG. 3. Area 73 of roll 4 between weirs 21 and 22 is coated with liquid
      13 and coated workout strips 74 are formed on both sides of wetted roll
      area 73.
PAR  The entire wetted area of roll 4, consisting of area 73 and strips 74,
      contacts surface 81 of strip 80 and transfers a portion of liquid 13 to
      surface 81. Strip 80 preferably has a sufficient width to extend beyond
      the wetted roll area as shown in FIG. 8, so that the edge portions of
      strip 80 remain dry. If desired, strip 80 may lie entirely within the
      wetted area whereby even the edge portions of strip 80 are coated.
PAR  Coating liquid 13 flows unrestricted over spillways 30 and weir notches 32
      (arrows B and C, FIG. 8), in a similar manner as shown in FIGS. 12-16, to
      maintain liquid 13 free of many impurities which reduce the quality of the
      applied coating. Weirs 21 and 22 likewise are adjustable to regulate the
      width of wetted roll area 73.
PAR  Instead of roll 4 transferring liquid 13 directly to strip 80 as shown in
      FIGS. 7 and 8, a second roll 4a may be mounted adjacent to and in contact
      with roll 4 (FIG. 7A) for receiving a quantity of liquid 13 from roll 4.
      The amount of liquid 13 transferred from roll 4 to roll 4a is controlled
      and regulated by the contacting pressure therebetween.
PAR  Strip 80 after having a controlled layer of coating liquid applied to its
      underside surface 81 from roll 4a, passes about a third roll 82a mounted
      above a blowoff box 84a. Jets from air knife 6a shear the coating liquid
      and separate the excess from strip 80. This excess coating liquid then is
      trapped and collected in blowoff box 84a as in U.S. Pat. No. 3,611,987.
PAC  Third Embodiment
PAR  The improved coating apparatus and method also may be used in the steel
      industry for the production of coated steel strips 85 (FIGS. 9, 10 and
      11), with a galvanized coating on only one side of the strip. A pan 141
      similar to pan 5 except for elimination of end walls 10 and 11, and drain
      conduits 16 and 17, is partially submersed in a pot 86 of molten coating
      metal, such as zinc 87. Pan 141 and weirs 21 and 22 preferably are made of
      zinc-resistant material. A submersible pump 88 pumps molten zinc 87
      through inlet conduit 20 into reservoir 23 of pan 141. The molten zinc
      overflows weirs 21 and 22 (arrows D) over spillways 30 and flows directly
      into molten metal pot 86 for reuse in a manner similar to that described
      above for the coating of a paper web 2 shown in FIGS. 1 and 3.
PAR  Strip 85 moves beneath roll 4 and through the bath of molten zinc 87 within
      reservoir 23, and then upwardly past air brush 6 or other coating control
      equipment which smoothes and regulates the thickness of the applied molten
      zinc 87.
PAR  The applied zinc 87 coats the main central portion 89 (FIG. 11) of strip 85
      which is defined by the spacing of weirs 21 and 22, with workout strips 90
      being formed along both edges of coated portion 89.
PAC  Fourth Embodiment
PAR  A modified form of the improved coating apparaus which can be used in
      performing the improved coating method is indicated at 91, and is shown in
      FIGS. 17-24. Coating apparatus 91 is an improved type of coating
      equipment, usually referred to as a "puddle" type trailing blade coater.
PAR  Prior puddle-type trailing blade coaters consisted of a coating head or
      trough which contains the coating liquid, and a flexible blade located at
      the bottom of the through which forms the trough bottom wall. The strip to
      be coated, usually paper, is drawn around a backup roll, which together
      with the flexible blade and curved vertical side walls form the trough
      which holds the coating liquid.
PAR  The material upon passing around the roll is coated with the particular
      coating liquid contained in the trough. This coat is then thinned and
      smoothed to the desired finish by the trailing blade.
PAR  These prior trailing blades are located off-center of the backup roll
      adjacent the upper quadrant thereof. The blade is slopped downwardly to
      contact the paper strip which permits the coating liquid to flow freely
      downwardly along the coated strip when leaks develop between the coating
      blade and paper strip or backup roll. Difficulties such as spillage of the
      coating liquid also are encountered when separating the trailing blade
      trough from the backup roll.
PAR  Improved trailing blade coating apparatus 91 (FIGS. 17-19) includes a
      trough-like pan 92 formed by a sloped rear wall 93, end walls 94 and 95,
      and a coating blade assembly 96 which forms the pan front wall.
PAR  Pan rear wall 93 terminates in a curved upper edge 97 and has a reinforcing
      channel 98 extending longitudinally along the outer wall surface. A pair
      of drain openings 99 and 100 is formed in rear wall 93 adjacent end walls
      94 and 95, respectively, and a coating fluid inlet opening 101 is formed
      intermediate drain openings 99 and 100 in rear wall 93. A pair of drain
      conduits 102 and 103 and an inlet conduit 104 communicate with openings
      99, 100 and 101, respectively.
PAR  Blade assembly 96 has a longitudinally extending blade holder 105, which
      together with a flexible doctor coating blade 106 forms the pan front
      wall. Blade 106 preferably is formed of flexible steel and is retained in
      blade holder 105 by bolts 107. Blade holder 105 and blade 106 preferably
      extend the entire distance between end walls 94 and 95.
PAR  A mounting beam 108 may be welded at 109 to blade holder 105, which beam is
      part of a support assembly 110 for supporting coating apparatus 91.
PAR  In accordance with the invention, a pair of weirs 111 and 112, generally
      similar to weirs 21 and 22, are adjustably mounted on pan 92 by
      pistol-grip mechanisms 113. A fluid deflector plate 114, similar to
      deflector plate 50, is positioned above fluid inlet opening 101 by a
      pistol-grip mechanism 115. Pistol-grip mechanisms 113 are similar to
      pistol-grip mechanisms 33 except for projecting studs 116 which abut rear
      wall reinforcing channel 98.
PAR  Weirs 111 and 112 each includes an irregularly-shaped bracket plate 117
      which is bolted at 118 to pistol-grip mechanism 113. Bracket plate 117 has
      a lower V-shaped portion formed by edges 119 and 120 which coincide with
      rear pan wall 93 and blade holder 105. Upper edge 121 is horizontal and is
      spaced below curved top edge 97 of rear wall 93 and below top edges 123 of
      end walls 94 and 95.
PAR  An end plate 124 is bolted at 125 to the front portion of bracket plate
      117, which together with bracket plate 117 forms the weir or partition
      means extending laterally between pan rear wall 93 and blade holder 105
      and blade 106. Plate 124 has flat tapered edge portions 126 and 127 which
      abut blade holder 105 and blade 106, respectively. The upper forward edge
      128 is curved, having a radius of curvature equal to the radius of a
      backup roll 129 (FIG. 18).
PAR  Backup roll 129 is mounted generally above and has its axis longitudinally
      aligned with pan 92. Roll 129 preferably has an inner steel core or
      cylinder 130 which is covered by a resilient coating 131, such as rubber
      or the like.
PAR  The manner in which the modified coating apparatus 91 is used in performing
      the improved coating method is shown in FIGS. 20-24. A pool of coating
      liquid 132 is formed in pan 92 between weirs 111 and 112 by an incoming
      flow of liquid through inlet opening 101. The excess liquid 132a flows
      over spillways 133 formed by plate upper edge 121, and then flows through
      drain openings 99 and 100 removing any impurities on top of liquid 132.
PAR  Roll 129 is adjusted with respect to curved upper edge 128 of each end
      plate 124 so that the arcuate opening 134 between a strip of material 135
      to be coated and edge 128 is small enough to prevent free flow of liquid
      132 through opening 134 when roll 129 is stationary, as shown in FIGS.
      20-22. As discussed previously in regards to roll 4 and arcuate opening 76
      (FIG. 12), the size of opening 134 is determined by the viscosity of
      liquid 132, strip 135, and the rotational speed of roll 129.
PAR  A quantity of liquid 132b is picked up by strip 135 (FIG. 23) as it moves
      in a curved path through liquid pool 132. Liquid 132b is reduced to a
      smooth coat of liquid 132c upon passing blade 106. A small quantity of
      liquid 132 moves outwardly through openings 134 forming workout strips 136
      on both ends of the main coated portion 137 (FIG. 24).
PAR  Thus, a liquid coat is applied to one side of a moving strip without backup
      roll 129 becoming wet and without the roll ends accumulating a buildup of
      coating liquid. Likewise, the coating liquid is maintained free of most
      impurities by continuously removing a portion of the liquid over the weir
      plate top edge overflow portions, which liquid may then be cleaned and
      pumped back into the coating liquid pool.
PAR  Modified coating apparatus 91 has the additional advantage of being in the
      lower quadrant on the downrunning side of strip 135, as shown in FIGS. 18,
      20 and 23. Thus, blade 106 extends in an upwardly sloped direction in
      relation to roll 129, rather than in a downwardly sloped direction as is
      prior trailing blade coaters in which the pool of coating liquid is
      located in the upper quadrant.
PAR  This upward engagement of blade 106 with roll 129 greatly reduces the
      leakage of coating liquid between blade tip 139 and roll 129. Likewise,
      the small amount of coating liquid which works out through openings 134 to
      form workout strips 136 also is smoothed by blade 106 with the excess
      running downwardly along the inner blade and blade holder surfaces into
      pan 92.
PAC  IN GENERAL
PAR  In each of the mechanisms and methods of the invention illustrated in the
      drawings and described above, trough-like pan means is provided with a
      pair of spaced weirs to form a pool of coating liquid which can be
      continuously recirculated to remove impurities that cause blemishes in the
      coated surface. The weirs enable method steps to be carried out of the
      coating a predetermined portion of the surface of a moving strip, while
      passing the strip through a bath of coating liquid, and of simultaneously
      flowing coating liquid unrestricted over portions of the weirs.
PAR  The strip when being coated and in moving along its line of travel thus
      enters and passes through a bath of coating liquid which extends laterally
      of the line of strip travel; coating liquid in the bath flows laterally of
      the bath and of the strip with respect to the line of strip travel; the
      laterally flowing coating liquid is confined against lateral flow across
      the moving strip beyond a predetermined zone; and the laterally flowing
      coating liquid in the bath overflows laterally from the bath in zones at
      each edge of the strip at least spaced rearwardly of the direction of
      strip travel at the location of the initial entry of the strip into the
      coating liquid bath.
PAR  The term coating liquid as used throughout the above description includes
      numerous types of usual liquids which are applied to various materials.
      Such coating liquids may include materials used to coat paper, or hot
      metal for coating steel, or dyes which soak into paper, cloth, etc.
      instead of forming an exterior layer, coating or film on the material as
      do many of the other conventional coating liquids. The applied films also
      may be permanently bonded to the material or may be peeled off as a
      continuous film in a cast coating method.
PAR  Also, the spacing between the roll or strip and the concave central weir
      portion may be greater or less than that spacing described above which
      prevents free flow of the coating liquid therethrough, without departing
      from the concept of the invention. Should the spacing be large enough to
      permit the free flow of coating liquid, the pumping rate of supplying
      coating liquid to reservoir 23 merely would be increased to maintain the
      proper level of coating liquid in reservoir 23. Also, too small of spacing
      may cause contact between roll 4 and the concave weir portion resulting in
      wear on the roll or weir or friction therebetween.
PAR  Accordingly, the improved apparatus and method for coating a strip provides
      for continually recirculating the coating liquid to remove impurities
      occurring in the pool of cooling liquid; enables the size of the pool of
      coating liquid to be adjusted whereby only that portion of the coating pan
      necessary to coat a predetermined portion of the strip need by filled with
      coating liquid; provides for maintaining the coating roll ends free for
      coating liquid during coating operations thereby reducing equipment
      downtime for maintenance and cleanup; enables maximum efficiency to be
      achieved in applying a coating of liquid to a strip; and provides improved
      coating apparatus and methods which are effective, safe, relatively
      inexpensive, and efficient in assembly, operation and use, and which
      achieves all the enumerated objectives, provides for eliminating
      difficulties encountered with prior devices and methods, and solves
      problems and obtains new results in the art.
PAR  In the foregoing description, certain terms have been used for brevity,
      clearness and understanding, but no unnecessary limitations are to be
      implied therefrom beyond the requirements of the prior art, because such
      terms are used for descriptive purposes and are intended to be broadly
      construed.
PAR  Moreover, the description and illustration of the invention is by way of
      example, and the scope of the invention is not limited to the exact
      details of the construction shown or described.
PAR  Having now described the features, discoveries and principles of the
      invention, the operations and procedure of the preferred method, the
      manner in which the improved strip material coating apparatus used for
      performing the method is constructed, assembled and operated, the
      characteristics of the new method and apparatus, and the advantageous, new
      and useful results obtained; the new and useful methods, steps,
      operations, procedures, structures, devices, elements, arrangements,
      parts, and combinations are set forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of applying a coating liquid to a surface of a moving object
      including the steps of providing an elongated coating liquid container
      having spaced weirs each formed with an upper curved portion; continually
      supplying coating liquid to said liquid container in excess so that a body
      of coating liquid is maintained in the container between the weirs; moving
      an object to be coated in a direction normal to the elongated container
      through the liquid body therein in a curved path with the object extending
      laterally of the liquid body in each direction beyond the weirs; providing
      a spacing between the curved weir portions and the object being coated;
      flowing coating liquid outwardly beyond the weirs laterally of the object
      being coated through the controlled spacings; controlling the spacing
      between the object being coated and the curved weir portions to prevent
      contact between the weir portions and the moving object being coated, and
      to control the flow of liquid between the moving object and the curved
      weir portions; providing coating liquid eollecting compartments outside of
      the weirs; collecting coating liquid flowing through the controlled
      spacings beyond the curved weir portions and the moving object in said
      collection compartments; and maintaining the liquid level in the
      collecting compartments below the lowest level of the curved weir
      portions.
NUM  2.
PAR  2. The method defined in claim 1 in which the supplied coating liquid is
      deflected upon entering the liquid body to minimize agitation of the
      coating liquid body.
NUM  3.
PAR  3. The method defined in claim 1 in which the amount of coating liquid
      spreading outwardly beyond the weirs on the object being coated is
      controlled by predetermined correlation of the viscosity of the coating
      liquid, the speed of movement of the object being coated, and the spacing
      between the curved weir portions and the object being coated.
NUM  4.
PAR  4. The method defined in claim 1 in which the coating liquid is pumped back
      into the coating liquid body from the collecting compartments.
NUM  5.
PAR  5. The method of applying a coating liquid to a surface of a moving object
      including the steps of providing an elongated coating liquid container
      having spaced weirs each formed with an upper curved portion and a
      connecting weir overflow portion; continually supplying coating liquid to
      said liquid container in excess so that a body of coating liquid is
      maintained in the container between the weirs; moving an object to be
      coated in a direction normal to the elongated container through the liquid
      body therein in a curved path with the object extending laterally of the
      liquid body in each direction beyond the weirs; providing a spacing
      between the curved weir portions and the object being coated; flowing
      coating liquid outwardly beyond the weirs laterally of the object being
      coated through the controlled spacings; controlling the spacing between
      the object being coated and the curved weir portions to prevent contact
      between the weir portions and the moving object being coated, and to
      control the flow of liquid between the moving object and the curved weir
      portions; flowing coating liquid unrestricted from the liquid body over
      the weir overflow portions; providing coating liquid collecting
      compartments outside of the weirs; collecting coating liquid flowing over
      the weir overflow portions and through the controlled spacings beyond the
      curved weir portions and the moving object in said collection
      compartments; and maintaining the liquid level in the collecting
      compartments below the lowest level of the curved weir portions.
NUM  6.
PAR  6. The method defined in claim 5 in which weir overflow portions are
      provided at both ends of the curved weir portions; in which coating liquid
      is flowed from the liquid body over both weir overflow portions at either
      side of the moving object to purge the liquid body of floating trash.
NUM  7.
PAR  7. The method defined in claim 1 in which the coating liquid applied to the
      moving object as it emerges from the liquid body is subjected to smoothing
      and metering pressure.
NUM  8.
PAR  8. The method defined in claim 1 of coating one side of a strip in which
      the moving object comprises a roll rotatably mounted above the container
      onto which the coating liquid is applied; and in which a strip is moved in
      unison along the upper portion of the roll to transfer coating liquid from
      the roll to one side of the strip.
NUM  9.
PAR  9. The method defined in claim 1 in which a rotatable backing roll is
      supported above the elongated container; and in which a strip is passed
      around the backing roll and through the liquid body to coat one side of
      the strip with coating liquid.
NUM  10.
PAR  10. The method defined in claim 5 in which the moving object being coated
      is a continuously moving metal strip; in which a bath of molten metal is
      maintained to provide the coating liquid body; and which includes the
      further steps of maintaining the elongated coating liquid container
      partially submerged in the bath of molten metal; pumping the molten metal
      from the bath into the container between the weirs thereby maintaining the
      level of the body of molten metal between the weirs above the level of the
      bath of molten metal; and flowing the molten metal over the weir overflow
      portions directly into the bath of molten metal.
NUM  11.
PAR  11. The method defined in claim 5 in which the supplied coating liquid is
      deflected upon entering the liquid body to minimize agitation of the
      coating liquid body.
NUM  12.
PAR  12. The method defined in claim 5 in which drain openings are formed in the
      bottom of the weirs; and in which coating liquid is flowed from the liquid
      body through said drain openings to purge the liquid body of impurities
      heavier than the coating liquid.
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ABST
PAL  A composite metallic preform tape for use as laminae in the manufacture of
      metallic composite articles is made from a pair of metallic foils and high
      strength, high modulus filaments aligned between the foils. One form of
      the method involves first coating either the foil inner surfaces or the
      filament outer surfaces, or both, with a thin, non-metallic adhesive
      bonding material which will decompose leaving substantially no residue
      upon heating at a temperature below that at which the foil and filaments
      will melt, and preferably below that at which they will bond together. The
      foil and the aligned filaments are themselves aligned and, in a continuous
      form of the method, are moved at substantially the same rate and in the
      same direction so that the coated surface is between the foil and
      filaments. At the same time, the foil and filaments are pressed toward one
      another with a force sufficient to adhesively bond together the foil and
      filaments and to plastically deform the foil around at least a portion of
      substantially each filament.
PAL  In a preferred form, at least one plastically deformable, strippable outer
      film is applied for protection and, if desired, for a quality control
      record. Deformation of the foils around at least a portion of
      substantially each filament results in an article having a sandwich
      construction including centrally aligned filaments maintained in spaced
      apart relationship.
PARN
PAR  This is a divisional application of application Ser. No. 133,207 filed Apr.
      12, 1971 now U.S. Pat. No. 3,719,538 patented Mar. 6, 1973, and assigned
      to the assignee of the present invention.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a composite metallic tape and, more particularly,
      to such a tape a plurality of which are used as laminae in the manufacture
      of a metallic composite article. More specifically, such a tape is
      considered to be a preform in respect to its ultimate use as an element of
      an article.
PAR  Requirements for strong lightweight metallic articles, particularly for use
      in aerospace applications, has resulted in increasing developments in the
      area of fiber reinforced metallic composites. One method used in the
      manufacture of composite articles involves the fabrication of the article
      from a plurality of reinforced sheets or tapes first stacked one upon the
      other to build thickness. Then the article is provided by subsequent
      pressing, heating, shaping, machining, grinding, etc. as required.
PAR  Such materials as aluminum, titanium and their alloys have been of
      particular interest as a matrix material for such composites because of
      their relatively low density. Reinforcement of such a matrix has been
      provided by high strength, high modulus filaments. One example is the
      filament referred to as "uncoated" boron filament, generally involving a
      tungsten filament substrate on which boron has been deposited
      pyrolytically. Another example is the so-called "coated" boron filament
      involving further application of coatings, for example carbides, nitrides,
      etc. Other examples include filaments such as of silicon carbide, carbon,
      graphite, Al.sub.2 O.sub.3, etc.
PAR  The use of composite metallic material for the manufacture of articles has
      been shown to offer mechanical property improvements such as strength and
      modulus in proportion to the material's density when compared to
      homogeneous metal alloys, within the temperature limitations of such
      material. It has been shown that significant advantages can be attained by
      utilizing such property improvements for a variety of mechanically loaded
      components for jet engine and aircraft applications where the temperature
      environment permits the use of such composites.
PAR  One important facet in the fabrication of metal composite articles is the
      type and condition of the sheet or tape forming the laminae of such an
      article. The formation of a partially consolidated, thin tape permits
      greater latitude in forming such complex composite structures as
      compressor vanes and blades. There have been reported several processes
      for fabricating filament reinforced metallic tapes. These include the
      plasma spray application of matrix metal to the filaments, continuous
      casting of the matrix metal around the filaments and the use of a
      centrally located carrier foil to carry multiple layers of filaments
      sandwiched between cover foils. However, such known processes present
      problems relating to thickness variations in the tape, requirements for
      higher processing temperatures leading to property degradation and
      variation or relatively low volume percent of filament in the matrix.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide an improved
      composite metallic tape by a method which provides a single layer of a
      plurality of aligned high strength, high modulus filaments in a sandwich
      construction to result in a higher volume percent of filaments in the
      matrix and an easily handled tape.
PAR  Another object is to provide a method for making such a tape as a preform
      tape which can be continuous rather than being inherently batch-type in
      nature.
PAR  Another object is to provide such a method with a means for protecting the
      outer surface of the composite metallic tape while at the same time
      providing a quality control record of the position of the filaments within
      the composite metallic tape sandwich.
PAR  Still another object is to provide improved apparatus for manufacturing
      such a tape having an outer protective and quality control surface.
PAR  These and other objects and advantages will be more clearly understood from
      the following detailed description, examples, and the drawings which are
      meant to be typical of rather than limiting on the scope of the present
      invention.
PAR  Briefly, the composite metallic tape, which is a preform in respect to a
      subsequently manufactured laminated article using such a tape, includes a
      single layer of a plurality of aligned high strength, high modulus
      filaments bonded between the pair of metallic foils. The metallic foils
      are plastically deformed around at least a portion of substantially each
      filament to secure the aligned filaments and to hold them spaced one from
      the other between the foils.
PAR  The method by which such a tape is made, in one preferred form, involves
      coating either the inner surfaces of the foil or the outer surfaces of the
      filaments or both with a thin, non-metallic adhesive bonding material
      which will decompose leaving substantially no residue upon heating at a
      temperature below that at which the foil and filaments will melt and
      preferably below that at which they will bond together. Then the
      filaments, sandwiched and aligned between the foils, are pressed between
      the foils to bond the filaments within the foils through the adhesive
      bonding material and at the same time to plastically deform the foil
      around at least a portion of substantially each filament outer surface.
PAR  One form of the method of the present invention involves the location of a
      plastically deformable, strippable film on at least one foil outer surface
      prior to pressing so that the foil and film are pressed and deformed
      together to protect the foil outer surface and to reproduce in the film
      the foil deformation pattern.
PAR  Also, there is provided apparatus for continually producing the metallic
      tape involving a pair of sources of substantially continuous metallic
      foil, a substantially continuous source of a plurality of aligned
      filaments and at least one substantially continuous source of the
      plastically deformable strippable film, along with means to move such
      foil, filaments and film in the same given direction. In addition, the
      apparatus includes means to press concurrently the film and foil toward
      and in contact with the filaments with a force sufficient to deform
      plastically both the film and the foil around at least a portion of the
      filament outer surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an isometric, schematic view of one form of the continuous method
      of the present invention;
PAR  FIG. 2 is a fragmentary, cross-sectional view of an assembly of components
      of the tape of the present invention prior to heating and pressing;
PAR  FIG. 3 is a fragmentary, cross-sectional view of one form of the preform
      tape of the present invention; and
PAR  FIG. 4 is a perspective, partially sectional view of the tape of the
      present invention with the protective, replicating films partially
      stripped away.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The roll bonding process of the present invention for producing composite
      metallic tape, and which has continuous capability, involves the
      disposition of aligned, high modulus, high strength filaments, such as
      boron filaments or coated boron filaments, between metallic foils to
      provide a sandwich structure. Such sandwich structure, having a single
      layer of filaments, is preliminarily bonded through a heat decomposable
      and removable non-metallic adhesive bonding material, for example, through
      the application of pressure and relatively low temperatures, to hold the
      sandwich structure together and to plastically deform the metallic foils
      around at least a portion of substantially each filament's outer surface.
      The method preferably includes the application of a strippable,
      plastically deformable (such as through the application of heat and
      pressure) film to at least one foil outer surface to provide protection
      for such outer surface as well as to provide a relatively permanent
      quality control record of the filament distribution and alignment within
      the metallic composite tape. Such a filament/metal tape can be considered
      to be a preform in respect to its subsequent application as laminae in the
      manufacture of composite metallic articles such as jet engine compressor
      blades and vanes.
PAR  One important feature of the present method in producing the composite
      metallic tape of the present invention is the use of a relatively small
      amount of a decomposable adhesive bonding material to hold together, in a
      tape preform sandwich, the single layer of aligned filaments between a
      pair of metallic foils. An important characteristic of such a bonding
      material is that it be capable of decomposing leaving substantially no
      residue on heating at the relatively low temperatures contemplated in the
      practice of the method of the present invention. Such a temperature, in
      any event, is below that at which neither the foil nor filaments will
      melt. One type of such a bonding material which has been used successfully
      is acrylic resin in an organic solvent. Such resin solutions are
      commercially available and are widely used in the brazing art to hold
      brazing powders together and in place on workpieces being brazed.
PAR  It should be understood that the adhesive bonding material can be applied
      or carried by or with either the metallic foil or the filaments or both
      depending upon the specific process and apparatus used. For example, in
      the continuous form of the process, the adhesive bonding material can be
      applied in a thin film and preliminarily cured on rolls of the metallic
      foil. Also, the adhesive bonding material can be applied to the filaments,
      such as prior to their introduction between the metallic foil to form the
      sandwich structure of the present invention. Alternatively the acrylic
      resin can be introduced as a separate sheet. For example, preparation of
      the filaments prior to introduction into the method of the present
      invention can include the holding of the filaments in alignment and on
      creels through a backing sheet of acrylic resin. The acrylic resin then
      functions as the adhesive bonding material when it is introduced into the
      method of the present invention between the metallic foil.
PAR  Irrespective of the method of placement of the adhesive bonding material
      between the foil inner surfaces and the outer surfaces of the filaments,
      it is most desirable to limit the amount of acrylic resin to that
      necessary to bond the pair of metallic foils with the single layer of
      aligned filaments into the tape preform of the present invention. TIn this
      way, as little as possible of the bonding material will have to be removed
      in subsequent fabrication operations utilizing the tape preform to
      manufacture laminated metallic composite articles.
PAR  The method of the present invention will be more clearly understood by
      reference to the drawing. FIG. 1 is an isometric, schematic view of one
      form of the continuous method of the present invention including the
      application of a pair of plastically deformable strippable protective
      films on the outside of the pair of metallic foils.
PAR  Tape preform 20 of the present invention, having a pair of outer strippable
      protective films, is provided in FIG. 1 by disposing between a pair of
      metallic foils 26 a plurality of aligned single or multiple arrays of
      filaments 22, for example, boron filaments of about 0.004 inch diameter,
      from filament creels 24. For example, the filaments can be aligned in
      given direction D at a spacing of about 150 filaments per inch. Metallic
      foils 26, which can be fed from rolls 28, in one form are aluminum or
      aluminum alloy foils, such as about 0.001 thick, precoated within a thin
      film of acrylic resin. Foils 26 also are aligned in given direction D
      along with filaments 22.
PAR  In the preferred form of the method of the present invention, a plastically
      deformable, strippable film 30, such as a heat shrinkable polyethylene
      tetraphthalate film (one form of which is commercially available as Mylar
      plastic film) is located outwardly of the pair of metallic foils 26. Such
      a plastic film, for example, in the thickness range of about 0.001-0.03
      inch is fed from rolls 32 aligned to deposit such film 30 in given
      direction D. Mylar film has been found to be particularly advantageous
      because of its relatively low temperature plastic deformability or heat
      shrinkability and replicatability characteristics.
PAR  The composite sandwich structure, comprising a single layer of centrally
      located aligned filaments between a pair of metallic foils which in turn
      are sandwiched between strippable plastic film of the type described, and
      all of which are aligned in given direction D, are then fed between heated
      pressing rolls 34. Because of the nature both of the adhesive bonding
      material, when such materials as acrylic resins are selected, and the
      strippable protective and replicating film, when Mylar is selected, the
      rolls need be heated only at relatively low temperatures. For example,
      they can be heated in the range of about 200.degree.-500.degree.F to
      secure the components in the tape preform of the present invention. This
      relatively low temperature represents a significant advantage over known
      compaction processes involving the application of temperature in the range
      of about 800.degree.-1000.degree.F.
PAR  The gap between pressing rolls 34 will effect the surface condition of the
      tape preform. Therefore, in the form of the invention shown in FIG. 1, it
      is preferred that the gap be maintained at greater than a first distance
      which is the thickness of a filament plus the thickness of the pair of
      metallic foils, but less than a second distance which is the first
      distance plus the thickness of the protective or plastic film or films
      applied. With the preferred range of material dimensions, the gap will be
      within the range of about 0.003 - 0.03 inch.
PAR  In this way, with the heat of the rolls 34 sufficient to plastically deform
      or heat shrink the strippable film, pressure applied through rolls 34 will
      result in little, if any, extrusion of metallic foil 26. However, it will
      cause the foil to deform plastically around at least a portion of the
      outer surface of the filaments to lock and to space the aligned filaments
      in position generally in given direction D. It should be understood that
      the heat may be applied prior to press roll bonding.
PAR  During such rolling, film 30 acts as a pressure transmitting means capable
      of applying pressure substantially uniformly to metallic foil 26 to deform
      it plastically about filaments 22 as has been described. Application of
      pressure to the adhesive bonding material holds together metallic foils 26
      and filaments 22 into the tape preform of the present invention.
PAR  Because of the plastically deformable or heat shrinkable character of the
      strippable outer film 30, it can be easily removed from the foil outer
      surface 35 of the tape preform if desired. In the example shown in FIGS. 1
      and 4, when two films 30 are applied, one can be stripped and saved, such
      as on a film collector means as roll 36, as a quality control record. The
      other is left in place as a protective separator between layers of the
      tape preform in the event it is either collected and stored or shipped on
      tape preform roll 38, a shown in FIG. 1, or cut into segments and stacked
      for storage or shipment. A processor can then strip the remaining film 30
      from the tape preform when it is used. This provides such processor with a
      quality control record duplicating that of the tape preform manufacturer.
PAR  With both protective films removed, the tape preform is ready for
      subsequent fabrication into composite, laminated articles. This can be
      accomplished through appropriate heat treatment and diffusion bonding
      procedures which will remove the adhesive bonding material from between
      the foils and filaments. For example, acrylic binder can be removed by
      heating for about 15 minutes at about 700.degree.F in vacuum. At the same
      time, the stacked laminae are bonded into a reinforced composite article.
PAR  As was mentioned before, the volume percentage of filaments attainable
      through use of the tape preform of the present invention is significantly
      higher than that attainable by known methods. Of course, the volume
      fraction of filaments will depend on the diameter of the filament and the
      thickness of the foil. For example, with the filament diameters in the
      range of 0.004-0.006 inch, spaced in the range of about 100-180 filaments
      per inch, in cooperation with metallic foil having a thickness in the
      range of about 0.001-0.002 inch, filament concentrations in the range of
      about 40-50 volume percent are obtainable. However, it will be understood
      that other thicknesses, diameters and spacing can be selected. The
      preferred tape thickness range for practical fabrication is about
      0.003-0.02 inch utilizing metal foils of about 0.001-0.005 inch thick with
      a filament diameter of about 0.003-0.008 inch.
PAR  Although the filaments generally are of the same material, it will be
      understood that various types of filaments can be intermixed as desired to
      attain the properties selected for the final product. In addition, if
      desired, filaments of the same material as the foil can be included in
      order to provide additional spacing between filaments or to adjust tape
      density.
PAR  One specific example in which a tape of the present invention was made to a
      width of about 6 inches used a pair of 0.001 inch thick foils of an
      aluminum alloy, commercially available as 2024 aluminum alloy, precoated
      with an acrylic cement. The filaments were aligned boron filaments having
      a diameter of about 0.004 inch at a spacing of about 0.0062 inch. A pair
      of 0.0015 inch thick Mylar films were applied as described above. Prior to
      continuous roll pressing while heating at a temperature of about
      300.degree.F, the assembly of components appeared as in FIG. 2, which is a
      fragmentary cross-sectional view of an assembly of the components of the
      tape of the present invention prior to pressing and heating. Adhesive
      bonding material 40 which preferably is an acrylic cement is, in this
      example, carried by foil inner surface 42 and positioned in contact with a
      portion of outer surfaces 44 of filament 22. However, it will be
      understood that such bonding material can be placed in contact with both
      the foil inner surfaces 42 and the filament outer surfaces 44 by a variety
      of means including the coating of filaments 22 or the positioning of a
      separate resin film between the filaments and the foils. As shown in FIG.
      2, a pair of plastically deformable, strippable films 30 such as of Mylar
      are positioned to sandwich therebetween the other components of the
      assembly.
PAR  After pressing to compact the assembly of FIG. 2 and to plastically deform
      the foil around at least a portion of substantially each filament outer
      surface, there is provided one form of the tape of the present invention
      as shown in FIG. 3. In the fragmentary, sectional view of FIG. 3, after
      pressing, the foils 26 are plastically deformed around at least a portion
      of substantially each filament outer surface, thus securing in
      substantially spaced apart relationship the aligned filaments 22.
      Conforming to the outer configuration of foils 26 are the protective and
      replicating strippable films 30 covering the lateral portions or foil
      outer surfaces 35 of the tape of the present invention.
PAR  In the apparatus form of the present invention, a motor 46 in FIG. 1 can be
      operably connected with pressing rolls 34 to drive the rolls in given
      direction D as shown by arrows 48. When the filaments 22 and pair of foils
      26 are fed into the gap between rolls 34, optionally along with protective
      and replicating film 30, the filament from creels 24, the foil from rolls
      28 and the film from rolls 32 are moved at substantially the same given
      rate in the given direction D. To facilitate such rotational movement, the
      various rolls and creels can be journaled to allow free rotation.
      optionally, tensioning devices can be placed in appropriate positions as
      desired. Alternatively, each of the rolls and creels can be rotated or
      moved separately such as by separate motors each coordinated with the
      others to provide appropriate movement in given direction D.
PAR  Rolls 34, are shown in FIG. 1 to be mounted in a press 50 so that the roll
      gap and pressure applied as shown by arrows F can be adjusted in a manner
      well known in the art. In addition, rolls 34 can be heated, such as by
      resistance heaters mounted within the rolls and adjustably controlled such
      as by thermostats or thermocouples.
CLMS
STM  What is claimed is;
NUM  1.
PAR  1. A composite metallic tape comprising;
PA1  a single layer of a plurality of aligned, substantially spaced apart, high
      strength, high modulus filaments held between a pair of metallic foils
      through a thin, non-metallic adhesive bonding material which will
      decompose leaving substantially no residue upon heating at a temperature
      below that at which the foil and filament will melt,
PA1  each foil being plastically deformed around at least a portion of
      substantially each filament in an amount sufficient to hold the aligned
      filaments therebetween in the substantially spaced apart relationship.
NUM  2.
PAR  2. The tape of claim 1 in which;
PA1  the filaments are selected from the group consisting of boron filaments and
      coated boron filaments; and
PA1  the metallic foils are of the metal based on an element selected from the
      group consisting of aluminum, titanium, and their alloys.
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PAL  The invention pertains to a method of making a wood floor covering which is
      flexible and can be laid on concrete with a mastic using momentary
      pressure. Instead of the nominal 3/4-inch thickness of conventional strip
      hardwood floors, the floor covering is only about 1/10-inch thick. The
      finish on the floor covering is sufficiently wear-resistant so that for
      the life of the flooring the wood is never subject to wear. The finish is
      applied in the factory as a thermoplastic resin film which extends over
      the wood and spans the joints between the wood blocks of which the
      flooring is composed. In bonding the film a cushion is placed on the film,
      and heat is applied to the assembly sufficiently high to soften or melt
      the film. The blocks are kept from spreading apart by a constraining means
      partly embedded in the back of the wood by pressure, and the resin is
      chilled under pressure until it reaches room temperature and is
      solidified. In a preferred form of the flooring, the finish is the sole
      means for tying the blocks together, and the wood surface is rough.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With the trend in the building industry in large cities toward high-rise
      buildings, the need arises for a hardwood floor covering which can be laid
      on concrete floors with an adhesive in the manner in which conventional
      resilient floor coverings are installed, such as vinyl tile or linoleum.
      Floor coverings on concrete follow the surface of the underlying concrete,
      which must therefore be troweled smooth. It must also be dry. To be a
      satisfactory floor covering, it must not be thicker than other floor
      coverings, hence, not thicker than 3/16-inch. A major purpose of the
      present invention is to produce a thin hardwood floor covering suitable
      for covering concrete floors in high-rise buildings.
PAR  Conventional strip flooring on concrete requires nailing strips or sleepers
      embedded in the concrete to which the flooring can be nailed. The flooring
      may also be nailed to a subflooring, such as plywood, which in turn is
      nailed to embedded wood members. In the form of plywood blocks, the
      flooring is sometimes laid on concrete with an asphaltic mastic, which
      yields slowly when subjected to stress.
PAC  SUMMARY OF THE INVENTION
PAR  One aim of the present invention is to produce a flexible wood floor
      covering which can be bonded to subflooring in a manner resembling the
      bonding of vinyl tile.
PAR  Another aim is to finish the floor covering with a finish that is so
      durable and wear-resistant that it will not wear through for the life of
      the floor, and need therefore never be renewed. The wood itself is never
      subjected to wear. It can therefore be very thin. Requirements other than
      wear resistance determine the minimum thickness of the wood. The finish
      must also be vaporproof so that the moisture content of the wood does not
      change appreciably after installation.
PAR  Other objects of this invention will become apparent as the following
      specification progresses, reference being had to the accompanying drawing
      to illustrate the invention.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a top plan view of the wood product;
PAR  FIG. 2 is an enlarged, fragmentary, cross-sectional view of the product,
      showing the finish on the same; and
PAR  FIG. 3 is an enlarged, fragmentary, cross-sectional view of the apparatus
      for forming the product.
DETD
PAR  The product of this invention, denoted by the numeral 10, may be laid on
      concrete made smooth by troweling, but the resultant concrete surface is
      rarely perfectly flat and free of grit that causes small elevations in the
      floor covering. The floor covering must therefore be sufficiently thick to
      prevent telegraphing of grit in or on the subflooring.
PAR  The wood floor covering must be slightly flexible to follow the contour of
      the subflooring so that the edges of adjacent sections of the floor
      covering are flush and present no obstruction against which a person may
      trip.
PAR  Inasmuch as the wood of the present invention is never subject to wear, it
      can be much thinner than conventional strip flooring, which is generally
      fully 3/4-inch thick. The wood of the present invention is only about
      1/10-inch thick. The invention therefore effects great economy in the use
      of wood. The wood should, however, not be thinner than about 1/16-inch to
      prevent any solid particles such as specks of gravel in the surface of
      concrete from telegraphing through. Moreover, very thin wood floor
      coverings lack the appearance of solidity. This is the case if the wood is
      less than about 1/16-inch thick.
PAR  The wood of the present invention can be a single ply of veneer, or two
      plies of veneer bonded together, with the grain direction of each ply
      perpendicular to that of the other. This construction improves the
      dimensional stability and flexibility of the flooring. Minimum thickness
      of wood consistent with the requirement of non-telegraphing is also
      desirable so that wood strips that are slightly bent will be held to the
      subflooring over their entire length without springing away when freshly
      bonded with conventional flooring mastics. Strips that are thicker than
      about 3/16-inch and are also bent lengthwise are often difficult to hold
      down when freshly bonded, especially when the subflooring is not perfectly
      flat.
PAR  The product of this invention can be made in various forms, for example, as
      square tile, each consisting of four or more squares of smaller size, held
      together by the finish. The small squares, in turn, may consist of
      separate short blocks of wood placed edge-to-edge, and held together with
      no connecting means other than the finish. A herringbone pattern is
      another attractive floor design. The finish must be elastic and tough, and
      resistant to abrasion. It must be clear and follow surface roughness that
      may be present in unsanded or abraded wood. Abrasion removes wood fibers
      from the softer areas.
PAR  A convenient flooring unit in the form of a square that can be installed
      rapidly is 12 inches by 12 inches in size. Such a unit may consist of four
      smaller squares, each square consisting of about six or seven slats of
      wood. Four such squares (FIG. 1) are held together by the film finish
      spanning the joints between the component wood slats, as well as the
      joints between the squares. The slats of one square are at right angles to
      the slats of adjacent squares, as shown in FIG. 1.
PAR  The flooring may also be made in the form of wide, long planks that are
      moderately flexible and sufficiently thin so that the flexibility in the
      lengthwise direction is adequate for good bonding to prevent springing
      away from the supporting floor while the bonding adhesive is fresh. Wide,
      long planks may be composed of narrow wood strips held together only by
      the finish spanning the joints. The floor may also be produced in various
      parquetry patterns, each unit consisting of a number of pieces of wood
      connected together in a pattern only by the finish, or primarily by the
      finish.
PAR  The finish is applied to the wood in the form of a plastic film that is
      transparent, thermoplastic, and waterproof. If previously coated with an
      adhesive, it can be bonded to the wood while the film is being heated, and
      then cooled under pressure. Cushioned pressure may also be used, in which
      case the heat is transmitted through an elastic cushion such as a sheet of
      synthetic rubber. Bonding with cushion pressure improves the bond over
      that obtained with flat plate pressure without a cushion because the film
      can be firmly pressed into the depressions of a rough, unsanded wood
      surface and is thereby well bonded to both the elevations and valleys of
      rough wood. The surface is thereby completely finished and, being rough,
      shows that the floor is made of real wood and is not a printed wood grain
      substitute. Printed wood grain surfaces lack the flash associated with
      genuine wood.
PAR  The resultant finish revealing the roughness of the wood is less subject to
      noticeable scuffing than the scuffing on a smooth surface. Individual
      blocks stand out. The joints between blocks are accentuated.
PAR  If wood strips are loosely placed together on a smooth supporting surface
      with a thermoplastic film over the strips, and the softened film is
      subjected to cushion pressure, the outward lateral thrust of the
      compressed cushion or of the melted plastic that is squeezed into the
      joints pushes the strips apart. We have found that such spreading is
      prevented if a constraining means such as a wire screen or a perforated
      plate is used in direct contact with the wood. When subjected to pressure
      adequate to bond the film to the wood, such a constraining means is partly
      embedded in the wood, preventing adjacent strips or blocks from spreading
      apart. When the assembly is cooled under pressure, the blocks remain in
      their position.
PAR  The loose placement provides spacer for the plastic to enter part way into
      the joints. The plastic does not fill the joint and permits hinge-like
      action at each joint when it has solidified. It does not extend down far
      enough to prevent hinge action.
PAR  The film finish can be a durable thermoplastic of several types
      appropriately plasticized, such as a vinyl or acrylic resin in a thickness
      of from 3 to 15 mils. This contrasts to the thickness of conventional
      varnish finishes which generally does not exceed 2 mils. Other films may
      also be used, of comparable durability, thermoplasticity, clarity and
      flexibility. In appearance, the finish may resemble a waxed surface and
      reveal the fact that it has been forced part way into the joints as shown
      in FIG. 2.
PAR  A suitable vinyl is one commercialized by Union Carbide Corporation,
      Chemicals and Plastics Division, 270 Park Avenue, New York, N.Y., under
      the name KDA 2216, clear. Another suitable vinyl is one known as Ultron UL
      28 1015, clear, marketed by Monsanto Chemical Company, 2710 Lafayette,
      Santa Clara, Calif. A suitable acrylic resin is Korad C marketed by Rohm &
      Haas Company, 1920 South Tubeway Avenue, Los Angeles, Calif.
PAR  A synthetic rubber sheet may be used as a cushion. The smoothness of the
      rubber determines the smoothness of the finish on the wood. This may
      therefore be glossy or mat. The heat-softened film is chilled under
      pressure and retains the imprint of the elastic cushion.
PAR  The original thickness of the film is not changed greatly when it is heated
      and caused to flow under the pressure of the rubber cushion.
PAR  A synthetic rubber cushion about 1/8-inch thick is sufficiently thin to
      permit rapid transfer of heat to the film. The film is bonded to the wood
      with an adhesive previously applied and dried on the film or on the wood.
      The heated assembly, shown in FIG. 3, consisting of the caul plates, a
      wire screen, the wood, the film and the cushion, is transferred while hot
      to a cold press, where it is chilled under pressure.
PAR  A further improvement in the appearance of a flexible wood floor covering
      made as described may be introduced by charring the surface of rough wood
      blocks as by means of a hot roller at a temperature high enough to scorch
      the wood. Such scorching is uneven and particularly attractive in coarse
      textured wood such as oak. The scorched wood is protected from wear by the
      plastic finish.
PAR  In installing the wood floor covering made as described, an adhesive having
      the consistency of conventional mastics used for laying resilient floor
      coverings is spread on the subflooring with a notched blade. The adhesive
      so spread forms ridges that are subsequently flattened when the floor
      covering described is placed on the freshly spread adhesive and then
      subjected to pressure as by means of a heavy roller. As the floor covering
      is finished in the factory, it can be put into service immediately after
      installation.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of making a flexible wood floor covering which comprises the
      steps of producing wood blocks from 1/16-inch to 3/16-inch thick,
      assembling the blocks in edge-to-edge relationship, covering the assembled
      blocks with a plastic resin film with an adhesive between the film and the
      blocks, placing an elastic cushion on the film, subjecting the assembly to
      heat adequate to soften the film, then cooling the assembly under pressure
      to cause the adhesive to bond the film to the blocks.
NUM  2.
PAR  2. The method of claim 1 including placing a constraining means between the
      assembled blocks and the supporting surface.
NUM  3.
PAR  3. The method of claim 2, in which the plastic film is a vinyl-chloride
      film in the thickness of from 3 to 15 mils.
NUM  4.
PAR  4. The method of claim 1, in which the wood members are held together only
      by the finish.
NUM  5.
PAR  5. The method of claim 1, in which the wood blocks comprise two layers of
      veneer bonded together with the grain of the plies crossing at right
      angles.
NUM  6.
PAR  6. The method of claim 1, in which one surface of the wood is subjected to
      abrasion prior to said assembling step, thereby removing wood from the
      softer portions of its surface.
NUM  7.
PAR  7. A wood floor covering which consists of an assembly of wood blocks of a
      thickness from 1/16-inch to 3/16-inch thick, held together edge-to-edge
      primarily with a thermoplastic resin finish bonded thereto by an adhesive
      and covering only one surface of the assembly and spanning the joints
      between the blocks, the thickness of the finish ranging from 3 to 15 mils.
NUM  8.
PAR  8. The method of claim 1, in which the surface of the wood blocks has been
      unevenly darkened by charring prior to said assembling step.
NUM  9.
PAR  9. The method of making a flexible wood floor covering which comprises the
      steps of providing wood blocks from 1/16-inch to 3/16-inch thick,
      assembling the blocks in edge-to-edge relationship, bonding a transparent
      wear-resistant film on the assembled blocks so that the film covers the
      blocks and forms ridges projecting downward between the blocks and
      revealing depressions between blocks at the surface.
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PAL  A nonmetallic friction member is constructed of a bulk graphite component
      bonded to a resin impregnated carbon cloth component. The friction member
      is particularly useful for brake and clutch devices, especially multiple
      disc-type brakes for aircraft. The member may be in the form of a rotor or
      stator. If driving slots are provided, the member may be reinforced with
      resin impregnated carbon cloth at these slots.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to friction members and particularly to nonmetallic,
      heat resistant, disc-type friction members for brakes or clutches.
PAR  Difficulties can often arise with brakes and clutches in high energy
      situations. For example, problems can arise in high energy brakes such as
      those used in aircraft, where the brake device must absorb great
      quantities of heat and withstand extremely high temperatures during the
      braking operation. When the engaging surfaces of the brake become
      overheated, decreases in the coefficients of friction can result.
      Overheating can also cause distortion of the brake which causes rapid
      wear. One way to alleviate these problems is by the use of "heat sink"
      materials within the brake which draw heat away from the engaging surfaces
      and the surrounding structures.
PAR  Generally, heat sink elements are heavy and massive. Often times, as in
      aircraft brakes, when it is desirable to reduce weight and/or mass, brakes
      are expected to accommodate the heat created during braking operations,
      provide an effective and sustained braking action, and be lightweight and
      compact.
PAR  Steel has been used as a heat sink material, but its weight and mass are
      disadvantages when lightweight and compact brakes are required. Lighter
      weight metals (such as beryllium) with heat absorption characteristics
      similar to steel have been used as heat sink materials where weight is
      critical, but the cost of such metals is a disadvantage.
PAR  Nonmetallic brake materials have been proposed to solve heat problems in
      situations where weight and mass are critical. Carbon cloth laminate discs
      of the type disclosed in U.S. Pat. No. 3,730,320, assigned to the present
      assignee, have been proposed, but these are still considered by many to be
      expensive from both material and processing standpoints. Other carbon
      cloth laminate discs are disclosed in U.S. Pat. Nos. 3,552,533 and
      3,548,979.
PAR  Relatively inexpensive forms of lightweight bulk graphite have been
      proposed as a brake friction member. However, problems can arise when bulk
      graphite is used by itself as a friction member due to its brittleness and
      impact strength which are insufficient for high energy applications.
      Furthermore, bulk graphite does not have sufficient friction
      characteristics for an adequate friction surface.
PAR  Composites of heat sink materials and friction materials have also been
      proposed. Some friction materials resist deterioration and wear under the
      most severe operating temperatures when used in combination with a heat
      sink element. For example, carbon cloth laminate materials have been used
      as a friction face by mounting them on some type of heat sink core
      material, such as metal in U.S. Pat. No. 3,306,401. A satisfactory bond
      between two such materials is difficult due to the different coefficients
      of thermal expansion of the materials, which causes separation of the
      materials upon extreme heating. Fabrication of such composites is thus
      difficult because the lining is typically mounted in small segments by
      rivets, clamps, or other mechanical means to avoid problems of thermal
      expansion in the lining and the core.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a low weight, compact friction
      member which is inexpensive, easily manufactured, and long wearing.
PAR  It is another object of this invention to provide a composite friction
      member with a heat sink core material and a friction material which
      maintains its coefficient of friction at extreme temperatures.
PAR  It is another object of this invention to provide a composite friction
      member which is capable of being secured together as a unit without the
      use of clamps, rivets etc.
PAR  It is another object of this invention to provide a composite friction
      member with a friction material and a heat sink material having
      essentially the same thermal expansion characteristics such that
      separation and distortion of the materials will not occur under working
      conditions.
PAR  These and other objects of this invention which will become evident by the
      detailed description are achieved by a composite friction member which
      comprises two carbon components, the first being substantially cloth free
      bulk graphite and the second being carbon cloth impregnated with
      carbonized resin. Preferably, the composite friction member is disc shaped
      with the components in a sandwich arrangement. The friction component
      preferably is constructed of a plurality of cloth plies with each ply
      being comprised of arcuate segments of fabric. If drive slots are to be
      machined at the driving periphery, carbon cloth reinforcing material may
      be used at the driving periphery to add strength.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In The drawings:
PAR  FIG. 1 is an elevation of a unitary disc-like composite friction member
      according to a preferred embodiment of the present invention;
PAR  FIG. 2 is a sectional view of the disc taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a portion of the friction member of FIGS. 1 and 2 showing certain
      design features.
DETD
PAC  DESCRIPTION OF A PRESENTLY PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a composite friction member according to the present
      invention is shown as a disc 10 having an outer periphery 19 and an inner
      periphery 18. The inner periphery 18 includes circumferentially spaced
      slots 17 which define teeth 22. The teeth 22 are designed to engage with
      splines 14 of a typical torque device 15 which may be part of an overall
      brake structure. The disc 10 is shown and described here as a stator;
      however, it is understood that a disc such as this may also be used as a
      rotor wherein slots such as 17 would be at the outer periphery 19 for
      engagement with an appropriate torque device.
PAR  As is more clearly seen in FIG. 2 the disc 10 is shown as a unitary annular
      body having flat parallel faces 16 for frictional engagement with other
      discs or brake parts. The disc 10 comprises a carbon core component 11
      bonded to two carbon friction facing components 12. Each friction facing
      component 12 is bonded to one side of the core component 11.
PAR  The carbon friction facing components 12 are each shown as preferably
      composed of layers or plies of pyrolyzed, closely woven carbon cloth, such
      as square woven cloth as seen in FIG. 1. However, it is understood that
      the facing components 12 can be composed of a single layer or ply of
      pyrolyzed carbon cloth. Carbon cloth can be made in accordance with
      processes well known in the art and, therefore, such processes will not be
      described here. Carbon cloth coated with a high temperature thermosetting
      resin such as phenolic is readily available commercially. These resins are
      used for their ability to convert into carbon or graphite upon
      pyrolyzation. The cloth is pyrolized for the final properties desired
      which usually depend on the carbon content of the fabric. The term
      "carbon" when used herein includes graphite as well as other commonly used
      forms of carbon. Thus, the fabric or cloth used in accordance with this
      invention may be graphite cloth as well as these other forms of carbon
      depending upon the degree of pyrolyzation undergone by the fabric.
PAR  Each ply of the carbon friction facing components 12 is preferably composed
      of segments such as 25 in FIGS. 1 and 3, of square woven carbon fabric
      with each segment 25 having curved inner and outer peripheries 26 and 27.
      The segments are thus arcuate and generally subtend an angle of preferably
      from 45.degree. to 180.degree.. As shown in FIG. 1, the subtended angle a
      of an arcuate segment 25 is 60.degree.. It is understood that other
      arcuate lengths from 0.degree. to 45.degree. and over 180.degree. may also
      be used if desired.
PAR  The segments preferably have cords or threads 32 constituting the warp of
      the fabric which extend in a direction tangential to the inner and outer
      peripheries, 26 and 27, of the strips at the centerline 33. This provides
      for greater strength in the peripheral direction for the disc 10 shown in
      this embodiment. It is understood that for other strength requirements the
      cords or threads 32 may be at different angles and the segments 25 may be
      assembled with the cords or threads 32 crossing at an angle to provide
      balanced strength characteristics for particular applications where the
      stresses on the disc 10 are more severe in other directions.
PAR  In the preferred embodiment, the arcuate segmented fabric strips are
      spliced or butted 28 at their ends 29 to form an annular ply. By building
      up layers of plies, a friction facing component 12 is formed. By
      staggering or offsetting the splice locations 31 between adjacent plies,
      maximum strength is obtained in the friction facing component 12.
PAR  The carbon core component 11 is composed essentially of a unitary,
      substantially homogeneous block of carbon substantially free of carbon
      cloth. Presently, the most preferred embodiment of the carbon core
      component 11 is a unitary block of bulk graphite. Bulk graphite is readily
      available commercially and can easily be machined into a desired size and
      shape to form a carbon core component such as 11. The carbon core
      component 11 can also be a block of pyrolyzed thermosetting resin such as
      phenolic. Resins such as these are also readily available commercially.
      They can easily be molded into a desired size and shape and subsequently
      pyrolized, resulting in less machining and less waste. These resins can be
      reinforced with various fillers for added strength.
PAR  Depending upon use, the thickness of the composite disc 10 can be varied by
      varying the thickness of the carbon cloth in the friction facing component
      12, the number of sheets composing the friction facing component 12, the
      thickness of the core component 11, or by any combination thereof.
PAR  Because of the low impact strength of the bulk graphite core component 11,
      the friction facing components 12 must carry much of the impact load
      applied to the member 10. Preferably, the friction facing components 12
      taken together comprise at least 50% of the total thickness of the member.
      Because of this at least 50% thickness, the member will be able to
      withstand the impact forces after the friction facing components 12 have
      been worn considerably.
PAR  If the carbon core component 11 is of such material that it may not be able
      to withstand the stresses applied to it at the locations of its drive
      slots 17, the disc 10 may be built with added carbon reinforcing
      components 13 at the drive periphery in which drive slots such as 17 are
      machined. The carbon reinforcing components 13 may be composed of a ply or
      layers of plies of pyrolyzed square woven carbon cloth similar to that
      used in facing components 12. Reinforcing clips 21 may be placed over the
      teeth 22 and may be secured by rivets 23 located as close as is practical
      to the drive edges 24 of the slots 17. The clips 21 and rivits 23 will
      give added strength to the teeth 22 and will prevent delamination due to
      high bearing loads of the carbon reinforcing component 13.
PAR  Although the manufacturing method is not a critical aspect of this
      invention, to better understand the construction, a method of
      manufacturing the composite disc 10 is set forth.
PAR  To form the friction facing components 12, the carbon cloth coated with
      thermosetting resin is cut up into arcuate segments 25. The segments are
      then spliced or butted 28 at their ends 29 to form an annular ply. Layers
      of plies are then built up in an assembling fixture.
PAR  After one friction facing component 12 has been built up in the annular
      configuration, the carbon core component 11 which is in a desired size and
      shape, is placed in the fixture on top of the first friction facing
      component 12. This is followed by a similar friction facing component 12
      built up in a similar manner as the first component 12. In the situation
      where a carbon reinforcing component 13 is to be used around one
      periphery, the same process is used, except that the core component 11
      will have either a smaller outside diameter or a larger inside diameter,
      depending upon whether the reinforcing component 13 is necessary for drive
      slots 17 on the outer periphery 19 or the inner periphery 18,
      respectively. The carbon reinforcing component 13 may be built up in a
      similar manner as the friction facing components 12.
PAR  For example, in FIG. 1, since the composite disc 10 has slots 17 on its
      inner periphery 18, the core component 11 has the same outside diameter as
      the facing units 12, but it has a reduced inside diameter. The reinforcing
      component 13 will be of a similar annular disc-like configuration, but
      will have an outside diameter equal to the enlarged inside diameter of the
      core component 11 and an inside diameter equal to the friction facing
      component 12 inside diameter. The finish thickness of the reinforcing
      component 13 will be the same as that of the core component 11. Thus, all
      components can be solidly bonded together with no gaps.
PAR  After all components have been arranged in the annular configuration in the
      assembling fixture, they are moved as a unit to a curing press to cure the
      thermosetting resin and to mold the components into a unitary disc.
      Several processes known in the art can be adapted to cure the
      thermosetting resin and to carbonize and graphitize the aforementioned
      composite disc 10.
PAR  Although a structure of the type disclosed for the purpose illustrating one
      embodiment of the invention is especially suitable for installation in
      aircraft disc brakes, it should be understood, of course, that numerous
      modifications or alterations may be made therein without departing from
      the spirit and the scope of the invention as set forth in the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a disc brake which includes a rotor and a stator wherein at least one
      of said rotor or stator is a nonmetallic composite friction member, said
      friction member comprising:
PA1  a. a first disc shaped carbon component having two radially extending faces
      and consisting essentially of bulk graphite; and
PA1  b. a second carbon component comprising at least one ply of carbon cloth
      impregnated with a carbonized resin, wherein the second carbon component
      is bonded to a face of the first carbon component.
NUM  2.
PAR  2. A nonmetallic composite friction member as defined in claim 1 in which
      the second carbon component comprises not less than about 50% of the
      thickness of the member.
NUM  3.
PAR  3. A nonmetallic composite friction member as defined in claim 1 in which
      at least one carbon cloth ply comprises arcuate segments of closely woven
      carbon fabric.
NUM  4.
PAR  4. A nonmetallic composite friction member as defined in claim 3, wherein
      the second carbon component comprises a plurality of carbon cloth plies,
      each ply comprising arcuate segments of closely woven carbon fabric, the
      fabric segments of each ply being butted together such that the location
      of the abutment are staggered in relation to the location of abutment in
      an immediately adjacent ply.
NUM  5.
PAR  5. A nonmetallic composite friction member as defined in claim 1 in which
      another second carbon component is bonded to the first carbon component
      such that the first carbon component forms a core between the two second
      carbon components.
NUM  6.
PAR  6. A nonmetallic composite friction member as defined in claim 5 in which
      the member is of annular disc-like configuration.
NUM  7.
PAR  7. A nonmetallic composite friction member as defined in claim 6, the
      disc-like member having an outer periphery and an opening which defines an
      inner periphery and in which one periphery consists essentially of the
      second carbon component.
NUM  8.
PAR  8. A nonmetallic composite friction member as defined in claim 7 in which
      the one periphery has annularly spaced drive slots.
NUM  9.
PAR  9. A nonmetallic composite friction member as defined in claim 1 in which
      the carbon cloth ply is graphite.
NUM  10.
PAR  10. In a disc brake which includes a rotor and a stator wherein at least
      one of said rotor or stator is a nonmetallic composite friction member,
      said friction member comprising:
PA1  a. a first disc shaped carbon component having two radially extending faces
      and consisting essentially of pyrolyzed thermosetting resin; and
PA1  b. a second carbon component comprising at least one ply of carbon cloth
      impregnated with a carbonized resin, wherein the second carbon component
      is bonded to a face of the first carbon component.
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ABST
PAL  Insulation material comprising a pair of generally parallel spaced surface
      sheets of impervious material sealed together through thermally insulating
      material at their free edges. The surface sheets are held in spaced
      relation by a series of transverse pins spaced apart over the area of the
      surface sheets and the space between the latter is evacuated.
BSUM
PAR  This invention relates to thermal insulating materials of the type which
      can be made up into insulating panels or walls of various shapes. More
      particularly the invention relates to insulating material which utilize a
      vacuum to prevent or minimize heat transfer through the material.
PAR  Various attempts have been made to provide insulating panels and the like
      which utilize the insulating properties of a vacuum to prevent heat
      transfer by conduction therethrough. The problem encountered with the
      production of such a panel lies in the support required of the walls or
      outer surface skins thereof against the loading imposed through the action
      of atmospheric pressure. It has generally been considered that a
      continuous support should be provided between the outer walls or skins.
      Thus foams, granular or fibre glass types of support have been used
      heretofore.
PAR  However, the insulating properties of these panels have, in applicants'
      opinion, been decreased as a result of the use of such continuous
      supports.
PAR  It is accordingly the object of this invention to provide an improved
      insulating material of the above described general type wherein the
      insulating effect of the vacuum is impaired to a minimum.
PAR  In accordance with this invention there is provided insulation material
      comprising a pair of generally parallel impervious surface sheets of
      material sealed together through thermally insulating material at their
      free edges and held in spaced relation by a series of transverse pins
      spaced apart over the area of the surface sheets, the space between the
      surface sheets being evacuated.
PAR  Further features of the invention provide for the insulation material to be
      in the form of a panel, for the surface sheets to be of heat reflective
      material and for the edges of the panel to be sealed together by a
      syntactic foam material.
PAR  It has been found that by using pins made of a material having a high
      resistance to compression an effective evacuated panel can be constructed.
      Thus the pins are preferably made of pure epoxy, reinforced epoxy such as
      glass fibre filled epoxy, certain nylons and the like. It will be
      understood that such material should also have a low thermal conductivity.
      With the correct selection of materials for the pins these may cover, in
      cross-section, an area of only about 1% of the area of the surface sheets
      and thus they will transmit very little heat through an insulation
      material made according to this invention.
PAR  The pins may also be split transversely along their lengths to enable a
      sheet of reflective material to be supported between the surface sheets of
      the panel. Such a sheet of reflective material would serve to prevent
      radiative heat transfer and would thus be of a suitable material for this
      purpose. Alternatively, the pins may extend through the intermediate sheet
      of reflective material with the latter being held in position by sleeves
      or washers located over the pins and supporting the intermediate sheet in
      its position parallel to the surface sheets.
PAR  It will be understood that the surface sheets must be sufficiently rigid to
      support the atmospheric load between the pins. The sheets may be preshaped
      to provide rigidity to a panel and so that the effect of evacuation will
      not deform the surfaces of the panel into concavities between the support
      pins. As seen in FIGS. 1 and 2, the sheets are of a concave shape between
      the internal support pins 6 with spaced indentations 9. The surface sheets
      are sealed together around their free edges in any convenient way which
      allows for a vacuum to be created between them. Thus syntactic foam, being
      a mixture of epoxy or other synthetic plastics material and microscopic
      hollow glass or ceramic spheres is considered suitable. Alternatively
      metal webs may be used wherein conduction is minimized by selection of the
      thickness and material of the webs.
PAR  Preferably gettering material will be placed between the panels to maintain
      the vacuum applied when the panel is manufactured.
DRWD
PAR  Two preferred embodiments of the invention will now be described with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is an isometric illustration of one type of panel,
PAR  FIG. 2 illustrates two alternative methods of supporting an intermediate
      sheet of insulating material, and
PAR  FIG. 3 indicates a method used to assist the seal around the edge of the
      panel.
DETD
PAR  In the embodiments illustrated the panel comprises a pair of spaced
      substantially parallel surface sheets 1 made of a suitably rigid material
      such as aluminium which also acts to reflect a certain amount of heat. The
      sheets are preferably preshaped to have a somewhat quilted appearance.
PAR  The two surface sheets are held in spaced relation by a series of spaced
      transverse pins 2 which are adhesively secured to either of or both the
      two sheets. The pins are located at the depressions formed by the
      preshaping and are made for example from glass fibre reinforced epoxy
      resin. The edges 3 of the surface sheets are sealed together by means of
      syntactic foam 4 and the interior of the panel is then evacuated.
PAR  Prior to the sealing of the surface sheets to each other gettering material
      such as barium powder is introduced into the space between the panels to
      maintain the vacuum.
PAR  In the embodiment illustrated in FIG. 2 an intermediate sheet 5 of
      insulating material may be located between the surface sheets. This
      intermediate sheet could be made of a commercially available polyester
      film aluminium coatings for example to prevent the transmission of
      radiative heat. The use of other plastic films having a metallic coating
      thereon to prevent the transmission of radiation is also known as
      disclosed in U.S. Pat. Nos. 2,183,790, 3,290,203, and 3,681,179. Such an
      intermediate sheet could be held in position either by providing short
      pins 6 on each surface sheet which co-operate to clamp the intermediate
      sheet therebetween or by providing sleeves or washers 7 on the outside of
      the pins. In the latter case the intermediate sheet would be perforated so
      that the pins may pass therethrough.
PAR  It has been found that better mechanical sealing is obtained around the
      edges of the surface sheets in contact with the syntactic foam if the two
      components are interlocked. One convenient manner is illustrated in FIG. 3
      where locking formations 8 are pressed from the surface sheets 1 to engage
      in the foam 4.
PAR  The heat flux through radiation scattering materials in a high vacuum is
      very sensitive to compressive load. A graph of this heat flux versus
      compressive load on a log log basis generally falls on a straight line
      with a slope of between 0.5 and 0.67. As a consequence a nonuniform
      loading featuring point loads under high stress and broad areas of zero
      loading will provide most effective insulation.
PAR  It will be understood that many variations may be made to the above
      described embodiments of the invention without departing from the scope of
      the invention. The pins may be varied in form from those described
      provided that the surface sheets remain supported only over a relatively
      small part of their total area.
CLMS
STM  What I claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. Insulation material comprising a pair of generally parallel surface
      sheets of fluid impervious material sealed together through thermally
      insulating material at their free edges and held in spaced relation by a
      series of transverse pins spaced apart over the area of the surface
      sheets, the space between the surface sheets being evacuated and provided
      with a plastic film having a metallic coating.
NUM  2.
PAR  2. Insulating material is claimed in claim 1 in which each surface sheet
      "is provided with a plurality of spaced indentations therein giving it a
      quilted appearance with the sheets being of concave shape between said
      internal pins."
NUM  3.
PAR  3. Insulating material as claimed in claim 1 in which said surface sheets
      are heat reflective material.
NUM  4.
PAR  4. Insulating material as claimed in claim 1 in which the sealing on the
      edges of the surface sheets is effected by means of syntactic foam which
      is disposed between the sheets along the edges thereof.
NUM  5.
PAR  5. Insulating material as claimed in claim 4 in which the edges of the
      surface sheets are mechanically interlocked with the syntactic foam.
NUM  6.
PAR  6. Insulating material as claimed in claim 1 in which said radiation
      transmission preventing material comprises a sheet of such material
      located between the surface sheets and held in spaced relationship thereto
      on the pins.
NUM  7.
PAR  7. Insulating material as claimed in claim 1 including a gettering agent in
      the space between the surface panels.
NUM  8.
PAR  8. Insulating material as claimed in claim 1 in which each pin is secured
      to one of the surface sheets by means of an adhesive.
NUM  9.
PAR  9. Insulating material as claimed in claim 1 in which each pin is secured
      to both surface sheets by means of an adhesive.
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ABST
PAL  A three dimensional, decorative material is disclosed and claimed herein,
      having good dimensional definition and capable of virtually unlimited
      design. A process for producing the three dimensional composite is also
      disclosed and claimed herein. The process originates with the manufacture
      of a master mold which can be produced with virtually any design, and
      preferably is made into a continuous belt. An elastomeric foam composition
      is then cast into the cavities of the master mold and fused in situ,
      whereby a three dimensional material is produced. Thereafter, a suitable
      adhesive is applied to the design side of the material and flock fibers or
      some other decorative substances are deposited thereon. After curing of
      the adhesive, any excess fibers are removed, and the material may be cut
      into suitable lengths, provided with a contact adhesive on the reverse
      side or the like.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of co-pending application Ser. No. 272,340,
      filed July 17, 1972 and entitled THREE DIMENSIONAL DECORATIVE MATERIAL AND
      PROCESS FOR PRODUCING SAME.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous products have heretofore been produced where both woven and
      nonwoven fabrics were provided with a layer of foam laminated thereto,
      after which the composite was provided with a suitable backing so as to
      provide decorative textile materials. In such situations, the fabric which
      is a costly part of the laminate is completely enclosed by the foam,
      backing and the like and thus provides nothing more than strength for the
      composite. Further approaches include manufacturing techniques where
      decorative materials have been produced by expanding a foam on a temporary
      or permanent backing other than a textile material, applying an adhesive
      to the foam, flocking the foam and then embossing to provide a desired
      pattern or design in the material. Embossing has been accomplished by
      engraved roll techniques. Other prior techniques include foaming, and
      embossing followed by flocking; and/or the like where the product is
      physically or chemically deformed to assume the desired configuration.
      Printing an adhesive design onto a substrate, and flocking the adhesive
      area, followed by embossing has also been practiced. Products manufactured
      according to the above techniques have been utilized for floor coverings,
      wall coverings, draperies, and for other aesthetic purposes.
PAR  Numerous problems have been noted with the products and processes of the
      prior art. For example, products produced using a woven, nonwoven, knitted
      or other textile substrate are extremely expensive due to the high cost of
      the substrate, the high cost of necessary production equipment and low
      production speeds. Furthermore, definite limitations are found in the
      possible designs that may be incorporated into such a laminate. Embossed
      foam products are likewise fraught with disadvantageous properties. For
      example, utilization of a pressure plate, an engraved roll or the like for
      embossing a foamed article reduces definition of the design produced due
      to partial recovery of the foam. Moreover, the dimensional depth of the
      design is limited to the depth of engraving in the embossing roll and the
      design per se, is limited to the particular type design that may be
      provided by engraving the roll.
PAR  Chemical and other mechanical embossing techniques have also been utilized.
      In all such attempts, there has been a definite lack of fine definition in
      the designs. In all such prior attempts, the products have experienced
      variation in foam density throughout the structure. Foam density variation
      creates unnecessary cost to the system since excess foam is being
      utilized; different aesthetic appearances in high and low density areas
      are apparent; and in general the problems heretofore mentioned concerning
      the prior art are present.
PAR  The present invention provides a greatly improved process for the
      production of a product that is excellent from an aesthetic quality, and
      also possesses good resilience, abrasion resistance, acoustical, and
      insulative properties to mention a few. Moreover, there is virtually no
      limit to the design that may be incorporated into the three dimensional
      decorative material according to the teachings of the present invention.
      The operational process of the present invention avoids the problems of
      the prior art as does the product produced thereby. As such, the process
      and product of the present invention represent a definite improvement over
      those previously known and utilized by the prior art.
PAR  The prior art is devoid of any teaching or suggestion of the subject
      invention. Exemplary of the prior art are U.S. Pats. No. Re.23,741 to
      Summers; U.S. Pat. No. Re.26,385 to Gilchrist; U.S. Pat. No. 2,106,132 to
      Feinbloom; U.S. Pat. No. 2,691,611 to Saks; U.S. Pat. No. 2,714,559 to
      Sheffield et al.; U.S. Pat. No. 2,784,630 to Koprow et al.; U.S. Pat. No.
      2,963,381 to Leimbacher; U.S. Pat. No. 3,194,702 to Geller et al.; U.S.
      Pat. No. 3,196,030 to Petry; U.S. Pat. No. 3,215,584 to McConnell et al.;
      U.S. Pat. No. 3,219,507 to Penman; U.S. Pat. No. 3,224,984 to Palmer; U.S.
      Pat. No. 3,322,606 to Koller; U.S. Pat. No. 3,365,353 to Witman; U.S. Pat.
      No. 3,408,248 to Maass; U.S. Pat. No. 3,436,245 to Grundman; U.S. Pat. No.
      3,496,054 to Baigas, Jr.; U.S. Pat. No. 3,518,154 to Broadhurst; U.S. Pat.
      No. 3,528,874 to Spencer; U.S. Pat. No. 3,540,974 to Broadhurst; U.S. Pat.
      No. 3,575,778 to Wilcox; and U.S. Pat. No. 3,591,401 to Snyder et al.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a novel process for
      producing a three dimensional decorative material.
PAR  Another object of the present invention is to provide a novel process for
      the production of a three dimensional flocked article.
PAR  Still further, another object of the present invention is to provide a
      novel three dimensional decorative material.
PAR  Another object of the present invention is to provide a novel process for
      decorating a three dimensional compressible object.
PAR  Generally speaking, the present invention relates to a process for
      producing a three dimensional decorative material wherein a master mold is
      provided; an elastomeric foam is cast into the mold and fused therein; the
      foamed there dimensional material is stripped from the mold, an adhesive
      is applied to a surface of the article to be decorated; and the adhesive
      coated surface is flocked or otherwise treated after which the adhesive is
      cured.
PAR  More specifically, a master mold is provided having a predetermined design
      therein, the mold having good mold release characteristics. Preferably, a
      silicone rubber mold is provided which possesses natural mold release
      characteristics. Most preferably the mold is provided as a continuous belt
      to facilitate continuous or semi-continuous production.
PAR  Foamable compositions that may be utilized are preferably of vinyl, rubber
      or urethane composition though other elastomeric compositions are also
      suitable. Preferably, the foam is applied as a froth which is poured into
      the mold cavities and evened across the upper surface thereof. After
      casting the frothed foam composition into the mold, the foam is fused
      therein to produce a precise replica of the mold design. The molded
      material is then stripped from the mold and transported to decorative
      processing, exemplified by the application of adhesive and flocking.
      Optionally, a side of the molded article to be decorated may be further
      heated prior to application of adhesive thereto.
PAR  Adhesives that may be utilized to secure the flock fibers to the molded
      article include acrylics, urethanes, hot melt adhesives in general and the
      like. Likewise, the method for applying the adhesive may vary depending
      upon the type adhesive being used and the ultimate product desired.
      Spraying may be utilized to apply acrylic, urethane and the like type
      adhesive systems while hot melts may be advantageously applied by a roll
      system, especially where different color, length, etc. fibers are desired
      for upper and lower surfaces of the design side of the molded material.
      Utilizing a roll system, adhesive may be applied only to the upper
      surfaces of the design or to both the upper and lower surfaces. Likewise,
      other compounds such as release agents may be applied to control adhesion
      of the fibers to limited areas of the design. Hence, a release agent may
      be initially applied to the upper surfaces of the design after which the
      rolls can be preset to compress the foam and thus apply adhesive to the
      upper and lower surfaces of the design or the entire surface may be
      sprayed. Flock fibers thereafter applied will permanently adhere to the
      lower surfaces only and, after curing, the adhesive, release agent and
      fibers from the upper surfaces will be removed during cleaning. Upper
      surfaces of the design can then be left without fibers or decorated with
      fibers of different color or characteristics than thos applied to the
      lower surfaces. These adhesives may also be pigmented to blend with the
      color of the fiber or the like applied thereon.
PAR  A very interesting phenomena has been experienced with adhesive application
      and flocking. Subsequent to molding the foam material, the now three
      dimensionally defined surface may be almost completely flattened, the
      adhesive applied and the material flocked. Adhesive and flock fibers can
      thus be easily applied against a flat, practically non-design surface.
      After application of the flock fibers, heat applied to the composite will
      cause the return to the original molded contour. This technique fosters
      adhesive application as well as a uniform application of fibers. Control
      of the width and length of the molded material during adhesive and fiber
      application can also be utilized to control density of fiber application
      in certain cases.
PAR  Since the primary object of the present invention is to provide a three
      dimensional decorative article or material that emulates a design surface
      produced in the master mold, it is often desirable that the flock fibers
      do not assume a vertical disposition with respect to the base as is often
      preferred for flocking operations. Instead, the flock fibers may also be
      applied in a random, but uniform fashion after which they may, if desired,
      be forced by pressure into the adhesive. Suitable means for forcing the
      flock fibers into the adhesive system include rollers, pressure plates,
      and the like.
PAR  Subsequent to flocking and removal of excess fibers from the foam material,
      a pressure sensitive adhesive may be applied to the side opposite the
      flocked side for securing the material to some desired surface. A release
      paper may also be used on the back side to prevent adhesion of the
      material prematurely. Likewise, backing materials or the like may be
      applied to the product, if desired.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram depicting the general steps of the process
      according to the teachings of the present invention.
PAR  FIG. 2 is a line drawing of a process for producing a three dimensional
      decorative material according to the teachings of the present invention.
PAR  FIG. 3 is a partial side elevational view of a portion of the process of
      the present invention, showing one means of applying an adhesive to the
      three dimensional foam material.
PAR  FIG. 4 is a partial side elevational view of a portion of the process of
      the present invention showing a further arrangement for the application of
      adhesive to the three dimensional foam material.
PAR  FIG. 5 is a block diagram of a segment of the process of the present
      invention illustrating further embodiments of the present invention.
PAR  FIG. 6 is a block diagram of a segment of the process of the present
      invention illustrating yet another embodiment of same.
DETD
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENTS
PAR  Referring to the Figures, specific embodiments of the present invention
      will now be described in detail. FIG. 1 outlines a general process
      according to the teachings of the present invention for producing a
      decorative, three dimensional article or material. Following the process
      line, a master mold is provided into which is cast a foam composition for
      producing a three dimensional replica of the design provided in the mold.
      Preferably, the master mold is in the form of a continuous belt which may
      be used for continuous or semi-continuous production of a strip of three
      dimensional replicas therefrom. A room temperature, vulcanizable, silicone
      material, hereinafter sometimes referred to as an RTV silicone material,
      is preferably utilized to produce the master mold, patterned from an
      object having a desired shape or design. A strip of adjacent replicas of
      the object may then be made into a continuous belt by cementing opposite
      ends thereof, preferably with a silicone elastomer, to provide a seamless
      connection. With the master mold produced and positioned around driving
      rollers, the mold can then be continuously operated. Depending upon the
      construction of the master mold, same may be supported by an endless belt
      or may serve as the belt itself.
PAR  A foamable composition is cast into the cavities of the master mold and
      leveled across the top thereof to achieve a predetermined and uniform
      thickness. Speed of travel of the master mold with the foam deposited
      therein is synchronized with time, a heat source or the like so as to set
      up, cure or fuse the foam in situ, whereby the foam material in the mold
      cavities assumes the characteristics of the mold design with extremely
      good definition. The cured three dimensional foam material may then be
      continuously stripped from the end of the moving master mold and
      transported through the process for further handling. While many different
      foam compositions may be utilized in practicing the present process, a
      frothed vinyl, SBR foam rubber, or polyurethane foam composition is
      preferred. Also, as discussed in detail hereinafter, a mold pretreatment
      may be desirable to further improve definition of the molded product.
PAR  Once the three dimensional foam material is produced, it may be further
      processed to decorate the design by flocking, or the like to aesthetically
      improve the ultimate product. An adhesive suitable for securing flock
      fibers to the foam is applied to the side of the material having the three
      dimensional design. Adhesive may be applied as desired under the
      particular surrounding circumstances so as to suitably secure the fibers
      to the foam and thus simulate a woven, nonwoven, knitted or tufted textile
      product, or to aesthetically add to the design reproduced in the foam.
      Different types of adhesive systems may be utilized in manufacturing the
      three dimensional decorative material according to the teachings of the
      present invention. In this regard, various adhesive systems such as water
      based acrylics, solvent or water based urethanes, or the like may be
      sprayed, cast, rolled or the like onto the three dimensional surface of
      the foam so as to insure complete coverage thereof including the full
      depths of the cavities or depressions in the design. Furthermore, it has
      been found quite advantageous to use a hot melt adhesive system that may
      be applied by a metered roll which preferably is part of a nip roll system
      or is backed up by a pressure plate or the like, onto predetermined
      surfaces only of the three dimensional foam material or onto all surfaces
      of the foam material design as desired. Pigments may also be incorporated
      into the adhesive system to blend with the color of the flock fibers or
      other decorative materials. Such pigmentation is sufficient to completely
      mask the foam substrate, such that the foam cannot be seen from the
      decorated side of the composite. This coloration of the adhesive
      eliminates the need for matching the foam color to the fiber color.
PAR  Subsequent to the application of adhesive, the material is passed through a
      flocking station where short fibers are deposited onto the design side,
      into contact with the adhesive layer. The particular flocking system is
      not a part of the present invention and any suitable system may be
      employed. Depending upon the particular end use of the product being
      produced or the effect desired, the flock fibers may be deposited in a
      completely random but uniform manner; to assume a vertical disposition; or
      otherwise. Since a primary object of the present invention is to produce
      replicas of woven, knitted, nonwoven or tufted products, the fibers are
      preferably embedded in the adhesive by suitable means to gain the
      appearance of the product being simulated.
PAR  Ultimate appearance, the adhesive system and/or fiber length may dictate a
      preferred flocking method for deposition of flock fibers onto a molded
      product according to the present invention. For example, duplication of a
      textile product may be best accomplished if the fibers appear to be a part
      of a fiber bundle. Hence both short and long fibers may be used depending
      upon the molded pattern. Likewise, mechanical and/or electrostatic
      flocking techniques may be employed. For carpet reproduction, very short
      fibers have been found to give extremely good tuft definition. Likewise,
      certain adhesives such as hot melt adhesives are best handled by random
      mechanical flocking followed by further possible treatment to embed the
      fibers into the adhesive layer.
PAR  A tufted or nonwoven carpet may thus be accurately duplicated by the
      present process. Flock fibers may be mechanically deposited in random
      fashion or very short fibers may be electrostatically applied onto the
      adhesive coated surface of the foam material. Thereafter, if desired, the
      flocked material may be treated to embed the fibers into the adhesive
      layer that follows the foamy contour of the product being simulated.
      Embedding of the fibers generally following the mechanical flocking
      technique may be accomplished by pressure rollers, pressure plates, molds,
      heater bars or the like.
PAR  After the flock fibers or the like are properly positioned on the adhesive
      layer, the composite may be further processed according to one of several
      routes. The adhesive may be cured, followed by removal of excess fibers;
      the excess fibers may be removed followed by curing of the adhesive; or if
      desirable, the flock fibers may be embedded in the adhesive followed by
      one of the above listed procedures.
PAR  The improved product of the present invention is complete after all desired
      flocking or the like is accomplished, the adhesive cured and any excess
      decorative materials removed. It may then be desirable to cut the material
      into desired lengths, sizes or the like, or to treat the reverse side
      thereof to render same suitable for affixation to a wall, floor, or other
      intended surface.
PAR  Several modifications to the general process scheme according to the
      teachings of the present invention have been found to afford versatility
      to both the process and products producable thereby. These modifications
      will be described in detail hereinafter, but in general relate to
      treatment to the foam material before, during or subsequent to application
      of adhesive and flock fibers thereto. For example, the foam material may
      be prestretched in a longitudinal and/or transverse direction and in such
      condition have the adhesive and flock fibers applied thereto. After being
      stretched, and flocked, tension on the foam is released and the foam
      returns to its original condition. In this manner, the density of flock
      fibers may be increased as well as controlled. Furthermore, as briefly
      mentioned above, depending upon the system for applying adhesive to the
      three dimensional foam material, decorative effects may be attained by
      controlling the area of application of the adhesive and by subsequent
      processing, whereby different colored flocked fibers, different length
      flock fibers or the like may be applied. Further, it has been found that
      the vinyl foam may be flattened, flocked and heated to regain the
      dimensional design therein.
PAR  FIG. 2 pictorally illustrates a preferred embodiment of the general process
      of the present invention. A master mold 10 is provided as a continuous
      belt around driven rolls 12 and 14 so as to enable continuous or
      semi-continuous production of a material therefrom. As such, master mold
      10 presents continuous repetitions of the design around the length
      thereof, cavities 11 of the design being indicated by broken lines around
      the periphery of the belt. A frothed foam composition or the like is
      applied into cavities 11 of mold 10 from a foam dispensing means 16. Foam
      dispensing means 16 preferably has a nozzle 17 that reciprocates across
      the width of belt mold 10 so as to evenly apply foamable material into
      cavities 11 of mold 10. As belt 10 moves in the direction of the arrow, an
      evening means 18 smooths the foamable composition across the top of
      cavities 11 so as to produce a foam product of even thickness. Thereafter,
      as belt mold 10 continues to move in the direction indicated by the arrow,
      the foamable composition begins to cure or fuse to assume the dimensional
      configuration of the mold cavities 11. A heat source 19 may be provided
      adjacent belt 10 so as to continuously fuse or cure the foamable
      composition in situ during movement of belt 10. Heat output from source 19
      may be coordinated with the speed of belt 10 to insure complete fusion of
      the foam before the foam product is stripped from cavities 11.
PAR  As belt 10 moves around roll 14, the now molded three dimensional product P
      is stripped from mold 10 and is transported to a further section of the
      process for flocking or other decorating. If desired, the three
      dimensional side of product P may be further heated by a second heat
      source 20 (shown in phantom) so as to better prepare the design surface
      for receipt of adhesive. Product P then passes around a guide roll 21 and
      onto a belt conveyor 30. Product P is then transported by conveyor 30
      under an adhesive application system 22. As will be discussed in further
      detail hereinafter, adhesive may be applied by either of several
      procedures. After application of adhesive, a further evening means 23 may
      be utilized if desired to insure even application of the adhesive across
      the desired surfaces of product P.
PAR  A width control means 24 may be positioned in line so as to enable
      stretching of product P in a transverse direction during application of
      adhesive thereto. Likewise, as product P resides on conveyor belt 30 that
      is supported by rollers 31 and 32, the speed of rolls 31 and 32 may be
      increased with respect to the incoming speed of product P so as to provide
      longitudinal stretching of product P during receipt of adhesive from
      system 22. Subsequent to the application of adhesive, product P passes
      adjacent a flocking station 25 where short fibers F are deposited onto the
      design side of product P. The particular mechanism for applying the flock
      fibers onto the product P can be any of the conventionally known flocking
      systems. Hence the fibers may be positioned by electrostatic, mechanical
      or other means, if desired, to be applied randomly in uniform fashion
      across the design side of product P, vertically disposed or the like. As
      mentioned above, to provide a replica of a woven, nonwoven, tufted,
      knitted fabric or the like, it may be desirable to embed the flock fibers
      in the adhesive layer. Embedding of the fibers F into the adhesive surface
      as opposed to providing vertically oriented fibers permits the fibers to
      appear as if they are a part of fiber bundles that are outlined in the
      molded product, though very short fibers may be vertically deposited
      (electrostatically) to emulate the textile product reproduced in the foam.
      Though numerous means may be employed for forcing fibers F down into the
      adhesive layer, a pair of nip rolls 26 are illustrated by way of example.
      Subsequent to nip rolls 26 is a vacuum means, or the like 27 which may be
      employed to remove loose fibers from product P. Likewise, a heat source 28
      is shown in phantom. If necessary, heat source 28 which may be positioned
      on either side of vacuum means 27 may be utilized to cure the adhesive
      applied on product P.
PAR  Subsequent to the aforementioned steps, processing for the front or
      decorative face of product P is completed. To enable the utilization of
      the product, it is often desirable to treat the opposite or under side of
      the product so as to enable same to adhere to a further surface to provide
      a suitable backing, or the like. For example, it may be desirable to pass
      the product P around a further guide roll 33, under a second adhesive
      applicator 34 where a pressure sensitive adhesive or the like may be
      applied by means of spraying, kiss roll or the like for securing product P
      to said other surface. A release paper 35 may then be applied atop the
      pressure sensitive adhesive.
PAR  After final treatment of the product for decorative effects, the product
      may be further processed by cutting into desired length, shapes or the
      like so as to permit use thereof in varied environs.
PAR  Insofar as the master mold from which the three dimensional decorative
      products of the present invention are produced is concerned, several
      techniques may be utilized for manufacturing same. For example, it may be
      only necessary to apply a room temperature, vulcanizable silicone rubber
      over a model of the design to be duplicated. In some instances, however,
      where the particular product to be duplicated is not conducive to a direct
      replication, it may be necessary to first produce a plaster of paris cast
      of the article and then produce a silicone rubber plug mold (prototype)
      from the plaster cast followed by a recess silicone rubber mold.
PAR  Contigious mold sections may then be converted into a continuous belt to
      permit continuous or semi-continuous operation of the present process.
      Seamless construction may be employed during belt fabrication by using a
      silicone cement. Silicone is preferred as a material from which the master
      mold may be constructed due to its inherent mold release and high
      temperature characteristics. Any other material may be employed, however,
      that inherently possesses or is afforded good mold release qualities, such
      as vinyls, urethanes or the like. These materials do, however, generally
      require a release agent. A room temperature, vulcanizable silicone rubber
      has produced quite intricate molds from such items as a simulated brick
      wall, several carpet samples, a room divider with a hieroglyphic design
      thereon, a room divider with a random modern design thereon, panelling
      with a wood grain design, and the like.
PAR  Further, concerning the master mold, where an intricate design is presented
      on the lower surface of the mold cavities, it may be necessary to take
      positive steps to avoid entrappment of air under the foam which will
      appear at the upper design surfaces of the molded foam material. These
      bubbles generally burst and destroy the proper definition of the surface
      characteristics of the cavities. Several techniques may be employed to
      overcome bubbles on the design surface. A plurality of small openings may
      be provided through the bottom of the mold. Such vent openings may be
      produced by drilling the master mold, by the placement of pins on the
      article being duplicated whereby the mold was produced with the holes
      therein, and the like. A further technique which has proved quite
      successful involves precoating of the mold cavities with the foamable
      material prior to the normal casting of the frothed foam therein. The foam
      precoat of same composition as the frothed foam ensures complete coverage
      of the intracacies of the cavity surfaces and holds air bubbles below the
      surface of the foam where the bubbles are hidden and no adverse effects
      are realized therefrom.
PAR  Referring to FIGS. 3 and 4, a more complete description will be set forth
      as to a means for applying adhesive to the three dimensional side of the
      foam material. In FIG. 3, there is shown a segment of a process where the
      three dimensional foam product P is moving on a belt 130 in the direction
      of the arrow. A pair of nip rollers 120 and 121 are positioned on opposite
      sides of the belt 130 and product P with roller 120 having adhesive source
      123 associated therewith. Adhesive source 123 is illustrated schematically
      and may comprise any type system that will supply adhesive to roller 120
      for application onto the desired surface of product P. In this particular
      arrangement, the nip rolls 120 and 121 are set sufficiently apart that
      only minor compression of the product P is experienced whereby an adhesive
      layer 140 is applied only to the upper surfaces of the three dimensional
      side of product P. Flock fibers subsequently deposited onto product P will
      adhere only to the adhesive layers and will not become secured within the
      cavities P' that further define the three dimensional section of product
      P. This arrangement thus provides a process for upper surface decoration
      only of the three dimensional product.
PAR  FIG. 4 shows yet another embodiment of the application of adhesive where
      the product P resides on a moving belt 230 and is passed between rollers
      220 and 221 with an adhesive supply system 223 provided in conjunction
      therewith. In FIG. 4, rolls 220 and 221 are set much closer than is shown
      in FIG. 3 whereby during passage of the three dimensional foam product P
      therebetween, the product P is substantially compressed, permitting
      adhesive to be applied to both the upper and lower surfaces of the three
      dimensional design. Thereafter, flock fibers deposited onto product P will
      become embedded in the adhesive in both the upper and lower surfaces to
      become secured thereat.
PAR  A further modification utilizes a combination of the arrangements shown in
      FIGS. 3 and 4. This arrangement permits selective adhesion of fibers to
      particular surfaces only and is depicted in block diagram in FIG. 5.
      Starting at the point where a three dimensional molded product is
      available, a heat volatile release agent, many of which are well known in
      the art, may be applied to the upper surfaces of the design only. The
      adhesive nip roll arrangement of FIG. 3 may be employed for application of
      the release agent. Nip rolls arranged as shown in FIG. 4 may then be
      employed downstream to apply an adhesive to both upper and lower surfaces
      of the design, or both surfaces may be sprayed, or the like. The product
      may then be flocked where the flock fibers will become permanently secured
      only on the lower surfaces of the design. After flocking, the adhesive is
      cured and the excess fibers are removed from the lower surfaces while
      fibers and adhesive will be removed from the upper surfaces.
PAR  The product may then have been completely decorated with the upper surfaces
      of the design remaining unflocked. Alternatively, the product may be
      further treated to apply adhesive only to the upper surfaces of the design
      after first volatizing the release agent, followed by flocking with fibers
      of different length, color, etc. The second flocking operation will adhere
      the fibers to the upper surfaces only, thus providing a means to flock a
      single design with different fibers.
PAR  Still another modification to adhesive application and flocking is shown by
      way of block diagram in FIG. 6. The molded product may be passed through
      nip roll or equivalent means after molding and while still warm to flatten
      the dimensional design. Thereafter, adhesive could be conveniently applied
      across the complete, flattened upper surface of the molded product and
      flocked. Once the adhesive was cured, the flattened flocked product can
      then be heated, whereby the three dimensional design returned to its
      original state. Flattening prior to application of adhesive enables an
      easier application and more uniform layer of adhesive to be deposited onto
      the molded foam product. Alternatively, the molded material may be heated
      while being flattened.
PAR  The present invention may be more fully understood by reference to the
      following examples.
PAC  EXAMPLE 1
PAR  A section of wood panelling having a wood grain textured surface was
      selected as an object to be reproduced. The panelling was placed within a
      retainer wall and was sprayed with Pattern Release 202, an aerosol
      containing a refined petroleum jelly, methylene chloride and a fluorinated
      hydrocarbon propellant, manufactured by National Engineering Products
      Incorporated, Washington, D.C. An RTV silicone mold composition was then
      poured over the panelling within the retainer wall, leveled across the top
      of the retainer wall and allowed to stand for 12 hours. The RTV silicone
      composition comprised 100 parts Silastic G, an elastomeric polysiloxane
      resin, manufactured by Dow Corning Corporation, Midland, Mich.; 10 parts
      of a catalyst supplied by Dow Corning Corporation for Silastic G,
      (unidentified by Dow Corning) and 10 parts of a thinner, a 100 per cent
      dimethyl polysiloxane at 20 centistokes viscosity, were mixed thoroughly
      and deaired by means of a vacuum chamber. Thereafter, the polymerized
      silicone was demolded from the panelling. An engraved silicone mold with
      extremely good definition of the textured surface of the panelling
      resulted. Several repeats of the above procedure produced mold sections
      for the assembly of a mold belt. The sections were butt joined with
      Silastic 732, a polysiloxane adhesive manufactured by Dow Corning, to
      produce a repetitive pattern in a continuous belt of a desired length. The
      Silastic 732 adhesive produces a virtually seamless connection. Each of
      the belt sections produced with the panel design therein exhibited
      excellent definition in the mold cavities.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was followed with the exception that a three
      dimensional brick type pattern was employed in lieu of the wood panelling.
      The pattern was produced by 1/2 inch wooden blocks, 21/2 inches .times. 8
      inches and 21/2 inches .times. 4 inches with rounded corners mounted on a
      3/4 inch plywood base to simulate a brick pattern. Silicone molds having
      perfect definition of the brick pattern were produced.
PAC  EXAMPLE 3
PAR  A corrugated paper panel was substituted for the wood panelling of Example
      1. Good silicone molds duplicating the corrugations were produced.
PAC  EXAMPLE 4
PAR  Two room dividers having textured surface designs thereon were employed as
      the objects of Example 4, following molding procedures of Example 1. One
      of the dividers had a modern design and the other a design patterned after
      Aztec Indian hieroglyphics. Silicone molds showing excellent design
      definition were produced.
PAC  EXAMPLE 5
PAR  A section of tufted rayon carpet was placed within the confines of a
      retainer wall. Plaster of paris was then poured directly onto the carpet
      and allowed to harden. Thereafter, the plaster of paris and carpet were
      removed from within the retainer wall and the carpet was burned out of the
      hardened plaster cast with hydrocholoric acid, leaving the exact detailed
      reverse reproduction of the contour of the tufted carpet in the plaster
      cast. This reverse was then placed within retainer walls and a silicone
      rubber composition as described in Example 1 poured thereover to produce a
      silicone rubber prototype with the tufts pointing upwardly. The silicone
      prototype was then placed within the confines of the retainer wall and a
      further mixture of the silicone rubber of Example 1 was poured thereover
      and permitted to sit for 12 hours. The polymerized silicone master mold
      that was produced exhibited extremely good tuft definition of the original
      carpet sample.
PAC  EXAMPLE 6
PAR  A 60 foot continuous belt mold, 34 inches wide was produced from 9 foot
      sections of silicone molds having six different designs therein. Each 9
      foot section of the belt mold was cemented to adjacent sections with
      Silastic 732 adhesive, a room temperature, vulcanizable elastomeric
      silicone adhesive composition manufactured by Dow Corning. Each section
      represented one of the following designs: tufted carpet, brick, Aztec
      hieroglyphics, modern (appearance of frosted or broken glass), corrugated
      paper, and sun discs (major circles with plurality of concentric arcuate
      lines within the circles). The above belt mold was secured to a driven
      fiberglass continuous belt and was operated to continuously produce a
      three dimensional foam material. Vinyl foam having a composition of 60
      parts vinyl resin No. 0565, a polyvinyl chloride dispersion resin produced
      by Tenneco Chemicals, Inc., Plastics Division, Piscataway, N.J.; 40 parts
      vinyl resin No. 521, a polyvinyl chloride general purpose resin produced
      by Tenneco; 15 parts calcium carbonate; 88 parts Kodaflex CB-A, a vinyl
      plasticizer supplied by Eastman Chemical Company, Kingsport, Tenn.; 2
      parts Ferro Stabilizer No. 5919, a barium, cadmium, zinc heat stabilizer
      for vinyl chloride, supplied by Ferro Corporation, Bedford, Ohio and 4
      parts Silicone Surfactant No. DC-1250, a surface control agent supplied by
      Dow Corning Corporation, Midland, Mich.
PAR  The above materials were blended and placed into an Oakes foamer, a device
      to meter air into the foam to control the density thereof, manufactured by
      E. T. Oakes Corporation, Islip, Long Island, N.Y. The Oakes foamer was
      operated at a line pressure of 70 PSI; foam air pressure of 38 PSI; a pump
      setting of 25 and a rotary setting of 375. Vinyl foam having a cup density
      of 321 grams per liter was produced. From the Oakes foamer, the vinyl foam
      composition was continuously cast into the cavities of the 60 foot belt
      mold moving at a linear speed of 2 feet per minute. The foam was fused
      approximately 15 minutes in an oven at a temperature of approximately
      160.degree.C. Samples of the carpet and Aztec patterned foam material that
      were stripped from the mold exhibited air bubbles adjacent the upper
      design surfaces thereof which detracted from the surface definition.
      Patterns having less intricacy at the upper surfaces were unaffected by
      the entrapped air bubbles.
PAC  EXAMPLE 7
PAR  Example 6 was repeated on a 10 inch .times. 45 inch section of the carpet
      pattern of the belt with the exception that prior to casting the vinyl
      foam, a heavy pressure roll was utilized to precoat the mold cavities with
      the vinyl foam composition. After curing of the foam in situ, no entrapped
      bubbles appeared on the surfaces of any of the patterns.
PAC  EXAMPLE 8
PAR  Utilizing a carpet master mold produced according to Example 5, the
      following frothed foam rubber composition was poured thereover; 100 parts
      SBR rubber, styrene butadiene rubber supplied by Colox Corporation,
      Dalton, Ga.; 15 parts No. 808, a quartinary ammonium salt sensitiver
      produced by Colox Corporation; 2 parts D439-5, a vinyl dispersion of zinc
      oxide in combination with zinc dithiocarbamate, supplied by Colox
      Corporation; and 8 parts D-917-2, an ammonium acetate gel supplied by
      Colox Corporation.
PAR  The first three ingredients of the above list were mixed in a Hobart mixer
      at No. 2 speed for 90 seconds, after which the D-917-2 gel was added
      followed by mixing for an additional 20 seconds. The mixing was then
      stopped and the speed switched to No. 3 setting for 15 seconds to break up
      large air bubbles. The mixture was then removed and poured over the master
      mold where the thickness was controlled by a doctor blade. The foam was
      then cured with heat at 325.degree.F. for 12 minutes after which the three
      dimensional foam product was removed from the silicone belt. The molded
      product exhibited very good definition of the tufts and the fiber bundles
      of the carpet, and was considered to be a very acceptable three
      dimensional foam reproduction of the carpet.
PAC  EXAMPLE 9
PAR  Example 8 was repeated with the exception that a vinyl foam was utilized,
      the formulation of which is as follows: 60 parts vinyl resin No. 0565,
      polyvinyl chloride dispersion resin produced by Tenneco Chemicals, Inc.,
      Plastics Division, Piscataway, N.J.; 40 parts vinyl resin No. 521, a
      polyvinyl chloride general purpose resin produced by Tenneco; 25 parts
      calcium carbonate; 90 parts Kodaflex CB-A, a plasticizer composition
      supplied by Eastman Chemical Company, Kingsport, Tenn.; 2 parts Ferro
      stabilizer No. 5919, a heat stabilizer polyvinyl chloride supplied by
      Ferro Corporation, Bedford, Ohio, and 4 parts Silicone Surfactant No.
      DC-1250, a surface control agent supplied by Dow Corning Corporation,
      Midland, Mich.
PAR  The vinyl resins and calcium carbonate were added to a Hobart mixer at No.
      1 low speed after which the Ferro stabilizer No. 5919 was added. One half
      of the Kodaflex plasticizer was then added over a 2 to 3 minute period
      after which mixing continued for 5 minutes to complete the kneading
      process and smooth out the composition. The silicone surfactant was then
      added and the mixing continued for approximately three to four minutes. A
      wire type paddle was then used on the mixer and a No. 2 speed setting and
      mixing continued for 5 minutes at which time cup density was 121 grams or
      632 grams per liter. The frothed foam was then applied over the silicone
      belt as described above and cured for 7 minutes at a temperature in the
      range of 280.degree. to 290.degree.F. A three dimensional vinyl foam
      product was produced having excellent definition of the carpet model.
PAC  EXAMPLE 10
PAR  The molded carpet products from Examples 8 and 9 were divided into two
      groups each for coating and flocking. Group 1 products were coated with a
      water based acrylic adhesive, Techbond AA-635A manufactured by Raffi and
      Swanson, Wilmington, Massachusetts, after which short rayon fibers were
      evenly distributed over the surface of the samples. The water based
      adhesives on the Group 1 samples were cured by drying at 260.degree.F. for
      10 minutes in a circulating air oven to securely unite the embedded fibers
      to the surface. A very good simulated tufted carpet resulted in each
      sample.
PAR  The Group 2 samples were treated with a hot melt adhesive comprising 20
      parts Elvax 40, an ethylene vinyl acetate copolymer manufactured by E. I.
      Dupont de Numeours Company, Wilmington, Del.; 40 parts Stabellite, a
      mixture of reactive olefins manufactured by Hercules Incorporated,
      Wilmington, Del. and 40 parts Eastobond M5L, an amorphous polypropylene
      manufactured by Eastman Chemical Products. The adhesive composition was
      applied to upper and lower surfaces of the carpet design according to the
      procedure shown in FIG. 4 of the drawings followed by flocking. The
      flocked composite was then passed under a pressure roll to embed the
      fibers into the adhesive. A good, simulated tufted carpet resulted in each
      case.
PAC  EXAMPLE 11
PAR  A sample of molded foam as produced in Examples 1 through 4 were stretched
      in the longitudinal direction after which the hot melt adhesive of Example
      10 was applied thereto. Flock fibers were then deposited onto the
      stretched foam and the tension maintained until after flocking. Tension
      was then released and the foam returned to its normal dimensions. A high
      density flocked product resulted.
PAC  EXAMPLE 12
PAR  A 6 inch.times. [inch sample of molded vinyl foam carpet produced in
      Example 7 was warmed and passed through a tight nip roll. The foam exited
      a nip roll in a nearly flat state with very poor carpet definition. The
      flattened sample was cut across its length in a zig zag fashion. An
      acrylic adhesive, Techbond AA-635A, produced by Raffi and Swanson,
      Wilmington, Massachusetts was rolled onto both samples andd both samples
      were electrostatically flocked with very short rayon fibers approximately
      0.025 inch in length. One of the sample halves was then heated for 9
      minutes at a temperature of approximately 260.degree.F. while the other
      sample was used as s control. The heated sample regained good carpet
      definition with the flocked fibers appearing as yarn bundles, while the
      unheated sample half remained flat.
PAC  EXAMPLE 13
PAR  A group of rayon fibers were divided into groups. One group was dyed red
      with a direct dyestuff composition, comprising Procion Scarlet H2G
      dyestuff, manufactured by ICI Industries, London, England, and the other
      group blue with a direct dyestuff composition comprising Atlantic Blue
      RULM dyestuff manufactured by Atlantic Dyestuff Company, Nutley, N.J. The
      same colors were added to Techbond AA-635A acrylic adhesive, manufactured
      by Raffi and Swanson, Wilmington, Massachusetts. Red pigment used was
      Sherdye Scarlet DL3W, blue pigment was Sherdye Blue G3W, both of which
      were manufactured by Sherwin-Williams Company. The colored adhesive
      compositions were rolled onto a brown vinyl carpet foam followed by
      flocking with the matching color rayon fibers and curing. Visual
      observation of the flocked carpet sample indicated that the pigmented
      adhesive completely covered the brown vinyl, thus indicating that for
      color effect, the vinyl or the adhesive may be pigmented to match the
      color of fiber or other decoration.
PAR  Having described the present invention in detail, it is obvious that one
      skilled in the art will be able to make variations and modifications
      thereto without departing from the scope of the invention. Accordingly,
      the scope of the present invention should be determined only by the claims
      appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A three dimensional stock material comprising:
PA1  a. an organic polymeric foam base, said base having been foamed in situ
      over a pattern having a three dimensional surface, whereby said base has
      an exposed in situ molded three dimensional surface design conforming to
      said pattern surface;
PA1  b. an organic polymeric adhesive layer on said exposed three dimensional
      surface design; and
PA1  c. short synthetic polymeric textile fibers secured in said adhesive layer,
      said fibers being positioned in said layer to simulate the surface
      characteristics of said pattern.
NUM  2.
PAR  2. A three dimensional stock material as defined in claim 1 wherein the
      three dimensional surface design is an exact replica of a textile fabric
      surface.
NUM  3.
PAR  3. A three dimensional material as defined in claim 1 wherein the organic
      polymeric foam base was produced from a member selected from the group
      consisting of foamed polyvinyl chloride plastisols, foamed rubber latices
      and foamable polyurethane reaction mixtures.
NUM  4.
PAR  4. A three dimensional material as defined in claim 1 wherein the organic
      polymeric adhesive layer is provided by an adhesive selected from the
      group consisting of acrylic adhesives, urethane adhesives, and hot melt
      adhesives.
NUM  5.
PAR  5. A three dimensional material as defined in claim 2 wherein the textile
      fabric surface is a tufted carpet surface.
NUM  6.
PAR  6. A three dimensional material as defined in claim 1 wherein different
      fibers are applied to different portions of the three dimensional design.
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ABST
PAL  A textile fabric with a dense intensely entangled reticular fibrous
      structure and process for manufacture thereof are provided wherein staple
      fibers are needled into a high bulk density structure with a bulk density
      gradient wherein the bulk density increases from the back surface to the
      face surface of the structure. The needled structure is impregnated with a
      liquid phase filler and capillary action preferentially disposes the
      liquid phase filler toward the more dense face surface. The filler is
      coagulated and dried, cured, etc., into particles which are at most
      loosely bonded to the fibers. The preferential disposition of the filler
      increases the bulk density gradient of the filled fabric.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation-in-part of co-pending application Ser. No. 221,614,
      filed on Jan. 28, 1972, now U.S. Pat. No. 3,817,820, entitled NEEDLED
      TEXTILE FABRIC, the entire disclosure which is incorporated herein by
      reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The aforementioned specification discloses methods and apparatus for
      producing novel textile fabrics. In a preferred embodiment, textile fibers
      are needled together into an integral structure with a face surface and
      back surface and having coherent fiber entanglement. The needled structure
      has a high overall bulk density and a bulk density gradient in which the
      bulk density increases from the back surface to the face surface, i.e.,
      the bulk density is greater at the face surface than at the back surface.
      A plurality of layers of fibers are superimposed on one another, e.g., by
      carding of staple fibers, to form a web of loosely matted fibers having a
      needle pick-up gradient which increases in the Z direction, i.e., from the
      back surface to the face surface. The web is needled until a resulting
      structure has an overall bulk density of at least six pounds per cubic
      foot, e.g., at least eight to twelve pounds per cubic foot, and the ratio
      of the bulk density at the back surface to the bulk density at the face
      surface is in the range of at least 1:2 to as high as 1:8, preferably 1:3
      to 1:5. Also, the fabric has a controlled axis of flexure which lies at
      least within 0.4, e.g., 0.3, and especially 0.2 or 0.1, of the distance
      from the face surface to the back surface. Some of the fiber entanglement
      includes fibers being oriented into closely spaced rows of fiber chain
      entanglement, the rows extending lengthwise of the structure. The bulk
      density gradient of the needled structure may be accomplished by
      positioning a plurality of superimposed layers of staple fibers so that
      the average fiber denier and/or length of the fibers of the layers
      decreases from the back surface to the face surface, the average fiber
      deniers being 1/2 or less up to 8 or more, especially to 5, and the
      average fiber length being 3/4 inch or less up to 4 inches or more,
      especially 1 inch to 3 inches. Further, bulk density of the needled
      structure may be accomplished by laying on the face surface of the needled
      structure a web of at least one layer of relatively short loosely matted
      fibers (less than 2 inches, e.g., 1/16 to 3/4 inch) and needling the short
      fibers to increase the bulk density of the structure to at least 10 pounds
      per cubic foot, e.g., 12 pounds per cubic foot, and produce a dense region
      of bulk density higher than the bulk density of the remaining portion of
      the needled structure. The axis of flexure of the needled structure will
      lie close to, e.g., within or adjacent to the dense region.
PAR  Preferably, the structure is then relaxed, e.g., mechanically relaxed, to
      loosen the structure and adjust the modulus thereof. It is also preferred
      that the structure be further densified by shrinking the fibers at and
      adjacent to the face surface to define a compacted region of higher bulk
      density near the face surface. The fibers at and adjacent to the face
      surface are, accordingly, at least in part shrinkable fibers (heat and/or
      solvent shrinkable), and densification may be accomplished by applying
      heat or solvents to the face surface (while maintaining the back surface
      relatively cool when heat shrinking. This product may be used for many
      purposes, but the fabric is preferably impregnated with a filler to
      further raise the overall bulk density of the fabric and provide higher
      densities. Also, the filled fabric may be used for many purposes without
      further processing. Alternately, the filled fabric may be finished by
      mechanical processes such as buffing, working, sanding and embossing or
      chemical processes such as adding softeners, sizes, or applying a
      conventional finish material, e.g., a leather finish, to the face surface.
      The filler is disposed within the open interstices between the fibers of
      the needled fabric, and the filler is preferably an elastomer, e.g.,
      natural rubber, in the form of solid particles, especially clusters of
      particles which are predominantly loosely bonded to the fibers. The filler
      is disposed in the fabric in an amount insufficient to fill all the
      interstices between the fibers, e.g., between 10% and 200% of the weight
      of the fibers in the needled structure. The filled fabric preferably has
      overall bulk densities of between 20 and 60 pounds per cubic foot,
      although densities outside of this range may be accomplished, if desired.
PAR  It is further preferred that the needled structure have an overall bulk
      density of at least 12 pounds per cubic foot, a ratio of density at the
      back surface to the density at the face surface of at least 1:2, and be
      impregnated with the filler to provide overall densities of between about
      at least 25 pounds per cubic foot, e.g., 30-45 pounds per cubic foot, or
      more, e.g., up to 50 pounds per cubic foot.
PAR  The addition of the filler to the needled structure is made in such a
      manner so as to at least preserve the bulk density gradient of the needled
      structure, i.e., with the bulk density increasing from the back surface of
      the needled structure to the face surface thereof. Preferably, however,
      the filler is added to the needled structure so that not only is the bulk
      density gradient preserved but that the bulk density gradient of the
      filled fabric is increased, i.e., the filler is preferentially disposed
      toward the face surface of the fabric. This preferential disposition of
      filler is illustrated in the photomicrograph of the filled fabric in the
      parent application.
PAR  Preferential disposition of the filler in the needled structure, according
      to an embodiment of the parent application, is accomplished by contacting
      the needled structure with a liquid filler composition (latex emulsion in
      the preferred embodiment) and then passing the structure between
      counter-rotating rolls to lightly squeeze the structure and produce
      add-ons of liquid filler composition which are less than saturation
      amounts. When the needled structure contains less than saturation amounts
      of the liquid filler composition, i.e., the voids in the structure are not
      filled by the liquid filler composition, capillary action will move the
      liquid filler composition toward the face surface of the needled structure
      where the fibers are more densely entangled, i.e., the average space
      between fibers is less than in any other portion of the needled fabric.
      Stated in another way, the liquid filler composition will inherently
      migrate by capillary action toward the portion of the needled structure
      where the fibers are in a closer spaced relationship, i.e., toward the
      more dense portions of the structure. Thus, when the liquid filler
      composition is coagulated and cured, dried, etc., in that preferential
      disposition, the filled fabric has an increased bulk density gradient from
      the back surface to the face surface beyond that provided by the needled
      structure alone.
PAR  As disclosed in the aforementioned parent application, the filler in the
      needled structure provides a hand and feel and increased density and
      support for surface finishes, which are advantageous in producing the
      artificial leathers of the parent application. The filler also provides
      additional suppleness and shape retention properties to the needled
      structure so as to prevent collapse of the interstices between individual
      fibers when the fabric is used. Further, as disclosed in a co-pending
      application Ser. No. 403,059, entitled FABRIC WITH THIN SURFACE MATRIX AND
      METHOD FOR PRODUCTION THEREOF, filed on Oct. 3, 1973, (the entire
      disclosure of which is incorporated herein by reference and relied upon),
      the filler aids in embossing the fabric to produce a surface matrix
      resembling leather.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide products and methods
      for production thereof wherein the advantageous properties of the products
      disclosed in the parent application are enhanced. It is a further object
      of the invention to provide methods and products wherein the enhanced
      properties of the aforenoted parent application can be more predictably
      and more controllably provided. It is yet a further object of the
      invention to provide alternate methods for producing the products with the
      enhanced properties. Other objects will be apparent from the following
      disclosure and claims.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The invention provides a textile fabric which is characterized by its high
      bulk density, network of entangled fibers and positioned and controlled
      axis of flexure. The fabric is comprised of textile fibers needled
      together into an integral structure having coherent fiber entanglement and
      a filler within the needled structure, preferentially disposed toward the
      face surface thereof. The fabric has an overall bulk density gradient
      wherein the bulk density increases from the back surface of the fabric to
      the face surface of the fabric. The fabric has an axis of flexure which
      lies within about 0.4 of the distance from the face surface to the back
      surface.
PAR  Also, according to the invention, there is provided a method for producing
      the said textile fabric comprising needling textile fibers together into
      an integral structure with a face surface and a back surface, and wherein
      the bulk density of the needled fibers increases from the back surface to
      the face surface, and produces an axis of flexure within 0.4 of the
      distance from the face surface to the back surface, applying a liquid
      phase filler to the needled structure in an amount insufficient to fill
      the voids in the needled structure, lagging the structure for a time
      sufficient to allow the liquid phase filler to move by capillary action
      toward the face surface of the structure and coagulating the filler from
      the liquid phase into particulate form which is at most loosely bonded to
      the fibers of the needled structure and removing the liquid phase from the
      structure, whereby the fabric has an overall bulk density of between 20
      and 60 pounds per cubic foot and the bulk density gradient wherein the
      bulk density gradient and positioned axis of flexure of the needled fabric
      is at least preserved.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of the needled structure produced
      according to the aforenoted parent application.
PAR  FIG. 2 is a diagrammatic illustration of the disposition of filler within
      the needled structure of FIG. 1.
PAR  FIG. 3 is a 30X photomicrograph of a 20.degree. slant cross-section of the
      product of the present invention.
PAR  FIG. 4 is a 600X photomicrograph of a portion of a section of the product
      of the invention.
PAR  FIG. 5 is a 2300X photomicrograph of a portion of a section of the product
      of the invention.
PAR  FIG. 6 is a diagrammatic illustration of apparatus suitable for applying a
      liquid phase filler to the needled fabric.
PAR  FIG. 7 is a diagrammatic illustration of a preferred apparatus for applying
      the liquid phase filler to the needled fabric.
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PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As disclosed in the parent application and as briefly summarized above, a
      needled fabric is prepared by forming a web of loosely matted fibers
      wherein the fibers of the web have a needle pick-up gradient from the back
      surface to the face surface of the web. After appropriate web handling,
      such as conveying, compacting and the like, the web is needled
      sufficiently to produce an integral structure of cohering entangled
      fibers. The needled structure has an overall bulk density of at least 6
      pounds per cubic foot and the ratio of the bulk density at or near the
      back surface of a needled structure to the bulk density at or near the
      face surface thereof is at least 1:2. The needled structure also has an
      axis of flexure which lies within at least 0.4 of the distance in the face
      surface to the back surface.
PAR  Generally, the local density within the structure increases from the back
      surface to the face surface. However, the density need not continually
      increase from the back surface to the face surface and, indeed, it is
      often desired that a succeeding portion of the needled structure, along
      the cross-section thereof, have a density lower than a preceding portion
      and lower than a subsequent succeeding portion. However, the needled
      structure will have an overall bulk density gradient wherein the bulk
      density generally increases from the back surface to the face surface of
      the needled fabric.
PAR  The type of product discussed above can be illustrated by the diagrammatic
      drawing of FIG. 1. The fabric will have a face surface region of high bulk
      density 1, a back surface region of relatively low bulk density 2, and be
      made of entangled needled fibers 3. The bulk density will increase from
      the back surface 2, generally, as explained above, to the face surface 1
      and this increase is illustrated as regions 4 through 7. Thus, the bulk
      density of region 5 will, generally, be greater than the bulk density of
      region 4, and likewise the bulk density of region 6 will be greater than
      5, and the bulk density of region 7 will be greater than that of region 6.
      As an illustration of the foregoing, the bulk density of the needled
      structure just at or near the back surface could have a value of about 6
      to 10 pounds per cubic foot. The bulk density in region 4 could be in the
      range of 10 to 14 pounds per cubic foot and the bulk density in region 5
      could be about 14 to 16 pounds per cubic foot. Similarly, the bulk density
      in region 6 could be about 16 to 22 pounds per cubic foot and the bulk
      density in region 7 could be about 22 to 26 pounds per cubic foot.
      Finally, the bulk density at or near the face surface could be about 26 to
      30 pounds per cubic foot.
PAR  Bulk density gradients of the foregoing nature will cause a shift of the
      axis of flexure from the center line of the cross-section of the structure
      to near the face surface. In FIG. 1, the axis of flexure is indicated at
      8, although it should be understood that the axis of flexure may lie as
      far as 0.4 of the distance from the face surface to the back surface.
PAR  As noted in the parent application, filler is disposed within the needled
      fabric in such a manner that the particles of filler are only loosely
      bonded to the fibers of the needled structure. In the case of the
      preferred embodiment in the parent application, where compounded natural
      rubber deposited from a latex emulsion is used as the filler, the
      individual particles of rubber may be disposed in the form of clusters of
      individual particles. The latex rubber particles contact and touch the
      fibers of the needled structure, as particles or clusters, but the
      particles do not tightly adhere or bond to the fibers of the needled
      structure. The latex rubber filler is disposed within the needled
      structure in an amount such that the interstices between the fibers are
      not completely filled. Thus, the structure retains open pores, while at
      the same time, the overall bulk density of the structure is increased by
      the filler and the rubber latex particles provide resiliency and stability
      to the structure. This disposition of filler is illustrated in the highly
      idealized drawing of FIG. 2, where fibers 10 have particles of filler 11,
      often in clusters 12, disposed thereon.
PAR  As can be seen from FIGS. 3 through 5, the filler is, generally, in
      particulate form. While individual particles or portions of the filler may
      be contiguous with other particles or portions of the filler, the filler
      is in non-continuous form i.e., the filler is not a unitary mass which
      co-acts with other portions of the filler. Since the filler is only
      loosely bonded to the fibers, at most, and is in a non-continuous form, it
      is preferred that the individual particles or aggregates of particles be
      of irregular shape and/or of sufficient size so as to be substantially
      retained within the needled structure even during mechanical working,
      i.e., during flexing.
PAR  As can be appreciated from FIGS. 1 through 5, a teaching of the parent
      application is that of producing a reticular fibrous structure, i.e., a
      dense network of intensely entangled fibers and the intensity of
      entanglement increased from the back surface to the face surface. As the
      fibers are entangled with greater intensity, the average distance or space
      between fibers becomes less. Capillary action to move a liquid phase
      filler through the entangled fibers increases with decreased distances
      between adjacent fibers, i.e., with increased fiber entanglement. Thus,
      the capillary action exerted on the liquid phase filler increases with the
      bulk density. Therefore, as can be visualized from FIG. 1, if liquid phase
      filler is disposed relatively uniformly throughout the needled structure
      of FIG. 1 but in amounts such that the interstices between fibers are not
      completely filled with the liquid phase filler, i.e., voids remain in the
      structure, then the inherent capillary action produced by the network of
      entangled fibers will preferentially dispose the liquid phase filler
      toward the face surface of the needled structure, i.e., the more dense
      portion of the needled structure. Thus, it can also be understood that an
      inherent function of the bulk density gradient is to produce capillary
      action which will cause movement of the liquid phase filler toward the
      face surface of the structure. After the liquid phase filler is so
      disposed within the needled structure by means of capillary action, the
      filler is coagulated from the liquid phase in a manner to produce minimum
      further movement of the liquid containing the filler. By this process, the
      filler is coagulated and deposited in the needled structure preferentially
      toward the face surface thereof. Of course, at least more than 50% by
      weight of the filler will be disposed between the geometric center line of
      the needled structure and the face surface, but, in practice, this
      preferential disposition of filler will usually be of at least 60%, e.g.,
      70% or more. Depending upon the particular filler being used, the
      coagulated or precipitated filler may be further dried, cured,
      polymerized, etc.
PAR  As is well known, capillary action (also known as capillary attraction) is
      the force of adhesion between a solid and a liquid in capillarity.
      Capillarity results from the surface tension of the liquid in combination
      with the geometry of adjacent solid surfaces wetted by the liquid. The
      capillary force which moves the liquid along the adjacent solids wetted by
      the liquid is inversely proportional to the relative distance between the
      adjacent solids being wetted by the liquid. Thus, as noted above, the
      capillary action increases where the average distance between the fibers
      is small, i.e., where the fibers lie in close proximity to each other.
PAR  The force of gravity may also affect the movement of liquid within the
      needled structure. If the capillary force is in the same direction as the
      force of gravity, the result will be an increased tendency for the liquid
      to move in those directions. On the other hand, if the capillary force is
      opposite to the force of gravity, the force of gravity will oppose the
      movement of the liquid by capillary action and decrease the tendency of
      the liquid to move in that direction. From the foregoing, it can be
      understood that the orientation of the needled structure in relationship
      to the surface thereof upon which the application of the liquid phase
      filler is made will affect the ultimate disposition of the liquid phase
      filler. For example, if the back surface of the needled structure is in
      the top-most position and the face surface is in the bottom-most position
      and the liquid phase filler is applied to the face surface of the fabric,
      capillary action will move the liquid phase filler from the face surface
      into the needled structure. However, the force of gravity, being in a
      direction from the back surface to the face surface, will oppose the
      movement of the liquid phase filler by capillary action and tend to cause
      the liquid to be further preferentially disposed near the face surface of
      the structure. In this case, little liquid will be moved to the back
      surface of the needled structure. Of course, if the orientation of the
      face and back surfaces are reversed, i.e., the face surface is in the
      top-most position, and the liquid phase filler is applied to the
      bottom-most-disposed back surface, then far more liquid phase filler will
      tend to be disposed toward the back surface. Like effects will be obtained
      when the needled structure is saturated and lightly squeezed, i.e., the
      liquid phase filler is applied relatively uniformly to the needled
      structure, since the orientation of the structure while capillary action
      is taking place will cause the force of gravity to either oppose or assist
      the capillary action and thus decrease or increase the degree of the
      preferential disposition of the liquid phase filler toward the face
      surface.
PAR  The filler may be any inert solid, either organic or inorganic which
      contributes to the overall bulk density of the structure and which may be
      disposed within the structure by a liquid phase capable of exhibiting
      capillary action, e.g., the filler may be finely divided inorganic
      materials such as pigments, bentonite, chalk, kaolin, talc, clays,
      asbestos, diatomaceous earth, silica flour, mica, magnesium silicate,
      zeolites, carbon black, zinc oxide, barytes, ferric oxide and the like. As
      noted above, the filler should not adhere to the fibers of the needled
      structure and in this regard, non-adhesive inorganic fillers are quite
      suitable. However, in some cases, it is preferred that the fillers be
      bonded together in clusters and be loosely bonded to the fibers. In this
      connection, inorganic fillers may be applied to the needled structure in
      combination with elastomeric filers, especially an elastomeric adhesive or
      binder, such as plasticized polyvinyl chloride, natural rubber, butadiene
      rubbers, polychloroprene rubbers, polyurethane rubbers, silicone rubbers,
      etc. Also, the filler may be an organic material such as a natural
      polymer, e.g., collagen or a cellulosic, e.g., wood pulp or wood fibers.
      Alternately, synthetic polymers or copolymers may be used, such as
      acrylonitrile polymers, silicone rubbers, chlorosulphonated polyethylene,
      polyethylene and polypropylene, plasticized polyvinyl chloride, Kel-F type
      copolymers of tetrafluoroethylene and chlorotrifluoroethylene,
      fluorosilicone rubbers, such as Silastic LS 35, poly (alkylene oxide)
      polymers and natural rubbers or any of the conventional leather fillers.
      Of course, the polymeric filler may be cross-linked or cured.
PAR  It is preferred that the filler be elastomeric in nature. By elastomeric in
      nature, it is meant that the elastomeric filler will have Shore A hardness
      of about 40-90, a modulus of about 200-4000 psi, at a 100-300% elongation,
      and a brittle temperature of at least -10.degree.C. (brittle temperature
      approximates the glass transition temperature). Any of the natural and
      synthetic elastomers may be used, including polymers and copolymers of
      butadiene, isobutylene, butene and pentene, polysulfides, polychloroprene,
      polyesters, e.g., the Paraplex and Norepol rubbers, polyurethane and
      copolymers of alkylacrylates and vinyl esters. Natural rubber is a
      preferred filler since it meets all the required elastomeric properties,
      is inexpensive and is easy to use. Natural rubber is vulcanized for use as
      a present filler and any of the conventional vulcanizing agents may be
      used, such as sulfur compounds, peroxides, diazoaminobenzenes,
      tetraalkylthiuram, disulfides, bisthio acids and salts, quinones, imines,
      oximes, analines, thazides and phenols in the presence of oxidizing
      agents, and azodicarboxamides. Conventional accelerators such as
      thiazoles, dithiocarbamates, aldehydeamines and quanidines may be used in
      vulcanizing the natural rubber, along with conventional antioxidants and
      other conventional compounding ingredients (See Fisher, Harry L.,
      Chemistry of Natural and Synthetic Rubbers, Rhinehold Pub. Corp., N.Y.
      1957).
PAR  The fillers may be applied to the needled structure in any manner desired
      so long as they are in a "liquid phase" such that the above-described
      capillary action may take place. Thus, if non-dissolved solids are to be
      used, they must be in an emulsion or suspension such that the emulsion or
      suspension acts as a liquid insofar as the capillary action is concerned.
      Of course, solutions may be used. Accordingly, the term liquid phase is
      defined to mean a liquid solution, suspension or emulsion of the filler,
      which liquid is ameanable to movement by capillary action without
      substantial separation of the filler from the liquid during that movement.
      While any non-deleterious liquid (toward either the fibers or filler) may
      be used, it is preferred that the liquid (and resulting solution, emulsion
      or suspension) have a viscosity of less than 100 cp., e.g., 0.5 to 50 cp.,
      a boiling point of less than 350.degree.F., e.g., of from 100.degree. to
      300.degree.F., and a freezing point of above 0.degree.F., e.g., from
      15.degree. to 40.degree.F. The liquid may be inorganic, e.g., water, or
      organic, e.g., lower alkanols, alkanoics, or alkanes up to 18 carbon
      atoms, glycerols, aliphatic lower ethers or esters, or mixtures thereof.
      Alternately, conventional liquid plasticizers, e.g., for polyvinyl
      chloride may be used, e.g., TCP.
PAR  As noted above, it is preferred that the filler be loosely bonded to the
      fibers and in this regard, where the filler may pass through an adhesive
      state, with respect to the fibers, precautions may be taken to insure that
      tight adherence of the filler to the fibers does not occur. The particular
      precaution may vary with the particular filler and liquid phase carrying
      the filler. However, either a temporary or permanent anti-stick may be
      used in this regard. For example, a solid silane dissolved in a solvent
      may be disposed on the fibers and after driving off the solvent, the
      silane anti-stick surface on the fibers will be relatively permanent. On
      the other hand, a non-permanent anti-stick may be provided by disposing on
      the fibers a liquid which is a non-solvent for the filler and maintaining
      that liquid on the fibers at least during the period that the filler is
      adhesive toward the fibers. Thereafter, the liquid may be removed by
      vaporization, washing, extraction, etc. It should be noted in this
      connection that even permanent kinds of anti-stick, as noted above, can be
      subsequently removed by solvent washing or extraction, although this
      complicates the process and is not a preferred procedure. The preferred
      form of the present invention is the use of the natural rubber latex and
      water as the anti-stick, as disclosed in the parent application.
PAR  As can be seen from FIG. 3, which is a photomicrograph showing a
      cross-section of the product cut at an angle of 20.degree. to the face
      surface, the preferential disposition of the filler toward the face
      surface at least equals the bulk density gradient of the needled
      structure. Thus, this preferential disposition of filler at least
      preserves the density gradient of the needled structure, and in practice
      increases the ratio of bulk density of the back surface to the face
      surface of the resulting fabric, i.e., at least 1:2 and, usually 1:3 to
      1:4, e.g., up to 1:8.
PAR  FIG. 4 is a 600 X photomicrograph of a small portion of the section at a
      position near the face surface. This shows the loose bonding of the
      clusters of particles to the fibers of the needled structure.
PAR  FIG. 5 is a 2300 x photomicrograph, also of a small portion of the section
      at a position near the face surface. Note the individual particles of
      filler making up the clusters of particles.
PAR  In FIG. 6, which is a diagrammatic illustration of the suitable form of
      apparatus for carrying out the liquid phase filler impregnation step of
      the present process, the needled structure 20 is passed into an enclosure,
      generally indicated at 21, through an entrance opening 22. The needled
      structure passes over roll 23 and is immersed in a liquid phase filler 24.
      The structure is held in the liquid phase filler by rolls 25 and 26. After
      the structure has become saturated with the liquid phase filler, it passes
      out of the liquid phase filler and between nip rolls 27 and 28 where the
      structure is lightly squeezed to remove a portion of a liquid phase filler
      contained therein. By squeezing the structure and removing the liquid, the
      structure no longer carries saturation amounts of liquid and voids will be
      present in the structure. The voids provide conditions whereby the
      capillary action can take place, as explained above. To a significant
      degree, the capillary action will depend upon the relative amount of void
      space in the structure. Thus, if the structure is only lightly squeezed
      and relatively small amounts of void space are produced, then the
      corresponding capillary action will not be as great. On the other hand, if
      the structure is relatively heavily squeezed and substantially more void
      space is produced, then the capillary action will be much greater. In this
      case, the tendency will be for increased movement of the liquid phase
      filler toward the face surface of the structure and a corresponding
      preferential disposition thereof. Thus, the amount of squeezing of the nip
      rolls and the corresponding amount of void space produced in the fabric
      can be used as a means of increasing the proportion of filler disposed
      toward the face surface.
PAR  After allowing the structure with the liquid phase filler therein to lag
      for a time sufficient that the capillary action will provide movement of
      the liquid, the solid filler is coagulated from the liquid phase filler in
      any desired manner to form the loosely bonded non-continuous particulate
      form of the filler. In the case of natural rubber latex (a preferred
      embodiment of the invention) coagulation is provided simply by subjecting
      the impregnated structure to saturated or slightly super-heated
      atmospheric steam. Of course, however, the particular coagulation means
      will be that conventionally used to precipitate the particular filler in
      the particular liquid.
PAR  FIG. 7 shows, in diagrammatic form, suitable apparatus for carrying out the
      present process as shown. Fabric 30 is passed into chamber 31 through
      opening 32 and between counterrotating rolls 33 and 34 (or a plurality of
      counter-rotating rolls operating in a like manner). Roll 34 rotates in a
      suitable reservoir 35 containing the liquid phase filler 36. Roll 34 may
      have a surface 37 which carries a metered amount of liquid phase filler
      36. The surface 37 may be a grooved surface, e.g., a knurled surface, the
      grooves of which will provide the desired amount of the liquid phase
      filler. Alternately, the surface 37 may be a porous surface, e.g., a felt
      or foam, which will also provide a metered amount of liquid phase filler
      to structure 30. The transfer of the liquid phase filler from roll surface
      37 to structure 30 is in part metered by cooperating nip roll 33. In this
      regard, the relative pressure exerted on fabric 30 by roll 33 will affect
      the amount of liquid phase filler transferred from surface 37 to structure
      30 and subsequently retained thereby. Accordingly, by adjusting the
      pressure exerted by roll 33, the amount and disposition of the liquid
      phase filler transferred to, pressed into and retained by the needled
      structure 30 can be controlled. This pressure-metering is in addition to,
      or in cooperation with, the metering accomplished by the nature of surface
      37. Also, as will be quite apparent, the physical properties of the liquid
      phase filler may be changed to affect different transfers and retention of
      the liquid phase filler to the needled structure. For example, the
      viscosity of a liquid phase filler may be changed by the addition thereto
      of thickening agents, or by increasing or decreasing the temperature
      thereof. Additionally, thixotropic agents may be added to the liquid phase
      filler. Other ingredients for changing the physical properties, especially
      viscosity and surface tension, of the liquid phase filler may be used in
      this regard.
PAR  As can be understood from the above, the compression of the needled
      structure as it is pressed between the counter-rotating rolls forces the
      fibers closer together and temporarily increases the density of the
      structure immediately between the rolls. As explained above, this
      increases the capillary force and enhances movement of the liquid phase
      filler. Accordingly, the amount and disposition of the liquid phase filler
      can be metered by adjusting the compression forces exerted by the rolls on
      the needled structure.
PAR  Of course, the effects of gravity, as discussed above, can be used to
      intensify or decrease the capillary effect of the needled structure by
      disposing the structure so that the face surface thereof is either
      upwardly or downwardly (as is also true of the arrangement shown in FIG.
      5). Suitably, the structure is passed from chamber 31 to steam chamber 40
      by entrance opening 41 having therein saturated or superheated steam, as
      discussed in connection with FIG. 6. The structure may be simply dofted
      onto a conveyor belt 42 moved by driven rolls 43. The steam is introduced
      into steam chamber 40 by distribution nozzle 44 from a source not shown.
      The steam will coagulate and cure the rubber in the latex and thereafter,
      the structure is passed out of steam chamber 40 by way of exit opening 45,
      as urged outwardly by nip rolls 46. During the steaming, the structure is
      preferably in a relaxed condition, as shown at 47, so that coagulation of
      the rubber can take place without stresses between fibers abnormally
      affecting the point or points where the particles and/or clusters of
      particles loosely bond to the fibers. This also allows for more uniform
      penetration of the steam into the structure. By virtue of the presence of
      water remaining after the coagulation of the particles of rubber from the
      latex and the addition of water from the condensation of steam on and in
      the structure, a film of water on the surfaces of the fibers is provided
      and this film of water functions as an anti-stick and insures only loose
      bonding of the rubber particles and/or clusters to the fibers.
PAR  It will also be apparent to those skilled in the art that other means of
      applying the liquid phase filler can be used. Thus, the liquid phase
      filler may be placed onto the structure by spray nozzles, curtain coaters,
      doctor blades, ink rolls, screen printing, etc. Compression, e.g., by
      rolls, of the needled structure to improve conditions for capillary action
      of the liquid phase filler can be carried out as a subsequent step.
PAR  Also, the lagging time can vary considerably depending on the particular
      density of the needled structure, viscosity and wetting properties of the
      liquid phase filler, the temperature of lagging, etc. The purpose of
      lagging is simply to provide sufficient time for the movement of the
      liquid phase filler to take place by capillary action. Capillary action
      equilibrium, i.e., where essentially no significant further capillary
      action movement takes place, can be established quite rapidly for some
      needled structures and some liquid phase fillers, while others will
      require longer times. In any case, it is preferred that the impregnated
      structure be lagged until capillary action equilibrium has been
      substantially reached. This will occur with liquids and needled structres,
      as above discussed, within 1 to 10 minutes, usually within 30 seconds and
      often within 10 seconds, e.g., from 1/4 to 7 seconds.
PAR  It should be further understood that, similarly to the lagging step, the
      coagulation step may vary widely in specific practice. The particular
      means of coagulation of the filler from the liquid phase will be according
      to conventional practices for precipitating the particular solid filler
      particles from the particular liquid. For example, the solid filler may be
      precipitated from a solution by concentrating the dissolved solids in the
      solution, e.g., by evaporating the solvent, vaporizing a volative
      stabilizing component, extracting the solvent with a common solvent,
      adding additional solute to the solution, etc. Alternatively, the filler
      may be coagulated by lowering the temperature of the impregnated structure
      or agglomerating by induced nuclearization of solute by, for example,
      ultrasonic energy. Suspensions of fillers, e.g., emulsions or colloidal
      suspensions, can be coagulated by mechanically breaking the suspension,
      e.g., ultrasonic energy or freezing, or chemically breaking the
      suspension, e.g., pH changes, salting out of the suspension, etc. Of
      course, monomeric materials may be coagulated by induced polymerization to
      form insoluble polymers, e.g., by heating a water emulsion of an
      unsaturated lower alkyl ester, such as methyl acrylate, and benzol
      peroxide, with or without ultraviolet light.
PAR  The liquid remaining in the structure, after coagulation and/or curing, may
      be removed by heating to evaporate, e.g., up to 375.degree.F., but usually
      above 100.degree.F. Alternately, the liquid may be pulled out by vacuum or
      evaporated by flushing with a gas, e.g., air. Of course, combinations of
      the foregoing may be used. Excess liquid should be essentially removed
      from the fabric, at least the fabric should be dry to the touch, e.g.,
      moisture contents of 15w/w% or less.
PAR  For purposes of the present specification, the overall bulk density
      referenced herein is defined as the weight per volume wherein the
      thickness of a section of fabric or needled structure is determined for
      the volume calculation by pressing a 1.129 inch diameter presser foot (1
      square inch) against a section of the fabric or needled structure held on
      a 2-inch diameter anvil where the presser foot is loaded with 10 ounces of
      weight, and measuring the thickness of the section. This is a standard
      means in the art of determining the overall bulk density of felt-like
      fabrics. (For more details, see ASTM test D-461-67).
PAR  The needling operations may be carried out by any conventional needling
      looms, but it is preferred that FIBERWOVEN looms be used. These looms are
      described in U.S. Pat. Nos. 3,112,552; 3,090,099; 3,090,100; 3,112,549;
      3,112,548 and 3,132,406, which disclosures are incorporated herein by
      reference.
PAR  The invention can better be understood by way of specific examples which
      follow but it is understood that the invention is not restricted to the
      examples but is applicable to the foregoing disclosure.
PAC  EXAMPLE 1
PAR  As described in Example 1 of the aforenoted parent application, a mat of
      staple polyester fibers (11/2 to 5 denier and 11/2 to 3 inches crimped
      length) was needled in FIBERWOVEN looms with 1-16-4C or- 3C needles
      (1-barb-16 mil triangular blade-4 or -3 mil barb depth) until a density of
      about 8 pounds per cubic foot was reached. The fabric was then saturated
      with a needling fluid composed of a 6% solids, water solution of an amine
      salt of coconut fatty acids (Penetrant GWX, Woonsocket Color and Chemical
      Co.) and further needled until a density of about 14 pounds per cubic foot
      was reached. Altogether the fabric was needled about 22,000 needle punches
      per square inch.
PAR  The needled fabric was washed in clean water to remove the needling fluid
      and squeezed to remove the wash water therefrom. The fabric was heated
      with an open flame and dried at temperatures less than 250.degree.F.
PAR  In order to correct the out-of-balance modulus and to relax the needled
      fabric, the fabric was passed through a series of six nips formed between
      six pairs of rolls. One roll of each pair had a grip impregnated rubber
      surface and the other roll of each pair carried carding wire on its
      surface. The peripheral surface speed of the rubber surfaced roll was
      approximately 35% greater than that of the roll carrying the carding wire
      surface. The machine direction length of the fabric was decresaed by 15%.
      The rolls of the machine were adjusted so that the outermost portion of
      the wires of the card wire roll lightly touched the surface of rubber
      surface roll. The fabric was heated at the face surface for approximately
      4 to 5 seconds by contact with a close-fitted curved aluminum shoe heated
      to 390.degree.F. before the fabric was released from the last roll with
      the card wire surface.
PAR  The fabric was lightly sanded on the back face to even the thickness of the
      fabric, and immediately passed to a travelling belt press. A portion of
      the top belt was heated to 460.degree.F so that the fabric passing between
      the top and bottom belts was in contact with the 460.degree.F heated
      portion of the belt for only about 6 seconds. The face surface of the
      fabric contacted the top heated belt. Latter portions of both the top and
      bottom belts were cooled by circulating cooling water through a flat heat
      exchanger over which the belts passed and these latter portions of the
      belts were maintained at temperatures below about 200.degree.F. Before
      releasing the pressure on the fabric exerted by the belts, the fabric was
      cooled to below 200.degree.F. The pressure on the belts contacting the
      fabric was 60 psi.
PAR  The fabric, after passing through the belt press, had a thickness of about
      66 mils and a weight of about 14 ounces per square yard, i.e., a density
      of about 17 pounds per cubic foot.
PAR  The fabric was impregnated with a natural rubber latex having the following
      compositions:
TBL                        Parts by Weight                                     
     ______________________________________                                    
     A-Component                                                               
     Natural rubber latex -- (Lotol GX-3289                                    
     Uniroyal Chemical)      100                                               
     Water                   34                                                
     Sodium polyacrylate water soluble latex                                   
     thickener (Acrysol ASE 60 Rohm & Haas)                                    
                             0.34                                              
     Ammonium Hydroxide      to adjust pH                                      
                             to 8.0                                            
     B-Component                                                               
     Water                   4.91                                              
     Potassium oleate        2.77                                              
     Ammonium Chloride (20% with ammonia                                       
     added to pH 10)         0.96                                              
     Zinc Mercaptobenzothiazide (Uniroyal                                      
     NX-503-C,OXAF)          1.09                                              
     Sulfur (in dispersion from -- Uniroyal                                    
     NX-762-B)               1.09                                              
     Zinc Oxide (in dispersion form --                                         
     Uniroyal NX-935         1.04                                              
     Zinc dibutyldithiocarbamate                                               
     (Uniroyal Butazate-50-D)                                                  
                             0.58                                              
     Aqueous carbon black pigment dispersion                                   
     at 30% solids)          2.84                                              
     ______________________________________                                    
      Components A and B are mixed at 3 parts A to 1 part B.                   
PAR  The fabric was immersed in the impregnant composition and then squeezed
      lightly to produce a weight add-on of approximately 150%.
PAR  The impregnated fabric was passed immediately into a steam chamber
      maintained at atmospheric pressure and containing steam superheated to
      about 218.degree.F. The fabric remained in the chamber for about 10
      minutes with minimum contact of the fabric with the surfaces of the
      chamber. The solids of the impregnated composition were coagulated and
      cured during the steam treatment.
PAR  The fabric was then passed out of the steam chamber and dried at
      temperatures less than 250.degree.F.
PAR  The back surface of the fabric was lightly sanded with 180-grit abrasive
      paper to remove about 2 mils of material from the back surface. The face
      surface was sanded with the same paper in a belt sander to remove up to
      about 5 mils from the face surface and produce an upstanding fiber
      surface.
PAR  A viscous urethane prepolymer was applied to the face surface of the fabric
      with a thin flexible steel doctor blade having a square tip with rounded
      edges and inclined at 80.degree. from the horizontal in the direction
      opposite to the movement of the fabric. The thin blade was 0.032 inch
      thick and extended beyond the jig holding the blade. The blade had a
      pressure of 21/2 pounds per linear inch thereon, applied by a pneumatic
      cylinder with 15 p.s.i.g. pressure. The urethane prepolymer composition
      had the following formula.
TBL  ______________________________________                                    
                             Parts by Weight                                   
     Prepolymer of polytetramethylene-                                         
     ether glycol (MW 1000) and tolylene-2,                                    
     4-diisocyanate*         100                                               
     Phenyl diisocyanate      22                                               
     Trichloroethylene        30                                               
     ______________________________________                                    
      *The Adiprene L series produced by E.I. du Pont and the Daltoflex A-40   
      series produced by ICI America are urethane rubber prepolymers and are   
      equivalents for the present purposes.                                    
PAL  The fabric with the prepolymer thereon was dried under infrared lamps in a
      dryer. The amount of dried prepolymer on the fabric was about 1.3 grams
      per square foot.
PAR  The fabric was then allowed to lag at room temperature for about three
      hours until the urethane prepolymer cured to approximately 30% of the
      maximum potential cure (crosslinking) and then plated in a belt press with
      the top belt heated to 400.degree.F and pressed at 20 pounds per square
      inch for 8 seconds.
PAR  A base color finish was sprayed onto the fabric surface using an atomizing
      nozzle with a pressure of 45 pounds per square inch. The base color finish
      had the following formula:
TBL                          Parts by Weight                                   
     Primal Ochre (pigment)  15                                                
     Primal White 264 (pigment)                                                
                             9                                                 
     Primal Red (pigment)    1                                                 
     Water                   38.5                                              
     Flexible unplasticized emulsion of                                        
     74/20/3/3 copolymer of ethyl acrylate,                                    
     methyl acrylate, methylol acrylamide and                                  
     methacrylic acid**      36.5                                              
      **Primal 510, Rohm & Haas Co. is equivalent for purposes of the present  
      invention.                                                               
PAL  The base color finish was then dried under infrared heaters (temperatures
      less than 200.degree.F on base finish) to provide a dried finish of about
      0.8 gram per square foot.
PAR  The fabric was then embossed at 345.degree.F for 15 seconds using a
      Sheridan Batch Press with a pressure of about 500 pounds per square inch.
      The top platen was grained to resemble leather and the bottom platen was
      flat. The embossing step reduced the thickness of the fabric about 10% and
      produced a leather grained surface texture. Two additional color coats of
      the above-described finish, providing an additional 0.8 gram per square
      foot of base color coat, was applied to the surface and dried as above
      discussed.
PAR  A top finish coat was then sprayed on the fabric. The spraying was
      accomplished with an atomizing spray nozzle using 45 p.s.i. pressure. The
      spray was inclined at an angle to the fabric of about 30.degree. in order
      to highlight the embossed surface texture. The top finish coat was dried
      under infrared heaters (temperatures of finish coat of less than
      200.degree.F) to produce a dried coating of about 0.3 gram per square
      foot. The formula of the top finish coat was as follows:
TBL                    Parts by Weight                                         
     Nitrocellulose lacquer                                                    
                       50.0                                                    
     Methyl ethyl ketone                                                       
                       15.0                                                    
     Di-isobutyl ketone                                                        
                       30.0                                                    
     Carbon black      5                                                       
PAL  The fabric was then fully cured at 330.degree.F for 2 minutes in a tunnel
      drier.
PAR  The back surface of the fabric was sprayed with a solution of a leather
      softener of the following formula:
TBL  Sulfonated animal and vegetable                                           
     fat, 21/2% - 5% SO.sub.3 content                                          
                            12                                                 
     Water                  88                                                 
PAL  The leather softener was applied in an amount of about 3 grams per square
      foot. The leather softener improves the hand of the fabric, in terms of
      leather, and also provides a leather odor to the fabric.
PAR  The fabric was mechanically softened by boarding in a conventional leather
      boarding machine with the face surface contacting the rolls of the
      boarding machine.
PAR  The resulting product was supple, having the feel, grainy appearance, color
      and texture of leather. The density of the material was approximately 35
      pounds per cubic foot. The bending break had 18 wrinkles per inch
      indicating the flex axis very near the face surface. The bulk density
      gradient from the back surface to the face surface was approximately
      1:2.5. The product with this type of finish had a SATRA standard moisture
      transmission of 1.6 mg/sq. ft./sec. (natural leather has 1.0-3.0 and
      CORFAM has 0.5 to 1.5). The material was fabricated into a number of pairs
      of shoes (shoe uppers), in the same manner as leather and wear tests
      showed that material was at least equal to leather in foot comfort and
      durability provided by the shoe uppers. With minimum polymer in the
      surface matrix and with less total amounts of finishes and color coats,
      however, moisture transmissions of up to 2.5 can readily be obtained with
      the present products.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A filled textile fabric characterized by high bulk density, a network of
      entangled fibers and a positioned axis of flexure; comprising textile
      fibers needled together into an integral needled structure having coherent
      fiber entanglement and an overall bulk density of at least 10 pounds per
      cubic foot; and a filler within the needled structure preferantially
      disposed toward the face surface thereof in an amount insufficient to fill
      all of the intersticies between the fibers of the structure; said filled
      fabric having an overall bulk density of between 20 and 60 pounds per
      cubic foot, a bulk density gradient wherein the bulk density increases
      from the back surface of the fabric to the face surface thereof and an
      axis of flexure which lies within about 0.4 of the distance from the face
      to the back surface.
NUM  2.
PAR  2. The fabric of claim 1 wherein the needled structure has a bulk density
      gradient where the bulk density increases from the back surface to the
      face surface and the bulk density gradient of the needled structure is
      provided by a needle pick-up gradient which decreases from the back
      surface to the face surface.
NUM  3.
PAR  3. The fabric of claim 2 wherein the bulk density gradient of the needled
      structure is provided by a needled plurality of layers of fibers and the
      average fiber denier and/or length of the layers decreases from the back
      surface to the face surface, the average denier of the fibers being
      between about 1/2 and 8 and the average length of the fibers being between
      3/4 inch to 4 inches.
NUM  4.
PAR  4. The fabric of claim 3 wherein, after needling, the distinct layers of
      fibers are not substantially preserved but the said decreasing fiber
      denier and/or length gradient of the needled structure is substantially
      preserved.
NUM  5.
PAR  5. The fabric of claim 4 wherein at least one layer of relatively short
      fibers are superimposed and needled on and into the face surface of the
      needled structure, said relatively short fiber having an average length of
      less than 3/4 inch, whereby the bulk density at and adjacent to the face
      surface of the structure is increased and defines a dense region of bulk
      density higher than the bulk density of the remaining portion of the
      needled structure.
NUM  6.
PAR  6. The fabric of claim 5 wherein the axis of flexure lies at least close to
      the dense region.
NUM  7.
PAR  7. The fabric of claim 6 wherein the axis of flexure lies in the dense
      region.
NUM  8.
PAR  8. The fabric of claim 2 wherein the axis of flexure lies within 0.3 of the
      distance from the face surface to the back surface.
NUM  9.
PAR  9. The fabric of claim 1 wherein the coherent fiber entanglement of said
      needled structure includes some of the fibers being oriented into closely
      spaced rows of fiber chain entanglement.
NUM  10.
PAR  10. The fabric of claim 1 wherein the overall bulk density of the needled
      structure without the filler is at least 12 pounds per cubic foot.
NUM  11.
PAR  11. The fabric of claim 1 wherein the overall bulk density of the fabric is
      at least 25 pounds per cubic foot.
NUM  12.
PAR  12. The fiber of claim 11 wherein the needled structure has a ratio of bulk
      density at the back surface to the face surface of at least 1:2.
NUM  13.
PAR  13. The fabric of claim 1 wherein fibers of the needled structure at and
      adjacent to the face surface have been shrunk and define a compacted
      region of higher bulk density near the face surface.
NUM  14.
PAR  14. The fabric of claim 13 in which at least part of the fibers at and
      adjacent to the face surface are heat shrinkable.
NUM  15.
PAR  15. The fabric of claim 1 wherein the filler is predominantly loosely
      bonded to the fibers of the needled structure.
NUM  16.
PAR  16. The fabric of claim 15 wherein the filler is disposed within the
      needled structure in the form of solid particles.
NUM  17.
PAR  17. The fabric of claim 16 wherein the filler is disposed within the
      needled structure in the form of clusters of the said particles.
NUM  18.
PAR  18. The fabric of claim 17 wherein the filler is elastomeric.
NUM  19.
PAR  19. The fabric of claim 18 wherein the filler contains natural rubber.
NUM  20.
PAR  20. The fabric of claim 15 wherein the bulk density of said structure is at
      least 30 pounds per cubic foot.
NUM  21.
PAR  21. The fabric of claim 1 wherein the filler is contained in the needled
      structure in an amount of between 10% and 200% of the weight of the fibers
      in the needled structure.
NUM  22.
PAR  22. The fabric of claim 1 having a finish on the face surface.
NUM  23.
PAR  23. The fabric of claim 22 having a leather finish on the face surface.
NUM  24.
PAR  24. A method for producing a filled textile fabric comprising needling
      textile fibers together into an integral structure with a face surface and
      back surface so that the overall bulk density of the needled structure is
      at least 10 pounds per cubic foot and the bulk density increases from the
      back surface to the face surface and produces an axis of flexure within
      0.4 of the distance from the face surface to the back surface; applying a
      liquid phase filler to the needled structure in an amount insufficient to
      fill the voids of the needled structure, lagging the structure for a time
      sufficient to allow the liquid to move by capillary action to
      preferentially dispose the liquid phase filler toward the face surface,
      coagulating the filler from the liquid phase into particulate form which
      is at most loosely bonded to the fibers of the structure, and removing the
      liquid phase from the structure, whereby the fabric produced has an
      overall bulk density of between 20 and 60 pounds per cubic foot and the
      said bulk density gradient and position of the axis of flexure of the
      needled structure is at least preserved.
NUM  25.
PAR  25. A process as claimed in claim 24, in which the bulk density gradient of
      the needled structure is provided by superimposing layers of fibers into a
      web of fibers, at least some of which layers have different average fiber
      denier and/or fiber length, so that the average fiber denier and/or length
      of the layers decreases from the back surface of the web to the face
      surface of the web and needling the web of fibers.
NUM  26.
PAR  26. A process as claimed in claim 25 in which needling is accomplished by
      needling the web of superimposed layers into a first needled structure
      with a bulk density of at least 6 pounds per cubic foot, laying on the
      face surface of the first needled structure a web of at least one layer of
      relatively short fibers and then needling the web of relatively short
      fibers into the first needled structure to produce a second needled
      structure with a bulk density of at least 10 pounds per cubic foot.
NUM  27.
PAR  27. A process as claimed in claim 26 wherein the needled structure is
      further needled to produce a density of at least 12 pounds per cubic foot.
NUM  28.
PAR  28. A process as claimed in claim 24 wherein the fibers of the needled
      structure are relaxed to adjust the modulus of the structure and then the
      structure is further densified by shrinking the fibers at and adjacent to
      the face surface.
NUM  29.
PAR  29. A process as claimed in claim 28 wherein at least part of the fibers at
      and adjacent to the face surface of the needled structure are heat
      shrinkable and the further densification is accomplished by applying heat
      to the face surface while maintaining the back surface of the needled
      structure relatively cool.
NUM  30.
PAR  30. A process as claimed in claim 24 wherein the filler is coagulated in
      the form of clusters of the particles.
NUM  31.
PAR  31. A process as claimed in claim 30 wherein the filler is elastomeric.
NUM  32.
PAR  32. A process as claimed in claim 31 wherein the elastomer contains natural
      rubber.
NUM  33.
PAR  33. A process as claimed in claim 24 wherein the filler is contained in the
      needled structure in an amount of between 10% and 200% of the weight of
      the fibers in the needled structure.
NUM  34.
PAR  34. A process as claimed in claim 24 wherein the density of the fabric is
      at least 30 pounds per cubic foot.
NUM  35.
PAR  35. A process as claimed in claim 24 wherein the amount and disposition of
      the liquid phase filler applied to the needled structure is metered by
      passing the needled structure between counter-rotating rolls which are
      pressed against the needled structure.
NUM  36.
PAR  36. A process according to claim 35 wherein the liquid phase filler is
      applied to the needled structure prior to the passage of the needled
      structure between the counter-rotating rolls.
NUM  37.
PAR  37. A process according to claim 35 wherein the liquid phase filler is
      applied to the needled structure during passage of the needled structure
      between the counter-rotating rolls.
NUM  38.
PAR  38. A process according to claim 35 wherein the needled structure is
      compressed during passage between the counter-rotating rolls so that the
      capillary action is increased.
NUM  39.
PAR  39. A process according to claim 35 wherein the liquid phase filler is
      transferred from at least one of the said rolls to the said needled
      structure.
NUM  40.
PAR  40. A process according to claim 39 wherein the roll which transfers the
      liquid phase filler to the needled structure has a surface which is
      grooved or porous.
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ABST
PAL  A process for identifying manufactured articles in which a marking agent
      such as a homo- or copolymer of polymerizable ethylenically unsatured
      monomers is applied to the articles. Said homo- or copolymer contains at
      least one group which can be split off to form a low molecular weight
      compound such as an amine or phenol, which can be converted into dyes,
      said dyes being used to identify the manufactured articles.
BSUM
PAR  This invention relates to the marking of articles by means of special
      polymers and identification of the marked articles by a color reaction.
PAR  It is known that manufactured articles can be marked by incorporating low
      molecular weight organic compounds or rare inorganic compounds into them.
      A disadvantage of the known process is that the marking agents may be
      removed in use.
PAR  Textile articles can also be marked with special fibers which may be
      recognizable, for example, by the special form of their cross-section. The
      disadvantage of this method of marking is that the textile article which
      is to be identified can only be made of certain fibers or fiber mixtures.
      Moreover, the analyses required are time-consuming and therefore expensive
      and the uncertainty factor is also relatively high.
PAR  Thus, there is a demand for a simple and reliable method of indentifying
      manufactured articles.
PAR  It was therefore an object of this invention to find a method for marking
      manufactured articles which would be simple in its application, sensitive
      and reliable and which would also be very variable.
PAR  The problem was solved by using as marking agents high molecular weight
      compounds containing functional groups which after being split off from
      the polymer molecule form low molecular weight compounds which can be
      converted into dyes. The monomer used for marking has the basic formula I
EQU  P -- F                                                     (I)
PAL  in which P denotes a reactive group which can be converted into
      homopolymers or copolymers by a polymerising reaction. The polymers may be
      prepared by polyaddition reactions or polycondensation reactions but
      preferably by polymerisation reactions of the kind entered into by
      compounds which contain olefinic double bonds.
PAR  F denotes a group which when split off from the polymer is a low molecular
      weight compound which can be converted into dyes.
PAR  This low molecular weight compound is preferably converted into a
      characteristic dye such as a dye of the anthraquinone, triphenylmethane,
      cyanine, fluorescein or preferably azo dye series, by known processes.
      Removal of the group F by a cleaving reaction and the formation of the low
      molecular weight compound can be carried out by oxidation, reduction,
      pyrolysis or hydrolysis (saponification).
PAR  This invention relates to a process for identifying manufactured articles
      by means of marking agents, characterized in that the marking agents used
      are high molecular weight compounds containing groups which when split
      from the compounds form low molecular weight compounds which are
      convertible into dyes. Said dyes being used for identifying the articles.
PAR  The process according to the invention represents a method of
      identification and quality control of manufactured articles which is easy
      to perform, reliable and reproducible because the process according to the
      invention gives rise to definite, preferably low molecular weight dyes
      which can be analysed qualitatively and quantitatively by various known
      methods even in very small quantities. Another advantage is that the
      component which serves as the marker is chemically incorporated into a
      polymer so that the marking agent cannot be removed from the polymer by
      physical means (such as treatment with solvents or detergents). If it is
      desired that the properties of the polymers should remain practically
      unchanged, the marking agents need only be incorporated in very small
      quantities in the polymer.
PAR  Manufactured articles are understood in this application to means bodies
      produced by ordinary casting, centrifugal casting or injection moulding,
      coatings, self-supporting films, threads, fibers, woven structures,
      non-woven fleeces or foils. They may be completely (in the case of
      homopolymers or copolymers) or partly composed of the marked polymers. The
      term "partly" means that they are composed of physical mixtures of marking
      and non-marking polymers.
PAR  The manufactured articles are preferably textile webs such as woven
      fabrics, fleeces, knitted fabrics or paper webs equipped with marking
      polymers but the textile webs do not themselves contain marking polymers.
PAR  The term fleeces is used to cover any of the usual fiber fleeces, e.g. long
      pile fleeces manufactured by the wet process on paper machines or
      cross-laid fleeces produced on carding machines or random fiber fleeces
      and felts made of wool or synthetic fibers.
PAR  The fibers used for producing the fleeces may be natural cellulose fibers
      such as cotton, jute, ramie or linen or regenerated cellulose such as
      rayon, cuprammonium cellulose fiber, viscose cellulose, fibers of
      cellulose esters such as cellulose acetate, natural fibers such as silk or
      wool and regenerated fibers made of protein degradation products, fibers
      of polyesters such as polyethylene glycol terephthalate, fibers based on
      condensation products of saturated aliphatic diamines and dicarboxylic
      acids and polymerisation products of suitable cyclic lactams, vinyl resin
      fibers e.g. those obtained from a copolymer of vinyl chloride and vinyl
      acetate or of vinyl chloride and up to 40 % of acrylonitrile,
      polypropylene, acrylonitrile polymers and acrylonitrile copolymers which
      contain more than 40 % of bound acrylonitrile, further polyurethanes,
      polyvinyl alcohol, at least partly saponified ethylene/vinyl acetate
      copolymers or inorganic fibers, for example glass or asbestos fibers and
      metal fibers. Any mixtures of the above mentioned types of fibers may, of
      course, also be used.
PAR  In the phrase "equipped woven fabrics, fleeces, knitted fabrics or paper",
      the term "equipped" means impregnated, solidified, coated, bonded or
      printed.
PAR  Application of the marking polymers to textile webs such as woven or
      knitted fabrics or fleeces or paper may be carried out by known methods,
      for example by immersion spraying, knife coating, calendering, spread
      coating, etc. The marking polymers also may be applied in the form of
      powders or solutions in organic solvents or water or as dispersions,
      preferably aqueous dispersions. If desired, the marking polymers may be
      used as mixtures with other polymers.
PAR  The usual auxiliary agents employed in the textile and paper industry may
      be added to the aqueous dispersions of the marking polymers, e.g. soluble
      and insoluble dyes, inorganic and organic pigments, optical brightening
      agents, surface active substances such as emulsifiers, wetting agents and
      foaming agents, thickeners (alginates and cellulose or starch ethers or
      esters), fillers such as kaolin, bentonite, stabilizers such as casein,
      polyvinyl alcohol, ammonium salts of polyacrylic acid, high grade
      finishing products such as reactive resins (urea formaldehyde resins),
      aminoplast and phenoplast precondensates, hardenable epoxy condensates,
      insecticides, fungicides, bactericides and if desired age resistors and
      bonding agents.
PAR  If the marking polymers are prepared by polycondensation or polyaddition
      reactions, they for instance contain etherified or esterified units of
      compounds such as N,N-dihydroxyethylaniline,
      N,N-dihydroxyethyl-m-toluidine or N,N-dihydroxyethyl-m-anisidine or
      N,N-dihydroxyethyl-o-anisidine as marking components. The color producing
      component is obtained by degradation (saponification) and can be converted
      into characteristic azo dyes, for example by coupling with nitrophenyl
      diazonium chloride.
PAR  The marking polymers are preferably polymers which are prepared by radical
      polymerisation of at least one monomer of formula II either alone or mixed
      with at least one other coplymerised monomer by the known methods of
      solvent-free, solution, emulsion or suspension polymerisation. The
      copolymers obtained may be arranged at random, grafted or block
      copolymers, depending on the polymerisation conditions employed. Random
      copolymers are preferred.
PAR  In formula II
      ##EQU1##
      and at least one group X may be converted by hydrolysis into a
      diazotisable amine or into an amine or phenol which can be coupled with
      diazonium salts];
PA1  R.sub.2 = h or C.sub.1 -C.sub.12 alkyl, preferably H-- or C.sub.1 -C.sub.4
      -alkyl, particularly H-- or --CH.sub.3 ;
PA1  R.sub.3 = an aromatic group which may be interrupted by hetero atoms (S, N
      or O) or by heteroatomic groups [--SO.sub.2 --, --NH-- or --SO.sub.2
      --NH--SO.sub.2 --] such as a phenyl, naphthyl, diphenyl or anthraquinonyl
      group any of which may be substituted by C.sub.1 -C.sub.4 -alkyl, C.sub.1
      -C.sub.4 -alkoxy or halogen, or a heterocyclic group which may form part
      of an azo compound after diazotisation and coupling or after coupling
      alone;
      ##EQU2##
      (which may be identical or different) represent alkylene groups containing
      1 to 4 carbon atoms;
      ##EQU3##
      with the restriction that when
      ##EQU4##
      then R.sub.1 is always
      ##EQU5##
PAR  The marking polymers preferably contain polymerised units of monomers of
      formula III
      ##EQU6##
      in which R.sub.6 = H, --COOH;
PA1  R.sub.7 = h, --ch.sub.3 ;
      ##SPC1##
PAL  preferably
      ##SPC2##
PA1  X has the same meaning as in formula II and preferably denotes
      ##SPC3##
PAR  Particularly good results are obtained if the marking polymers contain
      polymerised units of compounds such as methacrylic acid anilide, acrylic
      acid anilide, maleic acid half anilide,
      3-acryloyl-aminobenzenesulphonamide, 3-methacryloyl-aminobenzene
      sulphonamide, 2-maleinylaminobenzene sulphonamide, 4-acryloylaminobenzene
      sulphonamide, 4-methacryloyl-benzene sulphonic acid amide,
      4-maleinylbenzene-sulphonic acid amide, 3-acryloylaminotoluene,
      3-methacryloylaminotoluene and the corresponding maleic acid semiamide,
      fumaric acid derivatives such as fumaric acid diphenylamide or fumaric
      acid diphenyl ester, acrylic acid-2,5-dichlorophenylamide, methacrylic
      acid-2,5-dichlorophenylamide and the corresponding maleic acid semiamide,
      acrylic and methacrylic acid-3-chlorophenylamide, acrylic and methacrylic
      acid-4-ethylsulphonylphenylamide, acrylic and methacrylic
      acid-3-methoxyphenylamide, 3-acryloylamino and 3-methacryloylamino
      benzimidazole and 3-methacryloylaminobenzene-sulphonic acid-1-benzene
      sulphonyl-amide.
PAR  Preparation of the marking monomers according to formulae II and III can be
      carried out by known methods of reacting acrylating agents such as
      olefinically unsaturated carboxylic or sulphonic acid chlorides (e.g.
      (meth)acrylic acid chloride) or their anhydrides (e.g. maleic acid
      anhydride) with aromatic or heterocyclic amines (primary or secondary) or
      with phenols.
PAR  Acylation may be carried out at temperatures of -10.degree.C to
      50.degree.C, if desired in organic solvents such as acetonitrile, acetone,
      dioxane, chloroform or pyridine. It is frequently advantageous to carry
      out acylation by the addition of organic or inorganic bases. Suitable
      organic bases are e.g. pyridine, alkylpyridines or trialkylamines such as
      triethylamine.
PAR  A preferred method of preparing the monomers consists of reacting acid
      chlorides with primary or secondary aromatic amines in an aqueous medium
      at pH values of around 7, optionally with the addition of bases such as
      NaOH, Na.sub.2 CO.sub.3, NaHCO.sub.3 or pyridine.
PAR  The marking monomers mentioned above can be converted into homopolymers
      with molecular weights of &gt;2000 to &lt;2,000,000 by known methods of bulk
      polymerisation, emulsion polymerisation or polymerisation in suspension
      with the aid of initiators which form free radicals such as peroxides, azo
      compounds or redox catalysts at temperatures of -10.degree. to
      150.degree.C. The homopolymers obtained (0.04 to 10.0 % by weight,
      preferably 0.06 to 10 % by weight) may be mixed with up to 99.96 % by
      weight, preferably 99.94 to 90.0 % by weight of other polymers suitable
      for finishing textile webs, and used in this way for marking textile webs
      in accordance with the invention. The other polymers used may be, for
      example, the following: Polyolefines such as polyethylene, polydiolefines
      such as polybutadiene, aromatic polyvinyl compounds such as polystyrene,
      poly(meth)acrylates or the copolymers of these olefinic unsaturated
      monomers, futher polyesters such as partly saponified polyvinyl acetates,
      condensation products of polybasic carboxylic acids and polyhydric
      alcohols, polyamides such as poly(meth)acrylamides or polyamides based on
      aminocarboxylic acids or lactams or based on condensation products of
      dicarboxylic acids and diamines or polyamines, polyvinyl chloride,
      polyurethanes, polyapoxides, phenoplasts, aminoplasts, polyvinyl alcohol,
      starch, starch or cellulose derivatives, casein, etc..
PAR  The following are examples of suitable monomers which may be copolymerised
      with the above mentioned monomers of formula II or III: Styrene,
      chlorostyrenes, vinylacetate, vinyl chloride, vinylidene chloride,
      ethylene, propylene, isobutylene, alkylvinylethers containing 1 to 4
      carbon atoms in the alkyl group such as butyl vinyl ether, acrylonitrile,
      methacrylonitrile, acrylamide, methacrylamide, acrylic acid, methacrylic
      acid, methacrylic acid methylamide, maleic acid anhydride, maleic acid
      semiesters containing 1 to 6 carbon atoms in the alcohol component,
      (meth)acrylic acid esters containing 1 to 12 carbon atoms in the alcohol
      component such as methyl acrylate, methyl methacrylate, ethyl acrylate
      ethylmethacrylate, propyl acrylate, propylmethacrylate, butyl acrylate,
      butyl methacrylate, ethyl hexylacrylate, cyclohexylmethacrylate,
      hydroxyalkyl esters of (meth)acrylic acid which contain 2 to 4 carbon
      atoms in the alkyl group, such as hydroxyethyl acrylate,
      hydroxyethylmethacrylate, hydroxypropylacrylate and
      hydroxypropylmethacrylate, butadiene, isoprene, chloroprene or mixtures of
      the above mentioned monomers.
PAR  The following are preferably used: Styrene, methyl acrylate, ethyl
      acrylate, propyl acrylate, butyl acrylate, 2-ethylhexylacrylate,
      2-hydroxyethylacrylate, 2-hydroxypropylacrylate, 3-hydroxypropylacrylate,
      4-hydroxybutylacrylate, and the corresponding above mentioned esters of
      methacrylic acid; vinyl acetate, acrylonitrile, vinyl chloride, acrylic
      acid, methacrylic acid or mixtures of the above mentioned monomers.
PAR  The monomers mentioned below are preferably used in quantities of 1-40 % by
      weight, based on the total quantity of monomers, in ternary mixtures:
      Ethylene, propylene, isobutylene, vinyl chloride, vinylidene chloride,
      (meth)-acrylonitrile and chlorostyrenes. Binary systems of the above
      mentioned monomers with marking monomers are less suitable.
PAR  The marking monomers may be copolymerised in quantities of 0.05 to 20 % by
      weight, preferably 3 to 8 % by weight, with at least one other of the
      above mentioned monomers used in quantities of 99.95 to 80 % by weight,
      preferably 92 to 97 % by weight. The products obtained are preferably
      random copolymers with average molecular weights of between 75,000 and
      slightly below 1,000,000. The marking monomers and other monomers are in
      most cases incorporated in the copolymer at the monomer feed rates.
PAR  In the case of monomers which have differing reactivities, however, it may
      be advisable (e.g. in the case of olefines) to use more (e.g. a multiple)
      of the more slowly polymerising monomers in order to obtain the given
      percentage composition.
PAR  Copolymerisation is carried out by the known methods of bulk, solution or
      dispersion polymerisation. In some cases emulsion polymerisation is
      preferred. It is advantageously carried out in aqueous dispersions at
      temperatures of 10.degree.  to 80.degree.C in the presence of conventional
      polymerisation catalysts with form free radicals, polymers, preferably
      random copolymers, being obtained with solids contents of about 20 to 50%
      by weight.
PAR  The above mentioned marking copolymers may be used in admixtures with
      other, unmarked copolymers, namely mixtures consisting of 3-20 % by
      weight, preferably 5 to 10 % by weight of the marking polymers and 97 to
      80 % by weight, preferably 95 to 90 % by weight of the other, unmarked
      copolymers. The unmarked copolymers may be prepared from the same
      nonmarking monomers as those used for copolymerisation with the marking
      monomers.
PAR  The process of identification is carried out by mechanically breaking down
      a specified quantity of the manufactured article, preferably a definite
      quantity of textile web which has been equipped with a marking polymer.
      This specimen is treated with alkaline liquors such as sodium hydroxide
      solution or with dilute mineral acid such as hydrochloric acid at
      temperatures of 100.degree. to 120.degree.C for 3 to 6 hours, optionally
      with stirring, so that diazotisable amines or amines or phenols which are
      capable of being coupled with diazonium salts are formed from the marking
      polymers by hydrolysis. Analysis of the colour forming component obtained
      by this process of degradation may be carried out by various methods, for
      example by
PA1  1. Applying a small volume of the resulting solution of diazotisable amine
      to filter paper, diazotising this test patch on the filter paper in an
      atmosphere of nitrous gases and spraying it with a solution of one of the
      coupling components indicated above, if necessary after first buffering
      the residual mineral acid or alkali liquor.
PAR  The color shade of the resulting characteristic dye may then be compared
      visually with those of test dyes which are prepared by the method
      indicated from the aromatic or heterocyclic amines described above which
      act as color forming components and the coupling components mentioned as
      examples below.
PA1  2. Chromatographing the solution of diazotisable amine which has been
      acidified with mineral acid and optionally filtered, using thin layer
      plates with flow agents which act as separators, drying the chromatograms,
      diazotising in an atmosphere of nitrous gases and then spraying with a
      solution of one of the coupling components indicated. The resulting
      characteristic dye is identified by determination of the R.sub.f value
      and/or comparison with a standard chromatogram of test dyes which are
      prepared in the same manner on the same thin layer plate. The test dyes
      are also suitable for quantitative determination of the marking monomer if
      the comparison described above is carried out visually or by measuring
      techniques, for example with a standardised series of cocncentrations. The
      Rf values are chromatographic characteristics which define the position of
      the substance in the chromatogram and are defined as
      ##EQU7##
      (see I. M. Hais and K. Macek, Handbuch der Papierchromatographie, Vol.I,
      VEB Gustav Fischer Verlag, Jena, 1958).
PA1  3. Direct or indirect diazotisation of the solution of colour forming
      components, if indicated after filtration, and coupling with one of the
      given coupling components to produce the dye, a solution of the dye being
      then used directly for thin layer chromatographic analysis. Identification
      is carried out as described under (2) by determination of the R.sub.f
      value and/or comparison with a standard chromatogram of test dyes which,
      as already indicated, may also be used for quantitative determination.
PAR  The following are examples of suitable coupling components
PA1  1. N-naphthyl-1-ethylene diamine
PA1  2. N,N-dihydroxyethylaniline,
PA1  3. N,N-dihydroxyethyl-n-toluidine,
PA1  4. N,N-dihydroxyethylamino-p-anisidine.
PA1  4. Placing drops of a small volume of the solution of the resulting amine
      or phenol which is capable of coupling on filter paper, if necessary
      buffering the test areas with sodium acetate solution, and then coupling
      by placing drops of diazonium salt solution on the areas.
PAR  The color shade of the resulting characteristic dye may then be compared
      visually with those of test dyes which have been prepared from the
      aromatic amines or phenols described above which act as colour forming
      components and one of the diazonium salts mentioned below.
PAR  The following are examples of suitable diazonium compounds:
PA1  a. Fast red salt ITR
PA1  b. Fast scarlet salt GG
PA1  c. Fast blue salt B
PA1  d. Diazotised sulphanilic acid = Paulys reagent.
PAR  Literature reference to (a) to (c):
PAL  I. perkavec et al. Mikrochim. Acta 1964, page 1029.
PAR  Literature reference to (d):
PAR  E. Stahl, Dunnschicht-Chromatographie, Springer, 1967, page 851; H.
      Jatskewitz, Hoppe-Seylers, Z. physiol. Chem. 292, page 99 (1953); M. R.
      Grimmett et al. J. Chromatogr. 20, page 171 (1965).
PA1  5. Chromatographing the solution of the resulting amine or phenol which is
      capable of coupling, if necessary after filtration, on thin layer plates
      using fluid agents which act as separating agents, drying the
      chromatograms and then spraying with a solution of one of the diazonium
      salts mentioned above, in particular with Paulys reagent. The
      characteristic dye formed is identified by determination of the R.sub.f
      value and/or comparison with a standard chromatogram of test dyes which
      are prepared by the same method on the same thin layer plate.
PAC  A. PREPARATION OF THE MARKING MONOMER
PAC  3-methacryloylaminochlorobenzene used as starting material
PAR  101 G (1 mol) of triethylamine are added to 127.6 g (1 mol) of
      3-chloroaniline in 800 cc of acetonitrile. 104.5 g (1 mol) of methacryloyl
      chloride are added dropwise at -2.degree. to -5.degree.C with stirring and
      when the reaction has died down stirring is continued for 1 hour at
      20.degree.C (room temperature).
PAR  160 G of slightly yellowish crystals of 3-methacryloylamino-chlorobenzene
      of the formula
      ##SPC4##
PAL  are obtained. The analytical values obtained for C, H, N and Cl correspond
      with the theoretical values within the limits of error.
      3-Methacryloylamino-chlorobenzene is practically insoluble in water but
      readily soluble in acetone. No conversion to the diazonium salt takes
      place with sodium nitrite in aqueous acid suspension at pH 1 to 2.
PAR  Preparation of marking monomers used as starting materials from other
      carboxylic or sulphonic acid chlorides with other amines or with phenols
      is carried out by analogous methods which may be modified in that higher
      reaction temperatures or other diluents may be employed. The same applies
      to the reaction with carboxylic acid anhydrides such as maleic acid
      anhydride which is advantageously used as a solution in chloroform.
PAC  B. PREPARATION OF A MARKING POLYMER
PAR  To effect polymerisation,
PA1  1100 parts by weight of deionised water,
PA1  20 parts by weight of a reaction product of oleyl alcohol and ethylene
      oxide (molar ratio approximately 1 : 19),
PA1  3 parts by weight of lauryl sulphate,
PA1  40 parts by weight of 3-methacryloylaminochlorobenzene
PA1  200 parts by weight of methyl acrylate and
PA1  70 parts by weight of butyl acrylate
PAL  are converted into an emulsion in a polymerisation vessel equipped with
      stirrer with the exclusion of atmospheric oxygen. The temperature is
      adjusted to
PA1  25.degree.C and
PA1  0.5 parts by weight of ammonium persulphate and
PA1  0.6 parts by weight of sodium pyrosulphite
PAL  are introduced into the stirred emulsion of monomers.
PAR  Where more than 75 % of the monomers have polymerised,
PA1  10 parts by weight of the reaction product of ethylene oxide and oleyl
      alcohol are added, followed by
PA1  50 parts by weight of 3-methacryloylamino-chlorobenzene together with
PA1  200 parts by weight of methyl acrylate,
PA1  70 parts by weight of butyl acrylate and
PA1  1.5 parts by weight of lauryl sulphate.
PAR  Polymerisation is completed by adding
PA1  0.5 parts by weight of ammonium persulphate and
PA1  0.6 parts by weight of sodium pyrosulphite to the polymerisation mixture
      and heating to 70.degree.C for 3 hours. The degree of polymerisation is
      then determined by measuring the solids content and found to be 94 to 95
      %. The residual monomers are removed by degasification under vacuum. A
      film-forming latex which has a solids content of 39 % is obtained. The
      copolymer has a mainly statistical structure and consists of copolymerised
      units of 15 % by weight of 3-methacryloylaminochlorobenzene and 85 % by
      weight of methyl acrylate and butyl acrylate. Molecular weight
      approximately 110,000 determined osmometrically in dimethylformamide.
DETD
PAC  EXAMPLE 1
PA1  1.1. a stable fibre fleece produced from a mixture of cotton and polyamide
      fibres in the proportion of 4 : 1 by weight is impregnated by spraying
      with the copolymer dispersion specified above which has been diluted to 24
      %. The fleece is squeezed off to reduce the liquid uptake to 100 %, based
      on the weight of the fibres, and is then dried at about 80.degree.C and
      condensed for 10 minutes at 130.degree.C.
PAR  1.2. Qualitative identification (drop analysis)
PAR  1 G of the impregnated fleece is cut up into pieces measuring about 0.5
      cm.sup.2 and then boiled under reflux with 50 cc of 6N hydrochloric acid
      for 6 hours. The solution, which contains 3-chloroaniline-chloride formed
      by hydrolysis, is then cooled to room temperature. A few drops of this
      solution are placed on a filter paper. After drying (approximately 30
      seconds at 60.degree.C), the filter paper is exposed to moist nitrous
      gases (containing approximately 1 volume % of N.sub.2 O.sub.4) at room
      temperature for 5 minutes to diazotise the amine component in the drops.
      Coupling to form the dye is carried out by spraying the diazotised drops
      with a 1 % solution of N-naphthyl-1-ethylenediamine hydrochlorie in a
      mixture of 20 volumes % of water and 80 volumes % of methanol. The
      original drops become deep blue-red in color. A drop of solution of the
      test dye may be placed beside the test areas for a visual comparison of
      the characteristic blue-red colour shade obtained. A solution of test dye
      may be prepared in the usual manner from 3-chloroaniline by diazotisation
      and coupling with N-naphthyl-(1)-ethylene-diamino hydrochloride and may
      then be diluted until the colour is comparable in depth to that of the
      test area.
PAC  EXAMPLE 2
PAR  2.1. An approximately 35 % aqueous dispersion of a statistical copolymer of
      58% of butyl acrylate, 30 % of styrene, 5 % of methacrylic acid amide, 3 %
      of methacrylic acid and 4 % of 3-methacryloylaminochlorobenzene is
      prepared by method B. Molecular weight of the copolymer approximately
      90,000 determined osmometrically in dimethylformamide.
PAR  A staple fibre fleece weighing approximately 30 g/m.sup.2 and consisting of
      a mixture of regenerated cellulose fibres and polyester fibres
      (polyethylene glycol terephthalate) in proportions by weight of 9 : 1 is
      impregnated by spraying with the copolymeer dispersion specified above
      which has been diluted to 24 %. The fleece is squeezed off to reduce the
      liquid uptake to 100 %, based on the weight of fibres, and is then dried
      at about 80.degree.C and condensed at 130.degree.for about 10 minutes.
PAR  2.2. Qualitative identification (drop analysis)
PAR  Preparation of a sample and qualitative analysis are carried out as
      described under 1.2. The characteristic blue-red color shade obtained in
      the test areas may be compared visually in the same way with a solution of
      test dye which may be prepared as described in 1.2.
PA1  2.3. Qualitative chromatographic identification
PAR  2 .mu.l of the hydrolysed solution described above and, for the standard
      chromatogram (E. Stahl, Dunnschichtchromatographie, Springer, 1967, page
      145), 2 .mu.l of a solution of 3-chloroaniline in hydrochloric acid at a
      comparable concentration are applied to a commercial silica gel plate.
      After drying the starting areas with air at about 60.degree.C for 30
      seconds, the plate is placed into a suitable glass vessel which can be
      sealed and into which the following fluid agent had been introduced 1 hour
      earlier: 9 Parts of benzene, 1 part of methanol (parts of volume). The
      height to which the vessel is filled with this liquid should be about 0.5
      cm below the level of the starting areas on the plate.
PAR  The vessel should be shielded against direct light during the
      chromatographic process.
PAR  The plate is removed from the vessel after one hour and dried with air at
      about 60.degree.C for 2 minutes. Diazotisation is carried out by exposing
      the plate inside a suitable glass vessel to the action of moist nitrous
      gases (consisting of approximately 1 % by volume of N.sub.2 O.sub.4) for 5
      minutes at room temperature. The plate is then removed from the vessel,
      placed almost vertically and left in air for 2 to 3 minutes, during which
      time excess nitrous gases escape from the silica gel layer of the plate,
      and then sprayed with the solution of N-naphthyl-1-ethylene diamine
      hydrochloride described above. The patches of 3-chloroaniline turn a deep
      blue red. The R.sub.f value if 0.8.
PAR  2.4. Quantitative determination of the 3-methylacryloylaminochlorobenzene
      content in the given staple fibre fleece. 2.4.1 Quantitative determination
      is based on the given calibration curve which is explained below:
PAR  10 mg of 3-methacryloylamino-chlorobenzene which has been prepared by
      method A are hydrolysed with 5 ml of 6 N hydrochloric acid for 20 hours in
      a test tube which has been sealed at both ends. The solution containing
      the resulting 3-chloroaniline hydrochloride is cooled to about 4.degree.C
      and the tube is opened. The solution is then diazotised by the addition of
      approximately 1.5 ml of saturated sodium nitrite solution which has
      previously been adjusted to a temperature of about 4.degree.C. The
      reaction mixture is then left to stand for about 10 minutes and the excess
      of nitrite removed by the addition of a 10 % aqueous solution of
      amidosulphonic acid. Complete removal is checked as usual with an
      iodine/potassium iodide starch paper. The contents of the test tube are
      then transferred quantitatively into a wide necked 250 ml Erlenmeyer flask
      and 2 ml of isopropanol and 150 ml of distilled water are added and the
      reaction mixture is coupled by the addition of 20 ml of a 0.1 % solution
      of N-naphthyl-1-ethylenediamine hydrocloride dissolved in a 1:1 mixture
      (parts by volume) of distilled water and methanol.
PAR  The resulting solution of blue-red dye is then heated to 70.degree.C for 10
      minutes, cooled and quantitatively transferred into a measuring flask and
      made up to 200 ml with distilled water.
PAR  After shaking the contents and then leaving the flask to stand for a short
      time for removal of air, extinction measurements may be carried out.
      Result at 420 nm in 2 cm cup: .epsilon.=0.758.
PAR  The dye solutions obtained by the method described above from 7.5, 5 and
      2.5 mg of 3methacryloyl-aminochlorobenzene and approximately reduced
      quantities of sodium nitrite and N-naphthyl-1-ethylenediamine
      hydrochloride have the following values when measured under similar
      conditions:
PA1  Weight 7.5 mg : .epsilon.=0.570
PA1  Weight 5.0 mg : .epsilon.=0.384
PA1  Weight 2.5 mg : .epsilon.=0.170
PAR  The extinction values obtained can be plotted in the calibration curve
      below against the quantity in mg of 3-methacryloyl-aminochlorobenzene.
PAR  2.4.2. The quantity of 3-methacryloylaminochlorobenzene in the fleece
      specified under 2.1 may be determined as follows: 1 .+-. 0.050 g of fleece
      which has been conditioned to 65 % relative humidity at 20.degree.C for 20
      hours are hydrolysed with 5 ml of 6N hydrochloric acid in a sealed test
      tube for 20 hours and diazotised as described under 2.4.1. The prepared
      diazonium solution is filtered through a medium hard filter paper and
      transferred quantitatively into a wide necked 250 ml Erlenmeyer flask with
      the aid of dilute hydrochloric acid. The dye solution is then prepared as
      described under 2.4.1 and the extinction is determined in a 2 cm cup at
      420 nm. The quantity of 3-methyacryloylaminochlorobenzene in the fleece
      can be read off the calibration curve from the .epsilon.-value obtained
      and converted into the percentage content in the usual manner.
PAC  EXAMPLE 3
PAR  A paste consisting of 28 % of a completely saponified ethylene/vinyl
      acetate copolymer which before saponification contained vinyl acetate and
      ethylene in a molar ratio of 1:5.8 and which has been reduced to a
      particle size of less than 80 .mu., 61 parts by weight of water, 2 parts
      by weight of glycerol, 2 parts by weight of diethylene glycol and 2 parts
      by weight of ammonium polyacrylate as well as 5 parts by weight of a
      polymer dispersion consisting of 77% of methyl acrylate, 15.6 % of
      acrylonitrile and 7.4 % of methacrylic acid-2,4-dichloroanilide (the
      copolymer was prepared by the general method described for polymer B and
      the methacrylic acid-2,4-dichloroanilide was prepared according to method
      A) having a solids concentration of 40 % is applied to interlining fabric
      by a rotation screen printing process. The pattern obtained is punctate at
      regular intervals. An interlining which can be heat sealed is thereby
      obtained.
PAC  QUALITATIVE IDENTIFICATION
PAR  1 G of the resulting interlining is cut up into pieces of about 0.5
      cm.sup.2 and then hydrolysed with 5 ml of normal sodium hydroxide solution
      in a sealed test tube at 110.degree.C for 16  hours. The solution of the
      resulting 2,4-dichloroaniline is th cooled, the test tube is opened, the
      pH is adjusted to 1 - 2 by the addition of dilute hydrochloric acid and
      the reaction product is then diazotised in drops as described in Example 2
      and coupled with N-naphthyl-1-ethylene diamine.
PAR  For visual comparison of the resulting characteristic red violet dye, a
      solution of test dye may be prepared in the usual manner from
      2,4-dichloroaniline and N-naphthyl-1-ethylenediamine hydrochloride.
PAC  QUALITATIVE CHROMATOGRAPHIC IDENTIFICATION
PAR  The hydrolysed solution of 2,4-dichloroaniline adjusted to pH 1-2 is
      chromatographed by the chromatographic technique described in Example 2
      and rendered visible on the plate. The R.sub.f value obtained is 0.9.
PAC  EXAMPLE 4
PAR  A 40 % aqueous dispersion of a statistical copolymer of 58 % of butyl
      acrylate, 30 % of styrene, 5 % of methacrylic acid amide, 3 % of
      methacrylic acid and 4 % of the phenyl ester of 3-methacrylic acid is
      prepared by method B.
PAR  A staple fibre fleece weighing about 30 g/m.sup.2 and consisting of a
      mixture of regenerated cellulose and polyester fibres (polyterephthalate)
      in proportions by weight of 9:1 is impregnated by spraying with the
      copolymer dispersion specified above which has been diluted to 24 %. The
      fleece is squeezed off to reduce the liquid uptake to 100 %, based on the
      weight of fibers, dried at about 80.degree.C and then condensed at
      130.degree.C for about 10 minutes.
PAC  QUALITATIVE IDENTIFICATION (DROP ANALYSIS)
PAR  1 G of the staple fibre fleece described above is cut up into pieces of
      about 0.5 cm.sup.2 and then hydrolysed by the addition of 5 ml of 6N
      hydrochloric acid and heating in the sealed test tube for 20 hours at
      110.degree.C. The reaction solution, which contains the phenol formed by
      hydrolysis, is then cooled to room temperature. After the test tube has
      been opened, a few drops of this liquid are placed on a filter paper and
      dried with air at 60.degree.C for 30 seconds. A few drops of dilute sodium
      hydroxide solution and a solution of diazotised sulphanilic acid (Paulys
      reagent) are then placed successively on these patches. The test patches
      become intensively yellow in colour. For visual comparison of the
      resulting yellow dye, drops of a solution of test dye may be placed beside
      the test patches and dried as described above. This solution of test dye
      may be prepared from phenol and Paulys reagent by the method known from
      the literature.
PAC  QUALITATIVE CHROMATOGRAPHIC IDENTIFICATION
PAR  2 .mu.l of the hydrolysed solution specified above and 2 .mu.l of an
      aqueous solution of phenol of comparable concentration required for the
      standard chromatogram are applied to a commercial silica gel plate and
      dried with air at about 60 C for 30 seconds. The plate is placed inside a
      suitable glass vessel into which the following fluid agent had been
      introduced one hour earlier: 2 Parts of methyl ethyl ketone, 8 parts of
      ethylene chloride (in parts by volume). The height to which the vessel is
      filled with this fluid should be about 0.5 cm below the level of the
      starting points on the plate. The vessel should be shielded against direct
      light during the chromatographic process.
PAR  The plate is removed from the vessel 1 hour later, dried with air at about
      60.degree.C for 2 minutes and then sprayed with a solution of diazotised
      sulphanilic acid (Paulys reagent). The chromatographic patches are thereby
      turned deep yellow. The R.sub.f value is 0.8.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for marking a manufactured article with identification which
      comprises applying a marking agent to said manufactured article, said
      marking agent being a high molecular weight compound containing at least
      one group which can be removed by a cleaving reaction to form a low
      molecular weight compound, said low molecular weight compound being a
      diazotizable amine or an amine or phenol which can be coupled with a
      diazonium salt and thus converted into a dye.
NUM  2.
PAR  2. The process of claim 1 wherein said marking agent is a homopolymer or
      copolymer of a polymerizable ethylenically unsaturated compound containing
      said at least one group.
NUM  3.
PAR  3. The process of claim 1 wherein said marking agent is applied to a
      manufactured textile article in admixture with a polymer which is suitable
      for textile finishing.
NUM  4.
PAR  4. The process of claim 1 wherein the marking agent is a homopolymer or a
      copolymer of a monomer of the formula
      ##EQU8##
      wherein R.sub.1 is hydrogen, methyl or
      ##EQU9##
      or a group which may be converted by hydrolysis into a diazotizable amine
      or into an amine or phenol which may be coupled with a diazonium salt;
      R.sub.2 is hydrogen or alkyl having 1 to 12 carbon atoms; R.sub.3 is an
      aromatic group which may be interrupted by heteroatoms or by heteroatomic
      groups, one of said groups substituted by alkyl having 1 to 4 carbon
      atoms, alkoxy having 1 to 4 carbon atoms or halogen, or a heterocyclic
      group which may form part of an azo compound after diazotization and
      coupling or after coupling alone; and Z is
      ##EQU10##
      wherein R.sub.4 and R.sub.5 are alkylene having 1 to 4 carbon carbon atoms
      with the proviso that at least one X is said group convertible by
      hydrolysis and the further proviso that when Z is
      ##EQU11##
NUM  5.
PAR  5. The process of claim 1 wherein said marking agent is a copolymer of 0.05
      to 20% by weight of a monomer of the formula
      ##EQU12##
      and 99.95 to 80% by weight of at least one other ethylenically unsaturated
      monomer, R.sub.6 being hydrogen or -COOH; R.sub.7 being hydrogen or
      methyl; Z.sub.1 being
      ##EQU13##
      and X is a group which may be converted by hydrolysis into a diazotizable
      amine or into an amine or phenol which can be coupled with a diazonium
      salt.
NUM  6.
PAR  6. The process of claim 5 wherein an aqueous dispersion of said copolymer
      having a solids content of 20 to 50% by weight is used as the marking
      agent.
NUM  7.
PAR  7. The process of claim 5 wherein the other ethylenically unsaturated
      monomer is at least one member of the group consisting of styrene,
      butadiene, acrylic acid ester, methacrylic acid ester, vinyl acetate,
      acrylic acid, methacrylic acid, acrylamide and methacrylamide.
NUM  8.
PAR  8. The process of claim 5 wherein said monomer of said formula is selected
      from the group consisting of methacrylic acid anilide, acrylic acid
      anilide, maleic acid half anilide, 3-acryloyl-aminobenzenesulphonamide,
      3-methacryloylaminobenzenesulphonamide,
      2-maleinyl-aminobenzenesulphonamide, 4-acryloyl-aminobenzenesulphonamide,
      4-methacryloyl-benzenesulphonic acid amide, 4-maleinyl-benzenesulphonic
      acid amide, 3-acryloylaminotoluene, 3-methacryloyl-aminotoluene, the
      corresponding maleic acid half amide, fumaric acid, derivatives of fumaric
      acid, acrylic acid-2,5-dichlorophenylamide, methacrylic
      acid-2,5-dichlorophenylamide, the corresponding maleic acid half amide,
      acrylic acid-3-chlorophenylamide, methacrylic acid-3-chlorophenylamide,
      acrylic acid-4-ethylsulphonylphenylamide, methacrylic
      acid-4-ethylsulphonylphenylamide, acrylic acid-3-methoxyphenylamide,
      methacrylic acid-3-methoxyphenylamide, 3-acryloylaminobenzimidazole,
      3-methacryloylaminobenzimidazole and 3-methacryloylaminobenzenesulphonic
      acid-1-benzenesulphonylamide.
NUM  9.
PAR  9. The manufactured article marked with identification as produced by the
      process of claim 1.
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ABST
PAL  A blend of epoxide materials is provided which, although essentially free
      of volatile solvents, is liquid and tractable for coating and related
      applications at or near room temperature. The epoxide materials include an
      epoxy prepolymer of the type of glycidyl-bisphenol A resins, epoxidized
      novolaks, polyglycidyl ethers, and alicyclic diepoxides, blended with a
      bis(epoxycycloalkyl) ester and in many cases also with a low viscosity
      monoepoxide in limited proportions. The compositions preferably include
      additionally a cationic polymerization initiator, preferably a
      radiation-sensitive catalyst precursor, and epoxide polymers are produced
      by coating such compositions on a substrate, followed by application of
      energy, through heating or preferably through irradiation, to effect
      substantial polymerization of the epoxidic materials of the coating.
PARN
PAR  This is a divisional of application Ser. No. 144,668, filed May 18, 1971
      now U.S. Pat. No. 3,794,576.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Coating, printing, and related processes conventionally are carried out by
      dissolving film-forming ingredients in a volatile solvent, applying the
      resulting composition to a substrate, and drying and curing the
      transferred material with or without heating, whereby the volatile solvent
      is released to the atmosphere. Evolution of the solvent tends to lengthen
      the hardening process and to leave voids and pinholes in the cured
      coatings, making them porous. Emission of volatile solvents tends to
      pollute the adjacent air unless costly arrangements are made to recover
      practically all of the solvent, and release of flammable volatile solvents
      may create fire and explosion hazards. Heating often is required to hasten
      removal of the solvent, but the higher temperatures produced may damage
      the substrate, or may cause running and deformation of the coating while
      it still is soft.
PAR  Solvent-free mixtures of epoxide materials may be prepared based
      essentially, for example, on certain epoxidic prepolymers such as the
      reaction products of epichlorohydrin with bisphenol A or with novolaks.
      Such prepolymers have been blended with various monoglycidyl ethers, or
      with a glycol diglycidyl ether, primarily to modify the viscosity of the
      prepolymer. Such mixtures can be shaped, as by coating, and then treated
      with an activated cationic initiator to cure the resin. However, these
      prepolymeric mixtures do not provide the rheological properties most
      desirable for certain coating or related operations, or are unsuited for
      application to various types of substrates. Coating and printing machines
      require unique combinations of properties to permit smooth and rapid flow
      of the coating and printing compositions through the machines for proper
      application to the substrate web or sheets supplied to the machines. It
      also has been observed that modification of the solvent-free epoxide
      materials with socalled reactive diluents, such as monoglycidyl ethers, to
      obtain the desired rheological properties tends to decrease the speed of
      curing and to diminish the hardness of the material after initiation of
      polymerization and curing, giving a more or less soft or tacky finish
      rather than a tough, solid finish. Efforts to avoid this problem by the
      inclusion of hardeners, such as amines, amides, or anhydrides, lead to
      premature curing immediately upon mixing and a tendency to brittleness in
      the cured material. It is an object of the present invention to provide
      epoxide blends suitable for use in polymerizable compositions, and to
      provide a related polymerizing process, which substantially avoid these
      difficulties and disadvantages encountered with prior materials and
      processes.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, a new and improved blend of epoxide materials, fluid at room
      temperature, consists essentially of at least one epoxidic prepolymer
      material having an epoxy equivalent weight below 200, constituting between
      about 10% and 85% of the weight of the blend, and selected from the group
      consisting of an epoxy resin prepolymer consisting predominantly of the
      monomeric diglycidyl ether of bisphenol A, a polyepoxidized phenol or
      cresol novolak, a polyglycidyl ether of a polyhydric alcohol, and a
      diepoxide of a cycloalkyl or alkylcycloalkyl hydrocarbon or ether; the
      blend consists additionally of at least about 15% by weight of an epoxidic
      ester having two epoxycycloalkyl groups, and from 0-15% by weight of a
      monoepoxide having a viscosity at 23.degree.C of less than 20 centipoises.
      Polymerizable compositions advantageously consist essentially of the
      above-specified ingredients and a radiation-sensitive catalyst precursor
      which decomposes upon application of energy to provide a Lewis acid
      catalyst effective to initiate polymerization of the abovementioned
      epoxidic materials. Such compositions are especially useful in providing
      rapidly curable coatings, which may contain no more than a few percent by
      weight of unpolymerizable materials. Thus, in accordance with the process
      of the invention, an epoxidized polymer is produced by forming a mixture
      of the epoxidic materials mentioned above and the catalyst precursor,
      applying the mixture so formed to a substrate, and subsequently applying
      energy to the mixture on the substrate to release the Lewis acid catalyst
      in sufficient amounts to effect substantial polymerization of the epoxidic
      materials.
PAC  DETAILED DESCRIPTION
PAR  There is provided and utilized, in accordance with the present invention, a
      blend of epoxide materials which is fluid at room temperature. This blend
      includes a material designated for convenience as a prepolymeric material,
      which is described in detail hereinbelow. The blend also includes an ester
      having two epoxycycloalkyl groups, designated for convenience as a
      bis(epoxycycloalkyl) ester. The blend may include further, in limited
      quantities, a monoepoxide material of specified maximum viscosity. To
      provide a polymerizable composition, a cationic initiator is mixed or
      dissolved in the blend.
PAR  Prepolymeric material. The blend of epoxide materials, fluid at room
      temperature, contains at least one prepolymeric material having an epoxy
      equivalent weight below 200 and selected from the group consisting of (A)
      an epoxy resin prepolymer of the glycidyl-bisphenol A polyether type, (B)
      a polyepoxidized phenol or cresol novolak, (C) a polyglycidyl ether of a
      polyhydric alcohol, and (D) a diepoxide of a cycloalkyl or alkylcycloalkyl
      hydrocarbon or ether. This epoxidic prepolymer material constitutes
      between 10% and 85% of the weight of the blend.
PAR  Referring first to the resin prepolymer of the glycidyl-bisphenol A
      polyether type, (A), the classic epoxy resin is obtained by the well known
      reaction of epichlorohydrin (1-chloro-2,3-epoxypropane) and bisphenol A
      (4,4'-isopropylidene-diphenol). The reaction product is believed to have
      the form of a polyglycidyl or diglycidyl ether of bisphenol A (the
      glycidyl group being more formally referred to as the  2,3-epoxypropyl
      group) and thus may be thought of as a polyether derived from the diphenol
      and glycidol ( 2,3-epoxy-1-propanol). The structure usually assigned to
      the resinous product is
      ##SPC1##
PAL  In this formula the glycidyl groups having non-terminal positions in the
      polymeric molecules become 2-hydroxytrimethylene groups, --CH.sub.2
      CH(OH)CH.sub.2 --.
PAR  A viscous liquid epoxy resin, average molecular weight about 380, is
      obtained by reacting the epichlorohydrin in high molecular proportion
      relative to the bisphenol A, the reaction product containing well over 85
      mole percent of the monomeric diglycidyl ether of bisphenol A (n = 0),
      which may be named 2,2-bis[p-(2,3-epoxypropoxy)phenyl]propane, and smaller
      proportions of polymers in which n is an integer equal to 1, 2, 3, etc.
      The epoxy resin prepolymer utilized in accordance with the present
      invention is a product of the kind just mentioned, consisting
      predominantly of the monomeric diglycidyl ether of bisphenol A (probably
      at least 80 mole percent of the monomer, although this proportion is
      impractical to determine), having an average molecular weight below about
      400, and having an epoxy equivalent weight in the range of 170 to 200,
      usually about 172 to 187. Ref.: Handbook of Epoxy Resins, H. Lee and K.
      Nevill, McGraw-Hill Book Company, 1967, pages 2-2 et seq. on "Synthesis of
      Glycidyl-type Epoxy Resins", particularly pages 2-3 and 2-4 on the
      synthesis of monomeric diglycidyl ether of bisphenol A.
PAR  Referring next to the phenol novolaks and cresol novolaks, (B), these
      products are made, following procedures well known in the
      phenol-formaldehyde resin art, by a condensation reaction involving
      formaldehyde and a commercial grade of cresol (or phenol) in excess
      amounts, using an acid catalyst, and yielding liquid or low-fusing
      thermoplastic products. Such products are available in epoxidized forms,
      having average molecular weights in the vicinity of 1,000 and epoxy
      equivalent weights in the range of 160 to 200, frequently about 170-180.
PAR  Referring to the polyglycidyl ethers of polyhydric alcohols, (C), a readily
      available example is the diglycidyl ether of 1,4-butanediol, also named
      1,4-bis(2,3-epoxypropoxy)-butane, having the structural formula
      ##EQU1##
      The epoxy equivalent weight of this compound when pure is 101.
PAR  Another diglycidyl ether of a glycol is diethylene glycol diglycidyl ether,
      also named bis[2-(2,3-epoxypropoxy)-ethyl] ether, having an epoxy
      equivalent weight of 109 and the structural formula
      ##EQU2##
PAR  A further example of a polyglycidyl ether of a polyol is a diglycidyl or
      triglycidyl ether of glycerol; and triglycidyl ether is
      1,2,3-tris(2,3-epoxypropoxy) propane, while the diglycidyl ethers are
      2,3-bis(2,3-epoxypropoxy)-1-propanol and
      1,3-bis(2,3-epoxypropoxy)-2-propanol. One readily available product is a
      mixture of the triglycidyl ether with one or both of the diglycidyl
      ethers, having an epoxy equivalent weight roughly midway between that of
      the triglycidyl ether, 87, and that of the diglycidyl ethers, 102. It is
      noted that the presence, for example, of the additional ether oxygen in
      diethylene glycol diglycidyl ether, or of the remaining alcoholic hydroxy
      group in the diglycidyl ethers of glycerol, does not detract from the
      suitability of these compounds having rather low epoxy equivalent weights
      as polyglycidyl ethers of polyols in the epoxide blends of the invention.
PAR  Referring to the diepoxides of cycloalkyl or alkylcycloalkyl hydrocarbons
      or ehters, (D), these epoxidic compounds may be illustrated by the
      following.
PAR  A diepoxide of an alkylcycloalkyl hydrocarbon is vinylcyclohexene dioxide,
      more specifically identified as
      3-(epoxyethyl)-7-oxabicyclo[[4.1.0]heptane, or 1,2-epoxy-
      4-(epoxyethyl)cyclohexane, having an epoxy equivalent weight of 70 and the
      structural formula
      ##EQU3##
PAR  A diepoxide of a cycloalkyl hydrocarbon is dicyclopentadiene dioxide, more
      specifically identified as 3,4-8,9-diepoxytricyclo[5.2.1.0.sup.2,6
      ]decane, having an epoxy equivalent weight of 82 and the structural
      formula
      ##EQU4##
PAR  A diepoxide of a cycloalkyl ether is bis( 2,3-epoxycyclopentyl) ether,
      otherwise named 2,2'-oxybis (6-oxabicyclo-[3.1.0]hexane), having an epoxy
      equivalent weight of 91 and the structural formula
      ##EQU5##
      Bis(epoxycycloalkyl) ester. In addition to the epoxidic prepolymers
      (designated A-D) discussed hereinabove, the blend of epoxide materials
      includes also, admixed therewith, an ester having two epoxycycloalkyl
      groups. This diepoxidic alicyclic ester constitutes at least about 15% of
      the weight of the blend, and conveniently may be an ester of an epoxidized
      cyclic alcohol and an epoxidized cycloalkanecarboxylic acid. Thus, a
      suitable ester of epoxidized cyclohexanemethanol and epoxidized
      cyclohexanecarboxylic acid is the diepoxide (3,4-epoxycyclohexyl)methyl
      3,4-epoxycyclohexanecarboxylate; this same ester may be indexed under the
      name 7-oxabicyclo[4.1.0]hept-3-ylmethyl
      7-oxabicyclo[4.1.0]heptane-3-carboxylate, and has the formula
      ##EQU6##
      Another suitable ester having two epoxycycloalkyl groups may be obtained
      as an ester of an alkyl-substituted (epoxycycloalkane)methanol and a
      dibasic acid, for example,
      bis[(3,4-epoxy-6-methylcyclohexyl)methyl]adipate, which may be named
      alternatively bis[(4-methyl-7-oxabicyclo[4.1.0]hept-3-yl) methyl] adipate,
      and which has the formula
      ##EQU7##
PAR  Monoepoxide material. The epoxide blend additionally may include a
      monoepoxide having a viscosity at 23.degree.C of less than 20 centipoises,
      constituting not more than about 15% of the weight of the blend. Examples
      of suitable monoepoxides are the following:
PA1  Propylene oxide (1,2-epoxypropane),
      ##EQU8##
      Butylene oxide (1,2-epoxybutane),
      ##EQU9##
      Allyl glycidyl ether (1-allyloxy-2,3-epoxypropane),
      ##EQU10##
      Butyl glycidyl ether (1-butoxy-2,3-epoxypropane),
      ##EQU11##
      Glycidyl phenyl ether (1,2-epoxy-3-phenoxypropane),
      ##EQU12##
PAR  It will be appreciated that more than one such monoepoxidic compound may be
      utilized, provided that together these monoepoxides do not exceed the
      specified proportion of the weight of the epoxide blend or of the
      polymerizable composition. A readily available product is a mixture of
      ethers of the structure
      ##EQU13##
      where R is alkyl, that is, glycidyl alkyl ethers. One such mixture
      contains predominantly glycidyl octyl ether and decyl glycidyl ether,
      while another contains predominantly dodecyl glycidyl ether and glycidyl
      tetradecyl ether.
PAR  Still another useful type of monoepoxide material is a polyolefin (e.g.,
      polyethylene) epoxide. Such epoxides are exemplified by epoxidized, low
      molecular weight by-products of the polymerization of ethylene, which may
      be separated as mixtures high in 1-alkenes in the range from about 10 to
      20 carbon atoms, that is from about 1-decene to about 1-eicosene.
      Epoxidation then provides mixtures of the corresponding 1,2-epoxyalkanes,
      examples being mixtures high in the 1,2-epoxy derivatives of alkanes
      having 11 to 14 carbons, or having 15 to 18 carbons.
PAR  Initiator. The blend of epoxide materials may be utilized promptly upon
      mixing for forming a body, film, or coating of desired shape and the
      curing thereof effected at once or later, or both of the shaping and the
      curing may be carried out at a later convenient time or different place. A
      polymerization initiator may be mixed into the body in a form which is
      immediately active, so that polymerization commences during the mixing and
      is completed within a few minutes. For many shapes such mixing cannot be
      achieved after carrying out the shaping, for example after making a
      coating, and rapid polymerization would interfere with or prevent the
      shaping. Accordingly, the initiator conveniently is mixed with the blend,
      to form a polymerizable composition, with the initiator in an inactive
      condition. Radiation-sensitive catalyst precursors are discussed
      hereinbelow. Catalyst precursors ordinarily will be present in the
      polymerizable compositions of the invention in amounts ranging from about
      0.5% to about 2% of the total weight of the compositions less than 0.1% or
      more than 5% seldom being called for. The presence of several percent by
      weight, for example, of a catalyst precursor causes only a slight dilution
      of the epoxidic materials of the composition, so that the approximate
      limits specified hereinabove for the weight proportions of the various
      epoxides in the epoxide blend ordinarily are not changed substantially,
      when calculated as weight proportions of the entire composition, by the
      addition of a catalyst precursor.
PAR  Suitable radiation-sensitive catalyst precursors decompose to provide a
      Lewis acid upon application of energy. The energy required for effective
      decomposition likewise may be energy applied by bombardment with charged
      particles, notably by high-energy electron beam irradiation. However, the
      catalyst precursors described hereinbelow are primarily photosensitive,
      and the required energy is imparted by actinic irradiation, which is most
      effective at those regions of the electromagnetic spectrum at which there
      is high absorption of electromagnetic energy by the particular catalyst
      precursor used. More than one of these types of energy may be applied to
      the same system; e.g., ultraviolet light irradiation followed by electron
      beam irradiation, and post-heating also may be employed, although
      irradiation ordinarily can effect a suitable cure.
PAR  Preferred photosensitive Lewis acid catalyst precursors are aromatic
      diazonium salts of complex halogenides, which decompose upon application
      of energy to release a halide Lewis acid. The aromatic diazonium cation
      may be represented generally as [Ar-N.sup.+.tbd.N], where the aryl group
      Ar, which may be alkaryl hydrocarbon group, is bonded to the diazonium
      group by replacing one of the hydrogen atoms on a carbon atom of the
      aromatic nucleus, and where the aryl group ordinarily carries at least one
      pendant substituent for greater stability of the cation. Thus the pendant
      substituent may be alkyl, or another substituent, or both. The complex
      halogenide anion may be represented by [MX.sub.n.sub.+m 09 .sup..sup.- m.
      Thus, the photosensitive salt and its decomposition upon actinic
      irradiation may be depicted as follows:
EQU  [Ar-N.sup.+.tbd.N].sub.m [MX.sub.n.sub.+m ].sup.-.sup.m hv .fwdarw. mAr-X +
      mN.sub.2 + MX.sub.n,                                      (I)
PAL  where X is the halogen ligand of the complex halogenide, M is the metallic
      or metalloid central atom thereof, m is the net charge on the complex
      halogenide ion, and n is the number of halogen atoms in the halide Lewis
      acid compound released. The Lewis acid halide MX.sub.n is an electron pair
      acceptor, such as FeCl.sub.3, SnCl.sub.4, PF.sub.5, AsF.sub.5, SbF.sub.5,
      and BiCl.sub.3, which upon suitable irradiation of the diazonium complex
      salt is released in substantial quantities and initiates or catalyzes the
      polymerization process, wherein the monomeric or prepolymeric material is
      polymerized or cured as the result of the actinic irradiation.
PAR  The catalyst precursors in the form of photosensitive aromatic diazonium
      salts of complex halogenides may be prepared using procedures known in the
      art. Thus, for example, chlorometallic halogenide complexes may be
      prepared in accordance with the method set forth by Lee et al. in Journal
      of the American Chemical Society, 83, 1928 (1961). Exemplifying a
      procedure of general utility, arenediazonium hexafluorophosphates can be
      prepared by diazotizing the corresponding aniline with NOPF.sub.6, made by
      combining HCl and NaNO.sub.2 with subsequent addition of hydrogen
      hexafluorophosphate (HPF.sub.6) or of a hexafluorophosphate salt, or they
      can be prepared by addition of a hexafluorophosphate salt to another
      diazonium salt to effect precipitation. As a further example, various
      morpholinoaryl complexes, containing the group
      ##EQU14##
      can be prepared either from the aniline derivative or by adding an aqueous
      solution of a metal salt of the desired complex halogenide to a solution
      of morpholinobenzenediazonium tetrafluoroborate.
PAR  An illustrative selection of aromatic diazonium salts of complex
      halogenides is listed in Table I. Many of the salts listed have been found
      to be well adapted or superior for use as latent photosensitive
      polymerization initiators in the epoxide polymerization process and
      polymerizable epoxidic compositions of the present invention, based on
      thermal stability, on solubility and stability in the epoxy formulations
      used, on photosensitivity, and on ability to effect polymerization with
      the desired degree of curing after adequate actinic irradiation. Following
      the name of each aromatic diazonium halogenide is its melting point or
      decomposition temperature, in degrees centigrade, and wavelengths of
      electromagnetic radiation, in nanometers, at which it exhibits absorption
      maxima.
PAR  The melting points given in Table I were determined generally by the usual
      visual capillary tube method; in most cases discoloration began below the
      observed melting point temperature with frothing decomposition at that
      temperature. In some cases melting points or exotherms were determined
      also by differential thermal analysis under nitrogen gas, and the
      temperatures so determined are given in parentheses. The wavelengths of
      absorption maxima in the ultraviolet-to-visible range were determined with
      the diazonium complex salt dissolved in acetonitrile.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                         M.P.,    Abs'n Max.,                                  
                         .degree.C.                                            
                                  nm.                                          
     __________________________________________________________________________
     2,4-dichlorobenzenediazonium                                              
                         62-64    259, 285, 360                                
     tetrachloroferrate(III)                                                   
     p-nitrobenzenediazonium tetra-                                            
                         93-95    243, 257, 310,                               
     chloroferrate(III)           360                                          
     p-morpholinobenzenediazonium                                              
                         121.5    240, 267, 313, 364                           
     tetrachloroferrate(III)                                                   
     2,4-dichlorobenzenediazonium                                              
                         190      285                                          
     hexachlorostannate(IV)                                                    
     p-nitrobenzenediazonium hexa-                                             
                         126      258, 310                                     
     chlorostannate(IV)                                                        
     2,4-dichlorobenzenediazonium                                              
                         152      285, 325-340                                 
     tetrafluoroborate            (shoulder)                                   
     p-chlorobenzenediazonium hexa-                                            
                         162-164  273                                          
     fluorophosphate                                                           
     2,5-dichlorobenzenediazonium                                              
                         dec. 140 264, 318                                     
     hexafluorophosphate                                                       
     2,4,6-trichlorobenzenediazonium                                           
                         240-250  294, 337                                     
     hexafluorophosphate                                                       
     2,4,6-tribromobenzenediazonium                                            
                         245-260  306                                          
     hexafluorophosphate                                                       
     p-nitrobenzenediazonium hexa-                                             
                         156 (178)                                             
                                  258, 310                                     
     fluorophosphate                                                           
     o-nitrobenzenediazonium hexa-                                             
                         161.5                                                 
     fluorophosphate                                                           
     4-nitro-o-toluenediazonium hexa-123                                       
                         (138)    262, 319                                     
     fluorophosphate (2-methyl-4-nitro-                                        
     benzenediazonium hexafluorophosphate)                                     
     2-nitro-p-toluenediazonium hexa-                                          
                         164-165  286                                          
     fluorophosphate (4-methyl-2-                                              
     nitro-benzenediazonium hexafluoro-                                        
     phosphate)                                                                
     6-nitro-2,4-xylenediazonium hexa-                                         
                         150      237, 290                                     
     fluorophosphate (2,4-dimethyl-                                            
     6-nitrobenzenediazonium hexa-                                             
     fluorophosphate)                                                          
     p-morpholinobenzenediazonium hexa-                                        
                         162 (181)                                             
                                  377                                          
     fluorophosphate                                                           
     4-chloro-2,5-dimethoxybenzenedia-                                         
                         168-169  243 (shoulder),                              
     zonium hexafluorophosphate                                                
                         (198-208)                                             
                                  287, 392                                     
     2,5-dimethoxy-4-morpholinobenzene-                                        
                         Above    266, 396                                     
     diazonium hexafluorophosphate                                             
                         135                                                   
     2-chloro-4-(dimethylamino)-5-meth-                                        
                         111      273, 405                                     
     oxybenzenediazonium hexafluoro-                                           
     phosphate                                                                 
     2,5-diethoxy-4-(p-tolylthio)ben-                                          
                         147 (150)                                             
                                  223 (shoulder),                              
     zenediazonium hexafluorophosphate                                         
                                  247, 357, 397                                
     (2,5-diethoxy-4-(p-tolylmercapto)-                                        
     benzenediazonium hexafluorophosphate)                                     
     2,5-dimethoxy-4-(p-tolylthio)ben-                                         
                         146 (155)                                             
                                  358, 400                                     
     zenediazonium hexafluorophosphate                                         
     2,5-dimethoxy-4'-methyl-4-biphenyl-                                       
                         167      405                                          
     diazonium hexafluorophosphate                                             
     (2,5-dimethoxy-4-(p-tolyl)benzene-                                        
     diazonium hexafluorophosphate)                                            
     2,4',5-triethoxy-4-biphenyldiazonium                                      
                         136      265, 415                                     
     hexafluorophosphate (2,5-diethoxy-                                        
     4-(p-ethoxyphenyl)benzenediazonium                                        
     hexafluorophosphate)                                                      
     4-(dimethylamino)-1-naphthalenedia-                                       
                         148      280, 310, 410                                
     zonium hexafluorophosphate                                                
     p-nitrobenzenediazonium hexafluoro-                                       
                         141-144  257, 310                                     
     arsenate(V)         (161)                                                 
     p-morpholinobenzenediazonium hexa-                                        
                         162      257, 378                                     
     fluoroarsenate(V)   (176-177)                                             
     2,5-dichlorobenzenediazonium hexa-                                        
                         161-162.5                                             
                                  238, 358                                     
     fluoroantimonate(V)                                                       
     p-nitrobenzenediazonium hexafluoro-                                       
                         140-141  257, 308                                     
     antimonate(V)                                                             
     p-morpholinobenzenediazonium hexa-                                        
                         153      254, 374                                     
     fluoroantimonate(V) (177.5-180.5)                                         
     2,4-dichlorobenzenediazonium hexa-                                        
                         178-180  279, 322 (shoulder)                          
     chloroantimonate(V)                                                       
     2,4-dichlorobenzenediazonium penta-                                       
                         193.5-195                                             
                                  285, 313                                     
     chlorobismuthate(III)                                                     
     o-nitrobenzenediazonium pentachloro-                                      
                         166.5-168                                             
                                  285, 313                                     
     bismuthate(III)                                                           
     __________________________________________________________________________
PAR  The cationic initiators or catalyst precursors listed hereinabove are
      solids. It usually is possible to dissolve such ingredients in one or more
      of the polymerizable ingredients making up the epoxide blend which is
      utilized in the polymerizable compositions of the present invention.
      However, it frequently is more convenient for mixing purposes to provide
      such an ingredient for the mixing operation already dissolved in a
      solvent. Thus the use of a small amount of a solvent medium such as
      acetone or anisole often is convenient for introducing the solid additive
      and facilitating its solution and distribution throughout the epoxide
      blend. It has been found that commercial propylene carbonate (a cyclic
      propylene ester of carbonic acid, probably identified as primarily
      4-methyl-1,3-dioxolan-2-one) makes a good solvent for the aromatic
      diazonium complex salts, and the propylene carbonate so used is completely
      miscible with epoxy resins. For example, propylene carbonate may make up
      between approximately 1% and 2-1/2% by weight of the entire polymerizable
      composition.
PAR  To avoid substantially the disadvantages of utilizing an inert solvent
      medium, the total amounts of any solvents which do not participate in the
      polymerization reactions, including a solvent such as propylene carbonate
      and any volatile solvents present, should be kept below about 4% by
      weight. In particular, unpolymerizable volatile solvents boiling below
      about 190.degree.C should be kept within this approximate limit of 4% by
      weight to avoid the substantial evolution of waste gases during
      application and polymerization of the polymerizable composition. Within
      this approximate limit, the presence of solvents is not found to change
      the essential character of the epoxide blends and polymerizable
      compositions of the present invention.
PAR  Referring to equation I hereinabove showing the photolytic decomposition of
      a catalyst precursor, the halide Lewis acid MX.sub.n released reacts with
      the epoxidic materials of the blend with a result exemplified by the
      following:
EQU  ArN.sub.2 M(X.sub.n+1) + monomer .sup.radiation  polymer.  (II).
PAL  The cationic catalyst is believed to act by cleaving a carbon-oxygen epoxy
      bond, initiating growth of a polymeric chain or permitting formation of a
      cross-linkage. A general application of the process embodied by equations
      I and II can be as follows: a diazonium complex salt, for example, as
      identified hereinabove, is admixed with the epoxide blend. The mixture is
      thereafter coated on a suitable substrate such as a metal plate, plastic,
      or paper, and the substrate is exposed to ultraviolet or electron beam
      radiation. On exposure the diazonium compound decomposes to yield the
      Lewis acid catalyst, which initiates the polymerization of the epoxy
      monomer. The resulting polymer is resistant to most solvents and
      chemicals.
PAR  The source of radiation for effecting production of the epoxidic polymer
      can be any suitable source, such as the ultraviolet actinic radiation
      produced from a mercury, xenon, or carbon arc lamp, or the electron beam
      produced in a suitably evacuated cathode ray gun. The only limitation
      placed on the radiation source used is that it must have an energy level
      at the irradiated film sufficient to impart to the polymerizable system
      energy at an intensity high enough to reach the decomposition level of the
      photosensitive compounds. As previously noted, the wavelength (frequency)
      range of actinic radiation is chosen to obtain sufficient absorption of
      energy to excite the desired decomposition.
PAR  For an imaging system, the mixture of epoxides and cationic initiator is
      coated on a metal plate, and the plate is exposed to ultraviolet light
      through a mask or negative. The light initiates polymerization which
      propagates rapidly in the exposed image areas. The resulting polymer in
      the exposed areas is resistant to many or most solvents and chemicals,
      while the unexposed areas can be washed away with suitable solvents to
      leave a reversal image of an epoxy polymer in this embodiment.
PAR  The polymers produced by the polymerizing process of the present invention
      are useful in a wide variety of applications in the field of coating,
      decoration of substrates, and graphic arts, due to their superior adhesion
      to metal and paper surfaces, excellent resistance to most solvents and
      chemicals, and capability of forming high resolution images. Among such
      uses are photoresists for chemical milling, gravure images, offset plates,
      stencil-making, microimages for printed circuitry, thermoset vesicular
      images, microimages for information storage, decoration of paper, glass,
      and packages, and light-cured coatings.
PAR  The procedures for mixing the epoxide blends and curable compositions of
      the present invention are relatively simple. The several monomer and
      prepolymer resins are combined with each other and with the catalyst
      precursor, serially or in one mixing operation, in suitable blending or
      mixing apparatus, such as a conventional propeller stirrer. The catalyst
      precursor thus may be dissolved directly in the premixed epoxide blend, or
      in an epoxide component thereof having good solvent properties and low
      viscosity which thereafter is blended with the other epoxides to form the
      blend. Alternatively, the cationic initiator may be mixed preliminarily in
      a small proportion of a volatile or nonvolatile solvent medium, as
      discussed hereinabove, and then combined with the polymerizable material.
PAR  The amount of catalyst precursor employed should be sufficient to insure
      complete polymerization. It has been found that quite satisfactory results
      are obtained by providing a diazonium complex salt, for example, in amount
      by weight from about 0.5% to about 5% of the catalyst precursor relative
      to the weight of the polymerizable epoxide material present, about 1% or
      less of the precursor being amply effective with most epoxide-catalyst
      precursor systems. To be satisfactorily effective, the cationic initiator
      present in the polymerizable composition should be soluble in the epoxy
      resin blend, should not react with the epoxides at room temperature in the
      absence of activating radiation, but should decompose rapidly on exposure
      to actinic radiation or electron beams of sufficient energy, to liberate a
      cationic agent for initiating polymerization of the epoxide materials.
PAR  It may be desirable to include in the epoxide blend, or in the
      polymerizable composition made up with the epoxide blend, an inert pigment
      or filler, which may be present in even a major proportion by weight, or
      small amounts of inert non-volatile liquids such as mineral oil,
      softeners, surfactants, or like adjuvants. Inclusion of such substantially
      inert ingredients usually makes advisable a proportionate increase in the
      optimum amount of catalyst precursor used. Nevertheless, the precursor
      needed rarely exceeds 5% of the entire weight of the composition. It will
      be appreciated that the presence of such additional inert ingredients does
      not substantially affect or alter the essential characteristics of the
      epoxide blend or of the polymerizable compositions as regards their
      intended utilizations or essential properties.
DETD
PAR  The following examples will serve further to illustrate the present
      invention.
PAC  EXAMPLE 1
PAR  A blend was prepared of the following epoxide materials, in parts by
      weight:
     1,4-Butanediol diglycidyl ether                                           
                           1,000 (50.0%)                                       
     (3,4-Epoxycyclohexyl)methyl                                               
                           1,000 (50.0%)                                       
     3,4-epoxycyclohexanecarboxylate                                           
PAR  An amount equal to 12 parts by weight of a catalyst precursor,
      2,5-diethoxy-4-(p-tolylthio)benzenediazonium hexafluorophosphate, was
      dissolved in the resin blend, constituting 0.60% of the weight of the
      resulting polymerizable composition.
PAR  A small quantity of this light-sensitive composition was spread by hand
      draw-down in a thin film over an aluminum plate and exposed to a 360-watt
      high pressure mercury arc lamp at a distance of 2 inches. Polymerization
      commenced immediately upon exposure to the ultraviolet radiation, and
      within 40 seconds the coating on the aluminum plate had cured to a hard
      finish. This formulation including a polyglycidyl ether of a polyhydric
      alcohol is well suited for application to metal substrates using
      conventional production roller coaters. Printed or decorative matter may
      be provided by applying portions of such a mixture containing appropriate
      pigments to predetermined areas of the surface of the metal substrate, or
      the entire surface may be coated therewith, followed by the application of
      energy through irradiation to cure the composition transferred to the
      substrate and produce the desired coated or imprinted metal product.
PAC  EXAMPLE 2
PAR  An epoxide blend was prepared, using 20 milliliters of each of the
      following materials to provide a mixture containing closely equal parts by
      weight of the two materials:
TBL  1,4-Butanediol diglycidyl ether                                           
                           (50% approx.)                                       
     (3,4-Epoxycyclohexyl)methyl                                               
                           (50% approx.)                                       
     3,4-epoxycyclohexanecarboxylate                                           
PAR  A solution was made by dissolving 7.5 grams of the latent initiator
      p-chlorobenzenediazonium hexafluorophosphate in 50 milliliters of
      acetonitrile. A 1 ml portion of this solution, containing 0.15 g of the
      initiator complex salt, was mixed into the blend obtained by mixing the
      above-specified volumes of epoxides, thus providing the initiator therein
      in amount equal to approximately 0.33% of the total weight, and also
      providing therein the acetonitrile solvent in amount equal to
      approximately 1.55% of the total weight. The beneficial effect of such
      small addition of acetonitrile in inhibiting premature gelation of the
      polymerizable epoxide composition is disclosed and claimed in my
      application Ser. No. 144,667 now U.S. Pat. No. 3,721,616 issued Mar. 20,
      1973, filed concurrently herewith and assigned to the same assignee as
      that of the present application.
PAR  A portion of the composition prepared as above was applied to metal and
      plastic substrates in the form of an aluminum sheet and a sheet of
      polyethylene plastic material, using a drawbar (No. 3) to obtain even
      coatings of the order of 0.0005  inch thick when wet. The coated sheets
      were exposed to the radiation from a 360-watt mercury arc lamp at a
      distance of 3 inches for 1 minute, giving hard cured coatings on both
      metal and plastic substrates.
PAC  EXAMPLE 3
PAR  The following epoxides were blended:
TBL  Vinylcyclohexene dioxide                                                  
                            22 g (52.4%)                                       
     (3,4-Epoxycyclohexyl)methyl                                               
                            20 g (47.6%)                                       
     3,4-epoxycyclohexanecarboxylate                                           
PAR  Another 1-milliliter portion of the same solution of latent initiator,
      prepared as described in Example 2, was added to the blend of
      vinylcyclohexene dioxide with the bis(epoxycyclohexyl) ester. This
      addition provided 0.35% by weight of initiator and approximately 1.6% by
      weight of acetonitrile in the resulting polymerizable composition.
      Portions of this composition likewise were coated on metal and plastic
      substrates and irradiated under the mercury arc for 1 minute, again giving
      hard cured coatings on both the metal and plastic surfaces.
PAC  EXAMPLE 4
PAR  An epoxide blend was made up of the following epoxides in parts by weight:
TBL  Vinylcyclohexene dioxide                                                  
                            2 parts (28.6%)                                    
     (3,4-Epoxycyclohexyl)methyl                                               
                            5 parts (71.4%)                                    
     3,4-epoxycyclohexanecarboxylate                                           
PAR  To 10 g of this blend there were added 60 mg (0.60% of the total weight) of
      2,5-diethoxy-4-(p-tolylthio)benzenediazonium hexafluorophosphate, and
      stirring was continued until dissolved. The resulting light-sensitive
      formulation was used to coat a plate of chromated steel, using a No. 3
      drawbar. The steel plate was exposed to a 360-watt mercury arc at a
      distance of 2 inches for 2 seconds, then placed in an oven at 110.degree.C
      for 10 minutes. The coating cured to a hard, glossy protective finish. To
      test adhesion the coated plate was immersed for 30 minutes in a hot water
      bath maintained at 70.degree.C, removed, blotted dry, scratched with a
      sharp blade and impressed with a piece of highly adhesive plastic tape.
      Pulling the tape off sharply failed to remove the coating from the metal
      plate.
PAC  EXAMPLE 5
PAR  The bis(epoxycyclohexyl) ester may provide a very high proportion of the
      epoxide materials, as illustrated by the following blend:
TBL  Prepolymer consisting sub-                                                
                             40 g (10%)                                        
     stantially of diglycid-                                                   
     yl ether of bisphenol A                                                   
     (3,4-Epoxycyclohexyl)methyl                                               
                            360 g (90%)                                        
     3,4-epoxycyclohexanecarboxylate                                           
PAR  The prepolymer product used was specified to have a viscosity at
      25.degree.C in the range of 6,500-9,500 cps and an epoxy equivalent weight
      of 180-188. To this weight of the blend was added a solution of 4 g (0.97%
      of the total weight) of p-chlorobenzenediazonium hexafluorophosphate in 8
      ml (9.65 g, or 2.33%) of propylene carbonate. The resulting mixture was
      placed in the fountain of a Heidelberg printing press of the dry offset
      type and applied to paper as a thin coating. The paper was then placed on
      a conveyor passing beneath two 1200-watt high-pressure mercury arcs.
      Shortly after exposure to the mercury arcs, the coating had cured to a
      hard, glossy finish.
PAR  Examples 6 and 7 illustrate epoxide blends near the upper limit of the
      proportion of the prepolymer material.
PAC  EXAMPLE 6
PAR  The following epoxide blend was prepared, in parts by weight:
TBL  Prepolymer consisting sub-                                                
                         720 parts                                             
     stantially of diglycid-                                                   
     yl ether of bisphenol A                                                   
     Epoxy phenol novolak                                                      
                          90 parts                                             
                         810 parts  (81.8%)                                    
     (3,4-Epoxycyclohexyl)methyl                                               
     3,4-epoxycyclohexanecarboxylate                                           
                         180 parts  (18.2%)                                    
PAR  The diglycidyl ether of bisphenol A was specified to have a viscosity of
      6,500-9,500 cps at 25.degree.C and an epoxy equivalent weight of 180-188;
      the epoxidized phenol novolak had a viscosity at 52.degree.C in the range
      of 1,400-2,000 cps and an epoxy equivalent weight of 172-179. Also
      included in this epoxide blend as a surface active adjuvant were 9 parts
      of mineral oil (making 999 parts by weight, and becoming 0.87% of the
      total weight of the polymerizable composition). The polymerizable
      composition was completed by adding, to a 400-gram portion of the above
      composition including mineral oil, 4 g (0.97% of the total weight) of
      p-chlorobenzenediazonium hexafluorophosphate in 8 ml (9.65 g, or 2.33% of
      the total weight) of propylene carbonate. The epoxide blend of diglycidyl
      ether of bisphenol A and novolak constituted 95.8% of the total weight, or
      96.8% including the benzediazonium complex salt as the cationic initiator.
PAR  The clear varnish thus prepared was applied to paper as a coating by a dry
      offset printing press. The coated paper was placed on a conveyor moving at
      500 feet per minute and passing beneath two 1200-watt high pressure
      mercury arcs. Immediately after exposure the varnish already was dry to
      the touch and gave a hard glossy finish over the paper.
PAC  EXAMPLE 7
PAR  A blend of epoxy resins was prepared by mixing the following, in parts by
      weight:
TBL  Prepolymer consisting sub-                                                
                        600 parts                                              
     stantially of diglycid-                                                   
     yl ether of bisphenol A                                                   
     Epoxy phenol novolak                                                      
                         78 parts                                              
                        678 parts  (85.5%)                                     
     (3,4-Epoxycyclohexyl)methyl                                               
     3,4-epoxycyclohexanecarboxy-                                              
                        115 parts  (14.5%)                                     
     late                                                                      
PAR  The above epoxides were the same products used in the epoxide blend of
      Example 6. To a fraction of this resin blend was added 1% by weight (7.93
      parts, or 0.96% of the total weight) of p-chlorobenzenediazonium
      hexafluorophosphate dissolved in an amount of methyl ethyl ketone equal to
      3% by weight of the fraction of resin blend (23.8 parts, or 2.88% of the
      total weight). This light-sensitive formulation then was applied to paper
      in a thin film and exposed to a 1200-watt high pressure mercury arc lamp
      for 0.5 second at a distance of 2 inches. The resin film cured to a hard,
      non-tacky finish.
PAC  EXAMPLE 8
PAR  The following resin blend was prepared, in parts by weight:
TBL  Epoxy phenol novolak   100 (33.3%)                                        
     (3,4-Epoxycyclohexyl)methyl                                               
                            200 (66.7%)                                        
     3,4-epoxycyclohexanecarboxylate                                           
PAR  The novolak had a viscosity in the range of 1,400-2,000 cps at 32.degree.C
      and an epoxy equivalent weight of 172-179.  Along with these epoxides
      there also were included 2.3 parts (0.76% of the total weight) of the
      catalyst precursor 2,5-diethoxy-4-(p-tolylthio)benzenediazonium
      hexafluorophosphate and mixing was continued until a homogeneous solution
      was obtained.
PAR  A roller coater was used to apply portions of this solution to a
      clay-filled paper substrate and also to another paper substrate already
      carrying a printed ink decoration. The coated papers were passed beneath a
      360-watt high pressure mercury lamp for 10 seconds at a distance of 3
      inches. The coatings cured to an odorless finish having high gloss.
PAR  On stacking the coated sheets produced as described in Example 8, a slight
      tendency was observed for the sheets to adhere to each other. This
      tendency was overcome by a rather small modification of the epoxide blend,
      in which was included a monoepoxide, in the form of 1,2-epoxybutane,
      having a viscosity at 23.degree.C of less than 20 cps. This modified
      formulation is described in Example 9, and the examples following Example
      9 illustrate a variety of formulations in which the epoxide blend includes
      such a monoepoxide in addition to the prepolymer material and the
      bis(epoxycycloalkyl) ester.
PAC  EXAMPLE 9
PAR  A modified resin blend, based on the formulation of Example 8, was mixed to
      include the following epoxides, in parts by weight:
TBL  Epoxy phenol novolak 100 parts (32.9%)                                    
     (3,4-Epoxycyclohexyl)methyl                                               
                          200 parts (65.8%)                                    
     3,4-epoxycyclohexanecarboxylate                                           
     1,2-Epoxybutane       4 parts ( 1.3%)                                     
PAR  As with Example 8, 2.3 parts (0.75% of the total weight) of
      2,5-diethoxy-4-(p-tolylthio)benzenediazonium hexafluorophosphate were
      mixed thoroughly in with the epoxide blend. When portions of the resulting
      formulation were coated on paper and cured as in Example 8, the coated
      paper sheets showed no tendency to adhere when stacked.
PAC  EXAMPLE 10
PAR  The following epoxides were blended (parts by weight):
TBL  Epoxy phenol novolak 16 parts (59.3%)                                     
     (3,4-Epoxycyclohexyl)methyl                                               
                           8 parts (29.6%)                                     
     3,4-epoxycyclohexanecarboxylate                                           
     1,2-Epoxybutane       3 parts (11.1%)                                     
PAR  The novolak had a viscosity in the range of 1,400-2,000 cps at 52.degree.C
      and an epoxy equivalent weight of 172-179. To 10 g of the above resin
      blend there was thoroughly admixed 0.1 g (0.99% of the total weight) of
      2,5-diethoxy-4-(p-tolylthio)benzenediazonium hexafluorophosphate. The
      resulting light-sensitive coating formulation was applied to paperboard,
      using a roller coater, and exposed to a 360-watt high-pressure mercury
      arc. Within 25 seconds the coating had cured to a hard finish showing a
      high gloss and good adhesion to the paperboard.
PAC  EXAMPLE 11
PAR  Another blend of epoxides was made of the following, in parts by weight:
TBL  Epoxy phenol novolak 160 parts (59.3%)                                    
     (3,4-Epoxycyclohexyl)methyl                                               
                           80 parts (29.6%)                                    
     3,4-epoxycyclohexanecarboxylate                                           
     Alkyl glycidyl ether in                                                   
                           30 parts (11.1%)                                    
     which alkyl groups are pre-                                               
     dominantly octyl and decyl                                                
PAR  The novolak product of Example 10 was used also in the above blend. To 200
      parts by weight of this resin blend was added 2.1 parts by weight (1.01%)
      of 2,5-diethoxy-4-(p-tolylthio)benzenediazonium hexafluorophosphate
      dissolved in 5 parts (2.41%) of acetonitrile. This light-sensitive coating
      formulation was applied to paperboard using a roller coater. The coated
      board was exposed to a 360-watt high pressure mercury arc, for 5 seconds,
      which caused the coating to cure to a hard, glossy finish.
PAC  EXAMPLE 12
PAR  An epoxide blend was mixed as follows (parts by weight):
TBL  Epoxy phenol novolak  10 parts (71.5%)                                    
     (3,4-Epoxycyclohexyl)methyl                                               
                            3 parts (21.4%)                                    
     3,4-epoxycyclohexanecarboxylate                                           
     1,2-Epoxybutane        1 part  ( 7.1%)                                    
PAR  Again a novolak was used having a viscosity in the range of 1,400-2,000 cps
      and an epoxy equivalent weight of 172-179. In a 20 ml portion of the above
      blend there was dissolved 0.5 g of
      2,5-diethoxy-4-(p-tolylthio)benzenediazonium hexafluorophosphate, which
      made up approximately 1.4% of the total weight of the resulting
      photosensitive composition. The resulting solution was applied to the
      surface of a coating-holdout paper, clay-filled to prevent rapid
      penetration, and to another paper substrate whose surface was covered with
      a printed ink decoration. These coated papers were exposed to a 360-watt
      high pressure mercury lamp at a distance of 3 inches for 10 seconds. The
      coatings cured to a hard, glossy, practically odorless finish.
PAC  EXAMPLE 13
PAR  As exemplifying a polymerizable composition curable by application of
      thermal energy alone, that is, by heating the composition as coated or
      otherwise applied, a resin blend was prepared by mixing the following
      epoxide materials (in parts by weight):
TBL  Prepolymer consisting sub-                                                
                           20 parts (60.6%)                                    
     stantially of diglycid-                                                   
     yl ether of bisphenol A                                                   
     (3,4-Epoxycyclohexyl)methyl                                               
                           10 parts (30.3%)                                    
     3,4-epoxycyclohexanecarboxylate                                           
     Alkyl glycidyl ether in                                                   
                            3 parts ( 9.1%)                                    
     which alkyl groups are                                                    
     predominantly dodecyl                                                     
     and tetradecyl                                                            
PAR  The bisphenol A diglycidyl ether prepolymer used had a viscosity at
      25.degree.C in the range of 4,000-6,000 cps and an epoxy equivalent weight
      of 172-178. To 100 g of this resin blend there was added 2 g (1.96%) of
      boron trifluoride monoethylamine complex, and the mixture was stirred with
      gentle warming until a homogeneous solution was formed.
PAR  Aliquots of 5 ml each were withdrawn from this solution and immersed in an
      oil bath at various temperatures. The time required for the formulation to
      harden was noted, with the following results:
TBL  Bath Temperature, .degree.C                                               
                      Time to Harden, Seconds                                  
     ______________________________________                                    
     160              More than 120                                            
     170              80                                                       
     180              65                                                       
     190              65                                                       
     ______________________________________                                    
PAR  A few drops of the catalyzed formulation were placed on a steel sheet and
      drawn down to a thin film with a glass rod. The steel sheet was placed on
      a hot plate. Within 5 seconds the film had hardened, providing a glossy,
      protective coating which showed good adhesion to the steel sheet.
PAC  EXAMPLE 14
PAR  An epoxide blend was made as follows:
TBL                    Viscosity                                               
                              Epoxy                                            
                                  Parts                                        
                       at 25.degree.C,                                         
                              Equiv.                                           
                                  by                                           
     Epoxide           Cps    Wt. Weight                                       
     __________________________________________________________________________
     Prepolymer consisting sub-                                                
     stantially of diglycid-                                                   
                       6500-9500                                               
                              182 18 (51.4%)                                   
     yl ether of bisphenol A                                                   
     (3,4-Epoxycyclohexyl)methyl                                               
                       275    139 12 (34.3%)                                   
     3,4-epoxycyclohexanecarboxylate                                           
     Alkyl glycidyl ether in                                                   
                       8      263  5 (14.3%)                                   
     which alkyl groups are                                                    
     predominantly dodecyl                                                     
     and tetradecyl                                                            
     __________________________________________________________________________
PAR  A 400 g aliquot of this blend was measured out, and to it were added 10 ml
      of a 1.0 molar solution of a light-sensitive cationic initiator, namely
      p-chlorobenzenediazonium hexafluorophosphate, in acetone. This addition
      provided approximately 0.7% of the latent initiator and approximately 1.6%
      of the volatile solvent, expressed in percentages of the total weight. A
      coating of this formulation may be cured readily by exposure to radiation
      from a mercury arc.
PAC  EXAMPLE 15
PAR  A blend of epoxide resins were prepared by mixing the following materials,
      in parts by weight:
TBL  Prepolymer consisting sub-                                                
                            4 parts (57.1%)                                    
     stantially of diglycid-                                                   
     yl ether of bisphenol A                                                   
     (3,4-Epoxycyclohexyl)methyl                                               
                            2 parts (28.6%)                                    
     3,4-epoxycyclohexanecarboxylate                                           
     Alkyl glycidyl ether in                                                   
                            1 part (14.3%)                                     
     which alkyl groups are pre-                                               
     dominantly octyl and decyl                                                
PAR  The diglycidyl ether of bisphenol A has an epoxy equivalent weight of
      approximately 187 and a viscosity at 25.degree.C specified to be within
      the range of 5,000 to 6,400 cps. To an amount of this epoxide blend
      weighing 350 g there were added 2.8 g (0.79%) of a latent cationic
      polymerization initiator in the form of p-nitrobenzenediazonium
      tetrafluoroborate. The viscosity of the resulting composition upon mixing
      was 410 cps at 25.degree.C. Polymerization of coatings of this composition
      is initiated by irradiation with ultraviolet light.
PAC  EXAMPLE 16
PAR  The following resin blend was mixed:
TBL  Vinylcyclohexene dioxide                                                  
                           10 parts (43.5%)                                    
     (3,4-Epoxycyclohexyl)methyl                                               
                           10 parts (43.5%)                                    
     3,4-epoxycyclohexanecarboxylate                                           
     1,2-Epoxybutane        3 parts (13.0%)                                    
PAR  In 10 g of this blend there was dissolved 60 mg (0.60%) of
      2,5-diethoxy-4-(p-tolylthio)benzenediazonium hexafluorophosphate. The
      resulting light-sensitive solution was spread in a thin film over the
      surface of a chromated steel plate, exposed to a 360-watt mercury arc for
      2 seconds, and then heated in an oven at 110.degree.C for 10 minutes. The
      coating at the end of this time was hard and displayed excellent adhesion
      to the metal plate.
PAC  EXAMPLE 17
PAR  Another resin blend was made, as follows:
TBL  Vinylcyclohexene dioxide                                                  
                           16 parts (41.0%)                                    
     (3,4-Epoxycyclohexyl)methyl                                               
                           20 parts (51.3%)                                    
     3,4-epoxycyclohexanecarboxylate                                           
     Alkyl glycidyl ether in                                                   
                            3 parts ( 7.7%)                                    
     which alkyl groups are pre-                                               
     dominantly octyl and decyl                                                
PAR  A 60-mg weight of 2,5-diethoxy-4-(p-tolylthio)-benzenediazonium
      hexafluorophosphate was dissolved in a 10-gram weight drawn from this
      resin blend. Thin films of the resulting light-sensitive coating
      formulation were applied to sheets of aluminum and of chromated steel.
      After a 2-second exposure to a 360-watt high pressure mercury arc, the
      coated metal sheets were baked for 10 minutes at 110.degree.C. The coating
      cured to a hard, tough finish showing good adhesion to the aluminum and
      chromated steel substrates.
PAC  EXAMPLE 18
PAR  The following blend including two epoxidic prepolymers was prepared:
TBL  Prepolymer consisting sub-                                                
                            6 g                                                
     stantially of diglycid-                                                   
     yl ether of Bisphenol A                                                   
     Epoxy phenol novolak   6 g                                                
                           12 g    (21.4%)                                     
     (3,4-Epoxycyclohexyl)methyl                                               
     3,4-epoxycyclohexanecarboxylate                                           
                           40 g    (71.5%)                                     
     Allyl glycidyl ether   4 g    ( 7.1%)                                     
PAR  The diglycidyl ether of bisphenol A was specified to have a viscosity of
      5,000-6,500 cps at 25.degree.C and a minimum epoxy equivalent weight of
      178; the novolak product was specified to have a viscosity of 1,400-2,000
      cps at 52.degree.C and an epoxy equivalent weight between 172 and 179.
      When the epoxide blend described above was prepared, the mixture included
      also 392 mg of p-chlorobenzenediazonium hexafluorophosphate, equal to
      0.70% of the weight of the mixture. The resulting light-sensitive
      formulation was applied to paperboard using a roller coater, and the
      coated paperboard was exposed to two 1200-watt mercury arcs while on a
      conveyor moving at 480 feet per minute. The coating cured to a hard,
      glossy finish.
PAC  EXAMPLE 19
PAR  A large batch of epoxide materials was prepared by blending the following,
      in the indicated proportions by weight:
TBL  Epoxy phenol novolak                                                      
                        250 parts                                              
     Vinylcyclohexene dioxide                                                  
                         25 parts                                              
                        275 parts  (68.75%)                                    
     Bis[(3,4-epoxy-6-methylcy-                                                
                         75 parts  (18.75%)                                    
     clohexyl)methyl]adipate                                                   
     Alkyl glycidyl ether in                                                   
                         50 parts  (12.50%)                                    
     which alkyl groups are pre-                                               
     dominantly octyl and decyl                                                
                        400 parts                                              
PAR  The novolak used in this blend had a viscosity at 52.degree.C within the
      range of 1,400-2,000 cps and an epoxy equivalent weight of 172-179. The
      four epoxide materials, blended in the given proportions, had a viscosity
      of about 400 cps at 23.degree.C. To 400 parts of this epoxide blend were
      added 20 parts of a 20% solution of p-chlorobenzenediazonium
      hexafluorophosphate in acetonitrile, providing therein 4 parts of the
      catalyst precursor, or 0.95% by weight of the entire polymerizable
      composition. The remaining 16 parts of acetonitrile, a volatile solvent
      with gelation-inhibiting properties, constituted 3.81% of the weight of
      the composition.
PAR  The catalyzed formulation was applied to a coating-holdout paper, using a
      roller coater. The coated paper then was exposed to a 360-watt high
      pressure mercury lamp at a distance of 3 inches for 5 seconds. The coating
      was found to have cured to a non-tacky, high gloss finish and showed good
      adhesion to the paper.
PAC  EXAMPLE 20
PAR  In another 100 parts by weight of the batch of resin blend described in
      Example 19 there were dissolved 1.2 parts of
      2,5-diethoxy-4-(p-tolylthio)benzenediazonium hexafluorophosphate (1.19% of
      the total weight).
PAR  The solution then was used to coat sheets of a clay-coated paperboard,
      using a roller coater. The resincoated sheets were placed on a conveyor
      belt moving at 500 feet per minute and passed beneath a 1200-watt high
      pressure mercury lamp 17 inches in length at a distance of 3 inches. The
      coating cured to a non-tacky finish. To test for "blocking", the coated
      sheets were stacked and pressed in a hydraulic press under 10 tons of
      pressure for 10 minutes. There was no evidence of sticking together. The
      stacked sheets then were kept under a pressure of 50 pounds for 72 hours.
      There was no tendency for the sheets so pressed to stick together.
PAC  EXAMPLE 21
PAR  Another portion of a light-sensitive composition was made by dissolving 1
      part by weight of the 2,5-diethoxy-4-(p-tolylthio)benzenediazonium
      hexafluorophosphate catalyst precursor in another 100 parts of the epoxide
      batch of Example 19, giving 0.99% by weight of the catalyst precursor.
PAR  The resulting solution was used to coat a special paper filled with a
      polybutadiene latex. After coating, the paper immediately was exposed to a
      360-watt high pressure mercury lamp at a distance of 3 inches for 5
      seconds. The coating cured to a high-gloss, non-tacky finish free of odor.
PAR  The same solution was used to coat continuously at a rate of 100 feet per
      minute a reel of paper 8 inches wide, using a laboratory roller coating
      machine. The coated web then was passed beneath a 1200-watt mercury lamp
      17 inches long at a distance of 3 inches and immediately rewound. The
      cured finish was glossy, nearly odorless, and showed no tendency to stick
      on rewinding.
PAC  EXAMPLE 22
PAR  A mixture was prepared of the following epoxide materials in the indicated
      proportions:
TBL  Epoxy phenol novolak                                                      
                         12.50 g                                               
     Vinylcyclohexene dioxide                                                  
                          1.25 g                                               
                         13.75 g   (68.75%)                                    
     (3,4-Epoxycyclohexyl)methyl                                               
     3,4-epoxycyclohexanecarboxylate                                           
                          3.75 g   (18.75%)                                    
     Glycidyl phenyl ether                                                     
                          2.50 g   (12.50%)                                    
                         20.00 g                                               
PAR  The novolak used had the same specifications as that used in the
      composition of Example 19. To 20 g of the above mixture there was added
      0.2 g (0.99%) of 2,5-diethoxy-4-(p-tolylthio)benzenediazonium
      hexafluorophosphate. The resulting light-sensitive coating formulation was
      applied to paperboard, using a roller coater, and immediately exposed to a
      360-watt high pressure mercury arc for 5 seconds. The coating, liquid
      before exposure, was hard and glossy immediately after exposure.
PAC  EXAMPLE 23
PAR  The following blend of epoxy resins was prepared:
TBL  Prepolymer consisting sub-                                                
                         30 parts                                              
     stantially of diglycid-                                                   
     yl ether of bisphenol A                                                   
     1,4-Butanediol diglycidyl                                                 
                          3 parts                                              
     ether                                                                     
                         33 parts  (66.0%)                                     
     (3,4-Epoxycyclohexyl)methyl                                               
     3,4-epoxycyclohexanecarboxylate                                           
                         15 parts  (30.0%)                                     
     Alkyl glycidyl ether in                                                   
                          2 parts  (4.0%)                                      
     which alkyl groups are                                                    
     predominantly dodecyl                                                     
     and tetradecyl                                                            
PAR  The diglycidyl ether of bisphenol A used in this blend had a viscosity at
      25.degree.C in the range of 4,000-6,000 cps and an epoxy equivalent weight
      of 172-178. To 40 g of this resin blend were added 0.4g (0.99%) of
      2,5-diethoxy-4-(p-tolylthio)benzenediazonium hexafluorophosphate. The
      resulting solution was used to coat paper. The coated paper was placed on
      a conveyor moving at 270 feet per minute and passed beneath two 1200-watt
      mercury arcs, each 18 inches long. After exposure, the coating had cured
      to a hard, glossy finish.
PAC  EXAMPLE 24
PAR  Eight different light-sensitive coating compositions were prepared, each
      consisting of the following ingredients in the indicated proportions by
      weight:
TBL  Prepolymer consisting sub-                                                
                         30 parts                                              
     stantially of diglycid-                                                   
     yl ether of bisphenol A                                                   
     1,4-Butanediol diglycidyl                                                 
                          3 parts                                              
     ether                                                                     
                         33 parts  (66.0%)                                     
     (3,4-Epoxycyclohexyl)methyl                                               
     3,4-epoxycyclohexanecarboxylate                                           
                         15 parts  (30.0%)                                     
     Monoepoxide (specified                                                    
                          2 parts  (4.0%)                                      
     below)              50 parts  (100.0%)                                    
     2,5-Diethoxy-4-(p-tolylthio)-                                             
                         0.5 parts (0.99%) of                                  
     benzenediazonium hexafluoro-                                              
                         the total weight                                      
     phosphate                                                                 
PAR  Each composition was mixed until the diazonium complex salt was distributed
      and dissolved therein. The bisphenol A diglycidyl ether product was the
      same product as used in the composition of Example 23.
PAR  The monoepoxides used individually in the eight compositions, each
      monoepoxide product having a viscosity at 23.degree.C of less than 20 cps,
      were the following:
TBL  A-1,2-Epoxybutane                                                         
     B-Cyclopentene oxide (6-oxabicyclo[3.1.0]hexane)                          
     C-Cyclohexene oxide (7-oxabicyclo[4.1.0]heptane)                          
     D-Butyl glycidyl ether                                                    
     E-Phenyl glycidyl ether                                                   
     F-Tetrahydrofuran, CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 -O                 
     G-Mixture of 1-alkenes having predominantly 11 to 14                      
      carbon atoms                                                             
     H-Mixture of 1-alkenes having predominantly 15 to 18                      
      carbon atoms                                                             
PAR  A portion of each of these eight compositions was spread in a thin film
      over paper, then placed on a conveyor moving at a speed of 380 feet per
      minute beneath two 1200-watt mercury arc lamps at a distance of 2 inches
      from the coated surfaces of the paper. During passage under the mercury
      arcs all of the coatings cured to a hard, glossy finish.
PAC  EXAMPLE 25
PAR  The following materials were mixed in the indicated proportions by weight:
TBL  Prepolymer consisting sub-                                                
                         20 parts  (60.6%)                                     
     stantially of diglycid-                                                   
     yl ether of bisphenol A                                                   
     (as used in Example 23)                                                   
     (3,4-Epoxycyclohexyl)methyl                                               
                         10 parts  (30.3%)                                     
     3,4-epoxycyclohexanecarboxylate                                           
     Alkyl glycidyl ether in                                                   
                          3 parts  (9.1%)                                      
     which alkyl groups are                                                    
     predominantly dodecyl                                                     
     and tetradecyl                                                            
                         33 parts  (100.0%)                                    
     p-Chlorobenzenediazonium                                                  
                         0.33 parts (0.97% of                                  
     hexafluorophosphate the total weight                                      
     10% solution of poly(1-vinyl-                                             
                         0.66 parts (1.94% of                                  
     2-pyrrolidinone) in propyl-                                               
                         the total weight                                      
     ene carbonate                                                             
PAR  The poly(1-vinyl-2-pyrrolidinone) solution provided 0.19% of the total
      weight of that polymer dissolved in propylene carbonate, a nonvolatile
      solvent making up 1.75% of the total weight. The
      poly(1-vinyl-2-pyrrolidinone) had an average molecular weight of
      approximately 40,000. The beneficial effect of such small proportion of a
      polymerized 1-vinyl-2-pyrrolidinone in inhibiting premature gelation of
      polymerizable epoxide compositions is disclosed and claimed in my
      application Ser. No. 144,642 now U.S. Pat. No. 3,721,617 issued Mar. 20,
      1973, filed concurrently herewith and assigned to the same assignee as
      that of the present invention. The viscosity of the composition when
      freshly formulated as indicated in the preceding tabulation was about 500
      cps at 23.degree.C.
PAR  This composition was applied to the surface of paper on a web-fed gravure
      coater, and the coating was cured by passage under four 1,200-watt mercury
      arcs at a speed of 1,200 feet per minute to provide a hard, non-tacky
      finish.
PAC  EXAMPLE 26
PAR  An epoxide formulation suitable for application as a varnish to substrate
      surfaces is formulated by mixing the following materials:
TBL  Epoxy phenol novolak                                                      
                       850     g (68.0%)                                       
     (3,4-Epoxycyclohexyl)methyl                                               
                       280     g (22.4%)                                       
     3,4-epoxycyclohexanecarboxylate                                           
     Alkyl glycidyl ether in                                                   
                       120     g (9.6%)                                        
     which alkyl groups are                                                    
     predominantly dodecyl                                                     
     and tetradecyl                                                            
                       1,250   g (100.0%                                       
                                        of the                                 
                                        blend,                                 
                                        or                                     
                                 98.5%  of the                                 
                                        total                                  
                                        weight                                 
     Silicone surfactant                                                       
                       6       g (0.45%)                                       
     Mineral oil (liquid petrolatum)                                           
                       10      g (0.8%)                                        
                       1,266   g                                               
     p-Chlorobenzenediazonium                                                  
                       12.66   g (0.97%)                                       
     hexafluorophosphate                                                       
     Poly(1-vinyl-2-pyrrolidinone)                                             
                       3.62    g (0.28%)                                       
     Propylene carbonate                                                       
                       21.72   g (1.65%)                                       
                       1,304.00                                                
                               g (100.00%)                                     
PAR  The epoxidized novolak used in the above formulation was a product
      specified to maintain a viscosity at 52.degree.C within the range of 1,400
      to 2,000 cps and an epoxy equivalent weight between 172 and 179. The
      viscosity of the mixture of three epoxides listed first hereinabove
      closely approximated 2,500 cps at 23.degree.C, which decreased to 2,455
      cps upon addition of the silicone. The last-mentioned three components
      listed above were provided by adding 38 g of a solution formed by
      dissolving 20 g of the polyvinylpyrrolidinone and 70 g of the
      arenediazonium complex salt in 100 ml (120 g) of propylene carbonate;
      alternatively, to obtain the same composition, there could be added
      separately, to the 1,266 g of epoxide blend, 1% by weight of the solid
      diazonium salt catalyst and 2% by weight of a 14.3% solution of
      polyvinylpyrrolidinone in propylene carbonate.
PAR  The varnish as described above was applied on a 60-inch Miehle dry offset
      sheet-fed press to coat paper sheets of 39 inch by 60 inch size at a rate
      of 5,000 impressions per hour. The coating thus provided on the sheets was
      cured to a non-tacky finish by passing the sheets at press speed beneath
      high pressure mercury arcs.
PAR  It was noted hereinabove, with reference to Example 1, that the epoxide
      blend there described, consisting of a polyglycidyl ether of a polyhydric
      alcohol and a bis(epoxycycloalkyl) ester, is particularly useful for
      coating or printing on the surfaces of metal substrates. Example 2
      illustrates a similar composition. It appears further from Examples 3, 4,
      16, and 17 that the epoxidic prepolymer material in such metal coating
      compositions advantageously may be selected from the group consisting not
      only of such a polyglycidyl ether of a polyhydric alcohol, but also of a
      diepoxide of a cycloalkyl or alkylcycloalkyl hydrocarbon or ether.
PAR  Referring again to Example 25, coated or printed matter is applied on a
      gravure press to at least predetermined areas of the surface of a paper
      substrate, for example to form a continuous glossy coating on the
      resulting paper product. For gravure printing or decoration, it may be
      desired to modify the formulation appropriately, in a manner suggested
      hereinabove, by inclusion therein of some pigment and preferably somewhat
      higher proportions of the less viscous epoxide materials.
PAR  Referring further to Example 26, the epoxide polymer is coated or imprinted
      on a substrate by applying a portion of the polymerizable mixture on a dry
      offset press to at least predetermined areas of the surface of the
      substrate, followed by irradiation. In such a press the polymerizable
      composition passes from a fountain down a train of distribution rollers
      for transfer to a roller having a solid raised surface (for coating) or
      raised image areas (for printing), followed by transfer to a rubber offset
      roller, from which the composition is deposited onto the substrate. As
      mentioned above, the composition may be applied by this means to a paper
      substrate to produce a coated or imprinted paper product. The same
      formulation is utilized alternatively, to produce such a paper product, by
      applying a portion of the formulation, with or without added pigment, on
      letterpress apparatus directly to at least predetermined areas of the
      surface of a paper substrate.
PAR  With reference to the coating or printing process using a dry offset press,
      and also to the abovedescribed process for coating or printing on a paper
      substrate whether on a dry offset press or on letterpress apparatus or a
      gravure press, it has been found to be preferable to utilize, as the
      prepolymer resin material, primarily prepolymers of the type of the
      diglycidyl ether of bisphenol A and the epoxidized novolaks. Epoxide
      blends utilizing these prepolymer resins are illustrated in a number of
      the examples set forth hereinabove. When the epoxide materials also
      include a polyglycidyl ether of a polyhydric alcohol, or a diepoxide of a
      cycloalkyl hydrocarbon or ether, the sum of the weights of such
      polyglycidyl ether or cycloalkyl diepoxide present should not exceed about
      10% of the total weight of the prepolymer material present. Compositions
      of the latter type are illustrated in the above Examples 19-24.
PAR  While there have been described particular embodiments of the invention,
      including those at present considered to be the preferred embodiments, it
      will be obvious to those skilled in the art that various changes and
      modifications may be made therein without departing from the invention,
      and it is aimed, therefore, to cover in the appended claims all such
      changes and modifications as fall within the true spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. The process of producing an epoxide polymer, comprising:
PA1  forming an essentially solventless mixture, fluid at room temperature,
      consisting essentially of
PA2  1. at least one epoxidic prepolymer material having an epoxy equivalent
      weight below 200, constituting between about 10% and 85% of the weight of
      the epoxidic materials in the mixture, and selected from the group
      consisting of
PA3  A. an epoxy resin prepolymer consisting predominantly of the monomeric
      diglycidyl ether of bisphenol A,
PA3  B. a polyepoxidized phenol novolak or cresol novolak,
PA3  C. a polyglycidyl ether of a polyhydric alcohol, and
PA3  D. a diepoxide of a cycloalkyl or alkylcycloalkyl hydrocarbon or ether,
PA2  2.
NUM  2.
PAR  2. an epoxidic ester having two epoxycycloalkyl groups and constituting at
      least about 15% of the weight of the epoxidic materials in the mixture,
      and
PA2  3. radiation-sensitive catalyst precursor which decomposes upon exposure to
      electron beam or electromagnetic irradiation to provide a Lewis acid
      effective to initiate polymerization of said epoxidic materials in said
      mixture;
PA3  applying a portion of the mixture so formed to a substrate
PA3  and subsequently exposing said mixture on the substrate to electron beam or
      electromagnetic irradiation to effect substantial polymerization of said
PAR   epoxidic materials. 2. The process of claim 1 for producing an epoxide
      polymer, in which said catalyst precursor as present upon forming said
      mixture constitutes between 0.1% and 5% of the weight of the mixture.
NUM  3.
PAR  3. The process of claim 1 for producing an epoxide polymer, in which said
      catalyst precursor as mixed with said epoxidic materials constitutes
      between about 0.5% and about 2% of the weight of the resulting mixture.
NUM  4.
PAR  4. The product produced by the process of claim 1.
NUM  5.
PAR  5. The process of producing an epoxide polymer, comprising:
PA1  forming an essentially solventless mixture, fluid at room temperature,
      consisting essentially of
PAR  1. at least one epoxidic prepolymer material having an epoxy equivalent
      weight below 200, constituting between about 10% and 85% of the weight of
      the epoxidic materials in the mixture, and selected from the group
      consisting of
PA3  A. an epoxy resin prepolymer consisting predominantly of the monomeric
      diglycidyl ether of bisphenol A,
PA3  B. a polyepoxidized phenol novolak or cresol novolak,
PA3  C. a polyglycidyl ether of a polyhydric alcohol, and
PA3  D. a diepoxide of a cycloalkyl or alkylcycloalkyl hydrocarbon or ether,
PA2  2. an epoxidic ester having two epoxycycloalkyl groups and constituting at
      least about 15% of the weight of the epoxidic materials in the mixture,
PA2  3. a monoepoxide having a viscosity at 23.degree.C of less than 20
      centipoises and constituting up to about 15% of the weight of the epoxidic
      materials in the mixture, and
PA2  4. a radiation-sensitive catalyst precursor which decomposes upon exposure
      to electron beam or electromagnetic irradiation to provide a Lewis acid
      effective to initiate polymerization of said epoxidic materials in said
      mixture;
PA3  applying a portion of the mixture so formed to a substrate;
PA3  and subsequently exposing said mixture on the substrate to electron beam or
      electromagnetic irradiation to effect substantial polymerization of said
      epoxidic materials.
NUM  6.
PAR  6. The product produced by the process of claim 5.
NUM  7.
PAR  7. The process of claim 5 for producing an epoxide polymer, in which the
      catalyst precursor as present upon forming said mixture constitutes
      between 0.1% and 5% of the weight of the mixture.
NUM  8.
PAR  8. The process of claim 5 for producing an epoxide polymer, in which the
      cationic initiator in said mixture is a radiation-sensitive catalyst
      precursor in the form of an aromatic diazonium salt of a complex
      halogenide, which decomposes upon said exposure to irradiation to release
      a halide Lewis acid effective to initiate substantial polymerization of
      the epoxidic materials in the mixture.
NUM  9.
PAR  9. The process of claim 8, in which said catalyst precursor as mixed with
      said epoxidic materials constitutes between 0.1% and 5% of the weight of
      the resulting mixture.
NUM  10.
PAR  10. The process of claim 9, in which said catalyst precursor as mixed with
      said epoxidic materials constitutes between about 0.5% and about 2% of the
      weight of the resulting mixture.
NUM  11.
PAR  11. The process of claim 5 for producing an epoxide polymer, in which the
      catalyst precursor in said mixture is a radiation-sensitive catalyst
      precursor in the form of p-chlorobenzenediazonium hexafluorophosphate.
NUM  12.
PAR  12. The process of claim 5 for producing an epoxide polymer, in which the
      catalyst precursor in said mixture is a radiation-sensitive catalyst
      precursor in the form of 2,5-diethoxy-4-(p-tolylthio)benzenediazonium
      hexafluorophosphate.
NUM  13.
PAR  13. The process of claim 5 for producing an epoxide polymer, in which the
      epoxidic prepolymer material in said mixture is made up in major part of
      an epoxy resin prepolymer consisting substantially of the monomeric
      glycidyl ether of bisphenol A.
NUM  14.
PAR  14. The process of claim 13, in which the epoxidic prepolymer material in
      said mixture consists of an epoxy resin prepolymer in the form
      substantially of the monomeric glycidyl ether of bisphenol A.
NUM  15.
PAR  15. The process of claim 5 for producing an epoxide polymer, in which the
      epoxidic prepolymer material in said mixture is made up in major part of a
      polyepoxidized phenol novolak or cresol novolak.
NUM  16.
PAR  16. The process of claim 15, in which the epoxidic prepolymer material in
      said mixture consists of a polyepoxidized phenol novolak or cresol
      novolak.
NUM  17.
PAR  17. The process of claim 5, in which the epoxidic prepolymer material in
      said mixture consists of a polyglycidyl ether of a polyhydric alcohol.
NUM  18.
PAR  18. The process of claim 5, in which the epoxidic prepolymer material in
      said mixture consists of a diepoxide of a cycloalkyl or alkylcycloalkyl
      hydrocarbon or ether.
NUM  19.
PAR  19. The process of claim 5 for producing an epoxide polymer, in which said
      ester having two epoxycycloalkyl groups in said mixture is
      (3,4-epoxycyclohexyl)methyl 3,4-epoxycyclohexanecarboxylate.
NUM  20.
PAR  20. The process of claim 5 for producing an epoxide polymer, in which said
      ester having two epoxycycloalkyl groups in said mixture is
      bis[(3,4-epoxy-6-methylcyclohexyl)methyl] adipate.
NUM  21.
PAR  21. The product produced by the process of claim 8.
NUM  22.
PAR  22. The process of producing a coated or imprinted paper product,
      comprising:
PA1  forming an essentially solventless mixture, fluid at room temperature,
      consisting essentially of
PA2  1. at least one epoxidic prepolymer material having an epoxy equivalent
      weight below 200, constituting between about 10% and 85% of the weight of
      the epoxidic materials in the mixture, and selected from the group
      consisting of
PA3  A. an epoxy resin prepolymer consisting predominantly of the monomeric
      diglycidyl ether of bisphenol A,
PA3  B. a polyepoxidized phenol novolak or cresol novolak,
PA3  C. a polyglycidyl ether of a polyhydric alcohol, and
PA3  D. a diepoxide of a cycloalkyl or alkylcycloalkyl hydrocarbon or ether,
PAL  wherein the sum of the weights of any such polyglycidyl ether of a
      polyhydric alcohol (C) and of any such diepoxide of a cycloalkyl or
      alkylcycloalkyl hydrocarbon or ether (D) present does not exceed about 10%
      of the total weight of said epoxidic prepolymer materials present,
PAR  2. an epoxidic ester having two epoxycycloalkyl groups and constituting at
      least about 15% of the weight of the epoxidic materials in the mixture,
PA2  3. a monoepoxide having a viscosity at 23.degree.C of less than 20
      centipoises and constituting up to about 15% of the weight of the epoxidic
      materials in the mixture, and
PA2  4. a radiation-sensitive catalyst precursor which decomposes upon exposure
      to electron beam or electromagnetic irradiation to provide a Lewis acid
      effective to initiate polymerization of said epoxidic materials in said
      mixture;
PA1  applying on letterpress apparatus a portion of the mixture so formed to at
      least predetermined areas of the surface of a paper substrate;
PA1  and subsequently exposing said mixture on the paper substrate to electron
      beam or electromagnetic irradiation to release said Lewis acid in
      sufficient amounts to effect substantial polymerization of said epoxidic
      materials.
NUM  23.
PAR  23. The coated or imprinted paper product produced by the process of claim
      22.
NUM  24.
PAR  24. The process of producing an epoxide polymer coated or imprinted on a
      substrate, comprising:
PA1  forming an essentially solventless mixture, fluid at room temperature,
      consisting essentially of
PA2  1. at least one epoxidic prepolymer material having an epoxy equivalent
      weight below 200, constituting between about 10% and 85% of the weight of
      the epoxidic materials in the mixture, and selected from the group
      consisting of
PA3  A. an epoxy resin prepolymer consisting predominantly of the monomeric
      diglycidyl ether of bisphenol A,
PA3  B. a polyepoxidized phenol novolak or cresol novolak,
PA3  C. a polyglycidyl ether of a polyhydric alcohol, and
PA3  D. a diepoxide of a cycloalkyl or alkylcycloalkyl hydrocarbon or ether,
PAL  wherein the sum of the weights of any such polyglycidyl ether of a
      polyhydric alcohol (C) and of any such diepoxide of a cycloalkyl or
      alkylcycloalkyl hydrocarbon or ether (D) present does not exceed about 10%
      of the total weight of said epoxidic prepolymer materials present,
PAR  2. an epoxidic ester having two epoxycycloalkyl groups and constituting at
      least about 15% of the weight of the epoxidic materials in the mixture,
PA2  3. a monoepoxide having a viscosity at 23.degree.C of less than 20
      centipoises and constituting up to about 15% of the weight of the epoxidic
      materials in the mixture; and
PA2  4. a radiation-sensitive catalyst precursor which decomposes upon exposure
      to electron beam or electromagnetic irradiation to provide a Lewis acid
      effective to initiate polymerization of said epoxidic materials in said
      mixture;
PA1  applying on a dry offset press a portion of the mixture so formed to at
      least predetermined areas of the surface of said substrate;
PA1  and subsequently exposing said mixture on the substrate to electron beam or
      electromagnetic irradiation to release said Lewis acid in sufficient
      amounts to effect substantial polymerization of said epoxidic materials.
NUM  25.
PAR  25. The coated or imprinted product produced by the process of claim 24.
NUM  26.
PAR  26. The process of producing a coated or imprinted paper product,
      comprising:
PA1  forming an essentially solventless mixture, fluid at room temperature,
      consisting essentially of
PA2  1. at least one epoxidic prepolymer material having an epoxy equivalent
      weight below 200, constituting between about 10% and 85% of the weight of
      the epoxidic materials in the mixture, and selected from the group
      consisting of
PA3  A. an epoxy resin prepolymer consisting predominantly of the monomeric
      diglycidyl ether of bisphenol A,
PA3  B. a polyepoxidized phenol novolak or cresol novolak,
PA3  C. a polyglycidyl ether of a polyhydric alcohol, and
PA3  D. a diepoxide of a cycloalkyl or alkylcycloalkyl hydrocarbon or ether,
PAL  wherein the sum of the weights of any such polyglycidyl ether of a
      polyhydric alcohol (C) and of any such diepoxide of a cycloalkyl or
      alkylcycloalkyl hydrocarbon or ether (D) present does not exceed about 10%
      of the total weight of said epoxidic prepolymer materials present,
PAR  2. an epoxidic ester having two epoxycycloalkyl groups and constituting at
      least about 15% of the weight of the epoxidic materials in the mixture,
PA2  3. a monoepoxide having a viscosity at 23.degree.C of less than 20
      centipoises and constituting up to about 15% of the weight of the epoxidic
      materials in the mixture, and
PA2  4. a radiation-sensitive catalyst precursor which decomposes upon exposure
      to electron beam or electromagnetic irradiation to provide a Lewis acid
      effective to initiate polymerization of said epoxidic materials in said
      mixture;
PA1  applying on a dry offset press a portion of the mixture so formed to at
      least predetermined areas of the surface of a paper substrate;
PA1  and subsequently exposing said mixture on the paper substrate to electron
      beam or electromagnetic irradiation to release said Lewis acid in
      sufficient amounts to effect substantial polymerization of said epoxidic
      materials.
NUM  27.
PAR  27. The coated or imprinted paper product produced by the process of claim
      26.
NUM  28.
PAR  28. The process of producing a coated or imprinted paper product,
      comprising:
PA1  forming an essentially solventless mixture, fluid at room temperature,
      consisting essentially of
PAR  1. at least one epoxidic prepolymer material having an epoxy equivalent
      weight below 200, constituting between about 10% and 85% of the weight of
      the epoxidic materials in the mixture, and selected from the group
      consisting of
PA3  A. an epoxy resin prepolymer consisting predominantly of the monomeric
      diglycidyl ether of bispenol A.
PA3  B. a polyepoxidized phenol novolak or cresol novolak,
PA3  C. a polyglycidyl ether of a polyhydric alcohol, and
PA3  D. a diepoxide of a cycloalkyl or alkylcycloalkyl hydrocarbon or ether,
PA1  wherein the sum of the weights of any such polyglycidyl ether of a
      polyhydric alcohol (C) and of any such diepoxide of a cycloalkyl or
      alkylcycloalkyl hydrocarbon or ether (D) present does not exceed about 10%
      of the total weight of said epoxidic prepolymer materials present,
PA2  2. an epoxidic ester having two epoxycyloalkyl groups and constituting at
      least about 15% of the weight of the epoxidic materials in the mixture,
PAR  3. a monoepoxide having a viscosity at 23.degree.C of less than 20
      centipoises and constituting from about 2% to about 15% of the weight of
      the epoxidic materials in the mixture, and
PA2  4. a radiation-sensitive catalyst precursor which decomposes upon exposure
      to electron beam or electromagnetic irradiation to provide a Lewis acid
      effective to initiate polymerization of said epoxidic materials in said
      mixture;
PA1  applying on a gravure press a portion of the mixture so formed to at least
      predetermined areas of the surface of said paper substrate;
PA1  and subsequently exposing said mixture on the paper substrate to electron
      beam or electromagnetic irradiation to release said Lewis acid in
      sufficient amounts to effect substantial polymerization of said epoxidic
      materials.
NUM  29.
PAR  29. The coated or imprinted paper product produced by the process of claim
      28.
NUM  30.
PAR  30. The process of producing a coated or imprinted metal product,
      comprising:
PA1  forming an essentially solventless mixture, fluid at room temperature,
      consisting essentially of
PA2  1. at least one epoxidic prepolymer material having an epoxy equivalent
      weight below 200, constituting between about 10% and 85% of the weight of
      the epoxidic materials in the mixture, and selected from the group
      consisting of
PA1  a polyglycidyl ether of a polyhydric alcohol and a diepoxide of a
      cycloalkyl or alkylcycloalkyl hydrocarbon or ether,
PA2  2. an epoxidic ester having two epoxycycloalkyl groups and constituting at
      least about 15% of the weight of the epoxidic materials in the mixture,
PA2  3. a monoepoxide having a viscosity at 23.degree.C of less than 20
      centipoises and constituting up to about 15% of the weight of the epoxidic
      materials in the mixture, and
PA2  4. a radiation-sensitive catalyst precursor which decomposes upon exposure
      to electron beam or electromagnetic irradiation to provide a Lewis acid
      effective to initiate polymerization of said epoxidic materials in said
      mixture;
PA1  applying a portion of the mixture so formed to at least predetermined areas
      of the surface of a metal substrate;
PA1  and subsequently exposing said mixture on the paper substrate to electron
      beam or electromagnetic irradiation to release said Lewis acid in
      sufficient amounts to effect substantial polymerization of said epoxidic
      materials.
NUM  31.
PAR  31. The coated or imprinted metal product produced by the process of claim
      30.
NUM  32.
PAR  32. The process of claim 1, in which said electromagnetic irradiation is
      actinic irradiation.
NUM  33.
PAR  33. The process of claim 1 in which said irradiation is electron beam
      irradiation.
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ABST
PAL  There is disclosed herein in a preferred embodiment a fibrous body which
      includes at least two layers of strands of continuous filaments and binder
      particles in each layer. One of the layers has filaments of the strands
      therein at least partially dispersed to form a mesh size which entraps
      binder particles therein which have a mesh size larger than the mesh size
      of the dispersed filament layer, as well as smaller size particles lodged
      at intersections and crossovers. Another lever has strands which form a
      mesh size which do not necessarily entrap binder particles but may retain
      particles therein at interstices of strands. The fibrous body has a binder
      content in the dispersed filament layer which is larger per unit volume
      than the binder content in the other layer. There is also disclosed a
      method for producing a fibrous body having variable mesh sizes or
      characteristics by selectively filamentizing strands or a layer of strands
      already in place in a mat-like collection of strands. There is further
      disclosed a preferred method and apparatus for selectively distributing
      binder in a multi-layer mat-like mass to produce the novel product of this
      invention. In the preferred method the plurality of successive layers of
      continuous multi-filament strands are deposited on a collecting surface in
      a mat-like mass. Binder particles are distributed throughout the mat-like
      mass, the binder particles having a mesh size with respect to the mesh
      size of the layers which enable circulation of the binder particles
      throughout the mat-like mass. The strands in one of the layers are opened
      to separate the filaments of the strands from each other and change the
      mesh size of that layer to mechanically entrap binder particles therein.
      The excess binder particles are removed from the mat-like mass to provide
      a first layer with a higher percentage binder content than the remaining
      layer or layers in the mat-like mass.
PARN
PAR  This is a continuation of application Ser. No. 233,549, filed Mar. 10,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fibrous bodies, to the manufacture of fibrous
      bodies, and to applying binders to fibrous products; and more particularly
      to methods of distributing binders in such products. More specifically,
      the invention relates to a process for bonding multi-filament strands in a
      body of desired form, in which the filaments are of fibrous glass and are
      gathered into strands immediately subsequent to the filament forming
      operation, the strands then being collected and arranged in a body.
PAR  Mats of fibrous glass, because of the inherent glass properties, especially
      those of strength and inertness, have many uses. They have been employed
      as filtering, acoustical and thermal insulating media. They also serve
      effectively for roofing sheets, nonwoven fibrics, and for reinforcing
      plastic products such as electrical grade laminates.
PAR  In some instances, the mats are composed of short fibers held together by a
      binder. In others the mats are bonded webs of chopped fibrous glass
      strands. Bundles or strands of continuous glass filaments have also been
      disposed in mat form. Strands of filaments have superior strength because
      of the continuous nature of the filaments and their concentrated linear
      association in strand form. Accordingly, fibrous glass strands are a most
      desirable constituent where strength is a prime consideration.
PAR  Various resinous materials including dispersions, emulsions, solutions, and
      dry granular powders have been applied to fibrous glass masses be bonding
      materials to give the finished products dimensional stability and
      strength. Such liquids or powdered resins have been added in various ways
      such as by wiping, spraying, submersion and dusting. Obtaining a desired
      distribution of binding material in the mat at a reasonable cost has posed
      a problem which has been approached in the prior art in a variety of
      different ways.
PAR  A commonly employed method has been to spray a water dispersion or
      suspension of the resinous material upon the fibrous glass immediately
      adjacent the fiber forming operation. This method provides a mat or other
      body, in which the fibers are massed, having fairly uniform binder
      distribution and good strength. However, an excessive amount of water is
      involved and it is necessary to drive off through heating a major portion
      of this water. The heating requires considerable time and is otherwise
      costly from a production standpoint.
PAR  The same problem of a high water content is faced when a liquid binder is
      applied by spraying or by dipping to a mat of chopped strands or
      continuous strands.
PAR  Another former method has been to submit the mat of fibers to a scattering
      of a powdered resinous material. This granular binder has been necessarily
      shaken down into the mat by vibration and later set by application of
      heat. In some instances it is necessary to tear the mat apart to mix the
      particles. The mates so treated tend to have poorly bonded areas tensile
      strength, and high ignition losses, indicating nonuniform distribution and
      an excessive binder component.
PAR  There has also been introduced to the art in U.S. Pat. No. 3,318,746,
      issued May 9, 1967, and in Canadian Pat. No. 756,563, issued Apr. 11,
      1967, two methods for overcoming the high water content problem and
      obtaining substantially uniform distribution of the binder throughout the
      mat-like mass.
PAR  In U.S. Pat. No. 3,318,746, a liquid binder is first applied longitudinally
      to the individual filaments before they are gathered into strand form. The
      strands are then collected in a body of desired configuration such as a
      mat and the liquid binder in the body is dried in a graduated manner
      whereby the binder adjacent one surface is comparatively dry and the
      opposite surface is comparatively wet. A powdered binder is directed
      against the comparatively dry surface and toward the comparatively wet
      surface. The powdered binder is distributed and retained substantially
      uniformly through the body due to the increasing proportion of the binder
      being caught by the progressively wetter portions while the amount of
      binder decreases through the progressive retention of the binder particles
      as they pass through the drier portions of the body. Thus there is a
      substantially uniform distribution of binder in the mat without having an
      excessive amount of moisture retained in the mat which must be driven off
      when the binder is being cured.
PAR  In the Canadian Pat. No. 756,563, a mat of randomly oriented glass strands
      is formed on a foraminous conveyor. A water dispersion of solid resin
      particles is flowed through the mat on the foraminous conveyor to leave
      resin particles distributed throughout the mat. After the water dispersion
      of binder particles is passed through the mat, the conveyor passes over a
      suction box which sucks excess liquid from the conveyor and the mat. The
      mat, with the small amount of water left therein in the form of droplets,
      is passed through an oven to reduce the droplets in size and bring
      particles of resin in around the area of contact between the fibers to
      bridge the fibers at the point of contact. Again, a substantially uniform
      distribution of binder has been obtained without an excessive amount of
      water being left in the mat which must be driven of before the binder can
      be cured.
PAR  The above and other methods not mentioned herein are now being used to
      achieve substantially uniform distribution of binder throughout the entire
      fibrous body, but we have discovered that improved characteristics for
      certain applications can be achieved by selectively distributing binder
      throughout a mat-like mass of strands. The distribution is uniform in each
      of at least two different areas, but the binder percentage content or
      amount of binder solids of each area is different. Mats of fibrous bodies
      used, for example, as reinforcement in the manufacture of electrical grade
      laminates, perform better when there is a concentration of or a higher
      percentage binder content adjacent to at least one surface of a mat or
      mats used for reinforcement of the laminates.
PAR  The dielectric strength, dielectric constant, dielectric breakdown and arc
      resistance, and dissipation factors of an electrical grade laminate made
      from reinforcing mats are substantially improved over such laminates made
      from mats having a binder solids content which is uniform throughout the
      thickness thereof and which do not have one or more at least partially
      filamentized layers. Moreover, the distribution of binder and
      filamentization of strands as described improves the handleability,
      unrollability, and the strength of such mats. These improvements have been
      obtained in the above-described product while still enabling a reduction
      of fifty percent in the amount of binder solids required to attain the
      improved properties.
PAR  None of the hereinbefore described methods or other known methods for
      applying binders to fibrous products will permit a high degree of
      controlled or selective distribution of binder in a mat-like mass to
      obtain one layer which has a higher percentage binder content than one or
      more other layers also included in the mat. We have discovered that a
      preferred method for making a mat having the desired improved
      characteristics includes the steps of manufacturing a multi-layer mat in
      which at least one of the layers has strands with a different number of
      filaments to provide a faster reopening capability than the other layer or
      layers in the mat. Even with the preferred method of manufacturing the
      mat, however, none of the known methods of binder distribution would
      selectively distribute the binder as desired.
PAR  Multi-layer strand mats by themselves are not new to the art, having been
      introduced, for example, in U.S. Pat. No. 3,442,751, issued May 6, 1969.
      However, there has been no appreciation of the improved characteristics
      that may be obtained in the product of this invention, nor any attempt to
      selectively distribute binder throughout the mat to obtain a higher
      percentage binder content in one or more of the layers of the multi-layer
      mats than is present in other layer.
PAR  It was futher discovered that it is possible to filamentize or open the
      strands in one layer, or less all the layers, of the multi-layer mat in
      place, preferably on a collection surface. This novel method of
      selectively filamentizing strands of a mat and the apparatus for carrying
      out the method is used to entrap or retain more binder particles in the
      resulting changed mesh size of a filamentized layer therefrom to provide a
      higher bond percentage binder content in that layer than in the remaining
      portion of the mat.
PAR  In a co-pending application Ser. No. 201,002, filed Nov. 22, 1971, and
      assigned to the same assignee as the present invention, there is disclosed
      a method for filamentizing or reopening the strands in the entire body of
      a mat-like mass or collection of strands to filamentize all of the strands
      in the body to provide a uniform dispersion of filaments to achieve a more
      uniform porosity and integrity throughout the entire mat. This process,
      however, distributes binder uniformly throughout the mat and does not
      consider a method for selectively distributing the binder in the mat to
      obtain a higher percentage binder content in individual layers thereof and
      the product does not provide the unique characteristics of the product
      disclosed herein.
PAR  Accordingly, it is an object of this invention to provide a new method and
      apparatus for producing a novel fibrous body which advantageously may have
      binder selectively distributed therein to obtain a higher percentage
      binder concentration in a predetermined portion of the mat.
PAR  It is another object of this invention to provide a new and improved method
      and apparatus for selectively distributing particles of a solid binder
      material throughout a mat of glass fibers.
PAR  Still another object of the invention is the provision of new and improved
      method and apparatus of applying resinous binder to mats in such a manner
      that the handleability of the mats will be improved over that of the prior
      art processing, in which the performance of an object reinforced by such a
      mat is improved over prior art products, and to use a smaller amount of
      binder to accomplish the above objectives than has been used heretofore.
PAR  It is still further object of this invention to provide improved fibrous
      bodies which enhance the physical, mechanical and electrical properties of
      a composite moled laminate or structure using the fibrous bodies for
      reinforcement, and to provide an improved laminate product and a novel
      process for making same.
PAR  Another object is the provision of an improved continuous process and
      apparatus for economically producing bodies of fibrous glass.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects and the principles of the invention are illustrated and
      featured in a preferred apparatus for continuously producing fibrous
      bodies comprised of continuous glass strands. A mat-like mass of
      multi-filament strands is continuously provided in an unwoven form on a
      moving surface. The mat-like mass or the moving surface is flooded with a
      strand dispersing medium which may carry binder particles in suspension, a
      liquid binder as an emulsion, or both. The strand dispersing medium is
      flooded onto the mat-like mass by guiding the moving surface past a
      flooding medium supply station. If binder particles are carried by the
      medium they have a mesh size which enables distribution of the particles
      throughout the mat-like mass by the liquid carrier as the mat-like mass is
      flooded. Similarly, a liquid binder is distributed throughout the mat-like
      mass by the medium.
PAR  Binder is continuously added to the mat-like mass as it moves past the
      flooding suspension supply station at a rate to create stream flow in the
      same direction with and at substantially the same rate of movement as the
      mat-like mass on the moving surface. The mat-like mass is maintained in
      the flood stream for a soaking interval which is sufficient to enable the
      strand dispersing medium or phase of the flood liquid to substantially
      overcome the forces holding the filaments together in strand form.
PAR  The flooded surface and upper portion of the mat-like mass is impinged with
      a second supply of the strand dispersing medium at the end of the soaking
      interval to mechanically aid in dispersing the filaments in the upper
      portion of the mat-like mass. The mesh size of the upper portion of the
      mat-like mass is thus changed by increasing the number of interstices to
      enable retention or entrapment of binder particles in the upper portion of
      the mat-like mass. The increased number of interstices and surface areas
      resulting from partial or full filamentization provides more deposit areas
      for binder, so that more binder may be retained in the filamentized layer.
PAR  Excess binder, and liquid dispersant are removed from the mat-like mass
      after impingement of the upper surface thereof and before the filaments of
      the strands in the lower portion disperse to change the mash size of the
      lower portion to a value which would prevent or inhibit binder particle
      movement therethrough or would provide added surface area for deposition
      of binder thereon. This enables the upper portion to retain a greater
      percentage of binder particles than the lower portion of the mat-like
      mass.
PAR  The mat-like mass is preferably provided on the moving surface by
      successively depositing a plurality of layers of multi-filament strands on
      the moving surface. The multi-filament strands in the uppermost layer of
      the preferred embodiment are advantageously formed in a manner which
      enables a more rapid reopening of the filaments in the strands, in
      response to contact with a strand dispersing medium. This more rapid
      reopening capability of the filaments in the strands in the uppermost
      layer insures more particle entrapment by or increased surface area in the
      uppermost layer while enabling binder to be removed from the lower portion
      of the mat-like mass before filamentization or reopening of the lower
      portion strands.
PAR  In the preferred embodiment of the invention the strands in the upper
      portion of the mat-like mass are formed with fewer filaments per strand
      than the strands in the lower portion of the mat-like mass to enable a
      more rapid reopening of the upper portion strands than the strands
      adjacent to the upper portion. Advantageously, more of the fewer filament
      strands per unit area are deposited in the upper portion of the mat-like
      mass adjacent the upper portion, thus forming more smaller interstices in
      the portion and a better binder retention capability.
PAR  The filaments are advantageously directly deposited on the collecting
      surface by attenuating filaments from molten streams of glass, applying a
      forming size to the filaments which may include a coupling agent (to
      enhance the bond between the glass filaments and the resin the fibrous mat
      may later be combined with), and gathering the filaments into a plurality
      of multi-filament glass fiber strands.
PAR  In the preferred embodiment the upper layer of the mat-like mass is formed
      from multi-filament strands having a first predetermined number of
      filaments in each strand while the mat-like mass below and adjacent to the
      upper layer is formed with multi-filament strands having about fifty
      percent more filaments per strand than the strands in the upper layer. The
      smaller strands have the capability of reopening more quickly in response
      to contact with the strand dispersing medium to enable a mesh size change
      to retain binder before the filaments of the larger strands of the lower
      layer disperse to inhibit passage of binder through the lower layer. It
      was also found advantageous in the preferred embodiment to provide
      approximately fifty percent more of the smaller strands per unit area in
      the upper layer, thus enabling the smaller strands to lie closer together
      to form smaller interstices to enhance the binder retention capability of
      the upper layer.
PAR  The suspension removal step advantageously includes positively forcing air
      through the mat-like mass at a pressure which reduces the moisture content
      of the mat-like mass to approximately the same weight as the filaments and
      strands in the mat-like mass, before the mat-like mass is passed through
      an oven to flow, set and cure the binder and integrate the mass into a
      substantially unitary body. It is also advantageous to prevent flow out
      through the edges of the mat-like mass during the flooding and extraction
      or removal steps to maintain a substantially uniform binder distribution
      horizontally, within the upper and lower portions of the mat-like mass,
      and to prevent strand and filament movement transversely in response to
      edge flow. Edge flow prevention is preferably accomplished by
      dimensionally controlling the width of the mat-like mass by providing
      spaced elements above the moving conveyor surface to limit the width of
      the mat and to channel flood stream flow with the mat.
PAR  In the preferred embodiment of the invention the combined binder-medium
      which in flooded onto the mat-like mass comprises a suspension of solid,
      resinous binder particles in a liquid strand dispersing phase, medium or
      carrier. Of the total weight of binder and dispersing medium, 95 to 99.9%
      by weight can be the liquid strand dispersing phase and 0.1 to 5% by
      weight can be the binder particles.
PAR  The liquid strand dispersing phase of the binder is cheifly composed of
      water. However another preferable component is any compound, such as a
      resin emulsion or liquid resin which is dispersible in water and will form
      a sticky, tacky or glue-like layer or film on the filaments or strands of
      the mat-like mass. This film helps hold the solid binder particles onto
      the filaments or strands. Polyester, phenolic, epoxy, vinyl acetate,
      urethane or other similar resins or emulsions can be used. Generally a
      resin is chosen to either match or be compatible with the resin the
      mat-like mass will be combined with to make a laminate or other product.
      This layer or film should be tacky enough to retain at least 80% of the
      solid resin particles coming in contact with it after excess binder has
      been drained off. Below 80% retention the mat-like mass may have too many
      loose unbonded filaments or strands and present a fuzzy surface. In some
      product applications, for example, electrical laminates or pultruded
      shapes such as channels, this could be highly undesirable.
PAR  Other components of a preferred liquid strand dispersing phase are
      generally a catalyst and a coupling agent. If a resin or resin emulsion is
      used the catalyst promotes cure (polymerization) of the resin or resin
      emulsion of dispersion in the curing oven. The coupling agent serves to
      enhance the chemical bonding of the strands and filaments to the
      laminating or other type of resin later combined with the mat-like mass.
PAR  By weight of the solids content of the entire preferred liquid phase of the
      binder, the catalyst will comprise about 0.5 to 2% and the coupling agent
      about 20 to 50% and the resin about 50 to 80%. By weight of the total
      liquid phase, the total solids content should be about 0.1 to 3% and
      preferably about 0.25%.
PAR  The solid resin particles which are suspended in the liquid phase bond the
      filaments strands to one another after they are heated in an oven thereby
      caused to melt, flow around the filaments and strands, and then set. This
      is the case if the particles are made of a thermosetting resin. If a
      thermoplastic resin is used the particles would set outside the heated
      oven.
PAR  The binder particles can be held in the mat-like mass (prior to melting and
      flowing to bond the fibers) by being (a) lodged at filament or strand
      crossover points, or (b) entrapped in one or more layers of the mat-like
      mass where the filaments have been dispersed, or (c) held to filaments or
      strands by the tacky film formed on the filaments and strands.
PAR  In situations where only a small amount of binder particles are desired in
      layers of the mat-like mass which do not have dispersed filaments, a
      number of different approaches could individually or in combination be
      used. Only binder particles of a size that would be entrapped by the
      dispersed filaments could be used. Or the resin or resin emulsion that
      puts a tacky film on the filaments and strands could be left out of the
      liquid dispersing phase of the binder. This would cause far less binder
      particles to be held to the filaments or strands, both along their length
      and at crossover points.
PAR  It is also possible to vary the liquid resin or resin emulsion component of
      the binder formulation. For example if it is desired for some reason to
      have the filaments and strands solely or primarily bonded to one another
      by a liquid binder, a suitable liquid bonding resin could be mixed with
      the liquid dispersing phase. Suitable bonding resins could be those resins
      already mentioned as the resinous component of the liquid dispersing
      phase. In this instance the solids content of the liquid phase could the
      raised from the 0.1 to 3% by weight preferred range to 6 to 20% by weight
      of the total liquid phase. In this instance no binder particles or only
      those of a size that would be entrapped only or preferentially in the
      filamentized layer or layers of the mat would be used. Generally a liquid
      binder is not used in making mats which are used to reinforce laminates or
      the like. This is because the liquid bonding resin puts such a heavy
      coating on the filaments and strands that the laminating or other resin
      being reinforced by it hinders the laminating resin from bonding to the
      filament or strand surface.
PAR  To attain the best possible results with the mat-like mass made in
      accordance with this invention the solid binder particles should range in
      size from about 35 to 420 microns in diameter. This micron range
      corresponds to 40 to 400 mesh (U.S. Sieve Series).
PAR  The liquid strand dispersing phase of the binder can serve at least three
      functions. First, it can form a tacky, sticky or glue-like film on the
      filaments and strands to hold or retain the binder particles onto the
      filaments and strands; second, it can carry the binder particles uniformly
      throughout the mat-like mass, and third, it can disperse the filaments of
      the strands in one of the layers of the mat-like mass.
PAR  In one embodiment of the invention good results were obtained when the
      filament diameters were approximately 68 to 70 hundred thousandths of an
      inch and about one-half of the binder particles were 150 microns in
      diameter or larger (150 to 520 microns) and the other half were smaller
      than 150 microns in diameter (35 to 149 microns). When using the binder
      particle size and the filament diameter size just described, a mat-like
      mass was produced which prior to soaking in the binder had openings
      between strands of about 177 microns or 80 mesh. Thus the binder particles
      smaller than 177 microns uniformly passed through or were caught in the
      mat-like mass. After soaking in the binder however and opening the
      filaments in the upper layer of the mat-like mass, the openings in the
      upper layer were reduced to about 150 microns or 100 mesh. This layer then
      caught more binder resin particles (those between 150 and 177 microns in
      diameter) and had a higher binder content than the other layer. A binder
      content of approximately five percent by weight was found in the upper
      portion, and approximately two and one-half precent by weight in the lower
      portion. The ratio of the precentage of the upper portion to the
      percentage of the lower portion of the mat-like mass was such that the
      entire mat-like mass has an overall binder content of about three and
      one-half percent by weight. However acceptable mats for electrical
      laminates or pultruded shapes can have from one-half to 10 percent by
      weight of binder.
PAR  In the preferred method the product may further be provided with a
      bottom-most layer in which the strands include fewer filaments per strand
      than the strands in a layer which is adjacent to the upper layer and
      intermediate the upper bottom layers. The bottom layer also preferably
      includes more strands per unit area than the intermediate layer. When the
      product is being used in an application where a resin matrix must rapidly
      gain entrance to the central body portion of the mat through one of the
      surfaces, then it is preferred that the bottom layer of strands not be
      filamentized so that the matrix may be more easily admitted to the mat.
      However, the provision of more interstices does retain more binder during
      the extraction of excess binder therethrough to increase the surface
      binder content to improve handleability of the mat. For other
      applications, when an additional bottom layer is utilized, the flooding
      interval may be adjusted to overcome the forces holding the lower layer
      filaments together in strand form sufficiently to enable a dispersion of
      lower layer filaments in a manner to be described hereinafter. Whichever
      method is used, there by be provided a mat-like mass having upper and
      lower layers with higher percentage binder contents than an intermediate
      layer.
PAR  There is further disclosed herein an improved method of manufacturing an
      electrical grade laminate by preparing a fibrous mat so that at least one
      outer face layer of strands of continuous filaments has a higher
      percentage binder content than an adjacent inner layer of continuous
      filament strands. If more than one of the fibrous mats are used, they are
      positioned back-to-back so that the higher binder content layers of each
      mat face outwardly. The mats are impregnated with a resin matrix and are
      cured with pressure and heat to provide a solid laminate having improved
      punchability, dielectric strength, dielectric constant, dielectric
      breakdown and arc resistance, and dissipation factor. In a preferred
      embodiment the curing step included placing the impregnated mats under 500
      pounds per square inch of pressure with stops inserted to hold the press
      apart to achieve the desired thickness of the laminate, and holding the
      pressure for three minutes while maintaining the impregnated mats at
      235.degree.F. The pressure was removed from the mats and their temperature
      was held at 150.degree.F. for one hour, and then the temperature was held
      at 200.degree.F. for two hours.
DRWD
PAR  Other objects, advantages, and features of this invention will become
      apparent when the following description is taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a side elevational view of a portion of a production line
      including equipment adapted for the practice of the invention;
PAR  FIG. 2 is a somewhat enlarged vertical cross section of the production line
      of FIG. 1 showing two pull wheels and associated apparatus for gathering
      filaments into strands and projecting the strands upon a conveyor;
PAR  FIG. 3 is a further enlarged side view of one of the wheels of FIG. 2
      receiving strands from a gathering shoe;
PAR  FIG. 4 is a front view on the same scale as FIG. 3, of the pulling wheel
      there shown; and
PAR  FIG. 5 is a section of a preferred embodiment of the fibrous body
      constructed according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in more detail, the fibrous mat production
      apparatus of FIG. 1 includes a portion of a series of molten glass feeding
      bushings 21, depending from conventional glass melting tanks which are not
      illustrated.
PAR  Continuous filaments 23 are drawn from the minute orifices of the bushings
      21. For the purpose of being specific in describing the invention in
      connection with this apparatus, it will be considered that there are 438
      orifices in each bushing and the filaments drawn therefrom have an average
      diameter of 68 to 70 hundred thousandths of an inch.
PAR  A forming size a applied to the filaments as they pass over carbon
      applicator rolls 24 of the conventional size applicators 25. If the
      fibrous mat is to be used as reinforcement in an electrical grade
      laminate, a preferred composition of the forming size is shown in the
      following Example 1.
PAC  EXAMPLE 1
TBL                      % by weight                                           
     Ingredient          of total size                                         
     ______________________________________                                    
     Weak Acid           0.01 to 0.10                                          
     Lubricant           0.01 to 0.10                                          
     Coupling Agent      0.10 to 2.0                                           
     Water               remainder                                             
     ______________________________________                                    
PAR  The lubricant is added to allow a pull wheel to attenuate filaments from
      the busing without causing filament breakage. The lubricant used in the
      above size formulation may be chosen from pelargonic acid-tetraethylene
      pentamine condensate solubilized with acetic acid or caprylic
      acid-tetraetylene pentamine condensate solubilized with acetic acid.
      Generally polyethylene glycol-monooleates or monostearates are useful as
      lubricants. So also are fatty acid-amine derivatives.
PAR  The coupling agents used are generally organo silicon (silane) or chrome
      coupling agents. Those silane coupling agents that may be used in this
      size formulation are: gamma-methacryloxypropyltrimethoxysilane;
      gamma-aminopropyltrimethoxysilane; vinyl-tris(beta-methoxyethoxy) silane;
      and gamma-glycidoxypropyltrimethoxysilane. Other coupling agents tailored
      to tthe laminating or matrix resin later combined with the mat could also
      be used.
PAR  A weak acid such as acetic acid, lactic acid, citric acid or formic acid is
      also preferably added to the size when some silane coupling agents are
      used to prevent the coupling agents from kicking out of the solution. The
      acid is used in a quantity sufficient to keep the pH of the size on the
      acid side. Generally amino silanes, such as
      gamma-aminopropyltrimethoxysilane, will remain in solution in an acid or
      basic solution.
PAR  Chrome coupling agents also may be used. These could be Werner complex
      compounds in which the carboxylato group coordinated with the trivalent
      nuclear chromium atom contains an amino group or an epoxy group.
PAC  EXAMPLE 2
PAR  A specific size formulation found to give good results when a polyester
      resin emulsion is used in the binder (as in Example 3) is as follows:
TBL                           % by weight                                      
      Ingredient              of total size                                    
     ______________________________________                                    
     Galacial Acetic Acid     0.03                                             
     pelargonic acid-                                                          
      tetraethylene pentamine condensate                                       
                              0.030                                            
     caprylic acid-                                                            
      tetraethylene pentamine condensate                                       
                              0.01                                             
     gamma-methacrylocypropyltrimethoxysilane                                  
                              0.20                                             
     Water                    remainder                                        
     The pH is kept 4.0 to 4.5.                                                
     ______________________________________                                    
PAR  The filaments from each busing, after the forming size is applied thereto
      are grouped together to form a number of strands which are individually
      segregated as they travel within grooves over the respective gathering
      shoes 27a, 27b illustrated in FIG. 1. The primary division of the
      filaments into strand groups may be accomplished manually at the start of
      production.
PAR  The showing of six busing positions is representative of a twelve bushing
      production line apparatus to form the preferred embodiment of the product
      of this invention. The first two and the last two bushings of the series
      of twelve bushings deposit the bottom-most layers and top-most layers,
      respectively, of a mat 60 on collecting surface of a conveyor 61. The
      filaments of each of the first two and the last two bushing are preferably
      split or divided into twenty-two strands with approximately twenty
      filaments per strand. The filaments of each of the intermediate or middle
      eight bushings are preferably split into fourteen strands with twenty-nine
      to thirty-one filaments per strand.
PAR  The sets of strands 28 from the first two and the last two bushings in the
      series pass down around grooved guide or aligning shoes and idler wheels
      before being drawn over pulling wheels 35 and projected downwardly
      therefrom. Similarly, the sets of strands 29 from the remaining eight
      intermediate bushings reach pull wheels 36 and are projected therefrom.
      The pull wheels are driven by motors 38 arranged in pairs between adjacent
      pull wheels longitudinally of the production line.
PAR  The traction between the strands and the surface of a pull wheel furnishes
      the pulling force that attenuates the glass filaments formed from the
      minute molten glass streams issuing from the orifices of the furnace
      bushing. This adherence of the strands to the pull wheel is evidently due
      to the cohesive effect of the forming size carried by the strands
      supplemented by other air and surface forces of attraction.
PAR  The strands projected from the pull wheels are deposited upon the
      foraminous conveyor 61 and accumulate to form a continuous mat 60. The
      conveyor 61, or subsequent conveyors to which the mat 60 is tranferred,
      carries the mat 60 through a selective binder application area to an oven
      65 curing of the binder components on the filaments and strands of the
      mat. The cured mat 60 issuing from the oven 65 may have its edges trimmed,
      be inspected and then packaged at a suitable packaging station if
      immediate use of the product is not desired.
PAR  The binder which is flooded onto the mat-like mass of this invention can
      comprise a suspension of solid, resinous binder particles in a liquid
      strand phase, medium or carrier. Of the total weight of binder, 95 to
      99.9% weight can be the liquid strand dispersing phase and 0.1 to 5%
      weight can be the binder particles.
PAR  The liquid strand dispersing phase of the binder may be composed entirely
      of water. Another preferred component however is a resin or resin emulsion
      that is dispersible in water. Polyester, phenolic, epoxy, vinyl acetate or
      urethane resin emulsions can be used. Generally a water dispersible resin
      or resin emulsion is chosen that matches or is compatible with the resin
      that mat-like mass will be combined with to make a laminate or other
      product.
PAR  The resin emulsion can be any resin that will form a sticky, tacky or
      glue-like coating, layer or film on the filaments or strands of the
      mat-like mass. This film helps hold the solid binder particles onto the
      filaments or strands. This is especially important during the short period
      of time in the heated oven when the mat may have dried but the binder
      particles have not yet melted and begun to flow. The resin emulsion layer
      of film should be tacky enough to retain at least 80% of the solid resin
      particles coming in contact with it after excess has been drained off.
      Below 80% retention the mat-like mass may have too many loose or unbonded
      filaments or strands and present a fuzzy surface. In sone product
      applications, for example, electrical laminates or pultruded shapes such
      as channels this could be highly undesirable.
PAR  Other components of the liquid strand dispersing phase are generally a
      catalyst and preferably a coupling agent. The catalyst is used to promote
      cure (polymerization) of the resin emulsion in the curing oven. The
      coupling agent serves to enhance the chemical bonding of the strands and
      filaments to the laminating or other type of resin later combined with the
      mat-like mass.
PAR  The solids content of the liquid phase of the binder can comprise about 0.5
      to 2% catalyst, 20 to 50% coupling agent and about 50 to 80% resin. By
      weight of the total liquid phase, the total solids content can be about
      0.1 to 20%. Preferably when making mats for electrical laminates the total
      solids content should be about 0.1 to 3% and specifically about 0.25%. A
      formulation for the liquid phase or medium of the binder is shown in
      Example 3.
PAC  EXAMPLE 3
TBL  Ingredient                % by weight                                     
     ______________________________________                                    
      Resin                                                                    
     Diethylene glyco-fumarate polyester                                       
     (70%) dissolved in diallyl phthalate (30%)                                
                               0.30                                            
      Catalyst                                                                 
     Benzoyl peroxide (50% solids) in a                                        
     butyl benzyl phthalate carrier                                            
                               .0058                                           
      Weak Acid                                                                
     Glacial Acetic Acid       0.03                                            
      Coupling Agent                                                           
     gamma-methacryloxypropyltrimethoxysilane                                  
                               0.1                                             
     Water                     remainder                                       
     ______________________________________                                    
PAR  The resin component in the liquid phase of the binder may be any
      thermosetting or thermoplastic resin which will give the tacky or
      glue-like characteristics outlined above. Examples of resin components
      that can be used are polyvinyl acetate, vinyl toluene, diacetone
      acrylimide, epoxy, phenolic, melamine, acrylic and urethane resins, as
      well as the reaction products of propylene glycol and maleic or
      trimellitic anhydride. Generally in electrical mats polyester resins are
      used.
PAR  A catalyst is chosen which will promote cure (polymerization) of the liquid
      resin during or after passage of the mat through a heating oven. When
      ethylene glycol fumarate or diethylene glyco-fumarate is used as the
      liquid resin suitable catalysts are benzoyl peroxide, lauroyl peroxide,
      stannic chloride pentahydrate, cobalt nitrate and the like.
PAR  A weak acid such as acetic, lactic, citric or formic acid may be added to
      keep the pH of the liquid phase slightly acidic. This is only necessary
      when certain coupling agents are used in the formulation. Some coupling
      agents have a tendency to kick out of solution in a neutral or basic
      solutions, others do not.
PAR  The particular coupling agent used should be chosen to be reactive with the
      resin that will eventually be combined with the mat to make a product. In
      Example 3 the coupling agent used works well with polyester laminating
      resins. Other coupling agents which could be used are most silane or
      chrome coupling agents. Those listed in the discussion of size
      formulations can also be used.
PAR  It should be noted that at the filament forming station, the filaments
      receive a coating of the forming size containing silane or coupling agent
      which tends to cover the entire surface of the filaments. There may be an
      occasional skip or bare spot devoid of a layer of the coupling agent. For
      this reason, it is believed preferable to also include a coupling agent in
      the binder to insure a continuous coating of silane in those spots which
      might otherwise be bare or devoid of such material.
PAR  Also the binder coupling agent will coat the binder particles and again aid
      in the coupling of the matrix resin with the surfaces of the mat filaments
      and strands.
PAR  To attain the best possible results with the mat-like mass made in
      accordance with this invention the solid binder particles should range in
      size from about 35 to 420 microns in diameter. This micron range
      corresponds to 40 to 400 mesh (U.S. Sieve Series).
PAR  The binder particles circulated through the mat are both mechanically
      entrapped by the mesh size change in selected areas of the mat and also
      are attracted to and adhered to at least some of the filaments and strands
      inall areas of the mat, including particles that are lodged in the
      intersections or crossovers of strands or filaments in the portions of the
      mat which do not have a mesh size change. When these particles are heated
      in an oven they melt and flow around the strands or filaments they are in
      contact with or which are nearby and thereby bond these strands and
      filaments to one another. When the binder particles are powdered
      thermosetting resins they set up and cure in the heated oven. When the are
      thermoplastic they melt and flow in the oven but set up outside the oven
      at room temperature.
PAR  The binder particles should be of a chemical composition that is compatible
      with or the same as the resin later combined with the mat to make a
      product. Excellent results have been obtained by using particles of
      ethylene glyco-fumarate suspended in the liquid phase of Example 3 in the
      proportions shown in Example 4.
PAC  EXAMPLE 4
TBL  Ingredient             Percent by Weight                                  
     ______________________________________                                    
     Example 3 liquid phase 99.85                                              
     Ethylene glyco-fumarate particles                                         
      (35 to 420 microns in diameter)                                          
                            0.15                                               
     ______________________________________                                    
PAR  Binder particles preferably should have jagged, non-spherical or irregular
      surfaces. Smooth or spherical particles can too easily slip through
      filament or strand crossover points. Irregularly shaped particles are more
      easily entrapped.
PAR  If the particles are thermosetting they should be able to melt, flow, set
      up and cure in a heated oven. It is of course important that the particles
      flow before setting up. Generally they should melt below 600.degree.F. to
      be compatible with most mat making operations. If the particles are
      thermoplastic they would set up outside of the oven.
PAR  In the vertical cross-section of FIG. 2 there is shown in elevation the
      first pair of bushings 21 of FIG. 1 and the apparatus associated therewith
      including the pull wheels 35 for depositing the strand on a conveyor. The
      pull wheels 35 with elements of the apparatus cooperating therewith are
      shown in enlarged form in FIGS. 3 and 4. As the wheels 35 and their
      associated apparatus are quite identical in structure and function, the
      description of the wheels 35 will generally apply to the apparatus
      including wheels 36 for the intermediate bushings.
PAR  From the guide or aligning shoe 31, which is grooved similar to the
      gathering shoe 27a for maintaining the strands separate and in spaced
      relation, the strands 28 are led around the idler wheel 33 and over and
      around pull wheel 35. The strands are released from the pull wheel at a
      moving point reciprocating along an arc of the peripheral path of the
      wheel. The release is effected by the successive projection of fingers 83
      of the oscillating spoke wheel 39 located within the pull wheel 35,
      through slots 41 in the cylindrical surface of the wheel. The strands are
      thus kinetically projected downwardly tangentially from the wheel and in a
      path moving back and forth across the conveyor 61.
PAR  The rear side of each pull wheel is covered by an independently mounted,
      oscillatable back plate 42 (see FIG. 3) on which the associated spoke
      wheel is carried. Back plate 42 of the assembly including pull wheel 35 is
      arcuately oscillated through a rearwardly projection post 43. The latter
      is driven by functioning of a fluid cylinder or other mechanism (not
      illustrated) which acts through the triangular link 45, which pivots upon
      bar 47 mounted on the base 49 as shown in FIG. 2. The rod extending from
      the cylinder or other activating mechanism is joined to the triangular
      link 45 by linking rod 46. The base 49 is positioned on the platform 50
      which also supports the other wheel 35, motors 38 and other equipment
      associated therewith. Platform 50 rests upon an operator floor 52.
PAR  Through the connecting assembly 55, including the turnbuckle 56, the
      transverse movement of the triangular link 45 is transmitted to a post 43
      to also arcuately oscillate the back plate and spoke wheel 39 within the
      other pull wheel 35. With a single means effecting the oscillation of both
      spoke wheels their action may be closely synchronized.
PAR  The group of strands 58 thrown down by the pull wheels 35, 35, and the
      strands from the pull wheels following this pair are accumulated in mat
      form upon the traveling conveyor 61, which may be a carbon steel chain
      construction. Side shields 63 define the edges of the mat 60 and prevent
      undesirable lateral overreaching of the strands.
PAR  The width of the conveyor covered by the mat in the case may be varied
      through a wide range of changing the oscillating arc length of the spoke
      wheels and the distance of the pull wheels above the conveyor. The side
      shields 63 are adjustably mounted so that their spacing may be altered to
      match the desired width of the deposited material. For example, the width
      may be varied between limits of 14 inches to 84 inches.
PAR  The width of the pull wheels may be varied to accept a higher or a lower
      number of strands, the slots therethrough being made proportionately
      longer and the exterior portions of the fingers also made proportionately
      wider. The movement of the fingers 83 into the slots 81 and their
      momentary projection through the slots to release the strands is
      synchronized through a timing drive between the pull wheel and the spoke
      wheel. This may include a toothed pulley fixed upon the hub of the pull
      wheel, a cog timing belt running between this pulley and a pulley on a
      shaft upon which the spoke wheel is journaled.
PAR  The distance of the pull wheels above the conveyor, and the rotational
      speed of the wheels are so selected, in relation to the specifications of
      the strands being deposited, that the strands are projected with
      sufficient force to carry them as a band of generally constant form and in
      substantially regular paths to the surface of the conveyor or other
      collection surface. Each group of strands is thus deposited in a
      reciprocating strip across the conveyor in a constant repeating pattern
      and with substantially stable dimensions.
PAR  A large range of relationships can be established between the strips laid
      by various pull wheels in the system shown, but any one product may be
      reproduced uniformly by locking the system into the dynamic relationship
      which has been found to produce the particular mat construction desired.
PAR  Referring to the sectional view of the mat produced as shown in FIG. 5 it
      can be seen that the mat 60 incorporates upper and lower surface layers 80
      of light strands and a central body portion 82 of heavier strands. Since
      each bushing is supplying 438 filaments, the upper and lower layers 80
      comprise two layers of 22 strands each from the first and second bushings
      and two layers of 22 strands each from the last two bushings in the series
      of twelve bushings. The intermediate body portion 82 includes eight layers
      of 14 strands each. As noted hereinbefore, the strands in the upper and
      lower surface layers 80 contain approximately 20 filaments per strand
      whereas the strands in the central body portion 82 contain 29 to 31, or
      approximately 50 percent more, filaments per strand. However, there are
      more strands per unit area in each of the surface layers 80 than in the
      central body portion 82. Thus, the smaller strands in the surface layers
      not only are able to lie more closely together to form smaller interstices
      because they are smaller in diameter, but there are more strands deposited
      per unit area so that a great many more interstices are formed than in the
      central body portion. This enables better particle entrapment capabilities
      when the mesh size of the surface layers 80, particularly the upper
      surface layer 80, is changed by the process to be hereinafter described.
PAR  As the mat 60 leaves the strand deposition position area, it is conducted
      through a binder application area. At a first liquid impingement or
      flooding station 170, a liquid suspension material 174 (preferably
      comprising solid binder particles suspended in a liquid strand dispersing
      medium) is distributed evenly across the mat-like collection of strands by
      a weir means 171. A supply line 172 supplies liquid to the weir means 171
      from a suspension mixing tank or sump 100 via a pump 102. A valve 173 may
      be utilized to control the flow of the liquid suspension to the weir 171
      and thus the amount of liquid impinging upon and flooding the strands in
      the mat-like mass 60. The liquid suspension 174 collects on a liquid
      retaining means, such as a plate 176, in a flood condition as noted at 175
      to inundate the mat 60 completely.
PAR  An end 177 of the liquid retaining means 176 may be opened to enable the
      flow of excess suspension material 174 into a collecting trough 190 at the
      left side of the liquid retaining plate 176. Upwardly extending side walls
      or plates 178 are provided to prevent a flow transverse to the direction
      of travel of the mat and the stream formed by the flooded area 175. The
      side plates or walls 178 advantageously are spaced closely to the edges of
      the mats 60 to prevent flow of the suspension material 174 out through the
      edges of the mat. The prevention of edge flow will maintain the
      dimensional qualities of the mat and will prevent a nonuniform binder
      distribution in the edge areas. The side walls 178 may be extended past
      the termination of the plate 176, as noted at the right of plate 176 in
      FIG. 1, so that draining of the flood stream 175 from the mat 60 will
      occur only down through the mat rather than out through the edges thereof.
PAR  A flood stream flow will occur in the flooded area 175 if the liquid
      suspension is provided at a rate to flood the mat 60 completely and to
      move along therewith. A sufficient flow is advantageously provided by
      regulating the valve 173 so that the flooded area 175 will become a stream
      moving at substantially the same rate and in the same direction as the mat
      60. The strands in the mat 60 will therefore not be disturbed from the
      orientation provided by the deposition apparatus. A second trough or catch
      basis 191 at the right of the liquid retaining plate 176 catches the flood
      stream 175 as it drains down through the mat 60 as the conveyor 61 and mat
      60 pass the right end of the plate 176. Conduits 192 and the pump 193
      cooperate to return the suspension materials collected in troughs 190 and
      191 to the suspension mixing tank or sump 100.
PAR  The length of the liquid retaining plate 176 and thus the interval during
      which the mat is maintained in the flooded condition is determined in
      response to the speed that the mat is moving through the flooded area and
      the soaking time necessary for the strand dispersing medium in the
      suspension materials to overcome or substantially overcome the forces
      holding the filaments together in strand form. The soaking interval in the
      preferred embodiment is calculated or based upon the forces holding the
      smaller strands together that are lying in the upper surface of the mat 60
      since, as will be noted hereinafter, the dispersion of the strands in the
      upper layer 60 is a critical factor in changing the mesh size to provide a
      higher binder percentage content in the upper surface layer.
PAR  With some strands it may be possible through soaking alone to disperse the
      strands in the upper layer before the strands disperse in the immediate or
      central body portion of the mat 82, depending upon the number of filaments
      in the strands and the relative treatments provided when the strands of
      the upper layer and central body portion are formed and deposited. But,
      the preferred and the most effective dispersal of filaments of the strands
      in the upper layer in the mat 60 may be accomplished by using a second
      liquid impingement station 180.
PAR  The second liquid impingement station 180 is spaced from the first
      impingement and flooding station 170 a distance, depending upon the speed
      of the conveyor 61, which is adapted to provide a predetermined soaking or
      bond weakening interval. The second impingement station includes a weir
      181 supplied via a supply line 182, the amount supplied being controlled
      by a valve 183 connected between the pump 102 and the weir 181. If desired
      a second weir 185 may be interposed between the supply line 182 and the
      weir 181 to provide a double weir construction which will reduce
      turbulence when high flow rates are utilized. Apparatus for preventing or
      removing foam, such as bars placed across the surface of the liquid
      suspension in the weirs 185, 181, may be utilized to prevent flow of foam
      into the flooded upper surface of the mat 60 and an interference with the
      strand dispersing and binder distribution operation being performed.
      Similarly, foam prevention or removal apparatus may be used with the weir
      171.
PAR  The control valve 183 in combination with the construction of the forward
      lip 186 of the weir 181 combine to provide a regulated, predetermined
      forward velocity of the impinging stream 184 with respect to the mat 60
      and the flood stream 175. It is desirable to provide the impinging steam
      184 with a slightly higher forward velocity vector than that of the flood
      stream 175 and the mat 60 for most effective strand dispersal in the upper
      layer.
PAR  A major portion of the excess suspension materials in the mat 60 is removed
      by gravity drainage from the mat 60 into the collecting trough 191 at the
      right of the liquid retaining plate 176 as the conveyor 61 and the mat 60
      clear the end of the plate 176. Further excess liquid suspension materials
      are removed from the mat 60 by passing the foraminous conveyor over a
      plurality of suction chambers 200, 210, having suction slots 201, 211
      formed in the upper side thereof. A blower system 230 connected to the
      suction chamber 200, 210 by a conduit 220 and via a separator unit 240
      causes a reduced pressure in the chambers 200, 210 and a positive flow of
      air downwardly through the mat 60 to extract excess liquid suspension
      materials therefrom. The separator unit 240 separates liquid and particles
      that may be entrained in the air stream and diverts the suspension
      materials in the air stream to the retrived suspension storage tank 250.
      The cleaned air exits from the separator 240 through an exhaust system
      245. A pump 251 and a conduit 262 returns the retrieved suspension
      materials to the suspension mixing tank 100.
PAR  The powdered binder or binder particles are added to the liquid carrier at
      a rate equal to the rate of deposition of the binder particles from the
      suspension onto the mat. This may be accomplished by sensing the
      throughout of the twelve bushings by a throughput measurement and control
      unit 270. The control unit 270 may provide a signal on leads BM1 and BM2
      to a binder metering control unit 264 to regulate a binder feeding device
      265 to control the amount of powdered binder put into the tank 100 from a
      particle binder supply 260 to maintain the percentage of binder particles
      supplied to weirs 171 and 181 substantially constant.
PAR  The throughput measurement performed by the unit 270 is accomplished by
      sensing the amount of heat supplied to the bushings 21 to maintain the
      molten glass therein at a desired attenuating temperature. If the amount
      of fibers being attenuated is greater, then the heat requirements are
      greater, and a measurement of the throughput of the bushings is obtained.
PAR  It is also desirable to control the line speed of the conveyor 61 so that a
      uniform mat thickness is collected thereon. This may be accomplished by
      providing signals on leads CS1 and CS2 from the throughput measurement
      unit 270 to a conveyor speed control 267. This signal may be the same as
      or proportional to the signal applied on leads BM1 and BM2, since the
      production of a greater amount of fibers should cause the conveyor speed
      to be greater to maintain a uniform thickness of mat collection.
PAR  Since the rate retention of binder particles by the mat-like collection
      will depend upon the rate of fiber production and/or the rate of movement
      of the collection, signals representing the line speed control 267 and
      applied to the binder metering control 264 via leads BM3 and BM4.
PAR  The dispersing medium 90 in tank 100 is constantly agitated by a stirrer
      101 driven by a motor 104 to prevent the binder particles from settling
      out. In addition an agitator 105 driven by a motor 106 is placed adjacent
      the point of initial contact of the binder particles with the liquid to
      promote a fast wetting of the solid binder particles. The dispersing
      medium is provided from strand dispersing medium supply 110 via a valve
      111 to the binder and agitation tank 100. To prevent settling out of the
      powdered binder or binder particles anywhere in the system, agitation is
      provided throughout the system by pumping large amounts of the liquid
      suspension from the tank 100 through the binder application area in the
      closed loop system shown so that a high rate of flow in all of the
      conduits and associated apparatus will prevent settling or separation.
PAR  The flow of suspension material from the supply 110 is regulated by a level
      control unit 268 which is responsive to the level in tank 100 as detected
      by a probe 269, to regulate the opening and closing of the valve 111. The
      unit 268 thus maintains a desired quantity or level in tank 100.
PAR  As described, the mixing and application system is of the closed loop
      nature so that all materials are completely and efficiently used. There is
      no loss as a result of drainage, spillage, inefficient application, powder
      fall-out, dry powder fall-through, or air currents.
PAR  In summary, the binder application area includes a flooding weir 170 for
      applying binder (solid binder particles in suspension) to the mat 60. The
      suspension stream 174 from the weir 171 preferably is flowed substantially
      vertically downwardly from the weir 171 to completely inundate the mat.
      The fluid suspension strikes with sufficient force to flatten out all mole
      hills, tunnels, and like irregularities which cause non-uniformities and
      which may have occurred in the deposition of the strands on the conveyor,
      but does not distrub the fiber orientation and does not affect mat
      uniformity. The no-load thickness of the mat is reduced by the flooding
      weir and the positive air flow therethrough during suspension extraction.
PAR  A soaking section is provided after the flooding weir 170 where the
      completely submerged mat is allowed to move with a pool of binder and
      strand dispersing medium at the same velocity so that all of the strands
      soak for a predetermined interval. The soaking interval may vary with the
      number of filaments in the strand, the type of forming size applied to the
      strand, and other conditions. With the specifications set forth
      hereinafter for a preferred embodiment of this invention, it has been
      found that a soaking interval of as little as seven seconds may be
      sufficient.
PAR  The purpose of the soaking section is to break down any bonds or other
      forces that may be holding filaments together in strand form in the layer
      or layers that are to be filamentized. The excess binder and strand
      dispersing medium flowing from both ends of the soaking section over the
      ends of the plate 176 is collected in the catch basins 190, 191 and sent
      back to the sump mixing tank 100.
PAR  A dispersing weir applies and impinges more binder and strand dispersing
      medium onto the top of the mat and the flood stream, after the soaking
      interval has expired. The fluid preferably flows from the weir 181 so that
      the horizontal vector of the impinging stream is substantially greater
      than the vertical vector thereof so that the impinging stream has a
      slightly higher velocity than that of the flood stream 175 and the mat 60
      for most effective dispersing capability. The strands in the upper layer
      are therefore at least partially dispersed into their individual filaments
      to change the mesh size to a value which will mechanically entrap binder
      paticles in the upper portion or surface layers.
PAR  In the preferred embodiment of the method, apparatus, and of the product
      being formed, this is accomplished by the combination of providing strands
      in the upper layer which have fewer filaments per strand and thus are more
      readily reopened, and by providing more of the strands per unit area in
      the upper layer so that the interstices of the strands lie closer
      together. This combination encourages a rapid change in mesh size to
      retain or entrap the binder in the upper layer before a mesh size change
      occurs in the central body portion that would retain more binder therein
      or substantially inhibit the flow of the binder particles out of the
      central body portion. Some binder is of course, desirably retained in the
      central body portion of the mat, whether liquid and/or particulate binder,
      by surface tackiness of strands and filaments in the central body portion
      and the lodging of the particles at the crossovers or intersections of the
      large strands, even though there are fewer strands per unit area in the
      central body section.
PAR  Since the bottom layer is also composed of strands having fewer filaments
      per strand, and since there are more strands per unit area, the soaking
      interval and the contact with the strand dispersal medium may be adjusted
      to overcome the forces holding the filaments together in strand form
      before a similar reaction occurs in the central body portion. Then, as the
      water or dispersant is draining out of the mat 60 into the catch basin 191
      through the bottom layer, it is believed that a hole seeking flow may
      occur through the smaller interstices of the bottom layer which will cause
      at least a partial dispersement of the filaments of the strands in the
      bottom layer by filaments being carried toward the holes by the flow. If a
      positive mechanical dispersing action is desired, an array of nozzles or a
      slit nozzle may be provided across the bottom of the plate 176 and
      connected to the sump 100 via a suitable flow regulator, to provide a flow
      which will impinge the lower surface of the mat 60 through the foraminous
      conveyor in the same fashion as the upper layer is dispersed. There may be
      thus created a mesh size change which may not, depending upon the number
      of filaments per strand and the forces holding the strands together,
      change the mesh size of the bottom layer as much as the mesh size of the
      top layer is changed. All of the binder particles therein or going
      therethrough because of the draining action may not be entrapped in the
      bottom layer.
PAR  Whether filamentized or not, the bottom layer at least provides
      substantially more intersections to filter some binder out of the draining
      flow from the central body portion and the bottom layer itself. Thus,
      there is a higher percentage binder content in the bottom layer than there
      is in the central body portion, although the binder content of the bottom
      layer may not be as high as that of the top layer. The higher binder
      content in the bottom layer will provide the mat with excellent surface
      properties and enhance the handleability of the mat.
PAR  It can be seen, then, that one of the major principles of the invention
      lies in circulating binder uniformly throughout a mat-like mass, and then
      selectively changing the binder retention capabilities of one or more
      areas in the mat to enable the areas having a changed retention capability
      to have a higher binder content than the remaining areas of the mat. This
      is most effectively accomplished by insuring at least a partial positive
      dispersal of the strands, as taught hereinbefore with respect to the top
      or upper layer of the mat 60.
PAR  Although discussed generally hereinbefore, it should be noted that the
      binder particle content in the strand dispersing medium may be
      substantially reduced and/or removed completely, while the liquid binder
      portion is substantially increased to obtain desired binder content
      concentrations. While there is no comparable mechanical entrapment of
      binder, the selective in-place filamentization of one or more layers after
      the liquid binder has been thoroughly and uniformly distributed throughout
      the mat will provide increased glass surface areas and intersections for
      receiving the liquid binder. Thus, the binder concentration will be higher
      in the filamentized layer or layers than in the remainder of the mat.
PAR  Because of the delicate nature of the control of the selective
      filamentization of a portion of the mat, it is preferred to provide
      relatively sharp distinctions between the binder retention capabilities of
      the layers wherein a binder concentration is desired and the other layers
      of the mat, as in the preferred embodiment disclosed herein, to reduce the
      responsibilities of the operators when the apparatus is on a production
      line. The product desired can then be obtained even though variations
      occur during the production in the deposition of strands in the
      application of forming size to the strands, in the diameters of the
      filaments and the strands, in the composition of the binder, and/or in the
      percent or type of binder particles suspended in the carrier.
PAR  However, the principles herein are applicable under controlled conditions
      without sharp distinctions being made between layers, particularly when a
      thicker mat is being produced. That is, the filamentization and mesh
      change desired in the upper portion of the mat may be accomplished by
      impinging a mat composed of strands, all having the same characteristics
      throughout the thickness of the mat, and designing the final impinging
      stream supply for filament dispersal so that only strands in the upper
      portion of the mat are affected and dispersed to change the mesh size
      thereof and to retain a higher concentration of binder particles therein.
      As noted hereinbefore, there would not be a sharp division between an
      upper portion or layer in this latter instance and the lower portion,
      since the degree of filamentization of the upper portion would gradually
      decrease from the upper surface downwardly as the effect of the
      impingement stream decreases, rather than having a relative sharp
      distinction between mesh size areas.
PAR  The binder application area also includes an extraction section which
      removes excess binder from the mat by first draining the liquid carrier
      and binder from the mat and then by passing air or other gas at a
      relatively high rate of flow through the mat for positive extraction. In
      the preferred embodiment of this invention the rate of flow of the air
      through the mat is controlled so that the binder or liquid suspension
      material left in the mat, as the mat enters the oven, weighs about the
      same as the strands and filaments in the mat. The preferred embodiment of
      the mat after curing has an overall binder content of about three and
      one-half percent by weight, as obtained from an average of five percent in
      the upper layer of the mat, about one and one-half to two percent in the
      central body portion, and between one and one-half and four percent in the
      lowermost surface of the mat. The binder and the air removed from the mat
      pass into a gas separator system where the gas is removed and exhausted to
      the atmosphere while the binder and dispersant is returned to the sump.
PAR  In the preferred embodiment the overall mat has approximately an 80 mesh
      porosity so that binder particles of 100 mesh size or higher will tend to
      circulate or be distributed freely throughout the mat of the mass. When
      the mesh size of the mat is changed, as by the application of the filament
      dispersing impingement stream 184 from the weir 181, the upper layer of
      the mat surface changes mesh size so that its porosity is at least 100
      mesh thereby entrapping 100 mesh size particles in the upper layer.
PAR  An electrical grade laminate reinforced with mats having the surface with
      higher binder percentages facing outwardly provides the laminate with much
      better electrical characteristics. The higher binder particle
      concentration in conjunction with the finely dispersed filaments in the
      preferred embodiment apparently imparts higher or better dielectric
      strength to the surface of the laminate.
PAR  When using the novel product of this invention as a reinforcement for
      products the following improvements over other commercially used mats have
      been noted. The wet-through of the impregnating material is much faster.
      The forming press may be closed at a faster rate. No special pour pattern
      from the impregnating matrix is required. The higher porosity prevents dry
      spots or wash. The even horizontal binder distribution avoids the
      occurrence of soft edges. The wet-out by the impregnating matrix is
      better. There is less surface fiber prominence as a result of the finer
      strands. Heavily filled resins may be used. When the reinforced product is
      used as circuit mounting boards, the laminates have better punchability
      properties with less crazing and cracking in the circuit board surfaces
      and interior. The lower overall binder content, as compared to past
      reinforcing mats similarly used, enables the provision of more reinforcing
      glass fibers per unit area in the final product. The lower binder content
      and the coarser strands in the central body portion improve the
      moldability of the mat.
PAR  As noted hereinbefore the surfaces of the novel product are more tightly
      bonded to provide an improved handleability. Surface defects such as mole
      hills, puff balls or tunnels are substantially eliminated. The edge weight
      is more uniform. In addition, the compacting and elimination of surface
      defects and the other improved physical characteristics of the mat product
      enables a better thickness control of the product made when using the mat
      as a reinforcement, for example when a relatively thin electrical grade
      laminate is being formed. The standard powered binder application method
      of the prior art can be used on mats with a weight range of three-fourths
      of an ounce to 4 ounces per square foot. This invention will extend the
      range of mat weights possible down to one-eighth ounce and up to 6 ounces
      per square foot.
PAR  The prior art mats which are not filamentized on the surface tend to cause
      a cracking or crazing when the reinforced product is being punched. Other
      prior art mats which are completely filamentized have decreased porosity
      throughout the mat and present matrix wet-out problems in some
      applications. The present mat provides improved crazing resistance. This
      is believed due to higher binder concentration and greater filament
      dispersion at the surface being punched.
PAR  In prior art mats difficulties have been encountered sometimes with binder
      migration when the mat is being cured in an oven. In the preferred
      embodiment of this invention, the mechanical entrapment of the binder
      particles substantially reduces migration problems.
PAR  This improved mat may also be used advantageously in pultrusion
      applications. It processes better than other continuous and chopped strand
      mats in pultrusion applications due to better fiber bonding on mat
      surfaces and even compaction of the mat. It wets out and gives better
      laminate properties than chopped strand mats.
PAR  In conclusion, it is pointed out that while the illustrated examples
      constitute practical embodiments of our invention, we do not limit
      ourselves to the exact details shown, since modification of these details
      may be made without departing from the spirit and scope of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A nonwoven mat having strands of continuous glass filaments generally
      disposed in irregularly shaped looping formation comprising at least two
      layers of the strands of continuous filaments, a portion of the strands of
      one of the layers being filamentized such that the filaments of those
      strands are separated from each other and binder material in each of the
      layers such that the one layer having strands that are filamentized
      contains more binder material than the other layer, the binder material in
      each layer being uniformly distributed in that layer.
NUM  2.
PAR  2. A nonwoven fibrous mat having strands of continuous filaments generally
      disposed in irregularly shaped looping formation comprising:
PA1  a. two contiguous layers of the strands of continuous filaments, one layer
      having the filaments of that layer more dispersed than the filaments in
      the other layer; and
PA1  b. binder material joining the filaments into an integral mat where one
      layer contains more binder material than the other layer.
NUM  3.
PAR  3. A fibrous mat as defined in claim 2 wherein a portion of the filaments
      in one layer intermingle with the filaments of the other layer such that
      the contiguous layers are interconnected.
NUM  4.
PAR  4. A fibrous mat as defined in claim 2 wherein the layer which contains
      more binder material than the other layer is the layer having filaments
      that are more dispersed than the filaments in the other layer.
NUM  5.
PAR  5. A fibrous mat as defined in claim 2 wherein the binder material in each
      layer is uniformly distributed in that layer.
NUM  6.
PAR  6. A fibrous mat as defined in claim 2 wherein the strands of one layer
      contain more filaments than the strands of the other layer.
NUM  7.
PAR  7. A fibrous mat as defined in claim 2 wherein the strands are formed of
      continuous glass filaments.
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ABST
PAL  Pressure-sensitive transfer sheets and ribbons having a flexible plastic
      foundation carrying a colored layer comprising pressure-transferable
      imaging material, the plastic foundation consisting of a laminate of two
      different plastic films, one of which is stronger and less deformable than
      the other.
PARN
PAR  This application is a division of application Ser. No. 117,162, filed Feb.
      19, 1971, now abandoned.
BSUM
PAR  It is recognized in the carbon paper and typewriter ribbon field that
      plastic film foundations offer many advantages over paper foundations for
      a variety of end usages. In cases where a complete release of the
      transferable layer is desired, as with executive-type single-use ribbons
      for quality copy, plastic foundations are used because they permit the
      complete release of the frangible transfer layer. U.S. Pat. No. 3,061,886
      is illustrative of such ribbons. Also, in cases where reusability is most
      important and complete release is not desirable, plastic foundations are
      used in that they do not absorb oil from the so-called squeeze-out type
      resinous ink layer and thus result in carbon papers and ribbons which do
      not dry out or lose their imaging strength on aging. U.S. Pat. No.
      3,037,879 is illustrative of such transfer elements.
PAR  The most important difficulty encountered in the prior art is the
      requirement for the co-existence of contradictory properties in the film
      foundation. The most popular film is polyethylene terephthalate polyester,
      commercially available under the trademark Mylar. This material is
      exceptionally strong and tear-resistant, but due to its strength Mylar is
      not very deformable about the type face under the effects of typing
      pressure and therefore the quality of the typed images is reduced. Other
      films such as polyethylene and polypropylene and the like are soft and
      deform easily about the type face but have the disadvantage that they are
      weak and tear or break more readily than Mylar during handling and use.
PAR  Another important disadvantage of the prior art film ribbons is their
      tendency to expand or contract with changes in temperature and humidity so
      that the ribbons either expand and unravel and telescope from the core or
      contract tightly on the core so that at least a portion of the
      transferable layer transfers to the back of the film against which it is
      tightly wound when the ribbon is unwound during use. While this problem
      is, to some extent, also due to the contemporaneous expansion and
      contraction of the transferable layer, the film foundation compounds the
      problem rather than stabilizing thereagainst.
PAR  The present invention is concerned with providing transfer sheets and
      ribbons with plastic film foundations which are exceptionally strong and
      tear-resistant and which nevertheless are exceptionally deformable about
      the type face under the effects of typing pressure.
PAR  The present invention is also concerned with providing such sheets and
      ribbons which are more resistant to changes in dimensions with changes in
      temperature and humidity.
PAR  The objects and advantages of the present invention are accomplished by the
      discovery that an ideal film foundation having exceptional impact
      strength, deformability and dimensional stability may be produced by
      laminating together two thin films, one of which has good impact strength
      and the other of which has good deformability. In some unexplainable
      manner the combination results in a film having the best properties of
      each of the components. While it would be expected that the weaker film
      having good deformability would be strengthened by lamination to the
      stronger, less-deformable film, it is unexpected that the stronger film
      would be rendered more deformable by lamination to the second film. Also,
      it is unexpected that the bi-film laminate has greater dimensional
      stability under the effects of changes in temperature and humidity than
      either of the two films alone. This appears to be the result of the two
      films having different expansion coefficients so that one remains stable
      when the other tends to be affected by heat or humidity, and the stable
      film restrains the other film from changing dimensions.
PAR  The bi-film foundations of the present invention consist of a lamination of
      two individual films, each having a maximum caliper of 1 mil and
      preferably having a maximum caliper of 0.5 mil. The lower end of the
      thickness range for each film is governed in most cases by commercial
      availability and appears to be about 0.2 mil.
PAR  The preferred strong film is Mylar which has an impact strength of about 70
      kg/cm but other similar films having impact strengths in excess of about
      40 kg/cm may also be used such as polyvinyl fluoride (Teslar), polyvinyl
      chloride, chlorinated rubber (Pliofilm) and similar films having high
      strength and relatively low deformability. Impact strength is determined
      by the falling ball method using films 1 mil thick.
PAR  The preferred weak film is polyethylene which has an impact strength of
      about 15 kg/cm but other similar films may also be used which have impact
      strengths below about 20 kg/cm such as polypropylene, polyvinylidene
      chloride (saran), cellophane, cellulose acetate films and similar films
      having relative low strength and good deformability.
PAR  The films are laminated to each other in conventional manner using a thin
      adhesive coating between the films or by extruding the films together into
      intimate contact with each other while still soft so that a bond is formed
      therebetween. When using an adhesive coating, it is preferred to apply to
      one of the films a heat-activatable adhesive which is non-tacky when cold,
      so that the films can be easily superposed in registration prior to
      lamination. The films are pressed into intimate contact and subjected to
      heat to activate the adhesive and bond the films together. Canadian Pat.
      Nos. 578,286 and 712,135 teach compositions and methods for adhesively
      bonding films to each other.
PAR  Another advantage of the present film foundations is that they provide
      different surfaces having different adhesion properties with respect to
      the imaging layer. Wax-base, hot-melt transfer layers are oleophilic and
      have a strong affinity for polyolefin film foundations and a poor affinity
      for Mylar. Water-applied solvent coatings have a poor affinity for
      polyolefin films and a better affinity for Mylar. Similarly, the two films
      are generally soluble in different solvents so that the imaging layer may
      be solvent-bonded to one film using a solvent which does not attack the
      other film so that the strength of the foundation is not greatly impaired.
DETD
PAR  The following examples are given by way of illustration and should not be
      considered limitative.
PAC  EXAMPLE 1
PAR  A bi-film foundation is formed by extruding films of polyethylene
      terephthalate polyester and polyethylene, each having a caliper of 0.25
      mil, and pressing the films together while both are still tacky to form a
      unitary film having a caliper of 0.5 mil.
PAR  This film foundation is then coated on the polyethylene surface with a 0.05
      mil thick layer of the following hot-melt composition:
TBL  Ingredients          Parts by Weight                                      
     ______________________________________                                    
     Carnauba wax         41                                                   
     Beeswax              4                                                    
     Lanolin              5                                                    
     Mineral oil          20                                                   
     Methyl violet base   1                                                    
     Dye toned black      15                                                   
     Lecithin             1                                                    
     ______________________________________                                    
PAR  The coated web may be cut into sheets or ribbons having excellent strength,
      deformability and dimensional stability and which function as single-use
      elements for the formation of exceptionally sharp images under the effects
      of imaging pressure.
PAC  EXAMPLE 2
PAR  A bi-film foundation is formed by first applying to a 0.5 mil film of
      polyvinyl fluoride a thin continuous coating of polystyrene dissolved in
      butyl acetate and evaporating the solvent to form a polystyrene layer of
      about 0.0001 inch thickness. The coated side of the polyvinyl fluoride is
      then placed against a 0.5 mil film of polyvinylidene chloride (saran) and
      the combination is passed in the nip of heated rollers to press the films
      intimately together while heating the polystyrene to about 150.degree. C
      to tackify the polystyrene and cause it to bond to the saran and form a
      unitary film having a caliper slightly in excess of 1 mil.
PAR  This film foundation is then coated on the saran surface with the following
      ink solution and heat is applied to evaporate the solvents and produce a
      solidified ink layer having a thickness of about 0.6 mil. Prior to
      evaporation, the ethyl acetate solvent softens the saran surface to permit
      intimate bonding with the ink layer.
TBL  ______________________________________                                    
     Ingredients             Parts by Weight                                   
     ______________________________________                                    
     Vinyl chloride-vinyl acetate                                              
     copolymer (Vinylite VYHH)                                                 
                             10                                                
     Mineral oil              8                                                
     Lanolin                 12                                                
     Alkali blue             10 Toluol 15                                      
     Ethyl acetate           45                                                
     ______________________________________                                    
PAR  The coated web is then cut into sheets or ribbons to produce reusable
      squeeze-out type transfer elements which provide exceptionally clear,
      sharp duplicate images under the effects of imaging pressure.
PAR  Ribbons produced according to the Examples have much greater dimensional
      stability under changes in temperature and/or humidity than ribbons having
      a film foundation consisting of any of the named films used alone. The
      ribbons are wound onto spools and subjected to changes in temperature
      and/or humidity and periodically checked at opposite extremes and very
      little variation in the tightness or looseness of the ribbon on the spool
      can be detected.
PAR  Carbon sheets produced according to the Examples have similar dimensional
      stability and have far less tendency to curl or roll under the effects of
      changes in temperature and/or humidity than carbon sheets having a film
      foundation consisting of any of the single films mentioned.
PAR  Variations and modifications may be made within the scope of the claims and
      portions of the improvements may be used without others.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pressure-sensitive transfer element comprising a plastic film
      foundation carrying a solidified layer comprising pressure-transferable
      imaging material which is transferable to a copy sheet under the effects
      of typing pressure, said foundation comprising a laminate of two different
      extruded plastic films, each having a maximum caliper of about 1 mil, one
      said film having an impact strength greater than about 40 kg/cm and low
      deformability under the effects of typing pressure and the other of said
      film having an impact strength below about 20 kg/cm but deforming easily
      about a type face under the effects of typing pressure, said films being
      bonded together by means of a thin adhesive intermediate layer to form a
      laminate having greater deformability under the effects of typing pressure
      than the said one film and greater impact strength than the said other
      film and having greater dimensional stability under the effects of changes
      in temperature and humidity than either of said films per se.
NUM  2.
PAR  2. A pressure-sensitive transfer element according to claim 1 in which the
      said other film is a polyolefin film and the layer comprising imaging
      material is an oleophilic wax layer which is present on said polyolefin
      film and has a strong affinity therefor.
NUM  3.
PAR  3. A pressure-sensitive transfer element according to claim 1 in which the
      layer comprising imaging material is solvent-bonded to the surface of one
      of the two films of the laminate, having been applied thereto by means of
      a volatile solvent which is a solvent for the film to which the layer is
      applied but a non-solvent for the other film of the laminate.
NUM  4.
PAR  4. A pressure-sensitive transfer element according to claim 1 in which the
      foundation comprises a laminate of polyethylene terephthalate polyester as
      the one film and a polyolefin as the other film.
NUM  5.
PAR  5. A pressure-sensitive transfer element according to claim 1 in which the
      layer on the foundation is of the frangible pressure-transferable type for
      one-time use.
NUM  6.
PAR  6. A pressure-sensitive transfer element according to claim 1 in which the
      layer on the foundation comprises a porous structure of synthetic
      thermoplastic resin containing within the pores thereof said imaging
      material.
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ABST
PAL  Packaging material for ferrous metal parts and the like which comprises a
      substrate of paper stock, transparent film or foil, and having applied
      thereon a coating comprehending a vapor phase corrosion inhibitor of the
      nitrite-amide type, and a self-sealable adhesive as from the natural and
      synthetic latices. The proportion of the inhibitor to the latices in the
      coating is in the range from 5 to 25 percent by weight depending upon the
      characteristics of the substrate.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates in general to packaging material and, more
      particularly, to self-sealable packaging material adapted for providing a
      corrosion inhibiting environment for metal parts.
PAR  Heretofore, there have been developed various vapor phase corrosion
      inhibitors used with packaging materials, such as, kraft paper and the
      like for protecting contained metal parts, such as, for instance, machine
      parts useful in the automotive industry, or other such parts constituting
      customary hardware items and provided in small packages as for retail
      merchandising. Corrosion inhibiting compositions of such type are set
      forth in U.S. Pat. No. 2,521,311. However, the problems of effecting a
      reliable closure for packages containing such inhibitors has been a
      continuing one. The development of a packaging material containing a
      corrosion inhibitor which is heat sealable has been attempted. However,
      despite the fact that such material might be amenable to automatic
      packaging, the same has proved relatively costly, as well as time
      consuming. The companion sheets must be first aligned and then subjected
      to an elevated temperature for activation of the adhesive and with the
      application of pressure over the activated area for a prescribed time
      period. Consequently, requisite equipment is required for effecting such
      sealing, as well as the necessary time interval which tends to slow
      production.
PAR  Prior to the present invention there has been no successful effort to
      develop a packaging material which is adapted to provide appropriate
      corrosion inhibition while being cold sealable or self-sealable.
PAR  Therefore, it is an object of the present ivention to provide a packaging
      material for ferrous metal parts readily formable into a pouch and adapted
      to provide a vapor phase corrosion inhibiting environment within the pouch
      while being self-sealable.
PAR  It is another object of the present invention to provide a packaging
      material of the character stated which may be stored in roll form for
      indefinite periods against package formation, without diminution in the
      sealing and corrosion protecting properties and without adherence between
      the roll layers.
PAR  It is a further object of the present invention to provide a package
      material of the character stated which conduces to the automatic formation
      of a pouch-like container, and the closure thereof, without the
      application of heat so that costly equipment is not needed for sealing.
PAR  It is another object of the present invention to provide a coating for a
      multiplicity of substrates to adapt same for corrosion inhibition and
      self-sealing which may be most economically prepared under normal
      atmospheric conditions and which coating may be applied to a substrate by
      currently available equipment.
PAR  It is a still further object of the present invention to provide a coating
      of the type stated which is homogeneous and which is economically
      prepared.
PAR  It is another object of the present invention to provide a packaging
      material of the character stated which is amenable to high volume, lost
      cost preparation and fabrication therefrom of pouch-like containers; which
      material is retentive of its corrosion inhibition properties for
      indefinite periods and with the cold seal being markedly tenacious and
      resistant to parting during customary usage.
PAC  DESCRIPTION OF THE INVENTION
PAR  In essence, the packaging material of the present invention comprises a
      substrate of flexible sheet material which may be of paper stock, a
      transparent synthetic film or a metal foil adapted for formation into
      small envelope or pouch-like containers. Provided on such substrate is a
      coating which contains a mixture, within predetermined proportionalities,
      of a natural or synthetic latex adapted for cold or self-sealing and a
      volatile corrosion inhibitor, dispersed throughout the latex. Ferrous
      metal parts are disposed within the pouch or envelope developed by the
      packaging material and thus are protected by the environment developed by
      the corrosion inhibitor. The envelope is readily closed simply by the
      application of pressure under atmospheric conditions for sealing purposes.
      The coating may be applied to the sheet material by well known
      conventional means and the same is non-tacky to permit of storage of the
      material in roll form pending envelope or pouch manufacture. Thus, by the
      practice of the present invention, there is only required a single step
      for applying to the packaging material the corrosion inhibitor and the
      sealing agent and by use of such material, there is obviated the need for
      costly equipment as required for effecting bonding under heat.
PAR  The substrate from which the present packaging material may be developed
      comprehend paper stock, such as kraft paper, sulfite paper, and rag paper;
      transparent films, such as, polyolefin, polybutylene, polyethylene,
      polycarbonate, polypropylene, polystyrene, cellophane, Mylar*, Surlyn A**,
      and foils. It is requisite that the particular substrate selected have
      certain critical physical properties to assure of desired performance
      after envelope or pouch formation. These properties include a low moisture
      vapor transfer rate (MVTR) for denying transmission of ambient moisture
      and thus markedly reduce a corrosive condition within the pouch.
      Associated with the moisture vapor transfer rate is the thickness of the
      substrate for effectively shielding against moisture transmission. It has
      been discovered in conjunction with the present invention that the
      moisture vapor transfer rate should be within the range of .1 to 1.0
      gms/100 sq. in./24 hrs./atm/mil and the thickness within a range of 1 to
      25 mils. The foregoing range comprehends the totality of substrate types.
      However, within the paper category the thicknesses should be as follows:
TBL  Kraft Paper       3 to 20 mils.                                           
     Sulfite Paper     3 to 25 mils.                                           
     Rag Paper         3 to 15 mils.                                           
FNT  *MYLAR is a trademark for a film of polyethylene terephthalate resin.
FNT  **SURLYN A is a trademark of DuPont for a film of the polyolefin type.
PAL  The foil substrates which have the best barrier properties, that is,
      preventing penetration of water vapor, are useful with a thickness in the
      range of 1/4 to 2 mils. Within the film group, the following are
      exemplary:
TBL  Polyolefin       1 to 10 mils.                                            
     Polyesters       1/2 to 3 mils.                                           
     Cellophanes      1/2 to 2 mils.                                           
PAL  The bursting strength of the substrate should be high so that the same is
      not punctured during usage by sharp portions of the contained parts. This
      property may be determined by a recognized test and designated the Mullen
      strength of the substrate which, in the present instance, should be within
      the range of 20 to 100 psi. The tear strength of the substrates must be at
      levels deterent to any ripping or tearing that could accidentally occur
      during handling of the finished pouch. In this connection the tear
      strength, MD, should be within the range of 30 to 200 elmendorf grams and
      the tear strength, CD, should desirably be within the range of 45 to 350
      elmendorf grams.
PAR  In the event an olefin film constitutes the substrate it is desirable that
      the same be subjected to Corona treatment which oxidizes the film surface
      through impingement of ionized gas molecules, thereby rendering the film
      increasedly receptive to the self-sealable latex coatings of the present
      invention. Such treatment should be within the range of 40 to 55 dynes.
PAR  The foregoing thus describes the relatively wide range of substrates which
      may be utilized with the present invention, and with said substrates
      having physical properties which render any packages, envelopes, pouches
      or the like formed from sheets thereof to be peculiarly adapted for
      durability, for reliability, as well as providing a support or carrier for
      the unique coating to be applied thereon, as will be developed
      hereinbelow.
PAR  Applied to one surface of the substrate which is normally in roll form, is
      a coating which incorporates a corrosion vapor phase inhibitor for
      protecting ferrous metals, and a self-sealable latex. Such coating is of
      homogeneous character and contains the aforesaid ingredients within a
      predetermined proportionality range to assure of integrity of such coating
      for extended periods of time without diminution in the requisite
      properties. The self-sealable agent incorporated in the coating may be a
      natural or a synthetic latex, such as natural rubber, butadiene/styrene
      rubber, butadiene/acrylonitrile rubber, chloroprene rubber, isobutylene
      rubber. The selected latex is emulsified preparatory to intermixture with
      the corrosion inhibitor.
PAR  The inhibitor is a composition of an organic amide and a nitrite which may
      be organic or inorganic. The nitrites include the alkali metal nitrites,
      such as, sodium nitrite, potassium nitrite, and lithium nitrite, as well
      as other inorganic nitrites including calcium nitrite, barium nitrite
      magnesium nitrite, aluminum nitrite, and ammonium nitrite. Among the
      organic nitrites which may be structurally aliphatic, aromatic, or
      heterocyclic are morpholine nitrite, trimethylamine nitrite,
      tricyclohexylamine nitrite, tribenzylamine nitrite, disopropyl ammonium
      nitrite, dimethyamino ethanol nitrite, di iso butyl nitrite, 2,
      2-dimethyl-5, 5 diethyl-6-propyltetra hydro 1, 4-oxazine nitrite, 2,
      3-dimethyltetra hydro-1, 4-oxazine nitrite, 2-methyltetra hydro-1,
      3-oxazine nitrite, 5-n-propyltetra hydro-1, 3-oxazine nitrite,
      triethylammonium nitrite.
PAR  Organic amides which are useful with the present invention are also water
      soluble and being preferably mono-amide, diamides, and triamides and of
      aliphatic character. Included within this category are urea, propionamide,
      allyl urea, acetamide, propyl carbamate, butyramide, dimethyl urea,
      guanidine, stearamide, N-butyl urea.
PAR  The selected nitrite and amide for forming the vapor phase inhibitor
      component of the present coating are interreacted within relative
      proportional ranges by weight depending upon the particular nitrite and
      amide selected. Thus, generally, the proportions may vary between 50 parts
      by weight nitrite to 1 part by weight amide, and 1 part by weight nitrite
      to 10 parts by weight amide. The following are merely examples of the
      infinite potential for nitrite-amide combinations to constitute the
      inhibitor of the present coating:
TBL  1  Part Aluminum Nitrite By Weight                                        
                           1 Part Urea By Weight                               
     25 Parts Calcium Nitrite By Weight                                        
                           1 Part Proprionamide                                
                             By Weight                                         
     50 Parts Sodium Nitrite By Weight                                         
                           1 Part Allyl Urea                                   
                             By Weight                                         
     1  Part Sodium Nitrite By Weight                                          
                           5 Parts Acetamide                                   
                             By Weight                                         
     1  Part Magnesium Nitrite By Weight                                       
                           10                                                  
                             Parts Dimethyl Urea                               
                             By Weight                                         
PAL  Other formulations are well known in the art.
PAR  The resultant inhibitor possesses a vapor pressure within the range of
      0.005 mm. to 10 mm. mercury.
PAR  To facilitate addition of the nitrite-amide inhibitor to the emulsion of
      the preferred latex, the same is placed in water solution or within an
      aqueous slurry. The solution or slurry, as the case may be, is then
      intermixed with the latex emulsion under normal room conditions and with
      suitable mechanical means for achieving the desired homogeneity of the
      resultant fluid mass which constitutes the coating. Such coating may then
      be applied to the particular substrate by conventional methods, including
      flexographic, gravure, air knife, and curtain coating. The applied coating
      is non-tacky so that the now coated substrate may be returned to roll form
      and stored in such condition as against fabrication without diminution in
      properties.
PAR  In order to provide corrosion protection for a period of three months to a
      year or more, the total volatile corrosion inhibitor chemical combination
      within the resultant coating should comprise by weight a range of .1 to .5
      gram per sq. ft. of the area of the substrate. The specific amount will,
      understandably, be determined by the character of the substrate since the
      more complete the barrier provided by the substrate the lesser amount of
      inhibitor required. For example, since foils are the most complete
      barriers, the relatively lowest amount of inhibitor would be required
      within a coating for such substrate. Transparent films would require an
      increased amount of inhibitor within the particular coating, while papers
      would require amounts at the upper end of the range since the barrier
      qualities of the latter are least. But, the said amount demonstrates that
      the coating would contain between 5 to 25 percent by weight of the vapor
      phase corrosion inhibitor component to the weight of the latex component.
      This particular relationship may be demonstrated by the following. With
      paper substrates, which are admittedly relatively porous, for a coating
      having a dry weight of 12 to 15 pounds per ream, approximately 25 percent
      of such coating would be constituted of the corrosion inhibitor and
      approximately 75 percent of the latex (dry). With transparent film
      substrates, a coating having a dry weight of between 11/2 to 9 pounds per
      ream would be approximately 10 percent by weight of the inhibitor and 90
      percent of the latex (dry). In the case of foil substrates, such as, for
      example, aluminum, a coating having a dry weight of 2 to 4 pounds per ream
      would be constituted of approximately 5 percent of the inhibitor and
      approximately 95 percent of the latex (dry).
PAR  From the foregoing it will be readily discerned that both the constitution
      of the coating, as well as the amounts thereof, are functions of the
      barrier characteristics of the particular substrate. The more effective
      the barrier the less amount of inhibitor is required in the coating, and
      the less the overall coating may be. These foregoing examples also
      demonstrate the range of the total coating by weight to the substrate
      namely from 2 to 15 pounds (dry weight) per ream.
PAR  The following are examples of coating compositions as used upon the
      substrate types:
DETD
PAC  EXAMPLE I
PAR  On a substrate as from kraft, sulfite, or rag paper:
PA1  1 Part By Weight Potassium Nitrite
PA1  2 Parts By Weight Acetamide
PA1  12 Parts By Weight Acrylonitrile Rubber (Dry Basis)
PAC  EXAMPLE II
PAR  On a transparent film substrate such as polyethylene, the coating may
      comprise:
PA1  5.0 Parts By Weight Sodium Nitrite
PA1  0.1 Part By Weight Allyl Urea
PA1  46.0 Parts By Weight Natural Rubber (Dry Basis)
PAC  EXAMPLE III
PAR  Upon foil substrates, such as aluminum, the coating may comprise:
PA1  1 Part By Weight Magnesium Nitrite
PA1  10 Parts By Weight Dimethyl Urea
PA1  209 Parts By Weight Butadiene Rubber (Dry Basis)
PAL  The foregoing examples are but illustrative of the infinite compositions of
      the coatings of the present invention within the above discussed ranges
      with respect to the selected substrate.
PAR  The particular thickness of the coating will manifestly depend upon the
      characteristics of the substrate. With a heavier weight per ream the
      coating will, understandably, be thicker than with a lesser weight per
      ream. Accordingly, with foils the coating will have a thickness in the
      neighborhood of one-half mil; while with transparent films a thickness of
      about 1 mil; and with paper substrates the thickness will be in the
      neighborhood of one-half mil.
PAR  As indicated above, the coated material is suitably withdrawn from the
      particular rolls and subjected to forming processes for developing a
      envelope-like container or pouch for accepting ferrous metal parts. The
      inhibitor in its vapor phase dispersed itself about such parts or other
      contents of the package and protects same from corrosive effects of any
      water vapor or oxygen. The protected atmosphere thus developed is sealed
      from the external air by the simple act of applying limited pressure to
      confronting coated portions of the envelope which becomes self-sealable.
      The envelopes or pouches are quickly and economically sealed without
      resort to costly heating equipment and time consumption as required with
      heat sealable containers heretofore known. The peculiar relationship,
      proportionality wise, between the nitrite-amide inhibitor and the latex
      effects a combination which has heretofore eluded the industry to the
      present time since all efforts to develop a coating which permiteed
      self-sealing while providing a vapor phase corrosion inhibitor have been
      unsuccessful. Furthermore, it is apparent from the foregoing that the
      present invention is adapted for utilization with substrates of all types
      although the transparent films have proved most desirable commercially.
PAR  Although the coating of the present invention may be applied directly upon
      the substrate, a so-called tie or prime coating may be applied before the
      main coating. Such prime coating is not absolutely essential although in
      some instances it does conduce to binding the self-sealable corrosion
      inhibitor coating in enhanced secure condition upon the substrate adding
      to the seal strength, as well as increasing the moisture vapor transfer
      rate of the particular substrate. Such prime coating can be applied by the
      conventional flexographic or gravure coating methods. Such prime coatings
      are more effective when applied in a relatively low weight range upon
      transparent films and foils, keeping migration possibilities to a minimum,
      and in a somewhat higher rate range upon paper substrates. The following
      table sets forth the resins useful for providing such a prime coating as
      well as the weight ranges of the same for the different substates:
TBL             FILMS & FOILS                                                  
                            PAPER SUBSTATES                                    
     ______________________________________                                    
     Polyvinyl acetates                                                        
                  1.0 - 2/5 lbs/ream                                           
                                2.5 - 5.0 lbs/ream                             
     Polyesters   0.5 - 2.0 lbs/ream                                           
                                1.5 - 3.5 lbs/ream                             
     Polyamides   0.2 - 1.0 lbs/ream                                           
                                1.0 - 2.5 lbs/ream                             
     Urethanes    0.2 - 1.0 lbs/ream                                           
                                1.0 - 2.5 lbs/ream                             
     Acrylics     0.75- 2.0 lbs/ream                                           
                                2.5 - 4.0 lbs/ream                             
     Urea Formaldehydes                                                        
                  1.0 - 2.5 lbs/ream                                           
                                2.5 - 5.0 lbs/ream                             
     ______________________________________                                    
PAL  However, as pointed out, such prime coating has been found to be a matter
      of choice since the main coating of the present invention achieves its
      purposes in a reliable efficacious manner whether or not a prime coating
      has been provided.
CLMS
STM  Having described our invention what we claim and desire to obtain by
      Letters Patent is:
NUM  1.
PAR  1. A packaging material providing sealed containers for ferrous metal
      articles comprising a flexible transparent film substrate from the class
      consisting of polybutylene, polyethylene, polypropylene, polystyrene, and
      polyethylene terephthalate, said container having first and second
      confronting surface portions for mutual adherence when said container is
      closed, a homogeneous coating provided upon said substrate including said
      confronting first and second surface portions, said coating comprising
      between 5 to 25% by weight of a water soluble aliphatic nitrite-amide
      composition and approximately 75 to 95% by weight of a dried latex, said
      amide composition being from the class consisting of propionamide, allyl
      urea, acetamide, propyl carbamate, butyramide, dimethyl urea, guanidine,
      stearamide, and N-butyl urea.
NUM  2.
PAR  2. A packaging material as defined in claim 1 wherein the latex is from the
      group consisting of natural and synthetic latices.
NUM  3.
PAR  3. A packaging material as defined in claim 2 and further characterized by
      said coating having a thickness within the range of approximately 1/2 to
      11/2 mils.
NUM  4.
PAR  4. A packaging material as defined in claim 3 and further characterized by
      said coating being within the range of 2 to 15 pounds per ream of
      substrate.
NUM  5.
PAR  5. A packaging material as defined in claim 1 and further characterized by
      the nitrites and amides of said nitrite-amide composition being water
      soluble, and such composition having a vapor pressure within the range of
      0.005 to 10 mm mercury.
NUM  6.
PAR  6. A packaging material as defined in claim 1 and further characterized by
      said latex being from the class consisting of natural rubber,
      butadiene/styrene rubber, butadiene/acrylonitrile rubber, chloroprene
      rubber, and isobutylene rubber.
NUM  7.
PAR  7. A packaging material as defined in claim 1 and further characterized by
      said coating having a thickness of approximately 1 mil and a weight of
      approximately 7.5 to 9.0 pounds per ream.
NUM  8.
PAR  8. A packaging material as defined in claim 1 and further characterized by
      a prime coating being provided on said flexible substrate, and said
      homogeneous coating being provided upon said prime coating.
NUM  9.
PAR  9. A packaging material as defined in claim 8 and further characterized by
      said prime coating being from the class consisting of polyvinyl acetates,
      polyesters, polyamides, urethanes, acrylics, and urea formaldehydes.
NUM  10.
PAR  10. A packaging material as defined in claim 9 and further characterized by
      said prime coating having a weight within the range of approximately 0.2
      to 5.0 pounds per ream.
NUM  11.
PAR  11. A packaging material as defined in claim 9 and further characterized by
      said substrate being from the class consisting of transparent films, and
      said prime coating having a weight within the range of 0.2 to 2.5 pounds
      per ream.
NUM  12.
PAR  12. The method of providing a packaging material for developing closures
      for ferrous metal parts comprising providing a substrate from the class
      consisting of transparent films, providing a water soluble aliphatic
      nitrite-amide solution, providing a latex emulsion, intermixing said
      nitrite-amide solution in said latex emulsion, and then applying said
      nitrite-amide-latex mixture in a coating upon confronting portions of said
      substrate under atmospheric conditions, permitting the coating to dry to
      provide a cohesive bond for said confronting substrate portions, and then
      forming said substrate into a pouch for cold sealing.
NUM  13.
PAR  13. The method as defined in claim 12 and further characterized by said
      latex being a natural or a synthetic-latex and said coating being applied
      in a thickness of between approximately 1/2 to 11/2 mils, and with a
      weight of between approximately 2 to 15 pounds per ream of substrate.
NUM  14.
PAR  14. The method as defined in claim 13 and further characterized by
      providing a prime coating from the class consisting of polyvinyl acetates,
      polyesters, polyamides, urethanes, acrylics, urea formaldehydes, applying
      said prime coating upon the substrate, and then applying said coating upon
      said prime coating.
NUM  15.
PAR  15. The method as defined in claim 14 and further characterized by said
      prime coating having a weight of between approximately 0.2 to
      approximately 5.0 pounds per ream of substrate.
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PAL  Durable press fabrics are treated with high molecular weight polyethylene
      glycol to reduce their tendency to liberate dust in factories.
BSUM
PAR  The present invention relates to a treatment for durable press fabrics to
      recuce their tendency to liberate dust in factories in which they are
      used.
PAR  Durable press fabrics are fabrics which are composed, at least partially,
      of cellulosic fibers which have been cross-linked by textile resins. The
      resin treatment, as more fully described below, tends to make fibers
      brittle. During handling of the fabric, either in a textile mill or in a
      garment factory, brittle fibers at the surface of the fabric break, and
      form dust which floats through the air and settles on machines as well as
      the floor. Dust particles liberated in this way may be inhaled, and
      concern has been expressed about the possibility of hazards to the health
      of workers who are exposed to it regularly.
PAR  The present invention provides a low cost treatment which substantially
      reduces the formation of dust from such fabrics. Briefly, it consists of
      applying polyethylene glycol of molecular weight at least approximately
      100,000 in an amount which is sufficient to reduce dust.
PAR  The fabrics with which the present invention is concerned may be woven,
      knitted or non-woven. They contain cross-linkable cellulosic fibers, e.g.
      regenerated cellulose (rayon) or cotton, optionally blended with other
      fibers, either natural or synthetic. Most typically, the fabrics comprise
      cotton or rayon blended with 0-60% of the total weight of the blend of
      polyester (e.g. polyethylene terephthalate) fibers. Fiber diameter is not
      of critical importance, but typically is 1.5 to 6 denier. Fabric weight
      may typically be 3 to 12 ounces per square yard.
PAR  These fabrics acquire durable press characteristics by being treated with
      cross-linking textile resins, usually aminoplasts. The term aminoplasts
      refers to hardenable amine-aldehyde precondensates of the type which are
      either freely soluble in water or soluble therein to a limited but
      substantial extent. Included are reaction products of nitrogenous
      compounds, e.g., nitrogenous bases with aldehydes which are either water
      soluble or water dispersible. Typical nitrogenous compounds are melamine,
      guanamines and other triazines, urea, ethylene urea, propylene urea,
      thiourea, guanadine, biuret, dicyandiamide, urons, triazones and various
      derivatives thereof. Also included in the term nitrogenous compounds are
      cyclic imines such as ethylene imine and propylene imine. The aldehyde is
      selected from that group forming water soluble or dispersible condensation
      products with nitrogenous bases, but formaldehyde is the preferred
      aldehyse. The aminoplasts may be etherified or partially etherfied with
      methyl, ethyl, or higher alcohols. Mixtures of aminoplasts may be used.
      Aminoplasts are usually applied after the fabric is formed by weaving,
      etc., and generally after scouring to remove sizes, after dyeing,
      printing, etc. Typical amounts of aminoplast resins used on the fabrics
      are 2 to 10% based upon the weight of the dry fabric. The fabrics
      containing these aminoplasts are cured to impart crease recovery, wrinkle
      resistance and related properties. Frequently the curing is carried out
      after drying at 100.degree. to 175.degree.C for 1/2 to 5 minutes, by
      heating at temperatures in the range 150.degree. to 200.degree.C for 1/2
      to 5 minutes. In some cases, such a cure is only partial and it is
      followed by a final cure, for instance after a garment has been made, at
      150.degree. to 200.degree.C for 1/2 to 15 minutes. In some cases, the
      first cure can be carried out under moist conditions as described in
      Getchell U.S. Pat. No. 3,138,802 and Cotton U.S. Pat. No. 3,374,107. The
      present invention also is applicable to fabrics which have been
      cross-linked with aldehydes such as formaldehyde, as described for
      instance in Cotton U.S. Pat. Nos. 3,420,696 and 3,622,261.
PAR  The polyethylene glycol used in the present invention is a water soluble
      polymer of ethylene oxide of high molecular weight. The molecular weight
      preferably is about 100,000. Polyethylene glycol of molecular weight
      20,000 is essentially ineffective for dust control purposes. At a
      molecular weight of 33,000, polyethylene glycol provides marginal dust
      control, and there is good dust control at a molecular weight of 100,000
      or more. On the other hand, it is preferable for practical reasons not to
      use a polyethylene glycol whose molecular weight is any higher than
      necessary. This preference is based upon the practical problems of
      handling the polymer. As will be recognized by persons skilled in the art,
      the viscosity of a solution of polyethylene glycol depends on its
      molecular weight as well as on concentration and temperature. Excessive
      solution viscosity may increase the difficulties of physically handling
      the material and may also interfere with spreading and penetration of the
      solution. For this reason, it is preferred that the molecular weight is
      approximately 100,000.
PAR  The polyethylene glycol is most conveniently applied to the fabric as an
      aqueous solution. The concentration of polyethylene glycol in the solution
      is not critical, apart from the problems of high viscosity if the
      concentration is too high, as mentioned above. If the concentration is
      very low, excessive amounts of water must be applied with the polyethylene
      glycol, and the removal of such quantities of water increases the energy
      cost to dry the fabric. Good results have been obtained with polyethylene
      glycol of molecular weight 100,000, using aqueous solutions containing
      0.7% by weight of the polymer.
PAR  The solution may be applied by impregnation and in fact it may be applied
      with the durable press resin. However, since the principal cause of
      dusting is the breakage of surface fibers, spray application may be used
      with good effect. Spraying may be achieved with pneumatic nozzles, with
      relatively high air to solution ratios which produce an aerosol or fog
      having little driving potential for deposition on the fabric. A vacuum
      slot should be used to pull such a fog against the fabric. The
      polyethylene glycol is applied in the last finishing operation, usually
      before curing the durable press resin. However, if the fabric is washed,
      after curing, the polyethylene glycol may be applied thereafter since the
      afterwash would remove it prematurely.
PAR  The amount of polyethylene glycol deposited on the fabric should be
      sufficient to control dusting. This amount will vary from lot to lot of
      fabric, depending upon the kind of fabric, other possible treatments which
      may have been used and a wide variety of other factors. Generally, it is
      not practical on a production basis to assess the dusting potential of
      each lot of fabric prior to finishing it, or to adjust the amount of
      polyethylene glycol for each lot. Therefore, it is preferable to apply an
      amount of polyethylene glycol which is sufficient for fabrics having a
      high dusting potential. On the other hand, little is to be gained by
      applying larger amounts, simply because such larger amounts increase the
      cost of the treatment. On this basis, about 0.4% by weight polyethylene
      glycol, based on the weight of the fabric, is believed to be appropriate
      for those fabrics most prone to dusting. Such an add-on can be achieved by
      applying a solution containing about 0.7% by weight of polyethylene
      glycol, with a wet pickup of about 60%. Lesser amounts of polyethylene
      glycol are applied to the fabric in the case of spray application in which
      the polyethylene glycol mainly stays on the surface. In such cases, an
      add-on of 2-3% by weight, based on the weight of a fabric, of a 2%
      solution of polyethylene glycol, is sufficient. This gives an add-on of
      about 0.04 to 0.06% by weight of the fabric. The cost advantage achieved
      in this way, however, has to be balanced against the cost of a separate
      spray application.
PAR  The solution used to apply the polyethylene glycol may contain other
      conventional components, for example the cross-linking resin itself,
      various reactants, the catalysts normally used to effect cross-linking of
      the aforesaid resin, softeners, tints, bluing, fabric brighteners and hand
      builders.
PAR  Fabrics finished without the treatment of the present invention may cause
      appreciable accumulation of fibrous dust in all areas where they are
      handled after they have been finished. For instance, the fabric normally
      is packaged for shipment after finishing. In the area where the packaging
      is performed, it is common for equipment to be covered with a fine dust
      which also accumulates on the floor as a soft, billowing material. There
      also is typically appreciable fibrous dust in the air in such areas, and
      dust accumulates on workers. Similar difficulties are observed in cutting
      and sewing areas of a garment factory as well as product packaging areas.
      On the other hand, fabric processed according to the present invention can
      be handled without these problems. Any small amount of fibrous dust
      quickly falls to the floor without hanging suspended in the air or
      accumulating in billowing rolls. The reduction in dusting achieved by this
      process provides safer, more comfortable working conditions in all of the
      foregoing areas.
DETD
PAR  The invention is illustrated by the following example, all percentages
      being by weight. An aqueous solution was formed containing the following
      components:
TBL  Polyethylene Glycol, molecular weight                                     
     about 100,000 (Polyox WSRN-10)                                            
                               0.7%                                            
     Methylcarbamate-formaldehyde reactant                                     
                               20 %                                            
     30% magnesium chloride solution                                           
                               4 %                                             
     Emulsified polyethylene softener                                          
                               3 %                                             
     Wetting agent (linear alcohol-                                            
     ethylene oxide condensate)                                                
                               0.2%                                            
PAR  A bedsheet fabric was treated with this solution. The fabric was composed
      of 50% polyethylene terephthalate fibers and 50% cotton and had a weight
      of 3.8 ounces per square yard. It was saturated and squeezed to give a 60%
      wet pick-up of the foregoing solution. Then it was dried by heating in air
      at a temperature of 175.degree.C for 11/2 minutes and then it was cured by
      heating on a hot surface whose temperature was 195.degree.C for 1/2
      minute. The fabric received no further wet finishing.
PAR  It will be appreciated that the invention has been illustrated by reference
      to preferred materials and processing conditions. No limitation thereto is
      intended, as it will be appreciated that various changes may be made by
      persons skilled in the art without departing from the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a durable press cellulosic fabric which has been treated with a
      durable press cross-linking textile resin and thereafter cured, the
      improvement in which the tendency of the treated fabric to form dust has
      been reduced by applying to the fabric a dust-inhibiting amount of
      polyethylene glycol whose molecular weight is at least about 100,000.
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ABST
PAL  A process for rendering cellulose and cellulose containing fabrics fire
      resistant by first impregnating the fibers with an aminoplast resin and
      polymerizing the resin while the fibers are wet and swollen. Thereafter,
      the fabric is impregnated with tetrakis (hydroxymethyl) phosphonium
      hydroxide, cured, washed and dried. The fabric obtained from this process
      possesses high fire-retardency values, soft hand, and tensile values
      similar to that of the untreated fabric.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our copending application,
      Ser. No. 222,681, filed Feb. 1, 1972, now abandoned, the contents of which
      are incorporated herein by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to the field of fire retardant textile fabrics.
      More particularly, this invention concerns a method of treatment of
      cellulose-containing fabrics to impart fire-retardancy thereto.
PAR  2. Description of the Prior Art
PAR  Numerous methods for treating cellulosic containing fabrics to render such
      fabrics fire-retardant have been suggested. Generally, these methods
      reside in the impregnation of the fabric with a fire retardant chemical.
PAR  One of the best known fire retardant chemicals, particularly for use with
      cellulose derived textiles, has been tetrakis (hydroxymethyl) phosphonium
      chloride, commonly abbreviated THPC. This chemical has been used in a
      variety of modes and procedures including one and two stage processes in
      conjunction with nitrogen containing compounds, such as, aminoplast
      resins. (See, for example, U.S. Pat. Nos. 3,421,923 and 3,556,840.)
PAR  All of these type processes possess one or more disadvantages, such as, for
      example, undesirable fabric stiffness or poor hand, poor durability of the
      fire retardant finish after washing, and reduction in tensile strength and
      tear strength of the treated fabrics. Additionally, certain of the
      processes known heretofore result in undesirable chemical deposits on the
      fabrics.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered a new method for rendering a cellulosic textile fabric
      fire retardant whereby the resulting fabric possesses not only durable
      fire-retardancy, but also a soft hand and tensile properties similar to
      those of the untreated fabric.
PAR  The present process is carried out by impregnating the fibers of a
      cellulose-containing fabric with an aminoplast resin, polymerizing or
      hardening the resin in the impregnated fabric while the fibers thereof are
      in a wet and swollen state, thereafter adjusting the pH of the fabric to a
      value greater than about 7.0, impregnating the fabric with a solution of
      tetrakis (hydroxymethyl) phosphonium hydroxide and then curing, washing
      and drying the impregnated fabric.
PAR  The process of the present invention may be conveniently carried out
      commercially and avoids the disadvantages of prior aat processes described
      hereinabove.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present process can be used for treating all types of
      cellulose-containing fabrics, such as, those made from cotton fibers,
      regenerated cellulose, jute, manila, hemp, sisal, and ramie. The process
      is especially useful for the treatment of cotton fabrics for clothing
      materials, tents and awning materials. Generally, the process of the
      present invention and the products obtained therefrom are advantageous in
      those cases where cellulose-containing materials are exposed to the danger
      of fire and wherein, in addition to high flame resistance, high mechanical
      strength after repeated washing is required.
PAR  Preferably, the fabrics used in the present process possess a cellulose
      content of at least about 65% by weight of the total fabric.
PAR  In accordance with the present invention, the fabric is first impregnated
      with a water soluble, hardenable aminoplast. Such an impregnation can be
      carried out by methods well known to the art such as dipping or padding,
      with padding being preferred. Preferably, the amount of aminoplast applied
      to the fabric is in the range from about 2 to 25%, and most preferably
      from about 8 to 18% based upon the weight of the fabric.
PAR  Water soluble, hardenable aminoplasts suitable for use in the present
      process primarily include hardenable aminotriazine resins that are soluble
      in water or possess limited solubility in water and which may be
      etherified. Such aminoplasts are obtained by methods well known in the
      art, such as, the condensation of formaldehyde with melamine,
      acetoguanamine, benzoguanamine, or formoguanamine. Mixtures of such
      condensation products are also suitable. Particularly preferred
      condensation products are those of 2-3 moles of formaldehyde with one mole
      of melamine.
PAR  Those condensation products of limited water-solubility are colloidal
      intermediate products which are first produced on further condensation
      beyond the crystalline methylol stage. They are characterized in that they
      are precipitated from the concentrated aqueous solution by the addition of
      water (see Kolloid-Zeitschrift, Vol. LVII, October-December 1931, page
      233).
PAR  The completely water-soluble condensation products may be applied in the
      form of aqueous solutions. The condensation products of limited solubility
      may be used either in the form of solutions of the solubilized
      condensation products, i.e., those made soluble with acids, or in the form
      of emulsions.
PAR  Generally, the solution or emulsion contains hardening catalysts, such as,
      acids, including hydrochloric acid, sulfuric acid or formic acid.
      Alternatively, salts of strong acids with weak bases, such as, ammonium
      salts of strong inorganic or organic acids, e.g., ammonium chloride,
      ammonium sulfate, ammonium nitrate, ammonium oxalate, and ammonium lactate
      can be used. When solutions of aminoplasts containing acids are used, such
      solutions must be freshly prepared inasmuch as, on standing the solutions
      undergo changes which render them unsuitable for use in the present
      process.
PAR  Another suitable class of catalysts is water-dispersible oxidizing agents
      which when in aqueous phase do not possess either strong alkali-or acid
      binding properties and which exert an accelerating effect on the
      polymerization of the aminoplast due to the formation of oxidation
      products.
PAR  As an oxidizing agent possessing sufficient oxidizing power to oxidize
      formaldehyde to formic acid at elevated temperatures or during long
      storage of the treated fabric, hydrogen peroxide is suitable as are
      addition products of hydrogen peroxide to certain inorganic or organic
      compounds, such as, for example, "perborate" NaBO.sub.2 H.sub.2 O.sub.2,
      or the addition compound of hydrogen peroxide and urea. Another suitable
      oxidizing agent is chlorine dioxide or its stable addition products
      especially the addition product of ClO.sub.2 to pyridine. The salts of
      peroxymonosulfuric acid, H.sub.2 SO.sub.5, and peroxydisulfuric acid,
      H.sub.2 S.sub.2 O8, e.g., its alkali salts, are also suitable for use as
      oxidizing agents.
PAR  Following the impregnation step, the aminoplast is polymerized while the
      fibers are maintained in a wet and swollen state. Such a process is
      generally termed "wet fixing". This polymerization may be carried out
      under steam and/or under pressure.
PAR  The usual process used for the polymerization is to first remove any excess
      of the impregnation solution from the fabric as by squeezing or
      centrifugation. The fabric is then stored in a closed chamber such that
      the fabric remains wet for the entire period of storage. The storage time
      depends on the temperature of the storage. Thus, for example, the storage
      may be carried out for one minute if steam is used to control temperature,
      i.e., direct application of steam to the fabric: for 15 minutes if the
      storage temperature is 85.degree.: and for 20-24 hours if the temperature
      is room temperature. It is critical, however, that the fabric not be
      allowed to dry during the storage period. Thus, it may also be necessary
      to control the humidity of the storage chamber.
PAR  Specific methods for such wet fixing are well known in the art (see for
      example Textile Research Journal, pages 44-64, January, 1971: Bullock,
      J.B. and Welch C.M. Textile Research Journal 35, pages 459, 471, 1965; and
      U.S. Pat. No. 3,434,875).
PAR  We have also found that certain fire retardant materials may be added to
      the aminoplast impregnation solution. Thus, for example, when treating
      blends of cotton with polyester, we have found it particularly desirable
      to include an organic halogenated phosphorus containing ester in the
      solution. Suitable esters of this type include compounds selected from the
      group consisting of organic phosphorous containing esters having the
      general formula
      ##EQU1##
      wherein R,R', and R" can be the same or different and may be a halogenated
      lower alkyl group having from 2 to 8 carbon atoms, and from 1 to 7 halogen
      atoms, a nucleus selected from the phenyl series which is substituted with
      1 to 5 halogen atoms, a nucleus selected from the napthyl series which is
      substituted with 1 to 7 halogen atoms, a lower alkyl phenyl group wherein
      the alkyl group contains from 1 to 5 carbon atoms, and the phenyl group is
      substituted with from 1 to 4 halogen atoms, and n is zero to 1.
      Preferably, the halogen is Cl or Br.
PAR  Illustrative of such compounds are tris (2,3-dibromopropyl) phosphate, tris
      2-(1,3-dibromopropyl) phosphate, tris (chloroethyl) phosphate, tris
      (2-bromo-3-chloropropyl) phosphate, tris 2-(1,3-dichloropropyl) phosphate,
      bis (2,3-dibromopropyl)-2,3-dibromopropyl phosphonate,
      tris-(2,6-dichlorophenyl) phosphate, tris-(p-bromophenyl) phosphate,
      tris-(2,3,4-tribromobutyl) phosphate, tris-2-(1,6-dibromonaphthyl)
      phosphate, bis (chloroethyl) phenyl phosphonate,
      tris-(2-bromo-4-methylphenyl) phosphate, and the like.
PAR  We have found it preferable to include the organic halogenated phosphorus
      containing ester in a concentration in the range from about 5 to 25 weight
      percent and, most preferably, from about 10 to 18 weight percent of the
      solution.
PAR  Such solutions are particularly useful for treating fabric composed of a
      blend of from about 20 to 80 weight percent polyester content, the
      remainder of the fabric being cellulosic derived fibers.
PAR  After the polymerization is complete, the pH of the fabric is adjusted to a
      value of greater than about 7.0 and preferably, from about 8.5 to 9.6.
PAR  This pH adjustment may be carried out by treating the fabric with a
      solution of alkaline material. Particularly preferred is a solution of
      sodium bicarbonate although other materials, such as, sodium carbonate,
      sodium hydroxide, potassium hydroxide, and sodium silicate may be used.
PAR  We have found that the pH adjustment step is particularly critical to
      provide a fabric having a soft hand and desirable levels of tensile
      strength. Thus, if the pH of the fabric is allowed to remain below the
      value of 7.0, and the fabric is then subjected to the subsequent
      treatments described herein, the optimum physical properties will not be
      obtained in the end product.
PAR  After the ph adjustment step, the fabric may be dried if desired. However,
      this drying step is optional.
PAR  The fabric is then impregnated with a solution of tetrakis (hydroxymethyl)
      phosphonium hydroxide in water or alcohol, e.g., methanol, isopropanol,
      etc., and mixture thereof. This material may be applied to the fabric from
      a solution by known methods such as dipping, padding, spraying, etc.
PAR  Generally, the solution of the tetrakis (hydroxymethyl) phosphonium
      hydroxide has a concentration in the range from about 10 to 35 weight
      percent and preferably in the range from about 16 to 26 weight percent. In
      any event, sufficient solution is applied to the fabric to produce a final
      phosphorus content in the resulting fabric of from about 1 to 3 percent
      and preferably from about 1.4 to 2.0 percent based on the total weight of
      the fabric.
PAR  In addition to the tetrakis (hydroxymethyl) phosphonium hydroxide, the
      solution may also contain urea as well as other nitrogenous compounds
      capable of reacting with the hydroxy methyl(methylol) group. These may be
      in quantities from about 1 to 20 weight percent and preferably from about
      1 to 10 weight percent. Typical examples of materials are ethylene urea,
      propylene urea, guanidine, dicyandiamide, oxamide, thiourea, polyethylene
      imines, and the like.
PAR  After application of the tetrakis (hydroxymethyl) phosphonium hydroxide
      solution, the fabric is subjected to a curing step. Generally, the fabric
      is cured at a temperature ranging from about 300.degree. to 400.degree.F
      for a period of time from about 2 to 20 minutes. Typically, in plant
      practice, a 4 to 8 minute cure at about 360.degree.F would be used.
PAR  A major advantage of the present invention is evident in the curing step.
      Thus, with the present invention, a very "hard" cure can be used without
      suffering appreciable loss of softness, tensile strength, or fabric
      whiteness. Additionally, as the temperature and time of the cure are
      increased, the efficiency of phosphorus fixation in the fabric is
      increased.
PAR  After curing, the fabric is backwashed to remove any residual deposits
      including any soluble and/or unreacted material. Thereafter, the fabric is
      dried in a manner well known in the art.
PAR  The fabric is then subjected to a peroxidation step in order to eliminate
      any possible odor when the fabric is wet and to avoid losses in
      fire-retardancy when the fabric is exposed to sunlight. The peroxidation
      step involves treatment with an oxidant, such as, for example, hydrogen
      peroxide or sodium perborate. The peroxidation may be carried out at
      elevated temperatures in a continuous process, such as, in an "open
      soaper" or batchwise in a dye beck. Alternately, the oxidant may be padded
      onto the fabric while cold, followed by holding the fabric in a wet state
      for from about 0.5 to 18 hours and then rinsing the fabric. Such
      peroxidation methods are conventional in the art and the particular method
      used is not critical to the present invention.
PAR  The resulting fabric possesses a soft hand, durable fire-retardancy and
      tensile properties similar to those of the fabric prior to treating. Such
      fabric is characterized by a phosphorus content in the range from about 1
      to 3 percent by weight and a nitrogen content in the range from about 3 to
      6 percent by weight, all weights being based on the weight of the fabric.
PAR  The following examples illustrate our invention:
PAR  In the examples, the following analyses were used:
PAR  Nitrogen was determined by the Kjeldahl method as set forth in "Analytical
      Methods for a Textile Laboratory", Second Edition, American Association of
      Textile Colorists and Chemists, page 155.
PAR  Phosphorus was determined by the methods set forth in "Organic Functional
      Group Analysis by Micro and Semi-Micro Methods", Cheronis and M. A. Wiley,
      1964, pages 551-554.
PAR  Fabric hand was determined by subjective evaluation of two or more
      qualified fabric examiners. Stiffness was determined by ASTM method D
      1388-64.
PAR  Tensile strength was measured by the Grab tensile method (ASTM D 1682-64).
PAR  Fire retardancy was measured by Department of Commerce DOC, FF 3-71 or
      AATCC 34-1969.
DETD
PAC  EXAMPLE 1
PAR  A 100% cotton flannel was impregnated by padding with 16% by weight
      methylated trimethylomelamine, 1% hydrochloric acid, and 83% water. The
      fabric was then wrapped in a moisture-proof plastic bag and allowed to
      stand at room temperature for 20 hours.
PAR  The pH of the fabric was then adjusted to 9.0.+-. 0.5 by dipping in a 1.0%
      soda ash solution and the fabric was then dried.
PAR  A solution of tetrakis (hydroxymethyl) phosphonium hydroxide (26% solids)
      and urea (10% solids) was padded onto the dry fabric to 100% pick up. The
      tetrakis (hydroxymethyl) phosphium hydroxide was prepared by neutralizing
      tetrakis (hydroxymethyl) phosphonium chloride with sodium hydroxide to a
      pH of 7.5-8.0.
PAR  Thereafter the fabric was dried at a temperature from about
      240.degree.-270.degree.F, and then cured for 4 minutes at 360.degree.F.
PAR  The cured fabric was padded with a solution of 1.0% hydrogen peroxide, 0.2%
      sodium carbonate, and 0.1% of a wetting agent. The fabric was then held in
      the wet state for 4 hours, rinsed with hot water, rinsed with cold water,
      squeezed and dried.
PAR  The fabric obtained was durably fire retardant, possessed a soft hand, and
      possessed a tensile strength only slightly less than that of the starting
      fabric.
PAC  EXAMPLE 2
PAR  A plain weave fabric composed of 50% polyester and 50% cotton having a
      weight of 3.3 ounces per square yard was impregnated with a solution
      composed of 15% (solids) of methylated trimethylol malamine resin, 12.5%
      (solids) of emulsified tris (dibrompropyl) phosphate and 1% hydrochloric
      acid. The fabric was maintained in the wet state at room temperature for
      20 hours. Thereafter it was dipped in a 1% soda ash solution, rinsed and
      squeezed until the fabric pH was 7.5-8.0 and then dried.
PAR  A solution of 16% tetrakis (hydroxymethyl) phosphonium hydroxide and 7.5%
      urea, prepared as described in Example 1, was padded onto the fabric. The
      wet fabric was dried at 260.degree.-280.degree.F and cured for 4 minutes
      at 360.degree.F. The cured fabric was oxidized, rinsed, and dried in
      accordance with the procedure set forth in Example 1. The resulting fabric
      was fire retardant and possessed a soft hand.
PAR  Variations can, of course, be made without departing from the spirit and
      scope of the invention.
CLMS
STM  Having thus described our invention what we desire to secure and claim by
      Letters Patent is:
NUM  1.
PAR  1. A process for rendering a cellulose containing fabric fire retardant
      comprising:
PA1  a. impregnating the fibers of the cellulose-based fabric with an aqueous
      aminoplast resin composition, such that the fibers become wet and swollen,
      in an amount sufficient to produce a resin content in the final fabric in
      the range from about 2% to 25% by weight based on the total weight of the
      fabric;
PA1  b. polymerizing the resin in the impregnated fabric while the fibers are in
      a wet and swollen state;
PA1  c. adjusting the pH of the fabric to a value greater than about 7.0;
PA1  d. impregnating the fabric with a solution of tetrakis (hydroxymethyl)
      phosphonium hydroxide in an amount sufficient to produce a phosphorus
      content in the final fabric in the range from about 1% to 3% by weight
      based on the total weight of the fabric;
PA1  e. subjecting the impregnated fabric to curing conditions consisting
      essentially of heating the fabric at a temperature in the range from about
      300.degree.F to 400.degree.F for a time period from about 2 to 20 minutes;
      and
PA1  f. washing and drying the fabric.
NUM  2.
PAR  2. The process of claim 1 wherein the fabric has a minimum cellulose
      content of about 65 percent by weight.
NUM  3.
PAR  3. The process of claim 1 wherein in adjustment step (c) the pH is adjusted
      to a value in the range of about 8.5-9.6.
NUM  4.
PAR  4. The process of claim 1, wherein in impregnation step (a), the fabric is
      impregnated with a mixture of an aminoplast resin and an organic
      halogenated phosphorus containing ester selected from the group consisting
      of compounds having the general formula
      ##EQU2##
      wherein R,R', and R" can be the same or different and may be a halogenated
      lower alkyl group having from 2 to 8 carbon atoms, and containing from 1
      to 7 halogen atoms, a nucleus selected from the phenyl series which is
      substituted with 1 to 7 halogen atoms, a lower alkyl phenyl group wherein
      the alkyl group contains from 1 to 5 carbon atoms, and n is zero or 1, the
      concentration of said ester being from about 5 to 25% by weight based on
      the weight of the mixture.
NUM  5.
PAR  5. The process of claim 4 wherein the halogenated phosphorus containing
      ester is selected from the group consisting of tris (2,3-dibromopropyl)
      phosphate, tris 2-(1,3 dibromopropyl) phosphate, tris (chloroethyl)
      phosphate, tris (2-bromo-3-chloropropyl) phosphate, tris
      2-(1,3-dichloropropyl) phosphate, bis
      (2,3-dibromopropyl)-2,3-dibromopropyl phosphonate,
      tris-(2,6-dichlorophenyl) phosphate, tris-(p-bromophenyl) phosphate,
      tris-(2,3,4-tribromobuyl) phosphate, tris-2-(1,6-dibromonaphthyl)
      phosphate, bis (chloroethyl) phenyl phosphonate and
      tris-(2-bromo-4methylphenyl) phosphate.
NUM  6.
PAR  6. The process of claim 4 wherein the fabric consists essentially of at
      least about 20 percent by weight cellulose, the remainder of the fabric
      being polyester.
NUM  7.
PAR  7. The process of claim 1 wherein in impregnation step (a), the fabric is
      impregnated with a mixture of an aminoplast resin and an organic
      halogenated phosphorus containing ester selected from the group consisting
      of tris (dibromopropyl) phosphate, tris (dichloropropyl) phosphate, tris
      (chlorobromopropyl) phosphate, and di (chloroethyl) chloroethyl
      phosphonate the concentration of the ester being in the range from about 5
      to 25% by weight of the mixture.
NUM  8.
PAR  8. The process of claim 1 wherein subsequent to the adjustment step (c) and
      prior to impregnation step (d), the fabric is dried.
NUM  9.
PAR  9. The process of claim 1 wherein in impregnation step (d), the fabric is
      impregnated with a solution comprising an aqueous mixture of about 10 to
      35% by weight tetrakis (hydroxymethyl) phosphonium hydroxide and about 1
      to 20% by weight of a nitrogenous compound selected from the group
      consisting of urea, ethylene urea, propylene urea, guanidine,
      dicyandiamide, oxamide, and thiourea.
NUM  10.
PAR  10. The process of claim 1 wherein subsequent to curing step (e), and prior
      to washing step (f), the fabric is treated with peroxide.
NUM  11.
PAR  11. A fire retardant cellulose containing fabric obtained from the process
      of claim 1.
NUM  12.
PAR  12. A fire retardant cellulose containing fabric obtained from the process
      of claim 6.
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ABST
PAL  Novel (hydroxymethylene) chromone derivatives of the general formula I:
      ##SPC1##
PAL  wherein n represents 1 or 2, are prepared by reacting a cycloalkanone II
      with a boron trifluoride compound and acetic anhydride to obtain novel
      boron complex intermediates of the formula III:
      ##SPC2##
PAL  wherein n represents 1 or 2, and reacting III with a Vilsmeier reagent
      prepared from phosphorus oxychloride and dimethylformamide. The final
      product I and pharmaceutical compositions containing I are useful in the
      treatment of allergic conditions and in the treatment of hyperacidity.
PARN
PAR  This is a division, of application Ser. No. 352,134 filed April 18, 1973,
      now U.S. Pat. No. 3,879,426.
BSUM
PAR  According to the novel process of this invention, novel compounds of the
      general formula I:
      ##SPC3##
PAL  wherein n represents 1 or 2, are prepared by reacting a cycloalkanone of
      the formula II:
      ##SPC4##
PAL  wherein n represents 1 or 2, with a boron trifluoride compound and acetic
      anhydride to obtain novel intermediates of the formula III:
      ##SPC5##
PAL  wherein n represents 1 or 2, and reacting intermediate III with an excess
      of a Vilsmeier reagent prepared from phosphorus oxychloride and
      dimethylformanide. Quite surprisingly, novel compounds of formula I having
      a hydroxymethylene substituent on the saturated ring are obtained. When a
      6-membered starting ketone is used, the hydroxymethylene group forms on
      position 8 of the final compound I; when a 7- membered starting ketone is
      used, the hydroxymethylene substituent forms on position 9 of the final
      compound I.
PAR  The starting cycloalkanones II used in the novel process of this invention
      are commercially available. The boron trifluoride compound used is
      preferably boron trifluoride etherate. In the second step of the process
      reaction, an excess of Vilsmeier reagent is reacted with the boron complex
      intermediate III.
PAR  Compounds of this invention having the general formula I above have been
      found to reduce histaminic responses to antigen challenge by inhibiting
      antibody-antigen reactions in mammals such as rats or guinea pigs upon
      oral or parenteral administration. When tested in accordance with the
      procedure of Mota, Life Sciences, 7, 465, (1963) and Ovary, Proc. Soc.
      Exptl. Biol. Med., 81, 584, (1952), therapeutic compositions containing
      the compounds of this invention are effective at dosages of 5 mg to 50
      mg/kg of body weight.
PAR  Pharmaceutical compositions containing the compounds of this invention are
      therefore useful in the management of allergic reactions such as bronchial
      asthma. To treat bronchial asthma, a dose of 5 mg to 50 mg/kg by injection
      or by aerosol administration is suggested. The dosage may be varied
      depending upon severity of the condition and the weight, age and sex of
      the patient being treated.
PAR  In use, the compounds of this invention may be combined with a parenterally
      acceptable vehicle, such as a gum tragacanth saline suspension, to provide
      dosage forms suitable for parenteral administration; or they may be
      combined with pharmaceutical diluents such as lactose, cornstarch, and the
      like and formulated into tablet or capsule dosage forms. In order to
      enhance their therapeutic spectrum, the compounds of this invention may be
      combined with sympathomimetic agents such as isoprenaline or combined with
      steroids such as cortisone and its derivatives.
PAR  The compounds of this invention also exhibit antisecretory effects and are
      therefore useful in relieving gastric hyperacidity. Gastric hyperacidity
      has generally been described as a factor which contributes to peptic
      ulcer. The compounds of this invention, when administered to mammals in a
      manner as described below, have been found to inhibit the gastric
      secretion of hydrochloric acid and are therefore effective in reducing the
      resulting acidity in the stomach.
PAR  At a dosage of 20 mg/kg administered intraperitoneally, the subject
      compositions are effective in reducing gastric acidity in the pylorus
      ligated rat when tested according to the procedure of H. Shay,
      Gastroenterology, 5, 43, (1945).
PAR  Pharmaceutical compositions containing the compounds of this invention, are
      thus indicated in the management of gastric hyperacidity and the treatment
      of peptic ulcer resulting from such hyperacidity. For parenteral
      administration, the pharmaceutical composition of this invention may be
      administered as aqueous suspensions for intramuscular injection. These are
      prepared, for example, by suspending the active ingredient in sterile
      water and packaging in ampules so as to provide a concentration of 1,000
      mg of the active ingredient per dosage unit.
PAR  Generally speaking, the dose required to effectively relieve gastric
      hyperacidity is within the range of 20 mg/kg of body weight of the mammal
      being treated. This dosage regimen may be varied depending upon the
      condition of the patient.
PAR  Novel boron complex intermediates having the formula III, are useful in
      preparing the pharmacologically active final compounds having the formula
      I above.
PAR  To further illustrate the practice of this invention, the following
      examples are included:
DETD
PAC  EXAMPLE 1
      ##SPC6##
PAC  Preparation of
      2,2-difluoro-5,6,7,8-tetrahydro-4-methyl-1,3,2-benzodioxaborin
PAR  144.8 Grams of cyclohexanone in 360 ml of acetic anhydride is added,
      dropwise, to 217 ml of BF.sub.3 etherate. The reaction is slightly
      exothermic. The reaction solution is stirred and the temperature is
      maintained at about 35.degree.C for 1 hour, then cooled and titurated with
      ether. After standing overnight a solid precipitates and is filtered. The
      filtrate is concentrated and the residue is reacted with warm ether
      (Florisil). The addition of Skellysolve B causes precipitation of
      additional solid. Total yield is 128 grams, 45.4%, m. p.
      77.degree.-78.degree.C.
PAR  Anal. Calcd. for C.sub.7 H.sub.11 BF.sub.2 O.sub.2 : C, 51.12; H, 5.90; F,
      20.21. Found: C, 51.09; H, 5.95; F, 20.21.
PAC  EXAMPLE 2
      ##SPC7##
PAC  Preparation of
      2,2-difluoro-6,7,8,9-tetrahydro-4-methyl-5H-cyclohepta[e]-1,3,2-dioxoborin
     .
PAR  100 Grams of cycloheptanone in 195 ml of acetic anhydride is added,
      dropwise, to 117 ml of boron trifluoride etherate. The reaction is
      slightly exothermic (35.degree.C) and the solution is stirred with
      maintaining this temperature for 1.5 hours, by heating on a steam bath
      (vapor evolution) for 1 hour. The reaction is cooled and triturated with a
      little ether (100 ml). After standing overnight, a solid precipitates
      which is filtered. The filtrate is concentrated and the residue is
      extracted with warm ether (Florisil). The addition of Skelly B causes
      precipitation of additional solid. Total yield is 110 grams, 60.5%.
      Recrystallized from ether/Skelly B, three times gives light yellow
      crystals, dried, vac., 25.degree.C, 7 hours, m. p. 84.degree.-86.degree.C.
PAR  Anal. Calcd. for C.sub.9 H.sub.13 BF.sub.2 O.sub.2 : C, 53.51; H, 6.49; F,
      18.81. Found: C, 53.25; H, 6.69; F, 18.63, 18.56.
PAC  EXAMPLE 3
      ##SPC8##
PAC  Preparation of
      5,6,7,8-tetrahydro-8-(hydroxymethylene)-4-oxo-4H-1-benzopyran-3-carboxalde
     hyde
PAR  100 grams of the boron complex of Example 1,
      (2,2-difluoro-5,6,7,8-tetrahydro-4-methyl-1,3,2-benzodioxaborin), is added
      to the Vilsmeier reagent prepared from 200 ml of phosphorus oxychloride
      and 500 ml of dimethylformamide at 0.degree.C, with stirring for about 10
      minutes. The reaction is initially, exothermic. After 10 minutes, it is
      heated on a steam bath for 2 hours and then poured into about 2 liters of
      ice water and stirred for 4 hours. A solid precipitates which is filtered,
      triturated with CH.sub.3 CN, filtered and dried to give 43.2 g (21%) of
      product. The product is recrystallized from aqueous dimethylformamide to
      give a light tan crystalline product, mp 226.8.degree.C (dec.).
PAR  Anal. Calcd. for C.sub.11 H.sub.10 O.sub.4 : C, 64.08; H, 4.89; O, 31.04.
      Found: C, 64.22; H, 4.89; O, 30.80.
PAC  EXAMPLE 4
      ##SPC9##
PAC  Preparation of
      4,5,6,7,8,9-hexahydro-9-(hydroxymethylene)-4-oxo-cyclohepta[b]pyran-3-carb
     oxaldehyde
PAR  To 140 ml of dimethylformamide at 0.degree.C, there is added, dropwise,
      61.2 g (0.4 mol) of phosphorus oxychloride. To this solution is added 20.2
      g (0.1 mol) of the boron difluoride complex prepared in Example II. The
      solution is heated on a steam bath for 3 hours and is poured into 1 liter
      of ice water. A solid precipitates, is filtered and washed with acetone to
      give 10.2 g (46%) of brown solid. Recrystallization from aqueous
      dimethylformamide gives a greyish-brown powder, m.p.
      202.degree.-203.degree.C (dec.).
PAR  Anal. Calcd. for C.sub.12 H.sub.12 O.sub.4 : C, 65.44; H, 5.49. Found: C,
      65.38; H, 5.33.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for preventing asthmatic symptoms which comprises administering
      to a mammal in need thereof from 5 to 50 mg/kg of body weight of a
      compound having the formula:
      ##SPC10##
PAL  wherein n represents 1 or 2.
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ABST
PAL  A pressure-sensitive copying paper comprising an adsorbent solid acid and a
      microencapsulated color former capable of forming a distinct color when
      reacted with the adsorbent acid coated on the same or a different surface
      of a support or supports, the microencapsulated color former being at
      least one lactone compound of a pyridine-carboxylic acid represented by
      the formula
      ##SPC1##
PAL  Or a mixture thereof, wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and A are
      as defined hereinafter, is disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a pressure-sensitive copying paper using as a
      color former a pyridine-carboxylic acid lactone represented by the formula
      ##SPC2##
PAL  Or a mixture thereof, wherein R.sub.1 and R.sub.2 each represents a
      hydrogen atom, an acyl group, a lower alkyl group which may be substituted
      with a halogen atom, a cyano, hydroxyl, lower alkoxy, lower alkylamino,
      acetyl or phenoxy group, or a benzyl or phenyl group which may be
      substituted with a lower alkyl group, a halogen atom, a lower alkoxy,
      nitro, amino or lower alkylamino group, or R.sub.1 and R.sub.2 may, when
      taken with a nitrogen atom to which R.sub.1 and R.sub.2 are attached, form
      a part of a saturated hydrocarbon chain of a heterocylic ring; R.sub.3
      represents a hydrogen or halogen atom, a nitro, amino, lower alkylamino
      group or a lower alkyl group which may be substituted with a halogen atom
      or a lower alkoxy group, a lower alkoxy group which may be substituted
      with a halogen atom, or a benzyl, benzyloxy or phenoxy group which may be
      substituted with a halogen atom, a lower alkyl, alkoxy or lower alkylamino
      group; R.sub.4 represents a hydrogen or halogen atom, a lower alkyl group
      or a phenyl group; and A represents a carbazolyl, acridinyl,
      phenothiazinyl, thienyl, thianaphthenyl, morpholinophenyl, julolidinyl or
      tetrahydroquinolyl group which may be substituted with a lower alkyl,
      lower alkylamino, acyl or nitro group; the alkyl moiety in said lower
      alkyl, lower alkoxy or lower alkylamino group containing 1 to 5 carbon
      atoms.
PAR  2. Description of the Prior Art
PAR  In general, pressure-sensitive copying paper comprises the combination of
      an upper sheet paper (or transfer sheet) having coated on the back surface
      thereof minute microcapsules containing dissolved therein an electron
      donative substantially colorless organic compound capable of undergoing
      color reaction, i.e., color former, and a lower sheet paper (or receiving
      sheet) having coated on the surface thereof a color developer. When these
      two coated surfaces are brought into contact with each other and a
      localized pressure is applied to the assembly by handwriting or
      typewriting, microcapsules located at the pressure-applied area rupture
      and the organic color former contained in the organic solvent comes into
      contact with the color developer to form color.
PAR  Color developers which can be used in this invention include active clay
      substances such as acid clay, attapulgite, zeolite, bentonite; solid
      organic acids such as succinic acid, tannic acid, benzoic acid; and acidic
      polymers such as phenolformalin polymers, phenol-acetylene polymers,
      styrene-maleic anhydride polymers containing residual acid groups,
      salicylic acid-formalin polymers and the like.
PAR  As the organic solvent for dissolving the color former, there are ethylene
      glycol, chlorobenzenes, diethyl phthalate, trioctyl phosphate, dibenzyl
      benzene, dibenzyl toluene, alkylnaphthalenes and naphthylalkyl alcohols
      and the like.
PAC  SUMMARY OF THE INVENTION
PAR  As a result of detailed investigations on the color former for
      pressure-sensitive copying papers, the present inventors have discovered
      that there can be obtained a pressure-sensitive copying paper capable of
      forming a wide variety of colors such as a red, reddish purple, purple,
      purplish blue, blue, greenish blue, bluish green, green or a like color by
      using as a color former a novel pyridine-carboxylic acid lactone
      represented by the above formula (I), and that there can be obtained a
      pressure-sensitive copying paper capable of forming optional desired color
      by using the novel color former in combination with a known color former
      or formers.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Pressure-sensitive copying papers using the novel pyridine-carboxylic acid
      lactone represented by the formula (I) is colorless or slightly colored
      before color reaction, but, when in contact with the color developer, it
      immediately forms a red, reddish purple, purple, purplish blue, blue,
      greenish blue, bluish green, green or a like color with high color
      density. The thus formed color is excellent in light resistance.
PAR  Further, pressure-sensitive copying papers using the novel color former in
      combination with a known color former or formers immediately form an
      optional color when brought into contact with the color developer. The
      thus formed color undergoes little change in hue with the lapse of time
      after color formation. The lactone color formers of pyridine-carboxylic
      acid used for pressure-sensitive copying papers of the present invention
      and the starting material, pyridine-carboxylic acids can be prepared as
      follows.
PAC  1. Preparation of Pyridine-Carboxylic Acid
PAR  About 1 mole of a quinolinic anhydride represented by the formula
      ##SPC3##
PAL  wherein R.sub.4 is as defined in the formula (I) is reacted with about 1 to
      2 moles of an aniline represented by the formula
      ##SPC4##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are as defined in the formula (I) or a
      heterocyclic compound represented by the formula
EQU  A-H                                                        (IV)
PAL  wherein A is as defined in the formula (I) in a volatile organic inert
      solvent such as carbon disulfide, tetrachloroethane, a chlorobenzene, a
      nitrobenzene and the like using about 1 to 3 moles of a Friedel-Crafts
      catalyst such as zinc chloride, phosphorus chloride, aluminum chloride and
      the like at a temperature of from about 10.degree. to 110.degree.C for a
      period of about 1 to 9 hours. The reaction mixture is cooled to room
      temperature and the inert organic solvent is removed by decantation. The
      resulting reaction product is poured into ice-water or cold dilute aqueous
      hydrochloric acid to hydrolyze the catalyst. The precipitated solid is
      filtered, washed successively with water and benzene and dried.
      Alternatively, after cooling the reaction mixture as above, the reaction
      mixture is poured into about 2 to 6 l of ice-water to hydrolyze the
      catalyst. The same inert organic solvent as used above is then added to
      the resulting aqueous solution to transfer the reaction product to the
      solvent layer. The solvent layer is recovered by separation and the
      solvent is distilled off. There is obtained a mixture of isomers of a
      benzoyl-pyridine-carboxylic acid each represented by the formulae
      ##SPC5##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are as defined in the formula
      (I), respectively, or a mixture of isomers of a
      (heterocyclic-carbonyl)-pyridine-carboxylic acid each represented by the
      formulae
      ##SPC6##
PAL  wherein A and R.sub.4 are as defined in the formula (I), respectively, as
      crystals. If necessary, the above obtained isomer mixture can be separated
      into each isomer in high purity, by 1) dissolving the isomer mixture as
      above obtained in dilute aqueous sodium hydroxide, carefully adding dilute
      aqueous hydrochloric acid to the resulting solution in small portions and
      then recovering each of solids which precipitates due to the difference in
      pH of the solution or 2) repeatedly recrystallizing the reaction product
      using a mixture of a less polar solvent such as benzene, toluene and the
      like and a polar solvent such as methanol, butanol and the like, or a
      combination of (1) and (2) above. Further, pyridine-carboxylic acid in
      which two isomers are present in various proportions can also be obtained.
PAC  2. Preparation of Lactone Color Former of Pyridine-Carboxylic Acid
      Represented by the Formula (I)
PAR  About 1 mole of the above obtained 3-benzoyl-pyridine-carboxylic acid-(2),
      2-benzoyl-pyridine-carboxylic acid-(3) or a mixture thereof is reacted
      with about 0.9 to 1.5 moles of a heterocyclic compound represented by the
      formula (IV), or about 1 mole of the above obtained
      3-(heterocyclic-carbonyl)-pyridine-carboxylic acid-(2),
      2-(heterocyclic-carbonyl)-pyridine-carboxylic acid-(3) or a mixture
      thereof is reacted with about 0.9 to 1.5 moles of an aniline compound
      represented by the formula (III), in concentrated sulfuric acid, acetic
      anhydride or polyphosphoric acid at a temperature of from about 30 to
      130.degree.C for about 2 to 10 hours. The reaction mixture is cooled to
      room temperature and the reaction product is poured into ice-water. The
      resulting solution is then made weakly acidic or neutral with dilute
      aqueous sodium hydroxide. Benzene or toluene is added to the solution
      followed by stirring to transfer any unreacted heterocyclic compound or
      aniline compound to the benzene or toluene layer which is then removed by
      separation. The residual aqueous layer is adjusted to a pH of 11 to 12
      with dilute aqueous sodium hydroxide. The precipitated solid is collected
      by filtration, washed successively with water and a small amount of
      ethanol and dried to give a substantially colorless or slightly colored
      lactone color former of pyridine-carboxylic acid represented by the
      formula (I) in high yield. Alternatively, to the above residual aqueous
      layer adjusted to a pH of 11 to 12, benzene or toluene is added followed
      by stirring to transfer a lactone color former of pyridine-carboxylic acid
      to the benzene or toluene layer, which is then recovered by separation.
      Benzene or toluene is then distilled off from the benzene or toluene
      layer. The residue is washed successively with water and a small amount of
      ethanol, benzene, petroleum ether or ligroin and dried to give a
      substantially colorless or slightly colored lactone color former of
      pyridine-carboxylic acid represented by the formula (I) in high yield. Or
      else, the reaction product obtained in the above reaction is poured into
      ice-water, and the resulting aqueous solution is adjusted to a pH of 11 to
      12 with dilute aqueous sodium hydroxide. Benzene or toluene is added
      thereto followed by stirring to transfer the lactone color former of
      pyridine-carboxylic acid to the benzene or toluene layer. The benzene or
      toluene layer is recovered by separation and then worked up in the same
      manner as described above to give a substantially colorless or slightly
      colored lactone color former of pyridine-carboxylic acid represented by
      the formula (I) in high yield. If necessary, the resulting lactone color
      former of pyridine-carboxylic acid may be recrystallized.
DETD
PAR  Now, the process for preparing the color former of the present invention,
      i.e., lactone color formers of pyridine-carboxylic acid will be
      illustrated by the following Preparation Examples.
PAC  PREPARATION EXAMPLE 1 (Color Former Nos. 1 to 3)
PAR  10 g of quinolinic anhydride and 26 g of N,N-diethyl-m-phenetidine were
      added to 100 m of benzene, and 27 g of anhydrous aluminum chloride was
      added to the mixture in small portions over about 20 minutes while
      stirring and maintaining the temperature at 30.degree. to 35.degree.C.
      Upon completion of the addition, the mixture was allowed to react for 4
      hours at a temperature in the range of from 35.degree. to 38.degree.C and
      thereafter was cooled to room temperature. The benzene was removed by
      decantation, and the resulting reaction product was added to 800 g of
      ice-water followed by stirring. The precipitated solid was filtered,
      washed with water and dried to give 15.5 g of an isomer mixture comprising
      3-(4'-diethylamino-2'-ethoxybenzoyl)-pyridine-carboxylic acid-(2) and
      2-(4'-diethylamino-2'-ethoxybenzoyl)-pyridine-carboxylic acid-(3) as pale
      brown crystals having a melting point of 245.degree. to 253.degree.C.
PAR  15.5 g of the resulting crystals was then dissolved in dilute aqueous
      sodium hydroxide. Dilute aqueous hydrochloric acid was added to the
      resulting solution to adjust the pH to 6 and the precipitated solid was
      filtered (the filtrate was set aside), washed and dried to give 10 g of an
      isomer mixture comprising predominantly
      3-(4'-diethylamino-2'-ethoxybenzoyl)-pyridine-carboxylic acid-(2) and a
      small amount of 2-(4'-diethylamino-2'-ethoxybenzoyl)-pyridine-carboxylic
      acid-(3) as pale brown crystals having a melting point of 293.degree. to
      297.degree.C. 10 g of the resulting crystals was then repeatedly
      recrystallized from a mixed solvent of methanol-benzene (1:1 by volume) to
      give 6.5 g of a highly purified
      3-(4'-diethylamino-2'-ethoxybenzoyl)-pyridine-carboxylic acid-(2) as pale
      yellow crystals having a melting point of 295.degree. to 296.degree.C.
PAR  The filtrate having a pH of 6 obtained from the filtration of the above
      product was then adjusted to a pH of 2 with dilute aqueous hydrochloric
      acid, and the precipitated solid was filtered, washed with water and dried
      to give 4 g of an isomer mixture comprising predominantly
      2-(4'-diethylamino-2'-ethoxybenzoyl)-pyridine-carboxylic acid-(3) and a
      small amount of 3-(4'-diethylamino-2'-ethoxybenzoyl)-pyridine-carboxylic
      acid-(2) as pale brown crystals having a melting point of 176.degree. to
      181.degree.C.
PAR  4 g of the isomer mixture thus obtained was then repeatedly recrystallized
      from a mixed solvent of methanol-toluene (1:1 by volume) to give 2.3 g of
      a highly purified 2-(4'-diethylamino-2'-ethoxybenzoyl)-pyridine-carboxylic
      acid-(3) as substantially colorless crystals having a melting point of 179
      to 180.degree.C.
PAR  2.5 g of the above obtained
      3-(4'-diethylamino-2'-ethoxybenzoyl)-pyridine-carboxylic acid-(2) and 1.4
      g of 1-methyl-2,3,4-trihydroquinoline were added to 15 g of acetic
      anhydride, and the reaction mixture was allowed to react at a temperature
      of 80.degree. to 85.degree.C for 3 hours followed by cooling to room
      temperature. The reaction product was poured into 150 g of ice-water while
      stirring to hydrolyze the acetic anhydride. After completion of the
      hydrolysis, benzene was added to the resulting solution. The aqueous
      solution was then adjusted to a pH of about 6.5 with dilute aqueous sodium
      hydroxide to transfer any unreacted 1-methyl-2,3,4-trihydroquinoline to
      the benzene layer, which was then removed by separation. The residual
      aqueous solution was adjusted to a pH of 12 with dilute aqueous sodium
      hydroxide, and the precipitated solid was filtered, washed successively
      with water and a small amount of ethanol and dried to give 2.3 g of
      3-[.alpha.-{1'-methyl-2',3' ,4' -trihydroquinolin-(6')-yl}-60
      -{4'-diethylamino-2'-ethoxyphenyl}-.alpha.-oxy]-methylpyridine-carboxylic
      acid-(2) lactone (Color Former No. 1) as slightly pale yellow colored
      crystals having a melting point of 163.degree.C to 165.degree.C.
PAR  2.5 g of the above obtained
      2-(4'-diethylamino-2'-ethoxybenzoyl)-pyridine-carboxylic acid-(3) having a
      melting point of 179.degree. to 180.degree.C and 1.4 g of
      1-methyl-2,3,4-trihydroquinoline were added to 15 g of acetic anhydride.
      The mixture was allowed to react at a temperature of 85.degree.to
      90.degree.C for 5 hours and thereafter cooled to room temperature. The
      reaction product was poured into 200 g of ice-water while stirring to
      hydrolyze the acetic anhydride. After the hydrolysis, 50 ml of benzene was
      added thereto and the resulting aqueous solution was adjusted to a pH of
      11 to 12 with dilute aqueous sodium hydroxide to transfer a lactone color
      former of a pyridine-carboxylic acid to the benzene layer. The benzene
      layer was recovered by separation and benzene was distilled off therefrom.
      The residue was then washed with a small amount of petroleum ether and
      dried to give 2.5 g of 2-[.alpha.-{1'-methyl-2',3' ,4'
      -trihydroquinoline-(6')-yl}-.alpha.-{4'-diethylamino-2'-ethoxyphenyl}-.alp
     ha.-oxy]-methylpyridin-carboxylic acid-(3)lactone (Color Former No. 2) as
      pale yellow colored crystals having a melting point of 126.degree. to
      128.degree.C.
PAR  Further, 2.5 g of the above obtained isomer mixture of pyridine-carboxylic
      acid having a melting point of 245.degree. to 253.degree.C and 1.5 g of
      1-methyl-2,3,4-trihydroquinoline were added to 20 g of acetic anhydride,
      and the mixture was allowed to react at a temperature of 85.degree. to
      95.degree.C for 4 hours followed by cooling to room temperature. The
      reaction product was poured into 200 g of ice-water while stirring to
      hydrolyze the acetic anhydride. After completion of the hydrolysis, the
      aqueous solution was adjusted to a pH of 11 to 12 with dilute aqueous
      sodium hydroxide. 50 ml of benzene was added thereto and a lactone color
      former of a pyridine-carboxylic acid was transferred to the benzene layer,
      which was then recovered by separation. Benzene was distilled off from the
      benzene layer, and the residue was washed with a small amount of petroleum
      ether and dried to give 2.4 g of an isomer mixture comprising
      3-[.alpha.-{1'-methyl-2',3'3',4'4'-trihydroquinolin
      -(6')-yl}-.alpha.-{4'-diethylamino-2'-ethoxyphenyl}-.alpha.-oxy]-methylpyr
     idine-carboxylic acid-(2) lactone and 2-[.alpha.-{1'-methyl-2',3' ,4'
      -trihydroquinolin
      -(6')-yl}-.alpha.-{4'-diethylamino-2'-ethoxyphenyl}-.alpha.-oxy]-methylpyr
     idine-carboxylic acid-(3) lactone as pale brown colored crystals having a
      melting point of 141.degree. to 147.degree.C.
PAC  PREPARATION EXAMPLE 2 (Color Former No. 4)
PAR  12.0 g of quinolinic anhydride and 24.4 g of julolidine were added to 120
      ml of benzene, and 33 g of anhydrous aluminum chloride was added to the
      resulting mixture in small portions at a temperature of 10.degree. to
      20.degree.C for about 30 minutes while stirring. After completion of
      addition, the mixture was allowed to cool to room temperature. The benzene
      layer was removed by decantation, and the resulting reaction product was
      added to 1,200 g of ice-water followed by stirring. The precipitated solid
      was recovered by filtration, washed with water and dried to obtain 18.0 g
      of an isomer mixture comprising
      3-[julolidine-carbonyl-(6')]-pyridine-carboxylic acid-(2) and
      2-[julolidine-carbonyl-(6')]-pyridine-carboxylic acid-(3) as pale brown
      colored crystals having a melting point of 260.degree. to 265.degree.C.
PAR  3.0 g of the above obtained isomer mixture of a pyridine-carboxylic acid
      and 2.5 g of N,N-dimethylaniline were added to 20 g of acetic anhydride,
      and the resulting mixture was allowed to react at a temperature of
      90.degree. to 95.degree.C for 5 hours followed by cooling to room
      temperature. The reaction product was poured into 200 g of ice-water while
      stirring to hydrolyze the acetic anhydride. After completion of the
      hydrolysis, the resulting solution was adjusted to a pH of 11 to 12 with
      dilute aqueous sodium hydroxide. 50 ml of benzene was then added thereto
      to transfer a lactone color former of a pyridine-carboxylic acid to the
      benzene layer, which was then recovered by separation. Benzene was
      distilled off from the benzene layer, and the residue was washed with a
      small amount of petroleum ether and dried to give 2.5 g of an isomer
      mixture comprising 3-[.alpha.-{julolidin
      -(6')-yl}-.alpha.-{4'-dimethylaminophenyl}-.alpha.-oxy]-methylpyridine-car
     boxylic acid-(2) lactone and 2-[.alpha. -{julolidin
      -(6')-yl}-.alpha.{4'-dimethylaminophenyl}-.alpha.-oxy]-methylpyridine-carb
     oxylic acid-(3) lactone as pale yellow colored crystals having a melting
      point of 121.degree. to 126.degree.C.
PAC  PREPARATION EXAMPLE 3 (Color Former Nos. 5 to 45)
PAR  Each of the quinolinic anhydrides (II) and each of the anilins (III) or
      each of the heterocyclic compounds (IV) which correspond to the color
      formers were reacted and worked up in the same manner as described in
      Preparation Example 1 to prepare an isomer mixture of
      benzoyl-pyridine-carboxylic acids (V) or an isomer mixture of
      (heterocyclic-carbonyl)-pyridine-carboxylic acids (VI), respectively.
PAR  Subsequently, an isomer mixture of benzoyl-pyridine-carboxylic acids (V)
      and the corresponding heterocyclic compound (IV), or an isomer mixture of
      (heterocyclic-carbonyl)-pyridine-carboxylic acids (VI) and the
      corresponding aniline compound (III) were reacted and the reaction product
      was worked up in the same manner as described in Preparation Example 1 to
      obtain an isomer mixture of pyridine-carboxylic acid lactones (I) (Color
      Former Nos. 5 - 45) as colorless or slightly colored crystals,
      respectively.
PAR  The melting points and crystal appearance of the thus obtained color
      formers, and pyridine-carboxylic acids, aniline compounds, or heterocyclic
      compounds with the amount thereof which were used in this example are
      shown in Table 1 below.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                           Aniline Compound Repre-                             
                                           Lactone Color Former Repre-         
     Pyridine-Carboxylic Acid                                                  
                           sented by the Formula (III)                         
                                           sented by the Formula (I)           
         Represented by the                                                    
                           or Heterocyclic Compound Melting                    
     Color                                                                     
         Formula (V) or (VI)                                                   
                           Represented by the Formula                          
                                           Yield    Point  Crystal             
     Former                                                                    
         and Amount Used   (IV) and Amount Used                                
                                           (g)      (.degree.C)                
                                                           Appearance          
     __________________________________________________________________________
     No.1                                                                      
         3-(4'-Diethylamino-2'-                                                
                           1-Methyl-2,3,4-trihydro-                            
                                           3-[.alpha.-{1'-Methyl-2',3',4'-trihy
                                           dro-                                
         ethoxybenzoyl)-pyridine-                                              
                           quinoline       quinolin-(6')-yl}-.alpha.-{4'-diethy
                                           lamino-                             
         carboxylic acid-(2)                                                   
                           1.4 g           2'-ethoxyphenyl}-.alpha.-oxy]-methyl
                                           pyridine-                           
         2.5 g                             carboxylic acid-(2) lactone         
                                           2.3      163-165                    
                                                           pale yellow         
     No.2                                                                      
         2-(4'-Diethylamino-2'-                                                
                           "               2-[.alpha.-{1'-Methyl-2',3',4'-trihy
                                           dro-                                
         ethoxybenzoyl)-pyridine-                                              
                           1.4 g           quinolin-(6')-yl}-.alpha.-{4'-diethy
                                           lamino-                             
         carboxylic acid-(3)               2'-ethoxyphenyl}-.alpha.-oxy]-methyl
                                           pyridine-                           
         2.5 g                             carboxylic acid-(3) lactone         
                                           2.5      126-128                    
                                                           pale yellow         
     No.3                                                                      
         3-(and 2-)(4'-Diethylamino-                                           
                           "               3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
         2'-ethoxybenzoyl)-pyridine-                                           
                           2.2 g           hydroquinolin-(6')-yl}-.alpha.-{4'-d
                                           iethyl-                             
         carboxylic acid-(2)[and-          amino-2'-ethoxyphenyl}-.alpha.-oxy]-
                                           methyl-                             
         (3)]                              pyridine-carboxylic                 
                                           acid-(2)[and-(3)]                   
         3.0 g                             lactone                             
                                           2.4      141-147                    
                                                           pale yellow         
     No.4                                                                      
         3-(and 2-)[Julolidine-                                                
                           N,N-Dimethylaniline                                 
                                           3-(and 2-)[.alpha.-{Julolidin-(6')-y
                                           l}-.alpha.-                         
         carbonyl-(6')]-pyridine-                                              
                           2.5 g           {4'-dimethylaminophenyl}-.alpha.-oxy
                                           ]-                                  
         carboxylic acid-(2)[and-(3)]      methylpyridine-carboxylic acid-(2)  
         3.0 g                             [and-(3)] lactone                   
                                           2.5      121-126                    
                                                           pale yellow         
     No.5                                                                      
         3-(and 2-)[.alpha.-{1'-Methyl-                                        
                           N-Ethyl-N-.beta.-chloroethyl-                       
                                           3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
         2',3',4'-trihydroquinoline                                            
                           aniline 2.5 g   hydroquinolin-(6')-yl}-.alpha.-{4'-(
                                           N-.beta.-                           
         carbonyl-(6')}]-pyridine-         chloroethyl-N-ethyl)-aminophenyl}-.a
                                           lpha.-                              
         carboxylic acid-(2)[and-(3)]      oxy]-methylpyridine-carboxylic      
                                           acid-                               
         3.0 g                             (2)[and-(3)] lactone                
                                           2.5      93-98  pale yellow         
     No.6                                                                      
         "                 N-Ethyl-N-benzylaniline                             
                                           3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri                              
         3.0 g             2.7 g           hydroquinolin-(6')-yl}-.alpha.-{4'-(
                                           N-                                  
                                           benzyl-N-methyl)-aminophenyl}-.alpha
                                           .-oxy]-                             
                                           methylpyridine-carboxylic acid-(2)  
                                           [and-(3)] lactone                   
                                            3.1     92-97  pale yellow         
     No.7                                                                      
         3-(and 2-)(4'-Dibenzylamino-                                          
                           1-Methyl-2,3,4-trihydro-                            
                                           3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
         benzoyl)-pyridine-carboxylic                                          
                           quinoline       hydroquinolin-(6')-yl}-.alpha.-{4'-d
                                           ibenzyl-                            
         acid-(2)[and-(3)] 2.5 g           aminophenyl}-.alpha.-oxy]-methylpyri
                                           dine-                               
         4.0 g                             carboxylic acid-(2)[and-(3)]        
                                           lactone                             
                                           4.9      129-137                    
                                                           pale yellow         
     No.8                                                                      
         3-(and 2-)(4'-Morpholino-                                             
         benzoyl)-pyridine-carboxylic                                          
         acid-(2)[and-(3)] "               3-(and 2-)[.alpha.-{4'-Morpholino-ph
                                           enyl}-                              
         3.0 g             2.1 g           .alpha.-{1'-methyl-2',3',4'-trihydro
                                           quinolin-                           
                                           (6')-yl}-.alpha.-oxy]-methylpyridine
                                           -                                   
                                           carboxylic acid-(2)[and-(3)]        
                                           lactone                             
                                           3.1      89-96  pale yellow         
     No.9                                                                      
         3-(and 2-)(4'-Diethylamino-                                           
                           "               3-(and 2-)[.alpha.-{4'-Diethylamino-
                                           2'-                                 
         2'-methylbenzoyl)-pyridine-                                           
                           2.7 g           methylphenyl}-.alpha.-{1'-methyl-2',
                                           3',4'-                              
         carboxylic acid-(2)[and-(3)]      trihydroquinolin-(6')-yl}-.alpha.-ox
                                           y]-                                 
         4.0 g                             methylpyridine-carboxylic acid-(2)  
                                           [and-(3)] lactone                   
                                           4.9      132-136                    
                                                           pale yellow         
     No.10                                                                     
         3-(and 2-)[9'-Ethylcarbazol-                                          
                           N,N-Dimethylaniline                                 
                                           3-(and-2)[.alpha.-{9'-Ethylcarbazol-
                                           (3')-                               
         carbonyl-(3')] -pyridine-                                             
                           2.1 g           yl}-.alpha.-{4'-dimethylaminophenyl}
                                           -.alpha.-                           
         carboxylic acid-(2)[and-(3)]      oxy]-methylpyridine-carboxylic      
                                           acid-                               
         3.7 g                             (2)[and-(3)] lactone                
                                           1.4      186-195                    
                                                           pale yellow         
     No.11                                                                     
         3-(and 2-)[Acridine-                                                  
                           N-Benzyl-N-methylaniline                            
                                           3-(and 2-)[.alpha.-{Acridin-(2')-yl}
                                           -.alpha.-{4'-                       
         carbonyl-(2')]-pyridine-                                              
                           2.3 g           (N-benzyl-N-methyl)-aminophenyl}-.al
                                           pha.-                               
         carboxylic acid-(2)[and-(3)]      oxy]-methylpyridine-carboxylic      
                                           acid-                               
         3.3 g                             (2)[and-(3)] lactone                
                                           1.5             pale brown          
     No.12                                                                     
         3-(and 2-)[Phenothiazine-                                             
                           N-Methyl-N-phenylaniline                            
                                           3-(and 2-)[.alpha.-{Phenothiazin-(3'
                                           )-yl}-.alpha.-                      
         carbonyl-(3')]-pyridine-                                              
                           1.4 g           {4'-(N-methyl-N-phenyl)-aminophenyl}
                                           -                                   
         carboxylic acid-(2)[and-(3)]      .alpha.-oxy]-methylpyridine-carboxyl
                                           ic acid-                            
         2.6 g                             (2)[and-(3)] lactone                
                                           1.3             pale yellow         
     No.13                                                                     
         3-(and 2-)[10'-Methyl-                                                
                           N,N-Diethyl-3-chloroaniline                         
                                           3-(and 2-)[.alpha.-{10'-Methylphenot
                                           hiazin-                             
         phenothiazine-carbonyl-(3')]-                                         
                           2.4 g           (3')-yl}-.alpha.-{2'-chloro-4'-dieth
                                           ylamino-                            
         pyridine-carboxylic acid-(2)      phenyl}-.alpha.-oxy]-methylpyridine-
         [and-(3)]                         carboxylic acid-(2)[and-(3)]        
                                           lactone                             
         3.7 g                                                                 
                                           2.1             pale brown          
     No.14                                                                     
         3-(and 2-)[Thiophene-                                                 
                           N-Methyl-N-4" -ethoxyphenyl-                        
                                           3-(and 2-)[.alpha.-{Thiophen-(2')-yl
                                           }-.alpha.-                          
         carbonyl-(2')]-pyridine-                                              
                           aniline         {4'-(N-methyl-N-4"-ethoxyphenyl)-   
         carboxylic acid-(2)[and-(3)]                                          
                           4.1 g           aminophenyl}-.alpha.-oxy]-methylpyri
                                           dine-                               
         4.7 g                             carboxylic acid-(2)[and-(3)]        
                                           lactone                             
                                           3.7             pale yellow         
     No.15                                                                     
         3-(and 2-)Thianaphthene-                                              
                           N-Acetonylaniline                                   
                                           3-(and 2-)[.alpha.-{Thianaphthen-(2'
                                           )-yl}-                              
         carbonyl-(2')-pyridine-           .alpha.-{4'-acetonylaminophenyl}-.al
                                           pha.-oxy]-                          
         carboxylic acid-(2)[and-(3)]                                          
                           1.6 g           methylpyridine-carboxylic acid-(2)  
         2.4 g                             [and-(3)] lactone                   
                                           1.3             pale yellow         
     No.16                                                                     
         3-(and 2-)[4'-(N-Benzyl-N-                                            
                           7-Dimethylamino-10-methyl-                          
                                           3-(and 2-)[.alpha.-{4'-(N-Benzyl-N-e
                                           thyl)-                              
         methyl)-2'-methyl-amino-                                              
                           phenothiazine   amino-2'-methylphenyl}-.alpha.-{7'-d
                                           imethyl-                            
         benzoyl]-pyridine-carboxylic                                          
                           4.3 g           amino-10'-methylphenothiazin-(3')-yl
                                           }-                                  
         acid-(2)[and-(3)]                 .alpha.-oxy]-methylpyridine-carboxyl
                                           ic acid-                            
         4.0 g                             (2)[and-(3)] lactone                
                                           2.9             pale blue           
     No.17                                                                     
         3-(and 2-)(4'-Methylamino-                                            
                           3-Nitro-9-ethylcarbazole                            
                                           3-(and 2-)[.alpha.-{4'-Methylaminoph
                                           enyl}-.alpha.-                      
         benzoyl)-pyridine-carboxylic                                          
                           2.9 g           {6'-nitro-9'-ethylcarbazol-(3')-yl}-
                                           .alpha.-                            
         acid-(2)[and-(3)]                 oxy]-methylpyridine-carboxylic      
                                           acid-(2)                            
         2.0 g                             [and-(3)] lactone                   
                                           1.1             pale brown          
     No.18                                                                     
         3-(and 2-)(4'-Acetamido-                                              
                           10-Acetylphenothiazine                              
                                           3-(and 2-)[.alpha.-{4'-Acetamidophen
                                           yl}-.alpha.-                        
         benzoyl)-pyridine-carboxylic                                          
                           3.8 g           {10'-acetylphenothiazine-(3')-yl}-.a
                                           lpha.-                              
         acid [and-(3)]                    oxy]-methylpyridine-carboxylic      
                                           acid-                               
         2.0 g                             (2)[and-(3)] lactone                
                                           0.9             pale yellow         
     No.19                                                                     
         Color Former No.19 (0.6g)         3-(and 2-) [.alpha.-{4'-Aminophenyl}
                                           -.alpha.-                           
         was hydrolyzed in an              {phenothiazin-(3')-yl}-.alpha.-oxy]-
                                           methyl-                             
         ethanol-hydrochloric acid         pyridine-carboxylic                 
                                           acid-(2)[and-(3)]                   
         aqueous solution.                 lactone                             
                                           0.2             pale brown          
     No.20                                                                     
         3-(and 2-)[4'-(N-4"-                                                  
                           Julolidine      3-(and 2-)[.alpha.-{4'-(N-4"-Methylp
                                           henyl-N-                            
         Methylphenyl-N-methyl)-                                               
                           2.1 g           methyl)-aminophenyl}-.alpha.-julolid
                                           in-(6')-                            
         aminobenzoyl]pyridine-            yl}-.alpha.-oxy]-methylpyridine-carb
                                           oxylic                              
         carboxylic acid-(2)[and-(3)]      acid-(2)[and-(3)] lactone           
         3.0 g.                                                                
                                           3.4             pale yellow         
     No. 21                                                                    
         3-(and 2-)[4'-(N-4"-                                                  
                           N,N-Diethyl-3-chloroaniline                         
                                           3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
         Methylphenyl-N-methyl)-                                               
                           2.6 g           hydroquinolin-(6')-yl}-.alpha.-{4'-(
                                           N,N-                                
         aminobenzoyl]-pyridine-           diethyl)-amino-2'-chlorophenyl}-.alp
                                           ha.-oxy]-                           
         carboxylic acid-(2)[and-(3)]      methylpyridine-carboxylic acid-(2)  
         3.0 g                             [and-(3)]lactone                    
                                           1.4             pale yellow         
     No.22                                                                     
         '                 N-ethyl-N-.beta.-ethoxyethyl-                       
                                           3-(and 2)-[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
         3.0 g             3-methylaniline hydroquinolin-(6')-yl}-.alpha.-{4'  
                                           -(N-ethyl-                          
                           2.9 g           N-.beta.-ethoxyethyl)-amino-2-methyl
                                           phenyl}-                            
                                           .alpha.-oxy]-methylpyridine-carboxyl
                                           ic acid-                            
                                           (2)[and-(3)]lactone                 
                                           3.2             pale blue           
     No.23                                                                     
         3-(and 2-)-{1'-methyl-2',                                             
                           N-.beta.-Diethylaminoethyl-                         
                                           3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
         3',4'-trihydroquinoline-carbo-                                        
                           aniline         hydroquinolin-(6')-yl}-.alpha.-{4'-(
                                           N-.beta.-                           
         nyl-(6')}-pyridine-carboxylic                                         
                           2.5 g           diethylaminoethyl)-aminophenyl}-.alp
                                           ha.-oxy]-                           
         acid - (2)[and -(3) ]             methylpyridine-carboxylic acid-(2)  
         3.0 g                             (and-(3)]lactone                    
                                           2.4             pale yellow         
     No.24                                                                     
         3-(and 2-){1'-Methyl-                                                 
                           N,N-Dimethyl-3-methoxy-                             
                                           3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
         2',3',4'-trihydroquinoline-                                           
                           aniline         hydroquinolin-(6')-yl}-.alpha.-{4'-d
                                           imethyl-                            
         carboxyl-(6')}-3-chloro-                                              
                           2.3 g           amino-2'-methoxyphenyl}-.alpha.-oxy]
                                           -methyl-                            
         pyridine-carboxylic acid-         4-chloropyridine-carboxylic         
                                           acid-(2)                            
         (2)[and-(3)]                      [and-(3)]lactone                    
         3.0 g                                                                 
                                           3.3             pale blue           
     No.25                                                                     
         3-(and 2-){1'-Methyl-                                                 
                           N,N-Diethyl-3-nitroaniline                          
                                           3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
         2',3',4'-trihydroquinoline-                                           
                           2.6 g           hydroquinolin-(6')-yl}-.alpha.-{4'-d
                                           iethyl-                             
         carbonyl-(6')}-3-methyl-          amino-2'-nitrophenyl}-.alpha.-oxy]-m
                                           ethyl-4-                            
         pyridine-carboxylic acid-         methylpyridine-carboxylic acid-(2)  
         (2)[and-(3)]                      [and-(3)]lactone                    
     3.0 g                                 0.4             pale yellow         
     No.26                                                                     
         3-(and 2-){1'-Methyl-                                                 
                           N,N-Dimethylaniline                                 
                                           3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
         2',3',4'-trihydroquinoline-                                           
                           2.1 g           hydroquinolin-(6')-yl}-.alpha.-{4'-d
                                           imethyl-                            
         carbonyl-(6')}-2-phenyl-          aminophenyl}-.alpha.-oxy]-methyl-6-p
                                           henyl-                              
         pyridine-carboxylic acid-         pyridine-carboxylic                 
                                           acid-(2)[and-(3)]                   
         (2)[and-(3)]                      lactone                             
         3.0 g                                                                 
                                           0.9             pale brown          
     No.27                                                                     
         3-(and 2-){1'-Methyl-                                                 
                           N-Methyl-N-4'-methylphenyl-                         
                                           3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
         2',3',4'-trihydroquinoline-                                           
                           aniline         hydroquinolin-(6')-yl}-.alpha.-{4'-(
                                           N-methyl-                           
         carbonyl-(6')}-pyridine-                                              
                           2.7 g           N-4"-methylphenyl)-aminophenyl}-.alp
                                           ha.-                                
         carboxylic acid-(2)[and-(3)]      oxy]-methylpyridine-carboxylic      
                                           acid-                               
         3.0 g                             (2)[and-(3)]lactone                 
                                           2.1             pale blue           
     No.28                                                                     
         "                 N-.beta.-Oxylethyl-N-.beta.-cyano-                  
         3.0 g             ethylaniline    3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
                           2.6 g           hydroquinolin-(6')-yl}-.alpha.-{4'-(
                                           N-.beta.-                           
                                           hydroxyethyl-N-.beta.-cyanoethyl)-am
                                           ino-                                
                                           phenyl}-.alpha.-oxy]-methylpyridine-
                                           carboxylic acid-(2)[and-(3)]lactone 
                                           1.3             pale blue           
     No.29                                                                     
         "                 N-Benzoylaniline                                    
                                           3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
         3.0 g             2.4 g           hydroquinolin-(6')-yl}-.alpha.-{4'-b
                                           enzamido-                           
                                           phenyl}-.alpha.-oxy]-methylpyridine-
                                           N                                   
                                           carboxylic acid-(2)[and-(3)]lactone 
                                           O                                   
                                           0.4             pale brown          
     No.30                                                                     
         3-(and-2){Julolidine-                                                 
                           N-Methyl-N-4'-chlorophenyl-                         
                                           3-(and 2-)[.alpha.-{Julolidin-(6')-y
                                           l{-.alpha.-}4'-                     
         carbonyl-(6') }-pyridine-                                             
                           aniline         (N-4"-chlorophenyl-N-methyl)-amino- 
         carboxylic acid-(2)[and-(3)]                                          
                           2.4 g           phenyl}-.alpha.-oxy]-methylpyridine-
                                           carboxylic                          
         3.0 g                             acid-(2)[and-(3)]lactone            
                                           1.3             pale yellow         
     No.31                                                                     
         "                 4,4'-bis-Dimethylamino-                             
                                           3-(and 2-)[.alpha.-{Julolidin-(6')-y
                                           l}-.alpha.-{4'-                     
         3.0 g             phenylmethane   dimethylamino-2'-(4"-dimethylamino)-
                           3.4 g           benzylphenyl}-.alpha.-oxy]-methylpyr
                                           idine-                              
                                           carboxylic acid-(2)[and-(3)]        
                                           lactone                             
                                           1.9             pale green          
     No.32                                                                     
         " 3.0 g           N-Ethyl-N-4'-Nitrobenzyl-                           
                                           3-(and 2-)[.alpha.-{Julolidin-(6')-y
                                           l}-.alpha.-{4'-                     
                           aniline         (N-ethyl-N-4"-nitrobenzyl)-aminophen
                                           yl}-                                
                           3.1 g           .alpha.-oxy]-methylpyridine-carboxyl
                                           ic acid-                            
                                           (2)[and-(3)]lactone                 
                                           1.3             pale brown          
     No.33                                                                     
         " 3.0 g           N,N-Dimethyl-3-(4'-chloro)-                         
                                           3-(and 2-)[.alpha.-{Julolidin-(6')-y
                                           l}-.alpha.-{4'-                     
                           phenoxyaniline  dimethylamino-2'-(4"-chlorophenoxy)-
                           2.5 g           phenyl}-.alpha.-oxy]-methylpyridine-
                                           carboxylic                          
                                           acid-(2)[and-(3)]lactone            
                                           2.1             pale green          
     No.34                                                                     
         3-(and-2){Julolidine-                                                 
                           N,N-Dimethyl-3-(4'-methyl)-                         
                                           3-(and 2-)[.alpha.-{Julolidin-(6')-y
                                           l}-.alpha.-{4'-                     
         carbonyl-(6')}-pyridine-                                              
                           benzyloxyaniline                                    
                                           dimethylamino-3'-(4"-methyl)-benzylo
                                           xy-                                 
         carboxylic acid-(2)[and-(3)]                                          
                           2.9 g           phenyl}-.alpha.-oxy]-methylpyridine-
                                           carboxylic                          
         3.0 g                             acid-(2)[and-(3)]lactone            
                                           2.3             pale green          
     No.35                                                                     
         3-(and 2-){4'-(Pyrrolidin-                                            
                           Thionaphtene    3-(and 2-)[.alpha.-{4'-(Pyrrolidin-(
                                           1")-yl)                             
         (1")-yl)-benzoyl}-pyridine-                                           
                           1.7 g           phenyl}-.alpha.-{thionaphten-(2')-yl
                                           }-.alpha.-                          
         carboxylic acid-(2)[and-(3)]      oxyl]-methylpyridine-carboxylic     
                                           acid-                               
         2.5 g                             (2)[ and-(3)]lactone                
                                           2.5             pale yellow         
     No.36                                                                     
         3-(and 2-){4'-Piperazin-(1")-                                         
                           1-Methyl-2,3,4-trihydro-                            
                                           3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
         yl}-benzoyl]-pyridine-                                                
                           quinoline       hydroquinolin-(6')-yl}-.alpha.-{4'-(
                                           piperizin-                          
         carboxylic acid-(2)[and-(3)]                                          
                           1.7 g           (1")-yl)-phenyl}-.alpha.-oxy]-methyl
                                           pyridine-                           
         2.5 g                             carboxylic acid-(2)[and-(3)]lactone 
                                           O                                   
                                           2.8             pale yellow         
     No.37                                                                     
         3-(and 2-)(4'-Piperidino-                                             
                           Julolidine      3-(and 2-)[.alpha.-{Julolidin-(6')-y
                                           l{-.alpha.-{4'-                     
         benzoyl)-pyridine-carboxylic                                          
                           1.9             piperidinophenyl}-.alpha.-oxy]-methy
                                           lpyridine-                          
         acid-(2)[and-(3)]                 carboxylic acid-(2)[and-(3)]lactone 
         2.5 g                                                                 
                                           3.1             pale yellow         
     No.38                                                                     
         3-(and 2-)(4'-Diethylamino-                                           
                           Thionaphthene   3-(and 2-)[.alpha.-{4'-Diethylamino-
                                           2'-methyl-                          
         2'-methylaminobenzoyl)-                                               
                           0.8 g           aminophenyl}-.alpha.-{thionaphthen-2
                                           '-yl}-.alpha.-oxy-                  
         pyridine-carboxylic acid-         methylpyridine-carboxylic           
                                           acid-(2)[and-                       
         (2)[and-(3)]                      (3)]lactone                         
         2.0 g                                                                 
                                           1.9             pale brown          
     No.39                                                                     
         3-(and 2-){4'-(N-Phenoxy-                                             
                           Thiophene       3-(and 2-)[.alpha.-{4'-(N-Phenoxyeth
                                           yl-N-ethyl)-                        
         ethyl-N-ethyl)-amino-2'-                                              
                           0.9 g           amino-2'-methylphenyl}-.alpha.-{thio
                                           phen-(2')-                          
         methylbenzoyl}-pyridine-          yl}-.alpha.-oxy]-methylpyridine-carb
                                           oxylic acid-                        
         carboxylic acid-(2)[and-(3)]      (2)[and-(3)]lactone                 
         3.0 g                                                                 
                                           2.7             pale yellow         
     No.40                                                                     
         3-(and 2-){4'-Dimethylamino-                                          
                           Julolidine      3-(and 2-)[.alpha.-{Julolidin-(6')-y
                                           l{-.alpha.-{4'-                     
         2'-(4"-dimethylamino)-                                                
                           1.8 g           dimethylamino-2'-(4"-dimethylamino)-
                                           O                                   
         benzylbenzoyl}-pyridine-          benzylphenyl}-.alpha.-oxy]-methylpyr
                                           idine-                              
         carboxylic acid-(2)[and-(3)]      carboxylic acid-(2)[and-(3)]lactone 
         3.0 g                                                                 
                                           3.7             pale blue           
     No.41                                                                     
         3-(and 2-){4'-Diethylamino-                                           
                           1-Methyl-2,3,4-trihydro-                            
                                           3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
         2'-(4"-methyl)-benzylbenzoyl}-                                        
                           quinoline       hydroquinolin-(6')-yl}-.alpha.-{4'-d
                                           iethyl-                             
         pyridine-carboxylic acid-(2)                                          
                           1.6 g           amino-2'-(4"-methyl)-benzylphenyl}- 
         [and-(3)]                         .alpha.-oxy]-methylpyridine-carboxyl
                                           ic acid-                            
         3.0 g                             (2)[and-(3)]lactone                 
                                           3.2             pale yellow         
     No.42                                                                     
         3-(and 2-)(4'-Diethylamino-                                           
                           9-Ethylcarbazole                                    
                                           3-(and 2-)[.alpha.-{9'-Ethylcarbazol
                                           -(3')-yl}-                          
         2'-methoxymethylbenzoyl)-         .alpha.-{4'-diethylamino-2'-methoxym
                                           ethyl-                              
         pyridine-carboxylic acid-                                             
                           1.9 g           phenyl}-.alpha.-oxy]-methylpyridine-
                                           carboxylic                          
         (2)[and-(3)]                      acid-(2)[and-(3)]lactone            
         2.5 g                                                                 
                                           2.1             pale yellow         
     No.43                                                                     
         3-(and 2-){4'-(N-Dimethyl-                                            
                            Julolidine    3-(and 2-)[.alpha.-{Julolidin-(6')-yl
                                          }-.alpha.-{4'-                       
         amonophenyl-N-methyl)-                                                
                           1.9            (N-4"-dimethylaminophenyl-N-methyl)- 
                                          T                                    
         benzoyl}-pyridine-carboxylic     amonophenyl}-.alpha.-oxy]-methylpyrid
                                          ine-                                 
         acid-(2)[and-(3)]                carboxylic acid-(2)[and-(3)]lactone  
         3.0 g                                                                 
                                           3.5             pale green          
     No.44                                                                     
         3-(and-2){4'-(N-4"-Dimethyl-                                          
                           1-Methyl-2,3,4-trihydro-                            
                                           3-(and 2-)[.alpha.-{1'-Methyl-2',3',
                                           4'-tri-                             
         aminobenzyl-N-methyl)-                                                
                           quinoline       hydroquinolin-(6')-yl}-.alpha.-{4'-(
                                           N-4"-                               
         aminobenzoyl}-pyridine-                                               
                           1.4 g           dimethylaminobenzyl-N-methyl)-amino-
         carboxylic acid-(2)[and-(3)]      phenyl}-.alpha.-oxy]-methylpyridine-
                                           carboxylic                          
         3.0 g                             acid-(2)[and-(3)]lactone            
                                           3.1             pale yellow         
     No.45                                                                     
         3-(and 2-)(4'-Morpholino-                                             
                           N-Phenylmorpholine                                  
                                           3-(and 2-)[.alpha.,.alpha.-bis(4'-Mo
                                           rpholinophenyl)-                    
         benzoyl)-pyridine-carboxylic                                          
     oxy]-methylpyridine-carboxylic acid-                                      
         acid-(2)[and-(3)] 2.5 g                                               
                           1.5 g           (2)[and-(3)]lactone                 
                                           3.1             pale                
     __________________________________________________________________________
                                                           yellow              
PAR  The processes for producing pressure-sensitive copying papers using
      pyridine-carboxylic acid lactones represented by the formula (I) as a
      color former are well known in the art and include the method in which
      phenomenon of complex coascervation is utilized to produce microcapsules
      as disclosed in U.S. Pat. Nos. 2,800,457 and 2,800,458. The color former
      is generally used in an amount of from about 0.5 to 5% by weight based on
      the previously described organic solvent such as ethylene glycol,
      chlorobenzenes, diphenyl chloride, dibenzylbenzene, dibenzyltoluene,
      diethylphthalate, trioctyl phosphate, an alkylnaphthalene and
      naphthylalkyl alcohols, etc.
PAR  The pressure-sensitive copying paper using pyridine-carboxylic acid
      lactones represented by the formula (I) will now be illustrated in greater
      detail by the following Example, but they are not to be construed as
      limiting the scope of this invention. In these examples, all percentages,
      parts and the like are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  2.0 g of Color Former Nos. 1 to 3 were taken up and treated as follows.
      Each color former was dissolved in 100 g of dibenzyl toluene, and 20 g of
      gum arabic and 160 g of water were added thereto at a temperature of
      50.degree.C to emulsify. To the resulting emulsion were added 20 g of
      acid-treated gelatin and 160 g of water and, under stirring, acetic acid
      was added thereto to adjust the pH to 5. 500 g of water was then added
      thereto to allow coacervation to proceed thereby forming thick, liquid
      film of gelatin-gum arabic around oil droplets of dibenzyl toluene having
      the color former dissolved therein. After adjusting the pH to 4.4, 4 g of
      a 37% formalin aqueous solution was added thereto to harden the
      above-described liquid film. Then, the system was cooled to 10.degree.C
      and, after adjusting the pH to 9 with dilute aqueous sodium hydroxide,
      allowed to stand for 5 to 6 hours to complete encapsulation.
PAR  The resulting microcapsule-containing liquid was applied to paper by a
      coating method such as roll-coating and air knife-coating, etc., and dried
      to obtain a colorless coated paper (upper sheet paper). When this upper
      sheet paper was intimately superposed on a lower sheet paper having coated
      thereon an active clay substance as a color developer and a localized
      pressure was applied to the assembly by handwriting, a greenish blue color
      was immediately formed on the lower sheet paper at the pressed area. There
      was observed almost no discoloration nor fading of the thus developed
      greenish blue color even when it was exposed directly to sunlight for a
      long period of time.
PAR  Alternatively, when the upper sheet paper was intimately superposed on a
      lower sheet paper having coated thereon an acidic organic polymer and a
      localized pressure was applied thereto by handwriting, a greenish blue
      color was immediately formed on the lower sheet paper at the
      pressure-applied area.
PAC  EXAMPLE 2
PAR  2.0 g of Color Former No. 4 was taken up and treated in the same manner as
      described in Example 1. After coating and drying, there was obtained a
      colorless upper sheet paper. When this upper sheet paper was intimately
      superposed on a lower sheet paper having coated thereon an active clay
      substance as a color developer and a localized pressure was applied
      thereto by handwriting, there was immediately developed a blue color on
      the lower sheet paper at the pressed area. There was observed almost no
      discoloration nor fading of the thus developed blue color even when it was
      directly exposed to sunlight for a long period of time. Alternatively,
      when the upper sheet paper was intimately superposed on a lower sheet
      paper having coated thereto an acidic organic polymer as the color
      developer and a localized pressure was applied to the assembly by
      handwriting, a blue color was immediately developed on the lower sheet
      paper at the pressed area.
PAC  EXAMPLE 3
PAR  2.0 g of each of Color Former Nos. 5 to 8 was taken up and treated in the
      same manner as described in Example 1. After coating and drying, there was
      obtained a colorless upper sheet paper. The resulting paper was intimately
      superposed on a lower sheet paper having coated thereon an acidic organic
      polymer, an acid clay substances or a combination thereof, as a color
      developer. When a localized pressure was applied to the assembly, a blue
      color was immediately formed on the lower sheet paper at the pressed area.
      The thus formed blue color exhibited a sufficient stability to the lapse
      of time for practical use.
PAC  EXAMPLE 4
PAR  2.0 g of each of Color Former Nos. 9 to 45 were taken up and each of them
      was treated in the same manner as described in Example 1. After coating
      and drying, there were obtained colorless upper sheet papers. When each of
      the resulting papers was intimately superposed on a lower sheet paper
      having coated thereon an acid clay substance as a color developer, and a
      localized pressure was applied to the assembly by handwriting, there was
      immediately developed a deep color image on the lower sheet paper at the
      pressed area. The thus developed color images showed sufficient stability
      to the lapse of time for practical use.
PAR  The hues developed on the lower sheets are shown in Table 2 below.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Color                Color                                                
     Former   Hue         Former       Hue                                     
     ______________________________________                                    
     No. 9    bluish green                                                     
                          No. 28       blue                                    
     No. 10   purplish blue                                                    
                          No. 29       purple                                  
     No. 11   "           No. 30       blue                                    
     No. 12   "           No. 31       bluish green                            
     No. 13   "           No. 32       purplish blue                           
     No. 14   purple      No. 33       green                                   
     No. 15   reddish purple                                                   
                          No. 34       "                                       
     No. 16   blue        No. 35       purple                                  
     No. 17   reddish purple                                                   
                          No. 36       bluish purple                           
     No. 18   red         No. 37       blue                                    
     No. 19   "           No. 38       greenish blue                           
     No. 20   blue        No. 39       blue                                    
     No. 21   "           No. 40       "                                       
     No. 22   greenish blue                                                    
                          No. 41       "                                       
     No. 23   blue        No. 42       "                                       
     No. 24   bluish green                                                     
                          No. 43       green                                   
     No. 25   purple      No. 44       greenish blue                           
     No. 26   blue        No. 45       blue                                    
     No. 27   bluish green                                                     
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  2.1 g of Color Former No. 3, 2.4 of Color Former No. 21, 0.3 g of
      o-hydroxybenzalacetophenone, 0.1 g of Rhodamine B-anilinolactam, and 0.3 g
      of benzoyl leucomethylene blue were treated and coated in the same manner
      as described in Example 1 to prepare an upper sheet paper. When this upper
      sheet paper was superposed on a lower sheet having coated thereon an
      active clay substance as a color developer and a localized pressure was
      applied to the assembly by handwriting, a black color was immediately
      developed on the lower sheet paper. The thus developed black color
      scarcely underwent change in hue and fading.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure-sensitive copying paper coated with a microencapsulated using
      as a color former a lactone compound of a pyridine-carboxylic acid
      represented by the formula
      ##SPC7##
PAL  or a mixture thereof, wherein R.sub.1 and R.sub.2 each represents a
      hydrogen atom, an acyl group, a lower alkyl group which may be substituted
      with a halogen atom, a cyano, hydroxyl, lower alkoxy, lower alkylamino,
      acetyl or phenoxy group, or a benzyl or phenyl group which may be
      substituted with a lower alkyl group, a halogen atom, a lower alkoxy,
      nitro, amino or lower alkylamino group, or R.sub.1 and R.sub.2 may, when
      taken together with a nitrogen atom to which R.sub.1 and R.sub.2 are
      attached, form a part of a saturated hydrocarbon chain of a heterocyclic
      ring; R.sub.3 represents a hydrogen or halogen atom, a nitro, amino, lower
      alkylamino group or a lower alkyl group which may be substituted with a
      halogen atom or a lower alkoxy group, a lower alkoxy group which may be
      substituted with a halogen atom, or a benzyl, benzyloxy or phenoxy group
      which may be substituted with a halogen atom, a lower alkyl, alkoxy or
      lower alkylamino group; R.sub.4 represents a hydrogen or halogen atom, a
      lower alkyl group or a phenyl group; and A represents a carbazolyl,
      acridinyl, phenothiazinyl, thienyl, thianaphthenyl, morpholinophenyl,
      julolidinyl or tetrahydroquinolyl group which may be substituted with a
      lower alkyl, lower alkylamino, acyl or nitro group; the alkyl moiety in
      said lower alkyl, lower alkoxy or lower alkylamino group containing 1 to 5
      carbon atoms.
NUM  2.
PAR  2. The pressure-sensitive copying paper as claimed in claim 1, wherein said
      color former is a compound selected from the group consisting of
PA1  a. 3-[.alpha.-{1'-methyl-2', 3',
      4'-trihydroquinolin-(6')-yl}-.alpha.-{4'-diethylamino-2'-ethoxyphenyl}-.al
     pha.-oxy]-methylpyridine-carboxylic acid-(2)lactone,
PA1  b. 2-[.alpha.-{1'-methyl-2', 3',
      4'-trihydroquinolin-(6')-yl}-.alpha.-{4'-diethylamino-2'-ethoxyphenyl}-.al
     pha.-oxy]-methylpyridine-carboxylic acid-(3) lactone,
PA1  c. an isomer mixture of (a) and (b) above,
PA1  d. an isomer mixture of
      3-[.alpha.-{julolidin-(6')-yl}-.alpha.-{4'-dimethylaminophenyl}-.alpha.-ox
     y]-methypyridine-carboxylic acid-(2) lactone and
      2-[.alpha.-{julolidin-(6')-yl}-.alpha.-{4'-dimethylaminophenyl}-.alpha.-ox
     y]-methypyridine-carboxylic acid-(3) lactone,
PA1  e. an isomer mixture of 3-[.alpha.-{1'-methyl-2', 3',
      4'-trihydroquinolin-(6')-yl}-.alpha.-{4'-(N-.beta.-chloroethyl-N-ethyl)-am
     ino-phenyl}-.alpha.-oxy]-methylpyridine-carboxylic acid-(2) lactone and
      2-[.alpha.-{1'-methyl-2', 3',
      4'-trihydroquinolin-(6')-yl}-.alpha.-{4'-(N-.beta.-chloroethyl-N-ethyl)-am
     inophenyl}-.alpha.-oxy]-methyl-pyridine-carboxylic acid-(3) lactone,
PA1  f. an isomer mixture of 3-[.alpha.-{1'-methyl-2', 3',
      4'-trihydroquinolin-(6')-yl}-.alpha.-{4'-dibenzylaminophenyl}-.alpha.-oxy]
     -methylpyridine-carboxylic acid-(2) lactone and 2-[.alpha.-{1'-methyl2',
      3', 4'-trihydroquinolin-(6')-yl}-.alpha.-{4'-dibenzylaminophenyl}.alpha.-o
     xy]-methylpyridine-carboxylic acid-(3) lactone,
PA1  g. an isomer mixture of
      3-[.alpha.-{4-morpholinophenyl}-.alpha.-{1'-methyl-2', 3',
      4'-trihydroquinolin-(6')-yl}-.alpha.-oxy]-methylpyridine-carboxylic
      acid-(2) lactone and
      2-[.alpha.-{4'-morpholinophenyl}-.alpha.1{1'-methyl-2', 3',
      4'-trihydroquinolin-(6')-yl}-.alpha.-oxy]-methypyridine-carboxylic
      acid-(3) lactone,
PA1  h. an isomer mixture of
      3-[.alpha.-}9'-ethylcarbazol-(3')-yl}-.alpha.-{4'-dimethylaminophenyl}-.al
     pha.-oxy]-methylpyridine-carboxylic acid-(2) lactone and
      2-[.alpha.-{9'-ethylcarbazol-(3')-yl}-.alpha.-{4'-dimethylaminophenyl}-.al
     pha.-oxy]-methylpyridine-carboxylic acid-(3) lactone,
PA1  i. an isomer mixture of
      3-[.alpha.-{acridin-(2')-yl}-.alpha.-{4'-(N-benzyl-N-methyl)-aminophenyl}-
     .alpha.-oxy]-methylpyridine-carboxylic acid-(2) lactone and
      2-[.alpha.-{acridin-(2')-yl}
      -.alpha.-{4'-(N-benzyl-N-methyl)-aminophenyl}-.alpha.-oxy]-methypyridine-c
     arboxylic acid-(3) lactone,
PA1  j. an isomer mixture of
      3-[.alpha.-{phenothiazin-(3')-yl}-.alpha.-{4'-(N-methyl-N-phenyl)-aminophe
     nyl}-.alpha.-oxy]-methylpyridine-carboxylic acid-(2) lactone and
      2-[.alpha.-{phenothiazin-(3')-yl}-.alpha.-{4'-(N-methyl-N-phenyl)-aminophe
     nyl}-.alpha.-oxy]-methylpyridine-carboxylic acid-(3) lactone,
PA1  k. an isomer mixture of
      3-[.alpha.-{thiophen-(2')-yl}-.alpha.-{4'-(N-methyl-N-4"-ethoxyphenyl)-ami
     nophenyl}-.alpha.-oxy]-methylpyridine-carboxylic acid-(2) lactone and
      2-[.alpha.-{thiophen-(2')-yl}-.alpha.-{4'-(N-methyl-N-4"-ethoxyphenyl)-ami
     nophenyl}-.alpha.-oxy]-methylpyridine-carboxylic acid-(3) lactone,
PA1  l. an isomer mixture of
      3-[.alpha.-{thianaphthen-(2')-yl}-.alpha.-{4'-acetonylaminophenyl}-.alpha.
     -oxy]-methylpyridine-carboxylic acid-(2) lactone and
      2-[.alpha.-{thianaphthen-(2')-yl}-.alpha.-{4'-acetonylaminophenyl}-.alpha.
     -oxy]-methylpyridine-carboxylic acid-(3) lactone,
PA1  m. an isomer mixture of
      3-[.alpha.-{4'-methylaminophenyl}-.alpha.-{6'-nitro-9'-ethylcarbazol-(3')-
     yl}-.alpha.-oxy]-methylpyridine-carboxylic acid-(2) lactone and
      2-[.alpha.-{4'-methyl-aminophenyl}-.alpha.-{6'-nitro-9'-ethylcarbazol-(3')
     -yl}-.alpha.-oxy]-methylpyridine-carboxylic acid-(3) lactone,
PA1  n. an isomer mixture of 3-[.alpha.-{1'-methyl-2', 3',
      4'-trihydroquinolin-(6')-yl}-.alpha.-}4'-diethylamino-2'-nitrophenyl}-.alp
     ha.-oxy]-methyl-4-methylpyridine-carboxylic acid-(2) lactone and
      2-[.alpha.-{1'-methyl-2', 3',
      4'-trihydroquinolin-(6')-yl}-.alpha.-{4'-diethylamino-2'-nitrophenyl}-.alp
     ha.-oxy]-methyl-4-methylpyridine-carboxylic acid-(3) lactone,
PA1  o. an isomer mixture of 3-[.alpha.-{1'-methyl-2', 3',
      4'-trihydroquinolin-(6')-yl}-.alpha.-{4'-benzamidophenyl}-.alpha.-oxy]-met
     hyl-pyridine-carboxylic acid-(2) lactone and 2-[.alpha.-{1'-methyl-2', 3',
      4'-trihydroquinolin-(6')-yl}-.alpha.-{4'-benzamiodphenyl}-.alpha.-oxy]-met
     hylpyridine-carboxylic acid-(3) lactone,
PA1  p. an isomer mixture of
      3-[.alpha.-{julolidin-(6')-yl}-.alpha.-{4'-piperidinophenyl}-.alpha.-oxy]-
     methylpyridine-carboxylic acid-(2) lactone and
      2-[.alpha.-{julolidin-(6')-yl}-.alpha.-{4'-piperidinophenyl}-.alpha.-oxy]-
     methylpyridine-carboxylic acid-(3) lactone,
PA1  q. an isomer mixture of 3-[.alpha.-{1'-methyl-2', 3',
      4'-trihydroquinolin-(6')-yl}-.alpha.-{4'-diethylamino-2'-(4"-methyl)-benzy
     l-phenyl}-.alpha.-oxy]-methylpyridine-carboxylic acid-(2) lactone and
      2-[.alpha.-{1'-methyl-2', 3',
      4'-trihydroquinolin-(6')-yl}-.alpha.-{4'-diethylamino-2'-(4"-methyl)-benzy
     lphenyl}-.alpha.-oxy]-methylpyridine-carboxylic acid-(3) lactone,
PA1  r. an isomer mixture of
      3-[.alpha.-{9'-ethylcarbazol-(3')-yl}-.alpha.-{4'-diethylamino-2'-methoxym
     ethylphenyl}-.alpha.-oxy]-methylpyridine-carboxylic acid-(2) lactone and
      2-[.alpha.-{9'-ethylcarbazol-(3')-yl}-.alpha.-{4'-diethylamino-2'-methoxym
     ethylphenyl}-.alpha.-oxy]-methylpyridine-carboxylic acid-(3) lactone, and
PAR  s. an isomer mixture of 3-[.alpha., .alpha.-bis
      (4'-morpholinophenyl)-.alpha.-oxy]-methylpyridine-carboxylic acid-(2)
      lactone and 2-[.alpha.,
      .alpha.-bis(4'-morpholinophenyl)-.alpha.-oxy]-methylpyridine-carboxylic
      acid-(3) lactone.
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ABST
PAL  A rigid plastic article includes an outer skin surface of a polyolefin
      plastic material such as cross-linked high density polyethylene tightly
      secured to a foam core the latter preferably of a high density or medium
      density polyethylene. Such a laminated plastic article has substantial
      rigidity and strength, particularly flexural strength, the latter being
      greater for the laminate than the sum of the individual flexural strengths
      of the skin and foam separately. Due to the thermal and sound insulation,
      rigidity, flotation, impact resistance, relative lightweight and
      weatherability characteristics, the laminate offers particular advantages
      for use in complex shapes such as automotive doors and tops, camper tops,
      boats and recreational vehicles and containers such as water tanks,
      carboys and the like. Such products may be manufactured by a rotational
      molding procedure in which each of the plastic materials is sequentially
      introduced into a rotating heated mold. The first plastic material coats
      the mold surface and the second is sequentially released so that both
      plastics are fused together in a single cycle with the result that a
      strong natural bond is formed at the interface of the laminate thus
      contributing substantially to the overall strength of the resultant
      product. A third plastic material may be used to form a second surface
      skin. Typical materials are high, medium, low density polyethylene,
      cross-linked polyethylene, polycarbonates, and acrylic modified vinyl
      chloride plastics. The foam core is preferably of high or medium density
      linear polyethylene having a closed cell structure and a density of 12 to
      20 pounds per cubic foot.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Polyolefin plastic materials have been used to form plastic articles,
      especially polyolefin materials of the polyethylene type, that is, high
      density, medium density and low density materials. One of the difficulties
      which has been encountered with polyethylene plastic parts, especially
      those of complex shapes, is the relatively low flexural strength of
      polyethylene.
PAR  As is known, polyethylene is a partially crystalline and partially
      amorphous material, the side chain branching of the molecule being the
      factor which controls the degree of crystallinity. High density
      polyethylene has fewer side chains than low density polyethylene and
      accordingly a higher degree of crystallinity may be obtained. In general,
      increasing the crystallinity increases rigidity, tensile strength and
      hardness, and high molecular weight polyethylenes (those of low melt
      index) generally have better physical properties than the low molecular
      weight counterparts. Typical of the better physical properties are those
      such as impact resistance and stress crack resistance. However, the higher
      melt viscosity and the low melt index of the high molecular weight
      polyethylenes render them more difficult to process.
PAR  Low density polyethylenes generally are considered to have a density in the
      range of 0.90 to 0.925, while the high density material is generally
      regarded as having a density in the range of 0.941 to 0.965. For medium
      density polyethylene, the range is 0.926 to 0.940.
PAR  A particular material in the polyolefin family which deserves special
      comment is a material known as a cross-linked polyethylene which is
      thermosetting in its nature. In processing this type of material, a
      peroxide type cross-linking agent is generally used to affect the three
      dimensional branching network characteristic of cross-linked polyethylene.
PAR  In the case of large complex shapes used as structural members, it is
      frequently not possible to obtain all of the desirable physical
      characteristics by the use of a single polyolefin material. The difficulty
      which is encountered is that the use of two different types of
      polyethylene materials may provide the desired physical characteristics
      but there is considerable difficulty in providing a structural member
      formed of two separate plastic materials which has sufficient integrity to
      provide the overall desired physical characteristics, or in the
      alternative, the processing thereof becomes quite complicated and
      expensive.
PAR  By way of example, a cross-linked polyethylene material has a relatively
      low flexural modulus, about 100,000 psi. Normally, the processing includes
      starting with a high density material which, when cross-linked lowers the
      density of the material. For example one may start with a polyethylene
      having a density of 0.955 and when cross-linked the density is
      approximately 0.94 which is in the range of the lower end of the high
      density materials or the higher end of the medium density materials, or
      what is sometimes referred to as a medium density material.
PAR  Where high flexural strengths are needed, for example in structural
      components for the recreational market such as recreational vehicles and
      boats, the use of a cross-linked polyethylene material does not provide
      sufficient flexural strength.
PAR  It is also known that high density polyethylene foams are quite rigid,
      having a flexural modulus of between 200,000 and 300,000 psi. These
      particular materials, however, have a relatively low impact resistance in
      that a foamed product may be easily fractured. Thus, in those instances in
      which the plastic part is to be subjected to impact, for example,
      automotive doors and tops, camper tops, boats, carboys and containers, the
      use of a polyethylene foam which has an appreciable flexural modulus
      presents practical problems.
PAR  It is possible, separately to form two components and join them together by
      a bonding procedure. By way of example, polyethylene and polypropylene may
      be heat sealed, but generally require melting. Where a particular part is
      relatively large in size, such a boat, or a camper top or a top for a
      recreational vehicle, joining together two separately formed plastic
      elements by an adhesive or by any of the conventional bonding methods used
      in the plastics industry is not acceptable from the standpoint of the
      result produced and the substantial expense necessary to handle large
      bulky items of complex shapes.
PAR  Nonetheless, the potential strengths obtained from polyolefin plastic
      materials, and perhaps other thermal plastic materials as well as
      thermosetting materials renders them attractive candidates for the
      formation of structural parts provided the structural part has sufficient
      integrity to remain tightly adhered such that the strengths of the
      resulting product are sufficiently high for the intended use. Accordingly,
      it is desirable to provide a plastic article having the desirable features
      of rigidity, thermal and sound insulation, flotation, impact resistance,
      relative lightweight, and weatherability. Moreover, it is desirable to be
      able to fabricate complex shapes so as to provide a bond between the
      respective components of the plastic article which assures the maximum
      utilization of the strengths of the individual components making up the
      plastic article. Particularly advantageous is a method by which an article
      may be formed in one operation such that separate processing of separate
      parts followed by a step of adhering the two together is eliminated.
PAR  Typical of the prior art patents are U.S. Pat. Nos. 3,649,407; 3,748,214;
      3,655,497; 3,673,033; 3,705,071; 3,458,380; 3,472,715; 3,715,256;
      2,341,260; 3,709,966; 3,607,600; 3,193,437; 3,228,819; and 3,709,967.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an improved plastic structure and a method of
      forming the same, and more particularly to an improved plastic structure
      having significant strength characteristics and formed of an outer skin
      and a rigid foam core wherein the foam and skin are formed in one molding
      or forming operation followed by fusion of the two in a single cycle to
      provide a tightly adherent laminate which has significant and unexpected
      strength properties.
PAR  In accordance with the present invention, a plastic article of relatively
      complex shape is provided of an intimately secured laminate including an
      outer skin surface and a rigid foam core. The outer skin surface is
      tightly secured to the foam along the entire interface, to provide a
      laminate having substantial rigidity and strength, particularly flexural
      strength. Typical of the materials which may be used to form the outer
      skin surface are polyolefin materials especially polyethylene materials of
      the low, medium density and high density types and cross-linked types. The
      foam core, is preferably a closed cell foam having a density of between 8
      and 20 pounds per cubic foot, with a maximum of the cells in the foam
      being closed, for example 90 percent to 97 percent. This type foam offers
      the advantages of buoyancy, and especially good thermal and acoustic
      insulation properties as well as rigidity.
PAR  Optionally, a second skin member may be used with the laminate described in
      order to increase substantially the structural strength characteristics of
      the product.
PAR  In a preferred form, the foam core is a linear high density or medium
      density polyethylene foam, the polyethylene material having a density of
      at least about 0.960. The skin surface is preferably a cross-linked
      polyethylene material initially having a density of 0.95 or higher, and
      cross-linked to provide a resultant medium density outer skin having a
      density of approximately 0.94. Where a cross-linked outer skin is used in
      combination with a high density linear foam, it has been observed that the
      resultant product has a flexural strength of approximately 500,000 psi
      whereas the skin alone has a flexural strength of 100,000 psi while the
      foam alone has a flexural strength in the range of 200,000 to 300,000 psi.
      Thus, by fabricating the structure in the manner hereinafter described,
      the flexural strength of the resultant product is greater than the sum of
      the individual flexural strengths of the components making up the
      laminate, an entirely unexpected but desirable feature.
PAR  One of the principal features of the structural plastic article of the
      present invention is the nature of the bond between the outer skin surface
      and the foam core. Where a cross-linked material is used as one of the
      skin members in contact with the foam, the bond between the foam and the
      cross-linked material, at the interface between the two, is believed to be
      a cross-linked interface in which the plastic material of the foam is
      cross-linked into the cross-linked skin so as to form an intimately
      secured laminate of one plastic material in contact with another. It is in
      part, by virtue of this tightly adherent bond at the interface that the
      structural strengths herein described are achieved.
PAR  In its broader aspects, the present invention also involves an improved
      procedure for forming complex shapes of considerable structural strength
      by a rotational molding procedure in which at least two plastic materials
      are deposited on the mold wall and simultaneously fused together in one
      heating cycle so as to form a secure bond between the two plastic
      materials making up the laminate without the use of any separate adhesive,
      or any of the conventional separate adhering operations heretofore used in
      the prior art. Thus, in one molding cycle, at least two plastic materials
      are formed into a single integrated laminated structure having a tightly
      secured and adherent interface which prevents delamination of the
      component plastic parts making up the laminate.
PAR  Typical materials which may be used for the foam core are materials such as
      high density, medium density and low density polyethylene, or
      polycarbonate materials. The skin members may be made of high density,
      medium density, low density, and cross-linked polyethylene or materials
      such as acrylic modified vinyl chloride polymers.
PAR  It will be apparent to those skilled in the art that the plastic article
      and method of the present invention are not considered to be limited to
      the specific constructions and methods as herein described and
      illustrated. Rather, the specific articles and methods shown and described
      herein are illustrative of a preferred form of the present invention, and
      other modifications and embodiments will become apparent to those skilled
      in the art upon reading the following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of a plastic article constructed in
      accordance with the present invention;
PAR  FIG. 2 is an enlarged fragmentary section taken along the lines 2--2 of
      FIG. 1 showing the laminated plastic member and the bond therebetween;
PAR  FIG. 3 is a sectional view of a laminate including a foam core with skin
      members on each surface thereof in accordance with the present invention;
PAR  FIG. 4 is a diagrammatic view of a mold assembly for use in rotational
      molding in accordance with the present invention; and
PAR  FIG. 5a--5d inclusive are diagrammatic views illustrating the condition of
      the plastic material within the mold at various stages during the
      rotational molding procedure in accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings which illustrate an exemplary form of a preferred
      embodiment of the present invention, FIG. 1 shows a plastic article
      generally designated 10 of a relatively complex shape. The particular
      structure 10 illustrated in FIG. 1 is a camper top, however it is
      understood that other complex shapes may be formed, as heretofore
      described.
PAR  The plastic articles of this invention are characterized by highly
      desirable properties which enable the plastic articles to be used as
      structural components. For example, thermal and sound insulation,
      rigidity, flotation, impact resistance, relative lightweight, and
      weatherability are properties which are achieved by virtue of the article
      constructed in accordance with the present invention.
PAR  Again referring to FIG. 1, the plastic article includes an outer skin
      member 12 which forms an exposed outer surface of the article 10. The
      outer surface skin member is fluid impermeable and is preferably formed of
      a polyolefin plastic material. In a preferred form, as illustrated in FIG.
      1, the outer skin member 12 is preferably a cross-linked polyethylene
      polymer in which the polymer before cross-linking is a high density
      material, having a density of at least 0.955. When a high density
      polyethylene material of this type is cross-linked, the result is a medium
      density cross-linked polyethylene material which possesses thermosetting
      qualities.
PAR  Typically, a cross-linked high density polyethylene material has a flexural
      modulus of approximately 100,000 psi, a tensile strength of between 2500
      and 2700 psi, and a density of between 0.930 and 0.945. It is the
      relatively low flexural modulus which creates difficulty in providing
      plastic parts having sufficient rigidity and structural integrity to be
      used as structural plastic parts.
PAR  In the form illustrated in FIG. 1, the cross-sectional dimension of the
      skin member 12 may vary from a few mils thickness to 3/8 of an inch or
      more, depending upon the structural loads to be imposed on the laminate.
PAR  To provide the rigidity, thermal and sound insulation qualities, flotation
      and to increase the flexural strength and the impact resistance, the
      plastic structural member 10 includes a foam core 14. The foam core is
      preferably a foamed polyolefin such as high density, medium density or low
      density polyethylene. In the preferred form illustrated in FIG. 1, the
      foam member is a closed cell foam of a linear high density polyethylene
      wherein the polyethylene has a density of at least 0.960, the foam being
      of a density of between 12 to 20 pounds per cubic foot. The foam itself
      contains a substantially significant percentage of closed cells, that is,
      at least 90 percent of the cells are closed, and preferably at least 97
      percent of the cells are closed.
PAR  The foam core 14, if it did not include the outer skin member 12, would be
      a rigid product of relatively high flexural modulus, for example between
      200,000 and 300,000 psi. However, the impact resistance of such a foam
      core, per se, is relatively low.
PAR  By forming both the skin and core members 12 and 14, respectively, in the
      assemblage described and by the procedures hereinafter described, the skin
      member 12 operates to increase substantially the impact resistance of the
      foam core while the latter operates to increase substantially the flexural
      modulus of the laminated plastic member 10. By way of example, the
      flexural modulus of the structure described in connection with FIG. 1 is
      approximately 500,000 psi, a flexural modulus which is greater than the
      sum of the individual moduli of the respective separate parts forming the
      laminate.
PAR  Referring to FIG. 2, wherein like reference numerals have been used where
      applicable, it will be seen that an interface 15 exists between the outer
      skin member 12 and the foam core 14. This interface forms an unexpectedly
      strong bond between the outer skin member and the foam core member. Where
      a cross-linked polyethylene is used as the outer skin member, and a high
      density polyethylene is used to form the foam core, the interface is
      believed to be composed of a cross-linked interface in the sense that a
      portion of the cross-linking agent used to cure the outer skin member 12
      also affects cross-linking of a portion of the foam core to the outer skin
      member 12 thereby providing a bond between the two materials which is of
      unexpectedly high strength.
PAR  The strength of this bond may be demonstrated by the fact that when
      produced as hereinafter described, the core 14 is tightly adhered over its
      entire outer exposed surface to the facing skin member 12. Due to the
      tight bond between the two components of the plastic structure, impacts
      from the exposed inner surface of the foam do not result in destruction of
      the laminate, or puncture or fracture thereof. On the other hand, the
      outer skin member 12 has considerable impact resistance because of the
      structural strength of the polyethylene plastic, even though the
      polyethylene skin per se does not have a high flexural modulus. The
      synergism resulting from the assemblage of the two provides the optimum
      qualities of both impact resistance and high flexural modulus, qualities
      which are present in one or the other of the components making up the
      laminate, but not to the extent necessary to provide the high strength of
      the laminated product.
PAR  It is also possible in accordance with the present invention to utilize a
      polycarbonate resin as the foam core and a high density, low density,
      medium or cross-linked density polyethylene as the outer skin, since
      polycarbonate plastic is compatable with polyethylene resin and a tight
      bond may be obtained at the interface when the parts are processed as
      herein described. It is also possible to use a low density, medium
      density, or high density or cross-linked polyethylene for the outer skin,
      or an acrylic modified vinyl chloride polymer, the latter sometimes being
      compatable with the plastic material used to form the foam core.
PAR  In certain structural members, it is desirable to protect both the inner
      and outer exposed surfaces of the foam core. Referring to FIG. 3, a
      plastic article 16 is shown which includes an outer skin member 12 of the
      type described, an inner foam core 14 of the type described, and an inner
      skin member 18. The inner skin member may be of high density, medium
      density, low density, or cross-linked polyethylene, or acrylic modified
      vinyl chloride co-polymer as mentioned, or other thermoplastic materials.
      The advantage of a structure as illustrated in FIG. 3 is that the foam
      core 14 is protected on each side from impact. It will be understood, that
      skins 12 and 18 may be of the same or different materials, and may be the
      same or different dimensions depending upon the structural characteristics
      desired in the final product.
PAR  Of significance is the fact that whether a dual skin arrangement is
      provided, or a single skin arrangement, the plastic article includes a
      rigid foam core of the type described which provides the thermal and sound
      insulation, rigidity and flotation.
PAR  By way of example, a kayak type of canoe was fabricated from the plastic
      product of the present invention, in accordance with the preferred form,
      and navigated in white water which includes a substantial number of
      partially submerged rocks and boulders. The performance of the kayak was
      exceptional in that none of the repeated hits against the submerged rocks
      caused damage to the outer skin surface. A comparable test with a kayak
      made of fiberglass reinforced plastic resulted in several punctures which
      required repair. Also by way of example, a row boat was fabricated in
      accordance with the preferred form and dropped in a free fall from a
      distance of 50 feet vertically to a concrete pavement. The free fall drop
      produced no noticeable damage with respect to the craft.
PAR  One of the features of the present invention relates to the process of
      fabrication of the plastic article above described, a procedure which is
      believed, in part, attributable to the substantial and unexpected strength
      characteristics of the resulting product.
PAR  Referring to FIG. 4, a rotational molding assembly 20 is shown in
      diagrammatic form. The assembly 20 includes a mold element 21 having a
      predetermined internal configuration which corresponds to the
      configuration of the article desired. The mold assembly 20 is rotated on
      two axes, indicated by the arrows, at predetermined speed ratios. The
      general art of rotational molding is well known to those skilled in the
      art.
PAR  Mounted on the mold is a dispenser assembly 23 divided into multiple
      compartments 24, 25, and 26, although two compartments may be used if only
      two different plastic materials are to be formed into a laminate. The
      dispenser 23 is completely insulated thermally by insulation material 28.
      The dispenser 23 is mounted above an opening 30 in the mold 21.
PAR  During a rotational molding operation, the entire mold assembly 20 is
      preferably introduced into an oven while it is being rotated in the two
      axes at predetermined speed ratios. In a typical example, the oven is
      operated at a temperature of approximately 575.degree.F .+-. 200.degree.F.
PAR  Prior to introducing the mold assembly 20 into the oven, an appropriate
      charge of plastic material is introduced into the mold cavity and an
      appropriate charge is introduced into the dispenser. The amount of plastic
      material placed in the mold and the dispenser is sufficient to provide a
      desired cross-sectional dimension of the various portions of the plastic
      laminate.
PAR  After introduction of the mold assembly into the heated oven, the latter is
      rotated about the two axes while the mold assembly is heated. The relative
      predetermined speed ratios may be varied in accordance with the particular
      mold design to assure the proper rotational motion and plastic
      distribution as is well known in the art.
PAR  While positioned within the oven and exposed to the heated air of the oven,
      and while the mold assembly is rotated as described, the following takes
      place. As is known in the art, the plastic materials in the dispenser
      normally are particulate, in the sense that it is a powdery material or,
      in the alternative as is well known in the art a plastisol type material
      may be used, which for the purposes of this invention is likewise
      considered to be a particulate material. During the rotation of the mold
      assembly, with the first charge of plastic material in the interior of the
      mold, the particles initially adhere to the heated mold surface, and
      thereafter coalesce into a continuous skin element which follows the
      contour of the interior of the mold. Thereafter, and in sequence and while
      the mold assembly is still within the heated oven the second charge of
      plastic is introduced into the interior of the mold, and the rotation
      continued until the second material coalesces over the first. In the event
      that a third charge is used, the third charge is thereafter sequentially
      released to form the inner skin element.
PAR  Following the coalescence of the third charge, the processing is complete
      in the sense that the mold is then withdrawn from the oven, allowed to
      cool and the formed product is thereafter removed from the mold.
PAR  To understand precisely what occurs within the mold so that the nature of
      the bond between the foam core and the outer skin may be understood more
      clearly, reference is made to FIGS. 5a through 5d.
PAR  Referring specifically to FIG. 5a, a portion of the mold wall 30 is
      illustrated having deposited thereon particles 32 of the first resin or
      plastic placed in the interior of the mold. Since the source of heat is
      external to the mold wall, the heat gradually transfers through the mold
      wall to the interior surface 33 thereof. As the interior surface reaches a
      temperature which is sufficient to heat and soften the plastic particles
      being tumbled throughout the interior of the mold, the plastic particles
      initially attach themselves to the mold wall in a substantially uniform
      manner throughout the entire interior surface portion of the mold. As
      sufficient heat is transferred to the individual particles, the particles
      32 tend to become attached to the mold wall 33 and gradually coalesce into
      a continuous skin, the cross-sectional dimension of the skin being
      determined by the amount of particulate plastic material initially placed
      in the interior of the mold.
PAR  For purposes of explanation, and referring to FIG. 5b, a point is reached
      during the processing of the first introduced plastic material in which a
      continuous skin 36 is formed on the interior wall 33 of the mold, and an
      assemblage of particles 32 is adhered to the continuous skin 36 but not
      yet coalesced since the heat transfer through the mold wall and the skin
      is a progressive transmission of heat. The inside surface 33 of the mold
      may reach a temperature of anywhere from 275.degree.F to 750.degree.F
      depending upon the transfer of heat through the mold wall, and the type of
      plastic material being used, the former being a function of the
      cross-sectional dimension of the mold wall and the temperature of the
      environment surrounding the mold, all factors which are well known to
      those skilled in the art.
PAR  In a preferred form of the present invention, the material used for the
      outer skin 12, the plastic first placed in the interior of the mold is a
      cross-linked high density polyethylene in which a cross-linking agent such
      as dicumyl peroxide is used as the cross-linking agent. This plastic
      material is preferably precompounded before introduced into the mold 30.
      By way of example, the basic plastic may be compounded with anti-oxidants,
      a cross-linking agent, colorants and whatever other additives are needed
      to provide weatherability and the like, as is known in the art.
PAR  Once placed in the mold, while the latter is being exposed to heat and
      rotated, the plastic is evenly distributed throughout the interior mold
      surface and progressively formed into a skin of predetermined
      cross-sectional dimension depending upon the amount of material which is
      introduced into the mold and the surface area of the mold.
PAR  In the case of a cross-linkable polyethylene, a preferred material for the
      outer skin 12, in accordance with the present invention, the cross-linking
      begins to start at approximately 300.degree.F. Thus, in order to achieve
      the strong structural bond with the foam core, the second plastic material
      is introduced into the interior of the mold prior to the completion of the
      cross-linking of the uppermost strata of the first deposited plastic
      material. Accordingly, at an appropriate moment prior to the complete
      cross-linking of the first plastic material, but after the start of the
      cross-linking process, the second charge of plastic material is dispensed
      into the mold while the latter still remains within the heated environment
      and while the mold is being rotated as described.
PAR  Referring to FIG. 5c, and by way of explanation, the interior surface 33 of
      the mold wall 30 is now substantially completely covered with a
      substantially uniform skin 36 of cross-linkable polyethylene. As a result
      of dispensing the second charge of plastic, particles 38 of the second
      charge are now evenly distributed over the coated mold surface and come
      into contact with the exposed partially cross-linked polyethylene, and are
      in turn heated and become attached to the cross-linkable skin 36. As
      sufficient heat is transferred through the mold wall, through the
      cross-linkable media 36 to the interior exposed surface, the second charge
      progressively adheres to the inner exposed material, and as the
      temperature thereof increases, the second charge likewise coalesces to
      form a substantially uniform film on the entire inner surface of the first
      formed plastic skin.
PAR  In the preferred form of the present invention, the second plastic material
      is precompounded from a high density linear polyethylene which includes
      between approximately 1/2 and 1 and 1/2 percent by weight of a celogen
      i.e. a blowing agent capable of providing a cellular foam structure having
      a closed cell arrangement.
PAR  Initially, the particles 38 of the second dispensed plastic material are
      coalesced to form a continuous layer, and thereafter, as the temperature
      is increased to approximately 350.degree.F, the blowing agent is actuated
      to provide the closed cell structure described.
PAR  As will be apparent, the density of the foam may be varied by varying the
      amount of blowing agent, and the time and temperatures used during the
      processing during the rotational molding operation. Prior to degradation
      of the foamed plastic, the mold and its contents are removed from the
      oven, and the interior thereof is coated with a first layer 36
      corresponding to the outer skin 12 and an interior foam core 40
      corresponding to the foam component 14 previously described. As will be
      apparent from the foregoing description, the interface 15 is formed by the
      sequential dispensing of the second charge into the interior of the mold
      prior to the complete cross-linking of the first charge.
PAR  Im similar fashion, if a second skin member or a second foam layer is
      described, a third charge may be introduced into the interior of the mold,
      and the mold continued to be rotated and exposed to heat to form a skin
      member or a second foam layer on the exposed inner surface of the foam
      member.
PAR  It will be apparent from the foregoing description that the rotational
      molding procedure described involves sequentially depositing preformulated
      plastic materials at selected time intervals into a mold which is being
      rotated and heated. Thus, the bond formed between the two separate plastic
      charges is formed during a single processing operation, that is, the
      successive layers of different plastic materials are cured and fused in a
      single cycle. The result is a substantially stronger bond and a more
      uniform bond than may be accomplished, the case of complex shapes, by
      separately forming the individual components and thereafter heating the
      same to form a bond therebetween, or by applying an adhesive therebetween.
PAR  As previously noted, where a cross-linkable material is used, the bond at
      the interface between the foam and the cross-linkable material, be there
      one skin or two skins, is a cross-linked bond in which there is a
      cross-link interface forming the boundary between the separate plastic
      materials. In accordance with this invention, a cross-linked interface is
      a preferred form because of the substantial and unexpected strength of the
      bond and the resultant structure.
PAR  It is to be understood, however, that there are singular advantages in
      processing a plurality of plastic materials in a single cycle in that the
      processing of compatable plastics results in a bond between the two, along
      the interface, which is of substantial strength even though the materials
      may not be cross-linked materials. By way of example, the skin member 12
      may be a medium density polyethylene, the foam may be polycarbonate, in
      which event a fusion bond exists at the interface, the fusion bond being
      formed during the single cycle processing. Thus, if a second skin member
      is to be formed, for example of low density polyethylene on the interior
      surface of a polycarbonate foam, the bond at this interface is likewise a
      fusion type bond formed during a single processing cycle. Thus, in one
      cycle, a multiple layered laminate may be formed to a precise
      configuration as determined by the predetermined contour of the mold, the
      resulting article having a fusion bond or a cross-link bond formed at one
      or more of the interfaces which has substantial strength and inhibits
      delamination of the separate plastic parts making up the laminated
      composite plastic structure.
PAR  As will be apparent, the second skin or second foam member 18 may be a
      high, medium or low density polyethylene, while the foam core 14 is the
      linear high density polyethylene material described and the outer skin
      member 12 being the cross-linked material described. Such a structure has
      substantial strength, and offers singular advantages with respect to those
      plastic products which must be resistant to impact, fairly rigid, bouyant,
      thermally and acoustically insulating, lightweight and weatherable. This
      combination of properties and the resulting product is produced by an
      improved and simple method which provides a strong bond between the
      plastic materials forming the laminate.
PAR  It is within the scope of the present invention to use a remote control
      system for controlling the dispensing of charges into the mold for
      formation of skin and foam layers. For example, a multichannel digital or
      analog proportional radio control system may be used. Such a system offers
      the advantage of minimum wiring and accurate control of the sequence of
      operations since, for example, a seven channel set could provide as many
      as 14 functions.
PAR  Accordingly, the method and article herein described offer advantages over
      those methods and articles known in the prior art.
PAR  While the above description and accompanying drawings illustrate an
      exemplary embodiment of the preferred form of this invention, it will be
      understood by those skilled in the art that changes and modifications may
      be made to the article and methods herein described and illustrated
      without departing from the scope of the invention as set forth in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A foamed lightweight plastic structure having the properties of
      rigidity, thermal and acoustic insulation, impact resistance and buoyancy
      comprising a rigid foam core of high density polyethylene,
PA1  said foam having a density of between 8 and 20 pounds per cubic foot,
PA1  said foam being a closed foam in which at least 90% of the cells are
      closed,
PA1  said polyethylene having a density of at least 0.960,
PA1  said foam core having affixed thereto at least one skin member,
PA1  said skin member being a cross-linked polyethylene having a density in the
      cured condition of at least 0.94,
PA1  said skin member being affixed to said core by a bond characterized by the
      absence of applied adhesive and being the adherent joint formed by curing
      said cross-linked polyethylene in contact with said foam core, and
PA1  the flexural strength of said foam core and affixed skin being greater than
      the flexural strengths of said foam core and said skin member.
NUM  2.
PAR  2. A foamed plastic structure as set forth in claim 1 wherein
PA1  said foam core has a second skin member affixed thereto on a surface
      thereof opposite the surface on which said one skin member is affixed.
NUM  3.
PAR  3. A foamed plastic structure as set forth in claim 1 wherein said
      structure includes an inner and outer surface, and
PA1  said skin member forming the outer surface.
NUM  4.
PAR  4. A foamed plastic structure as set forth in claim 2 wherein said one skin
      member forms one exposed surface of said product and said second skin
      member forms another exposed surface thereof.
NUM  5.
PAR  5. A foamed plastic product as set forth in claim 1 wherein said foam core
      has a second skin member intimately secured thereto,
PA1  said second skin member being a polyethylene plastic polymer, and
PA1  said one skin and said second skin forming the exposed surface portions of
      said foamed plastic product.
NUM  6.
PAR  6. A foamed plastic structure as set forth in claim 1 wherein said foam
      core has a second skin secured thereto on a side thereof opposite said one
      skin,
PA1  said second skin forming a second exposed surface and being selected from
      the group consisting of low, medium and high density polyolefin polymer
      and an acrylic modified vinyl chloride polymer, and
PA1  said second skin being secured to said foam core by a bond which is
      characterized by the natural adherence of one plastic member cured in
      contact with another plastic member.
NUM  7.
PAR  7. A foamed plastic product as set forth in claim 6 wherein said second
      skin is a low density polyethylene plastic.
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ABST
PAL  A solvent for the pressure sensitive record material which consists of a
      normally liquid compound having 13 to 18 Carbon atoms and being
      represented by the following general formula:
      ##SPC1##
PAL  In which each of R.sub.1 to R.sub.5 is hydrogen, methyl group or etyl group
      R.sub.6 is hydrogen, methyl, ethyl, iso-propyl, n-propyl, tert-buthyl or
      sec-buthyl group; and the preparation method of the above solvent from
      styrene and C.sub.7 - C.sub.10 aromatic hydrocarbons using sulfuric acid
      as the catalyst.
PARN
PAR  This is a division of application Ser. No. 229,195, filed Feb. 24, 1972,
      now abandoned.
BSUM
PAR  This invention relates to a solvent or a vehicle for a pressure sensitive
      record material and the preparation method therefor.
PAR  Further, the invention relates to the solvent for the pressure sensitive
      record material which has excellent properties such as non-toxicity for
      the health, good solubility for dyeprecursor and good durability after
      recorded.
PAR  In the prior art, several pressure sensitive record materials are well
      known, in which, for example, a sheet of paper is applied with
      microcapsules containing a solution of dyeprecursor, and another sheet of
      paper is applied with clay or polymeric material which produces a colour
      by reacting with said colourless dyestuff, both of said treated surfaces
      are then put together with each other, thereafter the set of paper is
      applied with a local pressure by hand writing or type writing to obtain a
      colored impression as desired.
PAR  The recording mechanism in this type of pressure sensitive record material
      is such that the microcapsules are ruptured by the pressure of hand
      writing or the impact of type writing to release the colouring solution
      containing the colouring agent as an electron donor dyestuff in the
      microcapsules, then it contacts with the clay or polymeric material as an
      electron acceptor on the opposed surface of said another paper to produce
      a colour.
PAR  In another form of a known record material, the microcapsule layer is
      applied on one side surface of a sheet of paper as an inner layer and the
      clay or polymeric material layer is then applied thereon as an outer
      layer. In like manner as the foregoing one, when it is used, the
      microcapsules on this record material are ruptured by the pressure of hand
      writing or type writing, then the colouring solution containing a dyestuff
      in the microcapsules is released, and it contacts with the clay or
      polymeric material on the outer layer to produce a colour.
PAR  The solution of the colouring agent as used for these record material is
      that of a colourless dyestuff of an electron donor in one or more of
      hydrophobic solvents. And said hydrophobic solvents are required to have
      the following properties.
PAR  That is, the solvents must have no acute toxicity, no chronic toxicity, no
      disagreeable odor, no colour or a slight colour, non-volatility, good
      solubility for the dyestuff and good stability when the dyestuff is
      dissolved. It is further required that, in the formation of the
      microcapsules, a stable and very fine dispersion of the colouring agent
      solution can be produced; the membrane of the capsule can be formed on the
      particle of said dispersion; the storage stability of the microcapsule
      thus formed is good; said membrane of the microcapsule is of uniform and
      of desired thickness; the solvent does not inhibit the colour forming
      reaction between the dyestuff and the clay or the polymeric material with
      a high reaction rate; when paper coated with a polymeric material is used,
      the solvent dissolves said polymeric material to cause a close contact
      with the dyestuff; the copied impression is clear without runs; and that
      the record can be kept as it is without any change for a long period of
      time.
PAR  In the conventional art, the solvent as generally employed for the
      preparation of the microcapsules of these pressure sensitive record
      material, has been polychlorinated biphenyl. It is true that the
      polychlorinated biphenyl has several excellent properties as the solvent
      of this kind, however, it has a serious disadvantage that it is toxic for
      the health because, when it is absorbed in human body, it can neither be
      decomposed nor be purged and gives a chronic toxicity. Accordingly, it is
      earnestly desired to find a solvent of the dyestuff for the microcapsules
      which has excellent properties and no such toxicity.
PAR  In order to meet these requirements, partially nuclear hydrogenated
      terphenyl compounds
      ##SPC2##
PAL  alkyl naphthalene compounds and alkyl biphenyl compounds have been used as
      the solvents therefor, however, they are not so good in the solubility and
      the color forming rate. So that they are not satisfactory as the solvents
      for preparing the pressure sensitive record material.
PAR  Accordingly, the object of the present invention is to provide novel
      solvents of the dyestuff for the microcapsule of the pressure sensitive
      record material which have excellent properties and have no toxicity for
      the health as being caused by said chlorinated biphenyl, and further to
      propose the method preparing the same.
PAR  That is, the solvents of the present invention for the pressure sensitive
      record material are normally liquid compounds each having 13 to 18 carbon
      atoms, which are represented by the following general formula:
      ##SPC3##
PAL  in which each of R.sub.1 to R.sub.5 is hydrogen, methyl group or ethyl
      group, R.sub.6 is hydrogen, methyl, ethyl, iso-propyl, n-propyl,
      tertbuthyl or sec-buthyl group.
PAR  The compounds being represented by the above general formula (I) are
      stable, high boiling and non-volatile ones, and when the number of carbon
      atoms of each compound exceeds 18, the solubility for the dyestuff is
      decreased and it can not be advantageously used as the solvent for this
      purpose.
PAR  In the compounds as defined by the above general formula (I), when each of
      the group R.sub.3 is a hydrogen, they can be prepared by reacting benzyl
      chloride or its derivative with toluene, xylene or ethylbenzene in the
      presence of Friedel-Crafts catalyst, or by reacting formaldehyde with
      toluene, xylene or ethylbenzene. The following compounds in this group are
      preferably used as the solvents.
      ##SPC4##
PAL  When R.sub.3 is methyl group, they can be prepared by reacting, for
      example, styrene or vinyl toluene with C.sub.7 - C.sub.10 aromatic
      hydrocarbons. The following compounds of this group are preferably used.
      ##SPC5##
      ##SPC6##
PAL  The above compounds, (VIII), (IX), (X), (XI), and (XII), can be produced by
      the reaction between styrene and C.sub.7 - C.sub.10 aromatic hydrocarbons,
      however, a highly pure product with good yield can not be expected through
      the simple known reaction between them. The present invention employing
      toluene and C.sub.8 -aromatics will be mainly described hereinafter. It
      can, however, be carried out in the same way either by utilizing C.sub.9 -
      or C.sub.10 -aromatics.
PAR  For example, when toluene or C.sub.8 -aromatics is mixed with styrene and
      the reaction is carried out by heating or in the presence of a radical
      catalyst, only styrene polymer can be obtained. On the other hand, as
      disclosed in Comparative Examples described hereafter, if the
      Friedel-Crafts catalysts such as aluminium chloride, hydrogen fluoride and
      boron trifluoride are used, much of resinous product is formed and the
      object product can not be obtained effectively.
PAR  As the result of the extensive investigations by the inventors of the
      present invention, a novel method for preparing the above-mentioned
      compound (VIII), (IX) or (X) by the reaction of toluene or C.sub.8
      -aromatics with styrene has been found.
PAR  When this method is carried out by a batch process to produce the compound
      as shown by the structural formula (VIII), (IX) or (X), it is
      characterized in that sulfuric acid is used as the catalyst, the
      concentration of which is kept at 75 to 90% in the reaction system, and
      the reaction is conducted at a temperature of lower than 30.degree.C with
      agitation. Further, another characteristic feature in the batch process is
      that concentrated sulfuric acid of 90% or more is added into the reaction
      mixture after the above reaction in order to minimize the unreacted
      styrene in the reaction system.
PAR  Said compounds as indicated by the structural formulae (VIII), (IX) or (X)
      can be commercially produced preferably by a continuous process.
PAR  In the continuous process of the reaction between toluene or C.sub.8
      -aromatics and styrene, it is characterized in that sulfuric acid is also
      used as the catalyst in the continuous flow of the reaction mixture, the
      concentration of the catalyst is kept at 80 to 96% in the reaction system,
      the content of styrene in the reaction system is kept at less than 5% by
      weight against the sum of the reactants.
PAR  The C.sub.8 -aromatics as referred to in this specification may be
      o-xylene, m-xylene, p-xylene, ethylbenzene or a mixture of them.
PAR  The xylene fraction of aromatic hydrocarbons having 8 carbon atoms can be
      used which is obtained as the by-product in the production of lower
      olefins through the thermal cracking or steam cracking of petroleum, or
      the xylene fraction from the production of aromatic compounds by the
      catalytic cracking or the reforming of petroleum can be also employed. In
      the method of the present invention, m-xylene is most preferably used.
PAR  When a mixture of C.sub.8 -aromatics is used as the raw material, the
      following method can be applied. That is, the C.sub.8 -aromatic fraction
      which is obtained by the cracking of crude oil, naphtha cracking or
      dealkylation process is used as it is, or if necessary, it is added with
      ethylbenzene to be used. Thus the fraction containing more than 30% by
      weight of ethylbenzene in addition to xylenes is treated under the
      condition that the ethylbenzene is dehydrogenated to produce styrene,
      thereafter the reaction product is used as it stands without separating
      the produced styrene for the above-mentioned reaction process to form the
      compound as defined by the structural formula (VIII), (IX) or (X).
PAR  In the following, the method of the present invention for preparing the
      compounds as defined by the above formulae (VIII), (IX) or (X) will be
      further explained in detail.
PAR  In the continuous process of a commercial scale, the concentration of
      sulfuric acid catalyst is to be kept within the range from 80 to 96% in
      the reaction system. When the concentration if the catalyst exceeds 96%,
      especially 98%, sulfonation reaction is caused to occur which results in
      the lowering of the yield of product, and further the separation and
      recovery of the product become difficult as the reaction mixture is
      emulsified. On the other hand, if the concentration of the sulfuric acid
      catalyst is less than 80%, the reaction can not be made to proceed
      effectively and the corrosion of apparatus is apt to occur. The sulfuric
      acid is generally recycled, however, when it is added into the reaction
      system, if the sulfuric acid is diluted by the water contained in the
      recycled xylene or toluene, sulfuric acid of about 98% may be used.
PAR  The amount of sulfuric acid to be used in the method of the present
      invention is from 10 to 200% by weight, preferably from 50 to 150% by
      weight against the amount of styrene as used.
PAR  The reaction vessel for this process may be a reaction tank with an
      agitator or a shell-and-tube reactor to cause a sufficient turbulent flow
      of the reaction mixture, and it must be provided with effective coolers.
PAR  During the reaction of this invention, the concentration of styrene in the
      reaction mixture is to be kept at not more than 5% by weight. If more than
      5% of styrene is contained in the reaction system, the side reactions such
      as polymerization and sulfonation is increased, and in addition to that,
      the purity of sulfuric acid being used as the catalyst is decreased so
      that the recovering and re-use of the sulfuric acid can not be attained.
      In the method of the present invention, it is preferable that the
      concentration of styrene in the reaction system may be kept within the
      range from 0.5 to 3% by weight.
PAR  On account of the above reason, an extremely excess amount of the other
      reaction material, i.e. xylene or toluene, may be used, or an inactive
      solvent may be used in the process of the present invention. As for said
      inactive solvent, aliphatic hydrocarbons and aromatic hydrocarbons can be
      used, however, the former aliphatic hydrocarbons are preferable because
      most of the aromatic hydrocarbons are not completely inactive.
PAR  In the preferable reaction condition of the method of the present
      invention, one reactant of C.sub.8 -aromatics or toluene and the catalyst
      of sulfuric acid of a certain concentration are introduced into a reactor,
      then the inactive solvent is added or not added, and a certain amount of
      the other reactant of styrene is fed thereto, where the concentration of
      the styrene is controlled by adding with further recycle or make-up
      C.sub.8 -aromatics or toluene or inactive solvents continuously. This step
      is desirable for the controls of the concentration of the reaction mixture
      which is further explained in the following.
PAR  It is necessary for the process of the invention to keep the reaction
      temprature at lower than 30.degree.C in the condition of stirring or
      turbulent flow. If the reaction is carried out at a temprature of higher
      than 30.degree.C, the rate of side reaction such as sulfonation is rapidly
      increased, and the overall reaction rate is raised to generate intensely a
      large amount of heat of reaction, and the control of the temperature
      become difficult, which further causes the side reaction, and therefore
      the objective compound can not be produced.
PAR  In the method of the present invention, the reaction is preferably carried
      out at a temperature in the range of 5 to 20.degree.C, accordingly the
      reactor must be provided with an insise or outside cooler.
PAR  In the reaction of the present invention, it is further necessary that the
      concentration of the produced C.sub.8 -aromatics derivative or toluene
      derivative [structural formula (VIII), (IX) or (X)] in the reaction
      mixture is to be kept at less than 50% by weight.
PAR  As disclosed in the above, the reaction of the present invention is carried
      out by allowing styrene of less than a certain concentration to react with
      excess C.sub.8 -aromatics or toluene. In this case, if the concentration
      of the product, C.sub.8 -aromatics derivative of toluene derivative
      [structural formula (VIII), (IX) or (X)] exceeds 50% by weight, a side
      reaction is caused to occur to form heavier materials, therefore an
      effective reaction can not be attained. With regard to the pressure of the
      reaction, there is no restriction, however, the reaction may be preferably
      carried out at the normal pressure or at the self-pressure of the
      reaction.
PAR  With regard to the reaction time in the method of the present invention,
      there is also no restriction. While, the rate of reaction is relatively
      high, therefore a long period retention of the reaction gives no
      advantage, and causes only the increase of the side reaction. The average
      retention time may be preferably in the range of 5 minutes to 1 hour.
PAR  After the reaction of this invention, the reaction mixture is transferred
      from the reactor to a sulfuric acid settler, and is allowed to standstill.
      The sulfuric acid of the bottom layer in the settler is recovered and
      recyled to the reactor. Most of the reaction product, unreacted materials
      and by-products are contained in the upper hydrocarbon layer. The
      separated hydrocarbon layer is then transferred to a soda-washing tank,
      and the residual sulfuric acid is neutralized by an aqueous alkaline
      solution. In this step, if the product of sulfonation as a side reaction
      is contained in a large amount, emulsification is caused and the
      separation by settling becomes difficult. And further, if the ogjective
      reaction product exceeds 50% by weight in the layer, the settling takes a
      long time and the separation becomes also difficult. The upper layer in
      the alkali washing step is then transferred to a water washing tank and is
      washed sufficiently with water. Thereafter, the washed reaction mixture is
      treated by a conventional distillation process to separate the desired
      product. The temperature at the bottom of the distillation column is
      preferably lower than 210.degree.C, and if said temperature is too high,
      the colour and odor of the product is influenced for bad, and it is not
      desirable for the purity of the product. By the way, the separated
      unreacted C.sub.8 -aromatics or toluene is recyled to the reactor.
PAR  In the following, the batchwise process of the present invention will be
      explained.
PAR  In the batchwise process according to the method of the present invention,
      the reaction can be carried out substantially in like manner as that in
      the foregoing continuous process. However, if sulfuric acid of a high
      concentration is used from the initial stage of the reaction, the side
      reaction such as sulfonation is liable to occur, accordingly sulfuric acid
      of a lower concentration (about 75 to 90%) may be preferably employed when
      the reaction is carried out in one step. And further, the concentration of
      styrene in the reaction system is preferably maintained at less than 5% by
      weight in order to minimize the side reaction. However, it is presumed
      that the residual unreacted styrene causes side reaction in the separation
      step to form impurities, therefore the reaction may be carried out in two
      steps, that is, after the above first reaction, sulfuric acid of a higher
      concentration of more than 90% is added into the reaction mixture to cause
      the residual styrene to react with C.sub.8 -aromatics or toluene
      completely. Cumene, n-propylbenzene, sec-butylbenzene, tert-butylbenzene,
      a mixture thereof, or a mixture of the said hydrocarbon and other aromatic
      hydrocarbons such as C.sub.9 - or C.sub.10 -fractions obtained from
      naphtha cracking may be exemplified as a typical C.sub.9 - or C.sub.10
      -aromatic hydrocarbons. These aromatic hydrocarbons can be processed in
      the same manner as the above in order to attain the intended product of
      the present invention.
PAR  The compounds as defined by the aforementioned general formula (I) which
      are obtained by any other process except the above processes, can be used
      as the solvent of the present invention. The compounds of the general
      formula (I) can be used solely or in a mixture as the solvent with
      excellent properties. Namely, it is an excellent solvent for the pressure
      sensitive record material, because it has no toxicity like chlorinated
      biphenyl, has no disagreeable odor and has several required properties for
      the use. In addition to that, the solvent of the present invention is high
      boiling and non-volatile so that the microcapsule being prepared by using
      this solvent can be stored for a long period of time as it is. When the
      solvent is used, the dyestuff in the amount of 1 to 7%, preferably 3 to
      5%, is dissolved therein, and of course, the solvents of the present
      invention have sufficient solubility for the materials to be dissolved.
PAR  As for the dyestuffs being used for the pressure sensitive record material,
      diarylphthalide, leucauramine, acyluramine, .alpha.,.beta.-unsaturated
      arylketone, basic monoazo dye, Rhodamine B lactam such as
      N-(p-nitrophenyl) Rhodamine B lactam, polyaryl carbinol and 8'-methoxy
      benzoindolino spiropyran (represented as 8'-methoxy BIPS) may be
      exemplified.
PAR  The above dyestuffs are electron donative ones, while the clay or polymeric
      materials to be contacted with the dyestuffs are of an electron acceptor,
      and as for said polymeric materials, phenol-aldehyde polymer,
      phenol-acetylene polymer, maleic acid-rosin polymer, partially or
      completely hydrolyzed styrene-maleic anhydride copolymer, partially or
      completely hydrolyzed ethylenemaleic anhydride copolymer, carboxy
      polyethylene and partially or completely hydrolyzed vinylmethyl
      ether-maleic anhydride copolymer may be exemplified.
PAR  As the method to form the microcapsule from the solution prepared by
      dissolving said dyestuff into the solvent of the present invention, there
      is a coacervation method in which the fine particles of the dye solution
      dispersed in water is coated by protective colloidal material such as
      gelatine or gum arabi. (cf. U.S. Pat. Nos. 2,712,507; 2,730,547; and
      2,800,438). Another method therefor is the interfacial polymerization
      method in which monomer, intermediate or partially condensed product is
      used, and polymerization initiator, accelerator or catalyst is added
      thereto to cause the polymerization on the surface of the fine particles
      of the dye solution, thereby the microcapsule containing the colouring
      agent solution is prepared. The solvents of the present invention can be
      used for both of the above methods. In the practical process for preparing
      the microcapsule, an auxiliary solvent is used in order to control the
      viscosity and volatility of the dye solution, the particle size of the
      fine dispersion, the solubility to the polymeric material on the surface
      to be recorded and the rate of colour formation. However, the solvents of
      the present invention can be used effectovely without such auxiliary
      solvent, while, an inactive solvent which does not inhibit the
      characteristics of the solvent of the present invention, can be used as
      the auxiliary solvent. When the auxiliary solvent is used, the amount
      thereof may be less than two weight parts against one weight part of the
      solvent of the present invention.
PAR  In order that those skilled in the art may better understand the present
      invention and the manner in which it may be practised, the following
      specific examples are given.
PAC  EXAMPLE 1
PAL  Continuous preparation method for the compound of the structural formulae
      (IX) and (X)
PAR  A reactor was fed with the following materials:
     C.sub.8 -aromatics (mixed: o-xylene: 32.8% m-xylene: 37.6%,               
     p-xylene: 19.6%, and ethylbenzene: 10%)                                   
                              10.0 kl/hr                                       
     Styrene                  0.3 kl/hr                                        
     Recycle C.sub.8 -aromatics                                                
                              1.5 kl/hr                                        
     Sulfuric acid            0.5 kl/hr                                        
PAR  Said reactor was a shell-and-tube type and cooled by propylene coolant to
      remove the heat of reaction. The reaction mixture was recycled by a pump
      through the tubes causing turbulent flow to effect stirring. The average
      retention time of the reaction mixture was 30 minutes and the reaction
      temperature was controlled at about 10.degree.C.
PAR  The reaction mixture from the reactor was transferred to a sulfuric acid
      settler to separate the sulfuric acid and hydrocarbons. The recovered
      sulfuric acid was recycled to the reactor and new make-up sulfuric acid
      was added as occasion demanded. The residual acid in the hydrocarbon layer
      was removed by the next scrubber, then the alkali content was removed by a
      water scrubber, thereafter most of the unreacted C.sub.8 -aromatics was
      removed by a flash drum, and then thus treated mixture was fed into a
      distillation system. By the distillation, the light fraction and heavy
      fraction were removed to obtain about 430 kg/hr of the product.
PAC  EXAMPLE 2
PAR  Using the following materials, the preparation of the solvent was carried
      out in like manner as Example 1.
TBL  ______________________________________                                    
     O-xylene            0.35 kl/hr                                            
     Styrene             0.3 kl/hr                                             
     Recycle xylene      1.5 kl/hr                                             
     Sulfuric acid       0.5 kl/hr                                             
     ______________________________________                                    
PAR  As the result, about 450 kg/hr of the product was obtained, which had the
      following structural formula:
      ##SPC7##
PAC  EXAMPLE 3
PAR  A C.sub.8 -aromatic fraction (ethylbenzene content: 45%) which was obtained
      from naphtha cracking was dehydrogenated under the following conditions:
TBL  Reaction temperature                                                      
                        550 - 650.degree.C                                     
     Reaction pressure  0.2 - 1.0 Kg/cm.sup.2                                  
     LHSV               0.2 - 1.0 vol/vol/hr                                   
     STM/EB             2.0 - 3.0 wt.                                          
     Catalyst           Fe.sub.2 O.sub.3, K.sub.2 CO.sub.3, Cr.sub.2 O.sub.3   
PAR  To a 5 litre stainless steel reactor with a stirrer containing 1000 ml of
      the C.sub.8 -aromatics mixture which was not dehydrogenated and 200 grams
      of 90% sulfuric acid, was fed 500 ml of the above obtained styrene C.sub.8
      -aromatics mixture containing 27.8 wt% of styrene, 13.5 wt% of p-xylene,
      28.0 wt% of m-xylene and 6.8 wt% of o-xylene. The feeding of said mixture
      was carried out slowly during 20 minutes with agitation and cooling by
      using ice. The reaction temperature was kept at 15.degree.C, and the
      stirring was continued for 1 hour, and after the reaction, the reaction
      mixtuer was settled and separated in like manner as the foregoing Example
      1.
PAR  The product obtained was a mixture consisting of the compounds as defined
      by the following structural formula:
      ##SPC8##
PAL  The purity of the colorless product was very high and the bromine value of
      the product was 0.01, and the yield against the styrene was 89% by mol.
PAC  EXAMPLE 4
PAR  Into a 5 litre stainless steel reactor with a stirrer was fed 2500 ml of
      m-xylene and 500 grams of 80% sulfuric acid, and the reactor was cooled
      externally by using ice. Said mixture is added slowly with 250 ml of
      styrene during 30 minutes with stirring. The reaction temperature was kept
      at 15 .+-. 5.degree.C and after the addition of the styrene, the agitation
      was further continued for 40 minutes. After that the agitation was stopped
      and the reaction mixture was stood still for 30 minutes. Then the sulfuric
      acid in the bottom layer was removed, and 1000 ml of 3% NaOH aqueous
      solution was added and stirred to nuetralize the residual sulfuric acid
      and a small amount of sulfonation product. The mixture was then settled
      again to remove the alkali layer, and after the removal of the alkali
      layer, 1500 ml of water was added and stirred to wash. This water washing
      was repeated 4 times, and after the hydrocarbon layer was fed into a
      distillation column with ten plates to separate the reaction product. The
      temperature of the bottom was kept at about 200.degree.C. Thereby,
      removing the initial distillation, 400 ml of the reaction product was
      recovered and it was analyzed by means of gas chromatography. It was
      understood by gas chromatography, MS and NMR that the reaction product was
      xylene derivatives containing mainly the following compound:
      ##SPC9##
PAC  EXAMPLE 5
PAR  Into a 5 litre stainless steel reactor with a stirrer and an external
      cooler, 2500 ml of toluene and 500 grams of 82% sulfuric acid were
      introduced and the reactor was cooled. Then 250 ml of styrene was slowly
      added into the mixture during 30 minutes. The temperature of the reaction
      mixture was kept at 15 .+-. 5.degree.C. After the addition of the styrene,
      the stirring was continued for 40 minutes, thereafter the reaction mixture
      was treated and the product was recovered in like manner as Example 1.
PAR  The reaction product obtained was the compound as indicated by the
      following structural formula, which is colourless, of no disagreeable
      odor, high purity and of good solubility. The yield of the product was 82%
      by mol against the styrene.
      ##SPC10##
PAC  EXAMPLE 6
PAR  The following were processed in the same manner as in Example 1.
TBL  ______________________________________                                    
     Isopropylbenzene       0.35 kl/hr                                         
     Styrene                0.3 kl/hr                                          
     Recycle isopropylbenzene                                                  
                            1.5 kl/hr                                          
     Sulfuric acid          0.5 kl/hr                                          
     ______________________________________                                    
PAR  As a result, a product was obtained in amount of about 410 Kg/hr and the
      product had the following structural formula;
      ##SPC11##
PAC  EXAMPLE 7
PAR  A C.sub.9 -aromatic fraction having the following composition which was
      obtained from naphtha cracking was treated in the same manner as in
      Example 1.
TBL  ______________________________________                                    
     C.sub.9 -aromatic fraction                                                
                             0.6 kl/hr                                         
     Styrene                 0.3 kl/hr                                         
     Recycle C.sub.9 -aromatic fraction                                        
                             2.0 kl/hr                                         
     Sulfuric acid           0.5 kl/hr                                         
     ______________________________________                                    
PAR  The composition of the fraction was as follows;
TBL  n-Propylbenzene        15 wt %                                            
     Isopropylbenzene       4 wt %                                             
     o-Ethyltoluene         17 wt %                                            
     m-Ethyltoluene         24 wt %                                            
     p-Ethyltoluene         21 wt %                                            
     1,2,3-Trimethylbenzene 1 wt %                                             
     1,2,4-Trimethylbenzene 5 wt %                                             
     1,3,5-Trimethylbenzene 13 wt %                                            
PAR  As a result, a product was obtained in an amount of about 420 Kg/hr. The
      product thus obtained was found to be a compound having the following
      general formula by MS-, NMR-analysis and gas chromatography;
      ##SPC12##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are hydrogen, methyl, ethyl, or
      isopropyl group, and the total carbon atom number of R.sub.1, R.sub.2 and
      R.sub.3 was 3.
PAC  EXAMPLE 3
PAR  Purified tert-buthylbenzene obtained by refining a Light Alkane fraction
      from a detergent product plant was treated in the same way as in Example
      1.
TBL  ______________________________________                                    
     tert-Buthylbenzene      0.38 kl/hr                                        
     Styrene                 0.3 kl/hr                                         
     Recycle tert-buthylbenzene                                                
                             1.5 kl/hr                                         
     Sulfuric acid           0.5 kl/hr                                         
     ______________________________________                                    
PAR  As a result a product was obtained in an amount of about 400 Kg/hr. The
      compound thus produced had the following structural formula;
      ##SPC13##
PAC  EXAMPLE 9
PAR  According to "Toxicology of Drugs and Chemicals", W. B. Deichmann and H. W.
      Gerarde; Academic Press in U.S.A., the acute toxicity of chlorinated
      biphenyl belongs in the group of "slightly toxic", from which it is
      considered to be relatively low toxic. However, when the chlorinated
      biphenyl is absorbed in the human body, there is no enzyme to metabolize
      it, and it can not be purged and is accumulated in the body. Accordingly,
      if it is absorbed by the body bit by bit for a long period of time, the
      accumulation of the chlorinated biphenyl causes impediments of the liver
      and the kidney. Therefore, the chronic toxicity by the use of chlorinated
      biphenyl has come into question.
PAR  The acute toxicity of the solvent of the present invention is 1.7 g/kg in
      LD.sub.50 (rat, oral dose), which is about the same as those of common
      aromatic hydrocarbons and it is relatively low as the toxicity of one time
      dose.
PAR  Further, the subacute toxicity tests were carried out in order to appraise
      the chronic toxicity of the solvent of the present invention. In the
      subacute tests, each dose of the solvents of the present invention in the
      amount of one third 1/3 of said LD.sub.50 value was given for one month,
      and any abnormal symptom could not be recognized in the body-weights,
      blood tests, serum diagnoses, urinalyses, weights of internal organs etc.
      Further, it was confirmed that the solvent of the invention was not
      accumulated in the body. Still further in the local stimulation tests on
      the skin and mucous membrane with regard to the product of the invention,
      any abnormal results such as rubefaction, acab, edema, congestion and
      puffiness were not recognized. Therefore, it will be understood from the
      above results that the product of the present invention is low toxic and
      is quite a safe material.
PAR  The chlorinated biphenyl which exists in the place not being exposed to the
      sun such as in a river, in the sea, in the soil and in a living body, is
      gradually accumulated on the earth if the production is still continued it
      will destroy nature, because it can not be decomposed by micro-organisms
      or metabolic enzymes. And recently, it has become a social problem as a
      source of the environmental pollution.
PAR  In the meantime, the product of the present invention has
      biodegradiability, accordingly it does not disturb the order of material
      cycles in nature.
PAR  The solvents of the present invention were tested according to the test
      method of biodegradability (SDA Procedure for the Determination of ABS/LAS
      Biodegradability , U.S.A.) which is used for the test of synthetic
      detergents. As the result of this test, it was understood that the
      solvents of the present invention were decomposed within a few days and
      the solvaents could not be detected at all after one week.
PAR  According to said test standard, the biodegradability of detergent is
      specified as more than 85%/7 days, 8 days, while the values of the
      solvents of the present invention were 100%/7 days, 8 days. Accordingly,
      unlike the case of the chlorinated biphenyl, thhere is nothing to worry
      about the accumulation with regard to the solvents of the present
      invention.
PAC  EXAMPLE 10
PAL  Test of colour forming rate
PAR  A polymer which was prepared by condensing p-phenyl phenol and formaldehyde
      was dissolved as much as 5% into xylene, and a sheet of white paper was
      immersed into the obtained solution and dried. Then each 1% of C.V.L.
      (Crystal violet lactone) and B.L.M.B. (Benzeneleuco methyleneblue) was
      dissolved in the reaction product obtained from styrene and m-xylene in
      the foregoing Example, and thus obtained solution was dropped on said
      paper coated with phenol-polymer and was spread with using a palette knife
      to form blue colour. The coloured paper was left for 24 hours at the room
      temperature and was used as the standard in the following test of the
      colour forming rate.
PAR  The solvent of the present invention was compared with partially nuclear
      hydrogenated terphenyl compound and monoisopropyl biphenyl which are
      practically used in place of the chlorinated biphenyl.
PAR  Each of the above solvents was added with each 1.5% by weight of C.L.V. and
      B.L.M.B. to obtain a solution of dyes. Then one drop of each solution was
      dropped on the phenol-polymer coated paper, and immediately thereafter,
      the drop was spread with a palette knife, and the colour formation was
      observed. Each time to give the colour which was equivalent to the
      previously prepared standard colour was measured, each result of which is
      shown in the following Table.
TBL  ______________________________________                                    
     Terphenyl compound partially                                              
     nuclear hydrogenized   118 seconds                                        
     Monoisopropyl biphenyl 13 seconds                                         
     Solvent of the invention                                                  
                            9 seconds                                          
     ______________________________________                                    
PAR  From the above results, it will be understood that the solvent of the
      present invention is excellent.
PAC  EXAMPLE 11
PAL  1. preparation of microcapsule
PAR  The solvents of the present invention as prepared by Examples 1 to 5 were
      used to form microcapsule by means of well known coacervation method.
PAR  C.V.L. (crystal violet lactone) was used as the dyeprecursor. A mixed
      solvent consisting of 3 parts by weight of the above solvent and 1 part by
      weight of kerosene fraction ( Tradename; Nisseki No. 3 Ink Oil) as the
      auxiliary solvent was added with 3% of C.V.L. to obtain the dye solution.
PAR  The microcapsule prepared from the above dye solution was excellent as that
      prepared by using the chlorinated biphenyl. (2) Preparation of pressure
      sensitive record papers
PAR  The microscapsule obtained in the above step (1) was used to coat on one
      side of a test paper (A), and clay was applied on one side of another test
      paper (B). While, the other paper (C) was coated with phenol-aldehyde
      copolymer. Then, the coated surfaces of the papers (A) and (B) were put
      together, and the papers (A) and (C) were also put together. Each uncoated
      surface of the paper (A) was applied with a local pressure by hand
      writing. Thereby, blue copy lines were produced on the test papers (B) and
      (C), in which the copy lines were clear without run and the colour
      formation was satisfactorily quick.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure sensitive record material which comprises a paper sheet
      coated with microcapsules holding internally a liquid containing a
      dye-precursor and at least one compound represented by the general
      formula: in which R.sub.1 and R.sub.2 are hydrogen; R.sub.3 is methyl;
      R.sub.4 and R.sub.5 are hydrogen, methyl or ethyl; R.sub.6 is an alkyl
      group selected from methyl, ethyl, n-propyl, isopropyl, sec-butyl and
      tert-butyl, and the total carbon atom number of R.sub.4, R.sub.5 and
      R.sub.6 is 1 - 4.
PATN
WKU  039365670
SRC  5
APN  4545885
APT  1
ART  165
APD  19740325
TTL  Light-reflective adhesive label
ISD  19760203
NCL  2
ECL  1
EXP  Weinblatt; Mayer
NDR  1
NFG  9
INVT
NAM  Vesely; Edward U.
CTY  Glendale
STA  WI
ASSG
NAM  W. H. Brady Co.
CTY  Milwaukee
STA  WI
COD  02
CLAS
OCL  428325
XCL   40  2A
XCL  428 40
XCL  428 41
XCL  428343
EDF  2
ICL  B32B  316
FSC  161
FSS  1;5;67;406;DIG. 5
FSC  350
FSS  105
FSC   40
FSS  2 A
FSC  428
FSS  325;40;41;343
UREF
PNO  2543800
ISD  19510300
NAM  Palmquist et al.
OCL  350105
UREF
PNO  3253971
ISD  19660500
NAM  Garling
OCL  161DIG.5
UREF
PNO  3315387
ISD  19670400
NAM  Heuser
OCL   40  2A
UREF
PNO  3843480
ISD  19741000
NAM  Dreher
OCL  161167
ABST
PAL  An adhesive label having a sandwich construction utilizing a light
      reflective outer layer, an inner supporting layer, and an adhesive layer
      as an opposite outer layer which is used to affix the label to an object.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the field of adhesive labels which
      incorporates a light reflective outer layer.
PAR  Adhesive label constructions utilizing a light reflective layer are known
      which incorporate a layer of light reflective film material having
      adhesive on one of its surfaces that is used to attach the label to an
      object. This known construction has several disadvantages. Firstly, the
      light reflective layer must be of substantial thickness, and therefore
      relatively expensive, in order to be physically strong enough to withstand
      the forces imposed by mechanical processes such as die-cutting and other
      techniques employed to manufacture the label. Secondly, since the
      manufacture of light reflective films and sheeting is restricted to a few
      companies and such products are usually sold with a layer of adhesive on
      the film, a label manufacturer is restricted to utilizing the adhesive as
      supplied by a film manufacturer; in many instances, such adhesives are of
      restricted functionality which can limit their application. Also, because
      light reflective films are generally rather fragile in nature, the label
      manufacturer may be restricted to the use of thick or heavy light
      reflective films which can thereby also adversely affect the economics of
      the label itself.
PAR  The present invention has as one of its principal objects the provision of
      a label structure which can widen the range of light reflective film
      materials which a label manufacturer may employ. Another principal object
      is to provide a label structure incorporating a light reflective outer
      layer wherein such layer is supported to protect it during manufacturing
      operations which may involve cutting of the light reflective layer. Still
      another principal object is to provide an adhesive label construction
      incorporating a light reflective layer which allows the use of various
      types of adhesives for applying the label to an object. A more specific
      object is to provide the particular adhesive label structures and methods
      of manufacture as hereinafter claimed.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  My present invention is an adhesive label construction employing a multiple
      layer structure utilizing a light reflective film as the outer layer that
      is the visible surface of the label, an inner supporting layer adhered to
      the light reflective outer layer, and an adhesive layer on the opposite
      side of the supporting layer which is utilized to affix the label to an
      object. A light reflective label of this construction has a number of
      significant advantages which facilitate its manufacture and enhance its
      utility, all of which will be set forth hereinafter following the
      description of the preferred embodiments.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Several presently preferred embodiments of the present invention are shown
      in the accompanying drawings which are meant to illustrate, not limit the
      present invention since it is anticipated that this description will
      suggest changes and departures to those of ordinary skill in the art that
      will remain within the scope of the present invention. In the drawings:
PAR  FIG. 1 is a perspective view of an adhesive label construction of the
      present invention;
PAR  FIG. 2 is a sectional view taken along the plane of line 2--2 of FIG. 1;
PAR  FIG. 2A is an enlarged sectional view of a portion of FIG. 2, with a
      portion broken away, to more particularly illustrate structural details of
      the label shown in FIG. 1;
PAR  FIG. 3 is a schematic view illustrating the method for manufacturing a
      label according to the present invention;
PAR  FIG. 4 is a perspective view of another embodiment of a label of the
      present invention;
PAR  FIG. 5 is a perspective view of a third embodiment of a label according to
      the present invention;
PAR  FIG. 6 is a perspective view of another embodiment of a label according to
      this invention;
PAR  FIG. 7 is a perspective view of a fifth embodiment of a label according to
      this invention; and
PAR  FIG. 8 is a perspective view of a sixth embodiment of a label according to
      the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIGS. 1-2A illustrate a label 10 constructed in accordance with the present
      invention. Considering first FIG. 1, the label 10 is shown as comprising a
      light reflective outer layer 11, an inner supporting layer 12, and an
      adhesive layer 13. The adhesive layer 13 is used to apply the label to the
      object which is to be labeled. As also seen in FIG. 1, an intermediate
      adhesive layer 14 joins the light reflective outer layer 11 to the inner
      supporting layer 12. Turning next to FIG. 2, it will be noted that the
      light reflective layer 11 and the supporting layer 12 have superimposed
      edge portions, but the edges of the layer 11 are bent slightly to extend
      downwardly over the end portions 12a of the inner supporting layer 12.
      This feature, which is obtained through the use of appropriate die-cutting
      knives when forming the label 10, serves to protect the adhesive layer 14
      against the effects of weather, etc. and thereby protects the bond between
      the light reflective layer 11 and the inner supporting layer 12.
PAR  FIG. 2A is a detail view showing the construction of the outer light
      reflective layer 11. The light reflective layer 11 is to be a film with
      spherical glass lens elements embedded beneath its surface and with a
      light-reflecting source located behind the spherical elements, resulting
      in a nonexposed lens, optical reflecting surface. Such films to be used
      for the outer reflective layer 11 produce reflex reflection (or
      retroflection) wherein a beam of light incident to the front of the sphere
      layer is refracted and reflected in such manner that a brilliant cone of
      light is selectively returned toward the light source even though the
      incident beam strikes the film at an angle. This action is unlike a mirror
      which causes specular reflection and unlike diffusing types of reflective
      surfaces which dissipate the incident light in all directions without
      selective return in the direction of incidence. These films are disclosed
      in several patents such as U.S. Pat. Nos. 2,407,680, 2,543,800 and
      3,567,307. The specific layer 11 of FIG. 2A includes a plurality of small
      glass beads 15 embedded in a plastic binder 16 having a flat exterior
      surface with a reflective inner coating 17 spaced slightly behind the
      glass beads. This material, including a pressure sensitive adhesive layer
      14, is commercially available from several manufacturers, the most
      widely-known being that sold by 3M under their trademark "Scotchlite." The
      material for the outer reflective layer 11 is purchased in film or sheet
      form and may range in thickness from about 4 to 10 mils., with the
      materials near the low end of such range being quite fragile whereas the
      materials at the high end of such range have greater structural integrity.
      The thinner materials are difficult to process by die-cutting and other
      mechanical operations into individual labels, but the addition thereto of
      the inner supporting layer 12 obviates such problems.
PAR  The inner supporting layer 12 is to comprise a layer of plastic film such
      as polyvinyl chloride film, polyethylene terephthalate (Mylar) film,
      polyethylene, nylon, polypropylene film, and similar such materials which
      can lend reinforcement and strengthening to the light reflective outer
      layer 11. In general, the inner supporting layer may be on the order of 5
      to 15 mils. thick.
PAR  The adhesive layer 13 may comprise a layer of pressure sensitive adhesive,
      solvent activated adhesive or heat activated adhesive. In its presently
      most useful commercial form, the layer 13 is a pressure sensitive adhesive
      by which is meant that when dry it is aggressively and permanently tacky
      at room temperature and adheres to surfaces or objects to be labeled upon
      contact without the need for more than finger or hand pressure. A number
      of suitable formulations are known to the art and need not be described in
      detail except to mention that typical pressure sensitive adhesives include
      a rubbery polymeric material such as natural rubber, synthetic rubber,
      rubbery synthetic polymers and copolymers, which are usually compounded
      with compatible resinous tackifiers such as ester gum, terpene resins,
      etc., and dispersed in an appropriate solvent for application to a
      substrate. The adhesive layer 13 is strongly bonded to the inner
      supporting layer 12 so as not to delaminate therefrom when the label may
      be removed from a liner or storage card.
PAR  FIG. 3 illustrates a useful method for the manufacture of the label 10 as
      described above. The light reflective layer 11 with a pressure sensitive
      adhesive layer 14 bonded thereto, as generally purchased, includes a liner
      20 over the adhesive 14. Such web is advanced into the nip of pressure
      rollers 21 and 22 but prior to reaching the nip of the roller, the liner
      20 is removed to expose the adhesive layer 14, with the liner being wound
      up on a take-up roll 23. A web including the inner supporting layer 12 to
      which is bonded the adhesive layer 13, with such adhesive layer 13 being
      covered with a liner 24, is also lead into the nip of the rollers 21 and
      22 and upon passing therethrough with the application of suitable
      pressure, the adhesive layer 14 on the inner side of the outer reflective
      layer 11 becomes firmly bonded to the exposed surface of the inner
      supporting layer 12. This composite web is then advanced through
      subsequent processing steps which may include die-cutting to cut
      individual labels in the desired configuration. It has been found that
      even very thin frangible sheets of light reflective film material can be
      employed as the outer layer 11 when they are first laminated to an inner
      supporting layer as illustrated in FIG. 3, even such materials which could
      not be processed without breaking and unnecessary rupturing of the die-cut
      labels when they were not first laminated to a supporting layer. Thus, the
      process as illustrated in FIG. 3 enables thin light reflective materials
      to be die-cut which could not ordinarily be so processed in the absence of
      the supporting layer.
PAR  A second embodiment of the label incorporating the foregoing structure is
      illustrated in FIG. 4 wherein a label 30 is mounted on a liner 24 which is
      split as at 31, and which has its marginal portions configured in
      accordance with the structure illustrated in U.S. Pat. No. 3,315,387 to
      provide notches and tabs for the alignment of adjacent labels. In the
      manufacture of the label 30, after the two webs 11 and 12 have been joined
      together by the pressure roller 21 and 22 as described in FIG. 3, the
      combined web is fed to die-cutting equipment to die-cut the label 30, and
      thereafter the surrounding waste is stripped away to provide a single
      label 30 carried on a backing 24 comprising the liner die-cut in the
      specified form.
PAR  FIG. 5 illustrates a third embodiment incorporating a label 35 of the
      structure previously described which is carried on a liner 24A similar to
      that of the preceding embodiment but having its marginal portions cut in a
      straight or rectilinear configuration.
PAR  FIG. 6 illustrates a label 40 which includes a light reflective outer layer
      11 previously described joined to the inner supporting layer 12, having a
      pressure sensitive adhesive layer 13 on its opposite surface, and further
      including a liner 41 which is die-cut to the specific shape of the label
      40 so as to cover the adhesive layer 13 during storage of the label. When
      the label 40 is to be applied to an object, the liner 41 is removed to
      expose the adhesive 13 which is then used to join the label to an object.
PAR  FIG. 7 shows still another embodiment of the present invention comprising a
      label 45 of a generally rectangular shape (although other shapes may be
      employed) and incorporating the light reflective layer 11 joined to an
      inner supporting layer 12 with adhesive 13 on the opposite surface of the
      supporting layer. In this instance, the label 45 is die-cut into a
      specified shape such as the rectangle, and the specific indicia, i.e. the
      E in FIG. 7 is printed over a portion of the light reflective layer 11.
      The printing may be in black or other suitable colors. Thus, the area
      surrounding the printed indicia is light reflective and provides the
      desired reflective characteristics.
PAR  FIG. 8 illustrates another embodiment in which the label structure of the
      present invention may be incorporated, this time in the form generally
      referred to as a wire-marker comprising a thin strip-like label which may
      be printed with a letter, numeral or other identifying indicia and then
      wrapped about a wire or similar article. The specific construction shows a
      plurality of labels 50 each having the multiple layer structure as
      illustrated in FIG. 1 carried on a backing card 51 which has a line of
      weakness at 52 in order to enable the strip portion to be separated from
      the balance of the card to expose an end portion of each label for removal
      from the card. This construction enables the use of light reflective
      marker labels for use in identification of wires and other thin similar
      conduits.
PAR  The labels illustrated in FIGS. 4-8 are carried on a backing or a liner. If
      the adhesive layer 13 is a pressure sensitive adhesive, the liner or
      backing is to be "releasably" joined to the adhesive, which term is used
      to denote that the adhesive layer has a low degree of adhesion to the
      backing or liner so that the label can be removed therefrom without any
      undue delamination of the adhesive from the layer 12 onto the backing or
      liner. To accomplish this, the liner or backing may be a material which is
      coated or otherwise treated so as to provide a release coating for the
      particular adhesive used with the label to be stored thereon.
PAC  EXAMPLE
PAR  As a specific illustration of the adhesive label structure described above,
      labels according to the embodiment of FIG. 4 were manufactured utilizing a
      light reflective layer of "Scotchlite" promotional grade material that was
      approximately 4 mils. thick. The reflective layer had a coating of
      pressure sensitive adhesive on its surface that was firmly laminated to an
      inner supporting layer comprising a 10 mil. thick layer film of polyvinyl
      chloride. The opposite surface of the vinyl film was coated with pressure
      sensitive adhesive that was approximately 5 mils. thick. The two webs,
      after being laminated together in the composite as illustrated above in
      FIG. 3, were subjected to various die-cutting operations in order to form
      individual labels carried on individual backings 24. It was noted during
      such manufacturing processes that the labels could be die-cut without
      rupturing or tearing of the thin light reflective layer 11; thus, there
      was no damage at the corners or cut-out portions of the various letters
      and numerals. In contrast, it was not possible to form labels of the type
      illustrated in FIG. 4 utilizing the same thin reflective film as the light
      reflective layer 11 itself in the absence of the inner supporting layer
      12.
PAR  The composite sandwich structure disclosed above for a light reflective
      label exhibits a number of useful advantages in the label field.
PAR  Firstly, die-cutting and other operations which employ severing of a thin
      light reflective film can be accomplished without damaging the film,
      provided that it is first laminated to an inner supporting layer as
      described above. This permits the use of very thin and fragile light
      reflective layers in label constructions whereas formerly the label
      manufacturer was confined to the use of the thicker more expensive grades
      of such light reflective sheeting.
PAR  Secondly, the labels of the present construction can be removed easily from
      a backing or liner without damaging the label itself. On the other hand,
      labels made from very thin light reflective films have a tendency to break
      when removed from the liner because they seem to be quite fragile or
      brittle, particularly in the lighter weight or thinner materials. It was
      further noticed that the added strength characteristic of the labels of
      this invention reduced damage to the labels themselves in the event that
      they were originally misapplied to an object, i.e. if incorrectly placed
      the first time, they could be removed and applied in the correct position
      without breaking the label.
PAR  Thirdly, it was noticed that when labels as described hereinabove were
      applied to a rough surface, the surface imperfections of the object being
      labeled would not cause corresponding imperfections in the outer light
      reflective layer of the label itself. This provides a label of improved
      appearance and also enhances its light reflective ability since a
      relatively smooth and flat exterior surface is maintained. This also
      allows the labels to be adapted for application to a wider variety of
      objects. Thus, a very thin label may be suitable for a very smooth
      surface, but have an undesirably rough appearance when applied to a rough
      surface. However, this defect is eliminated by the thicker label
      construction of this invention since it can be applied to both smooth and
      rough surfaces without causing imperfections in the light-reflective outer
      layer.
PAR  Fourthly, the label manufacturer is now able to select the adhesive layer
      13 from a wide range of compositions instead of being limited to
      employment of the particular adhesive applied by the manufacturer of the
      light reflective sheeting on its one surface. This enables the label
      manufacturer to tailor the adhesive layer to the specific end use for the
      label, such as employing a particularly tenacious adhesive or using a
      solvent or heat activated adhesive if the end use should so require.
PAR  Lastly, as illustrated in FIG. 2, the light reflective layer may slightly
      overlap the ends of the inner supporting layer and cover the adhesive 14
      which bonds the light reflective layer to the supporting layer. This
      provides protection for such adhesive, such as when the label may be
      exposed to outdoor conditions and thereby inhibit delamination of the
      light reflective layer from the supporting layer.
PAR  There has thus been described a label structure incorporating an outer
      light reflective layer which is capable of extending the usefulness and
      applicability of such light reflective materials in adhesive labels by
      improving its processibility and providing advantageous features in the
      finished label itself. According to the method herein disclosed, the light
      reflective material is first laminated to a supporting layer before
      undergoing processing techniques which involve cutting of the light
      reflective layer. A label manufacturer thus has the capability of
      employing light reflective materials in label constructions without being
      forced to utilize the thicker or more expensive materials commercially
      available by now being able to suitably manufacture labels from thin,
      flimsy light reflective sheets.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composite light-reflective adhesive label construction comprising, in
      combination:
PA1  1. a first film having
PA2  a. an outer layer of light reflective film consisting of small sphere
      lenses embedded in a transparent binder and a light reflective coating
      behind the sphere lenses to provide reflex reflection of incident light;
      and
PA2  b. a pressure sensitive adhesive layer;
PA1  2. a second plastic film adhered to the pressure sensitive adhesive of the
      first film to form a supporting layer for the first film, the first and
      second films being joined together prior to manufacture of the label; and
PA1  3. a layer of adhesive applied to the second film on a surface thereof
      opposite from the first film and which is used to affix the label to an
      object.
NUM  2.
PAR  2. A light-reflective label according to claim 1 wherein:
PA1  the first film includes edge portions which are superimposed with edge
      portions of the second film and which extend downwardly along end portions
      of the second film.
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ABST
PAL  An improved thick film resistor for use with variable resistor applications
      includes a gold overlay applied to the contact surface of the thick film
      resistor after first etching the contact surface with acid. The
      combination of the gold overlay and acid etching of the contact surface
      reduces contact resistance and the contact resistance variation and
      provides improved wear resistance of the contact surface in a variable
      resistor element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Thick film or cermet resistor materials are often utilized in variable
      resistors or potentiometers. Thick film resistors generally comprise an
      amorphous ceramic material containing a predetermined quantity of a
      conductive metal or metallic oxide with the amount of the metallic
      material determining the electrical resistivity of the resistor element.
      Examples of such resistors are described in U.S. Pat. No. 2,950,995, Place
      et al., Aug. 30, 1960; U.S. Pat. No. 2,950,996, Place et al., Aug. 30,
      1960; U.S. Pat. No. 3,052,573, Dumesnil, Sept. 4, 1962; U.S. Pat. No.
      D'Andrea, Feb. 9, 1960; U.S. Pat. No. 3,304,199, Faber et al., Feb. 14,
      1967; and U.S. Pat. No. 3,899,499, Pukaite Aug. 12, 1975 assigned to the
      assignee of the present invention.
PAR  A problem with the use of cermet resistors in potentiometers or variable
      resistors exists with regard to excessive contact resistance between the
      contact wiper and the resistor element. Variations in the contact
      resistance also result in electrical noise. Additionally, excessive wear
      of the resistor and/or wiper contact is a problem. Various attempts have
      been made to eliminate the aforesaid problems as evidenced by the U.S.
      Pat. No. 3,597,720, Burgess Aug. 3, 1971; and U.S. Pat. No. 3,717,837,
      MacLachlan Feb. 20, 1973. MacLachlan teaches the use of a diffused layer
      of gold on the contact surface of a thin film cermet resistor to reduce
      contact noise. Burgess teaches the use of a conductive resinous
      polymerizate wiper contact.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an improved thick film resistor
      for use in variable resistors.
PAR  A further object of the invention is to provide a thick film resistor for
      use in variable resistors having decreased contact resistance and contact
      resistance variation, and having improved wear qualities.
PAR  Other objects and advantages of the invention will become apparent from the
      description of the preferred embodiment which follows.
PAR  The invention basically comprises a thick film resistor comprising an
      amorphous ceramic material in which the contact surface of the resistor is
      etched with acid and has an overlay of a noble metal to reduce contact
      resistance and the contact resistance variation and to improve the wear
      resistance of the resistor contact surface.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan of a potentiometer incorporating the present invention;
      and
PAR  FIG. 2 is a view taken along line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, a potentiometer 10 comprises a base or
      substrate 12 having a generally annular shaped resistor element 14 affixed
      thereto. Substrate 12 may be made of any suitable non-conductive ceramic
      material such as alumina. A rotatable shaft 15 extends through the base 12
      and resistor 14 and carries a wiper arm 17 having a contact 18 at its
      extreme end for engaging the contact surface 19 of the resistor 14. A pair
      of terminals 20 and 21 may be provided which are connected to the opposite
      ends of the resistor element 14 and a terminal 22 may be provided which is
      electrically connected to the wiper arm 17 and contact 18 in a
      conventional manner. The construction and operation of potentiometer 10 is
      well known in the art and need not be discussed in further detail.
PAR  The resistor element 14 may be made of any suitable thick film resistive
      material which contains a predetermined percentage of a conductive
      material providing a value of electrical resistance of the element 14.
      Resistor element 14 may be applied to the substrate 12 in a manner well
      known in the art. Typically, the resistor composition is a mixture of an
      organic vehicle and a thick film resistive material. The resulting fluid
      mixture may be applied to the substrate 12 by any conventional method such
      as silk screening, dipping or brushing. After drying the screened resistor
      paint to remove the organic vehicle, the resistor is fired at an elevated
      temperature which varies with the particular resistor composition used. It
      has been found that firing of the resistor 14 results in a thin glass rich
      surface film at the resistor contact surface 19. The glass rich film layer
      present on cermet resistors of this type is believed to account for the
      superior hermeticity of such resistors by isolating the conductive phase
      material from environmental effects. It is believed, however, that the
      presence of the glassy film acts to inhibit proper functioning of the
      resistor material for use as a variable resistor by increasing the contact
      resistance, and by increasing the contact resistance variation.
PAR  In an attempt to overcome the relatively high contact resistance and
      contact resistance variations present in thick film resistance materials,
      a thick film resistor 14 was prepared in a conventional manner. The
      resistor contact surface 19 was then etched with hydrofluoric acid to
      remove the glassy surface layer. Etching was accomplished by immersing the
      fired resistor 14 in a dilute hydrofluoric acid solution. A solution of 3
      percent hydrofluoric acid and immersion time of 45 seconds was found to be
      suitable. Additionally, a five percent acid solution and immersion time of
      30-45 seconds was also suitable. Other acids such as a 0.5 percent
      hydrofluoric acid solution, a 2.5 percent hydrochloric acid - alcohol
      solution, and a boiling phosphoric acid solution, were also found to be
      satisfactory.
PAR  After etching the top surface 19 of the resistor 14, a thin overlay of gold
      27 was applied to the resistor surface 19. The gold was applied by vacuum
      evaporation, however, an application of the metal by organo-metallic
      resinate decomposition was also found to be suitable. Gold was applied in
      film thicknesses ranging from 50 to 400 Angstroms. While no marked
      difference in contact resistance variation was exhibited over this range
      of film thickness, either initially or after cycling, the contact
      resistance was noted to be slightly better for metallic film thicknesses
      greater than 200 Angstroms. The following table illustrates the results of
      testing of a number of resistor elements prepared as above noted.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Effect of Gold Film Thickness                                             
     ______________________________________                                    
             Gold                                                              
             Thick-   Contact       Contact                                    
     Potenti-                                                                  
             ness     Resistance (%)                                           
                                    Resistance                                 
     ometer                         Variation (%)                              
     No.     A        Initial  Cycled Initial                                  
                                             Cycled                            
     ______________________________________                                    
     1        50      0.30     0.60   0.30   0.27                              
     2        50      0.40     0.80   0.13   0.53                              
     3        50      0.27     1.00   0.10   1.00                              
     4        50      0.33     0.73   0.20   0.33                              
     5        50      0.20     0.73   0.10   0.53                              
     6       100      0.45     0.95   0.15   0.50                              
     7       100      0.33     0.73   0.10   0.40                              
     8       100      0.27     0.63   0.10   0.47                              
     9       100      0.40     0.80   0.13   0.53                              
     10      100      0.33     0.90   0.20   0.47                              
     11      200      0.13     0.47   0.13   0.53                              
     12      200      0.13     0.60   0.13   0.40                              
     13      400      0.13     0.33   0.10   0.20                              
     14      400      0.10     0.40   0.10   0.27                              
     ______________________________________                                    
      Potentiometers 1 - 10 Cycled 100,000 Times                               
      Potentiometers 11 - 14 Cycled 20,000 Times                               
PAR  Further investigation of the performance of potentiometers having an etched
      cermet resistor surface and gold overlay indicate that a preferred slider
      contact comprises a hard sintered carbon brush. Carbon brushes filled with
      polymeric material, although providing somewhat better contact resistance
      were found to wear excessively leaving large deposits of carbon on the
      resistor tract causing changes in the resistance. Similarly, nickel-silver
      wipers and gold-7.4 vol. % MoSi.sub.2 brushes were found to wear
      excessively also.
PAR  In addition to resistor elements having a gold overlay, thin films of
      silver and platinum were also found to be suitable and result in
      equivalent reductions of contact resistance and contact resistance
      variation.
PAR  While one embodiment of the invention has thus been described, the
      invention is not to be limited thereby but is to be taken solely by an
      interpretation of the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A thick film resistor for use in a variable resistor or potentiometer
      comprising:
PA1  an insulating substrate
PA1  a thick film resistor layer attached to said substrate, said resistor layer
      comprising an amorphous ceramic material containing a predetermined amount
      of conductive material and having an exposed contact surface, said contact
      surface being etched with acid, and
PA1  a thin layer of a conductive metal selected from the group consisting of
      gold, silver or platinum deposited on said etched surface.
NUM  2.
PAR  2. A thick film resistor as recited in claim 1 wherein:
PA1  said thin layer of conductive metal has a thickness in the range of 50 to
      400 Angstroms.
NUM  3.
PAR  3. A thick film resistor as recited in claim 1 wherein:
PA1  said layer of conductive metal has a thickness in the range of 200 to 400
      Angstroms.
NUM  4.
PAR  4. A method of making a thick film resistor for use in a potentiometer or
      variable resistor comprising the steps of:
PA1  forming a fluid mixture of a thick film resistive material and an organic
      vehicle;
PA1  applying a film of said mixture to a non-conductive ceramic substrate;
PA1  firing said mixture and said substrate at an elevated temperature to remove
      said organic vehicle;
PA1  etching the exposed surface of said resistor film with acid; and
PA1  applying a thin layer of a conductive metal selected from the group
      consisting of gold, silver or platinum to said etched surface.
NUM  5.
PAR  5. A method as recited in claim 4 wherein:
PA1  said thin layer of conductive metal is applied by vacuum evaporation.
NUM  6.
PAR  6. A method as recited in claim 4 wherein:
PA1  said thin layer of conductive metal is applied by organo-metallic resinate
      decomposition.
NUM  7.
PAR  7. A method as recited in claim 4 wherein:
PA1  said etching step is accomplished by immersing said exposed surface of said
      resistor material in a 3 to 5 percent hydroflouric acid solution for 30 to
      45 seconds.
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ABST
PAL  A coated article is provided which comprises a metal substrate and an
      overlying layer of a composition comprising a copolymer of
      3,3,3-trifluoro-2-trifluoromethyl propene and vinylidene fluoride and an
      effective amount of a stabilizing agent. More particularly, the
      stabilizing agent is present in an amount of at least about 0.2 percent by
      weight based upon the weight of the copolymer and is selected from the
      group consisting of the oxides and salts of divalent meatls and mixtures
      thereof. Preferably, the thickness of the coating on the metal substrate
      is at least about 1 mil.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to coated articles and processes therefor, more
      particularly to articles coated with a copolymer of
      3,3,3-trifluoro-2-trifluoromethyl propene and vinylidene fluoride.
PAR  2. Discussion of the Prior Art
PAR  Coating compositions of fluoropolymers, such as those based on
      polytetrafluoroethylene, have been used for some time to provide non-stick
      and protective surfaces on substrates, especially metal substrates. For
      example, cookware (such as frying pans, etc.), steam iron sole plates,
      industrial drier rollers and other articles have been coated with
      polytetrafluoroethylene compositions and have met with great acceptance by
      consumers and industry. However, such coated articles are susceptible to
      scratching and abrasion and hence the coated surfaces must be handled
      carefully. Moreover, it is necessary in the commercial production of
      coated cookware to utilize a primer coat of the grit type on the metal
      substrate prior to coating with the fluoropolymer. It would be desirable
      if metal substrates could be provided with a fluoropolymer surface that is
      abrasion and scratch resistant and does not require an intermediate primer
      coat.
PAR  Copolymers based on 3,3,3-trifluoro-2-trifluoromethyl propene and
      vinylidene fluoride are described in U.S. Pat. No. 3,706,723 to
      Chandrasekaran et al. Such copolymers have high melting points, good
      thermal stability and are resistant to attack by corrosive agents. U.S.
      Pat. No. 3,706,723 describes such copolymers as suitable for making a wide
      variety of useful products, such as coatings (e.g., protective coatings).
      However, it has been found that when such copolymers are coated on a metal
      substrate in relatively thick layers by a powder coating technique and
      allowed to "flow out" at elevated temperatures, surface microcracks in the
      coating layer appear. Surface defects such as microcracks are especially
      undesirable in coatings which are intended to afford protection from
      corrosive agents as well as in the other areas of use.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a coated article is provided which
      comprises a metal substrate and an overlying layer of a composition
      comprising a copolymer of 3,3,3-trifluoro-2-trifluoromethyl propene and
      vinylidene fluoride and an effective amount of a stabilizing agent. More
      particularly, the stabilizing agent is present in an amount of at least
      about 0.2 percent by weight based upon the weight of the copolymer and is
      selected from the group consisting of the oxides and salts of divalent
      metals and mixtures thereof. Preferably, the thickness of the coating on
      the metal substrate is at least about 1 mil as is discussed more fully
      below. The coated articles do not require an intermediate primer layer so
      that the overlying layer directly contacts the substrate. However, primer
      layers may be employed if desired.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Copolymers of 3,3,3-trifluoro-2-trifluoromethyl propene and vinylidene
      fluoride and their preparation are fully described in the aforementioned
      U.S. Pat. No. 3,706,723, the disclosure of which is expressly incorporated
      herein. The copolymers may be prepared by copolymerizing
      3,3,3-trifluoro-2-trifluoromethyl propene and vinylidene fluoride monomers
      by contacting the monomers in a suitable liquid polymerization medium in
      the presence of a free radical generating polymerization initiator. The
      copolymers generally contain from about 1 to about 55 mol percent of
      3,3,3-trifluoro-2-trifluoromethyl propene, preferably from about 10 to
      about 52 mol percent of the propene and more preferably from about 40 to
      about 51 mol percent, and corresponding mol percentages of vinylidene
      fluoride. About equimolar copolymers of 3,3,3-trifluoro-2-trifluoromethyl
      propene and vinylidene fluoride are especially preferred.
PAR  Stabilizing agents which are incorporated in the coatings of this invention
      are selected from the group consisting of the oxides and salts of divalent
      metals and mixtures thereof. Such stabilizing agents are disclosed in
      commonly assigned patent application of Chandrasekaran and Sawhney, Ser.
      No. 424,032 filed Dec. 12, 1973. As disclosed therein, stabilizers include
      the oxides and salts of the metals of Group II of the Periodic Table as
      well as lead, tin, and manganese. Preferred stabilizers are calcium oxide,
      magnesium oxide, barium oxide, zinc oxide, cadmium oxide, lead oxide and
      calcium sulfate. The stabilizers are present in the coating composition
      preferably in an amount of at least about 0.20 percent by weight of the
      copolymer, preferably up to a maximum of about 30 weight percent and more
      preferably between about 1 and 3 percent by weight. Preparation of
      stabilized compositions is disclosed in the aforementioned application of
      Chandrasekaran and Sawhney and conventional additives such as inert
      fillers, lubricants, pigments, reinforcing agents and the like may be
      included therein.
PAR  The stabilized copolymer compositions are preferably in a powder form and
      any of the well-known powder coating techniques may be employed to coat
      the compositions onto metal substrates. These techniques include
      electrostatic deposition, fluidized bed and plasma or flame spray
      techniques. As these methods are conventional they are not specifically
      described herein. It is preferred to use an electrostatic deposition
      coating process. As is well known, this process provides initial adherence
      of a powder composition to a substrate and the substrate is thereafter
      subjected to a heat treatment above the melting point of the powder to
      fuse or coalesce ("flow out") the particles of the powder into a
      continuous layer. In forming the coated articles of this invention, it is
      preferred to employ flow out temperatures in the range of about
      620.degree. to 680.degree.F., preferably 630.degree. to 660.degree.F. The
      duration of this heating step is dependent upon a number of factors,
      including the temperature employed, the coating thickness, the type of
      substrate, etc. In general, flow out times may conveniently be in the
      order of 1 or 2 minutes to 1 or 2 hours or more.
PAR  The type of metal employed as the base layer is not critical and is
      generally dictated by the desired end use of the coated article. Indeed,
      any metal may be employed for this purpose. Especially preferred
      substrates are those formed of aluminum and stainless steel. Likewise, the
      thickness of the metal substrate is not critical and is dependent upon
      design factors.
PAR  It is preferred to pretreat the metal substrate prior to coating to obtain
      a roughened surface which it is believed results in a stronger adherence
      of the coating to the substrate. Any suitable surface treatment can be
      employed for this purpose such as sand or grit blasting, etching, etc.
PAR  The coating itself may be deposited upon the substrate in any desired
      thickness. However, it has been found that particularly advantageous
      results are obtained with coatings of the stabilized copolymer composition
      which are of a thickness of at least about 1 mil. At thicknesses in this
      range, the stabilized copolymer coatings are much superior to unstabilized
      copolymer coatings in their surface appearance. It has been found that at
      thicknesses of about 1 mil and above unstabilized copolymer coatings
      exhibit a multiplicity of surface microcracks. These defects would
      preclude certain important applications of the coated articles, such as
      their use as protective linings for corrosive agents as well as antistick
      coatings. On the other hand, at thicknesses of about 1 mil and above,
      stabilized copolymer coatings do not exhibit such surface defects.
PAR  In forming thick coatings (e.g. 1 mil or above) it is desirable to employ a
      plurality of thin layers as is conventional in order to improve the
      uniformity and integrity of the coating. This of course requires
      additional exposure of the underlying coatings to high temperatures. It
      has been found that when employing this technique with unstabilized
      copolymer compositions, surface microcracking also occurs whereas again
      the surface of coatings formed from stabilized copolymer compositions are
      virtually defect-free.
PAR  Metal substrates coated according to this invention have coated surfaces
      which are continuous and pinhole-free. The coatings may be employed as
      protective as well as antistick surfaces. Examplary of articles which may
      be coated with the stabilized copolymers according to this invention are
      cookware, industrial tubing, pipes and tanks, steam iron sole plates and
      drier rollers as well as other articles which require coatings having high
      strength at elevated temperatures, resistance to chemical attack, good
      electrical insulating properties, non-sticking surfaces, and abrasion and
      scratch resistance.
DETD
PAC  EXAMPLE 1
PAR  Aluminum panels (4 inches .times. 4 inches .times. 0.081 inch thick) are
      sand blasted on both surfaces with 60 grit aluminum oxide. The panels are
      placed in an electrostatic deposition coating apparatus and are coated on
      both sides with two powder compositions of an equimolar copolymer of
      3,3,3-trifluoro-2-trifluoromethyl propene and vinylidene fluoride having a
      melting point of 620.degree.F. One powder composition (Composition A)
      contains no stabilizer and the other composition (Composition B) contains
      2% CaO by weight of the copolymer. The particle size of the powders ranges
      from 5 to 50 microns.
PAR  The panels are vertically supported at one corner in a hot air oven
      maintained at 650.degree.F. The panels remain in the oven for 15 minutes
      to permit the copolymer compositions to flow out into a continuous layer.
PAR  The panel coated with Composition A (unstabilized) has a coating which
      varies in thickness from 0.5 mil adjacent the supported corner to 3 mils
      at the opposite corner. Inspection of the panel with a magnifier reveals
      small surface cracks in areas where the coating had a thickness of about 1
      mil and above. The panel coated with Composition B (stabilized) has a
      coating which varies in thickness from 0.5 mil adjacent the supported
      corner to 3 mils at the opposite corner. Similar inspection of this panel
      reveals no surface cracks.
PAC  EXAMPLE 2
PAR  Example 1 is repeated except that the panels are given two coatings of the
      powder compositions. After the first coating, the panels are supported in
      the oven at 650.degree.F. for 30 minutes. The panels are removed from the
      oven and cooled in air for about 5 minutes. A second coating of powder is
      then applied and the panels are again supported in the oven for 30 minutes
      at 650.degree.F.
PAR  The panel coated with Composition A (unstabilized) has a coating which
      varies in thickness from 0.5 to 3.5 mils. Surface cracks are present at
      thicknesses of about 1 mil and above. In comparison, the panel coated with
      Composition B (stabilized), which has a coating thickness which varies
      from 0.5 to 4 mils, does not exhibit surface cracks.
PAC  EXAMPLE 3
PAR  An aluminum panel 2 inches .times. 31/2 inches .times. 0.081 inch thick is
      sandblasted on one side and heated in an oven to 780.degree.F. The panel
      is taken out of the oven and dipped immediately into a fluidized bed of a
      composition of an equimolar copolymer of 3,3,3-trifluoro-2-trifluoromethyl
      propene and vinylidene fluoride and 2% CaO by weight of the copolymer.
      After dipping, the panel is placed in another air oven heated to
      650.degree.F. for a period of 15 minutes to allow the copolymer to flow
      out. The resultant coated panel has a coating thickness between about
      0.003 and 0.005 inch. The coating is continuous and pinhole free.
PAR  A pencil hardness of 8H is required to scratch the coating. In comparison,
      a frypan coated with a polytetrafluoroethylene composition has a pencil
      hardness of 2H.
PAR  It is to be understood that variations and modifications of the present
      invention may be made without departing from the scope of the invention.
      It is also to be understood that the scope of the invention is not to be
      interpreted as limited to the specific embodiment disclosed herein, but
      only in accordance with the appended claims when read in light of the
      foregoing disclosure.
CLMS
STM  We claim:
NUM  1.
PAR  1. A coated article comprising a metal substrate having an overlying layer
      coated directly thereon comprising a copolymer of
      3,3,3-trifluoro-2-trifluoromethyl propene and vinylidene fluoride and an
      effective amount of a stabilizing agent to prevent surface microcracks in
      said overlying layer, said stabilizing agent being selected from the group
      consisting of the oxides and salts of divalent metals and mixtures thereof
      and said overlying layer having a thickness of at least about one mil.
NUM  2.
PAR  2. The coated article of claim 1 wherein said stabilizing agent is present
      in an amount of at least about 0.2 percent by weight of the copolymer.
NUM  3.
PAR  3. The coated article of claim 1 wherein said stabilizing agent is selected
      from the group consisting of oxides and sulfates of a metal of Group II of
      the Periodic Table.
NUM  4.
PAR  4. The coated article of claim 3 wherein said stabilizing agent is present
      in an amount of about 1 to about 3 percent by weight of the copolymer.
NUM  5.
PAR  5. The coated article of claim 3 wherein said copolymer contains from about
      1 to about 55 mol percent of 3,3,3-trifluoro-2-trifluoromethyl propene and
      correspondingly from about 99 to about 45 mol percent of vinylidene
      fluoride.
NUM  6.
PAR  6. The coated article of claim 5 wherein said metal substrate has a
      roughened surface.
NUM  7.
PAR  7. The coated article of claim 6 wherein said metal substrate is selected
      from the group consisting of aluminum and stainless steel.
NUM  8.
PAR  8. The coated article of claim 1 wherein said copolymer is an equimolar
      copolymer of 3,3,3-trifluoro-2-trifluoromethyl propene and vinylidene
      fluoride.
NUM  9.
PAR  9. The coated article of claim 8 wherein said stabilizer is calcium oxide.
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ABST
PAL  A transfer material comprises a carrier sheet, a stripping layer releasably
      disposed on discrete spaced-apart portions of the upper surface of said
      carrier sheet, a color-containing design layer covering depressed portions
      formed by said stripping layer on the surface of said carrier sheet, said
      design layer having adequate adhesive properties with respect to said
      carrier sheet and to an innermost layer of a color-containing designed
      laminate assembly, thereby providing tearing in the thickness of said
      design layer in the process of transferring, layers of color-containing
      designed laminate assembly being adhered together, and a thoroughly coated
      outermost layer of said designed laminate assembly including heat
      sensitive adhesive materials.
BSUM
PAR  This invention relates to a transfer material particularly capable of
      providing improved simulated three dimensional patterns such as a wood
      grain pattern.
PAR  Most commonly used art for providing simulated three dimensional patterns
      such as a wood grain pattern has comprised using transfer materials,
      wherein, by hot stamp transfer, the transferable portions including a
      design patterned layers have been transferred and adhered onto a receiving
      surface of a receiving article.
PAR  More recently, in the art concerning such transfer materials, in order to
      better simulate the three dimensional patterns such as a wood grain
      pattern, a transfer material comprising a carrier sheet coated on one
      surface with discrete spaced-apart portions (referred as "ticks" layer or
      coat in some prior art such as U.S. Pat. No. 3,666,516), which is capable
      of providing linearly oriented spaced-apart depressions into the receiving
      surface, and further particularly characterized by the surface of such a
      ticks layer with very low specular reflectivity, that is, being highly
      matted surface, has been disclosed.
PAR  As mentioned above, in order to provide a better visual three dimensional
      effect, generally it is desired that the transferred surface is partially
      depressed in desired spaced-apart portions thereof and further, the
      surfaces of such depressed portions have some different glossy properties
      or different specular reflectivity properties from other portions. While
      in the prior art some instances of transfer materials providing both of
      such depressions and such glossy properties have been disclosed, within
      those art it has been still difficult to provide the arbitrary, desired,
      transferred surface, because of the arbitrary varying, the degree of both
      embossment and glossy properties or specular reflectivity properties being
      restricted to the narrow selectivity of adequately usable constituents of
      the transfer materials.
PAR  In accordance with the present invention, a novel and improved transfer
      material capable of providing both, if desired, highly embossed partial
      depressions and a highly matted surface or a still lower specular
      reflectivity surface in correspondence with the depressed portions, has
      been disclosed.
PAR  It is therefore an object of the present invention to provide a novel and
      improved transfer material for providing simulated three dimensional
      patterns such as a wood grain pattern.
PAR  Another object of the present invention is to provide such a material
      having novel mechanism of providing an embossed surface and capable of
      providing an excellently simulated three dimensional patterns by a simpler
      printing art.
PAR  The foregoing objects of the invention and other objects will become
      apparent as the description proceeds.
DRWD
PAR  The transfer material of the invention will be generally described with
      reference to the accompanying drawings wherein;
PAR  FIG. 1 is a cross-sectional schematic view of a simplified embodiment of
      the invention;
PAR  FIG. 2 is a cross-sectional schematic view of the transfer material of FIG.
      1 after transferred onto a receiving surface;
PAR  FIG. 3 is a cross-sectional schematic view of another embodiment of the
      invention applied to print a wood grain pattern; and
PAR  FIG. 4 is a cross-sectional schematic view of the transfer material of FIG.
      3 after transferred onto a receiving surface.
DETD
PAR  Firstly, a simplified instance of the invention is described below, wherein
      many layers are omitted for simplification. As shown in FIG. 1, a transfer
      material according to the present invention is provided with a carrier
      sheet 1 releasably associated with a stripping layer 2, which is formed on
      discrete spaced-apart portions of the upper surface of the said carrier
      sheet 1, and a color-containing design layer 3 formed on the two layers
      with covering both of the two or only the depressed portions, whose
      adhesive strength with respect both to the carrier sheet 1 and to an
      innermost layer, adjacent to the layer 3, of a color-containing designed
      laminate assembly 4 including strong adhesive resinous materials and a
      vehicle may be adequately stronger than that of intralayer itself, an
      outermost layer of the said laminate assembly 4 having adhesive ability to
      a receiving surface 5 of a receiving article.
PAR  By applying heat and pressure in order to transfer the desired design
      pattern, a releasing occurs at the contact boundaries between the carrier
      sheet 1 and the stripping layer 2 and furthermore the design layer 3 is
      torn in the thickness thereof.
PAR  After transferring, as shown in FIG. 2, the carrier sheet 1 is removed
      together with some parts of the design layer material, and then the
      discrete spaced-apart depressions having highly matted surface (low
      specular reflectivity surface) is formed upon the transferred surface
      attached to the receiving article. While the carrier sheet 1 may be any
      conventional carrier sheet or plastic film such as cellophane,
      polyethylene, polypropylene, polyester and the like, it has been found
      preferable for obtaining optimum results that the carrier sheet 1 is
      formed of a synthetic material such as treated with corona discharge or
      matted-surfaced polyester film.
PAR  For forming the stripping layer 2, it is necessary to select such a
      synthetic resinous material that, during heat transfer, it is releasable
      from the carrier sheet 1 and provides the desired degree of thickness to
      provide adhesion to the contact surface of the designed laminate assembly
      4.
PAR  Then, it is the most important problem in the present invention to select a
      color-containing design layer material, because the adhesive properties of
      the material are, as previously described, to be adequately controlled.
      The selection of the design layer material has to be varied in combination
      with the materials of other layers, and such a detail will be given below.
PAR  The assembly of the designed laminate assembly 4 comprises strongly
      adhesive resinous materials and desired pigments.
PAR  The outermost layer of the designed laminate assembly 4 strengthen the
      adhesive ability of all the other layers of the assembly with respect to
      the receiving surface of the receiving article.
PAR  The transfer material according to the present invention has a novel and
      particular action of providing discrete spaced-apart depressions having
      highly matted surface (low specular reflectivity surface), which in the
      prior art may be formed by ticks layer with matted surface, differently in
      the present invention by the mechanism of tearing the thickness of the
      layer (here, the design layer 3.).
PAR  As the degree of embossed depressions and dullness of that depressed
      portions depend on the adhesive properties of the design layer material,
      it is possible to provide an arbitrary desired transferred surface, which
      may give any visual three dimensional effect, only with varying the
      adhesive properties of the design layer material.
PAR  Referring now to FIG. 3, a cross-sectional view of another embodiment of
      the present invention applied to pring a wood grain pattern, a carrier
      sheet 1 may be provided with a matting layer 1C, which is strongly adhered
      to the carrier sheet 1 by the assistance of a primer coat 1B. A stripping
      layer 2 then is provided on the discrete spaced-apart portions of the
      matting layer 1C, and overlying the matting layer 1C and the stripping
      layer 2 there is provided a color-containing design layer 3 and another
      design layer 4A respectively which are to form a vascular portion
      consisting of the vessel and the tracheild of the wood grain pattern and a
      semi-vascular portion possessing a relatively dark color, respectively,
      and the outermost adhesive design layer 4B.
PAR  The carrier sheet 1 comprises preferably a material such as treated with
      corona discharge or matted-surfaced polyester film with the thickness of
      about 25 microns.
PAR  The primer coat 1B comprises a binder material, which strengthens the
      adhesion between the carrier sheet 1 and the matting layer 1C, and it may
      be omitted if adhesion of the matting layer to the carrier sheet is
      adequate without the presence of the primer coat.
PAR  The matting layer 1C comprises a material containing matting material such
      as powder of silica gel or magnesium carbonate for the purpose of
      providing the matted-surfaced stripping layer, if desired.
PAR  The stripping layer 2 comprises a resinous material such as a chlorinated
      rubber, a chlorinated polypropylene, a methlmethacrylate, an AS resin and
      an ABS resin or a mixture of them, which is releasable during heat
      transfer, from the matting layer.
PAR  The design layers 3 and 4A comprise resinous materials containing desired
      pigments. And an adhesive power of the design layer 3 to the matting layer
      1C and the upper design layer 4A need to be adequately controlled to
      provide tearing in the thickness of the layer during heat transfer.
PAR  The outermost adhesive design layer 4B is provided with any heat-activable
      resinous binder.
PAR  After thus applying heat and pressure, the carrier sheet 1 and layers 1B
      and 1C attached thereto are removed, as shown in FIG. 4, and the stripping
      layer 2, which is released at the contact boundaries between the matting
      layer 1C and the stripping layer 2, remains on the receiving surface 5
      together with the color-containing design layer 3, whose thickness is torn
      out, and the other design layers 4A and 4B having the adhesive ability to
      the receiving surface 5.
PAR  Then the said transfer material can provide the descrete spaced-apart
      depressions having highly matted surface by the mechanism of tearing the
      thickness of the design layer 3.
PAR  By thus varying the thickness of the color-containing design layer 3
      provided can be a new type of visual three dimensional effects, which have
      not been disclosed in the any prior art. In this case roughness of the
      matting layer 1C is replicated on the outer surface of the stripping
      layer.
PAR  By using the said transfer material it becomes possible, more simply in the
      printing art, to provide a transferred surface almost the same as that of
      the natural wood board by representing delicate variations of color,
      pattern and gloss thereon.
PAR  The present invention also makes it possible to enlarge the scope of the
      combinations of the resins as materials, which have been restricted within
      narrow limits in the prior art, because of the simplicity in a printing
      art and the new structure of the transfer material. Most typically, the
      transfer material of the present invention may be used for a usual gravure
      printing.
PAR  If the design layer 3 of FIG. 3, whose thickness is torn out during heat
      transfer, is not color-containing but only comprises a transparent or
      semi-transparent resinous material after referred to in the art and thus
      hereinafter as "Protective" layer, another embodiment of the present
      invention is usable for providing a transferred surface with high gloss
      and improved mechanical strength. In this case, of course, no pigment
      appears on the outer transferred surface.
PAR  As previously mentioned, the combination of the layer materials has to be
      selected adequately to control the adhesive properties of the
      color-containing design layer 3 or not-color-containing protective layer
      3.
PAR  The following are the examples of the resinous materials suitable for
      accomplishing the present invention.
TBL  ______________________________________                                    
     (1) Resinous materials suitable for the matting                           
     layer 1-C (reffered to as layer M)                                        
     Example    Composition      Parts by weight                               
     ______________________________________                                    
             Nitro cellulose     20                                            
             Silica gel powder    3                                            
     1       Methyl-ethyl ketone 30                                            
             Toluene             30                                            
             Ethyl acetate       17                                            
             Ethyl cellulose     10                                            
             Magnesium carbonate  3                                            
     2       Methanol            40                                            
             Toluene             47                                            
             Urea-Melamine Copolymer                                           
                                 10                                            
             Denatured polyamide 30                                            
     3       Magnesium carbonate  3                                            
             Xylol               10                                            
             Methanol            33                                            
             Butane 1, 4-diol    10                                            
             Hexamethylenediaminisocyanate                                     
                                 12                                            
     4       Silicagel powder     3                                            
             Ethyl acetate       60                                            
             Toluene             15                                            
             Polyamide           20                                            
             Magnesium carbonate  3                                            
     5       Toluene             30                                            
             Isopropyl alcohol   30                                            
             Methanol            17                                            
             Polyester resin     15                                            
     6*      Nitrocellulose 1/2 Sec. R.S.                                      
                                 15                                            
     Primercoat                                                                
             Methyl-ethyl ketone 30                                            
     1B (PR) Toluene             30                                            
             Ethyl acetate        8                                            
             Dinitropropane       2                                            
     ______________________________________                                    
TBL  ______________________________________                                    
     (2) Resinous materials suitable for the stripping                         
     layer 2 (Reffered as S), and those mentioned                              
     below are also suitable to provide the protective                         
     layer (P).                                                                
     Example    Composition      Parts by weight                               
     ______________________________________                                    
            Chlorinated rubber   30                                            
     1      Toluene              69                                            
            Polyethylene (low polymerisation                                   
            degree)              1                                             
            Acrylonitrile-styrene resin                                        
                                 20                                            
            Methylethyl ketone   40                                            
     2      Toluene              39                                            
            Polyethylene (low polymerisation                                   
            degree)              1                                             
            Acrylonitrile-butadiene-styrene                                    
            resin                15                                            
     3      Methylethyl ketone   40                                            
            Toluene              44.7                                          
            Polyethylene (low polymerisation                                   
            degree)              0.3                                           
            Methyl methacrylate  30                                            
            Methylethyl ketone   35                                            
     4      Toluene              34                                            
            Polyethylene (low polymerisation                                   
            degree)              1                                             
            Methylmethacrylate   17                                            
            Hard resin           0.6                                           
     5      Chlorinated rubber   2.4                                           
            Polyethylene (low polymerisation                                   
            degree)              0.2                                           
            Toluene              40                                            
            Ethyl acetate        29.8                                          
            Xylol                10                                            
            Chlorinated polypropylene                                          
            (chlorination degree 60 - 70)                                      
                                 20                                            
            Polyethylene (low polymerisation                                   
     6      degree)              0.3                                           
            Fattyacid amide      0.2                                           
            Toluene              69.5                                          
            Xylol                10                                            
     ______________________________________                                    
      N.B.                                                                     
      The protective layer to be different from the stripping layer            
TBL  ______________________________________                                    
     (3) Resinous materials suitable for the design layer 3                    
     (reffered as layer D) and those mentioned below are                       
     also suitable for the layers of designed laminate                         
     assembly (AD)                                                             
     Example    Composition      Parts by weight                               
     ______________________________________                                    
           Chlorinated rubber    15                                            
           Toluene               28                                            
     1     Xylol                 15                                            
           Pigment               42                                            
           Buthylmethacrylate     5                                            
           Chlorinated rubber    10                                            
     2     Toluene               28                                            
           Xylol                 15                                            
           Pigment               42                                            
           Methylmethacrylate     3                                            
           Ethylmethacrylate      4                                            
           Vinyl Chloride         8                                            
     3     Toluene               21                                            
           Ethyl acetate         21                                            
           Pigment               43                                            
           Buthylmethacrylate    15                                            
           Toluene               28                                            
     4     Xylol                 15                                            
           Pigment               42                                            
           Chlorinated polypropylene                                           
           (chlorination degree 37-38)                                         
                                 15                                            
     5     Toluene               43                                            
           Pigment               42                                            
     ______________________________________                                    
PAR  The following examples illustrate the preferable combination of layers
      wherein suitable resinous materials have been selected from those
      mentioned above.
TBL  ______________________________________                                    
     Layer                                                                     
     Example PR,   M,      S,      D  or     P     AD                          
     ______________________________________                                    
     A       6*    1       1      any            any                           
     B       6*    1       1             one of 2-5                            
                                                 any                           
     C       6*    1       6      any            any                           
     D       6*    1       6             4 or 5  any                           
     E       6*    2       2 or 3 any            any                           
     F       6*    2       2 or 3        one of 1,5                            
                                                 any                           
                                         and 6                                 
     G             4       one of any one        any                           
                           1,4 and 5                                           
                                  except 5                                     
     H             4       one of        2 or 3  any                           
                           1,4 and 5                                           
     I                     one of any            any                           
                           1,4,5                                               
                           and 6                                               
     J                     one of        one of 2,3                            
                                                 any                           
                           1,4,5         and 6*(PR)                            
                           and 6                                               
     K             5       4      any            any                           
     L             5       4             any one any                           
                                         except 4                              
     M             3       one of any            any                           
                           1,4 and 6                                           
     N             3       one of any    2 or 3  any                           
                           1,4 and 6                                           
     ______________________________________                                    
      N.B.                                                                     
      Wherein, Numeral is referred to the corresponding example of previously  
      mentioned layer materials.                                               
PAR  Example I (wherein; S-4, D-3), G (wherein; S-4, D-3) and B (wherein; P-2)
      are preferably suitable for providing marble patterns, wood-grain patterns
      and cloth patterns, respectively.
PAR  The present invention is not restricted to simulated wood grain patterns
      but may be usable, simply in the printing art, to provide any desired
      pattern having embossed portions which vary greatly in gloss and in
      thickness of pigment-containing design layer or a protective layer
      containing no pigment.
PAR  Further embodiments and variations will be apparent to those skilled in the
      art and are intended to be included within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transfer material comprising a carrier sheet, a stripping layer
      releasably disposed on discrete spaced-apart portions of the surface of
      said carrier sheet, a color-containing design layer adhesively secured to
      the portions of the surface of said carrier sheet not covered by the
      stripping layer and extending over adjacent portions of the stripping
      layer, said design layer being sufficiently adhesively secured to the
      carrier sheet to provide tearing of the design layer when the carrier
      sheet is removed from the stripping layer whereby depressions having
      matted surfaces are formed in the stripping layer by the torn portions of
      the design layer, and a laminate assembly adhesively secured to the design
      layer and to any portion of the stripping layer not covered by the design
      layer, the laminate assembly including an outermost layer of
      heat-sensitive adhesive adapted to be secured to a receiving article.
NUM  2.
PAR  2. A transfer material comprising a carrier sheet, a matting layer secured
      to the carrier sheet, a stripping layer releasably disposed on discrete
      spaced-apart portions of the matting layer, a color-containing design
      layer adhesively secured to the portions of the matting layer not covered
      by the stripping layer and extending over adjacent portions of the
      stripping layer, said design layer being sufficiently adhesively secured
      to the matting layer to provide tearing of the design layer when the
      matting layer is removed from the stripping layer whereby depressions
      having matted surfaces are formed in the stripping layer by the torn
      portions of the design layer, and an outer layer of heat sensitive
      adhesive material secured to the design layer and any portion of the
      stripping layer not covered by the design layer.
NUM  3.
PAR  3. The transfer material of claim 2 including a primer coat of adhesive
      resinous material between the carrier sheet and the matting layer.
NUM  4.
PAR  4. A transfer material comprising a carrier sheet, a stripping layer
      releasably disposed on discrete spaced-apart portions of the surface of
      said carrier sheet, a protective layer containing no pigment adhesively
      secured to the portions of the surface of said carrier sheet not covered
      by the stripping layer and extending over adjacent portions of the
      stripping layer, said protective layer being sufficiently adhesively
      secured to the carrier sheet to provide tearing of the protective layer
      when the carrier sheet is removed from the stripping layer whereby
      depressions having matted surfaces are formed in the stripping layer by
      the torn portions of the protective layer, and an outer layer of heat
      sensitive adhesive material secured to the protective layer and any
      portion of the stripping layer not covered by the protective layer.
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ABST
PAL  An adhesive tape that tenaciously adheres to the surface of films, paper,
      wood, plastic, metal, stone and the like, by simply pressing it thereon,
      and that can easily be removed with water or aqueous alkaline solutions,
      comprises a support and an adhesive layer consisting of a homogeneous
      mixture of at least one water-soluble and/or alkali-soluble polymer and of
      a tackifier consisting of a carboxylated monoether of a polyglycol.
PARN
PAR  This is a continuation of Ser. No. 260,201, filed June 6, 1972, now
      abandoned.
BSUM
PAR  The invention relates to an adhesive tape the adhesive layer of which is
      tacky in dry condition, water-soluble and/or alkali-soluble and adheres
      tenaciously to a surface when it is pressed thereon.
PAR  In the photographic industry it occurs very often that rolls of film or
      paper must be spliced in order to make possible a continuous treatment
      thereof e.g. coating with one or more layers, cutting into sizes etc. For
      this purpose pressure-sensitive adhesive tapes with a water-insoluble
      adhesive coating are generally used. While the film or paper is worked up
      into the size desired, the parts adhering to each other (i.e. the spliced
      parts) must be picked out. They must not get mixed with the common waste
      film or waste paper intended for recuperation. In view of the recuperation
      of the base material of the photographic waste film or waste paper the
      said film or paper is first treated with warm water or warm aqueous
      solutions of acid or alkaline substances: the common adhesive tapes having
      water-insoluble adhesive layers are not removed by the water-treatment and
      would remain in the recuperated film or paper as an undesirable and
      interfering element.
PAR  In many other applications sticking labels are used e.g. on clothes,
      apparatus, utensils, index cards etc. for applying all kinds of
      indications such as e.g. prices. These sticking labels must adhere to the
      article by merely pressing and later on must be capable of being simply
      removed without damage to the articles.
PAR  It has been proposed to use adhesive tape the adhesive of which is
      water-soluble and consists of a mixture of a water-soluble polyvinyl
      carboxylic acid and a hydroxypolyalkylene. However, the adhesive power of
      layers with this composition is insufficient for some applications.
      Moreover, these adhesive layers lose their adhesive power after some time.
PAR  According to the invention a tape has been found that tenaciously adheres
      to the surface of films, paper, wood, plastic, metal, stone and the like,
      by simply pressing it thereon, the tape comprising a support and a
      water-soluble and/or alkali-soluble adhesive layer consisting of a
      homogeneous mixture of at least one water-soluble and/or alkali-soluble
      polymer and of a tackifier consisting of a carboxylated monoether of a
      polyglycol, preferably corresponding to the formula:
EQU  R -- X -- O -- A -- COOH
PAL  wherein:
PA1  R represents an alkyl-substituted phenyl group, the alkyl group of which
      contains 8 or 9 carbon atoms, or a saturated or mono-unsaturated aliphatic
      hydrocarbon of 12 to 18 carbon atoms,
PA1  A represents methylene or ethylene, and
PA1  X stands for 7 to 30 recurring oxyethylene groups, which may be interrupted
      by one or more oxypropylene groups.
PAR  Still more preferred are water-soluble and/or alkali-soluble tackifiers
      corresponding to the general formula:
      ##EQU1##
      wherein: R and A have the same significance as indicated above,
PA1  p is 0, 1 or 2,
PA1  n is an integer from 7 to 30 when p =0, or 4 or 5 when p = 1 or 2,
PA1  m = 0 when p =0, or m =4 or 5 when p = 1 or 2.
PAR  By water-soluble and/or alkali-soluble adhesive layers are understood
      layers that can be easily removed with water or aqueous alkaline
      solutions, whether or not with the application of mechanical rubbing.
      Analogously, are understood under water-soluble and/or alkali-soluble
      polymers, those polymers that readily dissolve in water or in aqueous
      alkaline media.
PAR  Suitable compounds that can be used as tackifiers in an adhesive tape
      according to the invention are e.g.:
      ##EQU2##
EQU  5. CH.sub.3 --(CH.sub.2).sub.11 --(O--CH.sub.2 --CH.sub.2).sub.30
      --O--CH.sub.2 --COOH
EQU  6. CH.sub.3 --(CH.sub.2).sub.16 --(O--CH.sub.2 --CH.sub.2).sub.20
      --O--CH.sub.2 --COOH
EQU  7. CH.sub.3 --(CH.sub.2).sub.7 --CH=CH--(CH.sub.2).sub.7 --CH.sub.2
      --(O--CH.sub.2 --CH.sub.2).sub.10 --O--CH.sub.2 --COOH
EQU  8. CH.sub.3 --(CH.sub.2).sub.7 --CH=CH--(CH.sub.2).sub.7 --CH.sub.2
      --(O--CH.sub.2 --CH.sub.2).sub.9 --O--CH.sub.2 --COOH
PAR  When a water-soluble and/or alkali soluble adhesive according to the
      invention is coated e.g. on a cellulose triacetate support, the adhesive
      tape obtained can be used for splicing rolls of cellulose triacetate
      films, which may carry a photographic silver halide emulsion layer or a
      gelatin backing layer. Films that are spliced by means of adhesive tape
      according to the invention can now undergo the recuperation treatment
      directly without leaving interfering elements.
PAR  Photographic films with other kinds of supports such as cellulose
      acetobutyrate supports, cellulose nitrate supports, polyester supports
      etc. or photographic papers can also be spliced by means of adhesive tape
      according to the invention. These spliced materials show the same
      advantages. Care should be taken, however, that the support of the
      adhesive tape is similar to that of the photographic material to be
      spliced.
PAR  Since in general in most of the combinations no chemical reaction takes
      place in the adhesive between the polymeric binder and the water-soluble
      tackifier, the adhesive remains completely water-soluble and/or alkali
      soluble.
PAR  When the tape is to be wound directly in roll form, a suitable liner is
      used such as a film of polyethylene or a paper coated on one or both sides
      with a silicone resin or with polyethylene in order to prevent bonding
      together of adjacent convolutions of the adhesive tape. This is also the
      case when the adhesive layer is applied to both sides of the support
      whereby a double bonding adhesive tape is formed.
PAR  The water-soluble and/or alkali-soluble adhesive can be applied to the
      support from a solution in a volatile organic solvent such as methanol and
      ethanol, from an aqueous solution or from a mixture of both. By
      evaporation of the solvent an adhesive tape is obtained, which is ready
      for immediate use.
PAR  The polymeric binder of the adhesive can be chosen from a large series of
      polymers. The only restriction put on the polymers is that they must be
      water-soluble and/or alkali-soluble and compatible with the used
      tackifier. Suitable water-soluble and alkali-soluble polymers are e.g.,
      polyvinylpyrrolidone, polyacrylic acid, polymethacrylic acid, copolymers
      of acrylic acid with alkyl esters of acrylic or methacrylic acid wherein
      the alkyl group comprises 1 to 4 carbon atoms such as methyl acrylate and
      n-butyl acrylate, with the proviso that the acrylic acid content is at
      least above 70 % in the case of methyl acrylate and above 85 % in the case
      of n-butyl acrylate, further copolymers of maleic acid and e.g. ethylene,
      vinyl methyl ether and vinyl acetate, dimethylhydantoin-formaldehyde resin
      and polyethylene imine.
PAR  Suitable alkali-soluble polymers are copolymers of acrylic acid and methyl
      acrylate or ethyl acrylate wherein respectively at least 5 or 10 % by
      weight of acrylic acid is present, copolymers of methacrylic acid and
      methyl acrylate, ethyl acrylate or n-butyl acrylate wherein respectively
      at least 10, 10 or 15 % by weight of methacrylic acid is present.
PAR  Also latices formed from copolymers of acrylic or methacrylic acid and at
      least one lower alkyl ester of acrylic acid containing a high ratio of the
      latter units are equally suitable.
PAR  The polymerisation of acrylic acid and of methacrylic acid and the
      copolymerisation of these acids with lower alkyl esters of acrylic acid
      (methyl, ethyl, butyl) may be carried out in solution in water, in
      methanol or in mixtures of both according to known polymerisation
      techniques, e.g. according to the methods described in Houben-Weyl,
      "Methoden der organischen Chemie", Makromolekulare Stoffe, vol. 14/1,
      pages 1018-1021, Georg Thieme Verlag, Stuttgart (1961). Polymerisation may
      also occur according to known methods in a non-solvent, whereby the
      polymer formed precipitates out of solution. In the same way emulsion
      copolymerisation techniques may be applied when mixtures are used of
      acrylic acid or methacrylic acid with alkyl esters thereof, wherein the
      ratio of acid component is relatively low (30 to 55 % by weight). The
      ratio of the amount of polymeric binder present to the amount of tackifier
      used can vary within very wide limits and depends among others on the
      relative humidity interval in which the adhesive tape is to be used. Best
      results are attained, however, when the amount of tackifier is from 100 to
      280 % by weight relative to the amount of polymeric binder present.
PAR  An aqueous or organic solution of the water-soluble and/or alkali-soluble
      polymer and of the tackifier according to the invention can also be used
      as glue for adhering paper to paper.
PAR  Adhesive tapes according to the invention can be applied e.g. as labels to
      any support such as clothes, apparatuses, utensils, metal, stone and the
      like.
PAR  In the following examples the adhesive power of the adhesive tape is
      measured as follows: the straight cut sides of 2 sheets of, e.g.,
      cellulose triacetate film provided with a photographic light-sensitive
      emulsion layer are arranged in edge-to-edge relationship with the emulsion
      side turned upwards. A piece of the adhesive tape measuring 1.5 cm by 5 cm
      is pressed to the butt-end of one of the sheets and the tip portion of the
      other sheet, both sheets being overlapped for 2.5 cm with tape. Both
      sheets are now put between the clamps of a Schopper dynamometer and the
      pulling force at which the pressure-sensitive tape gets loose is measured
      in kg.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  A solution with the following composition was prepared:
     dimethylhydantoin-formaldehyde resin                                      
                             1300 g                                            
     polyacrylic acid        2000 g                                            
     tackifier No. 2 (see list above)                                          
                             4400 g                                            
     methanol                6000 ml.                                          
PAR  The solution was applied to a cellulose triacetate film in such a way that
      after evaporation of the solvent 25 g of solids remained per sq.m. When
      winding the material obtained in rolls a paper coated with silicone resin
      was interwound as liner within the successive convolutions of the tape.
PAR  The resulting adhesive tape could be used for splicing photographic films
      with cellulose triacetate film supports. The adhesive power of the
      adhesive layer measured as described above was about 13 kg.
PAR  The adhesive layer could readily be washed away in water so that the
      spliced parts of the cellulose triacetate film could directly be used in
      recuperation treatments without leaving interfering elements.
PAC  EXAMPLE 2
PAR  The process of Example 1 was repeated with the sole difference that
      tackifier No. 2 was replaced by 3200 g of tackifier No. 7. The resulting
      adhesive tape could be used for splicing photographic films with cellulose
      triacetate film supports. The adhesive power of the adhesive layer was
      about 13 kg.
PAC  EXAMPLE 3
PAR  The process of Example 1 was repeated with the sole difference that
      tackifier No. 2 was replaced by 3200 g of tackifier No. 3. The resulting
      adhesive tape could be used for splicing cellulose triacetate film
      supports. The adhesive power of the adhesive layer was about 14 kg.
PAC  EXAMPLE 4
PAR  The process of Example 1 was repeated with the sole difference that the
      4400 g of tackifier No. 2 were replaced by 4800 g of the following
      tackifiers (see Table), except with tackifier No. 8 of which 3600 g were
      used. The solutions formed were also applied to a cellulose triacetate
      film as indicated in Example 1. Adhesive tapes resulted, which could be
      used to splice photographic films having cellulose triacetate film
      supports. The adhesive layers readily dissolved in water so that cellulose
      triacetate films spliced with the adhesive tape could be recuperated after
      the adhesive layer had been washed away in a water bath.
PAR  The adhesive power of the adhesive tapes was as follows:
TBL  with tackifier                                                            
                No. 1     5.5 kg    pulling force                              
     "          No. 4     4.0 kg    "                                          
     "          No. 5     2.0 kg    "                                          
     "          No. 6     1.5 kg    "                                          
     "          No. 8     8.5 kg    "                                          
     "          No. 9     5.5 kg    "                                          
     "          No. 10    3.0 kg    "                                          
     "          No. 11    1.5 kg    "                                          
PAC  EXAMPLES 5 to 11
PAR  Seven adhesive coating compositions were prepared composed as follows:
TBL  Example  DMHF     Binder   Tackifier                                      
                                         Water or                              
                                         methanol                              
            in parts by weight                                                 
     ______________________________________                                    
     5        130      200      440      600                                   
     6        130      660      440       14                                   
     7        130      660      440      1000                                  
     8        130      660      440      1000                                  
     9        130      660      440      1000                                  
     10       130      1000     440      1000                                  
     11       130      770      440      1750                                  
     ______________________________________                                    
PAR  In the above table DMHF is the abbreviation for
      dimethylhydantoin-formaldehyde resin, and the tackifier used in the
      Examples is the compound listed as No. 2 in the list of useful tackifiers
      given in the description.
PAR  The following binders were used:
PA0  Example 5 : a water-soluble polyacrylic acid having an intrinsic viscosity
      of 0.6 dl/g in methanol at 25.degree.C added to the coating composition as
      a 30 % by weight solution in methanol.
PA0  Example 6 : a copolymer of acrylic acid and methyl acrylate (60:40 % by
      weight) that has been prepared as a solution in methanol. The copolymer is
      added to the coating composition in the form of a 30 % by weight solution
      in methanol.
PA0  Example 7 : a copolymer of acrylic acid and methyl acrylate (85:15 % by
      weight) that has been prepared as a solution in water. The copolymer is
      added to the coating composition in the form of a 30 % aqueous solution.
PA0  Example 8 : a water-soluble copolymer of acrylic acid and methyl acrylate
      (85:15 % by weight) prepared in methanol solution, the copolymer is added
      to the coating composition as a 30 % solution in methanol.
PA0  Example 9 : a copolymer of acrylic acid and methyl acrylate (85:15 % by
      weight) prepared in methanol solution, but from which the methanol has
      been distilled after the addition of water. The copolymer is added to the
      coating composition as a 30 % aqueous solution.
PA0  Example 10 : a copolymer of acrylic acid and n-butyl acrylate (85:15 % by
      weight) prepared in aqueous medium. It is added as a 20 % aqueous
      solution.
PA0  Example 11 : a copolymer of methacrylic acid, methyl methacrylate and
      n-butyl acrylate (35:30:35 % by weight) prepared by emulsion
      polymerisation techniques. The latex is mixed with the tackifier and to
      this mixture are added the DMHF and the amount of water indicated.
PAR  The adhesive power of the adhesive tapes was measured as indicated above at
      45 % of relative humidity for adhesive tapes in which the adhesive layer
      comprises 25 g of dry material per sq.m. The results are as follows.
TBL  ______________________________________                                    
     Example          Pulling force                                            
     ______________________________________                                    
     5                12           kg                                          
     6                13           kg                                          
     7                 7.5         kg                                          
     8                12           kg                                          
     9                11           kg                                          
     10                9           kg                                          
     11                7.5         kg                                          
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. An adhesive tape comprising a support and an adhesive layer
      characterized in that said adhesive layer is water-soluble and/or
      alkali-soluble and is composed of a homogeneous mixture of at least one
      water-soluble and/or alkali-soluble polymer and a tackifier consisting of
      a carboxylated monoether of a polyglycol which corresponds to the general
      formula:
EQU  R -- X -- O -- A -- COOH
PAL  wherein:
PA1  R represents an alkyl-substituted phenyl group, the alkyl group of which
      contains 8 or 9 carbon atoms, or a saturated or mono-unsaturated aliphatic
      hydrocarbon of 12 to 18 carbon atoms,
PA1  A represents methylene or ethylene, and
PA1  X stands for 7 to 30 recurring oxyethylene groups, which may be interrupted
      by one or more oxypropylene groups.
NUM  2.
PAR  2. An adhesive tape according to claim 1, wherein the carboxylated
      monoether of a polyglycol corresponds to the general formula:
      ##EQU3##
      wherein: R and A have the same significance as in claim 1,
PA1  p is 0, 1 or 2,
PA1  n is an integer from 7 to 30 when p=0, or n =4 or 5 when p =1 or 2,
PA1  m = 0 when p =0, or m =4 or 5 when p = 1 or 2.
NUM  3.
PAR  3. An adhesive tape according to claim 1, wherein the adhesive layer
      comprises 100 to 280 % of tackifier relative to the weight of
      water-soluble and/or alkali-soluble polymer present.
NUM  4.
PAR  4. An adhesive tape according to claim 1, wherein the tackifier corresponds
      to the formula:
      ##EQU4##
NUM  5.
PAR  5. An adhesive tape according to claim 1, wherein the tackifier corresponds
      to the formula:
EQU  CH.sub.3 --(CH.sub.2).sub.7 --CH=CH--(CH.sub.2).sub.7 --CH.sub.2
      --(O--CH.sub.2).sub.10 --O--CH.sub.2 --COOH
NUM  6.
PAR  6. An adhesive tape according to claim 1, wherein the tackifier corresponds
      to the formula:
      ##EQU5##
NUM  7.
PAR  7. An adhesive tape according to claim 1, wherein the water-soluble and
      alkali-soluble polymer is polyacrylic acid.
NUM  8.
PAR  8. An adhesive tape according to claim 1, wherein the water-soluble and/or
      alkali-soluble polymer is a copolymer of acrylic acid with an alkyl ester
      of acrylic acid or methacrylic acid, wherein the alkyl group comprises 1
      to 4 carbon atoms.
NUM  9.
PAR  9. The adhesive tape of claim 1 wherein said tackifier is present in an
      amount at least equal to the amount of water-soluble and/or alkali-soluble
      polymer present in said adhesive layer.
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ABST
PAL  A curable composition, especially adaptable for use as insulation for wire
      and cable, comprising an ethylene-containing polymeric member, a curing
      agent, and a silicone fluid having a viscosity not greater than about 100
      centistokes at 25.degree.C. A filler such as carbon black or a mineral
      filler may be incorporated into the system.
PARN
PAR  This is a division of application Ser. No. 246,153, filed April 21, 1972,
      now U.S. Pat. No. 3,795,646 which is a continuation of application Ser.
      No. 794, filed Jan. 5, 1970, now abandoned.
BSUM
PAR  This invention relates to an improved insulating composition. In its more
      specific aspect, this invention relates to an ethylene polymeric
      composition useful as insulation characterized by improved ionization
      resistance, and to electric wire and cable insulated with such a
      composition.
PAR  Thermosetting or cross-linked polyolefin compositions, such as
      polyethylene, are well-known and have been used extensively, especially
      for insulation materials for wire and cable. In the conventional
      manufacture of wire and cable employing such insulation materials, the
      curing agent, filler and/or other additives are incorporated into the
      polymer. The compounded admixture is subsequently fabricated over a
      metallic conductor as an insulation coating and then cured at an elevated
      temperature to form a thermosetting or cross-linked coating. Where
      desired, the curing agent may be omitted, and the fabricated coating can
      be cross-linked by irradiation. Cross-linked polyolefins are gaining wide
      use elsewhere such as for expandable tube for splicing, for molded parts
      and for laminates.
PAR  Cross-linked ethylene-containing polymeric compositions as a general rule
      exhibit excellent physical properties and electrical properties such as a
      high hot tensile strength and a low dielectric losses, but this might be
      varied depending upon other ingredients. The growth of this material as
      cable insulation has been rapid, but more recent demands for higher
      voltage cable require even superior properties because of the high voltage
      stress placed upon the cable. In power cable applications for transmitting
      relatively high voltage loads such as 5kV and above, ionization
      resistance, sometimes referred to as corona resistance, may become a
      problem because it may lead to the premature breakdown of the cable
      insulation. However, known cross-linked polyethylene compositions, for
      example, have an ionization resistance level which is observed under a
      high voltage stress. Actually, the ionization resistance values for these
      compositions are extremely erratic in that the same sample can exhibit
      widely divergent values. Consequently, an average value is usually cited
      for the particular composition. Various additives to the polymeric systems
      for the purpose of improving ionization resistance have been investigated,
      but have met with little or no success. Most notably, these additives have
      included silicone gums or rubbers which have a relatively high viscosity,
      i.e., 1,000,000 centistokes at 25.degree.C. In the polymeric systems, the
      silicone gums are curable and have substantially no effect on ionization
      resistance unless used in relatively large quantities, e.g., 15 parts per
      100 parts of polymer, and have an adverse effect on the mixing
      characteristics.
PAR  The invention has therefore as its object to provide ethylene-containing
      polymeric compositions which exhibit improved ionization resistance under
      high voltage stress while not adversely effecting or altering the other
      properties of the composition. Other objects and advantages of the
      invention will become evident from the following description.
PAR  In accordance with the broad aspect of this invention, there is provided a
      curable composition, especially useful as insulating material for wire and
      cable, comprising an ethylene-containing polymer, a curing agent for
      effecting cross-linking of the polymer, and an organic silicone fluid
      having a viscosity not greater than 100 centistokes at 25.degree.C. Where
      desired, a filler such as carbon black or a mineral filler may be
      incorporated into the polymeric system. In preparing the composition, the
      polymer, silicone fluid, and filler and other additives, where desired,
      are intimately admixed as in a Banbury at an elevated temperature
      sufficient to flux or plasticize the polymer. A suitable curing agent,
      desirable a tertiary peroxide, is then incorporated into the admixture,
      and blending is contained below the incipient cure temperature of the
      curing agent. The composition is subsequently fabricated as by molding or
      as by extrusion over a conductor to provide an insulation layer, and then
      cured to form a thermosetting or cross-linked product. In the manufacture
      of cable, it is conventional to pass the extruded product through a curing
      oven operated under steam pressure of about 225 to 250 p.s.i.g. where
      cross-linking of the polymer takes place. The cured product exhibits
      substantially improved ionization resistance under a high voltage stress
      without any adverse effect or loss in the other properties, which is
      discussed herein below in greater detail.
PAR  The terms "wire" and "cable" are used herein and in the appended claims as
      synonymous terms to refer to insulated conductors.
PAR  It was unexpected to find that the incorporation of a small amount of the
      silicone fluid into the polymeric system enhanced considerably the
      ionization resistance of the cured product. Moreover, the polymeric system
      made in accordance with the present invention yields relatively consistent
      ionization resistant values as compared to erratic and extremely divergent
      measurements obtained on substantially the same polymeric system but
      containing no such silicone fluid. Consequently, the measurements on
      compositions of our invention are more meaningful. The silicone fluid
      should have a viscosity not greater than about 100 centistokes at
      25.degree.C, and preferably not greater than about 50 centistokes, because
      there is a rather sharp decline in the improvement obtained with higher
      viscosity silicone fluids, and soon reaches a point where there is little
      or no improvement. Silicone fluids having a viscosity from about 5 to 100
      centistokes are especially useful, and cross-linked polyethylene, for
      example, containing this silicone fluid have shown an increase in
      ionization resistance by a factor greater than 10 and sometimes 20. The
      amount of silicone fluid incorporated into the polymeric system should be
      sufficient to result in a marked improvement in ionization resistance, but
      this may vary somewhat depending upon the particular polymer and filler.
      In general, the amount of silicone fluid should be at least 2 parts by
      weight per 100 parts polymer, although as little as 1 part by weight has
      shown substantial beneficial results. Ethylene-containing polymeric
      systems containing from about 2 parts to 5 parts by weight silicone fluid
      per 100 parts of polymer, and preferably about 2 to 3 parts, are
      especially suitable, and there appears to be no beneficial effect in using
      increased amounts, although this may depend somewhat upon the particular
      polymer and filler.
PAR  The silicone fluids used in this invention are well-known and are
      frequently referred to as organopolysiloxanes having a general structural
      formula
      ##EQU1##
      where R is an organic radical such as a lower alkyl, carboxyalkyl,
      hydroxyalkyl, alkenyl, aryl, and aralkyl radicals, and n is the number of
      units in the chains. In the preferred embodiment, R is a methyl and/or
      phenyl racical and the silicone fluid has from about 1.9 to 2.1
      silicon-bonded organic groups per silicon atom. Suitable silicone fluids
      include, for example, dimethylpolysiloxane, methylphenylpolysiloxane, and
      methylvinylpolysiloxane.
PAR  The curable polymer included within the scope of the present invention
      comprises an ethylene-containing polymeric member selected from the group
      consisting of polyethylene, blends of polyethylene and other polymers, and
      copolymers of polyethylene and other polymerizable materials. Suitable
      copolymers include, for example, ethylene-vinyl acetate,
      ethylene-propylene copolymer and ethylene-propylene ter-polymer. The
      polyethylene may be blended, for example, with vinyl acetate,
      ethylacrylate, propylene, butene-1 as well as with other copolymers such
      as ethylene-propylene or ethylene-vinyl acetate. The blend or copolymer
      should comprise not less than about 50% by weight ethylene, and more
      generally about 70 to 90% by weight ethylene, the balance being the other
      polymeric material, but this will depend largely upon the properties
      desired for the end product. Although the invention is described hereafter
      with specific reference to polyethylene, it should be understood that
      blends or copolymers of ethylene are also useful.
PAR  Although the invention has been described with particular emphasis on
      filled polymeric systems, it should be understood that the invention is
      also intended to include unfilled systems as well. Thus, both filled and
      unfilled cross-linked polyethylene systems have been employed as
      insulation for high voltage cable, and it has been found that the
      incorporation of a small amount of silicone fluid in accordance with the
      present invention substantially improves the corona resistance of the
      cured product. Where desired, a suitable filler is compounded with the
      polymer and other additives. The fillers utilized in the composition may
      be any of those commonly employed in polymeric compositions and include
      the various carbon blacks and mineral fillers. The mineral fillers useful
      in the invention include, for example, aluminum silicate, aluminum oxide,
      calcium silicate, silica, magnesium silicate, titanium dioxide and
      mixtures thereof. These filler materials are well-known and readily
      available on the market, and the type of filler used will depend largely
      on the desired properties for the product and may be determined by one
      skilled in the art. The function of fillers in these polymeric systems is
      well-known, and the amount of filler incorporated into the composition may
      be varied depending upon the properties desired in the cured product. The
      filler content may range from about 20 to 50% by weight of the
      composition, and more preferably about 25 to 40% by weight.
PAR  The compounding operation is conducted within a temperature range high
      enough to render the admixture sufficiently plastic to work, but below the
      reacting temperature or decomposition temperature of the curing agent so
      that the curing agent will not decompose thereby causing at least partial
      or incipient curing of the polyethylene stock during the normal mixing
      cycle. Desirably, the curing agent employed in the operation is an organic
      perioxide, such as a tertiary peroxide, and characterized by at least one
      unit of the structure
      ##EQU2##
      which decomposes at a temperature in excess of about 295.degree.F. The use
      of these peroxide curing agents in effecting cross-linking of polymers
      such as polyethylene compounds is adequately described in U.S. Pat. Nos.
      3,079,370, 2,888,424, 3,086,966 and 3,214,422, which patents are
      incorporated in this specification by reference. The most commonly used
      peroxide curing agent, and the agent preferred, is di-.alpha.-cumyl
      peroxide. Other useful curing agents include the tertiary diperoxides such
      as 2,5-dimethyl-2,5-di(t-butyl peroxy) hexane and
      2,5-dimethyl-2,5-di(t-butyl peroxy) hexyne-3, and the like diperoxy and
      polyperoxide compounds.
PAR  The proportion of peroxide curing agent used depends largely on the
      mechanical properties sought in the cured product, for example, hot
      tensile strength. A range of from about 0.5 to 10 parts by weight of
      peroxide per hundred parts of polymer satisfy most requirements, and the
      usual proportion is of the order of two to four parts peroxide. In a
      typical production operation employing a tertiary peroxide as a curing
      agent, compounding is conducted at a temperature of from about 200.degree.
      to 275.degree.F. If compounding is conducted at a temperature much higher
      than the stated maximum, the peroxide will decompose thereby causing
      premature curing of at least a portion of the polymer. As a consequence,
      the compound will be difficult to fabricate and the final product will
      exhibit an irregular or roughened surface.
PAR  Also, certain additives whose function are well-known are usually
      compounded with the polymeric blend. These compounding additives include,
      for example, an antioxidant such as polymerized trimethyldihydroquinoline,
      a lubricant such as calcium stearate to prevent the composition from
      sticking during fabrication, a non-combustible additive such as antimony
      oxide to provide flame retardance, a coagent such as polybutadiene to
      facilitate cross-linking, and a small amount of pigment or coloring agent.
      The compounding additives required may vary considerably, and there may be
      others than those mentioned depending upon the properties sought for the
      end product. These additives are normally admixed with the polymer and
      filler as in a Banbury to form a substantially homogeneous admixture.
PAR  In the following examples which further illustrate the invention, the
      samples were prepared, including the controls containing no silicone
      fluid, on a two-roll rubber mill according to the following procedure: the
      polymer, filler, silicone fluid and other additives were first admixed on
      the rubber mill at a temperature of about 225.degree.F for about 4 - 5
      minutes. The di-.alpha.-cumyl-peroxide curing agent was added and mixing
      continued for another 2 minutes. The compounded composition was then
      stripped from the mill and cooled to room temperature. For each compound,
      panels measuring 6in. .times. 6in. .times. 10mils were molded between
      parallel platens for twenty minutes at 350.degree.F under a pressure of 85
      tons thereby cross-linking the panels. The press was then cooled to room
      temperature, and the molded panel removed. A sample two inches in diameter
      was cut from each molded panel. The recipes for the samples are shown in
      Table I below for examples 1 - 9.
PAR  Each sample was tested for corona resistance according to the procedure set
      forth in A.I.E.E. Transactions, "Progressive Stress -- A New Accelerated
      Approach to Voltage Endurance", W. T. Starr and H. S. Endicott, Vol. 80,
      1961, Part III, Power Apparatus and Systems. The test apparatus was
      modified to provide a fuse wire extending from the bottom electrode to
      ground so that when the sample failed, the fuse wire broke. The ionization
      resistance is shown in Table I below for examples 1 - 9.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     SILICONE FLUIDS OF VARYING VISCOSITIES IN POLYETHYLENE SYSTEMS (ctks. at  
     25.degree.C)                                                              
     Example No.       1    2    3    4    5    6    7    8    9               
     __________________________________________________________________________
     Polyethylene      100  100  100  100  100  100  100  100  100             
     Aluminum silicate 50   50   50   50   50   50   50   50   50              
     Polymerized tri-methyldihydro-                                            
     quinoline (antioxidant)                                                   
                       .5   .5   .5   .5   .5   .5   .5   .5   .5              
     Di-.alpha.-cumylperoxide                                                  
     90% active (curing agent)                                                 
                       3.5  3.5  3.5  3.5  3.5  3.5  3.5  3.5  3.5             
     Dimethylpolysiloxane                                                      
     5 ctks.           3                                                       
     20 ctks.               3                                                  
     50 ctks.                    3                                             
     100 ctks.                        3                                        
     350 ctks.                             3                                   
     1000 ctks.                                 3                              
     5000 ctks.                                      3                         
     3000 ctks.                                           3                    
     Control (no silicone fluid)                               --              
     Ionization resistance (500 volts                                          
     per mil average stress)                                                   
                       &gt;1446                                                   
                            &gt;1446                                              
                                 &gt;5800                                         
                                      828  292  322  262  441  369             
     __________________________________________________________________________
PAL  From the table it will be observed that silicone fluids having viscosities
      not greater than 100 centistokes substantially improve the ionization
      resistance of the cured product. As shown, a cured sample containing no
      silicone fluid had an average ionization life of 369 minutes whereas the
      addition of three parts of silicone fluid having a viscosity of 50
      centistokes showed an ionization life greater than 5800 minutes.
PAR  Table II, below, shows the results obtained with varying concentrations of
      dimethylpolysiloxane; and Table II, below, shows the results obtained with
      an unfilled polymeric system and polymeric systems with different fillers.
TBL                                    TABLE II                                
     __________________________________________________________________________
     CONCENTRATION EFFECT                                                      
     Example No.         10    11    12    13                                  
     __________________________________________________________________________
     Polyethylene        100   100   100   100                                 
     Aluminum silicate   50    50    50    50                                  
     Polymerized trimethyldihydroquinoline                                     
     (antioxidant)       .5    .5    .5    .5                                  
     Di-.alpha.-cumylperoxide                                                  
     90% active (curing agent)                                                 
                         3.5   3.5   3.5   3.5                                 
     Dimethylpolysiloxane                                                      
     (50 ctks., 25.degree.C)                                                   
                         --    3     1     .25                                 
     Ionization resistance                                                     
                         298   &gt;5800 387   369                                 
     __________________________________________________________________________
TBL                                    TABLE III                               
     __________________________________________________________________________
     FILLED AND UNFILLED CROSS-LINKED POLYETHYLENE SYSTEMS                     
     Example No.    14 14A 15   15A  16   16A  17   17A  18   18A              
     __________________________________________________________________________
     Polyethylene   100                                                        
                       100 100  100  100  100  100  100  100  100              
     Carbon black   -- --  40   40   --   --   --   --   --   --               
     Magnesium silicate                                                        
                    -- --  --   --   30   30   --   --   --   --               
     Hydrated alumina                                                          
                    -- --  --   --   --   --   30   30   --   --               
     Titanium dioxide                                                          
                    -- --  --   --   --   --   --   --   30   30               
     Polymerized tri-methyldi-                                                 
                     1 1   1.5  1.5  .5   .5   .5   .5   .5   .5               
     hydroquinoline (antioxidant)                                              
     Di-.alpha.-cumylperoxide                                                  
                     2 2   3.11 3.11 3.5  3.5  3.5  3.5  3.5  3.5              
     90% active (curing agent)                                                 
     Dimethylpolysiloxane                                                      
     (20 ctks., 25.degree.C)                                                   
                    -- 3   --   --   --   --   --   --   --   --               
     (50 ctks., 25.degree.C)                                                   
                    -- --  --   3    --   3    --   3    --   3                
     Ionization resistance                                                     
                    364                                                        
                       &gt;1500                                                   
                           705  1536 298  &gt;1146                                
                                               268  847  186  1440             
     __________________________________________________________________________
PAR  In Table III, for each Example, the number without the letter is the
      control and the number followed by the letter A included the silicone
      fluid. Thus, the addition of the silicone fluid substantially increased
      the ionization resistance of the cured polymer.
PAR  Table IV, below, illustrates the beneficial results obtained when using
      copolymers.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     COPOLYMERS                                                                
     Example No.     19    19A   20    20A                                     
     __________________________________________________________________________
     Ethylene-vinyl acetate                                                    
                     100   100   --    --                                      
     Ethylene-propylene copolymer                                              
                     --    --    100   100                                     
     Polymerized trimethyldihydro-                                             
     quinoline (antioxidant)                                                   
                     .5    .5    2     2                                       
     Di-.alpha.-cumylperoxide                                                  
     90% active (curing agent)                                                 
                     3.5   3.5   3     3                                       
     Aluminum silicate                                                         
                     50    50    100   100                                     
     Miscellaneous additives                                                   
                     --    --    16.5  16.5                                    
     Dimethylpolysiloxane                                                      
     (50 ctks., 25.degree.C)                                                   
                     --    3     --    3                                       
     Ionization resistance                                                     
                     255   &gt;1990 576   &gt;1629                                   
     __________________________________________________________________________
PAR  Here, again, a comparison of the controls with the sample prepared in
      accordance with the invention shows an increase in ionization resistance
      for the latter.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. An electric cable which comprises a metallic conductor and a
      thermosetting insulation having improved resistance to corona surrounding
      said conductor, said thermosetting insulation consisting of:
PA1  a. a polymeric member containing not less than 50% by weight of ethylene
      selected from the group consisting of polyethylene, blends of polyethylene
      and other polymers, and copolymers of ethylene and other polymerizable
      material selected from the group consisting of propylene and vinyl
      acetate; and
PA1  b. a silicone fluid having a viscosity not greater than 100 centistokes at
      25.degree.C in an amount of about 2 to about 5 parts by weight per 100
      parts by weight of polymeric material.
NUM  2.
PAR  2. An electric cable according to claim 1 wherein said insulation includes
      a filler.
NUM  3.
PAR  3. An electric cable according to claim 2 wherein said polymeric member is
      polyethylene.
NUM  4.
PAR  4. An electric cable comprising a metallic conductor and a thermoset
      insulation having improved resistance to corona surrounding said
      conductor, said thermoset insulation consisting of the cured product of:
PA1  a. a polymeric member containing not less than about 50by weight of
      ethylene selected from the group consisting of polyethylene, blends of
      polyethylene and other polymers, and copolymers of ethylene and other
      polymerizable materials selected from the group consisting of propylene
      and vinyl acetate;
PA1  b. a peroxide curing agent for effecting cross-linking of said polymeric
      member; and
PA1  c. a silicone fluid having a viscosity not greater than about 100
      centistokes at 25.degree.C present in the range of from about 2 to 5 parts
      by weight per 100 parts by weight of polymeric material.
NUM  5.
PAR  5. The thermoset insulation according to claim 4, wherein said polymeric
      member is ethylene-propylene.
NUM  6.
PAR  6. The thermoset insulation according to claim 4, wherein said polymeric
      member is ethylene-vinyl acetate.
NUM  7.
PAR  7. The thermoset insulation according to claim 4, including a filler.
NUM  8.
PAR  8. The thermoset insulation according to claim 4, wherein said silicone
      fluid has a viscosity of about 50 centistokes at 25.degree.C.
NUM  9.
PAR  9. The thermoset insulation according to claim 4, wherein the peroxide
      curing agent is an organic peroxide.
NUM  10.
PAR  10. An electric cable comprising a metallic conductor and a thermoset
      insulation having improved resistance to corona surrounding said
      conductor, said thermoset insulation consisting of the cured product of
      polyethylene, an organic peroxide curing agent, and a silicone fluid
      having a viscosity not greater than 100 centistokes at 25.degree.C and
      present in the range of about 2 to 5 parts by weight of polyethylene.
NUM  11.
PAR  11. The electric cable of claim 10, wherein the thermoset insulation
      includes a filler.
NUM  12.
PAR  12. The electric cable of claim 10, wherein the silicone fluid is selected
      from the group consisting of dimethylpolysiloxane,
      methylphenylpolysiloxane and methylvinylpolysiloxane.
NUM  13.
PAR  13. The electric cable of claim 10, wherein the silicone fluid has a
      viscosity of not greater than about 50 centistokes at 25.degree.C.
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ABST
PAL  A pressure-rupturable, liquid-droplet-containing microcapsule having walls
      of hydrophilic polymeric film-material such as gelatin wherein the liquid
      core-material is a water-immiscible oil having water dissolved therein
      together with additional material which is water-soluble such as a
      water-soluble colorless chromogenic dye-precursor material or
      color-developing reactant material.
PARN
PAR  This is a division of application Ser. No. 159,312 filed July 2, 1971, and
      issued Jan. 21, 1975 bearing U.S. Pat. No. 3,861,941.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention provides pressure-rupturable microcapsules having organic,
      hydrophilic, polymeric-film wall-material and oily core material which
      also includes, in solution, lesser amounts of water and attendant
      water-soluble materials; a process for making said microcapsules; and
      pressure-sensitive record sheet material containing said microcapsules.
      Oils for use herein as core-material droplets are, like all oils,
      immiscible with water but are selected to be capable of dissolving small
      amounts of water, at least about one percent by weight and preferably up
      to about ten percent by weight.
PAR  The process of manufacture taught herein includes the steps of preparing
      microcapsules having organic, hydrophilic, polymeric film material walls
      and an internal phase comprising droplets of oil, said oil being
      water-immiscible but capable of dissolving about 1-10 percent by weight of
      water, and modifying the thus-prepared capsules by bringing said capsules
      into contact with a concentrated aqueous solution of a water-soluble
      material. The walls of the microcapsules are preferably hardened before
      the modification step as long as the hardening step does not make the wall
      material hydrophobic. If the hardening of the hydrophilic wall material
      does make it hydrophobic, then the modification step should be carried out
      before the wall material is hardened. The modification step allows
      equilibration across the capsulewall boundary to give a final product
      which is a microcapsule having oily contents which are saturated with
      respect to water and the selected water-soluble agent. Of course some
      slight amount of oil probably also passes out of the capsule wall during
      the equilibration process, but in practice this is not found to be a
      significant amount. In practice, the only significant or noticeable
      process is an equilibration between a small amount of water on the inside
      of the capsule wall that does not contain any of the selected
      water-soluble agent and a large amount of water on the outside of the
      capsule wall that contains a large amount of the selected water-soluble
      agent. The internal oil material, having been selected to dissolve
      significant amounts of water (1 to 10 percent by weight) and associated
      water-soluble agents, merely acts as a carrier for the later-introduced
      aqueous material. The oily contents are never replaced by the process of
      this invention and remain in the core-material to give a final
      microcapsular product that is as stable, in regards to the retention of
      the contents, as are the common and widely used oil in gelatin
      microcapsules. The microcapsules, when ruptured in use, yield a liquid
      pay-load that contains water-soluble materials not heretofore available
      for use in the microcapsule art except at greatly increased expense and/or
      reduced shelf-life of the product. The microcapsules of this invention are
      essentially as cheap as any common oil in gelatin capsule and as effective
      in retaining the encapsulated agent during long shelf storage.
PAR  Pressure-sensitive record sheet material, containing microcapsules,
      prepared as above and having water-soluble colorless chromogenic
      dye-precursor material or color-developing reactant material as the
      attendant water-soluble material included in the oily core-material, is
      also provided by this invention. The record sheet materials of this
      invention are able to make use of water-soluble colorforming reactant
      materials and still have a commercially practical shelf life.
PAC  BACKGROUND OF THE INVENTION
PAR  Oil-containing, hydrophilic-walled microcapsules, such as those having
      hardened gelatin walls and core-material of any of a multitude of oils,
      have long been known and used in the pressure-sensitive record material
      art. Such microcapsules also have many other uses as containers for
      various materials such as odorants, medicaments, and pesticides. Because
      hydrophilic, polymeric film-forming materials are water-soluble or
      water-swellable even after hardening by cross-linking, the use of aqueous
      solutions as the corematerial of hydrophilic-walled microcapsules has been
      precluded. Great effort has been expended, with varying degrees of
      success, to contain water and water solutions in microcapsules since the
      early beginnings of encapsulation technology. Aqueous liquids have been
      encapsulated in hydrophobic-walled microcapsules by expensive processes
      which make use of expensive materials and give a product with severely
      limited shelf life. Hydrophilic-walled microcapsules having oily contents
      have been subjected to through-the-wall exchange procedures whereby the
      oily contents are replaced by lyophilic liquids which may have oil-soluble
      and/or water-soluble materials dissolved therein. Such a total replacement
      procedure is disclosed and claimed in U.S. Pat. No. 3,516,943 which issued
      June 23, 1970 on the application of Carl Brynko and Gerald M. Olderman.
      This procedure, although effective in making microcapsules having
      water-soluble materials in the core, involves the replacement of the
      original oily contents of the capsules with non-oily (water-soluble)
      liquids that are more difficult to retain than oils over extended periods
      of time. Various further improvements have dealt with this problem of
      prolonged retention as by the addition of an outer hydrophobic wall to
      preformed microcapsules such as the Brynko-Olderman microcapsules
      discussed above. Such improvement procedures have met with some success
      but are generally too expensive for widespread use.
DETD
PAC  DISCUSSION OF THE DRAWINGS
PAR  The steps of the process of this invention are schematically set out in
      FIG. 1. Microcapsules, containing a water immiscible oil capable of
      dissolving about 1 to 10 percent by weight of water and preferably about 2
      to 10 percent as shown in Block (A) of FIG. 1, are mixed at Block (C) with
      an aqueous solution (Block (B)) of about 10 weight-percent of a pay-load
      agent, most commonly and usefully a color-forming reactant material. At
      the end of the mixing step, the oil inside the microcapsules will have
      effective amounts of water and water-soluble pay-load agent dissolved
      therein. Generally, saturation is rapidly achieved so that the oil will
      actually be saturated with water and water-soluble pay-load agent. The
      steps represented by Blocks (D) and (E) are optional. The microcapsules
      containing the pay-load agent may be used without isolation from the
      manufacturing vehicle or filtered and dried for use as a dry powder.
PAR  The core-material liquid of the microcapsules of Block (A) is a
      water-dissolving oil which serves as a reservoir to receive appreciable
      concentrations of the water-soluble pay-load agent of Block (B). The
      swellable hydrophilic film-material walls of the microcapsules, if not
      already water-swollen, become so during the mixing and aqueous contact at
      Block (C). Continuous stirring at this point is not necessary, mere mixing
      and standing being sufficient. If the hydrophilic film-material walls are
      already swollen prior to the mixing at Block (C), exposure at this point
      to the aqueous solution of Block (B) for 15 to 20 minutes is generally
      sufficient to saturate the core-material oil with the added water-soluble
      pay-load agent, said core-material oil already being saturated with water
      at the time the walls are swollen with water. If the walls of the
      microcapsules are not already swollen prior to the mixing step of Block
      (C), contact with the aqueous solution of Block (B) should be maintained
      until the walls are thoroughly swollen, usually about one to two hours,
      depending on the state and identity of the chosen wall material. The water
      in the walls of the swollen microcapsules serves as a " pipeline" to
      transfer the water-soluble pay-load agent from the external aqueous
      solution to the water-in-oil solution inside the capsule walls. The added
      water-soluble pay-load agent may advantageously also be soluble in oil. If
      the pay-load agent is markedly soluble in oil, quite high concentrations
      of the pay-load agent can be built up inside the capsule walls by the
      process of this invention. It should be noted that the pay-load agents
      eligible for use in this invention are distinguished by their
      water-solubility, appreciable oil-solubility of the pay-load agent being a
      secondary consideration in the practice of this invention. In prior art
      practice, water-soluble materials (whether oil-soluble or not) could not
      be encapsulated with hydrophilic film material such as gelatin in an
      aqueous vehicle because the water-solubility of the chosen agent caused it
      to end up in the relatively voluminous external phase rather than in the
      oily internal phase. Furthermore, the presence of water-soluble pay-load
      agents, such as salt materials, during the coacervation step of prior art
      capsule manufacture is prohibited in practice because such materials
      affect the coacervation and make the coacervation and oil-droplet wrapping
      steps of prior-art practice impossible to carry out in a controlled and
      satisfactory manner.
PAR  The water-soluble pay-load agent of Block (B) has been described as being
      present in the aqueous solution to the extent of about 10 weight percent.
      This figure is not critical but is a convenient amount to give a saturated
      internal phase solution of the pay-load agent quickly. In practice, during
      the mixing step of Block (C), small samples of the treated capsules can be
      removed from the mixing vessel for testing. If, as is preferred, the
      pay-load agent is a color-forming reactant material the removed capsules
      can be tested against a receiving sheet sensitized with a co-reactant
      material. If the developed test color is too light, additional pay-load
      agent may be added to the aqueous external solution and/or the contact
      time can be extended until further tests on later-collected samples of
      treated capsules show no further increase in developed-color intensity. At
      this point, saturation of the internal phase oil with water and pay-load
      agent may be assumed. If the test color is still lighter than desired,
      further enhancement can be achieved by the use of more capsules per unit
      area and/or the use of more concentrated sensitizing co-reactant on the
      receiving sheet.
PAR  The product of the process depicted in FIG. 1 is represented by FIG. 2
      which shows an enlarged view of a microcapsule having a wall (10) of
      organic, polymeric hydrophilic film material (preferably hardened) such as
      gelatin or poly(vinyl alcohol). The core-material (11) is a liquid droplet
      of water-immiscible oil, selected to be capable of dissolving 2 to 10
      weight percent of water, having dissolved therein water and a useful
      amount of a water-soluble pay-load agent, preferably a color-forming
      reactant material. The dissolved water and pay-load agent are preferably
      present in the core-material at a concentration to saturate the oil
      therewith.
PAR  When it is said that the microcapsules of this invention have "hydrophilic
      water-swellable, organic, polymeric-film wall material" it is meant that
      the wall includes such materials, for instance gelatin or poly(vinyl
      alcohol) and not that the wall as a whole is necessarily hydrophilic and
      water-swellable in its final state. It is well known that walls of
      hydrophilic materials may be treated to make them hydrophobic and not
      swellable with water. The process of this invention does not preclude
      later modification of the hydrophilic water-swellable walls, after
      introduction of the pay-load agent, to make them hydrophobic. Even though
      the capsule walls are made hydrophobic, said walls still contain the
      defined hydrophilic material necessary to the practice of this invention
      and the product so-made falls within the embrace of this invention.
PAC  DETAILED DESCRIPTION
PAR  The microcapsules, processes for making them, and pressure-sensitive record
      sheet material using them are set out in detail in the specific examples
      below. A general discussion of equivalent materials and procedures is
      given here to aid in understanding the specific examples which are
      illustrative and not limiting.
PAR  Capsule-wall material can be any of the many known organic, hydrophilic,
      polymeric, film-forming materials including gelatin, gum arabic, methyl
      cellulose, poly(vinyl alcohol), zein, casein and combinations thereof. The
      only requirement herein is that the wall material be oil-retaining and
      water permeable. Preferred is a combination of gelatin-gum arabic as
      taught and claimed by B. K. Green and Lowell Schleicher in U.S. Pat. No.
      2,800,457 which issued July 23, 1957.
PAR  Core-material oils can be any oil capable of dissolving about one to ten
      percent by weight of water. Oils that are capable of dissolving only much
      less than about 1 percent of their weight of water will, in use, give a
      very low yield of the selected water-soluble agent. Of course the amount
      of said agent needed at the time of use will depend on the agent's
      potential strength but, generally speaking, the lower limit of 1 percent,
      and preferably 2 percent, water solubility has been found to be a
      practical one. The upper limit of about 10 percent water solubility in the
      selected oil is governed by the requirements of the capsule-making
      process. Oils that dissolve much more than 10 percent of their weight of
      water tend to be difficult to encapsulate with hydrophilic wall material
      in an aqueous manufacturing vehicle. Furthermore, capsules with high
      aqueous core material content lose their "predominantly oily" character so
      that long-time retention of the contents becomes a problem and one of the
      objects of this invention is defeated. Oils of medium to low volatility
      and viscosity are preferred because they are more easily handled during
      the encapsulation process, are more readily retained inside the capsule
      wall if not highly volatile, and are more readily used in transfer copy
      processes if not highly viscous. In practice, organic phosphate esters,
      including trialkyl and triaryl phosphate, meet these criteria nicely.
      Preferred are tricresyl phosphate and tributyl phosphate mixtures.
PAR  Water-soluble agents for inclusion in the core-material as the pay-load
      agent are determined by the ultimate use to be made of the microcapsules.
      A variety of water-soluble agents is set out in tabular form in Example 1.
      Eligible water-soluble agents should be soluble in water to the extent of
      about 20 percent by weight. Colored agents may be used as well as
      colorless ones, but it is anticipated that this invention will find its
      widest use in "carbonless carbon-paper" constructions where colorless
      color-formers are generally used.
PAR  Record sheet materials are generally of the types and structures known as
      carbonless carbon-paper, best exemplified by "NCR paper". Various sheet
      materials such as plastic films, synthetic "papers", leather, cloth and
      paper are usuable herein, but paper is of course preferred. Copy papers
      and copy paper forms that may make use of the microcapsules of this
      invention include transfer sheets, self-contained sheets, and manifold
      copy sheet sets having transfer-receiving sheets, wherein
      liquid-containing microcapsules are distributed in a sheet or on one or
      more surfaces of one or more sheets of paper. Appropriate receiving sheets
      for use with capsule-containing transfer sheets, depend on the
      water-soluble agent selected for transfer thereto. A variety of transfer
      sheets is disclosed in the table of Example 1. Generally speaking, because
      the liquid transferred in use is predominantly oily in character, despite
      its aqueous "cargo", the receiving sheet surface should be oil-receptive
      and oil-responsive. That is, if the water-soluble agent transferred in use
      is to undergo a chemical reaction, such as a color-forming reaction with a
      co-reactant on the receiving sheet surface, the co-reactant provided on
      the receiving sheet surface should preferably be oil-soluble or at least
      capable of reacting with an oily solution at its surface.
PAR  It should be emphasized that the process of this invention does not involve
      replacement of oily capsule contents with aqueous material. The oily
      material originally present at the time of manufacture of the capsules
      remains present throughout the modification and use of the capsules of
      this invention. The process of this invention depends on providing said
      oil contents with a load of the desired aqueous agent, the choice of which
      aqueous agent depending on the intended use of the capsules. The internal
      oil is selected to be capable of dissolving at least about one up to a
      maximum of about 10 percent of its weight of water and, if it is not
      treated by the process of this invention, it will do so by picking up
      moisture from the atmosphere or from the manufacturing vehicle. The so
      picked-up water will remain inside the capsule walls as long as the oil is
      retained, which as is well known from the capsule art, can easily be
      retained for many years. By making positive use of this property of
      certain oils to hold appreciable amounts of water, a property that has
      been ignored in the prior art, the process of this invention (which
      includes the step of exposing the selected oil-containing,
      hydrophilic-walled capsules to a concentrated aqueous solution of a useful
      water-soluble agent) provides oil-containing capsules, stable as to
      content-retention, which deliver substantial amounts of water and
      water-soluble agents when the walls are ruptured.
PAR  The specific examples will set forth useful materials and methods of
      realizing the benefits of this invention. In the following examples, all
      parts or ratios are parts by weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  Gelatin-gum arabic-walled capsules containing liquid oil droplets (a 1:1
      mixture of tricresyl phosphate and tributyl phosphate) were prepared
      according to the method taught and claimed by U.S. Pat. No. 3,041,289
      which issued June 26, 1962 on application of Bernard Katchen and Robert E.
      Miller. The microcapsules, after hardening by cross-linking with
      glutaraldehyde as taught in the above reference but while still in the
      manufacturing vehicle were treated to introduce various water-soluble
      materials into the capsular corematerial. The capsular slurry was divided
      into seven equal parts, and each part was treated with one of the
      following water-soluble agents: calcozine green dye, copper chloride, zinc
      chloride, pyrogallol, ferric chloride, nickel acetate, and potassium
      iodide-iodine. The capsular slurry was stirred intermittently for 1 hour
      in the presence of the added agent now in solution in the aqueous slurry
      vehicle. At the end of this time, protective stilt particles and binder
      material was added to the aqueous capsular slurries, as is common in the
      paper-coating art. In most cases, alpha-cellulose floc fibers were used as
      stilt particles (16 parts to 100 parts of capsules) and cooked starch as
      binder material (20 parts of a 20 percent by weight aqueous cooked starch
      solution per 100 parts of capsules). Poly(vinyl alcohol) was used as the
      binder material in the case of the capsules containing the potassium
      iodideiodine combination because starch is the color-developing
      co-reactant in that case. The capsular slurries were then coated onto 13
      pound bond paper with a No. 18 Mayer rod and air dried. Total dry coat
      weight in each case was about 4.5 pounds per ream of 500 sheets measuring
      25 inches by 38 inches. The ability of the above coated sheets to transfer
      the added water-soluble agent was then measured by a standard Typewriter
      Intensity test of each type of sheet used against an appropriate facing
      receiving sheet. The Typewriter Intensity test consists of typing on the
      uncoated side of a capsule-coated transfer sheet having its capsule-coated
      side opposing a receiving sheet. The colorless transferred agent released
      from the pressure-ruptured microcapsules is developed by a co-reactant on
      the facing side of the receiving sheet. The transfer print was allowed to
      age for twenty minutes to minimize differences in the rate of development
      of print color before reflectance values were determined on the receiving
      sheet transfer print area and a background area of the receiving sheet.
      Transfer Intensity (TI) is defined as 100 times the reflectance of the
      printed area divided by the reflectance of the background area. Thus a TI
      value of 100 represents no discernible print and lesser values represent
      darker (less reflecting)prints. TI values of about 50 or slightly less are
      commonly found when commercial copy paper sets are used. The following
      Table gives the results of testing for each of the capsule-coated sheets
      described above.
TBL  ______________________________________                                    
     Water-Soluble                                                             
                Receiving Sheet  Print                                         
     Agent      Co-Reactant      Color      TI                                 
     ______________________________________                                    
     Calcozine Green                                                           
                   None          Green      51                                 
                Benzoyl-leuco-methy-                                           
                                 Blue-gray to                                  
     Copper chloride                                                           
                lene blue        blue-green 60                                 
                Crystal Violet Lactone                                         
     Zinc chloride                                                             
                (CVL)            Blue       37                                 
     Zinc chloride                                                             
                "Vermillion"-"Pink"                                            
                                 Red        68                                 
     Zinc chloride                                                             
                CVL-"Vermillion" Purple     46                                 
     Zinc chloride                                                             
                CVL-CMBIPS       Blue-black 38                                 
                N-phenylauramine-                                              
     Zinc chloride CVL                                                         
                Blue-black       31                                            
     Pyrogallol Ferric benzoate  Black      20                                 
     Ferric chloride                                                           
                Pyrogallol       Brown-black                                   
                                            30                                 
                N,N'-bis(dibenzyl)-                                            
     Ferric chloride                                                           
                dithiooxamide    Green      64                                 
                N,N'-bis(dibenzyl)-                                            
     Nickel acetate                                                            
                dithiooxamide    Red        63                                 
     Potassium io-                                                             
     dide-iodine                                                               
                Starch           Red-brown  20                                 
     ______________________________________                                    
TBL  Calcozine Green V is a water soluble green dye, not a colorless dye-      
       precursor material.                                                     
     "Vermillion" is a colorless-dye-precursor material, 2-chloro-6-diethyl-   
       amino-3-methyl-spiro [9-H-xanthene-9,1'-phthalide], that gives          
       a vermillion color when developed with acid.                            
     "Pink" is a colorless dye-precursor material, 9-diethylamino-spiro-       
       [1,2-H-benzo-(a)-xanthene-12,1'-phthalide], that gives a pink -  color  
     when developed with acid.                                                 
     CMBIPS is 1, 3, 3, trimethyl-6'-chloro-8'-methoxy [2'H-1'-benzopyran-     
       2,2'-indoline].                                                         
PAR  In all cases, the above-described capsule-coated sheets were found to still
      perform well after six weeks of storage under ambient room conditions.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was followed except that in this case, the
      capsules were isolated by filtration and air drying, following their
      modification by treatment with the added water-soluble agents. The
      capsules could be stored for indefinite periods of several weeks prior to
      coating on paper without any serious loss of activity. If the dried
      capsules were re-suspended in large amounts of water for extended periods
      of time (one to two hours or more), the water-soluble agents could be at
      least partly leached out. However, aqueous coating slurries of about 30
      percent solids content could be made up and coated immediately to give
      good functional sheets.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was followed except that N,N-diethyldecanamide
      was substituted for the 1:1 mixture of tricresyl phosphate-tributyl
      phosphate used as the core-material oil in that example. The sheets of
      this example functioned satisfactorily but were not generally as good as
      the sheets of Example 1.
PAR  Other good oils found to be useful herein include 2-ethylhexanoic acid,
      di(2-ethylhexyl)phosphonic acid, 2-ethylhexanol, isooctanol (mixed
      isomers), diisobutyl carbinol, 3-methylbutyraldehyde,
      tri(2-ethylhexyl)phosphate, N,N-dibutylbutyramide, and dibutyl
      butylphosphonate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure-rupturable liquid-droplet-containing microcapsule comprising
      hydrophilic, water-swellable, organic, polymericfilm wall material and
      core material comprising a water-immiscible oil which is capable of
      dissolving about one to ten percent by weight of water, said oil being
      further characterized by having dissolved therein water and a
      water-soluble color-forming reactant material all mutually dissolved to
      yield a core material of a single phase solution.
NUM  2.
PAR  2. The microcapsule of claim 1 wherein the oil is an organic phosphate
      ester.
NUM  3.
PAR  3. The microcapsule of claim 1 wherein the color-forming reactant material
      is zinc chloride.
NUM  4.
PAR  4. The microcapsule of claim 1 wherein the core-material oil is saturated
      with water and the water-soluble color-forming reactant material.
NUM  5.
PAR  5. The microcapsule of claim 1 wherein the wall material is hardened
      hydrophilic film material.
NUM  6.
PAR  6. The microcapsule of claim 5 wherein the hydrophilic film material is
      hardened by addition thereto of hydrophobic organic polymeric film
      material.
NUM  7.
PAR  7. The microcapsule of claim 5 wherein the wall material includes gelatin,
      the oil is selected from the group consisting of tricresyl phosphate and
      tributyl phosphate, and the color-forming reactant material is zinc
      chloride.
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ABST
PAL  An oxidation inhibitant paint for coating the surfaces of carbon or
      graphite articles comprises a suspension of about 10 to about 35 percent
      finely divided elemental boron, dispersed in a thermosetting resin such as
      a solution of furfuryl alcohol prepolymer, furfural and maleic anhydride.
      Silica or boron nitride may be added to the paint mixture, a preferred
      paint composition having about 22 to 23 percent boron and 2 to 3 percent
      silica, dispersed in a resin solution of about 48 to 49 percent furfuryl
      alcohol prepolymer, about 48 to 49 percent furfural and about 2 to 4
      percent maleic anhydride. The paint may be applied to the carbon article
      (e.g., by brushing, spraying, dipping or rolling) and then cured to give a
      firmly adherent coating of resin, silica and elemental boron. The coating
      is strongly resistant against thermal and mechanical stresses applied to
      the carbon article, protecting the carbon against oxidation at
      temperatures up to at least 900.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Carbon and graphite articles have found many applications in modern
      industry, particularly in the aerospace and aviation fields, where
      resistance to corrosion, high temperature, thermal shock and excellent
      wear characteristics are required of the material to be used. In this
      connection, reinforced articles consisting essentially of carbon or
      graphite fibers bound by a carbon or graphite matrix into integral bodies
      have been very useful. Exposure to high temperatures in the presence of
      oxygen shortens the useful life of such bodies due to oxidative erosion.
      Since carbon and graphite are otherwise resistant to elevated
      temperatures, protection against oxidation is highly desirable. A certain
      degree of oxidation resistance may be achieved by incorporating various
      additives within the matrix of the carbon or graphite bodies during
      manufacture. This procedure is difficult and time consuming however, and
      does not provide maximum protection to the exterior surface of the
      article, the area where oxidation usually begins. A quicker and easier
      treatment is desirable in which the carbon or graphite article can be
      treated after fabrication and then maintained in an oxidation resistant
      state afterwards by periodic treatments, if required. Several types of
      treatments have been developed for the protecive coating of carbon or
      graphite articles. These leave much to be desired, however, with respect
      to such factors as coating durability and protective ability at relatively
      high temperatures of up to at least 900.degree.C.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a paint for protecting carbonaceous articles against
      oxidation, the paint comprising a suspension of finely divided elemental
      boron in an uncured thermosetting resin solution. The boron may comprise
      from about 10 to about 35 percent of the paint suspension, preferably
      about 20 to 25 percent with the balance being the uncured resin solution.
      This resin solution may preferably comprise about 40 to 60 percent
      furfuryl alcohol prepolymer, about 40 to 60 percent furfural and about 1
      to 10 percent maleic anhydride. Finely divided boron nitride or silica may
      also be added to the paint composition; the boron, boron nitride and
      silica preferably having average particle diameters ranging from about 0.5
      to 2 microns. The paint is applied to the surface of the carbonaceous
      substrate and the thermosetting resin is cured, preferably at
      300.degree.-400.degree.F under an inert atmosphere, to give an oxidation
      resistant coating. Oxidation resistant carbon articles are provided by
      this method in which the coating provides oxidation protection up to
      temperatures of at least about 900.degree. C.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the present invention, carbonaceous articles are made
      oxidation resistant by coating a carbonaceous substrate with a paint of
      finely divided boron suspended in an uncured thermosetting resin solution.
      In this description, the word "carbon" refers to carbon in all its forms,
      including graphite, and "carbonaceous articles" or "carbon articles" refer
      to various articles consisting primarily of carbon. All percentages used
      in the following specification and claims are by weight, unless otherwise
      specified.
PAR  The coating paint comprises from about 10 to about 35 percent finely
      divided elemental boron dispersed in from about 65 to about 90 percent of
      a thermosetting resin solution, such as one containing furfuryl alcohol
      prepolymer, furfural and maleic anhydride. In addition to the boron, other
      refractory materials such as boron nitride and silica may also be included
      in the paint. A preferred paint composition comprises from about 20 to
      about 25 percent boron with from about 75 to about 80 percent of the
      thermosetting resin solution. The solution preferably comprises about 40
      to about 60 percent furfuryl alcohol prepolymer, about 40 to about 60
      percent furfural and about 1 to about 10 percent maleic anhydride. The
      furfuryl alcohol prepolymer is a commercially available product, being
      sold, for example, by Varcum Chemical Division of Reichhold Chemicals,
      Inc., Niagara Falls, N.Y. The surface of the carbon article to be coated
      is preferably first cleaned by abrasion or otherwise, then washed with a
      solvent such as methanol or tricholroethylene and oven dried. It is
      important for best results that the article be thoroughly cleaned and that
      no impurities such as grease or oil remain upon the surface. After
      cleaning, the paint is then applied by conventional techniques such as
      brushing or spraying, care being taken to apply the coating in a thin
      uniform layer without leaving droplets or beads on the corners of the
      article. The coating is then cured by a thermal treatment appropriate to
      the thermosetting resin employed. For the preferred furfuryl alcohol
      prepolymer, furfural and maleic anhydride thermosetting resin solution,
      curing is preferably accomplished by heating at 300.degree.-400.degree.F
      in an autoclave for about 2 hours, the autoclave being kept under an inert
      gas pressure of about 120 psi. In an alternate method, the curing may be
      done in an oven at 300.degree.-400.degree.F under atmospheric conditions.
      Air curing at room temperature is not recommended, but may be acceptable
      if the above heat treatment is not convenient.
PAR  When properly applied and cured, the oxidation resistant coating is
      effective at temperatures as high as at least 900.degree.C and oxidation
      is greatly reduced, as compared with similar uncoated articles at these
      temperatures. As previously pointed out, oxidation resistance is highly
      important in carbon articles, especially for reinforced and laminated
      articles which are subjected to both high temperatures and mechanical
      stresses during service. While the paint of the invention was developed
      primarily for the protection of these types of carbon articles, it is not
      limited to these, but may also be used to protect the exterior surfaces of
      dense carbon articles such as insulating blocks and casting molds, which
      also attain high temperatures in service.
PAR  Carbon articles show little change in appearance after being coated with
      the paint of the invention. The paint cures to leave a light brown coating
      of inorganic component and polymerized resin on the surface of the
      article. The cured coating may have at least one finely divided refractory
      material as an inorganic component, the material being boron nitride,
      silica, elemental boron or a mixture of these. The coating is thin
      (preferably about 0.001 in. thickness) and adheres strongly to the carbon
      surface, retaining this adherance even when subjected to mechanical shock
      and thermal cycling. As mentioned previously, the coating protects the
      carbon against oxidation at temperatures up to at least 900.degree.C. At
      this point, the resin component has carbonized but the boron, boron
      nitride, silica or a mixture of these, remain as protective components.
      Boron is the essential component and while the function of this in
      oxidation resistance is not definitely known, it seems probable that
      instead of the carbon being oxidized a thin glassy protective coating of
      boron oxide is formed at and partly within the carbon surface, thus acting
      to protect the underlying carbon against oxidation.
PAR  While the use of elemental boron is essential in the paint of the
      invention, the paint may contain, as previously mentioned, additional
      materials such as boron nitride or silica. Boron nitride may be added in
      amounts ranging from about 1 to about 15 percent of the paint mixture
      while silica may be added in amounts ranging from about 1 to about 5
      percent of the mixture. A preferred paint composition, including silica,
      may comprise from about 22 to about 23 percent boron, from about 2 to
      about 3 percent silica and about 75 percent of a thermosetting resin
      solution, the solution having (by weight of the solution) about 48 to 49
      percent furfuryl alcohol prepolymer, about 48 to 49 percent furfural and
      about 2 to 4 percent maleic anhydride. The boron, boron nitride, and
      silica are finely divided particles, preferably having average particle
      diameters in the range of about 0.5 to 2 microns, although larger or
      smaller particles, at least as large as  10 microns or as small as 0.2
      microns, may be used. Commercial grades of boron, boron nitride and silica
      have given satisfactory results in the compositions of the invention. An
      example of a commercial grade of boron which can be used in the present
      invention is that supplied by the American Potash & Chemical Corporation
      which comprises about 90 to 92 percent pure boron, about 4 to 6 percent
      magnesium and less than about one percent each of various residual
      materials. Since the thermosetting resin functions primarily as a coating
      vehicle for the finely divided boron, the use of resins other than those
      described is included in the concepts of the invention. Such alternate
      resins may include for example, resins such as phenolic resins, polyester
      resins (including alkyd resins), amino resins, epoxy resins, polyurethane
      resins, silicone resins, pitch and mixtures thereof.
PAR  One method of coating and testing a carbon body is described in the
      following example.
DETD
PAC  EXAMPLE
PAR  Three paint mixtures were prepared for testing. The first paint was made by
      thoroughly mixing 25 gms. of finely divided commercial grade (90-92% pure)
      elemental boron with 75 gms of polymerizable resin solution. The second
      paint was made in a similar fashion from a mixture of 12.5 gms. of
      elemental boron and 12.5 gms. of boron nitride in 75 gms. of resin
      solution, while the third paint was made from a mixture of 22.5 gms. of
      boron and 2.5 gms. silica, also in 75 gms. of resin solution. The boron,
      boron nitride and silica were finely divided, with particles having
      average diameters in the range of about 0.5 to 2 microns. The resin
      solution had the composition of about 48 percent furfuryl alcohol
      prepolymer, about 48 percent furfural, and about 4 percent maleic
      anhydride.
PAR  Light coatings of the three paints were brushed on the surface of a small
      piece of reinforced laminated carbon substrate, the surface having been
      cleaned with a wire brush prior to coating. The carbon substrate was a
      small piece of reinforced carbon made in accordance with U.S. Pat. No.
      3,462,289, the piece being about 8 in. long by about 5/8 in. high and 5/8
      in. width. The paint coatings were brushed on the piece in separate bands
      so that only part of the surface was covered, the other part remaining
      uncoated for comparison. The piece was heated at 350.degree.F in an
      autoclave under a nitrogen pressure of 120 psi for 45 minutes, followed by
      an additional heating for 15 minutes without pressure to complete the
      curing of the coatings. The coated piece was then heated in a muffle
      furnace for one hour at 800.degree.-850.degree.C while exposed to air. The
      coated surfaces showed no oxidation, in contrast to the uncoated surface
      which, after the hour in the muffle furnace, showed severe oxidative
      deterioration.
PAR  Heating of the coated sample was continued as before and the treated
      surfaces were examined at one hour intervals. After four more hours of
      heating, the coated surfaces were still intact but some oxidation had
      taken place at the boundaries of the coated areas where part of the
      coating had been undermined due to oxidation of the uncoated surface and
      penetration of the oxidative process beneath the surface of the coating on
      the coated areas.
PAR  Although in the example given, the paint of the invention was applied with
      a brush, other methods of application may be used such as spraying,
      dipping or rolling, spraying being especially useful for coating carbon
      articles of irregular contours. It is desirable that the application
      method be such that a thin uniform coating results, bead or droplet
      formation in the coating will result in weak spots when the article is
      heated for curing. Further testing on carbon articles, coated with the
      compositions of the invention and properly cured according to recommended
      procedures, have shown that these compositions and methods provide
      superior oxidation protection. The boron containing coating is firmly
      adherent to the surfaces of the carbon articles and resists high
      temperatures, this combination of properties thereby providing unique and
      long lasting protection to articles which are subjected to both thermal
      and mechanical stresses.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for making a carbonaceous article comprising reinforced and
      laminated carbon oxidation resistant by forming a coating thereon,
      comprising the steps of:
PA1  a. coating the surface of the article with a thin uniform layer of a
      suspension comprising about 10 to about 35% of elemental boron having an
      average particle diameter in the range of about 0.5 to about 2 microns,
      said elemental boron being dispersed in a thermosetting resin solution,
      said solution comprising about 40 to about 60% furfuryl alcohol
      prepolymer, about 40 to about 60% furfural and about 1 to 10% maleic
      anhydride; and
PA1  b. heating the coated article in the temperature range of about 300.degree.
      to about 400.degree.F under an inert atmosphere, thereby curing the coated
      suspension for forming the oxidation resistant coating on the article.
NUM  2.
PAR  2. An oxidation resistant carbonaceous article comprising reinforced and
      laminated carbon having a surface coating of finely divided elemental
      boron, said elemental boron having average particle diameters in the range
      of about 0.5 to about 2 microns, said elemental boron suspended in a cured
      thermosetting resin, the elemental boron comprising about 10 to about 35%
      of said resin suspension, and said resin comprising about 40 to about 60%
      furfuryl alcohol prepolymer, about 40 to about 60% furfural, and about 1
      to about 10% maleic anhydride, said coating having been deposited on the
      exterior of said carbonaceous article from the application of said
      elemental boron containing resin suspension.
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ABST
PAL  A metal-clad laminate as a base board for a flexible printed circuit,
      consisting of a metal foil and a base sheet composed of a fibrous base
      material impregnated with a resin composition comprising a polyepoxy
      compound and a styrene copolymer containing structural units of maleic
      anhydride and/or a monoalkyl maleate. The said resin composition cures
      rapidly, so that the fibrous base material impregnated with said
      composition can be laminated in a continuous way with a metal foil and,
      moreover, the composition imparts to the resulting laminate flexibility
      and heat resistance suitable for flexible printed circuits. Said resin
      composition may comprise, in addition to the above-said components, a
      reactive epoxy diluent, an acrylonitrile-butadiene copolymer, and/or a
      mixture of a saturated polyester resin and a polyisocyanate compound, in
      order to improve the flexiblity and adhesion of the base sheet to metal
      foil. A prepreg obtained by impregnating the fibrous base material with
      the above-resin composition is not only suitable for manufacturing a
      flexible printed circuit base board excellent in soldering
      heat-resistance, bending resistance, and parts-loadability, but also
      usable as a heat-resistant cover-lay for flexible printed circuits or as
      an interlayer adhesive sheet.
BSUM
PAR  This invention relates to a base board for flexible printed circuits which
      is suitable for a highly compacted three-dimensional wiring in electronic
      instruments, and to a method for manufacturing the same.
PAR  An object of this invention is to provide a metal-clad laminate for printed
      circuits, which has a high bond strength along with excellent flexibility,
      heat resistance, and chemical resistance and is extremely useful in actual
      service, obtained by impregnating an electrically insulating fibrous base
      material with a resin composition and bonding the resulting base sheet to
      a metal foil.
PAR  Another object of this invention is to provide a resin composition suitable
      for obtaining a metal-clad laminate for flexible printed circuits having
      the above-noted excellent qualities by impregnating an electrically
      insulating fibrous base material with said resin composition and bonding
      the resulting base sheet to a metal foil in a continuous way by means of a
      roll-laminator.
PAR  A further object of this invention is to provide an electrically insulating
      fibrous base material impregnated with a resin composition, which is
      highly heat-resistant and suitable as an insulating cover-lay of the
      flexible printed circuits, for the multi-lamination of flexible printed
      circuits to one another and for bonding of a flexible printed circuit to a
      rigid printed circuit.
PAR  In recent years, with the progress of electronic and electric instrument
      industries, reduction in size and weight and high reliance of instruments
      for communications industry, home applicances and the like, and
      simplification of assembling system have been required, and the use of
      highly compacted and high-performance printed circuit boards has been
      desired. Particularly, a flexible printed circuit board having a thin and
      light base sheet and foldable enough to be three-dimensionally assembled
      can meet the above requirements and has an advantage in achieving the
      rationalization of wiring by permitting three-dimensional wiring which has
      been impossible with conventional rigid printed circuit boards, whereby
      its application field is being further expanded.
PAR  The insulating base materials used for the flexible printed circuit boards
      have generally been such highly flexible plastic films as polyester film,
      polyethylene film, polyvinyl chloride film, polyamide-imide film, and
      polyimide film. However, polyester film, polyethylene film, and polyvinyl
      chloride film are poor in soldering heat-resistance required in assembling
      the printed circuit board in instruments, while polyamide-imide film and
      polyimide film, though excellent in heat resistance, have a disadvantage
      of an extremely high price which renders economically difficult their use
      in common devices. Although excellent in flexibility, the printed circuit
      boards having these films as the base material are, on the other hand, too
      soft to be loaded with small parts such as IC and capacitors, so that in
      some cases it becomes necessary to back the circuit portion with a rigid
      insulating sheet in contradiction to the originally intended use of said
      board in highly compacted mounting.
PAR  Under the above circumstances, it would be extremely advantageous if a
      flexible base board should be available which is comparable in price with
      a generally used polyester film, yet superior in soldering heat-resistance
      at a temperature (260.degree.C. or higher) at which an eutectic tin-lead
      solder can be used in assempling the printed circuit board, and which is
      flexible, yet capable of being loaded with parts.
PAR  An electrically insulating fibrous base material such as, for example,
      glass fabric, is preferable as the base material for obtaining such
      flexible printed circuits as mentioned above, because said base material
      has an adequate stiffuess, is also excellent in chemical characteristics,
      heat resistance, and dimensional stability, and is less expensive than the
      heat-resistant resin films. However, the properties of a thin insulating
      base sheet made of such a fibrous material impregnated with a resin
      depend, to a great extent on the characteristics of the resin used. For
      instance, a thin laminate made by impregnating such a fibrous material
      with a conventional thermosetting resin such as an epoxy resin or phenolic
      resin and then bonding it to a metal foil is rigid and brittle, and hence,
      when the laminate is assembled in the folded form into flexible printed
      circuit board, a fatal difficulty results such as breaking of the circuit
      or the like. On the other hand, impregnation with a thermoplastic resin
      affords flexibility but deteriorates the heat resistance and causes
      another difficulty in connecting the printed circuits by use of an
      eutectic solder.
PAR  The flexibility of a thermosetting resin depends largely on the
      crosslinking density of the cured resin. In a system of, for example, a
      conventional epoxy resin and a curing agent, when the crosslinking density
      is kept low by adjusting the amount of the curing agent, the flexibility
      increases whilst unreacted epoxy resin remains in the cured resin or the
      intermolecular bond becomes loose, whereby the cured resin becomes
      susceptible to attack of those chemicals and solvents which are
      necessarily used in working on the printed circuit board. Similarly, when
      an epoxy compound of a low molecular weight, generally known as a
      flexibility-imperting agent, is simply added to a system of a conventional
      epoxy resin and a curing agent, the flexibility is improved while the heat
      resistance and chemical resistance become inferior. As mentioned above,
      since the properties required for a resin for flexible printed circuit
      base board, that is, the flexibility on one hand and the heat resistance
      and chemical resistance on the other hand are contradictory to each other,
      it has been very difficult to find a resin composition having these
      properties altogether.
PAR  For manufacturing a flexible metal-clad laminate in which the base sheet is
      a fibrous base material, it is possible to adopt a method in which the
      base is bonded to the metal foil by heating them together in a hot
      platen-press for a period of 0.5 to 3.0 hours, as in the production of
      conventional rigid laminates. However, since the starting materials are
      usually available in the form of webs, if it is possible to manufacture
      the laminate by application of a continuous process in which the base
      material is impregnated with the resin composition, and thereafter passed
      together with a metal foil through between hot rolls to effect bonding,
      the course of manufacture could be simplified, the production speed could
      be increased and a continuous treating method could be applied to
      subsequent steps for manufacturing printed circuits, and hence, a great
      economical advantage could be obtained. For this purpose, it is necessary
      that the resin composition cures in a bonding time far shorter than in the
      case of hot press method, i.e. as short as about 0.5 to 5.0 seconds or so,
      whereby to the resulting laminate are imparted important properties
      required for printed circuits, such as strong adhesive strength, excellent
      resistance to heat and chemicals, and excellent electrical properties.
      However, because with conventional phenol resin or epoxy resin curing
      agent systems, the curing time is long, the above-said continuous process
      employing a roll-laminator cannot be applied. When an epoxy resin is used
      in combination with a low temperature-type curing agent such as aliphatic
      amine, curing is fast, but the resin is hardly kept in the B-stage which
      is necessary to allow the resin to flow properly at the time of
      roll-laminating and also the cured resin is poor in chemical resistance
      and heat resistance.
PAR  Thus, when conventional resin compositions are used, it is quite difficult
      to obtain a metal-clad laminate based on a fibrous base material, which
      meets the severe requirements for flexible printed circuits, and there has
      been found no resin composition applicable to a continuous process
      employing the roll-laminating method.
PAR  This invention provides an excellent resin composition free from the
      aforesaid various defects of conventional compositions, which composition
      can impart an excellent flexibility, chemical resistance, and heat
      resistance to the base sheet and which can also be suited because of its
      rapid curability, to a continuous roll-laminating procedure. This
      invention also provides a method for obtaining a novel and economically
      advantageous base board material which has highly balanced fundamental
      characteristics required for flexible printed circuits, by impregnating an
      electrically insulating fibrous base material with the said resin
      composition and bonding the impregnated fibrous base material to a metal
      foil.
PAR  The resin composition for use in this invention comprises as the essential
      constituents a mixture of 100 parts by weight of at least one polyepoxy
      compound having at least 2 epoxy groups in the molecule and 10 to 300
      parts by weight of at least one of the following acid-cntaining, high
      molecular weight, curing agents:
PA1  Copolymer A: copolymer of an aromatic vinyl compound with maleic anhydride,
      which contains at least 30 mole percent of maleic anhydride structural
      units in the molecule;
PA1  Copolymer B: alkyl partial ester of said copolymer A;
PA1  Copolymer C: copolymer of an aromatic vinyl compound with an alkyl maleate,
      which contains at least 30 mole percent of the monoalkyl maleate
      structural units in the molecule; and
PA1  Copolymer D: copolymer of an aromatic vinyl compound with maleic anhydride
      and an alkyl maleate, which contains at least 30 mole percent, in total,
      of maleic anhydride structural units and monoalkyl maleate structural
      units in the molecule.
PAR  Owing to the maleic anhydride group or the carboxyl group contained in the
      molecule, these copolymers A, B, C, and D are such high molecular weight
      substances that are highly reactive with the polyepoxy compound, and, in
      themselves, stable thermally and chemically, and also excellent in
      electrical properties.
PAR  With a system comprising a conventional epoxy compound and a curing agent
      of a low molecular weight, the complete curing results in an increased
      crosslinking density, and a decreased flexibility, and the reduction in
      crosslinking density for the purpose of imparting flexibility results in
      reduction in both heat resistance and chemical resistance. Thus, these
      properties are inconsistent with each other. To the contrary, the
      copolymers A, B, C, and D for use in this invention are high molecular
      weight curing agent, and hence, when they are reacted with the polyepoxy
      compounds, the molecular weight between the resulting crosslinkages is
      high even after complete curing, and therefore, the cured product is
      excellent in flexibility as well as stable against chemicals, solvents,
      and heat. The base board obtained by impregnating a fibrous base material
      with the resin composition and then curing the resin has a flexibility in
      combination with resistance to heat and chemicals and electric properties
      in the consistent state, required for flexible printed circuits. Among
      these copolymers, those containing a large amount of maleic anhydride or
      monoalkyl maleate structural units are highly reactive with the polyepoxy
      compounds, and hence, the resin composition containing said copolymers as
      curing agents becomes extremely rapid-curing and can be kept in a stable
      B-stage at low temperatures. Therefore, it is suitable as an impregnant
      for use in a fibrous base material which after impregnation can be bonded
      to a metal foil in a short period of time by means of hot rolls. Thus, the
      present resin composition contribute to the first establishment of a
      continuous process for manufacturing a laminate for flexible printed
      circuits using an epoxy resin. When used in an ordinary press-laminating
      procedure, the rapid curability of the present resin composition enables
      to shorten the time of bonding under applied heat and pressure and to
      increase the number of production cycles.
PAR  The aromatic vinyl compounds in the copolymers A, B, C, and D are styrene,
      styrene derivatives such as methylstyrene, dimethylstyrene, ethylstyrene,
      .alpha.-methylstyrene, .alpha.-methyl-p-isopropylstyrene, and
      divinylbenzene; and halogenated styrene and styrene derivatives. A
      copolymer containing two or more aromatic vinyl compounds may also be
      used.
PAR  The copolymer A is obtained by copolymerization of such an aromatic
      compound with maleic anhydride and contains in its molecule at least 30
      mole percent, preferably at least 35 mole percent, of the maleic anhydride
      structural units.
PAR  The copolymer B is obtained by partial esterification of the copolymer A
      with an aliphatic alcohol and may contain in the molecule structural units
      of maleic anhydride, maleic acid, monoalkyl maleate, and dialkyl maleate,
      and the degree of esterification is preferably 50 mole percent or less of
      the total amount of maleic anhydride structural units.
PAR  The copolymer C is obtained by copolymerization of an aromatic vinyl
      compound with a monoalkyl maleate or copolymerization of an aromatic vinyl
      compound with a monoalkyl maleate and dialkyl maleate, and contains in the
      molecule at least 30 mole percent, preferably at least 50 mole percent, of
      monoalkyl maleate structural units.
PAR  The copolymer D is obtained by copolymerization of an aromatic vinyl
      compound with maleic anhydride and a monoalkyl maleate and/or a dialkyl
      maleate and contains in the molecule at least 30 mole percent, preferably
      at least 40 mole percent of the maleic anhydride structural unit or the
      sum of structural units of maleic anhydride and of monoalkyl maleate.
PAR  The alkyl groups in the alkyl esters of maleic acid in the copolymers B, C,
      and D are those having 1 to 20, preferably 1 to 10, carbon atoms, such as
      methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl,
      n-pentyl, n-hexyl, tert-amyl, n-heptyl, isooctyl, 2-ethyl-1-hexyl,
      n-nonyl, and n-decyl groups. The copolymers C and D may contain two or
      more different alkyl groups.
PAR  In order that the resin composition of this invention may have a favorable
      reactivity with the polyepoxy compound and impart to the cured resin an
      excellent heat resistance and chemical resistance, the proportion of
      structural units of maleic anhydride and/or monoalkyl maleate in the
      copolymers A, B, C, and D is critical and if the proportion is below 30
      mole percent, the base sheet obtained by use of a resin composition
      containing such copolymers is unsatisfactory in chemical resistance at the
      time of processing of printed circuits and also unsatisfactory in
      soldering heat-resistance at the time of assembling of the resulting
      printed circuits; and the curing time of said resin composition is too
      long to be used even in the press-laminating procedure.
PAR  Although depending upon the reactivity of the copolymers A, B, C, and D,
      the ratio of these copolymers to the polyepoxy compound may be freely
      selected in the range of 10 to 300 parts, preferably 30 to 200 parts, by
      weight per 100 parts by weight of at least one polyepoxy compound. Among
      the copolymers, the copolymer A is the highest in reactivity and when it
      is used alone for only the polyepoxy compound, 30 to 100 parts by weight
      of the copolymer A is sufficient, while when the resin composition
      contains other reactive components, a larger amount of the copolymer A may
      be used or the copolymer B, C, or D may be used together with the
      copolymer A, to adjust the curing time, control the balance of other
      characteristics or improve the flow of the resin composition in the
      laminating step. Although an amount of 30 to 200 parts by weight of the
      copolymer B, C, or D is preferred when such a copolymer is used alone for
      the polyepoxy compound, the amount may be increased up to 300 parts by
      weight when the resin composition contains other reactive components. When
      the copolymer A, B, C, or D or mixtures thereof are used in an amount of
      less than 10 parts by weight per 100 parts by weight of the polyepoxy
      compound, a sufficiently cured product cannot be obtained while when the
      amount exceeds 300 parts by weight, the cured resin composition becomes
      defective in chemical resistance and adhesive strength. The number-average
      molecular weight of the copolymer to be used may be 1,000 to 60,000 or
      thereabout, preferably 2,000 to 30,000.
PAR  The polyepoxy compounds having at least 2 epoxy groups in the molecule,
      which are used in this invention, include common epoxy compounds such as
      diglycidyl ethers derived from bisphenols or halogenated bisphenols;
      cycloaliphatic polyepoxy compounds; glycidyl ethers of novolak resins,
      polyphenols, or polyhydroxyphenols; glycidyl ethers or esters derived from
      aromatic hydroxycarboxylic acids or aromatic dicarboxylic acids;
      diglycidyl esters of dimer acids; and diglycidyl ethers of polyalkylene
      glycols. The epoxy equivalent of these compounds may be 100 to 4,000 or
      thereabout, preferably 100 to 1,000 or thereabout.
PAR  Testing of the polyepoxy compound is conducted in the following way: A
      piece of glass cloth, 0.1 mm in thickness, is impregnated with a mixture
      of 100 parts by weight of a polyepoxy compound to be tested and 100 parts
      by weight of a styrene-moleic anhydride copolymer (containing 50 mole
      percent of maleic anhydride structural unit) included in the copolymer A,
      dried and then heated and pressed by means of a hot press to obtain a
      completely cured specimen. If the specimen shows a folding endurance of
      100 or higher in terms of number of foldings as measured according to the
      testing method for folding endurance, specified in JIS P 8115, the
      polyepoxy compound used as the test sample is preferable for the object of
      this invention. The polyepoxy compound which shows such a folding
      endurance is herein referred to as "flexible polyepoxy compound".
PAR  The polyepoxy compounds which meet the definition given above include
      Epikote 871 (a registered treademark for diglycidyl ester of dimer acid of
      Shell Chemical Corp.), Epikote 872 (a registered trademark for modified
      diglycidyl ester of dimer acid of Shell Chemical Corp.), DER 732 (a
      registered trade mark for modified diglycidyl ester of dimer acid of Shell
      Chemical Corp.), DER 732 (a registered trade mark for polyalkylene glycol
      diglycidyl ester of Dow Chemical Co.), Adeka Resin EP 4000 (a registered
      trademark for diglycidyl ether of an adduct of bisphenol-A and alkylene
      oxide of Asahi Denka Kogyo Co.), Epiclon 1030 (a registered trademark for
      polyepoxy compound of ether-ester type of Dai Nippon Ink Co.), and Adeka
      Resin EPU-10 (a registered trademark for urethane-modified polyepoxy
      compound of Asahi Denka Kogyo Co.). In this invention, it is preferable
      that 20% by weight or more of such a flexible polyepoxy compound be
      contained in the polyepoxy comcompound, that is, 100 parts by weight of a
      preferable mixture of polyepoxy compounds contain 20 to 100 parts by
      weight of a flexible polyepoxy compound selected in the above-said way and
      0 to 80 parts by weight of other common polyepoxy compounds.
PAR  Among the said flexible polyepoxy compounds, particularly preferred are
      those epoxy compounds of the polyether type which are represented by the
      general formula,
      ##SPC1##
PAL  wherein R is an alkylene group having 2 to 4 carbon atoms, R' and R" are
      hydrogen atoms or alkyl groups having 1 to 5 carbon atoms, and m and n are
      integers of 1, 2, or 3, because such a polyether-type epoxy compound is
      highly flexible owing to its molecular structure and the cured resin is
      stable against heat and chemicals and also excellent in electrical
      properties.  Moreover, such a polyepoxy compound is highly reactive and
      when used in combination with the present acid-containing, high molecular
      weight curing agent, the reaction is apt to keep the B-stage. Since such a
      resin composition is excellent in both rapid curability and flow property
      when heated, it is particularly suitable for use in the continuous
      manufacture of a metal-clad laminate by the short-time bonding procedure
      using hot rolls.
PAR  In order to increase both the adhesion to a metal foil and the flexibility
      of the impregnated base sheet upon curing, the resin composition of this
      invention can be blended with the following components as long as the heat
      resistance and chemical resistance of the laminate are not impaired:
PA1  1. A reactive epoxy diluent having in the molecule at least one epoxy
      group.
PA1  2. An acrylonitrile-butadiene copolymer containing 25 to 50% by weight of
      the acrylonitrile component
PA1  3. A mixture comprising a high molecular weight saturated linear polyester
      resin obtained by polycondensation of a dibasic acid with a dihydric
      alcohol; and a polyisocyanate compound having in its molecule at least
      2isocyanate groups.
PAR  Any of the above components may be incorporated in an amount of 5 to 70
      parts by weight per 100 parts by weight of the aforesaid polyepoxy
      compound.
PAR  The reactive epoxy diluent of the component (1) is a low molecular weight
      mono- or polyepoxy compound usually added to an epoxy resin to reduce the
      viscosity, such as, for example, glycidyl ethers of alkyl-, aryl-,
      aralkyl-, or aryloxy-alcohols; diglycidyl ethers of alkylene glycols;
      glycidyl esters of saturated or unsaturated aliphatic acids; and epoxides
      of alkyl- or aryl-olefins, the number-average molecular weight of these
      compounds being 100 to 2,000 or thereabout. Preferably compounds are butyl
      glycidyl ether, aryl glycidyl ethers, butanediol glycidyl ether,
      hexanediol glycidyl ether, phenyl glycidyl ether, cresyl glycidyl ether,
      glycidyl ester of acrylic acid or methacrylic acid, and styrene oxide.
PAR  Since said compounds have a structure closely related to that of monomers
      of the epoxy resin, they have good compotibility and reactivity with the
      polyepoxy compound. They improve the cured resin in flexibility by
      decreasing the crosslinking density, and in adhesive strength to a metal
      foil etc., by decreasing the cohesion at the interface. However, the
      amount to be added is critical. If the amount added per 100 parts by
      weight of the polyepoxy compound is less than 5 parts by weight, the
      improvement in flexibility and adhesive strength becomes insufficient,
      while if it exceeds 70 parts by weight, the cured resin becomes
      deteriorated in heat resistance and chemical resistance due to residual
      unreacted diluent and decreased intermolecular force. Therefore, a
      preferred amount is within the range from 5 to 40 parts by weight per 100
      parts by weight of the polyepoxy compound.
PAR  The acrylonitrile-butadiene copolymer of the component (2) to be used is
      that of a relatively high acrylonitrile content, said content being 25 to
      50% by weight based on the total weight of the copolymer. Such copolymers
      have favorable compatibility with the present resin composition and impart
      to the latter a high adhesive strength particularly to a metal foil
      resulting from the polarity of a CN radical. The fibrous base sheet
      impregnated with a resin composition containing such a copolymer is
      markedly improved in flexibility. If the acrylonitrile content of the
      copolymer is less than 25% by weight, compatibility with the adhesive
      composition becomes poor, while if said content exceeds 50% by weight,
      deterioration in electrical properties results. A favorable acrylonitrile
      content falls in the range of from 30 to 45% by weight. The amount to be
      added is also critical. If the amount added per 100 parts by weight of the
      polyepoxy compound is less than 5 parts by weight, the impovement in
      flexibility and adhesive strength becomes insufficient, while if it
      exceeds 70 parts by weight, the cured resin becomes deteriorated in heat
      resistance and electrical properties. A favorable amount to be added falls
      in the range of from 5 to 50 parts by weight.
PAR  The polyester resins of the component (3) are linear polyester resins
      obtained by polycondensation of aromatic or cycloaliphatic dicarboxylic
      acids such as, for example, terephthalic acid, isophthalic acid, and
      hexahydroterephthalic acid or aliphatic dicarboxylic acids having 4 to 12
      carbon atoms such as adipic acid, sebacic acid, and azelaic acid, with
      aliphatic dihydric alcohols such as ethylene glycol or dihydric aryl or
      aralkyl alcohols such as resorcinol and p-xylene glycol; those which are
      obtained by co-condensation using two or more dicarboxylic acids or
      glycols are also included. These polyester resins to be used have a
      number-average molecular weight of 5,000 to 60,000 or thereabout,
      preferably 8,000 to 40,000 or thereabout.
PAR  The polyisocyanate compounds to be used include, for example, tolylene
      diisocyanate, diphenylmethane diisocyanate, m-phenylene diisocyanate,
      hexamethylene diisocyanate, triphenylmethane triisocyanate; reaction
      products of trimethylolpropane and tolylene diisocyanate; those
      polyisocyanate compounds which have their isocyanate groups blocked with a
      phenol or the like; and polyurethane prepolymers obtained by reacting an
      excess of these polyisocyanates with polyols. The mixing ratio of such a
      polyisocyanate to the aforesaid polyester resin is preferably 1 to 20
      parts by weight to 100 parts by weight of the polyester resin, depending
      chiefly on the chemical equivalent of the reactants.
PAR  When added to the present resin composition, such a polyester
      resin-polyisocyanate component does not disturb the reaction between a
      polyepoxy compound and an acid-containing, high molecular weight curing
      agent, which are the main components of the resin composition, and cures
      uniformly by the reaction promoted by heating, thereby imparting
      distinguished adhesive strength, flexibility, and improved electrical
      properties to the cured resin. The resin composition incorporated with the
      said component is suitable for obtaining a flexible laminate for printed
      circuits having a high folding endurance by applying to an insulating
      fibrous base material. The amount of the said component to be added is
      critical in relation to other properties. If the amount added per 100
      parts by weight of the polyepoxy compound is less than 5 parts by weight,
      the improvement in flexibility and adhesiveness becomes insufficient,
      while if it exceeds 70 parts by weight, heat resistance of the cured resin
      is deteriorated. A favorable amount to be added is within the range from 5
      to 50 parts by weight per 100 parts by weight of the polyepoxy compound.
PAR  In this invention, the components (1), (2), and (3) may be used in
      combination of two or more. Among these three components, there is no
      particular interaction which is harmful to the uniform reactions of the
      resin composition as a whole. The addition of such a combination to the
      system of polyepoxy compound and acid-containing, high molecular weight
      curing agent enables to impart to the cured resin highly balanced
      properties owing to synergistic effects of the components. The amount of
      such a combination to be added to the resin composition is critical
      similarly to the case of adding each component alone. When the components
      (1), (2), and (3) are added each in an amount of 5 to 70 parts by weight
      per 100 parts by weight of the polyepoxy compound, the sum of the
      components added should be kept below 150 parts by weight. If the sum
      exceeds 150 parts by weight, the resin composition is deteriorated in heat
      resistance, chemical resistance, and, in addition, rapid curability which
      is one of the characteristic features of the present resin composition. A
      favorable amount of the combined components to be added is up to 140 parts
      by weight per 100 parts by weight of the polyepoxy compound.
PAR  Unless the properties are impaired, the present resin composition may be
      blended with, if necessary, small amounts of other curing agents for epoxy
      resin, curing accelerators, flame retardants such as halogen compounds and
      antimony trioxide, inorganic fillers, colorants, coupling agents, etc. By
      the addition of such additives, the resin composition can be adjusted so
      as to make the printed circuit board suitable for special uses.
PAR  In impregnating an insulating fibrous base material with the resin
      composition of this invention, all components of the composition are
      dissolved in a common solvent such as acetone, methyl ethyl ketone,
      toluene, xylene, dimethylformamide, tetrahydron, or methyl Cellosolve, or
      a mixture thereof, and mixed. The concentration is adjusted so as to be
      suitable for applying to the base material, though a preferable
      concentration is in the range of from 10 to 50%.
PAR  The insulating fibrous base materials to be used are glass cloth, glass
      mat, non-woven glass paper, craft paper, linter paper, polyamide paper,
      non-woven polyester fabric, asbestos paper, cotton cloth, paper and
      fabrics made from blended fibers, and the like. These base materials can
      be uniformly impregnated with a resin and have excellent heat resistance,
      excellent dimensional stability, and excellent mechanical, chemical, and
      electrical properties, which are required for the printed circuit board.
      If necessary, these base materials may be treated with coupling agents of
      the silane-type or the chromium-type to improve the affinity between the
      base material and the resin and the resin composition. The thickness of
      the base material is preferably 0.02 to 0.3 mm. The base material of such
      a thickness has a flexibility and a stiffness which meet the ordinary
      requirements for flexible printed circuits. A single sheet of the base
      material is generally used in a laminated base board but multiple sheets
      of the resin-impregnated base material can be laminated.
PAR  The metal foils to be used are conductive foils of copper, aluminum, tin,
      nickel, nickel-chrome, beryllium-copper, etc., a preferable thickness
      being 15 to 110 .mu. or thereabout. The general-purpose metal foil is
      copper foil obtained by electrolysis or by rolling. In order to further
      improve the adhesive strength of the printed circuit board, the surface of
      a metal foil to be bonded may be subjected to a mechanical treatment such
      as sanding or to a chemical treatment with a chromic acid-sulfuric acid
      mixture or the like. If necessary, the surface of a metal foil to be
      bonded may also be coated with common adhesives for metal of the
      phenolic-, epoxy-, butyrol-, rubber-, polyester-, and polyurethane-type,
      and mixed-types. A high adhesive strength is sometimes obtained by use of
      such a metal foil coated with an adhesive. A preferable thickness of the
      adhesive layer is about 20 .+-. 10 .mu.. The overall thickness of a
      metal-clad laminate obtained according to this invention depends on the
      intended use of the finished printed circuits and is subject to no other
      particular restrictions. A preferable thickness, including that of the
      metal foil, falls in the range of from about 0.05 mm to about 0.8 mm. The
      thickness of the board excluding the metal foil is 0.03 to 0.5 mm or
      thereabout.
PAR  A method for manufacturing a laminate for printed circuits by use of the
      present resin composition is explained below.
PAR  By using a coating-and-drying equipment an insulating fibrous base material
      is impregnated with a varnish obtained by dissolving the resin composition
      in the aforesaid solvent, and then dried at 130.degree. .+-. 40.degree.C.
      for 1 to 30 minutes to remove the solvent by evaporation until the resin
      composition changes into a semi-cured state (B-stage). The resin content
      of the impregnated base material (prepreg) in such a stage is 20 to 70%,
      preferably 30 to 60%, by weight based on the total weight of the prepreg.
      A sheet of the pregreg or a pile of multiple sheets of the prepreg, 30 to
      500 .mu., preferably 50 to 300 .mu. in overall thickness, is covered with
      a metal foil on one side or both sides, then heated under pressure by
      passing between hot rolls of a laminator or by keeping pressed between hot
      plates of a press, and subsequently cooled to obtain a laminate for
      flexible printed circuits. Heating and pressing conditions: temperature,
      100.degree. - 200.degree.C.; pressure, 5 -  200 kg/cm.sup.2 ; heating
      period of time, 0.5 - 10 seconds (with rolls), 15  - 180 minutes (with a
      press). Preferable conditions: temperature, 120.degree. - 180.degree.C.;
      pressure, 10 - 120 kg/cm.sup.2 ; heating period of time, 0.5 - 5 seconds
      (with rolls), 30 - 120 minutes (with a press).
PAR  When the present resin composition is used, the heating and pressing time
      can be markedly shortened as compared with the conventional manufacturing
      conditions of a metal-clad laminate. For instance, a resin composition
      containing a maleic anhydride-aromatic vinyl compound copolymer (one of
      the acid-type polymeric curing agents of this invention), or a resin
      composition containing said copolymer and, in addition, an alkyl
      maleate-aromatic vinyl compound copolymer can be used in the short-time
      (.gtoreq.10 seconds) roll-laminating process. Moreover, when said resin
      composition is used in the press-laminating process, bonding can be
      completed in less than 120 minutes, in most cases less than 90 minutes,
      whilst a bonding time of at least 120 minutes, in most cases 150 to 200
      minutes, is required in manufacturing conventional thermosetting resin
      laminate. Such an advantage of the resin composition of this invention is
      important in view of cost and productivity in manufacturing a laminate.
PAR  In the most advantageous roll-laminating process, lamination is carried out
      by use of an equipment of the type generally called "dry-laminator," in
      which a coating-and-drying unit is coupled to a laminating unit. An
      insulating fibrous base material in the web form is impregnated in the
      roll-coating zone with a varnish coating a resin composition and then
      evaporating the solvent in the drying zone, to form the B-stage resin
      composition. The thus treated base material, as such or, if necessary,
      together with a releasable plastic film, is sent to the press-roll zone
      where the base material comes into close contact with a metal foil with or
      without an adhesive, sent from another roll, and pressed with heating,
      while traveling continuously, to form a laminate which is then cooled and
      taken off by means of a winder. Such a sequence of steps are operated in a
      perfectly continuous way by interlocking rolls in the respective parts of
      the equipment.
PAR  In such an equipment, in order that the insulating fibrous base material
      impregnated with the present resin composition may effectively manifest
      its adhesive strength to a metal foil and that the resin may acquire
      sufficient flow to give a laminate having good appearance, it is
      preferable to use a metal roll such as a steel roll with, if necessary, a
      coating of a releasing resin such as Teflon, and a rubber roll such as
      silicone rubber roll, said metal roll and rubber roll forming a pair of
      press rolls; and it is preferable to carry out the bonding by passing the
      prepreg together with the metal foil through the gap between two rolls
      forming a press roll pair in such a manner that the prepreg contacts with
      the metal roll, if necessary, through a releasing film, and the metal foil
      contacts with the rubber roll so as to wrap the rubber roll from the
      position on the circumference of the rubber roll for .pi./4 or more
      radians towards the contact line of both rolls. Such a procedure is highly
      advantageous for the continuos laminating of an insulating fibrous base
      material impregnated with the resin composition of this invention because
      the procedure imparts to the laminate a high adhesive strength, an
      excellent appearance, and excellent properties, such as heat resistance
      and chemical resistance, by preventing the formation of wrinkles on the
      laminate which is due mainly to thermal expansion of the metal foil,
      having a higher stiffness, in the contact zone of both rolls, and also by
      increasing heat condition to the prepreg by sustained heating of rapidly
      traveling metal foil, which results in acceleration of fusion, adhesion
      and curing reaction.
PAR  Although the present resin composition cures sufficiently in such a
      short-time laminating to impart to the laminate those fundamental
      properties which are required for printed circuit boards, it is also
      preferable to subject the laminate thus obtained to a post-baking
      treatment at 130.degree. .+-. 40.degree.C. for about 30 to 180 minutes in,
      for example, a drying oven. By such a treatment the laminate is further
      improved in heat resistance and chemical resistance, and also in
      dimensional stability owing to removal of the strain.
PAR  Evaluation of the flexibility of the flexible metal-clad laminate thus
      obtained is conducted by means of a MIT-type folding endurance tester
      conforming to the method specified in JIS P 8115. Testing conditions:
      radius of curvature of the edge contour over which the specimen is folded,
      0.8 mm; angle through which the specimen is folded back and forth,
      135.degree. back, 135.degree. forth, 270.degree. in total; rate of
      folding, 175 times/minute; tension, 100 g/mm. The base sheet of the
      laminate removed of the conductive foil by etching is cut to a size of 15
      mm .times. 110 mm, attached to the chuck, and repeatedly folded back and
      forth until the specimen is ruptured, the number of foldings being
      recorded.
PAR  For instance, an ordinary epoxy-glass cloth base sheet, 200 .mu. or less in
      thickness, for printed circuits fails at 1 to 15 foldings at maximum 20
      foldings, whereas the epoxy-glass cloth base sheet, 200 .mu. or less in
      thickness, given a flexibility according to this invention shows more than
      100 foldings, and in many cases more than 500 foldings. This clearly
      proves the advantage of the present resin composition.
PAR  Owing to its excellent folding endurance, the flexible base board for
      printed circuits obtained by applying a specific resin composition of this
      invention to an insulating fibrous base material is capable of
      withstanding a severe folding, the radius of curvature at the fold being 1
      mm, and has an advantage of being assembled three-dimensionally in the
      folded state within a narrow space in miniaturized electronic instruments.
PAR  The present base board is also sufficiently resistant to a variety of
      organic solvents and to treatments with chemicals such as acids, alkalis,
      etching solution, and plating solution, which are used in fabrication of
      printed circuits, and excellent in adhesive strength, electrical
      properties, and dimensional stability. Therefore, such a base board
      suitable for use in, beside general field, high-precision printed circuit
      having minute conductor, and in a wiring board for those devices which
      rise high temperatures while operating. Particularly, the heat resistance
      of the present base board is in such a level that it permits
      solder-connecting at a temperature above 260.degree.C. by use of a
      tin-lead (60 : 40) eutectic solder, which is difficult in the case of
      those printed circuit boards the base of which is a conventional plastic
      film such as polyester film, polyvinyl chloride film, etc. Accordingly,
      such a printed circuit board of the present invention can be connected to
      other wiring boards, components, and wirings in a way similar to that in
      the case of common printed circuit boards of the epoxy resin-glass cloth
      base and is excellent in workability and reliability in assembling the
      board onto equipments. Further, quite different from conventional printed
      circuit boards of the film base, the present base board has a stiffness
      sufficient for bearing about 20 g of components for a long period of time
      so that a circuit board in which circuits and lead-wirings are integrated
      may be designed.
PAR  With regards to production cost, since the present metal-clad laminate is
      in a comparable level regarding material cost with a conventional
      metal-clad epoxy resin-glass cloth laminate, and can be manufactured at
      low cost by a continuous process based on a roll-to-roll lamination, which
      has been difficult to apply in the case of a conventional thermosetting
      resin laminate, the present metal-clad laminate has an advantage over the
      laminate of the heat-resistant film base, such as polyimide film base or
      polyamide-imide film base.
PAR  As stated in the foregoing, this invention provides a novel and practically
      valuable laminate for flexible printed circuits, which has excellent
      flexibility, heat resistance, chemical resistance, and other necessary
      characteristics and, in addition, an advantage of low cost.
PAR  Because of its excellent flexibility, heat resistance, adhesive strength,
      flow property, and electrical properties, a prepreg obtained by
      impregnating a fibrous insulating sheet material with the resin
      composition of this invention and then semi-curing is suitable as a
      cover-lay usually applied for the purpose of insulation, corrosion
      inhibition, and protection against folding of the conductor in a flexible
      printed circuit. A thin-grade fibrous base material, around 0.02 to 0.1 mm
      in thickness, is impregnated with the resin composition and used in
      cover-lay process by means of rolls or a press to obtain a covered printed
      circuit which is susceptable to solder-connecting.
PAR  The present prepreg is also suitable as an interlayer adhesive sheet for
      use in integrated lamination of rigid printed circuits with flexible
      printed circuits or in multi-lamination of flexible printed circuits with
      one another, such lamination being made for the purpose of densification
      of circuits and simplification of connecting. The adhesive strength, flow
      property, and heat resistance of the present prepreg can meet
      satisfactorily the quality requirements for such printed circuits.
DETD
PAR  The invention is illustrated below in detail with reference to Examples,
      but the invention is not restricted thereto.
PAC  EXAMPLE 1
PAR  A varnish containing 30% of a resin composition was prepared by dissolving
      in methyl ethyl ketone 60 parts by weight of a bisphenol-A-based epoxy
      resin (Epikote 828, a registered trademark of Shell Chemical Corp.), 40
      parts by weight of a diepoxy compound having an epoxy equivalent of 320,
      obtained by condensation of epichlorohydrin with a dihydric alcohol formed
      by reacting bisphenol-A with ethylene oxide using potassium hydroxide as
      catalyst, 120 parts by weight of a maleic anhydride-strene-dimethylstyrene
      copolymer containing 50 mole percent of maleic anhydride, and 30 parts by
      weight of butanediol.
PAR  A portion of the resin varnish thus obtained was placed on a hot plate
      heated at 150.degree.C. and the time elapsed after the solvent had been
      evaporated till the resin hardened was measured and found to be 10 seconds
      (gel time).
PAR  A web of glass cloth, 100 .mu. in thickness, treated with
      .gamma.-glycidoxypropyltriethoxysilane, was impregnated with the varnish
      by means of a roll-laminator in which a coating-and-drying unit is coupled
      to a laminating unit, and then dried at 130.degree.C. for 5 minutes to
      obtain a impregnated glass cloth having a semi-cured resin (B-stage)
      content of 40% by weight. The impregnated glass cloth together with a
      releasing polyester film, 12 .mu. in thickness, and a copper foil, 35 .mu.
      in thickness, was passed in one second through between a metal roll and a
      rubber roll constituting a press roll pair in such a manner that the
      impregnated glass cloth contacts with the metal roll through the releasing
      film whilst the copper foil comes in contact with the rubber roll so as to
      wrap the rubber roll from the position on the circumference of the rubber
      roll for 2.pi./5  radians towards the contact line of both rolls, whereby
      bonding is effected between both rolls at 150.degree.C. under a pressure
      of 15 kg/cm.sup.2 to form a flexible copper-clad laminate.
PAR  Properties of the copper-clad laminate thus obtained were as shown in Table
      1. In spite of shorttime bonding under low pressure, the flow and adhesion
      to copper foil of the resin were excellent; chemical resistance and
      electrical property of the laminate were also excellent; and folding
      endurance was 100 times as high as that of a conventional rigid laminate
      of an epoxy resin and thin-grade glass cloth, indicating that the present
      laminate can be used as the base board for flexible printed circuits which
      is used as folded tightly. After having been immersed in a solder bath at
      280.degree.C. for 30 seconds, the laminate showed no change, indicating
      that the laminate is resistant to soldering under conventional conditions.
PAR  To the contrary, when a conventional epoxy resin composition was used
      (Comparative Example), the short-time roll-lamination was impossible owing
      to too long a gel-time, and the laminate obtained by the press method was
      markedly inferior in folding endurance, indicating that because of its
      poor reliability, such a laminate is practically unsuitable for those
      printed circuits which are connected in the folded state.
PAC  EXAMPLE 2
PAR  A varnish containing 30% by weight of a resin composition was prepared by
      dissolving the following components in methyl ethyl ketone and mixing
      thoroughly. The gel time of this resin varnish was 12 seconds at
      150.degree.C.
TBL  ______________________________________                                    
                          Part by weight                                       
     ______________________________________                                    
     1.    Bisphenol-A-based polyepoxy                                         
           compound (Epikote 1001)                                             
                                40                                             
     2.    Flexible polyepoxy compound                                         
           (diglycidyl ether of bis-                                           
                                60                                             
           phenol A-propylene oxide                                            
           (1:2 mole) adduct)                                                  
     3.    Maleic anhydride-.alpha.-methyl-                                    
           styrene (45:55 mole-%)                                              
                                120                                            
           copolymer                                                           
     4.    Phenyl glycidyl ether                                               
                                30                                             
     ______________________________________                                    
PAR  In the same manner as in Example 1, a web of glass paper, 50 .mu. in
      thickness, treated with .gamma.-aminopropyltriethoxysilane, was
      impregnated with the varnish by means of a roll-laminator, and dried at
      130.degree.C. for 5 minutes to obtain an impregnated glass paper having a
      resin content of 40% by weight. The impregnated glass paper together with
      a releasing film and an aluminum foil, 50 .mu. in thickness, was passed
      between a pair of press-rolls in one second, thereby to effect bonding at
      150.degree.C., under pressure of 15 kg/cm.sup.2 to obtain a flexible
      aluminum-clad laminate. Properties of the laminate thus obtained where as
      shown in Table 1. In spite of such a short-time bonding under a low
      pressure, the flow of the resin was favorable and the laminate was
      excellent in adhesive strength, chemical resistance, electrical
      properties, and heat resistance. The laminate was very flexible, can
      satisfactorily withstand sharp folding, the radius of curvature (R) of the
      fold profile being less than 1 mm, and had a stiffness sufficient for
      bearing small components.
PAC  EXAMPLE 3
PAR  A varnish containing 25% by weight of a resin composition was prepared by
      dissolving the following components in acetone and mixing thoroughly. The
      gel time of the resulting resin varnish was 20 seconds at 150.degree.C.
TBL                       Part by weight                                       
     ______________________________________                                    
     1.    Flexible polyepoxy compound                                         
           (Adeka Resin EP-4000, di-                                           
           glycidyl ether of bisphenol-                                        
                                100                                            
           A-alkylene oxide adduct,                                            
           produced by Asahi Denka                                             
           Kogyo Co.)                                                          
     2.    Isobutyl ester (esterifi-                                           
           cation degree 40 mole                                               
           percent) of maleic an-                                              
                                100                                            
           hydride-dimethylstyrene                                             
           (60:40 mole percent)                                                
           copolymer                                                           
     ______________________________________                                    
PAR  In the same manner as in Example 1, a web of linter paper, 100 .mu. in
      thickness, was impregnated with the varnish by means of a roll-laminator,
      and dried at 130.degree.C. for 6 minutes to obtain an impregnated linter
      paper having a resin content of 50% by weight. The impregnated paper
      together with a releasing film and a copper foil, 35 .mu. in thickness and
      coated with a phenol-modified rubber-base adhesive, was passed between
      press rolls in 2 seconds, at 160.degree.C. under a pressure of 20
      kg/cm.sup.2, to form a flexible copper-clad laminate. The properties of
      the laminate were excellent as shown in Table 1. It is seen that a
      flexible printed circuit board with sufficient flexibility can be
      manufactured by use of a paper material, which has heretofore been
      difficult to obtain.
PAC  EXAMPLE 4
PAR  The following components were dissolved and mixed in a toluene-methyl ethyl
      ketone (1 : 1 by volume) solvent mixture to prepare a varnish containing
      20% by weight of the resin composition. The varnish had a gel time of 48
      seconds at 150.degree.C.
TBL  ______________________________________                                    
                          Part by weight                                       
     ______________________________________                                    
     1.    Novolak-type polyepoxy                                              
           compound (DER 154)   80                                             
     2.    Flexible polyepoxy                                                  
           compound (Adeka Resin                                               
                                20                                             
           EP 4000)                                                            
     3.    Monoisopropyl maleate-                                              
           styrene-.alpha.-methylstyrene                                       
                                200                                            
           (50:33:17 mole                                                      
           percent) copolymer                                                  
     4.    Cresyl glycidyl ether                                               
                                10                                             
     5.    Acrylonitrile-butadiene                                             
           copolymer (acrylonitrile                                            
                                45                                             
           content, 30 % by weight)                                            
     ______________________________________                                    
PAR  By using a coating-drying equipment a web of polyamide paper, 250 .mu. in
      thickness, was impregnated with the varnish and dried at 150.degree.C. for
      5 minutes to obtain an impregnated polyamide paper with 45% by weight
      resin content. Single sheet of the impregnated polyamide paper and a
      nichrome foil, 40 .mu. in thickness, were laid one over the other, placed
      between two stainless steel plates, and heated by means of a hot
      platen-press at 160.degree.C., under a pressure of 80 kg/cm.sup.2, for 90
      minutes to effect bonding and to obtain a flexible nichrome-clad laminate.
      Properties of the laminate were as shown in Table 1. In spite of using a
      thick-grade fibrous sheet material, the laminate was sufficiently flexible
      so that a flexible printed circuit with the laminate as its base can be
      mounted as laid in the folded state with a sharp edge, the radius of
      curvature (R) of its profile being as small as about 2 mm, yet the
      laminate had sufficient stiffness to bear the components.
PAC  EXAMPLE 5
PAR  The following components were dissolved in methyl ethyl ketone and mixed to
      prepare a varnish containing the resin composition in a concentration of
      35% by weight. The resin varnish obtained had a gel time of 27 seconds at
      150.degree.C.
TBL  ______________________________________                                    
                          Parts by weight                                      
     ______________________________________                                    
     1.    Brominated bisphenol-                                               
           based epoxy compound 100                                            
           (Epiclon 152)                                                       
     2.    Maleic anhydride-                                                   
           mono-n-pentyl                                                       
           maleate-styrene (20: 180                                            
           20:60 mole percent)                                                 
           copolymer                                                           
     3.    Hexanediol diglycidyl                                               
           ether                40                                             
     4.    Antimony trioxide    15                                             
     ______________________________________                                    
PAR  In the same manner as in Example 4, a web of glass mat for surfacing, 50
      .mu. in thickness and treated with methacrylatochromic chloride was
      impregnated with the varnish, and dried at 150.degree.C. for 7 minutes to
      obtain an impregnated glass mat with a resin content of 55% by weight.
      Three sheets of the impregnated glass mat and a copper foil, 70 .mu. in
      thickness, were placed one over the other and bonded together by means of
      a hot platen-press at 170.degree.C. under a pressure of 100 kg/cm.sup.2,
      the heating time being 120 minutes. Properties of the resulting flexible
      copper-clad laminate were as shown in Table 1. In spite of using a common
      polyepoxy compound, the laminate was sufficiently flexible so that a
      flexible printed circuit with the laminate as its base can be mounted as
      laid in the folded state with a sharp edge, R of its profile being as
      small as 2 mm, yet the laminate had sufficient stiffness to bear various
      components such as capacitors, IC, and the like. Further, the laminate had
      an excellent fire-retarding property corresponding to the rating VE-O
      according to the "Vertical inflammability test" of the Underwriters
      Laboratories, Inc., the average combustion time having been 5 seconds or
      less.
PAC  EXAMPLE 6
PAR  The following components were dissolved in tetrahydrofuran and mixed to
      prepare a varnish containing 17% by weight of the resin composition. The
      gel time of this resin varnish was 15 seconds at 150.degree.C.
TBL  ______________________________________                                    
                          Part by weight                                       
     ______________________________________                                    
     1.    Bisphenol-A-based poly-                                             
           epoxy compound (Epikote                                             
                                20                                             
           1004)                                                               
     2.    Flexible polyepoxy                                                  
           compound (Adeka Resin                                               
                                80                                             
           EPU-10)                                                             
     3.    Maleic anhydride -.alpha.-                                          
           methyl-p-isopropyl-                                                 
           styrene (30:70 mole  40                                             
           percent) copolymer                                                  
     4.    Monoethyl maleate-                                                  
           dimethylstyrene                                                     
           (30:70 mole percent) 80                                             
           copolymer                                                           
     5.    Terephthalic acid-                                                  
           sebacic acid-ethylene                                               
           glycol (25:25:50 mole                                               
                                50                                             
           percent) cocondensate                                               
     6.    Tolylene diisocyanate                                               
                                5                                              
     ______________________________________                                    
PAR  A web of polyester non-woven fabric, 200 .mu. in thickness, was impregnated
      with the varnish by means of a roll-laminator in the same manner as in
      Example 1, and dried at 120.degree.C. for 5 minutes to obtain an
      impregnated polyester nonwoven fabric with a resin content of 50% by
      weight. The impregnated polyester nonwoven fabric together with an
      aluminum foil, 100 .mu. in thickness, was passed between a metal roll
      having a Teflon coating on the surface and a silicone rubber roll, both
      rolls constituting a press roll pair, in one second, thereby to effect
      bonding at 170.degree.C. and under a pressure of 25 kg/cm.sup.2 and to
      obtain a flexible aluminum-clad laminate. As shown in Table 1, the
      laminate was excellent in various properties, could be used as a flexible
      printed circuits board which is mountable as laid in the folded state with
      a sharp edge, R of its profile being about 1 mm, and was resistant to
      solder-connecting at 260.degree.C. by means of an eutectic solder, in
      spite of having a polyester non-woven fabric as its base.
PAC  EXAMPLE 7
PAR  The following components were dissolved in a solvent mixture comprising
      methyl ethyl ketone-tetrahydrofuran (2 : 1 by volume) and mixed to obtain
      a varnish containing 25% by weight of the resin composition. The resin
      varnish had a gel time of 33 seconds at 150.degree.C.
TBL  ______________________________________                                    
                          Part by weight                                       
     ______________________________________                                    
     1.    Bisphenol-A-based epoxy                                             
           resin (Epikote 1001) 50                                             
     2.    Flexible epoxy resin                                                
           (Epikote 871)        50                                             
     3.    Partial isooctyl ester                                              
           (esterification degree,                                             
           50 mole percent) of  150                                            
           maleic anhydride-dimethyl-                                          
           styrene (60:40 mole percent)                                        
           copolymer                                                           
     4.    Acrylonitrile-butadiene                                             
           copolymer (acrylonitrile                                            
                                20                                             
           content, 40 % by weight)                                            
     5.    Terephthalic acid-adipic                                            
           acid-propylene glycol                                               
           (30:20:50 mole per-  50                                             
           cent) co-condensate                                                 
     6.    Triphenylmethane                                                    
           triisocyanate        2                                              
     ______________________________________                                    
PAR  In the same manner as in Example 4, a web of glass cloth, 100 .mu. in
      thickness and treated with .gamma.-glycidoxypropyltrimethoxysilane was
      impregnated with the varnish, and dried at 120.degree.C. for 5 minutes to
      obtain an impregnated glass cloth having a resin content of 38% by weight.
      Three sheets of the impregnated glass cloth and a copper foil, 105 .mu. in
      thickness, were laid one over the other and pressed at 150.degree.C. under
      a pressure of 120 kg/cm.sup.2 for 60 minutes to obtain a flexible
      copperclad laminate. Properties of the laminate were as shown in Table 1.
      In spite of its relatively thick base sheet, the laminate had a good
      flexibility and could be used as a flexible printed circuit board which is
      mountable as laid in the folded state with a sharp edge, R of its profile
      being about 3 mm. Moreover, the present laminate could be laid with
      printed circuits loaded with parts similarly to a rigid base board.
PAC  EXAMPLE 8
PAR  The following components were dissolved in a solvent mixture comprising
      acetone and toluene (1 : 1 by volume) and mixed to obtain a varnish
      containing 40% by weight of the resin composition. The resin varnish had a
      gel time of 17 seconds at 150.degree.C.
TBL  ______________________________________                                    
                          Part by weight                                       
     ______________________________________                                    
     1.    Bisphenol-A-based polyepoxy                                         
           compound (Epikote 1001)                                             
                                50                                             
     2.    Flexible polyepoxy compound                                         
           (DER 732)            50                                             
     3.    Maleic anhydride-.alpha.-methyl-                                    
           styrene (65:35 mole percent)                                        
                                40                                             
           copolymer                                                           
     4.    Acrylonitrile-butadiene                                             
           copolymer (acrylonitrile                                            
                                15                                             
           content, 45 % by weight)                                            
     ______________________________________                                    
PAR  In the same manner as in Example 1, a web of glass cloth, 50 .mu. in
      thickness and treated with .gamma.-glycidoxypropyltriethoxysilane, was
      impregnated with the varnish by means of a roll-laminator, and dried at
      120.degree.C. for 5 minutes to obtain an impregnated glass cloth having a
      resin content of 55% by weight. The impregnated glass cloth together with
      a releasing film and a copper foil, 17 .mu. in thickness, were passed
      between the press-rolls in 1.5 seconds at 150.degree.C. under a pressure
      of 15 kg/cm.sup.2 to form a flexible copperclad laminate. As shown in
      Table 2, the laminate was excellent in various properties, particularly in
      folding endurance, and suitable for such use that after having been laid
      with intricated and precise circuits, the laminate was mounted as laid in
      the folded state with sharp edge, R of its profile being less than 1 mm.
PAC  EXAMPLE 9
PAR  The following components were dissolved in methyl ethyl ketone and mixed to
      prepare a varnish containing 20% by weight of the resin composition. The
      varnish had a gel time of 35 seconds at 150.degree.C.
TBL  ______________________________________                                    
                          Part by weight                                       
     ______________________________________                                    
     1.    Brominated bisphenol-based                                          
           polyepoxy compound (Epikote                                         
                                100                                            
           1045)                                                               
     2.    Monoethyl maleate-diethyl                                           
           maleate-.alpha.-methyl-p-methyl-                                    
           styrene (50:25:25 mole                                              
                                100                                            
           percent) copolymer                                                  
     3.    Antimony trioxide    15                                             
     ______________________________________                                    
PAR  In the same manner as in Example 4, a web of polyamide paper, 80 .mu. in
      thickness, was impregnated with the varnish, and dried at 130.degree.C.
      for 7 minutes to obtain an impregnated polyamide paper with a resin
      content of 45% by weight. Two sheets of the impregnated polyamide paper
      and a nichrome foil were placed one over the other and pressed under a
      pressure of 60 kg/cm.sup.2 and heated at 160.degree.C. for 120 minutes to
      form a flexible nichrome-clad laminate. Properties of the laminate were as
      shown in Table 2. In spite of the use of a common polyepoxy compound, the
      laminate was excellent in flexibility and could be used as a flexible
      printed circuit board which is mountable as laid in the folded state with
      sharp edge, R of its profile being about 2 mm, while said board could be
      loaded with parts. The laminate was tested in accordance with the UL
      testing method mentioned in Example 5 and found that the average
      combustion time was below 25 seconds corresponding to an inflammability
      rating of VE-1.
PAC  EXAMPLE 10
PAR  The following components were dissolved in a solvent mixture comprising
      tetrahydrofuran and toluene (1 : 1 by volume) to prepare a varnish
      containing 30% by weight of the resin composition. The resin varnish has a
      gel time of 30 seconds at 150.degree.C.
TBL  ______________________________________                                    
                          Part by weight                                       
     ______________________________________                                    
     1.    Ether-ester type polyepoxy                                          
           compound (Epiclon 1030)                                             
                                100                                            
     2.    Maleic anhydride-.alpha.-methyl-                                    
           styrene (35:65 mole per-                                            
                                250                                            
           cent) copolymer                                                     
     3.    Butyl glycidyl ether 20                                             
     4.    Acrylonitrile-butadiene                                             
           copolymer (acrylonitrile                                            
                                30                                             
           content, 25 % by weight                                             
     5.    Terephthalic acid-ethylene                                          
           glycol-propylene glycol                                             
           (50:25:25 mole percent)                                             
                                40                                             
           co-condensate                                                       
     6.    Ap Stable (a registered                                             
           trademark for blocked                                               
           polyisocyanate of Japan                                             
                                1                                              
           Polyurethane Co.)                                                   
     ______________________________________                                    
PAR  In the same manner as in Example 1, a web of glass paper, 30 .mu. in
      thickness, treated with .gamma.-aminopropyltriethoxysilane, was
      impregnated with a varnish and dried at 130.degree.C. for 7 minutes to
      obtain an impregnated glass paper with a resin content of 40% by weight.
      The impregnated glass paper together with a releasing film and an aluminum
      foil, 20 .mu. in thickness were passed between the press rolls in 2
      seconds, thereby to effect bonding at 160.degree.C. under a pressure of 20
      kg/cm.sup.2 to obtain a flexible aluminum-clad laminate. As shown in Table
      2, the laminate had well-balanced properties, particularly distinguished
      folding endurance and could be used as laid in the folded state with sharp
      edge having such a profile that R thereof is less than 1 mm.
PAC  COMPARATIVE EXAMPLE 1
PAR  A hundred parts by weight of a bisphenol-A-based polyepoxy compound
      (Epikote 1001) and 12 parts by weight of menthanediamine were dissolved in
      methyl ethyl ketone and mixed to obtain a varnish containing 30% by weight
      of the resin composition. The varnish had a gel time of 800 seconds at
      150.degree.C. In the same manner as in Example 4, a web of glass cloth,
      100 .mu. in thickness, treated with
      .gamma.-glycidoxypropyltriethoxysilane, was impregnated with the varnish
      and dried at 150.degree.C. for 10 minutes to obtain an impregnated glass
      cloth of a resin content of 40% by weight. A sheet of the impregnated
      glass cloth and copper foil, 35 .mu. in thickness, were laid one over the
      other and pressed by means of a hot platen press for 80 minutes at
      170.degree.C. under a pressure of 80 kg/cm.sup.2 to form a copper-clad
      laminate.
PAR  As shown in Table 2, adhesive strength, chemical resistance, and soldering
      heat-resistance of the laminate obtained above were comparable to those of
      the laminates obtained in Examples, whereas the folding endurance of the
      base sheet obtained above was so inferior that the laminate could not be
      used as a flexible printed circuit board which is mounted as laid in the
      folded state with a sharp edge, R of its profile being 1 to 2 mm.
PAC  COMPARATIVE EXAMPLES 2 TO 6
PAR  In the same manner as in Comparative Example 1, the same glass paper,
      linter paper, polyamide, paper, glass mat, and polyester nonwoven fabric
      as those used in Examples 2 to 6 were impregnated with the same resin
      composition comprising a polyepoxy compound and a curing agent as that
      used in Comparative Example 1, then dried, and laminated by means of a hot
      press to obtain metalclad laminates of the same construction as in
      Examples 2 to 6. Those laminates which were obtained were comparable in
      most of the properties to those obtained in Examples whereas so inferior
      in folding endurance of the base sheet that they could not be used as a
      flexible printed circuit board. In Table 3, folding endurance of the base
      sheets obtained in Comparative Examples was compared with that of the base
      sheets obtained in Examples.
PAC  COMPARATIVE EXAMPLES 7 to 9
PAR  In the same manner as in Comparative Example 1, several resin varnishes
      were prepared by adding flexibility-imparting agents to the same
      composition comprising an ordinary polyepoxy compound and curing agent as
      used in Comparative Example 1. Attempts were made to manufacture
      metal-clad laminates by means of a hot platen-press by using the said
      varnishes, a glass cloth, 100 .mu. in thickness, treated with
      .gamma.-glycidoxypropyltriethoxysilane, and a copper foil, 35 .mu. in
      thickness. The results obtained were as shown in Table 4. By the addition
      of a low molecular weight glycidyl ether or an acrylonitrile-butadiene
      copolymer, the folding endurance was improved to some degree whilst the
      curing time of the resin composition was too long for the roll-laminating
      process, and the laminate obtained by the press method was markedly
      inferior in heat resistance and chemical resistance. When a polyester
      resin and a polyisocyanate were added to impart flexibility, the
      polyisocyanate reacted with the menthanediamine in the varnish to deposit
      insoluble substances and laminating was impossible.
PAC  EXAMPLES 11 AND 12
PAR  One hundred parts by weight of a flexible polyepoxy compound (Adeka Resin
      EP 4000) and 100 parts by weight of a maleic
      anhydride-.alpha.-methylstyrene copolymer containing 30 mole percent of
      maleic anhydride or 100 parts by weight of a monoethyl
      maleate-dimethylstyrene copolymer containing 30 mole percent of monoethyl
      maleate were separately dissolved in methyl ethyl keton and mixed to
      prepare a varnish of the resin composition. In the same manner as in
      Example 1, a web of glass cloth, 100 .mu. in thickness, treated with the
      same coupling agent as used in Example 1, was impregnated with the varnish
      and dried. A laminate obtained by bonding the impregnated glass cloth to a
      copper foil, 35 .mu. in thickness by the roll-laminating process was
      post-baked in a drying oven at 130.degree.C. for 3.5 hours to obtain a
      flexible copper-clad laminate. As shown in Table 2, properties of the
      laminate met those required for the flexible printed circuits and folding
      endurance of the laminate was excellent. Gel time of the varnish showed
      the rapid curability suitable for the roll-laminating process.
PAC  COMPARATIVE EXAMPLE 10
PAR  One hundred parts by weight of the same flexible polyepoxy compound as used
      in Examples 11 and 12 and 17 parts by weight of menthanediamine were
      dissolved in methyl ethyl ketone and mixed to obtain a varnish. In the
      same manner as in Comparative Example 1, a piece of glass cloth, 100 .mu.
      in thickness, treated with the same coupling agent as used in Comparative
      Example 1, was impregnated with the varnish, dried, and bonded to a copper
      foil, 35 .mu. in thickness, by the press method to form a copper-clad
      laminate. As shown in Table 2, although favorable in most of the
      properties, the laminate was inferior in folding endurance and
      unsatisfactory for use in flexible printed circuit board. Gel time of the
      varnish obtained above was 180 seconds at 150.degree.C. and unsuitable for
      the short-time rolllaminating process.
PAC  COMPARATIVE EXAMPLES 11 AND 12
PAR  One hundred parts by weight of the same flexible epoxy compound as used in
      Example 12 and 100 parts by weight of a maleic
      anhydride-.alpha.-methylstyrene copolymer containing 20 mole percent of
      maleic anhydride or 100 parts by weight of a monoethyl
      maleate-dimethylstyrene copolymer containing 20 mole percent of monoethyl
      maleate were dissolved in methyl ethyl ketone and mixed to obtain a
      varnish of the resin composition. In the same manner as in Comparative
      Example 1, a web of glass cloth, 100 .mu. in thickness, treated with the
      same coupling agent as used in Comparative Example 1, was impregnated with
      the varnish, dried and bonded to a copper foil, 35 .mu. in thickness, by
      the press method to form a copper-clad laminate. Although relatively
      favorable in folding endurance, the laminate was subject to attack of
      trichloroethylene and acetone, and had a soldering heat-resistance of
      260.degree.C. or lower, indicating that the laminate was unsuitable for
      use in the printed circuit board. In Table 5, folding endurance of the
      base sheet and gel time of the varnish were shown as compared with those
      of Examples.
PAR  As shown in Table 3, compared with the conventional epoxy resin composition
      (Comparative Examples 1 to 6) usually used in ordinary laminate for
      printed circuits, the resin composition of this invention (Examples 1 to
      6) has markedly reduced gel time. Owing to such a reduced gel time, it has
      become possible to manufacture the fibrous sheet material-epoxy resin
      laminate not only by, of course, the customary press method, but also
      continuously by the short-time roll-laminating method. Further, as
      compared with the conventional rigid base sheet (Comparative Examples 1 to
      6), the base sheet of this invention is markedly improved in folding
      endurance and the printed circuit board having such a base sheet is
      imparted with such a function that it can be laid in the folded state in
      assembling, permitting a three-dimensional wiring.
PAR  To the contrary, as shown in Table 4, the conventional epoxy resin
      composition cannot be improved to develop sufficient folding endurance
      even by incorporation of a flexibility-imparting agent; the quality of the
      base sheet is rather deteriorated by such additives. On the other hand, as
      shown in Tables 2 and 3, when a conventional curing agent is used with the
      flexible polyepoxy compound (Comparative Example 10), the folding
      endurance is not much improved and the gel time is not reduced so as to
      become suitable for the roll-laminating.
PAR  As mentioned above, the advantage of this invention is due chiefly to the
      acid-containing, high molecular weight curing agent. As shown in Table 5,
      both rapid curability and good folding endurance are found in Examples 11
      and 12, whereas relatively favorable folding endurance, unsatisfactory gel
      time, and deterioration in other properties are shown in Comparative
      Examples 11 and 12. These facts show that the amount of the maleic
      acid-containing structural unit in the acid-containing, high molecular
      weight curing agent is critical.
PAC  EXAMPLE 13
PAR  By using the laminate obtained in Example 1, a flexible printed circuit
      with a circular land was fabricated by etching method. On the other hand
      the impregnated glass paper (prepreg) obtained in Example 2 was punched a
      hole at the portion corresponding to the land of the printed circuit,
      placed over the said flexible printed circuit so that both are properly
      mated, and the resulting composite was heated and pressed for 40 minutes
      by means of a hot press at 170.degree.C. under a pressure of 50
      kg/cm.sup.2 to effect bonding. The resulting covered printed circuit sheet
      had its copper foil wiring complately embedded with the cover-lay of a
      fibrous sheet material impregnated with the resin composition of this
      invention, and the exposed portion of the circular land was not smudged
      with the resin, indicating satisfactory covering. It has also a
      distinguished heat resistance, and the cover-lay is sufficiently resistant
      to chemicals such as a flux used in soldering and not detached when
      subjected to flow-soldering at 260.degree.C.
PAC  EXAMPLE 14
PAR  Two sheets of flexible printed circuit were prepared by the etching method
      by using a copper-clad laminate with copper foil on one surface and a
      copper-clad laminate with copper foil on both surfaces, both being glass
      cloth base and obtained in the same manner as in Example 1. On the other
      hand, a piece of glass cloth, 50 .mu. in thickness and treated with
      .gamma.-glycidoxypropyltriethoxysilane, was impregnated with the resin
      composition, and dried. The resulting prepreg was used as an interlayer
      bonding sheet between the prepared single-sided circuit board and the
      prepared double-sided circuit board, and as coverlays of both surfaces of
      bonded product. Bonding was carried out by heating and pressing by means
      of a hot press for 60 minutes at 160.degree.C. under a pressure of 40
      kg/cm.sup.2 to obtain a flexible printed circuit board with three printed
      circuit layers. In this board, interlayer bonding was perfectly secured by
      the fibrous sheet material impregnated with the present resin composition
      and the circuits were perfectly embedded. The adhesive layer was
      sufficiently resistant to chemicals such as plating chemicals used in
      preparing the printed circuits. The board did not suffer from the troubles
      such as blistering and delamination when a solder was applied with a
      soldering iron heated at a top-end temperature of 280.degree.C. in loading
      parts on the circuits.
TBL                                    Table 1                                 
     __________________________________________________________________________
                               Sample No.                                      
                                       Example 1                               
                                              Example 2                        
                               Sheet                                           
                               material                                        
                               thickness                                       
                                       Glass cloth                             
                                              Glass paper                      
     Item of test                                                              
                Testing                                                        
                       Treatment                                               
                               (.mu.) .times. No. of                           
     (unit)     method and condition                                           
                               ply     100 .times. 1                           
                                              50 .times. 1                     
     __________________________________________________________________________
     Volume resistivity                                                        
                         A             5 .times. 10.sup.15                     
                                              4 .times. 10.sup.15              
                JIS C 6481                                                     
     (.OMEGA.-cm)      C-96/40/90      3 .times. 10.sup.14                     
                                              1 .times. 10.sup.14              
     Peel strength       A                                                     
                JIS C 6481             2.2    2.0                              
     (kg-cm)           (direction, 180.degree.)                                
                       Immersed in trichloro-                                  
     Chemical          ethylene, acetone, and                                  
     resistance JIS C 6481                                                     
                       methanol for 15 min. at                                 
                                       No change                               
                                              No change                        
                       room temperature                                        
     Folding endurance                                                         
     of base sheet                                                             
                JIS P 8115                                                     
                         *1            1,200  1,550                            
     (No. of foldings)                                                         
     Soldering heat-   Floated on solder bath for                              
     resistance JIS C 6481                                                     
                       30 seconds      280    280                              
     (.degree.C.)                                                              
     Gel time of varnish                                                       
     (sec.)     --     On hot plate at 150.degree.C.                           
                                        10    12                               
     __________________________________________________________________________
     Example 3 Example 4                                                       
                        Example 5 Example 6                                    
                                           Example 7                           
                                  Polyester                                    
               Polyamide          nonwoven                                     
     Linter paper                                                              
               paper    Glassmat  fabric   Glass cloth                         
     100 .times. 1                                                             
               250 .times. 1                                                   
                        50 .times. 3                                           
                                  200 .times. 1                                
                                           100 .times. 3                       
     __________________________________________________________________________
     7 .times. 10.sup.14                                                       
               3 .times. 10.sup.14                                             
                        2 .times. 10.sup.15                                    
                                  4 .times. 10.sup.14                          
                                           2 .times. 10.sup.14                 
     3 .times. 10.sup.13                                                       
               1 .times. 10.sup.13                                             
                        5 .times. 10.sup.14                                    
                                  7 .times. 10.sup.13                          
                                           8 .times. 10.sup.13                 
     2.5       2.3      2.7       1.9      3.0                                 
     No change No change                                                       
                        No change No change                                    
                                           No change                           
     600       190      170       840      120                                 
     260       260      280       260      280                                 
      20        48       27        15       33                                 
     __________________________________________________________________________
      *1 Test specimen of the size 15 mm .times. 110 mm is repeatedly folded   
      under a tension of 100 g load, back and forth over an edge, the radius of
      curvature of the profile thereof being 0.8 mm, until rupture of the      
      specimen occurs and the number of times of folding required is counted.  
TBL                                    Table 2                                 
     __________________________________________________________________________
                              Sample No.                                       
                                      Example 8                                
                                             Example 9                         
                              Sheet                                            
                              material       Polyamide                         
                              Thickness                                        
                                      Glass cloth                              
                                             paper                             
     Item of test                                                              
               Testing                                                         
                      Treatment                                                
                              (.mu.) .times. No. of                            
     (unit)    method and condition                                            
                              ply     50 .times. 1                             
                                             80 .times. 2                      
     __________________________________________________________________________
     Volume resistivity                                                        
                        A             6 .times. 10.sup.14                      
                                             1 .times. 10.sup.14               
               JIS C 6481                                                      
     (.OMEGA.-cm)     C-96/40/90      4 .times. 10.sup.13                      
                                             2 .times. 10.sup.13               
     Peel strength      A                                                      
     (kg-cm)   JIS C 6481                                                      
                      (direction, 180.degree.)                                 
                                      1.7    1.6                               
                      Immersed in trichloro-                                   
     Chemical         ethylene, acetone, and                                   
     resistance                                                                
               JIS C 6481                                                      
                      methanol for 15 min.                                     
                                      No change                                
                                             No change                         
                      at room temperature                                      
     Folding endurance                                                         
     of base sheet                                                             
               JIS P 8115                                                      
                        *1            1,650  140                               
     (No. of foldings)                                                         
     Soldering heat-  Floated on solder bath for                               
     resistance                                                                
               JIS C 6481                                                      
                      30 sec.         270    260                               
     (.degree.C.)                                                              
     Gel time of                                                               
     varnish   --     On hot plate at 150.degree.C.                            
                                       17     35                               
     (sec.)                                                                    
     __________________________________________________________________________
                                 Comparative                                   
                                           Comparative                         
     Example 10                                                                
              Example 11                                                       
                        Example 12                                             
                                 Example 1 Example 10                          
     Glass paper                                                               
              Glass cloth                                                      
                        Glass cloth                                            
                                 Glass cloth                                   
                                           Glass cloth                         
     30 .times. 1                                                              
              100 .times. 1                                                    
                        100 .times. 1                                          
                                 100 .times. 1                                 
                                           100 .times.1                        
     __________________________________________________________________________
     1 .times. 10.sup.14                                                       
              9 .times. 10.sup.14                                              
                        2 .times. 10.sup.15                                    
                                 1 .times. 10.sup.15                           
                                           8 .times. 10.sup.14                 
     5 .times. 10.sup.13                                                       
              1 .times. 10.sup.14                                              
                        6 .times. 10.sup.14                                    
                                 3 .times. 10.sup.14                           
                                           5 .times. 10.sup.13                 
     1.8      2.0       1.8      2.0       1.9                                 
     No change                                                                 
              No change No change                                              
                                 No change No change                           
     1,830    550       590       12        65                                 
     280      280       280      270       260                                 
      30       47        75      800       180                                 
     __________________________________________________________________________
      *1 The same as in Table 1.                                               
TBL                Table 3                                                     
     ______________________________________                                    
     Property       Gel time of  Folding en-                                   
                    varnish,     durance of                                    
                    150.degree.C.                                              
                                 base sheet                                    
                                 JIS P 8115                                    
                    (sec.)       (No. of                                       
     Sample No.                  foldings)                                     
     ______________________________________                                    
     Example 1      10        1,200                                            
     Example 2      12        1,550                                            
     Example 3      20        600                                              
     Example 4      48        190                                              
     Example 5      57        170                                              
     Example 6      15        840                                              
     Comparative Example 1                                                     
                    800       12                                               
     Comparative Example 2                                                     
                    800       15                                               
     Comparative Example 3                                                     
                    800       7                                                
     Comparative Example 4                                                     
                    800       3                                                
     Comparative Example 5                                                     
                    800       1                                                
     Comparative Example 6                                                     
                    800       10                                               
     ______________________________________                                    
TBL                                    Table 4                                 
     __________________________________________________________________________
                 No.                                                           
                    Comparative                                                
                              Comparative                                      
                                        Comparative                            
     Recipe                                                                    
     and property   Example 7 Example 8 Example 9                              
     __________________________________________________________________________
     Polyepoxy compound                                                        
                    Epikote No. 1001                                           
                              Epikote No. 1001                                 
                                        Epikote No. 1001                       
     (part by weight)                                                          
                    100       100       100                                    
     Curing agent   Menthane- Menthane- Menthane-                              
     (part by weight)                                                          
                    diamine   diamine   diamine                                
                    25        15        15                                     
     Flexibility-imparting                                                     
                    Hexanediol                                                 
                              Acrylonitrile-                                   
                                        Polyester                              
     agent          diglycidyl ether                                           
                              butadiene resin** 50                             
                              copolymer*                                       
     (part by weight)                   Tolylene diiso-                        
                    40        45        cyanate 5                              
     Gel time of varnish                Insolubles                             
     150.degree.C. (sec.)                                                      
                    480       600       deposited                              
     Volume resistivity                                                        
                 A  8 .times. 10.sup.14                                        
                              2 .times. 10.sup.14                              
                                        --                                     
       (.OMEGA.-cm)                                                            
                 C  4 .times. 10.sup.13                                        
                              7 .times. 10.sup.13                              
                                        --                                     
     Peel strength                                                             
      (kg-cm)       2.1       2.3       --                                     
     Chemical resistance                                                       
                    Base sheet                                                 
                              Base sheet                                       
     (trichloroethylene,                                                       
                    swollen   cloudy    --                                     
     acetone                                                                   
     Folding endurance                                                         
     (No. of foldings)                                                         
                     80        76       --                                     
     Soldering heat-                                                           
     resistance     230       240       --                                     
     (.degree.C.)                                                              
     __________________________________________________________________________
      Testing method is the same as in Table 1.                                
       *The same as used in Example 4.                                         
      **The same as used in Example 6.                                         
TBL                Table 5                                                     
     ______________________________________                                    
     Property       Gel time of  Folding en-                                   
                    varnish,     durance of                                    
                    150.degree.C.                                              
                                 base sheet,                                   
                                 JIS P 8115                                    
     Sample No.     (sec.)    (No. of                                          
                              foldings)                                        
     ______________________________________                                    
     Example 1      10        1,200                                            
     Example 11     47        550                                              
     Example 12     63        590                                              
     Comparative Example 1                                                     
                    800       12                                               
     Comparative Example 10                                                    
                    180       65                                               
     Comparative Example 11                                                    
                    210       260                                              
     Comparative Example 12                                                    
                    300       370                                              
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing a metalclad laminate for flexible printed
      circuits, which comprises impregnating an electrically insulating fibrous
      base material with a resin composition comprising a mixture of 100 parts
      by weight of at least one polyepoxy compound having at least two epoxy
      groups in the molecule and 10 to 300 parts by weight of at least one
      copolymer selected from the group consisting of copolymers (A) of aromatic
      vinyl compounds with maleic anhydride, said copolymers containing at least
      30 mole percent of maleic anhydride structural units in the molecule,
      alkyl partial esters (B) of said copolymers (A), copolymers (C) of
      aromatic vinyl compounds with alkyl maleates, said copolymers containing
      at least 30 mole percent of mono-alkyl maleate structural units in the
      molecule, and copolymers (D) of aromatic vinyl compounds with maleic
      anhydride and alkyl maleates, said copolymers containing at least 30 mole
      percent, in total, of maleic anhydride structural units and monoalkyl
      maleate structural units in the molecule and having a number average
      molecular weight of from 2,000 to 30,000, then placing the resulting
      impregnated base material and a metal foil one over the other, and bonding
      together by application of heat and pressure.
NUM  2.
PAR  2. A method for manufacturing a metal-clad laminate for flexible printed
      circuits according to claim 1, wherein at least 20% by weight of the
      polyepoxy compound are such a flexible polyepoxy compound that a base
      sheet obtained by mixing 100 parts by weight of said polyepoxy compound
      and 100 parts by weight of a copolymer of styrene with maleic anhydride,
      said copolymer containing 50 mole percent of maleic anhydride structural
      units, impregnating a glass cloth, 0.1 mm in thickness, with the resulting
      mixture, and curing completely by application of heat and pressure by
      means of a hot press, can show a folding endurance number of 100 or more
      as measured in compliance with the standard testing method specified in
      JIS P 8115.
NUM  3.
PAR  3. A method for manufacturing a metal-clad laminate for flexible printed
      circuits according to claim 1, wherein at least 20% by weight of the
      polyepoxy compound are a polyether-type epoxy compound represented by the
      general formula
      ##SPC2##
PAL  wherein R is an alkylene group having 2 to 4 carbon atoms, R' and R" are
      hydrogen atoms or alkyl groups having 1 to 5 carbon atoms, and m and n are
      integers of 1 to 3.
NUM  4.
PAR  4. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises impregnating an electrically insulating fibrous
      base material with a resin composition obtained by incorporating in the
      resin composition defined in claim 1, with at least one additional member
      selected from the group consisting of reactive epoxy diluents containing
      at least one epoxy group in the molecule, acrylonitrile-butadiene
      copolymers containing 25 to 50% by weight of acrylonitrile units, and
      mixtures of saturated linear polyester resins obtained by polycondensation
      of dibasic acids with dihydric alcohols and polyisocyanate compounds
      containing at least two isocyanate groups in the molecule, in a proportion
      of 5 to 70 parts by weight of each additional member (provided that the
      sum of two or more additional members does not exceed 150 parts by weight)
      to 100 parts by weight of the polyepoxy compound, the placing the
      impregnated base material and a metal foil one over the other, and bonding
      together by application of heat and pressure.
NUM  5.
PAR  5. A method for maufacturing a metal-clad laminate for flexible printed
      circuits, which comprises impregnating an electrically insulating fibrous
      base material with a resin composition obtained by incorporating in the
      resin composition defined in claim 2, with at least one additional member
      selected from the group consisting of reactive epoxy diluents containing
      at least one epoxy group in the molecule, acrylonitrilebutadiene
      copolymers containing 25 to 50% by weight of acrylonitrile units, and
      mixtures of saturated linear polyester resins obtained by polycondensation
      of dibasic acids with dihydric alcohols and polyisocyanate comcompounds
      containing at least two isocyanate groups in the molecule, in a proportion
      of 5 to 70 parts by weight of each additional member (provided that the
      sum of two or more additional members does not exceeds 150 parts by
      weight) to 100 parts by weight of the polyepoxy compound, then placing the
      impregnated base material and a metal foil one over the other, and bonding
      together by application of heat and pressure.
NUM  6.
PAR  6. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises impregnating an electrically insulating fibrous
      base material with a resin composition obtained by incorporating in the
      resin composition defined in claim 3 with at least one additional member
      selected from the group consisting of reactive epoxy diluents containing
      at least one epoxy group in the molecule, acrylonitrilebutadiene
      copolymers containing 25 to 50% by weight of acrylonitrile units, and
      mixtures of saturated linear polyester resins obtained by polycondensation
      of dibasic acids with dihydric alcohols and polyisocyanate compounds
      containing at least two isocyanate groups in the molecule, in a proportion
      of 5 to 70 parts by weight of each additional member (provided that the
      sum of two or more additional members does not exceed 150 parts by weight)
      to 100 parts by weight of the polyepoxy compound, then placing the
      impregnated base material and a metal foil one over the other, and bonding
      together by application of heat and pressure.
NUM  7.
PAR  7. A method according to claim 1, for manufacturing a metal-clad laminate
      for flexible printed circuits, wherein the resin composition contains 30
      to 100 parts by weight of a copolymer of a styrene compound with maleic
      anhydride, said copolymer containing at least 30 mole percent of maleic
      anhydride structural units.
NUM  8.
PAR  8. A method according to claim 2, for manufacturing a metal-clad laminate
      for flexible printed circuits, wherein the resin composition contains 30
      to 100 parts by weight of a copolymer of a styrene compound with maleic
      anhydride, said copolymer containing at least 30 mole percent of maleic
      anhydride structural units.
NUM  9.
PAR  9. A method according to claim 3 for manufacturing a metal-clad laminate
      for flexible printed circuits, wherein the resin composition contains 30
      to 100 parts by weight of a copolymer of a styrene compound with maleic
      anhydride, said copolymer containing at least 30 mole percent of maleic
      anhydride structural units.
NUM  10.
PAR  10. A method according to claim 4 for manufacturing a metal-clad laminate
      for flexible printed circuits, wherein the resin composition contains 30
      to 100 parts by weight of a copolymer of a styrene compound with maleic
      anhydride, said copolymer containing at least 30 mole percent of maleic
      anhydride structural units.
NUM  11.
PAR  11. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises impregnating an electrically insulating fibrous
      base material with the resin composition defined in claim 1, and bonding
      the impregnated base material to a metal foil by application of heat and
      pressure by means of the press rolls consisting of a metal roll and a
      rubber roll of a roll-laminator by passing said impregnated base material
      together with said metal foil through between the press rolls in such a
      manner that the impregnated base material contacts with the metal roll
      through a releasing material interposed between the base material and the
      metal roll, and the metal foil comes in contact with the rubber roll and
      is allowed to wrap the rubber roll from the position on the circumference
      of the rubber roll for .pi./4 or more radians toward the contact line of
      both rolls.
NUM  12.
PAR  12. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises impregnating an electrically insulating fibrous
      base material with the resin composition defined in claim 7, and bonding
      the impregnated base material to a metal foil by application of heat and
      pressure by means of the press rolls consisting of a metal foil and a
      rubber roll of a roll-laminator by passing said impregnated base material
      together with said metal foil through between the press rolls in such a
      manner that the impregnated base material contacts with the metal roll
      through a releasing material interposed between the base material and the
      metal roll, and the metal foil comes in contact with the rubber roll and
      is allowed to wrap the rubber roll from the position on the circumference
      of the rubber roll for .pi./4 or more radians toward the contact line of
      both rolls.
NUM  13.
PAR  13. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises impregnating an electrically insulating fibrous
      base material with the resin composition defined in claim 8, and bonding
      the impregnated base material to a metal foil by application of heat and
      pressure by means of the press rolls consisting of a metal roll and a
      rubber roll of a roll-laminator by passing said impregnated base material
      together with said metal foil through between the press rolls in such a
      manner that the impregnated base material contacts with the metal roll
      through a releasing material interposed between the base material and the
      metal roll, and the metal foil comes in contact with the rubber roll and
      is allowed to wrap the rubber roll from the position on the circumference
      of the rubber roll for .pi./4 or more radians toward the contact line of
      both rolls.
NUM  14.
PAR  14. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises impregnating an electrically insulating fibrous
      base material with the resin composition defined in claim 9, and bonding
      the impregnated base material to a metal foil by application of heat and
      pressure by means of the press rolls consisting of a metal roll and a
      rubber roll of a roll-laminator by passing said impregnated base material
      together with said metal foil through between the press rolls in such a
      manner that the impregnated base material contacts with the metal roll
      through a releasing material interposed between the base material and the
      metal roll, and the metal foil comes in contact with the rubber roll and
      is allowed to wrap the rubber roll from the position on the circumference
      of the rubber roll for .pi./4 or more radians toward the contact line of
      both rolls.
NUM  15.
PAR  15. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises impregnating an electrically insulating fibrous
      base material with the resin composition defined in claim 10, and bonding
      the impregnated base material to a metal foil by application of heat and
      pressure by means of the press rolls consisting of a metal roll and a
      rubber roll of a roll-laminator by passing said impregnated base material
      together with said metal foil through between the press rolls in such a
      manner that the impregnated base material contacts with the metal roll
      through a releasing material interposed between the base material and the
      metal roll, and the metal foil comes in contact with the rubber roll and
      is allowed to wrap the rubber roll from the position on the circumference
      of the rubber roll for .pi./4 or more radians toward the contact line of
      both rolls.
NUM  16.
PAR  16. A method according to claim 4, wherein the electrically insulating
      fibrous base material is a glass cloth.
NUM  17.
PAR  17. A method according to claim 4, wherein the electrically insulating
      fibrous base material is a glass paper.
NUM  18.
PAR  18. A method according to claim 4, wherein the electrically insulating
      fibrous base material is a polyamide paper.
NUM  19.
PAR  19. A method according to claim 4, wherein the electrically insulating
      fibrous base material is a polyester non-woven fabric.
NUM  20.
PAR  20. A method according to claim 4, wherein the electrically insulating
      fibrous base material is a glass cloth and the metal foil is a copper
      foil.
NUM  21.
PAR  21. A metal-clad laminate for flexible printed circuits obtained by the
      method according to claim 1.
NUM  22.
PAR  22. A metal-clad laminate for flexible printed circuits obtained by the
      method according to claim 4.
NUM  23.
PAR  23. A metal-clad laminate for flexible printed circuits obtained by the
      method according to claim 11.
NUM  24.
PAR  24. A metal-clad laminate for flexible printed circuits obtained by the
      method according to claim 16.
NUM  25.
PAR  25. A metal-clad laminate for flexible printed circuits obtained by the
      method according to claim 17.
NUM  26.
PAR  26. A metal-clad laminate for flexible printed circuits obtained by the
      method according to claim 18.
NUM  27.
PAR  27. A metal-clad laminate for flexible printed circuits obtained by the
      method according to claim 19.
NUM  28.
PAR  28. A metal-clad laminate for flexible printed circuits obtained by the
      method according to claim 20.
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ABST
PAL  The adhesive properties of compositions which contain an organic
      isocyanate, with or without a film-former, are improved by the inclusion
      of nitrosyl halide adducts of unsaturated compounds which act as adhesive
      promoters. The compositions are useful for adhering natural and synthetic
      polymeric elastomers, and are particularly useful in the production of
      laminations formed from polyurethane polymers and other substrates
      including metals, etc. and especially the formation of laminations from
      the cured tread of a conventional rubber to a curable polyurethane
      prepolymer composition which can be formed in the shape of a tire body.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to obtaining improved adhesion to polyurethane
      rubbers and olefinic rubbers and other substrates including metals, and
      pertains particularly to the adhesion of two substrates to one another in
      the production of tires and other laminations. By polyurethane rubbers are
      meant the rubbers produced by reaction of a polyisocyanate with a polymer
      such as a polyester or polyether or conjugated diene polymerized in such a
      manner as to have terminal functional groups. By olefinic rubbers are
      meant those rubbers containing olefinic unsaturation in their polymer
      chains such as natural rubber (NR), synthetic polyisoprene (IR),
      polybutadiene (BR), butadiene-isoprene copolymer (BI), rubbery copolymers
      of butadiene and styrene (SBR), rubbery copolymers of butadiene and
      acrylonitrile (NBR), rubbery copolymers of isoprene and isobutylene (IIR),
      polychloroprene (CR), ethylene-propylene rubbers (EPDM) and the like. This
      invention has particular use in applications where adhesive strength of a
      high degree is important as in the production of tires, belting,
      industrial rubber articles and like products composed of both polyurethane
      rubber and olefinic rubber components.
PAC  PRIOR ART
PAR  It is known from U.S. Pat. No. 2,905,583 that bonding of a polyurethane
      rubber to an olefinic rubber can be realized by interposing between such
      rubbers an adhesive including in combination an organic isocyanate and an
      aromatic compound containing at least one nitroso group attached directly
      to an aromatic ring carbon atom. The aromatic nitroso compounds
      contemplated by this patent are those wherein one or more of the molecular
      hydrogens of the aromatic nucleus is replaced by an alkyl, alkoxy,
      cycloalkyl, aryl, aralkyl, arylamine, arylnitrosoamine, halogen or like
      group. Oximes apparently are considered unsatisfactory by the patentees.
      The patent suggests that its adhesive compositions contain in addition to
      the described aromatic nitroso compounds and isocyanates, a so-called
      organic film-forming material such as a natural or synthetic elastomer or
      resin and it is further contemplated by the patent that tires be produced
      by adhering polyurethane rubber tread to an olefinic rubber body.
PAR  The present invention is clearly distinguished from the invention of that
      patent by the fact that the adhesion promoters utilized are derived from
      aliphatic (including cyclic aliphatic and heterocyclic aliphatic)
      compounds whereas the patent relates only to nitroso compounds with an
      aromatic nucleus.
PAC  SUMMARY OF THE INVENTION
PAR  The adhesive properties of a film-forming material and an organic
      isocyanate are improved by first mixing with the film-forming material and
      organic isocyanate, a solvent for these materials to which is added a
      nitrosyl halide adduct of an organic unsaturated compound. Alternatively,
      if an unsaturated rubber is used as the film-former, a nitrosyl halide
      adduct of the unsaturated rubber may be prepared and this adduct can be
      used in the adhesive formulations as both the film-former and adhesion
      promoter. Still another alternative is to apply a nitrosyl halide to the
      surface of a cured unsaturated rubber thereby effecting reaction of the
      nitrosyl halide with the unsaturated sites of the cured rubber and
      establishing a film of adhesion promoter on the surface of the cured
      rubber which can subsequently be bonded to a polyurethane rubber to form a
      lamination.
PAR  Most any polymeric material can be used as an organic film-former according
      to this invention. The primary function of the film-former, which may be a
      liquid or solid or a hot melt or a solid in solution in an organic
      solvent, is to modify the viscosity of the adhesive formulation so that it
      can be readily applied, as by brushing, troweling, spraying, etc. In
      effect, the film-former adds physical strength to the adhesion formulation
      so that the bonded substrates can be physically handled before final cure
      of the adhesive.
PAR  Olefinic elastomers such as natural rubber and synthetic rubber may be used
      as film-formers. The term "synthetic rubber" includes synthetic
      polyisoprene, polybutadiene, butadiene-styrene copolymers and block
      polymers, polyurethanes, butadiene-isoprene copolymers and block polymers,
      copolymers of isoprene-isobutene, polychloroprene, ethylenepropylene
      terpolymers and like piperylene homopolymers and copolymers and the like.
      The film-formers are not vulcanized. They may be solids or liquids of any
      practical molecular weight.
PAR  A polyurethane rubber may be based on a polyester or a polyether or a
      combination of the two. It may be based on a conjugated diene homopolymer
      or copolymer containing terminal functional groups. These elastomers and
      their prepolymers are also film-formers. Other film-formers include
      telechelic polymers and olefinic resins and the halogen-containing analogs
      of such materials and the foregoing natural and synthetic elastomers and
      condensation polymers including phenol-aldehyde and epoxy resins,
      polyamides, polyesters, etc. The film-former may be a halogenated wax.
PAR  Although toluene diisocyanate is generally used in the production of
      polyurethanes, other suitable isocyanates include phenylisocyanate,
      tolylisocyanate, xylene diisocyanate, cumene diisocyanate,
      methylenebis(p,p'-phenylisocyanate), methylenebis(p,p'-tolylisocyanate),
      methylenebis(p,p'-xylylisocyanate) and the like. Triisocyanates or higher
      will also function but are generally more expensive and less readily
      available on a commercial scale. Toluene diisocyanate is preferred on the
      basis of commercial availability. So-called blocked isocyanates which
      release the isocyanate at specified tempereatures will also function
      provided that the release temperature is lower than the cure temperature
      of the composite. Representative blocked isocyanates that may be used
      include phenol-blocked or caprolactam-blocked isocyanates. Dimeric
      isocyanates are also applicable. Organic isothiocyanates such as
      phenylisothiocyanate are also applicable. Another criterion for selection
      of an isocyanate is whether it would have a tendency to discolor the
      substrate. For example, Hylene W* is essentially non-staining and would be
      preferred on this basis.
FNT  *Methylenebis(4,4' -cyclohexylisocyanate) supplied by E. I. duPont de
      Nemours & Co., Inc.
PAR  Although toluene is used above as a solvent as a matter of convenience,
      hexane, cyclohexane, tetrahydrofuran, benzene, xylenes, dimethylformamide
      or many other common organic solvents as well as toluene are suitable. Any
      aprotic solvent should be effective. In case the adhesion promoter is
      liquid, the solvent may be deleted.
PAR  The exact concentrations of the film-former, adhesion promoter and
      isocyanate will depend on the strength of the adhesive bond desired in the
      final product. Generally, concentrations are selected to obtain optimum
      adhesion desired for a specific application. In addition, the
      concentrations are also adjusted to obtain a correct viscosity; that is,
      if the formulation is to be sprayed, the viscosity should be low, if
      brushed or dipped an intermediate viscosity would be desired. If the
      adhesive is to be troweled onto the surface, a higher viscosity is
      desired. As a guide, suitable concentrations of film-former, adhesion
      promoter and isocyanate on a solventfree basis normally fall within the
      following ranges:
TBL                     Parts by Weight                                        
     Film-Former          0 - 90                                               
     Adhesion Promoter    0 - 60                                               
     Isocyanate           1 - 95                                               
PAC  NITROSYL HALIDE ADDUCTS
PAR  The reaction of nitrosyl halides with simple olefins to form adducts is
      well known and can be illustrated by the following general formula:
      ##EQU1##
      However, the reaction of nitrosyl halide with unsaturated polymers is
      relatively complicated in that the initial reaction is believed to be the
      addition of the nitrosyl halide to the unsaturated sites on the backbone
      of the polymer. The reaction may be illustrated as follows, using as a
      model polymer a cis-1,4-polybutadiene:
      ##EQU2##
PAR  Complications occur relative to the exact chemical structure of the final
      product in that in the case of a cis-1,4-polybutadiene, the nitroso
      function could be tautomeric with the oxime function, e.g.
      ##EQU3##
PAR  Moreover, the usual commercial polymers do not contain exclusively a single
      microstructure. For example, commercial synthetic polybutadiene usually
      contains significant amounts of cis-1,4, trans-1,4 and 1,2-structures.
      Synthetic commercial polyisoprene contains significant amounts of cis-1,4;
      trans-1,4; 1,2- and 3,4-structures. Therefore, it is not realistic to
      indicate a specific reaction of a nitrosyl halide with the film-forming
      elastomers of this invention. It must suffice to state that treatment of
      an elastomeric material with a nitrosyl halide to the extent of about 1 to
      50 weight percent incorporation of nitrosyl halide, etc. results in a
      film-former product with significantly improved adhesion properties. The
      preferred halonitrosated polymer includes 1 to 25% incorporation of
      nitrosyl halide, etc. If more than 50 weight per cent is incorporated,
      there is a tendency for the polymer to cross link.
PAR  As stated previously, nitrosyl halides can also be applied to the surface
      of vulcanized conventional rubbers to form a nitrosated surface which will
      function in a manner to improve adhesion. In this case, the nitrosyl
      halides react with the unsaturated or activated sites on the surface of
      the cured rubber. It is particularly difficult to illustrate this reaction
      by a simple equation because the exact microstructures present in
      vulcanized rubber have not been completely and accurately defined.
      However, it is well known that most rubbers contain unsaturated sites or
      activated sites (e.g., allylic positions) which will react with reactive
      chemicals such as oxygen, ozone, halogens, and in this case, nitrosyl
      halides.
PAR  It will be obvious to one skilled in the art that many combinations of
      monomeric materials are possibile to form polymers with some unsaturation
      in the molecule and these unsaturated sites can react with the nitrosating
      agents herein listed.
PAR  Nitrosyl halides, etc. useful in the practice of the invention include
      nitrosyl chloride, nitrosyl bromide, nitrosyl bromide-bromine complex and
      nitrosyl fluoborate, and the following reactants are included herein which
      produce effective promoters, nitroso acid sulfate and nitroso sulfate and
      the like. Generally, any nitrosating agent that adds NO and the associated
      anion to adjacent carbon atoms may be used.
PAC  PREPARATION OF NITROSYL HALIDE ADDUCTS
PAR  The nitrosyl halide, etc. adducts are relatively easily prepared by simply
      mixing an olefinic substrate with a nitrosyl halide. The preferred adducts
      are nitrosyl chloride adducts and the description will refer to the
      chloride adducts more particularly. It is understood that the bromide
      adducts may be prepared in a similar manner and used similarly. Nitrosyl
      fluoride is a known compound which might be used but it is expensive and
      its use may involve health complications.
PAR  A solvent inert to the nitrosyl chloride may be utilized or, in the case of
      treating a liquid olefin, the olefin may be used as both reactant and
      solvent. The olefin may be mono-, di- or poly-functional. The saturation
      may be isolated (R--C=C--R'), conjugated (R--C=C--C=C--R') or cumulative
      (R--C=C=C--R'). The olefinic compound may be liquid or solid and may
      contain two to about 66 carbon atoms. Nitrosyl halide adducts of
      commercial uncured elastomer may function as both adhesion promoter and
      film-former. The molecular weight of the elastomers may be that of
      commercial elastomers.
PAR  The adducts of the invention may be illustrated by the following
      generalized formula:
      ##EQU4##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are hydrogen atoms,
      hydrocarbyl groups or halogen atoms or any combination thereof. The
      adducts should be soluble in a usual organic solvent (e.g. hexane,
      toluene, benzene, tetrahydrofuran, etc.). In addition, the adduct should
      have sufficient molecular weight or polarity for practical use relative to
      volatility, in order that the promoter is retained in the adhesive
      formulation. The NO in the formula is a nitroso function derived from a
      nitrosyl halide (NOX). The symbol X in the formula is used to designate
      the halogen derived from the nitrosyl halide. It will be obvious to one
      skilled in the art, that other such nitrosating agents would function as
      disclosed.
PAR  Again, referring to the generalized Formula III, the nitroso function is
      known to be tautomeric with an oxime function if either or both R.sub.1
      and R.sub.2 are hydrogen atoms. If neither R.sub.1 nor R.sub.2 is a
      hydrogen atom, the nitroso function is as shown and according to this
      invention, functions as such.
PAR  Any of the R.sub.1, R.sub.2, R.sub.3 and R.sub.4 groups which is
      hydrocarbyl may contain from one to about 16 carbon atoms. The carbon
      atoms may be arranged in a linear, branched saturated or unsaturated
      configuration. The hydrocarbyl carbon atoms may also be arranged in a
      cyclic or aromatic configuration or any combination of these
      configurations.
PAR  The hydrocarbyl groups may also contain halogen substituents, chlorine
      being preferred. They may also contain hetero atoms such as oxygen, sulfur
      or nitrogen between the carbon atoms.
PAR  Representative nitrosyl halide adducts of the invention include:
PA1  1-chloro-2-nitrosoethane,
PA1  1-bromo-2-nitrosoethane,
PA1  1,1,2-trichloro-1-nitrosoethane,
PA1  1,1,2-trichloro-2-nitrosoethane,
PA1  1,1,2,2-tetrachloronitrosoethane,
PA1  1-chloro-2-nitrosopropane,
PA1  1-bromo-2-nitrosopropane,
PA1  1-chloro-2-nitroso-isobutane,
PA1  1-bromo-2-nitroso-isobutane,
PA1  2-chloro-3-nitroso-butane,
PA1  2-bromo-3-nitroso-butane,
PA1  2-chloro-2-methyl-3-nitrosobutane and
PA1  2-bromo-2-methyl-3-nitrosobutane
PAL  which illustrate compounds in which R.sub.1, R.sub.2, R.sub.3 and R.sub.4
      are hydrogen atoms, simple alkyl groups or halogen atoms.
PAR  Illustrative of adducts containing higher alkyl groups are:
PA1  1-chloro-2-nitrosohexane,
PA1  1-bromo-2-nitrosohexane,
PA1  1-chloro-2-nitroso-2-butylhexane,
PA1  1-bromo-2-nitroso-2-butylhexane,
PA1  1-nitroso-1,1,2,2,2-penta chloroethane,
PA1  1-nitroso-1,1,2,2-tetrachloro-2-bromoethane,
PA1  1-nitrosoperchloropropane,
PA1  1-nitrosoperchlorobutane,
PA1  1-nitrosoperchloroisobutane, etc.
PAR  Adducts containing branched-chain alkyl groups include:
PA1  1-chloro-2-nitroso-3-methylbutane,
PA1  1-bromo-2-nitroso-3-methylbutane,
PA1  3-chloro-4-nitroso-2,5-dimethylhexane,
PA1  3-bromo-4-nitroso-2,5-dimethylhexane,
PA1  1-nitroso-2-chloro-1,1,2,2-tetrahexadecylethane,
PA1  1-nitroso-2-bromo-1,1,2,2-tetrahexadecylethane, etc.
PAR  Illustrative of linear unsaturated derivatives are:
PA1  1-chloro-2-nitrosobutene-3,
PA1  1-bromo-2-nitrosobutene-3,
PA1  3-chloro-4-nitrosohexadiene-1,5, etc.
PAR  It will be apparent that linear unsaturated derivatives such as those
      illustrated by the foregoing examples may be prepared by the addition of
      nitrosyl chloride or bromide to a conjugated diene or triene. In
      conjugated systems, the nitrosyl halide adduct may be prepared by a 1,2-
      or 1,4- addition.
PAR  Thus, the reaction of nitrosyl chloride with butadiene, the simplist
      conjugated system, would result in the following compounds:
      1-chloro-2-nitrosobutene-3 or 1-nitroso-2-chlorobutene-3 depending on
      whether a peroxide is present in the reaction mixture. In addition, cis
      and trans 1-chloro-4-nitrosobutene-2 will form. Similar products would
      also form with isoprene, piperylene, 2,3-dimethylbutadiene,
      cyclopentadiene, dicyclopentadiene, cyclooctadiene-1,3,
      cyclododecatriene-1,3,5, etc.
PAR  The reactions of nitrosyl chloride with cumulative double bonds is a bit
      speculative in that the initial reaction products tend to isomerize.
      Therefore, no one chemical equation would accurately describe the
      reactions.
PAR  Illustrative of cyclic aliphatic derivatives are:
PA1  2-nitrosochlorocyclohexane,
PA1  1,2-dichloronitrosocyclohexane,
PA1  2-nitrosobromocyclohexane,
PA1  2-nitrosochlorocyclopentane,
PA1  2-nitrosobromocyclopentane, etc.
PAL  and of aromatic-alkyl derivatives are:
PA1  1-phenyl-1-nitroso-2-chloroethane,
PA1  1-phenyl-1-nitroso-2-bromoethane,
PA1  1,1-diphenyl-1-nitroso-2-chloroethane,
PA1  1,1-diphenyl-1-nitroso-2-bromoethane, etc.
PAR  Illustrative of compounds in which the hydrocarbyl group contains halogen
      substituents are:
PA1  1-nitroso-2,4-dichloropentane,
PA1  1-nitroso-2-chloro-4-bromopentane,
PA1  1-nitroso-2-bromo-4-chloropentane,
PA1  1-nitroso-2-bromo-4-bromopentane, etc.
PAR  Illustrative of nitrosyl halide adducts of heterocyclic compounds are:
PA1  2-chloro-3-nitrosofuran,
PA1  2-bromo-3-nitrosofuran,
PA1  2-chloro-3-nitrosothiophene,
PA1  2-bromo-3-nitrosothiophene,
PA1  2-chloro-3-nitrosopyrrole,
PA1  2-bromo-3-nitrosopyrrole, etc.
DETD
PAC  EXPERIMENTAL
PAR  The NOCl adducts of hydrocarbyl olefins may be prepared from a solution of
      the olefin in a suitable solvent cooled to about 25.degree. to -40.degree.
      C. To the cold solution of olefin is added slowly a solution of NOCl,
      usually in the same solvent used for the olefin while maintaining the
      reaction temperature at about 25.degree. to -40.degree. C. with good
      agitation. After complete addition of the NOCl solution, the reaction is
      allowed to slowly warm to ambient temperature and the mixture is stirred
      usually for an additional few hours to complete the reaction.
PAR  In some cases in which the hydrocarbyl olefin is sterically hindered, it is
      desirable to use a catalyst to increase the reaction rate. Usually
      anhydrous gaseous hydrogen chloride or aluminum chloride is used.
PAR  When hydrogen chloride is used, the gas is simply continuously sparged
      through the reaction mixture. When aluminum chloride is used as a
      catalyst, the aluminum chloride is usually first dissolved in the NOCl and
      the solution added to the reaction mixture.
PAR  The chloronitrosated hydrocarbyl olefins are recovered by conventional
      techniques. For example, if the product is a solid, insoluble in the
      solvent, the product is isolated by filtration. If the reaction product is
      soluble, the reaction mixture is usually filtered and the solvent removed
      under vacuum to recover the reaction product.
PAR  Data in Table I summarize pertinent information on typical reactions of
      NOCl with hydrocarbyl olefins. It should be pointed out that the product
      designated is the expected major product and these reaction products were
      used as adhesion promoters without exhaustive purification. This procedure
      was followed because it was felt the product obtained by the indicated
      procedure would be representative of commerical production of the NOCl
      adduct. Exhaustive purifications were not conducted since this procedure
      would be very expensive on a commercial scale.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     SUMMARY PREPARATION OF NOCl ADDUCTS                                       
     Reactants                                                                 
     Olefin          NOCl           Temp.                                      
                                       Time              Yield                 
                Moles                                                          
                     Moles                                                     
                         Catalyst                                              
                              Solvent                                          
                                    .degree. C.                                
                                       Hrs.                                    
                                          Product        Mole                  
                                                              Character        
     __________________________________________________________________________
     cyclohexene                                                               
                0.6  0.65                                                      
                         HCl  Pet. Ether                                       
                                    =35                                        
                                       1  2-nitrosochlorocyclohexane           
                                                         40%  blue oil         
     cyclohexene                                                               
                1.0  2.0 --   Hexane                                           
                                    -40                                        
                                       2  1,2-dichloronitrosocyclohexane       
                                                         52%  blue oil         
     1,1-dichloroethylene                                                      
                0.3  0.22                                                      
                         AlCl.sub.3                                            
                              --    -- -- 1,1,2-trichloro-1-                   
                                                         88%  blue oil         
                                          nitrosoethane                        
     1,2-dichloroethylene                                                      
                0.2  0.2 AlCl.sub.3                                            
                              --     25                                        
                                       72 1,2,2-trichloro-1-                   
                                                         50%  green oil        
                                          nitrosoethane                        
     1,1,2-trichloroethylene                                                   
                0.45 0.52                                                      
                         AlCl.sub.3                                            
                              --     25                                        
                                       96 1,1,2,2-tetrachloronitroso-          
                                                         38%  green oil        
                                          ethane                               
     dicyclopentadiene                                                         
                0.25 0.50                                                      
                         --   Chloro-                                          
                                    -30                                        
                                       1  mono and diadduct                    
                                                         45.5%**               
                                                              white solid      
                              benzene                                          
                                     25                                        
                                       24                 45%**                
                                                              green oil        
     dicyclopentadiene                                                         
                0.25 0.50                                                      
                         HCl  CCl.sub.4                                        
                                    -20                                        
                                       1  mono adduct    100% white solid      
     polybutadiene                                                             
                100 gms                                                        
                     20 gms                                                    
                         HCl  Pet. Ether                                       
                                    -30                                        
                                       -- chloronitrosated polybutadiene       
                                                         --   *                
     polybutadiene                                                             
                100 gms                                                        
                     20 gms                                                    
                         --   Chloro-                                          
                                    -30                                        
                                       -- chloronitrosated polybutadiene       
                                                         --   *                
                              benzene                                          
     __________________________________________________________________________
       *Reaction product was dissolved in toluene to prepare a 50% solution for
      use as an adhesive component.                                            
      **weight percent yield                                                   
PAC  ADHESION TESTS
PAR  The adhesion test results reported hereafter were obtained on laminations
      of olefinic rubber and polyurethane rubber, a cement of the film-former
      (if used), an organic isocyanate and a promoter prepared in accordance
      with the invention having been interposed between the two rubbers. The
      procedure was as follows:
PAR  First, a sheet 6 inches square and 0.100 inch thick was prepared from
      vulcanizable olefinic rubber compound. One side of the olefinic rubber
      sheet was backed with reinforcing nylon tire fabric treated for adhesion.
      This sheet was cured (usually on the order of 20 to 30 minutes at about
      300.degree. F.). The cured olefinic rubber sheet was buffed to a satiny
      finish on the side opposite the tire fabric, the buffed surface being then
      washed with acetone or white gasoline. A 2 inch by 6 inch portion of the
      buffed surface was covered with holland cloth, the holland cloth being
      securely taped down on all four edges to prevent adhesion and facilitate
      subsequent testing in an Instron tester. The exposed buffed surface of the
      cured olefinic rubber sheet was coated with the adhesive cement of the
      invention being tested and allowed to dry. The olefinic rubber sheet was
      then placed in the bottom of a 6 inch by 6 inch by 0.250 inch mold with
      the adhesive-cement-coated surface up. A curable liquid polyurethane
      rubber compound was poured into the mold in a sufficient quantity to fill
      the mold. After the polyurethane material had gelled a 6 inch by 6 inch
      piece of square woven nylon was placed on the surface of the polyurethane
      to prevent direct contact with the hot mold during subsequent complete
      curing. A cover plate was placed on the top of the mold and the mold was
      heated 3 hours at 212.degree. F. to complete the curing of the
      polyurethane rubber. Flashing was trimmed from the resulting test
      lamination and the edge containing the holland cloth was cut back to
      expose the cloth to initiate separation of the two substrates. One inch
      wide test strips were cut from the lamination in a direction parallel to
      the direction of the reinforcing tire cord. After 24 hours at room
      temperature, test results were obtained by clamping the free ends of a
      given test strip to the jaws of a testing machine and the jaws of the test
      machine were pulled apart at a rate of 2 inches per minute, the force in
      pounds per inch at tear as well as the nature of the tear being observed.
      With regard to the nature of the adhesion, the terms "Pad Tear" and
      "Rubber Tear", as they may appear hereafter have the following meanings.
      "Pad Tear" means that the tear was along the nylon fabric. "Rubber Tear"
      means that the tear was in the olefinic rubber. Where the percentage of
      tear reported hereafter is less than 100%, the balance was tear along the
      adhesive interface. For elevated temperature testing as reported in the
      table, the test samples were placed in an oven maintained at the desired
      elevated temperature. Each test sample was then removed after being in the
      oven a total of 15 minutes and immediately subjected to the pulling test.
PAR  The following examples illustrate practice of the invention. In the
      examples the vulcanizable olefinic rubber sheets employed were prepared of
      the following formulation:
TBL                     Parts by Weight                                        
     SBR                  60.0                                                 
     Polybutadiene        40.0                                                 
     Carbon Black         70.0                                                 
     Oil                  44.0                                                 
     Zinc Oxide           2.0                                                  
     Stearic Acid         2.0                                                  
     Wax                  3.0                                                  
     Sulfur               1.7                                                  
     Accelerator          1.2                                                  
     Antioxidant          1.0                                                  
PAL  Following the procedure above outlined, such sheets were backed with nylon
      fabric as previously described, cured, buffed and one surface coated by
      brushing with a cement containing the adhesion promoter of the invention.
      The adhesive coated sheets were in each instance formed into a lamination
      by the abovedescribed proceudre with a polyurethane rubber composition of
      the following formulation:
TBL                     Parts by Weight                                        
     Adiprene L-167*      100.0                                                
     Silicone DC-200**    0.10                                                 
     Methylene bis-                                                            
      (o-chloro-p-aniline)                                                     
                          20.98                                                
     Dioctyl phthalate    20.00                                                
       *A reaction product of a diisocyanate and a polyalkylene ether glycol,  
      supplied by E. I. duPont de Nemours & Co., Inc.                          
      **A silicone oil supplied by Dow Corning Corporation.                    
TBL                                    TABLE II                                
     __________________________________________________________________________
     EVALUATION OF EXPERIMENTAL ADHESIVE FORMULATIONS                          
                       Weight % Composition                                    
                       Experiment No.:                                         
                  Control                                                      
                       1      2       3        4       5       6 7             
     __________________________________________________________________________
     Adiprene L-167                                                            
                  --   36.35  36.35   20.0     18.2    33.3    --              
                                                                 --            
     Toluene Diisocyanate                                                      
                  *    18.2   18.2    40.0     36.35   16.7    **              
                                                                 **            
     Toluene      --   36.35  36.35   20.0     36.35   33.3    --              
                                                                 --            
     Adhesion Promoter                                                         
                A --   9.1    --      --       --      --      --              
                                                                 --            
     "          B --   --     9.1     --       --      --      --              
                                                                 --            
     "          C --   --     --      20.0     --      --      --              
                                                                 --            
     "          D --   --     --      --       9.1     --      --              
                                                                 --            
     "          E --   --     --      --       --      16.7    --              
                                                                 --            
     "          F --   --     --      --       --      --      **              
                                                                 **            
     Adhesive Strength                                                         
     Lbs./ Inch at:                                                            
      72.degree. F.                                                            
                  Too  94     78      72       69      73      90              
                                                                 40            
     212.degree. F.                                                            
                  weak 39     41      41       42      41      33              
                                                                 21            
     250.degree. F.                                                            
                  to   32     32      24       25      30      15              
                                                                 21            
     300.degree. F.                                                            
                  test.                                                        
                       10     12      15       6       7       --              
                                                                 --            
     Nature of Adhesion at:                                                    
      72.degree. F.                                                            
                  Too  100% Pad                                                
                              100% Rubber                                      
                                      100% Rubber                              
                                               100% Rubber                     
                                                       100% Rubber             
                                                               --              
                                                                 --            
     212.degree. F.                                                            
                  weak "      "       " Pad & Rubber                           
                                                95%  " "  Pad  --              
                                                                 --            
     250.degree. F.                                                            
                  to   "      "       "        85% Pad "       --              
                                                                 --            
     300.degree. F.                                                            
                  test.                                                        
                       2% Rubber                                               
                              20%     "        2% Rubber                       
                                                       30% Rubber              
                                                               --              
                                                                 --            
     __________________________________________________________________________
       *In the control, no film-former or promoter was used. The general       
      procedure for preparing test pads was the same in Experiments No. 1      
      through 7. The olefin rubber substrate of the control was brushed with   
      toluene diisocyanate, and the upper polyurethane rubber composition was  
      pressed on to it. The polyurethane rubber composition contained Adiprene 
      L-167 which was used as a film-former in Experiment Nos. 1 through 5 so  
      that as far as the reactive chemical species are concerned, the control  
      was the same as the composition of Experiment Nos. 1 through 5. The      
      adhesion produced in the control was so poor that the two substrates were
      separated at the interface when pulled apart by hand at 72.degree. F.    
      Adiprene L-167, defined above, (supplied by E. I. duPont de Nemours & Co.
      Inc.) functions as a film-former.                                        
      Adhesion Promoter A is 1,1,2,2-tetrachloronitroso ethane.                
      Adhesion Promoter B is 2-nitrosochlorocyclohexane which can be tautomeric
      with 2-chlorocyclohexanone oxime.                                        
      Adhesion Promoter C is the mono-nitrosylchloride adduct of               
      dicyclopentadiene.                                                       
      Adhesion Promoter D is the di-nitrosylchloride adduct of                 
      dicyclopentadiene.                                                       
      Adhesion Promoter E is a 50 weight per cent solution of nitrosyl chloride
      treated polybutadiene in toluene.                                        
      **Adhesion Promoter F is a benzene solution of nitrosyl chloride         
      containing 13.5 weight per cent nitrosyl chloride. This solution was     
      applied to the surface of vulcanized olefinic rubber previously described
      as well as a cured EPDM rubber. Adhesive bond strengths obtained with the
      vulcanized olefinic rubber are recorded under Experiment No. 6 and those 
      with the cured EPDM rubber are listed under Experiment No. 7.            
      The preparation of Promoters A to D is described in Table I and the      
      descriptive matter which precedes it.                                    
PAR  To demonstrate the utility of the adhesive promoters of this invention, the
      promoters were formulated with a film-former (Adiprene L-167), toluene
      diisocyanate and toluene. The exact compositions of their formulations are
      summarized in Table II.
PAR  The data recorded under Experiment Nos. 1 through 5 of that table were
      obtained by the general procedures previously described. In Experiment
      Nos. 6 and 7, nitrosyl chloride was used directly as an adhesion promoter
      to bond a cured olefinic rubber (Exp. No. 6) and cured EPDM rubber (Exp.
      No. 7) to a cured polyurethane. No film-former was used in Experiment Nos.
      6 and 7 to verify that the film-former was optional in carrying out the
      invention. The technique used was to brush the benzene solution of
      nitrosyl chloride onto the cured olefinic rubber and cured EPDM rubber,
      allow the benzene and excess nitrosyl chloride to slowly evaporate and
      then apply a thin coat of toluene diisocyanate. Adhesion pads were then
      constructed by the general procedure described previously.
PAR  As indicated by the adhesive strength values recorded in Table II, all of
      the adhesive formulations in Experiment Nos. 1 through 7 resulted in
      strong bond strengths at ambient temperature (72.degree. F.) as well as at
      the elevated temperatures (212.degree. F., 250.degree. F. and 300.degree.
      F.), whereas the control samples were too weak to give recordable values.
      As expected, the bond strengths decreased as the test temperature
      increased; however, all of the bond strengths obtained at the elevated
      temperatures are considered good and indicate that the laminations
      produced could be used for many industrial applications requiring use at
      moderately elevated temperatures.
PAR  The surface appearance of the ruptured lamination as recorded in Table I
      under the column labeled "Nature of Adhesion at:" is of practical
      importance. It should be noted that in no case was the rupture of the
      lamination due exclusively to failure in the adhesive phase alone. This
      means that if the substrates, either the vulcanized olefinic rubber or
      polyurethane, could be improved relative to tear strength, the adhesive
      bond strength values would have been higher than observed. In other words,
      the laminations ruptured at the weakest point which is demonstrated as not
      being in the adhesive phase.
PAR  As shown by the results reported in the above examples, excellent adhesion
      is obtained by the use of cements containing the adhesion promoters of the
      invention. Such cements without the adhesion promoters of the invention
      are not effective adhesives.
PAR  A particularly desirable application of the adhesive of the inventiton
      involves the adhesion of olefinic rubber tire treads to polyurethane
      rubber tire bodies and conversely in adhering polyurethane rubber tire
      treads to olefinic rubber tire bodies. This is illustrated in the Figure.
      Since good adhesion results are obtained using a film-former based on
      either a polyether or a polyester or conjugated diene polymerized in such
      a manner as to form terminal groups, good adhesion to either an olefinic
      rubber or a polyurethane rubber  to polyesters also is obtained by the
      adhesives of the invention.
PAR  For instance, the adhesive composition in such instances may be applied to
      the cured substrates or one or both of the substrates may be curable. If
      one substrate, for example the polyurethane carcass, or both substrates,
      are curable, the adhesive composition and the uncured substrate or
      substrates will be cured simultaneously. The curable adhesive is applied
      between the substrates and then the tire will be heated to cure the
      adhesive, and one or both substrates may be cured simultaneously with it.
      The adhesive may be cured by heating for 3 hours at 212.degree. F. as
      disclosed above, and may be cured at this temperature with a curable
      polyurethane carcass. If it is cured with the olefinic rubber composition,
      it may be cured for 20-30 minutes at about 300.degree. F. as disclosed
      above. Any cure conditions consistent with what is known in the art may be
      employed. The adhesive composition may be cast or brushed or otherwise
      applied to one or both substrates, which may be either cured or partially
      or completely precured. For instance, it may be cast on to the tread and
      this coated tread may then be wrapped around the cured or curable carcass
      which may be composed of polyurethane rubber and the assembly will then be
      heated to cure the adhesive and complete the curing of one or both of the
      substrates which had not been previously completely cured. Alternatively,
      the adhesive may be applied to the carcass and then the tread will be
      applied to it.
PAR  A further application of the invention involves treatment of rubber
      articles with the adhesive formulations of the invention as a means of
      priming the surface for painting with a urethane based paint or with an
      acrylate based paint.
PAR  In the claims, the word "tire" is to be construed generally as meaning an
      ordinary pneumatic tire, although the tire may be a solid tire, such as a
      foam-filled tire or a solid rubber tire. Furthermore, it may be a
      self-supporting structure of the general shape of a pneumatic tire which
      does not require inflation by super-atmospheric pressure.
CLMS
STM  We claim:
NUM  1.
PAR  1. A lamination of two rubber substrates adhered by the cured adhesive
      composition of an organic isocyanate and an adhesion promoter of the class
      consisting of 2-chlorocyclohexanone oxime, mono or di-nitrosylchloride
      adduct of dicyclopentadiene in the oxime form and a substantially
      16.5-weight per cent nitrosyl chloride adduct of polybutadiene in the
      oxime form.
NUM  2.
PAR  2. The lamination of claim 1 in which the promoter is 2-chlorocyclohexanone
      oxime.
NUM  3.
PAR  3. The lamination of claim 1 in which the promoter is mono or
      di-nitrosylchloride adduct of dicyclopentadiene in the oxime form.
NUM  4.
PAR  4. The lamination of claim 1 in which the promoter is a substantially
      16.5-weight per cent nitrosyl chloride adduct of polybutadiene in the
      oxime form.
NUM  5.
PAR  5. The lamination of claim 2 in which one of the substrates is a
      polyurethane.
NUM  6.
PAR  6. The lamination of claim 1 in which one of the substrates is a
      polyurethane.
NUM  7.
PAR  7. The lamination of claim 3 in which one of the substrates is a
      polyurethane.
NUM  8.
PAR  8. The lamination of claim 4 in which one of the substrates is a
      polyurethane.
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ABST
PAL  This invention is a method for depositing on an article a coating
      containing at least one member of the group metals and metal alloys plus
      particulate dispersed diamond comprising contacting the surface of the
      article with a stable electroless plating bath consisting essentially of
      an aqueous solution of soluble constituents of the group, electroless
      reducing agent therefor, a suspension of diamond particles therein and a
      stabilizer, and maintaining the diamond particles in suspension throughout
      the bath during the coating of the article for a time sufficient to
      produce a preselected depth of coating on the article, and the coated
      article per se.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      208,233, now abandoned, filed on Dec. 15, 1971.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Generally, this invention consists of a method for depositing on an article
      a coating containing at least one member of the group metals and metal
      alloys and incorporating therein particulate dispersed diamond comprising
      contacting the surface of the article with a stable electroless plating
      bath consisting essentially of: (1) an aqueous solution of soluble
      constituents of the group, (2) electroless reducing agent therefor, (3) a
      suspension of diamond particles in concentration in the range maintaining
      fluidity of the bath, (4) a stabilizer for the bath of concentration in
      the range from that sufficient to prevent decomposition of the bath upon
      addition of diamond particles thereto to that retaining plating capability
      of the bath, and (5) additives facilitating electroless plating per se,
      and maintaining the diamond particles in suspension throughout the bath
      during coating of the article for a time sufficient to produce a
      preselected depth of coating on the article, together with the product of
      the method.
DRWD
PAC  DRAWINGS
PAR  The following drawings, some of which are reproductions of marked-up
      photomicrographs and some of which are partially schematic line drawings,
      depict the composite structures obtained, the wear tracks developed during
      running yarn frictional testing of the several types of structures, and
      the test apparatus and its component orientation with respect to test
      specimens, plus a preferred deposition apparatus, in which:
PAR  FIG. I is a typical photographic plan view (6340X) of an electroless Ni-B
      alloy/12.mu. synthetic diamond "A" composite with the several most
      important structural features indicated by characteristic numerals,
PAR  FIG. II is a typical photographic plan view (6480X) of an electroless Ni-B
      alloy/9.mu. natural diamond composite, with individual structural features
      identified,
PAR  FIGS. III(A)-(E), inclusive, are partially schematic representations of the
      Accelerated Wear Test apparatus employed, and the results obtained, in the
      evaluation of the best composite coatings laid down by this invention, as
      to which (A) is a plan view of the test apparatus, (B) is an inset
      perspective of the running yarn course over the surface of a specimen in
      test, (C) is a side elevation view, partly in section, taken on line
      IIIC-IIIC, FIG. IIIA, (D) is a perspective view of the relationship of
      running yarn line to specimen in an invalid Standard Test which yields
      corner notching [FIG. III(M)]  without a wear track on the mid-specimen
      surface between the notches and III(E) [N]  is a showing of a typical
      normal groove obtained during a valid Accelerated Wear Test,
PAR  FIG. IV is a typical photographic plan view (2860 X) of an electroless Ni-B
      alloy/9.mu. natural diamond composite indicating the diagonal running test
      yarn course and showing structural features as affected by the Standard
      Wear Test,
PAR  FIG. V is a typical photographic plan view (2640X) of an electroless Ni-B
      alloy/9.mu. synthetic diamond "A" composite indicating the running test
      yarn course and showing structural features as affected by the Accelerated
      Wear Test,
PAR  FIG. VI is a typical photographic plan view (250X) of an electroless Ni-B
      alloy/9.mu. synthetic diamond "A" specimen in the as-plated condition (A)
      and after an Accelerated Wear Test (B),
PAR  FIG. VII is a typical photographic plan view (250X) of an electroless Ni-B
      alloy/9.mu. natural diamond specimen in the as-plated condition (A) and
      after an Accelerated Wear Test (B),
PAR  FIG. VIII is a typical photographic plan view (250X) of an electroless Ni-B
      alloy/9.mu. synthetic diamond "B" specimen in the as-plated condition (A)
      and after an Accelerated Wear Test (B),
PAR  FIG. IX is a sectional perspective view of a preferred embodiment of
      apparatus which is employed to lay down the composite coatings of this
      invention,
PAR  FIG. X is a fragmentary, cross-sectional, side elevation view of a
      multi-filament yarn interlacing air jet which is advantageously coated
      according to this invention,
PAR  FIG. XI is an end elevation view, partly in cross section, of a
      multiplicity of interlacing jets of the design of FIG. X in assembled
      relationship, and
PAR  FIG. XII is a section on line XII--XII, FIG. XI.
DETD
PAC  INTRODUCTION
PAR  The prior art is replete with publications teaching the electroplating of
      metallic-diamond composite coatings; however, it is believed that
      electroless plating of diamond composites has never been successfully
      accomplished except, possibly, by the very special technique taught in
      application Ser. No. 103,355, assigned to common assignee, of which one of
      the present applicants is a co-inventor. There is, it is true, art on the
      electroless plating of composites of metals and particulate metal
      compounds, specifically, British Pat. No. 1,219,813 (corresponding to U.S.
      Pat. No. 3,617,363); however, there appears to be nothing with respect to
      particulate diamond.
PAR  Applicants' composite laydowns must be distinguished from electroless
      coating of diamond particles per se with nickel and cobalt, such as taught
      in U.S. Pat. No. 3,556,839.
PAR  Applicants have now discovered a method of concurrently depositing, by the
      electroless plating technique, as a disperse phase, particulate diamond in
      composite with Ni(B), Ni(P), Co(B), Co(P) and other metals and metal
      alloys singly, or as mixtures of any two or more of these substances
      together, as well as metallic copper as the continuous phase or matrix.
      The coatings produced are highly adherent, relatively non-porous and
      possessed of a truly remarkable abrasive wear resistance. In addition, the
      diamond particle pull-out characteristics, particularly of the synthetic
      diamond species "A" hereinafter described, are very good, so that
      objectionable detritus is not carried over into the surrounding
      environment which could, possibly, act as an abrasive agent to gall or
      otherwise damage the fine finish of bearings or other metal-to-metal
      contact surfaces. The combination of properties displayed by the diamond
      composites of this invention are such that they have great potential value
      as abrasion-resistant surfaces for both dry and wet service, writing
      instrument nibs, cutting tool surfaces, piston ring and other sliding
      contacting surfaces, textile wear surfaces and other extremely demanding
      uses.
PAR  Applicants have prepared composites incorporating, singly, particulate
      natural diamond and the only two synthetic diamonds which are commercially
      available at the time of filing, these being denoted synthetic diamond
      "A," which is explosively formed by applicants' assignee in accordance
      with the teachings of U.S. Pat. No. 3,401,019, and synthetic diamond "B,"
      which is marketed by the General Electric Company, Schenectady, N. Y., and
      which is believed to be fabricated in accordance with the teachings of
      U.S. Pat. Nos. 2,947,608 through 2,947,611, inclusive.
PAR  As hereinafter described, the composites of applicant' invention are
      usually used as relatively thin self-adhered coatings deposited on the
      surfaces of a substrate consisting of a metal, polymer, ceramic, glass,
      wood or other relatively rigid material. However, if desired, the
      composites can be laid down on a temporary substrate, such as thin metal,
      water-resistant paper, film or foil, polymer sheeting or the like and the
      coating stripped therefrom (or the temporary substrate melted or dissolved
      away) and thereafter utilized as a wear-resistant shell per se, which can
      be adhered to any firm supporting base material which is, in itself,
      suited to the particular use environment's requirements, by adhesives,
      cement, heat treatment or in other conventional manner known to the art.
PAR  It is practicable to use a very wide variety of substrates and base
      materials, the only limitation being that inherent in widely different
      coefficients of thermal expansion as regards the coating with reference to
      the underlying support material. Filled polymers, such as those
      incorporating staple fibers as reinforcement, appear to give most
      satisfactory substrate structures.
PAR  Applicants have prepared composite coatings on substrates of unfilled ABS
      (acrylonitrile-butadiene-styrene copolymer), filled ABS, ABS reinforced
      with glass fibers and with acicular TiO.sub.2, polyimides, polyolefins,
      polyesters, "Delrin" acetal resins, "Zytel" nylon resins, and "Nomex"
      aromatic polyamide resins, and, while all have not been tested as
      thoroughly as some hereinafter described, all have supported coatings that
      were visually uniform and well-adhered.
PAR  Polymers are, of course, especially preferred in moderate temperature
      corrosive service environments, because of their low cost, relatively high
      resistance to corrosion and low contamination potentiality. On the other
      hand, where relatively high temperatures exist, or where it is necessary
      to improve the composite coating properties by heat treatment, metals are
      preferred, since they survive heating to relatively high temperatures
      without the warping and compositional deterioration usually suffered by
      polymers.
PAC  THE DEPOSITION PROCESS
PAR  The composite deposition process employed in this invention can utilize
      much of the published electroless plating art.
PAR  Thus, for electroless Ni-P min. strike deposition U.S. Pat. Nos. 2,658,841
      and 2,658,842 are instructive. Similarly, electroless Ni-B, Ni-Co-B, and
      Co-B processes are taught in U.S. Pat. Nos. 3,062,666; 3,063,850;
      3,096,182; 3,140,188; 3,234,031 and 3,338,726. Also, electroless Co-P and
      Ni-Co-P processes are disclosed in U.S. Pat. Nos. 2,532,284 and 2,871,142.
      Finally, electroless copper processes are described in U.S. Pat. Nos.
      2,996,408; 3,075,855-6; 3,383,224; 3,431,120; 3,329,512; 3,361,580;
      3,392,035; 3,457,089 and 3,453,123.
PAR  The electroless Ni-P processes which are the subjects of certain of the
      Patents cited supra utilize aqueous solutions containing H.sub.2 PO.sub.2
      .sup.- ions, which act as the reducing agent, and nickel ions furnished by
      dissolved nickel salts. Similarly, the electroless Ni-B processes utilize
      aqueous solutions of nickel salts and a boron-containing reducing agent,
      such as BH.sub.4 .sup.- ions or dimethylamine borane (DMAB). In addition,
      workable electroless plating baths contain buffers, e.g., salts of weak
      carboxylic or dibasic acids, to prevent rapid changes in pH, plus at least
      one of a large variety of chemical compounds or metallic ions which act as
      stabilizers preventing spontaneous bath decomposition.
PAR  The foregoing mentioned components, and others, are commonly present in
      electroless plating baths, or are added during plating, for such purposes
      as: (1) adjustment of pH, (2) complexing of metal cations, (3) surface
      activity control, (4) bath efficiency control and (5) deposit internal
      stress control, and these are generally referred to herein as additives
      facilitating electroless plating per se.
PAR  Among the patent references cited supra are several teaching that other
      metallic or non-metallic elements, including (but not limited to) lead,
      zinc, thallium and arsenic may be co-deposited with the principal elements
      Ni, Co and Cu. It is also known that Ni, Cu and P can be collectively
      co-deposited using a proprietary process of the Shipley Company, Newton,
      Massachusetts.
PAR  More specifically, U.S. Pat. No. 3,140,188 teaches processes by which Ni
      and Co can be deposited from stable baths containing Zn or Fe, and that
      the coatings are smooth, adherent and constituted of alloys including:
      Ni-Zn, Ni-Co-Zn, Co-Fe, and Ni-Fe. Also, U.S. Pat. No. 3,062,666 teaches
      that a lead salt can be included in the plating bath as a stabilizer, and
      it has been verified that the Ni or Co plating from the bath of this
      Patent contains small quantities of Pb, without impairing the smoothness.
      Similarly, application Ser. No. 847,457, assigned to common assignee,
      teaches that thallium can be a component of smooth, adherent electroless
      plates if suitably incorporated in the bath. Moreover, U.S. Pat. No.
      3,063,850 teaches that not only Ni and Co but also Cu, Cd and Sn
      individually can be plated as smooth adherent coatings by electroless
      plating.
PAR  Accordingly, the instant invention is not limited to electroless deposits
      consisting solely of the metals Ni, Co, Cu and the non-metals P and B, but
      also comprises these elements singly and plurally, as well as other
      elements whose presences are tolerable or, indeed, beneficial, as far as
      bath stability and coating quality are concerned.
PAR  Electroless plating is an autocatalytic process, in the sense that the
      coating which is deposited serves as catalyst for continuation of the
      plating process. Once plating is initiated on the surface of a metallic,
      ceramic, polymeric or other substrate, it will continue as long as the
      article remains in contact with the periodically replenished plating
      solution. Since no electric current is required for the plating which
      occurs, the general adjectives "electroless" or "chemical" have been used
      to differentiate these processes from conventional electroplating.
PAR  The diamond particles utilized in this invention can have particulate sizes
      in the range of from less than about 0.1 to 50.mu. or even to 75.mu.. The
      quantity of diamonds incorporated in our electroless alloy coatings can
      range from about 1 to about 50 volume per cent.
PAR  The diamond particle shapes employed herein were approximately equi-axed
      and there appeared to be no optimum particle size distribution. Thus, the
      diamonds employed in some of the Examples infra consisted of mixtures
      extending from about 1 to about 22.mu. size.
PAR  In the plating of electroless alloy-diamond composites according to this
      invention, a dispersion of diamond particles is maintained throughout the
      plating bath, so that the particles constantly contact surfaces of the
      substrates being coated. The plating baths must be properly formulated,
      controlled and operated as hereinafter described under conditions that
      prevent initiation of plating on the surfaces of the diamond particles
      suspended in the bath. Thus, if plating initiates on the surfaces of the
      suspended particles, the bath will decompose by rapid depletion of the
      metallic ions and the reducing agent, rendering the bath uncontrollable
      and useless for further plating. The plated diamond particles which come
      into contact with the substrates being coated form rough, highly porous,
      nonadherent, unsightly deposits, which are totally unacceptable. Thus, the
      object of our invention is completely different from that of U.S. Pat. No.
      3,556,839 and also of common assignee's application Ser. No. 847,457,
      where the intent is to plate the surfaces of the diamond particles
      suspended in the plating bath.
PAR  Metallic substrates are given a conventional preplating treatment,
      depending on the particular metal or alloy, prior to coating by this
      invention. Thus, the steel specimens of the Examples infra were first
      solvent-degreased in trichlorethylene, followed by hot alkaline cleaning
      (e.g., Enbond S61) at 65.degree.C. for about 5 minutes, after which they
      were water rinsed, acid-etched in a 50% by volume solution of HCl at room
      temperature for 30 to 60 secs., and water rinsed prior to immersion in the
      plating bath.
PAR  Plating initiates spontaneously on metallic substrates which are catalysts
      for electroless plating processes. For example, for baths that deposit
      nickel alloys, catalytic metals include Co, Ni, Pt and Pd. Plating also
      initiates spontaneously on metals which are noncatalytic but less noble
      than the bath metal, because a thin film of the dissolved metal rapidly
      forms through displacement, and the dissolved metal, being a catalyst,
      continues the plating process. Examples of this, for electroless nickel
      processes, are the plating of iron, aluminum, magnesium, beryllium and
      titanium. Metallic substrates which do not initiate plating spontaneously
      can be initiated galvanically by brief application of a small negative
      potential to the substrate.
PAR  Nonconducting substrates, such as polymeric organic materials, are prepared
      for plating by roughening mechanically as by grit blasting (27 micron
      alumina being suitable), followed by a treatment depositing a suitable
      catalyst for electroless plating, typically immersion in an SnCl.sub.2
      solution (70 g/l SnCl.sub.2 plus 40 cc/l HCl, 80.degree.F.), water rinsing
      and immersion in a PdCl.sub.2 solution (0.1 g/l PdCl.sub.2 plus 1cc/l HCl,
      80.degree.F.) and water rinsing. Pearlstein, in Metal Finishing, August
      1955, pp. 59-61, outlines a two-step approach to surface activation using
      the hereinbefore described SnCl.sub.2 predip and PdCl.sub.2 activation
      solution.
PAR  Numerous proprietary processes have been developed that combine and
      simplify the individual steps of the activation procedures. For example:
      (1) U.S. Pat. No. 3,563,784 teaches the preactivation step of immersing
      plastic parts in a surfactant solution to insure complete coverage with
      the electroless deposit of metal; (2) U.S. Pat. No. 3,579,365 teaches the
      pre-etch preactivation step of treating the polymer surfaces with
      colloidal or emulsified fatty-acid materials to improve metal adhesion;
      (3) U.S. Pat. No. 3,562,038 and British Pat. No. 1,212,002 teach two
      approaches to surface activation using colloidal suspensions of palladium
      particles prepared by pre-reduction of palladium chloride with stannous
      chloride. The foregoing processes extend the application of electroless
      plating techniques to a wide spectrum of polymers, including the
      polyolefins and polyesters.
PAC  Ni, Co PREPLATING TREATMENT
PAR  The ABS (i.e., acrylonitrile-butadiene-styrene copolymers), glass
      fiber-reinforced ABS and acicular rutile fiber-reinforced ABS resins
      described in the examples infra, which were given a plate with diamond
      particles composited with electroless Ni and electroless Ni-Co alloy
      matrices, were first given the following preplating treatment.
PAR  1. Cleaning by immersion in a proprietary alkaline cleaner (e.g., Marbon
      C-15) for 5 minutes at 65.degree.C., to remove any grease or oil picked up
      in molding or handling operations.
PAR  2. Rinsing in hot and cold water in the sequence recited for 30 secs. each.
PAR  3. Chemically roughening to promote coating adhesion by immersion for 4-6
      minutes at 65.degree.C. with mild agitation in a proprietary
      chromic-sulfuric acid etch (e.g., Marbon E-20).
PAR  4. Rinsing in, first, hot and then cold water for 30 secs. each, followed
      by an ultrasonic water rinse of 2 minutes and a final rinse with running
      deionized water.
PAR  5. Sensitizing by immersion in a proprietary (Enplate 432) bath containing
      tin ions with the parts agitated in the bath.
PAR  6. Rinsing twice in de-ionized water for 30 secs. each while agitating
      gently to remove excess tin ions from the articles.
PAR  7. Immersing in a proprietary activation bath (e.g., Enplate - 440 )
      containing Pd ions. The tin ions were here oxidized under gentle agitation
      for 1.5 minutes, thereupon reducing the Pd ions to metallic state.
PAR  8. Finally, rinsing with two separate de-ionized water rinses of 30 secs.
      duration each while gently agitating.
PAC  COPPER PREPLATE
PAR  ABS reinforced and unreinforced specimens employed in the examples infra,
      wherein particulate diamond was composited with an electroless Cu matrix,
      were given the following preplating treatment:
PAR  Steps 1 through 4 supra, then
PAR  5. Immersing in MacDermid, Inc. Metex PTH Activator 9070 at room
      temperature for 8 mins.
PAR  6. Rinsing twice in de-ionized water for 30 secs. duration each.
PAR  7. Immersing in Metex PTH Accelerator 9071 for 8 mins. at room temperature.
PAR  8. Finally, giving the articles two de-ionized water rinses of 30 secs.
      duration each.
PAR  Ceramic substrates are prepared for plating by first mechanical roughening,
      e.g., grit blasting, or by chemical roughening using an aqueous HF
      solution to develop anchoring points for the catalyst and for the
      wear-resistant electroless alloy strike that is subsequently applied.
PAC  STRIKE TREATMENT
PAR  All of the specimens of the examples (except as described for Ex. 20) were
      given a 10 to 70 minute plating strike prior to plating in the electroless
      alloy plating bath containing the diamond dispersion. The strike bath was
      of the same composition as the composite plating bath, except that it
      contained no diamond powder. The purpose of the plating strike is to
      insure that the adhesion of the initial electroless coating applied to the
      substrate is not adversely affected by abrasive or other action of the
      dispersed particles contained in the composite plating bath. A plating
      strike is imperative in plating non-conductors such as polymers, ceramics,
      wood and glass, the surfaces of which are thereby covered with adsorbed
      layers or islands of a catalyst initiating electroless plating. However,
      in the case of metallic substances displaying high activity in the plating
      bath, e.g., plain C steel, Ni, Co and Pd, the strike can be omitted.
PAR  The electroless alloy-diamond composite coatings of this invention can be
      deposited by a wide variety of plating techniques ranging from simple rack
      plating, wherein articles are supported by a rack, to barrel plating,
      wherein the articles are introduced as free bodies into a rotating bath
      container, which can have its axis horizontally disposed or somewhat
      inclined. In addition, of course, articles can be tumble-plated as taught
      in application Ser. No. 103,355 supra.
PAR  The diamond powder to be composited (0.5 to 100 gms. as desired) is first
      blended with about 200 to 400 ml. of the plating bath in a high-speed
      mixer to break up agglomerates, wet all of the particles and form a
      concentrated slurry containing a uniform dispersion of particles. The
      slurry is then slowly added to the plating vessel, where the powder
      particles are kept in suspension by mechanical agitation and/or bath
      circulation. The quantity of diamonds maintained in the suspension, while
      most commonly in the range of 1 to 10 g. per liter of bath, can range up
      to as much as 40 g./liter, the upper limit being only that the bath must
      remain sufficiently fluid to be capable of ready agitation and
      circulation.
PAR  In the experiments hereinafter reported as examples, the metallic ions,
      reducing agent and bath stabilizer were all replenished on a periodic
      basis as determined by wet or colorimetric chemical analyses for the
      respective reacting species.
PAC  RACK PLATER
PAR  One design of apparatus utilized in the preparation of specimens for
      Examples 6, 7, 8, 19-22, and 26-28, inclusive, was the rack plater shown
      somewhat schematically in FIG. IX of the drawings.
PAR  Referring to FIG. IX, the plating vessel 10 was a glass jar of 9 liters
      capacity, about 22 cm. inside diameter, which was provided with two
      annular shelves 11 and 12, fabricated from polytetrafluoroethylene, these
      shelves being held horizontal by snug frictional through-bore mounting on
      three upstanding polytetrafluoroethylene posts 16, only two of which
      appear in the FIGURE.
PAR  Shelves 11 and 12 typically measured 13 cm. inside diameter, 20 cm. outside
      diameter and were 0.6 cm. thick. Upper shelf 11 was apertured at four
      locations 17 spaced 90.degree. apart circumferentially, each sized to
      snugly engage a sample approximately 0.635 cm. .times. 1.52 cm., so that
      the top and bottom faces were exposed to the plating solution for the
      simultaneous plating of these two surfaces. Lower shelf 12 was provided on
      its upper face with a multiplicity of recesses 18, which did not extend
      all the way through the shelf, these recesses being dimensioned to closely
      fit the specimens 20, which were snugly set therein, so that only the
      upper exposed surfaces were plated.
PAR  An electric motor-driven stirrer (typically, 350 rpm) provided the bath
      agitation, the shaft 22 of which was disposed approximately concentric
      with the longitudinal axis of vessel 10, which stirrer was provided, at
      its horizontally bent lower end, with an upstanding elliptical paddle 23
      having a major axis of 6.25 cm. and a minor axis of 2.5 cm. The dimensions
      a, b and c denoted in FIG. IX are, typically, 1.90, 2.54 and 7.62 cms.,
      respectively.
PAC  EXAMPLES
PAR  General details as to the specimens prepared for typical individual
      examples are provided in the following Tables:
TBL                                    Table 1A                                
     __________________________________________________________________________
     Description of Specimens in Examples on Plating Polymers                  
     Recessed Samples.sup.1                                                    
                      Coupons.sup.2                                            
                              Blocks.sup.3                                     
                                      Other                                    
     Example      FR-     FR-     FR- FR-ABS                                   
     Number                                                                    
           ABS    ABS ABS ABS ABS ABS Parts Total                              
     __________________________________________________________________________
      1    1      2   3   3   3   3   0     15                                 
     (TPC-40)                                                                  
      2    1      2   5   5   3   3   0     19                                 
     (TPC-32)                                                                  
      3    1      2   3   3   3   3   0     15                                 
     (TPC-39)                                                                  
      4    1      2   3   3   3   3   0     15                                 
     (TPC-36)                                                                  
      5    1      2   3   3   3   3   0     15                                 
     (TPC-46)                                                                  
      9    1      2   5   5   3   3   0     19                                 
     (TPC-33)                                                                  
     10    1      2   5   5   3   3   0     19                                 
     (TPC-34)                                                                  
     11    1      2   5   5   3   5   0     21                                 
     (TPC-28)                                                                  
     12    0      0   0   0   0   0   2 jet caps                               
                                             2                                 
     13    1      0   0   6   1   1   6 venturi                                
                                            15                                 
     (TPC-35)                         units                                    
     14    0      0   1   1   1   1   0       4                                
     (RPC-11)                                                                  
     15    1      2   3   3   3   3   0     15                                 
     (TPC-42)                                                                  
     16    1      2   5   5   3   5   0     21                                 
     (TPC-27)                                                                  
     17    1      2   3   3   3   3   0     15                                 
     (TPC-44)                                                                  
     18    1      2   3   3   3   3   0     15                                 
     (TPC-45)                                                                  
     23    1      2   5   5   3   3   0     19                                 
     (TPC-30)                                                                  
     __________________________________________________________________________
                Abbreviations: applicable to Table 1A:                         
     TPC --      Tumble-plated composites                                      
     RPC --      Rack-plated composites                                        
     ABS:        acrylonitrile-butadiene-styrene                               
     FR-ABS:     fiber-reinforced acrylonitrile-butadiene-styrene              
     __________________________________________________________________________
      Footnotes:                                                               
       .sup.1 The recessed-samples contained small diameter holes and slots.   
       .sup.2 The dimensions of the coupons were 3 .times. 10 .times. 19 mm.   
       .sup.3 The dimensions of the blocks were 8 .times. 13 .times. 25 mm.    
TBL                Table 1B                                                    
     ______________________________________                                    
     Description of Specimens in Examples of Plating Steel                     
              Number of Specimens Plated                                       
                          Yarnline                                             
     Number     Blocks.sup.1                                                   
                          Block.sup.2                                          
                                   Washer.sup.3                                
                                            Total                              
     ______________________________________                                    
      6 (RPC-6) 11        1        3        15                                 
      7 (RPC-7) 11        1        3        15                                 
      8 (RPC-12)                                                               
                11        1        3        15                                 
     19 (PRC-3) 2         2        0        4                                  
     20 (RPC-20)                                                               
                2         1        0        3                                  
     21 (RPC-21)                                                               
                2         1        0        3                                  
     22         2         2        0        4                                  
     ______________________________________                                    
      .sup.1 Dimensions of rectangular blocks (6 mm .times. 10 mm .times. 15 mm
      .sup.2 Dimensions of rectangular yarnline wear block (6 mm .times. 6 mm  
      .times. 12 mm)                                                           
      .sup.3 Dimensions of cylindrical thrust washer:                          
       Diameter: 31 mm                                                         
       Height:   9 mm                                                          
TBL                Table 1C                                                    
     ______________________________________                                    
     Weights of Samples Plated                                                 
                            Individual                                         
                            Weights,                                           
     Designation & Material grams                                              
     ______________________________________                                    
     "TP" samples           0.6 to 0.9                                         
     ABS coupons            0.60                                               
     FR-ABS coupons         0.65                                               
     ABS blocks             2.6                                                
     FR-ABS blocks          3.2                                                
     Steel blocks           8.1                                                
     Steel yarnline wear block                                                 
                            3.6                                                
     Thrust washers         58                                                 
     ______________________________________                                    
TBL                Table 1C                                                    
     ______________________________________                                    
     Weights of Samples Plated                                                 
                            Individual                                         
                            Weights,                                           
     Designation & Material grams                                              
     ______________________________________                                    
     "TP" samples           0.6 to 0.9                                         
     ABS coupons            0.60                                               
     FR-ABS coupons         0.65                                               
     ABS blocks             2.6                                                
     FR-ABS blocks          3.2                                                
     Steel blocks           8.1                                                
     Steel yarnline wear block                                                 
                            3.6                                                
     Thrust washers         58                                                 
     ______________________________________                                    
TBL                                    Table 1D                                
     __________________________________________________________________________
     Characteristics of Particulate Solids                                     
     Incorporated Into Electroless Coatings                                    
     in the Several Examples                                                   
                        Nominal                                                
                              Maximum.sup.1                                    
                   Nominal                                                     
                        Size  Size  %   %                                      
     Example                                                                   
           Diamond or                                                          
                   Size,                                                       
                        Range,                                                 
                              Limit Over-                                      
                                        Under-                                 
     Numbers                                                                   
           Other Powder                                                        
                   .mu. .mu.  .mu.  size                                       
                                        size                                   
     __________________________________________________________________________
     1,9,14,                                                                   
           "A"     9     6 - 12                                                
                              14    .about.3**                                 
                                        .about.13**                            
     15,19,20                                                                  
     2,10  natural 9     6 - 12                                                
                              14    &lt;5**                                       
                                        &lt;20**                                  
     3     "B"     9     6 - 12                                                
                              14    &lt;5**                                       
                                        &lt;20**                                  
     4     .alpha.-Al.sub.2 O.sub.3                                            
                   8    --    --    --  --                                     
     5     .alpha.-SiC                                                         
                   6     1 - 10                                                
                              None  20* 25*                                    
     6,8   "A"     1    0 - 2  3    .about.3**                                 
                                        .about.13**                            
     7     natural 1    0 - 2  3    &lt;5**                                       
                                        &lt;20**                                  
     11,12,13                                                                  
           "A"     3    2 - 4  5    .about.3**                                 
                                        .about.13**                            
     16,17,18                                                                  
           "A"     5    2 - 8 None  &lt;10*                                       
                                        &lt;10*                                   
      21,25                                                                    
           "A"     6    4 - 8 10    .about.3**                                 
                                        .about.13**                            
     22    "A"     9     6 - 12                                                
                              14    &lt;5**                                       
                                        &lt;20**                                  
     23    "A"     17   12 - 22                                                
                              None  &lt;15*                                       
                                        &lt;15*                                   
     24    .alpha.-Al.sub.2 O.sub.3                                            
                   14    6 - 21                                                
                              30    --  --                                     
     __________________________________________________________________________
      .sup.1 No particle exceeded the maximum size limit when one is specified.
      **Percentage of number of particles above upper limit of nominal size    
      range (oversize) or below lower limit of nominal size range (undersize). 
      *Weight per cent of powder above upper limit (oversize) or below lower   
      limit (undersize) of nominal size range.                                 
PAR  The plating process utilized in Examples 1-5, inclusive, was identical,
      except that differrent types of powders were added to the bath as
      indicated in the foregoing Table 1D. In each Example a number (typically,
      15-19) of molded ABS, glass-reinforced ABS, and acicular rutile-reinforced
      ABS polymer articles were tumble-plated as taught in appl'n Ser. No.
      103,355 supra, which is incorporated herein by reference. (The acicular
      rutile is a powder produced by the Pigments Department, E. I. du Pont de
      nemours Co., which consists of single crystals of TiO.sub.2 measuring
      about 0.2.mu. wide .times. 2 to 3.mu. long.) The plating was conducted in
      an inverted frustoconical funnel of included angle 46.degree. measuring 24
      cm in diameter across at the top end and 0.93 cm across the lower spout
      end, 25 cm high, plating solution being circulated continuously through
      the spout upwardly into the funnel portion with overflow out of the top
      collected in a surrounding sump. The plating solution velocity was
      maintained at a high enough rate (typically 4,200 cm 3/min.) to support
      the articles being plated and, at the same time, tumble them slowly in a
      random manner at a rate of 4 to 7 complete inversions per minute. However,
      the tumble rate is a function of solution supply velocity, part size,
      weight, shape and other factors, so that it varied somewhat over the
      several Examples.
PAR  Two different sizes of articles to be plated were utilized, these being (1)
      rectangular coupons measuring approximately 3 mm. .times. 10 mm. .times.
      19 mm. and (2) rectangular blocks measuring 8 mm. .times. 13 mm. .times.
      25 mm.
PAR  The articles, contained in an open mesh, sieve-like, stainless steel wire
      basket, were first given the pre-plating treatment hereinbefore described
      and were then given a strike layer of Ni-B alloy by immersion for about 10
      mins. in a 4-liter beaker which contained an electroless Ni-B plating bath
      (but no diamond particles) of the composition:
     Nickel acetate .4H.sub.2 O 50 g/l                                         
     Sodium citrate .2H.sub.2 O 25 g/l                                         
     Lactic acid                25 g/l                                         
     Dimethylamine borane (reducing                                            
                                2.5 g/l                                        
      agent)                                                                   
     Thiodiglycolic acid (stabilizer)                                          
                                0.1 g/l                                        
     Santomerse S (comm'l wetting agent)                                       
                                0.1 g/l                                        
     NH.sub.4 OH (in quantity required to main-                                
      tain pH at 6.5)                                                          
     Water                      Balance                                        
PAR  The strike bath was maintained at a temperature of 55.degree.C. The
      sample-containing basket was gently agitated. The specimens, plated with a
      thin nickel strike, were then dumped from the basket into the plating
      chamber of a tumble plater of the general design described supra through
      which was flowed the same plating solution as was used for the strike at a
      rate of approximately 4,200 cm.sup.3 /min. and plating was continued for
      about 1 hr. before any particulate diamond additions. In Examples 1
      through 4, in which 8 and 9.mu. classified size grades of powder (nominal
      size range 6-12.mu.) were used, the powder added was furnished in amount
      sufficient to establish a concentration of suspended particles of 2
      gm./liter of plating bath. In Example 5, in which a rough 1 to 10.mu. size
      grade of .alpha.SiC powder was used, the concentration of powder added was
      increased to 3 gm./liter to establish a concentration of particles in the
      6 to 10.mu. size range approximately equivalent to that of Examples 1
      through 4. A description of the type powder employed in each Example is
      reported in Table 2. The period of composite plating was approximately 3.5
      hours.
TBL                Table 2                                                     
     ______________________________________                                    
     Description of Powder Added to Tumble Plater                              
     Example                              Particle                             
     No.   Type           Structure       Size                                 
     ______________________________________                                    
     1     synthetic   Fine-grained polycrystalline                            
                                          9                                    
           diamond "A" particles                                               
     2     natural     Single crystal diamond cubic                            
                                          9                                    
           diamond     (ASTM x-ray data card                                   
                       No. 6-0675)                                             
     3     synthetic   Single crystal diamond cubic                            
                                          9                                    
           diamond "B" (ASTM x-ray data card                                   
                       No. 6-0675)                                             
     4     .alpha.Al.sub.2 O.sub.3                                             
                       Hexagonal (ASTM x-ray data                              
                                          8                                    
                       card No. 10-173)                                        
     5     .alpha.SiC (types                                                   
                       Hexagonal (ASTM x-ray data                              
                                          1 to                                 
           I & III     cards No. 2-1463 and 2-1462,                            
                                          10                                   
           mixed)      respectively)                                           
     ______________________________________                                    
PAR  Metallographic examination of the composite coatings obtained in Examples
      1-5, inclusive, revealed that they appeared to be nonporous and consisted
      of a uniform dispersion of the particulate phase in the electroless Ni-B
      alloy matrix. Quantimet analysis was used in all examples hereinafter
      described, to determine particulate concentration in the coatings laid
      down. This employs the Quantimet Image Analyzing Computer marketed by
      Metals Research, Ltd., Hertz, England, using photomicrographs taken at
      preselected magnifications which indicated, for Examples 1-5, inclusive,
      that about 10 vol. per cent of the composite coatings consisted of
      particles.
PAR  The samples were prepared for metallographic examination as follows:
PAR  1. The coated surface was ground flat on 600 grit SiC abrasive papers,
PAR  2. Rough polishing was then performed with 6-.mu. diamond abrasive on
      hard-backed Pellon Pan W cloth,
PAR  3. Final polishing was then done for a short period with 0.05.mu. Al.sub.2
      O.sub.3 abrasive, taking care to avoid grinding through the coating as
      well as avoiding excessive "rounding",  and
PAR  4. Photographing at an appropriate magnification for epidiascopic
      examination using the Quantimet image analyzing system as indicated:
     Particles   &lt;3.mu.-photograph at .about.1500X                             
                  3 to 5.mu.-photograph at .about.1000X                        
                 &gt;6.mu.-photograph at .about.500X                              
PAR  It was practicable to conduct metallographic examinations successfully on
      wear test samples prepared as hereinafter described, thereby saving double
      sample preparation.
PAR  The as-plated surfaces of the composite coatings were examined with a
      scanning electron microscope (SEM) at magnifications ranging from 2,000X
      to 15,000X. Scanning electron photomicrographs, such as FIG. I (6340X),
      showed the synthetic diamond "A" particles embedded in the composite
      coatings plated in Example 1 largely by a nucleation mechanism occurring
      at a number of different sites for each particle. This is unique to
      diamond "A," as FIG. II for natural diamond and many other
      photomicrographs (not reproduced here) for synthetic diamond "B" show.
PAR  The reason for enhanced nucleation on synthetic diamond "A" is not fully
      understood; however, the surface topography of diamond "A" is so much
      rougher than that of natural diamond, and diamond "B," also, that it is
      believed this has a significant effect. Thus, referring to FIG. I, diamond
      "A" is seen to have recessed growth ledges (1), craters (2), upstanding
      growth projections (3) and a multitude of other irregularities which
      appear to present optimum sites for the nucleation of Ni-B alloy grains
      (4) on the diamond surface per se. In addition, there exists a complete
      ring of Ni-B nucleated grains around the edge of the diamond "A" particle.
      The smooth, quite uniform Ni-B grain matrix existing outwards from the
      diamond particles is relatively continuous and depressed for all of the
      diamond particles, regardless of type.
PAR  Diamond "A" particles have a fine-grained polycrystalline structure, being
      made up of a multitude of contiguous diamond crystallites tightly bonded
      directly to one another in an essentially unoriented pattern. The
      microstructure of diamond "A" is characterized by a bimodal crystallite
      size distribution, single coherent particles containing a population of
      very small, blocky, variously oriented crystallites, typically having
      diameters in the 10-40 A range, interspersed with much larger blocky,
      unoriented crystallites, typically having diameters in the 100-1600 A
      range, and mean diameters in the 200 -600 A range, as described in Belgian
      Pat. No. 735,374 and Jl. Applied Physics, Vol. 42, pp. 503-510 (1971). The
      surfaces of these particles are irregular and of relatively large area,
      e.g., a specific surface area of about 2 sq. meters/gm., ideal for
      promoting nucleation of the matrix metal thereon.
PAR  Nucleation of Ni-B grains on the diamond "A" surfaces is evidence that
      chemical bonds form between the diamond and the alloy grains. In addition,
      the Ni-B alloy grains cover all, or at least a major portion of, the
      diamond surface, including under and around projections, and around
      ledges, affording enhanced keying retention of the diamond particles in
      the alloy.
PAR  Referring to FIG. II (6480X) for natural diamond, the sparseness of
      nucleation (3) is clearly apparent, there being only a single small
      nucleation growth at about 3 o-clock position. Thus, applicants' research
      has shown that there is little or no nucleation growth with respect to
      natural diamond and diamond "B," except where the plating bath is on the
      verge of decomposition, under which conditions the nucleation frequency is
      greatly enhanced. When a plating bath can be operated under conditions
      approaching bath decomposition, then plating can nucleate at many sites,
      even on particles such as natural diamond and diamond "B," as they are
      incorporated into the coating. (Refer Examples 26, 27, 28.)
PAR  Since natural diamond and synthetic diamond "B" both have a single crystal
      structure, there are few crystal growth defects, such as stacking faults,
      or macroscopic growth defects, such as ledges or projections. SEM
      examination of the type represented by FIG. II, reveals that both natural
      diamond and diamond "B" are characterized by diamond surfaces which appear
      to be smooth and flat and possessed of few ledge type defects. These
      smooth surfaces appear to be cleavage planes of the diamond cubic system.
      Encapsulation of the natural and diamond "B" particles takes place by
      outward growth of Ni-B alloy grains from the catalytic sites of the
      original substrate until they overlie the diamond, after which lateral
      growth of the Ni-B alloy grains proceeds along with continued outward
      growth. This type of growth can be confirmed, since at times, after
      diamond laydown, one can, typically, observe, below the level of the
      growing Ni-B alloy grains, a smooth diamond surface about 1-5.mu. diameter
      remaining of the original diamond particle expanse of about 9.mu.. This
      clearly indicates the lateral growth of the Ni-B alloy grains slowly
      covering the smooth diamond surface simultaneously with the continued
      outward growth of the Ni-B grains.
PAR  Similarly, the typical structures shown in FIG. II for Example 2 has been
      found to exist also in Ni-P composites incorporating natural diamond
      particles.
PAR  It should be understood that the nucleation and growth of electroless alloy
      grains on catalytic surfaces is completely different from that occurring
      with electrodeposited coatings. Since nucleation and growth of metal or
      metal alloy grains depends, in electroplating, upon the discharge of metal
      ions at a conductive surface and, since diamond is non-conductive, there
      can be no chemical bonding, only physical entrapment of diamond in an
      electrodeposited matrix. In addition, the inclusion of non-conductive
      diamond particles in an electrodeposited matrix results in shielding of
      some metallic areas from any applied potential. The shielded areas will
      either not plate at all, or will at least plate at a slower rate than
      non-shielded areas, depending upon the degree of shielding, which results
      in voids in the coating. Voids do not occur in an electroless
      alloy/non-conductive particle coating as long as there is suitable
      solution agitation and movement of the article being plated. This movement
      and agitation affords fresh metallic ions and reducing agent ingress to
      all surfaces, at the same time voiding gaseous reaction products as
      deposition proceeds.
PAR  An extremely important plating variable which requires control is
      stabilizer concentration, and this is particularly true for diamond "A" .
PAR  In general, the stabilizer concentration must be high enough to prevent
      spontaneous decomposition of the plating bath as well as prevent
      nucleation of plating on the surfaces of the diamond particles suspended
      in the bath. However, if stabilizer concentration is too high, nucleation
      of plating on the diamond "A" particles that come into contact with, and
      are incorporated in, the coating being deposited will be stifled. Indeed,
      excessively high stabilizer concentration poisons the electroless plating
      reaction completely, even on a metallic surface which is normally a
      catalyst for electroless plating, preventing the formation of any coating
      whatever.
PAR  Experiments 16, 17, and 18 hereinafter reported, utilizing an electroless
      Ni-B process stabilized with thiodiglycolic acid (TDGA), show that the
      nucleation of plating on diamond "A" particles is significantly inhibited
      at stabilizer concentrations below those which completely poison the
      plating reaction on the metallic matrix phase. Therefore, to achieve the
      unique attachment of diamond "A" particles in the plating of electroless
      composite coatings, the stabilizer concentration must be much more
      carefully controlled than in conventional electroless plating. It is best
      practice, in the electroless plating of diamond "A," to determine, by
      experiment, the optimum stabilizer concentration for each individual
      plating process a well as for each individual bath stabilizer employed.
PAR  Other plating variables which affect the nucleation of plating on all
      diamond types are pH, bath temperature and reducing agent concentration.
      For each electroless alloy process, these variables must be carefully
      controlled to achieve nucleation at multitudinous sites on the diamond
      particles as these are incorporated into the composite coating while, at
      the same time, preventing plating on the particles suspended in the bath.
PAR  For the electroless Ni-B process of Example 1, the operating temperature
      limits within which the desired nucleation will occur are relatively
      broad, ranging from about 50.degree.C. to about 80.degree.C. At a
      temperature of above about 80.degree.C., plating starts to initiate on the
      diamond particles suspended in the bath, causing it to decompose. On the
      other hand, at temperatures below about 50.degree.C. nucleation of plating
      is substantially inhibited. In addition, the effect of temperature on
      abrasive wear resistance is shown by Examples 1 and 15. Thus (Example 15),
      in a highly accelerated yarn line wear test, an electroless Ni-B/9.mu.
      diamond "A" coating deposited at 40.degree.C. (i.e., 10.degree. below the
      minimum level for best results), where nucleation on the particles is
      stifled, had a wear rate of 9.6.mu./hr. A comparable coating plated by the
      same process at 55.degree.C. (Example 1), where abundant nucleation occurs
      on the incorporated diamond particles, had a wear rate of only 5.1.mu./hr.
PAR  Some of the SiC particles in the coating of Example 5 showed evidence of
      plating nucleation, but the number of nucleation sites per particle was
      much less than that on diamond "A," Example 1.
PAC  WEAR TESTING
PAR  Since one very demanding abrasive service is yarn line processing, two
      coating wear tests were developed using running yarn lines as the abrading
      agents, the Standard Test being conducted with dry yarn, whereas the
      Accelerated Test employed a yarn wet with an abrasive slurry.
PAR  The specimens used in these tests consisted of coupons measuring about 0.5
      mm. wide cut from plated rectangular blocks measuring about 8 mm. .times.
      13 mm. in cross-section.
PAR  The procedure (Technique R) utilized for preparation of coated polymer test
      specimens was as follows:
PAR  1. Sample mounted, in duplicate, in "Quick Mount" quick-setting mounting
      resin,
PAR  2. Coated block sectioned with a hack saw perpendicular to the long axis of
      the specimen,
PAR  3. Grind hack-sawed edge successively on 240, 400 and 600 grit SiC abrasive
      papers, turning the specimen 90.degree. between steps,
PAR  4. Rough-polish the hack-sawed edge with 6-.mu. diamond abrasive on a
      hard-backed Pellon Pan W cloth,
PAR  5. Final-polish the hack-sawed edge with 0.05.mu. gamma Al.sub.2 O.sub.3 on
      a soft Micro-Cloth cloth,
PAR  6. Using a hacksaw cut approximately a 1/8 inch slice from this mount
      parallel to the hack-sawed edge,
PAR  7. Mount this 1/8 inch slice on a stainless steel block with two-sided
      tape, with the previously polished surface next to the block,
PAR  8. Grind down outboard face to approximately 22 mils thickness with 240
      grit abrasive paper,
PAR  9. Repeat steps 3 through 5, bringing to a final thickness of 18-20 mils,
      and
PAR  10. Remove the specimen from the stainless steel block using ethyl alcohol
      or a similar solvent to soften the tape without damaging the base
      material, and carefully peel the mounting medium from the test piece.
PAR  The procedure (Technique S) utilized for preparation of coated metallic
      wear test specimens was as follows:
PAR  1. Carefully clamp the coated metal specimen in a small, portable,
      precision vice for sectioning with a wafer machine,
PAR  2. Align the vice so that the specimen long axis is perpendicular to the
      SiC cutting wheel,
PAR  3. Slowly cut with two edge cuts to give a 30 mil slice from the block,
PAR  4. Follow steps (3)-(5), inclusive, of Technique R for both cut edge
      surfaces. Final thickness should be 18-20 mils, and
PAR  5. Etch in ethyl alcohol plus 4 vol. per cent HNO.sub.3 for 2-5 secs. to
      delineate the coating-substrate interface.
PAR  The front and back surfaces of the test pieces were so smooth and polished
      that 250X photomicrographs could be taken before and after testing in
      order to evaluate the amount of wear. Photomicrographs were also taken in
      plan of the surface of the coatings before and after wear testing to
      distinguish between a valid test, where the wear track extends across the
      entire width of the coating, and an invalid test, where corner notching
      occurring at the front and/or back edges is the result of localized edge
      cutting and the central part of the wear track remains essentially
      untouched.
PAR  Both Tests employed the same general apparatus, shown schematically in
      FIGS. IIIA-IIIC, except that only the Accelerated Test used the slurry
      nozzle denoted at 28.
PAR  Test specimens were clamped in position during testing in a holder, not
      shown, which was provided with sets of vertical ceramic pins in front of
      and back of the specimen, which pins defined a vertical slot normal to the
      width of the specimen about 0.25 mm. wide through which the yarn line 29
      ran. The yarn is drawn from a bobbin (not shown) on the left side of FIG.
      IIIA and is trained through "pig tail" ceramic guides 30, through two sets
      of tensioning disks 31a and 31b, and thence under a 3.2 mm. diameter
      horizontal ceramic pin 32 located 35 mm. in front of the central axis of
      the specimen 33. The yarn line next runs across the top coated surface 33a
      of the specimen and leaves at a slight downward angle by transit under 3.2
      mm. diameter horizontal pin 35 located 35 mm. downstream from the central
      axis of the specimen. The vertical position of the specimen can be
      adjusted by elevating screws or the like, not shown, to preselect the
      break angle between running yarn 29 and the horizontal plane of coated
      surface 33a.
PAC  STANDARD WEAR TEST
PAR  The Standard Test conditions adopted in Application Ser. No. 103,355 supra
      were used, these being as follows:
TBL  Yarn:      15-denier monofilament, full dull nylon                        
                 (Code designation 15-1-0-680D)                                
                 (Merge designation 15261)                                     
     Yarn Tension:                                                             
                10 gms.                                                        
     Yarn Speed:                                                               
                1000 yds./min.                                                 
     Break Angle:                                                              
                5.degree.                                                      
PAR  Wear Rate in microns per hour was defined as the average depth of the
      normal wear groove N, i.e., the sum of the wear grooves measured in front,
      df, and back, db, respectively, divided by 2, the whole divided by the
      test time in hours, as diagrammed for the lower test track, FIG. IIIE.
      (Very accurate measurements of the wear tracks were made from leading and
      trailing side elevation (i.e., edge-on) photomicrographs under high
      magnification both before and after each wear test.) Under the test
      conditions described, the electroless Ni-P alloy with 9.mu. diamond "A"
      composite coatings exhibited surface polishing but no measurable wear even
      after 8 hours of continuous testing.
PAR  Increasing the severity of the test by increasing the tension to 15 gms.
      and the break angle to 10.degree. did result in some moderate localized
      edge cutting (M) of the Ni-B, diamond "A" composite coatings after 24
      hours continuous testing; however, none of the tests were valid because
      the central regions under the yarn track were observed to be essentially
      unmarked (refer upper test track, FIG. IIIE). The notches (M) cut in the
      edges of the coatings were examined by scanning electron microscopy to
      ascertain differences in wear mechanisms for comparable electroless alloy
      composite coatings with different types of diamonds, the results of which
      are hereinafter reported for individual Examples.
PAC  ACCELERATED WEAR TEST
PAR  An Accelerated Wear Test in which aqueous slurries of abrasive particles
      were applied to running yarn line 29 was developed to obtain quantitative
      wear measurements on our electroless alloy diamond composite coatings.
      This utilizes a slurry applicator 28 between tensioning disks 31a, 31b and
      the first ceramic pin 32 as shown in FIG. IIIA, i.e., 14.9 cm. ahead of
      the center line of specimen surface 33a.
PAR  Applicator 28 was provided with an axial bore 28a a measuring 0.508 mm.
      dia. which opened into a vertical-sided end notch 28b 3.18 mm. long, as
      measured in a horizontal plane in the direction of yarn line travel. The
      base surface of notch 28b was a convex arc of radius 1.58 mm. drawn from
      the vertical axis of the applicator. The upper inner edges of notch 28b
      were beveled outwardly at slopes of 40.degree. measured from the vertical.
      The yarn line traversed the orifice 28a diametrically at zero break angle,
      making essentially tangent contact with the orifice lips. An abrasive
      slurry of oxide particles dispersed in water was pumped through applicator
      28 and metered onto the yarn line. Initial scouting experiments were
      conducted with slurries of 20 wt. per cent pigmentary TiO.sub.2.
      Subsequent work indicated that the severity of wear obtained with slurries
      of 15% Linde A, .alpha.-Al.sub.2 O.sub.3, was much greater. The relative
      severities of the tests run are compared in Table 3, as to which the
      material tested was Vasco 7152, a tool steel customarily used in the
      textile industry for severe abrasive wear applications. Wear rate is
      expressed in terms of depth of groove cut per unit time, i.e., .mu./hr.,
      into the uncoated steel coupon.
TBL                Table 3                                                     
     ______________________________________                                    
     YARNLINE COMPARATIVE WEAR TEST SEVERITY                                   
     ______________________________________                                    
     Material Tested: Vasco 7152 Tool Steel                                    
     Yarn: 15-denier, monofilament full dull nylon                             
     Yarn Speed: 1000 yds./min.                                                
     Abrasive Slurry Feed Rate: 2.8 ml./min. for Test No. 3 and                
      2.5 ml./min. for Test No. 2.                                             
          Yarn     Yarn                                                        
     Test Tension  Break       Abrasive  Wear Rate,                            
     No.  gms.     Angle (Degs)                                                
                               Slurry    .mu./hr.                              
     ______________________________________                                    
     1    15       10         None       2.4                                   
     2    10       10         0.7.mu. TiO.sub.2                                
                                         280                                   
                              in H.sub.2 O (conc'n                             
                              20 wt. %)                                        
     3    10        5         0.3.mu. Al.sub.2 O.sub.3                         
                                         1450                                  
                              in H.sub.2 O (conc'n                             
                              15 wt. %)                                        
     ______________________________________                                    
PAR  Under the circumstances, the conditions of test No. 3 were selected for the
      Accelerated Wear Test for quantitative evaluation of the electroless alloy
      diamond composite coatings. This test is severe enough to cut grooves, or
      at least leave visible traces, in diamond composite coatings which extend
      across the entire width of the test samples, thereby permitting valid
      quantitative wear rate determination. The test is also severe enough to
      rapidly cut grooves in high density bult Al.sub.2 O.sub.3.
PAR  A comparison of accelerated yarn wear test results for five electroless
      Ni-B composite coatings containing particles about 9.mu. dia. of Al.sub.2
      O.sub.3, SiC and three different types of diamonds, Examples 1-3,
      respectively, is reported in Table 4. All of the coatings reported were
      plated by the tumble plating process of appl'n Ser. No. 103,355 supra.
      Each contained about 10 vol. per cent of the particulate phase dispersed
      in the electroless Ni-B alloy matrix.
TBL                Table 4                                                     
     ______________________________________                                    
     ACCELERATED YARNLINE WEAR TEST RESULTS                                    
     Test Conditions:                                                          
               Same as Test No. 3 in Table No. 3 with a slurry                 
                feed rate of 2.8 ml./min.                                      
                                 Test    Wear                                  
     Example                     Time,   Rate,                                 
     No.        Material         min.    .mu./hr.                              
     ______________________________________                                    
     1      Electroless Ni-B/9-.mu. Diamond                                    
                                 85      5.1                                   
             "A" Composite Coating                                             
     2      Electroless Ni-B/9-.mu. Natural                                    
                                 85      10.2                                  
             Diamond Composite Coating                                         
     3      Electroless Ni-B/9-.mu. Diamond                                    
                                 85      13.1                                  
             "B" Composite Coating                                             
     --     Bulk 99.5% Al.sub.2 O.sub.3 (Alsimag 785)                          
                                 30      57                                    
     4      Electroless Ni-B/8-.mu. Al.sub.2 O.sub.3                           
                                  9      109                                   
             Composite Coating                                                 
     5      Electroless Ni-B/1-10.mu. SiC                                      
                                  5      278                                   
             Composite Coating                                                 
     --     Vasco 7152 Tool Steel                                              
                                 20      1,450                                 
     --     Electroless Ni-B As-plated                                         
                                 1/30    23,000                                
             (with no particles)                                               
     ______________________________________                                    
PAR  From Table 4 it can be seen that the three electroless Ni-B diamond
      composite coatings are approximately a factor of 8 to 20 times more
      wear-resistant than the Ni-B Al.sub.2 O.sub.3 composite coating and
      approximately a factor of 20-55 times more wear-resistant than the
      Ni-B(SiC) composite coating. The rate of abrasive wear for the electroless
      Ni-B 9.mu. diamond "A" is approximately a factor of two less than that of
      the comparable composites with natural diamond or diamond "B."  The
      superior wear resistance of electroless alloy diamond "A" composite
      coatings demonstrated is attributable to the strong chemical bond formed
      between the diamond "A" particles and the electroless alloy matrix due to
      extensive nucleation of plating on the diamond as hereinbefore described.
PAR  The effect of particle size and volume loading on yarnline wear resistance
      for electroless diamond composite coatings is apparent from Table 5.
TBL                Table 5                                                     
     ______________________________________                                    
     EFFECT OF PARTICLE SIZE AND VOLUME LOADING                                
     ON YARNLINE WEAR RESISTANCE                                               
     Coating Matrix:                                                           
                 Electroless Ni-B alloy deposited by                           
                  process cited in Example 1.                                  
     Dispersed Phase:                                                          
                 Explosively formed diamond "A".                               
     Dispersed Phase Data    Wear Test Data                                    
     Example Average Particle                                                  
                            Volume,  Time,  Rate,                              
     No.     Size, .mu.     %        min.   .mu./hr.                           
     ______________________________________                                    
     23      12-22          16       85     3.4                                
      1      9              10       85     5.1                                
     16      5              20       85     6.2                                
     13      3              29       30     11.6                               
     11      3               5       10     65                                 
      8      1              20        2     216                                
     ______________________________________                                    
PAR  For the electroless Ni-B composite coatings of Examples 16, 13 and 8 the
      rate of abrasive wear increases from 6.2.mu./hr. to 216.mu./hr. as the
      average particle size decreased from 5.mu. to 1.mu.. The wear resistance
      of the coatings with particles about 3.mu. diameter is very sensitive to
      volume loading, as indicated for Examples 11 and 13. The yarnline
      resistance for other types of wear-resistant particles exhibit the same
      trends (directly proportional to the loadings) with respect to the effects
      of particle size and volume loading.
PAC  Examples 6 and 7
PAR  Examples 6 (synthetic diamond "A") and 7 (natural diamond) illustrate the
      differences in yarnline wear resistance of electroless Ni-P alloy
      composite coatings containing 1.mu. diamond "A" and 1.mu. natural diamond
      particles, respectively. In these experiments plain carbon steel blocks
      were rack-plated in the apparatus of FIG. IX hereinbefore described.
PAR  The fifteen steel blocks ranged in size from 6 mm. .times. 10 mm. .times.
      15 mm. to 6 mm. .times. 6 mm. .times. 12 mm. These were given the
      conventional preplating treatment for steel supra. and then immersed for
      30 mins. in a Cuposit NL-63 electroless Ni-P plating bath maintained at
      85.degree.C. contained in the apparatus 22 cm. dia. jar. The blocks were
      disposed on lower shelf 12, permitting coating of top and side surfaces;
      however, only the top coating was wear-tested.
PAR  Then a slurry containing a preselected one of the types of particulate
      diamonds supra in concentration to finally give 4 gms. of powder per liter
      was slowly added. The stirrer was operated at 350 .+-. 10 rpm to maintain
      a good powder dispersion in the plating bath and the composite Ni-P
      alloy-diamond composites were laid down for 3.5 to 4 hrs.
PAR  Specimens rack-plated as described contain a higher volume per cent of the
      diamond particulate phase in the horizontal top surface coating than on
      the sides, and this was the surface chosen for wear testing because the
      dispersion was most uniform.
PAR  Metallographic examination of the composite coatings of Examples 6 and 7
      showed that both possessed a uniform dispersion of diamond particles in
      the Ni-P alloy matrices. Quantimet analyses of photomicrographs at 1800X
      showed that the composite coatings contained about 20 volume per cent of
      particulate diamond.
PAR  Results of accelerated yarnline wear tests conducted identically with
      Examples 1 through 5 supra were as follows:
TBL                Table 6                                                     
     ______________________________________                                    
                                  Test    Wear                                 
     Example                      Time,   Rate,                                
     No.      Composite Coating   Minutes .mu./hr.                             
     ______________________________________                                    
     6      Electroless Ni-P/1.mu. diamond "A"                                 
                                  2       378                                  
     7      Electroless Ni-P/1.mu. natural                                     
                                  2       732                                  
            diamond                                                            
     ______________________________________                                    
PAR  Comparison of Example 6 with Example 7 shows that diamond "A" in Ni-P
      matrix is superior to natural diamond in the same matrix.
PAC  EXAMPLE 8
PAR  Fifteen steel blocks were rack-plated with an electroless Ni-B alloy
      composite coating containing one .mu. diamond "A" by the same technique as
      employed for Examples 6 and 7, except that an electroless Ni-B bath of the
      type of Example 1 was used. The blocks were given a strike for 20 mins.
      before diamond addition.
PAR  The particulate diamond "A" (1.mu. size) was slowly added in an amount
      establishing the final diamond concentration of the bath at 4 gm./liter,
      and composite plating was conducted at 55.degree.C. for 4 hrs.
PAR  Again, metallographic examination of the top horizontal surface of the
      blocks confirmed that there was a uniform diamond dispersion, and
      Quantimet analysis indicated a 20 volume per cent diamond loading.
PAR  In a 2 minute accelerated wear test, conducted under identical conditions
      as Examples 1, 6 and 7, the measured wear rate was 216.mu./hr.
PAR  It was concluded that the Ni-B composite of Example 8 was appreciably
      superior to the Ni-P composite of Example 6.
PAC  EXAMPLES 9 and 10
PAR  These examples illustrate the differences in yarnline wear resistance as a
      function of diamond type.
PAR  Examples 9 and 10 were, respectively, Ni-P alloy/9.mu. diamond "A" and Ni-P
      alloy/9.mu. natural diamond composites laid down on polymeric substrates.
PAR  For each Example, three blocks and five coupons were prepared from ABS
      polymer, and the same from fiber-reinforced ABS. The blocks measured 8
      .times. 13 .times. 25 mm. and the coupons 3 .times. 10 .times. 19 mm. All
      pieces were tumble-plated as hereinbefore described for Example 1.
PAR  All specimens were given the preplating treatment hereinbefore described
      for ABS resins and were then coated as follows:
PAR  1. 10 mins. of electroless Ni-P strike in a Cuposit NL-61 bath maintained
      at 65.degree.C. in a 4-liter beaker,
PAR  2. 60 mins. of tumble plating in a Cuposit NL-61 electroless Ni-P bath
      maintained at 65.degree.C. in a tumble plater of the general design taught
      in application Ser. No. 103,355 supra, and
PAR  3. 2.5 to 3 hrs. of composite tumble plating in Cuposit NL-61 bath at
      65.degree.C. containing a dispersion of 2 gm./liter of 9.mu. diamond
      particles.
PAR  Metallographic examination of both types of the composite coatings showed
      them to be possessed of a uniform dispersion of particulate diamond in the
      electroless Ni-P alloy matrices. Quantimet analysis at 750X revealed a
      particulate phase content of 23 volume per cent.
PAR  Scanning electron photomicrographs of the surfaces of the composite
      platings of the Examples showed that there was extensive nucleation of
      plating at multitudinous sites on the diamond "A" particles of Example 9,
      whereas no nucleation was found in the case of the natural diamond.
PAR  The results of accelerated yarnline wear tests on the composite coatings
      are reported in the following Table 7, which also includes Vasco 7152 tool
      steel as a comparison.
PA1  Yarn: 15-denier monofilament dull yarn
PA1  Yarn Speed: 1000 yds./min.
PA1  Yarn Tension: 10 .+-. 2 gms.
PA1  Yarn Break Angle: 5.degree.
PA1  Abrasive Slurry: 15 wt. % Linde A Al.sub.2 O.sub.3 in H.sub.2 O
PA1  Slurry Feed Rate: 2.4 .+-. 0.2 ml./min.
TBL                Table 7                                                     
     ______________________________________                                    
                                Test     Wear                                  
     Example                    Time,    Rate,                                 
     No.      Composite Coating Minutes  .mu./hr.                              
     ______________________________________                                    
      9     Electroless Ni-P/9.mu. diamond                                     
                                90       3.3                                   
            "A"                                                                
     10     Electroless Ni-P/9.mu. natural                                     
                                80       7.5                                   
            diamond                                                            
            Vasco 7152 Tool Steel                                              
                                20       1040                                  
     ______________________________________                                    
PAR  Conclusion: Diamond "A" is definitely superior as regards wear resistance.
PAC  EXAMPLE 11
PAR  Rectangular blocks and coupons of molded ABS and fiber-reinforced (some
      glass fiber and some acicular rutile employed singly) ABS resins were
      given the polymer pretreatment hereinbefore described for ABS resins and
      were then coated by the following procedure:
PAR  a. 10 minute strike in a 4-liter beaker by the electroless Ni-B process of
      Example 1,
PAR  b. 1 hr. of tumble plating by the electroless Ni-B process of Example 1 in
      a bath free of particle additions, and
PAR  c. 3 hrs. of composite tumble plating by the electroless Ni-B process of
      Example 1 in a bath containing a dispersion of 2g./l. of 3.mu. diameter
      diamond "A" particles.
PAR  Metallographic examination of the composite coating obtained confirmed that
      it was non-porous and possessed of a uniform dispersion of the diamond
      particles in the Ni-B alloy matrix. Quantimet analysis of photomicrographs
      taken at 500X showed a particulate phase loading of about 5 volume per
      cent. Scanning electron photomicrographs of the surface of the composite
      coating showed evidence of the nucleation of plating at a multitude of
      sites on individual incorporated diamond particles.
PAR  In a 10 minute accelerated yarnline wear test conducted under conditions
      identical to those described for Examples 1 through 5 the wear rate was
      65.mu./hr. Refer to Table 5 for comparative performance.
PAC  EXAMPLE 12
PAR  Referring to FIGS. 9 and 10 of U.S. Pat. No. 3,279,164, there is shown a
      yarn processing jet which comprises two mating portions, a "cap" and a
      "body," which are separable for convenience in stringing up yarn,
      disassembly taking place at approximately section 10--10, FIG. 9, with the
      cap itself resembling the design of FIG. 10. The cap was machined from a
      block of ABS resin filled with 15% of acicular rutile.
PAR  The cap was tumble-plated to give an electroless Ni-B/3.mu. diamond "A"
      composite coating by the procedure employed in Example 11, except that, in
      order to obtain only a thin coat, the deposition time was decreased to 80
      minutes. Upon inspection under a low power microscope, it was observed
      that the narrow passageways in the cap were plated similarly to the flat
      faces which, of course, is important, because the major wear occurs in the
      passageways.
PAR  A test was made using this plated cap in the processing of 18 denier,
      three-filament nylon yarn running at a rate of 400 yds./min. for a period
      of 1 hour. No observable effect was noted on the quality of yarn twisted
      in this jet as compared with a normal tool steel jet. Inspection of the
      passageways of the cap after the test completion failed to reveal any
      evidence of abrasive wear.
PAR  Scanning electron photomicrographs of the surface of the composite coating
      showed evidence of nucleation of plating at numerous sites on the
      individual incorporated diamond particles.
PAR  The utility of the composite coating in this practical application was thus
      demonstrated.
PAC  EXAMPLE 13
PAR  Two jet venturi units of the design disclosed in U.S. Pat. Nos. 2,852,906,
      3,545,057 and 3,577,614 were machined from molded, acicular
      rutile-reinforced ABS rods. The jet venturi units, plus an assortment of
      molded ABS and fiber-reinforced ABS rectangular blocks and coupons, were
      simultaneously plated with an electroless Ni-B composite coating
      containing 3.mu. diameter diamond "A" by the following process:
PAR  All articles were first given the hereinbefore described preplating
      treatment for ABS resins and were then coated as detailed:
PAR  a. 10 min. strike in a 4-liter beaker by the electroless Ni-B process of
      Example 1.
PAR  b. 1 hr. of tumble plating by the electroless Ni-B process of Example 1 in
      a bath free of particle additions, and
PAR  c. 2.67 hrs. of composite tumble plating by the electroless process of
      Example 1 in a bath containing a dispersion of 8 gm./liter of 3.mu.
      diamond "A" particles.
PAR  Metallographic examination (200X) of the composite coatings confirmed that
      the coating was non-porous and possessed of a uniform dispersion of
      diamond particles in the electroless Ni-B alloy matrix.
PAR  Quantimet analysis of photomicrographs taken at 1000X magnification
      indicated that the coatings contained about 29 volume per cent of
      particulate diamond. Scanning electron photomicrographs of the surfaces of
      the composite coatings showed evidence of nucleation of plating at
      multitudinous sites on individual incorporated diamond particles.
PAR  In a 30 minute accelerated yarnline wear test conducted as described for
      Examples 1 through 5, inclusive, the wear rate on the electroless
      Ni-B/3.mu. diamond "A" coating was 11.6.mu./hr.
PAR  The two polymeric jet venturi units plated with electroless Ni-B/3.mu.
      diamond "A" composite coatings were assembled into completed jets. Other
      jets were assembled with acicular rutile-reinforced ABS venturi units
      plated with an electroless Ni-B alloy as taught for Example 1.
PAR  All of the jets were subjected to processing 70 (total denier)/34 (number
      of filaments) Type 56 and 70/50 Type 62 polyester yarns. The yarn wore
      completely through the coating on the inner surfaces of the venturi units
      plated with electroless Ni-B alloys (without diamond) after less than 80
      hrs. of processing. The inner surfaces of the venturi units plated with
      the electroless Ni-B/3.mu. diamond "A" coating showed no signs of abrasive
      wear after 150 hrs. of continuous processing.
PAC  EXAMPLE 14
PAR  This example illustrates the unique attachment between explosively formed
      diamond "A" and an electroless Cu matrix deposited by McDermid, Inc.'s
      Metex RS Copper 9055 process.
PAR  Molded rectangular blocks of ABS and fiber-reinforced ABS resins were given
      the preplating treatment hereinbefore described for nonconducting
      substrates generally and were then immersed in an electroless Metex RS
      copper 9055 bath maintained at 50.degree.C. in a 4-liter beaker. The
      blocks, which were suspended from copper wires, were positioned about 5
      cm. from the bottom of the beaker at locations spaced around the
      periphery. Plating of electroless copper (free of diamond particles)
      ensued for about 1 hr. Then a slurry of plating bath plus a sufficient
      quantity of 9.mu. dia. diamond "A" particles to establish a concentration
      of 2 gm. powder/liter of plating bath was added to the beaker. The plating
      bath was agitated with a powered stirrer operated at a speed sufficient to
      keep the powder particles in suspension. Composite plating in the presence
      of diamond particles was conducted for 5 hrs.
PAR  The resulting Cu/9.mu. diamond "A" composite showed moderate nucleation of
      copper grains with the diamond "A." The copper matrix was composed of 1 to
      4.mu. grains which displayed a crystal-like growth mechanism, i.e., all
      surfaces intersected at the same angles, which appeared to be
      approximately 90.degree.. The nucleated copper grains on the 9.mu. diamond
      "A" particles displayed the same type of crystal-like growth mechanism as
      the copper grains in the matrix. Copper grains as small as 0.4.mu. were
      observed on the diamond "A" particles, thus being similar to Ni-B grains
      nucleated on 12.mu. diamond "A" particles (refer FIG. I).
PAR  It was thus demonstrated that a copper-diamond composite could be made
      which is at least superficially as uniform as the nickel(B)alloy-diamond
      composites. Also, since the nucleation was similar in extent, the diamond
      "A" particles appeared to be well-anchored.
PAC  EXAMPLE 15
PAR  This example illustrates the effect of plating bath temperature on the
      nucleation of plating on explosively formed diamond "A" particles
      incorporated into electroless alloy composite coatings, and on the wear
      resistance of these coatings.
PAR  Electroless Ni-B alloy composite coatings containing 9.mu. dia. diamond "A"
      particles were plated by the process of Example 1, except that the bath
      temperature was decreased from 55.degree. to 40.degree.C.
PAR  Rectangular blocks and coupons of molded ABS and fiber-reinforced ABS
      resins were first given the hereinbefore described pretreatment required
      for ABS resins and were then coated as follows:
PAR  a. 10 min. strike in a 4-liter beaker by the electroless Ni-B process of
      Example 1 at 55.degree.C.,
PAR  b. 1 hr. of tumble plating by the electroless Ni-B process of Example 1 at
      a temperature decreasing from 45.degree.C. to 40.degree.C., at the end,
      and
PAR  c. 3.75 hrs. of composite tumble plating by the electroless Ni-B process of
      Example 1 in a bath containing 2 gm./liter of 9.mu. dia. diamond "A"
      particles, the bath being maintained at 40.degree.C.
PAR  Metallographic examination of the composite coatings confirmed that the
      coatings were possessed of a uniform dispersion of 9.mu. dia. diamond
      particles in the electroless Ni-B alloy matrix. Quantimet analysis of
      photomicrographs taken at 500X of the surfaces of the composite coatings
      showed approximately 9% concentration of particulate phase.
PAR  Scanning electron photomicrographs of the surfaces of the composite
      coatings showed nucleation of plating on only about 10% of the diamond
      particles incorporated therein, and these particles had only one or two
      nucleation sites per particle.
PAR  In accelerated yarnline wear tests conducted as described for Example 1,
      the wear rate on the electroless Ni-B/9.mu. diamond "A" composite coatings
      plated at 40.degree.C. was 9.6.mu./hr. This wear rate is almost a factor
      of two greater than that for a comparable Ni-B/9.mu. diamond "A" composite
      coating plated at 55.degree.C., which exhibits nucleation of plating on
      multitudinous sites around each diamond particle.
PAC  EXAMPLES 16, 17 AND 18
PAR  These examples illustrate the effect of stabilizer concentration and
      plating bath temperature on the nucleation of plating on diamond "A"
      particles incorporated into electroless alloy composite coatings, and on
      the wear resistance of these coatings. In these experiments electroless
      Ni-B alloy composite coatings, each containing a range from about 2 to
      8.mu. diameter diamond "A" particles were plated as in Example 1 at
      stabilizer concentrations of thiodiglycolic acid (TDGA) ranging from 0.10
      to 0.20 gm./liter and a temperature ranging from 50.degree. to
      55.degree.C. as indicated in Table 8.
PAR  Rectangular blocks and coupons of molded ABS and fiber-reinforced ABS
      resins were given the standard polymer ABS pretreatment hereinbefore
      described and then coated as follows:
PAR  a. 10 min. strike in a 4-liter beaker by the electroless Ni-B process of
      Example 1,
PAR  b. 15 to 60 mins. of tumble plating using the bath composition of Example
      1, except as modified in Table 8 infra in a bath free of particle
      additions, and
PAR  c. 3 to 4 hrs. of composite tumble plating using the bath composition of
      Example 1, except with 2 gm./liter of the 2 to 8.mu. dia. diamond "A," and
      excepting also as modified in Table 8 infra.
TBL                Table 8                                                     
     ______________________________________                                    
     BATH COMPOSITIONS AND CONDITIONS                                          
                            TDGA           Plating                             
     Example                                                                   
              Stabilizer    Conc.,    Temp Rate,                               
     No.       Content      gm./liter .degree.C.                               
                                           .mu./hr.                            
     ______________________________________                                    
     16     Standard (same as                                                  
                            0.10      55   5.3                                 
             Example 1)                                                        
     17     High TDGA, otherwise                                               
                            0.20      55   4.6                                 
             same as Example 1                                                 
     18     High TDGA and low                                                  
                            0.20      50   2.9                                 
             temperature, other-                                               
             wise same as                                                      
             Example 1                                                         
     ______________________________________                                    
PAR  The coatings of Examples 16, 17 and 18 were possessed of a uniform
      dispersion of diamond particles in the electroless Ni-B alloy matrix, as
      determined by metallographic examination. Quantimet analysis showed
      approximately 20 volume per cent of particulate phase in the composite
      layers.
PAR  The results of accelerated yarnline wear tests on the composite coatings
      and observations made during SEM examination are listed in Table 9. The
      wear test conditions were identical to those for Examples 1 through 5. SEM
      photomicrographs of the composite coatings plated in baths with high TDGA
      concentration (i.e., Examples 17 and 18) show no evidence of nucleation at
      a multitude of sites on the diamond "A" particles. These coatings
      exhibited a significantly higher wear rate than composite coatings
      deposited in the standard bath at a TDGA concentration of 0.10 gm./liter,
      i.e., Example 16.
TBL                                    Table 9                                 
     __________________________________________________________________________
                                 Wear Test Data                                
                 Scanning Electron Micro-                                      
                                      Wear                                     
     Example                                                                   
          Stabilizer                                                           
                 scopy Observations on                                         
                                 Time,                                         
                                      Rate,                                    
     No.   Content                                                             
                  Composite Coatings                                           
                                 Mins.                                         
                                      .mu./hr.                                 
     __________________________________________________________________________
     16   Standard                                                             
                 Majority of diamond particles                                 
                                 85   6.2                                      
                 incorporated nucleated plat-                                  
                 ing at a multitude of sites                                   
                 on their surfaces.                                            
     17   High TDGA                                                            
                 Only about 10% of the par-                                    
                                 85   7.8                                      
                 ticles incorporated had                                       
                 nucleation, and these had                                     
                 only one or two nucleation                                    
                 sites per particle.                                           
     18   High TDGA                                                            
                 Only about 10% of the par-                                    
                                 60   8.4                                      
          and Low                                                              
                 ticles incorporated had                                       
          Tempera-                                                             
                 nucleation, and these had                                     
          ture   only one or two nucleation                                    
                 sites per particle.                                           
     __________________________________________________________________________
PAC  EXAMPLE 19
PAR  Steel blocks were rack-plated with an electroless Ni-Co-B alloy composite
      coating containing 9.mu. diamond "A" particles by the technique used for
      Example 6 supra.
PAR  The blocks were mounted on shelf 12 of the plating apparatus of FIG. IX,
      given a conventional preplating treatment for steel and then immersed in
      an electroless Ni-Co-B plating bath of the following composition:
     Nickel acetate .4H.sub.2 O                                                
                           44 gms/liter                                        
     Cobaltous acetate .4H.sub.2 O                                             
                           6 gms/liter                                         
     Sodium citrate .2H.sub.2 O                                                
                           25 gms/liter                                        
     Lactic acid           25 gm/liter                                         
     Dimethylamine borane  2.5 gm/liter                                        
     Thiodiglycolic acid   0.1 gm/liter                                        
     Santomerse S          0.1 g/liter                                         
     NH.sub.4 OH in quantity required to maintain pH at 6.4.                   
     Water                    Balance                                          
PAR  The plating bath was maintained at 60.degree.C. and the blocks were plated
      with an electroless Ni-Co-B strike for 20 mins. Then a slurry containing a
      sufficient quantity of 9.mu. dia. diamond "A" to establish a concentration
      of 2 gms/liter was introduced into the plating bath. The diamond particles
      were kept in suspension by a mechanically-driven, paddle-type stirrer
      rotating at about 350 rpm. Plating was conducted for 3 hours.
PAR  The composite top surface coatings obtained were given a metallographic
      examination and it was found that a uniform dispersion of diamond
      particles existed throughout the Ni-Co-B matrix.
PAR  Quantimet analysis of photomicrographs of the same surface disclosed that
      the coating contained about 11 volume per cent of the particulate phase,
      and scanning electron photomicrographs revealed nucleation of plating at
      multitudinous sites on individual diamond particles incorporated into the
      surface.
PAR  In an 85 minute accelerated yarnline wear test, conducted under the
      identical conditions for Example 1, the wear rate was 4.2.mu./hr.
PAR  Conclusion: A Ni-Co-B matrix/diamond "A" composite coating appears to be at
      least as wear-resistant as the Ni-B/diamond "A" composite coating of
      Example 1.
PAC  EXAMPLE 20
PAR  Steel blocks were rack-plated with an electroless Ni-P alloy composite
      coating containing 9.mu. dia. diamond "A" particles by the technique
      described supra for Example 6 using Enthone, Inc.'s Enplate NI-415
      process.
PAR  The steel blocks were mounted on shelf 12 of the apparatus of FIG. IX,
      given the conventional pretreatment for steel, and then immersed in an
      Enplate NI-415 bath and given a 30-min. strike at 85.degree.C. Then a
      suspension of 9.mu. diameter diamond "A" particles was added to give
      lgm/liter and plating continued. The diamond powder was maintained in
      suspension by a mechanically driven, paddle type stirrer rotated at about
      350 rpm. The blocks were removed from the bath after 1.5 hrs. of composite
      plating.
PAR  Metallographic examination of the composite coating on the top horizontal
      surface of the steel blocks showed a uniform dispersion of the diamond
      particles in the electroless Ni-P matrix. The coating was found to contain
      about 32 vol. per cent of the particulate phase.
PAR  In an 85 minute accelerated wear test conducted as hereinbefore described
      for Example 1 the measured wear rate was 3.8.mu./hr.
PAR  A second set of steel blocks was rack-plated as hereinbefore described for
      the first set of steel blocks of this Example, except that the 30-min.
      strike was omitted, and the appearance and diamond content obtained was
      the same. It is concluded that, with a metal substrate, a strike is not
      always necessary.
PAC  EXAMPLE 21
PAR  Steel blocks were rack-plated with an electroless Co-B alloy composite
      coating containing 6.mu. dia. diamond "A" by the technique described for
      Example 6 supra.
PAR  The bath employed had the following composition:
     CoSO.sub.4. 7H.sub.2 O   25 g/l                                           
     (NH.sub.4).sub.2 SO.sub.4                                                 
                              60 g/l                                           
     Sodium citrate .2H.sub.2 O                                                
                              40 g/l                                           
     Dimethylamine borane     2.5 g/l                                          
     NH.sub.4 OH in amount maintaining pH at                                   
                              7.5                                              
     Water                    Balance                                          
     Bath temperature         80.degree.C.                                     
PAR  The blocks were first given an electroless Co-B strike for 25 mins. Then a
      slurry containing 6.mu. dia. diamond "A" was added to give a plating bath
      concentration of 1 g/l, the diamond particles being kept in suspension by
      a power-driven paddle-type stirrer. Composite plating in the presence of
      diamond was done for 105 mins. Approximately five minutes after the steel
      blocks were removed, the bath decomposed due to excessive plating on the
      diamond particles suspended therein.
PAR  Metallographic examination of the composite coating on the top horizontal
      surface of the blocks confirmed uniform dispersion of the diamond
      particles within the Co-B matrix, and the diamond concentration was
      measured at 25 volume per cent. Scanning electron microscope
      photomicrographs showed nucleation of plating at multitudinous sites on
      individual diamond particles incorporated in the coating.
PAR  A wear test specimen was sliced from a plated block using a wafering
      machine provided with a 10 cm. dia., 1.2 cm. thick SiC cutting disk driven
      at 6500 rpm by a 1/3 HP motor. An aqueous solution of Johnson Wax Co's.
      T.L.-131 cutting fluid was sprayed on the disk as coolant. Portions of the
      coating became detached and flaked away from the substrate at several
      locations on the top horizontal surface of the steel substrate, indicating
      that the coating adhesion was unsatisfactory. None of the other plated
      steel specimens of the other Examples exhibited coating detachment when
      similarly cut, except for those specimens of Examples 27 and 28, which
      were also plated from an active bath which exhibited a tendency to
      decompose.
PAR  An accelerated yarnline wear test was conducted in an area free from
      coating dislodgement under the conditions hereinbefore reported for
      Example 1. In an 85 minute test, the wear rate was 3.2.mu./hr.
PAC  EXAMPLE 22
PAR  Steel blocks were rack-plated with an electroless Co-P alloy composite
      coating containing 9.mu. dia. diamond "A" by the technique of Example 6.
PAR  The blocks were first given the conventional preplating treatment for steel
      and then immersed in an electroless Co-P plating bath of the following
      composition:
TBL  CoCl.sub.2.6H.sub.2 O    30 g/l                                           
     NH.sub.4 Cl              50 g/l                                           
     Sodium citrate .2H.sub.2 O                                                
                              80 g/l                                           
     NaH.sub.2 PO.sub.2.H.sub.2 O                                              
                              10 g/l                                           
     NH.sub.4 OH in quantity maintaining pH at                                 
                               9                                               
     Water                    Balance                                          
     Plating bath temperature 90.degree.C.                                     
PAR  The blocks were plated with an electroless Co-P strike for 50 mins. Then
      sufficient 9.mu. dia. diamond "A" was slowly added to establish a
      concentration of 0.5 g/l, the particles being kept in suspension by a
      power-driven paddle-type stirrer. Composite plating in the presence of
      diamonds was continued for 4 hours.
PAR  SEM photomicrographs reveal that nucleation of electroless Co-P alloy did
      not occur on the diamond "A" particles incorporated in the coating.
PAC  EXAMPLE 23
PAR  Rectangular blocks and coupons of molded ABS and fiber-reinforced ABS
      resins were given the polymer pretreatment hereinbefore described for ABS
      resins and were then coated by the following procedure:
PAR  a. 10 min. strike in a 4-liter beaker by the electroless Ni-B process
      described for Example 1,
PAR  b. 1 hr. of tumble plating by the electroless Ni-B process described in
      Example 1 in a bath free of particle additions, and
PAR  c. 3 hrs. of composite tumble plating by the electroless Ni-B process
      described for Example 1 in a bath containing a dispersion of 2 g/l of
      12-22.mu. dia. diamond "A" particles.
PAR  SEM photomicrographs of the composite coating surface revealed that
      nucleation of plating had occurred at a multitude of sites on individual
      incorporated diamond particles. The coating contained about 16 vol. per
      cent of particulate phase.
PAR  In an 85 minute accelerated yarnline wear test conducted as described in
      Example 1, the measured wear rate was 3.4.mu./hr.
PAC  EXAMPLE 24
PAR  Rectangular blocks and coupons of molded ABS and fiber-reinforced ABS
      resins were given the polymer pretreatment hereinbefore described for ABS
      resins and were then coated by the following procedure:
PAR  a. 10 min. strike in a 4-liter beaker by the electroless Ni-B process
      employed in Example 1,
PAR  b. 1 hr. of tumble plating by the electroless Ni-B process employed in
      Example 1 in a bath free of particle additions, and
PAR  c. 32/3 hrs. of composite tumble plating by the electroless Ni-B process
      described for Example 1 in a bath containing a dispersion of -600 mesh
      .alpha.-Al.sub.2 O.sub.3 powder.
PAR  Metallographic examination of the composite coating showed it to be
      nonporous and possessed of a uniform dispersion of Al.sub.2 O.sub.3
      particles throughout the electroless Ni-B alloy matrix. The coating
      contained 11 volume per cent of the particulate phase. The size of the
      majority of the Al.sub.2 O.sub.3 particles observed in the
      photomicrographs ranged from about 6.mu. to about 21.mu..
PAR  In a 5 minute accelerated yarnline wear test conducted as described for
      Examples 1 through 5, the wear rate on the electroless Ni-B/6-21.mu.
      Al.sub.2 O.sub.3 was 161.mu./hr., which is more than 47 times greater than
      that for the comparable electroless Ni-B/12-22.mu. diamond "A" coating
      described for Example 23.
PAC  EXAMPLE 25
PAR  A steel block was rack-plated with an electroless Co-B alloy composite
      coating containing 6.mu. dia. diamond "A" particles in a 1-liter bath
      stored in a 2 liter glass beaker 12 cm. in diameter.
PAR  The block was suspended from a nickel wire, given a conventional preplating
      treatment for steel and then immersed in an electroless Co-B plating bath
      of the following composition:
TBL  CoCl.sub.2.6H.sub.2 O    30 g/l                                           
     Sodium citrate .2H.sub.2 O                                                
                              80 g/l                                           
     NH.sub.4 Cl              50 g/l                                           
     Dimethylamine borane     2.5 g/l                                          
     NH.sub.4 OH in amount maintaining pH at                                   
                              8-9                                              
     Water                    Balance                                          
     Plating bath temperature 90.degree.C.                                     
PAR  The block was first plated with an electroless Co-B strike for 85 minutes.
      Then the bath temperature was increased to 95.degree.C. and a slurry
      containing enough 6.mu. dia. diamond "A" particles to establish a
      concentration of 0.5 g/l was added to the plating bath and kept in
      suspension by a power-driven paddle-type stirrer. Composite plating in the
      presence of diamond particles was continued for 2.5 hrs. The bath showed
      no signs of decomposition.
PAR  SEM photomicrographs revealed that no nucleation of electroless Co-B alloy
      occurred on the diamond "A" particles incorporated in the coating.
PAR  The conclusion drawn from Examples 21, 22 and 25 is that bath composition
      can affect whether or not nucleation of electroless alloy grains will
      occur on diamond "A" particles.
PAR  Thus, Example 21 showed that a Co-B/6.mu. diamond "A" composite coating
      from a bath formulated with CoSO.sub.4.7H.sub.2 O did have nucleation,
      whereas, in Example 25, the Co-B/6.mu. diamond coating formulated from a
      CoCl.sub.2.6H.sub.2 O bath did not show nucleation, nor did the Co-P/9.mu.
      diamond "A" coating of Example 22.
PAC  EXAMPLE 26
PAR  Steel blocks were rack-plated with an electroless Ni-Co-B alloy composite
      coating containing 9-.mu. diameter natural diamonds by the same technique
      and plating process and bath composition described for Example 19.
PAR  Scanning electron micrographs revealed nucleation of plating at a multitude
      of sites on individual diamond particles incorporated into the coating on
      the top horizontal surface of the blocks. This was the first indication of
      nucleation at numerous sites on natural diamond.
PAR  The results of accelerated wear tests and determination of volume per cent
      particulate loading for this coating, and the Ni-Co-B/9-.mu. diamond "A"
      coating reported in Example 19 are as follows:
TBL                               Test    Wear                                 
                         Vol %    Time,   Rate,                                
     Coating             Particles                                             
                                  min.    .mu./hr.                             
     ______________________________________                                    
     Example 19                                                                
             Ni-Co-B/9-.mu. diamond                                            
                             11       85    4.2                                
             "A"                                                               
     Example 26                                                                
             Ni-Co-B/9-.mu. Natural                                            
                             37       85    5.5                                
             diamond                                                           
     ______________________________________                                    
PAR  Between Example 1, and Examples 19 and 26, two changes were made: (1) The
      temperature was raised from 55.degree.C. to 60.degree.C. and (2) 6
      gm/liter of nickel acetate was replaced by 6 gm/liter of cobalt acetate.
      As a result of these two changes, nucleation took place on natural diamond
      as well as on diamond "A" during their incorporation into the coating.
PAC  EXAMPLES 27 AND 28
PAR  Steel blocks were rack-plated with an electroless Ni-Co-B/9-.mu. natural
      diamond composite coating (Ex. 27) and an electroless Ni-Co-B/9-.mu.
      diamond "A" composite coating (Ex. 28) by the same technique as described
      for Example 19.
PAR  This process differed from that used in Example 19 and in Example 26 in
      four ways:
PA1  1. TDGA concentration was increased from 0.10 to 0.14.
PA1  2. The Santomerse S wetting agent concentration was decreased from 0.1 g/l
      to zero.
PA1  3. The concentration of diamond "A" powder in the bath was decreased from 2
      g/l to 1 g/l.
PA1  4. The temperature of the bath was increased from 60.degree.C. to
      65.degree.C.
PA1  Note: the reason the bath temperature was increased was because the plating
      rate at 60.degree.C. was considered to be too low.
PAL  The bath used in Example 28 decomposed after 5 hrs. of operation due to
      initiation of plating on the diamond "A" particles suspended in the
      plating bath.
PAR  Scanning electron micrographs of the top horizontal surfaces of plated
      steel blocks show much nucleation on both the diamond "A" particles
      incorporated into the coating in Ex. 28 and the natural diamond particles
      incorporated into the coating in Ex. 27.
PAL  Conclusions:
PAR  The Ni-Co-B baths hereinbefore described are excessively active, in the
      sense that they will readily initiate plating on powder particles added to
      them. When particles with high-energy surfaces, such as diamond "A" are
      added to them, they can decompose due to initiation of plating on the
      suspended particles which rapidly depletes the bath of metallic ions and
      reducing agent. When particles with low-energy surfaces, such as natural
      diamonds, are added to these "active" baths, plating initiates on the
      particles as they are incorporated into a composite coating being
      deposited on a substrate.
PAC  EXAMPLE 29
PAC  Electroplate v. Electroless Plate
PAR  A comparison was made between diamond-containing electroless Ni-P coatings
      and diamond-containing electroplated nickel coatings. Various samples were
      prepared to permit comparison, these being plain steel, an
      alumina-containing electroless Ni-P, and solid sintered tungsten carbide
      in a cobalt matrix. The tests were carried out on a Dow-Corning Corp.
      Model LFW-1 "Alpha" Friction and Wear Testing Machine. The essential
      mechanism of the test is the rubbing of a lubricated rotating ring against
      the surface of a specimen under constant applied load. After a
      predetermined number of revolutions of the ring, the specimen was
      inspected, and the volume worn away by the rotating wheel was calculated.
      The test parameters were:
PA1  1. Test Ring: 4620 steel, Rockwell C (Rc) 62
PA1  2. Test Block: 4620 steel, Rc 62 (also used as substrate for coated
      samples)
PA1  3. Normal Load: 150 lbs.
PA1  4. Mean Hertzian Stress: 55,000 psi
PA1  5. Testing Speed: 197 rpm (71 ft/min. sliding velocity)
PA1  6. Test Duration: 250,000 revolutions
PA1  7. Lubricant: SAE 10 oil
PAR  The relative wear-resistance of the specimens when normalized around the
      performance of an uncoated 4620 steel block was as follows, it being
      understood that increasing values denote progressively greater wear
      resistance.
     4620 Steel, Rc 62          1.00                                           
     Aluminum oxide/Ni-P (electroless)*                                        
                                1.00                                           
     Natural diamond/Ni-P (electroless)*                                       
                                2.74                                           
     Diamond "A"/Ni (electroplated)*                                           
                                4.98                                           
     Diamond "A"/Ni-P (electroless)*                                           
                                6.83                                           
     Sintered tungsten carbide (12% Cobalt)                                    
                                11.58                                          
      *Composite coatings containing 20 volume % hard particles, 1-micron size.
PAR  The "electroless" samples in the above list were prepared according to the
      same detailed manner as in Examples 6 and 7, supra. The "electroplated"
      sample was prepared by a commercial nickel electroplating firm, using
      sample blocks of 4620 steel substrate and diamonds furnished. The tungsten
      carbide sample was a piece of commercial material.
PAC  EXAMPLE 30
PAR  It has been found that concomitant particulate solids-electroless plate
      coating according to this invention is not only effective for interrecess
      coating but also preserves the integrity of sharp edges in structures
      where sharp edges are essential for good operation.
PAR  The importance of uniform surface maintenance inside jets and orifices,
      together with retention of uniform sharp edge configurations at jet and
      orifice outlets, is discussed in fluid dynamics texts such as, for
      example, Chapters 5 and 6 of "Mechanics of Fluids" by Glenn Murphy,
      published by International Textbook Company.
PAR  Referring to FIGS. X-XII, inclusive, one design of jet coated successfully
      according to this invention is the air jet utilized for interlacing
      multi-filament textile yarns, as taught in U.S. Pat. No. 3,115,691.
PAR  As shown in FIG. X, an interlacing apparatus can utilize two air jets 51 of
      typical diameters in the range of about 0.020 to about 0.10 inch inclined
      towards one another at an angle .alpha. of, typically, 60.degree., so that
      their center lines approximately intersect at a striker plate 49 disposed,
      typically, 0.008-0.120 inch from the jet housing. A multi-filament yarn 56
      is passed centrally of the jets and the inside face of striker plate 49a,
      as shown, and is interlaced by the action of air vortices created by the
      jets. It should be mentioned that interlacing whips the yarn about quite
      violently and there occur repeated yarn impacts with the face of jet body
      50 as well as across the jet orifices.
PAR  It has been found that jet-to-jet passage uniformity as well as sharp and
      true opening edge uniformity is extremely critical to interlacing yarn jet
      performance. Thus, coating build-up as shown at E and F, FIG. X, which
      almost always occurs to some degree during such operations as plasma and
      flame spray coating, even though the holes may be sealed by removable
      polymeric plugs such as a silicone resin, is absolutely prohibitive. In
      addition, chipped edges such as denoted at G which sometimes result when
      polymer plugs are disengaged, cannot be tolerated. Thus, the standard of
      acceptance required is a sharply defined edge, such as that shown at H.
PAR  It is extremely inconvenient and disruptive of production to periodically
      recondition textile interlacing jets, since a multiplicity are assembled
      together with their housings 50 in parallel connection with a common air
      manifold 53 via port 55.
PAR  As shown in FIG. XI, it is convenient in such assemblies to utilize the
      back sides of neighboring jets as striker plates 49 for adjoining jets 51
      directed towards them. Screws 52 secure individual jets into a tight
      module, whereas machine screws 54 attach the modules to the manifold
      casing 53.
PAR  In this Example, 12 interlacing jets of the construction hereinbefore
      described were molded from an acicular rutile reinforced ABS resin. These
      jets measured 1.14 inch short length .times. 1.18 inch long length and had
      discharge openings 0.036 inch diameter. They were plated with an
      electroless Ni-B 3.mu. diamond "A" composite coating using the following
      procedure:
PAR  The jets were first given the hereinbefore-described preplating treatment
      for ABS resins and were then coated as detailed:
PA1  a. 10 strike with gentle agitation in a b 4-liter beaker by the electroless
      Ni-B process of Example 1.
PA1  b. 22 min. of tumble plating by the electroless Ni-B process of Example 1
      in a bath free of particle additions.
PA1  c. 72 min. of composite tumble plating by the electroless process of
      Example 1 in a bath containing a dispersion of 8 g/l of 3-.mu. diamond "A"
      particles.
PAR  The coating procedure was identical to that cited in Example 13 for plating
      jet venturi units, except that the total plating time was decreased from
      230 to 104  min. The plating time was decreased to minimize coating
      thickness and thereby retain the edge sharpness at the exit orifices of
      the air holes in the jets. As hereinbefore stated, sharpness and
      uniformity of the air orifices are important parameters that affect jet
      performance and yarn quality.
PAR  Photomicrographs and scanning electron micrographs of the jet orifices
      revealed that they were well coated on the interior and uniform, with
      sharp edges free of defects. The radius of the orifice edge was increased
      only by an amount comparable to the total coating thickness, which was
      about 0.4 mils. The scanning electron micrographs also revealed that the
      coating consisted of a uniform dispersion of 3.mu. diameter diamond
      particles in an electroless Ni-B matrix. The surface roughness in the
      as-plated condition ranged from 40 to 60 AA (i.e., arithmetic average).
PAR  A test was conducted with the plated plastic interlace jets in which
      70-denier/34-filament R-25-285 nylon yarn was interlaced for a period of
      72 hours. The yarn was of acceptable quality and interlace level.
      Characterization by scanning electron microscopy and surface profilometry
      of critical areas on the surfaces of the jets after testing failed to
      reveal any evidence of abrasive wear.
PAR  By way of comparison, a Vasco 7152 Tool Steel, such as hereinbefore
      described with reference to Table 3, shows a relatively high wear rate.
PAC  EVALUATION OF WEAR TEST RESULTS
PAR  The wear grooves of the electroless alloy/diamond composites were not only
      measured to determine wear rate but were also studied to determine the
      strength of bonding of the particulate diamond within the coating matrix
      for each of the three diamonds tested, i.e., diamond "A," diamond "B" and
      natural diamond. Thus, the wear grooves were carefully examined by
      scanning electron microscopy and light microscopy to determine the types
      of wear suffered and, also, whether diamond pull-out occurred under
      thread-line abrasion.
PAR  Referring to FIG. IV (286OX), it is clear that extensive diamond pull-out
      occurred for the electroless Ni-B alloy/9.mu. natural diamond composite
      coating under a 24 hr. 15-denier full dull nylon monofilament yarnline
      test wherein the yarn speed was 1000 yd./min. at 15 gms. tension and
      10.degree. break angle. The fact that the areas indicated by arrows (1) in
      FIG. IV are particle pull-outs can be confirmed by comparing the crater
      shapes with the shapes of the natural diamond particles (3) remaining in
      the matrix. In general, the standard yarnline wear test showed a
      considerable number of natural diamond particle pull-outs from the Ni-B
      alloy matrix, whereas essentially no pull-outs were observed in an
      identical standard test evaluation of Ni-B alloy/9.mu. "A" composites.
PAR  This is dramatically shown in FIG. V (264OX), taken after an accelerated
      yarnline test, wherein the wear scar (1) of the running yarnline is
      plainly seen, without, however, any particle loss craters.
PAR  Additional light microscopy examinations of accelerated yarnline wear tests
      for composites containing 9.mu. diamond "B" particles confirmed the
      superior wear resistance of the composites containing diamond "A," which
      showed little wear groove polishing action.
PAR  In contrast, FIG. VI, a 250X microscopic plan view of the entire wear
      sample width, shows the wear groove (2) of the same diamond
      "A.revreaction. composite shown in localized magnification in FIG. IV. The
      corresponding views for the 9.mu. natural diamond particle composite (FIG.
      VII) and the diamond "B" composite of FIG. VIII show the extensive matrix
      metal-polishing action which occurs in both of these yarnline wear tracks
      during yarnline testing. This is due to the cutting action of the 0.3.mu.
      .alpha.Al.sub.2 O.sub.3 particles on the threadline, which removes the
      electroless alloy matrix. The majority of matrix removal occurs after
      particle pull-out.
PAR  An attempt was made to obtain a quantitative comparison of particle
      pull-out magnitudes for the three diamond types. In this, an SEM montage
      at .apprxeq. 1400X of (a) the bottom and (b) one side of the wear groove
      along with a portion of as-plated surface adjoining the wear groove. An
      area 12 inches .times. 1.5 inch (Area I) was then outlined on the
      as-plated surface and side of the wear groove of each montage such that
      the outlined area contained about half of each region. A similar 12 inches
      .times. 1.5 inch area (Area II) was then outlined on the botton of the
      wear groove such that one of the 12 inches sides of Areas I and II was
      common. The number of diamonds and diamond craters was then counted to
      give a total asreceived diamond count for each Area. The number of diamond
      craters was essentially zero for Area II, the bottom of the wear groove,
      for all three types of diamonds; however, a number of craters were seen to
      exist in Area I of the natural and diamond "B" composites, whereas the
      diamond "A" composite Area I showed essentially zero craters. The results
      obtained are as follows:
TBL                                    Table 10                                
     __________________________________________________________________________
     DIAMOND PULL-OUT FROM ACCELERATED YARNLINE WEAR TEST GROOVES              
     (Ni-B Alloy Composite prepared by Ex. 1-3 techniques)                     
                      Area                                                     
                          Per Cent                                             
                Area I*                                                        
                      II**                                                     
                          Differ-                                              
                                 Comments                                      
                          ence                                                 
     __________________________________________________________________________
     Diamond Count                                                             
                50    34  -32% Difference pri-                                 
      for Diamond "B"          marily due to                                   
                               diamond removal                                 
                               from the bottom of                              
                               the wear grooves                                
     Diamond Count                                                             
                60    45  -25%                                                 
      for Natural                                                              
      Diamond                                                                  
     Diamond Count                                                             
                42    46  + 9.5%                                               
                               Difference due to                               
      for Diamond "A"          randomness and un-                              
                               covering of diamonds                            
                               on the bottom of the                            
                               wear groove which                               
                               were just under the                             
                               surface of Ni-B alloy                           
                               matrix                                          
     __________________________________________________________________________
       * Side of wear groove and adjacent as-plated composite surface.         
      **Bottom of wear groove, area where the majority of wear occurs.         
PAR  In appraising the results tabulated, it is estimated that approximately
      2-6% error might exist due to the co-existence of matrix multi-grain
      depressions which can possibly be mistaken for craters, depending on the
      extent of the polishing concealment effected by the running yarn passage.
PAR  The significance of the comparison portrayed by FIGS. VI, VII and VIII is,
      of course, that not only is the surface wear substantially greater for
      natural diamond and diamond "B" composites than for diamond "A", but that
      the detritus removed from the coatings is at the same time markedly
      higher. Such detritus, incorporating, as it does, diamond particles,
      becomes an intolerable contaminant if retained in the wear region
      vicinity, as would be the case with a bearing or other similar
      installation wherein the contacting surface is not being swept clean
      continuously by an agency such as the running yarnline employed in the
      tests described.
PAR  From the foregoing, it is apparent that the diamond "A" particles are much
      more firmly secured within the metal matrix than are the diamond "B" and
      natural diamond particles. It is assumed that this superior retention is
      due to the fact that diamond "A" particles are able to promote nucleation
      and matrix grain growth when they are at the matrix surface growing region
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coated article formed by electroless plating comprising a co-deposited
      uniform dispersion of diamond particles secured by substantial nucleation
      within a metallic matrix comprising one of the group consisting of: (1) an
      alloy including a metal of the sub-group made up of nickel, cobalt and
      mixtures thereof with one of the elements phosphorus, boron and mixtures
      thereof and (2) elemental copper, deposited on a supporting substrate
      consisting of polymer, metal, ceramic or glass.
NUM  2.
PAR  2. A method of forming a composite structure on an article by electroless
      plating comprising immersing said article in a stable electroless plating
      bath having a composition effecting concurrent deposition of particulate
      diamond dispersed in a metallic matrix comprising one of the group
      consisting of: (1) an alloy including a metal of the sub-group made up of
      nickel, cobalt and mixtures thereof with one of the elements phosphorus,
      boron and mixtures thereof and (2) elemental copper, while maintaining
      agitation of said bath retaining said particulate diamond in suspension,
      and removing said article carrying said composite structure from said bath
      when said composite structure has been plated out on said article in
      preselected amount.
NUM  3.
PAR  3. A coated article formed by electroless plating consisting of a shaped
      substrate, a metallic matrix coating deposited on said shaped substrate,
      and a uniform dispersion of co-deposited diamond particles secured by
      nucleation bonding within said metallic matrix, wherein
PA1  1. said substrate is one of the group consisting of (a) an organic polymer,
      including reinforced organic polymers, (b) metals, (c) ceramics, (d)
      glass,
PA1  2. said metallic matrix consists primarily of at least one of the group
      consisting of (a) nickel, (b) cobalt, (c) copper, together with smaller
      proportions of other components commonly codeposited from electroless
      plating baths, and
PA1  3. said diamond particles constitute from 1 to 50% by volume of said
      metallic matrix, with a particle size ranging from about 0.1.mu. to about
      75.mu., but predominantly in the size range between 0.5.mu. to 25.mu..
NUM  4.
PAR  4. A coated article formed by electroless plating consisting of a shaped
      substrate, a metallic matrix coating deposited on said shaped substrate,
      and a uniform dispersion of co-deposited diamond particles secured by
      nucleation bonding within said metallic matrix, wherein
PA1  1. said substrate is one of the group consisting of (a) an organic polymer,
      including reinforced organic polymers, (b) metals, (c) ceramics, (d)
      glass,
PAR  2.  said metallic matrix consists primarily of at least one of the group
      consisting of (a) nickel, (b) cobalt, (c) copper, together with smaller
      proportions of other components commonly codeposited from electroless
      plating baths, and
PA1  3. said diamond particles constitute from 1 to 50% by volume of said
      metallic matrix, with a particle size ranging from about 0.1.mu. to 75.mu.
      but predominantly in the size range between 0.5.mu. to 25.mu., and said
      diamond particles individually consist of many individual crystallities
      tightly bonded to one another in essentially unoriented pattern giving
      polycrystalline particles having many irregular projections, ledges and
      craters.
NUM  5.
PAR  5. A coated article formed by electroless plating according to claim 3
      wherein said article is a fluid jet provided with a discharge orifice.
NUM  6.
PAR  6. A coated article formed by electroless plating according to claim 4
      wherein said article is a fluid jet provided with a discharge orifice.
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ABST
PAL  Sheets or films are rendered non-stick towards tacky substances by applying
      a coating composition containing specified quantities of (a) an
      .alpha.,.omega.-dihydroxydimethylpolysiloxane polymer, with a viscosity of
      at least 25,000 cPo at 25.degree.C, containing at most 0.1% by weight of
      hydroxyl groups, (b) a dimethylpolysiloxane rubber terminated at each end
      of its chain by a unit of the formula (CH.sub.3).sub.3 SiO.sub.0.5 or
      (CH.sub.3).sub.2 CH.sub.2 =CHSiO.sub.0.5, with a viscosity of at least 1
      million cPo at 25.degree.C, (c) a crosslinking agent of the general
      formula (Q).sub.4.sub.-n Si[(OCH.sub.2 CH.sub.2).sub.p OQ'].sub.n in which
      the symbol Q represents a hydrolysable radical selected from the group
      consisting of N,N-dialkylaminoxy, ketoniminoxy and aldiminoxy radicals,
      the symbol Q' represents a methyl or ethyl radical, the symbol n
      represents a number from 1 to 4 and the symbol p represents 1 or 2, (d) a
      tin, titanium or iron catalyst, (e) optionally a specified silicon
      containing vulcanisation accelerator and (f) an organic solvent are
      rendered more storage stable by incorporation of a hydroxylic
      methylpolysiloxane oil containing at least 3% by weight of hydroxyl
      groups, of viscosity between 3 and 400 cPo at 25.degree.C, of the average
      general formula
      ##EQU1##
      IN WHICH THE SYMBOL A REPRESENTS A NUMBER FROM 1.7 TO 2.3 AND THE SYMBOL B
      REPRESENTS A NUMBER FROM 0.1 TO 1.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This Application is a Divisional Application from Application Ser. No.
      350,760 filed Apr. 13, 1973 and issued June 28, 1974 as U.S. Pat. No.
      3,821,154.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an organosilicon composition which is
      ready for use and can be employed, mainly on high-yield industrial
      machines, for the treatment of sheets and films made of the most diverse
      materials in order to render them non-stick towards tacky substances.
PAC  DESCRIPTION OF PRIOR ART
PAR  Compositions which make it possible to render substrates such as paper,
      cardboard, parchment and plastic films non-stick are already known. They
      generally contain, as base constituents, a hydroxylic dimethylpolysiloxane
      and a methylhydrogenopolysiloxane, (See for example French Patent
      Specification Nos. 1,165,551, 1,237,633, 1,443,657 and 1,595,718 and
      Published French Patent Application No. 2,055,462); however, these
      compositions have the disadvantage, once they are catalysed, of evolving
      smaller or larger amounts of hydrogen, at ambient temperature, and are
      thus rather unstable at ambient temperature and moreover, once they have
      been deposited on the substrates, they require long curing times which are
      unacceptable on high-yield machines.
PAR  However, other types of compositions contain, as the crosslinking agent,
      instead of methylhydrogenopolysiloxane, an organotriacyloxysilane (French
      Patent Specification No. 1,446,021 and Published Japanese Patent
      Application No. 70/32,775) or an organotrialkoxysilane (Published French
      Patent Application No. 2,054,202) or a methylpolysiloxane resin (French
      Patent Specification Nos. 1,308,462 and 1,319,697). Such catalysed
      compositions do not allow hydrogen to escape but nevertheless are not
      completely satisfactory to the users of industrial machines. Such machines
      operate at high speed and require not only high stability of the treating
      bath but also, as already mentioned, very short curing times, generally
      less than 20 seconds at about 120.degree.-150.degree.C. These two
      requirements are only satisfied simultaneously very rarely, and in
      particular, the stability of the compositions often leaves much to be
      desired and is too rigidly dependent on factors which are difficult to
      control such as the presence of traces of water in the solvents used.
PAR  The present invention provides an organosilicon composition comprising by
      weight:
PA1  a. 100 parts of an .alpha.-.omega.-dihydroxydimethylpolysiloxane polymer,
      with a viscosity of at least 25,000 centipoise at 25.degree.C, containing
      at most 0.1% by weight of hydroxyl groups,
PA1  b. 30 to 250 parts of a dimethylpolysiloxane rubber terminated at each end
      of its chain by a unit of the formula (CH.sub.3).sub.3 SiO.sub.0.5 or
      (CH.sub.3).sub.2 CH.sub.2 =CHSiO.sub.0.5, with a viscosity of at least 1
      million centipoise at 25.degree.C,
PA1  c. 10 to 50 parts of a crosslinking agent of the general formula
EQU  (Q).sub.4.sub.-n Si[(OCH.sub.2 CH.sub.2).sub.p OQ'].sub.n
PAL  in which the symbol Q represents a hydrolyzable radical selected from the
      group consisting of N,N-dialkylaminoxy, ketoniminoxy and aldiminoxy
      radicals; the symbol Q' represents a methyl or ethyl radical; the symbol n
      represents a number from 1 to 4 and the symbol p represents 1 or 2,
PA1  d. 1 to 10 parts of a catalyst selected from the group consisting of
      organic derivatives of tin, chelates of titanium, chelates of iron, metal
      salts of aliphatic carboxylic acids and polymers possessing Ti-O-Sn
      chains,
PA1  e. 0 to 10 parts of a vulcanisation accelerator of the general formulae:
      ##EQU2##
      in which each symbol Y, independently represents an alkyl radical of 1 to
      4 carbon atoms, a vinyl radical or a phenyl radical; the symbol 1
      represents a number from 1 to 1.98 and the symbol 1' represents a number
      from 0.08 to 2,
PA1  f. 500 to 5,000 parts of an organic solvent, and
PA1  g. 5 to 30 parts of a hydroxylic methylpolysiloxane oil containing at least
      3% by weight of hydroxyl groups, of viscosity between 3 and 400 centipoise
      at 25.degree.C and of average general formula
      ##EQU3##
      in which the symbol a represents a number from 1.7 to 2.3 and the symbol b
      represents a number from 0.14 to 1.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Component (a)
PAR  The .alpha.-.omega.-dihydroxydimethylpolysiloxane polymer (a) which can be
      used in the invention consists essentially of units of the formula
      (CH.sub.3).sub.2 SiO, but small amounts of trifunctional units of the
      formula CH.sub.3 SiO.sub.1.5, comprising less than 2% of all of the units,
      can be included.
PAR  In order to provide coatings which are effective, both on the basis of
      non-stick character and on the basis of resistance to gumming, polymer (a)
      must be limited to rubbers of molecular weight ranging from 1 to several
      tens of millions of centipoise at 25.degree.C and to viscous oils of
      viscosity greater than 25,000 centipoise at 25.degree.C, and preferably
      50,000, these being oils in which the OH content is less than 0.1% by
      weight, and preferably less than 0.05%. The preparation of this type of
      polymer is well known and is described, for example, in French Patent
      Specification Nos. 1,134,005 and 1,226,745.
PAR  Component (b)
PAR  The dimethylpolysiloxane rubber (b) blocked by units of the formula
      (CH.sub.3).sub.3 SiO.sub.0.5 and (CH.sub.3).sub.2 CH.sub.2 =CHSiO.sub.0.5
      is a linear polymer consisting essentially of units of the formula
      (CH.sub.3).sub.2 SiO and which can also contain less than 2% of
      trifunctional units of the formula CH.sub.3 SiO.sub.1.5. It is used at the
      rate of 30 to 250 parts, and preferably 40 to 230 parts, per 100 parts of
      the oil (a). If quantities outside this range are used, the cured coatings
      are non-stick but can be removed by rubbing. The preparation of rubbers of
      this type, the viscosity of which ranges from 1 million to several million
      centipoise at 25.degree.C, is described in French Patent Specification
      Nos. 1,108,764 and 1,132,048.
PAR  Component (c)
PAR  The crosslinking agent (c), of the general formula Q.sub.4.sub.-n
      Si[(OCH.sub.2 CH.sub.2).sub.p OQ'].sub.n, can be a pure product or a
      mixture, its degree of purity depending on the method of production and on
      the physical properties of the crosslinking agent desired. Specific
      examples of hydrolyzable radicals represented by the symbol Q, include:
PA1  N,n-dialkylaminoxy radicals of formula (CH.sub.3).sub.2 NO--;
PA1  C.sub.2 h.sub.5 (ch.sub.3)no--; and (C.sub.2 H.sub.5).sub.2 NO--;
PA1  ketoniminoxy radicals of formula (CH.sub.3).sub.2 C=NO--; C.sub.2 H.sub.5
      (CH.sub.3)C=NO--; C.sub.3 H.sub.7 (CH.sub.3)C=NO--; C.sub.3 H.sub.7
      (C.sub.2 H.sub.5)C=NO--;
      ##SPC1##
PA1  aldiminoxy radicals of formula CH.sub.3 (H)C=NO--;
PA1   c.sub.2 h.sub.5 (h)c=no- and C.sub.3 H.sub.7 (H)C=NO--;
PAL  Specific crosslinking agents which can be used include:
PA0  Si(OCH.sub.2 CH.sub.2 OCH.sub.3).sub.4 ; (C.sub.2 H.sub.5).sub.2
      NO-Si(OCH.sub.2 CH.sub.2 OCH.sub.3).sub.3
PA0  [(c.sub.2 h.sub.5).sub.2 no].sub.2 si[(OCH.sub.2 CH.sub.2).sub.2 OCH.sub.3
      ].sub.2 ;
PA0  [(c.sub.2 h.sub.5).sub.2 no].sub.1.5 si(OCH.sub.2 CH.sub.2 OC.sub.2
      H.sub.5).sub.2.5 ;
PA0  C.sub.2 h.sub.5 (ch.sub.3)c=no-si(OCH.sub.2 CH.sub.2 OCH.sub.3).sub.3 ;
PA0  [c.sub.2 h.sub.5 (ch.sub.3)c=no].sub.1.5 si-(-OCH.sub.2 CH.sub.2
      OCH.sub.3).sub.2.5 ;
PA0  [(ch.sub.3).sub.2 c=no].sub.2 si[(OCH.sub.2 CH.sub.2).sub.2 OCH.sub.3
      ].sub.2 ;
PA0  Ch.sub.3 (h)c=no-si(OCH.sub.2 CH.sub.2 OCH.sub.3).sub.3 and
PA0  [C.sub.2 H.sub.5 (H)C=NO].sub.1.5 Si(OCH.sub.2 CH.sub.2 OC.sub.2
      H.sub.5).sub.2.5.
PAR  the preparation of this silane does not present any major difficulties.
      Techniques which are now well known can be followed (for example as
      described in French Patent Specification Nos. 1,462,725, 1,506,185 and
      1,506,842), but it is advisable to use, as the starting product, a
      chloropolyalkoxysilane of the general formula Cl.sub.4.sub.-n
      Si[(OCH.sub.2 CH.sub.2).sub.p OQ'].sub.n, Q', n and p having the
      abovementioned meanings, which is brought into contact with the desired
      reagent which can be an N,N-dialkylhydroxylamine, a ketoxime or an
      aldoxime. In order to facilitate the reaction, it can be carried out in a
      solvent and in the presence of an agent which neutralises the hydrochloric
      acid generated, such as a tertiary amine, it being possible sometimes for
      an N,N-dialkylhydroxylamine to play this role.
PAR  This crosslinking agent (c) is incorporated into the compositions of the
      invention at the rate of 10 to 50 parts, and preferably 15 to 40 parts,
      per 100 parts of the polymer (a). Quantities outside these limits produce
      treating baths of mediocre stability or to coatings which do not resist
      abrasion well.
PAR  Component (d)
PAR  The curing catalyst (d) is preferably an organometallic derivative or a
      salt or complex of an organic compound and a metal, and can be selected
      from the following types:
PAR  (i) Organic derivatives of tin for example,
PAR  organo-tin salts of carboxylic acids such as dibutyltin dilaurate or
      dioctyl-tin dilaurate, dibutyl-tin diacetate or dioctyl-tin diacetate,
      dibutyl-tin di-(2-ethyl-hexanoate) or dioctyl-tin di-(2-ethyl-hexanoate),
      dibutyl-tin succinate and dioctyl-tin maleate;
PA1  (ii) compounds of the general formula T.sub.2 Sn(SCH.sub.2 COOT).sub.2 in
      which each symbol T, may independently, represent a straight or branched
      chain alkyl radical with 3 to 20 carbon atoms, such as propyl, butyl,
      hexyl, octyl, isooctyl, decyl, dodecyl and octadecyl radicals; the
      preparation of such compounds is mentioned, for example, in Canadian
      Patent Specification No. 846,201 and French Patent Specification Nos.
      1,477,892 and 1,488,631. By way of illustration, salts of the formula
      (C.sub.4 H.sub.9).sub.2 Sn(SCH.sub.2 COOi-C.sub.8 H.sub.17).sub.2 and
      (C.sub.8 H.sub.17).sub.2 Sn(SCH.sub.2 COOi C.sub.8 H.sub.17).sub.2 can be
      employed;
PAR  (iii) cyclic compounds corresponding to the general formula:
      ##EQU4##
      in which each symbol R, may independently represent a divalent hydrocarbon
      radical or a divalent radical consisting of divalent hydrocarbon radicals
      bonded by oxygen atoms or --CO--, --COO-- or --CHOH-- radicals, each
      symbol R' may independently represent a monovalent hydrocarbon radical and
      the symbol n' represents a positive integer. Specific divalent hydrocarbon
      radicals which can be used include alkylene radicals with 2 to 12 carbon
      atoms (such as -CH.sub.2 -CH.sub.2 -,
      ##EQU5##
      -(CH.sub.2).sub.8 -- and (-CH.sub.2).sub.10 --), or arylene radicals(such
      as phenylene and biphenylene); the monovalent hydrocarbon radical can be
      an alkyl radical with 1 to 20 carbon atoms (such as methyl, butyl,
      n-octyl, iso-octyl and octadecyl), an alkenyl radical with 2 to 10 carbon
      atoms (such as vinyl, allyl and 1-octene), or an aryl or aralkyl radical
      (such as phenyl, tolyl and benzyl). This type of compound can be prepared
      by bringing the organotin oxide (R').sub.2 SnO, in a solvent medium, into
      contact with the dimercaptan HS(CH.sub.2).sub.n.sub.'
      --COOR-OOC(CH.sub.2).sub.n.sub.' SH. Specific examples of suitable cyclic
      compounds include:
      ##EQU6##
PAR  (iv) Chelates
PAR  Titanium chelates, prepared by reacting beta-diketones and beta-ketoesters,
      such as acetylacetone or ethylacetyl acetate, with an alkyl titanate [ the
      alkyl radical having 3 to 10 carbon atoms, such as the propyl, isopropyl,
      butyl, pentyl, hexyl, 2-ethyl-hexyl, octyl and decyl radical] can be used.
      Details of the preparation and the structure of these coordination
      compounds are given in "The Organic Chemistry of Titanium" by R. Feld and
      P. L. Cowe, on pages 58 to 63. Ferric acetylacetonate can also be used.
PAR  (v) Metal salts of aliphatic carboxylic acids such as lead naphthenate,
      cobalt naphthenate, iron naphthenate, cobalt 2-ethyl-hexanoate, iron
      2-ethyl-hexanoate, zinc 2-ethyl-hexanoate and tin 2-ethyl-hexanoate, can
      also be used.
PAR  (vi) Polymers with Ti-O-Sn chains, prepared by reacting alkyl titanates
      (the alkyl radical having 3 to 10 carbon atoms, as above) with organo-tin
      salts of aliphatic carboxylic acids can also be used. Such polymers are
      described in French Patent Specification No. 1,392,648 and U.K. Patent
      Specification No. 928,496.
PAR  These catalysts (d) are used at the rate of 1 to 10 parts, and preferably 2
      to 8 parts, per 100 parts of the polymer (a). Amounts less than 1 part do
      not enable the compositions to cure correctly and amounts greater than 10
      parts render the treating baths unstable.
PAR  Component (e)
PAR  The vulcanisation accelerator (e), which is optionally employed to reduce
      the curing time of the compositions and thus to increase the rate at which
      the coated paper passes through the drying furnaces, is a silane or
      polysiloxane carrying at least 3 acyloxy groups, of the general formulae
      YSi(OCOY).sub.3 and
      ##EQU7##
PAR  Specific examples of alkyl radicals with 1 to 4 carbon atoms represented by
      Y are methyl, ethyl, propyl and butyl radicals.
PAR  More specifically, the catalyst (e) can be a compound of formula: CH.sub.3
      Si(OCOCH.sub.3).sub.3, CH.sub.3 Si(OCOCH.sub.2 CH.sub.3).sub.3, CH.sub.3
      Si(OCOCH.sub.2 CH.sub.2 CH.sub.3).sub.3, CH.sub.2
      =CHSi(OCOCH.sub.3).sub.3, C.sub.6 H.sub.5 Si(OCOCH.sub.3).sub.3, C.sub.3
      H.sub.7 Si(OCOCH.sub.3).sub.3 or (CH.sub.3 COO).sub.2 CH.sub.3
      Si[OSi(CH.sub.3).sub.2 ].sub.y OSiCH.sub.3 (OCOCH.sub.3).sub.2 where y = 0
      to 20.
PAR  The polysiloxanes (e) can be prepared by conventional techniques, for
      example by partial hydrolysis of silanes of the formula YSi(OCOY).sub.3 or
      by bringing these silanes into contact with an oil of low molecular weight
      of the general formula HO(Y.sub.2 SiO).sub.x H in which the symbol X
      represents a number from 1 to 40; according to a variant, the products of
      partial hydrolysis can be rearranged with cyclic or linear
      diorganopolysiloxanes.
PAR  For 100 parts of the polymer (a), the amount of accelerator (e) must not
      exceed 10, and preferably 8, parts; above 10 parts, the stability of the
      treating bath becomes mediocre and the curing time of the compositions is
      not substantially improved.
PAR  Component (f)
PAR  Organic solvent (f) can be any of the common solvents which are non-toxic
      and inert towards other constituents of the compositions of the invention,
      and, for example, can be: an alkane or cycloalkane, which may or may not
      be chlorinated, such as hexane, heptane, octane, decane, dodecane,
      methylene chloride, tetrachloroethane, cyclohexane, methylcyclohexane or
      chlorocyclohexane;
PAR  a chlorinated alkene such as trichloroethylene or perchloroethylene;
PAR  or an aromatic hydrocarbon, which may or may not be chlorinated, such as
      toluene, xylene, cumene, tetralin, chlorobenzene or ortho-dichlorobenzene.
PAR  The solvent is used in the proportion of 500 to 5,000 parts, and preferably
      1.000 to 4.500 parts, per 100 parts of polymer (a) so as to deposit, by
      means of modernmachines, 3 to 10 g of composition per m.sup.2 of substrate
      to be treated, which corresponds approximately to 0.1 to 4 g of solids.
PAR  Component (g)
PAR  This component consists structurally of units of the formula
      (CH.sub.3).sub.3 SiO.sub.0.5, (CH.sub.3).sub.2 SiO and/or CH.sub.3
      SiO.sub.1.5 and has a viscosity of 3 to 400 centipoise at 25.degree.C.
      This component can be prepared by known techniques (see for example French
      Patent Specification No. 1,077,230), for example by hydrolysis of
      dimethyldichlorosilane which may or may not be combined with
      trimethylchlorosilane and/or methyltrichlorosilane, in a solvent medium or
      without such a medium, followed by washing and neutralisation of the
      polymers obtained. For the hydrolysis, it is also possible to use
      dimethyldiacetoxysilane, which may or may not be mixed with
      trimethylacetoxysilane and/or methyltriacetoxysilane. It is, however,
      necessary for the oils so prepared to contain at least 3% by weight of
      hydroxyl groups.
PAR  For 100 parts of the polymer(a), 5 to 30 parts, and preferably 7 to 26
      parts, of the polymer (g) are used. Below 5 parts, the compositions are
      markedly unstable and above 30 parts their curing times are too long.
PAR  The compositions of the invention can be prepared by simply mixing the
      constituents, at ambient temperature e.g. 10.degree.-25.degree.C
      introducing them in any order whatsoever; however, it is sometimes
      preferable to add to all or a portion of solvent (f) the polymers (a), (b)
      and (g), followed by the crosslinking agent (c), the catalyst (d) and
      optionally the accelerator (e) in such a way as to prevent the formation
      of solid products which would precipitate and would be difficult to
      dissolve thereafter.
PAR  The compositions so produced are stable on storage for more than 24 hours
      at ambient temperature. After being stored for 2 weeks, they can still be
      used to form perfect non-stick coatings. They are also stable for the
      entire period during which they are applied to the substrates to be
      treated, this being an application which takes place at ambient
      temperature e.g. 10.degree.-25.degree.C and in the atmosphere and which
      very often extends over a period of 10-90 hours. The compositions are
      deposited by conventional methods, for example with a roller or with a
      knife, but also by means of devices with which industrial machines are
      equipped such as the gravine roll, the smoothing bar and the system called
      "reverse roll".
PAR  Once they have been applied to the substrates, the compositions could
      crosslink to give non-stick coatings which are resistant to abrasion, by
      simply drying in air, but this technique is of little value on an
      industrial scale where means are always being sought to reduce the drying
      time, that is to say to treat the largest possible surface area in a given
      time without being prejudicial to the quality of the coatings. In order to
      achieve these results, the coated materials are passed through drying
      furnaces heated to a temperature of 70.degree.-200.degree.C and in which
      the pass times are 3 to 20 seconds.
PAR  The compositions of the invention can be applied to any materials which
      will subsequently be in contact with tacky, sticky, viscous or paste-like
      substances, so that the material can be removed without becoming attached
      to these substances. These materials can be, for example, diverse
      varieties of paper (such as Kraft paper which can be refined to any
      desired extent, glassine paper and sulphurised papers), cardboards,
      vegetable parchment, papers coated with polyethylene, sheets of
      regenerated cellulose such as cellophane, or of cellulose polyacetate,
      fabrics made of polyamides or of polyesters such as polyethylene
      terephthalate, sheets of plastic such as those of polyethylene and
      polypropylene, metal foils and fabrics of glass and asbestos fibres.
      Preferably, the substrate is a sheet or film of a paper, cardboard,
      parchment, cellulosic material, polyamide, polyester, metal, glass or
      asbestos. These materials, having been rendered non-stick by application
      of the composition of the invention, can then be used as spacers or as
      transfer papers or sheets as well as for the manufacture of bags for
      wrapping sticky materials such as sweets, pastry, crude rubbers, fused
      bitumen and waxes.
DETD
PAR  The following Examples illustrate the invention:
PAC  EXAMPLE 1.
PAR  A bath is used which contains (the parts being by weight):
PA0  130 parts of an .alpha.,.omega.-dihydroxydimethylpolysiloxane oil of
      viscosity 1 million centipoise at 25.degree.C,
PA0  160 parts of a dimethylpolysiloxane rubber terminated at each end of its
      chain by a (CH.sub.3).sub.3 SiO.sub.0.5 unit, of viscosity 50 million
      centipoise at 25.degree.C,
PA0  29 parts of beta-methoxyethyl silicate [Si(OCH.sub.2 CH.sub.2
      OCH.sub.3).sub.4 ],
PA0  4 parts of dibutyl-tin dilaurate,
PA0  5 parts of methyltriacetoxysilane,
PA0  3,660 parts of toluene and
PA0  12 parts of an .alpha.-.omega.-dihydroxydimethylpolysiloxane oil of
      viscosity 50 centipoise at 25.degree.C, containing 13% by weight of
      hydroxyl groups.
PAR  In order to prepare this bath, the toluene, the rubber and the two
      organopolysiloxane oils are added first, with stirring, followed, after a
      homogeneous solution has been obtained, by the beta-methoxyethyl silicate,
      the tin salt and the methyltriacetoxysilane.
PAR  This bath is divided into 4 substantially equal portions, A, B, C and D,
      and the portions B, C and D are placed in closed containers. Portion A is
      immediately deposited, at the rate of 5 g/m.sup.2, on one face of a Kraft
      paper (formed from a pulp refined to 78.degree. Shopper) by means of a
      gravine roll mounted on an industrial paper treatment machine. The coating
      is simultaneously dried and cured by passing the coated paper through a
      furnace-tunnel heated to 150.degree.C, the drying time which passes
      between the inlet and the outlet of the furnace being 5 seconds.
PAR  An adhesive tape of the sparadrap type is applied to the coated face of the
      paper and the force, in g/cm, necessary to detach the tape from the paper
      is measured on a tensometer. In order to make this measurement, a free end
      of the tape is folded back at 180.degree. and this end is pulled at a
      speed of 25 cm/minute. An adhesive force of 2 g/cm is found.
PAR  Working under the same conditions as for the portion A, the portions B, C
      and D are used thereafter respectively 6 hours, 4 days and 8 days after
      the preparation of the bath. On opening the containers, they are limpid
      and lead to non-stick coatings of good quality, and it is noteworthy that
      the adhesive force of the adhesive tape on the face of the Kraft papers
      treated with these 3 portions is between 2 and 3 g/cm.
PAR  By way of comparison, the 12 parts of the
      .alpha.,.omega.-dihydroxydimethylpolysiloxane oil containing 13% of
      hydroxyl groups are dispensed with in the formulation of the bath, and the
      new bath is divided, as above, into 4 portions A', B', C' and D', the
      portion A' being used immediately and the others after having been left in
      a closed medium respectively for 6 hours, 4 days and 8 days.
PAR  It is found that, although the portion A' is suitable for the treatment of
      Kraft paper, the others, in contrast, are not; thus the portion B' is
      cloudy and very viscous and cannot be applied correctly, and as for the
      portions C' and D', they are completely gelled and thus cannot be used.
PAC  EXAMPLE 2
PAR  Baths are used, each of which comprises (the parts being by weight):
PA0  200 parts of an .alpha.-.omega.-dihydroxydimethylpolysiloxane oil of
      viscosity 100,000 centipoise at 25.degree.C,
PA0  100 parts of a dimethylpolysiloxane rubber terminated at each end of its
      chain by a (CH.sub.3).sub.3 SiO.sub.0.5 unit, of viscosity 10 million
      centipoise at 25.degree.C,
PA0  40 parts of beta-methoxyethyl silicate,
PA0  5 parts of a metal catalyst described in more detail below,
PA0  3 parts of vinyltriacetoxysilane,
PA0  3,700 parts of methylcyclohexane and
PA0  18 parts of .alpha.-.omega.-dihydroxydimethylpolysiloxane oil of viscosity
      40 centipoise at 25.degree.C, containing 4% by weight of hydroxyl groups.
PAR  In order to prepare the treating bath, the rubber and the 2
      organopolysiloxane oils are first incorporated into 3,500 parts of
      methylcyclohexane, and then the beta-methoxyethyl silicate, the metal
      catalyst and the vinyltriacetoxysilane are incorporated into the remaining
      200 parts (of methylcyclohexane) and finally the 2 solutions are mixed.
      Six baths are prepared which differ from one another only in the nature of
      the metal catalyst.
PAR  Each bath is divided into 4 portions E,F,G and H; the E portions are used
      immediately and the F, G and H portions only after having been left in
      closed containers for 6 hours, 5 days and 10 days respectively. They are
      applied to the face of a Kraft paper coated with polyethylene
      (manufactured by extruding a polyethylene film of thickness 15 .mu. onto
      grey Kraft paper) by means of a smoothing bar mounted on an industrial
      treatment machine. After drying the coating deposited for 6 seconds at
      120.degree.C, the adhesion force of the tape of the sparadrap type is
      measured by the procedure described in Example 1. The results of these
      measurements, using each of the six baths, and the nature of the metal
      catalyst employed, are given in Table 1 below:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     PORTIONS                                                                  
     METAL CATALYSTS                                                           
     __________________________________________________________________________
     CH.sub.3 CH.sub.3                                                         
     .vertline..vertline.                                                      
     n-C.sub.8 H.sub.17 SCH.sub.2 COO--CH--CH.sub.2 OCH.sub.2 CH--O--CO--CH.sub
     .2 S n-C.sub.8 H.sub.17                                                   
     .angle.Sn.angle..angle.Sn.angle.      4  4  6   10                        
     n-C.sub.8 H.sub.17 SCH.sub.2 COO--CH--CH.sub.2 OCH.sub.2 CH--O--CO--CH.sub
     .2 S n-C.sub.8 H.sub.17                                                   
     .vertline..vertline.                                                      
     CH.sub.3 CH.sub.3                                                         
     (1)                                                                       
     n-C.sub.8 H.sub.17 SCH.sub.2 COO--iso--C.sub.8 H.sub.17                   
     .angle.Sn.angle.(2)                   2  4  4   8                         
     n-C.sub.8 H.sub.17 SCH.sub.2 COO--iso--C.sub.8 H.sub.17                   
     Polymer with.tbd.Ti--O--Sn.tbd.chains(3)                                  
                                           2  2  4   6                         
     [(CH.sub.3).sub.2 CHO].sub.2 Ti[O--C(CH.sub.3)=CH--COCH.sub.3 ].sub.2     
                                           44)                                 
                                              6  10  12                        
     Fe[OC(CH.sub.3)=CH--COCH.sub.3 ].sub.3                                    
                                           4  6  8   10                        
     (CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 --CHCOO).sub.3 Fe                    
     .vertline.                            4  4  6   8                         
     C.sub.2 H.sub.5                                                           
     __________________________________________________________________________
PAR  1. This cyclic derivative of tin is prepared by heating under reflux for 10
      hours 385 parts of a dimercaptan of the formula
EQU  HSCH.sub.2 COOCH(CH.sub.3)CH.sub.2 OCH.sub.2 CH(CH.sub.3)OCOCH.sub.2 SH
PAL  with 520 parts of di-(n-octyl)-tin oxide dissolved in 400 parts of toluene.
PAR  2. This product is prepared as described in Example 3 of French Patent
      Specification No. 1,488,631.
PAR  3. This polymer is prepared as described in Example 2 of French Patent
      Specification No. 1,392,648.
PAR  4. This chelate of titanium is prepared by heating under reflux 284 parts
      of isopropyl titanate with 200 parts of acetylacetone, the isopropanol
      being removed as it is formed.
PAR  It is apparent from the table that the organic derivatives of tin, the
      chelates of titanium and iron, the iron salts of the carboxylic acid and
      the polymers with Ti-O-Sn bonds can be used as curing catalysts without
      having a detrimental effect on the stability of the baths and on the
      non-stick properties of the organosilicon coatings deposited.
PAR  By way of comparison, portions E', F', G' and H', are prepared from
      formulations of baths which do not contain the 18 g of the
      .alpha.-.omega.-dihydroxydimethylpolysiloxane oil containing 4% by weight
      of hydroxyl groups but are otherwise identical to portions E, F, G and H.
      Attempts are then made to deposit them on the paper coated with
      polyethylene according to the process mentioned for the portions E, F, G
      and H, the portion E' being deposited immediately and the portions F', G'
      and H' respectively after storage for 6 hours, 5 days and 10 days in
      closed containers. Only the portions E' can be applied and lead to
      acceptable results, but the other portions F', G' and H' cannot be used
      because either they are too viscous or they have gelled.
PAC  EXAMPLE 3
PAR  Three treating baths are used, each of which comprises (the parts being by
      weight):
PA0  100 parts of an .alpha.-.omega.-dihydroxydimethylpolysiloxane rubber of
      viscosity 5 million centipoise at 25.degree.C,
PA0  200 parts of a dimethylpolysiloxane rubber terminated at each end of its
      chain by a (CH.sub.3).sub.2 CH.sub.2 =CHSiO.sub.0.5 unit, of viscosity 2
      million centipoise at 25.degree.C,
PA0  20 parts of a crosslinking agent described in more detail below
PA0  5 parts of a dioctyl-tin diacetate,
PA0  4,000 parts of a mixture of alkanes of boiling points
      93.degree.C-114.degree.C and
PA0  24 parts of hydroxylic methylpolysiloxane oil of viscosity 37.5 centipoise
      at 25.degree.C, containing 6.7% by weight of hydroxyl groups, with a
      CH.sub.3 /Si ratio of 1.87, prepared by cohydrolysis of a mixture
      comprising 195 parts of methyltrichlorosilane and 1,125 parts of
      dimethyldichlorosilane dissolved in 1,320 parts of isopropyl ether by
      means of 2,050 parts of an 18% strength aqueous solution of ammonia, 950
      parts of water and 32 parts of triethylamine.
PAR  In order to prepare these baths, the two rubbers and the organopolysiloxane
      oil dissolved in 3,900 parts of the mixture of alkanes are first
      introduced into a container equipped with a stirrer, followed by the
      crosslinking agent and the tin salt dissolved in the remaining 100 parts
      (of the mixture of alkanes). The three baths differ from one another in
      the nature of the crosslinking agent.
PAR  Each bath is divided into 4 portions, I, J, K and L; the portions I are
      used immediately and the portions J, K and L only after being stored in
      closed containers for 5 hours, 7 days and 14 days respectively. They are
      then deposited on one face of a sulphurised paper by means of the gravine
      roll mentioned in Example I. After drying and curing the coating deposited
      at 150.degree.C for 6 seconds, the adhesive force of the adhesive tape of
      the sparadrap type is measured by the procedure described in Example I.
      The results of these measurements are given in the Table below.
TBL                                    TABLE II                                
     __________________________________________________________________________
     PORTIONS                                                                  
                             I  J   K   L                                      
     CROSSLINKING AGENTS                                                       
     __________________________________________________________________________
     (C.sub.2 F.sub.5).sub.2 NOSi(OCH.sub.2 CH.sub.2 OCH.sub.3).sub.3          
                          (1)                                                  
                             3  3   9   12                                     
     CH.sub.3                                                                  
     .angle.C=N--O--Si(OCH.sub.2 CH.sub.2 OCH.sub.3).sub.3                     
                          (2)                                                  
                             6  9   14  15                                     
     C.sub.2 H.sub.5                                                           
      CH.sub.3                                                                 
     .angle.C=NO------Si(OCH.sub.2 CH.sub.2 OCH.sub.3).sub.2.5                 
                          (3)                                                  
                             6  10  12  14                                     
      C.sub.2 H.sub.5.sub.1.5                                                  
     __________________________________________________________________________
PAR  1. This silane is prepared by reacting 202 parts of
      tris(methoxyethoxy)-chlorosilane with a mixture comprising 62.5 parts of
      N,N-diethylhydroxylamine, 77.8 parts of triethylamine and 350 parts of
      toluene.
PAR  2. This silane is prepared by reacting 202 parts of
      tris(methoxyethoxy)-chlorosilane with a mixture comprising 61 parts of
      methylethylketoxime, 71.5 parts of .alpha.-picoline and 400 parts of
      toluene.
PAR  3. This silane is prepared by reacting 270 parts of a mixture of silanes of
      the average formula Cl.sub.1.5 Si(OCH.sub.2 CH.sub.2 OCH.sub.3).sub.2.5
      with a mixture comprising 128 parts of methylethylketoxime, 150 parts of
      .alpha.-picoline and 840 parts of toluene.
PAR  It is apparent from this table that the organosilicon compounds which carry
      aminoxy or ketoniminoxy groups, in addition to alkoxyalkoxy groups, bonded
      to the silicon atom, can be employed as crosslinking agents.
PAR  Portions I', J', K' and L', are prepared from baths which do not contain
      the 24 parts of the hydroxylic methylpolysiloxane oil containing 6.7% of
      hydroxyl groups but are otherwise identical to portions I, J, K. and L.
      The portions I' are used immediately and the portions J', K' and L' after
      being stored respectively for 5 hours, 7 days and 14 days. As in the case
      of the preceding examples, it is found that the portions J', K' and L' are
      not suitable because of too great an increase in viscosity and of
      formation of gelled products.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of rendering a substrate non-stick towards tacky substances
      which comprises applying to the substrate an organosilicon composition
      comprising by weight:
PA1  a. 100 parts of an .alpha.-.omega.-dihydroxydimethylpolysiloxane polymer,
      with a viscosity of at least 25,000 centipoise at 25.degree.C, containing
      at most 0.1% by weight of hydroxyl groups,
PA1  b. 3 to 250 parts of a dimethylpolysiloxane rubber terminated at each end
      of its chain by a unit of the formula (CH.sub.3).sub.3 SiO.sub.0.5 or
      (CH.sub.3).sub.2 CH.sub.2 =CHSiO.sub.0.5, with a viscosity of at least 1
      million centipoise at 25.degree.C,
PA1  c. 10 to 50 parts of a crosslinking agent of the general formula
      (Q).sub.4.sub.-n Si[(OCH.sub.2 CH.sub.2).sub.p OQ'].sub.n in which the
      symbol Q represents a hydrolyzable radical selected from the group
      consisting of N,N-dialkylaminoxy, ketoniminoxy and aldiminoxy radicals,
      the symbol Q' represents a methyl or ethyl radical, the symbol n
      represents a number from 1 to 4 and the symbol p represents 1 or 2,
PA1  d. 1 to 10 parts of a catalyst selected from the group consisting of
      organic derivatives of tin, chelates of titanium, chelates of iron, metal
      salts of aliphatic carboxylic acids and polymers possessing Ti-O-Sn
      chains,
PA1  e. 0 to 10 parts of a vulcanisation accelerator of the general formulae
      YSi(OCOY).sub.3 and
      ##EQU8##
      in which each symbol Y independently represents an alkyl radical of 1 to 4
      carbon atoms, a vinyl radical or a phenyl radical, the symbol 1 represents
      a number from 1 to 1.98 and the symbol 1' represents a number from 0.08 to
      2,
PA1  f. 500 to 5,000 parts of an organic solvent, and
PA1  g. 5 to 30 parts of a hydroxylic methylpolysiloxane oil containing at least
      3% by weight of hydroxyl groups, of viscosity between 3 and 400 centipoise
      at 25.degree.C, of the average general formula:
      ##EQU9##
      in which the symbol a represents a number from 1.7 to 2.3 and the symbol b
      represents a number from 0.14 to 1.
NUM  2.
PAR  2. A method according to claim 1, wherein the hydroxylic methylpolysiloxane
      oil is an .alpha.,.omega.-dihydroxydimethylpolysiloxane oil of viscosity
      50 centipoise at 25.degree.C, containing 13% by weight of hydroxyl groups.
NUM  3.
PAR  3. A method according to claim 1, wherein the hydroxylic methylpolysiloxane
      oil is an .alpha.-.omega.-dihydroxydimethyl-polysiloxane oil of viscosity
      40 centipoise at 25.degree.C, containing 4% by weight of hydroxyl groups.
NUM  4.
PAR  4. A method according to claim 1, wherein the hydroxylic methylpolysiloxane
      oil is an oil of viscosity 37.5 centipoise at 25.degree.C, containing 6.7%
      by weight of hydroxyl groups and with a CH.sub.3 /Si ratio of 1.87.
NUM  5.
PAR  5. A method according to claim 1, wherein the composition contains 7 to 26
      parts by weight of the hydroxylic methylpolysiloxane oil per 100 parts by
      weight of component (a).
NUM  6.
PAR  6. A method according to claim 1, wherein the viscosity of component (a) at
      25.degree.C is about 100,000 to 5 million centipoise.
NUM  7.
PAR  7. A method according to claim 1, wherein the viscosity of component (b) at
      25.degree.C is about 2 million to 50 million centipoise and component (b)
      is present in an amount of 40-230 parts by weight per 100 parts by weight
      of component (a).
NUM  8.
PAR  8. A method according to claim 1, wherein component (c) is (CH.sub.3
      OCH.sub.2 CH.sub.2 O).sub.4 Si, (C.sub.2 H.sub.5).sub.2 NOSi(OCH.sub.2
      CH.sub.2 OCH.sub.3).sub.3,
      ##EQU10##
      or
      ##EQU11##
      Si(OCH.sub.2 CH.sub.2 OCH.sub.3).sub.2.5 present in an amount of 15-40
      parts by weight per 100 parts by weight of component (a).
NUM  9.
PAR  9. A method according to claim 1, wherein component (d) is dibutyl-tin
      dilaurate,
      ##EQU12##
      Polymer with Ti-O-Sn chains, [(CH.sub.3).sub.2 CHO].sub.2
      Ti[O-C(CH.sub.3)=CH-COCH.sub.3 ].sub.2, Fe[OC(CH.sub.3)=CH-COCH.sub.3
      ].sub.3 or
      ##EQU13##
      present in an amount of 2-8 parts by weight per 100 parts by weight of
      component (a).
NUM  10.
PAR  10. A method according to claim 1, wherein component (e) is
      methyltriacetoxysilane or vinyltriacetoxysilane present in an amount up to
      8 parts by weight per 100 parts by weight of component (a).
NUM  11.
PAR  11. A method according to claim 1, wherein component (f) is toluene,
      methylcyclohexane or an alkane mixture of b.p. about
      93.degree.-114.degree.C present in an amount of 1000-4500 parts by weight
      per 100 parts by weight of component (a).
NUM  12.
PAR  12. A method according to claim 1, wherein 3-10 g of compositions is
      applied per square meter of substrate.
NUM  13.
PAR  13. A method according to claim 1, wherein the substrate is a sheet or film
      of paper, cardboard, parchment, cellulosic material, polyamide, polyester,
      metal, glass or asbestos.
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ABST
PAL  Absorbent film which has a great adhesion, a great mechanical strength and
      a high resistivity to heat and other radiation and which is applicable to
      sun glasses, color filters, phase plates used for the differential phase
      method, apodization filters and the like. The absorbent film is produced
      by mixing together powdered Ti, powdered Cr and powdered MgF.sub.2 into
      the form of a powdered mixture or shaping them into a compressed mass of
      mixture, thereafter vacuum-evaporating said mixture onto a predetermined
      base material such as lens glass to thereby provide a refractive factor of
      about 1.52 and an absorption coefficient of about 0.01 to 0.4. At least
      one layer of such absorbent film may be used to form a multi-layer film
      structure.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 117,288, filed Feb. 22, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to absorbent film provided by a vacuum evaporation
      technique.
PAR  2. Description of the Prior Art
PAR  It has widely been practiced to produce absorbent film by the use of the
      vacuum evaporation technique and employing such film for color filters,
      neutral filters, sun glasses and phase plates for the differential phase
      technique.
PAR  Such absorbent film is usually composed of a metal or a metal compound
      especially such as metal oxide, and has a high refractive factor and a
      high absorption coefficient, which will not only result in a high
      reflection factor in both sides of the film adjacent the atmosphere and
      the base glass but also lead to a less aesthetic appearance and a great
      inconvenience in use.
PAR  In order to reduce the amount of reflected light, a single or multiple
      layers of dielectric film have been formed on the absorbent film by using
      the vacuum evaporation technique so as to prevent the occurrence of light
      reflection. Even this method, however, has encountered difficulties in
      effectively preventing the reflection of visible rays over their entire
      range, and the reflected light in this case is always seriously colored.
      To attain a predetermined coloring of such reflected light, the layer or
      layers of dielectric film to be formed on the absorbent film must be of a
      very high accuracy and otherwise controlled, and this makes it difficult
      to achieve a reproductivity of such film. In addition, presence of any
      slight fingerprint, water drop, fatty or greasy material or the like on
      the film would immediately vary the coloring of light to seriously injure
      the aesthetic value of the film.
PAR  Evidently, these drawbacks may be avoided by providing a thick and uniform
      film of a low absorption coefficient and whose refractive factor for the
      entire range of visible light is about 1.52, which is approximately equal
      to that of the conventionally used base glass. This is because such a film
      formed on the glass surface would permit only about 4% of the incident
      light to be reflected and thereby eliminate any coloring. The formation of
      such film may be accomplished by any of the various methods shown below.
PAR  I. A mixture of a dielectric material (non-absorbent material) and a metal
      (absorbent material) is evaporated from a single source of evaporation;
PAR  ii. The same mixture is evaporated from two discrete sources of
      evaporation; or
PAR  iii. A non-uniform film is produced so that the density ratio of the
      absorbent material to the non-absorbent material is least in the opposite
      surfaces of the film adjacent to the base glass and the atmosphere and
      greatest in the intermediate region of the film. The refractive factor in
      the said opposite surfaces of the film is substantially equal to the
      refractive factor of the base glass.
PAR  Success of the first-named method above is very much dependent on the
      materials selected, and usually it is very difficult to form a uniform and
      sufficiently thick film of a mixture at a predetermined ratio through
      evaporation. Even if such film could be attained at all, any thickness
      thereof exceeding a certain value would cause the film to readily separate
      from the base glass (weak adhesion) or to be fractured (inferior
      mechanical strength).
PAR  In some instances such film is poor in the resistivity to abrasion, heat
      and humidity, and in many instances it becomes seriously brownish due to
      the oxidation resulting from ultraviolet rays. A film having a high
      resistivity to mechanical, chemical and weather conditions could be formed
      by this method, but this would be impossible without resorting to the
      electronic beam evaporation technique or the like.
PAR  The second-named method above is unsuitable for mass production because it
      involves very delicate control of the rates of evaporation from the two
      sources of evaporation and some other delicate controls in order to
      provide a uniform film of a predetermined mixing ratio.
PAR  The third-named method is also difficult in terms of reproductivity because
      considerably complex and sophisticated controls are involved therein as in
      the case of the second method.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide absorbent film having a
      great adhesion, a great mechanical strength and a high resistivity to heat
      and other radiation by using the principle of the method mentioned under
      item i) above while employing magnesium fluoride as the dielectric
      material and powdered titanium and chromium as the metal material.
PAR  It is another object of the present invention to provide a multi-layer film
      structure which comprises at least one layer of such absorbent film as
      described above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be better understood from the following
      description of some specific embodiments thereof taken in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is an enlarged cross-sectional view of a meniscus lens of the prior
      art showing the reflective effect from the concave side thereof;
PAR  FIG. 2 is an enlarged cross-sectional view of the lens of FIG. 1 showing
      the reflective effect from the convex side thereof;
PAR  FIG. 3 is an enlarged cross-sectional view of the lens of FIG. 1 showing
      the reflective effect of a finger print on the surface of the film;
PAR  FIG. 4 is an enlarged cross-sectional view of a meniscus lens of the
      present invention showing the reflective effect from the concave side
      thereof;
PAR  FIG. 5 is an enlarged cross-sectional view of the lens of FIG. 4 showing
      the reflective effect from the convex side thereof;
PAR  FIG. 6 is an enlarged cross-sectional view of the lens of FIG. 4 showing
      the reflective effect of a finger print on the surface of the film;
PAR  FIGS. 7(a) and 7(b) are enlarged cross-sectional views of a concave
      meniscus lens and a convex meniscus lens each having an absorbent film of
      the present invention applied thereto; and
PAR  FIGS. 8(a), 8(b) and 8(c) are graphs illustrating the spectral
      transmittivity characteristics of the absorbent film embodying the present
      invention, the spectral reflection characteristics of such film in the
      surface thereof adjacent to the atmosphere, and the spectral reflection
      characteristics in the other surface adjacent to the base glass,
      respectively.
DETD
PAC  DETAILED DESCRIPTION
PAR  The prior art glass shown in FIG. 1 is coated with an absorbent thin film
      F.sub.1 on the concave surface to attain the predetermined transmissivity.
      The prior art glass is further coated with dielectric anti-reflection film
      F.sub.2 on the absorbent film F.sub.1 so as to reduce reflection at the
      outer surface of the absorbent film F.sub.1, or otherwise the reflection
      would be increased by 20-30%. In the prior art glass, refractive index
      n.sub.1 of the absorbent film F.sub.1, refractive index n.sub.2 of the
      anti-reflection film F.sub.2 and refractive index n of the glass G are
      different from each other so that optical interfaces S.sub.4 and S.sub.2
      are formed between the glass G and the film F.sub.1 and between the films
      F.sub.1 and F.sub.2. An observer would see colored reflection light, for
      instance bluish reflection light, when he looks at the prior art glass
      from the right side (II), as shown in FIG. 1. The colored reflection light
      is caused by the interferences of the reflection light rays R.sub.1 at the
      surface S.sub.1, the reflection light rays R.sub.1 ' on the optical
      interface S.sub.2 and the reflection light rays R.sub.1 " on the optical
      interface S.sub.4. Such a colored reflection light caused by the
      interference of the reflection light make a bad appearance.
PAR  It is a first object of the present invention to eliminate undesirable
      colors caused by the interference of the reflection light rays at the air
      side of said thin films, and to thereby make a good appearance.
PAR  When the prior art glass is viewed from the convex side thereof, as shown
      by arrow I in FIG. 2, one can see, two kinds of lights, colored and white
      reflection lights, for example. The incident light rays L.sub.2 are
      firstly reflected at a surface S.sub.3 of the glass G to make reflection
      light rays R.sub.2 '" which are acknowledged as the white color. The
      incident light rays L.sub.2 which are not reflected at the surface
      S.sub.3, are then reflected at the optical interfaces S.sub.4, S.sub.2 and
      the surface S.sub.1. The colored reflection light is caused by the
      interferences of the reflection light rays R.sub.2 " on the optical
      interface S.sub.4, the reflection light rays R.sub.2 ' on the optical
      interface S.sub.2 and the reflection light rays R.sub.2 at the surface
      S.sub.1.
PAR  Such colors, when the glass is observed from the direction shown by the
      arrow I, make an undesirable appearance.
PAR  A second object of this invention is to prevent the convex side reflection
      light from being colored by interference, so that the convex side
      reflection light is similar to the transmission light, thereby making a
      good appearance.
PAR  In the event that a finger print O is left on the surface S.sub.1 of the
      film F.sub.2, as shown in FIG. 3, one can see a luminous image of the
      finger print O, the image having different color and brightness from the
      interference colors of the other portions, when the lens is viewed from
      the direction of arrow II. The incident light rays L.sub.3 are partially
      reflected, firstly at the surface S.sub.5 of the finger print O as
      reflection light rays R.sub.3, secondly on the optical interface S.sub.1
      between the finger print O and the film F.sub.2 as reflection light rays
      R.sub.3 ', thirdly at the optical interface S.sub.2 as reflection light
      rays R.sub.3 ", and at the optical interface S.sub.4 as reflection light
      rays R.sub.3 '". By the interference of these reflection light rays
      R.sub.3, R.sub.3 ', R.sub.3 " and R.sub.3 '", there is formed a luminous
      finger print image.
PAR  It is a third object of the invention to prevent the thin film interference
      when any oil, or the like, is left on the surface of the thin film so as
      to eliminate the luminous reflection light.
PAR  The said first, second and third objects of the present invention can be
      attained by approximately equalizing the refractive index n' of an
      absorbent film F with the refractive index n of a glass G so that the
      optical interface between the glass and the absorbent film is eliminated.
PAR  Thus, incident light rays L.sub.4 are not reflected at the surface T.sub.2
      between the glass G and the absorbent film F, but are reflected at the
      surface T.sub.1, as shown in FIG. 4. If the subject glass is viewed from
      the direction of arrow II, the reflected light rays R.sub.4 do not
      interfere so that only white color is visible, which is the same as that
      reflected at the glass surface. Thus, said first object is attained.
PAR  In the glass G, there is practically no optical interface, and so there is
      no reflection at the surface T.sub.2, as shown in FIG. 5. Therefore, the
      reflected light rays R.sub.5 at the side of the glass can not interfere,
      so that there can be no coloration of the reflection light rays at the
      glass side of the film F. If the glass is viewed from the direction of
      arrow I, as shown in FIG. 5, one will observe colored reflection light
      rays, which are similar to the transmitting light rays. Thus, the said
      second object can be attained.
PAR  As best seen in FIG. 6, the refractive index of a finger print O
      approximately equals that of the glass G so that there is no optical
      interface between the absorbent film F and the finger print O.
      Accordingly, the light rays L.sub.6 are not reflected at the surface
      T.sub.1 between the finger print O and the absorbent film F, but are
      reflected only at the surface T.sub.4 of the finger print O, as shown in
      FIG. 6. Thus, there is no luminous light from the surface of the finger
      print O, and consequently the third object of the present invention is
      attained.
PAR  The fourth object of the present invention is attained by substantially
      equalizing the refractive index of the thin film F with that of the glass
      and by reducing the absorbent coefficient of the thin film F within
      0.01-0.4. It is noted that as a practical matter it is difficult to
      equalize the refractive index of the absorbent film F with that of the
      glass. However, if the thickness of the thin film is at least more than
      one wave-length, then no interference occurs even if the refractive
      indices are slightly different from each other.
PAR  For attaining the aforesaid first to fourth objects while forming an
      absorbent thin film having the desired transmissivity, it is necessary to
      vary the absorbent coefficient in accordance therewith. For this purpose,
      the weight ratio among the vapor-deposition materials Cr, Ti and MgF.sub.2
      is varied. For forming an absorbent thin film having the absorbent
      coefficient ranging from 0.4 to 0.01, the weight ratio of the
      vapor-deposition materials is determined to be Cr: 1.0, Ti: 0.02-0.2 and
      MgF.sub.2 : 1.5-0.10, for example.
PAR  Referring to FIGS. 7(a) and 7(b), there are shown examples of the absorbent
      film applied to two different types of lens according to the present
      invention. The present invention in principle falls within the category of
      the method referred to under item i) above, and employs magnesium fluoride
      (MgF.sub.2, n = 1.40) as the dielectric material, and powdered titanium
      (Ti) and chromium (Cr) as the metal material. These three materials at a
      suitable ratio are sufficiently mixed together mechanically so as to form
      a powdered mixture or further shaped into a compressed mass. The mixture
      is then evaporated from a single source of evaporation by
      resistance-heating it in a vacuum of 10.sup..sup.-5 Torr.
PAR  An evaporated film thus obtained has a low absorption coefficient and a low
      refractive index which is at best n.apprxeq.1.5. The evaporating condition
      of the mixture is maintained very stably in the vacuum of 10.sup..sup.-5
      Torr, and the result is a uniform and sufficiently thick absorbent film
      having such an excellent reproductivity that the naked eye would sense no
      appreciable difference either for the color of the transmitted light or
      for the color of the reflected light. If the glass on which the absorbent
      film is evaporated has a refractive index of about 1.52, a reflection
      index of 4% may be provided anywhere in the surface of the film adjacent
      the atmosphere. The optical density of the evaporated film is determined
      only by the thickness thereof, and the maximum possible density is
      D.apprxeq.1.0 or greater for .lambda. = 5000A. Irrespective of the high or
      low temperature in the base glass, the evaporated film thus provided has a
      greater strength than a film formed by evaporating a single component
      material.
PAR  If the base glass is heated to about 350.degree.C, the resulting product
      will not suffer from any variation due to aging and will have a greatly
      increased wear resistivity and adhesion and, also, a practically
      sufficient resistivity to chemicals. The test of resistivity to weather,
      particularly to heat (8-hour exposure to air at 300.degree.C) and exposure
      to ultraviolet rays (200-hour exposure to ultraviolet rays ten times the
      mean sunlight) has showed that the variation in the reflection index is
      lower than .+-. 0.2% for both surfaces of the film which are adjacent to
      the atmosphere and the base glass, respectively.
PAR  The combination of the aforesaid two materials MgF.sub.2 and Cr is selected
      on the grounds described hereinafter.
PAR  The evaporating temperatures of MgF.sub.2 and Cr for a vacuum of
      10.sup..sup.-4 Torr are 1540.degree.C and 1430.degree.C respectively,
      which may be regarded as approximately equal to each other. This is very
      useful for the combination.
PAR  Further, even if the evaporation of such mixture follows Raoult's laws (see
      the table below), the values of P/.sqroot.M for MgF.sub.2 and Cr are
      approximately equal to each other so that a stable evaporation can be
      expected to occur.
PAR  It has also been found empirically that the addition of powdered Ti as a
      third component to MgF.sub.2 and Cr greatly increases the adhesion,
      mechanical strength and resistivity of the resulting film to radiations
      such as heat and ultraviolet rays.
TBL  ______________________________________                                    
     Molecular   Evaporation Pressure(P)                                       
     Weight      at 1400.degree.C (T)                                          
                                   P/.sqroot.MmmHg                             
     ______________________________________                                    
     MgF.sub.2                                                                 
           62.3      1 .times. 10.sup..sup.-5 mmHg                             
                                       1 .times. 10.sup..sup.-6                
     Cr    52.0      5 .times. 10.sup..sup.-5 mmHg                             
                                       7 .times. 10.sup..sup.-6                
     Ti    47.9      2 .times. 10.sup..sup.-7 mmHg                             
                                       3 .times. 10.sup..sup.-8                
     ______________________________________                                    
PAR  The combination of these three materials ensures a stable evaporation for a
      very wide range of mixing ratios, without causing the materials to
      vaporize and evaporate discretely from one another, and the mixing ratio
      of the three materials can be empirically selected to an optimum value in
      accordance with such factors as the spectral transmittivity or spectral
      density to be obtained, the desired spectral reflection factor, the color
      variation of the reflected light resulting from the variation of the film
      thickness, the temperature of the glass base, and the size of the
      evaporation boat in use.
PAR  The ratio in weight between the three materials is shown below by way of
      example.
TBL  ______________________________________                                    
              Ti          0.02 - 0.2                                           
              Cr          1.0                                                  
              MgF.sub.2   0.10 - 1.5                                           
     ______________________________________                                    
PAR  The boat used for the resistance-heating should be formed by molybdenum and
      have a sufficient current capacity and a sufficient volume capacity. The
      boat is charged with a suitable quantity of the mixture to be evaporated
      and then subjected to breathing and preheating, whereafter the mixture is
      evaporated while being maintained at a temperature of about 1100.degree.C
      by a predetermined heating source. Thus, there is provided a more stable
      condition for vaporization and evaporation.
PAR  Referring to FIGS. 8(a), 8(b), and 8(c), there are shown the spectral
      transmittivity characteristics (T) and the spectral reflective index
      characteristics (R for the surface adjacent to the atmosphere and R' for
      the surface adjacent the glass) of the single-layer film with respect to
      the base glass (whose refractive index is 1.52) in an embodiment of the
      present invention. In FIGS. 8(a),, 8(b) and 8(c), the solid-line curves,
      dashed-line curves and dotted-line curves, respectively, represent the
      measurements of the three types of films having different optical
      densities. As will be seen from the spectral reflective characteristics
      shown in FIGS. 8(a), 8(b) and 8(c), the reflected light R in the surface
      of the film exposed to the atmosphere is white or non-colored, while the
      reflected light R' in the other surface adjacent to the base glass is
      similar in color to the transmitted light. Therefore, the appearance of
      the lens can be greatly improved by disposing the latter surface so as to
      look toward the atmosphere.
PAR  The lens thus provided creates no coloring in the reflected light even if
      it is spotted with fingerprints, water drops or greasy stains, and in
      addition, it has an improved reproductivity. Moreover the single-layer
      structure of the absorbent film only requires that care be taken of the
      transmittivity to monochromatic light during the manufacture, and this
      leads to simplified mass production of absorbent films having any desired
      density.
PAR  Further, it is of course possible to additionally provide a reflection
      preventing film of the known type on the described single-layer film
      formed according to the present invention.
PAR  The absorbent film produced according to the present invention will find
      various applications in the following fields:
PAR  1. Sun glasses having a surface adjacent to the atmosphere for permitting
      white light to be reflected at a low rate of reflection, and a surface
      adjacent to the glass for permitting the reflection of light similar in
      color to the transmitted light, both reflected lights being substantially
      unaffected by any stain or spot present in those surfaces.
PAR  2. Color filters with an evaporated film having an especially low
      reflection surface adjacent to the glass and a surface adjacent to the
      atmosphere provided with a reflection characteristic similar to that of a
      solid filter.
PAR  3. Absorbent phase plates of a low reflection index used for the phase
      difference method. For this purpose, the prior art has employed a metallic
      film which tends to produce a great quantity of harmful reflected light
      and requires an additional film for preventing such reflection.
PAR  4. Absorbent filters such as apodization filters capable of transmitting
      phase information as well. Since the absorbent film of the present
      invention can be made to have a refractive index of about 1.52, the
      matching of the refractive index can be accomplished readily and
      accurately by the use of cement such as balsam or the like.
PAR  5. Since the absorbent film of the present invention can be regarded as an
      approximate equivalent to the base glass whose refractive index is about
      1.52, any such film in a single layer or multiple layers designed so as to
      suit an overlying or underlying glass base having a refractive index of
      about 1.52 can be applied thereto substantially without changing or
      modifying it in any way. In fact, the absorbent film of the present
      invention may be applied by evaporation to either side of a reflection
      preventing film, a reflection promoting film, a band-pass filter such as
      cold filter, an interference filter or the like so as to provide them with
      absorbent characteristics, as well as increased adhesion or protection
      effect.
PAR  6. The absorbent film of the present invention means a material having any
      low absorption coefficient in the following range of optical constants:
PAR  n (refractive index) .apprxeq. 1.45- 1.60
PAR  k (absorption coefficient) .apprxeq. 0.01- 0.4
PAL  Thus, the present invention enables an unknown or novel material having a
      low absorption coefficient to be produced artificially, as desired, and it
      can be utilized to design a film structure including at least one layer of
      film having such optical constants or to realize a design which will
      require the use of at least one layer of such film.
PAR  Although certain particular embodiments of the invention are herein
      disclosed for purposes of explanation, various modifications thereof,
      after study of this specification, will be apparent to those skilled in
      the art to which the invention pertains.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. In an absorbent film deposited on a substrate having a refractive index
      of about 1.52 by evaporating a mixture of plural materials within a
      vacuum; the improvement wherein the mixture comprises Cr, Ti and MgF.sub.2
      and the ratio in weight of said Cr, Ti and MgF.sub.2 is 1.0 : 0.02 to 0.2
      : 0.10 to 1.5 such that the absorbent film has the same refractive index
      as the substrate and an absorption coefficient of from about 0.01 to about
      0.4.
NUM  2.
PAR  2. An absorbent film as defined in claim 1, in which said absorbent film is
      deposited on the substrate by evaporation in a vacuum of 1 to 10 .times.
      10.sup..sup.-5 Torr.
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ABST
PAL  Electrically conductive glasslike films have been produced on the surface
      of various types of glass and porcelain by heating plumbite-treated
      cellulosics while one surface of the plumbite-treated cellulosic was in
      contact with glass or porcelain and the other surface of the cellulosic
      was covered with either aluminum foil or powder. The heating was carried
      out in a closed oven with a limited availability of oxygen. The various
      glasses and ceramics treated by the process of this invention were
      imparted a conductive coating or surface which appeared to be rigid with
      respect to abrasion and grey with respect to coloration.
BSUM
PAR  This invention relates to lead-containing glasslike coatings. Specifically,
      this invention relates to a means of imparting to glass and ceramic
      surfaces a hard, glassy, grey, electrically conductive coating or surface.
      More specifically, this invention relates to electrically conductive
      coatings which can be imparted to high silicon content glass or ceramic
      surfaces, these coatings being produced by the reaction of
      plumbite-treated cellulosics, metallic aluminum, and the high silicon
      content glass or porcelain surface.
PAR  One object of this invention is to provide a process for adding an
      electrically conductive film to the surface of a high silicon content
      glass or porcelain.
PAR  A second object of this invention is to provide a process for fusing an
      electrically conductive film to the surface of a high silicon content
      glass or ceramic surface so that the film will be hard and resistant to
      removal by abrasion or cutting.
PAC  BACKGROUND AND PRIOR ART OF THE INVENTION
PAR  Investigation has shown that heating either potassium or sodium
      plumbite-treated cotton or other cellulosics in fabric or sheet form while
      the treated cellulosic is in contact with a glass or ceramic and the
      heating taking place in a limited oxygen atmosphere such as an oven at
      about 600.degree. to 700.degree.C. for about 60 minutes produces a hard
      glasslike, electrically non-conductive film. The sodium plumbite is
      preferred mainly because of its availability.
PAR  Further investigation has revealed that a thin layer of metallic aluminum
      against the exposed surface of the plumbite-treated cellulosic in the
      above procedure results in a dull grey, glassy hard film that is
      electrically conductive, and because of its hardness is resistant to
      damage by cutting or abrading. The thin layer of aluminum may be provided
      as metallic foil or as particles for use in the process of this invention.
PAR  Investigation has shown that the assembly of aluminum foil or powder over
      plumbite-treated cellulosic which is over glass or porcelain, must be
      placed in the oven before the oven temperature exceeds about 200.degree.C.
PAR  Copper and tin did not act in a manner similar to the aluminum in the
      process. Some variation in electrical conductivity of the coating can be
      achieved by varying the lead content of the plumbite-treated cellulose or
      by varying the amount of aluminum. As an example, a more conductive film
      was formed by use of aluminum as foil than as powder. A film made using
      plumbite-treated cellulose with 8% lead and aluminum foil was more
      conductive (zero ohm resistance) than a film made using plumbite-treated
      cellulose with 24% lead and identical aluminum foil (50 ohms resistance).
      The conductivity of the film can also be varied by treating the good
      conducting film as initially formed with a strong acid such as
      concentrated nitric acid. Immersing the film in concentrated nitric acid
      for a period of 8 hrs, lowers the conductivity such that the resistance is
      2600 ohms. Measurement of conductivity of the films of the invention was
      made by measuring the electrical resistance (in ohms) between two points 1
      inch apart on the film. The resistance of the film could be varied so that
      the conductivity was either nearly perfect (zero ohms) or moderate
      (several thousand ohms) per inch of surface measured between points one
      inch apart on a film 0.0015 inches thick. Anyone skilled in the art of
      electrical conductors and the use of same will understand the inverse
      relationship of conductivity and resistance.
PAR  Treatment of the cellulosic material used an alkaline aqueous solution of
      sodium plumbite prepared by saturating 12% sodium hydroxide in water with
      lead monoxide powder and allowing it to stand for 24 hours prior to
      filtration. This procedure is not a part of the process of this patent and
      is known from prior art.
PAR  Aluminum foil alone does not adhere to the glass when heated to the
      temperature of the process of this invention.
PAR  Electron emission spectroscopy revealed the surface of the conducting film
      to a depth of 100 Angstroms contains aluminum, lead, silicon, oxygen, and
      carbon.
PAR  Prior art teaches that aluminum may be added to glass as the oxide during
      glass formulation. Prior art also teaches that metalic aluminum may be
      coated by deposition to form a conductive coating. Prior art, on the other
      hand, does not teach the formation of a conductive coating by fusing a
      glassy layer to the mother of glass by using the process or ingredients of
      the present invention.
PAC  GENERAL ASPECTS OF THE PRESENT INVENTION
PAR  The present invention consists of a process for producing a hard,
      electrically conductive film that is firmly adhered to the glass or
      porcelain on which it is made. By the process of this invention the film
      is both formed and caused to adhere firmly to the glass by placing a
      sheet, swatch or other flat piece of cellulosic material which has been
      treated by soaking in an aqueous plumbite solution against the surface of
      the glass, covering the cellulosic material with metallic aluminum in the
      form of foil or particles, placing the assembly in an oven at a
      temperature lower than 200.degree.C., closing the oven, heating the oven
      to 600.degree. to 700.degree.C. and holding the oven at that temperature
      for about 60 minutes. The product may be removed from the oven after the
      heating period or it may have to be cooled some before removal. This
      depending not on the film produced by the process of this invention but on
      the heat-stress characteristics of the glass or porcelain on which the
      film is produced.
PAR  A specific application of the process would involve soaking a piece of
      cotton fabric in sodium plumbite solution prepared by reacting excess lead
      monoxide with 12% aqueous sodium hydroxide. The lead content of the cotton
      fabric will vary with length of time in the solution and is known from
      prior art. The plumbite-treated fabric is washed well with water to remove
      excess plumbite and dried. For purposes of the instant invention lead
      contents of the cotton fabric that vary from about 8% to about 37% can be
      used.
PAR  The plumbite-treated cotton fabric is cut to form the shape of the desired
      conductive surface and is placed flat against the surface of a glass
      object. Over and in contact with the cotton fabric is placed a piece of
      thin sheet metallic aluminum foil. This entire assembly is placed in an
      oven at ambient temperature, the oven door is closed and the oven
      temperature is raised to 700.degree.C., and held there for about 60
      minutes. The oven power is shut off and the oven allowed to cool to about
      ambient temperature and the product removed from the oven. No further
      treatment is required.
PAR  The product produced by the process of this invention is a hard glasslike,
      grey film that has very little resistance to the passage of electrical
      current through it. (Zero ohms measured by ohmmeter between two points on
      surface one inch apart). The film is thoroughly bonded to the glass
      surface or ceramic or other high silicon content surface.
PAR  A typical example to illustrate the electrically conductive glasslike films
      of this invention would be the case where a cotton fabric would be
      employed as the substrate upon which the sodium plumbite would be
      structured so as to contain about 25% of lead. This fabric, having in the
      finished product a 25% lead content, is used with aluminum foil so that
      the weight ratio of aluminum to lead to cotton is respectively about
      1:2.5:7.5. The weight of the glass or ceramic on which the film is
      prepared is not a factor.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of glasslike, hard, electrically
      conductive films adhered firmly to and prepared on the surface of
      silicon-containing hard surfaces, the process comprising
PA1  a. placing a sheet-type cellulosic material that has been treated with an
      aqueous sodium plumbite or potassium plumbite solution to contain about
      from 8% to 37% of lead, in contact with and flat against a high silicon
      content glass or ceramic surface,
PA1  b. coating the sheet of (a) with metallic aluminum,
PA1  c. inserting the assembled components of (b) into an oven preheated to a
      temperature below about 200.degree.C,
PA1  d. elevating the temperature of the closed oven to about from 600.degree.
      to 700.degree.C. thereafter maintaining said temperature for about 60
      minutes, and
PA1  e. cooling the oven and contents gradually to avoid the cracking of the
      assembled components due to thermal strain.
NUM  2.
PAR  2. The process of claim 1 wherein the cellulosic material is cotton.
NUM  3.
PAR  3. The process of claim 1 wherein the cellulosic material is cellulosic
      paper.
NUM  4.
PAR  4. An electrically conductive film of about from 0.001 to 0.002 inches
      thickness deposited on and adhered to a glass or other high silicon
      containing hard surface produced by the process of claim 1.
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ABST
PAL  Solventless paper treating compositions based on organopolysiloxanes
      comprising 80-99 pbw liquid hydroxy-ended diorganopolysiloxane, 1-20 pbw
      liquid organohydrogenpolysiloxane, up to 0.1 pbw (as platinum) of an
      organic sulphur complex of platinum and a selected olefin in amount such
      that there is present not less than 0.1 mole of olefinic double bond per
      g.atom of Pt.
BSUM
PAR  This invention relates to hardenable compositions and more particularly to
      such compositions based on organopolysiloxanes.
PAR  A variety of liquid organopolysiloxane compositions are known and available
      which are liquid and which when used or applied to a substrate are
      hardened by the use of a catalyst with or without the application of heat.
PAR  Hitherto the liquid organopolysiloxane compositions have usually been
      dissolved in solvent and in some cases subsequently emulsified, before
      application to the substrate which is then heated to drive off solvent or
      water and to convert the liquid organopolysiloxane composition to a solid
      material. In a commercial process it is desirable that the time required,
      i.e. the cure time, should be short. It is also advantageous in a
      commercial process to apply a catalysed liquid organopolysiloxane
      composition directly to the substrate without the use of solvent thus
      avoiding the expense, time and labour required to dilute the
      organopolysiloxane composition with solvent and subsequently to evaporate
      and, where desired, recover the solvent. Various types of catalyst may be
      employed but an organic complex of platinum is advantageous because only
      small amounts are required and the chemical nature of the
      organopolysiloxane composition is therefore virtually unaffected.
PAR  We have now found that liquid organopolysiloxane compositions catalysed
      with certain organic complexes of platinum have their cure time shortened
      by the addition of a proportion of certain compounds containing at least
      one olefinic double bond.
PAR  According to the present invention a new and improved hardenable
      composition comprises 80 to 99 parts by weight of a liquid hydroxy-ended
      diorganopolysiloxane, 1 to 20 parts by weight of a liquid
      organohydrogenpolysiloxane, up to 0.1 part by weight (calculated as
      platinum) of an organic sulphur complex of platinum per 100 parts by
      weight of total organopolysiloxanes and a compound containing at least one
      olefinic double bond in which the remaining valences of the 2 carbon atoms
      are satisfied by bonding to a hydrogen atom, an ether radical, a silicon
      atom, a sulphur atom or a monovalent carbyl radical in which the three
      remaining valences of the carbon atom thereof are satisfied by bonding
      atoms selected from carbon, silicon, sulphur, hydrogen and oxygen provided
      that not more than two of the valences are satisfied by bonding to oxygen,
      said compound being free from phosphorus, arsenic and divalent sulphur and
      not being a derivative of ammonia in which the three N valences are
      satisfied by bonding to an atom from the group S, H, O, N or Si, and being
      present in amount such that there is not less than 1 mol of olefinic
      double bond per g. atom of Pt.
PAR  While the diorganopolysiloxane may be used in amount from 80 to 99 parts it
      is generally preferred that it be used in amount from 86 to 96 parts. It
      is also preferred that the viscosity of the diorganopolysiloxane be not
      less than 50 cP at 20.degree.C. The organo groups in the
      diorganopolysiloxane may be alkyl, aryl, alkaryl, aralkyl or cycloalkyl
      groups. Suitable groups include, for example, methyl, ethyl, propyl,
      phenyl, and tetrachlorophenyl, trifluoromethyl and cyclohexyl groups. In
      general it is preferred that the organo groups be methyl groups. The
      diorganopolysiloxane may also contain hydroxyl groups in addition to the
      two terminal hydroxyl groups.
PAR  While the organohydrogenpolysiloxane may be used in amounts from 1 to 20
      parts by weight it is normally preferred to use from 4 to 14 parts. It is
      also in general preferred that the viscosity of the
      organohydrogenpolysiloxane be from 10 to 100 cP at 20.degree.C.
PAR  The organo groups in the organohydrogenpolysiloxane may be the same as
      those in the diorganopolysiloxane. It is also preferred that they be
      methyl groups. The proportion of hydrogen in the
      organohydrogenpolysiloxane may vary widely, for example, from an H/Si
      ratio of 1:10 to 1:1. In general it is preferred that it consists of a
      chain of methylhydrogensiloxy units.
PAR  The liquid organopolysiloxane compositions of our invention may be diluted
      with solvent, for example a hydrocarbon, a chlorinated hydrocarbon, or an
      ether and may contain minor amounts of an alkoxy or aroxy silane or
      siloxane, for example, ethyl silicate, methyl triethoxy silane, or a
      methylhydrogenpolysiloxane in which a proportion of the hydrogen atoms
      attached to silicon have been replaced by alkoxy or aroxy groups such as
      ethoxy or phenoxy groups.
PAR  Suitable organic sulphur complexes of platinum, are compounds of platinum
      containing one or more ligand (or donor) organo-sulphur groupings of
      divalent sulphur which can donate electrons to form a bond with the
      platinum metal. Suitable groupsings include dimethyl sulphide, diethyl
      sulphide and dibutyl sulphide. Suitable complexes include for example
      bis(diethylsulphide) dichloroplatinum, bis(dibutylsulphide)
      dichloroplatinum and bis(diethyl sulphide)
      dichloro-.mu.-dichlorodiplatinum. Such complexes are known and can be
      prepared by methods such as, for example, that described in "Inorganic
      Synthesis" Vol. 6, page 211 (McGraw Hill, New York, 1960: Ed. Rochow).
PAR  The platinum complex may be added directly to the liquid
      organopolysiloxanes or may for convenience be dissolved first in a small
      proportion of a solvent such as a hydrocarbon, a chlorinated hydrocarbon,
      or an ether. It may also in general be dissolved in the olefinic compounds
      particularly where these are hydrocarbons, aldehydes, ketones, acetals,
      alcohols, esters, ethers, or alkoxysilanes. It may be used in amounts up
      to 0.1 part by weight (calculated as platinum) per 100 parts by weight of
      total polysiloxanes. It is, however, in general preferred to use from
      0.001 to 0.05 part per 100 parts by weight of total polysiloxanes suitable
      for use in our invention.
PAR  Compounds suitable for use in our invention containing at least one
      olefinic double bond include, for example, cyclohexene, dicyclopentadiene,
      1:3-cyclo-octadiene, cis,cis-1:5-cyclo-octadiene, styrene, butadiene,
      isoprene, ethyl vinyl ether, 2:3-dihydropyran, 2:5-dihydrofuran, acrolein
      diethyl acetal, benzoquinone, 2-cyclohexen-1-one, crotonaldehyde, mesityl
      oxide, allyl alcohol, allyl acetate, 2-allylphenol, allylacetone, divinyl
      sulphone, cyclic methylvinyl tetrasiloxane, methylvinylpolysiloxanes
      containing varying proportions of methylvinylsiloxy units and
      dimethylsiloxy units, methylphenylvinylpolysiloxanes containing varying
      proportions of methylvinylsiloxy units, methylphenylsiloxy units and
      dimethylsiloxy units, methylhydrogenallyl oxypolysiloxanes containing
      varying proportions of methylhydrogensiloxy units and methylallyloxysiloxy
      units, vinyltriethoxysilane and vinyl tris (2-methoxyethoxy) silane. While
      these compounds may be used in amount such that the ratio of the
      proportion of olefinic double bond expressed in mols to the proportion of
      platinum catalyst expressed in gram atoms of platinum is not less than 1:1
      it is preferable to use proportions within the range from 1000:1 to 10:1.
      Where the olefinic compounds used comprise olefinic double bonds
      incorporated in organosiloxy units of a polysiloxane then any remaining
      saturated organosiloxy units, or saturated organohydrogen siloxy units, in
      the polysiloxane are to be taken as forming part of the total
      organopolysiloxanes in the composition.
PAR  A further feature of our invention is that our faster curing compositions
      can also be modified to give the advantages of our copending application
      Ser. No. 411,166 filed Oct. 30, 1973 by incorporating therein ammonia or
      an ammonia derivative as described in the said application. Suitable
      ammonia derivatives include primary, secondary and tertiary amines such as
      n-propylamine, di-n-propylamine, tri-n-propylamine, morpholine, and
      N,N,N'N'-tetramethylethylenendiamine; heterocyclic compounds such as
      pyridine, quinoline, bipyridyl, aminopyridine, aminopyrimidine, iminazole,
      and pyrrole, amides such as propionamide, acrylamide, formamide and
      dimethylformamide; azo compounds such as azobenzene; hydrazides such as
      benzhydrazide; nitriles such as acetonitrile, acrylonitrile and
      adiponitrile; hydroxylamines such as diethylhydroxylamine, oximes such as
      dimethylglyoxime, nitroso compounds such as
      .alpha.-nitroso-.beta.-naphthol, p-nitrosodiphenylamine and
      N-nitrosodiphenylamine; siloxanes such as polymethyl
      (.beta.-dimethylaminoethoxy) siloxane; and silazanes such as
      hexamethyldisilazane. The ammonia or derivative thereof is used, as stated
      in the said application in amount such that the atomic ratio of Pt to the
      (ammonia) N atom is from 10:1 to 1:1000. By this means an improved bath
      life is obtained without derogating from the catalytic action of the
      platinum complex at the reaction temperature i.e. the catalyst temperature
      coefficient is increased. This is exceedingly advantageous, for example,
      to prevent gelation in coating machinery when using a highly reactive
      composition.
PAR  The compositions of our invention may, if desired, contain a proportion of
      a solvent. It is however quite unnecessary to use any solvent other than
      the very small amounts which may be introduced with the catalyst or other
      ingredient other than the the liquid organopolysiloxanes. This gives the
      great advantage of accelerating the process in that the time formerly
      needed to volatilise off the solvent after application of the composition
      to the substrate and before curing can take place is not necessary. In the
      hitherto available compostions it has not been possible to omit the
      solvent since this always resulted in a very considerable shortening of
      the bath life of the catalysed composition.
PAR  The compositions of our invention may be applied to a wide variety of
      substrates, such as, for example, textiles, paper and a variety of laminae
      to confer water-repellent and/or release properties thereon. Application
      may be by any of the known methods such as dipping, roller or knife
      coating. After application the coating is heated to effect curing of the
      composition. Heat may be applied by any of the normal methods such as
      passage through an air oven, a heated tower or over infra-red heaters.
DETD
PAR  Our invention is further illustrated by the following examples in which all
      parts are by weight.
PAC  EXAMPLES 1 to 23
PAR  The effect of a compound containing an olefinic double bond on the cure
      time of a liquid organopolysiloxane was determined in the following way:
PAR  1. A polysiloxane composition was prepared by mixing 92 parts of a
      hydroxy-ended dimethylpolysiloxane of viscosity 140 cp at 20.degree.C with
      8 parts of a methyl-hydrogenpolysiloxane of viscosity 20 cp at 20.degree.C
      and adding a compound containing an olefinic double bond, the compound
      being added either alone or dissolved in a small amount of a solvent such
      as toluene or acetone. The catalyst bis (diethyl sulphide)
      dichloroplatinum II, was then added dissolved in toluene to a
      concentration of 1/10 mol/liter, the amount of catalyst added being 1/1000
      mol per Kg of total polysiloxane (i.e. 0.0195 parts calculated as platinum
      per 100 parts total polysiloxane).
PAR  2. This catalysed polysiloxane composition was applied to vegetable
      parchment paper at a coat weight of 7 g/m.sup.2 half an hour after the
      addition of catalyst. The coated paper was then placed in a circulating
      air oven at 140.degree.C and the minimum time required for the coating to
      cure to a non-smearing solid determined. This time is known as the "cure
      time". The amount and identity of the olefinic compound used together with
      the cure time are given in Table 1 below:
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Example                                                                   
           Compound        Proportion(mols per                                 
                                      Cure time                                
                           Kg polysiloxanes)                                   
                                      (secs.)                                  
     __________________________________________________________________________
     (control)                                                                 
           --              --         22                                       
      1    ethyl vinyl ether                                                   
                           0.50       15                                       
      2    2:3-dihydropyran                                                    
                           0.50        9                                       
      3    styrene         0.50        9                                       
      4    benzoquinone    0.01       17                                       
      5    1:3-cyclo-octadiene                                                 
                           0.10       17                                       
      6    cis,cis,1:5-cyclo-octadiene                                         
                           0.10       17                                       
      7    dicyclopentadiene                                                   
                           0.10       14                                       
      8    cyclohexene     0.20       11                                       
      9    isoprene        0.20       14                                       
     10    2-cyclohexene-1-one                                                 
                           0.20        8                                       
     11    crotonaldehyde  0.20       14                                       
     12    allyl alcohol   0.20       10                                       
     13    allyl acetate   0.20       13                                       
     14    2-allylphenol   0.20       11                                       
     15    divinyl sulphone                                                    
                           0.10       16                                       
     16    allylacetone    0.20       14                                       
     17    2:5-dihydrofuran                                                    
                           0.20       17                                       
     18    mesityl oxide   0.20       14                                       
     19    vinyltriethoxysilane                                                
                           0.10        8                                       
     20    acrolein diethyl acetal                                             
                           0.20        8                                       
     21    acrolein diethyl acetal                                             
                           0.10       11                                       
     22    acrolein diethyl acetal                                             
                           0.01       14                                       
     23    acrolein diethyl acetal                                             
                            0.001     17                                       
     __________________________________________________________________________
PAC  EXAMPLES 24 to 25
PAR  The procedure of Example 1 was repeated except that the catalyst
      bis(diethyl sulphide)dichlorplatinum II, was dissolved in toluene to a
      concentration of 0.01 mol/liter, the amount of catalyst added being 0.0001
      mol. per Kg. of total polysiloxanes (i.e. 0.00195 part calculated as
      platinum per 100 parts total polysiloxanes) and other olefinic compounds
      were used. The amount and identity of the olefinic compound and the cure
      time are given in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Example                                                                   
            Olefinic compound                                                  
                           Proportion (mols                                    
                                        Cure time                              
                           per Kg poly- (secs.)                                
                           siloxanes)                                          
     ______________________________________                                    
     control                                                                   
            --             --           60                                     
     24     styrene        0.20         35                                     
     25     dicyclopentadiene                                                  
                           0.20         40                                     
     ______________________________________                                    
PAC  EXAMPLE 26
PAR  The procedure of Example 1 was repeated using as the catalyst bis(deithyl
      sulphide)dichloro-.mu.-dichlorodiplatinum II in the form of a solution in
      butyrolactone at a concentration of 1/30 g. atom platinum per liter, the
      amount of catalyst being 0.003 g. atom platinum per Kg. of total
      polysiloxane (i.e. 0.0065 part calculated as platinum per 100 parts total
      polysiloxanes) and using as the olefinic compound acrolein diethyl acetal.
      Table III shows the amount of olefinic compound and the cure time.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Example                                                                   
          Olefinic compound                                                    
                       Proportion (mols                                        
                                   Cure time                                   
                       per Kg Polysiloxanes)                                   
                                   (secs.)                                     
     __________________________________________________________________________
     control                                                                   
          --           --          120                                         
     26   acrolein diethyl acetal                                              
                       0.20         60                                         
     __________________________________________________________________________
PAC  EXAMPLES 27 to 31
PAR  In these examples the polysiloxane composition was prepared by mixing 94
      parts of a hydroxy-ended dimethylpolysiloxane of viscosity 19,900 cp at
      20.degree.C with 6 parts of a methylhydrogenpolysiloxane of viscosity 20
      cp at 20.degree.C and adding the ingredients shown in Table IV below. The
      polysiloxane compositions were catalysed and the cure times of the
      compositions determined as described in Example 1 except that the coat
      weight of polysiloxane on the paper was 3 g/m.sup.2.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Example                                                                   
          Ingredient (parts)             Cure time (secs.)                     
     cyclohexene vinyltriethoxysilane                                          
                            ethyl silicate                                     
                                    toluene                                    
     __________________________________________________________________________
     Control                                                                   
          --     --         --      100  30                                    
     27   2      --         --      98   23                                    
     28   5      --         --      95   20                                    
     29   20     --         --      80   17                                    
     30   --     2          --      100  19                                    
     control                                                                   
          --     --         2       100  29                                    
     31   2      --         2       98   23                                    
     __________________________________________________________________________
PAR  These examples show the effect of the olefinic compound on liquid
      organopolysiloxane compositions diluted with a solvent.
PAC  EXAMPLES 32 to 34
PAR  Compositions were made and tested in the manner described in Example 1 the
      catalyst being the same and in the same amount as in that Example. In
      these Examples the olefinic compound was a polysiloxane containing a vinyl
      group and was used in amount equivalent to 1/10 mol vinyl per Kg. total
      polysiloxanes where the total polysiloxane excluded vinylsiloxy units but
      included organosiloxy units from the polysiloxane which contained the
      vinyl group. The ingredients used, other than the catalyst, and the cure
      times are shown in Table V below.
TBL                                    TABLE V                                 
     __________________________________________________________________________
                          EXAMPLE                                              
     Ingredients     control                                                   
                          32   33   34                                         
     __________________________________________________________________________
     dimethyl polysiloxane                                                     
                     88.0 88.0 83.3 83.5                                       
     methylhydrogenpolysiloxane                                                
                     12.0 12.0 12.0 12.0                                       
     vinyl tetramer  --   0.86 --   --                                         
     methylvinylpolysiloxane                                                   
                     --   --   5.6  --                                         
     methylphenylvinylpolysiloxane                                             
                     --   --   --   5.4                                        
     cure time (secs.)                                                         
                     21   8    12   12                                         
     __________________________________________________________________________
PAR  The dimethyl polysiloxane was a hydroxy-ended dimethylpolysiloxane of
      viscosity 140 cp at 20.degree.C, the methylhydrogen polysiloxane had a
      viscosity of 20 cp at 20.degree.C, the vinyl tetramer was
      tetramethyltetravinylcyclotetrasiloxane, the methylvinyl polysiloxane
      contained 13.5 mol % methylvinylsiloxy units and 86.5 mol % of
      dimethylsiloxy units and had a viscosity of 500,000 cp at 20.degree.C and
      the methylphenylvinylpolysiloxane contained 15 mol % of methylvinylsiloxy
      units, 8 mol % of methylphenylsiloxy units and 77 mol % of dimethylsiloxy
      units and had a viscosity of 4200 cp at 20.degree.C.
PAC  EXAMPLE 35
PAR  Methylhydrogenallyloxypolysiloxane was prepared and used in amount
      equivalent to 1/10 mol of double bond per Kg. total polysiloxanes, the
      total polysiloxanes including methylhydrogensiloxy units from the
      methylhydrogenallyloxypolysiloxane.
PAR  Allyl alcohol (0.58 part) was mixed with methylhydrogen polysiloxane (8.6
      parts) and 0.00195 part (calculated as platinum) of the catalyst used in
      example 1. As the allyl alcohol reacted, the temperature of the mixture
      rose and hydrogen was evolved. Reaction was completed by gently warming
      the mixture. On cooling, the mixture was added to 92 parts of
      hydroxy-ended dimethylpolysiloxane of viscosity 140 cp at 20.degree.C and
      0.01755 part (calculated as platinum) of the catalyst used in example 1 .
      The cure time of this composition, determined by the method described in
      examples 1 to 23, was 11 seconds. This should be compared with the control
      shown in Table I where the cure time was 22 secs.
PAC  EXAMPLES 36 to 39
PAR  The procedure of Example 1 was repeated using the amounts of the olefinic
      compounds shown in Table VI below. There was also incorporated an ammonia
      derivative as shown. The catalyst temperature coefficient i.e. gel time at
      ambient temperature cure time at elevated temperature
PAL  was determined and is also shown in Table VI.
TBL                                    TABLE VI                                
     __________________________________________________________________________
     Example                                                                   
          Olefinic compound                                                    
                    Proportion                                                 
                          Ammonia derivative                                   
                                    Proportion                                 
                                          Cure                                 
                                              Gel  Cat.                        
                                          time                                 
                                              time temp.                       
                                          (secs)                               
                                              (mins)                           
                                                   Coeff.                      
     __________________________________________________________________________
     36   dicyclopentadiene                                                    
                    1/5   --        --    10   279 1670                        
     37   "         1/5   dimethylformamide                                    
                                    1/1000                                     
                                          11   969 5290                        
     38   "         1/5   2-aminopyridine                                      
                                    1/1000                                     
                                          15  1415 5660                        
     39   "         1/5   acrylonitrile                                        
                                    1/10  21  &gt;1046                            
                                                   &gt;2990                       
     __________________________________________________________________________
      *Mols per Kg total organopolysiloxanes                                   
PAC  Determination of gel time at ambient temperature
PAR  A portion of the catalysed polysiloxane composition was placed in a
      container maintained at 25.degree.C and a stainless steel plunger immersed
      in the composition. The plunger consisted of a circular plate
      seven-eighths inch in diameter with a 4 inch .times. 1/8 inch diameter
      stem joined to its centre. The plunger weighed 6.2 g. and was oscillated
      mechanically in a vertical direction with an amplitude of one-half inch
      and a frequency of 1 cycle per minute by a `Tecam Gelation Timer`
      (manufactured by Techne Ltd., Cambridge, England). When the polysiloxane
      composition gelled the movement of the plunger was inhibited whereupon the
      Gelation Timer automatically cut out. The time in minutes for which the
      Gelation Timer was in operation, i.e. the `gel time`, was recorded.
PAC  EXAMPLES 40 to 42
PAR  Bis (diethyl sulphide) dichloroplatinum II (0.0195 part calculated as
      platinum) was dissolved in a mixture of cyclohexene and dimethylformamide
      in amounts given in Table VII below and added to 92 parts of a
      hydroxy-ended dimethylpolysiloxane of viscosity 140 cp at 20.degree.C
      mixed with 8 parts of a methylhydrogenpoysiloxane of viscosity 20 cp at
      20.degree.C. The catalyst temperature coefficient was determined in the
      same way as in example 36.
TBL                TABLE VII                                                   
     ______________________________________                                    
     Example                                                                   
            Cyclohexene                                                        
                       Dimethyl- Cure  Gel   Cat.                              
            (parts)    formamide time  time  temp.                             
                       (parts)   (secs)                                        
                                       (mins)                                  
                                             Coeff.                            
     ______________________________________                                    
     40     2          --        10    120    720                              
     41     2          0.0074    12    552   2760                              
     42     2          0.074     16    703   2630                              
     ______________________________________                                    
PAC  EXAMPLES 43 to 50
PAR  Bis(diethyl sulphide) dichloroplatinum II (0.0146 part calculated as
      platinum) was dissolved in a mixture of 1.5 parts of vinyl triethoxysilane
      and a derivative of ammonia in amounts given in Table VIII below and added
      to the same polysiloxanes as used in example 40. The catalyst temperature
      coefficient was determined in the same way as described in example 36.
TBL                TABLE VII                                                   
     ______________________________________                                    
     Ex-.  Ammonia derivative                                                  
                         Parts    Cure  Gel   Cat.                             
     ample                        time  time  temp.                            
                                  (secs.)                                      
                                        (mins)                                 
                                              Coeff.                           
     ______________________________________                                    
     43    --            --        8     151  1130                             
     44    n-propylamine 0.00442  13    1037  4780                             
     45    di-n-propylamine                                                    
                         0.00756  28    1465  3140                             
     46    diazoaminobenzene                                                   
                         0.0148   12     324  1620                             
     47    trimethylamine                                                      
                         0.00442  17     980  3460                             
     48    propionamide  0.00547  18    1224  4080                             
     49    dimethylformamide                                                   
                         0.00555  10    1059  6350                             
     50    diethylformamide                                                    
                         0.00756  11    1036  5650                             
     ______________________________________                                    
PAC  EXAMPLES 51 to 52
PAR  Compositions according to Example 32 with the addition of an ammonia
      derivative as shown in Table IX below were tested in the manner described
      in Example 36. The results are shown in Table IX.
TBL                TABLE IX                                                    
     ______________________________________                                    
     Ex-   Ammonia derivative                                                  
                         Parts    Cure  Gel   Cat.                             
     ample                        time  time  temp.                            
                                              Coeff.                           
     ______________________________________                                    
     32    --            --       8     101    759                             
     51    aniline       0.0093   13    293   1350                             
     52    acetanilide   0.0135   9     245   1630                             
     ______________________________________                                    
PAC  EXAMPLES 53 to 55
PAR  The ingredients shown in Table X were added to a polysiloxane composition
      prepared by mixing 92 parts of hydroxy-ended dimethylpolysiloxane of
      viscosity 140 cp at 20.degree.C with 8 parts of methylhydrogenpolysiloxane
      of viscosity 20 cp at 20.degree.C and the catalyst, bis(dibutyl sulphide)
      dichloroplatinum II, then added dissolved in toluene to a concentration of
      1/10 mol per liter and in amount 0.0195 part calculated as platinum. In
      the case of Example 55 the N-nitrosodiphenylamine was added dissolved in
      toluene to a concentration of 1/10 mol per liter. The proportions of the
      ingredients are given in mols per kg. total polysiloxanes. The catalyst
      temperature coefficient was determined in a similar way to that for
      example 36 except that the cure time was determined at a temperature of
      120.degree.C.
TBL                                    TABLE X                                 
     __________________________________________________________________________
     Example                                                                   
          Ingredients Proportion                                               
                            Cure Time                                          
                                   Gel Time                                    
                                         Cat. Temp.                            
                            (secs) (mins)                                      
                                         Coeff.                                
     __________________________________________________________________________
     Control                                                                   
          --          --    30     235   470                                   
     53   vinyltriethoxysilane                                                 
                      1/10  14     177   759                                   
     54   vinyltriethoxysilane                                                 
                      1/10                                                     
          dimethylformamide                                                    
                      1/1000                                                   
                            15     1136  4540                                  
     55   N-nitrosodiphenlamine                                                
                      1/1000                                                   
                            16     263   985                                   
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. A hardenable composition comprising 80 to 99 parts by weight of a liquid
      hydroxy-ended diorganopolysiloxane, 1 to 20 parts by weight of a liquid
      organohydrogenpolysiloxane, an organic sulphur complex of platinum in an
      amount, calculated as platinum, up to 0.1 part by weight per 100 parts by
      weight of total organopolysiloxanes, said complex consisting of a compound
      of platinum containing one or more ligand organosulfur groupings of
      divalent sulfur which can donate electrons to form a bond with the
      platinum metal, and a compound containing at least one olefinic double
      bond in which the remaining valences of the 2 carbon atoms forming the
      double bond are satisfied by bonding to a hydrogen atom, and ether
      radical, a silicon atom, a sulphur atom or a carbon atom, the three
      remaining valences of which are satisfied by bonding atoms selected from
      carbon, silicon, sulphur, hydrogen and oxygen provided that not more than
      two of the valences are satisfied by bonding to oxygen, said compound
      being free from phosphorus, arsenic and divalent sulphur and derivatives
      of ammonia, wherein the three N valences of said ammonia are satisfied by
      bonding to an atom from the group S, H, O, N or Si, and said complex being
      present in amounts such that there is not less than 1 mol of olefinic
      double bond per g. atom of Pt.
NUM  2.
PAR  2. A composition according to claim 1 wherein the diorganopolysiloxane is
      used in amount from 86 to 96 parts by weight and the
      organohydrogenpolysiloxane is used in amount from 14 to 4 parts by weight.
NUM  3.
PAR  3. A composition according to claim 1 wherein the organo groups of the
      diorganopolysiloxane and of the organohydrogenpolysiloxane are selected
      from alkyl, aryl, alkaryl, aralkyl and cycloalkyl groups.
NUM  4.
PAR  4. A composition according to claim 3 wherein the organo groups are
      selected from methyl, ethyl, propyl, phenyl, tetrachlorophenyl,
      trifluoromethyl and cyclohexyl groups.
NUM  5.
PAR  5. A composition according to claim 1 wherein the viscosity of the
      diorganopolysiloxane is not less than 50 cP at 20.degree.C.
NUM  6.
PAR  6. A composition according to claim 1 wherein the viscosity of the
      organohydrogenpolysiloxane is from 10 to 100 cP at 20.degree.C.
NUM  7.
PAR  7. A composition according to claim 1 wherein the H/Si ratio in the
      organohydrogenpolysiloxane is from 1:10 to 1:1.
NUM  8.
PAR  8. A composition according to claim 7 wherein the
      organohydrogenpolysiloxane consists of a chain of methylhydrogensiloxy
      units.
NUM  9.
PAR  9. A composition according to claim 1, wherein the composition also
      contains a minor amount of a silane or siloxane containing alkoxy or aroxy
      groups, selected from the group consisting of ethyl silicate,
      methyltriethoxysilane and methylhydrogenpolysiloxanes having a proportion
      of silicon-bonded ethoxy or phenoxy groups.
NUM  10.
PAR  10. A composition according to claim 1 wherein the organic sulphur complex
      contains a grouping selected from dimethyl sulphide, diethyl sulphide and
      dibutyl sulphide.
NUM  11.
PAR  11. A composition according to claim 10 wherein the complex is
      bis(diethylsulphide) dichloroplatinum, bis(dibutylsulphide)
      dichloroplatinum or bis(diethylsulphide)dichloro-dichlorodiplatinum.
NUM  12.
PAR  12. A composition according to claim 1 wherein the complex is used in
      amount from 0.001 to 0.05 part by weight (calculated as platinum) per 100
      parts by weight of total polysiloxanes.
NUM  13.
PAR  13. A composition according to claim 1 wherein the compound containing at
      least one olefinic double bond is cyclohexane, dicyclopentadiene,
      1:3-cyclo-octadiene, cis,cis-1:5-cyclo-octadiene, styrene, butadiene,
      isoprene, ethyl vinyl ether, 2:3-dihydropyran, 2:5-dihydrofuran, acrolein
      diethyl acetal, benzoquinone, 2-cyclohexen-1-one, crotonaldehyde, mesityl
      oxide, allyl alcohol, allyl acetate, 2-allylphenol, allylacetone, divanyl
      sulphone, cyclic methylvinyl tetrasiloxane, a polysiloxane containing
      methylvinylsiloxy units or methylallyloxysiloxy units,
      vinyltriethoxyxilane or vinyl tris(2-methoxyethoxy)silane.
NUM  14.
PAR  14. A composition according to claim 1 wherein the ratio of olefinic double
      bonds (expressed in mols) to the platinum complex (expressed in g. atoms
      of platinum) is not less than 1:1.
NUM  15.
PAR  15. A composition according to claim 14 wherein the ratio is from 1000:1 to
      10:1.
NUM  16.
PAR  16. Substrates coated with a composition as claimed in claim 1.
NUM  17.
PAR  17. Coated substrates as claimed in claim 16 wherein the substrate is
      paper.
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ABST
PAL  This invention relates to low release value polyorganosiloxane coatings
      comprising a mixture of (a) polyorganosiloxanes having silicon-bonded
      hydroxyl groups on the ends of the molecule, and (b)
      polymethylhydrogensiloxanes having an average of at least 3 SiH groups per
      molecule, and high release value polyorganosiloxane coatings comprising a
      mixture of (a) and (b) together with polyorganosiloxanes containing
      triorganosiloxy end groups. The use of the improved high release value
      coating for coating one side of a differential release paper or laminate
      where the paper or laminate is stacked or rolled for storage so that there
      is contact with the opposite side of the differential release paper which
      is coated with the lower release value coating reduces the migration of
      high release value coating to the low value coating in contact thereby
      improving shelf life of the differential release paper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to release coatings for substrates. In one of its
      aspects this invention relates to improved low release value coatings
      comprising a mixture of (a) polyorganosiloxanes having silicon-bonded
      hydroxyl groups on the ends of the molecule, and (b)
      polymethylhydrogensiloxanes having an average of at least 3 SiH groups per
      molecule. In another aspect of the invention there is provided a high
      release value coating composition comprising a mixture of (a) and (b) plus
      a polyorganosiloxane containing triorganosiloxy end groups. In another of
      its aspects this invention relates to differential release papers or
      laminates coated on one side with a high release value polyorganosiloxane
      coating and on the opposite side with a lower release value of
      polyorganosiloxane coating. In still another of its aspects this invention
      relates to improving the shelf life of differential release papers or
      laminates by coating one side with a high release value of
      polyorganosiloxane coating and the opposite side with a lower release
      value of polyorganosiloxane coating.
PAR  In one of its concepts this invention relates to the prevention of
      migration of high release silicones from one surface of a differential
      release paper to a low release value silicone coated surface brouoght into
      contact with the high release value silicone coating. The migration is
      reduced by the method of curing the high release value silicones which
      provides a relatively more stable coating composition.
PAR  The invention concerns a differential release paper or laminate consisting
      of a substrate such as paper which can have been coated on one or both
      sides with a polymer such as polyethylene. The resulting laminated
      structure is then coated on one side with a silicone release agent after
      which the second side is coated with a silicone release agent designed to
      give a dissimilar release value from that of the first side.
PAR  Problems usually arise, however, in adequately curing each silicone
      overcoate and in the tendency of adjacent surfaces of stacks or rolls to
      transfer coating components between each other. When transfer occurs the
      release value of the higher value release agent is lessened so that the
      difference between the release value of the two sides of the differential
      release paper is lessened or, at worst, the values become about the same,
      so that the advantages of a differential release paper are nullified.
PAR  The laminates referred to in the invention are normally made at the rate of
      several hundred feet per minute and after coating with the silicone
      solutions are passed through ovens to remove solvent and at least initiate
      curing of the applied resins. The laminate is then usually wound into a
      roll and stored until ready for use. It is during this storage time that
      transfer between the adjacent sides can occur. Of course, sheets of an
      uncoated dissimilar material can be employed as spacer sheets to prevent
      contact between the rolled or stacked sheets to remedy the transfer, but
      this practice is time consuming and expensive.
PAR  I have found that by the use of a dual catalyst system in preparing the
      silicone release coating compositions of this invention for coating a
      substrate a release coating of improved stability is obtained.
PAR  It is therefore an object of this invention to provide a coating
      composition that can be used to produce a high release value coating on a
      substrate. It is another object of this invention to provide a method for
      producing a high release value coating on a substrate and the product of
      improved stability produced thereby. It is another object of this
      invention to provide a differential release paper or laminate of improved
      shelf life.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, there is provided a low release value
      coating composition comprising a mixture of (a) polyorganosiloxanes having
      silicon-bonded hydroxyl groups on the ends of the molecule and (b)
      polymethylhydrogensiloxanes having an average of at least 3 SiH groups per
      molecule.
PAR  Further, in accordance with the invention there is provided a high release
      value coating composition comprising a mixture of (a) polyorganosiloxanes
      having silicon-bonded hydroxyl groups on the ends of the molecule, (b)
      polymethylhydrogensiloxanes having an average of at least 3 SiH groups per
      molecule, and (c) polyorganosiloxanes which contain triorganosiloxy end
      groups and are resinous in nature due to their three dimensional, highly
      cross-linked structure.
PAR  Further, in accordance with the invention differential release papers or
      laminates are provided which are coated on one side with the high release
      value polyorganosiloxane coating composition according to the invention
      and on the opposite side with a lower release value polyorganosiloxane
      coating composition according to the invention.
PAR  In one specific embodiment of the invention, a substrate is coated on one
      side with a high release value polyorganosiloxane coating of this
      invention and on its other side with a polyorganosiloxane coating of lower
      release value of this invention, the curing reaction is initiated, and the
      coatings are allowed to cure to provide a differential release laminate of
      extended shelf life.
PAC  SUITABLE SUBSTRATES
PAR  Suitable substrates include paper, plastic films such as polyolefins,
      textile fabrics made from nylon, orlon, glass, etc. and metal sheets or
      foil such as aluminum foil and the like.
PAR  Paper is particularly preferred as a substrate, because of the wide variety
      of applications in which it can be used. Any kind of paper or paperboard
      can be used providing it has sufficient tensile strength to withstand the
      stresses encountered in conventional paper coating apparatus. Thus,
      suitable paper or paperboard can be made from wood, straw, bark, cotton,
      flax, corn stalks, bamboo, hemp and similar cellulosic materials prepared
      by such process as the soda, sulfite or sulfate (Kraft) process, the
      neutral sulfite cooking process, alkali-chlorine processes, nitric acid
      processes, semi-chemical processes and the like. Also, any of the treated,
      filled, sized or resinimpregnated papers and the like can be used.
      Although paper of any weight can be used providing it has adequate
      physical properties as the substrate, papers having weights in the range
      of 25 lbs. to 150 lbs. per ream are presently preferred.
PAR  Also included as substrates are those materials previously enumerated which
      have been coated on one or both sides with a thermoplastic film forming
      polymer. Any of the thermoplastic polymers known in the art which can be
      bonded to the above materials and to which a silicone release agent can be
      bonded are suitable for use in the practice of the invention. Polymers and
      copolymers, normally solid, of aliphatic 1-olefins containing from 2 to 8
      carbon atoms are preferred as the film forming material however. Of these,
      polyethylene, polypropylene and copolymers of ethylene with propylene,
      1-butene and 1-hexene are especially preferred.
PAC  DESCRIPTION OF THE SILICONES
PAR  The polyorganosiloxanes which can be used in the compositions for coating
      the low release side of the substrate consist essentially of 90 to 99
      weight percent of a polymer having silicon-bonded hydroxyl groups on the
      ends of the molecule, said polymer having a viscosity of at least about
      2,000 centistokes (cs.) at 25.degree.C and said polymer being composed of
      polymer units of the formula
EQU  R.sub.n SiO.sub.4.sub.-n/2
PAL  in which each R is selected from the group consisting of monovalent
      hydrocarbon radicals and n has an average value of 2 (siloxane 1) and 1 to
      10 weight percent of a polymethylhydrogensiloxane having an average of at
      least 3 SiH groups per molecule (siloxane 2).
PAR  Siloxane (1) contains silicon-bonded hydroxyl radicals attached at the
      molecular chain ends and it is substantially a polydiorganosiloxane. It
      can contain small amounts of monoorganosiloxane units but it is preferably
      substantially free from triorganosiloxane units. The organic radicals (R)
      attached to the silicon atoms of siloxane (1) can be any combination of
      suitable monovalent hydrocarbon radicals such as alkyl, cycloalkyl, vinyl,
      allyl, aryl, alkaryl, and aralkyl. Preferably, each R is selected from the
      group consisting of alkyl radicals containing from 1 to 6 carbon atoms,
      and phenyl. Compositions wherein each R is methyl are presently more
      preferred.
PAR  Siloxane (1) can be a homopolymer or a copolymer containing two or more
      species of siloxane units. It can also be a mixture of homopolymers and/or
      copolymers. The siloxane (1) polymers can range in viscosity from about
      2,000 cs. at 25.degree.C upward to about 10,000,000 cs. or even more. The
      polymers can be thin liquids or non-flowing soluble gums. It is necessary
      that the degree of polymerization has not progressed to the point where
      the polymers are insoluble in organic solvents such as toluene, xylene,
      methyl ethyl ketone, carbon tetrachloride, and the like. In general, any
      organic solvent having a boiling point equal to or less than xylene can be
      used in the compositions used in the practice of the invention. The
      solvent serves as a convenient vehicle or carrier for uniform application
      to the substrate. Thus, higher boiling solvents can be used but require so
      much time for their removal that their use is not commercially practical.
      Various polyorganosiloxanes are commercially available in organic solvents
      in various per cent solids concentration.
PAR  Siloxane (2) is a polymethylhydrogensiloxane having an average of at least
      3 SiH groups per molecule. It can have a linear, cyclic or branched
      structure and it can be either a homopolymer or a copolymer. The amount of
      siloxane (2) used ranges from 1 to 10 percent, more preferably 1 to 5
      percent based on the weight of siloxane (1).
PAR  Examples of siloxane (2) are
      ##EQU1##
      wherein x is 3 to 50;
      ##EQU2##
      Siloxane (1) and siloxane (2) can be individually polymerized and
      subsequently mixed together to obtain the polyorganosiloxanes which are
      used in the low release coating compositions applied to the substrate.
PAR  The polymers used in coating the high release value side of the substrate,
      which polymeric compositions form the substance of this invention are
      similar to those used for the first side but which contain, in addition,
      sufficient silicone polymers to modify the release properties of the
      substrate coated with the composition. These polymers are
      polyorganosiloxanes which contain triorganosiloxy end groups and are
      resinous in nature due to their three-dimensional, highly crosslinked
      structure. The triorganosiloxy groups can have hdrocarbyl substituents
      such as alkyl, cycloalkyl, cycloalkenyl, vinyl, and allyl groups
      containing from 1 to 6 carbon atoms. Examples include methyl, ethyl,
      hexyl, cyclopentyl, cyclohexenyl and the like. Preferred triorganosiloxy
      end groups are trimethysiloxy or vinyldimethylsiloxy. These polymers can
      be prepared in a variety of ways known to the art. One method is to
      cohydrolyze a mixture of organochlorosilanes selected from the group
      consisting of
PA1  SiCl.sub.4
PA1  R'siCl.sub.3
PA1  R'r"siCl.sub.2
PA1  R'r"r"'siCl
PAL  wherein R', R", R"' are monovalent hydrocarbon radicals defined as above
      and may or may not be identical within any given monomer.
PAR  The product obtained from the cohydrolysis process will contain substantial
      terminal silanol groups. These terminal silanol groups are endblocked with
      a triorganosiloxy group to substantially reduce the silanol content to
      about zero in a secondary process step. For example, sufficient quantities
      of trimethylchlorosilane or vinyldimethylchlorosilane are added to the
      cohydrolysis product to supply the necessary terminal end groups. The
      endblocking step is desirable to obtain a more stable polymeric structure.
      The resulting resinous product is a mixture with a three dimensional
      crosslinked structure in which the monovalent hydrocarbon radical to Si
      ratio ranges from about 1.5:1 to about 3:1. The resinous product has a
      broad molecular weight distribution with a molecular weight in the range
      of about 2,000 to about 40,000 and it is soluble in organic solvents such
      as benzene, toluene, and the like.
PAR  The ratio of the triorganosiloxy endblocked polymer to the mixture of
      siloxane (1) and sibxane (2) ranges from about 0.01 to 1 to about 0.2 to 1
      and more preferably from about 0.04 to 1 to about 0.1 to 1 by weight.
PAR  Prior to application of the low release value polyorganosiloxane coating
      compositions, a small functional amount of a suitable catalyst or curing
      agent is added to effect curing of the polyorganosiloxane. Suitable
      catalysts for this purpose include dibutyltin di(2-ethylhexoate),
      dibutyltin dilaurate, dibutyltin diacetate, tributyltin acetate,
      diethylenetriamine, triethylenetetramine, various lead salts such as lead
      naphthenate and lead octoate, zinc octoate, zinc stearate, iron octoate,
      various organic peroxides such as benzoyl peroxide, and others, as well as
      mixtures thereof. The amount of said curing agents or catalysts used is
      not critical and can be varied widely depending upon the curing
      temperature, the particular catalyst used, desired curing time, the
      particular silicone polymer, etc. Usually, the amount used will be from 1
      to 10 weight percent of the silicone polymer.
PAR  The mixed polymer composition forming the high release value coating
      according to the invention requires a mixed catalyst consisting of the
      organometal salts previously described and an organic peroxide such as
      benzoyl peroxide, 2,4-dichlorobenzoyl peroxide and the like. Presently
      preferred for the organometal salts are the carboxylic acid salts of
      organotin compounds containing at least one carbon-tin bond such as
      dibutyltin di(2-ethylhexoate), dibutyltin dilaurate, dibutyltin diacetate,
      dibutyltin acetate, as well as mixtures thereof.
PAR  The polymeric compositions used in coating either side of the differential
      release laminate of this invention can be either filled or unfilled.
      Suitable fillers both organic and inorganic are set out in the above cited
      U.S. Pat. No. 3,432,333.
PAR  Mixing the coating compositions of this invention requires no special
      equipment or conditions. A catalyst is added to the polymer with both the
      polymer and the catalyst dissolved in a suitable solvent which may be the
      same solvent or compatible solvents. The catalyst solutions and the
      polymer solutions are thoroughly mixed by any convenient method and are
      then ready for application to the substrate. Suitable coating equipment is
      well known in the art.
PAR  Procedures for coating laminates are well known and follow the procedures
      set out below for overcoating a polyolefin coated substrate with a
      polyorganosiloxane: (1) prime or activate one side of the paper substrate;
      (2) extrusion coat said primed or activated surface with a coating of a
      polyolefin and provide either a matte or gloss finish; (3) activate said
      polyolefin coating; (4) apply a first thin coat of a polyorganosiloxane to
      said activated polyolefin coating; (5) heat in an oven to obtain an
      essentially dry film which is at least partially cured; (6) apply a second
      thin coating of a polyorganosiloxane over said first thin coating; (7)
      heat in an oven to obtain an essentially dry film which is at least
      partially cured; (8) age the thus coated and overcoated substrate at room
      temperature for a period of at least two days; (9) remoisten or prime the
      opposite side of said paper substrate with an aqueous priming agent; and
      (10) repeat said steps (2)-(8) for the opposite side of said substrate
      except for using a polyorganosiloxane having a different release value. By
      the process of this invention one side of the substrate will be coated
      with the stabilized high release value polyorganosiloxane of this
      invention. The polyorganosiloxanes are applied to the substrate surfaces
      in amounts, on a dry basis, preferably 0.06 to about 0.3 pounds per ream.
PAR  Curing of said polyorganosiloxane coating material can take place at room
      temperature depending upon the particular silicone material used and the
      particular curing agent or catalyst used in conjunction with said silicone
      material. However, for practical continuous operations the time required
      for curing at room temperature is too long. Most curing agents or
      catalysts are capable of promoting relatively rapid curing at moderately
      elevated temperatures. This temperature at which relatively rapid curing
      takes place is sometimes referred to as the curing initiating temperature
      even though curing will take place at room temperature. For the preferred
      polyorganosiloxanes described herein this temperatre is in the range of
      180.degree. to 250.degree.F. Once curing has been initiated and maintained
      at an elevated temperature for a short period of time as described herein,
      the curing can then advantageously be allowed to proceed by aging at
      reduced temperatures, e.g., at room temperatures or moderately (25.degree.
      to 50.degree.F) above. As mentioned above, it is essential that said
      curing be effected without distorting the polyolefin coating under the
      polyorganosiloxane overcoating. Thus, the choice of temperature actually
      employed in the curing steps will depend upon a number of factors such as
      the type of polyolefin coating material used, the type of silicone
      overcoating material used, the curing catalyst used with said silicone
      material, and the rate at which the coated paper is passed through the
      heating zone. For example, polypropylene has a higher melting point than
      polyethylene; the temperature at which the silicone material cures is
      affected by the choice of curing catalyst; and the oven temperature will
      vary with the rate at which the paper is passed therethrough.
PAR  Ideally, it is desirable in said heating and curing steps to heat the
      silicone overcoating material and not heat the polyolefin coating material
      thereunder. However, as a practical matter, this is practically impossible
      to accomplish. In any event, it is desired to heat and cure the
      polyorganosiloxane overcoating material as rapidly as possible without
      heating the polyolefin coating thereunder sufficiently to cause distortion
      of said polyolefin coating. Thus, in the practice of the invention, it is
      preferred to increase the temperature of the silicone overcoated material
      the desired amount as rapidly as possible and then hold it at the
      increased temperature for a period of time sufficient to effect the
      desired amount of partial curing. Thus, in a preferred manner of
      practicing the invention, the coated and overcoated paper substrate is
      passed through a first and a second heating zone, in series. The
      temperature in said first heating zone will always be greater than the
      temperature in said second heating zone and will usually be within the
      range of from 250.degree. to 560.degree. F, preferably 325.degree. to
      375.degree. F. The temperature in said second heating zone will usually be
      within the range of from 75.degree. to 350.degree. F., preferably within
      the range of from 225.degree. to 275.degree.F.
DETD
PAR  the following examples will serve to further illustrate the invention.
PAC  EXAMPLE I (Control)
PAR  One side of a bleached kraft paper, 53 pounds per ream, was primed in line
      at a rate of 300 linear feet per minute with 1.75 lbs/ream, wet basis, of
      a priming solution consisting essentially of about 1.0 weight percent
      polyethylene imine, about 98.6 weight percent water and about 0.4 weight
      percent sodium hexametaphosphate. The excess water was driven off the
      primed paper by heating same to a temperature within the range of
      100.degree. to 150.degree.F. The thus primed paper was extrusion coated at
      a rate of 300 linear feet per minute on one side with 12 pounds per ream
      of a commercial polyethylene having a density of 0.915 g/cc and a melt
      index of 12. The reverse side of the paper was then primed, dried and
      extrusion coated at 300 linear feet per minute with 12 pounds per ream of
      said commercial polyethylene. The coated paper was rolled into a roll and
      aged at room temperature for 24 hours.
PAR  One side of the polyethylene coated paper was activated by treating it with
      a corona discharge from a Lepel spark generator set at about 1.2 watts per
      square foot per minute. The corona discharge-treated polyethylene coat was
      then silicone overcoated with a 14 weight percent solution in toluene of a
      commercially available silicone material consisting essentially of a 30
      weight percent solution in xylene of a polyorganosiloxane mixture
      consisting of about 97 weight percent of a siloxane containing
      silicon-bonded hydroxyl radicals attached at the molecular chain ends
      having a viscosity of about 7,000,000 centistokes and 3 weight percent of
      a polymethylhydrogensiloxane having a viscosity of about 35 centistokes.
      Prior to applying said solution of copolymer, there was added thereto 4.7
      weight percent of dibutyltin di(2-ethylhexoate) as a 50 weight percent
      solution in xylene based on the weight of said copolymer in said solution.
      Said overcoating solution was applied in 2 coats in an amount sufficient
      to give a total overcoat weight of 0.200 pound per ream, dry basis. This
      coating supplies low release values, i.e. 10-50 g/inch. Each silicone
      overcoating was partially cured by passing the web, at a rate of about 220
      linear feet per minute throuogh an over maintained at 300.degree.F. The
      web was rolled into a roll and aged at room temperature for at least 10
      days to complete the curing.
PAR  The reverse side of the web was then silicone overcoated in 2 coats with a
      14 weight percent solution in toluene of a mixture of commercially
      available silicone polymers consisting of the same silicone polymers in
      xylene solution which was used on the reverse side admixed with about 7
      weight percent of a polyorganosiloxane in xylene solution based on the
      weight of the mixture of commercially available silicones of a resinous,
      commercially available polyorganosiloxane endblocked with triorganosiloxy
      groups, i.e. trimethylsiloxy. Prior to applying said mixed solutions of
      silicones, there was added thereto 6 weight percent of dibutyltin
      di(2-ethylhexoate) as a 50 weight percent solution in xylene based on the
      weight of said polymers in said solution. Said overcoating solution was
      applied in an amount to give a total overcoat weight of 0.220 pounds per
      ream, dry basis. This coating supplies high release values, i.e. 100-200
      g/inch. Each silicone coating was partially cured by passing the web, at a
      rate of about 260 linear feet per minute through an oven maintained at
      300.degree.F. The web was then rolled into a roll and aged at room
      temperature for at least 10 days to complete curing. Periodic testing of
      samples taken from the roll was done using a Keil tester to determine the
      release values of each side and to determine the useful life (shelf life)
      of the high release side. Release values are determined by stripping an
      agressive adhesive tape such as Johnson & Johnson Red Cross adhesive tape
      from the sample surface at a constant speed pull of 12 inches per minute.
      The useful life, in days, of the high release side is determined by noting
      the number of days in which the release value is 85 g/inch or more. The
      results are give below.
TBL  ______________________________________                                    
     initial stable release value of high                                      
     release coating         --    110 g/inch                                  
     initial stable release value of low                                       
     release coating         --     30 g/inch                                  
     useful life of high release coating                                       
                             --     21 days                                    
     ______________________________________                                    
PAC  EXAMPLE II (Control)
PAR  A bleached kraft paper, 53 pounds per ream, was primed, dried and coated on
      both sides with the same priming solution and the same polyethylene in the
      same manner as in Example I.
PAR  One side of the polyethylene coated web was corona treated in the same
      manner as in Example I and overcoated in 2 coats with the same high
      release silicone formulation used in Example I to give a total overcoat
      weight of 0.215 pounds per ream, dry basis. The silicone coating was
      partially cured by passing the web at a rate of about 250 linear feet per
      minute through an oven maintained at 300.degree.F. The web was then rolled
      into a roll and aged at room temperature for at least 10 days to complete
      curing. Periodic testing of samples taken from the roll was done as
      before. The results are given below.
TBL  ______________________________________                                    
     initial stable release value of high                                      
     release coating         --     100 g/inch                                 
     useful life of high release coating                                       
                             --    &gt;207 days                                   
     ______________________________________                                    
PAC  EXAMPLE III (Invention)
PAR  A bleached kraft paper, 53 pounds per ream, was primed, dried and coated on
      both sides with the same priming solution and the same polyethylene in the
      same manner as in Example I.
PAR  One side of the polyethylene coated web was corona treated, overcoated as
      before with the same low release silicone formulation and same amount of
      catalyst, passed through an oven maintained at 300.degree.F at the same
      linear speed, and aged as in Example I. The total coating weight was
      determined to be 0.200 pounds per ream, dry basis.
PAR  The other side of the polyethylene coated web was overcoated as before with
      the same high release silicone formulation as in Example I except that
      added thereto was a mixed catalyst consisting of 6 weight percent
      dibutyltin di(2-ethylhexoate) in a 50 weight percent solution of xylene
      and 5 weight percent of 2,4-dichlorobenzoyl peroxide as a 50 weight
      percent dispersion of dibutyl phthalate to give a total overcoat weight of
      0.260 pounds per ream, dry basis. The silicone coating was partially cured
      by passing the web at a rate of about 220 linear feet per minute through
      an oven maintained at 300.degree.F. The web was then rolled into a roll
      and aged at room temperature at least 10 days to complete curing. Periodic
      testing of samples taken from the roll was done as before. The results are
      given below.
TBL  ______________________________________                                    
     initial stable release value of high                                      
     release coating          --    125 g/inch                                 
     initial stable release value of low                                       
     release coating          --     20 g/inch                                 
     useful life of high release coating                                       
                              --    103 days                                   
     ______________________________________                                    
PAC  EXAMPLE IV (Invention, Repeat Run)
PAR  A bleached kraft paper, 53 pounds per ream, was primed, dried and coated on
      both sides with the same priming solution and the same polyethylene in the
      same manner as in Example I.
PAR  The polyethylene coated web was treated using the same process conditions
      as in Example III. Samples taken from the roll were tested as before. The
      results are given below.
TBL  ______________________________________                                    
     initial stable release value of high                                      
     release coating          --    135 g/inch                                 
     initial stable release value of low                                       
     release coating          --     15 g/inch                                 
     useful life of high release coating                                       
                              --     97 days                                   
     ______________________________________                                    
PAC  EXAMPLE V (Invention)
PAR  A bleached kraft paper, 53 pounds per ream, was primed, dried and coated on
      both sides with the same priming solution and the same polyethylene in the
      same manner as in Example I.
PAR  Each side of the polyethylene coated web was treated as in Example III with
      the exception that the coating weight (1 coat applied) on the high release
      side was 0.107 pounds per ream dry basis, or about one-half that of
      Example III. Samples taken from the roll were tested as before. The
      results are given below.
TBL  ______________________________________                                    
     initial stable release value of high                                      
     release coating          --    135 g/inch                                 
     initial stable release value of low                                       
     release coating          --     15 g/inch                                 
     useful life of high release coating                                       
                              --    150 days                                   
     ______________________________________                                    
PAR  The results show that differential release paper made conventionally as in
      Example I has a useful shelf life of only 21 days when stored in roll
      form. The high release and low release sides are in contact.
PAR  Example II shows that a high release coating of silicone when wound up
      against a non-silicone coat (polyethylene in this example) does not lose
      its release value.
PAR  The invention runs, Examples III to V, clearly show that the useful shelf
      life of differential release paper stored in roll form so that the high
      and low release sides are in contact can be substantially increased by
      practicing the invention. Addition of an organic peroxide catalyst to the
      mixed silicones containing the organic metal salt is the key. It
      apparently locks the silicone additive responsible for increasing the
      release value of low release silicones into the low release silicone
      structure thus reducing migration of the elusive silicone additive from
      one coating to another.
PAR  Reasonable variation and modification are possible within the scope of the
      foregoing disclosure and the appended claims of the invention the essence
      of which is that there has been provided a coating composition comprised
      of a silicone release agent and suitable curing agents such that the
      resulting coating applied to a substrate has increased stability to the
      migration of the silicone to an adjacent surface coated with a silicone
      with a lesser release value.
CLMS
STM  I claim:
NUM  1.
PAR  1. A differential release coated article comprising a substrate coated on
      one side with
PA1  I. a low release value cured polyorganosiloxane coating comprising a
      mixture of
PA2  a. a polyorganosiloxane having silicon-bonded hydroxyl groups on the ends
      of the molecule,
PA2  b. a polymethylhydrogensiloxane having an average of at least three SiH
      groups per molecule and
PA2  c. a functional amount sufficient to effect curing of said
      polyorganosiloxane of a carboxylic acid salt of an organic metallic
      compound selected from lead, zinc, iron or tin; and
PAL  coated on the opposite side with
PA1  Ii. a high release cured polyorganosiloxane coating comprising a mixture of
PA2  d. a polyorganosiloxane having silicon-bonded hydroxyl groups on the ends
      of the molecule,
PA2  e. a polymethylhydrogensiloxane having an average of at least three SiH
      groups per molecule,
PA2  f. a three-dimensional highly cross-linked polyorganosiloxane containing
      triorganosiloxy end groups in which the ratio of the monovalent
      hydrocarbon radicals to SiO.sub.2 units ranges from about 1.5:1 to about
      3:1, and
PA2  g. a curing catalyst mixture comprising a functional amount sufficient to
      effect curing of said polyorganosiloxane of a carboxylic acid salt of an
      organometallic compound selected from lead, zinc, iron or tin and an
      organic peroxide.
NUM  2.
PAR  2. A coated article according to claim 1 wherein said low release value
      polyorganosiloxane coating comprises a mixture of
PA1  a. 90 to 99 weight percent of a polyorganosiloxane having siliconbonded
      hydroxyl groups on the ends of the molecule, said polymer having a
      viscosity of at least about 2,000 centistokes (cs) at 25.degree.C and said
      polymer being composed of polymer units of the formula R.sub.n
      SiO.sub.4.sub.-n/2 in which each R is selected from the group consisting
      of monovalent hydrocarbon radicals and n has an average value of 2, and
PA1  b. 1 to 10 weight percent of a polymethylhydrogensiloxane having an average
      of at least three SiH groups per molecule.
NUM  3.
PAR  3. A coated article according to claim 1 wherein the high release value
      polyorganosiloxane coating comprises a mixture of
PA1  d. 90 to 99 weight percent of a polyorganosiloxane having silicon-bonded
      hydroxyl groups on the ends of the molecule, said polymer having a
      viscosity of at least about 2,000 centistokes (cs) at 25.degree.C and said
      polymer being composed of polymer units of the formula R.sub.n
      SiO.sub.4.sub.-n/2 in which each R is selected from the group consisting
      of monovalent hydrocarbon radicals and n has an average value of 2,
PA1  e. 1 to 10 weight percent of a polymethylhydrogensiloxane having an average
      of at least three SiH groups per molecule, and
PA1  f. a polyorganosiloxane which contains triorganosiloxy end groups and which
      has a molecular weight in the range of about 2,000 to about 40,000 and is
      resinous in nature due to its three-dimensional, highly cross-linked
      structure, the ratio of (f) to the mixture of (d) and (e) ranging from
      about 0.01 to 1 to about 0.2 to 1 by weight.
NUM  4.
PAR  4. A coated article according to claim 1 wherein the low release value
      polyorganosiloxane coating contains a functional curing amount of a
      carboxylic acid salt of an organometallic compound selected from lead,
      zinc, iron and tin, and the high release polyorganosiloxane coating
      contains as a curing agent a mixture of a carboxylic acid salt of an
      organometallic compound selected from lead, zinc, iron or tin in
      combination with an organic peroxide.
NUM  5.
PAR  5. A differential release coated article according to claim 1 wherein at
      least one of coating (I) or coating (II) contains a filler material.
NUM  6.
PAR  6. A differential release coated article according to claim 1 wherein the
      substrate is a fibrous material coated on at least one side with a
      polyolefin.
NUM  7.
PAR  7. A differential release coated article according to claim 6 wherein said
      polyolefin has been subjected to a surface treatment to activate said
      polyolefin coating prior to application of the polyorganosiloxane
      coatings.
NUM  8.
PAR  8. A coated article according to claim 1 in which the low release value
      polyorganosiloxane coating (I) contains organotin as the curing agent and
      the high release value polyorganosiloxane coating (II) contains organotin
      and a peroxide as curing agent.
NUM  9.
PAR  9. A coated article according to claim 8 wherein the organotin used as the
      curing agent in each of the coatings (I) and (II) is dibutyltin
      di(2-ethylhexoate) and the peroxide in the high release coating (II) is
      2,4-dichlorobenzoyl peroxide.
NUM  10.
PAR  10. A coated article according to claim 3 wherein the low release value
      polyorganosiloxane coating comprises a mixture of
PA1  a. 90 to 99 weight percent of a polyorganosiloxane having silicon-bonded
      hydroxyl groups on the ends of the molecule, said polymer having a
      viscosity of at least about 2,000 centistokes (cs) at 25.degree.C and said
      polymer being composed of polymer units of the formula
EQU  R.sub.n SiO.sub.4.sub.-n/2
PAL  in which each R is selected from the group consisting of monovalent
      hydrocarbon radicals and n has an average value of 2,
PA1  b. 1 to 10 weight percent of a polymethylhydrogensiloxane having an average
      of at least three SiH groups per molecule, and
PA1  c. a functional amount sufficient to effect curing of said
      polyorganosiloxane of a carboxylic acid salt of an organic metallic
      compound selected from lead, zinc, iron, or tin.
PATN
WKU  039365832
SRC  5
APN  4095928
APT  1
ART  165
APD  19731025
TTL  Prevention of corrosion in metals
ISD  19760203
NCL  7
ECL  1,5
EXP  Pitlick; Harris A.
INVT
NAM  Lloyd; Geoffrey Oliver
CTY  Twickenham
CNT  EN
INVT
NAM  Rhoades-Brown; John Ernest
CTY  Hanworth
CNT  EN
INVT
NAM  Saunders; Stuart Richard John
CTY  New Malden
CNT  EN
ASSG
NAM  Secretary of State for Trade & Industry in Her Britannic Majesty's Govt.
      of U.K. of Gt. Britain & Northern Ireland
CTY  London
CNT  EN
COD  07
PRIR
CNT  UK
APD  19721026
APN  49460/72
CLAS
OCL  428450
XCL  428471
XCL  428539
XCL  148  614R
XCL  148  615R
XCL  427435
EDF  2
ICL  C23F  700
FSC  148
FSS  6.15 R;6.14 R;6
FSC  117
FSS  127
FSC  427
FSS  435
UREF
PNO  2952562
ISD  19600900
NAM  Morris et al.
XCL  117127
UREF
PNO  3133829
ISD  19640500
NAM  Cupery et al.
OCL  117127
UREF
PNO  3197345
ISD  19650700
NAM  Vullo et al.
OCL  148  6.15R
UREF
PNO  3338754
ISD  19670800
NAM  Vullo
OCL  148  6.15R
UREF
PNO  3530012
ISD  19700900
NAM  Nakamura et al.
OCL  148  6.15R
UREF
PNO  3677796
ISD  19720700
NAM  Girard et al.
XCL  117127
UREF
PNO  3796608
ISD  19740300
NAM  Pearlman
OCL  117  6.14R
FREF
PNO  1,094,210
ISD  19671200
CNT  UK
LREP
FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  A method of protecting an article having at least a surface layer of an
      alloy of iron and/or nickel which contains at least 1 per cent of
      chromium, against high temperature oxidation, by contacting the article
      with a solution or a suspension of a borate and/or a phosphate in a
      volatile polar organic solvent so that, after removal of the solvent, a
      film weighing at least 3 .mu. g / cm.sup.2 of the borate and/or phosphate
      material is deposited on the surface of the article.
BSUM
PAR  This invention relates to a process for the diminution of high temperature
      oxidation of iron and nickel alloys containing chromium and the articles
      made from said alloys protected by the method of the invention.
PAR  The expression high temperature oxidation as used in this specification is
      defined as oxidation which occurs on surfaces of metal at temperatures in
      excess of about 500.degree.-600.degree.C when these surfaces are in
      contact with air, carbon dioxides or other oxidising gases, for instance
      the gaseous products of combustion of coal or fuel oil.
PAR  As the result of high temperature oxidation, a protective film may be
      formed. This film often retains its protective properties for a limited
      period, after which the rate of oxidation accelerates rapidly. The
      acceleration may occur at constant temperature or may be due to cracking
      or flaking as a result of temperature changes. Subsequent oxidation is
      usually rapid and may lead to the complete destruction of the metal in a
      short time.
PAR  The process of the present invention provides a prolongation of the initial
      protective period by a cheap and simple means which greatly delays or
      prevents the destructive accelerated oxidation. It is therefore difficult
      to set a lower limit to the oxidation temperature at which the process of
      the invention is effective as the normal protective period will in any
      case be comparatively long at tempertures below about 600.degree.C. In
      practice however, few problems arise at temperature below about
      600.degree.C when using conventional materials and the process of the
      invention confers little practical benefit at these temperatures. The
      upper limit for the temperature of oxidation will depend on the material
      used but, for most known materials, it lies within the temperature range
      about 800.degree. to about 1000.degree.C.
PAR  This high temperature oxidation does not include oxidation of metal
      surfaces at lower temperatures usually in the presence of water normally
      resulting in the formation of a scale of hydrated oxide. This type of
      oxidation, commonly known as rusting, does not form a protective coating
      so that the metal will be progressively consumed.
PAR  The expression Article as used in this specification includes surfaces of
      the alloy as such and also objects or structures fashioned or partly
      fashioned from the alloys so that at least the surface layer of the object
      or structure is an alloy of iron or nickel containing at least 1 per cent
      of chromium.
PAR  Many processes for controlling the growth of oxide are known and they
      include alloying with expensive materials such as chromium and nickel, and
      the application of protective barriers. Generally, if protection of alloys
      or structures made from them is required over months or years thick
      barriers are applied or large amounts of expensive alloying materials are
      necessary. These thick barriers may be vulnerable to mechanical damage.
      For short term protection, for instance during heat treatment, a thinner
      deposit may be applied which while giving some protection may nevertheless
      permit the formation of a thick scale. This scale usually needs to be
      removed, or it may remove itself on cooling, but in any case one does not
      get long term protection by this method especially in conditions involving
      thermal cycling.
PAR  One example of a process for controlling the formation of scale is
      disclosed in British Pat. No. 1,094,210 which described a method
      comprising contacting the surface with an aqueous preparation containing
      at least 0.1% by weight of boric acid or phosphate anion to form a thin
      deposit on the metal surface. This process reduces the thickness of scale
      formed during heat treatment between 800.degree. and 1,650.degree.F
      (approximately 425.degree.-900.degree.C) but a thick scale is nonetheless
      formed, and is removed by some subsequent treatment such as acid pickling.
      It is stated that it is essential to use boric acid as the borate anion is
      not effective and therefore the salts of boric acid should not be used.
      This method has the disadvantages that the protection given by the
      treatment may be erratic due to uneven application of the boric acid or
      phosphate ion and the oxidation changes the external dimensions of the
      metal being protected. Furthermore this method is intended to give
      temporary protection for periods of several hours at most.
PAR  It has now been found that iron and nickel alloys containing chromium may
      be given long term protection against high temperature oxidation at fixed
      temperature or with thermal cycling without the formation of appreciable
      amounts of scale and without substantially altering the dimensions of the
      metal, by contacting the metal with a solution or suspension of a borate
      and/or a phosphate in a volatile polar organic liquid.
PAR  According to the invention, there is provided a process for the protection
      of an article having at least a surface layer of an alloy of iron and/or
      nickel, which contains at least 1 per cent by weight of chromium, against
      high temperature oxidation comprising contacting the said article with a
      solution or a suspension of a borate and/or a phosphate in a volatile
      polar organic solvent whereby, after removal of the solvent, a film
      weighing at least 3.mu.g/cm.sup.2 of the borate and/or phosphate material
      is deposited on the surface of the article.
PAR  Preferably the chromium is present in the alloy in the range about 3-30% by
      weight. The process may also be applied to alloys with lower chromium
      contents.
PAR  Preferably borate is deposited and the preferred borate is borax.
PAR  An important factor in obtaining protection is to secure a deposit of
      inhibitor of adequate thickness and even distribution and however applied,
      the solvent should be removed from the deposit sufficiently quickly to
      ensure that the deposit is substantially evenly applied. The expression
      volatile, as used in the specification, includes not only low boiling
      solvents such as the lower aliphatic alcohols for instance, methyl
      alcohol, ethyl alcohol, n-propyl alcohol, iso-propyl alcohol, and, n-,
      iso-, and t-butyl alcohols, acetone, methylethyl ketone, 1.4 dioxane but
      also higher boiling solvents such as ethylene glycol. A preferred solvent
      is methyl alcohol. In all cases conventional means for removing solvents,
      for instance heat or the passage of a gas or a combination of both these
      factors may be employed.
PAR  Solutions of the inhibitors have been used up successfully in the range of
      concentration 5 .times. 10.sup.-.sup.3 molar to 3 .times. 10.sup.-.sup.1
      molar.
PAR  It has been found as previously stated, to give any substantial improvement
      in protection that the lower limit for the deposit should be
      3.mu.g/cm.sup.2 of surface area. The upper limit to the amount of deposit
      is dependent upon factors such as cost, the practical thickness of deposit
      permissable, or the desirable `life` of the alloy could influence the
      economic thickness of the deposit.
PAR  As used in this specification, the expression "polar organic solvent" also
      includes such solvents containing up to about 50% of water. It will be
      realised that solution of a hydrated salt in such a solvent could produce
      a solution of water in the solvent. Sufficiently heavy films of deposit
      may be obtained by applying a solution or suspension of the borate and/or
      phosphate to the alloy, for example by brushing or spraying, but it may be
      more convenient to apply homogeneous solutions. In this case, with some of
      the polar organic solvents, it may be necessary to add water to the
      solvent to ensure a sufficiently high concentration of solute.
PAR  The expression "borate and/or phosphate" includes all the various borate
      salts and esters such as of ortho-, meta- and pyro-borates as well as the
      acids associated with them, and phosphates include salts and esters such
      as ortho-, meta-, pyro-, and hypo-phosphates and ortho-, pyro-, meta- and
      hypo-phosphites as well as the acids associated with them.
PAR  in a further embodiment of the invention, the solution or suspension of the
      borate and/or the phosphate may also contain other materials such as
      silica and tetraethylorthosilicate.
PAR  The alloys may be cleaned and degreased before they are contacted with the
      required solution. Good results have, however, been obtained without such
      preparation and alloys covered with a thin layer of rust have been
      successfully protected.
PAR  A preferred method of contacting the alloy with the volatile polar organic
      solvent solution is by immersing the whole of the alloy into the solution
      ensuring that all parts of the surface are wetted. Other methods such as
      brushing, rolling or spraying as for instance a fine spray in a carrier
      gas may also be used. A simple and convenient way of applying a deposit to
      the inside of a hollow structure would be to fill the structure with a
      homogeneous solution of the inhibitor, draining the solution from the
      structure and thereafter removing the solvent.
PAR  The volatile solvent may be removed by any known method, preferably in such
      a way, that operating personnel are not affected and the solvent is
      recovered.
PAR  The treated articles may then be exposed to the high temperature oxidising
      environment. Alternatively the treated articles may be stored for a period
      prior to being exposed to the high temperature environment. It should be
      realised that the deposit on the treated article is mechanically stronger
      after high temperature treatment than prior to it and if such storage
      involves handling which might damage the deposit, it would be advantageous
      to heat the treated article at temperatures in excess of about
      400.degree.C immediately after treatment.
PAR  The protective coatings given by the method of the invention are not broken
      by thermalcycling, and if the layer is broken by mechanical abrasion a
      protective layer is reformed with no apparent loss of protection. Further
      if such protected specimens are washed in water, no deleterious effects
      are observed.
PAR  The invention also includes articles made or iron and nickel alloys treated
      by the process of the invention and which are subjected to temperatures at
      which high temperature oxidation can occur.
DETD
PAR  In order that the invention may be better understood, it will be described,
      by way of illustration, by reference to the following examples which give
      details of tests carried out.
PAC  EXAMPLE 1
PAR  Strips of nickel and iron alloys, about 1.2 cm by 1.2 cm and about 150
      .mu.m thick, were immersed in various solutions or suspensions for about
      30 seconds, dried with hot air and oxidised for varying times at
      temperatures in the range 600.degree.-1000.degree.C. The oxidising
      procedure consisted in heating the treated strips in air in an
      electrically heated furnace. The examination included visual and
      microscopic observations and measurements by microbalance of the amount of
      inhibitor deposited on the strip and the thickness of the oxide film
      produced. The thickness was calculated from the increase in weight of the
      specimen on applying the film and by dividing the film weight per unit
      area by the density of the deposit. The lightest coating applied -- 0.05
      .mu.m -- corresponded to a deposit weight of 8 .mu.g/cm.sup.2. Similarly,
      the thickness of the oxide was calculated from the weight gained on
      oxidation and the known density of the oxide produced.
PAR  The results are given in the accompanying Table.
PAR  The stainless steel type 304 contained 18 to 20% chromium and 8 to 12%
      nickel the rest apart from minor constituents being iron. The analysis of
      Nimonic (Trade Mark) 90 was 18% chromium, 15% cobalt, 0.8% aluminum, 1.8%
      titanium, 1.0% manganese, 3.0% iron, 1.5% silicon with the balance
      primarily nickel.
PAC  EXAMPLE 2
PAR  Strips of 10 percent chromium iron and Nimonic 90 were immersed in a
      solution of borax in methanol, dried and oxidised in a test rig at
      700.degree.C in kerosene combustion products containing 100 p. p.m. of
      artificial sea salt.
PAR  The results were as follows:
TBL           Deposit                                                          
     Material Thickness Thickness of deposit and scale .mu. m                  
            .mu. m  20 hr    200 hr      400 hr                                
     ______________________________________                                    
     Fe/10% Cr                                                                 
              none      47       150                                           
              0.5       19.5     47.5      58.5                                
              2.0       16.5     40.0      46.0                                
     Nimonic 90                                                                
              none      0.05     3.7       4.2                                 
              0.5       0.58     2.8       3.1                                 
              2.0       2.70     3.7       4.0                                 
     ______________________________________                                    
PAR  It will be noted that the untreated iron/chromium alloy was completely
      destroyed in 200 hours at 700.degree.C whereas the same alloy coated with
      borax showed a comparatively little increase in oxidation between 200 and
      400 hours.
TBL                           Deposit                                          
                           Temp.                                               
                              Thickness                                        
                                    Total Thickness of Oxide and Inhibitor,    
                                    .mu.m                                      
     Test No.                                                                  
          Alloy Inhibitor   .degree.C                                          
                              .mu.m 20 hr 200 hr   1,000 hr                    
                                                        10,000                 
     __________________________________________________________________________
                                                        hr                     
     1    Fe/10% Cr                                                            
                None       600                                                 
                              --    2.8   16.0     80.0 140.0                  
                                                        (3000 hr)              
     2    Fe/10% Cr                                                            
                Borax/MeOH 10.sup.-.sup.1 M                                    
                           600                                                 
                              0.6   0.6   0.8      0.8  1.0                    
     3    Fe/10% Cr                                                            
                Borax/MeOH 10.sup.-.sup.1 M                                    
                           600                                                 
                              0.6   0.7   (damaged 70 hr)                      
                                                   0.6  0.5  (17,000 hr)       
                                          1.6                0.5               
     4    Fe/10% Cr                                                            
                Borax/MeOH 10.sup.-.sup.1 M                                    
                           600                                                 
                              0.6   0.6   (washed 24 hr)                       
                                                   0.7  0.7  (17,000 hr)       
                                          0.8                0.7               
     5    Fe/10% Cr                                                            
                H.sub.3 PO.sub.4 /MeOH 10.sup.-.sup.1 M                        
                           600                                                 
                               0.14 0.3   0.7      1.4  6.0                    
                                                        (2300 hr)              
     6    Fe/10% Cr                                                            
                H.sub.3 PO.sub.4 /H.sub.2 O 10.sup.-.sup.1 M                   
                           600                                                 
                              Etched                                           
                                    3.0   20.0     (300 hr)                    
                                                   30.0                        
                (water)                                                        
     7    Fe/10% Cr                                                            
                Na hexamet 600                                                 
                              13.8  12.5  13.8     18.0                        
                phosphate                                                      
     8    Fe/10% Cr                                                            
                (MeOH)     600                                                 
                              1.2   3.0   --       (732 hr)                    
                Na metaborate                      3.6                         
                Saturated                                                      
     9    mild steel                                                           
                None       600                                                 
                              --    14.5  (flaking)                            
                                          23.1                                 
     10   mild steel                                                           
                Saturated  600                                                 
                              2.0   3.7.mu.m                                   
                                          23.mu.m                              
                Borax/MeOH                                                     
     11   Fe/1% Cr                                                             
                None       600                                                 
                              --    17    36 flaking                           
                                                   --                          
     12   Fe/1% Cr                                                             
                Saturated  600                                                 
                              1.2   7.7   19.7     (390 hr)                    
                Borax/MeOH                         32.7                        
     13   Fe/5% Cr                                                             
                None       600                                                 
                              --    4.8   22.7     59   132                    
                                                        (4000 hr)              
     14   Fe/5% Cr                                                             
                Saturated  600                                                 
                              1.5   3.2   4.0      5.7  16.8                   
                Borax/MeOH                              (4000 hr)              
     15   Fe/3% Si                                                             
                None       600      2.3   4.6      (720 hr)                    
                                                   7.0                         
     16   Fe/3% Si                                                             
                Saturated  600                                                 
                              1.2   1.5   3.3      (720 hr)                    
                Borax/MeOH                         4.6                         
     17   Fe/10% Cr                                                            
                Boric Acid/                                                    
                           600                                                 
                               0.03 0.68  1.14     27                          
                MeOH -- M                 (66 hr)                              
     18   Fe/5% Al         600      flaking                                    
                                    3.6                                        
     19   Fe/5% Al                                                             
                Saturated  600                                                 
                              1.5   3.4                                        
                Borax MeOH                                                     
     20   Fe/10% Cr                                                            
                None       800                                                 
                              --    2.0   80 (40 hr)                           
     21   Fe/10% Cr                                                            
                Borax/MeOH 10.sup.-.sup.1 M                                    
                           800                                                 
                              0.4   1.2   1.3      1.4  2.0                    
     22   Fe/10% Cr                                                            
                Borax/MeOH 10.sup.-.sup.2 M                                    
                           800                                                 
                              0.05  0.6   6.0      10.0 17.0                   
     23   Fe/10% Cr                                                            
                Borax/water 10.sup.-.sup.2 M                                   
                           800                                                 
                              0.15  2.4   2.8      (500 hr)                    
                                                   60.0                        
     24   Fe/10% Cr                                                            
                Borax (10.sup.-.sup.1 M)H.sub.3 PO.sub.4                       
                           800                                                 
                              0.4   5.0   5.0      5.0  5.1                    
                (10.sup..sup.-2 M)MeOH                                         
     25   Fe/10% Cr                                                            
                Zn. borate 5%                                                  
                           800                                                 
                              0.4    0.84 1.0      1.5                         
                Suspension in MeOH                                             
     26   Fe/20% Cr                                                            
                None       800                                                 
                              --     0.74  1.21    1.56 2.42                   
     27   Fe/20% Cr                                                            
                Borax/10.sup.- .sup.1 M MeOH                                   
                           800                                                 
                              0.5   0.7   0.9      1.0  1.3                    
     28   Fe/20% Cr                                                            
                None       900                                                 
                              --    completely                                 
                                    oxidised                                   
                                    (24 hr)                                    
     29   Fe/20% Cr                                                            
                Saturated  900                                                 
                              4.0   18.7  19.75    21.4 (2.400hr)              
                                                             (3.700hr)         
                Borax/MeOH                              24.4 flaked            
     30   Fe/20% Cr                                                            
                None       1000                                                
                              --    36.0  (70 hr)                              
                                          140.0                                
     31   Fe/20% Cr                                                            
                10.sup..sup.-1 M                                               
                           1000                                                
                              5.2   20.0  60.0     (300 hr)                    
                Borax/MeOH                         140.0                       
     32   Stainless                                                            
                None       900                                                 
                              --    flaking                                    
          Steel Type                                                           
          304                                                                  
     33   Type 304                                                             
                (Saturated)                                                    
                           900                                                 
                              2.6   4.1   7.5      10.0 (2.600 hr)             
                Borax/MeOH                              17.0                   
     34   Type 304                                                             
                10% Sio.sub.2 in                                               
                           900                                                 
                              6.0   6.0   9.0                                  
                Saturated Borax/                                               
                MeOH                                                           
     35   Nimonic 90                                                           
                None       900                                                 
                              --    flaking                                    
     36   Nimonic 90                                                           
                10% Sio.sub.2 in                                               
                           900                                                 
                              12.0  12.0  12.5                                 
                Saturated Borax/                                               
                MeOH                                                           
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  Strips of 10 per cent chromium iron were dipped in 10.sup.- .sup.2 M
      aqueous sodium chloride solution so as to deposit 1.3 .mu. g/cm.sup.2 of
      sodium chloride. On oxidation in air at 800.degree..degree.C, the alloy
      was almost completely destroyed (oxide thickness about 130 .mu.m) in 20
      hours.
PAR  Similar strips dipped in a saturated solution of borax in methanol to which
      was added sodium chloride (10.sup.- .sup.2 M on solution) so as to deposit
      a thickness of 3.7 .mu.m were similarly oxidised in air at 800.degree.C to
      produce the following thickness of oxide.
TBL  ______________________________________                                    
     200 hrs  200 hr      1000 hr     2750 hr                                  
     30 .mu.m  36 .mu.m   36.5 .mu.m  36.7 .mu.m                               
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Strips of 10 per cent chromium iron were dipped in a saturated solution of
      borax in methanol dried and oxidised in flowing carbon dioxide at
      600.degree.C (pressure, 1 atmosphere).
PAR  The thickness of scale were as follows
TBL           deposit                                                          
              thickness 119 hr    1115 hr                                      
     ______________________________________                                    
     No inhibitor                                                              
                --          46.2 .mu.m                                         
                                      86.9 .mu.m                               
     borax      1.6 .mu.m   13.2 .mu.m                                         
                                      26.6 .mu.m                               
     ______________________________________                                    
PAR  The results given in the example are briefly discussed below.
PAR  It will be realised that when material is lost by etching or by detachment
      of oxide, the calculation of thickness of films is unrealistic.
      Furthermore, the scale thickness developed on oxidation include the
      thickness of the original deposit of the inhibitor.
PAR  The degree of protection conferred by the process of the invention depends
      on the chromium content of the alloy. Thus the improvement obtained at
      600.degree.C with mild steel (Example 1 Tests 9 and 10); 1% Chromium iron
      alloy (Example 1 Tests 11 and 12) and Fe/Si and Fe/Al alloys (Example 1
      Tests 15, 16, 18 and 19) were comparable with that claimed in the prior
      art. The improvement with 5% Cr. iron was substantial and with the iron
      alloys containing 10 and 20% Cr., the useful operating temperature
      increases steadily with increasing chromium content.
PAR  The protection obtained with polar organic solutions is considerably better
      than that obtained with aqueous solutions both with added borate and
      phosphoric acid.
PAR  The process of the invention prevents flaking on alloys normally subject to
      this defect and therefore the comparisons may be somewhat unfavourable to
      the alloy protected by the process of the invention.
PAR  The results given in Examples 2, 3 and 4 show that the process of the
      invention may be applied to reduce oxidation which occurs in atmospheres
      other than air, for instance in carbon dioxide, vitiated combustion
      atmospheres and with salt laden atmospheres.
PAR  Many of the tests have been continued for some 20,000 hours with little
      change in scale thickness beyond those quoted. In one test, owing to a
      failure of the temperature control of the furnace, the specimens were
      heated to about 1000.degree.C for 33 hours after having been heated for
      about 10,000 hours at 800.degree.C without any deleterious effects. A
      similar alloy when heated at 900.degree.C had a useful life of only 13
      hours at 900.degree.C and it would seem that the heat resisting capability
      of the protective layer improves considerably during service.
PAR  Scale thicknesses developed by the process of the invention are for the
      most part very small, and scales usually grow only for a short time, with
      almost complete absence of subsequent growth. Scales are smooth, adherent,
      and resistant to damage, and deliberately inflicted damage does not lead
      to failure. Specimens were withdrawn from the furnace at intervals: some
      have been temperature-cycled 25 times with no apparent effect.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the protection of the surface of an article, said surface
      being an iron or nickel alloy which contains at least 1 per cent by weight
      of chromium, against high temperature oxidation comprising contacting the
      same article with a solution or a suspension of a material selected from
      the group consisting of borax, sodium metaborate, zinc borate and boric
      acid, in a volatile polar organic solvent, whereby, after removal of the
      solvent, a film weighing at least 3 .mu.g/cm.sup.2 of the said material is
      deposited on the surface of the article.
NUM  2.
PAR  2. A process according to claim 1 wherein the chromium is present in the
      alloy in the range 3 to 30 per cent by weight.
NUM  3.
PAR  3. A process according to claim 1 wherein the borate is borax.
NUM  4.
PAR  4. A process according to claim 1 wherein the polar organic solvent is
      selected from the group consisting of methyl alcohol, ethyl alcohol,
      n-propyl alcohol, iso-propyl alcohol, n-butyl alcohol, iso-butyl alcohol,
      t-butyl alcohol, acetone, methyl ethyl ketone, 1,4 dioxane and ethylene
      glycol.
NUM  5.
PAR  5. A process according to claim 1 wherein the solution or suspension of a
      borate contains additionally silica or tetraethylorthosilicate.
NUM  6.
PAR  6. An iron or nickel alloy treated by the process of claim 1.
NUM  7.
PAR  7. A process for retarding the production of a scale by oxidation at a
      temperature of 600.degree.C or above on an iron or nickel alloy containing
      at least 1 per cent by weight of chromium which comprises coating the
      surface of the alloy with a material selected from the group consisting of
      borax, sodium metaborate, zinc borate and boric acid, in a polar solvent
      and removing the solvent to leave a film weighing at least 3
      .mu.g/cm.sup.2 of the borate on the surface of the alloy.
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ABST
PAL  This invention relates to processes and techniques for forming either
      coatings or self-supporting films from polymeric powders which melt at
      high temperatures (&gt;150.degree. C.) and cannot be made to fuse with the
      application of high temperatures. In particular, polyparabanic acid films
      and coatings are prepared from polyparabanic acid powders, utilizing
      vapors and mists of certain aprotic dipolar solvents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Coating surfaces with polymers is usually done by evaporating the solvent
      from a solution of the polymer on a surface or by thermally fusing a
      powder coating which has been applied by some method such as electrostatic
      spraying. The former technique requires relatively large volumes of
      solvent, because the solids content of solutions are usually 10-50%.
      Fusing powder coatings is receiving wider acceptance, because no solvent
      is required and very little polymer is lost in the process.
PAR  Polymers which have limited solubilities or whose solutions have unusually
      high viscosities at relatively low solids content are not practically
      suited for deposition from solutions. In addition, polymers which soften
      at high temperatures or cross-link rather than fuse or decompose at
      temperatures close to their softening points cannot be used, or find
      limited use in techniques whereby a dry powder coating is thermally fused
      into a continuous film.
PAR  For certain commonly used low melting thermoplastics such as
      polyvinylchloride and polyacrylates, powder coalescing techniques have
      been described, e.g. U.S. Pat. No. 3,676,171, and U.S. Pat. No. 3,676,172.
      Nevertheless, the techniques described in those patents are only
      applicable to a certain class of thermoplastics which soften at relatively
      low temperatures. Furthermore, the solvents used are not especially
      persistent and can be removed with considerable ease as opposed to the
      solvents used in the technique of the invention. In addition thereto, the
      conditions of use of the coalesing techniques of the art are different
      than that which will be described herein.
PAC  SUMMARY OF THE INVENTION
PAR  Powdered polyparabanic acid polymers can be formed into adherent coatings
      or self-supported films by a process comprising the application of
      powdered polyparabanic acid to a substrate followed by contact with
      relatively small portions of a suitable solvent followed by removal of the
      solvent to leave either an adherent coating or a self-supporting film.
PAC  DESCRIPTION OF THE INVENTION WITH PREFERRED EMBODIMENTS
PAR  This invention describes a technique for coating wires, cables, fabrics,
      solid surfaces, etc., with polymers, particularly with polymers which have
      high softening points and/or decompose or undergo undesirable changes at
      temperatures close to their softening points. The technique involves the
      following three general steps.
PA1  1. Deposit a coat of the polymer powder onto the surface by methods such as
      electrostatic spraying or by dipping the article to be coated into an
      electrostatically charged fluidized bed of the polymer powder.
PA1  2. Expose the powder coating to a spray, mist, fog, or vapors of a suitable
      solvent. An atmosphere saturated with warm solvent vapors is particularly
      suitable.
PA1  3. Heat the solvent-wetted powder coating to soften, plasticize, and
      coalesce the powder and then heat to evaporate the solvent.
PAR  A production line assembly of a powder coating unit, polymer-wetting unit,
      and evaporation unit can be set up to make the process continuous. The
      solvent vapors from the evaporation unit can be circulated back to the
      polymer-wetting unit so that a relatively small volume of solvent can be
      used for large quantities of polymer. If a spray or mist of solvent is
      used instead of solvent vapors to wet the powder coating, the solvent
      vapors from the evaporation unit could be condensed and circulated back to
      the spray or misting apparatus. This would prevent escape of such solvent
      vapors.
PAR  Objects may be coated several times by multiple passes through the three
      units to build up a (pin-hole free) coating. This will probably be
      required for wire and cable. (Multiple passes are frequently used when
      coating wires from polymer solutions).
PAR  In addition, wire and cables can be coated with successive layers of
      different polymers by using a separate assembly of the three types of
      units for each polymer. Use of a common solvent permits the use of common
      polymer-wetting and heating and drying units for all the polymer coatings.
PAR  If different polymers are used for each coating, it is advantageous to use
      a solvent for the second layer of polymer powder coating which would not
      attack or soften the preceding polymer coating. In this way successive
      layers of two or more polymers can be applied. They can be color coded for
      easy identification.
PAR  Flat, curved, and bent objects can also be coated by this general
      procedure.
PAR  This coating technique can also utilize a batch type process in which
      individual pieces are powder coated, wetted with a suitable solvent, and
      then heated to coalesce the powder and subsequently evaporate the solvent.
PAR  This technique offers the following advantages over solution coating
      techniques.
PA1  Low solvent requirements; the solvent can be recycled.
PA1  Shorter drying times, because less solvent must be evaporated.
PA1  Solution preparation is not necessary.
PA1  Applicable to polymers which have high softening points and/or decompose or
      undergo undesirable changes (such as forming a powdery char) at
      temperatures close to their softening points.
PA1  Thick (up to 20 mils) coatings may be made using thick powder coatings
      and/or multiple passes.
PAR  Polymers which can be applied as coatings by this technique include
      poly(parabanic acids), poly(iminoimidazolidinediones), polyimides,
      polysulfones, polyesters, polyamides, polyhydantoins,
      poly(iminohydantoins), poly(benzimidazole), poly(oxadiazoles), etc. The
      powders should be 1-500, preferably 5-100, microns in size. Course, large
      particles usually form rough irregular coatings. Smooth coatings and films
      are formed from fine particles.
PAR  Acceptable films can be made with powders up to 500 microns in size;
      however, preferably the size is 1 to 50 microns.
PAR  Solvents for wetting the powder coatings include dimethylformamide,
      dimethylacetamide, dimethyl sulfoxide, N-methyl pyrrolidone, cresol,
      butyrolactone, cyclohexanone, cyclopentanone, dioxolane, and/or any
      solvent which will wet the polymer powder coating and soften the polymer
      so it will coalesce into a continuous phase when heated.
PAR  The temperature at which the wetted polymer powder coating may be softened
      and fused together and the temperature required to evaporate all of the
      solvent from the polymer film will be determined by the polymer, the
      solvent, and the energy required to separate the solvent from the polymer
      coating. The temperature required to evaporate the solvent is higher than
      that required for coalescence to occur.
PAR  The particularly preferred polymers for the purpose of this invention, are
      poly(iminoimidazolidinediones) and polyparabanic acids, which have been
      described in several issued patents by the present inventor. Illustrative
      are U.S. Pat. No. 3,547,897 and U.S. Pat. No. 3,661,859, which are
      incorporated by reference in their entirety.
PAR  Self-supporting films can be formed by using the above technique to coat a
      surface to which the final coating will not adhere. Thus, a substrate can
      be coated with polytetrafluorethylene or a silicone releasing agent to
      permit easy removal of the film. Films can be formed on a drum which, when
      rotating, would pass through a powder coating section, a powder-wetting
      section, and a softening, coalescing, and drying section, and then
      stripped off.
PAR  Another continuous film forming operation would include a continuous belt
      (coated with a releasing agent if necessary) passing sequentially through
      a powder coating chamber, a powder-wetting chamber, and a drying oven
      wherein the softening, coalescing, and complete drying of the film occurs.
PAR  The finished film would then be stripped from the belt and, if necessary,
      passed through an additional drying oven or through an orientation process
      before being wound up on a spool.
PAR  Advantages of the technique of the invention are:
PA1  1. Large volumes of solvent to make solutions for film casting are not
      needed.
PA1  2. Solution preparation is eliminated.
PA1  3. Solvent vapors can be recirculated from the drying oven to the
      powder-wetting chamber without condensation if solvent vapors are used to
      wet the powder.
PA1  4. Shorter drying times than in solution casting because less solvent is
      used.
PA1  5. Thicker films (5 mils or greater) can be made and dried by this
      technique (compared to solution casting).
PA1  6. Films can be made from higher molecular weight polymers than could be
      made by solution casting techniques, because the viscosity of solutions of
      high molecular weight polymers is usually very high when the solids
      contents are in the desired range. Powder coating is independent of
      polymer molecular weight.
PAR  Flexible circuit boards can be formed, utilizing the process of the
      invention, by powder coating a release-agent-coated substrate on which was
      first placed a pre-cut circuit. The powder coating will cover the pre-cut
      circuit as well as the exposed areas of the substrate. Subsequent exposure
      to solvent vapors and heating will form a circuit board.
PAR  Another highly significant advantage of this invention is the utilization
      of other compatible powdered polymeric materials or blends of powdered
      polymeric materials which are soluble to approximately the same degree in
      the solvent used so that when these powders coalesce, solid blends result,
      which can have a wide variety of divergent properties.
PAR  The polyparabanic acids and other high-performance, high-temperature
      polymers which can be used in this invention have particular applicability
      for coatings in process tank linings and in pipes.
PAR  Electrostatic fluid bed techniques can be used for this purpose. Organic
      materials have been used for some time to line process tanks and pipes.
      But they suffer from various disadvantages. Primary among these is their
      lack of resistance to organic solvents at high temperatures. Polyparabanic
      acid polymers are exceptionally resistant to most organic materials at
      very high temperatures, e.g. in the 400.degree. F. range. Coatings such as
      fluorocarbons which do have excellent resistance to most chemicals are not
      used as linings in chemical engineering processes for several reasons. One
      of these is that they have high permeability in thin films. The other is
      that they are difficult to permanently adhere to most substrates.
PAR  In contrast, the polyparabanic acids of the invention do not suffer from
      these disadvantages. The excellent adhesiveness of the polyparabanic acids
      to metal and most other substrates is a function of the presence of polar
      atoms in the structure.
PAR  However, the exceptional adhesiveness noted with the use of the solvent
      vapor technique of the invention is attributable to the fact that the
      solvents not only coalesce the polymer to cause it to flow into a uniform
      coating, but they also solvate the surface of the substrate. This results
      in excellent wetting and contact between the polymer and the substrate
      surfaces and permits the adherence of PPA coatings to all types of metals,
      plastics and other substrates. This is a very important advantage.
DETD
PAR  The invention will be further illustrated by the following examples:
PAC  EXAMPLE 1
PAR  The following four experiments demonstrate the failure of a dry PPA coating
      to be formed when powder-coated sheets of steel and aluminum were heated
      in an oven at 315.degree. C., and the successful coating of similar metal
      sheets with PPA when the powder coats were first exposed to vapors of
      different solvents. Small (2 .times. 4 inch) sheets of steel and aluminum
      were coated with (PPA, softening point: 289.degree. C.) by electrostatic
      spraying. The powder-coated sheets were treated as follows:
PA1  a. Heated in an oven at 315.degree. C. for 1 hour and 24 hours. The result
      was a powdery infusible coating in each case. The powder was very dark but
      not a carbonaceous char.
PA1  b. The powder-coated plate was immersed in hot vapors of dimethylformamide
      until the coating appeared wetted. The powder did not coalesce into a film
      until it was heated. After heating in an oven 20 minutes at 150.degree. C.
      a smooth transparent, continuous, adherent, coating formed.
PA1  c. The powder-coated plate was sprayed with a fine mist of
      dimethylformamide from an atomizer until it appeared to be wetted. As in
      Example (b), the powder did not coalesce into a continuous film until
      heated at 150.degree. C. It then formed a clear smooth continuous,
      adherent coating on the metal surface.
PA1  d. The powder-coated plates were sprayed with a cyclopentanone mist from an
      atomizer until the coating was wetted. It was then heated at 120.degree.
      C. to form a transparent smooth continuous adherent film.
PAR  NOTE: In each case the powder coatings were heated at a temperature
      slightly below the boiling point of the particular solvent used for
      wetting: DMF, b.p. 153.degree. C.; cyclopentanone, b.p. 130.degree. C.
PAR  The "wetted" coating did not contain droplets of solvent, rather the
      solvent was absorbed into the powder and changed the appearance of the
      latter.
PAC  EXAMPLE 2
PAR  An aluminum sheet was powder-coated with (PPA, inherent viscosity = 2.15;
      particle size .ltoreq. 50 microns) using an electrostatic spray gun.
PAR  The coating was exposed to vapors of dimethylformamide about 2 inches above
      the surface of the boiling solvent. After the coating was wetted it was
      placed in an oven at 150.degree. C. for 15 minutes. A smooth transparent
      hard coating was formed.
PAC  EXAMPLE 3
PAR  This example was carried out exactly as described in Example 2, except that
      a mist of N-methylpyrrolidone from an atomizer was used to wet the powder
      coating. After heating 15 minutes at 150.degree. C. the coating also
      formed a hard clear continuous film.
PAC  EXAMPLE 4
PAR  Examples 2 and 3 were repeated using a PPA powder with an inherent
      viscosity of 2.06 and a softening point of 298.degree. C. (particle size:
      100-200 microns). Continuous clear coatings were formed when
      dimethylformamide and N-methylpyrrolidone were used to wet the powder
      coatings. The coatings were more irregular (rougher) than those made from
      the finer PPA powder in Examples 2 and 3.
PAC  EXAMPLE 5
PAR  This example demonstrates the formation of flexible circuit boards using
      the technique of the invention as follows:
PAR  Stainless steel plates (6 .times. 6 inches) were coated with "Fre Kote", a
      commercial release agent. Then half inch wide strips of copper foil were
      taped around the plates to simulate a circuit.
PAR  The plate and copper strips were then powder coated with a PPA powder
      (particle size .ltoreq. 50 microns) using an electrostatic spray gun.
PAR  Then the powder coat was wetted with a fine mist of N-methyl pyrrolidone
      from an atomizer. It was heated in an oven at 150.degree. C. for 20
      minutes. The smooth film was easily removed from the steel plate with the
      copper foil firmly adhered to it.
PAC  EXAMPLE 6
PAR  Example 5 was repeated except that a thicker powder coating of PPA was
      used. It was sprayed with a mist of dimethylsulfoxide. The resulting film
      was dried 15 minutes at 200.degree. C. A clear smooth film to which was
      adhered copper strips was formed.
PAC  EXAMPLE 7
PAR  The procedure of Example 6 was repeated using a PPA powder formed from
      diphenyl ether diisocyanate. The film formed was clear but not as smooth
      as that using the more finely divided PPA of the previous examples which
      was formed from diphenyl methane diisocyanate (powder size of PPA: 100-200
      microns).
PAC  EXAMPLE 8
PAR  This example demonstrates the formation of self-supporting films.
PAR  An aluminum sheet (12 .times. 15 inches) was precoated with "Fre Kote", a
      commercial release agent.
PAR  It was then coated with PPA powder (particle size: .ltoreq. 50 microns) by
      electrostatic spraying. The powder coat was wetted with a fine mist of
      N-methyl pyrrolidone from an atomizer and then heated 15 minutes at
      150.degree. C. A clear continuous self-supporting film having the same
      dimensions as the aluminum substrate was formed.
PAC  EXAMPLE 9
PAR  Example 8 was repeated except dimethylsulfoxide was used as the solvent.
      The wetted powder coat was heated 15 minutes at 175.degree. C.
PAC  EXAMPLE 10
PAR  Small (5 inch diameter) aluminum pans were powder coated with PPA as
      described for the metal sheets in Example 3. It was similarly wetted with
      N-methyl pyrrolidone and heated at 150.degree. C. The pans had smooth
      clear coating of PPA.
PAC  EXAMPLE 11
PAR  Example 10 was repeated using powdered PPA formed from diphenyl ether
      diisocyanate. Separately coated pans were wetted with dimethylsulfoxide
      and N-methylpyrrolidone before they were heated. The pans were coated with
      a clear film of this PPA; however, the coatings were not as smooth as that
      made with the more finely divided PPA in Example 10.
PAC  EXAMPLE 12
PAR  Both wire and cable were coated with PPA using the techniques described
      above. The PPA powder (particle size .ltoreq. 50 microns) was
      electrostatically sprayed onto both the wire and cable. The coated wires
      and cables were exposed to warm vapors of dimethylsulfoxide and then
      heated 15 minutes at 200.degree. C. The results obtained with various
      wires and cables are described below.
PA1  a. Small diameter (1/16 inch) copper wire was uniformly coated with a film
      of PPA after one pass. Successive passes of the wire through a
      powder-coating, wetting, and heating chambers increased the thickness of
      the coating and eliminated pin-holes.
PA1  b. A square (3/32 inch on each side) copper wire was uniformly coated with
      a film of PPA which was thicker after one pass than that formed on the
      small diameter wire in (a), because the powder coat was thicker.
PA1  c. Cable copper wire (10 strands per cable) was coated using the techniques
      described above in (b) and (c).
PAR  None of the wire and cable coatings cracked when the wires were bent back
      on themselves.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing structures from solid polymeric materials having
      repeating heterocyclic rings of the following structure:
      ##EQU1##
      where X is NH or O, which comprises depositing a layer of a fine powder of
      said polymer on a supporting substrate and subjecting said powder layer on
      said substrate to the action of the vapor or spray or mist or fog, of a
      aprotic dipolar solvent for said powder until said powder particles are
      wetted with not more than 25 wt. % with solvent, subsequently heating the
      wetted powders to cause said powder to flow and coalesce below the boiling
      temperature of said solvent and subsequently heating the resulting coating
      to remove the absorbed solvent and cause said film to adhere tightly to
      said substrate unless said substrate has been treated or selected so as
      not to have an affinity for said polymer.
NUM  2.
PAR  2. A method according to claim 1 wherein said polymer is a polyparabanic
      acid made from diphenyl methane diisocyanate.
NUM  3.
PAR  3. A method according to claim 1 wherein said polymer is a
      poly(iminoimidazolidinedione).
NUM  4.
PAR  4. A method according to claim 1 wherein said solvent is dimethylformamide.
NUM  5.
PAR  5. A method according to claim 1 wherein said solvent is cyclopentanone.
NUM  6.
PAR  6. A method according to claim 1 wherein said solvent is dimethylsulfoxide.
NUM  7.
PAR  7. A method according to claim 1 wherein said solvent is
      N-methylpyrrolidone.
NUM  8.
PAR  8. A method according to claim 1 where the resulting film is over 5 and up
      to 20 mils in thickness.
NUM  9.
PAR  9. A method according to claim 1 wherein said polymer has a molecular
      weight of 35,000 to 300,000.
NUM  10.
PAR  10. A method according to claim 1 wherein said substrate is metallic.
NUM  11.
PAR  11. A method according to claim 10 wherein said substrate is ferrous metal.
NUM  12.
PAR  12. A method according to claim 11 wherein said metal is steel.
NUM  13.
PAR  13. A method according to claim 10 wherein said metal is nonferrous.
NUM  14.
PAR  14. A method according to claim 13 wherein said metal is copper.
NUM  15.
PAR  15. A method according to claim 13 wherein said metal is aluminum.
NUM  16.
PAR  16. An article of manufacture comprising a substrate and a strongly
      adherent film thereto of polyparabanic acid, which film has been placed on
      said substrate by the method of claim 1 and utilizes no supplementary
      adhesives.
NUM  17.
PAR  17. An article according to claim 16 wherein said substrate contains a
      major quantity of copper.
NUM  18.
PAR  18. An article according to claim 16 wherein said substrate is a ferrous
      metal.
NUM  19.
PAR  19. A method according to claim 1 wherein said substrate has been selected
      or treated so as not to have an affinity for said polymer.
NUM  20.
PAR  20. A self-supporting article made by removing the coating made according
      to the process of claim 19.
NUM  21.
PAR  21. A process according to claim 1 wherein said substrate is a wire.
NUM  22.
PAR  22. A process according to claim 1 wherein said substrate is a cable.
NUM  23.
PAR  23. A method according to claim 1 wherein said polymer is a polyparabanic
      acid made from diphenyl ether diisocyanates.
NUM  24.
PAR  24. A method according to claim 1 where the resulting film is 0.5 to 5 mils
      thick.
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ABST
PAL  A water soluble product suitable for rendering textile materials fire
      retardant is produced by condensing a poly
      (.alpha.-hydroxyalkyl)phosphorus compound of the formula
EQU  (RCHOH).sub.n (RCHR').sub.4.sub.-n P-Y
PAL  or
EQU  (RCHOH).sub.m (RCHR').sub.3.sub.-m P
PAL  and a nitrogen compound of the formula RNH.sub.2, HO--R"NH.sub.2 or
      ##EQU1##
      wherein R is hydrogen or alkyl of 1 to 3 carbon atoms,
PA1  R' is OR or
      ##EQU2##
      R" is alkylene of 1 to 3 carbon atoms, Y is at least one anion selected
      from the group consisting of chloride, sulfate, phosphate, acetate and
      formate,
PA1  n is an integer from 2 to 4, and
PA1  m is an integer from 2 to 3,
PAL  The phosphorus compound being present in about 0.5 to 6 times the molar
      amount of the nitrogen compound.
PAL  Advantageously the phosphorus compound is a
      tetrakis(hydroxy-methyl)phosphonium salt or a tris(hydroxymethyl)
      phosphine and is present in about 1 to 3 times the nitrogen compound which
      is preferably ammonia. The condensation product, dissolved in water, is
      padded onto a fabric, preferably a polyester-cotton blend, which is
      thereafter dried and cured thermally and/or chemically. The fabrics are
      fire retardant even after multiple launderings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to novel water soluble condensation products
      of methylol phosphorus compounds with nitrogen compounds, to the processes
      of using these water soluble materials to produce flame-retardant textile
      materials and to the flame-retardant textile materials so produced.
PAR  The practice of treating textile materials for flame retardance has assumed
      increasing importance with the adoption of federal, state and municipal
      legislation designed to protect the public from unreasonable hazards of
      flammable textile products.
PAR  The compound tetrakis(hydroxymethyl) phosphonium chloride is known to be a
      basis for flame-retardant finishes for cellulosic fabrics. Reeves and
      Guthrie in U.S. Pat. No. 2,809,941 used a solution of
      tetrakis(hydroxymethyl)phosphonium chloride, melamine-formaldehyde resin
      and urea to treat cotton fabrics by a pad-dry-cure method. This treatment
      and slight modifications of it have been used commercially to give cotton
      fabrics flame-retardance durable to multiple launderings. The treatment,
      however, causes high fabric strength losses and makes the fabrics too
      stiff to use except for certain areas such as industrial cotton work
      clothing and tent liners.
PAR  Reeves and Guthrie in their later-filed U.S. Pat. No. 2,772,188 disclosed
      an improved process for forming an insoluble polymer of
      tetrakis(hydroxymethyl)phosphonium chloride in cellulosic fabrics by what
      is known as a chemical cure. In water there was made a pre-polymer of
      tetrakis(hydroxymethyl)phosphonium chloride and either methylolmelamine or
      urea or phloroglucinol. This solution was padded onto cotton fabric. The
      fabric was dried and then treated with ammonia (chemical cure) to produce
      an insoluble polymer in and on the fabric. The fabric was fire retardant.
PAR  Coates in U.S. Pat. No. 2,983,623 improved on this process by using a
      chemical cure which consisted of treating impregnated fabric first with
      gaseous ammonia and then with aqueous NH.sub.3. Pre-condensates were made
      by refluxing tetrakis(hydroxymethyl) phosphonium chloride in water
      containing either urea, melamine, a urea and thiourea mixture,
      dicyandiamide or guanidine. Water solutions of the pre-condensate were
      padded onto cotton fabric. The fabric was dried and subsequently put first
      into a gaseous ammonia chamber and then into an aqueous solution of
      ammonia to form an insoluble polymer in and on the fabric. This fabric was
      flame-retardant. The particular process using a
      tetrakis(hydroxymethyl)phosphonium chloride-urea pre-condensate has become
      commercial and is known as the "Proban"  process. It is adequate for
      cellulosic textiles, but is not satisfactory for polyester-cotton blend
      fabrics.
PAR  Coates and Chalkey in U.S. Pat. No. 3,236,676 further simplified the
      process by using tetrakis(hydroxymethyl)phosphonium salts (abbreviated THP
      salts) neutralized with a base such as NaOH to a pH between 3 and 9.5
      instead of the tetrakis(hydroxymethyl)phosphonium chloride-urea
      precondensate. Fabric was padded with the neutralized THP salt, dried and
      given a heat cure sufficient to fix the THP salt on the fabric.
      Subsequently the fabric was treated with ammonia to form an insoluble
      polymer in and on the fabric.
PAR  Beninate et al. in U.S. Pat. No. 3,607,356 improved on this process by
      omitting the heat cure to fix the THP salt prior to the treatment with
      gaseous ammonia. They neutralized THP salt with a base such as NaOH to a
      pH of about 7.5 to 7.9. They called this neutralized product THPOH. In
      reality a solution of THP salt neutralized in this way consists mostly of
      tris(hydroxymethyl)phosphine (Reeves et al., Textile Chemist and Colorist
      2, 283-285 (1970)). Cotton fabric was padded with an aqueous solution of
      this "THPOH" and dried to a moisture content of about the normal cotton
      moisture regain, or a little higher. This fabric was then subjected to an
      atmosphere of dry, gaseous ammonia to form an insoluble polymer in and on
      the fabric. They claimed this process would give flame-retardance not only
      to cellulosic fabrics and wool but also to polyester-cotton blends. This
      process has been commercialized and is adequate for cotton fabrics, but
      does not give adequate flame-retardance to a polyester-cotton blend
      containing more than 20% polyester.
PAR  LeBlanc and Gray (Textile Chemist and Colorist 3, 263-265  (1971)) did a
      study on the application of THPOH finish to polyester-cotton blends. They
      found that it is possible to give a minimum level of fire-retardance to
      blends which have no more than 12.5-25% polyester. Even at these levels of
      polyester, the treated fabrics were excessively stiffened by the
      treatment.
PAR  Tesoro (Textile Chemist and Colorist 5, 235-238 (1973) and
      NTIS-COM-73-11265) concluded that a satisfactory flame-retardant system
      for polyester-cotton should contain phosphorus and bromine and that the
      presence of nitrogen is not important.
PAR  Ciba-Geigy Corporation has disclosed developmental product, Pyrovatex 3762,
      for making polyester-cotton blends flame retardant (John Leddy and Rene
      Eckert, "Durable Flame Retardant Finishing of Cotton and Polyester-Cotton
      Blends", Proceedings of the 1973 Symposium on Textile Flammability,
      LeBlanc Research Corporation, East Greenwich, R.I.) From German
      Specification DOS 2,136,407 it appears the product, a "phosphonium
      oligomer" is a water-soluble self-condensation product of
      tetrakis(hydroxymethyl)phosphonium chloride. It can be applied to
      polyester-cotton blends by a pad-dry-cure-afterwash process. The padding
      solution contains the self-condensation product Pyrovatex 3762, a
      dimethylolmelamine, urea, a softener and a wetting agent. The Pyrovatex
      3762 has a highly objectionable phosphine-type odor during fabric
      processing and the processed fabrics are very stiff.
PAR  In British Pat. No. 761,985 ammonia is condensed with a THP salt but the
      product is a water-insoluble polymeric solid and is employed to treat
      cellulosic material as an emulsion in water.
PAR  In Chemical Abstracts Vol. 79 (1973) 20256x there is abstracted German DOS
      2,242,681 which self-condenses tetrakis(hydroxymethyl)phosphonium chloride
      to remove water and leave a polymer which, with urea, forms a dispersible
      material for addition to viscose spinning dopes. In Chemical Abstracts
      Vol. 79 (1973) 20258z there is abstracted German DOS 2,242,682 wherein
      THPC is condensed with an amine such as dodecylamine in xylene to give a
      condensate. In Chemical Abstracts Vol. 79 (1973) 93383w there is
      abstracted German DOS 2,255,113 wherein THPC is simultaneously reacted
      with ammonia and urea. None of these treatments, however, is believed to
      be commericial.
PAR  Thus, while 50--50 or 65-35 polyester-cotton blend fabrics comprise about
      one-third of the total textile fabrics currently produced in the United
      States, at the present time there is no commercially available finish for
      flame-retarding such polyester-cotton blends. One of the problems is that
      the polyester polymer fiber has no reactive groups on it such as the
      hydroxyl groups on the cellulose polymer. When the polyester content of a
      fabric approaches 50%, the number of available hydroxyl groups on the
      fabric is decreased to such an extent that it becomes difficult to attach
      flame-retardant compounds onto the fabric. While Pyrovatex 3762 has more
      reactive methylol groups per molecule than do THP salts so that it can be
      polymerized with a resin such as dimethylolmelamine with a higher
      efficiency than THP salts, its disadvantages have been outlined
      hereinabove.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide
      compositions useful for flame retarding textile materials, especially
      polyester-cotton textile fabrics.
PAR  It is a further object to provide processes by which said compositions are
      used to flame retard textile materials.
PAR  It is a further object to provide flame retardant textile materials.
PAR  The materials or substrates to which this invention is applicable include
      textiles or webs formed of cotton, linen, regenerated cellulose, rayon,
      partially etherified and esterified cellulosic materials; textile blends
      of these fiber types with other fibers, such as polyester, nylon,
      acrylics, modacrylics, vinyon, wool, silk, etc.; other forms of cellulose
      such as wood and paper products; and proteinaceous textiles such as wool
      and silk. The textile materials may be in the form of fibers, yarns,
      fabrics (woven, non-woven, and knitted), webbings, and the like.
PAR  These and other objects are realized in accordance with the present
      invention pursuant to which there is provided a water soluble condensation
      product of a poly(.alpha.-hydroxyalkyl)phosphorus compound of the formula
EQU  (RCHOH).sub.n (RCHR' ).sub.4.sub.-n P-Y
PAL  or
EQU  (RCHOH).sub.m (RCHR' ).sub.3.sub.-m P
PAL  and a nitrogen compound of the formula RNH.sub.2, HO--R"NH.sub.2 or
      ##EQU3##
      wherein R is hydrogen or alkyl of 1 to 3 carbon atoms,
PA1  R'  is OR or
      ##EQU4##
      R"  is alkylene of 1 to 3 carbon atoms, Y is at least one anion selected
      from the group consisting of chloride, sulfate, phosphate, acetate and
      formate,
PA1  n is an integer from 2 to 4, and
PA1  m is an integer from 2 to 3,
PAL  the phosphorus compound being present in about 0.5 to 6 times the molar
      amount of the nitrogen compound.
PAR  Illustrative poly(.alpha. -hydroxyalkyl)phosphorus compounds are
      tetrakis(hydroxymethyl)phosphonium chloride, other
      tetrakis(hydroxymethyl)phosphonium salts,
      tetrakis(.alpha.-hydroxyethyl)phosphonium acetate, and the like, and
      especially tris(hydroxymethyl)phosphine.
PAR  Illustrations of suitable nitrogen compounds are NH.sub.3, methylamine,
      ethylene diamine, ethanolamine, N,N-dimethylpropylene diamine, and the
      like. The preferred compounds are methylamine, and especially NH.sub.3,
      because of their low cost and simplicity.
PAR  The ratio of the poly(.alpha.-hydroxyalkyl) phosphorus compound to the
      nitrogen compound must be carefully controlled to maintain water
      solubility and prevent the formation of insoluble polymers. This ratio
      varies to some extent with the particular
      poly(.alpha.-hydroxyalkyl)phosphorus compound and the particular nitrogen
      compound used for the preparations. In general the mole ratio of the
      poly(.alpha.-hydroxyalkyl)phosphorus compound to the nitrogen compound
      should be in the range of about 6:1 to 0.5:1, preferably about 3:1 to 1:1,
      to make a water soluble product which is useful for treating textiles for
      fire retardance.
PAR  In general the reaction is performed by dissolving the
      poly(.alpha.-hydroxyalkyl) phosphorus compound in water and slowly adding
      to this solution the nitrogen compound with stirring to avoid formation of
      undesirable, useless insoluble polymer.
PAR  If the two compounds reacted were tetrakis(hydroxymethyl)phosphonium
      chloride and NH.sub.3, some of the NH.sub.3 would be consumed in
      neutralizing the acidity of some of the THP salt simultaneously while it
      reacted with the hydroxymethyl phosphine moiety. When this latter reaction
      occurs, the chemical linkages will be
      ##EQU5##
      in the water soluble condensation product formed. The same type of
      structure would be formed if one started with tris(hydroxymethyl)
      phosphine and ammonia or tris(hydroxymethyl)phosphine and methylamine, for
      example. The preferred phosphorus reactant is
      tris(hydroxymethyl)phosphine, desirably added as such or optionally formed
      in situ by first neutralizing a tetrakis-(hydroxymethyl)phosphonium salt
      preferably with a strong alkali such as sodium hydroxide, followed by
      reaction with the preferred nitrogen compound, vis. ammonia. When starting
      with the phosphine, it is often desirable to include formaldehyde in
      approximately equimolar amount or glyoxal in half that quantity. Unlike
      use of tetrakis(hydroxymethyl)phosphonium salts, there is no anion
      present, such anions sometimes resulting in discoloration of the textile
      material and sometimes necessitating a bleaching step. Alternatively,
      precursors or liberators of formaldehyde may be used in place of the
      corresponding amounts of formaldehyde per se, e.g. paraformaldehyde,
      hexamethylene tetramine, and the like. In using hexamethylene tetramine it
      also serves as a source of ammonia.
PAR  These condensation products are water soluble materials which remain stable
      for 6 months or longer without any insoluble polymer being formed. They
      are different from the starting materials as can easily be demonstrated by
      infrared spectroscopy, thin layer chromatography and other analytical
      techniques well known to those skilled in the art.
PAR  The reaction is preferably effected in aqueous media, thereby directly to
      form aqueous solutions which can be applied to textiles, optionally after
      addition of further agents and/or further dilution with water. The amount
      of water during reaction advantageously is sufficient to form a solution
      having a water concentration of more than about 20% by weight and
      advantageously about 25 to 60% by weight.
PAR  The water soluble condensation products of this invention include the
      structure
      ##EQU6##
PAR  By contrast the Proban structure described hereinabove, made from refluxing
      tetrakis(hydroxymethyl)phosphonium chloride and urea, includes the
      grouping
      ##EQU7##
      The Ciba-Geigy Pyrovatex 3762 product has the structure
      ##EQU8##
PAR  Because the novel products are water soluble and of higher molecular weight
      than THP salts, they have much less tendency to migrate to the surface of
      textiles when treated textiles are dried. Their aqueous solutions result
      in more uniform application of the active material than do applications of
      aqueous dispersions of water insoluble materials.
PAR  The water soluble condensation products of this invention contain methylol
      groups attached to phosphorus which are capable of reacting further with
      aminoplast resins, cellulose, etc. to graft them onto cellulose and to
      form insoluble polymers in and on the textile fabric. This is probably
      what occurs during the curing of the textile fabric. The fixation of both
      phosphorus and nitrogen in sufficient amounts is what imparts to the
      textile flame retardance which withstands multiple launderings.
PAR  The water-soluble condensation products of the present invention may be
      applied by any convenient means to textile materials, alone or in
      conjunction with about 2 to 50%, preferably about 15 to 40%, in their
      weight of one or more of (1) aminoplast resins, (2) urea, and (3)
      thiourea. Normally the application would be made by padding the textile
      material with aqueous solutions of these products. The textile material is
      then dried or partially dried and then may be cured by: (1) a chemical
      cure in which the dried or partially dried fabric is exposed to ammonia --
      either gaseous or aqueous or a combination of the two; (2) a thermal cure
      in which the dried or partially dried fabric is subjected to elevated
      temperature for a time sufficient to fix the condensation products on and
      in the textile material, usually to a temperature of about 260.degree. to
      370.degree.F for about 15 seconds to 10 minutes; or (3) a combination cure
      in which the dried or partially dried textile materials are exposed first
      to a thermal cure and then to a chemical cure with ammonia.
PAR  The preferred cure is the thermal cure since this requires no special
      finishing equipment and, surprisingly, in many cases gives a better handle
      to the fabric. An ammonia cure after a thermal cure, however, increases
      the durability of flame-retardance to repeated launderings.
PAR  The preferred method is to dissolve the condensation product and a
      methylolmelamine resin in water with a wetting agent and a softener. The
      textile fabric is padded with this aqueous solution, dried and then
      thermally cured in an oven. The textile material is thereafter washed in
      water containing a surfactant and an oxidizing agent such as sodium
      perborate or a combination of H.sub.2 O.sub.2 and a base such as sodium
      silicate to remove unreacted material and improve the flame-retardance of
      the fabric.
PAR  Other than the water soluble condensation products of this invention no
      product is available to meet the children's sleepwear standard with
      polyester-cotton blend fabrics which comprise one-third of the total
      textile fabrics produced in the United States. Textile materials treated
      in accordance with the invention retain their flame retardance after more
      than 50 launderings and tumble-dryings when tested according to FF 3-71,
      the Children's Sleepwear Standard. The novel products are also useful for
      treating all types of cellulosic materials, wool and blends of cellulosic
      fibers with wool, mohair, nylon, acrylics, vinyon, modacrylics, and other
      fiber types.
PAR  The amount of condensation product applied to the textile material may be
      varied widely depending upon the level of flame retardance desired as well
      as the level of wash fastness desired. Advantageously it will be at least
      about 5% by weight of the untreated textile material and preferably at
      least about 10%. It can be as high as about 50% or even higher but little
      additional benefit is gained by going above about 35%. The pick-up can be
      adjusted by the concentration of condensation product in the solution
      employed, which is generally about 20 to about 60% by weight. The
      composition and construction of the textile as well as the extent of
      squeezing out of the impregnated textile material can also be used to
      adjust the pick-up.
DETD
PAR  The following examples serve to illustrate the practice of the invention,
      but are not to be considered as limiting:
PAC  EXAMPLE 1
PAR  125 Parts of an 80% solution of tetrakis(hydroxymethyl)phosphonium chloride
      in water were added to 50 parts of water and 35 parts of ice. This
      solution was agitated as 10.7 parts of 28% aqueous ammonia were added
      gradually over a period of 50 minutes. The temperature rose to
      35.degree.C. Formation of a water soluble condensation product was
      confirmed by thin layer chromatography (TLC). The amounts used correspond
      to a 3:1 molar ratio of tetrakis(hydroxymethyl)phosphonium chloride to
      NH.sub.3.
PAC  EXAMPLE 2
PAR  125 Parts of a 80% aqueous solution of tetrakis(hydroxymethyl) phosphonium
      chloride were added to 50 parts of water and 35 parts of ice. The pH of
      the solution was adjusted to 6.5 with sodium hydroxide. The solution was
      then essentially one of tris(hydroxymethyl)phosphine and formaldehyde or
      an adduct of the two. The solution was stirred as 10.7 parts of 28%
      aqueous ammonia were added over a period of 5 minutes. Formation of a
      water soluble condensation product was confirmed by a TLC analysis. The
      amounts of reacted components corresponded to a 3:1 molar ratio of
      tris(hydroxymethyl)phosphine:NH.sub. 3.
PAC  EXAMPLE 3
PAR  166 Parts of Pyroset TKP, a product which is an aqueous mixture of
      tetrakis(hydroxymethyl) phosphonium phosphate and
      tetrakis(hydroxymethyl)phosphonium acetate containing approximately 9.9%
      phosphonium phosphorus, were added to 35 parts of water and 35 parts of
      ice. 21.4 parts of 28% aqueous ammonia were added as in Example 1. TLC
      analysis confirmed formation of a water soluble condensation product. This
      condensate was formed from reactants having a molar ratio of 1.5:1
      phosphonium phosphorus:ammonia.
PAC  EXAMPLE 4
PAR  A 1:1 molar ratio tetrakis(hydroxymethyl)phosphonium chloride:NH.sub.3
      water soluble reaction product was formed by addition of 32.1 parts of 28%
      aqueous ammonia to 125 parts of tetrakis(hydroxymethyl)phosphonium
      chloride.
PAC  EXAMPLE 5
PAR  A 1.5:1 molar ratio tetrakis(hydroxymethyl)phosphonium chloride:NH.sub.3
      water soluble reaction product was formed by adding with agitation 21.4
      parts of 28% aqueous ammonia to 125 parts of an 80% aqueous solution of
      tetrakis(hydroxymethyl)phosphonium chloride and 50 parts water, and
      heating the resultant solution at 60.degree.C for 1 hour.
PAC  EXAMPLE 6
PAR  A 0.5:1 molar ratio tetrakis(hydroxymethyl)phosphonium chloride:NH.sub.3
      water soluble reaction product was formed by adding with agitation 64.2
      parts of 28% aqueous ammonia to 125 parts of an 80%. aqueous solution of
      tetrakis(hydroxymethyl) phosphonium chloride and 50 parts water, and
      heating the resultant solution to the boil on a hot plate.
PAC  EXAMPLE 7
PAR  8.2 Parts of monomethylamine were bubbled into 125 parts of an 80% aqueous
      solution of tetrakis(hydroxymethyl) phosphonium chloride which had
      previously been adjusted to pH 6.0 with sodium hydroxide. The temperature
      rose rapidly to 70.degree.C. This corresponds to a 2:1 molar ratio of
      tetrakis(hydroxymethyl)phosphonium chloride: monomethylamine water soluble
      condensation product.
PAC  EXAMPLE 8
PAR  124 Parts of tris(hydroxymethyl)phosphine (93% pure) were dissolved in 250
      parts of water. To this were added 86.7 parts of 37% aqueous formaldehyde,
      after which the pH was adjusted to 7 with concentrated phosphoric acid.
      Finally 20.3  parts of 28% aqueous ammonia were added to form a 3:1
      tris(hydroxymethyl)phosphine:NH.sub. 3 water soluble reaction product.
      Water was added to make the solution a total of 571 parts.
PAC  EXAMPLE 9
PAR  To the reaction product of EXAMPLE 5 there were added enough sodium
      hydroxide to bring the pH to 5, 30 parts of Resloom HP (a commercial
      melamine resin which is probably trimethylolmelamine), 0.3 parts of Triton
      X-100 (a commercial wetting agent which is an alkyl, probably octyl,
      phenoxy polyethoxyethanol) and water to a total of 300 parts of solution.
      The solution was padded onto a 5.1-ounce 50-50 polyester-cotton fabric and
      squeezed to a 90% wet pick-up. The fabric was dried in a forced air oven
      for 5 minutes at 190.degree.F and subsequently given a heat cure at
      280.degree.F for 5 minutes in a forced air oven. The fabric was washed in
      a home washing machine in 0.1% hydrogen peroxide, 0.01% sodium silicate
      and 0.01% sodium hydroxide at 60.degree.C for 5 minutes, rinsed and dried.
      The fabric had a solids add-on of 22.7%. The fabric was laundered and
      tested according to FF 3-71, the Chilren' s Sleepwear Standard for sizes
      0-6X. It showed an initial char length of 1.6 inches and a char length of
      3.3 inches after 50 launderings.
PAC  EXAMPLE 10
PAR  A 3:1 reaction product was formed as in Example 2. The pH of the solution
      was adjusted to 6.5 with sodium hydroxide. To it were added 22.5 parts of
      Resloom HP, 0.3 parts of Triton X-100 and water to a total of 300 parts.
      The solution was padded onto a 5.1 ounce 50/50 polyester/cotton fabric at
      an 85% wet pick-up. The fabric was dried in a forced-air oven at
      190.degree.F for 5 minutes and subsequently heat cured in a forced-air
      oven for 4 minutes at 290.degree.F. The fabric was then given an ammonia
      cure by soaking in 10% aqueous ammonia for 5 minutes. The fabric was
      rinsed, dried, padded with 3% hydrogen peroxide, placed in a sealed
      plastic bag for 30 minutes, washed in a commercial home washing machine
      for 5 minutes and finally dried. The add-on of material to the fabric was
      19.9%. The fabric was washed and tested according to DOC pFF 5-73, the
      proposed Sleepwear Standard for children's sleepwear sizes 7-14. The
      treated fabric was laundered and tested at various intervals with the
      following: results:
TBL  Number of Launderings                                                     
                       Char Length (inches)                                    
     ______________________________________                                    
      0                2.2                                                     
     30                1.5                                                     
     40                1.8                                                     
     50                1.5                                                     
     ______________________________________                                    
PAC  EXAMPLE 17
PAR  A 3:1 tetrakis(hydroxymethyl)phosphonium chloride:NH.sub.3 water soluble
      condensation product was prepared as in Example 2. The pH of the solution
      was adjusted to 6.0 with sodium hydroxide. To the solution was added 22.5
      parts of Resloom HP, 0.3 parts Triton X-100, and water to a total of 300
      parts. 50-- 50 polyester-cotton fabric was padded with this bath, dried 5
      minutes at 190.degree.F, cured 5 minutes at 280.degree.F, rinsed in cold
      water and oxidized as in Example 10. The add-on of material to the fabric
      was 18.0%. The fabric was laundered and tested as in Example 10 with the
      following results:
TBL  Number of Launderings                                                     
                       Char Length (inches)                                    
     ______________________________________                                    
      0                2.3                                                     
     10                2.8                                                     
     25                2.8                                                     
     ______________________________________                                    
PAC  EXAMPLE 12
PAR  A 3:1 tetrakis(hydroxymethyl)phosphonium chloride: NH.sub.3 reaction
      product was formed in a manner similar to that used in Example 2 by using
      125 parts of 80% aqueous tetrakis(hydroxymethyl)phosphonium chloride and
      21.4 parts of 28% aqueous ammonia. The pH of the solution was adjusted to
      6.0 with sodium hydroxide. To the solution were added 19.5 parts Resloom
      HP, 15 parts of urea, 0.3 parts Triton X-100 and water to a total of 300
      parts. The bath was applied to the polyester-cotton blend in the same
      manner as that described in Example 9 including drying, thermal cure, and
      oxidation. The fabric has an add-on of 24%. It was laundered and tested as
      described in Example 10 with the following results:
TBL  Number of Launderings                                                     
                       Char length (inches)                                    
     ______________________________________                                    
      0                2.2                                                     
     10                3.6                                                     
     25                1.2                                                     
     50                1.9                                                     
     ______________________________________                                    
PAC  EXAMPLE 13
PAR  A 1.25:1 tetrakis(hydroxymethyl)phosphonium chloride: NH.sub.3 reaction
      product was formed as in Example 2 by using 125 parts of 80% aqueous
      tetrakis(hydroxymethyl)phosphonium chloride and 25.3 parts of 28% aqueous
      ammonia. The pH of the bath was adjusted to 5.0 with sodium hydroxide. To
      the solution were added 42 parts of urea, 0.3 parts Triton X-100, and
      water to a total of 300 parts. The bath was applied to the
      polyester-cotton blend fabric in the same manner as in Example 10
      including drying, thermal curing, ammonia curing, oxidation and washing.
      The add-on of material to the fabric was 23%. The fabric was laundered and
      tested as in Example 5 with the following results:
TBL  Number of launderings                                                     
                       Char Length (inches)                                    
     ______________________________________                                    
      0                1.2                                                     
     10                1.5                                                     
     ______________________________________                                    
PAC  EXAMPLE 14
PAR  A 1.5:1 mole ratio reaction product was formed as in Example 7 by the
      addition of 21.4 grams of 28% aqueous ammonia to 125 grams of 80% aqueous
      tetrakis(hydroxymethyl)phosphonium chloride. The pH of the solution was
      adjusted to 6.0 with sodium hydroxide. To it were added 15 parts of
      Resloom HP, 0.3 parts Triton X-100 and water to a total of 300 parts. The
      bath was applied to the 5.1 oz. polyester-cotton blend fabric, padding to
      a 85% wet pick-up, drying 5 minutes at 190.degree.F, curing 5 minutes at
      280.degree.F, and then placing the fabric in a gaseous ammonia atmosphere
      for 5 minutes. The fabric was subsequently soaked for 5 minutes in 10%
      aqueous ammonia and oxidized and washed as in Example 10. The add-on of
      material was 21.0 %. It was laundered and tested as described in Example
      10 with the following results:
TBL  Number of Launderings                                                     
                       Char Length (inches)                                    
     ______________________________________                                    
      0                2.5                                                     
     10                2.7                                                     
     25                2.8                                                     
     ______________________________________                                    
PAC  EXAMPLE 15
PAR  A 3:1 molar ratio of phosphonium compound : ammonia reaction product was
      made by reacting 166 grams of Pyroset TKP with 10.7 parts 28% aqueous
      ammonia made in a manner similar to that in Example 3. To this solution
      were added 22.5 parts of Resloom HP, 0.3 parts of Triton X-100 and water
      to a total of 300 parts. The bath was applied to the polyester/cotton
      blend fabric in the same manner as in Example 10 including drying, curing,
      oxidation and washing. The add-on was 21.0%. It was laundered and tested
      as described in Example 10 with the following results:
TBL  Number of launderings                                                     
                       Char length (inches)                                    
     ______________________________________                                    
      0                1.8                                                     
     10                1.8                                                     
     ______________________________________                                    
PAC  EXAMPLE 16
PAR  8.2 Parts of monomethylamine were bubbled into 125 parts of 80% aqueous
      tetrakis(hydroxymethyl)phosphonium chloride which had previously been
      adjusted to pH 6.0 with sodium hydroxide as in Example 7. To this solution
      were added 22.5 parts Resloom HP, 0.3 parts Triton X-100 and water to a
      total of 300 parts. The solution was applied to a polyester/cotton blend
      fabric in the same manner as in Example 10 including manner of drying,
      thermal curing, ammonia curing, and oxidizing. The add-on was 20.8%. The
      fabric was laundered and tested as in Example 10 with the following
      results:
TBL  Number of launderings                                                     
                       Char length (inches)                                    
     ______________________________________                                    
      0                2.4                                                     
     10                2.1                                                     
     30                2.3                                                     
     ______________________________________                                    
PAC  EXAMPLE 17
PAR  A 3:1 molar ratio reaction product was formed as in Example 2. The pH of
      the solution was adjusted to 6.0 with sodium hydroxide. To this solution
      were added 30 parts of Aerotex Resin 92 (a commercial product which is
      believed to be an equimolar mixture of mono- and dimethylol melalmine),
      0.3 parts Triton X-100 and water to a total of 300 parts. The solution was
      padded onto a 5.1-ounce 50--50 polyester-cotton fabric to a 90% wet
      pick-up. The fabric was dried for 5 minutes at 190.degree.F, cured 5
      minutes at 280.degree.F and oxidized as in Example 9. The add-on of
      material to the fabric was 22.6%. The fabric was laundered and tested as
      in Example 10 with the following results:
TBL  Number of launderings                                                     
                       Char length (inches)                                    
     ______________________________________                                    
      0                2.5                                                     
     25                1.2                                                     
     ______________________________________                                    
PAC  EXAMPLE 18
PAR  A 3:1 molar ratio reaction product was formed as in Example 2. To this
      solution were added 15 parts Resloom HP and 15 parts thiourea, 0.3 parts
      Triton X-100 and water to a total of 300 parts. This solution was padded
      onto a 5.1-ounce 50--50 polyester-cotton fabric to a 85% wet pick-up. The
      fabric was dried 5 minutes at 190.degree.F, cured 5 minutes at
      280.degree.F, and chemically cured by soaking in 5% aqueous ammonia for 5
      minutes. The fabric was then oxidized as in Example 10. The fabric was
      laundered and tested as in Example 10 with the following results:
TBL  Number of launderings                                                     
                       Char length (inches)                                    
     ______________________________________                                    
      0                2.1                                                     
     20                4.5                                                     
     40                5.8                                                     
     ______________________________________                                    
PAC  EXAMPLE 19
PAR  A 1:1 molar ratio condensation product was formed from the reaction of 100
      grams of 80% tetrakis(hydroxymethyl)phosphonium chloride and 18.9 grams of
      gaseous dimethylamine. To this product were added 8.6 parts of 28% aqueous
      ammonia to form a water soluble condensation product. To this were added
      21 parts Resloom HP, 0.3 parts Triton X-100 and water to a total of 244
      parts. The solution was applied to a 5.1-ounce 50--50 polyester-cotton
      fabric to an 85% wet pick-up. The fabric was dried, thermally cured,
      chemically cured and oxidized as in Example 10. The fabric had an add-on
      of 17.5% and showed a char length of 5.3 inches.
PAC  EXAMPLE 20
PAR  A 3:1 molar ratio reaction product was formed as in Example 2. The pH was
      adjusted to 6.5 with sodium hydroxide and to the solution were added 30
      parts Resloom HP, 0.3 parts Triton X-100 and water to a total of 300
      parts. The solution was padded onto a 3.6-ounce 100% cotton flannelette to
      105% wet pick-up. The fabric was dried 5 minutes at 190.degree.F, cured 5
      minutes at 310.degree.F and oxidized as in Example 9. The fabric showed an
      add-on of 27.9%. It was laundered and tested according to FF 3-71 (the
      Children's Sleepwear Standard for sizes 0-6X) with the following results:
TBL  Number of launderings                                                     
                       Char length (inches)                                    
     ______________________________________                                    
      0                2.1                                                     
     10                1.2                                                     
     ______________________________________                                    
PAC  EXAMPLE 21
PAR  To 270 parts of the solution prepared in Example 8 were added 30 parts of
      Resloom HP. The resulting solution was padded onto a 5.1-ounce 50--50
      polyester-cotton fabric to 95% wet pick-up. The fabric was dried 5 minutes
      at 190.degree.F and cured 5 minutes at 280.degree.F. The fabric was then
      oxidized as in Example 9. The fabric was laundered and tested as in
      Example 10 with the following results:
TBL  Number of launderings                                                     
                       Char length (inches)                                    
     ______________________________________                                    
      0                1.9                                                     
     10                2.2                                                     
     25                2.3                                                     
     ______________________________________                                    
PAC  EXAMPLE 22
PAR  A 1.5:1 molar ratio water soluble reaction product was prepared by first
      adding 25 parts ice and 25 parts of water to 125 parts of an 80% solution
      of tetrakis(hydroxymethyl)phosphonium chloride, adjusting the pH to 6.0
      with sodium hydroxide, and adding 21.4 parts of 28% aqueous ammonia with
      stirring. To this solution were added 33 parts of Resloom HP, 0.3 parts of
      Triton X-100 , 8.1 parts of Sapamine APN (a commercial softener which is a
      cationic fatty amide derivative) and water to a total of 300 parts. The
      bath was padded onto a 5.1-ounce 50--50 polyester-cotton blend fabric to
      an 85% wet pick-up. The fabric was dried 5 minutes at 230.degree.F, cured
      5 minutes at 280.degree.F, and oxidized as in Example 9. The fabric had a
      handle almost as soft as the untreated fabric. It had an average char
      length of 2.5 inches after 50 launderings when tested according to FF
      3-71, the Children's Sleepwear Standard.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process for rendering a textile material fire retardant comprising
      impregnating a textile material with an aqueous solution of a condensation
      product of a poly(.alpha. -hydroxyalkyl)phosphorus compound of the formula
EQU  (RCHOH).sub.n (RCHR').sub.4.sub.-n P-Y
PAL  or
EQU  (RCHOH).sub.m (RCHR').sub.3.sub.-m P
PAL  and a nitrogen compound of the formula RNH.sub.2,HD-- R" NH.sub.2 or
      ##EQU9##
      wherein each R is independently hydrogen or alkyl of 1 to 3 carbon atoms,
PA1  R' is OR or
      ##EQU10##
      R" is alkylene of 1 to 3 carbon atoms, Y is at least one anion selected
      from the group consisting of chloride, sulfate, phosphate, acetate and
      formate,
PA1  n is an integer from 2 to 4, and
PA1  m is an integer from 2 to 3,
PAL  the phosphorous compound being present in about 0.5 to 6 times the molar
      amount of the nitrogen compound, drying the textile material, and curing
      the textile material by heating.
NUM  2.
PAR  2. The process of claim 1, wherein R of the phosphorus compound is
      hydrogen, n is 4, m is 3 and the nitrogen compound is ammonia or
      methylamine.
NUM  3.
PAR  3. The process of claim 2, wherein the nitrogen compound is ammonia and the
      phosphorus compound is present in about 1 to 3 times the molar amount of
      the ammonia.
NUM  4.
PAR  4. The process of claim 3, wherein the phosphorus compound is
      tris(hydroxymethyl)phosphine and approximately 1 mole of formaldehyde or
      0.5 mole of glyoxal is present per mole of phosphine.
NUM  5.
PAR  5. The process of claim 1, wherein the solution contains about 25 to 60% of
      water by weight.
NUM  6.
PAR  6. The process of claim 1 wherein there is added to the
      condensate-containing solution after its formation and prior to
      impregnation at least one member selected from the group consisting of a
      melamine formaldehyde resin, urea and thiourea in about 2 to 50% by weight
      of the condensation product.
NUM  7.
PAR  7. The process of claim 1, wherein there is added to the
      condensate-containing solution after its formation and prior to
      impregnation a melamine formaldehyde resin in about 2 to 50% by weight of
      the condensation product.
NUM  8.
PAR  8. The process of claim 1, wherein said textile material comprises a
      cellulosic fiber, optionally blended with polyester or nylon, the
      polyester or nylon being present in up to about 75% by weight of the
      blend.
NUM  9.
PAR  9. The process of claim 8, wherein said textile material comprises cotton
      or rayon blended with polyester which is present in about 50 to 65% by
      weight of the blend, and the phosphorus compound is
      tris(hydroxymethyl)phosphine.
NUM  10.
PAR  10. The textile material produced by the process of claim 1.
NUM  11.
PAR  11. The textile material produced by the process of claim 7.
NUM  12.
PAR  12. The textile material produced by the process of claim 9.
PATN
WKU  039365867
SRC  5
APN  5729564
APT  1
ART  212
APD  19750430
TTL  Arc furnaces and to methods of treating materials in such furnaces
ISD  19760203
NCL  12
ECL  1
EXA  Moose, Jr.; Harry E.
EXP  Miller; J. D.
NDR  1
NFG  2
INVT
NAM  Tylko; Josef Kazimierz
CTY  Faringdon
CNT  EN
ASSG
NAM  Tetronics Research and Development Co. Ltd.
CTY  Faringdon
CNT  EN
COD  03
PRIR
CNT  UK
APD  19740507
APN  20160/74
CLAS
OCL   13  9R
XCL  219121P
EDF  2
ICL  H05B  710
FSC   13
FSS  1;9;31
FSC  219
FSS  121 P
UREF
PNO  3449505
ISD  19690600
NAM  Brzozowski et al.
OCL   13  1
UREF
PNO  3783167
ISD  19740100
NAM  Tylko
OCL   13  1
UREF
PNO  3852061
ISD  19741200
NAM  Wulff
UCL   13  9
LREP
FRM  Dennison, Dennison, Meserole & Pollack
ABST
PAL  A plasma arc furnace in which an expanded plasma column is generated
      between at least one orbiting electrode moving in a substantially circular
      path and a stationary electrode. The orbiting electrode is directed
      towards the orbital axis so as to generate a plasma column having a
      portion of generally inverted conical shape in the vicinity of the
      orbiting electrode and feedstock is introduced into the upper end of the
      plasma column. The orbiting electrode may be directed across the orbital
      axis whereby the generated plasma column is in the form of two generally
      conical portions meeting at a common apex.
BSUM
PAR  The present invention relates to plasma arc furnaces and in particular to
      procedures for treatment of particulate materials in plasma columns
      generated in such furnaces.
PAR  In British Pat. No. 1,390,351 there is described a plasma furnace in which
      an expanded plasma column is generated between an orbiting electrode and a
      ring-shaped stationary electrode, arranged coaxial with the orbit axis of
      the orbiting electrode and in a plane parallel with the path of said
      orbiting electrode. In apparatus of that type an unexpanded viscous column
      of plasma is formed when the orbital speed of the orbital electrode is
      low. When the angular speed of the orbital electrode in its orbit is
      sufficiently increased, an expanded precessing plasma column is generated
      and fills most, if not all, of the space lying between the plane of the
      path of the orbiting electrode and the plane in which the stationary
      electrode lies. The advantage of the plasma arc column expanded in this
      manner is that it permits relatively large quantities of extraneous
      material, especially particulate solid materials, to be introduced into
      the plasma column without upsetting the stability of the plasma column, in
      order to initiate chemical and/or physical changes in such extraneous
      material in the high energy conditions existing in the plasma column.
PAR  In the preferred form of apparatus described in British Pat. No. 1,390,351
      the orbiting electrode, usually a so-called plasma gun, moves in a
      circular path of substantially smaller diameter than the diameter of the
      stationary electrode, with the result that the plasma filled zone is in
      the form of a truncated cone. In order to establish the plasma column it
      is necessary to bring the tip of the orbiting electrode into close
      proximity with the ringshaped stationary electrode and in order to achieve
      that requirement in a simple way the orbiting electrode is constructed so
      as to be movable longitudinally along its own axis.
PAR  It will be realized that the orbiting electrode is directed towards the
      stationary electrode and therefore the orbiting electrode is inclined away
      from the axis of its orbit. In consequence, the space in the vicinity of
      the axis of rotation of the orbiting electrode immediately inwardly of the
      path of the tip of the electrode is swept by the outer end of the
      electrode structure. It is therefore impracticable to introduce feedstock
      into the plasma arc by means of a feed arranged on or close to the axis of
      the conical plasma column and in fact it is found desirable to introduce
      the feedstock in the form of a substantially continuous cylindrical
      curtain having a diameter larger than the path of the orbiting electrode
      in its operating or retracted position. In consequence the portion of the
      plasma column immediately adjacent the plasma gun is unoccupied by any
      particulate material.
PAR  It has now been appreciated, in accordance with the present invention, that
      various advantages would arise in a plasma arc furnace of this general
      type by arranging that the orbiting electrode or electrodes is/are
      directed towards the axis of rotation with the result that the generated
      plasma column is, at least at its upper end, of generally inverted conical
      shape. Since the outer ends of the electrodes in such arrangement are
      directed away from the axis of rotation, there need be no obstruction to a
      feedstock feed substantially on the axis of rotation. Assuming the path or
      locus of the orbiting electrode or electrodes to be in a generally
      horizontal plane parallel with, but above, the plane in which the
      stationary electrode lies, the top end of the plasma column generated when
      the electrode orbits at sufficient speed will have a shallow, somewhat
      bowl-shaped depression, into which the feedstock may be fed axially in
      relation to the stationary electrode for entry into the plasma column.
      This is a simpler and more effective arrangement than feeding the
      feedstock in a cylindrical curtain outwardly of the path of the orbiting
      electrode.
PAR  In some applications of the plasma arc furnace of this invention the
      stationary electrode may be formed by a bath of molten metal accumulating
      in the bottom of the furnace but for starting purposes the bottom of the
      furnace may itself form the stationary electrode or may be provided with a
      suitably positioned electrode.
PAR  In its simplest form, a plasma arc furnace constructed in accordance with
      the present invention incorporates a stationary electrode of a diameter
      smaller than the diameter of the path of the orbiting electrode so that
      the expanded plasma cone converges towards the stationary electrode, with
      the result that in the position of maximum energy the plasma is at or
      close to the plane of the stationary electrode.
PAR  In another arrangement, however, the orbiting electrode is directed across
      the axis of rotation and preferably at a diametrically opposed point on
      the stationary electrode, so that the generatrix defined by the line
      joining the orbiting electrode to the direction point on the stationary
      electrode, passes through the axis of the orbital path of the electrode.
      The surface defined by the movement of this generatrix will thus be seen
      to be two cones, joined at their apices and having bases of a diameter
      respectively corresponding to the diameter of the orbital path of the
      moving electrode and to the diameter of the stationary electrode. In this
      case the stationary electrode may be ring-shaped and may have a diameter
      which exceeds the diameter of the path of the orbiting electrode. The
      expanded plasma column generated by this apparatus thus has a constricted
      zone of high energy around the common apex of the notional conical
      surfaces mentioned above. All particulate material fed into the plasma
      column along its axis through the path of the orbiting electrode will pass
      through this zone of extra high energy. It should be understood that the
      particulate matter will follow a more or less spiral path because of the
      precessional movement of the plasma arising from its generation by a
      rapidly moving orbiting electrode.
PAR  It is one of the particular advantages of this arrangement that a
      radio-frequency coil and/or an electrode may be arranged around the
      constricted portion of the plasma zone and that the coil may be employed
      to couple additional energy to the plasma column.
PAR  Where the nature of a chemical process to be carried out in the plasma arc
      furnace of the present invention is such that the reactants should be
      brought together only when at least one of them has been raised above some
      predetermined critical high temperature, the constricted plasma zone
      provides a suitable position for the introduction of additional reactants
      and/or catalysts or other reaction-promoting additives. This can be
      achieved by directing streams of the materials, preferably entrained in a
      carrier gas, or possibly, liquid toward the axis of the plasma column.
      This would preferably be performed by arranging the introduction of
      separate streams of feed at three or more equiangular points around the
      axis of the plasma column and aimed at or at a small angle to the axis of
      the plasma column.
DRWD
PAR  In the accompanying drawing,
PAR  FIG. 1 shows a diagrammatic vertical section of a plasma arc furnace of the
      present invention, primarily intended for the performance of highly
      endothermic chemical reactions, and
PAR  FIG. 2 is an explanatory diagram.
DETD
PAR  The furnace includes a furnace body 1, in which is arranged a ring-shaped
      electrode structure 2, which may be a single ring or may be constructed in
      the form of a number of separate sections. However, the electrode must be
      substantially continuous, i.e., the spacing, if any, between separate
      sections should be small. The electrode structure is cooled by the passage
      of an internal stream of coolant, usually a hydrocarbon oil. An orbiting
      electrode 3, which may conveniently be a plasma gun of the constricted arc
      type or a non-consumable electrode, e.g. thoriated tungsten bathed in a
      stream of plasma-forming gas, is arranged on a support structure (not
      shown) which moves it around its circular orbit. Means are also provided
      for moving the electrode 3 longitudinally along its own axis towards and
      away from the electrode structure 2, both for start-up and for control
      during operation. The electrode 3 is preferably provided with means for
      automatic longitudinal movement during operation for the purpose of
      correction of changes in the plasma column parameters. The rotor, which
      carries the electrode 3, seals off the top of the furnace, except for the
      provision of a central aperture, through which feedstock material,
      particularly in the form of solid particles, is fed into the furnace.
PAR  The furnace body is provided with a collector 4. In cases where the
      products accumulating in collector 4 necessitate quenching, means for
      rapidly cooling such collected material are also provided. The collector 4
      is preferably provided with a ring-shaped electrode or, alternatively, may
      itself act as an electrode for purposes to be explained later. The body is
      also provided with one or more gas efflux passages 5 and the bottom is
      provided with one or more conventional tap holes for the removal of molten
      materials from the collector.
PAR  It will be appreciated from the foregoing explanation that movement of the
      inwardly inclined electrode 3 at a sufficiently rapid angular velocity
      about the axis of the electrode structure 2 will lead to the generation of
      an expanded plasma column in a zone of the shape generally indicated at 6.
      It will be understood that the drive for the electrodecarrying rotor is
      capable of driving the rotor at an appropriate speed (usually in excess of
      250 r.p.m.) for generating an expanded plasma column. It is one of the
      particular advantages of the arrangement that the upper end of the plasma
      column defines a generally bowl-shaped plasma-free zone 7, into which
      particulate material may be conveniently fed in the direction of arrow 8.
      it will be seen that the expanded plasma column has a zone of maximum
      convergence (and maximum energy) at the level indicated by the common apex
      of the cones shown in chain lines.
PAR  As already explained, it may be convenient and advantageous to introduce a
      supplementary material feed into the plasma column to bring a second
      material into contact with the main feedstock supply only after the
      particles of the main supply have reached the constricted central zone of
      the plasma column in a highly heated condition. The secondary feedstock
      supply would be introduced through ducts 9 (preferably three in number)
      arranged at equiangular spacing around the periphery of the furnace body.
      The ducts 9 may alternatively be employed for withdrawal of gaseous
      effluents. Separate ducts may be employed for introduction of feedstocks
      and for removal of gaseous effluents. In such case, the ducts for the two
      purposes are preferably arranged at different levels in the furnace body.
PAR  A radio frequency coil 10 may be incorporated for the purpose of coupling
      additional energy to the plasma column. Alternatively or additionally, a
      supplementary stationary counter electrode may be provided at this
      position for start-up purposes. The plasma column would initially be
      established between the supplementary counter electrode and the orbiting
      electrode and then be switched to the main stationary electrode 2.
      Alternatively, a stationary counter electrode at 10 may be treated as a
      first anode arranged at a lower potential than the second anode,
      constituted by the main stationary electrode 2 and remain at this
      potential during normal operation. In some instances, as already
      indicated, the collector 4 may constitute or include a further electrode;
      this further electrode could be connected as an anode at a higher
      potential than the counter electrode 2 and could be used instead of the
      electrode 2. In other instances, however, it is preferred that the
      electrode associated with collector 4 should be negative in relation to
      the counter electrode 2. This is particularly the case where the product
      to be collected is leaving the plasma zone in the form of positively
      charged ions or particles, which would be attracted to the collector
      electrode.
PAR  It is a particular feature of the present apparatus that very rapid
      expansion takes place under quasi-adiabatic conditions as the plasma
      descends from the zone of maximum constriction with the result that the
      effluent from the plasma zone, i.e. passing downwardly through electrode
      2, leaves at a temperature much below the maximum temperature reached in
      the plasma zone. This, in conjunction with the use of a negatively charged
      collector bottom, allows the products of a highly endothermic metal ore
      reduction reaction to be separated from one another before appreciable
      reverse reaction has taken place. Reactions which do not suffer from the
      rapid reversal drawback but in which the required products are highly
      reactive or unstable and tend to undergo further undesired chemical
      changes also fall within this category. One of the most important
      advantages offered by the invention from the processing point of view is
      inherent in the fact that different reactants participating in a given
      reaction may require different time of residence in the plasma, and that
      in general introducing one of the reactants at a different position to the
      other in the plasma column and contacting the two over a critically
      controlled time and area may be beneficial in terms of effective product
      yield or product recovery. Whether such phenomena are primarily due to the
      time of residence in the plasma column and related to the presence of
      ionised or excited species or the nature of the contact occurring between
      the reactants or any other reasons is not clear at this stage. However,
      the ability to use in addition to the main means of feedstock injection
      (i.e. through the upper concavity) also other auxiliary means at different
      places, particularly in the vicinity of the convergence, is an important
      feature making it possible to critically control the operation of any
      process of the type mentioned above. It is important in this context to
      stress the nature of the plasma furnace installation in general, i.e.,
      that it is a small-volume, high-throughput reactor and that for that
      reason alone, all reactions carried out in such a furnace in general, and
      those prone to reversal or tendency for further undesirable reactions in
      particular, can be attained much more efficiently than in orthodox
      furnaces if a high degree of control is achieved.
PAR  It is one of the particular advantages of the arrangement of the present
      invention that the number of the orbiting electrodes (which may rotate
      about their own axes or be stationary in relation thereto) can easily be
      increased without interfering with the desirable axial feedstock
      introduction. Thus, without increasing the dimensions of the rotating
      carrier in which the orbiting electrode is carried, three electrodes or
      plasma guns, with the necessary means for moving these along their
      individual axes, can be supported in the carrier and this permits an
      enormous increase in the energy introduced into the furnace. In such an
      arrangement it is not wholly necessary to direct each orbiting electrode
      at a diametrically opposite pointe on the stationary electrode structure.
PAR  The use of multiple electrodes is particularly advantageous where
      longitudinal movement of the electrodes in response to control
      instrumentalities is employed for stabilisation of the plasma column. If
      all electrodes move together the rotor will remain in balance and can be
      consistently rotated at high speed.
PAR  Referring to FiG. 2 it will be seen that the longitudinal movement of the
      orbiting electrodes will not lead to spatial difficulty, providing that
      the point P towards which the longitudinal axis of the electrode 3 is
      directed lies on the periphery of the major segment, defined by the
      intersection of the plane of the tangent T to the orbit O at the moving
      electrode 3 with the plane of the circular stationary electrode. However,
      in order to obtain maximum concentration of energy the electrodes 3 are
      directed at points P' at positions diametrically opposed thereto in
      relation to the axis A.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a plasma arc furnace comprising a furnace body, a stationary
      electrode mounted in said furnace body and at least one orbiting electrode
      movable in a substantially circular path, means for moving said electrode
      about its orbital axis of rotation with sufficient velocity to develop a
      radially-expanded plasma column in a zone lying between the path of said
      orbiting electrode and said stationary electrode and means for introducing
      feedstocks into the plasma column, the improvement which comprises
      directing the orbiting electrode inwardly toward the axis of rotation and
      at a point on the stationary electrode so as to generate a plasma column
      having a portion of generally inverted conical shape in the vicinity of
      the orbiting electrode.
NUM  2.
PAR  2. A plasma arc furnace as claimed in claim 1 in which the orbiting
      electrode is directed across the axis of rotation whereby the generated
      plasma column is in the form of two generally conical portions meeting at
      a common apex.
NUM  3.
PAR  3. A plasma arc furnace as claimed in claim 2 in which the orbiting
      electrode is directed across the axis of rotation and at a diametrically
      opposite point on the stationary electrode.
NUM  4.
PAR  4. A plasma arc furnace as claimed in claim 2 in which the stationary
      electrode is ring-shaped.
NUM  5.
PAR  5. A plasma arc furnace as claimed in claim 4 in which the diameter of the
      stationary electrode exceeds the diameter of the path of the orbiting
      electrode.
NUM  6.
PAR  6. A plasma arc furnace as claimed in claim 2 in which there are at least
      three orbiting electrodes moving in a common path and arranged at
      equiangular spacing in said path.
NUM  7.
PAR  7. A plasma arc furnace as claimed in claim 1 in which the orbiting
      electrode is arranged above the stationary electrode and the furnace is
      provided with a collector below the stationary electrode, said collector
      comprising or including a further electrode adapted to be maintained at a
      potential different to that of said stationary electrode.
NUM  8.
PAR  8. A plasma arc furnace as claimed in claim 1 further comprising means for
      supplying feedstocks into the upper end of the plasma column through the
      path of the orbiting electrode.
NUM  9.
PAR  9. A plasma arc furnace according to claim 6 further comprising auxiliary
      means for introduction of feedstock into the periphery of the plasma
      column.
NUM  10.
PAR  10. A plasma arc furnace according to claim 2 further comprising a
      ring-shaped stationary electrode arranged co-axially with the axis of
      rotation and at a level corresponding substantially to the maximum
      convergence of the expanded plasma column.
NUM  11.
PAR  11. A plasma arc furnace according to claim 2 further comprising a
      ring-shaped coil adapted to be energised with H.F. alternating current,
      said coil being arranged coaxially with the axis of rotation and at a
      level corresponding substantially to the maximum convergence of the
      expanded plasma column.
NUM  12.
PAR  12. A plasma arc furnace according to claim 1 further comprising means for
      withdrawing gaseous products from within the furnace body.
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PAL  A resistance heating furnace employs a pair of spaced electrodes, one of
      which is movable to clamp a resistive crucible between the electrodes for
      passing current therethrough for heating a specimen positioned in the
      crucible to fuse the specimen. A passageway is provided through one of the
      electrodes to permit an inert carrier gas to remove gases from the
      crucible for subsequent analysis. The electrode construction includes a
      relatively highly conductive base material electrically coupled to a power
      source for actuating the electrodes and inserts coupled to the surfaces of
      the electrodes which engage the resistive crucible. The insert material
      has a relatively high melting point and hardness and a relatively high
      thermal and electrical conductivity to increase the heating of the
      crucible and improve the durability of the electrodes. At least one of the
      electrodes is movable and actuated by a fluid cylinder for clamping the
      crucible between the electrodes at a constant pressure regardless of the
      crucible length.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to resistive furnaces of the type employed
      for heating a sample positioned in a resistive crucible held between a
      pair of electrodes.
PAR  In resistive furnaces of the type commercially available from Leco
      Corporation of St. Joseph, Michigan, as part of an analyzing instrument
      Model No. 760-200, a pair of opposed electrodes is provided between which
      there is positioned an electrically resistive graphite crucible into which
      a specimen to be analyzed is inserted. One of the electrodes is moved by
      means of a spring-loaded arm which clamps the graphite crucible between
      the copper electrodes whereupon an electrical current is passed through
      the resistive crucible to raise the crucible temperature to approximately
      2500.degree. Centigrade thereby fusing the sample. A passage is provided
      for a carrier gas such as helium used for sweeping the gases from the
      crucible to an analyzer to determine, for example, the nitrogen or oxygen
      content of the specimen as carbon monoxide.
PAR  In such apparatus, samples of approximately 0.1- 1.5  grams are employed
      and frequently a flux is employed to facilitate the fusion of the sample.
      Due to the inherent limitations of the melting point of the copper
      electrodes previously employed, the required time for analysis for the
      maximum current (either A.C. or D.C.) employed can be relatively lengthy
      and in the order of several seconds.
PAR  In order to more efficiently utilize such a furnace, several improvements
      have been made, one of which is represented by U.S. Pat. No. 3,636,229
      issued Jan. 18, 1972 to the present assignee. This patent discloses an
      improved crucible construction to more effectively heat the specimen
      contained therein. Even with such crucible construction, however, the
      copper electrode construction inherently limits the speed of operation as
      well as the temperature which can be reached by the furnace. Also, the
      relatively soft copper electrodes tend to wear, particularly since even
      though they are water-cooled, the tips engaging the crucible tend to melt.
      If the tips get too hot, they react, tending to cause erroneous readings
      for the specimen being tested.
PAR  Additionally, with the spring-actuated electrodes, when variations in
      fabricated crucible lengths are employed, frequently the contact
      resistance and contact between the electrode and the crucible varies
      significantly with different clamping pressures tending to affect the
      reproducibility of the furnace operation during successive cycles of
      operation with differet samples. Also, with continued use, the spring
      constant tends to vary somewhat, further affecting the furnace operation.
      Finally, the copper electrodes tend to wear and deform, further affecting
      the reproducibility and furnace performance.
PAC  SUMMARY OF THE INVENTION
PAR  These shortcomings of the existing furnace are overcome by the improved
      electrode construction of the present system whereby the copper electrodes
      are tipped with a high melting point, relatively hard insert material
      having a relatively high thermal and electrical conductivity such that the
      electrodes resist melting and reacting and their life is increased. The
      lower electrode tip defines an annular contact surface with the crucible
      bottom to efficiently heat the floor of the crucible for fusion of the
      specimen therein. Tungsten and a tungsten-copper pressed mixture have been
      successfully employed in the preferred embodiment as the insert materials
      which are bonded to the ends of the copper electrodes. With such
      construction, temperatures in the range of 3600.degree. Centigrade are
      possible which speed the operation of the furnace, and permit the use of
      larger specimens and in some analytical situations, reduce the need for
      fluxing agents.
PAR  In some embodiments of the present invention, an electrode closure system
      utilizes a fluid-actuated cylinder coupled to one of the electrodes for
      clamping the crucible between the electrodes with a constant selectable
      pressure which is reproducible and which automatically compensates for
      different crucible heights and different tolerances of fabricated crucible
      heights. Such construction, when combined with the configurated tipped
      electrodes, provides a system which significantly reduces the operating
      time of the furnace, permits its use with specimens having higher fusion
      temperatures and increases the capability of handling high sample loads.
      Also, different size crucibles can be employed.
PAR  It is an object of the present invention, therefore, to provide a
      resistance heating furnace with an improved tipped electrode construction.
PAR  A further object of the present invention is to provide electrodes for a
      resistance furnace which are tipped with a relatively high melting point
      material of relatively high thermal and electrical conductivity that does
      not getter the gas being measured.
PAR  Still a further object of the present invention is to provide a resistance
      heating furnace with improved means for actuating at least one electrode
      for clamping a crucible between the electrodes.
PAR  Another object of this invention is to provide an electrode construction
      which cooperates with a crucible to provide an annular contact
      therebetween for efficient heating of the crucible floor.
DRWD
PAR  These and other objects of the present invention will become apparent upon
      reading the following description thereof together with the accompanying
      drawings in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view, partly broken away, of the
      furnace section of a specimen analyzer and embodying the present
      invention;
PAR  FIG. 2 is an enlarged bottom plan view of the upper electrode for the
      furnace shown in FIG. 1;
PAR  FIG. 3 is an enlarged top plan view of the lower electrode of the furnace
      shown in FIG. 1;
PAR  FIG. 4 is a fragmentary view, partly in schematic form and partly in cross
      section, taken along section lines IV--IV in FIGS. 2 and 3 and showing the
      upper and lower electrodes and the actuation cylinder coupled to the lower
      electrode;
PAR  FIG. 5 is a greatly enlarged fragmentary cross section of the lower
      electrode-crucible interface; and
PAR  FIG. 6 is a control circuit diagram, partly in schematic and block form,
      showing the electrical and pneumatic control circuit for actuating the
      movable lower electrode shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown the furnace segment of a combined
      furnace and analyzer in which there is provided a specimen loading
      assembly 10 including a specimen receiving port 12 for introducing a solid
      specimen to a chamber 14 rotatably mounted in the mounting block 16. A
      lever arm 18 is coupled to an extending end of the chamber 14 for rotating
      the chamber such that the specimen loaded therein can be dropped through
      an opening in the chamber into a crucible 50 held between the upper
      electrode 20 and the lower electrode 40 via an elongated passageway 23
      formed through the upper electrode and communicating between the loading
      assembly and the open top of the crucible when held between the
      electrodes.
PAR  The specimen loading assembly includes a pair of gas lines 11 and 13 for
      introducing a carrier gas such as helium for initially outgassing the
      crucible and subsequently carrying the specimen gas from the crucible to
      the analyzer (not shown) through a discharge tube 36 (FIG. 4). In
      addition, the furnace includes a meter 15 indicating the electrical
      current flow through the crucible.
PAR  In the preferred embodiment of the furnace, the upper electrode is fixed to
      frame 17 of the furnace by means of a mounting block 19. A shroud 21
      encloses the upper electrode assembly as well as the actuation mechanism
      for the movable lower electrode assembly. The shroud includes a cutaway
      segment 22 providing access to the lower electrode for insertion and
      removal of a crucible. The lower electrode 40 is mounted to a movable rod
      60 slidably fitted within a sleeve bearing 61 suitably mounted to the
      furnace frame. Rod 60 is coupled to a fluid-actuated cylinder as described
      below for moving electrode 40 toward and away from upper electrode 20.
      Referring now to FIGS. 2-6, the electrode construction and the actuation
      means therefor are described in detail.
PAR  The upper electrode assembly 20 is best shown in FIGS. 2 and 4 and
      comprises a generally cylindrical electrode body including an elongated
      central passage 23 extending from a flared opening 23' on the top for
      receiving a specimen from the loading assembly downwardly to an enlarged
      cylindrical crucible-receiving chamber 24 at the bottom of the electrode.
      The interface between passage 23 and chamber 24 defines an annular
      shoulder 25 to which there is mounted an annular (i.e., washer-shaped)
      insert 26 made of tungsten or a tungsten-copper mixture. The body of
      electrode 20 is made of copper and includes suitable passages (not shown)
      for providing water cooling of the electrode. The lower end of the
      exterior portion of the upper electrode includes a downwardly projecting
      cylindrical portion 27 of reduced diameter and includes a pair of
      vertically spaced annular grooves 28 surrounding projection 27 for
      receiving sealing O-rings 29 therein.
PAR  The electrode structure so formed is adapted to interengage the lower
      electrode assembly 40 such that when the lower electrode is moved
      upwardly, as indicated by arrow A (FIG. 4), an annular rim 52 of the
      graphite crucible 50 will engage the lower surface 31 of insert 26. Insert
      26 includes three 120.degree. spaced notches 33 (FIG. 2) extending
      radially outwardly from the inner edge 34 of the insert outwardly a
      distance sufficient to extend beyond the crucible rim when the crucible is
      clamped in position. These notches provide a communication path from the
      interior of the crucible permitting the specimen gas and carrier gas to
      exit the crucible and the upper electrode during the fusion of the
      specimen through a port 35 (FIG. 4) formed through the upper electrode. A
      discharge tube 36 is coupled to port 35, as seen in FIG. 4, and
      communicates with the associated analyzer. The inner diameter of insert 26
      is approximately 0.41 inch in one embodiment while the outer diameter is
      0.87 inch. The insert 26 is approximately 0.065 inch thick and is secured
      to shoulder 25 by conventional silver soldering.
PAR  The lower electrode assembly 40 comprises a cylindrical body 42 also made
      of copper and including suitable passages (not shown) for water cooling
      the electrode. Formed downwardly through the electrode from an upper
      portion is an annular chamber 44 dimensioned to receive the downwardly
      projecting portion 27 of the upper crucible such that the O-rings 29
      sealably engage the outer wall 43 of chamber 44. Chamber 44 is
      sufficiently deep such that the open mouth of port 35 is spaced from the
      floor of the chamber and unobstructed when the crucible is clamped between
      the electrodes.
PAR  A centrally positioned pedestal 45 extends upwardly from the axis of
      cylindrical electrode 40 slightly above the inwardly tapered rim 41 of the
      electrode and includes a tungsten insert 46 seated against the flat top
      surface 47 of the pedestal. Insert 46, as best seen in FIGS. 3 and 5, has
      a flattened annular upper surface 48 which seats against the bottom 56 of
      the crucible. The insert includes a central aperture 49' extending
      downwardly a distance such that a clearance 51 (FIG. 3) space exists
      between the bottom 56' of the button-like projection 54 of crucible 50 and
      the floor of aperture 49' in the insert. Three slots 49 extend radially
      outwardly from aperture 49' at 120.degree. intervals.
PAR  Crucible 50 is made of pure graphite and consists of a cylindrical side
      wall 53 and an enclosed lower end defining the floor 55 for supporting the
      specimen to be analyzed. The dimensions and fabrication of crucible 50 are
      disclosed in a concurrently filed U.S. patent application entitled
      CRUCIBLE, Ser. No. 484,303 and assigned to the present assignee. The
      bottom projection 56' is relatively short (i.e., 0.55 inch) and serves
      only as a centering device for the crucible in cooperation with aperture
      49' of the lower electrode tip. Thus, the crucible is supported on the
      annular surface 48 of tip 46 and not by the floor of aperture 49' . It is
      believed that the annular electrical contact between the tip 46 and
      crucible 50 accounts at least in part for the improved performance of the
      crucible-electrode combination over the previous flat bottom crucible and
      to some extent over the stud crucible disclosed in the above identified
      patent. The annular surface 48 is segmented by slots 49 but is
      significantly continuous and slots 49 may be deleted in some embodiments.
      The inner diameter annular surface 48 is approximately 0.2 inch while the
      outer diameter is approximately 0.3 inch.
PAR  Insert 46, like insert 26, is made of pure tungsten, tungsten alloy, or a
      commercially available pressed material comprising a mixture of 75 percent
      pure tungsten and 25 percent copper. The latter composition is preferred
      and the insert so formed is mounted to the top of pedestal 45 by
      conventional silver soldering accomplished by placing a silver solder
      insert in the shape of the interface between the insert and the electrode,
      positioning the insert on the silver solder insert, and heating the
      electrode and insert above the melting point of the silver solder to bond
      the insert to the electrode. Insert 46 is approximately 0.69 inch in
      diameter and 0.04 inch thick at the outer edge. At the surface 48, the
      insert is 0.125 inch thick with notches 49 and recess 49' extending to a
      maximum depth of 0.085 inch at the center of the insert.
PAR  Attached to the lower electrode 40 by conventional means is a push rod 60
      coupled to the piston of a double-acting cylinder 62. Cylinder 62 has a
      first inlet 64 for receiving a pressurized fluid to cause the rod 60 to
      extend from the cylinder thereby raising the lower electrode in the
      direction indicated by arrow A at FIG. 4. Cylinder 62 also includes a
      second inlet 66 for receiving pressurized fluid causing the rod 60 to
      retract for lowering electrode 40. Cylinder 62 is selected to provide
      sufficiently long excursion of rod 60 to accommodate all crucible lengths
      employed with the furnace.
PAR  Electrically coupled to each of the electrodes 20 and 40 is a power supply
      70 (FIG. 4) having one output conductor 72 electrically coupled to the
      upper electrode 20 and a second output conductor 74 coupled to the lower
      electrode 40. When the lower electrode is in its raised position such that
      the crucible 50 is clamped between inserts 26 and 46 thereby completing
      the electrical current path, power supply 70 applies electrical current to
      heat the crucible to cause a sample positioned in the crucible to be
      reduced in the helium atmosphere of the carrier gas and fuse to release
      gases such as nitrogen or oxygen contained in the specimen and which are
      detected by the analyzing instrument coupled to the outlet 36 (FIG. 4) of
      the furnace. In the preferred embodiment, power supply 70 applies A.C.
      current to the electrodes.
PAR  Referring to the electrical and pneumatic diagram of FIG. 6, a description
      of the control circuit for actuating the movable electrode is now
      presented. Cylinder 62 is a pneumatic, double-acting cylinder actuated by
      an air supply 80 through a pressure regulator 82 and double-acting
      solenoid valve 84. Regulator 82 is adjustable such that the closing
      pressure of the electrode can be selected to clamp a crucible between the
      electrodes at a selected pressure. A pressure gauge 88 is coupled to the
      line between valve 84 and input coupling 64 for monitoring the applied
      pressure.
PAR  Supply 80 is also coupled to the inlet port 66 of cylinder 62 through the
      solenoid valve 84. A pressure-actuated switch 86 is coupled between valve
      84 and inlet 64 to provide an electrical control signal which can be
      utilized to provide a signal to the analyzer indicating the closed
      position of the electrodes. Valve 84 is alternately actuated to raise and
      lower the electrode between a crucible-clamping and crucible-inserting and
      removal position, respectively, and is controlled by means of the
      electrical control circuit now described.
PAR  The electrical control circuit 90 includes a power supply for supplying a
      voltage +V at an input terminal 91 which is coupled to a relay coil 95
      through a normally closed push button switch 92 and the anode-to-cathode
      current path of an SCR 93. The cathode of SCR 93 is returned to ground to
      complete the current path from the voltage supply through coil 95 when the
      SCR is triggered into conduction. A gate terminal 93g of the SCR is also
      coupled to the +V supply through a normally open push button switch 94 and
      a current limiting resistor 94' .
PAR  Relay contacts 96 and 98 associated and actuated by relay coil 95 have the
      movable contact section commonly coupled to the +V supply and are actuated
      between a first position when coil 95 is energized to couple the +V supply
      to an electrode-raising solenoid 99 associated with solenoid valve 84.
      When the SCR is not conductive (i.e., coil 95) is deenergized), contacts
      96 and 98 are in a second position (shown in FIG. 6) to couple the +V
      supply to an electrode-lowering solenoid 100 associated with valve 84. A
      diode 101 is coupled in parallel across solenoid winding 99 to assure only
      a positive D.C. voltage will be applied to solenoid winding 99 while a
      diode 102 is similarly coupled to winding 100 for the same purpose.
PAR  In operation, a crucible 50 is positioned on the crucible receiving means
      of the pedestal 45 of the lower electrode and switch 94 actuated to
      trigger SCR 93 into conduction thereby energizing coil 95. Switch contacts
      96 and 98 thereby move to a position to actuate solenoid 99 in turn
      actuating valve 84 to apply a selected air pressure to cylinder 62.
      Electrode 40 then raises the crucible into the crucible-receiving cavity
      24 of the upper electrode and seats rim 52 against insert 26. With the
      crucible in this clamped position, power supply 70 is actuated for a
      period sufficient to heat the crucible to the normal operating temperature
      thereby outgassing the crucible prior to insertion of the specimen.
PAR  Once the crucible has been outgassed, a specimen previously loaded into
      assembly 10 is dropped through the central passage 23 of the upper
      electrode 20 by actuating lever arm 18 thereby introducing the specimen to
      the crucible. A second heating cycle is then initiated by actuating power
      supply 70 to cause fusion of the specimen. The carrier gas sweeps the
      resultant gas from the specimen into the analyzer as described above.
PAR  After the second heating period, switch 92 is actuated opening the current
      path for SCR 93 deenergizing coil 95. Switch contacts 96 and 98 then
      decouple coil 99 from the +V supply and in turn couple winding 100 to the
      +V supply. This actuates valve 84 which applies air pressure to cylinder
      62 to open the electrodes.
PAR  In selecting the insert or tipping material for the copper electrodes, the
      physical properties which determine the acceptability of the material
      include its thermal and electrical conductivity, melting temperature,
      hardness, wetability, machinability and the reactivity, if any, with the
      specimen gas to be analyzed. It is generally desired to have a relatively
      high thermal and electrical conductivity and a melting point in excess of
      the highest temperature reached during the heating cycles. At present,
      crucible temperatures as high as 3600.degree. Centigrade can be achieved
      with the improved structure and the usable range extends at least from
      2500.degree. - 3600.degree. Centigrade.
PAR  A coincidental benefit from the use of the tipping insert is that the
      electrode life is considerably increased since the material employed
      generally is harder than copper and has a significantly higher melting
      point. In the preferred embodiment, pure tungsten or tungsten-copper alloy
      or mixture was used and has been employed successfully in furnaces for use
      with analyzers detecting various gases including nitrogen and oxygen.
PAR  Other materials such as molybdenum, tantalum, or alloys other than tungsten
      may also be employed as the insert material although for some
      applications, these materials interfere with the specimen gas and will not
      be suitable. For example, it has been discovered that molybdenum absorbs
      both nitrogen and carbon monoxide when heated. Regardless of the insert
      material employed, the insert is relatively thin as compared with the
      crucible height.
PAR  It will become apparent to those skilled in the art that various
      modifications to the preferred embodiments disclosed herein can be made.
      It is possible, for example, that in some applications only the bottom
      electrode is tipped. Also, the electrode cylinder can be hydraulically
      actuated. These and other modifications can be made without departing from
      the spirit or scope of the present invention as defined by the appended
      claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. For use in a furnace for heating an electrically resistive crucible held
      between electrodes, improved electrode construction comprising:
PA1  a pair of electrodes made of an electrically conductive material, at least
      one of said electrodes movable toward and away from the remaining
      electrode for alternately clamping and releasing an electrically resistive
      specimen-holding crucible between said electrodes; and
PA1  a thin insert mounted to said at least one electrode to contact said
      crucible, said insert comprising an electrically conductive material with
      a melting point exceeding about 2500.degree. Centigrade.
NUM  2.
PAR  2. The apparatus as defined in claim 1 and further including a
      fluid-actuated cylinder having a movable rod extending therefrom and
      coupled to said movable electrode for moving said electrode toward and
      away from said remaining electrode for clamping said crucible between said
      electrodes.
NUM  3.
PAR  3. The apparatus as defined in claim 1 wherein said remaining electrode
      further includes a thin insert mounted to the surface of said electrode to
      contact said crucible, said insert made of an electrically conductive
      material with a melting point exceeding about 2500.degree. Centigrade.
NUM  4.
PAR  4. The apparatus as defined in claim 1 wherein said electrodes are
      vertically oriented and said insert is mounted to the lower electrode and
      includes a substantially annular surface for supporting a crucible
      thereon.
NUM  5.
PAR  5. For use in a furnace for heating an electrically resistive crucible held
      between electrodes, improved electrode construction comprising:
PA1  a pair of electrodes made of an electrically conductive material, at least
      one of said electrodes movable toward and away from the remaining
      electrode for alternately clamping and releasing an electrically resistive
      specimen-holding crucible between said electrodes; and
PA1  a thin insert mounted to said at least one electrode to contact said
      crucible, said insert comprising and electrically conductive high melting
      point material made of tungsten.
NUM  6.
PAR  6. The apparatus as defined in claim 5 wherein said insert comprises a
      pressed mixture of particulate copper and tungsten.
NUM  7.
PAR  7. The apparatus as defined in claim 1 wherein said electrodes are mounted
      in a vertical plane and the lower electrode is movable and includes a
      pedestal for supporting said crucible thereon and wherein said insert is
      mounted to the top of said pedestal and includes annular crucible
      supporting means.
NUM  8.
PAR  8. The apparatus as defined in claim 7 wherein said insert comprises a
      generally disc-shaped member having a flattened annular surface and
      including a circular recess centrally formed therein for receiving a
      button-like projection extending downwardly from a bottom surface of said
      crucible.
NUM  9.
PAR  9. The apparatus as defined in claim 8 wherein the upper electrode includes
      a passageway formed through said upper electrode and communicating with
      the interior of a crucible when clamped between said electrodes and
      defining a generally annular shoulder extending around a lower end of said
      passageway, and wherein said upper electrode includes an insert comprising
      an electrically conductive material with a melting point exceeding about
      2500.degree. Centigrade, said insert being substantially washer-shaped and
      mounted to said annular shoulder of said electrode.
NUM  10.
PAR  10. In a resistance heating furnace for fusing a specimen positioned in a
      crucible and directing an inert carrier gas into said crucible for
      sweeping gases therefrom as said specimen is fused during the heating of
      said crucible, an improved electrode construction comprising:
PA1  an upper conductive electrode including a crucible-receiving chamber having
      an end defining an annular shoulder and including a washer-shaped insert
      including at least one notch formed therein and extending outwardly from
      an inner edge of said insert, said insert mounted to said annular shoulder
      for engaging the rim surrounding an open end of a crucible, said insert
      being made of an electrically conductive material with a melting point
      exceeding about 2500.degree. Centigrade, said upper electrode further
      including a passageway extending therethrough and opening at the center of
      said insert for supplying an inert gas to said crucible, said upper
      electrode also including an outlet port communicating with said crucible
      chamber for transporting gas passing through said notch in said insert
      outwardly from said electrode;
PA1  a lower electrode including an annular chamber formed downwardly therein
      and an upwardly extending pedestal surrounded by said annular chamber and
      having an insert mounted thereto, said insert including means for
      supporting a crucible thereon, said insert made an electrically conductive
      material with a melting point exceeding about 2500.degree. Centigrade;
PA1  means for moving one of said electrodes relative to the other for clamping
      said crucible between said inserts with said crucible positioned in said
      crucible-receiving chamber and said annular chamber of said lower chamber
      surrounding a lower portion of said upper electrode; and
PA1  sealing means coupled to one of said electrodes to seal said
      crucible-receiving chamber at the junction of said electrodes when said
      electrodes are in a crucible-clamping position.
NUM  11.
PAR  11. In a resistance heating furnace for fusing a specimen positioned in a
      crucible and directing an inert carrier gas into said crucible for
      sweeping gases therefrom as said specimen is fused during the heating of
      said crucible, an improved electrode construction comprising:
PA1  an upper conductive electrode including a crucible-receiving chamber having
      an end defining an annular shoulder and including a washer-shaped insert
      including at least one notch formed therein and extending outwardly from
      an inner edge of said insert, said insert mounted to said annular shoulder
      for engaging the rim surrounding an open end of a crucible, said insert
      being made of a high melting point and high electrical conductivity
      material including tungsten, said upper electrode further including a
      passageway extending therethrough and opening at the center of said insert
      for supplying an inert gas to said crucible, said upper electrode also
      including an outlet port communicating with said crucible chamber for
      transporting gas passing through said notch in said insert outwardly from
      said electrode;
PA1  a lower electrode including an annular chamber formed downwardly therein
      and an upwardly extending pedestal surrounded by said annular chamber and
      having an insert mounted thereto, said insert including means for
      supporting a crucible thereon, said insert made of a high melting point
      and high electrical conductivity material including tungsten;
PA1  means for moving one of said electrodes relative to the other for clamping
      said crucible between said inserts with said crucible positioned in said
      crucible-receiving chamber and said annular chamber of said lower chamber
      surrounding a lower portion of said upper electrode; and
PA1  sealing means coupled to one of said electrodes to seal said
      crucible-receiving chamber at the junction of said electrodes when said
      electrodes are in a crucible-clamping position.
NUM  12.
PAR  12. The apparatus as defined in claim 11 wherein said inserts comprise a
      pressed mixture of particulate copper and tungsten.
NUM  13.
PAR  13. The apparatus as defined in claim 12 wherein the crucible-engaging
      surface of the insert for said lower electrode defines a substantially
      annular contact with the bottom of said crucible.
NUM  14.
PAR  14. The apparatus as defined in claim 10 wherein said upper electrode is
      fixed and said lower electrode is movable, and wherein said moving means
      comprises a fluid-actuated cylinder having a movable rod coupled to said
      lower electrode and fluid supply means coupled to said cylinder for
      clamping said crucible between said electrodes with a selectable pressure.
NUM  15.
PAR  15. In copper electrode assemblies for use in a furnace for heating a
      specimen-holding resistive crucible clamped between said electrodes when a
      power supply is coupled to said electrode assemblies to pass electrical
      current throuogh said crucible, the improvement comprising:
PA1   thin tipping inserts shaped to cover the surface of the electrodes which
      contact the crucible, said inserts comprising a electrically conductive
      material having a melting point greater than 2500.degree. Centigrade.
NUM  16.
PAR  16. In copper electrode assemblies for use in a furnace for heating a
      specimen-holding resistive crucible clamped between said electrodes when a
      power supply is coupled to said electrode assemblies to pass electrical
      current through said crucible, the improvement comprising:
PA1  tipping inserts shaped to cover the surface of the electrodes which contact
      the crucible, said inserts comprising a material including the metal
      tungsten having a melting point greater than about 2500.degree.
      Centigrade.
NUM  17.
PAR  17. The structure as defined in claim 16 wherein said inserts comprise a
      pressed mixture of particulate copper and tungsten.
NUM  18.
PAR  18. The structure as defined in claim 17 wherein said mixture is
      approximately 25 percent copper and 75 percent tungsten.
NUM  19.
PAR  19. For use in a furnace for heating an electrically resistive crucible
      held between electrodes, improved electrode construction comprising: a
      pair of electrodes of electrically conductive material shaped for engaging
      a resistive crucible therebetween wherein at least one electrode includes
      an annular crucible-engaging surface providing substantially annular
      contact between said electrode and said crucible.
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ABST
PAL  A computerized control system for receiving information concerning the
      operating parameters in an electrical furnace, and for controlling the
      feeding of corrective and additive charge to the furnace, for controlling
      the position of the electrodes, and for controlling the power consumed by
      the furnace. The system includes a discharge hopper for the selective
      discharge of solid materials to electric smelting furnaces. The hopper
      comprises a transit part and a reservoir part. Because of its physical
      construction, the transit part will empty before the reservoir part, but
      when the transit part is empty the contents of the reservoir part will
      follow automatically.
PARN
PAC  Cross-Reference to Related Application
PAR  The present application is a continuation-in-part of copending U.S. patent
      application Ser. No. 342,394 entitled DISCHARGE HOPPER FOR ELECTRIC
      SMELTING FURNACES filed on Mar. 19, 1973 in the names of Bjorn Asphaug and
      Thor Pedersen.
BSUM
PAR  This parent application has been assigned to the assignee of the present
      application, Elkem-Spigerverket A/S.
PAC  BACKGROUND OF THE INVENTION
PAR  Electrical reduction furnaces have steadily grown in size over the years.
      During the past two decades, the maximum furnace size (expressed in MVA
      transformer capacity) has roughly doubled in size for 7 years. Furnace
      sizes will probably continue to increase due to several factors. First,
      the capital cost per ton of output is lower for the larger furnaces.
      Secondly, the number of operating personnel is not significantly larger
      for a large furnace than for a snall furnace, and since the cost of
      manpower continues to increase, the use of larger furnaces will enable
      this cost factor to be kept at a minimum. Thirdly, it is anticipated that
      there will be a continued increase in demand for ferroalloys, which demand
      must be met by greater production.
PAR  The anticipated increase in the size of electric smelting furnaces involves
      a number of considerations. First, the production capability of these
      larger units can be as high as about 1000 tons per day. This in turn means
      that small improvements in the operation of the larger furnaces may result
      in significant savings in production costs. Secondly, with the anticipated
      smaller numbers of larger furnaces, it is feasible to spend more money on
      instrumentation and control for each furnace. Thirdly, these larger
      furnaces behave sluggishly, and slowly-developing deviations in operating
      parameters are not easily detected by furnace operating personnel.
      Therefore, these larger furnaces have more need for automatic control than
      smaller furnaces.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied in and carried out by a control system
      including a computer for receiving information concerning the various
      operating parameters of an electric smelting furnace, and for processing
      this information to control the feed of additive and corrective charge to
      the furnace, to control the position of the electrodes in the furnace, and
      to control the electrical power consumption of the furnace.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention may be better understood by reading the written
      description thereof with reference to the accompanying drawings, of which:
PAR  FIG. 1 illustrates a first hopper for utilization in the control system
      disclosed herein;
PAR  FIG. 2 illustrates a second hopper for utilization in the control system
      disclosed herein;
PAR  FIG. 3 illustrates a third hopper for utilization in the control system
      disclosed herein;
PAR  FIG. 4 illustrates a large furnace installation with accompanying
      instrumentation;
PAR  FIG. 5 is a block diagram illustrating the control system disclosed herein;
      and
PAR  FIG. 6 is a plot of power consumption against time, showing the improvement
      yielded after the installation of the present control system.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring specifically to FIG. 4, this illustrates an electric smelting
      furnace having a large capacity in the production of high-carbon
      ferromanganese. High-carbon ferromanganese maay be produced in either
      blast furnaces or electrical furnaces, but the trend is toward the use of
      the latter type of furnace. Depending on local conditions, one or more
      manganese ores are used to produce a metal of desired grade and
      specifications. Normally, coke is used as the reducing agent. The
      manganese content and the basicity of the slag vary within wide limits.
      Frequently, a 30-40 percent manganese slag is produced. This slag is
      utilized as a raw material for silicon manganese production. Fluxes may be
      used to produce the desired basicity in the slag.
PAR  Ores, reducing agents and fluxes are fed to the furnace pot 1 in FIG. 4. In
      the furnace, the main reaction is a reduction of metal oxide with carbon
      in the form of coke. The necessary heat if supplied in the form of
      electrical energy fed to the furnace 1 through electrodes 2 from
      transformers 3. In the ferromanganese production process, the carbon has a
      dual role. Besides acting as a reducing agent, it also strongly influences
      the electrical resistance of the charge and melt within the furnace, and
      thus effects the dissipation of electrical power. Coke is to a certain
      degree accumulated under the electrodes 2, forming a coke bed similar to
      that which has been found to be developed in the smelting of pig iron.
      This coke bed largely determines the resistance and dissipation of
      electrical power, and thereby effects process temperatures, metallurgical
      reaction patterns and product composition. As a result, the carbon balance
      of the charge is very critical in the ferromanganese production process.
      If too much coke is fed to the furnace, the excess will accumulate and
      result in reduced electrical resistance, which in turn requires a higher
      position for electrodes 2 in order to maintain a constant electrode
      current. With the higher electrode position, smaller quantities of metal
      oxides are reduced by the CO formed primarily in the reaction zone,
      resulting in a higher carbon content in the product and higher power
      consumption per ton of product. These conditions are aggravated when the
      high temperature zone is moving upwards in the furnace 1, as coke may
      react with moisture in the raw charge material to form carbon monoxide and
      oxygen and thereby further increase the consumption of coke and electrical
      power.
PAR  If too little coke is added to the charge, the accumulated coke will
      gradually be consumed. The electrodes 2 will have to be moved downwards in
      the furnace. Since the coke bed is being depleted, off-grade metal may be
      produced and slag boilings may occur. These conditions often are more
      severe in large furnaces than in small ones. The slow accumulation or
      depletion of carbon is more difficult to detect in a large furnace because
      metal and slag analyses may be very little effected until the conditions
      are quite severe. Also, more time is needed to bring a large furnace back
      into balance.
PAR  The control system embodying the present invention is designed to reduce
      the variations in the metallurgical process and to improve the average
      results. The furnace 1 is a three-phase circular closed furnace with a
      shell diameter of 11.8 meters and 1.7 meters electrode diameter. This
      furnace 1 is rated at 39 MVA, and is fed by a main charging system 5 which
      may include a plurality of furnace hoppers and a separate, gas-tight coke
      charging system 6, preferably with one feeding point for each electrode.
      However, the plurality of hoppers and the separate coke charging system 6
      are preferably replaced by a partitioned hopper as shown in FIGS. 1, 2 and
      3, which will be described further on. The gas system 4 provides an outlet
      for the gases generated during the metallurgical process, and
      quantitatively and qualitatively analyzes the various component gases such
      as CO, CO.sub.2, H.sub.2 and O.sub.2. The furnace instrumentation provides
      readings on electrical parameters A, on electrode holder position B, on
      electrode slippage C, on gas flow rate D, on gas analysis E, on gas
      temperatures F, and on the weight of charge and additive materials G.
      These measurements are fed into the furnace computer, as shown in FIG. 5.
      The furnace computer has the capability of detecting process trends and
      slowly developing deteriorations, and can respond with furnace control
      output signals more rapidly and consistently than the best human operator.
      These are important capabilities in the control of a process which has
      considerable time lags in responding to control action. Merely by
      improving the consistency of the control action, the computer affords
      significant advantages over a human operator, even though the control
      strategy remains simple.
PAR  Like most metallurgical processes, the measurements which can be done in
      the electric smelting furnace are few, are often influenced by arbitrary
      disturbances, and their relation to the most significant process variables
      may not be easily deduced by a human operator. Although the furnace
      computer cannot produce information which is not in some way inherent in
      the measurements yielded by the furnace instrumentation, the computer is
      an efficient tool for extracting the most useful information from the
      signals fed in from the instrumentation. The furnace computer can treat
      these signals with statistical techniques and deduce trends and
      correlations not easily perceived by a human operator. The furnace can
      handle complicated equations and calculate estimates of process variables
      which themselves cannot be measured. The information handling capability
      of the furnace computer makes it useful as an aid to a human computer,
      even if the control actions are still done manually, i.e., its usefulness
      does not necessarily depend on closed loop operation. In open loop control
      applications, the furnace computer performs monitoring, logging and
      reporting functions. However, the furnace computer is preferaby used for
      closed loop control of the carbon content in the furnace charge, of the
      electrode current, and of the electrode position.
PAR  A preferred embodiment of the present control system employs a
      Norwegian-built Nord-1 computer with a 16K core memory and 16 bits
      wordlength. Peripheral equipment in this embodiment include a Teletype ASR
      33, a paper tape reader, a card reader and a high-speed paper tape punch.
      The process interface includes an analog-digital converter with 64 analog
      inputs and 8 analog outputs, and 88 digital inputs and 64 digital outputs.
      The operator's console has the usual data displays, alarm lamps, switches
      for selection of display variables and data entry. A receive-only
      typewriter terminal is employed for the production of a furnace log in the
      form of a print-out. Print-out reports of measured and calculated
      variables are given at regular intervals. These variables are also
      available at the operator's console, and may be displayed with their
      appropriate dimensional units on a digital screen. Examples of calculated
      variables are the instantaneous metal production rate in tons per hour as
      calculated by gas analysis and gas flow rate measurements together with
      data for the ore mix and the metal grade; the instantaneous value of the
      specific power consumption in kilowatt hours per ton; raw material
      consumption; and electrode penetration estimates as calculated from gas
      analysis, gas temperature, assumed electrode consumption, etc. Certain
      variables are preferably checked against alarm limits. Alarm lights are
      provided to indicate air leakage through the furnace cover, water leakage,
      and uncontrolled electrode slipping.
PAR  In closed-loop control operation, the present system comprises a plurality
      of closed loops. Of these, the carbon balance control loop is considered
      the most important. The control strategy employed is based upon the
      dependency of charge resistance on the carbon concentration in the
      process. When excess carbon in the form of coke is accumulated in the
      furnace, resistance decreases, and the electrodes have to be raised to
      maintain constant electric conditions. In the same way, the electrodes
      will have to be lowered when too little coke is added to the charge and
      the coke bed is depleted. Therefore, when the electrodes are used to
      control the electric conditions, the electrode tip position will be
      related to the amount of coke in the furnace. This may be visualized as
      the electrodes resting on a coke bed of a certain height. Given these
      assumptions, a constant coke bed is equivalent to a constant electrode tip
      position. The high temperature reaction zone is moved up or down along
      with the electrodes, and the conditions for pre-reduction in the upper
      zone of the furnace are changed accordingly. This change is reflected in
      gas composition and gas temperature, which are the raw data used by the
      computer program to detect changes in tip position and to calculate the
      corresponding corrective action in terms of the quantity of coke to be
      added to the furnace charge. Separate tip position estimates for each of
      the three electrodes allow the use of the coke addition equipment for
      individual carbon control of each electrode, and thus enable the
      maintenance of electrical symmetry within the furnace.
PAR  A second loop closed by the computer controls the electrode currents. This
      is done by operating the conventional electrode regulators on constant
      impedance, and by having the computer adjust the impedance set points of
      the regulators to obtain symmetrical electrical loading at the optimum
      current value. The furnace computer control program considers the
      constraints of the electrical system, and on this basis controls the
      maximum permitted current, thereby controlling the maximum furnace load at
      any voltage tap.
PAR  The third loop closed by the computer controls the positions of the
      electrodes. With conventional control, electrode slippage of a fixed
      increment is triggered manually by the human operator, or automatically at
      regular time intervals by a clock. With the present system, the optimum
      time intervals are decided by the computer, and the furnace computer
      control program takes into account the electrode holder position, the
      estimated electrode length and the maximum slipping rate to maintain good
      baking conditions for the paste in the Soderberg electrodes.
PAR  Conventional furnace weighing and transporting systems do not normally meet
      the requirements of advanced furnace control. Applicants have found that a
      computer can be advantageously utilized for the purpose of improving the
      accuracy and controllability of the weighing process to meet the
      aforementioned requirements. A computer batch weighing and transport
      control system has been developed as a separate subsystem which may be
      installed and utilized separately on a permanent basis. It may also be
      considered a first step toward an extended system for a complete,
      integrated furnace computer control system, thus offering plant managers
      the possibility of entering the computer field with a relatively
      inexpensive step. Referring specifically to FIG. 5, although a simple
      weighing control may be incorporated into the furnace computer for
      controlling the weighing and charging system, it is preferable to have a
      separate weighing computer which receives information from the furnace
      computer concerning carbn control and directs the operation of the
      weighing and charging system accordingly. The weighing computer is adapted
      to the batch weighing equipment normally delivered with modern furnaces in
      order to achieve improved accuracy with automatic taring and overshoot
      compensation, individual charge corrections and feed mix control for
      different furnace hoppers or groups of hoppers feeding different furnace
      zones; optimal transport control; and complete raw material consumption
      reporting. The weighing computer controls the sequence in which the
      furnace hoppers are to be serviced. The normal sequence is determined by
      level indicators in the bypass channels of the divided furnace hoppers.
      Higher priority is given if material has been drawn from the main part of
      the hopper, so that its spare capacity has been reduced.
PAR  When a furnace hopper is to be serviced, the computer calculates the set
      points to be applied. The nominal set points of the desired feed mix
      recipe are corrected for zero weight offset of the empty scale hopper and
      for overshoots on the previous batch to the particular furnace hopper. The
      moisture content of the various raw materials may be given either as
      manual input or automatically from moisture measuring instruments, and the
      set points are corrected accordingly. Zone corrections are added to or
      subtracted from the set points if furnace hoppers feeding particular
      furnace zones are to be treated differently with regard to charge
      composition. Furnace zones may be specified as single furnace hoppers or
      groups of furnace hoppers, as desired. For the installation described, six
      furnace zones have been defined, each containing two feeding points. The
      finally corrected set points are compared to the actual scale weights by
      the computer as materials are fed into the scale hoppers. The computer
      controls the start and stop of the coarse and fine feeding, and reads he
      accurate weight each time the input feeders have been stopped and stable
      conditions have been obtained.
PAR  The weighing computer also controls the discharge feeders and checks the
      tare weight of the empty scale hoppers. A time delay between the discharge
      of each one of the four scale hoppers ensures a homogeneous mixing by a
      sandwiching effect.
PAR  The weighing computer controls the start and stop of the conveyors 42 and
      50 in FIGS. 2 and 3, and monitors for correct positioning. The system
      permits several batches to be in transport at the same time, even when
      destined for different furnace hoppers. There is also a timing control
      which keeps track of the head and the tail of every batch in transport and
      helps to ensure a near-optimum utilization of the conveyor system
      capacity.
PAR  The advantages of the weighing computer are improved accuracy by proper
      overshoot compensation and reliable and extensive inventory reporting for
      raw materials. Of particular interest is the zone charging capability
      introduced. In particular, for charging systems with several furnace
      hoppers and a corresponding number of feeding points, this feature is very
      useful. One example is individual treatments of the three electrodes with
      regard to corrective actions on the feed mix. Another possibility would be
      to affect the electric conditions in a favorable way by systematic
      application of zone charging. For example, different amounts of coke, or
      different coke qualities, may be fed to the central and to the
      circumferential parts of the furnace. The simple and flexible system for
      changing set points or introducing zone corrections provides the practical
      means for sophisticated furnace control to the extent that an overall
      control system is introduced and control strategies exist.
PAR  The control system shown in FIG. 5 comprises a modular computer system
      designed in such a way that the various modules forming the system may be
      easily varied to accomodate a variety of furnace installations. This
      principle of modularity reduces the system development and programming
      costs for each installations, and eases the standardization that is
      essential for commercial acceptability.
PAR  The present invention includes a hopper which contains both a transit part
      and a reservoir part and in which the transit part will be completely
      emptied before the reservoir part begins to flow. However, because of the
      unique construction, material held in the reservoir part will be
      automatically fed to the discharge chute when the transit part is no
      longer feeding material.
PAR  In electric smelting furnaces such as for the production of pig iron,
      ferroalloys and carbides, there are usually a number of furnace hoppers
      which are arranged above the furnace as shown in FIG. 4 to supply the raw
      materials to the furnace. The hoppers will have discharge chutes which
      extend down into the furnace and end just above the top of the charge. The
      discharge tubes will open at the bottom end and as material comes from the
      hopper down through the discharge tube the raw material being fed will
      tend to rest on the charge beneath the mouth of each of the discharge
      chutes. Since the end of the discharge chute is not located very far above
      the bed of the charge, the discharged material will pile up and this will
      effectively limit the amount of material fed to the charge. The heap which
      rests on the charge will gradually sink into the charge and thus discharge
      from the hoppers takes place automatically and continuously.
PAR  While this is the ideal functioning of the hopper and discharge tube,
      unfortunatey material does not always run as smoothly as desired. There
      can be sudden sinkings of the charge in the furnace and if the amount of
      material held in the hopper is not sufficient to compensate for this, the
      flames from the furnace will be able to reach the charging equipment and
      will quickly cause damage, or burned toxic gases may escape into working
      areas. The charging equipment will also be damaged if the hopper runs out
      of material because of some breakdown in the system supplying raw material
      to the hopper.
PAR  Material fed from the hoppers to the charge include such material as
      reduction agents, fluxes, ores and the like. Because the hoppers must be
      made of a large capacity to prevent their running out, resulting in the
      consequent damage of equipment by flames from the furnace, there is
      usually a lag time of 4-8 hours between the addition of material to the
      top of the hopper and the time it is fed out through the discharge end.
      the charge mixture in the hoppers is proportioned so that a desired
      product can be obtained under the desired operating conditions. However,
      from time to time these proportions may need correction or adjustment in
      order to bring them into line with actual operating conditions. For
      example, it may be necessary to add more coke to raw ore to increase the
      conductivity of the charge or, conversely, it may be necessary to add
      fluxes to reduce the condictivity. Because of the lag time of 4-8 hours
      due to the necessarily large size of the hopper, it is not practical to
      add the additional corrective materials to the hopper since the effect of
      the correction will be delayed too long. In some cases corrective material
      can be added by hand. However, this has the disadvantage that the
      corrective material is not usually added in the exact position where it is
      most needed and there is the additional disadvantage that with covered
      furnaces such correction can be nearly impossible. In other cases,
      separate discharge chutes have been employed for the corrective material
      but this has the twofold disadvantage that it is difficult to position the
      corrective chute exactly to the position of the trouble spot and the
      corrective material will be added in concentrated from rather than
      distributed throughout the area where the hopper material is being
      discharged.
PAR  Applicants' form of construction for a hopper permits the addition of
      corrective materials in the area of the charge. In addition, this hopper
      can be effectively utilized to insure that the discharge tube does not run
      out of material thus permitting flames from the furnace to damage
      apparatus located above the hoppers. Applicants' form of apparatus
      comprises a hopper with two sections, one being a transit section and the
      other being a reservoir section. The transit section and reservoir section
      are located side by side with a dividing partition. The discharge end of
      the transit section is located directly above the receiving end of the
      discharge tube and is of approximately the same area. The reservoir
      section discharges into the receiving end of the discharge tube at an
      angle to the flow from the transit section to the discharge tube. Thus,
      becuase of well-known principals of physics, the flow from the transit
      section to the discharge tube will be preferred over the flow from the
      reservoir section to the discharge tube.
PAR  Referring now to FIG. 1, there is seen a hopper 10 having a receiving end
      12. Transit chamber 14 and reservoir alignment chamber 16 are provided in
      the hopper and are separated by baffle 18. The reservoir 16 is provided
      with a sloped base 20 for urging material from the reservoir 16 into the
      mouth 22 of the discharge tube 24. The mouth 26 of the transit chamber is
      approximately equal in size to the mouth 22 of the receiving end of the
      discharge tube 24. The discharge end 28 of the transit chamber 14 is in
      aignment with the receiving end 30 of the discharge tube 24. As a result
      of this, there will be a straight flow of material from the transit
      chamber 14 to the discharge tube 24 whenever there is material in the
      transit chamber. The mouth 32 of the reservoir chamber is positioned so
      that in combination with the sloped base 20 material flowing from the
      reservoir chamber will be flowing at an angle to material flowing from the
      transit chamber to the discharge tube. In FIG. 1, the flow of material
      from the transit chamber to the discharge tube 24 is indicated by arrow 34
      and the flow of material from the reservoir chamber is indicated by arrow
      36. Because of the physical properties of the solid material, all of the
      solid materials from the transit chamber 14 will pass into the discharge
      tube 24 before any of the materials from the reservoir 16 pass into the
      discharge tube 24.
PAR  While the transit chamber 14 is shown in the drawing as a straight chamber,
      it will be understood that the transit chamber does not have to have this
      configuration so long as material fed from its discharge end is a straight
      flow into the receiving end of the discharge tube and so long as the feed
      from the discharge end of the reservoir is at an angle to the feed from
      the transit chamber to the discharge tube.
PAR  As mentioned hereinbefore, the size of the opening 26 of the transit
      chamber should be approximately the same size as the opening 22 of the
      discharge tube 24. The size of the opening 32 of the reservoir 16 is not
      critical so long as a free flow of material is provided from the reservoir
      16 to the discharge tube 24 when there is no material in the transit
      section. The opening of the reservoir also must not be so large that it
      interferes with the flow of the material from the transit chamber to the
      discharge tube. In general, it has been found suitable for the opening 32
      of the reservoir 16 to be approximately the same size or slightly larger
      than the opening 22 in the discharge tube 24.
PAR  Referring now to FIG. 2, there is shown the way in which applicants' hopper
      is used to continuously supply material to the discharge tube even though
      there may be interruption in the flow of material to the hopper and even
      though there may be a sudden requirement for additional material because
      of a rapid sinking of material from the discharge end (not shown) of the
      discharge tube caused by rapid sinking of discharged material. The hopper
      employed is approximately the same as the hopper of FIG. 1 except that the
      baffle 38 of FIG. 2 is somewhat shorter than the baffle 18 of FIG. 1. Raw
      material 40 is fed to the top of the hopper by means of a continuous
      conveyor belt 42. The raw material is fed into the reservoir chamber 16.
      As the feeding into the reservoir chamber continues, the material will
      back up from the discharge end of the discharge tube until it starts to
      collect in the reservoir and then it will completely fill the reservoir up
      to the top 44 of baffle 38. Thereafter, the material will overflow the
      reservoir section of the hopper and will flow directly through the transit
      section 14. As mentioned hereinbefore, the transit section will empty
      preferentially to the reservoir section and, therefore, the reservoir
      section will be maintained in a full condition so long as conditions are
      normal. If there is a sudden call for material in the discharge tube
      because of a change in the furnace, this can be readily taken care of by
      the excess material which is stored in the reservoir section of the
      hopper. Similarly, if for some reason there is a discontinuance of the
      feeding of raw material 40 to the hopper by continuous conveyor belt 42,
      the reservoir will continue to feed material to the discharge tube for a
      period of time thus permitting correction of the lack of flow of material
      to the hopper.
PAR  In FIG. 3 is shown a hopper according to the present invention for adding
      corrective materials. Again, the hopper is essentially the same as FIG. 1
      except that in this case the baffle 46 is longer than the baffle 18 of
      FIG. 1 and in fact in FIG. 3 the baffle extends above the top of the
      hopper as shown. Raw material 40 is fed by continuous conveyor belt 42 to
      the reservoir 16 section of the hopper 10 and this material will flow down
      against sloped base 20 of the reservoir and into the discharge tube 24. In
      normal operation, the transit chamber 14 will be empty. since transit
      chamber 14 is normally empty, it can be used for the addition of
      corrective materials. In FIG. 3, corrective material 48 is being added to
      the transit chamber by belt conveyor 50.
PAR  As previously explained, the corrective material will be fed from the
      transit chamber 14 to the discharge tube 24 preferentially with respect to
      the feeding of the material in reservoir 16. Depending upon the particular
      circumstances, the material fed to transit chamber 14 could be strictly
      corrective material or it could be corrective material admixed with raw
      material 40 by mixing apparatus positioned before the belt conveyor 50 and
      not shown. Additionally, belt 50 could be made to operate intermittently
      for the periodic and preferential feeding of material to the charge
      through transit chamber 14. Various changes and modifications will be
      apparent to those skilled in the art. For example, chambers 14 and 16
      could be completely separated vessels rather than joined in one hopper
      with a separating partition as shown. Furthermore, gates could be provided
      in the openings 32 and 26 if desired. While it has been stated that
      material from the transit chamber will flow to the discharge tube
      preferentially to the matter in the reservoir, it must be understood that
      under normal operating conditions there will usually be a trickle flow
      from the reservoir to the discharge tube even when the transit chamber is
      in use. This flow is not generally detrimental and, in fact is in some
      cases desirable since it will help to prevent sintering and bridge
      formation of material held in the reservoir.
PAR  Numerous advantages are yielded by the control system disclosed herein. The
      improved weighing accuracy yielded by computer control reduces the
      variations in the selected charge composition. Thus, one of the primary
      causes of process disturbances is minimized. In addition, a carbon control
      strategy using feedback signals from the process itself may be applied
      more consistently by a computer and the corrections to the coke addition
      can be effected earlier and more accurately than with human operator
      control. This will yield a more constant operation, closer to optimum
      conditions. Furthermore, with computer control of electrode position, the
      human error element has been removed, and a safer and more consistent
      electrode operation results. Also, computer control of the electrical
      conditions should allow utilization of the electrical system in a more
      efficient manner, with anticipated increase in furnace load and product
      output. This is illustrated in the graph of FIG. 6, which shows greatly
      reduced variation in specific power consumption after the installation of
      the computer system shown in FIG. 5. Specifically, there is less average
      power consumption X and less standard deviation .+-..delta.. The closer
      control of the metallurgical processes yielded by the computer may
      reasonably be expected to lead to reduced maintenance work and less
      furnace downtime.
PAR  The present system has taken a number of physical embodiments in addition
      to that previously mentioned. For example, a PDP-8S (4K) computer has been
      employed to control a 2.7 MVA FeV arc furnace on the basis of
      spectrographic analyses. A Nord-1 (8K) computer has been employed to
      control an 18 MVA ferrosilicon (FeSi) furnace. A computer system
      comprising a Nord-1 with a 32K core memory and a 256K magnetic drum
      storage has been employed in a multi-furnace control system, and has the
      capacity for controlling several processes simultaneously. This system is
      in operation on a 51 MVA ferrosilicon furnace and is to be connected to a
      33 MVA closed furnace for pig iron. A Philips P860 minicomputer with a
      ferrite core memory of 12K 16-bit words has been installed for control of
      the batch weighing and transport system for a 48 MVA ferromanganese
      furnace; a Philips M1OS (Modular Input/Output System) is used to interface
      the computer and the control system. This control system can be extended
      by the installation of a Philips P855 (16K) computer. A PDP-8S (4K)
      computer has been employed to control the electrical input and optimize
      the melting sequence in a 50 ton furnace for steel scrap melting. An IBM
      1800 process computer system has been installed for pot-line control of an
      aluminum melting plant.
PAR  The advantages of the present invention, as well as certain changes and
      modifications of the disclosed embodiments thereof, will be readily
      apparent to those skilled in the art. It is the applicants'  intention to
      cover all those changes and modifications which could be made to the
      embodiments of the invention herein chosen for the purposes of the
      disclosure without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control system for electrical furnaces comprising:
PA1  1. computer means operative to receive a plurality of input signals
      indicative of metallurgical process parameters, and further operative to
      process said plurality of input signals and to generate a plurality of
      output signals for controlling the quantity and mixture of charge fed to
      the associated furnace, for controlling the position of the electrodes in
      the associated furnace, and for controlling the power consumed by the
      associated furnace; and
PA1  2. charge feed means operative in response to at least one of said
      plurality of output signals to feed and control the quantity and mixture
      of charge to the associated furnace.
NUM  2.
PAR  2. The control system according to claim 1 wherein said charge feed means
      comprises at least one hopper having at least one section.
NUM  3.
PAR  3. The control system according to claim 1 wherein said charge feed means
      is linked to said at least one hopper by at least one conveyor means which
      is controlled by said computer means.
NUM  4.
PAR  4. The control system according to claim 1 wherein said control system
      further comprises charge weighing means, and said computer means is
      operative to control the amounts of charge components fed to the
      associated furnace by said charge feed means in response to at least one
      of said plurality of output signals.
NUM  5.
PAR  5. The control system according to claim 4 wherein said computer means
      comprises a furnace computer means and a weighing computer means.
NUM  6.
PAR  6. The control system according to claim 5 wherein said weighing computer
      means is operative to correct the nominal set points of a desired feed mix
      receipe.
NUM  7.
PAR  7. The control system according to claim 5 wherein said weighing computer
      means is operative to introduce a time delay between the discharge of each
      of a plurality of hoppers to ensure a homogeneous mixing of the charge
      components.
NUM  8.
PAR  8. The control system according to claim 1 further comprising readout means
      operative to provide visual indications of selected input signals and of
      variables calculated by said computer means.
NUM  9.
PAR  9. The control system according to claim 8 wherein said computer means is
      operative to perform in an open loop mode in which control actions are
      carried out manually by a human operator in response to said visual
      indications of said selected input signals to said computer means and of
      said variables calculated by said computer means.
NUM  10.
PAR  10. The control system according to claim 1 further comprising input means
      operative upon manipulation by a human operator to transmit messages to
      said computer means.
NUM  11.
PAR  11. A control system for electrical furnaces comprising:
PA1  1. computer means operative to receive a plurality of input signals
      indicative of metallurgical process parameters, and further operative to
      process said plurality of input signals and to generate a plurality of
      output signals for controlling the charge fed to the associated furnace,
      for controlling the position of the electrodes in the associated furnace,
      and for controlling the power consumed by the associated furnace;
PA1  2. charge feed means operative in response to at least one of said
      plurality of output signals to feed quantities of corrective and additive
      charge to the associated furnace;
PA1  3. carbon balance control means operative to control carbon content in the
      charge in the associated furnace in a closed loop mode;
PA1  4. current control means operative to control the currents through the
      electrodes of the associated furnace in a closed loop mode; and
PA1  5. electrode control means operative to control the positions of the
      electrodes in the associated furnace in a closed loop mode.
NUM  12.
PAR  12. The control system according to claim 11 wherein said carbon balance
      control means is operative in response to variations in charge resistance
      to adjust the concentration of carbon in the charge in the associated
      furnace.
NUM  13.
PAR  13. The control system according to claim 11 wherein said current control
      means comprises electrode current regulators operated on constant
      impedance, the impedance set points of the regulators being adjusted by
      said computer means to obtain symmetrical electrical loading at the
      optimum current value.
NUM  14.
PAR  14. The control system according to claim 11 wherein said electrode control
      means is operative to effect a predetermined amount of slippage of each
      electrode at optimum time intervals determined by said computer means.
NUM  15.
PAR  15. The control system according to claim 2 wherein said at least one
      hopper comprises a reservoir section, a transit section, and a discharge
      tube, the transit section having a mouth at its discharge end which is of
      approximately the same size and area as the mouth of the receiving end of
      the discharge tube, the transit section being disposed with respect to the
      discharge tube to permit substantially straight flow of material from the
      discharge end of the transit section to the receiving end of the discharge
      tube, and the discharge end of the reservoir section being disposed to
      feed material to the discharge tube at an angle to the straight flow of
      material from the discharge end of the transit section to the receiving
      end of the discharge tube, whereby material fed to the transit section
      will pass to the discharge tube substantially in its entirety before any
      appreciable quantity of material passes from the reservoir section to the
      discharge tube.
NUM  16.
PAR  16. The control system according to claim 15 wherein said reservoir section
      and said transit section are in the same hopper and are separated by a
      common partition.
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ABST
PAL  An electric service panel for underground service installations, wherein
      the electrical cable for supplying electrical power to the service panel
      leads to the service panel from below ground, said service panel having an
      elongate opening in a bottom wall portion thereof and a cable attaching
      adapter at the opening. The adapter can be laterally adjusted relative to
      the bottom wall and secured in adjusted position to thereby permit the
      point of entry of the cable into the service panel to be adjusted to
      compensate for misalignments between the cable and the service panel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electric service panels for connecting a source
      of electrical energy with a plurality of service lines in a dwelling or
      other building.
PAR  More particularly, the present invention relates to an electric service
      panel for use with underground service installations wherein an electrical
      cable for supplying electric power to the service panel leads to the
      service panel from below ground.
PAR  The electric service panel is typically connected to studs or other framing
      of the building in a predetermined location, and when underground service
      is provided for the building, the electric power supply cable or cables
      extend through a rigid conduit of metal or plastic or the like, and the
      conduit is placed in the ground and rises vertically at one end from the
      ground and extends to the service panel. Frequently such cables extend
      through concrete (the foundation and wall, or the like, of a building)
      and, accordingly, if the relative positions of the service panel and the
      cable containing conduit are not precisely aligned when installed, the
      cable and conduit must be deflected or bent in order to properly align
      them with the service panel. This is extremely difficult to do, since the
      condiuts are rigid and require considerable effort to bend or deform them
      to make the necessary alignment with the service panel. Accordingly, when
      misalignment between the conduit and service panel occurs, considerable
      time and effort is required in order to properly align the conduit and
      service panel, and often the conduit and cable or cables therein are not
      properly aligned, with the result that an unsatisfactory strain or stress
      is imposed on the conduit and cable or on the service panel, or on both.
PAR  In accordance with the present invention, the service panel is provided
      with a unique conduit attaching means in the bottom wall thereof, whereby
      the opening through the bottom wall of the service panel may be moved
      laterally to accommodate the opening to the conduit and a cable or cables
      contained therein, thus eliminating the necessity of bending or deforming
      the conduit itself.
PAR  More specifically, in accordance with the present invention, the bottom
      wall of the service panel has an elongate opening therein and conduit
      attaching means are provided on the bottom wall in association with the
      opening, whereby the conduit attaching means may be laterally adjusted
      relative to the service panel to compensate for any misalignment between
      the service panel and conduit. Thus, the conduit and service panel may be
      quickly and easily aligned without requiring any force or effort to bend
      or otherwise move the conduit, and there is no likelihood of imposing
      undesirable stresses on the conduit, or service panel, or cable, such as
      might occur if the conduit is forced to one side or the other and then
      connected to the service panel. The attaching means according to the
      invention includes an adapter plate inside the service panel in overlying
      relationship to the opening through the bottom wall thereof, and a hub
      means below the bottom wall of the service panel connected to the end of
      the conduit, and fastening means extends through the hub means and through
      the opening in the bottom wall of the service panel and through the
      adapter plate, whereby the adapter plate and hub means are clamped against
      opposite sides of the bottom wall of the service panel at the edges of the
      opening therein to securely clamp the conduit attaching means in adjusted
      position relative to the bottom wall of the service panel.
PAC  OBJECT OF THE INVENTION
PAR  It is an object of this invention to provide an electric service panel for
      underground service installations, wherein an electrical cable for
      supplying electric power to the service panel extends through a rigid
      conduit which leads to the service panel from below ground, and wherein
      laterally adjustable conduit attaching means is provided in the bottom
      wall of the service panel for adjustment laterally of the bottom wall to
      compensate for misalignment between the conduit and service panel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top perspective view of a typical underground service
      installation showing the manner in which the service panel is mounted to
      the frame of the building and in which the cable leads to the service
      panel from below ground.
PAR  FIG. 2 is a view in section taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a view in section taken along line 3--3 of FIG. 1.
PAR  FIG. 4 is an enlarged view in section taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is an exploded perspective view of the conduit attaching means of
      the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawings, wherein like reference numerals indicate like parts
      throughout the several views, a building or the like is indicated
      generally at B and includes a foundation F having a suitable frame thereon
      comprised of a plurality of vertically extending studs or the like S. An
      electric service panel P has a front wall 10 with oppositely directed
      vertically extending flanges 10a and 10b on opposite sides thereof,
      opposite walls 11 and 12 and a bottom wall 13, and is mounted between a
      pair of studs S by means of a plurality of suitable fasteners 14, such as
      screws or the like, extended through the flanges 10a and 10b into the
      adjacent studs S. The service panel includes a meter M projecting beyond
      the front wall 10 thereof for exposure outside the building B, whereby it
      may be readily observed by service personnel.
PAR  A suitable electrical supply cable means C extends underground through the
      foundation F and thence upwardly to the bottom wall 13 of the service
      panel P, and includes electric cables 15 inside a rigid sheath or conduit
      16. Ordinarily, the bottom wall of the service panel has a round opening
      therein of substantially the same size as the conduit, and the conduit is
      merely secured to the panel at the opening and the cables are connected
      with the service line or lines inside the service panel P. However, in the
      event an underground installation, such as in FIGS. 1 and 2 is used, the
      conduit 16 must be bent or deformed in order to properly align it relative
      to the opening in the service panel if the conduit 16 and service panel P
      are not installed in precise properly aligned relationship.
PAR  In accordance with the present invention, the bottom wall 13 has an
      elongate opening 17 therein, and an adapter plate 18 of substantially
      rectangular configuration and of substantially larger area than the
      opening 17 is provided within the service panel against the bottom wall 13
      in overlying relationship to the opening 17. The adapter plate 18 has a
      central opening 19 therethrough, through which the cables extend, and a
      pair of fastener receiving openings 20 and 21 on opposite sides of the
      central opening 19 therethrough. A hub means 22 having a central cable
      receiving opening 23 therethrough and an internally threaded nipple 24
      thereon is positioned below the bottom wall 13 and has a width dimension
      greater than the width of the opening 17 through the bottom wall, such
      that the opposite flanges 25 and 26 of the hub means 22 overlie the
      opposite edges of the opening 17. A pair of fastener receptive openings 27
      and 28 extend through the opposite ends of the flanges of the hub means
      22, and a pair of suitable fasteners, such as bolts 29 and 30, are
      extended through the openings 27 and 28 in the hub means and upwardly
      through the opening 17 in bottom wall 13 and through the openings 20 and
      21 in the adapter plate 18, and suitable means, such as nuts 31 and 32 or
      the like, are threaded onto the bolts to securely clamp the adapter plate
      18 and hub means 22 in a desired laterally adjusted relationship relative
      to the opening 17 in the bottom wall 13 of the service panel P.
PAR  As seen in FIG. 4, the conduit 16 has an externally threaded end portion
      which is threadably engaged with the threaded nipple 24 on the hub means.
PAR  Thus with the present invention, when the service panel P is installed and
      with the cable means C installed, if a misalignment exists between the
      conduit and the normal position of an opening in the bottom wall of the
      service panel, the conduit attaching means may be adjusted, and because of
      the elongate opening 17 in the bottom wall of the service panel, the point
      of attachment of the conduit to the service panel may be adjusted to
      compensate for the misalignment without requiring any bending or
      deformation of the conduit itself.
PAR  Moreover, the size of the adapter plate 18 is such in relation to the
      opening 17 that even in all adjusted positions of the conduit attaching
      means relative to the opening 17, the adapter plate effectively closes the
      opening 17 to prevent the entry into the service panel of foreign
      elements.
PAR  As this invention may be embodied in several forms without departing from
      the spirit or essential characteristics thereof, the present embodiment
      is, therefore, illustrative and not restrictive, since the scope of the
      invention is defined by the appended claims rather thay by the description
      preceding them, and all changes that fall within the metes and bounds of
      the claims or that form their functional as well as conjointly cooperative
      equivalents are, therefore, intended to be embraced by those claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electric service panel for underground service installations, wherein
      an electrical cable means including a cable inside a rigid conduit for
      supplying electric power to the service panel leads to the service panel
      from below ground, said service panel having a front wall, opposite side
      walls and a bottom wall, said bottom wall having an elongate opening
      therein through which the cable can enter the service panel, conduit
      attaching means at the bottom wall for receiving and holding the end of
      the conduit, said conduit attaching means being laterally adjustable
      relative to the opening in the bottom wall to compensate for misalignment
      between the conduit and service panel and comprising a rectangular adapter
      plate disposed inside the service panel against the bottom wall thereof in
      overlying relationship to the opening through the bottom wall to close the
      opening, a hub means below the bottom wall, said hub means having flange
      means thereon engaged against the underside of the bottom wall at the
      edges of the opening, said adapter plate and hub means having aligned
      openings therethrough through which the cable can extend, said adapter
      plate having a size in relation to the size of the opening such that it
      effectively closes the opening in all adjusted positions of the attaching
      means, and fastening means extending through said flange means and through
      said opening and through said adapter plate to securely clamp the adapter
      plate and hub means on opposite sides of the bottom wall in adjusted
      position relative to the opening.
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ABST
PAL  An annular deformable sealing ring that is split, having a deformable tape
      that extends around the outer circumference, the inner circumference and
      the split portion. The ring surrounds an electrical cable to seal it in a
      housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a splice ring assembly or case and more
      particularly to a new and improved deformable splicing ring, its
      cooperative tape and its encasing member or case for weather-proofing the
      splicing joint of a pair of aligned electrical cables.
PAR  In the splicing of an electrical cable which may be made up of a plurality
      of individually insulated wires, it has been necessary to initially splice
      the separate individual pairs of opposing wires and thereafter wrap the
      respective ends of the aligned cables close to the splice with a
      deformable tape a sufficient number of turns until a sufficient amount of
      tape encompasses the respective ends of the spliced cables to completely
      fill the respective end portions of an encompassing case to seal the case
      from moisture. Such wrapping involves many numerous wounds about the
      circumference of the cables. In such sealing process, the buildup of tape
      is such that the case which is composed of a pair of sections will squeeze
      the tape causing the tape to be deformed. Such buildup of tape, if
      containing an insufficient amount of tape, will permit moisture to
      penetrate the case. In the event more tape is wound than necessary, it
      will either deform the cable or interfere with the closing of the case,
      or, if closed, will leave clearance space along the juncture of the case.
      The retention of pressure on the tape over a period of time will cause the
      tape to deteriorate and make it extremely difficult to separate the case
      from the insulation and particularly difficult to remove the old tape from
      the cable since the tape attaches itself securely to the other portions of
      the tape wound adjacent thereto. In order to separate the split casing
      from the wound tape, it is often necessary to apply a torch to soften the
      tape. Where such a casing is underground, for safety reasons it is
      prohibitive to use a torch or open flame due to the danger of accumulation
      of gases and thus makes it extremely difficult to expeditiously separate
      the casing from the spliced cables.
PAR  The present invention provides for a novel means including a deformable
      sealing ring that cooperates with a layer of deformable tape which
      cooperatively encompass the cable adjacent to the splice joint to
      effectively seal and waterproof the joint when sealed in a splice case.
      Such tape is deformable to conform to the profile of the cable, which may
      be out of round. Such spliced joint with pairs of cable and their sealing
      rings are placed into a split case or housing to effectively seal such
      cable from exterior elements. Such structure permits the rapid
      disassembly, inspection of splice joint, its corresponding inspection and
      reassembly. The sealing ring is available in a variety of sizes to
      accommodate different sizes of cables in combination with the case to
      facilitate such quick assembly and disassembly. In addition, such sealing
      ring may accommodate a plurality of conduits in which case the sealing
      ring would have a plurality of bores with each bore being connected to the
      outer surface of the ring by a split to accommodate a layer of deformable
      tape which also encompass the conduit or line in the bore.
PAC  SUMMARY OF THE INVENTION
PAR  An electrical annular deformable sealing ring that is split to accommodate
      the wrapping of a single layer of deformable tape about the entire outer
      and inner circumference and through the split portion of such ring such
      that each one of such rings encompass the respective ends of a cable
      closely adjacent to the spliced juncture of the cables. A split casing
      with reduced end portions encompasses the spliced joint with the
      respective reduced end positions snugly receiving the respective
      deformable sealing rings with the deformable tape. Such sealing ring may
      have a plurality of bores to accommodate one or more cables for splicing
      such that each bore in the sealing ring is split to the outer
      circumferentially extending surface to accommodate a layer of tape and the
      cable to be snugly held thereby.
DRWD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a fragmentary cross-sectional view taken of a splice case
      assembly including a pair of sealing rings supporting a pair of aligned
      electrical cables with only a portion of the wires shown and the spliced
      portion being in the central part of the splice case.
PAR  FIG. 2 is a perspective view of the split sealing ring with the split
      portion separated for clarity of parts.
PAR  FIG. 3 is a front elevational view of the split deformable sealing ring and
      deformable tape thereon;
PAR  FIG. 4 is a modification of the sealing ring shown in FIG. 2 wherein the
      sealing ring is a cylindrical member with a plurality of bores extending
      therethrough with such ring having splits extending from the outer
      circumferentially extending surface to each bore.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings wherein like reference characters designate like
      or corresponding parts throughout the several views, there is shown in
      FIG. 1 a pair of aligned cables 10 and 11 wherein each cable 10 and 11
      contain a plurality of insulated electrical lines or conductors, which
      lines are suitably spliced together in a manner old and well known in the
      art. The splice is hid by a case to be described. The respective ends
      adjacent to the splice portion or junction is supported by a deformable
      sealing ring 12.
PAR  Deformable sealing ring 12 is an annular member made as from rubber, having
      an inner circumferentially extending surface 14 and an outer
      circumferentially extending surface 15. The side surfaces of the ring 12
      between the outer and inner circumferentially extending surfaces provide a
      pair of spaced annular surfaces 16 and 17. The sealing ring 12 is slit to
      provide an interstice or gap 18, presenting a pair of spaced end faces 19
      and 20 which, as shown in FIG. 2 are separated from each other in
      exaggerated relationship since such sealing ring in the normal condition
      has the respective faces 19 and 20 in abutting relationship. The sealing
      ring 12 may have a pair of spaced holes 35 on the annular surface 16
      (shown in full outline in FIG. 3) closely adjacent to the faces 19 and 20.
      Such holes 35 would extend from the surface 16 into the body of the
      sealing ring 12 whereby suitable pliers with pointed ends could be
      employed to engage the holes 35 so that upon squeezing of the handles
      thereof, the end faces 19 and 20 separate to facilitate the placing of a
      deformable tape 30 around the entire outer circumference of the ring 12,
      then across one face 19 and thence around the entire inner
      circumferentially extending inner surface 14. The sealing ring 12 with
      deformable tape 30 is placed over the one cable adjacent to the spliced
      joint while a second sealing ring 12 with tape 30 is placed on the other
      cable closely adjacent to the splice joint. With such sealing rings over
      the respective cables, such splice joint is in condition for splicing and
      placing in a case or housing 23.
PAR  Case 23 is comprised of a pair of sectional members or sections 24-25 which
      are adapted to encompass the sealing ring 12 to form a splice ringe
      assembly. Such case 23 is generally cylindrical in shape, having a
      cylindrical recess 26 at each end to receive the sealing ring 12 and its
      conduit or electrical line. Each split member of the case has flanged
      portions 27 at the respective end portions thereof and flanged portions 28
      on the intermediate portion. Such flanged portions have threaded bores 29
      therethrough so that upon mating the respective pairs of members, screw 31
      through the bores 29 joint the pair of split members into a single housing
      or case to encase the spliced cables. The respective deformable sealing
      rings with the deformable tape 30 thereon is received by the respective
      reduced cylindrical recesses 26 of the splice case 23. With the respective
      end portions of the case 23 encompassing the aligned cables and rings,
      screws 31 through bores 28 secure the respective end portions of the cable
      to complete the assembly thereof.
PAR  A modification of the sealing ring is shown in FIG. 4 wherein a cylindrical
      deformable ring 40 has a plurality of through bores 41, 42 and 43. Such
      bores may vary in size depending on the size of cable or electrical line
      they are to receive. As an example, where two lines are being spliced and
      two branch cables are to be led off from such splice, it would require one
      large bore 41 and two smaller bores 42 and 43. The thickness of such ring
      40 could approximate that of sealing ring 12 such as to snugly fit the
      case 21, which case 21 similarly may vary in size as is well known in the
      art. The sealing ring 40 has a plurality of slits extending from the outer
      circumferentially extending surface 15' to the respective bores 41 through
      43 providing end faces 19' and 20' similar to the first described
      embodiment. The sealing ring 40 receives the deformable tape 30 along the
      inner circumferentially extending surface of the respective bores, along
      the end faces and along the outer circumferentially extending surface 15'
      in the same manner as the first embodiment to facilitate the reception of
      the spliced cables in the case 23 as well as its removal therefrom.
PAR  Other modifications are contemplated and may obviously be resorted to by
      those skilled in the art without departing from the described invention,
      as hereinafter defined by the appended claims, as only a preferred
      embodiment thereof has been disclosed.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical seal ring comprising an annular deformable member; said
      member having an inner circumferentially extending surface and an outer
      circumferentially extending surface; said member having a slit that
      extends from said inner circumferentially extending surface to said outer
      circumferentially extending surface to provide a pair of spaced end faces
      adapted to abuttingly engage each other to form a closed annular ring; and
      deformable tape means encircling said annular member by extending along
      said entire outer circumferential surface, said entire inner
      circumferential surface, and at least one of said end faces.
NUM  2.
PAR  2. An electrical seal ring as set forth in claim 1 wherein said deformable
      tape means is a single layer.
NUM  3.
PAR  3. An electrical seal ring as set forth in claim 2 wherein said member has
      a pair of spaced annular surfaces whose outer edges are co-extensive with
      said circumferentially extending surface; said member having a pair of
      spaced bores extending from one of said annular surfaces inwardly into
      said member; and the centerline of said bore being parallel to the axis of
      said outer circumferentially extending surface.
NUM  4.
PAR  4. An electrical seal ring as set forth in claim 3 wherein said deformable
      member is made of elastomeric material.
NUM  5.
PAR  5. An electrical seal ring as set forth in claim 4 wherein a split casing
      member has its one end encompassing said seal ring and said split casing
      is split in a longitudinal direction into a pair of sections.
NUM  6.
PAR  6. A seal ring assembly comprising a housing, said housing being split
      longitudinally into a pair of sections; means for securing said sections
      into abutting engagement; said housing having an enlarged hollow central
      portion and spaced reduced end portions for receiving cables therethrough;
      the said reduced end portions having a smooth cylindrical inner surface
      with shoulders at its respective edges, a circular seal ring located in
      each of said end portions; each of said seal rings being a deformable
      member having an inner circumferentially extending surface and an outer
      circumferentially extending surface; said deformable member abuttingly
      engaging said shoulders, each of said members having a pair of spaced
      annular surfaces; each of said members having an interstice to provide a
      pair of spaced end faces adapted to abuttingly engage each other to form a
      closed annular ring; and deformable tape means encircling each of said
      splice rings by extending along the entire outer circumferential surface,
      along at least one of said end faces and along said entire inner
      circumferential surface for contacting a cable passing therethrough.
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ABST
PAL  Nonmetallic-sheathed cable is insulated and jacketed with expanded
      polyvinyl chloride comprising 8-24%, by volume, of gas.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Nonmetallic-sheathed cable is an art recognized designation for a power
      cable that is used for 600 volt service in buildings and, in accordance
      with the Electrical Codes of many localities, can be installed without
      conduit. Because conduit may be omitted, the cable must meet certain
      established requirements with reference to its resistance to crushing
      loads. It has been established that flat cables are more susceptible to
      crushing damage than round cables so that it is Underwriters' Laboratories
      practice to require crushing performance tests on flat
      nonmetallic-sheathed cables in the knowledge that insulation and sheathing
      materials and thicknesses which prove satisfactory for flat
      nonmetallic-sheathed cables will also be satisfactory for round
      nonmetallic-sheathed cables.
PAR  Underwriters' Laboratories edgewise crushing test for nonmetallic-sheathed
      cables require that a length of cable which includes a 180.degree. twist
      be compressed between steel plates 2 inches long until the insulated
      conductors of the cable short circuit to each other or to one of the
      plates. Because of the 180.degree. twist the effective crushing force is
      endwise. Underwriters' Laboratories flatwise crushing test for
      nonmetallic-sheathed cable compresses the flat surface of the cable
      against a 1/8 inch diameter rod. Two-conductor nonmetallic-sheathed cable,
      with or without a ground wire is conventionally made in a flat
      construction, with the conductors laid parallel and not twisted together,
      while three and four conductor nonmetallic-sheathed cable, which also may
      or may not include a ground wire, is conventionally made in a round
      construction. Conventional nonmetallic-sheathed cable, of which many
      millions of feet are in service, has solid polyvinyl chloride insulation
      on the conductors with minimum thicknesses increasing with conductor
      diameters as follows: Nos. 14-10 Awg (American Wire Gage), 30 mils; No. 8
      Awg 45 mils; Nos. 6-2 Awg, 60 mils. Conventional extruded sheaths of
      nonmetallic-sheathed cable have also utilized polyvinyl chloride with an
      average wall thickness minima of thirty mils.
PAR  In U.S. Pat. No. 3,013,109  there was described a non-metallic-sheathed
      cable having conductors insulated with solid semirigid polyvinyl chloride
      which were embedded in a solid matrix of polyvinyl chloride expanded to
      have a gas content of 25 to 50%. The expanded matrix not only served as a
      sheath but entered between the conductors and filled all the available
      space. Largely because the conductors were protected by the dense,
      semirigid insulation walls this cable construction was able to meet
      Underwriters' Laboratories qualifications tests. Expanded insulation, as
      distinguished from expanded jacketing material, has been widely used for
      telephone conductors which operate at low voltages and are not subject to
      severe crushing. In telephone pair insulation the expanded compositions
      have the advantage over solid compositions of lower dielectric constants.
      British Pat. No. 742,760, published in 1956, illustrates a method of
      applying such expanded compositions to wire. Expanded insulation has also
      been widely used for video cable insulation, as disclosed in U.S. Pat. No.
      2,805,276. In order to reduce the dielectric constant as much as possible,
      the gas content of such communication cable insulations is high, generally
      exceeding 25%.
PAC  SUMMARY
PAR  We have discovered that by controlling the gas content of polyvinyl
      chloride compositions within close limits economies of weight and cost can
      be achieved with the use of the expanded composition in both the
      insulation and jacket of nonmetallic-sheathed cable where the jacket does
      not project substantially between the conductors. Our new
      nonmetallic-sheathed cable comprises a plurality of copper or aluminum
      conductors, a wall of expanded polyvinyl chloride insulation surrounding
      each of the conductors and a thin-walled tubular jacket of polyvinyl
      chloride surrounding the totality of insulated conductors. The expanded
      insulation and expanded sheath comprise 8-24%, by volume, of gas. Our
      cable may advantageously comprise a total of two insulated conductors
      positioned in parallel and in addition may comprise an uninsulated
      grounding wire positioned between the conductors. Particular advantage
      accrues to our invention where the size of the conductors is between Nos.
      14-2 Awg.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a section of a two-conductor cable made to our invention.
PAR  FIG. 2 shows a section of a three-conductor cable made to our invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In FIG. 1 there is shown a flat cable indicated generally by the numeral 10
      having two parallel conductors 11, 12 of aluminum or copper and a
      grounding wire 13 selected from the same metals. A folded paper separator
      14 is interposed between the grounding wire 13 and the conductors 11, 12.
      As shown, the wire 13 has the same sectional area as the wires 11, 12 but
      grounding wires having gages smaller than that of the conductors may also
      be used within the scope of our invention. An improved cable within the
      general type of FIG. 1 but with conventional solid insulation is described
      in application Ser. No. 444,929 filed Feb. 22, 1974 and assigned to the
      present assignee.
PAR  Insulating walls 16, 17 of expanded polyvinyl chloride insulation have been
      extruded over the respective conductors 11, 12. The thickness of the
      insulating walls do not differ substantially from the thickness of the
      walls of conventional solid insulation. For example, where the conductors
      11, 12 are No. 12 Awg the walls 16, 17 are no less than 30 mils thick. An
      expanded polyvinyl chloride jacket 18 preferably of the same composition
      as the walls of insulation 11, 12 and having a thickness of about
      thirty-two mils has been extruded overall. The gas content of the
      insulation walls and jacket of the illustrated cable 10 was 11% by by
      volume. We have determined, however, that compositions with gas contents
      as high as 24% will provide the required protection including crush
      resistance. There is, however, no economy of material sufficient to
      compensate for the increased complexity of compounding and processing
      control where the gas content is appreciably lower than 8%. The porous
      structure of the expanded material is very fine, being generally
      imperceptible to the naked eye, and it is believed that this fine pore
      structure contributes to the resistance to crushing, hereinafter
      described, of the present cable.
PAR  A crush test was performed on the No. 12 Awg conductor cable of FIG. 1
      having insulating walls and jacket extruded with a stock of the
      composition of the EXAMPLE. This crush test data appears in the TABLE
      below.
TBL                EXAMPLE                                                     
     ______________________________________                                    
                          Parts by Weight                                      
     ______________________________________                                    
     Polyvinyl chloride resin                                                  
                            175.0                                              
     calcium carbonate***   52.5                                               
     calcined clay          35.0                                               
     stearic acid           0.2                                                
     stabilizer (lead silicate sulfate)*                                       
                            8.8                                                
     plasticizer diisodecylphthalate                                           
                            74.0                                               
     alkylated aromatic hydrocarbons**                                         
                            24.0                                               
     blowing agent, (azodicarbonamide)****                                     
                            .11                                                
     ______________________________________                                    
        *Tribase E-XL, supplied by National Lead Co., New York, N. Y.          
       **Panaflex BN-1, supplied by Panamerican Resin & Chemical Co., Newark, N
      J.                                                                       
       ***Atomite, supplied by Thompson, Weinman & Co., Cartersville, Ga.      
      ****Celogen AZ-130, supplied by Uniroyal, New York, N. Y.                
TBL                TABLE                                                       
     ______________________________________                                    
     POUND LOAD TO FAILURE                                                     
     Edgewise Crushing Test                                                    
                         Flatwise Crushing Test                                
     Clockwise  Counterclockwise                                               
                             Top       Bottom                                  
     ______________________________________                                    
     1050        1180        820       840                                     
     1350       1420         800       840                                     
     1250       1180         620       850                                     
     1220       1210         890       880                                     
     1400       1460         950       630                                     
     1254 Avg.  1290 Avg.    816 Avg.  808 Avg.                                
     ______________________________________                                    
PAR  Underwriters' Laboratories require a minimum average of 1200 pounds in the
      edgewise crushing test and 600 pounds in the flatwise crushing test.
PAR  In FIG. 2 we have shown a round cable, indicated generally by the numeral
      20 having three conductors 21, 22, 23 insulated respectively by walls 24,
      25, 26 of expanded polyvinyl chloride insulation of the same composition
      used for the cable of FIG. 1. The cable 20 may also be considered
      illustrative of a four conductor cable which will differ only by the
      inclusion of an additional insulated conductor. The conductors 21, 22, 23
      are twisted together, creating valleys or interstices. With the conductors
      21-23 there has been stranded a bare grounding wire 27 which we prefer to
      have the same diameter as the conductors 21, 22, 23. An extruded jacket 28
      of the expanded polyvinyl chloride surrounds the insulated conductors and
      grounding wire overall. The grounding wire 27 is spaced from direct
      contact with the walls 24, 25 by layers of a paper separator 29 and
      additional such separators 31, 32, 33 or any conventional filler material
      is also applied to the interstices to give the cable a round
      configuration.
PAR  The jackets 18 and 28 are thin-walled, having uniform thicknesses
      throughout their perimeters not substantially exceeding a thickness of
      about 30-35 mils. This type of jacket is essentially different from that
      of the aforementioned patent 3,013,109 wherein the so-named sheath filled
      the entire section through the cable with the exception of close-fitting
      passages for the conductors. Since the most essential function of a jacket
      is that of mechanical protection, the present discovery that such
      protection is afforded by a thin-walled jacket of expanded polyvinyl
      chloride, was unexpected and has great technological significance in view
      of the present and continuing shortage of polyvinyl chloride supplies.
PAR  The composition of the EXAMPLE is not limiting for our invention.
      Particularly compositions with higher proportions of the resin are known
      for unexpanded application and may be used with some sacrifice of economy.
      Other possible plasticizers such as dialkyl adipate esters, dialkyl
      azelates, glycol dibenzoate esters, epoxidized soy bean oil, glycollates
      such as butyl phthalyl butyl glycollate, and other phosphate esters are
      known. Other blowing agents may also be used such as p,p'-oxybis
      (benzene-sulfonyl hydroxide), N,N'-dimethyl-N,N'-dinitrosoterephthalamide,
      and dinitrosopentamethylene tetramine. Indeed, it is known to expand
      polyvinyl chloride by means of dissolved pressurized gas in the absence of
      a blowing agent and this means can be practiced, too, within the scope of
      our invention. Other fillers such as diatomaceous earth, fumed silica,
      asbestos, etc, are also well known and may be used in lieu of or in
      addition to the calcium carbonate and calcined clay of the EXAMPLE.
PAR  The foregoing description, then, has been exemplary rather than definitive
      of our invention for which we desire an award of Letters Patent as defined
      in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A nonmetallic-sheathed cable comprising
PA1  A. a plurality of conductors comprising a metal selected from the group
      consisting of copper and aluminum,
PA1  B. a wall of expanded polyvinyl chloride insulation surrounding each of
      said conductors, said wall comprising 8-24%, by volume, of gas,
PA1  C. a thin-walled tubular jacket of expanded polyvinyl chloride surrounding
      the totality of said insulated conductors said jacket comprising 8-24%, by
      volume, of gas.
NUM  2.
PAR  2. The cable of claim 1 comprising a total of two insulated conductors,
      positioned in parallel.
NUM  3.
PAR  3. The cable of claim 2 further comprising an uninsulated grounding wire
      positioned between said conductors.
NUM  4.
PAR  4. The cable of claim 1 wherein the size of said conductors is between the
      sizes of Nos. 14-2 Awg.
NUM  5.
PAR  5. The cable of claim 1 comprising a total three insulated conductors, said
      conductors being twisted together.
NUM  6.
PAR  6. The cable of claim 5 further comprising an uninsulated grounding wire
      surrounded by said jacket.
PATN
WKU  039365921
SRC  5
APN  5380650
APT  1
ART  213
APD  19750102
TTL  Electrical bushing having a central conductor with large planar terminal
      portions at each end
ISD  19760203
NCL  3
ECL  1
EXP  Askin; Laramie E.
NDR  2
NFG  4
INVT
NAM  Gamble; James R.
CTY  Greensburg
STA  PA
ASSG
NAM  Westinghouse Electric Corporation
CTY  Pittsburgh
STA  PA
COD  02
CLAS
OCL  174153R
EDF  2
ICL  H01B 1726
FSC  174
FSS  18;31 R;50.56;142;152 R;153 R
FSC  339
FSS  94 A;126 R;126 RS;129;214 R;214 C
UREF
PNO  1042747
ISD  19121000
NAM  Ziegler
OCL  339214R
UREF
PNO  1141598
ISD  19150600
NAM  Ziegler
OCL  339214R
UREF
PNO  1768522
ISD  19300600
NAM  Brown
XCL  174153R
UREF
PNO  1932456
ISD  19331000
NAM  Gaston
XCL  174153R
UREF
PNO  2356831
ISD  19440800
NAM  DeMonte et al.
OCL  174153R
UREF
PNO  2853114
ISD  19580900
NAM  Barry
OCL  151 69
FREF
PNO  846,750
ISD  19390600
CNT  FR
OCL  174153R
LREP
FR2  Johns; L. P.
ABST
PAL  An electrical bushing for a distribution transformer characterized by a
      pair of tubular insulating members having oppositely disposed facing
      surfaces engageable with opposite sides of a transformer housing wall, a
      conductor extending through the members and having first and second planar
      terminal surfaces, the conductor having an outturned flange near the first
      planar terminal surface which flange is engageable with one of the tubular
      insulating members, the conductor also having a threaded portion adjacent
      the second planar terminal surface, a nut engageable on the threaded
      portion and abuttable with the end of the other tubular insulating member,
      and the nut comprising aperture means including a threaded portion
      engageable with said threaded segment and comprising a slot portion
      extending outwardly from the threaded portion and adapted to enable
      passing of the second planar terminal surface therethrough.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  This invention relates to a bushing assembly for electrical apparatus and,
      more particularly, to a low voltage bushing for a distribution
      transformer.
PAR  Description of the Prior Art
PAR  Copper has been the customary metal employed for transformer secondary coil
      leads or conductors. Due to extraordinary cost increases of copper,
      aluminum has been adopted as a substitute for use as leads or conductors
      of the secondary windings of distribution transformers. Although aluminum
      is an excellent electrical conductor, electrical grade aluminum is
      extremely soft and therefore has presented problems. Electrical grade
      aluminum in the dead-soft, annealed condition has a very low creep
      strength and therefore has a tendency to cold flow out of a connector
      assembly when any compressive force is applied. The problem is
      particularly prevalent where aluminum is clamped in a connector assembly
      such as in the terminal connector between internal and external sides of a
      transformer casing.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention it has been found that the foregoing
      problems may be overcome by providing an electrical bushing for extending
      through an aperture in a transformer housing wall comprising a pair of
      tubular insulating members having oppositely disposed facing surfaces
      engageable with opposite sides of a transformer housing wall, a conductor
      extending through the insulating members in the aperture and having first
      and second planar terminal surfaces, means for clamping the insulating
      members in place against opposite sides of the housing and comprising
      surface means near the first planar terminal surface, a threaded segment
      near the second planar terminal surface, a nut engageable with the
      threaded segment, the surface means being abuttable with a first
      transverse surface on one of said members, and the nut being abuttable
      with a second transverse surface on the other of said members so that the
      pair of tubular insulating members are held in place on the housing wall.
PAR  The advantage of the electrical bushing of this invention is that a planar
      or spade type terminal is provided at both ends of a porcelain secondary
      bushing for a pole type distribution transformer to provide durable bolted
      joints between the aluminum conductor of the bushing and leads or busses
      connected therethrough.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view through a distribution transformer and
      showing the secondary bushing in accordance with this invention;
PAR  FIG. 2 is an elevational view of the bushing;
PAR  FIG. 3 is a sectional view taken on the line III--III of FIG. 2; and
PAR  FIG. 4 is a vertical sectional view taken on the line IV--IV of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 a distribution transformer is generally indicated at 10 and is
      comprised of the housing which includes an outer casing or tank 12 and a
      cover 14, as is typical in the art. Primary conductors of the transformer
      are fed a high voltage by means of conductor assemblies 16 which include
      separate similar conductors 18 which lead to primary windings,
      symbolically illustrated at 20. In a conventional manner the primary
      windings 20 are magnetically coupled with a secondary winding,
      symbolically illustrated at 22.
PAR  The casing 12 is filled with oil generally indicated at a level 24 to
      provide a cooling and insulating fluid for the transformer windings 20,
      22. The secondary windings 22 comprise several output conductors, one of
      which is symbolically illustrated at 26 which leads to a connector
      assembly or bushing generally indicated at 28.
PAR  In accordance with this invention the connector assembly or bushing 28,
      which is shown more particularly in FIGS. 2 and 3, comprises a conductor
      30 that extends through an aperture 32 in the wall of the casing 12 and
      comprises an outer flattened terminal portion 34 and an inner flattened
      terminal portion 36. In addition, the conductor 30 comprises a flange 38
      and a threaded segment 40 which are located adjacent the terminal portions
      34, 36, respectively. The connector assembly 28 also comprises a pair of
      tubular insulating members 42, 44 through which the conductor 30 extends.
      The insulating members 42, 44 are preferably cylindrical and retain the
      conductor 30 in central alignment with respect to the aperture 32 of the
      casing 12. More particularly, the insulating member 42 is open ended and
      comprises an annular external shoulder or surface 46 and an annular notch
      48 which provides an outturned annular surface 50. Thus, the insulating
      member 42 comprises a thickened portion 42a externally of the casing 12
      and a portion 42b of smaller wall thickness extending from the shoulder 46
      and through the aperture 32 to the right end of the member as shown in
      FIG. 2. The notch 48 extends outwardly from a bore 52 of the member 42 and
      it is disposed in the enlarged portion thereof.
PAR  The insulating member 44 has a diameter greater than that of the portion
      42b and preferably includes an inturned flange or collar 44a forming an
      aperture 54 having a diameter substantially equal to that of the bore 52.
      Both the bore 52 and the aperture 54 are sufficiently large to enable the
      passing of the largest lateral dimension of the terminal portion 36.
PAR  The connector assembly 28 also includes clamping means for holding the
      assembly in place as shown in FIG. 3. The clamping means includes the
      flange 38, the threaded segment 40, and a tightening nut 56. The nut 56
      comprises aperture means including a threaded aperture 58 and a pair of
      slots 60 and 62 which extend substantially diametrically from opposite
      sides of the threaded aperture. The slots 60 and 62 have dimensions
      slightly greater than those of the terminal portion 36 and thereby enable
      the nut 56 to be passed over the terminal portion during assembly.
PAR  In operation, the assembly of the conductor 30 and the insulating member 42
      extend through the aperture 32 with the shoulder 46 holding a seal or
      gasket 64 in place against the external side of the casing 12. The
      insulating member 44 is disposed against the interior side of the casing
      12 and the connector assembly 28 is retained in place with the flange 38
      seated in the notch 48 where it retains a gasket 66 against the surface 50
      when the nut 56 is tightened on the threaded portion 40.
PAR  The terminal portions 34, 36, being planar or flat surfaces, are provided
      with apertures 66, 68, whereby conductors, such as the conductors 26, are
      attached in good electrical contact by such means as bolts (not shown).
      Thus, the enlarged surfaces are sufficient to maintain adequate electrical
      contact without the usual deformation of the aluminum member due to cold
      flow.
PAR  Accordingly, the electrical bushing of this invention provides a conductor
      for use with a distribution transformer which is provided with flattened
      or planar surfaces at opposite ends to enable continuous electrical
      contact at both ends of the conductor and without the necessity of
      providing costly or complicated fastening means.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical bushing suitable for extending through an aperture in a
      housing wall, the bushing comprising a pair of tubular insulating members
      having oppositely disposed facing surfaces adapted to engage opposite
      sides of a housing wall, a conductor extending through the members and
      having first and second longitudinally extending planar terminal surfaces,
      means on the conductor for clamping the insulating members in place
      against said opposite sides and comprising an integral flange having
      surface means on the conductor near the first planar terminal surface, the
      means also comprising a threaded segment on the conductor near the second
      planar terminal surface, the means also comprising a nut engaging the
      threaded segment, the surface means adapted to abut a first transverse
      surface on one of said members, the nut abutting a second transverse
      surface on the other of said members for holding the pair of tubular
      insulating members in place on a housing wall, the first and second planar
      terminal surfaces having transverse dimensions greater than the diameter
      of the threaded segment, the second planar terminal surface being
      insertable through the tubular insulating members, the nut comprising
      aperture means including a threaded portion and a slot portion extending
      outwardly from said threaded portion, and the second planar terminal
      surface being passable through the aperture means.
NUM  2.
PAR  2. The electrical bushing of claim 1 in which said conductor is aluminum.
NUM  3.
PAR  3. The electrical bushing of claim 1 in which one tubular insulating member
      comprises a portion telescoped within the other tubular insulating member.
PATN
WKU  039365930
SRC  5
APN  4946537
APT  1
ART  222
APD  19740805
TTL  Scrambler and decoder for a television signal
ISD  19760203
NCL  20
ECL  1
EXA  Buczinski; S. C.
EXP  Farley; Richard A.
NDR  1
NFG  1
INVT
NAM  Aaronson; Gerald
CTY  Brookline
STA  MA
INVT
NAM  Murphy; William D.
CTY  Burlington
STA  MA
ASSG
NAM  GTE Laboratories Incorporated
CTY  Waltham
STA  MA
COD  02
CLAS
OCL  178  51
XCL  325138
XCL  325144
XCL  325145
EDF  2
ICL  H04N  144
FSC  178
FSS  5.1
FSC  179
FSS  1.5 R
FSC  325
FSS  32;138;144;145
UREF
PNO  2709218
ISD  19550500
NAM  Gabrilovitch
OCL  179  1.5R
UREF
PNO  3180927
ISD  19650400
NAM  Heppe et al.
OCL  325 34
UREF
PNO  3500250
ISD  19700300
NAM  Frerking
OCL  325138
UREF
PNO  3729576
ISD  19730400
NAM  Court
OCL  178  5.1
UREF
PNO  3852519
ISD  19741200
NAM  Court
OCL  178  5.1
LREP
FR2  Kriegsman; Irving M
FR2  Hart; Leslie J.
ABST
PAL  An improved scrambler and decoder for a television signal is described
      wherein a television carrier is inverted in phase and subjected to low
      frequency amplitude modulation to obtain enhanced channel security. The
      carrier amplitude modulation is obtained with a coding signal which is
      transmitted as a pilot signal in the form of frequency modulation of the
      carrier. The coding signal is recovered at the decoder with a phase lock
      network and used to regenerate an unscrambled carrier. The coding signal
      provides information for special functions such as subscriber access
      control, program selection and the like.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an improved system for scrambling and decoding of
      a television signal. More specifically, this invention relates to a
      television scrambling and decoding system which incorporates useful
      information in the scrambling signals.
PAC  BACKGROUND OF THE INVENTION
PAR  The scrambling of television signals and the associated decoding thereof
      has been used and extensively described. The need for private transmission
      particularly arises in the cable television field where several of the
      many available television channels may carry programs which may only be
      viewed under special conditions such as after making prepayments.
PAR  Many devices have been proposed whereby television signals are transmitted
      in a scrambled form and cannot be displayed by a conventional receiver
      unless a specific decoding device is employed. Generally the scrambling
      techniques require complex decoders at the subscribers and present a
      relatively high investment when a large number of subscribers are to be
      provided with decoders to unscramble the received television signal.
PAR  Secret signaling is old in the art. An early U.S. Pat. No. 1,542,566 to
      Mathes issued in 1925 and described a system wherein the frequency band
      occupied by the signal was subdivided by filters into discrete separate
      bands. The subdivided bands are shifted in phase relative to each other
      and then recombined for transmission. At the receiver, the individual
      sub-bands are phase shifted in the order necessary to reconstruct the
      original signal.
PAR  The U.S. Pat. to Nyquist et al No. 1,726,578 teaches a secret signaling
      system wherein different frequencies in a signal are subjected to
      different degrees of delay. The original signal is restored by passing the
      received scrambled signal through a network which is complementary to that
      employed at the transmitter.
PAR  In the U.S. Pat. to Handsell No. 2,169,357 a secret signaling device is
      disclosed wherein a carrier is phase modulated and subsequently modulated
      with an audio signal to be kept private. The audio signal is recovered by
      re-introducing the carrier followed by filtering to remove higher
      frequency beats produced with the re-introduced carrier.
PAR  In the U.S. Pat. to Clothier No. 2,678,347 a system is described for
      rendering a television signal private except to the subscriber who is
      provided with a specific decoding mechanism. An error signal is introduced
      at the transmitter to phase modulate the video signal and this error
      signal is removed at the subscriber receiver. The U.S. Pat. to Bartelink
      No. 2,833,850 teaches another private subscriber television system wherein
      the video signal is scrambled to provide a private transmission reception.
      Many other television scrambling systems have been proposed such as
      described in the U.S. Pat. Nos. to Wendt et al 2,875,270, Druz et al
      2,987,576, Kahn 3,333,052, Zopf et al 3,717,206 and Court 3,729,576.
PAR  In the Court patent a system is described wherein a video modulated carrier
      is further modulated with a sine wave in synchronism with the horizontal
      line frequency. The sine wave's frequency and phase are selected to
      depress sync pulses and blanking information while enhancing other parts
      of the video signal. The decoding device at the receiver provides a
      decoding sine wave which is in antiphase with the encoding sine wave
      modulation.
PAR  In a copending patent application entitled "Scrambler and Decoder for a
      Television Signal" filed by Gerald Aaronson and Leo I. Bluestein on the
      same date herewith and assigned to the same assignee as for this
      invention, a system for rendering a television channel private is
      described. An rf modulated television signal has its normal unscrambled
      carrier replaced with an amplitude adjusted scrambling carrier of the same
      frequency but different phase. The resulting television signal is
      effectively scrambled and rendered private by virtue of the impairment of
      the displayability of the scrambled television signal on a conventional
      television set. The inverted picture obtained with this scrambling system
      may be recovered in a simple manner by reversing the polarity of the
      receiver video detector diode.
PAC  SUMMARY OF THE INVENTION
PAR  In the television signal scrambling and decoding system in accordance with
      the invention a similar carrier scrambling technique as described in the
      above identified copending patent application is employed. The scrambling
      carrier, however, is further modulated in a manner to enhance the security
      of the scrambled television signal while providing a convenient signal for
      carrying additional useful information.
PAR  A coding signal is produced which is applied to amplitude modulate the
      scrambling carrier at a frequency and amplitude selected to render the
      scrambled television signal more difficult to decode. Removal of the
      additional coding signal at the unscrambling location is obtained with a
      pilot signal transmitted with the scrambled television signal in the form
      of a corresponding frequency modulation of the scrambling carrier.
PAR  The decoder removes the amplitude modulation from the scrambling carrier
      and regenerates the normal carrier for its replacement in the received
      television signal. The decoder regenerates the coding signal which may
      then be used to provide additional information.
PAR  It is, therefore, an object of the invention to provide a television
      scrambler and decoder system capable of high security. It is a further
      object of the invention to provide a method and system for a television
      scrambler and decoder wherein the scrambling signals may be used to convey
      information.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  These and other objects and advantages of the invention can be understood
      from the following description of a preferred embodiment described in
      conjunction with the drawings wherein
PAR  FIG. 1 is a schematic block diagram for a television signal scrambler in
      accordance with the invention; and
PAR  FIG. 2 is a schematic block diagram for decoding a scrambled television
      signal in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION OF EMBODIMENT
PAR  With reference to FIG. 1, a television signal scrambler 10 for use with a
      cable television system is shown. The scrambler 10 uses circuitry as is
      generally described with reference to FIG. 3 of the above identified
      copending patent application. The scrambler 10 includes a visual channel
      12 and an audio channel 14 which are combined at a summing network and
      amplifier 16. The output from network 16 is applied to a mixer 18 together
      with a carrier signal from an oscillator 20 having an output frequency
      selected to produce a television signal on mixer output 22 for a
      preselected channel frequency. A scrambling circuit 24 is provided
      operative on the visual channel 12 to generate a scrambled picture carrier
      on output line 26.
PAR  The audio channel 14 is unscrambled and provides an audio modulated carrier
      on output 28 for combination with the scrambled picture carrier on line 26
      by summing network 16. The audio channel 14 includes a conventional source
      30 of audio signals such as a microphone and preamplifier (not shown). The
      audio signal source 30 FM modulates a 4.5 MHz sound carrier oscillator 32
      for appropriate placement of the sound signal in a standard television
      channel. The FM modulated sound signal in turn amplitude modulates an
      intermediate frequency (IF) carrier on input 34 of a modulator 36. The
      sound modulated IF carrier is passed through a filter 38 to remove the
      upper sideband and 45.75 MHz carrier and provide and desired IF sound
      carrier on line 28.
PAR  The visual channel 12 includes a conventional source 40 of video signals
      such as from a tape recorder or video camera. The video signals on line 42
      are applied to an IF carrier modulator 44 provided with the same IF
      carrier on input 46 as applied to input 34 of the IF carrier modulator 36
      in the sound channel. The output from modulator 44 is passed through a
      filter 48 which provides a standard video carrier modulated vestigial
      sideband signal on filter output 50 for combination with a scrambling IF
      carrier on line 52 from scrambling network 24 in coupler 53.
PAR  The scrambler network 10 operates by altering the characteristics of the
      carrier employed in the transmission of the television signal. The carrier
      used originates at the output 54 of a voltage controlled oscillator 56
      which normally operates at an intermediate frequency (IF) of 45.75 MHz.
      The carrier on line 54 is applied through a directional coupler 58 to a
      signal splitter 60 which provides inputs 35, 46 of modulators 36, 44 with
      the same IF carrier signal.
PAR  Another output of coupler 58 is applied to a phase shift network 62 which
      provides about 180.degree. overall phase shift to the IF carrier appearing
      at the output of directional coupler 26. The phase shifted IF carrier on
      line 64 is applied to an amplitude modulator 66 whose output 68, in turn,
      is applied through an adjustable attenuator 70 to provide a scrambled IF
      carrier on output 52.
PAR  The scrambling network 24 differs from that described in the copending
      patent application in that an additional level of security is provided by
      simultaneously amplitude modulating the inverted carrier on line 64 with a
      low frequency coding signal of up to 500 Hz. A source 72 for producing the
      coding signal on line 74 is provided. The coding signal source may be an
      oscillator, or a specially coded low frequency signal which can convey
      useful information to a subscriber location. Coding may be obtained with
      pulse-modulation by, for example, turning a coding oscillator on for
      different time periods respectively interpreted as different information.
PAR  Since the IF carrier amplitude modulation is to be removed at the receiver,
      a pilot signal representative of the coding signal on line 74 is
      transmitted. The pilot signal is generated by FM modulating the IF carrier
      a predetermined amount simultaneously with the amplitude modulation of the
      inverted carrier. The coding signal line 74 is thus coupled to the IF
      variable oscillator 56 to provide the latter with a small amount of
      frequency deviation, i.e. about .+-.15 KHz at the low coding signal rate
      of up to 500 Hz. The deviation and modulation frequency of the IF carrier
      are kept small to avoid unremovable television picture signal interference
      which would be objectionable to a subscriber at a receiver end.
PAR  The amplitude of the scrambling carrier on line 52 is selected sufficient
      to replace the normal carrier in the vestigial sideband signal on line 50.
      The resulting picture carrier on line 26 is effectively scrambled and
      secure from display on conventional television sets.
PAR  In FIG. 2 a decoder network 80 is shown whereby the received television
      signal on a cable television input line 82 corresponds to the television
      signal generated in a scrambled form on line 22 with the scrambler 10
      shown in FIG. 1. The decoder 80 generally uses similar circuits as
      employed in the converter network as shown and described with reference to
      FIG. 6 in the above identified copending patent application. The received
      television signal is applied to a mixer 84 which is supplied by a local
      oscillator from a voltage controlled oscillator (VCO) 86 turnable over a
      wide range with a channel selector 88 in the form of a potentiometer. The
      VCO 86 frequency is selected so that the mixer output 90 is an IF signal
      of 330 MHz which, in turn, is passed through an IF amplifier 92.
PAR  The output of IF amplifier 92 is applied to a mixer 94 which, in turn is
      supplied with a local oscillator signal from source 96 having a frequency
      selected to provide a predetermined normally unused television channel
      signal at output 98. In many localities such unused channel is channel 3
      so that the frequency of oscillator 96 is 391.25 MHz to provide a
      television signal carrier at a frequency of 61.25 MHz (channel 3) on mixer
      output 98.
PAR  The output 98 of mixer 94 is amplified in an IF amplifier 100 centered at
      61.25 MHz whose output 102 is applied to a summing network 104. The
      channel 3 or 61.25 MHz signal at output 102 of IF amplifier 100 is also
      applied to a phase detector 106 for phase comparison with the output
      signal of an oscillator 108 of a frequency of 61.25 MHz. The phase signal
      output from phase detector 106 is applied to a voltage sensitive input 110
      of VCO 86 with a polarity and magnitude selected to phase lock the IF
      output on line 102 to oscillator 108. Since the frequency of oscillator
      108 is fixed, the operation of the phase lock results in a removal of the
      frequency modulation from line 102 as originally produced by the
      application of the coding signal to the VCO 56 of FIG. 1.
PAR  Since the IF output on line 102 includes an inverted or scrambling carrier,
      the normal carrier is generated by applying the output of oscillator 108
      to a phase shift network 112. This provides a sufficient phase shift to
      generate an IF carrier on line 114 180.degree. out of phase as the
      scrambled IF carrier on line 102. When a phase shift of 180.degree.
      between a normal and scrambling carrier is used, the phase shift network
      112 adds about 90.degree. phase shift since about 90.degree. phase shift
      is obtained from the phase lock of oscillator 108.
PAR  The output of phase shift network 112 is applied to an amplitude modulator
      114 together with a recovered coding signal on line 116. The coding signal
      is detected from the FM modulation pilot signal present in the output IF
      carrier on line 102. The output of phase detector 106 is a phase control
      signal which reflects the low frequency FM modulation in the IF carrier
      output on line 102. The resulting varying control voltage from phase
      detector 106 is applied to a coding signal processor 118.
PAR  The processor 118 includes suitable amplifiers to provide an input to a
      phase shift network 119 so that the inverse of the coding signal can be
      applied on line 116 to generate the inverse amplitude modulation on the
      normal carrier from phase shift network 112. The output of modulator 114
      is thus a reproduced amplitude modulated normal carrier which is adjusted
      with an attenuator 120 to enable precise replacement of the scrambling
      carrier by summing network 104.
PAR  The processor 118 may include information decoding network of a type which
      could identify, for example, the significance of the coding signal. Thus
      the processor includes suitable pulse duration detectors to identify a
      coding pulse length of a predetermined length. When such coding pulse is
      detected, an enable signal is applied on line 122 to actuate and close a
      customer related relay switch 124 which operates to regulate customer
      access to the scrambled television signal. Switch 124 may be as shown in
      series between the output of attenuator 120 and summing network 104 to
      control access by the subscriber to the scrambled channel.
PAR  Alternatively, data representative of the information in the coding signal
      may be made available on a line 126 for special controls. For example,
      different codes could be assigned to each program type, e.g. sports,
      movies, etc. being transmitted to subscribers. Decoders in processor 118
      then would only respond to a particular code to permit the viewing of only
      specific programs purchased by the viewer.
PAR  Having thus described a scrambling and decoding system in accordance with
      the invention, its advantages can be appreciated. Enhanced security is
      obtained while enabling the transmittal of program coding information in
      the employed scrambling signals.
CLMS
STM  What is claimed is
NUM  1.
PAR  1. In a system for scrambling and decoding a television signal modulated on
      a normal carrier which is replaced with a scrambling carrier having the
      same frequency as the normal carrier but with a predetermined phase
      difference therefrom and where the scrambled television signal is decoded
      at a receiving end by regenerating the normal carrier from the scrambling
      carrier for the latter's replacement by the regenerated normal carrier the
      improvement comprising
PA1  means for generating a coding signal of a frequency selected to enable
      modulation of the scrambling carrier for enhanced security;
PA1  means responsive to the coding signal for amplitude modulating of the
      scrambling carrier;
PA1  means responsive to the coding signal for frequency modulating of the
      scrambling carrier;
PA1  means at the receiving end for detecting the frequency modulation to
      reproduce the coding signal; and
PA1  means for replacing the scrambling carrier at the receiving end with the
      inverse amplitude modulated normal carrier to provide a normally
      displayable television signal.
NUM  2.
PAR  2. The improved television scrambling and decoding system as claimed in
      claim 1 wherein the coding signal is a signal selected of sufficiently low
      frequency to inhibit production of non-removable and objectional
      interference with the television signal.
NUM  3.
PAR  3. The improved television scrambling and decoding system as claimed in
      claim 2 and further including
PA1  a frequency variable oscillator of an intermediate frequency (IF);
PA1  means responsive to the IF oscillator for producing video and audio
      modulated IF signals, and wherein said coding signal is applied to both
      the frequency variable oscillator and said amplitude modulating means to
      simultaneously generate amplitude and frequency modulation of the
      scrambling carrier.
NUM  4.
PAR  4. The improved television scrambling and decoding system as claimed in
      claim 3 wherein the frequency modulation detecting means further includes
PA1  means including a receiver IF oscillator operating at a receiver IF for
      phase locking the received television signal to the receiver oscillator.
NUM  5.
PAR  5. The improved television scrambling and decoding system as claimed in
      claim 4 wherein the phase locking means further includes
PA1  means including a variable receiver local oscillator for converting the
      received scrambled television signal to the receiver IF; and
PA1  a phase detector responsive to the receiver IF oscillator and the receiver
      IF from the converting means to produce an output signal representative of
      the difference in phase therebetween, said signal being applied to the
      variable receiver local oscillator with a magnitude and polarity selected
      to establish phase lock between the receiver IF and the receiver IF
      oscillator, said signal also being representative of the coding signal.
NUM  6.
PAR  6. The improved television scrambling and decoding system as claimed in
      claim 5 wherein the normal carrier generating means further includes
PA1  means responsive to the receiver IF oscillator for producing a phase shift
      carrier whose phase is substantially the phase of the normal carrier;
PA1  means for generating the inverse of the coding signal; and
PA1  a modulator coupled to the inverse coding signal and the normal carrier
      output from the phase shifting means for modulation thereof by the coding
      signal.
NUM  7.
PAR  7. An apparatus for scrambling an input television signal amplitude
      modulated on a normal carrier comprising
PA1  means for producing a scrambling carrier signal of the same frequency as
      the normal carrier signal and with a preselected phase difference
      therebetween;
PA1  means for generating a coding signal of a frequency selected to enable
      modulation of the scrambling carrier for enhanced security;
PA1  means for amplitude modulating the scrambling carrier with the coding
      signal; and
PA1  means for frequency modulating the normal and scrambling carrier signals to
      impose a pilot signal representative of the coding signal; and
PA1  means for substantially replacing said normal carrier in the carrier
      modulated television signal with the amplitude modulated scrambling
      carrier.
NUM  8.
PAR  8. The apparatus for scrambling an input television signal as claimed in
      claim 7 wherein the frequency modulating means further includes
PA1  a variable local oscillator operating at the carrier frequency, said coding
      signal being coupled to the variable oscillator to produce frequency
      variation thereof in correspondence with the coding signal; and
PA1  means for applying the output of the local oscillator to generate a common
      frequency source for said normal and scrambling carriers.
NUM  9.
PAR  9. The apparatus for scrambling an input television signal as claimed in
      claim 8 wherein the coding signal generating means produces a coding
      signal characterized with information for use at a receiving location.
NUM  10.
PAR  10. The apparatus for scrambling an input television signal as claimed in
      claim 9 wherein the coding signal generating means further produces a
      coding signal whose frequency is selected sufficiently low to inhibit
      production of non-removable and objectionable interference of the
      television signal at a receiving end.
NUM  11.
PAR  11. An apparatus for decoding a received scrambled television signal
      applied with a scrambling input carrier which is out of phase with a
      normal unscrambled carrier and amplitude modulated for enhanced security
      comprising
PA1  means for producing an oscillator signal representative of a desired
      intermediate frequency (IF) of the scrambling carrier;
PA1  means responsive to the received television signal for phase locking an IF
      converted representation of the received scrambled television signal to
      the oscillator signal;
PA1  means coupled to the phase locking means for producing a coding signal
      representative of a frequency modulation in the scrambling carrier;
PA1  means responsive to the oscillator signal for generating a normal carrier
      signal;
PA1  means for amplitude modulating the normal carrier signal with the inverse
      of the coding signal; and
PA1  means for combining the amplitude modulated normal carrier with the phase
      locked IF scrambling carrier signal to remove the amplitude modulation
      therefrom for regeneration of an unscrambled television signal.
NUM  12.
PAR  12. The apparatus for decoding a received scrambled television signal as
      claimed in claim 11 wherein the normal carrier signal modulating means
      further includes
PA1  means for inverting the coding signal; and
PA1  an amplitude modulator coupled to the normal carrier signal and the
      inverted coding signal for amplitude modulation of the normal carrier.
NUM  13.
PAR  13. The apparatus for decoding a received scrambled television signal as
      claimed in claim 12 wherein the combining means further includes
PA1  an attenuator responsive to the amplitude modulated normal carrier for
      amplitude adjustment thereof to a level selected to cancel the scrambled
      carrier and its amplitude modulation.
NUM  14.
PAR  14. The apparatus for decoding a received scrambled television signal as
      claimed in claim 11 and further including
PA1  switching means operatively located to interrupt the coupling of the normal
      carrier to the combining means for control over access to the received
      scrambled television signal; and
PA1  means responsive to the coding signal for generating a control signal to
      said switching means to determine access to the received scrambled
      television signal.
NUM  15.
PAR  15. The apparatus for decoding a received scrambled television signal as
      claimed in claim 11 wherein the phase locking means further includes
PA1  means including a variable local oscillator for converting the received
      television signal to an IF frequency for viewing on a television receiver;
PA1  a phase detector responsive to the oscillator signal and the compatible IF
      frequency for producing an output signal having a polarity and magnitude
      indicative of the phase difference therebetween, said output signal being
      coupled to the variable local oscillator for frequency control thereof in
      a direction selected to establish phase lock between the compatible IF
      frequency and the oscillator signal.
NUM  16.
PAR  16. A method for scrambling a television signal which is decoded at the
      receiving end to which the television signal is sent in a scrambled form
      comprising the steps of
PA1  producing a coding signal selected to enable enhanced security scrambling
      of the television signal;
PA1  frequency modulating a normal carrier with the coding signal;
PA1  amplitude modulating the frequency modulated normal carrier with a
      television signal;
PA1  phase shifting the frequency modulated normal carrier to generate a
      scrambling carrier which is of the same frequency as the normal carrier
      but with a predetermined scrambling phase difference therebetween;
PA1  amplitude modulating the scrambling carrier with the coding signal; and
PA1  replacing the normal carrier in the television signal modulated normal
      carrier with the amplitude modulated carrier for enhanced security
      television signal.
NUM  17.
PAR  17. The method for scrambling a television signal as claimed in claim 16
      wherein the coding signal producing step is characterized by the
      generation of a coding signal formed to convey information.
NUM  18.
PAR  18. The method for scrambling a television signal as claimed in claim 17
      wherein the coding signal is of a low frequency selected to prevent the
      generation of non-removable interference with the television signal at the
      receiving end.
NUM  19.
PAR  19. The method for scrambling a television signal as claimed in claim 16
      and further including a method for decoding the scrambled television
      signal at the receiving end comprising the steps of
PA1  removing the frequency modulation of the scrambling carrier;
PA1  regenerating the coding signal from the received scrambled television
      signal;
PA1  regenerating a normal carrier from the scrambling carrier;
PA1  amplitude modulating the regenerated normal carrier with the inverse of the
      regenerated coding signal; and
PA1  replacing the scrambling carrier with the inverse modulated regenerated
      normal carrier to reproduce a normal carrier amplitude modulated
      television signal for display by a television receiver.
NUM  20.
PAR  20. The method for scrambling and decoding a television signal as claimed
      in claim 19 wherein the coding signal regeneration and frequency
      modulation steps further include the steps of
PA1  generating a fixed intermediate frequency (IF) oscillator signal;
PA1  converting the received scrambled television signal to an IF television
      signal frequency with a variable local oscillator;
PA1  phase locking the IF television signal frequency to the IF oscillator
      signal by controlling the frequency and phase of the variable oscillator
      with a phase detector output signal indicative of phase lock, whereby the
      IF oscillator signal is representative of the scrambling carrier without
      frequency modulation and the output signal represents the regenerated
      coding signal.
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ABST
PAL  A secure system for television transmission wherein a television signal is
      transmitted on one frequency channel and a composite high fidelity
      stereophonic audio signal is transmitted on a separate unrelated frequency
      channel. Unauthorized reception of the audio portion of the signal is
      prevented by using non-standard multiplex transmission and by transmitting
      the audio signal in a frequency band which is preferably non-receivable by
      a standard television or FM receiver.
BSUM
PAR  The invention relates to television systems for simultaneous transmission
      of video and audio signals and particularly to television systems in which
      security in reception is required in connection with reception of the
      audio signals. The invention is particularly useful for high fidelity
      audio programs transmitted over a cable television system.
PAR  There are two systems currently in use for transmission for reception of
      television programs in the home. In the more common type system, programs
      are transmitted from a broadcast station through the air for reception by
      any television receiver within the broadcast range of the transmitter. The
      second type of system is Community Antenna Television or CATV, commonly
      referred to as cable television. In the earliest CATV systems, a master
      antenna was erected at a location where ordinary television broadcast
      television signals could be received. A coaxial cable connected the master
      antenna and signal processing systems with the television receiver of each
      subscriber to the system to bring the television broadcasts to these
      receivers which could not otherwise receive such broadcasts.
PAR  Once CATV systems were established, it was recognized that these systems
      could provide programs in addition to those shown on the usual broadcast
      stations. These programs could be provided as part of the usual service to
      the subscriber to a CATV system or as special programs for which an
      additional payment by the viewer would be required. These programs would
      also make cable television systems attractive for viewers in those areas
      where television broadcasts can be received with high quality without the
      aid of the cable system.
PAR  Providing these services over a CATV system is not without problems. First,
      the audio portion of the conventional television signal normally is
      transmitted as a relatively narrow band frequency modulated signal. This
      audio signal, which is of markedly inferior quality, particularly when
      compared to the audio signals to which the public has become accustomed
      through the widespread acceptance of high fidelity stereophonic FM
      broadcasts, is particularly disadvantageous for television transmission of
      musical programs such as concerts, operas or the like. Secondly, in
      certain circumstances, it is required that the reception of these special
      programs be restricted to only those television viewers who subscribe to
      the special program and pay the extra fee for receiving the broadcasts.
PAR  Accordingly, it is an object of this invention to provide a television
      system which has a high quality video and audio signal. It is a further
      object of the invention to provide a method for transmission and reception
      of high fidelity stereophonically related audio signals with a video
      signal in a television system which increases the viewing enjoyment of the
      television viewer.
PAR  It is a still further object of the invention to provide such a system on a
      secure basis, and particularly to prevent unauthorized reception of the
      audio portion of the transmitted signals.
PAR  It is an additional object of the invention, to provide such a system at
      the lowest possible cost while still maintaining the highest possible
      quality of reception.
PAR  In providing such a television system, advantage can be taken of the
      regulations of the Federal Communications Commmssion which establish
      standards for transmission and reception of television and stereo
      multiplex signals. One consequence of the imposition of these standards is
      that substantially all television and stereophonic receivers are made to
      receive the standard transmission. Therefore, a non-standard television
      and stereophonic audio signal is provided in accordance with this
      invention which requires specially designed receivers for reception. This
      system has the characteristics of high quality video and high fidelity
      stereophonic audio transmission and reception; is designed to prevent
      unauthorized reception of the audio portion of the signal and has a
      relatively low cost.
PAR  Prior to fully discussing the non-standard transmission utilized in the
      invention, it will be helpful to the understanding of the invention to set
      forth the television and stereo multiplex standards established by the
      Federal Communications Commission so that the differences between the
      standard transmission and the transmission and reception system of the
      disclosed invention can be fully understood.
PAR  Standards for television broadcasting require that television transmission
      occur in allocated frequency ranges in the frequency spectrum. In a lower
      frequency range, or VHF, transmission allocation of the frequency bands
      are as follows: 54-72 megahertz (Mhz) (channels 2-4); 76-88 Mhz, (channels
      5 and 6); and 174-216 Mhz (channels 7-13). The upper frequency range, UHF,
      extends between 470 and 890 Mhz for transmission of channels 14-83.
PAR  Each television channel is allocated a channel with a frequency band width
      of 6 Mhz, within which a composite video and audio signal is transmitted.
      The video portion is transmitted as signals amplitude modulating a carrier
      wave and occupying 5.5 Mhz of the band width, while the audio portion is
      transmitted in a 50 kilohertz (Khz) band as a frequency modulated signal
      on a carrier wave of a frequency 4.5 Mhz above the center carrier
      frequency of the video signal. This composite signal is transmitted and
      detected by a television receiver tuned to the channel. In the receiver,
      the audio and video portions of the composite television signal are
      separated and detected.
PAR  In the standard stereo multiplex transmission signal, two audio signals
      from two separate audio sources (left and right) are combined to produce
      sum and difference combination audio signals. The sum combination signals
      occupy the lower portion of the frequency spectrum of the signal and
      extend generally between 0 and 15 Khz. The difference combination signals
      are applied to amplitude modulate a carrier wave at a frequency of 38 Khz
      to produce a suppressed carrier double sideband amplitude modulated signal
      extending in the frequency range between 23-53 Khz. A pilot signal at 19
      Khz is also transmitted for the purposes of synchronization. The three
      signals frequency modulate a carrier wave at a frequency between 88-108
      Mhz which is then transmitted. In a typical receiver, the composite signal
      is detected and demodulated and the pilot signal is used to control a
      decoder which separates the combined audio signals into the individual
      left and right audio signals which are applied to separate loudspeakers.
PAR  In accordance with an illustrative example of the invention, a transmitter
      provides a non-standard composite audio and television signal for
      transmission over a cable to a subscriber's receiver. The transmitter
      includes means for providing a standard television signal on a TV channel
      including a video portion and unmodulated audio portion for noise
      prevention in the receiver, and means for providing stereophonically
      related audio signals on a separate unrelated audio channel separated in
      frequency from the television channel so that a conventional television
      receiver cannot be tuned to detect both the audio and the video signal and
      a conventional radio receiver cannot detect the audio signal.
PAR  For the audio transmission, left and right audio signals are combined to
      produce sum and difference combination audio signals. The sum combination
      signal is applied to amplitude modulate a subcarrier wave which has a
      frequency at least twice that of the highest frequency of the difference
      combination of signals to produce sum combination sidebands in such manner
      that the subcarrier wave is suppressed. A pilot carrier at a frequency
      related to the frequency of the subcarrier wave and preferably in the
      range between the lowest frequency of the sum combination sideband signal
      and the highest frequency of the difference combination signal is also
      provided. The difference combination audio signal, the pilot signal and
      the sum combination sideband signals, are applied to frequency modulate a
      carrier wave which has a frequency which lies preferably outside the
      frequency band 88-108 Mhz to produce a composite FM multiplex stereophonic
      signal. The composite stereophonic signal is applied along with the
      television signal to the cable for transmission to the subscriber.
PAR  At the receiver, means are provided for separating the composite audio
      signal from television signals. The remaining signal is then applied to
      conventional television receivers or CATV converters for producing the
      television picture in the usual manner. The receiver also includes input
      means coupled to receive the composite audio signal and tuned to its
      single frequency for converting the composite audio signal into a signal
      in a predetermined I.F. frequency band. The I.F. signal is coupled to an
      FM detector and then decoded in a stereo decoder, under the control of the
      pilot signal, to produce the left and right audio signals.
DRWD
PAR  Other and further advantages, objects and features of the invention will
      become apparent to those skilled in the art from a reading of the
      following detailed description of a preferred embodiment of the invention
      when taken in light of the accompanying drawings in which:
PAR  FIG. 1 is a graphical representation of the FCC required signal transmitted
      on a standard television channel.
PAR  FIG. 2 is a graphical representation of one channel of the FCC required FM
      stereo multiplex signal.
PAR  FIG. 3 is a diagramatic representation, in block diagram form, of a
      transmitter for transmitting television and FM signals in accordance with
      this invention.
PAR  FIG. 4 is a diagramatic representation, in block form showing the receiver
      for detecting the audio signals transmitted in accordance with this
      invention, and passing the television signals to a conventional receiver.
PAR  FIG. 5 is a partial circuit diagram of a transmitter showing the circuit
      for producing the audio signals in accordance with this invention.
DETD
PAR  To insure uniformity and prevent interference in the transmission of
      television and radio broadcast signals through the air and on cables the
      Federal Communications Commission has the responsibility of establishing
      standards, fixing the frequency bands in which various types of signals
      can be transmitted and the composition of such signals. As a consequence
      of the establishing of such standards, substantially all television and
      radio receivers manufactured for use by the general public are built to
      receive the FCC standard broadcast signals. Pursuant to this
      responsibility, the FCC has allocated the frequency bands: 54-72 Mhz;
      76-88 Mhz; and 174-216 Mhz; 470-890 Mhz for broadcast television
      transmission. Each of these frequency bands is divided into channels,
      having a bandwidth of 6 Mhz, and on each of these channels is broadcast a
      standard video and audio signal.
PAR  FIG. 1 is a graphical representation of a standard television broadcast
      signal for transmission over one of the broadcast channels. In the lower
      frequency range, extending between 0 and 5.5 Mhz, the video signal is
      transmitted by amplitude modulation of a carrier wave at 1.25 Mhz above
      the lowest frequency in the channel. The entire upper sideband and part of
      the lower sideband produced in the modulation process are transmitted as
      an amplitude modulated (vestigial sideband) signal. The audio portion of
      the signal is transmitted by frequency modulation of a carrier wave at a
      frequency 4.5 Mhz above the center video carrier frequency. The audio
      signal band width is 50 Khz. This television signal is transmitted through
      the air for reception by all television receivers within the transmission
      range of the transmitter. The standard television receiver is tuned to
      receive this television signal by setting a single dial to a selected
      channel. The receiver then detects both the audio and video portions of
      the signal transmitted on that channel.
PAR  The FCC has allocated the frequencies between 88 and 108 Mhz as the
      standard FM broadcast frequency band, and divided this band into frequency
      channels having 200 Khz bandwidth; with each broadcasting station
      allocated one of the frequency channels for broadcasting. Within each
      frequency band the FCC has standardized the FM stereo multiplex broadcast
      signal. Referring to FIG. 2, which shows graphically the standard FM
      stereo multiplex composite signal, two audio signals, L and R from two
      audio sources are combined in sum (L+R) and difference (L-R) signals. The
      L+R signal is transmitted on a main channel extending between 0 and 15 Khz
      where zero indicates center frequency. The L-R signal amplitude modulates
      a 38 Khz subcarrier wave to produce a double sideband suppressed carrier
      L-R amplitude modulated signal. A pilot signal at 19 Khz is included to
      provide synchronization for decoding the signal. This composite signal is
      broadcast at one of the allocated frequencies in the FM band. The standard
      FM stereo multiplex receiver is designed to be tuned to a selected station
      in the allocated FM frequency band and when tuned to such selected
      station, to detect and decode this standard FM stereo multiplex signal.
PAR  Provision for a secure television broadcast system for transmission of
      video and stereophonically related audio signals for reception only by
      authorized receivers is carried out according to the present invention by
      establishment of an FM stereo multiplex audio signal which differs from
      the FCC authorized signal. This nonstandard signal is such that if an
      ordinary television receiver is tuned to the channel on which the signal
      is transmitted, the television receiver will detect only the standard
      television signal transmitted, with no sound and a standard FM or FM
      stereo multiplex receiver will detect a signal which is substantially
      unintelligible to the listener. In this way, only those who subscirbe to
      the program transmitted over the cable system will be able to receive and
      enjoy the program. This system is particularly advantageous for
      transmission of musical events where quality of the audio portion of the
      signal is very important.
PAR  Reference is now made to FIG. 3 which shows in block diagram form one
      example of a television transmitter embodying the principles of the
      present invention and particularly for a CATV system. To provide the
      non-standard FM stereo multiplex signals, two sources of audio frequency
      signals L and R, are applied via left audio source, 2, and right audio
      source, 4, to low pass filters and level controls 6 and 8 respectively,
      which are designed to pass frequencies between 0 and 15 khz. The left and
      right audio signals from filters 6 and 8 are applied to matrix 10 which
      provides, in a well-known manner, the sum combination of signals, (L+R) at
      one output, and the difference combination of signals, (L-R), at the other
      output.
PAR  The non-standard stereo audio signal of the present invention has the (L-R)
      difference combination signal transmitted on a main channel extending
      between zero and 15 Khz and the (L+R) sum combination audio signal
      translated upward in frequency to a portion of the frequency spectrum not
      occupied by the (L-R) signal. To translate the frequency range of the
      (L+R) signal, the (L+R) output of matrix 10 is applied to amplitude
      modulate a subcarrier wave in a manner to be explained. The subcarrier can
      be at any frequency other than the standard 38 Khz signal used to
      broadcast standard FM stereo multiplex programs (unless the pilot carrier
      frequency is other than 19 kHz in which case a subcarrier of 38 kHz is
      acceptable), and is at least twice the frequency of the highest frequency
      component of the (L-R) signal. In the illustrative example described
      herein, the subcarrier frequency is selected to be at 42 Khz.
PAR  The 42 Khz subcarrier wave is supplied from an 84 Khz oscillator, 12,
      frequency divider 14 to balance amplitude modulator 16. The other input to
      the balanced modulator is the (L+R) audio signal which is applied via
      amplifier 18. As is well-known to those skilled in the art, the output of
      the balanced modulator is upper and lower sidebands containing the (L+R)
      audio signals but not containing the subcarrier itself. A pilot wave is
      required to recover the audio portion of the signal. The pilot wave
      frequency is preferably one-half the frequency of the suppressed
      subcarrier wave, and for the example illustrated herein, is 21 Khz. The
      frequency of the pilot wave can be related to the subcarrier wave
      frequency in any manner; for example, a pilot wave of 19 Khz can be used
      with a subcarrier wave of 57 Khz, being three times greater in frequency.
      The pilot wave is provided from a second output from frequency divider 14
      which is one-quarter the frequency of the signal from oscillator 12. The
      pilot signal is applied to phase shift network 20 to equalize the phase of
      the 21 Khz pilot and the 42 Khz suppressed subcarrier.
PAR  The (L-R) audio signal from matrix 10, the double sideband suppressed
      carrier amplitude modulated (L+R) signal from balance modulator 16, and
      the pilot signal, via phase shift network 20, are applied, via amplifier
      22, to frequency modulator 24 wherein all three signals frequency modulate
      a carrier wave as is well-known in the art. The frequency of the FM
      carrier wave is preferably chosen to be in a frequency band other than
      88-108 Mhz, the usual FM band, and preferably at a frequency where there
      is no broadcasting or cablecasting. One such band is 72-76 Mhz, between
      two frequency bands allocated for television transmission, which has
      little cable transmission. As an example, 73 Mhz is used for the frequency
      of the FM carrier wave. The frequency modulated signal from frequency
      modulator 24 is applied to coaxial cable 26 for transmission over the
      cable to the subscriber's receiver.
PAR  The television portion of the transmission is derived from a video source
      30 and applied to a television modulator 32 to produce a vestigial
      sideband amplitude modulated video signal and audio carrier as is
      well-known in the art. The audio carrier can also be modulated with
      non-program related information for use as a "barker" channel, or for
      other uses as is known in the art. This video signal is provided in
      accordance with the illustrative example in any available standard or
      non-standard television frequency channel. As an example, a video carrier
      of 61.25 Mhz (channel 3) is used. The output of modulator 32 is applied to
      coaxial cable 34 and the outputs of cables 26 and 34 are combined for
      transmission to cable 36 for reception by authorized receivers.
PAR  It is thus clear that a subscriber who has only a conventional television
      receiver or conventional FM or FM stereo multiplex receive cannot receive
      the entire program transmitted via the cable. With a standard television
      receiver tuned to the channel over which the video signal is transmitted,
      only the video portion is received since there is no sound transmitted on
      that channel. Of course, the frequency band for the video signal could be
      changed or the signal scrambled so that the video signal could not be
      received on a standard television receiver. The standard FM or FM stereo
      multiplex receiver would not receive any portion of the audio signal since
      the standard receiver can only detect signals transmitted in the range
      between 88 and 108 Mhz. An FM receiver modified to receive an FM signal
      transmitted in the frequency range between 72 and 76 Mhz would not detect
      an intelligible signal since the (L-R) signal on the main channel is not,
      by itself, intelligible and the receiver could not decode the (L+R)
      sideband signals since a 19 Khz standard pilot signal in conjunction with
      a 38 kHz subcarrier frequency is not used. Thus, as illustrated in the
      example, a signal is produced which can only be fully detected on
      receivers which are specifically designed to detect the non-standard
      transmission. In this way, the system insures that only authorized
      receivers will fully receive a program. A block diagram of such a receiver
      is shown in FIG. 4.
PAR  Referring now to FIG. 4, the composite audio and television signal is fed
      via cable 36 to the receiver input which includes splitter/ filter 42. The
      splitter/filter includes band pass and band stop filters, as is well-known
      in the art, for separating two signals. Filters of this type are used to
      separate the FM band from TV in CATV systems. The television portion of
      the signal is fed, via coaxial cable 44 to a standard TV receiver or CATV
      converter which is well-known in the art and not shown in greater detail
      for purposes of brevity.
PAR  The audio portion of the signal is applied to R.F. amplifier 46 for
      amplifying the high frequency incoming signal. This amplifier is optional
      for CATV systems since CATV provides a high level signal. The high
      frequency signal is coupled to a mixer 48 whose other input, from
      oscillator 50, is a signal at a predetermined fixed frequency, preferably
      10.7 Mhz, away from the frequency of the FM carrier wave. The two signals
      are mixed in mixer 48 and a signal at a predetermined intermediate
      frequency preferably 10.7 Mhz, is produced and applied to I.F. amplifier
      52. The output of the I.F. amplifier 52 is fed to a combined limiter and
      discriminator. The output of discriminator 54 is the composite audio
      signal with the (L-R) signal in the frequency range zero to 15 khz; a
      pilot signal at 21 khz; and the (L+R) sideband signal amplitude modulated
      on a suppressed 42 khz subcarrier.
PAR  This composite signal is applied to a stereo decoder which can be arranged,
      as is well-known in the art, to separate the composite audio signals into
      the individual L and R audio signals under the control of the pilot
      signal. The left and right audio signals from decoder 56 are then applied
      via amplifiers 58, 60 to speakers 62, 64 which reproduce the stereophonic
      audio signals. Amplifiers 58, 60 and speakers 62, 64 can be part of the
      subscriber's own high fidelity equipment. For this arrangement, line jacks
      66, 68 are provided on the stereo decoder for coupling the left and right
      signals to the amplifiers.
PAR  In this manner, only authorized subscribers equipped with a cable
      television receiver and the special audio receiver can receive a special
      program transmitted over the cable. The secure system is provided at
      relatively low cost and provides greater fidelity in broadcasting of audio
      signals.
PAR  Referring now to FIG. 5, there is shown a schematic circuit diagram of a
      portion of the transmitter of the present invention showing an
      illustrative example of a circuit for providing the composite audio signal
      in accordance with the invention. Portions of the circuit of FIG. 5 which
      correspond to like portions of FIG. 3 are indicated by common reference
      numerals. Since much of the detailed operation of this circuit will be
      readily apparent to those skilled in the art, some of the details have
      been omitted in the interest of brevity.
PAR  Left and right audio frequency signals are fed to low pass filters and
      level controls 6 and 8 which pass all frequencies below 15 khz. The
      outputs of each filter are coupled through level potentiometers R1 and R2
      to matrix 10 which includes transistors Q1, Q2 and Q3 and provides the
      (L+R) and (L-R) sum and difference combination audio signals at resistors
      R3 and R4.
PAR  The (L+R) sum combination signal is coupled to amplifier 18 which includes
      transistors Q4-Q6, where the signal is amplified, and then from the
      emitter and collector circuits of Q6 to balanced AM modulator 16 having
      transistors Q7-Q9. The other input to the balanced modulator is derived
      from crystal controlled oscillator 12 which provides a signal at a
      frequency of 84 Khz to frequency divider 14. The frequency divider
      includes an integrated circuit containing two frequency dividers (JK
      flip.sub.flops),IC.sub. A, IC.sub.B, which divide the incoming frequency
      by 1/2 to produce the 42 Khz subcarrier wave and by one-fourth to produce
      the 21 Khz pilot signal, as is well-known in the art. The 42 Khz
      subcarrier wave is coupled to resistors R5, R6 in the balanced modulator.
      It will be appreciated by those skilled in the art that the output of the
      balanced AM modulator, indicated at reference numeral 80 is the sum
      combination double sideband suppressed subcarrier amplitude modulated
      signal. The 21 Khz output from frequency divider IC.sub.B is coupled to
      phase shift network 20, amplified by transistor Q10, and is present at the
      circuit connection indicated by reference numeral 82.
PAR  The difference combination signal (L-R) is coupled to amplifier 22 which
      includes first stage transistor Q11 for amplifying the (L-R) signal. The
      amplified L-R signal is coupled through capacitor C1 and resistor R7 and
      applied, with the pilot signal and the sum combination sideband signal to
      the second stage of amplifier 22 including transistors Q12 and Q13.
PAR  The output of transistor Q13 is the composite audio signal including the
      difference combination signal in a low frequency band extending to 15 Khz;
      a pilot signal at 21 Khz; and a sum combination double sideband suppressed
      subcarrier amplitude modulated signal in the frequency band between 27 and
      57 Khz. This composite signal is then applied to a frequency modulator
      where it frequency modulates a carrier wave to produce a high frequency
      signal for transmission over the cable to the subscriber's receiver.
PAR  What has just been described is one example of a secure television
      transmission and reception system and the system just described should not
      be taken to limit in any way the scope of the invention. Many
      modifications, variations, additions and deletions can be made without
      departing from the spirit and scope of the invention. Thus, at the
      receiver, the output from the stereo decoder can be fed into head phone
      jacks, amplifiers and speakers especially made for the system or to the
      subscriber's high fidelity equipment through jacks which automatically
      provide the one program reception and cut out the other types.
      Furthermore, a system can be provided to disable a subscriber's receiver
      if required.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a television transmission system, means for transmitting a television
      program including means for transmitting the video portion of the
      television program on a video channel and means for transmitting the audio
      portion of the television program stereophonically on a separate audio
      channel unrelated in frequency to said video channel, said audio channel
      transmission means including a first source of audio information and a
      second source of audio information, means for combining said first and
      second audio signals to produce a sum combination of said audio signals
      and a difference combination of said audio signals, means for deriving a
      subcarrier wave having a frequency which is at least twice as high as the
      highest frequencies in said audio signals, means for amplitude modulating
      said subcarrier wave with said sum combination of audio signals to produce
      sum combination signal sidebands in such manner that said subcarrier wave
      is suppressed, means for deriving a pilot carrier wave having a frequency
      related to the frequency of said subcarrier wave, the frequency of said
      pilot wave not at the frequency of 19 kHz, means for applying said
      difference combination of audio signals, said sum combination signal
      sidebands and said pilot signal to a frequency modulator so as to
      frequency modulate a carrier wave with said difference combination audio
      signal, said sum combination sideband signal and said pilot signal for
      transmission with the video portion of said television program.
NUM  2.
PAR  2. In a television system for transmitting a television program including a
      video signal and a related audio signal, said video signal being
      transmitted on a television channel and said audio signal being
      transmitted as a composite stereophonically related first and second audio
      signal on a separate audio channel unrelated in frequency to said video
      channel, said composite stereophonically related audio signals including a
      lower frequency band including a difference combination of said first and
      second audio signals, an upper frequency band separated from said lower
      frequency band by a frequency gap, said upper frequency band including the
      sidebands of said sum combination of audio frequency signals amplitude
      modulated on a suppressed subcarrier wave of a given frequency, a pilot
      signal at a frequency other than 19 kHz related to said subcarrier
      frequency, said composite stereophonically related audio signals frequency
      modulating a carrier wave to produce an audio information signal, means
      for detecting said television and stereophonically related audio signals
      including means for producing an audio information signal separate from
      said video signals, means coupled to receive said audio information signal
      including input means tuned to a single frequency for converting said
      audio information signal into a signal in a predetermined frequency band,
      detector means coupled to receive said audio information signal in said
      predetermined frequency band for producing said composite audio signal
      therefrom and decoder means under the control of said pilot signal coupled
      to receive said composite signal for producing said first and second audio
      signals.
NUM  3.
PAR  3. A television transmission system for transmitting a television program
      including a video signal and related audio signal comprising means for
      transmitting said video signals on a television channel and means for
      transmitting stereophonically related audio signals on a separate audio
      channel unrelated in frequency to said video channel, said audio channel
      transmission means including a first audio signal and a second audio
      signal, means for combining said first and second audio signals to produce
      a sum combination of said audio signals, and a difference combination of
      said audio signals, means for deriving a subcarrier wave having a
      frequency which is at least twice as high as the highest frequency of said
      difference combination of audio signals, means for producing a sum
      combination signal sideband in such manner that said subcarrier wave is
      suppressed, means for deriving a pilot wave having a frequency other than
      19 kHz, means for applying said difference combination of audio signals,
      said sum combination signal sidebands and said pilot signal to a frequency
      modulator so as to frequency modulate a carrier wave with said difference
      combination audio signal, said sum combination sideband signal and said
      pilot signal for transmission with said television signal.
NUM  4.
PAR  4. In a receiver circuit for deriving at least one of two stereophonically
      related audio signals from a composite transmission including a video
      signal on a television channel and an audio information signal related to
      said video signal but on a separate audio channel unrelated in frequency
      to the video channel, the audio information signal comprising a composite
      audio signal including a suppressed subcarrier at a given frequency
      amplitude modulated by a sum combination of said stereophonically related
      audio signals, a difference combination of said stereophonically related
      audio signals in a frequency band lower than the amplitude modulated
      signal and a pilot signal, means for separating said video signal and said
      audio information signal, means for converting said audio information
      signal into a signal in a predetermined frequency band, detector means
      coupled to receive said audio information signal in said predetermined
      frequency band for producing said composite audio signal therefrom and
      decoder means under the control of said pilot signal coupled for producing
      at least one of said stereophonically related audio signals from said
      composite audio signals.
NUM  5.
PAR  5. A television system including a receiver for receiving a television
      program having a video signal and a related audio signal, said video
      signal occupying a television channel and said audio signal being situated
      on a separate audio channel unrelated in frequency to said video channel,
      said receiver including means for separating said audio information
      signals from said video signals, means coupled to receive said audio
      information signal including input means tuned to a single frequency for
      converting said audio information signal into a signal in a predetermined
      frequency band, detector means coupled to receive said audio information
      signal in said predetermined frequency band for producing said composite
      audio signal therefrom and decoder means under the control of said pilot
      signal coupled to receive said composite signal for producing said first
      and second audio signals.
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ABST
PAL  A signal transmission system for transmitting programed information such as
      a programed instruction comprising at a transmitter end circuitry for
      producing a number of program materials and a control signal which is used
      at a receiver end to control the manner of sequentially connecting program
      materials in accordance with a response input of a student to construct at
      least one significant program. The system comprises at the receiver end
      circuitry for detecting the control signal, circuitry for extracting
      desired program materials in a desired sequence with the aid of the
      control signal in accordance with the response input of the student and
      apparatus for displaying the extracted desired program materials.
BSUM
PAR  This invention generally relates to a signal transmission system for
      transmitting various kinds of information signals and more particularly
      relates to a programed information transmission system wherein a number of
      different program materials and control signals for controlling the
      progress and combinations of the transmitted program materials are
      simultaneously transmitted and in which programed information is
      constructed from a series of the transmitted program materials at a
      receiver end on the basis of the transmitted control signals.
PAR  In a signal multiplexing transmission system, for example in a still
      picture transmission system, a plurality of information signals divided
      alternately into given different time periods having an arbitrary integer
      ratio are repeatedly transmitted at a given time period.
PAR  Before the present invention is explained, the still picture transmission
      system will be firstly described. In this system the signals divided into
      given time periods are television picture signals of a plurality of still
      pictures and audio signals in the form of PCM signals related to the still
      pictures and these signals are transmitted alternately.
PAR  The present inventors have developed a time division multiplexing
      transmission system for transmitting video signals of a plurality of still
      pictures and pulse code modulated (PCM) audio signals related thereto by
      turns at a time rate of, for example, 1 to 2 television frames.
PAR  Now a basic construction of such a transmitting system will be explained
      with reference to FIGS. 1 to 4. FIG. 1 shows a format of the video-audio
      multiplexed signal to be transmitted. FIG. 1a denotes a program of 5
      seconds. This program is termed as a master frame MF. The master frame MF
      consists of 5 sub-frames SF, each of which has a duration of 1 second. As
      shown in FIG. 1b, each sub-frame SF consists of ten video-audio frames VAF
      and each video-audio frame VAF has a duration of 1/10 seconds. As
      illustrated in FIG. 1c, each video-audio frame VAF further consists of a
      video frame VF of one television frame period (1/30 seconds) and an audio
      frame AF of two television frame period (1/15 seconds). Each audio frame
      AF further consists of a first audio frame A.sub.1 F and a second audio
      frame A.sub.2 F, each having one television frame period (1/30 seconds).
      Thus the master frame MF is composed of 150 television frames.
PAR  By constructing the master frame MF as mentioned above, in the master frame
      MF, there may be inserted 50 still pictures. However, in fact, it is
      necessary to transmit code signals for identifying still pictures and
      their related sounds and for indicating timings of starts and ends of
      various signals. It is advantageous to transmit such code signals in the
      video frames VF rather than in the audio frames AF. In the present
      embodiment, code signals are transmitted in a video frame VF of each
      sub-frame SF. A frame during which the code signals are transmitted is
      referred as a code frame CF. FIG. 1d shows a part of the sub-frame SF
      which includes such a code frame CF. Therefore, in the master frame MF,
      there are inserted forty five still pictures and thus it is required to
      transmit 45 sounds related thereto, i.e. 45 channels of audio signals.
PAR  Sound like speech or music needs several seconds or more to give some
      meaning, because sound is inherently continuous. In the present embodiment
      the maximum duration of each sound relating to each still picture is
      limited to 10 seconds. As mentioned above the master frame MF has a
      duration of only 5 seconds, so that in order to transmit sounds of 10
      seconds it is necessary to use the number of channels twice the number of
      sound channels. That is in order to transmit sounds of 45 channels
      relating to 45 still pictures, it is required to establish 90 audio
      channels. Moreover, it is impossible to transmit audio signals in the
      video frames VF. Therefore, PCM audio signals must be divided and
      allocated in the audio frames AF only. In order to effect such an
      allocation treatment for audio signals, the PCM audio signals of 90
      channels are divided into two groups PCMI and PCMII as shown in FIG. 1e.
      Portions of PCMI corresponding to the second audio frames A.sub.2 F and
      the video frames VF are delayed for two television frame periods of 1/15
      seconds and portions of PCMII corresponding to the video frames VF and the
      first audio frames A.sub.1 F are delayed for one television frame period
      of 1/30 seconds. PCM signals thus delayed form audio channels A and C as
      illustrated in FIG. 1e. Portions of PCMI and PCMII which correspond to the
      first audio frames A.sub.1 F and the second audio frames A.sub.2 F,
      respectively are directly inserted in audio channels B.sub.1 and B.sub.2
      to form an audio channel B. In this manner in the audio channels A, B and
      C, there are formed vacant frames corresponding to the video frames VF. By
      effecting such an allocation for the audio signals, in each audio frame AF
      it is necessary to establish a number of audio channels which is 11/2
      times the number of the audio signal channels. In the present embodiment,
      135 audio channels have to be provided in each audio frame AF. In this
      manner, audio signals of 135 channels are inserted in each audio frame AF
      in the form of PCM signals allocated in given time slots.
PAR  An embodiment of a transmitting apparatus for effecting the above mentioned
      still picture -- PCM audio signal time division multiplexing transmission
      will now be explained with reference to FIG. 2. The transmitting apparatus
      comprises a video signal processing system and an audio signal processing
      system. The video signal processing system comprises a random access slide
      projector 1, on which is loaded slides of still pictures to be
      transmitted. The projector 1 projects optically an image of a slide of a
      still picture onto a television camera 3. The camera 3 picks up the image
      and produces an electrical video signal. The video signal is supplied to a
      frequency-modulator 5 and a carrier is frequency-modulated by the video
      signal. The FM video signal is amplified by a recording amplifier 7 and an
      amplified video signal is supplied to a video recording head 9. This head
      9 is an air-bearing type floating head and is arranged to face a surface
      of a magnetic disc memory 11. The head 9 is driven by a head driving
      mechanism 13 so as to move linearly in a radial direction above the
      surface of the disc memory 11. The disc memory 11 is preferably made of a
      plastic disc having coated a magnetic layer thereon. This kind of memory
      has been described in detail in an NHK Laboratories Note, Serial No. 148,
      "Plated magnetic disc using plastic base"; December 1971. The disc 11 is
      rotatably driven by a motor 15 at a rate of 30 rounds per second. There is
      further provided an air-bearing type floating head 17 for reproducing
      video signals recorded on the disc memory 11. The reproducing head 17 is
      also driven by a driving mechanism 19 so as to move linearly in a radial
      direction above the surface of the disc 11. The magnetic heads 9 and 17
      are moved intermittently so that on the surface of the disc 11 there are
      formed many concentric circular tracks. On each track is recorded the
      video signal for one television frame period corresponding to each still
      picture. The reproduced video signal from the reproducing head 17 is
      supplied to a reproducing amplifier 21 and the amplified video signal is
      further supplied to a frequency-demodulator 23. The demodulated video
      signal from the frequency-demodulator 23 is supplied to a time-error
      compensator 25, in which time-errors of the demodulated video signal due
      to non-uniformity of rotation of the disc memory 11 can be compensated.
      The time-error compensator 25 may be a device which is sold from AMPEX
      Company under a trade name of "AMTEC". The time-error compensated video
      signal is supplied to a video input terminal of a video-audio multiplexer
      27.
PAR  The audio signal processing system comprises an audio tape recorder 29 of
      the remote controlled type. On this tape recorder 29 is loaded a tape on
      which many kinds of audio signals related to the 45 still pictures have
      been recorded. The reproduced audio signals from the tape recorder 29 are
      supplied to a switcher 31 which distributes each audio signal
      corresponding to each still picture to each pair of recording amplifiers
      33-1, 33-2; 33-3, 33-4; . . . 33-n. The amplified audio signals from the
      amplifiers 33-1, 33-2, 33-3 . . . 33-n are supplied to audio recording
      heads 35-1, 35-2, 35-3 . . . 35-n, respectively. There is provided an
      audio signal recording magnetic drum 37 which is rotated by a driving
      motor 39 at a rate of one revolution for 5 seconds. As already described
      above each sound corresponding to each still picture lasts at the longest
      for 10 seconds, so that each audio signal of each sound is recorded on two
      tracks of the magnetic drum 37 by means of each pair of audio recording
      heads 35-1, 35-2, 35-3, 35-4; . . . 35-n. That is a first half of a first
      audio signal for 5 seconds is recorded on a first track of the drum 37 by
      means of the first recording head 35-1 and then a second half of the first
      audio signal is recorded on a second track by means of the second head
      35-2. In this manner, the successive audio signals corresponding to the
      successive still pictures are recorded on the magnetic drum 37.
PAR  The audio signals recorded on the drum 37 are simultaneously reproduced by
      audio reproducing heads 41-1, 41-2, 41-3 . . . 41-n, the number of which
      corresponds to the number of the audio recording heads 35-1, 35-2, . . .
      35-n. In the present embodiment n=90. The reproduced audio signals are
      amplified by reproducing amplifiers 43-1, 43-2, 43-3 . . . 43-n. The
      amplified audio signals are supplied in parallel to a multiplexer 45 in
      which the audio signals are multiplexed in time division mode to form a
      time division multiplexed (TDM) audio signal. The TDM audio signal is then
      supplied to an A-D converter 47 to form a PCM-TDM audio signal. In this
      case a sampling frequency of the audio signal is selected to be 10.5 KHz.
      This PCM audio signal is further supplied to an audio allocation processor
      49 in which the PCM audio signal is allocated in the audio frames AF as
      explained above with reference to FIG. 1e. The detailed construction and
      operation of the audio allocation processor 47 will be explained later.
      The PCM audio signal supplied from the processor 49 is a two-level PCM
      signal. This two-level PCM signal is converted in a two-four level
      converter 51 into a four-level PCM signal. The four-level PCM audio signal
      is supplied to an audio signal input terminal of the video-audio
      multiplexer 27. In the multiplexer 27, the video signal from the
      time-error compensator 25 and the four-level PCM audio signal from the
      two-four level converter 51 are multiplexed in a time division mode. A
      multiplexed video-audio signal from the multiplexer 27 is supplied to a
      code signal adder 53 which adds to the multiplexed video-audio signal the
      code signal for selecting desired still pictures and their related sounds
      at a receiver end to form the signal chain shown in FIG. 1d. The signal
      chain from the code signal adder 53 is further supplied to a synchronizing
      signal adder 55 in which a digital synchronizing signal is added to form
      an output video-audio signal to be transmitted.
PAR  In the transmitting apparatus shown in FIG. 2, there are further provided
      servo amplifiers 57 and 59 so as to maintain the rotation of the video
      disc memory 11 and the audio magnetic drum 37 constant.
PAR  In order to transmit the output video-audio signal as a television signal,
      it is necessary to synchronize the operation of the various portions of
      the transmitting apparatus with an external synchronizing signal. To this
      end, there is further provided a synchronizing and timing signal generator
      61 which receives the external synchronizing signal and generates
      synchronizing and timing signals R, S, T, U, V, W, X, Y and Z for the
      camera 3, the servo amplifiers 57 and 59, the time-error compensator 25,
      the audio multiplexer 45m the A-D converter 47, the audio allocation
      processor 49, the two-four level converter 51 and the synchronizing signal
      adder 55, respectively. The generator 61 further supplies synchronizing
      and timing signals to a control device 63 which controls selection of
      still pictures and sounds, recording, reproducing and erasing of video and
      audio signals, generation of code signals, etc. The control device 63
      further receives instruction signals from an instruction keyboard 65 and
      supplies control signals A, B, C, D, E, F and G to the projector 1, the
      audio tape recorder 29, the code signal adder 53, the video recording
      amplifier 7, the video recording head driving mechanism 13, the video
      reproducing head driving mechanism 19 and the switcher 31, respectively.
PAR  FIG. 3 shows a detailed construction of the audio allocation processor 49.
      In FIG. 3, there are also shown the multiplexer 45, the A-D converter 47
      and the two-four level converter 51. When independent audio signals of 90
      channels are to be transmitted, they are divided into two groups each
      including 45 channels. These audio signals are supplied to a pair of
      multiplexers 45I and 45II and a pair of A-D converters 47I and 47II,
      respectively, to form a pair of PCM time division multiplexing signals
      PCMI and PCMII as shown in FIG. 1e.
PAR  The audio allocation processor 49 comprises gates 67, 69, 71 and 73. The
      signal PCMI is supplied to the gates 67 and 69 and the other signal PCMII
      is supplied to the gates 71 and 73. To the gate 67 is applied such a gate
      signal from the synchronizing and timing generator 61 shown in FIG. 2 that
      the gate 67 is opened for two frame periods t.sub.0 -t.sub.2, t.sub.3
      -t.sub.5 . . . and closed for one frame period t.sub.2 -t.sub.3, t.sub.5
      -t.sub.6 . . . in each three frame periods. To the gate 69 is applied a
      gate signal which has a reverse polarity to that of the gate signal
      supplied to the gate 67, so that the gate 69 is closed for two frame
      periods t.sub.0 -t.sub.2, t.sub.3 -t.sub.5 . . . and opened for one frame
      period t.sub.2 -t.sub.3, t.sub.5 -t.sub.6 . . . in each three frame
      periods. The gate 71 is opened for two frame periods t.sub.1 -t.sub.3,
      t.sub.4 -t.sub.6 . . . and closed for one frame period t.sub.0 -t.sub.1,
      t.sub.3 -t.sub.4  . . . in each three frame periods, but delayed for one
      frame period with respect to the gate 67. The gate 73 is closed for two
      frame periods t.sub.1 -t.sub.3, t.sub.4 -t.sub.6 . . . and opened for one
      frame period t.sub.0 -t.sub.1, t.sub.3 -t.sub.4 . . . in each three frame
      periods, but delayed for one frame period with respect to the gate 69. The
      construction and operation of these gates are well-known in the art, so
      that a detailed explanation thereof is not necessary. To an output of the
      gate 67 is connected a delay circuit 75 which delays input signals by two
      frame periods and to an output of the gate 73 is connected a delay circuit
      77 which delays input signals by one frame period. A mixing circuit 79 is
      connected to both outputs of the gates 69 and 71. Output signals of the
      delay circuits 75 and 77 and the mixing circuit 79 are supplied to a time
      division multiplexing device 81 to form a time division multiplexed
      signal.
PAR  The signal PCMI is gated out by the gate 67 for a period t.sub.0 -t.sub.2
      and delayed by the delay circuit 75 for two frame periods to form the
      signal A shown in FIG. 1e. The other signal PCMII is gated out by the gate
      73 for a period t.sub.1 -t.sub.3 and delayed by the delay circuit 77 for
      one frame period to form the signal C shown in FIG. 1e. Moreover, a signal
      portion of the PCMI for a period t.sub.2 -t.sub.3 is gated out by the gate
      69 to form the signal B.sub.1 shown in FIG. 1e and a signal portion of the
      PCMII for a period t.sub.3 -t.sub.4 is gated out by the gate 71 to form
      the signal B.sub.2 also shown in FIG. 1e. The signals B.sub.1 and B.sub.2
      are mixed in the mixing circuit 79 and transferred to the time division
      multiplexing device 81 as a third channel signal B.
PAR  To the time division multiplexing device 81 are also supplied the first and
      second audio channels A and C to form the PCM-TDM audio signal which is
      further supplied to the two-four level converter 51.
PAR  In the manner mentioned above, it is possible to form a vacant frame for a
      period t.sub.1 -t.sub.2 and the video signal can be transmitted in such a
      vacant frame.
PAR  In the transmitting apparatus mentioned above, the random access slide
      projector 1 is controlled by the control device 63 to project successive
      45 still pictures and the video recording head 9 is driven by the
      mechanism 13 so as to face tracks of the disc memory 11. In this case, the
      video recording head 7 moves in one direction to face 23 alternate tracks
      so as to record 23 still pictures and then moves in an opposite direction
      to face the remaining 22 tracks which are situated between the tracks on
      which the video signals of the first twenty three still pictures have been
      recorded. The video recording amplifier 7 receives a gate signal D of 1/30
      seconds from the control device 63 and supplies a recording current to the
      video recording head 9 for said period. The motor 15 for driving the disc
      11 is controlled by the servo amplifier 57 to rotate at a constant angular
      velocity of 30 rps. The servo amplifier 57 detects the rotation of the
      disc 11 and controls the motor 15 in such a manner that the detected
      signal coincides with the timing signal S supplied from the generator 61.
      The video reproducing head 17 is driven by the mechanism 19 in the same
      manner as the video recording head 9. The reproducing head 17 is moved in
      the audio frame and code frame periods and is stopped in the video frame
      period to reproduce the video signal in a correct manner. The reproducing
      head 17 repeatedly reproduces the video signal of 45 still pictures.
PAR  As already explained, the audio signal of each sound relating to each still
      picture is recorded on two tracks of the magnetic drum 37. This drum 37 is
      driven by the motor 39 and this motor 39 is controlled by the servo
      amplifier 59. The servo amplifier 59 detects the rotation of the drum 37
      and controls the motor 39 in such a manner that the detected signal
      coincides with the timing signal T supplied from the generator 61.
PAR  It is possible to revise a portion of the previosuly recorded pictures or
      sounds to new pictures or sounds while reproducing the remaining pictures
      and sounds. For picture information, the video recording head 9 is
      accessed to a given track by the head driving mechanism 13 and a new
      picture is projected by the random access slide projector 1 and picked up
      by the television camera 3. The video signal thus picked up is supplied to
      the frequency-modulator 5 and then to the recording amplifier 7. Before
      recording, a d.c. current is passed through the video recording head 9 and
      the previously recorded video signal is erased. Then the new video signal
      is recorded on the erased track of the disc 11. For sound information, a
      new sound is reproduced by the audio tape recorder 29 and a given track of
      the magnetic drum 37 is selected by the switcher 31. Before recording, the
      selected track is erased by an erasing head (not shown) corresponding to
      the selected recording head. These operations are controlled by the
      control signals supplied from the control device 63 on the basis of the
      instruction from the instruction keyboard 65 and the timing signals from
      the generator 61.
PAR  Next, a basic construction of a receiver will be explained with reference
      to FIG. 4. A received signal is supplied in parallel to a synchronizing
      signal regenerator 83, a video selector 85 and an audio selector 87. In
      the synchronizing signal regenerator 83, a synchronizing signal is
      regenerated from the received signal. The synchronizing signal thus
      regenerated is supplied to a timing signal generator 89. To the timing
      signal generator 89 is also connected to an instruction keyboard 91. The
      timing signal generator 89 produces timing signals to the video selector
      85 and the audio selector 87 on the basis of the synchronizing signal from
      the regenerator 83 and the instruction from the keyboard 91. The video
      selector 85 selects a desired video signal and the audio selector 87
      selects a desired audio signal related to the desired video signal. The
      selected video signal of the desired still picture is once stored in a one
      frame memory 93. The video signal of one frame period is repeatedly read
      out to form a continuous television video signal. This television video
      signal is displayed on a television receiver 95.
PAR  The above described still picture-sound transmission system is quite
      suitable to transmit programed instruction for education. The programed
      instruction has a complicated construction. As is well known in the
      programed instruction field, the programed instruction is divided into a
      number of program materials. These program materials are transmitted from
      a single transmitter (teacher) to a plurality of receivers (students). If
      the transmission is effected by television broadcasting, the transmission
      system is of a one-way system, whereas according to the principle of the
      programed instruction the students should answer a question and progress
      of the program materials should be determined in accordance with the
      answers of the students. Such a programed instruction requires essentially
      a two-way transmission system.
PAR  The present invention has for its object to provide a novel programed
      information transmission system in which at a transmitter end a number of
      program materials consisting of a programed information and control
      information for controlling progress of the programed information are
      transmitted and at a receiver end a series of the program materials are
      selectively extracted under the control of the control information so as
      to reproduce a given programed information.
PAR  It is another object of the invention to provide a transmission system
      which uses a control system common to various types of transmission
      systems such as a one-way transmission system and a two-way transmission
      system.
PAR  It is still another object of the invention to provide a transmission
      system which is particularly suitable for transmitting programed
      instruction for education.
PAR  According to the invention, a signal transmission system for transmitting
      programed information comprises at a transmitter end
PAR  a program material source for producing a plurality of program materials;
PAR  means for producing a control signal which is used at a receiver end to
      control a manner of sequentially connecting program materials to construct
      at least one significant program, said program materials and control
      signal constituting said programed information; and
PAR  means for transmitting said programed information composed of said program
      materials and control signal;
PAR  and at a receiver end means for receiving said transmitted program
      information;
PAR  means for detecting said control signal from said programed information;
PAR  means for extracting desired program materials in a desired sequence from
      the program materials in said programed information with the aid of said
      detected control signal; and
PAR  means for displaying said extracted program materials.
DRWD
PAR  Now the present invention will be explained in detail with reference to the
      accompanied drawings in which:
PAR  FIGS. 1a, 1b and 1c show constructions of a master frame, a sub-frame and a
      video-audio frame of video and audio signals transmitted by a time
      division multiplexing transmission system, FIG. 1d illustrates a portion
      of said signal which includes a control frame and FIG. 1e shows a manner
      of effecting an audio PCM signal allocation;
PAR  FIG. 2 illustrates diagrammatically a basic construction of a transmitter
      for the still picture-sound transmission system;
PAR  FIG. 3 is a block diagram showing a detailed construction of an audio
      allocation processor shown in FIG. 2;
PAR  FIG. 4 is a block diagram showing a principal construction of a receiver of
      the still picture-sound transmission system;
PAR  FIGS. 5a, 5b, 5c, 5d and 5e illustrate diagrammatically constructions of an
      audio channel, a video frame, a video channel, audio start and end signals
      and a program material control code, respectively, used in the
      transmission system according to the invention;
PAR  FIG. 6 shows a construction of the programed instruction which is composed
      of lists, blocks, items and labels;
PAR  FIGS. 7a and 7b show embodiments of item progress modes in the programed
      instruction;
PAR  FIG. 8 diagrammatically shows a control for constructing the programed
      instruction at a receiver end;
PAR  FIG. 9 illustrates a control mode which may be commonly used for various
      transmission systems;
PAR  FIG. 10 is a flow chart of the control process at the receiver end
      according to the invention;
PAR  FIG. 11 shows an embodiment of signal formats of transmitted signals
      according to the invention;
PAR  FIG. 12a illustrates an embodiment of an item control code and FIG. 12b
      shows an embodiment of a program material control code according to the
      invention;
PAR  FIG. 13 shows a signal format for explaining timings of audio start and end
      signals and a PCM synchronizing signal;
PAR  FIG. 14 is a block diagram of a transmitter and a receiver of the
      transmission system according to the invention;
PAR  FIG. 15 is a block diagram showing an embodiment of the time division
      multiplexed audio signal forming apparatus;
PAR  FIGS. 16a, 16b and 16c show signal waveforms for explaining the operation
      of the apparatus shown in FIG. 15;
PAR  FIG. 17 is a detailed block diagram of the receiver according to the
      invention;
PAR  FIGS. 18 and 19 are flow charts for explaining the operation at the
      receiver according to the invention.
DETD
PAR  FIG. 5 shows signal constructions of the video and audio signals and
      control signals. As shown in FIGS. 5a and 5b, the still picture-sound
      signals are composed of audio signals of n channels and the video signals
      of l frames and are repeatedly transmitted at a period of a master frame
      MF, for example, 5 seconds. Each video signal has a video identification
      code or number VID added thereto and is allotted in each time slot 0 to
      l-1 of the television frame period. As shown in FIG. 5c, there are m kinds
      of the video identification numbers VID and in some cases, the same
      identification number VID is added to several still pictures. That is to
      say in FIG. 5c a still picture having the video identification number
      VID=0 added thereto is transmitted in a fourth video frame, but two
      different still pictures having the same video identification number VID=2
      are transmitted in 14th and 46th video frames. In this manner, the still
      pictures having the video identification numbers VID=0 to VID=m-1 are
      transmitted in the video frames 0 to l-1 and in this case in a single
      frame only one still picture is transmitted and two or more still pictures
      are not transmitted in one frame in a superimposed manner.
PAR  When an audio signal having a time length longer than the master frame
      period is to be transmitted, the audio signal is folded back at the end of
      the master frame MF and is continued to the head of a next channel. The
      audio signal folded at the end of the last audio channel n-1 continues to
      the first audio channel 0. Thus, the audio channels constitute a loop. The
      transitions of the audio signals are controlled by audio start signals
      (STX) and audio end signals (ETX) which are also transmitted as shown in
      FIG. 5d. These audio start and end signals are channel numbers in which
      the audio signals start and come to ends, respectively.
PAR  In order to denote given still picture and sound materials by means of the
      video identification numbers and the audio channel numbers for
      constructing a certain broadcasting program or a programed instruction,
      program material control codes are formed and transmitted through the same
      transmission path as that for transmitting the still picture-sound
      signals.
PAR  In case of using the signal transmission system according to the invention
      for transmitting a programed instruction, several programs are
      simultaneously transmitted and each student can select any one of them. In
      the embodiment shown in FIG. 6, five programs are simultaneously
      transmitted. As shown in FIG. 6, each program is divided into one or more
      lists and each list is composed of one or more blocks. Each block is
      divided into a number of items and each item is constructed by one or more
      labels. According to the invention program materials such as still picture
      video signals and audio signals may be commonly used for various labels
      and thus the quantity of program materials to be transmitted can be saved.
      Such construction of the program may be compared with that of a text book
      in such a manner that the list corresponds to a chapter or verse of the
      text book and the block corresponds to a section or part. The item
      corresponds to a paragraph and the label corresponds to a sentence. As
      shown in FIG. 6, the items and labels are denoted by a common sequential
      number system and the item number is the same as the label number of the
      first label in the related item. Thus, when an item is composed of a
      single label, the item and label are denoted by the same number.
PAR  Each of the lists, blocks and items has branches as shown in FIG. 6. For
      instance, the branch construction of the items is shown in FIG. 7. As
      shown in FIG. 7a, the items 1 , 2 , 4 proceed one by one, but the items 7
      and 10 have a plurality of output branches and the items 8 and 11 have a
      plurality of input branches. Moreover, the item 3 has a plurality of input
      and output branches. Also as shown in FIG. 7a, some items, e.g., the items
      3, 6 and 7 constitute a loop. In such a case, it is rather difficult to
      produce the programed instruction by a simple receiver. For example, when
      a student enters the item loop, it might sometimes happen that he could
      not escape from the item loop. In order to avoid such a situation, it is
      necessary to provide means for forcedly proceeding the items at the
      receiver, so that the construction of the receiver becomes complicated. In
      order to obviate such disadvantages, it is preferable to rearrange the
      items as shown in FIG. 7b. In this case, the items do not constitute a
      loop, so that the construction and control of the receiver becomes much
      simpler.
PAR  Various controls at the receiver end for constructing the programed
      instruction may be diagrammatically illustrated in FIG. 8. According to an
      embodiment of the present invention, when a student switches on a start
      button provided on a control panel of the receiver unit, titles of the
      instruction programs are displayed on a display device at the receiver.
      The displayed titles indicate briefly the contents of the instruction
      programs which are simultaneously transmitted in a time division mode.
      This process is effected at a list 0 shown in FIG. 6. The student looks at
      the display and sets a selection code of a given instruction program. Then
      the given instruction program is selected. The above instruction program
      selecting operation may be effected in a different way. For example, the
      student may set directly the list, block and item numbers of a desired
      instruction program with reference to a program table which has been
      previously distributed to the student.
PAR  At a next step, an item control is carried out. This control is to denote a
      next following item. When the items 1 , 2 , 4 , 7 , 8 , etc., shown in
      FIG. 7b have been displayed, the next items are exclusively determined,
      but the items 3 , 3' , 3" , 10 , etc., in FIG. 7b have more than one
      output branch and these branches must be selected by answer inputs of the
      student. In order to denote the next following items, item control codes
      are transmitted. Since the studying speeds of the students are different
      from each student, the item control codes must be transmitted always
      during the transmission of the programed instruction.
PAR  When the item is determined, then it is necessary to select program
      materials. That is to say, it is required to determine which still picture
      and sound materials are used among many still pictures and sound
      materials. For this purpose, it is necessary to transmit program material
      control codes by means of which desired video and audio signals are
      extracted at the receiver end. The student comprehends a question with the
      aid of the reproduced still pictures and sounds and provides an answer
      input by operating selection buttons provided on the control panel. At the
      receiver a next item is denoted by the answer of the student with
      reference to the transmitted control code. The above processes are
      repeated sequentially so as to perform the successive steps of the
      programed instruction.
PAR  As explained in the preamble essentially the programed instruction needs a
      two-way transmission path for providing questions from the transmitter to
      the student and giving answers from the receiver to the transmitter. But
      in the present embodiment use is made of a one-way broadcasting, so that
      all signals are transmitted simultaneously in a time division mode and are
      repeated at a short period. The master frame MF shown in FIG. 5
      corresponds to the repetition period.
PAR  In addition to the transmission system of the repetition type, there may be
      a multi-channel real time transmission system or a two-way type
      transmission system. It is quite convenient for the receivers to adopt the
      transmission control system which may be commonly used for the various
      types of transmission systems and then the efficiency of the transmission
      becomes increased. According to the invention use is made of a control
      system which can be commonly used for the above mentioned three types of
      transmission systems. As shown in FIG. 9, according to the invention the
      program material control and the signal display control are used as a
      common control system. In the repetition type transmission system the item
      control code is transmitted and the list, block and item numbers are used
      for this purpose. These list, block and item numbers are related to labels
      used in the program material control. In the two-way type transmission
      system the receiver's addresses are related to the labels. In the
      multi-channel real time transmission system the program channel numbers
      are related to the labels.
PAR  As already explained above with reference to FIG. 6 the label number of the
      first label is same as the item number of the related item. Thus in the
      program material control desired video identification numbers and audio
      channel numbers are selected on the basis of the item numbers and the
      label numbers and the desired video signals and audio signals are
      extracted.
PAR  FIG. 10 illustrates a flow chart for explaining the operation of the item
      control and the program material control of a programed instruction at the
      receiver end. The upper half of FIG. 10 shows the item control table and
      the lower half illustrates the program material control table or signal.
      The item control code comprises a list number, a block number and an item
      number as an index. This index is expressed as LBI for the sake of
      explanation. A program material control code comprises a list number, a
      block number and a label number as an index or label, which is represented
      as LBL. Now it is assumed that an item denoted by (LBI)i is selected. As
      already mentioned above in connection with FIG. 6, (LBI)i is the same as
      (LBL)i of the first label in the related item and thus at the program
      material control the video identification number (VID)i and the audio
      channel number (ACH)i are determined with reference to the program
      material control table. The reproduction period of the audio signal is
      controlled by the audio start and end signals STX and ETX.
PAR  When the item is constructed by a plurality of labels, after a label has
      been displayed, a next label is automatically determined without any
      response of the student. To this end, the program material control code
      comprises a control code C which denotes whether or not the related label
      is automatically followed by a next label. In FIG. 10, the control code C
      of the program material control code relating to the label denoted by
      (LBL)i is 1, so that this label is automatically followed by a next label
      (LBL)i+1. Thus the label (LBL)i+1 is selected and the video identification
      number (VID)i+1 and the audio channel number (ACH)i+1 are determined. When
      the display of the label (LBL)i+1 has been completed, the display of the
      item (LBI)i has been finished, because the control code C of the label
      (LBL)i+1 is 0. Then a next item must be determined by a response of the
      student. For example, when the content of the label (LBL)i+1 is a question
      to the student, he must give an answer by operating the buttons on the
      control panel. In the embodiment shown in FIG. 10, it is assumed that the
      student gives an answer of the response No. 3. Then a next item (LBI)k is
      determined with the aid of the item control table. The above operation of
      the program material control is carried out for the item (LBI)k, i.e., the
      label (LBL)k.
PAR  As additional functions there are provided a correct answer request and a
      hint request. When the student gives a response input CA related to the
      correct answer request during the item denoted by (LBI)p being selected, a
      correct answer item denoted by (LBI)p is detemined as a next item and the
      correct answer is displayed by the program material control. Similarly,
      when the student provides a response input related to the hint request, an
      item denoted by (LBI)q is selected and a hint for helping the student to
      derive a correct answer is displayed by the program material control.
PAR  There are further provided a repeat function and a back function. When the
      student operates a repeat switch provided on the panel, the same item is
      selected again and when the student actuates a back switch on the panel an
      item which precedes by one item with respect to the related item is
      selected. That is to say, when the back switch is operated during the item
      (LBI)k being related, the item (LBI)i is determined as a next item. If an
      item is composed of a plurality of labels, one or more labels are not
      necessary to be displayed when the repeat or back operation is requested.
      For this purpose, the control code CNT of the program material control
      table is provided with a code KR. As shown in FIG. 10, when the control
      code KR of the label (LBL)i is 1, this label (LBL)i need not be displayed
      in the repeat or back operation and since the next label (LBL)i+1 has the
      control code KR=0, this label (LBL)i+1 is selectively displayed upon the
      repeat or back operation. For example, the label (LBL)i is a "knowledge of
      return" such as the teacher's reply with respect to the student's answer,
      so that such a label need not be displayed in case of repeat or back
      operation.
PAR  The item and program material control codes for effecting the item and
      program material controls as in the manner shown in FIG. 10 are
      transmitted as transmission control codes together with the video and
      audio signals. An embodiment of the arrangement and transmission of the
      transmission control codes will be explained with reference to FIG. 11.
      FIG. 12a shows the item control table composed of the item control codes
      and FIG. 12b illustrates a program material control table consisting of
      the program material control codes.
PAR  As shown in the item control table of FIG. 12a, the item control code has
      an LBI code for denoting the list number by four bits, the block number by
      four bits and the item number by eight bits. The item control code further
      comprises a next list and block code and a next item code. As shown in
      FIG. 12a, there are five next items any one of which is selected in
      accordance with the student reply. As illustrated in FIG. 12a, each of the
      next items is expressed by eight bits and the next block and list are
      represented by four bits, respectively. The item control code further
      includes the program progress control code or signal CNT of four bits and
      check code of four bits. In addition, there are provided in the item
      control code a correct answer item CA of eight bits and a hint item HLP of
      eight bits, which items CA and HLP are selected by the student's request.
      During the studying, if the student wants to get a correct answer or a
      hint for deriving the correct answer, the student depresses a correct
      answer button or a hint button provided on the control panel of the
      receiver and then the correct answer or the hint is indicated. In the
      actual item control code there are further provided 32 auxiliary bits.
      Thus the item control code consists of 120 bits and constitutes a row of
      the item control table shown in FIG. 12a. The number of rows must be
      determined with consideration of the signal form shown in FIG. 11. In the
      present embodiment, there are provided 1446 rows. Thus, the total number
      of items shown in FIG. 6 is also 1446 and such a large amount of items is
      sufficient for establishing any information in the programed instruction,
      so that the transmission control of the programed instruction in the
      one-way transmission can be effected to the same extent as in the two-way
      transmission.
PAR  FIG. 12b illustrates the program material control table consisting of the
      program material control codes. In the program material control code the
      LBI code of 16 bits is used as the label code LBL and the video
      identification number VID of eight bits and the audio channel number ACH
      of eight bits related to the label are included. The program material
      control code further comprises four check bits CHK and the label progress
      control code CNT consisting of C of two bits and KR of two bits. Thus, the
      program material control code is composed of 40 bits and is referred to as
      the S-ROW, because it constitutes each row of the program material control
      table. In the transmission system shown in FIG. 11, it is possible to
      transmit 4050 rows.
PAR  FIG. 11a shows one master frame MF of the repetition type transmission
      signal. The master frame MF comprises all of signals shown in FIGS. 5a to
      5e and is repeatedly transmitted. In the present embodiment, the master
      frame MF has the period of 5 seconds.
PAR  The master frame MF is composed of five sub-frames SF.sub.0 to SF.sub.4
      each having a duration of one second. FIG. 11b illustrates the content of
      a single sub-frame SF.sub.0. The subframe SF.sub.0 is divided into ten
      video-audio frames VAF.sub.00 to VAF.sub.09. Each of the video-audio
      frames other than VAF.sub.00 consists of a video frame VF of 1/30 seconds
      and an audio frame AF of 2/30 seconds. The video-audio frame VAF.sub.00 is
      constructed by a code frame of 1/30 seconds and an audio frame AF of 2/30
      seconds. Each of the audio frames AF is divided into a first audio frame
      A.sub.0 F of 1/30 seconds and a second audio frame A.sub.1 F of 1/30
      seconds. The contents of the video and audio frames are the same as those
      shown in FIG. 1.
PAR  FIG. 11d shows the content of the code frame CF which has the same duration
      as that of the video frame, i.e., one television frame period of 1/30
      seconds. Thus, the code frame CF is divided by the horizontal
      synchronizing period H into 525H. During 482 H period from 22H to 262H and
      from 285H to 525H, the item control codes are transmitted. In FIG. 11e,
      the content of 22H is depicted in an enlarged scale. As shown in FIG. 11e,
      the period H comprises 416 bits and includes three ROWs (120.times.3=360
      bits), the PCM synchronizing signal of 40 bits and 16 auxiliary bits. In
      this embodiment, the bits in the period H corresponds to the bit clock
      frequency of the audio PCM signals. As shown in FIGS. 11e and 12a each ROW
      is constituted by 120 bits and in each period H, there are included three
      ROWs, so that the number of ROWs inserted in 482 H period is 1446. Since
      the code frame CF is provided in each sub-frame SF, the item control codes
      are repeated five times in each master frame MF. Therefore, the item
      control can be effected without interruption.
PAR  The program material control codes are transmitted in a portion from 1H to
      9H of the vertical blanking period VBL of each code frame CF and each
      video frame VF. As shown in FIG. 11g, in each horizontal period H there
      are included nine S-ROWs. In each sub-frame SF, there are ten code and
      video frames and thus 90 H period can be used for transmitting the program
      material control codes S-ROW. As illustrated in FIG. 11h, each S-ROW is
      constructed by 40 bits and thus the number of bits of nine S-ROWs in each
      H period is 360. In each H period, the PCM synchronizing signal of 40 bits
      is allotted. The remaining 16 bits are used to transmit twice in
      succession the video identification signal VID of eight bits. The video
      identification number VID is inserted in 1H to 9H of each video frame VF
      for identifying the still picture which is transmitted in the related
      video frame VF. In this case, the video identification number VID is
      transmitted twice in each H period and thus is totally transmitted 18
      times in 9H period, so that the identification error can be avoided to a
      great extent.
PAR  The audio channel number ACH is not transmitted with direct relation to the
      audio signal and is indirectly related to the audio signal in accordance
      with the sequence of the time division multiplexing. FIG. 13b illustrates
      the arrangement of time slots in one frame of the time division
      multiplexing signal during the audio frames A.sub.0 F and A.sub.1 F. FIG.
      13a illustrates the signals shown in FIGS. 11e and 11g in a superimposed
      manner. As shown in FIG. 13a, the horizontal period H of the video signal
      has 416 bit pulses, but the PCM frame shown in FIG. 13b comprises 1/2
      times 416 pulses, i.e., 624 pulses. In each PCM frame, there are formed
      144 PCM audio channels and since the audio signals are modulated into
      four-level PCM pulses, each channel consists of four quaternary digit
      pulses. Thus, the total number of pulses of the PCM channels is 576. In
      each PCM frame, there is further provided the PCM synchronizing signal of
      40 bit pulses and the audio start signal STX of eight bit pulses or the
      audio end signal ETX of eight bit pulses.
PAR  AS illustrated in FIG. 13b, the PCM audio channels 0, 1, 2 . . . 142, 143
      are inserted immediately after the time slots for the audio start or end
      signal STX or ETX. These 144 PCM audio channels comprise 96 PCM audio
      signal channels as mentioned above with reference to FIG. 1. FIG. 13c
      shows the time slots for the PCM synchronizing signal and the audio start
      or end signal in an enlarged scale. The PCM synchronizing signal is
      composed of BL of 16 bits, PFP of 16 bits and MCC of eight bits. The audio
      start signal STX and the audio end signal ETX each consisting of eight
      bits express channel numbers of 96 audio signal channels. The audio start
      signal STX and the audio end signal ETX are distinguished from each other
      in such a manner that the audio start signal STX is inserted in the given
      time slot of the PCM frame in the first audio frame A.sub.0 F and the
      audio end signal ETX is inserted in the given time slot of the PCM frame
      in the second audio frame A.sub.1 F.
PAR  By selectively extracting the audio signal transmitted through the audio
      signal channel denoted by the audio start signal STX immediately after the
      related audio start signal STX is transmitted, the audio signal channel
      selection and the audio reproduction can be effected. The audio signal
      channel selection denoted by the audio end signal ETX is stopped
      immediately after the related audio end signal ETX appears. In this case,
      if the audio signal is folded back at the end of the master frame MF, and
      STX number is not the same as the ETX number. The ETX number must be
      increased by one every time the audio signal is folded back.
PAR  Since each of the audio frames A.sub.0 F and A.sub.1 F comprises 350 PCM
      frames, 350 STX signals and 350 ETX signals are included in one
      video-audio frame VAF. Thus, by taking into account the number of the
      audio signal channels of 96, the audio start signal STX and the audio end
      signal ETX may be transmitted several times. Moreover, considering the
      appearance of the audio start and end signals in the single video-audio
      frame VAF of 0.1 seconds, the audio start and end signals may be
      transmitted several 10 times. This results in that the redundancy of the
      STX and ETX detection at the receiver end increases and thus an error in
      channel detection can be advantageously decreased.
PAR  FIG. 14 illustrates transmitting and receiving apparatuses for effecting
      the still picture-sound transmission system in which the above mentioned
      transmission control signals are provided. In FIG. 14, there are shown a
      video and audio signal generating device 101, a transmitter 102 and a
      receiver 103. The video and audio signal generating device 101 is coupled
      with the transmitter 102 by means of terminal groups 127, 128 and 129. The
      video signals are supplied through the terminal group 127 and the audio
      signals are supplied through the terminal group 128. The terminal group
      129 is coupled with a signal code allocation control device 104 which
      receives data supplied from the signal generating device 101 through the
      terminal group 129 and determines signal transmitting timings. The signal
      code allocation control device 104 further effects the channel allocation,
      i.e., the device 104 produces control codes for effecting the channel
      allocation and actuates the video and audio signal generating device 101
      at suitable timings. The video and audio signals generated by the device
      101 are supplied through the terminal groups 127 and 128 to a video signal
      processing device 106 and an audio signal processing device 105,
      respectively. In these devices 106 and 105, the video and audio signals
      are suitably processed for the next multiplexing. The audio and video
      signals are then time division multiplexed in an audio multiplexing device
      107 and a video multiplexing device 108, respectively. In a program
      material control code and video identification number adding device 109 to
      the video signals are added the program material control codes and the
      video identification numbers shown in FIGS. 11d and 11g and supplied from
      the allocation control device 104. In an audio start and end signal adding
      device 110, the audio start and end signals STX and ETX are added to the
      audio signals.
PAR  The item control codes shown in FIGS. 11e and 11f and supplied from the
      allocation control device 104 are added to the transmission signal in an
      item control code adding device 111. In this case, the item control codes
      are inserted in the code frames CF as shown in FIGS. 11b and 11c, which
      code frames CF are transmitted at a rate of one television frame for one
      second. Then, the output signals supplied from the adding devices 109, 110
      and 111 are combined in a signal combining device 112 and the combined
      signal is once stored in a one master frame memory 130. The stored signal
      is repeatedly reproduced and is transmitted through a modulator 113 from
      an output terminal 114 to a transmission path 115. In general, the output
      terminal 114 is an antenna and the transmission path 115 is a space
      propagation path, but the transmission path 115 may be a cable and there
      may be many branches 116 so as to transmit the signal to a number of
      receivers.
PAR  Next a transmitting apparatus for use in the signal transmission system
      according to the invention will be described in detail.
PAR  FIG. 15 shows an embodiment of a PCM-TDM signal forming apparatus in which
      a plurality of audio signals are produced by microphones or audio tape
      recorders. In the drawing, reference numerals 131, 131', 131", 131'" . . .
      denote audio signal sources such as the microphones or the audio tape
      recorders. The audio signals from the audio signal sources 131, 131' . . .
      are supplied to an audio signal recorder 132 and are successively recorded
      in a series mode. The audio signal of the series form supplied from the
      audio signal recorder 132 is supplied to an A-D converter 133 and
      converted into an audio PCM signal. The output PCM signal from the A-D
      converter 133 is stored in a memory 134. Each address code of the memory
      134 is predetermined so as to correspond to each sampling of the audio
      signal stored therein. The PCM audio signal stored in the memory 134 is
      once transferred to an auxiliary memory 135 and is rearranged in a
      multiplexed form. The PCM audio signal stored in the auxiliary memory 135
      is recorded on a disc recorder at a suitable speed and thus the PCM signal
      is recorded as the multiplexed signal. A reference numeral 136 shows an
      allocation control logic circuit which divides the PCM signals stored in
      the memory 134 at the given time interval of 5 seconds and the divided PCM
      signals are multiplexed over the whole channels. The allocation control
      circuit 136 inserts the start signal STX or the end signal ETX at the
      given portion of the PCM frame at a transition of the audio signals during
      the time the PCM signal is transferred to the auxiliary memory 135. From
      an output terminal 137 is derived the audio signal in the form of PCM-TDM
      as shown in FIG. 13.
PAR  FIG. 16a shows the various audio signals a, b, c, d, e . . . z having
      different time lengths and supplied from the audio signal sources 131,
      131', 131" . . . . These audio signals are recorded on an audio tape in a
      series form in the audio signal recorder 132 as shown in FIG. 16b. This
      audio signal chain is converted into the PCM signal in the A-D converter
      133 and the converted PCM audio signal chain is stored in the memory 134.
      Under the control of the allocation logic 136, the PCM signal chain is
      divided at a time interval of five seconds and the divided segments are
      allocated to the odd number channels Ch 1, Ch 3, Ch 5 . . . Ch 95 and the
      even number channels Ch 0, Ch 2, Ch 4, Ch 6 . . . Ch 94 and are
      multiplexed as shown in FIG. 16c. During the channel allocation process
      described above, the audio signal start signal STX or the end signal ETX
      is inserted at a transition between the successive audio signals as shown
      in FIG. 16c.
PAR  At the receiver 103, the signal received at an input terminal 117 is
      demodulated by a demodulator 118 and at the same time the input signal is
      divided into the video signal and the audio signal. The control code
      transmitted with the video and audio signals is decoded by a transmission
      control code decoder 119 and the decoded control code is collated with a
      code set by the student through a selection input and answer input
      terminal 126. When these codes coincide with each other, the desired video
      signal of one television frame period is gated out by a video frame gate
      122 and gated video signal is supplied to a frame video buffer memory 123
      and stored therein. The stored video signal is repeatedly read out so as
      to form a continuous video signal which is supplied to a video output
      terminal 124.
PAR  At the same time the desired audio channel is detected at the transmission
      control code decoder 119 and the desired audio signal is selectively
      extracted by an audio channel selector 120. The extracted audio PCM signal
      is converted in a D-A converter 121 into an analogue audio signal which is
      supplied to an audio output terminal 125.
PAR  FIG. 17 illustrates a detailed construction of the receiver. In FIG. 17, a
      reference numeral 201 denotes an input terminal for receiving the still
      picture-sound broadcasting signal, 202 an input terminal for receiving a
      student's answer, 203 a video output terminal and 204 shows an audio
      output terminal. The receiver is constructed of a demodulating part 205, a
      timing control part 206, an item control part 207, a program material
      control part 208, an output part 209 and an answer generating part 243.
      The answer generating part 243 comprises the operating panel on which
      various operating buttons or switches are provided. The item control part
      207 and the program material control part 208 constitute essential parts
      of the present invention and these control parts 207 and 208 correspond to
      the transmission control code decoder 119 shown in FIG. 14.
PAR  The still picture-sound signal received at the input terminal 201 is
      demodulated by the demodulator 210 and the demodulated signal is processed
      by a waveform equalizer 211. The output signal of the demodulating part
      205 is supplied to the timing control part 206 and the output part 209.
      The signal supplied to the timing control part 206 is used to recover the
      audio signal and the control signal and the signal supplied to the output
      part 209 is used for reproducing the video signal. In the timing control
      part 206, at first bit clocks are extracted by a bit clock extracting
      circuit 212. The bit clock may be extracted by an ordinary method and the
      extracted bit clocks can be used as a reference timing for decoding the
      PCM audio signal and the transmission control code. On the basis of the
      bit clocks the waveforms of the output signal from the equalizer 211 are
      correctly shaped in a pulse regenerator 213. The output signal of the
      equalizer 211 contains noise at the transmission path, but the output
      signal from the pulse regenerator 213 does not contain noise and has a
      complete pulse waveform. The audio signal and the control signal are
      decoded from the thus regenerated pulses.
PAR  The timing part 206 comprises a PCM frame synchronizing signal detector
      214, a sub-frame, video-audio frame and television frame synchronizing
      signal detector 215 and a master frame synchronizing signal detector 216
      and these detectors produce pulses synchronized with the PCM frame,
      television frame, video-audio frame, sub-frame and master frame having
      repetition frequencies of 10.5 KHz, 30 Hz, 10 Hz, 1 Hz and 0.2 Hz,
      respectively. On the basis of pulses synchronized with the PCM frame,
      television frame, video-audio frame and sub-frame, a gate pulse generator
      217 produces corresponding gate pulses. These gate pulses serve to extract
      the time slots of CF, LBL, VID, STX and ETX in the timing chart shown in
      FIG. 11.
PAR  The item control part 207 operates as follows in accordance with the flow
      chart illustrated in FIG. 10. The student operates the answer generator
      243 to supply a selection input through the terminal 202, which selection
      input denotes the numbers of the list, block and item of a desired program
      material which should be displayed firstly. The selection input is once
      stored in a register 224. The selection input is immediately supplied to a
      LBI register 221 through a register control circuit 223 and in the LBI
      register 221 the numbers of the list, block and item are stored. At the
      initial time of the program selection, the LBI numbers are particularly
      determined, for example as "0, 0, 0" so that the above operation is quite
      simple. In case of denoting a particular item, returning to the first item
      of a block (Return), repeating the same item (Repeat) and returning back
      to a previous item (Back), the LBI numbers are directly determined and
      thus these operations are rather simple.
PAR  The output from the LBI register 221 is supplied to a comparator circuit
      219 and also to a label register 245. The content of the label register
      245 is supplied to the program material control part 208 as the LBL
      signal. The LBI signal supplied to the comparator circuit 219 is compared
      with the LBI signal in the item table extracted by a ROW gate 218 from the
      output of the pulse regenerator 213 and the comparator circuit 219
      extracts the ROW having the same LBI number as that stored in the LBI
      register 221. The extracted ROW signal is supplied to a branch decision
      circuit 220.
PAR  As will be explained later, the video and audio signals selected by the
      program material control part 208 are reproduced. The student looks at a
      still picture or still pictures and listens to a sound or sounds and
      operates the answer generator 243 to produce the answer input code which
      is supplied through the terminal 202 to the register 224 and stored
      therein. The stored code is supplied to the branch determination circuit
      220 which extracts the LBI of a next item from the ROW signal derived out
      by the comparator circuit 219 in accordance with the answer code. The LBI
      thus determined is supplied to the LBI register 221 and the LBI signal
      previously stored in the LBI register 221 is renewed by the new LBI
      signal. By means of this new LBI, the next program material and ROW are
      selected. The above operation is successively repeated to construct the
      desired program.
PAR  In addition to the above functions, there are many functions such as
      RETURN, REPEAT, BACK, etc. The RETURN function is to return to the first
      item in the related block. When the RETURN is effected by the student at
      the answer generator 243, the item number I of the LBI stored in the LBI
      register 211 is altered to the first item number of the related block by
      means of the register 224 and the register control circuit 223. The first
      item number I may be simply determined as, for example, I=0.
PAR  The REPEAT function is to repeat the related LBI once again. When the
      REPEAT request is given by the answer generator 243 to the register 224,
      the repeat trigger is effected for the LBI register 221 by means of the
      register control circuit 223.
PAR  The BACK function is to go back to the item which precedes with respect to
      the related item by one. But, some items have a plurality of input
      branches and thus the BACK function cannot be carried out by simply
      decreasing the item number by one. For this purpose, there is provided a
      second LBI register 222 which stores the preceding LBI. That is to say,
      each time the LBI stored in the register 221 is altered, the stored LBI is
      transferred to the second LBI register 222 and when the BACK operation is
      requested, the LBI stored in the second LBI register 222 is transferred
      through the register control circuit 223 to the first LBI register 221. In
      this case, the content of the second LBI register 222 is renewed by the
      related LBI and thus if the BACK operation is repeatedly requested, the
      LBI signals stored in the registers 221 and 222 are alternatively read
      out.
PAR  On the basis of the label progression control code C, the register control
      circuit 223 controls the LBL stored in the LBL register 245. That is to
      say, when the control code C is 1, each time the display of a single label
      is ended, the LBL number stored in the LBL register 245 is increased by
      one. Thus, when the control codes C of successive labels are 1, these
      labels are automatically displayed in succession without any operation of
      the student. In the program material control part 208 LABEL (.tbd.LBI)
      supplied from the LBL register 245 is compared at a comparator 226 with
      the program material control code extracted by an S-ROW gate 225. When the
      coincidence of the LBL number is detected, the VID number included in the
      S-ROW of the related LBL is stored in a VID register 227, ACH is stored in
      an ACH register 228 and the control codes C and KR are stored in a C and
      KR register 244. When the control code KR is 1 in the repeat or back
      operation, the register control circuit 223 inhibits the registers 227 and
      228 to transfer the VID and ACH stored therein.
PAR  The VID number stored in the VID register 227 is compared at a VID
      comparator 230 with the gated VID number which is gated out at a VID gate
      229 by means of a gate pulse produced by the gate pulse generator 217.
      When the coincidence of the VID numbers is detected, a video signal gate
      pulse generator 240 is triggered to produce a gate pulse which is supplied
      to a video gate 241. In this manner, the desired video signal having the
      desired VID code added thereto can be selectively extracted.
PAR  The ACH code stored in the ACH register 228 is compared at a comparator 232
      with the audio start signal STX gated out by an STX gate 231 and when the
      ACH code coincides with the STX signal, a PCM channel selection pulse
      generator 236 is actuated to produce a PCM channel selection pulse which
      is supplied to an audio gate 237 so as to extract the PCM audio signal in
      the desired channel.
PAR  The ACH code stored in the ACH register 228 is also supplied to a
      comparator 234 through an adder 235 which increases the ACH code number by
      one each time the master frame MF is changed. At the comparator 234 the
      ACH code is compared with the audio end signal ETX gated out by an ETX
      gate 233. When the coincidence of the ACH code and the signal ETX is
      detected, the PCM channel selection pulse generator 236 is stopped so as
      to close the audio gate 237. The PCM channel selection pulse generator 236
      generates the gate pulses for the audio gate 237 on the basis of the ACH
      codes, the timing pulses supplied from the bit clock extractor 212 and the
      PCM frame synchronization detector 214. The reason for increasing the ACH
      code by one in the adder 235 each time the master frame MF is changed is
      that as shown in FIG. 5a the audio signal having a time length longer than
      the master frame period is folded back at the end of the master frame and
      shifted to a next channel so as to form a loop and thus at the receiver
      end the ACH number must be also shifted in accordance with the transmitted
      signal. For this purpose, the adder 235 receives the master frame
      synchronizing signal from the master frame synchronization detector 216.
      However, if at the transmitter end the channel arrangement in each master
      frame is so changed cyclically that at the receiver end the audio signal
      can be extracted from the same audio channel, it is not necessary to
      provide the adder 235.
PAR  In the manner mentioned above, the desired video and audio signals are
      extracted at the output part 209. The video gate pulse generator 240
      produces the gate pulse with the aid of the triggering pulse from the
      comparator 230 and the video synchronizing signal separated from the PCM
      multiplexed synchronizing signal by the synchronizing signal separating
      circuit 239. The gate pulse thus produced is supplied to the video gate
      241 to gate out the desired video signal. The video signal gated out by
      the video gate 241 is the still picture video signal of one television
      frame which must be converted into a continuous television signal for
      displaying the still picture. To this end, the gated out video signal is
      once stored in a buffer memory 242 and the stored video signal is
      continuously read out on the basis of the synchronizing signal supplied
      from the synchronizing signal separating circuit 239 so as to produce the
      continuous television signal at a video output terminal 203.
PAR  The audio PCM signal gated out by the audio gate 237 is converted in a D-A
      converter 238 into an ordinary analogue audio signal which is derived from
      an audio output terminal 204.
PAR  FIGS. 18 and 19 show detailed flow charts for explaining the typical
      operations of the receiver set shown in FIG. 17. As illustrated in FIG.
      18, the control panel of the keyboard, i.e., the response generator 243
      comprises a lamp 250 for indicating the allowance of the response input, a
      digit indicating part 251, a start button (ST) 252, a clear button (C)
      253, ten keys 254, an advance button (A) 255, a correct answer request
      button (CA) 256, a hint request button (HLP) 257, a return button (RT)
      258, a back button (BK) 259 and a repeat button (RP) 260. The receiver set
      further comprises a display panel having a television display tube 261 and
      a speaker 262.
PAR  At first, the student depresses the start button ST on the keyboard 243 as
      shown in FIG. 19. In FIG. 19, the operations at the keyboard 243, the
      keyboard control, the item control, the program material control and the
      display control are denoted by KB, KBC, IC, SC and DC, respectively. At
      the keyboard control, the response flag RSP FLG is switched off by means
      of the start signal. Then the lamp 250 on the control panel is switched
      off. Further, the D-A converter 138 shown in FIG. 17 is made inoperable so
      that the reproduction of the audio signal is stopped. Then, in the item
      control the contents of the first and second LBI registers 221 and 222 are
      set to L=0, B=0 and I=0. Next, the program material control is effected
      with the aid of the LBL which is equal to the LBI and the video
      identification code V-ID and the audio channel number A-CH are determined
      by the program material control table S-ROW. Then in the display control
      the desired video and audio signals denoted by the above V-ID and A-CH and
      are reproduced by the television display tube 261 and the speaker 262.
      Usually, this display indicates titles of the programed instructions which
      are simultaneously transmitted. If the control code C of the selected
      label is 0, the D-A converter 138 is disabled after this label has been
      displayed. Then, the response flag is switched on and thus the lamp 250 is
      turned on to indicate that the student can operate the ten keys 254.
PAR  Then the student actuates the clear button 253 and previous contents stored
      in a number register provided in the receiver set are cleared. Next, the
      student depresses one or more keys according to the displayed title and
      the number corresponding to the depressed key or keys is stored in the
      number register. At the same time, this number is indicated by the digit
      indicating part 251. After the student certifies the indicated number, he
      operates the advance button 255. As shown in FIG. 18, the signal caused by
      depressing the run button 255 is effective only when the response flag is
      switched on. Then the response flag is switched off and the D-A converter
      138 is disabled. Hereinafter the series of operations mentioned above will
      be expressed by KB and ANS for the sake of simplicity in FIG. 19.
PAR  The item control checks whether or not LBI.sub.0 stored in the first LBI
      register is 0, 0, 0. In this case, LBI.sub.0 = 000. Then, the L number of
      the LBI.sub.0 is set by the number, for example, 3 stored in the number
      register. The LBI code (300) having the thus set L number is stored in the
      first LBI register 221 and the LBI code of 000 which has been stored in
      the register 221 is transferred to the second LBI register 222.
PAR  Next, in the program material control, the video identification number V-ID
      and the audio channel number A-CH are determined with the aid of the new
      LBL=300. In the display control the video and audio signals denoted by
      V-ID and A-CH are extracted and displayed in the manner described above.
      In this case, if the control code C of this LBL=300 is 1, then the label
      number is automatically increased by one and the content of the next label
      LBL=301 is sequentially displayed.
PAR  Usually this item having LBI=300 contains a question and thus the student
      must reply to the question by depressing a one or more keys. In this case,
      since the LBI stored in the first LBI register 221 is not equal to 000, a
      next item is selected by the reply number given by the student on the
      basis of the item control table. The LBI of this next item is stored in
      the first register 221 and the LBI=300 which has been stored in the first
      LBI register 221 is transferred to the second LBI register 222 and stored
      therein. Then the first label of the related item is displayed.
PAR  The operations of the correct answer request, the hint request, the return,
      the back and the repeat are obvious with reference to the flow charts
      shown in FIGS. 18 and 19 and thus the detailed explanation is not needed.
PAR  The present invention is not limited to the embodiments described above and
      many modifications may be effected. For example, in the transmission
      system for transmitting all of the information signals and the control
      signals in a given time period, each terminal receiver may comprise a
      memory for storing the transmitted signals of said given time period ad
      desired information signals may be selectively reproduced under the
      control of the control signal. In such a case, the construction of the
      terminal receiver becomes complicated, because each terminal receiver has
      to comprise a memory of rather large capacity. In order to avoid such a
      disadvantage, there may be provided a common head end at the receiver end
      and a plurality of receivers are connected to the head end. The head end
      comprises the memory for storing the transmitted signals in the given time
      period. In this case, the information signals and the control signal
      stored in the memory in the head end are repeatedly reproduced and
      transmitted to each terminal receiver. Moreover, there may be provided a
      two-way transmission path between the head end and each terminal receiver.
      In such a case, the desired information signal may be selectively
      transmitted from the head end to each terminal receiver.
PAR  In the above embodiments the video and/or audio signals are transmitted
      through a single transmission path, but for example in case of adopting a
      CATV system having a plurality of television channels and a FM band and a
      data transmission channel, the video and audio signals may be transmitted
      through one or more television channels and the control signal may be
      transmitted through the data transmission channel. Moreover, the video
      and/or audio signals may be transmitted as frequency division multiplexed
      signals.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A signal transmission system for transmitting programmed information
      including signals corresponding to a plurality of program materials,
      comprising at a transmitter end:
PA1  a program material source for producing said signals corresponding to said
      plurality of program materials;
PA1  means for producing a plurality of identification signals a respective one
      of which denotes each of said signals corresponding to said plurality of
      program materials;
PA1  means for producing a plurality of label signals each of which denotes a
      minimum program material group comprising a minimum significant
      information unit composed of one or more of said signals corresponding to
      said program materials;
PA1  means for receiving said identification and label signals to form a program
      material control signal composed of a plurality of combinations of said
      label and identification signals, each of said combinations including a
      respective label signal and one or more identification signals which
      denote one or more of said signals corresponding to said program materials
      in said minimum program material group denoted by said respective label
      signal;
PA1  composite signal forming means for receiving said signals corresponding to
      said program materials and said program material control signal to form a
      composite signal; and
PA1  means for transmitting said composite signal; and at a receiver end:
PA1  means for receiving said composite signal;
PA1  means for reproducing at least a part of said program material control
      signal from the received composite signal;
PA1  label determining means for determining a label signal of a minimum program
      material group to be displayed;
PA1  identification signal detecting means for receiving said reproduced program
      material control signal and said determined label signal to detect one or
      more identification signals which form one of said combinations in said
      reproduced program material control signal together with said determined
      label signal;
PA1  means for extracting from the received composite signal a minimum program
      material group of one or more of said signals corresponding to said
      program materials denoted by said one or more detected identification
      signals; and
PA1  means for displaying said one or more extracted signals corresponding to
      said program materials.
NUM  2.
PAR  2. A signal transmission system according to claim 1, wherein said label
      determining means provided at the receiver end comprises:
PA1  a label denoting member which is actuated by a user to produce a label
      signal of a minimum program material group to be displayed; and
PA1  means for supplying said label signal to said identification signal
      detecting means.
NUM  3.
PAR  3. A signal transmission system according to claim 2, wherein said system
      further comprises at the transmitter end:
PA1  means for adding an automatic program progress control signal to given
      successive combinations in said program material control signal, the label
      signals included in said successive combinations denoting successive
      minimum program material groups which are to be successively displayed;
      and at the receiver end:
PA1  means for detecting said automatic program progress control signal in said
      reproduced program material control signal;
PA1  means for receiving said reproduced program material control signal and
      said detected automatic program progress control signal to determine
      automatically said successive label signals in said successive
      combinations to which said automatic program progress control signal is
      added; and
PA1  means for supplying successively said determined successive label signals
      to said identification signal detecting means to detect said successive
      minimum program material groups to be displayed.
NUM  4.
PAR  4. A signal transmission system according to claim 1, wherein said system
      further comprises at the transmitter end:
PA1  means for receiving said label signals and forming a program progress
      control signal composed of a plurality of combinations of said label
      signals, each of said combinations including a respective label signal
      denoting a respective minimum program material group and one or more label
      signals denoting one or more minimum program material groups any one of
      which can be displayed next to said respective minimum program material
      group; and
PA1  means for supplying said program progress control signal to said composite
      signal forming means; and at the receiver end:
PA1  means for reproducing said program progress control signal;
PA1  present label storing means for storing the label signal of the presently
      displayed minimum program material group supplied from said label
      determining means;
PA1  next label determining means for receiving said reproduced program progress
      control signal and said stored label signal to determine a next label
      signal of a minimum program material group which is to be displayed next
      to said presently displayed minimum program material group; and
PA1  means for supplying said determined next label signal to said
      identification signal detecting means.
NUM  5.
PAR  5. A signal transmission system according to claim 4, wherein said next
      label determining means provided at the receiver end comprises:
PA1  a response input member which is actuated by a user to produce a response
      signal; and
PA1  means for receiving said response signal and said program progress control
      signal to select one label signal from one or more label signals which
      form said combination in said program progress control signal together
      with said stored label signal denoting the presently displayed minimum
      program material group.
NUM  6.
PAR  6. A signal transmission system according to claim 4, wherein said means
      for forming said program material control signal comprises means for
      making a plurality of rows each of which includes a label signal formed by
      a digit composed of a given number of bits and one or more identification
      signals denoting one or more of said signals corresponding to said program
      materials comprising a minimum program material group denoted by a label
      signal related to said stored label signal denoting the presently
      displayed minimum program material group in said program progress control
      signal, and said identification signal means provided at the receiver end
      comprises
PA1  next label storing means for storing the digit of the next label signal
      determined by said next label determining means;
PA1  first comparing means for comparing bit-by-bit said stored digit of said
      next label signal with digits of successive label signals in said
      reproduced program material control signal to produce a first coincidence
      signal when these digits coincide with each other;
PA1  first row extracting means for receiving said first coincidence signal and
      said reproduced program material control signal to extract one row of said
      program material control signal, said extracted row including the label
      signal which has the same digit as that of said stored next label signal;
      and
PA1  means for extracting one or more identification signals in said extracted
      row.
NUM  7.
PAR  7. A signal transmission system according to claim 6, wherein said means
      for forming said program progress control signal comprises means for
      forming a plurality of rows of signals each of which includes an indexing
      label signal and one or more branching label signals denoting one or more
      minimum program material groups any one of which can be displayed next to
      the minimum program material group denoted by said indexing label signal,
      each of said indexing label and branching label signals being formed by a
      digit composed of a given number of bits, and said label determining means
      provided at the receiver end comprises:
PA1  second comparing means for comparing bit-by-bit said digit of the label
      signal stored in said present label storing means with digits of the
      successive indexing label signals in said program progress control signal
      to produce a second coincidence signal when these digits coincide with
      each other;
PA1  second row extracting means for extracting in response to said second
      coincidence signal one row of signals in said program progress control
      signal, said extracted row including the indexing label signal which has
      the same digit as that of said stored label signal denoting the presently
      displayed minimum program material group;
PA1  a response input member which is actuated by the user to produce a response
      signal; and
PA1  means for receiving said response signal and said extracted row to select
      one branching label signal in said extracted row of the program progress
      control signal.
NUM  8.
PAR  8. A signal transmission system according to claim 7, further comprising at
      the transmitter end:
PA1  means for adding an automatic program progress control signal to given rows
      of signals of said program material control signal, said given rows
      including label signals denoting given minimum program material groups
      which are to be successively displayed in an automatic program progress
      control mode; and at the receiver end:
PA1  means for detecting said automatic program progress control signal inserted
      in the extract row of said program material control signal;
PA1  means for storing said detected automatic program progress control signal;
PA1  means for determining in response to said stored automatic program progress
      control signal a label signal of a minimum program material group which is
      to be displayed next to the presently displayed minimum program material
      group; and
PA1  means for rewriting the content in said next label storing means by said
      determined label signal.
NUM  9.
PAR  9. A signal transmission system according to claim 8, wherein said means
      for adding said automatic program progress control signal provided at the
      transmitter end comprises:
PA1  means for forming given label signals in said given rows of said program
      material control signal as sequential number digits, said label signal
      denoting the minimum program material groups which are to be successively
      displayed at the receiver end in the automatic program progress mode; and
      said means provided at the receiver end for determining the successive
      label signal in response to said stored automatic program progress control
      signal comprises
PA1  means for changing the digits of successive label signals which are
      successively stored in said next label storing means by one digit.
NUM  10.
PAR  10. A signal transmission system according to claim 8, wherein said signals
      corresponding to said program materials are still picture video signals
      each of which is inserted in a television frame period and audio signals
      which are inserted in a plurality of channels as audio multiplexed signals
      and said system further comprises at the transmitter end:
PA1  means for transmitting repeatedly said video and audio signals alternately
      at a given period;
PA1  means for transmitting each row of said program progress control signal in
      one video signal transmission period at a period which is equal to an
      integer multiple of said given period; and
PA1  means for transmitting each of said rows of said program material control
      signal in parts of the video and audio signal transmission periods at a
      time instance preceding to the signals corresponding to said program
      materials which are to be controlled by the related row of said program
      material control signal.
NUM  11.
PAR  11. A signal transmission system according to claim 10, wherein each of
      said identification signals in said program material control signal
      includes a video identification signal for identifying each still picture
      video signal, an audio channel through which the audio signal is
      transmitted and audio start and end signals for denoting start and end
      timings of the audio signal.
NUM  12.
PAR  12. A signal transmission system according to claim 7, wherein said
      transmitting means provided at the transmitter end comprises:
PA1  means for transmitting said signals corresponding to said program
      materials, said program material control signal and said program progress
      control signal in a given time period; and
PA1  said system comprises at the receiver end:
PA1  means for storing all of said signals corresponding to said program
      materials, said program progress control signal and said program material
      control signal; and
PA1  means for reading out selectively the content of said storing means.
NUM  13.
PAR  13. A signal transmission system according to claim 7, wherein said
      transmitting means provided at the transmitter end comprises:
PA1  means for transmitting said signals corresponding to said program
      materials, said program progress control signal and said program material
      control signal once in a given time period;
PA1  and said system further comprises at the receiver end:
PA1  means for storing said signals corresponding to said program materials,
      said program progress control signal and said program material control
      signal;
PA1  means for reading out repeatedly the content stored in said storing means;
      and
PA1  a plurality of terminal receivers each of which receives said read-out
      signals corresponding to said program materials, program progress control
      signal and program material control signal.
NUM  14.
PAR  14. A signal transmission system according to claim 7, wherein said signals
      corresponding to said program materials are instruction program material
      signals including at least one correct answer program material group and
      at least one hint program material group and said system further comprises
      at the transmitter end
PA1  means for inserting in at least one row of said program progress control
      signal a correct answer label signal and a hint label signal which denote
      the correct answer program material group and the hint program material
      group, respectively relating to the program material group denoted by the
      indexing label signal in a related row; and
PA1  means for inserting in said program material control signal at least one
      row which includes said correct answer label signal and at least one
      identification signal denoting at least one correct answer program
      material signal composing said correct answer program material group
      denoted by said correct answer label signal and at least one row which
      includes said hint label signal and at least one identification signal
      denoting at least one hint program material signal composing said hint
      program material group denoted by said hint label signal; and at the
      receiver end
PA1  a correct answer request member which is actuated by the user to produce a
      correct answer request signal;
PA1  a hint request member which is actuated by the user to produce a hint
      request signal;
PA1  means for receiving said extracted row of the program progress control
      signal and said correct answer request signal to extract said correct
      answer label signal in said extracted row which includes the indexing
      label signal of the presently displayed minimum program material group;
      and
PA1  means for receiving said row of the program progress control signal and
      said hint request signal to extract said hint label signal in said
      extracted row.
NUM  15.
PAR  15. A signal transmission system according to claim 7, wherein said system
      further comprises at the receiver end
PA1  a repeat request member which is actuated by the user to produce a repeat
      request signal; and
PA1  means for receiving said repeat request signal to supply the label signal
      of the present displayed minimum program material group stored in said
      present label storing means to said identification signal detecting means,
      whereby said presently displayed minimum program material group denoted by
      said label signal is repeatedly displayed.
NUM  16.
PAR  16. A signal transmission system according to claim 7, wherein said system
      further comprises at the receiver end
PA1  a back request member which is actuated by the user to produce a back
      request signal;
PA1  last label storing means for storing the label signal of the minimum
      program material group which has been displayed just before the presently
      displayed minimum program material group; and
PA1  means for receiving said back request signal to supply said stored label
      signal to said identification signal detecting means, whereby said last
      displayed minimum program material group is once again displayed.
NUM  17.
PAR  17. A signal transmission system according to claim 7, wherein said means
      provided at the transmitter end for forming the program progress control
      signal comprises:
PA1  means for forming item signals each of which denotes a group of one or more
      of said minimum program material groups denoted by one or more of said
      label signals and is formed by a digit composed of a given number of bits;
PA1  means for forming block signals each of which denotes a group of one or
      more minimum program material groups denoted by one or more of said item
      signals and is formed by a digit composed of a given number of bits;
PA1  means for forming list signals each of which denotes a group of one or more
      of said minimum program material groups denoted by one or more of said
      block signals and is formed by a digit composed of a given number of bits;
PA1  means for receiving said item, block and list signals to form each of said
      indexing label signals in said program progress control signal by means of
      a combination of said digits of said item, block and list signals to which
      said indexing label signal belongs;
PA1  means for receiving said item signals to form each of said branching label
      signals in each row of said program control signal by means of only said
      digit of the item signal to which said branching label signal belongs;
PA1  means for adding to said row of said program progress control signal a
      combination of said digits of the block and item signals to which all of
      said branching label signals in said row belong; and said means provided
      at the receiver end for selecting the branching label signal comprises:
PA1  list-block extracting means for extracting said combination of the digits
      of the block and item signals from the extracted row of the program
      progress control signal;
PA1  item extracting means for extracting one item signal in said extracted row
      of the program progress control signal in response to said response signal
      supplied from said response input member; and
PA1  means for combining digits of said extracted list, block and item signals
      to form said combination digit of the label signal denoting said minimum
      program material group which is to be displayed next to the presently
      displayed minimum program material group.
NUM  18.
PAR  18. A signal transmission system according to claim 17, wherein said system
      further comprises at the receiver end:
PA1  a back request member which is actuated by the user to produce a back
      request signal;
PA1  means for producing a particular digit representing a label signal which
      denotes a first minimum program material group in the block signal; and
PA1  means for receiving said back request signal to supply said particular
      digit of the label signal to said next label storing means.
NUM  19.
PAR  19. A signal transmission system according to claim 17, wherein said means
      provided at the transmitter end for forming the program progress control
      signal comprises:
PA1  means for forming at least one row in which said indexing label signal is
      expressed by a particular list digit and each of said branching label
      signals being formed by a combination of the block and list digits, and
      said system further comprises at the receiver end:
PA1  means for detecting said particular list digit in the extracted row of the
      program progress control signal to produce a particular list signal;
PA1  means for receiving said particular list signal to form a particular item
      digit;
PA1  means for receiving said response signal and said extracted row to select
      one combination of block and list digits in said extracted row; and
PA1  means for supplying said particular item digit and said selected one
      combination of block and list digits to said combining means to form a
      particular combination of digits of the particular label signal denoting a
      minimum program material group which is to be displayed next to the
      presently displayed minimum program material group and belongs to a
      particular item signal in a different block signal than that to which the
      presently displayed minimum program material group belongs.
NUM  20.
PAR  20. A signal transmission system according to claim 19, wherein said system
      further comprises at the receiver end:
PA1  a start member which is actuated by the user to produce a start signal;
PA1  means for producing a particular combination of item, block and list
      digits; and
PA1  means for receiving said start signal to supply said particular combination
      of item, block and list digits to said next label storing means.
NUM  21.
PAR  21. A signal transmission system according to claim 17, wherein said system
      further comprises at the receiver end:
PA1  a repeat request member which is actuated by the user to produce a repeat
      request signal;
PA1  means for storing the combination of digits of the item, block and list
      signals to which the presently displayed minimum program material group
      belongs, said combination of digits representing the label signal of the
      first minimum program material group among the minimum program material
      groups denoted by said item signal; and
PA1  means for receiving said repeat request signal to supply said stored
      combination of digits to said next label storing means; whereby the
      minimum program material groups belonging to said item signal are
      repeatedly displayed from the beginning thereof.
NUM  22.
PAR  22. A signal transmission system according to claim 21, wherein said system
      further comprises at the transmitter end means for adding an automatic
      program progress control signal to given rows of said program material
      control signal, said given rows including label signals denoting given
      minimum program material groups which are to be successively displayed in
      an automatic program progress mode; and
PA1  means for adding an inhibit signal to at least a first one row of said
      given rows of the program material control signal, said at least first one
      row including a label signal denoting a minimum program material group
      which should not be displayed in the repeat operation; and at the receiver
      end;
PA1  means for detecting said automatic program progress control signal inserted
      in the extracted row of the program material control signal;
PA1  means for detecting said inhibit signal in said extracted row of the
      program material control signal;
PA1  means for detecting in response to said automatic program progress control
      signal a label signal of a minimum program material group which is to be
      displayed next to the presently displayed minimum program material group;
PA1  means for supplying said detected label signal to said next label storing
      means; and
PA1  means for receiving said inhibit signal to inhibit the supply of said
      detected label signal to said next label storing means, whereby when the
      minimum program material group denoted by the label signal having said
      automatic program progress signal added thereto is displayed and said
      repeat request member is actuated, the minimum program material groups
      belonging to said item signal except for at least a first one minimum
      program material group denoted by the label signal in said at least first
      one row to which said inhibit signal is added are selectively displayed in
      the automatic program progress mode.
NUM  23.
PAR  23. A signal transmission system according to claim 17, wherein said system
      further comprises at the receiver end:
PA1  a back request member which is actuated by the user to produce a back
      request signal;
PA1  means for storing the first label signal in the preceding item signal which
      has been displayed just before the presently displayed item signal; and
PA1  means for receiving said back request signal to supply said stored label
      signal of the preceding item signal to said identification signal
      detecting means, whereby one or more minimum signals corresponding to said
      program materials denoted by said preceding item signal are once again
      displayed from the minimum program material group denoted by said first
      label signal.
NUM  24.
PAR  24. A signal transmission system according to claim 23, wherein said system
      further comprises at the transmitter end:
PA1  means for adding an automatic program progress control signal to given rows
      of said program material control signal, said given rows including label
      signals denoting given minimum program material groups which are to be
      successively displayed in an automatic program progress mode; and means
      for adding an inhibit signal to at least first one row of said given rows
      of the program material control signal, said at least first one row
      including a label signal denoting a minimum program material group which
      should not be displayed in the back operation; and at the receiver end:
PA1  means for detecting said automatic program progress control signal inserted
      in the extracted row of the program material control signal;
PA1  means for detecting said inhibit signal in said extracted row of the
      program material control signal;
PA1  means for receiving said program material control signal and said automatic
      program progress control signal to detect a label signal of a minimum
      program material group which is to be displayed next to be the presently
      displayed minimum program material group;
PA1  means for supplying said detected label signal to said next label storing
      means; and
PA1  means for receiving said inhibit signal to inhibit the supply of said
      detected label signal to said next label storing means, whereby when said
      back request member is actuated and the minimum program material groups
      belong to said preceding item signal are requested to be displayed, the
      program material groups belonging to said preceding item signal except for
      at least one minimum program material group denoted by the label signal in
      said at least first one row to which said inhibit signal is added are
      selectively displayed in the automatic program progress mode.
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PAL  An optical projection apparatus including a projection screen on which a
      microimage is projected on an enlarged scale and adapted to be connected
      with an information processing system comprising;
PA1  Microfilm feeding means which feeds and stops a microfilm on which a
      plurality of images are recorded, each image of the microfilm comprising
      an image frame portion and a code pattern portion recorded adjacent the
      image frame, each code in the code pattern portion representing
      information concerning a part of the image of the image frame portion
      positioned at a position corresponding to the code,
PA1  An optical projection system for projecting an image of the image frame
      portion onto a transmission type projection screen and projecting an image
      of the code pattern portion onto a reflection type projection screen
      provided in a side by side relation with the transmission type projection
      screen,
PA1  A light source device for illuminating a part of the image projected on the
      transmission type projection screen selectively from the opposite side of
      the screen to the optical projection system,
PA1  Means for taking a view of the screen from the side of the projection
      system and putting out an image signal representing the view taken
      thereby,
PA1  Signal conversion means for receiving the output image signal and
      converting the signal into a computer input signal representing the
      information concerning a part of the image of the image frame portion
      illuminated by the light source means, and
PA1  Control means for controlling the microfilm feeding means according to an
      output signal of the computer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an optical projection apparatus, and, more
      particularly, to an optical image projecting apparatus in which an
      operator of the apparatus who observes the image projected on the screen
      can generate an output carrying information concerning a part of the image
      by pointing to part of the image with light spot using a light pen or the
      like.
PAR  2. Description of the Prior Art
PAR  An optical image projecting apparatus to which this invention pertains is
      an apparatus in which an optical image is projected on a projection screen
      incorporated therein from a recording medium such as a film sheet bearing
      a number of micro images. The image recorded on the medium is enlarged and
      projected on the screen and a part of the image projected on the screen is
      converted into an electric signal when the operator of the apparatus
      points at the image with a light spot using a light pen or the like. The
      body of the optical image projecting apparatus can be a microreader, a
      slide projector or another kind of image projector. This invention,
      however, is most effectively applied to a microreader which is used as an
      interface of an image man-machine system. This invention will be
      hereinafter described with particular reference to an embodiment thereof
      applied to the microreader used as the interface.
PAR  The term "light pen" referred to in this specification in connection with
      this invention is not the conventional light pen which is used in
      association with a CRT display of a computer to put a signal in a
      computer. The light pen used in connection with this invention contains a
      built-in lamp to project a light spot on the screen and does not contain a
      photoreceptor to detect the light on the screen, while the conventional
      light pen used in a computer system is provided with a photoreceptor to
      detect the light of the raster on the CRT.
PAR  It is well known in the electronic computer art to use a CRT graphic
      display device as an interface in a man-machine system, in which the
      operator of the computer generates an output by pointing at the
      information displayed on the CRT with a light pen. This kind of CRT
      graphic display device is disadvantageous in that all of the images to be
      displayed must be stored in the memory of the computer and accordingly the
      expense of the entire system is considerable. In addition complicated
      images having various gradations cannot be clearly and sharply reproduced
      on the faceplate of the cathode ray tube. Comparing the cost of the
      system, the storage cost for the magnetic drum, magnetic disc and magnetic
      tape and the like used as a memory of a computer is about 4 cents to about
      $4,000 per image, while that for microfilm is about 12 to about 20 cents
      including the cost of the retrieval device, in case of memorizing an image
      having various gradations recorded on an A4-size medium (210 .times. 297
      cm). The microfilm projecting or viewing device which is more economical
      than the CRT graphic display device as shown above, however, is
      disadvantageous in that it is impossible to put an input directly into an
      information treating system such as a computer from the projection screen
      thereof. When using a microfilm projector, the operator of the computer
      must use an unput keyboard to put information into the computer viewing
      the image projected on the screen of the projector.
PAR  In view of the above described disposition of the conventional apparatus,
      an apparatus must be provided which projects an optical image from a
      recording medium of low cost and enables the operator of the computer to
      put information directly into the computer from the image projected on a
      screen.
PAR  Therefore, a primary object of the present invention is to provide an
      optical image projecting apparatus which projects an optical image sharply
      on a projection screen from economical microfilm and in which the
      information projected on the screen can be converted into an electric
      signal and put into an information processing system by pointing at the
      screen with a light spot so that the information on the screen can be put
      directly into the information processing system such as a computer.
PAR  Another object of the present invention is to provide an optical image
      projecting apparatus which is used as an interface in a man-machine system
      and requires a very small amount of memory in the information processing
      system.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the invention provides an optical
      image projecting apparatus which projects an image on a projection screen
      from a microfilm, in which a photoelectric light spot and code pattern
      detecting means built in the apparatus detects the code pattern
      corresponding to the image information illuminated by a light spot with a
      light pen and converts the code pattern into a bit signal to be
      transmitted to a computer. The signal is then used as a retrieval signal
      for selecting an image to be subsequently projected or used as data for
      the processing of various information. The microfilm used in this
      projecting apparatus carries a number of microimages together with code
      patterns relating to various types of information concerning the image.
PAR  These and other objects, features and advantages of the present invention
      will be made apparent from the following detailed description of the
      preferred embodiment thereof taken in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  FIG. 1 is a perspective view showing the overall construction of a
      man-machine system in which the optical projection apparatus in accordance
      with the present invention is connected with a computer.
PAR  FIG. 2 is a block-diagram showing an embodiment of a microreader in
      accordance with the present invention including a perspective view of a
      part of the internal construction thereof.
PAR  FIG. 3 is a fragmentary view of a part of the microfilm used in the
      microreader in accordance with the present invention.
PAR  FIG. 4 is a longitudinal sectional view showing the construction of the
      light pen used in the apparatus in accordance with the present invention.
PAR  FIG. 5 is a side view of the projection screen showing the distribution of
      light transmitted therethrough.
PAR  FIG. 6 is a front view showing the photoelectric surface of an image pickup
      tube of a television camera on which the image of the microfilm is
      focussed.
PAR  FIGS. 7a and 7b are graphical representations showing the image signal wave
      form of the output from the television camera.
PAR  FIG. 8 is a blockdiagram of an electric circuit which converts the code
      pattern corresponding to the information illuminated by the light spot
      into an electric signal.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 showing the overall view of a system in which the image
      projecting apparatus in accordance with thid invention can be employed, a
      person who uses this system (hereinafter referred to as "operator")
      generates an input A when he desires to obtain information concerning A.
      The input A is put into the apparatus using keyboard 1 of a microreader 3.
      The input signal is immediately transmitted to a computer 2 through an
      interface circuit built in the microreader 3. In the computer, the signal
      serves as data for the treatment of the information, and consequently, a
      coordinate signal (hereinafter referred to as "microimage retrieval
      signal") indicating the coordinate of the image among the number of images
      on the microfilm carrying the information A is put out and sent to the
      microreader 3. When the microimage retrieval signal is put into the
      microreader 3, the image carrying the information A is projected on a
      projection screen 4 by a microfilm retrieval mechanism and an optical
      projection system within the microreader 3. In the image projected on the
      screen 4, the titles of a', a", a'" . . . and instructions such as "Point
      to a title desired with the light pen" are included. These titles and
      instructions can be recorded on the microfilm at the time when the images
      are recorded thereon.
PAR  If the operator of the system viewing the image concerning the information
      A points to the title a with the light pen 6, the information a is
      immediately converted into an electric signal and sent to the computer 2
      from the microreader 3. When the information pointed by the light pen 6 is
      put into the computer 2, the computer 2 again performs information
      retrieval according to the signal and consequently a microimage retrieval
      signal concerning the information a is put out from the computer 2 and put
      into the microreader 3. Thus, the image concerning the information a is
      projected on the screen 4 of the microreader 3. Then, the operator is
      again able to send a signal concerning information for a part of the image
      on the screen directly to the computer 2 using the light pen 6. Of course,
      the operator can use the keyboard 1 instead of the light pen 6 to send an
      information signal to the computer 2.
PAR  Now referring to FIG. 2 showing in greater detail the image man-machine
      system employing the microreader 3 in accordance with the present
      invention in association with a computer 2, the operator of the system
      generates an input by typing in the index indicating the content which the
      operator desires to see on the screen 4 using the keyboard 1 of the
      microreader 3. The input signal is properly processed (for example
      alphanumeric designations are converted into a code according to
      predetermined program) through an interface circuit 16, examples of which
      are well known in the art, and then transmitted to the computer 2. In the
      computer 2, an appropriate information retrieval processing is performed
      according to the input code signal. (for example the input signal and the
      recorded information in the memory are compared.) After the processing, a
      microimage retrieval signal corresponding to the input index is put out
      from the computer 2 and sent to the microreader 3. The retrieval signal is
      appropriately processed through the interface circuit 16 and put into a
      microfilm retrieval circuit 7, well known in the art, one example of which
      is disclosed in Belgian Pat. No. 703,080, to operate an X-Y movement
      device 8. Consequently, the desired image in the microfilm 9 is retrieved
      and moved to the center of the projection optical system of the
      microreader 3. The microimage retrieved is projected onto the projection
      screen 4 by a projection optical system comprising a light source 10, a
      projection lens 11, a mirror 12 and a half-transparent mirror 13.
PAR  On the microfilm 9 are recorded a number of microimages which comprise a
      number of image frame portions 20 and a number of code pattern portions 21
      appended thereto as shown in FIG. 3. The code pattern portion 21 includes
      a black-and-white bit pattern signal indicating the type of information
      contained in the image to which the code pattern is appended.
PAR  For example, photographs of goods A, B, C . . . can be arranged in the
      image frame portions 20 in the Y direction in FIG. 3 and the names, prices
      and other information corresponding to the goods can be recorded in the
      code pattern portions 21 in the form of a black-and-white bit pattern. The
      shape, size and arrangement of the screen 4 and the optical projection
      system are designed so that the code pattern portions 21 are not projected
      on the screen 4 together with the image frame portions 20 when a
      microimage in the microfilm 9 is retrieved and projected on the screen 4
      by the optical system as shown in FIG. 2. The transmission type projection
      screen 4 is provided with a reflection type projection screen 5 extending
      flush therewith on which the code pattern portions 21 are projected as
      shown in FIG. 2.
PAR  Therefore, only the image frame portions 20 projected on the transmission
      type projection screen 4 can be seen by the operator of the microreader 3
      and the code pattern portions 21 can only be seen from backside of the
      screen, i.e. from the side toward the television camera 14.
PAR  When the operator of the microreader who views the photographs of the goods
      desires to know the information concerning the goods A, the operator
      points at the photograph of the goods A on the screen 4 with the light pen
      6.
PAR  An embodiment of the light pen 6 is shown in FIG. 4, in which two dry cells
      30 are contained in a metal casing 33 to energize a lamp 31. The lamp 31
      is fixed in the casing 33 and electrically connected with one terminal of
      the dry cells 30. A movable light pen head 34 with a converging lens 32 is
      slidably inserted in the head portion of the casing 33. A compression
      spring 35 is disposed in the casing so as to bias the head 34 in the
      direction to open a switch 37 of the lamp 31. When the light pen head 34
      is pushed inward overcoming the compression spring 35, the switch 37 is
      closed and the lamp 31 is electrically connected with the both terminals
      of the dry cells 30 and energized accordingly. The reference numeral 36
      indicates an insulating member disposed in the casing 33 to support the
      lamp 31. The light of the lamp 31 is focussed as light spot 38 on the
      surface of the transmission type projection screen 4 as shown in FIG. 4.
      It can be understood that the switch 37 can be of any other type than that
      described above. For instance, the switch 37 can be of a type which is
      turned on and off manually. Further, the light pen 6 can be electrically
      connected with any power source suitable for energizing the light.
PAR  When a part of the image of the screen 4 is pointed to with the light pen
      6, the light spot 38 is focussed on the screen 4. It is preferred that the
      transparent projection screen 4 have the distribution characteristics as
      shown in FIG. 5, in which the transmitted light component 41 is much
      greater than the reflected light component 42 of the incident light 40
      impinging on the screen 4. Such distribution characteristics are
      conventional general transmission type projection screens. The ideal
      transmission type screen has no reflection component.
PAR  By using the transmission type projection screen 4 as described above, the
      image frame portions 20 can be darkened in comparison withh the code
      pattern portions 21 projected on the reflection type screen 5 and the
      light spot 38 when viewed from backside of the screen 4. Therefore, when
      viewing the screens 4 and 5 from the backside thereof with a monitor
      television connected with a television camera 14 which receives the light
      from the screen 4 through the half-transparent mirror 13, the light spot
      38 and the code pattern images are seen with high intensity and the images
      of the microfilm projected on the transmission type screen 4 can barely be
      seen. Further, the ambient light coming into the microreader 3 through the
      screen 4 is uniformly diffused, and accordingly, there is no concern with
      any unexpected influence due to ambient light on the information
      processing.
PAR  The television camera 14 which receives the image on the screens 4 and 5
      through the half-transparent mirror 13 is so designed and positioned that
      the image 53 of the image frame portion 20 of the microimage projected on
      the transmission type screen 4 and the image 54 of the code pattern
      portion 21 of the microimage projected on the reflection type screen 5 can
      be focussed on the photoelectric surface 50 of the image pickup tube
      therein within the range of scanning 51 of an electron beam thereof in the
      X direction (as shown in FIG. 3) of the frame arrangement parallel to the
      direction of scanning of the electron beam 52. Accordingly, the output
      image signal from the television camera 14 is a function of the density of
      the microimage taken along the X direction.
PAR  When the output image signal is viewed through an oscilloscope, the wave
      form as shown in FIG. 7a can be observed. Referring to FIG. 7a, the signal
      indicated at 60 is an image signal corresponding to the code pattern
      portion 21 of the microimage (hereinafter referred to as "code pattern
      signal") which is reflected by the reflection type screen and therefore
      has sufficient intensity. The signal 61 corresponds to the image frame
      portion 20 of the microimage which is reflected by the transmission type
      screen 4 superposed with ambient light. The signal 61 is sometimes
      superposed with a signal representing the light spot 38 formed on the
      screen 4 by the light pen 6 (hereinafter referred to as "light pen
      signal"). FIG. 7a shows a wave form without the light pen signal, and the
      wave form shown in FIG. 7b has the light pen signal at 63. Even when the
      light pen signal 63 does not appear, the signal 61 is a flat signal having
      some level portions 62 due to ambient light.
PAR  The black-and-white bit signals in the code pattern portions 21 are
      recorded next to the image frame portions 20 so that the bit signal can be
      located in correspondence to the part of the image in the image frame
      portion 20 in the X direction. Therefore, the code pattern signal 60
      appearing next to the signal 61 with the light pen signal 63 indicates the
      code which represents the image at which the operator points. Thus, it
      becomes possible to transmit the signal representing the information which
      the operator of the microreader desires to send to the computer 2, using
      an electric circuit which detects the code pattern signal 60 next to the
      signal 61 with the light pen signal 63 and generates an output
      representing the code pattern signal 60 detected.
PAR  One embodiment of such an electric circuit 15 connected with television
      camera 14 will now be described in detail referring to FIG. 8. When the
      image signal 80 having a form as shown in FIG. 7b and a horizontal
      synchronizing signal 81 (corresponding to the signal 64 shown in FIGS. 7a
      and 7b) are put into the code pattern detecting circuit 15 as detailed in
      FIG. 8, the image signal 80 is first divided into a code pattern signal 60
      and the light pen signal including flat signal 61 by a signal separating
      circuit 71 by time sharing with respect to the horizontal synchronizing
      signal 81. The signal including the light pen signal 63 is indicated by
      the reference numeral 82 and the code pattern signal 60 separated by the
      separating circuit 71 is shown by the numeral 86 in FIG. 8. The ambient
      light signal 62 in the signal 82 is filtered through a high pass filter 72
      and a clipping circuit 73, one commercial example of which is LM 311,
      National Semiconductor Corp., whereby a pulse 84 is put out from the
      circuit 73 only when a signal including the light pen signal 63 is put
      into the filter 72. The pulse 84 is converted into a pulse 85 having width
      of 63 .mu.s through a monostable multivibrator 74, such as SN 74121 of
      Texas Instruments Corp. The reference numeral 83 indicates a signal sent
      to the clipping circuit 73 from the high-pass filter 72.
PAR  On the other hand, the code pattern signal 86 separated by the circuit 71
      is clipped by a clipper 75 and the clipped signal 87 is put into an AND
      circuit 76, such as SN 7408 of Texas Instruments Corp., together with the
      pulse 85 from the monostable multivibrator 74. The output signal 88 from
      the AND circuit 76 is obtained only when the television camera 14 detects
      the light spot 38 of the light pen 6. The wave form of the output signal
      from the AND circuit 76 corresponds to the bit signal indicating the
      information corresponding to the part of the image projected on the screen
      pointed to with the light pen 6. Although the output signal 88 of the AND
      circuit 76 is a sequential bit signal, it is possible to convert it into a
      parallel bit signal 89 through a sequential-parallel conversion circuit
      77, such as SN 74164 of Texas Instruments Corp. The parallel bit signal 89
      is transmitted to an information processing system such as a computer
      through an interface circuit 16. If the information processing system such
      as a computer 2 performs information processing according to the signal
      sent from the microreader 3 and sends back an order signal to the
      microreader to project a new image according to the signal, the
      microreader 3 with the light pen in accordance with the invention can be
      used as a man-machine system together with the computer 2.
PAR  It is to be understood that the code patterns can be recorded on the top of
      the image frame portions as well as on the side thereof so that the
      information on the microfilm can be scanned by two television cameras
      horizontally and vertically. By using two television cameras, it is
      possible to send two types of information from the microreader to the
      computer just by pointing at a point on the image on the screen of the
      microreader.
PAR  It is to be further understood that the television camera used in the above
      described embodiment for converting the code pattern and the light spot
      into electric signals can be of any type using a vidicon, an image
      orthicon or an image sector, or can be an electric image pickup device
      using solid image pickup elements or photoelectric elements arranged in a
      lattice form.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical projection apparatus including a projection screen on which a
      microimage is projected on an enlarged scale and adapted to be connected
      with an information processing system comprising;
PA1  microfilm feeding means which feeds and stops a microfilm on which a
      plurality of images are recorded, each image of said microfilm comprising
      an image frame portion and a code pattern portion recorded adjacent the
      image frame, each code in the code pattern portion representing
      information concerning a part of the image of the image frame portion
      positioned at a position corresponding to said code,
PA1  an optical projection system for projecting an image of the image frame
      portion onto a transmission type projection screen and projecting an image
      of the code pattern portion onto a reflection type projection screen
      provided in a side by side relation with said transmission type projection
      screen,
PA1  a light source means for illuminating a part of the image projected on the
      transmission type projection screen selectively from the opposite side of
      said optical projection system,
PA1  means for taking a view of the screen from the side of the projection
      system and putting out an image signal representing the view taken
      thereby, signal conversion means for receiving said output image signal
      and converting said signal into a computer input signal representing the
      information concerning a part of the image of said image frame portion
      illuminated by said light source means, and
PA1  control means for controlling said microfilm feeding means according to an
      output signal of the computer.
NUM  2.
PAR  2. The optical projection apparatus as defined in claim 1, wherein said
      light source device is a light pen including a lamp with a converging lens
      selectively energizable to illuminate a part of the image on said screen.
NUM  3.
PAR  3. The optical projection apparatus as defined in claim 2, wherein said
      light pen is provided with a switch means energizing said lamp when said
      pen is pushed on the surface of said screen.
NUM  4.
PAR  4. The optical projection apparatus as defined in claim 1, wherein said
      means for taking a view of the screen is a television camera.
NUM  5.
PAR  5. The optical projection apparatus as defined in claim 4, wherein said
      television camera comprises a photoelectric portion which has sufficient
      size to cover the image of said image frame portion and said code pattern
      portion and on which an electron beam scans in the direction to cross the
      boundary of the image frame portion and the code pattern portion.
NUM  6.
PAR  6. The optical projection apparatus as defined in claim 1, wherein said
      signal conversion means comprises a means for converting a sequential
      signal into a parallel signal.
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ABST
PAL  A video frequency amplifier is biased to provide output signals of a first
      magnitude. In response to the application of a predetermined control
      signal, the bias is altered so that output signals are provided of a
      second, different magnitude. When employed in communications systems of
      the type in which television images are "frozen" by a storage tube for
      subsequent transmission on an individual frame basis by a voice-quality
      telephone link, for example, and subsequently re-created, the control
      signal indicates whether the system and its storage tube are to operate
      either in the "transmit" or "receive" mode.
PARN
PAR  This is a continuation-in-part of U.S. application Ser. No. 273,534, filed
      July 20, 1972, how abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Pending U.S. Pat. Application Ser. No. 257,412, now U.S. Pat. No. 3842199
      filed May 26, 1972, and entitled "TELEPHONE IMAGE TRANSMISSION SYSTEM"
      (RCA 64,997) describes a system which is capable of transmitting still
      television pictures of three-dimensional objects over communications
      channels such as long-distance unequalized voice-grade telephone lines. A
      television camera is therein employed to continually provide a video
      signal to a storage tube in which one video frame of information can be
      "frozen" when an accompanying monitor indicates that the picture desired
      to be transmitted is then being picked up by the camera. The single frame
      stored is then converted to an audio frequency signal for transmission
      over audio channels to a remote receiver location where a second storage
      tube is used to record the audio frequency information transmitted. Upon
      completion of the transmission, the audio information stored is converted
      back to a video signal for viewing on a second monitor.
PAR  Such a transmission system has been termed "simplex," in that transmissions
      always travel in the same direction along the audio link. In a
      "half-duplex" system, on the other hand, transmissions can proceed in
      either direction, but not simultaneously. Experimentation has shown that
      "half-duplex" system performance can be enhanced when the storage tube is
      biased to a first condition when the "transmit" mode of operation is
      intended and to a second, different condition when the "receive" mode of
      operation is desired.
PAR  To be more specific, when the storage tube is used to "freeze" a television
      frame for transmission, substantially the entire television picture is
      scanned and thereby stored across its target area in approximately
      one-thirtieth of a second. When the storage tube is used instead to
      re-create a transmission received by it from the telephone line, the
      amplitude modulated pulses received via the audio communications link
      complete the recording of the frame information in approximately 60
      seconds. Each element of the storage tube target need be contacted only
      once to store the "frozen" before subsequent transmission; similarly each
      element must be scanned only once during the receipt mode of operation to
      assure that the entire frame information will be available at the end of
      the 60-second period. It will be appreciated, therefore, that unless the
      bias voltage for the storage tube were substantially lower in the
      "receive-re-create" mode as contrasted with the "select-transmit" mode,
      then over, the 60-second period, a series of charges would tend to
      accumulate on the target elements of the storage tube and would ultimately
      reduce the amount of usable information which could be laid down. It will
      similarly be appreciated that any resulting change thus made in bias
      voltage necessitates a concomitant change in applied signal level for
      correct storage tube operation to continue.
PAC  SUMMARY OF THE INVENTION
PAR  As will become clear hereinafter, the present invention comprises a video
      frequency amplifier which is coupled to apply image representative
      television signals to the storage tube of such a system as described
      above, whether the storage device is being used in selecting a television
      frame for transmission via an audio communications link or being used in
      re-creating the transmission along the audio link. The amplifier is biased
      to provide linear, Class A operation during the "frame-freeze" selection
      period, with the output signals being developed of a first magnitude.
      Means are included to sense whether the system is being used to transmit
      stored information or to receive transmitted information, and is designed
      to respond during the "audiolink" re-creation mode to alter the bias on
      the amplifier in a direction to increase the magnitude of its developed
      signals in cooperating with the simultaneous decrease in bias voltage on
      the storage tube.
PAR  As will also be seen such changes in signal amplitude can be effected
      through the use of different resistive divider networks, each operating to
      vary various amplifier bias voltages. When the amplifier is constructed of
      transistor stages, the divider networks may incorporate variable resistors
      to adjust for changes in transistor characteristics -- and in other
      component values for that matter-- over periods of time. While the use of
      differing resistive networks can be employed to adjust the output signal
      of a single amplifier stage, a pair of amplifier stages is included in the
      preferred embodiment of the invention hereafter described in order to
      provide a sufficiently broad response for both the "frame-freeze" select
      and "audio-link" re-create modes of storage tube system operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other features of the present invention will be more clearly
      understood from a consideration of the following description taken in
      connection with the accompanying drawing which shows a preferred
      embodiment of a video frequency amplifier constructed in accordance with
      the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  In the drawing, the signal to be stored--either from the television camera
      prior to transmission as a "frame-freeze" image or from the audio
      communications link telephone line to be re-created--is applied via an
      input terminal 10 and a capacitor 12 to the base electrode of a first
      transistor 14, shown as being of P-N-P type. The collector electrode of
      transistor 14 is coupled via a resistor 16 to a first source of operating
      potential -V.sub.1, while its emitter electrode is coupled via a resistor
      18 to a point of reference or ground potential. A second transistor 20, of
      N-P-N type, is also included, with its base electrode being directly
      coupled by means of a link 22 to the collector electrode of transistor 14
      and with its emitter electrode being coupled by means of a resistor 24 to
      the -V.sub.1 potential source. A resistor 26 serially couples the
      collector electrode of transistor 20 to a second source of operating
      potential +V.sub.2, which source is bypassed to ground by a capacitor 30,
      a similar capacitor 32 being included to bypass the -V.sub.1 source to
      ground also. Negative feedback around the two transistor stages are
      provided by means of a resistor 34 which couples the collector electrode
      of transistor 20 to the emitter electrode of transistor 14. A capacitor 36
      is included to couple the collector electrode of transistor 20 via an
      output terminal 58 to the control grid electrode of the storage tube, by
      means of a direct current restorer circuit and follower stage (not shown)
      to provide drive for the tube and add a proper direct current bias level
      for its operation.
PAR  In accordance with the present invention, a pair of resistive divider
      circuits are further included to bias the transistor stages 14 and 20 to
      either one of two conditions. The first divider circuit includes the
      series connection of resistor 38, resistor 40, resistor 42 and resistor 44
      coupled between the -V.sub.1 potential source and a third potential source
      +V.sub.3, with the junction between resistors 38, 40 being directly
      connected to the base electrode of transistor 14. As will be seen below,
      this divider network is effective to establish a first bias voltage
      condition for the amplifier configuration and thereby a linear Class A
      operating condition.
PAR  The second divider circuit, on the other hand, includes further resistors
      46 and 48, which are serially coupled between the junction between
      resistors 42, 44 and the collector electrode of a third transistor 50, the
      emitter electrode of which is grounded. Control signals for the transistor
      50--of N-P-N type--are applied at a terminal 52 and coupled to the base
      electrode of this transistor by a resistive divider network including
      resistors 54 and 56. Such control signals will be seen to place transistor
      50 in one of two states of conductivity depending upon whether the storage
      tube system is being used to select and transmit television frame
      information, or to receive and re-create such information communicated
      along the audio link. It will be noted that the second divider circuit is
      responsive to these control signals to alter the bias voltage condition
      for the amplifier configuration and thereby the amplifier is biased Class
      B enabling the development of an increased impulse output signal.
PAR  Lastly, resistors 42 and 48 are shown variable in order to provide a means
      of varying the bias voltages established to compensate for variations in
      component characteristics, either with time and/or with temperature.
PAR  The arrangement of the drawing will be seen to essentially comprise a
      cascade connected feedback pair with a P-N-P transistor amplifier stage
      driving an N-P-N transistor power stage. The negative voltage feedback
      provided by resistor 34 is such as to make the output signal an exact
      replica of the input signal; increase the input impedance and reduce the
      output impedance, whereas the variable resistors 42 and 48 serve to
      control the linear operation point of the N-P-N power stage. In one
      construction of the invention, appropriate logic circuitry (not shown)
      senses the mode of storage tube operation either to render transistor 50
      nonconductive during the "frame-freeze" select mode of operation or to
      render it conductive during the "audio-link" re-create mode. During the
      "frame-freeze" select condition, the direct voltage developed at the
      collector electrode of transistor 20 is set by the values of divider
      circuit resistors 38, 40, 42, 44 and the values of potential sources
      -V.sub.1 and +V.sub.3 --and further by the component values set forth in
      the tabularization at the end of this description--at approximately +10
      volts with respect to ground. Linear, Class A operation of the amplifier
      will result at this voltage setting, and a video, modulating signal of
      some 10 volts peak-to-peak is developed by transistor 20, the most
      positive excursions extending to "white" in the image signal and the most
      negative excursions extending to "black." The direct current restorer and
      follower circuit which subsequently couple transistor 20 to the control
      grid of the storage tube are designed to bias that electrode at
      approximately -65 volts, also measured against ground, such that "white,"
      at the storage tube grid, corresponds to a substantial -55 volt level,
      while "black" corresponds to a substantial -65 volt level.
PAR  In order to prevent the accumulation of charge which might develop on the
      target elements of the storage tube when that device is operating instead
      in its "audio-link" re-create mode, it has been observed that the control
      grid should be reduced in bias from this -65 volt level to a -100 volt
      level. At the same time, the applied signal swing should increase from the
      10 volt amount to approximately a 45 volt amplitude to overcome the change
      in bias in causing the storage tube to conduct. To accomplish this latter
      objective of increasing the dynamic range provided requires a change be
      made in the bias condition of the amplifier, which change is in a
      direction to reduce the direct current quiescent level at the collector
      electrode of transistor 20 from the previous +10 volts towards 0 volts.
      Noting that the transistor 50 becomes conductive at this time, by the
      application of a positive control signal at terminal 52 when the
      switch-over to the audio communications mode of operation occurs, the
      resistor divider 46, 48 then serves to affect the desired change in bias
      level at the base electrode of transistor 14. It will be remembered in
      this respect that resistors 42 and 48 could be maintained of fixed value
      to achieve this same result but, instead, are made variable so as to
      compensate for variations in component values. While the feedback
      continues to limit the signal swing at the collector electrode of
      transistor 20, the ensuing result with this arrangement increasing the
      bias on transistor 14 and reducing the direct current level at the
      collector of transistor 20, permits the developed signal swing to increase
      from about 10 volts to about 45 volts. It has also been noted that the
      change from a Class A to this Class B operation of the amplifier stage
      once the direct current level is changed from +10 volts to approximately 0
      volts does not have any effect on the reproduction of the image signals
      eventually re-created on the storage tube target; the most positive signal
      excursions still extend to "white," at the storage tube grid, at a
      substantial - 55 volt level while, in this case, the most negative
      excursions extend to "black" at a -100 volt setting. It will be apparent
      that this change occurs automatically as modes of operation are switched,
      and is thus preferable over an arrangement in which only a single variable
      divider network is employed wherein adjustment would continually be needed
      as switch-over takes place.
PAR  In one particular design of the invention, the control signal applied at
      terminal 52 to indicate the "frame-freeze" select mode of operation was 0
      volts while a +3 volt signal was used to indicate an "audio-link"
      re-create type of operation. While applicant does not wish to be limited
      to any particular set of values the following have proven satisfactory in
      one operating arrangement of the invention.
TBL  ______________________________________                                    
     Component             Value                                               
     ______________________________________                                    
     Resistor 16           360.OMEGA.                                          
     Resistor 18           82.OMEGA.                                           
     Resistor 24           100.OMEGA.                                          
     Resistor 26           1.5K                                                
     Resistor 34           5.1K                                                
     Resistor 38           7.5K                                                
     Resistor 40           7.5K                                                
     Resistor 42           2.5K                                                
     Resistor 44           1.0K                                                
     Resistor 46           5.6K                                                
     Resistor 48           25K                                                 
     Resistor 54           2.2K                                                
     Resistor 56           10K                                                 
     Capacitor 12          25.mu.f                                             
     Capacitor 30          0.33.mu.f                                           
     Capacitor 32          0.33.mu.f                                           
     Capacitor 36          0.47.mu.f                                           
     Transistor 14         RCA 3620                                            
     Transistor 20         2N3119                                              
     Transistor 50         RCA 3601                                            
     Potential Source -V.sub.1                                                 
                           -15 volts                                           
     Potential Source +V.sub.2                                                 
                           +75 volts                                           
     Potential Source +V.sub.3                                                 
                           +15 volts                                           
     ______________________________________                                    
PAR  While there has been described what is considered to be a preferred
      embodiment of the present invention for amplifying input signals
      referenced to two different direct current levels, it will be readily
      apparent that other modifications may be made by those skilled in the art
      without departing from the teachings herein. Thus, while it might be
      possible to replace the two transistor amplifiers 14, 20 with one
      transistor only, it would be appreciated that two devices are used
      herein--and of opposite polarity type--so that the first transistor 14 can
      be used to provide an amplified signal for the output stage 20 and so that
      any temperature change which might effect the base-emitter junction of one
      transistor will be equally offset by an appropriate direction change in
      the junction of the other transistor in order to hold the output bias
      voltage substantially constant with temperature variation. It has also
      been noted that construction of such a circuit with only a single
      transistor stage was not sufficiently able to provide a broad enough
      response so that the amplifier which resulted could be used both in its
      two intended modes of operation. A reduced power dissipation will also be
      seen to result when the amplfier is switched to its "audio-link" re-create
      mode due to the reduction in quiescent voltage at the collector electrode
      of transistor 20. Thus, the scope of the present invention should be read
      in connection with the appended claims--and in connection with the
      intended purpose of the invention of biasing the storage tube employed
      well below cut-off for the "receive-re-create" mode of operation so as to
      prevent accumulation of charge on the storage tube element while, at the
      same time, increasing the amplitude of the output signal developed so as
      to compensate for this bias change.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a television image transmission system of the type wherein a single
      storage device is employed both for the selection of a particular frame of
      television information for transmission to a remote receiver location by
      an audio communications link and for the reception and re-creation of
      frame information so transmitted, the combination therewith of:
PA1  an amplifier stage having an input terminal to which image representative
      television information is supplied and an output terminal at which
      amplified versions of said image representative information is developed
      for application to said storage device for the selection or re-creation of
      said information dependent upon when said device is operating within said
      system in the transmitting or receiving mode;
PA1  first means for biasing said amplifier stage to develop amplified image
      representative signals of a first magnitude at its output terminal
      referenced to a first direct current level;
PA1  second means for biasing said amplifier stage to develop amplified image
      representative signals of a second, different magnitude at its output
      terminal referenced to a second, different direct current level;
PA1  and control means coupled to said first and second biasing means for
      conditioning at least one of said biasing means to operation to set the
      magnitude of developed amplified signals and the direct current level to
      which said amplified signals are referenced;
PA1  said control means also being dependent upon the mode of operation of said
      storage device within said television image transmission system to
      establish Class A amplifier operation and said first signal magnitude and
      direct current level as a reference when said storage device is employed
      to select a particular television frame for transmission and to establish
      Class B amplifier operation and said second signal magnitude and direct
      current level as a reference when said storage device is employed to
      re-create a television frame received along said audio communications
      link.
NUM  2.
PAR  2. The combination of claim 1 wherein said amplifier stage includes a pair
      of transistors coupled in cascade connected, grounded emitter amplifier
      configurations.
NUM  3.
PAR  3. The combination of claim 2 wherein said pair of transistors are of
      opposite polarity type.
NUM  4.
PAR  4. The combination of claim 3 wherein a negative feedback path is included
      between a collector electrode of the output one of said pair of cascade
      connected transistors and the emitter electrode of the input one of said
      pair of transistors.
NUM  5.
PAR  5. The combination of claim 2 wherein each of said first and second biasing
      means include resistive divider networks coupled to vary the bias voltage
      applied to a base electrode of said input transistor of said cascade
      connected pair.
NUM  6.
PAR  6. The combination of claim 5 wherein said first biasing means is coupled
      to the base electrode of said input transistor of said cascade connected
      pair, wherein said second biasing means is coupled at one point to said
      first biasing means and at a second point to said control means, and
      wherein said control means includes a third transistor which is rendered
      to a first conductivity state when said storage device is employed in
      selecting a particular television frame for transmission and to a second
      conductivity state when said storage device is employed in re-creating a
      television frame received along said audio communications link, said first
      conductivity condition of said third transistor being effective to
      electrically decouple said second biasing means from said first biasing
      means and said second conductivity condition of said third transistor
      being effective to electrically couple said second biasing means in shunt
      with at least a portion of said first biasing means.
NUM  7.
PAR  7. The combination of claim 6 wherein said first transistor of said cascade
      connected pair is of P-N-P polarity type and wherein said second
      transistor of said cascade connected pair and said third transistor are of
      N-P-N polarity type.
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ABST
PAL  A television camera provides a video output voltage having an amplitude
      proportional to an amount of light flux received along a line of sight
      which traces a raster on a scene. In response to the video output voltage,
      an antilog amplifier provides an image photo-density voltage having an
      amplitude proportional to the image density of a point on the scene along
      the line of sight. The amplitude of the density voltage is compared in a
      window detector to a pair of window voltages which define a voltage range.
      The window detector provides first and second voltages in response to the
      density voltage being respectively within and outside of the voltage
      range. Selected frequency components of the output of the window detector
      are provided to a display for displaying a representation of objects of
      the scene, where the displayed objects have a size within a selected range
      of sizes and have an image within a selected range of image densities.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of image analysis and more particularly is a
      system for providing a display representative of selected objects of a
      scene.
PAR  2. Description of the Prior Art
PAR  To provide a video signal representative of a scene, typically a video
      source, such as a television camera, has an optical input which receives
      light flux along a line of sight from a point on the scene. The amount of
      the light flux is a non-linear function of what is known in the art as an
      image photo-density of the point. The video signal has an amplitude which
      is proportional to the amount of the light flux.
PAR  Usually, the line of sight successively traces an array of closely, evenly
      spaced lines across the scene. The lines are traced from left to right at
      a constant rate.
PAR  The array of lines is referred to in the art as a camera raster and each of
      the lines thereof is referred to as a camera raster line. Typically, a
      first camera raster line is traced across the topmost portion of the scene
      and a last camera raster line is traced across the bottom of the scene.
      After the first camera raster line is traced, the line of sight is rapidly
      retraced during a horizontal retrace time from right to left to a position
      slightly below the first camera raster line to trace the next succeeding
      camera raster line. Other camera raster lines are traced in a similar
      manner. After the last camera raster line is traced, the line of sight is
      rapidly retraced during a vertical retrace time to a position to trace the
      first camera raster line.
PAR  Because the camera raster lines are traced at a constant rate, a camera
      raster line traced on large objects (of substantially uniform image
      density) of the scene cause infrequent variations in the amplitude of the
      video signal. Correspondingly, a camera raster line traced on small
      objects of the scene causes frequent variations in the amplitude of the
      video signal. Therefore, the video signal has a frequency spectrum of
      components respectively associated with the sizes of the objects of the
      scene.
PAR  Heretofore, large computers or other large costly apparatus has been used
      for providing a display representative of sizes and image densities of
      objects of a scene. A large computer is typically programmed to process
      representations of predetermined video signals. Accordingly, the large
      computer is not suitable for providing an on-line (real time) display
      representative of the sizes and the image densities of the objects.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a display representative
      of an object of a scene where the object has an image photo-density within
      a selected range.
PAR  Another object of the present invention is to provide a display
      representative of an object of a scene where the object has a size and a
      selected range of sizes and an image photo-density within a selected range
      of image photo-densities.
PAR  Another object of the present invention is to provide a display
      representative of the cumulative distribution function of the sizes of
      objects of a scene.
PAR  According to the present invention, a density signal is proportional to the
      antilogarithm of the amount of light flux from a scene along a line of
      sight which traces a raster on said scene; a processed video signal is
      provided in response to a comparison of the density signal with a known
      range of density signals whereby said processed video signal has a
      frequency component associated with an object of said scene, said object
      having a size within a known range of sizes and having an image
      photo-density within a known range of image densities.
PAR  Apparatus constructed according to the invention economically provides a
      display of what is referred to as the texture of objects of a scene. The
      display of the texture is provided by a cathode ray tube which is
      brightened in accordance with the number of the objects of the scene
      having a size within a selected range of sizes and an image photo-density
      within a selected range of image photo-densities. Additionally, there may
      be provided a display of an image which is representative of the objects
      having an image density and a size within the respective ranges of image
      densities and sizes.
PAR  The invention may be utilized to provide a display representative of the
      cumulative distribution of sizes of objects which are within a selected
      range of image photo-densities.
PAR  Other objects, features and advantages of the present invention will become
      more apparent in the light of the following detailed description of
      embodiments thereof as illustrated in the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic block diagram of a first embodiment of the present
      invention; and
PAR  FIG. 2 is a schematic block diagram of a second embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, in each of two embodiments of the present
      invention, a television camera 10 has an optical input which receives
      light flux along a line of sight from a scene (not shown). The camera 10
      provides a video output voltage having an amplitude proportional to the
      amount of the light flux.
PAR  The camera 10 additionally receives horizontal and vertical synch pulses
      from a synch pulse generator 12 through signal lines 14, 16, respectively.
      In response to a vertical synch pulse, the line of sight traces a camera
      raster, each camera raster line being provided in response to a horizontal
      synch pulse. The output of the camera 10 is connected to an antilog
      amplifier 18 at an input thereof whereby the video output voltage is
      provided to the amplifier 18.
PAR  It is well known that the amount of the light flux is proportional to the
      logarithm of the value of an image photo-density of the scene along the
      line of sight. Accordingly, the amplitude of the video output voltage is
      proportional to the logarithm of the image density of the scene along the
      line of sight.
PAR  The output of the amplifier 18 is a voltage (referred to as a density
      voltage) having an amplitude proportional to a base number raised to an
      exponent. The exponent is proportional to the magnitude of the video
      output voltage. Accordingly, the amplitude of the density voltage is
      proportional to an antilogarithm of the magnitude of the video output
      voltage. Therefore, the amplitude of the density voltage is proportional
      to the image density of the scene along the line of sight.
PAR  The output of the amplifier 18 is connected to a window detector 20 at a
      first inverting input 22 and a first non-inverting input 24 whereby the
      density voltage is provided to the window detector 20.
PAR  The window detector 20 has a second inverting input 26 and a second
      non-inverting input 28 where a first window voltage and a second window
      voltage (less positive than the first window voltage) are respectively
      applied. A voltage less positive than the first window voltage and more
      positive than the second window voltage is said to be within the window of
      the window detector 20. In accordance with the explanation given
      hereinbefore, the window corresponds to a range of image densities.
PAR  In response to the density voltage being within the window, the window
      detector 20 provides a processed video voltage which is approximately five
      volts. In response to the density voltage not being within the window, the
      processed video voltage is approximately zero volts. Window detectors of
      the type described hereinbefore are well known to those skilled in the
      art.
PAR  The inputs 26, 28 are connected together through a potentiometer 30.
      Additionally, the inputs 26, 28 are respectively connected to a constant
      current source 32 and to ground through a potentiometer 34. The source 32
      provides a constant D.C. current which flows through the potentiometers
      30, 34 (because substantially no current flows to or from the inputs 26,
      28). Constant current sources, which are well known in the art, are
      typically a simple circuit comprised of a transistor.
PAR  The potentiometers 30, 34 have wiper arms 30a, 34a respectively connected
      to ground and to the source 32. Accordingly, the wiper arms 30a, 34a, are
      operable to increase and decrease the resistance of the potentiometers 30,
      34.
PAR  Since the current flowing through the potentiometers 30, 34 is constant,
      the second window voltage equals the product of the constant current and
      the resistance of the potentiometer 34. Applying well known circuit
      theory, the first window voltage equals the sum of the second window
      voltage and the product of the constant current and the resistance of the
      potentiometer 30.
PAR  Because transitions of the density voltage into and out of the window
      causes transitions of the processed video voltage from five volts to zero
      volts, respectively, the frequency of the processed video voltage is
      indicative of the size of objects of the scene which are within a selected
      range of image densities (corresponding to the window). In accordance with
      the explanation given hereinbefore, the processed video voltage is
      provided in response to a comparison of the density voltage with the
      window.
PAR  The output of the window detector 20 is connected to a low pass filter 36,
      a band pass filter 37 and a high pass filter 38 at inputs thereof. In a
      first embodiment of the present invention, the filters 36-38 have outputs
      connected to the video input of a first CRT display 40 through switches
      42-44, respectively. Accordingly, the processed video voltage may be
      selectively provided to the display 40 through the filters 36-38. The
      display 40 includes a CRT having a beam at a location of the face thereof,
      the brightness of the CRT beam being proportional to the amplitude of the
      processed video voltage provided to the display 40.
PAR  The display 40 has horizontal and vertical synch inputs connected to the
      generator 12 through the lines 14, 16, respectively. In response to the
      synch pulses, the CRT beam traces an array of closely evenly spaced lines
      referred to as a viewing raster. It should be understood that because the
      generator 12 provides synch pulses to the camera 10 and the display 40,
      the lines of the viewing raster respectively correspond to the camera
      raster lines. The display 40 includes what is known as a blanking circuit
      for reducing the brightness of the CRT beam during the horizontal and the
      vertical retrace times.
PAR  In response to a closure of the switch 42, the processed video voltage is
      provided through the low pass filter 36 to the display 40. The filter 36
      passes low frequency components of the processed video voltage whereby an
      image provided by the display 40 is representative of the largest objects
      having an image density within the range corresponding to the window
      described hereinbefore.
PAR  In response to a closure of the switch 43 the processed video voltage is
      provided through the bandpass filter 37 to the display 40. The filter 37
      passes intermediate frequency components of the processed video voltage
      whereby the image is representative of medium sized objects having an
      image density within the range corresponding to the window.
PAR  Similarly, in response to a closure of the switch 44 the processed video
      voltage is provided through the high pass filter 38 to the display 40. The
      filter 38 passes high frequency components of the processed video voltage
      whereby the image is representative of small objects having an image
      density within the range corresponding to the window.
PAR  It should be understood that in alternative embodiments any number of
      filters of respectively different bandpass characteristics may be
      provided.
PAR  Additionally connected to the switches 42-44 is the input of a detector and
      filter circuit 46 whereby the processed video voltage is selectively
      provided through the filters 36-38 via the switches 42-44, respectively,
      to the detector and filter circuit 46.
PAR  The detector and filter circuit 46 is a well known type of circuit which
      provides a D.C. voltage (referred to as a texture voltage hereinafter)
      proportional to the amplitude of the processed video voltage.
PAR  The output of the detector and filter circuit 46 is connected to a second
      CRT display 48 (similar to the display 40) at a video input thereof. The
      display 48 has horizontal and vertical synch inputs connected to the
      generator 12 through the lines 14, 16, respectively, whereby the
      horizontal and the vertical synch pulses are provided to the display 48.
PAR  Because the texture voltage is substantially constant, the display 48
      provides on the face of a CRT thereof a substantially uniform brightness
      proportional to the number of either large, medium sized or small objects
      having a selected density range. It should be understood that the size of
      the objects is in accordance with closure of the switches 42-44 described
      hereinbefore.
PAR  Thus there has been shown apparatus for providing displays representative
      of objects within a selected range of sizes and within a selected range of
      image densities.
PAR  Referring now to FIG. 2, in a second embodiment of the present invention,
      the filters 36, 37 are respectively connected through video switches 50,
      52 to a summing network 54 at first and second inputs thereof. The output
      of the filter 38 is connected to the network 54 at a third input thereof.
PAR  The network 54 provides an output voltage proportional to the sum of input
      voltages provided thereto. The switches 50, 52 are of the type which has a
      control input where approximately three volts and zero volts is provided
      to respectively cause a switch closure and a switch opening. It should be
      understood that during a closure of one of the switches 50, 52 the
      processed video voltage is provided through the closed switch to the
      network 54; the processed video voltage is not provided through an open
      switch.
PAR  The output of the network 54 is connected to an oscilloscope 56 at a
      vertical input 58 thereof. The oscilloscope 56 has a CRT whereon a beam is
      swept from left to right during a sweep time in response to a trigger
      signal being provided to the oscilloscope 56. In this embodiment, the
      sweep time substantially equals the time for tracing three camera rasters.
      During a sweep time, the beam of the oscilloscope 56 is vertically
      deflected from a datum line in proportion to a voltage provided to the
      input 58.
PAR  A trigger input of the oscilloscope 56 is connected to a first output of a
      counter and decoder circuit 60 through a signal line 62. Second and third
      outputs of the counter and decoder are connected to the switches 50, 52 at
      control inputs thereof through signal lines 63, 64, respectively.
PAR  The counter and decoder circuit 60 has an input connected to the generator
      12 through the line 16 whereby vertical synch pulses are provided to the
      counter and decoder circuit 60.
PAR  In response to a first vertical synch pulse, the counter and decoder 60
      provides approximately three volts on the line 62 whereby a trigger signal
      is provided to the oscilloscope 56 and a sweep is initiated as described
      hereinbefore. Concurrently with the provision of the trigger signal, zero
      volts is provided on the lines 63, 64.
PAR  Since the output of the filter 38 is connected to the network 54, when the
      sweep is initiated the processed video voltage is provided through the
      filter 38 to the network 54. Because zero volts is provided on the lines
      63, 64, the processed video voltage is not provided through the switches
      50, 52 to the network 54.
PAR  Accordingly, after the first vertical synch pulse, the vertical deflection
      of the beam of the oscilloscope 56 is in response to the line of sight
      being traced across a small object having an image density within the
      range corresponding to the window.
PAR  In response to a second vertical synch pulse (when one third of the sweep
      is completed), the counter and decoder circuit 60 provides approximately
      three volts on the line 63 whereby the processed video voltage is provided
      through filters 36, 38 to the network 54. Accordingly, after the second
      vertical synch pulse the vertical deflection of the beam of the
      oscilloscope 56 is in response to the line of sight being traced across
      either a small object or a large object having an image density within the
      range corresponding to the window.
PAR  In response to a third vertical synch pulse (when two-thirds of the sweep
      is completed) the counter and decoder circuit 60 concurrently provides
      three volts on the lines 63, 64 whereby the processed video voltage is
      concurrently provided through the filters 36-38 to the network 54.
      Accordingly, after the third vertical synch pulse the vertical deflection
      of the beam of the oscilloscope 56 is in response to the line of sight
      being traced across objects of either small, large or medium size having
      an image density within the range corresponding to the range of the
      window. The counter and decoder circuit 60 is of a type well known in the
      art.
PAR  In response to a successive vertical synch pulse, the trigger signal is
      provided on the line 62 and zero volts is provided on the lines 63, 64
      whereby a successive sweep is initiated as described hereinbefore.
PAR  It should be appreciated that the display provided by the oscilloscope 56
      corresponds to a cumulative distribution function of the sizes of the
      objects of the scene having an image density within a range corresponding
      to the window. Cumulative distribution functions are well known in the
      science of statistics.
PAR  Thus there has been shown apparatus for providing a display corresponding
      to a cumulative distribution function of the size of objects of a scene,
      where the objects have an image density within a range corresponding to
      the window.
PAR  Although the invention has been shown and described with respect to a
      preferred embodiment thereof, it should be understood by those skilled in
      the art that various changes and omissions in the form and detail thereof
      may be provided therein without departing from the spirit and the scope of
      the invention.
CLMS
STM  Having thus described typical embodiments of my invention, that which I
      claim as new and desire to secure by letters patent of the United States
      is:
NUM  1.
PAR  1. In the method of providing a display representative of objects of a
      scene where a video source provides a camera video signal having an
      amplitude proportional to an amount of light flux from said scene along a
      line of sight which traces a raster on said scene, the steps of:
PA1  providing a density signal having an amplitude proportional to the
      antilogarithm of the amplitude of said camera video signal;
PA1  comparing said density signal with a known range of density signals and
      providing a processed video signal having first and second amplitudes in
      response to said density signal being respectively within and outside of
      said known range; and
PA1  displaying an image in response to selected frequency components of said
      processed video signal.
NUM  2.
PAR  2. The method of claim 1 wherein the step of displaying includes the steps
      of:
PA1  providing a display of a beam swept horizontally across the face of an
      oscilloscope during a sweep time; and
PA1  deflecting said beam vertically in proportion to the amplitude of a first
      selected frequency component of said processed video signal during a first
      portion of said sweep time and in proportion to the sum of the amplitudes
      of said first frequency component and a second selected frequency
      component during a second portion of said sweep time.
NUM  3.
PAR  3. The method of claim 1 wherein said step of displaying includes the step
      of filtering said processed video signal to provide said selected
      frequency components.
NUM  4.
PAR  4. The method of claim 3 additionally including the step of detecting and
      filtering said selected frequency components to provide a D.C. signal
      having an amplitude proportional to the amplitude of said selected
      frequency components.
NUM  5.
PAR  5. Apparatus for providing a display representative of objects of a scene
      where an image source provides a camera video signal having an amplitude
      proportional of an amount of light flux from said scene along a line of
      sight which traces a raster on said scene, comprising:
PA1  an antilogarithm amplifier connected to said image source for providing a
      density signal proportional to the antilogarithm of the amplitude of said
      camera video signal;
PA1  a window detector connected to said antilogarithm amplifier for comparing
      said density signal to a known range of density signals, said window
      amplifier providing a processed video signal having first and second
      amplitudes in response to said density signal being respectively within
      and outside of said known range; and
PA1  display means connected to said window detector for displaying an image in
      response to a selected frequency component of said processed video signal.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said display means comprises:
PA1  a filter connected to said window detector for providing said selected
      frequency component.
NUM  7.
PAR  7. Apparatus according to claim 6 further comprising a detector and filter
      circuit for providing a D.C. signal having an amplitude proportional to
      the amplitude of said selected frequency component.
NUM  8.
PAR  8. Apparatus according to claim 5 wherein said display means comprises an
      oscilloscope having a beam swept horizontally across the face thereof
      during a sweep time, said beam being vertically deflected in proportion to
      the amplitude of said selected frequency component.
NUM  9.
PAR  9. Apparatus according to claim 8 additionally comprising:
PA1  a plurality of filters of respectively different bandwidths, each of said
      filters having an input connected to said window detector whereby said
      processed video signal is provided to said filters;
PA1  switching means operable to provide outputs of desired ones of said filters
      during portions of said sweep time; and
PA1  summing means connected to said switching means and said oscilloscope for
      vertically deflecting said beam in response to the sum of the amplitude of
      the signals provided by the desired ones of said filters.
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ABST
PAL  An automatic gain control system applicable to a television receiver is
      described. Synchronizing pulses contained in the video detector output are
      sensed to obtain a measure of the signal strength. This is done by
      applying the detected output, containing the pulses, to a threshold
      circuit to produce current increments representative of the excess of said
      pulses over the threshold. The current increments thus obtained are then
      applied to a non-linear amplifier which, as a bi-directional source of
      current, supplies charging or discharging current, depending upon signal
      strength variation, to an integrating network to obtain a smoothed gain
      control voltage. The circuit is characterized by both fast attack and fast
      release and may be used with or without external gating. It is suitable
      for general AGC control in a television receiver which must be
      substantially immune to aircraft flutter.
PARN
PAR  This is a division, of application Ser. No. 370,916 filed June 18, 1973 now
      abandoned, which is a continuation-in-part of U.S. Pat. Application Ser.
      No. 304,564, filed Nov. 7, 1972, in the name of William Peil et al,
      entitled "Self-Gating Automatic Gain Control System."
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to automatic gain control systems wherein a
      signal of variable average amplitude is demodulated and the demodulated
      signal is used to generate a control voltage for regulating the gain of a
      prior amplifier in a sense to hold the demodulated output at a nearly
      constant average amplitude.
PAR  The automatic gain control system herein provided more specifically relates
      to television signal reception, wherein a remotely transmitted signal
      contains pulses of constant modulation index which may be used to define
      the proper signal level.
PAR  2. Description of the Prior Art
PAR  Automatic gain control systems are commonplace in receivers for the
      reception of remotely transmitted signals. This is true in standard
      amplitude modulation receivers and in television reception systems used in
      the home, as well as in commercial receivers for other classes of remote
      transmission. In all such systems, the received signal is sensed to obtain
      a measure of its received amplitude, and then an electrical quantity
      proportional to that amplitude is used to regulate the amount of
      amplification performed on the signal. In the case of television
      transmission, the signal contains synchronizing pulses which bear a fixed
      relation to the signal level, representing the maximum carrier level.
      Thus, if one separates the pulses from the video portion of the signal,
      one may generated a d.c. gain control voltage which has an average value
      proportional to the pulse amplitude. This voltage may then be used to
      regulate the gain of the tuner and the intermediate frequency amplifier of
      the television receiver to hold the signal at a constant level at the
      video demodulator.
PAR  In the conventional television receiver, the separation of the pulses from
      the video signal occurs by using a timing pulse created during horizontal
      "fly back" in the cathode ray tube deflection circuit. The timing pulse is
      then used to gate on an amplifier stage during the pulse period to
      separate the pulses from the video portions of the signal. The gated
      amplifier produces a succession of output pulses, which are applied to a
      filter to develop a smoothed d.c. voltage, which becomes the gain control
      voltage. The automatic gain control circuit normally requires appreciable
      amplification, since the pulse duty cycle is only about 10%.
PAR  If not externally gated, the amplification means recharges the smoothing
      filter through a diode. The recharging rate is then made fast enough to
      avoid the customary visual flicker problems for the rising part of the
      signal level. However, the falling part of the signal level depends upon
      the natural time constants of the RC network to discharge the filter.
      Since the charging duty cycle is short and droop between the pulses
      undesirable, the natural time constants of the filter tend to be too long
      to follow rapid decreases in signal strength. The result is that the
      overall amplitude regulation of the signal is less than optimum when fast
      response is desired. AGC circuits without external gating are normally not
      used in TV receivers because of inability to meet the combined
      requirements of droop, freedom from aircraft flutter and noise immunity.
PAR  Some systems have been developed which provide for fast attack and fast
      release of the AGC voltage. These, however, have been for applications
      which are intended to have no d.c. modulation, i.e., in conventional AM
      receivers. The time constants of such a system are then chosen to average
      the modulation effects to zero before any action is taken to change the
      gain of the system relative to the average carrier level. These systems
      are not applicable to a NTSC TV signal which contains arbitrary amounts of
      d.c. modulation as a function of picture content.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide an improved
      AGC system.
PAR  It is another object of the present invention to provide an improved AGC
      system having a bi-directionally active current source for fast response
      both when the signal level increases and the signal level decreases.
PAR  It is still another object of the present invention to provide an improved
      AGC system for television reception which is bi-directionally active for
      fast response both when the signal level increases and the signal level
      decreases.
PAR  It is an additional object of the present invention to provide an improved
      AGC system for a television receiver which does not require external
      gating.
PAR  It is a further object of the present invention to provide an improved AGC
      system for a television receiver which is active bi-directionally for fast
      attack and fast release, and in which the AGC voltage does not droop.
PAR  These and other objects of the invention are achieved in an AGC system
      comprising a demodulator of modulated signals containing spaced,
      repetitive pulses representing a maximum carrier level; an amplification
      stage for the modulated signals, whose output is coupled to the
      demodulator and whose gain is subject to an electrical control; and a
      feedback network for automatic gain control of the amplification stage
      comprising a threshold circuit coupled to the demodulator output for
      deriving input current increments representative of the excess voltagge of
      said pulses over said threshold, a non-linear amplifier responsive to said
      current increments and producing a bi-directional output current as a
      function of input current, said output current having an initial slope of
      one sign and corresponding current direction followed by a slope of
      opposite sign, continuing until conduction is reversed, said later sloping
      region providing a gain stabilizing action when said feedback loop is
      closed, said non-linear amplifier having negligible output current in the
      absence of said current increments, an integrating network for providing a
      smoothed gain control voltage shunting the output of said non-linear
      amplifier, and means to couple said integrating network to said
      amplification stage to increase or decrease the gain thereof about a
      quiescent point as said non-linear amplifier supplies current to or
      withdraws current from said integrating network as a function of signal
      strength.
PAR  In accordance with another aspect of the invention, the feedback network
      couples an output current to said integrating network in response to input
      current increments which is of limited maximum value in the presence of
      input signals of excessive voltage so as to provide noise immunity. This
      noise immunity is achieved by reducing the latter sloping region of said
      output current characteristic as said maximum value is approached. In
      order to make the system responsive to primarily the horizontal pulse
      content in a television reception system, the feedback network is made
      frequency selective favoring formation of a control voltage from
      horizontal pulses but discriminating against higher frequency television
      signal components such as the chrominance and audio portions of said
      signal.
PAR  In accordance with other aspects of the invention, the non-linear
      bi-directional amplifier circuit comprises a pair of transistor amplifiers
      whose collector currents to said integrating network are of opposing sense
      and are summed to charge, balance without net current flow or discharge
      the integration network in the later sloping region as a function of
      signal strength. While the first transistor conducts immediately, the
      second transistor amplifier is designed to commence its current flow after
      the transistor amplifier is designed to commence its current flow after
      the input current increments exceed a predetermined second threshold and
      its gain exceeds the gain of the first amplifier. These provisions permit
      the current to the integrating network to reverse from a charging to a
      discharging current condition.
PAR  In addition, the first transistor amplifier employs a transistor of a first
      conductivity type and the second transistor amplifier employs a second
      transistor of a complementary conductivity type. The emitters of these two
      mutually complementary transistors are coupled across the d.c. bias source
      while their collectors are both coupled to the integrating network to
      provide the bi-directional output current. The delayed second threshold of
      the second transistor amplifier is provided by biasing the second
      transistor into cut off and providing a third transistor of the first
      conductivity type, having its base jointly coupled to the base of the
      first transistor and receiving the output of the first threshold circuit,
      and having its collector coupled to the base of said second transistor for
      turning it on at the second threshold. The threshold circuit employs a
      fourth transistor of complementary conductivity in a modified turn around
      circuit having its base coupled to the demodulator output; its emitter
      returned in a direct curent conducting path to an adjustable voltage and
      to ground in an alternating current path comprising a series inductor; and
      its collector coupled to the input of the first and third transistors of a
      complementary current type. The series inductor provides the frequency
      dependent amplification favoring amplification of frequencies at the
      horizontal pulse rate and somewhat above but discriminating against higher
      frequency portions of the television signal such as the chrominance or
      audio. A forwardly biased diode is provided in the collector load of the
      fourth transistor to aid in matching the current between the fourth
      transistor and the first and third transistors. Three resistance are
      provided connected respectively in series with the diode and in the
      emitter paths of the second and third transistors for thermal
      stabilization.
PAR  To provide noise immunity to the AGC network, a load resistance is coupled
      between the collector of the second transistor and the integrating network
      having a value selected to produce collector saturation and a reduction in
      the discharging current when a noise pulse at the AGC input exceeds the
      desired control range. Similarly, forward current charging is restricted,
      when the desired control range is exceeded by a noise pulse, by use of a
      second forwardly biased diode shunting the load of the fourth transistor
      and in series with the first diode. The two series connected diodes
      restrict the base input voltage applied to the first and third transistors
      to the sum of the two forward diode drops, a value which permits normal
      amplification of the rectified horizontal pulses, but which has reduced
      incremental gain for higher intensity noise pulses. Thus, the AGC circuit
      exhibits an AGC control characteristic which has a confined negative slope
      region, and which is substantially immune to noise spikes substantially
      exceeding the tips of the synchronizing pulses.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The novel and distinctive features of the invention are set forth in the
      claims appended to the present application. The invention itself, however,
      together with the further objects and advantages thereof may be best
      understood by reference to the following description and accompanying
      drawings in which:
PAR  FIG. 1 is a block diagram of an automatic gain control system in accordance
      with the invention as applied to a television receiver;
PAR  FIG. 2 is a mixed block and circuit diagram of the automatic gain control
      system illustrated in FIG. 1 and particularizing the circuit details
      instrumental in producing the gain control voltage;
PAR  FIG. 3a is a graph illustrating the current flow in an out of the
      integrating storage capacitor from which the automatic gain control
      voltage is derived, and FIG. 3b is a simplified equivalent circuit diagram
      of the major elements contributing the charging and discharging currents
      which produce the AGC voltage; and
PAR  FIG. 4 is an optional external gating circuit for the automatic gain
      control system of FIG. 2 which may be connected between points A and B of
      that figure.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the block diagram of FIG. 1, the automatic gain control
      system is shown in a television receiver application. The system includes
      the tuner 11, the intermediate frequency amplifier 12, the synchronous
      detector 13, local oscillator 14, variable threshold amplifier 15,
      bi-directional charging circuit 16, integrating network 17, a buffer
      amplifier 18, adjustable threshold 19, and a second integrating network
      20. An antenna 22 couples external television signals to the tuner 11
      while the video output means 21 connected to the output of synchronous
      detector 13 couples the detected video signals to a suitable display.
PAR  The foregoing television receiver components are interconnected in the
      following manner. Television signals received at the antenna are coupled
      to the tuner 11, which makes a specific channel selection and converts the
      signal selected to a suitable intermediate frequency. The intermediate
      frequency signal is then applied to the intermediate frequency amplifier
      12 wherein the signals are amplified to a desired signal level prior to
      detection. Output signal level variations are reduced by an automatic gain
      control connection to the IF amplifier 12. Its operation will be treated
      at greater length below. An automatic gain control connection is also
      provided to the tuner 11. After amplification in 12, the modulated signal
      is applied to the synchronous detector 13 for demodulation. The
      synchronous detector 13 demodulates the television signal by multiplying
      it with waves at the intermediate frequency of the signal supplied from
      the local oscillator 14. The synchronous detector 13 produces a
      demodulated output signal which includes the video signal interspersed
      with the synchronization signals and the audio subcarrier. The demodulated
      video signal includes the luminance at base band and chrominance
      components at color subcarrier frequency. The synchronization signals
      include the vertical and horizontal synchronizing pulses and the color
      burst. The vertical and horizontal pulses are of a large amplitude and are
      in the blacker than black position in relation to the video portions of
      the television signal. They represent a fixed maximum carrier level of the
      video signal suiting them for use as a measure of the level of the video
      signal at the television receiver. Thus, the synchronizing pulses may be
      sensed and used in an automatic gain control system for stabilizing the
      output against variations in input signal strength. The video portions of
      the signal demodulated in 13 are applied to the video output 21. There,
      after suitable processing, they are used to operate the television
      display. The audio subcarrier take off, not illustrated, also occurs at
      the demodulator output.
PAR  Of particular interest in the present application is the means by which the
      amplification of the signal is automatically controlled in the tuner 11
      and IF amplifier 12 to stabilize the amplitude of the demodulated signal.
      The automatic gain control system, which performs this function derives
      its input from the output of the synchronous detector 13.
PAR  The first element of the automatic gain control network is the variable
      threshold amplifier 15. It controls the feedback signal in the feedback
      network, and when the feedback loop is closed and operating, the threshold
      setting controls the level of the demodulated video output. The feedback
      signal includes a portion of the synchronizing pulse content but does not
      include the variable video modulation from the demodulated signal.
      Portions of the synchronizing pulses exceeding the threshold setting are
      then sampled and applied to the bi-directional charging circuit 16.
PAR  The bi-directional charging circuit 16, the next block in the feedback
      loop, has a bi-directional conduction characteristic. The characteristic
      has a first conduction region in which a peak occurs, providing a gain
      increasing condition followed by a second conduction region providing a
      prolonged gain decreasing condition. The normal operating point is at the
      intersection of these gain increasing and gain decreasing regions on the
      back slope of the characteristic. The back slope is limited to a maximum
      value for abnormally large signals.
PAR  Completing the feedback loop, the output current from the bi-directional
      charging circuit is applied to the integrating filter 17 which integrates
      the current supplied and produces a smoothed d.c. gain control voltage
      which can swing from a gain increasing to a gain decreasing value. This
      control voltage is applied from the buffer amplifier 18 to the gain
      control input of the IF amplifier 12. The output from the integrating
      network 17 may also be applied through the buffer amplifier 18 to the gain
      control input of the tuner 11. If the gain reduction in the IF amplifier
      12 is programmed, it is usually desirable that the gain be withdrawn from
      the tuner 11 after some definite amount of gain has been removed from the
      IF amplifier. For that purpose, an adjustable threshold 19 is provided at
      the output of the buffer amplifier 18 for delayed application of the gain
      control voltage to the tuner.
PAR  In effecting control, the automatic gain control network normally operates
      beyond the peak on the downward slope of the conduction characteristic,
      tending to reduce the signal amplitude when it is too high and to increase
      it when it is too low, and, in short, to seek a stable output signal
      level. The demodulator output tends to reach a fixed relation to the
      threshold of the amplifier 15, thus making the threshold an effective
      video amplitude control point. The threshold is normally set to hold the
      signal at the optimum level for demodulator operation.
PAR  A more detailed understanding of the foregoing AGC action may now be
      obtained with reference to FIG. 2, which illustrates the blocks l3, 15,
      16, 17 and 18 in circuit diagram form.
PAR  The synchronous detector 13 is a four-quadrant multiplier employing four
      differentially connected transistors Q10, Q11, Q12, Q13 in an upper rank,
      a pair of lower rank transistors Q14 and Q15, and current source
      transistors Q16, Q17 and Q18. The emitters of upper rank transistors Q10
      and Q11 are paired and driven by the collector of lower rank transistor
      Q14. The emitters of upper rank transistors Q12, Q13 are also paired and
      driven by the collector of lower rank transistor Q15. The bases of upper
      rank transistors Q10 and Q13 are paired and coupled to one terminal of
      local oscillator 14 while the bases of upper rank transistors Q11, Q12 are
      paired and connected to the other terminal of local oscillator 14. The IF
      signal is differentially applied from the IF amplifier 12 between the
      bases of lower rank transistors Q14 and Q15. The output of the synchronous
      detector which is the product of the IF and local oscillator signals,
      appears at the collectors of the upper rank transistors. One output
      appears at the collectors of transistors Q11 and Q13 and is coupled to the
      video output 21. The other output appears at the paired collectors of
      transistors Q10, Q12 and is used for the automatic gain control network.
      The remaining transistors Q16, Q17, Q18 function in a straightforward
      fashion with suitable resistances to establish the emitter currents in the
      upper and lower rank transistors. The collector bias connections are
      completed by the connection of the upper rank transistors Q11, Q13 through
      resistance R11 to a positive source of d.c. potentials and the collectors
      of upper rank transistors Q10, Q12 through resistance R12 to the same
      source.
PAR  A clamping diode D2 is provided coupled between the collector pairs Q11,
      Q13 and Q10, Q12. Its purpose is to prevent the introduction of any large
      magnitude whiter than white noise into the video output as a result of a
      phase reversal in the demodulator output. The diode D2, as illustrated in
      FIG. 2, is poled for easy current flow from Q11, Q13 to Q10, Q12. Under
      normal signal conditions it is reversely biased, being poled to present a
      high impedance with respect to all customary modulation components. Under
      abnormal conditions, it acts as a clamp to prevent the reversal of the
      demodulator voltages.
PAR  The variable threshold amplifier 15 coupled to the output of detector 13
      comprises the transistor Q4, diodes D1 and D3, inductor L1, capacitor C2,
      and resistances R12 through R16. It transfers metered currents responsive
      to pulse voltage levels in the detector 13 to the bi-directional charging
      circuit 16 by a modified "turn around" or inverting circuit. The terms
      "turn around" or "inverting" are used to imply a reversal of the normal
      current relation between source and load. Current normally flows out of
      one (toward the connection) and into the other (away from the connection).
      In the present circuit, currents in the driver and in the driven stage
      both flow toward or both flow away from their point of connection. The
      circuit is a modified "turn around" in that while the currents between
      source and load are mutually reversed, the respective current quantities
      are non-identical, but are approximately proportional at normal current
      levels.
PAR  The demodulated positive going vertical and horizontal pulses appear,
      together with the demodulated video signal of lesser positive polarity, at
      the collectors of transistors Q10, Q12 and are applied to the base of
      transistor Q4. The emitter of Q4 is led through pad P1 (assuming an
      integrated mode of circuit fabrication) and inductor L1 to the tap on
      variable resistance R15. A by-pass capacitor C2 couples the tap on R15 to
      ground. The resistance R15 is normally a manually adjusted potentiometer
      and nonintegrable. One end terminal of R15 is led to ground through
      resistance R16 and the other end terminal of R15 is led through variable
      resistance R14 to the source of positive bias potentials. The tap on
      potentiometer R14 serves as an adjustment for the delayed AGC and couples
      a variable voltage to the adjustable threshold 19. The voltage adjustment
      of the tap on potentiometer R15 sets the transistor Q4 to cut off in the
      absence of a detected carrier. Upward adjustment of the voltage on the tap
      of R15 determines how strongly Q4 will be biased toward cut off and
      reduces the current flow into the feedback network for a given pulse
      amplitude. The output current of Q4 flows through diode D1 and paralleled
      resistance R13 and diode D3. The diode D1 is normally a diode connected
      transistor whose input junction is preferably electrically similar to the
      input junctions of transistors Q1, Q2. All three input junctions are of
      similar geometry and in the present integrated configuration, "laterally"
      formed. The diodes D1 and D3 and resistance R13 form the principal
      collector load of Q4 for driving transistors Q1 and Q2. They complete the
      "driver" part of the "turn around" configuration.
PAR  The inductor L1 in series with the emitter load of C14 makes the gain of Q4
      frequency dependent. It permits maximum gain at the horizontal pulse rate,
      while tending to reduce the gain at frequencies above 100 Kc to make the
      circuit less susceptible to influence from higher frequency portions of
      the demodulated television signal such as the chroma and the sound. The
      capacitor C2 at the tap of R5 provides a low inpedance by-pass to ground
      at the horizontal frequency.
PAR  The differential charging circuit 16, which is driven by the threshold
      amplifier 15, comprises three transistors Q1, Q2 and Q3. The circuit 16
      functions to generate the bi-directional conduction characteristic earlier
      noted as a function of input current derived from the variable threshold
      15. The transistors Q1 and Q2 are PNP transistors having their bases
      connected together and to the cathode of the diode D1. The emitters of Q1
      and Q2 are coupled to B+ through resistances R17 and R19, respectively,
      each of 2000 ohms and one-half the value of resistance R13 coupling diode
      D1 to B+. Collector bias of PNP transistors Q1 and Q2 is provided by their
      return to near ground potentials. The collector of Q1 is led through 4000
      ohm load resistance R18 to ground. The collector of transistor Q2, from
      which the output of the charging circuit 16 is derived, is coupled to pad
      P2, to which the filter capacitor C1 of the AGC filter 17 is also coupled,
      and consequently maintained at low AGC potential. The NPN transistor Q3
      has its emitter grounded; its base coupled to the collector of Q1 and to
      the ungrounded terminal of load resistance R18; and its collector is
      coupled through 1000 ohm resistance R20 to the pad P2 (the point of low
      AGC potential).
PAR  The above recited circuit provisions create collector currents in driven
      transistors Q1 and Q2 approximately proportional to the collector current
      of driver transistor Q4 and in the correct sense for current "turn
      around."  As noted, diode D1 also simulates the input junctions of
      transistors Q1 and Q2. Finally, the serial resistances connected to all
      three junction devices (R13, R17 and R19) are made larger. This reduces
      drift tending to retain current proportionality between driver and load
      independent of junction variations. Since the driver transistor Q4 is
      complementary to transistors Q1 and Q2, and since the connection sequences
      cause current to increase in all three simultaneously, these currents are
      in the proper sense for current "turn around."
PAR  The differential charging circuit is precluded from producing excessive
      output currents in the presence of large signals by limiting action in the
      driver stage and saturation in transistor Q3. The limiting action in the
      driver stage is provided by diodes D1 and D3. Diode D3 is connected in
      shunt with resistance R13 and in series with diode D1. Both diodes D1 and
      D3 are poled for easy current flow with respect to current in the
      collector of transistor Q4 and their series connection limits the
      magnitude of the voltage swing at the collector of Q4 and the input to
      transistors Q1 and Q3 to two diode drops below B+. Normally, an output in
      excess of two diode drops will occur only in the presence of a noise spike
      substantially in excess of and of the same polarity as the voltage at the
      tips of the synchronizing pulses. At voltages which are less than the
      combined diode drop of D1 and D3, the magnitude of the collector voltage
      of transistor Q4 is proportional to the input voltage supplied by the
      demodulators. The diodes thus prevent overdriving the amplifiers Q1, Q2,
      Q3 in the presence of a large transient, which would collapse the voltage
      on the AGC bus, and cause a perceptible reduction in the intensity of the
      television picture.
PAR  Saturation in transistor Q3 is produced by the connection of the collector
      of Q3 through R20 of 1000 ohms to the pad P2 of the integrating network.
      The voltage in the integrating network is small (normally no more than 3.5
      volts, and usually less), and the collector resistance forces the
      transistor into saturation at a predetermined current level. In the
      present arrangement, saturation is designed to occur at or slightly before
      clipping occurs in the diodes D1 and D3 but permits Q3 to reach
      substantially higher current levels than Q1 or Q2. The effect of both
      diode clipping and saturation is to produce an AGC characteristic whose
      steep slope in the gain decreasing regions is halted at high input levels
      such as occur with a noise transient.
PAR  The smoothed gain control voltage obtained by filtering the output current
      from the transistors Q2 and Q3 is applied from the integrating network 17
      (at pad P2) to the base of the buffer amplifier 18. The buffer amplifier,
      containing transistor Q5 in emitter follower configuration, provides
      additional load isolation for the network 17 and supplies the gain control
      voltage to IF integrating network 20 as earlier detailed.
PAR  The output current of the charging circuit is graphed in FIG. 3(a) as a
      function of input current with a simplified equivalent circuit
      representative of the circuit being provided in FIG. 3(b). At no signal
      condition, Q4 transfers a low or negligible current to Q1 and Q2. Under
      these conditions, Q3 is held non-conductive, load resistance R18 coupled
      to its base, having insufficient voltage drop to forward bias the Q3 input
      junction. Q2 may conduct slightly, but at too slow a rate to cause
      appreciable voltage integration to C1. The quiescent state for no signal
      condition is slightly above zero charging rate on C1 (as shown in FIG.
      3(a)). As the current in Q4 increases, causing corresponding increases in
      current in Q1 and Q2, Q2 commences to charge the storage capacitor C1 as
      shown by the solid, initially straight line of FIG. 3(a), marked I.sub.C1,
      I.sub.C2. As the collector current in Q1 increases, the voltage drop in
      resistance R18 begins to increase to the point where the input junction of
      Q3 is forwardly biased, and Q3 begins to conduct. The vertical line marked
      "Q3 threshold" represents this conduction threshold. Both Q1 and Q2
      currents continue to increase until they reach the threshold set by the
      series diode pair D1, D3. When Q3 conducts it produces a discharging
      current to capacitor C1, reducing the net charging current to capacitor
      C1. The effect of Q3 (alone) is shown by the curve marked I.sub.C3. It has
      a nonlinear downward slope reaching saturation and flattening at higher
      signal levels. The collector current of Q3 quickly exceeds the collector
      current of Q2. The composite conduction characteristic, marked I.sub.C
      net, thus initially increases linearly, crests nonlinearly after Q3 has
      become conductive. The region of positive slope thus reaches a maximum
      forward charging current (typically of about 400 micro amperes). The
      region of negative slope goes from the maximum charging current through
      zero, to a high discharging current (typically of about 3.0 milliamperes).
      The discharge current then tends to level off near this limiting value.
PAR  Thus, the feedback network initially increases stored charge in capacitor
      C1, increasing amplifier gain, and encouraging a higher gain condition for
      lowest level signals. As the amplifier output level increases, as it will
      at quite low signal levels, the input feedback current is driven over the
      maximum value into the negative slope region. In this negative slope
      region, the characteristic crosses from a gain increasing to a gain
      decreasing condition and tends to produce a stable operating point
      dependent upon the setting of R15.
PAR  Considered in somewhat greater detail, when the AGC loop is closed and
      operating under normal, in control condition, the bi-directional charging
      circuit 16 will operate about a zero average current with essentially
      equal and simultaneous charge and discharge currents for capacitor C1 from
      Q2 and Q3. When the input signal increases or decreases, the currents from
      Q2 and Q3 will no longer be equal, and the net current from the circuit 16
      will shift from the zero current operating point. Thus, the circuit will
      actively charge or discharge C1 as required to adjust the gain of the
      amplifier 12 and tuner 11 to maintain the signal at an essentially
      constant level.
PAR  The foregoing currents in and out of C1 only flow during the instants that
      the pulses are being demodulated in the demodulator 13. During the video
      portion of the signal there is only minor charging or discharging of C1
      since the threshold forecloses any introduction of feedback signal into
      the loop. During the sync pulses, there are major charging and dicharging
      currents available from transistors Q2 and Q3. The active bi-directional
      drive thus provides means for rapidly charging and discharging the
      capacitor C1 since the circuit does not rely upon a passive discharge rate
      in one portion of the sequence. Furthermore, since the discharging
      transistor Q3 is of high impedance during video, being cut off during this
      period, the current drain on the integrating network is small, permitting
      a relatively small value for C1 before "droop" is encountered between the
      horizontal pulses.
PAR  In addition to feedback currents to capacitor C1, there are relatively
      fixed charging and discharging currents. FIG. 3(a) shows the charging
      current (I.sub.R) in the charging resistance (390K) and the load current
      drain (I.sub.L). The load current results primarily from the base current
      into the input junction of the emitter follower Q5, which buffers the
      intermediate frequency amplifier and tuner AGC loads. The separate current
      paths to the capacitor are shown schematically in FIG. 3(b) together with
      arrows indicating the current sense in relation to the capacitor C1.
PAR  For proper operation, several current relations should exist. The charging
      current (I.sub.R) must exceed the current drain (I.sub.L) into the
      buffered load. This provides an anti-latch up feature to insure that the
      AGC voltage increases toward a value corresponding to maximum receiver
      gain when the received signal strength is inadequate to cause a
      demodulator output of sufficient amplitude to exceed the conduction
      threshold of Q4. In addition, the current gain of amplifier Q3 must exceed
      the current gain of amplifier Q2. In the present circuit embodiment this
      is arranged by earthing the emitter of Q3 while a large degenerative, gain
      reducing resistance R19 is connected in the emitter of Q2. The emitter
      resistance R19 tends to reduce the Veb thermal drift effect of Q2 and at
      the same time linearizes its input characteristic by degeneration as
      illustrated in FIG. 3(a). Conversely, the onset of conduction in Q3 is
      relatively nonlinear since it has no corresponding emitter resistance.
      Initial nonlinearity in Q3 is of course not essential, nor is it
      particularly troublesome, since the normal operating point of Q3 is well
      past the knee of the conduction curve and well into the region of
      linearity.
PAR  The large resistance R17 in series with the emitter of Q1 and the large
      resistance R13 in series with diode D1 and R19 stabilize the currents in
      their respective semiconductors against Veb thermal drift and against
      random errors in circuit parameters, but the precise current relations are
      not critical. The diode saturation and collector saturation points should
      occur at about the same place, the collector saturation preferably
      occurring first.
PAR  The resistance in the emitter path of Q4 also minimizes Veb thermal drift
      and at the same time introduces a finite amount of internal resistance to
      aid in expanding the dynamic range of AGC correction. Preferably, the
      voltage at the tap is adjusted so that approximately one-third of the
      horizontal pulse is clipped and introduced as an error signal into the
      feedback path.
PAR  The potentiometer R15, which adjusts the threshold of 15 and which affects
      the signal brightness, is normally adjusted for optimum demodulator
      operation and is not used as a brightness control.
PAR  The automatic gain control circuit herein described is designed for use in
      conventional television receivers. It will accommodate a substantial range
      of transmitter strengths and accurately follow rapid major signal
      perturbations such as those arising from airplane flutter. In practice,
      signal variations of 30 db at a 20 hertz rate may be handled without
      apparent change in video output level.
PAR  The circuit which may be regarded as "self-gating" is acceptably immune to
      the customary sources of interference without external gating. While a
      simple threshold mode of discrimination might permit the admission into
      the feedback loop of portions of the signal other than the horizontal
      synchronizing pulses, the inductance L1 connected in the emitter path of
      Q14 prevents this. Thus, the color burst and the sound, which is on a 4.5
      megacycle carrier, are both removed and do not affect the AGC
      characteristic. Noise pulses exceeding the sync tips, which might
      adversely depress the AGC control potential, are of reduced effect. This
      is true primarily because of limits in the maximum voltage swing
      established by the diode pair D1, D3 in the load of Q4 and the saturation
      of Q3. Finally, the vertical pulses, which have a greater dwell time, and
      which might tend to create short transients on the AGC bus at the upper
      lines of the picture, are of minor effect because the circuit can operate
      with a fast recovery.
PAR  Thus, the circuit will function acceptably in most circumstances without
      external gating and the foregoing measures give performance which makes
      the AGC acceptably immune to interference in respect to signals of
      viewable quality. Thus, the margin of usable improvement in noise immunity
      by using an external gating circuit is quite small. The circuit may, of
      course, be externally gated by conventional means, such as the circuit
      shown in FIG. 4. In that figure, a transistor gate is inserted in the
      emitter load of Q4 and arranged to be gated on during horizontal pulse
      intervals.
PAR  The present AGC system holds the peak carrier level constant, largely
      independent of the actual average carrier level. It is possible with this
      system to have no modulation of the carrier and to let the peak carrier
      power and the average carrier power be the same. The AGC system will in
      effect operate at the maximum d.c. level of the detector with a duty cycle
      ranging from a few percent to 100% (full carrier, no modulation). This is
      in contrast to the conventional gated AGC system in which pulse modulation
      is required. This advantage is important for testing and trouble shooting,
      since simple unmodulated signal generators can be used to produce the same
      AGC characteristic and thus eliminate the need for more expensive signal
      generator equipment supplying NTSC type video modulation.
PAR  The present arrangement, which has two thresholds arranged in series with
      gain between these thresholds, may be contrasted to an arrangement with
      paralleled thresholds. The present threshold arrangement allows the two
      voltage thresholds to be set into near coincidence. If one employs
      paralleled, reversely poled diodes, one normally requires a difference in
      setting equal to two diode drops, i.e., 1.4 volts. The present serial
      arrangement permits the difference to be a few millivolts, depending upon
      the gain intervening between the first and second threshold devices.
      Furthermore, while paralleled devices may be prebiased to bring these
      thresholds into nearer coincidence, the paralleled circuits are also
      subject to the double thermal drift of two normally opposing sources of
      drift. In the present arrangement, the second threshold is superimposed on
      the first threshold. The serial arrangement precludes mutual inversion of
      the thresholds with close settings and greatly reduces the mutual drift.
      The serial arrangement is also tolerant to component error.
PAR  The circuit has been designed for integrated circuit fabrication. The
      circuit may also be fabricated in fully integrated, partially integrated,
      or discrete form. When fully integrated, as part of a larger chip, the
      incremental pin count is two, requiring a pad for the filter capacitor and
      a pad for the threshold adjustment.
PAR  The circuit configuration and components are readily integrated. The
      circuit's effectiveness takes into account the tendency of many of the
      fabrication tolerances to track. The illustrated component values are
      exemplary but may be modified as need requires.
PAR  Furthermore, the circuit configuration may be modified for other modes of
      automatic gain control. For instance, the slope of the stable control
      region (See FIG. 3(a) ) may be inverted to reduce gain with positive
      voltage on the AGC bus and increase gain with negative voltage. This may
      be done by inverting the connections of Q1, Q2, Q3 and the diode between
      ground and B+, and substituting complementary transistors, the diode
      junction also being inverted.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. An AGC system comprising:
PA1  a. a demodulator of modulated signals containing spaced repetitive pulses
      representing a maximum carrier level,
PA1  b. a first amplifier for said modulated signals whose output is coupled to
      said demodulator and whose gain is subject to electrical control, and
PA1  c. a feedback network not requiring gating to produce a control voltage
      from said pulses suitable for automatic gain control of said first
      amplifier, said feedback network comprising:
PA2  1. a second amplifier coupled to the output of said demodulator having a
      threshold set at less than the maximum carrier level to produce output
      pulses consisting of portions of said repetitive pulses in excess of said
      threshold,
PA2  2. a third amplifier coupled to the output of said second amplifier for
      non-linearly amplifying said thresholded pulses as a function of their
      magnitude, said third amplifier having an output characteristic having an
      initial slope of one sign and reproducing said thresholded pulses in the
      output in a first current direction; followed by a change in slope in said
      output characteristic to one of opposite sign, continuing until the pulses
      in the output have a second, reversed current direction, said second
      sloping region providing a gain stabilizing action when said feedback loop
      is closed, said third amplifier having negligible output current in the
      absence of input current,
PA2  3. an integrating network comprising a storage capacitor shunting the
      output of said third amplifier for providing a smoothed gain control
      voltage from said non-linearly amplified thresholded pulses, and
PA2  4. means to couple said integrating network to said first amplifier to
      increase or decrease the gain thereof about a quiescent point as said
      third, non-linear amplifier supplies current to or withdraws current from
      said integrating network as a function of signal strength.
NUM  2.
PAR  2. An AGC system as set forth in claim 1 wherein the output pulses coupled
      to said integrating network in response to thresholded input pulses are of
      limited maximum value in the presence of input signals of excessive
      voltage so as to provide immunity to noise or other extraneous electrical
      voltages.
NUM  3.
PAR  3. An AGC system as set forth in claim 2 wherein the third, non-linear
      amplifier of said feedback network has a restricted maximum reverse output
      current, said latter sloping region of said output characteristic having a
      substantially diminished slope as said maximum is approached.
NUM  4.
PAR  4. An AGC system for application to television signal reception as set
      forth in claim 1 wherein said feedback network is frequency selective,
      favoring formation of a control voltage from said spaced repetitive pulses
      occurring at the horizontal synchronization rate but discriminating
      against components of said television signal substantially above this
      frequency range, including the chrominance and audio subcarrier portions
      of said signal.
NUM  5.
PAR  5. An AGC system as set forth in claim 1 wherein said third, non-linear
      amplifier comprises a pair of transistor amplifiers whose collector
      currents to said integrating network are of opposing sense and are summed
      to charge, balance without net current flow, or discharge said integrating
      network as a function of said threshold input pulses.
NUM  6.
PAR  6. An AGC system as set forth in claim 5 wherein said first transistor
      amplifier provides a charging current to said integrating network
      increasing with said input signal and said second transistor amplifier
      provides a discharging current to said integrating network whose magnitude
      increases with said input signal, said discharging current commencing
      after said input current pulses exceed a predetermined second threshold,
      the gain of said second transistor amplifier exceeding the gain of said
      first transistor amplifier to reverse the current to said integrating
      network from a charging to a discharging condition as a function of input
      current.
NUM  7.
PAR  7. An AGC system as set forth in claim 6 wherein said first transistor
      amplifier comprises a first transistor of a first conductivity type, and
      said second transistor amplifier comprises a second transistor of
      complementary conductivity type, the emitters thereof being jointly
      coupled to disparate d.c. potentials and the collectors thereof being
      joined and coupled to said integrating network for providing the
      bidirectional output current.
NUM  8.
PAR  8. An AGC system as set forth in claim 7 wherein said second transistor
      amplifier is biased into cut-off, turn-on at said second threshold being
      provided by a third transistor of said first conductivity type having its
      base jointly coupled with the base of said first transistor to the output
      of said second amplifier having said first threshold circuit, said third
      transistor having its collector coupled to the base of said second
      transistor for effecting said turn-on.
NUM  9.
PAR  9. An AGC system as set forth in claim 8 wherein said third, non-linear
      amplifier has a restricted negative output current in response to input
      current increments, said restriction in output current being achieved, at
      least in part, by use of a collector load resistance connected between the
      collector of said second transistor and said integrating network and
      proportioned to cause collector saturation which substantially diminishes
      the slope of said output current as said maximum value is approached, so
      as to provide immunity to noise or other extraneous electrical voltages.
NUM  10.
PAR  10. An AGC system as set forth in claim 9 wherein said second amplifier
      having said first threshold comprises a fourth transistor of complementary
      conductivity type having its base coupled to the demodulator output, its
      emitter returned to an adjustable voltage and its collector coupled to the
      input junctions of said first and third transistors.
NUM  11.
PAR  11. An AGC system as set forth in claim 10 wherein said feedback network
      has a restricted maximum reverse output current in response to input
      current, said restriction in output current being achieved, at least in
      part, by use of a diode clamp coupled to the output of the collector of
      said fourth transistor and connected for forward conduction so that when
      the forward diode drop is exceeded, clamping occurs at the input to said
      first and third transistor amplifiers to establish maximum limits to said
      input current.
NUM  12.
PAR  12. An AGC system as set forth in claim 11 having in addition thereto a
      collector load resistance for said fourth transistor, a first forward
      biased diode connected in shunt therewith and a second forward biased
      diode connected in series with said load and shunting diode, said first
      and second diodes providing said clamping function and said second diode
      facilitating an approximately proportional current turn around at normal
      signal levels between said fourth transistor as a source and said first
      and third transistors as loads.
NUM  13.
PAR  13. An AGC system as set forth in claim 12 wherein an inductor is provided
      to the emitter path of said fourth transistor to cause frequency selective
      operation of said threshold circuit favoring the formation of input
      current from said spaced repetitive pulses occurring at the horizontal
      synchronization rate but discriminating against the formation of input
      current from components of said television signal substantially above this
      frequency range including the chrominance and audio subcarrier portions of
      said signal.
NUM  14.
PAR  14. An AGC system as set forth in claim 13 wherein three resistances are
      provided connected respectively in series with said diode and in the
      emitter paths of said second and third transistors for thermal
      stabilization thereof.
NUM  15.
PAR  15. An AGC system as set forth in claim 14 wherein the parameters of said
      feedback network are adjusted to cause said first threshold to occur in a
      normal signal condition substantially within said horizontal pulses to
      achieve a substantial linear dynamic range for said AGC system extending
      in both a gain increasing and a gain decreasing direction.
NUM  16.
PAR  16. An AGC system as set forth in claim 1 wherein said second amplifier
      having a threshold is gated on during said repetitive pulses to improve
      noise immunity.
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ABST
PAL  An asynchronous buffered interface for interconnecting a data processing
      apparatus adapted to communicate in serially coded ASCII data format and a
      terminal comprising a printer and a keyboard, both of which are adapted
      for data communication in parallel format.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  This invention relates generally to electronic data processing equipment
      and specifically to an interface for interconnecting a terminal comprising
      a printer and a keyboard with a central data processing unit.
PAR  II. Description of the Prior Art
PAR  Large scale electronic data processing equipment is generally housed in
      specially prepared buildings and operated by extensive support personnel.
      Thus, it has become common practice in the data processing industry to
      provide for the exchange of data information between a number of remotely
      located data terminals and a central data processing unit. This exchange
      of data information takes place through long transmission or communication
      lines, such as telephone lines. In order to provide compatibility
      throughout many product lines and among many manufacturers, standardized
      data codes and formates have been established. One of the most widespread
      codes is ASCII (American Standard Coding Scheme). The data is transmitted
      serially through the lines as a fixed length time sequence of electronic
      pulses.
PAR  Coded information data can be more rapidly and efficiently transmitted in a
      parallel data format. For example, rather than transmitting a fixed length
      time sequence of pulses for each data character, the character may be
      transmitted simultaneously over a plurality of conductors, each of which
      corresponds to a time segment of the fixed length time sequence of pulses
      in a serial data format. An information character coded in ASCII data
      format and transmitted serially requires, in addition to timing pulses, a
      signal length seven pulses long. The same data character may be
      transmitted in a parallel format through seven conductors simultaneously.
PAR  Many recently designed pieces of electronic data processing equipment, such
      as printers and keyboards, have been designed to handle data more
      efficiently in a parallel data format. Such pieces of electronic data
      processing equipment are generally not compatible with electronic data
      processing equipment designed to transmit and receive information data
      serially. Because of this limitation, the number of applications in which
      this recently designed equipment may be utilized is greatly restricted.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention circumvents many of the disadvantages associated with
      electronic data processing printers and keyboards designed to operate with
      coded information in a parallel data format. It does so by providing an
      electronic asynchronous buffered interface circuit between a central data
      processing unit, which communicates in serially coded ASCII, and a data
      terminal comprising a printer and a keyboard, both of which are designed
      to operate with information data in a parallel modified binary coded
      decimal (BCD) format.
PAR  The interface circuit of the invention is operable in both a local and an
      on-line mode. When operated in the local mode, the interface allows the
      keyboard to directly control the printer. In the on-line mode, the
      keyboard communicates with the central data processing unit which in turn
      controls the printer. Because the rate of transmission of data from the
      central data processing unit to the interface exceeds the mechanical
      operating speed of the printer, the interface is provided with a FIFO
      (first-in-first-out) buffer storage. This buffer storage and its
      associated control circuitry allow the printer and the central data
      processing unit to operate independently (asynchronously).
PAR  The logic circuitry of the interface is operated at standard TTL
      (transistor-transistor logic) voltage levels which allows it to be
      economically constructed from commercially available components. The
      interface of the invention can be provided with matching networks, if so
      desired, to properly couple the TTL voltage levels of the interface with
      the particular signal requirements of the printer, keyboard and telephonic
      communication lines, for example. If so desired, the interface of the
      invention can be equipped with its own power supply, or it can be adapted
      to use part or all of the power supplies for the printer or the keyboard
      or both.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The many objects and advantages of the present invention will become
      apparent to those skilled in the art when the following description of the
      best mode contemplated for practicing the invention is read in conjunction
      with the accompanying drawings wherein like reference numerals refer to
      the same or similar elements, and in which:
PAR  FIG. 1 is a block schematic diagram showing the interrelationship of the
      interface of the invention with a central data processing unit and a
      terminal comprising a printer and a keyboard; and
PAR  FIG. 2 is a schematic block diagram showing in greater detail the logic
      architecture of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a central data processing unit 10 and an interface
      12 are shown interconnected via a data transmission line 14. The interface
      12 is connected to a printer 16 and a keyboard 18 by means of data
      transmission lines 20 and 22, respectively. Electronic data information
      exchanged between the central data processing unit 10 and the interface 12
      through the transmission line 14 is in a standardized serially transmitted
      ASCII data format. With the exception of central control signals, which
      will be hereinafter described in greater detail, electronic data
      information is transferred from the keyboard 18 to the interface 12 and
      from the interface 12 to the printer 16 through the data transmission
      lines 22 and 20, respectively, in a parallel, modified BCD (binary coded
      decimal) data format.
PAR  FIG. 2 shows the architecture of the data terminal of the invention and
      indicates the flow of data and control signals between various functional
      components which are represented schematically. The data terminal
      comprises a keyboard 18, a printer 16, an interface 12 and a power supply
      24. When the power supply 24 is turned on by closing a switch 26 which
      connects a 110 volt AC source of power 28 to the power supply, the power
      supply supplies regulated DC voltages for the operation of the keyboard
      18, the interface 12 and the printer 16. The operation of the switch 26 is
      controlled by a controller 30 which, when activated, also provides a
      control signal PO in a line 32 to the printer 16, causing 110 volts AC
      line voltage to be made available to the printer motor. The controller 30
      also generates a signal IH which is carried through lines 36 and 34 to the
      printer 16 and to the keyboard 18, respectively, initializing and enabling
      their control. The controller 30 further generates a select logic signal
      SE which is supplied by the lines 38 and 40 to the keyboard 18 and the
      printer 16, respectively, setting them to a "ready" state.
PAR  The interface 12 is capable of operating in both a local and an on-line
      mode. For that purpose, it is provided, between the keyboard 18 and the
      printer 16, with a local/on-line switch and control means 42. The keyboard
      18 and the printer 16 of the example of structure illustrated at FIG. 2
      operate at signal voltage levels which are not directly compatible with
      the TTL (transistor-transistor logic) voltage levels which are used in the
      interface 12. For that reason, logic level converters, represented
      schematically at 44 and 46, are provided for matching the signal
      characteristics of the keyboard 18 and of the printer 16 with standardized
      TTL voltage levels.
PAR  With the interface operating in the local mode, the depression of a key on
      the keyboard 18 results in the generation of a signal IDATA1 corresponding
      to the depressed key in a modified BCD (binary coded decimal) data format.
      The signal IDATA1 is in a parallel data format which is indicated by a
      double lined arrow 48. The signal IDATA1 is processed through the logic
      level converter 44 where the signal level is modified to be compatible
      with standard TTL voltage levels. This signal then proceeds directly
      through the switch and control means 42 and is reconverted by the logic
      level converter 46 into a signal which is compatible with the printer 16.
      This signal, denoted by ODATA1, is carried by a plurality of lines 50
      which interconnect the logic level converter 46 to the printer 16. After a
      delay, a signal IB1 comes up at the keyboard and is carried by a line 52
      to the logic level converter 44, through the switch and control means 42
      to the logic level converter 46 and is supplied by a line 54 as a signal
      DC1 to the printer 16. This signal DC1 informs the printer 16 that a
      signal ODATA1 is available and ready to be executed. When the printer 16
      begins to execute the signal ODATA1, a printer output busy control signal
      OB1 goes high and is carried by a line 56 to the logic level converter 46
      where it is processed to a TTL level signal. The signal OB1 comes down
      when the printer 16 has finished executing ODATA1 and is available for the
      next command. Coming down, OB1 causes the switch and control means 42 to
      generate a keyboard clear signal CL1 which is supplied through a line 58
      from the logic level converter 44 to the keyboard 18 to indicate that the
      previous keyboard data IDATA1 has been read, which in turn causes the
      keyboard 18 to bring the control signal IB1 down, allowing the recognition
      of the next key depression.
PAR  The local/on-line function mode selector is shown schematically as a switch
      60. When the switch 60 is closed, the interface 12 is operating in the
      on-line mode. The depression of a key on the keyboard 18 again results in
      IDATA1 through the lines 48 and to the logic level converter 44, where the
      signal is converted to TTL voltage levels, being fed into the
      local/on-line switch and control means 42 to be supplied by lines 62 as a
      signal IDATA2 to an output code converter 64.
PAR  The signal IDATA2 is a seven-bit modified BCD character which is the same
      as IDATA1 except that it is at TTL voltage levels. To provide for
      compatibility with the central data processing unit 10, the modified BCD
      character IDATA2 is converted into a seven-bit ASCII character TDATA1 in
      the output code converter 64 which consists of a read only memory (ROM)
      well known in the art and which provides a preprogrammed one-to-one
      correspondence between seven-bit modified BCD characters and seven-bit
      ASCII characters. The signal TDATA1 is supplied by a plurality of lines 66
      from the output code converter 64 to a transmit data source selector 68,
      the operation of which will be described in greater detail hereinafter.
      The signal TDATA2 is the same as the signal TDATA1 and is carried by the
      lines 70 to a serial asynchronous transmitter 72. When the system is
      operating in the on-line mode, the signal IB1, generated by the keyboard
      18 shortly after a key is depressed, appears as a signal IB2 in a line 74
      and enables the serial asynchronous transmitter 72 to transfer the signal
      TDATA2 to an interim buffer, included in the transmitter 72, for later
      serial transmission. The rate at which the seven-bit ASCII character
      TDATA2 is transmitted in serial data format as a fixed length time
      sequence of pulses for each data character is controlled by a transmission
      speed control schematically shown at 76 which provides timing or clock
      pulses through a line 78 to the serial asynchronous transmitter 72.
PAR  The output signal TD2 from the serial asynchronous transmitter 72, which is
      also at TTL voltage level, being transmitted over standard telephone
      communication lines, must be further processed to be compatible with the
      signal requirements of the transmission line. For that purpose, the signal
      TD2 from the serial asynchronous transmitter 72 is supplied via a line 80
      to a line driver 82. The signal TD1 at the output of the line driver 82 is
      fed into a telephone communication line 84 which connects with the central
      data processing unit 10.
PAR  After a character has been accepted by the buffer portion of the serial
      asynchronous transmitter 72, a signal CL2 generated by the control
      circuitry of the serial asynchronous transmitter is supplied via a line 86
      to the local/on-line switch and control 42, which results in the keyboard
      clear signal CL1 in the line 58 being supplied to the keyboard 18. As
      previously explained, the keyboard clear signal CL1 brings down the signal
      IB1 in the line 52 which allows the recognition of the next key
      depression.
PAR  The central data processing unit 10 is programmed to echo the signal TD1
      back to the interface 12 for execution by the printer 16. The echoed
      signal, denoted RD1, is fed from the central data processing unit via a
      telephonic communication line 86. The line receiver 88 converts the signal
      RD1, which is at a signal level compatible with the requirements for
      transmission through the telephone line, to a signal RD2 which is at
      standardized TTL voltage levels. This signal RD2 is an ASCII data
      character in serial format which is supplied via a line 90 to a serial
      asynchronous receiver 92 including a parity check. The rate at which the
      serial asynchronous receiver 92 accepts the signal RD2 is controlled by
      the transmission speed control 76 which provides timing or clock pulses to
      the serial asynchronous receiver 92 through a line 94. The receiver 92
      converts the signal RD2 to a signal RDATA2 which is an ASCII data
      character in parallel data format. The signal RDATA2 is conveyed through a
      plurality of lines 96 from the serial asynchronous receiver 92 to a FIFO
      (first-in-first-out) buffer storage 100. As the signal RD2 is being
      received and converted to the signal RDATA2 in the serial asynchronous
      receiver 92, the parity of the signal is checked to detect the presence of
      a character transmission error. In the event that such an error is
      detected, a signal PE is generated by the serial asynchronous receiver 92
      which is supplied by a line 98 to an output code generator 102.
PAR  The buffer storage 100 has, for example, a maximum capacity of 16 ASCII
      data characters. These characters are stored in the same sequence in which
      they are received and, at the appropriate time, appear as a signal RDATA1
      which is fed through a plurality of lines 104 to an input code converter
      106. Like its counterpart, the output code converter 64, the input code
      converter 106 comprises a read only memory containing a preprogrammed
      1-to-1 correspondence between a seven-bit ASCII character and a seven-bit
      modified BCD character. The seven-bit modified BCD output character signal
      ODATA2 is carried by a plurality of lines 108 from the output of the input
      code converter 106 to the local/on-line switch and control means 42. The
      signal ODATA2, after being processed by the logic level converter, emerges
      via the plurality of lines 50 as the signal ODATA1 which is compatible
      with the operation of the printer 16.
PAR  As previously mentioned, a signal OB1 in the line 56 is provided by the
      printer 16 when available for the next command. The signal OB1 into the
      local/on-line switch and control means 42 provides a signal OB2 in a line
      110 to operate a buffer storage control 112. Each time a data character
      RDATA2 is received by the buffer storage 100 a signal IM is generated by
      the buffer storage 100 and conveyed by a line 114 to the buffer storage
      control 112. Each signal IM causes a counter in the buffer storage control
      112 to count up. This same counter counts down each time a data character
      RDATA1 is processed through the printer 16 and a signal OB2 appears in
      line 110. Therefore, the buffer storage control 112 knows at all times how
      many data characters RDATA2, waiting to be printed, are stored in the
      buffer storage 100. When the counter of the buffer storage control 112
      indicates that a data character is available in the buffer storage 100 for
      processing, the buffer storage control 112 checks whether the printer 16
      is available for printing, such availability being represented by the
      presence of the signal OB2 on line 110. If both the printer 16 is
      available and there is a data character to be printed stored in the buffer
      storage 100, the buffer storage control 112 generates a signal SD which
      through a line 116 causes the buffer storage 100 to transfer the next data
      character as RDATA1 in line 104 into the input code converter 106. The
      signal emerges in line 108 as ODATA2 and in line 50 as ODATA1 for storage
      in the buffer of the printer 16. A short time later the buffer storage
      control 112 generates a signal DC2 in the line 118 into the local/on-line
      switch and control means 42. The signal DC2, processed through the logic
      level converter 46, emerges as the signal DC1 in the line 54, telling the
      printer 16 to execute the character ODATA1. The signal DC2 persists in the
      line 118 until it is brought down by the buffer storage control 112 upon
      receiving the signal OB2 indicating that the printer 16 is available for
      the next command.
PAR  Since the central data processing unit 10 may tend to send characters
      faster than the printer 16 can print, provisions are included for handling
      a buffer full situation. As the FIFO buffer storage 100 is filled by the
      central data processing unit 10, the buffer storage control 112 generates
      an almost-full signal AF which, through a line 120, is supplied to the
      output code generator 102 which in turn generates an ASCII control
      character CDATA in parallel data format. The signal CDATA is supplied by a
      plurality of lines 124 to the transmit data source selector 68, which in
      turn causes the signal CDATA to be transmitted to the central data
      processing unit 10, telling the unit to stop further transmission of data.
      As the FIFO buffer storage empties, the buffer storage control circuitry
      generates an almost-empty signal AE, which is supplied through a line 122
      to the output code generator 102. The output code generator 102, by means
      of a different CDATA signal transmitted to the central data processing
      unit 10 by the transmit data source selector 68, tells the central data
      processing unit 10 to resume the transmission of data.
PAR  Should a parity error be detected in the parity checking portion of the
      serial asynchronous receiver 92, as previously mentioned, a signal PE
      appears in the line 98 and through the output code generator 102 and the
      data source selector 68 is transmitted to the central data processing unit
      10 indicating that a parity error has occurred and that further
      transmission of data characters is to be terminated.
PAR  It will be appreciated that the present invention is particularly well
      adapted to provide an interface between a keyboard, such as the Model-11
      Litton keyboard, and a printer, such as the Model-30 Litton printer, for
      local mode operation, whereby the printer is directly actuated from the
      keyboard, and for on-line mode operation, whereby a remotely located
      central data processing unit receives its instructions from the keyboard,
      such instructions being echoed back from the data processing unit to the
      printer for display and check of the correctness of the instructions, and
      for displaying by way of the printer the resulting data provided by the
      central data processing unit. The individual elements forming the
      interface system of the invention are available on the market, as will be
      readily apparent to those skilled in the art, and the serial asynchronous
      transmitter and the serial asynchronous receiver and parity check may
      consist of separate elements, as illustrated, or they may consist of a
      single unit such as the Model AY-5-1012 Universal Asynchronous
      Receiver-Transmitter.
PAR  While it will be apparent to those skilled in the art that the preferred
      embodiment of the invention disclosed is well designed to fulfill the
      objects above stated, it will be appreciated that the present invention is
      susceptible to modification, variation and change without departing from
      the proper scope or fair meaning of the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An interface for interconnecting a terminal comprising a keyboard and a
      printer to a data processing apparatus, said keyboard and printer being
      adapted for data communication in parallel code and said data processing
      apparatus being adapted for data communication in serial code, said
      interface comprising control means for placing said keyboard and printer
      in direct communication with each other in a first mode of operation and
      in communication with said data processing apparatus in a second mode of
      operation, serial asynchronous transmitter means for converting said data
      from parallel to serial code and for supplying said serial coded data to
      said data processing apparatus through a first transmission line, transmit
      data source selector means for supplying command data to said data
      processing apparatus, serial asynchronous receiver means for converting
      data received from said data processing apparatus through a second
      transmission line from serial to parallel code, buffer storage means for
      storing said received data and for supplying said stored data to said
      printer, storage control means for controlling said buffer storage to
      supply said stored data to said printer only when said printer is in a
      ready state and up-down counter means for controlling said transmit data
      source selector means for commanding said data processing apparatus
      through said first transmission line to stop transmission when said buffer
      storage means is nearly full and to resume transmission when said buffer
      storage means is nearly empty.
NUM  2.
PAR  2. The interface of claim 1 further comprising parity check means dependent
      from said asynchronous receiver means, said parity check means being
      adapted to provide a parity error signal upon occurrence of a parity error
      in said received data, and means for controlling said transmit data source
      selector means for sending through said first line a command signal
      controlling said data processing apparatus to stop transmission upon
      occurrence of said parity error signal.
NUM  3.
PAR  3. The interface of claim 2 wherein said data processing apparatus echoes
      through said second transmission line the data supplied through said first
      transmission line.
NUM  4.
PAR  4. The interface of claim 1 further comprising clock means for timing of
      said serial asynchronous transmitter for supplying said serial coded data
      to said data processing apparatus at a predetermined rate.
NUM  5.
PAR  5. The interface of claim 1 further comprising line driver means between
      said asynchronous transmitter and said first transmission line and line
      receiver means between said second transmission line and said asynchronous
      receiver.
NUM  6.
PAR  6. The interface of claim 1 further comprising first parallel code to
      parallel code converter means between said control means and said serial
      asynchronous transmitter means for converting data from a first parallel
      code format to a second parallel code format, a second parallel code to
      parallel code converter means between said serial asynchronous receiver
      and said control means for converting data for said second parallel code
      format to said first parallel code format, said keyboard and printer being
      compatible with said first parallel code format and said transmitter and
      receiver being compatible with said second parallel code format.
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PAL  In order to provide for a digital data transmitting system of increased
      security, means are provided to dynamically alter the synchronous compare
      character between message transmissions. Included in the data
      communication system are: a character general for programmatically
      generating a synchronous compare character; a character storage register
      for storing the character so generated; and circuitry for moving the
      synchronous character from the storage register to the data transmission
      circuitry. By dynamically altering the synchronous character between
      message transmissions, it is possible to substantially enhance the
      security of the data transmission system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention relates to synchronous digital data
      communications.
PAR  In a synchronous data transmission system it is required that a clock
      signal be transmitted with the data in order to mark the location of the
      data bits for the receiver. The receiver will examine the string of data
      bits being transmitted and when the synchronous compare character is
      recognized, the receiving station will lock onto the transmitting station.
      At present this synchronization character is standard throughout industry,
      i. e. a hexadecimal 1,6 in ASCII code or 3,2 EBCDIC. This character is
      fixed or wired into the receiving and transmitting portions of the data
      communication apparatus thereby making it possible for any transmitter to
      communicate with any receiver.
PAR  However, by making this synchronous character dynamically alterable between
      message transmissions, the security of a data communication systems may be
      greatly increased. Since without this character it will be impossible, for
      example, for an unauthorized terminal to gain access to a remote
      computer's data base and extract confidential data. Therefore, by
      providing dynamically alterable synchronous compare characters, the
      overall security of a data communications systems may be significantly
      enhanced.
PAC  SUMMARY OF THE INVENTION
PAR  First the invention requires that means be provided for generating or
      changing the synchronous compare character. This generation of a character
      is accomplished on programmable terminals and computers having data
      communications capability, programmatically. In other words, the user
      generates the desired character by programming the terminal in machine,
      assembly or a higher level language. This is essential because, in order
      to have the maximum security, the user must have the power to change the
      synchronous compare character at will.
PAR  In addition to providing a means for generating these characters, it is
      also necessary to have a predefined storage area for the character so
      generated. As mentioned before, in the prior art machines the synchronous
      compare character is effectively wired into the system so there is no
      requirement for a storage area for the character having a read/write
      capability. However, in order to have a dynamically alterable
      synchronization compare character capability it is necessary to provide
      either an area of memory for storing the character or a register in which
      it can be stored.
PAR  Along with the storage area for the synchronous compare character, it is
      also necessary to have a means of loading the character into the
      transmitter portion of the data communications device. This loading
      circuitry responds to a data communications program or handler so that the
      synchronous compare character is transmitted just prior to the actual
      message. After the message has been transmitted, it is then possible to
      generate a new synchronous character, load that character into the storage
      area and then transfer the character to the transmitter portion directly
      ahead of the next message to be transmitted. Of course, it is not
      necessary to change the synchronous compare character between each message
      transmitted. This depends basically on the degree of security that is
      required in the system.
PAR  The receiving station must be aware of what the synchronous compare
      character is which can be accomplished in a number of ways. First, it is
      possible to predefine which synchronous compare characters will be used at
      certain specified times. Also, it is possible to use the same algorithm or
      mathematical formula in the transmitting station and the receiving station
      to generate the synchronous compare characters. Another method that may be
      used is to have the new synchronous character be included in the data
      message being transmitted. In any event it is necessary to have some means
      for providing the receiving station with the synchronous compare
      character.
PAR  Therefore, the receiving station will have either the means for generating
      the synchronous character or means for loading the synchronous character
      into a predefined storage area for comparison with the data bits being
      received over the transmission lines. The receive logic of the receiving
      station will compare the data bit stream being received from the
      transmitter to the synchronous compare character in order to determine
      when the synchronous character has been received. After the character has
      been recognized in the bit stream, the receiver will "lock on" and treat
      each group of eight bits as a data word.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrating a data communications system;
PAR  FIG. 2 is a chart illustrating a clock signal and a data signal;
PAR  FIG. 3 is a block diagram of the data communication processor of a terminal
      computer,;
PAR  FIG. 4 is a logic flow chart illustrating a method of dynamically altering
      a synchronous compare character; and
PAR  FIG. 5 is a detailed diagram of the Z, Y, X and W registers of the data
      communications processor of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As an aid in describing the preferred embodiment of the invention, FIG. 1
      illustrates a typical data communications system. The terminal computer 10
      is attached to a first data set 12. This data set 12 is in turn connected
      by means of the transmission lines 14, such as telephone lines or
      microwave links, to the second data set 16. The second data set 16 serves
      to collect and transmit data signals to the central computer 18. Many data
      communication systems are much more complex then the one shown in FIG. 1.
      For example, a plurality of terminal computers can be connected to a
      central computer or a system can consist of a group of terminal computers
      communicating only with each other. Similarly, a data communication
      systems can consist of a number of central computers communication with
      one another or a plurality of several computers communicating with one or
      more terminal computers. However, the preferred embodiment of the
      invention will be discussed within the context of the data communication
      system shown in FIG. 1.
PAR  In FIG. 2 is illustrated a typical bit stream that would appear in a
      synchronous environment. Since there are no start or stop bits delimiting
      the message, as in an asynchronous transmission, it is necessary to
      provide a synchronizing character to signal the receiver that the
      following bits represent a data character. The synchronizing character
      also serves to indicate which is the first bit of the first data character
      and the clock signal serves to define the limits of the following bits.
      The example of the synchronous character shown in FIG. 2 is the standard
      ASCII synchronous compare character which can be represented by a
      hexadecimal 1 and a hexadecimal 6.
PAR  The terminal computer 10 of FIG. 1 is comprised of two basic elements. The
      first element of the terminal computer is the main processor 20 with its
      associated random access memory 22 and the second element of the terminal
      computer is the data communications processor 24. It is the function of
      the data communications processor 24 to perform all the operations
      necessary for the terminal computer to communicate with other devices in a
      data communication environment. The preferred embodiment of the terminal
      computer is represented by the Burroughs TC-3500 which is described in
      detail in the Burroughs publication L-8000 Mini-Computer Technical Manual
      Form No. 1060498.
PAR  A detailed block diagram of that portion of the data communications
      processor 24, as it relates to the invention, is set forth in FIG. 3. The
      data communication control unit 26 of the data communication processor 24
      is essentially a self contained microprogrammed computer including logic
      circuits and an arithmetic unit wherein the microprograms are stored in
      the random access memory (RAM) 28. In the preferred embodiment of the
      invention, the data communication control unit 26 does not have a random
      access memory for storing data but uses the random access memory 22 under
      control of the main processor 20 of FIG. 1 for this purpose. Ths user
      programs utilizing the data communication network are executed by the main
      processor 20 of the terminal computer 10 and when its necessary to either
      transmit or receive a message the main processor 20 will cause the data
      communication processor 24 to perform the appropriate data communications
      functions. By providing a separate data communications processor 24 within
      the terminal computer 10 it is possible to perform data communication
      operations concurrently with the main processor's 20 execution of the
      user's program thereby increasing the overall efficiency of the system.
PAR  When, in the preferred embodiment of the invention, it is desired to
      transmit a message the main processor 20 will cause the data communication
      control unit 26 to generate the desired synchronous compare character,
      utilizing the micrologic stored in the RAM memory 28. One means of
      generating the synchronous control charcter is to use the COBOL statement
      "SET D-C SYNC-CHAR TO at H H at" in the user's program. The H's in this
      statement are variables that represent hexadecimal numbers.
PAR  The synchronous compare character so generated is stored in the Q register
      30. The data communications control unit 26 then causes the contents of
      the Q register 30 to be loaded into the holding register 32. From the
      holding register 32 the synchronous word is transferred to the
      transmission shift register 34 where, under control of the transmission
      logic 36, it is converted into a serial bit stream. This bit stream passes
      through output logic 38 to the data set 12 of FIG. 1. After one or more
      synchronous compare words have been transmitted to the data set, the data
      communication control unit 26 will transmit the first data word of the
      message to be transmitted from the main processor 20 of FIG. 1 through
      data bus 44 to the holding register 32. In the same manner as the
      synchronous compare word, the data word will be converted to bit serial
      form in the register 34. The data word, in bit serial form, is transmitted
      over the line 42 to the data set 12 of FIG. 1. In this manner each word of
      the message will be transmitted to the data set 12.
PAR  The general nature of this process is illustrated in the flow chart
      presented in FIG. 4. The first step 46 in transmitting a message is to
      define the first synchronous character and place it in the Q register 30
      of FIG. 3. The first synchronous character is then transmitted 48 by means
      of the circuitry shown in FIG. 3 directly followed 50 by the actual data
      or message. The terminal computer 10 then waits 52 for a message received
      character and if the response is negative, the data communication program
      branches to the error routine 54. When another message is to be
      transmitted, the user's program contained with the main processor 20 will
      determine if a new synchronous character is required 56. If the new
      character is required, it will be generated 58 and placed in the Q
      register 30. The new synchronous character is then transmitted 60 followed
      directly by the data to be transmitted 62. If a new synchronous character
      is not required, then the synchronous character that is already resident
      in the Q register 20 will be transmitted as shown in step 60 of the flow
      chart followed directly by the message. Thereafter, the general procedure
      contained in the logic boxes 52 through 62 will be performed until there
      are no more messages to be transmitted.
PAR  The data communication processor 24 as illustrated in FIG. 3 is also
      effective for receiving synchronous messages wherein the synchronous
      compare character is variable. The bit stream representing the message
      being transmitted is received in the input logic 64 from the data set 12
      over line 66. This bit stream is then transmitted by means of line 68 to
      the receive shift register 70. Then the receive logic will compare the
      received character to the Q register 30. If the two characters are equal,
      the contents of the shift register is transferred in parallel to the
      holding register 72. The contents of the holding register 72 forms one of
      the inputs to the control unit 26. The contents of the Q register 30,
      which contains the synchronous compare character, is also used as input to
      the receive logic 74. The receive logic compares the input from the input
      logic 64 to the synchronous compare character in the Q register 30. If the
      character is recognized, the data communication control unit will then
      cause the receive logic to transmit the following bits in word form
      through the data communication control unit 26 to the main processor 20.
      In some applications it is considered desirable to identify more than one
      synchronous compare character before accepting the bit stream as valid
      data in order to increase the reliability of the system. This approach may
      be microprogrammed into the data communication processor 24. Therefore, by
      changing the contents of the Q register 30 to correspond with the
      anticipated synchronous control character from the transmitting device, it
      is possible to provide for significantly increased data communication
      security since an unauthorized device will not be able to communicate with
      the terminal 10.
PAR  In the preferred embodiment of the invention the data communication control
      unit 26 does not have a random access memory of its own but utilizes the
      random access memory 22 of the main processors. However, in order to
      facilitate efficient data communication the preferred embodiment has
      associated with it four registers as shown in FIG. 3: the Z register 76,
      the Y register 78, the X register 80 and the W register 82. Each of these
      registers contains an eight bit word indicating the relative status of the
      data communication processor 24. The contents of these registers are
      illustrated in FIG. 5 of the drawings. The contents of these registers are
      set and read by means of the microprograms stored in the RAM memory 28 of
      the data communication control unit 26. In describing the contents of
      these registers only those flags that are relevant to synchronous
      transmission or receiving will be discussed.
PAR  Starting with the Z register Z5-Z8 are used to control the channel
      indicator lamps in the terminal computer 10. Z3 enables the internal
      transmitter and receiver clock and Z2 is a control rate flag. In the Y
      register, bit Y6 indicates that a space should be transmitted; bit Y4
      indicates when the data terminal is ready; Y3 is used to govern the time
      count rate; and bit Y2 indicates the status of the transmitted buffers. In
      the X register, the X8 bit, when set, causes the synchronous receiver
      logic 74 to initiate a "sliding window" search of the received bit stream
      for a synchronous compare character that matches the contents of the Q
      register 30. In the preferred embodiment of the invention the data
      communication processor 24 must receive at least one synchronous compare
      character for the data communication processor to accept data. Once one
      synchronous character has been received and recognized, the X6 bit will be
      switched on thereby indicating that the data communication processor is
      ready to receive data. The X5 bit is set by the program and indicates a
      request to send is present. The bits X4 and X3 serve to indicate the data
      rate and bit X1 is simply a carrier detect flag. In the last register, the
      W register, W8 indicates when data has been received. W7 indicates when
      the data set 12 is not ready and W6 is a clear to send signal. The bit W5
      indicates when a transmission is complete and bits W4-W1 indicate the
      status of the various input output buffers.
PAR  The invention has been described in terms of the preferred embodiment but
      it will be understood that other implementations of the invention may be
      made without departing from the scope of the invention as claimed herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for transmitting digital data in a synchronous mode, the
      improvement comprising:
PA1  character generating means for generating a plurality of different
      synchronizing characters in a preselected nonrepetitious pattern thereby
      dynamically altering said synchronizing characters;
PA1  storage means for storing at least one of said synchronizing characters;
PA1  transmitting means for transmitting digital data and at least one of said
      synchronizing characters;
PA1  means for transferring at least one of said synchronizing characters from
      said storage means to said transmitting means; and
PA1  said dynamically alterable synchronizing characters preventing unauthorized
      interception of the digital data transmitted by the transmitting means.
NUM  2.
PAR  2. A method for transmitting digital data to a receiving apparatus in a
      synchronous mode comprising the steps of:
PA1  generating a first synchronous character;
PA1  transmitting said first synchronous character to the receiving apparatus;
PA1  transmitting a first message in digital form to the receiving apparatus;
      and
PA1  generating different synchronous characters in a preselected nonrepetitious
      pattern to provide dynamically altered characters to precede future
      message transmissions thereby preventing unauthorized interception
      thereof.
NUM  3.
PAR  3. The method of claim 2 wherein a predetermined number of said synchronous
      characters are transmitted before transmitting said messages.
NUM  4.
PAR  4. The method of claim 2 including the step of transmitting a predetermined
      number of messages after said step of transmitting said first message
      before generating subsequent synchronous characters to precede future
      message transmissions.
NUM  5.
PAR  5. The method of claim 4 wherein a predetermined number of said synchronous
      characters are transmitted before transmitting said message.
NUM  6.
PAR  6. The method of claim 5 including the additional step of including in each
      of said messages transmitted sufficient information to the receiving
      apparatus to enable the receiving apparatus to generate the next
      synchronous character.
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ABST
PAL  In a telephone system supervision is provided for, between a local terminal
      typically associated with a telephone switching facility and a remote key
      telephone terminal. A data link between the terminals includes a two wire
      transmission line terminated with hybrid circuitry. The hybrids provide
      full duplex operation. Electronic circuitry, in the local and remote
      terminals, operates to provide continuous two way transmission of
      supervisory data by means of diphase signals. A coded diphase signal
      transmitted from the local terminal has a baud rate twice that of the
      conventional diphase signal transmitted back from the remote terminal.
      This allows simple receiver sync extraction circuitry in both the remote
      and local terminals. The length of transmission line permissible between
      terminals is limited by a maximum permissible one way delay of half the
      period of the maximum baud rate.
BSUM
PAR  The present invention relates to data transmission between a local terminal
      and a remote telephone terminal, and more particularly to an apparatus and
      method utilizing clock pulses supplied at the local terminal to provide
      timing for continuous two-way data transmission by means of a two wire
      transmission line.
PAR  In the telephony art there are various types of telephone systems commonly
      known as private business exchanges (PBX) which use analogue and/or
      digital techniques to facilitate the required telephone service. Telephone
      subscriber sets used in such systems are often of the so called key
      telephone type. As is well known a key telephone provides for the choice
      of use of any of a number of telephone lines connected thereto. Of course
      this optional choice of lines also requires additional supervisory
      functions, such as for example BUSY, CALLING and HOLD indications. Further
      leads in addition to the basic telephone lines were required to provide
      for some of these additional supervisory functions. Consequently, in key
      telephone systems a key telephone typically is physically connected to the
      PBX switching facility by means of a bundle of telephone lines and
      supervisory leads. The more telephone lines and supervisory features
      provided, the greater the bulk of the bundle becomes.
PAR  Typically, key telephone systems are associated with commercial and
      business establishments. In such environments the actual locations of
      individuals tends to be somewhat fluid. Hence the telecommunication
      services required by individuals is also required to move with them. For
      example, some statistics show that in North America a key telephone is
      involved with an alteration of service on an average of about once every
      one and one half years. Accordingly the bundle of leads associated with a
      key telephone set is likewise often disconnected from and reconnected with
      the PBX switching equipment. This provides an opportunity for errors to
      occur, at least in proportion to the numbers of leads involved and adds
      considerable expense to providing and maintaining the required business
      telephone services.
PAR  In some recent and more sophisticated systems of the time division
      multiplex (TDM) PBX types, a plurality of key like telephones are
      connected to a single telephone line, often a coaxial cable, with
      communication and supervision being provided on a time slot allocation
      basis. The circuitry of each individual telephone is of course far more
      complex than that of the typical key telephone, however the copper wire
      saving, ease of installation and alteration, and the additional
      flexibility of service make this system attractive. A major disadvantage
      in this system is that if the cable is cut or otherwise disconnected, all
      the telephones serviced by the cable become inoperative.
PAR  In yet another type of system, each telephone or key telephone is serviced
      by only a singular voice path telephone line, as usually in reality at one
      telephone only one coversation at a time occurs. The singular voice path
      is switched in the switching equipment to assume the identity of any one
      of a particular group of lines represented by buttons on the telephone
      set. Supervision, to provide for example the activity states of the
      telephone numbers associated with the key telephone, is provided over a
      four wire supervision link. Two of the wires are used to transmit
      supervisory information to the telephone set and the remaining two wires
      are used to receive supervisory information from the telephone set. This
      type of system provides significant copper, installation and alteration
      cost savings.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a supervisory apparatus and a method of
      supervision for key-like telephone subsets. A subset is connected to a
      common control switching exchange via four wires consisting of an analogue
      voice telephone line and a digital supervisory line. The telephone line
      proves a typical voice link between the telephone switching equipment and
      the remote key-like telephone subset. The supervisory line provides for an
      exchange of supervisory information between the telephone switching
      equipment and the remote key-like telephone subset, on a continuous basis.
      The simplicity of this interconnection provides reduction in the cost of
      copper, installation and relocation, as compared with the more typical
      business telephone systems. Also the total outage vulnerability of PBX,
      TDM loop systems is avoided.
PAR  The present invention is a method for exchanging data between local and
      remote terminals, via a two wire transmission line. The method comprises
      the steps of, transmitting, a coded diphase signal from the local
      terminal. The coded diphase signal includes first and second portions,
      respectively representing data bits of first and second states. The first
      portion contains two transitions per data bit and the second portion
      contains four transitions per data bit. The coded diphase signal is
      received in the remote terminal, and first signals, at the baud rate of
      and synchronized with the coded diphase signal, are generated. Second
      signals at half the baud rate and in phase with the first portion are also
      generated. The received coded diphase signal is decoded in synchronism
      with the first and second signals to derive the data bits. A conventional
      diphase signal, having half the baud rate of the coded diphase signal,
      synchronized with the second signal and representing other data bits, is
      transmitted. The diphase signal is received, in the local terminal,
      delayed by less than half the period of the baud rate of the coded diphase
      signal and is decoded in synchronism with a signal in phase with the first
      portion, to derive the other data bits. In general, the transmission of
      digital information requires either the separate transmission of a
      clocking signal or sufficient information within the signal itself to
      enable a clock to be recovered so that the digital information can be
      extracted at the far terminal. In the transmission of coded diphase
      signals a simple clock recovery can be achieved utilizing a
      non-triggerable monostable. In the present application this is the
      arrangement used for recovering the clock from the signal transmitted from
      the local terminal to the remote terminal. However this arrangement
      results in an asymmetrical clock which cannot be readily used for clocking
      the return signals.
PAR  By doubling the clock rate of the coded diphase signal and limiting the
      length of the transmission path, as the applicant has discovered, the
      clocking signals from the local terminal can be easily recovered and,
      after dividing by two to achieve symmetry, used to synchronize the diphase
      information being transmitted from the remote terminal. This diphase
      information can then be directly extracted at the diphase rate using the
      original clock, without the need for providing locally generated clock
      extraction and synchronization information.
PAR  The present invention is also an apparatus for exchanging data between a
      local terminal and a remote terminal, via a two wire transmission line,
      terminated with hybrid circuit means. The apparatus comprises, in the
      local terminal, means for transmitting a coded diphase signal via the
      hybrid circuit means and the transmission line, the coded diphase signal
      having first and second portions, respectively representing data bits of
      first and second states, the first portion having two transitions per data
      bit and the second portion having four transitions per data bit. In the
      remote terminal, a receiving means receives the coded diphase signal. A
      generating means generates first signals at the baud rate of and
      synchronized with the coded diphase signal and generates second  signals
      at half of the baud rate and in phase with the first portion. A decoding
      means, decodes the coded diphase signal in synchronism with the first and
      second signals to derive the data bits. A diphase signal transmitting
      means synchronized with the second signal, transmits a diphase signal, at
      half the baud rate of the coded diphase signal and representing other data
      bits via the hybrid circuit means and the transmission line. In the local
      terminal, a receiving means receives the diphase signal, delayed in
      transmission by less than half the period of the coded diphase signal. A
      decoding means is synchronized with a signal in phase with the first
      portion and derives the other binary data.
DRWD
PAR  An example embodiment of an apparatus for exchanging supervisory data
      between local and remote terminals is described in the following, with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a block schematic illustration of an apparatus incorporating the
      invention; and
PAR  FIGS. 2(A) - 2(Q) are graphical representations of wave forms, observable
      at various points in the apparatus of FIG. 1, during its operation.
DETD
PAR  In FIG. 1, a local terminal and a remote telephone terminal are connected
      together by a twisted pair data transmission line 10 and a twisted pair
      analogue voice transmission line 11. Typically the local terminal is one
      of a group of local terminals residing together in association with a
      switching facility. Alternately, the local terminal may be located remote
      from the switching facility and connected thereto by some convenient
      means, for example a time division multiplex loop and appropriate
      interface circuitry.
PAR  In the remote telephone terminal, the transmission line 11 terminates at
      voice circuitry (not shown) in a key-like telephone subset 12. The subset
      12 includes various buttons and lights (not shown) which are
      interconnected with supervisory circuitry 13.
PAR  In the local terminal, supervisory data from the switching facility is
      applied at terminal 5. Clock pulses are applied at terminal 3 and a divide
      by two flip flop 4 connected at the clock terminal 3 provides half rate
      clock pulses at its outputs Q and Q.
PAR  In the following, the circuit structure will become apparent in the
      description of the operations of the apparatus in FIG. 1 with reference to
      the wave forms in FIG. 2. Each of the circuit elements identified as a
      flip flop includes a data input D, a clock input CL and complementary
      outputs Q and Q. In operation, the output Q assumes the state of the input
      D when the input CL is subjected to a positive going edge. Also in the
      following the term "diphase signal" is taken to mean an encoded signal
      which is of an average d.c. value midway between the extreme opposite
      excursions of the signal wave form. The term "diphase binary signal" is
      taken to be a diphase signal as it would be typically derived from digital
      circuitry working between a d.c. voltage power supply and ground. The
      diphase binary signal accordingly at any instant assumes one of two
      states, that is substantially ground or substantially the d.c. power
      supply voltage.
PAR  The clock pulses applied to the clock pulse terminal 3, illustrated in FIG.
      2(A), as before mentioned are divided by the flip flop 4 and appear at the
      output Q thereof as illustrated in FIG. 2(B). The clock pulses in FIG.
      2(A) have a period of about 210 microseconds and in FIG. 2(B) have a
      period of about 420 microseconds. Supervisory binary data for example as
      illustrated in FIG. 2(C) from the switching facility is applied at an
      input of a NAND gate 20. The half rate clock pulses FIG. 2(B) are applied
      to another input of the NAND gate 20, providing at the output thereof a
      signal corresponding to FIG. 2(D) which is applied to the input D of a
      flip flop 21. The clock pulses in FIG. 2(A) are inverted by an inverting
      amplifier 22 and applied to the input CL of the flip flop 21. The
      resulting signal appears at the output Q of the flip flop 21 and is the
      signal in FIG. 2(D), however inverted and delayed by half the period of
      the clock pulse rate, i.e. 105 microseconds as illustrated in FIG. 2(E).
      This signal is applied to an input of an exclusive OR gate 23, along with
      the clock pulses applied at another input thereof. The resultant of the
      exclusive ORing operation, produces a coded diphase binary data X signal,
      as illustrated in FIG. 2(F). It will be noted from comparing FIGS. 2(C)
      and 2(F) that the coded diphase signal has a baud rate of twice the
      required to carry the binary data bit rate. Those portions of the signal
      representing the low portions of the binary data in FIG. 2(C), correspond
      to the clock pulses in FIG. 2(A) and have twice the baud rate of those
      portions which represent the high portion of the data in FIG. 2(C) and
      correspond with the half rate clock signals from the flip flop 4 (FIG.
      2(B)).
PAR  Hybrid circuit 24, in the local terminal, and 30 in the remote telephone
      terminal are well known. The coded diphase binary signal from the output
      of the exclusive OR gate 23, is connected to the input port of the hybrid
      circuit 24 and hence appears on the transmission line 10 as a diphase
      signal with no direct current component. The coded diphase signal from the
      hybrid circuit 24 is received at the transmission line port of the hybrid
      30 and directed to the output port thereof in a well known manner. The
      coded diphase signal passes through a low pass filter 31 and is squared up
      and provided with a d.c. component by a shaping circuit 32. The wave form
      of the signal at the output of the shaping circuit, resembles that
      illustrated in FIG. 2(G) and is slightly delayed with respect to the wave
      form at the output of the exclusive OR gate 23. The maximum transmission
      delay permissible is less than half the period of the clock rate. The
      coded diphase binary signal from the shaping circuit 32 is connected to
      the negative (-) and positive (+) inputs of a non-retriggerable monostable
      circuit 34 via a steering circuit 33. The timing period of the monostable
      circuit 34 is more than half the period of the clock rate but less than
      the whole of said period. The signal at the output of the monostable
      circuit 34 resembles that illustrated in FIG. 2(H). The repetition rate is
      the same as that of the clock signal (FIG. 2(A)), however as it is
      regenerated from the received diphase signal it is likewise delayed.
PAR  The regenerated signal from the output of the monostable circuit 34 is
      applied to the CL input of a flip flop 36 via an inverting amplifier 35.
      The coded diphase signal from the shaping circuit 32 is also connected to
      the input D of the flip flop 36. The flip flop 36 provides at its output Q
      a partially decoded signal, for example as illustrated in FIG. 2(K). The
      signal at this point has been partially decoded.
PAR  An OR gate 37 and a flip flop 38 provide half rate clock signals in phase
      with the lower baud rate portion of the coded diphase signal. The
      regenerated clock pulse signals from the output of the monostable circuit
      34 are connected to the input CL of the flip flop 38, where these signals
      are divided to provide half rate clock signals as illustrated in FIG.
      2(J). The output Q of the flip flop 36 is ORed with the output of the
      inverting amplifier 35 to provide a reset signal, for example as
      illustrated in FIG. 2(M). The reset signal is connected to a reset input R
      of the flip flop 38, and functions to reset the flip flop 38 in the event
      it should be out of phase with the slower baud rate portion of the coded
      diphase signal, as could occur through a power interruption.
PAR  The partially decoded signal from the flip flop 36 is applied to the input
      D of a flip flop 39, where it is completely decoded in synchronism with
      the half rate clock signals from the flip flop 38, applied at the input
      CL. This provides the binary data at the output Q of the flip flop 39
      (FIG. 2(L)), for utilization by the supervisory circuit 13.
PAR  The supervisory circuitry 13 in addition to receiving continuous
      supervisory data, also generates supervisory data for utilization by the
      associated switching facility. The generated supervisory data is applied
      in binary form to the input D of a flip flop 40 while regenerated half
      rate clock signals from the flip flop 38 (FIG. 2(J)) are applied to the
      input CL of the flip flop 40. The resulting output signal from the output
      Q of the flip flop 40, as exemplified in FIG. 2(N) is exclusively ORed
      with the regenerated half rate clock signals, by an exclusive OR gate 41,
      to provide a diphase binary data signal at the slower baud rate, as for
      example illustrated in FIG. 2(0). This diphase signal is transmitted via
      the hybrid 30, the transmission line 10, the hybrid 24 and a low pass
      filter 51 to a shaping circuit 52. The shaping circuit 52 restores a d. c.
      level to the signal and further squares the signal up to provide a signal
      for example resembling the wave formin FIG. 2(P), diphase binary data Y.
      This signal is applied to the input D of a flip flop 53, and is decoded in
      synchronism with the half rate clock signals applied to the input CL, from
      the flip flop 4 to provide the supervisory information (FIG. 2(Q)) at a
      terminal 7.
PAR  The low pass filters between the output ports of the respective hybrid
      circuits and shaping circuits provide isolation from spikes caused by the
      sharp edges of the signals applied to the input port and tend to be
      transferred across the typical telephone hybrid circuit.
PAR  In the above description it is shown that continuous two-way data
      transmission is achieved, by the apparatus, over a two-wire transmission
      line terminated at hybrid circuits. Clock signals are utilized in the
      local terminal in the generation of a first transmission signal, which is
      utilized for both data and timing information in the remote telephone
      terminal. Hence the remote telephone terminal is in delayed synchronism
      with the clock signals at the local terminal. Signals received from the
      remote terminal, are decoded using original clock information in the local
      terminal to derive the return supervision data, providing that the
      synchronization of these signals is delayed in the round trip by less than
      a full period of the original clock rate.
PAR  The requirement that the round trip delay by way of the transmission line
      is less than a certain amount places a definite limit on the length of the
      transmission line utilized in any particular system. In a system having a
      maximum baud rate of for example about 4.8 kilo bits per second, and
      utilizing typical indoor copper conductor twisted pair telephone lines,
      the maximum useful distance between the local terminal and the remote
      telephone terminal varies primarily with wire size, as illustrated in the
      following table:
TBL  American Wire Gauge                                                       
                      Useful Distance in Feet                                  
     ______________________________________                                    
     26               4,500                                                    
     24               5,300                                                    
     22               6.300                                                    
     ______________________________________                                    
PAR  It has been found that if the capacitance between the conductors is
      reduced, as for example in the case of substituting typical outdoor
      telephone lines, the useful distance is significantly increased. Of course
      if the baud rate is decreased, the maximum useful distance is also
      correspondingly increased.
PAR  The hybrid circuits, in this example, were nothing more than typical voice
      path telephone hybrid transformers. To prevent significant noise transfer
      through the hybrid transformer simple resistive capacitive filters (31 and
      51) are used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for exchanging data between local and remote terminals, via a
      two wire transmission line, the method comprising the steps of:
PA1  a. in the local terminal, transmitting a coded diphase signal having first
      and second portions, respectively representing data bits of first and
      second states, the first portions having two transitions per data bit and
      the second portion having four transitions per data bit; and
PA1  b. in the remote terminal, receiving the coded diphase signal,
PA1  c. generating, from the received coded diphase signal, first signals at the
      baud rate of the coded diphase signal and synchronized therewith and
      second signals at half of said baud rate and in phase with said first
      portions,
PA1  d. decoding the received coded diphase signal in synchronism with the first
      and second signals, to derive the data bits,
PA1  e. transmitting a diphase signal, at half the baud rate of the coded
      diphase signal, synchronized with said second signal and representing
      other data bits; and
PA1  f. in the local terminal receiving the diphase signal delayed by less than
      half the period of the baud rate of the coded diphase signal,
PA1  g. decoding the diphase signal in synchronism with a signal in phase with
      said first portions, to derive the other data bits.
NUM  2.
PAR  2. An apparatus for exchanging data between a local terminal and a remote
      telephone terminal, via a two wire transmission line terminated with
      hybrid circuit means, the apparatus comprising:
PA1  in the local terminal, means for transmitting, via said hybrid circuit
      means and said transmission line, a coded diphase signal, having first and
      second portions, respectively representing data bits of first and second
      states, the first portion having two transitions per data bit and the
      second portion having four transitions per data bit; and
PA1  in the remote terminal, means for receiving the coded diphase signal,
PA1  means, responsive to the received coded diphase signal, for generating
      first signals at the baud rate of the coded diphase signal and
      synchronized therewith, and for generating second signals at half of said
      baud rate and in phase with said first portions,
PA1  means for decoding the received coded diphase signal in synchronism with
      the first and second signals, to derive the data bits,
PA1  means for transmitting, via said hybrid circuit means and said two wire
      transmission line, a diphase signal, at half the baud rate of the coded
      diphase signal, synchronized with said second signal and representing
      other data bits; and
PA1  in the local terminal, means for receiving said diphase signal, delayed by
      less than half the baud rate of the coded diphase signal,
PA1  means, synchronized with a signal in phase with said first portion in the
      local terminal, for decoding the diphase signal to derive the other data
      bits.
NUM  3.
PAR  3. A method for exchanging data between a local terminal and a remote
      telephone terminal, the local and remote terminals each coupled via hybrid
      circuit means to a two wire transmission line, the local terminal also
      coupled to a first source of clock pulses and second source of clock
      pulses occurring at half the rate and synchronized with the first source
      of clock pulses, the method comprising the steps of:
PA1  a. in the local terminal, generating a coded diphase binary signal, in
      which the bits of the diphase binary signal representing first binary data
      bits, from the local terminal, of one of two states, correspond to the
      first clock pulses and the bits of the diphase binary signal representing
      the first binary data bits, from the local terminal, of the other of the
      two states, correspond to the second clock pulses, and applying the first
      diphase binary signal to one of the hybrid circuit means to facilitate
      transmission of a coded diphase signal over the transmission line,
PA1  b. in the remote telephone terminal, receiving the coded diphase signal
      from the other hybrid circuit means delayed by less than half the period
      of the rate of the first clock pulse signals, in transmission from the
      local terminal, and regenerating the coded diphase binary signal
      therefrom,
PA1  c. regenerating clock pulse signals from the signal regenerated in step
      (b),
PA1  d. generating half rate clock pulse signals in response to the regenerated
      clock pulse signals and in synchronism with the bits of the signal
      regenerated in step (b) which represent said other of the two states,
PA1  e. decoding the signal regenerated in step (b), in synchronism with the
      regenerated clock pulse signals and the generated half rate clock pulse
      signals to derive the first binary data bits,
PA1  f. generating a diphase binary signal representing second binary data bits,
      in synchronism with the generated half rate clock pulse signals and
      applying the diphase binary signal to the other of the hybrid circuit
      means to facilitate transmission of a diphase signal over the transmission
      line; and
PA1  g. in the local terminal, receiving the diphase signal from the one hybrid
      circuit means delayed by less than half the period of the rate of the
      first clock pulses, in transmission from the remote telephone terminal,
      and regenerating therefrom a diphase binary signal,
PA1  h. decoding the diphase binary signal in synchronism with the second clock
      pulse signals, to derive the second binary data bits.
NUM  4.
PAR  4. An apparatus, for facilitating an exchange of data between a local
      terminal and a remote telephone terminal via a two wire transmission line,
      in the local terminal the apparatus comprising:
PA1  means, responsive to first clock pulses and second clock pulses occurring
      at half the rate of the first clock pulses and synchronized therewith, for
      generating a coded diphase binary signal, in which bits of the coded
      diphase binary signal representing first binary data bits of one of two
      states, from the local terminal, correspond to the first clock pulses and
      bits of the coded diphase binary signal representing the first binary data
      bits of the other of the two states correspond to the second clock pulses;
PA1  first hybrid circuit means having an output port, an input port for the
      application of the coded diphase binary signal thereto, and a transmission
      line port connected to the transmission line, for the transmission of
      coded diphase signals and for the reception of diphase signals;
PA1  means, responsive to the second clock signals, for decoding the second
      diphase signals appearing at the output port of the first hybrid circuit
      means and delayed in transmission from the remote telephone terminal by
      less than half the period of the rate of said first clock pulses, to
      derive second binary data bits therefrom; and in the remote telephone
      terminal the apparatus comprising:
PA1  means, responsive to binary data bits in the remote telephone terminal and
      to regenerated half rate clock pulse signals, for generating a diphase
      binary signal;
PA1  second hybrid circuit means having an output port, an input port for the
      application of the diphase binary signals thereto, and a transmission line
      port, for the transmission of the diphase signals and the reception of the
      coded diphase signals;
PA1  means, responsive to the coded diphase signals, appearing at the output
      port of the second hybrid circuit means, for regenerating clock pulses;
PA1  means, responsive to the regenerated clock pulse signals and to the coded
      diphase signal, delayed in transmission by less than half the period of
      the rate of the first clock pulse signals, for regenerating the half rate
      clock pulse signals;
PA1  means, responsive to the regenerated clock pulse signals, and the
      regenerated half rate clock pulse signals, for decoding the first diphase
      signal, appearing at the output port of the second hybrid circuit means,
      to derive the first binary data bits therefrom.
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ABST
PAL  A digital phase locked loop is described which includes a first gate
      through which incoming pulses are passed to subsequent data processing
      circuits, a second gate through which reference pulses having a
      predetermined pulse repetition rate equal to the repetition rate of the
      wanted incoming pulses are fed to a reset input of a counter such that
      each reference pulse resets the counter to zero, and a clock generator for
      feeding clock pulses to the counter. The counter is thereby repeatedly
      stepped through a predetermined cycle, the nominal period of the counter
      cycle being equal to the nominal period of the reference pulses, and means
      responsive to the number stored in the counter reaching a first
      predetermined value then latches both the first and second gates open for
      a predetermined relatively short period in each counter cycle during which
      the counter passes through its zero state.
BSUM
PAR  This invention relates to a digital communication system. A requirement in
      many receivers used in digital communication systems is that only wanted
      pulses should be allowed through for further processing. It is not always
      easy to distinguish between wanted and unwanted pulses.
PAR  One solution to this problem when the wanted pulses occur at fixed
      intervals is to periodically open a gate at the end of each fixed
      interval, but difficulties immediately arise if there are variations in
      either the nominal repetition rate of the pulses (because the gate will be
      closed if the pulses arrive either late or early), or in the frequency
      with which the gate is opened (because the gate may be closed even if the
      pulses arrive on time).
PAR  In accordance with the present invention a receiver for use in a digital
      communication system in which wanted incoming pulses occur at fixed
      intervals, includes a first gate through which the incoming pulses are
      passed to subsequent data processing circuits, a second gate through which
      reference pulses having a predetermined pulse repetition rate equal to the
      repetition rate of the wanted incoming pulses are fed to a reset input of
      a counter such that each reference pulse resets the counter to zero, a
      clock generator for continuously feeding clock pulses to the counter such
      that the counter is repeatedly clocked through a predetermined cycle, the
      nominal period of the counter cycle being equal to the nominal period of
      the reference pulses, and means responsive to the number stored in the
      counter reaching a first predetermined value for latching both the first
      and second gates open for a predetermined relatively short period in each
      counter cycle during which the counter passes through zero.
PAR  In this manner variations in either the arrival time of the wanted pulses,
      the frequency of the clock generator, or in the frequency of the reference
      pulses are accommodated without the possibility of blocking wanted pulses.
PAR  In a preferred embodiment of the invention the two gates are unlatched
      (closed) in response to the counter reaching a second predetermined value,
      the two values being respectively arranged toward the end of the counter
      cycle and at the start of a new cycle such that they lie on each side of
      the zero state.
PAR  In certain systems the wanted incoming pulses may be used as the reference
      pulses. Since the second gate is only open for a short period centred
      about the expected arrival time of these pulses, it is unlikely that the
      counter will be reset by pulses other than the wanted pulses. At the same
      time only the wanted pulses will be gated through for subsequent
      processing.
DRWD
PAR  In order that the invention may be more clearly understood, one example
      will now be described with reference to the accompanying drawing in which
      the sole FIGURE is a block circuit diagram of a digital phase lock loop
      for use in a receiver in a digital communication system.
DETD
PAR  In this FIGURE the incoming signals to be gated are passed to signal
      processing circuits through logic gates G1 to G3. The gates G1 to G3 are
      only enabled to pass these signals when the bistable circuit B1 is latched
      in a first predetermined state.
PAR  Incoming reference pulses which, as shown by the dotted line may also
      comprise one of the signals being gated and processed, are fed to the
      reset input of a binary counter C1 through a pulse shaping circuit P1 and
      a logic gate G10. The binary counter C1 has 10 binary stages, and each
      time a pulse is fed to the counter from a crystal oscillator X1 the number
      in the counter increases by one until it reaches its maximum value of
      2.sup.10 -  1 = 1023. The next pulse then returns the counter to its zero
      state. The counter is repeatedly stepped through this cycle in a time of
      1024/f.sub.o where f.sub.o is the frequency of the oscillator X1. The
      oscillator frequency is chosen so that this time is equal to the time
      between the reference pulses fed to the reset input of the counter through
      gate G10.
PAR  When the first reset pulse is received the counter may be in any one of its
      1024 states but the reset pulse pulls the counter into phase with the
      reference pulses and therefore into phase with the pulses being gated and
      processed. Since the reference pulses may not be exactly at the same
      frequency as the crystal oscillator due to drift and/or tolerance on the
      crystals, the gate G10 is opened a little before the counter is full and
      then closed a little after the counter has passed through zero. This is
      achieved by a first set of equivalence gates G7 which detect when the
      number in the counter reaches 1016 (8 steps before the zero state) and a
      second set of equivalence gates G8 which detect when the number in the
      counter reaches 16 (16 steps after the zero state). The two sets of
      equivalence gate compare the binary number in the counter with the binary
      equivalents of 1016 and 16 respectively stored in the registers R1 and R2
      and produce output pulses which trigger the bistable B1 whenever
      equivalence occurs.
PAR  The bistable circuit B1 is thus triggered from its first predetermined
      state to its second predetermined state each time the count reaches 16 and
      from its second predetermined state back to its first state each time the
      count reaches 1016. Thus the bistable remains in its first state (in which
      gates G1 to G3 are enabled) only for the short period during which the
      count passes from 1016 to 16. While it is in its first state, bistable B1
      enables OR gate G20 so that the gate G10 is also enabled for this short
      period.
PAR  If one of the reference pulses fails to appear, the counter keeps cycling
      and maintains the period for which the gates G1 to G3 and G10 are open in
      the same position relative to the phase of the reference pulses as it was
      when the last reference pulse was received. This position is maintained
      until the reference pulses reappear. If, however, the reference pulses
      only reappear after a very long interval, the next pulse to be received
      may not occur during the period when the gates are latched open and the
      whole system would therefore breakdown. To overcome this problem a missing
      pulse counter C2 is included in the phase lock loop.
PAR  During normal operation the missing pulse counter C2 receives a pulse from
      the counter C1 at the end of each cycle, and each time the counter C1 is
      reset by a reference pulse the counter C2 is also reset so that the
      counter C2 counts one only. However, if the incoming reference pulses are
      lost, the count in the missing pulse counter C2 builds up and the number
      of missing pulses is therefore counted. A further set of equivalence gates
      G9 compare the count in the missing pulse counter with a predetermined
      number, and if the number of pulses in the counter exceeds this number,
      the output from the equivalence detector G9 triggers a bistable B2. Once
      the bistable B2 has been triggered the gate G20 is enabled and therefore
      the gate G10 is opened and will remain open until the bistable B2 is
      returned to its original state. This is achieved only when the next
      reference pulse eventually appears because this pulse will reset the
      counter C2 as well as the bistable B2.
PAR  It should be understood that references in this specification, and in the
      accompanying claims, to a digital communication system include a
      communication system in which the transmitted pulses represent analogue
      signals, for example by continuous modulation of the pulse amplitude.
CLMS
STM  We claim:
NUM  1.
PAR  1. A receiver for use in a digital communication system in which incoming
      data pulses occur at fixed intervals, the receiver including a data
      processing circuit, a first gate through which incoming data pulses are
      passed to said data processing circuit, a counter having a reset input and
      a clock input, a second gate through which reference pulses having a
      predetermined pulse repetition rate equal to the repetition rate of the
      incoming data pulses are fed to said reset input of said counter such that
      each reference pulse resets the counter to zero, a clock generator for
      feeding clock pulses to said clock input of said counter such that the
      counter is repeatedly stepped through a predetermined cycle, the nominal
      period of the counter cycle being equal to the nominal period of the
      reference pulses, means responsive to the count stored in the counter
      reaching a first predetermined value during any given cycle of the counter
      for latching both said first and said second gates open, and means
      responsive to the count in the counter reaching a second predetermined
      value during the next succeeding cycle for releasing the latch whereby the
      two gates remain open for a predetermined period before and after the
      expected arrival time of a data pulse.
NUM  2.
PAR  2. A receiver according to claim 1 further including means responsive to
      the count stored in the counter reaching a second predetermined value for
      closing said first and second gates at the end of the said predetermined
      period.
NUM  3.
PAR  3. A receiver according to claim 2 in which said latching means includes a
      bistable circuit, said first and second gates being enabled whenever said
      bistable circuit is in a first predetermined state, a first equivalence
      detector for triggering the bistable circuit from a second state to a
      first state whenever the count in said counter reaches said first
      predetermined value, and a second equivalence detector for triggering said
      bistable circuit from a first state to a second state whenever the count
      stored in said counter reaches said second predetermined value.
NUM  4.
PAR  4. A receiver according to claim 1 further including a second counter
      having its clock input connected to receive an output pulse from said
      first counter at the end of each cycle of said first counter, and having a
      reset input connected to receive said reference pulses, and comparison
      means responsive to the count stored in the said second counter reaching a
      predetermined value for latching the second gate open.
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ABST
PAL  In a digital signalling network of the kind in which only data pulses are
      transmitted among the different stations, and more than one of the
      stations includes means for producing clock signals, synchronization of
      the network is achieved by producing at each station, in response to
      received data pulses, derived clock signals at the same rates as the clock
      signals produced at each of the other stations. Each station scans all
      available clock signals, its own and all those derived from the incoming
      data signals, compares the scanned signals one by one with its own
      operating rate, and adjusts the rate to conform to the slowest signal. The
      signals of concern are time-spaced electrical pulses, and rate comparison
      is accomplished by counting.
PARN
PAC  BRIEF DESCRIPTION
PAR  This application is a continuation-in-part of my co-pending application
      Ser. No. 97, filed Jan. 2, 1970, and abandoned, and bearing the same title
      as this application.
BSUM
PAR  This invention relates to synchronization of digital signalling networks,
      and more especially, but not exclusively, to synchronization of pulse-code
      modulated signalling systems of the kind used in the telephone industry.
PAR  Synchronization between two offices in a pulse code modulated signalling
      link may be very simply accomplished by designating one of the offices a
      slave and having it synchronize its operations in accordance with signals
      received from the other office called the master. The situation becomes
      much more complex, however, when more offices are added to form a network,
      as occurs in extensive telephone systems. One previous proposal was to use
      a single clock located at an office designated the master, and to make all
      other offices slaves. This is feasible, except for practical problems of
      reliability. If a fault occurs, a portion of the network may lose its
      clock signal and be out of service until the fault is corrected.
PAR  Since loss of service is not to be tolerated, it is generally preferred to
      provide a clock at each office. The problem then arises of compensating
      for differences between the rates at which the different clocks run, or of
      developing clocks that run at exactly the same rates. The requirement has
      been set in the telephone industry, that pulse-code modulated signalling
      systems should be capable of running for 24 hours without loss of
      information. One solution heretofore suggested was to use expensive
      so-called nuclear clocks. Another is to use cheaper, slightly less
      accurate clocks, and to provide signal storage capacity at each office to
      accommodate the differences in clock rates. If an incoming signal is timed
      at a slower rate than the local clock, the resulting data error has simply
      been accepted as beyond remedy, and previous efforts have been aimed at
      compensating for cases where the incoming signal is timed at a faster rate
      than the local clock. This has been done by storing the incoming data
      until the local office is ready to accept it in its proper sequence.
PAR  Since data stores and the circuitry required to operate them add to the
      cost of the office equipment, efforts have been directed toward minimizing
      the amount of storage capacity needed for adequate compensation. One
      previous suggestion taught in U.S. Pat. No. 3,453,594 was to have each
      office monitor all of the signals reaching it and adjust its own clock
      toward a rate that would minimize storage utilization. The present
      invention is directed toward this problem of minimizing storage
      requirements in pulse code modulated signalling networks in which each
      office includes means for independently generating a clock signal, and in
      which clock synchronization must be derived from the transmitted data
      signals.
PAR  Briefly, the invention in its broadest aspect lies in the realization that
      if each office in the PCM network is arranged to time itself according to
      the slowest clock signal available to it, the entire network will always
      follow the slowest clock in the network and will arrive at full
      synchronization within the time required for the last office to find the
      slowest clock. This time is relatively short -- a matter of a few seconds
      or minutes in the usual case -- and calculations have shown that no
      storage capacity is required at the offices in addition to the storage
      normally used in any case in connection with encoding and channel
      assignment.
PAR  Selection of the slowest, rather than the fastest, clock enables operation
      without loss of data, and without data error except during the brief
      periods required to achieve synchronization. Data may be stored for later
      use if it enters the office faster than the office clock as the network
      adjusts itself to any change, but if the data arrives at a slower rate,
      data error occurs for which there is no way to compensate. It is,
      therefore, preferred to synchronize on the slowest clock, not the fastest.
DRWD
PAC  DETAILED DESCRIPTION:
PAR  A representative embodiment of the invention will now be described in
      conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a block diagram of a synchronization circuit according to the
      invention;
PAR  FIGS. 2A and 2B taken in juxtaposition with FIG. 2A to the left of FIG. 2B
      constitute a schematic diagram of a scanner arranged for use in a
      synchronization circuit according to the invention; and
PAR  FIGS. 3A, 3B, and 3C juxtaposed with FIG. 3A to the left and FIG. 3C to the
      right are a schematic diagram of a frequency discriminator and associated
      logic arranged for use in the synchronization circuit of the invention.
DETD
PAR  Referring first to FIG. 1, the circuit according to the embodiment of the
      invention illustrated herein includes a scanner 10, followed by a pair of
      counters 12 and 13, a phase detector 15, a phase compensator 17, and a low
      frequency selector 19.
PAR  Clock signals denoted herein as the incoming clocks are derived by any
      desired means (not shown) from data signals appearing on all of the lines
      coming into the local office. The incoming clock signals are at the same
      respective rates as the clock signals produced at the transmitters of the
      other offices in the network that are connected to the local office.
PAR  All of the clock signals available at the local office, including the
      output of its own clock, appear at separate respective input terminals of
      the scanner 10. The scanner 10 is selectively stepped to feed two clock
      signals to the counters 12 and 13. The counters 12 and 13 are arranged to
      count enough clock pulses to insure reliable selection of the lower rate.
      The number of pulses counted is preferably one or two orders of magnitude
      more than the reciprocal of the established accuracy of the clocks in the
      network.
PAR  The phase detector 15 and compensator 17 allow for differences in phase
      between the respective clock signals counted by the counters 12 and 13.
      The low frequency selector 19 is a toggle arrangement that directs the
      slower rate clock signal to a terminal designated the office clock for
      timing the operation of the local office. It also controls operation of
      the scanner 10, causing it to continue to feed the selected slower clock
      signal to one counter, and to switch from the faster, rejected signal to
      another one for the other counter at the end of each count. In this way,
      all of the clock signals appearing at the local office are compared, one
      by one, with the clock actually timing the local office, and if any clock
      signal is found to be slower, it then is selected as the office clock.
PAR  A detailed circuit diagram of an actual scanner circuit, including certain
      fail-safe features, which has provided satisfactory operation in the
      practice of the invention is shown in FIGS. 2A and 2B arranged for
      scanning three incoming clock signals and a locally generated clock
      signal. The incoming clock signals are applied at input terminals 21, 22,
      and 23, and the local clock signal generated by the oscillator 25 appears
      at the terminal 24. The clock signals are fed through arrays of gates 32
      to respective OR gates 36. The signal selected as the office clock appears
      at a separate input terminal 27, and is fed to one input of each of
      another array of gates 33, which are arranged individually paralleling the
      gates 32 immediately before the OR gates 36. The clock signals are also
      fed respectively to the inputs of supplemental gates 28, which are
      arranged in pairs and connected as integrators, with capacitors (not
      separately designated) connected between their node terminals and ground
      so that they are all held constantly in the same condition so long as the
      clock signals are present at the terminals 21-24. Thus, the supplemental
      gates 28 normally inhibit the auxiliary gates 33 and partially enable the
      gates 32 to feed the clock signals to the OR gates 36. If one of the clock
      signals fails, or is interrupted for any reason, one gate of the pair of
      supplemental gates 28 to which it is applied becomes unmarked, one or the
      other of the pair depending on the condition created at the inputs of the
      gates by the failure of the clock. Unmarking of one of the gates 28
      inhibits the following gate 32 through the gates 30 and invertors 31, and
      partially enables the corresponding auxiliary gate 33.
PAR  The clock signal selected as the office clock is applied to the auxiliary
      gates 33, and thus substitutes for any of the scanned clock signals in the
      event of failure. If the clock signal designated as the office clock
      fails, the circuit operates to synchronize on the clock signal currently
      being compared with it, and a new slowest clock is again selected to be
      designated as the office clock.
PAR  The number of clock signals shown illustratively is four. It will be
      realized, however, that it is a simple matter of repeating the circuitry
      to provide for as many network clock signals as desired.
PAR  The clock signals at the outputs of the OR gates 36 are selected by gates
      38, controlled by step counters 44 and 45, and selectively fed to
      respective output OR gates 40 and 41. The selected clock signals appear at
      terminals 42 and 43 for application to the counters 12 and 13 shown in
      FIG. 3A. One of the two clock signals is the slowest one so far found by
      the selector circuit. The other clock signal is any one selected by
      stepping of one of the step counters 44 and 45, which control the
      selecting gates 38.
PAR  The outputs of the OR gates 40 and 41 are fed through the terminals 42 and
      43 to respective binary counters 12 and 13 (FIG. 3A) which are preferably
      arranged to count to a sum about one or two magnitudes larger than the
      reciprocal of the design accuracy of the clocks of the network. In the
      case of conventional pulse code modulated signalling systems using crystal
      controlled, ovenmounted clocks, at 1.544 mega hz., 24-bit counters have
      been found to be satisfactory.
PAR  It is desired to start counting at a predetermined point in the clock
      signal cycle and to compensate for phase differences between the two clock
      signals, because the difference in rate is normally expected to amount to
      less than a full cycle over the counting period. The circuit is prepared
      to start the count by operation of the RESET and START flip-flop 50 (FIG.
      3C) which is triggered upon completion of the preceeding count. The RESET
      and START flip-flop 50 triggers the RESET flip-flop 52 through a gate 54
      in coincidence with a clock pulse appearing at the terminal 42. The RESET
      flip-flop 52 resets the counters 12 and 13, an up/down counter 58, and
      various other flip-flops in the circuit. Setting of the RESET flip-flop 52
      also sets the START flip-flop 56, partially to enable a gate 60 (FIG. 3A)
      the output of which triggers a guard flip-flop 62 during an interval
      controlled by the clock signals at the terminals 42 and 43 to allow the
      next-to-occur clock pulse to start the count. The guard flip-flop 62
      partially enables gates 64 and 65 to which the terminals 42 and 43 are
      also connected. When the next clock pulse occurs, it passes through one of
      the gates 64 and 65 and triggers a toggle flip-flop arrangement 66, which
      inhibits the other one of the gates 64 and 65, and enables gates 68 and 70
      at the inputs of the respective counters 12 and 13.
PAR  The output of the toggle flip-flop arrangement 66 is also used to trigger a
      PHASE START flip-flop 72 to start the phase oscillator 74 (FIG. 3B) and to
      bias the up/down counter 58 for counting up the output of the phase
      oscillator. The phase oscillator 74 is set to operate at at least about
      eight to ten times the frequency of the network clocks, and faster if more
      precise rate discrimination is desired. The up/down counter 58 counts
      until the occurrence of the next pulse at the other one of the input
      terminals 42 and 43, that is, the first pulse to be counted of the clock
      signal that is later in phase than the clock signal first counted. This
      pulse sets the toggle flip-flop arrangement 66 to its third condition,
      keeping the gates 68 and 70 partially enabled, but re-setting the
      PHASE-START flip-flop 72 to stop the oscillator 74. The up/down counter 58
      then stores the count indicating the phase difference between the clock
      signals being compared until completion of the first count by the counters
      12 and 13.
PAR  The outputs of the counters 12 and 13 are OR'ed through a gate 75 (FIG. 3A)
      to re-start the phase oscillator 74 and to bias the up/down counter 58 to
      count down. Selection of the office clock is made by selecting the last to
      occur of two events: reaching zero by the up/down counter 58, and
      completion of its count by the last to finish of the counters 12 and 13.
PAR  If these two events occur simultaneously, a gate 78 (FIG. 3B) is enabled to
      inhibit the selector input gates 80 and 81 and to enable an equal count
      gate 82. Inhibiting the selector input gates 80 and 81 prevents triggering
      of the selector flip-flop 84 (FIG. 3C) and keeps the local office timed by
      the same clock signal as at the start of the comparison.
PAR  If the two events are not simultaneous, the first to occur causes one of
      the selector input gates 80 and 81 to set the selector flip-flop 84 to
      enable the one of output gates 86 and 87 that also receives the slower
      clock signal.
PAR  The outputs of the selector input gates 80 and 81 and of the equal count
      gate 82 are OR'ed to trigger the START & RESET flip-flop 50 to prepare the
      circuit for the next comparison. The reset signal is also fed through one
      of a pair of ADVANCE gates 90 and 91 to its output terminal 92 or 93, in
      accordance with the condition of the selector flip-flop 84 to advance one
      of the step counters 44 and 45 (FIG. 2B) to select the next clock signal
      for comparison with the one designated the office clock. The advance
      signal is also used to set a safety flip-flop 94 to start an emergency
      timer 96 (FIG. 3C) which re-starts the entire operation if a re-set signal
      is not produced within a time slightly longer than the interval normally
      required.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of synchronizing a signalling network of the pulse code modulated
      type having a plurality of local offices more than one of which has an
      independent clock for producing clock signals to time its operation
      comprising synchronizing all the local offices in accordance with the
      slowest clock in the network.
NUM  2.
PAR  2. A pulse code modulated signalling system comprising:
PA1  a. a plurality of local offices, more than one of said offices having means
      for producing clock signals independently of all others of said local
      offices,
PA1  b. means for transmitting clock signals among said offices, and
PA1  c. means at each of said offices that has means for producing clock signals
      for selecting the slowest clock signal to appear at it and to time its
      operation in accordance with the selected slowest clock signal.
NUM  3.
PAR  3. A signalling system according to claim 2, wherein said transmitting
      means includes means for transmitting erratically spaced data pulses among
      the offices, and means at each office having clock means for deriving in
      response to data signals received from the other offices clock signals at
      the same respective rates as the clock signals that time operation of the
      other offices.
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PAL  A personal information system wherein an illuminated information source is
      viewed in a mirror located closer to the eye than the shortest focal
      length to present in focus a visual image to the eye so that it can be
      viewed unobtrusively superimposed over the existing visual scene during
      normal activities. In a further aspect, the invention provides reflected
      illuminated symbolic presentation for speech interpretation assistance.
BSUM
PAR  This invention relates to a personal in focus information display.
PAR  In prior U.S. Pat. No. 3,463,885 a system was described and claimed wherein
      speech interpretation assistance was provided by energization of small
      lights or lamps mounted directly on the surface of an eyeglass. This,
      however, presents a problem in that there is no present method of
      presenting information in focus that is lightweight and small enough to be
      worn with ordinary spectacles. The bulbs mounted on the lens in accordance
      with the above-identified U.S. Pat. No. 3,463,885 are out of focus to the
      eye.
PAR  The present invention provides for the production of an in focus
      presentation giving a clear image while being less noticeable and less
      obstructive to the wearer'a vision than prior nonfocused systems to
      individuals other than the wearer of glasses employed to support the
      display system.
PAR  The utility of such displays for speech interpretation assistance is set
      out in said U.S. Pat. No. 3,463,885. The present invention is admirably
      suited for such use since characteristics of speech such as plosive
      sounds, fricatives and voicing can be symbolically presented in a manner
      that is readily interpretable by the wearer of eyeglasses embodying the
      present invention. A further aspect of the present invention is in
      formulation of wide angle, high resolution displays.
PAR  In accordance with the present invention, a viewing system is provided
      wherein an eyeglass lens supports a generally spherical mirror surface
      positioned with respect to the eye so that an information source is
      reflected to be visible via the mirror. The information source emanates
      light from a location at about the focal plane of the mirror so an image
      of the information source appears at the desired angle in the observers
      field of view. The mirror axis approximately bisects the angle between the
      information source and the eye. Means are provided for varying the source
      in response to predetermined information signals. The mirror may be
      adhered to an eyeglass or may be ground into an eyeglass lens. The display
      elements may be symbolic or may be detailed as desired.
DRWD
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference may now be had to the following
      description taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 illustrates one embodiment of the invention wherein a display is
      provided for the wearer of a pair of eye-glasses;
PAR  FIG. 2 is a front view of the right lens portion of the glasses of FIG. 1;
PAR  FIG. 3 is a view of the face of the display unit 20 of FIG. 1;
PAR  FIG. 4 illustrates geometrical relationships involved in the system of
      FIGS. 1-3;
PAR  FIG. 5 illustrates a modification of the invention; and
PAR  FIG. 6 illustrates a further modification.
DETD
PAR  Referring now to FIG. 1, a lens bearing portion 10 of a pair of eyeglasses
      is hinged to an ear piece 12 for positioning by a wearer such that the
      wearer may view objects through lenses 18 and 19 in conventional manner.
      The embodiment of the invention here described will involve the right eye
      11 as it views the right lens 18. Hinge 14 couples the ear piece 12 to the
      frame 10 with the usual nose rest 16 bridging the frame elements mounting
      lenses 18 and 19.
PAR  In accordance with one aspect of the present invention, a display unit 20
      is secured to ear piece 12 out of the view of the wearer and is excited by
      sound detected by microphone 22 which is amplified in unit 24 and applied
      to a processor 26. In accordance with this embodiment of the invention,
      the unit 26 produces five output signals on the channels 28. The five
      output signals then are used to excite separate portions of the display on
      the face of the unit 20.
PAR  The lens 18 of the eyeglass 10, as best seen in FIG. 2, is provided with a
      plurality of small reflecting mirrors located at spaced points across the
      lens 18 such that the wearer when looking through lens 18 may also bring
      into his vision the information source reflected from one or more of the
      faces of the mirrors 30. In this embodiment, each of the mirrors 30
      presents to the wearer, as viewed by the eye 11, a reflection of the
      complete display unit 20.
PAR  The display 20 may be as illustrated in FIG. 3. The display 20 includes an
      array of light emitting diodes. The diodes may be arranged in seven
      distinct and separately actuatable bars. The bars are arranged to form a
      figure eight when all are energized. Bars 34, 36, 38, 40, 42, 44 and 46
      are separately and independently actuatable.
PAR  One of the lines 28 when energized will cause bar 34 to be illuminated.
      Another of the lines 28 will cause the bar 36 to be illuminated.
      Energization of other of the lines 28 will in a controlled and
      predetermined way illuminate the bars 38, 40, 42, 44 and 46.
PAR  Preferably for speech interpretation assistance, the unit 26 will process
      sound from microphone 22 such that frictional sound will cause bar 34 to
      be illuminated. Plosive sounds, such as forming the consonants t, p or k
      will cause the bar 38 to be illuminated. Bar 46 will be illuminated upon
      forming of voicing characteristics in speech as through the use of vowels.
PAR  Bar 44 will be illuminated in response to the combination of friction and
      voicing sounds. Bar 40 will be illuminated in response to voicing and
      plosion combined sounds.
PAR  It is of great value to provide a deaf person this unique possibility of
      seeing his voice. The method of analyzing voice sources as detected by
      microphone 22 in general is well known, one procedure being described in
      said prior U.S. Pat. No. 3,463,885. The utilization of such well known
      techniques to provide unique and meaningful in focus display to the user
      represents matter involved in the present invention. The intensity of
      light emitted by a given bar in FIG. 3 preferably will be proportional to
      the intensity of the particular component of sound detected by microphone
      22.
PAR  Where display elements are available in color, one color is used for
      voicing sounds, a second color is used for fricative sounds, and a third
      color is used for plosive sounds.
PAR  In FIG. 2 the pattern of dots or mirrors 30 is somewhat random. An ordered
      pattern in the form of a V, symmetrical to the vertical and horizontal
      axes of lens 18, may be preferable.
PAR  The mirrors may be either of two different types of structure. One type of
      mirror is illustrated in FIG. 4 wherein the mirror 30 is a mirror having a
      spherical front surface 30a.   The back surface 30b mates with or is
      secured to the back surface of lens 18. Mirror 30 may be adhesively
      secured onto the back of lens 18 and would be so ground and positioned
      such that the axis 58 of the surface 30a approximately bisects the angle
      between the line 52 leading from the information source 50 to the
      reflection point on mirror 30 and line 54 leading to the iris 56. The
      focal length of the mirror and a mirror and information source positions
      are such that the information source is in focus to eye 11. The visual
      acuity of the eye will influence the focal length and positioning and thus
      may be tailored to the individual. If a high resolution image is required,
      the mirror will have an aspheric surface with a matching aspheric surface
      at the image plane to correct for distortion. One method of making an
      information source which is aspheric is by the use of fiber optics. In
      FIG. 5, the virtual image 60 of the information source 50 is shown in the
      desired geometry. Preferably, each mirror will encompass a field of about
      7.degree. of the field of view. The use of light emitting diodes of small
      size permits switching then on and off in a manner well known and makes
      possible the production of images for symbolic displays of the type above
      described. The geometry is such that the exit pupil of the mirror is
      positioned directly in the field of view of the eye when looking directly
      at one of the mirrors. The exit pupil is generally understood to be fixed
      in terms of the pivot point of the eye 11. The exit pupils of all the
      mirrors is formed in substantially the same plane.
PAR  The wearer of the device of FIGS. 1-4 will look at a miniature opaque
      mirror to see an in focus image that is superimposed directly over a
      background including the space occupied by the mirror. Because a miniature
      mirror is used close to the eye, it is out of focus to the eye. The wearer
      has vision around it. The mirror does not obscure the visual background
      but at the same time, it can reflect an image of several degrees which
      appears superimposed upon the background. The small size of the mirror and
      closeness of the mirror to the eye provide the ability to have an image of
      apparent substantial size superimposed on an unobscured background.
PAR  Many prior systems have used concave mirrors to present virtual images. In
      general they have been much larger than the mirrors used herein. If a
      large mirror is opaque, it obscures the background. If the background and
      image are to be seen simultaneously with the large mirror, the mirror must
      be semitransparent which means the light is split between the image and
      background. If it is a 50 percent reflective mirror, both the image and
      background are reduced in brightness to the observer by 50 percent. In the
      present case, there is no reduction in brightness. Rather there is
      provided a capability of projecting an image without a significant light
      loss in comparison with conventional systems without diminishing the
      background brightness. The wearer sees a virtual image which is in focus,
      erect and magnified.
PAR  In an alternate construction, the mirrors are formed by grinding them
      separately and individually into lens 18.
PAR  FIG. 5 illustrates a multiple image display from multiple sources. Such a
      system has utility in the area of assistance to the deaf. It is also
      useful in presentation and display of information to an individual where
      the microphone of FIG. 1 is not used, but where separate sources of
      information are employed. More particularly in FIG. 5, lens 18 is provided
      with three separate mirrors 80, 82 and 84. Mirror 80 is associated with a
      display produced by a set of fiber optics 72 actuated or illuminated from
      an information source 70. The light path from the image source 72 is by
      way of path 78. Similarly, information sources 66 and 62 provide for
      illumination of fiber optic bundles 68 and 64. The image produced on optic
      bundle 68 is directed along path 76 to mirror 82 and thence to eye 11. The
      image of bundle 64 by way of path 72 is reflected from mirror 84 to eye
      11. By this means there can be provided a multiple image display from
      multiple sources. The array of mirrors may have any configuration desired
      on lens 18. The mirrors can be positioned so that the three information
      sources 64, 68 and 72 may be viewed separately, one in each of the
      mirrors. In each case, the information source would be the ends of the
      fiber bundles. The signal generators 62, 66 and 70 may be small high
      resolution cathode ray tubes or other generating means.
PAR  An aspheric information source to be viewed in the mirrors may be formed
      with the ends of fiber optic bundles 64, 68 or 72 suitably shaped. It will
      be understood that several quite distinct types of displays are
      contemplated herein. In a first type of display, multiple mirrors reflect
      information from several information sources, one mirror for each source
      such as in FIG. 5.
PAR  In a second type of display, multiple mirrors reflect a single image at
      several points over a wide angle, permitting the wearer to see the same
      image directly in front, to the left or to the right by the use of a
      mirror in each position as in FIGS. 1-4.
PAR  In a third type of display shown in FIG. 6, multiple mirrors 100, 101 and
      102 may reflect the image from a single source 20 which has a changing
      pattern that is displayed on each mirror in sequence. In this case, a
      means of switching the mirrors on in sequence is employed such as light
      polarizers 103, 104 and 105 positioned between each mirror and the eye
      cooperating with a light polarizer 106 positioned between the information
      source and the mirrors and rotated by suitable means such as motor 107.
      Polarizers 103-105 at the mirrors may each have a different orientation.
      Polarizer 106 at the source upon rotation will cause light to be passed to
      mirrors 100-102 in succession. In this manner the wearer will see an image
      in succession in small spaced mirrors. By proper sequencing of the
      information source and simultaneous rotation of a polarizer a composite
      wide field of view can be generated.
PAR  The display generator can be an array of light emitting diodes, CRT or
      other means. The generator may have a scan pattern and image content so
      that the multiple segments can be scanned in sequence to form a single
      wide field of view image. For example, a sensor such as television pickup
      or infrared pickup may scan, in darkness, over a wide angle to show an
      image to the viewer that could not be seen with the unaided eye.
PAR  A symbolic type of presentation may be provided to assist the deaf in
      interpreting speech. Imaging displays of substantially high resolution may
      be provided. In each case an image of an information source will be
      presented in focus unobtrusively superimposed over a normal field of
      vision.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a personal information system where a light variable display is
      located out of view at the side of the eye of a person, the improvement
      which comprises:
PA1  a. a generally spherical mirror subtending a solid angle of not more than
      about 7.degree. of the field of vision of said person when positioned in
      front of said eye at a distance less than the minimal focal length of said
      eye, and
PA1  b. structure for supporting said mirror at about said distance from said
      eye and for supporting said display at about the focal length of said
      mirror at a location such that the mirror axis bisects the angle between
      said light source and said eye.
NUM  2.
PAR  2. A personal information system which comprises:
PA1  a. a matrix of voltage actuated light sources,
PA1  b. at least one mirror subtending a solid angle when viewed by an eye of
      not more than about 7.degree. when supported in front of said eye at about
      the location of an eyeglass lens for reflecting said sources to said eye,
PA1  c. means for supporting said sources at the side of said eye a distance
      from said mirror at about the focal length of said mirror, and
PA1  d. means for controlling said sources to actuate in real time different
      parts of said matrix in response to different parts of said information.
NUM  3.
PAR  3. A personal information system which comprises:
PA1  a. an eyeglass having at least one mirror surface thereon which because of
      proximity is out of focus to the eye of the wearer of said eyeglass and
      which is of size to subtend a solid angle of only a few degrees in the
      field of vision of said wearer, and
PA1  b. an information source positioned to the side of said eye to be viewed
      via said mirror and located at about the focal length of said mirror to
      present to said wearer an in focus image of said source unobtrusively
      superimposed on the background scene viewed by said wearer.
NUM  4.
PAR  4. The combination set forth in claim 3 in which a plurality of said mirror
      surfaces are distributed in an array on said eyeglass and each positioned
      to reflect light from said information source to the eye of said wearer.
NUM  5.
PAR  5. The combination set forth in claim 3 in which a plurality of mirror
      surfaces are provided and a plurality of information sources are
      positioned to be viewed by said wearer each separately through one of said
      mirrors.
NUM  6.
PAR  6. The combination set forth in claim 3 wherein said information source
      includes means responsive to spoken intelligence for transforming the same
      into voicing related displays.
NUM  7.
PAR  7. The combination set forth in claim 3 wherein a plurality of mirror
      surfaces are provided on said eyeglass in a random array throughout the
      field of vision of said wearer.
NUM  8.
PAR  8. The combination set forth in claim 3 wherein said mirror surface is
      formed by a mirror element secured to said eyeglass.
NUM  9.
PAR  9. The combination set forth in claim 3 wherein said mirror surface is
      ground into the surface of said eyeglass.
NUM  10.
PAR  10. The combination set forth in claim 3 wherein said mirror surface is
      shaped to present a magnified image of said information source.
NUM  11.
PAR  11. The combination set forth in claim 3 wherein a plurality of mirror
      surfaces are provided on said eyeglass and each presents to said wearer
      the image of a portion of said information source.
NUM  12.
PAR  12. The combination set forth in claim 3 wherein a plurality of mirror
      surfaces are provided on said eyeglass and wherein means are provided for
      presenting an image of said information source successively in time on
      different ones of said mirror surfaces.
NUM  13.
PAR  13. The combination set forth in claim 3 wherein said information source is
      an array of light emitting diodes.
NUM  14.
PAR  14. The combination set forth in claim 3 wherein said information source is
      a cathode ray tube.
NUM  15.
PAR  15. The combination set forth in claim 3 wherein said information source
      comprises an array of light emitting diodes of the configuration H and
      wherein means are provided for separate actuation of the five bars of said
      H configuration.
NUM  16.
PAR  16. A personal information system which comprises:
PA1  a. an eyeglass having at least one mirror surface thereon which because of
      proximity is out of focus to the eye of the wearer of said eyeglass and
      which is of size to subtend a solid angle of only a few degrees in the
      field of vision of said wearer,
PA1  b. an information source comprising an array of light emitting diodes of
      the configuration H positioned to the side of said eye to be viewed via
      said mirror and located at about the focal length of said mirror to
      present to said wearer an in focus image of said source unobtrusively
      superimposed on the background scene viewed by said wearer,
PA1  c. a first means which illuminates a first H bar in response to voiced
      frictional sounds,
PA1  d. second means which illuminates a second H bar in response to plosive
      sounds,
PA1  e. a third means which illuminates a third H bar in response to voicing of
      vowels,
PA1  f. a fourth means which illuminates a fourth H bar in response to the
      presence of combined friction and vowel sounds, and
PA1  g. a fifth means which illuminates a fifth H bar in response to the
      presence of both vowel and plosive sounds.
NUM  17.
PAR  17. A personal information system which comprises:
PA1  a. an eyeglass having at least one mirror surface thereon which because of
      proximity is out of focus to the eye of the wearer of said eyeglass and
      which is of size to subtend a solid angle of only a few degrees in the
      field of vision of said wearer,
PA1  b. an information source comprising an array of light emitting diodes of
      the configuration H positioned to the side of said eye to be viewed via
      said mirror and located at about the focal length of said mirror to
      present to said wearer an in focus image of said source unobtrusively
      superimposed on the background scene viewed by said wearer, and
PA1  c. control means causing the upper left H bar to be illuminated in response
      to voiced frictional sounds, the upper right H bar to be illuminated in
      response to plosive sounds, the horizontal H bar to be illuminated in
      response to voicing vowels, the lower left H bar to be illuminated in
      response to the presence of combined friction and voicing sounds, and the
      lower right H bar to be illuminated in response to the presence of both
      voicing and plosion sounds.
NUM  18.
PAR  18. The method of assisting speech interpretation which comprises:
PA1  forming by reflection from a magnifying mirror subtending a solid angle of
      not more than about 7.degree. in the field of vision on an eyeglass in
      focus images of an information source located at about the focal plane of
      said mirror, which source emits light from a plurality of discrete sources
      separately illuminated in response to frictional, plosive and vowel
      voicing characteristics.
NUM  19.
PAR  19. The method of assisting speech interpretation which comprises:
PA1  a. forming by reflection from a magnifying mirror subtending a solid angle
      of not more than about 7.degree. in the field of vision on an eyeglass in
      focus images of an information source located at about the focal plane of
      said mirror in response to frictional, plosive, and vowel voicing
      characteristics.
NUM  20.
PAR  20. The method set forth in claim 19 in which frictional, plosive, and
      vowel voicing characteristics are separately signaled on said information
      source and wherein predetermined combinations thereof are separately
      signaled.
NUM  21.
PAR  21. The method of presenting information to the wearer of an eyeglass which
      comprises:
PA1  a. forming a light emitting information display in a region on the same
      side of said glasses as the wearer thereof and out of view of said wearer,
      and
PA1  b. reflecting with magnification light from said source from a mirror
      surface subtending a solid angle in the field of view of said wearer of
      not more than about 7.degree. at the distance from the eye of said wearer
      as said eyeglass after travel from said source of a distance about the
      focal length of said mirror to present an in focus image of said source to
      said wearer while permitting view of the scene beyond said mirror in
      brightness substantially undiminished by the presence of said mirror.
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ABST
PAL  An acoustic receiver, amplifier and transmitter generate an anti wave which
      is in-phase and of mirror symmetry with respect to a propagating acoustic
      wave. Coherent propagation means such as an acoustic duct of particular
      dimensions redirects and/or converts the acoustic wave and the anti wave,
      which otherwise propagate with incremental wavefronts at different
      vectors, into plane waves which are superimposed to create wave
      interference which itself propagates. For noise of high sound pressure
      level such as created by a gas turbine engine, the acoustic transmitter
      comprises a modulated gas flow speaker coupled to one or more bleed ports
      which supply gas at one or more pressures offset from ambient pressure.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application
      entitled "Acoustic Control System," Ser. No. 205,598, filed Dec. 7, 1971,
      now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to acoustical apparatus and methods for reproducing
      acoustic waves with desired patterns.
PAR  The most common methods for abating sound energy involve various passive
      techniques such as the mechanical process of blocking acoustic energy, or
      the processes of converting acoustic energy into a different form such as
      heat energy or to a different frequency. These approaches have limited
      success when the medium propagating the acoustic energy must be allowed to
      pass freely with only the acoustic energy being dissipated. Theoretically,
      more complete attenuation could be provided by an active system which
      supplied an additional amount of energy sufficient to cancel the acoustic
      energy. Attempts to provide a practical active attenuation system, by
      using the known principle of wave interference, have been uniformly
      disappointing.
PAR  Many experimentors have attempted to generate, for the purposes of wave
      interference, an anti wave which is 180.degree. out-of-phase with respect
      to an acoustic wave. While this technique will cancel the intermediate
      portion of a pure sine wave over an extremely limited zone in space, the
      theoretical and practical deficiencies of such a technique have not been
      recognized. A 180.degree. phase shift system will not cancel the first
      half cycle of an acoustic wave, nor the last half cycle of a locally
      generated anti wave. When the acoustic wave has a non-symmetrical pressure
      variation, a 180.degree. phase shift does not cancel the acoustic wave but
      in fact adds to the total objectionable sound energy.
PAR  Complete cancellation by wave interference, even for a limited zone in
      space, requires the use of an anti wave whic is in-phase and of mirror
      symmetry with respect to the acoustic wave to be cancelled. A few
      experimentors have recognized this principle, but have been unable to
      provide apparatus or methods capable of generating the proper antiwave.
      For example, it has been known to mount movable diaphragms for a
      microphone and for a loudspeaker in the same plane, and drive them
      oppositely. Such systems have not recognized the inherent time delays
      occurring in the energy conversion processes occurring in the microphone
      and the loudspeaker.
PAR  All prior attempts to provide an active cancellation system have generated
      an anti wave with one or more vectors of propagation at an angle to the
      vectors of propagation of the acoustic wave. While some cancellation may
      be produced where the two waves cross in space, both waves continue to
      propagate and at other points in space create more objectionable noise
      than existed in the original acoustic wave alone. The presence of walls
      may reflect these waves back into the limited cross-over zone, nullifying
      the effect of the original cancellation. Furthermore, the housings for the
      anti noise apparatus have themselves altered and scattered the acoustic
      wave propagation pattern, making any significant attenuation virtually
      impossible. As a result of all of these factors, prior active cancellation
      systems for acoustic energy have generally been of no practical or
      commercial use.
PAR  The suppression of sound noise created by an air breathing engine such as a
      gas turbine engine has been given extensive consideration. Separate noise
      abatement methods have evolved to solve the problems of pure jet noise,
      which may be characterized as originating external to the engine, and
      internally generated noise produced by rotating machinery such as the
      compressor, fan, and turbine. Noise abatement methods for internally
      generated noise generally concern acoustic treatment of the inlet duct,
      the fan outlet duct, and noise reduction at the compressor/fan source.
      Also utilized is the choked intake in which a stowed vane, inflatable
      diaphragm, or other flow restriction device is deployed so that air in an
      inlet reaches sonic velocity (Mach number near or greater than 1). While
      these devices produce some reduction over certain solid angles, the
      presence of movable structures in the intake is undesirable. Furthermore,
      this technique cannot be used to silence a fan outlet in which the noise
      is travelling with the air stream.
PAR  Compressor/fan noise generated by interaction of the rotor blades and
      stator vanes is in the form of spinning modes of one or more lobe patterns
      which propagate through the compressor inlet duct. The nature of
      compressor noise and many methods for suppressing such noise are based on
      the work of J. M. Tyler and T. G. Sofrin, see particularly "Axial Flow
      Compressor Noise Studies" appearing in SAE Transactions, 1962, pages
      309-332, and U.S. Pat. No. 3,194,487 granted July 13, 1965. Such noise
      abatement techniques include selecting and indexing the blade and vane
      combinations such that spinning modes of equal intensity and 180.degree.
      out-of-phase will alledgedly cancel in the duct. Even when particular
      blade/vane combinations are physically realizable in a practical
      compressor, imperfect speed control and differences in radial
      distributions of the modes result in incomplete cancellation. Altering of
      the duct cut-off frequency in order to suppress discrete noise above the
      duct cut-off frequency has also been attempted.
PAR  While prior abatement methods have in fact reduced objectionable noise, the
      amount of reduction has been disappointing, especially in view of the
      logarithmic nature of human hearing. Equally important, desired
      aerodynamic properties for the engine often must be compromised in order
      to incorporate the noise abatement techniques. It would be desirable to
      aerodynamically design a compressor, fan, and turbine irrespective of
      noise considerations, and abate any resulting noise by techniques which do
      not to any significant degree restrict air flow, alter the efficiency of
      the engine, or require moving parts in the inlet/outlet ducts.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the disadvantages of prior
      methods and apparatus as discussed above have been overcome. To cancel a
      sound wave, an inphase anti wave of the same absolute magnitude and mirror
      symmetry is locally generated. The sound wave and the anti wave are
      superimposed with substantially identical incremental wavefronts, so that
      the cancellation effect itself propagates coherently with the propagating
      acoustic wave. For this purpose, both waves may be confined within an
      acoustic tube or duct having a cross sectional area selected to suppress
      all but plane waves having a (0,0) acoustic mode. The fluid medium can
      freely flow in either direction through the duct.
PAR  When the acoustic wave to be cancelled has a high energy content, the anti
      wave is generated by a modulated gas flow speaker which operates at a
      pressure offset from the ambient pressure of the gas medium in the duct.
      The speaker may modulate a unidirectional flow stream having a pressure
      offset from ambient, or may modulate a pair of flow streams combined to
      have a pressure selectively controllable above and below ambient pressure.
PAR  To abate aerodynamic noise from a gas turbine engine or other heat engine
      which creates a pressure gradient, anti noise ducts are located in the
      inlet and outlet air flow openings for the engine. Power for the modulated
      gas flow speaker which generates the anti waves is supplied by air from a
      bleed port.
PAR  The anti noise ducts, incorporating either a modulated gas flow speaker or
      a dynamic loudspeaker, may be incorporated in a ground muffler or noise
      suppressor/silencer useful for maintenance and testing of a jet engine. An
      intake suppressor supplies air, with negligible thrust loss, to a jet
      engine intake. An outlet suppressor, which produces no back pressure on
      the engine, vents the jet exhaust to the atmosphere. These suppressors can
      be used for any muffler application in which sound energy is to be abated
      while allowing free flow of the sound carrier medium, and thus are useful
      for ground pens and hangars as well as general sound abatement
      applications not associated with aerodynamic noise.
PAR  One object of this invention is the provision of a method and apparatus for
      sound cancellation by generating an in-phase, mirror symmetry,
      interference wave and by superimposing corresponding incremental
      wavefronts of the interference wave and the propagating sound wave to be
      cancelled.
PAR  Another object of this invention is the provision in an air breathing
      engine such as a gas turbine engine of a source of electric signals
      coupled to a modulated gas flow speaker for modulating an air stream
      supplied from a bleed port of the engine to produce a mirror symmetry wave
      which cancels externally generated noise, and internally generated noise
      produced by rotating machinery, or to produce acoustic waves for other
      purposes.
PAR  Still a further object of this invention is the provision in a sound
      abatement system of an acoustic duct having dimensions which confine and
      redirect a pair of simultaneously propagating sound waves into the form of
      a pair of superimposed plane waves each of (0,0) acoustic mode.
PAR  While illustrative embodiments of the invention are shown in the drawings
      and will be described in detail herein, the invention is susceptible of
      embodiment in many different forms and it should be understood that the
      present disclosure is to be considered as an exemplification of the
      principles of the invention and is not intended to limit the invention to
      the embodiments illustrated. For example, while one embodiment is
      illustrated in conjunction with a turbofan engine having a high bypass
      ratio, the apparatus is equally adaptable for use with turbojet and
      turboshaft engines. The apparatus is also usable to reduce the noise of a
      shrouded propeller or other rotating machinery incorporating rotating
      blades and stationary vanes and struts. This includes all forms of
      compressors, turbine, pumps, and heat engines. Further objects and
      features of the invention will be apparent from the following description,
      and from the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partly block and partly schematic diagram of a novel method and
      apparatus for attenuating acoustic noise by use of wave interference;
PAR  FIGS. 2A, 2B, 2C and 2D are waveform diagrams showing acoustic pressure
      variations versus time at three locations in space, wherein FIGS. 2A and
      2C show wave-forms produced by the applicant's noise attenuation system of
      FIG. 1 and FIGS. 2B and 2D show waveforms produced by prior noise
      attenuation systems;
PAR  FIG. 3 is a cross-section of part of a turbofan engine in which each air
      opening includes a plurality of anti noise ducts each constructed in
      accordance with FIG. 1;
PAR  FIG. 4 is a plan view of two anti noise ducts associated with any of the
      air openings in the turbofan engine shown in FIG. 3;
PAR  FIG. 5 is a cross-sectional view taken along lines 5--5 of FIG. 4;
PAR  FIG. 6 is a sectional view of an ambient modulated gas flow speaker mounted
      external to the anti noise duct of FIGS. 3 and 4;
PAR  FIG. 7 is a sectional view of an offset modulated gas flow speaker mounted
      within a vane located in an anti noise duct;
PAR  FIG. 8 is a perspective view of a slotted armature or diaphragm for the
      offset modulated gas flow speaker shown in FIG. 7;
PAR  FIG. 9 is a perspective view, partly in section, of a plurality of stacked
      anti noise sources each incorporating one acoustic transmitter for a
      plurality of surrounding anti noise ducts;
PAR  FIG. 10 is a cross-sectional view taken along lines 10--10 of FIG. 9 and
      illustrating a center section of one anti noise source;
PAR  FIG. 11 is a rear looking plan view of a complete anti noise source, taken
      along lines 11--11 of FIG. 10;
PAR  FIG. 12 is a front looking plan view of a complete anti noise source, taken
      along lines 12--12 of FIG. 10;
PAR  FIG. 13 is a partly cross-sectional and partly schematic view of a modified
      anti noise source in which a single acoustic transmitter serves one anti
      noise duct;
PAR  FIG. 14 is a plan front view of a complete anti noise source, taken along
      lines 14--14 of FIG. 13;
PAR  FIG. 15 is a rear cross-sectional view of a complete anti noise source
      taken along lines 15--15 of FIG. 13; and
PAR  FIG. 16 is a perspective view of a ground muffler/silencer for a jet engine
     .
DETD
PAC  GENERAL OPERATION
PAR  FIG. 1 illustrates a method and apparatus for cancelling an acoustic wave
      having a wavefront 30 propagating through an elastic medium such as air
      and having a vector advance in the direction of the illustrated arrows. An
      acoustic receiver 33, such as a unidirectional microphone, generates an
      audio varying output signal representative of the acoustic wave. The
      signal is coupled to an anti noise source 34 which includes an audio
      amplifier 35 of predetermined gain. The amplified audio signal from
      amplifier 35 is coupled to a low pass filter 37 which passes all
      frequencies below a cut-off frequency f.sub.c. The output from low pass
      filter 37 is coupled through a delay line 39 and a single pole, single
      throw on-off control switch 40 to an acoustic transmitter 44.
PAR  Acoustic transmitter 44 may take the form of a dynamic loudspeaker when the
      sound pressure level of the acoustic wave to be cancelled is within the
      relatively low power output capabilities of a dynamic loudspeaker. When
      high sound pressure levels are to be cancelled, and for use in heat
      engines having a substantial pressure gradient, the acoustic transmitter
      44 preferably takes the form of a modulated gas flow speaker which
      modulates a primary gas flow from a pump source 46.
PAR  Acoustic receiver 33 is located along a Z axis at a position Z.sub.1
      intersecting the path of the acoustic wavefront 30. Acoustic transmitter
      44 is located in a positive direction along the Z axis at a position
      Z.sub.2 which is downstream from the receiver 33 and spaced therefrom by a
      distance D.sub.1. It should be understood that positions Z.sub.1 and
      Z.sub.2 are diagramatically illustrated, and represent a mean position on
      the moving transducer member which converts acoustical energy to
      electrical energy, or vice versa. The distance D.sub.1, the AC gain of
      amplifier 35, and the time delay produced by delay line 39 are chosen to
      generate at position Z.sub.2 an anti wave which is in-phase and of mirror
      symmetry with respect to the propagating acoustic wave. This operation may
      be understood with reference to FIG. 2 which shows four curves of pressure
      variation, relative to ambient pressure, versus time t.
PAR  As seen in FIG. 2A, an acoustic wave at position Z.sub.1 has a compression
      half-cycle 50 followed by a rarefraction half-cycle 51. The receiver 33,
      amplifier 35, intermediate portions of the anti noise system, and the
      transmitter 44 are connected so that the compression half-cycle 50
      generates at position Z.sub.2 an anti wave having a rarefraction
      half-cycle 54. Similarly, the rarefraction half-cycle 51 causes generation
      at position Z.sub.2 of a compression half-cycle 56. The gain of amplifier
      35 is selected to produce a system gain of one at a position Z.sub.3, that
      is, the generated anti wave 54,56 has a sound pressure deviation equal in
      absolute magnitude to the sound pressure deviation of the acoustic wave
      50,51 at position Z.sub.3. The leading edge of the anti wave 54 coincides
      with the leading edge of the acoustic wave 50. The anti wave is thus
      inphase and of mirror symmetry with respect to the external acoustic wave,
      and hence at some downstream position Z.sub.3, the oppositely going
      pressure variations cancel or nullify due to the interference phenomenon.
PAR  In order to generate the phase aligned anti wave, i.e., in-phase with the
      external acoustic wave, the transmission time for the external acoustic
      wave to travel in the medium the distance D.sub.1 must be equal to the
      transmission time of the anti noise system. Since there is a time delay in
      the energy conversion processes at the receiver 33 and the transmitter 44,
      transmitter 44 must be spaced downstream along the Z axis at a minimum
      distance from the receiver 33. Therefore, the velocity of propagation
      through a portion of the anti noise system must be greater than the
      velocity of propagation of sound in the medium. This is easily
      accomplished since electrical signals propagate at the velocity of light.
      However, the applicant's system is not limited to use with electrical
      conversions, and hence the acoustic transducers and amplifiers may utilize
      other energy forms following the teachings disclosed herein.
PAR  The value of time delay for the delay line 39 is thus selected depending on
      the distance D.sub.1 between the receiver 33 and the transmitter 44, and
      the relative difference in propagation times between the medium and the
      energy carrier being utilized in the anti noise system. The delay line 39
      can be eliminated entirely, as is often desirable, if the distance D.sub.1
      is reduced to the above specified minimum distance in which the
      transmission time in the medium just equals the total delay time in the
      anti noise system. Phase alignment of the anti wave with the propagating
      acoustic wave can thus be accomplished by matching the system transmission
      time with the medium transmission time for the physical distance D.sub.1.
PAR  The cancellation possible by generating an inphase anti wave of mirror
      symmetry is drastically different thana the proported cancellation
      produced by prior systems which have generated a 180.degree. phase shifted
      anti wave. As shown in FIG. 2B, a 180.degree. phase shifted wave comprises
      a compression portion 58 and a rarefraction portion 59. At an interference
      position Z.sub.3, only the intermediate halfcycle is cancelled. Thus a
      180.degree. system does not cancel the initial half-cycle 50 of the
      external acoustic wave, nor the last half-cycle 59 of the anti wave.
PAR  The problem is compounded when the external acoustic wave has a
      nonsymmetrical wave shape, as shown in FIGS. 2C and 2D. It is known that
      as a symmetrical acoustic wave of large amplitude propagates through space
      its wave shape will become nonsymmetrical and will tend toward a sawtooth
      shape, as illustrated by compression portion 60 and rarefraction portion
      61. As seen in FIG. 2C, the applicant's system produces an anti wave
      consisting of a rarefraction portion 64 and a compression portion 66, each
      of mirror symmetry with respect to compression portion 60 and rarefraction
      portion 61, respectively. At a downstream interference point Z.sub.3, the
      equal and opposite waves entirely cancel. This is not true with a
      180.degree. phase shift system, as seen in FIG. 2D. Such a system
      generates a 180.degree. phase shifted anti wave having a compression
      portion 68 and a rarefraction portion 69. At a downstream interference
      point Z.sub.3, the compression portion 60 is still present, as is the
      rarefraction portion 69. In addition, wave interference between the
      non-symmetrical portions 61 and 68 produces a new pressure wave 70 which
      had not previously existed. The net result at position Z.sub.3 is simply
      to replace the original acoustic noise with a different type of acoustic
      noise.
PAR  In all prior cancellation systems, the external acoustic wave and the
      locally generated anti wave have both continued to propagate through space
      with different vectors. This result could not be avoided, because the
      apparatus for locally generating an anti wave occupies a physical space
      which therefore cannot be occupied by the propagating acoustic wave. That
      is, the source of the anti wave and the source of the acoustic wave do not
      occupy the same position in space. Since the vibratory motion of an
      elastic medium is longitudinal, i.e., the same direction as the vector
      advance of the wave, effective cancellation will not occur outside of the
      zones of wave intersection.
PAR  The anti noise system of FIG. 1 includes a coherent propagation means 80
      for coinciding the incremental wavefronts of the acoustic wave with
      corresponding incremental wavefronts of the anti wave to produce a
      "coherent" cancellation effect which itself propagates through space. As a
      result, the destructive interference pattern which exists at a downstream
      point Z.sub.3 itself propagates so that pressure nullification exists from
      position Z.sub.3 through infinity Z.sub..infin.. Without coherent
      propagation means 80, the destructive interference phenomenon could exist
      for only a limited crossover zone in space.
PAR  Coherent propagation means 80 may take any form which will superimpose the
      incremental wavefronts of the acoustic wave and the anti wave, i.e.
      superimpose all vectors of advance of the waves, in order to produce a
      cancellation effect which itself propagates until the energy which creates
      particle motion has dissipated. One form comprises an acoustic tube or
      duct, of any cross-sectional shape, which confines or redirects the
      acoustic energy into forms which can be exactly superimposed. This is most
      easily accomplished by converting both the acoustic wave and the anti wave
      into the form of a plane wave of (0,0) mode.
PAR  To illustrate this principle, duct 80 will be assumed to have a rectangular
      cross-section of dimensions a along an X axis, b along a Y axis, and an
      extent D.sub.d along a Z axis, where X, Y and Z are orthogonal axes of a
      Cartesian coordinate system. As sound propagates in a duct, it is known
      that the wave particles can be reflected from the walls of the duct, and
      interference amongst these multiple reflections will result in higher
      order acoustic modes or patterns of amplitude variations over the X,Y
      cross-section of the duct. For a given frequency and duct size, only a
      finite number of modes can be propagated through the duct. The amplitudes
      of higher order modes (i.e., below the duct cut-off frequency) decay
      exponentially with distance along the Z axis.
PAR  The dimensions a,b and D.sub.d of duct 80 are selected so that only a plane
      wave of the (0,0) mode can propagate in the Z direction. Thus, a
      particular pressure gradient of the acoustic wave will assume a
      perpendicular wavefront 82 as illustrated in FIG. 1. A corresponding
      pressure gradient of the anti wave, of the same absolute magnitude but of
      opposite polarity with respect to ambient pressure will assume a
      perpendicular wavefront 84 which is identical to wavefront 82. These
      wavefronts coincide at position Z.sub.3 by proper choice of transmission
      times. If higher order acoustic modes were allowed to exist, it would be
      impossible to match the anti wave with the propagating acoustic wave by
      use of the simple apparatus of FIG. 1. Since generation of noise from
      practical sources generally occurs in a random pattern, the wavefront 30
      would generally impinge the opening of duct 80 at different angles, and
      this would undesirably excite reflecting waves of higher acoustic modes
      than the (0,0) mode.
PAR  It is known that for each acoustic mode of form (m,n) where m represents a
      cosine variation along the X axis and n represents a cosine variation
      along the Y axis, sound propagation in a duct can occur only if the
      frequency is less than the duct mode cut-off frequency f.sub.mn. For
      frequencies lower than f.sub.mn, propagation occurs with a minor
      attenuation factor dependent on the acoustic characteristics of the wall.
      For frequencies higher than f.sub.mn, the amplitudes of higher order modes
      decay exponentially with distance along the Z axis, and such modes quickly
      decay to negligible values. For a rectangular duct of cross-section a,b,
      and in the absence of mean flow, it is known that the mode cut-off
      frequency f.sub.mn is defined by:
      ##EQU1##
      where c represents the velocity of sound in the medium for a given
      temperature T. For a temperature T.sub.c in degrees centigrade, the
      velocity of sound c in meters per second is given by:
EQU  c=20 (273.2 + T.sub.c).sup.1/2                             (2 )
PAL  whereas for temperature T.sub.f in degrees Fahrenheit, the velocity of
      sound c in feet per second is given by:
EQU  c=49 (459.7 + T.sub.F).sup.1/2                             (3 )
PAL  Of course, the wavelength .lambda. is related to frequency f by:
EQU  .lambda. = (C/f)                                           (4 )
PAR  In accordance with the present invention, coherent propagation is
      accomplished by causing both the acoustic wave and the mirror symmetry
      anti wave, which are in-phase due to selection of transmission times as
      previously explained, to propagate with identical acoustic mode.
      Generally, this is most easily accomplished by prohibiting propagation of
      all modes higher than (0,0). Since the lowest frequency higher order modes
      are the (1,0) mode and the (0,1) mode, solely plane wave propagation
      occurs by setting (m=1, n=0) or (m=0, n=1), and by selecting the cut-off
      frequency f.sub.c of low pass filter 37 to be equal to the mode cut-off
      frequency f.sub.10 or f.sub.01. Applying these conditions to equation (1)
      results in:
EQU  f.sub.c =f.sub.10 = (c/2a)                                 (5 )
EQU  f.sub.c =f.sub.01 = (c/2b)                                 (6 )
PAL  When all frequencies below a selected frequency f.sub.s are to be
      cancelled, the maximum dimensions of the duct are easily solved by use of
      equations (5) or (6), depending on whether a&gt;b or a&lt;b, respectively, and
      by making f.sub.c =f.sub.s. For example, by use of equations (5), (6), (2)
      and assuming a=b, the duct 80 should have the following dimensions, in
      meters, to cancel all acoustic frequencies below f.sub.2 :
EQU  a=b=(c/2f.sub.s)=(10/f.sub.s)(273.2 + T.sub.c).sup.1/2     (7 ) It should
      be noted that the dimensions of the duct can be substantially increased at
      elevated temperatures. This leads to the important result that the
      dimensions of the duct can be substantially increased in gas turbine
      engines and like applications.
PAR  The dimensions a,b of the duct can be increased above the values given by
      equation (7) if propagation of the (1,0) and (0,1) modes is not possible
      due to the manner of excitation of the duct modes and/or suppression of
      the modes by structure in the duct. A given source can excite only certain
      modes in a duct. For example, if a source excites a velocity distribution
      which is uniform for a given value of Z, only the plane wave (0,0) mode
      can be excited irrespective of the dimensions a,b of the duct. For a given
      application, if the external noise which impinges the duct does not change
      angle and has certain characteristics, and if the acoustic transmitter 44
      is located so as to produce similar characteristics, then propagation at
      the (1,0) and (0,1) modes may not be possible and hence the dimensions a,b
      given by equation (7) may be increased in accordance with equation (1)
      until reaching a size at which excitation of a given higher order mode
      f.sub.mn is possible.
PAR  The flow of the medium through duct 80 may be in either direction along the
      Z axis. Thus, the flow may coincide with the direction of longitudinal
      advance of the acoustic wave, from the left to the right in FIG. 1, or the
      flow may be opposed to the longitudinal advance of the wave, from the
      right to the left in FIG. 1. In this latter instance, the apparent
      velocity of propagation of the acoustic wave is proportionately less as
      compared with propagation in the absence of mean flow.
PAR  Duct 80 may have any arbitrary shape which best fits the cross-sectional
      area to be occupied. Generally, plane wave propagation in the duct is
      desirable, as explained above, regardless of the type of coordinate system
      which would apply. Where the area is greater than the permissible
      dimensions of the duct, two or more ducts may be stacked so as to occupy
      the entire area. Where the mean flow of the medium is substantial, as in a
      gas turbine engine, the dimensions of the duct may have to be altered
      since mean flow influences the frequency of the cut-off modes. It is known
      that downstream modes have the same cut-off frequency as those that exist
      in the absence of mean flow. Ustream mode cut-off frequencies, however,
      are less than those in the absence of mean flow by the factor:
EQU  (1 - M.sup.2).sup.1/2                                      (8 )
PAL  where M is the Mach number of mean flow of the medium, namely, velocity of
      mean flow divided by the local speed of sound (c). For applications in
      which the mean flow varies, is turbulent, and/or the cross-section of the
      duct is other than rectangular or circular, determination of the duct
      dimensions is best determined by empirical methods.
PAR  The length of the duct D.sub.d must be sufficient so that modes above the
      cut-off frequency are exponentially attenuated to an insignificant energy
      level. This condition must be met for both the external acoustic wave,
      which travels distance D.sub.d in the duct, and for the locally generated
      anti wave which travels distance D.sub.2. The length D.sub.d of the duct
      may be extended, if desired, so that acoustic receiver 33 is located
      within the duct. When the acoustic receiver 33 is located outside the
      duct, as exemplary illustrated, a certain ratio of the impinging acoustic
      energy will be reflected at the mouth of the duct. Thus, the system gain
      must be different than when the receiver 33 is located within the duct and
      hence any reflection at the mouth of the duct will have already occurred.
      The gain of amplifier 35 thus depends on numerous factors including the
      ratio of energy reflected at the mouth of the duct when the acoustic
      receiver is outside the duct, the present of abrupt changes in cross
      sectional area within the duct which cause a portion of the propagating
      acoustic wave to be reflected backward, etc.
PAR  Physically, the above factors result in a duct in which the longest
      cross-sectional dimension is generally less than one wavelength of the
      highest frequency acoustic wave (f.sub.s) to be cancelled. Frequencies
      higher than f.sub.s are allowed to pass through the duct without
      attenuation. Theese dimensions prevent reflecting or bouncing waves below
      frequency f.sub.s from propagating at an angle with respect to the
      longitudinal axis of the duct. The maximum cross-sectional dimension can
      be relatively large for many applications since the most troublesome sound
      waves often have the lowest frequency, and because the atmosphere better
      attenuates high frequencies. The length of the duct is preferably
      substantially longer than the cross section to sufficiently attenuate all
      modes above the cut-off mode. When the duct has these dimensions, an
      external sound wave propagating at any vector within a solid hemisphere is
      redirected and forms a plane wave propagating through the duct.
PAR  Returning to a consideration of the anti noise source 34, the frequency
      response curve of the audio amplifier 35 is selected by conventional
      emphasis and deemphasis techniques so that the frequency response of the
      overall system from receiver 33 through and including transmitter 44 is
      flat up to f.sub.c. Delay line 39 may be variable in order to
      automatically adjust the transmission time of the anti noise system when a
      change occurs in the transmission time of the medium. The exact
      construction of a variable delay line forms no part of the present
      invention, and will not be described in detail. A variable delay control
      90 has a control output, either mechanical or electrical, which adjusts
      the time delay produced by delay line 39. Changes in time delay could also
      be produced by controlling the time constant of networks in audio
      amplifier 35. The variable time delay could also be provided by
      mechanically moving one or both of the acoustic transducers so as to vary
      the physical distance D.sub.1. Thus, the variable delay 90 could be
      connected to control a motor driven mechanism for moving transmitter 44 so
      as to increase or decrease the distance D.sub.1.
PAR  As the temperature T of the medium varies, the velocity of sound c varies
      in the manner given by equations (2) and (3). To compensate for this
      change, a temperature sensor 92 is located in thermal contact with the
      medium in the duct. The sensor 92 may be of any suitable type which has an
      output representing the temperature T of the medium. A function generator
      94 is responsive to the sensor to produce the function:
EQU  1/K.sub.1 .sqroot.K.sub.2 + T                              (9 )
PAL  where K.sub.1 equals a constant, K.sub.2 equals a constant, and T equals
      the temperature being sensed. K.sub.1 and K.sub.2 are chosen so that the
      output of function generator 94 varies in inverse proportion to the
      velocity of sound c in the medium. As the velocity of sound increases, for
      example, due to an increase in temperature T, the time of propagation
      through the medium from point Z.sub.1 to Z.sub.2 is decreased. The
      function generator 94 is effective to shorten the time delay produced by
      delay line 39, effectively decreasing the distance D.sub.1. Thus, the
      system automatically compensates for changes in a condition which effects
      the local speed of sound.
PAR  Other methods of adjusting for a change in temperature can also be
      provided. For example, the acoustic transmitter 44 may be located at the
      minimum distance necessary to overcome the delay time in the conversion
      processes, as previously explained. The output of the transmitter may then
      be coupled through an acoustic tube or path to a position at which
      cancellation is to be effected. The acoustic tube or path may be vented to
      the same medium as in the duct 80, so that a change in temperature also
      effects the transmission time from transmitter 44 to the interference
      position Z.sub.3. Suitable choice of the length of the acoustic tube can
      partially compensate for temperature deviations. It also can provide an
      acoustic time delay sufficient to allow elimination of delay line 39, and
      hence also the associated temperature sensor 92, function generator 94,
      and variable delay control 90.
PAR  All acoustic feedback paths from transmitter 44 to receiver 33 must be
      compensated for or eliminated. If transmitter 44 generates a backward
      travelling pressure wave (that, travelling in the - Z direction), then
      mounting structure 96 must be positioned so as to block the backward
      pressure wave. Desirably, the acoustic receiver 33 is in the form of a
      unidirectional microphone having its sensitive axis in the negative Z
      direction. Thus, any backward pressure wave from the transmitter 44 would
      not result in a microphone output signal. Similarly, a unidirectional
      microphone is desirable if an external acoustic wave might enter duct 80
      at the opening illustrated to the right in FIG. 1. Such an external wave
      would propagate to the left and, upon reaching microphone 33 would produce
      an output signal which in turn would result in generation of a false anti
      wave. A unidirectional microphone response characteristic is also
      desirable if the duct 80 includes any abrupt changes in cross-sectional
      area prior to position Z.sub.3. Such abrupt changes will produce a
      backward scattering of a portion of a propagating acoustic energy. Of
      course, it is not necessary to compensate for backward reflections beyond
      position Z.sub. 3, such as at the duct opening located from Z.sub.3 to
      Z.infin., since the anti wave will be superimposed on the acoustic wave
      and hence will not produce any detectable pressure variations.
PAR  Acoustic receiver 33 may be simplified if duct 80 does not produce any
      reflected backward energy (or if such reflection is electrically
      compensated for as explained with reference to FIG. 13), and if the
      possibility of sound entering the duct through the right hand opening is
      negligible. In such a situation, the receiver may take the form of a zero
      order gradient or pressure microphone mounted in the wall of the duct.
PAR  The sound abatement method and apparatus described above can be used in a
      wide variety of applications where sound energy is to be attenuated while
      the free flow of the medium is to be continued. In the following sections,
      a number of examples are given of specific solutions to particular noise
      abatement problems. It should be understood that these examples are merely
      illustrative of the many and wide variety of applications to which the
      noise cancellation method and apparatus is applicable.
PAC  GAS TURBINE ENGINE
PAR  Turning to FIG. 3, an exemplary aircraft gas turbine engine includes a
      subsonic inlet or diffuser 100 defining a forwardly facing air intake
      opening which provides a high pressure rise to a low pressure compressor
      or fan 103. The hub or center body 105 of the engine compressor is located
      at the longitudinal center axis of the engine. Air enters fan 103 and is
      compressed to form a cold jet which is discharged from fan outlet duct
      107. A portion is also discharged through a duct 109 to a multi-stage,
      high pressure axial compressor 112 before being discharged into a
      combustion section or burner 114 where it is heated. The heated air then
      passes through a high pressure turbine 116 and a low pressure turbine 118
      and has enough energy extracted therefrom to cause the turbines 116 and
      118 to drive compressors 112 and 103, respectively. The heated air is then
      discharged as a hot jet through the exhaust outlet or nozzle 120 in order
      to produce thrust.
PAR  Fan 103 is formed by one or more stages, and herein includes a first blade
      row 122 and a second blade row 123. One or more stator vanes (not
      illustrated) may be utilized as desired. The air flow entering the fan
      must be of low Mach number on the order of 0.4 or less. Thus, the entrance
      duct 100 acts as a diffuser which at high flight Mach numbers provides a
      high pressure rise. Since the Mach number within the duct 100 is always
      less than 1.0, compressor sound is radiated forwardly out of the inlet
      100, as is well known. Additional noise produced by the compressor and
      turbine blades and vanes is also radiated out the fan outlet 107 and the
      exhaust outlet 120. Axial flow compressors produce a spinning or helical
      noise pressure field of one or more lobes which spin about the
      longitudinal shaft axis. The pressure field is transmitted through the
      annular ducts and is radiated external to the engine.
PAR  In accordance with the present invention, each engine duct which opens to
      the atmosphere includes an anti noise system (not illustrated to scale in
      FIG. 3) constructed in accordance with the principles of FIG. 1. In each
      engine duct, a plurality of aerodynamically contoured vanes 130 divide the
      annular opening into a plurality of generally pie-shaped ducts each of
      which convert the spinning noise pressure patterns into plane waves of
      (0,0) mode. When the radial extent the vanes 130 is sufficiently long to
      allow the duct to pass the next higher order acoustic mode, a transverse
      shroud 132 is added to create two stacked ducts, as illustrated for inlet
      100 and a suppressor outlet to be explained.
PAR  The acoustic transmitter 44 of FIG. 1 takes the form of a modulated gas
      flow speaker 136 which generates an anti wave coupled through an acoustic
      tube 138 in a vane 140 to a centrally located horn shaped opening 142. To
      power the modulated gas flow speakers 136, one or more bleed ports form
      sources of gas at a pressure offset from ambient pressure at the horn
      openings 142. Two different types of modulated gas flow speakers are
      disclosed. An "ambient" modulated speaker, as shown in FIG. 6, requires a
      first pressure supply greater than ambient pressure and a second pressure
      supply less than ambient. An "offset" modulated speaker, as shown in FIGS.
      7 and 8, requires only one pressure supply, either greater or less than
      ambient pressure. For illustration, the ambient speaker is shown
      associated with inlet 100 and the offset speaker is shown associated with
      fan outlet 107 and the suppressor outlet, but it should be understood that
      all speakers may be of the same type, or can be mixed in any manner.
PAR  The ambient modulated gas flow speaker uses a first pressure source greater
      than ambient pressure, provided by a bleed port 150 located between the
      first blade row 122 and the second blade row 123 of the fan. Tubing 152
      couples the bleed port 150 to the ambient speakers 136 associated with
      inlet 100. The second pressure source, below ambient pressure, is provided
      by a second bleed port 156 which opens to the inlet diffuser. Port 156 is
      coupled through supply tubing 158 to the same ambient speakers.
PAR  Only one pressure supply is necessary for the offset modulated gas flow
      speaker associated with fan outlet 107. This pressure supply may be formed
      by the bleed port 150, but it should be understood that a separate bleed
      port, or a port forming a negative ambient supply, could equally be used.
      To power the offset speakers 136 associated with the exhaust suppressor, a
      bleed port 164 opens to one stage of the high pressure compressor 112. The
      bleed port 164 is coupled through pressure supply tubing 166 to the
      speakers 136. Thus it will be noted that the supply pump 46 of FIG. 1
      already exists in heat engines having a pressure gradient, and it is only
      necessary to tap the engine at appropriate locations in order to supply
      the modulated gas flow speakers with an appropriate gas flow. The actual
      location of the bleed ports is selected to supply the pressure
      requirements of the speaker, and can be at any location within the engine.
PAR  The general operation of the system is as follows. Acoustic receivers (not
      illustrated in FIG. 3) are located in or associated with the edges of
      vanes 140 which face the rotating machinery. As sound energy reaches the
      receiver, the anti noise source 34 of FIG. 1 modulates the gas flow from
      speakers 136 to produce at the horn openings 142 an anti wave which is
      in-phase and of mirror symmetry with respect to the sound energy. The anti
      noise ducts defined by vanes 130, shrouds 132 when used, and the outer and
      inner casings of the engine convert the spinning noise pressure patterns
      into plane waves of (0,0) mode. The anti noise ducts also confine the anti
      wave to the plane wave (0,0) mode so that superposition of corresponding
      wavefronts will occur.
PAR  FIGS. 4 and 5 illustrate two typical anti noise ducts and associated
      modulated gas flow speakers 136 located in an annular opening of the
      turbofan engine of FIG. 3. As seen in FIG. 4, the speakers 136 are mounted
      external to the engine casing wall 170, but would be located within the
      housing for the entire jet engine. A lower wall 172 defines with casing
      170 and each pair of adjacent vanes 130 a pie shaped anti noise duct.
      Lower wall 172 may correspond to shroud 132 associated with the inlet 100
      and exhaust nozzle or may correspond to the inner housing wall of the fan
      outlet 107. As seen in FIG. 5, the Z axis of each anti noise duct
      corresponds to the longitudinal axis of the engine. When the anti noise
      duct is located in an air inlet, air flow coincides with the arrow 180 and
      is opposed to the arrow 182 which represents the direction of noise
      propagation. The vanes 130 may be curved, if desired, and can form the
      first stage stator vane or inlet guide vane for the fan/axial compressor.
      When the anti noise ducts are associated with the fan outlet and the
      exhaust outlet, then air flow coincides with the arrow 182, as does the
      propagation of the sound wave to be cancelled.
PAR  To cancel pure jet noise, a cylindrical suppressor casing 183 extends
      rearward from the circular exhaust nozzle 120 which has a nozzle diameter
      d. The hot jet exhaust of high velocity is mixed within casing 183 with
      ambient or secondary air entering through an annular vent 184. Various
      conventional mixing structures (not illustrated), such as a fluted exhaust
      nozzle, can be used to aid in the mixing process. At a selected distance
      downstream corresponding to an integer number N of nozzle diameters d at
      which flow is subsonic and the majority of turbulence created jet noise
      has been generated, a suppressor exhaust 185 is located.
PAR  Within vent 184 and exhaust 185, anti noise ducts as previously described
      are located. While suppressor casing 183 extends for a substantial
      distance aft of the engine, it should be noted that very little structure
      is located within the suppressor, and hence its weight is not significant.
      While vent 184 is illustrated as incorporating an anti noise duct, this is
      purely to illustrate the manner in which secondary air can be supplied
      without allowing propagation of the jet noise through the supply source.
PAR  For the illustrated engine, the fan outlet 107 would in practice be
      replaced by a bypass duct extending back and mating with vent 184,
      allowing the low velocity cold flow to form the mixing air and allowing
      elimination of the anti noise apparatuses associated with fan outlet 107
      and secondary vent 184. Another variation would be to utilize an aft-fan
      engine in which the fan outlet directly connected with suppressor casing
      183. In such an engine, the aft mounted fan inlet would include anti noise
      ducts, similar to the ducts associated with fan inlet 100 and/or vent
      inlet 184. The forward compressor would also incorporate anti noise ducts
      within its inlet.
PAR  Various conventional noise abatement techniques (not illustrated for
      clarity) can be incorporated in addition to the applicant's method. For
      example, the vanes 130 can be covered with an acoustic lining, especially
      for the purpose of suppressing high frequency noise above the anti noise
      duct cut-off frequency, which corresponds to the cut-off frequency of the
      low pass filter 37 of FIG. 1. For a particular engine, it may be desirable
      to use noise cancellation for only certain openings, and to use other
      known noise abatement techniques for the remaining openings. The operation
      of the two types of modulated gas flow speakers, as well as the location
      of various of the anti noise components will now be explained.
PAC  MODULATED GAS FLOW SPEAKERS AND MOUNTINGS
PAR  Modulated gas flow speakers are useful whenever the sound noise intensity
      to be cancelled is of high energy level. It is recognized that modulated
      gas flow speakers (also known as air modulated sirens, electropneumatic
      speakers and throttled air flow speakers) have efficiencies greater than
      100% when measured by the usual loudspeaker standard (ratio of acoustic
      output power to electric input power), although of course the efficiency
      is less than 100% when total energy considerations are taken into account.
      The anti noise ducts may use known modulated gas flow speakers as the
      acoustic transmitter, or the forms shown in FIGS. 6-8, especially for
      attenuation of aerodynamic noise. For example, conventional modulated gas
      flow speakers used to simulate broadband jet noise in acoustic fatigue
      testing have a sound pressure level on the order of 150 to 165 dB for an
      air supply pressure of 30 to 40 lb/in.sup.2 and a flow rate of 200 to 800
      ft.sup.3 /min, where reference pressure is 0.0002 microbar (0.0002
      dyne/cm.sup.2). A typical jet spectrum, for example, might have a sound
      pressure level of 165 dB overall, and a peak level of 140 dB at 300 Hz.
PAR  The applicant's invention goes beyond the use of the illustrated modulated
      gas flow speakers solely in conjunction with an anti noise system. The
      speakers of FIGS. 6 and 7-8 have substantial utility by themselves. Also,
      the invention encompasses the combination of modulated gas flow speakers
      powered from bleed ports in heat engines for generating an acoustic wave
      which follows a desired electric input signal. For example, the speakers
      can form powerful loudspeakers used on low flying aircraft and helicopters
      to transmit a message to personnel on the ground. Also, the speakers have
      utility in experiments to quiet jet exhaust noise by acoustic seeding.
      Other uses will be apparent and fall within the scope of this invention.
PAR  When used in gas turbine engines and other applications in which
      obstruction to an air flow is to be minimized, the modulated gas flow
      speakers 136 may be mounted external to the anti noise duct, as
      illustrated in FIG. 6. However, in other applications in which the
      external dimensions are to be minimized, it may be desirable to mount the
      modulated gas flow speakers 136 within the anti noise duct, as illustrated
      in FIG. 7. The "ambient" modulated gas flow speaker 136 of FIGS. 6 and the
      "offset" modulated gas flow speaker 136 of FIG. 7, could be switched, or
      used with different mounting structure than illustrated, as desired.
PAR  Turning to FIG. 6, the ambient modulated gas flow speaker 136 is contained
      within a tubular housing 190 which has a first annular chamber 192 for
      supplying gas above ambient pressure (as defined by the pressure of gas in
      tube 138), and a second annular chamber 194 for supplying gas below
      ambient pressure. Chamber 192 has an intake port 196 coupled through a
      valve 197 to tubing 152 which supplies gas at +P with respect to ambient.
      Similarly, chamber 194 has an intake port 199 coupled through a valve 200
      to tubing 158 which supplies gas at a negative pressure -P.
PAR  A hollow tubular diaphragm 202 is located in a hollow cylindrical core
      defined by the walls of chambers 192 and 194. At a driven end of diaphragm
      202, a voice coil 204 is located in a magnetic flux field produced by a
      magnetic core 206 of E- shaped cross-section. Core 206 produces a steady
      DC flux field from a permanent magnet, or from a DC winding. Voice coil
      204 is coupled to delay line 39 of FIG. 1, or to low pass filter 37 if the
      delay line is eliminated. The diaphragm 202 includes a plurality of
      elongated slots 210 which are circumferentially spaced about the
      diaphragm.
PAR  Positive pressure chamber 192 includes a plurality of elongated slots 212
      which match diaphragm slots 210 and are circumferentially located in
      alignment therewith. In the absence of a signal on voice coil 204, the
      lowermost end of slot 212 slightly overlaps the upermost end of slot 210,
      allowing gas from chamber 192 to pass into the center chamber of the
      diaphragm 202. Simmilarly, the negative pressure chamber 194 includes a
      plurality of elongated slots 214 which match diaphragm slots 210 and are
      circumferentially aligned therewith. In the absence of a signal on voice
      coil 204, the upermost end of slot 214 slightly overlaps the lowermost end
      of slot 210, allowing gas within the center chamber of the diaphragm 202
      to pass into the chamber 194. Thus in the absence of an input signal to
      voice coil 204, a very small stream of gas in effect flows from chamber
      192 to chamber 194. However, it should be understood that the slots 210
      can be made nonoverlapping with the slots 212 and 214, if desired.
PAR  As voice coil 204 receives an input signal, the diaphragm 202 is
      reciprocally driven along its axial direction. For a positive going
      signal, for example, the diaphragm 202 is driven upward so that a greater
      length of the diaphragm slots 210 overlap the positive pressure slots 212,
      thereby allowing a proportionately greater gas flow into the center
      annular chamber. Any upward movement of the diaphragm 202 blocks the
      negative pressure slots 214. Conversely, as the electrical signal goes
      negative, the diaphragm 202 is driven downwardly and diaphragm slots 210
      overlap the negative pressure slots 214 so that gas flows from the center
      chamber into chamber 194. The electrical signal thus modulates a gas flow,
      both above and below ambient pressure, with the pressure deviation being
      proportional to the absolute value of the electrical signal deviation.
      Since center chamber connects with a throat chamber 220 which in turn
      connects with horn tube 138, acoustic waves are propagated to the horn
      opening 142.
PAR  Ambient modulated gas flow speaker 136 of FIG. 6 is different than
      conventional modulated gas flow speakers, in that it does more than simply
      modulate a gas stream offset from ambient pressure. Rather applicant's
      modulator produces proportional modulation of a gas stream above ambient
      and a gas stream below ambient pressure, which streams are combined to
      produce the actual desired acoustic variation. This results in a more
      efficient conversion process than has been possible with prior modulated
      gas flow speakers.
PAR  Various modifications can be made to the illustrated structure. While the
      diaphragm 204 has been illustrated as located within a central core
      defined by the pair of chambers 192 and 194, the diaphragm can be located
      within the chambers (in the manner generally shown in FIG. 7).
      Furthermore, while only two chambers have been illustrated in the interest
      of clarity, additional pairs of positive and negative pressure supply
      chambers may be located along the axial extent of the speaker, each having
      an associated diaphragm slot 210.
PAR  For proper operation, pressure chambers 192 and 194 must be supplied with
      gases which are equally offset from ambient pressure. In a gas turbine
      engine, embient pressure at any point Z.sub.2 can fluctuate over a wide
      range due to operation of the engine. An increase in turbine speed, for
      example, increases the ambient pressure at Z.sub.2 but also increases the
      supply pressures at the bleed ports 150 and 156. While this operation
      tends to compensate for changes in pressure, the relationship between the
      pressures at the bleed ports and a speaker opening located between is not
      perfectly linear.
PAR  Any tendency to shift the center pressure of the speaker away from ambient
      pressure at horn opening 142 is compensated for by a servo valve 230. A
      pair of bleed lines 232 and 234 are connected to the positive and negative
      pressure supply lines 152 and 158, respectively. The bleed lines are
      coupled together at a junction 236 which has a configuration to simulate
      the pressure condition existing at a center position within the diaphragm
      202 as a result of air flow between chambers 192 and 194 in the absence of
      an input signal to coil 204. To monitor ambient pressure at the horn
      opening, a total pressure port 238 in vane 140 opens in the same direction
      as the horn opening 142. The port 138 is coupled through a pressure tube
      240 to servo valve 230.
PAR  The two pressure signals available at junction 236 and tube 240 are fed
      into opposite sides of a bellows actuated control rod 242 of the servo
      valve 230. The position of the control rod 242 controls in a known manner
      a pair of valve elements 244 and 246. When junction 236 has a pressure
      greater than ambient pressure (as illustrated), the output of valve
      element 244 controls valve 197 in a manner to increase the pressure drop,
      while valve element 246 operates to decrease the pressure drop across
      valve 200. This causes the pressures within chambers 192 and 194 to have
      equal and opposite offsets from the actual ambient pressure as sensed at
      port 238.
PAR  Unidirectional microphone 33 may be located internally within vane 140, or
      may be located externally as illustrated in FIG. 6. The microphone is
      coupled through an acoustic tube 250 to a port 252 opening opposite to the
      horn port 142. By way of illustration, a dynamic microphone is illustrated
      which has a movable diaphragm 254 with an attached voice coil 256. The
      voice coils are suspended within the annular opening of a magnetic flux
      generating core 258. The output of voice coil 256 is coupled to the
      amplifier 35 of FIG. 1, which amplifier may also be located external to
      the vane 140.
PAR  To cause the dynamic microphone to have a unidirectional characteristic,
      side openings 260 are coupled to an acoustic tube 262 which has a port 264
      opening to one side of the vane 140. The side openings 260 permit acoustic
      pressures to reach the air cavity behind the diaphragm via the annular
      space between the moving coil and the pole piece and the air cavity form a
      main phase shifting network, with the slot providing acoustical resistance
      and the cavity providing compliance. The resistance of the slot is
      obtained due to the viscous loss introduced when air particles move in a
      restricted space. The result is an electrodynamic mass-controlled phase
      shift microphone which discriminates against an acoustic wave travelling
      from the left to the right in FIG. 6, while being sensitive to an acoustic
      wave travelling from the right to the left. It should be understood that
      many unidirectional microphones may be used in place of the exemplary
      illustrated phase-shift microphone of the moving coil type. For example,
      piezoelectric elements forming a pressure gradient unit and a pressure
      unit can be interconnected in a conventional manner to provide directional
      discrimination. Many other well known types of unidirectional microphones
      can also be utilized.
PAR  For use in a gas turbine engine, the ambient modulated gas flow speaker of
      FIG. 6 may be replaced by the offset modulated gas flow speaker of FIG. 7.
      That is, the mounting external to vane 140 would still be utilized.
      Turning to FIG. 7 for a description of the offset speaker 136, a tubular
      housing 300 has a single annular pressure chamber 302. A port 304 connects
      chamber 302 with a supply line 306 of gas at a pressure either above or
      below ambient pressure in the outlet tube of the speaker. Thus, supply
      line 306 may be connected to any of the bleed ports 150, 156 or 164 of
      FIG. 3, when the speaker is used in the gas turbine engine.
PAR  Annular chamber 302 includes an inner wall having a series of elongated
      slots 306 formed therein to allow gas to pass to a hollow cylindrical core
      308 which leads through a tube to a horn opening (not illustrated), which
      may be similar to the previously described embodiment. A cylindrical
      diaphragm 310, see FIG. 8, is coaxially mounted adjacent the cylindrical
      inner wall of the pressure chamber 302. Diaphragm 310 extends upwardly and
      carries at its upper extent a voice coil 312. The voice coil is located in
      an annular magnetic flux field formed by a magnetic core 314 of E-shaped
      cross-section. Core 314 may be of any known construction which provides a
      steady magnetic flux field through the annular opening, so that electrical
      energization of the voice coil produces axial movement of the diaphragm
      310. The diaphragm includes a series of elongated slots 315, of the same
      shape as the slots 306, but axially offset therefrom when the voice coil
      is not energized. Thus, the slots 315 normally face the inner wall of the
      pressure chamber. Upon energization of the voice coil, the slots 315 are
      driven to a position which overlaps the fixed slots 306, allowing gas to
      be transferred. It will be appreciated that the amount of overlap is
      dependent on the axial position of the diaphragm, which in turn is
      dependent on the magnitude of the electrical signal to voice coil 312.
PAR  The diaphragm 310 is located on the "high" pressure side of the valve
      modulator (assuming the pressure supply is positive with respect to
      ambient), producing a more efficient operation, as is well known. However,
      it should be noted that the supply line 306 can be connected to a negative
      pressure source. Desirably, the slots 315 of the diaphragm do not overlap
      the fixed slots 306 of the chamber wall when no electrical signal is
      impressed on voice coil 312, as this reduces the gas supply requirements
      for the speaker. While two different types of modulated gas flow speakers
      have been illustrated, it will be appreciated that other known types of
      modulated gas flow speakers can also be utilized in practicing the
      invention.
PAR  Where flow restrictions in the anti noise duct are not critical, the
      modulated gas flow speaker and associated components may be mounted within
      a vane 320, FIG. 7, which is located within the duct. Vane 320 may have a
      passageway 322 for circulation of a cooling fluid. The speaker is located
      in a center core 324, which may be of elliptical configuration to
      generally conform to the aerodynamic shape of the vane 320. The modulated
      gas flow speaker 136 similarly can be of elliptical cross-section, since
      all movement of the diaphragm is an axial rather than rotational or
      circumferential. The anti noise source 34 may be contained within core
      324. A hollow chamber 330 within core 324 is provided for any suitable
      unidirectional microphone 33. A port 332 may connect with a tube leading
      to a side opening of the vane 320, similar to port 260 and tube 262 of the
      unidirectional microphone 33 of FIG. 6. An acoustic tube 334 couples the
      active surface of microphone 33 with an opening 336 facing the direction
      of the propagating noise wave. While microphone 33 has been illustrated as
      located internally within the vane 320, it will be appreciated that the
      active surface of a piezoelectric microphone or other type of solid state
      acoustic transducer may form a portion of the external wall of vane 320.
PAC   ADDITIONAL ANTI NOISE EMBODIMENTS
PAR  In FIGS. 9-15, additional embodiments of the anti noise system are
      illustrated. The acoustic transmitter in these embodiments is in the form
      of a dynamic loudspeaker, as is desirable when a supply of air under
      pressure is not readily available, and the sound pressure level of the
      noise wave to be cancelled is within the acoustic output range of a
      dynamic loudspeaker. However, it should be appreciated that modulated gas
      flow speakers could be substituted for the illustrated dynamic
      loudspeakers, if desired for particular applications.
PAR  When the noise source is at a considerable distance from the anti noise
      apparatus, the propagating acoustic wave will have substantially equal
      pressure variations for a considerable extent along the wavefront. In such
      a case, one microphone 33 and one loudspeaker 44 may serve a plurality of
      acoustic ducts, each having a maximum cross-sectional area to produce a
      cut-off frequency (for the lowest order acoustic mode above (0,0) which
      could propagate) just above the highest frequency noise wave to be
      cancelled. In FIGS. 9-12, such an embodiment is illustrated in which each
      anti source unit 350 has a square outer cross-section and includes a
      single microphone 33 and a single loudspeaker 44 for serving four
      surrounding ducts. The plurality of individual units 350 may be stacked
      vertically and horizontally to fill any desired space in which a
      propagating sound wave is to be cancelled.
PAR  Each anti source 350 includes a center tubular section 352 which contains
      the anti noise source 34 of FIG. 1. The center section 352 is of circular
      cross-section, and extends equally into four ducts 355, 356, 357 and 358
      each of square cross-section except for the presence of the center tubular
      section 352. Each acoustic tube or duct 355-358 is of identical
      construction, but is oriented along a different outer quadrant of the unit
      350. Each duct forms an open passageway which allows free flow of the
      elastic medium, such as air, through the duct in either longitudinal
      direction.
PAR  As seen in FIG. 10, the center section 352 extends outward at the receiving
      end to form a tapered cone 362 which projects beyond the plane of the duct
      openings. A microphone diaphragm 364 is suspended within a center chamber
      formed in center section 352. The chamber is vented through four forward
      slanting tubes 366 opening into each of the four ducts. If the mean flow
      of the medium through the ducts is not steady, additional tubes (not
      illustrated) may extend rearwardly from the face of diaphragm 364 to
      provide a Bernoulli windshield which reduces the effective wind pressure
      on the diaphragm. The diaphragm 364 carries a voice coil which moves
      through a steady magnetic flux field.
PAR  Side apertures 370 permit the propagating acoustic pressures to reach the
      air cavity behind the diaphragm, thus forming a phase shifting network
      which causes the response of the microphone to be unidirectional. An
      additional plurality of side apertures (not illustrated) may open into the
      ducts so as to extend the frequency range of the unidirectional
      characteristic by forming a multi-path microphone of plural ports. The
      output of the voice coil is coupled to the amplifier 35 of FIG. 1, which
      may be located in a housing 372 within the center core 352. The
      temperature sensor 92 FIG. 1, if utilized, may be imbedded in the center
      core and located so that one surface thereof is contiguous or in thermal
      contact with the medium in the ducts.
PAR  Acoustic transmitter 44 is of the dynamic type having a voice coil attached
      to an inverted or convex cone diaphragm 375. The voice coil is located
      within an annular flux field produced by any conventional magnetic core
      structure. The center circular aperture within which cone diaphragm 375 is
      located is defined by a wall which expands outwardly along a horn shaped
      surface 377 and terminates at a circular peaked rim 379. A cone diffuser
      382 is positioned axially opposite the apex of the cone diaphragm 375. The
      slat surface 383 of the cone diffuser forms with the horn wall 377, a
      multi-celled expanding horn which opens into each of the ducts 355-358.
PAR  The four ducts are separated by four interior walls 384 which each extend
      into the expanding horn and terminate at an edge 386 near the apex of the
      cone diffuser. Thus, the edges 386 serve to divide the horn into four
      similar sections, each of which feeds a different duct. Since each duct is
      excited at a corner thereof, higher order acoustic modes could easily be
      established, so the cross-sectional dimensions of the duct are desirably
      selected to be less than the dimensions a, b given by equation (7). Also,
      the dimension (D.sub.2) between position Z.sub.2 and Z.sub.3 is made
      sufficiently long so as to dissipate all higher order acoustic modes
      before any substantial change in cross-sectional area occurs.
PAR  The interior walls 384 and the outer walls of unit 350 are constructed with
      sufficient rigidity to inhibit the formation of bending waves which would
      undesirably transmit acoustic energy through the unit 350 with a different
      velocity of propagation than exists for the hollow passageways. When
      adjacent units 350 are placed together, the thickness of adjacent pairs of
      outer walls is doubled, and thus aids in minimizing transmission by
      bending waves. To further minimize the introduction of bending waves the
      forward edge 395 of all walls may be knife-like, and other forward facing
      surfaces such as center core 352 are desirably tapered to a point.
PAR  Various modifications may be made to unit 350 to better match conditions
      caused by the mean flow of the medium and/or to alter the directivity
      pattern for any particular loudspeaker and associated mounting structure.
      For example, an acoustic absorption material may be deposited in a layer
      over the inner walls of the unit 350. As is well known, a duct or tube
      when lined with an acoustic absorption material alters the wavefront shape
      of a wave propagating therethrough by producing a time delay in the wave
      immediately adjacent the acoustic lining. The surface of the wavefront,
      adjacent the duct walls, curves backward with respect to the direction of
      propagation and forms a slightly inverted dish pattern. In addition, such
      acoustic lining aids in absorbing frequencies above the duct cut-off
      frequency.
PAR  Another example of a modification is to use a transistion surface for
      altering the cross-sectional shape of the duct to better match the near
      field directivity pattern of a loudspeaker. The opening adjacent Z.sub.3
      may be of circular shape to match the circular diaphragm 375. A smooth
      surface 392 extends or fills in the space from a perpendicular outer wall
      to a circular rear wall 390. A portion of the transition surface 392 for
      duct 358 is illustrated in perspective in FIG. 9 for an upper stacked unit
      350. The surface 392 may be integrally molded as a part of the duct
      itself, or may comprise a fill-in material added to the duct.
PAR  In FIGS. 13-15, another embodiment forms an anti noise source 400 useful
      when the external acoustic wave has a surface wavefront which is at a
      substantial angle or skew with respect to the frontal duct opening 404 of
      the individual source 400. By stacking a plurality of units 400, an
      impinging wavefront having a large angle (such as produced by a plane wave
      propagating at a substantial angle or by a spherical wave) will produce in
      the plurality of ducts a series of plane waves which are offset in time,
      corresponding to the time in which the external wavefront reaches the
      opening 404 of each particular duct. It is generally impossible to match a
      series of offset plane acoustic waves with an anti wave from a single
      loudspeaker, such as produced by the apparatus of FIGS. 9-12. The
      apparatus 400 overcomes this problem by providing a complete sound
      cancellation system within each acoustic duct.
PAR  Each anti source 400 comprises a tube 410, of generally square
      cross-section, having a central hollow passageway. The cross-section of
      tube 410 is illustrated in FIG. 13 along a diagonal to better illustrate
      the loudspeaker driving units 412 which are located in the corners of the
      tube. The drive units, diagramatically illustrated, consist of a magnetic
      flux generator for producing a steady magnetic field across an air gap in
      which an annular voice coil 414 is located at an angle with respect to the
      longitudinal axis of the tube 410. Attached to the voice coil 414 is an
      annular convex diaphragm 416, with an open center, which encircles the
      inner periphery of the tube 410.
PAR  The annular convex diaphragm 416 (not to scale) has ribbed ends 418 and 419
      which suspend diaphragm 416 for movement along the axis of the voice coil
      414, which axis has an angle of 45.degree. or less with respect to
      longitudinal axis of the tube 410. The shape of diaphragm 416 and the
      suspension system are chosen so as to produce anti waves which diffuse
      throughout the open active interference space Z.sub.3 adjacent an opening
      420 of the tube 410. Although the generated anti waves will have some
      transverse component in the vicinity of Z.sub.2, the axis of drive and the
      shape of the diaphragm are chosen to produce pressure components
      substantially parallel to the longitudinal axis.
PAR  The external acoustic wave propagating through the tube is converted to the
      (0,0) mode, and hence the vibratory motion of the elastic medium (as air)
      is longitudinal and coincident with the longitudinal axis of the tube 410.
      In order to superimpose incremental wavefronts, the particle motion of the
      anti wave must be purely longitudinal to coincide with the longitudinal
      particle motion of the external acoustic wave. To the extent that
      diaphragm 416 produces particle motion other than longitudinal, the
      distance from Z.sub.2 to Z.sub.3 must be sufficiently long to insure that
      higher acoustic modes have exponentially decayed to a negligible value.
PAR  Each of the drive units 412 are located in a chamber or cavity 422 formed
      within each corner of the tube 410, see FIG. 14. This allows the bulky
      magnetic drive generator to occupy as little interior space as possible,
      thus allowing enlargement of the diameter of the hollow center passageway.
      Microphone 33, which may be of any known construction including
      pizeoelectric or magnetostrictive, is located in one corner of the tube
      410, as seen in FIGS. 13 and 15. The active transducer side of microphone
      33 is open to an elongated hollow tube 427 which connects with an opening
      430 contiguous with the interior passageway. As an acoustic wave passes
      opening 430, a pressure variation propagates through the tube 427 to the
      microphone 33. The microphone 33 then controls the loudspeaker voice coil
      414 through the anti noise circuit 34, which physically may be housed in a
      corner of the tube 410.
PAR  Microphone tube 427 serves as a delay line and has a length which produces
      a time delay which causes the anti wave and the acoustic wave to be in
      phase at Z.sub.3. Additional time delay can be produced by lengthening the
      path of tube 427, and/or by positioning the microphone 33 at a different
      location either closer to or farther away from the loudspeaker. The
      longitudinal location of the microphone 33 relative to the opening 430 may
      be at any position including in advance of, co-planar with, or following
      (as illustrated) the opening 430. This provides a wide variety of time
      delay configurations such that the tube 427 eliminates entirely the
      necessity for delay line 39 of FIG. 1.
PAR  The acoustic output from diaphragm 416 may undesirably include a backward
      component which will propagate from position Z.sub.2 to position Z.sub.1.
      If microphone 33 is perfectly unidirectional, this backward travelling
      anti wave will not produce any false output from the system. However, when
      the microphone is not perfectly unidirectional then an electrical feedback
      path is added around source 34 to cancel the resulting output from
      microphone 33 at the time that the backward component reaches the
      microphone. For this purpose, microphone 33 is coupled through a positive
      input of a summing junction 432 to the anti noise source 34. The feedback
      path includes a feedback resistor 433 and a delay line 434 in series
      between the output of anti noise source 34 and a negative input of the
      summing junction 432.
PAR  The time delay produced by delay line 434 is selected to be equal to the
      time delay for the backward wave to propagate from position Z.sub.2 to the
      active transducer surface of microphone 33. This time delay generally will
      be different than the time delay, if any, for the anti noise source 34,
      due to the geometry of acoustic tube 427. The value of resistor 433 is
      selected so that the electrical subtraction input to summing junction 432
      equals the electrical output of microphone 33 which is produced by the
      backward wave. The feedback path is very useful in preventing acoustic
      feedback, and can be used with a unidirectional microphone which does not
      have a true zero output for a wave travelling 180.degree. from its
      sensitive axis. The feedback path can be incorporated in the previous
      embodiments for the general purpose of eliminating the effects of backward
      waves caused by the acoustic transmitter and/or by scattering due to a
      change in cross section prior to position Z.sub.3.
PAC  GROUND MUFFLER/SILENCER FOR JET ENGINE
PAR  For non-airborne or ground use, various noise attenuation apparatus has
      been provided to silence jet engines during maintenance and testing of the
      engines and aircraft systems. The ambient pressure conditions at both the
      intake, and jet exhaust must be comparable or at least simulate
      atmospheric conditions. For example, there should be substantially no back
      pressure in the region of the jet exhaust in order to check true engine
      running characteristics. It is often desirable that such apparatus be
      portable, self-restraining, and incorporate an engine sealing adaptor to
      accomodate different engine nacelles and center lines.
PAR  The various embodiments previously described may be incorporated in a
      ground muffler/silencer to entirely replace and/or augment prior acoustic
      attenuation apparatus. For illustration, three types of anti noise duct
      apparatus are utilized in FIG. 16. The acoustic transmitters used therein
      take the form of modulated air flow speakers, either of the ambient or
      offset type, when the applicant's cancellation method is to entirely
      replace prior attenuation techniques. However, the acoustic transmitters
      can take the form of dynamic loudspeakers and the like when the
      applicant's cancellation method is to supplement a muffler/silencer
      utilizing conventional acoustic attenuation techniques. For example, anti
      noise ducts with dynamic loudspeakers can be added to the output side of
      existing mufflers/silencers to drastically lower the significant sound
      power levels which existing devices pass to the atmosphere, since
      conventional attenuation techniques can bring the noise output of these
      devices down to within the output range of a dynamic loudspeaker. Various
      types of apparatus, both conventional and as taught herein, may be
      combined and mixed as appropriate for a particular installation.
PAR  Turning to FIG. 16, an exemplary jet engine 440 includes an air intake 442
      and an air outlet 444 which may or may not combine cold flow and hot flow
      in the case of a turbofan engine. Where cold flow discharges from a
      forward fan outlet, the ground muffler may be modified in a known manner
      to add a sealing adapter which extends forwardly to mate with the fan
      outlet. An intake suppressor 450 attenuates compressor noise at the engine
      air intake opening 442. An outlet suppressor 452 attenuates the pure jet
      noise and rotating machinery noise produced by the engine. Either or both
      of the suppressors 450 and 452 may be portable or mobile, and may include
      structure for compensating for any misalignment between the suppressors
      and the engine.
PAR  Intake suppressor 450 includes a plurality of vertically disposed intake
      tubes open for the reception of air, in the form of anti noise ducts 400
      disclosed in FIGS. 13-15. The Z.sub.3 end openings 420 are disposed
      upwardly for admittance of air which flows through the tubes to a lower
      duct 456 which mates with the openings 404 shown in FIG. 13. A plurality
      of direction changing vanes 458 direct the incoming air into a lateral
      tubular sealing adapter 460 which surrounds the air intake 442 and directs
      the air from vanes 458 into the engine 440. It will be appreciated that
      compressor noise is cancelled due to the operation of the anti noise
      system. If the engine 440 includes an anti noise system in its intake,
      such as shown in FIGS. 3-6, intake suppressor 450 may not be required.
PAR  Outlet suppressor 452 is useful for any engine since a certain amount of
      pure jet noise will always be formed in the atmosphere to the rear of the
      engine. Suppressor 452 includes an adapter 470 for sealing engagement with
      the engine exhaust 444, an augmenter 472 for admitting secondary air, and
      a conventional mixer-diffuser section 474 for comingling the secondary air
      with the jet exhaust. Section 474 may include a water spray for cooling
      the jet gases. Finally, a vertically disposed stack 476 vents the exhaust
      to the atmosphere through a plurality of vertically disposed anti noise
      ducts.
PAR  Augmenter 472 comprises a plurality of anti noise ducts 480 surrounding a
      center tube 482 which directs the exhaust to the mixer-diffuser 474. Each
      duct 480 may be similar to the anti noise ducts of FIGS. 4 and 5, and thus
      the side walls are formed by vanes 130. Within the ducts 480, a vane 140
      (not seen in FIG. 16) is located directly adjacent a modulated air flow
      speaker 136 therefore. Thus, the anti noise ducts 480 allow the entrance
      of secondary air, but cancel undesirable noise which would otherwise
      propagate outward from the ducts. A pressure supply line 484 supplies the
      speakers 136 with air at a pressure offset from atmospheric pressure, as
      available at a bleed port 486 in center tube 482. Thus, the pressure of
      the jet exhaust is tapped to provide the pressure source for the modulated
      air flow speakers. Supply line 484 may include a pressure reduction means,
      if desired. The pressure supply line 484 may also supply air to the intake
      silencer 450 and the anti noise system in the vertical stack 476, if those
      units include modulated air flow speakers therein.
PAR  The circular mixer-diffuser 474 merges with a square or rectangular flaring
      member 490 which mates with the square stack 476. A plurality of direction
      changing vanes 492 in stack 476 direct the stream of the engine gases
      vertically towards a plurality of anti noise ducts which open to the
      atmosphere. The anti noise ducts are formed by anti noise units 350 of
      FIGS. 9-12 (but constructed without the transition surface 392 and mating
      rear circular wall 390), and thus cancel the pure jet noise carried with
      the jet discharge stream.
PAR  The above described techniques are equally usable for ground pens and
      hangers. Furthermore, all of the various embodiments described herein, and
      many of the individual components thereof, may be interchanged and
      combined in many configurations following the above teachings. For
      example, the anti noise ducts can be placed in cascade, or in back-to-back
      relation to cancel sound waves propagating along opposed directions. Other
      modifications and changes can be made within the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for attenuating a predetermined range of frequencies within an
      acoustic wave propagating along different vectors through a medium,
      comprising the steps of:
PA1  generating an anti wave limited to only said predetermined range of
      frequencies and of mirror symmetry with respect to said acoustic wave,
PA1  propagating said anti wave in said medium along a given vector which is at
      a skew with respect to one of said different vectors,
PA1  altering a vector of at least one of said waves to produce substantially
      coinciding vectors of propagation only for the predetermined range of
      frequencies, and
PA1  aligning the wavefront of at least one of said waves to produce
      substantially coinciding wavefronts.
NUM  2.
PAR  2. The method of claim 1 wherein the step of altering comprises confining
      said at least one wave to cause its wavefront to assume a predetermined
      shape which matches the shape of the wavefront of the other wave only for
      the predetermined range of frequencies.
NUM  3.
PAR  3. The method of claim 2 wherein the predetermined shape comprises a plane
      wave having a (O,O) acoustic mode.
NUM  4.
PAR  4. The method of claim 3 wherein the step of confining includes propagating
      said at least one wave in a restricted space of predetermined
      cross-sectional area and of a minimum length of predetermined extend
      greater than the longest dimension of the cross-sectional area, said
      cross-sectional area being selected to produce a predetermined cut-off
      frequency below which propagation is confined to the (O,O) acoustic mode
      and above which propagation can occur in a (m,n) acoustic mode, and
      selecting said predetermined cut-off frequency to be greater than the
      highest frequency acoustic wave which is to be attenuated, whereby the
      predetermined range of frequencies corresponds to all frequencies below
      the predetermined cut-off frequency.
NUM  5.
PAR  5. The method of claim 1 wherein the step of generating includes detecting
      the acoustic wave and producing a signal corresponding thereto, filtering
      the signal to pass frequencies below said predetermined frequency and to
      attenuate frequencies above said predetermined frequency, said filtered
      signal forming said anti wave limited to only said predetermined range of
      frequencies, and the step of altering includes selectively altering the
      vector of at least one of said waves when having a frequency less than
      said preselected frequency and passing without alteration said at least
      one wave when having a frequency higher than said predetermined frequency,
      whereby the predetermined range of frequencies corresponds to all
      frequencies below the predetermined frequency.
NUM  6.
PAR  6. A method for attenuating an acoustic wave propagating along different
      vectors through a medium, comprising the steps of:
PA1  detecting the acoustic wave to produce an anti wave signal corresponding
      thereto,
PA1  propagating in said medium along a given vector which is at a skew with
      respect to one of said different vectors an anti wave of mirror symmetry
      with respect to said acoustic wave by producing a flow of the medium at a
      pressure continuously offset from the ambient pressure of the medium, and
      modulating the flow in accordance with variations in said signal,
PA1  altering a vector of at least one of said waves to produce substantially
      coinciding vectors of propagation, and
PA1  aligning the wavefront of at least one of said waves to produce
      substantially coinciding wavefronts.
NUM  7.
PAR  7. The method of claim 6 wherein the step of propagating further includes
      producing a second flow of the medium at a second pressure continuously
      offset from the ambient pressure of the medium and offset from the
      pressure of the first named flow, one of said flows being above ambient
      pressure and the other of said flows being below ambient pressure,
      modulating the second flow in accordance with variations in said signal,
      and combining the first named and second flows to produce ambient pressure
      in the absence of a variation in said signal and a pressure deviation
      above or below ambient pressure for variations above and below a reference
      level of the signal.
NUM  8.
PAR  8. A system for attenuating an acoustic wave propagating through a medium
      which is sufficiently unconfined to allow different vectors of propagation
      of the acoustic wave, comprising:
PA1  duct means having a pair of spaced apertures each open to said medium and a
      hollow passageway therebetween, the duct means being positionable to cause
      one of said apertures to intersect and direct the propagating acoustic
      wave through the passageway toward the other of said apertures, said
      passageway having a cross section of reduced size with respect to the
      cross section of the medium outside of the duct means and producing a duct
      cut-off frequency corresponding to the lowest order acoustic mode of
      propagation to confine the acoustic wave to a plane wavefront for
      frequencies below the duct cut-off frequency and of a predetermined vector
      of propagation;
PA1  receiver means for generating a signal corresponding to the propagating
      acoustic wave;
PA1  transmitter means responsive to said signal for generating in said
      passageway an interference wave of opposite pressure variation with
      respect to the acoustic wave and having a plane wavefront for frequencies
      below the duct cut-off frequency and of a predetermined vector of
      propagation to produce a propagating cancellation effect; and
PA1  low pass filter means connecting said receiver means to said transmitter
      means and passing signals less than the duct cut-off frequency.
NUM  9.
PAR  9. The system of claim 8 wherein the cross section of said hollow
      passageway is generally rectangular, and the longest width of the
      generally rectangular cross section is less than c/2fc ) where c is the
      local velocity of sound and fc is the duct cut-off frequency.
NUM  10.
PAR  10. The system of claim 8 wherein said transmitter means generates said
      interference wave with a pressure variation of mirror symmetry with
      respect to the pressure variation of the acoustic wave, said receiver
      means, low pass filter means and transmitter means having a transmission
      time equal to the propagation time in the medium for the distance between
      the receiver means and the transmitter means to cause the wavefront of the
      interference wave to be in-phase with the wavefront of the acoustic wave.
NUM  11.
PAR  11. The system of claim 10 wherein said receiver means comprises microphone
      means having a sensitive surface responsive to an acoustic pressure
      variation to generate said signal, and delay tube means separate from said
      passageway for coupling said sensitive surface to the medium, said delay
      tube means forming an acoustic time delay which forms a part of said
      transmission time.
NUM  12.
PAR  12. A system for attenuating an acoustic wave propagating through a medium,
      comprising:
PA1  duct means having a pair of spaced apertures each open to said medium and a
      hollow passageway therebetween, one of said apertures being positionable
      to intersect the propagating acoustic wave to cause the acoustic wave to
      propagate through the passageway toward the other of said apertures, said
      passageway having a cross section of predetermined size to confine the
      acoustic wave to a wavefront of predetermined shape, said duct means
      allowing a backward wave to propagate through the passageway in a
      direction opposite to the propagating acoustic wave;
PA1  means for generating an interference wave having a wavefront of said
      predetermined shape including
PA1  receiver means contiguous with the passageway and responsive to said
      acoustic wave for generating a signal corresponding to the propagating
      acoustic wave,
PA1  diaphragm means movable in response to said signal to produce at a
      transmitter output an opposite pressure variation with respect to the
      acoustic wave,
PA1  mounting means locating said transmitter output generally facing said other
      aperture to direct the interference wave through said passageway with a
      vector direction toward said other aperture and away from said one
      aperture, and
PA1  means for preventing the backward wave from producing at the transmitter
      output any pressure variation.
NUM  13.
PAR  13. The system of claim 12 wherein the diaphragm means comprises an annular
      surface surrounding an open central portion, said mounting means locating
      said annular surface in a wall defining said passageway to cause the open
      central portion to be contiguous with the passageway.
NUM  14.
PAR  14. The system of claim 12 wherein said receiver means is located within
      said duct means and comprises a unidirectional microphone having a
      sensitive axis and said preventing means directs the sensitive axis toward
      said one aperture to orient said unidirectional microphone to discriminate
      against backward acoustic waves entering said passageway through said
      other aperture.
NUM  15.
PAR  15. The system of claim 12 including amplifier means having an input
      coupled to said receiver means and an output coupled to said diaphragm
      means, said diaphragm means generating the backward wave which undesirably
      propagates through said passageway to said receiver means to produce a
      false output, and the preventing means corresponds to feedback means for
      coupling said output to said input and having an impedance to cause a
      feedback signal to cancel the false output from said receiver means.
NUM  16.
PAR  16. A system for attenuating an acoustic wave propagating through a medium
      which is sufficiently unconfined to allow different vectors of propagation
      of the acoustic wave, comprising:
PA1  duct means having a pair of spaced apertures each open to said medium and a
      hollow passageway therebetween with central core means located within a
      center area of the passgeway, the duct means and the central core means
      defining therebetween a surrounding passageway, the duct means being
      positionable to cause one of said apertures to intersect and direct the
      propagating acoustic wave through the surrounding passageway toward the
      other of said apertures, said surrounding passageway having a cross
      section of predetermined size to confine the acoustic wave to a wavefront
      of predetermined shape and of a predetermined vector of propagation;
PA1  receiver means for generating a signal corresponding to the propagating
      acoustic wave; and
PA1  transmitter means including diaphragm means movable in response to said
      signal to produce at a transmitter output a pressure variation related
      thereto, and transmitter mounting means for locating said transmitter
      output within said central core means and oriented to disperse the
      pressure variations into the surrounding passageway to generate an
      interference wave of opposite pressure variation with respect to the
      acoustic wave and having a wavefront of the same predetermined shape and
      predetermined vector of propagation to produce a propagating cancellation
      effect.
NUM  17.
PAR  17. The system of claim 16 wherein said duct means includes longitudinally
      extending wall means dividing aid passageway into a plurality of separate
      ducts which surround said central core means, and said transmitter
      mounting means includes a plurality of tube means each opening into a
      different one of said plurality of separate ducts for coupling the common
      transmitter output to each of the separate ducts.
NUM  18.
PAR  18. The system of claim 16 wherein said central core means locates said
      transmitter output in the center of the cross section of said passageway
      and oriented to disperse the interference wave throughout the cross
      section of the passageway and toward said other aperture.
NUM  19.
PAR  19. The system of claim 18 including cone-shaped disperser means spaced
      coaxially from said transmitter output and located within said passageway
      between said transmitter output and said other aperture to disperse
      pressure variations from the transmitter output into a surrounding
      interference space defined by the disperser means and the walls defining
      the passageway of the duct means.
NUM  20.
PAR  20. In a gas breathing engine having rotating machinery creating a pressure
      gradient in a passageway which opens external to the engine and
      undesirably creating in said passageway acoustic noise which unless
      attenuated will propagate external to the engine, apparatus for
      attenuating the acoustic noise, comprising:
PA1  receiver means for detecting said acoustic noise and generating an audio
      signal corresponding thereto,
PA1  modulated gas flow speaker means having a speaker inlet for receiving gas
      at a pressure offset from ambient pressure at a speaker outlet, and a
      modulator for coupling said speaker inlet to said speaker outlet and
      responsive to an audio signal for modulating a flow of the gas,
PA1  bleed port means located in said passageway and open to gas at said offset
      pressure,
PA1  tubing means connecting said bleed port means to said speaker inlet for
      supplying the gas to said modulator,
PA1  anti noise means coupling said receiver means to said modulator to produce
      at said speaker outlet an interference wave of mirror symmetry with
      respect to said acoustic noise, and
PA1  coherent propagation means associated with said speaker outlet and said
      passageway for superimposing the acoustic noise and the interference wave
      to produce interference cancellation therebetween.
NUM  21.
PAR  21. The apparatus of claim 20 wherein said coherent propagation means
      comprises a plurality of duct means each of cross section less than the
      cross section of said passageway and located in said passageway in
      abutting relation to force the acoustic noise to flow through the
      plurality of duct means during travel through the passageway, each duct
      means having a size to redirect the acoustic noise into a wavefront of
      predetermined shape, and said outlet being contiguous with said plurality
      of duct means to cause the interference wave to have a similar
      predetermined shape.
NUM  22.
PAR  22. The apparatus of claim 21 for a gas turbine engine wherein said
      plurality of duct means comprise a plurality of vanes for dividing said
      passageway into a plurality of separate ducts, the rotating machinery
      comprises rotating blades which produce acoustic noise having a spinning
      pressure variation of one or more lobes which rotate while propagating
      through said passageway, said plurality of vanes being spaced to convert
      said spinning pressure variation into separate plane waves of (O,O) mode
      and each of which propagate independent of the propagation of the
      remaining plane waves of (O,O) mode in the remaining of the separate
      ducts, said modulated gas flow speaker means comprises a plurality of
      modulated gas flow speaker devices each associated with a different duct,
      said receiver means comprises a plurality of transducers each associated
      with a different duct, and said anti noise means independently couples
      each transducer to the modulated gas flow speaker device associated with
      the same duct.
NUM  23.
PAR  23. The apparatus of claim 22 wherein said passageway comprises an annular
      duct located between an outer cylindrical housing and a coaxial inner
      cylindrical housing, said gas flowing parallel to the coaxial housings and
      through the annular duct under control of the rotating blades, each of
      said vanes extending radially from the inner housing of the outer housing
      with adjacent vanes defining therebetween said ducts, shroud means forming
      a wall between said inner and said outer cylindrical housings to divide
      each duct into at least two sections in order to increase the duct cut-off
      frequency for all modes above the (O,O) mode, and low pass filter means
      located between said transducers and said modulated gas flow speaker
      devices for attenuating audio signals greater than said duct cut-off
      frequency.
NUM  24.
PAR  24. The apparatus of claim 20 wherein said coherent propagation means is
      formed by adjacent vanes logated in said passageway to define tehrebetween
      an anti noise duct which alters the vector of the acoustic noise, said
      modulated gas flow speaker means being mounted external to said
      passageway, and tube means coupling the outlet of said modulated gas flow
      speaker to the anti noise duct.
NUM  25.
PAR  25. The apparatus of claim 24 wherein said tube means comprises a speaker
      vane spaced generally equidistant between the adjacent vanes forming said
      anti noise duct and having an aperture within said speaker vane leading to
      a speaker opening for coupling the interference wave to a generally center
      position within the anti noise duct.
NUM  26.
PAR  26. The apparatus of claim 25 wherein said receiver means comprises a
      microphone having an active transducer surface, said microphone being
      mounted external to said anti noise duct, and said speaker vane includes
      an elongated microphone tube for coupling said active transducer surface
      to a microphone opening in said speaker vane, said micropnone opening
      being on an opposite facing surface to the speaker opening.
NUM  27.
PAR  27. The apparatus of claim 20 wherein said modulated gas flow speaker means
      includes chamber means having a plurality of slots and port means forming
      said inlet for coupling the chamber means to said tubing means, said
      modulated comprises a movable diaphragm having a plurality of slots
      generally offset from the slots of said chamber means and movable into
      overlapping positions to pass an amount of gas dependent on the position
      of the diaphragm, magnetic flux generator means for establishing a
      magnetic flux field, voice coil means located on said diaphragm and within
      the magnetic flux field, said voice coil means being coupled to said
      source of audio signal to prodcue movement of the voice coil and attached
      diaphragm with the extent of movement being proportional to the signal to
      cause the amount of gas passed through the overlapping slots of the
      chamber means and diaphragm to be proportional to said signal.
NUM  28.
PAR  28. The apparatus of claim 27 wherein said chamber means is annular and has
      a coaxial inner wall and outer wall, said port means being located on said
      outer wall, said plurality of slots surrounding said inner wall to pass
      the gas to a hollow central core, said diaphragm being cylindrical and
      located in said hollow central core for passage of gas through the slots
      to a hollow interior of the cylindrical diaphragm, and tube means forming
      said outlet for coupling the hollow interior of the cylindrical diaphragm
      to an opening for the acoustic waves.
NUM  29.
PAR  29. A system for attenuating an acoustic wave propagating through a medium,
      comprising:
PA1  source means including receiver means for detecting said acoustic wave,
      transmitter means responsive to said receiver means for producing an anti
      wave which interferes with said acoustic wave to produce a cancellation
      effect, and time delay means for varying the transmission time of the
      source means to change the position of said anti wave in said medium,
PA1  sensing means for sensing a condition which indicates misalignment between
      the anti wave and the acoustic wave which were initially aligned, and
PA1  correction means responsive to said sensing means for automatically varying
      said time delay means to again align the anti wave with the acoustic wave.
NUM  30.
PAR  30. The system of claim 29 wherein said sensing means monitors a condition
      of said medium which changes with changes in the velocity of sound in said
      medium, said correction means controlling said time delay means to cause
      the transmission time of said source means to equal the transmission time
      in the medium between the receiver means and the transmitter means.
NUM  31.
PAR  31. The system of claim 30 wherein said sensing means monitors a
      temperature T of said medium, said correction means comprises a function
      generator for controlling the transmission time of said source means in
      proportion to
      ##EQU2##
      where K.sub.1 and K.sub.2 are constants.
NUM  32.
PAR  32. A system for attenuating an acoustic wave propagating through a medium,
      comprising:
PA1  receiver means positionable to intersect the acoustic wave for generating a
      receiver signal corresponding thereto,
PA1  transmitter means spaced from said receiver means and responsive to an
      amplified signal for generating an interference wave which propagates
      toward an interference zone spaced away from the receiver means and the
      transmitter means, generation of the interference wave undesirably
      creating a traveling wave which propagates to said receiver means and
      produces a false signal not resulting from the acoustic wave, and
PA1  amplifier means having an amplifier input coupled to said receiver means
      and an amplifier output coupled to said transmitter means for amplifying
      the receiver signal to generate the amplified signal, including feedback
      means generating a feedback signal having a time delay corresponding to
      the propagation time of the traveling wave for cancelling the false signal
      produced when the traveling wave reaches the receiver means.
NUM  33.
PAR  33. A system of claim 32 wherein the feedback means includes time delay
      means coupled to the amplifier output and having a time delay
      corresponding to the propagation time and an impedance which reduces the
      value of the feedback signal to equal the value of the false receiver
      signal produced by the traveling wave, and subtraction means for
      subtracting the receiver signal and the feedback signal.
NUM  34.
PAR  34. The system of claim 32 including a duct having an elongated passageway
      with the acoustic wave propagating therethrough, an acoustically
      downstream section of the passageway corresponding to the interference
      zone, said receiver means being positioned acoustically upstream from said
      interference zone to detect the acoustic wave before it propagates to the
      interference zone, and the transmitter means being located intermediate
      the receiver means and the interference zone and having a transmitter
      output which directs the interference wave generally toward the
      interference zone, the passageway extending between the transmitter output
      and the receiver means corresponding to an undesired acoustic path for the
      traveling wave.
NUM  35.
PAR  35. A system for attenuating an acoustic wave propagating through a medium,
      comprising:
PA1  a plurality of separate ducts surrounding a central core and each having a
      separate passageway with an opening contiguous with the central core;
PA1  receiver means for generating a signal corresponding to an acoustic wave
      propagating through at least one of the separate passageways; and
PA1  transmitter means located in said central core and responsive to said
      signal for generating an interference wave which propagates through all of
      the contiguous opening into the plurality of separate passageways to
      produce cancellation between the interference wave and the acoustic wave
      propagating in the associated passageway.
NUM  36.
PAR  36. The system of claim 35 wherein each of the plurality of ducts has an
      interference zone located in the associated pasageway and spaced
      acoustically downstream from the opening contiguous with the central core,
      each of the opening being defined by walls shaped to direct the
      interference wave through the associated passageway with a vector
      direction towards the interference zone, and the receiver means having a
      receiver aperture open to at least one of the passageways and spaced
      acoustically upstream with respect to the contiguous openings.
NUM  37.
PAR  37. The system of claim 36 wherein the central core has a receiver chamber
      containing the receiver means and at least one receiver aperture
      contiguous with at least one of the passageways, and the central core has
      a transmitter chamber located generally between the receiver chamber and
      the interference zones and separate from the receiver chamber for
      containing the transmitter means.
NUM  38.
PAR  38. The system of claim 35 wherein the plurality of separate ducts are
      formed by a unit having four exterior walls which join perpendicularly to
      form a rectangular or square exterior cross-section and a plurality of
      interior walls extending between the exterior walls and the central core
      to define the separate passageways forming each separate duct, the
      exterior walls and the interior walls and the central core defining at one
      end of the unit a plurality of apertures positionable to intersect the
      propagating acoustic wave to cause the acoustic wave to separate and
      propagate separately through the plurality of passageways towards the
      opposite end of the unit, the opposite end of the unit having
      corresponding apertures open to the medium, and the transmitter means
      being located in said central core between the ends of the unit.
NUM  39.
PAR  39. The system of claim 38 wherein an exterior part of the central core
      which intersects the propagating acoustic wave has surfaces which taper
      smoothly toward a point to minimize the introduction of bending waves.
PATN
WKU  039366073
SRC  5
APN  4196023
APT  1
ART  237
APD  19731128
TTL  Electronically variable audiometer of the von Bekesy type
ISD  19760203
NCL  15
ECL  10
EXA  Bartz; C. T.
EXP  Claffy; Kathleen H.
NDR  1
NFG  1
INVT
NAM  Gordon; Sidney
CTY  New York
STA  NY
ASSG
NAM  Davis; Michael
CTY  Riverdale
STA  NY
COD  04
CLAS
OCL  179  1N
XCL  323 74
EDF  2
ICL  H04R 2900
FSC  179
FSS  1 N
FSC  328
FSS  171;169
UREF
PNO  3796945
ISD  19740300
NAM  Feldman et al.
OCL  323 74
LREP
FRM  Mandeville and Schweitzer
ABST
PAL  The disclosure relates particularly to audiometers, such as used in
      ascertaining the hearing ability of test subjects. Functionally, the new
      audiometer is similar to the so-called von Bekesy audiometer. However, the
      new system incorporates unique and advantageous circuit arrangements which
      enable controlled variable attenuation of a power signal to be achieved
      through simple and reliable electronic means. The new system eliminates
      the costly and fast-wearing electro-mechanical mechanism customarily used
      and heretofore considered necessary in a von Bekesy audiometer. The new
      electronic attenuation system includes means, effective in the extremely
      low power range of audiometer signal generation, to apply a high level,
      controllably variable signal, and to attenuate that signal across a high
      ratio voltage divider. In the high power ranges of the audiometer, the
      generated signals need not be attenuated in the first instance, and the
      voltage divider is rendered ineffective automatically when the system
      operates in the higher ranges. A current amplifier supplies the necessary
      additional current requirements for high level signals.
PAL  The new system is unique in its ability to generate an extremely low power
      adiometer signal by electronic means while effectively obviating the
      problem of unfavorable noise-to-signal ratios in the low power ranges.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates particularly to audiometer systems, for use in
      determining the hearing capability of test subjects. Conventional clinical
      audiometers are commonly constructed in accordance with the basic
      principles of the von Bekesy U.S. Pat. No. 2,563,384. The von Bekesy
      system comprises a variable frequency acoustical generator, the output of
      which is connected to a variable resistance network. The variable
      resistance network conventionally includes a contact slide which is
      positioned along the resistance network by means of a reversibly driven
      electric motor. The resistance network desirably has a logarithmically
      variable output as a function of linear variation in the position of the
      contact slide.
PAR  In the conventional von Bekesy type audiometer system, an input signal is
      generated at a predetermined frequency, and the test subject actuates the
      drive motor for the contact slide, causing the power level of the applied
      signal to be controllably varied. Initially, the applied signal is subject
      to maximum power attenuation by the resistor network. However, by
      appropriate actuation of the drive motor, the slide is caused to move
      along the network, progressively reducing the signal attenuation, until
      the subject is first able to hear an audible sound, typically applied
      through a set of headphones. After hearing the first sound the subject
      actuates a switch to reverse the slide-positioning motor. This causes
      progressively increasing attenuation of the signal, until no sound is
      heard, at which time the subject again reverses the slide-positioning
      motor. This process of motor reversal is continued for a short period of
      time, permitting a rather accurate observation to be made of the subject's
      hearing threshold at a given frequency.
PAR  Usually, the contact slide for the resistance network is coupled with a
      tracing pen and a moving chart, so that a continuous graph is drawn of the
      movements of the contact slide. By proper calibration of the chart, an
      accurate graph, reflecting the hearing capability of the subject, is
      automatically prepared, as the subject successively reverses the slide
      positioning motor.
PAR  The von Bekesy type purpose system has proven to be effective for its
      intended purposes and has been widely adopted for clinical testing.
      However, it suffers the disadvantage that the electro-mechanically
      variable atttenuation system, comprising a motor driven contact slide and
      related elements, is a very expensive unit. It must be manufactured with
      great precision and must be carefully maintained; it represents a
      significant cost factor in the complete audiometer. Although it is well
      known, as a generality, that electronic means frequently can be
      substituted for electro-mechanical systems, it has nevertheless been
      considered impracticable to provide electronic attenuation in an
      audiometer, because of the extreme wide range of power output required
      (typically 100 decibles) and the rather stringent requirements regarding
      the purity of the output at the lower power levels. Thus, at the lowest
      levels of output, an audiometer may require a signal voltage on the order
      of a fraction of a micro-volt. However, even in the highest quality solid
      state circuits, the electronic "noise" may be as much as a micro-volt, so
      that the low level signals would be masked by the noise. Inasmuch as
      clinical audiometers are required to be effectively free of noise, a
      condition cannot be tolerated in which the noise represents even a
      substantial fraction of the signal voltage.
PAR  The present invention provides a unique and advantageous electronic
      attenuator system which is entirely suitable for use in clinical
      audiometers and which is substantially less expensive and more reliable
      and durable than conventional electro-mechanical attenuators.
PAR  In accordance with the present invention, a von Bekesy type audiometer is
      provided, in which the conventional electro-mechanical attentuator is
      replaced by a novel system of selectively operable resistance
      combinations, actuated in predetermined sequence by a source of timed
      pulses, synchronized with a recording device, in conjunction with an
      up/down decade counter system actuated by the pulse source. When the
      attenuator system is in operation, the attenuation of a predetermined
      input signal is controlled by successively connecting into circuit a
      series of control resistors to effect incremental changes in the voltage
      level of the applied signal. By appropriate selection of resistor values,
      the incremental changes in voltage may be controlled to suit the specific
      application. In the case of a clinical audiometer, incremental changes of
      one decibel are desirable. To accomplish this, the circuit of the
      invention includes a novel arrangement of attenuator control resistors
      effective in increments of ten decibels and increments of one decibel,
      enabling the entire power range to be covered in units of one decibel.
PAR  Because of the enormous power range required in a clinical audiometer
      (0-100 decibels, typically) circuit requirements in the lower end of the
      power range are significantly different from the circuit requirements in
      the higher end of the power range. To accommodate effectively these
      different requirements, the system of the invention provides for the
      supply of an input signal, at an effective power level in mid-region of
      the overall power range but at a voltage level at the maximum level
      required at the system output. This input signal, controllably attenuated
      in accordance with a predetermined sequence, is applied to a high ratio
      voltage divider formed in part by the system output, typically a set of
      headphones. By providing for the signal applied at the voltage divider to
      be a large multiple of the signal applied to the headphones, it is
      possible to effectively mask the electronic noise which is inherent in the
      solid state electronic sequencing system employed in conjunction with the
      attenuator control resistors.
PAR  In accordance with an important aspect of the invention, novel circuit
      arrangements are provided for achieving power output levels in the higher
      ranges, extending from the predetermined mid-range level to the level of
      the desired maximum power output. To this end means are provided for
      effectively eliminating from the output circuit the high ratio voltage
      divider, so that the maximum effective voltage is made available at the
      output stage of the system. Moreover, since the current requirements at
      the higher power levels are enormously greater than in the lower power
      ranges, the novel circuitry of the system includes means for amplifying
      the input current and thereby supplying the necessary output current
      requirements without overloading or unbalancing the attenuator system.
PAR  In a specific embodiment of the invention intended especially for clinical
      audiometers, the input signal is applied to the voltage divider circuit at
      a maximum level (assuming no attenuation) sufficient to provide the
      equivalent of a 60 decibel output at the headphones. The new circuit
      arrangements include means operative, when actuated, to effectively
      eliminate the high ratio voltage divider, making available an increased
      signal voltage, 40 decibels greater, providing a maximum effective output
      voltage level of about 100 decibels. An appropriate current amplification
      is also introduced at this stage. Progressively varied attenuation of the
      input signal level is effected through primary and secondary voltage
      attenuating resistance networks. The primary network includes a main
      resistor, which is selectively connected to ground through any one of five
      attenuator control resistances, forming voltage divider combinations
      corresponding to voltage level attenuation of -50 to -10 decibels. The
      secondary network also includes a main resistor which is selectively
      connected to ground through any of a series of resistors, forming voltage
      divider combinations corresponding to attenuation levels of -10 to -1
      decibels. By appropriate selection of control resistances in these primary
      and secondary networks, any level of attenuation may be achieved from 0 to
      -60 decibels, in increments of one decibel.
PAR  In the power output range from 99 decibels to 60 decibels, incremental
      attenuation is achieved by appropriate selection of control resistances in
      the two networks, in conjunction with actuation of an amplifier circuit
      which effectively eliminates the high ratio voltage divider and thus
      effectively makes available 40 decibels of voltage to the output. Thus,
      activation of the amplifier system in conjunction with variable
      attenuation of the incoming signal of up to -40 decibels from its maximum
      will provide the necessary incremental attenuation in the 60-99 decibel
      output range.
PAR  Because of the enormous increase in power requirements in the upper power
      ranges, the amplifier circuit which becomes effective at the 60 decibel
      level, includes a current amplifier operative to supply the additional
      current flow. Significantly, the operation of the amplifier circuit is
      such that the amplifier cannot, under any circumstances, self bias to a
      conductive state. Accordingly, when the system is operated in the lower
      power ranges, the amplifier system does not contribute electronic noise to
      the system output.
PAR  For a better understanding of the above and other features and advantages
      of the invention, reference should be made to the following detailed
      specification and to the accompanying drawing.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The single sheet of drawings comprises a highly simplified schematic
      representation of an electronic attenuation system incorporating the
      features of the invention, as utilized to advantage in a clinical
      audiometer.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to the drawing, the reference numerals 10, 11 represent left and
      right side headphone units of an audiometer. The drive coils (not
      specifically shown) for these headphone units are connected to ground at
      12. The other side of the drive coil for each headphone unit is
      selectively connected to the power circuit through selector relay contacts
      13 and 10 ohm resistor 14.
PAR  In a typical system, each of the headphones 10, 11 may have an effective
      impedance of 10 ohms, so that the combination of a headphone coil and the
      resistor 14 in series forms a resistance of 20 ohms. This combination is
      connected in parallel with a 20 ohm resistor 15, so that output of the
      system between junction point 16 and ground has effective resistance of
      about 10 ohms. Resistors 17, 24, each of about 500 ohms, are connected in
      series with the resistors 14, 15. The overall circuit resistance between
      circuit point 18 and ground is approximately 100 times the resistance
      between circuit point 16 and ground, such that the output end of the
      system, between circuit point 18 and ground can be utilized in accordance
      with the invention, as a high ratio (100:1) voltage divider, designated by
      the reference letter C.
PAR  In accordance with the invention, a predetermined input signal is supplied
      by a signal generator 19, forming no part of the invention, which supplies
      an input signal at selected frequencies and at a predetermined maximum
      voltage level. This signal is applied through primary and secondary
      attenuating resistor networks A, B, including respective isolating
      amplifiers 21, 22 to the circuit point 18. The amplifiers 21, 22 are
      connected to provide unity gain, with no attenuation, and thus function
      merely to isolate successive stages of the circuit.
PAR  In an advantageous circuit arrangement according to the invention, the
      signal applied by the signal generator 19, assuming no controlled
      attenuation of the signal, is intended to provide maximum voltage
      (approximately 100 decibels) at the headphones 10, 11. In this respect,
      however, an important feature of the invention resides in the fact that in
      the low power range, voltage is applied to the headphones through the high
      ratio voltage divider circuit C previously described, so that the signal
      voltage level available at circuit point 18 is larger by a factor of 40
      decibels than the voltage applied to the headphones.
PAR  A controlled variable attenuation of the input signal is provided, in
      accordanc with the invention, by the attenuation networks A, B. These
      networks selectively connect attenuating resistors 20, 23 to one or a
      combination of attenuator control resistances 25-34 and 35-39, forming
      attenuating voltage dividers. The resistors 25-34 form part of the
      secondary network B and, when connected in series with the resistor 20 in
      a one-at-a-time sequence, will result in signal attenuation in increments
      of 1 decibel. In a typical circuit according to the invention, the network
      resistor 20 may have a resistance in the order of 10,000 ohms, while the
      control resistors 25-34 may range in resistance from about 30,000 ohms in
      increments down to about 5,000 ohms. When the first control resistor 25 is
      connected between the resistor 20 and ground, resistors 20, 25 will form a
      voltage divider providing signal attenuation of 10 decibels. With resistor
      26 in series, signal attenuation will be nine decibels; and likewise, by
      connecting the other resistors 26-33 in series, in sequence, increased
      attenuation is provided in increments of one decibel. Control resistor 34
      is constantly connected to ground and, when resistors 25-33 are not
      connected, provides attenuation of one decibel.
PAR  The control resistors 35-39 constitute part of the primary network A for
      effecting signal attenuation in major increments, desirably in 10
      decibels. Thus, when the resistor 35 is connected (at circuit point 40) in
      series with the resistor 23, a voltage divider is formed which provides a
      50 decibel attenuation. With the resistors 36-39, individually connected
      in series with the resistor 23 (typically of 1 megohm) control resistance
      values are calculated to achieve signal attenuation of 40, 30, 20 and 10
      decibels respectively.
PAR  As will be appreciated, by appropriate selection and connection in circuit
      of control resistors of the respective attenuating networks A and B, the
      100 decibel incoming signal may be attenuated in any amount up to 60
      decibels, in increments of one decibel. For operation in low power ranges,
      the high ratio voltage divider network C provides an additional 40
      decibels of attenuation. In typical audiometer applications, the
      controllably variable attenuation is achieved in progression, usually
      commencing with maximum attenuation (minimum power at the headphone) and
      progressing in increments of one decibel until a test subject wearing
      headphones first begins to detect audible sounds at the selected input
      frequency.
PAR  In accordance with the one aspect of the invention, the various attenuator
      control resistors 25-34, 35-39 are selectively connected to a ground
      conductor 41 or 42 by means of individually controlled switching
      transistors identified by the reference numeral 43. To advantage, groups
      of these transistors may be derived from conventional integrated circuit
      elements. In one advantageous embodiment of the invention, the switching
      transistors are derived from RCA 3082 integrated circuit units, providing
      a plurality of NPN transistor elements 43. These transistor elements are
      arranged for operation in an inverted alpha mode to provide minimum offset
      voltage drop across the transistor when in an "on" condition. The emitter
      electrodes of the transistors are connected to the respective control
      resistors 25-34, 35-39 and the collector electrodes are connected to the
      common ground 41, 42. The base electrodes of the several switching
      transistors are connected through current limiting resistors 44 and
      inverters 45 to counter-convertor units 46 or 47. In the illustrated
      circuit, the counter-converter unit 46 is associated with the switching
      transistors for control resistors 25-34, for "unit" increments of
      attenuation, and the counter-converter unit 47 is associated with the
      switching transistors for resistors 35-39, providing attenuation in
      increments of ten decibels.
PAR  In one advantageous embodiment of the invention, the counter-converter
      units 46, 47 include up/down decade counters 46a, 47a, which may be the
      type bearing the standard code designation no. 74190. The up/down decade
      counters 46a, 47a, are respectively connected to BCD to decimal converters
      46b, 47b, which may be of the type bearing the standard code designation
      7442. The illustrated counter-converter units 46 and 47 provide for an
      initial pulsed input to be converted to coded binary form, by the up/down
      decade counters. The binary output is converted to decimal form by the BCD
      to decimal converters.
PAR  Input for the counter-converter unit 46 is a controlled pulse source, to be
      described. When the equipment is in operation, a series of controlled
      pulses in supplied to the up/down decade counter 46a, causing it to
      progress through a sequence and causing the associated BCD-to-decimal
      converter 46b, to provide successive triggering signals, one at a time and
      in sequence, at each of ten output terminals 49. The tenth input pulse to
      the "ones" up/down counter 46a, will recycle the counter and also supply
      an input pulse to the up/down counter 47a, for the "tens" attenuating
      network 47.
PAR  In accordance with one aspect to the invention, where the system is used as
      an audiometer, reliable synchronization of the attenuating circuitry with
      the physical position of a chart recording stylus is assured by deriving
      actuating pulses for the up/down counter 46a directly from stylus motion.
      To this end, a stylus 70 may be positioned by means of a threaded shaft or
      the like 71. The shaft 71 is driven by a stepping motor 72 actuated in
      predetermined rotational increments by input pulses from an external
      source 73. The input pulses typically are controlled by test subject, as
      will appear. A shaft encoder unit 74 is associated with the threaded shaft
      71 and, in response to each rotational increment of movement imparted by
      the stepping motor 72, will supply a signal pulse which is directed to the
      decade counter 46a through conductor 48. In this manner, input pulses to
      the attenuator control circuit are derived only from actual movements of
      the stylus drive, so that there is always exact correspondence between the
      stylus position and the condition of the attenuator circuitry. Any errors
      in the translation of input pulses from the external source 73 into stylus
      motion will not cause the attenuator circuitry to become out of phase or
      out of synchronization with the recording stylus 70.
PAR  At the outset of operation, a positive voltage signal is provided at the
      left hand output terminal of counter-converter unit 46, rendering
      conductive the switching transistor for resistor 25 and connecting it to
      ground. With each incoming pulse from the stylus drive, the positive
      signal is shifted one terminal to the right, so that each of the
      transistors is rendered conductive one at a time and in sequence, until
      the first nine have been activated. The tenth resistor 34 is at all times
      connected to ground through always conductive transistor 34a. After the
      tenth pulse of each series, only the resistor 34 is in circuit, providing
      an attenuation of -1 decibel. With the next incoming control pulse, the
      "ones" counter-converter 46 actuates the "tens" counter-converter 47 and
      returns to the beginning to connect in circuit the first resistor 25 to
      commence a new cycle.
PAR  According to the contemplated operation of the illustrated equipment, the
      "tens" counter-converter 47 will, at the outset, provide a positive
      control signal at its left terminal, connecting the control resistor 35
      (-50 decibels) to ground. Thus, initially, resistors 25, 35, constituting
      a total attenuation of 60 decibels, will be connected in circuit. The -50
      decibel resistor 35 remains in circuit throughout one complete cycle of
      the "units" counter-converter 46. When the counter-converter 46 commences
      to recycle, the shift signal is transmitted to the up/down decade counter
      47a, causing the "tens" counter-converter unit 47 to provide a positive
      control signal at its second terminal. This disconnects the resistor 35
      and connects resistor 36, representing an attenuation of -40 decibels. As
      will be readily understood successive cycling of the "units"
      counter-converter 46 will cause progressive advancement of "tens"
      counter-converter 47, so that the input signal attenuation will progress
      in 1 decibel steps throughout the range of the attenuator system.
PAR  In the illustrated arrangement, after the fifth cycling of the "units"
      counter-converter 46, the output signal of the "tens" counter-converter is
      at a blind terminal 50, so that none of the "tens" resistors 35-39 are
      connected in circuit, and the attenuation is provided exclusively by the
      resistors 25-34.
PAR  By the constant connection to ground of the resistor 34, a constant bias is
      provided for the control resistors 25-33. In a like manner, a high value
      resistance 34b is connected to ground through the transistor 34a,
      providing bias for the several resistors 34-39 of the primary attenuating
      network A. Connecting the resistors 34, 34b, to ground through a
      constantly conductive transistor 34a, rather than through a direct
      connection, provides a more constant bias, because the transistor 34a,
      forming a portion of an integrated circuit including several of the
      transistors 43, "tracks" with the other transistors with respect to
      changes in characteristics resulting from variations in temperature,
      voltage, etc.
PAR  Because of the electronic noise inherently and unavoidably present in the
      switching transistors and other solid state components, it is a feature of
      the invention that the attenuated signal made available at the circuit
      point 18 is greater by a large multiple than the signal required at the
      headphones 10, 11, and this signal is applied across the 100:1 voltage
      divider network C to achieve the desired power level at the headphone. By
      this means, the signal-to-noise ratio of the signal available at the
      circuit point 18 may be very high, and the noise is then effectively
      suppressed at the headphones. However, to attempt to utilize these
      principles of operation over the entire 100 decibel power range of the
      equipment would place enormous demands on the system in the higher power
      ranges, where the signal-to-noise ratio does not present a serious problem
      in the first instance. Accordingly, as an important feature of the
      invention, novel and advantageous means are provided for effectively
      eliminating the attenuating effect of resistors 17, 24 of the voltage
      divider C. The voltage made available at the circuit output point 16 is
      thereby increased by a factor of 100, corresponding to +40 decibels,
      relative to the voltage as attenuated by the divider network. The system
      can thus provide for the availability of the desired 100 decibel signal at
      the output.
PAR  According to the invention, the power control means provided for
      effectively eliminating resistors 17, 24 from the output circuit comprises
      an operational amplifier arranged for unity gain. In the illustrated
      arrangement, this includes a 8021 solid-state amplifier 51, connected in
      series with the 500 ohm resistor 24 and in parallel with the 500 ohm
      resistor 17. An NPN transistor 52 controls the functioning of the
      amplifier 51. When the transistor is non-conductive, the amplifier is off
      and no current flows. When the transistor 52 is rendered conductive, the
      amplifier 51 is biased on. When the amplifier is operating, resistors 24,
      17 are effectively eliminated from the circuit. The amplifier circuit also
      includes, according to the invention, a current amplifier 53, comprising a
      pair of NPN transistors 54, 55 and a pair of PNP transistors 56, 57. The
      amplifier 51 is connected to the base electrodes of the transistors 55,
      57, while the base electrodes of transistors 56, 54 are connected to the
      collector electrodes of the transistors 55, 57. The emitter of the
      transistor 56 is connected to a source of positive supply voltage and the
      emitter of the transistor 54 is connected to a negative supply voltage.
PAR  When the amplifier control transistor 52 is rendered conductive, the
      amplifier 51 is activated to its "on" condition, effectively removing
      resistors 17, 24 from the system output. The current amplifier 53 is
      designed to provide sufficient current capacity to satisfy the increased
      current requirements providing for the desired significant increase in
      output power without overloading and unbalancing the variable attenuator
      stages A and B of the system.
PAR  When the amplifier control transistor 52 is in a non-conductive state, bias
      current is removed from the amplifier 51. At these times, the amplifier 51
      is "off" and no current can flow. Thus, in the low power mode of the
      system, there is no electronic noise contribution from the amplifier
      circuit components.
PAR  Desirably, there is a suitable zero adjust network 58 associated with the
      unity gain amplifier 51 to correct for any zero offset.
PAR  In accordance with the invention, the amplifier 51 is automatically
      rendered operative when the "tens" counter-converter 47 shifts into the
      range corresponding to a desired system output of 60-99 decibels. Thus,
      after the sixth cycle of the "units"  counter-converter 46, the "tens"
      counter-converter will present a signal at terminal 59. This will
      simultaneously connect into circuit the resistor 37 (-30 decibels) and,
      through a gate 60, render conductive the transistor 52 to energize the
      amplifier circuit making available a 40 decibel signal gain at the output
      by reason of effectively eliminating or by-passing the voltage divider
      resistors 17, 24. The combination of a 30 decibel attenuation and a 40
      decibel effective gain will provide a signal of 70 decibels at the output.
      The combination of a 40 decibel effective gain from the power amplifier
      circuit, a 30 decibel attenuation through resistor 37 and a 10 decibel
      attenuation through resistor 25 will provide for an effective signal of 60
      decibels at the output, and this will increase in steps of 1 decibel, to
      69 decibels, as the "units" counter-converter 46 goes through its cycle.
PAR  In continued sequence, the "tens" counter-converter 47 will activate
      terminal 61, connecting in circuit the resistor 38 (-20 decibels). The
      amplifier circuit remains operating through a signal applied at gate 60.
      After another complete cycle of the "units" counter-converter 46, terminal
      62 of the "tens" counter-converter 47 is activated, and after still
      another cycle, terminal 63 is actuated, maintaining an "on" signal at the
      amplifier circuit but providing no attenuation by the resistors 35-39. In
      this unique and efficient manner, it is possible to provide the desired
      high level power to the headphones 10, 11.
PAR  In typical operation of the system of the invention, the headphones 10, 11
      are placed on the test subject, and the selector relay 13 is actuated to
      be connected to either the right or left side transducer. The signal
      generator 19 is set to provide the desired frequency. Operation of the
      system is then placed under the control of the test subject through a
      control switch input identified by the reference numeral 64. When the
      subject is ready, the system is actuated and commences a sequencing of the
      variable attenuator, starting from full attenuation (0 decibel output) and
      progressing in 1 decibel increments through increasingly higher levels of
      power output. Eventually, a typical test subject will be able to detect an
      audible sound at the headphone, and immediately will actuate the input
      control 64, to cause the up/down counters 46a, 47a, to begin to sequence
      in reverse. During the reverse sequencing of the counters, the signal
      attenuation increases in 1 decibel steps. As soon as the test subject is
      no longer able to detect an audible sound at the headphone, he again
      reverses the direction of sequencing of the counters. This process of
      reversal is continued for a suitable interval, enabling a reading of
      satisfactory accuracy to be obtained as to the test subject's threshold of
      audibility for a signal of given frequency. Suitable means are provided
      for inhibiting operation of the up/down counters 46a, 47a, at the 0 and 99
      decibel levels, the limits of the desired range of a typical audiometer.
PAR  As previously described, the test subject controls the movements of a
      stepping motor 73 associated with a stylus 70. Pulses to the up/down
      counter 46a are derived from the shaft encoder 74, such that the stylus
      motions necessarily are in exact correspondence with the sequencing of the
      electronic attenuator providing an accurate graphic representation of the
      responses of the test subject.
PAR  The system of the invention enables substantial economies to be realized in
      the manufacture of audiometers and similar devices, by completely
      eliminating the need for employing a precision electro-mechanical
      adjustable attenuator resistance network. Such electro-mechanical
      attenuator mechanisms represent a significant cost factor in the
      production of conventional audiometers, and yet such devices have rather
      poor reliability and durability.
PAR  The replacement of electro-mechanical devices by the electronic system of
      the invention enables important production savings to be realized. This is
      of particular significance from a practical, commercial viewpoint, because
      of the accelerating tendency toward industrial utilization of audiometers
      in connection with employee health programs and the like. For typical
      industrial utilization not only the cost factor is of great significance,
      but of possibly even greater importance is the dependability and useful
      life of the equipment when utilized under industrial, as distinguished
      from laboratory, conditions. In this respect, the system of the invention
      utilizes solid state electronic components, the longevity and
      dependability of which is well established, to replace the rapidly-worn,
      high cost, precision mechanisms of the conventional units.
PAR  A fundamental feature of the invention resides in the utilization of a
      two-stage attenuation technique, which enables a high level signal to be
      applied in the lower power ranges, for effective suppression or masking of
      the electronic noise which is inherent in a system utilizing transistor
      switching devices. This high level controllably attenuated signal is
      applied over a high ratio voltage divider, so that a signal of the
      appropriate level is derived at the headphones. In the higher power
      ranges, the inherent electronic noise is, percentagewise, not a
      significant consideration. Accordingly, the system of the invention
      uniquely provides for the effective elimination of the attenuation
      otherwise provided by the high ratio voltage divider.
PAR  As a further significant feature of the invention, the circuit arrangement
      providing for effective elimination of the voltage divider includes a
      current amplifier of sufficient capacity to supply the increased current
      requirements of the output load. This enables the necessary high level
      outputs to be delivered to the headphone without overburdening the first
      stages of the circuit with unduly heavy current flow conditions.
PAR  It should be understood, of course, that the specific form of the invention
      herein illustrated and described is intended to be representative only, as
      certain changes may be made therein without departing from the clear
      teachings of the disclosure. Further, although the invention is known to
      be highly advantageous for use in connection with audiometer equipment,
      the underlying principles of the invention may have substantially broader
      utilization. Accordingly, reference should be made to the following
      appended claims in determining the full scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electronically sequenced power attenuator system for a clinical
      audiometer or the like providing a wide range of attenuation and a
      substantially noise-free signal at all levels, which comprises
PA1  a. means for generating an input signal of predetermined voltage level,
PA1  b. electronically variable attenuation means for controllably attenuating
      said signal from said predetermined level to a level which is a
      sufficiently large multiple of the desired output level that the signal to
      electronic noise ratio permits intelligible, audible reproduction of the
      signal,
PA1  c. voltage divider means connected to the attenuator means and including
      output resistance means which is a small fraction of the effective
      resistance of the voltage divider corresponding to an inverse of said
      large multiple, and
PA1  d. power control means automatically operative at all levels of output
      signal above a predetermined level to effectively by-pass a portion of
      said voltage divider means.
NUM  2.
PAR  2. The system of claim 1, further characterized by
PA1  a. said system forming part of an audiometer system of the von Bekesy type
      having a variable power output of in the 100 decibel range,
PA1  b. said voltage divider providing a ratio of input to output voltage of in
      the range of 100-to-1, and
PA1  c. said power control means being automatically operative at a
      predetermined level of output signal.
NUM  3.
PAR  3. The system of claim 1, further characterized by
PA1  a. said power control means comprising a unity gain operational amplifier,
      including a transistor-type current amplifier.
NUM  4.
PAR  4. The system of claim 1, further characterized by said electronically
      variable attenuator comprising
PA1  a. voltage divider means connected to said signal generating means and
      including a first common resistor,
PA1  b. a plurality of attenuation control resistors selectively connectable
      between said common resistor and ground,
PA1  c. a separate switching transistor connected in series with each of said
      control resistors for connecting said resistors in circuit and thereby
      controllably regulating voltage drop across said common resistor, and
PA1  d. time-sequenced control means for rendering said transistors conductive
      in predetermined time sequence.
NUM  5.
PAR  5. The system of claim 4, further characterized by
PA1  a. means connecting said power control means and said time-sequenced
      control means, whereby said power control means is rendered effective
      simultaneously with the connection in circuit of selected ones of said
      control resistors.
NUM  6.
PAR  6. An electronically attenuated system, for a clinical audiometer or the
      like, for generating an output signal of controllably variable power over
      a wide power range, which comprises
PA1  a. an output circuit,
PA1  b. means for developing a signal voltage at a predetermined level at least
      equal to the desired maximum voltage output of the system,
PA1  c. variable signal attenuating means including first common resistor means
      and a plurality of control resistors selectively connectable in series
      therewith to effect controllable voltage drop across said first common
      resistance means,
PA1  d. said signal attenuating means providing a minimum output signal which is
      a sufficiently large multiple of the desired output level that the signal
      to electronic noise ratio permits intelligible, audible reproduction of
      the signal,
PA1  e. a high ratio voltage divider connected to said variable signal
      attenuating means and forming part of the output circuit of said system,
      and
PA1  f. power control means selectively operative to effectively by-pass at
      least part of said voltage divider, at all times when said system is
      operated at levels of its power range above a predetermined level.
NUM  7.
PAR  7. An electronically attenuated system according to claim 6, further
      characterized by
PA1  a. said variable signal attenuating means comprising a plurality of control
      resistors of different resistance value connectable selectively in series
      with said first common resistor,
PA1  b. a switching transistor connected in series with each of said control
      resistors,
PA1  c. sequence control means connected to the base electrode of each of said
      transistors for selectively rendering the transistors conductive or
      non-conductive in predetermined sequence, to effect variable, controlled
      voltage drop across said first common resistor means.
NUM  8.
PAR  8. An electronically attenuated audiometer of the von Bekesy type adapted
      to apply to a test subject audible test signals over a range at least
      ninety decibels, which comprises
PA1  a. electro-mechanical transducer means for converting electrical signals of
      a given power level to audible test signals of a related power level.
PA1  b. signal generating means for generating an input signal at a power level
      equal to or greater than the power level required to develop the maximum
      audible test signal,
PA1  c. said signal generating means including variable signal attenuating
      circuit means in its output,
PA1  d. voltage dividing resistance means connected in series between the output
      of the signal attenuating circuit means and the electromechanical
      transducer means and having an effective resistance which is a substantial
      multiple of the effective resistance of the transducer means,
PA1  e. said substantial multiple being sufficiently large to enable the minimum
      signal generated at the output of said attenuating circuit means to have a
      signal to noise ratio permitting intelligible, audible reproduction of the
      signal,
PA1  f. electronically triggered circuit means for neutralizing the voltage
      dividing effect of said voltage dividing resistance means,
PA1  g. a first plurality of attenuation control resistors adapted to be
      selectively connected in said variable signal attenuating circuit means
      for controllably attenuating the input, in major increments,
PA1  h. first sequencing means for electronically connecting said first
      attenuator control resistors selectively in said signal attenuating
      circuit means for effecting sequential, progressive, major incremental
      changes in the output power of said signal generating means,
PA1  i. said first sequencing means including means for automatically activating
      neutralizing circuit means in conjunction with the connecting in circuit
      of certain of said attenuator control resistors corresponding to a
      predetermined higher range of major power increments and automatically
      deactivating said neutralizing circuit means in conjunction with the
      connecting in circuit of attenuator control resistors corresponding to a
      lower range of major power increments,
PA1  j. a second plurality of attenuator control resistors adapted to be
      selectively connected in said variable signal attenuating circuit means
      for effecting controllable signal attenuation in minor increments, and
PA1  k. second sequencing means for electronically connecting said second
      attenuator control resistors selectively in said variable signal
      attenuating means for effecting sequential, progressive minor incremental
      changes in the output power of said signal generating means over the range
      of said major increments.
NUM  9.
PAR  9. An electronically attenuated audiometer according to claim 8, further
      characterized by
PA1  a. said signal generating means being adapted to develop a signal
      corresponding to a predetermined output power level,
PA1  b. said first plurality of attenuator control resistors comprising five
      selectively effective resistors operative, when connected, to attenuate
      said signal in increments of ten decibels, to a predetermined minimum
      output level
PA1  c. the second plurality of attenuator control resistors comprising
      selectively effective resistors operative, when connected, to attenuate
      said signal in increments of one decibel.
NUM  10.
PAR  10. A controllably effective voltage divider output for an electronically
      attenuated audiometer circuit or the like, which comprises
PA1  a. first and second resistance means connected in series,
PA1  b. at least a portion of the second resistance means constituting an output
      load,
PA1  c. said first resistance being a multiple of the second,
PA1  d. electronically attenuated power means for supplying power to said
      voltage divider input, and
PA1  e. circuit means effective when actuated to effectively neutralize the
      effect of said first resistance means,
PA1  f. said circuit means including a unity gain operational amplifier and a
      transistorized current amplifier.
NUM  11.
PAR  11. A controllably effective voltage divider output according to claim 10,
      further characterized by
PA1  a. said electronically attenuated power means including a plurality of
      transistor-switched resistors and a similar plurality of switching
      transistors for effecting controlled attenuation of the input signal, and
PA1  b. means including the switching transistors for selected ones of said
      resistors for actuating said circuit means.
NUM  12.
PAR  12. A signal generating circuit for a clinical audiometer or the like,
      comprising
PA1  a. an output load,
PA1  b. resistance means in series with said output load and forming, in
      conjunction therewith, a high ratio voltage divider,
PA1  c. said resistance means including two resistance sections of substantially
      equal resistance,
PA1  d. a solid-state amplifier system connected in series with one of said
      resistance sections and in parallel with the other to form a unity gain
      operational amplifier,
PA1  e. said solid state amplifier system including a transistorized current
      amplifier,
PA1  f. electronically sequenced variable voltage divider signal attenuation
      means forming the input to said high ratio voltage divider, and
PA1  g. means for selectively rendering effective said amplifier system when
      said variable signal attenuation means is conditioned to provide signals
      to said output at levels higher than a predetermined level,
PA1  h. said voltage divider having a sufficiently high ratio to permit
      intelligible, audible reproduction of the minimum signal level imparted by
      said attenuation means.
NUM  13.
PAR  13. The circuit of claim 12, further characterized by
PA1  said signal attenuation means comprising a two stage attenuation system,
PA1  b. each of said stages comprising a plurality of resistances connected
      independently to a like plurality of switching transistors, to provide for
      signal attenuation in increments of one decibel and increments of ten
      decibels.
PA1  c. separate sequencing circuit means for "units" and "tens" increments, for
      progressively increasing or decreasing the signal attenuation in
      increments of one decibel over a substantial range, and
PA1  d. means for rendering effective said amplifier means when said sequencing
      circuit means progressively decreases the signal attenuation to a
      predetermined level.
NUM  14.
PAR  14. The circuit of claim 13, further characterized by
PA1  a. chart and stylus means for recording the condition of the circuit,
PA1  b. a stepping motor and input pulse control for moving said stylus, and
PA1  c. position responsive means associated with the stylus drive for
      generating circuit control pulses in response to actual movements of said
      stylus.
NUM  15.
PAR  15. The circuit of claim 13, further characterized by
PA1  a. said sequencing means comprising pulse actuated up/down decade counters
      and associated BCD-to-decimal converters.
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ABST
PAL  This invention relates to a method and means to provide local call
      multimetering in existing telephone systems with a minimum of changes in
      existing exchanges. It comprises sensing whether a call duration counter
      is connected to a cord circuit or not, and employs the result of this
      sensing operation to control an inhibiting circuit which, respectively,
      passes or stops the local metering pulses on their way to the subscriber's
      call counter. Sensing imposes a low power demand, thus sensing of the
      potential is sufficient. The principle may be used for toll multimetering.
      The first multimetering pulse will be suppressed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a multimetering method and means easily adaptable
      to existing telecommunication switching systems in which the establishment
      of a connection between a calling subscriber station A and a called
      subscriber station B is effected at least partly via a cord circuit, and
      in which the calling subscriber station A is allocated a call duration
      counter which is arranged to be stepped forward by periodic metering
      signals generated by a metering signal generator.
PAR  2. Description of the Prior Art
PAR  There are a number of known different types of multimetering equipment.
      Included in this known equipment are multimetering processes which have
      been triggered by mechanical means such as a clock. Such clock may operate
      a cam disc and thus provide pulses with the desired pulse duration and
      pulse interval.
PAR  Two general schemes for using metering pulses exist. The more straight
      forward of these involves the provision of an individual clock pulse
      source for each subscriber. This solution is very expensive as the number
      of clockpulse generators has to be very large, but it offers the advantage
      that the first metering pulse will then occur instantaneously and be
      usable. A different solution is to use a common clock pulse generator for
      all the subscribers connected to a single exchange, in connection with
      means enabling suppression of the first of the metering pulses which is
      apt to be incomplete and therefore the cause of a faulty count. The result
      is that the metering operation does not start until the second metering
      pulse appears (the first one which is not suppressed). With this second
      solution, an inexpensive exchange is obtained as only one clock pulse
      generator is required.
PAR  Recently a demand has arisen for multimetering also of local calls at the
      most busy time of the day. This demand is based on the desire to obtain a
      more economical use of the rather expensive telecommunication network and
      to obtain a more even distribution of the telecommunication traffic.
PAR  Toll metering has been employed in telecommunication networks from the
      beginning and therefore is designed into the exchanges and represents an
      integrated part of the exchanges. Local metering equipment, however, has
      to be developed so that it can be adapted to existing telecommunication
      systems in an easy and effective manner.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention, therefore, is to provide a metering system
      which is easy to produce, which is adaptable to existing exchanges without
      heavy expenditures, and in which in a simple manner it is possible to
      change the pulse interval and thereby the tariff.
PAR  A main feature of the invention is that metering signals which are common
      for all subscribers are led continuously to an inhibiting circuit which,
      in dependence on whether the call duration counter is connected to the
      cord circuit or not, respectively feeds the metering signals further
      towards the call duration counter or inhibits transfer of the signals.
PAR  A second feature is that the method is used for local multimetering and
      that the feeding of the call duration counter with metering signals
      representing the local multimetering also is inhibited if toll
      multimetering signals are applied, the toll multimetering signals being
      bypassed directly to the A subscriber's counter.
PAR  A further feature is that the first local multimetering pulse is suppressed
      by leading the output from the inhibiting circuit to a resetable one-step
      shift register, and that each toll multimetering pulse when present,
      resets this shift register.
PAR  Still a further feature of this invention is that the same multimetering
      circuit is used for different categories of calls, as, e.g., for local
      calls and toll calls by changing the frequency of the metering signal.
PAR  The invention relates particularly to a method and means to provide local
      call multimetering in existing telephone systems while requiring a minimum
      number of changes in the existing exchange. It comprises sensing whether
      the call duration counter is connected to the cord circuit or not, and
      employs the result of this sensing operation to control an inhibiting
      circuit which, respectively, passes or stops the local metering pulses on
      their way to the subscriber's call counter. The sensing should preferably
      have a low power demand, thus sensing of the potential should be
      sufficient. The principle may with some modifications also be used for
      toll multimetering. The first multimetering pulse will be suppressed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  To obtain a clear and unambiguous view of this invention reference is made
      to the detailed description of preferred embodiments as shown in the
      accompanying drawings, in which:
PAR  FIG. 1 illustrates a function diagram of a circuit according to this
      invention,
PAR  FIg. 2 shows a function diagram of a further embodiment, and
PAR  FIG. 3 shows a detailed diagram of a circuit which performs the desired
      functions.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In FIG. 1, the numeral 1 represents a local multimetering pulse generator
      while 2 is an AND-gate. The block 3 is a detector which detects whether
      the cord circuit 5 and the call duration counter 4 are mutually connected
      or not. Reference number 4 is the call duration counter and 5 is the cord
      circuit. The double dotted line 8 represents a mechanical or electrical
      connection between the detector 3 and a switch 9 which make and break the
      connection between the call duration counter 4 and the cord circuit 5.
PAR  The operation of this circuit is rather simple. When the detector 3 detects
      that the connecting switch 9 really is closed and thus that a connection
      is established, the detector produces an output signal which enables the
      AND-gate 2. As long as a connection is established, the gate is then
      enabled and the clockpulses from the multimetering pulse generator 1 are
      led via the gate 2 to the counter 4 which is stepped forward by the
      received pulses.
PAR  This design is the most straight forward solution according to the
      invention. But it differs clearly from earlier known arrangements. It is
      commonly known to use an extra relay to obtain the desired connection
      between the pulse source and the counter. It is then, however, necessary
      to have either a mechanical connection between the connecting switch 9 and
      the detector 3, or a power consuming two wire electrical connection to the
      relay. With an embodiment according to this invention it is only necessary
      to sense the potential in the connection between the call duration counter
      4 and the cord circuit 5. This potential changes when the switch 9
      operates, and the changing potential is used to control the
      disabling/enabling of the gate 2. This connection requires a minimum of
      power.
PAR  In the most cases there will already exist a switch in the exchange, which
      switch operates when the cord circuit is connected/disconnected to/from
      the counter. Such a switch may then be used, and it is therefore only
      necessary to let the new arrangement for multimetering be connected to the
      existing exchange equipment via one single wire.
PAR  In a few types of exchanges the switch which connects the cord with the
      counter is not operated exactly at the moment when the call is
      established. Then the operating moment of this first switch cannot be used
      directly, and a second switch which operates at just the right moment has
      to be involved in the operating circuit. This may, however, also be a
      switch which already is present in the exchange and may or may not be used
      for other purposes. Such an arrangement will be described in more detail
      below in connection with further circuit descriptions.
PAR  In FIG. 2 the same reference numbers are used as in FIG. 1. In addition the
      following numbers are used. Reference number 6 represents a toll
      multimetering pulse generator circuit and 7 is a one step shift register
      with reset. The reset input is shown on the figure with an arrow.
PAR  The working operation of the arrangement of FIG. 2 is as follows:
PAR  The toll multimetering pulse generator 6 generates pulses at a much higher
      frequency than the local multimetering pulse generator 1. If the toll
      multimetering generator delivers pulses, these will be led directly to the
      counter 4 and will simultaneously reset the shift register 7. A local
      multimetering pulse generated in the generator 1 cannot pass through the
      one-step shift register 7 as long as this is regularly reset at a higher
      rate. This one-step shift register will also, when the toll multimetering
      pulses are not present, provide a suppression of the first of the local
      multimetering pulses as this will be delayed with one pulse period. The
      remaining parts of this circuit operate as described in connection with
      FIG. 1.
PAR  FIG. 3 shows a detailed circuit arrangement according to FIG. 2.
PAR  In a practical arrangement two main types of cord circuits exist. In one,
      the counting is undertaken by means of earth pulses to the C-wire in the
      subscriber's set, and in the second case a battery pulse is delivered to
      the C-wire during the counting process. These two types of arrangement
      are, however, nearly identical in their operation and therefore only one
      will be described here.
PAR  The circuitry within the dotted rectangle represents the multimetering unit
      and corresponds to blocks 2, 3 and 7 in FIG. 2. The terminals 10 and 11
      are connected to the battery and to earth respectively, terminal 12 is
      connected to a switch 13 which is closed when the cord circuit (5 in FIG.
      1 and 2) is connected to the call duration counter 4 (FIG. 1 and 2) and
      terminal 14 (which only is used in circuits where switch 13 does close
      before the moment when the connection is established) is connected to a
      second switch 15 which operates at just the moment of connection
      establishment. Terminal 16 is connected to the local multimetering pulse
      generator 1 (FIG. 1, 2). T.sub.1, T.sub.2 and T.sub.3 represent three
      transistors, Rel is a relay which operates the switches a and b.
PAR  When a called subscriber station B (not shown) replies to a call, the
      counter 4 (FIG. 1, 2) of the calling subscriber station A (not shown) is
      connected to the terminal 12 of the multimetering unit. The transistor
      T.sub.3 thereby receives base current via resistor R.sub.6 and the zener
      diode Z, and is switched to its conducting state. The multimetering
      generator 1 provides 150 msec. earth pulses to terminal 16 every 3rd
      minute, continuously. Between these pulses the transistor T.sub.1 does not
      conduct, and the capacitor C is charged to 48V via R.sub.2, R.sub.3 and
      R.sub.4. The transistor T.sub.2, however, does not receive base current
      and therefore does not conduct, and thus the relay Rel remains not
      operated. The first earth pulse on terminal 16 gives transistor T.sub.1
      base current via diode D.sub.8 and R.sub.7 and it therefore becomes
      conducting. The capacitor C thereupon is discharged via T.sub.1, R.sub.3
      and D.sub.1. After 150 msec. the transistor T.sub.1 ceases to conduct and
      the capacitor C is recharged to 48V via R.sub.2, R.sub.3 and the
      base-emitter circuit of transistor T.sub.2 which becomes conducting. Now
      the relay Rel will operate and hold itself operated over its working
      contact a. In this manner suppression of the first counting pulse is
      obtained.
PAR  The contact b now is closed, and the next generator pulse will therefore
      via transistor T.sub.1, diode D.sub.4, resistor P.sub.8 and terminal 12,
      send a multimetering pulse on the C-wire and thereby operate the calling A
      subscriber's counter.
PAR  In such cases where terminal 12 via switch 13 is connected to the counter
      of the calling subscriber station A at a moment different from the moment
      at which subscriber A makes a reply, the circuit has to be completed by
      the components D.sub.9 and D.sub.7. D.sub.7 absorbs the current passing
      through R.sub.6 and thus insures that transistor T.sub.3 does not receive
      base current until switch 15 operates. The switch 15 operates when the
      called subscriber B replies, and remains operated during the call.
PAR  The conditions which have to be satisfied to obtain multimetering are:
PA1  1. The counter 4 is connected to terminal 12.
PA1  2. Switch 15 is operated (in this case D.sub.9 and D.sub.7 have to be
      included).
PA1  3. Rel has to be operated when the multimetering pulse arrives.
PAR  During toll multimetering the switch 17 operates periodically. Each time
      when the switch MM is closed the potential on terminal 12 will rise so
      much that the zener diode Z will no longer be conducting, transistor
      T.sub.3 is switched off and the relay Rel is released. The next local
      metering pulse on terminal 16 will therefore not be led to the counter 4,
      but will only operate the relay Rel.
PAR  Components not mentioned above have the following functions:
PAR  Diode D.sub.3 holds relay Rel activated while a counting pulse is
      transmitted.
PAR  Diode D.sub.4 inhibits external metering pulses from having any influence
      on relay Rel.
PAR  Diode D.sub.8 disables the circuit if the current supply fails.
PAR  Diodes D.sub.2, D.sub.5, D.sub.4, D.sub.6 are also protecting diodes.
PAR  The resistors R.sub.4, R.sub.5, R.sub.10 are leak current decoupling
      resistors.
PAR  The described circuit is only to be taken as an embodiment of the circuit
      according to the invention. Many other solutions and arrangements may be
      included within the scope of this invention as set forth in the claims
      below.
PAR  The relay Rel may, e.g., be replaced by an electronic circuit having the
      same functions and a great part of the circuit may be designed as an
      integrated chip. As far as the function of the circuit is the same as
      described in one or more of the claims below, the circuit thus is within
      the scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multimetering method adaptable to existing telecommunication switching
      systems in which the establishment of a connection between a calling
      subscriber and a called subscriber is effected at least partly via a cord
      circuit and where the calling subscriber is allocated a call duration
      counter which is arranged to be stepped forward by periodic metering
      signals generated by a metering signal generator, characterized in that
      the metering signals, which are common for all subscribers, are
      continuously led to an inhibiting circuit for each subscriber which in
      dependence on whether his call duration counter is connected to the cord
      circuit or not, respectively feeds the metering signals further towards
      his call duration counter or stops these signals.
NUM  2.
PAR  2. A multimetering method according to claim 1 for use in connection with a
      telephone switching system in which multimetering of toll connections is
      undertaken by conventional toll multimetering equipment, characterized in
      that said periodic metering signals represent local multimetering and that
      the feeding of the call duration counter with said local multimetering
      signals is also inhibited if toll multimetering signals are applied, the
      toll multimetering signals being by-passed directly to the calling
      subscribers counter.
NUM  3.
PAR  3. A multimetering method according to claim 2, in which the first local
      multimetering pulse is suppressed by leading the output from the
      inhibiting circuit to a resetable one-step shift register and that each
      toll multimetering pulse, when present, resets this shift register.
NUM  4.
PAR  4. A multimetering circuit to perform the method according to claim 3, in
      which the winding of a relay and the emitter/collector circuits of a first
      and a second transistor are connected in series between the battery and
      earth potential, that when the called subscriber replies to a call, the
      calling subscriber's call duration counter is connected to the cord
      circuit via a contact in the cord circuit, whereby the earth (or battery)
      potential via the same contact is applied to the base of the second
      transistor making it conductive, the pulses from a clock pulse generator
      via a firstpulse suppressing circuit are led to the base of the first
      transistor making it conductive from the trailing edge of the first
      received clock pulse, thus operating the relay, and that the relay
      operating two relay contacts the first of which by-passes the first
      transistor and the second of which connects the clock pulse generator to
      the calling subscriber call counter.
NUM  5.
PAR  5. A multimetering circuit according to claim 2, in which the toll
      multimetering pulses, when present, are applied via a contact in the cord
      circuit and that these pulses, via a threshold circuit, switch a
      transistor to its non-conductive state, thus inhibiting the operation of
      the local multimetering process, and that these pulses are also led
      directly to the call duration counter.
NUM  6.
PAR  6. A multimetering circuit according to claim 5, in which the contact in
      the cord circuit does not close at the moment when the called subscriber
      replies, and a second cord circuit contact which closes just at the above
      described moment is used to drive the transistor to its conductive state.
NUM  7.
PAR  7. A multimetering circuit according to claim 1, in which the potential of
      the connection between the call duration counter and the cord circuit is
      sensed substantially without power consumption and the sensed potential is
      used to control the inhibiting circuit.
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ABST
PAL  A time division multiplex system includes a status channel as well as a
      plurality of information channels and a frame synchronization channel in
      each frame. A submultiplexer combines a "winking" framing pulse with four
      different status signals to derive a four-state code. One state of the
      code contains a "winking" submultiplexer framing signal, and the other
      states transmit status information to control system alarm and restoral
      conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to alarm and control techniques for multiplex
      systems and in particular for systems which use time division multiplexing
      for the transmission of signaling information.
PAR  2. Description of the Prior Art
PAR  Alarm and control systems for frequency division multiplex (FDM) and pulse
      code modulation (PCM) carrier system are well known in the art. An example
      of an alarm and test technique for FDM system is disclosed in U.S. Pat.
      2,986,610. In this arrangement, the signal transmission via the
      transmission path is monitored by use of a 96 kHz pilot tone which is
      transmitted along with the double sideband FDM channel signals. At the
      receiving terminal the 96 kHz tone is rectified and the amplitude of the
      rectified voltage is compared with a reference. A transmission failure is
      identified when the rectified voltage is above or below predetermined
      maximum or minimum values. Action is then taken to notify the terminal at
      the other end and to subsequently drop off and then busy out the trunks to
      prevent a subscriber from being hung up on an inoperative channel. At a
      fixed time interval following the busy out, the transmission path is
      tested to determine if the transmission anomaly has self-cleared. If it
      has, the restoral process is initiated. If not, the terminals lock out in
      alarm condition.
PAR  A similar alarm system is disclosed in U.S. Pat. 3,112,370. In this
      arrangement, the system employs PCM and use is made of the least
      significant message digit space of the channel code and the digit space,
      per channel, which has been added for signaling purposes, to transmit the
      alarm information between terminals. This is done by forcing a specific
      binary condition in the least significant message digit, a condition that
      would be abnormal to the condition that would occur during normal
      operation. In contrast to the FDM technique, which relies upon the
      deviation of the rectified amplitude from a predetermined range, a
      transmission anomaly is recognized, in the PCM system, by an out-of-frame
      condition, which cannot be corrected within a predetermined time.
PAC  SUMMARY OF THE INVENTION
PAR  In a time division multiplex system having a recurrent framing sequence, a
      "winking" frame synchronization signal and successive signals in a
      separate status channel are combined to provide a plurality of terminal
      status signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified block diagram of a prior-art arrangement which shows
      a central office terminal, a separate path for voice transmission, and a
      common channel signaling system.
PAR  FIG. 2 is a simplified block diagram of a preferred embodiment of the
      invention operating in combination with a common channel signaling system
      which uses time division multiplex.
PAR  FIG. 3 is a detailed block diagram of a 26-state channel counter.
PAR  FIG. 4 is a detailed block diagram of a preferred embodiment of the
      transmitting section of the submultiplexer.
PAR  FIG. 5 is a detailed block diagram of a preferred embodiment of an Error
      Density Counter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the central offices 2 and 22 contain the basic
      switching, trunk circuit, and signaling equipment. Where common channel
      signaling is to be used, different transmission facilities are used for
      the n voice channels than are used for the associated n signaling
      channels. Thus, at the West Terminal, the n voice signals are transmitted
      over path 4 to transmission facility 6, which could either be a carrier
      current system operating over cable, open wire or radio, or a multiplicity
      of cable or open-wire pairs. The associated signaling information is
      applied via path 10 to the transmitting portion of common channel
      signaling system (CCSS) 12. Either TDM or FDM can be employed to subdivide
      a voice channel into a plurality of signaling channels. Both techniques
      have been employed in prior-art systems. Where carrier current systems are
      employed for voice transmission, a four-wire channel may be set aside for
      East-West and West-East transmission of the associated signaling
      information. Alternatively, a completely separate transmission facility
      may be used so the transmit signaling path 14 and receive path 38 are not
      shown interconnected with transmission facility 6. A similar arrangement
      of voice and signaling circuits is shown for the East terminal. Operation
      and interconnection of such arrangements are well known in the art and
      will not be discussed further.
PAR  In FIG. 2 a preferred embodiment of the invention is illustrated in
      conjunction with a CCSS terminal employing TDM. Only one terminal (West)
      is shown since the (East) terminal would be similar. Where possible, the
      same identifying numbers are used for those units which perform a similar
      function as were used in FIG. 1. Note that 12 is indicative of a CCSS
      terminal, and this is the equipment included in the dotted box. However,
      it should be understood that the alarm system, which is also enclosed and
      which is intimately related to the transmitting and receiving systems of
      the CCSS terminal 12, is, of course, not considered to be old. Further, as
      will be shown later, certain features of the transmitting and receiving
      sections provide novel elements of the invention.
PAR  From central office equipment 2, path 10 provides a number of parallel
      signaling input connections to the transmitting interface and gating unit
      42. As is well known, the binary signaling output conditions which are
      often available are open or ground or battery or ground. When used, the
      battery voltage may be -48 volts. The interface equipment translates those
      different binary conditions into a standard binary format and at the same
      time converts the translated binary signal conditions into voltage values
      which are readily usable for integrated circuits. In the instant case, a
      break-normal on-hook condition--is binary 1 and this is a 0 volt level. A
      make-normal off-hook condition -- is binary 0 and this is a -5 volt level.
PAR  The gating circuit ensures that each pulse has a minimum duration before it
      is transmitted on to the transmit time division multiplex unit 46. While
      any number of signaling channels could be processed by the multiplex unit
      46, we will fix the number of signaling channels at 24 made up from two
      12-channel groups. In addition, a system framing channel and a status
      channel are included in each TDM frame so each frame contains 26
      time-divided spaces, or TDM channels. The timing for these channels is
      derived from a novel counter arrangement in which a five-bit counter is
      only permitted to count to 25 before it is reset. A 2400 kHz clock pulse
      signal is supplied to the input of the counter via path 50 from modulator
      52. The clock rate is more than sufficient since the signaling information
      applied to TDM 46 has a pulse rate in the order of 10 pps. Thus, recovery
      of the information applied is assured based upon the well-known sampling
      theorem. A flip-flop is connected to the output of the counter and is
      toggled each frame, which thus generates a "winking"  system framing
      pulse. Such "winking" framing pulses are well known in the art. Reference
      may be made, for example, to U.S. Pat. Nos. 2,927,965 and 3,261,918. The
      order in which the signaling channels and the system framing and status
      channels are taken can be arbitrary. For purposes of discussion and not as
      a limitation, the first channel, i.e., 0 in the 26 channels numbered 0 -
      25, contains the system framing signal and is followed, in turn, by the 24
      signaling channels and finally the status channel, which is designated 25.
      The status signal is derived by a combination of the system framing pulse,
      applied to the transmit submultiplexer 58 via path 66, and the status
      conditions. Local terminal conditions may be applied to the submultiplexer
      via paths 60 and 62. These could be binary normal conditions for each 12
      channel group and could permit transmission of abnormal status separately
      for each 12 channel group. Such an arrangement would prevent, for example,
      taking all 24 channels out of service if only one group had an alarm
      condition. Two additional status signals are applied from Remote Alarm and
      Main Control 98 via paths 68 and 70. Path 68 is connected to logic
      circuitry in the submultiplexer framing circuit. Path 70 is connected to
      the logic circuitry which effects simultaneous restoral to normal
      operation of the East and West terminals whenever normal operating
      conditions are indicated following an alarm condition. Thus, for a normal
      incoming signal, path 68 provides a binary indication which permits
      generation of a "winking" submultiplexer framing pulse and path 70
      provides an indication to submultiplexer 58 which inhibits transmission of
      restoral information, i.e., it indicates that a normal condition prevails.
PAR  Thus, we have four conditions which are transmitted via the submultiplexer
      and one such condition is transmitted, each frame recurrently, on a
      four-frame sequence. In the preferred embodiment of the invention, the
      "winking" system framing pulse and the submultiplexer "winking" framing
      pulse, D.sub.0, are arranged so that the submultiplexer pulse is only "1"
      when the system framing pulse is "0". During normal conditions, the
      remaining submultiplexer conditions do not change but will remain the same
      frame after frame. These are selected so the second pulse, the restoral
      pulse D.sub.1 is a "1" during normal conditions and the "trunk make busy"
      pulses for each of the two twelve channel groups, D.sub.2 and D.sub.3 are
      both "0". During a four-frame sequence, the submultiplexer and system
      framing pulses will be:
TBL                TABLE I                                                     
     ______________________________________                                    
     Status              System Framing                                        
     ______________________________________                                    
     D.sub.0      1          0                                                 
     D.sub.1      1          1                                                 
     D.sub.2      0          0                                                 
     D.sub.3      0          1                                                 
     ______________________________________                                    
PAL  During the next four-frame sequence, only the D.sub.0 pulse will change
      during normal operation and it will become "0". As can be seen from Table
      I, the system framing pulse will also be "0" in the frame, thus there is
      an alternating 1 0 and 0 0 condition every four frames.
PAR  The TDM output is passed via path 48 to modulator 52 where it is prepared
      for transmission. A number of techniques may be employed. In the preferred
      embodiment FSK duobinary is used. The FSK duobinary is described in U.S.
      Pat. No. 3,238,299. The duobinary technique is used because it permits a
      reduction in bandwidth for the bit rate employed and because error
      detection is possible without the necessity of adding redundant digits.
      From modulator 52 the duobinary FSK signal is passed via path 54 to line
      equipment 56 where level control and impedance matching circuitry provides
      final conditioning before the signal is transmitted over transmission path
      14.
PAR  The duobinary FSK signals enter CCSS 12 from transmission path 38 via
      receiving line equipment 72, where it passes to the demodulator 76 via
      path 74. Demodulator 76 includes a receiving clock, which receives timing
      information from the incoming data signal; a carrier detector circuit and
      a data error detection circuit. This latter includes a unique error
      density circuit which precludes an alarm condition from being effected
      because of random error occurrences. This circuit will be described in
      detail below.
PAR  The data output is passed from demodulator 76 over path 100 to TDM
      parallel-to-serial counter 102, and then to the receiving gates and
      interface units 108. Timing information for the gates is supplied over
      path 106. The received signaling pulses undergo pulse correction in 108
      before being transmitted over the respective paths 40 to the central
      office 2.
PAR  Returning now to demodulator 76, it is seen that a frame check signal is
      applied to remote alarm and main control 98 via path 80; and a pulse
      density signal is applied via path 82. An alarm hold signal is passed in
      the reverse direction, i.e., from 98 to 76 via path 78. Further, the
      system frame and submultiplexer frame information is appled to the S-M
      receiver control 94 via paths 86 and 84, respectively. In addition, a
      receiver control reset pulse is applied to 94 via path 88.
PAC  Channel Counter
PAR  As was noted hereinabove, a 26-state binary counter is used in a preferred
      embodiment to provide the time division channels for 24 signaling
      channels, a system framing pulse and a status pulse for each frame. The
      novel manner in which this is accomplished is shown in FIG. 3. A 2400 Hz
      clock is applied to the counter via path 50 to inverters 110 and 112 to
      divide by two flip-flop 114. The output of F/F 114 is routed to the input
      of divide-by-16 circuit 118 via path 116. If nothing further is done, the
      counter circuit would result in a 32-state counter. However, 26 states, 0
      to 25, are required. When the counter reaches a count of 25, the outputs
      120 and 122 of 118 are both binary "1", and are applied to the respective
      inputs of NAND-gate 126. The output of 126 is thus binary "0", which is
      inverted in inverter 128, and a binary "1" is applied to a first input of
      NAND-gate 132. The output of the divide-by-two 114 is binary "1" which is
      applied to a second input of NAND-gate 132 via path 136. The inverted
      clock is applied from the output of inverter 110 to the third input of
      NAND gate 132 via path 134, and this input is binary "0". When the clock
      input on path 50 next goes to binary "0", the third input to NAND-gate 132
      goes to binary "1", and the output of 132 goes to binary "0". This presets
      flip-flop 140 which applies a binary "1" via path 146 to one input of
      NAND-gate 144. Since the other input to 144 is still low, nothing happens.
      When the clock input next goes to binary "1" as if to increase the binary
      count to 26, the counter is reset because NAND-gate 144 now provides a
      binary "0" output via path 150 to divide-by-two counter 114. The output of
      gate 144 is inverted in inverter 152 to provide a binary " 1" via path 154
      to reset 118. The counter outputs, not shown, are applied to the TDM
      circuit to derive the serial-by-bit data stream. One output of 118 is
      applied to flip-flop 156 via path 122. Flip-flop 156 is toggled once each
      frame to supply the 1 - 0 - 1 - 0 "winking" system framing pulse at its
      output. This is applied to the TDM circuit for insertion of the framing
      pulse and via path 66 to an input of the transmit submultiplexer 58.
PAC  Transmit Submultiplexer
PAR  Referring to FIG. 4, the submultiplexer also has bit inputs D.sub.0,
      D.sub.1, D.sub.2, and D.sub.3 on path 68, 70, 60, and 62, respectively.
PAR  As explained hereinabove, under normal circumstances, D.sub.0 is binary
      "1", D.sub.1 is binary "1", and D.sub.2 and D.sub.3 are each binary "0".
      Further, D.sub.0 is associated with the submultiplexer framing pulse,
      D.sub.1 is associated with restoral following clearance of an alarm
      condition, and D.sub.2 and D.sub.3 are available for other alarm
      functions. For example, the D.sub.2 and D.sub.3 bit positions of the
      submultiplexer may be used to transmit the status condition of each
      12-channel group for the 24 signaling channels employed in a preferred
      embodiment of the invention. Thus, only 12 signaling channels plus their
      associated voice frequency channels need be taken from service if an alarm
      condition only appears in one 12-channel group.
PAR  The system framing pulse enters the submultiplexer via path 66 and is
      applied to the clock input of JK flip-flop 158 and one input of NAND-gate
      160. The D.sub.0 input enters on path 68 where it is applied to the clear
      inputs of JK flip-flop 158 and D flip-flop 162 and to a combined pair of
      inputs of NAND-gate 160. Under normal conditions, D.sub.0 =  "1"; thus,
      the clear level is absent on flip-flops 158 and 162. The Q output of 158
      is applied to the CP input of 162 via path 164. The Q output of 158 is
      connected to 8-bit multiplexer 166 via path 168. The JK inputs of 158 are
      connected to the PS input of 162 and to one input of NOR-gate 170 via path
      172. The Q output of flip-flop 162 is connected to multiplexer 166. With
      D.sub.0 a binary "1", the transmit framing pulse passes to multiplexer 166
      because gate 160 is enabled. The binary code, a "winking" submultiplexer
      framing signal, generated by the system framing pulse and JK flip-flop 158
      is used to encode the submultiplexer information in 8-bit multiplexer 166
      for transmission. The submultiplexer encoded output status signal appears
      at multiplexer output 174, and the status signal is sent via path 64 to
      the transmitting TDM in 46.
PAR  The D.sub.1 input via path 70 enables NAND-gates 176, 178, and 180. Gate
      176 provides the D.sub.1 input to multiplexer 166 and, under normal
      conditions, D.sub.1 is a binary "1", thus providing a binary "0" input to
      the multiplexer. Gates 178 and 180 would have binary "1" inputs to the
      multiplexer. The result of the coding operation provides a winking
      submultiplexer framing pulse which is binary "0" during the frame in which
      the system framing pulse is binary "1", followed by three frames in order
      in which D.sub.1 is binary "1", D.sub.2 is binary "0", and D.sub.3 is
      binary "0". The system framing pulse and submultiplexer pulses are encoded
      as hereinbefore described in Table I.
PAR  In the event of a major alarm condition, i.e., loss of power, loss of
      system framing or excessive error count in the data stream, the remote
      alarm and main control 98 will output a binary "0" over paths 68 and 70.
      This will inhibit the submultiplexer framing pulse and it will no longer
      alternate. This will be received by the other terminal and will cause an
      alarm because of a loss in framing synchronization. Upon restoral from an
      alarm condition, D.sub.0 only is enabled. All other submultiplexer bits
      are held clear by D.sub.1, which is connected to gates 176, 178, and 180.
      When the other terminal recognizes and accepts the submultiplexer framing
      signal, it will release a 15-second timer. If all is still functioning
      correctly at the end of this period, D.sub.1 is changed from binary "0"to
      binary "1", thereby enabling gates 176, 178, and 180 to permit the normal
      transmission of submultiplexer bits.
PAC  Eerror Density Detection
PAR  Detection of errors in the received signaling information is one method of
      determining that there is an impairment in the transmission path. If a
      significant number of errors are detected in a specified time interval, an
      alarm condition should be indicated and action may be initiated to switch
      from one v-f transmission path to another. As was previously noted, the
      duobinary signal permits detection of errors without the necessity of
      adding redundant digits. Reference may be made to U.S. Pat. No. 3,337,864
      for an understanding of the characteristics of the duobinary signal and of
      the manner in which errors may be detected.
PAR  A criterion for error density is that the number of errors exceed 3 during
      a 10-second interval. This prevents operation of the alarm and transfer
      circuitry on the receipt of occasional fortuitous errors in the data
      stream. When errors occur in the data stream, they are detected as
      explained in U.S. Pat. No. 3,337,864. The error pulses generated in the
      error detector have a duration of 100 microseconds and are positive going.
      The error pulses are applied to input path 182 of the Error Density
      Detector shown in FIG. 5. When the first error pulse appears on input path
      182, the timing cycle is started for both the 10-second "GAP" timer 184
      and the 50-millisecond "BURST" timer 186. The positive error pulse
      triggers flip-flip 188. This starts the 10-second interval and causes the
      188 output on path 190 to become a binary "1". This in turn triggers BURST
      timer flip-flop 194 via 192 which causes the output 196 to become binary
      "0". This forces the output of NAND-gate 198 to binary "1"  which holds
      the four-stage counter 200 reset. Thus, "BURST" timer prevents error
      counting during a 50 millisecond interval. This is necessary to prevent
      false operation during transfer, either manual or automatic. Once the
      "BURST" timer has timed out, binary "0" input to NAND-gate 198 is removed
      and any further errors that occur before the "GAP" timer times out are
      counted. If three errors are counted in this interval, the output at 202
      and 204 of counter 200 both become binary "1". Thus, the output of
      NAND-gate 206 becomes binary "0", which is inverted in inverter 208 and a
      binary "1" is applied to one input of NAND-gate 210. If the "GAP" timer
      has not timed out, a binary "1"  is applied on the other input of gate 210
      from path 190 which causes a binary "0" output. NAND-gate 212 inverts the
      input and applies a binary "1" over path 218 to one input of NAND-gate
      214. The Q output of one-shot multivibrator 220 is binary "1" and is
      applied to the other input of NAND-gate 214 and to the clear input of 188.
      With a 1 1 input, NAND-gate 214 has a binary "0" output, which is inverted
      in inverter 216. This applies a binary "1" to one-shot multivibrator 220
      causing it to change state. The change lasts for a period of about 7
      seconds. During this period, NAND-gate 214 is effectively disabled and
      flip-flop 188 is reset so as to be ready for immediate operation after the
      one-shot multivibrator 220 times out. The "1" output on path 224 triggers
      flip-flop 226 into a nominal 1 second period and releases flip-flops 228
      and 230 for operation. When 226 turns on, the output Q on path 232 is
      binary "1" and the output Q on path 234 is binary "0". Errors are again
      counted for a 1-second interval. If a count of 15 is obtained by count of
      counter 200, NAND-gate 236 has a binary "0" output which is inverted in
      238 and is applied as one input of NAND-gate 240. Since the Q output of
      226 is binary "1", NAND-gate 240 has 1 1 inputs so the binary "0" output
      presets flip-flop 228, and the Q output of 228 becomes binary "1" when 226
      times out. Also, the Q output of 226 goes high on time out which clocks
      228 and 230. When this occurs, the Q output of 230 will becomes binary "1"
      on path 244. Flip-flop 228 will toggle so that the Q output on path 242
      goes to binary "0". At the same time, flip-flop 226 Q output goes to
      binary "0", is differentiated by capacitor 246, resistors 248 and 250, and
      this causes the output of NAND-gate 198 to become binary "1", which resets
      counter 200. The Q output on path 224 from one-shot multivibrator 220 is
      still binary "1" and this is continuously applied to flip-flop 226. The
      negative going transition of Q output of flip-flop 228 will trigger 226
      into another timing sequence. At this time the Q output of 230 along path
      224 is binary "1", the Q output of 226 is also high. If another error
      count of 15 is received, NAND-gate 236 will have 1 1 1 inputs and its
      binary "0" output will be inverted in 238 and applied as one input to
      NAND-gate 252. All inputs to gate 252 are now 1 and the output is binary
      "0", which is applied to the alarm circuitry in Remote Alarm and Main
      Control 98.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a common channel signaling system wherein a predetermined number of
      equal interval time-divided spaces comprise a frame which includes; a
      space for a system framing signal, a plurality of spaces for transmission
      of signaling information, and a space for carrying one of a plurality of
      status signals, n, during each frame, apparatus for time sequencing said
      status signals for transmission of one status signal each frame, which
      comprises:
PA1  means for deriving said predetermined number of equal interval time-divided
      spaces, including the status space and for deriving the system frame
      synchronization signal for each frame;
PA1  submultiplexing means operatively connected to said deriving means and
      arranged to accept n-1 status signals for time multiplexing, said
      submultiplexing means including means for creating a submultiplexer frame
      status signal and combining means operatively connected to said system
      frame synchronizing signal and said submultiplexer frame status signal;
      said combining means generating a synchronizing signal for transmission
      every n.sup.th frame when both the system frame synchronizing signal and
      the submultiplexer frame status signal are recurrent; and generating a
      loss of synchronization signal for transmission when either said frame
      synchronization signal or said submultiplexer frame status signal is not
      recurrent.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said combining means
      generates a submultiplexer synchronizing signal which is alternately
      binary 1 and binary 0 every n.sup.th frame.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein said combining means
      generates an alternating submultiplex synchronizing signal which is binary
      1 only when said frame synchronizing signal is binary 0.
NUM  4.
PAR  4. Deriving means in accordance with claim 3 wherein said predetermined
      number is 26, further comprising:
PA1  means for storing the 24 information signals, frame synchronization signal,
      and the status signal to be encoded for each frame;
PA1  clock means having a pulse repetition rate of 2400 pulses per second;
PA1  a five-bit binary counter having an input connected to said clock means, a
      plurality of outputs connected to said storage means to provide timing
      information for encoding said stored signals; and,
PA1  a flip-flop having its clock pulse input connected to one output of said
      five-bit binary counter and having its output connected to said storage
      means, said flip-flop output providing the alternating binary 1, binary 0
      frame synchronization signal.
NUM  5.
PAR  5. Apparatus in accordance with claim 1 wherein said deriving means further
      includes a 26-state binary counter which comprises:
PA1  a binary timing signal;
PA1  a first inverting means having an input connected to receive said timing
      signal and an output;
PA1  a second inverting means having an output and an input connected to the
      output of said first inverting means;
PA1  means for dividing the timing signal by 2, having an input operatively
      connected to the output of said second inverting means and having an
      output;
PA1  means for dividing by 16, having an input connected to the output of said
      divide-by-two means and having a pair of outputs which are selected to
      have a like state when a count of 25 is attained;
PA1  first gating means having a pair of inputs connected to the selected pair
      of outputs of said divide-by-16 means and having an output, said gating
      means having an output when the inputs are of one like state;
PA1  second gating means having three inputs, one said input being connected to
      the output of said first gating means, a second said input being connected
      to the output of said divide-by-2 means; and the third said input being
      connected to the output of said first inverting means and having an output
      when the three inputs are in one like state;
PA1  a flip-flop having a reset input connected to the output of the second
      gating means and having an output;
PA1  a third gating means having one input connected to the output of said
      flip-flop and a second input connected to the output of said second
      inverting means, said third gating means providing a reset pulse to said
      first and second dividing means when the timing signal operates to
      increases the count above 25.
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PAL  Sound signals are processed for compression or expansion utilizing storage
      and frequency transformation into storage delay lines operated alternately
      to transform alternate segments of the sound signal respectively with the
      outputs of the two delay lines combined to produce a continuous sound
      signal output with the frequency components thereof transformed.
PARN
PAR  This is a continuation of now abandoned application Ser. No. 224,035, filed
      Feb. 7, 1972, which itself is a continuation in part of U.S. Ser. No.
      171,571, filed Aug. 1, 1971, now U.S. Pat. No. 3,786,195, issued Jan. 15,
      1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The background of the present invention is generally the same as that
      described in the herein referenced parent application of applicant. The
      field of the invention pertains to those species of applicant's invention
      in which analog signal storage and processing is achieved using two
      independent storage delay lines wherein the storage and processing of
      alternate segments of the incoming signal occurs respectively in the two
      delay storage lines with the outputs of the lines combined in alternation
      to produce a substantially continuous frequency converted output signal.
      Frequency conversion is affected by storage delay lines of the variable
      delay type or in the analog shift register version by employing separate
      and generally unequal read and write clock rates for loading and unloading
      the two analog shift registers in alternation. The use of this type of
      storage delay line for frequency conversion can also be incorporated in
      the various versions of applicant's invention disclosed in the parent
      application, such as the single delay line versions with or without
      lagging, gap filling, or speech signal substitution during the reset
      period for a single line system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides dual delay storage lines for alternating
      processing segments of a sound signal, such as speech, in order to provide
      a substantially continuous output signal when the speech has been
      compressed in time thereby substantially eliminating the gaps caused by
      the discarded portion of the speech signal. Delay storage for frequency
      conversion is accomplished either with delay lines having signal
      controlled variable length or delay which, as disclosed in applicant's
      parent application, can take various forms including the analog shift
      register version of delay storage. As disclosed herein, the analog shift
      register can also be employed with different read and write clock rates to
      accomplish delay signal storage that also provides frequency conversion of
      the signal passing therethrough. Any of the various disclosed versions of
      delay signal storage which accomplishes frequency conversion for a signal
      passing through the delay line or storage register can be employed in the
      dual line versions of the present invention or the various single line
      versions disclosed in the parent application.
PAR  It is, accordingly, the principal object of the present invention to
      provide improved sound signal processing for frequency conversion and time
      expansion or compression including unity or real time operation to provide
      substantially continuous signal output and with alternate and improved
      versions of delay signal storage to accomplish the frequency conversion of
      the sound signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a generalized duel delay storage line sound
      signal processing system which has separate binaural output transducers.
PAR  FIG. 2(a) and (b) show gating waveforms as applied to control the output
      signals of the system of FIG. 1.
PAR  FIG. 3 is a block diagram of a duel delay storage line system employing
      analog shif registers with separate read and write clock pulse signals.
PAR  FIG. 4(a) and (b) show a waveform diagram of the gating control signals for
      the system of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a dual line form of the invention as described in the parent
      application for binaural processing. The speech signal from the band pass
      filter 1 is applied to symmetrical variable delay lines VDL1 and VDL2
      controlled by waveform generator 2. The output of VDL1 is applied as an
      input to gates 3 and 5. The output of VDL.sub.2 is applied as an input to
      gates 4 and 6. The delay lines VDL.sub.1 and VDL.sub.2 are controlled for
      linear variation of delay with delay function having its rapid return
      transition at the mid-point of the linear delay portion of the other
      waveform. As described in applicant's co-pending application, the
      frequency conversion of the delay storage lines VDL.sub.1 and VDL.sub.2
      can be accomplished with various devices. One such device is the analog
      shift register controlled either with a variable clock rate periodically
      varied between predetermined values or by using alternate and different
      write and read clock rates to periodically store the incoming signal and
      extract the frequency converted output signal, respectively.
PAR  The gates 3 and 6 are controlled by gating waveforms B.sub.1 and B.sub.1
      shown in FIG. 2(a). Gate 3 passes signal during B.sub.1 and is blocked
      during B.sub.1. Gate 6 is blocked during B.sub.1 and passes signal during
      B.sub.1. Amplifier 7 combines the outputs of gates 3 and 6 and applies the
      combined signal to an audio reproducer 108.
PAR  The gates 4 and 5 are controlled by the gating waveforms B.sub.2 and
      B.sub.2 shown in FIG. 2(b). Gate 4 passes signal during B.sub.2 and is
      blocked during B.sub.2. Gate 5 is blocked during B.sub.2 and passes signal
      during B.sub.2. Amplifier 9 combines the outputs of gates 4 and 5 and
      applies the combined signal to an audio reproducer 10.
PAR  The system of FIG. 1 operates to reproduce the entire original signal (for
      compression ratio equal to two) since each delay line processes the
      portion which is the discard for the other line. For compression ratios
      greater than two some message discard occurs and for ratios less than two
      the overlap or message duplication increases in the output. By listening
      binaurally, however, the intelligibility is enhanced since the overall
      discard is eliminated (or greatly reduced for the higher compression
      ratios) and the overlap or repeat of message portions is not detrimental
      to word detection by the listener.
PAR  A binaural system without supplemental gap filling (as distinguished from
      the system just described) would be achieved by removing gates 5 and 6 in
      FIG. 1. The lines VDL.sub.1 and VDL.sub.2 would supply the processed
      signal in alternation to the respective output transducers 108 and 110 for
      binaural output in a system otherwise generally similar to that shown in
      FIG. 9 of the herein referenced co-pending application.
PAR  Referring now to FIG. 3 a dual delay line system employing analog shift
      registers having separate read and write clock rates will be described. As
      shown in FIG. 3 an input line 21 receives a sound input signal from any
      source such as a tape recorder driven at a speed different than the
      recording speed or some other signal source supplying a sound signal
      message which it is desired to convert as to frequency components and also
      change its time duration from zero to some longer or shorter time than the
      normal period during which the sound message was originated. The signal on
      line 21 is controlled for application to an analog shift register
      ASR.sub.1 by passing through a gate G23 and is also controlled for
      application to an analog shift register ASR.sub.2 by passing through a
      gate G-24. The outputs of the analog shift registers ASR.sub.1 and
      ASR.sub.2 are combined on an output line 22 by passing from the output of
      ASR.sub.1 through a gate G-25 and from the output of ASR.sub.2 through a
      gate G-26.
PAR  The analog shift registers ASR.sub.1 and ASR.sub.2 are multi-stage
      registers adapted for passing the signal input thereto stage-by-stage to
      the output with the transfers occurring at clock rate determined by the
      clock pulse rate applied at clock terminals 27 and 28, respectively. The
      number of stages in the arrangement of the analog shift registers to
      transfer analog signal samples therethrough are all in accordance with the
      description given in applicant's co-pending application. In particular, a
      write pulse rate generator S.sub.1 supplies an adjustable write pulse
      repetition rate through G-gate 31 to clock input 27 and through G-gate 32
      to clock input terminal 28. A read pulse rate generator S.sub.2 supplies a
      relatively fixed read clock pulse rate through G-gate 33 to terminal 27
      and through G-gate 34 to terminal 28. The gates G and G are supplied by a
      gating pulse generator S.sub.3 which may have an adjustable period and
      produces substantially symmetrical squarewave output for both the G and G
      gating functions.
PAR  The write pulse rate generated by the generator S.sub.1 is variable as
      indicated and will generally be set in relation to a variable speed
      control device 35 which controls the rate at which the tape recording or
      other sound signal source reproduces the sound message signal at a time
      rate different than that of the original speech utterance. Thus, if the
      speech control 35 is set to play a tape recorder at twice the normal
      speed, the write clock pulse of generator S.sub.1 can be set at twice the
      clock rate of generator S.sub.2, thereby providing write-in at a clock
      rate which is twice the rate at which the information will be read-out as
      the generators S.sub.1 and S.sub.2 are alternately applied to control the
      shift registers. If desired, a feedback control can be applied at 36 to
      modify the clock rate of generator S.sub.1 in accordance with an error
      signal to compensate for wow and flutter characteristics of a turntable or
      other periodic variation in the signal source which it is desired to
      eliminate.
PAR  The frequency of squarewave generator S.sub.3 can be adjusted by control 37
      and generally its period T will be given by the relation T equal 1/f.sub.3
      equal to or less than the delay of the delay line
      ##EQU1##
      in the case of an analog shift register, where p represents the number of
      transfer phases [normally and minimally two], and N is the total number of
      stages. For this purpose the frequency control 37 of S.sub.3 may be tied
      to the manual control for S.sub.1 during the expansion mode of operation.
PAR  In addition, trimming controls 38 and 39 may be provided and interconnected
      for the generators S.sub.2 and S.sub.3 if desired.
PAR  Operation of the system of FIG. 3 will now be described with reference to
      the waveforms of FIGS. 4(a) and (b). The general principles of operation
      set forth in applicant's parent application are applicable here and the
      compression ratio C that is obtained will be equal to the ratio f.sub.1
      /f.sub.2 where f.sub.1 and f.sub.2 are the frequencies of the squarewaves
      generated by generators S.sub.1 and S.sub.2, respectively. Obviously, for
      expansion, C is the fractional quantity and corresponds to the expansion
      factor e mentioned in the parent application. Input signals arriving on
      line 21 are gated through gate 23 to load ASR.sub.1 during the G-gate
      portion shown in FIG. 4(a) and the stages of ASR.sub.1 are filled at a
      rate determined by the clock squarewave on line 27 which is derived from
      generator S.sub.1 through G-gate 31. During this period there is no output
      from ASR.sub.1 but to assure the absence of spurious or noise signals on
      the output, G-gate 25 blocks signals from the output of ASR.sub.1 to
      output line 22. During the G-gate the generator S.sub.2 supplies clock
      pulses on line 28 to shift register ASR.sub.2 and the G-gate 26 passes
      signals from the output of ASR.sub.2 to output line 22.
PAR  When the squarewave generator S.sub.3 changes state the G-gates are
      conditioned to pass signal and the G-gates are conditioned to block signal
      passage. Thus, during the G intervals indicated in FIG. 4(b), signals on
      input line 21 are loaded through gate 24 into ASR.sub.2 at the clock rate
      of generator S.sub.1 applied through G-gate 32 on line 28 and the signals
      stored in register ASR.sub.1 are outputted through G-gate 25 to output
      line 22 at the rate of generator S.sub.2 applied through G-gate 33 to line
      27. Thus, on alternate half cycles of G and G depicted in FIG. 4 the input
      signal is alternately stored in ASR.sub.1 and ASR.sub.2 and while storage
      is taking place in one of the registers, the storage signal in the other
      register is outputted to the output line 22. The rates at which these take
      place are determined by the repetition rate of generators S.sub.1 and
      S.sub.2, respectively, and as previously described, for different
      frequencies of these generators either compression or expansion of the
      signal wave on line 21 can be obtained at the output line 22.
PAR  Thus, in accordance with the present invention a further form of signal
      storage delay for frequency transformation is provided using analog shift
      registers operated at different input and output clock rates. This
      arrangement permits processing of analog signals on line 21 including
      complex speech waves and the like without the necessity for digitizing the
      input signal or otherwise conditioning it for the delay and frequency
      transformation processing. A further advantage of operating the analog
      shaft registers at different input and output clock rates as opposed to
      operating them as variable delay lines, is the elimination of the need for
      an inverse frequency control function generator such as the Unit 115
      disclosed in FIG. 17 of the referenced co-pending application of
      applicant. In the present application of the analog shift register shown
      in FIG. 3, the clock rates are fixed but different for the input and
      output control to the analog shift registers and the ratio of the clock
      rates directly determines the compression ratio (or expansion ratio) which
      is applied to the signal which passes therethrough.
PAR  Modifications of the present invention will be apparent in light of the
      present disclosure, especially when taken into view of applicant's parent
      application. In particular, the two frequency write and read control of an
      analog shift register can be applied to a single storage delay line system
      such as that shown in FIG. 7 of applicant's parent application. Other
      modifications can also be made without departing from the scope of the
      invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A processor for analog electric signals representing coded audible
      signals such as speech or the like, said electric signals being analog
      representations of said audible signals with the frequency components of
      said electric signals related by a given factor to the frequency
      components of said audible signals comprising:
PA0  two similar analog shift register delay lines having input terminals
      coupled to a source of said analog electric signals for serially entering
      sequential analog samples of said analog electric signals at said input
      terminals thereof and having output terminals for serially removing said
      analog samples from said delay lines at said output terminals;
PA0  said input terminals coupled to said source of analog signals through input
      switch means operable to supply said analog signals alternately to said
      input terminals; and
PA0  said output terminals coupled through output switch means operable
      alternately to pass said analog samples emerging from said delay lines;
PA0  first and second predetermined frequency clock sources for clocking said
      delay lines;
PA0  means for controlling said delay lines alternately from said clock
      frequency sources for simultaneous alternate serial entry and removal of
      said analog samples at said first and second clock frequencies,
      respectively, to produce predetermined frequency transformation for
      signals made up of the sequence of said analog samples emerging at said
      output terminals of said delay lines, said means for controlling said
      delay lines also controlling said input and output switches to input one
      said line while outputting the other said line and vice-versa; and
PA0  analog signal processing means coupled to said output terminals of both
      said delay lines through said output switch means and responsive to said
      analog samples emerging alternately from said delay lines which have been
      subject to said predetermined frequency transformation for producing an
      output analog signal reproducible as an audible representation of said
      electric signals having frequency components altered by substantially the
      inverse of said factor to approximate the frequency components of said
      audible signals.
NUM  2.
PAR  2. An analog speech compressor-expander for a recording reproduced at
      play-back speed greater or less than the recorded speed thereby producing
      a time and frequency altered signal comprising:
PA0  two analog shift registers having input terminals, output terminals and
      clocking terminals;
PA0  an input double throw switch means operable for alternately supplying said
      signal to said input terminals;
PA0  an output double throw switch means operable for alternately supplying the
      signals from said output terminals to a common output line;
PA0  a source of two clocking frequencies;
PA0  double-pole double-throw switch means operable for alternately applying
      said two clocking frequencies to said clocking terminals; and
PA0  control means for operating all of said switch means in unison to input one
      said line at one clock frequency while outputting the other said line at
      the other clock frequency and vice-versa,
PA0  said two clocking frequencies having a ratio corresponding to the ratio of
      said recorded and playback speed to produce on said output line only a
      time altered but frequency restored signal replica of said recording.
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ABST
PAL  Time compression scanner for monitoring telephone lines to detect
      supervisory tones. Eighty-eight lines are organized into eight groups of
      11 lines each. The corresponding lines of each group are sampled
      simultaneously by a first arrangement of eight multiplexers. A second
      multiplexer repeatedly samples the eight samples from the first
      multiplexers. These analog samples are converted to digital samples and
      stored in a digital memory. The memory stores a set of samples pertaining
      to the incoming signals present on one line of each of the groups. When
      the first multiplexers each switch to the next line of each of the groups,
      the stored digital samples are read out of the memory. The samples are
      read out of the memory for each group in order, converted to analog
      signals, and passed through a low pass filter. The frequencies present in
      the resulting signal are speeded up by a factor of eight over the
      frequencies of any supervisory tones present in the incoming signal from
      which it was derived. These signal frequencies are passed through reject
      filters, comparator and limiter circuits, a bank of tone filters, and
      level detectors to check for each possible resultant frequency and to
      produce an indication of the presence or absence of each.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for monitoring a plurality of input
      lines to detect the presence of analog signals. More particularly, it is
      concerned with scanners for detecting supervisory tones on telephone
      lines.
PAR  In a telephone exchange it is necessary to continuously monitor incoming
      lines to detect requests for service. Certain telephone systems employ
      supervisory tones of various predetermined frequencies for signaling for
      service. In a typical system an incoming line desiring service may have
      present thereon one or two tones of audio frequency indicating the nature
      of the service being requested. The function of continuously monitoring
      the incoming lines to detect the presence of these supervisory tones is
      performed by the scanner which recognizes the particular tones and the
      particular lines on which the tones are present.
PAR  It is common practice for the incoming lines to a scanner to be arranged in
      groups, for example, groups of 12 lines. The 12 lines of a group are
      connected to a multiplexer and the lines are sampled continuously, for
      example, for about 17 milliseconds of every 200 milliseconds. In a typical
      arrangement the output of the multiplexer is passed through a high pass
      filter and applied to a pair of band reject filters to separate high
      frequency tones and low frequency tones. The outputs of the band reject
      filters are applied to comparator and limiter circuitry. The resulting
      signals are applied to a bank of tone filters each of which passes one of
      the predetermined frequencies used in the system. The output of each tone
      filter is connected to a level detector which is set by a signal passing
      through its tone filter and produces a signal indicating that a particular
      tone is present on the line being sampled.
PAR  The scanner as briefly described requires complete duplication of all the
      scanning equipment for every group of 12 lines. The total amount of
      equipment employed increases proportionally with the number of groups of
      incoming lines in the system. Similarly, the space requirements, weight,
      and cost of a system also increases proportionally with the number of
      lines.
PAC  SUMMARY OF THE INVENTION
PAR  Time compression scanning apparatus in accordance with the present
      invention provides for monitoring a large number of incoming lines while
      considerably reducing the filtering and detection circuitry required. The
      apparatus detects the presence of signals of predetermined frequencies on
      any of a plurality of lines. The lines are arranged in a number of groups
      with a number of lines in each group.
PAR  The apparatus includes a first multiplexing means which repeatedly samples
      the lines of each group. During a line sampling period a corresponding one
      of the lines of each group is sampled simultaneously. The first
      multiplexing means has a number of output connections equal to the number
      of groups, and during each line sampling period each output connection has
      present thereon a sampled portion of the input signal from a different one
      of the groups. A second multiplexing means is coupled to the output
      connections of the first multiplexing means and repeatedly samples the
      output connections in sequence during each line sampling period. The
      second multiplexing means produces a multiplicity of analog samples of
      each of the sampled portions of the input signals at its output
      connection.
PAR  An analog-to-digital converting means is coupled to the output connection
      of the second multiplexing means and converts each of the analog samples
      in sequence to a digital sample. The digital samples are stored in a
      memory means. A memory readout means reads the digital samples associated
      with each of the groups of lines out of the memory means, all of the
      samples associated with a group being read out for each group in turn. The
      multiplicity of digital samples associated with a group is read out in the
      same sequence as the analog samples associated with that group were
      produced by the second multiplexing means.
PAR  A digital-to-analog converting means which is coupled to the memory means
      converts each digital sample to an analog pulse. The multiplicity of
      analog pulses associated with a group of lines is converted to an analog
      signal by a filter means. The signal frequencies present in the analog
      signal are equal to those predetermined frequencies present in the
      associated sample portion of the input signal times the number of groups.
      A detecting means determines the presence or absence of each of the signal
      frequencies in the analog signal and produces an indication thereof,
      thereby indicating the presence of absence of each of the predetermined
      frequencies in the associated sampled portion of the input signal. The
      apparatus also includes line address means for producing line identifying
      signals which designate the particular group and particular line of the
      group with which the indications are associated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Additional objects, featurs, and advantages of scanning apparatus in
      accordance with the present invention will be apparent from the following
      detailed discussion together with the accompanying drawings wherein:
PAR  FIG. 1 is a block diagram of a time compression scanner in accordance with
      the present invention;
PAR  FIG. 2 is a logic diagram of the timing section of the scanner of FIG. 1;
PAR  FIG. 3 is a diagram of one portion of the input section of the scanner;
PAR  FIG. 4 is a logic diagram of a section of the scanner including a
      multiplexer, an analog-to-digital converter, a memory, and a
      digital-to-analog converter;
PAR  FIG. 5 is a logic diagram of the memory address control section of the
      scanner;
PAR  FIGS. 6 and 7 are diagrams of the filtering and detection sections of the
      scanner;
PAR  FIGS. 8A, 8B, and 8C are timing diagrams of signals generated within the
      scanner for controlling its operation;
PAR  FIG. 9 is a table which is useful in explaining the sequence of operations
      of the scanner; and
PAR  FIGS. 10A, 10B, and 10C are simplified representations of a portion of the
      memory address control logic which are useful in explaining the sequence
      of operations of the scanner.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  General
PAR  A time compression scanner in accordance with the present invention is
      illustrated in the block diagram of FIG. 1. For purposes of discussion of
      specific embodiment having particular parameters is described herein. In
      the particular specific embodiment under discussion the supervisory tones
      employed to signal for service are four high frequency tones of 1,209 Hz,
      1,477 Hz, 2,250 Hz, and 2,600 Hz, and a low frequency tone of 941 Hz. A
      signal for service present on a line consists of a single high frequency
      tone or a combination of the low frequency tone and a high frequency tone.
PAR  The scanner as illustrated in FIG. 1 monitors eighty-eight incoming lines
      which are arranged in eight groups, each group containing eleven lines. As
      illustrated in FIG. 1 the lines of each group are connected to the 11
      input terminals of one of eight multiplexers 1-8, 10. Under control of
      TERM CODE signals from the timing and control logic 12, analog
      multiplexers 1-8 operate in parallel, each continuously sampling its
      eleven input terminals. Each sampled portion of an input signal from the
      analog multiplexers 1-8 is applied to an associated one of low pass
      filters 1-8, 13.
PAR  The sampled portions from the low pass filters 1-8 are applied in parallel
      to an 8-input multiplexer 15. The multiplexer 15 operates under control of
      GROUP INPUT CODE signals from the timing and control logic 12 to
      repeatedly sample each of the sampled portions in sequence. Each sampled
      portion is sampled 128 times.
PAR  Each analog sample from the eight-input multiplexer 15 is converted to a
      6-bit digital sample by an analog-to-digital converter 20. The
      analog-to-digital converter 20 is controlled by a START signal from the
      timing and control logic 12. Under control of R/W and ADDRESS signals from
      the timing and control logic 12, the 6-bit samples are entered in a random
      access memory 21. By virtue of the sampling sequences of the analog
      multiplexers 1-8 and the eight-input multiplexer 15 the order in which the
      samples associated with the first terminal of each group are entered into
      the memory is the first sample from each of the eight groups in order,
      then the second sample from each group in order, until the 128th sample
      from each group is entered.
PAR  The digital samples associated with the first terminal of each group are
      read out of the memory 21 under control of the R/W and ADDRESS signals
      from the timing and control logic 12.  All of the samples associated with
      each group are read out for each group in turn. That is, the 128 samples
      associated with the first group are read out in order, followed by the 128
      samples associated with the second group, and so on. Samples are read out
      at the same rate as samples are entered. Each 6-bit sample is entered in a
      buffer register 22 and is applied to a digital-to-analog converter 23. The
      digital-to-analog converter converts each digital sample to an analog
      pulse. The analog pulses are applied to a low pass filter 24 to produce a
      smooth, continuous analog signal. By virtue of the time compression
      provided by the apparatus, the frequencies present in the analog signal
      from the filter 24 are 8 times the supervisory tone frequencies present on
      the incoming line with which the analog signal is associated.
PAR  The analog signal from the low pass filter 24 is applied to band reject
      filters 25 and 26. If one of the four high frequencies is present, it
      passes through a low band reject filter 25 to a comparator and limiter 27.
      If the low frequency is also present, it passes through a high band reject
      filter 26 to a comparator and limiter 28. The comparators insure that only
      signals above a predetermined threshold are accepted, and the limiters fix
      the amplitude of the signals.
PAR  Signals from the comparator and limiter 27 are applied to tone filters 31,
      32, 33, and 34. The comparator and limiter 28 is connected to a tone
      filter 35. Each of the tone filters passes only a single frequency which
      is eight times one of the five supervisory tones. The high bandpass
      filters 31, 32, 33 and 34 pass 9,672 Hz, 11,866 Hz, 18,000 Hz, and 20,800
      Hz, respectively, and the low bandpass filter 35 passes 7,528 Hz.
PAR  The outputs of the tone filters 31, 32, 33, 34 and 35 are applied to level
      detectors 36, 37, 38, 39 and 40, respectively. In response to a frequency
      of suitable amplitude being applied thereto, a level detector produces a
      steady state output signal at its output terminal. The presence of an
      output signal from one of level detectors 36, 37, 38, or 39 at output
      terminal 101, 102, 103, or 104 indicates the presence of a supervisory
      tone of 1,209 Hz, 1,477 Hz, 2,250 Hz, or 2,600 Hz, respectively, on the
      associated incoming line. Similarly, the presence of an output signal from
      level detector 40 at output terminal 105 indicates the presence of a
      supervisory tone of 941 Hz on the associated incoming line.
PAR  The timing and control logic 12 produces line identifying signals labelled
      GROUP OUTPUT CODE for identifying the particular group of incoming lines
      and TERM CODE for identifying the particular terminal of the group with
      which the output signals at output terminals 101, 102, 103, 104, and 105
      are associated. A STROBE pulse is also produced by the timing and control
      logic 12 at a time which is subsequent to any possible delays in
      propagating data through the apparatus to the output terminals.
PAC  Timing Section
PAR  The timing section of the timing and control logic is illustrated in the
      logic diagram of FIG. 2. Standard well-known symbols and notations are
      employed to designate various logic components. The timing and control
      signals for controlling the operation of the scanner are generated by the
      timing section. Certain of the signals produced in the timing section are
      shown in the timing diagrams of FIGS. 8A, 8B, and 8C. The timing train
      starts from a master oscillator 50 which produces squarewave clock pulses
      at the rate of 1.152 MHz. The squarewave pulses are applied to a series of
      counters including a count-to-10 counter 51, a count-to-16 counter 52, a
      second count-to-16 counter 53, a third count-to-16 counter 54, and a
      fourth count-to-16 counter 55 which is modified with appropriate logic to
      provide a count-to-11 counter.
PAR  Outputs labelled A and B (shown in FIG. 8A) are taken from stages in the
      count-to-10 counter 51 and the first count-to-16 counter 52 and combined
      to produce the START signal to the analog-to-digital converter 20 and the
      R/W signal to the memory 21. Output B is also used to produce FF CLK
      signal to the memory address control section. Signals labelled GR IN
      2.sup.0, GR IN 2.sup.1, and GR IN 2.sup.2 are taken from the first
      count-to-16 counter 52 and applied to the eight-input multiplexer 15.
      These signals provide for operating portions of the scanner at the rate of
      57.6 KHz establishing the basic data sampling period of 17.4 microseconds.
PAR  Outputs from the third count-to-16 counter 54 produce GR OUT 2.sup.0, GR
      OUT 2.sup.1, and GR OUT 2.sup.2 signals. These signals identify the
      originating group address associated with the data being presented at the
      outputs 101-105 (FIG. 1). The STROBE signal is produced from the second
      count-to-16 counter 53. The third count-to-16 counter 54 also generates FF
      CLR signals to the memory address control logic. As shown in FIG. 8B these
      signals establish a 2.22 millisecond period which is the period for
      reading out a set of data associated with a single group, or a group
      readout period.
PAR  Outputs from the count-to-11 counter 55 provide TERM 2.sup.0, TERM 2.sup.1,
      TERM 2.sup.2, and TERM 2.sup.3 signals shown in FIG. 8C. These signals
      identify the terminal address, within the originating group associated
      with the data being presented at the outputs 101-105 (FIG. 1). In
      addition, these signals together with a TERM 2.sup.3 signal are applied to
      the input multiplexerx 1-8. These signals establish a line or terminal
      sampling period of 17.8 milliseconds. Since the 11 terminals of each group
      are sampled sequentially by terminals and in parallel by groups, the total
      system scanning period is 195.6 milliseconds.
PAR  The timing section also includes a count-to-10 counter 57 which is coupled
      to the outputs from the third count-to-16 counter 54. The count labelled
      TERM SHIFT is taken from the stages of the count-to-10 counter 57 and
      applied to the memory address control logic. The count of the TERM SHIFT
      signal changes every 17.8 millisecond period; that is, at the same rate as
      the TERM CODE signals. However, the TERM SHIFT signals count through a
      recurring sequence of 10.
PAC  Sampling and Digitizing
PAR  FIG. 3 illustrates the portion of the input section for handling the first
      group of 11 incoming lines. Similar portions of the input section handle
      the other seven groups of incoming lines. The 11 lines of the group are
      connected to the 11 terminals of the analog multiplexer 1, shown in the
      figure as being two identical components combined to provide and 11-input
      multiplexer. Control signals TERM 2.sup.0, TERM 2.sup.1, TERM 2.sup.2,
      TERM 2.sup.3, and TERM 2.sup.3 from the timing section are applied to the
      multiplexer and to the other seven input multiplexers in parallel.
PAR  As shown in FIG. 3 the connections of the GR1 TERM 1 - GR1 TERM 11 input
      terminals to the multiplexer inputs are offset by one. As will be
      explained in detail hereinbelow, data associated with one terminal of each
      group is presented at the output terminals 101-105 during the same
      terminal sampling period that data associated with the next terminal of
      each group is being sampled by the input multiplexers. Thus, the same TERM
      CODE signals (FIG. 8C) may be used to identify the input terminal the
      output data is associated with in usual binary notation and also may be
      used directly to control the input multiplexer without modification.
PAR  The TERM CODE signals shown in FIG. 8C cause the multiplexer to step from
      one terminal to the next every 17.8 milliseconds. If during this dwell
      period the terminal being sampled is signaling for service, one of the
      four high band tones 1,209 Hz, 1,477 Hz, 2,250 Hz, or 2,600 Hz either
      singly or in combination with the low band tone 941 Hz are present at the
      terminal. The 17.8 millisecond dwell period is sufficiently long to permit
      several cycles of any one of the tones to be present in the sampled
      portion of the input signal which appears at the output of the
      multiplexer.
PAR  The 17.8 millisecond period sample of the tones present on a terminal of
      the group is applied to the low pass filter 1. The low pass filter 1 may
      be any of various types of well-known filters either active or passive.
      Preferably, in order to save weight and space an active filter may be
      employed. The low pass filter 1 reduces high frequency noise which might
      combine with the 7.2 KHz sampling rate at which the eight-input
      multiplexer 15 operates to produce frequencies at the same frequency as a
      supervisory tone.
PAR  The sampled portions of the tones from the low pass filters 1-8 are applied
      as signals GR 1-8 to the eight-input multiplexer 15 as shown in FIG. 4.
      The multiplexer 15 is stepped through its eight input terminals by signals
      GR IN 2.sup.0, GR IN 2.sup.1, and GR IN 2.sup.2 from the timing section.
      (Only the GR IN 2.sup.0 signal is shown in FIG. 8A). An analog sample is
      thus taken every 17.4 microseconds, and the signal from each group is
      sampled every 139 microseconds. Thus, during a 17.8 millisecond terminal
      sampling period 128 analog samples are taken of each of the signals GR 1 -
      GR8.
PAR  Every 17.4 microsecond period the multiplexer 15 applies an analog sample
      to the analog-to-digital converter 20. The analog-to-digital converter 20
      is activated by a START signal from the timing section which, as shown in
      FIG. 8A, occurs a slight delay after the start of each 17.4 microsecond
      data sampling period. The analog-to-digital converter 20 converts each
      analog sample to a digital sample of 6 bits. The 6 bits are presented in
      parallel at its outputs. The analog-to-digital converter 20 also produces
      a EOC signal as shown in FIG. 8A.
PAC  Memory and Memory Address Control
PAR  The memory 21 as shown in FIG. 4 employs a set of six random access
      memories (RAMS) 61-66 for storing the 6 bits of each digital sample
      received from the analog-to-digital converter 20. The RAMS receive and
      read out the 6 bits of each sample in parallel and each receives identical
      control signals. Each RAM has storage locations for 1024 bits. Thus, the
      capacity of the entire memory 21 is 1024 6-bit digital samples, the number
      of samples produced during each 17.8 millisecond terminal sampling period.
      For purposes of discussion herein, each RAM is considered organized in an
      8 .times. 128 storage location arrangement, and the addresses to the
      storage locations are expressed in octal base numbers.
PAR  The RAMS are controlled to write in or read out data by the R/W signal from
      the timing section (FIG. 2). The R/W signal as shown in FIG. 8A is
      repeated every 17.4 microsecond period with the "read" instruction
      preceding the "write" instruction. The addresses to individual storage
      locations of each of the RAMS is controlled by the ADDRESS signals A.sub.0
      - A.sub.9. As shown in FIG. 8A the RAM addresses also change each 17.4
      microsecond period.
PAR  The RAM ADDRESS signals A.sub.0 - A.sub.9 are controlled by the memory
      address control logic which is illustrated in FIG. 5. The memory address
      control logic includes a set of 10 flip-flops FF1 - FF10. The Q outputs of
      the flip-flops FF1 - FF10 provide the signals A.sub.0 - A.sub.9,
      respectively. The clock inputs to the flip-flops FF1 - FF10 are controlled
      through gating arrangements 71-80, respectively. The FF CLK signal, which
      is an inversion of the signal at point B of the timing section (FIG. 2)
      and is shown in FIG. 8A, is applied to all of the gating arrangements. The
      FF CLK pulses pass through only one of the gating arrangements to its
      associated flip-flop as determined by control signals from a decoder 70.
      In addition, the clock input of each flip-flop is coupled to the Q output
      of the preceding flip-flop through its gating arrangement.
PAR  The decoder 70 decodes the count of the count-to-10 counter 57 of the
      timing section (FIG. 2) as indicated by the TERM SHIFT signals. The
      decoder 70 thus produces an output signal at one of its outputs 1-10, and
      the output signal shifts from one output to the next every 17.8
      milliseconds in a recurring sequence. An FF CLR pulse is generated in the
      timing section (FIG. 2) at the end of each 17.8 millisecond terminal
      sampling period to clear all the flip-flops.
PAR  The sequence in which data must be written into and read out of the memory
      is indicated by the table of FIG. 9. As shown by the column labelled
      "Sampling and Writing Sequence" samples for the first terminals of each of
      the eight groups are obtained by sampling each of the eight groups in
      order repeatedly until 128 samples are obtained for each group. As shown
      by the column labelled "Reading Sequence," the order or reading out the
      data is different. The 128 samples of group 1 data are read out first,
      followed by the 128 samples of group 2 data, and so on in order by groups.
      To permit this sequence of operations all of the terminal 1 data is
      written into the memory during one terminal sampling period while terminal
      2 data is being collected.
PAR  The data could be handled in the foregoing manner by employing two memories
      which operate in alternation to store and read out data during subsequent
      terminal sampling periods. However, the memory and memory address control
      logic as described herein permits the use of a single memory having the
      capacity for storing data pertaining to only a single terminal. As each
      stored sample is read out of the memory it is immediately replaced with
      another sample. Therefore, the storage locations of the memory must be
      addressed in a different order during each terminal sampling period.
PAR  The sequence of addressing the RAMS so as to properly write in and read out
      data may best be understood from the table of FIG. 9 and the schematic
      representations of the flip-flops FF1 - FF10 in FIGS. 10A, 10B and 10C
      together with FIGS. 4 and 5 and the timing diagrams of FIGS. 8A, 8B, and
      8C. It is assumed for purposes of discussion that the first terminals of
      the groups are being sampled during a terminal sampling period while the
      TERM SHIFT signal is causing the decoder 70 to produce a signal on its 1
      output. Under these conditions only the gating arrangement 71 of the 10
      gating arrangements 71-80 is activated to permit FF CLK pulses to pass
      through and be applied to the clock input of its associated flip-flop FF1.
      In effect, the flip-flops become interconnected in the manner shown in
      FIG. 10A.
PAR  With the flip-flops associated as shown in FIG. 10A, the address outputs
      A.sub.0 - A.sub.9 count in order addressing every one of the 1024 storage
      locations in each of the RAMS in order as indicated by the RAM ADDRESS of
      the Sampling and Writing Sequence in FIG. 9. As shown in FIGS. 8A and 8B
      each RAM ADDRESS occurs over a 17.4 microsecond period. During each 17.4
      microsecond period, the R/W signal (FIG. 8A) causes the digital sample
      stored at the address to be read out during the first portion of the data
      sampling period, and causes the digital sample from the analog-to-digital
      converter 20 to be written in at the same address during the last portion
      of the data sampling period.
PAR  During each group scanning period of 139 microseconds, a sample is taken
      from the first terminal of each group and stored in the memory. Upon
      completion of a 17.8 millisecond terminal sampling period, each group has
      been sampled 128 times and a total of 1024 digital samples are stored in
      the RAMS at the addresses as indicated in FIG. 9.
PAR  After the data associated with the first terminal of each of the groups has
      been written in the memory during the first terminal sampling period, the
      data must be read out in the order as indicated in the column "Reading
      Sequence" of FIG. 9 during the second terminal sampling period. To read
      out the samples for a group every eighth storage location of the RAMS must
      be addressed in sequence as shown in the RAM ADDRESS for the Reading
      Sequence in FIG. 9. During the second terminal sampling period, the TERM
      SHIFT signal from the count-to-10 counter 57 of the timing section (FIG.
      2) changes and the output signal from the decoder 70 (FIG. 5) shifts from
      its 1 output to its 2 output. This signal activates the gating arrangement
      74 associated with the fourth flip-flop FF4. Thus, the FF CLK pulses are
      routed to that flip-flop as illustrated in the schematic representation of
      FIG. 10B.
PAR  Under these conditions the count on the ADDRESS lines A.sub.0 - A.sub.9
      steps by eight for each clock pulse, and every eighth storage location in
      the RAMS is read out in sequence until all the samples for a group have
      been read out. Thus, as shown in the Reading Sequence of FIG. 9 the RAMS
      are properly addressed to read out the data from all of the 1024 storage
      locations in the proper order. At the same time, as shown by the "Sampling
      and Writing Sequence" and associated RAM ADDRESS of FIG. 9, the terminal 2
      data is being written into the memory at the same addresses.
PAR  Upon completion of the second 17.8 millisecond terminal sampling period all
      of the terminal 1 data has been read out of the memory and processed as
      will be explained hereinbelow and has been replaced by terminal 2 data.
      During the third terminal sampling period when the terminal 2 data is read
      out of the memory and terminal 3 data is written in as shown in FIG. 9,
      the decoder 70 produces a signal at its 3 output. This signal activates
      the gating arrangement 77 associated with the seventh flip-flop FF7 and
      the FF CLK pulses are directed to its clock input as shown in FIG. 10C.
      Thus, during the third terminal sampling period every 64th storage
      location in the RAMS is addressed in sequence until all the samples for a
      group have been read out causing the terminal 2 data to be read out in the
      proper order as shown in FIG. 9.
PAR  Processing of data into and out of the memory continues in this manner with
      the FF CLK pulses being stepped by three flip-flops during subsequent
      terminal sampling periods in a recurring sequence. Since, in this
      particular embodiment, 11 terminal sampling periods are required to scan
      the complete system and there are only 10 address lines and flip-flops,
      the system scanning cycle and memory addressing cycles overlap. Thus, on
      the next system scanning cycle while the previously stored terminal 11
      data is being read out and terminal 1 data is being written, the FF CLK
      pulses are directed to the fourth flip-flop FF4 and in FIG. 10B. However,
      although the cycles are out of phase they are independent and data will be
      properly stored and read out for each terminal sampling period of each
      system scanning period.
PAC  Digital-to-Analog Conversion and Analog Processing
PAR  During each 17.4 microsecond period the 6 bits of a digital sample are read
      out in parallel from the memory 21 and placed in a buffer 22 (FIG. 4). The
      data is clocked into the buffer by an EOC signal from the
      analog-to-digital converter 20. As shown in FIG. 8A the EOC signal occurs
      during the "read" portion of each R/W signal.
PAR  The outputs of the buffer 22 are connected to a digital-to-analog converter
      23 which converts the 6 bits of each digital sample to an analog voltage.
      During a group readout period of 2.22 milliseconds the 128 samples
      associated with a single group appear as a series of 128 analog voltage
      pulses at the output of the digital-to-analog converter 23. These 128
      pulses are produced from samples which were obtained by the eight-input
      multiplexer 15 over a period of 17.8 milliseconds. Thus, the pulses in the
      ANALOG signal from the digital-to-analog counter 23 have been speeded up,
      or time compressed, by a factor of 8.
PAR  The voltage pulses of the ANALOG signal are applied to a low pass filter 24
      as illustrated in FIG. 6. The low pass filter 24 eliminates the steps
      between pulses of the ANALOG signal and also reduces sum and difference
      frequencies generated during the sampling procedures. Thus, during each
      2.22 millisecond group readout period the output of the low pass filter 24
      is a smooth, continuous curve of signal frequencies eight times the
      frequencies present in the input signal from which it was derived.
PAR  The output signals of the low pass filter 24 are applied to a low band
      reject filter 25 and a high band reject filter 26 in parallel. As
      mentioned previously, in the system under discussion supervisory tones of
      1,209 Hz, 1,477 Hz, 2,250 Hz, and 2,600 Hz are designated high band and a
      tone of 941 Hz is designated low band. Also, as explained previously, an
      incoming signal may consist of a single high band tone by itself or a high
      band tone together with the low band tone. Since the incoming frequencies
      have been multiplied by a factor of eight, the low band reject filter 25
      rejects frequencies of 7,528 Hz (941 .times. 8) and below. The high band
      reject filter 26 rejects the frequencies of 9,672 Hz (1,209 .times. 8),
      11,816 (1,477 .times. 8), 18,000 Hz (2,250 .times. 8), and 20,800Hz (2,600
      .times. 8).
PAR  The signals passing through the band reject filters 25 and 26 are applied
      to comparators 85 and 86 of the comparator and limiter arrangements 27 and
      28, respectively. The comparators 85 and 86 pass only signals from the
      band reject filters which exceed a predetermined threshold level. Thus,
      the incoming signals must be of greater amplitude than a certain minimum
      level in order to be acceptable. The limiters 87 and 88 are differential
      amplifier circuits which amplify the outputs of the comparators 85 and 86,
      respectively, to produce square waves having a fixed peak-to-peak level.
PAR  The HIGH BAND and LOW BAND signals from the limiters 87 and 88 are applied
      to tone filters as shown in FIG. 7. The LOW BAND signal is applied to a
      bandpass filter 35 which passes a frequency of 7,528 Hz. The HIGH BAND
      signal is applied in parallel to bandpass filters 31, 32, 33, and 34 which
      pass frequencies of 9,672Hz, 11,816 Hz, 18,000 Hz, and 20,800 Hz,
      respectively. The outputs of the bandpass filters 31, 32, 33, 34, and 35
      are applied to associated comparator circuits 91, 92, 93, 94, and 95,
      respectively. The comparator circuits respond only to signals above a
      certain predetermined threshold level. Thus, each comparator circuit
      further insures that the amplitude of the associated tone in the incoming
      signal is of sufficient magnitude to be a proper signal.
PAR  The outputs of the comparators 91, 92, 93, 94 and 95 are applied to
      associated one-shot multivibrators 96, 97, 98, 99 and 100 as shown in FIG.
      7. The one-shot multivibrators have a timing cycle of approximately 330
      microseconds, and thus output pulses from a comparator continually
      retrigger its associated multivibrator to hold it ON. While a
      multivibrator 96, 97, 98, 99, and 100 is ON, it produces a relatively high
      level signal at its output terminal 101, 102, 103, 104, and 105,
      respectively, indicating the presence of the associated supervisory tone
      in its associated incoming signal.
PAR  The indicating signal appears at the output of a multivibrator during a
      group readout period of 2.22 milliseconds (plus the 330 microsecond
      operating period of the multivibrator) while the data is being read out of
      the memory. During the 2.22 millisecond period that an indicating signal
      is present, group output signals GR OUT 2.sup.0, GR OUT 2.sup.1, and GR
      OUT 2.sup.2 (shown in FIG. 8B) identifying the particular group are
      produced by the timing section. The TERM 2.sup.0, TERM 2.sup.1, TERM
      2.sup.2, and TERM 2.sup.3 signals from the timing section identify the
      particular terminal within the group. As mentioned previously, the same
      TERM CODE signals are employed both to control the input analog
      multiplexers 1-8, 10 and to identify the terminal associated with the
      signals on the output terminals. Since the output signals occur during the
      terminal sampling period after the incoming signal they are associated
      with, the connections of the TERM 1 -  TERM 11 input terminals of each
      group to the multiplexer inputs are offset by one (FIG. 3). Thus, when the
      TERM CODE signals indicate a particular terminal, the terminal being
      sampled is the next terminal in order.
PAR  As shown in FIG. 8B a STROBE pulse is produced by the timing section near
      the end of each 2.22 millisecond group readout period. This pulse may be
      employed to strobe succeeding equipment to accept the output signals, if
      any, from the multivibrators together with the TERM CODE and GROUP OUTPUT
      CODE. The identification of the line and the supervisory tones present
      thereon may then be used in the usual well-known manner for providing
      service to the incoming line.
PAR  Thus, in summary, the scanner as described herein continuously monitors 88
      incoming lines by sampling eight groups of 11 lines in parallel. Analog
      signals present on a line are sampled, converted to digital samples, and
      the digital samples are stored in a memory. The data is read out from the
      memory at eight times the speed it was collected, and is converted to an
      analog signal with frequencies 8 times the tone frequencies from which it
      was derived. The analog signal is processed in a manner which is standard
      for processing supervisory tones, except that the frequencies are greater
      by a factor of 8. The output information on the presence or absence of
      each of the supervisory tones is presented in binary form in the usual
      well-known manner. Line address information pertaining to the supervisory
      tone indications is presented simultaneously with the tone indications for
      processing by other equipment of the exchange in accordance with standard
      techniques.
PAR  The scanner as described provides for a reduction in the filters and other
      analog signal processing circuitry to one-eighth of that previously
      required. These elements are responsible for most of the weight and volume
      of a scanner. The additional circuitry required, although complex, is
      digital logic circuitry and is readily available as standard integrated
      circuit components of very samll size. Thus, a substantial saving in
      volume and weight is obtained.
PAR  While there has been shown and described what is considered a preferred
      embodiment of the present invention it will be obvious to those skilled in
      the art that various changes and modifications may be made therein without
      departing from the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Scanning apparatus for detecting the presence of signals of
      predetermined frequencies on any of a plurality of lines, the plurality of
      lines being arranged in a number of groups with a number of lines in each
      group, said apparatus including in combination
PA1  first multiplexing means for repeatedly sampling the lines of each group, a
      corresponding one of the lines in each group being sampled simultaneously
      during a line sampling period;
PA1  said first multiplexing means having a number of output connections equal
      to the number of groups and each output connection having present thereon
      during a line sampling period a sampled portion of the input signal from a
      different one of said groups;
PA1  second multiplexing means coupled to the output connections of the first
      multiplexing means for repeatedly sampling said output connections in
      sequence during each line sampling period, and for producing at its output
      connection a multiplicity of analog samples of each of said sampled
      portions;
PA1  analog-to-digital converting means coupled to the output connection of the
      second multiplexing means for converting in sequence each of said analog
      samples to a digital sample;
PA1  memory means coupled to said analog-to-digital converting means for storing
      said digital samples;
PA1  memory readout means for reading out of the memory means the digital
      samples associated with each of the groups of lines, all of the samples
      associated with a group being read out for each group in turn, the
      multiplicity of digital samples associated with a group being read out in
      the same sequence as the analog samples associated with that group were
      produced by the second multiplexing means;
PA1  digital-to-analog converting means coupled to the memory means for
      converting each of said digital samples to an analog pulse;
PA1  filter means coupled to the digital-to-analog converting means for
      converting the multiplicity of analog pulses associated with a group of
      lines to an analog signal, the signal frequencies present in an analog
      signal being equal to the predetermined frequencies present in the
      associated sampled portion of the input signal times the number of groups;
PA1  detecting means coupled to the filter means for determining the presence or
      absence of each of the signal frequencies in the analog signal and for
      producing indications thereof which indicate the presence or absence of
      each of the predetermined frequencies in the associated sampled portion of
      the input signal; and
PA1  line address means for producing line identifying signals designating the
      particular group and particular line of the group with which said
      indications are associated.
NUM  2.
PAR  2. Scanning apparatus in accordance with claim 1 wherein
PA1  said memory readout means is operable to read out from the memory means
      during a line sampling period the digital samples written into the memory
      means during the immediately preceding line sampling period, the
      multiplicity of digital samples associated with a group being read out
      during a group readout period, a line sampling period being equal to a
      group readout period times the number of groups;
PA1  said filter means is operable to convert the multiplicity of analog pulses
      associated with a group of lines to an analog signal during a group
      readout period;
PA1  said detecting means is operable to produce indications indicating the
      presence or absence of each of the predetermined frequencies in the
      associated sampled portion of the input signal during a group readout
      period; and
PA1  said line address means is operable to produce line identifying signals
      designating the particular group and line of the group with which said
      indications are associated during the group readout period while said
      indications are being produced.
NUM  3.
PAR  3. Scanning apparatus in accordance with claim 2 wherein said detecting
      means includes
PA1  a plurality of bandpass filter means, the plurality being equal to the
      number of predetermined frequencies, each bandpass filter means being
      capable of passing a signal frequency equal to a different one of the
      predetermined frequencies times the number of groups; and
PA1  a plurality of indicating means, each being coupled to a corresponding one
      of said bandpass filter means and being operable to produce a first signal
      condition at its output in response to the presence of a signal frequency
      passed by the corresponding bandpass filter means and to produce a second
      signal condition at its output in response to the absence of a signal
      frequency from the corresponding bandpass filter means.
NUM  4.
PAR  4. Scanning apparatus in accordance with claim 3 wherein said detecting
      means includes
PA1  a plurality of threshold means, each being connected between one of said
      bandpass filter means and the corresponding indicating means, said
      threshold means being operable to pass a signal frequency having an
      amplitude greater than a predetermined amplitude and to block a signal
      frequency having an amplitude less than the predetermined amplitude.
NUM  5.
PAR  5. Scanning apparatus in accordance with claim 2 wherein
PA1  said second multiplexing means is operable to sample an output connection
      of the first multiplexing means and produce an analog sample during a data
      sampling period;
PA1  said analog-to-digital converting means is operable to convert the analog
      sample produced during a data sampling period to a digital sample during
      the same daa sampling period;
PAL  and including
PA1  memory input control means for writing a digital sample into the memory
      means during the same data sampling period it was produced;
PA1  a multiplicity of digital samples for each group of the number of groups
      being written into the memory means during a line sampling period, a line
      sampling period being equal to the data sampling period times the number
      of samples in a multiplicity times the number of groups; and
PA1  said memory readout means being operable to read out a digital sample
      during each data sampling period, a group readout period during which the
      multiplicity of digital samples associated with a single group are read
      out being equal to the data sampling period times the number of samples in
      a multiplicity of samples.
NUM  6.
PAR  6. Scanning apparatus in accordance with claim 5 including
PA1  timing means operable to cause said first multiplexing means to sample a
      corresponding one of the lines of each of the groups of lines during a
      line sampling period and to sample all the lines of each group during a
      system scanning period, a system scanning period being equal to a line
      sampling period times the number of lines in each of the groups;
PA1  said timing means including means operable to cause said second
      multiplexing means to sample an output connection of the first
      multiplexing means during a data sampling period and to sample all the
      output connections of the first multiplexing means during a group scanning
      period, a group scanning period being equal to a data sampling period
      times the number of groups, a multiplicity of samples of each group being
      produced during a line sampling period;
PA1  said timing means including means operable to cause said memory input
      control means to write a digital sample into the memory means during each
      data sampling period, and to cause said memory readout means to read out a
      digital sample during each data sampling period; and
PA1  said timing means including said line address means and being operable to
      produce a different combination of first signals during each line sampling
      period of a system scanning period to designate the one line of each group
      associated with the digital samples being read out of the memory means
      during the line sampling period, and to produce a different combination of
      second signals during each group readout period of a line sampling period
      to designate the particular one of the number of groups associated with
      the digital samples being read out of the memory means during the group
      readout period.
NUM  7.
PAR  7. Scanning apparatus in accordance with claim 6 wherein
PA1  said memory means includes a plurality of sets of storage locations, each
      set of storage locations being capable of storing a digital sample, the
      plurality of sets of storage locations being equal to the number of
      digital samples produced during a line sampling period;
PAL  and including
PA1  buffer means connected between said memory means and said digital-to-analog
      converting means for storing a digital sample;
PA1  said timing means being operable to cause said memory readout means to read
      a digital sample out of a set of storage locations and enter said digital
      sample in the buffer means during the first portion of each data sampling
      period; and
PA1  said timing means being operable to cause said memory input control means
      to write the digital sample being produced by the analog-to-digital
      converting means into the memory means during the second portion of the
      data sampling period, the digital sample being written into the same set
      of storage locations from which a digital sample was read out during the
      first portion of the same data sampling period.
NUM  8.
PAR  8. Scanning apparatus in accordance with claim 7 including
PA1  memory address control means coupled to said sets of storage locations and
      operable to address a different one of said sets of storage locations
      during each data sampling period of a line sampling period whereby digital
      samples are read out of and written into each of said sets of storage
      locations during a line sampling period; and
PA1  said memory address control means being operable to address the sets of
      storage locations in different order during successive line sampling
      periods so as to address the sets of storage locations containing the
      multiplicity of digital samples associated with a single group in order
      during each group readout period.
NUM  9.
PAR  9. Scanning apparatus in accordance with claim 8 wherein said detecting
      means includes
PA1  a plurality of bandpass filter means, the plurality being equal to the
      number of predetermined frequencies, each bandpass filter means being
      capable of passing a signal frequency equal to a different one of the
      predetermined frequencies times the number of groups; and
PA1  a plurality of indicating means, each being coupled to a corresponding one
      of said bandpass filter means and being operable to produce a first signal
      condition at its output in response to the presence of a signal frequency
      passed by the corresponding bandpass filter means and to produce a second
      signal condition at its output in response to the absence of a signal
      frequency from the corresponding bandpass filter means.
NUM  10.
PAR  10. Scanning apparatus in accordance with claim 9 wherein said detecting
      means includes
PA1  a plurality of threshold means, each being connected between one of said
      bandpass filter means and the corresponding indicating means, said
      threshold means being operable to pass a signal frequency having an
      amplitude greater than a predetermined amplitude and to block a signal
      frequency having an amplitude less than the predetermined amplitude.
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ABST
PAL  In a relay matrix there are provided a plurality of control and holding
      circuits for selecting which of the relays are to be energized. The
      control and holding circuits which are associated with groups of relays
      include two-state devices which are triggered into a conductive state at
      the coincidence of a control signal and a minimum value control current
      and remain in that state after the termination of the control signal until
      the control current falls below the minimum value.
BSUM
PAR  The present invention relates to a control and holding circuit for relay
      matrices especially for cascaded reed relay matrices in the switches of
      electronic controlled telephone stations.
PAR  Nowadays, in fast electronic controlled telephone switches, large and small
      reed relays arranged in switching matrices are often used instead of the
      conventional electromechanical switching devices.
PAR  A reed relay consists of a contact unit enclosed in a glass cylinder, which
      contact unit can be actuated from the outside of said glass cylinder by
      means of a magnetic field, and a magnetic coil for producing the magnetic
      field. Several glass cylinders are often placed in a common coil thereby
      constituting together with the coil a relay unit. In order to control such
      relay units current is passed through the coil so that all the contact
      units in the common magnetic field are actuated. In order to control with
      short pulses a switch designed by means of the above described relay
      matrices some type of holding contact is needed so that the activated
      relays can be supplied with a holding current. According to the common
      method, each relay unit in the matrix is supplied by an extra contact unit
      in addition to the contacts for the speech paths, which serves as a
      holding contact. Such a solution of the problem is shown in for instance
      the German Auslegeschrift No. 1 047 851.
PAR  It is necessary in relay matrices of the kind under discussion to connect a
      diode in series with each relay coil in order to get a matrix without so
      called reverse or sneak current paths. If such diodes were not used or if
      a matrix with such diodes is faulty in such a way that several diodes are
      shorted then uncontrolled operations of unintended crossing point relays
      would result by activation of an intended crossing point relay.
PAR  An object of the present invention is to provide an electronic control and
      holding circuit well suited for integrated techniques which replaces the
      diode and the extra reed relay contact according to the previously known
      approach.
PAR  The present invention provides a control and holding circuit common for a
      number of relay units in the matrix, for instance common for a row of
      units or a column of units in the matrix. In order to make the circuit
      suitable for this purpose it is provided with a number of relay connection
      terminals which constitute the connection points for a corresponding
      number of matrix relays. Further the circuit is provided with link output
      terminals which constitute the connection points for links by which
      control voltages are transferred between adjacent matrices in the cascade
      and also at least one control signal terminal for receiving control
      signals for the control and holding circuit.
PAR  The circuit is further provided with a number of bistable electronic
      switching devices each with a first and a second main electrode and a
      control input. The switching devices by means of their main electrodes are
      connected between the relay connection terminals and a common voltage
      supply terminal. Operation of a switching device according to the above is
      carried out when a voltage of a certain minimum amplitude and with a
      definite polarity is fed to the main electrodes simultaneously as a
      control signal is fed to its control input. Reset to the non-conducting
      state occurs when the current through the switching device falls below a
      certain value.
PAR  By centralizing control and holding functions for a number of relays within
      the same matrix according to the invention it is possible to realize these
      functions utilizing integrated techniques in an economically advantageous
      way. By the special design of the separate switching devices in the
      circuit according to the invention two components, a diode and a reed
      relay contact are saved per crossing point. The necessary diode function
      is integrated in the holding circuit.
PAR  The number of switching devices per control and holding circuit is limited
      by the maximum pin number for the package type and by the wish that every
      package should be associable with a certain part of the matrix which is
      easily identified, for instance a row or a column.
PAR  If for instance the control and holding function in an 8 .times. 8-matrix
      is combined for each column to a common integrated circuit one replaces,
      compared with the known technique, one reed relay contact and one diode in
      64 crossing points, i.e. 128 components for eight packages. From a
      mechanical point of view, this is a great simplification.
PAR  Furthermore it is possible to design the bistable electronic switching or
      contact devices in the control and holding circuit in such a way that
      they, for instance, receive a lower holding current than the operating
      current of the reed relay devices. On this assumption one can set up a
      complete connection through the switch without activating corresponding
      reed relays, i.e. without establishing the speech path through the switch.
      This possibility is quite impossible when, according to conventional
      techniques, one has a holding contact in the form of an additional reed
      relay device in series with the relay coil wherein the relay device is
      actuated simultaneously with the speech path contacts. If, according to
      the above, a complete path through the switch is connected without the
      speech path contacts being operated, a voltage increase between the end
      points of the connection is sufficient in order to make all the speech
      contacts operate in the next connection phase.
PAR  Thus advantage can, for instance, be utilized by a marking procedure which
      provides random attempts of connection through the switching stages. For
      every such attempt from a given input the connection towards the given
      output is carried out as far as it is possible. If the connection along
      the random path appears to be impossible to carry through one clears the
      connection and makes another attempt according to the same method until a
      complete path is found. It is essential by this method which requires much
      more unsophisticated marking control circuits than the conventional
      marking methods that the speech path contacts are not operated by
      uncompleted connection attempts.
PAR  Of course it is advantageous to have just one type of reed relay device in
      a switch. Because of the fact that the holding contact device is the reed
      relay device which has the prime importance in the design according to the
      conventional technique the specifications for this element must determine
      the design of the reed relay devices for the switch. When the holding
      contact in the form of a reed relay device according to the invention is
      eliminated in the design one can consequently diminish certain demands
      upon the reed relay devices, among others the demand for current carrying
      feature, and gain economic profits.
DRWD
PAR  The invention will be described below by means of a number of embodiments
      with reference to the accompanying drawing where
PAR  FIG. 1 shows a two stage matrix switch.
PAR  FIG. 2 shows a control and holding circuit according to one embodiment of
      the invention for holding the relays in series in a connection with a
      through connected holding wire.
PAR  FIG. 3 shows a control and holding circuit according to another embodiment
      of the invention for holding the relays in parallel, and through
      connection of the control and holding voltages to the subsequent matrix
      stage by a through connection circuit which is individual for each contact
      device.
PAR  FIG. 4 shows a control and holding circuit according to another embodiment
      of the invention for holding the relays in parallel, and through
      connection of the control and holding voltages to the subsequent stage by
      means of a clock signal controlled through connection circuit which is
      common for the holding contact devices.
PAR  FIG. 5 shows a control and holding circuit according to another embodiment
      of the invention for holding the relays in parallel, and through
      connection of the control and holding voltages to the subsequent stage by
      means of a through connection circuit which is common for all the holding
      contact devices and controlled by two variables associated with the state
      of the holding contact devices.
PAR  FIG. 6 shows a control and holding circuit according to another embodiment
      of the invention for holding the relays in parallel and through connection
      of control and holding voltages to the subsequent stage by means of a
      through connection circuit which is individual for each holding contact
      and which is connected in series with each relay.
PAR  FIG. 7 shows a control and holding circuit according to another embodiment
      of the invention for centralizing the control and holding function for
      each row in a relay matrix.
PAR  FIG. 8 shows a simple embodiment of a bistable electronic contact device
      utilized in the apparatus according to FIG. 2-7.
PAR  FIG. 9 shows the device according to FIG. 8 completed with two resistors
      for making the device adaptive to given function parameters.
PAR  FIG. 10 shows an embodiment of the through connection circuit according to
      FIG. 5.
DETD
PAR  FIG. 1 shows a two stage matrix switch in which the two matrices are called
      A and B respectively. The matrices are connected to each other by links L.
      The rows of the matrix B are marked as inputs and the columns of matrix A
      are marked as outputs. For the sake of simplicity the matrices are shown
      in the order 2 .times. 2, but naturally they can have any other order. The
      speech wires are in the conventional way designated a and b respectively.
      The switch connects a given input with a given output when so ordered
      externally from, for instance, a processor. This means that the a and b
      wires respectively are caused to make contact from the input to the
      output. Each of the relays in the cross points of the matrices consists of
      a relay coil (R11 . . . . R22) and the associated two make contacts on the
      a and b wires respectively. For each column in the matrices in this
      embodiment a control and holding circuit C is arranged. According to the
      invention the control and holding circuits can alternatively be arranged
      common for a row or another part of the matrix.
PAR  One of the advantages with a switch designed according to the above
      compared with a switch comprising just one stage is that each input in the
      switch here described has, besides access to each output, also two
      alternative ways between an arbitrary input and a given output. If more
      switching stages are provided even more path finding alternatives are
      possible. Thus for the path finding alternatives of such a switch
      different strategies are applicable. As shown above the invention has a
      special advantage for a certain type of path finding strategy.
PAR  The setting up of a connection is assumed to start in stage B. Control
      voltage UM is connected by a contact or switch device to the holding wire
      h of the input row and the control and holding circuit C associated with a
      column corresponding to the intended crossing point relay is supplied with
      a marking voltage Um on a control signal terminal m. Then, as will be
      shown later, the crossing point relay selected in this way can be
      operated. The contact device for connection of the control voltage to the
      holding wire h is schematically shown as a switch with three different
      connection possibilities, but it can be designed with relays, electronic
      flip flops and so on. When a crossing point relay has been marked as
      described above the control voltage is transferred by the link output
      terminal c of the circuit C and the link L to a row in the following
      matrix, i.e. the matrix stage A. In the same way a certain crossing point
      relay in this row can be marked by providing a voltage to the control and
      holding circuit C of the corresponding column. The control and holding
      circuits of the output stage, in this case stage A, connect the link
      output terminals c to a voltage source, for instance ground, as shown.
PAR  When a connection is completed between an input and an output of the switch
      the voltage between the end points of the holding wire can be decreased
      because the voltage demand to hold a relay activated is less than the
      demand for giving a proper operation. Furthermore it is possible to
      increase or decrease the voltage at the end points of the connection
      simultaneously and by equal amounts thereby achieving interference
      immunity for the connection against additional connections through the
      matrices.
PAR  In order to clear a connection and reset the devices involved in the
      connection to rest position a rest voltage UV, for instance ground, is
      connected to the holding wire h of the switch input and all the relays in
      the connection are disabled simultaneously.
PAR  FIG. 2 shows a control and holding circuit C according to FIG. 1 designed
      for holding the relays R in series in a connection with a through
      connected holding wire. Thus the relays R connected to the relay
      connection terminals r of the circuit are the same as the column relays of
      a matrix stage according to FIG. 1. The circuit C comprises two bistable
      electronic switch or contact devices E each provided with two main
      electrodes l and d and a control input s. The contact devices E can be the
      devices according to FIG. 8 or 9 but with the connection points e and n
      omitted. The control inputs s are connected to a common control signal
      terminal m on the circuit C and the main electrodes d are in the same way
      connected to a common link output terminal c. In a step by step marking
      procedure similar to the one described above in connection with FIG. 1
      there are two different possibilities for carrying out the marking routine
      dependent on the speed of the circuits. In a slow procedure the control
      voltage UM according to FIG. 1 which is fed to the holding wire h in a
      selected row in the matrix stage B will cause a current to flow through
      this holding wire, the coil of the selected relay by the relay connection
      terminal r of the circuit C, the main electrode 1 of the contact device E,
      the control input s and by the control terminal m to the marking voltage
      source Um. If there is no marking procedure started at once in the
      subsequent matrix stage the current through the relay coil and the contact
      device E will grow over the value of the operating current of the relay
      causing it to operate, provided the marking voltage source Um is not
      current limited. The contact device E has by that time also become
      conductive and transfers the operating voltage via the main electrode d to
      the link output terminal c of the circuit C. This state is steady as long
      as the marking voltage is connected to the control signal terminal m. By
      the link output terminal c and the link L according to FIG. 1 the control
      voltgage is thus transferred to a row of the matrix stage A. When a
      selected crossing point relay in this matrix stage has operated the rest
      voltage Uv can once again be fed to said control signal terminals m in
      both matrix stages and the holding current flows via the link output
      terminal c of the circuit C in the stage A to ground.
PAR  In a faster procedure or if the voltage source Um is current limited the
      current through the relay coil in the matrix stage B will not grow over
      the operating value before the marking voltage Um is fed to a selected
      column in the matrix stage A so that the operating current of the relays
      will not be fed via the control signal terminals m of the circuits C
      during any moment of the procedure, but will be fed directly via the link
      output terminal c of the circuit C in the stage A to ground.
PAR  FIG. 3 shows another embodiment of the control and holding circuit C
      designed for holding in parallel the relays R in a connection and
      providing a through connection to the subsequent matrix stage of the
      control and holding voltages via a through connection circuit V associated
      with each contact device E. In order to be able to use low operating
      voltages it is essential to make the voltage drops along the holding wire
      h as small as possible especially when there are several matrix stages.
      The voltage drops occurs mainly across relays R when carrying current, but
      also across contact devices E connected in series with the relays. In the
      embodiment according to FIG. 3 the holding wires h are not only connected
      directly to an additional voltage feeding terminal u of the circuit C but
      also to the connection terminal of the relaysR. The through connection
      circuits V which can consist of one single transistor with an emitter
      connected to the voltage feeding terminal u, a collector connected to a
      common link output terminal c and a base connected via a resistor to the
      output n of the contact device E, connects the operating voltage with a
      smaller voltage drop to the common link output terminal c. At the output n
      a signal is provided for indicating the state of conductivity of the
      contact device E. As is evident from the FIG. 8 and 9 the output n may be
      connected to one of the common base collector connections in the contact
      device E, the function of which will be described more in detail below.
      The control inputs s are connected as in the embodiment according to FIG.
      2. Further all the main electrodes d are connected to a voltage feeding
      terminal j of the circuit c which in its turn is connected to a fix
      potential, for instance ground. Accordingly all the relays in the
      connection will be connected in parallel between the holding wire h and
      ground. Thus in this embodiment the operating current of the relays will
      not, to a greater extent, during any instant of the marking procedure,
      flow via the control signal terminals m of the circuit C.
PAR  In FIG. 4 there is shown an embodiment of the invention in which, in the
      same way as in the embodiment according to FIG. 3, the relays are provided
      with holding current in parallel between the voltage of the holding wire h
      and a fixed potential connected to the voltage feeding terminal j. The
      through connection circuit U is in this cases common for the contact
      devices and furthermore controlled by an external signal on a control
      signal terminal T. The external signal can, for instance, be supplied from
      a central clock signal generator common for all control and holding
      circuits in the switch. The main electrodes l and d of the contact devices
      E as well as the control inputs s are connected to the inputs and outputs
      of the circuit C in the same way as in the embodiment according to FIG. 3.
      Each of the contact devices E is provided with an output e which according
      to FIGS. 8 and 9 is connected, via a diode, to one of the common
      base-collector connections in the contact device. As will be shown below,
      the signal of this output may take two different levels, high and low, in
      dependence on whether the contact device is conducting current or not. All
      these outputs e are connected to a common detection input g of the common
      through connection circuit U. Control switch UM and holding voltage UH are
      connected to the through connection circuit U in each circuit C and are
      connected via the output f of the through connection circuits and the link
      output terminal c to the subsequent matrix stage almost without voltage
      drop which makes it possible to hold the voltages low. A marking procedure
      in a switch designed with control and holding circuits according to FIG. 4
      is started when a clock signal is fed to and maintained at the control
      signal terminal T of all the circuits C. In the matrix stage B the holding
      wire h is provided with a voltage in a selected row in the same way as
      described above. When after that a column is selected by feeding marking
      voltage Um to the associated circuit C the contact device E at the
      coinciding point will be operated and the output e takes a level which
      corresponds to conducting state for the contact device. This signal level
      is transferred to the detection input g of the through connection circuit
      U and causes the connection of the operating voltage UM, via the output f,
      and the link output terminal c, to the matrix stage A. In this stage the
      clock signal is maintained according to the above at all the control
      signal terminals T and a procedure analogous with the described may be
      repeated for this matrix stage. When the voltage UM has been connected for
      such a long time that a proper operation has taken place in the matrix
      stage the clock signal is cleared at the control signal terminal T and the
      holding voltage UH is connected to the input in the matrix stage B. The
      clearance of the clock signal also causes the holding voltage UH,
      connected to the through connection circuit U in the matrix stage B, to be
      connected via the output f and the link output terminal c of the circuit C
      to the matrix stage A. The switching logic in the through connection
      circuit U thus in a steady state and is in the future not sensitive to
      changes in the level of the clock signal before the signal at the input g
      changes its level. When there is no voltage fed to the input in the matrix
      stage B anymore, the contact device in stage B is brought to the stop
      condition, and the associated output e and the input g change their
      levels. This makes the voltage to the through connection circuits U
      switching the circuit to its rest state and the whole connection is
      cleared.
PAR  In FIG. 5 a further embodiment of the invention is shown intended for
      holding the relays in parallel against a fixed potential. In this
      embodiment clock signal control is not utilized and the common through
      connection circuit Y is controlled by two state variables of the contact
      devices E. The control input s and the main electrode 1 of each contact
      device are connected as in the preceeding example. The main electrode d is
      connected to a common voltage feeding terminal j via current measuring
      circuit F which is provided with a detection output X. The detection
      output is connected to a detection input g1 on the through connection
      circuit Y which input is common for all such outputs. The outputs e on the
      contact devices are also connected to a common detection input g2 on the
      through connection circuit. The signal at the output e has, as mentioned
      above, two different levels related to respectively stop and pass
      condition of the contact device. The output X of the current measuring
      circuit F provides a signal which also has two different levels related to
      respectively control and holding current through the measuring circuit.
      The combination of the signals at the measuring inputs g1 and g2
      consequently tells if a contact device E is conducting current and whether
      it is a control current or a holding current. The function of the through
      connection circuit Y, which will be described more in detail below, is
      such that if a contact device E is conducting control current, the control
      voltage UM which is connected to the through connection circuit will be
      connected, via the output f and the link output terminal c, to the next
      stage and if a contact device is conducting holding current, the connected
      holding voltage UH will be through connected, respectively.
PAR  FIG. 6 shows a control and holding circuit for holding the relays in
      parallel and a through connection to the subsequent matrix stage of
      control and holding voltages via a through connection circuit in series
      with each relay, there being a through connection circuit for each holding
      contact. The design of the contact devices E is the same as in the
      embodiment according to FIG. 2 and the connection of the control inputs s
      and the main electrodes d is accomplished in the same way as in the
      embodiment according to FIG. 3. The remaining main electrode l on each
      contact device is, via a through connection with P, connected to the
      associated relay connection terminal r. When a voltage is provided across
      the series connection comprising the relay R, the through connection unit
      P and the contact device E a current will flow. Consequently, the output t
      on the through connection unit transfers the voltage at the relay
      connection terminal r to the link output terminal c. A unit P having
      features according to the above may comprise in a very simple embodiment a
      transistor with its emitter connected to the relay connection terminal r,
      its collector connected to the output t and the base via a resistor
      connected to the main electrode l. The marking procedure for a matrix
      switch designed with control and holding circuits according to this
      embodiment may be the same as for the embodiment according to FIG. 2.
PAR  FIG. 7 shows a simple embodiment of the invention designed for centralizing
      row by row of the control and holding function in a relay matrix. The
      example can be regarded as a conversion of the embodiment according to
      FIG. 2. The design of the contact devices E coincides in this example too
      with the design according to FIG. 2. Each of the control inputs s is
      connected to one of a number of control signal terminals m and the control
      and holding voltages respectively of the relays are fed to the circuit via
      the terminal c. The contact devices E are connected in parallel between
      the terminal c and the corresponding relay connection terminal r. The
      marking procedure is the same as the one described with reference to FIG.
      2.
PAR  Each of the other embodiments described here above may naturally be
      converted from a design with control and holding functions integrated
      column by column to a design with an integration of the functions row by
      row.
PAR  FIG. 8 shows a simple embodiment of a bistable electronic switch or contact
      device utilized in the devices according to FIGS. 2-7. The contact device
      consists of a first and a second transistor of complementary types
      (NPN-PNP). The emitter of said first transistor constitutes the main
      electrode 1 of the device and the emitter of said second transistor
      constitutes the main electrode d of the device. Further the base of the
      first transistor is connected to the collector of the second and the base
      of the second is connected to the collector of the first. The first
      base-collector connection is connected to the control input s of the
      device by a diode. Examplified as in FIG. 8 the first transistor is of
      PNP-type and the other of NPN-type with the diode being connected by means
      of its cathode to the control input s. When a positive voltage is
      connected between the main electrodes 1 and d and a low voltage, for
      instance ground, is connected to the control input s said first transistor
      will be conducting as a result of the positive voltage across the
      emitter-base junction of the transistor. Hence, the potential of the
      collector of the first transistor will increase as does the base of the
      first transistor which causes the second transistor to go conducting. When
      the second transistor is conducting current the emitter potential of this
      transistor will be transferred to its collector which is connected to the
      base of the first transistor. This base potential will now hold the first
      transistor in its conducting state when the control signal drops and the
      contact device has taken its stable conducting state.
PAR  The base-collector connection is via a resistor connected to a positive
      voltage source and via an addition diode counter-connected with respect to
      the earlier mentioned diode and furthermore connected via a diode to an
      output e and directly to an output n respectively on the contact device E.
      According to the above, the potential at the base-collector connection is
      unambiguously dependent on the state of the contact device, conducting and
      non-conducting respectively. In the conducting state the potential is low
      and in the non-conducting state high. The signals at the outputs e and n
      are utilized for controlling through-connection circuits in the
      embodiments of the control and holding circuits. For control and holding
      circuits with individual through connection according to the above the
      output n is used without a diode and for a common through connection
      circuit the output e is used with a diode. The diode in the latter case
      gives the desired OR-function. It is sufficient that one of the contact
      devices in a column is in its conducting state in order to require the
      through connection of control and holding voltages to the subsequent
      matrix stage.
PAR  FIG. 9 shows the device according to FIG. 8 completed with two resistors in
      order to adapt the device to given function parameters. In this embodiment
      the holding current of the contact device may be actuated through the
      choise of resistor values and the gain of the transistors.
PAR  FIG. 10 shows an embodiment of the through connection circuit according to
      FIG. 5. Each of two identically designed electronic contact devices are
      arranged to connect one voltage from an associated voltage feeding
      terminal u1 and u2 respectively, to a common output f.  A diode is
      provided in the connection to the output f for the holding voltage in
      order to present at the output f the most positive of the connected
      voltages.
PAR  Each contact device comprises a first and a second transistor besides a
      first and a second resistor. The function is the same for both contact
      devices and only one will be further described.
PAR  For low potential at the detection input g2 the positive voltage UH
      connected to the voltage feeding terminal u2 will cause a current to flow
      through the resistors R4 and R3. The positive voltage across the
      emitter-base region of the transistor T3 causes this transistor to
      conduct. Thus, the base potential of the transistor T4 is increased and
      this transistor will in its turn be able to conduct a current if a
      complete collector circuit is provided via the output f. The voltage at
      the anode of the diode D1 will about equal the holding voltage UH. The
      connection of the control voltage UM, which is more positive then the
      voltage UH, to the input f via the voltage feeding terminal u1 is
      controlled in an analogous way by the potential at the detection input g1.
      The diode D1 is consequently reversed biased if the voltage UM is
      connected to the output f which in other words means that the highest of
      the voltages at the emitters of the transistors T2 and T4 is connected to
      the output f.
PAR  All the embodiments of the invention described here above comprise contact
      devices E of semi-conducting type which are controlled by means of
      electric voltages at the control inputs s. The idea of the invention
      comprises however also embodiments in which the contact devices E are
      controlled by means of other signals, for instance optical. Such an
      embodiment is for instance the one which has contact devices designed as a
      combination of a light emitting diode and a light activated thyristor.
CLMS
STM  We claim:
NUM  1.
PAR  1. A matrix switch comprising a matrix of relays arrayed in groups, each of
      said relays having signal transfer contact means and an energizing means
      with first and second terminals, a plurality of first signal transfer
      terminal means, each of said first signal transfer terminal means being
      connected in parallel to the signal transfer contact means of one of the
      relays in each of said groups of relays, a plurality of second signal
      transfer terminal means, each of said second signal transfer terminal
      means being connected in parallel to the signal transfer contacts of fall
      of the relays in a different group of said groups of relays, a plurality
      of first control current terminals, each of said first control current
      terminals being connected in parallel to the first terminal of the
      energizing means of one of the relays in each of said groups of relays, a
      plurality of second control current terminals, a plurality of control and
      holding circuits each associated with a different one of said groups of
      relays, each of said control and holding circuits having a control signal
      input for receiving a marking signal, and first and second control current
      transfer means, each of said control and holding circuits having switching
      means connecting said first and second control current transfer means and
      rendered conductive when a marking signal is received at its control
      signal input and at least a given current is available for flowing from
      one to the other of its control current transfer means and is rendered
      non-conductive thereafter when the available current is less than said
      given current, means for connecting first control current transfer means
      of each of said control and holding circuits in parallel to the second
      terminals of the energizing means for each relay in the associated group,
      means connecting the second control current transfer means of each of said
      control and holding circuits to a different one of said second control
      current terminals, means for selectively applying marking signals to the
      control signal inputs of said control and holding circuits, and means for
      selectively applying sources of current with a controllable amplitude
      across said first and second control current terminals.
NUM  2.
PAR  2. The apparatus of claim 1 wherein each of said switching means of each of
      said control and holding circuits comprises: a plurality of switching
      devices each associated with a different one of the relays of the group of
      relays controlled by the control and holding circuit, each of said
      switching devices having a control signal electrode connected to the
      associated control signal input and first and second current transfer
      electrodes, means for connecting one of said current transfer electrodes
      to the second terminal of the energizing means of one of the relays in the
      associated group, and means for connecting the other of said current
      transfer electrodes to the associated second control current transfer
      means.
NUM  3.
PAR  3. The apparatus of claim 1 wherein each of said switching means of each of
      said control and holding circuits comprises: a plurality of switching
      devices each associated with a different one of the relays of the group of
      relays controlled by the control and holding circuit, each of said
      switching devices comprising first and second switch means, said first
      switch means having first and second current transfer electrodes and a
      control electrode for controlling the conductivity of said first switch
      means in accordance with the amplitude of the signal present at said
      control electrode, said second switch means having first and second
      current transfer electrodes, a control electrode and a conductive-state
      indicating electrode, means for connecting said conductive-state
      indicating electrode to the control electrode of said first switch means
      so that when said second switch means is in a conductive state said first
      switch means is switched to a conductive state, means for connecting one
      of the current transfer electrodes of said first switch means to the
      associated second signal transfer means, means for connecting the other of
      the current transfer electrodes of said first switch means to the first
      current control terminal connected to first terminal of the energizing
      means of the associated relay, means for connecting one of the current
      transfer electrodes of said second switch means to the associated first
      control current transfer means, means for connecting the other current
      transfer electrode of said second switch means to a source of operating
      potential, and means for connecting the control electrode of said second
      switch means to the associated control signal input for receiving a
      marking signal.
NUM  4.
PAR  4. The apparatus of claim 1 wherein each of said switching means of each of
      said control and holding circuits comprises: a plurality of switching
      devices each associated with a different one of the relays of the group of
      relays controlled by the control and holding circuit, switching devices
      having a control signal electrode, first and second current transfer
      electrodes and a conductive-state indicating electrode, means for
      connecting said control signal electrode to the associated control signal
      input, means for connecting one of said current transfer electrodes to the
      second terminal of the energizing means of one of the relays in the
      associated group, means for connecting the other of said current transfer
      electrodes to a source of operating potential; and a common connection
      circuit having a timing input means for receiving a periodically recurring
      timing signal, a marking voltage input means connected to the associated
      control signal input for receiving the marking signal, a holding voltage
      input means for receiving a holding voltage; a common connection output
      means connected to the associated second control current terminal, and an
      input connected in common to the conductive-state indicating electrodes of
      all of the switching devices of the plurality, and switch means responsive
      to particular signal levels on any one of the conductive-state indicating
      electrodes and a signal at said timing input means for connecting either
      of said marking voltage input means or said holding voltage input means to
      said common connection output means.
NUM  5.
PAR  5. The apparatus of claim 1 wherein each of said switching means of each of
      said control and holding circuits comprises: a plurality of switching
      devices each associated with a different one of the relays of the groups
      of relays controlled by the control and holding circuit, switching devices
      having a control signal electrode, first and second current transfer
      electrodes and a conductive-state indicating electrode, means for
      connecting said control signal electrode to the associated control signal
      input, means for connecting one of said current transfer electrodes to the
      second terminal of the energizing means of one of the relays in the
      associated group; a plurality of current measuring means each associated
      with one of said switching devices and each hahving a first terminal
      connected to the other current transfer electrode of the associated
      switching device, a second terminal connected to a source of operating
      potential, and current indicating terminal for transmitting a signal
      indicating the flow of current between the first and second terminals; and
      a common connection circuit having a marking voltage input means connected
      to the associated control signal input for receiving the marking signal, a
      holding voltage input means for receiving a holding voltage, a common
      connection output means connected to the associated second control current
      terminal, a first common connection input means connected in common with
      all the conductive-state indicating electrodes of the switching devices, a
      second common connection input means connected in common with all the
      current indicating terminals of the current measuring means, and means
      responsive to a first combination of signals at the common connection
      input means for connecting the marking voltage input means to said common
      connection output means, and responsive to a second combination of signals
      at the common connection input means for connecting the holding voltage
      input means to said common connection output means.
NUM  6.
PAR  6. The apparatus of claim 1 wherein each of said switching means of each of
      said control and holding circuits comprises: a plurality of switching
      devices each associated with a different one of the relays of the groups
      of relays controlled by the control and holding circuit, each of said
      switching devices comprising first and second switch means, said first
      switch means having first and second current transfer electrodes and a
      control electrode for controlling the conductivity of said first switch
      means in accordance with the amplitude of the signal present at said
      control electrode, said second switch means having first and second
      current transfer electrodes and a control electrode, means for connecting
      the control electrode of said first switch means to the associated control
      signal input, means for connecting one of the current transfer electrodes
      of said first switch means to a source of operating potential, means for
      connecting the other of the current transfer electrodes of said first
      switch means to the control electrode of said second switch means, means
      for connecting one of the current transfer electrodes of said second
      switch means to the associated second control current transfer means, and
      means for connecting the other current transfer electrode of said second
      switch means to the second terminal of the energizing means of the
      associated relay.
NUM  7.
PAR  7. The apparatus of claim 2 wherein each of said switching devices
      comprises a first transistor and a complementary transistor, each of said
      transistors having base, emitter and collector terminals, means for
      connecting the collector terminal of one of said transistors to the base
      terminal of the other of said transistors, diode means for connecting the
      collector terminal of the other of said transistors and the base terminal
      of the one transistor to the associated control signal input, the emitter
      terminal of the one transistor being one of said current transfer
      electrodes, and the collector terminal of the other of said transistors
      being the other of said current transfer electrodes.
NUM  8.
PAR  8. The apparatus of claim 3 wherein each of said second switch means
      comprises a first transistor and a complementary transistor, each of said
      transistors having base, emitter and collector terminals, means for
      connecting the collector terminal of one of said transistors to the base
      terminal of the other of said transistors, diode means for connecting the
      collector terminal of the other of said transistors and the base terminal
      of the one transistor to the associated control signal input, the emitter
      terminal of the one transistor being one of the current transfer
      electrodes and the collector terminal of the other of said transistors
      being the other of the current transfer electrodes of the second switch
      means.
NUM  9.
PAR  9. The apparatus of claim 6 wherein each of said first switch means
      comprises a first transistor and a complementary transistor, each of said
      transistors having base, emitter and collector terminals, means for
      connecting the collector terminal of one of said transistors to the base
      terminal of the other of said transistors, diode means for connecting the
      collector terminal of the other of said transistors and the base terminal
      of the one transistor to the associated control signal input, one of the
      current transfer electrodes and the collector terminal of the other of
      said transistors being the other of the current transfer electrodes of the
      first switch means.
NUM  10.
PAR  10. The apparatus of claim 5 wherein said common connection circuit
      comprises: first and second electronic contact devices, each of said
      contact devices comprising a first transistor and a complementary
      transistor each having emitter, collector and base terminals, a first
      resistor interconnecting the emitter and base terminals of the first
      transistor, means for interconnecting the collector terminal of the first
      transistor to the base terminal of the complementary transistor, means for
      interconnecting the emitter terminal of the first transistor and the
      collector terminal of the complementary transistor, means for connecting
      the emitter terminals of the complementary transistor of said first
      electronic contact device to said common connection output, diode means
      for connecting the emitter terminal of the complementary transistor of
      said second electronic contact device to said common connection output
      means, means for connecting the interconnected collector and the emitter
      terminals of the transistors of said pg,25 first and second electronic
      contact devices to said marking voltage input means and holding voltage
      input means, respectively, and first resistor means for connecting the
      base terminals of the first transistor of said first and second electronic
      contact devices to said first and second common connection input,
      respectively.
NUM  11.
PAR  11. The apparatus of claim 7 further comprising further means connected to
      the base terminal of the one transistor for indicating the conductive
      state of the transistors.
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ABST
PAL  A camp-on detecting system for a private automatic branch exchange (PABX)
      is provided with the camp-on connecting function for connecting queuing or
      camp-on calls to a busy line circuit. On detecting that the control line
      of the line circuit is at a busy potential, the potentials on the control
      lines of all camping-on trunks are changed and the potential changes are
      detected by the detecting means connected to the line circuit to detect
      that a camp-on connection has already been made to the line circuit.
BSUM
PAR  The present invention relates to an automatic telephone exchange, and more
      particularly, to a campon system which, in extending a call from a central
      office line or a private line to an extension in, for example, a private
      automatic branch exchange (PABX), closes the connection path to the
      extension and waits if the extension is busy, and calls automatically the
      extension when the extension becomes disengaged or idle.
PAR  In a prior art camp-on system, when two or more calls are simultaneously
      waiting for the same busy extension, there is the possibility that the
      calls will be simultaneously connected to the extension, to result in a
      double or multiple connection when the extension becomes idle. Further,
      there is the disadvantage that, if there are a number of campon calls for
      the same extension, a number of primary links from the primary lattice
      accommodating the extension will be occupied, so that the link block rate
      to the other extensions accommodated in the same lattice is greatly
      increased.
PAR  An object of the present invention is to provide a camp-on detecting system
      which prevents a busy extension from being connected with two or more
      camp-on calls simultaneously by detecting whether or not the extension has
      already acquired a camp-on connection.
PAR  Another object of the present invention is to provide a camp-on detecting
      system which prevents a multiple camp-on connection and an increase in the
      link blocking rate due to the multiple campon connection.
PAR  The feature of the present invention is that the camp-on detecting system
      comprises a busy detecting means for detecting whether the control line of
      a subscriber's circuit is at a busy potential, camp-on potential detecting
      means adapted to be connected by the operation of the busy detecting means
      to the control line of the subscriber's circuit, and potential changing
      means for changing the busy potential supplied to the control line of the
      camping on trunk by the operation of the busy detecting means into a
      camp-on detecting potential, whereby, upon detecting that the control line
      of the subscriber's extension circuit is at a busy potential, the
      potentials on the control lines of all the camping-on trunks are changed
      and the potential changes are detected by the detecting means connected to
      the subscriber's circuit to detect that the camp-on connection has already
      been made to the subscriber's extension circuit.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will become more apparent from the following detailed
      description of the preferred embodiment of the present invention when
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram of a transit or trunking system relating to
      the camp-on connection in a private automatic branch exchange;
PAR  FIG. 2 is a schematic circuit diagram of an embodiment of the present
      invention; and
PAR  FIG. 3 is a graph for determining the magnitude of a camp-on detecting
      signal from a central office trunk in the embodiment of FIG. 2.
DETD
PAR  In FIG. 1 reference characters COT1 and COT2 designate central office
      trunks, reference character PR designates a position register, reference
      character ATT designates an attendant's turret, reference character PL
      designates a position link for connecting the central office trunks COT1
      and COT2 with the position register PR, reference character IOT designates
      an intra-office trunk, reference character LF designates a line frame for
      forming channels between various trunks and extensions, reference
      characters EXT1 and EXT2 designate extensions, and reference character M
      designates a marker.
PAR  When, for example, the extension EXT1 is to be connected with a call from
      the central office line 1 while the extension EXT1 is talking or in a busy
      state with the extension EXT2 through the intra-office trunk IOT and the
      channel 1 in the line frame LF, the operator would access the marker M to
      link the central office trunk COT1 with the extension EXT1. At this time,
      if the marker M detects that the extension EXT1 is in a busy state, the
      marker M begins the detection operation of whether or not any camp-on call
      is present. Since, in the illustrated state, no camp-on call is present,
      the marker M is released by forming the channel 2, whereby the central
      office trunk COT1 is brought into a camp-on state. When the connection to
      the extension EXT 1 is again required by the office line 2, the marker M
      is driven similarly as in the above case to detect that the extension EXT1
      is in the busy state. Next, to determine whether or not any camp-on call
      for the extension EXT1 is present, the marker M supplies a positive
      potential to the control line for the channel in the camping-on central
      office trunk. The marker M detects the positive potential from the control
      line for the line circuit of the extension EXT1 to recognize that a
      camp-on call has already been present. This positive potential is such a
      potential that does not activate the device connected with the control
      line, such as a call meter, and yet is a potential detectable by the
      marker. The marker is released without connecting the central office trunk
      COT2 with the extension EXT1. In this manner, the simultaneous connection
      of two or more camp-on calls to an extension, i.e. a double camp-on
      connection, is prevented.
PAR  FIG. 2 a schematic circuit diagram of an embodiment of the central office
      trunk COT, the line frame LF, and the marker M. According to the present
      invention, the marker M is actuated by an incoming trunk connection to
      perform the busy test of the called extension through a line selecting
      circuit LT. When the called extension is busy or engaged, ground potential
      on the control line C1 of a line circuit (consisting of relays L and C) is
      supplied to the marker M through the selecting circuit LT in the line
      frame LF to activate a self-holding relay LB. The marker M then begins to
      determine whether or not any camp-on call for the busy or engaged
      extension is present. The operating ground potential of a relay TM, which
      was operating when the marker was activated, is first cut off to release
      the relay TM after a certain time period due to its slow releasing
      property. Upon the activation of the relay LB relay BBM is activated. The
      relay BBM instructs a control line C2 to supply a positive potential to
      all trunks which are camping on. That is, when the relay BBM in the marker
      M is activated, the relay BB in the camping-on central office trunk COT is
      activated through the contact cp.sup.3 in the making of a relay CP to
      supply, through its contact bb.sup.0, the control line C2, extending from
      the central office trunk COT to the line frame LF, with a positive
      potential discharged from a capacitor CD in place of the ground potential,
      which is the busy potential having been supplied previously through a
      diode D. This positive potential enters the marker M through the switch
      contact of the line frame LF and the same circuit as for the busy test.
      Since, in the marker M, a highly sensitive polarized relay ET for positive
      potential detection has been connected to the selecting circuit LT by the
      action of the relay LB, the relay ET is momentarily activated by the
      discharged current from the capacitor CD in the central office trunk COT.
      By the actuation of the relay ET, a quick operation type reed relay CPM is
      actuated to activate an auxiliary relay CPA via the contact CPM of the
      self-holding relay CPM so that the marker M detect a camp-on call having
      been present. When no camp-on call is present, after the release of the
      relay TM, a relay NCP is activated because of the relay CPA not being
      activated, so that absence of any campon call is detected. In this
      embodiment, the capacitance of the capacitor CD in the central office
      trunk COT is determined such that the relays ET and CPM in the marker M
      can be activated and a call meter MET is not activated by the discharge of
      the capacitor CD. This is to prevent the malfunctioning of the call meter
      due to the discharge of the capacitor CD in the central office trunk COT,
      unlike in the ordinary method in which the call meter for the extension is
      activated by the positive pulses on the control line. Though, on the
      contrary, the marker M may erroneously detect the positive potential pulse
      for activating the call meter MET as the camp-on detection signal, the
      probability thereof is very low, so that it is practically not harmful.
PAR  In FIG. 3 which shows a graph for determining the capacitance of the
      capacitor CD usable for the camp-on detecting signal, the abscissa
      represents the capacitance of the capacitor CD and the ordinate represents
      the time period of the operation of the detection relay ET in the marker.
      Though the larger the capacitance of the capacitor CD, the longer the
      operating duration of the detection relay CD, there will be the danger
      that the call meter is actuated. On the contrary, if the capacitance of
      the capacitor CD is too small, the operating period of the detection relay
      ET becomes too short to activate and hold the relay CP in the marker M, so
      that detection becomes impossible. Consequently, the capacitance of the
      capacitor CD must be set at an intermediate value therebetween.
PAR  Other than the above method by the discharge of the capacitor, the present
      invention may be performed by such a method as providing a positive
      potential from a positive potential source in a short period of time
      during which the call meter cannot be activated.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a common control type automatic telephone exchange having a marker,
      trunk circuits and subscriber's line circuits associated therewith, a
      camp-on detecting system comprising, in combination:
PA1  first means, coupled to a subscriber's line circuit, for detecting the
      existence of a prescribed busy potential on the control line of said
      subscriber's line circuit;
PA1  second means, coupled to said first means, and responsive to the existence
      of a camp-on connection of a trunk circuit with said subscriber's line
      circuit, for changing the potential on the control line of said trunk
      circuit to a prescribed camp-on potential only when said first means has
      detected the presence of said prescribed busy potential on the control
      line of said subscriber's line circuit.
NUM  2.
PAR  2. A camp-on detecting system according to claim 1, wherein said
      subscriber's line circuit includes a line selecting circuit which couples
      the control line of said subscriber's line circuit to said first and
      second means.
NUM  3.
PAR  3. A camp-on detecting system according to claim 1 wherein said second
      means includes a capacitor circuit for storing a charge corresponding to
      said prescribed camp-on potential and a switching circuit coupled thereto
      for discharging said stored charge through the control line of said trunk
      circuit.
NUM  4.
PAR  4. A camp-on detecting system according to claim 1, wherein said first
      means comprises a first relay circuit energized by said busy potential and
      said second means comprises a second relay circuit energized by the
      operation of said first relay circuit, and a third relay circuit energized
      by the operation of said second relay circuit and in response to a camp-on
      condition of said trunk circuit, the operation of said third relay circuit
      and said first relay circuit effecting the detection that the busy
      condition of said subscriber's line circuit is due to a camped-on trunk
      circuit.
NUM  5.
PAR  5. A camp-on detecting system according to claim 4, wherein said
      subscriber's line circuit includes a line selecting circuit which couples
      the control line of said subscriber's line circuit to said first and third
      relay circuits.
NUM  6.
PAR  6. A camp-on detecting system according to claim 5, wherein said second
      means further includes a capacitor circuit for storing a charge
      corresponding to said prescribed camp-on potential and a switching circuit
      coupled thereto for discharging said stored charge through the control
      line of said trunk circuit, the control line of said subscriber's line
      circuit, said line selecting circuit, to said third relay circuit, said
      third relay circuit being energized by the discharge of said capacitor
      circuit.
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ABST
PAL  An interface circuit is disclosed for ground starting central office trunks
      connected via a station carrier system to a plurality of PBX subscriber
      terminals. The interface circuit extends ground start signals between
      central office sensing means and subscriber terminal control means over
      the high frequency transmission cable of a multiple-channel station
      carrier system. Associated with each of the plurality of multiple-channel
      units that interface central office terminal trunks to the carrier system
      are ground start sensing means multiply connected to ground start common
      circuitry. The ground start common circuit interprets signals from the
      ground start sensing means as to which of the voice frequency connecting
      pairs indicates a signal ground and subsequently forwards this information
      in the form of modulated intelligence on a discrete carrier over the high
      frequency transmission highway. At the PBX terminal, ground start control
      means are used to demodulate the transmitted intelligence and selectively
      control the subscriber terminal for voice frequency connection or battery
      reversal. The ground start control circuitry further includes means to
      initiate a ground start signal through the station carrier channel
      circuitry that is recognized by the ground start sensing means and used to
      alert the corresponding central office trunk of such a condition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention in general relates to the art of PBX interface circuitry and
      more particularly to PBX interface circuitry used for station carrier
      systems.
PAR  With the advent of increased demands on telephone company cable plant
      facilities, station carrier systems were developed to allow the use of a
      central office cable pair by more than one subscriber. Generally the
      systems consist of a plurality of channels, each of which corresponds to a
      unique subscriber, that are multiplexed on a frequency divided or other
      basis. One transmission cable pair, therefore, is able to provide
      communication facilities for a pluraltiy of subscribers and to increase
      the capibility needed by overloaded central office cable plants.
PAR  The usual number of channels provided by such systems vary; however, a
      common number is six channels with two carrier signals being used for each
      channel to provide directional discrimination. In general the outgoing
      carrier signals, which are used to transmit signals from the central
      office to the subscribers, are continuously and constantly on the line.
      The inbound carrier signals, which are used to transmit from the
      respective subscribers to the central office, appear on the line only when
      the respective subscribers are off-hook and are discontinued when the
      subscribers are on-hook. The carrier channel equipment at the central
      office detects off-hook conditions at the subscriber stations by sensing
      the appearance of the respective inbound carrier signals.
PAR  For seizure of the subscriber sets ringing is achieved by superimposing a
      ringing signal at relatively low energy levels on the carrier signals. The
      low level ringing signals are demodulated at the subscriber terminal and
      amplified to the level necessary to actuate the ringer and the subset.
      This method of initiating incoming and outgoing calls over station carrier
      systems is incompatible with PBX equipment using ground start trunks from
      the central office.
PAR  Such PBX equipment is usually connected directly to the central office
      ground start trunk to permit a ground on the tip lead to be sensed at the
      PBX as an incoming call from the central office and a ground on the ring
      lead to be sensed at the central office as an outgoing call from the PBX.
      In addition, for calls initiated from the PBX a battery reversal by the
      central office indicating a termination must be provided to the PBX for
      message metering. Station carrier systems generally do not provide optimal
      facilities for such connections.
PAR  It would be advantageous to provide an interface between a plurality of
      ground start trunks and their associated PBX subscribers using the
      additional capabilities of station carrier systems to permit the use of
      one transmission cable pair for voice communications and supervision of
      the subscriber group.
PAR  Accordingly, it is an object of the invention to provide ground start
      capability to a station carrier system having a plurality of ground start
      PBX subscribers.
PAC  SUMMARY OF THE INVENTION
PAR  To provide a plurality of ground start trunks with station carrier
      capabilities, an interface circuit at the central office is used to
      connect a ground start trunk to the central office channel equipment of a
      multiple-channel station carrier system and an interface circuit at each
      subscriber PBX is used to connect the subscriber terminal channel
      equipment to a subscriber.
PAR  Each central office channel unit has associated with it a novel ground
      start sensing means including a tip sensing circuit for indicating a
      ground on the tip lead of a central office trunk and a ringing sensing
      circuit for indicating a ground on the ring lead of a central office
      trunk. In addition the ground start sensing means includes a dial relay
      sensing circuit which indicates the presence of a carrier subscriber and
      grounds the ring lead of the central office trunk.
PAR  Each of the sensing circuits electrically isolates elements connected to
      common transmission means from the respective elements connected to the
      ground start trunk providing maximum transient protection for the
      transmission circuitry, while requiring minimal power from the trunk. The
      novel ring sensing circuit includes an optoelectronic coupler to sense a
      ring ground by the direction of current flow in the central office trunk
      loop.
PAR  At the subscriber terminals, the ground start control circuitry effectively
      controls the connection of a PBX and battery reversal by communication
      with the novel ground start sensing means. The communication medium
      between the ground start sensing and control means is provided by the
      station carrier system, thereby eliminating the need for any direct
      connection between the two. This produces an efficient way of multiplexing
      the plurality of ground start sensing signals to the related subscriber
      terminals with optimal amount of circuitry.
PAR  Other objects and advantages will be better appreciated and more readily
      apparent by reference to the detailed description considered in connection
      with the accompanying drawings contained hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a system block diagram of a station carrier system provided with
      ground start interface circuitry according to the invention;
PAR  FIG. 2 is a detailed block diagram of the central office channel and ground
      start interface circuitry of the station carrier system shown in FIG. 1;
PAR  FIG. 3 is a detailed block diagram of a subscriber channel and ground start
      interface circuitry of the station carrier system shown in FIG. 1;
PAR  FIG. 4 is a detailed schematic diagram of the ground start interface
      circuitry shown in FIG. 2; and
PAR  FIGS. 5 and 6 are detailed schematic diagrams of the ground start interface
      circuitry shown in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, there is illustrated a station carrier system
      with ground start capability having a central office 10 interconnected to
      a plurality of PBX subscriber terminals 12 by means of station carrier
      circuitry 14.
PAR  The station carrier circuitry 14 provides voice communication facilities
      for the 1 to N subscriber terminals 12 over a single cable transmission
      pair 16. The subscriber signals are multiplexed over the transmission pair
      16 by a frequency division technique wherein a group of high frequencies
      are modulated to transmit information to the subscriber terminals 12 from
      the central office 10 and a group of lower frequencies are modulated to
      transmit information to the central office (CO) 10 from the subscriber
      terminal 12.
PAR  In a six channel unit a preferred group of high band frequencies is 80-120
      kHz, divided in increments of 8 kHz, and a preferred group of lower band
      operating frequencies in 12-52 kHz, divided in increments of 8 kHz. A six
      channel unit will be used for illustrating the invention, but it should be
      recognized that the invention is equally adaptable to an N-channel system
      as explained herein.
PAR  The central office 10 has a plurality of ground start trunks 18 each
      connected to equal numbers of central office (CO) channel circuits 20. The
      CO channel circuits 20 function to generate and then modulate the separate
      high transmitting frequencies and to receive and demodulate the
      corresponding lower receiving frequencies. The CO channel circuits 20 also
      receive supervisory information from the absence of the receiving
      frequencies indicating that a subscriber 12 is on-hook.
PAR  The signals from the channel units are combined by frequency division
      multiplexing, amplified in a multiplexer amplifier 22 and fed into a high
      frequency hybrid 24. The high frequncy hybrid 24 matches the impedance of
      the multiplexer amplifier to transmission pair 16 for propagation of the
      signals to the subscriber terminals 12. A subscriber terminal 12 may be
      connected to the transmission cable pair 16 at any point by means of a
      high frequency hybrid 26 and subscriber (s) channel circuitry 28.
PAR  The subscriber channel circuitry 28 recognizes the frequency band assigned
      to the particular channel or subscriber 12 and demodulates voice
      information from the incoming signal. The subscriber channel circuitry 28
      further transmits voice information on its lower assigned frequency and
      sends supervisory information to the CO channel circuitry 20 by the
      presence or absence of its lower band carrier.
PAR  Associated with each subscriber and central office channel circuitry 28, 20
      are ground start control circuits (GSC) 30 and ground start sensing
      circuits (GSS) 32, respectively. The ground start sensing circuits 32 are
      used to interface each ground start central office trunk 18 to the CO
      channel circuits 20, while the ground start control circuitry 30 is used
      to interface each subscriber channel circuit 28 to a subscriber PBX 12.
PAR  The sensing circuits 32 communicate with the control circuits 30 over the
      transmission pair 16 in a manner similar to the channel circuitry 20, 28.
      A ground start common circuit 34 is provided to modulate the signals from
      the ground start sensing circuitry 32 onto a discrete high band carrier
      that is frequency multiplexed with the other central office channel
      carriers through multiplexer amplifier 22 and HF hybrid 24. Signals from
      the ground start sensing circuits 32 are demodulated by the control
      circuitry 30 for controlling the connection of the PBX subscriber 12 and
      providing battery reversal. The control circuitry 30 also initiates a
      signal through subscriber and CO channel circuitry 28, 20 that is
      recognized by the ground start sensing means 32 and used to control ground
      start trunk 18.
PAR  FIG. 2 illustrates a detailed block diagram of the ground start sensing
      circuit 32 and ground start common circuit 34 connected to a CO channel
      circuit 20 of the station carrier circuitry 14. The tip and ring terminals
      of a CO trunk 18 or voice frequency (VF) drop are connected to a VF hybrid
      36 providing a path for signals to a transmit line 38 or from a receiving
      line 40 of the CO channel circuit 20. The VF hybrid 36 is also provided
      with contacts DR1, DR2 of a dial relay contained in a dial detecting
      circuit (more fully described below) to connect a supervisory ringing line
      42 to the transmit line 38.
PAR  Depending on whether contacts DR1 or DR2 are operated, either ringing
      current or voice information is transmitted over line 38 to a low pass
      filter 44 which substantially blocks high frequency noise from a modulator
      48. The modulator 48 (by amplitude modulation) impresses the information
      flowing through low pass filter 44 onto a carrier generated by a carrier
      oscillator 46. The resulting carrier is a frequency unique to the
      particular channel and is one selected from the high frequency band
      referred to above. For example, a preferred frequency of the channel could
      be 120 kHz. The carrier is generated at all times and appears constantly
      at the subscriber terminal 12 either unmodulated, or modulated with either
      ringing current signals or voice information. The signals transmitted over
      line 38 are combined with other carrier frequency CO signals of channels
      20 by frequency division multiplexing through a band pass filter 50 and a
      high frequency amplifier 52 of the multiplexer amplifier 22 before being
      passed through the high frequency hybrid 24 to the transmission line 16.
      The band pass filter 50 permits only the high band of frequencies to be
      transmitted over the transmission line 16 thereby reducing any distortion
      that might enter the high band.
PAR  The frequency division multiplexed signals from the subscriber terminals 12
      are received by the central office through the high frequency hybrid 24
      and passed through a receive low pass filter 54 that allows only the low
      band of carrier signals therethrough. The frequency multiplexed signals
      from the subscriber terminals are then amplified by a high frequency
      amplifier 56 of multiplexer amplifier 2 before they are presented to the
      CO channel circuits 20 for identification.
PAR  Each CO channel circuit 20 has a receive band pass filter 58 that
      substantially attenuates all frequencies except for a band near the
      carrier frequency of the subscriber to which the trunk 18 is assigned and,
      therefore, the band pass filter 50 demultiplexes the signal directed to
      the trunk 18.
PAR  For example, if the carrier frequency band pass filter 58 were tuned to 52
      kHz in order to match the 120 kHz transmit frequency and form a channel 6
      grouping. The signal is then demodulated by a regulator 60 and applied
      successively to a high frequency amplifier 62, a rectifier 64, and a
      detector 66 in a manner known in the art. After demodulation, the audio
      signal from the subscriber terminal 12 passes through a low pass filter
      70, a noise suppressor 72 and a voice frequency amplifier 74 and is
      transmitted via receiver line 40 through VF hybrid 36 to the trunk 18. A
      portion of the DC signal derived from the carrier frequency by detector 66
      is used to turn on a dial detector 68 that controls contacts DR1 and DR2.
      The dial detector 68 operates only when it receives a carrier from the
      subscriber station 12 which indicates a connection is to be made for a
      voice path.
PAR  A ground start sensing circuit 32 associated with each CO channel circuit
      includes a ring sense circuit 76, a tip sense circuit 78, and a dial relay
      sense circuit 80. These sensing circuits provide information on conditions
      in the CO channel circuit 20 and trunk 18 to control the ground starting
      of the CO trunk 18. The tip sense circuit 78 recognizes a ground on the
      tip lead of the trunk 18 and starts an oscillator 82 which generates a
      frequency that is associated with the particular channel. The tip sense
      circuit 78 also controls the contacts TS2, and TS3 shown in FIG. 2. The
      ring sense circuit 76, which is connected in series with the ring lead of
      the trunk 18, senses a ground on the ring lead and switches the oscillator
      82 to another frequency assigned to the particular channel. These
      frequencies are audio tones and a separate tone is assigned to each tip
      sense and ring sense circuit. For a six channel system, for example,
      preferred frequencies may be those listed in the following table.
TBL                TABLE A                                                     
     ______________________________________                                    
     CHANNEL     TIP SENSE TONE                                                
                               RING SENSE TONE                                 
     ______________________________________                                    
     1           1048           832                                            
     2           1722          1340                                            
     3           2680          2193                                            
     4           1206           928                                            
     5           2008          1508                                            
     6           3017          2413                                            
     ______________________________________                                    
PAR  High frequency signals are filtered from the output of the oscillator 82 by
      a low pass filter 84 and the resulting signal is transmitted to the
      modulator 86 of the ground start common circuit 34. Audio tones from other
      ground start sensing means connected to the system are frequency
      multiplexed into the modulator 86 at this point. The ground start common
      circuit 34 is provided with an oscillator 88 producing a carrier frequency
      that is amplitude modulated by the modulator 86. The carrier frequency
      signal is constantly generated, and is amplified by the buffer amplifier
      90 and the output of the buffer amplifier 90 is frequency multiplexed in
      the multiplex amplifier 22. The carrier oscillator 88 generates one of the
      sets of high band frequencies which may be multiplexed easily with the
      carriers from the CO channel circuits 20 and has impressed thereon a
      plurality of tones produced by the oscillator 82 of the ground start
      sensing circuit 32. A preferred carrier frequency for the ground start
      common circuit 34 is 128 kHz. The carrier signal for the six channel
      embodiment then may have from 0-6 tones frequency multiplexed thereon to
      communicate with the ground start subscriber PBX's 12. Proper choice of
      the ground start carrier frequency permits the ground start carrier signal
      to be multiplexed easily with the channel carriers. The amplitude
      modulation of the ground start carrier by the frequency multiplexed audio
      tones allows all ground start sensing signals to be impressed on one
      carrier and to be easily transmitted by the channel circuitry similar to
      the amplitude modulated channel carrier signals. Modulating a unique
      ground start carrier signal in this manner permits signaling between the
      sensing circuits and control circuits of the ground start system without
      physical connection or modification of existing equipment while occupying
      a minimum of valuable channel frequency space.
PAR  Attention should now be directed to FIG. 3 in which a subscriber terminal
      having ground start control circuitry 30 is illustrated. A subscriber
      channel circuit 28 receives the frequency multiplexed signals from the
      central office channel units by the way of the high frequency hybrid 26. A
      receive band pass filter 91 tuned to the carrier frequency of the CO
      channel circuit (of the trunk 18 corresponding to the particular
      subscriber) demultiplexes the signal transmitted from the central office
      in a manner identical to the central office demultiplexing described
      above. The signal is then demodulated by a variolosser 92, an AGC
      amplifier 94, a rectifier 96, and a detector 98 in a manner known in the
      art. The output signal from the detector 98 is successively passed through
      a low pass filter 100 to remove high frequency noise, a pre-amplifier 102
      to raise the signal level, a noise suppression circuit 104, and a voice
      frequency amplifier 106 and is applied to the input of a voice frequency
      hybrid 108.
PAR  A phase splitter 110 is connected to the output of the preamplifier 102 and
      is adapted to detect ringing current from the central office. The ringing
      current detected by the phase splitter 110 is amplified by a class B
      amplifier 112 and applied to the tip and ring leads of the subscriber PBX
      12 via a transformer 114 and contacts RC1, RC2. The ringing current also
      is transmitted through a ring trip circuit 116 that does not respond to
      the alternating ringing current, but is energized by a direct current and
      controls a contact RT1 to turn a ringing control circuit 118 off when an
      off hook condition is detected by the ring trip circuit 116. The ringing
      control circuit 118 operates the contacts RC1, RC2 to selectively connect
      either voice circuitry or ringing current to the tip and ring leads of the
      PBX subscriber 12. Voice information transmitted from the subscriber 12 to
      the central office trunk 18 passes through the voice frequency hybrid 108
      to a transmit low pass filter 120 which attenuates high frequency
      interference. The output of the low pass filter 120 is transmitted to a
      modulator 122 which impresses the voice information on a carrier frequency
      developed by an oscillator 124. The frequency of the oscillator 124 is one
      of the set of low band frequencies, for example 52 kHz, and is
      characteristic of the particular subscriber terminal 12. The carrier
      signal is selectively generated by the closure of contacts SR1, RS1
      (operation of which will be described in greatter detail below) which
      provide a signal to the oscillator 124.
PAR  The modulated signal is passed through a variolosser 126 and is amplified
      by a preamplifier 128 and an amplifier 130 and then filtered by a transmit
      band pass filter 132. The band pass filter 132 substantially attenutates
      signals not contained in the low band to reduce multiplexing distortions.
      The output of the band pass filter 132 is transmitted to the central
      office via the high frequency hybrid 26.
PAR  The ground start control circuit 30 will now be discussed in greater
      detail. Upon the reception of the frequency multiplexed CO signal a band
      pass filter 134 selects (in a manner identical to the previously described
      demultiplexing) the carrier frequency of the ground start common
      oscillator 88 and the information contained therein. A variolosser (VL)
      136 and an AGC amplifier 138 then provide level control for the signal
      which is demodulated by a rectifier 140. The level control permits the
      ground start system to be used at any point along the transmission
      highway. The output of the rectifier 140 is the plurality of tones that
      were impressed on the ground start carrier. The plurality of tones are
      amplified by an amplifier 142 and the output signals of the amplifier 142
      are transmitted to tone filters 144, 146. The tone filters 144, 146 are
      sensitive notch filters and select the correct tone corresponding to the
      trunk 18 of the subscriber. If the correct tone -- for example, 3017 Hz --
      is found by the tone filter 144 a tip ground circuit 148 is energized. The
      tip ground circuit controls the contacts TG1, TG2. If the other correct
      tone -- for example, 2413 Hz -- is found by the tone filter 146 a reverse
      battery circuit 150, which controls contacts RB1, RB2, is energized.
PAR  A ring sense circuit 152 is provided and is arranged to sense the presence
      of a ground on the ring lead of the PBX subscriber 12 (through contact
      TG2). The ring sense circuit 152 controls the position of the RS1 contact
      that operates the oscillator 124 to send a carrier to the central office.
      The operation of the system will now be described by illustrating the
      ground start connections between the central office and a subscriber with
      reference to the channel and ground start circuitry shown in FIGS. 2 and
      3.
PAC  INCOMING CALL
PAR  On an incoming call, a signal is transmitted from the central office to
      signal the subscriber to go off hook. In a ground start trunk, the
      incoming call signal is a ground potential applied via the tip lead of a
      central office trunk along with ringing current. The central office
      circuitry then waits for an off hook signal indicated by a DC path,
      connected between tip and ring lines of the subscriber, before tripping
      the ringing current.
PAR  In the system shown in FIGS. 2 and 3, the ringing current passes through
      contact DR2, modulates the carrier of the oscillator 46 and is transmitted
      to the subscriber terminals via the transmission cable pair 16. The
      presence of a ground signal on the tip lead causes the tip sense circuit
      78 to start the tone oscillator 82 which modulates the carrier of
      oscillator 88. The carrier of the oscillator 88 is then frequency
      multiplexed with the other high band carriers (in the transmit band pass
      filter 50 and the HF amplifier 52) and transmitted via the transmission
      cable pair 16. The tip sense circuit 78 upon sensing a ground on the tip
      lead of the trunk 18 also operates the contacts TS2 and TS3. Contact TS3
      is normally closed and the operation of the tip sense circuit 78
      controlling TS3 releases the dial relay sense circuit 80 from the system.
      TS2 closes part of the central office trunk loop on the ring line.
PAR  The carriers from the CO channel unit and the ground start sensing circuit
      are selectively demultiplexed by band pass filters 91 and 134
      respectively. The tone filter 144 recognizes the frequency transmitted
      after the carrier is demodulated by the ground start control circuitry 30
      and operates the tip ground circuit 148 which closes the contacts TG1,
      TG2. The closure of the contacts TG1, TG2 applies a ground to the
      subscriber tip terminal through one winding of a relay SR of a subscriber
      ringing circuit. The ringing current is demodulated from the CO channel
      circuit carrier by the detector 98 and associated circuitry and selected
      by the phase splitter 110. The ringing current signals are then amplified
      by amplifier 112 and operate the ringing control 118. Ringing current also
      flows through the transformer 114 and the ring trip circuit 116 to the
      open side of the contacts RC1, RC2. The operation of the ringing control
      118 connects the ringing signal through the closing of contacts RC1, RC2
      to the tip and ring leads of the subscriber 12. The ringing current then
      flows through the closed contacts TG1, TG2, to the subscriber ringing
      circuits.
PAR  When the PBX subscriber goes off hook, a DC path is established through the
      ring trip circuit 116, the ring trip circuit 116 opens the contact RT1 and
      the ringing control circuit 118 ceases operating and closes the contacts
      RC1, RC2 which connects the tip and ring leads to the voice frequency
      hybrid 108. The DC loop circuit established when the subscriber goes off
      hook now operates the relay SR to close the contact SR1 and short the
      ringing current from the phase splitter 110. The closing of the contact
      SR1 also starts the oscillator 124 which generates the low band carrier
      assigned to the particular channel. The low band carrier is recognized by
      the receive band pass filter 58 at the central office circuit and is
      transmitted to the dial detect circuit 68 containing a dial relay (not
      shown) which operates and closes the contacts DR1, DR2 to complete a DC
      loop between tip and ring leads of the trunk 18. This DC loop signals the
      central office that the voice communication circuit is now ready for use
      and causes ringing to be tripped.
PAR  When the CO disconnects, the ground is removed from the tip lead and the
      tone oscillator 82 no longer receives a signal from the tip sense circuit
      78. The tone oscillator discontinues modulating the carrier signal to the
      subscriber, thereby deenergizing the tip ground circuit 148. Contacts TG1,
      TG2 open and disconnect the subscriber loop. The operation of the TG1, TG2
      contacts de-energizes the SR relay, turning off the oscillator 124 and
      removing the ground from the ringing path to the phase splitter 110. If
      the PBX subscriber 12 is the first to go on hook, the system is reset by
      the SR relay turning off the oscillator 124, which breaks the central
      office loop by releasing the dial detect circuit 68 which in turn opens
      the contacts DR1, DR2, thereby signaling the CO to remove the ground from
      the tip lead and resetting the TG1, TG2 contacts as described above.
PAC  OUTGOING CALL
PAR  An outgoind call for the ground start system is initiated by the PBX to the
      central office by grounding the ring lead of the trunk 18 and waiting
      until the central office responds with a battery reversal which is
      necessary for message metering at sites such as hotels and other toll
      subscribers. The outgoing call is established when the PBX subscriber 12
      grounds the ring lead of its connection which is sensed by the ring sense
      circuit 152 via the contact TG2 in FIG. 3. The contacts RS1 opens,
      removing the ground from the oscillator 124 and oscillator 124 begins
      transmitting a carrier to the central office. The dial detection circuit
      68 is energized, closing contacts DR1 and DR2 and energizing the dial
      relay sense circuit 80 through the closed contact TS3. The dial relay
      sense circuit 90 closes the contact DRS1, thereby grounding the ring lead
      of trunk 18 through an impedance R to signal the central office of an off
      hook condition by the PBX subscriber 12. The central office responds by
      placing a ground on the tip lead of trunk 18 and providing dial tone to be
      forwarded to the subscriber.
PAR  The grounding of the tip lead operates the tip sense circuit 78 and
      contacts TG1, TG2 are closed as described above. This provides a voice
      frequency path for the dial tone since the tip sense circuit 78 also
      operates the contacts TS2, TS3, completing the DC trunk and releasing the
      dial relay sense circuit 80 and the ground from the ring lead. The closing
      of the contacts TG2 also releases the ring sense circuit 152, while te SR
      relay is energized and holds the oscillator 124 on via the released
      contact SR1.
PAR  When the central office makes a termination to a called number, a ground
      signal (which is the result of a central office battery reversal) is
      transmitted to the ring lead of the trunk 18 and operates the ring sense
      circuit 76, which drops the frequency of tone oscillator 82 to a lower
      note (See Table A). The lower note passes through the transmission circuit
      to the subscriber where it is demodulated from the ground start carrier
      and detected by the tone filter 146 to energize the reverse battery
      circuit 150 which operates the contacts RB1, RB2 to reverse the potential
      supplied to the subscriber 12 and signal message metering equipment at the
      PBX.
PAR  Resetting the circuitry is similar to the preceding description of the
      incoming call, when the central office goes on hook, the tone generator
      ceases to operate and contacts TG1, TG2, RB1 and RB2 are reset. If the
      subscriber goes on hook, the SR relay turns the oscillator 124 off,
      breaking the central office loop and then resetting the subscriber
      circuitry as described before.
PAR  The ground start sensing circuitry 32 and ground start common circuitry 34
      will now be described in greater detail with particular reference to FIG.
      4.
PAC  TIP SENSE CIRCUIT 78
PAR  A relay coil TS controls three contacts TS1, TS2 and TS3. TS1, TS3, are
      normally closed, while TS2 is normally open. When a ground is placed on
      the tip lead of trunk 18, an NPN transistor Q1 is turned on and current
      flows through the emitter of the transistor Q1 and an impedance R1. While
      transistor Q1 then pulls current through a relay coil TS and operates the
      three TS contacts. The TS1 contact turns tone oscillator 82 on, the TS2
      contact closes the voice loop at the central office through the ring lead
      of trunks 18, and TS3 contact breaks the connection between the dial
      detect circuit 68 and the dial relay sense circuit 80. Thus, connections
      between the trunk 18 and the oscillator 82 are electrically isolated.
PAC  DIAL RELAY SENSE CIRCUIT 80
PAR  A relay coil DRS controls the normally open contact DRS1 (FIG. 2) and is
      operated by an NPN transistor Q2. If contact TS3 is closed and the dial
      detecting circuit 68 is energized, transistor Q2 is turned on. When Q2
      conducts, coil DRS becomes energized, closing contact DRS1, and thereby
      grounding the ring lead of the trunk 18 through an impedance R4. Thus,
      connections between the trunk 18 and the dial detecting circuit 68 are
      electrically isolated, also.
PAC  RING SENSE CIRCUIT 76
PAR  The ring sense circuit 76 changes the frequency of operation of the tone
      oscillator 82 when a ground is sensed on the ring lead of trunk 18 and the
      contact TS2 is closed. The ground on the ring lead is sensed by current
      flow through a light emitting diode (LED) 152 of an optoelectronic coupler
      154 and current limiter R5. Diacs 157, 158 provide transient protection
      for the light emitting diode 152 and are in parallel with the LED, limiter
      R5 circuit. The radiation produced by the current flowing through the LED
      154 switches a phototransistor 156, which turns on a PNP transistor Q3 by
      means of biasing impedance R6 and R7. When transistor Q3 is conducting,
      the parallel combination of capacitors C1, C2 are inserted into the tone
      oscillator circuit 82 to change its frequency. The optoelectronic coupler
      154 provides an inexpensive and reliable method of sensing the presence of
      a ground on the ring lead of trunk 18 (indicating a battery reversal by
      the central office) and provides electrical isolation between the trunk 18
      and the tone oscillator 82.
PAC  TONE OSCILLATOR 82
PAR  Tone oscillator 82 has an NPN transistor Q4 and a transformer T1 with three
      windings L1, L2 and L3. The L1 winding, which is connected in parallel to
      a capacitor C3, forms a tuned circuit that is driven from the collector of
      Q4. The winding L2, which is connected to the base of Q4, forms a feedback
      loop through inductive coupling to L2 and allows the circuit to oscillate.
      The L3 winding is inductively coupled to the L1 winding and is arranged to
      be driven by the tuned circuit L1, C3 and Q4. The oscillator output
      through L3 is connected by an impedance R8 to the low pass filter 84. When
      the contact TS1 is closed, the potential on the base of Q4 is held below
      that at the emitter and the oscillator 82 is turned off. When the contact
      TS1 opens, the oscillator 82 begins to generate the resonant frequency of
      the tuned circuit L1, C3 which is selected to be unique for each channel.
      The transistor Q3 changes the resonant frequency of the tuned circuit L1,
      C3 by adding the capacitors C1, C2 to the tuned circuit, thereby
      generating another tone associated with the ground or battery reversal
      signal on the ring lead of trunk 18. All tone oscillators of ground start
      sensing circuits 32 are identical, except for the frequencies that are
      generated by different values of the resonant frequencies of the tuned
      circuits.
PAC  LOW PASS FILTER 84
PAR  Low pass filter 84 is a three stage capacitive inductive filter having
      capacitors C4-C8 and inductors L7, L8 that is designed to readily pass the
      audio tones of oscillator 82 and to substantially attenuate higher
      frequency signals.
PAC  GROUND START CARRIER OSCILLATOR 88
PAR  Oscillator 88 is similar in design and operation to tone oscillator 82 in
      that an NPN transistor Q5 drives a tuned circuit C9, L5 of a transformer
      T2. The transformer T1 inductively couples part of the output back to the
      base of transistor Q5 through a winding L4. An inductively coupled winding
      L6 is also provided for transferring the output of the tone oscillator 82
      to the buffer amplifier 90. GSC oscillator 88 constantly generates a
      transmission carrier frequency that is selected to be in the high band. In
      this embodiment, 128 kHz is a preferred carrier frequency for the ground
      start system.
PAC  MODULATOR 86
PAR  The modulator 86 accepts the filtered output signal of the low pass filter
      84 and by amplitude modulation (using diodes D1, D2) impresses the output
      of oscillator 88 with either the tip sense or the ring sense tone. As
      indicated in FIG. 2, this is also the point where the tones from the other
      ground start sensing circuits are frequency multiplexed onto the carrier
      by amplitude modulation.
PAC  BUFFER AMPLIFIER 90
PAR  The buffer amplifier 90 includes an NPN common emitter amplifier that uses
      a transistor Q6 to drive the frequency multiplexed transmission line 38
      via capacitor C10.
PAR  The ground start control circuit will now be described in greater detail by
      particular reference to FIGS. 5, 6.
PAC  BAND PASS FILTER 134
PAR  Band pass filter 134 is a capacitive-inductive filter consising of a
      plurality of parallel and series tuned circuits LC1-LC4. The tuned
      circuits are connected to selectively demultiplex a particular ground
      start carrier frequency from the combined signal input of the high
      frequency hybrid while, substantially attenuating the other carriers in
      the high band. The output signal of the band pass filter 134 is
      transmitted to the input of the variolosser 136.
PAC  VARIOLOSSER 136
PAR  The input to variolosser 136 defines a voltage divider R9, R10 that
      presents a constant amount of attenuation to the ground start signal
      carrier. An NPN transistor Q7 supplies variable attenuation for the
      carrier signal by a shunt connection to the signal path. The amount of
      attenuation inserted by transistor Q7 is controlled by an PNP transistor
      Q13 (in AGC amplifier 138) and depends upon the output of the rectifier
      140. The attenuation inserted in the signal line by the transistor Q7
      increases as the output of the AGC amplifier 138 increases. The
      variolosser 136 serves to equalize the received level of signals produced
      by central office channel units independent of the respective distances to
      the subscriber station.
PAC  AGC AMPLIFIER 138
PAR  The AGC amplifier 138 is provided with five active stages, including
      transistors Q8-Q12, to increase the modulated carrier signal received from
      the band pass filter 134 and the variolosser 136. The amplified signal is
      first used to control the level of bias on the transistor Q13 by the way
      of diodes 162, 164 and then is transmitted to the rectifier 140. This
      feedback signal through the transistor Q13 provides automatic gain control
      for the input to the amplifier 138 through the variolosser 136.
PAC  RECTIFIER 140
PAR  The rectifier 140 comprises an NPN transistor Q14 connected in a common
      base configuration and a diode 164 connected between the emitter and the
      base of the transistor Q14. The diode-transistor combination rectifies the
      modulated carrier signal to demodulate either the ring sense or the tip
      sense tones from the carrier and the demodulated signal defines the input
      to the amplifier 142.
PAC  AMPLIFIER 142
PAR  The amplifier 142 (FIG. 6) is a two-stage direct coupled amplifier
      comprising an NPN transistor Q15 and a PNP transistor Q16. A capacitor C12
      provides filtering for the autio tones rectified by the rectifier 140
      before they are transmitted to the base of the transistor Q15. The
      amplifier 142 increases the audio tones to the level needed to drive the
      tone filters 144, 146.
PAC  TONE FILTERS 144, 146
PAR  The tone filters 144, 146 are similar notch filter circuits that have
      series tuned circuits LC5, LC7 connected to parallel tuned circuits LC6,
      LC8, respectively. The tone filter 144 is tuned to the audio tone of the
      tip sense circuit 78 and the tone filter 146 is tuned to the tone of the
      ring sense circuit 76. The tone filters pass the tone to which they are
      tuned and substantially attenuate other frequencies.
PAC  TIP GROUND CIRCUIT 148,
PAC  REVERSE BATTERY CIRCUIT 150
PAR  Tip ground circuit 148 includes a rectifier bridge B1 which produces a DC
      output from the tone signal detected by the tone filter 144. This DC
      signal is applied to the base of a PNP switching transistor Q17, turning
      the transistor Q17 on. When transistor Q17 conducts, the biasing circuitry
      of a PNP relay transistor Q18 conducts and transistor Q18 is turned on.
PAR  A relay coil TG is energized by the current flowing through transistor Q18
      and operates contacts TG1, TG2. Thus, when the tone filter 144 recognizes
      the tip sense tone, the TG relay contacts are operated. In a similar
      manner, reverse battery circuit 150 comprising a relay RB, a switching
      transistor Q19, a rectifier bridge 132 and a relay transistor Q20,
      operates contacts RB1, RB2 when tone filter 146 recognizes the ring sense
      tone.
PAC  RING SENSE CIRCUIT 152
PAR  The ring sense circuit 152 includes an RS relay coil which becomes
      energized when a ground is placed on the ring lead of the PBX 12, thereby
      closing the contacts RS1 and starting the oscillator 124.
PAR  Although a preferred embodiment of the present invention has been
      described, it should be recognized various modifications and alterations
      to structure that are obvious to one skilled in the art may be attempted
      without departing from the scope and spirit of the invention as set forth
      in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1.  In a station carrier system having a plurality of central office trunks
      each arranged for communicating by assigned carrier channels to a
      corresponding one of a plurality of subscriber terminals over a
      transmission line, each of said central office trunks and each of said
      subscriber terminals including first and second voice communication leads,
      a ground start interface circuit comprising:
PA1  central office detection means for detecting the application of a ground
      signal by the central office to the first of the voice communication leads
      of one of said central office trunks;
PA1  first circuit means for communicating the detection of said central office
      ground signal to the respective subscriber terminal over said transmission
      line via an assigned ground start carrier channel;
PA1  individual subscriber terminal grounding means responsive to the ground
      detection communication of said first circuit means for applying a ground
      signal to the first of the voice communication leads of said respective
      subscriber terminal;
PA1  subscriber terminal detection means for detecting the application of a
      ground signal by a subscriber to the second voice communication lead of
      said subscriber terminal;
PA1  second circuit means for communicating the detection of a ground signal at
      said subscriber terminal to the corresponding central office trunk over
      said transmission line;
PA1  central office grounding means responsive to the ground detection
      communication from said second circuit means for applying a ground signal
      to the second voice communication lead of said central office trunk;
PA1  battery reversal detection means for detecting a battery reversal by the
      central office at said central office trunk leads;
PA1  third circuit means for communicating the detection of said battery
      reversal signal to said corresponding subscriber terminal over said
      transmission line via said ground start channel, and
PA1  battery reversal means responsive to the battery reversal communication of
      said third circuit means for effecting a battery reversal at said
      corresponding subscriber terminal.
NUM  2.
PAR  2. An interface circuit as defined in claim 1 wherein said first circuit
      means for communicating and said third circuit means for communicating are
      connected to and communicate over said transmission line, said first
      circuit means including first signal means for generating a first
      modulating signal in response to said central office ground signal, said
      third circuit means including second signal means for generating a second
      modulating signal in response to said battery reversal signal.
NUM  3.
PAR  3. An interface circuit as defined in claim 2 wherein said first circuit
      means for communicating and said third circuit means for communicating
      have common transmission circuit means for generating a unique carrier
      frequency that is selectively modulated with said first modulating signal
      and said second modulating signal.
NUM  4.
PAR  4. An interface circuit as defined in claim 3 wherein said common
      transmission circuit means include modulating means for impressing said
      first modulating signal and said second modulating signal onto said
      carrier by amplitude modulation.
NUM  5.
PAR  5. An interface circuit as defined in claim 1 wherein said central office
      detection means includes input connections to said central office trunk
      and output connections to said first circuit means and said input
      connections are electrically isolated from said output connections.
NUM  6.
PAR  6. An interface circuit as defined in claim 5 wherein said battery reversal
      means includes input connections to said central office trunk and output
      connections to said third circuit means and said input connections are
      electrically isolated from said output connections.
NUM  7.
PAR  7. An interface circuit as defined in claim 6 wherein said battery reversal
      means includes an optoelectronic coupler connected between said input and
      output connections, said coupler having an input device that produces
      radiation when current is passed therethrough and an output device
      responsive to said radiation to change its impedance.
NUM  8.
PAR  8. An interface circuit as defined in claim 7 wherein said input device is
      a light emitting diode and said output device is a phototransistor.
NUM  9.
PAR  9. An interface circuit as defined in claim 8 wherein said light emitting
      diode is connected in series with said second voice communication lead and
      is poled to conduct when said second voice communication lead of said
      central office trunk has a ground signal applied thereto.
NUM  10.
PAR  10. An interface circuit as defined in claim 4 wherein said first signal
      means includes first oscillator means, connected to said common
      transmission circuit means, for generating an audio frequency signal
      associated with said central office ground signal for modulating said
      carrier signal.
NUM  11.
PAR  11. An interface circuit as defined in claim 10 wherein said second signal
      means includes second oscillator means for generating an audio frequency
      signal associated with said battery reversal signal for modulating said
      carrier signal.
NUM  12.
PAR  12. An interface circuit as defined in claim 11 wherein said first and
      second oscillator means are the same and said first circuit means for
      communicating and said thrid circuit means for communicating alternately
      control the generation of said audio frequency signals.
NUM  13.
PAR  13. An interface circuit as defined in claim 4 wherein said subscriber
      terminal grounding means includes demodulation means connected to said
      transmission line and arranged to demodulate said central office ground
      signal from said carrier signal.
NUM  14.
PAR  14. An interface circuit as defined in claim 13 wherein said fourth circuit
      means includes said demodulation means connected to said transmission line
      and arranged to demodulate the battery reversal signal from said carrier
      signal.
NUM  15.
PAR  15. An interface circuit as defined in claim 14 wherein said demodulation
      means include automatic level control circuit means for adjusting said
      carrier signal to a predetermined level before said carrier signal is
      applied to said demodulation means.
NUM  16.
PAR  16. An interface circuit as defined in claim 15 wherein said subscriber
      terminal grounding means includes selection means connected to said
      demodulation means and arranged to select said central office ground
      communication after demodulation of said carrier signal.
NUM  17.
PAR  17. An interface circuit as defined in claim 16 wherein said fourth circuit
      means includes second selection means connected to said demodulation means
      and arranged to select said battery reversal communication after
      demodulation of said carrier signal.
NUM  18.
PAR  18. A frequency multiplexed station carrier system having a plurality of
      channels comprising:
PA1  a plurality of central office channel circuits each connected to a central
      office ground start trunk and having a discrete carrier signal frequency
      associated therewith;
PA1  a plurality of subscriber channel circuits defining a plurality of channels
      with corresponding central office channel circuits, each of said
      subscriber channel circuits being connected to a ground start PBX trunk
      and having a discrete carrier frequency associated therewith;
PA1  common multiplexing means connected to said central office circuits for
      frequency division multiplexing of said central office carrier signals;
PA1  a common pair of transmission line conductors connected to said
      multiplexing means and to each subscriber and being arranged to provide
      communication between said central office channel circuits and said
      subscriber channel circuits;
PA1  said central office channel circuits and said subscriber channel circuits
      including modulation means for modulating said carrier signals and
      demodulation means for demodulating corresponding carrier signals, the
      central office and subscriber channel circuits thereby communicating voice
      and supervisory information therebetween;
PA1  a plurality of ground start sensing means each being connected to one of
      said central office channel circuits and to said central office ground
      start trunk and being arranged to sense the presence of a ground signal on
      a first terminal of said central office ground start trunk and to apply a
      ground signal to a second terminal of said trunk, said ground start
      sensing means being further arranged to sense a reversal of polarity on
      said first and second leads, and
PA1  a plurality of ground start control means each connected to one of said
      subscriber channel circuits and arranged to sense the presence of a ground
      signal on a second terminal of said subscriber channel circuit and to
      apply a ground signal to the first terminal of said subscriber channel
      circuit, said ground start control means being further arranged to connect
      said first and second subscriber terminals to said subscriber channel
      circuits and to effect a polarity reversal at said subscriber terminals,
PA1  said ground start sensing means and ground start control means each having
      means for communicating control information over said transmission line
      conductors by carrier; wherein the central office ground signal detection
      produces the subscriber ground application, the subscriber ground signal
      detection produces the central office ground application, and the central
      office battery reversal signal detection produces the subscriber battery
      reversal.
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ABST
PAL  A circuit is disclosed for providing trunk transfer in an electronic
      private automatic branch exchange which is built around a space divided
      solid state matrix. The trunk transfer circuit is enabled by a hookswitch
      flash from a transferring PABX station connected to an established
      incoming or outgoing trunk call and directs the trunk junctor associated
      with that call to place the connected trunk on hold. While the connected
      trunk junctor is in a held status, the transferring PABX station is
      forwarded to a local junctor by the trunk transfer circuit and a
      connection is established from the local junctor to a transferee PABX
      station. The trunk transfer circuit then completes the transfer by
      establishing a connection between the held trunk and the transferee PABX
      station via the held trunk junctor. Further circuitry is provided in the
      trunk transfer circuit to establish a three-way conference call between
      the connected trunk call (transferred party), the transferring PABX
      station, and the transferee PABX station, if desired. Also included in the
      trunk transfer circuit are circuits for releasing the local and trunk
      junctors or reestablishing the original trunk call if the trunk transfer
      cannot be completed
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to special feature systems for an
      electronic private automatic branch exchange and more particularly to a
      trunk transfer feature for an electronic private automatic branch exchange
      which is built around a space divided solid state matrix.
PAR  Electronic private automatic branch exchanges are known in the art to
      provide circuitry for establishing audio paths between PABX stations or
      between central office trunks and PABX stations. these connections are
      usually accomplished through the use of a common control which directs the
      path finding and supervisory functions of a space divided crosspoint
      matrix on which the PABX station lines and central office trunk circuits
      appear. Normally, once a path is found between two appearances of the
      matrix, a sleeve lead is energized to hold the crosspoints of the matrix
      establishing the connection.
PAR  In addition to the normal control of connections between two PABX stations
      or a central office trunk and a PABX station, it is desirable in private
      automatic branch exchanges to provide certain special features to add to
      the flexibility of the exchange and provide additional enhancements
      desired by the customers. One such special feature that is useful and has
      gained customer acceptance in many PABX applications is that of trunk
      transfer.
PAR  The trunk transfer feature allows a PABX station (hereinafter called the
      "transferring station") which is connected to an established incoming or
      outgoing trunk call (hereinafter called the "transferred party") to hold
      the connection to the transferred party while signaling the common control
      to establish a connection to a transferred-to PABX station (hereinafter
      called the "transferree station") and then to connect the transferred
      party to the transferree PABX station. Thus, an incoming trunk caller
      reaching the wrong PABX station or wishing to talk with an individual at
      another PABX station after a first connection to a local station may be
      transferred to the desired transferee PABX station without having to
      redial. Similarly, a party connected to the PABX via an outgoing trunk may
      wich to talk to another PABX station after the first connection is
      completed and may be transferred without dialing.
PAR  In the past, many private automatic branch exchanges have provided the
      trunk transfer feature by including additional circuitry in the trunk
      design. Each turnk then contains transfer circuitry which permits the
      trunk connection (transferred party) to be held while the transferee party
      is being found and connected. As the number of trunks in a system
      increases this prior art technique increases the cost of providing the
      transfer feature. Not only is such a system unduly expensive, but it is
      also inefficient since the only transfer circuitry that is utilized during
      the trunk transfer is that associated with a particular trunk. Thus, much
      of the transfer circuitry remains unused a substantial portion of the
      time.
PAR  In other prior systems, transfer circuits are provided which may be
      accessed on a common basis through a service matrix. This access to common
      transfer circuitry is generally less expensive and more efficient than
      including transfer circuitry on individual trunks. However, certain
      portions of the transfer circuitry still are included on individual trunk
      circuits in order to access the common control for connection through the
      service matrix. Also, the access through the service matrix makes the
      trunk transfer feature traffic dependent in that an increase in the number
      of trunks decreases the probability of being able to access the common
      transfer circuitry.
PAR  Further, both of the above prior art transfer methods usually require a
      sleeve lead to be energized throughout the transfer process as any break
      in the sleeve circuit will drop the path found between marked matrix
      appearances.
PAR  Recently, an electronic private automatic branch exchange which is built
      around a space divided rectangular solid state switching matrix was
      developed to provide an exchange which is more dependable in operation and
      less subject to misoperation due to interference, cross-talk and other
      problems.
PAR  In this exchange one side of the solid state matrix provides line
      appearances which are connected to line circuits, tone receivers, senders
      and operator loops. The other coordinate side of the matrix provides
      junctor appearances for connection to an attendant junctor, local junctor
      and trunk junctors. The solid state switching matrix is a single stage
      matrix providing direct connection between line appearances and junctor
      appearances by the closing of a single crosspoint, and connection between
      lines within the system is effected simply by the interconnection of a
      pair of crosspoints associated with the respective lines and a selected
      junctor, thereby providing a greatly decreased amount of switching for
      establishing a connection through the matrix.
PAR  The electronic private automatic branch exchange providing the above
      features is more fully described in copending application, entitled,
      "Electronic Private Automatic Branch Exchange", Ser. No. 431,928, filed on
      Jan. 9, 1974, in the names of Uwe A. Pommerening and Glenn L. Richards,
      assigned to the same assignee as the present application, and the
      disclosure of which is incorporated herein by reference.
PAR  The control system for the matrix of the above-referenced exchange is more
      fully described in a copending application, entitled, "Matrix Control For
      Electronic Private Automatic Branch Exchange", Ser. No. 431,878, filed on
      Jan. 9, 1974, in the names of Uwe A. Pommerening and Glenn L. Richards,
      assigned to the same assignee as the present invention, and the disclosure
      of which is incorporated herein by reference.
PAR  A tone control arrangement for the above referenced exchange is more fully
      described in a copending application, entitled, "Tone Control For
      Electronic Private Automatic Branch Exchange", Ser. No. 431,885, filed on
      Jan. 9, 1974, in the names of Glenn L. Richards and Uwe A. Pommerening,
      assigned to the same assignee as the present invention, and the disclosure
      of which is incorporated herein by reference.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides the special feature of trunk transfer in an
      electronic private automatic branch exchange which is built around a space
      divided rectangular solid state matrix.
PAR  The transfer of an incoming or outgoing trunk call to another PABX station
      (transferee station) is under the control of a trunk transfer circuit. THe
      trunk transfer circuit is commonly accessed on a time shared basis and
      provides control of the local and trunk junctors in which the trunk
      transfer takes place.
PAR  For sensing a request for a transfor, the trunk transfer circuit includes
      detecting means that are enabled by a transfer indication signal produced
      by a transferring PABX station. Once the detecting means has sensed the
      transfer indication signal, means for holding the trunk junctor of the
      established call are utilized to prevent the trunk party (transferred
      party) from being released. The trunk transfer circuit also includes means
      for signaling an intended transferee PABX station by way of a local
      junctor while the transferred party is being held.
PAR  When the intended transferee party has responded to the signaling, the
      trunk transfer circuit completes the transfer by establishing a connection
      between the transferred party and the transferee PABX station via the
      trunk junctor connected to the original call.
PAR  The trunk transfer circuit also provides circuitry for establishing a
      three-way conference between the transferring, the transferred, and the
      transferee parties. The additional circuitry accomplishes the conference
      by connecting the transferring and transferee PABX stations together as in
      a local call and then connecting the connected local call to the trunk
      junctor of the original call.
PAR  Thus, the invention provides a transfer circuit that overcomes many of the
      prior art inefficiencies including limited accessability and excess trunk
      circuitry. The transfer circuit is accessed on the same time shared basis
      as in the common control, and, therefore, access to the transfer circuitry
      is not limited by the traffic capability of a service matrix.
PAR  Also, the control of the local and trunk junctors by the transfer circuitry
      eliminates the necessity for including path finding and signaling
      circuitry on each type circuit, and all trunks in the system are identical
      whether or not they are connectable to the transfer circuitry.
PAR  Therefore, it is an object of the present invention to provide the special
      feature of trunk transfer in an electronic private automatic branch
      exchange which is built around a space divided rectangular solid state
      switching matrix.
PAR  It is another object of the invention to provide the special feature of
      trunk transfer as a time shared commonly accessible circuit in the common
      control.
PAR  It is a further object of the invention to eliminate the differences
      between circuitry of trunk circuits with transfer capability and those
      without.
PAR  It is still another object of the invention to provide a transfer circuit
      capable of establishing a three-way conference call between the
      transferred, transferring and transferee parties.
PAR  These and other features, objects, and advantages of the present invention
      will become clearer and more evident from the following detailed
      description of a preferred embodiment viewed in conjunction with the
      accompanying drawings, wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B, in combination, form a schematic block diagram of the
      electronic automatic branch exchange incorporating the present invention;
PAR  FIGS. 2A, 2B and 2C are waveform diagrams of clock signals used to control
      the timing functions within the system;
PAR  FIG. 3 is a schematic block diagram of a junctor memory associated with the
      present invention;
PAR  FIG. 4 is a schematic block diagram of the hold register shown in FIG. 1B;
PAR  FIG. 5 is a schematic block diagram of the status circuit shown in FIG. 1B;
PAR  FIG. 6 is a status diagram illustrating the progression of the system
      through the transfer function;
PAR  FIGS. 7A-L are the decisional sequences performed during the status
      progression in FIG. 6; and
PAR  FIGS. 8A-D are detailed electrical schematic wiring diagrams of circuitry
      arranged to implement the decisional sequences shown in FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention will now be described in conjunction with an
      electronic private automatic branch exchange which is built around a space
      divided solid state matrix. The exchange is shown in system block diagrams
      in FIGS. 1A and 1B and includes a solid state switching matrix 10.
PAR  The matrix 10 is a single stage rectangular array of cross-points divided
      into three sections, i.e., a line matrix section, a service matrix section
      and a tone matrix section, as seen in FIG. 1. The matrix serves to
      establish a low impedance electrical path for passing audio signals
      between a selected one of a plurality of input leads and a selected one of
      a plurality of output leads.
PAR  Line appearances are provided on the left side of the line matrix section,
      as seen in FIG. 1, including a plurality of line circuits 15A through 15N
      and 35A through 35N. Between the line circuits there are provided
      connections to special lines which take the place of regular lines in the
      system. These special lines are dictation access circuits 20A through 20N,
      a code call circuit 25 and a plurality of dummy line tie trunks 30A
      through 30N.
PAR  Line appearances at the service matrix section take the form of a plurality
      of tone receivers 40A through 40N, a plurality of register senders 45A
      through 45N, an intercept recorder 50, a conference bridge 55, a plurality
      of operator loop circuits 60A through 60N and an operator line circuit 65.
      The number of tone receivers, register senders and operator loop circuits,
      like the number of line circuits connected to the line appearance inputs
      of the matrix 10 depend upon the traffic requirements and size of the
      system. It will be obvious from the following description that an increase
      or decrease in the number of these circuits is easily accomplished by
      merely changing the overall size of the matrix 10.
PAR  The outputs of the matrix 10 are provided in the form of a plurality of
      junctor appearances, as seen in FIG. 1. The junctor appearances are
      associated with an attendant junctor 80, a plurality of conference
      junctors 90A through 90C, a plurality of local junctors 95A through 95N, a
      plurality of trunk junctors 85A through 85N and a plurality of tie trunk
      junctors 86A through 86N. The trunk junctors 85A through 85N are connected
      to corresponding trunks 89A through 89N, and the tie trunk junctors 86A
      through 86N are associated with corresponding tie trunks 87A through 87N.
PAR  The tone matrix section of the matrix 10 provides inputs on respective
      lines from a combined dial tone generator and busy-camp on tone generator
      68, along with inputs from a ring-back tone generator 78 and music source
      82. The outputs of the tone matrix section are connected through the
      respective junctors to the junctor appearances of the line and service
      matrix sections of the matrix 10.
PAR  The operator complex includes, in addition to the loop circuits 60A through
      60N and the operator line circuit 65, an operator position circuit 70A to
      which is connected an operator turret 70B.
PAR  A camp-on circuit 75 providing a special feature in the system is also
      connected to the operator position circuit 70A. As another special feature
      of the system, a message metering circuit 18 and one or more peg count
      meters 17 are associated with the line circuits via a bus 19.
PAR  The matrix 10 functions to selectively connect an input from a line to a
      selected junctor by closing the appropriate crosspoint and to provide an
      appropriate tone through the selected junctor to the line by closing the
      appropriate crosspoint in the tone matrix section. Connection from one
      line to another line is also effected by closing the pair of crosspoints
      in the line matrix section associated with the respective lines and a
      common junctor.
PAR  The matrix 10 is designed to carry only the audio communication between
      lines or between a line and a trunk. The signaling associated with the
      establishment of the communication connection through the matrix 10 is
      handled outside of the matrix via a common bus 32 through a
      class-of-service programmer 47 connected to the common control equipment
      100.
PAR  FIG. 1B schematically illustrates the various elements of the common
      control 100, the heart of which is formed by a plurality of control
      circuits 110 in the form of a hard-wired programmer. The timing of the
      various functions which are performed in the system under control of the
      control circuits 110 is regulated by the various signals produced by a
      clock 115, which is directly connected to the line scanner 130, which
      serves to generate the line scanning signals, and is connected through the
      control circuits 110 to the various other elements in the common control
      100 to provide a time base for the various functions thereof.
PAR  A timer 120 is also provided in the common control 100 to analyze the
      information concerning the line conditions and other information from the
      junctor and perform memory timing functions within the system. For
      example, on-hook and off-hook timing, time-outs, flash detection and other
      conventional timing functions are performed by the timer 120. In this
      regard, the timer 120 operates with the control circuits 110 to perform
      whatever timing functions are necesary within the system.
PAR  A class-of-service buffer 125 forms an interface between the
      class-of-service programmer 47 and the logic circuitry of the common
      control 100. Thus, the various line conditions which are derived through
      the class-of-service programmer 47 each time a line is addressed will be
      passed to the control circuits 110 through the class-of-service buffer
      125.
PAR  The line scanner 130 is driven from the clock 115 and serves to scan each
      of the lines in turn continuously to detect requests for service. Im this
      regard, the lines are addressed by the line scanner in conjunction with
      the scanning of the junctors, a line being addressed from the line scanner
      at the end of each complete scan of all of the junctors, as will be
      described in greater detail in connection with line selection and matrix
      control operation. Each time a line is addressed by the line scanner 130,
      the calling bridge relay information within the line is forwarded via the
      common bus 32 and the class-of-service programmer 47 to the control
      circuit 110 in the common control 100 via the class-of-service buffer 125.
      In this way, the status of the line, i.e., whether or not it is requesting
      service of the system, is monitored during the continuous scanning of the
      lines by the line scanner 130.
PAR  A hold register 135 is provided as a temporary memory which is used for
      various systems operations in conjunction with information stored in
      conjunction with the various junctor circuits. As will be described in
      greater detail, the system stores the identity of the lines associated
      with any junctor during the entire duration of a cell in the system, so
      that during the establishment of the communication connection between
      parties and in providing various functions requested by the parties during
      the call, it is necessary at various times to temporarily store
      information as functions are being performed within the system by the
      common control 100. The hold register 135 provides the temporary storage
      capability in the system.
PAR  The system includes an ING and ED memory 140 which forms the basic junctor
      memory portion for storing the calling and called numbers identifying the
      lines associated with each of the junctors. The memory 140 includes
      storage positions assigned to each of the junctors, which storage
      positions are continuously scanned by clock signals derived from the clock
      115. Thus, if a junctor is associated with one or more lines, the scanning
      of the portion of memory 140 assigned to that junctor will produce the
      calling and/or called numbers of those lines which are stored therein. In
      this way, the identity of the crosspoints in the matrix 10 associated with
      the line or lines involved with the junctor can be identified.
PAR  A line selector 155 receives line designations from the line scanner 130
      and from the junctor memory 140, and in response to the clock signals from
      the clock 115 selectively addresses crosspoints in the matrix 10 and
      selected lines at the proper times. As already indicated in connection
      with the description of the solid state crosspoint matrix 10, addressing
      alone of the crosspoint will open the crosspoint, while addressing in
      combination with a positive request for actuation of the crosspoint will
      close the crosspoint. Whether or not the crosspoint is to be opened or
      closed is determined by the status of the call based upon the progress of
      the connection as determined by the control circuits 110 from the
      information derived from the lines via the class-of-service programmer 47
      and class-of-service buffer 125. The system control progresses in states,
      with the individual states being monitored by the status circuit 160,
      which stores the state in which any particular call is in and advances
      under control of the control circuits 110 as the call progresses from one
      state to the next in a particular program. Thus, the information
      concerning the desired condition of the crosspoint, i.e., whether it is to
      be open or closed, is derived from the status circuit 160. If the
      crosspoint which is addressed from the line selector 155 is to be closed
      for a particular call, a matrix control 165 will receive information from
      the status circuit 160 to this effect and generate a positive request
      signal for closing of the crosspoints. If the crosspoints are not to be
      closed, the matrix control 165 will produce no output as the crosspoints
      are addressed, thereby effecting an automatic opening of the crosspoints.
PAR  A ringing generator 195 of any known form is provided for application of
      ringing current to the lines under control of the control circuits 110.
      While the ringing generator is in itself a conventional circuit, the
      application of ringing to the line in the system of the present invention
      is somewhat different than known systems in view of the multiplex
      addressing of the various lines by the common control. Thus, the output of
      the ringing generator 195 may be connected simultaneously to all lines
      since the lines are addressed in turn during the scanning of the junctors
      associated therewith. In this way, the system requires only a single
      ringing generator, thereby materially simplifying the system in reducing
      the costs thereof.
PAR  The digit decoder 150 performs analysis of the incoming digits and makes
      decisions concerning these received digits. For example, the digits
      received by the digit decoder 150 are analyzed for line-to-line calls,
      line-to-trunk calls, toll restrictions and other information. The
      information provided by the digit decoder 150 then serves to initiate
      various control functions within the control circuits 110 as the various
      states of the call progress.
PAR  As a special feature, the system provides a transfer circuit 170 which
      effects transfer between trunks and lines, as may be required.
PAR  A further special feature of the present invention is embodied in a call
      pickup arrangement including a call pickup circuit 175 and a plurality of
      call pickup displays 180A through 180N. In accordance with this special
      feature, a party may respond to a call to another party identified on the
      call pickup display.
PAR  The function of the various elements of the system of the present invention
      will become clearer from a general description of various basic functions
      of the system.
PAC  BASIC SYSTEM OPERATION
PAR  The lines are continuously scanned from the line scanner 130 via the line
      selector 155 in the common control 100, so that a line circuit requesting
      service will ultimately be addressed permitting the state of the calling
      bridge relay in the line circuit to be passed on through the
      class-of-service programmer 47 along with the class-of-service information
      concerning that line circuit to the common control 100.
PAR  Assuming that the line circuit 15A has gone off-hook and is requesting
      service, this line will ultimately be addressed by the line selector 155
      when the line scannerr 130 reaches this line in its scan of all of the
      lines. At the same time, the line selector 155 will also address all of
      the crosspoints of the matrix 110 associated with that line circuit. In
      this case, all of the crosspoints associated with the line circuit 15A
      along the first horizontal of the matrix including the crosspoint 12' will
      be addressed. If, as a result of some misoperation, one or more of these
      crosspoints has been inadvertently closed, the addressing of the
      crosspoints at this time will automatically open the crosspoints in the
      absence of the positive control from the matrix control 165 indicating
      that one or more of these crosspoints should be closed. Since the line 15A
      has just requested service, none of the crosspoints should be closed and
      therefore the status circuit 160 will provide no indication to the matrix
      control 165 that any of the crosspoints involved should be closed. In view
      of the fast scanning times provided within the system for scanning the
      lines and junctors, it can be seen that a misoperation of a crosspoint
      will be immediately corrected so that no effect upon any communication
      connection through the matrix will result, nor will such crosspoint
      misoperation be noticeable to either party except for a click as the
      crosspoint is opened or closed to correct the state thereof. Further
      details concerning the unique operation of the matrix under control of the
      line scanner 130, line selector 155 and matrix control 165 are disclosed
      in our copending application Ser. No. 431,878, filed on Jan. 9, 1974, and
      assigned to the same assignee as the present application.
PAR  When the control circuit 110 receives an indication through the
      class-of-service buffer 125 that the line circuit 15A has requested
      service, the control circuits 110, which include a junctor allotter and is
      more fully described in copending application Ser. No. 448,288, filed on
      May 5, 1974, and assigned to the same assignee as the present invention,
      will assign a free junctor to the line circuit and request that the
      calling line number of the line circuit 15A be stored in the junctor
      memory 140 in the time position assigned to the selected junctor. The
      control circuits 110 will also address the status circuit 160 to record in
      the memory thereof that the call associated with the selected junctor is
      in the first state of operation. Assuming that the junctor allotter in the
      control circuits 110 selects the local junctor 95A, the calling line
      number of the line circuit 15A will be stored in the memory position of
      the junctor memory 140 permanently assigned to the local junctor 95A, and
      each time the junctors are scanned, the line number of the calling line
      15A will be forwarded to the line selector 155 so that the line 15A can be
      addressed at this time and the crosspoint associated both with the line
      15A and the junctor 95N, i.e., the crosspoint 12' can be addressed. The
      status circuit 160 indicates to the matrix control 165 that the call is in
      a state wherein the crosspoint 12' should be closed, and therefore the
      matrix control 165 will forward a positive request for closing the
      crosspoint 12' at the time the crosspoint is addressed. As a result, the
      line circuit 15A will be connected through the matrix 10 to the local
      junctor 95N.
PAR  At the same time that the crosspoint 12' is addressed and closed to enable
      connection between the line circuit 15A and the local junctor 95A, the
      matrix control 165 under control of the status circuit 160 addresses the
      crosspoints of the tone matrix section of the matrix 10 associated with
      the dial tone generator 68 so that the crosspoint 12'" will be closed
      connecting the dial tone generator 68 through the local junctor 95A to the
      line circuit 15A. The line circuit may then commence to dial the number of
      the party to which it desires connection.
PAR  The control circuits 110 in the common control 100 will advance the status
      circuit 160 of the particular junctor 95A to state 2 if the calling line
      circuit has rotary dial equipment or to state 3 if the calling line
      circuit has TONE-DIAL (multifrequency dialing) equipment, as determined
      from the class-of-service information for that line circuit received from
      the class-of-service programmer 47. Each time the junctor 95A is scanned,
      the number of the calling line circuit 15A will be provided by the junctor
      memory 140 to the line selector 155 which will address the line permitting
      the calling bridge relay state to be monitored via the bus 32 and
      class-of-service programmer 47 in the common control 100. The digit
      decoder 150 will accumulate the calling bridge relay states and provide to
      the control circuits 110 the digit information which will be stored in the
      memory portion of the junctor memory 140 assigned to the junctor.
      Eventually, the junctor memory 140 will have stored in the portion thereof
      assigned to the junctor 95A both the calling and called line numbers.
PAR  When it is determined by the timer 120, and more fully described in
      copending application Ser. No. 542,947, filed on Jan. 22, 1975, and
      assigned to the same assignee of the present application, that the calling
      line 15A has completed dialing, the control circuits 110 will advance the
      status circuit 160 to record state 4 in the position of the memory thereof
      assigned to the junctor 95A. State 4 relates to busy test, and more fully
      described in copending application Ser. No. 543,042, filed on Jan. 22,
      1975, and assigned to the same assignee of the present application, of the
      called line circuit. If the called line circuit is found to be busy, the
      tone matrix section of the matrix 10 is once again addressed from the
      matrix control 165 to connect busy tone from the generator 68 through the
      local junctor 95A to the calling line circuit 95A. On the other hand, if
      the called line circuit is free, the control circuits 110 will advance the
      status recorded in status circuit 160 to state 5 for application of
      ringing from the ringing generator 195 to the called line circuit and to
      address the tone matrix section of the matrix 10 to connect the ring back
      tone generator 78 through the local junctor 95A to the calling line
      circuit 15A. The control over the tone matrix section of the matrix 10 to
      provide for connection of dial tone, busy tone, ring back tone and music
      to the lines through selected junctors is described in greater detail in
      our copending application Ser. No. 431,885, filed on Jan. 9, 1974, and
      assigned to the same assignee as the present application.
PAR  The matrix control 165, upon receiving the calling and called line members
      from the junctor memory 140 as the junctor 95A is scanned, will address
      the crosspoint 12' and also the crosspoint associated with the called
      line, for example, crosspoint 12" associated with the line 35A. Thus, when
      the called party answers in response to the applied ringing, he will be
      connected via crosspoints 12' and 12" in the martrix 10 to the calling
      party, and the respective line circuits 35A and 15A will receive ground to
      maintain crosspoint bias, as described in connection with FIG. 3, from the
      local junctor 95A during the duration of the call. At this time, the
      status circuit 160 is advanced by the control circuits 110 to status 7,
      indicating to the system that a local call is in progress.
PAR  Where the lines are equipped with TONE-DIAL equipement, this
      class-of-service for the line circuit is indicated to the common control
      by the class-of-service programmer 47. In this regard, the
      class-of-service programmer 47 typically includes a panel having selected
      class-of-service plugs so that the features of the system may be allocated
      on a real time line basis and the information with respect thereto may be
      provided to the common control 100. Thus, in addition to providing a path
      for the calling bridge relay information from the lines, the
      class-of-service concerning the particular line for use by the common
      control 100.
PAR  When a call is in state 3 indicating dialing from TONE-DIAL equipment, the
      common control 100 effects connection via the matrix between the calling
      line and an available one of the tone receivers 40A through 40N. The tone
      receiver converts the TONE-DIAL signal into the corresponding binary
      number, which is received by the common control 100 and placed into the
      ING or ED memory 140.
PAR  Since the operator loop circuits 60A through 60N are merely provided as
      line appearances at the input of the matrix 10, the functions associated
      with the operator positions are greatly simplified. Because of the fast
      switching capability of the crosspoints in the matrix 10, the split
      functions normally associated with incoming connections to the operator
      may be performed with the matrix crosspoints. Thus, special trunk circuits
      having separate operator access with split tip and ring pairs, as normally
      required in conventional systems, are not required in the system of the
      present invention.
PAR  In addition, since the split functions are performed in the present system
      within the matrix 10 by selective operation of the crosspoints, the
      operator loop circuits and position circuits which normally control such
      functions can be greatly simplified. Since the operator loop circuits are
      effectively line circuits in the present system, switching a trunk to a
      line or to an operator is the same function for the system. This makes it
      also possible to greatly simplify the loop circuits.
PAR  Since the attendant junctor 80 controls the crosspoints for the required
      split functions in connections to the operator complex, hardware for
      special trunks, like information trunks, is not required in the system.
      The junctor performs the information trunk duties without requiring extra
      equipment, thereby simplifying the system. Also, special access trunks for
      the operator, which are usually quite complex are not required. The
      junctor circuit once again takes care of the duties normally provided in
      this regard. In addition, due to the elimination of information trunk
      hardware, tendem operation for operator extended calls to trunks between
      information trunks and the central office trunks is not required. The
      operator is accessed by the line via the local junctor which acts as the
      information trunk, and when the operator extends the call to a central
      office trunk, the local junctor is dropped and the central office trunk
      junctor takes over the duties.
PAR  In outgoing trunk calls, it is necessary for the system to switch from a
      local junctor to a trunk junctor. In this regard, the line circuit is
      initially connected to a local junctor 90A-90C upon detection of the
      request for service in the manner described above by closing the
      crosspoint in the matrix 10 common to the line circuit and a selected
      available local junctor. In the foregoing example, by closing local
      junctor 95a. An addressing of the tone matrix section provides connection
      of the dial tone generator 68 through crosspoint 12'" and the local
      junctor 95A to the line circuit 15A. When dialing commences, the
      crosspoint 12'" is released, disconnecting dial tone from the line circuit
      and the dialing impulses are received in the common control 100 via the
      class-of-service programmer 47. The digit decoder 150 for out-going trunk
      calls will recognize the first digit as a request for access to a trunk
      circuit and the control circuits 110 will indicate the need to connect to
      a trunk junctor. The junctor allotter in the control circuits 110 will
      select an available trunk junctor, for example, the junctor 85A connected
      to the trunk 89N.
PAR  As can be seen, with the arrangement of the present invention, many
      different functions can be performed during the time in which a junctor is
      being scanned through selective control of various crosspoints within the
      matrix 10 under control of the common control 100 during designated time
      slots of the junctor scan period, as will be described in greater detail
      in connection with the system timing.
PAC  SYSTEM TIMING
PAR  The system timing is controlled by the clock 115 in the common control 100
      on the basis of various clock signals such as presented in FIGS. 2A
      through 2C. Typically, the clock 115 includes a 4 MHz crystall oscillator
      connected to a divider chain and various decoders to produce the required
      clock signals for controlling the various elements of the system.
PAR  As already indicated in the general system description, the junctor memory
      140 includes a storage position for each of the junctors in the system and
      this memory is recirculated so that the information stored in each junctor
      position is scanned successively during a recurring time frame. In the
      embodiment disclosed, thirty-two junctors are connected to the output of
      the matrix 10, so that the junctor memory 140 will include 32 junctor time
      positions. In addition, the junctor memory 140 also includes time
      positions 32 and 33 which represent time periods during which a scanning
      of the lines is effected. Thus, after all junctors have been scanned, the
      line number designated by the line scanner 130 will be addressed during
      the time positions 32 and 33 to determine whether there is a request for
      service in connection with that line. At the end of each 32 time
      positions, the line scanner 130 will be advanced to the next line, with
      the result that the lines are scanned one at a time at the end of each
      complete scan of the junctors.
PAR  Each junctor time position is subdivided into junctor time slots during
      which the various functions required in connection with the call
      associated with the particular junctor are performed under control of the
      control circuit 110. During one or more of the time slots of each junctor
      time position, one or more functions may be performed by various elements
      of the common control 100 as required by the state of the particular call
      which is under the control of the central circuits.
PAR  FIG. 4A illustrates the output of a 4 MHz crystal oscillator (defining a
      portion of the clock 115) from which a plurality of phase signals PH1
      through PH6 are derived by a clock phase generator producing a division by
      six of the basic frequency. The output of the clock phase generator is
      connected to a bit time slot counter which effects a division by 16 to
      produce the binary bit time slot signals BTS1 through BTS8. A decoding of
      the four bit binary time slot signals produces the sixteen junctor time
      slot signals JT0 through JT15.
PAR  Further decoding of the binary bit time slot signals BTS1 through BTS8 also
      produces various timing signals which are utilized throughout the system.
      Those timing signals which will be utilized in the various common control
      circuits to be described below are illustrated in FIG. 4B in relation to
      the sixteen junctor time slot signals JT0 through JT15. The function of
      these timing signals will be described in connection with the description
      of the detailed operation of the various common control elements.
PAR  FIG. 4C illustrates the waveforms which are derived from the junctor
      scanner portion of the clock 115. A further division by 34 produces the
      junctor scan signals JS1 through JS32. A decoding of these junctor scan
      signals then produces the junctor signals JCT0 through JCT33. Additional
      decoding produces the signal ATT JCT which represents the junctor 0
      position, as well as the junctor 32 and junctor 33 signals, JCT32 and
      JCT33.
PAC  THE STATUS CIRCUIT
PAR  The status circuit 160 (see FIG. 5) basically forms a memory including a
      storage position for each of the junctors to store the state of the call
      associated with each of the junctors. As already indicated in the general
      system description, the common control 100 steps progressively through
      various states during which various operations are performed under control
      of the control circuits 110 to perform the functions required by the
      system. To determine what functions need to be performed during each
      junctor scan, the control circuits 110 determine from the status circuit
      160 the state of the call associated with that junctor. As the functions
      associated with each state are completed, the control circuits 110 advance
      the status circuit 160 to the next state for the particular junctor
      involved so that a continuous record of the state of the call associated
      with each junctor is maintained within the status circuit.
PAR  In the status circuit, the memory 200 includes 34 junctor positions for the
      junctors JCTO through JCT31 as well as the junctor times JCT32 and JCT33.
      The status of the call associated with each junctor is stored in the
      junctor times of the memory 200 in binary form, and therefore, an encoder
      210 is provided to receive from the control circuits 110 the status
      signals SO1 through S63 and provide the binary equivalents thereof on
      output lines I33 through I38 to the memory 200. Certain of the status
      signals SO1 through S63 are time shared at the input to the encoder 210
      under control of the clock signals JT15 and JT14 from the clock 115. A
      further input of the encoder 210 from the control circuits 110 is the
      signal A DAT O indicating that all data is to be zeroed, i.e., the status
      stored in connection with a given junctor is to be 0, for example, when a
      call has been terminated. The status indications are applied from the
      encoder 210 to the memory 200 during various time slots by controlling the
      gate 220 from the output of gate 230. The clock signals WRT MEM ING, WRT
      MEM ED, WRTA and WRTB generated during the junctor time slots JT14, JT15,
      JT11 and JT13, respectively, are applied through the gate 230 to enable
      gate 220 to apply the write signal WRT to the memory 200 permitting the
      status data from the encoder 210 to be written into the junctor period of
      the memory. The junctor periods are continuously scanned by the clock
      signals AO through CS2 derived from the memory address generator
      controlled from the clock by the junctor signals JS1 through JS32.
PAR  In addition to the binary outputs I33 through I38 from the encoder, the
      memory 200 also receives direct codes of states I39 and I40 from the
      control circuits 110. The binary status code is read out of the memory 200
      into a pair of buffer stores 240 and 250 under control of the enable
      signals WRT BUF and TC from the clock and hold register, respectively. The
      buffer store 240 provides the binary outputs 0033 through 0038 to the
      operator complex, and the signals 033 through 038 to the control circuits
      110 and the matrix control 165. The signals 033 through 038 are also
      applied to a status decoder 260 which provides a binary-to-decimal
      conversion of the signals into status signals DS00 through DS60, which
      signals are then applied to various elements of the common control to
      permit various functions to take place during each designated state.
PAR  The buffer store 250 is provided for use with the hold register as a
      hold-over memory portion for hold register searches. The binary status
      signals OH01 through OH32 are applied to the operator complex, while the
      signals H01 through H01 through H32 are applied to the matrix control. The
      signals 038 and 040, which are direct codes of status, are applied to the
      control circuits 110.
PAR  A time zero signal TIMO is derived from the encoder 210 to indicate to the
      timer each time a state changes in connection with a given junctor so that
      the timing functions performed by the timer may be reset to zero.
PAC  JUNCTOR MEMORY
PAR  The junctor memory 140 (see FIG. 3) includes an ING and ED write command
      logic circuit 300 which receives various command signals from the control
      circuits 110 along with junctor time slot signals from the clock and in
      turn controls the storage and read out of data into and out of a memory
      320. The logic circuit 300 receives various command signals for storage of
      calling and called line numbers in designated locations of each junctor
      memory portion, which logic signals serve to control a data select circuit
      310 receiving line numbers from the hold register 135 on binary inputs HU1
      through HH2, from the line selector 155 on binary inputs LSU1 through
      LSH2, and from the digit decoder 150 on binary inputs DDU1 through DDH2.
      In accordance with the commands applied to the logic circuit 300, the line
      numbers from the hold register 135, line selector 155, and digit decoder
      150 are gated to the memory 320 on leads 11 through 110 and stored in the
      memory 320 upon generation of the write command signal WRT from the logic
      circuit 300.
PAR  The commands received from the operator and the control circuits 110 relate
      to the storing of the called and calling numbers in the proper locations
      of each junctor portion of the memory. The command OING (H-ING) indicates
      that the calling number from the hold register 135 is to be stored in the
      ING number location of the junctor portion of the memory 320. Similarly,
      the command OING (H-ED) indicates that the called number from the hold
      register 135 is to be stored in the ING location associated with the
      attendant junctor. The command ING (O+ED) indicates placing the ED number
      from the operator in the ING register. The command ED (O+ED) indicates a
      request to place the ED number from the operator in the called portion of
      the memory. The command ING (LN+D1) indicates that the line number from
      the buffer is to be placed in the calling portion of the memory 320. The
      command ING (H-ED) indicates that the called number from the hold register
      135 is to be placed in the calling portion of the memory 320. The command
      ED (DDT DCD) indicates that the number from the digit decoder 155 is to be
      placed in the called portion of the memory 320. The command ED (B-ING +
      ED) indicates that the calling and called line numbers from the buffer 330
      are to be inserted in the called portion of the memory. The command ED
      (H-ING + ED) indicates a request that the calling and called numbers from
      the hold register 135 are to be placed in the called portion of the memory
      140. The command ING (O) indicates that the number in the callling portion
      of the memory 140 is to be zeroed. The command ED(O) indicates that the
      number of the called portion of the memory 140 is to be zeroed. The
      command ADAT (O) indicates that all data is to be zeroed.
PAR  The signals from the clock 115 represent the various junctor time slots
      during which the various commands are to be executed. The clock also
      provides the binary signals A0 through A3, CS1 and CS2 which represent the
      memory addresses of the junctor portion corresponding to the junctor times
      JCTO through JCT32. These junctor signals control the circulation of the
      data within the memory 320 so that in combination with the junctor time
      slots applied from the clock to the logic circuit 300, the data will be
      inserted into the proper junctor portion of the memory 320 during the
      prior time.
PAR  The output of the memory 320 is provided on leads 01 through 022 to a
      buffer store 330, which provides binary outputs 01 through 010 repesenting
      the calling number and binary outputs 013 through 022 representing the
      called number to the line selector 155. A further output ING PRES to the
      control circuits 110 indicates that the calling number is present and the
      output O RING PRES to the operator complex indicates that the calling
      number is present in the memory portion assigned to the attendant junctor.
PAR  As can be seen, the junctor memory basically provides for a memory storage
      position for each junctor in the system including a junctor position 32
      for receiving the line number from the line scanner which is to be
      addressed for purposes of determining whether a request for service is
      present. In each memory portion associated with a particular junctor, the
      calling and called numbers will be stored depending upon the state of the
      call so that the system may determine each time a junctor is addressed
      which line circuits, if any, are involved in a call under the control of
      that particular junctor.
PAC  THE HOLD REGISTER
PAR  The hold register 135 (see FIG. 4) serves as a temporary memory for calling
      and called line numbers and other data generated within the common control
      100 for use in controlling the functions required in establishing and
      maintaining a communication connection in the system. The hold register
      135 also performs various comparison functions between line numbers, for
      example, in conjunction with busy searches, line scanning and other
      functions where a particular calling or called line number is to be
      compared with the calling and called lined number stored in the junctor
      memory 140.
PAR  The functions of the hold register are initiated upon receipt of a
      comparision request signal or a start search signal from the operator or
      control circuits 110 in the common control 100. The comparison requests
      signals and the start search signal are applied to an operations logic
      circuit 400 along with junctor time slot signals JT0 through JT15 from the
      clock 115. The comparison request commands include the command OCOMP
      (ING-ING and ED) indicating a request for comparison of the ING number
      from the attendant's junctor with all ING and ED numbers stored in the
      junctor memory. The command COMP (ING-ING and ED) indicates a request for
      a comparison of an ING number with all ING and ED numbers of the junctors
      other than the attendant junctor 80. The command COMP (ED-ING and ED)
      indicates a request for comparison of a called number with all calling and
      called numbers stored in the junctor memory. The command COMP (ING-ED)
      indicates a request for comparison of a calling number to all called
      numbers. The command COMP (ING-ING) indicates a request for comparing a
      calling number to all calling numbers stored in the junctor memory. The
      command COMP (ED-ED) indicates a request to compare a called number with
      all called numbers stored in the junctor memory.
PAR  The various comparison requests are acted upon during various junctor time
      slots by the operations logic circuit and result in enabling of a write
      pulse generator 410, which in turn enables a hold store 450 and an ING and
      ED store 420. The hold store 450 receives various data relating to
      flashes, time-outs, whether the call is an incoming or outgoing call
      designation of the station hunting group, etc., for use by various
      elements of the common control 100 during the course of the following
      operations.
PAR  The ING and ED store 420 in the hold register 135 stores the calling and/or
      the called line number associated with a particular junctor as received
      from the line selector on binary inputs LSU1 through LSH2. For example, if
      the hold register is requesting a comparison of a called number with all
      of the calling and called numbers stored in the junctor memory during the
      time junctor 10 is being scanned, the called number stored in the junctor
      memory position assigned to junctor 10 will be transferred from the line
      selector on leads LSU1 through LSH2 to the ING and ED store 420. The
      numbers stored in the ING and ED store 420 is then applied through the
      data control circuit 430 to one side of a comparator 440. Durinng the
      subsequent scanning of the other junctors, the line selector will apply
      all calling and called line numbers stored in connection with these
      junctors on binary input lines LSU1 through LSH2 to the other side of the
      comparator 440. A comparison of the calling numbers stored in the store
      420 with all of the calling and called numbers stored in the junctor
      memory is then effected by the comparator 440. Such a comparison, for
      example, would form part of the busy search where the system attempts to
      determine whether a called line is busy by scanning all of the junctor
      positions in the junctor memory to determine whether the line circuit has
      its number stored in connection with any other junctor. In this case, the
      status decoder forming part of the status circuit 160 would provide a
      signal DSO4 to the comparator 440 enabling the comparision of the number
      stored in the ING and ED store 420 with all numbers received from the line
      selector 155.
PAR  Other comparisons which are preformed within the hold register relate to
      the scanning of the lines by the line scanner 130. At the end of each
      junctor 32 time position, the line scanner is advanced to the next line
      and will provide on binary input leads LU1 through LH2 in the hold
      register the line number which is to be scanned. This line number is
      applied to the data control circuit 430 which in turn applies it to one
      side of the comparator 440. During the subsequent scan of the information
      stored in the junctor memory in connection with the junctors, the
      comparator 440 will determine whether a comparison exists between the
      number designated by the line scanner and any number which may be stored
      in the junctor memory. For example, if a line goes off-hook it might be
      necessary for the system to determine whether an attempt is at that time
      being made to complete a call to that line circuit. Since the line scanner
      steps from one line to the next without knowledge of whether or not a line
      is already involved in a call, it is necessary for the system to determine
      before recognizing an off-hook condition from the line as a request for
      service to determine whether that off-hook condition is a result of a call
      already established by the system.
PAR  The comparator provides various outputs which may be required by the
      control circuits in the common control 100 for various functions. The
      output ED-COMP indicates that only a comparison of the called number has
      been detected. The outputs COMP-HS and COMP-H indicates a general
      comparison detected. The output COMP-B indicates that a comparision of a
      line with its own number has been detected.
PAR  The data control circuit 430 merely serves to multiplex the data which is
      to be applied to the comparator so as to avoid interference between
      comparisons associated with data stored in the ING and ED store 420 and
      comparisons involving the number supplied from the line scanner. The data
      provided from the data control circuit 430 to the comparator 440 is also
      supplied to the junctor memory on binary output lines HU1 through HH2.
PAR  The write pulse generator 410 is also responsive to control signals from
      the operator and a signal PH5 from the clock to effect certain shifting of
      data as required by the system. For example, the signal ST (B ING+ED-H ED)
      is a request to store the calling and called numbers from the buffer in
      the junctor memory in the called portion of the ING and ED store of the
      hold register. The signal ST (B ED-H ING) indicates a request to store the
      called number from the buffer in the junctor memory in the calling portion
      of the ING and ED store 420 of the hold register. Such transfers of
      information from one junctor to the other are necessary for various
      operations and require a holding of this information between junctor scan
      times so that the transfer from one junctor position to another junctor
      positon in the junctor memory can be effected. This is accomplished in the
      ING and ED store 420 under control of the write pulse generator 410. The
      outputs TB and TC provide indications of the transfer operation and trunk
      consultation, respectively.
PAR  The hold register 135 also includes an end search circuit 460 connected to
      the operations logic circuit 400 and receiving the control signal ICO and
      the clock signal JCT33. The end search circuit 460 merely indicates when a
      complete scan of all the junctors has been completed. For example, if a
      search is conducted in the hold register in connection with information
      stored in junctor 10 position, it is necessary to compare this information
      with that stored in the junctor positions 11 through 31 and 0 through 9.
      When the scan once again reaches junctor 10, the end search circuit 460
      indicates to the system that the search has been completed. The end search
      signal END SEARCH and O END SEARCH are generated along with a CLEAR signal
      to effect control of various elements in the common control 100 at the end
      of the search.
PAR  The hold register 135 also icludes a busy circuit 470 which is enabled
      whenever a comparison request or start search signal is applied to the
      operations logic circuit 400. The hold register performs one function at a
      time and is automatically made busy whenever a request for a comparison or
      search is received. When the hold register is busy, the signals HBSY and O
      HBSY are applied to the matrix control and operator complex, respectively.
      Since the hold register should not be busy for more than the time needed
      for one complete scan of all of the junctors, an alarm circuit 480 is
      provided in association with the busy circuit 470 which times the busy
      condition recorded by the busy circuit 470 for two complete scans of all
      of the junctors. If the busy circuit does not indicate the hold register
      to be free at the end of two complete scans of all of the junctors, an
      alarm signal HOLD ALARM is generated from the alarm circuit 480.
PAC  TRANSFER FLOW CHART
PAR  A flow chart of the EPABX functions performed during a trunk transfer
      operation are illustrated in FIG. 6 and will now be more fully described
      hereinafter.
PAR  At the beginning of a trunk transfer operation, a trunk call is in progress
      and a transferring PABX station is connected to a trunk via one of the
      trunk junctors 85A-85N. The crosspoint between the transferring PABX
      station and the trunk junctor is closed and a conversation is normally
      taking place. The status of the trunk junctor establishing this trunk call
      is a status 13 (shown in block B1) which is stored in the portion of the
      status memory 160 associated with the particular junctor establishing the
      call. The transferring PABX station then indicates to the system that it
      is requesting a transfer function via a hookflash (which may be required
      to be of a certain minimum duration) which enables the timer 120 to
      determine that an outside party connected to a trunk should be
      transferred.
PAR  When the transferring PABX station hookflashes, the trunk junctor is put
      into a transfer hold status 47 (block B2) and the transferring station is
      forwarded to a local junctor having an initial off-hook status 1 (in block
      B3). The transfer hold status 47 allows the outside party to remain
      connected, while the transferring station requests connection to a
      particular transferee PABX station. The system provides dial tone to the
      transferring PABX station through the local junctor 95 that is seized in
      the transfer process.
PAR  After dial tone has been received in status 1, the transferring PABX
      station then dials the directory number of transferee station. When the
      dialing has been completed, the call progresses through status 2 for dial
      pulsing and status 3 for multifrequency dialing in the local junctor
      (block B4), and the status changes to status 4 (block B5). Status 4
      indicates a busy test is being performed in the memory for the transferee
      PABX station and, if the transferee station is idle, the control circuit
      switches the local junctor 95 to status 5 (block B6) for ringing the
      transferee PABX station. This flow chart progression is similar to that
      described for connecting a local call as described above. When the call is
      in status 4, if call waiting is available (block B7) and the transferee
      station line which was dialed in the local junctor is busy, the junctor 95
      will receive a status 10 indication will wait until the transferee station
      is idle and then will progress to the ringing status 5 (block B6) for
      connection.
PAR  If, during the status 5 ringing in the local junctor, the transferring PABX
      station goes on-hook the transferee station is forwarded to the connected
      trunk junctor 85 and the trunk junctor 85 receives a transfer ring party B
      status 23 (block B8). The ringing continues to the transferee station
      until that called line goes off-hook. When the transferee PABX station
      answers, a connection is established between the transferred party and the
      transferee PABX station thereby completing the transfer. At this point the
      trunk junctor 88 is again placed in status 13 (block B9) to indicate a
      trunk call is in progress.
PAR  In some instances it is not possible to complete a call transfer operation
      - for example if call waiting is not available and the transferee station
      is busy. In that case, the local or trunk junctors should be free for
      subsequent connections. In other instances, the original trunk call should
      be re-established between the transferring PABX station and the held
      outside party. Also, it would be advantageous to provide an alternative
      station to which the transferred party may be diverted in case the
      original call cannot be reconnected. These side paths of the trunk
      transfer flow chart are illustrated as with the lighter lines shown in the
      flow chart of FIG. 6.
PAR  If the transferring party goes on-hook or initiates a hookswitch flash
      during the status 1 (block B3) in the local junctor, the local junctor 95
      is released (status 0 in block B10), and the transferring party is
      returned to the trunk junctor 84 (status 13 in block B1). If the
      initiating signal in status 1 was a hook-switch flash, the trunk junctor
      85 continues with a trunk call in progress status 13, but if the
      transferring PABX station has gone on-hook, the trunk junctor 85 then
      becomes idle by progressing to the trunk release status 16 (block B11) and
      finally to free status 0 (block B12). These portions of the flow charts
      illustrate that once a transferring PABX station has indicated a desire
      for a trunk transfer, that station can return to the original call by
      bookflashing a second time or can terminate the call by going on-hook.
PAR  Also, if the tone receivers 40 for the system are busy, it may not be
      possible to effect a connection via the local junctor 95. In this case, by
      busy tone status 11 (block B13) is placed in the local junctor status
      memory and three alternatives are available to the transferring PABX
      station: to stop dialing, to hookflash, or to go on-hook. If (during the
      busy tone status 11) the transferring station line goes on-hook, the
      system goes into a recall original line status which is indicated by
      transfer busy test status 25 (block B14). If the transferring station
      hookflashes, also indicating a desire to return to the original call, the
      local junctor 95 is free (block B10) and the call is ransferred to the
      original trunk junctor 95 and trunk call in progress status 13 is placed
      in the status memory (block B1). If the transferring PABX station does
      nothing, a 30 second lockout circuit frees the local junctor 95 (block
      B10) and the call remains uncompleted until the transferring PABX station
      either goes on-hook or hookflashes.
PAR  During status 2 and 3 (block B4) in the local junctor or during the dialing
      operation the transferring party may desire to terminate the call or to
      return to the original call. Again a 30 second lockout to the local
      junctor 95 is provided and a return to the original call (block B1) can be
      established by a second hookflash at the transferring station. However, if
      the transferring PABX station returns on-hook, the recall subgroup
      initiated by transfer test status 25 (block B14) is indicated. If, during
      the dialing function (block B4), all local junctors in the system are
      busy, the busy tone status 11 is placed in the local junctor status memory
      and the transferring PABX station receives busy tone. If, during the busy
      test (block B5) of the local junctor (status 4), the line is busy again, a
      busy tone status 11 is placed in the local junctor status memory. The
      transferring PABX station then may either return to the original call or
      terminate that call. During the call waiting status 10 (block B7) or
      ringing status 5 (block B6), the transferring PABX station may return to
      the original call (block B1) by a hookflash or may terminate the call
      (during call waiting status 10) by going on-hook. However, if the calling
      station goes on-hook while the transferee station is being rung the
      transfer function is processed and the transferree station is connected as
      described above.
PAR  If the transferring party wishes to talk to the transferee party he may
      remain off-hook during ringing (block B6), and when the transferee station
      answers the local junctor will progress to a local call (status 7 in block
      B15) and the local parties may initiate a discussion before the trunk (or
      transferred) party is connected. If, while this local call is in progress,
      either the transferee line or the transferring line goes on-hook, the
      local junctor 95 is released (block B10) and the transferring PABX station
      is returned to the original trunk junctor and a trunk call in progress
      status 13 (block B1) is placed in the junctor status memory.
PAR  If the transferring party (during the local call in progress status 7 in
      block B15) wishes to effect a specail three-way conference connection, he
      may depress his hookswitch. The hookflash forwards the transferring and
      transferee statuses to the trunk junctor memory and a status 37 (block
      B16) is initiated to provide a conference call for all parties connected.
      If, however, the trunk has been released by this time, the hookflash does
      not affect the local call in progress (status 7 in block B15) in the
      system.
PAR  During the three-way conference connecting the transferring and transferee
      stations and the transferred trunk party may consult or confer with one
      another. The conference connection is terminated if either caller or
      called party (both stored in the trunk junctor memory) goes on-hook and
      the trunk status returns to the trunk call in progress status 13 (block
      B9). After the transferee party has been connected the transferring party
      may simply hookflash to eliminate the transferee party from the
      conversation and the call progresses to status 13 (block B9).
PAR  As described above, a special recall loop is provided when either the
      transferee party does not answer after 30 seconds (during status 23
      transfer ring party B), or when the transferring line has gone on-hook
      during the busy tone status 11 or during dialing status 2 and 3. Thus, a
      transfer busy test status 25 (block B14) is placed in the trunk junctor
      and the arrangement subsequently searches the ING and ED memory to test
      the busy-idle status of the transferring PABX line. If the transferring
      line still remains on-hook and the transferee party has not answered after
      30 seconds of ringing, a re-ring party A status 26 (block B17) is placed
      in the trunk junctor providing a status memory ringing signal to the
      transferring PABX station.
PAR  If the original transferring PABX party answers, the system again places
      the transferring and transferred trunk party in a trunk call in progress
      status 13 (block B1). If, however, during the transfer busy test status 25
      (block B14) or during the re-ring party A status 26 (block B17), the
      transferring line is busy or the transferring line does not answer within
      30 seconds, a recall busy test status 18 (block B18) is placed in the
      trunk junctor status memory.
PAR  Subsequently, the recall busy test status 18 provides for a call diversion
      to an attendant's line or to a designated station previously programmed as
      a special feature. If the attendant line was the line that was called
      orginally (transferring PABX station) and the attendant line is idle, the
      trunk junctor is placed into a ringing attendant status 19 (block B19) and
      the call proceeds to a trunk call in progress status 13 (block B20) when
      the attendant answers. If the attendant line is the transferee line and it
      is busy, a recall waiting status 20 (block B21) is placed in the trunk
      junctor and the status is alternated between the recall waiting status and
      busy test status 18 until the attendant line becomes idle and then the
      system progresses to the ringing attendant status 19 (block B19).
PAR  If the transferee line is not the attendant line, then the system diverts
      the call to the attendant line in a busy test status 4 (block B22). If the
      attendant line is free, the system proceeds to a ringing status 5 (block
      B23) and, when the station attendant answers, to the trunk call in
      progress status 13 (block B20). If the attendant line is busy when the
      system is placed in the busy test status 4 (block B22), the system will go
      into call waiting status 10 (block B24) and periodically check the
      busy-idle status of the attendant line. When the attendant line becomes
      free, the ringing status 5 (block B23) is placed in the trunk junctor
      status memory and the call preceeds as described above. However, if after
      30 seconds of ringing there is no answer at the attendant's line, the
      pre-programmed number of the designated station is placed in the trunk
      junctor memory. A busy test is now preferred on the pre-programmed number
      (block B25) and, if it is idle, that station is rung (block B26). The
      trunk call in progress status 13 (block B27) is forwarded to the trunk
      junctor when the designated station goes off-hook. If the designated
      station is busy, the call waiting status 10 (block B28) causes alternation
      between the busy test status and the call waiting status. In all of the
      trunk call progress status 13, the called line going on-hook produces a
      trunk release 16 (block B16) and a status O (block B12) indicating the
      trunk is free to be seized for subsequent connection.
PAR  The basic flow chart of the trunk transfer operation will now be more fully
      described by reference to the functional diagrams 7A-K which illustrate
      the progress from one state to the next of the flow chart and by reference
      to schematic logic diagrams 8A-D which implement the functions shown in
      the flow chart. FIG. 7A shows the progress of a call from trunk call in
      progress (status 13) to trunk transfer hold (status 47) in the trunk
      junctor, the seizure of a local junctor 95 and the subsequent placing of
      an initial off-hook status 1 therein.
PAR  The system initiates an FLX signal, which indicates there has been a
      hookflash from a transferring PABX station connected to a trunk junctor in
      status 13. The line circuit associated with the transferring station is
      then checked to see if it has a class-of-service available for transfer
      (COS XFR), and if so, the system seizes a local junctor 95. Once a free
      local junctor is found (LOC JCT FREE in D2), the system progresses from
      addressing the trunk junctor and random accessing the local junctor seized
      to set a transfer bit in the memory allocated to the local junctor (block
      D3).
PAR  An initial off-hook status, SO1, is also written then status portion of the
      junctor memory (block D3). The system then determines whether an out bit
      has been set (block D4). The absence or presence of the out bit indicates
      whether the original trunk call that initiated the trunk transfer function
      was an incoming trunk call or outgoing trunk call, respectively.
PAR  If the indication is that the call is an outgoing trunk call (Yes in D4)
      the calling number stored in the ING and ED memory is placed in the ING
      portion of the memory relating to the local junctor and the out bit is set
      (block D5). The PABX station (transferring party) is recognized as the
      calling party in the trunk junctor and it is also the calling party in the
      local junctor effecting the connection of the transferee station.
PAR  If the trunk call was an incoming call (No in D4) the transferring PABX
      station had its number stored in the ED portion of the ING and ED memory
      and therefore, when the transferring PABX station becomes the calling
      party in the local junctor, the transferring party must have its number
      placed in the ING portion of the ING and ED memory associated with the
      local junctor. This is effected by a command: "Take the number stored in
      the ED portion of the buffer and place it in the ING portion of the memory
      associated with the local junctor" (block D6). The system now reverts back
      to the trunk junctor (block D7) and restores the calling number from the
      ING portion of the buffer back in the ING portion of the junctor memory,
      sets the transfer bit (SER TB), and also places a status 47 in the memory
      portion associated with the trunk junctor.
PAR  These functions illustrated in FIG. 7A are implemented by the logic
      circuitry shown in FIG. 8B in which the AND gate 401 combines the
      class-of-service transfer signal COS XFR with the FLX signal to produce a
      request for a local junctor via gates 402, 404. The output signal ALJ,
      which is transmitted to the digit decoder 150 requests the junctor
      allotter to find a local junctor 95 that is free and to seize the free
      local junctor for the transfer function. When the idle local junctor is
      found, the junctor allotter transmits a J FREE signal to an AND gate 406
      which is combined by the gate 406 with the output of the gate 401. A high
      output signal from the gate 406 is the enabling signal for the remainder
      of the sequence illustrated in FIG. 7A. The local junctor 95 is selected
      when an AND gate 411 is enabled by a high output of the gate 406 during
      junctor time slot 11 (JT11) which is transmitted via gate 412. The JS
      output signal transmitted by the gate 411 to the junctor allotter selects
      the local junctor for the forwarding of certain information to be stored
      therein and for further processing.
PAR  Simultaneously, the transfer bit is set via a signal SET TB transmitted via
      a gate 412 and a gate 414 during the same junctor time slot 11. The output
      of the gate 406 and junctor time slot 11 signal enables an AND gate 408
      which transmits a signal SO1 to the status memory, thereby storing an
      initial off-hook status of 1 for the local junctor 95. An AND gate 416 is
      used to test whether an out bit has been set (signifying that an outgoing
      trunk call originated the transfer) and, if it has not, transmits a signal
      ING (B ED) to the control circuits via gates 422, 421 and 417 during the
      junctor time slot 11. If the trunk call was an outgoing call, the gate 418
      is enabled by the output signal from the gate 406 and by the signal OUT
      and transmits a signal ING (B ING) via the gate 421 (which is enabled at
      junctor time slot 11) to the control circuits, thereby storing the calling
      number in the ING portion of the local junctor memory.
PAR  The junctor select signal JS is disabled after junctor time slot 11 and the
      remaining time slots in the junctor period are allocated to the trunk
      junctor. At junctor time slot 14, the transfer bit is set by a signal SET
      TB transmitted via gates 412, 413 and 415. The output signal from the gate
      413 is also inverted by a gate 426 and provides the signal ING (B ING),
      again storing the ING portion of the buffer into the ING portion of the
      ING and ED memory associated with the trunk junctor. Further during the
      junctor time slot 14, a status 47 is stored in the status memory
      associated with the trunk junctor via gate 424 (enabled by gate 406), by a
      signal S47.
PAR  As can be seen in FIG. 7B, the system treats the status 47 (block D8) of
      the trunk junctor as a regulator trunk status hold 14 (block D9) and no
      further circuitry is required to hold the outside calls connected to the
      trunk for transfer. The call now progresses as would a local call, going
      through dialing (statuses 2 and 3) and busy test (status 4) and call
      waiting or ringing.
PAR  FIGS. 7C and 7D illustrate the progress of the system from the ringing
      status 5 to a transfer ring party B, status 23, or to the trunk call in
      progress, status 13. During the ringing from the local junctor 95, the
      transferring PABX party (which is the calling station) has three choices:
      he can wait until the ED party (transferee PABX station) answers and be
      connected as in a local call having status 7, he can hookflash to return
      to the original trunk call, or he may go on-hook and complete the transfer
      operation. If the calling party wishes to progress to a local call in
      progress (status 7), no further circuitry within the transfer circuit is
      required and the call is handled from common circuitry in the PABX system,
      however, the transfer circuit tests for a hookflash or an on-hook during
      ringing status 5 (block D10) by checking if the CB relay is set for the
      calling or called party (blocks D11 and D13). The signals CB PED and CB
      PING (FIG. 8A) indicating that the transferring PABX station has gone
      on-hook. The system then determines whether there was a hookflash (block
      D12) or an actual on-hook signal given (block D14).
PAR  To register an on-hook signal the transferring PABX station must operate
      the CB relay for longer than 2 seconds. If either a hookflash or an
      on-hook signal has occured the system then interrogates the memory to see
      if the transfer bit was set in D15, and if so, makes a hold register
      search for the trunk junctor to which the call will be transferred. If the
      hold register is not busy (block D16), the signal COMP (ING ING+ED)
      compares (block D17) the calling number to all the ING and ED numbers and
      ED numbers in the memory and, when the trunk junctor having the calling
      number is found, the connection to the transferree station will be
      completed. If, during this time, a hookflash (block D18) has occurred and
      the transferring line has a class-of-service operator (COS OP) in D19,
      thereby allowing the line to signal the operator with the hookflash, a
      call waiting flip-flop and a SCR flip-flop are cleared (block D20) to
      allow the transfer function to proceed without involving an attendant. In
      addition, a data zero (DAT 0) signal (block D21) is given to the local
      junctor 95 to clear it of information and thereby release the local
      junctor 95 for subsequent connection.
PAR  The PABX system now requests whether the condition which caused the hold
      register search was initiated during status 5 by transmitting an SO5-H
      signal (block D22) and, if the answer is affirmative, checks whether the
      trunk junctor found during the search has a trunk transfer hold status 47
      by transmitting a signal 47 COMP (block D23). If the trunk junctor has the
      status 47, the system continues to interrogate whether the transfer bit is
      set in the memory of the trunk junctor in D24 (FIG. 7D).
PAR  The logical decision of whether the hookflash of the calling party caused
      the hold register search is now made (block D25) and, if so, (indicating
      the calling party wishes to return to the original trunk call), a final
      on-hook signal (block D26) is tested and the junctor returned to the
      status 13 (block D27). However, if a hookflash did not initiate the hold
      register search, the connection of the trunk party to the transferee
      station is indicated and, therefore, the number contained in the called
      portion of the hold register (the transferee party) is placed in the
      called portion of the trunk junctor memory (block D28) to indicate that
      this call was registered as an incoming trunk call. However, if the
      original call was an outgoing trunk call, the out bit is tested and is
      found (block D30). The CB relay is again tested (block D31) and if the
      called party is still off-hook, the buffer ED (transferee PABX station)
      number is placed in the ING portion of the memory of the trunk junctor
      (block D32). The trunk junctor is given a new status (23) simultaneously
      therewith (block D32). The switching of the numbers stored in the memory
      permits the transferee party tp replace the transferring station in the
      trunk junctor while retaining the indication of an outgoing or incoming
      call. The implementation of these operations begins with the decoding by
      an OR gate 428 of the signal DSO5 (FIG. 8A) transmitted from the status
      decoder 150. The signal DSO5 indicates the local junctor is in a ringing
      status 5 function. The gates 431 and 432 decode the CB PING and CP PED
      signals (indicating whether the calling bridge relay indicates that the
      transferring and transferred stations are on or off-hook) transmitted from
      the timer circuit. The CB PING signal and a two signal (2 SEC) are
      combined (FIG. 8D) in an AND gate 434 and the output of the gate 434 and a
      flash signal (FLASH) define input signals to an OR gate 436. The output
      signal from the gate 436, the class-of-service trunk signal COS TRK and
      the hold register busy signal HBSY define the inputs to an AND gate 438.
      If the hold register is not busy, the gate 438 is enabled and its output
      signal inverted by a gate 441 defines one input signal to an AND gate 442
      which combines the transfer bit signal TB and the status 5 signal SO5.
PAR  The output signal from the gate 442 then provides a signal indicating the
      transfer function should take place and a hold register search started.
      This command is transmitted by the gate 442 as a request to compare the
      calling number with all ING and ED numbers in the junctor memory to find
      the particular trunk junctor that is on hold. The comparison signal, COMP
      (ING ING+ED), is transmitted from the gate 442 via gates 448 and 456. The
      output signal of the gate 442 is also combined in an AND gate 444 with the
      signals class-of-service operator (COS OP) and the signal FLASH (in gates
      445 and 447) to provide an indication that the call waiting flip-flop and
      the SCR flip-flop should be cleared. The CW and SRC flip-flops are cleared
      by the signals CLEAR CWFF and CLEAR SCRFF which are transmitted via gates
      458 and 460, respectively.
PAR  The system now performs a comparison to locate the trunk junctor that is
      holding the transferred party. If there is a transfer bit set, the hold
      register search was begun in status 5, and the trunk junctor found by the
      comparison also contains a status 47 an AND gate 466 (FIG. 8C) is enabled.
      The output signal from the gate 466 decodes the incidence of a signal O12
      from the ING and ED memory (FIG. 8B), which indicates that a transfer bit
      has been set for the trunk junctor. This input is transmitted to the gate
      466 via gates 463 and 465 (FIG. 8B). The remaining input to the gate 466
      which is transmitted via gates 462, 464 and 465 is the coincidence of a
      status SO5-H signal and a 47 COMP signal. This signal then indicates that
      the correct trunk junctor has been found and the transfer function should
      progress further.
PAR  When the hold register search is initiated by a hookflash (indicating that
      the transferring PABX party wishes to go back to the original call), an
      AND gate 477 transmits an output signal to one input of an AND gate 478.
      The AND gate 477 is enabled by the coincidence of the A FLASH-H signal,
      indicating the hold register search was begun with a flash, and the
      enabled output of gate 466. A final on-hook status signal for the calling
      party (FOH-ING-H) is then decoded via gates 485, 479, 478 and 481 and the
      signal is inverted in gate 481 to produce a status 13 signal S13A. The
      status 13A signal is inverted by OR gate 482 (FIG. 8A) and a S13-16 signal
      is transmitted from the gate 482 to the status circuit. The trunk junctor
      is then returned to the original status 13 connecting the transferring
      party to the original trunk caller.
PAR  If, on the other hand, the gate 470 detects that there was no hookflash, a
      gate 468 provides an output signal which is transmitted via gates 472, 474
      and 476 and indicates that the number stored in the ED portion of the hold
      register should be transferred to the ED portion of the ING and ED memory
      relating to the trunk junctor. The call is processed as an incoming trunk
      call and the signal which provides the storage is ED (H-ED), the output
      signal of a gate 476. At the same time the output of the gate 468 is
      combined with a junctor time slot 14 by a gate 483 and the output signal
      (S32-24) to the status circuit produces a storage of the status 23 in the
      trunk junctor.
PAR  If the call is an outgoing call, gates 482 and 484 decode the inversion of
      the out bit with the signals transmitted from gate 468 and the CB relay of
      the called party (CB PING). The gate 484 then produces an output signal,
      ING (B ED), which is a command to store the buffer ED number into the ING
      portion of the ING and ED memory associated with the junctor processing
      the call.
PAR  When the call is in status 23 (block D34 in FIG. 7E), the system proceeds
      to status 5 -- ringing the transferee party from the trunk junctor. The
      ringing is provided as a common feature of the system and no transfer
      circuit control is needed. At the same time the timer is started (block
      D44) and begins to time the duration of the ringing of the transferee
      party.
PAR  When the transferee party answers, and if the call is not an outgoing call
      (in other words it is an incoming trunk call -- block D35), the system
      checks if the transferee party has been off-hook for at least 200
      milliseconds (block D36) and checks whether it is the called party that
      has been off-hook (CB ED in block D37). Since the number of the transferee
      station is now stored in the called position of the junctor memory and the
      trunk junctor is connected, a status 13 is placed in the status circuit
      associated with the particular trunk junctor and the call waiting (CW)
      flip-flop is cleared (block D38). Since the number in the calling position
      of the junctor is no longer required an ING O signal is generated to erase
      the calling number and the call transfer function for an incoming call is
      completed.
PAR  If the transfer is originated during an outgoing call (Yes in block D35),
      the CB relay is checked (block D39) to see if the transferee station has
      been off-hook for 200 milliseconds (block D41) and whether the called
      number in the buffer is stored in the ING portion of the ING and ED
      memory. The trunk junctor now has the called party from the local junctor
      (i.e., the number of the transferee station is stored in the ING portion
      of the memory). The system now waits for the CB PING signal (block D42)
      which indicates the setting of the calling bridge relay of the ING party
      which was recently stored.
PAR  When the CB PING signal is received, the system erases the ED portion of
      memory, stores a status 13 in the status circuit memory and clears the
      call waiting flip-flop (block D43). Alternatively, if the transferee party
      has not answered after 30 seconds, the transferring party is recalled and
      is connected to the trunk junctor. During status 23 the timer is started
      (block D44) and, if the transferee party does not answer after 30 seconds
      (block D45) and the CP display, CW flip-flop and the SRC flip-flop are
      cleared (blocks D46 and D47, respectively). The system then interrogates
      whether the call is incoming or an outgoing trunk call (block D46). If the
      call is an outgoing trunk call, the number in the called portion of the
      memory is returned to zero by erasing the transferee party's number and a
      status 23 (block D50) is stored in the status memory, indicating that a
      transfer busy test is to take place during the next time access of the
      trunk junctor.
PAR  If the call is an incoming trunk call, the answer in D49 is negative and
      the system then checks for the presence of a universal night answer bit
      (block 49) in the digit decoder of the bit is not present, the ING number
      in the memory is zeroed and the buffer ING number is stored into the
      called position of the junctor memory (block D52). A status 25 is also
      placed into the status memory associated with the trunk junctor (block
      D52). The universal night answer feature allows the call to be diverted to
      a night attendant, and if the bit is set (Yes in block D49) the system
      zeroes the ED portion of the memory and stores the buffer ED number into
      the ING portion of the junctor memory and the system progresses to a
      status 5 to ring the universal night attendant (block D51).
PAR  These functions illustrated in FIG. 7E are implemented in logic circuitry
      shown in FIG. 8A. A high output signal from a gate 488 indicates that an
      out bit is present (signal OUT) and the system is in a status 23 (inverted
      in gate 486). The output of the gate 488 is transmitted to a gate 494
      which combines the signal CB PED transmitted via gates 431 and 498 to
      generate a signal X ING (B ED), from a gate 496 that stores the number
      present in the ED portion of the buffer into the ING portion of the
      memory. The system next checks to see if the called party has been
      off-hook for 200 milliseconds in a gate 500 which is enabled by a high
      output from gate 494. The signal 20ms is transmitted via gate 502 and the
      CB PING signal is transmitted via gates 432 and 435 to gate 500 to provide
      this indication. The output signal from gate 500 produces a status 13
      signal (S13-16) by combining signals transmitted via gates 482 and 514
      during JT14 and also clears the ED portion of the memory by a signal EDO
      transmitted via gates 506 and 504. At this time the CW flip-flop is
      cleared by the output signal from the gate 500 which is transmitted via
      gates 513 and 482 producing a signal CLEAR CWFF.
PAR   If the call is an incoming trunk call, the output signal from a gate 512
      (FIG. 8A) indicates that the output bit is not set (detected via gate 492)
      and the system is in status 23 (detected via gate 486). This output signal
      from gate 512 is combined with the 200 millisecond signal, 20ms,
      transmitted from the gate 502 in a gate 510 to detect the coincidence of
      those signals. If the called party is still off-hook (signal CB PED) the
      signals transmitted via gates 431, 508, and 482 enable gates 514 and 513.
PAR  The signal CLEAR CWFF is transmitted from the gate 513 and the status
      signal S13-16 is transmitted from the gate 514 during junctor time slot
      14. The signal ING O, which clears the ING portion of the memory is
      transmitted from a gate 518 (when gates 516 and 508 are enabled), when the
      transferee party answers the call.
PAR  If the transferee party does not answer, the system remains in status 23
      and ringing continues. The system transmits a start timing signal TIM NO
      (FIG. 8D) to the timer via gates 520 and 522 when the S53 signal is
      present. The timer runs for 30 seconds and if the transferee station has
      not answered, transmits a signal 30 SEC via a gate 524.
PAR  The system then clears the CP display by transmitting a signal CP CLEAR via
      gates 526 and 528 which decode the coincidence of the 30 SEC signal and
      the S23 signal. The output signal from the gate 528 also enables gates
      458, 460 and 466 to transmit signals CLEAR CWFF and CLEAR SCRFF,
      respectively, to clear the CW and SRC flip-flops. The transfer busy test
      status 25 is used to recall the transferring party and the system checks
      whether the call is an incoming or outgoing call. If the trunk call is an
      incoming call, a gate 530 is enabled by the 30 SEC and S23ON signals (FIG.
      8A) transmitted via gate 512. If the universal night answer bit is
      present, gates 532 and 534 are enabled.
PAR  A high output signal from the gate 534 enables a gate 536 during junctor
      time slot 14 and permits changing the status of junctor into universal
      night answer status 6. In addition, the high output signal from the gate
      534 is inverted by a gate 538 which produces two signals EDO (which zeros
      the called portion of the junctor memory) and ING (B ED) (which stores the
      ED portion of the buffer into the ING portion of the junctor memory). If
      the unversal night answer bit is not present, a gate 540 is enabled by the
      signal UN NGT and the output signal of the gate 530 and clears the ING
      portion of memory by signal ING O transmitted via a gate 544 during
      junctor time slot 14.
PAR  The output signal from the gate 540 also utilized as a signal A ED I (B
      ING) which stores the number in the ING portion of the buffer into the
      called portion of the junctor memory. Further, when the gate 540 is
      enabled during junctor time slot 14, a gate 548 is enabed via gate 546 to
      generate the status signal 25.
PAR  If, on the other hand, the original call is an outgoing trunk call, the 30
      SEC signal and the S23ON signal (FIG. 8A) enables an AND gate 550 which
      produces an ED OC signal (via a gate 552) for clearing the ED portion of
      memory and generate the status 25 signal S25-26 (via gates 554, 546 and
      548) during junctor time slot 14. This completes the normal logic paths
      for the logic transfer function.
PAR  In the PABX system additional auxiliary paths are provided. For example, as
      a special feature, the system may permit the transferring party to remain
      connected in the call until the transferee party answers and then to go
      into a normal connection with the transferee party. This special feature
      allows the transferring party then to establish a three-way conference by
      a hookflash which places the connected trunk junctor into a three-way
      conference transfer status 37.
PAR  The transition from a status 7, local call in progress, to the three-way
      conference will now be fully explained with reference to FIG. 7G. With the
      system in a status 7, a hookflash by the transferring party causes a hold
      register search (for the trunk junctor which is in trunk transfer hold
      status 47) to be initiated. The system checks to determine that the hold
      register search was started in status 7 (block D59) that the trunk junctor
      found has the transfer bit set (block D60), that the class-of-service
      trunk indication is positive (block D61) or the class-of-service trunk
      consultant COSTT is positive (block D63) and that there is either a 14 or
      47 status stored in the memory associated with the trunk junctor found by
      the comparison (blocks D64 and D62, respectively). The system thereafter
      continues to transfer the call to a three-way conference.
PAR  If a hookflash initiated the hold register search (Yes in block D65), the
      system checks for the presence of an out bit (block D66). An indication
      that the out bit is set (i.e., that the originating call was an outgoing
      trunk call) causes the system to store the number of the ED party of the
      hold register into the Ed portion of the ING and ED memory related to the
      trunk junctor and store status 37 (block D37). Conversely, if the original
      call is an incoming trunk call (No in block D68) the the called party
      number stored in the ED portion of the hold register will be transferred
      to the ING portion of the junctor memory related to the trunk junctor and
      a status 37 stored therewith (block D68). This storage places the
      transferee station number in the position of the junctor memory not
      occupied by the transferring station number. The conference is now
      effected by a connection between the trunk party and the two PABX stations
      via the trunk junctor and closing the two associated crosspoints.
PAR  If the hookflash does not initiate the hold register search, a status 13 is
      placed to a trunk call in progress status which returns the transferee
      party back to the original trunk call. A final on-hook signal from the
      calling party (transferring PABX station) is also searched for and if
      found (Yes in block D70), another check for the presence of the out bit is
      made (block D71). If the call is an outgoing call, the number stored in
      the ED portion of the hold register is then stored into the ING portion of
      the ING and ED memory (block D73) or, alternatively, is stored in the ED
      portion of the ING and ED memory of trunk junctor (block D72) since an
      incoming trunk call is indicated. Thus, if the transferring party goes
      on-hook during the local call in progress status 7, the transferee party
      is connected to the transferred party at the original trunk junctor.
PAR  The functional diagram 7G is implemented by the logic circuitry shown in
      FIG. 8C. An AND gate 556 is enabled by the coincidence of the signals TB
      (indicating the presence of the transfer bit, SO7-H (indicating the hold
      register search was initiated in status 7), COS TRK (indicating that the
      called line has a trunk class-of-service), and 47 COMP transmitted via
      gates 465 and 464 indicating that the trunk junctor is in status 47 at the
      time of comparison. In the event that the 47 COMP signal is not present,
      the gate 556 may also be enabled (via OR gate 464) when an AND gate 558 is
      enabled by the coincidence of signals 14 COMP (indicating a status 14 is
      stored in the trunk junctor memory) and COS TT (indicating a trunk
      consultation class-of-service).
PAR  The output signal from the gate 556 then transmitted to one input of AND
      gate 558 which combines an A FLASH-H signal (transmitted to the other
      input thereof via a gate 470) and the gate 558 when enabled, transmits a
      status 13 signal S13A (via a gate 562) which returns the trunk junctor to
      the trunk call in progress status. The output signal of the gate 558 is
      transmitted via an OR gate 570 to one input of an AND gate 564. If a
      hookflash is present, the signal A FLASH-H, and an out bit (signal OUT)
      are present (via gates 566 and 482) the gate 564 is enabled and transmits
      the status 37 indication (SO4-37 via gates 572 and 544). The output signal
      from the gate 564 is also transmitted via gates 474 and 476 to produce the
      ED (H ED) signal during junctor time slot 15. If the out bit, signal OUT,
      is not set then an AND gate 574 is enabled by the signal transmitted via a
      gate 582 and the two common inputs with the gate 564, and transmits the
      status signal SO4-37 (via gates 572 and 544) during junctor time slot 15.
      The enabled gate 574 also transmits the ING (H ED) signal via gates 576
      and 547.
PAR  A final on-hook signal FOH ING-H, from the calling party is transmitted via
      gates 479 and 481 to one inout of an AND gate 560 which is enabled by the
      output signal from the gate 556. The output signal from the enabled gate
      560 enables AND gates 578 and 580. If there is an out bit present, a gate
      580 transmits an output signal via gates 576 and 547 during junctor time
      slot 15 to produce the signal ING (H ED). If an out bit is not present, a
      gate 578 is enabled and transmits a signal via gates 474 and 476 during
      junctor time slot 15 to produce a signal ED (H ED). This completes the
      transition from status 7 to the status 37 or to the trunk call in progress
      in status 13 for the system.
PAR  The progression from the three-way conference status 37 to status 13 will
      now be more fully described with reference to FIG. 7J. During status 37
      (block D116) the transferring and transferee stations are connected in a
      three-way conference with the trunk party (or transferred station). A
      three-way connection is accomplished by closing the two crosspoints
      associated with the PABX stations along the same path as the trunk junctor
      of the transferred party. The system then checks to see that the
      associated CB relays are set (block D117) and if either station is or
      returns on-hook, the timer is started (block D118) to time whether an
      on-hook signal or a hookflash has been given. If either of these signals
      is detected the status of the junctor changes to a status 13 indicating a
      normal trunk call is in progress (block D121).
PAR  If the signal detected is a hookflash (block D120), a test is made to
      determined if the call is an incoming or outgoing trunk call (block D132)
      and, if the call is outgoing, the ED portion of the memory is zeroed and
      the called number has a lockout set (block D133). If the call is an
      incoming call, then the ING portion of the junctor memory is zeroed and
      the ING lockout is set (block D134). After the transferring station
      hookflashes for the second time, the trunk call returns back to status 13
      and the lockouts are required to prevent the party (transferee station)
      that is dropped from the conference from interfering. If the transferring
      party returns on-hook, however, (block D119) and the system detects that
      the on-hook condition has existed for more than two seconds, then the out
      bit is tested (block D123) to determine whether an incoming trunk call or
      an outgoing trunk call is present. If the call is an incoming call and the
      called party went on-hook (block D128), the ING portion of the memory is
      zeroed and the information in the ING portion of the buffer stored in the
      ED portion of the memory (block D129). However, if the calling party
      returns on-hook (block D130) the ING portion of the memory is zeroed
      (block D131).
PAR  On the other hand, if the call is an outgoing trunk call and the called
      party has gone on-hook (block D125), the ED portion of the memory is
      zeroed (block D126). If the calling party returns on-hook (block D127),
      the ED portion of the memory is zeroed and the ED portion of the buffer is
      stored in the ING portion of the memory. This action replaces the number
      of the transferring station with the number of the transferee station and
      erases the portion of memory in the trunk junctor when the transferring
      station releases. If the transferee station releases, the junctor memory
      is erased where that number is stored.
PAR  These functions illustrated in FIG. 7J are implemented by the logic
      circuitry shown in FIGS. 8A and 8D. The signals CB PED and CB PING are
      transmitted via an OR gate 586 to one input of an AND gate 580 which is
      enabled by the status 37 signal S37. The output signal of the gate 580 is
      transmitted via a gate 520 (signal TIM NO) and starts the timer. The timer
      then times the duration of the on-hook signal, and generates either a
      FLASH or a TWO SEC signal (FIG. 8A) and the out bit is then tested.
PAR  When a 2 second signal (2SEC) is transmitted via a gate 594 (FIG. 8A), an
      AND gate 592 is enabled by the DS37 signal transmitted via a gate 596. The
      out bit (transmitted via gate 492) enables an AND gate 598 and the output
      signal from the gate 598 enables gates 600 and 602. The gate 600 generates
      a signal via a gate 518 (ING O) which zeroes the ING portion of the memory
      if the CB PING signal (transmitted via gates 435 and 432) is not present.
      If the CB PED signal (transmitted via gates 434 and 498) is not present,
      the gate 602 is enabled and transmits the ING O signal via gates 516 and
      518. The output signal from the gate 602 is transmitted (via a gate 604)
      to one input of an AND gate 606 which is enabled during junctor time slot
      11 and generates the signal ED (B ING). This completes the junctor memory
      for the incoming trunk call when one party of the three-way conference
      call goes on-hook.
PAR  As explained before, the gate 592 is enabled by the coincidence of the
      status 37 signal and an indication that one of the CB relays has remained
      on-hook more than two seconds. If the presence of an out bit is detected
      (via gates 490 and 492) and the gate 592 is enabled, an AND gate 608 is
      enabled and transmits an enabling signal to one input of each of gates 610
      and 612. If no CB PING signal is present the gate 610 transmits (via gates
      614, 616 and 606) an output signal to an AND gate 504 which is enabled
      during junctor time slot 15 has an output signal ED O. In addition, when
      the gate 610 is enabled, a signal X ING (B ED) is transmitted via gates
      496 and 614. If no CB PED signal is present, an AND gate 612 is enabled
      and transmits an output signal via gates 616 and 506 to the gate 616 which
      is enabled during junctor time slot 15 and has the output signal ED O.
      This sequence results in the storage of the station numbers for an
      outgoing trunk call when one party to the three-way conference goes
      on-hook.
PAR  The output of the gate 592 is also transmitted via gates 617 and 482 to one
      input of the AND gate 514 which is enabled during junctor time slot 14 and
      has an output status 13 signal, S13-16.
PAR  If, however, the time indicates a hookflash occurred during status 37, the
      signals S37 and FLASH enable an AND gate 618 (FIG. 8C) and the output
      signal from the gate 618 is transmitted to one input each of AND gates 620
      and 622. The gate 620 is enabled by the out bit signal OUT and, during
      junctor time slot 8, an AND gate 624 is enabled and transmits the lockout
      signal X SET via gate 626. The output signal (EDOA) from the gate 620 is
      also transmitted directly to the circuitry in FIG. 8A which zeroes the
      called portion of the junctor memory during the time slot 15. If no out
      bit is present, the output signal from the gate 482 enables the gate 622
      which transmits a signal ING O C (to an OR gate 541 in FIG. 8D) to zero
      the ING portion of the memory. The output signal from the gate 622 enables
      an AND gate 628 during junctor time slot 11 and the X SET signal is
      transmitted via a gate 626.
PAR  The progression of the system from the ring party A status 26 to either the
      recall busy test status 18 or back to the original trunk call (status 13)
      will now be more fully explained by reference to FIG. 7L.
PAR  In status 26 the system rings the transferring PABX station (block D145)
      and sets the time at the start of the status indication (block D146). If
      the transferring party does not answer within 30 seconds (block D148) the
      system receives a 30 SEC command to place the operator's number in the
      called portion of the junctor memory, to zero the ING portion of the
      junctor memory, and to place a status 18 in the status portion of the
      junctor memory (block D143). This permits the system to connect to the
      attendant if the transferring station does not answer.
PAR  If the transferring station does not answer, the timer waits until the CB
      relay has been set more than 200 milliseconds (block D147), thereby
      ignoring any false off-hook signals. The CB relay and outgoing trunk call
      bit are logically combined to indicate a match in blocks D150, D151 and
      D152. The CB PING signal, which indicates the calling line is off-hook,
      should be set if the out bit is present. CB PED signal, which indicates
      the called line is off-hook, should be set if the out bit is not present.
      When the correct match has been verified, the system progresses to the
      trunk call in progress status 13 (block D153). The functional diagram 7L
      is implemented by the logic circuitry shown in FIG. 8D.
PAR  The status signal S26 is transmitted via gates 522 and 520 to start the
      timer with the command TIM NO. A gate 630 (FIG. 8B) is enabled by the
      coincidence of the S26 signal and the reply from the timer, 30 SEC, which
      indicates the transferring PABX station has been answered in the time
      alotted. The enabled gate 630 transmits a clear the ING portion of memory
      signal (ING O E), a store status 18 signal (S18) via gates 532 and 636
      during junctor time slot 14, and a store the operator's number (OP NO) via
      gates 634 and 632 during junctor time slot 15.
PAR  If the transferring PABX station answers, a gate 638 (FIG. 8A) is enabled
      by the coincidence of a status 26 signal, S26, transmitted via a gate 637
      and of the timer's indication of an off-hook signal, 200ms, transmitted
      via a gate 502. The output signal from the gate 638 and the CB relay
      off-hook indicating signals CB PING (transmitted via gates 432 and 435),
      CB PED (transmitted via gates 430 and 498), respectively, are combined in
      gates 640 and 642, respectively, with the outgoing trunk call bit signal
      OUT (transmitted via gates 490 and 492, respectively). The coincidence of
      the out bit and the CB PING signal enables the gate 640 which transmits a
      status 13 signal, S13-16, via gates 514 and 582 to the status portion of
      the junctor memory. The coincidence of the CB PED signal and the absence
      of the out bit enables the gate 642 which transmits the status 13 signal
      S13-16 via gates 482 and 514.
PAR  During the call waiting status 10 the transferring PABX station may
      hookflash or initiate an on-hook signal to indicate the original trunk
      call should be re-established and the local junctor released. The
      progression of the system from call waiting status 10 to trunk call in
      progress 13 is illustrated in functional diagram 7I. If the system is in
      status 10 than the trunk bit is set (blocks D103 and D104). The system
      checks to see if the class-of-service trunk is available and, if not,
      tests (block D105) the timer indication for an on-hook or flash signal.
      The check for the on-hook relay is to see of the CB PING relay is set
      (block D106) and, if so, if set for 2 seconds (block D107). Upon finding
      the on-hook or flash indication (block D108) a hold register search is
      begun by the system for the trunk junctor connected to the original call
      (block D109).
PAR  During the hold register search the system compares the calling number with
      the ING and ED numbers in the entire junctor memory (block D111). At this
      time, the call waiting flip-flop is cleared and the status O stored in the
      local junctor to release the local junctor (block D116). Once the hold
      register search is completer, the system initiates an indication whether
      the final on-hook signal from the calling station or a flash began the
      hold register search (block D112). Next the system checks (block D113)
      whether there was a status 47 in the trunk junctor during the preceding
      comparison and whether the hold register search was begun during the
      status 10 (block D114). If all these indications are positive, the status
      13 is stored in the status portion of the junctor memory and the system
      proceeds to a trunk call in progress status 13 (block D115).
PAR  This functional diagram 7I, is implemented by the logic shown in FIG. 8D.
      The coincidence of the class-of-service trunk signal COS TRK transmitted
      via a gate 443, of the hold register busy signal HBSY transmitted via
      gates 435 and 437, of the flash signal transmitted via a gate 436 and of
      the 2 second, 2 SEC, and CB PING signals transmitted via gates 434 and 436
      and enables an AND gate 438. The output signal from the gate 438 initiates
      a command to compare the ING with the ING and ED numbers in memory by the
      gates 456, 448 and 650 when an enabling signal for status 10, DS10, is
      presented at gate 650. The comparison signal COMP (ING ING+ED) initiates
      the hold register search for the trunk junctor of the original trunk call.
PAR  The output signal from the gate 650 is transmitted via gate 450 to an AND
      gate 452 which is enabled and transmits a DAT O signal which signals the
      timer to clear the local junctor during junctor time slots 14 and 15. In
      addition, the enabled gate 650 generates a clearing signal to the call
      waiting flip-flop which is transmitted via gates 446 and 558.
PAR  Once the comparison in the hold register has been made, the AND gate 652
      (FIG. 8A) receives and is enabled by the signals 47 COMP (indicating a 47
      was found in the trunk junctor where the comparison was made), the S10-H
      signal (indicating the hold register search was begun in a status 10
      condition), and the output signal from the gate 645 (which indicates the
      hold register search was begun with a final on-hook signal or a hookflash
      from the calling party). The output signal from the gate 652 is
      transmitted via gate 482 and enables gate 514 which generates the status
      signal S13-16 during junctor time slot 14.
PAR  The progression of the system from a transfer busy test 25 to a re-ring
      party "A" status 26 or to a recall busy test status 18 will now be more
      fully described with reference to FIG. 7K.
PAR  From the transfer busy test status 25 (block D125 in FIG. 7K) the system
      writes the calling number from the buffer into the ING portion of the
      junctor memory and sets the transfer bit (block D136). A hold register
      search is begun (block D137) to determine if the register is idle and the
      system checks to determine if the call is an incoming or an outgoing trunk
      call (block D138).
PAR  The system searches the ING and ED numbers in memory for a comparison with
      the calling number (if the transfer call was an initiating outgoing trunk
      call -- block D140) or with the called number (if the transfer call was an
      initiating incoming trunk call -- block D139). When the search has ended
      (block D141) and the system has found a comparison (block D142), the
      operator number is placed in the ED portion of the junctor memory, the ING
      portion is zeroed, and the status changed to recall busy test 18 (block
      D143). This sequence provides for calling the attendant if the
      transferring station is busy when the transfer busy test is performed. If
      the transferring station is idle (no comparison in block D142) the re-ring
      party A status 26 (block D144) is placed in the status portion of the
      junctor memory to re-call the transferring station.
PAR  The sequence of events illustrated in FIG. 7K is implemented by the logic
      circuitry shown in FIG. 8B. An OR gate 694 decodes the status signal DS25
      and transmits via gates 415, 413 and 426 the memory command, ING (B ING),
      to store the calling portion of the buffer in the ING portion of memory.
      The output signal from the gate 413 is transmitted via an OR gate 409 as a
      signal SET TB which sets the transfer bit. The preceding sequence prepared
      the system for a busy test. Referring now to FIG. 8D an AND gate 659 is
      enabled by the coincidence of the signal HBSY (transmitted via gates 435
      and 437) and a signal S25 which indicates that the transferring number can
      be searched for since the hold register is not busy. If an out bit is
      present an AND gate 663 is enabled by the output signal from the gate 659.
      Alternatively, if the call was an incoming trunk call an AND gate 661 is
      enabled by the output signal from th gate 659 and the signal A OUT
      transmitted from the gate 482 (FIG. 8C). The output signal from the gate
      661 and the output signal from the gate 663 (transmitted via the gates 448
      and 456), respectively, are the comparison commands COMP (ED-ING+ED) and
      COMP (ING-ING+ED) to the hold register.
PAR  When the search has ended, a signal END SEARCH transmitted from the hold
      register enables an AND gate 698 (FIG. 8B). The output signal from the
      gate 698 transmitted to one input of each of AND gates 702 and 700. If a
      comparison is found, the gate 700 is enabled by the comparison signal,
      COMP-H, transmitted via a gate 696. The output signal from the gate 700 is
      transmitted as the signal ING O E which zeroes the ING portion of memory.
      The same output signal is transmitted via gates 632 and 634 as the signal
      ED (OP NO) which initiates storage of the operator's number during junctor
      time slot 15, and is transmitted gates 632 and 636 as the signal S18 which
      initiates storage of the status signal during junctor time slot 14.
PAR  If no comparison is made, an AND gate 702 is enabled and generates the
      status signal AS26 during junctor time slot 15.
PAR  The progression from the dial status 2 or 3 to the busy tone status 11 and
      either to the trunk call in progress status 13 or to the transfer busy
      status 25 will now be more fully explained with reference to the
      functional diagrams 7F and 7H.
PAR  The system checks for the MTB bit (block D52 in FIG. 7F) the presence of
      which indicates a local transfer and, if the MTB bit is not set, checks
      for the status 2 indication (block D54) and for the transfer bit
      indication (block D55). The system then checks if the 2 second or
      hookflash indication is set (block D56), which indicates that the
      transferring party has gone on-hook or hookflashed. If either indication
      is present a hold register search is initiated (block D57), since the
      transferring party is indicating that the original call should be
      re-established. If the hold register is not busy, the ING number is
      compared to all ING and ED numbers in the junctor memory to find the trunk
      junctor connected to the original trunk caller (block D58).
PAR  Referring now to FIG. 7H, the system is tested for a status 2 (block D75),
      for the presence of a transfer bit (block D91) and for an indication that
      the hold register has ended its search (block D92). If three checks are
      positive, the system transmits the data O signal (block D93) to release
      the local junctor. In addition, the indication that the hold register
      search was started in status 2 results in a second loop of sequences which
      will be more fully described with respect to status 11.
PAR  In status 11, as in status 2, when the transferring station goes on-hook or
      hookflashes a comparison is made between the ING number and the ING and ED
      numbers in memory in a search for the original trunk junctor. The presence
      of the CB PING signal indicates that the calling party is on-hook (block
      D94) and if a transfer class-of-service is detected (block D95) the system
      checks for a 2 second signal, which indicates that the party has actually
      gone on-hook (block D96). An OPS class-of-service for (block D97) and the
      presence of the transfer bit checked (block D99). If the transferring
      party has hookflashed, the flash signal is detected (block D98) and the
      transfer bit checked (block D99). A hold register search is initiated if
      the hold register is not busy (block D100) and a comparison made between
      the ING number and the ING and ED numbers (block D102). The OPS
      class-of-service again is checked (block D89) and if a status 11 is
      detected (block D90), the system generates a DAT O signal (data O)
      indicating that the local junctor should be released.
PAR  When the system detects the status 2 hold or the status 11 signals (block
      D76) the sequence along the lower loop in FIG. 7H. If a hookflash
      initiated the hold register search (block D84) and a 47 comparison of the
      trunk junctor occured (block D86), the system proceeds to a status 13
      (block D88). The system also proceeds to status 13 is the trunk
      consultation class-of-service is detected (block D85) and a 14 comparison
      has occurred (block D87). However, if the status starting the hold
      register search was a 2 (block D77), there was no OPS class-of-service
      (block D78) and the calling party has gone on-hook (as indicated by the 2
      second signal in block D79) starting the hold register search, and a 47
      comparison has occurred in the trunk junctor (block D80), the system
      progresses to status 25 (block D83). From block D79, the system may also
      progress to status 25 by checking for the presence of the trunk
      consulation signal COS TT (block D81) and for the presence of a 14 COMP
      signal (block D82).
PAR  The preceding progressions of the system will now be more fully explained
      with reference to FIG. 8D. An AND gate 658 is enabled by the coincidence
      of the MTB signal and the transfer bit signal TB and transmits an output
      to one input of the gate 660. When the status signal DS02 (indicating
      status 2 and transmitted via a gate 656), the 2 second or the hookflash
      signals (transmitted via a gate 436) are present, the gate 660 is enabled
      by the hold register not busy signal HBSY (transmitted via gates 435 and
      437). The output signals from the gate 660 then transmits the comparison
      signal COMP (ING ING+ED) to the register via gates 448 and 456.
PAR  When a comparison is made, the class-of-service OPS signal and the 2CB
      signal enable an AND gate 662 (FIG. 8C) which transmits an output signal
      via a gate 664 to one input of an AND gate 666. The 2CB signal is a
      combination of the CB PING signal and the 2SEC signal (see FIG. 8D).
      Alternatively, the one input of the AND gate 666 may be enabled by the
      signal FLASH transmitted via a gate 670. The gate 666 is enabled by the
      status signal DS11. An AND gate 668 then decodes the coincidence of these
      signals, along with the hold register busy signal HBSY, the
      class-of-service TRK signal and the transfer bit TB signal, is enabled and
      transmits the comparison signal COMP (I I+E). This comparison signal
      transmitted via gates 448 and 456 (FIG. 8D) produces the comparison signal
      COMP (ING ING+ED).
PAR  Once the comaprison signal has been generated either in status 11 or in
      status 2, the data O signal is transmitted (via the gate 452 in FIG. 8D)
      to the local register. The otput signal from the gate 452 is enabled
      during junctor time slots 14 and 15 by the output of gate 454 and the
      signal A DATO transmitted via the gate 451 and a DATA O signal. The A DATO
      signal is the output signal from an AND gate 672 which is enabled by the
      signals DS11 or DS2 (transmitted via the gate 674). The END SEARCH signal
      and the O12 signal (which is the transfer bit). For the other path the
      status 2 or status 11 signal S211-H and the 14-47 COMP signal enabled an
      AND gate which transmits an output to one input each of AND gates 676 and
      688. The gate 676 is enabled by the two second Hold signal, 2SEC-H
      (transmitted via gate 680) and the output signal from the enabled gate
      682. The gate 682 is enabled either by a class-of-service OPS signal COS
      OPS (transmitted via a gate 686) or by the indication that the hold
      register search was started in status 2, SO2-H (transmitted via a gate
      684).
PAR  The output signal from the gate 676 is the signal AS25 which is transmitted
      via gates 690, 544, 546 and 548 (FIG. 8D) and produces a status 25, 26
      signal S25-26 during junctor time slot 14. The gate 688 is enabled by the
      FLASH-H signal and transmits via gates 582 and 514 the status 13-16
      signal.
PAR  While a preferred embodiment of the present invention has been illustrated,
      it will be apparent to those skilled in the art to which the invention
      pertains that various changes and modifications may be made without
      departing from the spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a private automatic branch exchange having a solid state switching
      matrix for connecting local calling stations to local called stations and
      connecting local stations to incoming and outgoing trunk parties
      therethrough and a common control for effecting said connections by
      individual ones of a plurality of local and trunk junctors, having a
      memory associated with said local and trunk junctors, a trunk transfer
      circuit comprising:
PA1  holding circuit means, responsive to a trunk transfer indication from a
      transferring local station connected to a trunk transfer party by one of
      said trunk junctors, for placing the trunk transfer party in a holding
      status;
PA1  forwarding circuit means, responsive to said trunk transfer indication, for
      forwarding said transferring station to one of said local junctors while
      said transfer party is in said holding status;
PA1  signaling circuit means, directed by said transferring station connected to
      said one local junctor for signaling a local transferee station of an
      impending trunk transfer; and
PA1  first connecting circuit means, responsive to an answering signal by said
      local transferee station, for effecting a connection between said trunk
      transfer party and said transferee station.
NUM  2.
PAR  2. A trunk transfer circuit as defined in claim 1 wherein said signaling
      means includes means for connecting said transferring station to said
      transferee station by the local junctor.
NUM  3.
PAR  3. A trunk transfer circuit as defined in claim 2 wherein said first
      connecting circuit means includes means for effecting a three-way
      conference between said trunk transfer party, said transferring station
      and said transferee station.
NUM  4.
PAR  4. A trunk transfer circuit as defined in claim 3 wherein said signaling
      circuit means includes reconnection circuit means, responsive to a signal
      recieved from said transferring station, for re-establishing the original
      trunk call.
NUM  5.
PAR  5. A trunk transfer circuit as defined in claim 4 including first recall
      circuit means responsive to a busy signal received from said transferee
      station for recalling said transferring station.
NUM  6.
PAR  6. A trunk transfer circuit as defined in claim 5 including second recall
      circuit means responsive to receipt of a signal indicating the absence of
      said answering signal from said transferee station for recalling the
      transferring station.
NUM  7.
PAR  7. A trunk transfer circuit as defined in claim 6 including first diverting
      circuit means, responsive to receipt of a busy signal from said
      transferring station during the operation of said first recall circuit
      means, for diverting the trunk transfer party to a predetermined alternate
      station.
NUM  8.
PAR  8. A trunk transfer circuit as defined in claim 7 including second
      diverting circuit means, responsive to receipt of a signal indicating the
      absence of an answer by said transferring station during the operation of
      said second recall circuit means, for diverting the trunk transfer party
      to another predetermined station.
NUM  9.
PAR  9. A trunk transfer circuit as defined in claim 8 wherein both said first
      and second diverting means include means for diverting the trunk transfer
      party to an attendant position.
NUM  10.
PAR  10. A private automatic branch exchange (PABX) having a solid state
      switching matrix with line appearances on one co-ordinate side of the
      matrix and junctor appearances on the other co-ordinate side of the matrix
      wherein the connection of line appearances for local calls occurs by the
      closing of an associated cross-point for each line appearance and for a
      local junctor and the connection of line appearances to trunks occurs by
      the closing of an associated crosspoint for each line appearance and for a
      trunk junctor, said exchange includinig a common control, time accessed by
      each junctor for effecting said connections by a progression of functional
      status indication wherein each junctor has a corresponding memory
      including storage for said status indications and the identities of the
      line appearances for the calling and called parties connected
      therethrough; said exchange being characterized by a trunk transfer
      circuit comprising:
PA1  holding circuit means, responsive to a transfer indication from a
      transferring station of a line appearance connected to a trunk transfer
      party by one of said trunk junctors, for effecting the progression of the
      connecting junctor status from a trunk call in progress status to a
      transfer holding status;
PA1  forwarding circuit means responsive to said transfer indication, for
      forwarding said transferring station to one of said local junctors while
      said trunk transfer party is in said transfer holding status;
PA1  signaling circuit means, directed by said transferring station connected to
      said local junctor, for signaling a transferee station of an impending
      transfer; and
PA1  connecting circuit means, responsive to an answering signal received from
      said transferee station, for effecting a connection between said trunk
      transfer party and said transferee station.
NUM  11.
PAR  11. A PABX as defined in claim 10 wherein said forwarding circuit means
      includes:
PA1  first means for directing the common control to search for a free local
      junctor;
PA1  means for decoding from the common control that a local junctor is free;
PA1  second means for directing the common control to seize said free local
      junctor;
PA1  means for effecting the progress of said free local junctor from a free
      station to an initial off-hook status; and
PA1  means for storing the identity of the transferring station into the junctor
      memory associated with said free local junctor.
NUM  12.
PAR  12. A PABX as defined in claim 11 wherein said means for effecting an
      initial off-hook status includes means for storing a transfer function
      indication in said junctor memory associated with said free local junctor.
NUM  13.
PAR  13. A PABX as defined in claim 12 wherein said means for storing includes
      first storing means for storing a station identity located in the called
      portion of said memory associated with said trunk junctor into the calling
      portion of said memory associated with local junctor in the absence of an
      indication of an outgoing trunk call.
NUM  14.
PAR  14. A PABX as defined in claim 13 wherein said means for storing includes
      second storing means for storing the station identity located in the
      calling portion of said memory associated with said trunk junctor into the
      called portion of said memory associated with said local junctor is an
      indication of an outgoing trunk call is present.
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ABST
PAL  A circuit for disabling, or shutting down, the transmitter of a mobile
      telephone unit when the unit is not connected to another party is
      disclosed. When such a "wild" mobile is sensed, a sequence of idle and
      seize audio tones are sent and transitions therebetween are counted. When
      a specific number of counts are counted a disable signal is developed. The
      counter is continually reset and does not count when the handset is on
      hook. When the handset is off hook and the mobile is talking to a party
      voice falsing of the counter is prevented by a timer circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention is automatic mobile telephone systems.
PAR  Automatic mobile telephone systems comprise a base stations and one or more
      mobile units each of which is provided with a radio receiver and a
      transmitter in addition to the necessary telephone equipment for ringing,
      connecting, disconnecting, etc.
PAR  In any one area of operation there are a limited number of channels
      available. Accordingly, it is essential that the channels be used
      effectively and efficiently in order that the maximum number of telephone
      conversations between parties can be carried on. For a mobile unit to have
      its receiver (handset) off hook when the unit is not actually talking to
      some other parties either mobile or otherwise, is essentially intolerable.
      Such a mobile unit is termed a wild mobile because its transmitter is
      sending the carrier frequency of that channel when the mobile unit is not
      actually talking to another party. That channel, or frequency, is being
      denied to some other mobile subscriber.
PAR  It is known in the art to shut off such wild mobile transmitters by having
      the base station sense, at intervals, when a mobile unit is wild and
      sending a disable, or shut off, signal. In the prior art, the disable
      signal has comprised an alternating sequence of 2,000 Hz and 1,800 Hz
      tones for a long period of time, for example, 30 seconds. The timing means
      sensed the length of time that the alternating tones, which may be the
      idle and seize tones, were received, and in response to the length of
      time, turned off or disabled the mobiles transmitter. Such a circuit while
      functioning reasonably well is subject to error because the timing circuit
      is subject to variations of its own. And in addition other tolerances in
      the apparatus make for a variable time, such for example, as temperature
      variations, voltage variations, humidity variations and aging
      characteristics of electronic components. The length of time necessary to
      be certain that the mobile is appropriately disabled ties up the channel
      for a needlessly long period of time.
PAR  Accordingly it is an object of the invention to provide a wild mobile
      disabling circuit which obviates the disadvantages of the prior art
      schemes.
PAR  It is a further object of the invention to provide an improved wild mobile
      disabling circuit of the nature indicated which shuts down the transmitter
      precisely, effectively and without being dependent upon the other
      variables in the system.
PAR  It is a further object of the invention to provide an improved wild mobile
      disabling circuit which utilizes faster signalling and may function to
      shut down the wild mobile in as short a period of time as the base station
      which sends the disable signal is able to send it. Thus there is no tieing
      up of a channel beyond what is necessary to shut down the wild mobiles
      transmitter.
PAR  According to the invention the improved wild mobile disabling circuit has
      no tolerance problems, is more reliable than known systems and has a
      faster shut down capability.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out the invention according to one form there is provided in a
      mobile telephone system including a mobile unit having a transmitter, a
      receiver and a handset having on hook and off hook positions and a base
      station for communication with the mobile receiver and transmitter, means
      for disabling the mobile transmitter when said transmitter is transmitting
      its carrier but is not connected to another party comprising: means for
      receiving a sequence of pulses of audio frequencies, means for counting
      the number of said pulses, means responsive to the count of a
      predetermined number of said pulses for shutting off said transmitter when
      said handset is non-functionally in its off hook position, means for
      inactivating said responsive means when said handset is in its on hook
      position, and means for preventing false operation of said responsive
      means by voice signals when said handset is in its functionally off hook
      position.
PAR  In carrying out the invention according to another form there is provided a
      receiver including a handset having on hook and off hook positions for a
      mobile telephone system including a mobile transmitter comprising: means
      for receiving a sequence of alternating pulses of two different audio
      frequencies, said pulses having a predetermined time duration, means for
      converting said pulses of audio frequencies into an alternating series of
      essentially squarewave pulses of said predetermined duration, means for
      converting concurrent or near concurrent transitions between high and low
      states of said squarewave pulses of both frequencies to count pulses, one
      for each such concurrent or near concurrent transition, means for counting
      the number of said count pulses, means responsive to the count of a
      predetermined number of said count pulses for shutting off said mobile
      transmitter when said handset is non-functionally in its off hook
      position, means for inactivating said responsive means when said handset
      is in its on hook position, and means for preventing false operation of
      said responsive means by voice signals when said handset is in its
      functionally off hook position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the invention reference should be had
      to the drawings in which:
PAR  FIG. 1 is a block diagram illustrating an overall mobile telephone system
      in which the invention is used;
PAR  FIG. 2 is a block diagram of the components needed in a circuit according
      to the invention; and
PAR  FIG. 3 is a circuit diagram of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings there is shown in FIG. 1 a mobile telephone
      system 10 as may be mounted in a vehicle, for example, an automobile,
      truck, or the like. The system 10 may comprise the usual telephone set 11,
      a transmitter 12, a receiver 13, a supervisory unit 14, a diplexer 15 and
      an antenna 16 all of which are interconnected as shown diagrammatically
      and as is well understood in the art.
PAR  The diplexer 15 serves to direct the signals from transmitter 12 to the
      antenna 16 when the unit is transmitting and serves to direct the incoming
      signals from antenna 16 to the receiver 15 when the unit is receiving. The
      receiver 13 amplifies, detects and otherwise treats the incoming signals
      as is well understood and transmits the detected signals to the
      supervisory unit 14 for further processing and directing to the
      appropriate components. Similarily the supervisory unit 14 processes the
      signals as may be generated from the handset 11 when the mobile unit is
      talking to another party, directs the signals to the transmitter from
      which the modulated signal is directed to the diplexer and antenna 16.
      Within the supervisory unit 14 there is shown in dotted lines the disable
      circuit 17 with which the subject invention is more particularly
      concerned.
PAR  The set 11 may comprise a base or cradle 18 and a handset 19 (microphone
      and speaker) arranged to operate a hook switch shown diagrammatically as a
      switch 21. In FIGS. 1 and 3 the handset 19, shown resting in the cradle 18
      (on hook), actuates the switch arm 21 into contact with terminal 22 which,
      as may be seen in FIG. 3, is connected through the mobile plug 23 to
      ground 24. When the handset 19 is removed from the cradle, (off hook), the
      switch 21, commonly and conveniently referred to as the hook switch,
      engages the terminal 22 which is connected to a source of voltage 24 (A-).
      When the handset 19 is off hook, the transmitter 12 is energized as is
      well understood and sends its modulated signal to the antenna 16.
      Correspondingly when the handset is on hook the transmitter 12 should be
      deenergized and the channel made available to another subscriber. The wild
      mobile situation occurs when the handset 19 or similar device is not
      placed in the cradle, or is not placed there correctly, so that the hook
      switch 21 remains open (in talk or off hook condition.) That is to say the
      switch 21 remains connected to terminal 22 thereby permitting the
      transmitter to remain energized and transmitting its carrier frequency
      even though the subscriber is not connected to another party for talking
      purposes it may be termed that the handset is non-functionally in its off
      hook position. This is the situation which must be prevented and is
      prevented by the subject invention.
PAR  According to the invention when it is necessary to disable a wild mobile an
      alternating sequence of 2,000 Hz and 1,800 Hz tones or signal pulses of
      predetermined duration is sent from the base station. When a particular
      number of tone pulses have been sent, for example one hundred and twenty a
      shut off, or disable, signal is developed. These signal pulses are picked
      up by antenna 16 and through the diplexer are sent to the receiver 13,
      these tones being shown in FIG. 1 by the reference characters 27 and 28.
      After amplification in the receiver 13 the signals 27 and 28 are
      transmitted to the supervisory unit or board 14 for detection by the
      detectors 29 and 31. If desired, the detectors 29 and 31 might be part of
      the receiver rather than as part of the supervisory unit. In any event
      after detection by the detectors 29 and 31 respectively the 2,000 Hz
      signal becomes a series of squarewave pulses 32 and the 1,800 Hz signal
      becomes a series of squarewave pulses 33. The pulses 32 and 33 alternating
      with each other as may be seen by the dotted line 34. The 2,000 Hz tone is
      the usual idle tone signal and the 1,800 Hz tone is the usual seize tone
      signal of well known mobile telephone apparatus.
PAR  While pulses 32 and 33 are shown as being squarewaves, this is typical.
      Other shapes may be used. The term square is used to contemplate all such
      appropriate shapes. The 2,000 Hz squarewave pulses 32 and the 1,800 Hz
      squarewave pulses 33 are transmitted, respectively, over conductors 35 and
      36 to the transition detector 37 of the wild mobile disable board or unit
      17. The transition detector 37 develops squarewave pulses 38 which are
      transmitted over conductor 39 to counter 41, for example, a seven stage
      binary counter. The wild mobile disable board 17 includes a counter reset
      timer 42, a hook switch control component 43, NAND gate 44 and a transmit
      control circuit 45 from the latter of which the disable signal to the
      transmitter is sent over conductor 46 in the supervisory board.
PAR  The terms wild mobile disable board and supervisory board are used to
      define these units because in the construction thereof the various
      component units may be mounted on circuit boards.
PAR  The transition detector 37 develops a pulse 38 at each concurrent
      transition from squarewave pulse 32 to squarewave pulse 33 and vice versa.
      Transition concurrently at conductors 35 and 36 means that the signal on
      35 goes high to low while at the same time, or nearly so, the signal on 36
      goes from low to high, and vice versa. When a specific number of pulses
      38, for example 120, each of which may be 25 milliseconds in length has
      been transmitted to counter and counted therein the counter develops a
      signal which is transmitted over conductor 47 to the transmit control
      circuit 45. The transmit control circuit 45 develops a signal which is
      transmitted over conductor 46 to turn off, or shut down, the transmitter
      12. The number of counts necessary to produce this result is specific and
      does not depend upon any of the usual variable factors within the
      station's apparatus.
PAR  The hook switch control circuit 43 insures, as will be more fully
      described, that the counter 41 is continually reset, that is it never
      counts, when the hook switch is "closed" that is connected to A+ when the
      mobile unit is not in use. The counter reset timer 42 operates as will
      become clear to prevent false operation of the wild mobile disable circuit
      because of 2,000 Hz and 1,800 Hz components in the voice of the user.
PAR  Referring to FIG. 3 it will be seen that the NAND gates 48, 49, 51 and 52
      interconnected as shown form the transition detector 37. Each of the NAND
      gates 48-52 functions according to the well known truth table as follows
      where X and Y are the logic states of the input signals to the gates and Z
      is the logic state of the resultant output signal:
TBL  X           Y              Z                                              
     ______________________________________                                    
     1           1              0                                              
     0           1              1                                              
     1           0              1                                              
     0           0              1                                              
     ______________________________________                                    
PAL  With the NAND gates 48-52 functioning according to the truth table as
      shown, the truth table for the transition detector is as follows where the
      inputs 35 and 36 are the logic states of the idle and seize signals on
      conductors 35 and 36 and the output 38 is the logic state of the pulse 38.
      Only two conditions are shown for inputs 35 and 36 because the principle
      changes from high to low involved in the invention take place concurrently
      or nearly so:
TBL  Input 35    Input 36       Input 38                                       
     ______________________________________                                    
     0           1              0                                              
     1           0              1                                              
     ______________________________________                                    
PAR  Observing the squarewave pulses 32 and 33 it will be seen that when the
      idle tone squarewave is high, that is logical 1, the seize tone squarewave
      pulse 33 is low, that is logical 0, and vice versa at each transition from
      high to low for each of the tones as for example at dotted line 34.
PAR  When the predetermined number of counts 38 have been entered into the
      counter 41 such as for example as 120 counts, each of the last four
      outputs A, B, C and D of the seven stage binary counter goes high that is
      to a logical 1. Thus there are two logical 1s at the two inputs of the
      NAND gate 87 which delivers a low or logical 0 at its output on conductor
      54. This when transmitted to the base 55 of transistor 56 turns this
      transitor on thereby putting a high on conductor 46 which shuts off the
      transmitter 12 thereby simulating putting the control head or handset on
      hook.
PAR  Conductor 58 supplies a reset signal to the binary counter 41 from the
      output terminal of NAND gate 44, the reset signal being a high or logical
      1. This is developed by having lows or logical 0s on inputs 59 and 61 of
      NAND gate 44. The logical 0 on conductor 59 is developed through resistor
      62, (100K Ohms) which is tied to ground as shown and the logical 0 on
      conductor 61 is developed at the output of NAND gate 63 by having highs or
      logical 1s at the two inputs 64 and 65 of NAND gate 63. The logical 1 on
      input 64 is developed by tieing this input to B+ voltage at terminal 66.
      Input 65 is connected through resistor 67 (47K Ohms) and conductor 68 to
      switch 21. When the handset 19 is "on hook" the switch 21 engages terminal
      25 which in turn is connected to terminal 26 to which A+ voltage is
      applied. In this situation, the diode 69 prevents the input to NAND gate
      63 on conductor 65 from rising than a forward diode voltage above B+ and
      thereby damaging NAND gate 63. Thus when the handset 19 is on hook the
      transmitter 12 should be disabled. A high or logical 1 on conductor 58 is
      a reset to counter 41 whereby this counter does not count when the handset
      19 is on hook.
PAR  When the handset 19 is off hook, the switch 21 engages terminal 22
      whereupon the ground at 24 gives a low or logical 0 on input 65 of gate
      63. The low or logical 0 at input 65 of NAND gate 63 gives a high or
      logical 1 on output 61 and thus to this input of NAND gate 44. The input
      61 being high and the input 59 being low the output 58 remains high and
      counter 41 remain reset or not counting. However under this condition with
      the handset 19 being off hook the idle and seize tones 32 and 33 coming
      over conductors 35 and 36 give rise to the pulses 38.
PAR  When the first of the pulses 38 becomes negative going as shown by the
      arrow, the signal on input 59 of NAND gate 44 becomes high or logical 1
      whereupon the output of NAND gate 44 on conductor 58 becomes low or
      logical 0 as will be explained. Hence the binary counter 41 is now set for
      counting and it counts the number of pulses 38 coming to it over conductor
      39, and when the number of these pulses reaches the indicated
      predetermined number, the last four outputs A, B, C and D of counter 41
      all become high whereupon a low or logical 0 appears on conductor 54 which
      turns on the transistor 55 and turns off the transmitter 12 as has been
      explained.
PAR  The functioning of NAND gates 44 and 71 as a timing circuit to give the
      result indicated will now be described.
PAR  The NAND gate 71 has the same truth table as the other NAND gates referred
      to. The inputs of 72 and 73 are both connected to A+ voltage whereby these
      inputs are normally high or logical 1s. The input 72 is connected to B+
      through a resistor 74 (100K Ohms.) The pulses 38 are supplied over
      conductor 75 to one terminal of capacitor 76 (3.3 microfarads), the other
      terminal of capacitor 76 being connected to the input conductor or
      terminal 72 as shown. Before the pulse 38 becomes negative going, the
      inputs 72 and 73 of NAND gate 71 are high (logical 1) and the output on
      conductor 77 is low (logical 0). The logical 0 on output conductor 77
      remains a low and through diode 78 and conductor 79, the input on
      conductor 59 to NAND gate 44 remains low. Under this condition the output
      on conductor 58 of NAND gate 44 is high or logical 1 and the counter is
      reset or does not count. When the pulse 38 becomes negative going,
      however, the input on conductor 72 of NAND gate 71 is pulled down to a low
      or logical 0 whereupon the output 77 of NAND gate 71 becomes a high or
      logical 1. This charges the capacitor 81 (3.3 microfarads), and places a
      high or logical 1 on input 59 to NAND gate 44 whose output on conductor 58
      now goes to a low or logical 0 thus setting the binary counter 41 to count
      the pulses 38 entering it over conductor 39.
PAR  When the pulses 38 are occurring at their regular rate and the handset
      remains off hook the condition just described will continue with the
      pulses 38 being entered into the binary counter 41. The time constants of
      the circuits comprising resistor 74 and capacitor 76 and resistor 62 and
      capacitor 81 are such that the voltage on input conductor 59 remains high
      so long as pulses 38 are occurring at their regular rate. In one practical
      example the time delay occasioned by the two circuits between the
      occurrence of a pulse going negative on conductor 75 and a change in the
      output state on conductor 58 was about 0.4 of a second. If pulses 38 occur
      at a lesser rate that is two pulses at an interval greater than 0.4 of a
      second, the binary counter 41 resets because the signal on conductor 58
      becomes high or a logical 1. This occurs because the high at conductor 75
      is coupled through to conductor 72 and capacitor 81 discharges through
      resistor 62; thereby enabling the input at 59 to go low. The diode 78
      forces capacitor 81 to discharge through resistor 62. Capacitor 81 was
      charged when the output at 77 became high.
PAR  When the handset is off hook, as for example when the mobile phone set is
      in functional use, the counter 41 is set for counting, but there are no
      idle or seize tones 32 and 33 being transmitted nor received on input
      conductors 35 and 36. The transition detector thus detects no transitions
      and the signal state on conductor 39 is low or logical 0. No counts are
      being accumulated in counter 41. If however the voice of the person
      talking over the mobile phone connection generates a sequence of 2,000 Hz
      and 1,800 Hz tones which are the idle and seize tones a pulse 38 will be
      generated and will be entered into the counter 41. Unless a further
      transition is detected, that is a further sequence of 2,000 Hz and 1,800
      Hz is generated by the voice talking within the 0.4 second interval of the
      timer 42, the signal on input 59 of gate 44 goes low or logical 0 and the
      counter 41 is reset as described. Thus the voice of a person talking over
      the mobile phone connection must generate a sequence of 2,000 Hz and 1,800
      Hz tones whose interval between successive sequences of such tones is less
      than 0.4 of a second or the counts do not accumulate in the counter 41 and
      no voice falsing takes place. Voice falsing is prevented when the handset
      is functionally off hook.
PAR  The outputs A, B, C and D of counter 41 are connected respectively through
      diode 82 resistor 83 (100K Ohms) resistor 84 (100K Ohms) and diode 85 is
      well known. Diode 82 and resistor 83 are connected together to form one
      input 86 of NAND gate 87 and the resistor 84 and diode 85 are connected
      together to the other input 88 of NAND gate 87. The diodes 82 and 85
      assure that all outputs of counter are high before there are two highs on
      conductors 86 and 88. The NAND gate 87 has the same truth table as already
      described and thus when the inputs 86 and 88 are high, as when the
      predetermined number for example 120 counts have accumulated in counter
      41, the output of NAND gate 87 on conductor 54 becomes low or logical 0
      and is transmitted through resistor 88 (22K Ohms) to the base 55 of
      transistor 56. When the base of transistor 56 (PNP type) is low the
      transistor conducts through resistor 89 thereby making conductor 57 high
      which shuts off the transmitter 12.
PAR  A base station (not shown) which transmits to a mobile, senses each mobile
      at intervals such as a half hour. If a mobile is transmitting but is not
      connected to a party, the disable signal is sent.
PAR  As will be evident the length of time of applying 2,000 Hz and 1,800 Hz
      alternating tones of the prior art to give a sufficiently long time
      interval to allow for time tolerances in the base station and mobile unit
      due to temperature variations voltage, humidity and aging characteristics,
      etc., of electronic components, etc., has been obviated. It is only
      necessary that a specific number of counts be entered into the counter 41
      for it to effect turning off of the transmitter. The time that is
      necessary for the counter to reach the predetermined number of 120, for
      example, depends upon the base station. The faster that the signals are
      sent the sooner the transmitter will be shut down. Thus there is no tieing
      up of a channel beyond what is necessary to shut down the wild mobile's
      transmitter. The improvements of no tolerance problems, reliability and
      fast shut down capability are thereby readily achieved.
PAR  While specific values of parameters have been given, it will be clear that
      this is examplary. Other values within the scope of the invention may, of
      course, be ued.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a mobile telephone system including a mobile unit having a
      transmitter, a receiver and a handset having on hook and off hook
      positions and a base station for communication with the mobile receiver
      and transmitter, means for disabling the mobile transmitter when said
      transmitter is transmitting its carrier but is not connected to another
      party comprising:
PA1  means for receiving a sequence of pulses of audio frequencies,
PA1  means for counting the number of said pulses,
PA1  means responsive to the count of a predetermined number of said pulses for
      shutting off said transmitter when said handset is non-functionally in its
      off hook position,
PA1  means for inactivating said responsive means when said handset is in its on
      hook position, and
PA1  means for preventing false operation of said responsive means by voice
      signals when said handset is in its functionally off hook position.
NUM  2.
PAR  2. In a mobile telephone system including a mobile unit having a
      transmitter, a receiver and a handset having on hook and off hook
      positions, the receiver comprising:
PA1  means for receiving a sequence of pulses of audio frequencies,
PA1  means for counting the number of said pulses, and
PA1  means responsive to the count of a predetermined number of said pulses for
      shutting off said transmitter when said handset is non-functionally in its
      off hook position.
NUM  3.
PAR  3. A receiver according to claim 2 including means for inactivating said
      responsive means when said handset is in its on hook position, and means
      for preventing false operation of said responsive means by voice signals
      when said handset is functionally in its off hook position.
NUM  4.
PAR  4. In a mobile telephone system including a mobile unit having a
      transmitter, a receiver and a handset having on hook and off hook
      positions, the receiver comprising:
PA1  means for receiving a sequence of alternating pulses of two different audio
      frequencies, said pulses having a predetermined time duration,
PA1  means for converting said pulses of audio frequencies into an alternating
      series of essentially squarewave pulses of said predetermined duration,
PA1  means for converting concurrent transitions between high and low states of
      said squarewave pulses of both frequencies to count pulses, one for each
      such concurrent transition,
PA1  means for counting the number of said count pulses,
PA1  means responsive to the count of a predetermined number of said count
      pulses for shutting off said mobile transmitter when said handset is
      non-functionally in its off hook position,
PA1  means for inactivating said responsive means when said handset is in its on
      hook position, and
PA1  means for preventing false operation of said responsive means by voice
      signals when said handset is in its functionally off hook position.
NUM  5.
PAR  5. A receiver according to claim 4 wherein said means for inactivating said
      responsive means when said handset is in its on hook position comprises
      gate means supplying a continuous reset signal to said counting means.
NUM  6.
PAR  6. A receiver according to claim 5 wherein said means for preventing false
      operation of said responsive means by voice signals comprises a timing
      circuit for providing a reset signal to said counting means whenever the
      time between said count pulses exceeds a predetermined time.
NUM  7.
PAR  7. A receiver according to claim 6 wherein said predetermined time is about
      four tenths of a second.
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ABST
PAL  A system for selectively deactivating a telephone bell on a telephone
      instrument whereby when a telephone number is called, an auxiliary system
      automatically cuts in to prevent ringing of the bell until a predetermined
      code is initiated by the calling station, at which time the telephone bell
      is actuated.
BSUM
PAR  This invention relates to an attachment for a telephone and it particularly
      relates to an attachment which selectively permits ringing of the
      telephone bell in accordance with the dialing of a specific code.
PAR  It is often desirable to avoid answering undesirable calls but to
      immediately recognize a call which is desired to be answered. An unlisted
      number is usually now used for this purpose; however, not only may an
      unlisted number be discovered in one manner or another but if a legitimate
      caller forgets the number, he may not be able to place the call even if it
      is important to the person being called.
PAR  This problem was, heretofore, substantially solved by placing an attachment
      on the telephone whereby even though the number was listed, the telephone
      bell at the receiving end would only ring when a certain identifying code
      was additionally dialed. However, this prior type of attachment had
      certain inherent disadvantages. For example, a relay was used which was
      left in an open condition until such time as the proper code was received.
      This was not only unreliable because of stresses which might inadvertantly
      close the relay, but consumed an inordinate amount of energy.
PAR  The prior device was also utilizable only in a three-wire system used in
      party lines. However, the majority of single-party phones used today
      utilize only two wires instead of the three wires provided in the prior
      device, the ringing signal and the voice signal being both provided across
      the same pair.
PAR  Another disadvantage of the prior device was its use of phase-locked loops
      which not only required a considerable expenditure of energy but were not
      sufficiently stable and also made the system unduly complex and expensive.
PAR  It is one object of the present invention to overcome the aforesaid
      disadvantages by providing a system wherein the bell is prevented from
      ringing with a normally closed relay which is both more reliable and
      consumes less energy than a normally open relay.
PAR  Another object of the present invention is to provide a system of the
      aforesaid type which is capable of use in a two-wire system.
PAR  Another object of the present invention is to provide a system of the
      aforesaid type which accomplishes the same function as one using
      phase-locked loops but with a considerably smaller expenditure of energy
      and with greater stability.
PAR  Another object of the present invention is to provide a system of the
      aforesaid type which employs only two detectors.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following description when read in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a schematic view of a bell ringer circuit embodying the present
      invention, said circuit being deactivated when a specific code signal is
      detected.
PAR  FIG. 2 is a schematic view of a modified portion of the circuit of FIG. 1.
PAR  FIG. 3 is a schematic view of a decoding circuit embodying the present
      invention, this decoding circuit being coupled to the ringer circuit of
      FIG. 1 for operation thereof.
PAR  FIG. 4 is a schematic view of a modified portion of the circuit of FIG. 3.
PAR  FIG. 5 is a schematic view of the detector circuits used in the systems of
      FIGS. 3 and 4.
PAR  FIG. 6 is a schematic view of a specific embodiment of the
      bell-deactivating system shown in FIG. 1.
PAR  FIG. 7 is a schematic view of a specific embodiment of the oscillator and
      detector means shown in FIG. 3.
PAR  FIG. 8 is a schematic view of a specific embodiment of the coding means
      shown in FIG. 3
DETD
PAR  Referring now in greater detail to the figures of the drawings wherein
      similar reference characters refer to similar parts, there is shown in
      FIG. 1 a circuit, generally designated 10, comprising a pair of telephone
      wires respectively designated 12 and 14, wire 12 being a red wire and wire
      14 being a green wire, these wires being connected to the telephone
      transmission line (not shown). Between the wires 12 and 14 is a bridge
      rectifier consisting of diodes 16, 18, 20 and 22, the diodes 16 and 20
      being connected by line 24, the diodes 18 and 22 being connected by line
      26, the diodes 16 and 18 being connected by line 28 and the diodes 20 and
      22 being connected by line 30. The line 24 is coupled to wire 12 by a line
      32 having a capacitor 34 interposed therein, and the line 26 is coupled to
      wire 14 by line 36.
PAR  Positioned across lines 28 and 30 is a resistor 38 connected to a flip-flop
      (hereinafter described in FIGS. 3 and 4), this flip-flop acting as a
      switch means in the manner hereinafter described. The resistor 38 is also
      coupled to a transistor 42 in series with a normally closed relay 44. The
      relay acts to open and close the circuit between the phone line and the
      telephone instrument. Also positioned between the lines 28 and 30 is a
      circuit comprising a rectifier 46 in series with a resistor 48 and a
      capacitor 50. An output is provided at 52. A parallel circuit is provided
      between resistor 48 and line 30 comprising a capacitor 54 and a resistor
      56 with an output at 58 for acting as a reset means for the flip-flops
      hereinafter described.
PAR  The wire 12 is also capacitively coupled through line 60 and capacitor 62
      to a filter 64 which is, itself, coupled through line 66 to the wire 14.
      The filter 64 is also coupled to a compression amplifier 68. The contacts
      70 of relay 44 are provided in the line 12 leading to the voice receiver
      (not shown).
PAR  In operation, when a ringing signal appears between the wires 12 and 14,
      the signal is passed through capacitor 34 and the bridge rectifier
      consisting of rectifiers 16, 18, 20 and 22, whereby a unidirectional
      pulsating voltage (full wave rectified DC) appears between lines 28 and
      30. If the flip-flop, hereinafter described, which acts as a switch, opens
      the circuit, the resistor 38 causes transistor 42 to saturate so that
      relay 44 operates to disconnect the phone instrument from the phone line,
      thereby preventing the bell in the instrument from operating. If,
      conversely, the circuit is closed, then transistor 42 would be cut off,
      the relay 44 would not operate and the phone instrument would be connected
      to the phone line, permitting the bell in the instrument to operate
      normally. Similarly, if there is no ringing signal across the line, then
      there is no voltage available to operate the relay 44 regardless of the
      condition of the transistor 42; therefore, the phone instrument is
      normally connected to the phone line for normal incoming and outgoing
      calls in the absence of a ringing signal on the line.
PAR  When there is a ringing signal on the line causing a voltage to appear
      between lines 28 and 30, some current is conducted through the rectifier
      46 and resistor 48 to charge capacitor 50. Normally, there is a 4-second
      interval between ringing signals and the energy stored in capacitor 50 is
      employed during these intervals to provide operating power for all the
      other elements in the system. If the relay 44 is sensitive, the total
      energy taken from the phone line during a ringing signal can be made
      identical to the energy which would have been used by the bell if it had
      been ringing. Since the entire circuit is capacitively coupled by means of
      capacitor 34 to to the phone line, the circuit is not polarity sensitive
      and, therefore, the lines 12 and 14 may be interchanged at will.
PAR  When a tone is sent through the phone line, it is coupled via capacitor 62
      into the filter 64 which is coupled to the compression amplifier 68. The
      filter removes all frequencies except the predetermined desired
      frequencies. The undesirable frequencies which are removed would be all
      those other frequencies which are typically sent through the line by
      telephone companies.
PAR  Since different phone lines have differing attenuation characteristics,
      signals coming down the line arrive with differing amplitudes. The
      compression amplifier senses the actual amplitude of the signal tone and
      adjusts the gain of the amplifier portion so that when the tone leaves the
      compression amplifier, it will always have the same amplitude regardless
      of the amplitude of the signal entering the compression amplifier.
PAR  The filter 64 and compression amplifier are not essential for the operation
      of the system but substantially increase its reliability.
PAR  FIG. 2 discloses the same system as FIG. 1 except that it is used in a
      three-wire system which includes three wires, 72, 74 and 76, which are
      respectively, the yellow, green and red wires. The bridge, which is
      otherwise identical to that in FIG. 1, is capacitively coupled to line 72
      by capacitor 78 interposed in line 80. A line 82 connects the bridge to a
      switch 84 that may be manually operated. This switch 84 is movable between
      two contacts 86 and 88 to selectively couple the rectifier bridge either
      to the wire 74 or to the wire 76. All other parts are identical to those
      in FIG. 1.
PAR  The system in FIG. 1 is operated by the system shown in FIG. 3. The system
      of FIG. 3, generally designated 90, comprises a high frequency oscillator
      92 which operates at a frequency which is very nearly the same as the
      frequency to be detected, and its output is fed to one input of a detector
      94. The signal received from the compression amplifier 68 is fed through
      line 96 into the other input of the detector 94 as well as into the input
      of detector 98.
PAR  If any frequency in the signal fed into detector 94 is substantially the
      same as the frequency of the oscillator 92, an output is produced by the
      detector 94. A low frequency oscillator 100 is coupled to detector 98 to
      feed its output thereinto, and if any frequency in the signal fed into
      detectors 98 is substantially the same as the frequency of the oscillator
      100, the detector 98 produces an output.
PAR  The outputs of the two detectors 94 and 98 are fed into an AND gate 102.
      This AND gate operates, therefore, only when the proper high frequency and
      low frequency signals are simultaneously present. At such time, an output
      is fed from the AND gate 102 to flip-flop 104. In this manner, to detect a
      single digit which (as in the case with touch-tones) consists of two
      frequencies, only two detectors are required to determine if a particular
      number is present. All other numbers are ignored since they have no
      relevance. In this manner, if a correct first digit is detected, using an
      output from the AND gate 102, the flip-flop is caused to toggle from its
      reset state to its set state. A matrix of standard design, indicated at
      106, is employed to determine the frequencies at which the oscillators
      operate.
PAR  When the flip-flop 104 toggles, the oscillators begin to oscillate at a new
      pair of frequencies, which may be the same as or different from those used
      previously. A second digit can then be detected in a similar manner to the
      first, thereby again causing the flip-flop 104 to toggle. When flip-flop
      104 toggles a second time, the output is applied through line 108 to set
      flip-flop 110. This cuts off the transistor 42, thereby preventing the
      relay 44 from operating, which, as a result, permits the phone bell to
      ring. Another input to flip-flops 104 and 110 indicated at 111, permits
      resetting the flip-flops, this input corresponding to input 58 in FIG. 1.
PAR  FIG. 4 shows a portion of a system which is the same as in FIG. 3, except
      for the use of an additional flip-flop to accommodate additional digits,
      the three flip-flops in this embodiment being designated 112, 114 and 116
      respectively. This arrangement would accommodate four digits potentially,
      but as many flip-flops as desired may be used in accordance with the
      number of digits in the code.
PAR  The original conditions of the flip-flops are determined by resetting them
      at the beginning of each call. They are reset when a positive voltage is
      applied to their respective inputs. In this manner, when there is no
      ringing signal on the line in FIG. 1, capacitor 50 is in a discharged
      state such that V+ equals Vo and the voltage across capacitor 54 is zero.
      When a ringing signal appears and capacitor 50 begins charging, if the
      time constant of capacitor 54 and resistor 56 is long compared to the time
      constant of resistor 48 and capacitor 50, then the reset voltage on line
      58 will be approximately V+ until capacitor 54 charges through resistor
      56, at which time the reset line becomes zero volts and the flip-flops are
      free to operate.
PAR  FIG. 5 shows an illustrative embodiment of each of the detectors shown in
      FIG. 3. Each of these detectors includes an exclusive OR gate 118 coupled
      to an R-C low-pass filter comprising resistor 120 and capacitor 122
      connected to an unvarying reference voltage. The R-C filter is coupled to
      a normally open relay 126.
PAR  In operation, the oscillator is made to produce a rectangular waveform with
      a 50 percent duty cycle (square wave) which is applied to one input of the
      OR gate, as at 126. The signal is applied to the other input, as at 128.
      The output of the OR gate passes through the low-pass filter which acts as
      an averaging device. As the output of the OR gate swings through the
      complete supply voltage applied to the gate, then, in the absence of a
      signal, the output of the low-pass filter equals one-half the supply
      voltage because of the 50 percent duty cycle.
PAR  When a signal is applied, beat notes (sum and difference frequencies)
      appear at the output of the low-pass filter. Since the low-pass filter
      passes only low frequencies, the sum frequency is very small and may be
      ignored. The closer the frequencies of the oscillator input and signal are
      to each other, the lower will be the difference frequency beat note and
      because of the presence of the low-pass filter, the larger will be the
      amplitude of the beat note issuing from the filter.
PAR  The output of the low-pass filter is connected to a detector which detects
      any excursion of the output of the filter from one-half the supply
      voltage. This is accomplished in the system shown in FIG. 5 by connecting
      one end of the coil of a normally open relay 126 to a fixed one-half of
      the supply voltage and the other end of the coil to the output of the
      filter. The output of the circuit is indicated at 134, and this output is
      caused to be positive by the contacts 124 of the relay 126.
PAR  Alternatively, a bipolar exclusive OR gate could be used in place of relay
      126.
PAR  FIG. 6 and the figures following show a more detailed embodiment of the
      present invention. In this embodiment, the upper portion of FIG. 6
      corresponds to the left portion of FIG. 1. Terminals 200 and 202 are
      connected to the phone line such that if switch 288 is closed when a
      ringing signal appears on the line, it is passed through a capacitor 204
      to a set of four diodes, respectively designated as 206, 208, 210 and 212,
      connected as a bridge rectifier. The signal is tapped off through a diode
      214 in series with a resistor 216 to charge capacitor 218. A Zener diode
      220 limits the voltage to which the capacitor 218 can charge. The series
      combination of the capacitor 204 and resistor 216 determines the amount of
      current taken from the phone line. Voltage from the capacitor 218 is
      coupled both to a compression amplifier through line 222 and through a
      resistor 223 to a capacitor 225 which provides power indicated as V.sub.2
      for all the other circuits. A capacitor 228 and a series resistor 230 are
      coupled off from V.sub.2 to establish a reset voltage.
PAR  During the ringing signal, the puslating DC voltage is also applied through
      relay 232 in series with transistors 234 and 236. A diode 238 is connected
      in parallel with relay 232 to prevent excessive voltage spikes during
      collapse of the magnetic field in the relay coil.
PAR  When the first ringing signal appears on the phone line, if it is
      incomplete (i.e. less than 2 seconds), the voltage V.sub.2 may not become
      sufficiently established for the logic circuits to have sufficient voltage
      to properly establish their states. Under such conditions, the output at
      240 may become temporarily positive. This would cause transistor 242 to
      turn on and transistor 234 to turn off, whereby the relay 232 would not
      operate to prevent the bell from ringing. In order to prevent this from
      happening, the capacitor 224, which is coupled to V.sub.2 through resistor
      226 and to the output 240 through diode 248 and resistor 250, is initially
      in a discharged state and acts through the diode 248 to prevent the
      transistor 242 from turning on until V.sub.2 can become established. In
      other words, the time constant of the capacitor 224 and the resistor 226
      is longer than the time constant of the resistor 216 and the capacitors
      218 and 225.
PAR  The lower portion of FIG. 6 corresponds to the filter and compression
      amplifier position of FIG. 1 and includes a capacitor 252, a capacitor 254
      and an inductor 256 in a standard Chebychev high-pass filter arrangement
      which eliminates the standard 20-Hz ringing signal from the input to the
      compression amplifier. Considerable attenuation takes place since the
      20-Hz ringing signal is typically 250 volts peak-tp-peak. Transformer 258,
      followed by a resistor 260 and capacitor 262, provides additional
      filtering.
PAR  The compression amplifier includes a capacitor 264 through which the signal
      is applied to the base of a transistor 266 which is initially biased by
      resistors 268 and 270 as a standard small-signal amplifier where the
      voltage gain is determined by the ratio of a collector resistor 272 to the
      transistor emitter resistance. The emitter resistance is inversely
      proportional to the base voltage. In this manner, any decrease in base
      voltage will cause an increase in emitter resistance and a decrease in
      voltage gain.
PAR  The transistor 266 is coupled to a transistor 274 which serves as a
      standard emitter follower to permit impedance amplification that allows
      the use of a large collector resistor 272 for transistor 266, thereby
      reducing the current taken from the capacitor 218. The output of the
      emitter follower is capacitively coupled to a standard voltage doubler
      circuit consisting of transistor 278 connected as a diode plus a standard
      series diode 280. The capacitor 264 acts as a filter capacitor for the
      voltage doubler in addition to its other input coupling duties.
PAR  The voltage doubler circuit is arranged to produce a negative voltage so
      that when the signal on the emitter of transistor 274 increases, a
      negative DC voltage is produced across the capacitor 264 and on the base
      of transistor 266, thereby causing the gain of the transistor stage 266 to
      decrease. Since the action is logarithmic, a change in voltage at the
      input of the amplifier by a factor of 200 causes a change of less than 25
      percent at the amplifier's output. A transistor 282 and its associated
      resistors 284 and 286 form a standard audio-frequency amplifier.
PAR  The NC contacts 233 of relay 232 are connected in series with the phone
      instrument which is connected between terminals 292 and 290. When SW 288
      is open, any ringing signal on terminal 200 is disconnected from the
      bridge networks 200, 208, 210 and 212 so that no signal is applied across
      the coil of relay 232. The contacts of relay 232 then remain closed
      connecting terminals 200 and 290 together so that the user of the phone
      observes no difference from when the unit is not connected to the
      telephone instrument since electrically there is no difference.
PAR  The upper and lower portions of FIG. 7, the upper portion serving as the
      high frequency group detection and the lower portion serving as the low
      frequency group detection, are schematically identical so that a
      description of the upper portion serves as a description of the lower
      portion as well. As shown, the transistor 300, transformer 302, and their
      associated components, comprise a standard emitter-coupled feedback
      oscillator with its frequency being determined by the inductance of a
      tertiary winding on the transformer 302 and by a capacitor 304. The diac
      306 between leads 308 and 310 determines the amplitude of oscillation.
      Transistor 312 and its associated components such as capacitor 313 and
      resitor 314 operate as a standard buffer amplifier. The collector of
      transistor 312 is coupled to the input of NAND gate 315 connected to line
      316 through a biasing resistor 318, the output of the NAND gate 315 being
      coupled to the input of NAND gate 320. The inverter gates operate as
      limiters to provide a fast rise time oscillation from the oscillator for
      presentation to a toggling flip-flop 322.
PAR  The oscillator operates at double the desired frequency so that the output
      of the toggling flip-flop will be at the desired frequency with a duty
      cycle that is extremely close to 50 percent (within the noise limitations
      of the toggling flip-flop). The square wave from the flip-flop 322 and the
      signal are applied to the two inputs of an exclusive OR gate 326, the
      output of which is connected to a low-pass filter consisting of two
      resistors 328 and 330, a capacitor 332 and a capacitor 334. The output of
      the low-pass filter is connected to a NAND gate 336 which is used as a
      threshold detector and is biased by a resistor 338.
PAR  If no signal is present or no frequency in a signal is present which
      produces a beat note within twice the cutoff frequency of the low-pass
      filter, the output of the threshold detector is a logic 0. If such a
      frequency is present in the signal to produce a beat note of less than
      twice the cutoff frequency of the low-pass filter, then the output of the
      threshold detector, in synchronism with the beat note, periodically
      presents a logic level 1. Optionally, a bipolar detector may be used.
PAR  The gate 336 is coupled to a resistor 340 which, when combined with a diode
      342, a resistor 344 and a capacitor 346, constitutes a shaped low-pass
      filter which, when monitored by a NAND gate 348 used as a threshold
      detector, causes a continuous logic 0 level to be present at output 350
      when a frequency component of the signal is within twice the cutoff
      frequency of the low-pass filter of the oscillator frequency.
PAR  As seen in FIG. 8, the outputs of the high and low frequency detectors are
      passed through inverters 352 and 354 to a NAND gate 356 followed by a
      resettable monostable consisting of a resistor 358, a diode 360, a
      capacitor 362 and a threshold detector 364, so that the output of the
      threshold detector 364 is a logic 1 if and only if both frequencies to be
      detected are simultaneously present for a period of time at least as long
      as that set by the resettable monostable.
PAR  The resettable monostable is followed by a non-resettable monostable to
      eliminate any switching transients by means of a positive feedback. This
      non-resettable monostable consists of a capacitor 366, a resistor 366, a
      NAND gate 370, a capacitor 372, a resistor 374, a threshold detector 376
      and a resistor 378. The inverters 364 and 376 are partially represented by
      a broken line to indicate that they are non-complimentary MOS employing a
      resistor in place of the normal complimentary resistor. By this means,
      each monostable requires only 5 microamperes for operation as compared to
      several milliamperes for standard complimentary configurations.
PAR  The output of the non-resettable monostable is passed through another NAND
      gate 386, connected as an inverter, which is also used as a limiter. In
      addition, the output is passed to the flip-flop 382 corresponding to
      flip-flop 104 in FIG. 3. This flip-flop is also used to set flip-flop 384
      corresponding to flip-flop 110 in FIG. 3.
PAR  The complimentary outputs of the toggling flip-flop are also passed through
      NAND gates 386, 388 and 390, which are connected as inverters and used as
      buffers, the outputs of which bias the respective transistors 392, 394,
      396 and 398 into saturation or cutoff. The collectors of these four
      transistors are connected to a matrix of connectors 106, (the connection
      being of standard construction and not shown). The remaining terminals of
      the matrix are connected to the appropriate leads on the high and low
      frequency transformers shown in FIG. 7. Therefore, when transistors 392
      and 394 are in saturation, one pair of oscillator frequencies is chosen,
      while when transistors 396 and 398 are in saturation, with transistors 392
      and 394 in cutoff, a second pair is chosen.
PAR  Although the above-described system has been disclosed in use with
      telephone-bell blocking arrangement, it is not necessarily limited to such
      use but can be used in any system to determine whether or not a
      predetermined frequency component is present in a signal.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A system for detecting a predetermined transmitted signal comprising a
      signal transmitter coupled to a signal receiver, a relay coupled between
      said transmitter and said receiver, said relay acting to inhibit the
      passage of signals from said transmitter to said receiver when said relay
      is actuated, actuating means coupled to said relay and to said
      transmitter, said actuating means being energized by first predetermined
      signals from said transmitter to actuate said relay and being deenergized
      in the absence of such signals, a switch means coupled to said transmitter
      and to said actuating means, said switch means being operated to
      deenergize said actuating means in response to second predetermined
      signals from said transmitter, means to reset said switch means to permit
      energization of said actuating means in the intervals between said second
      predetermined signals, and a power supply means coupled to said
      transmitter and to the other components of said system, said power supply
      means acting to store energy from said first predetermined signals sent by
      said transmitter and to release said energy to said other components of
      said system in the intervals between said first predetermined signals from
      said transmitter, said power supply means being the sole source of power
      for said system.
NUM  2.
PAR  2. The system of claim 1 wherein said switch means is coupled to a detector
      means, said detector means being adapted to detect a component frequency
      of a signal by determining that a difference frequency beat note between
      said signal component frequency and the frequency of a local oscillatory
      wave is smaller than a predetermined threshold frequency.
NUM  3.
PAR  3. The system of claim 2 wherein a low-pass filter means is coupled between
      the detector means and the transmitter, said filter means being adapted to
      remove all frequencies except the predetermined desired frequencies.
NUM  4.
PAR  4. The system of claim 3 wherein a compression amplifier is coupled between
      the detector means and the filter means, said compression amplifier being
      adapted to sense the actual amplitude of the signal passing thereto from
      the filter means and to adjust said amplitude to a predetermined amplitude
      prior to passage thereof to said detector means.
NUM  5.
PAR  5. The system of claim 2 in which the switch means is a flip-flop device
      and wherein the output from said detector means is applied through a gate
      means to said flip-flop.
NUM  6.
PAR  6. The system of claim 1 wherein said transmitter comprises a telephone
      transmitter and said first predetermined signal therefrom is an incoming
      ringing signal, said transmitter being connected to a bell on a telephone,
      said bell comprising said receiver.
NUM  7.
PAR  7. A method of detecting predetermined signals from a plurality of signals
      transmitted from a signal source which comprises comparing the frequency
      of the signals from said source with a second frequency to obtain a
      difference frequency beat note corresponding to the difference between the
      frequency of each signal from said source and said second frequency, then
      comparing the frequency beat note with a threshold frequency, and then
      filtering out all of the compared signals from said source except those
      having a frequency less than said threshold frequency.
NUM  8.
PAR  8. The method of claim 7 wherein those signals which have a frequency less
      than said threshold frequency are applied to a cut-off means coupled
      between said signal source and a receiver, said cut-off means being
      operative to cut-off signals transmitted by said signal source to said
      receiver when all signals except those having a frequency less than said
      threshold frequency are being transmitted, and said cut-off means being
      made inoperative when said signals having a frequency less than said
      threshold frequency are applied thereto.
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ABST
PAL  A multichannel record disc reproducing system and apparatus comprises a
      phase-locked loop for demodulating an angle-modulated wave signal in a
      multiplexed signal picked up from a multichannel record disc. A
      synchronous detector compares the phases of the angle-modulated wave
      signal and an output signal of a voltage-controlled oscillator in the
      phase-locked loop. The detector produces an output signal when there is a
      noise component in the angle-modulated wave signal. A circuit, controlled
      by the output of the synchronous detector, provides a demodulated output
      signal having at least one attenuated frequency band, in which a noise
      component is greatly reduced.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a multichannel record disc reproducing
      system and apparatus, and more particularly, to a system and apparatus for
      reproducing multichannel record discs, while restraining or suppressing
      noise components in the demodulation.
PAR  A discrete four-channel record disc system was previously proposed by one
      of the present applicants, Nobuaki Takahashi and was patented in the
      United States as U.S. Pat. No. 3,686,471. Here, a direct wave is formed
      from the sum signal of a pair of two channels. An angle-modulated wave is
      obtained by angle modulating a 30 KHz carrier wave, responsive to a
      difference signal derived from a pair of two channels. The direct and
      carrier waves are multiplexed and recorded on the respective side walls of
      the disc sound groove.
PAR   In picking up and reproducing a recorded signal from this multichannel
      record, there is a need for taking out the angle-modulated difference
      signal from the picked up signal. It is separated from the direct wave sum
      signal, in order to demodulate the angle-modulated difference signal. It
      is to be understood that the direct wave sum signal has a frequency band
      ranging from 0 to 15 KHz, while the angle-modulated difference signal has
      a frequency band ranging from 20 KHz to 45 KHz.
PAR  In general, abnormal noises, generated at the time of the reproducing of a
      multichannel record disc, can be classified broadly into the following two
      kinds, depending on the cause.
PAR  1. Abnormal noise is caused by wear of the sound groove of the disc. The
      carrier level of the angle-modulated wave drops greatly. The noise level
      becomes higher than the carrier level.
PAR  2. Abnormal noise is caused by the nonlinearity of the mechanical systems
      of the cutter in the recording system, the pickup in the reproducing
      system, and sound groove of the record disc when the level of the direct
      wave sum signal is extremely high, and particularly when the level of the
      high-frequency component is high.
PAR  One of the present applicants, Nobuaki Takahashi, has previously proposed
      various systems for preventing the reproduction and generation of the
      above enumerated noises, in demodulated signals. For example, if an
      angle-modulated wave is partially lacking, there is an equivalent of a
      deviation of the angle-modulated wave to a low frequency. For this reason,
      in one proposed system, this frequency deviation is detected, and muting
      is applied responsive thereto in order to shut off the signal. In another
      system, the above mentioned deviation toward the low frequency is
      detected. In response to the resulting detection output, the loop gain of
      a phase-locked is decreased thereby to constrict the lock range and
      thereby to prevent the phase-locked loop from locking to the noise
      component.
PAR  In accordance with these prior proposed systems, impulse noises, arising
      from causes such as scratches and dust in the disc sound groove, are
      effectively suppressed with no great problems. However, if the level of a
      sum signal is high, particularly in a high frequency band, the
      angle-modulated wave signal is continuously disturbed. The application of
      one of the above mentioned proposed systems continuously gives rise to an
      attenuation or a cutting off of the difference signal component. High
      fidelity reproducing cannot then be carried out. Furthermore, these
      proposed systems are also accompanied by other problems, such as
      unsatisfactory sound source localization.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, a general object of the present invention is to provide a new
      and useful multichannel record disc reproducing system and apparatus in
      which the above described difficulties have been overcome.
PAR  A specific object of the invention is to provide a multichannel record disc
      reproducing system and apparatus, adapted to carry out reproducing by
      attenuating the level of a specific frequency band of a demodulated
      signal, at the time when a noise component is present.
PAR  Another object of the invention is to provide a multichannel record disc
      reproducing system and apparatus wherein, noise components are detected
      and suppression of noise generation is effected responsive to a
      synchronous detector.
PAR  Still another object of the invention is to provide a multichannel record
      disc reproducing system and apparatus wherein, the presence of a noise
      component can be accurately and positively detected. The level of a
      demodulation output signal is attenuated over a specific frequency band or
      over all frequency bands during a short time substantially equal to the
      period during which that noise is present.
PAR  Other objects and further features of the invention will be apparent from
      the following detailed description with respect to preferred embodiments
      of the invention when read in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram showing the essential arrangement of a first
      embodiment of a multichannel record disc reproducing system or apparatus
      according to the present invention;
PAR  FIGS. 2A through 2D, inclusive, are signal waveform graphs for a
      description of respective states of noise generation;
PAR  FIG. 3 is a graph indicating the lock range of a phase-locked loop in the
      system illustrated in FIG. 1;
PAR  FIG. 4 is a graph indicating the demodulation frequency characteristic of
      the phase-locked loop in the system shown in FIG. 1;
PAR  FIG. 5 is a circuit diagram showing one embodiment of a specific circuit
      arrangement of essential parts of the system shown in block diagram in
      FIG. 1;
PAR  FIG. 6 is a block diagram showing the essential arrangement of a second
      embodiment of a multichannel record disc recording system or apparatus
      according to the invention;
PAR  FIG. 7 is a circuit diagram of one example of an attenuation circuit in the
      system shown in FIG. 6;
PAR  FIG. 8 is a graph indicating the frequency characteristic of a demodulated
      and reproduced signal for the attenuation circuit shown in FIG. 7;
PAR  FIG. 9 is a circuit diagram of another example of an attenuation circuit in
      the system shown in FIG. 6;
PAR  FIG. 10 is a graph indicating the frequency characteristic of a demodulated
      and reproduced signal for the attenuation circuit shown in FIG. 9;
PAR  FIG. 11 is a circuit diagram showing still another example of an
      attenuation circuit suitable for use in the system shown in FIG. 6;
PAR  FIG. 12 is a graph indicating the frequency characteristic of a demodulated
      and reproduced signal for the attenuation circuit shown in FIG. 11; and
PAR  FIG. 13 is a block diagram showing the essential arrangement of a third
      embodiment of a multichannel record disc reproducing system or apparatus
      according to the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  From FIG. 1, it will be seen that a multiplexed signal of a direct wave sum
      signal and an angle-modulated difference signal of each pair of two
      channels is recorded on each side wall of the sound groove of a
      four-channel record disc 10, thereby recording the signals for a total of
      four channels. A multiplexed signal comprising the direct wave sum signal
      and the angle-modulated wave difference signal, for the two-channel
      signal, is picked up from the left wall of the grooves of the disc 10 by a
      pickup cartridge 11. The picked up signal is fed to an equalizer 12,
      having an RIAA (Recording Industries of America) turnover characteristic,
      for equalization.
PAR  The resulting signal is fed to a low-pass filter 13 for an elimination of
      the angle-modulated wave component and for deriving only the direct wave
      sum signal component. The direct wave sum signal is fed to a matrix
      circuit 15, via a equalizer 14 provided with the RIAA roll-off
      characteristic.
PAR  The output of the equalizer 12 is partly fed to a band-pass filter 16 (or
      high-pass filter) with a passband in the approximate range of from 20 KHz
      to 45 KHz. An angle-modulated wave difference signal is derived from this
      filter. To provide demodulation, the angle-modulated wave difference
      signal is fed to a phase locked loop (PLL) circuit 17 containing a phase
      comparator 18, a loop gain control circuit 19 and a voltage-controlled
      oscillator 20, etc.
PAR  The demodulated output from the PLL circuit 17 is supplied to a low-pass
      filter 24, and the unwanted components contained in the output are
      eliminated thereat. The output from the low-pass filter 24 is fed to the
      matrix circuit 15 via (in succession) an FM/PM equalizer 25 and an
      automatic noise reduction system (ANRS) circuit 26 comprising an expandor,
      which has a characteristic that compensates for the characteristic of a
      compressor in the recording system.
PAR  In the matrix circuit 15, the direct wave sum signal from the equalizer 14
      and the demodulated difference signal from the ANRS circuit 26 are
      matrixed. From output terminals 27a and 27b are derived, for instance, the
      left front (the first channel) and the left rear (the second channel)
      signals, respectively.
PAR  FIG. 1 shows only the circuit system for the first and second channel
      signals (the left channel system for the grooves of the disc 10). Exactly
      the same circuit system is duplicated for the right front (the third) and
      the right rear (the fourth) channel. Detailed illustration and description
      of this same system are omitted herein.
PAR  If the output signal of the equalizer 12 is a signal a of the waveform
      indicated in FIG. 2A, and is a signal having noise components as indicated
      by reference designations nal, na2, and na3, and if a conventional phase
      locked loop (PLL) is used as the PLL 17, the input signal to the PLL is a
      signal b of a waveform, as indicated in FIG. 2B. The output signal of a
      voltage controlled oscillator in the PLL will become a signal c of the
      waveform indicated in FIG. 2C. Furthermore, the demodulated output signal
      of the PLL will become the signal d of the waveform indicated in FIG. 2D.
PAR  As is apparent from these figures, when noise components na1, na2, and na3
      are in the input signal a, noise components nb1, nb2, and nb3 and nc1,
      nc2, and nc3 remain also in the signals b and c. As a result, noise
      components nd1, nd2, and nd3 also appear in the demodulated output signal
      d.
PAR  As is apparent from this, the instant at which noise is generated is not
      the instant at which the level of the input signal becomes zero, but is
      the instant when the angle-modulated wave component is relatively replaced
      by another and interfering signal wave. Moreover, when the level of this
      substituted signal wave component reaches a value in the same order as the
      value of the angle-modulated wave component or a higher value, it becomes
      a serious problem.
PAR  The above mentioned noise component is an abnormal phenomenon part
      occurring with a width of, for example, 0.2 msec. (200 .mu. sec.) for
      every 1.8 msec. For example, with respect to the signal a, with parts na1,
      na2, and na3, the component of frequencies from 10 KHz to 15 KHz is
      greater than the component of the frequency 30 KHz. Furthermore, with
      respect to the signal b, obtained by extracting only the components of 20
      KHz to 45 KHz, from the above mentioned signal a by means of a band-pass
      filter, the component of low frequency is still greater than the component
      of 30 KHz. This corresponds to the state wherein the angle-modulated wave
      is replaced by another and interfering signal of lower frequency differing
      from the angle-modulated wave in the parts nb1, nb2, and nb3 of the signal
      b. Furthermore, the output signal c, of a voltage controlled oscillator is
      lowered in frequency, at the position of the parts nc1, nc2, and nc3. This
      oscillator is in the PLL circuit having the phase comparator to which this
      signal is also lowered in frequency at the position. This is because the
      PLL has locked to a frequency which is lower than that of the carrier of
      the signal b. As a result of this locking, the demodulated output signal d
      produces a distortion in the parts nd1, nd2, and nd3, and an abnormal
      jarring noise occurs in the reproduced sound.
PAR  On one hand, these actual noise parts nd1, nd2, and nd3 and the like occupy
      a time span in the order of 10 to 20 percent of the time during which
      noise is sensed by a human with a normal sense of hearing. Therefore, this
      noise has a time existence which is in the order of only a slight dropout
      experienced by a person with a normal hearing of a sound reproduced from
      an ordinary tape recorder. Accordingly, when the actual noise is
      attenuated, or even when it is not reproduced at all, it is almost
      impossible to sense the attenuation or cut off thereof by an ordinary
      sense of hearing.
PAR  Accordingly, the present invention is adapted to either attenuate a signal
      with respect to the above mentioned noise components and to demodulate and
      reproduce the same or not effect any demodulation and reproduction
      whatsoever.
PAR  Referring again to the block diagram in FIG. 1, the signal which has passed
      through the band-pass filter 16 is supplied, on the one hand, to the phase
      comparator 18 of the PLL 17 as described above and, on the other hand, to
      a phase comparator 21. Furthermore, the output signal of the voltage
      controlled oscillator 20 is phase shifted as it is supplied from a
      90.degree. phase shifter 22 to the above mentioned phase comparator 21.
      This phase comparator 21 acts as a synchronous detector and compares the
      phase of the signal from the band-pass filter 16 and the signal from the
      90.degree. phase shifter 22, and produces an output voltage corresponding
      to the phase difference.
PAR  The output signal of the voltage controlled oscillator 20 of the PLL 17 and
      the input signal of the PLL 17 always have a phase difference of
      90.degree.  during the time when the PLL 17 is carrying out normal
      demodulation, with the input signals locked. Accordingly, the output
      signal of the 90.degree. phase shifter 22 and the input signal of the PLL
      17 have a phase relationship wherein they are of the same phase (or
      180.degree. opposite phase). The above mentioned phase comparator 21
      constitutes the synchronous detector which compares the phases of the
      above mentioned two signals to determine the extent to which the two are
      of the same phase (or opposite phase) and produces an output voltage in
      accordance with the result.
PAR  The relationship between the value of this output voltage at this time and
      the phases of the above mentioned two signals can be selected at will. For
      example, this relationship can be so selected that, the output of
      comparator 21 is about zero volts when the signal from the band-pass
      filter 16 and the signal from the 90.degree.  phase shifter 22 are of
      opposite phase (i.e., the phase difference is 180.degree.. When the phase
      difference between the two signals departs from 180.degree. becoming less
      than or greater than 180.degree., the output becomes a positive voltage
      corresponding to this departure of the phase difference.
PAR  It will now be supposed that noise components nb1, nb2, and nb3 exist in
      the output signal of the above mentioned band-pass filter 16. The input
      signal b of the PLL 17 is as indicated in FIG. 2B. Then, the phase
      difference between the input signal of the PLL 17 and the output signal of
      the 90.degree. phase shifter 22 decreases or increases from 180.degree..
      The phase comparator 21 produces as an output voltage, according to this
      phase difference.
PAR  The synchronous detector using phase comparator 21 thus detects a deviation
      of the angle-modulated wave component of a low-frequency and also a
      deviation of a high frequency which results from the noise component.
      Furthermore, the synchronous detector affords good dynamic characteristic,
      and discriminates between the noise component and the signal component.
PAR  Instead of the phase comparator 21 used in the instant example, a
      low-deviation detection circuit may be used. Furthermore, while the output
      of the voltage controlled oscillator 20 is used as one of the signals, a
      signal is obtained from the demodulated output of the PLL 17 which also
      may be used. In this case, when the angle-modulated wave deviates to a low
      frequency. The demodulated output of the PLL 17 is, of course, a signal
      corresponding to this deviation.
PAR  The output signal of the phase comparator 21 is supplied to the time
      constant circuit 23 and there caused to have a suitable time constant. In
      this time constant circuit 23, the charging time constant .tau..sub.1 is
      made as small as possible, for example, of the order of 10 .mu.sec. The
      discharging time constant .tau..sub.2 is selected at a larger value, for
      example, of the order of 200 .mu.sec. Accordingly, the time constant
      circuit 23 produces an output signal only during the period of
      approximately 200 .mu.sec. corresponding to the noise parts nb1 (or nb2,
      nb3) of the input signal b for the PLL 17.
PAR  The output signal of the time constant circuit 23 controls the loop gain
      control circuit 19 in the PLL 17. For this loop gain control circuit 19, a
      variable attenuation circuit, for example, is used. Its degree of
      attenuation is varied and controlled. As a result of the controlling of
      the loop gain control circuit 19 by the output of the time constant
      circuit 23, the loop gain of the PLL 17 decreases. As a consequence, the
      lock range of the PLL 17 becomes narrower as indicated, for example, by
      the curves I to the curve II in FIG. 3.
PAR  As a result of the narrowing of the lock range of the PLL 17 in this
      manner, it becomes difficult for the PLL 17 to become locked to the input
      signal. In accordance with the level of the input signal, the levels of
      the medium and high frequency bands, particularly the high frequency band,
      are reduced as indicated by the frequency response characteristic of the
      demodulated signal of the PLL 17 in FIG. 4. The characteristics denoted by
      p, q, and r in FIG. 4 correspond to the input signal levels denoted by p,
      q, and r in FIG. 3.
PAR  Accordingly, as a consequence of the narrowing of the lock range of the PLL
      17, the generation of noise in the reproduced signal is effectively
      suppressed since the medium and high frequency bands, in which noise
      components are especially distributed in great amount, are attenuated.
PAR  Furthermore, as another consequence of the narrowing of the lock range of
      the PLL 17, an unlocking may occur, whereby demodulation is not
      accomplished with respect to the noise component. This is equivalent to
      the output signal being greatly attenuated in all frequency bands. The
      generation of noise is effectively prevented.
PAR  One embodiment of a specific electrical circuit is shown by the block
      diagram in FIG. 1 as illustrated in FIG. 5. The parts which are the same
      as corresponding parts shown in FIG. 1 are designated by like reference
      numerals.
PAR  The phase comparator 18 and the voltage controlled oscillator 20 in the
      system shown in FIG. 1 are incorporated within a PLL 30 having the form of
      an integrated circuit (IC). By extracting the output of the voltage
      controlled oscillator from the ninth pin of the PLL 30, in IC form, a
      voltage controlled oscillator output phase-shifted substantially
      90.degree.  is obtained. For this reason, the 90.degree. phase shifter 22
      in the system shown in FIG. 1 is not used in the circuit of the instant
      embodiment.
PAR  The phase comparator 21 is of known arrangement containing transistors Q1
      through Q11. The time constant circuit 23 comprises a diode D1, a
      capacitor C1, and resistor R1. The above mentioned charging time constant
      .tau..sub.1 is determined by the impedance value in the forward direction
      of the diode D1 and the capacitance value of the capacitor C1. The above
      mentioned discharging time constant .tau..sub.2 is determined by the
      capacitance value of the capacitor C1 and the resistance value of the
      resistor R1.
PAR  The loop gain control circuit 19 comprises a series-connected circuit of a
      transistor Q12 and a capacitor C2. The output voltage of the time constant
      circuit 23 is impressed on the base of transistor Q12. This circuit 19 is
      connected between ground and the output side of the PLL 30 (in IC form).
      When a voltage is applied to the base of the transistor Q12, the impedance
      of this transistor decreases in accordance with that applied voltage, and
      the loop gain of the PLL decreases.
PAR  Furthermore, the phase comparator 21 in the instant embodiment may be
      combined in the IC of the PLL 30.
PAR  A second embodiment of the multichannel record disc reproducing system or
      apparatus according to the invention will now be described with reference
      to FIG. 6. Parts which are the same as corresponding parts in the system
      shown in FIG. 1 are designated by like reference numerals, and will not
      again be described in detail.
PAR  In the instant embodiment, a variable attenuation circuit 40 is provided in
      a stage following the FM/PM equalizer 25. Circuit 40 is adapted to be
      controlled with an output error signal voltage of the phase comparator 21
      which signal voltage has passed through the time constant circuit 23. The
      variable attenuation circuit 40 attenuates the signal level of the
      frequency bands in which noise components are distributed, in large
      amounts in the demodulated signal.
PAR  In the instant embodiment, the variable attenuation circuit 40 is provided
      in the stage succeeding the FM/PM equalizer 25. It may be in any position
      provided that it is between a PLL 17a comprising the phase comparator 18
      and voltage controlled oscillator 20 and the matrix circuit 15.
PAR  By the above described arrangement of the instant embodiment system, when a
      noise component exists in the input signal, the signal levels of the noise
      component bands are attenuated during the period thereof. Generation of
      noise is effectively suppressed.
PAR  An example of a specific circuit arrangement of the variable attenuation
      circuit 40 is illustrated in FIG. 7. The output voltage of the time
      constant circuit 23 is applied from a terminal 50 to the base of a
      transistor Q20, whereupon the impedance thereof is varied. This transistor
      Q20 is connected between from a junction between a resistor R10 and an
      output terminal 52 to ground, and is connected in series with a capacitor
      C10. Accordingly, transistor Q20 attenuates the high frequency band level
      of from demodulated signal which is sent through a terminal 51 by way of
      the resistor R10 to the terminal 52 together, as indicated in FIG. 8. With
      a decrease in the internal impedance r of the transistor Q20, the
      attenuation of the signal level increases, whereby the level of the high
      frequency band is attenuated.
PAR  Another example of the variable attenuation circuit 40 is shown in FIG. 9.
      In the instant example, a series-connected combination of a capacitor C11
      and a coil L1 is employed in place of the capacitor C10, in the circuit of
      the example illustrated in FIG. 7. In the instant example, (FIG. 9) as a
      result of the variation of the impedance r of the transistor 20, the
      frequency characteristic of the signal passed through the variable
      attenuation circuit 40 becomes as indicated in FIG. 10. The signal level
      of the medium frequency band is attenuated. Accordingly, with respect to
      noises of a kind wherein the noise components are distributed in large
      amounts, especially in the medium frequency band, the use of the variable
      attenuation circuit of the instant example is effective. The smaller the
      impedance r becomes, the larger the attenuation degree of signal becomes.
PAR  In still another example of a variable attenuation circuit as shown in FIG.
      11, a coil L-2 is employed instead of the capacitor C10 of FIG. 7. In the
      instant example (FIG. 11), as a consequence of the variation of the
      impedance r of the transistor Q20, the frequency characteristic of a
      signal passing through the variable attenuation circuit 40 becomes as
      indicated in FIG. 12. The signal level in the low frequency band is
      attenuated. The smaller the impedance r becomes, the larger the
      attenuation degree of the signal becomes. Accordingly, the use of the
      variable attenuation circuit of the instant example is effective with
      respect to noises of the kind wherein noise components are distributed in
      large amounts particularly in the low frequency band.
PAR  In this connection, a field-effect transistor (FET) may be used instead of
      the transistor Q20 in the examples illustrated in FIGS. 7, 9, and 11.
PAR  A third embodiment of a multichannel record disc reproducing system
      according to the present invention is illustrated in FIG. 13. In FIG. 13,
      parts which are the same as corresponding parts in FIGS. 1 and 6 are
      designated by like reference numerals, and will not again be described in
      detail.
PAR  In this third embodiment, a muting circuit 60 is provided in place of the
      variable attenuation circuit 40 in FIG. 6. This muting circuit 60 is
      operated by the output error signal voltage of the phase comparator 21
      passed through the time constant circuit 23, and carries out a muting
      operation by cutting off the passage of the demodulated signal system,
      when there is a noise component in the input signal. This muting operation
      can impart large signal level attenuation over all bands. In this case,
      also, a generation of noise is effectively suppressed.
PAR  Further, this invention is not limited to these embodiments but variations
      and modifications may be made without departing from the scope and spirit
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multichannel record disc reproducing system comprising:
PA1  a phase locked loop circuit means containing a phase comparator and a
      voltage controlled oscillator for demodulating an angle-modulated wave
      signal separated from a signal picked up from a multichannel record disc
      on which a direct wave signal and an angle-modulated wave signal are
      recorded in a multiplexed state, the output of said phase locked loop
      being a demodulated signal;
PA1  a synchronous detector means for comparing the phases of said
      angle-modulated wave signal and the output signal of said voltage
      controlled oscillator and operating when the phase difference of said two
      signals deviates from a predetermined phase difference to produce as
      output a voltage in accordance with the deviation of the phase difference
      from said predetermined phase difference; and
PA1  attenuation means coupled to said phase locked loop for obtaining a
      demodulated output signal in which the level of at least a frequency band
      wherein a noise component is distributed has been attenuated in accordance
      with the output of said synchronous detector.
NUM  2.
PAR  2. A multichannel record disc reproducing system as claimed in claim 1 in
      which said attenuation means comprises means operated responsive to the
      output of said synchronous detector to control the loop again of said
      phase locked loop circuit and for reducing the width of the lock range
      thereof responsive to said loop gain control means, whereby the
      demodulated angle-modulated wave signal is attenuated in a specific
      frequency band thereof.
NUM  3.
PAR  3. A multichannel record disc reproducing system as claimed in claim 2 and
      means by which said phase locked loop circuit accomplishes demodulation of
      said angle-modulated wave signal by attenuating the high frequency band
      thereof.
NUM  4.
PAR  4. A multichannel record disc reproducing system as claimed in claim 1 in
      which said attenuation means comprises means operated responsive to the
      output of said synchronous detector to control the loop gain of said phase
      locked loop circuit, means for reducing the width of the lock range of
      said phase locked loop circuit responsive to the said loop gain control
      means, and unlocking means for stopping the demodulation operation so that
      the output thereof is greatly attenuated and substantially not produced
      over all frequency bands.
NUM  5.
PAR  5. A multichannel record disc reproducing system as claimed in claim 1 in
      which said attenuation means comprises a variable attenuation circuit
      controlled responsive to the output of said synchronous detector to
      attenuate the level of a specific frequency band of the demodulated output
      signal from said phase locked loop circuit.
NUM  6.
PAR  6. A multichannel record disc reproducing system as claimed in claim 5 in
      which said variable attenuation circuit comprises a variable impedance
      element controlled by the output of said synchronous detector thereby to
      vary the internal impedance thereof and a capacitor connected in series
      with said element, and operates to attenuate the level of the high
      frequency band of said demodulated output signal.
NUM  7.
PAR  7. A multichannel record disc reproducing system as claimed in claim 5 in
      which said variable attenuation circuit comprises a variable impedance
      element controlled by the output of said synchronous detector thereby to
      vary the internal impedance thereof and a series-connected combination of
      a capacitor connected in series with said element and a coil, and operates
      to attenuate the level of the medium frequency band of said demodulated
      output signal.
NUM  8.
PAR  8. A multichannel record disc reproducing system as claimed in claim 5 in
      which said variable attenuation circuit comprises a variable impedance
      element controlled by the output of said synchronous detector thereby to
      vary the internal impedance thereof and a coil connected in series with
      said element, and operates to attenuate the level of the low frequency
      band of said demodulated output signal.
NUM  9.
PAR  9. A multichannel record disc reproducing system as claimed in claim 1 in
      which said means comprises a muting circuit which is controlled by the
      output of said synchronous detector to attenuate said demodulated output
      signal greatly over all frequency bands thereby to substantially cut off
      the transmission thereof.
NUM  10.
PAR  10. A multichannel record disc reproducing apparatus comprising:
PA1  a phase locked loop circuit means containing a phase comparator and a
      voltage controlled oscillator for demodulating an angle-modulated wave
      signal separated from a signal picked up from a multichannel record disc
      on which a direct wave signal and an angle-modulated wave signal are
      recorded in a multiplexed state;
PA1  a synchronous detector means for comparing the phases of said
      angle-modulated wave signal and the output signal of said voltage
      controlled oscillator and operating when the phase difference of said two
      signals deviates from a predetermined phase difference to produce as
      output a voltage in accordance with the deviation of the phase difference
      from said predetermined phase difference; and
PA1  a circuit means responsive to said phase locked loop for obtaining a
      demodulated output signal in which the level of at least a frequency band
      wherein a noise component is distributed has been attenuated in accordance
      with the output of said synchronous detector.
NUM  11.
PAR  11. A multichannel record disc reproducing system comprising:
PA1  phase locked loop means for demodulating an angle-modulated wave signal
      separated from a multiplexed signal picked up from a multichannel record
      disc on which a direct wave signal and an angle-modulated wave signal are
      multiplexed and recorded, said phase locked loop means comprising a phase
      comparator, a loop gain control circuit and a voltage controlled
      oscillator, said loop gain control circuit comprising means for decreasing
      a loop gain of said phase locked loop means corresponding to the level of
      a control signal;
PA1  phase shifting means responsive to said voltage controlled oscillator for
      generating an output signal having a phase difference of 90.degree. with
      respect to the output signal of said voltage controlled oscillator;
PA1  synchronous detector means for generating an output signal responsive to a
      comparison of the phase of the angle-modulated wave signal separated from
      the signal picked up from the multichannel record disc with the phase of
      the output signal of said phase shifting means, said output signal
      corresponding to the phase difference; and
PA1  time constant circuit means responsive to the output signal of said
      synchronous detector means for producing the control signal which controls
      said loop gain control circuit, said time constant circuit means
      comprising a diode and a parallel combination of a resistor and a
      capacitor, the parallel combination being connected to one electrode of
      the diode, the output signal of said synchronous detector means being
      applied to the other electrode of the diode, the control signal being
      taken from the junction of the diode and the parallel combination; a first
      time constant determined by the parallel combination being larger than a
      second time constant determined by the capacitor and the forward
      resistance of the diode.
NUM  12.
PAR  12. A multichannel record disc reproducing system comprising:
PA1  phase locked loop means for demodulating an angle-modulated wave signal
      separated from a multiplexed signal picked up from a multichannel record
      disc on which a direct wave signal and an angle-modulated wave signal are
      multiplexed and recorded, said phase locked loop means comprising a phase
      comparator and a voltage controlled oscillator;
PA1  phase shifting means responsive to the voltage controlled oscillator for
      generating an output signal having a phase difference of 90.degree. with
      respect to the output signal of the voltage controlled oscillator;
PA1  synchronous detector means for generating an output signal responsive to a
      comparison of the phase of the angle-modulated wave signal separated from
      the signal picked up from the multichannel record disc with the phase of
      the output signal of said phase shifting means, said output signal
      corresponding to the phase difference;
PA1  time constant circuit means comprising a diode and a parallel combination
      of a resistor and a capacitor, the parallel combination being connected to
      one electrode of the diode, the other electrode of the diode receiving the
      output signal of said synchronous detector means, an output signal being
      taken from the junction of the diode and the parallel combination, a first
      time constant determined by the parallel combination being larger than a
      second time constant determined by the capacitor and the forward
      resistance of the diode; and
PA1  variable attenuation means responsive to the signal demodulated by said
      phase locked loop means for variably attenuating the demodulated signal,
      the attenuation of the demodulated signal being controlled responsive to
      the level of the output signal of said time constant circuit means which
      is applied to said variable attenuation means.
NUM  13.
PAR  13. A multichannel record disc reproducing system as claimed in claim 12
      wherein said variable attenuation means comprises a series combination of
      a resistor, a capacitor and a variable impedance element, means for
      applying the demodulated signal across said series combination, the output
      signal of said variable attenuation means being taken from the junction of
      the resistor and the capacitor, said variable impedance element decreasing
      its impedance corresponding to the level of the output signal of said time
      constant circuit means.
NUM  14.
PAR  14. A multichannel record disc reproducing system as claimed in claim 12
      wherein said variable attenuation means comprises a series combination of
      a resistor, a capacitor, a coil and a variable impedance element, means
      for applying the demodulated signal across said series combination, the
      output signal of said variable attenuation means being taken from the
      junction of the resistor and the capacitor, said variable impedance
      element decreasing its impedance responsive to the level of the output
      signal of said time constant circuit means.
NUM  15.
PAR  15. A multichannel record disc reproducing system as claimed in claim 12
      wherein said variable attenuation means comprises a series combination of
      a resistor, a coil and a variable impedance element, means for applying
      the demodulated signal across said series combination, the output signal
      of said variable attenuation means being taken from the junction of the
      resistor and the coil, said variable impedance element decreasing its
      impedance responsive to the level of the output signal of said time
      constant circuit means.
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PAL  There is provided a four-channel stereophonic reproducing system wherein
      each muting circuit comprises a limiter for limiting the carrier level of
      a frequency-modulated signal to a predetermined level, a control circuit
      actuated by the output of the limiter and a switching circuit controlled
      by the control circuit, whereby when the carrier level of the
      frequency-modulated signal decreases, the detected output of the
      sub-channel signal including a large amount of noise components is blocked
      by the muting circuit.
BSUM
PAR  The present invention relates to a four-channel stereophonic reproducing
      system for reproducing discrete CD-4 four-channel stereo discs.
PAR  As in a conventional CD-4 system four-channel record disc, the left
      stereophonic composite signal is recorded on the left wall of a so-called
      45--45 system groove. The left stereophonic composite signal comprises the
      sum of a first main channel signal and a first sub-channel signal, the
      first main channel signal consisting of the sum of first and second
      channel signals (CH1 + CH2) and the first sub-channel consisting of the
      frequency-modulated difference between the first and second channel
      signals F (CH1 - CH2). Similarly, the right stereophonic composite signal
      is recorded on the right wall of the 45--45 system groove. The right
      stereophonic composite signal comprises the sum of a second main channel
      signal and a second sub-channel signal, the second main channel signal
      consisting of the sum of third and fourth channel signals (CH3 + CH4) and
      the second sub-channel signal consisting of the frequency-modulated
      difference between the third and fourth channel signals F (CH3 - CH4).
PAR  Accordingly, when reproducing the record disc, the left and right
      stereophonic composite signals are picked up by a cartridge and the main
      channel signals separated from the associated sub-channel signals by means
      of filters to detect the sub-channel signals. The detected sub-channel
      signals are then added to and subtracted from the main channel signals to
      obtain four separate output signals corresponding to the first to fourth
      channel signals.
PAR  It is an object of the present invention to provide an improved
      four-channel stereophonic reproducing system comprising a muting circuit
      for detecting the carrier level of the frequency-modulated signals,
      whereby when the detected carrier level is lower than a predetermined
      value, the detected FM output is prevented from appearing at the output
      terminal to thereby prevent deterioration of the signal-to-noise ratio due
      to the decreased carrier level.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will become readily apparent from considering the following
      detailed description taken in conjunction with the accompanying drawings,
      in which:
PAR  FIG. 1 is a block diagram showing an embodiment of a four-channel
      stereophonic reproducing system according to the present invention;
PAR  FIGS. 2a and 2b are output voltage waveform diagrams of the limiter used in
      the embodiment of FIG. 1;
PAR  FIGS. 2c and 2d are output voltage waveform diagrams of the differentiation
      circuit used in the embodiment of FIG. 1;
PAR  FIG. 3 is a schematic circuit diagram for the embodiment shown in FIG. 1;
PAR  FIG. 4 is a schematic circuit diagram showing another embodiment of the
      present invention; and
PAR  FIG. 5 is a schematic circuit diagram showing still another embodiment of
      the present invention.
DETD
PAR  The present invention will now be described in greater detail with
      reference to the illustrated embodiments.
PAR  Referring first to FIG. 1 showing a first embodiment of the invention,
      numeral 1 designates a cartridge unit, 2 a reproducing section for the
      left channel signal picked up by the cartridge unit 1, 3 a reproducing
      section for the right channel signal picked up by the cartridge unit 1. In
      the embodiment of FIG. 1, the right channel signal reproducing section 3
      is identical in construction and operation with the left channel signal
      reproducing section 2. Therefore, no detailed blocks of the section 3 are
      shown and its operation will not be described in the discussion to follow.
      Numeral 4 designates a preamplifier, 5 a main channel circuit including a
      low-pass filter for passing only the main channel signal component in the
      stereophonic composite signal, 6 a matrix circuit, 7 and 8 the output
      terminals of the matrix circuit 6. The main channel circuit 5 and the
      matrix circuit 6 constitute a main channel signal reproducing section.
PAR  Numeral 9 designates a high-pass filter for passing only the sub-channel
      signal component in the stereophonic composite signal, 10 a limiter for
      limiting the amplitude of the sub-channel signal obtained through the
      high-pass filter 9, 11 an FM detector circuit, 12 a switching circuit, 13
      a differentiation circuit connected to the output terminal of the limiter
      10, 14 a control circuit for controlling the switching circuit 12 with the
      output of the differentiation circuit 13. The high-pass filter 9, the
      limiter 10, the FM detector circuit 11, the switching circuit 12, the
      differentiation circuit 13 and the control circuit 14 constitute a
      sub-channel signal reproducing section, and a muting circuit is comprised
      of the limiter 10, the differentiation circuit 13, the control circuit 14
      and the switching circuit 12. Numerals 15 and 16 designate the output
      terminals of the matrix circuit in the right channel signal reproducing
      section 3.
PAR  The embodiment of FIG. 1 operates as follows. The left and right
      stereophonic composite signals picked up by the cartridge unit 1 are
      applied respectively to the left and right channel reproducing sections 2
      and 3. The left side stereophonic composite signal applied to the left
      channel reproducing section 2 is amplified by the preamplifier 4, and the
      main channel signal is then passed through the low-pass filter in the main
      channel circuit 5 and applied to the following matrix circuit 6. On the
      other hand, the sub-channel signal is passed through the high-pass filter
      9 and it is then applied to the limiter 10. The output of the limiter 10
      is detected by the detector circuit 11 and applied to the switching
      circuit 12, and it is also applied to the differentiation circuit 13.
PAR  Assuming now that the carrier level of the frequency-modulated signal is
      sufficiently high, the limiter 10 produces an output as shown in FIG. 2a
      and the differentiation circuit 13 produces an output as shown in FIG. 2c.
      In this case, therefore, the control circuit 14 produces a sufficiently
      high output and the switching circuit 12 is turned on. Consequently, the
      sub-channel signal is applied to the matrix circuit 6 where it is matrixed
      against the main channel signal, and thus the front and rear signals are
      produced at the output terminals 7 and 8.
PAR  On the other hand, when the carrier level of the FM signal becomes lower
      than a predetermined value, the limiter 10 cannot perform its amplitude
      limiting function satisfactorily and thus it produces an output as shown
      in FIG. 2b. In this case, therefore, the differentiation circuit 13
      produces an output as shown in FIG. 2 and the output of the control
      circuit 14 becomes extremely low. Consequently, the switching circuit 12
      is turned off and the output of the detector circuit 11 is not supplied to
      the matrix circuit 6.
PAR  FIG. 3 illustrates an exemplary circuit construction of the embodiment
      shown in FIG. 1, and in FIG. 3 the same reference numerals as used in FIG.
      1 designate the identical component parts. The output signal of the
      limiter 10 is applied to an input terminal 17 so that it is differentiated
      by the differentiation circuit 13 comprising a capacitor 18 and a resistor
      19 and it is then applied to the control circuit 14. In the control
      circuit 14, the differentiator output is detected by a diode 20 and it is
      then used to charge an integrating capacitor 21. This capacitor voltage is
      applied through a resistor 22 to the base of a first transistor 23 to turn
      it on and off.
PAR  When the carrier level of the FM signal is sufficiently high so that the
      differentiation circuit 13 produces the output shown in FIG. 2c, the first
      transistor 23 is turned on by the voltage on the capacitor 21 so that its
      collector potential decreases and thus the base potential of a second
      transistor 24 decreases to turn the second transistor 24 off.
      Consequently, the collector potential of the second transistor 24
      increases and it raises through a resistor 25 the gate potential of an FET
      26 constituting the switching circuit 12. When this occurs, the FET 26 is
      turned on and the output signal of the detector circuit 11 which was
      applied to the source of the FET 26 is passed to its drain. The detector
      output signal thus passed through the FET 26 is applied to the matrix
      circuit 6 through a resistor 27 and a capacitor 28 and through an output
      terminal 29.
PAR  On the contrary, when the carrier level of the FM signal is lower than the
      predetermined value so that the differentiation circuit 13 produces the
      output shown in FIG. 2d, the voltage on the capacitor 21 is low and the
      first transistor 23 is turned off. As a result, the second transistor 24
      is turned on and the gate potential of the FET 26 decreases to turn it
      off. The output signal of the detector circuit 11 is thus blocked and it
      is not applied to the matrix circuit 6.
PAR  In FIG. 3, numerals 30, 31, 32, 33, 34 and 35 designate bias resistors.
PAR  It should be appreciated that with the abovedescribed embodiment, when the
      carrier level of the FM signal is sufficiently high, any noise may be
      practically eliminated by the amplitude limiting action of the limiter 10,
      whereas when the carrier level decreases below the predetermined value so
      that the amplitude limiting action is made practically inoperative, the
      switching circuit 12 is turned off to block the detector output itself. In
      either of these cases, therefore, an improved reproduction with a higher
      degree of freedom from noise may be ensured.
PAR  FIG. 4 illustrates a circuit diagram showing another embodiment of the
      present invention, in which the same reference numerals as used in FIGS. 1
      and 3 designate the identical or equivalent component parts.
PAR  The embodiment of FIG. 4 differs from the embodiment shown in FIGS. 1 and 3
      in that the switching circuit is comprised of a known type of Automatic
      Noise Reduction System (ANRS) designed to block the detector output and
      reduce the amount of noise when the signal level becomes low, and in this
      way the detector output is blocked when the carrier level of the FM signal
      decreases below a predetermined value.
PAR  In other words, the output signal of the limiter 10 is applied to both the
      differentiation circuit 13 and the detector circuit 11, and the detected
      output of the detector circuit 11 is applied to both the matrix circuit 6
      and the ANRS 36.
PAR  When the signal level at the output terminal of the detector circuit 11 is
      sufficiently high, a third transistor 38 is turned on through a capacitor
      37, and a large negative potential is applied to the base of a fourth
      transistor 41 by detector diodes 39 and 40 to turn it off. Consequently,
      the output of the detector circuit 11 is not applied to the fourth
      transistor 41, but it is applied to the matrix circuit 6 where it is
      matrixed against the main channel signal from the main channel circuit 5
      to produce the front and rear signals at the output terminals 7 and 8.
PAR  On the other hand, when the signal level is low, the third transistor 38 is
      turned off and the +B voltage is applied to the base of the fourth
      transistor 41 to turn it on. As a result, the output of the detector
      circuit 11 is grounded through a capacitor 42, a resistor 43 and the
      fourth transistor 41 and it is not supplied to the matrix circuit 6. In
      FIG. 4, numerals 44, 45, 46, 47 and 48 designate resistors, and numerals
      49 and 50 designate capacitors.
PAR  While the ANRS 36 operates in the manner described above, when the carrier
      level is sufficiently high so that the differentiation circuit 13 produces
      the output shown in FIG. 2c, the third transistor 38 is turned on and the
      fourth transistor 41 is turned off in the ANRS 36, thus supplying the
      output signal of the detector circuit 11 to the matrix circuit 6.
PAR  On the other hand, when the carrier level of the FM signal is lower than
      the predetermined value so that the differentiation circuit 13 produces
      the output shown in FIG. 2d, the third transistor 38 is turned off and the
      fourth transistor 41 is turned on, and thus the detector output is
      grounded through the fourth transistor 41 and not applied to the matrix
      circuit 6.
PAR  It will thus be seen that the embodiment of FIG. 4 employs the ANRS 36 in
      place of the switching circuit 12 to produce similar results to those
      produced by the embodiment shown in FIGS. 1 and 3.
PAR  FIG. 5 illustrates still another embodiment of the invention, and the
      component parts identical in function with those of the embodiments shown
      in FIGS. 1, 2 and 4 are designated by the same reference numerals. This
      embodiment differs from the first two embodiments in that the muting
      function is performed by not only detecting the presence of the carrier,
      but also in accordance with the magnitude of the carrier wave.
PAR  In FIG. 5, numeral 51 designates a detecting circuit for detecting the
      presence of a carrier wave, 52 a DC amplifier which serves the function of
      amplifying the output signal of the detecting circuit 51 in addition to
      its switching function. Numeral 53 designates a high speed muting circuit
      whereby when there is no carrier wave, the output of the detector circuit
      11 is grounded through a capacitor 54 to block the application of the
      detector output to the matrix circuit 6. Numeral 55 designates a long time
      muting circuit whereby when the carrier wave is intermittently and
      continually off so that it is impossible for the high speed muting circuit
      53 to perform the muting function accurately, the long time muting circuit
      55 is switched into operation by the DC amplifier 52 to perform the muting
      function. In other words, the long time muting circuit 55 comprises a
      capacitor 56, a diode 57, a time constant circuit 60 having a long time
      constant and comprised of a resistor 58 and a capacitor 59, a fifth
      transistor 61 and a resistor 62, whereby when the carrier wave has been
      off for several times, the capacitor 59 is charged sufficiently to turn
      the fifth transistor 61 on. Accordingly, when a situation arises
      continually where the output signal of the DC amplifier 52 includes no
      carrier wave so that it is impossible for the high speed muting circuit 53
      to respond to the output signal of the DC amplifier 52 satisfactorily, the
      long time muting circuit 55 is brought into operation and the fifth
      transistor 61 is turned on to ground the output signal of the detector
      circuit 11 through the capacitor 54 and the fifth transistor 61 and
      thereby prevent the application of the detector output to the matrix
      circuit 6.
PAR  In the present embodiment, the fifth transistor 61 of the long time muting
      circuit 55 is also utilized to construct the switching circuit.
PAR  In other words, when the carrier level is sufficiently high so that the
      differentiation circuit 13 produces the output signal shown in FIG. 2c, a
      sixth transistor 63 constituting the control circuit 14 is turned on and
      the fifth transistor 61 of the long time muting circuit 55 is turned off,
      thus supplying the output signal of the detector circuit 11 to the matrix
      circuit 6.
PAR  On the other hand, when the carrier level is lower than the predetermined
      value so that the differentiation circuit 13 produces the output shown in
      FIG. 2d, the sixth transistor 63 is turned off and the +B voltage is
      applied to the base of the fifth transistor 61 through the resistors 31
      and 64 to turn it on. Consequently, the output of the detector circuit 11
      is grounded through the capacitor 54 and the fifth transistor 61 and the
      application of the detector output to the matrix circuit 6 is prevented.
PAR  With the arrangement described above, it is possible to obtain the same
      results as the embodiment shown in FIGS. 1 and 3.
PAR  While, in the embodiments of this invention described hereinbefore, the
      output of the limiter 10 is differentiated by the differentiation circuit
      13, this is done with the intention of increasing the range of variation
      of the output signal of the limiter 10 to prevent any erroneous operation,
      and therefore it would be apparent to those skilled in the art that the
      same results may be obtained without the provision of the differentiation
      circuit 13, if the circuitry is designed suitably.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A four-channel stereophonic reproducing system for reproducing a
      discrete CD-4 four-channel stereo disc wherein left and right stereophonic
      composite signals are recorded on the left and right walls of the groove
      on said disc, said left stereophonic composite signal comprising the sum
      of a first main channel signal and a first sub-channel signal and said
      right stereophonic composite signal comprising the sum of a second main
      channel signal and a second sub-channel signal, said first main channel
      signal comprising the sum of first and second channel signals and said
      second main channel signal comprising the sum of third and fourth channel
      signals, said first sub-channel signal comprising the frequency-modulated
      difference between said first and second channel signals and said second
      sub-channel signal comprising the frequency-modulated difference between
      said third and fourth channel signals, comprising
PA1  means for reproducing a main channel signal and a sub-channel signal having
      a carrier from each of left and right stereophonic composite signals
      recorded on said disc;
PA1  detector means for detecting said sub-channel signals reproduced by said
      reproducing means;
PA1  matrix means for matrixing said main channel signals reproduced by said
      reproducing means and output signals from said detector means to produce
      four discrete stereophonic audio signals;
PA1  switching means provided between said detector means and said matrix means;
PA1  level discriminating means for detecting when the carrier level of a
      sub-channel signal is lower than a predetermined value; and
PA1  control means controlled by the output of said level discriminating means
      whereby, when said carrier level becomes lower than said predetermined
      value, said switching means is rendered nonconductive to prevent
      application of the output of said detector means to said matrix means.
NUM  2.
PAR  2. A system according to claim 1, wherein said level discriminating means
      comprises a pair of detecting units each connected to an input of said
      detector means.
NUM  3.
PAR  3. A system according to claim 1, wherein said detecting means comprises a
      pair of detecting units each thereof consisting of a limiter connected to
      an input of said detector means, and a differentiation circuit connected
      to the output of said limiter.
NUM  4.
PAR  4. A system according to claim 1, wherein said control means comprises a
      pair of control units each thereof consisting of a diode coupled to the
      output of said level discriminating means, a capacitor charged by the
      output of said diode, a first transistor having the base thereof connected
      to said capacitor, and a second transistor having the base thereof
      connected to the collector of said first transistor, and wherein said
      switching means comprises a pair of switching units each thereof
      consisting of a field effect transistor having its gate connected to the
      collector of said second transistor, its source connected to an output
      terminal of said detector means and its drain connected to an input
      terminal of said matrix means.
NUM  5.
PAR  5. A four-channel stereophonic reproducing system for reproducing a
      discrete CD-4 four-channel stereo disc wherein left and right stereophonic
      composite signals are recorded on the left and right walls of the groove
      in said disc, said left stereophonic composite signal comprising the sum
      of a first main channel signal and a first sub-channel signal and said
      right stereophonic composite signal comprising the sum of a second main
      channel signal and a second sub-channel signal, said first main channel
      signal comprising the sum of first and second channel signals and said
      second main channel signal comprising the sum of third and fourth channel
      signals, said first sub-channel signal comprising the frequency-modulated
      difference between said first and second channel signals and said second
      sub-channel signal comprising the frequency-modulated difference between
      said third and fourth channel signals, comprising
PA1  means for reproducing a main channel signal and a sub-channel signal having
      a carrier from each of left and right stereophonic composite signals
      recorded on said disc;
PA1  detector means for detecting said sub-channel signals reproduced by said
      reproducing means;
PA1  matrix means for matrixing said main channel signals reproduced by said
      reproducing means and output signals from said detector means to produce
      four discrete stereophonic audio signals;
PA1  switching means provided between said detector means and said matrix means;
PA1  level discriminating means for detecting when the carrier level of said
      sub-channel signal is lower than a predetermined value; and
PA1  automatic noise reduction means responsive to the output of said detector
      means to prevent the application of the output of said detector means to
      said matrix means when the signal level of the output of said detector
      means is low, whereby when the carrier level of said sub-channel signal
      becomes lower than said predetermined value, said automatic noise
      reduction means is actuated by the output of said detecting means to
      prevent the application of the output of said detector means to said
      matrix means.
NUM  6.
PAR  6. A system according to claim 5, wherein said level discriminating means
      comprises a pair of limiters each connected to an input of said detector
      means.
NUM  7.
PAR  7. A system according to claim 5, wherein said detecting means comprises a
      pair of detecting units each thereof consisting of a limiter connected to
      an input of said detector means, and a differentiation circuit connected
      to the output of said limiter.
NUM  8.
PAR  8. A system according to claim 5, wherein said automatic noise reduction
      means comprises a pair of automatic noise reduction units each thereof
      consisting of a third transistor having the base thereof connected to an
      output terminal of said detector means, and a fourth transistor having its
      collector connected to the output terminal of said detector means and its
      base connected to the collector of said third transistor through a
      detector diode, and wherein the output terminal of said level
      discriminating means is connected to the base of said third transistor.
NUM  9.
PAR  9. A four-channel stereophonic reproducing system for reproducing a
      discrete CD-4 four-channel stereo disc wherein left and right stereophonic
      composite signals are recorded on the left and right walls of the groove
      in said disc, said left stereophonic composite signal comprising the sum
      of a first main channel signal and a first sub-channel signal and said
      right stereophonic composite signal comprising the sum of a second main
      channel signal and a second sub-channel signal, said first main channel
      signal comprising the sum of first and second channel signals and said
      second main channel signal comprising the sum of third and fourth channel
      signals, said first sub-channel signal comprising the frequency-modulated
      difference between said first and second channel signals and said second
      sub-channel signal comprising the frequency-modulated difference between
      said third and fourth channel signals, comprising
PA1  means for reproducing a main channel signal and sub-channel signal having a
      carrier from each of left and right sterephonic composite signals recorded
      on said disc;
PA1  detector means for detecting said sub-channel signals reproduced by said
      reproducing means;
PA1  matrix means for matrixing said main channel signals reproduced by said
      reproducing means and output signals from said detector means to produce
      four discrete stereophonic audio signals;
PA1  level discriminating means for detecting when the carrier level of said
      sub-channel signal is lower than a predetermined value;
PA1  muting means connected to the output of said level discriminating means for
      detecting the presence of carrier whereby, when there is no carrier wave
      in the output of said level discriminating means, said muting means is
      actuated to prevent the application of the output of said detector means
      to said matrix means; and
PA1  control means controlled by the output of said level discriminating means
      for actuating said muting means to prevent the application of the output
      of said detector means to said matrix means when said carrier level
      becomes lower than said predetermined value.
NUM  10.
PAR  10. A system according to claim 9, wherein said level discriminating means
      comprises a pair of limiters each connected to an input of said detector
      means.
NUM  11.
PAR  11. A system according to claim 9, wherein said level discriminating means
      comprises a pair of limiters each connected to an input of said detector
      means, and a differentiation circuit connected to the output of said
      limiter.
NUM  12.
PAR  12. A system according to claim 9, wherein said muting means comprises a
      pair of muting units each thereof consisting of means for detecting the
      presence of carrier wave in the output signal of said level discriminating
      means, a diode for detecting the output of said carrier detecting means,
      and a fifth transistor having its collector connected to an output
      terminal of said detector means, its base connected to said diode and its
      emitter connected to ground, and wherein said control means comprises a
      pair of control units each thereof consisting of a diode for detecting the
      output of said level discriminating means, a capacitor charged by the
      output of said diode and a sixth transistor having its base connected to
      said capacitor and its collector connected to the base of said fifth
      transistor.
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PAL  The utility and range of application of conventional electrical limit
      switches is greatly increased by the provision on the pivoted switch
      actuating arm or lever of a unidirectional actuator attachment. The
      attachment element is pivoted to the arm and cooperates with a stop lug on
      the arm to render the element active for moving the switch actuator arm in
      response to engagement of the element by an object moving in one direction
      relative to the element. When the element is engaged by an object moving
      in the opposite direction, it yields relative to the arm and is incapable
      of moving the arm to actuate the switch. In an alternate operating mode,
      the attachment element may be rendered rigid with the switch arm to form
      an effective extension thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are numerous applications of electrical limit switches on machinery
      having moving components. It is customary to mount a limit switch or
      switches adjustably relative to moving machine carriages or like parts
      whose extent of movement, stopping or reversal of movement, must be
      accurately regulated.
PAR  A typical application of electrical limit switches is disclosed in United
      States application S.N. 273,866, filed July 21, 1972, now U.S. Pat. No.
      3,803,824, issued Apr. 16, 1974. In this patent a mechanical spinning
      frame ring rail lowering mechanism is disclosed consisting of a mechanical
      clutch and pulley arrangement, whereby activation of the clutch at a
      certain time during the winding of textile bobbins will cause the ring
      rail to be lowered to a bobbin doffing position and held in such position
      prior to the next bobbin building cycle of operation.
PAR  In conjunction with the clutch unit, a clutch-activating or trip mechanism
      is bodily mounted on the ring rail to move therewith and the purpose of
      the trip mechanism is to cause the release at the proper time of a
      spring-loaded linkage which is connected to a rotary activating tab of the
      clutch, whereby release of the linkage by the trip mechanism will allow
      the linkage to activate the clutch for lowering the ring rail. More
      particularly, the coasting inertia of the spining frame is employed,
      following the activation of the clutch to effect the lowering of the ring
      rail, the spinning frame motor being de-activated according to one
      disclosed mode of operation when the linkage is released by the trip
      mechanism.
PAR  As disclosed in said patent, the trip mechanism on the oscillating ring
      rail includes a release finger which engages the linkage on the
      next-to-last upstroke of the ring rail to cause the release of a trip
      element, which on the final upstroke of the ring rail engages and releases
      the clutch activating linkage.
PAR  The patented system discloses two alternate modes of operation, the first
      of which involves a single switch to shut off the spinning frame motor as
      the ring rail lowering clutch unit is activated. This mode depends upon
      the coasting of the frame to completely lower the ring rail. In the
      alternate mode of operation, two separate switches are employed and the
      spinning frame motor is not shut off until both electrical switches have
      been operated.
PAR  While the present invention has an almost limitless range of utility in
      connection with machinery, it is ideally suited for use in the system
      covered by the above-mentioned patent and therefore will be disclosed in
      connection therewith. It should be understood, however, that the invention
      is in no sense limited to this particular use or application.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING FIGURES
PAR  FIG. 1 is a fragmentary plan view of the invention shown in conjunction
      with the ring rail of a spinning frame and associated trip mechanism.
PAR  FIG. 2 is a fragmentary side elevation of the invention as depicted in FIG.
      1, parts in section.
PAR  FIG. 3 is a fragmentary plan view of the invention according to a
      modification thereof.
DETD
PAC  DETAILED DESCRIPTION
PAR  The disclosure of U.S. Pat. No. 3,803,824 is hereby incorporated by
      reference into this application in order to simplify the application.
PAR  Referring to the application drawings in detail, wherein like numerals are
      employed to designate like parts, reference is made first to certain parts
      which are disclosed in the abovementioned patent, the same reference
      numerals employed in the patent being employed herein for convenience of
      reference.
PAR  The numeral 25 designates the movable ring rail of a spinning frame which
      oscillates in a vertical path in a well known manner during the bobbin
      building process. When the building of the bobbins is completed, it is
      customary to lower the ring rail to a bobbin doffing position, either
      manually or by power-operated means such as employed in said patent.
PAR  Adjustably mounted on the ring rail 25 to move therewith is a bracket or
      mounting plate 76 having a trip mechanism housing 79 rigidly and
      adjustably secured thereto. Pivoted to an extension 83 of the housing 79
      at 82 is a trip element 81. A roll pin 81', not disclosed in said patent,
      is secured to the trip element 81 near its top and projects horizontally
      beyond one side thereof for an important purpose to be described. The trip
      element 81 is biased toward its position shown in full lines in the
      drawings by a spring 84 and is held at certain times in the retracted
      upright or inactive position shown in broken lines by a release finger 85
      pivoted at 86 to the housing 79 and biased to a level locking position in
      relation to a locking shoulder 88 by another spring 89. These described
      elements are components of the trip mechanism 74 fully described in the
      above-mentioned patent and it is thought that no further description of
      the trip mechanism per se is required herein for a full understanding of
      the invention.
PAR  In FIG. 2 of the application drawings, a rod 95 is shown in its proper
      relationship to the invention and trip mechanism 74 and this rod forms a
      part of the clutch release linkage shown particularly in FIGS. 3 and 3A of
      the mentioned patent.
PAR  Referring now to components which are not disclosed in said patent but
      which form a part of the invention, the numeral 10 designates a limit
      switch of any well-known type, such as a limit switch manufactured and
      sold by Square D Company, Milwaukee, Wisconsin, as Class 9007, Type
      B51-B2, or the like. The limit switch 10 has an actuator arm or lever 11
      secured by a clamping screw 12 to a switch rotor shaft 13. Limit switches
      of this type may be arranged to operate by movement of the arm 11 in one
      direction or in opposite directions from a neutral position such as shown
      in the drawings, the arm being spring-biased to the neutral position.
PAR  When used in conjunction with the ring rail lowering mechanism of said
      patent, the switch 10 is vertically adjustably mounted on a fixed bracket
      14 which may be attached to either the fixed spindle rail 20 or roll beam
      101 in said patent. Vertical adjustment and positioning of the switch 10
      is accomplished by the use of vertical adjustment slots 15 provided in the
      bracket 14 and suitable locking screws 16.
PAR  The unidirectional switch actuator attachment element constituting the
      essence of the invention is designated by the numeral 17 and is a small
      plate element adapted to swing in a vertical plane relative to the arm 11
      around the axis of a pivot element 18, by means of which it is pivotally
      attached to the free end of the actuator arm 11. At its leading end, the
      unidirectional switch actuator element 17 has a tapered contact extension
      19 in the path of movement of the roll pin 81', as will be further
      described. In the position shown in FIG. 2, the contact extension 19 is
      forwardly of and below the level of pivot element 18.
PAR  At its rear end, the element 17 carries a stop extension 21 adapted to
      contact a fixed stop lug 22 which is cast on one side of the actuator arm
      11. The stop extension 21, as shown in FIG. 2, is slightly above pivot
      element 18 and spaced rearwardly thereof. The body portion of the pivoted
      unidirectional actuator element 17 is eccentrically weighted relative to
      pivot element 18 to assume the position shown in FIG. 2 under the
      influence of gravity where the elements 21 and 22 are in engagement. If
      the extension 19 is depressed as by downward movement of the roll pin 81'
      to rotate the element 17 counter-clockwise on its pivot, such element will
      be gravity-returned to the illustrated position in FIG. 2 after the roll
      pin 81' passes or trips over extension 19.
PAR  As will be further described, the element 17 may also be made to serve as a
      rigid extension on the actuator arm 11 in some cases rather than a pivoted
      unidirectional or one-way active element. In such cases, another roll pin
      23, FIG. 3, may be assembled through registering openings 24 in the arm 11
      and element 17.
PAR  When the described invention is employed with the apparatus of the
      referenced prior patent, and assuming the absence of the locking roll pin
      23 so that the attachment actuator element 17 is free to pivot on the arm
      11 of the switch, the following cycle of operation will occur. On the
      next-to-last upstroke of the ring rail 25, the release finger 85 will
      contact the rod 95 and release the trip element 81 to the active position
      shown in full lines. As the ring rail descends prior to the final upstroke
      thereof, the projecting roll pin 81' will trip over the extension 19
      causing the element 17 to pivot counter-clockwise and return by gravity to
      the position shown with the elements 21 and 22 in positive contact. Thus,
      the element 17 is inactive and produces no switch activation on the final
      downward movement of the ring rail. However, on the final upstroke of the
      ring rail, roll pin 81' will engage the bottom of extension 19 tending to
      rotate the attachment element 17 on its pivot 18. The contacting stop
      elements 21 and 22 will prevent this and consequently the entire arm 11
      will turn clockwise on the axis of switch rotor shaft 13 to open the
      switch. This means that during the final upstroke of the ring rail 25,
      power to the spinning frame motor will be cut off first by opening of the
      switch 10, followed by engagement of trip element 81 with the bottom of
      rod 95 to release the clutch linkage and activate the clutch, in the
      manner disclosed in the prior patent. Once the clutch is rendered active,
      the ring rail will be lowered to the bobbin doffing position by the
      coasting inertia of the frame.
PAR  In an alternate mode of operation where the particular spinning frame has a
      shorter coasting cycle than is available with the mode of operation
      described immediately above, the roll pin 23, FIG. 3, is utilized to
      render the element 17 rigid with the switch actuator arm 11. In this case,
      power to the spinning frame will not be cut off until after the linkage
      rod 95 is released by the trip element 81 on the final upstroke of the
      ring rail. That is to say, as the ring rail is being lowered under power
      by the clutch mechanism, and when the roll pin 81' engages the top of
      extension 19, the switch 10 will be opened to then shut off power to the
      spinning frame motor because the element 17 cannot yield and pivot
      independently of the arm 11 but can only serve to depress the arm 11 and
      open the switch, the latter being of the type which is opened by movement
      of the arm 11 in either direction from the neutral position shown in the
      drawings.
PAR  It has been shown that the provision of the unidirectional or one-way
      active element 17 on the limit switch actuating arm 11 enables a single
      switch to be utilized in two different operational modes in conjunction
      with the ring rail lowering clutch mechanism of the referenced patent, in
      lieu of two separate switches shown in this patent for carrying out the
      necessary modes of operation with spinning frames having longer or shorter
      coast cycles. Similarly, the attachment element 17 increases the utility
      of the switch 10 in a variety of similar machinery applications where a
      moving element of the machine is utilized to trip or activate a limit
      switch. In some instances, the one-way active attachment element 17 will
      enable one limit switch to do the work of two switches or will make
      possible a mode of operation which is not attainable where the moving
      machine element trips the switch arm 11 in both directions rather than
      unidirectional. It is thought that the utility of the invention has now
      been adequately described in connection with a single application so that
      those skilled in the art can easily envision numerous additional
      applications of the invention.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred example of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention or scope
      of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a limit switch or the like having a rotary switch actuator arm
      adapted to extend toward the path of movement of a reciprocating machine
      element, the improvement which comprises a one way engaging and one way
      inactive switch actuator arm extension freely pivotally secured to the
      actuator arm and extending on opposite sides of its pivot axis and
      longitudinally of said arm, the center of mass of said arm extension being
      eccentric to said pivot axis whereby the extension is weighted to an
      engaging position in response to gravity, said switch actuator arm having
      an abutment thereon, a first end terminal on the weighted portion of said
      extension engaging said abutment under the influence of gravity and being
      free to separate from the abutment on pivoting of the extension in one
      direction, and a second end terminal on the other end of said extension
      and on the opposite side of said pivot axis and projecting into the path
      of movement of a machine element to be engaged thereby, engagement of the
      second end terminal by said machine element moving in one direction
      causing throwing of the limit switch due to engagement of the first end
      terminal with said abutment and engagement of the second end terminal by
      said machine element moving in the opposite direction causing pivoting and
      yielding of the extension on its pivot and separation of the first end
      terminal from said abutment without throwing of the limit switch.
NUM  2.
PAR  2. The structure as defined by claim 1, and said switch actuator arm
      extension having a plate body portion with said first end terminal
      projecting outwardly from one upper corner of the plate body portion and
      the second end terminal projecting oppositely from the diagonally opposite
      lower corner of the body portion, the pivot for the extension being
      disposed between the first and second end terminals and near the top of
      the plate body portion.
NUM  3.
PAR  3. The structure as defined by claim 1, and means to positively lock the
      actuator arm extension when desired against pivotal movement in either
      direction on the switch actuator arm.
NUM  4.
PAR  4. The structure as defined by claim 3, and said means comprising
      registering apertures in the switch actuator arm and arm extension, and a
      locking pin element insertable through said apertures.
NUM  5.
PAR  5. Means for converting a bidirectional limit switch to a unidirectional
      switch, said limit switch having a rotary actuator arm including an
      abutment element, said means comprising an eccentrically weighted switch
      actuator arm extension freely pivotally secured to one side of the
      actuator arm and biased by gravity thereon in one direction, a first end
      terminal carried by the gravity biased end of the pivoted extension and
      normally in positive engagement with said abutment element of the actuator
      arm and freely separable therefrom when said extension is turned on its
      pivot in one direction, and a second end terminal on the opposite end of
      the pivoted extension and on the side of the pivot point of the extension
      remote from the first end terminal and adapted to be engaged by a
      reciprocating machine element, such engagement in one direction of
      movement of the machine element causing throwing of the switch due to
      engagement of said abutment element and first end terminal, and engagement
      in the opposite direction of movement of the machine element causing free
      pivoting of said extension and separation of the first end terminal from
      the abutment element without throwing the switch.
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ABST
PAL  A detector comprises a brittle support for an electrical conductor adapted
      to fit adjacent a closure (e.g. a bursting disc) so that when failure
      occurs, electrical continuity in the conductor is broken by fracture of
      the support and cannot be fortuitously remade.
BSUM
PAR  This invention relates to a device for detecting the failure of closures
      for example closures on chemical reaction vessels.
PAC  BACKGROUND OF THE INVENTION
PAR  The pressure inside any vessel may at times become excessive and cause
      closure failure, defined as an event caused by the internal pressure of
      the vessel resulting in the opening of the closure. The closure may be for
      example a conventional lid, stopper or safety-valve or a seal formed by a
      film, disc or plate supported across an aperture of the vessel. If it is
      important to know when the closure failure has occurred, perhaps to apply
      an automatic reclosure mechanism or to take other appropriate action a
      failure-detector is placed in the vicinity of the closure. A common form
      of closure particularly on chemical reaction vessels, because they are
      prone to generate excessive pressures unexpectedly, is a closure known as
      a bursting-disc. The failure-detectors are often used in combination with
      bursting discs so that immediately a dangerous condition occurs inside the
      vessel and the bursting disc is ruptured, the failure-detector detects the
      rupture and generates an appropriate signal for example a signal which
      will alert an operator or automatically shut down the reaction which is
      being carried out.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a detector for the
      detection of a failure in a closure member, operable by the breakage of an
      electrical circuit to detect the said failure, comprising a brittle
      electrical conducting element supported between electrical terminals in a
      manner such that when any part of the conducting element or the support
      thereof fractures into a plurality of fragments, electrical continuity
      between the terminals is broken and the fragments cannot dispose
      themselves in any way which restores the electrical continuity under the
      conditions consequent upon the failure.
PAR  The brittle electrical conducting element may be for example a brittle
      electrically conducting material preferably graphite, or it may be a thin
      layer of conducting material attached to or otherwise supported by a
      brittle non-conducting material, for example a layer of metal deposited on
      a fragile substrate. Suitable metals may be for example aluminium, gold,
      silver or copper and suitable substrates may be for example glass,
      porcelain or brittle plastic e.g. polystyrene. The fragile substrate may
      be in the form of a convenient carrier e.g. a strip, slide, plate, rod or
      tube. The substrate preferred is glass and especially preferred is a glass
      substrate in the form of a tube. The closure member may be for example a
      lid, stopper, safety valve or seal and a common form of seal especially on
      chemical apparatus is a bursting disc. In order to detect the failure the
      detector is placed adjacent to the closure member in such a position that
      when the failure occurs, defined as the `opening of the closure`, the
      detector will fracture; depending on the particular design of closure
      member this position may be inside or outside a vessel holding the closure
      member.
PAR  The electrical conducting element preferably comprises a brittle tubular
      support having deposited thereon a layer of conducting material (e.g. a
      thin metal layer) the layer being deposited preferably on an internal
      surface of the tubular support.
PAR  Two electrical terminals carrying electrical leads are arranged to make
      contact with the layer of conducting material so that an electrical
      conducting path would extend over a substantial portion of the surface of
      the support when current is passed between the terminals.
PAR  The tubular support may be of any convenient shape but it has been found
      that supports with a cylindrical form externally over a portion of their
      length are the most convenient for attachment to a vessel because a
      cylindrically-shaped portion may be fitted easily into a sealed unit for
      example by means of a gland. Thus an electrical-conducting element
      comprising a support of this form may be arranged to extend as a finger
      across the aperture to be covered with the closure member. In this
      embodiment either the layer of conducting material on the support or the
      support itself is formed so that a U-shaped conducting path is produced
      extending from the terminals at one end of the finger so that the bend of
      the U-shape may be situated in a place which ensures fracture of the
      support and/or discontinuity in the conducting path once the closure
      fails.
PAR  The electrical terminals may be placed in any convenient position for
      electrical connection to the conducting element. For example the terminals
      may be placed on the closure or on the body of the vessel being closed and
      electrical connection made when the conducting element is placed in
      position on its support. The setting-up of a brittle element can be a
      tedious and delicate operation and thus we find it preferable to construct
      both the terminals and the electrical-conducting element on a single
      assembly (preferably both terminals connected to one end of a conducting
      element which is substantially cylindrical or finger-shaped as described
      above) so that the whole assembly including the brittle conducting element
      may be conveniently placed on or attached to one side of the vessel so as
      to protrude across the opening covered by the closure member.
PAR  If fracture of any part of the conducting element occurs the conducting
      path between the terminals is broken and the fractured pieces of the
      brittle materials move apart and contact cannot be remade even by the
      fortuitous collision of any of the fractured pieces.
PAR  In order to set up the detector once more for detection of a fresh failure
      of the closure (normally a fresh bursting disc must be fitted to the
      vessel) a new conducting element complete with terminals is required to be
      fitted across the opening adjacent the closure member. The advantage of
      arranging both terminals on one end of the finger-shaped element is that a
      single support only on the vessel is required and no tedious alignment of
      the brittle conducting element between two supports is necessary. In fact
      if the U-shaped conducting path is formed inside a glass finger having a
      substantially cylindrical external cross-section this may be slid into
      position through a circular hole from the outside without disturbing other
      fittings or attachments to the vessel.
PAR  Since many chemical reactor vessels are required to withstand corrosive
      materials and very often extreme weather conditions, it is advantageous
      for the terminals and the electrical conducting path of the brittle
      conducting element to be protected from corrosive materials. The detector
      operates more reliably if the conducting path is prevented from corrosive
      attack or even from moisture condensation because these would tend to
      produce an earth-leakage path for the current which could cause the
      electrical continuity between the terminals to be maintained in the event
      of a fracture of the detector. The terminals and other external electrical
      connections may be covered with a protective covering but we prefer to
      protect the conducting material with the support itself by depositing the
      metal layer on the inside surface of the brittle support, most
      conveniently a glass tubular member permanently sealed at the ends.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  A preferred embodiment of the invention will be described with reference to
      the FIGS. 1 and 2. FIG. 1 is a sectional view of the whole detector. FIG.
      2A is an elevation of the brittle conducting element and FIG. 2B is a
      sectional view of taken on the line 2B--2B. FIG. 3A is a longitudinal
      sectional view of another embodiment of a conducting element and FIG. 3B
      is a sectional view taken on the line 3B--3B. FIG. 4 is a sectional view
      of another embodiment of the detector.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A flanged metal disc 1 has a central bore in which a cylindrical glass
      probe 11 is a sliding fit. The metal disc 1 is designed to clamp on to a
      mating flange (not shown) on a reaction vessel by means of bolts (not
      shown) passing through holes 8, the mating flanges being sealed by a
      flexible jointing ring 6. A gland is formed by O-rings 5 either side of a
      sleeve 3 fitting closely over glass element 11.
PAR  A gland nut 2 bored to accept the glass probe 11 holds neck-ring 4 in place
      to seal the gland and is threaded to screw into the flanged disc 1.
      Sleeved wires 9 from the glass probe are secured in a terminal block 12
      held within a protecting cup 14 supported by threaded portion 15 to the
      metal disc 1 the connection thereto being sealed by a sealing ring 7. The
      terminal block 12 is protected from external conditions by a cover 10
      screwed to an external thread 19 on cup 14 and sealed thereto by a
      flexible ring 18.
PAR  External electrical wires (not shown) are connected to terminal block 12
      entering the cup 14 through a pinchgland 16. The wires 9 are permanently
      connected to a deposit of silvers on the inside of the glass probe 11
      shown in detail on FIG. 2. The glass element consists of two tubes of
      hemicircular cross-section formed from one tube by sealing a longitudinal
      diametric plate of glass 22 inside the tube. Each hemicircular tube is
      completely silvered internally and the silver coating of each tube is
      connected independently to one wire of the terminal wires 9 by connectors
      20 sealed into the glass tubes with a cement 23. The silver coating of
      each hemicircular tube is connected together at the end 21 of the probe 11
      because the central plate 22 stops short of the tube end 21.
PAR  In use an electrical connection is made through the wires 9 to the
      connectors 20 and thence along the silver coating of each hemicircular
      tube and the circuit is made by the joining of the silver conducting layer
      at the end 21 of the glass element. The glass probe is supported adjacent
      to the closure which it is intended to monitor (e.g. a bursting disc on a
      piece of apparatus) so that when there is a failure of the closure (e.g. a
      bursting-disc rupture) the glass probe suffers fracture. Immediately
      fracture occurs of any part of the glass probe, electrical connection is
      broken between each of the connectors 20 and cannot be remade because the
      fracture causes a section of the glass element to break off carrying the
      silver coating with it.
PAR  The glass element may be constructed in other shapes carrying an internal
      metallised surfaces, for example a normal cylindrical tube 11' bent into a
      U-shape preferably so that the arms of the U are in contact along their
      whole length 22' as shown in FIG. 3. The embodiment described above and
      shown in FIGS. 1 and 2 has the advantage of a circular external
      cross-section which may be sealed easily to the side of a reaction vessel
      by means of a normal gland. Brittle elements having other cross-sectional
      shapes may conveniently be fitted into a cylindrical sleeve in order to
      fit a normal gland if desired.
PAR  A further preferred embodiment is shown in FIG. 4. The parallel arms 41, 42
      of a glass U-tube of circular cross-section are bedded into a resinous
      cement 43 which fills a cavity inside a protective metal cap 44 of
      circular cross-section threaded externally at 45 to screw into a mating
      threaded aperture (not shown) in a reaction vessel or other apparatus. The
      internal surfaces of glass arms 41, 42 are silvered at S and spring
      connectors 46, 47 make electrical contact inside each arm with the layer
      of silver. Electrical leads 48, 48' pass through the protective cap 44 and
      the cement 43 and each make contact with one of the spring connectors in
      order to provide an electrical circuit along each of the arms 41, 42 and
      round the bend 49 of the U-tube. The electrical leads may be either
      insulated, flexible, low voltage leads passing through holes in the
      protective cap 44 or rigid contactor pins sealed into, but insulated from,
      the metal of the protective cap by means of a non-conducting material, for
      example glass.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A detector for the detection of a rupture of a closure member, operable
      by the breakage of an electrical circuit to detect the said failure,
      comprising a U-shaped brittle electrical conducting element having its
      ends supported in a housing and the U-shaped portion protruding from said
      housing, electrical leads extending through the wall of said housing and
      making electrical contact with said ends of said brittle conducting
      element, means mounting said housing adjacent a rupturable closure member
      in vessel in a position such that the protruding U-shaped portion of said
      brittle conducting element is disposed in a place which ensures fracturing
      of said portion upon rupture of the closure member whereby when said
      portion fractures into a plurality of fragments, electrical continuity
      between the electrical leads is broken and the fragments cannot dispose
      themselves in any way which restores the electrical continuity under the
      conditions consequent upon the failure.
NUM  2.
PAR  2. A detector according to claim 1 wherein the electrical conducting
      element is a layer of metal deposited on a U-shaped glass substrate.
NUM  3.
PAR  3. A detector according to claim 2 wherein the glass substrate is in the
      form of a tube.
NUM  4.
PAR  4. A detector according to claim 3 wherein the tube is coated on an
      internal surface with a layer of metal.
NUM  5.
PAR  5. A detector according to claim 1 wherein the electrical conducting
      element comprises a brittle tubular support having deposited thereon a
      layer of conducting material.
NUM  6.
PAR  6. A detector according to claim 5 wherein the layer of conducting material
      is deposited on an internal surface of the tubular support.
NUM  7.
PAR  7. A detector according to claim 5 wherein the tubular support has a
      cylindrical form externally over a portion of its length.
NUM  8.
PAR  8. A detector according to claim 5 wherein the conducting material is a
      metal.
NUM  9.
PAR  9. A detector according to claim 8 wherein the metal is silver.
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ABST
PAL  A load limiter is provided for a lift hoist wherein the upper portion is
      fastened to the lift hoist and the lower portion is fastened to a load. A
      micro-switch is mounted on the upper half and actuated by movement of the
      lower half and is provided with an adjustment screw that can be adjusted
      to vary the load which will break a circuit of the lift hoist. The
      micro-switch is used in series with an operating switch to shut off the
      hoist motor when the load limit is reached to prevent damage to equipment
      or injury to personnel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The present invention relates to lift hoists, and more particularly to load
      limiters for lift hoists.
PAC  SUMMARY OF THE INVENTION
PAR  A load limiter is provided for a lift hoist wherein when the load limit is
      reached through overload or hangups of scaffolding or the like, the motor
      of the hoist will be shut off to prevent any damage to the hoist, cable,
      supports as well as preventing possible injury to personnel through
      accidents that may be caused by overloading.
PAR  The primary object of the invention is to provide a load limiter for
      preventing the use of a lift hoist by interrupting a circuit to shut off
      the motor of the hoist when the load limit is reached.
PAR  Still another object of the present invention is to provide a load limiter
      that is rugged in construction and fool proof in use and which is simple
      and inexpensive to manufacture.
PAR  Other objects and advantages will become apparent in the following
      specification when considered in light of the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of the load limiter of the present invention;
PAR  FIG. 2 is a view taken at right angles to the view shown in FIG. 1;
PAR  FIG. 3 is a sectional view, taken on the line 3--3 of FIG. 1;
PAR  FIG. 4 is an end elevational view of the load limiter; and
PAR  FIG. 5 is a sectional view, taken on the line 5--5 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, wherein like reference characters
      indicate like parts throughout the several figures, the reference numeral
      10 indicates generally, the load limiter of the present invention which
      includes a support member 11 having spaced parallel vertically disposed
      side walls 12 as well as a top wall 13 and a bottom wall 14, FIG. 2. An
      upper element 15 is secured to the top of the support member 11 and has
      openings 16 therein whereby the device can be suitably connected to a lift
      hoist, a portion of which is indicated by the numeral 17.
PAR  The bottom wall 14 has an opening 18 therein and a vertically disposed
      moveable rod 19 extends therethrough. The upper end of the rod 19 is
      threaded at 20 to receive a nut 21 that secures a plate 22 on the rod 19.
      A coil spring 23 surrounds the rod 19, and the coil spring 23 is
      positioned below the plate 22. Stop guides 24 are secured to the opposed
      faces of the side walls 12 and notches N in the plate 22 thereover to
      prevent the spring 23 from being deflected on overload to a point that
      would change the K factor.
PAR  A bracket 25 is mounted below the support member 11 and includes spaced
      parallel side sections 26 as well as a bottom portion 27 and a top piece
      28. Openings 29 and 30 in the bracket 25 are provided for fastening the
      bracket 25 to a load 31, FIG. 1.
PAR  A horizontally disposed lug 34 is connected to the bracket 25. A vertically
      disposed support plate 32 is connected to the support member 11 and has a
      micro-switch 33 mounted thereon. An adjustment screw 35 depends from the
      lower end of the micro-switch 33 whereby the actuation of the micro-switch
      33 can be adjusted as desired. Electrical conductor wires 36 electrically
      connect the micro-switch 33 in series with an operating switch (not
      shown).
PAR  From the foregoing, it will be seen that there has been provided a load
      limiter, and in use with the parts arranged as shown in the drawings, the
      member such as the member 15 is connected to the lift hoist 17 as at 16.
      The bracket 25 is connected to the load 31 by means of securing elements
      (not shown) that extend through the openings 29 and 30. The micro-switch
      33 is electrically connected to the operating switch by means of the wires
      36. Thus, during normal usage of the apparatus, the load compresses the
      spring 23 slightly whereby the rod 19 moves downwardly in response to
      normal load conditions. In the event of an overlaod the spring 23 is
      compressed further so that the micro-switch 33 is actuated to shut off the
      motor of the hoist whereby damage to the parts or injury to the personnel
      will be prevented. The manually operative adjustment screw 35 can be
      adjusted to change the setting of the micro-switch 33 so that the load
      limiter will cut off the motor at any desired load level.
PAR  The upper element 15 is fastened to the lift hoist and the bracket 25 of
      the load limiter is fastened to the load. Also, the bracket 25 of the load
      limiter is fastened to a rod 19 that extends up through the spring 23 and
      fastens to a plate 22 and nut 21 to impose a load on the spring 23 when
      weight is put on the bracket 25 of the load limiter of the present
      invention.
PAR  A micro-switch 33 is fastened to the upper member 15 of the load limiter,
      and an adjustment screw 35 is connected to a lug 34 on the upper member 15
      of the load limiter. The adjustment screw 35 is set against the actuating
      button of the micro-switch 33 and is adjusted so that it will break the
      circuit on the micro-switch 33 at a pre-selected loading such as 500 to
      1500 pounds suiting the load to the application with which the device is
      used. The micro-switch 33 is used in series with an operating switch (not
      shown), so that when the load limit is reached through overload or hangups
      of scaffolding or the like, the motor of the hoist is shut off. This will
      prevent any damage to the hoist, cable, supports as well as preventing
      injury to personnel through accidents that may be caused by overloading.
PAR  Having thus described the preferred embodiment of the invention it should
      be understood that numerous structural modifications and adaptations may
      be resorted to without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A load limiter comprising a support member including spaced parallel
      vertically disposed side walls, spaced parallel, horizontally disposed top
      and bottom walls, an upper element affixed to said top wall for connection
      to a hoist, there being an opening in said bottom wall, a vertically
      disposed moveable rod extending through said opening and said rod having
      it's upper end threaded, a horizontally disposed vertically moveable plate
      mounted on the upper portion of said rod, stop guides on said side walls
      cooperating with said plate for preventing the spring from being deflected
      out of its proper position on over loads, means mounted above said plate
      adjustably engaging the upper end of said rod, a coil spring surrounding
      said rod and interposed between said plate and said bottom wall, a bracket
      mounted below said support member and said bracket including a pair of
      spaced parallel side sections and a bottom portion, means for connecting
      said bracket to a load, a top piece extending between said side sections
      and having the lower end of said rod extending therethrough, a vertically
      disposed support piece affixed to said support member, a micro-switch
      connected to said support piece, and an adjustment screw connected to the
      lower end of said micro-switch and to a lug on said upper element.
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PAL  A helical rotary switch having a helical coil formed of an insulating band
      like plate, a plurality of contact segments attached to said helical coil,
      a shaft for said helical coil rotatably supported by a pair of panels, a
      supporting member supported by said panels and supporting said helical
      coil between said pair of panels, and a sliding member with contact
      members engageable with said helical coil and said contact segments. The
      sliding member is mounted on said shaft such that when the shaft is
      rotated, said contact members of said sliding member successively contact
      the plurality of contact segments attached to said helical coil.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a helical rotary switch having a contact segment
      mounting plate in the form of a band-shaped coil.
PAR  2. Description of the Prior Art
PAR  Rotary switches are known to be used for selecting, switching or like
      operations of electrical circuits. However, the number of contacts of the
      conventional rotary switches is limited on wafer switches and the largest
      number of contacts of the rotary switches now on the market is twelve or
      so. The reason is that since contacts are required to be disposed to cover
      an angular range of 360.degree. through which a shaft is rotated, the
      withstand voltage or dielectric strength, insulation and current capacity
      between adjacent contacts naturally imposes a limitation on the number of
      contacts.
PAC  SUMMARY OF THE INVENTION
PAR  This invention has for its object to provide a novel and simple helical
      rotary switch which is free from the above defects of the prior art.
PAR  The other objects, features and advantages of the invention will become
      apparent from the following description taken in conjunction with the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of an embodiment of the helical rotary switch
      according to the invention;
PAR  FIG. 2 is a longitudinal sectional view of the principal part of embodiment
      shown in FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken on the line III -- III in FIG. 2;
PAR  FIG. 4 is an enlarged perspective view showing a contact segment shown in
      FIGS. 2 and 3;
PAR  FIG. 5 is a front view of a part of each coil member;
PAR  FIG. 6 is a schematic side view of a second embodiment of the invention;
PAR  FIG. 7 is a cross-sectional view taken along the line VII -- VII in FIG. 6;
PAR  FIGS. 8 and 9 are pespective views used for explaining the coil members
      used in the second embodiment shown in FIG. 6;
PAR  FIG. 10 is a perspective view of a support member for the coil members
      shown in FIGS. 8 and 9;
PAR  FIG. 11 is a partial view showing an abutting portion of the coil member;
PAR  FIG. 12 is a schematic side view of a third embodiment of the invention;
PAR  FIG. 13 is a cross-sectional view taken on the line XIII -- XIII in FIG.
      12;
PAR  FIG. 14 is an enlarged perspective view of a contact segment used in the
      third embodiment;
PAR  FIG. 15 is a cross-sectional view of the main part of the third embodiment;
PAR  FIG. 16 is a schematic side view of a fourth embodiment of the invention;
PAR  FIG. 17 is a cross-sectional view taken on the line XVII -- XVII in FIG.
      16; and
PAR  FIG. 18 is a graph showing a comparision of a voltage drop between the
      first and fourth embodiments.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a perspective view schematically showing the external appearance
      of one embodiment of this invention. In FIG. 1, contact segment mounting
      plate 1 is in the form of a band-shaped coil (hereinafter referred to a
      band-shaped coil) which is a fundamental component of this invention. The
      band-shaped coil 1 is an insulator formed, for example, of stiff synthetic
      resin, and formed by cutting or molding to have a desired number of coil
      members at a desired pitch. In the illustrated example, the band-shaped
      coil 1 is disposed between disc-shaped panels 2 and 3 formed of an
      insulator, with the panels being held coaxially, and the panels 2 and 3
      are coupled by rods 4 with each other at their peripheral, diametrically
      opposite positions in such a manner that the band-shaped coil 1 is
      supported by the rods 4 at its peripheral portion.
PAR  Various supporting structures can be employed and the requirements
      therefore are only to maintain the pitch of the individual coil turns of
      the band-shaped coil 1 as desired and to rigidly support the band-shaped
      coil 1 and the panels 2 and 3 as a unitary structure. In the present
      example, the rods 4 each have formed therein grooves at regular intervals
      and the coil turns of the band-shaped coil 1 each have formed in the
      periphery thereof arc-shaped recesses for engagement with the grooves of
      the rods 4 (refer to FIG. 3).
PAR  In FIG. 1, a shaft 5 is supported by the panels 2 and 3 centrally thereof
      and an insulating guide 6 having a polygonal, for example, square section,
      is disposed between the panels 2 and 3 to cover the shaft 5. On the
      insulating guide 6, a slide member described later on is mounted and a
      contact is secured to the sliding member. A plurality of contact segments
      14 are mounted on each coil turn of the band-shaped coil 1 in a manner so
      they are spaced apart from adjacent segments at desired angular distances.
      By rotating the shaft 5, the contact on the slide member is moved
      helically along the coil turns of the band-shaped coil 1.
PAR  The shaft 5 may be driven by a solenoid stepper, a step motor or the like
      in some cases but, in this example, a dial 7 is provided on the side of
      the panel 2 and the shaft 5 is manually driven with a knob 8 of the dial
      7. A rotary scale 9 and a scale 10 show the position of the knob 8. A
      shaft clamp knob 11 is also provided. On the inside of the panel 3, there
      is mounted by suitable means a terminal plate 12 which is electrically
      connected by slide contact 20 to slide contact 18 as shown.
PAR  FIG. 2 is a longitudinal-sectional view, for explaining the construction of
      the principal part of the helical rotary switch of this invention and FIG.
      3 is a cross-sectional view taken on the line III--III in FIG. 2. In FIGS.
      2 and 3, parts corresponding to those in FIG. 1 are identified by the same
      reference numerals.
PAR  A description will be first given of the manner in which the contact
      segments 14 are mounted on the band-shaped coil 1. As illustrated in FIG.
      3, each coil turn of the bandshaped coil 1 is divided into twelve
      equiangular turns (only one part being shown) and recesses 13 are formed
      in the outer and inner peripheries of each coil turn on the dividing lines
      and contact segments 14 are mounted on the coil member at the recesses 13.
      The contact segments 14 are formed of strips of metal and have the shape
      shown in FIG. 4. When the contact segments 14 are mounted on the coil
      member, it is bent to have a portion 14a surrounding the aforementioned
      recessed portions of the coil member. A tongue 14b of the surrounding
      portion 14a is inserted into a slit 14c formed above the surrounding
      portion 14a and then bent down. Such a contact segment 14 prevents an
      electrically intermittent transient phenomenon when it makes sliding
      contact with the contact 18 disposed on the insulating guide 6. However,
      the contact segments 14 need not always be disposed on each coil turn in
      such a manner as to be each spaced apart from adjacent ones at an
      equiangular distance and the number of the contact segments 14 and the
      method of mounting them on the coil turns can be changed as desired.
PAR  FIG. 5 illustrates a modified form of the example of FIG. 3. In this
      example, the aforementioned contact segments 14 are mounted together with
      a number of other contact segments 15 which are, for example, twice as
      wide as the contact segments 14. This construction is a basic one for
      producing pulses having various waveform as desired or for sequence
      control. the wider contact segments 15 are also mounted in the same manner
      as contacts 14. However, the manner of mounting the contact segments may
      be by any suitable mounting technique.
PAR  In FIGS. 2 and 3, narrow conductive plates 16 are disposed, for example, on
      a pair of opposing sides of the insulating guide 6, and a slide member 17
      is mounted on the insulating guide 6 in a manner so that it is movable
      only in the axial direction of the guide 6. In this example, the sliding
      member 17 is circular in shape and has secured to its top a pair of
      resilient contacts 18 which engage and grip the coil turns of the
      band-shaped coil 1. A pair of sliding contacts 19 are formed as a unitary
      structure with the resilient contacts 18 and extend downwardly therefrom.
      The free end portions of the sliding contacts 19 are urged against the
      conductive plates 16. At the left-hand end of the insulating guide 6 in
      the figure, slide contacts 20 are formed and extend radially from the
      conductive plates 16, for example, and are resiliently urged against the
      terminal plate 12. The conductive plates 16 having the sliding contacts 20
      are formed by pressing and cutting a resilient thin sheet of, for example,
      phosphor bronze. Suitable bearings are fitted into the panels 2 and 3 to
      rotatably support.
PAR  With the above construction, when the shaft 5 is rotated, the resilient
      contacts 18 engage the band-shaped coil 1 and are moved in the direction
      of winding of the band-shaped coil 1 (clockwise or anticlockwise) and the
      slide member 17 slides on the insulating guide 6. The resilient contact 18
      and the terminal plate 12 are electrically connected to each other through
      contacts 20 plate 16 and member 19. Consequently, it is possible to
      achieve selection or switching of various electrical circuits connected to
      the individual contacts 14 mounted on each coil turn of the band-shaped
      coil 1 and the terminal plate 12. The total number of the contacts 14 is
      the sum of contacts mounted on the respective coil turns of the
      band-shaped coil 1. It is also possible to provide a plurality of sliding
      members 17 which could engage different contacts 14. A plurality of pairs
      of resilient contacts 18 could also be provided on each sliding member 17.
PAR  In the present invention each coil turn of the band-shaped coil corresponds
      to a unit wafer in prior art rotary switches. Therefore, the total number
      of contacts is N times larger than that of the conventional rotary switch
      and can easily be obtained by using a band-shaped coil having an N number
      of turns. Further, the helical rotary switch of this invention is simple
      in construction and can be designed so as to be free from danger due to
      its dielectric strength, insulation and current capacity. Moreover, it can
      be used for various purposes as described previously and, further, it is
      also possible to combine a limit switch with the helical rotary switch by
      making use of the reciprocating motion of the sliding member 17 and to
      construct a multistep-type rotary switch with a plurality of units each
      having one band-shaped coil.
PAR  Further, the helical rotary switch of this invention can be miniaturized
      and produced with case, and hence is suitable for mass-production at low
      cost.
PAR  A second embodiment of this invention will now be described.
PAR  In FIG. 6, a second embodiment of the helical rotary switch 115 of this
      invention is shown, which comprises a shaft 105 rotatably mounted between,
      panels 102 and 103, a spiral-shaped coil 116, rods 104, a terminal plate
      112, contact segments 113, a dial 107, are arranged substantially the same
      manner as in the embodiment of FIG. 1.
PAR  In this embodiment the spiral-shaped coil 116 is formed, by pressing,
      molding or heating a resinous, ceramic or other electrically insulating
      material according to its characteristic. An annular unit 110 such as
      shown in FIG. 8 is formed which has an abutting joint 117 and
      predetermined outer and inner diameters. Ends 110a and 110b at the joint
      117 are spaced apart from each other in the axial direction of the unit
      110 as indicated by P in FIG. 9. In the present example, such a unit 110
      is used as a coil member and a plurality of them are sequentially coupled
      into a unitary structure to form the spiral-shaped coil 116.
PAR  FIG. 10 illustrates a support 119 for coupling and supporting the
      abovedescribed units 110 in a helical form. The support 119 is a bar,
      which may be, rectangular in section, which is formed to support a desired
      number of units 110, for example, four units, at a pitch P determined by a
      pair of opposing sides 119a and 119b of the bar. The sides 119a and 119b
      have formed therein pairs of recesses 118, each having a width w
      corresponding to the thickness of the unit 110 and a depth m corresponding
      to the abutting joint 117. There are two pairs of recesses 120 for
      attachment of the support 119 to the panels 102 and 103. The recesses 118
      are formed obliquely so as to mate with the spiral of the units 110.
PAR  The units 110 constructed as described above are assembled together in the
      following manner. As shown in FIG. 6, one end of a first one of the units
      110 is placed into a first recess 118a of the support 119 which is secured
      to the panels 102 and 103 and the other end of the first unit 110 is
      placed in a second recess 118b. Then, one end of a second unit 110" is
      placed in a third recess 118c of the support 119 and the other end of the
      second unit 110" is placed in a fourth recess 118d. Thereafter, the units
      are similarly assembled together to provide the band-shaped coil 116.
PAR  In FIG. 7, conductive plates 121 are deposited on a pair of opposing sides
      of an insulating guide 106 mounted on the shaft 105 to cover it. The
      conduction plates 121 are each electrically connected at one end with the
      terminal plate 112 and at the other end, through a sliding contact 124,
      with pair of resilient contacts 123 having a slide member 122 which is
      guided by the insulating guide 106 to slide in its axial direction. The
      resilient contacts 123 are electrically connected with a desired contact
      segment 113.
PAR  As described above, in the second embodiment of this invention, a plurality
      of annular units each having an abutting joint, which are formed by
      molding, pressing or heating of an insulator, are assembled together in a
      helical form to construct the band-shaped coil, so that the fabrication of
      the band-shaped coil is easy.
PAR  In the above example, the helical band-shaped coil is constructed with the
      ends of the units butted to each other, but it is also possible to form a
      rounded projection 125a at one end of one unit 125 and a projecting piece
      126b having an arc-shaped recess at one end of the other unit 126 for
      receiving the rounded projection 125a, as shown in FIG. 11. Other various
      abutting constructions can also be adopted.
PAR  Referring now to FIGS. 12 to 15, a third embodiment of this invention will
      hereinbelow be described.
PAR  In FIGS. 12 to 15, a shaft 205, is rotatably supported by panels 202 and
      203. A spiral-shaped coil 221 which is composed of first, second and third
      coil turns 221a, 221b and 221c whose outer diameters are sequentially
      reduced at a constant rate to construct the band-shaped coil 221 in a
      conical form, as shown. In this case, it is also possible to sequentially
      increase the outer diameters of the coil members at a constant rate. The
      coil 221 can be formed of an insulator such as synthetic resin or the
      like. When 12 contact segments are mounted on each coil turn
      (360.degree.), they can be positioned on the spiral line. In FIG. 13,
      reference numeral 1n indicates a first contact segment and 2n . . .
      designate other . . . contact segments. In this third embodiment, as shown
      in FIG. 14, recesses 216c are formed in free end portion of a terminal of
      a contact segment 216 on the both sides thereof for winding thereon an
      external lead. As in the example of FIG. 4, and, though not shown, a
      recess is similarly formed in one end portion of the coil 221 for winding
      thereon an external lead. In this case, it is possible to indicate segment
      numbers, for example, 1n, 2n, . . . on the contact segments of the
      spiral-shaped coil 221.
PAR  In FIG. 12, conductive plates are deposited on a pair of opposing sides of
      an insulating guide 206 surrounding the shaft 205 and the conductive
      plates are each electrically connected at one end with a first contact
      segment 216a through a slide member 223. In FIG. 15, a pair of resilient
      contacts 214 are provided on a sliding contact 215 mounted on a sliding
      member 213 mounted on the insulated guide 206 and slidable in the axial
      direction of the shaft 205. The resilient contacts 214 are formed so that
      they can be electrically connected to the terminal 216 of the contact
      segment 1n provided at the position of the maximum outer diameter of the
      coil 221. In the third embodiment, for example, in FIG. 13, reference
      numerals 212 and 204 correspond to the terminal plates 12, 112 and the
      rods 4, 104 in the foregoing embodiments and their constructions are
      substantially identical.
PAR  A description will be given of the operation of the third embodiment of the
      above construction.
PAR  In FIG. 12, when it is desired to contact the terminal of the contact
      segment 1n disposed at the position corresponding to the maximum outer
      diameter of the coil 221 with the terminal of a contact segment, for
      example, 5n, the shaft 205 is rotated to bring the resilient contacts 214
      mounted on the shaft 205 to the terminal 216 of the contact segment 5n
      disposed on the coil 221. At this time, the terminal 216 of the contact
      segment 1n makes contact with sliding piece 223, which, in turn, makes
      contact with the conductive plates mounted on the insulating guide 206.
      The conductive plates make contact with the resilient contacts 214 through
      the sliding contacts 215, which, in turn, make contact with the terminal
      216 of the contact segment 5n. Thus, the contact segments 1n and 5n are
      electrically connected to each other. In this manner, switching of desired
      contact segments can be achieved.
PAR  As described above, in this third embodiment, the spiral-shaped coil
      serving as a contact segment mounting plate is provided in a conical form,
      so that, for example, in the case of soldering leads to the terminals 216
      provided on the respective contact segments, the contact segments are
      arranged in a spiral manner in the axial direction of the shaft and do not
      overlap and this makes it easier to solder. Further, since the recesses
      216 are formed in the free end portion of the terminal 216 of each contact
      segment on both sides thereof, the contact segment is protected and, by
      numbering the terminals of the contact segments, it is easy to solder
      leads to the terminals and checking of the switch can be easily
      accomplished even if the number of contact segments used is very large.
PAR  Turning now to FIGS. 16 to 18, a fourth embodiment of this invention will
      hereinbelow be described. In FIG. 16, discloses a helical rotary switch
      310 which is the fourth embodiment of this invention. The helical rotary
      switch of this example comprises a spiral-shaped coil 301, a shaft 305,
      panels 302 and 303 which support both ends of the shaft 305, a terminal
      plate 307, contact segments (for example, 308a, 308b), a dial 309, a pair
      of hollow pipes 311, etc. in substantially the same manner as in the FIG.
      1 embodiment. The spiral-shaped coil 301 is supported by the hollow pipes
      311 at its diametrically opposite peripheral portions and the hollow pipes
      311 are secured at both ends to the panels 302 and 303 respectively. These
      hollow pipes 311 are insulated or non-magnetic pipes and each have two
      bores 312 at symmetrical positions near the panels 302 and 303 through
      with leads may pass. The shaft 305 is supported at the centers of the
      panels 302 and 303 and carries the dial 309 at the end on the side of the
      panel 302.
PAR  Further, as shown in FIGS. 16 and 17, both end portions of conductive
      plates 315 which are deposited on a pair of opposing sides of an
      insulating guide 306 covering the shaft 306 are bent at right angles and
      projections 316 are formed at the bent portions respectively.
PAR  On the opposing sides of the panels 302 and 303, there are bonded by an
      adhesive or the like terminal plates 307 and 307' coaxially with the shaft
      305. The projections 316 of the conductive plates 315 are held in sliding
      contact with the terminal plates 307 and 307' electrically and
      mechanically. The terminal plates 307 and 307' are each provided in such a
      form that a terminal portion 307b is formed to extend from an annular
      plate 307a, and the outer and inner diameters of the annular plate 307a
      are selected such that the radius in which the projection 316 of the
      conductive plate 315 is deposited on the shaft 305 makes sliding contact
      with the terminal plate 307. In this case, in order to facilitate the
      electrical connection between the terminal plates 307 and 307' and the
      projections 316 of the conductive plates 315, the end portions of the
      conductive plates 315 having the projections 316 are made resilient.
PAR  Leads 318a and 318b are inserted into the hollow pipes 311. The leads 318a
      and 318b are insulating leads whose cores are formed with many copper
      stranded wires, and both ends of each of the leads drawn out from the
      aforesaid bores 312 are connected to the terminal plates 307 and 307',
      respectively, thereby to provide closed loops via; the terminal plate 307
      -- the lead 318a -- the terminal plate 307' -- the conductive plate 315
      and the terminal plate 307 -- the lead 318b -- the terminal plate 307' --
      the conductive plate 315 and the terminal plate 307.
PAR  Further, as illustrated in FIG. 17, an insulating sliding member 321 which
      is slidable on the insulating guide 306 in its axial direction is provided
      and a pair of sliding contacts 322 and a pair of resilient contacts 323
      are secured to the sliding member 321. The sliding contacts 322 and the
      resilient contacts 323 are formed of a unitary resilient thin plate. The
      sliding contacts 322 are electrically connected with the conductive plates
      315 of the shaft 305 and the resilient contacts 323 are sequentially moved
      into sliding contact with the contact segments 308 mounted on the
      spiral-shaped coil 301 radially thereof. The switching operation of the
      helical rotary switch of this embodiment is identical with that of the
      first embodiment and hence will not be described.
PAR  As described above, in the fourth embodiment, since the terminal plates 307
      and 307' are provided on the panels 302 and 303, respectively, and are
      short-circuited through the leads 318a and 318b, it will be understood
      that the resistance value between the terminal plate 307 or 307' and each
      contact segment 308 can be very low. FIG. 18 is a graph showing a
      comparison between the voltage drop in the first embodiment and in the
      fourth embodiment. Reference characeters A and B indicate the cases of the
      first and fourth embodiments, respectively.
PAR  In accordance with the fourth embodiment, the leads 318a and 318b are
      disposed in the insulating or non-magnetic pipes, so that no current flows
      in the leads 318a and 318b and external induction is also prevented. Thus,
      the coefficient of induction of the helical rotary switch of the invention
      is very low.
PAR  Although two leads are connected between the terminal plates 307 and 307'
      in the above fourth embodiment, no limitation is imposed on the number of
      leads.
PAR  Thus, this invention is of great utility and is of simple construction.
PAR  It will be apparent that many modifications and variations may be effected
      without departing from the scope of the novel concepts of this invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A helical rotary switch comprising:
PA1  a. a spiral-shaped helical coil made of insulating material;
PA1  b. a plurality of contacts attached to said helical coil;
PA1  c. a rotary contact which engages with said helical coil;
PA1  d. a slide member to which said rotary contact is attached;
PA1  e. a shaft on which said slide member is slidably mounted;
PA1  f. a conductor attached to said shaft and said rotary contact electrically
      contacting with said conductor;
PA1  g. a terminal slidably attached one end of said conductor;
PA1  h. a frame member rotatably supporting said shaft; and
PA1  i. a second means supporting said helical coil from said frame member,
PA1  said slide member being so mounted on said shaft that when said shaft is
      rotated, said slide member is rotated and also moved on said shaft in its
      axial direction with said rotary contact in electrical contact with said
      conductor and said rotary contact attached to said slide member and guided
      by said helical coil and said contacts and said contacts successively
      electrically connected to said terminal through said conductor and said
      rotary contact.
NUM  2.
PAR  2. A helical rotary switch as claimed in claim 1, in which said helical
      coil consists of a plurality of annular units which are connected with one
      another to form said helical coil.
NUM  3.
PAR  3. A helical rotary switch as claimed in claim 1, in which said helical
      coil is so formed that its diameter increases gradually along the axis of
      said shaft to make said helical coil as a conical shape one.
NUM  4.
PAR  4. A helical rotary switch as claimed in claim 3; in which said rotary
      contact of said slide member are so formed that they engage all of said
      plurality of contacts attached to said helical coil having a conical shape
      when said shaft is rotated.
NUM  5.
PAR  5. A helical rotary switch as claimed in claim 1, in which said second
      means for supporting said helical coil is a tube through which a lead wire
      is located.
NUM  6.
PAR  6. A helical rotary switch as claimed in claim 5, in which said tube is
      made of an insulating material.
NUM  7.
PAR  7. A helical rotary switch as claimed in claim 5, in which said tube is
      made of a non-magnetic material.
NUM  8.
PAR  8. A helical rotary switch as claimed in claim 1, in which a guide made of
      an insulating material is attached to said shaft to surround said shaft
      and a conductive plate is attached to said guide along said shaft, and
      said rotary contact pieces of said slide member in slidably contract with
      said conductive plate.
NUM  9.
PAR  9. A helical rotary switch as claimed in claim 8, in which a contact piece
      is attached to said conductive plate and a terminal plate is attached to
      said second means for supporting said helical coil, and said contact piece
      attached to said conductive plate and in contact with said terminal plate.
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ABST
PAL  A multifinger contact device is produced by a series of deforming stations
      which compress the fingers into die cavities decreasing the width of the
      fingers while severing the adjacent fingers from one another, by deforming
      the adjacent fingers first in one direction and then in the other to
      decrease the formation of burrs. A subsequent forming station may be
      utilized to confine the entire periphery of the finger so as to form
      opposing longitudinal edges on adjacent fingers into noncontacting curved
      surfaces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to multifinger electrical contact members,
      such as that used in potentiometers.
PAR  One commonly used method of producing multifinger contacts of the type used
      in potentiometers is to wind conductive wire about a drum, plate and
      selectively remove the plating to produce a plurality of severable brush
      blanks, each having a plated portion serving as a base interconnecting
      individual finger portions. This practice necessarily involves several
      complicated and expensive steps. Another approach used to produce
      multifinger contacts is to merely slot a sheet of conductive material to
      provide a plurality of individual contact members separated by a
      relatively large space between adjacent edges. Understandably, this
      product will not practically produce a dense arrangement of individually
      flexible fingers as is required for microminiature environments, such as
      in potentiometers. Straight shearing of fingers from one another has been
      found to produce unacceptable contact members because the fingers will not
      flex independently since they will remain in substantial lateral contact
      with each other.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention produces a novel, integral multifinger contact member
      in which each finger may be independently flexed. The method utilized
      incorporates a series of deforming stations which includes two successive
      stations wherein alternate finger portions are deformed to decrease the
      thickness thereof by coacting tool faces, each face including die cavities
      and punch members adapted to cooperate with one another to move adjacent
      fingers transverse the plane of the stock and relative to each other
      during the compression into the die cavities. A second such station
      reverses the movement of the fingers so they are completely sheared from
      one another in a manner wherein sharp burrs are eliminated at the
      longitudinal edges of the fingers. Subsequent forming stations may be
      utilized to return the fingers to a coplanar position as well as
      completely confining the fingers from contact with each other. The
      subsequent forming stations may also deform the opposing edge surfaces of
      the fingers into a curved surface thus further minimizing the risk of
      substantial lateral contact between adjacent fingers which would prevent
      independent flexing.
PAR  It is, therefore, an object of the invention to provide a method of making
      integral multifinger contacts in which each finger will flex independently
      of the other.
PAR  Yet another object of the invention is to provide an apparatus wherein
      elongate portions of a conductive sheet material are compressed into die
      cavities to decrease the width and eliminate contact between adjacent
      fingers along their lengths.
PAR  An advantage of the present invention is the formation of a plurality of
      fingers on an integral contact member with opposing side surfaces which
      restrict contact between one another.
PAR  Other objects and advantages of the present invention will become apparent
      from a consideration of the following description in conjunction with the
      accompanying drawings in which;
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary plan view showing a series of deformations effected
      along a metal strip in accordance with the principles of the invention.
PAR  FIG. 2 is a cross-sectional view of opposing tool faces in mating condition
      at four successive forming stations of the invention and which relate to
      the four successive deformed portions of the strip in FIG. 1.
PAR  FIG. 3 is a cross-sectional view of the strip along lines 3--3 of FIG. 1
      and showing the condition of the strip as a result of the second working
      station.
PAR  FIG. 4 is a cross-sectional view of the deformed strip taken along lines
      4--4 of FIG. 1 and showing the condition of the strip after the third
      working station.
PAR  FIG. 5 is a cross-sectional view of the fully formed fingers taken along
      lines 5--5 of FIG. 1 and showing the condition of the strip after the
      fourth working station.
PAR  FIG. 6 is a perspective view of a contact element made in accordance with
      the invention.
PAR  FIG. 7 is a side view of the contact element shown in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, it will be noted that the method and apparatus
      of the invention involves advancing a strip of material through a
      plurality of work stations which progressively deform portions of the
      strip. FIGS. 1 and 2 represent respectively the general configuration of
      the strip material as a result of the operation at a particular work
      station and the associated work station producing such a configuration.
      From FIGS. 1 and 2, it will be seen that there are four such successive
      work stations shown as the preferred embodiment of the invention.
PAR  The various successive work stations will all include a die set having
      mating opposing working faces and which are configured to produce a
      plurality of slender finger contacts integrally connected to a base
      portion. As stated above, one of the common problems in producing an
      integral brush-type contact of an extremely small size is the fact that
      conventional shearing operatings will not allow independent flexing of the
      fingers. The various die sets within the working stations of the invention
      will form fingers which will not tend to hang up or interfere with the
      independent flexing of one another. The invention described herein
      utilizes work stations, such as 22 and 24, which compress and diminish the
      width of the individual fingers as well as severing the fingers from one
      another. A subsequent station, such as 26, may be utilized following the
      forming stations 22 and 24 and totally confine each individual finger
      along its length and also accurately size and form adjacent edge surfaces
      of the fingers into configurations which will provide essentially no
      interference to independent flexing.
PAR  An example of the size of contact members which may be produced using the
      method and apparatus of the invention will serve to point out the
      criticality of various aspects of the invention. A multifinger integral
      contact member having individual fingers with an individual width of
      approximately .005 inch and length of .075 inch may be produced utilizing
      the teachings of this invention.
PAR  Turning now to FIG. 2, the details of the various successive work stations
      will be presented with particular reference to the results of the
      deformation accomplished at each station.
PAR  A first work station 20 may be provided to initially define the elongated
      portions 12 to be formed on a work strip 10. The definition and location
      of the fingers 12 may be accomplished by a pair of opposing tool portions
      with working faces aligned so that opposing slender elongated die cavities
      32 and 34, as well as thin wall portions 36 and 38 in upper and lower tool
      portions 28 and 30 respectively, will be accurately aligned. The station
      is designed so that the edges of the wall portions will not abut so the
      edges will serve to score but not completely penetrate the strip 10,
      locating the fingers 12 wherein they may thereafter be deformed and
      severed.
PAR  The second station 22 will also include a pair of opposing tools 40 and 42.
      The work faces on these tools however will include a series of alternately
      arranged die cavities 44 and punches 46 in the upper tool 40 as well as
      die cavities 48 and punches 50 in the lower tool 42. The punches 46 in the
      upper tool will be aligned with the die cavities 48 and likewise the
      punches 50 will be aligned with cavities 44 and will thus mate so that the
      punches may extend a limited distance within the cavities. It will be
      noted that the cavities 48 and 44 decrease in width from the mouth of the
      cavity to the bottommost portion of the cavity and the bottommost portion
      of the cavity is preferably of an arcuate shape. The mating punches 46 and
      50 will increase in width from the working face to the base of the punch.
PAR  FIG. 3 represents the condition of the strip as a result of the work
      performed at station 22. It will be seen that the punches 46 will deform
      alternate finger portions 12 out of the plane of the remaining finger
      portions. As the tool portions 40 and 42 are mated, each individual finger
      portion 12 will be compressed into a cavity 44 and 48 and since the cavity
      is of decreasing width, the finger portion resulting will likewise be of a
      decreasing width. The slender elongate portions 12 may remain
      interconnected along their length through a web 13 following the operation
      at this station.
PAR  At a third station 24, cooperating upper and lower tool portions 52 and 54
      are provided having working faces substantially identical to the preceding
      station 22. However, it is to be noted that the relative positions of the
      die cavities 56 and punches 58 on upper tool 52 are reversed from the
      positionment of die cavities 44 and punches 46 in the preceding upper tool
      40. Likewise, the relative positions of die cavities 60 and punches 62 in
      lower tool 54 are reversed from the positions of die cavities 48 and
      punches 50 in the preceding lower tool 42. It will be apparent, therefore,
      that the alternate fingers 12 that were deformed in one direction in tool
      station 22 will now be deformed in the opposite direction in tool station
      24. This is shown by comparing the configuration of the stock in FIG. 4
      with the configuration of the stock in FIG. 3. Since the die cavities 56
      and 60 in station 24 are also of decreasing width towards the bottom of
      the cavities, the resulting fingers will likewise be decreased in width
      during this operation as well as in the preceding station. The two
      directions of deformations performed successively by stations 22 and 24
      will allow the deformation at station 24 to completely sever adjacent
      fingers 12 from one another without the formation of burrs on opposing
      edges of adjacent fingers. It will be noted that the fingers 12 will be
      separated from one another at a portion that will be compressed in a die
      cavity 56 or 60. Thus any burrs or irregularities along the length of the
      fingers caused by the shearing will tend to be eliminated in the
      deformation process of station 24. As shown in the appropriate portion of
      FIG. 1 as well as FIG. 4, the adjacent fingers 12 will be slightly spaced
      from one another as a result of the compression into die cavities of
      decreasing width and following the severing of station 24.
PAR  A final work station 26 will include upper and lower tools 64 and 66 which
      may be identical to the tools utilized in station 20. The working face of
      the upper tool 64 will include a plurality of closely adjacent shallow die
      cavities 68 separated by a thin wall or ridge 70. The tool face of the
      lower tool 66 will include shallow elongate die cavities 72 separated by
      thin wall portions 74. The die cavities 68 and 72 as well as the wall
      portions 70 and 74 will be aligned so that the edges of the wall portions
      will abut when the tools are in mating condition. The die cavities 68 and
      72 may be substantially identical and be of an arcuate configuration so
      that the mating tool faces will provide a generally oval shaped cavity. It
      will be particularly noted that the abutting edges of the walls 70 and 74
      will totally confine adjacent finger portions 12 from one another. Due to
      the continuously arcuate configuration presented by the opposing die
      cavities, the resulting fingers will have opposing side edges 82 which are
      curved away from one another as well as being slightly spaced, as at 80 in
      FIG. 5, as a result of previous compression steps and the confinement step
      in the station 26. The plurality of finger portions 12 may be returned to
      a coplanar position as well as with the associated base portion 14 as a
      result of work station 26 or separate work station interposed between
      stations 24 and 26.
PAR  Following a final deformation step at station 26, the strip may be
      selectively severed to produce a plurality of integral multifinger contact
      members such as that shown in FIG. 6. Each contact member will include a
      base portion 14 and a plurality of densely arranged fingers 12 emanating
      therefrom. The fingers will have a generally curved surface at opposing
      side edges to substantially minimize the potential binding or interfering
      lateral contact between adjacent fingers. The various compression and
      forming steps performed by the invention may also serve to work harden
      each finger as well as providing a slight spacing between each finger.
PAR  Thus, it is apparent that there has now been provided a method and
      apparatus for producing a novel, integral, multifinger brush contact in
      accordance with the objects and advantages of the invention. While the
      invention has been described in connection with a preferred embodiment, it
      will be understood that it is not intended to limit the invention to that
      embodiment. On the contrary, it is intended to cover all alternatives,
      modifications and equivalents as may be included within the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An integral, one piece, multifinger electrical contact member formed
      from a single sheet of conductive material, the contact member including a
      base portion, a plurality of elongate resilient contact fingers having
      individual widths and lengths of approximately .005 inch and .075 inch
      respectively, emanating from and forming uninterrupted slender extensions
      of one end of the base and densely arranged thereon, each finger having a
      generally arcuate surface forming the opposing longitudinal edges on
      adjacent fingers whereby the fingers are free to flex essentially
      independent of one another.
NUM  2.
PAR  2. The contact member of claim 1, wherein the crosssectional configuration
      of the fingers is that of a closed curve.
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ABST
PAL  An electromagnetic induction heating apparatus comprises a heating unit
      which includes a tank having a removable cover and inlet and outlet
      openings and containing a quantity of liquid. A plurality of
      electromagnetic induction heaters arranged in series and releasably
      supported in fixed position within the tank between the inlet and outlet
      openings are immersed in the liquid and controlled by an external
      electrical control circuit to heat the liquid to a predetermined
      temperature. Conduits connected to the heating unit carry liquid to and
      from the unit and may be arranged in a closed loop to continuously
      recirculate heated liquid through the heating unit when the apparatus is
      provided to heat a building or the like or to preheat lubricating oil in a
      lubrication system. The apparatus may also be arranged to receive fuel oil
      from a supply source, preheat the oil, and supply it to a burner for
      firing a boiler or the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to heating apparatus and deals more
      particularly with improved electromagnetic induction apparatus for heating
      liquid. The general aim of the present invention is to provide an improved
      electrically operated liquid heating apparatus which may be safely
      operated in any environment and which includes a heating unit which
      contains one or more electromagnetic induction heaters releasably
      supported and arranged for convenient access to facilitate servicing or
      replacement. The apparatus of the present invention may, for example, be
      arranged in a closed loop to continuously circulate a quantity of liquid
      heated to a predetermined temperature as, for example, in a heating system
      for a building or in a lubrication system. The present apparatus is also
      particularly well suited to receive liquid such as fuel oil from a supply
      source or storage tank and to supply it at a higher temperature to a
      remote location where it may be efficiently utilized to fire a boiler or
      the like.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an improved electromagnetic
      induction heating apparatus is provided which comprises a tank for
      receiving and containing a quantity of liquid to be heated and having a
      removably end cover and an inlet opening and an outlet opening. A least
      one electromagnetic induction heater is disposed within the tank and has a
      core assembly which includes a magnetic core which has parallel core
      sections and a primary coil wound therearound. The heater further includes
      a plurality of parallel heater plates having openings therein which
      receive the core sections and coils therethrough. Mounting brackets are
      provided for releasably supporting the core assembly in fixed position
      within the container in spaced relation to the walls thereof between the
      inlet and outlet openings and generally within the path of fluid flow
      therebetween. Rods are provided for supporting the heater plates in fixed
      position relative to the core assembly. A temperature responsive
      electrical control circuit is provided for energizing the coils to induce
      eddy currents in the heater plates whereby to heat the liquid to a
      predetermined temperature.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a somewhat schematic side elevational view of heating apparatus
      embodying the present invention.
PAR  FIG. 2 is a somewhat enlarged sectional view taken generally along the line
      2--2 of FIG. 1.
PAR  FIG. 3 is a somewhat enlarged fragmentary side elevational view of the
      heating apparatus of FIG. 1, a portion of the tank shown in vertical
      section to reveal heaters contained therein.
PAR  FIG. 4 is a diagrammatic view of a preferred electrical control circuit for
      the heating apparatus of FIG. 1.
PAR  FIG. 5 is a fragmentary plan view of another apparatus embodying the
      present invention.
PAR  FIG. 6 is a schematic fragmentary side elevational view of still another
      apparatus embodying the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the drawings and referring particularly to FIGS. 1-3, the
      present invention is illustrated with reference to apparatus for heating a
      building or the like and designated generally by the reference numeral 10.
      The illustrated apparatus 10 comprises a heating unit indicated generally
      at 12 which includes a container or heater tank 14 containing a quantity
      of liquid, preferably oil, designated by the numeral 16 in FIG. 3. At
      least one electromagnetic induction heater such as indicated at 18a is
      mounted in fixed position within the tank and immersed in the liquid for
      heating it. The illustrated apparatus 10 comprises a closed liquid
      circulating system and further includes a plurality of radiation units or
      radiators 20, 20 connected in series with a circulating pump 22 and the
      heating unit 12 by conduits 24, 26, 28 and 30. The circulating pump 22
      operates in response to an ambient temperature responsive control device
      located in the building to be heated, but not shown, as, for example, a
      thermostatic switch. The pump 22 circulates the heated liquid 16 through
      the conduits and radiator which comprise the system, in a manner well
      known in the art.
PAR  Considering now the heating unit 12 in further detail, the heater tank may
      vary in shape and may be either horizontally or vertically oriented.
      However, the illustrated tank 14 is generally cylindrical, supported in an
      axially upright position, and has a removable domed cover 32 at its upper
      end secured by suitable fasteners (not shown). The conduit 30 communicates
      with an inlet opening 34 at the lower end of the tank whereas the conduit
      24 communicates with a fluid outlet opening 36 in the upper portion of the
      tank 14. A sight guage mounted on the wall of the tank provides visible
      indication of the level of the liquid 16 and a conventional pressure guage
      provides indication of tank pressure. The tank 14 may also be provided
      with a suitable pressure-relief valve (not shown) to prevent development
      of excessive pressure therein.
PAR  The number of electromagnetic induction heaters mounted in the heater unit
      12 may vary. The illustrated heating unit 12 has three electromagnetic
      heaters designated 18a, 18b and 18c and supported in vertical series
      within the tank 14 generally between an inlet opening 34 and an outlet
      opening 36, respectively defined by the conduits 30 and 24, and disposed
      generally in the fluid flow path therebetween, the latter flow path being
      indicated generally by flow arrows in FIG. 3.
PAR  Referring now particularly to FIGS. 2 and 3, a typical electromagnetic
      induction heater, such as the heater 18a, has a core assembly which
      includes a generally rectangular laminated magnet core 38 which has
      horizontally disposed parallel core sections 40, 40 and a primary coil 42
      wound around each of the core sections 40, 40, as best shown in FIG. 2.
      Each heater unit further includes a plurality of parallel heater plates
      44, 44 which act as electrical secondaries in which eddy currents are
      induced to produce heat and which have openings 46, 46 therein to receive
      the core sections 40, 40 and the coils 42, 42 therethrough whereby the
      heater plates 44, 44 generally surround the core sections and the coils.
PAR  Each core assembly is mounted in fixed position within the tank and in
      spaced relation to the walls thereof by mounting brackets attached to
      opposite ends of its core 38. Each mounting bracket 48 has radially
      outwardly extending legs 50, 50. The outer end of each leg 50 is received
      and releasably retained in an upwardly opening slot formed in an
      associated boss 52 welded or otherwise suitably secured to the inner
      surface of the tank 14. The mounting brackets 48, 48 are or may be bolted
      to the bosses 52, 52 by fasternern 53, 53 substantially as shown in FIG.
      2. In the illustrated embodiment, the three heaters 18a-c are supported in
      vertical series by upper and lower mounting brackets 48, 48 connected
      together by parallel vertically extending support members 54, 54. An
      associated end of each core 38 is supported in fixed position between a
      pair of angle brackets 56, 56 mounted on each pair of support members 54,
      54 and extending transversely therebetween. The heater plates 44, 44 are
      supported on rods 58, 58 which have threaded ends to receive nuts and
      extend between the plates 54, 54 at opposite ends of the core 38. Suitable
      spacers may be provided along the rods for maintaining the heater plates
      44, 44 in spaced relation to each other and to the plates 54, 54.
      Preferably, the openings 46, 46 in the heater plates 44, 44 are
      substantially larger than the coils 42, 42 which extend therethrough so
      that the rods 58, 58 support the heater plates 44, 44 in spaced relation
      to the coils 42, 42.
PAR  The heaters 18, 18 are arranged for sequential operation in response to the
      ambient temperature sensing device immersed in the heating liquid 16. This
      arrangement avoids risk of circuit overload when the heaters are
      energized. Referring now to the circuit diagram of FIG. 4, a triac 60 is
      connected in series between the heater 18a and an AC power supply source.
      The gate trigger circuit for the triac 60 is connected to a temperature
      responsive switch or immersion thermocouple switch 61, which senses the
      temperature of the oil 16 and operates at a predetermined temperature, to
      energize the trigger circuit. Operation of the second inner 18b is
      controlled by another triac 62 which has its gate circuit connected to a
      time delay switch 64 arranged to operate to provide a predetermined time
      delay after the first heater 18a has been turned on. Another gate circuit
      associated with the third heater 18c and responsive to operation of the
      second heater 18b includes a time delay switch 66 which triggers a triac
      68 associated with the third heater 18c to turn on the latter heater. The
      illustrated circuit also includes a low level cut-out switch 70 which
      operates to shut off all of the heaters in the event that the level of the
      liquid in the tank 14 falls below a predetermined level. It will now be
      apparent that any number of heaters may be provided to meet the
      requirements of the particular system, the heaters being generally
      arranged to operate sequentially as hereinbefore described.
PAR  When the apparatus 10 is in operation, the circulating pump 22 operates to
      circulate hot liquid through the conduits and associated radiators 20, 20
      in response to a suitable room thermostat or the like (not shown). When
      the temperature of the liquid 16 reaches a predetermined low limit, the
      thermocouple switch operates to sequentially energize the heaters 18a, 18b
      and 18c as hereinbefore discussed.
PAR  The apparatus of the present invention may take other forms and may be
      utilized to heat liquid for other purposes. Referring now to FIG. 5, a
      fragmentary portion of another apparatus embodying the present invention
      is indicated generally at 10a. The apparatus 10a is particularly adapted
      to heat oil in a lubricating system wherein a part to be lubricated is
      exposed to relatively low temperature which tends to increase the
      viscosity of the lubricant. The illustrated apparatus 10a includes a drive
      unit which comprises a propeller 72 mounted on a drive shaft 74 and which
      may, for example, comprise a portion of the propulsion mechanism for a
      surface vessel, submarine or the like. The shaft 74 is journalled in a
      bearing 76 which may be disposed a substantial distance below the surface
      of water and, therefore, potentially exposed to relatively low
      temperature. Inlet and outlet conduits 28a and 24a are connected to an
      associated heating unit (not shown), such as the heating unit 12
      previously described. The apparatus 10a comprises a closed loop
      lubricating system and preferably also includes a circulating pump such as
      the pump 22 to provide a continuous circulating supply of heated lubricant
      to the bearing 76.
PAR  Referring now to FIG. 6, another apparatus embodying the invention is
      illustrated schematically and indicated generally at 10b. The apparatus
      10e is particularly adapted for preheating bunker fuel or the like used to
      fire a boiler. As shown, fuel oil contained in a supply tank 77 is force
      fed to a heating unit 12b through conduits 28b and 30b by a pump 22b.
PAR  The heating unit 12b is substantially identical to the heating unit 12
      previously described, but as shown, is oriented in a generally horizontal
      position, the inlet and outlet conduits 30b and 24b being respectfully
      connected to opposite ends thereof. The outlet conduit 24b supplies
      preheated fuel oil to a conventional oil burner 78 which fires a boiler
      80. When the apparatus comprises a fuel preheating system of the
      aforedescribed general type, additional conventional safety controls may
      be provided and electrically interlocked with the circuit network which
      controls the heaters associated with the heater unit 12b, as is well known
      in the art.
PAR  In the preceeding description and in the claims which follow the terms
      upper, lower, horizontal and vertical are employed for convenience to
      describe the orientation of the heater assemblies and supporting means
      relative to the heater tank, however, it should be understood that the
      tank which comprises the apparatus may be operated in either horizontal or
      vertical position.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electromagnetic induction heating apparatus comprising a closed tank
      having side and end walls and including a removable end cover providing a
      closure for one end thereof, said tank containing a quantity of liquid to
      be heated, an inlet conduit connected to an inlet opening in said tank and
      defining a liquid flow path into said tank from a location remote from
      said tank, an outlet conduit connected to an outlet opening in said tank
      and defining a liquid flow path out of said tank to a location remote from
      said tank, a pump connected in series with one of the conduits, at least
      one electromagnetic induction heater assembly disposed within said tank
      between said inlet and outlet openings and wholly submerged in the liquid
      to be heated, said heater assembly including a generally rectangular
      magnet core having parallel core sections, primary coils wound on said
      core sections and connected in electrical series, support members attached
      to opposite ends of said magnet core, a plurality of rods attached to and
      extending between said support members in spaced relation to said core and
      in generally parallel relation to said core sections, a spaced apart
      series of vertically disposed heater plates carried by said rods, said
      heater plates comprising electrical secondaries in which eddy currents are
      induced and having openings therein receiving therethrough said core
      sections and said primary coils wound thereon, said heater plate openings
      being substantially larger than associated portions of said core sections
      and said primary coils received therethrough, said rods maintaining said
      heater plates in spaced relation to each other and in spaced relation to
      said primary coils and said core sections, means for supporting said
      heater assembly including mounting brackets attached to said support
      members at opposite ends of said core, each of said brackets having legs
      extending outwardly from its associated support member and in the
      direction of said side wall, a plurality of mounting bosses equal in
      number to said legs, each of said mounting bosses secured to the inner
      surface of said side wall and having a slot therein opening in the
      direction of said one end receiving an outer end portion of an associated
      leg therein, and fasteners releasably securing said legs to said bosses,
      and electrical control means responsive to the temperature of the liquid
      in said tank for energizing said primary coils whereby to induce eddy
      currents in said heater plates to heat the liquid in said tank and to
      maintain it at a substantially predetermined temperature.
NUM  2.
PAR  2. An electromagnetic induction heating apparatus as set forth in claim 1
      wherein said outlet conduit communicates with said inlet conduit
      externally of said tank forming a closed loop conduit system and said
      system comprises a building heating system and includes a plurality of
      radiation units connected in series in said conduit system.
NUM  3.
PAR  3. An electromagnetic induction heating apparatus as set forth in claim 1
      wherein said outlet conduit communicates with said inlet conduit
      externally of said tank forming a closed loop conduit system, said
      apparatus includes a bearing connected in series with said conduit system,
      and said liquid comprises a lubricant.
NUM  4.
PAR  4. An electromagnetic induction heating apparatus as set forth in claim 1
      for preheating fuel oil wherein said fuel oil comprises said liquid, said
      inlet conduit is connected to a fuel oil source at a location remote from
      said tank to receive fuel oil therefrom, and said outlet conduit is
      connected to an oil burner at another location remote from said tank to
      supply fuel oil thereto.
NUM  5.
PAR  5. An electromagnetic induction heating apparatus as set forth in claim 1
      including a plurality of electromagnetic induction heater assemblies
      supported in spaced series by said support members and wherein said
      temperature responsive control means comprises means for sequentially
      energizing said heater assemblies.
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ABST
PAL  A system for thermally reconstituting plural item meals in an oven with a
      cavity to which electromagnetic energy is supplied uses differently
      shielded or unshielded food containers to partially control the energy
      received by each food item from the cavity so as to place all of the items
      in a condition for consumption in the same controllable time interval. A
      template carried on a tray positions the food items relative to each other
      and to the cavity so as to further control the energy distribution to the
      food items. An electromagnetic energy sampling sensor carried on the tray
      automatically terminates the heating cycle. In one oven control, the
      sensor carried on the tray is a magnetic or ferrite mass which controls a
      magnetically responsive switch mounted in the oven to initiate the heating
      cycle and which is heated to its Curie point when the food items are
      properly heated to release the switch and terminate the heating cycle. The
      described method of preparing the plural item meal on the tray includes
      the steps of positioning the food items on the tray to distribute between
      them the energy available in the cavity, repositioning the items to
      compensate for changed cavity energy distribution resulting from the first
      positioning of the items on the tray, and positioning the sensor on the
      tray such that it reaches its Curie point when all of the template located
      food components reach a condition suitable for consumption.
BSUM
PAR  The present invention relates to a system for and a method of heating
      comestibles and, more particularly, to a system for and a method of
      automatically effecting the thermal reconstitution of all food items in a
      plural item meal simultaneously.
PAR  Electromagnetic heating techniques for heating food products or
      reconstituting frozen meals have been used for some time with varying
      results. With plural component meals, the obvious problem of having all of
      the food components reach a condition suitable for consumption at the same
      time has brought forth a large number of proposed solutions. These
      commonly involve the selective shielding of the food loads in the cavity
      of the oven, as by the use of special food containers or trays, or the use
      of energy concentrating materials adjacent to the food loads. When these
      techniques are used in conjunction with individually packaged food items
      which are then placed in a common tray and inserted into the oven cavity,
      the expected proper heating of the different items within the same time
      period frequently is not realized.
PAR  This can be due to changes in the energy absorption by the various loads
      resulting from competition between the various loads for the available
      cavity energy. It can also be due to the changes in the modal structure or
      intensity within the cavity resulting from the insertion of the food
      loads.
PAR  A certain amount of variation in heating can be tolerated when the oven is
      subjected to occasional use, as in the home, but presents a substantial
      problem in such high volume applications as restaurants or institutional
      feeding. This institutional use of electromagnetic energy ovens poses an
      additional problem. A domestic user can, by use of the oven over a period
      of time with various food loads, begin to predict the duration of the
      heating cycle required for different food loads. In an institution,
      however, the changes in and lack of experience of the personnel,
      unpredictable variations in operating conditions, and the necessity of
      delivering a large volume of meals at a more or less uniform standard
      militate against the use of "cut and try" techniques.
PAR  Accordingly, one object of this invention is to provide a new and improved
      system for and method of heating articles.
PAR  Another object is to provide a system for and a method of heating one or
      more articles wherein an electromagnetic energy sensor spaced from thermal
      contact with the articles automatically controls the article heating
      operation.
PAR  A further object is to provide a system for automatically heating a plural
      component meal in the cavity of an electromagnetic oven wherein an
      electromagnetic sensor for the meal automatically regulates the heating of
      the meal.
PAR  Another object is to provide an assembly of food items in containers on a
      tray carrying an electromagnetic sensor wherein the food containers and
      sensor are so formed and positioned that the sensor can effect automatic
      termination of a heating cycle when all of the food items are suitable for
      consumption.
PAR  A further object is to provide a method of preparing meals for being
      simultaneously heated to a condition suitable for consumption wherein the
      food items are selectively shielded and disposed relative to each other
      and a sensor such that the relative distribution of energy between the
      loads (including the sensor) when the tray is inserted into a oven cavity
      produces the desired heating of each food item concurrently with the
      response of the sensor to indicate the end of the heating interval.
PAR  In accordance with these and many other objects, an embodiment of the
      invention comprises a method of and an apparatus or system for
      automatically heating a single or multicomponent load to a suitable
      condition. In an application involving the thermal reconstitution of
      plural item meals, a tray or carrier is provided with a removable template
      for detachably positioning selectively shielded food item containers in
      predetermined positions relative to each other and to an electromagnetic
      energy sensor carried on the tray. The template is prepared taking into
      consideration the nature of the food loads, the effect of competition
      between the loads for energy available in a given oven cavity, and any
      redistribution of cavity energy resulting from introduction of the loads
      so that the sensor provides an indication when sufficient energy has been
      imparted to the meal to bring all of the components to a condition
      suitable for consumption. In an illustrated embodiment, the
      electromagnetic sensor comprises a mass of magnetic or ferrite material so
      proportioned, shielded, or located relative to the tray and food
      components that its Curie point is reached or exceeded when all of the
      components of the meal are ready for consumption.
PAR  The electromagnetic energy oven is provided with a magnetically responsive
      control such as a switch which is operated by the sensor on a tray when
      the tray is inserted into the oven cavity to initiate the heating cycle.
      When the heat imparted to the food load including the sensor is such that
      the individual food items are ready for consumption, the Curie point of
      the sensor is exceeded, and the control releases the switching means to
      terminate the heating operation. If desired, the tray can be left in the
      oven during which time the sensor cools to effect equalization of the heat
      distribution within the various items. Upon cooling, the permeability of
      the sensor returns, and the oven is again energized to provide a second
      heating interval controlled by the sensor. This second heating interval
      following the equalization cycle is generally of short duration, and the
      meal can be removed from the oven when the second cycle is terminated by
      the sensor. The food temperature will be maintained by oven cycling until
      the meal is removed.
PAR  In preparing the assembly of food items on the tray in accordance with the
      method of the present invention, the individual food containers are
      selectively shielded using techniques well known in the art so that each
      food item will be heated to a temperature suitable for consumption in
      approximately the same period of time. These shielded food items are then
      placed on a tray within the oven together with a sensor. Their relative
      positions are adjusted, taking into account the competition between loads
      for energy available in the cavity and any redistribution of the energy
      within the cavity until such time as all of the food items are properly
      heated at the same time that the ferrite material exceeds its Curie point.
      Reuseable or disposable templates are then prepared for the meal which can
      be detachably mounted on the tray or carrier to hold the food containers
      in desired position relative to each other and to the sensor. In this way,
      a single tray can be used for heating and serving a large number of meals,
      and templates for different meals can be used with a common supporting
      tray or carrier. Further, in certain embodiments, additional control means
      on the templates are provided for controlling the amount of
      electromagnetic energy coupled to the sensor so as to provide different
      heating intervals. These controls can include movable mounted conductive
      segments on the template in proximity to the sensor or adhesively secured
      electrically conductive segments.
DRWD
PAR  Many other objects and advantages of the present invention will become
      apparent from considering the following detailed description in
      conjunction with the drawings in which:
PAR  FIG. 1 is an exploded perspective view of a food tray assembly embodying
      the present invention;
PAR  FIG. 2 is an exploded perspective view of a control for an electromagnetic
      oven responsive to control by the tray assembly shown in FIG. 1;
PAR  FIG. 3 is a perspective view of an oven illustrating the relative position
      of the control shown in FIG. 2;
PAR  FIG. 4 is an exploded perspective view of an electromagnetic sensor for the
      tray assembly shown in FIG. 1;
PAR  FIG. 5 is a perspective view of a portion of the oven control shown in FIG.
      2;
PAR  FIG. 6 illustrates one modification of a template used in the tray assembly
      of FIG. 1;
PAR  FIG. 7 is an exploded view of another embodiment of the template designed
      for use in the tray assembly of FIG. 1; and
PAR  FIG. 8 is an exploded perspective view of a portion of the tray and a
      modified food container adapted for use with the tray assembly of FIG. 1.
DETD
PAR  Referring now more specifically to the drawings, therein is illustrated a
      tray assembly indicated generally as 10 for a multicomponent meal which
      embodies the present invention and which is adapted to be heated in a
      conventional electromagnetic energy oven indicated generally as 12. The
      tray assembly 10 is so constructed that the individual food items of the
      meal are placed in a condition suitable for consumption within a time
      period determined by a sensor forming a part of the assembly 10 which
      automatically terminates the heating cycle of the oven 12.
PAR  The assembly 10 includes a supporting carrier, base, or tray 14 in which is
      detachably mounted a template or locating means 16 having a plurality of
      openings therein for maintaining in fixed positions relative to each other
      and to a sensor indicated generally as 18 the components of a complete
      meal which is indicated generally as 20. A cover 22 which normally rests
      on the base or tray 14 covers the components 20 of the meal during
      storage, transportation, and thermal reconstitution. It can be used
      following consumption of the meal as a means for transporting waste
      material.
PAR  Referring now more specifically to the construction of the tray or carrier
      14, this tray can be either transparent or opaque to electromagnetic
      energy, and in one embodiment is made opaque to radiation by laminating
      aluminum screen between layers of material such as polystyrene. The tray
      14 is illustrated as having a generally flat lower wall 14A with four side
      walls 14B upstanding therefrom to define a generally rectangular cavity,
      in one corner of which is disposed the electromagnetic energy sensor
      assembly 18. The four side walls 14B include bosses or projecting portions
      14C defining a slot 24. The spaced projecting portions 14C provide means
      for detachably mounting the template 16 on the tray 14 closing the cavity
      by the insertion of the edges of this template into the slots 24 in the
      spaced projecting portions 14C.
PAR  The sensor assembly 18 receives a determined part of the energy imparted to
      the food load by the oven 12 and has the characteristic that it provides
      an indication such as a change of property when the total quantity of heat
      imparted to the meal is sufficient to bring the components thereof to a
      temperature suitable for consumption. The illustrated sensor assembly 18
      includes a cylindrical body 26 of magnetic material such as ferrite, and
      the body 26 is so located and shielded from or alternatively provided with
      access to electromagnetic energy that when the components of the meal have
      been heated to the degree proper to each, the body 26 exceeds its Curie
      point and its permeability drops appreciably. This change in
      characteristic provides a control for the oven 12 to automatically
      terminate the heating cycle.
PAR  In the illustrated embodiment of the sensor 18, the magnetic or ferrite
      body 26 is disposed within an annular body or ring 28 interposed between a
      pair of cylindrical bodies or plates 30 and 32. The components 28, 30, and
      32 are formed of heat resistant, nonmagnetic material that is both
      electrically and thermally insulating. These assembled components are
      disposed within an electrically conducting, nonmagnetic cup 34 having a
      lower wall 34A resting on the lower wall 14A of the tray. These components
      are enclosed by a cap 36 having a flanged lower end 36A. These components
      are secured together and in a desired location on the wall 14A of the tray
      by suitable means such as an epoxy cement. Since the cup 34 is made of
      electrically conducting material, the ferrite body 26 is shielded from
      electromagnetic radiation over a substantial extent but can receive this
      radiation through the elctrically insulating enclosure or cap 36.
PAR  The template 16 can be formed of any suitable material but preferably is
      formed of low cost material such as cardboard so as to be disposable after
      use with each meal. The template 16 is detachably mounted on the tray or
      tray base 14 by the plurality of projecting portions 14C formed on the
      walls 14B of the tray. When assembled with the tray 14, the template 16
      closes the cavity defined by the side walls 14B and completes the
      enclosure of the sensor assembly 18. The template 16 is provided with a
      plurality of apertures or locating openings 16A-16E for receiving and
      holding in fixed positions relative to each other and to the sensor
      assembly 18 individual containers for a plurality of food items in the
      meal to be heated. The manner of and criteria for establishing the
      positions of the openings 16A-16E is set forth in detail below. In
      general, however, these openings locate the components of the meal with
      respect to each other and to the oven cavity and to the sensor 18 so that
      when the magnetic material 26 in the sensor assembly 18 exceeds its Curie
      point, each of the individual components of the meal is in a condition
      suitable for consumption.
PAR  The components of a representative or illustrative meal are indicated
      generally as 20 in FIG. 1 of the drawings. In addition to such
      noncomestible items as a napkin 38 and cutlery 40, the meal components
      include receptacles 42, 44, 46, 48, and 50 containing, respectively, a
      dinner roll, potato, ice cream, butter, and a meat item such as Salisbury
      steak. To facilitate institutional processing of the meals, the containers
      and the respective food items are prepared, refrigerated, and maintained
      in storage at any suitable temperature such as 0.degree.F. or 40.degree.F.
      These and similar items can be maintained in storage and assembled on the
      trays 14 using suitable templates 16 prior to reconstitution and serving.
      The containers 42, 44, 46, 48, and 50 are so designed that all of these
      items are placed in a condition for serving at the end of the same heating
      cycle. However, as noted above, even though these containers are designed
      to this end criteria, the desired result frequently is not obtained when
      the individual containers are collectively presented as a load to the oven
      12.
PAR  The construction of the individual food containers or receptacles is not
      shown or described in detail inasmuch as many techniques for controlling
      the transfer of electromagnetic energy to food loads are well known in the
      art. Briefly, however, the dinner roll container 42 can comprise an
      aluminum body having a top aperture 42A for coupling sufficient energy to
      the dinner roll to permit it to become warm. The container 42 also
      preferably includes a foam thermally insulating liner to reduce
      reradiation of thermal energy. The potato dish or container 44 can be made
      of heavy paper that is essentially transparent to electromagnetic
      radiation. The ice cream container 46 is completely shielded with aluminum
      or other electrically conductive material and includes a foam thermally
      insulating liner. The butter container 48 can comprise a member that is
      formed completely of electrically conducting or radiation shielding
      material except for an open top. The meat container 50 is formed
      completely of electrically nonconductive material which is essentially
      transparent to electromagnetic energy.
PAR  As noted above, the provision of different amounts of shielding on the
      various containers 42, 44, 46, 48, and 50 provides a rough or first
      approximation of control over the amount of energy supplied to the
      individual food loads during a heating operation, and these containers are
      so designed as to attempt to place the respective food items in condition
      for consumption at the end of a common heating period. These containers
      are positioned in predetermined locations relative to each other by the
      insertion of the containers 42, 44, 46, 48, and 50 into the locating
      openings 16A-16E, respectively, of the template 16. This fixed positioning
      of the electrical loads relative to each other and to the sensor 18
      provides a further control over the degree of energy imparted to each of
      the food loads resulting from mutual competition for the energy available
      in the cavity of the oven 12 and distortions or alterations of the energy
      distribution in this cavity resulting from the introduction of a tray 14
      containing the meal components 20 into the cavity of the oven 12.
PAR  Referring now more specifically to the oven 12, there is provided a control
      assembly indicated generally as 60 (FIG. 5) disposed within a housing 62
      (FIG. 2) and disposed within the oven 12 to define the lower wall of a
      cooking cavity 64 for the oven 12. The housing 62 could be made as the
      bottom wall of the oven 12. The control 60 is controlled by the sensor
      assembly 18 to initiate a heating cycle of the oven 12 when a tray 14 is
      inserted into the cavity 64 and to terminate the heating cycle of the oven
      12 when all of the components of the meal 20 have been placed in a
      condition suitable for consumption. The housing 62 enclosing the control
      assembly 60 is formed of two nonmagnetic and electrically conducting or
      radiation shielding elements 66 and 68. The elements 66 and 68 each
      defining oppositely facing box-like members are assembled in telescoping
      relation providing an enclosure in which the control assembly 60 is
      located. The housing 62 is disposed within the cavity 64 (FIG. 3) resting
      on a base portion 12A of the oven 12. The top member 66 is provided with
      three guide portions 66A, 66B, and 66C, two of which 66A and 66C are
      tapered to insure proper positioning of the tray 14 within the cavity 64
      by engaging corresponding tapered edges on the side walls 14B. In
      addition, this top member 66 is provided with three dimples or bumps
      66D-66F somewhat lower than the guide portions 66A-66C to provide a
      three-point warp insensitive support for this tray. The protuberance,
      bump, or projection 66D is disposed directly above the control assembly 60
      and immediately below the sensor 18 when a tray 14 is positioned within
      the oven cavity 64 by the edge guides 66A-66C.
PAR  The control assembly 60 (FIG. 5) includes a pair of supporting brackets or
      arms 70, 72 secured to the base structure 68 of the housing 62. A pivot
      arm 74 extends between and is pivotally mounted on the supports 70, 72. A
      permanent magnet 76 illustrated as cylindrical in configuration is secured
      to a midpoint of the pivot arm 74 as by a fastening band or clamp 78 so
      that the upper end of the permanent magnet 76 is disposed within the
      dimple or protuberance 66D on the upper housing member 66 and underlying
      the ferrite mass 26 shown in dot-and-dash outline when a tray 14 is
      disposed within the oven cavity 64. Because of the nonmagnetic nature of
      the enclosures for the ferrite 26 and the permanent magnet 76 and due to
      the disposition of the upper end of the magnet 76 within the protuberance
      66D, efficient magnetic coupling is provided between the ferrite body 26
      and the permanent magnet 76.
PAR  Since the permanent magnet 76 is eccentrically disposed with respect to the
      pivotal axis of the arm 74, an arm 80 is provided secured to the arm 74
      and depending therefrom. The lower end of the arm 80 is connected to one
      end of a tension spring 82, the other end of which is connected to a lead
      screw 84 passing through a support 86 secured to the lower wall of the
      housing structure 68. A thumb screw 88 bearing against the arm 86 and
      threadedly engaged with the free end of the lead screw 84 provides means
      for manually adjusting the resilient bias applied by the spring 82 to the
      arm 80. This bias is so adjusted that the counterclockwise moment about
      the pivotal axis of the arm 74 due to the off-center disposition of the
      permanent magnet 76 is substantially counterbalanced, although permitting
      the magnet 76 to occupy a normal position displaced downwardly somewhat
      from horizontal.
PAR  To provide means for controlling the heating cycle of the oven 12, the
      control 60 includes a mercury switch capsule 90 secured to a projecting
      end of the pivot arm 74 by a bracket or clamp 92. The switch capsule 90 is
      one well known in the art and can include, for example, a body of mercury
      disposed within a sealed glass housing from one end of which extend a pair
      of electrically conductive terminal pins 90A. These pins are connected by
      conductors 94 (FIG. 2) lying within the cavity defined by the housing
      members 66, 68 to a plug or receptacle which is coupled to the on-off
      control for the oven 12 when the assembly 60 is disposed within the cavity
      64 (FIG. 3).
PAR  In the normal condition of the control assembly 60, the magnet 76 and the
      mercury switch 90 are disposed in a position set by the bias spring 82
      deflected slightly in a counterclockwise direction about the axis of the
      pivot arm 94 so that the terminal pins 90A of the mercury switch 90 are
      elevated with respect to the opposite end of this capsule. This means that
      the switch 90 is in an open circuit condition because the liquid mercury
      is not bridging the contacts or terminals 90A. When, however, a tray 14 is
      inserted into the oven cavity 64 so that the sensor assembly 18 overlies
      the permanent magnet 76 with the ferrite body 26 in the position
      illustrated in dot-and-dash outline in FIG. 5, the magnetic coupling
      between the members 26 and 76 pivots the pivot arm 74 in a clockwise
      direction about its axis so that the switch 90 is also moved in a
      clockwise direction, and the end of the switch 90 containing the terminal
      pins 90A is displaced below the opposite end of this switch. The body of
      liquid mercury contained within the switch 90 moves into engagement with
      the interior ends of the terminal pins 90A and establishes an electrically
      conductive circuit over the wires 94. This circuit prepares a control unit
      95 for the oven 12 to initiate a heating cycle.
PAR  As set forth above, the sensor assembly 18 utilizes the attainment of the
      Curie point by the ferrite body 26 as an indication that the heating cycle
      should be terminated. When the Curie point is exceeded, the ferrite body
      26 changes from a ferromagnetic material to a paramagnetic material. This
      means that the magnetic force coupling bodies 26 and 76 becomes
      substantially reduced, and the mass of the permanent magnet 76 is
      effective to pivot this magnetic member and the mercury switch 90 in a
      counterclockwise direction (FIG. 5) around the pivotal axis of the arm 74
      so that electrical continuity between the terminal pins 90A is
      interrupted. This provides an indication to the controls for the oven 12
      that the heating cycle is to be terminated. This interruption in
      continuity of the control circuit afforded by the displaced mercury switch
      90 continues until such time as the ferrite body 26 cools below its Curie
      point or a new tray 14 is inserted into the cavity 64 in place of the
      prior tray.
PAR  The electromagnetic energy oven 12 can comprise any one of a number of well
      known ovens. In one embodiment of the present invention, the oven 12
      comprises a Model 56/1139 microwave model marketed by the Tappen Company.
      This oven has a design output power of 650 watts and operates at 2450 MHz.
      The conductors 94 through which electrical continuity is selectively
      established and interrupted by the control assembly 60 are connected to
      the conventional control 95 provided on the oven 12 to permit the oven to
      be placed in operation when the usual door interlock is actuated. Thus,
      operation of the oven 12 is automatically initiated when the tray 14 is
      properly positioned to actuate the control assembly 60 and the oven door
      12B is closed. The oven cavity 64 has a particular energy distribution
      which is used in allocating heat to the various components of the meal and
      thus in preparing the template 16.
PAR  More specifically, the various food containers or receptacles 42, 44, 46,
      48, and 50 are designed in an attempt to impart approximately the desired
      quantity of heat to each of the food items within the same heating
      interval. However, the introduction of these food items as electrical
      loads within a cavity such as the cavity 64 of the oven 12 frequently
      alters the heating time for the items. Accordingly, when the template 16
      for a meal or group of meals is to be prepared, representative food loads
      are introduced into the cavity 64 on the tray 14 including the sensor
      assembly 18. This sensor also constitutes an electrical load for the oven
      12. The relative positions of the food loads on, for example, a blank
      template 16, are shifted until such time as all of the food items are
      heated in the same time. The sensor assembly 18 exceeds its Curie point at
      the end of this same time interval. In effecting the relative positioning
      of the electrical loads, a number of factors are considered and utilized.
PAR  In the first place, the introduction of the electrical loads afforded by
      the sensor assembly 18 and the food items introduces a competition between
      these loads for the energy available in the cavity 64. In the second
      place, the energy distribution in the cavity 64 is generally not uniform
      even in the absence of a load, and the insertion of the load further
      varies the distribution within the oven. By moving the food items relative
      to each other and to the sensor, it is possible to place those items
      requiring the greatest amount of heat in the areas in which the greatest
      amount of electromagnetic energy is possible. By changing the relative
      positions and the shapes of the food items or containers, the balance of
      energy transferred to the various components is controlled. By selecting
      the relative positions of the food items with respect to the sensor, the
      division of available energy between the food items and the sensor 18 is
      controlled. When the point is reached at which the sensor assembly 18
      exceeds its Curie point and all of the food items reach temperatures
      suitable for consumption, the locations of the food items are marked, and
      a large number of templates 16 with the locating openings 16A-16E are
      produced. Thus, whenever meals are to be prepared, a template 16 can be
      placed in the tray 14 and the individual food containers 42, 44, 46, 48,
      and 50 can be taken from storage, assembled on the template, and closed by
      the cover 22 to facilitate shipment and handling. These meals can be
      predictably reconstituted merely by insertion into the oven 12 because of
      the control exercised by the sensor 18 and the control unit 60 in the
      manner described above.
PAR  As set forth above, the relative positions of the food items and the sensor
      assembly 18 are set using food items of a standard composition and
      temperature. However, the control exercised by the sensor assembly 18 is
      capable of insuring proper reconstitution of the meal components 20 even
      though a substantial number of parameter conditions vary, primarily
      because the sensor assembly 18 is individually associated with each tray
      and is subject to the same competition for energy as the food items. As an
      example, if the tray assembly 10 has been left in an ambient temperature
      for a sufficient time to elevate the temperature of the food components,
      the sensor also reaches ambient temperature and thus requires
      proportionately less energy to exceed its Curie point, thereby reducing
      the period that electromagnetic energy is applied to the somewhat warmed
      food items. Other factors resulting in reduced energy input to the cavity
      64 such as variations in line voltage or power produce corresponding
      reductions in the energy applied to the sensor 18 and the food items so
      that the heating cycle automatically becomes somewhat longer than the
      standard to insure proper reconstitution before automatic termination of
      the heating operation. The same compensation can occur, for example, with
      variations in oven ambient temperature or the size of the portions in the
      various food containers 42, 44, 46, 48, and 50.
PAR  It has also been determined that the sensor assembly 18 can be used to at
      least partially control the "runaway" effect which frequently arises in
      reconstituting frozen food. More specifically, there is a substantial
      change in electrical characteristics of a food item as it changes from a
      frozen to a thawed state, particularly if appreciable moisture is present.
      As the frozen food item becomes thawed, it absorbs appreciably more energy
      than when frozen with the result that boiling or overheating may occur.
      This effect of absorbing increased quantities of energy changes the energy
      distribution within the cavity 64. By placing an item exhibiting this
      effect in a particular position with regard to the sensor assembly 18, the
      increased absorption of energy by the food article tending to exhibit the
      "runaway" effect can be made to shift the energy distribution within the
      cavity 64 to the point at which the sensor assembly 18 receives a greater
      amount of energy so that the heating operation is terminated more quickly.
PAR  It has also been determined that a template such as the template 16 can be
      used when the food items in the receptacles 42, 44, 46, 48, and 50 are
      varied without losing the automatic control described above. As an
      example, pudding can be substituted for the ice cream in the receptacle
      46, and various meat items such as chicken can be substituted for the
      Salisbury steak example in the receptacle 50 referred to above. However,
      if radically different meals resulting in appreciably different food loads
      or with different heating requirements are used, it is frequently
      desirable to provide a number of templates 16 designed for the different
      types of meals. It is also possible to provide changes in the heating
      cycle and thus the reconstitution of different meals using either
      identical or different templates by making use of the embodiments of the
      invention shown in FIGS. 6 and 7 in which controllable or adjustable means
      are provided for controlling the amount of electromagnetic energy coupled
      to the sensor assembly 18.
PAR  More specifically and with reference to FIG. 6 of the drawings, therein is
      illustrated a template 16 constructed in the manner described above. The
      template 16 includes in its lower left-hand corner an electrically
      conductive member 100 such as a metal stamping pivotally mounted on the
      template 16 by a pivot pin 102 in a position that will be adjacent to the
      sensor assembly 18 when the template 16 is mounted in the tray 14. The
      member 100 can include an indicator portion 100A with indicia indicated
      generally as 104 printed on the adjacent surface of the template 16. By
      shifting the position of the shielding member 100 relative to the
      underlying sensor assembly 18 (shown in dashed outline in FIG. 6), the
      amount of electromagnetic energy coupled to the ferrite body 26 can be
      controlled with a consequent control in the time duration required to
      elevate the temperature to exceed its Curie point.
PAR  FIG. 7 of the drawings illustrates an embodiment of a control for the
      sensor assembly 18 indicated generally as 106. The unit 106 includes a
      template 16 made in the manner described above. Provided in conjunction
      with the template 16 is a plurality of electrically conductive segments
      indicated generally as 108 of any configuration but illustrated as
      circles. The segments 108 range from a small area segment 108A to a large
      area segment 108B. These segments preferably are provided with an adhesive
      backing.
PAR  By placing a suitable one of the segments 108 on the template in a position
      above or adjacent the sensor assembly 18, additional electromagnetic
      energy shielding for the sensor assembly 18 is provided, and the time
      required to heat the ferrite body 26 to exceed its Curie point is
      controlled. Accordingly, both of the assemblages shown in FIGS. 6 and 7 of
      the drawings provide means by which a given template 16 can be modified
      for use with meal components 20 of varying constitution.
PAR  FIG. 8 of the drawings illustrates an assembly, indicated generally as 110,
      of a tray indicated generally as 112 and a food container 114 for
      controlling the amount of electromagnetic energy imparted to the food
      within the container 114. The tray 112 can be constructed in a manner
      similar to the tray 14 in including a bottom wall 112A and side walls 112B
      having notches for detachably mounting a cardboard or energy transparent
      template 116. The walls 112A and 112B of the tray arrangement 112 are made
      from electrically conductive material which provides a shield for
      electromagnetic energy.
PAR  The dish or food container 114 is also formed completely of electrically
      conducting material except for a section, aperture, or opening 114A which
      is electrically transparent. In fabrication, the dish 114 can be formed of
      a metal stamping from aluminum foil with a plastic insert providing the
      opening or transparent section 114A. After food has been placed in the
      container 114, the top can be sealed by a layer of aluminum foil which
      also serves as a moisture barrier. In fabrication the dish or container
      114A is formed with a plurality of shouldered sections 114B of different
      diameters.
PAR  To control the quantity of energy imparted to the food load within the
      container 114, the template 116 is selectively formed with a dish
      receiving opening 116A of different diameters corresponding to a selected
      one of the different diameter shoulders 114B on the dish 114. If a small
      quantity of energy is to be imparted to the food load within the container
      114, the opening 116A is formed with a large diameter so that the
      transparent section 114A is closely disposed adjacent the conductive lower
      wall 112A of the tray. This provides a small port for energy.
      Alternatively, if a larger quantity of energy is to be imparted to the
      food load within the container 114, the opening 116A is formed with a
      small diameter corresponding to the small diameter shoulder 114B on the
      dish. When the small diameter shoulder 114B on the container 114 is
      disposed within the locating opening 116A, the transparent section 114A is
      spaced a greater distance from the electrically conductive or shielding
      lower wall 112A, and a larger area coupling between the food load and the
      energy within the cavity 64 is provided.
PAR  The sensor 18 and the control 60 are described above in conjunction with
      controlling the heating of a food load. This control arrangement can also
      be used to control a heating means such as the oven 12 to heat loads of
      other kinds or types of articles. As an example, the articles could
      comprise plastic, rubber, or pharmaceutical items that are to be warmed or
      thawed. The article loads could include a single article or a number of
      articles requiring differential or uniform heating.
PAR  Although the present invention has been described with reference to a
      number of illustrative embodiments thereof, it should be understood that
      numerous other modifications and embodiments can be devised by those
      skilled in the art that will fall within the spirit and scope of the
      principles of this invention.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. The method of preparing a meal including a plurality of food items for
      concurrent equal duration heating in the cavity of a microwave oven under
      the control of a microwave energy absorbing sensor which exhibits a
      detectable change in a characterisitc thereof upon receiving a given
      quantity of microwave energy, which method comprises the steps of:
PA1  selectively shielding at least a portion of said food items with
      electrically conductive material to provide a generally uniform heating
      time to bring each item to a condition suitable for consumption,
PA1  positioning said food items within the microwave oven and at locations
      relative to said sensor and to one another so that said food items all
      receive an amount of microwave energy which is sufficient to heat said
      food items within the same time interval that said sensor requires to
      exhibit said detectable change, and
PA1  preparing a carrier for detachably holding said food items in said relative
      positions.
NUM  2.
PAR  2. The method of claim 1 which includes the steps of preparing a template
      having openings therein of a configuration corresponding to said food
      items and effective to position said items at said relative positions, and
      mounting said template on a food carrying tray which has one of said
      sensors mounted thereon in such position that said sensor exhibits said
      detectable change within said time interval when said tray is positioned
      at a given location within said oven.
NUM  3.
PAR  3. The method of claim 2 which includes the step of adjustably shielding
      said sensor on said tray so as to vary said time interval.
NUM  4.
PAR  4. The method of claim 1 which includes the steps of positioning a member
      on said carrier to alter the microwave energy coupled to said sensor,
      thereby to adjust the time required for said sensor to exhibit said
      detectable change.
NUM  5.
PAR  5. The method of claim 1, wherein at least one of said food items is frozen
      when positioned in said oven and absorbs a substantially greater amount of
      microwave energy when it is thawed, and positioning said one frozen food
      item relative to said sensor so that thawing thereof causes a shift in the
      energy distribution within the oven and increases the energy per unit of
      time absorbed by said sensor, thereby to shorten said time interval.
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PAL  A self-cleaning microwave oven comprises a heating cavity, source means
      including a disc antenna and a rotating mode stirrer for exciting in the
      heating cavity two predetermined electromagnetic field modes, a first
      metal rack horizontally disposed near the bottom of the cavity and having
      spaced-apart rods extending parallel to the direction of the electric
      field of the two modes and terminating those modes, and a second metal
      rack horizontally disposable in a plurality of different positions above
      the first rack and having spaced-apart rods extending perpendicular to the
      direction of the electric field of the two modes and having no effect
      thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electronic ovens which include both high
      frequency energy means as well as conventional electric heating units,
      together with a self-cleaning capability, and more particularly to an
      improved shelf arrangement for such ovens.
PAR  Electronic ovens utilize high frequency electromagnetic wave energy to heat
      directly and internally foodstuffs placed therein, whereas conventional
      electric ovens utilize radiant energy and circulating heated air for
      heating the external surfaces of the food to be cooked. In self-cleaning
      ovens, the oven liner and the elements disposed in the heating cavity are
      heated to a high temperature up to 1,000.degree.F., well above the
      temperature range at which foods are normally cooked, for pyro-cleaning of
      the oven.
PAR  One of the problems presented by electronic ovens, and particularly those
      equipped with conventional electric heating units as well as a source of
      high frequency energy, concerns the shelves which are needed to support
      the food to be cooked. Because metal objects may absorb a substantial
      amount of the microwave energy supplied to the oven and also may distort
      the electric and magnetic field patterns so as to cause uneven cooking,
      shelves made of non-metallic dielectric materials have been used in some
      electronic ovens. However, these dielectric shelves are more costly than
      metal shelves, such as wire racks used in conventional ovens, and have
      proved to be quite unsatisfactory in combination electronic-electric ovens
      because of their poor heat resistance. This problem is particularly acute
      in self-cleaning ovens because of the extremely high temperatures reached
      during the self-cleaning operation. At present, there are no low cost
      dielectric materials which can operate over the temperature range
      experienced in a self-cleaning oven.
PAR  Accordingly, metal racks or shelves must be used in a self-cleaning oven.
      Metal shelf arrangements have been devised for use in electronic ovens.
      One such arrangement is disclosed in the U.S. Pat. No. 2,912,554 issued to
      F. R. Snyder on Nov. 10, 1959, and assigned to the assignee of the present
      invention. The Snyder patent discloses a metal oven rack having side rods
      which are spaced a predetermined distance from the side walls of the oven
      heating cavity, the rack being mounted on the side walls by means of
      support rods which are connected to the rack side rods by short connecting
      links respectively disposed at points of minimum induced voltage between
      the rack and the heating cavity side walls for the particular wavelength
      of microwave energy being used. But the principle of operation of the
      Snyder arrangement is not disclosed in that patent and it appears that the
      arrangement is effective only for the specific configuration illustrated
      in the patent, wherein the rack is disposed between the microwave antenna
      and the food to be heated. Furthermore, this arrangement does not permit
      the flexibility of locating the food at different positions in the oven
      heating cavity.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide an improved
      shelf arrangement for use in self-cleaning microwave ovens, which utilizes
      a metal shelf or rack to terminate the electromagnetic field modes
      established in the heating cavity.
PAR  Another general object of this invention is to provide a shelf arrangement
      wherein foods of different impedances may be selectively supported at
      varying positions in the heating cavity without distorting or otherwise
      adversely affecting the electromagnetic wave pattern in the heating
      cavity.
PAR  It is an important object of this invention to provide an electronic
      heating apparatus having pyro-cleaning means, the apparatus comprising a
      metal enclosure defining a heating cavity for receiving therein a body to
      be heated, source means for transmitting microwave energy of a
      predetermined frequency into the heating cavity for establishing therein a
      predetermined electromagnetic field mode, and a metal rack disposed
      horizontally within the heating cavity and having a plurality of
      spaced-apart rods extending substantially parallel to the direction of the
      electric field of the predetermined electromagnetic field mode, the rack
      being dimensioned and positioned in the heating cavity for terminating
      said predetermined electromagnetic field mode, whereby the rack permits
      the supporting thereon of a body to be heated while accommodating
      pyro-cleaning of the oven without interfering with the electromagnetic
      wave pattern in the heating cavity.
PAR  In connection with the foregoing object, it is another object of this
      invention to provide an electronic heating apparatus of the type set
      forth, wherein the source means includes an antenna, and further including
      a mode stirrer rotatably mounted in the heating cavity for cooperation
      with the antenna to establish in the heating cavity two predetermined
      electromagnetic field modes, the metal rack terminating both of said
      predetermined electromagnetic field modes.
PAR  Another object of this invention is to provide an electronic heating
      apparatus of the type set forth, which further includes a second metal
      rack disposed horizontally within the heating cavity above the first rack
      and having a plurality of spaced-apart rods extending substantially
      perpendicular to the direction of the electric field of the predetermined
      electromagnetic field mode, the second rack being movable among a
      plurality of different positions within the heating cavity above the first
      rack for facilitating optimum heating of associated bodies of different
      impedances while having no adverse effect on the electromagnetic field
      pattern in the heating cavity.
PAR  Further features of the invention pertain to the particular arrangement of
      the parts of the electronic heating apparatus whereby the above-outlined
      and additional operating features are attained.
PAR  The invention, both as to its organization and method of operation,
      together with further objects and advantages thereof, will best be
      understood by reference to the following specification taken in connection
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of an electronic oven constructed in
      accordance with and embodying the features of the present invention, and
      shown with the oven door in the open position thereof;
PAR  FIG. 2 is an enlarged fragmentary front elevational view of the microwave
      antenna of the electronic oven of FIG. 1;
PAR  FIG. 3 is a view in vertical section taken along the line 3--3 in FIG. 2;
PAR  FIG. 4 is an enlarged fragmentary front elevational view of the mode
      stirrer of the electronic oven illustrated in FIG. 1;
PAR  FIG. 5 is a fragmentary top plan view in partial section of the mode
      stirrer of FIG. 4;
PAR  FIG. 6 is a diagrammatic side elevational view of the heating cavity of the
      electronic oven of FIG. 1, as viewed from the right-hand side thereof, and
      illustrating the electromagnetic field patterns for the predetermined
      modes established in the heating cavity;
PAR  FIG. 7 is a diagrammatic top plan view of the heating cavity and one of the
      electromagnetic field modes illustrated in FIG. 6;
PAR  FIG. 8 is an enlarged view in horizontal section of the heating cavity of
      the oven of FIG. 1, illustrating the non-terminating rack in plan view;
PAR  FIG. 9 is a fragmentary perspective view of the non-terminating rack
      illustrated in FIG. 8;
PAR  FIG. 10 is a fragmentary view in vertical section of the non-terminating
      rack taken along the line 10--10 in FIG. 8;
PAR  FIG. 11 is a view similar to FIG. 8 illustrating the terminating rack of
      the oven of FIG. 1 in plan view;
PAR  FIG. 12 is a fragmentary front perspective view of the terminating rack of
      FIG. 11; and
PAR  FIG. 13 is a fragmentary view in vertical section of one of the support
      rods of the terminating rack, taken along the line 12--12 in FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 through 7 of the drawings, there is illustrated an
      electronic microwave oven, generally designated by the numeral 20, having
      generally rectangular metallic walls defining an oven liner 21, including
      a top wall 22 (FIG. 2), a bottom wall 23, two opposed side walls 24 and
      26, and a rear wall 29, all cooperating to define a heating cavity. The
      front wall of the heating cavity is formed by an oven door 25 which is
      movable between an open position, illustrated in FIG. 1, and a closed
      position (see FIGS. 6 and 7) for closing the heating cavity. In the
      preferred embodiment, the heating cavity has a width of 19 inches, a
      height of 16-7/16 inches and a depth of 19-1/8  inches.
PAR  Radiant heating units (not shown) may be provided adjacent to the top and
      bottom walls 22 and 23 of the oven liner in a well known manner for
      providing conventional heating of the food for broiling, browning and the
      like. A control panel 27 is provided at the front of the oven 20 above the
      heating cavity for mounting control instruments to regulate the supply of
      high frequency energy to the heating cavity and the energization of the
      radiant heating units and other oven mechanisms. Formed on each of the
      side walls 24 and 26 as by embossing are a plurality of shelf support
      members 28 for supporting shelves or racks in the heating cavity as will
      be described more fully below.
PAR  Disposed centrally of the rear wall 29 of the oven liner adjacent to the
      upper end thereof is an antenna structure, generally designated by the
      numeral 30, which includes a short cylindrical conductive probe 31
      projecting horizontally into the heating cavity through an opening 39 in
      the rear wall 29 and coaxially connected at its inner end to a disc-like
      member 35. The disc-like member 35 has a circular central portion 32
      provided with an opening 33 centrally thereof for receiving the end of the
      probe 31 therethrough, the central portion 32 being integral about the
      periphery thereof with an inturned annular flange 34. Integral with the
      flange 34 and extending radially outwardly thereof is an annular outer
      flange 36 having the peripheral edge thereof folded back against the rear
      surface thereof as at 37. The antenna probe 31 is connected to a coaxial
      transmission line 38 which is in turn coupled to the output of a suitable
      microwave source such as a magnetron tube (not shown) for supplying
      microwave energy of a predetermined frequency to the heating cavity. In
      the preferred embodiment of the invention, the microwave energy utilized
      is at a frequency of 915 MHz.
PAR  Mounted on the top wall 29 of the oven liner substantially centrally
      thereof is a mode stirrer, generally designated by the numeral 40. The
      mode stirrer 40 includes a cylindrical dielectric shaft 41 projecting
      vertically downwardly into the heating cavity, the shaft 41 being
      connected at its upper end to a suitable electric motor (not shown)
      disposed above the top wall 22 for rotating the shaft 41. Connected to the
      shaft 41 at the lower end thereof is a stirrer blade, generally designated
      by the numeral 45, which is integrally formed of two substantially tubular
      ends 42 and 43 interconnected by a flattened central portion 44, the
      flattened portion 44 lying in a plane substantially parallel to the top
      wall 22 of the oven liner and having an opening therethrough for receiving
      a fastener 46 for securing the blade 45 to the shaft 41. The stirrer blade
      45 is formed of a conductive material and is preferably approximately ten
      and one-half inches long.
PAR  Referring now also to FIGS. 8 through 10 of the drawings, a metal
      food-supporting rack, generally designated by the numeral 50, is mounted
      in the heating cavity on the shelf support members 28. The rack 50
      includes a generally rectangular peripheral frame member 51 including
      front and rear end rods 52 and 53 parallel to the rear wall 29, each
      terminated at the opposite ends thereof with an upwardly and outwardly
      extending elbow portion 54, the elbow portions 54 at the left-hand side of
      the rack 50, as viewed in FIG. 8, being interconnected by a support rod
      55, and the elbow members 54 at the other side of the rack 50 being
      interconnected by a support rod 56. The peripheral frame member 51 may be
      integrally constructed of a metallic wire rod and is so dimensioned that
      the support rods 56 are adapted for supporting the rack 50 in a horizontal
      position in the heating cavity on the shelf support members 28.
PAR  Interconnecting the end rods 52 and 53 and secured thereto as by welding
      are two side bars 57, respectively spaced a predetermined distance
      inwardly of the support rods 55 and 56, the front ends of the side bars 57
      overlying the front end rod 52 and the rear ends of the side bars 57
      disposed beneath the rear end rod 53. In order to permit the side bars 57
      to lie in a substantially horizontal plane when the rack 50 is mounted in
      the heating cavity, the rear end rod 53 is disposed above the plane of the
      front end rod 52 by a distance substantially equal to the thickness of the
      side bars 57. Interconnecting the side bars 57 and fixedly secured thereto
      as by welding and terminating thereat are a plurality of equidistantly
      spaced apart parallel coplanar crossbars 58 for supporting an associated
      food load in the heating cavity.
PAR  Preferably, the support rods 55 and 56 of the rack 50 are slidably movable
      along the shelf support members 28 into and out of the heating cavity, it
      being understood that the rack 50 may selectively be located at any of a
      number of different vertical positions in the heating cavity.
PAR  Also mounted within the heating cavity closely adjacent to the bottom wall
      23 of the oven liner 21 is a metal food-supporting rack generally
      designated by the numeral 60. The rack 60 includes a generally rectangular
      peripheral frame member 61 which may be integrally formed of a wire rod
      and includes two spaced apart side rods 63 and 64 respectively parallel to
      the side walls 24 and 26 of the oven liner, and interconnected at the
      front end thereof by a front end rod 62. The rear ends of the side rods 63
      and 64 are upturned and are interconnected by an elevated end rod 65. The
      peripheral frame member 60 is mounted in the heating cavity by means of a
      pair of support rods 66 each disposed substantially parallel to the side
      rods 63 and 64 and provided with upturned rear ends 67 and downturned
      front ends 68, the support rods 66 being respectively spaced laterally
      outwardly a predetermined distance from the side rods 63 and 64 and
      connected thereto by means of short spaced apart mounting stubs 69. The
      peripheral frame member 61 is dimensioned to be mounted on the shelf
      support members 28 by means of the support rods 66.
PAR  Interconnecting the front and rear end rods 62 and 65, and fixedly secured
      thereto as by welding and terminating thereat are a plurality of
      equidistantly spaced apart parallel coplanar crossbars 70, the front ends
      of the crossbars 70 overlying the front end rod 62 while the rear ends of
      the crossbar 70 are disposed beneath the rear end rod 65. When the rack 60
      is mounted for use in the heating cavity, the crossbars 70 are disposed in
      a substantially horizontal plane.
PAR  In use, the rack 60 is mounted on the bottommost set of shelf support
      members 28 closely adjacent to the bottom wall 23 of the oven liner 21.
      The rack 60 may be slidably movable on the shelf support members 28 into
      and out of the heating cavity, but preferably the front and rear ends 68
      and 67 of the support rod 66 engage suitable stop members (not shown) on
      the oven liner side walls 24 and 26 to limit sliding movement of the rack
      60, thereby to prevent the rack 60 from coming in contact with the rear
      wall 29 and preventing sliding movement of the rack 60 out of the heating
      cavity.
PAR  In the preferred embodiment of the invention, the rack 60 is positioned
      approximately thirteen and one-quarter inches below the top wall 22 of the
      oven liner 21, the dimensions of the heating cavity and the positioning of
      the antenna structure 30 and the mode stirrer 40 being such that at the
      predetermined microwave frequency of 915 MHz., the antenna structure 30
      and the mode stirrer 40 cooperate to establish in the heating cavity the
      TE.sub.1,2,0 mode and the TE.sub.1,2,1 mode, where the numeral subscripts
      respectively indicate the variations of the electromagnetic fields in the
      directions of the width, height and depth of the heating cavity. The
      crossbars 70 of the rack 60 extend substantially parallel to the side wall
      24 and 26 of the oven liner 21, which is also parallel to the direction of
      the electric field E of the TE.sub.1,2,0 and TE.sub.1,2,1 modes, as
      indicated by the arrow in FIGS. 6 and 7. Thus the rack 60 is so
      constructed and positioned that it terminates both of the TE.sub.1,2,0 and
      TE.sub.1,2,1 modes, which are respectively designated by the numerals 75
      and 76 in FIGS. 6 and 7.
PAR  It will be understood that food loads may be supported upon the mode
      terminating rack 60 for cooking in the heating cavity. However, since the
      positioning of the terminating rack 60 within the heating cavity is
      critical in order for it to terminate the TE.sub.1,2,0 and TE.sub.1,2,1
      modes, this rack may not be moved from the position illustrated in the
      drawings during the cooking operation. Thus, the utility of the microwave
      oven 20 would be severely limited if only the terminating rack 60 were
      available, since food loads of different impedances must be placed at
      different positions with respect to the wave pattern in the heating cavity
      in order to achieve optimum heating thereof.
PAR  Accordingly, the non-terminating and adjustable-position rack 50 is
      provided for also supporting food loads at various positions in the
      heating cavity above the terminating rack 60. It is a significant feature
      of the present invention that the crossbars 58 of the non-terminating rack
      50 extend substantially perpendicular to the direction of the electric
      field E of the TE.sub.1,2,0 and TE.sub.1,2,1 modes present in the heating
      cavity. Thus, the rack 50 will not terminate either of these modes, nor
      will it in any way disrupt or otherwise adversely affect the wave pattern
      in the heating cavity. More particularly, the electrical effect of the
      non-terminating rack 50 on the microwave pattern will be substantially the
      same as that of a rack made of dielectric material, without having any of
      the adverse thermal characteristics of dielectric materials. Thus, it will
      be appreciated that the combination of the terminating rack 60 and the
      non-terminating rack 50 will provide a high degree of versatility for the
      microwave oven 20 in efficiently heating food loads of varying impedances.
PAR  While, in the preferred embodiment of the invention the mode stirrer 40 is
      provided so that both the TE.sub.1,2,0 and TE.sub.1,2,1 modes will be
      established in the heating cavity, it will be understood that, if desired,
      the oven 20 may also be operated with only the TE.sub.1,2,0 mode, in which
      case the mode stirrer 40 may be dispensed with, resulting in a more
      simplified construction. Similarly, while for maximum flexibility both of
      the racks 50 and 60 are utilized in the preferred embodiment, it will be
      understood that the microwave oven 20 may also be operated while using
      only the terminating rack 60.
PAR  From the foregoing, it can be seen that there has been provided a novel
      rack design for a microwave oven with a pryo-cleaning feature, wherein
      metal racks are used so as to permit pyro-cleaning of the oven while at
      the same time preventing any distortion of the electromagnetic field
      pattern in the heating cavity.
PAR  More particularly, there has been provided a microwave oven which
      establishes a predetermined electromagnetic field pattern therein, in
      utilizing a terminating rack having a plurality of rods extending in
      directions substantially parallel to the direction of the electric field
      of the modal pattern so that the rack terminates the operating modal
      pattern.
PAR  There has also been provided a microwave oven of the character described,
      which additionally includes a non-terminating rack movable among a
      plurality of positions in the heating cavity above the terminating rack,
      and having a number of parallel rods extending in directions substantially
      perpendicular to the direction of the electric field of the operating
      modal pattern, so that the non-terminating rack has negligible effect on
      the modal pattern.
PAR  There has also been provided a microwave oven of the character described
      which includes a disc antenna and a mode stirrer for exciting in the
      heating cavity two predetermined electromagnetic field modes.
PAR  While there has been described what is at present considered to be the
      preferred embodiment of the invention, it will be understood that various
      modifications may be made therein, and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electronic heating apparatus, the combination comprising a metal
      enclosure defining a heating cavity for receiving therein a body to be
      heated, source means for transmitting microwave energy of a predetermined
      frequency into said heating cavity for establishing therein a
      predetermined electromagnetic field mode substantially at said
      predetermined frequency, and a metal rack disposed horizontally within
      said heating cavity and having a plurality of spaced-apart rods
      interconnected only adjacent to the ends thereof and extending
      substantially parallel to the direction of the electric field of said
      predetermined electromagnetic field mode, said rack being dimensioned and
      positioned in said heating cavity for terminating said predetermined
      electromagnetic field mode substantially at said predetermined frequency,
      whereby said rack permits the supporting thereon of a body to be heated
      while accommodating pyro-cleaning of the oven and the termination of said
      predetermined electromagnetic field mode in said heating cavity.
NUM  2.
PAR  2. The electronic heating apparatus set forth in claim 1, wherein said
      predetermined frequency is 915 MHz.
NUM  3.
PAR  3. The electronic heating apparatus set forth in claim 1, wherein said
      enclosure is substantially in the shape of a rectangular parallelepiped,
      said rack being disposed closely adjacent to the bottom wall of said
      enclosure.
NUM  4.
PAR  4. The electronic heating apparatus set forth in claim 1, wherein said
      heating cavity has a width of 18 inches and a height of 16-7/16 inches and
      a depth of 18-1/8   inches.
NUM  5.
PAR  5. The combination set forth in claim 1, wherein said enclosure is
      substantially in the shape of a rectangular parallelepiped, said rack
      being disposed closely adjacent to the bottom wall of said enclosure, said
      source means including an antenna structure comprising a conductive
      cylindrical probe projecting into said heating cavity and a conductive
      circular member connected to said probe at the inner end thereof.
NUM  6.
PAR  6. The electronic heating apparatus set forth in claim 1, wherein said
      enclosure is substantially in the shape of a rectangular parallelepiped,
      the electric field of said predetermined electromagnetic field mode being
      directed substantially horizontally from the back of said heating cavity
      to the front thereof.
NUM  7.
PAR  7. The combination set forth in claim 1, wherein said source means and said
      rack are disposed in said enclosure to accommodate the supporting
      therebetween of a body to be heated.
NUM  8.
PAR  8. In an electronic heating apparatus, the combination comprising a metal
      enclosure defining a heating cavity for receiving therein a body to be
      heated, source means including an antenna for transmitting microwave
      energy of a predetermined frequency into said heating cavity, a mode
      stirrer rotatably mounted in said heating cavity for cooperation with said
      antenna to establish in said heating cavity two predetermined
      electromagnetic field modes substantially at said predetermined frequency,
      and a metal rack disposed horizontally within said heating cavity and
      having a plurality of spaced-apart rods interconnected only adjacent to
      the ends thereof and extending substantially parallel to the direction of
      the resultant electric field of said predetermined electromagnetic field
      modes, said rack being dimensioned and positioned in said heating cavity
      for terminating said two predetermined electromagnetic field modes
      substantially at said predetermined frequency, whereby said rack permits
      the supporting thereon of a body to be heated while accommodating
      pyro-cleaning of the oven and the termination of said predetermined
      electromagnetic field modes in said heating cavity.
NUM  9.
PAR  9. The combination set forth in claim 8, wherein said antenna includes a
      conductive cylindrical probe projecting into said heating cavity, and a
      circular member connected to said probe at the inner end thereof.
NUM  10.
PAR  10. The electronic heating apparatus set forth in claim 8, wherein said
      mode stirrer includes a horizontally disposed generally cylindrical
      conductive member having a flattened portion substantially midway between
      the ends thereof, a rotatable dielectric shaft connected to said
      cylindrical member at the flattened central portion thereof and disposed
      substantially normal to the longitudinal axis thereof, and means outside
      of said heating cavity for rotating said mode stirrer about the
      longitudinal axis of said shaft.
NUM  11.
PAR  11. The combination set forth in claim 8, wherein said enclosure is
      substantially in the shape of a rectangular parallelepiped, said rack
      being disposed closely adjacent to the bottom of said enclosure, said
      antenna including a cylindrical conductive probe member projecting
      horizontally into said heating cavity, and a circular conductive member
      connected to said probe at the inner end thereof coaxially therewith, and
      wherein said mode stirrer includes a horizontally disposed generally
      cylindrical conductive member having a flattened portion substantially
      midway between the ends thereof, and a rotatable dielectric shaft
      connected to said cylindrical member at the flattened central portion
      thereof and disposed substantially normal to the longitudinal axis
      thereof.
NUM  12.
PAR  12. In an electronic heating apparatus, the combination comprising a metal
      enclosure defining a heating cavity for receiving therein a body to be
      heated, source means for transmitting microwave energy of a predetermined
      frequency into said heating cavity for establishing therein a
      predetermined electromagnetic field mode substantially at said
      predetermined frequency, a first metal rack disposed horizontally within
      said heating cavity and having a plurality of spaced-apart rods
      interconnected only adjacent to the ends thereof and extending
      substantially parallel to the direction of the electric field of said
      predetermined electromagnetic field mode, said first rack being
      dimensioned and positioned in said heating cavity for terminating said
      predetermined electromagnetic field mode substantially at said
      predetermined frequency, and a second metal rack disposed horizontally
      within said heating cavity in the wave pattern of said predetermined
      electromagnetic field mode terminated by said first rack and having a
      plurality of spaced-apart rods interconnected only adjacent to the ends
      thereof and extending substantially perpendicular to the direction of the
      electric field of said predetermined electromagnetic field mode, said
      second rack being movable among a plurality of different positions within
      said heating cavity for facilitating optimum heating of associated bodies
      of different impedances while having no adverse effect on the
      electromagnetic field pattern in said heating cavity, whereby said racks
      permit the supporting thereon of bodies to be heated in a plurality of
      different positions within the heating cavity while accommodating
      pyro-cleaning of the oven and terminating of said electromagnetic field
      mode without otherwise interfering with the electromagnetic wave pattern
      in said heating cavity.
NUM  13.
PAR  13. The electronic heating apparatus set forth in claim 12, wherein said
      enclosure is substantially in the shape of a rectangular parallelepiped,
      the electric field of said predetermined electromagnetic field mode being
      directed substantially from the rear of said heating cavity to the front
      thereof, said first rack being disposed closely adjacent to the bottom of
      said enclosure, and said second rack being disposed above said first rack.
NUM  14.
PAR  14. The electronic heating apparatus set forth in claim 12, wherein each of
      said racks is capable of sliding movements into and out of said heating
      cavity.
NUM  15.
PAR  15. In an electronic heating apparatus, the combination comprising a metal
      enclosure defining a heating cavity for receiving therein a body to be
      heated, source means including an antenna for transmitting microwave
      energy of a predetermined frequency into said heating cavity, a mode
      stirrer rotatably mounted in said heating cavity for cooperation with said
      antenna to establish in said heating cavity two predetermined
      electromagnetic field modes substantially at said predetermined frequency,
      a first metal rack disposed horizontally within said heating cavity and
      having a plurality of spaced-apart rods interconnected only adjacent to
      the ends thereof and extending substantially parallel to the direction of
      the resultant electric field of said predetermined electromagnetic field
      modes, said first rack being dimensioned and positioned in said heating
      cavity for terminating said two predetermined electromagnetic field modes
      substantially at said predetermined frequency, and a second metal rack
      disposed horizontally within said heating cavity in the wave pattern of
      said predetermined electromagnetic field modes terminated by said first
      rack and having a plurality of spaced-apart rods interconnected only
      adjacent to the ends thereof and extending substantially perpendicular to
      the direction of the resultant electric field of said predetermined
      electromagnetic field modes, said second rack being movable among a
      plurality of different positions within said heating cavity for
      facilitating optimum heating of associated bodies of different impedances
      while having no adverse effect on the electromagnetic field pattern in
      said heating cavity, whereby said racks permit the supporting thereon of
      bodies to be heated in a plurality of different positions within the
      heating cavity while accommodating pyro-cleaning of the oven and
      terminating of said electromagnetic field mode without otherwise
      interfering with the electromagnetic wave pattern in said heating cavity.
NUM  16.
PAR  16. The combination set forth in claim 15, wherein said enclosure is
      substantially in the shape of a rectangular parallelepiped, said first
      rack being disposed closely adjacent to the bottom of said enclosure, said
      antenna including a cylindrical conductive probe member projecting
      horizontally into said heating cavity, and a circular conductive member
      connected to said probe at the inner end thereof coaxially therewith, and
      wherein said mode stirrer includes a horizontally disposed generally
      cylindrical conductive member having a flattened portion substantially
      midway between the ends thereof, and a rotatable dielectric shaft
      connected to said cylindrical member at the flattened central portion
      thereof and disposed substantially normal to the longitudinal axis
      thereof.
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ABST
PAL  The invention relates to an apparatus for forming elongate reinforcing
      elements having a pair of rods and transverse rungs welded perpendicularly
      between said rods, said rods being fed parallel to one another in stepwise
      fashion between the welding electrodes, and said rungs being inserted
      perpendicularly between said rods before welding.
BSUM
PAR  Structural elements which consist of a pair of parallel rods and lattice
      welded transverse rungs and which are used chiefly for reinforcing
      concrete are known under the trade mark `bi-steel`. According to a known
      process for manufacturing such structural elements the rods are supplied
      to the weld point in converging directions so that their distance apart at
      the weld point is greater than the required clearance of the finished pair
      of rods, and so that the transverse rung to be welded on is inserted in
      the space between the converging longitudinal bars and is retained at the
      weld point, whereupon the longitudinal bars are pushed on both sides
      towards the ends of the transverse rungs by the welding electrodes and are
      welded on with these rungs, preferably by multiple spot welding, the pair
      of bars are then being advanced.
PAR  The invention relates to a process for manufacturing structural elements
      which consists of a pair of parallele rods and lattice welded transverse
      rungs, in which the rods are fed stepwise between two interacting welding
      electrodes and in which a transverse rung is arranged in the vicinity of
      the welding electrodes between the rods and is welded between them by the
      welding electrodes by multiple spot welding using the electric resistance
      method. The invention is aimed at reducing the space required for
      implementing the method, by avoiding the converging feed paths of the two
      rods which have been usual hitherto, and thereby enabling a large number
      of structural elements of the type in question to be manufactured close to
      one another in a confined space.
PAR  According to the present invention the method comprises feeding the rods,
      substantially parallel to one another, in stepwise fashion between a pair
      of movable welding electrodes arranged to bear against the rods urging
      them towards one another; positioning between the rods a rung of a length
      just exceeding the distance between the rods and rotating the rung into a
      position perpendicular to the rods, thus forcing them slightly further
      apart; and welding the transverse rung to the rods by passing an electric
      current between the two electrodes.
PAR  Preferably a bar of the transverse rung material is fed parallel to the
      rods and individual transverse rungs are cut from the bar immediately
      prior to being positioned between the rods.
PAR  This process affords the further advantage, from the point of view of
      welding, that when the transverse rungs are rotated the rods are pushed
      apart by the transverse rung which, because of shortening during the
      welding process, must initially be longer than the desired clearance
      between the rods of the finished structural element. The rods are placed
      parallel to each other in front of and behind the welding zone when they
      are already in their final spacing. After welding, that is when the
      transverse rung has been shortened by the burning depth, the rods are
      therefore perfectly straight in the welding area so that they cannot exert
      any elastic forces on the fresh welds.
PAR  In the conventional manufacturing process, in which the rods are welded
      along converging paths, the mutual clearance of the rods at the weld was
      greater than the length of the transverse rung not yet welded in. The rods
      were pressed against and welded to the transverse rungs by the welding
      electrodes acting on them from the outside with resulting elastic
      deformation. When the electrodes were opened a tractive force was
      therefore exerted on the welds, which were still fresh, since the
      elastically deformed rods had the task of reversing their elastic
      deformation. To prevent the fresh welds from being damaged the electrodes
      had to remain pressed against the rods until the welds were sufficiently
      firm to be able to absorb the elastic forces acting on them without
      damage. The manufacturing speed was therefore limited.
PAR  According to a further development of the invention two or more transverse
      rungs are simultaneously inserted between the two rods and then
      simultaneously welded to the rods, the rods being fed at each step by a
      distance double or several times the transverse rung spacing.
PAR  The invention also enables several structural elements of the type
      described to be manufactured close to each other with a saving of space.
      For this purpose a number of pairs of parallel rods are fed simultaneously
      past a corresponding number of pairs of electrodes; a number of bars of
      material from which the transverse rungs are cut are simultaneously
      supplied substantially parallel to the rods in a plane parallel to that of
      the rods, and are then cut to length by interconnected shears
      perpendicular to the rods, whereupon the transverse rungs are brought
      simultaneously into the plane of the rods and are then rotated into
      position perpendicular to the rods before being welded to the rods.
PAR  The structural elements manufactured at a short mutual distance from each
      other can be combined in the form of a lattice for surface reinforcements
      or the like immediately after manufacture, the pairs of rods being
      arranged at a distance from each other corresponding to the required
      spacing of the longitudinal elements of the lattice, and welded to
      transverse bars containing all the pairs of rods, by means of an
      additional row of electrodes spaced at distances which should preferably
      be equal to a whole multiple of the transverse rung spacing. The process
      therefore permits with advantage the manufacture of linear reinforcements
      and surface reinforcements.
PAR  The invention also includes a machine for carrying out the method, the
      machine having two parallel rod guides separated by substantially the
      distance required in the finished element, a transverse rung carrier, for
      positioning a transverse rung between the rods and which is movable from a
      loading position outside the plane of the rods, in which it may be loaded
      with a transverse rung in a direction substantially parallel to the rods,
      and a welding position in which the transverse rung is positioned
      perpendicularly between the rods, a pair of welding electrodes urged into
      engagement with the rods; and means for feeding the rods through the
      machine.
DRWD
PAR  Several examples of methods and machines in accordance with the invention
      will now be described with reference to the accompanying drawings, in
      which:
PAR  FIG. 1 is a side view of a first machine;
PAR  FIG. 2 is a plan view of the machine of FIG. 1 omitting the welding
      electrodes and the rod guides;
PAR  FIG. 3 is a front view of FIG. 1;
PAR  FIG. 4 is a front view similar to FIG. 3 of another machine on which five
      `bi-steel` type structural elements can be manufactured next to each
      other;
PAR  FIG. 5 shows a further machine (in plan view) in which two welding
      electrode units are arranged behind one another;
PAR  FIG. 6 is a side view of the machine of FIG. 5;
PAR  FIG. 7 is a plan view similar to FIG. 2 of a further machine in which five
      `bi-steel` type structural elements are manufactured next to each other,
      similar to FIG. 4, but each with two welding electrode units arranged
      behind one another; and,
PAR  FIG. 8 shows the interaction of the welding device of FIG. 6 with a lattice
      welding device connected in series.
DETD
PAR  The welding machine exemplified in FIGS. 1 to 3 is provided consist two
      parallel rod guides parallel shown in FIG. 1, spaced so that the rods L
      fed into the welding machine by the guides 1 are already at the required
      distance apart for the finished pair of rods connected by lattice-type
      transverse rungs.
PAR  In parallel with the rods, but on a lower plane, is supplied a bar ST from
      which transverse rungs S are cut.
PAR  In a housing 3 (FIG. 3) is arranged a drive motor which drives the main
      shaft 4 of the welding machine. At one end of which is rigidly connected a
      radial cam 5, this cam actuating a bent lever formed from a triangular
      plate 7 and a push rod 6. This bent lever is pivoted around an axis 8. A
      roller 9 is pivoted at the third corner of the triangular plate 7.
PAR  The bar ST, from which transverse rungs S are cut is retained and advanced
      by two friction rollers 10 (FIGS. 1 and 2), one of which is rigidly
      mounted at the end of a shaft 11 which is in turn driven by a bevel gear
      13. The second non-driven friction-roller can be supported by a known
      method so that it is adjustable in relation to the driven friction roller
      so that the pressure of the two friction rollers 10 on the bar ST can be
      varied.
PAR  One of the two interacting bevelled rungs of the bevel gear 13 is rigidly
      supported on a shaft 14 which can be displaced in stepped rotation by
      means of the ratchet drive (not shown) of a crank 15. The crank 15 is
      connected to a crank pin 17 driven by the main shaft 4, the connection
      being made by a connecting rod 16. By this means the shaft 14, driving the
      bevel gear 13, is indexed by one step for each complete revolution of main
      shaft 4 and bar ST is advanced by a distance which is equal to the length
      of one transverse rung.
PAR  On advancing the travel bar ST is pushed into a fixed transverse rung guide
      20, which is provided with a recess of rectangular cross-section so that
      it can receive the bar ST, which also has a rectangular cross-section. A
      cutting slide 21, whose width is exactly equal to the length of a
      transverse rung, is arranged so that it normally slides on to the
      transverse rung guide 20 and is retained in its position of rest by a
      spring 22 (FIG. 2). The cutting slide 21 is also provided with a
      rectangular recess for receiving the bar ST, this recess lying flush with
      the rectangular recess of the transverse rung guide 20 when the cutting
      slide is in the position of rest shown in FIG. 2.
PAR  As soon as the push rod 6 is raised by the cam 5, the plate 7 performs a
      swivelling movement around its axis 8. In doing so the roller 9 pushes the
      cutting slide 21 against spring 22 and the rod ST is cut through to form a
      new transverse rung S, on the interfaces between the cutting slide 21 and
      the transverse rung guide 20 as a result of the cutting slide moving to
      the right. A nut 23 secured by a lock-nut enables the position of rest of
      cutting slide 21 to be adjusted so that the rectangular recess of the
      cutting slide and that of the transverse rung guide 20 may be exactly
      aligned. The distance of travel of the transverse rungs S is limited by a
      stop 24.
PAR  In the advance path of the cut transverse rung S is arranged a transverse
      rung carrier with a rung jack 30 which is pivoted in a rung jack platform
      31 that can be raised and lowered. As is shown in FIGS. 1 and 3 the upper
      half of the rung jack is frusto-conical in shape. The diameter of the rung
      jack 30 is smaller than the length of one transverse rung so that a
      transverse rung which has been inserted in the rectangular recess 30a of
      the rung jack 30 projects from the jack surface on both sides.
PAR  By means of two radial cams 32 (FIG. 3) arranged rigidly on the main shaft
      of the machine, the rung jack platform 31 can be moved up and down by the
      levers 33 and push rods 34, the rung jack 30 being located underneath in
      the loading position.
PAR  A further radial cam 35 actuates a lever 36 which is pivoted on an axle 37,
      and which is connected to a cranked lever 39 designed as a triangular
      plate and pivoted around a bearing 40 by a push rod 38. At the free end of
      the cranked lever 39 is coupled a further push rod 41 which is linked with
      crank pin 42 of a crank connected rigidly to the rung jack 30 so that
      swivelling movement of the lever 36 around its axis 37 (initiated by the
      radial cam 35) produces a rotary movement of 90.degree. of the jack 30.
PAR  The rods L are fed between electrodes 60 which are designed as pincers and
      which are suspended underneath the transformers 61 arranged in the upper
      half of the welding machine. Each two electrodes, which interact in pairs,
      can be moved against each other by suitable means (e.g. a pressurized
      cylinder 62) in order to be able to press the parts to be welded together
      with suitable pressure.
PAR  After welding, the structural element is advanced by a feed hook 50 (FIG.
      1) which is arranged on the end of a rocker arm 51. The rocker arm 51,
      pivoted at 52, is actuated by a push rod 53 which is connected to the free
      end of a lever 54 pivoted around an axis 55, the movement of the lever 54
      around its axis 55 again being initiated by a radial cam arranged on the
      main shaft 4. The feed hook thus actuated, grips on to the transverse
      rungs of the manufactured structural element. This welding machine
      operates as follows:
PAR  For every revolution of the main shaft 4 the bar ST is advanced one step,
      equal to the length of one transverse rung, by the friction rollers 10 in
      the manner already described. Similarly, the cutting slide 21 performs a
      cutting movement for every revolution of main shaft 4, so that a
      transverse rung S is cut off from bar ST.
PAR  The forwardmost transverse rung, whose advancing movement is limited by the
      stop 24, rests in the rectangular recess 30a of the rung jack 30. As soon
      as the rung has reached this position the rung jack platform 31 is raised
      from the radial cams 32 by the levers 33 and push rods 34 so that the
      frusto-conical end of the rung jack, whose diameter is smaller than the
      spacing apart of the rods L of the welded structural element, is brought
      to a position between the rods L retained on both sides by the electrodes
      60. Of course, the width of the stop 24 must also be such that the stop
      can be inserted between the rods L and is able to rest between these
      without obstructing the welding process.
PAR  The rung jack is now turned 90.degree. around its axis by the radial cam 35
      with the aid of transfer elements 36, 38, 39, 41 and 42, so that the
      transverse rung (parallel to the rods in its initial position and whose
      length is greater than the distance apart of the rods) is jammed in
      between them. The transverse rung now lies at right angles to the rods and
      between them, the rods in the vicinity of the electrodes 60 being slightly
      further apart than in the vicinity of the rod guides 1 in front of the
      electrodes, or in the vicinity of the guide rollers 63 behind the
      electrodes.
PAR  After the transverse rung has been brought into the correct position
      between electrodes 60, pressure medium cylinder 62 is pressurized so that
      the electrodes 60 are pulled towards the rods L and the welding current is
      then switched on by known means. The rods L are in turn pushed against the
      ends of the transverse rung still held between them by the jack 30. Under
      the influence of the electric current and the pressure the transverse rung
      is welded at each of its ends to a rod by multiple spot welding.
PAR  When welding is completed, the jack platform 31 is lowered and as soon as
      the rung jack is disengaged from the transverse rung just welded the
      return movement of the jack 30 around its own axis is also initiated so
      that the rectangular recess 30a in the jack, which serves to receive a
      transverse rung, can again be brought into alignment with the bar ST. The
      lowering movement of the jack platform 31 and the return movement of the
      jack 30 are controlled by radial cams 32 and 35 respectively.
PAR  The machine according to the invention enables a whole series of
      modifications to be carried out. For example, as shown in FIG. 4, a large
      number of welding electrodes units, in this case five, can be combined in
      one machine, all the rung jacks 30 being arranged in a common jack
      platform 31. The jack platform 31 is operated in exactly the same way as
      in a single machine and, similarly, the drive elements for the rotary
      movement of the rung jacks 30 are the same as in the single machine; they
      are only supplemented by a coupling rod 43 which connects the crank pins
      42 on all the jacks 30 to the push rod 41.
PAR  The mechanism for cutting the transverse rungs to length also remains
      essentially the same as in a single machine, except that the
      correspondingly long cutting slides 21 must be provided with their own
      rectangular recess for each of the five bars ST, so that all transverse
      rungs can be cut to length simultaneously in a single cutting movement.
PAR  Another modification is shown in FIGS. 5 and 6. In this machine two welding
      electrode units 60 are arranged behind one another so that in every
      welding process two transverse rungs S are simultaneously welded between
      the rods L. A precondition for the operation of a machine so arranged is
      that the length of the cut, unwelded transverse rung S is a whole-number
      divisor of the transverse rung spacing in the finished structural element
      and further that the distance between the two welding electrode units
      arranged behind one another is equal to the transverse rung spacing or an
      odd multiple of the transverse rung spacing.
PAR  Structurally, the machine requires modification of the basic design shown
      in FIGS. 1 to 3 only insofar that the feed of bar ST from which transverse
      rungs S are cut, must cover a distance of two transverse rung lengths at
      every working stroke. Similarly the welded structural element must be
      advanced by feed hooks 50 in every advance step by two transverse rung
      lengths.
PAR  Finally a cranked lever 39 is rigidly arranged on a shaft 44 which supports
      a transfer lever 45 which is also rigidly connected to this shaft. The
      transfer lever 45 actuates the push rod 41 of the second rung jack 30.
      Between the two rung jacks 30 is arranged a transverse rung guide 18 which
      is rigidly connected to the jack platform 31 and which is also provided
      with a rectangular recess for guiding the cut transverse rungs between the
      two jacks 30.
PAR  FIG. 7 shows an arrangement, similar to that of FIG. 4, of a number of
      welding electrode units 30 combined with welding units arranged behind one
      another as shown in FIGS. 5 and 6.
PAR  Finally, FIG. 8 shows the interaction of a welding machine according to
      FIGS. 6 and 7 with a device connected in series for welding transverse
      bars on to the large number of parallel pairs of rods with transverse
      rungs coming from the welding machine thereby forming a welded
      lattice-work.
PAR  Since the welding machine of FIGS. 6 and 7 is provided with a device for
      feeding the structural elements welded by it (parts 50 to 55), this is
      sufficient if the device generally referred to with the number 64 for
      welding on transverse bars Q consists only of a resistance welding device
      without a lattice feeding device. Since devices for welding a large number
      of parallel rods with transverse bars crossing them are generally known, a
      diagrammatic representation will suffice here, in which only the
      transverse bar magazine 67 and the interacting upper electrodes 65 and
      lower electrodes 66 can be seen.
PAR  The lattice welding device operates at the same rate as the previous
      welding machine. Since this welding machine welds two transverse rungs
      simultaneously between the rods at every working stroke and therefore also
      advances the structural elements produced by double the transverse rung
      spacing, the distance between the welded transverse bars Q of the lattice
      is also equal to double the distance between the transverse rungs in the
      pairs of rods.
PAR  Because all structural elements serving as longitudinal cords of the
      lattice are manufactured on one welding machine simultaneously, all the
      transverse rungs of these structural elements are always exactly aligned
      and it is therefore possible at all times to weld on the lattice
      transverse bars between these transverse rungs and at the same distance
      from them.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for manufacturing elongate reinforcing elements consisting of
      a pair of rods and transverse rungs welded therebetween at right angles to
      said rods, said apparatus comprising two parallel rod guides spaced apart
      by substantially the distance required in said finished elements; a
      transverse rung carrier positioned below the plane of said rod guides,
      receiving one of said transverse rungs in a direction substantially
      parallel to said rod guides, and movable to a welding position in which
      said rung is positioned between, and at right angles to, said rods; a pair
      of welding electrodes engageable with said rods; and means for drawing
      said rods through said apparatus.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said rung carrier comprises a
      rung jack platform which can be raised and lowered, and a rung jack
      pivotally mounted on said platform, said rung jack having a free end
      through which is provided a recess for receiving a transverse rung.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein said jack is pivotally mounted
      to rotate about an axis perpendicular to the plane defined by said rod
      guides, for insertion of said rung between, and at right angles to, said
      rods.
NUM  4.
PAR  4. Apparatus according to claim 1, further comprising means defining a feed
      path for transverse rung material parallel to said rod guides and,
      adjacent said rung carrier on said feed path cutting means intermittently
      actuable to cut said rung material to the required length.
NUM  5.
PAR  5. Apparatus according to claim 1, further comprising a set of pairs of rod
      guides, of rung carriers and of pairs of welding electrodes, and means
      actuatable to operate said pairs of rung carriers and said pairs of
      welding electrodes in timed relation
NUM  6.
PAR  6. Apparatus according to claim 5, wherein said rung carriers comprises a
      plurality of rung jacks mounted for rotation on a single rung jack
      platform.
NUM  7.
PAR  7. Apparatus according to claim 5, further comprising a common cutting
      device for cutting said transverse rungs.
NUM  8.
PAR  8. Apparatus according to claim 5, further comprising a second set of pairs
      of welding electrodes for welding transverse bars to said rods to form a
      lattice.
NUM  9.
PAR  9. Apparatus according to claim 1, wherein a plurality of pairs of
      electrodes are provided one behind another in the direction of feed of
      said rods, and a plurality of said rung carriers are mounted adjacent said
      pairs of electrodes, and means actuatable to operate said rung carriers
      simultaneously.
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ABST
PAL  A horizon sensor for satellites comprising a mask with four sets of four
      openings one of which receives a projected portion of the earth-space
      transition line, another is in the form of a grating and the remaining two
      slit-shaped openings include each a detector on which a secondary image of
      the grating or of the transition are reflected by an oscillating concave
      spherical mirror to derive therefrom a digitized measuring signal
      indicating the position of the transition line.
BSUM
PAR  The present invention relates to a horizon sensor for a satellite in a
      geostationary orbit, which sensor includes an optical device for forming
      on a mask the image of the earth and of the surrounding space and means
      for evaluating any orbital deviation of the horizon sensor relative to
      earth by detecting - during an angular scanning movement - the earth-space
      transition of the image formed, and by evaluating in digital form the
      postion of the said transition within the range of the scanning angle.
PAR  It is an object of the present invention to provide a horizon sensor which
      provides measuring data directly in digital form and the accuracy of which
      is not affected by thermal stresses produced in the sensor and is
      independent of any deviation of the sighting axis relative to earth. The
      horizon sensor is of the type in which the image of the earth is scanned;
      by means of mechanical scanning means. Another object of the invention is
      to ensure negligible wear of these scanning means.
PAR  A horizon sensor according to the invention is characterised by:
PAR  FIRST MEANS TO CAUSE A FIRST PART OF THE IMAGE, WHICH PART INCLUDES AN
      EARTH-SPACE TRANSITION IN THE NORTH-SOUTH DIRECTION OF THE IMAGE PRODUCED
      AT ZERO ORBITAL DEVIATION, TO OSCILLATE IN THE NORTH-SOUTH DIRECTION AND
      TO CAUSE A SECOND PART OF THE IMAGE, WHICH PART INCLUDES AN EARTH-SPACE
      TRANSITION IN THE EASR-WEST DIRECTION OF THE IMAGE PRODUCED AT ZERO
      ORBITAL DEVIATION, TO OSCILLATE IN THE EAST-WEST DIRECTION,
PAR  SECOND MEANS TO DETECT, FOR EACH OF THE TWO OSCILLATED PARTS OF THE IMAGE,
      THE PASSAGE OF THE EARTH-SPACE TRANSITION THROUGH THE POSITION IN WHICH
      THE EARTH SPACE TRANSITION OF THE IMAGE IS NORMALLY FORMED IF THIS IMAGE
      IS MOTIONLESS AND THE ORBITAL DEVIATION IS ZERO,
PAR  THIRD MEANS TO FORM AN IMAGE OF A PART OF THE PROJECTED SPACE ALONG THE
      SAID NORTH-SOUTH AND EAST-WEST AXES, AND TO DIVIDE THE SAID IMAGE INTO
      SPACE ELEMENTS, BY MEANS OF AN OSCILLATING IMAGE OF GRATINGS
PAR  AND FOURTH MEANS TO DETERMINE THE NUMBER OF THE SPACE ELEMENTS RELATIVE TO
      THE POSITION OF THE EARTH-SPACE TRANSITION DETECTED BY THE SECOND MEANS.
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      with reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1a shows schematically the optical projection part of an embodiment of
      the invention,
PAR  FIG. 1b is a plan view of a mask with four sets of four apertures;
PAR  FIG. 2 shows a part of FIG. 1 on an enlarged scale,
PAR  FIG. 3 illustrates the basic scanning mechanism of a horizon sensor
      according to the invention,
PAR  FIG. 4 shows on an enlarged scale, the arrangement of a radiation detector
      combined primary and secondary images
PAR  FIG. 5a illustrates and indicates their scanning movement,
PAR  FIG. 5b shows schematically the electronic circuit for processing and
      counting pulses from the radiation detectors; and
PAR  FIG. 6 shows the electric signals at various points in this circuit.
PAR  Referring now to FIG. 1a an objective 1 forms an image I of the earth in a
      plane P of the sensor. FIG. 1b is a plan view, of a projection mask 50
      located in the plane P.
PAR  Four systems 21, 22, 23 and 24 are provided in the plate or mask 50. The
      elements of the systems are disposed in or on a plate or mask which may be
      secured in a frame. The four systems are identical. FIG. 2 shows one of
      the systems (the system 23) on an enlarged scale. The system comprises:
PAR  a first opening 231 which defines a part of the earth-space transition of
      the image I and is situated on the north-south axis of the image formed at
      zero orbital deviation. The corresponding opening of the system 21 is also
      situated on the said north-south axis. The corresponding openings of the
      systems 22 and 24 are situated on the east-west axis of the image I formed
      at zero deviation;
PAR  a second opening 232 which defines a part of the image of space and is
      situated on the same axis as the first opening of the same system and is
      in the form of a grating the lines of which are at right angles to the
      said axis;
PAR  two identical structures 233 and 234 one of which is illustrated in a
      sectional view on an enlarged scale in FIG. 4 as shown in FIG. 4,
      structure 233 comprises a slit 233' and a bolometer 233" on a susbstrate
      233'". Both structures 233 and 234 are centered about a first axis
      parallel to the axis about which the opening 231 and 232 are centered and
      also about two further axes at right angles to the said first axis. For
      the structure 234 the further axis is that about which the opening 231 is
      centered, and for the structure 233 the further axis is that about which
      the opening 232 is centered.
PAR  The center of the system 23 comprising the elements 231, 232, 233 and 234
      is designated by 0;
PAR  FIG. 3 shows in a perspective view apertures 231 and 233 located the plane
      P. The coordinate axes of the plane are denoted by double-headed arrows.
      The opening 231, the structure 233 and the center 0 of the system 23 are
      situated in the plane P. Each system, similarly as the system 23 in FIG.
      3, is associated with a spherical concave mirror 3 the centre of curvature
      of which is situated at 0 in the plane P. The mirror 3 forms a secondary
      image of magnification -1 and of excellent optical quality of the
      apertures 231 and 233 in the plane P, the secondary image being
      symmetrical about the point 0. The broken lines in FIG. 3 show the path of
      the transmitted and reflected light rays. The structure 233 is situated in
      the plane P so that its slit is optically associated with the reflected
      secondary image of earth-space transition at zero orbital deviation. The
      mutual arrangement of the opening 231 and the structure 233 also applies
      to the opening 232 and the structure 234 located on the other diagonal
      between the coordinate axes. A horizon sensor according to the invention
      comprises three further sperical concave mirrors, one for each of the
      systems 21, 22 and 24.
PAR  Each mirror is caused to oscillate about an axis A(FIG. 3) at right angles
      to the optical axis and to the north-south or east-west reference axis of
      the system of which the relevant mirror forms part. During the oscillatory
      movement (for the system 23):
PAR  the bolometer 233" of the structure 233 will deliver a pulse when the
      secondary image formed by the mirror 3 of the primary image of the
      earth-space transition passes through the slit of the said structure,
PAR  the bolometer of the structure 234 will alternately be struck, through the
      slit preceding it, by radiation from the rules of the grating 232 and by
      radiation from space which passes through the objective and the unruled
      parts of the grating; hence this bolometer delivers a sawtooth signal the
      frequency of which is a function of the oscillation frequency of the
      mirror and of the number of ruling of the grating.
PAR  Thus the described arrangement enables the definition of a scanning angle
      the value of which is a function of the amplitude of the oscillating
      motion imparted to the mirrors and further enables, at the level of each
      of the two earth-space transitions situated on the north-south and
      east-west axes, the direct digitization of respective scanning positions
      according to a scale which depends upon the number of rulings of the
      gratings associated with the openings which transmit the radiation from
      space. The position of the earth-space transition of the image formed by
      the objective can be digitally determined within the scanning angle. The
      electric signals delivered by the bolometers of the structures 233 and 234
      can be processed by means of a circuit as shown in FIG. 5b.
PAR  In the discussion of the operation of the circuit of FIG. 5b reference will
      be made to FIG. 5a. FIG. 5a shows images in openings 232 and 231 forming
      optically conjugates C 234 and C 233 with images of the detectors 234 and
      233,
PAR  the amplitude a of the scanning angle due to the motion of the mirror, the
      various parts of the outgoing and return trajectory
      A--P--M--Q--B--R--N--S--C,
PAR  the image T of the earth and the image E of space.
PAR  FIG. 6 is a voltage wave diagram of the signals at various points in the
      circuit of FIG. 5b during a full scanning cycle. Various reference letters
      of the trajectory of FIG. 5a are shown along a line 61.
PAR  A signal s 233 (line 62 of FIG. 6) from the detector 233 and a signal s
      234, from the detector 234 are each applied to an amplifier 51 and 51'
      respectively as illustrated in FIG. 5b. The amplifiers are followed by
      filters 52 and 52' respectively for producing two trains of positive and
      negative pulses, namely a transition signal st (line 63 of FIG. 6) and a
      digitizing signal st (line 67 of FIG. 6).
PAR  The scanning amplitude a due to the motion of the mirror is such that the
      image C 233 of the detector 233 formed by this mirror periodically falls
      outside the opening 231. As a result, positive or negative pulses are
      produced not only by the earth-space transition at points M and N
      respectively, but also by the transitions from the plate 50 to space and
      vice versa, in other words by the edges of the opening 231 (at points P
      and S).
PAR  The signal st is applied to two threshold circuits, a positive-threshold
      circuit 53p and a negative-threshold circuit 53n, which deliver
      standardized signals snp (line 65 of FIG. 6) and snn (line 64 of FIG. 6)
      respectively. The standardized signals control a bistable flip-flop
      circuit 54, the output signal sv from which comprises the square-wave
      enabling pulses (line 66 in FIG. 6).
PAR  The digitizing signal sd is applied to the input of a gate 55 by which it
      is transmitted to a counter 56 which is connected to a tellemetering
      device t, not shown under the control of the flip-flop circuit 54.
PAR  A signal sv ensures that the gate 55 allows the signal sd between the
      points P--M and N--S to pass to the counter 56. The output signal sto from
      the flip-flop circuit causes the counter 56 to be reset and its contents
      to be transferred to the telemetering device. Thus a twofold counting
      operation is performed (line 68 of FIG. 6) to reduce measuring errors:
PAR  a first between the plate-space transition and the space-earth transition
      (between points P and M),
PAR  a second count between the earth-space transition and the space-plate
      transition (between points N and S).
PAR  The number of pulses counted is proportional to the distances defined by
      the said points so that the position of the earth-space transition in the
      opening 231 is digitized.
PAR  In a practical embodiment of a horizon sensor according to the invention
      the objective 1 is a germanium objective having an effective diameter of
      50 mm and a focal length of 80 mm. The image of the earth (apparent
      diameter 17.3.degree.) formed by the objective has a diameter of 24 mm.
      The rear face of the objective is provided with an assembly of
      interference layers by which radiation of wavelengths of less than 13.mu.m
      is reflected and radiation of greater wavelengths is transmitted. Because
      germanium absorbs radiation of wavelengths greater than 22.mu.m, only
      radiation having wavelengths between 13 and 22.mu.m is transmitted by the
      objective.
PAR  The fpur spherical concave mirrors (which are coated with gold) each have a
      radius of curvature of 32 mm and a diameter of 24mm.
PAR  The dimension of the openings in the plate are 1.4 by 1.4 mm. The gratings,
      such as the grating in the opening 232, each have 30 unruled parts and a
      pitch of 46.mu.m. The spacing between the axes of the two openings (such
      as 231 and 232) of a system is 3.5 mm.
PAR  The structures, such as 234 and 233, each comprise a bolometer of size 0.3
      by 1.7 mm. The slit preceding the bolometer is spaced from it by 0.20 mm.
      The length and width of the slit are 1.4 mm and 23.mu.m respectively. The
      spacing between the axis common to the two openings and the axis common to
      the two slits is 3.5 mm. This spacing is a function of the radius of
      curvature and the orientation of the principle axis of the mirrors. The
      four mirrors each are mounted on a flexible spindle (the long-term
      reliability of which is well known) and is caused to oscillate at a
      frequency of the order of 2Hz with an amplitude of the order of
      0.9.degree., which results in scanning over about 2 mm. It should be
      mentioned that in this case the centre 0 of a mirror lies on an axis which
      is parallel to the tangent to the earth-space transition at zero orbital
      deviation (motionless image), the spacing between the centre 0 and this
      transition being  1.375mm, which consequently exceeds the distance which
      corresponds to one half of the scanning angle which is defined by the
      amplitude of oscillation of the mirror. This is necessary to enable the
      grating associated with the openings such as 232 always to "see" space.
PAR  In the device having the above characteristics the bolometer of eeach
      structure as 234 thus is a "count detector" which receives an infrared
      signal comprising symmetrical sawteeth and having 30 peaks per
      half-period. The bolometer of each structure such as 233 is a "transition
      detector" which receives an infrared signal the level of which changes
      each time the secondary image of the earth-space transition passes through
      the slit preceding this "transition detector".
PAR  In theory a horizon sensor according to the invention may comprise only two
      systems such as 21 and 22 or 23 and 24, and hence only two mirrors. In
      principle the same results may then be obtained. However, the results may
      be disturbed, for example by the position of the sum at the measuring
      path. Hence it is of advantage to have four measuring paths. Instead of
      bolometers other detectors, such as for example pyroelectric detectors,
      may be used.
PAR  The apparatus described with reference to the drawing is only one possible
      embodiment of a horizon sensor according to the invention. The apparatus
      may be modified without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A horizon sensor for a satellite in a geostationary orbit, comprising
      means to project the image of the earth-space transition in a first plane,
      a reference frame located in said first plane to define a portion of the
      projected earth-space transition image relative to a predetermined axis,
      reflecting means mounted behind said reference frame for reflecting said
      portion of the transition image and for performing an angular oscillatory
      movement within the range of a predetermined scanning angle in a second
      plane perpendicular to said first plane and aligned with said axis,
      grating means located in said first plane opposite said reflecting means
      to pass through radiation from the projected earth-space transition image,
      first and second radiation detecting means located in said first plane to
      receive, respectively, reflected secondary images from said frame and said
      grating means during the scanning movement of said reflecting means, and
      pulse counting means connected to the outputs of said first and second
      detecting means to indicate, the count of pulses derived from said grating
      means during a pulse derived from said transition image in said frame.
NUM  2.
PAR  2. A horizon sensor according to claim 1 further comprising a mask located
      in said first plane, said mask defining at least two sets of four
      openings, one opening in each set being arranged at the intersection of
      the projected earth-space transition image at a zero orbital deviation,
      with a predetermined geometrical coordinate axis, to form said reference
      frame, a second opening provided with gratings, and symmetrically arranged
      about a center point with respect to said frame, and two slit-shaped
      openings each including a radiation detector, and an oscillating concave
      spherical mirror assigned to each set to form said reflecting means,
      whereby the optical axis of said mirrors passes through said center point.
NUM  3.
PAR  3. Horizon sensor as claimed in claim 2, wherein said slit-shaped openings
      form two rectangular slits, the longitudinal direction of the slits being
      parallel to the tangent to the earth-space transition of that secondary
      image which is formed when the primary image is motionless and orbital
      deviation is zero, and said slit-shaped detectors are perpendicular to
      said rectangular slits.
NUM  4.
PAR  4. Horizon sensor as claimed in claim 2, wherein said gratings comprise
      unruled portions which transmit radiation and ruled portions impermeable
      to radiation and are situated in the plane in which the image of the earth
      and of space is formed on the north-south axis and on the east-west axis
      respectively of the motionless image at zero orbital deviation and outside
      the said motionless image and spaced from the earth-space transition of
      the latter image by a distance which is at least equal to the distance
      which corresponds to one half of the scanning angle, the rulings of the
      said gratings being parallel to the said coordinate axes.
NUM  5.
PAR  5. Horizon sensor as claimed in claim 2, wherein the centers of curvature
      of the said mirrors lie in the first plane on axes parallel to the
      north-south axis and to the east-west axis of the motionless image at zero
      orbital deviation and also on an axis situated outside the said motionless
      image and spaced from the eath-space transition of the latter image by a
      distance at least equal to the spacing which corresponds to one half of
      the scanning angle, the principal axes of the said mirrors being oriented
      so and their radii of curvature being such that the two secondary images
      formed by the mirrors of the image parts which include the earth-space
      transitions along the north-south axis and the east-west axis are situated
      in the first plane in which the primary image is formed, the primary image
      and the secondary image being symmetrical about the centers of curvature
      of the mirrors, and in that the spherical concave mirrors oscillate about
      axes at right angles to the north-south and east-west axes.
NUM  6.
PAR  6. Horizon sensor as claimed in claim 2, wherein the detectors which lie in
      the plane in which the image of the gratings if formed, are provided with
      at least two rectangular slits inserted into the path of the radiation at
      a point preceding the detectors, the orientation and the dimensions of the
      slits being such that during the oscillating motion of the mirrors the
      images formed of the radiation-absorbing rulings of the gratings and the
      image of space, seen through the unruled portions of the grating, are
      alternately formed exactly on the said slits, and in that for each
      detector the said pulse counting means include a circuit for stopping the
      counting in response to a trailing edge of a pulse from transition image
      detector.
NUM  7.
PAR  7. A horizon sensor according to claim 2 wherein said radiation detectors
      include bolometers, the output of which is connected to corresponding
      inputs of said pulse counting means.
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ABST
PAL  A device for scanning optical images wherein light intensity of a scanned
      image line is converted to a pulse width modulation rather than a charge
      profile. A photo transistor row is connected to an inverter chain, and
      OR-gates have outputs which are fed to a common read line while the input
      signal of each OR-gate is tapped over coordinated partial rows of the
      photo transistor row.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an integrated semiconductor device with a row of
      transistors for scanning an image.
PAR  Semiconductor devices for scanning optical images are known in the art. In
      this connection, charge-coupled semi-conductor devices (CCD) and
      integrated bucket-brigade circuits must be mentioned, reference being made
      to the journals "Electronics" of Feb. 28, 1972, pp. 62 to 77 and of Dec.
      6, 1971, pp. 86 to 91, and "IEEE Transactions on Electron Devices", Vol.
      ED-18, No. 11 (November 1971), pp. 996 to 1,003.
PAR  With such a known device in the form of an integrated bucket-brigade
      circuit with a row of transistors an image line is converted to a charge
      profile, and this charge profile is transported through the chain. This
      has the disadvantage that charges are lost on the way. Compensating for
      this disadvantage by inserting amplifier stages has the disadvantage that
      the signal-to-noise ratio deteriorates.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a semi-conductor device
      for scanning an image which converts the light intensity of the line to be
      scanned not to a charge-density variation but to a pulse-width-modulated
      signal and to use an inverter chain for this purpose.
PAR  According to a broad aspect of the invention there is provided an
      integrated semiconductor device for scanning an image comprising: a row of
      photosensitive transistors coupled together as a row of inverters and
      exposed to the brightness profile of a scanned line, said row comprising a
      plurality of partial rows; a common read line; a plurality of groups of
      gates, each of said gates having outputs coupled to said common read line
      and the inputs of each of said plurality of groups coupled to an allotted
      partial row such that each gate converts a light intensity change via a
      change in transit speed in the associated partial row to pulse-width
      changes at said common read line; and a switch coupled to the first
      transistor of said row of inverters for triggering the scanning operation.
DRWD
PAR  The above and other objects of the present invention will be clearly
      understood from the following detailed description taken in conjunction
      with the accompanying drawings, in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the integrated semiconductor device according
      to the invention;
PAR  FIG. 2 is a schematic diagram of part of an inverter row containing bipolar
      transistors;
PAR  FIG. 3 is a graphical diagram which shows the changes of state at the read
      line of the integrated semiconductor device according to the invention;
      and
PAR  FIG. 4 shows an improvement of the integrated semiconductor device
      according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the block diagram of FIG. 1, showing the integrated semiconductor device
      according to the invention, a potential U.sub.L is produced on the read
      line L via gates G.sub.1, G.sub.2, G.sub.3, G.sub.4 . . . ; it is assumed
      to have the two states 0 and 1, which are alotted to the voltage values 0
      and +U.sub.L as shown in FIG. 3. This can be done by using an OR-gate
      which satisfies the truth table:
TBL         E.sub.i1 E.sub.i2                                                  
                            L                                                  
            0        0      0                                                  
            1        0      1                                                  
            0        1      1                                                  
            1        1      1                                                  
PAR  In this case an odd number of inverter stages must be provided between the
      input pairs E.sub.i1, E.sub.i2 of each gate G.sub.i, as shown in FIG. 2
      with three d-c coupled transistors between E.sub.11 and E.sub.12.
PAR  Prior to scanning, the inverter chain is brought to the state which changes
      the input E.sub.11 of the first gate G.sub.1 to the 1-state. To this end,
      a switch S with two switch-contact terminals 3 and 4 and the switch-lever
      terminal is provided in front of the inverter chains of FIGS. 1 and 2.
      This switch S is to indicate a means which is capable of setting the
      initial state of the inverter chain and triggering the scanning.
PAR  The initial state of the integrated semiconductor device of FIGS. 1 and 2
      is set by throwing the switch to the switch-contact terminal 4, thereby
      shorting the emitter-base path of the first transistor of the row. The
      scanning is triggered by changing the position of the switch at the input
      of the inverter row after a "1" was set at E.sub.11 as described above. In
      the case of FIGS. 1 and 2, this is done by throwing the switch from the
      switch-contact terminal 4 to the switch-contact terminal 3, with a current
      being injected into the base-emitter path of the first transistor of the
      row via the current source I.sub.o. The change of state effected at the
      input of the inverter chain 1 passes through the inverter chain at a speed
      which is dependent on, among other things, the luminance at the partial
      rows between the inputs E.sub.i1 and E.sub.i2. When the change of state
      has reached the input E.sub.11 of the gate G.sub.1, the state on the read
      line L changes from 1 to 0; when the state has reached E.sub.12, the state
      of the read line L returns to 1 in accordance with the truth table. When
      this change of state of the inverter chain reaches the input E.sub.11, the
      state of the read line L changes from 1 to 0, etc.
PAR  The speed at which the chain's change of stage passes through the gates
      G.sub.1, G.sub.2 . . . G.sub.n generates on the read line L pulses of the
      duration T.sub.1 as long as the change of state in the chain is between
      the inputs E.sub.11, E.sub.12, and pulses of the duration T.sub.2 as long
      as the change of state is between the inputs E.sub.12 and E.sub.21, as
      shown in FIG. 3.
PAR  The mean pulse widths on the read line L are proportional to the currents
      with which the inverters are operated. These currents may be composed of
      (a) the light-injected current and (b) the currents set via the constant
      current sources I.sub.1, I.sub.2, I.sub.3 . . . .
PAR  A pulse-width-modulated signal as shown in FIG. 3 can be converted, in
      known manner, to an amplitude-modulated video signal using a pulse-width
      demodulator whose input is connected via the read line L to the outputs
      A.sub.1 . . . A.sub.n of the gates G.sub.1 . . . G.sub.n, and can be made
      visible.
PAR  In the improvement of the invention shown in the block diagram of FIG. 4,
      the scan frequency is so determined via a clock generator T comprising the
      switch S that, after a phase comparison in the control circuit C, a
      control current I is supplied via the control circuit's first output 8 to
      the constant current sources I.sub.1, I.sub.2, I.sub.3 . . . which has a
      value corresponding to the sum of the currents of the constant current
      sources; this serves to control the mean signal transit time of the
      inverter chain 1. The clock generator T provides the line frequency and
      replaces the switch S of FIGS. 1 and 2 with the terminals 3, 4 and 9. The
      pulse-width comparison in the demodulator D, whose input 2 is connected to
      the read line L, is effected at a clock frequency which is higher by the
      number of picture elements and is fed into the demodulator D via the
      connection between the output 10 and the demodulator's second input 6. The
      voltage supply is connected to the terminal 11. The nominal value is fed
      into the phase comparison stage E via 12, while the actual value comes
      from the second output 5 of the demodulator D and is introduced via 7. V
      designates the video-signal output.
PAR  For the constant scanning of a motion picture, the inverter chain 1 is
      connected as a ring oscillator; this is indicated by the feedback line R
      in FIG. 2. In this case the clock generator T of FIG. 4 may be omitted.
      The ring oscillator is equipped with an odd-numbered row of transistors.
      Demodulation is effected by a low-path filter or by suitable demodulators.
PAR  As load resistances of the inverters, integrated constant current sources
      I.sub.1, I.sub.2, I.sub.3 . . . I.sub.n are preferably used. The advantage
      of an integrated semiconductor device as shown in the block diagram of
      FIG. 4 lies in the fact that the pulse-width change is proportional only
      to the luminance change, i.e. independent of the mean incident light
      intensity. In the case of the integrated semiconductor device of FIG. 4 it
      is not necessary to adjust the mean luminance by a mechanical diaphragm
      and readjust the average brightness level of the picture.
PAR  The sensitivity of an integrated semiconductor device according to the
      invention depends on the pulse-width demodulator D and the noise
      properties of the inverters used. The lower the dynamic internal
      resistance of the inverters, the greater the signal-to-noise ratio. The
      bipolar transistors may be replaced by unipolar ones, particularly MIS
      field-effect transistors.
PAR  Chip area can be particularly small if the integrated semiconductor device
      is made using injection-logic technology -- as is disclosed in the "Digest
      of Technical Papers" of the 1972 IEEE International Solid-State Circuits
      Conference, pp. 90 to 93  and 219 -- or planox technology -- as is
      described in the journal "Electronics" of Dec. 20, 1971.
PAR  While the principles of the invention have been described above in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation on
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An integrated semiconductor device for scanning an image comprising:
PA1  a row of photosensitive transistors coupled together as a row of inverters
      and exposed to the brightness profile of a scanned line, said row
      comprising a plurality of partial rows;
PA1  a common read line;
PA1  a plurality of groups of gates, each of said gates having outputs coupled
      to said common read line and the inputs of each of said plurality of
      groups coupled to an allotted partial row such that each gate converts a
      light intensity change via a change in transit speed in the associated
      partial row to pulse-width changes at said common read line; and
PA1  a switch coupled to the first transistor of said row of inverters for
      triggering the scanning operation.
NUM  2.
PAR  2. An integrated semiconductor device according to claim 1 wherein said
      transistors are connected in a row as a ring oscillator.
NUM  3.
PAR  3. An integrated semiconductor device according to claim 2 wherein an odd
      numbered row of transistors are connected as inverters.
NUM  4.
PAR  4. An integrated semiconductor device according to claim 3 wherein said
      gates are OR-gates.
NUM  5.
PAR  5. An integrated semiconductor device according to claim 1 further
      including a plurality of constant current sources as load resistances of
      the transistors connected as inverters.
NUM  6.
PAR  6. An integrated semiconductor device according to claim 5 further
      including means for controlling said constant current sources to control
      the inverter chain transit time.
NUM  7.
PAR  7. An integrated semiconductor device according to claim 1 wherein said
      switch means short-circuits the base of the first transistor of the
      inverter row with respect to its emitter for triggering the scanned
      operation.
NUM  8.
PAR  8. An integrated semiconductor device according to claim 1 further
      including a current source, said switch means d-c connecting the base of
      the first transistor of the inverter row to said current source for
      triggering the scanning operation.
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ABST
PAL  There is disclosed an arrangement for tapping signal power from an optical
      fiber waveguide without requiring that the fiber be terminated or broken.
      An intermediate length of a fiber waveguide from which all or most of the
      outer cladding has been removed is sandwiched between first and second
      dielectric bodies, each illustratively in the form of a circular disk. The
      first body, which serves to couple optical power out of the fiber, is
      formed of a relatively compliant dielectric material, such as a soft
      plastic, having an index of refraction approximately equal to, or greater
      than, that of the outer cladding of the fiber. The second body is formed
      of a relatively hard dielectric material, such as a glass or hard plastic,
      having an index of refraction less than that of the first body. The two
      dielectric bodies and the fiber are placed in a specially designed holder
      and forced together so that the fiber deforms the first body providing a
      large area of contact therewith. A photodetector disposed adjacent to the
      first body detects the power coupled out of the fiber, converting it to a
      representative electrical signal suitable for utilization. The holder
      serves to maintain the proper pressure and alignment among the two
      dielectric bodies, the fiber and the photodetector during the tapping
      process. In a modified embodiment of the fiber tap, the second dielectric
      body is provided with a rounded surface which forces the fiber to bend
      into a radius sufficient to cause power to radiate out of the inner core
      of the fiber into the outer cladding. The latter embodiment can thus tap
      optical power from a clad fiber without requiring that all or most of the
      fiber cladding be removed therefrom in the vicinity of the tap.
BSUM
PAC  RELATED APPLICATION
PAR  This application is related to the concurrently filed application of J. E.
      Goell, T. Li and myself (Case 12-10-2), Ser. No. 522,577, which is
      assigned to the assignee hereof.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to optical fiber communication systems and, more
      particularly, to an arrangement for tapping signal power from an optical
      fiber waveguide without requiring that the fiber be terminated or broken.
PAR  Rapid progress has been made in the past few years in the design and
      fabrication of optical fiber waveguiding structures. There are now
      available several different fiber structures which are capable of
      transmitting large quantities of information via modulated optical waves
      or pulses with transmission losses as low as two decibels per kilometer.
      It is expected that some day such fibers will replace, at least in part,
      the wire pairs, coaxial cables and metallic waveguides now used
      conventional communication systems. The advantages of fiber systems over
      conventional systems include the small physical size and light weight of
      the fiber waveguides, the broad bandwidth capabilities which afford
      flexiblity in the selection of a bandwidth to be utilized in any given
      system, the non-conductive, noninductive properties of the fiber
      waveguides, and the potentially low cost of fiber materials and
      fabrication. The prospects of future use of the fiber systems are indeed
      wide ranging, and continue to expand.
PAR  The earliest implementation of fiber systems is likely to involve
      multi-terminal information transfer over short distance optical fiber
      links using light-emitting diodes, which have now been developed to the
      point of having sufficiently long operating lives, as the signal source.
      Because of the light weight and the immunity to electromagnetic
      interference of fiber systems, fiber optical data bus links have been
      proposed for the transmission of control and intercom signals on board
      aircraft and ships. Other potential applications include interoffice
      trunks, such as those interconnecting telephone central offices within a
      city, "on-premise" distribution links within a building or between
      adjacent buildings, and data bus links in computer or industrial control
      systems.
PAR  In the longer range future, fiber systems are likely to be used for the
      high capacity transmission of digital information over long distance fiber
      links, with lasers as the signal source. Intercity telecommunication links
      may thus some day be provided using optical fibers. It appears likely that
      repeater spacings of several kilometers or more and information
      transmission rates in the gigabit range will become technically feasible
      with such systems.
PAR  Whatever the application, it is clear that arrangements will be required
      for extracting signal wave information from the optical fiber waveguides.
      To monitor and control the transmission through a fiber link, for example,
      it may be required to sample the signal propagating through the individual
      fiber waveguides periodically along the link. Optical data bus links will
      require that signals be extracted for utilization at numerous selected
      points along the link. In most instances, it would be desirable if a
      portion of the signal propagating through the fiber could be tapped
      therefrom without breaking or terminating the fiber. Fiber terminations
      can add unwanted optical losses to the system, and would unfavorably
      increase the need for highly precise fiber splicing and interconnecting
      arrangements.
PAR  In the concurrently filed application of J. E. Goell, T. Li and myself,
      Ser. No. 521,577, assigned to the assignee hereof, there is disclosed a
      variety of arrangements for tapping signal power from an intermediate
      length of an optical fiber waveguide without requiring that the fiber be
      terminated or broken. In each illustrative embodiment of the optical fiber
      energy tap disclosed in the cited Goell et al application, optical power
      is coupled out of the fiber by a dielectric body disposed in a coupling
      relationship with the fiber, and is converted to a representative
      electrical signal by a photodetector disposed adjacent to the dielectric
      body. Claimed in the Goell et al application is the generic concept and
      structure of the optical fiber power tap, as well as various illustrative
      embodiments thereof which were collectively devised by Goell, Li and
      myself. Also disclosed therein, and dominated thereby but not specifically
      claimed therein, is an improved version of an optical fiber power tap
      which was independently devised by me. This improved version of the
      optical fiber power tap is specifically disclosed and claimed herein.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with an illustrative embodiment of my present improvement
      invention, an optical fiber power tap is provided in which an intermediate
      length of an optical fiber waveguide from which all or most of the
      cladding has been removed is sandwiched between first and second
      dielectric bodies. The first body, which serves to couple optical power
      out of the fiber, is formed of a relatively compliant dielectric material,
      such as a soft plastic, having an index of refraction approximately equal
      to or greater than that of the cladding of the fiber. The second body is
      formed of a relatively hard dielectric material, such as a glass or hard
      plastic, having an index of refraction less than that of the first body.
      The two dielectric bodies with the fiber disposed between them are placed
      in a specially designed holder and forced together, so that the fiber
      deforms the relatively compliant first body, providing a large area of
      contact therewith. The first body can thus couple a portion of the optical
      power from the fiber. A photodetector disposed adjacent to the first body
      detects the power coupled from the fiber, converting it to a
      representative electrical signal suitable for utilization. The holder is
      designed to protect, and to maintain, the proper pressure and adjustment
      among the respective tapping elements during handling and use of the tap.
PAR  In accordance with another illustrative embodiment of the invention, the
      above-described embodiment is modified so as to be able to tap optical
      power from a clad fiber waveguide without requiring that all or most of
      the outer cladding be removed in the vicinity of the tap. The second
      relatively hard dielectric body is provided with a rounded surface which,
      when forced against the fiber, causes the fiber to bend into a radius
      sufficient to cause a portion of the power propagating therein to radiate
      out of the inner core into the outer cladding. The power can then be
      extracted from the outer cladding of the fiber by the first dielectric
      body.
PAR  In accordance with still another illustrative embodiment of the invention,
      the specially designed holder for the respective tapping elements of the
      fiber tap is modified so as to allow adjustment of the pressure exerted on
      the two dielectric bodies and in that way to allow the amount of power
      tapped from the fiber to be adjusted.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The various features and advantages of the invention will be better
      understood from the following detailed description taken in conjunction
      with the accompanying drawing in which:
PAR  FIG. 1 is a block diagrammatic illustration of an optical fiber
      communication system including an optical fiber tap embodied in accordance
      with the invention;
PAR  FIG. 2A is a top view and FIG. 2B is an exploded side view of an
      illustrative embodiment of the fiber tap of the invention;
PAR  FIGS. 3A and 3B are orthogonal side views which show in greater detail the
      positioning of the respective tapping elements in the embodiment of FIGS.
      2A and 2B;
PAR  FIG. 4 is a side view of a modified version of the embodiment of FIGS. 3A
      and 3B useful for tapping clad optical fiber waveguides without removing
      all or most of the cladding therefrom; and
PAR  FIG. 5 is an exploded side view of a modified version of the embodiment of
      FIGS. 2A and 2B designed for adjusting the amount of optical power tapped
      from a fiber waveguide.
PAR  The figures of the drawing are not necessarily drawn to scale or to
      relative dimensions.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 of the drawing shows, in block diagrammatic form, a typical optical
      communication system comprising an optical signal source 10, such as a
      laser or light-emitting diode, an optical receiver 11 and an optical fiber
      transmission link 12 illustratively comprising a single optical fiber
      waveguide coupling the source to the receiver. Fiber 12 may have a length
      anywhere from a few meters to several kilometers, depending upon the
      particular application of the system. The present invention relates to an
      improved version of the optical fiber power tap shown as element 13 in
      FIG. 1. The illustrative embodiments of fiber tap 13 described in detail
      hereinbelow are structured so that they can be attached, as shown, at any
      intermediate position along fiber 12 of the illustrated system for the
      purpose of sampling or monitoring the signal propagating therethrough.
      Each embodiment is structured so that a portion of the propagating signal
      can be tapped from the fiber without requiring that the fiber be
      terminated or broken.
PAR  Although only one fiber waveguide and one fiber tap are shown in FIG. 1, it
      should be noted that the transmission link could include a plurality of
      fiber waveguides. Optical fiber taps, like fiber tap 13 could then be
      attached to each fiber in the link, or to selected ones, as desired.
PAR  FIGS. 2A and 2B show top and side views, respectivelY, of an illustrative
      embodiment of fiber tap 13 of the invention. Fiber 22 is illustratively an
      intermediate length of a fiber waveguide of the type that might be used in
      the optical communication system. As is well known, the typical fiber
      waveguide includes a low optical loss core surrounded by a cladding of
      lower refractive index than that of the core. The index of refraction of
      the inner core may be uniform, or radially graded with the maximum index
      along the central axis of the core. In each case, the optical power is
      generally confined within the inner core of the fiber, with little power
      in the outer cladding. To provide the desired tap in this embodiment, all
      or most of the outer cladding is accordingly removed from the limited
      length of fiber 22 shown in FIG. 2A. For those fibers in which the
      cladding is formed of a plastic material, removal thereof can be
      accomplished simply by stripping the cladding from the core with a
      suitably sharp implement, such as a razor blade, or by chemically
      stripping the cladding from the core with a suitable solvent which
      dissolves the cladding material. For those fibers in which the cladding is
      formed of a glass material, fused silica or other inorganic material,
      removal thereof would typically be accomplished by precisely grinding the
      cladding to expose the core, or at least to have a thickness less than
      about three optical wavelengths. A fiber grinding technique and
      arrangement suitable for this purpose is disclosed in U.S. Pat. No.
      3,777,149, issued to E. A. J. Marcatili on Dec. 4, 1973, where it is used
      in the fabrication of signal detection and delay equalization apparatus
      for an optical fiber.
PAR  As can be seen more clearly in the exploded side view of FIG. 2B, the
      stripped portion of fiber 22 is disposed between dielectric bodies 27 and
      28, each of which is illustratively in the shape of a circular disk having
      a cross-sectional area larger than the cross-sectional area of the fiber.
      Disk 28, which serves to couple optical power out of fiber 22 to
      photodetector 24, is formed of a dielectric material having a refractive
      index which is approximately equal to, or greater than, that of the outer
      cladding of fiber 22.
PAR  The material of coupling disk 28 is also preferably substantially more
      compliant than the material of either fiber 22 or disk 27, so that it can
      be deformed under pressure. Many plastic materials have refractive indices
      comparable to, or in excess of, the materials commonly employed in the
      fabrication of fiber waveguides (e.g., glasses, fused silica, etc.), and
      are also relatively compliant. Plastic materials are thus preferred for
      coupling disk 28.
PAR  By forcing disks 27 and 28 together, fiber 22 is made to deform the upper
      surface of disk 28, and to provide a relatively large area of contact
      therewith. Disk 27, which was indicated to be formed of a relatively hard
      material, is also preferably formed of a dielectric material, such as a
      glass or relatively hard plastic material. It, however, has a refractive
      index which is less than that of the cladding material of fiber 22, and is
      in all cases less than the refractive index of disk 28, so that the
      majority of the power coupled out of the fiber is coupled out by disk 28.
      A groove is preferably provided along the lower surface of disk 27 to
      restrict lateral movement of fiber 22 when the two disks are forced
      together.
PAR  As long as the material of coupling disk 28 is selected to have a
      refractive index which is approximately equal to, or greater than, the
      refractive index of the material of the outer cladding of fiber 22, power
      will be coupled out of the fiber by disk 28. In general, the amount of
      power coupled out of the fiber by disk 28 increases as the index of
      refraction of the disk is increased, and as the coupling length between
      fiber 22 and disk 28 is increased. To provide a relatively low power tap,
      for example, one which extracts the order of one per cent of the total
      power from fiber 22, the index of refraction of disk 28 would typically be
      selected to be within about .+-. 20 per cent of the index of refraction of
      the fiber cladding material. Relatively high power taps, which extract
      larger fractions of the total power from fiber 22 (e.g., 50 per cent of
      the power), preferably employ a coupling disk 28 of refractive index which
      exceeds that of the fiber core material, and may even exceed that of the
      fiber core material. Thus, the particular index of refraction selected for
      coupling disk 28 in the embodiment depends upon the type of tap desired,
      but is in all cases in the range of about 0.8 times the fiber cladding
      index and greater. The typical coupling length between fiber 22 and disk
      28 is of the order of one millimeter.
PAR  Photodetector 24 may be any one of a variety of conventional photodetectors
      designed to respond to the wavelength of the optical wave propagating
      through fiber 22, which is illustratively about one micrometer. The
      article by H. Melchoir et al in Volume 58 of the Proceedings of the IEEE,
      pages 1466-1486 (October 1970) describes a number of alternative high
      sensitivity photodetectors suitable for optical communication systems use.
      Illustratively, photodetector 24 is a solid state photodiode of the p-i-n
      form, such as the SGD 100A, 100 mil diameter, silicon p-i-n photodiode
      manufactured and offered commercially by E.G. and G., Inc. As shown in
      FIG. 2B, the photodetector illustratively includes a metal outer casing
      25, an external lead 26.1 which is electrically grounded, and an output
      lead 26.2 from which an electrical signal corresponding to the detected
      optical signal is taken. Preferably, the glass window protecting the
      active area of the photodiode is removed so that coupling disk 28 can be
      disposed in direct contact therewith.
PAR  For a relatively low power tap, it may be preferable to use an avalanche
      photodiode for photodetector 24. Avalanche photodiodes combine the
      detection of optical signals with an internal amplification of the
      photodiode, and thus are generally more sensitive than the various
      non-avalanching photodiode structures.
PAR  To maintain proper alignment, the assembly of fiber 22, disks 27 and 28 and
      photodetector 24 is disposed in a specially designed holder 29. Holder 29
      is preferably formed of a durable material such as a metal (e.g., brass).
      It includes two pieces, an annularly shaped base 29.1 and a rectangular
      cross bar 29.2, which is fixed (e.g., hard soldered) diametrically across
      and on top of base 29.1. The inner diameter of base 29.1 is selected so
      that photodetector 24 can be inserted, and preferably fixed, therein. Base
      29.1 and bar 29.2 are cut (e.g., sawed) perpendicular to the long
      dimension of the bar, as shown in the figures, to provide a centrally
      disposed slot therein suitable for holding fiber 22 in place. The slot is
      illustratively cut completely through bar 29.2, but only partially through
      base 29.1 of holder 29. A hole 31 is drilled through the central portion
      of bar 29.2 of a diameter sufficient to accommodate disks 27 and 28.
      Illustratively, the inner diameter of hole 31 is such that it provides a
      tight fit for disk 27, and in that way prevents movement of disk 27 out of
      the hole after it is forced therein. Alternatively, disk 27 can be glued
      or otherwise fixed in holder 29. Holder 29 is illustratively fixed to a
      suitably perforated support 33 by screws 33.1 and 33.2.
PAR  FIGS. 3A and 3B are magnified views illustrating the relative positioning
      of disks 27 and 28, fiber 22 and photodetectors 24 when inserted in holder
      29. To provide a clearer picture of the respective elements, holder 29 is
      not shown in these figures. It is noted that coupling disk 28 is disposed
      directly over the active area of photodetector 24 (photodetector 24 is
      shown in partial cross-section in these figures). The groove provided in
      the lower surface of disk 27 assures that fiber 22 is also accurately
      disposed over the active area of photodetector 24. The downward pressure
      on disk 27, illustrated by arrow 35, causes fiber 22 to deform the
      relatively compliant coupling disk 28, and forces coupling disk 28 against
      photodetector 24. Good optical contact is thus assured between fiber 22
      and coupling disk 28, as well as between coupling disk 28 and
      photodetector 24. This good optical contact and accurate alignment of the
      respective elements is maintained during handling and use of the fiber tap
      by holder 29.
PAR  As an example, if the cladding of fiber 22 is formed of a material such as
      fused silica (n = 1.46), a suitable material for coupling disk 28 is
      polyvinylchloride (PVC). PVC has a refractive index of about 1.54, and can
      be made to be substantially more compliant than fused silica (i.e.,
      Young's modulus for highly plasticized PVC can be as low as 1000 to 2000
      pounds per square inch (psi), while Young's modulus for fused silica is
      about 10.sup.7 psi). Disk 27 could be formed of a teflon copolymer or
      tetrafluoroethylene and hexafluoropropylene (FEP), which has a refractive
      index of about 1.33 and a modulus of about 5 .times. 10.sup.4 psi. The
      groove in the lower surface of disk 27 could then be provided by embossing
      the disk at an elevated temperature with a suitably sized fiber or wire.
PAR  Although clad fiber waveguides are at present the most likely candidates
      for use in future optical communication systems, other fiber waveguiding
      structures are possible, such as unclad (i.e., air clad) fibers, and
      single material fibers of the type disclosed in Volume 52 of The Bell
      System Technical Journal, pages 265-268 (February 1973). Whatever the
      fiber structure, the coupling disk of the fiber tap, to provide the
      desired coupling relationship, should be disposed in contact with, or at
      least within about three optical wavelengths of, the portion of the fiber
      in which the optical power is confined. Thus, to tap unclad fibers,
      dielectric disk 28 is simply disposed in contact with the exterior surface
      of the fiber. To tap a single material fiber, coupling disk 28 would
      illustratively be disposed in contact with the enlarged central region of
      the fiber through which the optical power is propagated. In the latter
      case, removal of the outer tubing protecting the enlarged central guiding
      region of the fiber may be required in the vicinity of the tap. In either
      case, power is coupled out of the fibers if the index of refraction of the
      coupling disk equals, or exceeds the index of the medium surrounding the
      guiding portion of the fiber, which is typically air (n .congruent. 1.0).
      Again, the amount of power coupled out of the fiber increases as the index
      of refraction of the coupling disk is increased.
PAR  Fiber 22 was illustratively indicated hereinabove to be a clad fiber
      waveguide from which all or most of the outer cladding had been removed
      along the limited length of the fiber in contact with the coupling disk of
      the tap. As noted hereinabove, stripping the cladding from a plastic clad
      fiber is typically a relatively simple task. However, stripping the
      cladding from a fiber in which the cladding is a glass, fused silica or
      some other similar inorganic material generally requires the use of a
      precision grinding technique, such as that employed in U.S. Pat. No.
      3,777,149. Under certain circumstances, such precision techniques can be
      too time-consuming and, in general, impractical, especially when practiced
      in the field by service and maintenance personnel. The following
      embodiment of the fiber tap is preferred for tapping clad fiber waveguides
      in that it does not require that the cladding be stripped from the fiber
      before the tap can be made.
PAR  FIG. 4 is a side view of a modified version of the embodiment of FIGS. 2A
      through 3B useful for tapping clad fiber waveguides without removing all
      or most of the cladding from the fiber in the vicinity of the tap. Again,
      holder 29 is not shown in FIG. 4 to provide a clearer picture of the
      respective tapping elements. Photodetector 44 (shown in partial
      cross-section) is illustratively identical to photodetector 24 of FIGS. 2A
      through 3B. Fiber 42 is a clad of fiber waveguide including an inner core
      of a low optical loss material surrounded by a lower refractive index
      outer cladding. Coupling disk 48 is formed of a relatively compliant
      dielectric material (e.g., polyvinylchloride) having a refractive index
      approximately equal to, or greater than, the outer cladding of fiber 42.
      Disk 47 is formed of a relatively hard dielectric material (e.g., Teflon
      FEP) of a refractive index lower than that of coupling disk 48. In order
      for coupling disk 48 to be effective in extracting power from fiber 42,
      disk 47 is provided with a lower surface of a rounded cross-section. Thus,
      when disk 47 is forced against fiber 42 in the direction of arrow 45,
      fiber 42 is forced to bend conforming to the rounded surface of disk 47.
      The resulting bend in fiber 42 causes a portion of the optical power
      propagating in the inner core of the fiber to radiate into the outer
      cladding from which it can be extracted by coupling disk 48, and
      eventually detected by photodetector 44. Adjustment of the tapped power
      can be achieved either by varying the pressure applied to disk 47 in the
      direction of arrow 45, or by replacing disk 47 with another similar disk
      having a rounded surface of a different radius of curvature.
PAR  FIG. 5 is an exploded side view of an arrangement which can be used to
      adjust the pressure exerted on disk 47 of FIG. 4 and, in turn, to adjust
      the amount of power tapped from fiber 42. Holder 59 of FIG. 5 includes an
      annular base 59.1 and a cross bar 59.2, and is illustratively identical to
      holder 29 of FIG. 2B with the exception of the two threaded holes 55.1 and
      55.2 provided at opposite ends of the upper surface of bar 59.2. A
      clamping bar 53 illustratively formed of a metal, such as brass, is
      disposed on top of bar 59.2 of holder 59 and fastened thereto by screws
      53.1 and 53.2. Bar 53 includes a centrally disposed threaded hole in which
      screw adjustment 57 is inserted and can be turned. Spacer 58 is spaced
      between the end of screw adjustment 57 and disk 47 to avoid damage to the
      latter during tightening of the screw adjustment. By tightening screw
      adjustment 57, downward pressure is exerted on disk 47. As the downward
      pressure is increased (e.g., as screw adjustment 57 is further tightened),
      the optical power tapped from fiber 42 is increased, at least up to a
      point where fiber 42 conforms completely and continuously to the lower
      rounded surface of disk 47. After that point, there is generally little
      change in the tapped power with increased downward pressure. As noted
      above, however, further adjustment of the tapping can be achieved by
      replacing disk 47 with one of a different (e.g., smaller) radius of
      curvature.
PAR  It should be noted that the arrangement shown in FIG. 5 can also be used
      with the embodiment of FIGS. 2A through 3B to maintain the desired
      downward pressure on disk 27 shown in those figures. It has also been
      found that there is a limited range of adjustment available by tightening
      screw adjustment 57 even if a flat surfaced disk such as disk 27 is used.
      The increase in the tapped power under such circumstances is attributed to
      the increasing area of contact between fiber 22 and the relatively
      compliant coupling disk 28 resulting from the increasing downward pressure
      exerted on disk 27.
PAR  It is to be understood that the above-described embodiments are
      illustrative of but a few of the many possible specific embodiments which
      can represent applications of the principles of the invention, as defined
      by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An arrangement for tapping optical power from an intermediate portion of
      an optical fiber waveguide without requiring that the fiber be terminated
      or broken, said fiber including a guiding region in which the optical
      power is essentially confined, and including a cladding medium surrounding
      said guiding region, said arrangement being characterized by
PA1  a first body of dielectric material having a first major surface disposed
      in a coupling relationship to an intermediate length of said fiber to
      couple optical power out of said guiding region of said fiber, said first
      body having an index of refraction which is approximately equal to or
      greater than the index of refraction of the medium surrounding said
      guiding region of said fiber and is selected to couple only a minor
      portion of the optical power propagating in said fiber waveguide guiding
      region toward a surface of said dielectric body laterally offset from said
      guiding region, the material of said first body being substantially more
      compliant than the material of said fiber;
PA1  adjustable means for pressing said fiber against said first body to provide
      an area of contact between said first surface of said first body and said
      intermediate length of said fiber, comprising a second body of dielectric
      material having an index of refraction less than that of said first body;
      and
PA1  a photodetector contacting said laterally offset surface of said dielectric
      body and including an active area responsive to the wavelength of the
      optical signal to be propagated through said fiber, said active area of
      said photodetector being oriented to intercept the optical power coupled
      out of said guiding region of said fiber by said first body.
NUM  2.
PAR  2. The tapping arrangement of claim 1 in which
PA1  said guiding region of said fiber comprises an inner core formed of a low
      optical loss material, said medium surrounding the guiding region
      comprising an outer cladding of lower refractive index than that of said
      inner core; and
PA1  said first body has an index of refraction greater than about 0.8 times the
      index of refraction of said outer cladding of said fiber.
NUM  3.
PAR  3. The tapping arrangement of claim 2 in which
PA1  said outer cladding of said fiber is at least partially removed along said
      intermediate length of said fiber to have a thickness less than three
      wavelengths of the optical signal to be propagated through said fiber; and
PA1  said intermediate length of said fiber is disposed in contact with said
      first major surface of said first body.
NUM  4.
PAR  4. The tapping arrangement of claim 2 in which said second body includes a
      major surface disposed in contact with said fiber and having a groove
      therein of dimensions comparable to those of said fiber and sufficient to
      restrict movement of said fiber relative to said second body.
NUM  5.
PAR  5. The tapping arrangement of claim 2 in which
PA1  said intermediate length of said fiber is bent into a radius R sufficient
      to cause a selected minor portion of the optical power to be propagated
      therein to radiate out of said inner core into said outer cladding; and
PA1  said cladding of said intermediate length of said fiber is disposed in
      contact with said dielectric body.
NUM  6.
PAR  6. The tapping arrangement of claim 5 in which
PA1  said second body of said pressing means includes a major surface disposed
      in contact with said fiber of a rounded cross-section such that, when said
      second body is pressed against said fiber, said fiber is forced to bend
      into a radius sufficient to cause a portion of the optical power to be
      propagated therein to radiate out of said inner core into said outer
      cladding out of which the power can be coupled by said first body.
NUM  7.
PAR  7. The tapping arrangement of claim 6 including means for adjusting the
      pressure exerted by said second body on said fiber to adjust the amount of
      optical power coupled out of said outer cladding by said first body.
NUM  8.
PAR  8. The tapping arrangement of claim 1 in which said first body is formed of
      a plastic material.
NUM  9.
PAR  9. The tapping arrangement of claim 1 further including a holder for
      holding said fiber, said first and second dielectric bodies and said
      photodetector in their relative positions.
NUM  10.
PAR  10. The tapping arrangement of claim 9 in which said holder comprises
PA1  an annularly-shaped base, said base having an inner cavity into which said
      photodetector can be inserted; and
PA1  a rectangular cross bar fixed diametrically across and on top of said base,
      said cross bar having a slot cut transversely through a central region
      thereof in which said fiber can be inserted and a hole cut through said
      central region thereof communicating with the active area of said
      photodetector and in which said first and second bodies can be inserted,
      said fiber being sandwiched between said first and second bodies,
      respectively, in the hole in said cross bar.
NUM  11.
PAR  11. The tapping arrangement of claim 10 in which said holder further
      includes
PA1  a clamping bar fixed on top of said cross bar, said clamping bar including
      a threaded hole provided in a centrally disposed region thereof over the
      slot and hole in said cross bar; and
PA1  a screw adjustment capable of being turned in the threaded hole of said
      clamping bar, the pressure exerted on the second body being increased by
      tightening said screw adjustment into said clamping bar.
PATN
WKU  039366324
SRC  5
APN  4304225
APT  1
ART  256
APD  19740103
TTL  Position determining system
ISD  19760203
NCL  15
ECL  1
EXA  Grigsby; T. N.
EXP  Lawrence; James W.
NDR  2
NFG  10
INVT
NAM  Bradley; William C.
CTY  Chelmsford
STA  MA
INVT
NAM  Greenleaf; Allen H.
CTY  Lexington
STA  MA
INVT
NAM  Lee, Jr.; Roger K.
CTY  Watertown
STA  MA
ASSG
NAM  Itek Corporation
CTY  Lexington
STA  MA
COD  02
CLAS
OCL  250237R
XCL  250203CT
EDF  2
ICL  G01J  120
FSC  250
FSS  237 G;237 R;203 R;203 CT
UREF
PNO  2641712
ISD  19530600
NAM  Kircher
OCL  250203R
UREF
PNO  3096441
ISD  19611000
NAM  Burkhardt
OCL  250237R
UREF
PNO  3133200
ISD  19640500
NAM  Collyer
OCL  250203R
UREF
PNO  3344700
ISD  19671000
NAM  Brake
OCL  250237G
UREF
PNO  3781110
ISD  19731200
NAM  Leitz et al.
OCL  250237G
LREP
FR2  Blair; Homer O.
FR2  Nathans; Robert L.
FR2  Glanzman; Gerald H.
ABST
PAL  A system for precisely determining the position of a beam of incident
      radiation. In one embodiment in the disclosure the system is utilized in
      an orbiting, Ritchey-Chretien telescope to determine the precise position
      of the image of a guide star in the focal plane of the telescope. In that
      embodiment a first reticle plate, having concentric ring reticle lines, is
      located at the edge of the tangential focal surface of the telescope and
      outside of the focal area being used for observation. A second reticle
      plate, having radial reticle lines, is located adjacent to the first
      reticle plate at the edge of the sagittal focal surface of the telescope
      and outside of the focal area being used for observation. A relay lens
      system and an image dissector tube are positioned behind the reticle
      plates so that light refracted by the reticle plates is passed by the
      relay lens system to the image dissector tube. A guide star is imaged on
      the first and second reticle plates. Light in the star image which is
      imaged onto either an apex or a groove in the reticle plates is split into
      separate beams in dependence upon the exact position of the image relative
      to the apex or groove. The position of the guide star image is precisely
      located first in a coarse position mode and secondly in a fine position
      mode. In the coarse position mode the image dissector tube aperture is
      scanned to find the overall locations of the separate beams, and the
      deflection signals of the image dissector tube at those locations
      determine the particular apex or groove in each reticle plate upon which
      the star is imaged. In the fine position mode the amount of light in each
      of the separate beams formed by the reticle plates is measured by the
      image dissector tube in a photon counting mode. This determines the exact
      position of the star image relative to the particular apex or groove in
      each reticle plate upon which the star image is incident.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a system for precisely
      determining the position of a beam of incident radiation for an optical
      system. More particularly, the present invention relates to such a system
      which has particular utility in a large, orbiting telescope to accurately
      determine the position of a guide star relative to the telescope. The
      requirements of the large space telescope being considered by NASA demand
      that a new type of star tracker be designed. This telescope must be
      stabilized in its orientation to very small tolerances. The error signal
      for the stabilization is provided by a star tracker at the telescope focal
      plane that locks onto guide stars in the field of view of the telescope
      but outside of the data field being used for observation. The construction
      of the star tracker must be such that a geometrically stable relationship
      is maintained between the lock on point of the star tracker and the data
      object over periods as long as forty hours. The goal for this stability is
      .18 um at the focal plane. Further, the guide fields must be large enough
      that a high probability exists of finding suitable guide stars in the
      field for any data object in the sky. Because of practical limitations on
      the size of the guide field, the star tracker must use the guide starlight
      as efficiently as possible and must be noise limited only by the
      photoelectron noise of the sensor in order that many numerous dimmer stars
      may be used for guiding. The star image upon which the star tracker
      operates must be virtually diffraction limited in order that maximum
      sensitivity may be obtained. The initial pointing of the vehicle is
      expected to be accurate to within a diametral error of 300 urad. The star
      tracker must be able to find its guide star within that area and point the
      telescope absolutely to within about 0.12 urad.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a preferred embodiment, a system is disclosed for
      precisely determining the position of a beam of incident radiation. A
      unique aspect of this system is that all of the radiation in the beam is
      utilized to determine its position. This is in contrast with many prior
      art systems wherein much of the radiation is blocked by opaque portions of
      a reticle. The present invention was designed for use in precisely
      determining the position of a very faint star, and accordingly use of all
      the light from the star is of prime importance. The preferred embodiment
      utilizes a prismatic grating having a plurality of spaced prismatic
      grooves. The prismatic groove upon which the radiation beam is incident
      refracts the radiation into several separate beams. The relative intensity
      of each beam varies in accordance with the precise position of the
      incident radiation relative to that prismatic groove. The relative
      intensities of the separate beams produced by the prismatic groove are
      measured, which defines the precise position of the incident radiation
      beam relative to that particular prismatic groove. Further, the preferred
      embodiment provides such a system wherein an image dissector tube is
      utilized to detect radiation passed by the prismatic grating. The image
      dissector tube is utilized in a first mode to determine the relative
      positions of the separate beams produced by the prismatic grating. In this
      mode the aperture of the image dissector tube is scanned, and the
      deflection signals of the image dissector tube at the locations of the
      separate beams are utilized to determine the particular prismatic groove
      upon which the radiation beam is incident. Once that particular groove is
      determined, the image dissector tube is utilized in a second,
      photon-counting mode to determine the relative intensities of the beams
      produced by the prismatic grating. The relative intensities of those beams
      determine the precise position of the incident beam of radiation relative
      to the particular prismatic groove upon which it is incident.
PAR  In the illustrated embodiment, the system is utilized to determine the
      precise position of a guide star in an off-center guide field in a
      Ritchey-Chretien telescope. A first concentric ring prismatic grating is
      positioned at the tangential focal surface of the telescope while a second
      radial prismatic grating is positioned at the sagittal focal surface of
      the telescope. In this manner, the precise radial and angular positions of
      the guide star are determined. Further, in accordance with one embodiment,
      the circumferential prismatic grating is formed as a combined fresnel lens
      to eliminate one optical component within the system. Also, in accordance
      with another embodiment of the invention, the spatial frequency of the
      prismatic grooves on each prismatic grating is selected to be one-half the
      cut-off frequency of the Ritchey-Chretien optical system, whereby
      harmonics of radiation above the fundamental are of spatial frequencies at
      or above the cut-off frequency of the optical system and are not
      transmitted.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the basic principle of operation of the present
      invention.
PAR  FIG. 2 illustrates a preferred embodiment of a star tracker utilizing the
      teachings of Applicants' invention.
PAR  FIGS. 3 and 4 show the astigmatic image surfaces produced by a
      Ritchey-Chretien telescope.
PAR  FIGS. 5a-5c illustrate three alternate embodiments of star trackers using
      the teachings of Applicants' invention.
PAR  FIG. 6 depicts an alternative embodiment in which a double faceted fresnel
      lens serves as both a field lens and an image splitter.
PAR  FIG. 7 shows a magnified view of the groove profile of the fresnel lens of
      FIG. 6.
PAR  FIG. 8 illustrates an embodiment in which the prismatic grating has grooves
      with three different slopes to divide the star image into three separate
      beams.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is illustrated the basic principle of operation
      of Applicants' invention. In FIG. 1 a beam of radiation is focused at
      location 12 on a groove in a prismatic grating 14. The portion of the beam
      falling to the left of the groove is refracted into a first beam 16. The
      portion of the beam falling to the right of the groove is refracted into a
      second beam 18. A field lens 20 and a relay lens system 22 further refract
      the first and second beams 16 and 18 respectively to points 24 and 26 on
      the face of an image dissector tube 28. The relay lens system 22 includes
      a prism 23 which assists in further separating the radiation beams 16 and
      18. For purposes of illustration, a second star image at point 30 is shown
      refracted by the same system to points 32 and 34 on the face of the image
      dissector tube.
PAR  FIG. 1 illustrates the basic principle of operation of Applicants'
      invention, which will now be explained. The position of the incident
      radiation beam relative to prismatic grating 14 is determined first in a
      coarse position mode, and secondly in a fine position mode. In the coarse
      position mode, the overall location of the incident beam relative to the
      prismatic grating 14 is determined. This determination must be
      sufficiently accurate to ascertain the particular groove or apex on which
      the beam is incident. The explanation of this invention in this patent
      application is given in terms of prismatic grooves, but it should be
      realized that the term prismatic groove is being used synonymously with
      the term prismatic apex. As shown in FIG. 1, when the incident beam 12 is
      directly on the axis 38, the refracted beams 24 and 26 are centered about
      axis 38. As the incident beam moves to the left to point 30 the refracted
      beams 32 and 34 move to the right along axis 40 relative to the image
      dissector tube. As illustrated by these examples the positions of the two
      refracted beams along axis 40 are negatively proportional to the position
      along that axis of the incident beam. The positions of the beams 24 and 26
      are located by scanning the aperture of the image dissector tube. The
      image dissector deflection signals at those positions determine the
      location of the incident beam 12. The accuracy of the coarse measuring
      mode, which is basically limited by the accuracy of the image dissector
      tube, must be sufficient to determine the particular groove of the
      prismatic grating on which the incident beam falls. After the incident
      beam is coarsely located, its exact position relative to the prismatic
      grating 14 is determined by the relative intensities of the separate beams
      produced by the grating. Referring back to the beam which is incident at
      point 12, if it is exactly centered upon the groove, then the light beams
      16 and 18 will each have an equal intensity. If it moves slightly to the
      left, then the intensity of beam 16 will increase while the intensity of
      beam 18 will decrease. Thus the exact position of the incident beam
      relative to the prismatic groove may be determined by measuring the
      relative intensitites of the separate beams produced by the grating. In
      the fine position mode, the image dissector tube is utilized in a photon
      counting mode to determine the relative intensities of each of the beams.
PAR  The basic concept of Applicants' invention has been explained with respect
      to one axis 40. However, the concept operates in two dimensions as
      follows. If the prismatic grating 14 is cut in two directions, such that
      the top of the grating appears like a plurality of pyramids, then the
      light will be refracted by the grating 14 in two directions.
      Alternatively, two separate prismatic gratings located closely adjacent to
      each other might be utilized. The prism 23 is a quad prism, also in the
      shape of a pyramid. Image dissector tube 28 also functions in x and y
      directions, as is well known in the art, by utilizing x and y deflection
      signals.
PAR  The image dissector tube may be used in several modes as follows. In the
      two dimensional xy embodiment the geometric pattern of the four radiation
      beams produced by the prismatic grating will be fixed regardless of the
      particular locations of the beams. The image dissector tube would be
      constructed with four separate electron multipliers. The electron target
      of the image dissector tube would have four apertures arranged in the same
      geometric pattern as the four radiation beams. Each aperture would be the
      entrance to one electron multiplier tube. With the geometric arrangement
      of the apertures being the same as the geometric pattern of the beams,
      electrons caused to be emitted by the four radiation beams may be steered
      by the x and y deflection signals to the four electron multipliers. In the
      coarse position mode, the x and y deflection signals of the image
      dissector tube would be put into a raster search pattern until the four
      beam pattern on the face of the tube is located. Once it is located, the x
      and y deflection signals would be maintained constant to steer the four
      electron beams into the four entrance apertures to the four electron
      multipliers. The output of each electron multiplier would then be a
      measurement of the intensity of one particular radiation beam.
PAR  Referring to FIG. 2, there is illustrated a preferred embodiment of a star
      tracker utilizing the teachings of Applicants' invention in a
      Ritchey-Chretien telescope, which is currently being considered for use as
      an orbiting telescope. The principles explained above are utilized to
      precisely determine the position of an image of a guide star formed in the
      guide field section of the telescope's focal plane. FIG. 2 shows the
      relative locations of the data field and the guide field. The data field
      consists of those portions of the focal plane closest to the optical axis
      of the telescope wherein aberrations produced by the telescope are the
      least. The guide field is located around the data field and is utilized
      for pointing the telescope. The guide field is a significant distance from
      the optical axis of the telescope. FIGS. 3 and 4 illustrate the astigmatic
      image surfaces formed by a Ritchey-Chretien telescope. As shown the
      tangential focal surface separates from the sagittal focal surface with
      significant departures from the optical axis. Accordingly, in the guide
      field the tangential and sagittal images of the guide star will be
      separated. This separation of images may be utilized to advantage with
      Applicants'  invention by positioning one prismatic grating at the
      tangential focal surface and a second prismatic grating at the sagittal
      focal surface. The two prismatic gratings, the first with concentric
      grooves and the second with radial grooves, are spaced apart by the
      separation between the astigmatic images.
PAR  The groove spacings of the gratings 44 and 46 are determined by the
      required pointing accuracy of the system. The spacing between grooves on
      each grating may be enlarged if the system is capable of shifting the star
      image small distances over the gratings. This may be accomplished by an
      optical micrometer, a plane parallel glass plate 48 in front of the guide
      field, which may be tilted about two axis 50 and 52 to provide position
      interpolation between the grooves of the gratings. The groove spacings may
      then be enlarged to a point determined by the precision of the optical
      micrometer. For the LST, the optical micrometer 48 is necessary to achieve
      the desired pointing accuracy while also maintaining the desired
      acquistion range of the coarse tracker.
PAR  There are several approaches to maximize coverage in the guide field so
      that a maximum number of stars are available for pointing purposes. FIG. 5
      illustrates three different approaches to achieve maximum coverage of the
      guide field. In referring to the embodiments in FIG. 5, each imaging
      system, which includes the field and relay lens systems and the image
      dissector tube, will be referred to as a tracker head. FIG. 5a illustrates
      one possible appraoch in which three tracker heads, each having a very
      narrow field coverage, are movable about the guide field. A polar
      coordinate positioning mechanism is required to position each head at the
      appropriate position in the guide field. With this configuration, two
      tracker heads would be used to determine, roll, pitch, and yaw of the
      telescope, and the third tracker head would be included for redundancy.
      The embodiment of FIG. 5b is very similar to the embodiment of FIG. 5a,
      except that each of the three trackers have expanded radial field
      coverage, and each track head requires only an angular positioning
      mechanism. Again, two tracker heads would be used for roll, pitch, and yaw
      determination, and the third tracker head would be included for
      redundancy. The embodiment of FIG. 5c includes four fixed tracker heads
      with each covering a rather wide field. The embodiment of FIG. 5c is the
      preferred embodiment as it is the simplest, most reliable, and most easily
      configured arrangement. With a system as illustrated in FIG. 5c a large
      field lens, illustrated as element 20 in FIG. 1 would be required for each
      guide field.
PAR  FIGS. 6 and 7 illustrate an embodiment which replaces each large field lens
      by using a combined grating 52 which combines the properties of a fresnel
      lens with the properties of prismatic grating. This system might be
      designed to use simply the combined grating and an off-the-shelf relay
      lens 54, as illustrated in FIG. 6. The combined grating would have a
      groove profile as illustrated in FIG. 7. Each facet of a normal fresnel
      lens would be separated into two facets with a slight angle between them.
      The combined grating would thus be able to serve as both a field lens and
      an image splitter.
PAR  FIG. 8 illustrates another alternative embodiment in which the prismatic
      grating is formed with facets at three separate slopes to divide the star
      image into three separate beams, rather than two separate beams as
      illustrated by the embodiment of FIG. 1. The spatial frequency of the
      prismatic grating is selected to be half the cut-off frequency of the
      imaging optics for the following reason. Assume that a star image is
      moving across the grating at a constant rate such that light energy
      passing through any of the three optical channels varies sinusoidally with
      time. With the spatial frequency of the prismatic grating being half the
      cut-off frequency of the imaging optics, all harmonics of the waveform
      above the fundamental are of spatial frequencies at or above the cut-off
      frequency of the optics and are not transmitted. In the two dimensional
      embodiment, the grating is cut in two directions such that it is composed
      of many four sided pyramids with flat tops. Five optical channels result
      therefrom. This embodiment functions essentially similar to the embodiment
      of FIG. 1. That is, the position of the five point pattern on the face of
      the image idssector tube gives a coarse measure of the star image on the
      grating. The relative energy in each of the five channels yields the exact
      position of the star image relative to the prismatic grating.
PAR  Although the illustrated embodiments determine the position of an incident
      radiation beam, the teachings of this invention may also be utilized in a
      like manner to determine the rate and direction of movement of the
      incident radiation beam. While several embodiments have been described,
      the teachings of this invention will suggest many other embodiments to
      those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for precisely determining the position of a beam of incident
      radiation and comprising:
PA1  a. a prismatic grating means having the beam of radiation incident thereon
      and having a plurality of spaced prismatic grooves with the prismatic
      groove upon which the radiation beam is incident refracting the radiation
      into several separate beams with the relative intensity of each beam
      varying according to the precise position of the incident radiation
      relative to that prismatic groove;
PA1  b. means for determining the particular prismatic groove upon which said
      radiation beam is incident, said determining means including means
      responsive to the location of at least one of said several separate beams
      of radiation; and,
PA1  c. means for measuring the relative intensities of the separate beams of
      radiation produced by said prismatic grating means, whereby the precise
      location of the incident radiation beam relative to the prismatic groove
      upon which the radiation beam is incident may be determined.
NUM  2.
PAR  2. A system as set forth in claim 1 wherein said determining means include:
PA1  a. an image dissector tube for scanning its input aperature to determine
      the locations of radiation beams incident thereon; and
PA1  b. an optical system for relaying radiation refracted by said prismatic
      grating means to said image dissector tube.
NUM  3.
PAR  3. A system as set forth in claim 2 and wherein said image dissector tube
      is also utilized as said measuring means.
NUM  4.
PAR  4. A system as set forth in claim 1 wherein said prismatic grating means
      includes a first plurality of prismatic grooves, and a second plurality of
      prismatic grooves crossing substantially perpendicular to said first
      plurality of prismatic grooves, whereby the incident radiation beam will
      be refracted into four separate beams of radiation, the relative
      intensities of which determine the precise location of said incident beam
      of radiation relative to two particular perpendicularly crossing prismatic
      grooves of said prismatic grating means.
NUM  5.
PAR  5. A system as set forth in claim 4 wherein each said prismatic groove of
      prismatic grating means includes more than two facets, whereby the
      incident beam of radiation will be divided into a number of beams of
      radiation, more than two, depending upon the number of facets of each
      prismatic groove.
NUM  6.
PAR  6. A system for precisely determining the position of a beam of incident
      radiation and comprising:
PA1  a. a prismatic grating means having the beam of radiation incident thereon,
      said prismatic grating means including a first prismatic grating having a
      plurality of concentric prismatic grooves and a second prismatic grating
      having a plurality of radial prismatic grooves crossing substantially
      perpendicular to said plurality of concentric prismatic grooves whereby
      the incident radiation beam will be refracted into four separate beams of
      radiation, the relative intensities of which determine the precise
      location of said incident beam of radiation relative to two particular
      perpendicularly crossing prismatic grooves of said prismatic grating
      means; and,
PA1  b. means for measuring the relative intensities of said separate beams of
      radiation produced by said prismatic grating means, whereby the precise
      location of the incident radiation beam relative to the prismatic grooves
      upon which the radiation beam is incident may be determined.
NUM  7.
PAR  7. A system as set forth in claim 6 wherein the system is used in a
      Ritchey-Chretien optical system and said first prismatic grating is
      positioned at the tangential focal surface of said telescope and said
      second prismatic grating is positioned at the sagittal focal surface of
      said telescope.
NUM  8.
PAR  8. A system as set forth in claim 7 and including means for determining the
      particular prismatic groove upon which the radiation beam is incident.
NUM  9.
PAR  9. A system as set forth in claim 8 wherein said determining means include:
PA1  a. an immage dissector tube for scanning its input aperture to determine
      the locations of radiation beams incident thereon; and
PA1  b. and optical system for relaying radiation refracted by said prismatic
      grating means to said image dissector tube.
NUM  10.
PAR  10. A system as set forth in claim 9 and wherein said image dissector tube
      is also utilized as said measuring means.
NUM  11.
PAR  11. A system as set forth in claim 10 wherein said optical system for
      relaying radiation refracted by said prismatic grating means includes a
      field lens system.
NUM  12.
PAR  12. A system as set forth in claim 11 wherein said field lens system and
      said first prismatic grating are combined in a combined fresnel grating
      having a multifaceted surface which refracts light as a fresnel lens in
      the field lens system and also divides incident radiation into separate
      beams as said first prismatic grating.
NUM  13.
PAR  13. A system as set forth in claim 12 and wherein the spatial frequencies
      of said prismatic grooves on said prismatic grating means are selected to
      be one half the cut-off frequency of said Ritchey-Chretien optical system,
      whereby harmonics of the incident radiation beam above the fundamental are
      of spatial frequencies at or above the cut-off frequency of said input
      optical system and are not transmitted.
NUM  14.
PAR  14. A system as set forth in claim 13 wherein each said prismatic groove of
      prismatic grating means includes more than two facets, whereby the
      incident beam of radiation will be divided into a number of beams of
      radiation, more than two, depending upon the number of facets of each
      prismatic groove.
NUM  15.
PAR  15. A system for precisely determining the position of a beam of incident
      radiation and comprising:
PA1  a. a prismatic grating means having the beam of radiation incident thereon
      and having a plurality of spaced prismatic grooves with the prismatic
      groove upon which the radiation beam is incident refracting the radiation
      into several separate beams with the relative intensity of each beam
      varying according to the precise position of the incident radiation
      relative to that prismatic groove, each said prismatic groove of said
      prismatic grating means including more than two facets, whereby said
      incident beam of radiation will be divided into a number of beams of
      radiation, more than two, depending upon the number of facets of each
      prismatic groove; and,
PA1  b. means for measuring the relative intensities of the separate beams of
      radiation produced by said prismatic grating means, whereby the precise
      location of the incident radiation beam relative to the prismatic groove
      upon which the raidation beam is incident may be determined.
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ABST
PAL  A phosphor composition contains a lanthanide activator element within a
      host matrix having a transition element as a major component. The host
      matrix is composed of certain rare earth phosphates or vanadates such as
      YPO.sub.4 with a portion of the rare earth replaced with one or more of
      the transition elements. On X-ray or other electromagnetic excitation,
      trace lanthanide impurities or additives within the phosphor are
      spectrometrically determined from their characteristic luminescence.
GOVT
PAC  CONTRACTUAL ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the UNITED STATES ATOMIC ENERGY COMMISSION.
PARN
PAR  This is a division, of application Ser. No. 321,064, filed Jan. 4, 1973 now
      U.S. Pat. No. 3,893,939.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Lanthanides and other rare earth elements including yttrium are often added
      either as a mixture, that is mischmetal, or individually to improve the
      properties of various steel alloys. Metallurgists have found that rare
      earths in parts per million quantities improve both the mechanical and
      plastic properties by acting as strong desulfurizing and deoxidizing
      agents. Present quality control methods for quantitatively determining the
      levels of rare earth additives within steel products involve long and
      laborious separation and concentration steps. Prior attempts to employ
      X-ray luminescent techniques have been unsuccessful due to the quenching
      effect imparted by iron and other transition metals.
PAR  It is particularly desirable to determine the amount of lanthanides present
      in alloys that are to be used in nuclear reactors and other applications
      involving neutron radiation. Various lanthanides, for instance isotopes of
      neodymium, samarium, europium, gadolinium and dysprosium, have very large
      cross sections for thermal neutron capture and are therefore objectionable
      additives to construction materials in facilities where neutron economy is
      important.
PAR  Lanthanide impurities or additives have been included in a large number of
      hosts other than the transition elements to produce phosphors that have
      fluorescent characteristics. These phosphors along with sample spectra are
      presented in "X-Ray Excited Optical Fluorescence Spectrometry. Scope of
      Application to Trace Rare Earth Determinations" by DeKalb, D'Silva and
      Fassel, Analytical Chemistry, pp. 1246-1251, Vol. 42, No. 11, Sept. 1970.
      Effective crystalline hosts are suggested with a wide variety of cations
      forming simple, binary and ternary oxides. However, none of the host
      materials presented in the article include transition elements from groups
      VIIB or VIII, particularly manganese, iron, cobalt and nickel. Moreover,
      copper from group IB was found to be a noneffective host material in one
      particular mixture. For purposes of this application, the elements of each
      group are defined by the periodic table given in Daniels and Alberty,
      Physical Chemistry, p. 473, 2d. Ed., John Wiley and Sons, Inc., New York,
      London, 1955, 1961.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the limitations of the prior art, it is therefore an object of
      the present invention to provide a phosphor composition including one or
      more transition elements as major host components in which trace amounts
      of lanthanides can be made to luminesce with characteristic spectra.
PAR  It is also an object to provide a phosphor composition including one or
      more of the group of elements consisting of iron, nickel, cobalt,
      manganese and copper.
PAR  It is a further object of this invention to provide a method for the
      determination of lanthanide additives in transition element alloys that
      does not require the chemical separation of these additives from the host
      materials.
PAR  It is yet another object to provide a radiation interrogation technique for
      the determination of trace lanthanides in steel products.
PAR  In accordance with the present invention, a phosphor composition is
      prepared containing, as matrix host, the phosphates or the vanadates of
      weak fluorescing rare earth elements, particularly yttrium, scandium,
      lanthanum, gadolinium or lutetium and of one or more of the transition
      elements. The phosphor is activated by the inclusion of trace quantities
      of various lanthanides. On exposure to X-rays or other electromagnetic
      radiation, the resulting luminescence is spectrometrically analyzed to
      quantitatively determine the trace lanthanides.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows X-ray excited luminescent spectra for phosphors containing 303
      Stainless Steel with various lanthanide additives.
PAR  FIG. 2 shows X-ray excited spectra of phosphors containing iron.
PAR  FIG. 3 is a graph of spectra line intensity ratios versus lanthanide
      concentration.
PAR  FIG. 4 is an X-ray excited spectrum for a phosphor containing cobalt.
PAR  FIG. 5 is an X-ray excited spectrum for a manganese-containing phosphor.
PAR  FIG. 6 is a similar spectrum for a phosphor containing nickel.
PAR  FIG. 7 is a similar spectrum for a phosphor containing copper.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In preparing the phosphors of the present invention, acid solutions of the
      various elements are combined, followed by evaporation, dehydration and
      heating at appropriate temperatures. It is preferred that the heating
      temperature be maintained below that of the melting point of the
      lowest-melting component and that a sintering condition not be reached to
      obtain strong luminescent spectra. The heated oxide can be subsequently
      ground to a fine powder and pressed to form an integral compact to
      facilitate handling.
PAR  The phosphor composition will be in single or multiple phase and have the
      general formula E.sub.x M.sub.y (AO.sub.4).sub.z. The anion within the
      host matrix is represented as AO.sub.4 and may be either the phosphate or
      vanadate ion. E represents a rare earth element such as yttrium, scandium,
      lanthanum, gadolinium or lutetium, that will not act to quench the
      accumulations of excitation energy within the phosphor. The transition
      elements are represented by M and normally replace some of the yttrium or
      other rare earth within its crystal structure. Generally, none of the
      values of x, y or z will exceed one of the other values by a ratio of more
      than 10:1. It will be seen that iron, cobalt, nickel, manganese, chromium
      and copper are effective host materials within a luminescent phosphor. It
      can also be expected that other elements within groups VIIB, VIII and IB
      of the periodic table cited above will effectively act as phosphor host
      materials in conjunction with the rare earth phosphates or vanadates
      mentioned.
PAR  Typical phosphor host materials have been prepared with the following
      stoichiometric compositions: Y.sub.2 Mn.sub.3 (PO.sub.4).sub.4,
      YCr(PO.sub.4).sub.2, Y.sub.0.8 Fe.sub.0.2 PO.sub.4, Y.sub.2 Co.sub.3
      (PO.sub.4).sub.4, Y.sub.2 Ni.sub.3 (PO.sub.4).sub.4, NaYCu(PO.sub.4).sub.2
      and Y.sub.3 Cu(PO.sub.4).sub.5. The particular stoichiometric composition
      for the yttrium-iron phosphate given above has been found to be the
      optimum for producing the most intense lanthanide luminescence for those
      components.
PAR  It has also been found that the lanthanide luminescence can be enhanced by
      the introduction of a nucleating agent to promote the crystal formation.
      In the case of the iron-containing phosphor, a particularly suitable agent
      is sodium pyrophosphate (Na.sub.4 P.sub.2 O.sub.7). This agent is
      preferably added in sufficient amount to provide a mole to mole ratio with
      iron in the stoichiometric composition Y.sub.0.8 Fe.sub.0.2 PO.sub.4.
PAR  The luminescence in the phosphor host matrix is provided by trace amounts
      of lanthanides. The more effective fluorescing lanthanide elements include
      Ce, Pr, Nd, Pm, Sm, Eu, Tb, Dy, Ho, Er, Tm, and Yb. In addition,
      gadolinium will produce ultraviolet spectral lines in many host matrices;
      however, its luminescence is quenched in iron. It will also be seen that
      manganese produces spectral emissions when this element is included in the
      phosphor.
PAR  In employing the method of the present invention to detect and determine
      lanthanides in copper, iron and various transition elements, a sample of
      the metal is dissolved in an acid solution and the desired phosphor
      prepared as described. The phosphor is exposed to an X-ray, gamma-ray, or
      other electromagnetic radiation source to excite any lanthanide additives
      or impurities that are contained. The resulting luminescence is resolved
      into spectral lines and compared with spectra of known compositions to
      determine the lanthanides contained within the sample. When manganese is
      present, it too can be determined by this method.
PAR  Suitable X-ray sources and spectrometers as well as detailed techniques for
      their use are well known in the art and are illustrated in the above-cited
      article and in "Analytical Applications of X-Ray Excited Optical
      Fluorescence Spectra: The Internal Standard Principle" by DeKalb, Fassel,
      Taniguchi and Saranathan, Analytical Chemistry, Vol. 40, pp. 2082-2084,
      Dec. 1968. For example, the phosphor is placed in a shielded chamber
      provided with a shuttered port for exposure to an X-ray source. A quartz
      lens is appropriately positioned in the chamber for focusing the sample
      luminescence onto the entrance slit of a grating spectrometer. The X-ray
      source can be a commercially-available, tungsten-target X-ray tube
      designed to operate at an electrical potential of 50 KV. The spectrometer
      can be of 25 cm focal length with a plane, diffraction grating and a
      fused-silica-window photomultiplier (e.g. RCA 7268). The entrance and exit
      slits of the spectrometer are set at 100 microns and the spectrum may be
      scanned at the rate of about 200 angstroms per minute as the phosphor is
      irradiated. The resulting photocurrent is amplified and recorded on a
      suitable strip chart recorder.
PAR  The method of correlating experimental and calibration data in terms of an
      internal standard is applicable in the instant case. A known but small
      amount of a lanthanide such as erbium is added along with the Y.sub.2
      O.sub.3 or other rare earth oxide. The concentrations of other lanthanides
      in the sample are correlated in a graph or other means to the optical
      intensity ratio of the lanthanide fluorescence to erbium fluorescence at
      characteristic peaks of each element. By treating data in this manner,
      many effects which would ordinarily influence luminescence, such as time
      and temperature of heating, residual impurities and X-ray power drift, are
      satisfactorily diminished.
PAR  The following examples are offered to illustrate the phosphor composition
      of the present invention, its preparation and the method of its use in
      determining lanthanides in transition elements.
PAC  STAINLESS STEEL
PAC  EXAMPLE I
PAR  Two 34-milligram samples of 303 stainless steel (C -- 0.15% max., Mn -- 2%
      max., Si -- 1% max., Cr -- 17%-19%, Ni -- 8%-10%, S -- 0.15% min., Fe --
      balance) were electrolytically dissolved in separate solutions of 10%
      HClO.sub.4 in CH.sub.3 COOH. To each solution was added 158 mg of Y.sub.2
      O.sub.3 dissolved in 10% HNO.sub.3 in H.sub.2 O. Then a dilute nitric acid
      solution containing Ce, Nd, Sm.sub.2 O.sub.3, Eu.sub.2 O.sub.3, Gd.sub.2
      O.sub.3, Tb.sub.2 O.sub.3, Dy.sub.2 O.sub.3 in a sufficient amount to
      equal 100 ppm of each lanthanide in the stainless steel was added to one
      of the solutions. For purposes of this application ppm refers to parts per
      million by weight. Both mixtures were evaporated to dryness and dehydrated
      at about 200.degree.C. To each dry mixture was added 370 mg of (NH.sub.
      4).sub.2 HPO.sub.4 and sufficient Na.sub. P.sub.2 O.sub.7 to be in a one
      to one mole ratio with iron. After thorough blending, the mixtures were
      maintained at 850.degree.C. for one hour. The resulting phosphors were
      then exposed to an X-ray source consisting of a Machlett OEG-50 X-ray tube
      with a tungsten target operated at a maximum input of 45 milliamperes at a
      potential of 50 kilovolts. The luminescent spectra were recorded during
      the irradiation.
PAR  FIG. 1 illustrates the spectra obtained from these samples with the upper
      curve representing the sample including the lanthanides and the lower
      curve representing the dissolved stainless steel without lanthanide
      additives. Strong spectra lines appeared for manganese and for all of the
      lanthanides except gadolinium included in the doped sample. The lanthanide
      peaks in the lower curve are attributed to residuals within the Y.sub.2
      O.sub.3. These residual lanthanides can thereby be determined to correct
      the analysis of the other sample.
PAC  MISCHMETAL IN IRON
PAC  EXAMPLE II
PAR  A sample of low alloy steel containing a small amount of mischmetal and a
      second sample of relatively pure iron powder were dissolved and treated
      with Y.sub.2 O.sub.3, (NH.sub.4).sub.2 HPO.sub.4 and Na.sub.4 P.sub.2
      O.sub.7 in substantially the same manner as described in Example I.
      Sufficient Y.sub.2 O.sub.3 and (NH.sub.4).sub.2 HPO.sub.4 were added to
      provide a stoichiometric composition of Y.sub.0.8 Fe.sub.0.2 PO.sub.4
      which was previously found to be in optimum proportion for producing
      lanthanide luminescence. The resulting X-ray luminescent spectra of the
      two samples are shown in FIG. 2 with the lower curve taken from the pure
      iron sample and the upper curve taken from the sample of steel alloy
      including lanthanides. Again the peaks corresponding to terbium and other
      lanthanides in the lower curve are attributed to impurities in the
      yttrium. By comparing the spectra with that of known samples, it was found
      that the steel contained 500 ppm of Nd, 140 ppm of Pr and 50 ppm of Ce.
PAR  In the above and other iron samples, a known amount, about 20 ppm of
      erbium, was added along with the Y.sub.2 O.sub.3 in order to introduce an
      internal standard into the sample. Optical intensity ratios of other
      lanthanides to erbium are plotted against concentration at the indicated
      wavelengths as illustrated in FIG. 3. As mentioned above, the use of an
      internal standard will satisfactorily compensate for many experimental
      effects. Trace quantities of Ce, Pr, Nd and Sm as low as 5 ppm have been
      determined by this technique.
PAC  COBALT
PAC  EXAMPLE III
PAR  A sample was prepared containing 100 ppm of the lanthanides Sm, Eu, Gd, Tb,
      and Dy in a Y.sub.2 Co.sub.3 (PO.sub.4).sub.4 host. 0.87 gm of
      Co(NO.sub.3).sub.2 .multidot.6 H.sub.2 O were intermixed with 0.23 gm of
      Y.sub.2 O.sub.3 and 0.53 gm of (NH.sub.4).sub.2 HPO.sub.4. Approximately
      0.73 ml of 0.1 nanogram/ml solution of each lanthanide were added to the
      dry mixture which was then dehydrated and thoroughly blended. The residue
      was next heated at 950.degree., 1050.degree., and 1200.degree.C. with
      X-ray luminescent spectra curves produced after heating at each
      temperature. The strongest lines were found after the heating at
      1050.degree.C. and are shown in FIG. 4.
PAR  Various other matrix hosts including those of stoichiometric compositions
      Y.sub.2 Mn.sub.3 (PO.sub.4).sub.4, Y.sub.2 Ni.sub.3 (PO.sub.4).sub.4 and
      NaYCu(PO.sub.4).sub.2 were prepared in essentially the same manner as
      disclosed in the above examples. Although not essential, it was found that
      the addition of sodium cations within the host containing copper enhanced
      spectral emissions. Sm, Eu, Gd, Tb and Dy were added into each of these
      host materials in sufficient quantities to be equal to about 100 ppm of
      each named lanthanide in each phosphor. The X-ray excited luminescent
      spectra for these materials are illustrated in FIGS. 5, 6 and 7.
PAR  It can be seen that a new phosphor composition is presented which is useful
      in the detection and determination of lanthanides in steels and various
      transition metals. The determination method has been demonstrated at
      levels of 5 ppm lanthanide impurities or additives. This sensitivity is
      sufficient for most quality control procedures in the production of steel
      products. However, in nuclear reactor construction only steel products
      having lower concentrations of lanthanides are generally thought to be
      acceptable for good neutron economy. Therefore, the method at the
      demonstrated sensitivity may be used in this respect to identify those
      construction materials which clearly have too high a lanthanide content
      for nuclear reactor use.
CLMS
STM  The embodiments of the invention in which an enclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of detecting trace quantities of fluorescing lanthanides in a
      transition element alloy comprising:
PA1  A. preparing a host composition including yttrium and a transition element;
PA1  B. exciting the fluorescing elements within said composition with
      electromagnetic radiation;
PA1  C. spectrometrically analyzing the resulting fluorescent radiation to
      quantitatively determine trace quantities of lanthanides.
NUM  2.
PAR  2. The method of claim 1 wherein said host composition is prepared by
      forming a mixture of a transition metal compound, Y.sub.2 O.sub.3, and
      (NH.sub.4).sub.2 HPO.sub.4 ; and heating said mixture to a temperature
      below the melting point of the lowest-melting component.
NUM  3.
PAR  3. The method of claim 2 wherein a nucleating agent consisting of Na.sub.4
      P.sub.2 O.sub.7 is added to said mixture of transition metal compound,
      Y.sub.2 O.sub.3, and (NH.sub.4).sub.2 HPO.sub.4.
NUM  4.
PAR  4. The method of claim 1 wherein said host composition is prepared with a
      known quantity of a known fluorescing lanthanide to provide fluorescent
      radiation on X-ray excitation for spectrometrical comparison with
      fluorescent radiation from said fluorescing lanthanides to be
      quantitatively determined.
NUM  5.
PAR  5. The method of claim 1 wherein said transition element alloy is an iron
      alloy and said host composition is prepared by electrolytically dissolving
      said iron alloy in acid solution, adding yttrium into said solution,
      evaporating said solution to dryness to form a dehydrated mixture and
      heating said mixture to a temperature below that required to effect a
      sintering condition.
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ABST
PAL  Application of dc potentials of values other than ground to materials which
      appear as conductors to dc and low frequency ac electric fields and as
      dielectrics to high frequency ac electric fields in order to compensate
      for changes of potential due to ion and electron currents reaching the
      material and/or to provide for improved focusing of the ions, particularly
      with large ion currents, into a quadrupole mass filter.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation-in-part application of application Ser. No. 346,250
      filed Mar. 30, 1973 now U.S. Pat. No. 3,867,632.
BSUM
PAC  BACKGROUND TO THE INVENTION
PAR  The quadrupole mass filter of W. Paul et al described in U.S. Pat. No.
      2,939,952, issued June 7, 1960, consists of four substantially parallel
      hyperbolic sheet electrodes (or cylindrical rods), symmetrically disposed
      about an axis. Opposite rods are electrically connected. On one pair of
      electrically connected oppositely disposed electrodes a dc voltage, U, and
      an ac voltage of amplitude, V, are placed. On the other pair of
      electrically connected oppositely disposed electrodes identical voltages,
      except having an electrical polarity opposite to the first pair, are
      placed. With proper settings of the dc voltage and the amplitude of the ac
      voltages, ions of a given charge-to-mass ratio have stable trajectories
      and oscillate about the axis whereby they do not collide with the
      electrodes; ions of other than the given charge-to-mass ratio are on
      unstable trajectories whereby they strike the electrodes. If ions are
      injected along the axis of the electrode structure, those with the given
      charge-to-mass ratio do not strike the electrodes and emerge from the
      opposite end of the electrode structure; however, ions with other than the
      given charge-to-mass ratio are accelerated in the transverse directions so
      that they collide with the electrodes and therefore do not emerge from the
      opposite end of the electrode structure. In this manner, the electrode
      structure functions as an ion "mass filter."
PAR  As noted in U.S. Pat. No. 3,129,327 to W. M. Brubaker of Apr. 14, 1964, an
      ion entering the electrode structure must pass through fringe fields near
      and beyond the end of the electrode structure. The ions must also pass
      through a similar fringe field in emerging from the opposite end of the
      electrode structure. As pointed out in the aforesaid patent of W. M.
      Brubaker, the ratio of the dc field strengths to ac field strength in the
      fringe fields is the same as in the electrode structure itself. Also, as
      disclosed in the aforesaid patent, an ion of the given charge-to-mass
      ratio, which is stable within the electrode structure proper, is on an
      unstable trajectory when it is in the fringe fields. Thus, although an ion
      would be stable within the electrode structure proper, it may not be
      received in the electrode structure proper due to its unstable trajectory
      in the fringe fields. This greatly reduces the transmission of ions of a
      given charge-to-mass ratio due to their rejection while within the fringe
      fields.
PAR  U.S. Pat. No. 3,129,327 further teaches that the ion trajectories can be
      stabilized on passage through the fringe fields provided that the ratio of
      the dc voltage (U) to the ac voltage amplitude (V) is reduced to a lower
      value than appropriate for use within the electrode structure proper. The
      aforesaid patent indicates several ways in which this can be accomplished
      in the case of quadrupole mass filters which have conventional metal
      electrodes. But the patent does not address itself to the broader problem
      of spatial separation of ac and dc fields emanating from the same metallic
      electrodes.
PAR  The copending patent application Ser. No. 346,250 teaches that separation
      of the high frequency ac fringe fields from the low frequency (including
      dc) fringe fields, is possible by placement of a tube or other appropriate
      geometrical configuration near an end or ends of a quadrupole mass filter
      wherein the tube is composed of a material which appears as a dielectric
      to the high frequency ac fringe fields and as a conductor to the low
      frequency (including dc) fringe fields. A required characteristic of such
      material is that the parameter 4.pi..sigma./.epsilon..omega. be much less
      than unity in value, where .sigma. is the dc electrical conductivity of
      the material and .epsilon. is the material's dielectric constant. The
      angular frequency, .omega. is equal to 2.pi.f where f is the frequency of
      the high-frequency ac fields.
PAR  Materials having the necessary physical characteristics exist and are
      readily available. Among such materials is a Nickel-zinc type ferrite
      manufactured by Stackpole Carbon Company of St. Mary's, Pa., known as
      "Cerramag C/12, " which has a volume resistivity at 25.degree.C. of about
      3 .times. 10.sup.7 ohm-cm and a dielectric constant at 1.0MHz of about 10.
      When ions or electrons or both pass inside and along the length of a tube
      of such material, some of said ions or electrons or both strike the tube's
      walls producing effectively dc electrical currents within the material
      which may affect the dc potential of the tube. The dc potential of the
      tube can thus be changed through the IR drop of such currents, so that
      trajectories of ions which do not strike the tube's walls but pass on into
      the quadrupole mass filter are affected adversely. Another nickel-zinc
      ferrite manufactured by Stackpole Carbon Company which may be utilized in
      the invention, Cerramag C/11, has a resistivity of 2 .times. 10.sup.7
      ohm-cm. A still further substance which has been tested and found operable
      is slate, the test sample having a resistivity of 1.0 .times. 10.sup.6
      ohm-cm along two axes and 2.2 .times. 10.sup.6 ohm-cm along the third
      axis. The dielectric constant of slate is 6.0-7.5. The basic formula for
      the ferrites, Cerramag C/12 and Cerramag C/11, may be found in the patent
      of Zerbes U.S. Pat. No. 3,036,009 wherein other characteristics of the
      ferrite not important to the instant invention are discussed.
PAR  It is essential that the shield in the instant invention must appear to
      high-frequency ac fields as a dielectric and to low frequency, including
      direct current, fields as a conductor. Thus, for frequencies on the order
      of 1 megahertz, the resistivity must be substantially greater than
      10.sup.5 ohm-cm. However, the materials utilized for the shielding effect
      are to be contrasted with good dielectrics which have resistivities of
      10.sup.12 ohm-cm and higher. It is important that the resistivity of the
      material be not so high as to be unable effectively to conduct away
      current caused by ions or electrons which may strike the material during
      their transmission or receipt therein. Also, there are practical upper
      limits on the resistivity which basically relate to the sweep rate which
      may be utilized in the quadrupole mass filter. In this connection, it is
      to be understood that the substantially dc fields may be fields in a mass
      filter up to about 1000 Hz because this is about the limit of the sweep
      rate of the quadrupole mass filter. Thus, it is desirable that the
      material act like a conductor at a frequency up to 1000 Hz but as a
      dielectric at 1 million Hz. As a practical matter, materials having
      resistivities up to about 10.sup.8 ohm-cm are operable even at the maximum
      sweeping rate. By reducing the sweep rate and in many applications a sweep
      rate of about 10 Hz is all that is desirable, materials with resistivities
      up to about 10.sup.10 ohm-cm are operable. Still further, there are bona
      fide applications wherein resistivities up to about 10.sup.11 ohm-cm.
      However, a resistivity up to roughly 10.sup.8 ohm-cm offers improvement in
      every application of a quadrupole mass filter. From the foregoing it will
      be understood by those skilled in the art that the upper limit of
      resistivity of the shielding material varies depending upon the sweep rate
      desired in the mass filter, the configuration of the shield and the total
      ion current necessary for the shield to carry off.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved spatial separation of fields
      emanating from electrodes wherein such fields are produced from
      superpositions of the dc or low-frequency ac and high frequency voltages
      placed on the electrodes, such fringe fields being produced in the
      vicinity of the ends of the electrode structure of a quadrupole mass
      filter. More particularly, the invention involves the biasing of the
      material affecting the spatial separation in a dc fashion away from ground
      potential whereby the effects of dc currents produced within the material
      are overcome to permit a free passage of ions into the quadrupole mass
      filter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other adaptabilities and capabilities of the invention will be appreciated
      by those skilled in the art with reference to the following description
      and the drawing wherein a schematic representation of the invention is
      shown.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to the FIGURE, a selective electric field shielding means
      composed of a material which is a conductor to dc and low-frequency
      electrical ac fields and a dielectric to high-frequency electric ac
      fields, is shown as tube 17, one end of which protrudes a short distance
      into the space between the four rods, or hyperbolic sheets, of a
      quadrupole mass filter, the forward two of which are designated 11+ and
      12-, and the more rearwardly two as seen in the FIGURE are designated 13+
      and 14-. The other end of tube 17 is mounted in an end plate 18 which is
      electrically conducting and in dc electrical contact with tube 17 at their
      juncture.
PAR  Ions produced from an ion source 21 are drawn from source 21, pass through
      the opening 20 in end plate 18 and enter the interior of tube 17. With
      tube 17 composed of material having the proper ratio of electrical
      conductivity to dielectric constant, as described in copending patent
      application Ser. No. 346,250, some ions follow trajectories such as 19a
      and enter the mass filter. These ions are those having masses greater than
      about 0.77 times the mass of the ions to be transmitted through the mass
      filter at any given setting of its fields. Ions with masses less than
      about 0.77 times the mass of the ions to be transmitted by the mass filter
      (and any electrons that might accompany the ions) are caused by the ac
      fields within the interior of tube 17 to strike its interior walls. Such
      trajectories are designated by reference characters 19b and 19c.
PAR  Inasmuch as tube 17 is constructed of a material with high resistivity
      within a range of above 6 .times. 10.sup.4 to less than 10.sup.9 ohm-cm,
      typically of the order of 10.sup.7 ohm-cm, tube 17 has an electrical
      resistance. Thus the ions or electrons or both striking the interior walls
      of tube 17 produce electric currents which are of necessity, conducted to
      the circuit common 30 or ground through the tube material itself. Typical
      dimensions of tube 17 are about 1 or 2 centimeters in length, an interior
      diameter of from 2 to 6 millimeters and wall thicknesses of 2 or 3
      millimeters; the total resistance of the tube is several tens of megaohms
      and reaches values of the order of 10.sup.8 ohms. Thus, with currents
      reaching the interior walls being as high as a few times 10.sup.-.sup.8
      amperes, voltages along tube 17 of in the range of several volts result.
PAR  Referring to the electrical portions of the FIGURE, when positive ions are
      produced inside an ion source 21 at a potential U.sub.S with respect to
      the circuit common 30 potential, they have a kinetic energy of eU.sub.S +
      E.sub.i, e being the value of the charge of the ion and E.sub.i the
      kinetic energy with which the ion is initially produced, at any point
      where the existing potential is that of the circuit common 30. In
      particular, if the value of U.sub.E, provided by a dc voltage supply, is
      zero, the ions have a kinetic energy of eU.sub.S + E.sub.i in passing
      through opening 20 in end plate 18. Under these circumstances, positive
      ions striking the interior walls of tubes 17 cause positive dc voltages to
      build up along the length of the tube extending into the mass filter.
      These voltages, if small, cause the tube to act as an unwanted lens which
      defocuses the ion beam in unwanted ways. Moreover, if the ion currents
      become sufficiently large, potentials within the tube 17 may increase to
      the value of U.sub.S, in which case ions that would normally follow a
      trajectory such as 19a lose their kinetic energy within the tube and are
      not transmitted. The possibility exists that this situation may develop
      when end plate 18 is grounded as taught by copending patent application
      Ser. No. 356,250.
PAR  A solution to the problem lies in increasing the value of U.sub.S to where
      the ion's kinetic energy is necessarily greater than the product of the
      maximum current from the ion source times the resistance of tube 17
      divided by the charge on the ions. However, for ion sources which produce
      ion currents in excess of 10.sup.-.sup.8 amperes, this solution has
      serious drawbacks as will be discussed.
PAR  It is customary to operate the quadrupole mass filter by applying thereto a
      combination of radio frequency ac voltages generated by source V of the
      FIGURE and dc voltages represented by the battery symbols in the FIGURE
      and designated U therein. Blocking condensers, C.sub.1 and C.sub.2, and
      radio frequency chokes RFC.sub.1 and RFC.sub.2 prevent the ac and dc
      voltage sources from shorting each other out and permit application of
      both the ac and dc voltages to the four poles 11 + 12 -, 13 + and 14 -.
PAR  It is also usual to include two voltage sources of equal values, sources U
      on either side of a point 31. By this means, the dc potential at the axis
      of the mass filter is the same as the potential, U.sub.31 at point 31.
PAR  The kinetic energy of the ions during their passage through the mass filter
      is given by E.sub.i plus the ion charge, e times (U.sub.S - U.sub.31),
      both potentials U.sub.S and U.sub.31 being measured with respect to the
      circuit common. If U.sub.S is increased to excessively high values, the
      ion kinetic energy during passage through the mass filter is increased to
      the point where the ion executes too few oscillations at the ac frequency
      within the mass filter to permit the mass filter to provide good mass
      resolution. Raising the potential U.sub.S to the values required to
      overcome the voltages on tube 17 in the case of large ion currents leads
      to having excessive ion energy within the mass filter under these normal
      operating conditions.
PAR  With an understanding of the foregoing two improved solutions are
      presented:
PAR  The first is to place end plate 18 not at the circuit common potential but
      at a lower dc potential U.sub.E as represented by by the battery symbol in
      the FIGURE. Because it is only the potential difference U.sub.S -U.sub.E
      which determines whether ions pass through the tube 17, the difference can
      be made large by increasing U.sub.E while holding U.sub.S at a low enough
      value to give the required low energy of the ions in passing through the
      mass filter. Referring to the FIGURE, this solution is appropriate to
      having the pole potential U.sub.P be zero, so that the potential of the
      mass filter axis, which is equal to U.sub.31, is at the potential of the
      circuit common.
PAR  A second solution is to let the potential of the end plate 18 be the same
      as the circuit common, by letting the value of U.sub.E be zero. This
      requires that the value of U.sub.S be relatively high in order to have
      ions be able to be transmitted through the tube 17. However, by placing
      potential U.sub.P at a value slightly less than the value of U.sub.S, the
      ions are slowed down to a low energy, e(U.sub.S -U.sub.P), for their
      passage through the mass filter, which may be sufficiently low to obtain
      good resolution in the mass filter.
PAR  Either solution or both in combination have been used with success.
PAR  Where negative ions rather than positive ions are involved, the same
      solutions to the problem are applicable by merely reversing the signs of
      the potentials U.sub.S, U.sub.E, and U.sub.P.
PAR  Tests have been conducted using an Extranuclear Laboratories quadrupole
      mass filter, Model 324-9, which has poles 3/4 inch diameter. A tube 17 of
      Ceramag C/12, of length 1.5 cm, outside diameter of 1.2 cm and inside
      diameter 0.6 cm, and with an end-to-end resistance of 6 .times. 10.sup.7
      ohms, was mounted on a stainless steel end plate 18 by means of pressing
      tube 17 into a recess that was cut into the end plate. An electron impact
      ionization source, Extranuclear Laboratories, Model 041-1, was used to
      make both positive and negative ions. The positive ion currents produced
      by this ionizer are in excess of 10 milliamperes per torr of gas being
      ionized, so that when operating in a vacuum of 10.sup.-.sup.5 torr, a
      current of 10.sup.-.sup.7 amperes is caused to pass through tube 17. Most
      of this current is from ions of low mass ranging from 12 through 18 amu
      (carbon ions through water ions) and from 28 through 44  amu (nitrogen
      carbon dioxide). When the mass filter is set to examine ions at higher
      masses, such as mercury ions at 200 amu, the ac fields within tube 17
      cause the lighter ions, which constitute almost all of the 10.sup.-.sup.7
      amps of ions coming from the ionizer to strike the interior walls of tube
      17. This current, being carried to the end plate through the tube
      material, theoretically caused the potential within the tube to increase
      to about 6 .times. 10.sup.7 ohms times 10.sup.-.sup.7 amps, or 6 volts.
PAR  In the first test, both the potentials of the end plate 18 and of the mass
      filter axis were placed at ground potential by grounding the circuit
      common and setting U.sub.E = U.sub.P = 0. It was found that to cause any
      ions to pass through the mass filter, it was necessary to set the ion
      source potential U.sub.S in excess of 8 volts. By reducing the total ion
      current coming from the source through using a reduced electron current,
      and thus reducing the total current of ions reaching the interior of tube
      17, it was found that U.sub.S could be reduced to as low as 1 volt, and
      still cause ions to pass through the mass filter. Under the first
      circumstances it is calculated that of the minimum 8 volts required, some
      2 volts were required to compensate for electron space charge within the
      ionizer and the remaining 6 volts are attributed to voltages built up in
      the tube 17 by ion currents reaching its interior walls.
PAR  It was also found that at the 8 volts value of U.sub.S the shape of the
      mass peaks and their resoluton showed the typical effects of having an
      excessive ion energy for transmission through the mass filter.
PAR  Two further tests were then performed. In the first the potential of the
      axis of the mass filter was increased by application of positive voltage
      U.sub.P. It was found that U.sub.P could be increased to approximately 6
      volts without appreciable loss of ion current and that such increases
      improved the shapes of the mass peaks and the resolution.
PAR  In the second test the mass filter axis was again placed at ground
      potential, by making U.sub.P = 0, and the ion source potential placed at
      U.sub.S was 2 volts. A negative potential U.sub.E was then applied to the
      end plate 19. It was found that to cause ion current to pass through the
      mass filter, it was necessary that the value of U.sub.E be at least 6
      volts negative. Under these conditions the mass peaks showed both good
      shape and good resolution as expected for the low energy of the ions
      during transmission through the mass filter. Making the magnitude of
      U.sub.E less than 6 volts away from ground seriously reduced the
      transmitted ion current. Making the magnitude of U.sub.E greater than 6
      volts away from ground has only minor effects on the ion current and
      virtually no effect on the peak shape and resolution of the mass filter.
      These observations are interpreted as confirming the theory described
      above.
PAR  In a second set of tests, negative ions were produced in the source. The
      negative ion examined was 0.sup.- produced by dissociative attachment of
      electrons of 0.sub.2 molecules. This process has its maximum cross-section
      at an electron energy of about 6.5 eV, and this was the energy of the
      electrons used in the tests. At this low energy, the accelerating fields
      of the ion source used to extract the negative ions also cause some of the
      electrons to be extracted so that the ion beam presented to the mass
      filter is a mixture of negative ions and electrons with the vast majority
      of the particles being electrons.
PAR  It was found that with the axis of the mass filter at ground potential and
      with the end plate 18 grounded, under certain ion optics tuning conditions
      it was necessary to raise the potential U.sub.S of the ion source to a
      value of -20 volts in order to observe ions transmitted by the mass
      filter. At this potential, the peak shapes and mass resolution of the
      emerging ions were seriously distorted in a manner characteristic of
      excess ion energy. It was found that placing a bias voltage at U.sub.P of
      a -15 volts considerably improved the peak shapes and resolution without
      engendering a loss of 0.sup.- ion current in accordance with the theory.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      secure by Letters Patent of the U.S. is:
NUM  1.
PAR  1. In a method of mass analysis which utilizes a quadrupole mass filter and
      comprises the steps of producing positive ions with an initial kinetic
      energy E.sub.i from an ion source having an electrical potential U.sub.S,
      introducing said ions into the space between the poles of the quadrupole
      mass filter wherein the electric potential along the axis of said poles is
      U.sub.P, causing the transmission of only those ions of a selected
      mass-to-charge ratio through the space between said poles, providing a
      selective shielding at at least one end of said poles which functions
      substantially as a conductor to the substantially dc fields and
      substantially as a dielectric to ac fields, said shielding having an
      electric connection at a potential of U.sub.E, and maintaining said
      potential U.sub.E less than said potential U.sub.P, and said potential
      U.sub.P less than said potential of U.sub.S plus E.sub.i /e where e is the
      charge of the ion.
NUM  2.
PAR  2. A method in accordance with claim 1, wherein said potential U.sub.E is
      maintained at a ground potential and both said potentials U.sub.S +
      E.sub.i /e and U.sub.P are maintained positive with respect to ground.
NUM  3.
PAR  3. A method in accordance with claim 1, wherein said potential of the mass
      filter axis U.sub.P is set to ground potential and said potential U.sub.E
      is maintained negative and said potential U.sub.S + E.sub.i /e is
      maintained positive with respect to ground potential.
NUM  4.
PAR  4. A method in accordance with claim 1, wherein the ions are produced
      initially at rest whereby E.sub.i = 0.
NUM  5.
PAR  5. A method in accordance with claim 4, wherein the ions are produced by
      electron impact ionization.
NUM  6.
PAR  6. A method in accordance with claim 4, wherein the ions are produced by
      photo-ionization.
NUM  7.
PAR  7. In a method of mass analysis which utilizes a quadrupole mass filter and
      comprises the steps of producing negative ions with an initial kinetic
      energy E.sub.i from an ion source having an electric potential U.sub.S,
      introducing said ions into the space between the poles of the quadrupole
      mass filter wherein the electric potential along the axis of said poles is
      U.sub.P, causing the transmission of only those ions of a selected
      mass-to-charge ratio through the space between said poles, providing a
      selective shielding of at least one end of said poles which functions
      substantially as a conductor to the substantially dc fields and
      substantially as a dielectric to the ac fields, said shielding having
      electric connection at a potential of a U.sub.E, and maintaining in the
      negative charge sense said potential U.sub.E less than said potential
      U.sub.P, and U.sub.P less than said potential U.sub.S + E.sub.i /e where e
      is the charge on the ion.
NUM  8.
PAR  8. A method in accordance with claim 7, wherein said potential U.sub.E is
      maintained at ground potential and both said potentials U.sub.S + E.sub.i
      /e and U.sub.P are maintained negative with respect to ground.
NUM  9.
PAR  9. A method in accordance with claim 7, wherein the potential of the mass
      filter axis U.sub.P is set to ground potential and said potential U.sub.E
      is maintained positive and said potential U.sub.S + E.sub.i /e is
      maintained negative with respect to ground potential.
NUM  10.
PAR  10. A method in accordance with claim 7, wherein the ions are produced
      initially at rest whereby E.sub.i = 0.
NUM  11.
PAR  11. A method in accordance with claim 10, wherein the ions are produced by
      electron impact ionization.
NUM  12.
PAR  12. A method in accordance with claim 10, wherein the ions are produced by
      photo-ionization.
NUM  13.
PAR  13. A device for improving the efficienty of injection and/or transmission
      of ions passing through a quadrupole mass filter, said device comprising
      an ion source having an electric potential U.sub.S, means for producing
      ions from said ion source having an initial kinetic energy of E.sub.i, a
      selective shielding at at least one end of the poles of the quadrupole
      mass filter adapted to receive said ions therethrough, said shielding
      functioning substantially as a conductor to the substantially dc fields
      and substantially as a dielectric to the ac fields produced by said poles,
      said shielding having electric connection to a potential of U.sub.E, means
      for causing the transmission of said ions through said quadrupole mass
      filter, means for maintaining an electric potential along the axis of said
      poles of U.sub.P, and biasing means in said quadrupole mass filter for
      maintaining said potential U.sub.E less than said potential U.sub.P and
      said potential U.sub.P less than said potential U.sub.S + E.sub.i /e
      wherein e is the charge on the ion.
NUM  14.
PAR  14. A device in accordance with claim 13, wherein said ion source produces
      positive ions and said potential U.sub.E is maintained less than said
      potential U.sub.P and said potential U.sub.P is maintained less than said
      potential U.sub.S + E.sub.i /e in the positive sense.
NUM  15.
PAR  15. A device in accordance with claim 14, wherein said biasing means is
      adapted to maintain said potential U.sub.E at ground potential and both
      said potentials U.sub.S + E.sub.i /e and U.sub.P at positive potential
      with respect to the ground.
NUM  16.
PAR  16. A device in accordance with claim 14, wherein said means for
      establishing said potential U.sub.P is set to ground potential and said
      biasing means maintains said potential U.sub.E negative and said potential
      U.sub.S + E.sub.i /e positive with respect to ground potential.
NUM  17.
PAR  17. A method in accordance with claim 13, wherein said means for producing
      ions produces said ions at rest whereby E.sub.i = 0.
NUM  18.
PAR  18. A device in accordance with claim 17, which includes electron impact
      ionization means for producing said ions.
NUM  19.
PAR  19. A device in accordance with claim 17, including photo-ionization means
      wherein said ions are produced by photo-ionization.
NUM  20.
PAR  20. A device in accordance with claim 13, wherein said ions source produces
      negative ions and said biasing means maintains said potential U.sub.E less
      than said potential U.sub.P and said potential U.sub.P less than said
      potential U.sub.S + E.sub.i /e in the negative sense.
NUM  21.
PAR  21. A device in accordance with claim 20, wherein said biasing means
      maintains said potential U.sub.E at ground potential and both said
      potentials U.sub.S + E.sub.i /e and U.sub.P are maintained negative with
      respect to the ground.
NUM  22.
PAR  22. A device in accordance with claim 20, wherein said means for
      establishing the potential for the mass filter axis U.sub.P maintains such
      potential at ground potential and said biasing means is adapted to
      maintain said potentials U.sub.E and U.sub.S + E.sub.i /e negative with
      respect to ground potential.
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ABST
PAL  A corona generating device comprising a coronode, a metal screen having a
      shield defined by upturned integral flanges mounted thereon and a support
      member of insulating material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrostatography. More particularly, this
      invention relates to corona generating devices for applying electrostatic
      charge onto a suitable surface.
PAR  The basic electrostatographic process is disclosed in U.S. Pat. No.
      2,297,691. In this process an electrostatographic plate comprising a
      photoconductive insulating material on a conductive backing is given a
      uniform electric charge over its surface and is then exposed to the
      subject matter to be reproduced usually by conventional projection
      techniques. This exposure discharges the plate areas in accordance with
      the radiation intensity which reaches them and thereby creates an
      electrostatic latent image on or in the plate coating which may then be
      developed into visible form by applying a developer material, e.g., a
      powder, to the plate using any one of a number of development techniques
      generally known and used in the art. The developer material
      electrostatically clings to the plate in a visual pattern corresponding to
      the electrostatic image. Thereafter the developed image is usually
      transferred from the plate to a support material such as paper to which it
      may be fixed by any suitable means thereby forming a permanent print.
PAR  Instead of being developed by means of a powder, the electrostatic latent
      image may be developed using liquid development techniques such as those
      described in U.S. Pat. No. 3,084,043, for example.
PAR  The charging of the electrostatographic plate in preparation for the
      exposure step can be accomplished by means of a corona generating device
      whereby electrostatic charge is applied to the electrostatographic plate
      to raise it to a potential of approximately 500 to 600 volts. One form of
      corona generating device for this purpose is disclosed in the U.S. Pat.
      No. 2,777,957 wherein a plurality of parallel wires are connected in
      series to a high voltage source and are supported in a conductive shield
      that is arranged in closely spaced relation to the surface to be charged.
      When the wires are energized, corona is generated along the surface of the
      wires and ions are caused to be deposited on the adjacent photoconductive
      surface. Suitable means are usually provided to effect relative movement
      of the surface to be charged and the corona generating device. Such a
      device may have a single corona wire.
PAR  It has heretofore been established that consistent high quality
      reproductions can best be obtained when uniform potential is applied to
      the electrostatographic plate in preparation of the plate for exposure
      step. If the electrostatographic plate is not charged to a sufficient
      potential, the electrostatic latent image obtained upon exposure will be
      relatively weak and the resulting deposition of developer material thereon
      will be correspondingly small. If, however, the electrostatographic plate
      is overcharged, the converse will occur and if overcharged sufficiently
      the photoconductive layer of the electrostatographic plate can be
      permanently damaged. The charging of an electrostatographic plate to a
      uniform potential is generally loosely referred to in the art as uniformly
      charging the plate and for convenience this expression is used hereinafter
      to refer to charging such a plate to a uniform potential.
PAR  Since the contrast value, comparable to the contrast values obtained from
      silver halide papers, of the electrostatic latent image may be related
      directly to the potential charge on the electrostatographic plate before
      exposure, it is apparent that if the plate is not uniformly charged over
      its entire area, the contrast value of the electrostatic latent image
      obtained upon exposure will vary in different areas on the plate, and an
      uneven or mottled effect will be visible on the image when developed.
PAR  A more uniform and controlled charge can be obtained by placing a biased
      wire screen between the corona wires and the electrostatographic plate.
      This screen, which may be insulated from or electrically connected to the
      shield, permits energizing the corona wires to a potential well above the
      corona threshold potential thereof without causing damage to the
      electrostatographic plate because the excess of corona current over that
      required for proper charging of the plate is drained off by the biased
      screen. This type of corona generating device is referred to in the art as
      a "scorotron".
PAR  While a corona generating device as described above produces a very uniform
      and controlled charge, a substantial proportion of the corona generated is
      consumed by the metal shield resulting in relatively high ozone levels.
      Also, any lack of rigidity of the screen leading to it being distorted
      will result in uneven charge distribution on the plate.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of this present invention to alleviate the above
      difficulties.
PAR  To this end, the invention consists in a corona generating device
      comprising a coronode, a metal screen, a shield defined by upturned
      integral flanges on said screen and a support member of insulating
      material, preferably a plastics material.
PAR  With this construction the absence of metal opposite the screen reduces the
      current flowing to the shield and improves the efficiency compared with a
      device having a channel shaped metal shield. Furthermore constructing the
      shield elements integrally with the screen improves the rigidity of the
      latter.
PAR  The support member may be a backing element having the free edges of the
      flanges (shield elements) connected thereto e.g., by being a snap- or
      force- fit in grooves in the member but preferably this member has a
      channel shaped cross-section and the shield/screen is supported in the
      channel. With this arrangement, maximum rigidity of the screen may be
      achieved and furthermore, the metal shield elements are enclosed thus
      reducing the potential shock hazard of such devices which have
      channel-like metal shields electrically connected to the screen.
PAR  In a preferred form, the side walls of the channel member are substantially
      planar and the screen/shield has a substantially rectangular channel
      cross-section, and the screen is gripped between the plastics side walls
      with the shield elements fitting snugly against the side walls.
PAR  The coronode, which is suitably one or more wires connected between
      mountings at opposite ends of the device, is preferably arranged between
      the shield elements but it is anticipated that with reduced efficiency it
      could be arranged just outside the space encompassed by the shield
      elements.
PAR  As is known in the art, corona emission has associated therewith ionised
      particles which are propelled towards the electrostatographic plate. It
      has been found that this movement of ions leads to loss of air from the
      interior of the generating device. Air also tends to be drawn out by
      reason of the relative movement of the plate. This leads to air being
      sucked into the device, usually through the ends thereof and since this
      incoming air is likely to be dust laden, contamination problems result.
      Where the shield of the device is metal, it is essential that the shield
      be kept spaced from the electrostatographic plate, the surface of which is
      delicate and easily damaged by metal surfaces. The plate however is less
      easily damaged by plastics materials and a preferred feature of a device
      according to this invention which has a channel shaped support member is
      that the free edges of the channel side walls extend beyond the screen and
      when the device is in use can be arranged close to the electrostatographic
      plate to reduce air flow and thus contamination. At the same time the
      chances of the plate being contacted by the metal screen are reduced or
      eliminated.
PAR  It is also important that the coronode which is generally in the form of
      one or more fine wires stretched between mountings at opposite ends of the
      device be maintained in taut condition since slackness and kinks in the
      coronode wires will result in non-uniformity of the charge applied to the
      electrostatographic plate. In order to ensure that the coronode is
      maintained in sufficiently taut condition, a device of this invention may
      incorporate features of the invention disclosed in our copending
      application Ser. No. 478,208, -- filed concurrently with this application
      and assigned to the same assignee. That application describes and claims a
      corona generating device including a coronode connected between mountings,
      at least one of which comprises a fixed member and a movable member, to
      which the associated end of the coronode is attached, said members
      interacting through compressible resilient means which act to urge the
      movable member in the direction of the adjacent end of the device.
PAR  The mounting member and the movable member are preferably plastics
      mouldings and the resilient means may be of metal or plastics and may be
      formed integrally with one of the members or may be one or more separate
      elements, e.g., one or preferably a pair of compression springs.
PAR  In a preferred form, the mounting member is generally channel-shaped in
      cross-section with separate resilient means arranged in recesses in the
      side walls, and the movable member fits between the side walls and has
      lateral lugs which engage the resilient means.
PAR  In order to give the assembly maximum strength while keeping the assembly
      small, the bridge portion of the mounting channel is advantageously
      narrower than the side walls to provide a space into which a portion of
      the movable member to which the end of the coronode is attached extends.
PAR  From another aspect, the invention consists in, in or for an
      electrostatographic reproduction apparatus, a corona generating device as
      described above.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be more readily understood, reference will
      now be made to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic cross-section illustrating the operation of one
      embodiment of electrostatographic reproduction machine incorporating a
      corona generating device of this invention;
PAR  FIG. 2 is a cross-section through an embodiment of corona generating device
      according to the invention;
PAR  FIG. 3 is an exploded view of one end of the embodiment shown in FIG. 2;
PAR  FIG. 4 is an exploded view of the opposite end of the embodiment shown in
      FIG. 2;
PAR  FIG. 5 is a side view of the movable member of the mounting shown in FIG. 4
      illustrating the forces applied thereto when in use, and
PAR  FIGS. 6A and 6B schematically illustrate the way in which the shape of the
      corona emitted by the embodiment illustrated compares with that of a
      scorotron having a channel-shaped metal shield.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, the general operation of an electrostatographic
      machine as illustrated will first be described with reference to FIG. 1. A
      moving photoconductive plate, in this instance having an endless surface
      constituting the periphery of a drum 1, is first uniformly charged at a
      charging station 2 by a corona generating device of this invention and the
      surface then exposed at an exposure station 3 to a light pattern of the
      image sought to be reproduced thereby to discharge the charge in the area
      where light strikes the plate surface. The undischarged areas of the
      surface thus form an electrostatic charge pattern in conformity with the
      configuration of the original image pattern.
PAR  The electrostatic latent image is then developed into visible form by the
      development system 4 by applying liquid developer material to the plate.
      Subsequent to the development operation the now visible image is
      transferred from the plate to a sheet of final support material 5, such as
      paper of the like, thereby to form a permanent print, at a transfer
      station in accordance with the present invention schematically illustrated
      at 6. The paper or the like is fed to the transfer station by means (not
      shown) programmed to deliver the paper in synchronism with the arrival of
      the developed image.
PAR  Following transfer, residual developer remaining on the plate surface is
      removed by a cleaning blade 7 and collected for subsequent disposal. The
      plate is then further discharged or erased to a residual voltage prior to
      a further electrostatographic cycle.
PAR  The development system of the illustrated embodiment employs the techniques
      described in U.S. Pat. No. 3,084,043 in which the liquid developer is
      applied to the plate by means of an applicator, in this embodiment in the
      form of a roll 8 having a peripheral surface comprising lands and valleys
      such that the liquid developer is contained in the valleys out of contact
      with the plates, while the surface of the lands are in contact with the
      plate. In such an arragement the liquid developer is attracted from the
      valleys to the electrostatic latent image in image configuration. The
      illustrated embodiment exemplifies a typical example of such an
      arrangement in which the applicator is a rigid cylindrical member 8 having
      on its surface a pattern of grooves and ridges which comprise the lands
      and valleys respectively, the liquid developer being maintained in the
      valleys below the surface of the lands.
PAR  As a plate surface bearing the electrostatic latent image and the
      applicator are brought into moving contact, the liquid developer is drawn
      to the plate surface from the valleys of the applicator roll by the
      charges which form the electrostatic latent image.
PAR  The applicator roll 8 is supplied with liquid developer by a developer
      supply roll 10 the lower portion of which is disposed in a tray 9
      containing liquid developer. The surface of the developer supply roll 10
      is arranged in liquid transfer relationship with the peripheral surface of
      the applicator roll 8 which latter is, in operation, arranged in pressure
      contact with the surface of the drum 1. Means are provided for driving
      both of the rolls 8 and 9 in synchronism, or substantially so, with the
      drum 1.
PAR  Referring now to FIGS. 2 to 4, the illustrated embodiment of corona
      generating device according to the invention, comprises a coronode 11, a
      metal screen 12, a shield 13 defined by upturned, integral flanges along
      the side edges of the screen, and a support member 14 of plastics
      material.
PAR  The integral screen/shield 12 has a generally flat bottom U-shaped cross
      section and is formed from a flat strip of metal by stamping or etching
      the strip to form an aperture 15 spanned by narrow webs 16 (seen in FIGS.
      3 and 4), inclined to the length of the screen, and bending up the edges
      of the strip normal to the screen to form the flanges (shield elements)
      13. For a device 12 inches long, the integral screen/shield is suitably
      formed from a strip of stainless steel 0.006 inch thick and 1.25 inches
      wide and is stamped or eteched to form an aperture or window 15, 9 inches
      long and 0.45 inch wide with webs 16 0.008 inch wide and arranged at an
      angle of 45.degree. to the longitudinal axis of the device, the strip
      being bent to form flanges 13, 0.375 inch high connected by a screen
      portion 0.5 inch wide.
PAR  The support member 14 is suitably extruded of a plastics material such as
      polyvinylchloride, polytetrafluoroethylene or nylon. It has a generally
      rectangular channel-shape in cross-section and the free edges of its side
      walls 14a have upturned lips 17 behind which the screen is retained as
      shown in FIG. 2. The plastics material is preferably of a rigid grade
      firmly to support and hold the screen in position with the shield elements
      or flanges 13 snugly fitting against side walls 14a of the channel member.
PAR  With this construction, the channel section of the integral screen/shield
      gives strength to the screen and reduces distortion and the firm support
      afforded by the plastics member 14 reduces the possibility of distortion
      still further.
PAR  The back wall 14b of the plastics channel member may be provided with
      suitable fixing means 18 for mounting the device in an electrostatographic
      machine. As shown in FIG. 2 the lips 17 extend beyond the screen 12 and
      the device is best arranged with these lips closely adjacent the surface
      of the electrostatographic plate 1. In this way the small gap between the
      lips 17 and the plate surface reduces air flow from the device so
      minimizing contamination carried by the inflow of replacement air. At the
      same time the lips afford protection to the electrostatographic plate
      surface from scratching by the metal screen.
PAR  The coronode 11 comprises, in the illustrated embodiment, a single
      stainless steel wire extending between mountings at opposite ends of the
      device which will be described below and arranged centrally between the
      shield elements 13. In the specific construction of the device having the
      dimensions given above, the wire 11 is suitably 0.004 inch in diameter and
      spaced 0.2 inch behind the screen 12.
PAR  By reason of the back of the device, i.e., the wall 14b of member 14, being
      of non-conductive material the shape of the corona emitted by the device
      is altered from that exemplified by FIG. 6A for a corotron device having a
      wholly metal shield of channel shape, to that exemplified by FIG. 6B. Thus
      less current flows to the shield and the efficiency is improved. When
      setting up is required, the plastics channel member is made to touch the
      electrostatographic plate (drum) 1 and then moved away by a sufficient
      distance to avoid contact caused by eccentrically or other irregularities
      of the drum during rotation of the drum. When in use the coronode 11 is
      suitable connected to a high voltage source of say +7000 volts, the screen
      being biased to a potential of about +700 volts.
PAR  The mountings for the ends of the coronode wire 11 will now be described
      with reference to FIGS. 3 and 4. It is to be understood that any kinks or
      slackness of the wire will lead to non-uniform charging of the
      electrostatographic plate, slackness causing non-uniform spacing of the
      wire from the plate surface and also increasing the chances of vibration
      being set up in the wire while it is operating. In order to alleviate the
      problem of non-uniform charging due to these causes, one end mounting for
      the coronode wire 11 (the one shown in FIG. 4) is constructed to tension
      the wire.
PAR  The mounting shown in FIG. 4 and which forms the subject of our copending
      patent application Ser. No. 478,208, noted hereinbefore, comprises a fixed
      member 21 and a movable member 22 to which the associated end of the
      coronode wire 11 is attached. The two members 21 and 22 interact through
      compressible resilient means, compression springs 23 being shown, which
      act to urge the movable member 22 in the direction of the adjacent end of
      the device, i.e., outwardly.
PAR  The member 21 is generally channel-shaped in cross-section with the bridge
      portion 21a connecting the side walls 21b being narrower than the latter
      to form a "cut-out" or space 24 at the inboard end of the member. The
      compression springs 23 are mounted in recesses comprising grooves 25a
      extending from the outboard ends of the side wall 21b and terminating in
      bores 25b adjacent the inboard ends of the wide walls; the bores 25b are
      no longer than and preferably slightly shorter than the springs 23 when
      fully compressed and serve to hold the springs 23 against lateral
      movement.
PAR  The mounting member 21 is secured to the plastics channel member 14 by four
      lugs 26 with enlarged heads which engage in corresponding keyhold slots 27
      in the back wall 14b of the member 14.
PAR  The movable member 22 is slidably mounted between the side walls 21b of the
      mounting member 21 and is provided with lateral lugs 28 which engage in
      the grooves 25a and act against the outbound ends of the springs 23. The
      member 22 is provided with an upstanding portion 22a at its inboard end
      which fits into the space 24 and has attachment means, in the form of a
      V-slot 29, for the end of the coronode wire 11. The member 22 is thus
      generally L-shaped in longitudinal section with the lugs 28 on one limb
      and the attachment means 29 on the other limb. Frictional forces, as
      member 22 slides over the back 14b of the member 14, are kept to a minimum
      by the provision on member 22 of pimple-like feet 30.
PAR  Preferably the members 21 and 22 are plastics moldings (they may be molded
      for example of a polycarbonate or an acrylic material), and good
      electrical insulation of the coronode from the screen 12 and shield 13 and
      also, where they are of metal, the springs 23, is ensured. An end piece 31
      which is also a plastics molding, is secured in position by a screw 32
      fixed through the screen 12.
PAR  The end of the coronode wire 11 is secured to the movable attachment member
      22 of the mounting by knotting or crimping the end of the wire, as shown
      for example, and pushing it into the V-slot 29. The degree of tension
      applied to the wire 11 is indicated by the position of a member 33 on the
      member 22 relation to the maximum and minimum tension markers 34 on the
      member 21. These markers are suitably defined by indentations in the
      plastics moldings. The compression springs 23 counteract any "creep" or
      stretching of the coronode wire and unlike tension springs they cannot be
      overstretched during assembly or use.
PAR  It will be noted that the design of the resilient mounting assembly
      described above ensures that a high degree of positional accuracy of the
      coronode wire is maintained as will be understood if reference is made to
      FIG. 5. The lugs 28 on attachment member 22 are aligned by their
      engagement in the grooves 25a and the fulcrum between the lugs 28 and
      springs 23 is so arranged that the inboard feet 30 of member 22 are urged
      firmly against the back wall 14b of the member 14.
PAR  The resilient mounting may be assembled with ease. The springs 23 are
      dropped into the recesses 25 in the member 21 and the member 22 is pushed
      into position, being tilted during this operation so as to insert the
      portion 22a beyond the bridge piece 21a of member 21, the grooves 25a
      being suitably enlarged adjacent their outboard ends for this purpose.
      (The portion 22a of member 22 is provided with lip portions 35 which
      engage behind a bevelled edge 36 of the bridge portion 21a of the member
      21 due to the members being urged together by the springs 23 in the
      absence of the tensioning effect of the coronode wire 11. Thus, the
      moldings 21 and 22 are so shaped that due to the spring pressure the
      assembly does not fall apart). The assembly is then pushed into the end of
      the extruded channel member 14 and the coronode wire 11 is knotted or
      crimped and inserted in the V-slot 29. Finally the screen is secured in
      position being held by the end piece 31 to which it is connected engaging
      behind the lips 17 of the channel member 14. (It will be understood that
      during assembly, the mounting at the other end of the device will also be
      fitted in position as will become apparent from the description thereof
      given hereinbelow). Since the elements of the mounting assembly do not
      fall apart when removed from the extruded channel member 14, the mounting
      assembly may be removed for replacement of the coronode 11 without fear of
      the springs 23 becoming detached and perhaps lost. Also, it is to be noted
      that disassembly is facilitated by the end piece 31 which serves as a
      handle for the removal of the screen/shield 12, 13.
PAR  Referring to FIG. 3, the coronode mounting at the opposite end of the above
      described device is also of plastic material. A plastic molding 41 which
      is generally channel-shaped in horizontal cross-section is secured to the
      back wall 14b of the member 14 in like manner to the member 21, i.e., by
      means of headed lugs 42 engaging in keyhold slots 43 in the back wall 14b.
      The end of the coronode wire 11 is looped and secured with a metal
      connector 44 to the back wall 14b of member 14 by a screw 45 which enters
      a tapped hole 46 in wall 14b. The coronode wire passes through a slot 47
      in the member 41 which serves to position the coronode wire 11 at that
      end. A plastics end molding 48 like the molding 31 is secured to the
      screen/shield by a screw 49 and engages behind the lips 17 of member 14. A
      slot 50 in this end piece 48 is provided through which the connector 44
      extends. It will be understood that during assembly of the device
      illustrated, this mounting is best secured in position with the coronode
      wire 11 attached thereto before the resilient mounting at the other end of
      the device is placed in position and has the other end of the coronode
      wire 11 attached thereto. The end pieces 31, 48 and the screen/shield are
      then assembled.
PAR  It will be noted that at both ends of the device the coronode 11 is
      electrically well insulated from the screen/shield and where possible air
      gaps are filled with plastic material to reduce the possibility of arcing.
      While a particular embodiment has been described above, it will be
      realized that various modifications may be made to the specific details
      referred to herein without departing from the scope of the invention as
      defined in the appended claims. For example, while the screen/shield of
      the illustrated embodiment is formed from sheet metal, it could be formed
      by bending to shape a wire mesh of suitable dimensions. Or the aperture 15
      of the screen may be stamped or etched with a plurality of small
      apertures, for example each aperture being diamond shaped, separated by
      narrow webs. In another form, the aperture 15 may extend towards the edges
      of the strip in order that the bending up of the strip normal to the
      screen to form the flanges (shield elements) 13 takes place on the
      physically weaker area created by the aperture 15, thus facilitating
      bending without distortion of the screen/shield.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A corona generating device comprising a coronode, a metal screen, a
      shield defined by upturned integral flanges on said screen, and a support
      member of insulating material, the support member having a channel-shaped
      cross section, the shield/screen being supported in the channel and
      retained in the channel-shaped support member behind lips along the free
      edges of the channel side walls.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein the coronode is connected
      between mountings of plastics material at opposite ends of the device.
NUM  3.
PAR  3. A device as claimed in claim 2, wherein the coronode comprises one or
      more wires arranged between the shield elements.
NUM  4.
PAR  4. A device as claimed in claim 1 including a coronode connected between
      mountings, at least one of which comprises a fixed member and a movable
      member, to which the associated end of the coronode is attached, said
      members interacting through compressible resilient means which act to urge
      the movable member in the direction of the adjacent end of the device.
NUM  5.
PAR  5. A device as claimed in claim 4, wherein the resilient means comprises
      compression springs.
NUM  6.
PAR  6. Apparatus as claimed in claim 4, wherein the fixed and movable members
      of the mounting assembly are plastics mouldings.
NUM  7.
PAR  7. A device as claimed in claim 6, including a coronode mounting comprising
      a plastics moulding having a slot or aperture through which the coronode
      passes and is secured outwardly thereof to the back wall of the
      channel-shaped support member.
NUM  8.
PAR  8. A device as claimed in claim 7 including moulded plastic end pieces to
      which the screen/shield is secured and which engage behind said lips of
      the channel-shaped support member.
NUM  9.
PAR  9. A corona generating device comprising a coronode, a metal screen, a
      shield defined by upturned integral flanges on said screen, a support
      member of insulating material, said support member having a channel-shaped
      cross section, the shield/screen being supported in the channel, the side
      walls of the channel-shaped support member being substantially planar and
      the screen/shield having a substantially flat bottomed U-shaped cross
      section, the screen being held between said side walls with the shield
      elements fitting against the side walls, a coronode connected between
      mountings, at least one of which comprises a fixed member and a movable
      member to which the associated end of the coronode is attached, said fixed
      and movable members interacting through compressible resilient means which
      act to urge the movable member in the direction of the adjacent end of the
      device, wherein the fixed member is generally channel-shaped in cross
      section, the resilient means being arranged in recesses in said side walls
      and said movable member has laterally extending lugs which engage the
      resilient means.
NUM  10.
PAR  10. A device as claimed in claim 9, wherein the base portion of the
      channel-shaped member is narrower at its end remote from the adjacent end
      of the device and the movable member has a portion to which the end of the
      coronode is attached extending into the space so provided.
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ABST
PAL  In radiological apparatus, edge values derived by monitoring the radiation
      passed through a body along many co-planar paths are subjected to a
      transformation process, such as a convolution integral or Fourier
      transform process, in order to evaluate the absorption or transmission
      coefficients of the elements of a matrix of elements notionally
      delineated, in the plane of the paths, in the body. The values are
      inversely transformed to synthesize further edge values, and corresponding
      ones of the first mentioned and further edge values are compared to derive
      edge value error signals. The edge value error signals are indicative of
      errors in the evaluation of said coefficients and they are subjected to
      the aforementioned transformation process to derive therefrom individual
      correction signals for the various elements of the matrix.
BSUM
PAR  This invention relates to radiology. In particular, it relates to a method
      of producing a representation of the absorption of elements of a planar
      section of a body in response to examination of the body by means of
      penetrating radiation, such as X- or .gamma.- radiation.
PAR  It has been proposed hitherto to form a radiograph of a planar,
      cross-sectional region of a body by passing a narrow sweep of X- or
      .gamma.- rays transversely through said region in a series of different
      directions and measuring the absorption of the rays in order that the
      absorption coefficients of a matrix of elements notionally delineated in
      said region may be computed. Our U.S. Pat. No. 3,778,614 discloses a
      method and apparatus for providing a representation of the absorption
      coefficients of a matrix of such notional elements by a process of
      successive approximations. The sweep of rays from a source of radiation is
      directed in a precisely determined manner through the region towards
      detecting means; the cross section of each ray being small with respect to
      the transverse extent of the body in said plane. It will be apparent that
      the relationship between the source output and the radiation detected by
      the detecting means is indicative of the absorption suffered by the
      radiation in traversing the elements in a ray path, and thus an
      approximate absorption coefficient value may be assigned to each element
      by assigning substantially the same amount of absorption to each element.
      By passing rays through the body to provide a unique group of ray paths
      intersecting each element, the value of absorption coefficient assigned to
      each element may be altered in accordance with a sequential process of
      successive approximations, by which the individual values assigned to each
      element tend to converge on the actual value thereof. The individual
      values of absorption coefficient assigned to each element are called mesh
      values in this specification.
PAR  The various over-all absorption values measured along respective paths
      (which values, in this specification, will be referred to as "edge
      values"), may alternatively be directly transformed by transformation
      processes, such as Fourier transforms or convolution integral processes,
      for example, in order to evaluate the absorption coefficient of each
      element, that is each mesh value. Such processes are described in the
      Article entitled "Representation of a Function by Its Line Integrals, with
      Some Radiological Applications," by A. M. Cormack, published in the
      Journal of Applied Physics, September 1963, Volume 34, No. 9 and October
      1964, Volume 35, No. 10, and in the Article entitled "Three-dimensional
      Reconstruction from Radiographs and Electron Mictrographs : Application of
      Convolutions instead of Fourier Transforms" by G. N. Ramachandran and A.
      V. Lakshminarayanan, published in the Proceedings of the National Academy
      of Science, U.S.A. September 1971, Volume 68, No. 9. Such transformation
      processes give good resolution of the absorption coefficients, but have
      the disadvantage that, unlike the process of successive approximations
      described in our aforementioned Specification there occurs no
      self-correction of the evaluated coefficients, with respect to
      low-frequency spatial variations in absorption coefficients across the
      matrix, or with respect to an over-all d.c. offset of said coefficients
      relative to a datum level.
PAR  It is an object of the invention to provide an improved method of producing
      a representation of the absorption of elements in a planar section of a
      body in response to an examination of the interior of a body, by means of
      scanning radiology which combines the advantages of transformation
      processes and processes of successive approximation.
PAR  According to the present invention from one aspect there is provided a
      method of producing a representation of the absorption of elements in a
      planar section of a body in response to an examination of the a body with
      penetrating radiation such as X- or .gamma.- radiation including the steps
      of:
PAR  i. deriving a respective edge value indicative of the absorption suffered
      by said radiation on traversing each of a plurality of substantially
      co-planar paths of which at least some intersect, the cross sectional
      dimensions of each ray being small compared with the dimensions of the
      body,
PAR  ii. performing a transformation process upon said edge values to provide
      mesh signals indicative of a first estimate of the values of the
      coefficient of radiation absorption or transmission of respective ones of
      a plurality of elements in a matrix of elements notionally delineated in
      said body in the plane of said paths, and
PAR  iii. operating upon said mesh signals by:
PA1  a. deriving, from said mesh signals, further edge values indicative of the
      values which respective ones of said first mentioned edge values should
      assume if the said mesh signals are correct,
PA1  b. comparing said first edge values with respective ones of said further
      edge values to derive edge error signals,
PA1  c. transforming said edge error signals to mesh error signals indicative of
      errors in said mesh signals, and
PA1  d. changing said mesh signals in accordance with said mesh error signals.
PAR  In one example of the invention, a plurality of edge values may be measured
      around a body to be examined in the manner described in said Patent
      Specification. The edge values are then transformed according to a
      predetermined transformation process, such as a convolution integral or
      Fourier transform or inverted process as described in the aforesaid
      articles, to provide mesh signals indicative of the absorption
      coefficients of respective ones of a plurality of elements in a matrix of
      notional elements in the plane of the body examined by the radiation.
      These mesh signals are stored, for example in the storage means of an
      electronic computer.
PAR  According to this invention, the mesh signals are subjected to a corrective
      operation. The mesh signals are applied to means for performing a
      transformation which is the inverse of the transformation process referred
      to above. Such a re-inversion process may simply be performed by summing
      the values of mesh signals assigned to elements in each path (taking
      suitable account of the fact that the paths will not intersect all of the
      elements equally, in general, so that weighting factors have to be applied
      in the manner described in the aforementioned Patent Specification) so as
      to derive further edge values which are indicative of what the
      first-mentioned edge values should have been if the mesh signals were all
      correct. Ideally, therefore comparison of the further edge values with the
      corresponding first mentioned edge values should yield a zero result.
      However in practice such comparison yields an edge error signal indicative
      of errors which may have been produced in the transformation processing.
      It will thus be apparent that an edge error signal (.DELTA. Z) may be
      produced for each edge value by comparing the value of each of the further
      edge signals with the corresponding one of the first mentioned edge
      values, for example by subtraction i.e.
EQU  .DELTA. Z = Z.sub.e - Z.sub.e ', where Z.sub.e represents one of the
      first-mentioned edge readings (i.e. a reading actually measured) and
      Z.sub.e ' represents the corresponding one of the further edge readings
      (which is not actually measured but is synthesized from the aforementioned
      mesh signals for elements disposed along the respective path).
PAR  The plurality of edge error signals thus produced are consequently
      transformed in a similar manner to the first mentioned edge readings (i.e.
      by the aforementioned transformation process) to provide mesh error
      signals indicative of the error in the stored value of each cell signal.
      Thus, by changing the mesh signals in accordance with their respective
      mesh error signals, the error therein is reduced.
DRWD
PAR  In order that the invention may be fully understood and readily carried
      into effect, it will now be described by way of example with reference to
      the single FIGURE of the accompanying drawing which shows in block
      diagrammatic form an example of apparatus for carry out the method
      according to the invention.
DETD
PAR  The apparatus illustrated is arranged to examine a planar section of a body
      placed in aperture 1. A frame member 2 locates a source of said
      penetrating radiation, for example a Coolidge tube 3, opposite to a
      radiation detector 4 which may for example comprise a NaI scintillator
      crystal and associated photomultiplier tube. The frame 2 is capable of
      performing a reciprocating motion relative to a discoidal backplate 5,
      being driven by a reciprocating motor 6 and a connecting rod 7. In the
      position shown, the frame 2 may oscillate in a right-left-right direction.
      The backplate 5 is capable of being rotated about the aperture 1, in the
      plane of reciprocation of frame 2, by motor 8. Thus the X-ray tube 3 may
      be arranged to pass a sweep of parallel rays through a body placed in
      aperture 1, from a series of different angles. The reciprocating motor 6
      and motor 8 operate in response to pulses from a clock 9 such that the
      absorption of radiation along a predetermined sequence of co-planar rays
      through the body may be determined. The output pulses from the detector 4
      are counted in a counter 10 and read out in response to pulses from clock
      9.
PAR  It will be apparent that the digital numbers derived from counter 10 are
      indicative of the aforementioned edge values, and signals indicative of
      said edge values are applied to a logarithmic amplifier 11 to provide
      output signals respectively indicative of the absorption or transmisssion
      of radiation along the ray paths, and which are stored in store 12. The
      signals stored in store 12 indicative of said edge values, are applied via
      gate 13 to a transform computer 14, which is arranged to effect a
      transformation process to transform said signals indicative of edge values
      to mesh signals, respectively indicative of the absorption or transmission
      coefficients of a plurality of elements in a matrix of elements notionally
      delineated in the plane section of the body described by the locus of rays
      from said X-ray source. The computer may perform the transformation
      process by a Fourier transformation as described in the first
      aforementioned articles or by a convolution transformation as described in
      the section of the aforementioned article.
PAR  To compensate for variation in the absorption for various angles at which
      different rays pass through the elements of the matrix, various weighting
      values are assigned (as aforementioned) to the edge values for the
      transformation computation, the weighting factors being derived from a
      weighting factor store 15, and the values thereof being assigned as
      described in the aforementioned Patent Specification. The mesh values
      derived from the computations are stored in a store 16, there being one
      mesh value for each element or mesh of the matrix notionally delineated in
      the planar section of the body examined by the radiation, each mesh value
      being stored in a respective storage location. The computer 14 thus
      carries out the well-known mathematical operation on inversion that is it
      transforms or inverts edge values into mesh values.
PAR  Another transform computer 17 is provided for transforming the stored mesh
      signals to signals indicative of further edge values, by performing a
      transformation which is the inverse of that performed by computer 14. Thus
      it re-inverts the mesh value signals. Since the mesh signals are
      indicative of the absorption coefficients, the mesh signals assigned to
      elements in the paths of respective rays are summed to derive said further
      edge values indicative (in logarithmic form) of what the original edge
      values should have been if the mesh signals as stored in store 16 were
      correct. Each of the mesh signals in the summations is weighted by similar
      weighting factors to those applied to computer 14 from store 15, and the
      further edge values thus derived from the computer 17 are stored in a
      store 18. Comparator 19 provides edge error signals indicative of the
      difference between a set of signals indicative of the original (i.e.
      measured) edge values derived from store 12, and respective ones of a
      corresponding set of further edge values derived from store 18, said edge
      error signals being applied to the transform computer 14 via gate 20.
PAR  In operation, the X-ray source 3 and detector 4 are arranged to measure the
      absorption along a plurality of parallel sets of ray paths at different
      angles through a section of the body to thereby generate a collection of
      signals indicative of edge values which are stored in store 12. Gate 13 is
      triggered open and the transform computer 14 generates a set of mesh
      signals from the edge signals which are stored in store 16.
PAR  To reduce errors produced in this transformation, a corrective calculation
      is then performed. From the mesh values, transform computer 17 generates a
      corresponding set of further edge signals which are stored in store 18.
      Comparator 19 subtracts the signals indicative of edge values from the
      corresponding ones of said further edge values. These edge value signals
      may be derived from store 12 or directly from amplifier 11 if a further
      set of edge value measurements is taken. Gate 20 is opened and gate 13 is
      shut, and edge error signals from the comparator 19 are applied to
      transform computer 14. The transform of said edge error signals comprises
      mesh error signals indicative of errors in the mesh signals stored in
      store 16. Information in the store 16 is thus changed, in this example by
      adding the mesh error signals to corresponding ones of said stored mesh
      signals to update the store 16.
PAR  It will be apparent that a series of such corrective calculations may be
      performed so that the mesh signals converge and become indicative of the
      actual value of the absorption or transmission coefficients of the
      elements of the matrix. A threshold may be included in the system to stop
      the corrective calculations when either the edge error signals or the
      transforms thereof reach a certain value indicating a required accuracy in
      the cell signals.
PAR  The contents of store 16, may be then displayed on a display 21 which may
      comprise, for example, a cathode ray tube means or a tone printer.
PAR  Although the method according to the invention requires more processing
      time than is required for a single transformation process, the accuracy of
      the initial transformation can be reduced, reducing the required
      calculation complexity as compared with the accuracy of transformation
      which would have been required had the transformation process been used
      alone. Moreover there is no need to increase the number of edge readings
      and hence the radiation dosage applied to the body, which may be living
      matter, is not increased.
PAR  Although the transformation of the edge values in accordance with the
      invention may be carried utilising any suitable transformation process,
      the transformation which achieves the transposition of said edge values to
      said corresponding mesh signals may be performed according to the
      disclosure in co-pending British Pat. application No. 19528/73,
      corresponding to U.S.A. application, Ser. No. 462,104.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of producing a representation of the absorption of elements in
      a planar section of a body in response to an examination of the body with
      penetrating radiation such as X- or .gamma.- radiation including the steps
      of:
PA1  i. deriving a respective edge value indicative of the absorption suffered
      by said radiation on traversing each of a plurality of substantially
      co-planar paths of which at least some intersect, the cross sectional
      dimensions of each ray being small compared with the dimensions of the
      body,
PA1  ii. performing a transformation process upon said edge values to provide
      mesh signals indicative of a first estimate of the values of the
      coefficient of radiation absorption of respective ones of a plurality of
      elements in a matrix of elements notionally delineated in said body in the
      plane of said paths, and
PA1  iii. operating upon said mesh signals by:
PA1  a. deriving, from said mesh signals, further edge values indicative of the
      values which respective ones of said first mentioned edge values should
      assume if the said mesh signals are correct,
PA1  b. comparing said first edge values with respective ones of said further
      edge values to derive edge error signals,
PA1  c. transforming said edge error signals to mesh error signals indicative of
      errors in said mesh signals, and
PA1  d. changing said mesh signals in accordance with said mesh error signals.
NUM  2.
PAR  2. A method according to claim 1 wherein said transformation process is an
      integral convolution process.
NUM  3.
PAR  3. A method according to claim 1 wherein the transformation of said edge
      error signals into mesh error signals is effected in accordance with the
      same transformation process used to provide said mesh signals from said
      edge values.
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ABST
PAL  A photoconductive detector is formed in a single body of semiconductor
      material and is used for sensing electromagnetic radiation, such as
      infrared radiation. The photoconductive body has a cooling means proximate
      that body for maintaining the body at a predetermined quiescent
      temperature and also has output means connected to the body for receiving
      a signal from the body. Further included are heating means proximate said
      photoconductive body and adapted to heat the photoconductive body to a
      temperature above said quiescent temperature for a time sufficient to
      accelerate decay of the radiation produced signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention herein described was made in the course of or under a
      contract, or subcontract thereunder with the Department of the Army.
PAR  When radiation of the proper energy falls upon a photoconductive
      semiconductor, the conductivity of the semiconductor increases. Energy
      supplied to the semiconductor causes covalent bonds to be broken, and
      electronhole pairs in excess of those generated thermally are created.
      These increased current carriers decrease the resistance of the material.
      This "photoconductive effect" in semiconductor materials is used in
      photoconductive detectors.
PAR  A photoconductive detector is a bar of semiconductor material having
      electrical contacts at the ends. In its simplest form, the photoconductive
      detector is connected in series with a direct current voltage source and a
      load resistor. The change in resistivity of the photoconductive detector
      in response to incident radiation is sensed in one of two ways. If the
      resistance of the load resistor is much greater than the resistance of the
      detector, the device is operated in the "constant current mode," since the
      current through the detector is essentially constant. In this mode, the
      change in resistivity of the photoconductive detector is usually sensed by
      measuring the change in voltage across the photoconductive detector.
PAR  If, on the other hand, the resistance of the load resistor is much less
      than the resistance of the detector, the photoconductive detector is
      operating in the "constant voltage mode" since the voltage across the
      photoconductive detector is essentially constant. The change in
      resistivity of the photoconductive detector is usually sensed by measuring
      the voltage change across the load resistor.
PAR  Of the two detector modes, the constant current mode finds wider use in
      photoconductive detectors made from semiconductor materials having low
      resistivity. For this reason, further discussion in this specification
      will deal with the constant current mode rather than the constant voltage
      mode.
PAR  Photoconductive detectors have found many applications. One particularly
      important area is in the detection of infrared radiation. Infrared sensing
      photoconductive detectors are widely used for various heat and object
      sensing applications.
PAR  One widely used intrinsic infrared sensitive photodetector material is
      mercury cadmium telluride, which consists of a mixture of cadmium
      telluride and mercury telluride. Cadmium telluride is a wide gap
      semiconductor (E.sub.g =1.6eV), and mercury telluride is a semimetal
      having a "negative energy gap" of about -0.3eV. The energy gap of the
      alloy varies linearly with x, the mole fraction of cadmium telluride in
      the alloy, Hg.sub.1-x Cd.sub.x Te. By properly selecting x, it is possible
      to obtain mercury cadmium telluride detector materials having a peak
      response at any of a wide range of infrared wavelengths. Of particular
      importance are those wavelengths in the 8 to 14 micron range.
PAR  When signal producing radiation impinges upon a photoconductive body, a
      signal is produced from the resultant flow of electrons. The
      photoconductive gain is equivalent to the number of times an electron
      passes through the circuit before the electron recombines with one of the
      holes created. This length of time while the electron is passing through
      the circuit is known as a recombination time, generally defined as how
      long the electron will travel before it recombines with a hole. This
      recombination time is directly related to the temperature of the
      semiconductor. In many semiconductors, and in particular, with mercury
      cadmium telluride, it is necessary to operate the semiconductor at a
      cryogenic temperature of, for example 3.degree.K to 80.degree.K in order
      to have a recombination time sufficient to achieve a usable
      photoconductive gain.
PAR  Materials such as mercury cadmium telluride which have extremely long
      photoconductive response times, on the order of 100 to 300 milliseconds,
      have not been found to be useful in certain applications because of this
      long recovery time. Many times, the photoconductive material is in an
      atmosphere where nuclear or gamma ray sources are present, either
      naturally or created artificially. Thus, nuclear interactions will swamp
      the detector and no useful output can be obtained. Since the detector must
      receive radiation from the source sought to be detected, it is impossible
      to completely shield the detector from unwanted nuclear radiation. In
      other instances, various objects are sought to be detected such as, for
      example, two closely spaced stars or other celestial bodies. If these two
      objects to be detected are too close together, the detector will still be
      reporting the signal of the first body when it begins to receive the
      radiation from the second body. Many times, the two signals either
      overload the detector or, in the case when the second body is
      significantly smaller than the first, the second signal is lost in the
      response from the first body's signal.
PAR  Accordingly, it would be of great advantage to the art if a semiconductor
      device could be created which would be sensitive, that is have long
      recombination times and therefore a high photoconductive gain, without the
      adverse effects of a long recombination time.
PAR  Another advantage would be if a detector could be provided which would be
      insensitive to background (nuclear) radiation of the type which produces
      more signals than can be effectively dissipated.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides for a detector which is significantly more
      sensitive to sensing signal producing radiation which is closely spaced in
      incidence upon the detector by significantly shortening the time needed
      for decay of the radiation produced signal. Likewise, the present
      invention provides for a detector which can recover quickly from unwanted,
      nuclear interaction.
PAR  The photoconductive detector of this invention employs a heating means
      proximate the detector itself, which is adapted to heat the detector body
      to a temperature above the predetermined quiescent temperature at which
      the body is maintained for a sufficient time to accelerate the decay of
      radiation producing signals. This is accomplished by raising the
      temperature of the body to a point where the recombination time is
      substantially shorter than its value at the predetermined quiescent
      temperature. The invention is particularly suitable for use with
      semiconductors such as mercury cadmium telluride which are adapted to
      produce a signal upon incidence of infrared radiation. In those instances
      when a cooling means is provided to maintain the photoconductive body at a
      quiescent temperature ranging from as low as 3.degree.K to 30.degree.K,
      this invention contemplates the use of a voltage source means for applying
      a potential from less than one to more than ten volts across said body,
      thereby raising the temperature of the body to a temperature above the
      quiescent temperature for a sufficient time to accelerate decay of the
      radiation produced signal. Normally this time will range from less than
      three microseconds to more than three milliseconds, and can be induced by
      electronic switching, such as, for example, from a peak detector circuit
      which senses the signal peak from the signal producing portion of the
      detector apparatus. The signal may be produced from an amplifier and
      display the output visually on a screen in a conventional manner.
      Elimination of the decay time after the peak signal is recorded will
      permit identification of closely spaced signals generated by the
      photoconductive body.
PAR  The voltage source means for applying the heating pulse can also be induced
      by electronic switching, such as, for example, from a discriminator which
      senses the very fast rise in signal from an unwanted, nucleartype
      interaction. Immediate application of the heating pulse will totally
      eliminate the unwanted signal.
PAR  The invention and its many features will become apparent from the following
      description and the appended drawings, in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a prior art photoconductive detector.
PAR  FIG. 2 is an energy level diagram of the photoconductive detector of FIG.
      1.
PAR  FIG. 3 is an energy level diagram of a photoconductive detector utilizing
      minority carrier trapping.
PAR  FIG. 4 is a schematic diagram of a photoconductive detector employing the
      present invention.
PAR  FIG. 5 is a schematic diagram of a photoconductive detector employing the
      preferred embodiment of the present invention.
PAR  FIG. 6 is a reproduction of an actual output from a photoconductive
      detector of the type shown in FIG. 1.
PAR  FIG. 7 is a reproduction of an actual output of a photoconductive detector
      employing the invention as shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  As shown in FIG. 1, the photoconductive detector is a body of N-type
      semiconductor material 10. This material may be any semiconductive
      material which produces a signal upon incidence of signal producing
      radiation through the formation of an electron and hole pair in the manner
      described. Particularly useful semiconductor materials are those which are
      sensitive to infrared radiation, such as mercury cadmium telluride.
      Mercury cadmium telluride and other similar semiconductor materials are
      described in the prior art. Specific descriptions may be found in U.S.
      Ser. No. 393,264, filed Aug. 30, 1973, and U.S. Ser. No. 420,175, filed
      Nov. 29, 1973, commonly owned.
PAR  Battery 16 and resistor 18 are connected in series with the detector 10
      through lines 20 and 21. The change in resistivity with incident radiation
      is sensed by measuring the voltage across detector 10. Amplifier 14
      amplifies this voltage to produce an output signal through line 24. The
      radiation flux Q.sub.s received by the photoconductive detector 10 creates
      electron-hole pairs. The hole is designated by h and the electron by e.
      Line 23 represents a ground line. Cooling means 12 maintains the
      temperature of the body 10 at a predetermined quiescent temperature.
PAR  FIG. 2 shows a schematic energy level diagram of the detector of FIG. 1,
      and an N-type semiconductor having ohmic contacts at both ends with a
      potential applied between the contacts. When a signal photon in the
      incident photon flux Q.sub.s is absorbed in the semiconductor material, an
      electron-hole pair is created. These excess carriers are not
      distinguishable from thermal equilibrium carriers. The excess carriers
      drift with the applied field, until recombination takes place. The
      magnitude of the photosignal depends primarily upon the number of
      electron-hole pairs created per signal photon (quantum efficiency), the
      length of time these excess carriers are available for the excess
      conduction process, and the background carrier concentration.
PAR  In principle, therefore, the photosignal can be increased by simply
      extending the time that the excess carriers are available for the
      conduction process. This can be accomplished by introducing impurity or
      native defects that act as minority carrier traps in the semiconductor
      material. FIG. 2 schematically shows the conduction and valence band of a
      photoconductive material having minority carrier traps. Immediately after
      the electron-hole pair is created, an electron from the defect center
      traps the excess hole. In other words, the hole is raised to the defect
      level. Since the hole is now localized at the trap level, there is a low
      probability that the excess electron will recombine with the hole until
      the hole is re-emitted from the trap to the valence band. The time
      required for the hole to be re-emitted increases the time that the excess
      electron is available in the conduction process, thus increasing the
      photosignal by increasing the photoconductive gain. Under the proper
      conditions, this increase in time and signal can be many orders of
      magnitude. Generally, the lower the temperature of operation, at the
      quiescent state, the greater the magnification of gain.
PAR  FIG. 3 represents the movement of an electron hole to the trap level upon
      incidence of a signal photon flux Q.sub.s.
PAR  Thus, for effective operation of a photoconductive device, and the
      increasing of photoconductive gain, the optimization of this process
      involves the use at a low predetermined quiescent temperature, such as
      from approximately 3.degree.K to 30.degree.K in the case of mercury
      cadmium telluride, or other infrared sensitive semiconductors, and results
      in a significantly long photoconductive response time, in the order of 100
      to 300 milliseconds. The result of using such a device is that a
      significantly detectable signal is produced by the incidence of signal
      producing radiation. This signal is then passed on to an output means
      connected to the semiconductor body for receiving a signal from the
      semiconductor itself. Normally, as has been described, the output means
      includes an amplifier means for amplifying the signal and a display means
      for visually reproducing this signal. FIG. 6 represents the display of a
      signal received by a semiconductor means of the type shown in FIG. 1. An
      extremely fast rise of signal is noted on the left hand portion of the
      curve, followed by an extremely long (in relation to the rise time) decay
      time shown by the essentially parallel tapering line flowing from left to
      right in the drawing. This particular signal required approximately 500
      milliseconds to decay.
PAR  Shown in FIG. 4 is a semiconductor device which has been modified by the
      present invention. Again there is a semiconductor body 10 in series with a
      battery 16 and a load resistor 18, connected through lines 20 and 21.
      Cooling means 12 is provided to maintain the body 10 at a predetermined
      quiescent temperature sufficient to provide an adequate photoconductive
      gain whereby a proper signal may be received by the output means. The
      cooling means 12 is positioned to maintain the body 10 at a predetermined
      quiescent temperature which is most effective in lengthening the
      recombination time. In the case where the body is of a material which
      requires extremely low temperature, conventional cooling means may be used
      to maintain the temperature as low as 3.degree.K. Reference is hereby made
      to the text, Handbook of Infrared Technology, by Paul W. Kruse et. al.,
      1962, John Wyley & Sons, Inc. Particular attention should be drawn to
      pages 393 through 398, which describe methods for maintaining
      semiconductor bodies at low temperature.
PAR  Incidence of radiation in the form of a signal photon flux Q.sub.x again
      produces electron-hole pairs, wherein the hole is shown by h and the
      electron is shown by e. Again the system is grounded in line 23. Also
      described in FIG. 4 is a heating means. This heating means includes a
      means responsive to the production of a signal in line 24 from amplifier
      14 and is connected to line 24 through line 25. This signal sensing means
      26 detects the production of a signal by the semiconductor 10 upon
      incidence of a signal photon flux Q.sub.s and passes this information
      through line 27 to heating means 28. The heating means 28 then causes the
      temperature of the semiconductor 10 to rise through line 29 to a
      temperature above the quiescent temperature for a time sufficient to
      accelerate the decay of the radiation produced signal.
PAR  Shown in FIG. 5 is an apparatus employing the present invention which
      represents the preferred embodiment. A detector 10 is positioned adjacent
      to a cooling means 12 for maintaining the body 10 at a predetermined
      quiescent temperature. In the case of mercury cadmium telluride or other
      infrared detectors, this temperature may range from 3.degree.K to
      30.degree.K. Incidence of signal producing radiation upon the detector 10
      results in a signal which passes to output means 14, in this case an
      amplifier, through line 20. The output signal is sent to a display means
      (not shown) via line 24. Line 23 grounds the amplifier and detector means.
      A peak detector circuit 26 is connected to output line 24 via line 25 to
      sense the production of a signal through incidence of signal producing
      radiation on the body 10. When the peak detector identifies a voltage
      peak, indicative of production of a signal, a signal is passed via line 29
      to switch 30. Closing of the switch 30 permits the applying of a potential
      of from one to ten volts across the body 10 derived through voltage source
      32. Normally, a biasing voltage from voltage source 16 and load resistance
      18 has maintained the conductor in a constant current mode. This potential
      from voltage source 32 is applied across the body 10 for sufficient time
      to raise the temperature of the body 10 above the quiescent temperature
      and accelerate decay of the radiation produced signal by detrapping holes
      and substantially shortening the recombination time. Normally, this
      voltage need only be applied for a very short period of time, in the order
      of 3 to 30 microseconds. The constant cooling means 12 is sufficient to
      reduce the temperature of the body back to the predetermined quiescent
      temperature in an extremely short time so that the entire time for decay
      of the signal produced by incidence of radiation is in the order of 100
      microseconds to 3 milliseconds. Thus the detector is ready and available
      to receive a new signal in less than 3 milliseconds, significantly shorter
      in time than the greater than 200 milliseconds of the prior art.
PAR  Shown in FIG. 7 is a reproduction of an actual output from a device as
      shown in FIG. 4 and in FIG. 5. As can be seen, on the extreme left hand
      portion of the curve a voltage indicating the production of a signal after
      receipt of radiation causing such signal gives rise to a displayed signal.
      Simultaneously, the peak detector 26 has noticed the voltage peak and
      operates the switch 30 to apply a potential across the body 10 from
      voltage source 32. This voltage applied for an extremely short period of
      time, less than 30 microseconds, causes decay of the signal by decreasing
      the recombination time for the electron. Thus the display screen shows no
      signal after an extremely short period, in the order of one microsecond.
      When the detector is subjected to two closely spaced radiation signals, a
      second signal as shown in the rising portion of the middle left hand side
      of FIG. 7 will also be detected and it is readily discernible as being
      different from the first source. Comparison of the readily discernible
      second signal in FIG. 7 with the hardly discernible wiggle in the middle
      of the line from FIG. 6 clearly shows that the detector is now capable of
      clearly identifying two closely spaced sources of signal producing
      radiation, whereas the prior art detector was unable to make such a
      distinction due to the long decay time of the detector.
PAR  Likewise, in FIG. 5, logic 26 can be a fast-rise discriminator. Thus, when
      a fast-rise signal, indicative of unwanted, nuclear-type interaction, is
      indicated, the pulse to close switch 30 can be immediately closed. In that
      manner, the heating pulse will virtually eliminate the unwanted signal.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. In a detector having a photoconductive body, cooling means for
      maintaining said body at a predetermined quiescent temperature, and output
      means for receiving a signal from said body upon incidence of signal
      producing radiation, the improvement comprising:
PA1  heating means responsive to said output means for heating said body to a
      temperature and for a time sufficient to accelerate decay of said
      radiation produced signal.
NUM  2.
PAR  2. The detector of claim 1, wherein said heating means includes voltage
      source means for applying a potential of several volts to said body.
NUM  3.
PAR  3. The detector of claim 2, wherein said heating means further includes a
      fast rise discriminator means for sensing said signal in said output
      means, and switching means for activating said voltage source means for
      from less than 3 to 30 microseconds upon receipt of said signal by said
      discriminator means.
NUM  4.
PAR  4. The detector of claim 3, wherein said heating means further includes a
      peak detection means for sensing said signal in said output means and
      switching means for activating said voltage source means for from less
      than 3 to 30 microseconds upon receipt of said signal by said peak
      detector means.
NUM  5.
PAR  5. A detector for sensing signal producing radiation comprising:
PA1  a photoconductive body means for producing a signal upon incidence of
      signal producing radiation;
PA1  cooling means proximate said body means for maintaining said body means at
      a predetermined quiescent temperature;
PA1  output means connected to said body means for receiving a signal from said
      body means; and
PA1  heating means proximate said body means for heating said body means to a
      temperature above said quiescent temperature for a time sufficient to
      accelerate decay of said radiation produced signal.
NUM  6.
PAR  6. The detector of claim 5, wherein said photoconductive means produces a
      signal upon incidence of infrared radiation.
NUM  7.
PAR  7. The detector of claim 6, wherein said photoconductive body includes a
      mercury cadmium telluride body.
NUM  8.
PAR  8. The detector of claim 7, wherein the quiescent temperature ranges from
      about 3.degree.K to about 30.degree.K.
NUM  9.
PAR  9. The detector of claim 8, wherein said output means includes amplifier
      means for amplifying said signal.
NUM  10.
PAR  10. The detector of claim 9, wherein said output means further includes
      display means for visually reproducing said signal.
NUM  11.
PAR  11. The detector of claim 8 wherein said heating means includes voltage
      source means for applying a potential of several volts across said body.
NUM  12.
PAR  12. The detector of claim 11, wherein said heating means further includes a
      fast rise discriminator means for sensing said signal in said output
      means, and switching means for activating said voltage source means for
      from less than 3 to 30 microseconds, upon receipt of said signal by said
      discriminator means.
NUM  13.
PAR  13. The detector of claim 11, wherein said heating means further includes a
      voltage peak detector means for sensing said signal in said output means,
      and switching means for activating said voltage source means for from less
      than 3 to 30 microseconds, upon receipt of said signal by said peak
      detector.
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ABST
PAL  In a method of investigating a body of means of penetrating radiation such
      as X- or .gamma.- radiation, the energy of the radiation is chosen to be
      such that the radiation is scattered, rather than absorbed, by the body.
      The scattered radiation is detected by means of banks of detector means
      disposed on the opposite side of the body to the source, and the detector
      means include energy analyzing means to enable the angle of incidence
      thereon of scattered radiation to be determined.
BSUM
PAR  The present invention relates to radiology, and it relates especially to
      the kind of radiological apparatus and method in which a tomographic
      section of a body is investigated using radiation of energy in the range
      0.2 MeV to 2.0 MeV. In this energy range, the radiation tends to be
      scattered, rather than absorbed, by the body and if the radiation is
      directed into the body from a known direction along a thin "pencil" beam,
      or ray as it might be called, then the direction of emergence of the
      radiation from the body can be monitored and used to determine the
      positions of scatter centres within the body. The direction of emergence
      is conveniently monitored by means of a plurality of detectors disposed in
      concentric rings centred on the axis of the pencil beam, and the beam and
      detectors are scanned synchronously relative to the body so as to permit
      said tomographic section to be examined.
PAR  The detection of the angle of incidence of the scattered radiation can be
      associated with some difficulty and it is an object of this invention to
      provide a radiological apparatus and method in which this difficulty is
      reduced.
PAR  According to the invention from one aspect there is provided a method of
      examining a body by means of penetrating radiation such as X- or .gamma.-
      radiation, the energy of the radiation being such that it tends to be
      scattered by, rather than absorbed by, the body, including the steps of:
PA1  A. directing said radiation in the form of a pencil like beam into said
      body,
PA1  B. defining at least one annular detection region arranged concentric to
      said beam in a plane which is intersected substantially normally by the
      beam,
PA1  C. detecting radiation incident, after passage through the body, on at
      least one of siad regions,
PA1  D. monitoring the energy of said detected radiation,
PA1  E. correlating the monitored value of the energy with the radius of the
      detection region on which the radiation was incident so as to determine
      the path taken by that radiation through the body and
PA1  F. repeating steps (b), (c), (d) and (e) while said radiation is directed
      into the body from different dispositions relative thereto.
PAR  According to the invention from another aspect there is provided apparatus
      for examining a body by means of radiation such as X- or .gamma.-
      radiation, including a source of a beam of radiation of energy in the
      range 0.2 to 2.0 MeV, means for directing said radiation into said body, a
      detecting arrangement disposed on the opposite side of said body to said
      source, the detecting arrangement comprising a plurality of arrays of
      detectors, arranged in circles concentric about the said beam, and means
      associated with said detectors for determining the energy of radiation
      detected thereby.
DRWD
PAR  In order that the present invention may be clearly understood and readily
      carried into effect, one embodiment thereof will not be described, by way
      of example only, with reference to the accompanying drawing, the single
      FIGURE of which shows, in schematic form, apparatus in accordance with one
      example of the invention.
DETD
PAR  Referring to the drawing, a source 1 of penetrating radiation, in this case
      X-radiation, is arranged to irradiate a body 2 along a thin pencil beam 3.
      The energy of the radiation is arranged to be such that the radiation
      tends to be scattered rather than absorbed by the body and in this example
      the energy of the radiation lies in the range from 0.2 MeV to 2.0 MeV.
PAR  Disposed in a plane on the opposite side of the body 2 to the source 1 are
      three circular arrays of radiation sensitive detectors 4, 5 and 6; the
      arrays being concentric about the produced line 7 of the beam 3, the
      latter intersecting at right angles the plane of the detectors. Each array
      of detectors is such as to be capable of measuring the energy of the
      radiation received thereby.
PAR  Thus the extent to which a scattered ray such as 8 has been deviated from
      the straight-through path 7 is known by virtue of which of the arrays of
      detectors it is incident upon. Moreover the energy of the radiation in the
      scattered ray such as 8 is known. This latter knowledge can be used to
      determine the angle .phi. between the straight-through path 7 and the
      scattered ray 8 -- which will depend upon the position of the scattering
      point 9 within the body 2 -- by virtue of the well known Compton
      scattering formula:
EQU  .DELTA..lambda. = 0.024 (1-cos .phi.)
PAL  which relates the change in wavelength (and hence change in energy) between
      the scattered ray 8 and the input pencil beam 3. Thus, by using suitable
      pulse-height analysers 10 associated with the detector arrays, it is
      possible to measure the energy accurately and so to compute .phi. and
      therefore the distance Z of the scattering point 9 along the axis 3, 7.
PAR  Suitable energy discriminating detectors are lithium -- drifted silicon,
      lithium -- drifted gemanium or cadmium tellurium. An accuracy of up to 1 :
      1000 is possible using commercially available detectors of this kind, and
      techniques well known in the art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Apparatus for examining a body by means of radiation such as X- or
      .gamma.- radiation, including a source of a beam of radiation of energy in
      the range 0.2 to 2.0 MeV, means for directing said radiation into said
      body, a detecting arrangement disposed on the opposite side of said body
      to said source, the detecting arrangement comprising a plurality of arrays
      of detectors, arranged in circles concentric about the said beam, and
      means associated with said detectors for determining the energy of
      radiation detected thereby.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said means associated with said
      detector comprises one of the following materials:
PA1  i. lithium drifted silicon
PA1  ii. lithium drifted gemanium and
PA1  iii. cadmium tellurium.
NUM  3.
PAR  3. A method of examining a body by means of penetrating radiation such as
      X- or .gamma.- radiation, the energy of the radiation being such that it
      tends to be scattered by, rather than absorbed by, the body, including the
      steps of:
PA1  a. directing said radiation in the form of a pencil like beam into said
      body,
PA1  b. defining at least one annular detection region arranged concentric to
      said beam in a plane which is intersected substantially normally by the
      beam,
PA1  c. detecting radiation incident, after passage through the body, on at
      least one of said regions,
PA1  d. monitoring the energy of said detected radiation,
PA1  e. correlating the monitored value of the energy with the radius of the
      detection region on which the radiation was incident so as to determine
      the path taken by that radiation through the body and
PA1  f. repeating steps (b), (c), (d) and (e) while said radiation is directed
      into the body from different dispositions relative thereto.
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PAL  A radiographic imaging system for high energy radiation utilizing a
      detector of such radiation and a mask having regions relatively
      transparent to such radiation interspersed among regions relatively opaque
      to such radiation. A relative motion is imparted between the mask and the
      detector, the detector providing a time varying signal in response to the
      incident radiation and in response to the relative motion. The time
      varying signal provides, with the aid of a decoder, an image of a source
      of such radiation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The production of images of subject matter emitting high energy radiation
      such as X-radiation, gamma radiation and nuclear particles is more complex
      then the production of images with visible radiation by an optical lens
      system because there are no materials available having a sufficient
      refractive power to focus the high energy radiation. While x-rays have
      been used in the studies of crystals via the well-known Bragg diffraction
      technique, and while the focussing of soft x-rays by a Fresnel plate of
      extremely thin elements is disclosed in U.S. Pat. No. 2,679,474 which
      issued to W. S. Pajes on May 25, 1954, the only structures utilized for
      the higher energy radiations, particularly gamma rays, for forming visible
      images are the collimator disclosed in U.S. Pat. No. 3,011,057 which
      issued to H. O. Anger on Nov. 28, 1961 and the mask disclosed in U.S. Pat.
      No. 3,748,470 which issued to H. H. Barrett, the inventor of the present
      invention, on July 24, 1973. Both the collimator and the mask function by
      blocking certain rays of radiant energy as distinguished from the Bragg
      diffraction in which rays of radiation are produced in a direction
      different from an original direction of propagation from a source of such
      radiation. A mask adapted for examining a point source of high energy
      radiation is disclosed in U.S. Pat. No. 3,263,079 which issued to L. N.
      Mertz and N. O. Young on July 26, 1966 and in a book entitled
      "Transformations in Optics" by said L. N. Mertz published in 1965 by John
      Wiley and Sons, Inc. (the adaptation for point source radiation as
      distinguished from a continuum of radiation being disclosed at page 91
      thereof).
PAR  The operation of a collimator is distinctly different from that of a mask
      in that a collimator permits the passage of radiant energy within the
      collimator tubular apertures only in a direction parallel to the axis of
      the tubular aperture while a mask, in which the depth of an aperture is
      smaller than the width of the aperture, the propagation of radiant energy
      is permitted within the apertures irrespective of the direction of
      propagation of the radiant energy. As is disclosed in the aforementioned
      patent to Barrett, the use of a mask provides a greatly increased
      effective aperture and the imaging of a source of high energy radiation.
      This is due to the substantial constriction of the propagation of radiant
      energy provided by the long tubular apertures of a collimator while the
      relatively thin mask presents no such constriction. An additional
      distinguishing feature in the use of collimators as compared to masks,
      noted in the aforementioned Barrett patent, is the coding or scrambling of
      the image by the mask which necessitates a subsequent decoding or
      descrambling to make the image visible.
PAR  A problem arises in the use of the mask in that the attainable resolution
      of the resulting image is dependent on the type of detector utilized. For
      example, if the detector comprises an array of photomultiplier tubes
      positioned behind a scintillator crystal in the manner disclosed in the
      aforementioned patents to Anger and Barrett, the resulting resolution of
      the image is limited by the number of the photomultiplier tubes even
      though a very fine mask having many apertures per square inch is utilized.
      For a given sized mask, an array of 19 photomultipliers provides greater
      resolution than an array of seven photomultipliers. Greater resolution can
      be obtained by the use of an image intensifier as the detector as is shown
      in FIG. 12 of the aforementioned Barrett patent. However, there are
      situations in which the photomultipliers need be used because of their
      greater sensitivity.
PAC  SUMMARY OF THE INVENTION
PAR  The aforementioned problem is overcome and other advantages are provided by
      a radiographic imaging system employing a mask for spatially modulating
      radiation propagating therethrough and a detector assembly, the system
      further providing, in accordance with the invention, means for moving the
      detector assembly and the mask relative to each other. The mask is
      provided with, for example, a chirp pattern similar to that disclosed in
      the aforementioned Barrett patent, or with arcuate zones such as those of
      an optical Fresnel plate. In one embodiment of the invention, a mask
      having an area at least approximately twice as large as the sensory
      surface of a detector assembly is positioned between the detector assembly
      and a source of radiation to be imaged, and the detector assembly is
      scanned about the mask, the detector assembly being an array of
      photomultipliers placed behind a scintillator and having electrical
      circuitry responsive to the relative intensities of light flashes of the
      scintillator received at the photomultipliers for computing the magnitudes
      of the points of the coded image appearing on the scintillator. The
      intensity and locations of impinging radiant energy as coded by all points
      of the mask is obtained by scanning the detector assembly with the result
      that the resolution obtained upon reconstructing the image from the coded
      data of the detector assembly has a resolution approximately equal to that
      which would be obtained from an array of the photomultipliers having a
      sufficient number of photomultipliers to cover the entire area of the
      mask.
PAR  In a second embodiment of the invention, one or more detectors such as
      photomultipliers are placed behind a mask positioned at a fixed distance
      between the detectors and a source of high energy radiation, the mask
      being scanned in a direction substantially perpendicular to the rays of
      the radiation. The scanning movement introduces a substantially periodic
      pulsation to electrical signals provided by each of the detectors, the
      pattern of the pulsations being related to the pattern of the mask.
PAR  In a third embodiment of the invention, an additional stationary mask is
      introduced in parallel disposition to the moving mask such that the rays
      of radiation intercept both masks to produce a pulsating electrical signal
      from each of the detectors. In this embodiment of the invention, the
      resultant signal waveform is equal to the Fourier transform of the pattern
      of the source.
PAR  With each of these embodiments, a transformation of the image is
      accomplished at the surface of the detector with an inverse transformation
      or decoding being provided subsequent to the detection to produce a
      visible image. With the first embodiment employing the moving detector,
      the points for all of the scrambled image must first be located whereupon
      a descrambling or decoding operation similar to that of the aforementioned
      Barrett patent is accomplished. With the second embodiment, a chirp
      pattern analogous to that obtained with the equipment of FIG. 11 of the
      aforementioned Barrett patent is obtained, this scrambled image being
      descrambled or decoded in a manner analogous to that disclosed in said
      FIG. 11 such as by the use of a dispersive delay line having a temporal
      response conjugate to that of the mask pattern. And in the third
      embodiment, the transformation is that of a Fourier transform which
      necessitates an inverse Fourier transformation to provide a visible image.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The aforementioned aspects and other features of the invention are
      explained in the following description taken in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 shows a radiographic imaging system in accordance with one
      embodiment of the invention employing a rotating detector assembly and a
      stationary mask positioned above a subject;
PAR  FIG. 2 is a view of a mask taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a view of a screen taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a block diagram of a drive unit and signal processor of the
      embodiment of FIG. 1;
PAR  FIG. 5 is an alternative structure for the embodiment of FIG. 1 wherein the
      detector assembly is driven in a circular path without rotation about the
      axis of the detector assembly;
PAR  FIG. 6 is a diagram of an optical system of a decoder in FIG. 4 used in the
      reconstruction of an image for the display of FIG. 1 for use with a mask
      having an off-axis Fresnel pattern as disclosed in FIG. 2;
PAR  FIG. 7 is an alternative embodiment of the mask of FIG. 2 having a
      two-dimensional chirp pattern of regions transparent to radiation emitted
      by the subject of FIG. 1;
PAR  FIG. 8 is an alternative embodiment of the mask of FIG. 2 having a
      two-dimensional chirp pattern of regions opaque to the radiation emitted
      by the subject of FIG. 1;
PAR  FIG. 9 is an alternative embodiment of the screen of FIG. 3 having a
      checkerboard pattern;
PAR  FIG. 10 is a block diagram of a signal processor for use in the embodiment
      of FIG. 1 with the masks of FIG. 7 or FIG. 8 and embodying a dispersive
      delay line for processing analog signals;
PAR  FIG. 11 is a block diagram showing a digital implementation as an
      alternative embodiment of the signal processor of FIG. 10;
PAR  FIG. 12 shows a detector assembly for the embodiment of FIG. 1 wherein the
      axis of rotation is offset from the axis of the detector assembly by an
      amount smaller than a radius of the detector assembly;
PAR  FIG. 13 is a plan view of a mask similar to that of FIG. 2 but having an
      inverse Fresnel pattern;
PAR  FIG. 14 is a diagram of an optical system, alternative to that of FIG. 6,
      for reconstructing an image obtained with the mask of FIG. 13;
PAR  FIG. 15 shows an elevation view of an alternative embodiment of the
      invention, partially cut away to show a pair of masks placed adjacent each
      other, at least one of the masks being moved relative to a plurality of
      detectors;
PAR  FIG. 16 shows a partial isometric view of the embodiment of FIG. 15 further
      including a collimator partially cut away to show slotted apertures
      therein;
PAR  FIG. 17 is a block diagram of an imaging system incorporating the scanning
      structure of FIG. 15;
PAR  FIG. 18 is a block diagram of an envelope detector of the imaging system of
      FIG. 17;
PAR  FIG. 19 is a block diagram of a display system of the imaging system of
      FIG. 17;
PAR  FIG. 20 is a geometric construction useful in describing the relative
      positions of source points and image points for the structure of FIG. 15;
      and
PAR  FIGS. 21, 22 and 23 show graphs of the output of a detector of FIG. 15 as a
      function of position of the moving mask in response to, respectively, a
      relatively large source of radiation, two spaced-apart relatively small
      sources of radiation, and a single small source of radiation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is seen a radiographic imaging system 30
      which, in accordance with the invention, comprises a detector assembly 32
      constructed in accordance with the teachings of the aforementioned patent
      to Anger and frequently referred to as an Anger camera, a drive unit 34
      coupled to the detector assembly 32 via a shaft 36 having a band 38
      secured to an end thereof and encircling the detector assembly 32 for
      supporting and positioning the detector assembly 32 adjacent the end of
      the shaft 36, a signal processor 40 coupled via an electrical cable 42 to
      the detector assembly 32, and a display 44 coupled via line 46 to the
      signal processor 40. A mask 48 and a second mask 50 which may sometimes be
      referred to hereinafter as screen 50 are positioned between the detector
      assembly 32 and a subject 52 by means of a support column 54 and arms 56
      and 58 adjustably secured to the support column 54 by knobs 60 and 62
      which are threadedly secured to the column 54 and to collars 64 at the
      ends of the arms 56 and 58.
PAR  The subject 52 is shown, by way of example, as a human being who has
      ingested material which radiates high energy radiation such as gamma
      radiation. Alternatively, a source of such radiation (not shown in the
      figure) may be placed beneath the subject 52 in which case he would ingest
      a radio-opaque dye which would cast a shadow upon the detector assembly
      32. The subject 52 is supported by a table 66 secured to the column 54. An
      arm 68 is secured to the drive unit 34 for supporting the drive unit 34
      and the detector assembly 32 above the mask 48, the arm 68 having a collar
      70 which is adjustably secured to the column 54 by means of a knob 72
      which is tightened against the column 54 and the collar 70.
PAR  Referring now to FIGS. 2 and 3, there are seen isometric views of
      respectively the masks 48 and 50 previously seen in elevation view in FIG.
      1. In this embodiment of the invention, the mask 48 is composed of arcuate
      segments and the mask 50 is composed of straight bar-shaped segments of a
      material, such as lead, which is substantially opaque to the radiation
      emitted by the subject 52 of FIG. 1 and serve as barrier elements which
      inhibit the passage of quanta of radiation, these opaque regions 74 being
      supported by a substrate 76 which is substantially transparent to the
      radiation, the opaque regions 74 being spaced apart by arcuate regions 78
      which are substantially transparent to the radiation. The mask 48 has the
      configuration of an off-axis Fresnel pattern in which each arcuate region
      has a successively larger radius. The mask 50 serves simply as a screen
      which makes the subject 52 appear to be composed of straight strips as
      viewed by the detector assembly 32, each of the regions of the screen 50
      being spaced apart by a distance approximately equal to the average
      spacing distance of the arcuate regions of the mask 48.
PAR  It should be noted that the masks 48 and 50 have a distinctly different
      structure from that of collimators customarily utilized in x-ray
      technology. While collimators are provided with tubular apertures
      permitting the propagation of radiant energy within a tubular aperture
      only in a direction along the axis of the tube with all other radiant
      energy being absorbed within the material of the collimator, the masks 48
      and 50 have a depth substantially smaller than the spacings between any
      two opaque regions 74 with a result that radiant energy can propagate in a
      multiplicity of directions within any one of the transparent regions 78.
      For this reason, the mask 48 can provide numerous shadow patterns of the
      off-axis Fresnel configuration in the plane of the face of the detector
      assembly 32, each of the shadows corresponding to points or sources of
      radiant energy located within the subject 52. By so varying the
      intensities of the various rays of radiation propagating in the space of
      the mask 48, the mask 48 thus spatially modulates the intensity of the
      radiation and provides a spatial frequency distribution in which the
      spatial wavelengths are related to the spacings and sizes of the opaque
      and transparent regions 74 and 78.
PAR  As seen in FIG. 1, the detector assembly 32 is partially cut away to
      partially show a scintillator 80 positioned at the face of the detector
      assembly 32, and an array of detector elements 82 are spaced apart from
      the scintillator 80 and positioned behind the scintillator 80 for
      detecting flashes of light emitted from a multiplicity of locations upon
      the scintillator 80 in response to impinging quanta of radiant energy
      emitted from the subject 52. Signals provided by the detector elements 82
      in response to the flashes of light are combined, typically via a resistor
      matrix, to provide signals representing the locations of the light flashes
      on the scintillator 80, these signals being communicated via the
      electrical cable 42 to the signal processor 40.
PAR  A feature of the embodiment of FIG. 1 is its capability for scanning a
      relatively large image of the subject 52 with a detector assembly 32
      having a viewing area, the area of the scintillator 80, which is smaller
      than the area of the image. In view of the use of the mask 48, the image
      incident upon the scintillator 80 is a scrambled or coded image for
      reasons explained in the aforementioned patent to Barrett. In order to
      more clearly describe the relationship between the coded image and the
      detector assembly 32, an image plane 84 is shown by way of a dashed line
      and is seen to lie parallel to the face of the mask 48 and to lie in the
      plane of the face of the detector assembly 32. The drive unit 34 rotates
      the shaft 36 through one complete revolution during which time the
      detector assembly 32 is providing electrical signals along the cable 42
      representing the intensity of radiation at points within the image plane
      84, these intensities representing the composite shadow pattern, referred
      to above, which pattern is a coded image of the configuration of the
      sources of radiation within the subject 52. The data of the signals on the
      cable 42 are stored within the signal processor 40, in a manner to be
      described, as the detector assembly performs its circular scan of the
      image plane 84. Upon completion of this scan, the signal processor 40 has
      data of a scrambled image substantially larger, more than twice as large
      in area in the embodiment of FIG. 1, than that which could be viewed by
      the detector assembly 32 if it were to remain stationary.
PAR  An interesting feature of the scrambled image is that it may be treated
      mathematically as a transformation, such as a Fresnel, Fourier, Hadamard
      or other transformation depending on the format of the mask 48, with the
      result that not every point in the image plane need be scanned in order to
      reconstruct a true image of the source configuration within the subject 52
      for presentation upon the display 44. Thus, for example, the scanning path
      of the detector assembly 32 does not cover the area directly beneath the
      shaft 36; however, the lack of data of that particular part of the image
      plane 84 does not noticeably degrade the image presented on the display
      44.
PAR  It is noted that the relative motion introduced between the detector and
      mask by the system of FIG. 1 is distinctly different from that disclosed
      in U.S. Pat. No. 3,684,886 which issued to G. Muehllehner on Aug. 15, 1972
      wherein there is disclosed the rotation of a collimator relative to a
      detector. The collimator permits selected rays of radiation from specific
      points within a subject to be admitted sequentially to the viewing surface
      of a detector as the collimator is rotated in front of the viewing surface
      of the detector. In contradistinction, the mask permits rays of radiation
      from all points within the subject to simultaneously impinge upon the
      viewing surface of a detector. As a result, the mask permits substantially
      more radiant energy to impinge upon a detector within an interval of time
      than does the collimator within an equal interval of time. The system of
      FIG. 1 is also distinguishable from the moving mask and moving detector of
      the aforementioned Barrett patent and that there is no relative motion
      between the mask and detector therein disclosed since both the mask and
      the detector move together as a single rigid body. In contradistinction,
      the system of FIG. 1 provides for greatly increased resolution since the
      coded image presented to the detector results from the use of a mask which
      is large enough to contain many more opaque and transparent regions which
      are capable of gathering data sufficient for a high resolution picture,
      substantially higher than that which can be obtained by a relatively
      smaller detector assembly wherein the resolution is limited by the
      geometry of the individual detectors and further limited by the optics of
      the scintillator itself in which light flashes propagate in a multiplicity
      of directions in response to the capture of a single photon of high energy
      radiation.
PAR  With respect to the improved resolution, it is noted that imaging systems
      of the prior art, whether they utilize collimators or masks, employ
      elements positioned between the source of radiation and the detector and
      having a cross-sectional area no larger than the viewing area of the
      detector. No matter how fine a collimator or how fine a mask is utilized,
      the ultimate attainable resolution is limited by the resolving power of
      the detector itself. The system of FIG. 1 avoids this problem of creating
      a synthetic viewing area by scanning the detector assembly about a coded
      image which may be many times larger than the viewing area of the detector
      assembly thereby providing a many fold increase in the effective viewing
      area of the detector assembly and a corresponding many fold increase in
      the attainable resolution.
PAR  Referring now to FIG. 4, there is seen a block diagram of the drive unit 44
      and the signal processor 40 of FIG. 1, FIG. 4 also showing the display 44,
      cable 42 and drive shaft 36 previously seen in FIG. 1. The drive unit 34
      comprises an electric motor 86 which drives through gear train 88 to
      rotate the shaft 36. A switch 90 is mechanically coupled via a dotted line
      92 to the drive shaft 36 for deenergizing the motor 86 to stop rotation of
      the shaft 36 upon completion of one revolution of the shaft 36. Thereby
      the drive unit 34 rotates the detector assembly 32 of FIG. 1 through one
      complete revolution whereupon the scanning motion is stopped. The drive
      unit 34 also comprises sine and cosine generators 94 and 96 which are
      mechanically coupled to the shaft 36 for providing respectively the sine
      and the cosine of the angle of rotation of the shaft 36 to the signal
      processor 40.
PAR  The signal processor 40 comprises a coordinate converter 98 which is
      coupled to the sine and cosine generators 94 and 96 and is also coupled to
      the X and the Y signal lines of the cable 42, a cathode-ray tube 100 which
      may be provided with a long persistence phosphor for storing an image on
      its face, a camera 102 positioned for photographing an image on the face
      of the cathode-ray tube 100, a developing system 104 and a decoder 106
      which is coupled via line 46 to the display 44.
PAR  The signal processor 40 provides the two functions of combining the various
      portions of the scrambled image detected by the detector assembly 32 as it
      scans along the image plane 84, and decodes the scrambled image to provide
      a true image for the display 44. The coordinate converter 98 provides two
      well-known conversions, a rotation of the coordinate X and Y axes and a
      translation of the coordinate system, for providing an image which is
      stabilized against the rotation of the detector assembly 32 and stabilized
      against the translation of the detector assembly 32 as it is moved from
      one side of the shaft 36 to another side of the shaft 36. The stabilized X
      signal and the stabilized Y signal are shown as X1 and Y1 at the output of
      the coordinate converter 98. The X1 and Y1 signals represent the true
      positions within the image plane 84 of detector photons or quanta of
      radiation independently of the translational and rotational movement of
      the detector assembly 32.
PAR  The Z axis signal provided by the cable 42, which signal represents the
      energy of a detected photon, as applied to the Z axis of the cathode-ray
      tube 100 while the electron beam of the cathode-ray tube 100 is deflected
      in accordance with the magnitudes of the X1 and the Y1 signals. Thus,
      there is provided upon the face of the cathode-ray tube 100 a complete
      view of the scrambled image within the image plane 84 as detected by the
      detector assembly 32.
PAR  The camera 102 photographs the image on the face of the cathode-ray tube
      100 whereupon the film plate of the camera 102 is transferred to the
      developing system 104 which provides a transparency of the scrambled
      image, this transparency then being transferred to the decoder 106 for
      reconstruction of the true image. The reconstruction process of the
      decoder 106 will be described hereinafter with reference to FIG. 6.
PAR  Referring now to FIG. 5, there is sshown an alternative embodiment of the
      scanning mechanism of FIG. 1 which is seen to comprise the detector
      assembly 32 fitted with upper and lower ball bearing raceways 108 and 110
      between which a supporting collar 112 is rotatably nested. The collar 112
      is attached to the shaft 36 via a second collar 114. The drive unit 34 is
      provided with a stationary cylindrical tube 116 positioned coaxial to and
      external to the shaft 36 whereby the shaft 36 can be rotated by the drive
      unit 34 in the manner disclosed previously in FIG. 1. A belt or chain 118
      is coupled from the neck of the detector assembly 32 to the tube 116 by a
      sprocket wheel 120 affixed about the neck of the detector assembly 32 and
      by a sprocket wheel 122 affixed to the end of the tube 116. Upon rotation
      of the shaft 36, the sprocket wheel 122 remains stationary so that, as the
      detector assembly 32 rides around the common axis of the shaft 36 and the
      tube 116, the chain 118 urges the sprocket wheel 120 and the detector
      assembly 32 to rotate equally and oppositely the rotation of the shaft 36
      so that the detector assembly 32 undergoes pure translational motion
      during its scanning of the image plane 84 of FIG. 1 rather than the
      aforementioned combined translation and rotation obtained with the
      embodiment of FIG. 1. While the mechanical system of FIG. 5 is more
      complex than that of FIG. 1, the conversion operation required by the
      coordinate converter 98 of FIG. 4 is substantially reduced in that there
      is no rotation of the coordinate X and Y axes. The embodiment of FIG. 5 is
      useful when it is desired to avoid the well-known multiplication of the X
      and Y signals by the sine and cosine factors as is done in a rotating axis
      transformation.
PAR  Referring now to FIG. 6, there is seen a diagrammatic representation of an
      optical system 124 utilized in reconstructing an image on a screen 126
      from the coded photograph of the camera 102 and the developing system 104
      of FIG. 4. The screen 126 may serve as the display 44 of FIG. 4, or,
      alternatively, the display 44 may comprise an optical projection system
      (not shown in the figures) for projecting the image of the screen 126 upon
      a console or other viewing area. Since the developing system 104 provides
      a transparency, this transparency is a form of hologram formed by the
      off-axis Fresnel zone plate pattern of the mask 48. The optical system 124
      comprises a light source 128 which is advantageously a laser providing
      coherent illumination, a converging lens 130 which converges the rays of
      light through an iris 132 whereupon they impinge upon a second converging
      lens 134 which brings the light rays to focus at a focal point 136. The
      transparency provided by the developing system 104 is identified here by
      the reference numeral 138 and is placed behind the lens 134 so that the
      rays of light exiting from the lens 134 pass through the transparency 138
      on their way to the focal point 136. A telescope 140 comprising converging
      lenses 142 and 144 is angled along axis 146 relative to the axis of the
      lens 134. The telescope l40 observes diffracted light passing in the
      general direction of the axis 146 and through an iris 148 to image this
      light upon the screen 126. The optical system 124 is utilized for decoding
      images formed upon the transparency 138, which coded images were formed by
      the mask 48, of FIG. 1, having the form of an off-axis Fresnel pattern. If
      a mask having some other form of spatial modulation pattern is employed in
      the system 30 of FIG. 1, another form of decoding or matched filtering
      such as that disclosed in the aforementioned patent to Barrett is
      utilized. The orientation of the telescope 140 along the angled axis 146
      corresponds with the off-axis focussing of an off-axis Fresnel plate. The
      light which is brought to a focus at the focal point 136 is blocked by an
      opaque portion of the iris 148 so as to form no portion of the
      reconstructed image on the screen 126. As is apparent from FIG. 6, the use
      of an off-axis Fresnel pattern mask provides a coded image on the
      transparency 138 which can be advantageously decoded with relatively few
      optical elements.
PAR  Referring now to FIGS. 7 and 8, there are shown isometric views of portions
      of two alternative embodiments of the mask 48 of FIG. 1, the embodiment of
      FIG. 7 being identified by the reference numeral 150 and that of FIG. 8 by
      the reference numeral 152. Each of the masks 150 and 152 have a pattern of
      regions which decrease in size and in spacing monotonically in both the X
      and the Y coordinate directions. The mask 150 has rectangular transparent
      regions 154 in the form of apertures in a plate 156 of lead or other
      material opaque to high energy radiation deposited upon a substrate 158.
      The mask 152 has rectangular opaque regions 160 composed of lead or other
      material opaque to high energy radiation and deposited upon a substrate
      162 in the same positions as were occupied by the transparent regions 154
      of the mask 150.
PAR  Referring now to FIG. 9, there is shown an alternative embodiment of the
      screen 50 of FIG. 1 which is here identified by the reference numeral 164
      and is seen to comprise a checkerboard pattern of opaque and transparent
      regions 166 and 168 formed of the same materials as is utilized in the
      masks 150 and 152, the opaque regions 166 being deposited upon a
      transparent substrate 170 in a manner in which the opaque regions 160 of
      FIG. 8 are deposited upon the transparent substrate 162. The screen 164 is
      advantageously used with either the mask 150 or the mask 152 in a manner
      analogous to the use of the screen 50 with the mask 48 in FIG. 1. Here,
      too, the screen 164 modifies the view of the subject 52 of FIG. 1 as seen
      by the detector assembly 32 to appear as being composed of many small
      points rather than a continuum so that the subject 52 appears to have a
      spatial frequency characteristic of a passband offset from zero frequency.
      The sizes and spacings of the regions upon the screen 164 are
      approximately equal to the average size and average spacing of the regions
      of the masks 150 and 152.
PAR  In addition, the use of the off-axis Fresnel zone pattern provides the
      image at an angle to the main axis of the optical system. This is most
      advantageous for an optical reconstruction employing an optical system
      such as that of FIG. 6 in that the resulting image is not obscured by the
      so-called zero order term associated with holographic reconstructions. It
      is believed that with respect to the aforementioned patent to Mertz
      dealing with a reticle camera for photographing stars, his camera was not
      adapted to the photography of continuous objects such as the subject 52 of
      FIG. 1 because his system did not provide for the use of a half-tone
      screen. It is also interesting to note that the true image appearing upon
      the screen 126 does not appear as a striped image as seen through the
      screen 50, but is, in fact, an accurate image of the radiating region of
      the subject 52 since the high frequency optical modulation associated with
      the half-tone screen is filtered out by the optical system 124 of FIG. 6
      in a manner analogous to the filtering out of a radio frequency carrier by
      a radio receiver.
PAR  Images produced by the masks 150 or 152 by themselves or in combination
      with the screen 164 are processed electronically rather than optically, as
      will be disclosed with reference to FIGS. 10 and 11, and, accordingly, the
      aforementioned deleterious effect of a zero spatial frequency term in the
      optical processing is greatly reduced in the electrical processing of the
      two-dimensional chirp patterns of the masks 150 and 152.
PAR  It is interesting to note that the optical system 124 of FIG. 6 extracts
      three-dimensional data from the transparency 138. Details of various
      horizontal strata or layers within the subject 52 may be individually
      brought into focus upon the screen 126 by the positioning of the optical
      elements of the optical system 124. An analogous focussing effect by means
      of the mask 150 has already been disclosed in the aforementioned patent to
      Barrett. Thus, it is seen that the system of FIG. 1 readily provides
      tomographic data of the subject 52.
PAR  Referring now to FIG. 10, there is shown an alternative embodiment of the
      signal processor 40 of FIG. 1, this embodiment being identified by the
      reference numeral 40A and being adapted for use with the masks 150 and 152
      in the system 30 of FIG. 1. The signal processor 40A is seen to comprise
      the coordinate converter 98 which is coupled to the cable 42 and to the
      drive unit 34 in a manner previously seen in FIG. 4, a storage tube
      display 172 coupled to the X1, the Y1 and the Z signals in the same manner
      as disclosed in FIG. 4 for the cathode-ray tube 100, a vidicon 174, a
      dispersive delay line 176, a storage tube display 178 similar to the
      storage tube display 172, a vidicon 180, a dispersive delay line 182 and a
      scan controller 184 which provides timing signals for synchronizing the
      operation of the vidicons 174 and 180, the storage tube display 178 and
      the display 44.
PAR  In operation, the signal processor 40A provides an image for the display 44
      in a manner described in the aforementioned patent to Barrett. Briefly,
      the storage tube display 172 provides a stored image similar to that
      displayed by the cathode-ray tube 100 of FIG. 4, but differing therefrom
      in that the image on the storage tube display 172 has been obtained by the
      use of the mask 150 or 152 while that appearing on the cathode-ray tube
      100 was obtained by the use of the mask 48. Each point source of radiation
      within the subject 52 provides a shadow of the mask 150 or 152 upon the
      image plane 84. A composite of the shadows for each of the individual
      point sources of the subject 52 is presented on the storage tube display
      172. The horizontal lines of this display are scanned by the vidicon 174
      with the output signal of the vidicon 174 being a summation of chirp
      waveforms corresponding to the composite shadow of the individual
      horizontal lines of the mask 150 or 152. The delay line 176 has a temporal
      impulse response inverse to that of the chirp signal of the vidicon 174 so
      that the delay line 176 functions as a matched filter to produce on the
      storage tube display 178 a succession of markings representing the
      horizontal component of the point sources within the subject 52. The
      storage tube display 178 is, in turn, scanned in the vertical direction by
      the vidicon 180, the vidicon 180 similarly providing composite chirp
      signals which are applied to the delay line 182. The delay line 182
      functions in a manner analogous to the delay line 176 to provide a matched
      filtering operation upon the signals of the vidicon 180 thereby producing
      a succession of points to be displayed on the display 44, each of these
      points being in a position corresponding to the positions of the point
      sources of radiation within the subject 52. Thus, the display 44 shows an
      image of the radioactive region within the subject 52.
PAR  Referring now to FIG. 11, there is shown another alternative embodiment of
      a signal processor 40 of FIGS. 1 and 4, this embodiment being identified
      by the reference numeral 40B. The signal processor 40B comprises the same
      coordinate converter 98 as does the signal processor 40A of FIG. 10 and
      utilizes the X1, Y1 and Z signals as does the signal processor 40A. The
      signal processor 40B processes these signals digitally while the signal
      processor 40A processes the signals in an analog manner. Accordingly, the
      signal processor 40B comprises analog-to-digital converters, each referred
      to hereinafter as A/D, having the reference numerals 186, 187 and 188 for
      converting respectively the X1, the Y1 and the Z signals to digital
      signals which are then applied to a memory system 190 which stores each of
      the digital signals as specific locations within the memory system 190
      corresponding to the positional data storage of the storage tube display
      172 of FIG. 10. The Z signal is also applied directly to the memory system
      190 to serve as a read command for entering the digital data from the
      A/D's 186-188. The signal processor 40B also comprises a digital filter
      192 coupled between the memory system 190 and the display 44 for digitally
      implementing a two-dimensional matched filtering or convolution operation
      corresponding to that of the delay lines 176 and 182 of FIG. 10. The
      digital filter 192 comprises elements well known in the computer arts such
      as arithmetic units, shift registers and an internal program utilizing
      digital techniques analogous to those taught in U.S. Pat. No. 3,517,173
      which issued to M. J. Gilmartin, Jr. et al on June 23, 1970 and U.S. Pat.
      No. 3,662,161 which issued to G. D. Bergland on May 9, 1972, both of which
      deal with Fast Fourier Transform processors, and U.S. Pat. No. 3,742,201
      which issued to H. L. Groginsky on June 26, 1973 dealing with an
      orthogonal digital waveform transformer. The specific digital operation
      provided by the digital filter 192 depends on the specific pattern
      utilized in the masks of FIG. 1, whether they be a Fresnel pattern as in
      the mask 48, or a regular monotonic pattern in a digital format as shown
      in the masks 150 and 152 or a random pattern (not shown) in which the
      spacings and/or the sizes of the transparent and opaque regions have
      numerical dimensions obtained from a random number generator, as well as
      on the configuration of the screens, if utilized, such as the screens 50
      and 164. When the masks 150 or 152 are utilized, the digital filter 192
      has reference data which may be provided within the digital filter 192 to
      itself or within the memory system 190, the reference data being the
      specific shapes, sizes and positions of the opaque and transparent regions
      of the masks for use in providing a correlation or masked filtering
      operation of the data from the X1, Y1 and Z signals. The data stored
      within the memory system 190 is read out along line 194 to the digital
      filter 192 in response to a read-out address on line 196 as provided by
      the digital filter 192.
PAR  Referring now to FIG. 12, there is seen yet another embodiment of the
      scanning mechanism of FIG. 1 in which the drive unit 34 rotates the
      detector assembly 32 via a shaft 198 about an axis 200 passing through the
      detector assembly 32, the detector assembly 32 being fitted with a collar
      202 affixed near the top of the detector assembly 32 for mechanically
      supporting the detector assembly 32 at the end of the shaft 198. It may be
      recalled that, with reference to FIG. 1, there is a space in the image
      plane 84 directly beneath the shaft 36 which is not scanned by the
      detector assembly 32 as it is rotated about the shaft 36. With the
      embodiment of FIG. 12, the rotation axis 200 is at the center of the
      scanned area of the image plane 84. Since the axis 200 passes directly
      through the face of the detector assembly 32, the area directly beneath
      the shaft 198 is scanned by the detector assembly 32. Here, too, the area
      of the image plane 84 which is scanned is substantially larger than the
      area of the face of the detector assembly 32, for example, approximately
      twice as large and, accordingly, the scanning arrangement of FIG. 12 also
      provides for a substantial increase in the attainable resolution.
PAR  As was disclosed with reference to FIG. 6, the Fresnel pattern is a useful
      pattern for a mask, such as the mask 48, since the resulting scrambled
      image is readily decoded optically. With respect to the scanning mechanism
      of FIG. 12, it is noted that a maximum amount of data is obtained in the
      vicinity of the axis 200 since that region is scanned approximately twice
      as much as the remaining portion of the image plane 84 due to the fact
      that the detector assembly 32 overlaps both sides of the axis 200.
      Accordingly, it is desirable that the mask 204 have many zones, or opaque
      and transparent regions, such as the zones of a Fresnel zone plate located
      in the vicinity of the axis 200. However, the Fresnel zone plate has a
      minimum number of zones at its center portion with the smaller zones of
      higher spatial frequencies appearing further out away from the center of
      the Fresnel zone plate.
PAR  Referring now to FIG. 13, there is shown a plan view of a mask 204 which
      has a pattern inverse to that of the Fresnel pattern. The opaque regions
      206 and the transparent regions 208 have minimal widths at the central
      portion of the mask 204 with successive ones of these zones or regions 206
      and 208 having larger widths and increased distances from the center of
      the mask 204, the largest regions being near the outer periphery of the
      mask 204. If a transparency resulting from a single point source in
      cooperation with the mask 204 were positioned at the location of the
      transparency 138 in the optical system 124 of FIG. 6, in lieu of the focal
      point 136, there would appear a focal ring. However, a system to be
      described with reference to FIG. 14 can be utilized to decode images
      formed with the mask 204 in the same manner as the system 124 of FIG. 6 is
      utilized to decode images formed with the mask 48 of FIG. 1. In
      particular, it is noted that the mask 204 has a relatively high
      concentration of relatively fine zones in the vicinity of the axis 200
      which is at a distance of approximately one-half radius from the center of
      the detector assembly 32 of FIG. 12, these zones having a relatively high
      spatial frequency compared to the zones near the periphery of the mask 204
      and thereby maximizing the ample data provided in the region of the axis
      200 for obtaining high resolution of the image plane 84. Many of these
      fine zones pass near the center of the detector assembly 32 which, in the
      case of an Anger camera, is the region of best resolution of the detector
      assembly 32, therefore making best use of the fine zones in obtaining a
      high resolution image.
PAR  Referring now to FIG. 14, there is seen an optical system 210 in which
      light from a laser 212 is focussed via a converging lens 214 through an
      iris 216 to a second converging lens 218, rays of the light being
      indicated by lines such as the line 220 which passes through the iris 216.
      The use of the mask 204 with the scanning mechanism of FIG. 12 in the
      imaging system of FIG. 1 produces a transparency 222 in FIG. 14 which is
      analogous to the transparency 138 of FIG. 6. The transparency 222 differs
      from the transparency 138 because the coding of the mask 204 of FIG. 13
      differs from that of the mask 48 of FIG. 2. The transparency 222 is placed
      immediately behind the lens 218 in FIG. 14 in a manner analogous to that
      shown in FIG. 6 wherein the transparency 138 is placed immediately behind
      the lens 134. And as will be seen, the optical system 210 decodes the
      transparency 222 in a manner analogous to the decoding of the transparency
      138 by the optical system 124. Accordingly, the optical system 210 serves
      as an alternative embodiment of the decoder 106 of FIG. 4 identified in
      FIG. 14 by the reference numeral 106A. The decoder 106A is substituted for
      the decoder 106 in the embodiment of FIGS. 1 and 4 when the mask 204 of
      FIG. 13 is utilized in the imaging system of FIG. 1.
PAR  The optical system 210 of FIG. 14 further comprises a conical prism in the
      shape of a right circular cone and known commercially as an axicon which
      is identified by the reference numeral 224, and a screen 226 which is
      analogous to the screen 126 of FIG. 6 and upon which a reconstructed view
      of the subject 52 of FIG. 1 is presented. With respect to the operation of
      the prism 224, it is noted that if the prism 224 were placed adjacent to
      and behind the transparency 222, and the transparency 222 were illuminated
      by collimated light, then the focal ring (analogous to the focal point
      produced by a standard Fresnel zone plate) would be focussed by the prism
      224 to a point. Since the subject 52 of FIG. 1 has many point sources of
      radiant energy, there are many focal rings to be focussed by the prism
      224. It is noted that the centers of the focal rings are positioned at
      points corresponding to the point sources of the subject 52 and,
      accordingly, do not necessarily fall upon the axis of the optical system
      210. Accordingly, in order for the prism 224 to reconstruct image points
      upon the screen 226 corresponding to each of the focal rings, the prism
      224 is spaced at a distance from the transparency 222, the prism 224 being
      positioned at the Fourier transform plane of the lens 218 (at the back
      focus thereof) since, as is well known in the field of optics, the Fourier
      transform is invariant to lateral displacements except for a phase factor.
      Thus, a point focus can be produced by the prism 224 corresponding to each
      of the positions of the point sources within the subject 52. The optical
      system 210 has provided good reconstruction of coded images.
PAR  Referring now to FIG. 15, there is seen an elevation view, partially in
      section and partially cut away, of another embodiment of the invention
      providing a relative motion between a mask and a detector, the mask being
      placed between a subject and the detector as was previously disclosed in
      the system of FIG. 1. The relative motion in the embodiment of FIG. 15 is
      a linear movement as compared to the translation in a circular path as
      disclosed in FIG. 5 and the translation plus rotation as disclosed in FIG.
      1. The relative motion in FIG. 15 is produced by a scanner 228 which
      comprises a frame 230 supporting at least one detector, three such
      detectors 232A-C being shown in the figure, a mask 234 seen in a cut away
      portion of the frame 230, a drive screw 236 and a threaded rider 238
      thereon which is mechanically coupled to the mask 234 and translates with
      the mask 234 in a direction parallel to the axis of the drive screw 236
      during rotation of the drive screw 236, a mask 240 positioned above the
      mask 234 and adjacent thereto, legs 242 affixed to the bottom portion of
      the frame 230 and being provided with guide wheels 244 which roll within
      rails 246 which have been sectioned to better show the guide wheels 244
      and a scan motor 248 for rotating the drive screw 236 to impart a scanning
      motion to the mask 234 transversely of a subject 250. Also shown is index
      drive unit 252 comprising an index motor 254 affixed to the rail 246 by a
      base 256, the index motor 254 having a pinion 258 which rotates a drive
      screw 260, perpendicular to the drive screw 236, via a gear 262 which
      measures with the pinion 258 and is attached to the drive screw 260.
PAR  The scanner 228 has provisions for driving only the lower mask 234 relative
      to the detectors 232A-C and the upper mask 240. However, it is also
      contemplated by the invention that an additional drive unit (not shown)
      may also be provided for moving the mask 240 relative to the mask 234 and
      relative to the detectors 232A-C.
PAR  Referring also to FIG. 16, there is shown an isometric view, partially cut
      away and partially sectioned, of a scanner 228A similar to the scanner 228
      of FIG. 15 but further comprising a collimator 264 attached by brackets
      266, one such bracket being seen in the figure, to the frame 230. Also
      seen in FIG. 16 are the lower and upper masks 234 and 240 and the detector
      232A. The frame 230 is seen to have slots 268 situated within cross
      members 270 for supporting and guiding the mask 234 as it is slid back and
      forth by the drive screw 236 of FIG. 15. Slots 272 support the mask 240.
      The collimator 264, as seen in the cut away view thereof, comprises septa
      274 which run lengthwise through the collimator and transversely of the
      subject 250 providing slots 275 therebetween through which rays 276 of
      radiant energy propagate to the detector 232A. Each of the masks 230 and
      240 have identical patterns, each pattern being a chirp pattern of opaque
      and transparent regions in which the widths of the opaque and transparent
      regions are monotonically increasing in a direction transversely of the
      subject 250, the two masks 234 and 240 having their chirp patterns
      oriented in the same direction. The collimator 264 thereby provides for a
      focussing along a line 278 within the subject 250 of the rays 276 which
      propagate through the transparent regions of the mask 234, the transparent
      regions of the mask 240 and through the slots 275 to the collimator 232A.
      The scanner 228A provides a line scan, the line 278 being one such line,
      whereupon the index drive 252 of FIG. 15 repositions the frame 230
      longitudinally of the subject 250 so that a second line displaced from and
      parallel to the line 278 can then be scanned. It is noted that the pattern
      of opaque and transparent regions of the mask 240 and of the mask 234 is
      similar to any one row or any one column of the mask 152 of FIG. 8. As
      will be explained subsequently, the use of the pair of masks 234 and 240
      in which there is a relative motion between the masks themselves results
      in a coded or scrambled image upon an image plane 280 which lies at the
      front faces of the detectors 232A-C. This scrambled image is in fact a
      Fourier transform of the subject matter on the line 278, a system to be
      described with reference to FIG. 17 providing for the inverse Fourier
      transformation of the scrambled image and presenting sequential line
      images upon a display for successive positions of the line 278.
PAR  Referring now to FIG. 17, there is seen a block diagram of a system 282 for
      use with the scanners 228 and 228A to decode the image of the image plane
      280 and to combine the decoded images of successive line scans to provide
      a complete picture of the radioactive regions of the subject 250. The
      system 282 is seen to comprise three channels corresponding to each of the
      three detectors 232A-C of FIG. 15. In the ensuing discussion, the suffixes
      A, B and C will be dropped from the reference numerals 232A-C when it is
      to be understood that the teachings apply equally well to each of the
      detectors 232.
PAR  Each channel comprises the detector 232 which includes a scintillator 284,
      a photomultiplier 286 and a charge sensitive preamplifier 288 which
      provides an output pulse on line 290 having a magnitude proportional to
      the total energy of the successive light flashes produced by the
      scintillator 284 in response to the impact of a single high energy photon
      emitted by the subject 250 of FIGS. 15 and 16. The preamplifier 288, as is
      well known in the nuclear art, typically comprises a capacitive storage
      circuit having a decay time approximating the interval of time during
      which the light flashes are produced by the scintillator. Each channel
      further comprises a pulse height analyzer 292, a count rate meter 294, an
      envelope detector 296 which will be further described with reference to
      FIG. 18, a Fourier transformer 298 and a memory 300. The outputs of the
      memories 300 in each of the channels are coupled via lines 302A-C to a
      display system 304 which will be described further with reference to FIG.
      19. Timing signals for operating the count rate meter 294, the envelope
      detector 296, the Fourier transformer 298 and the memory 300 in each of
      the channels, as well as the display system 304, are provided by a timing
      unit 306 along cables T1, T2, T3 and T4. The timing unit 306 also
      transmits timing signals to a motor control circuit 308 which, in response
      to these timing signals, energizes the scan motor 248 and the index motor
      254 of FIGS. 15 and 17 for scanning the mask 234 at a predetermined speed
      and for indexing the frame 230 between successive ones of the scans.
PAR  In operation, therefore, the scintillator 284 emits flashes of light in
      response to impinging high energy photons, the flashes of light being
      converted to electrical signals by the photo-multiplier 286 which signals,
      in turn, are applied to the preamplifier 288 which provide the
      aforementioned pulses representing the total energy of the light flashes
      and, hence, of the impinging high energy photon. The pulse height analyzer
      292 provides a signal on line 310 whenever the magnitude of the signal on
      line 290 is greater than a predetermined threshold but less than a second
      predetermined threshold to ensure that the signals on line 310
      substantially avoid the effects of background radiation noise. The count
      rate meter 294 is typically a counter which, in accordance with timing
      signals provided by the timing unit 306 is enabled to count the number of
      signals appearing on line 310 within a preset interval of time and is
      thereafter reset for counting the signals in the next interval of time.
      Thus, the output of the count rate meter on line 312 is a measure of the
      total number of high energy photons impinging upon the scintillator 284
      within the preset interval of time.
PAR  As is apparent from both FIGS. 15 and 16, the relative motion between the
      masks 234 and 240 produces pulsations in the intensity of radiation
      incident upon each of the detectors 232A-C. And as will become apparent
      from the ensuing discussion, these pulsations in the intensity of
      radiation may be utilized in providing a true image of a radioactive
      region within the subject 250 by moving the mask 234 in one direction and
      then rapidly retracting it to its starting position relative to the mask
      240 which is retained in a stationary position, or by a movement of the
      mask 234 in the opposite direction relative to the stationary mask 240, or
      by moving the mask 234 backwards and forwards relative to the stationary
      mask 240, or by moving both the masks 234 and 240 in opposing directions.
      The latter embodiment, while not shown specifically in the figures, can
      readily be built by providing a second drive screw and rider similar to
      the drive screw 236 and rider 238 for urging the mask 240 backwards and
      forwards transversely to the subject 250. The envelope detector 296 of
      FIG. 17 processes these pulsations to provide an envelope of the maximum
      intensities in each of these pulsations of the radiation to provide the
      envelope thereof which, for reasons to be described, is utilized in
      accomplishing the inverse Fourier transformation of the image of the image
      plane 280.
PAR  Referring now to FIGS. 17 and 18, the envelope detector 296 is seen to
      receive a digital signal on line 312 representing the magnitude of the
      count, or rate of occurrence of high energy photons, and clock signals on
      line 316; the output of the envelope detector 296 appears on line 314. The
      envelope detector 296 comprises a memory 318, an address generator 320, an
      arithmetic unit 322, a program unit 324 and a memory 326. The memory 318
      stores the digital numbers appearing on line 312. The addresses of the
      storage locations for each of these numbers is provided by the address
      generator 320 in response to clock pulses at terminal C2. The arithmetic
      unit 322, in response to instructions from the program unit 324, performs
      wellknown arithmetic calculations with the digital numbers of the memory
      unit 318 for plotting a curve or graph of the magnitudes of these numbers
      for determining the peak values of these numbers, these peak values being
      transmitted along line 328 to the memory 326. The aforementioned intervals
      during which the counter of the count rate meter 294 in FIG. 17 counts are
      substantially smaller than the duration of an individual pulsation in the
      intensity of radiation incident upon a detector 232 so that many digital
      numbers on line 312 are available for describing the shape of each
      pulsation. Thus, the address generator 320 under instruction from the
      program unit 324 addresses a sufficient number of data points within the
      memory 318 for tracing out a graph of the pulsations of the radiation so
      that the arithmetic unit 322 can provide accurate values of the peaks of
      the pulsations. These peak values with their times of occurrence are then
      stored in the memory 326, the set of stored values being the envelope of
      the pulsations.
PAR  The data points in the envelope are passed from the memory 326 along line
      314 into the Fourier transformer 298. Fourier transformer 298 employs
      well-known circuitry for providing an inverse Fourier transformation
      utilizing teachings such as those of the aforementioned patent to Bergland
      for supplying to the memory 300 a set of data points representing a true
      image of a single line scan. The images of the individual line scans are
      combined in the following manner by the display system 304.
PAR  Referring now to FIGS. 17 and 19, the display system 304 is seen to
      comprise a program unit 330, an address generator 332, a memory 334, a
      color tapper 336, a digital-to-analog converter shown as D/A 338, a scan
      generator 340, and an oscilloscope 342. With respect to the image plane
      280 of FIG. 15, it is noted that each detector 232 sees a different view
      of the point sources of radiation within the subject 250. The different
      views provide depth information by virtue of the manner, to be described
      hereinafter, in which the different views are combined. The combining is
      done with a shifting process in which the views of the individual
      detectors 232 are shifted by the program unit 330 and the address
      generator 332 in a manner to be explained hereinafter.
PAR  Referring now to FIG. 20, there is presented a diagrammatic view of a
      pinhole camera which is analogous to the scanner 228 and 228A in that the
      magnification of a region on the subject plane as presented on the image
      plane, is dependent only on the relative spacing between the subject plane
      and the pinhole and the spacing between the pinhole and the image plane.
      Thus a portion of the subject 250 in FIG. 15 lying directly below the
      detector 232A and seen obliquely by the detector 232C are both magnified
      by an equal amount. This uniformity of magnification is particularly
      important, for reasons which will become apparent, in combining images
      obtained with the three detectors 232 wherein the images are combined by
      shifting their relative positions.
PAR  Referring now to FIGS. 21, 22 and 23, there are seen graphs of the output
      of a detector, such as the detector 232 of FIG. 15, as a function of the
      relative positions of masks such as the masks 234 and 240 of FIG. 15 in
      three separate source-detector situations. Alongside each graph is shown
      diagrammatically the relative positions of a detector 344, an upper
      stationary mask 346 and a lower moving mask 348. A relatively large area
      source 350 is shown in FIG. 21, two relatively small spaced apart sources
      352 and 354 are shown in FIG. 22 and a single relatively small source 356
      is shown in FIG. 23. Typically, the detector 344, as well as the detector
      232 of FIG. 15, are each approximately 2 to 3 inches in width, the spacing
      between the detector 344 and the upper mask 346 as well as the spacing
      between the detector 232 and mask 240 of FIG. 15 are approximately 6
      inches, the combined widths of the masks 346 and 348 as well as the
      combined widths of the masks 240 and 234 of FIG. 15 are approximately 1/2
      inch, and the spacing between the lower mask 348 and the source 350 as
      well as the spacing between the mask 234 and the radiation sources of the
      subject 250 of FIG. 15 are typically 3 inches. These distances can be
      varied in accordance with standard photographic practice, for example, the
      three inch dimension between the mask and the subject can be increased
      from 3 to 5 inches while the 6 inch distance between mask and detector can
      be increased from 6 to 10 inches. The spacings between the sources 352,
      354 and 356 relative to the lower mask 348 in FIGS. 22 and 23 is similarly
      on the order of 3 to 5 inches.
PAR  The distinguishing difference between the sourcedetector configurations of
      the FIGS. 21-23 is in the sources 350, 352, and 354, and 356. It is
      readily verified in a simple laboratory experiment in which a source of
      light is utilized instead of a source of high energy radiation that, upon
      a movement of the mask 348 relative to the mask 346, an electrical signal
      produced by the detector 344 in response to light rays passing through the
      masks 348 and 346 produces the sinuous wave of FIG. 21. In the event that
      two small light sources are utilized in this experiment, the sinuous curve
      of FIG. 22 is obtained while in the event that a single small light source
      corresponding to the source 356 is utilized in this experiment, the
      sinuous curve of FIG. 23 is obtained. It is readily verified that the
      envelope of the sinuous curve of FIG. 21 is the spatial Fourier transform
      of the extended source 350, that the double-humped envelope of the sinuous
      curve of FIG. 22 is the spatial Fourier transform of the two relatively
      small sources 352 and 354 which are spaced apart in side by side relation
      and that the relatively broad-humped envelope of the sinuous curve of FIG.
      23 is the spatial Fourier transform of the single relatively small source
      356. It is because of the Fourier transform relationships demonstrated in
      FIGS. 21-23 that the Fourier transformer 298 of FIG. 17 is utilized for
      providing the inverse transform of the data on line 314 of FIG. 17.
PAR  With respect to the source-detector configurations of FIGS. 21-23, it is
      noted that the transform represented by each envelope is equal to the
      Fourier transform of the source geometry, with the spatial Fourier
      frequency components being related to the relative positions of the
      source, mask and detector as will be described hereinafter in a discussion
      of the theory of the chirp scanner. Thus, a small detector with a broad
      source gives the same envelope shape as a small source and broad detector.
PAR  Returning now to FIG. 19, the three inverse transformed envelope functions,
      each of which is a true image of an individual line scan provided
      respectively by the channels 1, 2 and 3, are applied via the lines 302A-C
      to the memory 334 and the address generator 332. The address generator 332
      alters the addresses of the individual images stored in the memory 334 in
      accordance with a program provided by the program unit 330, the change in
      each address being such as to accomplish a shifting of the image sideways
      in the manner taught by U.S. Pat. No. 3,499,146 entitled "Variable Depth
      Laminography with Means for Highlighting the Detail of Selected Lamina"
      which issued to A. G. Richards on Mar. 3, 1970, and in the manner taught
      by an article entitled "A Simplified Procedure for Viewing Multiple Films
      to Create an Infinite Number of Laminagrams" by Earl R. Miller, M.D., et
      al appearing on pages 365-367 in the February 1974 edition of the Journal,
      Radiology. As was mentioned previously with reference to FIG. 20, there is
      a uniform magnification everywhere in the image plane 280 so that the
      various true images of the individual line scans appearing on the lines
      302A-C may be shifted relative to each other. The amount of shifting is
      controlled manually by a knob 358 on the program unit 330 in order to
      focus upon sources of radiation at preselected depths within the subject
      250. The signals representing the true images on lines 302A-C are stored
      in the memory 334 with addresses provided by the address unit 332 and as
      these images are read out of the memory 334 and into a summer 360, the
      images in their shifted positions are summed together by the summer 360.
PAR  The digital signal provided by the summer 360 is applied to a color tapper
      336 which prints out the summation of these images in a manner disclosed
      in U.S. Pat. No. 3,735,132 which issued to V. Carugati et al on May 22,
      1973, and is also converted to an analog voltage by the D/A 338 to be
      presented on the oscilloscope 342. The scan generator 340 in response to
      signals obtained on line T4 from the timing unit 306 provides the sweep
      signals for deflecting the electron beam of the oscilloscope 342 in
      accordance with the rate at which the signals are read out of the memory
      334 by the clock signals at C3. The oscilloscope 342 may alternatively be
      a storage tube display such as an oscilloscope having a long persistence
      phosphor for storing the composite image of a line scan during successive
      indexings of the scanner 228 or 228A so that all of the line scans are
      visible to present a viewer with a complete picture of the radioactive
      regions of the subject 250 of FIG. 15.
PAR  Again, with the reference to FIGS. 21-23, it is noted that the sinuous
      graph obtained in each of these figures, is obtained by virtue of the fact
      that the two masks 346 and 348, or 240 and 234 of FIG. 15, are positioned
      adjacent each other and function as a single reticle having apertures
      which open and close, the magnitudes of these apertures varying with
      position along the masks and varying with time in accordance with the
      relative amount of translation between the two masks. Accordingly, the
      sinuous curve is obtained in the situation where both masks are moved
      relative to the detector and relative to each other as well as where only
      one mask is moved, be it in one direction only or in an oscillatory
      motion. In the event that the moving mask 234 is scanned alternately to
      the right and to the left of the subject 250 as the scanner 228 is indexed
      to advance along the subject 250, the addresses of the address generator
      332 have different values than in the situation where the mask 234 scans
      in only one direction followed by a retraction to its starting point
      whereupon it again scans in the same direction. However, the continuous
      reading out of stored data of the memory 334 through the summer 360 is
      unaffected by the alternate shift in scanning direction.
PAR  Again referring to FIG. 16, it is noted that an early embodiment of the
      invention provided for the placing of the mask 240 on top of the
      collimator 264 rather than beneath the collimator 264 and above the mask
      234. In that embodiment, the signal processing is similar to that already
      disclosed except that the extraction of the inverse Fourier transform is
      more complex in that the transformation has an additional factor based on
      a structure having essentially two reticles instead of the single reticle
      previously described with reference to FIGS. 21-23.
PAC  GENERAL THEORY OF THE CHIRP SCANNER
PAR  Let the source activity distribution be denoted by f(x,y), where the y
      direction is the conventional scanner or slow scan direction, and the x
      direction is the codedaperture or fast scan direction as shown by the
      coordinate axes 362 of FIG. 16 in which the xy plane is seen to pass
      through the subject 250. A detector located at the point x",y" views only
      a narrow strip defined by the lines y = y.sub.0 .+-. w/2, where w is the
      scanner resolution in the y direction. The coded aperture consists of the
      two masks 234 and 240 in near contact in the x'y' plane. The transmission
      of the stationary mask is a function only of x' and is denoted by g.sub.1
      (x'). The transmission of the moving mask 234 is denoted by g.sub.2
      (x'-vt), where v is the fast scan velocity and t is the time. Radiation
      emanating from point x,y  in the subject plane and passing through the
      masks at point x'y' strikes the image plane 280 of FIG. 15 at point x"y".
      The spatial and temporal distribution of radiation h(x', t) in the image
      plane 280 does not depend on the y" coordinate provided that it passes
      within the collimator 264 of FIG. 16, and is given by:
EQU  h(x", t) =
      ##EQU1##
      where C is a constant determined by the geometry of the system.
PAR  It will be convenient to suppress the y integrals by defining
      ##EQU2##
      Then, although the y variable will not appear explicitly, it must be
      remembered that f(x) is the average source activity at point x along the
      scan line centered at y = y.sub.0.
PAR  The coordinate x' is related to x and x" by
      ##EQU3##
      where S.sub.2 is distance between film and mask, and .epsilon. is distance
      between mask and subject.
PAR  The mask transparencies g.sub.1 and g.sub.2 are linear chirp
      (one-dimensional zone plate for which the frequency, but not the spacing,
      varies linearly with distance) functions defined by g.sub.i (x) =
EQU  {1 if sin.alpha.(x-x.sub.c).sup.2 .gtoreq.  0 and
      .vertline.x.vertline..ltoreq. L.sub.i /2
EQU  { 0 if sina.alpha.(x-x.sub.c).sup.2 &lt; 0 and .vertline.x.vertline..ltoreq.
      L.sub.i /2
EQU  {0 if .vertline.x.vertline. &gt; L.sub.i /2 (i = 1,2)         (6)
PAL  where x.sub.c is the distance from the center of symmetry of the chirp, at
      which point the spatial frequency is zero, to the center of the mask
      itself. The quantities L.sub.1 and L.sub.2 are the lengths of the
      stationary and moving masks, respectively. The chirp rate is determined by
      the parameter .alpha..
PAR  The transparency functions may be expanded as
EQU  g.sub.i (x) =
      ##EQU4##
      where the rect function is defined by
      ##EQU5##
PAR  In Eq. (7), only the terms corresponding to the average or D.C. mask
      transmission and the fundamental spatial frequency band have been shown
      explicitly. Higher harmonic terms will make a small contribution to
      h(x",t), but can be eliminated by filtering.
PAR  Substituting Eqs. (2), (3), and (7) into Eq. (1) yields the following
      relation:
EQU  h(x",t) =
      ##EQU6##
      where
      ##EQU7##
      and
      ##EQU8##
PAR  The notation cc in Equations 7 and 9 indicates the complex conjugate of the
      preceding term.
PAR  Note that all terms on the first three lines of Eq. (9) contain a quadratic
      phase factor, i.e., a complex exponential with the exponent proportional
      to x.sup.2. This phase factor oscillates rapidly over the range of the x
      integration, reducing these integrals to a small value.
PAR  Thus we need to consider only the last three terms in Eq. (9):
EQU  h(x",t) .perspectiveto.
      ##EQU9##
PAR  A further simplification results if L.sub.2 is substantially greater than
      L.sub.1, and L.sub.1 in turn is sufficiently large that the entire object
      area can be seen from each detector point of interest. Then the range of
      integration is limited by the finite extent of f(x) rather than g.sub.1 or
      g.sub.2. In that case the rect functions are superfluous and we may write
EQU  h(x",t) =
      ##EQU10##
      where
EQU  .phi.(x",t) .tbd. -.alpha.v.sup.2 t.sup.2 + 2.alpha.(ax"-x.sub.c)vt (14)
PAL  and F(k) is the Fourier transform of f(x), defined by
EQU  F(k) .tbd..intg.f(x) e.sup.ikx dx.                         (15)
PAR  Thus the time signal from a point detector located at x" is given by a
      constant term proportional to the average source strength plus a rapidly
      time-varying term whose envelope is the Fourier transform of the source
      distribution.
PAR  The effect of a finite detector area is easily computed by integrating the
      x" dependence in Eq. (12) over the detector. The integral involved is
      ##EQU11##
      where L.sub.d is the combined length of the three contiguous detectors
      232A-C (assumed rectangular). When the subject is in contact with the
      apertures (a = 0), then this integral has the value L.sub.d. In other
      words, the detector should be as large as practical. When the subject is
      separated from the apertures by a gap, .epsilon. &gt; 0, the detector size is
      restricted by Eq. (16) to about
      ##EQU12##
PAR  It is understood that the above-described embodiments of the invention are
      illustrative only and that modifications thereof may occur to those
      skilled in the art. Accordingly, it is desired that this invention is not
      to be limited to the embodiments disclosed herein but is to be limited
      only as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An imaging system comprising:
PA1  means for detecting high energy radiation emanating from a source of such
      radiation;
PA1  means for spatially modulating said radiation, said modulating means having
      regions which are relatively opaque to said radiation interspersed among
      regions relatively transparent to said radiation, the depths of said
      opaque regions being less than the spacing between said opaque regions to
      permit shadows of said opaque regions cast by rays of radiation emanating
      from one part of said source to overlap a shadow of said opaque regions
      cast by rays of radiation emanating from a second part of said source
      spaced apart from said first part of said source, said modulating means
      being positioned between said source and said detecting means;
PA1  means for imparting a relative motion between said detecting means and said
      modulating means, said detecting means including means for providing an
      array of data points having data relative to an image of the shadows cast
      by said modulating means; and
PA1  means coupled to said detecting means for reconstructing from said array of
      data points a true image of said source.
NUM  2.
PAR  2. A system according to claim 1 wherein said motion means comprises means
      for imparting a translation of said detecting means relative to said
      modulating means.
NUM  3.
PAR  3. A system according to claim 1 wherein said motion means includes means
      for imparting both a translation and a rotation of said detecting means
      relative to said modulating means.
NUM  4.
PAR  4. A system according to claim 3 wherein said detecting means detects the
      positions relative to said detecting means of quanta of radiation incident
      thereupon and provides signals having data of said positions, and wherein
      said reconstructing means includes a coordinate converter coupled to said
      detecting means for converting said position data signals to provide data
      of said positions relative to a fixed reference frame.
NUM  5.
PAR  5. An imaging system comprising:
PA1  means for detecting high energy radiation emanating from a source of such
      radiation;
PA1  means for spatially modulating said radiation, said modulating means having
      regions which are relatively opaque to said radiation interspersed among
      regions relatively transparent to said radiation, the depths of said
      opaque regions being less than the spacing between said opaque regions to
      permit shadows of said opaque regions cast by rays of radiation emanating
      from one part of said source to overlap a shadow of said opaque regions
      cast by rays of radiation emanating from a second part of said source
      spaced apart from said first part of said source, said modulating means
      being positioned between said source and said detecting means;
PA1  means for imparting a relative motion between said detecting means and said
      modulating means, said motion means including means for imparting both a
      translation and a rotation of said detecting means relative to said
      modulating means, said detecting means including means for providing an
      array of data points having data relative to an image of the shadows cast
      by said modulating means, said detecting means detecting the positions
      relative to said detecting means of quanta of radiation incident thereupon
      and providing signals having data of said positions;
PA1  means coupled to said detecting means for reconstructing from said array of
      data points a true image of said source, said reconstructing means
      including a coordinate converter coupled to said detecting means for
      converting said position data signals to provide data of said positions
      relative to a fixed reference frame; and wherein
PA1  said modulating means comprises a mask having an off-axis Fresnel pattern.
NUM  6.
PAR  6. A system according to claim 5 wherein said modulating means further
      comprises a second mask spaced apart from said first mask and having a
      straight zone pattern.
NUM  7.
PAR  7. A system according to claim 6 wherein said reconstruction means includes
      means coupled to said coordinate converter means for forming a
      photographic image of said shadow cast upon said detecting means.
NUM  8.
PAR  8. A system according to claim 7 wherein said photographic image is formed
      on a transparency, and wherein said reconstruction means further includes
      a decoder which comprises:
PA1  an optical system for transmitting an illuminating beam of light through
      said transparency; and
PA1  telescope means for viewing light propagating through said transparency
      along an axis inclined to an axis of said illuminating beam.
NUM  9.
PAR  9. A system according to claim 4 wherein said modulating means has a mask
      having an array of regions arranged in a first direction with
      monotonically increasing sizes and arranged in a second direction with
      monotonically increasing sizes.
NUM  10.
PAR  10. A system according to claim 9 wherein the regions of said mask are
      relatively opaque to said radiation.
NUM  11.
PAR  11. A system according to claim 9 wherein said regions are relatively
      transparent to said radiation.
NUM  12.
PAR  12. A system according to claim 9 wherein said regions include regions
      which are relatively opaque to said radiation interspersed among regions
      which are relatively transparent to said radiation.
NUM  13.
PAR  13. A system according to claim 12 wherein said reconstructing means
      comprises:
PA1  means coupled to said coordinate converter for storing an array of data
      points obtained therefrom;
PA1  means for scanning said array of data points of said storing means at a
      predetermined rate; and
PA1  means coupled to said scanning means for filtering a signal obtained
      therefrom, said filtering means having a temporal impulse response inverse
      to the pattern of said array of regions of said mask to provide said true
      image.
NUM  14.
PAR  14. A system according to claim 13 further comprising means coupled to said
      filtering means of said reconstructing means for displaying said true
      image, said display means being synchronized with said scanning means of
      said reconstructing means.
NUM  15.
PAR  15. A system according to claim 12 wherein said modulating means has a
      second mask adjacent said first mask, said second mask having an array of
      relatively opaque and relatively transparent regions arranged
      substantially in a checkerboard pattern.
NUM  16.
PAR  16. A system according to claim 4 wherein said modulating means has an
      array of circular zone shaped regions relatively opaque to said radiation
      spaced apart from each other and arranged such that the circular zones of
      said array of successively larger radii have successively larger widths as
      measured between the inner and outer radii of each zone.
NUM  17.
PAR  17. A system according to claim 16 wherein said reconstructing means
      includes means for forming a photographic image of said shadow cast upon
      said detecting means.
NUM  18.
PAR  18. A system according to claim 17 wherein said photographic image is a
      transparency, and wherein said reconstructing means has a decoder which
      comprises:
PA1  an optical system for illuminating said transparency, said optical system
      including a lens positioned adjacent said transparency for focussing light
      which propagates through said transparency to a focal point behind said
      lens; and
PA1  a prism in the shape of a right circular cone positioned with its axis
      coaxial to the beam of light illuminating said transparency, said prism
      being positioned at said focus with the base of the prism facing said
      lens, said lens and said prism providing an inverse transformation of said
      shadow cast upon said detecting means to provide said true image.
NUM  19.
PAR  19. A system according to claim 1 wherein said modulating means comprises a
      mask having said opaque and said transparent regions, and said motion
      means comprises means for translating said mask relative to said detecting
      means in a first direction and for translating said mask and said
      detecting means relative to said source in a second direction.
NUM  20.
PAR  20. A system according to claim 19 wherein said first direction is
      perpendicular to said second direction.
NUM  21.
PAR  21. A system according to claim 20 wherein said modulating means comprises
      a second mask positioned adjacent said first mask, and within the path of
      propagation of said radiation from said source through said first mask,
      said second mask having an array of relatively opaque regions and
      relatively transparent regions, said regions of said first mask being
      arranged such that the widths of at least some of the regions are
      monotonically increasing in size.
NUM  22.
PAR  22. A system according to claim 21 wherein said first mask moves relative
      to said second mask, said relative motion imparting a modulation to the
      rate at which quanta of radiation from said source impinge upon said
      detecting means, said reconstructing means comprising means coupled to
      said detecting means for measuring the rate of occurrence of quanta of
      said radiation impinging upon said detecting means, and means coupled to
      said rate measuring means for providing an envelope function of said rate
      measurements.
NUM  23.
PAR  23. A system according to claim 22 wherein said reconstructing means
      comprises means coupled to said envelope detecting means for performing an
      inverse Fourier transformation of said envelope function to provide said
      true image.
NUM  24.
PAR  24. A system according to claim 23 further comprising at least one other of
      said detecting means and at least one other of said reconstructing means
      to form a plurality of said true images of which individual ones of said
      true images correspond to data of respective ones of said detectors; and
PA1  a display system including means coupled to the transformation means in
      respective ones of said reconstructing means for shifting the relative
      positions of said true images in accordance with a preselectable program,
      and means for combining said shifted true images to provide a composite
      image of a particular plane within said source.
NUM  25.
PAR  25. A system according to claim 24 wherein a collimator is placed between
      one of said masks in said detecting means, said collimator having an array
      of converging slots directed towards a focal line within said source, and
      wherein said shifting means comprises a memory for storing each of said
      true images, a generator for providing addresses for each of the data
      points for each of said stored true images, and means coupled to said
      address generator for altering the addresses in a preselectable manner to
      provide a shifting in said memory of the address locations of said data
      points, said display system being coupled to said memory for reading out
      of said memory said stored true images in shifted positions corresponding
      to the shifting of said addresses.
NUM  26.
PAR  26. In combination:
PA1  means for detecting high energy radiation, said detecting means providing
      signals in response to quanta of radiation incident thereupon;
PA1  means positioned between said detecting means and a source of said
      radiation for spatially modulating said radiation, said modulating means
      comprising regions which are relatively opaque to said radiation and
      having an array of apertures therein which are relatively transparent to
      said radiation; and
PA1  means coupled to said modulating means for varying the sizes of said
      apertures to provide said detector signals with data suitable for forming
      an image of said source.
NUM  27.
PAR  27. A combination according to claim 26 wherein the apertures in one part
      of said array differ in size from the apertures in the other part of said
      array at one instant of time, rays of said radiation passing through a
      plurality of said apertures while propagating from said source to said
      detecting means.
NUM  28.
PAR  28. A combination according to claim 27 wherein said detecting means
      includes means for measuring the rate of occurrence of said quanta of
      radiant energy which are incident upon said detecting means, a sequence of
      said detector signals having an envelope representing a transformation of
      a line scan image of said source.
NUM  29.
PAR  29. A combination according to claim 28 further comprising means coupled to
      said detecting means for extracting said envelope.
NUM  30.
PAR  30. A combination according to claim 29 wherein said envelope extracting
      means conprises:
PA1  a memory coupled to said rate measuring means for storing said detector
      signals;
PA1  means coupled to said memory means for performing arithmetic calculations
      with said stored signals for determining the locations of peak values of
      said envelope; and
PA1  storage means coupled to said arithmetic means for storing said peak
      values, each of said peak values being a data point of said envelope.
NUM  31.
PAR  31. A combination according to claim 30 further comprising transformation
      means coupled to said envelope extracting means for performing a
      transformation of said envelope to provide a true image of said source.
NUM  32.
PAR  32. A combination according to claim 31 wherein said envelope is a Fourier
      transform of a line scan image of said source, and said transformation
      means provides an inverse Fourier transform.
NUM  33.
PAR  33. A method of radiographic imaging comprising the steps of:
PA1  inserting radiation responsive material from the class of ingestable
      materials consisting of radio-opaque materials and radiation emissive
      materials into a subject;
PA1  positioning a plurality of detectors of said radiation at a position fixed
      relative to said subject;
PA1  moving a plurality of barrier elements which impede the propagation of
      quanta of said radiation between said subject and said plurality of
      detectors, said detectors providing signals in response to radiation
      propagating from said subject past said barrier elements to said
      detectors, said barrier elements spatially modulating said propagation of
      said radiation; and
PA1  decoding modulated signals provided by said detectors whereby an image of a
      radiation pattern emanating from said subject is provided for each of said
      detectors.
NUM  34.
PAR  34. a method according to claim 33 further comprising the step of:
PA1  repositioning the decoded image obtained from one detector relative to the
      coded image obtained from a second of said detectors for viewing a
      laminograph of a plane within said subject.
NUM  35.
PAR  35. A method according to claim 34 comprising the step of:
PA1  relocating said detectors and said barrier elements relative to said
      subject to provide an image of another portion of said subject.
NUM  36.
PAR  36. An imaging system comprising:
PA1  means for detecting high energy radiation emanating from a source of such
      radiation;
PA1  means for spatially modulating said radiation, said modulating means having
      regions which are relatively opaque to said radiation interspersed among
      regions relatively transparent to said radiation, the depths of said
      opaque regions being less than the spacing between said opaque regions to
      permit shadows of said opaque regions cast by rays of radiation emanating
      from one part of said source to overlap a shadow of said opaque regions
      cast by rays of radiation emanating from a second part of said source
      spaced apart from said first part of said source, said modulating means
      being positioned between said source and said detecting means;
PA1  means for imparting a relative motion between said detecting means and said
      modulating means, said detecting means summing together the signals of the
      respective shadow patterns, said detecting means including means for
      providing an array of data points from said summed signals having data
      relative to an image of the sum of the shadows cast by said modulating
      means; and
PA1  means coupled to said detecting means for reconstructing from said array of
      data points a true image of said source.
NUM  37.
PAR  37. a system according to claim 36 wherein said reconstructing means
      include means for forming a transparency of said data points and means for
      viewing said transparency at an angle to an axis thereof.
NUM  38.
PAR  38. A system according to claim 36 wherein said reconstructing means
      includes means for filtering said array of data points, said filtering
      means having an impulse response complimentary to the pattern of said
      opaque regions and said transparent regions of said modulating means.
NUM  39.
PAR  39. In combination:
PA1  means for detecting high energy radiation, said detecting means providing
      signals in response to quanta of radiation incident thereupon;
PA1  means positioned between said detecting means and a source of said
      radiation for spatially modulating said radiation, said modulating means
      comprising regions which are relatively opaque to said radiation and
      having an array of apertures therein which are relatively transparent to
      said radiation, said detecting means summing together the signals of
      shadows cast by said modulating means in response to individual ones of
      said points of radiation incident thereupon; and
PA1  means coupled to said modulating means for varying the sizes of said
      apertures to provide said detector signals with data suitable for forming
      an image of said source.
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ABST
PAL  Method and apparatus for maintaining the conductance of liquid crystalline
      compositions comprising pure transstilbene liquid crystalline materials at
      a level sufficient to allow dynamic scattering of the composition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the dynamic scattering of nematic liquid
      crystalline compositions and particularly to such compositions comprising
      a pure trans-stilbene. More particularly, this invention relates to the
      surveilance and maintenance of conductance of nematic liquid crystalline
      compositions comprising a pure trans-stilbene in order to allow for the
      repetitive dynamic scattering of the composition.
PAR  Most nematic liquid crystalline materials are known to exhibit dynamic
      scattering. Dynamic scattering is generally observed in most nematic
      liquid crystalline materials upon application of an electrical field of
      sufficient strength to cause disruption of the alignment order of the
      nematic molecules and the resultant creation of relatively large regions
      of turbulence.
PAR  Without being under the influence of an aligning agent or an electrical
      field, the molecules of nematic liquid crystalline material point in one
      direction although the orientation differs from area to area.
PAR  Upon application of an electrical field across a layer of nematic liquid
      crystalline material, the molecules of the nematic line up with their long
      axes at some predetermined relationship to the field direction. When the
      electrical field is of sufficient strength to cause ions to move towards
      the electrodes by which the electrical field is applied, the ions disrupt
      the order of alignment of the nematic molecules and create relatively
      large regions of turbulence. Dynamic scattering of light results.
PAR  Dynamic scattering of pure trans-stilbene nematic liquid crystalline
      materials can not be achieved due to the large resistivities of the
      trans-stilbene materials.
PAR  It has been known that stilbenes exhibit "photosensitivity" in that in the
      presence of light these tended to decompose, and in the simultaneous
      presence of light and oxygen, phenantrene is formed. See, for example,
      U.S. Pat. No. 3,767,289.
PAR  In the liquid crystalline art, however, the high resistivity of nematic
      stilbenes have typically been modified, as in U.S. Pat. No. 3,767,289, by
      the addition of dopants. For example, ether complex salts have been used.
      I. Haller and G. Gladstone, Fourth International Liquid Crystal
      Conference, Kent, Ohio, Aug. 21-25, 1972.
PAR  U.S. Pat. No. 3,655,971 discloses exposure of liquid crystalline materials
      to ultra-violet radiation for imaging and without the application of
      voltage.
PAR  It has recently been discovered that nematic liquid crystalline
      compositions comprising a pure trans-stilbene can be made susceptible to
      dynamic scattering by irradiation with ultraviolet radiation. The
      electrical resistivity of the composition is thereby decreased and the
      conductance of the composition correspondingly increased. This technique
      is disclosed in copending U.S. applications Ser. No. 509,151, filed on
      Sept. 25, 1974 by Werner E. L. Haas and entitled "IMAGING METHOD."
PAR  In new and growing areas of technology such as liquid crystal imaging, new
      methods, apparatus, compositions, and articles of manufacture are often
      discovered for the application of the new technology in a new mode. The
      present invention relates particularly to a novel system for dynamically
      scattering pure trans-stilbene nematic liquid crystalline materials and
      more generally to maintaining a predetermined resistivity in mixtures of
      liquid crystalline materials including a trans-nematic stilbene.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide for the continued,
      repetitive dynamic scattering of nematic liquid crystalline compositions
      comprising a pure trans-stilbene nematic liquid crystalline material.
PAR  It is another object of this invention to provide a novel imaging system.
PAR  It is a further object of this invention to provide means for monitoring
      the conductance of the nematic liquid crystalline composition, and to
      maintain the conductance thereof at or above a predetermined value.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention by providing an electrical circuit in electrical connection with
      the voltage source of an imaging member comprising the liquid crystalline
      composition, and in electrical connection with a source of ultraviolet
      radiation. In its simplest embodiment, the circuit comprises a comparator
      and a control for the ultraviolet radiation source. In other embodiments,
      the electrical circuit further comprises signal delay elements and
      coincidence counters which allow for selective monitoring of the liquid
      crystalline composition conductance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, as well as other objects and
      further features thereof, reference is made to the following detailed
      disclosure of the preferred embodiments of the invention taken in
      conjunction with the accompanying drawings thereof, wherein:
PAR  FIG. 1 is a schematic illustration of an imaging member utilized in the
      imaging system of the present invention.
PAR  FIG. 2 is a schematic illustration of another imaging member utilized in
      the imaging system of the present invention.
PAR  FIG. 3 is a schematic illustration of one imaging system embodiment of the
      present invention.
PAR  FIG. 4 is a schematic illustration of another imaging system embodiment of
      the present invention.
PAR  FIG. 5 schematically illustrates an A.C. embodiment of the imaging system
      of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is seen an imaging member comprising
      substrates 1 and 5 provided with conductive coatings 2 and 4 to form
      electrodes. A layer 7 of nematic liquid crystalline composition comprising
      a pure trans-stilbene compound is sandwiched between conductive coatings 2
      and 4 and retained by spacer 3. Ultraviolet radiation from radiation
      source 6 impinges layer 7 and reduces the electrical resistivity thereof
      to a level which renders layer 7 susceptible to dynamic scattering under
      the influence of a D.C. or A.C. voltage provided by voltage source V.
PAR  "Pure" is used herein to mean that the liquid crystalline composition and
      the trans-stilbene nematic lacks sufficient charge carriers to exhibit
      dynamic scattering (absent ultraviolet radiation) at the voltage level
      applied to successfully produce dynamic scattering subsequent to
      ultraviolet irradiation.
PAR  The electrodes comprising substrates 1 and 5 with conductive coatings 2 and
      4, respectively can be made of any suitable transparent material.
      Substrates 1 and 5 can be made of glass or plastic or other materials
      which are substantially transparent. Conductive coatings 2 and 4 can
      comprise any typical suitable transparent, conductive coatings such as,
      for example, tin, indium oxide, aluminum, chromium, tin oxide, or any
      other suitable conductor. These substantially transparent conductive
      coatings are typically evaporated onto the more insulating transparent
      substrates. NESA glass, a tin oxide coated glass manufactured by the
      Pittsburgh Plate Glass Co., is a commercially available example of a
      typical transparent conductive electrode comprising a substrate and a
      conductive coating.
PAR  Spacer 3 separates the electrodes and contains the liquid crystalline
      composition between the electrodes. Spacer 3 is typically chemically
      inert, transparent, substantially insulating and has appropriate
      dielectric characteristics. Materials suitable for use as insulating
      spacers include cellulose acetate, cellulose triacetate, cellulose acetate
      butyrate, polyurethane elastomers, polyethylene, polypropylene,
      polyesters, polystyrene, polycarbonates, polyvinylfluoride,
      polytetrafluoroethylene, polyethylene terephthalate, and mixtures thereof.
PAR  Layer 7 of liquid crystalline composition comprising a pure trans-stilbene
      may comprise only the nematic trans-stilbene or mixtures thereof, or can
      comprise any pure composition of any typical suitable material added to
      the trans-stilbene wherein the trans-stilbene is a component of the
      composition. Examples of the latter composition include, for example, the
      addition of optically active materials, whether mesomorphic or not, and
      other nematic liquid crystalline materials to the trans-stilbene nematic
      liquid crystalline material. These other materials which are mixed with
      the trans-stilbene nematic should be pure as defined hereinabove.
PAR  Typical suitable non-mesomorphic optically active materials to be added to
      the host trans-stilbene nematic liquid crystalline material include:
      derivatives of alcohol such as 1-menthol, 1-linanol, d-mannitol, d-borneol
      and d-quercitol; derivatives of ketones such as d-camphor,
      d-3-methylcyclohexanone, 1-methone and 1-6-isopropyl-3 cyclohexanone;
      derivatives of carboxylic acids such as d-citronellic acid, 1-citronellic
      acid, d-chaulmoogric acid, 1-campholic acid, 1-arabonic acid, d-tartaric
      acid, and 1-ascorbic acid; derivatives of aldehyde such as d-citronellal;
      derivatives of alkenes such as 1-B-pinane, d-silvesterene, and derivatives
      of nitriles such as d-mandelonitrile; derivatives of amides such as
      d-hydrocarbamide; and mixtures thereof.
PAR  Typical suitable mesomorphic optically active materials include liquid
      crystalline optically active materials such as cholesteric liquid
      crystalline materials. Typical suitable cholesteric liquid crystalline
      materials include derivatives from reactions of cholesterol and inorganic
      acids; for example, cholesteryl chloride, cholesteryl bromide, cholesteryl
      iodide, cholesteryl nitrate; esters derived from reactions of cholesterol
      and carboxylic acids; for example, cholesteryl crotonate; cholesteryl
      nonanoate; cholesteryl hexanoate; cholesteryl formate; cholesteryl
      chloroformate; cholesteryl propionate; cholesteryl acetate; cholesteryl
      valerate; cholesteryl linolate; cholesteryl linolenate; cholesteryl
      oleate; cholesteryl erucate; cholesteryl butyrate; cholesteryl caprate;
      cholesteryl laurate; cholesteryl myristate; ethers of cholesterol such as
      cholesteryl decyl ether; cholesteryl oleyl ether; cholesteryl dodecyl
      ether; carbamates and carbonates of cholesterol such as cholesteryl decyl
      carbonate; cholesteryl oleyl carbonate; cholesteryl methyl carbonate;
      cholesteryl ethyl carbonate; cholesteryl butyl carbonate; cholesteryl
      docosonyl carbonate; cholesteryl heptyl carbamate; and alkyl amides and
      aliphatic secondary amines derived from 3.beta.-amino-.DELTA..sup.5
      -cholestene and mixtures thereof; peptides such as
      poly-.gamma.-benzyl-l-glutamate; derivatives of beta sitosterol such as
      sitosterol chloride; and active amyl ester of cyano benzylidene amino
      cinnamate. The alkyl groups in said compounds are typically saturated or
      unsaturated fatty acids, or alcohols, having less than about 25 carbon
      atoms and unsaturated chains of less than about 5 double-bonded olefinic
      groups. Aryl groups in the above compounds typically comprise simply
      substituted benzene ring compounds. Any of the above compounds and
      mixtures thereof may be suitable for cholesteric liquid crystalline films
      in the advantageous system of the present invention.
PAR  Layer 7 of liquid crystalline compositions comprising any of the
      aforementioned combination of materials can be prepared in organic
      solvents such as chloroform, petroleum ether, methylethyl ketone and
      others, which are typically subsequently evaporated from the mixture
      thereby leaving the liquid crystalline composition.
PAR  Typical suitable trans-stilbene nematic liquid crystalline materials
      include: 4-methoxy-4'-n-octyloxy-.beta.-methyl-trans-stilbene,
      4-n-butoxy-4'-.alpha.-methyl-trans-stilbene;
      4-methoxy-4'-n-octyloxy-.beta.-chloro-trans-stilbene;
      4-ethoxy-4'-n-butyl-.beta.-methyl-trans-stilbene;
      4-ethoxy-4'-n-butyl-.alpha.-methyl-trans-stilbene;
      4-ethoxy-4'-n-pentyl-.beta.-chloro-trans-stilbene;
      4-ethoxy-4'-n-butyl-.alpha.-chloro-trans-stilbene;
      4-ethoxy-2-methyl-4'-n-butyl-trans-stilbene;
      4-acetoxy-4'-n-butyl-.beta.-chloro-trans-stilbene;
      4-methoxy-4'-n-octyl-.beta.-chloro-trans-stilbene;
      4-n-heptyloxy-4'-n-propyl-.beta.-chloro-trans-stilbene;
      4-methoxy-4'-n-butyl-.beta.-chloro-trans-stilbene;
      4-ethoxy4'(3-methylbutyl)-.beta.-chloro-trans-stilbene;
      4-ethoxy-4'-n-butyl-.beta.-chloro-trans-stilbene;
      4-n-propoxy-4'-n-butyl-.beta.-chloro-trans-stilbene;
      4-ethoxy-4'-n-hexyl-.beta.-chloro-trans-stilbene;
      4-n-hexyloxy-4'-n-butyl-.beta.-chloro-trans-stilbene;
      4-ethoxy-4'-n-octyl-.beta.-chloro-trans-stilbene;
      4-ethoxy-4(2-methylpentyl)-.beta.-chloro-trans-stilbene;
      4-n-butoxy-4'-n-butyl-.beta.-chloro-trans-stilbene;
      4-ethoxy-4'(2-methylhexyl)-.beta.-chloro-trans-stilbene;
      4-ethoxy-4'(2-methylbutyl)-.beta.-chloro-trans-stilbene;
      4-butyl-4'-n-octyl-.beta.-chloro-trans-stilbene;
      4-cyano-4'-n-butyl-.beta.-chloro-trans-stilbene;
      trans-4-butyl-.alpha.-chloro-4'-ethoxystilbene;
      trans4-octyl-.alpha.-chloro-4'-ethoxystilbene; 4,4'-dimethoxystilbene.
PAR  Layer 7 of liquid crystalline composition comprising a trans-stilbene
      nematic liquid crystalline material preferably has a thickness in the
      range of about 1 to about 100 microns.
PAR  Radiation source 6 of ultraviolet radiation may comprise any suitable
      source of ultraviolet radiation. Typical suitable sources of ultraviolet
      radiation are commercially available such as, for example, D.C. xenon
      mercury lamps, available from Oriel Optics Corporation, 1 Market Street,
      Stamford, Connecticut; and mercury lamps such as model BH-6 high pressure,
      short arc mercury lamps available from General Electric Company, Lamp
      Business Division, Cleveland, Ohio.
PAR  Voltage source V can comprise any suitable source of D.C. or A.C. voltage.
      Trans-stilbene nematic liquid crystalline materials irradiated with
      ultraviolet radiation typically have a threshold level of voltage at or
      above which dynamic scattering is exhibited. The upper limit of voltage
      magnitude is typically governed by electrical breakdown of the imaging
      system. The threshold voltage at which trans-stilbene nematic liquid
      crystalline materials irradiated with ultraviolet typically begin to
      exhibit dynamic scattering is within the range of from about 10 to about
      50 volts. When employed to produce dynamic scattering, A.C. voltages are
      preferably of a frequency up to about 100 Hz. Frequencies above about 100
      Hz tend to diminish movement of ions within the layer of liquid
      crystalline composition thereby diminishing the dynamic scattering effect.
PAR  In embodiments of the present invention where the dynamic scattering is
      provided with memory such as, for example, when the trans-stilbene nematic
      liquid crystalline material is mixed with a cholesteric liquid crystalline
      material, then A.C. voltages of magnitude greater than the imaging or
      dynamic scattering magnitude is employed at frequencies greater than 100
      Hz in order to erase the stored dynamic scattering.
PAR  In imaging embodiments of the present invention the layer 7 of liquid
      crystalline composition comprising a trans-stilbene nematic material is
      dynamically scattered in imagewise configuration. Generally speaking, this
      can be made to occur by any of the numerous imagewise address methods
      known in the art. For example, radiation source 6 of ultraviolet radiation
      may be passed through a stencil or mask and caused to impinge layer 7 in
      imagewise configuration, thereby decreasing the resistance of layer 7 in
      imagewise configuration sufficient to result in dynamic scattering in
      imagewise configuration. Other methods can be utilized where radiation
      source 6 uniformly impinges layer 7. These methods include, for example,
      utilizing a shaped electrode as at least one of the two electrodes
      employed, although, of course, both electrodes may be shaped in imagewise
      configuration. Another method employing uniform irradiation from source 6
      includes the addition of a photoconductive layer between one of the
      electrodes and the layer 7 of trans-stilbene nematic liquid crystalline
      material.
PAR  This can be seen in FIG. 2, wherein like numerals refer to like elements
      found in FIG. 1. In FIG. 2, layer 50 of photoconductive material is shown
      positioned between conductive coating 2 and layer 7 of trans-stilbene
      nematic liquid crystalline composition. Radiation source 10 is a source of
      radiation which is actinic to the photoconductive material in layer 50.
      Stencil or mask 11 is positioned intermediate radiation source 10 and
      layer 50 of photoconductive material and allows only imagewise configured
      actinic radiation to impinge layer 50.
PAR  In the embodiment of FIG. 2, layer 50 of photoconductive material may
      comprise any suitable photoconductive material. Typical suitable
      photoconductive materials include photoconductive inorganic materials and
      photoconductive organic materials. Typical suitable inorganic
      photoconductive materials include sensitized zinc oxide, for example,
      sensitized by the addition of Rhodamine Dye, available from Dupont,
      selenium, selenium alloyed with arsenic such as, for example, arsenic
      triselenide, selenium alloyed with tellurium, antimony, or bismuth;
      cadmium sulfide, cadmium sulfoselenide, and the many other typical
      suitable inorganic photoconductive materials listed in U.S. Pat. No.
      3,121,006 to Middleton et al and listed in U.S. Pat. No. 3,288,603, both
      of which are hereby incorporated by reference. Typical suitable organic
      photoconductive materials include, for example, a combination of
      2-5-bis(p-aminophenyl)-1, 3,4-oxadiazole available under the trademark TO
      1920 from Kalle and Company, Weisbaden-Biebrich, Germany and Vinylite
      VYNS, a copolymer of vinylchloride and vinyl acetate available from
      Carbide and Carbon Chemicals Co.; and the combination of
      2,4,7-trinitro-9-fluorenone to polyvinyl carbazole, available under the
      trademark Luvican 170 from Winter, Wolf and Co., New York, New York. The
      thickness of the photoconductive layer is not critical to the practice of
      the present invention and any thickness which provides a sufficiently high
      dark resistance may be utilized.
PAR  That is, the dark resistance should be sufficient to provide greater
      voltage across the photoconductive layer than across the liquid
      crystalline layer in the dark. When struck by actinic radiation, the
      voltage decreases across the photoconductive layer and increases across
      the liquid crystalline layer.
PAR  It will be appreciated that photoconductors having a fundamental absorption
      band within the electromagnetic spectrum, including the visible region,
      the x-ray region, the infrared region, etc. can be employed. Preferably
      the photoconductive materials employed in the present invention do not
      have a fundamental absorption band within the ultraviolet region so that
      the irradiation of layer 7 of liquid crystalline composition by the
      radiation source 6 is not actinic to the layer 50 of photoconductive
      material. The radiation source 10 utilized will, of course, provide
      radiation which is actinic to the photoconductor employed.
PAR  In summary, the embodiment depicted in FIG. 2 provides a system wherein the
      electrical resistivity of layer 7 of liquid crystalline composition is
      uniformly decreased by ultraviolet radiation and wherein a voltage is
      applied in imagewise configuration utilizing an optical input from
      radiation source 10 to render layer 50 of photoconductive material
      conductive in imagewise configuration.
PAR  Other means of applying a voltage across layer 7 in imagewise configuration
      which will allow the uniform impingement of layer 7 of liquid crystalline
      composition with ultraviolet radiation are well known to those skilled in
      the art. These include x-y address systems, bit matrices and numerous
      other electro-optic cell configurations.
PAR  In accordance with the practice of the present invention, the important
      effect sought is the maintanence of electrical resistivity of layer 7 of
      trans-stilbene nematic liquid crystalline composition at a level which
      will allow dynamic scattering of layer 7 under applied voltage.
      Accordingly, the degree to which the electrical resistivity is reduced
      depends on the identity of the trans-stilbene and the voltage magnitude
      employed. Typical suitable electrical resistivities for trans-stilbenes at
      which dynamic scattering occurs are within the range from about 2 .times.
      10.sup.11 to 4 .times. 10.sup.8 ohms-cm.
PAR  The following examples further specifically illustrate various preferred
      embodiments of the present invention. Parts and percentages are by weight
      unless otherwise indicated.
PAC  EXAMPLE I
PAR  An imaging member according to FIG. 1 is prepared as follows: substrates 1
      and 5 comprise quartz slides of the type typically employed in microscopic
      examination. Conductive coatings 2 and 4 comprise indium oxide; spacer 3
      is an about 1/2 mil thick Mylar spacer, a polyethylene terephthalate
      available from Dupont; and layer 7 of liquid crystalline composition
      comprises about 65 percent by weight of
      trans-4-butyl-.alpha.-chloro4'-ethoxystilbene and about 35 percent by
      weight cholesteryl oleyl carbonate. A 200 watt Hanovia 901 B 1 xenon
      mercury lamp available from Oriel Optics Corporation is positioned about 5
      inches from the liquid crystalline composition. The xenon mercury lamp is
      activated and radiation therefrom strikes the layer of liquid crystalline
      composition until the electrical resistivity of the composition is about 2
      .times. 10.sup.11 ohms/cm. A D.C. voltage source is electrically connected
      to the indium oxide coating and provides a D.C. voltage of about 50 volts.
      Layer 7 of liquid crystalline composition substantially uniformly exhibits
      dynamic scattering.
PAC  EXAMPLE II
PAR  Example I is followed except that the xenon mercury lamp is not activated.
      Upon application of about 50 volts, D.C., the layer of liquid crystalline
      composition does not exhibit dynamic scattering.
PAC  EXAMPLE III
PAR  Example I is repeated with the exception that the ultraviolet radiation
      first passes through a stencil prior to impinging the layer of liquid
      crystalline composition. Upon application of 50 D.C. volts, the layer of
      liquid crystalline composition dynamically scatters in imagewise
      configuration.
PAC  EXAMPLE IV
PAR  The imaging system of FIG. 2 is provided by following the procedures of
      Example I with the addition of: vacuum evaporation of an about 8 micron
      thick layer of arsenic triselenide onto the indium oxide coating of one of
      the substrates; the provisioning of a monochromator tuned to provide
      radiation at a wavelength of about 4540A and positioned to provide within
      about 1 sec a total incident flux of about 2.4 .times. 10.sup.12
      photons/cm.sup.2 ; and, a stencil is positioned between the monochromator
      and the layer of arsenic triselenide. With the 50 D.C. voltage applied,
      the layer of liquid crystalline composition is impinged with ultraviolet
      radiation until the electrical resistivity of the composition reaches
      about 2 .times. 10.sup.11 ohms-cm. The ultraviolet radiation is
      discontinued and the monochromator activated. Substantially immediately
      upon activation of the monochromator the layer of liquid crystalline
      composition dynamically scatters in imagewise configuration corresponding
      to the stencil image.
PAC  EXAMPLE V
PAR  The imaging system of FIG. 2 is provided by following the procedures of
      Example IV except that the liquid crystalline composition comprises about
      80 percent by weight of the stilbene of Example I and about 20 percent by
      weight of the cholesteryl oleyl carbonate of Example I.
PAR  The about 67 D.C. volts are applied and the layer of liquid crystalline
      composition is impinged with ultraviolet radiation until the electrical
      conductance of the composition reaches about 0.5 micro-amps/cm.sup.2.
PAR  Thereafter, the member is imaged in accordance with the procedure of
      Example IV and subsequent to imaging, the member is erased by applying 500
      volts A.C. peak-to-peak voltage at 635 cycles/sec for about 3.2 sec. This
      image and erase procedure, constituting one cycle, is repeated for a total
      of about 400 cycles. The xenon mercury lamp is again activated until the
      electrical conductance of the liquid crystalline composition reaches about
      0.7 micro-amps/cm.sup.2. The imaging member is again imaged and erased for
      an additional 500 cycles at which time ultraviolet radiation is again
      utilized to readjust the electrical conductance of the liquid crystalline
      composition to about 0.7 micro-amps/cm.sup.2.
PAR  During image cycling, the image quality begins to degrade prior to
      ultraviolet irradiation and is restored by ultraviolet irradiation of the
      liquid crystalline composition.
PAC  EXAMPLE VI
PAR  Example V is followed except that the liquid crystalline composition
      comprises about 73.4 percent by weight of the stilbene and about 16.6
      percent by weight of cholesteryl oleyl carbonate.
PAR  About 86 volts D.C. voltage is applied and the liquid crystalline
      composition subjected to ultraviolet radiation until the electrical
      conductance of the composition reaches about 0.7 micro-amps/cm.sup.2.
PAR  Thereafter, the member is imaged during application of about 86 volts D.C.
      and is erased at about 440 volts peak-to-peak A.C. voltage at about 635
      cycles/sec for about 3.2 sec. With image and erasure constituting one
      cycle, the member is cyclically imaged for about 423 image cycles and
      again subjected to ultraviolet radiation until the electrical conductance
      of the liquid crystalline composition reaches about 0.7
      micro-amps/cm.sup.2.
PAR  Prior to completion of the 423 imaging cycles, the image quality begins to
      degrade. Subsequent to the irradiation of the liquid crystalline
      composition with ultraviolet radiation, image quality returns and is
      maintained for about another 400 cycles.
PAR  Examples V and VI demonstrate that the initial irradiation with ultraviolet
      radiation renders the liquid crystalline composition comprising a nematic
      trans-stilbene susceptible to dynamic scattering but that the quality of
      images produced in accordance therewith decreases. These two examples
      further demonstrate that subsequent subjection of the liquid crystalline
      composition to ultraviolet radiation can be utilized to regain and
      maintain image quality. Although the mechanism is not completely
      understood, it is theorized that the initial ultraviolet irradiation
      generates charge carriers and that, in time, the carriers become depleted.
      Consistent with this theory, it has been observed that the resistivity of
      the liquid crystalline composition initially subjected to ultraviolet
      radiation slowly increases in time and that subsequent exposure to
      ultraviolet radiation results in a lowering of the resistivity of the
      liquid crystalline composition containing pure trans-stilbene nematics.
PAR  In accordance with the present invention, there is now provided an
      electro-optic system wherein the liquid crystalline composition is
      automatically monitored and periodically subjected to ultraviolet
      radiation in order to maintain its electrical resistivity or conductance
      at a value which ensures quality image throughout image cycling.
PAR  Referring now to FIG. 3, the imaging member of FIG. 2 is electrically
      connected to an operational imaging voltage V.sub.1 and associated
      electrical circuitry. The circuitry triggers lamp 6, a source of
      ultraviolet radiation, whenever the electrical resistance of layer 7 of
      liquid crystalline composition comprising a pure nematic trans-stilbene
      becomes too high.
PAR  In the preferred embodiment depicted in FIG. 3 the circuitry comprises a
      coincidence counting circuit (bracketed by the dotted line), a comparator
      (A.sub.2) and a lamp control (I.sub.4, I.sub.5 and relay). In operation,
      the coincidence counting circuit provides for selective monitoring of the
      resistance of layer 7 and provides for the selective duration of lamp 6
      activation.
PAR  More particularly, each time operational imaging voltage V.sub.1 is
      activated, the current passing through layer 7 also passes through R.sub.1
      yielding a voltage V.sub.o proportional to the current in layer 7. V.sub.o
      is amplified by analog amplifier A.sub.1 having an adjustable gain. The
      voltage output from A.sub.1 goes to the counter component of the
      coincidence counting circuit and to the comparator, analog amplifier
      A.sub.2. A control circuit comprises a voltage source V.sub.2 and
      potentiometer R.sub.2 having values selected to yield a voltage to A.sub.2
      which is representative of the lowest desirable current level in layer 7.
      That is, the voltage divided by R.sub.2 is set at a value representing the
      magnitude of voltage output from A.sub.1 when the current in layer 7
      reaches a high resistance state which borders on impairing dynamic
      scattering of the pure-trans-stilbene nematic component of layer 7.
PAR  Comparative analog amplifier A.sub.2, compares the A.sub.1 voltage output
      with the control circuit voltage output and generates a voltage output
      only when the A.sub.1 output is greater than the control circuit output.
      Otherwise, the A.sub.2 output is zero. The A.sub.2 output is placed on one
      input of NOR gate I.sub.3. The other input for NOR gate I.sub.3 comes from
      the remainder of the coincidence counting curcuit and is either positive
      or zero. Only when both inputs are zero, the voltage out of I.sub.3 rises
      to a value sufficient to set a flip-flop comprising NOR gates I.sub.4 and
      I.sub.5 through lead S. When the output from the remainder of the
      coincidence counting circuit is positive and constitutes the other input
      for NOR gate I.sub.3, the I.sub.3 output is insufficient to set the
      flip-flop.
PAR  The output from the set flip-flop energizes a relay which energizes the
      ultraviolet radiation source, lamp 6. The flip-flop is reset through lead
      R by inverter I.sub.2 whenever the decoder activates I.sub.2.
PAR  In operation of the coincidence counting circuit the amplified
      voltage-output of A.sub.1 goes into the bit counter which is activated
      once for each application of operational imaging voltage V.sub.1. Each
      activation of the bit counter sequentially causes the decoder to advance
      from one lead L.sub.n to another lead L.sub.n.sub.+1. When the decoder
      advances to the lead, here L.sub.9, with which the one shots are
      selectively connected, the first one shot is triggered and, in turn,
      triggers the second one shot. The voltage output of the second one shot is
      inverted to zero and enters the other input of NOR gate I.sub.3. The
      output from the one shots is positive at all locations of L.sub.n except
      the preselected one. In this way, I.sub.3 will generate an output only
      when the one shot inverted output is zero and when the A.sub.2 output is
      coincidentally zero. Thus, the coincidence counting circuit gates NOR gate
      I.sub.3 periodically (here every tenth imaging cycle) and allows
      comparator A.sub.2 to cause energization of the flip-flop only at
      preselected intervals of imaging cycles.
PAR  Once the lamp source 6 is energized via the flip-flop energized relay, the
      lamp remains energized until the decoder advances to the lead, here
      L.sub.3, with which the inverter I.sub.2 is selectively connected. When
      the decoder so advances, I.sub.2 is triggered and via lead R resets the
      flip-flop thereby causing the relay contacts to open and turn off lamp 6.
PAR  Typical suitable components for the circuitry depicted in FIG. 3 include:
      for A.sub.1 and A.sub.2, Analog Operational Amplifier No. 118K, available
      from Analog, Inc.; I.sub.2 Motorola Inverter No. 7404; I.sub.3, I.sub.4,
      I.sub.5, Motorola NOR gate No. 7402, Bit Counter, Motorola four bit
      counter No. 7493; decoder, Motorola 1/10 Decoder No. 1817; one shots,
      Signetics one shot No. 951. It will be understood that any of various
      commercially available components may be utilized and that the above
      circuitry and components are merely illustrative of the inventive system.
PAR  Typical suitable values for the FIG. 3 circuitry are: an R.sub.1 of about
      1,000 ohms, V.sub.3 and V.sub.4 of about 5 volts, R.sub.3 and R.sub.4 of
      about 2,000 ohms, a V.sub.2 and R.sub.2 adjustment which yields a voltage
      of about 2 volts in R.sub.2, and an about 5 volt relay. It will be
      appreciated by those skilled in the art that all operational components
      are each suitably energized by an about 5 volt voltage source (not shown
      for all components) and that the circles by A.sub.1, A.sub.2, I.sub.2,
      I.sub.3, I.sub.4, I.sub.5 and the second one shot indicate inverted
      outputs.
PAR  Thus, the FIG. 3 system is one in which imaging can be provided and in
      which the resistivity or conductance of the imaging layer 7 is
      periodically monitored and adjusted, automatically, based upon imaging
      cycles. A simplified circuit which automatically monitors during each
      imaging cycle and, if need be, adjusts the resistivity of layer 7 is
      obtained by substituting the FIG. 4 circuitry for the portion of FIG. 3
      contained within the bracketed line. The one shots of FIGS. 3 and 4 are
      desired as signal delay elements to allow time for the operational imaging
      voltage to stabilize. Stabilization typically occurs about 1/2 second
      after operational imaging voltage application.
PAR  Further, as mentioned above, the operational imaging voltage can be either
      A.C. or D.C. The FIG. 3 circuitry is preferably used with D.C. imaging
      voltages but can be easily modified for A.C. imaging voltages by including
      a diode D and capacitor C as shown in FIG. 5. When image erase voltages
      are applied, the switch in parallel with R.sub.1 in FIG. 3 is closed to
      prevent the erasure voltage from interfering with circuit operation.
PAR  It will be appreciated that other variations and modifications will occur
      to those skilled in the art upon a reading of the present disclosure.
      These are intended to be within the scope of this invention.
PAR  For example, any of numerous cell electrode configurations that allow
      selective addressing of the liquid crystalline material may be utilized,
      such as the so-called matrix or cross-grid electrode configuration, where
      uniform irradiation with ultraviolet radiation is desired and where a
      non-optical input is to be provided. Additionally, the layer of liquid
      crystalline composition can be provided in imagewise configuration.
PAR  Further, the advantageous system of the present invention can be employed
      to maintain the resistivity of mixtures of pure liquid crystalline
      materials and pure trans-stilbene nematics.
PAR  Alteration and maintenance of the trans-stilbene resistivity by U.V.
      radiation results in maintenance of a net resistivity for the resulting
      liquid crystalline compositions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electro-optic device, comprising:
PA1  a. an electro-optic member comprising between two electrodes a layer of
      pure liquid crystalline composition comprising a pure trans-stilbene
      nematic liquid crystalline material;
PA1  b. an electrically energizable source of ultraviolet radiation positioned
      to impinge said layer with radiation upon energization;
PA1  c. in electrical connection with said member, comparison means for
      comparing the electrical resistivity of said layer with a predetermined
      resistivity value and for generating an electrical signal when the layer
      resistivity is greater than said predetermined resistivity value; and
PA1  d. in electrical connection with said comparison means and said energizable
      source of ultraviolet radiation, energizing means for receiving said
      electrical signal and, upon receipt thereof, for energizing said source of
      ultraviolet radiation.
NUM  2.
PAR  2. The electro-optic device according to claim 1 further including in
      electrical connection intermediate said comparison means and said
      energizable means, periodic gating means for allowing said energizing
      means to receive said electrical signal from said comparison means only at
      predetermined multiples of imaging cycles.
NUM  3.
PAR  3. The electro-optic device of claim 2 further including in electrical
      connection with said periodic gating means and said energizing means,
      means for de-energizing said source of ultraviolet radiation at
      predetermined multiples of imaging cycles subsequent to energization of
      said source of ultraviolet radiation.
NUM  4.
PAR  4. The electro-optic device of claim 2 wherein said periodic gating means
      comprises, in electrical connection, a bit counter, a bit decoder, signal
      generating means, signal delay means and a NOR gate.
NUM  5.
PAR  5. The electro-optic device of claim 1 wherein said comparison means
      comprises an operational amplifier.
NUM  6.
PAR  6. The electro-optic device of claim 5 wherein said energizing means
      comprises a flip-flop and relay.
NUM  7.
PAR  7. The device according to claim 1 further including between one of said
      electrodes and said layer of liquid crystalline composition, a layer of
      photoconductive material.
NUM  8.
PAR  8. The device according to claim 1 wherein said trans-stilbene is
      trans-4-butyl-.alpha.-chloro-4'-ethoxy stilbene.
NUM  9.
PAR  9. The device according to claim 7 wherein said trans-stilbene is
      trans-4-butyl-.alpha.-chloro-4'-ethoxy stilbene and wherein said
      photoconductive material comprises arsenic triselenide.
NUM  10.
PAR  10. The device according to claim 1 wherein said layer of liquid
      crystalline composition is in imagewise configuration.
NUM  11.
PAR  11. The device according to claim 1 wherein at least one of said electrodes
      is provided in imagewise configuration.
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PAL  An improved head immobilizing device for use with panoramic x-ray machines
      is provided. The improvements reside principally in a mechanism for
      adjusting the level of the chin rest in vertical direction and for
      securing the same by means of a screw device employing two threads of
      different pitch. The arms which engage the sides of the patient's head are
      positioned by movement of horizontal, spaced rods driven by a simplified
      drive mechanism employing either an H-shaped plate contacting rollers on
      the rods or a drive member connected to the rods by means of links.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to devices for immobilizing and sizing the human
      head when making panoramic radiographs of a portion of such head, for
      example, the full dental arch. More particularly, it is an improvement
      upon the device disclosed in U.S. Pat. No. 3,521,057 of A. F. Morlan,
      granted July 21, 1970, to which reference is hereby made, mainly regarding
      the purposes, application, and objectives of devices of this kind and
      their operative association with the chair and panoramic x-ray apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  An improved head immobilizing device for use with panoramic x-ray machines
      is provided. The improvements reside principally in a mechanism for
      adjusting the level of the chin rest in vertical direction and for
      securing the same by means of a screw device employing two threads of
      different pitch. The arms which engage the sides of the patient's head are
      positioned by movement of horizontal, spaced rods driven by a simplified
      drive mechanism employing either an H-shaped plate contacting rollers on
      the rods or a drive member connected to the rods by means of links.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of the head immobilizing device made according
      to the present invention and shown in relation to a seated patient.
PAR  FIG. 2 is a horizontal, sectional view of the device taken along line 2--2
      of FIG. 1 and represented on an enlarged scale.
PAR  FIG. 3 is an enlarged view of a fragment of FIG. 2 showing the drive
      mechanism in further detail.
PAR  FIG. 4 is a vertical, sectional view taken along line 4--4 of FIG. 1, and
      enlarged to show the elevating mechanism in detail.
PAR  FIG. 5 is a horizontal, sectional view through the elevating mechanism of
      FIG. 4, taken along line 5--5.
PAR  FIG. 6 is a vertical, sectional view of the elevating mechanism of FIG. 4
      taken along line 6--6 of FIG. 4.
PAR  FIG. 7 is a view, partly in elevation, partly in vertical section, and
      partly in phantom, similar to FIG. 2, but showing a modification of the
      drive mechanism for the support rods.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Shown in FIG. 1 is the device 10 of the present invention applied to a
      person 12, having her chin supported on a chin rest 14 and her head held
      between a spaced pair of upright arms 16. The chin rest 14 and arms 16 are
      carried by a housing 18, in a manner to be described. The housing 18 is
      supported on an upright bar 20 which is movably held by a gear box 22. The
      gear box 22 is secured to a horizontal cross-bar 24, the latter being
      supported on the arms of a patient chair (not shown) in a manner well
      known in the art.
PAR  The chin rest 14 is rigidly connected to the housing 18 by a bracket 26,
      and the housing 18 is rigidly connected to the bar 20 by an elbow 28,
      whereby the chin rest 14 and housing 18 are unitarily movable with the bar
      20 when the bar 20 is moved in vertical direction. The bar 20 is
      preferably of generally hexagonal cross-section, as shown in FIG. 5; and
      it is provided with gear teeth 30 along one vertical side thereof, as
      shown in FIG. 4, to provide the gear rack portion of a rack and pinion 32
      assembly. The shaft 34 of the pinion 32 extends through the front wall of
      the gear box 22; and a knob 36 is rigidly secured to the free end of the
      pinion shaft 34 to facilitate manual rotation of the pinion 32. Since the
      teeth 38 of the pinion 32 and the teeth 30 of the bar 20 are arranged to
      cooperatively engage, manual rotation of the knob 36 will effect vertical
      movement of the bar 20 relative to the gear box 22. The front surface of
      the bar 20 is provided with indicia, uniformly graduated to permit
      recording of the elevation of the chin rest 14, so that a radiograph may
      be repeated for a particular patient with the patient's chin and head
      positioned as previously.
PAR  Referring now to FIGS. 5 and 6, the bar 20 is vertically slidable in a
      vertical passageway 40 through the gear box 22, such passageway being
      formed by the mutually facing, vertical surfaces of the two parallel
      plates 42, 44 which comprise the gear box 22. The front plate 44 is more
      distant from the patient; and the rear plate 42 is closest to the patient.
      The cross-bar 24 is secured to the gear box 22 by means of a clamping
      member 46 and two screws 48 for connecting the clamping member to the
      plate 42. The bar 20 is contacted by the rounded tips 50 of respective
      screws 52, employed to position and to frictionally engage the front
      surface of the bar 20, such screws 52 being fitted to cooperating threads
      in the front plate 44 of the gear box 22.
PAR  In order to lock the bar 22 in selected vertical position, a locking device
      54 is provided. Most of the parts of the locking device 54 are movable
      within a horizontal passageway 56 in the front plate 44, such passageway
      56 being oriented to intersect the vertical passageway 40 intermediate the
      ends of both passageways, although the axes of the two passageways are
      spaced apart a small distance.
PAR  The locking device 54 further includes a pair of movable vise jaws 58, 59
      of tubular construction, threaded to, and carried on, an internal screw 60
      which may be rotated by a handle 62. The jaws 58, 59 are movable in
      horizontal direction within the passageway for a short distance, limited
      by the tips 64 of screws 66 and the adjacent abutment surfaces 68 of
      respective grooves formed in the lower central portion of each of the jaws
      58, 59.
PAR  The vise jaws 58, 59 each have a beveled end portion respectively
      designated 70 and 72, and adapted to engage the bar 20 between them. The
      bevel angle at each end portion 70, 72 is 30.degree. from a plane normal
      to the axis of the screw 60, in order to maintain parallelism with the
      contact surface of the bar 20.
PAR  As best seen in FIG. 5, the screw 60 has a first threaded end portion 74
      cooperatively threaded, preferably with a 3/8-16 thread, to vise jaw 58,
      and a second threaded end portion 76 cooperatively threaded, preferably
      with a 3/8-24 thread, to vise jaw 59. Because of the difference in the
      pitch of the threads of the respective end portions 74 and 76, rotation of
      the screw 60 by the handle 62 effects relative motion of the two vise jaws
      58 and 59. When the screw 60 is rotated in one direction about its
      rotational axis, the vise jaws 58 and 59 move apart and loosen their grip
      on the bar 20; and, when the screw 60 is rotated in opposite direction,
      the vise jaws move toward one another and tighten their grip on the bar
      20. Both threads are coiled in the same direction, that is, are right hand
      threads but left hand threads may also be used.
PAR  Of course, the invention is not limited to the thread sizes and the thread
      pitches specified above. It is necessary that there be a difference in
      pitch to effectuate the operation of the present device. With the
      illustrated arrangement, a 50:1 mechanical advantage is obtained. The bar
      20 is securely held, with little chance of loosening until it is done
      deliberately by turning the handle 62.
PAR  Movement of the arms 16 toward and away from one another is accomplished by
      turning the knob 78 on the top of the housing 18, thereby turning shaft 80
      on the upper end of which knob 78 is mounted, and simultaneously rotating
      the drive plate 82 mounted on the bottom end of shaft 80. By drive means
      84 to be described hereinafter, rotation of the drive plate 82 effects
      movement in opposite directions of a pair of horizontally spaced, support
      rods 86, 88 for the respective arms 16.
PAR  The housing 18 is comprised of a pair of horizontally disposed side walls
      90, 91 and a front wall 92, all joined together in a "U" shape and further
      provided with a top cover plate 93. The side walls 90, 91 are provided
      with cylindrical bushings 94, arranged in aligned pairs to support each of
      the support rods 86, 88 for sliding movement therein. Each of the support
      rods 86, 88 has a roller 95 mounted on the underside thereof, midway
      between its ends; and each roller 95 is snugly received in one of the
      rectangular notches 96 formed in the drive plate 82 on opposite sides of
      the axis of the shaft 80.
PAR  In FIG. 2, solid lines are employed to show the position of ports when the
      arms 16 are separated the maximum distance, with the rods 86, 88 fully
      extended from the housing 18; and broken lines are employed to show the
      position of ports when arms 16 are separated the minimum distance, with
      the rods 86, 88 retracted about as far as possible. In both extreme
      positions shown, the rollers 95 are in contact with the edge surfaces
      defining the respective notches 96, but with each roller partly out of its
      associated notch, whereas each roller is positioned well down in its
      associated notch in the intermediate position of the plate 82 shown in
      broken lines in FIG. 3. It will be appreciated that such movement of the
      rollers 95 relative to the notches 96 results from the translation of
      angular or rotational motion of the drive plate 82 to linear motion of the
      rods 86, 88, with the drive plate 82 maintaining driving and rolling
      contact with the rollers 95 in all angular positions of the drive plate.
PAR  A rigid driving connection between each of the rods 86, 88 and its
      associated arm 16 is maintained by means of a screw 97 which passes
      upwardly through the underside of the generally horizontal portion of the
      L-shaped arm 16 and well into the end portion of the associated rod, there
      being a secure, threaded connection of the screw 97 therewith. Each arm 16
      is further supported, as against rotation in a vertical plane about the
      rod to which it is connected, by means of the sliding support afforded by
      the free end of the other rod being received in a bushing 98. Each of the
      two bushings 98 is also rigidly mounted in the horizontal portion of its
      respective arm 16, all of which is seen in FIG. 2. Further provided is a
      locking screw 99, threaded to the front wall 92 of the housing 18, which
      may be manually turned by a knob 100 into locking engagement with the rod
      88 in order to hold the arms 16 in position, after positional adjustment
      of the arms has been achieved by rotation of the knob 78. The arrangement
      is such that the free end of each rod is slidable within its bushing 98
      during movement of the knob 78, and that in any position of the knob 78 at
      least a portion of the free end of a rod will be within its associated
      bushing 98.
PAC  MODIFICATION
PAR  In FIG. 7 is shown a modified embodiment of the invention, the modification
      being directed to means, for driving the rods 86 and 88 in opposite
      horizontal directions, which perform the same functions as the drive plate
      82 and the rollers 95. Where identical parts are employed in the
      embodiments of FIGS. 2 and 7, the same reference numerals are used.
PAR  In the embodiment of FIG. 7, the shaft 80 has rigidly connected to the
      lower end thereof a drive member 102 which extends, in opposite horizontal
      directions from the axis of the shaft 80, a radial distance beyond the
      longitudinal axes of the respective rods 86, 88. To each end of drive
      member 102 there is pivotally connected a link 104 which extends to about
      the longitudinal axis of its associated rod, where it is again pivotally
      connected. The four pivotal connections just described are made by pivot
      pins 106. Rotation of the shaft 80 in clockwise direction, as shown in
      FIG. 7, turns the drive member 102 from the solid line position to the
      broken line position illustrated in this view, carrying therewith the
      links 104 and the rods 86, 88, thereby moving the rods horizontally in
      opposite direction. Reverse rotation of the shaft 80 effects reverse
      movement of the associated parts, more particularly movement of the rods
      86, 88 back toward starting position.
PAC  OPERATION
PAR  The head immobilizing device 10 is placed into use by first securing the
      horizontal crossbar 24 to the patient chair (not shown) in front of the
      seated patient 12. By rotating the handle 62, the grip of the locking
      device 54 is loosened on the upright bar 20. Then, the chin rest 14 is
      adjusted to the elevation of the patient's chin by manipulation of the
      knob 36; and, with the patient's chin resting on the chin rest 14, the
      upright bar 20 is secured by tightening the locking device 54 by rotation
      of the handle 62. An advantage of the present invention, as compared with
      prior art constructions, is that the chin rest 14 and its supporting
      structures will extent horizontally at right angles to the crossbar 24
      because of the peculiar hexagonal cross-section of the bar 20 and the
      mating parts of the locking device 54 disposed within the gearbox 22, as
      best seen in FIG. 5. In addition, as pointed out previously, the different
      pitches of the threads on the end portions 74 and 76 of the screw 60
      provided a convenient, quick, and dependable means for securing the
      locking device.
PAR  The upright arms 16 are widely spaced apart in starting position, when the
      patient is seated. After the chin rest 14 has been set as noted above, the
      operator turns the knob 78 in order to move the arms 16 toward one another
      until they engage the sides of the patient's head, at which time the knob
      100 is turned to secure the arm support rods 86 and 88 in such position.
      It will be seen in FIG. 1 that the knob 78 is equipped with a pointer for
      cooperation with the indicia on the top cover plate 93 of the housing 18.
      The particular designation corresponding with the position of the pointer
      indicates the patient's head size, which information is needed for making
      the panoramic radiograph. By recording this information and the elevation
      of the chin rest, as may be read from the indicia on the bar 20, another
      radiograph may be taken at a later date for comparsion, with assurance
      that the patient's head position is substantially the same.
PAR  The device of the present invention is believed to have a chin rest
      positioning and securing means which is more convenient and more reliable
      than any previously known to the art. In addition, the mechanism for
      moving the arm support rods 86, 88 is believed to be less expensive to
      manfacture, less complex and at least as dependable as prior art devices
      of this kind. In particular, the device of the present invention does not
      require the manufacture of expensive gear racks for operation with a
      pinion, but instead employs inexpensive rods and inexpensive drive
      mechanisms in order to move the arms 16 in horizontal direction.
PAR  Although not essential to the present invention, mention is made here of
      the construction of the arms 16 with reference to FIG. 1. The arms 16 are
      generally L-shaped, including an upright portion which may be made of
      clear plastic material with horizontal graduations at the end thereof. The
      upright portion is secured to a rigid, horizontal portion by providing a
      vertical slot in the lower end of the upright portion which will fit over
      a screw secured to the horizontal portion when the knob at the free end of
      the screw is rotated.
PAR  The device of the present invention may be made entirely of steel or other
      metal material, although for such items as the chin rest 14 and the knobs
      78, 100, 36 and the aforementioned parts of the arms 16, plastic material
      is recommended.
PAR  The links 104 are pivotally mounted to the rods 86 and 88 so that the rods
      will move in the directions shown by arrows A and B when the drive member
      is rotated in the direction shown by the arrow C, according to FIG. 7. In
      the embodiment of FIG. 2, the rollers 95 are pivotally connected to the
      rods by pivot pins 108.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a human head immobilizing device for panoramic x-ray apparatus, the
      combination of
PA1  a. a pair of horizontally spaced, upright arms movable in horizontal
      directions, adapted to contact the sides of a patient's head,
PA1  b. a chin rest disposed between the lower portions of said arms, adapted to
      receive a patient's chin thereon,
PA1  c. a housing rigidly supporting said chin rest and also movably supporting
      said arms,
PA1  d. an elongated, upright bar carrying said housing and depending downwardly
      therefrom, and
PA1  e. improved supporting means engaging a lower portion of said bar and
      providing vertically adjustable support therefor, said supporting means
      including
PA1  f. a gear box,
PA1  g. a toothed rack extending longitudinally on one side of said upright bar
      and being slidable through said box in generally vertical direction with
      said upright bar,
PA1  h. a pinion rotatable within said gear box engaging said toothed rack to
      move it in opposite vertical directions,
PA1  i. knob means outside said gear box and connected to said pinion for
      manually rotating said pinion, whereby the elevation of said chin rest and
      said arms is adjustable, and
PA1  j. a vise operatively associated with said gear box for securing said
      upright bar in selected vertical positions, comprising first and second
      movable jaws and a screw cooperatively threaded to said jaws.
NUM  2.
PAR  2. The device of claim 1 wherein said screw has first and second portions
      threaded independently of one another to said first and second movable
      jaws, respectively, and wherein the threads of said first and second
      portions of said screw are coiled in the same direction but are of
      substantially different pitch.
NUM  3.
PAR  3. The device of claim 2 wherein said screw extends horizontally in said
      gear box and projects from one side thereof, being further provided with a
      handle for rotating said screw to tighten or loosen the grip of said vise
      on said upright bar.
NUM  4.
PAR  4. The device of claim 1 wherein said upright bar is of polygonal
      cross-section, and said gear box and said vise jaws define a vertical
      passageway of corresponding cross-sectional shape for said upright bar in
      said gear box, whereby angular movement of said vertical bar about its
      longitudinal axis is resisted by said passageway.
NUM  5.
PAR  5. The device of claim 1 wherein said housing is provided with a pair of
      closely spaced, generally parallel rods, each having one end portion
      connected to the respective arms in rigid driving relationship on opposite
      sides of said housing, said rods being supported by said housing for
      horizontal sliding movement relative thereto, and drive means carried by
      said housing and engageable with said rods for driving said rods in
      opposite horizontal directions.
NUM  6.
PAR  6. The device of claim 5 further including a cam follower pivotally mounted
      on each of said rods.
NUM  7.
PAR  7. The device of claim 6 wherein said drive means comprises a generally
      H-shaped plate provided by a plate having a pair of generally rectangular
      notches formed therein, which notches receive the respective cam followers
      in driving relationship therewith, and said plate being mounted in said
      housing for rotation about a generally vertical axis passing between said
      notches, and means connected to said plate for manually rotating said
      plate.
NUM  8.
PAR  8. The device of claim 6 wherein said drive means comprises a horizontally
      disposed member mounted within said housing for rotation about a generally
      vertical axis, and means pivotally linking said cam followers to said
      member on opposite sides of the rotational axis of said member to provide
      a driving relationship between said member and said rods, and means
      connected to said member for manually rotating said member.
NUM  9.
PAR  9. The device of claim 6 further including a locking screw cooperatively
      threaded to said housing, for movement inwardly of said housing into
      engagement with at least one of said rods for locking the upright arms in
      selected position, and for movement outwardly of said housing for
      disengagement with said one of said rods for unlocking the upright arms.
NUM  10.
PAR  10. The device of claim 6 further including indicia on said housing
      corresponding to the angular position of said drive means to indicate the
      horizontal distance between said upright arms, and indicia on said upright
      bar corresponding at said gear box to the elevation of said chin rest.
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ABST
PAL  An X-ray film-handling arrangement for taking X-ray photographs in which
      the length of the format is variable, including a movable leaded mask
      which may cover part of the exposure field and a device for feeding and
      transporting the film comprising conveyor belts and a so-called indexing
      belt provided with a marker, which reproduces the movement of the belts.
      When this marker passes in front of detectors attached to the end of the
      mask, it causes these to generate control signals which are fed
      respectively to a clutch and a brake, so as to stop the movement of belts
      when the film reaches the front end of mask.
BSUM
PAR  The present invention relates to X-ray film handling arrangements for
      taking X-ray photographs and to X-ray diagnostic apparatus incorporating
      such arrangements. It relates more particularly to arrangements and
      apparatus of this type, which facilitate X-ray examination of blood
      vessels using an injected contrast medium, such examinations being for
      example those of vascular tissue in the lower limbs (phlebography) which
      call for radiographs of considerable length.
PAR  In a prior art apparatus of this type, a film-changer supplies film with
      constant size and the arteriophlebography is carried out in stages, that
      is to say by means of a series of successive radiographs, either using the
      patient support plate to move the patient in relation to the assembly
      formed by the X-ray source and the image receiver (X-ray film or image
      intensifier), or by moving the source and image receiver assembly in
      relation to the plate, to two or more successive positions and then, once
      the radiographs have been developed, by juxtaposing them and fastening
      them together end to end to obtain an X-ray image of thee whole limb.
PAR  In another type of apparatus special cassettes are used whose format may
      vary to suit the photograph to be taken, but the maximum dimensions of
      such cassettes are once again limited in most cases and may not correspond
      to the size of the organ to be examined. In this case, besides making
      provision for relative movement between the patient and the source-image
      receiver assembly, it is generally necessary to provide a
      cassette-changing device which enables the exposed cassette to be replaced
      by an unused one, and also sets of special cassettes of various formats
      suitable for use with the equipment.
PAR  Because of the fact that all the photographs are not taken at the same
      time, prior art arrangements and apparatus, even when controlled by means
      of a programming device, do not give a vascular image which is true for
      one given instant in time. In addition, they call for delicate operations
      to be carried out in cutting, matching and joining the ends of
      photographs.
PAR  The arrangement and apparatus according to the present invention enables
      these drawbacks to be overcome. It is an object of the invention to
      provide an arrangement for obtaining an image of the way in which the
      contrast medium is distributed through blood vessels situated in large
      areas of the body, such as the lower limbs for example, at predetermined
      instants and in a single operation.
PAR  The X-ray film-handling arrangement according to the invention includes a
      tiltable table which enables examinations to be made in any position
      between the horizontal and the vertical, a film transfer device for film
      in rolls provided with an image intensifier and comprising feed members
      for the film to be transferred from a magazine containing the roll of film
      to the exposure field and into a predetermined position therein and then
      after exposure, to transfer the exposed film sheet to a storage magazine,
      the length of the film being continuously variable from approximately 0.4
      meters up to 1.20 meters.
PAR  In accordance with the invention, there is provided an X-ray film handling
      arrangement for taking X-ray photographs including a feeding device which
      feeds out the film from the roll and consists of a first pair of
      contiguous feeder rollers driven by a first motor; a film transfer means
      including two pairs of flat, superimposed and contiguous conveyor belts
      which are respectively tended between a second and a third pair of feed
      rollers driven by a second motor, the two pairs of belts being located on
      said rollers in such a way as to grip the lateral edges of the film, said
      second motor having a shaft which is coupled to the shaft of at least one
      of the two contiguous feed rollers through a clutch, this shaft also being
      provided with a brake; a cutting device located between the feeding device
      and the transfer device for cutting the film after it has been positioned
      in the exposure field; and a movable member such as a leaded mask which is
      displaced by means of a third motor and which limits the length of film
      being irradiated to a predetermined length whatsoever between
      predetermined maximum and minimum sizes, is chiefly characterised by the
      fact that it further comprises an additional so-called indexing belt held
      in parallel with the conveyor belts by means of two pulleys which are
      located beyond respective extreme positions of the said movable member,
      one of said pulleys being coupled to the shaft of the second motor in such
      a way that a random point on the indexing belt reproduces the displacement
      of the film and is moved for a distance identical to the length of the
      film which is transferred by said conveyor belts, said indexing belt
      bearing a marker which co-operates with at least one detection device
      secured to the end of the said movable member, and located adjacent said
      indexing belt, said detection device supplying, when the said marker
      passes adjacent thereto, a control signal which is transmitted to the said
      clutch and/or brake, whereby to stop the movement of the conveyor belts
      transferring the film, when the end of the film reaches the movable member
     .
DRWD
PAR  The invention will be better understood and others of its features and
      advantages will become apparent from the following description, given by
      way of example, and from the accompanying drawings relating thereto, in
      which:
PAR  FIG. 1 is a schematic side-elevational view of the arrangement of a prior
      art X-ray film-handling device, one of the housing sidewalls being
      removed;
PAR  FIG. 2 is a general schematic perspective view of the members for feeding
      and transfering the film in an arrangement according to the invention;
PAR  FIG. 3 is a schematic cross-sectional view of the magazine for storing the
      exposed photographs in an arrangement according to the invention;
PAR  FIG. 4 is a schematic view of a device for unwinding the film which makes
      it possible to prevent the forming of a loop in the film;
PAR  FIG. 5 shows in cross-section a device for driving the film-spool; and
PAR  FIGS. 6 and 7 are schematic perspective views of the different embodiments
      of an X-ray diagnostic apparatus including an arrangement according to the
      invention.
PAR  In all the Figures corresponding elements are indicated with the same
      reference numeral.
PAR  FIG. 1 is a schematic cross-sectional view of a prior art film-changer
      handling device from which the arrangement according to the invention is
      derived.
PAR  Such a prior art handling device film preferably contains a combination of
      at least some of the elements described in U.S. Pat. Nos. 3,636,351;
      3,710,106 and 3,775,613 assigned to the present assignee or British Patent
      Specifications Nos. 1,318,758; 1,311,593 and 1,367,414 granted to the
      applicant.
DETD
PAR  In FIG. 1, the prior art film-handling device contains, within a
      light-proof housing or casing 1, a magazine containing a roll of film F on
      a reel or spool 2, a first pair of contiguous feeding rollers 3, 4 to
      extract the film from the magazine, a cutting means consisting of a
      movable blade 5 and a fixed blade 6 which are orientated perpendicularly
      to the direction of movement of the film F and situated at the input to
      the means for transfering the film F. The cutter 5, 6 may be used to cut
      the film when it is in position for exposure. The transfer means consists
      mainly of two pairs of contiguous conveyor belts 7 and 8, the facing
      surfaces of which grip the edges of the film F so as to carry it along
      therewith. The lower belts 7 are tensioned by means of a second pair of
      rollers 9 and 10 and the upper belts 8 by means of a third pair of rollers
      11 and 12. Rollers 9 and 11 are contiguous and are positioned in front of
      the exposure field so as to receive the film which is extracted from the
      magazine 2 by the first pair of rollers 3, 4 and to transfer it to the
      exposure field by means of the two pairs of conveyor belts 7, 8. Rollers
      10 and 12 are likewise contiguous and are positioned beyond the exposure
      field so as to transfer the exposed film to a storage magazine which is
      represented here by a guide-roller 13 and a spool 14. The prior art
      exposure chamber also includes an image intensifier 15 followed by an
      optical device 16 and a television camera 17 so as to allow radioscopic
      examinations to be carried out.
PAR  In an X-ray film-handling arrangement according to the invention, the
      exposure field is of constant width and is of a length which can be varied
      starting from a fixed origin situated to the right of roller 9 and which
      is determined by the position of a movable leaded mask (see 19 in FIG. 2).
      Consequently the intensifier 15 should be movable in parallel to the
      movement of the film within this field, i.e. in the directions indicated
      by the double-headed arrow 20.
PAR  FIG. 2 is a schematic, perspective view of the mechanism for feeding and
      transfering the film and of the means for controlling the position of the
      film in the exposure field, in a X-ray film-handling arrangement according
      to the invention.
PAR  In FIG. 2, the first pair of contiguous rollers 3, 4 are driven by a first
      motor 21, the shaft 22 of which is secured to the shaft of roller 3, with
      roller 4 free to turn in bearings (not shown). The shaft 22 of motor 21 is
      also coupled ot the spool 2 containing the reserve of film by means of a
      special transmission which will be explained in more detail hereinafter
      (see FIGS. 4 and 5) and which is represented here by a belt 24 tended
      between two pulleys 25 and 26. The latter pulley 26 is carried by a shaft
      27 which terminates at one end in a three-pronged fork 28 which engages in
      one of the cheeks of the spool 2. Against this tended belt 24 frictionally
      bears a pulley 23 which is secured to the shaft 22 of motor 21. The film
      F, driven by rollers 3, 4 is fed between the blades 5, 6 of the cutting
      means and on to the contiguous rollers 9 and 11 which carry the two pairs
      of conveyor belts 7 and 8 respectively. The film F is gripped along the
      edges between the two rollers 9 and 11 by the contiguous surfaces of the
      two pairs of belts 7 and 8 and is transported into the exposure field
      which may extend from the right-hand side of roller 9 to the left-hand
      side of roller 10.
PAR  The maximum extent of the exposure field is effectively determined by the
      dimensions of the intensifier screens (not shown in the figures) which in
      this case are mounted on two rectangular plates of constant thickness made
      of a material substantially transparent to X-rays and which are arranged
      on either side of the plane of the film as described in the aforementioned
      United States and British Patent Specifications.
PAR  The first plate, which carries the upper screen, is fixed with respect to
      the housing 1 (FIG. 1) and the second, which carries the lower screen, is
      supported by lift jacks so that it can be moved away from the plane of the
      film while the film is being transferred and can be brought to bear
      against the underside of the film while the photograph is being taken. In
      the arrangement according to the invention, the lower screen is carried by
      a set of eight jacks and, when the film is situated in the desired
      position, the screens are moved together firstly along one longitudinal
      edge and then by pivoting like a book in order to expel the air from
      between the two screens and the inserted film.
PAR  The conveyor belt assembly 7, 8 is driven by means of a second motor 30,
      the shaft 31 of which carries at its end a clutch 32 which allows it to be
      coupled to one end of the shaft 33 of roller 9. The other end of shaft 33
      is connected to a brake 34 which is used to stop the mechanism for feeding
      the film F when the latter is in the desired position.
PAR  Shaft 35 of roller 11 may rotate freely and be driven by friction or may be
      coupled to shaft 33 in such a way as to drive the contiguous belts 7 and 8
      at substantially the same speed.
PAR  The position of the film F in the exposure field, i.e. the length of the
      format, is determined by the position of a leaded mask 19 which is partly
      rigid and partly flexible, the flexible part being wound onto a roller 36
      located beyond the exposure field. The position of the mask can be
      controlled by a third motor 37 which drives a pair of belts 38 (only one
      of which is shown here) which are arranged to either side of the conveyor
      belts 8 for placing the mask anywhere within the exposure field. Belts 38
      are tensioned between two pairs of pulleys 39 and 40 one of which is
      situated at a position corresponding to the minimum length of film and the
      other of which is situated near the point at which the film leaves the
      exposure field. One of the pairs of pulleys 39, 40 is driven by the third
      motor 37. The free end of mask 19 is provided with a mechanically rigid
      strip 41 which is perpendicular to the belts 38 and is attached thereto.
PAR  The film-handling arrangement according to the invention further includes a
      so-called indexing means which allows the film to be stopped at the point
      where the strip 41 is situated. This indexing device is driven by the
      second motor 30 through a pulley 42 attached to shaft 31. The pulley 42 is
      coupled to another pulley 43 by a transmission belt 44. The shaft 45 of
      pulley 43 has secured to it an additional pulley 46 which drives an
      indexing belt 47. The indexing belt carries a marker 48 and reproduces the
      transfer cycle of the film, i.e. the marker 48 being displaced by the same
      amount as the film is, when clutch 32 connects shafts 31 and 33 together.
      The indexing belt 47 is tended between two pulleys 46 and 49, the latter
      of which is located substantially adjacent to film-transferring roller 10,
      since its position determines the maximum length of the film.
PAR  The distance between pulleys 46, 49 and their diameter i.e. the length of
      the indexing belt 47, is chosen so as to correspond very precisely to the
      length of the film between the point of contact with rollers 9 and 10 and
      the most remote position (adjacent to roller 10) of the strip 41. The
      marker 48 is formed, for example, by a hole made in the opaque belt 47. It
      must follow a path which takes it from a first fixed assembly formed by a
      source 50 and a detector 51 of a predetermined inactinic radiation which
      corresponds to the point of contact between rollers 9 and 10, to a similar
      second (52, 53) and third (54, 55) source and detector assembly which are
      mounted on the strip 41. Each of the source and detector assemblies
      consists of, for example a source of and a detector of inactinic
      (infra-red) radiation, which are aligned with each other on either side of
      the indexing belt 47. The marker 48 and the detectors 51, 53 and 55 may
      also be formed respectively by a cam, a stop or a finger, and
      contact-breakers or changeover switches which are operated by the passage
      of one of the former. Before the beginning of each transfer cycle, the
      marker 48 is stopped at a position where it allows radiation to pass
      between the first source 50 and the first detector 51, and the second
      motor 30 is stopped with the clutch 32 and the brake 34 engaged.
PAR  When the transfer cycle begins, clutch 32 remains in engagement, brake 34
      is released, and the motor 30 is started, thus drawing the film between
      the conveyor belts 7 and 8 towards the strip 41, and the marker 48 of the
      indexing belt 47 towards the second 53 and then the third 55 detector.
PAR  When the marker 48 passes adjacent the second detector 53, the detector
      produces a first control signal which is applied to the clutch 32 to
      release it, brake 34 remaining released and motor 30 energised. This
      results in a slowing down of the movement of the conveyor belts 7, 8 and
      of the film F and as they are no longer driven by the second motor 30 and
      move only by their own inertia. However, motor 30 continues to drive the
      marker 48 towards the third detector 55 and when adjacent to the latter
      detectors delivers a second control signal which causes the brake 34 to be
      actuated so as to stop rollers 9 and 12 and conveyor belts 7 and 8 with
      the film level with rail 41. The second control signal from the third
      detector 55 may likewise bring into motion the pressure plate carrying the
      movable intensifying screen, which in turn may start up a high voltage
      generator supplying an X-ray tube for taking the photographs.
PAR  While brake 34 is applied and clutch 32 released, motor 30 continues to
      move the marker 48 of the indexing belt 47 to the starting position, and
      when this position is reached the first detector 51 delivers a third
      control signal which is used both to cut off the supply to motor 30 and to
      operate the clutch 32, which latter brakes shaft 31 so as to bring the
      marker 48 to a halt opposite detector 51.
PAR  The film is cut and thereafter transported to the storage magazine 60
      (which will be described in greater detail hereinbelow) either each time a
      photographs is taken or after a series consisting of a predetermined
      number of photographs. In the first case, the cutter 56 is actuated either
      by the signal which third detector 55 delivers when the film is in
      position, or after the film has been exposed. When the cutter 5, 6 has
      finished cutting the film, brake 34 is released and motor 30 started up
      until the film is clear of the space between rollers 10 and 12 and the
      marker 48 has arrived opposite the first detector 51.
PAR  In the second case, the cutter 5, 6 may be operated only when the last
      photograph in a series has come into position, the previous photographs in
      the series being fed into the magazine 60 each time the film F is moved
      up.
PAR  The magazine 60, which is shown in greater detail in FIG. 3, consists of a
      parallelepiped light-proof casing 61 which has a slot 62 to allow the film
      F to pass through. Inside the casing 61 it contains: a central cylindrical
      roller 63 onto which the exposed film is wound, four peripheral rollers
      64, 65, 66 and 67 arranged in respective corners of the casing 61, whose
      axes are parallel to that of of the central roller 64 and which are
      mounted in bearings, fixed with respect to the casing 61, and a sixth
      roller 68 whose shaft is movably carried in a curved seating 69 and which
      is urged against the central roller 63 by elastic means (not shown). Two
      or more parallel belts 80 are passed around the central roller 63, with
      one of their faces touching the latter, and their other faces passing
      around the group of peripheral rollers 64, to 67 and the movable roller
      68, so that the film F which enters the magazine 60 through the slot 62 is
      caught between the belts 80 and the central roller 63 and is wound around
      the latter.
PAR  All the magazine's rollers 63 to 68 are made to rotate by driving the first
      peripheral roller 64 which drives the belt 80 in such a way that these
      belts at least will move at substantially the same speed as that at which
      the film is moving as it leaves the two contiguous rollers 10 and 12 (in
      FIG. 2).
PAR  This is obtained (see FIG. 2) by coupling the shaft 81 of roller 10 to the
      shaft 82 of roller 64 by means of two pulleys 83 and 84 and a transmission
      belt 85 and by making the ratio between the diameters of pulleys 83 and 84
      the inverse of that of the diameters of rollers 10 and 64.
PAR  FIG. 4 is a schematic view of a device for unrolling the film from spool 2
      arranged to prevent loop formation.
PAR  In FIG. 4, the contiguous rollers 3 and 4 are used to extract the film from
      the spool 2 and to feed it to the conveyor belts of the transfering means
      described above (see FIGS. 1 and 2). The shaft of roller 3 is secured to
      the shaft 22 of the first motor 21 and this shaft also carries a
      sprocket-wheel 90 secured thereto and a brake 91. Sprocket-wheel 90 is
      coupled by a chain 93 to a peripheral sprocket-ring 92. The sprocket-ring
      92 is driven by motor 21 and within its body there is arranged a coupling
      device for one way rotation, such as a ratchet-motion, a strut-action
      pawl-motion, or other irreversible coupling device 94 which employs
      strutting rolls or balls, connected to a shaft 27, which in turn is
      coupled to the spool 2 by fork 28. The direction of rotation permitted by
      the ratchet-motion 94 is opposite to that for which the film F is unrolled
      from the spool 2 and consequently the speed of rotation of sprocket-ring
      92 must always be greater than or equal to the speed of rotation of shaft
      27 i.e. of the spool 2.
PAR  The ratchet-motion 94 comprises a centre part or hub 95 connected to shaft
      27 and having ramps 96 which, in cooperation with the cylindrical inside
      face of sprocket-ring 92, form cavities whose height is tapering off. Into
      these cavities are inserted balls 97 the diameter of which is less than
      the maximum height of the cavities. The ramps 96 on centre part 95
      terminate in radial walls 98 containing sprung plungers 99 which force the
      balls 97 in the direction of the tapers.
PAR  It should be noted that other known types of equivalent one-way coupling
      devices may be used, such as those using a ratchet and a pawl or those
      with use springs, for example.
PAR  The operation of the film-feeding or unwinding device is as follows: when
      the film F is unrolled from spool 2 being drawn therefrom by means of
      roller 3, it in turn rotates spool 2. Spool 2, which is coupled via fork
      28 to shaft 27, only drives the centre part 95 when the sprocket-ring 92
      driven by sprocket-wheel 90 and chain 93, is turning at a greater speed
      than spool 2. In the reverse case, or when the sprocket-ring 92 is slowed
      down or stopped by operating brake 91, the balls are thrust towards the
      taper in the cavity between the ring-gear 92 and the ramp 96 and lock,
      thus coupling sprocket-ring 92 to centre part 95. When the shaft 22 is
      braked abruptly to a halt, the kinetic energy stored in the spool 2 causes
      the centre part 95 to rebound against the balls 97 and brings about a
      rotary movement in the opposite direction until the film F is tensioned
      between spool 2 and the feeding rollers 3 and 4.
PAR  To ensure correct operation, it is necessary to drive ring-gear 92 at a
      speed greater than the maximum speed of spool 2. To this end, the
      transmission formed by sprocket-wheel 90, chain 93 and sprocket-ring 92 is
      geared up in a suitable ratio.
PAR  FIG. 5 is a cross-section along line CC' of an embodiment of the coupling
      device 94 in FIG. 4.
PAR  In this case the sprocket-ring 92 is seated by means of bearings 86 in the
      rear wall of the magazine containing spool 2. A shaft 271 is seated within
      the annular gear by means of a ball-race 87. The centre part or hub 95 is
      fitted over shaft 271 and is held in place by a screw 272 which extends
      into a point which fits into a hole in the centre of spool 2. Fork 280 is
      mounted on shaft 271 by means of a key 281 and is thrust towards the spool
      by a spring 282. The rachet-motion 94 is inserted between the
      sprocket-ring 92 and the shaft 271 as shown in FIG. 4 and as explained
      above.
PAR  FIGS. 6 and 7 are schematic views of two different embodiments of an X-ray
      diagnostic apparatus which includes a film-handling arrangement according
      to the invention.
PAR  In FIG. 6 is shown an X-ray diagnostic apparatus having an arm (not shown)
      which carries a fixed X-ray tube which is so arranged that the centre of
      the beam is always directed onto the centre of the maximum area of the
      exposure fiels C, preferably perpendicular to the plane of the film, the
      focal distance remaining at a constant value. The X-ray beam whose
      intensity is made uniform by means of a wedge shaped filter 102, is cut
      down to the size of the film by means of a diaphragm 103, the position of
      which is controlled to correspond to that of the leaded mask 19. To this
      end, the shaft of one of the pulleys 40 which move the strip 41 (and the
      mask 19) via belts 38 is coupled to the shaft of a first angle indicating
      device 100, such as a potentiometer, which generates signals which are a
      function of the angular position of its shaft. A movable diaphragm 103 is
      slideably mounted on the protective casing of for the tube (not shown)
      below the wedge filter 102, this diaphragm 103 being operated by, for
      example, a rack 104 secured to it and a pinion secured to the shaft of a
      motor 106. This shaft is coupled to the shaft of a second angle indicating
      device 107 similar to the first 100, these two indicator devices 100 and
      107 feeding a conventional differential servo-amplifier and computer
      circuit 108, which in turn feeds the motor 106 so that the diaphragm 103
      will restrict the extent of the irradiated area to the area of the film,
      i.e. so that the diaphragm will move proportionally to the movement of
      mask 19.
PAR  In FIG. 7 is schematically shown an X-ray diagnostic apparatus in which an
      X-ray source carrying column 109 is movable in parallel to the plane of
      the film so that the centre of the beam is always directed onto the centre
      of the film format which is selected by moving the mask 19, it preferably
      being possible to alter the focal distance as a function of this format.
PAR  Column 109 is mounted on a carriage 110, which moves on rails 111 fixed to
      the framework of the film-handling arrangement and is driven by means of a
      drive mechanism consisting of a motor 112, two pulleys 113, 114 and an
      endless belt 115 to which column 109 is secured at 116. A tube-carrying
      arm 117 perpendicular to column 109 is so mounted as to be able to move
      along column 109. The mechanism for moving arm 117 is represented by a
      threaded rod 118 which is driven in rotation by an electric motor 119 and
      by a threaded bore in lug 120 attached to arm 117.
PAR  The shaft of motor 112 is coupled to the shaft of a third angle indicator
      device 121 and the shaft of motor 119 is coupled to the shaft of a fourth
      angle indicator device 122, these devices 121 and 122 being similar to the
      first device 100 in FIG. 6. The motor 112, which positions the column 109
      at half the length of the selected format, makes the column 109 move in
      parallel to and in the same direction as the leaded mask, but of half the
      distance. This is achieved by means of a first conventional computing and
      servo-amplifier circuit 123, which is fed by devices 100 and 121 and which
      controls motor 123. Since the focal distance is likewise a linear function
      of the format length selected, the position of the arm 117 along column
      109 is controlled by means of a second conventional computing and
      servo-amplifier circuit 124 as a function of the signal supplied by angle
      indicator devices 121 and 122 which indicate respectively the position of
      column 109 along the exposure field and the position of arm 117 along
      column 109.
PAR  It should be noted that it is possible to control the respective positions
      of column 109 and of the tube-carrying arm 117 as a function of the
      position of the end of the leaded mask 19 using other conventional means
      such as transmissions which employ chains and/or gears coupled to the
      shaft of motor 37. It is also possible to fit a rack (not shown) parallel
      to the direction in which the film is fed and to mount a single motor on
      column 109 which drives a pinion (not shown) which meshes with the fixed
      rack. The single motor which displaces the tube-carrying column 109 drives
      a device which generates signals for control purposes and also, by means
      of conventional transmissions (a threaded shaft, a chain or some other
      means) drives a carriage attached to the tube-carrying arm 117 along
      column 109. In this case, it is only necessary to provide a single
      servo-amplifier circuit, the focal distance being a proportional and
      unambiguous function of format i.e. of the position of column 109.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An X-ray film-handling arrangement using roll-film, comprising: means
      for supplying film from a roll including a first pair of contiguous
      feeding rollers driven by a first motor; means for transferring the film
      including two pairs of flat superposed and contiguous conveyor belts
      respectively stretched on a second and a third pair of transfer rollers
      driven by a second motor, the two pairs of belts being so arranged as to
      grip the lateral edges of the film, said second motor having a shaft
      coupled, by means of a clutch to one of said second pair of transfer
      rollers whose shaft being provided with a brake; means for cutting said
      film including a pair of blades arranged between said supplying means and
      said transferring means to cut the film when it has been transferred to
      its the exposure position; and a movable member including a leaded mask
      displaceable by means of a third motor for limiting the length of the film
      format being irradiated to any length whatsoever between predetermined
      maximum and minimum lengths; and means for reproducing the displacement of
      the film including an indexing belt held in parallel with the conveyor
      belts on a pair of pulleys respectively located beyond the extreme
      positions of the said movable member, one of said pulleys being coupled to
      the shaft of said second motor so that a random point on the indexing belt
      can be moved for a distance identical to the length of film which is
      transferred by said conveyor belts, said indexing belt being provided with
      a marker for co-operating with at least one detection device secured to
      the end of said movable member, said detection device delivering a first
      electrical control signal, when the said marker passes adjacent thereto,
      transmitted to the said clutch and/or brake for controlling the
      displacements of said conveyor belts, to stop said latter when the end of
      the film reaches that of the movable member.
NUM  2.
PAR  2. An arrangement as claimed in claim 1, further provided with a magazine
      to store exposed film including a parallelepiped light-proof casing
      provided with an elongated slot through which the exposed film is inserted
      therein, and within the said casing: a central cylinder roller; four
      peripheral rollers which are arranged in respective corners of the casing
      parallel to said slot; a movable roller having a shaft movably mounted in
      a pair of curvilinear seatings and urged towards said central roller by
      elastic means; two or more parallel belts tended in such a way that one of
      their faces passes around said central roller and the other one of their
      faces passes around each of the said peripheral rollers and the movable
      roller, one of said peripheral rollers having a shaft coupled to one of
      the transfer rollers adjacent said magazine, to drive the magazine belts
      at substantially the same speed as the said conveyor belts, the exposed
      film being stored between the belts and the central roller.
NUM  3.
PAR  3. An arrangement as claimed in claim 1, of the type in which the unexposed
      film is wound on a spool, wherein the shaft of said first motor driving
      the feeding rollers is further coupled to a rotary element rotating in the
      same direction as the said spool, at a speed higher than the maximum speed
      of rotation of the latter while the film is unrolled, said spool being
      coupled to a shaft coupled, in its turn, to said rotary element by a
      unidirectional coupling device, whereby allowing said spool to turn
      relatively to said element only in the direction opposite to the direction
      of rotation for which the film is unwound from said spool.
NUM  4.
PAR  4. An X-ray diagnostic apparatus including an arrangement as claimed in
      claim 1, wherein said apparatus further includes an X-ray tube carrying
      arrangement for holding the X-ray tube in a fixed position and, adjacent
      to the X-ray tube, a movable diaphragm for limiting the X-ray beam having
      its position controlled by a fourth motor fed by means of a
      servo-amplifier circuit, said position being made to correspond to that of
      the said movable member, so as to match the area of the irradiated field
      to the variable length of the film.
NUM  5.
PAR  5. An X-ray diagnostic apparatus including an arrangement as claimed in
      claim 1, wherein said apparatus further includes: a tube-carrying column
      mounted on said arrangement for displacements parallel to the direction of
      the film motion in the exposure field; an arm for carrying an X-ray tube
      mounted on and movable along said column, the position of the column
      relatively to the film and of the arm along the column being controlled to
      correspond to the position of the movable member, whereby to direct the
      central ray of the X-ray beam onto the centre of the film format selected
      by means of said movable member and to limit the area of the irradiated
      field to a length appropriate to this format.
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ABST
PAL  A disposable one-piece holder of molded styrofoam or similar lightweight
      material for dental X-ray film, comprising two integral portions one of
      which is relatively thin and is adapted for gripping by the teeth, and the
      other portion being in extension thereof and thicker and having an edge
      located at right angles to the plane of the thinner portion for holding
      the film.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There have been suggestions for disposable one-piece dental X-ray film
      holders such as for instance as shown in Via U.S. Pat. No. 3,444,371 and
      the objects of the present invention are substantially similar to those
      disclosed in that patent but with the addition that the present invention
      provides a holder which is considerably smaller, less expensive, and easy
      to use, being disposable after a single use. The new disposable holder is
      "universal", that is it can be used to take bitewings or periapicals.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a very simple and very small film holder
      which is made of expanded plastic material, e.g., styrofoam or the like.
      It comprises a thin portion to be held by the teeth, the teeth penetrating
      thereinto to hold it in a fixed position; and the thin portion has in
      extension thereof and integral therewith a relatively thicker portion,
      having a curved heel thereon so as to fit in the mouth better. The thicker
      portion is provided with a simple slot which is of a width to frictionally
      receive and hold the dental X-ray film.
PAR  While the present holder may be made from various suitable materials,
      expanded styrofoam give a light, soft durable material which the teeth can
      penetrate so that the film will not slip or move in the mouth.
PAR  It has been found that the bite portion i.e., the thin portion described
      above, need not be of substantial size, and also the expanded styrofoam is
      of such a nature as to securely grip the film but at the same time being
      easily removable therefrom.
PAR  In general, the present invention consists of a single molded expanded
      styrofoam device comprising a thin bite portion and a thicker slotted film
      holding portion having a rounded heel for comfortably fitting into the
      mouth while the bite portion is firmly held by the teeth. It can be used
      for bitewings or periapicals; it is small, taking up less space in the
      mouth, leaving the tongue substantially free and avoiding possible
      gagging; it is easy to adjust the film position; and is itself easier to
      handle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view of the new X-ray film holder shown in elevation with the
      film in place;
PAR  FIG. 2 is a view thereof looking in the direction of arrow 2 in FIG. 1 with
      the film removed;
PAR  FIG. 3 is a view looking in the direction of arrow 3 in FIG. 2; and
PAR  FIG. 4 is a perspective view with the film in place.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  The present film holder comprises a single integral unitary molded body of
      soft material such as foamed or expanded cellular plastic material e.g.,
      styrofoam. It comprises a relatively thin flat portion 10 adapted to be
      held in the teeth very comfortably, and a thicker portion 12 in extension
      of the thinner portion 10, the thickened portion 12 having a slot 14
      therein at an edge thereof, said slot being generally at a right angle to
      the general plane of the thin bite portion 10 and extending only a short
      distance into the thicker portion 12 for the edgewise reception of the
      X-ray film 16. The slot is of a width to frictionally grasp the film and
      hold it firmly but at the same time the film is capable of quick and easy
      extraction after the exposure so that the film holding device is easily
      thrown away.
PAR  The holder is generally rectangular and is about evenly divided in the area
      between the thin portion 10 and the thick portion 12, and both portions
      have side surfaces that are planar and parallel.
PAR  Preferably the thickened film holding portion 12 is rounded at a heel
      portion 18 so that it accommodates itself better to the mouth.
PAR  In use the film holder is applied to the thickened portion 12 by insertion
      in slot 14 and the holder is then inserted into the mouth so that the film
      is disposed perpendicularly to the bite portion 1, so that the latter will
      be substantially parallel to the teeth which bite into the same so as to
      produce an accurate picture of the teeth.
PAR  As stated in the U.S. Pat. No. 3,444,371 identified above, the holder may
      be made of any suitable material which the teeth can comfortably penetrate
      without breaking or crumbling the material and it should also of course be
      non-toxic and can be of the foam or cellular plastic such as polystyrene,
      polyurethane, vinyl, or phenolic foam or the like being radiolucent to
      avoid shadows.
CLMS
STM  I claim:
NUM  1.
PAR  1. A disposable one piece plastic holder for dental X-ray film said holder
      comprising a bite portion and a film holding portion which are integral,
      wherein the film-holding portion has a slot therein for frictional but
      separable reception of the X-ray film and wherein the slot is arranged
      perpendicularly with respect to the plane of the bite portion so that the
      film is held likewise in a perpendicular plane to the bite portion.
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ABST
PAL  An X-ray intensifying screen having reduced radiographic mottle comprising
      a plurality of layers including a photographic film and two or more
      phosphor layers, the phosphor layers having increasing luminous
      efficiency, under X-ray radiation, from the layer nearest the photographic
      film to the outermost layer from said film. The luminous efficiencies are
      adjusted to cause about equal film densities, on absorption of about equal
      X-rays for each phosphor layer. Thus, the total density of the phosphor
      layers would be about equal to the film density of a single phosphor layer
      comprising a similar phosphor of homogeneous brightness.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the construction of improved X-ray intensifying
      screens useful for medical radiography, said screens having the effect of
      reducing the graininess due to quantum mottle in the images reproduced on
      silver halide film and thereby improving image quality. The quantum mottle
      has the effect of obscuring fine details in the images of the object
      exposed to medical radiography by the nature of the statistical process of
      absorption of X-rays in the intensifying screen. The resulting image has a
      non-uniform darkening which is observed as a film graininess on the order
      of about 0.01 mm.sup.2 size variations noticeable to the eye.
PAR  The present invention reduces this problem of quantum mottle by means of
      screens with two or more contiguous phosphor layer constructed in such a
      manner that the layers are of increasing luminous efficiency under X-ray
      excitation from the phosphor layer nearest the film to the outermost
      phosphor layer from said film which is customarily disposed nearest a
      reflector layer.
PAR  In contrast, the prior art screens are constructed of a single homogeneous
      phosphor layer of uniform brightness and consequently the greater degree
      of quantum mottle is caused primarily by the exposure of the film to
      bright emission of particles nearest the film and thus fewer absorbed
      X-ray photons are needed in the process leading to greater quantum mottle.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to reduce radiographic
      mottle in an X-ray screen.
PAR  Another object of the invention is to provide an X-ray screen having a
      plurality of critically located phosphor layers.
PAR  Briefly stated, the present invention relates to reducing quantum mottle by
      the use of two or more contiguous phosphor layers such that the phosphor
      layer nearest the film provides film exposure not greater than the layers
      further removed from the film and in this manner improves the effect on
      film exposure of phosphor particles farthest removed from the film and at
      the same time reducing the effect of the phosphor particles nearest the
      film. By reducing the luminous efficiency of the phosphor layer nearest
      the film and correspondingly increasing the luminous efficiency of the
      phosphor layer furthest from the film, with exposure the same as that for
      a homogeneous single layer, a significant important reduction in film
      graininess or quantum mottle is achieved resulting in improved image
      quality permitting the examination of finer details by the radiologist.
      Further, the phosphor layers are of different atomic elements such that
      the phosphors in the outermost layer from the film are comprised of one or
      more elements with atomic numbers less than 64 and layers nearest the film
      are comprised of one or more elements with atomic numbers greater than 58.
PAR  Those parts of the present invention which are considered to be new are set
      forth in detail in the claims appended hereto. The invention, however, may
      be better understood and further objects and advantages thereof
      appreciated from a consideration of the drawings and detailed description.
DRWD
PAC  DETAILED DESCRIPTION
PAR  The present invention will be hereinafter described in greater detail with
      references to the accompanying drawings:
PAR  FIG. 1 is a schematic showing in section of one means for practicing the
      invention.
PAR  FIG. 1a is a cross section of an enlarged view of the screen film
      arrangement.
PAR  FIG. 2 is an enlarged cross section of a plurality of phosphor layers.
PAR  FIG. 3 shows an enlarged cross section of contiguous phosphor layers
      embedded in a polymeric matrix.
DETD
PAR  Refer more particularly to FIG. 1 which shows the construction details of
      an X-ray intensifying screencassette system which is quite similar to the
      presently used devices. As shown schematically in FIG. 1, the X-ray beam
      1, after having passed through an object 2, enters a light tight cassette
      3, in which the image is recorded by the screen film arrangement 4. Object
      2 for the purpose of this invention is part of the human body which due to
      its particular structure absorbs part of the X-ray beam in a spatially
      non-uniform fashion, thus giving rise to an invisible X-ray image. A
      fraction of this X-ray image is converted to a visible image by the
      screen-film arrangement 4.
PAR  FIG. 1a shows an arrangement consisting of a double emulsion photographic
      film 9 which is sandwiched between two X-ray intensifying screens. The
      screens are constructed of a flexible backing 5, a reflector layer 6, a
      phosphor layer 7 to which this invention relates and a transparent top
      layer 8.
PAR  FIG. 2 shows the construction of a screen composed of two contiguous 50
      micron thick phosphor layers 10, 11 embedded in a polymeric matrix.
      Phosphor layer 10 is composed of LaOBr.002Tb.0005 Yb phosphor of
      brightness 50. Phosphor layer 11 is composed of a LaOBr.002Tb.004Yb of
      brightness 15. X-ray screens constructed according to this example had
      speeds 2.0 times faster than medium speed calcium tungstate screens with a
      14% reduction in quantum mottle. Both FIGS. 2 and 3 show two examples of
      the invention as related to the phosphor layer 7.
PAR  FIG. 3 shows the construction of a screen composed of three contiguous 33
      micron thick phosphor layers 12, 13, 14, embedded in a polymeric matrix.
      Phosphor layer 12 is composed of LaOBr.002Tb.0005Yb brightness 50;
      phosphor layer 13 is composed of LaOBr.0005Tb.0005Yb brightness 17; and
      phosphor layer 14 is composed of LaOBr.004Tb.0005Yb brightness 10.
PAR  X-ray screens constructed according to this example had speeds of 2.0 as
      compared to medium speed CaWO.sub.4 screens and an 18% reduction in
      quantum mottle.
PAR  Among the phosphors that may be used are LnOX:Tb.sup.+.sup.3 (:Ce) wherein
PA1  Ln is one or more of La or Gd,
PA1  X is one or more of Cl, Br or I.
PAR  Tb.sup.+.sup.3 is present in activator concentrations from a small but
      effective amount for the production of light up to about 30 mole percent
      of the composition, and Ce is optionally present in the range of about 0.1
      to 1.0 mole percent. The above-described phosphors are highly efficient
      light producers under cathode ray, ultraviolet and X-ray excitation. They
      have a radiant energy efficiency when excited by a 20 -kilovolt cathode
      ray beam of at least about 10 percent and are described in detail in
      applicant's U.S. Pat. No. 3,617,743.
PAR  With these phosphor screens with speed in excess of six time Du Pont Par
      (standard medium speed reference) have been used. Since LaOBr:Tb phosphor
      absorbs about twice as much as CaWO.sub.4 in the region 40-70 KeV, speeds
      of only about twice Par can be used if quantum mottle remains about the
      same.
PAR  Actual screens were prepared by standard doctor blade methods using
      suspensions of phosphors of appropriate brightness. The screens were
      tested for speed, resolution, film graininess at 80 KV peak, 1 inch Al
      filtration and 48 inches distance with the Faxitron Unit. These
      measurements correspond to low contrast conditions of about .DELTA.d=0.1.
      The film graininess was compared to Du Pont Par screens at exposures of
      1.0. The results are presented in Table 1. The visual graininess was less
      in all cases as compared to the Du Pont Par case. The resolution increased
      as the screen thickness decreased.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Comparison of Speed, One.sup..sigma.Variation and Low Contrast            
     Resolution and Visual Graininess of Various X-ray Screens                 
     at 80 KV Peak, 1" Al Filter                                               
            Number of                                                          
                  Screen    Resolution                                         
            Phosphor                                                           
                  Thickness                                                    
                        Screen                                                 
                            Line Pairs                                         
                                  One.sup..sigma.Variation                     
     Screen No.                                                                
            Layers                                                             
                  Mils  Speed                                                  
                            per mm                                             
                                  in d Values                                  
     __________________________________________________________________________
     DuPont Par                                                                
            1     3.9   1.0 4.2   .067                                         
     73S831A                                                                   
            3     4.0   2.1 4.2   .059                                         
     73S831B                                                                   
            2     2.8   1.4 5.4   .058                                         
     73S831C                                                                   
            3     3.0   1.7 5.0   .060                                         
     73S831D                                                                   
            2     2.1   1.1 5.6   .059                                         
     __________________________________________________________________________
PAR  Other screens with various combinations of phosphor layers, screen
      thickness and phosphor brightness have been prepared. The results are in
      good qualitative agreement with the data presented above.
PAR  Thus in the radiographic art, intensifying screens are used in order to
      reduce the exposure time in producing the image of an object on a silver
      halide film. Useful information is imparted to the film only by virtue of
      the X-ray photons which have penetrated the object and are absorbed by the
      phosphor layer. Increased luminous efficiency of the phosphor layer or
      proximity of the layer to the film simply reduces the number of absorbed
      X-ray photons needed to give a desired film exposure. The effect of the
      state of the art screen construction is to form an image containing the
      maximum quantum mottle.
PAC  EXAMPLE 1
PAR  The following example illustrates the invention for the case of two
      contiguous phosphor layers. A screen of the present invention can be
      constructed in a manner well known to the state of the art. The supporting
      base to which the phosphor layers are applied consists of a flexible
      polyester sheet to which a 25 micron titania layer has first been applied
      by standard doctor blade techniques. The first phosphor layer is applied
      using the following coating composition:
TBL  LaOBr.002Tb.0005Yb (Brightness 50)                                        
                             400 gm.                                           
     vinylchloride/vinyl acetate copolymer                                     
                              57 gm.                                           
     methyl isobutyl ketone  100 gm.                                           
     methyl ethyl ketone      65 gm.                                           
     methanol                 10 gm.                                           
PAR  This mixture is milled for approximately 16 hours to insure complete
      dispersion. The wet coating thickness is adjusted to give a final dry
      thickness of 50 microns.
PAR  A second phosphor layer is applied over the first dry 50 micron layer. The
      second phosphor layer has the following coating composition.
TBL  ______________________________________                                    
     GdOCl .005 Tb (Brightness 15)                                             
                           330 gm.                                             
     spirit soluble 1/4 sec. nitro-                                            
     cellulose (70%)       45 gm.                                              
     sucrose acetate isobutyrate                                               
                           12 gm.                                              
     ethyl acetate         30 gm.                                              
     methanol              25 gm.                                              
     ethanol               70 gm.                                              
     ______________________________________                                    
PAR  This mixture is milled for approximately 16 hours to insure complete
      dispersion. The wet coating thickness is adjusted to give a final dry
      thickness of 50 microns. A 10 micron clear top protective coating is next
      applied by means well known to the state of the art.
PAR  X-ray screens constructed according to this example had speeds 2.0 times
      faster than commercial mediumspeed calcium tungstate screens. The quantum
      mottle effect was reduced by about 14%. Resolution was improved over the
      state of the art screens.
PAC  EXAMPLE II
PAR  The following example illustrates the invention for the case of three
      contiguous phosphor layers. The supporting base and reflector layers are
      constructed as indicated in example 1. The three phosphor layers are
      applied successively to give in each case a 33 micron thick dry phosphor
      layer. The following coating composition is used in each case except that
      the phosphor brightness is different in each case as indicated.
TBL  ______________________________________                                    
     LaOBr:Tb, Yb phosphor   400 gm.                                           
     vinyl chloride/vinyl acetate copolymer                                    
                             57 gm.                                            
     methyl isobutyl ketone  100 gm.                                           
     methyl ethyl ketone     65 gm.                                            
     methanol                10 gm.                                            
     ______________________________________                                    
PAR  This mixture is milled for approximately 16 hours to insure complete
      dispersion. The wet coating thickness is adjusted to give a final dry
      thickness of 33 microns for each phosphor layers. The composition of the
      phosphor in each layer is as follows;
PA1  1. LaOBr 0.002 Tb 0.0005 Yb (brightness of 50) for layer next to reflector
PA1  2. LaOBr 0.0005 Tb 0.0005 Yb (brightness of 17) for center layer.
PA1  3. LaOBr 0.004 Tb 0.0005 Yb (brightness of 10) for layer next to the film.
PAR  A final 10 micron thick clear protective top layer is applied by means well
      known to the state of the art.
PAR  X-ray screens constructed according to this example had speeds of 2.0 times
      faster than commercial medium-speed calcium tungstate screens. The quantum
      mottle effect was reduced by about 18%. Resolution was improved over the
      state of the art screens.
PAR  Another advantage of the multilayer phosphor concept is found in the fact
      that phosphors of distinctly different chemical composition can be used
      for each layer. This approach allows better absorption of the incident
      X-ray when elements with suitable K.alpha. absorptions are used. The
      incident beam is initially rich in softer X-rays which can be efficiently
      absorbed by, for example, LaOBr:Tb. The harder X-rays now penetrate the
      upper phosphor layer and can be more efficiently absorbed by, for example,
      GdOCl:Tb. Both phosphor brightnesses are suitably adjusted according to
      the previously discussed concept. Screens were constructed with GdOCl:Tb
      in the back screen and again show reduced radiographic mottle.
PAR  Another benefit of the multilayer concept involves the reduction of
      structure mottle due to less tendency toward convection cell formation. It
      is a well known fact that suspensions of pigments in high polymer organic
      solvent systems tend to form Bernard or convection cells due to a
      volcano-like action of the suspension as solvent drying occurs. This
      tendency to form convection cells is approximately proportional to L.sup.3
      where L is the wet coating thickness. Thus a 12 mil wet thickness (typical
      for a final 4 mil dry thickness) would have about 4 times the tendency to
      form convection cells as would a 6 mil wet thickness needed to form a 2
      mil dry layer, thus double coating to achieve two 2 mil layers of phosphor
      would have less structural mottle.
PAR  It will be apparent for the foregoing description of preferred embodiments
      that other improved X-ray intensifying screens employing the present
      invention can be constructed. As one example, it is possible to reduce
      radiographic mottle in the same manner for screens not employing a
      reflector layer. It is intended to limit the present invention, therefore,
      only by the scope of the following claims.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An x-ray intensifying screen for reducing radiographic quantum mottle
      comprising a photographic film and a plurality of contiguous phosphor
      layers being disposed with respect to said film so that the phosphor
      layers are of different chemical compositions wherein one of said phosphor
      compositions is a terbium activated rare-earth oxyhalide phosphor to
      provide increasing luminous efficiency under x-ray excitation from the
      phosphor layer nearest the film to the outermost layer, and each of said
      layers being of such predetermined thickness such that total x-ray
      absorption and brightness for the plurality of phosphor layers is
      approximately equal to a single phosphor layer having the same thickness
      as the total thickness of the plurality of phosphor layers.
NUM  2.
PAR  2. The X-ray intensifying screen of claim 1 wherein the outermost phosphor
      layers are comprised of one or more elements with atomic numbers less than
      64 and layers nearest the film are comprised of one or more elements with
      atomic numbers greater than 58.
NUM  3.
PAR  3. An x-ray intensifying screen, according to claim 1, comprising two
      phosphor layers, said layers comprised of LaOBr:Tb having different
      terbium concentrations such that the outermost layer is about 3 to 4 times
      as bright as the phosphor layer nearest the film, said layers having
      thicknesses of 20-60 microns each.
NUM  4.
PAR  4. An x-ray intensifying screen according to claim 1, comprising three,
      15-40 micron thick, phosphor layers, said layers composed of LaOBr:Tb
      having different terbium concentrations such that the brightness ratios of
      1 to 1.5-2.5, to 3.0-4.5 for the layer nearest the film, the middle layer
      and the outermost layer respectfully.
NUM  5.
PAR  5. An X-ray intensifying screen according to claim 1 comprising two, 20-60
      micron thick, contiguous phosphor layers, said layers of decreasing
      luminous efficiency under X-ray excitation comprising LaOBr:Tb for the
      outermost layer and GdOCl:Tb for the layer nearest the film.
NUM  6.
PAR  6. An X-ray intensitying screen according to claim 1 comprising two, 20-60
      micron thick contiguous phosphor layers, said layers of decreasing
      luminous efficiency under X-ray excitation comprising LaOBr:Tb for the
      outermost layer and Gd.sub.2 o.sub.2 S:Tb for the layer nearest the film.
NUM  7.
PAR  7. An x-ray intensifying screen for reducing radiographic quantum mottle
      comprising a photographic film, a reflector spaced therefrom and a
      plurality of phosphor layers between said film and said reflector, said
      phosphor layers being of different chemical compositions wherein one of
      said phosphor compositions is a terbium activated rare-earth oxyhalide
      phosphor, the phosphor layer nearest the reflector having greater
      brightness under x-ray excitation than the phosphor layer nearest the film
      and each of said layers being of such predetermined thickness such that
      total x-ray absorption and brightness for the plurality of phosphor layers
      is approximately equal to a single phosphor layer having the same
      thickness as the total thickness of the plurality of phosphor layers.
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ABST
PAL  A cellularized radiation sensitive structure is provided in which a laser
      is utilized to cut narrow slots in a sheet of luminescent material. These
      slots, usually cut in an X-Y pattern, are then filled with a material
      which is opaque to either light or radiation or both. This forms a
      structure having a plurality of individual volumes of luminescent material
      separated by opaque material. Each of the individual volumes of
      luminescent material may have associated therewith a photodiode element to
      produce an electrical signal which is a measure of the light output from
      that volume.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to X-ray luminescent devices, and relates
      more particularly to such devices using a compartmented cellularized
      construction.
PAR  2. Description of the Prior Art
PAR  In the field of X-ray detection, it is well known to employ so-called
      intensifying screens to increase the radiation available for detection
      purposes. Such screens contain an X-ray luminescent material which is
      selected to emit a relatively large number of light photons for each X-ray
      photon striking the material. This effectively amplifies the X-rays to be
      detected, since both the X-rays themselves and light emitted by X-ray
      induced emission from the luminescent material are available for detection
      on film or other detection medium or device. The primary incentive to use
      such intensifying screens in medical applications is to reduce the amount
      of X-ray radiation which is required to produce a given exposure, to
      thereby reduce the radiation risk to which a patient or operator is
      exposed.
PAR  It is known that such intensifying screens, while increasing the amount of
      radiation available for detection, also have the effect of reducing the
      sharpness of the resultant image. In general, image distortion in
      luminescent screens or structures is caused by the diffusion of light
      within the luminescent material which causes a blurring of the image with
      consequent loss of definition and contrast. This diffusion of light is
      brought about by two fundamental physical processes. The first is that as
      the ionizing radiation is converted into light, the direction of emission
      of light is random so that it is emitted approximately equally
      statistically in all directions. The second effect is that the high energy
      radiation is penetrating, the degree of penetration being dependent upon
      the energy of the impinging radiation and the nature of the material being
      penetrated. The higher the energy, the deeper the penetration.
PAR  Thus, it is seen that as visible light is generated along a path through
      the screen and normal to its surface, light will be radiating in all
      directions. Some of the light radiated at an angle off the normal to the
      surface of the screen will reach the film or other detecting means and
      result in a diffuse image.
PAR  As a result, the design of such intensifying screens has involved a
      trade-off between screens of large thickness, which result in increased
      luminescent radiation for a given X-ray level but which also produce
      increased image unsharpness, and screens of less thickness, which result
      in improved image sharpness relative to the thicker screens, but which
      also require more X-ray radiation to produce acceptable film images,
      thereby increasing the X-ray dosage to which the patient must be exposed.
      In practice, the thicker or high speed screens are utilized in those
      applications which do not require maximum image sharpness, thereby
      reducing the patient exposure to X-rays, while medium speed and slow speed
      screens are utilized when increased image resolution is required. These
      latter screens employ thinner phosphor layers and may incorporate dyes to
      minimize transverse propagation of light by attenuating such rays more
      than a normal ray which travels a shorter path. In general, detail or slow
      speed screens require approximately 8 times the X-ray dosage of high speed
      screens.
PAR  Several patents have proposed solutions to the problem of reducing the
      amount of scattered luminescent radiation which reaches the film or other
      detector from such screens. These patents have suggested a cellularized
      approach to the construction of such screens, the structure generally
      consisting of volumes of luminescent material separated by wall members.
      The wall members are disposed generally parallel to the direction of X-ray
      travel and their purpose is to reflect light emitted by the luminescent
      material and thereby prevent scattered light from reaching the detection
      means.
PAR  One such approach is taught in U.S. Pat. No. 3,041,456, in which a
      rectangular body of plastic having a luminescent phosphor dispersed
      therein is sliced into thin slices which are then coated on one or both
      sides with a reflective material. These coated slices are then bonded back
      together and sliced again in a direction transverse to that of the first
      slicing. These coating and bonding operations are repeated to produce a
      double laminated body from which screens of the desired thickness may be
      obtained.
PAR  The approach of this patent, while being theoretically attractive, presents
      significant problems in manufacturing because of the requirement to
      repeatedly handle and align extremely small pieces of the phosphor without
      damage or contamination.
PAR  An alternative approach is suggested in U.S. Pat. No. 3,643,092. The
      structures proposed there employ adjacent walls having a corrugated member
      disposed therebetween so as to form a plurality of chambers extending in
      the direction of X-ray travel. At least a portion of each of these
      chambers is filled with a luminescent phosphor which reacts to X-ray
      radiation in the manner described above to produce light. The chamber
      structure is such that the walls thereof, formed by the planar wall
      members and the corrugated member, confine and/or reflect emitted light so
      as to limit the amount of scattered radiation reaching the detection
      means.
PAR  The structures proposed in this patent, like that of U.S. Pat. No.
      3,041,456, are attractive in theory but do present problems in fabrication
      because of the requirement to handle the small and fragile components.
PAR  Other prior art literature has suggested that chemical etching or milling
      be employed to produce grooves in a phosphor material, the grooves then
      being filled or plated with a highly reflective material to form light
      reflecting walls. However, this type of etching or milling produces
      surfaces which are relatively rough, so that even though subsequently
      plated or coated, they do not provide a good reflective surface. Such
      relatively rough surfaces have the effect of producing multiple
      reflections so that much of the light is lost through severe scattering.
PAR  An additional disadvantage of such chemical milling or etching is that the
      walls produced must be at least 0.003 - 0.010 inches thick in order to
      provide sufficient strength for handling of the structure. Walls of this
      thickness are discernable and result in corresponding lines appearing in
      the image on the film, thereby reducing the resolution. Additionally,
      walls of this thickness reduce the amount of available phosphor by a
      corresponding amount, thus reducing the light output from the structure.
      Further, these structures have the disadvantage that the circumference of
      walls are continuous and rigid, so that when the phosphor cures after
      being poured or impregnated into the cells, shrinkage or expansion may
      occur. This often results in fracturing of the phosphor, with a resultant
      poor light transmission due to the separated interface at the fracture.
PAC  SUMMARY OF THE INVENTION
PAR  An idealized cellularized screen should have the following characteristics.
      First, the dimensions of the cell should be small enough to be virtually
      indistinguishable so as to reduce or eliminate the effect of wall
      thickness on the resultant image. Secondly, the wall surfaces should be of
      a specular or near specular nature so that light emitted at an angle from
      the normal to the screen surface will be reflected from the highly
      reflective wall, and some of this reflected light will be directed to the
      screen surface to provide further light output to the recording medium.
PAR  In accordance with the present invention, there are provided a number of
      novel structures utilizing luminescent materials in the detection of
      X-rays for medical or other purposes. In one embodiment of the invention,
      a cellularized luminescent structure is produced which provides ease of
      manufacture and results in greatly improved operation. In accordance with
      this embodiment, a conventional intensifying screen has a plurality of
      spaced slots scribed or cut therein in the luminescent material, and these
      slots are then filled with a suitable light-opaque material. Ideally, two
      groups of slots are formed, the slots of one group being normal to those
      of the other group, so as to produce a grid effect on the luminescent
      material. The filling of the slots in this manner forms light barriers
      between the adjacent segments or volumes of luminescent material, serving
      the function of the walls of the prior art cellular devices described. A
      structure of this type eliminates the need for individually fabricating
      the luminescent elements and walls, and permits the wall elements to be
      made as thin as can be achieved by precision cutting or scribing
      equipment. Because the luminescent material is supported by the
      surrounding support member, problems of fragility of the resulting
      structure are eliminated.
PAR  Another embodiment of the invention, particularly adapted for industrial
      applications, utilizes a novel cellularized luminescent structure in
      conjunction with charge coupled devices or arrays of silicon photo
      detectors to produce equipment which is highly useful in X-ray detection.
      These silicon photodetectors are now commercially available with as many
      as 1024 image elements on a single wafer, each of the elements being as
      small as 0.001 inch by 0.001 inch. In the use of such devices, the image
      of an object being scanned is broken into a large number of small
      elements, each of which is represented by a separate electrical signal and
      may be treated electrically in any desired fashion.
PAR  In theory, such devices would be highly desirable for use in directly
      detecting X-rays in industrial and medical applications, since they would
      permit examination in segments as small as the silicon detector elements
      themselves. However, in practice there are two related problems which
      prevent the use of such devices directly with X-rays. First, the
      conversion efficiency of such devices is very low because the detecting
      layer is relatively thin and of low atomic weight. Thus, the devices would
      require intense X-ray radiation to produce usable signals. Secondly, the
      high X-ray radiation required to produce usable signals would quickly
      result in destruction of the device surface.
PAR  In accordance with the present invention, the advantages of these charge
      coupled devices are obtained by interposing a cellularized phosphor
      structure between the X-rays to be detected and the charge coupled
      devices. The X-rays impinge on the phosphor material to produce the
      emission of light photons. The use of phosphors in this manner results in
      high gain, since each X-ray photon at 100 KV will produce emission of
      approximately 3000 light photons, and also has the advantage that since
      substantially all of the X-ray photons are converted to visible light, the
      silicon detector face is not damaged by impinging X-rays.
PAR  The structures of this invention are designed so that substantially all of
      the visible light generated above a given photo diode detector element is
      directed toward that element, and that much of the off-axis visible light
      radiation generated in the structure is directed toward the detector
      element. Further, cross-talk between different elements is minimized, and
      oblique or off-axis ionizing radiation is attenuated to prevent the
      generation of visible light over two or more detecting elements.
      Additionally, the structures of the present invention are such that a wide
      range of different fluorescent or luminescent materials may be employed
      therein.
PAR  In accordance with one embodiment of the invention, a cellular structure is
      provided having a cellular element centered over each photo diode detector
      element. Each cellular element has optically opaque walls to prevent light
      diffusion to adjacent cellular elements, and if desired, the cell walls
      may also be of radio-opaque material to minimize the penetration of
      oblique or off-axis radiation into adjacent cellular elements. Also, the
      cell walls are preferably made of a highly reflective material to reflect
      oblique light rays toward the detecting element.
PAR  Each cellular element is preferably in direct contact with the surface of
      its associated detector element to provide maximum optical efficiency. The
      use of such cellular structures, if provided with appropriate enclosures,
      permits the use of luminescent or fluorescent materials in solid, gas or
      liquid forms.
PAR  In an extension of the present invention, fiber optic techniques may be
      employed to improve the structures. Since currently available photodiode
      arrays have a maximum length of one inch, there may be applications which
      require detectors in excess of that length. To provide such structures,
      fiber optic techniques may be utilized to couple light from the cellular
      structures of this invention to the photodiodes. In this type of
      embodiment, the photodiodes are not directly adjacent or in contact with
      the cellular structures but are spaced therefrom and coupled thereto
      through fiber optics. This permits the photodiodes to be spaced so as not
      to interfere with each other while still permitting X-ray detection of
      small segments through the use of a cellular structure.
PAR  In an additional embodiment of the invention, cellular structures of this
      invention are utilized in conjunction with
      photoconductor-electroluminescent (PC-EL) devices or layers. Such PC-EL
      structures are used in many applications, such as solid-state radiographic
      amplifier screens to produce a visible image. By utilizing the cellular
      structures of this invention as inputs to such PC-EL devices, a high
      definition light input is obtained.
PAR  It is an object of this invention to provide a celluarized luminescent
      screen or structure of arbitrary thickness so as to convert substantially
      all incident ionizing radiation to visible or near visible light.
PAR  It is another object of this invention to provide a luminescent
      cellularized screen having cells of such small dimensions so as to be
      virtually indistinguishable to the naked eye.
PAR  It is a further object of this invention to provide a cellularized screen
      having cell walls of such small thickness as to be indistinguishable to
      the naked eye and such that the surface area of the screen is
      predominantly phosphor material.
PAR  A still further object of this invention is to provide cell walls of
      desired radio-opacity so that either a highly radio-opaque material may be
      used to obtain a "Bucky Grid" effect to reduce scattered radiation, or a
      low or intermediate absorption material may be employed, as need dictates.
PAR  It is yet another object of this invention to provide a mechanical
      structure for a cellularized luminescent screen such that when the
      phosphor impregnant compound shrinks or expands due to curing or
      solidifying, the cellular structure will "give" with the impregnant,
      thereby eliminating fracturing of the phosphor compound or separation of
      the phosphor impregnant from the cell walls so as to retain optimum light
      transmission to the phosphor surface.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing one method of providing a grid pattern
      of slots in an intensifying screen as a step in producing a cellularized
      screen in accordance with this invention;
PAR  FIG. 2 is a perspective view, partly in cross section, of a portion of the
      structure of FIG. 1 after the slots have been filled with an opaque
      material to produce a cellularized screen;
PAR  FIG. 3 is a perspective view showing the cutting of slots in a phosphor
      member for use with a linear array of photodiodes;
PAR  FIG. 4 is a perspective view, partly in cross section, showing the
      luminescent structure of FIG. 3 bonded to a structure containing
      photodiodes to produce a linear detector array;
PAR  FIG. 5 is a cross-sectional view along plane 5--5 of FIG. 4 showing the
      alignment of the cellular elements with the photodiodes.
PAR  FIG. 6 is a perspective view showing the forming of a structure utilizing a
      corrugated strip to provide a cellularized structure for use with a
      photodiode array;
PAR  FIG. 7 is a plane view, partly in cross section, showing a portion of a
      cellularized detector of FIG. 6 in association with photodiodes;
PAR  FIG. 8 is a perspective view showing the use of fiber optics in conjunction
      with a structure as in FIG. 7;
PAR  FIG. 9 is a perspective view showing the structure of FIG. 8 and its
      associated photodiode detectors;
PAR  FIG. 10 shows the cellularized structure of this invention utilized in
      conjunction with a PC-EL device for intensifying X-ray images; and
PAR  FIG. 11 shows an alternate PC-EL structure.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there is shown a conventional intensifying screen 12
      which may be used to form a cellularized screen in accordance with this
      invention. Such a screen may be of any suitable type commonly employed in
      intensifying the image in X-ray film exposure and development. The screen
      includes a layer 13 of a suitable luminescent material, such as calcium
      tungstate or doped zinc sulphide, placed on a suitable base 14.
PAR  To produce a cellularized screen in accordance with this invention, slots
      are formed in the luminescent layer 13 of screen 12 in a grid or X-Y
      pattern. Such slots may be formed by any suitable means, such as by the
      use of a CO.sub.2 laser 16. Such lasers are commercially available and are
      capable of producing slots as narrow as 0.003 inch in width and to less
      than 0.001 using suitable masking techniques.
PAR  As discussed above, a narrow width is ideal for the walls of a cellularized
      screen since it reduces the wall thickness so as to make it virtually
      indistinguishable to the naked eye and on the resulting image and also
      maximizes the amount of phosphor material available for light emission on
      the screen.
PAR  Such a laser may be employed as shown diagrammatically in FIG. 1 to produce
      a series of closely spaced slots in both the X and Y directions on the
      phosphor material 13 of screen 12. Preferably a lens and mirror system is
      employed, as shown by elements 17 and 18, to accurately focus and narrow
      the beam of laser 16 to the desired width. Masking techniques may be
      employed to narrow the width of the slots which are produced in layer 13.
      A suitable highly light reflective material, such as gold, may be
      deposited on the surface of layer 13 and photoetching techniques employed
      to remove this material in areas corresponding to the location of the
      slots. When the laser is then swept across the structure, the laser beam
      is reflected by the highly reflective material but scribes or cuts into
      layer 13 in those areas where the reflective material has been removed by
      etching. Thus, the slots cut may have a width limited only by the
      resolution of the photoetching techniques in removing the material
      corresponding to the desired slot widths.
PAR  As an alternate to the above etching technique, light modulation devices
      may be interposed between material 13 and the laser system to blank off
      the laser beam between slot areas to prevent cutting in areas of material
      13 other than the assigned slot areas. Such a light modulator might be,
      for example, a rotating or otherwise movable disk having openings for the
      passage of the laser beam, these openings being interspersed with solid
      areas which reflect the laser beam. In this structure, the rotating disk
      would alternately permit passage therethrough of the laser beam when the
      beam is positioned adjacent the area where slots are to be cut, and block
      and reflect the beam in all other areas. Laser 16 thus acts as an
      essentially massless slotting saw to form the extremely narrow slots in
      the phosphor material 13. Preferably, these slots are cut to a depth which
      extends partially into base layer 14. This insures that after filling of
      the slots with opaque material, there will be no leakage of light between
      adjacent cells through phosphor 13.
PAR  After cutting the slots in the desired X-Y pattern, they may be filled with
      a material to form the cellular structure. Preferably, vacuum impregnation
      techniques are employed to fill the slots with a material which is either
      optically opaque or optically and radio opaque. Examples of optically
      opaque but radio transparent material are carbon, powdered aluminum or
      other low atomic number materials. Suitable materials which are both
      optically and radio opaque are powdered lead or lead oxide, powdered
      tungsten or tantalum mixed with an appropriate plastic medium which may
      then be cast. The use of such radio opaque materials provides a Bucky grid
      effect in the resulting structure to reduce scattered radiation.
PAR  After vacuum impregnation, the resulting structure appears as in FIG. 2,
      with the slots filled with material 18. Material 18 forms walls which
      produce cells or volumes of phosphor material 13. By way of example, the
      filled slots may have a width of 0.001 inches, while the phosphor material
      between adjacent slots may have a width of 0.005 inches. It will be seen
      that this structure provides essentially individual volumes or cells of
      phosphor material 13 which are separated from each other by wall members
      formed by opaque material 18. This construction provides the advantages
      discussed above of confining light generally to a given phosphor volume in
      which it originated, thereby increasing the resolution of the resultant
      image.
PAR  FIG. 3 illustrates the formation steps in an alternate embodiment of the
      invention particularly suited for use as a linear detector in conjunction
      with photodiodes. As shown there, a slice of phosphor material 21 is
      placed in an encapsulating material 22. The slice of phosphor material 21
      may be of any suitable type, such as cesium iodide, and may have been
      formed by being sliced, such as by a CO.sub.2 laser, from a larger piece
      of cesium iodide. Typically, phosphor slice 21 may be 1 inch long, 0.005
      inches wide and 0.020 inches high. Slice 21 may be encapsulated in
      material 22 using vacuum chamber techniques, after which the resulting
      structure may be double disk ground on the top and bottom surfaces until
      the cesium iodide surfaces are exposed.
PAR  The next step in the fabrication may be to provide spaced slots in slice
      21. These slots may be provided, as in the embodiment of FIGS. 1 and 2, by
      means of CO.sub.2 laser 16 and the lens-mirror elements 17, 18 or suitable
      masking. Also, suitable masking or beam interruption techniques as
      discussed above, may be employed to provide slots of minimum thickness. By
      this means, a plurality of spaced slots 23 are cut in slice 21. The slots
      23 preferably extend completely through slice 21 so as to eliminate the
      possibility of light travelling between adjacent blocks or cells of the
      phosphor material.
PAR  The next step in the fabrication is to fill slots 23 with a suitable
      material 25 to form walls. As with the embodiment of FIGS. 1 and 2, the
      material selected to fill slots 23 may be either optically opaque or both
      optically and radio opaque. Suitable vacuum impregnation techniques may be
      employed to fill slots 23 with the desired material. After this filling,
      the top and bottom surfaces may be again ground to expose the cesium
      iodide surfaces.
PAR  After trimming to size, the structure 22 is ready to be placed adjacent the
      photodiodes to form a detector array. As shown in FIG. 4, the photodiodes
      31 may be mounted in a support member 32 and arranged in a linear fashion
      along a central portion thereof. Photodiode arrays of this configuration
      are available commercially. An example of such an array is one
      manufactured by Reticon Corporation as a linear photodiode array, Type
      RL-1024B. Such arrays include not only the photodiode but much of the
      associated electronics.
PAR  The photodiode structure 32 has a U-shaped cross section as shown, and
      structure 22 is trimmed to fit within this opening so as to place each
      cellular element of phosphor immediately over an associated photodiode 31
      as best shown in FIG. 5. The position of structure 22 relative to
      photodiodes 31 may be adjusted to the desired position by monitoring the
      output of diodes 31 while irradiating structure 22 with X-rays, structure
      22 being moved longitudinally thereof until maximum electrical output is
      obtained from diodes 31. This condition should represent the optimum
      coupling between the phosphor cell members and their associated
      photodiodes, and structure 22 may then be bonded to the photodiode
      structure 32 to form the completed linear detector array.
PAR  Such an array may be used in many applications where a high resolution
      X-ray detector device is required. For example, in food and drug packaging
      applications, such a detector array, configured to any desired length, may
      be employed to monitor fill, product mix and particulate contamination,
      with a resolution of 0.004 inches or better. By supplying the output from
      photodiodes 31 to a computer or other analyzing device, fully automated
      operation is possible.
PAR  An additional application is in production line batch processing or
      continuous sheet processing, where the mix or thickness of the sheet or
      other parameters may be monitored by computer with appropriate feedback to
      other stages of manufacture or process control. By utilizing soft X-rays
      for thin or low density materials, coating thickness and gauge profile of
      products such as magnetic tape may be monitored.
PAR  FIGS. 6 and 7 illustrate an alternate embodiment of the invention directed
      to a detector array. In this embodiment, the walls of the cellular
      structure are formed by a serpentine or accordian member 41. Member 41 may
      be a strip of suitable metal which will form a light opaque, and if
      desired, radio opaque barrier between adjacent cell members in the
      resulting structure. Member 41 may be formed, for example, by taking a
      strip of suitable metal and passing it between gear teeth to produce the
      resultant accordian or serpentine configuration.
PAR  To form the cellular structure of this invention, serpentine member 41 may
      be placed in an alignment fixture having top and bottom members 42, 43 and
      end or spacer pieces 44. Spacer pieces 44 serve to separate top and bottom
      members 42, 43 by an amount sufficient to allow serpentine member 41 to be
      placed therebetween in the configuration shown in FIG. 6. By way of
      example, the spacing between members 42, 43 may be 0.005 inches, while
      their depth and that of serpentine member 41 may be .050 inches and the
      thickness of serpentine member 41 may be 0.0005.
PAR  After positioning member 41 in the alignment fixture, vacuum techniques may
      be employed to place a suitable phosphor mixed with plastic or plastic
      scintillator 45 into the structure until it completely fills the area
      within the alignment fixture and covers serpentine member 41. The
      structure may then be removed and the surfaces ground until the upper and
      lower surfaces of serpentine member 41 are exposed.
PAR  The ground structure is then placed adjacent an array of photodiodes, in a
      manner similar to that described above for the embodiment of FIG. 5. Such
      photodiodes, as shown in FIG. 7, may be a group of diodes 46 arranged in a
      linear array and mounted in a support structure 47. The size of the area
      between adjacent convolutions in serpentine member 41 are chosen so as to
      correspond approximately to the surface area of a diode unit 46, and by
      suitable alignment of the serpentine structure relative to the diodes,
      these elements can be matched up as shown in FIG. 7. As before, this
      alignment may be performed by irradiating the structure with X-rays,
      monitoring the output of diodes 46 and moving the serpentine structure
      relative to the diode array until maximum output from the diodes is
      obtained. At this maximum output position, the serpentine structure may be
      bonded to the diode array to form the aligned device.
PAR  It will be seen from FIG. 7 that this structure provides a cellular
      construction, with serpentine member 41 forming walls separating adjacent
      volumes of phosphor material 45. Thus, light generated within a given
      volume of phosphor will be confined thereto, since any off-axis light will
      be reflected by light opaque member 41 and should ultimately reach the
      associated diode 46 for detection. Further, if serpentine member 41 is
      formed of radio opaque material, any scattered or secondary X-rays in a
      given volume of phosphor will be confined to that volume by the reflecting
      or absorbing properties of material 41.
PAR  The structure shown in FIGS. 6 and 7 is well suited for use when the
      particular configuration of the diode array matches that desired. However,
      since presently available diode arrays have a maximum length and number of
      diodes, there may be applications where other configurations are desired
      for detection purposes. To accommodate such applications, the structure
      shown in FIGS. 8 and 9, employing fiber optics, may be utilized.
PAR  As shown in FIG. 8, a structure somewhat similar to that shown in FIGS. 6
      and 7 is first formed, utilizing a serpentine member 51. Member 51 is
      placed in an alignment fixture formed by top and bottom members 52, 53,
      and phosphor material 55 is placed in the structure using vacuum
      techniques. As before, this produces a cellularized structure, with the
      convolutions of member 51 forming walls which optically separate adjacent
      volumes of phosphor 55. However, instead of directly coupling the phosphor
      volumes to photo diodes, as in the embodiment of FIGS. 6 and 7, fiber
      optic members are employed for such coupling. As best shown in FIG. 8, the
      end of a fiber optic member 57 is placed adjacent and preferably in
      contact with each phosphor volume. As is well known in the art, such fiber
      optic materials are commercially available in substantially any desired
      configuration.
PAR  The other end of each member 57 may be brought out so as to optically
      couple the light from phosphor 55 to photodiodes 58. By shaping members
      57, photodiodes 58 need not conform to the configuration of the phosphor
      volumes, and such diodes may be configured in any appropriate fashion and
      in any required number. As shown in FIG. 9, the end of each member 57 is
      placed adjacent the light sensitive surface of an associated photodiode
      58. In one particularly advantageous arrangement, a first group of fiber
      members 57 are brought out to an associated photodiode 58 disposed on one
      side of the cellular structure, and a second group of fiber members 57 are
      brought out to an associated photodiode 58 mounted on the opposite side of
      the cellular structure. This permits interleaving of photodiodes on
      opposite sides of the cellular structure, and prevents physical
      interference between adjacent diode arrays because of their size.
PAR  FIG. 10 illustrates an alternate embodiment of the invention directed to
      photoconductor-electroluminescent (PC-EL) structures such as are employed
      in solid state radiographic amplifier screens to produce an intensified
      image of the irradiating X-ray pattern. As is well known in the art, such
      structures employ a photoconductive layer which is exposed to the
      radiation to be detected and changes its photoconductivity in response
      thereto. This change in photoconductivity is translated into variations in
      the voltage applied to an associated electroluminescent layer, which in
      turn varies its light output as a function of applied voltage. The light
      output from the electroluminescent layer provides the image which is
      detected.
PAR  It has been proposed in U.S. Pat. No. 3,388,256 to employ a luminescent
      material in association with the photoconductive material to enhance the
      photoconductive effect produced by the irradiating radiation to thereby
      increase the light output from the structure.
PAR  This same principle is employed in the novel arrangement shown in FIG. 10
      which employs a cellularized structure in accordance with this invention.
      The cellular structure shown there is similar to that shown in FIG. 4
      comprising volumes of a suitable phosphor material 61 separated by wall
      members 62. As shown, these slots are formed in an X-Y or grid pattern on
      a suitable phosphor member. For example, the phosphor member may be an
      intensifying screen in which an X-Y pattern of slots is formed as shown in
      FIGS. 1 and 2. This structure may be formed as described above by scribing
      slots in the phosphor material such as by laser, and filling the slots
      with a suitable optically and, if desired, radio opaque material.
PAR  This cellular member may then be provided with a very thin coating of
      photoconductive material 63 on the upper surface thereof. This member is
      then placed on a layer 64 which serves to optically isolate the cellular
      structure from the underlying electroluminescent layer 65. Layer 65 may be
      separated further from the cellular structure by an opaque insulating
      layer 66. Under EL layer 65 is a phototransparent electrode member 67
      which in turn is supported on a phototransparent support member 68. A
      source of alternating current energy 69 is connected to transparent
      electrode 67 and to the photoconductive layer 63. Discrete electrodes 70
      may be provided at spaced points along the surface of photoconductive
      layer 63 to provide for connection of source 69 to this layer. Such
      electrodes may be formed, for example, by metal vaporizing, adhestise
      silver paint or the like.
PAR  In operation of the device, X-ray radiation strikes photoconductive layer
      63 and produces some change in the photoconductivity thereof.
      Additionally, some X-ray radiation passes through thin photoconductive
      layer 63 and strikes phosphor material 61 in the cellular structure to
      produce light, in a manner similar to that described above for the other
      embodiments. That portion of the light emitted by phosphor 61 which
      strikes photoconductive layer 63 produces photoconductive effects in this
      material in addition to those produced by the X-ray radiation. The
      photoconductive effect exhibited by material 63 is considerably enhanced
      by the light from phosphor over what that effect would be in response to
      X-ray radiation alone.
PAR  The variations in photoconductivity of layer 63 in response to irradiating
      X-rays and the light generated in phosphor 61 in response to the X-rays
      result in variations in the voltage applied to different portions of the
      EL layer 67 to thereby vary the light output from different portions of
      this layer. As a result, the light generated by EL layer 67 corresponds in
      pattern and intensity to the X-rays irradiating PC layer 63 and phosphor
      61, the effects being greatly enhanced by the action and cellular
      structure of this invention.
PAR  Further, by virtue of the cellularized structure, the effects of light from
      phosphor 61 on the photoconductive layer are generally confined to the
      portion of the photoconductive layer immediately over a given phosphor
      volume in the cellular structure, thus increasing the resolution of the
      resulting image.
PAR  FIG. 11 illustrates an alternate embodiment for use in a PC-EL structure
      for detecting X-rays. The structure shown there includes a cellularized
      structure which is formed by spaced wall members 71 interleaved with
      serpentine members 72. Wall members 71 and serpentine member 72 have their
      long dimension extending in the general direction of X-ray travel. The
      spaces in this structure are filled with a suitable luminescent phosphor
      81 so as to form volumes of phosphor, each of which is separated from
      adjacent phosphor volumes by the walls formed by wall members 71 and the
      convolutions of serpentine member 72. Thus, these walls, which are made of
      a suitable light opaque, and if desired, radio opaque, material act to
      substantially confine light to the given volume of phosphor in which it
      was generated. If the walls are also radio opaque, they further act to
      confine X-ray radiation to each volume of phosphor, thereby reducing or
      eliminating the effects of secondary radiation.
PAR  This cellularized structure is associated with PC-EL elements similar to
      those shown and described in connection with FIG. 10. This includes an EL
      layer 75 which is separated from the cellularized structure by insulating
      layers 74 and 76. The structure includes a transparent electrode member 77
      which is supported on a phototransparent member 78.
PAR  A layer of photoconductive material 73 is placed on the upper surface of
      the cellular structure and a source of alternating current energy 79 is
      connected to the EL layer 75 and to the PC layer 73. Electrical connection
      may be made to different points on PC layer 73 by means of discrete
      electrodes 80 which are provided at spaced points on the surface of layer
      73.
PAR  The structure of FIG. 11 operates in a manner similar to that described
      above for the embodiment of FIG. 10 to detect X-rays which strike PC layer
      73 and luminescent material 81 and produce variations in the
      photoconductivity of layer 73. The photoconductive variations are
      transformed into corresponding variations in the electrical potential
      across EL layer 75. This, in turn, produces variations in the light
      emitted by EL layer 75, thereby producing an enhanced or intensified image
      of the X-rays striking the device.
PAR  It will be apparent that many changes can be made in the embodiments of the
      invention without departing from the spirit of the invention.
PAR  For example, the cellularized structure of FIGS. 3, 4 and 5 may be employed
      with light fiber members. In such an embodiment a plate member is provided
      having the light fibers fixed therein, one end of each light fiber member
      being positioned to be adjacent a luminescent volume of the structure of
      FIG. 3 when that structure is placed on the light fiber structure. The
      other ends of the light fiber members may be brought out to photo detector
      devices in a manner similar to that shown in FIG. 9.
PAR  Additionally, the shape of the luminescent material volumes may be other
      than the rectangular or X-Y grid pattern shown in the structures of FIGS.
      2 and 10. For example, other shapes such as hexagonal or orthogonal may be
      employed. To produce these shapes, a photo-etched pattern of the desired
      configuration can be placed on the luminescent material as described
      above. A CO.sub.2 laser may then be scanned across the surface in a raster
      type scan, the laser beam being reflected on those areas containing the
      reflective material and cutting into the luminescent material in those
      areas in which the reflective material has been etched away. This allows
      many different patterns to be utilized without requiring that the device
      used to cut the slots, such as the CO.sub.2 laser, be controlled to
      exactly follow the exact pattern.
CLMS
STM  I claim:
NUM  1.
PAR  1. A structure for responding to X-ray radiation, comprising
PA1  a cellularized member of luminescent material which emits light in response
      to X-ray radiation, said member comprising a plurality of volumes of said
      luminescent material separated by wall members,
PA1  a photoconductive layer disposed on one surface of said cellularized member
      to be exposed to X-rays,
PA1  an electroluminescent layer disposed on the opposite side of said
      cellularized member from said photoconductive layer, and
PA1  a source of electrical energy connected to said photoconductor and said
      electroluminescent material,
PA1  said luminescent material emitting light in response to X-ray radiation to
      vary the photoconductive effect exhibited by said photoconductive layer,
      said variations in photoconductive effect producing variations in the
      potential across and the electroluminescence of said electroluminescent
      layer.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 in which said volumes of
      luminescent material are formed by pairs of wall members having a
      serpentine member disposed therebetween, the luminescent material being
      disposed in the spaces between said wall members and said serpentine
      member.
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ABST
PAL  A collimator kit having a number of parts which may be assembled in various
      combinations to provide focusing collimators with different performance
      characteristics for radioisotope imaging apparatus.
PARN
PAR  This is a continuation of application Ser. No. 268,135, filed June 30,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  This invention relates generally to radioisotope imaging apparatus and more
      particularly to a novel collimator kit for providing collimators with
      different performance characteristics for radioisotope imaging apparatus.
PAR  Prior Art
PAR  The in-vivo imaging of organs, embolisms, tumors, etc., through the use of
      diagnostic radioisotopes is now a practice routinely performed in
      hospitals of every size in every locale. The widespread acceptance of
      isotope imaging is a product of the medically and the surgically proven
      diagnostic reliability afforded by isotope scanning and the ease with
      which organs can be visutlized. There is no pain or morbidity associated
      with an isotope scan. A technician or nurse can both prepare the patient
      and perform the scan with a minimum of training. In many situations,
      isotopic scanning provides more accurate diagnostic information earlier
      and with less trauma to the patient than conventional methods.
PAR  Radioisotope scans give accurate, positive detection of brain lesions and
      hermatomas without the hazards of other, less direct techniques. Scanning
      affords early detection of pulmonary emboli unrecognizable by other
      techniques. Renal scans localize peripheral leisions and regions of
      abnormal function quickly without pain or morbidity. Thyroid scans
      distinguish the "cold" non-functioning nodule, which may be malignant,
      from the "hot" nodule, which is seldom malignant, and locate thyroid
      metastases. The presence and size of pericardial effusions and even
      myocardial infarcts have been demonstrated by heart scanning. Liver scans
      reveal parasitic invasion, metastatic lesions, subdiaphragmatic abscesses
      and the extent of hepatic cirrhosis.
PAR  Splenic size abscesses or trauma damage may be accurately assessed without
      surgery, as may pancreatic carcinoma.
PAR  Radiopharmaceuticals utilized for the above mentioned studies are readily
      available. The radiation dose administered to the patient is less than
      that received during most X-ray examinations. Training and licensing
      procedures require minimum time.
PAR  The procedures and equipment involved in radioisotope imaging are well
      known to those versed in the art and hence need not be explained in
      elaborate detail. Suffice it to say that the imaging procedure involves
      administering to the patient a radiopharmaceutical, that is a
      pharmaceutical containing a radioactive isotope, which tends to migrate
      through the body to, and accumulate in the body portion or organ to be
      examined. A scanning head is then moved back and forth along a series of
      parallel scan lines over the corresponding surface area of the body to
      detect the radiation emanating from the body. The output of the scanning
      head actuates a radiation counting and recording instrument which produces
      a visual recording or picture, referred to as a "scan," depicting the body
      portion or organ being examined in terms of variations in radiation
      intensity along the scan lines. This recording or scan may be presented
      either in black and white or in color and either on a television screen or
      on paper.
PAR  The scanning head of a radioisotope imaging instrument has two primary
      elements which are a detector and a collimator. The detector is the actual
      radiation sensor of the head. The collimator is situated in front of the
      detector and effectively serves as a radiation "lens" which "focuses" the
      detector on a relatively small area of the patient's body in such a way
      that the detector "sees" and receives radiation from this area only. The
      primary object of the present invention is to improve this collimator.
PAR  The theory, construction, and operation of radioisotope imaging collimators
      are well understood by those versed in the radioisotope imaging art.
      Accordingly, it is unnecessary to present an elaborate explanation of such
      collimators, Suffice it to say that a radioisotope collimator, in its
      current form, consists of a cylindrical body constructed of a material
      which is relatively opaque to the gamma radiation from the
      radiopharmaceuticals employed for radioisotope imaging, Extending endwise
      through this body are a multiplicity of conically tapered collimating
      holes. The small ends of these holes open through the front end face,
      referred to herein as the entrance face, of the body to form an array of
      inlet pupils. The large ends of the collimating holes open through the
      rear end face, referred to herein as the exit face, of the body to form an
      array of exit pupils.
PAR  The collimating holes are arranged in a regular geometric pattern over the
      major cross-section of the collimator body with a generally uniform center
      spacing between the holes in any given cross-sectional plane of the body.
      All of the holes, except that hole, if any, which extends along the
      central longitudinal axes of the body, are inclined at acute angles to the
      body axis in such a way that the longitudinal axes of all the holes
      intersect the body axis substantially at a common point (focal point)
      located a given distance (focal distance) beyond the inlet body face. The
      plane which passes through the focal point normal to the body axis is the
      focal plane of the collimator.
PAR  Two different loci may be ascribed to each collimator hole. The first of
      these loci is that generated by rotating about the longitudinal axes of
      the hole a line located in a plane containing the hole axes and lying on
      the wall of the hole. The second locus is that generated by rotating about
      the hole axis a line intersecting the axis and contacting diametrically
      opposite points along the edges of the inlet and exit pupils of the hole.
      In the radioisotope imaging field, the region bounded by the first locus
      of each collimator hole is referred to as a full response region. The
      region outside of the full response region and bounded by the second locus
      of the hole is referred to as a partial response region. The entire exit
      pupil area of each collimator hole is visible from every point in its full
      response region. Within the partial response region, on the other hand,
      only a portion of the exit pupil area of a collimator hole is visible, the
      visible pupil area diminishing as the distance from the hole axis
      increases. The overall field of view of each collimator exit pupil is thus
      represented by the region bounded by the second locus of the corresponding
      collimator hole.
PAR  The intersection of the field of view of each exit pupil of a radioisotope
      imaging collimator with every plane normal to the collimator body axis is
      substantially a circular area. The collimator focal plane is unique in
      that in this plane, and in this plane only, these intersection areas of
      all the exit pupil fields of view are super-imposed. For convenience, the
      circular area of imposition of the fields of view of the several exit
      pupils in the focal plane is hereafter referred to as the resolution field
      of the collimator. Thus, the collimator has a resolution field equal to
      the field of view of a single collimator hole at the focal plane. In every
      other plane normal to the collimator body axis, the circular areas of
      intersection of the exit pupil fields of view with the plane are displaced
      or offset relative to one another.
PAR  In use, a radioisotope imaging collimator is installed in the scanning head
      of a radioisotope imaging instrument in a position directly in front of
      the radiation detector with the rear exit face of the collimator facing
      the detector. Assuming the collimator body to be totally opaque to gamma
      radiation, which it is not, during scanning movement of the head over a
      patient's body, the detector receives only that radiation emanating from
      the patient which passes through the collimator holes. Radiation sources
      which are located in the focal plane of the collimator within its
      resolution field appear to the detector to be sharply defined. Radiation
      sources located in the field of view of the collimator but away from its
      focal plane appear blurred to the detector. In other words, the collimator
      effectively focuses the detector on the region of the patient's body
      located in the focal plane of the collimator within its resolution field.
PAR  The scanning head of the imaging instrument is adjusted toward or away from
      the patient's body to locate focal plane of the collimator at the depth of
      the body region or organ to be examined. During scanning motion of the
      head over the body, therefore, the resolution field of the collimator
      scans back and forth across the body region or organ. The instrument then
      records a scan representing the body region or organ in terms of the
      varying radiation intensity along the scan lines of the head.
PAR  A radioisotope imaging collimator has three primary characteristics or
      parameters, collectively referred to herein as performance
      characteristics, which determine its suitability for various types of
      radioisotope imaging purposes. These performance characteristics are
      resolution, depth response, and sensitivity. Resolution refers to the size
      of the collimator resolution field and is determined by the size of the
      collimator holes. The smaller this field, the finer the collimator
      resolution and the larger the field, the coarser the resolution. Depth
      response refers to the spacing (focal distance) between the entrance face
      of the collimator body and its focal plane. Sensitivity refers to the
      effective radiation counting rate attainable with the collimator from a
      given radiation source and is determined in part by the size and in part
      by the number of collimator holes.
PAR  The optimum collimator performance characteristics for any given
      radioisotope imaging application are well known to those versed in the
      art. Accordingly, it is unnecessary to discuss this matter in the present
      disclosure. Suffice it to say that the currently available collimators
      suffer from the disadvantages that each has fixed performance
      characteristics and is thus suitable for only one or at most only a few
      different imaging applications. As a consequence, each radioisotope
      imaging instrument must be equipped with a set of perhaps seven, eight or
      more heads having collimators with different performance characteristics
      at a cost of $600 - $800 each.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention avoids the above noted and other disadvantages of the
      existing radioisotope imaging collimators by providing a collimator kit
      for constructing, as it were, a plurality of collimators with different
      performance characteristics for different radioisotope imaging
      applications. This kit includes a basic collimator part which may be used
      by itself as a collimator having given performance characteristics and one
      or more additional collimator parts which may be assembled with the basic
      part to form one or more other collimators with different performance
      characteristics.
PAR  The particular collimator kit described, for example, has, in addition to
      the basic collimator part, front and rear extension parts for the basic
      part and a mask. The basic part is essentially a conventional radioisotope
      imaging collimator having a body relatively opaque to gamma radiation and
      tapered collimating holes opening at their small ends through the inlet
      face of the body to form an array of inlet pupils and at their large ends
      through the exit face of the body to form an array of exit pupils.
PAR  Each extension part for this basic collimator part is similar to the basic
      part in that each extension part has a body relatively opaque to gamma
      radiation and containing tapered collimating holes. These collimating
      holes of each extension part open at their small ends through one end
      face, referred to herein as the inlet face, of the extension body to form
      an array of inlet pupils and at their large ends through the opposite end
      face, referred to herein as the exit face, of the extension body to form
      an array of exit pupils. The front and rear extension parts are adapted to
      be coaxially disposed at the front and rear ends, respectively, of the
      basic collimator part with the exit face of the front part seating against
      the inlet face of the basic part and the inlet face of the rear part
      seating against the exit face of the basic part. The collimating holes in
      the extension parts are sized, tapered, and arranged to register with and
      form extensions of the collimating holes in the basic part when the three
      parts are thus assembled.
PAR  The mask of the described collimator kit is a thin ring which is relatively
      opaque to gamma radiation. This mask is adapted to be placed against the
      exit face of either the basic collimator part or the rear extension part
      to cover selected exit pupils of the respective part.
PAR  This described collimator kit provides eight collimators with different
      performance characteristics. The basic collimator part by itself forms one
      of these eight collimators. The remaining seven collimators, or more
      precisely collimator assemblies, are constructed by assembling the
      remaining parts of the kit, that is the two extension parts and mask, in
      various combinations with the basic part.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation, partly in section, of the scanning head of a
      radioisotope imaging instrument, illustrating a collimator assembly
      according to the invention in position in the head;
PAR  FIG. 2 is an enlarged view, taken on line 2--2 in FIG. 1, of the rear or
      exit end of the collimator assembly;
PAR  FIG. 3 is a section through the collimator assembly taken on line 3--3 in
      FIG. 2; and
PAR  FIGS. 4-7 diagrammatically illustrate various collimator assemblies which
      may be constructed with the present collimator kit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, reference numeral 10 denotes the scanning head
      of a radioisotope imaging instrument. This scanning head includes a body
      or head 12 constructed of a material which is relatively opaque to the
      gamma radiation from the radiopharmaceuticals used for radioisotope
      imaging. The head contains an internal cavity 14 which opens through the
      front end of the head. Within the cavity 14 is a radiation detector 16
      annd a collimator assembly 18. The collimator assembly is located in front
      of the detector within the open front end of the cavity and is releasably
      retained in cavity by locking means 20. Locking means 20 may be released
      to remove the collimator assembly from the scanning head.
PAR  Except for the collimator assembly 18, the scanning head 10 is
      conventional. Accordingly, a more detailed description of the head itself,
      exclusive of the collimator assembly, is unnecessary. The collimator
      assembly is constructed from the collimator kit of the invention and is
      shown in enlarged detail in FIGS. 2 and 3.
PAR  Referring to the latter figures, the collimator assembly 18, or collimator
      as it will be hereafter referred to, is composed of four separate
      collimator parts. These are a basic collimator part 22, front extension
      part 24, a rear extension part 26, and a mask 28. Each part is constructed
      of a material which is relatively opaque to gamma radiation. The four
      collimator parts 22, 24, 26, 28 together make up the collimator kit of the
      invention. It is significant to recall at this point, that the collimator
      kit may be utilized to "construct" eight different collimators. The
      particular collimator shown in FIGS. 2 and 3 is one of these eight.
PAR  The basic collimator part 22 has an outer cylindrical sleeve 30 with an
      external annular recess 32 at its front end and an internal annular recess
      34 at its rear end. Sleeve 30 is externally sized to fit slidably within
      the front end of the scanning head cavity 14, as shown in FIG. 1. The
      front recess 32 of the sleeve provides a shoulder 36 for engagement by the
      locking means 20 of the head which retains the collimator in the head.
PAR  Firmly fitted within the collimator sleeve 30 is a collimator body 38
      proper. This body is substantially shorter than the collimator sleeve 30
      and has a front inlet face 40 and a rear exit face 42 normal to the common
      longitudinal axes of the body and sleeve. The front inlet face of the body
      is located some distance rearwardly of the front end of the sleeve to
      define a cavity 44 at the front end of the collimator. The rear exit face
      of the body is located flush with the inner annular end wall of the rear
      sleeve recess 34 to form a cavity 46 at the rear end of the collimator.
PAR  Collimator body 38 contains a multiplicity of collimating holes 48 of
      hexagonal cross-section. Holes 48 are longitudinally tapered and open at
      their small ends through the front inlet face 40 of the body to form an
      array of inlet pupils 50 and at their large ends through the rear exit
      face 42 of the body to form an array of exit pupils 52. The collimating
      holes 48 are arranged in a regular geometric pattern with a uniform
      spacing between adjacent holes and are inclined at acute angles relative
      to the longitudinal axes 54 of the collimator body 38 in such a way that
      the longitudinal axes of the holes intersect the body axis at a common
      point (focal point) 56 (FIG. 4) located a distance d.sub.B (focal
      distance) forwardly of the front exit face 40 of the body.
PAR  The basic collimator part 22 just described, except for its outer sleeve
      30, is essentially a conventional radioisotope imaging collimator which
      forms the second of the eight collimators which are provided by the
      present collimator kit. This basic collimator may be used by itself in the
      scanning head of FIG. 1 and has given performance characteristics, to be
      listed shortly, which adapt it to certain radioisotope imaging
      applications.
PAR  The front and rear extension parts 24, 26 of the collimator assembly or
      collimator 18 in FIGS. 2 and 3 are similar to the body 38 of the basic
      collimator part 22 in that each extension part has a body containing
      tapered collimating holes whose axes intersect the extension body axis at
      a common point located a distance forwardly of the front inlet face of the
      body. The body 58 of the front extension part 24 is externally sized to
      fit slidably in the front cavity 44 of the basic collimator part. The body
      60 of the rear extension part 26 is sized to fit slidably in the rear
      cavity 46 of the basic part. The extension parts are rleaseably held in
      position by set screws 62. The front extension part is angularly located
      relative to the basic part by locating pins 64 on the basic part engaging
      in sockets in the front part.
PAR  The body 58 of the front extension part 24 has tapered collimating holes 66
      which open at their small ends through the front inlet face 68 of the body
      to form an array of inlet pupils 70 and at their large ends through the
      rear exit face 72 of the body to form an array of exit pupils 74. The
      collimator holes 66 are inclined at acute angles to the longitudinal axes
      of the front extension body in such a way that the axes of the holes
      intersect the body axes at a common point (56) located a distance d.sub.F
      (FIG. 6) forwardly of the body inlet face 68. The axial thickness t.sub.F
      of the extension body between its inlet and exit faces equals the axial
      dimension of the cavity 44 in the basic collimator part 22.
PAR  The body 60 of the rear extension part 26 has tapered collimating holes 76
      which open at their small ends through the front inlet face 78 of the body
      to form an array of inlet pupils 80 and at their large ends through the
      rear exit face 82 of the body to form an array of exit pupils 84. The
      collimator holes 76 are inclined at acute angles to the longitudinal axes
      of the front extension body in such a way that the axes of the holes
      intersect the body axes at a common point (56) located a distance d.sub.R
      (FIG. 5) forwardly of the body inlet face 78. The axial thickness t.sub.B
      of the extension body between its inlet and exit faces is slightly less
      than the axial dimension of the cavity 46 in the basic collimator part 22.
PAR  The collimating holes 66, 76 in the front and rear extension parts 24, 26
      are equal in number to and have the same basic hole pattern or arrangement
      and taper angle as the collimating holes 48 in the basic collimator part
      22. Moreover, the array of exit pupils 74 of the front part and the array
      of inlet pupils 50 of the basic part are congruent, as are the array of
      exit pupils 52 of the basic part, such that when the parts are assembled
      as shown in FIG. 3, each exit pupil of the front part and each inlet pupil
      of the rear part registers with an inlet pupil and an exit pupil,
      respectively, of the basic part. The collimating holes in the parts are so
      sized that their registering pupils have the same size. Finally, the
      distances d.sub.B, d.sub.F, and d.sub.R are so related that
EQU  d.sub.B = d.sub.F + t.sub.F,
PAL  and
EQU  d.sub.R - d.sub.B - t.sub.B = d.sub.F + T.sub.F + t.sub.B
PAR  The mask 28 is externally sized to fit closely in the rear cavity 46 of the
      basic part 22 and has an internal opening of such configuration that the
      mask covers the outer row of exit pupils 84 in the rear extension part 26.
PAR  From the foregoing description, it is evident that when the collimator
      parts 22, 24, 26, 28 are assembled as in FIGS. 2 and 3, the collimating
      holes 66, 76 in the front and rear extension parts 24, 26 are aligned with
      and form continuations of the collimating holes 48 in the basic collimator
      part 22. The collimator assembly 18 thus forms a first collimator having
      an effective number of collimating holes equal to the number of holes in
      each part less the number covered by the mask 28. The collimator has
      certain performance characteristics as listed below.
PAR  The basic collimator part 22 by itself forms a second collimator having
      performance characteristic also listed below.
PAR  Removing the mask 28 from the collimator assembly in FIG. 1 produces a
      third collimator having different performance characteristics than either
      collimator 18 or collimator 22. Leaving the mask in the collimator
      assembly of FIG. 1 but removing the front and rear extension parts 24, 26
      one at a time produces two additional collimators having different
      performance characteristics.
PAR  FIGS. 4 - 7 illustrate yet other collimators which may be produced by
      assembling the parts of the present collimator kit in different
      combinations.
PAR  Concerning the differing performance characteristics of the various
      collimators which may be constructed with the collimator kit of the
      invention, it will be recalled from the preliminary discussion that these
      characteristics are determined by or comprise various collimator
      parameters including focal length, resolution, and sensitivity. Focal
      length, designated as F in FIGS. 4 through 7, is the distance between the
      front collimator inlet face and the focal plane, i.e. a plane passing
      through the focal point 56 normal to the collimator axis.
PAR  Collimator resolution has two separate connotations which are optical
      resolution and resolution by penetration. Optical resolution refers to the
      effective optical field of view, referred to herein as the resolution
      field, of the collimator at the focal plane and is expressed in terms of
      the radius R of this field. Resolution by penetration refers to the
      effective radiation field of view of the collimator at the focal plane,
      that is the area or field at the focal plane from which the radioisotope
      detector may receive radiation by penetration of the latter through the
      septa between adjacent collimating holes. Resolution by penetration is
      expressed in terms of the radium R.sub.p of this latter field. In the
      following discussion concerning collimator resolution, the reference will
      be to optical resolution. Such collimator resolution ranges between fine
      and coarse depending upon the radius R of the optical resolution field.
      Thus, the smaller this radius, the finer the resolution and the larger
      this radius the coarser the resolution.
PAR  Finally, collimator sensitivity refers to the radiation counting rate
      produced by a given radiation source. Such sensitivity is a function of
      several factors including the number of effective collimating holes in the
      collimator.
PAR  Consider now, in the light of the foregoing discussion, the performance
      characteristics of the various described collimators which may be
      constructed with the collimator kit of the invention. Assume first the
      collimator which consists of the basic collimator part 22 by itself. This
      basic collimator has ultra coarse resolution and maximum sensitivity.
      Adding to this basic collimator the mask 28 produces a collimator (FIG. 4)
      with ultra coarse resolution and medium sensitivity. Adding to the basic
      collimator part the rear extension part 26 produces a collimator (FIG. 5)
      with coarse resolution and maximum sensitivity. Adding to the basic
      collimator part the front extension part 24 produces a collimator (FIG. 6)
      with medium fine resolution and maximum sensitivity. Adding both the front
      and rear extension parts to the basic collimator part produces a
      collimator (FIG. 7) with medium fine resolution and medium sensitivity.
      Finally, assembling all the described collimator parts 22, 24, 26, 28 to
      produce the collimator assembly of FIG. 3 results in a collimator with
      ultra fine resolution and average sensitivity.
PAR  These performance characteristics of the illustrated collimators as well as
      the performance characteristics of the other described collimators of the
      invention are summarized in the following list. The lefthand column of
      this list identifies each collimator in terms of its respective collimator
      parts.
TBL  ______________________________________                                    
     Collimator                                                                
     Part Nos.                                                                 
             Performance Characteristics                                       
     ______________________________________                                    
     22       Ultra Coarse Resolution                                          
                              --    Maximum Sensitivity                        
     28, 22   Ultra Coarse Resolution                                          
                              --    Medium Sensitivity                         
     26, 22   Coarse Resolution                                                
                              --    Maximum Sensitivity                        
     28, 26, 22                                                                
              Coarse Resolution                                                
                              --    Medium Sensitivity                         
     28, 22, 24                                                                
              Fine Resolution --    Average Sensitivity                        
     26, 22, 24                                                                
              Medium Fine Resolution                                           
                              --    Medium Sensitivity                         
     22, 24   Medium Fine Resolution                                           
                              --    Maximum Sensitivity                        
     28, 26, 22, 24                                                            
              Ultra Fine Resolution                                            
                              --    Average Sensitivity                        
     ______________________________________                                    
PAR  The operation of each of these collimators or collimator assemblies when
      installed in the scanning head in FIG. 1 and used for radioisotope
      scanning is similar to the operation of a conventional collimator, as
      explained earlier, and hence need not be repeated here. Suffice it to say
      that each of the present collimators has performance characteristics which
      adapt it for certain radioisotope imaging applications.
CLMS
STM  The inventor claims:
NUM  1.
PAR  1. A collimator kit for providing focusing collimators having different
      performance characteristics, for radioisotope imaging apparatus
      comprising:
PA1  first and seconnd collimator parts each having a central longitudinal axis,
      inlet and exit end faces normal to said axis, and tapered collimating
      holes opening at their small ends through said inlet face to provide an
      array of inlet pupils and at their large ends through said exit face to
      form an array of exit pupils,
PA1  said parts being adapted to be assembled in coaxial end to end relation
      with said exit face of said first part and said inlet face of said second
      part in face to face contact,
PA1  said collimating holes of said first part having longitudinal axes which
      intersect the longitudinal axis of the latter part substantially at a
      common point located a first distance beyond the inlet face of said first
      part,
PA1  said collimating holes of said second part having longitudinal axes which
      intersect the longitudinal axis of the latter part substantially at a
      common point located beyond the inlet face of said second part a second
      distance approximately equal to the sum of said first distance and the
      axial length of said first part,
PA1  the exit pupil array of said first part and inlet pupil array of said
      second part being congruent, whereby when said parts are assembled, each
      exit pupil of said first part registers with a corresponding inlet pupil
      of said second part, the registering pupils having the same dimensions and
      their respective collimating holes having the same taper angle, whereby
      said parts when assembled form a first collimator having radioisotope
      imaging characteristics, and
PA1  one of said parts being a basic collimator part which by itself forms a
      second collimator having different performance characteristics than said
      first collimator.
NUM  2.
PAR  2. A collimator kit according to claim 1 wherein:
PA1  said first collimator part is said basic part.
NUM  3.
PAR  3. A collimator kit according to claim 1 wherein:
PA1  said second collimator part is said basic part.
NUM  4.
PAR  4. A collimator kit according to claim 1 wherein said kit includes:
PA1  a third collimator part having a central longitudinal axis, inlet and exit
      end faces normal to the latter axis, and tapered collimating holes opening
      at their small ends through said latter inlet face to form an array of
      inlet pupils and at their large ends through said latter exit face to form
      an array of exit pupils,
PA1  said second and third parts being adapted to be assembled in coaxial end to
      end relation with said exit face of said second part and said inlet face
      of said third part in face to face contact,
PA1  said collimating holes of said third part having longitudinal axes which
      intersect the longitudinal axis of the latter part substantially at a
      common point located beyond its inlet face a distance approximately equal
      to the sum of said second distance and the axial length of said second
      part,
PA1  the exit pupil array of said second part and inlet pupil array of said
      third part being congruent, whereby when said second and third parts are
      assembled, each exit pupil of said second part registers with a
      corresponding inlet pupil of said third part,
PA1  the registering pupils of said second and third parts having the same
      dimensions and their respective collimating holes having the same taper
      angle, whereby said parts when assembled form a third collimator of
      different performance characteristics than said first and second
      collimators, and
PA1  said first, second and third collimator parts being adapted to be assembled
      to form a fourth collimator of different performance characteristics than
      said first, second and third collimators.
NUM  5.
PAR  5. A collimator kit according to claim 4 wherein said kit includes:
PA1  an annular mask adapted to be placed in coaxial seating contact with an
      exposed end face of any one of said first, second, third or fourth
      collimators to form additional collimators having performance
      characteristics differing from one another and from those of said first,
      second, third and fourth collimators.
NUM  6.
PAR  6. A collimator kit according to claim 5 wherein:
PA1  said second collimator part is said basic part and includes annular coaxial
      end flanges for coaxially aligning said first and third collimator parts
      relative to said second part, and means for releasibly joining said parts.
NUM  7.
PAR  7. A collimator kit for providing focusing collimators having different
      performance characteristics, for radioisotope imaging apparatus
      comprising:
PA1  a collimating assembly including a number of separable collimator parts
      each having a central axis and inlet and exit faces at opposite ends of
      the part normal to said axis,
PA1  said parts being assembled in coaxial end to end relation with the inlet
      and exit faces of adjacent parts in seating contact, whereby one end part
      has an exposed inlet face and the other end part has an exposed exit face,
PA1  there being a plurality of tapered collimating holes extending through said
      parts from said exposed inlet face to said exposed exit face at differing
      acute angles to the common axis of said parts and opening at their small
      ends through said exposed inlet face to provide an array of inlet pupils
      and at their large ends through said exposed exit face to provide an array
      of exit pupils,
PA1  the longitudinal axes of all said holes intersecting one another
      substantially at a common intersection point along said common axis
      locating a distance beyond said exposed inlet face,
PA1  the exit pupil of each collimating hole having a field of view at a plane
      passing through said common intersection point normal to said common axis
      which is defined by the locus of points generated in said plane by
      rotation about the longitudinal axis of the respective hole of a line
      intersecting the latter axis and tangent to diametrically opposite sides
      of the inlet and exit pupils of the respective collimating hole, and
PA1  the fields of view of all the exit pupils being superimposed in said plane,
      whereby said collimating assembly provides a focusing collimator having
      given performance characteristics and the individual collimator parts
      provide additional focusing collimators having performance characteristics
      differing from one another and from said given performance
      characteristics.
NUM  8.
PAR  8. A collimator kit according to claim 7 wherein:
PA1  said collimating assembly comprises two collimator parts, whereby said
      assembly and parts provide three focusing collimators of differing
      performance characteristics.
NUM  9.
PAR  9. A collimator kit according to claim 7 wherein:
PA1  said collimator assembly comprises three collimator parts, whereby said
      assembly and parts provide four focusing collimators of differing
      performance characteristics.
NUM  10.
PAR  10. A collimator kit according to claim 7 including an annular mask
      disposed in seating contact with said exposed exit face and adapted to be
      disposed in coaxial seating contact with the exit face of any of said
      collimator parts to provide additional focusing collimators having
      performance characteristics differing from said first mentined performance
      characteristics.
NUM  11.
PAR  11. A collimator kit according to claim 7 wherein:
PA1  one of said collimator parts is an intermediate part located between the
      remaining collimator parts and having means for coaxially aligning the
      several collimator parts.
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ABST
PAL  In an X-ray collimator including both "near" and "far" shutter mechanisms,
      the improvement comprising locating two pairs of independently movable
      near shutters within an outwardly extending lead cone. The cone is
      positioned against the X-ray generator tube window and as a result the
      near shutters are in closer proximity to the focal spot of a rotating
      anode disc of an X-ray tube than heretofore possible. The cone contains an
      aperture which defines the maximum size of the primary beam passing
      through the shutter mechanisms; however, the body of the cone and the
      closer positioning of the near shutters to the focal spot effectively
      controls and restricts secondary radiation which is emitted at angles
      different from the primary beam passing through the collimator.
PARN
PAR  This is a continuation of application Ser. No. 357,241, filed May 4, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to collimating apparatus for controlling the shape
      and size of the beam of radiation such as an X-ray beam and more
      particularly for means for controlling secondary radiation in such
      apparatus.
PAR  2. Description of the Prior Art
PAR  For diagnosis and treatment of the human body, it is desirable to provide a
      beam of X radiation which impinges upon the subject only in a desired
      specific location and which is confined to the specific area of interest.
      To this end, collimating devices utilizing one or more sets of adjustable
      shutters are utilized. Such apparatus is well known to those skilled in
      the art.
PAR  In an X-ray generating tube, a beam of electrons is directed or focused
      towards a small area or focal spot on a rotating anode disc. For various
      physical phenomenon, the focusing of this beam of electrons is not
      achieved completely. As a result, X-rays are generated and emitted not
      only from the desired focal spot, but also from other peripheral areas of
      the anode disc as well as from some of the disc mounting parts, e.g. the
      stem and retaining nut. Thus in practice, secondary radiation often
      referred to as off focus radiation, is emitted from all X-ray generating
      tubes at angles different from the primary beam.
PAR  U.S. Pat. No. 2,722,611 issued to W. H. Haupt, discloses a collimating
      apparatus of the type described, and additionally includes a cone which is
      located between the X-ray tube head and the shutter mechanism. However, to
      effectively control and restrict the emission of secondary radiation, it
      is imperative that the geometrical location of the near shutters in a
      double tier shutter mechanism, be located as close to the focal spot as
      physically permissible. In attempting such an arrangement, however, the
      physical space limitations of prior art apparatus results in undesirable
      amounts of secondary radiation passing through the restricting shutter
      mechanisms.
PAC  SUMMARY
PAR  Briefly, the subject invention is directed toward a double shutter
      collimating device having a housing which is adapted to be located
      contiguous with or in relatively close proximity to an X-ray generating
      tube. The housing has a lead cone projecting outwardly therefrom toward
      the focal spot of the X-ray tube anode and has a rectangular aperture in
      its narrow end wall which defines the maximum size of the primary beam.
      Two pairs of near shutters, one for the X axis and one for the Y axis, are
      positioned within the lead cone and are independently movable therein so
      as to position the near shutters relatively closer to the tube's focal
      spot than heretofore possible. Thus the near shutters appropriately
      envelop the primary beam immediately after it enters the aperture in the
      lead cone, thereby eliminating much of the secondary radiation which is
      emitted at angles different from the primary beam. Additionally, the lead
      cone provides a physical protection against damage of the relatively
      delicate and highly accurately positioned near shutters.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the collimator apparatus forming the
      subject invention;
PAR  FIG. 2 is a side elevational view primarily showing in detail the pair of Y
      axes near shutter elements in the fully open position within a lead cone
      as well as the operating mechanism for the Y axis shutters;
PAR  FIG. 3 is a front elevational view primarily illustrating in detail the
      pair of X axes near shutter elements in a fully open position within the
      lead cone and the operating mechanism therefor;
PAR  FIG. 4 is a bottom view of the two pairs of near shutters for the X and Y
      axes as well as the respective control arms therefor;
PAR  FIG. 5 is a partial front elevational view illustrative of the X axis near
      shutters in a substantially fully closed position within the lead cone;
PAR  FIG. 6 is a partial side elevational view illustrative of the Y axis near
      shutters in a substantially fully open position;
PAR  FIG. 7 is a partial front elevational view illustrative of the unitary
      operating mechanism for both the near and far shutters of the X axis;
PAR  FIG. 8 is a partial side elevational view illustrative of the unitary
      operating mechanism for both near and far shutters of the Y axis;
PAR  FIG. 9 is a bottom view of the lead cone of the subject invention;
PAR  FIG. 10 is a cross sectional view of the lead cone shown in FIG. 9 taken
      along the lines 10-10 thereof;
PAR  FIG. 11 is an elevational view further illustrative of the lead cone; and
PAR  FIG. 12 is a cross sectional view of the lead cone shown in FIG. 10 taken
      along the lines 12--12 illustrating the rectangular aperture for the
      passage of the primary beam.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein like numerals refer to like parts in
      the various figures, FIG. 1 is illustrative of a collimator housing 15
      which is adapted to contain the shutter operating mechanisms shown in
      detail in FIGS. 2 and 3. The housing 15 has a lead cone 17 fixed thereto
      which is adapted to be contiguously positioned against the window 18 of an
      X-ray generating tube partially shown in FIG. 2. A pair of finger gripping
      means 19 and 21 (FIG. 1) are attached to levers 23 and 25 shown in FIGS. 2
      and 3 respectively. Lever 23 is adapted to manually change the opening and
      closing of a pair of near shutters 27 and a pair of far shutters 29 along
      one orthogonal axis of movement referred to as the Y axis. The lever 25,
      on the other hand, in combination with a crank 26 shown in FIG. 3 is
      adapted to simultaneously open and close a pair of near shutters 31 and a
      pair of far shutters 33 along the other othogonal axis referred to as the
      X axis. The two pairs of near shutters 27 and 31 comprise what is referred
      to in the art as plate shutters and project upwardly in an inclined
      fashion inside of the lead cone 17 with the Y axis near shutters 27 being
      located above the X axis near shutters 31. Thus one pair of shutters will
      be freely movable independently of the other inside of the cone without
      mutual interference. The shutter elements have generally trapezoidal
      faces, one X axis near shutter 31 being shown in detail in FIG. 2, and one
      Y axis near shutter 27 being shown in FIG. 3.
PAR  Referring now briefly to FIG. 4, the interrelation of the two pairs of near
      shutters 27 and 31 define a rectangular opening 33 the size of which is
      determined by the mutual separation of the near shutter elements. The
      shutter elements are adapted to be moved in the following manner.
      Considering first the upper, i.e. the Y axis near shutters 27, reference
      is made particularly to FIGS. 2 and 4. The shutter elements 27 are
      attached to projecting finger elements 35 which incline upwardly inside of
      the lead cone 17 in the vicinity of the inner wall so as to permit an
      unobstructed passage of an X-ray beam 37 except for that provided by the
      rectangular aperture 39 in the lead cone 17 and the shutter elements. The
      finger elements 35 are rigidly attached to the eccentric portion of a pair
      of crank shafts 41 (FIG. 4) which in turn are connected at their terminal
      ends 42 to a gear train comprised of the spur gears 43, 45, 47 (FIG. 2).
      The partial gear 47, in turn, is connected to the lever 23. A tension
      spring 49 innerconnects the terminal ends 42 of the crank portion of the
      shafts 41 projecting through the slot 50 of gear 43 for applying a bias
      thereto and urges the fingers 35 and the shutter elements 27 mutually
      outwardly. It can be seen by reference to FIG. 2, that an up-down movement
      of the lever 23 will cause rotation of the spur gears 43 which will in
      turn cause movement of the crank shafts 41 thereby moving the shutter
      elements toward or away from each other depending upon the rotational
      direction of the gear train.
PAR  Regarding the far shutter elements 29 for the Y axis, they are attached to
      downwardly extending elements 51 which are secured to a plate 52 mounted
      on the gear 43 by means of the nut 54. Thus any movement of the near
      shutter elements 27 is also accompanied by a corresponding movement of the
      far shutter elements 29. This is further illustrated in FIG. 8 which
      discloses the Y axis shutters in a closed position while the phantom lines
      disclose the fully open position.
PAR  The X axis near shutters 31 operate in substantially the same manner.
      Referring now to FIGS. 3 and 4, the shutter elements 31 are attached to
      upwardly projecting finger elements 53 which in turn are connected to
      crank shafts 55 which are disposed normally to the crank shafts 41 and
      project through the slot 56 in the spur gear 57, one of which is connected
      by means of the member 26 to the lever 25. A spur gear 61 which is similar
      to the gear 45 shown in FIG. 2, also couples to the same gear 57 attached
      to the member 26. Both gears 45 and 61 are coupled to slip clutches, not
      shown, for providing motorized operation of the shutter mechanisms when
      desirable. Also as before, a tension spring 63 is attached to both ends 64
      (FIG. 4) of the control arms 55 for biasing the shutters mutually
      outwardly toward the inner wall surface of the lead cone 17.
PAR  Referring now to FIG. 5, this figure discloses the details of the physical
      configuration of the finger elements 53 and the control arms 55 which move
      the shutter elements 31 in mutual relation to one another independently of
      the other pair of shutter elements 27. FIG. 7 further discloses the manner
      in which both the near shutter elements 31 and the far shutter elements 33
      for the X axis move simultaneously due to the downwardly projecting
      members 65 coupled to the gears 57. The configuration of FIG. 7 discloses
      the shutter mechanism for the X axis being in a partly closed position by
      a downward movement of the member 26 in response to an upward movement of
      the lever 25 which would in turn be caused by pushing the finger grip 21
      as shown in FIG. 1, up. The phantom view of FIG. 7 discloses the shutter
      mechanism being in a partly open position.
PAR  It should now be observed that the length of the X axis near shutters 31 is
      relatively greater than the corresponding length of the Y axis near
      shutters 27 as evidenced by FIG. 4. This can also be shown by noting the
      length of the X axis near shutter 31 shown in FIG. 2 with respect to the Y
      axis near shutter 27 shown in FIG. 3. The relative dimensions of the near
      shutter elements 27 and 31 stems from the fact that the X axis near
      shutters 31 are positioned below the Y axis near shutters 27 within the
      lead cone 17.
PAR  It will be appreciated that the outward movement of the X axis near shutter
      elements 31 would be unnecessarily restricted by certain portions of the
      inner wall surface of the lead cone 17. To facilitate the movement of the
      X axis near shutter elements 31 to selected open positions as well as the
      maximum or fully open position desirable, four apertures 67 are provided,
      one for each outer edge of the two elements 31 in the body of the cone 17
      shown in detail in FIGS. 9 through 12. FIG. 9 illustrates that two
      apertures are provided on each side of the sloping body portion 69 in the
      lower half section thereof. The size of the apertures 67 are determined by
      the physical requirements dictated by the size of the shutter elements 31
      and the maximum amount of outward travel defined by the fully open
      position.
PAR  The collimator apparatus as disclosed in the various figures is adapted to
      be located with respect to the X-ray generator tube such that the lead
      cone 17 abuts the X-ray window 18 contained in a tube housing shown in
      fragmentation by reference numeral 73 in FIG. 2. The window 18 is shown
      being concave in configuration permitting the X-ray beam 37 emanating from
      a focal spot 75 to pass therethrough. This is a typical configuration for
      conventional X-ray generating tubes used in combination with collimating
      devices. It can be seen by reference to FIG. 2, that the collimator having
      the lead cone 17 including the near shutter elements 27 and 31 contained
      therein, projects into the cup shaped window 71 permitting the near
      shutters to be placed relatively closer to the focal spot 75 than
      heretofore possible.
PAR  Secondary radiation or off focus radiation as it is sometimes referred to,
      constitutes radiation which is emitted at different angles than the
      primary beam emanating from the focal spot. For example, referring to FIG.
      2, the primary beam is shown as the beam 37. The secondary radiation are
      X-rays generated and emitted from other peripheral areas of the anode 77
      as well as from mounting parts, not shown. It can be seen, therefore, that
      the lead cone 17 not only itself limits secondary radiation by providing a
      shielding effect but more importantly the immediate proximity of the near
      shutter elements 27 and 31 to the square aperture 39 in the end of the
      cone envelope the primary beam at the aperture 39 preventing most of the
      secondary radiation from passing through to the far shutters 29 and 33
      which has not already been restricted by the shielding action of the cone
      itself. Thus the combination of the lead cone and the near shutter
      mechanisms for both the X and the Y axis being located within the lead
      cone provides improved means for eliminating the undesirable secondary
      radiation which is inherent in present day X-ray generating tubes.
CLMS
STM  Having shown and described what is at present considered to be the
      preferred embodiment of the invention, I claim:
NUM  1.
PAR  1. X-ray collimator apparatus comprising in combination:
PA1  a collimator housing having a central axial opening therethrough adapted
      for the passage of an X-ray beam therethrough and additionally including
      actuator means for selectively controlling the movement and position of
      near and far shutter means for controlling the shape and size of an X-ray
      beam transmitted to a target area from an X-ray generator, said X-ray
      generator having a window of predetermined shape for the passage of said
      X-ray beam therethrough;
PA1  an outwardly projecting lead cone type shield member impervious to X-rays
      located between the near shutter means and the focal spot of said X-ray
      generator, said shield member including an aperture in substantial
      alignment with said X-ray beam adjacent said window, the size of said
      aperture defining the maximum size of the X-ray beam permitted to enter
      and pass through said collimator housing, said shield member being further
      adapted to envelop as well as protect the near shutter means, being
      attached to the top of said collimator housing over said opening and
      having a shape substantially conforming to the shape of said window
      thereby confining secondary or off-focus radiation emitted from said X-ray
      generator and permitted to enter said collimator housing entirely to said
      aperture;
PA1  a first and second pair of adjustable near shutters, comprising said near
      shutter means, coupled to said actuator means and comprising blade shutter
      elements for respective orthogonal axes, both pairs of near shutters being
      located entirely within said shield member adjacent said aperture and
      being adapted for mutually independent non-obstructed movement therein for
      not only defining the desired shape and size of the X-ray beam by movement
      past the boundary of said aperture into the open space provided thereby to
      intersect the X-ray beam, but also more effectively confining and
      restricting said secondary radiation present at said aperture, said
      confining being accomplished by the relatively closer positioning of said
      near shutter pairs to said window and said aperture and accordingly to the
      focal spot of said X-ray generator whereby an additional shielding effect
      is provided by the shutters themselves due to the movement of said near
      shutters past the boundary of said aperture, said first pair of shutter
      means being relatively smaller in size than said second pair of shutters
      and having a respective leading edge located immediately adjacent said
      aperture while said second pair of shutters is located immediately below
      said first pair of shutters and having a respective leading edge
      orthogonal to the leading edges of said first pair of shutters; and
PA1  means coupled to said actuator means for selectively providing manual and
      motor driven operation of said shutters.
NUM  2.
PAR  2. The apparatus as defined by claim 1 and additionally including a first
      and second pair of adjustable far shutters, comprising said far shutter
      means, located in said collimator housing and being coupled to said
      actuator means for being operated in conjunction with respective pairs of
      said first and second pairs of near shutters.
NUM  3.
PAR  3. The apparatus as defined by claim 1 wherein said shield member comprises
      a generally frusto conical member having a relatively smaller end
      including a wall, a side wall, and a larger end open inwardly toward said
      collimator housing opening, said aperture being located in the smaller end
      wall.
NUM  4.
PAR  4. The apparatus as defined by claim 3 wherein said shield member includes
      a plurality of openings in the side wall for permitting predetermined
      outward movement of said one pair of near shutters.
NUM  5.
PAR  5. The apparatus as defined by claim 4 wherein said shield member is
      comprised of lead.
NUM  6.
PAR  6. The apparatus as defined by claim 4 wherein said shield member comprises
      a flanged conical member comprised of lead having a generally flat smaller
      end wall containing said aperture, said aperture being generally centered
      in the longitudinal axis of said X-ray beam.
NUM  7.
PAR  7. The apparatus as defined by claim 6 wherein said aperture comprises a
      rectangular opening.
NUM  8.
PAR  8. The apparatus as defined by claim 7 wherein said near blade shutter
      elements comprise a first and second pair of opposed shutter plates and
      wherein said pairs of shutter plates are selectively positioned in close
      proximity to the inner wall of said conical member.
NUM  9.
PAR  9. The apparatus as defined by claim 1 wherein said actuator means
      comprises a first and second individually driven gear train mounted in
      said housing, and additionally including coupling means from said near
      shutter means thereto comprising a finger element attached to a respective
      shutter blade element, said finger element inclining upwardly inside of
      said shield member in the vicinity of the inner side wall thereof to
      permit unobstructed passage of said X-ray beam thereby, and a respective
      angulated offset control arm linkage member connecting said shutter blade
      to its respective gear train.
NUM  10.
PAR  10. The apparatus as defined by claim 1 wherein said actuator means
      comprises:
PA1  a first and second spur gear assembly mutually arranged in generally
      orthogonal planes within said collimator housing for respectively driving
      said first and second pairs of near shutters, each gear assembly including
      at least two meshed driven spur gears of relatively equal diameter;
PA1  a first pair of crank shafts, each having an eccentric portion and a crank
      portion, parallely arranged on a first level in the upper portion of said
      collimator housing with said eccentric portion thereof disposed around and
      mutually outwardly from the central axis of said housing to permit said
      X-ray beam to pass unobstructed therethrough and with said crank portion
      directed toward and coupled to a respective spur gear of said two spur
      gears of said first gear assembly;
PA1  a first and second finger element inclining upwardly inside of said shield
      member in the vicinity of the inner side wall thereof respectively
      coupling the eccentric portion of said first pair of crank shafts to said
      first pair of near shutters;
PA1  a second pair of crank shafts, each having an eccentric portion and a crank
      portion, parallely arranged normal to said first pair of crank shafts and
      being located on the second level in the upper portion of said collimator
      housing with said eccentric portion thereof also disposed mutually around
      and outwardly from the central axis of said housing to permit said X-ray
      beam to pass unobstructed therethrough and with said respective crank
      portion directed toward and coupled to a respective spur gear of said two
      spur gears of said second gear assembly; and
PA1  a third and fourth finger element inclining upwardly inside of said shield
      member in the vicinity of the inner side wall thereof respectively
      coupling the eccentric portion of said second pair of crank shafts to said
      second pair of near shutters.
NUM  11.
PAR  11. The collimator as defined by claim 10 wherein said two spur gears of
      said first and second spur gear assembly each includes a slot therethrough
      located intermediate the center and periphery thereof for receiving the
      terminal end of the crank portion of the respective crank shaft coupled
      thereto; and a tension bias spring member connected between the crank
      portion terminal ends of respective pairs of crank shafts for biasing said
      pairs of near shutters outwardly from the central axis of said housing.
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ABST
PAL  A filter having a cut-off frequency of the order of 50Hz is included in the
      circuit of flame monitoring apparatus to remove signals below the cut-off
      frequency. In the circuit shown, a silicon p-n junction photo-electric
      pick-up is capacitively connected to an amplifier, the amplifier is
      connected to a high-pass filter, the output of the filter is connected to
      a further amplifier, the output of the further amplifier is applied to a
      detector integrator, the output of the detector integrator is connected to
      a Schmitt trigger, and the output of the trigger is applied to an output
      circuit giving a warning signal if the flame being monitored is
      extinguished. The use of sighting tubes for the photo-electric pick-ups is
      disclosed.
BSUM
PAR  The present invention relates to flame monitoring apparatus.
PAR  Flame monitoring apparatus is used to determine whether or not the flame of
      a burner is alight and is particularly important for burners of high
      thermal power.
PAR  It has already been proposed to monitor burner flames by means of
      photo-electric cells and in particular photo-voltaic cells, by observing
      that the flame of a burner is flickering, that is, that the turbulences
      occurring in a burner flame make the brightness of it vary constantly. It
      has also been proposed, for example in the German Patent Application laid
      open to public inspection: DAS No. 1,092,594, to eliminate the continuous
      component of the current leaving the cell so as to retain only the
      alternating component which is then rectified to provide a signal
      indicating that the burner is alight.
PAR  Thus, when the burner is extinguished, the various heated bodies which are
      still radiant induce only continuous components in the cell and which are
      eliminated so that the device no longer supplies a signal.
PAR  Experience has shown, however, that when a burner is extinguished, the
      energy received by the cell is not strictly uniform and that alternating
      components are still present.
PAR  These alternating components when detected can lead to the false assumption
      that the burner is still operating.
PAR  The present invention provides flame monitoring apparatus comprising wide
      frequency band photo-electric pick-up means to receive luminous radiation
      from a flame being monitored, amplifying means coupled to the output of
      the photo-electric pick-up means, and an output circuit responsive to the
      output of the amplifying means to provide an indication of whether or not
      the flame is alight, wherein the amplifying means includes a filter having
      a cut-off frequency of the order of 50 Hertz to prevent signals below the
      cut-off frequency reaching the output circuit.
PAR  The Applicants have discovered that the radiation issued from a blast
      burner in a hot furnace has practically no physical phenomena at
      frequencies exceeding 50 Hz, but that when the burner is normally alight
      an appreciable quantity of energy is emitted with frequencies exceeding
      this figure.
PAR  In an embodiment of the invention to be described with reference to the
      drawings the radiation of a burner is directed to a photo-electric pick-up
      connected to a circuit including a high-pass filter with a cut-off
      frequency of approximately 50 Hz, the output signal of this filter being
      applied to a detector integrator, the output of which controls a trigger,
      connected to a device indicating the absence or the presence of a flame.
PAR  The photo-electric pick-up is a photo-voltaic cell responsive over a wide
      spectral band, so that accidental partial concealments, if they influence
      the amplitude of the signal received, do not alter the frequencies
      transmitted. As described, the cell is a silicon cell comprising a p-n
      junction.
PAR  The high-pass filter preferred is a filter having a CHEBYSHEV or
      BUTTERWORTH transfer function of the type 1/P(jw), the polynomial P(jw)
      having n roots (where n is an integer), that is the transfer function has
      n poles.
PAR  It is known that the greater n is, the greater is the cut-off slope of the
      filter. Preferably the filter selected has a transfer function of the form
      ##EQU1##
      which makes it possible to obtain virtually maximum cut-off slopes.
PAR  Such a filter, which involves the interaction of elliptical functions of
      the first and second kind, is usually called an "elliptical filter".
PAR  The described embodiment concerns the case of a combustion chamber fitted
      with a plurality of parallel-directed burners; it is known that in this
      case the flames of different burners tend to blend into one flame and it
      is particularly difficult to tell when one or several burners situated
      towards the centre of the group of burners are alight or not. In the
      embodiment, each burner is provided with an observation tube comprising
      near its outer end a photo-electric pick-up, this tube being arranged to
      form a small angle to meet the burner axis in the region of the maximum
      luminosity of the corresponding flame without meeting the axes of the
      other burners.
PAR  In effect the sighting tube essentially observes the flame towards which it
      is directed, and it is not directly influenced by the adjacent flames. The
      flickering of the reflection of these adjacent flames or that which comes
      from the solid walls lit up by the burner flames still operating, has a
      frequency much lower than the flickering coming from the axis of the flame
      directly observed, at the heart of which the luminous efflux has its
      maximum turbulence.
PAR  Consequently, if the cell receives other pulsed illumination when the flame
      it surveys has been extinguished, the current pulsation contains
      practically no components of frequency higher than 50 Hz.
DRWD
PAR  By way of example only, an illustrative embodiment of the invention will
      now be described with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram of the distribution of spectral energy in the
      turbulent efflux at the output of a blast burner.
PAR  FIG. 2 is a diagram showing the emission spectrum of a burner flame and the
      response curve of a silicon photo-voltaic cell.
PAR  FIG. 3 is a cross-section of a flame sighting tube associated with a
      photo-voltaic cell,
PAR  FIG. 4 is a diagram showing, as a function of the frequency, the cut-off
      effect on a complex frequency signal of a high-pass filter,
PAR  FIG. 5 is a block schematic diagram of a flame-monitoring apparatus
      embodying the invention,
PAR  FIG. 6 is a cross-section of the front of a boiler comprising twelve
      high-power burners,
PAR  FIG. 7 is a cross-section along the line VII--VII of FIG. 6,
PAR  FIG. 8 is the complete circuit diagram of the flame monitoring apparatus.
DETD
PAR  It is possible to determine theoretically and experimentally the
      distribution of the energy E(f), as a function of the frequency expressed
      in Hertz, in the physical phenomena and especially in the radiated energy
      appearing in the turbulent efflux of a high-power blast burner for
      combustible liquids, for example.
PAR  When a burner is in normal use, i.e. alight in a hot enclosure, this
      distribution of energy corresponds to the curve K.sub.1. As soon as the
      burner is extinguished, the enclosure remaining hot and the surroundings
      luminous, the distribution of energy corresponds to the curve K.sub.2.
      This second curve K.sub.2 drops to zero below 50 Hz. In contrast thereto,
      the curve K.sub.1 becomes close to zero only beyond 200 Hz, and for the
      frequencies 50 to 100 Hz corresponds to a relatively large energy.
PAR  Although all the physical phenomena downstream from the burner undergo
      pulsations owing to the turbulent efflux, the present arrangement is
      particularly advantageous in which a photo-electric pick-up is selected to
      display them, which avoids the necessity of immersing the pick-up in the
      flame.
PAR  There is used here for this purpose a silicon photovoltaic cell comprising
      a p-n junction. Such a cell, is sold for example by the Societe
      Radiotechnique-Compelec (R.T.C) under the reference BPX46.
PAR  FIG. 2 shows by way of example the response curve M of such a cell compared
      with the spectral curve S of a blast flame of fuel-oil. In the diagram the
      region V of the wavelengths .lambda. (in .mu.m) which correspond to the
      visible light, have been shaded, and the infra-red and ultra-violet
      regions have been indicated by IR and UV respectively.
PAR  Such a cell is in a position to detect virtually all the radiation emitted
      by a burner flame, and even when this flame is extinguished there will
      continue to be emitted considerable energy as a result of the infra-red
      emission of the enclosure and possibly that of adjacent burners.
PAR  The assembly of the cell is effected as shown in FIG. 3.
PAR  The cell is in the form of a disc 1 and the disc is mounted in a
      cylindrical casing 2 formed by superposed elements 4, 5, 6 joined by
      screws 7. The cell is protected by a heat shield 8 stopping, at least in
      part, the infra-red rays of great wave length.
PAR  By means of the thread 10, the casing 2 is mounted either on the enclosure
      or on the end of a flame sighting tube as described with respect to FIGS.
      6 and 7.
PAR  As a result of the area of the cell (diameter approximately 40 mm for a
      BPX46 cell), observation does not present any difficulties.
PAR  By means of the connector 11, the conductors 12 of the cell are connected
      to signal processing circuitry.
PAR  The signal of the cell 1 comprises a continuous component which (FIG. 5) is
      eliminated by a capacitive filter 13. Thus only the alternating component
      of the signal enters an operational amplifier 14 which raises, for
      example, a peak to peak signal of 100 mV to a level of 10 volts.
PAR  The amplified signal enters into a high-pass filter 15 which effectively
      eliminates low-frequency components below 50 Hz.
PAR  This filter is an active so-called "elliptical" filter for obtaining a
      virtually maximum slope at the cut-off frequency level. An example of such
      a filter is shown further on.
PAR  The response curve of the filter is shown in FIG. 4.
PAR  The cut-off is practically total as far as A, i.e. until the frequency of
      approximately 25 Hz. Conversely, the signal frequencies pass freely from
      B, i.e. from 50 Hz; the attenuation is approximately 30 db per octave. The
      output of the filter 15, is connected to an amplifier 16, at the output of
      which there is picked up, in the case of an active flame, a large signal,
      for example of the order of 10 volts, with the frequencies of 50 to 100 Hz
      and if the flame is extinguished, a zero signal.
PAR  The output of the amplifier 16 is connected to a detector-integrator 17
      which develops a practically constant continuous voltage, which is thus,
      in the presence of a flame, from 5 to 10 volts, for example, and
      practically nil in the absence of a flame.
PAR  This output voltage of the integrator controls a trigger assembly 18 which
      in turn controls, by a relay 19, a sound signal 20, a light signal 21 and
      by the path 22, an automatic checking and controlling device of the
      burner. It is, of course, possible to employ only one or two out of three
      of the devices 20, 21, 22, and the latter would be the one usually
      employed.
PAR  The monitoring of each of the flames of a plurality of burners arranged in
      parallel in the same thermal high power combustion chamber will now be
      described.
PAR  The boiler front shown in FIGS. 6 and 7 comprises three superposed
      enclosures supplied with air by a blower not shown.
PAR  Each of these enclosures carries four burners 34, each joined to a fixing
      disc 35 which likewise supports a sighting tube comprising a rectilinear
      tube 36 to the outside end of which is attached the casing 2 carrying the
      photo-voltaic cell 1.
PAR  The sighting tube 36 opens into the bottom of the container near the
      extremity of the burner 34, behind apertures 38 for the inlet of secondary
      air to the burner.
PAR  This arrangement has the advantage of clearing the atmosphere in the region
      of the sighting tube and retarding the contamination of the cell by soot.
PAR  Furthermore, the axis of the sighting tube forms a very small angle, less
      than 10.degree., with the axis of the burner. Finally, the sighting tube
      of each burner is arranged in a radial plane P which in the case in
      question forms the angle .alpha. with the vertical direction, this plane
      being chosen so that the axis of the sighting tube does not meet any other
      burner axis than that whose flame it surveys.
PAR  Thus the sighting tube overlooks substantially the heart of the flame with
      which it is associated and the base of the combustion chamber through the
      hot gases (which belong to the other burners) the turbulence of which is
      already partly calmed.
PAR  Thus, when the associated flame is alight, the cell receives a luminous
      beam bearing the flicker, the frequency of which is relatively high,
      whilst when the flame is extinguished the variations in illumination of
      the bottom of the chamber by the group of burners still alight and the
      radiation of the flame extremities of these burners produces only
      relatively low frequencies (less than 50 Hz).
PAR  FIG. 8 illustrates a circuit diagram corresponding to FIG. 5 for the
      processing of the output signal of each of the cells 1.
PAR  A potentiometer 40 in the amplifier 14 permits the regulation of the
      sensitivity of the cell 1.
PAR  Thus, a signal 41, modulated but with a strong continuous component leaves
      the cell and is transmitted, owing to the capacitor 13, without its d.c.
      component to the amplifier 14 from which there leaves a signal 42
      comprising only the amplified alternating components which are exclusively
      transmitted to the filter 15.
PAR  The elliptic filter 15, as described in the article entitled "Design active
      elliptic filters easily" of the review "ELECTRONIC DESIGN," 21st October
      1971, is designed to stop practically completely the frequencies lower
      than 25 Hz and allows to pass freely frequencies above 50 Hz as shown in
      FIG. 4. This filter is a third order filter and has three poles and two
      zeros.
PAR  From the filter 15 there leaves a signal 45 which no longer has any
      frequencies below 50 Hz and which is transmitted by a capacitor 46 to the
      amplifying stage 16. The latter is arranged to saturate so as to supply a
      signal 47 of which the peaks 48a and 48b have the maximum output amplitude
      from this amplifier which levels the signal directed to the detector and
      fixes in practice the value of the rectified signal.
PAR  The detector integrator 17 comprises a rectifier 49 of the bridge type
      which charges an integration circuit 50, the capacitor of which is shunted
      by a high resistance 51 designed to permit the discharge at the time of
      the extinction of the burner. Terminals 52 enable the measurement of the
      flame signal.
PAR  A tapped rheostat 53 allowing an adjustable attenuation, permits the signal
      of the detector integrator to be applied to an amplifier 54 with unitary
      gain for the purpose of adapting the impedance of the signal to that of
      the Schmitt trigger 18 comprising two transistors having their emitters
      commoned.
PAR  The output level of this trigger is controlled by a Zener diode 55 in
      series with a resistance 56. Thus when the output voltage of the trigger
      exceeds the level defined by the assembly 55, 56, this output voltage is
      applied to an amplifier 57 for supplying a winding 58 of a control relay
      of an alarm device.
PAR  Finally, to avoid unwarranted transient operation, the excitation of the
      winding 58 is delayed by a capacitor 59 and, when the excitation of the
      relay stops, the inductively stored energy in its winding is dissipated in
      a diode 60.
CLMS
STM  We claim:
NUM  1.
PAR  1. Flame monitoring apparatus comprising:
PA1  wide frequency band photo-electric pick-up means to receive luminous
      radiation from a flame being monitored,
PA1  amplifying means coupled to the output of the photo-electric pick-up means,
      and
PA1  an output circuit responsive to the output of the amplifying means to
      provide an indication of whether or not the flame is alight, wherein the
      improvement consists of connecting in the amplifying means a high-pass
      filter having a cut-off frequency of the order of 50 Hertz to prevent
      signals below the cut-off frequency reaching the output circuit.
NUM  2.
PAR  2. Flame monitoring apparatus comprising:
PA1  wide frequency band photo-electric pick-up means,
PA1  amplifier means,
PA1  capacitive coupling means connected from the output of said photo-electric
      pick-up means to the input of said amplifier means,
PA1  rectifier means connected to the output of said amplifier means, and
PA1  monitoring means connected to the output of said rectifier means and
      responsive to current therefrom to indicate that the flame is alight,
      wherein the improvement consists of connecting in the circuit of the
      apparatus high-pass filter means having a cut-off frequency of the order
      of 50 Hertz.
NUM  3.
PAR  3. Apparatus as set forth in claim 2, wherein said filter is an elliptical
      filter.
NUM  4.
PAR  4. Apparatus as set forth in claim 2, wherein the output of said high-pass
      filter means is connected to amplifying means, the output of said
      amplifying means is connected to detector integrator means, and the output
      of said detector means is connector to trigger means, the output of said
      trigger means being connected to said monitoring means.
NUM  5.
PAR  5. Heating apparatus comprising:
PA1  combustion chamber means,
PA1  a plurality of burner means mounted parallel to each other in said
      combustion chamber means, and
PA1  flame monitoring apparatus as set forth in claim 1, wherein each of said
      burner means is provided with sighting tube means, one end of each
      sighting tube means mounts a respective photo-electric pick-up means, the
      other end of each sighting tube means is close to the output of its
      associated burner means and the axis of the said sighting tube forms a
      small angle with the axis of its associated burner means so as to meet
      said axis in the region where the flame has a maximum intensity.
NUM  6.
PAR  6. Heating apparatus as set forth in claim 5, wherein each plane containing
      the axis of a burner means and the axis of its associated sighting tube
      means is distinct from planes containing the axes of the other burner
      means.
NUM  7.
PAR  7. Heating apparatus as set forth in claim 5, wherein the sighting tube
      means of each burner means opens into the combustion chamber means behind
      the orifice of the burner means and behind inlet means for secondary air
      for said burner means.
NUM  8.
PAR  8. Flame monitoring apparatus comprising:
PA1  wide frequency band photo-electric pick-up means, capacitive coupling means
      having its input connected to the output of said pick-up means,
PA1  first amplifying means having its input connected to the output of the
      capacitive coupling means,
PA1  high-pass filter means having a cut-off frequency of about 50Hz having its
      input connected to the output of said first amplifying means,
PA1  second amplifying means adapted to saturate and having its input connected
      to the output of said high-pass filter means,
PA1  detector integrator means having its input connected to the output of said
      second amplifying means,
PA1  trigger means having its input connected to the output of said detector
      integrator means, and output circuit means having its input connected to
      the output of said trigger means and adapted to provide an output signal
      if the flame being monitored is extinguished.
NUM  9.
PAR  9. In a heating apparatus comprising a combustion chamber and a plurality
      of burners mounted parallel to each other in said combustion chamber the
      provision of a flame monitoring apparatus comprising:
PA1  a. A same plurality of sighting tubes, respectively associated to said
      burners, the axis of each sighting tube forming a small angle with the
      axis of its associated burner so as to meet said axis in the region where
      the burner flame has a maximum intensity, and the one end of each sighting
      tube being close to the output of its associated burner;
PA1  b. the same plurality of wide frequency band photoelectric pick-up means
      mounted to the other ends of said sighting tubes, respectively;
PA1  c. amplifying means coupled to the output of said photoelectric pick-up
      means, respectively;
PA1  d. a same plurality of output circuits responsive to the outputs of said
      amplifying means to provide indications of whether or not the respective
      flames of the associated burners are alight, and
PA1  e. filter means connected to said amplifying means, said filter means
      having a cut-off frequency of the order of 50 Hertz to prevent signals
      below the cut-off frequency reaching said output circuits.
NUM  10.
PAR  10. Heating apparatus as set forth in claim 9, wherein each plane
      containing the axis of a burner means and the axis of its associated
      sighting tube means is distant from planes containing the axes of the
      other burner means.
NUM  11.
PAR  11. Heating apparatus as set forth in claim 9, wherein the sighting tube
      means of each burner means opens into the combustion chamber means behind
      the orifice of the burner means and behind inlet means for secondary air
      for said burner means.
PATN
WKU  039366499
SRC  5
APN  4908759
APT  1
ART  256
APD  19740722
TTL  Method and apparatus for use in position determining
ISD  19760203
NCL  16
ECL  1
EXA  Nelms; D. C.
EXP  Borchelt; Archie R.
NDR  4
NFG  15
INVT
NAM  Di Matteo; Paul L.
STR  6 Carol Court
CTY  Dix Hills
STA  NY
ZIP  11746
INVT
NAM  Ross; Joseph A.
STR  26 Trescott Path
CTY  Fort Salonga
STA  NY
ZIP  11768
INVT
NAM  Stern; Howard K.
STR  89 Derby Ave.
CTY  Greenlawn
STA  NY
ZIP  11740
CLAS
OCL  250558
XCL  356  2
EDF  2
ICL  G01C 1112
FSC  250
FSS  558;199
FSC  356
FSS  2;5;6;141;152
FSC  340
FSS  25;29
UREF
PNO  3578863
ISD  19710500
NAM  Farrand
OCL  356  5
UREF
PNO  3614237
ISD  19711000
NAM  Kyle et al.
OCL  356  2
UREF
PNO  3663104
ISD  19720500
NAM  Godfrey
OCL  250558
UREF
PNO  3704070
ISD  19721100
NAM  Johnson et al.
OCL  356152
UREF
PNO  3783294
ISD  19740100
NAM  Koder
OCL  250558
UREF
PNO  3799675
ISD  19740300
NAM  Johnson et al.
OCL  356152
LREP
FRM  Watson Leavenworth Kelton & Taggart
ABST
PAL  Reticle structure defining a succession of contiguous cells, separately
      discernible upon illumination thereof, is spacedly positioned relative to
      a discernible indicium, such as a light source. The indicium is disposed
      in a known location relative to the reticle structure and the cells and
      indicium are viewed jointly from a given location. Information is derived
      for use in determining the positional coordinates of the given location
      with respect to the indicium.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to apparatus and methods for use in determining the
      positional coordinates of an unknown location and more particularly to
      position determining apparatus and methods for use in photographic studies
      of objects.
PAC  BACKGROUND OF THE INVENTION
PAR  In various photographic studies, knowledge of the positional coordinates of
      the lens node of a camera is of particular interest. By way of example, in
      a recently developed method for three-dimensional object reproduction,
      disclosed in commonly-assigned copending application Ser. No. 412,162,
      steps are disclosed for the generation, from examination of a specially
      derived photograph, of electrical signals selectively identifying that
      light ray or optical path, in a bundle of rays or paths extending from a
      camera lens to an object, which is in viewing relation to a given object
      surface boundary point of interest. Where the positional coordinates of
      the location of the camera lens node are known, such signals are useful in
      reconstructing the point of interest in exacting spatial relation to other
      points cooperatively defining the entire object surface boundary.
PAR  In the event that environmental disturbances, such as vibration, or
      intended camera movement, occur in the practice of the particularly
      referenced method, and where exacting object reproduction is desired, it
      is necessary to redetermine the initial, tediously determined positional
      coordinates of the location of the camera lens node. Given such conditions
      in the referenced and other methods, need exists for apparatus and methods
      facilitating ready determination and redetermination of camera lens node
      position.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has as its primary object the provision of improved
      apparatus and methods for use in position determination.
PAR  A more particular object of the invention is to provide methods and
      apparatus for facilitating determination and redetermination of the
      positional coordinates of the locations of a camera lens node in the
      course of photographically-assisted reproduction of three-dimensional
      objects.
PAR  The foregoing and other objects of the invention are attained, as respects
      multiple positional coordinate determination, by the provision of
      apparatus comprising reticle means for defining a plurality of contiguous
      separately discernible extents of a field of view (cells), means for
      defining at least two discernible indicia, and means for positioning the
      reticle means and the indicia defining means for discernment of each of
      the indicia jointly with a one of the cells through the separate optical
      paths between the indicia and a given viewing location whose positional
      coordinates are unknown. In a basic method of the invention, the indicia
      are disposed in locations having known positional coordinates. Each
      indicium is then discerned jointly with one cell, preferably by study of a
      photograph of the reticle means and the indicia taken from the location
      having unknown positional coordinates, for example, the lens node whose
      positional coordinates are unknown. Signals may be generated from the
      photograph which are indicative, for each axis of interest, of the number
      of cells in the reticle means along such axis and the order in such
      succession of the cell jointly discernible with each indicium. Preferred
      reticle means incorporates structure providing for ready determination of
      errors in cell identification and for correction thereof.
DRWD
PAR  The foregoing and other objects and features of the invention will be
      evident from the following detailed description of preferred embodiments
      and practices of the invention and from the drawings thereof.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of apparatus according with
      the invention.
PAR  FIG. 2 is a photograph of the apparatus of FIG. 1 taken from a location
      along an axis symmetrical to the reticle means and the indicia thereof.
PAR  FIG. 3 is a photograph of the apparatus of FIG. 1 taken from a location
      different from the location referred to in FIG. 2.
PAR  FIGS. 4 through 6 depict photographs each representing a separate part of
      the composite information contained in the FIG. 3 photograph.
PAR  FIGS. 7(a)-(f) show signals generated in accordance with the invention.
PAR  FIGS. 8 through 10 show apparatus for use in practicing the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS AND PRACTICES
PAR  Referring to FIG. 1, reticle 10 includes a frame 12 having a transparent
      central expanse in which are supported lateral and longitudinal grid
      elements 14 and 15 cooperatively defining a plurality of contiguous
      separately discernible extents (cells) 16a through 28f of a field of view.
      Frame 12 may be of opaque material and grid elements 14 and 15 may
      comprise relatively thick wires such that they also may be opaque to light
      or other energy incident on reticle 10. The grid elements may
      alternatively be substantially transparent devices, for example, fine wire
      filaments, which are discernible only upon energization thereof. In the
      illustrated embodiment, the cells are of equal extent, having common
      lateral and longitudinal dimensions, but may be of random extents as
      discussed below.
PAR  Discernible indicia 30 and 32 are provided at the upper portions of support
      arms 34 and 36, the latter being secured in base 38. Base 38 supports
      reticle 10 and the indicia in spaced relation for reasons discussed below.
      The support arms are desirably transparent to radiant energy employed in
      the discernment of the indicia and the reticle cells.
PAR  When indicia 30 and 32 are viewed through reticle 10 along an axis, for
      example, axis 40, symmetrical to both the reticle and the indicia, the
      indicia are discernible with different ones of cells 22a through 22f,
      depending on the viewing location along axis 40. From a given location 42
      along axis 40, the indicia are respectively discernible jointly with cells
      22c and 22d. Where location 42 is the location of a lens node, a
      photograph of the reticle and indicia taken with such lens is shown in
      FIG. 2.
PAR  Referring to FIG. 2, x and y positional coordinates of each indicium
      relative to the reticle origin O can be readily defined by observing the
      number of cells in succession along the x and y axis and determining the
      order in such successions of the cell jointly discerned with such
      indicium. Where indicia 30 and 32 are disposed in locations having known
      positional coordinates, the absolute positional coordinates of the cells
      of the reticle discernible jointly with the indicia can be readily
      determined for the positional coordinates of location 42 since the z-axis
      spacing of the indicia relative to the reticle and the reticle geometry
      are known.
PAR  Where the indicia are viewed through the reticle from a location 44 along
      an axis 46 other than axis 40, and a photograph of such viewing is made
      (FIG. 3), the reticle cells jointly discernible with the indicia undergo a
      shift from the aforesaid cells 22c and 22d to cells 26d and 26e,
      respectively. Such shifting is attributable to the fact that z-axis
      spacing exists between the reticle and the indicia. The x and y positional
      coordinates of cells 26d and 26e being known relative to the positional
      coordinates of indicia 30 and 32 and the z-axis spacing of the indicia and
      reticle being known, the x, y and z positional coordinates of location 44
      relative to the reticle structure can be determined by triangulation. As
      will be appreciated, the reticle may contain a sufficient number of cells
      for a given application such that interpolation of apparent locations of
      indicia within a given cell is unnecessary.
PAR  While the foregoing discussion has considered a reticle having cells
      disposed in successions along two axes, the invention may be practiced
      through the use of a single axis reticle. Thus, in instances where
      location change is restricted to viewing locations sharing two positional
      coordinates and departing solely along a "shift" axis in the third
      positional coordinate, a suitable reticle may comprise a succession of
      contiguous cells along such an axis parallel to the shift axis and a
      single indicium supported in spaced relation to the reticle along an axis
      orthogonal to the shift axis. In use of such single axis reticle,
      determinations are made of the cell with which the indicium is jointly
      discernible from locations of interest along the shift axis.
PAR  The invention is practiced more suitably than the above-discussed
      manipulative practice by the generation of electrical signals indicative
      of the parameters involved. Such signals enable the use of automatic data
      processing techniques in solution of the triangulation involved. In such
      data processing practice, which is not a part of the present invention,
      digital signals are generated, for example, by suitable card punching, of
      the invariant parameters, namely, the reticle structure (cell size and
      arrangement) and the relative positioning of the reticle structure and
      indicia. Then, information is provided through the present invention
      concerning the dispositions within the reticle of the cells jointly
      discerned with the indicia from the unknown location, e.g., cells 22c and
      22d for location 42 or cells 26d and 26e for location 44. The latter
      digital signals may comprise, for each different axial disposition of such
      as cells 22c and 22d within the reticle, a signal having a plurality of
      predetermined serial time extents in number corresponding with the number
      of cells along an axis and a pulse (1) in the one of the time extents for
      indicating the order of the cell in the successsion. In the illustrative
      situation, the pulse pattern indicating the y-axis disposition from origin
      O of both cells 22c and 22d is 0001000. The pulse patterns 001000 and
      000100 respectively indicate the x-axis disposition from origin O of cells
      22c and 22d.
PAR  Each of FIGS. 4-6 depicts a photograph including a selective part of the
      information content of the FIG. 3 photograph. Thus, FIG. 4 shows the
      lateral grid elements 14 of FIG. 3, FIG. 5 shows the longitudinal grid
      elements 15 of FIG. 3 and FIG. 6 depicts indicia 30 and 32 in their FIG. 3
      disposition. All of the FIGS. 4-6 photographs include film frame reference
      marks 48.
PAR  The FIGS. 4-6 photographs may be derived, for example, by use of the
      alternate reticle above-discussed. In deriving the FIG. 4 photograph the
      indicia and the filaments defining the longitudinal grid elements are
      deenergized while the filaments defining lateral grid elements are
      energized. In deriving the FIG. 5 photograph, only the filaments defining
      the longitudinal grid elements are energized. In deriving the FIG. 6
      photograph, the indicia are alone energized.
PAR  The FIG. 4 photograph is examined by scanning, e.g., photoelectrically,
      along an axis transverse to the representations therein of lateral grid
      elements 14. A pulse is generated as frame border 50 and each of such
      element 14 representations are encountered in scanning, the pulses being
      spaced in time in direct proportion to the photographic spacing where the
      scanner is moved at a uniform rate. The pulses are stored as derived,
      i.e., with indication of time slots therebetween, as shown in FIG. 7(a).
      The FIG. 5 photograph is likewise examined by scanning along an axis
      transverse to the representations therein of longitudinal grid elements
      15. The resulting pulse train is shown with its time slot indication in
      FIG. 7(b).
PAR  The FIG. 6 photograph is examined by separate scanning operations in x and
      y for its indicia representations and signals are generated, each
      comprising a pulse, derived on indicium representation sensing, and spaced
      in a scanning time base according with one of the scanning time bases of
      the signals derived from FIG. 4 and FIG. 5.
PAR  FIG. 7(c) shows the results of x scanning for indicia representations, the
      pulses therein respectively indicating the x-axis returns for indicia 30
      and 32. Taken together, the pulses of FIGS. 7(b) and 7(c) establish the
      x-axis positional relationship between the indicia and the reticle cells
      as seen from the viewing location. FIGS. 7(d) and 7(e) show the results of
      y scanning for indicia representations, the pulses therein respectively
      indicating the y-axis returns for indicia 30 and 32 to be the same. Taken
      together, the pulses of FIGS. 7(a), 7(d) and 7(e) establish the y-axis
      positional relationship between the indicia and the reticle cells as seen
      from the viewing location. In the example at hand, correlation is found
      between the indicia 30 x return in FIG. 7(c) and the fourth time slot of
      the FIG. 7(b) signal and between the indicia 30 y return in FIG. 7(d) and
      the second time slot of the FIG. 7(a) signal. There being respectively six
      and seven time slots in the FIG. 7(b) and FIG. 7(a) signals, pulse
      patterns 000100 (x) and 0100000 (y) may be derived for indicia 30. For
      indicia 32, the pulse patterns are 000010 (x) and 0100000 (y).
PAR  The apparatus of FIG. 8 may be employed to generate the foregoing signals.
      A pencil-beam radiant energy source 80 is arranged in fixed alignment with
      a radiant energy sensor 82 in a scanning mechanism 84. A developed film
      frame 86 is fixedly positioned intermediate source 80 and sensor 82. The
      scanning mechanism is moved relative to the film frame through x
      translational rack 88 and y translational rack 90, each rack being
      associated with a motor-driven pinion or the like suitably actuated for
      separate x and y scanning.
PAR  Referring to FIG. 9, a preferred form of reticle structure is shown adapted
      to avoid need for continuity of incremental counting throughout the cell
      span involved, and to provide ready determination of errors in cell
      sensing, e.g., where a longitudinal or lateral grid element is not sensed
      or is falsely sensed. For simplicity, only lateral grid elements are shown
      in FIG. 9.
PAR  As in the case of the reticle structure of FIG. 1, adjacent (first) lateral
      grid elements 14 of FIG. 9 define the longitudinal extents of the
      succession of cells I through VII. In preselected cells, e.g., cells II,
      III and V, further (second) lateral grid elements 14a are included giving
      rise to the pattern 0110100 for the cell succession, "0" indicating a cell
      not containing a second lateral grid element 14a and "1" indicating a cell
      including such second lateral grid element. In the particularly
      illustrated embodiment, all grid elements are discernible members, i.e.,
      elements opaque or reflective to radiant energy incident thereon, grid
      elements 14a constituting means for encoding the reticle structure.
      Elements 14a are in number less than the number of cells in the
      succession. As shown to the right in FIG. 9, three bits provide distinct
      identification of the last five of the seven cells. Cell III has the
      characteristic identifying code 011, cell IV the code 110, cell V the code
      101, cell VI the code 010 and cell VII the code 100.
PAR  In the course of cell scanning in use of the FIG. 9 reticle, cell-defining
      signals are derived as above-discussed in connection with FIGS. 4 and
      7(a). As shown in FIG. 7(f), the signals derived include the cell
      extent-defining pulses of FIG. 7(a) and are further inclusive of cell
      encoding pulses P.sub.II, P.sub.III and P.sub.V in cells II, III and V.
      For convenience in discriminating between cell extent-defining pulses and
      cell encoding pulses, the pulse width or amplitude of the latter may be
      suitably different than that of the former. The FIG. 7(f) signal may be
      processed for cell identifying purposes in circuitry providing for
      successive readout of the three-bit patterns to the right in FIG. 9. As
      will be evident, provision by such circuitry, e.g., a three-bit register
      clocked by the cell extent-defining pulses, of the three-bit pattern 111,
      is indicative of an error in cell scanning since this pattern is
      unassigned.
PAR  As will be evident, need for continuous incremental counting of the entire
      cell span is eliminated where the reticle is encoded as in FIG. 9. Thus,
      determination of the regular graduation in the assigned code of each
      detected cell by its three-bit pattern permits one to look to a
      subsuccession less than the entire cell succession for identification of a
      given cell. This feature takes on particular significance where the cell
      succession is large in number, i.e., where continuous incremental cell
      counting is an onerous task requiring an extended capacity counter. The
      cell code assignment of FIG. 9 is preferred in practice according with
      this aspect of the invention. The FIG. 9 reticle structure may be
      generated by fine wire filaments as discussed above in connection with
      FIG. 1.
PAR  The reticle structure of FIG. 9 involves a progression of first cells
      having grid elements and second cells, not having grid elements, which
      progression will be recognized as a shift code. The exemplary seven cell
      progression follows the code 0110100, such as may be generated by a
      three-bit shift register shifted cyclically by EXCLUSIVE OR combination of
      the contents of two stages of the register. The subsuccession of cells
      which need be considered for cell identification, as referred to above, is
      coextensive with the number of stages of the shift register generating the
      code. Stated more generally, where the reticle is shift code encoded and
      where the total number of first and second cells, in the cell succession
      is P, each subsuccession of N cells embodies a distinct sequence of first
      and second cells, the relationship between P and N being established by
      the formula 2.sup.N - 1 = P.
PAR  Other reticle encoding than shift code encoding may of course be employed,
      however, with expansion of the subsuccession required to be looked to for
      identification of a given cell. For example, the reticle structure may be
      encoded such that the sequence of first and second cells in the cell
      succession is a pure binary progression. Considering the code generated by
      a three-bit binary counter as being inclusive of successive identifiers
      000 and 001, it is apparent that one must look to the cell subsuccession
      of at least six cells for cell identification, as opposed to the N equal
      to three situation for an equal P number of cells in using the shift code.
PAR  As in the case of the FIG. 1 reticle structure, the FIG. 9 reticle
      structure, or like encoded reticle structure, may be employed in
      combination with discernible indicia in the generation of signals for use
      in determining positional coordinates of a given viewing location.
      Alternatively, the encoded reticle structure may be employed without such
      indicia for examining an object in a field of view extending through the
      encoded reticle structure. By way of example, a developed photograph of
      the object taken through the encoded reticle structure will evidence
      encoded cell successions superimposed on the object and providing ready
      distinction as between different portions of the object.
PAR  FIG. 10 shows an embodiment of particularly preferred apparatus for use in
      practicing the invention and especially for providing photographs having
      selective information content as shown in FIGS. 4-6. Base 52 of FIG. 10
      provides a fixed seating for support members 54 and 56. At its upper end
      member 56 supports a motor 58 and intermediately supports a shaft housing
      60. Output shaft 62 of motor 58 is fixedly secured, e.g., by keying, to
      reticle-defining framework 64, shaft 62 extending through housing 60 and
      further keyed to framework 64 below the lower extremity of housing 60. The
      shaft further extends into support member 54, support member 54 and
      housing 60 incorporating bearings enabling rotative movement of shaft 62
      relative thereto.
PAR  Reticle framework 64 supports a lamp 66 and a fiber optic assembly 67 on
      framework strut 68. First ends of the fiber optic assembly are disposed
      adjacent the lamp and the remaining ends thereof are collected at
      framework window 70 being arranged such that, upon energization of the
      lamp with the framework stationary, a continuous vertical line of light is
      produced at window 70. An apertured window closure member 72 is hingedly
      connected to framework 64 and is illustrated in its open position. With
      the framework stationary and member 72 moved onto window 70 into its
      closed position, there issues from framework 64 a plurality of vertically
      displaced beams of light. Housing 60 is disposed in z-axis spaced relation
      to window 70 and supports vertically spaced lamps 74 and 76.
PAR  In use of the FIG. 10 apparatus in providing such as the photographs of
      FIGS. 4-6, member 72 is moved into its closed position and lamp 66 is
      energized, as is motor 58. As will be evident, framework 64 may be moved
      in essentially a complete circular path by motor 58 with resulting
      generation of a cylindrical light pattern defining lateral grid elements
      such as shown in planar fashion in FIG. 4.
PAR  Member 72 is now moved into its closed position and motor 58 is again
      energized. In the course of movement of framework 64 throughout its
      circular path, lamp 66 is periodically energized with resulting generation
      of a cylindrical light pattern defining longitudinal grid elements such as
      shown in planar fashion in FIG. 5.
PAR  With framework 64 now moved into its maximum clockwise or counterclockwise
      position and motor 58 and lamp 66 deenergized, lamps 74 and 76 are
      energized to define indicia akin to indicia 30 and 32. Separate
      photographs are taken of the lateral and longitudinal grid element
      patterns and of these indicia lamps 74 and 76.
PAR  The apparatus of FIG. 10 provided reticle structure which is
      three-dimensional and serves in use to enclose, partially or fully, a
      three-dimensional object under study, thus facilitating use of multiple
      cameras positionally interrelated through the reticle structure. In an
      exemplary application, multiple cameras may be placed in desired
      positional relationship with the FIG. 10 apparatus and the foregoing steps
      of energizing the apparatus may be sequentially practiced, photographs
      being taken by each of the cameras during each of the steps. The FIG. 10
      apparatus is then deenergized and the object is placed in the fields of
      view of the cameras, and hence within the recorded reticle structure from
      which the foregoing positional coordinate indicating signals are
      generated. The object boundary surface is photographically examined by
      methods such as those discussed in the above-mentioned commonly-assigned
      patent application. On occurrences of intended camera movements or
      environmental disturbance causing camera displacement, the
      three-dimensional reticle may again be generated and examined by the
      cameras for ready redetermination of the lens node positional coordinates
      thereof.
PAR  Various changes and modifications may be introduced in the apparatus and
      practices discussed above without departing from the spirit and scope of
      the invention. By way of example, indicia 30 and 32 may be disposed in
      spaced relation to reticle frame 12 in the direction of the locations of
      interest as contrasted with the foregoing illustration in which the
      indicia are situated on a side of the reticle frame opposite the side
      thereof facing the locations of interest. The locations of issuance, i.e.,
      the points of first visible propagation, of the light beams generated from
      window 70 and the light beams generated by lamps 74 and 76 may likewise be
      in mutually spaced alternating relation relative to the locations of
      interest. As referred to above, the cells may be of random extents and may
      be encoded in any desired manner. In discerning such random cells, the
      signal generation practice discussed in connection with FIGS. 4-8 is
      particularly effective since time slots are measured and indicate cell
      extents. In providing the indicia and grid elements with capacity for
      discernment thereof, they may be light-generating or opaque and reflective
      to light or, where energy other than light is employed, may be generative
      of or reflective to such other energy. The invention contemplates
      practices wherein multiple cameras may be arranged in viewing relation to
      a common object surface point for improved accuracy and wherein a single
      camera may successively view an object through reticle structure moved
      from one location relative to the object to a second different location
      relative to the object. The foregoing discussion is thus intended in a
      descriptive and not in a limiting sense. The invention is defined in the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for generating signals for use in determining the positional
      coordinates of a given location having unknown positional coordinates
      comprising:
PA1  a. reticle means for defining a plurality of separately discernible cells,
      each cell defining a predetermined distinct extent of a field of view
      extending from said given location to said reticle means;
PA1  b. means for defining a discernible indicium;
PA1  c. means for spacedly positioning said reticle means and said indicium
      defining means in said field of view; and
PA1  d. means for generating a signal indicative of the one of said cells
      defining the extent of said field of view inclusive of the line optical
      path extending from said given location to said indicium.
NUM  2.
PAR  2. The apparatus claimed in claim 1 wherein said reticle means includes a
      plurality of intersecting lateral and longitudinal elements opaque to
      light energy and disposed in a common plane, each said cell being defined
      by an adjacent pair of said lateral elements and an adjacent pair of said
      longitudinal elements.
NUM  3.
PAR  3. The apparatus claimed in claim 2 wherein said indicium defining means
      includes a light source generating a beam of light energy defining said
      indicium, said positioning means supporting said reticle means and said
      indicium defining means such that said light source is spaced from said
      lateral and longitudinal elements on an axis intersecting the plane of
      said lateral and longitudinal elements.
NUM  4.
PAR  4. The apparatus claimed in claim 1 wherein said reticle means comprises a
      first light source and means cooperative with said first light source for
      generating a plurality of intersecting lateral and longitudinal first
      beams of light energy and defining window means for issuing said first
      beams of light energy, each said cell being defined by an adjacent pair of
      said lateral first beams and an adjacent air of said longitudinal first
      beams.
NUM  5.
PAR  5. The apparatus claimed in claim 4 wherein said indicium defining means
      includes a second light source generating a second beam of light energy
      defining said indicium, said positioning means supporting said reticle
      means and said indicium defining means such that said second light source
      is spaced from said window means.
NUM  6.
PAR  6. A method for generating signals for use in determining the positional
      coordinates of a given location having unknown positional coordinates,
      comprising the steps of:
PA1  a. disposing a discernible indicium in a location having known positional
      coordinates;
PA1  b. establishing a lens field of view extending from said given location to
      said indicium;
PA1  c. subdividing said lens field of view into predetermined distinct extents;
      and
PA1  d. generating a signal indicative of that predetermined extent of said
      field of view inclusive of the line optical path extending from said given
      location to said indicium.
NUM  7.
PAR  7. The method claimed in claim 6 wherein said step (b) is practiced to
      provide said distinct extents in a preselected succession, said method
      including the further step of encoding said distinct extents in a manner
      identifying the order of each thereof in said succession.
NUM  8.
PAR  8. A method for generating signals for use in determining the positional
      coordinates of a given location having unknown positional coordinates,
      comprising the steps of:
PA1  a. disposing first and second discernible indicia in respective first and
      second locations having known positional coordinates;
PA1  b. establishing a lens field of view extending from said given location to
      said indicia;
PA1  c. subdividing said lens field of view into first extents successive along
      one positional coordinate axis and into second extents successive along a
      second positional coordinate axis; and
PA1  d. generating first signals indicative of the order in such succession of
      said first field of view extents of the extents thereof inclusive of the
      line optical paths extending respectively from said given location to said
      first and second indicia and a second signal indicative of the order in
      such succession of said second field of view extents of the extents
      thereof inclusive of the line optical paths extending respectively from
      said given location to said first and second indicia.
NUM  9.
PAR  9. The method claimed in claim 8 wherein said step (d) is practiced in part
      by making a photographic record from said given location indicative of
      said field of view extents and said indicia.
NUM  10.
PAR  10. The method claimed in claim 8 wherein said step (c) is practiced by
      disposing in said lens field of view a plurality of intersecting lateral
      and longitudinal elements opaque to light energy and disposed in a common
      plane, each said cell being defined by an adjacent pair of said lateral
      elements and an adjacent pair of said longitudinal elements.
NUM  11.
PAR  11. The method claimed in claim 10 wherein said step (a) is practiced by
      disposing in said first and second locations light sources generating
      therefrom a beam of light energy defining said indicia.
NUM  12.
PAR  12. The method claimed in claim 8 wherein said step (c) is practiced by
      generating a plurality of intersecting lateral and longitudinal beams of
      light energy.
NUM  13.
PAR  13. The method claimed in claim 12 wherein said step (a) is practiced by
      disposing in said first and second locations light sources generating
      therefrom further beams of light energy defining said indicia, said beams
      of light energy generated in practice of said step (c) being issued from
      an issuance location spaced from said first and second locations.
NUM  14.
PAR  14. Reticle structure for use in examining an object comprising:
PA1  a. means for defining a succession of contiguous separately discernible
      cells, each cell defining a predetermined distinct extent of a field of
      view extending through said reticle structure, said cells collectively
      defining said field of view extending through said reticle structure;
PA1  b. means for encoding said succession of cells for identifying the order of
      cells in said succession, said encoding means comprising discernible
      members individually disposed in preselected first of said cells, the
      remainder of said cells comprising second cells, the number of said
      discernible members being less than the total number of said first and
      second cells in said succession;
PA1  c. means for defining a discernible indicium; and
PA1  d. means for spacedly positioning said means (c) and said means (a) in said
      field of view.
NUM  15.
PAR  15. The reticle structure claimed in claim 14 wherein the total number of
      said first and second cells is P and wherein each subsuccession of N of
      said cells has a distinct sequence of said first and second cells, the
      relationship between P and N being established by the formula:
EQU  2.sup.N - 1 = P.
NUM  16.
PAR  16. The reticle structure claimed in claim 14 wherein the sequence of said
      first and second cells in said cell succession is a binary sequence.
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ABST
PAL  A direction sensing device for a punched tape which is capable of movement
      linearly through an optical reading apparatus. The device is of a
      simplified design that is easily incorporated with the optical reading
      apparatus. The basic structure includes means for dividing the light
      projected from the light source, and a pair of photosensitive members that
      are activated in sequence thereby determining the direction of movement of
      the tape.
BSUM
PAR  It is an object of the present invention to provide a direction sensing
      device for a perforated code carrier tape for use with an optical reading
      apparatus which does not contain movable parts and is simple and
      inexpensive to manufacture.
PAR  It is a further object of the present invention to provide a direction
      sensing device of an optical type which can be mounted in an existing
      reading head.
PAR  Another object of the present invention is to provide a reader head housing
      having a split channel, each part thereof being provided with a separate
      photosensitive member. The light beams are divided in the split channel in
      a manner to indicate the direction of movement of the perforated code
      carrier tape.
DRWD
PAR  The invention will now be more fully described with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a front elevational view of the optical reading device for a
      perforated code carrier tape having a direction sensing means constructed
      in accordance with the teachings of my invention.
PAR  FIG. 2 is a top plan view of the device shown in FIG. 1 partly in section
PAR  FIG. 3 is a bottom plan view of the device shown in FIG. 1.
PAR  FIG. 4 is a detail of construction shown on an enlarged scale and
PAR  FIG. 5 is another detail of construction shown on an enlarged scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As seen in FIG. 1, the reading head is referred to generally by the numeral
      10 and comprises a block-like housing 11. Positioned on the top of the
      housing 11 is a cantilever arm 12, the free end of which mounts a socket
      13 for supporting the light emitting diode 14. A conductor 15 supplies
      current to the diode 14 from a power supply (not shown). As illustrated in
      FIGS. 1-3 the reading head 10 may be secured to the support 17 of a
      punched tape reader (not shown) by means of attachment flanges 16.
PAR  It should be noted that the reading head 10 may be utilized to read the
      punched tape 18 shown in FIGS. 1, 4 and 5. The tape 18 is illustrated in
      cross-section in FIG. 4 but in longitudinal section in FIG. 5. Referring
      to FIG. 4, the punched tape 18 moves over the translucent plate 19
      fabricated, for example, of glass or plastic. Positioned under plate 19 is
      a perforated plate 20 having holes 21 which correspond to the code
      carrying holes 22 of the punched tape 18. The plate 20 is further provided
      with holes 23 that correspond to the guide holes 24 in the punched tape
      18. Phototransistors 25 and 26 sense the light passing from the light
      emitting diode 14 through the holes in the punched tape 18 and the
      perforated plate 20. The light further passes to the photosensitive
      members, such as phototransistors 25, which correspond to the holes 22
      punched in the tape 18. As seen in FIG. 3, the housing 11 is provided with
      two pairs of phototransistors that correspond to the guide holes 24 in the
      punched tape 18. One pair of phototransistors is denoted by the reference
      numerals 26 and 27 while the other pair of phototransistors is referred to
      by the reference numerals 28 and 29 respectively.
PAR  Referring to FIG. 2, the block-like housing 11 is shown comprising two
      substantially identical, complimentary parts 30 and 31. The part 30, is
      illustrated on an enlarged scale having grooves 32 for housing the
      phototransistors 25 and grooves 33 which seat the pairs of
      phototransistors 26, 27 and 28, 29 respectively. The two parts 30 and 31,
      when joined together as seen in FIG. 2, form a structure in which the
      opposed complimentary grooves 32 and 33 became channels through which the
      light beams emanating from the light emitting diode 14 project toward the
      phototransistors. As seen in FIG. 4, the outer ends 34 of the channels
      housing the phototransistors 25 are so shaped that the phototransistor
      elements may be easily secured in the channels.
PAR  As seen in FIG. 5, the outer ends of the grooves 33 are angularly shaped
      whereby a holder 36 is inserted therein. The holder 36 engages and
      supports a pair of photosensitive members such as phototransistors 26 and
      27 respectively.
PAR  A study of FIGS. 4 and 5 will reveal that the grooves 33 are provided with
      partitions 37 and 38. The latter may be provided with flanges or other
      suitable attachment means (not shown) for securement to the grooves 33. As
      seen in FIG. 5, when the complementary parts 30 and 31 are secured
      together the grooves 33 and a centrally located partition 38 will form two
      separate channels 39 and 40 respectively. The grooves 33 are considerably
      reduced in size adjacent to the position of the punched tape 18 and form
      narrow channels 41 and 42. As will be observed from FIG. 5, the channels
      41 and 42 are directly under and communicate with the hole 23 in the
      perforated plate 20. Moreover, the size of the hole 23 corresponds
      generally to the size of guide hole 24 in the punched tape 18. The upper
      end of the partition 38 is provided with a tab 43 which projects into hole
      23 and divides the hole into two similar portions.
PAR  Referring to FIG. 5 it will be noted that the punched tape 18 is capable of
      movement in two directions in accordance with the double arrow 44.
PAR  Assuming that the tape 18 moves from right to left in FIG. 5, the following
      will occur: If there is no guide hole 24 located above the hole 23 in the
      plate 20 no light will reach the phototransistors 26 and 27. Thereafter,
      when the guide hole 24 approaches the hole 23, light from diode 14 will at
      first pass through the right hand half of the hole, through the channel 40
      underneath, and finally reach the phototransistor 26 which emits a
      corresponding signal to a circuit, for example a logic circuit. When the
      tape 18 moves a little further in the same direction light will also pass
      through the left hand half of the hole 23, the channel 30, and finally the
      phototransistor 27 which also emits a corresponding signal to a logic
      circuit. The continued movement of the punched tape 18 will at first block
      light from falling on phototransistor 26 and finally block light from
      reaching the phototransistor 27. If the signals emitted from the
      phototransistors are denoted by M (dark) and L (light) the following
      signal diagram will be obtained when the punched tape 18 moves from right
      to left in FIG. 5:
TBL             Phototransistor                                                
                27      26                                                     
                 M       M                                                     
                 M       L                                                     
                 L       L                                                     
                 L       M                                                     
                 M       M                                                     
PAR  When the punched tape 18 moves in the opposite direction, i.e. from left to
      right the following signal diagram will be in effect occurs:
TBL             Phototransistor                                                
                27      26                                                     
                 M       M                                                     
                 L       M                                                     
                 L       L                                                     
                 M       M                                                     
                 M       M                                                     
PAR  The signals which are detected by the phototransistors are evaluated in a
      known manner by an evaluating device having logic circuits.
PAR  As seen in the drawings, the light emitting diode 14 is located at a
      considerable distance from the punched tape 18. Moreover, the
      phototransistors 25-29 are situated at a much greater distance from the
      punched tape 18, being preferably double the distance of the diode to the
      punched tape 18. As a result of the foregoing construction and arrangement
      a large contrast is obtained, i.e., a large difference between light
      intensities corresponding to light and dark respectively detected by the
      phototransistors. This happens since the light from the diode 14 passes
      through an aligned perforation or hole in the punched tape 18 and
      continues straight downwardly, whereas if no hole is present in the
      punched tape, the lighted paper surface will generally function as an
      omnidirectional radiating light source. Accordingly, the light spreads so
      much that only a negligable part will reach the photosensitive members.
      This desirable effect is further enhanced by the small range of the light
      source which emits diverging radiation only. If the intensity of the light
      source 14 is great then the photosensitive members may be disposed remote
      from the code carrier tape 18. In this manner fewer light rays from the
      omnidirectional radiating surface can fall on the photosensitive members.
PAR  FIG. 5 shows a detail of construction of the present device comprising
      stepped indentations in the form of consecutive inclined surfaces 45. It
      will be noted that the inclination of the surfaces is such that the
      reflected light from the interior walls are prevented from reaching the
      phototransistors.
PAR  The punched tape 18 may be rotated 180.degree.. The direction of tape
      movement can be sensed by the present device even if the punched tape is
      not symmetrical, for example if the tape has only one row of guide holes
      24, since the device has two pairs of symmetrically disposed
      phototransistors, i.e. 26, 27 and 28, 29 with associated partitions or
      light dividing means.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for sensing the direction of movement of a perforated code
      carrier tape comprising a light source positioned on one side of said
      tape, at least one elongated enclosed channel, a longitudinally extending
      partition dividing said channel into two longitudinal sections, at least
      one pair of photosensitive members located at the other side of said tape
      and at a distance therefrom at one end of said channel, one photosensitive
      member of said pair being located in one longitudinal section while the
      other photosensitive member is located in the other longitudinal section,
      means upon movement of said tape in a predetermined direction for dividing
      the light emitted from said light source and passing the light through one
      part of a hole in said code carrier tape and through one of said divided
      longitudinal sections of said channel for directing said light to one of
      said pair of photosensitive members, said light passing through another
      part of said hole and through the other divided longitudinal section of
      said channel for directing said light to the other photosensitive member
      upon the continued movement of the tape in said predetermined direction,
      the end of said channel adjacent to said code carrier tape being provided
      with an opening of reduced dimensions, the size of which corresponds to
      the size of the hole in said code carrier tape, said partition having a
      tab projecting into said opening which is integral with said partition to
      thereby divide said opening into two portions of substantially the same
      size.
NUM  2.
PAR  2. The device as claimed in claim 1 further comprising a housing which is
      constituted of two complementary parts, each of said parts having grooves
      which form elongated channels when said parts are joined together.
NUM  3.
PAR  3. The device as claimed in claim 1 wherein said photosensitive members are
      located approximately double the distance to said code carrier tape as the
      distance from said light source to said tape.
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ABST
PAL  A turboset located in an engine room containing a helium atmosphere under
      overpressure includes a generator cooled by helium which is introduced
      therein through openings formed in the generator housing and flows through
      a connecting line to a location of the helium circulatory loop that has a
      gas pressure lower than the internal gas pressure of the chamber.
BSUM
PAR  The invention relates to a turboset which includes a helium turbine and a
      helium-cooled generator.
PAR  For utilizing heat from nuclear reactors, it has been known heretofore to
      employ turbines operating with helium in a closed circulatory loop. The
      rare or noble gas, helium, is thus compressed in the compressor of the gas
      turbine to about 60 bar and subsequently decompressed in the helium
      circulatory loop to about 20 bar.
PAR  Because of the relatively small size of helium molecules, sealing problems
      are particularly difficult to resolve in such helium circulatory loops.
      The demand for optimum tightness of flange connections generally
      necessitates additional lip welding, which must be opened up whenever the
      turbine requires inspection.
PAR  Independently of this, it is an object of the invention to provide a
      turboset wherein sealing problems have been eliminated. The helium turbine
      of the invention is disposed in a closed room which is filled with a
      helium atmosphere. Leaks at isolated locations of the turbine can be
      tolerated, since there is accordingly no danger of intermixing helium with
      air.
PAR  It is another object of the invention to provide the turbine, which is
      mounted in a closed room containing a helium atmosphere, with a generator
      that is coupled with the turbine and is of such construction that no
      sealing problems are associated therewith, and troublefree cooling of the
      generator is assured.
PAR  With the foregoing and other objects in view, there is provided, in
      accordance with the invention, turboset comprising an engine room filled
      with helium, a helium turbine mounted in the engine room, and a generator
      connected to the helium turbine in the engine room, the generator having
      means defining at least one opening exposing the interior thereof to the
      helium in the engine room so as to be cooled thereby, and means connecting
      the interior of the generator to a location in a circulatory loop of
      helium whereat the helium pressure is lower than the helium pressure in
      the engine room.
PAR  In accordance with another feature of the invention, the generator has a
      generator shaft, and the means defining at least one opening exposing the
      interior of the generator to the helium in the engine room comprises an
      annular chamber surrounding the generator shaft.
PAR  In accordance with a further feature of the invention, the helium in the
      engine room wherein the turbine is mounted is at overpressure.
PAR  In accordance with an additional feature of the invention, the pressure of
      the helium in the machine room corresponds substantially to the highest
      pressure prevailing in the circulatory loop of helium.
PAR  In accordance with an added feature of the invention, the helium
      circulatory loop includes the helium turbine, the generator being
      connected by the connecting means to the helium circulatory loop of the
      helium turbine.
PAR  In accordance with yet another feature of the invention, there are provided
      means affording communication between the interior of the helium turbine
      and the engine room for maintaining the pressure in the engine room.
PAR  In accordance with a concomitant feature of the invention, the generator
      comprises a stator and a rotor spaced from and rotatable relative to one
      another, and annular channel means communicating with the space between
      the stator and the rotor, the means connecting the interior of the
      generator to the location in the helium circulatory loop being connected
      to the space between the stator and the rotor.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as embodied in
      tuboset including a helium turbine and a helium-cooled generator, it is
      nevertheless not intended to be limited to the details shown, since
      various modifications and structural changes may be made therein without
      departing from the spirit of the invention and within the scope and range
      of equivalents of the claims.
DRWD
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the single FIGURE of the drawing which is a
      diagrammatic elevational view, partly in section, of the tuboset
      constructed in accordance with the invention.
DETD
PAR  Referring now to the drawing, there is shown therein the turboset of the
      invention which includes a helium turbine 2 and a generator 3 coupled
      therewith and suitably mounted in a machine or engine room 1 filled with a
      helium atmosphere. The generator 3 has openings 4 at the circumference of
      an end face of the generator, of which one can be seen in the drawing. The
      helium gas in the machine or engine room 1 flows into the generator 3
      through these openings, which are constructed as throttles, depending upon
      the pressure difference between the environment i.e. the atmosphere in the
      engine or machine room 1, and the interior of the generator 3, and
      additionally through optional annular spaces formed at the seals of the
      generator shaft. The helium is conducted through cooling gas channels 5
      which pass the helium initially through the stator 6 of the generator 3
      and then, through an annular channel 7, through the rotor 8 of the
      generator and a space 9 located between the rotor 8 and the stator 6 to
      another annular channel 10, and from the latter to a connecting line 11,
      which leads to a location of a helium circulatory loop wherein the
      pressure is lower than the pressure of the helium in the machine or engine
      room 1.
PAR  The supply and discharge system of the helium to the helium turbine 2 is
      shown diagrammatically at 12 in the drawing. In the event the helium
      circulatory loop 12 of the helium turbine 2 contains no radioactive or
      other impurities, a separate helium loop for the machine room 1 is
      unnecessary. An opening would then be provided, advantageously, in the
      housing of the helium turbine at a location thereof at which the
      compressed helium gas is present at as low a temperature as possible. In
      such a case, the overpressure in the machine or engine room 1 would
      correspond to the highest pressure in the helium circulatory loop 12 of
      the helium turbine 2. Such a construction has the advantage that the
      helium gas heated outside the machine or engine room 1, such as in a
      nuclear reactor, for example, exhibits within the helium turbine virtually
      no difference in pressure from that of the ambient helium atmosphere in
      the machine or engine room 1. The helium gas is subsequently decompressed
      in a conventional manner with the helium turbine 2 to a low pressure
      value, and is cooled in the process. With this construction, only the cold
      parts of the housing of the helium turbine 2 are required to withstand a
      pressure difference, a fact which has an advantageous effect on the
      construction or design of the helium turbine 2.
PAR  Upon flowing into the generator 3, the helium is decompressed therein from
      the relatively high pressure prevailing in the machine or engine room 1 to
      a relatively low pressure value. In the illustrated embodiment of the
      invention, the space between the stator 6 and the rotor 8 of the generator
      3 immediately precedes or is upstream of the connecting line 11, as seen
      in the direction of the helium flow within the generator 3, so that a
      relatively low gas pressure prevails in the space 9. This results in lower
      friction losses than in a cooling circulatory loop having a flow direction
      different from the one in the illustrated embodiment of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Turboset comprising an engine room filled with helium, a helium turbine
      mounted in said engine room, and a generator connected to said helium
      turbine in said engine room, said generator having means defining at least
      one opening exposing the interior thereof to the helium in said engine
      room so as to be cooled thereby, and means connecting the interior of said
      generator to a supply of helium outside said engine room having a helium
      pressure lower than the helium pressure in said engine room.
NUM  2.
PAR  2. Turboset according to claim 1 wherein said generator has a generator
      shaft, and said means defining at least one opening comprises an annular
      chamber surrounding said generator shaft.
NUM  3.
PAR  3. Turboset according to claim 1 wherein the helium in said engine room is
      at overpressure.
NUM  4.
PAR  4. Turboset according to claim 1 wherein the pressure of the helium in said
      engine room corresponds substantially to the highest pressure prevailing
      in the circulatory loop of helium.
NUM  5.
PAR  5. Turboset according to claim 1 wherein the helium circulatory loop
      includes the helium turbine, said generator being connected by said
      connecting means to the helium circulatory loop of the helium turbine.
NUM  6.
PAR  6. Turboset according to claim 3 including means affording communication
      between the interior of said helium turbine and said engine room for
      maintaining the pressure in said engine room.
NUM  7.
PAR  7. Turboset according to claim 1 wherein said generator comprises a stator
      and a rotor spaced from and rotatable relative to one another, and annular
      channel means communicating with the space between said stator and said
      rotor, said means connecting the interior of said generator to said
      location in said helium circulatory loop being connected to said space
      between said stator and said rotor.
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ABST
PAL  A heat source heats air which rises in a duct having at least a one hundred
      meter vertical rise. Cold air enters the bottom of the duct through one or
      more horizontal passages containing vanes driven by moving air as a power
      source. The heat source may be a heat exchanger connected to an atomic
      reactor, a fossil fuel plant, a solar collector, or a geothermal heat
      supply. The heat exchanger may be located in the duct or in the one or
      more horizontal passages. In some applications, solar energy may directly
      heat the duct or a grid therein to cause an air flow.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The conversion of heat to mechanical energy for the generation of
      electricity or for any other purpose is a basis on which much of our
      technological society depends. This invention opens up new vistas for the
      use of waste heat, the use of low temperature heat, and the large scale
      conversion of any heat to power.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational view of a power generating system having a tower
      with horizontal passages leading to the bottom thereof according to my
      invention;
PAR  FIG. 2 is a vertical section through a fragment of the wall of the tower of
      FIG. 1;
PAR  FIG. 3 is an end view of a horizontal passage leading into the bottom of
      the tower of FIG. 1;
PAR  FIG. 4 is an end view of a modified passage similar to that shown in FIG.
      3;
PAR  FIG. 5 is a vertical section through a mountain mined out to provide a
      power system according to my invention;
PAR  FIGS. 6 and 7 are vertical sections through solar heated power systems;
PAR  FIGS. 8 and 9 are side views of solar heated power systems; and
PAR  FIG. 10 is a vertical section through a geothermally heated power system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIGS. 1 through 3, a vertical tower 20 contains a central duct
      and it rests on a cylindrical base 21. Horizontal passages 22 lead into
      base 21 to communicate with the central duct of tower 20. Each horizontal
      passage 22 contains an electric generator 23 mounted on struts 24 and 25.
      Generator 23 is directly driven by vanes 26 which are turned by moving
      air. An atomic reactor 27 generates heat, as waste heat or as its main
      production, which heat is pumped in a working fluid through pipe 28 to the
      inner coils 29 and returned through pipe 30 after heating air in the
      interior duct space of tower 20. As shown in FIG. 2, coils 29 are mounted
      on the insulation 31 which, in turn, is fixed to the support members 32
      which are structural. An outer shell or covering 33 forms the outer
      surface of tower 20.
PAR  This invention operates in the following manner. Heated fluid, which may be
      water under pressure, flows through coils 29 as it is circulated from
      reactor 27. Other working fluids may be used to provide higher
      temperatures. The coils 29 heat air within the interior duct space of
      tower 20 which rises to draw cold air into tower 20 through the horizontal
      passages 22. In the passages 22, the resulting air flow drives generators
      23 to provide power. Tower 20 should be at least one hundred meters high
      above base 21 to reach a useful range of efficiency.
PAR  As shown in FIG. 5, a mountain 30 is mined out to provide a vertical duct
      31 and a horizontal passage 32 leading to the bottom thereof. Pipes 33 and
      34 conduct a hot working fluid to and from coil 35 to heat air thereby. A
      wind driven generator 36 is positioned in passage 32. In many locations, a
      vertical duct 31 may be constructed in a mountain which could have a
      vertical rise of one thousand meters or more. The vertical rise could be
      extended by placing a tower about the top of the duct. This large vertical
      rise will provide a very high wind velocity through the system with a
      resultant high power production even if the air therein is only heated 20
      or 30 .degree.C.
PAR  FIG. 4 shows a horizontal passage 22' which contains a ring 40 rotatably
      supported by the rollers 41. Ring 40 has a propeller 42 fixed therein so
      that wind will rotate the propeller 42 and thereby the ring 40. A roller
      43 contacts ring 40 to be driven thereby and rotate generator 44 by means
      of a pulley and belt transmission 45. Any suitable transmission may be
      used to enable ring 40 to drive generator 44.
PAR  FIG. 6 shows a tower 50 containing a vertical duct 51 and a horizontal
      passage 52. A tracking reflector 53 concentrates solar energy at a focus
      54 to heat a working fluid to a high temperature. This fluid is pumped to
      circulate through coils 55 to heat air to drive the wind powered generator
      56.
PAR  FIG. 7 is substantially the same as FIG. 6 except that air in duct 61 of
      tower 60 is heated by the circulation of a lower temperature working fluid
      through coil 65 and the direct black sun heated element 64 to drive the
      wind powered generator 66.
PAR  FIG. 8 shows a tower 70 having a vertical passage 71 connected thereto.
      Tower 70 is itself heated by the sun's rays that are directed to it by one
      or more reflectors 72. The heated tower 70 heats air therein to cause an
      air flow and drive a generator.
PAR  FIG. 9 shows a transparent tower 80 with a horizontal passage 81. A grid 82
      within tower 80 is heated by reflected light from solar collectors 83 to
      heat air within tower 80 and cause an air flow.
PAR  FIG. 10 shows a tower 90 containing duct 91 and horizontal passage 92
      containing wind generator 93. Coils 94 have a hot working fluid pumped
      through them by pump 95 from a deep well 96 which has the working fluid
      circulated through it to pick up geothermal heat. Where geothermal sources
      provide hot water or steam, these may be directly passed through coils 94.
PAR  While the generation of electricity has been described as the power output
      produced by the wind driven propellers of this power system, the
      propellers could be used to drive pumps to pump water to a higher
      elevation for a pumped water energy storage application. Although the duct
      has been described as being vertical, it may slope provided its vertical
      rise is at least one hundred meters. The air heating coils may be any
      suitable heat exchange devices which may be located in the duct, in one or
      more passages entering the duct, or in both the duct and passages. The
      vanes or propellers driven by moving air are preferably located in the
      passages where they can be of reasonable size and easily installed and
      maintained.
PAR  While this invention has been shown and described in the best forms known,
      it will nevertheless be understood that these are purely exemplary and
      that modifications may be made without departing from the spirit of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A power system comprising, in combination, a tower containing a single
      interior duct having a vertical rise of at least one hundred meters,
      passages leading to the bottom of the duct, insulation lining said duct,
      heating coils mounted on the inner side of said insulation, said heating
      coils heating air to rise in said duct and draw additional air in through
      said passages, an atomic reactor, a working fluid circulating between said
      atomic reactor and said heating coils, generators, and rotatably mounted
      vanes disposed in said passages driven by air passing through said duct
      and said passages, said vanes driving said generators providing power.
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ABST
PAL  A process and device for cutting an electrically conductive workpiece. The
      workpiece is moved relative to an endless circulating electrode while an
      electrical voltage is applied to the electrode and the workpiece
      sufficient to form an arc therebetween for melting the material of the
      workpiece, which melted material is then carried away by the circulating
      electrode. The electrode may also oscillate in the direction of relative
      movement and/or the electrical voltage may be interrupted at certain times
      such as when the electrode is operable to carry away the melted workpiece
      material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention concerns a process for separation and cutting to size of
      electrically conductive materials, primarily metals, for almost the whole
      processing industry.
PAR  The problem that is basic to it is the finding of the simplest possible
      universally applicable process and a corresponding device, to be able to
      cut if possible all electrically conductive materials with a solid
      aggregate state into arbitrary contours, independently of their hardness,
      to the narrowest possible cut width.
PAC  SUMMARY OF THE INVENTION
PAR  This problem is solved in terms of the present invention by a process
      whereby a sufficiently strong electrical voltage is applied to the
      material that is to be cut and to a circulating endless electrode, to
      produce an arc at the cutting place which will heat the material, whereby
      the material melted by the arc will be removed mechanically by the
      electrode.
PAR  The advantages that can be attained with this invention consist especially
      in that because of the high temperature in the arc and the supplementary
      frictionally removing action of the electrode, any known electrically
      conduting material may be cut by this process, and the cut width itself
      can be kept narrow, with very great cutting depths, so that practically
      any contour can be cut, even with a relatively small radius.
PAR  Other objects and advantages of the present invention will become apparent
      from the detailed description to follow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  There follows a detailed description of a preferred embodiment of the
      invention to be read together with the accompanying drawings in which:
PAR  FIG. 1 is a side elevational view of a device for cutting electrically
      conductive work pieces in accordance with the features of the present
      invention.
PAR  FIG. 1A is a diagram showing schematically a means for delivering current
      intermittently to electrode 14.
PAR  FIG. 2 is an enlarged cross-sectional view of a portion of FIG. 1, taken
      along line I--I of FIG. 1.
PAR  FIG. 3 is a greatly enlarged view of a portion of FIG. 1.
PAR  FIG. 4 is a cross-sectional view taken along line II--II of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, like elements are represented by like
      numerals throughout the several views.
PAR  A wire-shaped endless electrode 14 is guided over two rolls 10 and 12 which
      have parallel shafts and are disposed one above the other. Via the roll
      shafts and rolls 10 and 12, an electrical current from a welding
      transformer (not illustrated) is applied to electrode 14.
PAR  One of the rolls is driven by a motor 16.
PAR  By appropriate construction, here by the weight of roll 12 and motor 16
      that are suspended in a swing 18, the electrode is tensioned between rolls
      10 and 12.
PAR  FIG. 2 shows a cutout in one of rolls 10;12 in section, as an example of an
      embodiment that allows or effects intense cooling of the electrode by
      means of radial cooling bores 20.
PAR  The electrode leads through holes 22 in a bearing plate 24. Plate 24
      consists of electrically conductive material and is connected to the
      welding transformer ground. It constitutes the work table and is
      electrically insulated against frame 26 of the machine, among other things
      by means of a non-conductive layer 28. The rapidly circulating electrode
      14 -- it circulates at a speed of up to about 100 m/sec -- is precisely
      guided in its working area by two smaller guide rolls 30 and 32 just above
      and just below the work table, and moved oscillatingly in the horizontal
      direction, with a small amplitude of swing (in the order of magnitude 1
      mm) and at a frequency of about 1-50 cycles/sec against the direction of
      advance of workpiece 34. The oscillating movement is attained, as
      illustrated in FIGS. 3 and 4, by running rolls 30 and 32 respectively on
      eccentrically borne shafts 36, the two shafts being driven synchronously
      e.g. by synchro motors 38, with a selectable rpm.
PAR  With the same frequency as the oscillating movement of electrode 14, the
      electric voltage to line 14 is interrupted during the time of contact with
      workpiece 34, hence with reference to the cutting direction in the zone of
      the forward oscillation dead point. Control of the switching on and off of
      the voltage can be effected in a known way as a function of the angle of
      rotation of eccentrically borne shaft 36. FIG. 1A is a schematic
      representation of a means for switching on and off the current delivered
      to electrode 14. A line is shown therein for delivering current to a
      contact shown schematically at C which, in its position as shown, would
      not engage electrode 14, but which would then engage electrode 14 upon
      reciprocating movement of the electrode 14 to the left (i.e., using the
      term "left" as viewed in FIG. 1A) upon turning of the rollers 30 and 32
      about the axes shown therein at X.
PAR  Compressed air or another gaseous jet 42 is blown through a nozzle 40, at a
      high velocity, in the direction of travel along electrode 14 in such a way
      that gaseous jet 42 in the work zone of electrode 14 only impinges on the
      part thereof that is not in contact with workpiece 34.
PAR  For more convenient operation, the machine may be equipped with a foot
      switch that smoothly controls the current.
PAR  Frame 26 that supports rolls 10, 12, 30 and 32 is borne so that it is
      swingable in a sector of about 50.degree. at the level of work table 24,
      by means of a horizontal shaft 44, so that the direction of travel of
      electrode 14 can be varied in this sector with reference to work table 24.
PAR  The invention operates as follows. After electric motor 16 has accelerated
      drive roll 12 and electrode 14 and the other rolls 10, 30 and 32 to the
      rated speed, electrode 14 is impinged upon by the current of the welding
      transformer. Synchromotors 38 then start up, shifting electrode 14 in
      horizontal oscillation with an amplitude of about 1 mm via guide rolls 30
      and 32. At the same time, compressed air issues through nozzle 40 against
      the back of electrode 14. Now workpiece 34 which, lying on work table 24,
      is connected to ground of the transformer, is moved toward electrode 14.
      There is an arc in the course of the first contact, during which contact
      electrode 14 is bent by workpiece 34 so far that the contact does not end
      before the electric voltage is switched on again. If the arc has enough
      energy, it heats the contact place on workpiece 34 very rapidly to a
      slight depth, so strongly that the material at this place becomes soft,
      plastic or even liquid. With the next contact by electrode 14 as it
      periodically swings backward and forward, this soft, plastic or liquid
      material is removed by the mechanically rubbing electrode 14, and then as
      electrode 14 swings back after a new arcing which is the consequence of
      the conductivity of the ions previously produced at the cutting point and
      still present there, the next layers of the contact place are heated and
      again removed by the forward swinging electrode, whereby the cutting
      process progresses.
PAR  Because the current is interrupted during the phase of contact of electrode
      14 and the cut place of workpiece 34, a short circuit between electrode 14
      and workpiece 34 that would reduce efficiency is prevented.
PAR  The standing arc first directed between workpiece 34 and electrode 14, as
      soon as electrode 14 has cut deeper into workpiece 34, would circulate
      around electrode 14 because a plasma would develop between it and the
      workpiece 34 that surrounds it at the cut.
PAR  To prevent this and the loss of efficiency caused thereby, the gas ions
      produced, which alone allow development and maintenance of an arc because
      of their conductivity, are continuously blown away by the compressed air
      or gas jet 42 that passes along through the workpiece cut to electrode 14,
      so that the arc cannot circulate about electrode 14 but remains standing,
      directed between it and the cut place in question.
PAR  The swing of frame 26 about shaft 44 has the effect that the workpiece can
      be cut without subsequent treatment with a weld chamfer, and also profiles
      can be cut with bevel or weld chamfer.
PAR  In an experimental setup similar to that shown in FIG. 1, the work was done
      with a roll diameter of 875 mm and a smooth endless round steel wire as
      electrode. The wire diameter was 2.5 mm. The peripheral speed of the rolls
      and thereby the electrode velocity was 50 m/sec. Oscillation amplitude
      developed by the two guide rolls was 0.8 mm, while the frequency was about
      10 cycles/sec. The transformer, delivered a 220 amp current at 32 volts. A
      workpiece made of chromium-nickel-steel (9% nickel, 18% chromium) was cut,
      the piece being 11 mm thick. Cutting speed was ca 25 mm/sec. The workpiece
      showed no oxidation tinge at the cut edges. About 30 seconds after the
      cutting, it still had a temperature of 40.degree. C in the region of the
      cut edges. The cut edges were straight. Cut roughness was about 50 .mu..
      Straight and curved cuts were made, up to a minimum diameter of 4 mm.
PAR  As further experiments have shown, it is not absolutely necessary to effect
      intermittent and alternating heating by arc, with the use of eccentrically
      borne guide rolls and the described periodic switching off of current and
      mechanical removal of the softened material. The work can also be done
      with the voltage applied constantly between the workpiece and the
      electrode and with the electrode running regularly. In this case however
      the cutting efficiency is limited because of short circuit losses.
PAR  If no shaped contours but only straight cuts are to be produced, the
      electrode can be a steel strip similar to the strap on a band saw. In this
      case it is advantageous to jacket the rear part of the strip with
      insulation. By building the forward edge with sawtoothlike projections,
      but with bigger spacing than in an ordinary saw band, the above described
      oscillation of the electrode may be omitted, whereby advantageously during
      engagement of a projection in the workpiece the electrical voltage is
      interrupted.
PAR  Although the invention has been described in considerable detail with
      respect to a preferred embodiment thereof, it will be apparent that the
      invention is capable of numerous modifications and variations apparent to
      those skilled in the art without departing from the spirit and scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for cutting an electrically conductive workpiece, comprising
      the steps of:
PA1  establishing relative movement in a cutting direction between the workpiece
      and a circulating endless electrode,
PA1  and cyclically moving the electrode and the workpiece into and out of
      contact with each other at a cutting place on the workpiece, during at
      least a portion of each cycle applying between the electrode and the
      workpiece an electrical voltage strong enough to produce an arc
      therebetween which heats the workpiece to soften and melt the material
      thereof, and during a portion of said cycle as the workpiece and the
      element are moved into contact with each other, mechanically removing both
      softened and melted workpiece material by movement of the circulating
      electrode through the cutting place.
NUM  2.
PAR  2. A process according to claim 1, said cyclical movement including
      oscillating the circulating electrode in the cutting direction
      independently of its circulating movement.
NUM  3.
PAR  3. A process according to claim 2, including cutting off the said
      electrical voltage during those portions of the oscillating movement when
      the electrode is oscillated toward the workpiece.
NUM  4.
PAR  4. A process according to claim 1, including switching off the electrical
      voltage during certain times as the electrode removes the softened and
      molten material.
NUM  5.
PAR  5. A device for cutting an electrically conductive workpiece comprising:
PA1  an endless electrode and means for mounting the electrode for circulating
      movement,
PA1  means for mounting a workpiece for movement relative to the electrode in a
      cutting direction such that the electrode engages the workpiece at a
      cutting place,
PA1  means for cyclically moving the electrode and the workpiece into and out of
      contact with each other, means for applying during at least a portion of
      each cycle an electrical voltage between the electrode and the workpiece
      to produce an arc which heats the workpiece to soften and melt the
      material thereof,
PA1  said electrode being positioned relative to the cutting place of the
      workpiece to mechanically carry away both softened and melted workpiece
      material as it circulates through the cutting place, during a portion of
      the cyclic movement when the electrode and the workpiece are moving into
      contact with each other.
NUM  6.
PAR  6. A device according to claim 5, wherein the electrode is an endless wire
      closed on itself.
NUM  7.
PAR  7. A device according to claim 5, wherein the voltage source is a welding
      generator.
NUM  8.
PAR  8. A device according to claim 5, said means for cyclically moving the
      workpiece and the electrode into and out of contact with each other
      including a pair of rolls mounted on a frame, said electode passing over
      said rolls, and said frame being swingable about a horizontal axis
      parallel to the direction of relative movement between the workpiece and
      the electrode to change the angular settings of the electrode relative to
      the workpiece.
NUM  9.
PAR  9. A device according to claim 5, including means for directing a gaseous
      jet on the side of the electrode opposite from the side which engages the
      workpiece at the cutting place.
NUM  10.
PAR  10. A device according to claim 5, including means for varying the
      circulating speed of the electrode.
NUM  11.
PAR  11. A device according to claim 5, including a pair of rolls mounting said
      electrode, and wherein at least one of the rolls is provided with radial
      coolant channels immediately beneath the path of the electrode over that
      roll for cooling the electrode.
NUM  12.
PAR  12. A device according to claim 5, said electrode being connected to a
      voltage source through at least one of said rolls.
NUM  13.
PAR  13. A device according to claim 12, including means for switching off the
      electrical current during that phase of reciprocating movement of the
      electrode during which it removes molten material from the workpiece.
NUM  14.
PAR  14. A device according to claim 13, including a control device operable as
      a function of the phase of reciprocating movement of the electrode for
      switching the voltage off and on.
NUM  15.
PAR  15. A device according to claim 5, said means for cyclically moving the
      workpiece and the electrode into and out of contact with each other
      including means for periodically reciprocating the electrode independent
      of its circulating movement at the cutting place in the direction parallel
      to the direction of relative movement between the electrode and the
      workpiece.
NUM  16.
PAR  16. A device according to claim 15, including at least one eccentrically
      mounted out-of-round guide roll, said guide roll being movable against the
      electrode for providing said reciprocating movement.
NUM  17.
PAR  17. A device according to claim 5, wherein the electrode is a strip of
      steel.
NUM  18.
PAR  18. A device according to claim 17, wherein said strip includes
      sawtooth-like projections on the edge thereof facing the workpiece.
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ABST
PAL  Arc welding and overlaying, particularly with strip electrodes, and
      particularly for overlaying by the submerged arc welding process with
      strip electrodes, can be regulated as to the distribution of arc energy by
      using strip electrodes which are run through male and female gears so that
      the current input of the electrodes is adjusted as to uniformity across
      the width of the overlay path.
BSUM
PAC  DISCLOSURE OF THE INVENTION
PAR  In certain electric welding machines which perform arc welding or
      overlaying operations, the filler material is fed continuously at the
      surface to be welded or overlaid, in the form of a solid or cored strip
      which is unwound regularly from a roll and is pushed forward on an
      electric connection device, called a slide. The unwinding of this strip
      from the roll and its feeding through the slide jaws are performed by
      means of a pulling unit in which the strip passes through the bight of at
      least one pair of rolls, rotating in opposite directions, which unwind the
      strip by frictional force and oblige it to pass between the slide jaws.
      The latter must constantly grip the strip itself by a certain pressure so
      that the electric contact resistance between the strip faces and the
      continuous slide surfaces is reduced to a minimum.
PAR  In Newman et al., U.S. Pat. No. 2,848,593, granted Aug. 19, 1958, in column
      4, lines 6 to 9, the following statement is made:
PA1  " . . . feeding strip 30 of bent, in this case V, cross section, FIG. 4. In
      the latter exceptionally good electrical contact is provided between the
      moving strip and contactor 32 due to such bending action."
PAL  This invention is applied to a single electrode, and it depends upon
      distortion of such an electrode across its cross section.
PAR  There are some conspicuous troubles met with using strip electrodes. For
      one thing the pulling rolls on the strip are not absolutely constant, and
      consequently slippage between such rolls in the strip may take place
      causing irregularities in the way the strip is fed towards the melting
      zone. In the invention of Newman et al., this defect is only partially
      dealt with.
PAR  If the rolls having this grip are knurled, superficial irregularities are
      created on the strip, which hinder the electrode feeding between the slide
      jaws, and, moreover, increase wear and tear on the slide jaws.
PAR  On the other hand, the local contact pressure between the smooth faces of
      the flat strip and the corresponding surfaces of the slide jaws will, in
      fact, never be constant along the whole width of the strip and this,
      together with a number of other practically imponderable factors, such as
      the actual state of the strip and slide surfaces, cause extreme
      irregularity and variability of local values of electric contact
      resistance, which, as well known, is a particularly critical factor in
      view of the low voltage and high intensity current values met within
      electric welding and overlaying techniques.
PAR  From this irregularity and variability of local values of the electric
      contact resistance between the strip and the slide derives the formation,
      equally irregular and temporary, of temporarily preferential ways of
      electric current flow all along the strip, so that the arc which, because
      of its nature, is bound to range itself in line with such preferential
      ways, will cause an irregular consumption of the strip metal along the
      line of attack of the welding face, which face will, therefore, show a
      curved profile, derived from its irregular erosion. These irregularities
      have an effect on the quality and appearance of welding or overlaying
      carried out in this way.
PAR  All the above mentioned difficulties can be ascribed to the natural flat
      shape of the welding electrode or to its V-shape, so that until now, the
      only way to reduce or eliminate these difficulties seems to be to restrict
      the width of the strip or control the width-thickness ratio of the strip
      itself. In fact the maximum practical width allowed heretofore for the
      strip electrode was around 50-60 mm.
PAR  The present invention is based on a more thorough investigation of the
      reasons which cause the above mentioned difficulties and the consequent
      necessity of limiting the width of the welding strip. As a matter of fact
      the difficulty of reconciling a regular introduction of the strip between
      the slide jaws with the maintenance of an adequate effort of the jaws
      themselves exerting pressure against the surfaces of the strip, depends
      not so much on the width and thickness of the strip, or their ratio, but
      on the rigidity of the strip particularly in plan, that is the modulus of
      transverse rigidity of the strip and therefore ultimately on the geometric
      moment of inertia of its cross section which, as is known, does not depend
      only on the width and thickness of the strip, but also and more especially
      on the geometrical configuration of its cross section.
PAR  More particularly, any undulated configuration impressed longitudinally on
      the flat strip will result in an increase of the modulus of rigidity
      compared to the correspondingly flat strip.
PAR  Starting from this fundmental consideration, the present invention has
      developed a process for electrical arc welding and overlaying,
      particularly submerged arc in a fluxing agent or flux, according to which
      a flat strip of filler material, that is regularly fed by a suitable
      source, like a coil, toward the surface of the object on which arc welding
      or overlaying is being performed, passing through the vise of a slide
      which feeds the electrical welding current to the arc, is subjected to
      mechanical treatment, which deforms the strip permanently before it passes
      through the slide jaws, according to a configuration of deformation which
      causes an increase in the modulus of transverse rigidity of the strip
      deformed in this way in respect to the corresponding modulus of the
      original flat strip.
PAR  In one of the preferred forms of the invention, a strip deformed in this
      way shows a regular set of initiated undulated which occur in the
      direction of the length of the strip itself.
PAR  When there is a pulling unit which holds the strip and unwinds it from a
      roll, pushing it between the slide jaws at a rate of progression regulated
      in accordance with the necessities of the welding or overlaying that has
      to be performed, the formation of undulated on the strip can be effected
      in this unit, in concomitance with the pulling exerted by the unit itself
      on the strip.
PAR  If the pulling unit includes a pair of pulling rolls, rotating in opposite
      directions which hold the strip tight in their bight, thereby pulling it
      by frictional force from the rolls, forcing it at the same time to advance
      through the vise of the slide jaws, the periphery of these rolls can be
      shaped in such a way as to mould the metal strip, while being pulled by
      the rolls themselves, according to a desired undulated profile.
PAR  In particular, each of the pulling rolls may show peripherically a
      respective series of annular projections, axially interspaced between
      themselves, with the projections of one series axially joggled with
      respect to another series, as well as radially interspersed with the
      latter for a certain depth of interspersion, so that the flat metal strip
      is gripped and forced to pass on these interspersed projections which thus
      deform the strip according to a series of longitudinal undulated, which
      depend on the number, position and profile, as well as the depth of
      interspersion of the projections themselves.
PAR  From the use of a strip shaped according to the process of the present
      invention, numerous and unexpected advantages are derived. First of all,
      the back of projections of the pulling rolls holds the strip along the
      lines which correspond to the bottom of the undulation cove of the strip,
      while the slide jaws hold the strip itself along lines which are exactly
      opposite to the previous ones, inasmuch as they correspond to the top or
      crest of said coves. Consequently, the zones of the strip faces which come
      into contact with the rubbing surfaces of the slide, differ from those
      previously held by the projections of the pulling rolls, and therefore,
      the back of such projections may be knurled or otherwise wrought in such a
      way as to improve the grip of the pulling rolls on the strip, as the parts
      of the strip possibly spoiled by such knurling will not come into contact
      with the slide, and therefore, the latter will not be subject to the
      excessive wear and tear because of its friction against irregular surfaces
      of the strip.
PAR  The undulated or cross-ribbed or templated strip welding processes
      according to the invention, besides improving considerably the rigidity of
      the strip and consequently its feeding regularity and linearity, have also
      brought considerable and unexpected improvements in the electric behaviour
      of the strip. In fact, an undulated or cross-ribbed strip remains as
      flexible as a flat strip in respect to flexion parallel with its
      undulation or cross-ribs, and this allows an elastic fitting between the
      strip and the slide jaws, which improves the contact, and even more, when
      required by special welding techniques, would also enable, with convenient
      adaptation of the slide, welds and overlays on a curved surface to be
      performed.
PAR  Moreover, an undulated or cross-ribbed strip also has, with respect to a
      flat strip, a certain pliancy perpendicularly to the plan of the strip
      itself. Therefore, although still starting from a smooth strip, by
      increasing the grip pressure between the slide jaws and the opposite strip
      faces, a decisive and stable electric contact will be established between
      the electrodes connected with said jaws and the strip, in correspondence
      with the crests and backs of the undulated of the strip itself.
      Consequently, the flow of the electric current through the strip remains
      well defined and stable in time, so that distribution of the welding
      current across the strip is more uniform in a single strip and
      correspondingly in multiple strips, and strip fusion will be more uniform.
PAR  Wear and tear of slide due to friction of the strip against the jaws of the
      slide itself, does not occur casually but, in the slide jaws some wear
      grooves tend to form in correspondence with the jaw zones over which the
      crests of the cross-ribs constantly rub, so that in time, such wear can
      even improve electrical conductivity of contact between the slide and the
      strip. In this respect it would also be possible to predispose, purposely,
      some grooves or furrows in the slide, in correspondence with the crest of
      the strip cross-ribs.
PAR  In a device for carrying out the process of the invention, the slide could
      be furnished with a fixed jaw and one or more movable jaws set up on a
      ball-and-socket joint, with an adjustable pressure spring.
DRWD
PAR  These and other characteristics of the invention, and advantages derived
      therefrom, will be evident from the following description of one of the
      perferred embodiments, executed as a non-limitative example, by reference
      to the attached drawing in which:
PAR  FIG. 1 is a front view with parts broken away of a continuous automatic arc
      welding device, with strip shaped electrode of filler material, undulated
      according to the process of the invention.
PAR  FIG. 2 is an upright side view in vertical section.
PAR  FIG. 3 is a close-up view illustrating on a different scale and with
      interruption of the parts, a detail of the pulling unit with cross-ribbed
      undulating rolls for the undulation of the strip which constitutes the
      filler metal electrode in the device of FIGS. 1 and 2.
PAR  FIG. 4 is another close-up view illustrating a detail of the slide spring
      vise, adjustable and articulated, which grips the undulated strip in the
      welding or overlaying device illustrated in the previous figures.
DETD
PAR  In an electric welding machine 1, operating according to the process of the
      invention, the welding filler material is fed in continuation at bench 2,
      on which is laid out the piece to be welded or overlaid, in the form of a
      strip 3, which is unwound regularly from a roll 4 and is pushed forward
      along a guide groove 5, 6 up to vises 7 and 8 of a pliers electrode 9 or
      so-called slide.
PAR  Unwinding of strip 3 from roll 4 and its feeding through the jaws 7 and 8
      of pliers 9 is carried out by means of a pulling unit 10, in which the
      strip is passed through the bight of a pair of rolls 11 and 12 rotating in
      opposite directions, which unwind the strip by frictional force and force
      the same to pass between the jaws of the pliers. The reel 104 supports the
      roll 4 and turns on pivots 204 revolving in upper parts 119 of the machine
      framework 19.
PAR  Owing to a principal peculiarity of the invention the periphery of the
      pulling rolls 11 and 12 is shaped in such a way that the strip 3, while
      being dragged by the rolls themselves, is also templated longitudinally by
      the same, according to the undulated or cross-ribbed profile desired.
PAR  In the embodiment illustrated as an example, each pulling roll 11 and 12
      shows peripherally a particular series of annular projections 111, 112,
      axially inter-spaced between one another with the projections of a series
      axially joggled in respect to those of the other series, as well as
      radially interspersed with the latter for a certain depth of
      interspersion. In this way, the flat metal strip 3 will be gripped and
      forced to pass through these interspersed projections 111 and 112, which
      will thus deform the strip itself with a longitudinal series of undulated
      103, which depend on the number, on the setting and on the profile as well
      as on the depth of the interspersion of the projections themselves.
PAR  As is clearly shown by the drawings, the back of the projections 111 and
      112 of pulling rolls 11 and 12, holds strip 3 along the lines which
      correspond with the concave side or groove of each undulation 103 of the
      strip 3, while the slide 9 and jaws 7 and 8, hold the strip itself along
      lines which are exactly opposite to the previous ones, inasmuch as they
      correspond to the top, or crest, of the undulated 103. It follows that
      those zones of the strip faces, which come into contact with the dragging
      surfaces of jaws 7 and 8 of slide 9, differ from those which were held by
      projections 111 and 112 of pulling rolls 11 and 12, and therefore the
      bottom of these projections can be knurled or otherwise wrought in such a
      way as to improve the grip on strip 3 of pulling rolls 11 and 12 of strip
      undulated 103 which will be dragged against the slide jaws on the concave
      side possibly spoiled by such knurling and therefore there will be no
      undue wear and tear of the slide, even if its holding pressure on the
      strip is unusually accentuated.
PAR  In carrying out the process as illustrated by an example of an automatic,
      continuous, electric arc welding or overlaying device, jaw 8 of slide 9 is
      directly fixed to the body of guide 6 of strip 3, while jaw 7 is joined to
      the body itself by means of ball joint 13, working jointly with an elastic
      pressure set, adjustable at 14, which is preferably of the compressed
      helical spring type 114, where calibration of the spring enables the
      strength with which strip 3 is pressed between jaws 7 and 8 to be
      regulated.
PAR  Through the funnel shaped runners 15 and 16 also incorporated in the body
      6, the fluxing agent or flux is fed to the welding arc front attack
      between the pieces to be welded, placed on bench 2 and the head line of
      welding strip 3.
PAR  In order to regulate the depth of interpersing between the peripherical rib
      111 and 112 of the pair of pulling rolls 11 and 12, pivots 211 of roll 11
      are supported in blocks 17, which are radially guided, slipping to and
      from the axis of rotation of the other roll 12, in the machine framework
      19, controlled by adjustable blocking screws 18.
PAR  In practice the working movement or feeding motion is generally performed
      by bench 2 which, therefore, will form part of a movable structure with
      the trolley, which should be operated in a certain way in correlation with
      strip 3 feeding motion, the motion of which is obtained by controlling the
      operating means connected to the pulling units 11 and 12.
PAR  Regarding the opening of jaws 7 and 8 of slide 9, it is possible to envison
      any quick operating device for unblocking them, for example an eccentric
      releasing device.
PAR  Although as an example there has been described here an executive form of
      an electric arc welding or overlaying machine with flat, undulated or
      ribbed electrode, which carries out the process according to the
      invention, it is understood that the invention is not limited to it or by
      it, but it can be widely varied, from the point of view of practical
      realization, as well as applied for other purposes, even other than the
      specifically indicated purposes of arc welding or overlaying without, for
      this, excluding the wider range of protection of the informative
      conception of the invention itself, as heretofore stated and claimed. It
      will be evident that multiple strips can be used between the same presser
      rolls.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      secure by Letters Patent is:
NUM  1.
PAR  1. An electric welding or overlaying process by submerged arc which
      comprises unwinding filler material strip from a roll, feeding the strip
      between jaws of a vise which pulls the strip forward and supplies electric
      current, maintaining an arc between the strip and the work, submerging the
      arc beneath a flux and continuously deforming the strip laterally to
      produce undulations along the strip by rolls with knurled ribs in contact
      with the concave surfaces of the resulting undulations and by smooth rolls
      opposite the corresponding convex surfaces, so as to produce compulsory
      contact between the strip and the slide jaws and preferred electrical
      current paths between the strip and the work to provide smooth arcing
      across the strip.
NUM  2.
PAR  2. A device for arcwelding or overlaying, comprising means for supporting
      and feeding a coil of metallic filler strip to the device, means for
      pushing the strip between vises on the strip, means for maintaining an arc
      between the strip and the work, means for maintaining flux above the work
      and means for deforming the strip to produce undulations longitudinally
      over the strip by rolls having knurled ribs producing the concave surfaces
      of the undulations.
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ABST
PAL  Bulkwelding is disclosed in which a consummable electrically conductive
      electrode is fed to a weld zone, and electric current is caused to flow in
      the electrode thereby providing a magnetic field about the electrode,
      particles of magnetically responsive weld material are fed to the
      electrode which magnetically adhere to it, fluxing materials are fed to
      the weld zone, preferably in front and in back of the electrode and
      adhered weld particles, and the electrode with the particles of weld
      material magnetically adhered to it are fed through the flux to the weld
      zone where the electrode and particles are melted to form the weld. The
      rate of feeding the weld particles and the electrode are coordinated to
      provide any desired ratio of weld particles to electrode in the weld. Both
      methods and apparatus are disclosed.
PAL  The apparatus includes a feeder having a discharge nozzle made of a
      non-conductive material which includes passage means for the electrically
      conductive consummable electrode, containers for holding the fluxing
      material and the magnetically-responsive weld particles, passage means
      from the weld particle container for feeding them to the electrode while
      in the nozzle, and passage means for feeding flux to the weld zone about,
      and preferably in front and in back of, the electrode with the weld
      particles magnetically adhered to it. Means are provided for coordinating
      and varying the rate of feeding the weld particles with respect to the
      electrode for varying the ratio of weld particles to electrode and thus
      the composition of the weld. A number of other features are disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In prior submerged arc bulkwelding, for example as disclosed in my U.S.
      Pat. Nos. 3,076,888, 3,060,307, and 3,172,991, it has been necessary to
      feed the weld powder or particles into the weld zone on the work first,
      followed by the flux covering and the electrode. This requires sequential
      starts and stops in that in starting the powder feed must first be
      activated, then the travel started, then the flux feed activated and then
      the wire or electrode feed activated, and at the finish, the respective
      feeds and travel are deactivated in the reverse order. This results in
      inconvenience, and since the travel distance of the equipment because of
      the procedures is several inches longer, results in loss of time and
      materials and it requires skill in starting and stopping.
PAR  These difficulties are eliminated by the present invention wherein the
      electrically conductive, consummable electrode and flux are fed together
      as in an ordinary sub-arc operation but magnetically-responsive weld
      powder or particles are fed to the wire which magnetically adheres to it
      and are fed down through the flux into the weld zone. There is thus no
      need for sequential starts and stops and eliminates problems in connection
      therewith, and the whole welding operation operates from one start and
      stop switch.
PAR  The procedure of feeding materials into a weld zone by magnetic means is
      not new as fluxing material of some magnetic capacity has been fed in this
      manner. However, primary welding materials which are fully
      magnetically-responsive materials, such as iron powder, have not been fed
      in this way because the feeder nozzle jams and stops the flow of the
      powder or particles. The prior nozzles which are used were always metallic
      or had a metallic jacket. It was discovered that fluctuation in the
      current flowing in the electrode induced an electric current in the nozzle
      which set up a magnetic field around the nozzle which magnetically
      attracted the magnetically-responsive weld particles and caused this
      plugging and stoppage. The apparatus of the present invention by which
      methods of the present invention can be practiced includes a feeder having
      a nozzle which is formed of an electrically non-conducting material, such
      as a ceramic material, so that a magnetic field is not set up around and
      accordingly the nozzle does not magnetically attract the
      magnetically-responsive weld particles and clog, and the weld powder or
      particles magnetically adhere so tightly to the electrode that they are
      fed down through the flux into the weld zone, thus producing a viable and
      much more simplified welding procedure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to submerged arc bulkwelding in which an
      electrically conductive consummable electrode having
      magnetically-responsive particles of weld material magnetically adhered to
      it is fed down through flux into the weld zone thereby producing a viable
      and a simplified welding procedure avoiding sequential starting and
      stopping of the weld particle feed, travel of the weld feeder, flux feed
      activation and the wire or electrode feed activation.
PAR  It is therefore an object of the present invention to provide submerged arc
      bulkwelding in which a sequential starting of and stopping of feeding
      particles of weld material, travel, flux feeding and consummable electrode
      feed are eliminated along with their problems and the entire operation can
      start and stop simultaneously and from one start and stop switch.
PAR  A further object of the present invention is the provision of submerged arc
      bulkwelding in which an electrically conductive electrode is fed to a weld
      zone through which an electrical current flows thereby producing a
      magnetic field about the electrode, particles of magnetically-responsive
      weld material are fed to the electrode and thereby magnetically adhere to
      it, fluxing material is fed to the weld zone, and the electrode with the
      particles of such weld material magnetically adhere to it are fed to the
      weld zone through the fluxing material so that the particles of weld
      material are pulled down by the electrode through the flux into the weld
      zone where the consummable electrode and weld materials are melted to
      provide the bulkweld.
PAR  It is a further object of the present invention to provide such submerge
      arc bulkwelding in which the rate of feeding of the particles of
      magnetically-responsive material and electrode are coordinated and may be
      varied to provide metered varied amounts of them and thus a predetermined
      composition of the resulting weld or bulkweld.
PAR  A further object of the present invention is a provision of a method of
      submerged welding at a weld zone including causing an electrical current
      to flow in a consummable electrically conductive electrode thereby
      providing a magnetic field about the electrode, feeding particles of
      magnetically-responsive weld material to the electrode thereby
      magnetically adhering the particles of weld material to the electrode,
      feeding fluxing material to the weld zone, and feeding the electrode with
      the particles of weld materials magnetically adhered to it through the
      flux into the weld zone where the electrode and particles are melted to
      form a weld or bulkweld.
PAR  A further object of the present invention is the provision of such a
      process in which the rate of feeding the electrode and the weld particles
      is coordinated and may be varied to provide a bulkweld of predetermined
      composition of the particles and the electrode.
PAR  A further object of the present invention is the provision of a method of
      submerged arc bulkwelding in which an electrical current is caused to flow
      in a consummable electrically conductive electrode thereby providing a
      magnetic field about the electrode, particles of magnetically-responsive
      weld material are fed to the electrode and magnetically adhere to it,
      fluxing material is fed to the weld zone about the electrode, and the
      electrode with the particles of weld material magnetically adhered to it
      are fed through the flux to the weld zone thus pulling down the particles
      of weld material through the flux into the weld zone, submerged melting of
      the particles and electrode forming the bulkweld composition.
PAR  A further object of the present invention is a provision of a feeder for
      use in submerged arc welding in a weld zone which includes a discharge
      nozzle formed of non-conductive material, means for feeding an
      electrically conductive consummable electrode through the nozzle to the
      weld zone, means for feeding particles of magnetically-responsive weld
      material to the electrode within the nozzle, means for feeding fluxing
      material to the nozzle and about the electrode, and including means for
      causing an electric current to flow in the electrode thereby providing a
      magnetic field about the electrode so that the particles of
      magnetically-responsive weld material magnetically adhere to the electrode
      and are fed down through the fluxing material by the electrode as the
      electrode is fed to the weld zone.
PAR  A further object of the present invention is to provide such an apparatus
      which includes separate containers for the fluxing material and the
      particles of magnetically-responsive weld material with separate
      passageways from the containers into the nozzle for feeding the flux
      around the electrode and the weld particles to the electrode.
PAR  A further object of the present invention is a provision of such an
      apparatus for submerged arc bulkwelding which includes the containers and
      passageways as mentioned above and also includes means for adjustably
      coordinating the rate of feed of weld particles relative to the electrode
      so that the composition of the bulkweld formed of the melted particles and
      the electrode may be varied.
PAR  Other and further objects, features and advantages of the invention will
      appear from the Abstract of the Disclosure, the Background of the
      Invention, this Summary, the Brief Description of the Drawings, the
      Description of the Preferred Embodiments and the Claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view, in section, illustrating an apparatus
      according to the invention and useful in the method of the invention,
PAR  FIG. 2 is a fragmentary, enlarged elevational view, in section, of the
      discharge nozzle of the apparatus of FIG. 1,
PAR  FIG. 3 is a sectional view, taken along the line 3--3 of FIG. 1, and
PAR  FIG. 4 is a sectional view, taken along the line 4--4 of FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The method of the invention involves feeding a consummable electrically
      conductive electrode to a weld zone either for providing a coating or
      cladding on a base metal or for welding members together. Particles of
      magnetically-responsive weld material are fed to the electrode which, when
      an electric current flows in the electrode, provides a magentic field
      about the electrode and magnetically adheres the weld particles to it.
      Fluxing materials are fed to the weld zone about, and preferably in front
      of and behind, the electrode having the weld particles magnetically
      adhered to it so that as the electrode is fed to the weld zone, the
      particles of weld material magnetically adhered to the electrode are fed
      down by the electrode through the flux into the weld zone. There, the arc
      melts the electrode and the weld particles submerged in the flux to form a
      weld of the electrode and weld particles. If desired, the fluxing material
      may be predeposited.
PAR  Preferably, the volume and rate of feeding the particles and the electrode
      to the work zone are adjustably coordinated so that varying amounts of
      weld particles to electrode may be provided to the weld zone to provide a
      weld composition of the desired ratio of weld particles to electrode.
PAR  Preferably, the feeding of the electrode, particles of
      magnetically-responsive weld material and fluxing materials are all
      started and stopped simultaneously to avoid the problem in sequential
      starts and stops.
PAR  The particles of weld material should be sufficiently magnetically
      responsive so that under normal operating conditions they will
      magnetically adhere to the wire electrode sufficiently to be fed down
      through the flux by the electrode as the electrode is fed to the weld
      zone. Such particles of welding materials may be partially magnetic, such
      as ferrochromium or fully magnetic, such as iron or nickel powder.
PAR  The electrode can be any commercial welding wire which by definition must
      be electrically conductive and consummable, for example such as mild steel
      welding wire or alloy steel welding wire.
PAR  The fluxing materials may be any of the usual and common flux materials
      used in submerged arc welding. Any of the commercially-available fluxing
      materials are satisfactory.
PAR  Referring now to the drawings, a feeder according to the present invention
      is illustrated which may be used in practicing the method of the
      invention.
PAR  The form of the apparatus illustrated in the drawings, and with reference
      to FIG. 1, includes a supporting housing or body 10 which is here
      illustrated as formed of the separate bodies 11a, llb and 11c, which
      provide a plurality of compartments designated as A, B and C. Of course,
      if desired, a single body structure can be utilized and provided with any
      desired number of compartments. By releasably connecting several body
      members together, as later described, flexibility and ease in making
      adjustments, repairs and replacements are obtained.
PAR  It is noted that the three body assemblies 11a, 11b and 11c are
      substantially the same except that the electrode wire feeding means is
      incorporated in the body member 11b. Accordingly, to simplify the
      disclosure, unless indicated to the contrary, the components of the bodies
      11a, 11b and 11c are indicated by numerals only in the specification and
      in the drawings, the reference letters a, b and c are added to them for
      the purpose of designating in which body the component is located.
PAR  Each compartment contains means generally designated as 12 for separately
      feeding weld material and fluxing material to the discharge nozzle 13 as
      subsequently described in more detail. In the embodiment illustrated in
      the drawings, compartments A and C comprise means for feeding fluxing
      material to the nozzle 13 and compartment B includes means for feeding
      particles of magnetizable weld material to the nozzle 13.
PAR  The body member 11b also includes a wire electrode feeding means, generally
      designated by the reference numeral 14, for feeding a wire electrode E to
      the nozzle 13 and then to the welding zone or work W as later explained in
      detail. Each feeding means feeds its respective material in proportion to
      the feeding of the wire electrode to the weld zone or the work W by means
      of the electrode feeding means 14. Thus, predetermined and proportional
      amounts of various materials utilized in the welding process and fluxing
      material are simultaneously fed to and deposited on, adjacent or around
      the weld zone or work in a one-pass operation of the feeder.
PAR  As previously mentioned, the supporting housing 10, in the form
      illustrated, is generally made up of three separate housings 11a, 11b and
      11c each of which includes the bottom 16, and the side walls 18 and 20. At
      the top of each compartment A, B and C, is a hinged door 22 which closes
      these compartments and permits the upper portion of each of these
      compartments to be opened.
PAR  Disposed in the upper end of each compartment A, B and C is a hopper or
      container 24 into which particles of magnetic welding materials and
      fluxing materials are placed by opening the door 22 to that compartment.
      Thus, for example, in the arrangement illustrated, magnetic welding
      material is placed in the container 24b and fluxing material is placed in
      the containers 24a and 24c. As best illustrated in FIGS. 3 and 4, the
      hoppers or containers 24 are retained in their compartments by means of
      the screws 25 or by other suitable means.
PAR  Referring to FIG. 4, the lower walls 26 converge downwardly toward the
      opening 28 leading into the spout 30, which is in the form of a
      downwardly-extending substantially L-shaped tube through which the
      material in the hopper or container 24 moves to the area there below. A
      cup or collector 32 is welded or otherwise secured in the compartment
      under the spout 30 to collect any accumulation of the material.
PAR  As best seen in FIG. 1 a feed wheel 34 is provided for feeding the magnetic
      weld materials in measured and proportional amounts with respect to the
      electrode E from its cooperating hopper 24 into a flexible tube 36 and for
      feeding flux to the nonmagnetic nozzle 13.
PAR  Each of the feed wheels 34 are mounted on the axles or shafts 38 and are
      positioned below the respective hoppers or containers 24 and adjacent each
      of the corresponding spouts 30 (FIG. 4). The shafts or axles 38 are
      rotatably journaled by means of the antifriction assemblies generally
      designated by the reference numeral 40 on each of the side walls 18. While
      not shown, one end of each of the axles or shafts 38 are slotted and the
      other ends are provided with the projecting keys which interfit in the
      slots so that the shafts 38 rotate as a unit. Thus, each of the feed
      wheels 34 rotate simultaneously and the same amount.
PAR  As best seen in FIG. 4, each of the feed wheels 34 is provided with a
      plurality of recesses or pockets 46 formed in its periphery for feeding
      the magnetic welding material and fluxing material being fed by its
      cooperating hopper and spout as previously described. The recesses 46 are
      preferably inclined at an angle with respect to radius lines passing
      through the center of each feed wheel 34. The angle of inclination of the
      recesses or pockets 46 is such that when each wheel 34 rotates
      counterclockwise as viewed in FIG. 4, particles of magnetic welding
      materials and fluxing materials are picked up by the recesses 46 on the
      right portion of the wheel 34 and are carried over to the left portion of
      the wheel 34 and dumped into the flexible tube 36.
PAR  The size, depth and number of the pockets or recesses 46 are predetermined
      so that a predetermined quantity of material is metered to the flexible
      tube 36 for each revolution of the feed wheel 34. This is proportional to
      the amount of wire electrode fed to the work.
PAR  While not shown, each of the feed wheels 34 is removably disposed on its
      shaft 38. Thus, by simply placing the desired feeder wheel on the desired
      shaft and placing the desired material in the corresponding hopper or
      container 24, a predetermined and proportional quantity of particles of
      magnetic welding material and fluxing material are fed to the work area.
PAR  Preferably, each of the feeder tubes 36 is flexible, and is rigidly secured
      by the clamps 48 so that their upper ends extend up to and into the dish
      like members 32. Preferably, the upper ends of the tubes 36 are each
      provided with a slot or channel 50, as best seen in FIG. 4, and a gate 52
      is pivotly secured by the pivot pin 54 for closing off the material to the
      tubes 36, when desired. When the gate is open, however, as illustrated in
      FIG. 4, the material from the feeder wheel 34 is deposited into the upper
      ends of the flexible tubes 36 for deposition to the work area as later
      described.
PAR  Preferably, the pivot pin or pivot shaft 54 extends across each of the
      compartments A, B and C so that all the gates 52 are opened and closed
      simultaneously. These shafts are interconnected in the same manner as the
      shafts 38 or are otherwise releasably secured together so that rotation of
      the pivot shaft 54 causes rotation of all of the gates 54 of the various
      compartments assembled together.
PAR  For the purpose of opening and closing the gates, and giving an indication
      thereof, a knurled knob 56 is secured to the pivot shaft 54, as best seen
      in FIG. 3, which is provided with the pointer 58 which points to the marks
      60 and 62 on the outer portion of the body member 10 to give an indication
      as to whether or not the gates are in an open or closed position.
PAR  Referring again to FIG. 4, it is noted that the gate 52 shown in solid
      lines is in an open position, and shown in dotted lines in a closed
      position. In closed position it engages the lower wall of the cup or dish
      32 so that any material which is picked up by the pockets 46 in the
      metering feed wheels 34 is returned to the cup or dish 32 when the gate 52
      is closed. Thus, only predetermined metered amounts of material are
      deposited in the tube or conduit 36 and thus fed to the nozzle 13.
PAR  Referring now to the wire electrode feeding mechanism 14, and with
      particular reference to FIG. 3, this mechanism is located in the body
      portion, the parts of which are indicated by the reference letter b, and
      includes a generally cylindrical sleeve 64 which extends through the wall
      22b of the compartment B through a suitable opening and is welded or
      otherwise suitably secured thereto as shown. The sleeve 64 was a suitable
      axial bore through which the wire electrode E movably extends and passes.
      An annular flange 66 is provided on the cylindrical sleeve 64 externally
      of the wall 22b, which serves as a stop member for the internally threaded
      coupling member 68 which threadably receives the end of the support tube
      or pipe 70 as illustrated. The support tube or pipe 70 in normal use is
      connected to a semi-automatic welding machine, or an automatic welding
      machine, so that the entire apparatus is supported on the welding
      apparatus (not shown). The support tube or pipe 70, and in such event
      coupling member 68, may be omitted and not employed for supporting the
      feeder, and any other type of support may be used such as a handle which
      is grasped by the operator, or the apparatus may be supported by overhead
      suspension means, such as a cable and the like, not shown.
PAR  The internal end of the guide sleeve 64 is provided with a recess or
      counterbore 72 into which is secured by welding or other means a curved
      guide tube 74. The tube 74 generally curves about 90.degree.. The lower
      end thereof extends through the lower plate member 16b and is rigidly
      secured into the counterbored portion or enlarged passage 114 of the
      discharge nozzle 13.
PAR  The tube 74 serves to guide the wire electrode E and change its direction
      of movement from a generally horizontal one to a generally vertical one as
      it is fed to the nozzle 13 and then to the work W or weld zone to be
      welded or weld coated. The guide tube 74 has a plurality of openings 76
      adjacent its upper portion which are formed there through at intervals
      which receive the guide and bending wheels 78. Such wheels or rollers 78
      may be mounted in any suitable way, but preferably are mounted on the
      axles 80 which are threaded or otherwise suitably connected to the
      vertical frame member 20b.
PAR  In addition to the series of openings 76, the guide tube 74 has an enlarged
      opening 82 for receiving a contact drive wheel or roller which contacts
      the upper portion of the wire electrode E. An additional opening 86 is
      provided below the opening 82 which receives an adjustable contact wheel
      or roller 88 which engages the wire electrode E directly below the driving
      contact wheel 84 so that the wire electrode E is maintained in firm
      engagement with the driving wheel 84 so that rotation of the driving wheel
      in turn causes a corresponding movement of the wire electrode E.
PAR  The contract wheel or roller 88 preferably is adjustably mounted. To this
      end, it is mounted on a yoke 90 which is formed integrally with or
      otherwise suitably secured to the upper end of the shaft 92 which is
      mounted in engagement with but separate from a lower threaded adjusting
      rod 94 threadedly received in the nut or sleeve 96 welded or otherwise
      rigidly secured to the bottom member 18b. Thus, by rotation of the knurled
      knob 98 the upper end of the threaded shaft 94 is moved upwardly and
      downwardly, which in turn moves the shaft 92 and the contact wheel 88
      thereby adjusting the space between the driving roller 84 and the contact
      roller wheel 88. The upper shaft 92 is non-rotatably mounted through the
      nut 96 so that the contact wheel 88 remains in the position illustrated as
      it is moved upwardly and downwardly by movement of the threaded rod 94. A
      lock nut 100 is provided on the threaded shaft 94 for locking the shaft 94
      and therefore the contact roller 88 in the desired position.
PAR  The electric current for the wire electrode E is supplied through an
      electrical conductor 102 which is connected to the housing member 22b by
      any suitable means such as the clamp 104. The electrical circuit to the
      wire electrode E is completed by another electrical conductor 106 which is
      secured to the work W which is being welded. For the convenience of
      disclosure, details of the electric circuit to the wire electrode E from
      the conductor 102 have been omitted. Both of the conductors 102 and 106
      extend to the welding machine (not shown) which provides for the automatic
      or semi-automatic welding.
PAR  Referring now to the discharge nozzle 13, as best seen in FIGS. 1 and 2,
      the nozzle 13 is formed of a nonconductive or non-metallic material. These
      include materials consisting of mica, porcelain, glass, quartz and similar
      inorganic materials or combinations of materials such as silicone
      elastomer, mica, glass fiber, asbestos, and the like, with suitable
      bonding substances such as appropriate silicone resins or any insulating
      material of which the conductivity is, in practice, very small in order to
      avoid the creation of a magnetic field in the nozzle, other than the
      magnetic field of the electrode passing through the nozzle. Accordingly,
      the term "formed of a non-conductive material" as used herein includes all
      materials, which under the conditions of use will not have a magnetic
      field created around them or in the vicinity of them sufficient to cause
      clogging or jamming of the nozzle by magnetic particles due to the
      magnetic field created by the electric current in the electrode E while in
      the nozzle 13.
PAR  The nozzle 13 in the form illustrated is of a generally truncated cone
      configuration, and includes a central passage 114 into which the electrode
      guide 74 extends. A passage 116b is provided which communicates with the
      flexible tube 36b through which the magnetic weld particles are fed from
      the hopper or container 24b. In addition, a pair of additional
      passageways, 116a and 116c are provided which communicate with the
      flexible tubes 36a and 36c, respectively, for providing of particles of
      fluxing material from the containers or hoppers 24a and 24c, respectively,
      about, and preferably in front and behind, the electrode E with the weld
      particles 116 magnetically adhering to it as it leaves the nozzle 13.
      Thus, metered amounts of magnetic weld particles are fed from the
      container 24b to the electrode E in the passage 14 in the nozzle 13 where
      these particles magnetically adhere to the electrode E. Simultaneously,
      fluxing particles from the containers 24a and 24c are fed by the feeding
      mechanisms into the flexible tubes 36a and 36c to the passages 116a and
      116c, respectively, about the electrode E with the magnetic particles
      adhering to it into the weld zone and onto the work W where the magnetical
      particles and electrode are melted while submerged in the fluxing material
      to form the resulting bulkweld.
PAR  The feeder may include as many compartments as desired, and these may be
      releasably secured together or formed as a single unit.
PAR  In operation of this feeder, the desired magnetic welding particles are
      placed in the container 24b and fluxing materials are placed in the
      containers 24a and 24c, which are determined in advance. In addition, the
      desired electrode E is placed into the feeder as illustrated. The current
      and travel are then turned on, with the gates 52 open, and the feed wheels
      36 meter predetermined amounts of the magnetic welding particles and
      fluxing material to the nozzle 112, the fluxing materials being deposited
      in the weld zone on the work W and the magnetic weld particles being fed
      to the electrode E in the passage 114 where they magnetically adhere to
      the electrode E and are fed down with the electrode E through the flux to
      the weld zone and the work W. Thus, as the wire electrode E is fed to the
      work W at a predetermined rate, this drives the driving weld 84 which in
      turn drives the metering material feeding wheels 34a, b and c which causes
      a corresponding, simultaneous and proportioned amount of magnetic weld
      material and fluxing material to be fed to the electrode E and to the weld
      zone and work. Thus, a predetermined and proportionate amount of weld
      material and electrode are deposited, along with fluxing material, to the
      weld zone which forms the composition of the final bulkweld or overlay in
      closely controlled proportions or analysis. As previously mentioned, the
      feed wheels may be of different size, may have different size and numbers
      of pockets 46 for feeding different proportionate amounts of material to
      the work with respect to the electrode E so as to obtain a predetermined
      final analysis of the weld or overlay 118.
PAR  The above-described apparatus is in a number of respects similar to the
      feeder for welds described in my U.S. Pat. No. 3,172,991 to which
      reference is made for further mechanical details. If desired, however, an
      apparatus such as disclosed in my U.S. Pat. No. 3,060,307 may be conformed
      to and provided with a nozzle formed of electrically non-conductive
      material in which magnetically-responsive weld particles are fed to the
      consummable electrode. Also, the fluxing material container and feed to
      the weld zone can be separate from the feeder, if so desired. When using a
      single container, either combined with or separate from, the feeder, and
      it is desired to deposit the fluxing material in more than one place in
      the weld zone, for example in front of and behind the electrode (although
      the fluxing material may be deposited in one place about or ahead of the
      electrode), a Y-type or other suitable connection can be used.
PAR  Any of the types of semi-automatic and automatic welding equipment can
      control the rate of feeding of the wire electrode E, provide the
      electrical current in the wire electrode E, and travel of the apparatus.
PAR  The apparatus illustrated in the drawings and described and can be used in
      practicing the method of the invention by which magnetically-responsive
      weld particles are magnetically adhered to the electrode and are fed down
      through the fluxing material by the electrode as it is fed to the work in
      the weld zone.
PAR  The present invention, therefore, is well suited and adapted to attain the
      object and ends and has the advantages and different features mentioned as
      well as others inherent therein.
PAR  While presently preferred embodiments of the invention have been given for
      the purposes of disclosure, changes may be made which are within the
      spirit of the invention as defined by the scope appended claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of welding at a weld zone comprising,
PA1  causing an electrical current to flow in a consummable electrically
      conductive electrode thereby providing a magnetic field about the
      electrode,
PA1  feeding particles of magnetically-responsive weld material to the electrode
      thereby magnetically adhering the particles of weld material to the
      electrode,
PA1  feeding fluxing material to the weld zone, and
PA1  feeding the electrode with the particles of weld material magnetically
      adhered to it through a discharge nozzle formed of an electrically
      non-conductive material to the weld zone through the fluxing material
      thereby feeding the particles of weld material through the fluxing
      material into the weld zone.
NUM  2.
PAR  2. The method of claim 1 including,
PA1  coordinating the rate of feeding of the particles of
      magnetically-responsive weld material and the electrode whereby metered
      proportionate amounts thereof are fed to the work zone.
NUM  3.
PAR  3. The method of claim 1 where,
PA1  the feeding of the fluxing material to the weld zone is about the electrode
      with the weld particles magnetically adhered to it.
NUM  4.
PAR  4. The method of claim 1 including,
PA1  coordinating the rate of feeding of the particles of
      magnetically-responsive weld material and the electrode whereby metered
      proportionate amounts thereof are fed to the work zone, and
PA1  where the feeding of the fluxing material to the weld zone is behind and
      ahead of the electrode with the weld particles magnetically adhered to it.
NUM  5.
PAR  5. A feeder for use in welding in a weld zone including,
PA1  a discharge nozzle formed of an electrically non-conductive material,
PA1  means for feeding an electrically conductive consummable electrode through
      the nozzle to the weld zone,
PA1  means for feeding particles of magnetically-responsive weld material to the
      electrode,
PA1  means for feeding fluxing material to the weld zone, and
PA1  means for causing an electric current to flow in the electrode thereby
      providing a magnetic field about the electrode,
PA1  whereby the particles of magnetically-responsive weld materials fed to the
      electrode magnetically adhere to it and are pulled down by it through the
      fluxing material to the weld zone as the electrode is fed to the weld
      zone.
NUM  6.
PAR  6. The feeder of claim 5 including,
PA1  means coordinating the rate of feeding of the electrically conductive
      consummable electrode and the particles of magnetically-responsive weld
      materials whereby metered proportionate amounts of the electrode and the
      weld particles are fed to the work zone.
NUM  7.
PAR  7. A feeder for use in welding in a weld zone comprising, a body,
PA1  a fluxing material container carried by the body,
PA1  a container for magnetically-responsive weld particles carried by the body,
PA1  a discharge nozzle formed of an electrically non-conductive material,
PA1  means for feeding an electrically conductive consummable electrode through
      the nozzle to the weld zone,
PA1  passage means communicating with the container for magnetizable weld
      particles and with the last-mentioned means arranged to feed the
      magnetically-responsive weld particles to the electrode when in the
      nozzle,
PA1  passage means communicating with the fluxing material container and
      extending through the nozzle for feeding fluxing material from the fluxing
      material container to the work zone, and
PA1  means for causing an electric current to flow in the electrode thereby
      providing a magnetic field about the electrode,
PA1  whereby the particles of magnetically-responsive weld material fed to the
      electrode magnetically adhere to it and are fed by it through the fluxing
      material to the weld zone.
NUM  8.
PAR  8. The feeder of claim 7, including,
PA1  means coordinating the rate of feeding of the electrically conductive
      consummable electrode and the magnetically-responsive weld particles to
      the electrode whereby metered proportionate amounts of the electrode and
      the particles of weld material are simultaneously fed to the weld zone.
NUM  9.
PAR  9. The feeder of claim 7, where
PA1  the passage means from the weld material container communicates with the
      electrode passage means in the nozzle, and
PA1  the fluxing material passage means is arranged to feed the fluxing material
      to the work zone about the electrode with the magnetically-responsive weld
      particles magnetically adhered to it.
NUM  10.
PAR  10. The feeder of claim 7, where,
PA1  the passage means in the nozzle for feeding fluxing material to the weld
      zone are arranged to feed the fluxing material ahead of and behind the
      electrode in its direction of travel.
NUM  11.
PAR  11. In a feeder for use in a weld zone submerged in fluxing material,
PA1  a discharge nozzle formed of an electrically non-conductive material,
PA1  means for feeding an electrically conductive consummable electrode through
      the nozzle to a weld zone,
PA1  means for feeding particles of magnetically-responsive weld material to the
      electrode, and
PA1  means for causing an electric current to flow in the electrode thereby
      providing a magnetic field about the electrode and sufficient to
      magnetically adhere the particles of magnetically-responsive weld material
      to the electrode,
PA1  whereby the particles of magnetically-responsive weld particles are pulled
      down through the fluxing material to the weld zone by the electrode.
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ABST
PAL  A method for fixing an abradable material of random interlocked metallic
      fibers sintered and pressed to a specified thickness and density in place
      on a substrate is set forth where the abradable material bonded to a metal
      backing plate is placed with the metal backing plate engaging a substrate.
      The abradable material is compressed without heat to substantially a solid
      mass at spaced spots; the compressed spots are heated by electrical
      resistance to a sintering temperature and pressed to form a solid mass.
      The solid mass of each spot of abradable material is heated to an
      increased temperature by electrical resistance, welding the solid mass of
      abradable material to the substrate by completely penetrating the backing
      plate and forming a weld nugget.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract with the Department of the Air Force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to methods for fixing abradable material to a
      substrate for use in providing one part of a seal which is usually
      positioned to cooperate with another moving part.
PAR  While abradable materials have been used before, the means for attaching
      the material has not been entirely satisfactory. The usual way of applying
      the abradable seal to the substrate was to braze the abradable material
      along its mating face to the substrate. Patents disclosing abradable
      materials connected to a substrate are set forth in the following
      description.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of the present invention is to provide a method for
      satisfactorily welding abradable metallic fibrous material to a metal
      substrate.
PAR  In accordance with the present invention, the abradable metallic fibrous
      material is compressed at locations, with each location then being heated
      and further compressed to place the metallic fibrous material in a solid
      state, using increased heating, the abradable material is then welded to
      the metal substrate.
PAR  In accordance with a further aspect of the invention, the abradable
      material is first bonded to a backing plate with the resistance welding
      being made at increased temperature to weld the abradable material to the
      substrate by completely penetrating the backing plate and forming a weld
      nugget.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view showing the location of a seal between compressor stages
      in a gas turbine engine.
PAR  FIG. 2 is an enlarged perspective view showing a section of abradable
      material bonded to a metal backing plate which is in turn welded to a
      substrate.
PAR  FIG. 3 is a sectional view showing the abradable material, backing plate
      and substrate where a spot in said abradable material has been compressed
      to substantially a solid mass.
PAR  FIG. 4 is a sectional view showing the abradable material backing plate
      substrate where the spot has been heated and pressed to form a solid mass
      with increased heat resistance welding the abradable material to the
      substrate by completely penetrating the backing plate and forming a weld
      nugget.
PAR  FIG. 5 is a view showing the top electrode used for pressing and heating
      the abradable material, backing plate and substrate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 a sleeve 15 is shown which is mounted for rotation
      between two compressor discs (not shown) with spaced projections 16
      positioned thereon to provide a labyrinth seal. An annular stationary
      shroud 11 is positioned around the tips of the projections 16. The shroud
      11 is fixed to the inner tips of compressor vanes 19. Abradable material
      24 fixed to a backing plate 26 is then fixed to the inner surface of the
      stationary shroud 11 radially outwardly from each projection 16 to provide
      the cooperating seal part with labyrinth seal.
PAR  While this seal part is shown using abradable material between the rotating
      sleeve 14 of a compressor and the inner face of an annular shroud fixed to
      the inner ends of vanes 19, the abradable material can also be used on the
      inner surface of the compressor casing, radially outwardly from the outer
      tips of the blades. Both of these uses are shown in U.S. Pat. No.
      3,519,282 and U.S. Pat. No. 3,537,713.
PAR  The abradable material 24 referred to is material of random interlocked
      metallic fibers, sintered and pressed to a specified thickness and
      density. Disclosure of such a material is set forth in U.S. Pat. No.
      3,127,668 and U.S. Pat. No. 3,701,536. One abradable material which has
      been used in the present invention is sold under the trademark
      "Feltmetal."
PAR  To fix the abradable material 24 in place on a substrate 30 such as a
      stationary annular metal shroud, the following steps are taken:
PA0  1. the abradable material 24 is bonded to a metal backing plate 26;
PA0  2. the abradable material and backing plate are placed so that the backing
      plate will engage the inner surface of the substrate;
PA0  3. the abradable material 24 is compressed without heat to substantially a
      solid mass 32 at spaced spots 34;
PA0  4. the compressed spaced spots 34 of abradable material are heated by
      electrical resistance to a sintering temperature and pressed to form a
      solid mass;
PA0  5. the solid mass of the spots of abradable material is heated to an
      increased temperature by electrical resistance to weld the solid mass of
      abradable material to the substrate by completely penetrating the backing
      plate and forming a weld nugget.
PAR  If desired, the holes made in the abradable material 24 by using the steps
      of the method above can be filled in by inserting a core or plug of the
      abradable material in each hole and bonding it therein. The opening can
      also be filled by a metallic slurry which can be poured in and allowed to
      harden.
PAR  In one example, according to this invention, in affixing an abradable
      material bonded to a backing plate to a metal substrate, the abradable
      material used was a random interlocked structure of sintered fibers of
      Haynes 188 alloy with the nominal density of the material being 19
      percent, the backing plate material used was Inconel 600 (AMS 5540), and
      the substrate material used was Inco 718 (AMS 5663). The thickness of the
      abradable material was approximately 0.125 inch and the thickness of the
      backing plate was approximately 0.008 inch. The metal substrate was a
      fixed annular shroud in an engine.
PAR  The welding in the example above was made on conventional electrical
      resistance welding equipment having a top electrode 50 such as shown in
      FIG. 5 and a regular lower electrode. The lower electrode was a Class 3
      and had a 0.250 inch diameter flat face. The top electrode had a welding
      tip 52 one inch in length with a tapered surface forming a 12.degree.
      angle with a flat face having a 0.090 inch diameter.
PAR  Other heat and corrosion resistance steels or alloys used as backing plate
      material have been the following: HASTALLOY X (AMS 5536), L-605 (AMS 5537)
      and 430 Stainless Steel (AMS 5503). Another material which has been used
      for the metal substrate has been WASPALOY (AMS 5707).
PAR  In fixing a strip of abradable material and backing plate approximately a
      half inch wide to a substrate, a spacing of spots a half inch apart was
      used down the centerline of the combined abradable material and metal
      backing plate. In fixing a strip of the same combined abradable material
      and metal backing plate of approximately an inch and a quarter wide, three
      rows of spots were used with one row on the centerline and each of the
      other rows being spaced an eighth of an inch from an edge. The spots in
      each of the three rows were spaced one inch apart, however, the spots in
      the two rows on the edges were longitudinally aligned at a point midway
      between the spots on the centerline.
PAR  While a specific abradable material is referred to, it is noted that the
      material may also be formed of randomly bonded metallic particles sintered
      to a specified thickness. One abradable material of this type which has
      been used is sold under the tradename "AB-1.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for fixing an abradable material formed of metallic particles
      randomly affixed to each other and sintered to a specified thickness and
      density to a metal substrate comprising the steps of:
PA1  1. fixing the abradable material to a metal backing plate;
PA1  2. placing the abradable material and backing plate so that the backing
      plate will engage a surface of a metal substrate;
PA1  3. compressing the abradable material to substantially a solid mass at
      spaced locations;
PA1  4. heating the compressed spaced locations of abradable material by
      electrical resistance to a sintering temperature and pressing the spots to
      form a solid mass;
PA1  5. heating the solid mass of locations of abradable material to an
      increased temperature by electrical resistance, welding the solid mass of
      abradable material to the substrate completely penetrating the backing
      plate.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein the particles are fibers and
      randomly interlocked and wherein step (1) the abradable material is bonded
      to a metal backing plate.
NUM  3.
PAR  3. A method as set forth in claim 1 wherein step 3 said spaced locations
      are formed as spots.
NUM  4.
PAR  4. A method as set forth in claim 1 wherein the metallic fibers of the
      abradable material are formed of Haynes 188 alloy.
NUM  5.
PAR  5. A method as set forth in claim 1 wherein said metal backing plate is
      formed of Inconel 600.
NUM  6.
PAR  6. A method as set forth in claim 1 wherein the substrate is formed of Inco
      718.
NUM  7.
PAR  7. A method for fixing an abradable material formed of random interlocked
      metallic fibers, sintered and pressed to a specified thickness and density
      to a metal substrate comprising the steps of:
PA1  1. placing the abradable material in position on the substrate;
PA1  2. compressing the abradable material to substantially a solid mass at
      spaced locations;
PA1  3. heating the compressed spaced locations of abradable material by
      electrical resistance to a sintering temperature and pressing the spots to
      form a solid mass;
PA1  4. heating the solid mass of locations of abradable material to an
      increased temperature by electrical resistance, welding the solid mass of
      abradable material to the substrate.
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ABST
PAL  An adapter is affixed to a conventional weld wire feed roll assembly said
      adapter having a first opening through which the weld wire passes
      generally toward the target area. The adapter comprises a second opening
      which is at a skew angle to said first opening and a third opening which
      is also at a skew angle and having a larger diameter than to the second
      opening. A weld guide is inserted into the third opening and the weld
      guide is bent at its lower portion to intersect the center line of the
      first opening. Rotational means are affixed to the adapter and weld guide
      respectively, so that selective rotation of the adapter and weld guide
      will allow intersection of any point within the weld target area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Experience with the size, precision and reliability of two-axis welding arc
      position-adjusting mechanisms and systems has been less than satisfactory.
      Contemplating a requirement for installing a series of 40 weld tips on 4
      inch centers, there appeared to be no available system of sufficient
      compactness to be practical.
PAR  Torch location to a center line tolerance of .+-. 1/8 inch is relatively
      easily obtained, but wire straightness, contact tube concentricity and
      wear easily introduce another 1/8 inch in arc location. Thus a system was
      desired capable of adjustment anywhere within a circle of approximately a
      1 inch diameter or larger.
PAR  It is an object of the present invention to obtain compactness of point
      adjustment of closely located weld tips without equipment interference.
PAR  It is another object of the present invention to simplify the welding
      assembly to obtain improved reliability.
PAR  It is another object of the present invention to avoid the need for slides
      and/or swing pivots for locating a point within a target area.
PAR  Another object of the present invention is to provide a welding arrangement
      which achieves the above objects and which is readily mounted on existing
      weld wire feed assemblies.
PAR  Other objects will be apparent from the following description and drawings.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a schematic sectional view illustrating the welding assembly of
      the present invention;
PAR  FIG. 2 is a sectional view along the lines 2--2 in FIG. 1;
PAR  FIG. 3 is a sectional view along the lines 3--3 in FIG. 1;
PAR  FIG. 4 is a side elevational view of an alternative attachment arrangement
      illustrating a snap ring attachment between the adapter and weld guide.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  An adapter is affixed to a conventional weld wire feed assembly said
      adapter having a first opening through which the weld wire passes
      generally toward the target area and into which a welding adapter is
      fitted. The welding adapter comprises a second opening which is at a skew
      angle to said first opening. A third opening is provided also at a skew
      angle to the second opening and having a larger diameter than said second
      opening. A weld guide is provided in the third opening. The weld guide is
      bent at its lower portion to intersect the center line of the first
      opening. Means for rotating are provided respectively on the weld guide
      and adapter. Rotating the adapter defines a circle on the work piece.
      Rotating the weld guide defines an ellipse on the target. Selective
      rotation of both elements will allow intersection of any point within the
      weld target area.
PAC  DETAILED DESCRIPTION
PAR  A conventional roll weld wire feed assembly indicated generally at 10
      having rolls 11 is provided for feeding the weld wire. A plate 12 having a
      plate opening 18 therein, is affixed to the welding assembly frame 14 with
      appropriate fasteners 16.
PAR  An adapter 20 is inserted into the plate opening, for example, by means of
      cooperating threads 19 and 21. The adapter comprises a first adapter
      opening 22 which is circular and generally perpendicular to the target. A
      second opening 24 is provided at a skew angle to the second opening at the
      angle .gamma. of 1.degree. to 30.degree. to the first opening, preferably
      2.degree. to 15.degree., openings 22 and 24, for example, may comprise
      drilled bores.
PAR  A weld wire guide 26 is inserted into a third opening, 25 for example, with
      threads 25a. The weld guide is bent at its lower portion 28 so as to
      intersect the center line 29 of the second opening 22. A conventional
      welding 38 tip may then be attached to the lower portion of weld guide 26,
      for example, with threads 39.
PAR  Weld current attachment means may be provided at any convenient place on
      the assembly. For example, an extension 34 may be integrally affixed by
      welding or with fasteners to weld guide 26. Electrical connection can then
      be made to extension 34 by means of a removable fastener 36. It will be
      apparent to those skilled in the art that a wide variety of electrical
      attachment arrangements may be utilized in the welding assembly of the
      present invention.
PAR  First rotating means, for example, a handle 30 is provided on the adapter
      whereby the weld rod W may be rotated to define a circle C on the target
      plane. Second rotation means, for example, comprising a handle 32 is also
      provided whereby the weld guide 26 may be rotated to define an ellipse E
      on the target. Rotation of both elements will allow intersection of any
      point P within the target area.
PAR  Thus, without moving the welding assembly from place to place, any point
      within a target area can be welded by appropriate rotation of the adapter
      and/or the weld guide.
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Assuming a vertical (for simplicity) weldwire axis upon exit from the
      wiredrive mechanism, and a 1 inch diameter target T whose center falls on
      the weldwire axis 29, an attachment plate 12 is bored and threaded to be
      mounted within the hole 18 concentric to the wire axis and in a plane
      perpendicular thereto.
PAR  Adapter 20 is provided with a male thread 21 to engage threads 19 on plate
      12, a flange 21a to limit engagement depth, and two separate but connected
      and coordinated bores 22 and 24. The upper bore 22 is concentric with the
      weldwire center line and sized to accept an inlet guide 23 which may or
      may not be threaded in place.
PAR  An opening or bore 24 is provided in adapter 20 whose axis lies in the
      plane of the wire, but whose axis, in this plane, is at an angle 65  of 1
      to 30 degrees thereto, preferably 2.degree. to 15.degree.. At practical
      working distance of about 10 inches from plate 12 to arc location (T),
      rotation of adapter 20 around its wire axis causes an extension of the
      skew axis to intersect a target plane perpendicular to the axis of
      rotation to sweep the circumference of a circle of less than the
      approximate 1 inch diameter desired.
PAR  Threaded into the skew bore 25 is a weld wire guide 26 which is bent (below
      the threads) at 28 sufficiently to cause its lower bore center line to
      intersect the center of the target area at the specified working distance.
      Rotation of this bent element 26 within the adapter opening 24 causes an
      extension of its axis to describe an ellipse E on the target plane. Since
      this ellipse can be rotated around the original wire axis by rotating the
      adapter 20, selective rotation of adapter and weld guide allows
      intersection any point within the target area T. If desired, angles may be
      selected in such a way that this can be achieved by an approximately
      90.degree. (-45.degree., 0, +45.degree.) sweep of both elements.
PAR  While threading is convenient and eliminates the need for clamps, retaining
      rings and/or other fixtures and thus is a practical attachment means the
      adapter and weld guide need not be threaded.
PAR  For example, as shown in FIG. 4 a snap ring 40 may be used in place of the
      threads 25a to hold the weld guide 26 in engagement at the skew angle in
      the adapter 20. This is also a very practical attachment means. It will be
      apparent to those skilled in the art that a variety or practical means are
      available to resist unscheduled rotation of either element.
PAR  While simple handles have been illustrated as the rotating means, it will
      be apparent that a variety of other rotational means may be provided, such
      as gear driven, motor or engine driven.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for welding comprising: means for feeding weld wire in a
      general direction toward a target work piece having a target area thereon,
      the weld wire passing through a welding assembly and through an adapter
      attachment portion having an adapter attachment opening therein; an
      adapter fitted into said adapter attachment opening, said adapter having a
      first adapter opening which is generally circular and of smaller diameter
      than said attachment opening; said first adapter opening defining a weld
      wire axis generally perpendicular to said target; said adapter having a
      second adapter opening at a skew angle to said weld wire axis to define a
      skew axis; said second adapter opening being in communication with said
      first adapter opening; said adapter having a third adapter opening also at
      a skew angle to said weld wire axis having a greater diameter than said
      second opening and in communication with said second opening; a weld guide
      fitted into said third adapter opening along said skew axis; said weld
      guide being bent at a portion external from said third adapter opening so
      as to intersect said weld wire axis; weld wire adapted to pass through
      said first, second and third adapter openings during welding; first manual
      operating means for selectively manually rotating said adapter about said
      weld wire axis to generally define a circle on said target when said
      target is perpendicular to said weld wire axis; and second manual
      operating means for selectively manually rotating said weld guide about
      said skew axis to define generally an ellipse on said target whereby
      selective manual rotation of said adapter and weld guide will allow
      intersection by said weld wire of any point within the target area.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said skew angle makes an angle of
      about 1.degree. and 30.degree. with said weld wire axis.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said adapter is held in
      engagement with said adapter attachment opening with adapter attachment
      mechanical fasteners.
NUM  4.
PAR  4. Welding apparatus according to claim 3 wherein said weld guide is held
      in engagement with said third opening with weld guide attachment
      mechanical fasteners.
NUM  5.
PAR  5. Welding apparatus according to claim 4 wherein said adapter attachment
      mechanical fasteners comprise cooperating threads.
NUM  6.
PAR  6. Welding apparatus according to claim 5 wherein said weld guide
      attachment mechanical fasteners comprise cooperating threads.
NUM  7.
PAR  7. Welding apparatus according to claim 4 wherein said weld guide
      attachment mechanical fasteners comprise at least one snap ring.
NUM  8.
PAR  8. Welding apparatus according to claim 1 wherein said first and second
      manual operating means comprise handles.
NUM  9.
PAR  9. Apparatus for welding comprising: means for feeding weld wire in a
      general direction toward a target work piece having a target area thereon,
      the weld wire passing through a welding assembly and through an adapter
      attachment plate having a plate opening therein; an adapter held in said
      opening with adapter attachment mechanical fasteners; said adapter having
      a first adapter opening which is generally circular and of smaller
      diameter than said plate opening; said first adapter opening defining a
      weld wire axis generally perpendicular to said target; said adapter having
      a second adapter opening at a skew angle of about 1.degree. to 30.degree.
      to said weld wire axis; said second adapter opening being in communication
      with said first adapter opening; said adapter having a third adapter
      opening also at a skew angle to said weld wire axis, having a greater
      diameter than said second opening and in communication with said second
      opening; a weld guide held in said third adapter opening along said skew
      angle axis with weld guide attachment mechanical fasteners; said weld
      guide being bent at a portion external from said third adapter opening so
      as to intersect said weld wire axis; weld wire adapted to pass through
      said first, second and third adapter openings during welding; first manual
      operating means for selectively manually rotating said adapter about said
      weld wire axis to generally define a circle on said target when said
      target is perpendicular to said weld wire axis; and second manual
      operating means for selectively manually rotating said weld guide about
      said skew axis to define generally an ellipse on said target whereby
      selective manual rotation of said adapter and weld guide will allow
      intersection by said weld wire of any point within the target area.
NUM  10.
PAR  10. Welding apparatus according to claim 9 wherein said adapter attachment
      mechanical fasteners comprise cooperating threads.
NUM  11.
PAR  11. Welding apparatus according to claim 10 wherein said weld guide
      attachment mechanical fasteners comprise cooperating threads.
NUM  12.
PAR  12. Weld apparatus according to claim 10 wherein said weld guide attachment
      mechanical fasteners comprise at least one snap ring.
NUM  13.
PAR  13. Welding apparatus according to claim 11 wherein said first and second
      manual operating means comprise handles.
NUM  14.
PAR  14. Apparatus according to claim 9 wherein said skew angle makes an angle
      of about 2.degree. to 15.degree. with said weld wire axis.
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PAL  In an electrostatic reproducing machine an improved fusing apparatus is
      provided for fusing xerographic images onto copy sheets. The fusing
      apparatus comprises various actuable means including a pressure roller, a
      fuser roller, means for engaging and disengaging the pressure roller
      against the fuser roller, means for cooling end portions of the pressure
      roller, means for lubricating the fuser roller, and control means for
      actuating the various actuable means in a timed order and sequence to
      effect the fusing operation.
BSUM
PAR  This invention relates to an electrostatic reproducing machine and, more
      particularly, an improved fusing apparatus for use in such machines.
PAR  In the practice of xerography pioneered by Chester F. Carlson, as applied
      to the xerographic reproduction machines, typically a latent electrostatic
      image is formed on a photo-conductive medium, such as selenium drum or
      belt, and the latent image is then developed by toner particles and
      transferred to a copy sheet.
PAR  The transferred image is then fused onto the copy sheet for permanent
      retention. The fusing operation requires certain control and precaution;
      for example, the toner particles must be heated so that they fuse onto the
      sheet. Care must be exercised to assure that the fusing means is not over
      heated to cause fire hazard, or scorch or burn the copy sheet. Yet it must
      be heated to a temperature high enough to effect fusing operation.
PAR  With an ever increasing demand for high speed reproducing machines of the
      aforementioned type, serious efforts have been made to increase the
      throughput capacity of the machines so that more copies may be made
      safely, reliably and efficiently with least amount operator intervention
      in the running of the machines.
PAR  With the high speed machines designed for high throughput capacity, it has
      been found necessary to provide more precisely controlled and improved
      fusing apparatus so that the machine can effect its high built in
      throughput capacity and can, at the same time, operate efficiently and
      reliably.
PAR  It is therefore an object of the present invention to provide an improved
      fusing arrangement in an electrostatographic reproducing machine.
PAR  These and other objects of the present invention are obtained in accordance
      with the applicants' invention, by providing a fusing apparatus that
      includes a fuser roller and a pressure roller, and means for engaging the
      pressure roller into contact with the fuser roller when the machine is in
      operation and for disengaging the pressure roller from the fuser roller
      when the machine is not in operation and thus not making copies, or when
      the machine is in the standby mode.
PAR  It is another feature of the present invention to provide means for cooling
      the edge portions of the pressure roller when the copy sheets or the
      images to be fused are narrower than the fuser.
PAR  It is another feature of the present invention to provide control means for
      turning on the power applied to the heating means for the fuser roller
      when the machie power is turned on and turning it off when the machine is
      turned off or put into an interrupt condition.
DRWD
PAR  The foregoing and other objects and features of the present invention will
      become clearer from the following detailed description of an illustrative
      embodiment of the present invention in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 shows schematically, an electrostatic reproducing machine in which
      the fuser apparatus of the present invention may be utilized;
PAR  FIG. 2 shows a perspective view of the fusing apparatus according to the
      present invention; and
PAR  FIG. 3 shows a schematic block diagram of control means that may be used to
      operate the fusing apparatus.
DETD
PAC  DETAILED DESCRIPTION
PAR  For a general understanding of a high speed electrostatic reproducing
      machine in which the present invention may be incorporated, reference is
      made to FIG. 1. FIG. 1 shows only those machine components which are
      necessary to illustrate the environment in which the present apparatus may
      be utilized. As in all electrostatic reproducing systems, such as a
      xerographic machine of the type shown, an optical image of a document to
      be reproduced is projected onto a charged surface of a moving xerographic
      belt 11 to form an electrostatic latent image thereon at the imaging
      station A. Thereafter, the latent image is developed by toner particles at
      a developing station B using suitable means such as a magnetic brush
      developing means, and the developed image is then transferred, at a
      transfer station C, to a copy sheet S, fed from a paper supply tray P. The
      image transferred to the copy sheet S is then transported to a fusing
      station F where the image is fused. The copy sheet which now has the fused
      image thereon is transported to a suitable collection means (not shown).
PAR  As is well known in the art, in fusing the image to the sheet, a suitable
      heating means is employed to heat the toner particles so that they fuse
      onto the fabric of the copy sheet for permanent retention. FIG. 2
      illustrates applicant's inventive apparatus to effect the fusing
      operation. A pressure roller 32 is disposed above the fuser roll 31. The
      outer peripheral portion of the pressure roll 32 may be made of a
      relatively soft rubber-like material which deforms under pressure to
      permit, when pressed, an arcuous contact area with the fuser roller, the
      periphery of which may be made of relatively hard substance. As shown, the
      fuser roller may comprise a relatively hard hollow cylindrical member
      which is also heat conductive and a heating means such as a lamp 33,
      disposed axially within the cylindrical member.
PAR  The fuser apparatus also includes a lubrication oil dispensing means 34
      which includes an oil reservoir 35, a rotating applicator roll 37 partly
      immersed in the oil as shown, and a wick member 38 of a suitable design
      and composition. The wick cooperates with the applicator roll 37 to absorb
      lubrication oil placed thereon and transmit the oil to the fuser roller
      31. A thin film of the oil is maintained within the nip formed between the
      two rollers 31 and 32 for providing the lubrication necessary in the
      fusing operation, as is well known in fuser technology. The oil is
      dispersed directly to the wick by means of the rotating oil applicator
      roll 37 cooperating with the lower surface of the wick 38.
PAR  Positioned atop the pressure roller 32 is a cover 40 of a suitable design
      that includes edge portions 41 and 42. The edge portions have segmented
      cooling shoes 44 and internal channels that are connected via a conduit 45
      to a vacuum source indicated generally as 50. An air valve 51 is
      positioned within the conduit. Suitable means such as a solenoid member 46
      is provided to actuate a closing or an opening of the conduit 45 over the
      end portions of the pressure roller for removal of heat therefrom when the
      copy sheet width or the image width is sufficiently narrow so that the end
      portions do not require fusing operation.
PAR  Accordingly, principle functions of the use of the edge cooling shoes is
      for fusing differently sized copy sheets and for minimizing unnecessary
      heating of end portions of the pressure roller when not needed. Thus, for
      a wide copy sheet that extends the length of the fuser roller 31, the air
      valve 51 is left closed so that the air flow is turned off. This prevents
      the edge cooling. When a narrow copy sheet is used that does not extend
      over the edge portions 41 and 42, then the air valve 51 is opened to allow
      the vacuum 50 to pull air through the edge cooling shoes 44. This provides
      a narrower heating range over the length of the pressure roller 32 for the
      narrower paper.
PAR  When the fuser is not in operation, the pressure roller 32 is disengaged
      from the fuser roller by any suitable means, such as a solenoid driven
      clutch mechanism 53, so that the former does not press against the later.
      Activation of the clutch mechanism disables a suitable drive means 48 that
      drives the pressure roller 32 and the fuser roller 31 and also moves the
      pressure roller 32 out of engagement with the fuser roller 31, thereby
      turning off the fusing apparatus.
PAR  In accordance with another aspect of the present invention, control means
      are provided to operate selectively and/or in timed sequence with the
      various aforementioned operative elements such as the oil dispensing
      means, the fuser roller, the pressure roller and the cooling means. The
      control means are also designed to operate the operative elements of the
      fusing apparatus only when their operations are required to provide the
      fusing operation. This minimizes wear and tear of the fusing apparatus and
      elminates fire hazards. Thus, referring to the figures, and more
      particularly, FIG. 3, the apparatus according to the present invention
      includes control means 80 for controlling the operation of the heating
      lamp 33 and means for providing suitable timed control signals for
      actuating and de-actuating the oil applicator drive means 36, the clutch
      solenoid 53 for the roller drive means 48, and the solenoid 46 for the air
      valve 51.
PAR  More specifically, referring to FIG. 3, means for controlling the operation
      of the heating lamp 33 includes means such as a thermistor 58 for sensing
      the temperature of the fuser roller 31. The temperature level indicating
      signal generated by the thermistor is applied to a suitable amplifying
      means 59. The amplifying means, in turn, is adapted to generate several
      different signals that signify an over-temperature condition OT,
      under-temperature condition UT, and a normal temperature condition N
      within an acceptable range, and a condition signal on path 76 signifying
      proper operation or malfunction of the temperature sensing means 58. For a
      detailed description of such amplifying means, one may refer to the U.S.
      Pat. No. 3,735,092 to Robert Traistor assigned to the assignee of the
      present application and which is expressly incorporated by reference to
      this application.
PAR  The fuser lamp control means also includes a suitable means 73 to control
      the power applied to heating lamp 33 to a certain predetermined level and
      turn off the power supply when certain conditions are detected. Such a
      means is of a design that acts as an AC switch which turns the AC power
      line on to maintain the temperature of the fuser roller within a given
      range and turn off the power entirely when either the machine encounters
      malfunction or jam conditions of the fusing apparatus, particularly when
      the thermistor fails to function. More specifically, to perform these
      functions, the control means 60 may comprise two feedback control loops.
      One loop may include means 67 that senses the voltage or power applied to
      the lamp 33 and generates an output signal, and a current limiting means
      69 which is designed to respond to the output of the means 67 and switch
      or gate the AC input line power therethrough to the lamp 33.
PAR  The current limiting means 69 may be a design that provides an AC switching
      function wherein the voltage output of the voltage sensing means 67 is
      used to open and close the switch. The circuit 69 is preferably designed
      so that it opens and closes intermittently to maintain the power applied
      to the heating lamp 33 within a given range. Preferably, the means 69 is
      adapted to apply substantially full power supplied by the power line when
      the power line supply voltage falls near the minimum, the so called "brown
      out" line power or voltage level, to heat the heating lamp 33 to the
      necessary temperature level, but remove or switch off the line power
      intermittently when the line power or voltage exceeds the minimum level in
      maintaining the temperature of the heating lamp 33 within the acceptable
      range. For a suitable circuit of the aforementioned type that includes AC
      switching means 69, one may refer to the U.S. Pat. application Ser. No.
      312,557 filed on Dec. 6, 1972, which was abandoned but which continues in
      the continuation application Ser. No. 382,638, filed on July 29, 1973,
      both applications being assigned to the assignee of the present
      application and expressly incorporated to the present application by
      reference.
PAR  The second feedback loop for the heater lamp control includes the
      temperature sensing means 58, the amplifying arrangement 59 that provides
      signals indicative of failure of the thermistor to function via path 76,
      the normal temperature level condition N of the fuser roller 31 via path
      71, a coincidence gating means 72, and an AC gating means 73 of suitable
      designs, all operatively connected to gate the output of the AC switching
      means 69 therethrough to the heating lamp 33 when a set of required
      conditions are met and turn off or prevent the flow of the AC line current
      therethrough when the conditions are not met.
PAR  The gate 73 itself may be of any suitable conventional design that closes
      or opens in response to the presence or absence of the two coincident
      inputs; one input being from the current limiting means 69 and the other
      from the gating means 72. A conventional photo-optical coupling
      arrangement with photo-conducting AC triac circuit would be suitable for
      such a gating means 73. The gating means 72 may be in the form of an AND
      gate 72 to sense satisfaction of certain conditions and generate an output
      of logical 1 and apply it to the input of the gate 73. The certain
      conditions mentioned above are preferably designed to reflect the
      operative conditions of the fuser apparatus. For example, if the
      thermistor 58 does not operate properly, this may be sensed by the
      amplifying means 59. The latter, in turn, sends a logical 0 and applies it
      to the gate 75 via the path 76. This, in turn, causes the gate 72 to apply
      logical 0 to the input of the gate 73. In turn, the gate 73 is disabled,
      and this prevents the AC power output from the current limiting means 69
      from passing there through to the heating lamp 33. Consequently, the fuser
      apparatus is prevented from operation, if the thermistor does not operate
      properly. Similarly, if the amplifying arrangement 59 provides a signal
      indicating that the thermistor fails to operate properly, a signal of
      logical 0 is applied to the AND gate 72 to disable the gate 73 and turn
      off the AC power supply.
PAR  This feedback loop via the gate 72 prevents fire hazards of the fusing
      apparatus that would go undetected if the lamp 33 goes on and overheats
      and yet the thermistor fails to detect this due to its malfunction.
PAR  As shown, the normal temperature range signal of logical 1 from the
      amplifier 59, indicative of the fact that the temperature of the fuser is
      in the normal condition, is also applied to AND gate 72. If the
      temperature is in the normal range, then that signal plus the signal of
      logical 1 from the output 76 indicating, proper operation of the
      thermistor, causes the gate 72 to apply logical 1 to the switch 73. This
      inhibits the flow of the power from the limiter 69. This continues until
      temperature of the fuser goes below the normal and then the inhibiting
      signal is removed to heat the lamp 33 again.
PAR  In summary then, the first feedback loop comprised of the voltage sensing
      means 67 and the current limiting means 69 is used to control the amount
      of the power applied to the lamp within a suitable acceptable level. The
      second feedback loop comprised of the heat sensing means 58 and the
      amplifying means 59, permits the power output of the current limiter 69 to
      flow to the heating lamp 33 normally but prevents its flow entirely when
      malfunction of the heat sensing means is detected.
PAR  The aforementioned control means for the fuser heating lamp 33 may be
      further enhanced by introducing still another control loop. Thus, for
      example, there may be provided a suitable switching means schematically
      represented by a switch 77 interposed between the power supply line 63 and
      the current limiter 69. This switch 77 is then placed under the control of
      the control means 80. When the control signal is applied via a path 78 to
      a suitable means 79 such as a relay, means 79 opens the line current path
      and cuts off the power to the limiter 69, and hence to the heating lamp
      33. This additional control loop may be used advantageously to meet
      machine emergency conditions which have over-riding importance over the
      control provided by the first and second feedback loops in supplying the
      power to the heating lamp 33. With such additional over-ride, the feedback
      control loop may be advantageously used to meet certain machine
      emergencies such as jams or the copy sheet adhering to the photoconductor
      after the image transfer operation that requires an immediate stop of the
      machine.
PAR  Another aspect of the present invention entails timed operation of the
      operative elements; such as the applicator roller 29, the clutch solenoid
      53, the vacuum valve solenoid 51, under the control of the central means
      80. The control means 80 may comprise a synchronous and asynchronous logic
      sections wherein the synchronous section is designed to provide more
      precisely timed control signals and wherein the asynchronous section is
      designed to provide less rigidly timed signals which are not synchronous
      with imaging cycles of the machine operation. For example, the synchronous
      section may comprise a high speed counter 83 for counting clock pulses
      from a clock source 85, a shift register 87 responsive to a train of pitch
      pulse signals from a source 89 which provides the pulses in succession
      keyed to the successive imaging cycles, and a logic matrix 91 responsive
      to the output of the shift register 89 and the counter 83 for generating
      the precisely timed signals are applied via suitable paths 92 to their
      corresponding output utilization stations in the machine that require
      precise timing. The asynchronous logic section 93 of the control means 80
      is designed to respond to a set of input signals via suitable paths 94,
      such as print start actuation button 95 and other indications that signify
      that the machine is ready to operate. The asynchronous logic provides
      suitable output signals via its output paths 97 to their utilization means
      or processing stations.
PAR  For the more detailed description of the aforementioned type of control
      means 80, one may refer to the U.S. Pat. application Ser. No. 97,745 filed
      on Dec. 14, 1970 which was continued in Ser. No. 244,734 filed on Apr. 12,
      1972 and which now continues in the application Ser. No. 438,972 filed on
      Feb. 4, 1974, all applications assigned to the assignee of the present
      application. The aforementioned applications are hereby expressly
      incorporated by reference into the present application.
PAR  Referring to FIG. 3 the timed output signals of the asynchronous logic 93
      of the control means 80 are utilized to actuate the vacuum pump means 50,
      the clutch solenoid means 53 and the drive means 36 driving the applicator
      roller 37 in any suitable time sequence as the operational requirement or
      machine requirement dictates. For example, in operation, it may be
      desirable to turn the fuser lamp 33 on as soon as the machine is turned
      on, i.e. power on button 96 is pressed. But the control means does not
      permit the machine to run certain component elements, such as, the
      photoconductor belt until the fusing temperature is reached at the fusing
      station.
PAR  Thus, when the under temperature signal UT exists and is applied to tha
      asynchronous logic 91, the control means does not generate control signals
      to actuate the applicator roller 34 or clutch solenoid 53 or the vacuum
      means 50 on main machine drive motor that drives the photoconductor belt.
PAR  In response to UT and OT, i.e. normal condition signal, control means 80
      provides control signals for actuating solenoid means 53. Other inputs
      such as the absence of jam condition or presence of paper supply, etc. are
      used as the necessary inputs to the control means before the means will
      generate output signals through output path 97 to the utilization means.
      Among such input signals one is a logical signal applied to the control
      means 80 that indicates the copy sheet size. Suppose the paper sheet
      supplied at the paper tray PS is of a narrower length, e.g. letter size
      length that corresponds in width to the fuser roller without the end
      cooling sections. Suitable sensing means PS is used to sense this and
      provide a logical signal to the asynchronous logic 93. In turn, the logic
      93 provides a control signal to actuate the vacuum valve drive solenoid
      46. The actuated solenoid then opens the valve 51 to apply air to cool the
      end sections of the pressure roller 32.
PAR  When the fuser roller 31 reaches an acceptable level of fusing temperature,
      the temperature sensing means 58 enables the amplifying means 59 of the
      fuser temperature control means to provide output signals UT, OT and
      normal N to the control means 80. When actuated, the oil applicator drive
      means 36 rotates the applicator roller 37. The roller 37 in turn applies
      the oil to the wick 38 to lubricate the nip formed between the fuser
      roller 31 and the pressure roller 32, as described before. When actuated,
      the clutch solenoid 53 cams or moves the pressure roller 32 into a
      pressing relationship to the fuser roller 31. There is provided a suitable
      switching means 102 disposed to sense a predetermined travel distance of
      the pressure roller 32 to the fuser roller 31.
PAR  When the travel is finished, which in effect means that when the pressure
      reaches a predetermined level, switch 102 provides an output signal to a
      suitable circuit means 104 which may comprise an amplifier. The amplifier
      in turn applies its output to the clutch means 53 to deenergize or
      de-clutch the clutch solenoid so that the pressure roller 32 is prevented
      from camming or pressing into the fuser roller 31 any further.
PAR  The acting elements of the fusing apparatus may be operated in the
      following sequence: First, when the operator starts the machine by turning
      on the machine power suply switch, the control means 80 generates an
      actuating signal for the machine vacuum means and senses paper size. If
      the paper size sensing means senses the smaller size sheet, the control
      provides a control signal to actuate the solenoid 46 to open the valve 51
      after the print button is pressed and the machine starts to print.
PAR  In the meantime, when the power supply is switched on, the power is
      immediately applied to fuser lamp to cause it to heat up. When the fuser
      reaches an acceptable temperature range, it so signifies the control means
      80 via the path from the thermistor 58 amplifying means and signal path N.
      The control means 80 in turn causes the machine to be ready for print
      operation, i.e. imaging process and feed the copy sheets. At this point,
      the control means 80 may be so designed that its timing means, that is the
      shift registers and the counters, are utilized by the logic matrix 91 to
      generate output signals which are in turn applied to actuate certain of
      the existing members of the fuser apparatus in a timed manner. The control
      provides signals to the pressure roller camming solenoid 53 and the
      lubrication applicator drive 36 for a period of time to allow the
      lubrication to take place at the nip and the pressure roller 32 is brought
      into the camming relationship with the predetermined distance or pressure
      level just before the first imaged copy sheet arrives at the fusing
      station.
PAR  The control means 80 is designed to provide control signals to de-actuate
      clutch solenoid and the applicator roller drive means 36 when the machine
      completes a copy run or when the machine goes into interrupt mode due to
      some malfunction. Such de-actuating signals may be generated at a given
      pitch or time period after the machine interrupt cycle begins or the copy
      run is complete to allow the last sheet in the paper path to pass out the
      fusing station. Timed control signals from the logic matrix 91 of the
      synchronous logic section may be provided via paths 110 and 111 and 112
      and 113 to suitably latch circuits 114 and 115 interposed between the
      clutch solenoid 53 and tha applicator drive means 46 respectively. More
      specifically, in timing the control signals, the decode matrix 91 may be
      designed to generate the control signals to actuate the clutch solenod 53
      and the applicator drive 36 via the latches 114 and 115 three or four
      pitches or imaging cycles before the arrival of the first sheet and turn
      off a given period of time after the interrupt or the copy run complete
      signal is received by the control means 80.
PAR  However, when the machine has to be stopped immediately, the pressure
      roller 32 has to be declutched immediately, as is the case when certain
      types of jam conditions occur. The logic matrix 91 may be designed to
      provide reset signal immediately to the latch 115 and thus declutch the
      roller 32 immediately.
PAR  While the invention has been described in particular with reference to a
      specific illustrative embodiment thereof, it will be obvious to the
      persons of ordinary skill in the art that various changes and
      modifications may be made without departing from the spirit and scope of
      the invention. It is therefore intended that the appended claims be
      interpreted as including such changes and modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrostatic reproducing machine wherein latent electrostatic
      images are formed and developed with toner particles deposited on
      photo-conductor means, said developed images transferred to copy sheets,
      an improved fusing apparatus for fusing said toner particles to said copy
      sheets comprising:
PA1  a fuser roller;
PA1  means for heating said fuser roller;
PA1  a pressure roller;
PA1  means for driving said pressure roller into a first position in response to
      a first control signal wherein said pressure roller is urged against said
      fuser roller at a predetermined pressure level, said drive means moving
      said pressure roller into a second position in response to a second
      control signal wherein said pressure roller is removed from said fuser
      roller; and
PA1  means for controlling said drive means, said control means applying said
      first control signal to said drive means when machine condition signals
      indicate a start of a copying operation, said control means applying said
      second control signal to said drive means in response to signals
      indicating completion of said copy operation, said control means applying
      said second control signal to said drive means in response to machine
      condition signals indicating a copy operation malfunction.
NUM  2.
PAR  2. The improved fusing apparatus of claim 1 wherein said heating means
      includes a heating element, wherein said control means includes apparatus
      for controlling power applied to said heating element, said power control
      apparatus of said control means including a first central loop for
      limiting said power to said heating element to a predetermined level, said
      power control apparatus including a second central loop for disabling said
      first central loop in response to predetermined machine condition signals.
NUM  3.
PAR  3. The improved fusing apparatus of claim 2 wherein said control means
      includes apparatus for operating said fusing apparatus in a timed,
      sequential order.
NUM  4.
PAR  4. The improved fusing apparatus of claim 1 further including controllable
      apparatus for cooling a preselected portion of said fuser roller, said
      cooling apparatus actuated by said control means in response to
      preselected reproducing machine condition signals.
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ABST
PAL  An electrically heated high temperature oven for removing organic
      contaminants from glassware and metals, wherein preset timers and a
      temperature controller direct a three-stage pyrolysis-oxidation process
      continually monitored by combustion detection systems and applied within a
      high temperature oven incorporating additional safety devices for a
      protection of personnel and equipment.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the use of high temperature cleaning ovens, and
      more particularly to an automated method of employing a
      pyrolysis-oxidation process in a high temperature oven.
PAC  PRIOR ART
PAR  With the rapid growth of polymer chemistry and technology, the problems of
      cleaning metal parts and glassware have grown especially severe.
PAR  When confronted with a piece of laboratory apparatus contaminated with
      difficult-to-remove organic residue, the chemist or technician has
      resorted to what have become standard laboratory procedures. He may
      attempt to wash with water and detergents or burn the organic residue with
      a flame. In the alternative, he may attempt to dissolve the residue
      through the use of cold organic solvents, hot organic solvents, oxidizing
      solvents such as hot chromic acid, or concentrated solutions of alkali and
      methanol.
PAR  Conventional solvents are unsatisfactory in removing plastics and other
      polymers from laboratory glassware, and particularly unsatisfactory when
      the organic contaminant is a relatively inert polymer such as polyolefin.
      Further, the handling of hot flammable organic solvents or oxidizing
      solvent baths may result in serious personal injury. And finally, the
      burning of the organic residue with a flame may warp the laboratory
      objects or leave a residue of soot, requiring an additional cleansing.
PAR  Not only are these procedures often unsafe, but they frequently accrue a
      labor cost which exceeds the replacement cost of the laboratory item to be
      cleaned. A more cost effective means of removing difficult organic
      contaminants is a high temperature oven employing a pyrolysis-oxidation
      process in an automatic cleaning cycle.
PAR  In the prior art, U.S. Pat. No. 3,615,815 issued to Wainer on Oct. 26,
      1971, and U.S. Pat. No. 3,374,117 issued to Savage on Mar. 19, 1968,
      disclose a broad principle of first reducing a contaminant to a
      carbonaceous form and then removing it by oxidation. U.S. Pat. No.
      3,423,568 issued to Meckley et al. on Jan. 21, 1969, teaches the use of an
      electrical heating system to reduce unwanted contaminants to a
      carbonaceous form. Further, high temperature ovens are available
      commercially which apply heat in a vacuum or in a nitrogen atmosphere to
      pyrolyze various contaminants or residues. The generation of combustible
      gases and the danger of heat damage to the contaminated articles, however,
      have hindered the commercial success which could have otherwise been
      acquired with a pyrolysis-oxidation process carried out in a high
      temperature oven.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises an automatic, high temperature cleaning
      system employing a pyrolysis-oxidation process in a high temperature oven
      embodying safety devices for the protection of personnel and equipment.
      More particularly, a timer controlled three-stage cleaning process is
      carried out sequentially in a high temperature oven to remove a wide range
      of organic contaminants including polymers, resins, and tars. The first
      stage involves a purging of the oven chamber with an inert gas such as
      nitrogen to remove all air. During the second stage, thermal pyrolysis at
      temperatures from about 800.degree. Farenheit to 1000.degree. Farenheit
      occurs under the inert gas purge to distill away the bulk of the organic
      contaminants. Only carbon deposits or ash are left on the glass or metal
      parts. The third stage involves removing the carbon deposits by oxidation
      in a nitrogen atmosphere, such atmosphere having an oxygen content below
      the minimum required to produce a flammable mixture with the organic
      vapors.
PAR  The three-stage process is continually monitored by automatic detection
      systems. If a combustible mixture is present, an automatic combustion
      detection system terminates air flow, turns off the oven heater, and
      sounds an alarm. If the inert gas ceases to flow or drops below a preset
      level during the cleaning process, a loss of inert gas detection system
      shuts down the oven heaters, sounds an alarm and purges the oven chamber
      with inert gas from an auxiliary source.
PAR  Additional safety devices include a key interlock system which protects
      personnel from injury resulting from an accidental opening of the oven
      door during the cleaning process, an oven-temperature switch which
      automatically turns the oven heaters off when the oven overheats, and an
      explosion relief panel which, in the event combustible gases ignite, vents
      the concussion to protect personnel and equipment.
PAR  In accordance with the present invention, there is provided an automatic
      method and system for employing a pyrolysis-oxidation process in a high
      temperature cleaning oven. More particularly, a timer controlled
      three-stage cleaning process is carried out sequentially in a high
      temperature oven, which is continually monitored by automatic combustion
      detection systems and embodies a key interlocking system, an
      over-temperature switch, and an explosion relief panel to provide
      additional protection for personnel and equipment.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference may now be had to the following
      description taken in conjunction with the accompanying drawing in which
      the FIGURE is a schematic diagram of the electro-mechanical system
      utilized in the invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The system illustrated in the FIGURE includes a high temperature,
      electrically heated pyrolysis oven 1 capable of operating continuously at
      up to 1000.degree.F. under inert gas and air purges without significant
      leakage. In the disclosed embodiment, the oven is adapted for 220 volt,
      single or three phase operation. It is to be understood that the invention
      encompasses adaptations to any commercially available power source. The
      oven has both a nitrogen gas port 3 and an air port 4 which are opened and
      closed by electrically operated valves permitting a flow of gas sufficient
      to purge the oven chamber. As a rule of thumb, the flow rate of inert gas
      in cubic feet per hour should be approximately 10 times the volume of the
      chamber to be purged.
PAR  In addition to air port 4, which operates off of compressed air, an air
      cooling system including port 5, a large diameter valve 6, and a forced
      air blower 58 is provided. The air cooling system reduces the time
      required for the oven to cool to room temperature from the high
      temperatures acquired during a cleaning process. Throughout the cleaning
      process nitrogen, air, pyrolysis gases and oxidation gases are vented from
      the oven chamber through an exhaust pipe 2 to be flared or further
      processed for release to the atmosphere.
PAR  When the oven is loaded with articles to be cleaned, the oven door is
      closed. The door cannot be opened once the cleaning cycle has begun unless
      a key is inserted in an electrical master switch and the oven is
      deenergized.
PAR  The cleaning cycle is begun by pushing a start button 11. Button 11 is
      connected directly to a power source 13, a key interlock 12 by way of line
      14, and a timer 8 by way of line 15.
PAR  Timer 8 is set for a period of time to purge the oven with nitrogen. The
      timer is connected to a controller 16 and by way of line 17 to a solenoid
      18. At the beginning of the purge cycle, solenoid 18 is energized to open
      a nitrogen valve 19, which closes only after a temperature indicator
      controller 7 shuts the entire system down. When the purge time has ended,
      timer 8 initiates controller 16 which starts a circulating fan and applies
      power to the oven heaters.
PAR  Controller 16 is connected by way of line 42 to a circulating fan 25, and
      by way of line 43 to a heater control unit 29. Fan 25, located in the
      plenum chamber of the oven, insures even temperatures through mechanical
      convection of the oven atmosphere. The fan is entirely within the
      insulated walls of the oven and is connected by means of an extended shaft
      to an external high-speed, ball-bearing motor.
PAR  When the oven reaches an operating temperature of 900.degree.F.,
      temperature indicator controller 7 initiates a pyrolysis timer 9 by way of
      line 24. Preferably, controller 7 is a two-switch, adjustable differential
      temperature controller such as that produced by The Partlow Corporation of
      New Hartford, New York, and disclosed in their 1973 sales bulletin 262-1
      for model LFBSS. Controller 7 has both a high and a low set point, and
      operates in an adjustable range from 100.degree. to 1000.degree.F. The
      controller initiates the pyrolysis cycle when the oven temperature reaches
      the high set point. Further, when the oven cools to the lower set point,
      the controller shuts down the entire system by transmitting a signal along
      line 30 to solenoid 18 and along line 33 to a solenoid 28 to close
      nitrogen valve 19 and a cooling air valve 6, respectively. In addition,
      controller 7 regulates the oven temperature during the pyrolysis cycle by
      controlling the duty cycle of heater control unit 29.
PAR  Timer 9, automatically initiated by controller 7 when its high set point is
      reached, is manually set for a period of thermal pyrolysis to distill away
      contaminants. The timer is connected to a solenoid 23 by way of line 21,
      and to a timer 10 by way of line 20. At the end of the pyrolysis cycle,
      timer 9 initiates timer 10 and energizes solenoid 23 to open an air valve
      22.
PAR  Timer 10 controls a period of oxidation during which carbon deposits are
      removed in a nitrogen mixture having, in the preferred embodiment, less
      than eight percent oxygen. The timer is connected to control unit 29, to
      solenoid 23 by way of line 26, and to solenoid 28 by way of line 27. At
      the end of the oxidation cycle, solenoid 23 is energized to close air
      valve 22, and solenoid 28 is energized to open air valve 6 and to start an
      air blower 58. The oven heaters are deenergized while fan 25 continues to
      operate.
PAR  When the oven cools to the lower set point of controller 7, valves 19 and 6
      are closed. Controller 7 also shuts down fan 25 by way of line 31, and
      resets start button 11 by way of line 32.
PAR  Consequently, the timers recycle, the entire oven is deenergized, and
      interlock 12 unlocks the oven door. An operator may then open the oven
      door by inserting a key in the master switch of interlock 12.
PAR  In summary, the basic operating procedure involves loading the oven 1 with
      glassware or metal parts to be cleaned, engaging a normally closed master
      switch to close the oven door, setting the timers, and depressing the
      start button 11 to begin the cleaning cycle. No further intervention by
      the operator is required until time for unloading.
PAR  When start button 11 is depressed to initiate the cleaning cycle, key
      interlock 12 activates a solenoid shaft which locks the oven door. Timer 8
      is then activated to purge the oven chamber with nitrogen at room
      temperature. When the nitrogen purge cycle ends, fan 25 and the oven
      heaters are energized to achieve an operating temperature of around
      900.degree. Farenheit. As the oven heats up, pyrolysis begins to occur
      under the nitrogen purge, and the pyrolysis gases are vented through pipe
      2. When the oven reaches the operating temperature, timer 9 is activated
      for continued pyrolysis for the preset time. When the pyrolysis cycle
      ends, air valve 22 is opened and timer 10 is initialized to begin the
      oxidation cycle. The oven then operates at 900.degree. Farenheit under an
      air-nitrogen purge for the preset time. At the end of the oxidation cycle,
      valve 22 and the oven heaters are turned off. A forced air cooling system
      comprising a large-orifice solenoid valve 6 is opened and blower 58 is
      energized. When the lower set point, approximately room temperature, on
      controller 7 is reached, the timers are recycled and the entire oven is
      deenergized. Key interlock 12 then unlocks the door which may be opened by
      inserting a key in a master switch. An operator may subsequently remove
      the glassware or metal parts that were cleaned.
PAR  As a practical matter, a tray located in the bottom of the oven chamber to
      catch molten residue has been found necessary to protect the oven door
      sealing gasket. Without the tray, the residue may flow onto the door
      gasket and solidify when the oven cools. When the door is opened, the
      gasket may be damaged.
PAR  When organic contaminants are decomposed at high temperatures in an inert
      atmosphere, the gaseous products are normally combustible and will burn or
      explode in an air atmosphere. Therefore, sufficient precautions must be
      taken to prevent the accidental introduction of air into the oven during
      the pyrolysis stage. A detailed description of the safety features
      designed into the present invention to prevent harm to personnel and
      equipment follows.
PAR  Key interlock 12, which includes a key operated master switch and an
      electrically operated solenoid shaft, is designed to prevent accidental
      opening of the oven door once the cleaning cycle has begun. A normally
      closed, key-operated electricial master switch secures the oven door when
      it is closed. When power is applied to oven 1, a solenoid shaft is
      activated which physically locks the door. Thus the door cannot be opened
      again until a key is inserted into the master switch and the oven is
      deenergized.
PAR  Should an unexpected contingency arise, the oven door may be opened during
      the cleaning cycle only by personnel with keys. When a key is inserted,
      the master switch independently deenergizes the solenoid lock, and turns
      off the oven heaters and fan by way of lines 61 and 62, respectively.
PAR  A loss of inert gas supply detection system provides an auxiliary purge
      means in the event a primary source fails. A pressure switch 35 compares
      the flow of nitrogen to oven port 3 with a preset level. In the event the
      nitrogen ceases to flow because of a malfunction, switch 35 is activated
      to deenergize the heaters by way of line 36, to energize solenoid 38 by
      way of line 37, and sound alarm 49 by way of line 53. Solenoid 38 opens
      nitrogen valve 39 to admit nitrogen from bottles 41 through regulator 40.
      Regulator 40 maintains a set pressure along line 44 to oven port 3. The
      oven fan continues to operate to prevent possible damage to the oven or
      its contents.
PAR  The total time required for pyrolysis of the organic material depends
      directly on the temperature of pyrolysis, the amount of organic material,
      and the nature of the organic material. For example, a load of glassware
      which is only lightly contaminated might take only a few minutes to
      pyrolyze to gaseous products. Another load which is very heavily
      contaminated might take several hours. There is always the possibility
      that timer 9 could be set too low for the particular load involved, thus
      allowing air to be introduced while combustible gases are still present in
      the oven. A combustible gas detector 45, having a high temperature gas
      detector probe within the oven chamber, and an associated mixture
      indicator external to the oven, serves as a backup safety system to
      prevent an explosion. The combustible gas detector and temperature probe
      combination used in the illustrative embodiment includes a J-W Combustible
      Gas Alarm System of the CD800P series with high temperature probe No.
      23-7338, both produced by Bacharach Instrument Company of Pittsburgh, Pa.
      If a combustible gas-air mixture exceeds a preset indication on the gas
      detector meter, the heaters are deactivated by means of a signal on line
      46, and air valve 22 is closed by means of a signal along line 50. In
      addition, alarm 49 is energized by means of a signal along line 48. The
      oven continues to be purged with nitrogen, and the cleaning cycle ceases
      until an operator reinitiates the system.
PAR  Alternatively, the detector can be wired to automatically reset. In that
      case, the detector automatically controls both the on-off cycling of the
      heaters during the nitrogen purge stage, and the on-off cycling of air
      valve 22 during the oxidation stage to prevent the formation of a
      combustible atmosphere.
PAR  For additional safety during the cleaning process, a second and concurrent
      method prevents the accumulation of explosive mixtures in the oven
      chamber. The nitrogen valve 19 is left open at the end of the pyrolysis
      cycle and throughout the oxidation cycle. When air is introduced through
      port 4 into the nitrogen atmosphere for the oxidation of the organic
      residue, a pressure regulator 54 automatically maintains air pressure to
      valve 22 at a preset level. In like manner, a regulator 59 maintains the
      nitrogen pressure to valve 19 at a preset level. Thus, a nitrogen-oxygen
      mixture with less than eight percent oxygen may be maintained in the oven
      chamber during the oxidation cycle to prevent a flammable mixture of
      combustible gases.
PAR  A pressure gauge 56 with a flowmeter 57, and a pressure gauge 55 with a
      flowmeter 57, and a pressure gauge 55 with a flowmeter 34 are used to set
      regulators 54 and 59, respectively. These pressure gauge and flowmeter
      combinations may also be used to perform static safety checks on the air
      and nitrogen lines.
PAR  A temperature sensitive safety device permits the cleaning of glassware by
      a pyrolysis-oxidation method without overheating or exposing the glassware
      to excessively sharp temperature changes. An over-temperature switch 51 is
      a high limit thermostat including a manual reset controller and an
      auxiliary main power relay. The controller has two switches, one for
      elevated temperatures and another which is activated by a sensing system
      failure. When the oven overheats or the sensing system fails, a signal is
      issued along line 52 to shut the oven heaters down. Since most runaway
      temperature conditions are a result of not only a malfunction of the
      temperature controller, but also a mechanical sticking of the heater
      control relay, the auxiliary power relay (not shown) is activated to
      deenergize oven 1 when the heaters are energized and then deenergized by
      switch 51. After a high temperature shut down, the cleaning process may be
      continued by manually starting the pyrolysis cycle.
PAR  In the event an explosion occurs in the oven chamber despite the safety
      features incorporated into the cleaning system, protection to personnel
      and equipment is provided by an explosion relief panel 60 placed in the
      back of the oven. The panel is nested within a cage and mounted with
      pressure release latches to form a tight seal. The caged panel serves to
      provide a pressure release while retaining the release panel and debris
      within the cage.
PAR  In accordance with the present invention there is provided a method and
      system for employing an automated pyrolysis-oxidation process in a high
      temperature cleaning oven. Preset timers and a temperature controller
      automatically direct the purge, pyrolysis, oxidation, and shutdown
      sequences of the cleaning process.
PAR  Safety of personnel and equipment is substantially improved by the
      incorporation of a combustible gas detector, a loss of inert gas detection
      system, a system for controlling the mixture of the oven atmosphere, a key
      interlock system, an overtemperature switch and an explosion relief panel
      into the system.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrically heated, high temperature cleaning oven in which
      organic contaminants are pyrolyzed and the resulting residues are
      oxidized, the combination which comprises:
PA1  a. a plurality of timers to automatically direct a cleaning operation;
PA1  b. a start button connected to a power source to initialize one of said
      plurality of timers to direct the purging of said oven with inert gas;
PA1  c. interlock means electrically connected to said start button for
      automatically locking an oven door when said oven is energized;
PA1  d. temperature regulating means having a temperature probe within said oven
      for initiating a second of said plurality of timers to control the
      duration of pyrolysis, with a third of said plurality being responsive to
      an end of cycle pulse from said second of said plurality to direct the
      oxidation of contaminant residues;
PA1  e. a plurality of electrically controlled pneumatic valves interposed
      between said oven and sources of air and inert gas, and responsive to
      signals from said timers;
PA1  f. means responsive to signals from said temperature regulating means and
      from said one and said third of said plurality of timers for controlling
      electrical heaters within said oven;
PA1  g. automatic correcting means having a high temperature gas detector probe
      within said oven and electrically connected to said heater control means,
      to one of said plurality of valves controlling the flow of air from a
      pressurized air source into said oven, and to an alarm for signaling the
      presence of combustible gas and taking corrective action;
PA1  h. pressure sensing means connected between said oven and an inert gas
      source for signaling failure of said gas source;
PA1  i. means connected between said oven and said sources of pressurized air
      and inert gas for maintaining a preset air and inert gas mixture when air
      is admitted into said oven;
PA1  j. temperature control means having a temperature probe within said oven
      for deenergizing said heater control means in event of overheating or
      rapid temperature changes; and
PA1  k. means forming a caged panel within a wall of said oven to relieve
      pressure while retaining debris in event gases within said oven ignite.
NUM  2.
PAR  2. The combination set forth in claim 1 wherein said plurality of timers
      are three in number and emit signals at the beginning and at the end of
      their respective timing cycles.
NUM  3.
PAR  3. The combination set forth in claim 1 wherein said inert gas is nitrogen.
NUM  4.
PAR  4. The combination set forth in claim 3 wherein said mixture maintaining
      means is preset for a nitrogen-oxygen mixture with less than eight percent
      oxygen.
NUM  5.
PAR  5. The combination set forth in claim 1 wherein said pressure sensing means
      is connected to a second of said plurality of valves to admit an auxiliary
      supply of inert gas when pressure of said primary source falls below
      preset levels.
NUM  6.
PAR  6. The combination set forth in claim 5 wherein said pressure sensing means
      is connected to an alarm and to said heater control means.
NUM  7.
PAR  7. The combination set forth in claim 1 wherein said mixture maintaining
      means includes a pressure regulator connected between said one of said
      plurality of valves and said pressurized air source, and a pressure
      regulator connected between a second of said plurality of valves and said
      inert gas source.
NUM  8.
PAR  8. The combination set forth in claim 1 wherein said oven temperature
      control means includes ann auxiliary power relay connected to said heater
      control means.
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ABST
PAL  This invention pertains to a hot plate and more specifically to an
      industrial hot plate for use in highly corrosive environments where
      chemicals of high acidity or high alkalinity are employed. An epoxy foam
      is utilized both to thermally isolate the heated surface from the base
      structure and to protect the heating element and the associated electrical
      circuit from damage from the active chemical agents that may be involved
      upon using the instant hot plate.
BSUM
PAR  This invention relates generally to hot plates and more particularly to
      industrial hot plates for use in highly corrosive environments including
      operations involving the use of active chemical agents of both high
      acidity and high alkalinity.
PAR  The prior art is replete with hot plates of the type disclosed. The more
      recent ones utilize ceramic materials for the heated working surface or
      top and, as such, these ceramic tops are very resistant to chemical
      reaction with virtually all of the various chemicals that may be employed
      as well as being capable of withstanding high temperatures. One such
      ceramic top made is commercially available from the Corning Glass Works in
      Corning, New York and can be purchased complete with a ribbon heating
      element, backing plate and mounting clips fully assembled less electrical
      power connectors and controls.
PAR  But even the most advanced designed hot plates, whether they employ the
      commercially available Corning Glass Works ceramic hot plate or other
      unknown but suitable substitutes, have failed to meet the specifications
      demanded in certain industries simply because the various base structures
      to which these ceramic tops are affixed are manufactured from materials
      which subsequently fail due to the corrosive chemicals employed. Then too,
      in many instances failure of the hot plate can be directly attributed to
      an inadequately protected electrical supply lines to the heating element,
      especially in those instances where the base structures stand on wet or
      liquid covered surfaces.
PAR  In the present invention, these undesirable characteristics are alleviated
      by providing a hot plate that is completely protected from any hostile
      environment. According to the invention, there is provided a hot plate
      comprising in combination a top portion having a heated working surface, a
      heating element operably disposed is the top portion below the working
      surface and having electrical terminals, circuit means for supplying
      electrical energy from a power source to the terminals, a base portion for
      operably supporting the top portion in thermal isolation therefrom, and
      means including epoxy foam for encapsulating the heating element and the
      circuit means to confine substantially all of the heat generated to the
      working surface.
PAR  It is therefore a primary purpose and objective of the invention to provide
      an improved hot plate.
PAR  It is another object of the invention to provide a hot plate of the type
      described that can be operated in a highly corrosive environment.
PAR  It is still another object of the invention to provide a hot plate of the
      type described that utilizes foam type materials to prevent chemicals of
      both high acidity and high alkalinity from reacting with the electrical
      components thereof.
PAR  It is yet another object of the invention to provide a hot plate of the
      type described that is provided with a non-corrosive base portion adapted
      to foam encapsulate the electrical components assembled therein.
PAR  Another object of the invention is to provide a hot plate of the type
      described that utilizes a foam type material to seal the electrical
      heating element from toxic and corrosive chemical substances.
DRWD
PAR  These features, objects and other advantages of the invention are more
      fully brought out in the following specifications, reference being had to
      the drawing wherein:
PAR  FIG. 1 is a perspective view showing a hot plate constructed in accordance
      with the present invention;
PAR  FIG. 2 is an enlarged, partial cross-sectional view taken along the line
      2--2 of FIG. 1; and
PAR  FIG. 3 is a partial, cross-sectional view taken along the line 3--3 of FIG.
      2.
DETD
PAR  Referring now to the drawing, shown there in FIG. 1 is a hot plate 10
      constructed in accordance with the invention. The hot plate 10 includes a
      base portion 12 upon which is operatively mounted a heated frame portion
      14.
PAR  The base portion 12 may be formed by, for example, injection moulding using
      a suitable plastic material preferrably from a class known as
      fluorocarbons. As best seen in FIGS. 1 and 3, the base portion 12 includes
      a top wall 16, side walls 18a, 18b as well as the respective opposite
      walls thereto, not shown, and a bottom wall 20. Each of the side walls
      18a, 18b, and 18c is provided with a recess 22, reference FIG. 3, to
      receive the bottom wall 20 during assembly. The top wall 16 and depending
      side walls define an internal wiring compartment 17.
PAR  Mounted on the side wall 18b is a coupling member 24 having an internal
      threaded region 26 of predetermined length for receiving a conventional
      compression fitting 28. The coupling 24 may be integrally molded with the
      base portion 12, if desired. Passing through the side wall 18b and in
      concentric alignment with the threaded region 26 is an opening 30 of
      suitable diameter to permit the passage of electrical conductors 32 and
      34. For the conductors 32 and 34, it is preferred that wire coated with a
      fluorocarbon material be used. A plastic tube 36 which may be of the
      shrink tubing type and preferably made of fluorocarbon materials is also
      provided to carry the conductors 32 and 34 between a source of power, not
      shown and the base portion 12.
PAR  Disposed within the coupling member 24 and surrounding the tubing 36 is a
      tapered ring insert 38 which, upon properly mounting the fitting 28 into
      the coupling 24 causes the insert 38 to be compressed against the tubing
      36 and the conductors 32 and 34. When installed in this manner the
      conductors 32 and 34 and the tubing 36 are securely fastened to the base
      portion 12 at the coupling 24. In addition, a very effective seal is
      provided to prevent all chemicals from coming into contact with the
      conductors 32 and 34 since the tubing 36 terminates inside the base
      portion 12 as shown in FIG. 2.
PAR  The heated frame portion 14 includes a ceramic body 40 having a top deck
      defining an upper external planar working surface 42, a pair of mounting
      clips 44 and 46, a ribbon heater element 48, a backing plate 50 and a heat
      resistant foam layer 52 disposed between the backing plate 50 and the
      heating element 48. A fibrous pad or layer 49 separates the heating
      element from the epoxy foam layer 52.
PAR  The ceramic body 40 is provided with turned-down edges 54 along the
      periphery of the working surface 42 and defining a peripherally continuous
      depending wall. The deck and depending peripheral wall of the ceramic body
      40 define a heater compartment 41. The mounting clips 44 and 46, as best
      seen in FIG. 2, have two spaced apart, up-turned brackets 56 and 58 welded
      together as depicted by a reference numeral 60 and are formed to fit
      snugly on the edges 54. Threaded openings 62 are provided in the clips 44
      and 46 to receive conventional fasteners 64 for assembling, to be
      described. The backing plate 50, reference FIGS. 2 and 3, is also provided
      with openings 66 to receive the conductors 32 and 34.
PAR  It should be pointed out that openings 68 are also provided in the top wall
      16 for receiving the fasteners 64 and that similar openings 70 in the top
      wall 16 are provided for the electrical conductors 32 and 34 to pass
      through from the base portion 12 to the frame portion 14. Spacers 72 and
      74 of predetermined length and preferably made from fluorocarbon materials
      are provided for the fasteners 64 and the conductors 32 and 34
      respectively. It should be noted that the conductors 32 and 34 terminate
      at respective opposite ends of the heating element 48, as shown in FIG. 2
      by a numeral 76. As best seen in FIG. 3, each of the conductors 32 and 34
      is carried in plastic tubing 78 and 80 respectively, between the frame
      portion 14 and the base portion 12. The plastic tubing 78 and 80, which
      may be similar to the tubing 36, terminates respectively within the foam
      layers 52 in the frame portion 14 and within a foam layer 82 provided in
      the space between the top wall 16, the sides 18 and the bottom wall 20.
PAR  As for the foam layers 52 and 82, a two component, fast setting, low
      temperature curing epoxy foaming system of any type commercially available
      may be used. Assuming the epoxy materials have been mixed as per
      instructions, and the ribbon heater element 48 has had the conductors 32
      and 34 properly attached at the terminals 76 and has also been properly
      positioned in the ceramic body 40, which may be done best with the ceramic
      body 40 placed upside down, relative to that shown on the drawing, and on
      a work surface, and each of the plastic tubing 78 and 80 has been slipped
      on the conductors 32 and 34 respectively, then, with that done, a
      predetermined amount of the epoxy material is spread over the ribbon
      heater element 48. The conductors 32 and 34 along with the respective
      plastic tubing 78 and 80 are now passed through openings 66 in the back
      plate 50 and the back plate 50 positioned in place over the epoxy
      materials, which ultimately becomes the foam layer 52. The mounting clips
      44 and 46 may now be positioned in the down-turned edges 54 of the ceramic
      body 40.
PAR  The frame portion 14 is now attached to the base portion 12 by way of the
      threaded fasteners 64 which extend through the openings 68 in the top wall
      16 from the bottom side as seen in the drawing and then through the
      spacers 72 and ultimately into the threaded openings 62 of the mounting
      clips 44 and 46.
PAR  Just prior to this, however, the conductors 32 and 34 together with the
      plastic tubing 78 and 80 are passed through the spacers 74 and hence
      through the two spaced apart openings 70. At a predetermined point below
      the top wall 16 the plastic tubing 78 and 80 is terminated. From that
      point on to the source of electrical power, if necessary, the conductors
      32 and 34 are carried within the single plastic tubing 36, through the
      opening 30, the coupling member 24, the tapered insert ring 38 and the
      fitting 28.
PAR  With the conductors 32 and 34 positioned as pointed out above, and after
      the fasteners 64 are securely tightened, another predetermined amount of
      the mixed epoxy materials is applied over the conductors 32 and 34 and
      within the region defined by the bottom surface of the top wall 16, the
      inner surface of the side walls 18a, 18b and the walls, not shown,
      opposite thereof, up to the lower part of the recess 22, when viewed in an
      inverted position relative to that shown in the drawing.
PAR  At this point the bottom wall 20 is positioned within the recess 22 of the
      side walls 18a, 18b, etc. over the mixture of epoxy materials which on
      becoming cured has expanded to become the foam layer 82. If desired, the
      bottom wall 20 may be permanently or removably attached to the base
      portion 12 by suitable adhesives or other commonly known methods.
PAR  It should be noted that the heat resistant epoxy foam layer 52 serves to
      prevent any chemically active agents from making contact with the heater
      element 48. Similarly, the foam layers 52 and 82 prevent such similar
      agents from coming into contact with the conductors 32 and 34 in the event
      these agents were to eventually find a path between the spacers 74 and the
      openings 66 and 70 respectively of the backing plate 50 and the top wall
      16. As for that portion of the conductors 32 and 34 that is exterior of
      the coupling 24, the tubing 36 provides the desired protection.
PAR  It should be stated that a ceramic hot plate, Model PC-35, made of
      "Corningware", a registered trademark of the Corning Glass Works, Corning,
      N.Y., and having suitable mounting clips, a ribbon heating element and a
      back plate is available from the Corning Glass Works and can be used in
      conjunction with the present invention as described above.
PAR  While I have herein shown and described my invention in what I have
      conceived to be the most practical and preferred embodiment, it is
      recognized that departures may be made therefrom within the scope of my
      invention, which is not to be limited to the details disclosed herein but
      is to be accorded the full scope of the claims so as to embrace any and
      all equivalent devices and methods.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hot plate comprising in combination a top portion having a top ceramic
      deck defining a heated working surface, the deck also having down-turned
      edges defining a peripherally continuous depending wall, there being a
      heater compartment beneath the deck and within the depending wall; a
      heating element operably disposed in said heater compartment below said
      working surface and having electrical terminals; circuit means for
      supplying electrical energy from a power source to said terminals; a base
      portion for operably supporting said top portion in thermal isolation
      therefrom; and means including epoxy foam beneath the heating element and
      extending across and substantially filling the heater compartment, the
      epoxy foam providing a seal to the depending wall and cooperating with the
      deck and depending peripheral wall for encapsulating said heating element
      and said circuit means to confine substantially all of the heat generated
      to said working surface, said base portion being constructed of
      fluorocarbon materials as a separate structure and attached to said top
      portion in spaced apart configuration to further provide additional
      thermal isolation between said heated working surface and said base
      portion, said circuit means extending through said base portion for
      protection from heat and hostile environments.
NUM  2.
PAR  2. The hot plate constructed in accordance with claim 1 further
      characterized in that the base portion has a top wall in confronting and
      spaced relation to the top portion, the base portion also having a
      peripherally continuous side wall depending from the top wall and formed
      integrally and in one piece with the top wall and cooperating with the top
      wall in defining a wiring chamber confining the circuit means therein, and
      means including epoxy foam filling and sealing closed said wiring chamber
      of the base portion to encapsulate and protect said circuit means disposed
      therein from hostile environments.
NUM  3.
PAR  3. The hot plate constructed in accordance with claim 2 wherein the circuit
      means includes wiring extending from the base portion and into the top
      portion and spanning the open space therebetween, the wiring being
      enclosed within a chemically resistant protective tubular sheath of
      fluorocarbon material and spanning with the wiring the open space between
      the base and top portions, the ends of the tubular sheath and wiring being
      embedded and sealed in the epoxy foam of both the base and top portions.
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ABST
PAL  An electrothermally deformable levelling pad utilizable in padding,
      levelling or aligning girders, rails or any other constructional or
      structural elements. The levelling pad comprises at least one
      thermoplastic plate member and an electric heater for heating the
      thermoplastic plate member to soften or melt to cause the overall
      thickness of the pad to reduce to a value sufficient to bring an article
      or machine to a predetermined level. The plate member is made of a
      thermoplastic random-copolymerized polyester which comprises an acid
      component and a glycol component.
BSUM
PAR  The present invention relates to an electrothermally deformable levelling
      pad utilizable in padding, levelling or aligning girders, rails or any
      other constructional or structural elements and, more particularly, to a
      constructional device comprising a body of thermoplastic material having
      embedded therein an electric heater, which electric heater is, while the
      constructional device is placed in between a load exerting member and a
      load receiving member, energized to electrothermally deform the body of
      thermoplastic material so as to permit the load exerting member to assume
      a definite position relative to the load receiving member.
PAR  The present invention pertains to the electrothermally deformable levelling
      pad which is advantageously utilized in railway construction and, more
      particularly, in levelling a railway track structure, composed of a line
      of rails, relative to a levelled railroad having a rough roadbed for
      supporting the railway track structure thereon.
PAR  It is well known that, when a railway track structure composed of a line of
      rails is to be erected, the track structure is laid on the roadbed of a
      railroad which may include either a pavement of ballast or a pavement of
      slabs of reinforced or prestressed concrete. In addition, it is well known
      that depending upon the type of the slabs and the amount of loads they may
      receive, the slab-paved roadbed may not require the use of crossties or
      sleepers for the support of the rails in a predetermined track gauge.
      Prior to placement of the railway track structure on the railroad, the
      roadbed should be prepared to assume a predetermined level as exactly as
      possible over the entire length thereof.
PAR  However, the exact levelling of the roadbed is difficult and, therefore for
      the purpose of compensation for a difference between the actual level of
      the railway track structure relative to the roadbed deviation at one local
      position and that at another local position, several methods have
      heretofore been practised. One of these methods is the use of filler pads,
      made of compressed rubber, which are individually placed between the rails
      and the roadbed, or the crossties if employed, in spaced relation to each
      other in the lengthwise direction of the track. Another one of these
      method is the use of bags placed in a substantially similar manner as the
      filler pads and subsequently filled with a grout of synthetic material
      which is solidificable upon evaporation of solvent.
PAR  According to the first mentioned method, a considerable number of filler
      pads are required which are of different thickness, right for various
      positions in the roadbed where the track tends to sink below its specific
      level. In other words, the filler pads are required in a number
      substantially corresponding to the number of deviations in the roadbed
      level. On the other hand, according to the second mentioned method,
      because of the grout in a fluid state, maintenance, handling and grouting
      operation with the grout are all difficult.
PAR  In addition to the individual disadvantages referred to above, performance
      of any of the first and second mentioned methods is complicated in
      procedure and is time-consuming and labor-consuming.
PAR  In the case where an architectural frame or girder or a heavy-duty machine
      is to be installed on a levelled concrete floor, some anchor bolts are
      utilized. These anchor bolts are embedded in portion of the concrete floor
      where the architectural frame or the heavy-duty machine is to be
      installed. If at least that portion of the concrete floor fails to be
      levelled, the usual procedure to bring the architectural frame or the
      machine to a predetermined level has heretofore been carried out by
      reforming that portion of the concrete floor so as to achieve a
      predetermined level while the individual anchor bolts are accurately
      positioned so as to align with the architectural frame or the machine. In
      this procedure, some disadvantages are still found in that complete
      solidification of concrete material used to reform the portion of the
      floor creates delays and in that alignment of the individual anchor bolts
      during levelling of that portion of the floor is difficult. In other
      words, this levelling procedure is complicated and, similarly,
      time-consuming and labor-consuming.
PAR  In order to avoid the disadvantages and inconveniences referred to above,
      there has recently been proposed an electrothermally deformable levelling
      pad which includes an electric heater of a substantially platelike or
      planar shape fitted to one surface of a thermoplastic plate member or
      preferably sandwiched between a pair of thermoplastic plate members. The
      electrothermally deformable levelling pad of the construction referred to
      above is utilized in practice in the following manner.
PAR  Firstly, the electrothermally deformable leveling pad is placed in position
      between a foundation, for example, each of tie plates on the roadbed, and
      the bottom or foot of a rail forming a part of the railway track
      structure. The electric heater is subsequently energized to heat the
      thermoplastic plate members. The thermoplastic material which constitutes
      the individual plate members being heated becomes softened and, therefore,
      deforms as it receives an external pushing force, that is, the weight of
      the rail acting on the plate members in a direction perpendicular to the
      plane of the plate members, that is, in a direction of the thickness of
      the plate members. In this way, bringing the rail to a desired or
      predetermined level can be carried out by the thickness deformation of the
      plate members.
PAR  The electrothermally deformable levelling pad of the type heretofore
      proposed can also be utilized not only in levelling, but also in padding
      or aligning any other constructional or structural elements in a
      substantially similar way as the electrothermally deformable levelling pad
      of the present invention would be practised.
PAR  Insofar as railway construction is concerned, the electrothermally
      deformable levelling pad heretofore proposed is successful in
      substantially eliminating the disadvantages and inconveniences inherent in
      the conventional levelling technique. The use of the electrothermally
      deformable levelling pad in fact facilitates levelling, but in order for
      the electrothermally deformable levelling pad to exhibit highly reliable
      performance, it has been recognized that material for the plate member or
      plate members should satisfy the following requirements.
PA1  1. Be a thermoplastic,
PA1  2. Be capable of exhibiting a sufficient melt viscosity even when heated to
      a temperature above the softening point thereof,
PA1  3. Have a relatively high load bearing properties in terms of compressive
      creep, compressive stress and impact strength,
PA1  4. Have a sufficient elasticity, in terms of spring constant, compressive
      modulus and hardness, to an extent that vibrations can be absorbed, and
PA1  5. Exhibit no substantial change in physical property even when subjected
      to a temperature within a practical range of from the brittle point
      temperature of below -40.degree.C. to the minimum fluidizing temperature
      of above +80.degree.C., which minimum fluidizing temperature means the
      temperature at which the material commences to fluidize.
PAR  However, the material satisfying each item of the above requirements is not
      known. A synthetic thermoplastic resin now commercially available is apt
      to exhibit such a characteristic that the melt viscosity reduces rapidly
      when it is heated to a temperature above the softening point. If this
      commercially available thermoplastic resin is used as the material for the
      plate members of the electrothermally deformable levelling pad, a
      sufficient levelling or padding cannot be appreciated because the resin
      tends to readily fluidize before the levelling or padding is complete.
PAR  A certain synthetic resin having a sufficient hardness is also commercially
      available. However, this synthetic resin does not exhibit a sufficient
      elasticity and has no property of absorbing vibrations and/or impact
      applied thereto and, therefore, if it is used as material for the plate
      members of the electrothermally deformable levelling pad, the latter will
      readily be fractured under the influence of vibrations and/or impact and
      cannot accordingly be used where the vibration and/or impact is present.
PAR  As a synthetic thermoplastic resin having a sufficient elasticity,
      ethylene-vinyl acetate copolymer, styrene-butadiene block copolymer and
      polyurethane elastomer are known. However, the above two copolymers have
      common drawbacks in that, when subjected to a predetermined load, any of
      these copolymers is greatly deformed and in that considerable change in
      physical property occurs when any of these copolymers is handled under
      conditions in which the temperature varies from -40.degree.C. to
      +80.degree.C. and, on the other hand, the elastomer lacks a stability in
      terms of water, weather and heat resistance.
PAR  Accordingly, an essential object of the present invention is to provide an
      improved electrothermally deformable levelling pad which is effective to
      facilitate levelling, padding or aligning work accurately and reliably,
      thereby substantially eliminating the disadvantages and inconveniences
      heretofore encountered in similar work.
PAR  Another important object of the present invention is to provide an improved
      electrothermally deformable levelling pad of the type referred to above,
      which exhibits a sufficient durability under severe conditions in which it
      is used.
PAR  A further object of the present invention is to provide an improved
      electrothermally deformable levelling pad of the type referred to above,
      in which a synthetic resin satisfying the foregoing requirements is
      utilized to improve the overall performance and durability thereof.
PAR  According to the present invention, there is provided an improved
      electrothermally deformable levelling pad which comprises at least one
      plate member, made of thermoplastic material, and at least one electric
      heater fitted to one surface of the plate member. The levelling pad of the
      above construction may include a covering enclosing the plate member and
      the heater together, said covering being made of a sheet of thermal
      insulating material, for example, non-woven sheet of polyester.
PAR  The respective numbers of the plate member and the heater may not be
      limited to one. Two heaters for one plate member can be employed, in which
      case the individual heaters are fitted to both surfaces of the plate
      member. Moreover, one heater for two plate members may be employed, in
      which case the heater is sandwiched or held in position between the
      individual plate members. In the case where three or more plate members
      are employed, the heater is preferably employed in a corresponding number.
      By way of example, assuming that the number of the plate members employed
      is three, at least two heaters can be employed which are respectively held
      in position between one plate member and the next adjacent plate member,
      or four heaters can be employed at maximum, two of which are respectively
      held in position between one plate member and the next adjacent plate
      member while the other two are respectively fitted to the outer surfaces
      of the assembled plate members.
PAR  In the case where two or more electric heaters are employed, they may
      electrically be series-connected, or otherwise connected to a common
      source of electric power through a suitable connection, for example, by
      the use of a power distributing coupler.
PAR  The electric heater is preferably of a planar tupe similar to that employed
      in an electric blanket. Although any other type of electric heater may be
      employed, the use of the planer heater is preferred for the reason which
      will become apparent from the later description.
PAR  Material for the plate member may be a thermoplastic random-copolymerized
      polyester of a particular composition herein disclosed, which has a melt
      viscosity of less temperature dependence; a minimum fluidizing temperature
      of above 80.degree.C., preferably, within the range of 100 to
      260.degree.C.; a brittle point temperature of not higher than
      -40.degree.C.; a compressive stress within the range of 5 to 1,000
      kg/cm.sup.2 at the time 5% deformation thereof takes place; a compressive
      modulus of 300 to 20,000 kg/cm.sup.2 ; an impact strength of not less than
      5 kg.cm/cm; and a hardness of not less than 20 as measured by the use of a
      D-type Shore durometer.
PAR  More specifically, the material for the plate member comprises a random
      copolymerized polyester prepared from an acid component and a glycol
      component. The acid component is of a kind comprising an aromatic
      carboxylic acid and an aliphatic dicaroboxylic acid having 6 or more
      carbon atoms, the ratio of the amount of the aromatic carboxylic acid
      residue relative to the amount of the aliphatic dicarboxylic acid residue
      being within the range of 40/60 to 95/5 in terms of a mol ratio. The
      glycol component employed is at least one selected from the group
      consisting of an aliphatic diol, an aromatic diol and an alicyclic diol.
PAR  The type of random copolymer to be selected as a material for the plate
      member depends on the purpose for which the resultant levelling pad is
      utilized and characteristics the resultant levelling pad is desired to
      have. By way of example, if the resultant levelling pad is desired to have
      relatively high load bearing properties and a relatively high
      vibration-damping property, the acid component forming a part of the
      random copolymer for the material of the plate member preferably contains
      the aliphatic dicarboxylic acid of not less than 6 carbon atoms in a
      relatively great amount. Alternatively, the acid component containing the
      aliphatic dicarboxylic acid having a relatively great number of carbon
      atoms may be employed as a part of the random copolymer.
PAR  If the resultant levelling pad is desired to have relatively high load
      bearing properties and relatively high hardness and mechanical strength,
      the random copolymer which contains as the aromatic dicarboxylic acid, one
      of terephthalic acid and naphthalene dicarboxylic acid may be employed.
      Moreover, if the resultant levelling pad is desired to be capable of
      withstanding a highly elevated temperature, the random copolymer which
      contains as the aromatic dicarboxylic acid component one of the
      terephthalic acid and naphthalene dicarboxylic acid and, as the glycol
      component, the aliphatic glycol, such as ethylene glycol or tetramethylene
      glycol, having a relatively small number of carbon atoms, may be employed.
      In addition, if the resultant levelling pad is desired to have a
      relatively high oil resistance and durability, the random copolymer
      wherein the aliphatic dicarboxylic acid having a relatively great number
      of carbon atoms may be employed.
PAR  In view of the nature and construction of the levelling pad according to
      the present invention, not only the levelling operation can be
      facilitated, but also an accurate and effective levelling can be realized.
      The levelling pad according to the present invention has many fields of
      application. By way of example, in view of the fact that the levelling pad
      is imparted a sufficient elasticity to provide a relatively high vibration
      damping property with improvement in load bearing properties, the
      levelling pad herein disclosed can be utilized to bring a precision
      machine to a predetermined level irrespective of the surface condition of
      a foundation or floor on which the machine is to be installed.
PAR  The levelling pad herein disclosed is also suited for use in levelling
      practised not only during machine installation, but also during railway
      construction or building construction, and under any circumstance even
      where the levelling pad might be exposed to a rapid variation in ambient
      temperature for a substantially long period of time.
PAR  In addition, the levelling pad herein disclosed can also be used as a
      padding device or an aligning device. An example of the use as a padding
      device would be filling a gap or clearance between a certain structural
      member, for example, stationarily held in position, and a subsequently
      adjacently installed structure member, the final size of which gap or
      clearance could have been neither predicated nor measured at the time of
      installation of the adjacent structural member relative to the certain
      structural member. In this case, the padding device in the form of the
      levelling pad herein disclosed may be executed in such a manner as to
      place it in the gap or clearance prior to final fixing of the size of such
      gap or clearance, subsequently to energize the built-in heater to heat the
      plate member forming a part of the levelling pad, and finally to move the
      subsequently installed structural member relative to the stationarily held
      structural member thereby to apply an pushing force to the padding device
      until the final, desired or predetermined size can be achieved in the gap
      or clearance. Supply of electric power to the built-in heater may be
      interrupted, at the time or shortly before the gap or clearance achieves
      the final size, to allow the softened plate member to solidify with its
      thickness deformed to a value corresponding to the final size of the gap
      or clearance.
PAR  In the case where the structural members referred to above are, so far from
      the gap or clearance between these members being filled, desired to be
      placed or installed on the same level and in line with each other, it will
      be readily understood that the levelling pad herein disclosed can, if
      placed between one or both of the structural members and the floor or
      foundation and operated in a similar manner as hereinbefore described, act
      as the aligning device.
PAR  In any event, if one or more of reinforcing agent, modifier, ultraviolet
      ray absorbent, fire proofing agent and any other additives are added to
      the random copolymer during the preparation thereof, additional and/or
      cumulative properties attributable from the addition of one or more of
      these additives can be imparted to the resultant levelling pad in addition
      to those attributable from the selection of material for the random
      copolymer.
PAR  The aromatic carboxylic acid forming a component of the random copolymer
      which is used as the material for the plate member is either an aromatic
      dicarboxylic acid or an aromatic hydroxylic acid. More particularly,
      terephthalic acid, isophthalic acid, 1,5-naphthalene dicarboxylic acid,
      2,6-naphthalene dicarboxylic acid, 2,7-naphthalene dicarboxylic acid,
      4,4'-diphenyl dicarboxylic acid, bis(4-carboxyphenyl)methane,
      4,4'-sulfonyldibenzoic acid, 4-(2-hydroxyethoxy)benzoic acid, 4-hydroxy
      benzoic acid and others can be enumerated. Of these aromatic carboxylic
      acids, the terephthalic acid or the naphthalene dicarboxylic acid is
      preferred.
PAR  Examples of the aliphatic dicarboxylic acid having not less than 6 carbon
      atoms are adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic
      acid, undecane dicarboxylic acid, dodecane dicarboxylic acid, brassiline
      acid, tetradecane dicarboxylic acid and others. However, the aliphatic
      dicarboxylic acid having not less than 9 carbon atoms is preferred.
PAR  For the aliphatic diol, the aromatic diol and the alicyclic diol, ethylene
      glycol, propylene glycol, tetramethylene glycol, pentamethylene glycol,
      2,2-dimethyl trimethylene glycol, hexamethylene glycol, decamethylene
      glycol, neopenthyl glycol, p-xylylene glycol, 1,4-cyclohexane dimethanol
      and others can be enumerated. However, the use of the aliphatic diol,
      preferably, a diol which is represented by the formula HO(CH.sub.2).sub.n
      OH, wherein n is a number selected from 2 to 10, is recommended. The diol
      which is more preferred in the present invention is ethylene glycol,
      trimethylene glycol and tetramethylene glycol.
PAR  The random-copolymerized polyester can be prepared by reacting the aromatic
      carboxylic acid and at least one of the aliphatic dicarboxylic acid and
      its derivatives and the diol by the use of a known method such as ester
      exchange reaction or direct esterification. During the reaction effected
      to produce the random copolymerized polyester, one or more known catalysts
      can be employed in a relatively wide range. The resultant random
      copolymerized polyester should contain the acid component in an amount
      such as to render the mole ratio of the aromatic dicarboxylic acid residue
      relative to the aliphatic dicarboxylic acid residue within the range of
      40/60 to 95/5, or otherwise the random-copolymerized polyester which
      satisfies the foregoing requirements cannot be obtained. The mole ratio of
      60/40 to 95/5 is preferred. If the amount of the aliphatic dicarboxylic
      acid is not less than 60 mole %, the resultant random copolymerized
      polyester would have improved flexibility and impact strength, but the
      minimum fluidizing temperature thereof would be lowered and, therefore, it
      will not be able to withstand against variation of the ambient temperature
      within the practical range referred to above. On the other hand, if the
      amount of the aliphatic dicarboxylic acid is not more than 5 mole %, the
      resultant random copolymerized polyester would have a lesser flexibility
      and a relatively high minimum fluidizing temperature and, therefore, it
      cannot be suited as the material for the plate member forming a part of
      the levelling pad of the present invention.
PAR  Examples of the resultant random copolymerized polyester useable in the
      present invention are a polyethylene terephthalate-sebacate random
      copolymer; a polyethylene terephthalate-adipate random copolymer; a
      polyethylene terephthalate-azelate random copolymer; a polyethylene
      terephthalate-dodecanoate random copolymer; a polyethylene
      terephthalate/isophthalate-sebacate random copolymer; a polytetramethylene
      terephthalate-adipate random copolymer; a polytetramethylene
      terephthalate-sebacate random copolymer; a polytetramethylene
      terephthalate-azelate random copolymer; a polytetramethylene
      terephthalate-dodecanoate random copolymer; a polyethylene
      naphthalate-sebacate random copolymer, a polytetramethylene
      naphthalate-adipate random copolymer; a polytetramethylene
      naphthalate-azelate random copolymer; a polytetramethylene
      naphthalate-dodecanoate random copolymer; a poly-4-(2-hydroxyethoxy)
      benzoate-adipate random copolymer; a poly-4-hydroxybenzoatesebacate random
      copolymer; and others.
PAR  In most cases, the random copolymerized polyester has a number of favorable
      properties suited as the material for the plate member. However, one or
      all of thermal-oxidation preventing agents, ultraviolet ray absorbents and
      hydrolysis preventing agents may be added to the random copolymerized
      polyester during the preparation thereof to stabilize the random
      copolymerized polyester against thermal oxidation, ultraviolet ray and/or
      hydrolysis, respectively. Examples of the thermal oxidation preventing
      agent which may be employed are phenols and their derivatives, aromatic
      amines, thiopropionic acid esters, and so on. Examples of the ultraviolet
      ray absorbent which may be employed are substituted benzophenones,
      substituted benzotriazoles and so on, while examples of the hydrolysis
      preventing agent which may be employed are polycarbodiimides and others.
PAR  Any suitable powdered or fibrous filler material such as carbon black,
      silica, calcium carbonate, glass fiber, carbon fiber or asbestos may be
      added to the random copolymerized ester. Addition of the filler material
      is advantageous in that the elastic modulus of material can be improved
      and the melt viscosity of the random copolymerized polyester at the time
      said polyester is heated to an elevated temperature substantially above
      the softening point thereof can also be improved. This means that the
      resultant levelling pad can advantageously used to facilitate the
      levelling or padding work in an accurate manner.
PAR  Furthermore, the random copolymerized polyester may contain one or both of
      pigment and fireproof agent if desired.
PAR  As the material for the plate member, the random copolymerized polyester of
      the composition as hereinbefore described can, because of being
      thermoplastic, be molded into a desired shape of the plate member by any
      known method, for example, by means of an injection molding technique, an
      extrusion molding technique or a compression molding technique. The shape
      and size of the plate member may be selected in consideration of those of
      a gap or clearance where the levelling pad is to be installed.
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PAR  These and other objects and features of the present invention will readily
      become understood from the following description taken in conjunction with
      a preferred embodiment thereof with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a schematic perspective view of an electrothermally deformable
      levelling pad according to the present invention, with a portion thereof
      broken away to show the construction thereof,
PAR  FIG. 2 is a top plan view of a thermoplastic plate member employed in the
      levelling pad of FIG. 1,
PAR  FIG. 3 is a top plan view of an electric heater employed in the levelling
      pad of FIG. 1,
PAR  FIG. 4 is a cross sectional view taken along the line IV--IV in FIG. 1,
PAR  FIG. 5 is a cross sectional view taken along the line V--V in FIG. 1,
PAR  FIG. 6 is a cross sectional view, on an enlarged scale, of a portion of
      FIG. 5,
PAR  FIG. 7 is a schematic sectional view of a portion of a railway track
      structure as viewed in a direction parallel to the lengthwise direction of
      a rail,
PAR  FIG. 8 is a schematic side sectional view of the railway track structure as
      viewed in a direction perpendicular to the lengthwise direction of the
      rail, and
PAR  FIG. 9 is a graph illustrating variation of the viscosity of the
      thermoplastic plate member in relation to variation of the temperature.
PAR  Before the description of the invention proceeds, it should be noted that,
      for facilitating a better understanding thereof, the electrothermally
      deformable levelling pad according to the present invention will now be
      described as having a substantially rectangular configuration and as used
      in bringing a rail to a predetermined or required level.
DETD
PAR  Referring first to FIGS. 1 to 6, an electrothermally deformable levelling
      pad comprises a pair of plate members 1 of the same size and made of the
      random copolymer of the composition as hereinbefore fully described, and a
      planar electric heater 5 sandwiched or held in position between these
      plate members 1. Depending upon the width at the bottom or root of the
      rail to be levelled and the length of a tie plate to be placed on a
      crosstie or a slab under the rail, as will be described later, each of the
      plate members 1 for the levelling pad used for this purpose may, for
      example, be 5 mm. in thickness, 125 mm. in width and 185 mm. in length.
PAR  Each of the plate members 1 is formed with a plurality of holes 2 each
      being, for example, circular in cross-section and extending completely
      through the thickness of the plate member 1. If reduction of the sum of
      the thicknensses of the plate members 1 in an amount of approximately 4
      mm. is desired (which is achieved by heating the plate members 1 so as to
      deform under loaded condition in such a manner as will be described
      later), the sum of the total cross-sectional areas or volumes of the holes
      2 in both of the plate members 1 preferably occupies about 40% of the sum
      of the total surface areas or volumes of both of the plate members 1.
      Accordingly, so far as the above described dimensions of each of the plate
      members 1 are concerned, each of the holes 2 may, for example, have a
      diameter of 10 mm.
PAR  The holes 2 in both of the plate members 1 act as means for accommodating
      portion of the thermoplastic resin forming the individual plate members 1
      to permit the latter to be reduced in thickness by the load imposed upon
      the levelling pad, at the time said plate members 1 are heated to soften
      or melt. In other words, when the heater 5 is energized to heat the plate
      members 1 while the load is imposed on the levelling pad so as to act in a
      substantial direction of thickness of the levelling pad, the individual
      plate members 1 begin to fluidize, permitting the thickness of each of the
      plate members 1 to be reduced while the fluidized portion of the
      individual plate members 1 substantially fills up the holes 2. Therefore,
      so long as that portion of the plate members in a fluidized state can be
      accommodated in compensation for reduction of the sum of the total
      thicknesses of the individual plate members 1, not only may each of the
      holes 2 may have a cross-sectional shape other than the circular shape,
      but also a plurality of grooves or a plurality of projections may be
      employed in place of the illustrated holes 2, in which case the grooves or
      projection should be formed on one of the surfaces of each of the place
      members 1 which faces the planar heater 5. Moreover, if the circumstance
      permits, the random copolymer for the individual plate members 1 may be in
      the form of a sintered thermoplastic resin prepared by sintering a
      thermoplastic resin powder to provide porosity in each of the plate
      members 1.
PAR  The holes 2 or any other substitutes therefor are not always necessary
      depending upon the use of the levelling pad of the present invention.
      However, the provision of the holes 2 or their substitutes is recommended
      in view of the fact that reduction in thickness of the levelling pad can
      readily be achieved and, in addition, a handsome finish can be achieved.
PAR  As best shown in FIGS. 5 and 6, each of the plate members 1 has both sides
      3 inclined at an acute angle relative to the plane of the planar heater 5
      so that, when both of the plate members 1 are secured, in such a manner as
      will be described later, with the heater 5 held in position between these
      plate members 1, substantially inwardly extending V-shaped grooves are
      respectively formed as at 4 on both sides of the resultant levelling pad.
      These grooves 4 function in a substantially similar manner as the holes 2.
PAR  The planar heater 5 is, as best shown in FIG. 3, in the form of a
      substantially flat, woven heating mat 6 of a size having a length
      substantially equal to the length of each of the plate members and a width
      greater than the width of each of the plate members by a few milimeters,
      which woven heating mat 6 has filaments of glass fiber forming the warp
      and a continuous, thin heating wire 7 forming the woof. Said filaments of
      glass fiber and said heating wire 7 are woven together as if to provide a
      woven cloth. It will therefore be seen that the heating wire 7 extends in
      a substantially zig-zag manner in the direction of the warp, transversing
      the filaments of glass fiber.
PAR  The heating wire 7 for this purpose may be employed in the form of a copper
      wire of 0.18 mm. in diameter and the number of substantially equally
      spaced runs of the continuous heating wire 7 extending in the zig-zag
      manner is preferably within the range of 15 to 30 per inch.
PAR  The planar heater 5 is held in position between the plate members 1 in such
      a manner as will now be described. As hereinbefore described, the width of
      the heater 5, more particularly, the width of the woven heating mat 6, is
      greater than the width of any of the plate members 1. Therefore, both side
      portions of the woven heating mat 6, after having been secured with
      respective lengths of electrically insulating, adhesive tape (not shown),
      are turned up to provide corresponding loops 8, which loops 8 are, when
      the woven heating mat 6 is held in position between the plate members 1,
      accommodated within the respective V-shaped grooves 4 each defined by the
      side faces 3 of the associated plate members 1.
PAR  In order to secure the plate members 1 and the planar heater 5 in the
      aforesaid arrangement, a bonding agent may be used. However, according to
      the present invention, taking advantage of the thermoplastic resin forming
      any of the plate members 1, fusion-bonding is employed. This can be
      achieved in such a manner that, while the heater 5 is held in position
      between the plate members in the predetermined arrangement, the heater 5
      is first temporarily energized for a period of time sufficient to cause
      the individual surfaces of the plate members 1, which contact the woven
      heating mat 6, to melt and the plate members with the heater 5
      therebetween are subsequently allowed to stand until the melted surfaces
      of the plate members 1 solidify. It will readily be seen that at the time
      of completion of the fusion bonding, both surfaces of the woven heating
      mat 6 have been interlocked with the respective surfaces of the plate
      members 1.
PAR  As best shown in FIG. 1, one of the opposite end faces of any one of the
      plate members 1 is provided with a pair of terminal members 10 which may,
      for example, be embedded into the end face of the plate member 1 with
      respective portions externally projected. These terminal members 10 are
      respectively connected with opposite ends of the heating wire 7, naked
      portions adjacent the opposite ends of the heating wire 7 being inserted
      through individual electrically insulating sheathings 11. Extending from
      the terminal members 10 is a pair of lead wires 12 having one ends
      connected to said terminal members 10 and the other ends connected to a
      coupler 13, for example, a plug-in jack, for connection with a source of
      electric power.
PAR  The levelling pad of the above construction may be enclosed, or otherwise
      packed, within a covering 9 made of a non-woven polyester sheet of 0.1 to
      0.2 mm. in thickness. The use of the covering 9 is advantageous in that a
      loss of thermal energy originating from the energized heating wire 7 can
      be substantially reduced.
PAR  It is to be noted that although the heating wire 7 has been described as
      extending in the substantially zig-zag manner, it may be arranged in a
      substantially spiral or coiled configuration which is recommended in case
      where the levelling pad is desired to be circular in shape.
PAR  It is also to be noted that the term "planar heater" employed in this
      specification and appended claims is intended to mean a heater, such as
      designated by 5 of the above construction, of a type capable of emitting
      heat energy uniformly from at least one surface thereof in a direction
      substantially perpendicular to said surface. The employment of this type
      of heater as practised in the present invention is particularly
      advantageous in respect that the whole surface of each of the plate
      members 1 which contacts the heater should be softened or melted uniformly
      to facilitate simultaneous displacement of local points in each plate
      member 1 in the direction of thickness of said plate member in accordance
      with distribution of the load applied thereon.
PAR  The levelling pad of the aforesaid construction is practically used in such
      a manner as will now be described with particular reference to FIGS. 7 and
      8.
PAR  Before describing the manner to use the levelling pad of the present
      invention, a typical roadbed construction will first be described. The
      roadbed in the illustrated embodiment is shown in the form of a concrete
      roadbed 21 and includes slabs 22, for example, 5 meters in length and made
      of reinforced or prestressed concrete, which slabs are paved end-to-end on
      the upper surface of the concrete roadbed 22. Secured on the upper surface
      of the pavement of the slabs 22 and equally spaced, for example, 0.6 meter
      from each other in a straight line are tie plates 23 of a shape
      substantially as shown in FIG. 7. A length of rail 26 is to be supported
      on the tie plates 23.
PAR  Assuming that the upper surface of the foundation which is defined by the
      pavement of the slabs 22 and on which the tie plates 23 rest in the
      straight line is rough, there will be a possibility of formation of a
      clearance between the bottom of some of recesses 23a in the respective tie
      plates 23 and the bottom face of the rail 26 when the latter is placed on
      the tie plates 23 with the bottom thereof engaged in the recesses 23a, and
      in an extreme case, the rail 26 will extend, for example, diverging from
      the horizontal level.
PAR  In order to avoid this possibility, prior to the rail 26 being fixed to the
      tie plates 23, a required number of levelling pads, generally indicated by
      24 and each being of the construction as hereinbefore fully described, are
      placed one for each tie plate and held in position within the recesses 23a
      of the respective tie plates 23, and the rail 26 is subsequently lowered
      to rest on the levelling pads 24. At this time, rubber pads 25
      corresponding in number to the levelling pads 24 employed may be placed in
      between the levelling pads 24 and the bottom face of the rail 26, if
      desired, for substantially absorbing shocks which may be created as a
      train run on the track.
PAR  If the planar heaters 5 of the respective levelling pads 24 are energized,
      for example, merely by connecting the individual plug-in jacks 13 to the
      common source of electric power, to heat the plate members 1 in the manner
      as hereinbefore described, each of the plate members 1 of any of the
      levelling pads 24 begins to melt from the surface adjacent the
      corresponding heater 5 to the opposite surface and, as melting of the
      plate members 1 in all the levelling pads 24 progresses, the rail 26 is
      lowered by its own gravity while the thickness of each of the levelling
      pads 24 decreases. During this process, the volume of a space where any
      one of the levelling pads 24 is accommodated and which is substantially
      defined by wall portions, defining the recess 23a in each tie plate 23,
      and the bottom face of the rail 26 decreases as the rail 26 is lowered,
      and the melted resin forming each of the plate members 1 tends to
      externally ooze from the above mentioned space. However, by the provision
      of the holes 2 in each plate member 1, this oozing action can be
      advantageously avoided. In other words, some or all of the holes 2 in the
      plate members 1 of each of the levelling pads 24 become filled up with the
      melted resin in a substantially proportional relation to reduction of the
      volume of said space.
PAR  At the time of completion of lowering of the rail 26 to, for example, the
      horizontal level above the foundation, the rail 26 becomes supported
      temporarily on a plurality of adjustment pieces (not shown) that have
      previously been installed below the rail 26 one for each interval between
      one tie plate and the next adjacent tie plate. It should be noted that the
      adjustment pieces may have different height, but should have the top
      surfaces lying on the same plate in conformity of the horizontal level to
      which the rail 26 is brought. Shortly before the completion of the rail
      lowering or simultaneously therewith, the planar heaters 5 of all the
      levelling pads 24 are deenergized to interrupt the heating operation and,
      thereafter, the individual pads 24 are allowed to stand until the melted
      portions of the plate members of each pad 24 solidify completely while the
      rail 26 is still supported on the adjustment pieces.
PAR  Removal of the adjustment pieces from between the rail 26 and the
      foundation is effected after the melted portions of the plate members 1 of
      each pad 24 completely solidify. Insofar as the adjustment pieces or any
      other like support means are removed after the melted portions of the
      plate members 1 of each levelling pad 24 have completely been solidified,
      removal thereof does not cause the rail 26, once brought to the
      predetermined level, to displace from the predetermined level. Thus, it
      will be readily seen that the rail 26 can be accurately brought to the
      predetermined level even though the space between the foundation, which is
      defined by the pavement of the slabs 22, and the predetermined level
      thereabove varies from point to point because of roughness in the surface
      of the foundation.
PAR  More particularly, it has been experienced that bringing one slab 22
      exactly to the same level as the next adjacent slab 22 is technically
      impossible and, therefore, roughness is always present in the pavement of
      the slabs 22. If the levelling work is carried out by the use of the
      levelling pads according to the present invention, as clearly shown in
      FIG. 8, the levelling pads 24 vary in overall thickness in compensation
      for variation of the space between the foundation and the predetermined
      level to which the rail 26 is brought, thereby holding the rail 26 to the
      predetermined level. Comparision of two of the levelling pads, such as
      indicated by 24' and 24", for example, illustrates this fact. The same
      notion can apply to the other levelling pads. Therefore, no gap or
      clearance will be created between the bottom face of the rail 26 and the
      upper surface of any of the rubber pads 25, if the latter are employed, or
      of any of the levelling pads 24 if said rubber pads 25 are not employed.
PAR  It should be noted that the levelling pad 24 and the rubber pad 25 may be
      reversed in position. Moreover, each levelling pad 24 may, instead of
      being placed in between the rail 26 and the tie plate 23, be placed in
      between the tie plate 23 and the foundation, i.e., the slab 22.
PAR  Although in the foregoing embodiment, the tie plates 23 have been described
      as rigidly secured to the foundation, they may be rigidly secured to
      crossties or sleepers which are in turn secured to the slabs 22 or to the
      concrete roadbed 21, or otherwise supported on the known ballast, spaced
      several ten centimeters apart from each other.
PAR  The following example illustrates the present invention without limiting
      the same thereto.
PAC  EXAMPLE
PAC  Variety I
PAR  A random copolymerized polyester comprising the acid component, which
      contains terephthalic acid and sebacic acid, the mole ratio of the
      terephthalic acid residure relative to the sebacic acid residue being
      50/50, and the glycol component which is an ethylene glycol.
PAC  Variety II
PAR  A random copolymerized polyester comprising the acid component, which
      contains terephthalic acid and dedecane dicarboxylic acid, the mole ratio
      of the terephthalic acid residue relative to the dodecane dicarboxylic
      acid residue being 70/30, and the glycol component which is an
      tetramethylene glycol.
PAC  Variety III
PAR  A random copolymerized polyester comprising the acid component, which
      contains terephthalic acid and sebacic acid, the mole ratio of the
      terephthalic acid residue relative to the sebacic acid residue being
      75/25, and the glycol component which is a tetramethylene glycol.
PAC  Variety IV
PAR  A random copolymerized polyester comprising the acid component, which
      contains 2,7-naphthalene dicarboxilic acid and dodecane dicarboxylic acid,
      the mole ratio of the terephthalic acid residue relative to the dodecane
      dicarboxylic acid residue being 80/20, and the glycol component which is
      tetramethylene glycol.
PAR  For the purpose of characteristic testing, injection molded test pieces
      were each prepared from a dry-blended mixture of 100 parts of the random
      copolymerized polyester under the individual Varieties I to IV, 0.3 part
      of 4,4'-thio-bis(6-tert-butyl-3-methylphenol), 0.3 part of distearyl
      dithiopropionate and 0.5 part of carbon black (manufactured by Mitsubishi
      Chemical Industries Ltd. under the tradename Fanes Black HAF). The test
      results are tabulated in the following table.
TBL  ______________________________________                                    
                    Types of Testpieces                                        
     Types of Test    I       II      III   IV                                 
     ______________________________________                                    
     Minimum Fluidizing                                                        
     Temperature (.degree.C.)                                                  
                      145     180     190   205                                
     Brittle Point    below   below   below below                              
     Temperature (.degree.C.)                                                  
                      -70     -70     -70   -70                                
     Shore Scale-D                                                             
     Hardness         24      40      45    50                                 
     Tensile Strength at                                                       
     Breakage (kg/cm.sup.2)                                                    
                      160     265     290   400                                
     Tensile Elongation                                                        
     at Breakage (%)  800     600     450   320                                
     Compressive Stress at                                                     
     5% Deformation(kg/cm.sup.2)                                               
                      8       24      120   130                                
     Compressive Elastic                                                       
     Modulus (kg/cm.sup.2)                                                     
                      450     3,000   4,200 5,000                              
     Impact Strength  Not     Not     Not   Not                                
     (kg.cm/cm)       broken  broken  broken                                   
                                            broken                             
     ______________________________________                                    
PAR  It should be noted that the testpieces I, II, III and IV respectively
      contain the random copolimerized polyesters under individual Varieties I,
      II, III and IV described above.
PAR  Measurement of the particulars of each of the testpieces I to IV was
      carried out in the following manner. Minimum Fluidizing Temperature:
PAR  The temperature at the time the polymer heated at a rate of 30.degree.C.
      per minute had just emerged at a rate of 10.sup.-.sup.3 cm.sup.3 /sec.
      from a nozzle, 10 mm. in length and 1 mm. in inner diameter, which nozzle
      is provided in a Koka flow tester.
PAR  Brittle Point Temperature:
PAR  According to the Japanese Industrial Standards as specified by K-6301.
PAR  Shore Hardness:
PAR  According to ASTM D-2240, Shore-D Scale.
PAR  Tensile Strength:
PAR  According to the Japanese Industrial Standards as specified by K-6301.
PAR  Tensile Elongation:
PAR  According to the Japanese Industrial Standards as specified by K-6301.
PAR  Compressive Stress:
PAR  According to the Japanese Industrial Standards as specified by K-6911.
PAR  Impact Strength:
PAR  According to the Japanese Industrial Standards as specified by K-6911.
PAR  Compressive Elastiic Modulus:
PAR  According to the Japanese Industrial Standards as specified by K-6911.
PAR  The temperature dependence of the melt viscosity of the random
      copolymerized polyester under Variety II was tested by the use of the Koka
      flow tester. At this time, the flow tester was equipped with a nozzle of
      10 mm. in length and 1 mm. in inner diameter. The random copolymerized
      polyester under Variety II was heated at a rate of 3.degree.C./min. and
      subjected to a pressure of 100 kg/cm.sup.2. The result of the measurement
      is such as shown in FIG. 9, which illustrates a curve representing a
      relationship between the temperature of the random copolymerized polyester
      and the rate at which the random copolymerized polyester under pressure
      emerged from the nozzle of the flow tester.
PAR  From the graph of FIG. 10, it will readily be seen that the testpiece II
      prepared by the use of the random copolymerized polyester under Variety II
      according to the present invention clearly satisfy the requirements (1) to
      (5) hereinabove described.
PAR  From the foregoing full description of the present invention, it has now
      become clear that the levelling pad according to the present invention is
      effectively utilized in levelling, padding or aligning girders, rails or
      any other constructional or structural elements merely by heating at least
      one thermoplastic plate member to allow the thickness thereof to reduce
      with the concurrent application of pressure thereto. Moreover, the
      levelling pad according to the present invention can be easily
      manufactured at a relatively low cost. No substantial change in physical
      properties with time occur in the levelling pad of the present invention
      and, therefore, the levelling pad of the present invention can be left
      where it has been installed without causing any levelling, padding or
      alignment error.
PAR  Although the present invention has been fully described by way of example,
      it should be noted that various changes and modifications are apparent to
      those skilled in the art. By way of example, each of the side faces 3 of
      any of the plate members 1 may be at right angles to the plane of the
      corresponding plate member. In any event, such changes and modifications
      should be construed as included within the true scope of the present
      invention unless otherwise they depart therefrom.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An electrically heated alignment pad which comprises at least one flat
      plate member of thermoplastic resin, and at least one thin flat electric
      heater having one surface laying against substantially the whole flat
      surface of said plate member for heating said plate member to soften said
      plate member, the other surface of said heater adapted to be held in
      electrically insulated relationship to the surface supporting it and to an
      article to the aligned, said plate member and heater having a structure
      the thickness of which is reduced when an external compressive force is
      applied thereto when said plate member is in the heat softened condition,
      whereby an object through which the compressive force is applied can be
      moved by the reduction of thickness of the alignment pad for adjusting the
      position thereof in the direction of the force being applied to the
      alignment pad; said plate member having a plurality of apertures therein
      into which portions of said plate member around said apertures flow
      laterally upon the softening of said plate member when said compressive
      force is applied thereto and to be filled up with melted portion of the
      thermoplastic resin when the latter is heated; said thermoplastic resin
      being a random copolymerized polyester which comprises an acid component,
      which contains an aromatic carboxylic acid and an aliphatic dicarboxylic
      acid having not less than 6 carbon atoms, the mole ratio of the aromatic
      carboxylic acid residue relative to the aliphatic dicarboxylic acid
      residue relative to the aliphatic dicarboxylic acid residue in said
      copolymer being within the range of 40/60 to 95/5, and a glycol component
      which is at least one compound selected from the group consisting of an
      aliphatic diol, an aromatic diol and an alicyclic diol.
NUM  2.
PAR  2. An electrothermally deformable levelling pad as claimed in claim 1,
      wherein said mole ratio is within the range of 60/40 to 95/5.
NUM  3.
PAR  3. An electrothermally deformable levelling pad as claimed in claim 1,
      wherein said aromatic carboxylic acid contains terephthalic acid in an
      amount of not less than 60 mole percent.
NUM  4.
PAR  4. An electrothermally deformable levelling pad as claimed in claim 3,
      wherein said aliphatic dicarboxylic acid has not less than 9 carbon atoms
      and wherein said glycol component is a glycol represented by the formula,
EQU  HO(CH.sub.2).sub.n OH
PAL  wherein n is a number selected from 2 to 10.
NUM  5.
PAR  5. An electrothermally deformable levelling pad as claimed in claim 1,
      wherein said acid component contain terephthalic acid in an amount of not
      less than 60 mole percent and the aliphatic dicarboxylic acid having not
      less than 9 carbon atoms and wherein said glycol component is a compound
      selected from the group consisting of ethylene glycol, trimethylene glycol
      and tetramethylene glycol, the mole ratio of said aromatic carboxylic acid
      residue relative to said aliphatic dicarboxylic acid residue having not
      less than 9 carbon atoms being within the range of 60/40 to 95/5.
NUM  6.
PAR  6. An electrothermally deformable levelling pad as claimed in claim 1,
      wherein each of said holes extends completely through the thickness of
      said thermoplastic resin.
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ABST
PAL  An interlocking system includes a number of individual key elements such as
      an identity card each of which has a pre-determined code marking
      consisting of a number of index elements arranged to form a pattern. At
      least one interlocking device adapted to co-operate with the key elements
      includes a release element sensitive to radiation as a function of the
      radiation pattern pre-determined by the code marking on the key element.
      The interlocking device comprises a radio-active radiation source, a
      detector and means such as a slot for interposing the coded key element
      between the radiation source and the detector.
BSUM
PAR  The present invention relates to an interlocking system with a number of
      individual key elements, each of which has a pre-determined code marking
      consisting of a number of index elements, and at least one interlocking
      device adapted for co-operation with anyone of the key elements with a
      radiation-sensitive release element for the release of the interlocking
      device as a function of a radiation pattern pre-determined by the key
      element with the said code marking.
PAR  It has been suggested to arrange the radiation source in such an
      interlocking system as a radio-active radiation source on the key element
      itself, which is designed as, and has the character of, a usual identity
      card for credit purchases (credit card), so that the forgery of such a key
      element would be made appreciably more difficult and become practically
      impossible, inasmuch as access to radio-active radiation sources cannot
      readily be obtained. When such a key element is introduced into the
      interlocking device, it gives off radiation of a certain character and
      with a certain radiation pattern to the radiation-sensitive release
      element, which on picking up this radiation, if it corresponds to the
      predetermined radiation pattern induces the release of the interlocking
      device, for example for the proportioning out of an article in
      pre-determined quantities or for the issue of a pre-determined sum of
      money. At the same time, by means of markings on the key element, the
      necessary customer-recording and quantity-recording can be carried out, as
      is customary in conjunction with certain credit cards.
PAR  The objection has been raised against this type of interlocking system,
      that no control is exercised over the radiation sources incorporated in
      the key elements issued, but that these may intentionally or
      unintentionally find some different use than the intended one with
      consequent risks of injury. Already the fact that the radiation-emitting
      key element is carried about in the wallet or pocket, is considered by
      many to be unsatisfactory, even if it is only a matter of relatively weak
      and relatively harmless radiation sources, since it is hardly possible to
      foresee what effects such a radiation, even if weak, may have in the long
      run.
PAR  With the object of removing such dangers it is proposed in accordance with
      the invention to produce an interlocking system of the type, in which the
      radiation source is under safe control in the interlocking device, whilst
      the key element is still of such a character that an imitation of the same
      is difficult to achieve.
DRWD
PAR  To explain the invention in more detail it will be described in the
      following with reference to the enclosed drawing, wherein
PAR  FIG. 1 shows schematically and in the form of a block diagram an
      interlocking system in accordance with the invention, and
PAR  FIG. 2 shows in plan view a key element that can be inserted into this
      interlocking system.
DETD
PAR  The interlocking system according to FIG. 1 comprises an interlocking
      device which is marked by a dash-dotted line 10 and comprises a radiation
      source 11 and a radiation detector 12 situated straight opposite the same,
      a slot 13 being provided between the radiation source and the radiation
      detector for the introduction of a key element 14 between radiation source
      and radiation detector. To the radiation detector 12 is connected a
      release element 15 for actuation of a delivering or dispensing mechanism
      16.
PAR  The radiation source 11 emits radio-active radiation of a suitable type,
      preferably gamma radiation, in a bundle of rays 17 which is directed
      towards the radiation detector 12. The key element 14, as is shown in
      greater detail in FIG. 2, is realized as an identity card or part of an
      identity card, with a pre-determined code mark consisting of a number of
      index elements 18. These index elements consist of non-perforated portions
      which are largely transparent in respect of the radiation bundle 17,
      whilst the remainder of the key element is largely opaque in respect of
      this radiation. The key element may consist of a supporting sheet, for
      example of plastic material, which in the opaque portion of the key
      element if coated with a chemical compound incorporating a heavy metal,
      for example a salt or an oxide of lead or mercury. In the delimited
      portions which form the index elements 18, this coating is substituted by
      another coating which is substantially transparent in respect of the
      radiation 17, but is in appearance similar to the opaque coating, so that
      the coating of the key element, by appearance, is of homogeneous
      character. This makes difficult any imitation of the key element with the
      guidance of an existing key element. The key element may be moulded in its
      entirety in plastic and thus consist of a laminate, and on the card may be
      printed, or applied in some other manner, the data which are usual on an
      identity card. In FIG. 2 are shown only a few index markings of a
      considerable size, but it is obvious that these index markings may be of a
      smaller size and may be of a much greater number.
PAR  When the key element 14 is introduced into the interlocking device the
      radiation 17 will be partly shut out from the radiation detector 12 by the
      key element 14, so that a radiation bundle 17 with a radiation pattern
      determined by the index markings 18 will arrive at the radiation detector
      12. If the radiation pattern is of a certain pre-determined character, the
      radiation detector will then act upon the release device 15, so that the
      latter in turn acts upon the delivering or issuing mechanism 16 for
      delivering out of a pre-determined quantity of an article or the issue of
      an article or a sum of money. If the radiation pattern is not the
      predetermined one, no effect will be exerted by the release device 15. The
      functional connection between radiation detector 12 and release element 15
      can be brought about by known electronic means and need not therefore be
      described in detail, especially as these means can be of the same kind as
      in the interlocking system where the radiation source is arranged in the
      key element itself.
PAR  To the radiation detector 12 may also be connected, as shown in FIG. 1, a
      unit for the necessary identification and registration of the owner of the
      key element with the guidance of the index markings on the key element and
      possibly also the quantity of goods or sum of money drawn, if this is not
      the same each time a key element is inserted in the interlocking system.
      For such quantity registration the unit 19 may also be dependent on the
      proportioning or issuing mechanism 16.
PAR  Since the essential aspect of the key element 14 in accordance with the
      invention consists in that the key element has a different permeability in
      respect of the radiation used in the portions 18 forming the index element
      than the remainder of the key element, it is of course also conceivable to
      make the index elements opaque and the remainder of the key element
      transparent in respect of the radiation used. The key element can be
      realized as an identity card, which is withdrawn again from the
      interlocking device when the desired delivery or issue has been completed,
      but it may also have the character of a card for single usage, which is
      stored in the interlocking device, in which case there is no need for a
      registration unit 19, since the necessary customers' registration takes
      place by means of the key elements accumulated in the interlocking device.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an interlocking system actuatable by any one of a plurality of
      differently coded key elements, said system comprising an interlocking
      device including a radio-active source of radiation, a radiation code
      detector having its input side located in spaced relation to said
      radiation source, a release element connected to the output side of said
      code detector and means for receiving the coded key elements between said
      radiation source and said code detector, the improvement wherein each said
      coded key element comprises a sheet of plastic material, the portions of
      said sheet opaque to the radiation being established by a coating of a
      chemical compound incorporating a heavy metal and the portions of said
      sheet transparent to the radiation and representing the code pattern being
      established by a different coating but which has a visual appearance
      similar to that of the opaque coating so that the sheet of plastic
      material appears homogeneous throughout its surface and thereby in effect
      makes the code pattern invisible.
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ABST
PAL  An averaging circuit for producing average boat speed and average apparent
      wind speed which in cooperation with average apparent wind direction are
      utilized to determine the performance characteristics of sailing boats.
      Instantaneous values of the speed parameters are sampled at a
      predetermined frequency and a running average of N samples is generated by
      adding the most recent sample and discarding the oldest sample at periodic
      intervals. Display of the wind speed is delayed with respect to the
      display of boat speed to compensate for the effect of the inertia of the
      boat.
PARN
PAR  This is a division of application Ser. No. 376,709 filed July 5, 1973 and
      now U.S. Pat. No. 3,881,094.
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PAC  RELATED APPLICATION
PAR  This invention generates average speed signals which are utilized in a
      system to determine performance characteristics of a sailing boat as
      disclosed in the patent application of Lucian W. Taylor and George J.
      Eilers, entitled "System For Evaluating Sailboat Performance", Ser. No.
      347,380 filed Apr. 3, 1973 and now U.S. Pat. No. 3,881,095.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a signal averaging circuit for use in a system
      for automatically determining performance characteristics of a sailing
      boat. The circuit utilizes instantaneous values of speed to generate
      running averages of boat speed and apparent wind speed to thereby enable a
      sailor to most efficiently sail the boat at the maximum hull speed under
      continuously varying conditions.
PAR  2. Description of the Prior Art
PAR  Many attempts have been made toward evaluating the performance of a
      sailboat in an effort to assure that the sailboat is performing as close
      to its "hull speed" as possible. It is well understood that sail design,
      hull design, sea conditions, and wind conditions cooperate in determining
      the speed of a sailboat. While, as pointed out, the above items determine
      boat speed, much of this basic information has never been properly checked
      from an emperical standpoint because there have been no systems employing
      really meaningful metering equipment. Since the inertia of a sailboat is
      high, the boat responds to an average wind speed and direction at an
      average boat speed over any period of time. Readings from instruments
      which provide instantaneous values of speed produce erroneous calculations
      of boat performance since an instantaneous value may vary significantly
      from an average value. Damped instruments are able to provide an average
      value over a short period of time but are confined to a single value of
      averaging period.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to produce a circuit capable of
      ascertaining average boat speed and average apparent wind speed for use in
      a system for evaluating the performance of a sailboat.
PAR  Another object of the invention is to produce an averaging circuit with
      variable averaging periods to accommodate changes in the rate of
      fluctuation of the input signals.
PAR  Still another object of the invention is to produce an averaging circuit
      wherein means are provided to automatically sense average boat speed and
      average apparent wind speed either individually or in combination.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a functional block diagram of a system for ascertaining average
      apparent wind direction, average boat speed and average wind speed and
      utilizing them to automatically produce true wind direction, true wind
      speed and boat speed into the wind;
PAR  FIG. 2 is a functional block diagram of the averaging circuits of FIG. 1;
PAR  FIG. 3 is a schematic representation of the pulse forming and shaping
      circuits of FIG. 2;
PAR  FIG. 4 is a schematic representation of the accumulator circuits of FIG. 2;
PAR  FIG. 5 is a schematic representation of the clock, update interval timer
      and averaging time selector switch of FIG. 2;
PAR  FIG. 6 is a schematic representation of the latch of FIG. 2; and
PAR  FIG. 7 illustrates the display portions of the average boat speed indicator
      and the average wind speed indicators of FIG. 2.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In sailboating, the accurate measurements of average apparent wind
      direction, average wind speed and average boat speed are important whether
      it is desired to sail from point X to point Y in the shortest possible
      time or simply to determine if a new piece of equipment has changed the
      speed of the boat. FIG. 1 is a functional block diagram of the system for
      ascertaining average apparent wind direction, average boat speed and
      average wind speed and utilizing them to automatically produce true wind
      direction, true wind speed and boat speed into the wind. Boat speed
      detector 10 and wind speed detector 12 may be conventional units of known
      construction. The output signals from 10 and 12 are read by averaging
      units 14 and 16 which produce average boat speed and average apparent wind
      speed signals. Average apparent wind direction signals are provided by
      unit 18 which may be of the type disclosed in U.S. patent application Ser.
      No. 347,380 entitled "System For Evaluating Sailboat Performance" by
      Lucian W. Taylor and George J. Eilers. The average apparent wind direction
      from unit 18, the average boat speed signal from unit 14 and the average
      apparent wind speed from unit 16 are the inputs to computer 20 which may
      be a small general purpose unit of the type commonly referred to as
      "mini-computers". The computer provides output signals representing true
      wind direction, true wind speed and boat speed into the wind with which to
      evaluate the sailboat performance.
PAR  Referring to FIG. 2, there is shown a functional block diagram of averaging
      units 14 and 16 which share a common clock 22, update interval timer 24
      and averaging time selector switch 26. Speed detectors 10 and 12 produce
      alternating current output signals with a frequency proportional to the
      speed being measured. Boat speed and wind speed signals enter pulse
      forming and shaping circuits 28 and 30 where the signals are amplified and
      shaped to produce a square wave output to accumulator circuits 32 and 34.
      The pulse trains from units 28 and 30 drive flip flops 36 and 38 which
      function as one-count temporary storge buffers in order to synchronize the
      pulse trains with the accumulator sampling rate. The ouputs of flip flops
      36 and 38 are sampled periodically by shift registers 40 and 42 which
      record a logic "1" signal if no pulse is present from circuits 28 and 30
      and which record a logic "0" signal if a pulse is present from circuits 28
      and 30. For a predetermined sampling rate, the more "0" pulses recorded by
      shift registers 40 and 42 the higher the speed being measured by detectors
      10 and 12. Shift registers 40 and 42 contain a fixed number of data bits,
      logic "0" 's and "1"'s which may be counted to provide a digital
      indication of the speed being measured. Each time flip flops 36 and 38 are
      sampled the new data bit replaces the oldest in the shift register.
      Therefore, the contents of the shift registers represent a running average
      of a fixed number of sampling operations. The rate of sampling is
      controlled by clock 22.
PAR  When shift registers 40 and 42 are not sampling the output of flip flops 36
      and 38, the data bits are available at inputs 44-1 and 46-1 of NOR's 44
      and 46. When the NOR's are enabled by clock 22 at inputs 44-2 and 46-2 and
      by update interval timer 24 at inputs 44-3 and 46-3, decade counters 48
      and 50 will count the number of data bits to produce a total binary count
      representing a running average of the speed. The average boat speed count
      may be utilized to drive indicator 52 or may be the input to a computer.
      The average wind speed count is delayed by latch 54 to compensate for the
      inertia of the boat which delays the response to a change in wind speed.
      The delayed wind speed count drives average wind speed indicator 56 or may
      be the input to a computer.
PAR  FIG. 3 is a schematic representation of pulse forming and shaping circuits
      28 and 30 of FIG. 2. A speed signal, either boat speed or apparent wind
      speed, typically in the form of alternating current with a minimum peak to
      peak amplitude of twenty millivolts and a frequency proportional to speed,
      is received frm boat speed detector 10 or apparent wind speed detector 12
      on input lines 58 and 60. Voltage comparator 62 amplifies and shapes the
      input signal to produce a square wave output which is then passed through
      frequency conversion circuits to generate a boat speed or wind speed pulse
      train to accumulator circuits 32 or 34 of FIG. 2 on output line 64.
PAR  The pulse train from comparator 62, which is of a frequency proportional to
      the speed being measured, is passed through NOR's 66 and 68 to the clock
      input of JK master/slave flip flop 70. The first clock pulse will produce
      an enabling signal to NOR 72 which places a high frequency pulse train
      from clock 22 of FIG. 2, on line 74, at the clock inputs of binary
      counters 76 and 78. Counters 76 and 80 divide the high frequency pulse
      train by "256" to produce a clock pulse at JK flip flop 82. Flip flop 82
      is set by the clock pulse and reset from the high frequency line 74 so
      that a one count pulse corresponding in length to a pulse on line 74 is
      passed through NOR's 84 and 86 to ouput line 64. NOR 72 also supplies the
      high frequency pulse train to binary counters 78 and 88 which are enabled
      from flip flop 70 for the same period as NOR 72. Counters 78 and 88 divide
      the high frequency pulse train by "256" to produce a clear signal to flip
      flop 70 to ready it for the next pulse from comparator 62. Therefore, the
      pulse train from output line 64 will be at the same frequency as the input
      signals on lines 58 and 60 but the pulses will be of a constant width with
      the time between them varying as the frequency changes.
PAR  Element 62 is a voltage comparator with non-inverting input 62-1 and
      inverting input 62-2 connected to input lines 58 and 60. Assuming line 60
      is the zero voltage reference for the incoming alternating current speed
      signal, then during the positive half cycle capacitors 90 and 92 will be
      charged through current limiting resistor 94 and the voltage across
      capacitor 92 at input 62-1 will be amplified to produce an output signal
      at output 62-3. During the negative half cycle, line 60 will be positive
      with respect to line 58 and capacitors 96 and 98 will be charged through
      current limiting resistor 100. The voltage across capacitor 98 at input
      62-2 will be amplified and inverted to produce a negative output signal at
      output 62-3. Capacitor 102 is alternately charged and discharged by the
      output from comparator 62 such that during the charging cycle a voltage
      level is reached which represents logic "1" at input 66-1 of NOR 66. This
      "1" will remain until during the discharge cycle the voltage again passes
      the logic level and a "0" is produced. If both inputs to NOR 66 are at
      "0", output 66-3 will be at "1". For any other combination of inputs
      output 66-3 will be "0". During the normal operation of the averaging
      circuit, averaging time selector switch 26 of FIG. 2 is in a position
      other than the test position so there is no signal on test input line 104.
      Resistor 106 provides a "1" to all the inputs of three-input NOR 108 from
      a positive power supply to produce a "0" at output 108-4 to enable NOR 66
      at input 66-2. When capacitor 102 is charged to produce a "1" at input
      66-1, output 66-3 will be at "0" and when a "0" is at input 66-1, output
      66-3 will be at "1" so that a square wave pulse train is generated which
      corresponds in frequency to the speed input signal on lines 58 and 60.
PAR  The "1" from resistor 106 is also present at input 110-1 of NOR 110 to
      produce a "0" at input 68-2 to enable NOR 68. The output at 68-3 will be
      the complement of the pulse train from output 66-3 and each "1" pulse will
      correspond with the positive half cycle of the speed input signal. Element
      70 is a JK master/slave flip flop. Signals on J input 70-2 and K input
      70-3 will determine the output signal at 70-4 and its complement at 70-5
      when the signal at clock input 70-1 changes from "1" to "0". If inputs
      70-2 and 70-3 are both at "", outputs 70-4 and 70-5 will remain in their
      previous states. If input 70-2 is at "0" and input 70-3 is at "1", output
      70-4 will change to "0" and output 70-5 will change to "1". If input 70-2
      is at "1" and input 70-3 is at "0",  output 70-4 will change to "1" and
      output 70-5 will change to "0". If input 70-2 and 70-3 are both at "1",
      outputs 70-4 and 70-5 will change to the complement of the previously
      present signals. Since input 70-2 receives a "1" from a positive power
      supply and input 70-1 receives a "0" from ground, a change from "1" to "0"
      at clear input 70-6 will produce a "0" at output 70-4 and a "1" at output
      70-5. When the first "1" pulse from output 68-3 changes to "0", output
      70-5 will change from "1" to "0" to enable NOR 72 at input 72-2. Clock 22
      of FIG. 2 sends a high frequency pulse train, approximately one pulse each
      "7.1" microseconds, which is received on high frequency clock line 74.
      When NOR 72 is enabled at input 72-2 by the "0" from output 70-5, NOR 72
      will produce the complement of the pulse train on line 74 at output 72-3
      to binary counters 76 and 78.
PAR  Binary counter 76 has two modes of operation. If a "0" is present at
      count/load input 76-1, the signals at data inputs 76-4, 76-5, 76-6 and
      76-7 are transferred to data outputs 76-8, 76-9, 76-10 and 76-11
      respectively to preset the counter. If a "1" is present at count/load
      input 76-1, a pulse train at clock one input 76-2 will be divided by two
      at output 76-8 and a pulse train at clock two input 76-3 will be divided
      by eight at output 76-11. The high frequency pulse train on line 74 is
      continuously clearing JK flip flop 82 at clear input 82-6 so that output
      82-5 remains at "1" which is present at count/load inputs 76-1 and 80-1 of
      binary counters 76 and 80. Since data inputs 76-4, 76-5, 76-6, 76-7, 80-4,
      80-5, 80-6 and 80-7 are connected to ground, data outputs 76-8, 76-11,
      80-8 and 80-11 will be at "0" if it is assumed the counters have
      previously been preset. When NOR 72 is enabled, the pulse train on line 74
      will be divided by two at output 76-8 which is the input to clock two
      input 76-3 to produce a division by sixteen at output 76-11. Counter 80
      also produces a division by sixteen so that output 80-11 will produce a
      "1" pulse for every "255" pulses at clock one input 76-2. After producing
      the "1" pulse, the next count will return output 80-11 to "0" which clock
      flip flop 82 at clock input 82-1 to change output 82-5 to "0". This "0"
      appears at count/load inputs 76-1 and 80-1 to preset outputs 76-8, 76-11,
      80-8 and 80-11 to "0" so that counters 76 and 80 are reset for another
      cycle of "256" counts as previously assumed. At the same time output 70-5
      changes to "0" output 70-4 changes to "1" at count/load inputs 78-1 and
      88-1. Binary counters 78 and 88 will also produce a "1" pulse at output
      88-11 for every "255" pulses at clock one input 78-2. After producing the
      "1" pulse, the next count will return output 88-11 to "0" which resets
      flip flop 70 at clear input 70-6. Output 70-5 will change back to "1" to
      disable NOR 72 and output 70-4 will change to "0" to preset outputs 78-8,
      78-11, 88-8 and 88-11 to "0" so that counters 78 and 88 are reset to "0"
      for another cycle of "256" counts.
PAR  If the frequency of the speed siganl on lines 58 and 60 does not correspond
      to the desired frequency of the pulse train output signal on line 64,
      counters 76, 80, 78 and 88 may be utilized to convert the input frequency.
      Counters 78 and 88 may be preset to form the numerator and counters 76 and
      80 may be preset to form the denominator of a fraction which when
      multiplied times the input frequency will produce the desired output
      frequency. If, for example, the input frequency on lines 58 and 60 is
      twice the desired output frequency, counters 78 and 88 may be preset to
      binary "128" by providing "0" signals at data inputs 78-4, 78-5, 78-6,
      78-7, 88-4, 88-5 and 88-6 and a "1" signal at data input 88-7. When the
      first pulse is received at input 70-1, counters 78 and 88 will count "128"
      pulses before resetting flip flop 70 and disabling NOR 72 thus allowing
      counters 76 and 80 to only count to "128". The second pulse at input 70-1
      will again permit counters 78 and 88 to count "128" pulses, having been
      preset to "128", before resetting flip flop 70. Counters 76 and 80 will
      also have counted "128" pulses for a total of "256" to produce a "1" pulse
      at output 88-11 and then preset counters 76 and 80 to zero for another
      cycle of "256" counts. Therefore, counter 80 will produce a single "1"
      pulse for each two pulses at input 70-1. Counters 76 and 80 may also be
      preset with a number so that the fraction may vary between "1/256" and
      "256/1". In this manner pulse forming circuit 28 (or 30) may be utilized
      with a number of different speed detectors which may have different output
      signal frequencies for a particular value of speed.
PAR  When output 82-5 changes to "0" output 82-4 is changed to "1" and then is
      changed back to "0" by the next high frequency pulse at clear input 82-6.
      Therefore, output 82-4 will be at "0" except for a one high frequency
      pulse length period each time a speed pulse is applied to clock input
      70-1. Averaging time selector switch 26 of FIG. 2 may be set to one of
      four positions; test input, a fifteen second averaging period, a one
      minute averaging period or a two minute averaging period. If switch 26 is
      set for a fifteen second averaging period, input line 112 will be at "0"
      while test input line 104, one minute input line 114 and two minute input
      line/will be at "1". The "0" on line 112 is present to enable NOR 84 at
      input 84-1 so that output 84-3 will be at "1" except for a "0" pulse for
      each "1" from flip flop 82. Lines 114 and 116 supply a "1" to inputs 118-1
      and 120-1 of NOR's 118 and 120 to produce a "0" at inputs 86-1 and 86-2 to
      enable NOR 86. The "1" from output 84-3 at input 86-3 will produce a "0"
      at output 86-4 which is interrupted by a "1" pulse for each "1" from flip
      flop 82. Therefore, the signal on pulse train output line 64 will be a "1"
      pulse for each pulse from flip flop output 82-4 which is the same width as
      a high frequency pulse cycle on line 74.
PAR  Clock two input 122-3 of binary counter 122 also receives the "1" pulses
      from flip flop 82 which are divided by four at output 122-10 and divided
      by eight at output 122-11. If a one minute averaging period is selected,
      input line 114 will be at "0" to enable Nor 120 at input 120-1 and the
      signal from output 122-10 will produce a "0" pulse for every four "1"
      pulses from flip flop 82. NOR 86 is enabled at inputs 86-1 and 86-3 by a
      "0" from NOR's 118 and 84 which have inputs 118-1 and 84-1 at "1".
      Therefore, the signal on pulse train output line 64 will be a "1" pulse
      for each four pulses from flip flop output 82-4 which is the ratio of a
      one minute averaging period to a fifteen second averaging period. If a two
      minute averaging period is selected, NOR 118 is enabled by a "0" on input
      line 116 at input 118-1 while lines 112 and 114 are at "1". A "1" pulse
      from output 122-11 at input 118-2 will produce a "1" pulse on line 64 for
      each eight pulses from flip flop output 82-4 which is the ratio of a two
      minute averaging period to a fifteen second averaging period.
PAR  The "divided by eight" output from 122-11 is also utilized to produce a log
      counter signal on line 124 of one pulse each ".01" nautical mile. In the
      present invention flip flop 82 will produce a boat speed pulse rate of
      "20/3" pulses per second per knot which is divided by eight by counter
      122. Flip flops 126 and 128 provide a further signal division by a factor
      of three. Since flip flops 126 and 128 are not provided with a clear
      signal, output 128-5 will be at "1" from the previous count signal. When a
      first clock pulse from output 122-11 is received output 128-5 will change
      from "1" to "0" and output 128-4 will change from "0" to "1" since input
      128-2 is at "1". Assuming that output 126-5 is at "0", which is present at
      J input 126-1, a second clock pulse received at clock input 126-1 will
      change output 126-5 from "0" to " 1" since input 126-3 receives a "1" from
      output 128-4. Now a third clock pulse at clock inputs 126-1 and 128-1 will
      change output 126-5 to "0" as was assumed above and will change output
      128-5 to "1" to produce a single "1" pulse for every three pulses from
      output 122-11. To obtain the boat speed log counter signal, output 128-5
      is connected to input 130-1 of decade counter 130 which divides the signal
      by ten at output 130-2 which in turn is connected to the base of NPN
      transistor 132 by resistor 134. A "0" at resistor 134 turns off transistor
      132 while a "1" turns transistor 132 on so that current may flow from
      input line 124 to ground through the transistor. If, for example, line 124
      is connected to a positive power supply through the primary winding of a
      pulse transformer the alternate "1" and "0" pulses representing speed
      would generate current pulses on line 124 at the rate of "100" pulses per
      hour per knot or ".01" pulse per nautical mile. Diode 136 is reverse
      biased by a positive power supply so that if the voltage at the collector
      of transistor 132 exceeds the value of the power supply and the forward
      voltage drop of the diode, current will flow to clamp the signal on log
      counter output line 124 at a predetermined voltage level. The log counter
      signal on line 124 may be utilized to actuate a mechanical counter to
      provide an indication of the total distance traveled.
PAR  When averaging time selector switch 26 is in the test position, test
      inputline 104 receives a "0" which produces a "1 " from NOR 108 to disable
      NOR 66 and prevent the speed pulses from reaching flip flop 70. NOR 66
      will generate a "0" which enables NOR 68 at input 68-1. Clock 22 of FIG. 2
      produces a test frequency on line 138 at input 110-2 of NOR 110. NOR 110
      is enabled at input 110-1 by the "0" on line 104 and the complement of the
      test frequency appears at input 68-2. NOR 68 generates the test frequency
      at clock input 70-1 of flip flop 70. Input line 112 also receives a "0" to
      enable NOR 84 at input 84-1 so that the signal on pulse train output line
      64 represents the test frequency signal on input line 138. This test
      frequency output will produce known values on indicators 52 and 56 of FIG.
      2 so that the operation of the circuit may be checked automatically.
PAR  FIG. 4 is a schematic representation of accumulator circuits 32 and 34 of
      FIG. 2. Line 64 receives the pulse train from pulse forming circuit 28 (or
      30) which resets flip flop 36 (or 38) once every "150" milliseconds
      assuming a boat speed of one knot (once every "750" milliseconds assuming
      a wind speed of one knot). Flip flop 36 (or 38) also receives a clock
      pulse approximately every "14.6" milliseconds or "1024" times per fifteen
      second averaging period from clock 22 on count/circulate line 140 to
      synchronize the pulse train on line 64 with the sampling rate of shift
      register 40 (or 42). NOR 44 (or 46) gates the shift register output to a
      decade counter comprised of counter elements 142, 144 and 146 which
      provide a count total to average boat speed indicator 52 and latch 54 of
      FIG. 2. In the absence of a pulse on line 64, clear input 36-6 is supplied
      with a "1" from a voltage divider comprised of resistor 148 connected to
      ground and resistor 150 connected to a positive power supply. When a speed
      pulse appears on line 64 it is differentiated by capacitor 152 to provide
      a brief "0" pulse at clear input 36-6 which sets output 36-4 to "0". Now
      the first count/circulate "1" pulse on line 140 will clock flip flop 36 at
      clock input 36-1 and change output 36-4 to "1". Thereafter each
      count/circulate pulse will cause output 36-4 to remain at "1" until the
      next speed pulse on line 64 resets output 36-4 to "0".
PAR  Element 40 (or 42) is a recirculating shift register with a "1024" bit
      capacity. Data at input 40-1 is entered into the shift register if a "1"
      is present at write/recirculate input 40-2 and clock input 40-4 and a "0"
      is present at chip select input 40-5. Clock input 40-4 receives a clock
      pulse approximately every "14.3" microseconds from clock 22 on line 152.
      Therefore, each time a count/circulate pulse appears on line 140, shift
      register 40 will read the signal at flip flop output 36-4. In the case of
      a boat speed of one knot, one pulse every "150" milliseconds, shift
      register 40 will read one "0" for the first count/circulate pulse on line
      140 after flip flop 36 has been cleared and then nine "1" signals for the
      next nine count/circulate pulses before a speed pulse again appears on
      line 64 to clear flip flop 36. As the frequency of the speed pulses
      increases less "1" signals will be read by shift register 40 for each " 0"
      signal. Between count/circulate pulses on line 140 write/recirculate input
      40-2 will be at "0". During this period count pulses are received
      approximately every "14.3" microseconds for a total of "1024" pulses at
      clock input 40-4 to cause the data bits in the shift register to circulate
      through the register from input 40-1 to output 40-3 with each bit
      appearing in the order in which it was read. After all bits have appeared
      at output 40-3 and have been recirculated a new data bit is read from
      output 36-4 of flip flop 36 and the oldest data bit is discarded.
      Therefore, the contents of shift register 40 represent the last "1024"
      data bits to have been received from flip flop 36.
PAR  As shift register 36 is recirculated, each of the "1024" data bits appears
      at input 44-1 of three-input NOR 44. Input 44-2 receives a clock enable
      signal from clock 22 on line 154-1 approximately every "7.1" microseconds
      for boat speed and approximately every "14.3" microseconds on line 154-2
      for wind speed in the form of a "0" when each data bit appears at input
      44-2. Input 44-3 receives an update signal on line 156 from update
      interval timer 24 of FIG. 2 in the form of a "0" pulse of approximately
      "58.6" milliseconds duration to enable NOR 44 to generate the complement
      of each data bit from shift register 40 during recirculation. Therefore,
      each "0" in register 40 representing a speed pulse becomes a "1" and each
      "1" in register 40 representing the absence of a speed pulse becomes a "0"
      at input 142-6 of decade counter 142. The duration of the update signal
      permits the decade counter to count for four recirculation periods for a
      total of "8192" bits for boat speed and "4096" bits for wind speed. When
      "BD" input 142-1 is connected to "A" output 142-2, decade counter 142 will
      count "1" pulses at input 142-6 and display the total number of pulses
      counted in binary form at outputs 142-2, 142-3, 142-4 and 142-5 with
      output 142-2 representing binary one, output 142-3 representing binary
      two, output 142-4 representing binary four and output 142-5 representing
      binary eight. By connecting output 142-5 to input 144-6 and output 144-5
      to input 146-6 counters 142, 144 and 146 will count in series to a maximum
      of "4095" counts with output 142-2 representing binary one and output
      146-5 representing binary "2048". The binary number from the counter
      outputs is changed to its complement by inverters 158-1 through 158-12 and
      sent to average boat speed indicator 52 of FIG. 2, if boat speed is being
      averaged, on output lines 160-1 through 160-12. If wind speed is being
      averaged, the signals from inverts 158-1 through 158-12 pass through
      another set of inverters, 162-1 through 162-12, and are sent on output
      lines 164-1 through 164-12 to latch 54 of FIG. 2 as the same signals that
      are present at the outputs of counters 142, 144 and 146. Output 146-5 of
      counter 146 is also connected to clock input 166-1 of flip flop 166 to
      provide an additional binary place in the average boat speed count on line
      160-13. When count "4095" is registered all counter outputs are at "1".
      The next count will change all counter outputs to "0" which sets flip flop
      166 at input 166-1. Assuming flip flop 166 has previously been cleared,
      output 166-5 will be at "1" and will change to "0" at the three inputs to
      NOR 168. Output 168-4 changes from "0" to "1" to indicate count "4096 on
      output line 160-13. Now counters 142, 144 and 146 are able to count
      another "4095" pulses for a maximum of binary "8191" at average boat speed
      output lines 160-1 through 160-13.
PAR  Approximately every "3.75" seconds a "1" pulse appears on reset line 170
      while update line 156 is at "1" to disable NOR 44 and prevent pulses from
      shift register 40 from being counted by counters 142, 144 and 146. This
      "1" pulse on line 170 resets counters 142, 144 and 146 at reset inputs
      142-7, 144-7 and 146-7 so that all the counter outputs are at "0". Line
      170 also supplies a "1" to the inputs of NOR 172 to change output 172-4 to
      "0" to clear flip flop 166 at input 166-6 which sets output 166-5 to "1"
      as was previously assumed. A "1" on the inputs to NOR 168 generates a "0"
      at output 168-4 to clear output line 160-13. When line 170 returns to "0"
      line 156 changes to "0" to enable NOR 44 and allow counters 142, 144 and
      146 to register another total. Approximately every " 3.75" seconds the
      counters are cleared and then reset from shift register 40.
PAR  FIG. 5 is a schematic representation of clock 22, switch 26 and update
      interval timer 24 of FIG. 2. Clock 22 generates an enable signal on clock
      enable line 154-1 to boat speed accumulator circuit 32 and a second enable
      signal, with one-half the frequency, on clock enable line 154-2 to wind
      speed accumulator circuit 34. The enable signal on line 154-1 is also sent
      on high frequency line 74 to both accumulators. Clock 22 also produces a
      count/circulate signal on line 140 and a clock signal on line 152 for both
      accumulator circuits. Update interval timer 24 provides a reset signal on
      line 170 to both accumulator circuits and an update signal on line 156 to
      latch 54 and both accumulator circuits. Averaging time selector switch 26
      provides a "0" on line 114 for a one minute averaging period, a "0" on
      line 116 for a two minute averaging period or a "0" on line 104 for a test
      input signal to pulse forming circuits 28 and 30 of FIG. 3.
PAR  Element 174 is a monlithic timing circuit with reset input 174-4 connected
      to power supply input 174-8 and trigger input 174-2 connected to threshold
      input 174-6 so as to operate as an astable multivibrator. Capacitor 176,
      connected between ground terminal 174-1 and threshold input 174-6, will
      charge through resistors 178, 180 and 182 to the threshold voltage level
      at which time capacitor 176 will discharge through resistors 180 and 182
      into discharge input 174-7. As capacitor 176 is charging, output 174-3
      will be at "0" and when capacitor 176 is discharging output 174-3 will be
      at "1". Resistor 180 is a variable resistor which may be utilized to
      change the frequency of the output signal.
PAR  Output 174-3 supplies a pulse train with a period of approximately "7.1"
      microseconds to the inputs of NOR 184 which produces the complement of the
      pulse train on clock enable line 154-1 and high frequency output line 74.
      Binary counter 186 also receives the pulse train at clock one input 186-2
      and produces a division by two at output 186-8 to generate a clock enable
      pulse train on line 154-2 of one-half the frequency of the pulse train on
      line 154-1. Output 186-8 is connected to input 186-3 to produce a further
      division by eight for a total division by sixteen at output 186-11. Binary
      counter 188 produces a second division by sixteen for a total division by
      "256" at output 188-11. With J input 190-2 and K input 190-3 both at "1",
      output 190-4 of flip flop 190 will alternate between "1" and "0" as the
      pulse train is received at clock input 190-1 to provide a division by two.
      Flip flop 192 provides a second division by two so that the pulse train
      from output 174-3 has undergone a frequency division of "1024" when it
      reaches output 192-4. Binary counter 194 receives this pulse train at
      clock one input 194-2 and produces a division by two at output 194-3 so
      that the pulse train cycle is approximately "14.6" milliseconds. If
      selector switch 26 is positioned at the fifteen second averaging interval
      switch terminal 196-2, inputs 198-1 and 198-2 of NAND 198 will be supplied
      with a "1" from a positive power supply through resistors 200 and 202.
      NAND 198 will produce a "1"  at output 198-3 if either or both inputs are
      at " 0" and a "0" at output 198-3 if both inputs are at "1". Input 204-1
      of NOR 204 is therefore enabled by a "0" from output 198-3 and will
      produce the complement of the pulse train from output 194-3 at input 206-3
      of NOR 206. A "1" at input 216-2 of NOR 216 from resistor 202 and a "1" at
      input 214-2 of NOR 214 from resistor 200 produces a "0" at inputs 206-1
      and 206-2 to enable NOR 206 to produce the pulse train from output 194-3
      at clock input 212-1 of flip flip 212.
PAR  If switch 26 is positioned at the one minute averaging interval switch
      terminal 196-4, input 198-1 will be at "0" to produce a "1" at input 204-1
      and disable NOR 204. The "0" from switch 26 enables NOR 214 at input 214-2
      to produce the complement of the pulse train from output 194-10 of binary
      counter 194. Output 194-10 is the divide by eight output and produces a
      pulse train cycle of approximately "58.6" milliseconds. NOR 206 is enabled
      with a "0" at inputs 206-1 and 206-3 to produce the pulse train from
      output 194-10 at clock input 212-1 of flip flop 212. The pulse train from
      output 194-10 is also sent to pulse forming circuits 28 and 30 of FIG. 3
      on test frequency line 138. If switch 26 is positioned at the two minute
      averaging interval switch terminal 196-3, input 198-2 will be at "0" to
      produce a "1" at input 204-1 and disable NOR 204. The "0" from switch 26
      enables NOR 216 at input 216-2 to produce the complement of the pulse
      train from output 194-11 of binary counter 194. Output 194-11 is the
      divide by sixteen output and produces a pulse train cycle of approximately
      "117" milliseconds. NOR 206 is enabled with a "0" at inputs 206-1 and
      206-3 to produce the pulse train from output 194-11 at clock input 212-1
      of flip flop 212.
PAR  Each time the pulse train switches from "1" to "0" at clock input 212-1,
      once per pulse train cycle, the "1" at J input 212-2 and the "0" at K
      input 212-3 will produce a "1" at J input 218-2 and a "0" at K input 218-3
      of flip flop 218. Clock input 218-1 receives the complement of the pulse
      train from timer 174 and outputs 218-4 and 218-5 are set to "1" and "0"
      respectively. The "0" from output 218-5 is received at clear input 212-6
      and flip flop 212 is reset to produce a "0" at input 218-2 and a "1" at
      input 218-3. Approximately "7.1" microseconds after the first clock pulse
      a second clock pulse is received at clock input 218-1 to set outputs 218-4
      and 218-5 to "0" and "1". Therefore, once during each pulse train cycle
      from NOR 206 output 218-4 produces a "1" pulse and output 218-5 produces a
      "0" pulse with a pulse width of approximately "7.1" microseconds. The "1"
      pulse from output 218-4 is sent to accumulator circuits 32 and 34 of FIG.
      4 on count/circulate line 140.
PAR  The complement of the pulse train from timer output 174-3 is also present
      at input 220-1 of NAND 220. During the major portion of the pulse train
      cycle generated by NOR 206, output 218-4 produces a "0" at input 220-2 to
      generate a "1" at output 220-3. However, as previously stated, output
      218-4 is at "1" for approximately "7.1" microseconds to enable NAND 220 to
      produce a "0" pulse when both inputs are at "1". Therefore, NAND 222 will
      be enabled at input 222-1 by a "1" from output 220-3 and disabled during
      the "0"  pulse from output 220-3. NAND 224 is enabled at input 224-2 by a
      "1" from output 218-5 to produce the complement of the pulse train from
      NOR 226 which receives the clock enable signal that is present on line
      154-2 from binary counter output 186-3. NAND 222 then produces a clock
      pulse train on line 152 to accumulator circuits 32 and 34 of FIG. 4 which
      is the complement of the clock enable pulse train on line 154-2.
PAR  Timing circuit 226 of update interval timer 24 produces a "1" at output
      226-3 when capacitor 228 is charging through resistors 230, 232 and 234
      and a "0" at output 226-3 when capacitor 228 is discharging through
      resistors 232 and 234. Resistor 232 is variable to change the pulse train
      cycle period which is set at approximately "3.75" seconds. Timing circuits
      174 and 226 share a common power supply and ground, therefore, capacitor
      236 is provided to bypass any ripple on the power supply to ground to
      prevent false triggering of timing circuit 226 which would alter its
      relatively slow output frequency. Clock input 238-1 of flip flop 238
      receives the pulse train from output 226-3 and since J input 238-2 is at
      "1" and K input 238-3 is at "0" outputs 238-4 and 238-5 will change to "1"
      and "0" when the signal at clock input 238-1 changes from "1" to "0" once
      every "3.75" seconds. Clock input 240-1 receives a pulse train with a
      period of approximately "58.6" milliseconds from output 194-4 of binary
      counter 194 to change output 240-5 from "1" to "0". This "0" is present at
      clear input 238-6 to reset flip flop 238 to "0" at output 238-4 and "1" at
      output 238-5. "58.6" milliseconds after flip flop 240 was set another
      clock pulse at clock input 240-1 will set output 240-5 to "0". Therefore,
      each time flip flop 238 is set, once every "3.75" seconds, output 238-4
      will produce a "1" pulse on reset line 170 to accumulator circuits 32 and
      34 of FIG. 4. Each time flip flop 240 is set and reset, once every "3.75"
      seconds, output 240-5 will produce a "0" pulse on update line 156 to
      accumulator circuits 32 and 34 of FIG. 5 and latch 54 of FIG. 2.
PAR  FIG. 6 is a schematic representation of latch 54 of FIG. 2. Lines 164-1
      through 164-12 receive the binary number representing the total number of
      wind speed pulses from accumulator circuit 34 of FIG. 4. Each input signal
      on lines 164 must pass through four latch sections each section holding
      the signal for approximately "3.75" seconds between update signals on line
      156, to provide a delay before the signal appears on output lines 258 and
      is sent to average wind speed indicator 56 of FIG. 2. Element 242 is a
      latch comprised of six D-type flip flops with a common clock input 242-3.
      When a "1" appears at clock input 242-13 the signals at D inputs 242-1,
      242-3, 242-5, 242-7, 242-9 and 242-11 are transferred to outputs 242-2,
      242-4, 242-6, 242-8, 242-10 and 242-12 respectively.
PAR  Latches 242 and 250 receive the binary signals on lines 164 as they are
      sent from accumulator circuit 34 of FIG. 4. Thereafter, the first update
      pulse to be received on line 156 will clock latches 242 and 250 at inputs
      242-13 and 250-13 and the signals on lines 164 will appear at the outputs
      of latches 242 and 250. At the same time the decade counter of accumulator
      circuit 34 has been reset and new binary numbers are generated on lines
      164. Approximately "3.75" seconds after the first update pulse a second
      update pulse will appear on line 156 and the original signals will be
      transferred to the outputs of latches 244 and 252 while the new signals
      are transferred to the outputs of latches 242 and 250. After two more
      update pulses the original signals, having passed through latches 246,
      254, 248 and 256, will appear at the outputs of latches 248 and 256 to be
      inverted by inverters 260-1 through 260-12 on output lines 258-1 through
      258-12. These signals are then sent to indicator 56 of FIG. 2 to produce
      an average wind speed reading. Resistors 262-1 through 262-12 connected
      between a positive power supply and input lines 164 to provide a "0"
      signal on output lines 258 when no signal is present at input line 164.
PAR  FIG. 7 shows the visual display portion of average boat speed indicator 52
      and average wind speed indicator 56 of FIG. 2. Average wind speed may be
      displayed up to a maximum value of "99.9" knots in increments of "0.1"
      knot. If a masthead anemometer is utilized as the wind speed detector 12,
      the minimum detectable wind speed is limited by bearing friction and is
      typically in the range of two to three knots. Average boat speed may be
      displayed up to maximum of "99.9" knots with the ability to add a ten's
      place display for boats which may exceed this speed. Boat speed detectors
      typically are limited to a minimum detectable speed of "0.1" knot which is
      less than steerage way for a sailboat.
PAR  In summary, the averaging circuits described herein produce a running
      average of boat speed and wind speed over one of several preselected
      averaging periods and display both signals with wind speed delayed fifteen
      seconds with respect to boat speed to compensate for the inertia of the
      boat. Since running averages are indicated, the fluctuations in
      instantaneous wind and boat speed are removed to provide an aaccurate
      measurement of the actual boat performance over each averaging period.
PAR  Although the present invention has been disclosed in terms of providing
      average apparent boat speed and wind speed signals, the averaging circuits
      may be utilized to produce a running average of any cyclic input signal
      over a preselected period of time. The speed of land and air vehicles and
      the rate of flow past a point in a manufacturing process are examples of
      the other possible applications where an accurate measurement of speed is
      necessary.
PAR  In accordance with the provisions of the patent statutes, we have explained
      the principle and mode of operation of our invention and have illustrated
      and described what we now consider to represent its best embodiment.
      However, we desire to have it understood that the invention may be
      practiced otherwise than as specifically illustrated and described without
      departing from its spirit or scope.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A circuit for producing an output signal representing a running average
      of a continuous input signal comprising:
PA1  an input for said continuous input signal;
PA1  a pulse forming and shaping means responsive to said continuous input
      signal for producing a train of output pulses;
PA1  a pulse accumulating means responsive to said output pulse train for
      accumulating a predetermined number of pulses representing said running
      average output signal whereby the most recent pulse replaces the oldest
      pulse in said pulse accumulating means; and
PA1  a clock means for controlling said pulse forming and shaping means and said
      pulse accumulating means.
NUM  2.
PAR  2. A circuit according to claim 1 wherein said continuous input signal is
      cyclic.
NUM  3.
PAR  3. a circuit according to claim 1 wherein said continuous input signal is a
      pulse train.
NUM  4.
PAR  4. A circuit according to claim 1 wherein said pulse forming and shaping
      means includes means for amplifying said continuous input signal, means
      for shaping said amplified signal, means for forming said shaped signal
      into a square wave pulse train and means responsive to said square wave
      pulse train and to said clock means for producing said train of output
      pulses with a selected pulse width.
NUM  5.
PAR  5. A circuit according to claim 4 wherein said means for amplifying
      includes a voltage comparator having inverting and noninverting inputs
      connected to said input for said continuous input signal and an output
      connected to said means for shaping.
NUM  6.
PAR  6. A circuit according to claim 4 wherein said clock means generates a high
      frequency pulse train and said means for producing said train of output
      pulses with a selected pulse width includes a first counting means
      connected to said clock means for counting a first predetermined number of
      said high frequency pulse train pulses and a second counting means for
      counting a second predetermined number of said high frequency pulse train
      pulses whereby the frequency of said output pulses is determined by
      multiplying the frequency of said square wave times a fraction comprised
      of said second predetermined number as the numerator and said first
      predetermined number as the denominator.
NUM  7.
PAR  7. A circuit according to claim 1 wherein said pulse accumulating means
      includes storage means for said train of output pulses, counting means for
      counting the number of pulses in said storage means and means for coupling
      said storage means and said counting means.
NUM  8.
PAR  8. A circuit according to claim 7 wherein said storage means includes a one
      bit temporary storage buffer for said output pulses.
NUM  9.
PAR  9. A circuit according to claim 8 wherein said temporary storage buffer is
      a flip flop which has a first output state when set by one of said output
      pulses and a second output state when reset by a count/circulate signal
      from said clock means.
NUM  10.
PAR  10. A circuit according to claim 9 wherein said storage means includes a
      recirculating shift register with a capacity of N bits which reads the
      output state of said temporary storage buffer in response to said
      count/circulate signal and stores a signal representing said output state
      by replacing the oldest of said N bits in storage.
NUM  11.
PAR  11. A circuit according to claim 10 wherein said recirculating shift
      register produces an output signal representing said N bits in storage in
      time-sequenced order in response to a clock signal from said clock means
NUM  12.
PAR  12. A circuit according to claim 11 wherein said counting means includes
      three decade counters connected in series for producing said running
      average output signal in binary form.
NUM  13.
PAR  13. A circuit for producing a first and a second output signal representing
      a running average of a first and a second continuous input signal
      respectively comprising:
PA1  a first input for said first continuous input signal;
PA1  a first pulse forming and shaping means responsive to said first continuous
      input signal for producing a first train of output pulses;
PA1  a first pulse accumulating means responsive to said first train of output
      pulses for accumulating a first predetermined number of pulses
      representing said first running average output signal whereby the most
      recent pulse replaces the oldest pulse in said pulse accumulating means;
PA1  a second input for said continuous input signal;
PA1  a second pulse forming and shaping means responsive to said second
      continuous input signal for producing a second train of output pulses;
PA1  a second pulse accumulating means responsive to said second train of output
      pulses for accumulating a second predetermined number of pulses
      representing said second running average output signal whereby the most
      recent pulse replaces the oldest pulse in said pulse accumulating means;
      and
PA1  a clock means for controlling said first and second pulse forming and
      shaping means and said first and second pulse accumulating means.
NUM  14.
PAR  14. A circuit according to claim 13 including means for time delaying said
      first average output signal relative to said second average output signal.
NUM  15.
PAR  15. A circuit according to claim 14 wherein said means for delaying
      includes a latch and means for clocking said latch.
NUM  16.
PAR  16. A circuit for producing an output signal representing a running average
      of a continuous input signal comprising:
PA1  an input for said continuous signal;
PA1  means for sampling said continuous input signal;
PA1  means for accumulating and separately storing each of a predetermined
      number N of the N most recent samples from said sampling means
      representing said running average output signal whereby the most recent
      sample replaces the oldest sample in said sample accumulating means;
PA1  means responsive to said accumulated samples for generating said running
      average output signal; and
PA1  a clock means for controlling said sampling means and said sample
      accumulating means.
NUM  17.
PAR  17. A circuit according to claim 16 wherein said sample accumulating means
      is a shift register.
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ABST
PAL  Apparatus for generating a character pattern comprising vector producing
      means for sequentially producing a plurality of vectors comprising the
      character pattern; and first storing means for storing the vectors where
      the configuration of the vectors in the first storing means corresponds to
      the configuration of the character pattern so that display or recording
      thereof is readily effected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method and apparatus for generating
      characters and symbols (hereinafter referred to as character patterns) for
      recording or display.
PAR  2. Discussion of the Prior Art
PAR  Conventionally, character patterns have been generated by information
      processing systems having fixed memories which store information for as
      many classifications of characters as are required where the characters
      are selected by instructions employed within the information system.
      However, in such systems, the required capacity of each fixed memory is
      subject to considerable fluctuation depending on the method of
      standardization of each character arrayed into the storage matrix.
      Therefore, effective and efficient standardization or to state it
      otherwise, a method of reducing required memory capacity has lately been a
      matter of concern.
PAR  Referring to FIG. 1a, there is shown a Japanese character, which might be
      displayed. This character is simplified in FIG. 1b where only linear
      sections or vectors of the character are shown. In conventional systems,
      the respective linear lines or vectors are sequentially displayed until
      the entire character is displayed. Thus, the entire character may appear
      in a matrix display system of 32 dots .times. 32 dots, for example, as
      shown in FIG. 2. Memory capacity in such vector display systems may be
      reduced by a factor of approximately one third compared to those systems
      where all the bits or dots of the display matrix are stored in memory on a
      black-and-white basis. However, when using the vector display systems,
      each character is continuously reproduced vector by vector; therefore,
      such systems are impractical when recording or displaying with a
      cathode-ray tube utilizing conventional raster scanning or a multiple
      stylus system.
PAC  SUMMARY OF THE INVENTION
PAR  Primary objects of this invention are the provision of a method and
      apparatus for overcoming the problems of the prior art as set forth above
      and the provision of a method and apparatus for generating a character
      pattern utilizable with various display and recording systems.
PAR  Other objects and advantages of this invention will be apparent from a
      reading of the following specification and claims taken with the drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1a is an illustration of a Japanese character intended for display or
      recording.
PAR  FIG. 1b is an illustration of the character of FIG. 1a with the strokes
      thereof reduced to straight line segments or vectors.
PAR  FIG. 2 is an illustration of a display matrix of 1,024 bits wherein the
      character of FIG. 1b is displayed.
PAR  FIG. 3 is an illustration of a predetermined portion of a memory comprising
      a block or table of vector control words corresponding to the vectors
      constituting the character of FIG. 1b.
PAR  FIG. 4 is an illustration of the character of FIG. 1b showing the
      correspondence between the vectors of FIG. 1b with the vector control
      words of FIG. 3.
PAR  FIG. 5 is a graph illustrating the relation between vector direction and
      the corresponding code assigned thereto.
PAR  FIG. 6 is a block diagram of an illustrative overall system in accordance
      with the invention.
PAR  FIG. 7 is an illustrative block diagram of the vector generator of FIG. 6.
PAR  FIG. 8 is an illustration of the random access memory of FIG. 6 showing the
      character of FIG. 1b generated therein.
PAR  FIG. 9 is an illustrative block diagram of the control circuit of FIG. 6.
PAR  FIG. 10 is a truth table illustrating the operation of certain portions of
      the circuitry of FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT OF THE INVENTION
PAR  Reference should now be made to the drawing where like reference numerals
      refer to like circuit elements.
PAR  In FIG. 6, it will hereinafter be assumed that an instruction, represented
      by the character code applied to a character code decoder 7, is given by a
      computer (not shown) to display the Japanese character of FIG. 1b.
      Information corresponding to this character is pre-stored in a
      predetermined portion of memory 1, this portion being illustrated in FIG.
      3. The rows or memory addresses a thru s respectively contain information
      on the vectors or line segments a through s (see FIG. 4) of the character
      of FIG. 1b. Each of the rows contains a vector control word where the
      first through fifth bits contain the X-coordinates of the starting points
      of the vectors, the sixth through 10th bits contain the Y-coordinates of
      the starting points on the vectors, the 11th and 12th bits contain the
      directions (angles of) the vectors, and the 13th through 17th bits contain
      the lengths of the vectors. Thus, vector a of FIG. 4 stored in memory
      address a of main memory 1 has X and Y starting points of (2, 27), an
      orientation angle (see FIG. 5) of 0.degree., and a length of 10 bits or
      dots where this information is stored in binary notation and thus is
      stored as (00010) (11011) (00) (01010).
PAR  In addition to the above, a memory word *, which is the first word of the
      predetermined memory block of FIG. 3 is provided. Stored within address *
      is a special control word indicating the number of vectors comprising the
      character to be displayed. In FIG. 3, the character comprises 17 vectors.
PAR  The overall construction of a preferred embodiment of the invention is
      shown in FIG. 6 where a character code decoder 7 is responsive to the
      character code which may be provided in various forms such as an
      instruction from a general purpose computer (not shown), which might share
      a main memory 1. The decoded code is applied to a memory address counter
      3B, the contents of counter 3B corresponding to the first address of a
      predetermined portion of main memory 1. This predetermined portion or
      block might correspond to that shown in FIG. 3. Memory address counter 3B
      is connected to main memory 1 and the contents thereof determine which
      location of main memory 1 is to be processed. The contents of this
      location are applied to either a gate 21 or a gate 27 under the control of
      a control circuit 6A, which will be described in more detail hereinafter
      with respect to FIG. 9. Control circuit 6A also controls a gate 23 to
      apply clock pulses from a clock circuit 6B to increment memory address
      counter 3B each time a new vector is to be processed. A word counter 3A
      has gated thereto via gate 21 the contents of memory address * whereby
      counter 3A initially contains a count of the total number of vectors to be
      processed for the character whose pattern is currently being generated.
      Thus, for the character of FIG. 4, the contents of word counter 3A would
      initially be 17. As each vector is processed, the contents of counter 3A
      are decremented by clock circuit 6B via a gate 25 under the control
      circuit 6A.
PAR  The vector control words are sequentially applied via gate 27 to a buffer
      storage 2 and thence to a vector generator 5 via a gate 29 under the
      control of circuit 6A. As will be described in more detail hereinafter
      with respect to FIG. 7, vector generator 5 is responsive to the vector
      control words shown in FIG. 3 (that is, the coordinates of the starting
      point of each vector and the length and direction thereof) to store in a
      random access memory 4 the configuration of each vector so that when the
      entire character pattern has been generated, the configuration thereof
      will be stored in memory 4 as is illustrated in FIG. 8. This is effected
      by applying pulses from circuit 6A under the control of the vector control
      words stored in buffer storage 2. Thus, the configuration of the character
      pattern stored in memory 4 is such that it is readily utilized by
      conventional display and/or recording means such as cathode ray tubes or
      multiple stylus systems. Hence, memory 4 and its associated circuitry as
      shown in FIG. 6 renders the vector display method of character generation
      compatible with such conventional display and/or recording systems
      whereas, heretofore, the vector display method of character pattern
      generation was incompatible with such systems since the vectors had to be
      regenerated each time the character was generated and thus the amount of
      time consumed in doing this rendered this method incompatible with many
      conventional display and/or recording systems. The output of memory 4 is
      shown in FIG. 6 connected to a display means 56, which also may be a
      recording system as stated above.
PAR  Referring now to FIG. 7, there is illustrated in further detail, the vector
      generator 5 of FIG. 6. This generator comprises a Y-axis address counter
      12 and a X-axis address counter 13 respectively connected to random access
      memory 4. X-axis counter 13 is loaded from buffer storage 2 with the
      X-axis address in memory 4 of the starting point of the vector currently
      being processed, the X-axis address portion of the vector control words
      being shown in FIG. 3. Y-axis counter 12 is also loaded from buffer
      storage 2 with similar information corresponding to the Y-coordinate of
      the starting point address of the vector. As will be described in more
      detail hereinafter with respect to FIG. 9, each dot or bit constituting a
      vector is loaded from control circuit 6A after counters 12 and 13 have
      been loaded.
PAR  For each vector, memory 4 will be sequentially loaded with bits until the
      entire vector has been inserted therein. This is controlled by a vector
      length counter 16, which is loaded from buffer storage 2 with the vector
      length portion of the FIG. 3 vector control words. Counter 16 conditions a
      clock gate 17 to gate clock pulses to three gates 14, 15A and 15B to
      control the loading of bits into memory 4, as will be described in more
      detail hereinafter. As each bit of a vector is loaded in memory 4, counter
      16 is decremented by a signal from circuit 6A until the counter contents
      are reduced to zero, at which time processing of the next vector is
      initiated. Detection of the latter condition occurs in circuit 6A as will
      be described hereinafter with respect to FIG. 9.
PAR  The placement of successive bits into memory 4 depends on the direction of
      the vector currently being processed. As can be seen in FIG. 5, the
      direction of each vector can have is limited to 0.degree., 45.degree.,
      90.degree. and 135.degree.. These directions or angular orientations are
      respectively assigned the codes of 00, 01, 10 and 11. These codes are
      provided in the angle code portion of the FIG. 3 vector control words.
      Angle decoder 11 is successively loaded from buffer storage 2 with the
      angle code portion of each vector. The operation of decoder 11 is
      illustrated in FIG. 10 where shown in the first column are the possible
      angle codes which can be applied to decoder 11. Decoder 11 has four
      outputs, one of which is energized depending upon the code applied
      thereto. Circuitry for implementing a function such as this is well known
      and described in the text "Pulse and Digital Circuits" by J. Millman & H.
      Taub, McGraw-Hill Book Company, 1956, pp. 422 and 423. The outputs of
      decoder 11 control gates 14, 15A and 15B, which, in turn, increment and/or
      decrement counters 12 and 13 depending on the particular orientation of
      the vector being currently processed. Thus, for example, if a horizontal
      vector were being processed, its code would be 00 and as each bit
      corresponding to this vector was loaded into memory 4, the contents of
      X-axis counter 13 would be incremented by one while the contents of Y-axis
      counter 12 would remain unchanged so that successive bits would be
      inserted into memory 4 one bit location to the right of the previously
      inserted bit. The foregoing action with respect to counters 12 and 13 is
      illustrated in the truth table of FIG. 10, which also illustrates how
      counters 12 and 13 are changed for the other angle codes. As can be seen
      in FIG. 7, the connections between decoder 11 and gates 14, 15A and 15B
      implement the functions described in the truth table of FIG. 10.
PAR  At this point, it should be appreciated that in this preferred embodiment,
      the configuration of the character pattern stored in memory 4 exactly
      corresponds to the configuration of the character pattern to be displayed
      and/or recorded. However, the configuration of the pattern stored in
      memory 4 need not exactly correspond since if there is not exact
      correspondence, this can be rectified by adjusting the connections from
      memory 4 to the display and/or recording means. However, it is important
      that all vectors comprising the character be stored in memory 4 before
      display and/or recording of the character pattern.
PAR  Reference should now be made to FIG. 9, where there is shown in further
      detail the control circuit 6A of FIG. 6. A single shot 20 is responsive to
      a START signal, which occurs at the time the character code is applied to
      decoder 7 and the decoded address of the first location of the memory
      block of FIG. 3 is applied to memory address counter 3B. Single shot 20
      may be a conventional monostable multivibrator. The output of single shot
      20 is applied to gate 21 of FIG. 6 to gate the count of the total number
      of vectors comprising the character pattern into word counter 3A. The
      output of single shot 20 is also applied to a single shot 22. The output
      of single shot 22 is applied to a OR circuit 24, the output of which is
      applied to gate 23 to increment memory address counter 3B preparatory to
      processing of the first vector in the memory block to FIG. 3. The output
      of OR circuit 24 is also applied to gate 25 to decrement word counter 3A
      whereby the contents of counter 3A will eventually be reduced to 0 thereby
      indicating that the entire character pattern has been generated. The
      output of OR circuit 24 is also applied to a single shot 26.
PAR  The output of single shot 26 is applied to gate 27 to load the first vector
      control word into buffer storage 2. The output of single shot 26 is also
      applied to a single shot 28, the output of which is applied to gate 29 of
      FIG. 6 and angle decoder 11 whereby the X-axis address is loaded into
      counter 13, the Y-axis address is located into counter 12, the angle code
      is applied to angle decoder 11, and the vector length is loaded into
      vector length counter 16. The output of single shot 28 is also applied to
      an OR circuit 30.
PAR  The output of OR circuit 30 is applied to a single shot 32, the output of
      which is applied to random access memory 4 (see FIG. 7) to cause a bit to
      be loaded in memory 4, the location of the loaded bit depending on the
      contents of counters 12 and 13, as described above. The output of single
      shot 32 is also applied to vector length counter 16 to decrement the
      contents thereof by one and thus indicate that a bit of the vector
      currently being processed has been loaded into memory 4. The output of
      single shot 32 is also applied to a single shot 34, the output of which is
      applied to a gate 36 to gate the contents of counter 16 to a compare
      circuit 38. The contents of counter 16 are compared with zero, which is
      applied to compare circuit 38 from a zero store circuit 48. If the
      contents of counter 16 have not been reduced to zero, an output line 40 is
      energized to produce another signal thru OR circuit 30 whereby the
      functions described above for blocks 30 - 38 are repeated until the
      contents of counter 16 are reduced to zero whereby indicating complete
      loading of the current vector into memory 4.
PAR  At this time an output line 42 is energized to gate the contents of word
      counter 3A via a gate 44 to a compare circuit 46. Also applied to circuit
      46 is a zero from a zero store circuit 50. If the contents of counter 3A
      have not been reduced to zero, an output line 54 is energized to apply
      another signal to OR circuit 24 whereby the next vector control word in
      the memory block of FIG. 3 is processed in the manner described above. The
      successive control words are thus processed until the contents of counter
      3A are reduced to 0 thereby indicating that the complete character has
      been generated. At this time, output line 52 of compare circuit 46 is
      energized. Energization of this line may effect read out of the character
      pattern stored in memory 4, as indicated in FIG. 9, or any other desired
      function may be implemented at this time.
PAR  Referring to the Figures, the overall operation of the invention may be
      described as follows. Operation is commenced by the application of a
      character code to decoder 7 and a START signal to control circuit 6A, as
      shown in FIG. 6. The decoder character code in decoder 7 is the address in
      main memory 1 of the character to be displayed and is applied to memory
      address counter 3B. The START signal actuates single shot (monostable)
      multivibrator 20, which reads out the contents of the first word (*) of
      the character to be displayed. This is gated into word counter 3A via gate
      21. The output from single shot 20 also triggers single shot 22 which is
      applied to an OR circuit 24 and thence, it increments memory address
      counter 3B by one via gate 23 and decrements word counter 3A by one via
      gate 25. Thus, counter 3B now contains the address of the first vector of
      the character to be displayed.
PAR  After another delay established by single shot 26, the first vector is read
      into buffer storage 2 via gate 27. Next, after a delay established by
      single shot 28, the contents of buffer 2 are selectively loaded into angle
      decoder 11, Y-axis address counter 12, X-axis address counter 13, and
      vector length counter 16 via gate 29. After a delay established by single
      shot 32, a bit is loaded into random access memory 4, in a manner which
      will be described in more detail hereinafter with respect to FIG. 7 and
      the contents of counter 16 are decremented by one. After a delay
      established by single shot 34, a test is made to see if any more bits
      corresponding to the current vector are to be loaded in memory 4. This
      test is made by gating the contents of counter 16 to compare circuit 38
      via gate 36 where a comparison is made with the number zero, stored in
      zero store 48. If there are more bits to be stored, the contents of
      counter 16 will be greater than zero and the non-zero output 40 of compare
      circuit 38 is energized to store the next bit of the current vector into
      memory 4. This is effected by looping again through OR circuit 30, single
      shot 32 and single shot 34.
PAR  The test for determining whether the vector has been completely stored in
      memory 4 is again made. Assuming that the vector has been completely
      stored, the zero output 42 of compare circuit 38 will be energized, at
      which time another different test will be performed. This test determines
      whether all of the vectors stored in main memory 1 have been stored in
      memory 4 by comparing the contents of word counter 3A with zero which is
      stored in zero store 50. If not, the non-zero output 54 of compare circuit
      46 is energized and the steps commencing with OR circuit 24 are repeated
      to process the next vector in memory 1. Each bit of this next vector is
      processed by the loop including OR circuit 30, single shot 32 and single
      shot 34 in the manner described above for the previous vector. Another
      test is then made to determine if all vectors stored in memory 1 have been
      processed. If so, the zero output 52 of compare circuit 46 is energized to
      read the character pattern stored in memory 4. As indicated in FIG. 8, the
      configuration of bits stored in memory 4 corresponds to that displayed at
      the display means 46. These bits could be displayed in a number of known
      ways and, for example, could be displayed on a television raster where
      there are 32 bits for each line and 32 lines for each picture or frame.
PAR  Referring to FIG. 7, the vector generator 5 and the operation thereof is
      described in further detail. Thus, as brought out in FIG. 5, the vector 00
      is parallel to the X-axis. Assuming, the left-most bit of a 00 vector is
      specified first, the X-axis counter 13 should be incremented each time a
      new bit is stored in memory 4 for this vector, as is illustrated in FIG.
      10. This is effected by gating the clock pulses from gate 17 through gate
      15A under the control of the 00 output from angle decoder 11.
PAR  Assuming that a 01 vector is decoded, both the X and Y-axis counters are
      incremented. This is effected by gating the clock pulse from gate 17
      through gates 14 and 15A under the control of the 01 output from decoder
      11. As can be seen in FIG. 10, for a 10 vector (parallel to the Y-axis),
      counter 12 is incremented (assuming the lowest bit is first specified for
      this vector) and no action is taken with respect to the X-axis counter.
      For an 11 vector, counter 12 is incremented for each bit of the vector
      while counter 13 is decremented for each bit thereof, assuming that the
      lowest, right-most bit of the vector is specified first.
PAR  In order to further illustrate the processing of a particular vector of the
      memory block of FIG. 3, reference should be made to vector n. As can be
      appreciated from FIG. 3, the X-axis and the Y-axis coordinates of the
      starting point of this vector are (14, 0) its angular orientation is
      45.degree. and its length is 5 bits or dots. Thus, in the manner described
      hereinbefore, the numbers 14 and 0 will be respectively loaded in counters
      13 and 12, the code 01 will be applied to the decoder 11, and the number 5
      will be loaded into counter 16. The first bit thus loaded in memory 4 will
      be located at point (14, 0) of FIG. 8. Before the next bit is loaded in
      memory 4, a clock pulse from circuit 6B will be applied to counters 12 and
      13 so that the respective contents thereof will define the point (15, 1).
      The foregoing is effected, as can be seen in FIG. 7, by the fact that the
      01 output line of decoder 11 is energized and thus gates 14 and 15A are
      conditioned to pass the clock pulse from gate 17 to counters 12 and 13 and
      thus increment the respective counters thereof by one. Hence, when the
      next bit is applied from countrol circuit 6A, it is located at point (15,
      1) of memory 4, as can be seen in FIG. 8.
PAR  The foregoing will be repeated until the fifth bit comprising the vector n
      is inserted into cell (18, 4) of FIG. 8. At this time the contents of
      counter 16 are reduced to zero and thus clock gate 17 is inhibited from
      passing further clock pulses to counters 12 and 13 until counter 16 is
      reloaded with another vector length count.
PAR  As can be seen from the foregoing, there is described a unique character
      pattern generating method and apparatus for implementing the objects of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for generating a character pattern comprising
PA1  vector producing means for sequentially producing a plurality of vectors
      comprising said character pattern;
PA1  first storing means for storing said vectors where the configuration of
      said vectors in said first storing means corresponds to the configuration
      of said character pattern so that display or recording thereof is readily
      effected;
PA1  said vector producing means including
PA2  second storing means for storing vector control words containing
      information about each of said vectors; and
PA2  processing means for sequentially processing said vector control words to
      produce said plurality of vectors;
PA1  said first storing means having said vectors stored therein in accordance
      with a predetermined coordinate system and where the vector control words
      stored by said second storing means includes information on the
      coordinates of the starting point of each vector in said predetermined
      coordinate system, (b) the length of each vector and (c) the direction
      thereof; and
PA1  said first storing means including a plurality of locations for storing
      bits of information and said processing means including
PA2  a first coordinate axis counter for controlling said first storing means so
      that the first coordinate of the location of each bit stored in said first
      storing means is determined by said first coordinate axis counter,
PA2  a second coordinate axis counter for controlling said first storing means
      so that the second coordinate of the said location is determined by said
      second coordinate axis counter; and
PA2  means for sequentially loading said first and second coordinate axis
      counters with said information in said second storing means relating to
      said first and second coordinates.
NUM  2.
PAR  2. Apparatus as in claim 1 where said processing means includes
PA1  a vector length counter for controlling the number of said bits stored in
      said first storing means for each vector where the length of each vector
      varies in accordance with the number of bits comprising it; and
PA1  means for sequentially loading said vector length counter with said
      information in said second storing means relating to said length of each
      vector.
NUM  3.
PAR  3. Apparatus as in claim 2 where said processing means includes
PA1  decoder means for controlling said first and second coordinate axis
      counters to change the contents thereof as each said bit is loaded into
      said first storing means so that the direction of each vector loaded into
      said first storing means corresponds to said information related to the
      direction of the vector stored in said second storing means; and
PA1  means for sequentially loading said decoder means with said information in
      said second storing means relating to said direction of the vectors.
NUM  4.
PAR  4. A method for generating a character pattern comprising the steps of
PA1  sequentially producing a plurality of vectors comprising said character
      pattern;
PA1  storing said vectors in a first storing means where the configuration of
      said vectors in said first storing means corresponds to the configuration
      of said character pattern so that display or recording thereof is readily
      effected;
PA1  said vector producing step including the steps of
PA2  storing in a second storing means, vector control words containing
      information about each of said vectors; and
PA2  sequentially processing said vector control words to produce said plurality
      of vectors;
PA1  said first storing means has said vectors stored therein in accordance with
      a predetermined coordinate system and where the vector control words
      stored by said second storing means includes information on (a) the
      coordinates of the starting point of each vector in said predetermined
      coordinate system, (b) the length of each vector and (c) the direction
      thereof and
PA1  said first storing means including a plurality of locations for storing
      bits of information and said processing step including the steps of
PA2  controlling said first storing means so that the first coordinate of the
      location of each bit stored in said first storing means is determined by a
      first coordinate axis counter,
PA2  controlling said first storing means so that the second coordinate of the
      said location is determined by a second coordinate axis counter; and
PA2  sequentially loading said first and second coordinate axis counters with
      said information in said second storing means relating to said first and
      second coordinates.
NUM  5.
PAR  5. A method as in claim 4 where said processing step includes the steps of
PA1  controlling by a vector length counter the number of said bits stored in
      said first storing means for each vector where the length of each vector
      varies in accordance with the number of bits comprising it, and
PA1  sequentially loading said vector length counter with said information in
      said second storing means relating to said length of each vector.
NUM  6.
PAR  6. Apparatus as in claim 5 where said processing step includes the steps of
PA1  controlling by a decoder means said first and second coordinate axis
      counters to change the contents thereof as each said bit is loaded into
      said first storing means so that the direction of each vector loaded into
      said first storing means corresponds to said information related to the
      direction of the vector stored in said second storing means; and
PA1  sequentially loading said decoder means with said information in said
      second storing means relating to said directions of the vectors.
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ABST
PAL  A sheet material characteristic monitoring apparatus is provided for use in
      processes involving the production and contouring of sheet material. In a
      preferred embodiment, the sheet material characteristic is measured at two
      or more stationary cross direction locations of the sheet. A digital
      computer computes a regression equation between the measured values of the
      sheet characteristic and their respective locations, which equation is
      evaluated between limits representing the sheet edges to provide a data
      profile comprising estimated values of the sheet characteristic across the
      width of the sheet. The data profile may be derived substantially
      instantaneously. The data profile may further be evaluated between limits
      representing one or more desired transverse dimensions of the sheet.
PARN
PAR  This is a continuation of application Ser. No. 261,998 filed June 12, 1972,
      now abandoned.
BSUM
PAC  MEASURING GAUGE
PAR  The present invention relates generally to the production and contouring of
      sheet material, and more particularly to a sheet material monitoring
      apparatus, which includes a plurality of single point measuring means for
      measuring a characteristic of sheet material moving relative to the
      measuring means, and computer means for determining a data profile across
      said sheet material with respect to the measured characteristic. From the
      computed data profile, information may be derived for the purpose of
      controlling the process to a desired value of the characteristic.
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present invention relates to the inventions disclosed in co-pending
      applications entitled "Process Control" of R. Heiks et al., U.S. Ser. No.
      262,000, now U.S. Pat. No. 3,843,439 "Process Control" of J. Donoghue et
      al., U.S. Ser. No. 261,997, and "Process Control System" of J. Donoghue et
      al., U.S. Ser. No. 261,999, now U.S. Pat. No. 3,844,870, all assigned to
      the assignee of the present invention and filed on even date herewith.
PAC  BACKGROUND
PAR  In the arts relating to apparatus for the production and contouring of
      sheet material, such as rolling mills, paper making machines, rubber and
      plastic calenders, sheet coaters, and the like, it is of highly
      significant concern to control the sheet material so as to maintain one or
      more of its characteristics within precise limits. The production and/or
      contouring of sheet material within close tolerances is critical both from
      the standpoint of quality -- optimum durability, reliability, uniformity,
      and appearance -- and from the standpoint of reducing the costs associated
      with production -- minimized use of raw material, minimized production of
      material which does not meet specifications, and minimized non-productive
      machine and manpower time. It is well known in these arts, therefore, to
      measure for the purposes of control such characteristics as thickness,
      weight per unit area, density, moisture content, resistivity, and other
      physical or chemical characteristics of the sheet.
PAR  A typical form of such measurement utilizes a gauge mounted for a scanning
      traversal of the sheet material to measure the characteristic at a
      plurality of points across the sheet in order to provide a transverse
      profile of the sheet with respect to the characteristic. From the profile
      information, an average value of the characteristic across the strip or a
      portion thereof may be calculated. The average value may be compared to a
      desired target, and any deviation from the target may be used as the basis
      of a feedback change in the process to reduce the deviation to zero. U.S.
      Pat. No. 3,244,881 issued Apr. 5, 1966 to C. W. Hansen et al., and U.S.
      Pat. No. 3,307,215 issued Mar. 7, 1967 to G. R. Gerhard et al., the latter
      being assigned to the assignee of the present application, are
      representative of this type. In the first mentioned patent, wherein a
      profile of instantaneous sheet thickness across the sheet width is
      recorded on a strip recorder, an accurate cross direction profile is not
      obtained because the measurements, due to the fact that they represent
      merely an instantaneous sampling of thickness and are obtained along an
      oblique line with respect to the cross direction, are affected by machine
      direction variations. In the latter patent, in one embodiment of which the
      profile consists of an average thickness measurement taken across each of
      several transverse zones, the influence of machine direction variations is
      somewhat reduced; however, the measurements are also taken along an
      oblique line. U.S. Pat. No. 3,552,203 issued Jan. 5, 1971 to E. J. Freeh,
      assigned to the assignee of the present application, describes an
      embodiment in which thickness averages are accumulated for each of a
      plurality of zones over a number of scans by a scanning gauge, and a
      process of interpolation provides an estimation of average thickness at
      points across the width other than at the centers of the zones, which are
      assumed to be at an average zonal thickness value. However, the zonal
      thickness measurements are again taken along an oblique line. Moreover,
      the interpolation process does not provide an estimated profile between
      the centers of the outer zones and the edges of the sheet.
PAR  While a gauge of the continuously scanning type, capable of providing
      measurements of the sheet characteristic at a large number of points
      across the sheet width or a portion thereof has general utility in
      production control systems of these arts, certain processes demand an
      alternative form of gauge. For example, where a substantially
      instantaneous profile of the characteristic is required, a scanning gauge,
      because of the often substantial period of time needed in which to
      traverse the sheet, may be inappropriate. A scanning gauge, moreover, can
      provide a profile of the sheet characteristic only along a line which is
      oblique to the cross direction of the strip, so that such a profile
      necessarily reflects components of both cross direction and machine
      direction. One might, of course, provide a large number of fixed gauges
      across the sheet width, from whence to derive a cross direction profile;
      however, the hardware and maintenance costs associated with such a system
      would be prohibitive.
PAR  The present invention offers a unique and accurate alternative to a
      scanning gauge for the purposes of determining a profile of a material
      strip with respect to a particular characteristic. Moreover, it offers
      significant advantages over a scanning gauge system, in that it is capable
      of providing a substantially instantaneous profile consisting of
      measurements taken along a line exactly normal to the machine direction.
      In this way, machine direction variations are practically eliminated as
      factors affecting a cross direction profile of the material sheet.
PAR  The present invention has the further advantage of being adapted for use in
      a control system in which the use of a scanning gauge would be impractical
      for reasons of space limitations, difficulties in gauge alignment and
      calibration, gauge geometry, etc.
PAR  Thus the present invention gives an accurate estimation of the profile of a
      material sheet, which has potential applicability to many types of sheet
      processing control systems, as will be apparent from a reading of the
      description which follows.
PAC  SUMMARY OF THE INVENTION
PAR  A sheet material monitoring apparatus is provided which gives an accurate,
      quantitative cross direction profile of moving sheet material with respect
      to a particular sheet characteristic. The apparatus, according to one
      embodiment of the invention, can  provide an operator of the sheet
      material process with a visual indication of the cross direction profile
      of the sheet, thus providing a reliable real-time check on whether the
      desired target value of the characteristic is being maintained. Moreover,
      the apparatus, according to another embodiment of the invention, provides
      an output which can be used for feedback or feedforward control over
      adjustable means for varying the value of the characteristic in the
      process automatically.
PAR  According to one specific embodiment, several single point gauges,
      preferably at least two in the number, are positioned along a line normal
      to the machine direction of the moving strip to provide measurements of a
      desired sheet characteristic. The measurements are individually averaged.
      A digital computer fits a curve between the separate average indications
      of the sheet characteristic, using curve-fitting techniques of regression
      analysis, and computes an estimated value of the sheet characteristic,
      based on the regression equation, for any cross direction point on the
      sheet between limits representing the opposite edges of the sheet.
PAR  The profile relationship between estimated values of the sheet
      characteristic and positions across the sheet may be read out in the form
      of a visual profile on suitable visual display means, whereby the operator
      of the material process may make adjustments to means for producing or
      contouring the sheet in order to bring the estimated values of the
      characteristic to the desired target values.
PAR  Alternatively, an output suitable for automatic machine direction control
      of the process may be provided by integrating the regression equation
      between limits representing the opposite edges of the sheet to obtain an
      average value of the characteristic across the sheet, and comparing said
      average value with a target value. Any deviation of the average value from
      the target can be applied to a machine direction controller to reduce the
      deviation to zero. An example of a machine direction controller in the
      calendering art would be, for example, a calender roll to which equal
      screwdown is applied to either end.
PAR  A further embodiment provides outputs suitable for automatic cross
      direction control of the process to eliminate substantially any cross
      direction variations in profile. The regression equation is integrated
      over limits representing the boundaries of N zones, each representing a
      longitudinal portion of the strip, to obtain an average value for each
      zone. The individual zonal average is compared with a zonal target value
      in each of N separate controllers, whereby the average of said
      characteristic within each zone is brought to the zonal target value.
PAR  Applicant's improved sheet characteristic monitoring apparatus has several
      clear advantages over the scanning gauge system known in the prior art.
      The substantial hardware and maintenance costs often associated with the
      traversing and control mechanisms of the scanning gauge are eliminated.
      Moreover, single point gauges can often be located at crucial points in
      the process at which a scanning cauge could not be accommodated due to a
      lack of space. In addition, the sheet characteristic profile calculated by
      applicant's apparatus represents an instantaneous profile taken along any
      desired direction with respect to the machine direction, such as a line
      exactly normal to the machine direction. In the latter case, the influence
      of machine direction variations can be substantially eliminated.
      Furthermore, where a profile or an average value of the sheet
      characteristic within a particular zone is needed, it will be shown that
      applicant's apparatus can provide an accurate estimate of such without the
      necessity of measuring the characteristic within the particular zone.
      Further advantages and modifications of applicant's invention will be
      apparent to those skilled within the art.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved sheet characteristic monitoring system, which provides an
      accurate profile indication of a desired sheet characteristic as a
      function of points selected along a line normal to the direction of
      movement of the sheet. It is also an object of the present invention to
      provide an improved sheet characteristic monitoring system, which provides
      an accurate profile indication of a desired sheet characteristic
      substantially instantaneously with the measurement of said characteristic
      at points along a line normal to the direction of movement of the sheet.
PAR  It is another object of the present invention to provide an improved sheet
      characteristic monitoring system which provides an output, based on an
      average value of the estimated sheet characteristic which may be used to
      control said characteristic to a desired machine direction target.
PAR  It is a further object of the present invention to provide an improved
      sheet material characteristic monitoring system which provides outputs
      representing the average value of the characteristic within each of
      several longitudinal zones of the sheet, which may be used to control said
      characteristic to a desired cross direction profile upon comparison of the
      individual zonal averages with corresponding zonal targets.
PAR  Further objects and advantages will become apparent from the following
      detailed description of the preferred embodiment according to the
      invention, taken in conjunction with the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a partially perspective and a partially schematic view of a sheet
      material process, in combination with an improved sheet material
      characteristic monitoring system according to the invention.
PAR  FIG. 2 is a partially perspective and a partially schematic view of a sheet
      material process, in combination with an improved sheet material
      characteristic monitoring and machine direction control system, according
      to the invention.
PAR  FIG. 3 is a partially perspective and a partially schematic view of a sheet
      material process, in combination with an improved sheet material
      characteristic monitoring and cross direction control system, according to
      the invention.
PAR  FIG. 4 is a graph of a characteristic versus material width, illustrating a
      curve fit between three measured points across the width of a material
      sheet, according to the embodiments of the invention shown in FIGS. 1 and
      2.
PAR  FIG. 5 is a graph of a characteristic versus material width, illustrating a
      curve fit between three measured points, each of which lies within a
      different longitudinal zone of a material sheet, and showing the average
      value of the characteristic for each zone, according to the embodiment of
      the invention shown in FIG. 3.
PAR  FIG. 6 is a flow chart of the steps performed in deriving the transverse
      data profile of a material characteristic, according to the invention.
PAR  FIG. 7 is a flow chart of the steps performed in evaluating a regression
      equation to provide zonal average indications of a material
      characteristic, according to the embodiment of the invention shown in FIG.
      3.
DETD
PAC  SHEET MATERIAL PROCESS
PAR  Applicant's invention has general applicability to any process involving
      the manufacture of sheet material, such as, for example, paper making,
      steel rolling, rubber and plastic calendering, sheet coating, etc., in
      which one or more specific characteristics of the sheet are monitored by
      measuring gauges for the purpose of maintaining the characteristics at a
      desired value. In essence, the invention provides a unique apparatus for
      estimating a cross direction profile of the material sheet with respect to
      a particular characteristic, such as thickness, weight per unit area,
      moisture content, resistivity, or other physical or chemical
      characteristics, without using a gauge of the type which scans across the
      sheet.
PAR  Referring to FIG. 1, a means for effecting a change in a sheet material
      characteristic is illustrated in a general fashion by sheet material
      characteristic-controlling means 10, which may represent for example, the
      adjustable stock valve for basis weight control in a paper making machine,
      the adjustable screwdown to calender rolls in a calendering or milling
      process, or control of a coating element on a coating machine.
PAC  CHARACTERISTIC-SENSING GAUGES
PAR  To derive information relating to the desired sheet material
      characteristic, from which a continuous cross direction profile of said
      characteristic may be computed, a plurality of single point gauges are
      arranged at spaced intervals along a line normal to the direction of the
      moving sheet. As seen in FIG. 1, at least two stationary sensing gauges,
      shown here as gauges 21 and 23, are required, for reasons to be explained
      below. According to a preferred embodiment, three stationary
      characteristic-sensing gauges, gauges 21, 22, and 23, are employed, being
      spaced at equal intervals across substantially the entire width of the
      strip. One or more gauges can be movable to another stationary position
      for other measurements. The simultaneous measurement at each point by
      fixed gauges has certain advantages.
PAR  While it is not necessary that the gauges be spaced at equal intervals, or
      that they be arranged across substantially the entire width of the sheet,
      such an arrangement permits a more representative sampling of the sheet
      material characteristic. It should further be understood that the
      geometrical relationship between the sensing gauges and the direction of
      movement of the sheet material is determined by the particular desired
      geometrical orientation of the characteristic profile with respect to the
      direction of sheet movement. For example, should other than a cross
      direction profile of the characteristic be desired, the alignment of the
      sensing gauges 21, 22, and 23 may be altered appropriately. Gauges 21, 22,
      and 23 may be of any known type for suitably sensing the particular
      characteristic in a sheet or layer of material moving relative to them.
PAR  In a preferred embodiment, the respective indications of the sheet
      characteristic is measured by gauges 21, 22, and 23, are averaged over
      time in averaging means 31, 32, and 33, to smooth out the presence of
      localized, slight variations in the characteristic to obtain a truer
      representation of the characteristic over the measured portion of the
      sheet. As an alternative, however, the indications from gauges 21, 22, and
      23 may be sampled instantaneously, where averaging is deemed not necessary
      or desirable.
PAR  The considerations which determine the number of single point gauges to be
      used include the degree of accuracy required in the calculated profile and
      the cost factors associated with such gauges. Where only a general
      indication of the cross direction profile is needed, two single point
      gauges may suffice, and the curve will actually be in the form of a
      straight line passing through the respective values of the sheet
      characteristic indicated by each gauge. According to one preferred
      embodiment, three fixed single point gauges are employed, one of which is
      situated in the center of the sheet, the other two being situated adjacent
      the opposite edges of the sheet. A curve fitted to the three indications
      provided by these gauges is assumed to be in the form of a parabola. For
      most practical purposes, this form of curve will permit an accurate and
      useful profile indication, because it will reveal the most typically
      encountered varieties of sheet material profile: crown (raised center
      portion), dish (lowered center portion), or skew (slanting from one side
      to the other). If an even more accurate determination of profile requires
      the use of more than three single point gauges, a curve fit to them will,
      in most cases, not contain each distinct measured value as a point
      thereon, as in the case of a two or three gauge configuration, but will
      represent a more general least-squares approximation.
PAC  PROFILE DERIVATION
PAR  A digital computer 40 fits a curve between the separate indications of the
      sheet characteristic provided by gauges 21, 22, and 23 at their respective
      cross direction positions x.sub.c, x.sub.b, and x.sub.a, respectively. The
      mathematical techniques of regression analysis in general appear in
      various texts, among which Applied Regression Analysis by N. R. Draper and
      H. Smith is illustrative. Where two gauges are used, the regression
      equation is linear and has the form of a first degree polynominal, Y = Ax
      + B, for which estimated values of the constants A and B are computed.
      Variable Y represents the estimated value of the characteristic at a
      location x across the strip width (refer to FIG. 1).
PAR  For three gauges, the regression equation assumes the form of a second
      degree polynominal, Y = Ax.sup.2 + Bx + C, for which estimated values of
      the constants, A, B, and C are computed. When the regression equation for
      a particular set of data points has been determined, values of the
      dependent variable Y, representing the sheet characteristic, may be
      readily estimated for any desired value of the independent variable x,
      representing cross direction position on the sheet. Predetermined limits
      on x, representing the opposite edges of the sheet, serve to limit the
      range of possible values of the sheet characteristic to those
      corresponding to actual positions on the sheet. As will be seen below, the
      calculated regression equation may be evaluated between other
      predetermined limits which represent the boundaries of selected
      longitudinal zones on the sheet, which zones may or may not overlap.
PAR  The derivation of a regression equation for a preferred embodiment,
      involving measurements of the sheet characteristic at three points, will
      now be given, referring to FIGS. 1 and 4. As seen in FIG. 1, measurements
      of the characteristic are obtained at points x.sub.a, x.sub.b, and x.sub.c
      corresponding to gauges 23, 22, and 21, respectively. The individual
      measurements are averaged in respective averaging means 33, 32, and 31 to
      provide average indications of the characteristic t.sub.a, t.sub.b, and
      t.sub.c corresponding to the points x.sub.a, x.sub.b, and x.sub.c (refer
      to FIG. 4, wherein the dotted lines represent the sheet edges, and the
      dots represent the average indications of the characteristic at the
      corresponding transverse sheet positions).
PAR  A second order curve Ax.sup.2 + Bx + C, is to be fit to the three data
      pairs (t.sub.a, x.sub.a), (t.sub.b, x.sub.b), and (t.sub.c, x.sub.c). The
      coefficients A, B, and C are found as follows: Given,
EQU  Y = Ax.sup.2 + Bx + C
PAL  and substituting
EQU  X = 0, C = Y(0) = t.sub.b
PAL  Evaluating Y at x.sub.c,
EQU  Y(x.sub.c) = t.sub.c = A(x.sub.c).sup.2 + B(x.sub.c) + t.sub.b
PAL  Evaluating Y at x.sub.a,
EQU  Y(x.sub.a) = t.sub.a A(x.sub.a).sup.2 + B(x.sub.a) + t.sub.b
PAL  Solving simultaneous equations,
EQU  t.sub.c + t.sub.a = A[(x.sub.c).sup.2 + (x.sub.a).sup.2 ]+ B(x.sub.c +
      x.sub.a) + 2t.sub.b
      ##EQU1##
      Solving the equation
EQU  t.sub.c = A(x.sub.c).sup.2 + B(x.sub.c) + t.sub.b
PAL  for B,
      ##EQU2##
      Substituting A from above,
      ##EQU3##
      Substituting the expression for B into the expression for A and reducing
      yields:
      ##EQU4##
PAR  Independent variables x.sub.a, x.sub.b and x.sub.c are stored in computer
      40 and, together with the separate averages of the dependent variables
      t.sub.a, t.sub.b, and t.sub.c, are used to solve the above equations for
      A, B, and C. Once the coefficients A, B, and C are calculated, the
      regression equation Y + Ax.sup.2 + Bx + C may be evaluated for values of x
      between opposite sides of the sheet in order to output estimated values Y
      of the sheet characteristic across the sheet width. To this end, limit
      values of x, shown in FIG. 1 as "Side 1" and "Side 2", which represent the
      boundaries over which the regression equation is to be evaluated, are read
      into computer 40 as constants, which may be updated for a product change.
      The profile output 50, comprising a set of estimated values of the sheet
      characteristic over the sheet width, may be used for display and/or
      control purposes, as explained below.
PAR  Reference may be had to the flow chart of FIG. 6 for an understanding of
      the sequencing of the curve-fitting and profile computations performed by
      computer 40.
PAR  For the more general case, in which more than three measurement positions
      are involved, a least squares method of computing the regression equation
      coefficients may be employed. To illustrate the application of this
      method, a matrix solution for computing the coefficients required for an
      estimation of profile for an n-point system will now be described.
PAR  Letting t.sub.i denote the ith average characteristic measurement, and
      x.sub.i denote the corresponding position of this measurement across the
      sheet width, with i=1, . . . , n, the second order curve Ax.sup.2 + Bx + C
      is fitted to the n data pairs (t.sub.i, x.sub.i), where i=1, . . . , n.
PAR  Utilizing a matrix solution to solve for the coefficients A, B, and C, a
      vector m is defined to represent the desired coefficients,
EQU  m = [A, B, C].sup.T,
PAL  where T indicates the transpose of the vector for purposes to be seen
      below.
PAR  A vector Y is defined to represent the n average measurements,
EQU  Y = [t.sub.i, . . . , t.sub.n ].sup.T,
PAL  this vector also being expressed in transpose form.
PAR  A matrix X is written to represent the independent variables,
TBL                 x.sub.1.sup.2                                              
                            x.sub.1                                            
                                  1                                            
                    x.sub.2.sup.2                                              
                            x.sub.2                                            
                                  1                                            
             X =    .      .      .                                            
                    .      .      .                                            
                    .      .      .                                            
                    x.sub.n.sup.2                                              
                            x.sub.n                                            
                                  1                                            
PAR  The least squares estimate of A, B, and C is then given by a solution of
      the equation,
EQU  m = [A, B, C].sup.I = (X.sup.T X).sup.-.sup.1 X.sup.T Y
PAL  where .sup.-.sup.1 indicates the inverse of a matrix. The derivation and
      application of the above matrix equation with respect to least squares
      solutions to regression problems is described in detail in the
      aforementioned Applied Regression Analysis, pp. 44-53, 128-130.
PAR  Once derived, the coefficients are set into the regression equation,
      estimated values of the sheet characteristic are calculated between
      desired limits, and the profile is output, as before.
PAC  PROFILE EVALUATION FOR PROCESS CONTROL
PAR  Once derived, the regression equation representing the estimated
      characteristic profile may be evaluated in a number of ways, the proper
      choice of which will be dependent upon the particular purposes for which
      information relating to the sheet characteristic is required. The
      versatility of applicant's invention with respect to the utilization of
      the derived profile information is shown below, where various embodiments,
      which are merely illustrative, are described in which the profile
      information is used for different control purposes.
PAR  The embodiment shown in FIG. 1 illustrates a process control system in
      which a process control operator makes adjustments to the system based on
      a visual display of profile information to him.
PAR  To make an estimated cross direction sheet characteristic profile
      immediately available to the process control operator, it may be read out
      of computer 40 upon the closing of switch 55 by computer 40, into a
      suitable analog display device 60, such as a strip recorder, oscilloscope,
      or the like, after suitable processing if necessary, by digital-to-analog
      converter means (not shown). Profile curve 62 represents a straight line
      profile such as might be obtained by fitting a curve between data
      measurements obtained at the points x.sub.a and x.sub.b, while profile
      curve 61 represents a second-order curve, in the form of a parabola, of
      the type attainable through a curve fit between data measurements from the
      three points x.sub.a, x.sub.b, and x.sub.c. Having available to him an
      accurate, instantaneously derived cross direction profile of the sheet
      characteristic, the process operator can at all times maintain the process
      within prescribed tolerances.
PAR  Where outputs suitable for automatic control over the process are
      preferred, the embodiments shown in FIGS. 2 and 3 are illustrative of two
      possible types -- machine direction control and cross direction control.
      These should not be taken as limiting, but they should be considered
      merely as suggestive of the manner in which applicant's invention may be
      utilized in conjunction with the automatic control of a sheet process.
PAR  According to the embodiment depicted in FIG. 2, the regression equation
      calculated by means of digital computer 40, is integrated in integration
      means 70 between limits representing the opposite edges of the sheet to
      obtain an average value of the characteristic across the sheet, Av.S.
      Integration means 70 performs an integration of the form,
      ##EQU5##
      where w is the width of the sheet.
PAR  The average value of the characteristic Av.S may be displayed if desired in
      display means 65. A machine direction controller 80 receives as inputs the
      average value of the characteristic Av. S and a target representing the
      desired value of the characteristic. Any deviation of the average value
      from the target value causes an appropriate corrective adjustment to be
      made uniformly across the width of the sheet by sheet material
      profile-determining means 10, until the deviation is reduced essentially
      to zero.
PAR  Referring now to the embodiment shown in FIG. 3, strip 5 is divided into
      longitudinal zones, for example three: zones a, b, and c. Each of the
      sensing gauges 21, 22, and 23 is positioned within a particular zone at
      such a location as to obtain a representative measurement of the sheet
      characteristic within that zone. The individual measurements from the
      sensing gauges are averaged and curve-fitted, as described hereinabove.
      Integration means 70 integrates the calculated regression equation between
      predetermined limits representing the opposite edges of each longitudinal
      zone, under the sequencing control of programmer 90. Programmer 90
      sequentially reads the corresponding limits for each longitudinal zone
      into integration means 70 to derive, in turn, an expression of the average
      value of the characteristic over each longitudinal zone a, b, and c.
PAR  Referring now to FIGS. 3 and 5, the calculation of the average value of the
      characteristic over one zone, say zone a, will be described. The edges of
      zone a are represented by discrete values of x, namely Z/3 and Z, which
      are read into integration means 70 as the limits of integration. The
      actual integration is represented by:
      ##EQU6##
      where 2Z is the total sheet width, and A, B, and C are calculated as
      above. The computations for zones b and c are similar, the only difference
      being the choice of limits.
PAR  Reference may be had to the flow chart of FIG. 7 for the sequencing of the
      zonal average computations performed by integration means 70.
PAR  Under the control of programmer 90, the individual zonal average
      indications are read into individual units of a multi-zone controller 80.
      Multi-zone controller 80 comprises a number of independent
      zone-controlling elements A, B, and C, the number of which may correspond
      to the number of longitudinal zones into which the material strip 5 is
      subdivided. Each zone-controlling element receives as inputs the
      respective zonal average of the sheet characteristic and a zonal target
      value. For example, controller element A compares Av. a with a target for
      the same zone and outputs a correction to zone a of the sheet. Corrections
      may be made to zones b and c in like manner. It should be clear that in
      the event the number of individual zone-controlling elements in zone
      controller 80 exceeds the number of single point gauges, and the sheet is
      accordingly subdivided into a greater number of zones than the number of
      gauges, an estimation of cross direction profile and the average of such
      within certain zones will be provided without the necessity in fact of
      taking measurements within these zones.
PAR  Alternatively, for the purpose of cross direction control, the individual
      zonal averages may each be compared with the overall average of the sheet
      characteristic across the width of the sheet, in the manner described in
      the aforementioned U.S. Pat. No. 3,307,215.
PAR  As an alternative to the independent control of each zone by separate
      zone-controllers, a single controller may calculate the separate
      corrections for each zone taking into account the interactive effects of
      separate adjustments in the process, based on the knowledge that in
      certain processes an adjustment to a particular zone will have an effect
      on some or all of the other zones. This technique of process control,
      known as "interactive control", is discussed in U.S. Pat. No. 3,599,288,
      issued Aug. 17, 1971 to S. L. Eakman.
PAR  While several embodiments of the invention have been shown and described,
      including a preferred embodiment, it will be apparent to one skilled in
      the art that numerous modifications may be made thereto without departing
      from the scope and intent of the invention as recited in the appended
      claims. For example, the averaging, curve fitting, integrating, sheet
      controlling, and programming functions may be carried out by means of a
      single digital computer.
PAR  It should be emphasized that the discrete measurements of the sheet
      characteristic made at fixed points across the sheet may be obtained by
      means of one or more movable gauges. For example, in the three point
      embodiment shown in FIG. 3, one gauge may be of the movable type to
      provide an average measurement at each of two points, say x.sub.a and
      x.sub.b, across a transverse dimension of the strip at different times,
      while another gauge, of the fixed point type, may provide an average
      measurement at the third point x.sub.c. The employment of a movable gauge
      for these purposes may find application in a monitoring system not
      requiring an instantaneous profile, as, for example, in a system of the
      type described in the aforementioned co-pending application entitled
      "Process Control System" of J. Donoghue et al., in which measurements from
      stationary positions are derived and averaged over a time period.
PAR  It will further be clear, with respect to the embodiments shown in FIGS. 2
      and 3, that the targets need not remain fixed, but may be altered
      according to the statistical variance of the measured characteristic, in
      the manner disclosed in U.S. Pat. No. 3,515,860, issued June 2, 1970, to
      C. T. Fitzgerald, Jr., and assigned to the same assignee as the present
      application. By the application of this technique, known as "Target
      Optimization Control", the degree of controllability of the process is
      automatically sensed and the process is automatically operated closer to
      or further from a predetermined target value of the characteristic,
      depending on the controllability of the process.
PAR  In addition, it should be obvious with respect to the embodiment shown in
      FIG. 3, that the targets for each longitudinal zone need not be identical
      to one another if other than a flat profile is desired.
PAR  Although various embodiments have been shown and described relating to
      feedback control over a process, the invention has equal applicability to
      process control systems utilizing feedforward control, in which
      adjustments are made to a process control element based on profile
      measurements obtained upstream in the process.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of controlling a machine direction characteristic of a sheet
      comprising measuring a property of a sheet related to the characteristic
      at a plurality of locations across the sheet to derive an indication of
      the property at each of a plurality of discrete, spaced cross sheet
      points, responding to the indications and a predetermined mathematical
      expression relating values of the property to cross direction location to
      derive a signal representing a continuous, analytic equation that
      approximates the values of the property as a function of cross direction
      location substantially across the entire sheet width, deriving a machine
      direction control indication by integrating the signal representing the
      equation over a cross direction interval of the sheet that is
      substantially across the entire sheet width, and controlling the
      characteristic uniformly across the sheet width in response to the control
      indication.
NUM  2.
PAR  2. The method of claim 1 wherein the property is measured at three
      different cross sheet points, and the equation is of the form
EQU  Y = Ax.sup.2 + Bx + C
PAL  where:
PA1  x = cross sheet location,
PA1  Y = the approximated value of the property at any cross sheet location x,
      and
PA1  A, b and C are values of the sheet property as determined for the three
      points.
NUM  3.
PAR  3. The method of claim 1 wherein the property is measured by maintaining
      gauge means for the property relatively stationary at the same cross sheet
      locations for a substantial time duration, and averaging responses from
      the stationary gauge means over the duration to derive the property
      indication at each of the points.
NUM  4.
PAR  4. A method of controlling a cross direction characteristic of a sheet
      comprising measuring a property of the sheet related to the characteristic
      at a plurality of locations across the sheet to derive an indication of
      the property at each of a plurality of discrete, spaced cross sheet
      points, responding to the indications and a predetermined mathematical
      expression relating values of the property to cross direction location to
      derive a signal representing a continuous, analytic equation that
      approximates the values of the property as a function of cross direction
      location substantially across the entire sheet width, deriving a cross
      direction control indication by separately integrating the signal
      representing the equation over a plurality of zones extending across the
      sheet, adjacent one of the said zones having abutting boundaries and each
      of said zones including one of said points, in response to the separate
      integration in each of the zones deriving a separate control indication
      for each of the zones, and activating a controller for the sheet
      characteristics in each of the zones in response to the separate
      indications for each of the zones.
NUM  5.
PAR  5. The method of claim 4 wherein the property is measured at three
      different cross sheet points, and the equation is in the form
EQU  Y - Ax.sup.2 + Bx + C
PAL  where:
PA1  x + cross sheet location,
PA1  Y = the approximated value of the property at any cross sheet location x,
      and
PA1  A, b and C are values of the sheet property as determined for the three
      points.
NUM  6.
PAR  6. The method of claim 4 wherein the property is measured by maintaining
      gauge means for the property relatively stationary at the same cross sheet
      locations for a substantial time duration, and averaging responses from
      the stationary gauge means over the duration to derive the property
      indication at each of the points.
NUM  7.
PAR  7. The method of claim 1 wherein the property is measured a n different
      cross sheet points, where n is an integer greater than 1 and the equation
      is a polynomial of the form
EQU  Y = A.sub.n.sub.-1 x.sup.n.sup.-1 + A.sub.n.sub.-2 x.sup.n.sup.-2 + . . . +
      A.sub.1 x + A.sub.0
PAL  where:
PA1  x = cross sheet location,
PA1  Y = the approximated value of the property at any cross sheet location x,
      and
PA1  A.sub.n.sub.-1, A.sub.n.sub.-2 . . . A.sub.1 and A.sub.0 are values of the
      sheet property as determined for the n points.
NUM  8.
PAR  8. The method of claim 4 wherein the property is measured at n different
      cross sheet points, where n is an integer greater than 1 and the equation
      is a polynomial of the form
EQU  Y = A.sub.n.sub.-1 x.sup.n.sup.-1 + A.sub.n.sub.-2 x.sup.n.sup.-2 + . . . +
      A.sub.1 x + A.sub.0
PAL  where:
PA1  x = cross sheet location,
PA1  Y = the approximated value of the property at any cross sheet location x,
      and
PA1  A.sub.n.sub.-1, A.sub.n.sub.-2 . . . A.sub.1 and A.sub.0 are values of the
      sheet property as determined for the n points.
NUM  9.
PAR  9. The method of claim 8 wherein the property is measured by maintaining
      gauge means for the property relatively stationary at the same cross sheet
      locations for a substantial time duration, and averaging responses from
      the stationary gauge means over the duration to derive the property
      indication at each of the points.
NUM  10.
PAR  10. The method of claim 7 wherein the property is measured by maintaining
      gauge means for the property relatively stationary at the same cross sheet
      locations for a substantial time duration, and averaging responses from
      the stationary gauge means over the duration to derive the property
      indication at each of the points.
NUM  11.
PAR  11. An apparatus for deriving an output signal useful in the control of a
      machine direction or cross direction characteristic of a sheet comprising
      means for measuring a property of the sheet related to the characteristic
      at a plurality of locations across the sheet to derive a first signal
      indicative of the property at each of a plurality of discrete, spaced
      cross sheet points, means for storing a second signal indicative of a
      predetermined mathematical expression relating values of the property to
      cross direction location, means responsive to the first and second signals
      for deriving a third signal representing a continuous, analytic equation
      that approximates the values of the property as a function of cross
      direction location substantially across the entire sheet width, and means
      responsive to the signal representing the equation for integrating the
      signal over a cross direction interval of the sheet to derive the output
      signal.
NUM  12.
PAR  12. The apparatus of claim 11 wherein the machine direction characteristic
      is controlled and the cross direction interval is substantially across the
      entire sheet width, and means responsive to the output signal for
      controlling the characteristic uniformly across the sheet width.
NUM  13.
PAR  13. The apparatus of claim 12 wherein the measuring means includes means
      for measuring the property at three different cross sheet points, and the
      equation if of the form
EQU  Y = Ax.sup.2 + Bx Bx  C
PAL  where
PA1  x = cross sheet location,
PA1  Y = an estimated value of the property at any cross sheet location x, and
PA1  A, b and C are values of the sheet property as determined for the three
      points.
NUM  14.
PAR  14. The apparatus of claim 12 wherein the measuring means includes gauge
      means for the property maintained relatively stationary at the same cross
      sheet locations over a substantial time duration, and means for averaging
      responses from the stationary gauge means over the direction to derive the
      property indication at each of the points.
NUM  15.
PAR  15. The apparatus of claim 11 wherein the cross direction characteristic is
      controlled and the signal representing the equation is separately
      integrated in a plurality of zones extending across the sheet, adjacent
      ones of said zones having abutting boundaries and each of said zones
      including one of said points, means responsive to the separate integrated
      signal in each of the zones for deriving a separate control signal for
      each of the zones, and means for activating a separate controller for the
      sheet characteristics in each of the zones in response to the separate
      control signal for each of the zones.
NUM  16.
PAR  16. The apparatus of claim 15 wherein the measuring means includes means
      for measuring the property of three different cross sheet points, and the
      equation is of the form:
EQU  Y = Ax.sup.2 + Bx + C
PAL  where:
PA1  x = cross sheet location,
PA1  Y = an estimated value of the property of any cross sheet location x, and
PA1  A, b and C are values of the sheet property as determined for the three
      points.
NUM  17.
PAR  17. The apparatus of claim 15 wherein the measuring means includes gauge
      means for the property maintained relatively stationary at the same cross
      sheet locations over a substantial time duration, and means for averaging
      responses from the stationary gauge means over the direction to derive the
      property indication at each of the points.
NUM  18.
PAR  18. The apparatus of claim 11 wherein the measuring means includes means
      for measuring the property at three different cross sheet points, and the
      equation is of the form:
EQU  Y = Ax.sup.2 + Bx + C
PAL  where:
PA1  x = cross sheet location,
PA1  Y = an estimated value of the property at any cross sheet location x, and
PA1  A, b and C are values of the sheet property as determined for the three
      points.
NUM  19.
PAR  19. The apparatus of claim 11 wherein the measuring means includes gauge
      means for the property maintained relatively stationary at the same sheet
      locations over a substantial time duration, and means for averaging
      responses from the stationary gauge means over the direction to derive the
      property indication at each of the points.
NUM  20.
PAR  20. The apparatus of claim 11 wherein the measuring means includes means
      for measuring the property of n different cross sheet points, where n is
      an integer greater than 1 and the equation is a polynomial of the form
EQU  Y = A.sub.n.sub.-1 x.sup.n.sup.-1 + A.sub.n.sub.-2 x.sup.n.sup.-2 + . . . +
      A.sub.1 x + A.sub.0
PAL  where:
PA1  x = cross sheet location,
PA1  Y = the approximate value of the property at any cross sheet location x,
      and
PA1  A.sub.n.sub.-1, A.sub.n.sub.-2 . . . A.sub.1 and A.sub.0 are values of the
      sheet property as determined for the n points.
NUM  21.
PAR  21. A method of using apparatus for deriving an output signal useful in the
      control of a machine direction or cross direction characteristic of a
      traveling sheet, said apparatus comprising first means for measuring a
      property of the sheet related to the characteristic at a plurality of
      locations across the sheet, second means for storing signals, third means
      responsive to signals, and fourth means responsive to signals, comprising
      the steps of said first means deriving a first signal indicative of the
      property at each of a plurality of discrete, spaced cross sheet points,
      said second means storing a second signal indicative of a predetermined
      mathematical expression relating values of the property to cross direction
      location, said third means responding to the first and second signals for
      deriving a third signal representing a continuous, analytic equation that
      approximates the values of the property as a function of cross direction
      location substantially across the entire sheet width, said fourth means
      responding to the signal representing the equation for integrating the
      signal over a cross direction interval of the sheet to derive the output
      signal.
NUM  22.
PAR  22. The apparatus of claim 21 wherein the sheet machine direction
      characteristic is controlled and the cross direction interval is
      substantially across the entire sheet width, and wherein said apparatus
      further comprises fifth means, said fifth means responding to the output
      signal for controlling the characteristic uniformly across the sheet
      width.
NUM  23.
PAR  23. The apparatus of claim 22 wherein the first measuring means includes
      means for measuring the property at three different cross sheet points,
      and said third means equation is of the form
EQU  Y = Ax.sup.2 + Bx + C
PAL  where:
PA1  x = cross sheet location,
PA1  Y = an estimated value of the property at any cross sheet location x, and
PA1  A, b and C are values of the sheet property as determined for the three
      points.
NUM  24.
PAR  24. The apparatus of claim 22 wherein the first measuring means includes
      gauge means for the property maintained relatively stationary at the same
      cross sheet locations over a substantial time duration, means for
      averaging responses from the stationary gauge means over the direction to
      derive the property indication at each of the points.
NUM  25.
PAR  25. The apparatus of claim 21 wherein the sheet cross direction
      characteristic is controlled and the signal representing the equation is
      separately integrated in a plurality of zones extending across the sheet,
      adjacent ones of said zones having abutting boundaries and each of said
      zones including one of said points, said apparatus comprising fifth means
      responsive to the separate integrated signal in each of the zones for
      deriving a separate control signal for each of the zones, and sixth means
      for activating a separate controller for the sheet characteristics in each
      of the zones in response to the separate control signal for each of the
      zones.
NUM  26.
PAR  26. The apparatus of claim 21 wherein the first measuring means includes
      means for measuring the property of n different cross sheet points, where
      n is an integer greater than 1 and the equation is a polynomial of the
      form
EQU  Y = A.sub.n.sub.-1 x.sup.n.sup.-1 + A.sub.n.sub.-2 x.sup.n.sup.-2 + . . . +
      A.sub.1 x + A.sub.0
PAL  where:
PA1  x = cross sheet location,
PA1  Y = the approximate value of the property at any cross sheet location x,
      and
PA1  A.sub.n.sub.-1, A.sub.n.sub.-2 . . . A.sub.1 and A.sub.0 are values of the
      sheet property as determined for the n points.
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ABST
PAL  A particle study apparatus which in response to passage of particles in
      suspension through a sensing device produces electrical pulses which are
      proportional in amplitude to the size of the respective particles. The
      apparatus includes a system for ascertaining the particle size above and
      below which size predetermined fractions of one of the total mass and
      total number of the particles in suspension are respectively included. If
      total mass is desired electrical quantities are accumulated in response to
      each electrical pulse which are proportional to the amplitudes of the
      electrical pulses. If total number is desired constant electrical
      quantities are accumulated in response to each electrical pulse. The
      electrical quantities are designated as being in one of two categories
      depending upon whether the electrical pulses producing same are greater
      than or less than a variable threshold. The variable threshold is varied
      in response to the accumulation of the electrical quantities in order to
      produce a desired relationship between the quantities such that the
      accumulated quantities are indicative of the relationship. These
      quantities are calibrated according to size in order to yield an output
      representing the dividing size of one of the mass or number of particles
      in the particulate system.
BSUM
PAC  CROSS REFERENCE TO RELATED PATENTS
PAR  This patent is related to U.S. Pat. No. 3,557,352, issued Jan. 19, 1971,
      which to the extent necessary, is to be considered incorporated herein by
      this reference.
PAC  BACKGROUND OF THE INVENTION
PAR  The invention herein relates generally to the art of studying the physical
      properties of particulate systems and more particularly is concerned with
      ascertaining accurately certain sizing information about a particulate
      system.
PAR  More specifically, the invention is concerned with obtaining information
      useful in industry and other processes where it is essential to describe
      the system by such highly significant statistical quantities as median
      size or mass as defined in the incorporated patent, and particle size
      which divides the number of particles in the system such that a
      predetermined percentage of the number of particles are smaller and/or
      larger than the selected size. The most useful dividing size will
      hereinafter be identified as the number or popululation median. That is,
      the size above and below which exit 50% by number of the particles in the
      particulate system. It is desireable to be able to ascertain this
      statistical information using the same equipment as previously used for
      ascertaining the mass median.
PAR  In the apparatus identified in U.S. Pat. No. 3,557,352 the particles in a
      particulate system are passed through a Coulter type of particle detector.
      Each particle causes a particle pulse to be developed whose amplitude is
      proportional to the size of the particle. As explained in greater detail
      in the above noted patent, size is related to mass so that the size of the
      particle pulse is related to the mass of the particle producing the
      particle pulse. The particle pulses produced by passage through the
      Coulter type particle detector are changed into representative electrical
      quantities, such as charges, which are proportional to the pulse
      amplitudes and hence, the respective size and mass of the particles
      themselves. These electrical quantities can be of a positive or a negative
      polarity depending on whether the particle pulse amplitude exceeds or
      falls below a variable threshold. The representative electrical quantities
      are passed to an accumulation circuit which builds up a charge that is
      related to the total number of charges coupled thereto, both plus and
      minus. The accumulating circuit will develop a signal which is related to
      the total charge thereon which is used to either manually adjust the
      threshold level of the threshold circuit, or is electrically fed back to
      the threshold circuit so that the positive and negative representative
      electrical quantities achieve a desired relationship with respect to one
      another. For example, the total charge accumulated will reach a point such
      that the threshold is adjusted to cause an equal number and amplitude of
      positive and negative charges to be coupled to the accumulating means.
      When they are equal the charge or voltage in the accumulating circuit will
      represent the size of particle which divides the system mass into
      predetermined fractions such as, for example, the mass median.
PAR  A second patent of interest to this application is U.S. Pat. No. 3,710,263
      issued Jan. 9, 1973, and assigned to the same assignee as the patent which
      is incorporated by reference. In this patent a previous duration memory
      percentile responsive circuit is shown in FIG. 4 and described at columns
      15 and 16. This circuit is substantially similar in configuration to a
      portion of the circuit shown in FIG. 6 of the incorporated patent. In the
      circuit shown in FIG. 4, of U.S. Pat. No. 3,710,263, pulses of varying
      width are coupled to the input. The circuit is operable to accumulate a
      representative electrical quantity, such as charge, of fixed amplitude and
      duration in response to each varying width pulse coupled thereto. These
      electrical quantities can be positive or negative depending on whether the
      pulse width exceeds or falls below a variable pulse width threshold. The
      quantities are passed to an accumulation circuit which builds up a charge
      related to the total number of charges received. This charge is converted
      to a voltage used to control the variable threshold and is a voltage
      representing the median duration of pulses coupled thereto. That is, there
      will be as many pulses greater in duration represented by the voltage as
      there will be pulses smaller in duration so that a voltage representative
      of the pulse width median is obtained.
PAR  Neither patent shows or describes apparatus capable of providing the
      statistical information of number median nor do they show or describe
      apparatus capable of providing either one of mass or number median.
PAC  SUMMARY OF THE INVENTION
PAR  In practicing this invention, an apparatus is provided which ascertains the
      particle size above and below which size predetermined fractions of one of
      the total mass and number of the system are respectively included, with
      the particle size being the dividing size between fractions. The apparatus
      includes a particle detector which produces particle pulses in response to
      passage of particles in suspension one by one through a sensing device.
      The particle pulses are proportional in amplitude to the size of the
      respective particles producing them. Since size is directly related to
      mass as explained in the above noted U.S. Pat. No. 3,557,352, the pulse
      amplitudes are representative of the mass of the particles producing them.
PAR  The apparatus further includes a device for generating first representative
      electrical quantities, such as current, which are respectively
      proportional to the amplitudes of the particle pulses. A second device
      generates second constant amplitude and duration representative electrical
      quantities, such as for example current, in response to the particle
      pulses. The electrical quantities generated will be separated into two
      categories on the basis of the size of the particles respectively
      producing the quantities. The first category comprises all quantities
      greater than a measuring level and the second category comprises all
      quantities less than the measuring level, the measuring level being
      calibrated to be proportional to particle size. An accumulator is provided
      for accumulating either all the first or second representative electrical
      quantities. The accumulator develops a signal which is representative of a
      particular relationship between the first and second categories. A device
      is provided for adjusting the measuring level established in order to
      produce a desired relationship between the first and second categories
      such that the accumulated representative quantities are indicative of the
      desired relationship between the two categories and identifies the
      dividing size.
PAR  In one embodiment, the mass median apparatus described in U.S. Pat. No.
      3,557,352 is employed and the circuit configuration is modified via a
      unique switching arrangement in order to provide one or the other of the
      desired statistical quantities.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the combined mass median and number median
      apparatus of this invention;
PAR  FIG. 2 is a block diagram illustrating an apparatus embodying a number of
      ranges, each operating to respond to a different particle size range, the
      apparatus being adapted to ascertain the dividing size of a system for
      certain mass percentiles and the number median dividing size of a system.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to FIG. 1 a signal producing means 10 is identified by the
      broken-line marks on the left and may be assumed to consist of a Coulter
      type particle detector. The scanner 12 comprises the Coulter type
      glassware and includes an aperture tube, electrodes, electrical
      connections, means for closing the flow of fluid, etc. For a more detailed
      explanation of the Coulter type particle detector reference may be made to
      U.S. Pat. No. 2,656,508 which discloses the principles of operation of
      such detectors and the basic apparatus employed. The aperture of the
      scanner has the usual source of current 14 which, although shown as a
      separate block, would customarily be included in the same housing with the
      amplifier and its electronics. The amplifier and associated circuitry
      serve to detect the signals produced in the scanner 12 and hence are
      referred to as detector 16. For the purposes of this application, a
      considerable portion of the detecting apparatus shown could be eliminated,
      since all that is required at the output 18 is a succession of pulses,
      each of which is proportional to the size of the particle which produced
      it. The usual threshold circuits, cathode ray osciloscope, counters and
      the like are not necessary, but could be convenient for the worker.
PAR  The particle pulse signals developed at 18 are applied to a variable
      threshold circuit 20 and to a delayed precision pulse shaping means 22,
      the latter being a broken line block containing a plurality of components
      to be described. There are two inputs into the shaping means 22, one at 24
      and one at 26. The pulse stretcher 28 is a circuit which retains the
      amplitude of the incoming signal until a rectangular pulse of precise
      duration and the particular amplitude is produced. This latter effect
      occurs in the precision electronic switch 30, and the control for this
      function is obtained by means of the input 26.
PAR  The input 26 is applied to a low threshold circuit 32 set at a level which
      does not respond to electrical noise. This is quite close to the base line
      of the particle-produced pulse signal waveform, representing substantially
      the smallest practical particle which will be detected. Any signal which
      does not exceed this threshold level will not produce pulses at the output
      34 of precision electronic switch 30. Any signal which does exceed this
      low threshold will cause a pulse at conductor 36 which will have its
      trailing edge deted by trailing edge detector 38. This produces a small
      pip or trigger pulse that triggers the one shot multivibrator 40 for a
      time sufficient to produce the desired duration of operation of the
      precision electronic switch 30. As a result, conductor 34 receives a pulse
      having an amplitude of the particle produced pulse and a duration of the
      pulse from the multivibrator 40.
PAR  As thus far described, the output at conductor 34 is a succession of
      current pulses of known duration and of amplitude proportional to particle
      size, which are coupled through a single pole two position switch 41 to
      one input of an up switch 42 and a down switch 44. A switch control
      circuit 46 is coupled between the output of variable threshold circuit 20
      and a second input to up switch 42 and a down switch 44. Switch control 46
      preconditions switches 42 and 44 so that all current pulses coupled from
      conductor 34 through switch 41 to down switch 44, which are developed as a
      result of particle pulses lower in amplitude than the threshold level of
      variable threshold circuit 20, will be passed through precision switch 48
      in down switch 44; will be inverted in the phase invertor 50, and will
      then pass into the summing network 52 in comparing circuit 54 as a
      negative charge. From the summing network, the charge is applied to an
      integrator 56 which is a very high gain circuit, so that at conductor 58
      there will be a voltage output proportional to the charge stored in the
      summing network 52.
PAR  If the pulse at conductor 18 is greater in amplitude than the level of the
      variable threshold circuit 20, a pulse will be developed by variable
      threshold circuit 20 which is coupled to a leading edge detector 60 in
      switch control 46. Leading edge detector 60 will produce a pulse in
      response to the leading edge of the pulse from variable threshold circuit
      20 which is coupled to the set input of a set-reset flip-flop 62. The
      set-reset flip-flop 62 is normally in a reset state so that the output
      coupled to down switch 44 via conductor 64 enables down switch 44 and the
      output coupled to up switch 42 via conductor 66 disables up switch 42. The
      trigger pulse applied to the set input of flip-flop 62 causes flip-flop 62
      to change states coupling an enable signal to up switch 42 via conductor
      66 and a disable signal to down switch 44 via conductor 64. This allows
      the pulse developed by precision electronic switch 30, whose amplitude is
      proportional to the particle pulse amplitude developed at conductor 18, to
      be coupled via switch 41 to the input of precision electronic switch 71 in
      up switch 42, and through switch 71 into the summing network 52 of
      comparing circuit 54 as a positive charge. From the summing network 52 the
      charge is applied to integrator 56.
PAR  Flip-flop 62 will remain in this state until a pulse is applied to its
      reset input via conductor 68. The reset pulse is generated by detecting
      the trailing edge of the pulse developed by one shot 40 by means of a
      trailing edge detector 70. This reset delay allows the charge to be first
      accumulated before the circuit is reset. Trailing edge detector 70 also
      couples its pulse to pulse stretcher 28 for resetting the pulse stretcher
      after the positive or negative charge is accumulated.
PAR  In this manner the output of summing network 52 and the input of
      integrating amplifier 56 will be continuously developing thereat the
      algebraic sum of charges applied thereto from the two separate paths.
      Since there is always a finite output of substantial voltage at 58, due to
      the high gain of the integrating amplifier 56, it can be used to change
      the level of the variable threshold circuit 20 automatically through the
      feedback connection 72 and is measured in a suitable voltmeter 74 in
      readout means 76. When a certain percentage of the particulate system has
      been passed through the detector, a state of equilibrium will be reached
      by the voltage at the integrating amplifier 56. The signal coupled via
      conductor 72 to variable threshold circuit 20 will adjust the threshold
      such that the particle pulses will cause an equal number and amplitude of
      positive and negative charges to be accumulated so that the total charge
      accumulated and the voltage at output 58 will reach this equilibrium
      state. That is, the number and amplitude of positive and negative charges
      will cancel yielding a predetermined charge level over a period of time.
PAR  The charge developed at integrating amplifier 56 and the voltage developed
      at conductor 58 is related to the particulate mass of particles larger and
      smaller than the measuring level respectively because the variable in this
      circuit is the charge amplitude or magnitude which is varied in accordance
      with the size of the particle pulses. As the particle pulse size varies in
      accordance with the particle size, which is related to volume, the charge
      accumulated and therefore the feedback voltage at conductor 58 will be
      related to, and is preferably proportional to the size and the mass of the
      particles in the particulate system. The apparatus previously described is
      most often used to determine mass median as defined in the incorporated
      U.S. Pat. No. 3,557,352, however, it should be understood that as
      explained in that patent the apparatus can be used to find the 25th, 50th
      or 75th mass percentile or any desired mass percentile dividing size.
PAR  The signals appearing at conductor 18 of the signal producing means 10 are
      electrical pulses whose amplitudes are respectively proportional to the
      sizes of the particles that produced the same. The duration of each signal
      is proportional to the time that the particle required in passing through
      the effective scanning ambit of the scanner 12. A characteristic of these
      signals that is accurately representative of the size of particles is
      their amplitude and hence these signal are all changed into signals having
      the identical duration. The factor of duration thus drops out of the
      determination to be made. Once having achieved these precision signals,
      they are required to be converted into representative electrical
      quantities such as charges, since non-coexistant voltages cannot be added
      or subtracted. The preferred manner of shaping and switching the signals
      is in voltage form because this is the simplest way of doing it
      electronically and because the charge on a capacitor is proportional to
      its terminal voltage. Accordingly, when the signals appear at the output
      terminals of precision electronic switch 72 and phase invertor 50 they are
      preferably voltages.
PAR  As noted previously, it is most desirable to be able to determine
      fractional number distribution and particularly number median as compared
      to mass percentile distribution and mass median. This can be implemented
      using the same apparatus previously described by the addition of the
      previously noted switch 41 and a conductor 78 coupling the output of one
      shot 40 to a second contact of switch 41. With the movable arm of switch
      41 in contact with terminal 41a, the apparatus operates as a mass
      percentile determining circuit. With the movable arm in contact with
      terminal 41b, the apparatus operates as a fractional number determining
      circuit. With the arm of switch 41 connected to terminal 41b the output of
      precision electronic switch 30 is no longer connected to an input of
      precision electronic switches 48 and 71 in down switch 44 and up switch 42
      respectively. These switch inputs are now connected via switch 41 and
      terminal 41b to the output of one shot 40 so that the pulses passing
      through switches 42 and 44 and summed in summing network 52 will be equal
      duration and amplitude. With variable amplitude pulses replaced by
      constant amplitude pulses the variation in output due to mass is
      eliminated and the variation will be solely dependent upon the number of
      particle pulses. As the system will reach an equilibrium as a result of
      the feedback via conductor 72 to variable threshold circuit 20, the
      equilibrium will be at a point identifying a percentile division between
      numbers of particles. The percentile division will be determined by the
      operation of summing network 52 and in the preferred embodiment is 50
      percent so that the accumulated charges both positive and negative will be
      equal in response to each and every pulse when an equilibrium state is
      reached. As the signal on conductor 72 and output 58 is a voltage, and as
      this voltage is related to the input voltage which is of course related to
      size, the voltage at conductor 72 and output 58 may be calibrated and
      related to size so that the reading at voltmeter 74 will be representative
      of a size above which and below which lie a predetermined fraction of the
      total number of particles in the system. In the preferred embodiment the
      voltage will represent a size above and below which lie 50% of the total
      number of particles in the system which is the number median.
PAR  Referring now to FIG. 2 there is shown an apparatus which may be used with
      a particulate system having a very wide range of particulate distribution.
      In the apparatus of FIG. 2 the signal producing means comprise several
      structures which may be of the Coulter type, these being designated 10a,
      10b, 10c, and so on in order to designate the signal sources for channels
      or ranges a, b, c or d. Although signal producing means 10a, b, c, d, etc.
      may be separate devices, they may also be a single device capable of
      detecting particles over extremely wide size range with separate,
      serially-connected amplifiers for amplifying the detected signals with the
      output of each serially-connected amplifier coupled to a different one of
      the identified ranges in order to detect pulses only within a specified
      range of sizes. Each one of the ranges is substantially identical in
      structure to every other range and is also substantially identical to the
      structure shown in FIG. 1. Components in FIG. 2 which are identical to
      and/or perform the same function as components in FIG. 1 wil be identified
      by the identical number and further explanation of the operation of those
      common portions will not be provided except where a specific embodiment is
      provided in place of a generalized structure shown in FIG. 1. Referring
      more specifically to Range A in FIG. 2, AND gate 48a is the specific
      embodiment employed for precision switch 48 of FIG. 1, and AND gate 71a is
      the specific embodiment employed for precision switch 71. A programmable
      current pump 52a replaces summing network and voltage to charge convertor
      52 in FIG. 1. Current pump 52a will develop a charging current pulse at
      conductor 90 which is positive if AND gate 72a is on and negative if AND
      gate 48a is on. The amplitude of the current pulse developed at conductor
      90a will vary in accordance with the amplitude of the pulse developed at,
      and coupled from pulse stretcher 28a to current pump 52a via pole 102a of
      switch 100a.
PAR  Switch 100a is a 3-pole, 2-position switch in the embodiment shown
      consisting of poles 101a, 102a, and 103a. With switch 100a in the position
      shown the apparatus operates in the manner as described with respect to
      the apparatus shown in FIG. 9 of the incorporated patent with the
      exception that certain components are replaced by a specific embodiment
      identified above and with the further exception that pulse stretcher 28a
      is reset via a pulse on a conductor 106 from low threshold circuit 32a at
      the beginning of each newly received particle pulse, rather than a
      predetermined period of time after the end of each particle pulse, in
      order to eliminate the possibility of noise or other extraneous signals
      adding to the amplitude of the pulse coupled through pulse stretcher 28a.
PAR  In FIG. 2, the output of trailing edge detectors 38a, b, c, and d are
      coupled to the inputs of OR gate 110 in addition to being coupled to their
      associated one shots 40a, b, c or d. The output of OR gate 110 is coupled
      to one terminal of pole 101a in switch 100a. With switch 100a moved to its
      alternate position, the output of OR gate 110 will be coupled via pole
      101a to the input of one shot 40a. In this alternate position, switch 110a
      will also couple a constant reference voltage to the amplitude or variable
      input of programmable current pump 52a via pole 102a, and a disable signal
      to the programmable current pumps 52b, c, and d respectively in ranges b,
      c, and d via pole 103a. With switch 100a in this alternate position, the
      entire apparatus will now operate in the same manner as described with
      respect to the apparatus of FIG. 1 when the movable arm switch 41 was
      coupled to terminal 41b. That is, the apparatus will now measure the
      median size above and below which lie 50% of the total number of particles
      in the system.
PAR  In operation, each particle pulse developed by signal producing means 10a,
      b, c, or d in response to each and every particle in the system will
      produce a one-shot pulse at the respective trailing edge detector 38a, b,
      c or d of the appropriate range. These trigger pulses are OR'd together
      via OR gate 110 so that each of them will generate a trigger pulse at the
      output of OR gate 110 which is coupled to one-shot 40a. In this way,
      one-shot 40a will respond and develop a pulse of constant duration, just
      as one-shot 40 in FIG. 1, in response to each and every particle and
      particle pulse which exceeds any of the low thresholds in the entire
      system. In the circuit shown in FIG. 1, the amplitude of the charges
      accumulated was fixed at an amplitude determined by the output level of
      one-shot 40. It has been found more desirable to employ a constant
      reference for this purpose rather than the output of a one-shot which may
      vary more widely due to variations in ambient conditions. For this reason,
      the input to precision switches 48 and 72 in FIG. 1, which is coupled via
      switch 41 and contact 41b from one-shot 40, is replaced by a fixed
      reference voltage coupled to programmable current pump 52a via pole 102a
      of switch 100. Range A operates in the manner described with respect to
      FIG. 1 to accumulate charges at the input to integrating amplifier 56a and
      a voltage at output 58a. The voltage at output 58a will be fed back to
      variable threshold circuit 20a to adjust the threshold such that an
      equilibrium state will be reached, the equilibrium state producing a
      voltage at 50a representing the number median.
PAR  It is assumed for purposes of this discussion that it is desired to
      determine the number median which is provided by Range A, Ranges B, C and
      D providing other potentially desired percentiles. As can be seen by
      reference to FIG. 2, outputs of trailing edge detectors 32b, c, and d
      remain connected to their associated one-shots 40b, c, and d, so that the
      individual channels would continue to operate as previously to determine
      percentile mass distribution. The simultaneous accumulation of this
      information for only certain ranges would yield only partial and possibly
      even erroneous data. In order to eliminate this problem, a disable signal
      is coupled to programmable current pumps b, c, and d in channels b, c, and
      d via movable arm 103 of switch 100a when switch 100a is in the alternate
      position and number median is being determined.
PAR  It will be appreciated that considerable variation is capable of being made
      in the details of this invention without departing from the spirit or
      scope of the invention as defined in the appended claims.
CLMS
STM  What is desired to secure by Letters Patent of the United States is:
NUM  1.
PAR  1. An apparatus for ascertaining that particle size above and below which
      size predetermined fractions of one of the total mass and number of the
      system are respectively included, said particle size being the dividing
      size between fractions, which comprises:
PA1  A. signal producing means including:
PA2  i. means for moving a representative sample of a particulate system
      suspended in a fluid medium relative to a sensing device responsive to
      movement of individual particles to produce electrical changes in said
      sensing means proportional to the respective sizes of particles; and
PA2  ii. means for producing electrical pulses as a result of such changes, the
      respective electrical pulses being proportional in amplitude to the size
      of the respective particles producing the changes;
PA1  B. means for generating first representative electrical quantities
      respectively proportional to the amplitude of said electrical pulses;
PA1  C. means for generating second constant representative electrical
      quantities in response to said electrical pulses;
PA1  D. means for separating said representative electrical quantities into two
      categories on the basis of the size of the particles respectively
      producing the same, the first category comprising all quantities greater
      than a measuring level, and the second category comprising all quantities
      less than the measuring level, said measuring level being calibrated to be
      proportional to particle size;
PA1  E. means for accumulating one of said first and second representative
      electrical quantities;
PA1  F. means for adjusting the measuring level to produce a desired
      relationship between categories such that accumulated representative
      quantities are indicative of said relationship and identifies said
      dividing size.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means for adjusting the measuring
      level comprise feedback circuit means coupling said accumulating mean to
      said separating means.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said separating means includes
      comparison means operative to establish a variable threshold level varying
      in accordance with said accumulated electrical quantities, and further
      operative to separate said representative electrical quantities into said
      first category in response to electrical pulses greater than said
      threshold and into said second category in response to electrical pulses
      less than said threshold.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said accumulating means includes means
      for summing said representative electrical quantities.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said summing means includes integrator
      means for developing an integration signal in response to said
      representative electrical quantities coupled thereto, said integration
      signal calibrated to identify said dividing size.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said first generating means includes
      circuit means operative in response to said electrical pulses to produce
      electrical quantities having a fixed duration and variable amplitude which
      varies in accordance with said pulse amplitudes.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said representative electrical
      quantities are currents.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said first category of currents are of
      one polarity and said second are of another polarity.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said second generating means includes
      circuit means operative in response to said electrical pulses to produce
      electrical quantities having a fixed amplitude and duration.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said representative electrical
      quantities are currents.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said first category of currents are
      of one polarity and said second are of another polarity.
NUM  12.
PAR  12. The apparatus of claim 1 wherein said first and second generating means
      include first circuit means operative in response to said electrical
      pulses to produce first pulses having fixed duration and, second circuit
      means operative in response to said electrical pulses to produce first
      electrical signals having an amplitude which varies in accordance with
      said electrical pulse amplitudes, current generation means, means for
      selectively coupling said first circuit means to said current generation
      means and both said first and second circuit means to said current
      generation means, said current generation means operative in response to
      said first pulses being coupled thereto to develop currents of fixed
      amplitude and duration and operative in response to said first pulses and
      first electrical signals coupled thereto to develop currents of fixed
      duration and variable amplitude, said current generating means being
      further coupled to said separating means and operative in response to
      separation into said first category to develop said currents having one
      polarity and operative in response to separation into said second category
      to develop said currents having an opposite polarity.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said selective coupling means
      includes switch means operative in a first position to couple a reference
      potential to said current generation means and operative in a second
      position to couple said second circuit means to said current generation
      means.
NUM  14.
PAR  14. In a particle study apparatus wherein electrical pulses are produced in
      response to passage of particles in suspension through a sensing device,
      and wherein the electrical pulses are proportional in amplitude to the
      size and therefore mass of the respective particles, a system for
      ascertaining that particle size above and below which size predetermined
      fractions of one the total mass and number of the particles are
      respectively included, said particle size being the dividing size between
      fractions, which comprises:
PA1  A. first means for generating first representative electrical quantities in
      response to said electrical pulses respectively proportional to the
      amplitudes of said electrical pulses whereby said quantities are mass
      related;
PA1  B. second means for generating second constant representative electrical
      quantities in response to said electrical pulses;
PA1  C. selection means for selecting one of the said first and second means;
PA1  D. means for separating said representative electrical quantities into two
      categories on the basis of the size of the particles producing the same,
      the first category comprising all quantities greater than a measuring
      level and the second category comprising all quantities less than the
      measuring level, said measuring level being calibrated to be related to
      particle size;
PA1  E. means for accumulating the selected one of said first and second
      representative electrical quantities;
PA1  F. means for adjusting the measuring level to produce a desired
      relationship between categories such that said accumulated representative
      quantities are indicative of said relationship and defines said dividing
      size.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said second generating means include,
      first circuit means operative in response to said electrical pulses to
      produce first pulses having fixed duration, said first generating means
      include said first circuit means and second circuit means operative in
      response to said electrical pulses to produce first electrical signals
      having amplitudes which vary in accordance with said pulse amplitudes.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said first and second generating
      means include signal generating means coupled to said first circuit means
      and to said second circuit means through said selection means, said
      selection means being operative to a first position for inhibiting passage
      of said first electrical signals to said signal generating means whereby
      said signal generating means develops said second electrical quantities,
      and to a second position for allowing passage of said first electrical
      signals whereby said signal generating means develops said first
      electrical quantities.
NUM  17.
PAR  17. The apparatus of claim 16 wherein said selection means is coupled to a
      reference signal said selection means being operative in said first
      position to couple said reference signal to said signal generating means.
NUM  18.
PAR  18. The apparatus of claim 17 wherein said signal generating means is a
      programmable current source and said first and second electrical
      quantities are currents.
NUM  19.
PAR  19. The apparatus of claim 16 wherein said signal generating means is
      coupled to said separating means and operative in response to separation
      into said first category to develop said electrical quantities to polarity
      and operative in response to separation into said second category to
      develop said electrical quantities having opposite polarity.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said signal generating means is a
      programmable current source and said first and second electrical
      quantities are currents.
NUM  21.
PAR  21. The apparatus of claim 16 wherein said selection means include a switch
      operable at least between a first and second position.
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ABST
PAL  A method and apparatus are disclosed for simplifying and accelerating the
      measurement of data values associated with subregions of a district or
      larger region identified by a map, for example. The method relies upon the
      concept of chain-wise top ographical ordering of the elements to be
      analyzed, so that each element, except the first or last, has a unique
      predecessor in the chain. The apparatus of the present invention includes
      a digitizer and computer, or a resistive evaluating circuit and a
      resistance measuring apparatus for summing parameter values associated
      with selected elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a method and apparatus for evaluating
      data and more particularly to a method and apparatus for evaluating data
      associated with subregions of a larger region or area delineated on a map
      or otherwise identified.
PAR  2. Description of the Prior Art
PAR  Problems of evaluating data associated with subregions or districts of a
      larger region are common to many fields of technology and the social
      sciences. A typical problem of this type, for example, is involved in
      administrative redistricting of geographical areas in accordance with
      census information.
PAR  More specifically, an exemplary problem might be the division of a large
      region such as a city or state into a plurality of political districts. In
      order to do so, it is necessary to divide the city or state into areas
      containing approximately equal numbers of voters so that each political
      representative is elected by essentially the same number of voters. Census
      information may be used to determine the number of eligible voters in
      smaller geographical areas, such as city wards, townships, and the like.
      Thus it would be useful to have an apparatus or system for conveniently
      mapping out an appropriate geographical area for each political district
      containing an appropriate number of eligible voters, and for mapping out
      such an area on the basis of the available census information.
PAR  Problems of a similar nature exist in market area analysis, land use
      evaluation, engineering layout studies, textile design, emergency and
      diaster planning, natural resource evaluation, physical area measurement
      and sight location studies, to name a few specific areas. Similar problems
      exist in many other areas too numerous to mention, as is apparent to those
      skilled in the art.
PAR  Evaluation of problems of this type in the past has been cumbersome and
      expensive in terms of data preparation, processing time and the cost of
      needed equipment. For example, it is possible to carry out evaluations of
      the type discussed with extremely complicated computer programs, or by
      estimates associated with trial and error techniques. Some sophisticated
      analytical techniques including the use of on-line query systems,
      point-polygon methods and procedures based on the connectivity of
      neighboring elements of networks have recently been applied to the
      solutions of these problems, but these solutions have failed to
      appreciably reduce the cost of required data processing equipment
      required, and similarly have failed to improve the efficiency of the
      overall approach to the problem of subregion evaluation.
PAR  Thus it is believed apparent to those skilled in the art that a new and
      more efficient method and apparatus for evaluating subregions would be of
      substantial value in terms of both economic and time savings to those
      engaged in certain phases of technological and social research and
      development.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of this invention is to provide a novel method of
      evaluating subregions.
PAR  Another object of this invention is the provision of a novel apparatus for
      use in the evaluation of subregions.
PAR  A still further object of this invention is the provision of a novel method
      for evaluating subregions of a larger region by indicating only the border
      of the subregion.
PAR  A still further object of the present invention is the provision of a novel
      method including chain-wise topographical ordering of analyzed elements
      for simplifying the analysis of combinations of such elements.
PAR  A further object of the present invention is the provision of a novel
      apparatus for carrying out evaluation of data associated with chain-wise
      topographically oriented elements to be analyzed.
PAR  Yet another object of the present invention is the provision of an
      apparatus for evaluating data associated with individual subregions of a
      larger region by tracing the borders of the subregions.
PAR  Briefly, these and other objects of the present invention are achieved by
      first topographically ordering in a chain-wise manner a plurality of
      elemental units to be analyzed. Each elemental unit is identified by a
      single cross-over point between it and the next element in the chain. The
      data values associated with each element are determined by analyzing a
      succession of ordered pairs of cross-over points. Totalization of the
      values associated with the cross-over points is accomplished in a
      summation operation. The apparatus of the present invention includes a
      device for sensing the cross-over points as the borders of particular
      subregions containing groups of elemental units are traced or otherwise
      delineated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects of the present invention will be more fully
      appreciated as the same becomes better understood by reference to the
      following detailed description when considered in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a representation of a region divided into elemental units or
      elements showing a border identifying subregions including a plurality of
      elements;
PAR  FIG. 2 is a table of values associated with each of the elements shown in
      FIG. 1 for illustrating the method of the present invention;
PAR  FIG. 3 is a perspective illustration of a digitizer for use with the
      present invention;
PAR  FIG. 4 is a plan view of the digitizer illustrated in FIG. 3 further
      showing x and y coordinate values;
PAR  FIG. 5 is a table of values similar to that illustrated in FIG. 2, but
      referring to the embodiment of the present invention illustrated in FIG.
      4;
PAR  FIG. 6 is a flow chart of a computer program usable for carrying out the
      evaluation steps according to the method of the present invention;
PAR  FIG. 7 is a schematic diagram of a resistive evaluating circuit according
      to another embodiment of the present invention; and
PAR  FIG. 8 is a schematic diagram of another resistive evaluating circuit
      according to the apparatus of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, wherein like reference numerals designate
      identical or corresponding parts throughout the several views, and more
      particularly to FIG. 1 thereof, a representation of a region, designated
      by the reference numeral 100, is shown. The region 100 may represent the
      geographical boundaries of a Country, State, City or other political
      region, or it may represent a cloth pattern, a factory floor plan, or a
      mineral deposit. The region 100 may be designated on a conventional paper
      map, or it may be identified on some type of conventional rigid base, as
      desired. The specific structural requirements for the designation of the
      region 100 are quite general, as will be apparent to those skilled in the
      art from the subsequent disclosure materials.
PAR  The region 100 is divided into a plurality of elements numbered 1 - 45.
      Each of the elements 1 - 45 may be considered a minimum area or unit into
      which the region 100 is divisible, and each element has a certain
      parameter value associated with it for identifying a particular
      characteristic or population of the element. Naturally, many different
      parameter values may be associated with each element for different
      purposes.
PAR  For example, each element illustrated in FIG. 1 may consist of a census
      block bordered by streets, and the region 100 may simply be a city map. In
      this case the parameter values associated with each element are census
      data, such as the total number of people in each element or census block,
      the total number of people within certain age groups in each census block,
      or other types of census data.
PAR  A subregion or district 102 within the region 100 is defined by a border
      104. The district 102 is an arbitrarily selected area within the region
      100 which is to be evaluated in terms of the elements contained within it.
      The only restriction on the district 102 is that its border 104 does not
      divide any elements, but falls upon the borders of the individual
      elements. In other words, the district 102 must contain an integral number
      of elements. The object of the present invention is to evaluate the
      contents of the district 102 in terms of the parameters associated with
      each element. Assuming again that the elements are census blocks, it may
      be desired for example to evaluate the population within a particular
      district of a city or the like. In this case, according to the present
      invention, the district in question is simply circumscribed by a border of
      the type shown at 104 in FIG. 1. The population in the entire district 102
      may then be calculated simply by summing values associated with the
      elements around the border of the district, so that the need for adding
      the parameter values associated with all of the elements within the
      district 102 is eliminated.
PAR  A clearer understanding of the method of the present invention will be
      obtained by reference to the tables in FIG. 2 wherein exemplary values are
      assigned to each of the elements 1 - 45. More particularly, the tables of
      FIG. 2 include three separate numerical columns, the left hand column
      containing the number of each element from 1 - 45, the central column
      containing a particular numerical or parameter value assigned to each
      element, and the right hand column containing a running sum of the
      parameter values in the second column. The parameter value may, for
      example, indicate the number of people in thousands inhabiting the area
      defined by each of the elements. Alternatively, the parameter value may
      represent the area of each element the number of voters in each element,
      or any other parameter desirable.
PAR  The elements are arranged in a chain-wise topographically ordered sequence
      wherein each element except the first or last has a unique predecessor or
      successor in the chain. This chain-wise organization is illustrated by a
      dashed line 106 which passes through each of the elements 1 - 45 only
      once.
PAR  According to one aspect of the invention, the point at which the dashed
      line 106 passes into or out of each of the elements 1 - 45 if defined as
      the crossover point. In the present discussion it is assumed that the
      cross-over point is the point at which the dashed line 106 passes out of
      each of the elements 1 - 45, although it could equally well be assumed
      that the cross-over point is the point at which the dashed line 106 enters
      each of the elements. According to the present invention, the parameter
      value associated with each of the elements 1 - 45 is considered to be
      located at the cross-over point of each element. Thus, when a subregion is
      delineated, as by the border 104, the border 104 passes through a
      predetermined number of cross-over points, each associated with a
      particular one of the elements 1 - 45. By evaluating in sequence the
      parameter values associated with each of the cross-over points along the
      border 104, the total parameter value of all elements contained within the
      border 104 may be calculated. Thus, according to the present invention, it
      is necessary only to evaluate the cross-over points falling on a
      particular border to evaluate the entire parameter value within the
      border. This eliminates the need for counting all of the elements within
      the border and individually summing their associated parameter values. The
      unique advantages of the method of the present invention will be further
      explained by means of the following examples.
PAC  EXAMPLE 1
PAR  Assuming that the region 100 illustrated in FIG. 1 represents the map of a
      city, and that the elements 1 - 45 each identify individual census blocks.
      Assume further that the parameter values associated with each element as
      shown in the tables of FIG. 2, represent the number in thousands of
      eligible voters within each census block. Under these circumstances let it
      be further assumed that the district 102 defined by the border 104 is a
      congressional district. Given these facts, it is desired to calculate the
      total number of eligible voters within the district 102. The conventional
      approach to this problem would be to tabulate the parameter values of each
      of the census blocks contained within the region 102. Since there are 27
      census blocks within the region 102, the conventional method would require
      the addition of 27 different parameter values.
PAR  Using the evaluation technique of the present invention, assume that the
      border 104 begins at a starting point 108, and proceeds upwardly in the
      direction identified by an arrow 110. The border 104 then first passes
      through the cross-over point associated with census block number 5. A
      minus sign is assigned to the sum value of census block number 5 since
      this is the smallest sum value of all blocks encountered by the border
      104. Thus, as shown in FIG. 2 a minus sign is placed next to element
      number 5. The border 104 then passes through the cross-over point
      associated with census block 6, and a plus sign is assigned to the sum
      value associated with census blocks 6 as the next value in sequence, as is
      denoted by a plus sign in FIG. 2. The border 106 then passes through the
      cross-over point associated with census block 8, and a minus sign is
      assigned to the sum value of this census block. Similarly, the border 104
      passes through the cross-over points of census blocks 34, 37, 44, 26, 24,
      19 and 14, and the sum values associated with each of these blocks are
      alternately assigned plus and minus signs. The border 104 does not pass
      through any other cross-over points, thus, according to the present
      invention, all other cross-over points are irrelevant to the evaluation of
      the district 102 within the border 104.
PAR  Evaluation of the parameters associated with the census blocks is
      accomplished simply by adding the appropriate sum values as follows:
EQU  + 186 - 163 + 148 - 106 + 100 - 77 + 61 - 31 + 24 - 21 = 121
PAL  Thus, 121,000 eligible voters are found within the district 102, according
      to the present invention. It is noted that this calculation involves the
      summation of only ten values, rather than the 27 required according to
      conventional techniques. The largest value was placed first above,
      although it is obvious that the order of summation is irrelevant.
PAR  In the above example, it is noted that the enclosed elements are shown in
      the table of FIG. 2 to lie between positive and negative points marked
      with a small v. It is further noted that the cumulative value obtained
      above is the same as the absolute value of the sum obtained by starting at
      a random point on the border 104 annd alternatively adding and subtracting
      the sum values associated with all encountered cross-over points. It will
      further be noted that the choice of signs, evaluation directions, etc. is
      arbitrary, as long as each convention is consistently maintained after it
      is selected.
PAC  EXAMPLE 2
PAR  Another example of the method of the present invention is now presented to
      illustrate that the present method is operative even in the trivial case.
      Assume it is desired to calculate the parameter value associated with
      element 3. A border 112 is first drawn around the element 3. The
      cross-over point of element 2 is first encountered on the border 112, as
      is the cross-over point of element 3. Referring to the table of FIG. 2 and
      sequentially assigning minus and plus signs to the relevant sum values,
      the total sum to be evaluated is:
EQU  -5 + 10 = 5
PAL  In other words, the sum value of element 2 minus the sum value of element 3
      yields the parameter value associated with element 3, the quantity sought.
      Although this example is trivial in the sense that the parameter value of
      element 3 is known before the calculation is undertaken, it is designed to
      show with further clarity the technique of the present invention. In
      reality, of course, the method of the present invention achieves greater
      and greater efficiency as the number of elements within the particular
      designated subregion becomes larger and larger, as will be apparent to
      those skilled in the art.
PAR  Concerning the signs associated with the individual sum values it is noted
      that either the sequence numbers of the cross-over points themselves or
      the sequence of their occurrence along the border (starting from any
      point) can be used to differentiate between the ends of all sub-chains of
      elements in a circumscribed subregion. In the first example above, for
      example, the highest numbered border element was positive, the next
      highest negative, and so on until the last border element. It is also
      possible to choose the sign of the first element at random and then
      alternate signs of the different elements. If the accumulated value turns
      out to be negative in this case, the sign may simply be reversed since it
      is known that negative values have no meaning in the particular context
      chosen.
PAR  Having thus described the basic method of the present invention, exemplary
      apparatus for performing the method of the present invention will now be
      described in detail. Referring particularly to FIG. 3, a conventional
      digitizer is shown in perspective and is referenced by the numeral 116.
      The digitizer 116 may, for example, be a conventional Scientific
      Accessories Corporation model GP-2 digitizer, or a conventional
      Calmagraphic model CG-I digitizer system. Similarly, substantially any
      other conventional type of digitizer or digitizer system may be used.
PAR  As shown in FIG. 3, the digitizer 116 includes a panel 118 having a grid
      marked thereon for the purpose of establishing a conventional x-y
      coordinate system. A map 120 is shown placed on the digitizer panel 118.
      It will of course be understood that the term "map" is meant to include
      any record or indication of a region, as mentioned previously, usable with
      the present invention.
PAR  As shown more clearly in FIG. 4, the map 120 defines a region 122 divided
      into sixteen consecutively numbered elements (1 - 16). These elements are
      arranged in a chain-wise typographical order as shown by a dashed line
      126. The arrangement of the region 122 is essentially arbitrary, with the
      exception that the various cross-over points must fall upon the x-y
      coordinates which may be sensed by the digitizer 116.
PAR  Referring again to FIG. 3, a conventional digitizer probe 128 is shown
      coupled to the digitizer 116 for reading out the cross-over points of the
      region 122. In operation, any selected subregion or district of the region
      122 may be evaluated simply by manually touching the series of cross-over
      points associated with a real or imaginary boundary line defining the
      particular district or subregion desired to be evaluated. The digitizer
      116 then generates output signals representing the coordinates of the
      points touched by the probe 128, and these coordinates are applied to a
      suitable conventional computer. Such a computer, for example, may be a
      conventional IBM model 1620 computer, an IBM model 360 system, or any
      other conventional, programmable digital computer, as illustrated
      schematically at 130. The computer includes the stored values necessary to
      evaluate any subregion within the region 122, as will be explained
      subsequently. The advantages of the system illustrated in FIGS. 3 and 4
      will be apparent from the following example.
PAC  EXAMPLE 3
PAR  Assume it is desired to define a congressional district containing a
      specified number of eligible voters. Thus the data set forth in FIGS. 1
      and 2 may be assumed applicable. In this case, the map showing the region
      100 of FIG. 1 may simply be positioned on the digitizer 116 and an
      operator may manually move the probe 128 to define a series of different
      districts. The computer 130 will rapidly evaluate each district thus
      defined providing an indication of the total number of voters in each
      district. The operator may then increase or reduce the size of the
      district until a suitable district is layed out which contains the desired
      number of voters. It will be clear to those skilled in the art that the
      redistricting process may be carried out extremely rapidly by utilization
      of the process and apparatus thus described.
PAR  The programming of the computer 130 will now be described with reference to
      FIGS. 5 and 6. FIG. 5 illustrates in tabular form exemplary values stored
      in the computer for the map and point sequence illustrated in FIGS. 3 and
      4. The x and y coordinates shown in the table of FIG. 5 are intended to
      correspond to the x and y coordinates of the various cross-over points
      illustrated in FIG. 4. For example, in FIG. 4 the cross-over point 12 has
      the coordinates x = 6, y = 11.
PAR  The flow chart of FIG. 6 indicates the manner in which the computer 130
      operates on the data exemplified by the tables of FIG. 5 to carry out the
      method of the present invention. As shown in FIG. 6, the accumulator of
      the computer is initially set to 0, after which inputs of x and y
      coordinates of activated points, that is points touched by the digitizer
      probe 128, are fed into the computer. A y-coordinate range for each x
      interval is then determined by the computer, after which the computer
      searches the range for a matching y coordinate. The computer then
      alternately supplies plus and minus signs to the sum values associated
      with the matched y coordinate to the accumulator. After this step the
      computer seeks to determine if any further points are detected. If such
      further points are detected the computer program is repeated beginning
      with the input of new x and y coordinates. When no further points are
      detected the appropriate total output is generated.
PAR  The flow chart of FIG. 6 thus represents a computational algorithm or
      program, wherein each x coordinate points to a vector segment storing the
      sorted coordinates of the points (if any) within an x coordinate interval.
      Associated vectors store the desired sum values pertaining to each point.
      Upon activation of the computer, the pointer of the detected x coordinate
      and the pointer of the immediately following x coordinate will serve as
      the limit in a search for the appropriate y coordinate to match the y
      coordinate detected by the digitizer. This may be accomplished either by a
      fast binary search, or sequentially. It is pointed out that the memory
      requirements of the computer, which are greatly reduced by the method of
      the present invention, may be further substantially reduced by storing
      only every second y coordinate and inferring the position of the missing y
      coordinates from their neighbors within the x interval.
PAR  In the above described computational process, the sum values associated
      with each detected point can be used in an immediate process to obtain the
      desired cumulative value associated with all elements in the region 122 by
      means of the alternate addition and subtraction of values in an
      accumulator, as shown in the flow chart of FIG. 6. The absolute value
      stored in the accumulator at the end of the computational process provides
      the desired total. In a variation of this technique, the sum values of
      identified points may be stored, sorted and then scanned from the highest
      to the lowest value, and these values can be alternately added and
      subtracted and supplied to an accumulator which will store the correct
      total at the end of the process.
PAR  A simple FORTRAN (TM) program for carrying out the above-described
      computational process is set forth below:
     PROGRAM                                                                   
     ______________________________________                                    
            1.  READ X,Y                                                       
                IF (X . EQ.0) GO TO 4                                          
                A = 0                                                          
                K = 1                                                          
                I = S (X)                                                      
            2.  IF (C (Y) . EQ. Y) GO TO 3                                     
                I = I+1                                                        
                GO TO 2                                                        
            3.  A = A + K* T (I)                                               
                K = -K                                                         
                GO TO 1                                                        
            4.  A = ABS (A)                                                    
                WRITE A                                                        
     ______________________________________                                    
PAL  The operation of this program will be clearly apparent to those skilled in
      the art, and will be further apparent to those skilled in the art that
      many modifications and variations of this program are possible within the
      scope of the teachings of the present invention.
PAR  The apparatus described above relies upon the use of a conventional general
      purpose digitizer. However, many varieties of special purpose devices can
      be constructed to permit the performance of the present invention. Such an
      apparatus is schematically illustrated in FIG. 7. This apparatus includes
      a chain of electrical resistors, each having a selected unit value
      corresponding to a predetermined parameter value. Each resistor has a
      contact point 134 coupled to it which is suitable for engagement by a
      probe 136. Since each of the resistors illustrated in FIG. 7 has a
      resistance value corresponding to the individual parameter values
      (illustrated in the third column in FIG. 2, for example) and since the
      resistors are coupled in series, the voltage between the contact points 34
      corresponds to the sum values illustrated in the fourth and eighth columns
      of the table in FIG. 2. A constant current source 138 is coupled to the
      resistor chain to supply power thereto. An accurate meter 140, which may
      be an ohm meter, for example, is coupled between the probe 136 and the
      constant current source 138 to provide a measure of the total resistance
      coupled between the current source and the probe as each of the contact
      points 134 is engaged. A conventional analogue to digital converter or
      encoder 142 is coupled to the meter 142 to convert the output of the meter
      into digital form to be supplied to digital computer 130.
PAR  The circuit shown in FIG. 7 may be constructed with a large number of
      resistors connected in a chain which is then shaped into a matrix shape
      such that the contact points 134 form a grid of points appearing in a
      regular order. A conventional map may then be pressed down over the
      contact points 134, such that the contact points penetrate the map in a
      predetermined pattern. The map may then be analyzed according to the
      process of the present invention by using the probe 136 to designate
      selected subregions or districts.
PAR  Using the circuit of FIG. 7, as described above, the meter 140 provides
      output value corresponding to the sequence of contact points engaged by
      the probe 136. The meter values are encoded by the encoder 142 and
      transmitted to the computer 130 for processing as described above. In
      particular, the sum value associated with each of the engaged contact
      points is initially stored in the computer memory and will be used by the
      computer to calculate the desired output total. Thus only the final step
      in the computational algorithum illustrated in the flow chart of FIG. 6 is
      necessary when the apparatus illustrated in FIG. 7 is used.
PAR  The apparatus of FIG. 7 can be further modified by selecting the values of
      the individual electrical resistors 132 as proportional to the parameter
      values of the individual elements represented by each resistor. In this
      case, the output of the meter 140 will indicate the parameter sum value
      associated with each element directly, i.e. the value indicated in the
      right hand column of the table of FIG. 2. These values can then be
      alternately added and subtracted from one another to provide the desired
      output total. The addition and subtraction can be carried out by a
      sophisticated computer of the type described above, or by an extremely
      simplified adding and subtracting device. Alternatively, the readings of
      the meter 140 can simply be read out manually, and the manually observed
      values can be entered into a conventional, manually operated adding
      machine for manual tabulation. Thus an operator may easily calculate total
      parameter values for a selected subregion using the thus modified circuit
      of FIG. 7 in cooperation with a conventional adding machine.
PAR  A further embodiment of the present invention is illustrated in FIG. 8
      wherein a chain-wise connection of resistors is not required. In this
      case, a plurality of grounded resistors 144 are simply arranged in a
      matrix of the of contact points 146 coupled to each of the resistors. In
      this case, the value of each resistor is selected to be proportional to
      the running sum value listed in the right hand column of the table of FIG.
      2, for example. A conventional combined meter and current source 148
      having a conventional probe 150 can then be used to provide a measurement
      of the desired output values. In particular, simply by engaging the probe
      150 with each of the contact points 146, the meter 148 will provide an
      output corresponding to the cumulative sum value of the point contacted.
      These values may simply be manually added to and subtracted from one
      another to provide the desired evaluation of a selected district. Using
      this embodiment of the present invention, a permanent map of a city or
      other district may be easily constructed having resistors representing the
      predetermined parameter sum values permanently mounted therein. An
      operator may then easily conduct evaluations of differeing districts or
      regions of the map simply by contacting the probe 150 with a series of the
      contact points 146 defining the desired district, and manually adding and
      subtracting the output values registered by the meter 148. Additionally,
      the resistors 144 may be made adjustable so that the parameter values can
      be changed with ease.
PAR  It will be apparent to those skilled in the art that many additional
      alternative structures can easily be constructed to perform the method of
      the present invention in view of the present teachings. For example, a
      perforated map may be constructed in which the contact points and
      parameter values are represented by electrical, optical, acoustical and
      pressure responsive devices to provide the desired output totals.
      Furthermore, it will be apparent that the present invention is not limited
      to use with a map, or with a paper representation of a region, but may be
      used in conjunction with any other suitable representation of a region or
      district. It will also be evident that the present method and apparatus
      may be used for evaluating elements of a chain which do not represent
      subareas. For example, the elements could be intersections on a highway
      map and the device used to trace a path whose length is to be evaluated.
PAR  Obviously, many additional modifications and variations of the present
      invention are possible in light of the teachings set forth above. It is
      therefore to be understood that within the scope of the appended claims,
      the invention may be practiced otherwise than as specifically described
      herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A method of analysing a subregion of a region divided into elemental
      areas wherein each elemental area has a predetermined parameter value
      associated with it and is surrounded by a boundary, comprising the steps
      of:
PA1  arranging said elemental areas in a chain-wise topographical order,
PA1  preparing a table containing the sums of said parameter values associated
      with said arranged elemental areas to provide a running sum value for
      association with each elemental area,
PA1  selecting a cross-over point on said boundary of each said elemental area,
PA1  physically establishing a border within said region to define said
      subregion, said border surrounding an integral number of said elemental
      areas; and,
PA1  alternately adding and subtracting said running sum values for each
      elemental area having a cross-over point which falls on said border,
PA1  whereby the total parameter value of all elemental areas within said
      subregion is determined.
NUM  2.
PAR  2. A method as in claim 1, wherein said step of arranging includes the step
      of:
PA1  tracing a continuous path through said region which traverses each of said
      elemental areas only once.
NUM  3.
PAR  3. A method as in claim 2, wherein said step of selecting includes the step
      of:
PA1  choosing as a cross-over point one point at which said continuous path
      meets said boundary of each elemental area.
NUM  4.
PAR  4. A method as in claim 1, wherein said step of establishing includes the
      step of:
PA1  marking a physical border on a physical representation of said region.
NUM  5.
PAR  5. A method as in claim 1, further comprising the step of:
PA1  taking the absolute value of the term resulting from said step of
      alternately adding and subtracting.
NUM  6.
PAR  6. An apparatus for analysing a subregion of a region divided into
      elemental areas wherein each elemental area has a predetermined parameter
      value associated with it and wherein each parameter value is associated
      with a selected cross-over point of each said elemental area, comprising:
PA1  arranging means for arranging said elemental areas in a chain-wise
      topographical order,
PA1  electrical contact means coupled to said arranging means and located at
      said selected points for providing electrical signals related to said
      predetermined parameter values of said elemental areas,
PA1  electrical probe means for engaging said electrical contact means and for
      carrying said electrical signals; and,
PA1  signal processing means coupled to probe means for sensing said electrical
      signals and for permitting a total parameter value of said subregion to be
      determined.
NUM  7.
PAR  7. An apparatus as in claim 6, wherein said arranging means comprises:
PA1  a physical representation of said region.
NUM  8.
PAR  8. An apparatus as in claim 6, wherein said arranging means includes:
PA1  a printed document having said region and said elemental areas designated
      thereon.
NUM  9.
PAR  9. An apparatus as in claim 6, further comprising:
PA1  a network of impedance means each said means having impedance values
      related to said parameter values coupled to said electrical contact means;
      and,
PA1  said signal processing means includes measuring means for detecting said
      impedance values.
NUM  10.
PAR  10. An apparatus as in claim 9, wherein:
PA1  said network of impedance means includes a network of series connected
      resistors, each of said resistors having a resistance value equal to a
      parameter value associated with a particular elemental area; and,
PA1  further comprising encoding means coupled to said measuring means for
      converting output signals thereof to digital form.
NUM  11.
PAR  11. An apparatus as in claim 9, wherein
PA1  said network of impedance means includes a matrix of grounded resistors,
      each having a resistance value equal to a selected parameter sum value.
NUM  12.
PAR  12. An apparatus for analysing a plurality of data elements, each of which
      has a predetermined parameter value associated with it comprising:
PA1  means for arranging said elements in a chain-wise topographical order,
PA1  identifying means on which said arranging means is positioned for providing
      output signals identifying said data elements,
PA1  probe means cooperating with said identifying means for engaging said data
      element for activating said identifying means to generate output signals
      identifying said engaged data elements,
PA1  signal processing means coupled to said identifying means for receiving
      said identifying output signals and for associating a parameter value with
      each.
NUM  13.
PAR  13. An apparatus as in claim 12, wherein:
PA1  said signal processing means includes summing means for summing said
      parameter values.
NUM  14.
PAR  14. An apparatus as in claim 13 wherein said identifying means comprises:
PA1  digitizer means for generating an output signal identifying coordinates of
      points engaged by said probe means.
PATN
WKU  039366685
SRC  5
APN  4668162
APT  1
ART  211
APD  19740503
TTL  Apparatus for viewing the underside of vehicles
ISD  19760203
NCL  6
ECL  1
EXP  Sheer; Richard M.
NDR  2
NFG  8
INVT
NAM  Siebel; Frederick
STR  Puritan Road
CTY  Rye
STA  NY
ZIP  10580
CLAS
OCL  240  42
XCL  350301
EDF  2
ICL  F21V 3300
FSC  240
FSS  2.18;4.2
FSC  350
FSS  301
UREF
PNO  1300901
ISD  19190400
NAM  Warner
OCL  350301
UREF
PNO  2188677
ISD  19400100
NAM  Dickinson
XCL  350301
UREF
PNO  2580699
ISD  19520100
NAM  Pfetzing
XCL  240  4.2
UREF
PNO  3452189
ISD  19690600
NAM  Lowery
OCL  240  2.18
UREF
PNO  3498696
ISD  19700300
NAM  Kirby
XCL  350301
FREF
PNO  110
ISD  19151200
CNT  UK
OCL  350301
ABST
PAL  Apparatus for viewing the underside of vehicles, having a horizontal frame,
      in which a pair of mirrors are located in periscope fashion. A second
      frame member is hinged to the first so as to be foldable with respect to
      it from a closed position overlying the first frame to a second position
      extending vertically above one of the mirrors. The second frame is
      box-like and is open at each end to provide a viewing tower. Means to
      transport the apparatus is provided, and as well as lights to illuminate
      the object viewed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus for viewing the underside of
      vehicles such as motor cars, trucks, buses etc.
PAR  The inspection of the undercarriage of motor cars, in particular, is
      necessary to determine its safe operating condition and to locate
      defective parts, or the source of operating difficulties. While it has
      been common to make such inspections after the vehicle is elevated on a
      lift or jack it is frequently impossible or inconvenient to do so. Often
      vehicles break down in places remote from lifts or where jacks cannot be
      used. More importantly placing a truck or car, for example, on a lift or
      jack requires time as well as considerable effort. The alternative to the
      use of jacks or lifts, is for the inspector or mechanic to crawl on all
      fours beneath the vehicle. This is not any simpler or easier, and is far
      more onerous.
PAR  It is the object of the present invention to provide apparatus for viewing
      the undercarriage of a vehicle simply and swiftly.
PAR  It is a further object of the present invention to provide apparatus for
      remotely viewing the undercarriage of a vehicle where the inspector may
      stand erect and not have to alternatively lift the car or crawl beneath
      it.
PAR  It is a particular object of the present invention to provide apparatus for
      viewing the undersurface of a vehicle employing a periscope device
      insertable beneath the vehicle and which provides illumination for the
      undercarriage and which is easily manipulated beneath the length of the
      vehicle.
PAR  The foregoing objects, others as well as numerous and advantages of the
      present invention will be apparent from the following disclosure of the
      present invention.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention an elongated horizontal box-like frame
      is provided with openings on its upper surface adjacent its forward and
      rear ends beneath each of which is placed a mirror. The mirrors face each
      other and are tilted upwardly through the apertures. Attached adjacent the
      rearward end of the horizontal frame is a second box-like frame open at
      each of its ends. The second frame is attached to the horizontal frame by
      a hinge which permits it to fold with respect to the horizontal frame from
      a closed position overlying the horizontal frame and in close proximity to
      it, to an open position in which the second frame towers substantially
      vertically above it and in which its open ends are aligned with the mirror
      aperture at the rearward end of the horizontal frame.
PAR  The horizontal frame is provided with wheels secured to its bottom so as to
      make it easily maneuverable in its open position. In its open position the
      second frame forms a sighting tower through which the operator, such as
      inspector or mechanic can sight through to the mirrors in the horizontal
      frame, which form a periscopic assembly. The forward end of the horizontal
      plane can be moved beneath the car to sight any part directly above it.
PAR  Preferably, the apparatus is provided with a separable dolly by which it
      may be transported and stored.
PAR  Further, the apparatus is provided with a light source comprising lights
      located along the inside walls of horizontal frame member between the
      front and rear mirrors. The lights are reflected by the forward mirror
      upward against the undercarriage of the vehicle to illuminate it.
      Preferably, the source of power for the lights consist of batteries housed
      in either of the frame members, and a switch is provided on the upper end
      of the second frame member easily convenient for manipulation.
PAR  Full details of the present invention are disclosed in the following
      description and are illustrated in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a plan view of the apparatus of the present invention in open
      position,
PAR  FIG. 2 is a side elevation view of the present apparatus in open position,
      showing also its closed position in dotted lines,
PAR  FIG. 3 is a sectional view along line 3--3 of FIG. 1, greatly enlarged and
      in part broken away,
PAR  FIG. 4 is front view taken in the direction of line 4--4 of FIG. 2 showing
      the second frame or tower member,
PAR  FIG. 5 is a rear view taken in the direction of line 5--5 showing the rear
      end of the apparatus,
PAR  FIG. 6 is a front view in the direction of line 6--6 showing the extreme
      front end of the horizontal frame member,
PAR  FIG. 7 is a side elevation view showing the apparatus and transport dolly,
      and
PAR  FIG. 8 is a rear view of the transport dolly.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The present apparatus, as seen in FIGS. 1 - 3 comprises a base, generally
      depicted by the numeral 10, comprising a hollow box-like elongated frame,
      provided with casters 12 at its front and rear ends so that it may be
      supported on a floor in a substantially horizontal plane. The exact
      overall shape of the horizontal base frame 10 may be closed as desired.
      Preferably, a suitable shape is a modified rectangle. The upper wall 14 of
      the horizontal base frame 10 is provided with apertures 16 and 18 adjacent
      the forward end and rearward end 20 and 22 respectively. Located beneath
      each of the apertures 16 and 18 respectively, is a mirror 24 and 26. The
      mirrors 24 and 26 face each other and are tilted at a substantially
      45.degree. angle to sight upwardly through the respective apertures 16 and
      18.
PAR  As seen in FIGS. 2 and 3, the forward and rearward walls 20 and 22 of the
      horizontal base frame 10 are cut inwardly at the 45.degree. angle so as to
      provide a flat secure supporting surface for the mirrors. This makes
      suitable and simple design, not requiring any special support or clamp for
      the mirrors. Of course, the shape may be varied and more conventional
      bracket supports for the mirrors can be used if desired.
PAR  Disposed to provide a tower above the rear aperture 18 is a second hollow
      frame member, generally depicted by the numeral 28, which is opened at its
      longitudinally extreme ends 30 and 32 respectively. The tower 28 is
      secured to the base frame member 10 by an elongated hinge 34 decured at
      its lower end 30 and at the forward edge of the rear aperture 18 of the
      base frame member 10. A piano type hinge is preferred although other hinge
      means may be used if desired. The tower 28 is thus permitted to swing, as
      seen in FIG. 2, from a substantially vertical open position (full lines)
      in which the open ends 30 and 32 are directly aligned with the rear mirror
      26 and a closed position (dotted lines) in which it is folded over and
      into contiguous proximity with the upper wall 14 of the horizontal base
      frame member. The contiguous surfaces of the base frame member 10 and the
      tower 28 can be designed to fit closely to form a compact closed assembly.
PAR  The tower 28 is held in open position by latch means comprising a manually
      manipulatable spring loaded hook 36 pivotally secured about a pin 38
      journalled on the face of the tower opposite the face to which the hinge
      34 is secured. The hook 36 engages a striker 40 secured to the rear end 22
      of the horizontal base frame 10. Extending outwardly of each of the
      lateral sides of the tower 28 is a wing-like structure 42 and 44 forming
      handles, by which the apparatus can be manipulated in either open or
      closed position.
PAR  As seen clearly in FIG. 3, the end of the lower end 30 of the tower fits
      snugly about the perimeter of the rear aperture 18 when in open condition
      and held fast by the latch so that the horizontal hollow base frame 10 and
      the hollow tower frame 28 provide substantially enclosed bodies into which
      stray light is precluded. Preferably, the frame members are both made from
      a pair of molded or extruded plastic sections which are provided with
      longitudinal outward extending flanges 46 which are preferably riveted
      together but may be welded, glued or otherwise fastened together to make
      strong rigid elongated hollow bodies. If desired the plastic sections may
      be reinforced with transverse or longitudinal ribs for added strength.
      Instead of plastic other suitable material such as wood or metal may be
      used. The mirrors 24 and 26 are aligned along a horizontal axis with each
      other, and extend transversely across the horizontal base member in
      parallel axes to each other, so that a sight line indicated by the arrows
      in FIG. 2 can be obtained simulating a simple periscope in which the image
      objective is received on the forward mirror 24 and transmitted via the
      rear mirror 26 upwardly through the hollow tower 28. To facilitate viewing
      the upper end of the tower 28 is provided with a bonnet 48 which conforms
      generally to the shape of the head adjacent the eyes. The bonnet 48 may be
      padded as well.
PAR  To facilitate illumination of the object viewed such as any part of the
      undercarriage of a vehicle, lights, such as bulbs 50, are mounted on the
      inner side walls of the base frame member 10 adjacent the front mirror 24,
      but between the front mirror and the rear mirror 26. In this manner the
      light is reflected upwardly by the front mirror 24 without interfering
      with the sight on view of the operator through the rear mirror. The lights
      are connected by suitable wiring to a source of power via a switch 52
      mounted on the right hand wing handle 42. The switch may, of course, be on
      either wing. While the power source may be conventional house current it
      is preferred that it be battery power. Accordingly, the wing handle 42 is
      provided with a cavity 54 as seen in FIG. 3, and is provided with a pair
      of spaced spring contact supports 56 in series with the switch 52, in
      which a suitable number of batteries 56 are held. Preferably, the switch
      is mounted on the forward face of the wing so as to be more easily
      manipulated by the finers of the operator, as he holds the wings during
      viewing. The lights may be connected to the power source by the stretching
      of wire through the hollow frame members, in conventional manner. However,
      to avoid any breakdown caused by abrasion or excessive flexing of the wire
      when the tower 28 is swung into open or closed position, a solid state
      contact may be used in which one or more knife-like blades slide against
      spring loaded contact jaws, much in the manner of a toggle switch. In
      another form a V-shaped contact member secured to the tower 28 may be made
      conjointly swingable with it into engagement with a fixed plate contact
      secured to the upper wall 14 of the base frame 10. These types of contact
      can also insure against the excessive use of the battery power, since they
      can be made to automatically open when the tower is folded into closed
      position. The cavity 54 in the wing is provided with a removable cover,
      permitting easy access to the batteries, so that they can be readily
      changed.
PAR  While, the apparatus is readily movable on the floor, the closed assembly
      of tower 28 and base frame 10 is more difficult to transport or to store.
      To facilitate such transport, a caddy or dolly, generally depicted in
      FIGS. 7 and 8 by the numeral 60 is provided. The dolly comprises an
      elongated pole 62 having a handle 64 at its upper end and yoke 66 at its
      lower end in which an axle 68 is journalled. The axle holds a pair of
      wheels 70 while a foot member 72 is secured to the yoke 66, providing a
      tripod stable footing. To secure the apparatus to the caddy dolly the
      lower wall of the horizontal base member 10 is provided with a loop or
      metal strap 74 which engages over a hook 76 fixed in corresponding
      position on the pole 62 of the caddy dolly. The dolly is also provided
      with a U-shaped bracket 78 which substantially encircles the closed
      apparatus. The foot 72 of the dolly is bent outwardly to form a resting
      bracket 80 for the rear end 22 of the base frame 10, with the casters 12
      entrapped between the yoke 66. To facilitate further handling, a wire
      handle 82 is provided at the rear end 22 by which the apparatus may be
      easily picked up.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for viewing the underside of a vehicle comprising a elongated
      hollow first frame member having front and rear ends and upper and lower
      surfaces, said upper surface having an aperture formed adjacent at least
      each of its extreme forward and rearward ends, and means secured to the
      lower surface for movably supporting said first frame member in a
      horizontal plane upon a floor, a mirror located beneath each of the
      apertures facing each other and disposed at an angle to sight through said
      apertures, a elongated hollow second frame member having upper and lower
      surfaces interconnected by side walls, said second frame member being open
      at each end, hinge means securing said second frame member to said first
      frame member, said hinge means having a first leaf secured to the upper
      surface of said first frame member adjacent the aperture formed at the
      rearward end thereof, a second leaf secured to the edge of said second
      frame member adjacent one end thereof and a pivot axis disposed
      transversely of said first frame member to permit said second frame member
      to swing with respect to said first frame member from a closed position
      substantially overlying said first frame member in a parallel plane
      thereof, to an open position substantially normal to the plane of said
      first frame member, said one end of said second frame member being in
      alignment with the aperture at the rearward end of said first frame member
      to form an enclosed optical path through said first frame member and said
      second frame member to the other end of said second frame member, a source
      of light disposed within said first frame adjacent the aperture at the
      frontal end of said first frame member and between said facing mirrors, a
      battery source of power for said lights disposed within one of said first
      and second frame members and switch means mounted on said second frame
      member controlling said source of light, said mirrors acting to reflect
      said source of light onto the undercarriage of said vehicle.
NUM  2.
PAR  2. The apparatus according to claim 1 including means for transporting said
      frame members in closed position comprising a dolly having supporting
      wheels, a handle, and means for removably securing said frame members to
      said handle.
NUM  3.
PAR  3. The apparatus according to claim 1 including a handle extending from
      each of the longitudinal sides of said second frame member adjacent the
      upper end thereof.
NUM  4.
PAR  4. The apparatus according to claim 1 including latch means for removably
      securing said first and second frames in open position.
NUM  5.
PAR  5. The apparatus according to claim 1 including a bonnet located over the
      outer end of said second frame member.
NUM  6.
PAR  6. The apparatus according to claim 1 including optical enlarging means
      located in said second frame member.
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ABST
PAL  A beauty swag lamp comprised of a frame having a top, bottom, and at least
      one side wall. The frame also has at least one movable door wall. The
      frame forms a compartment and at least one mirror is within the
      compartment. When the door wall is open the interior compartment and
      mirror are exposed for use. A light means is positioned within at least
      one wall to emit light outwardly from the frame when the door wall is
      closed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Swag lamps are known. The term is generally used to refer to lamp
      structures which hang in a free swinging manner from a ceiling structure.
      While such lamps have gained some measure of popularity, one disadvantage
      they have is use of available room space merely to provide a light source.
      The light source could as well be directly attached to the ceiling leaving
      the room space for more efficient use. The swag lamp of this invention not
      only provides a light source but also includes a mirror which permits the
      user to view the back of the head, when used in conjunction with a
      stationary mirror, such as a medicine cabinet in a bathroom, or a vanity
      mirror in a dressing room, etc., and leaves both hands free to fix hair,
      comb, cut hair, etc. It also has an interior compartment with a light
      source, a work place and mirror, all specifically designed for use during
      application of make-up. Thus the available room space is used more
      efficiently.
PAR  Accordingly, it is an object of this invention to provide a new and
      improved swag lamp.
PAR  A further object of this invention is to provide a swag lamp, having an
      interior compartment designed such that the lamp will function to provide
      a view of the back of the head, leaving both hands free to work on the
      hair, and as a beauty table providing a work area for make-up, including
      mirror, a work area for beauty aids and a light for make-up purposes.
PAR  A still further object of the invention is to provide a swag lamp which
      makes more efficient use of the room space occupied by the lamp, and which
      is aesthetically attractive.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the lamp with the door wall in a closed
      position.
PAR  FIG. 2 is a view similar to FIG. 1, with the door wall in open position.
PAR  FIG. 3 is a sectional view of the lamp of FIG. 1 along line 3--3 of FIG. 1
      showing the construction and position of the inner and outer walls.
PAR  FIG. 4 is a sectional view of FIG. 1 along line 4--4 of FIG. 1 showing
      further details of the interior construction including the position of the
      lights with respect to the inner and outer walls.
PAR  FIG. 5 is a partial section of FIG. 4 along line 5--5 showing the
      longitudinal section of one inner and outer wall and the position of a
      light with respect thereto.
PAR  FIG. 6 is a longitudinal section along line 6--6 of FIG. 4 showing the
      construction of the interior compartment.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The swag lamp 10 is comprised of a top wall 12, a bottom wall 14, an
      upstanding wall 16 extending between the top wall 12 and the bottom wall
      14, and two door walls, 18 and 20, which also extend from top wall 12 to
      bottom wall 14. Door walls 18 and 20 are hingedly connected at 22 and 23
      to upstanding wall 16 for swinging movement about a vertical axis to move
      door walls 18 and 20 from closed to open positions, as shown in FIGS. 1
      and 2. When in closed position the door walls 18 and 20, upstanding wall
      16 and top and bottom walls 12 and 14, define an interior enclosed
      compartment. Access to the compartment is provided by grasping door wall
      latches on knobs 24 and 25 and swinging the door walls open. Each of
      upstanding walls 16, and door walls 18 and 20, are preferably comprised of
      an inner panel designated by the letter a. The outer panel is comprised of
      material adapted to let light pass therethrough. Inner panels 16a, 18a and
      20a are inwardly presented mirrors such that upon opening of door walls 18
      and 20, the mirror surface of all three inner panels is exposed for use.
PAR  Lights 26, 28 and 30 are positioned between inner panels 20a, 18a, and 16a,
      respectively, and provide light through the outer panels 20, 18 and 16 to
      the room in which the lamp is positioned. Preferably, an additional light
      32 is located on the interior surface of top wall 12 to emit light within
      the interior compartment whenever door walls 18 and 20 are in open
      position. The lamps are, of course, electrically connected through cords
      34 and 36 in conventional fashion.
PAR  Door walls 18 and 20 and upstanding wall 16 may be of partially square,
      oval, diamond, octagon, hexagon, etc., shape so that the lamp itself is of
      general square, oval, diamond, octagon, hexagon, etc., shape when the door
      walls are in closed position.
PAR  Longitudinally extending conduit housing 38 extends from top wall 12 and
      bottom wall 14 to house in protective fashion the electrical cords 34 and
      36. A lamp hanging support 40 is attached to conduit 38 by conventional
      means and is preferably length adjustable at 42 with respect to a ceiling
      to move the lamp to selected heights with respect to the ceiling and floor
      of a room. Bottom wall 14 has a grasping ring 44 for pulling the lamp 10
      to adjust its height. An on-off switch of conventional construction is
      also provided at 46.
PAR  In a preferred embodiment the interiorly exposed surface 14a of bottom wall
      14 is constructed to form an upwardly presented work surface for holding
      beauty aids and the like.
PAR  In actual operation the lamp is placed in a room and provides soft interior
      light when door walls 18 and 20 are closed. The light is softened by
      passing through the light emitting exterior or outer panels. When use as a
      beauty aid is desired, door walls 18 and 20 are opened and the mirror
      surface are available for use. Adequate light is provided by light 32 and
      a work space area is provided by surface 14a of bottom wall 14. Thus, as
      can be seen the invention accomplishes at least all of its stated objects.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lamp comprising:
PA1  a lamp frame forming an enclosed compartment and comprising a top wall, a
      bottom wall, at least one upstanding wall and at least one door wall,
PA1  said door wall and said upstanding wall each comprising spaced apart inner
      and outer panels, said outer panels being adapted to let light pass
      therethrough,
PA1  at least one mirror within said compartment;
PA1  said door wall being movable from a closed position wherein said
      compartment and said mirror are hidden from view from outside said
      compartment to an open position wherein said compartment and said mirror
      are exposed to view;
PA1  light means comprising at least one light emitting device within the space
      between said inner and outer panels of each of said door and upstanding
      walls, said outer panels of said door and upstanding walls permitting
      light to pass outwardly from said light emitting devices.
NUM  2.
PAR  2. A lamp according to claim 1 wherein said lamp frame comprises one
      upstanding wall and two door walls, said door walls each being hinged to
      said upstanding wall for swinging movement about a vertical axis.
NUM  3.
PAR  3. A lamp according to claim 2 wherein each of said upstanding and door
      walls comprises spaced apart inner and outer panels, said inner panels
      comprising inwardly presented mirrors and said outer panels comprising
      material adapted to permit light to pass therethrough, light emitting
      devices being positioned within the space between said inner and outer
      panels.
NUM  4.
PAR  4. A lamp according to claim 3 wherein a light emitting device is located
      on the under surface of said top wall for emitting light within said
      compartment whenever said doors walls are in said open position.
NUM  5.
PAR  5. A lamp according to claim 4 wherein said bottom wall forms an upwardly
      presented work surface within said compartment.
NUM  6.
PAR  6. A lamp according to claim 5 wherein supporting means is operatively
      attached to said lamp frame for supporting said frame at a predetermined
      height above the floor.
NUM  7.
PAR  7. A lamp according to claim 6 wherein said supporting means comprises a
      flexible member operatively connected to said frame and adapted to suspend
      said frame from the ceiling of a room.
NUM  8.
PAR  8. A lamp according to claim 7 wherein said lamp frame has a substantially
      cylindrical shape when said door walls are in said closed position.
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ABST
PAL  A portable light which includes a light assembly mounted on a reel by means
      of a swivel mount, which reel is equipped with a suction cup to enable
      positioning of the light on the dash or other smooth surface of a motor
      vehicle. The swivel mount is designed to permit the light beam to be
      adjusted while the light is positioned on such a smooth surface by means
      of the suction cup. The light is capable of being moved into substantially
      any position by the user and the cord may be wound and unwound on the reel
      as desired. The light is particularly capable of being used for reading
      maps and effecting emergency repairs to a motor vehicle, and is adapted to
      be plugged into the cigarette lighter of the vehicle for such use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a new and improved light, and particularly, a new
      and improved portable light which can be used in motor vehicles for
      interior illumination and emergency repair work. For example, the light of
      this invention is equipped with a suction cup and reel arrangement whereby
      the light can be affixed temporarily to substantially any smooth surface
      such as an automobile fender, and the cord unwound from the reel to the
      degree necessary to plug the unwound cord into a vehicle cigarette
      lighter. The device can also be used to illuminate the interior of a
      vehicle and is compact and easily stored when not in use.
PAR  2. Description of the Prior Art
PAR  Heretofore, various types of portable lights have been developed for
      various purposes in the prior art. Such a light is described in U.S. Pat.
      No. 2,275,299 to Robert H. Hummert, which patent discloses a portable spot
      lamp having a handle and a rubber suction cup for removable attachment to
      a smooth surface such as the window of an automobile. While the lamp
      disclosed by this patent is equipped with a handle for easy manipulation,
      it provides no mechanism by which the cord can be easily stored and
      unwound to facilitate use of the light at a distance from the power
      source. Furthermore, the light is so designed as to throw a wide beam when
      turned on, and would therefore be unsuitable for use in an automobile or
      other vehicle for doing close work such as reading a map or the like,
      since it would produce a substantial glare. Yet another disadvantage of
      such a lens design, which permits a wide but relatively short range beam,
      is the difficulty of locating objects at a distance from the vehicle in
      the dark, since the beam is not designed to penetrate the darkness to an
      effective degree. A still further shortcoming of prior art portable lamps
      such as that illustrated in the patent, is the inability of a user to
      manipulate the light after it is once positioned by means of the suction
      cup in a particular location on an automobile or other smooth surface,
      without repositioning the suction cup. Thus, in order to focus the beam to
      a precise position after the lamp is positioned on a desired surface, the
      suction cup must be de-activated, and the lamp removed and again
      repositioned.
PAR  Accordingly, it is an object of this invention to provide an improved
      portable light equipped with a suction cup for positioning the light on
      substantially any smooth surface, and a reel for convenient winding and
      unwinding of the cord supplying power to the light.
PAR  Another object of this invention is to provide a portable light which is
      equipped with a beam concentrator and improved lens reflector which serve
      to increase the beam distance, concentrate the light and to permit
      glare-free use of the light inside a vehicle for map reading and other
      work requiring interior illumination of the vehicle.
PAR  A still further object of the invention is to provide an improved portable
      light which can be plugged into the cigarette lighter of an automobile or
      other vehicle, moved to various locations outside of the vehicle by
      unwinding the power cord from a reel attached to the light, positioned by
      means of a suction cup attached to the reel to substantially any smooth
      surface of the vehicle, and manipulated by means of a swivel attachment to
      multiple beam positions while mounted in the same location on the vehicle.
PAR  Another object of the invention is to provide a compact, lightweight,
      portable light equipped with a reel for storing the power cord, which
      light and cord can be easily and conveniently stored when not in use.
PAR  Yet another object of the invention is to provide a portable light equipped
      with a reel and suction cup and fitted with an improved beam concentrator
      and lens reflector, the latter of which not only enables the light to be
      used for map reading, and the like, without glare, but also provides an
      exceptionally intense beam at long distances from the light.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects of the invention are provided in a portable light
      which includes the following elements.
PA1  1. A light assembly, including a front and rear cover, a switch, a beam
      concentrator and a lens reflector;
PA1  2. A reel adapted to receive a supply of electric cord which provides power
      to the light, and carrying a swivel mount upon which the light assembly is
      mounted; and
PA1  3. A suction sup mounted on the bottom portion of the reel and adapted to
      secure the reel and light assembly to a selected smooth, uniform surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood in view of the following
      description presented with reference to the accompanying drawing:
PAR  FIG. 1 of the drawing is a front elevation of the portable light of this
      invention;
PAR  FIG. 2 is a right side view of the light illustrated in FIG. 1;
PAR  FIG. 3 is a top view of the light illustrated in FIGS. 1 and 2;
PAR  FIG. 4 is a front elevation of the beam concentrator illustrated in FIGS.
      1-3;
PAR  FIG. 5 is a side elevation of the beam concentrator illustrated in FIGS.
      1-4;
PAR  FIG. 6 is a perspective view of the lens reflector mounted on the lens of
      the light of this invention; and
PAR  FIG. 7 is a side elevation of the lens reflector and lens illustrated in
      FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1-3 of the drawings, the portable light of this
      invention, generally illustrated by reference numeral 1, is shown with
      forward cover 2 and rear cover 3 communicating by means of rear cover
      threads 4, more particularly illustrated in FIG. 2. Forward cover
      reflector 5 is mounted in the interior of forward cover 2, while lens 6,
      carrying lens reflector 7 by means of lens reflector base 25, and beam
      concentrator 8, are maintained in position by means of forward cover
      flange 24 when forward cover 2 is screwed onto rear cover threads 4. As
      more particularly illustrated in FIG. 4 of the drawing, beam concentrator
      8 is equipped with beam concentrator lip 23 which is adapted to engage
      forward cover flange 24 when forward cover 2 mates with rear cover 3. Lens
      reflector 7 is adapted to mount on lens 6 and is positioned with lens
      reflector concave surface 26 facing forward cover reflector 5 to reflect
      light from the bulb or filament (not illustrated) mounted in the rear of
      forward cover 2, back onto forward cover reflector 5, to concentrate the
      light beam. Rear cover 3 is mounted onto swivel frame 10 by means of
      swivel frame pins 11, and the light may accordingly be tilted up and down
      as desired to focus the beam on a particular area. Swivel frame 10 is
      attached to reel 13 by means of swivel frame screws 12, and reel 13 is
      designed to carry a supply of electrical cord 19. Electrical cord 19
      carries first plug wire 20 and second plut wire 21, which initially
      communicate with a resistor (not illustrated) located in resistor
      container 16, and ultimately, through reel aperture 15 in reel 13, with a
      light bulb or filament and ground tap (not illustrated) located in rear
      cover 3. The resistor is designed to maintain a substantially equal
      voltage on the light bulb or filament in the event of voltage surges to
      plug 18 from a racing engine, and may be removed from resistor container
      16 by removing resistor container screws 17.
PAR  Referring again to FIGS. 1-3 of the drawing, suction cup 22 is mounted on
      the bottom of reel 13 and is adapted to securely mount on any smooth
      surface such as a fender or window of an automobile or other motor
      vehicle. Switch 9 operates to turn the light on and off, and, as
      illustrated, electrical cord 19 can be wound on and off of reel 13, as
      desired. Reel slots 14 serve to retain electrical cord 19 in wound
      position on reel 13.
PAR  Referring now to FIGS. 4 and 5 of the drawing, beam concentrator 8 is
      affixed to forward cover 2 by means of beam concentrator lip 23 and
      forward cover flange 24, as heretofore described. Beam concentrator 8 is
      designed to perform two basic functions in the portable light of this
      invention. First of all, it serves as a "beam shield" to minimize
      scattering of light when the portable light is used for reading maps and
      in other functions requiring glare-free illumination of the interior of a
      car or other vehicle. Thus, the beam concentrator prevents glare when the
      light source is placed close to an object or objects to be illuminated.
      The beam concentrator is also useful in "channelling", and therefore
      intensifying, the beam when it is desired to focus the light beam on an
      object at a distance from the light source. Whereas the prior art lamps
      produce a beam which scatters the light, beam concentrator 8 serves to
      minimize such scattering and permit sharp focus on distant objects as well
      as glare-free focus on objects close to the light source. It has
      surprisingly been found that beam concentrator 8 need not project beyond
      about one-fourth of an inch from lens 6, in order to be effective. One
      skilled in the art would logically conclude that if a tight beam
      concentration was desired, a long, tunneled beam concentrator would be
      necessary; however, the beam concentrator of this invention has proved
      very effective.
PAR  Referring now to FIGS. 6 and 7 of the drawing, lens reflector 7 is
      illustrated, with lens reflector base 25 adapted to adhere to lens 6 by
      means of lens reflector base 25, as illustrated. Lens reflector concave
      surface 26 is spherically dish-shaped in order to reflect maximum light,
      and is designed to reflect light received from the light source and
      reflect it back upon forward cover reflector 5. This results in an
      intensified beam of light, concentrated by the action of beam concentrator
      8, which effects superior illumination of objects at a distance from the
      light source.
PAR  It will be recognized that the portable light of this invention is
      susceptible of a variety of uses. The light can be used to good advantage
      as a "trouble light" for illuminating various work areas of an automobile
      or other vehicle, including watercraft, in the event of mechanical
      malfunction. For example, a primary use of the light can be made to change
      tires at night. The light can be positioned at an appropriate point on the
      automobile fender, the cord unwound and plugged into the cigarette lighter
      by means of plug 18, and the light adjusted by means of the swivel mount
      to focus the beam precisely on the work area. After completion of the
      work, the cord can be rewound on the reel and the light stored in a
      convenient place in the vehicle for future use.
PAR  Similarly, since the light is designed to minimize glare and facilitate
      illumination at close proximity to the light source, it can be used for
      such activities as reading maps at night, night fishing, and other
      activities requiring glare-free and long range illumination in the dark.
PAR  The beam concentration and superior lens reflecting embodiments of the
      invention combine to result in an improved light which projects a beam
      having exceptionally good darkness penetration characteristics. For
      example, the light can be adapted for dry cell power and used as a hunting
      light with far superior beam focus on distant objects than prior art
      lights. Furthermore, in the event of an emergency, the light beam can be
      seen at far greater distances than conventional lights of comparable size
      and powered by the same sources.
PAR  It will be apparent to those skilled in the art that use of the resistor in
      the light circuit of this invention is an improvement in the art. Such use
      insures that a substantially constant voltage will at all times be applied
      across the light bulb or filament, and this action promotes bulb life.
      Accordingly, use of the inventive portable light in automobiles or other
      vehicles having a generator or alternator where the output voltage to the
      cigarette lighter is subject to fluctuation results in no shorter bulb
      life than in lights used with constant voltage sources.
CLMS
STM  Having described my invention with the particularity set forth above, what
      is claimed is:
NUM  1.
PAR  1. A portable light comprising:
PA1  a. a light source;
PA1  b. a cylindrically shaped forward cover carrying said light source in the
      interior thereof and a cylindrically shaped rear cover mating with said
      forward cover in threaded relationship;
PA1  c. a forward cover reflector mounted in the interior of said forward cover;
PA1  d. a flat, circular lens removably carried by said forward cover;
PA1  e. a cylindrically shaped beam concentrator in cooperation with said lens
      and said forward cover;
PA1  f. a concavo-convex lens reflector mounted on said lens with the concave
      surface of said reflector facing said light source, and adapted to reflect
      light from said light source back onto said forward cover reflector and
      intensify said light;
PA1  g. a swivel frame carried by said rear cover in pivoting relationship;
PA1  h. an external, horizontally disposed reel in cooperation with said swivel
      frame and adapted to receive a supply of electric cord thereon in wound
      fashion; and
PA1  i. a suction cup carried by said reel and adapted to removably adhere to
      smooth, substantially uniform surface.
NUM  2.
PAR  2. The portable light of claim 1 further comprising: a. a resistor in
      electrical cooperation with said light source a power source to provide an
      essentially constant voltage to said light source; and
PA1  b. at least one slot in said reel adapted to receive said electric cord
      whereby said electric cord can be prevented from unwinding from said reel.
NUM  3.
PAR  3. The portable light of claim 2 wherein said reel is fitted with an
      aperture to accommodate said electric cord and facilitate communication of
      one end of said electric cord from the interior of said reel to said light
      source.
NUM  4.
PAR  4. The portable light of claim 3 further including switch means in
      cooperation with said light source for controlling power to and from said
      light source.
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ABST
PAL  An illumination system, particularly adapted to use in hospitals, has an
      elongated, low-profile fluorescent lighting fixture on the side of and
      parallel to a track, a reading-examination light mounted on one end of a
      telescoping boom, the other end of which is swingably connected to a boom
      mount rotatably carried by a carriage mounted to roll along the track. The
      lighting fixture includes means for providing low brightness down lighting
      and higher brightness side lighting. The reading-examination light is so
      constructed as to permit two levels of illumination from a single light
      source and color correction in a small, balanced, easily manipulated unit.
      The telescoping boom and its mounting are so constructed as to be light,
      strong and stable in any position within wide limits. The carriage is so
      constructed as to permit easy transport of the boom and light, and
      positive and continuous connection of electrical conductors within the
      boom to a source of current.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the horizontal run-through utility and service system illustrated and
      described in Bobrick U.S. Pat. No. 3,354,301, elongated lighting fixtures
      are shown as positioned on either side of a central curtain track, to
      provide illumination on either side of a central curtain to permit the
      division of a room into two private areas with identical overhead
      lighting. No provision is suggested in the Bobrick arrangement for a
      travelling reading and examination light.
PAR  One of the objects of this invention is to provide, in a horizontal
      run-through type system, low-profile lighting fixtures with improved means
      for providing low brightness down lighting and higher brightness side
      lighting.
PAR  Another object is to provide, in a horizontal run-through system, either
      one or a pair of lengthwise travelling reading-examination light-carrying
      booms mounted at their upper ends for rotation and adapted to be
      self-supporting within a wide arc.
PAR  Still another object is to provide such a system in which an improved
      reading-examination lamp is mounted on the outer end of the telescoping
      boom, and so constructed as to permit two levels of illumination from a
      single light source.
PAR  Other objects will become apparent to those skilled in the art in the light
      of the following description and accompanying drawings.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with this invention, generally stated, in an illumination
      system, particularly adapted to use in hospital rooms wherein a central
      curtain track is flanked by lighting boom-carrying tracks, and two,
      spaced, elongated fluorescent lighting fixtures are positioned one on
      either side of the carriage tracks, an elongated enclosure is provided
      with an open-topped primary enclosure having translucent high brightness
      light transmitting side and bottom walls and an L-shaped diffusing insert,
      mounted within the primary enclosure, having low brightness
      light-transmitting side and bottom walls, the side wall of the diffusing
      insert extending along the side wall of the primary enclosure next to the
      lighting boom carriage track. A four-wheeled, elongated carriage is
      mounted in at least one of the carriage tracks, the carriage carrying a
      telescoping boom swingably mounted at one end on a boom mount carried by
      the carriage. The boom mount is mounted for limited rotation and clutch
      means are provided for holding the boom mount and boom in any desired
      position within the limits of rotation of the boom.
PAR  A yoke, mounted on the outer end of the boom in such a manner as to be
      self-leveling carries a light head or reading-examination light. The yoke
      is mounted for rotation and the light head is mounted for rotation within
      the yoke. Means are provided for making electrical connection between the
      yoke and light head. The light head is provided with a deeply recessed
      color-correcting filter, an effective heat sink structure, and an
      arrangement whereby the power supply to a lamp is automatically
      disconnected when the light head is disassembled for relamping.
PAR  Electrical power supplied to the lamp in the light head by means of a
      flexible conductor enclosed within the boom, which is electrically
      connected to a flat tape conductor one end of which is carried by the boom
      carriage and the other end of which is fixed, the flat tape conductor
      being so arranged as to provide a positive electrical connection through
      the full longitudinal travel of the carriage on its track.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings,
PAR  FIG. 1 is a fragmentary view in perspective of one embodiment of system of
      this invention with the fluorescent lighting fixtures removed to show
      portions of a carriage assembly in exploded condition;
PAR  FIG. 2 is a somewhat diagrammatic view in end elevation illustrating the
      rotation of the lighting boom in one plane;
PAR  FIG. 3 is a transverse sectional view showing a carriage track and curtain
      track arrangement, and one of two fluorescent enclosures;
PAR  FIG. 4 is a view in side elevation of one carriage, partly broken away;
PAR  FIG. 5 is a view in end elevation of the carriage shown in FIG. 4;
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 5;
PAR  FIG. 7 is a sectional view taken along the line 7--7 of FIG. 6;
PAR  FIG. 8 is a view partly in end elevation and partly in section taken along
      the line 8--8 of FIG. 4, the opposite end from that shown in FIG. 5;
PAR  FIG. 9 is a sectional view taken along the line 9--9 of FIG. 6;
PAR  FIG. 10 is a view in side elevation, partly in longitudinal section and
      partly broken away of the boom shown in FIGS. 1 and 2;
PAR  FIG. 11 is a sectional view taken along the line 11--11 of FIG. 10;
PAR  FIG. 12 is an enlarged fragmentary view, partly in section, of a part of
      the mounting assembly of the end of the boom adjacent the carriage;
PAR  FIG. 13 is an enlarged fragmentary detailed view, partly in section, of a
      slip joint of the telescoping boom;
PAR  FIG. 14 is a view in end elevation, partly broken away, of the yoke and
      reading-examination light assembly at the outer end of the boom;
PAR  FIG. 15 is a fragmentary sectional view taken along the line 15--15 of FIG.
      14;
PAR  FIG. 16 is a sectional view taken along the line 16--16 of FIG. 14;
PAR  FIG. 17 is a view in perspective of the inner side of the light head
      housing closure of the reading-examination light assembly;
PAR  FIG. 18 is a bottom plan view of a yoke fitting at the lower end of the
      boom;
PAR  FIG. 19 is a view in side elevation of the inner side of one of two
      identical parts of a boom fitting at the upper end of the boom;
PAR  FIG. 20 is a top plan view in the direction indicated by the line 20--20 of
      FIG. 19;
PAR  FIG. 21 is a view in side elevation of part of the yoke assembly;
PAR  FIG. 22 is a view in rear elevation in the direction indicated by the line
      22--22 of FIG. 21;
PAR  FIG. 23 is a view in side elevation of a yoke swivel boss insert;
PAR  FIG. 24 is a view in front elevation in the direction indicated by the line
      24--24 of FIG. 23;
PAR  FIG. 25 is a view in rear elevation of a closure for the yoke assembly; and
PAR  FIG. 26 is a sectional view taken along the line 26--26 of FIG. 25.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and particularly to FIGS. 1 and 3, reference
      numeral 1 indicates an illumination system of this invention which
      includes a track and mounting system 2, fluorescent lighting fixtures 3,
      boom-carrying carriages 4, telescoping booms 5, self-leveling yoke
      assemblies 6 and reading-examination lights 7. The system illustrated as
      described as applied to hospital rooms, in which a horizontal run-through
      core is provided and vertical take-off consoles extend down the wall of
      each room at the head of beds, sometimes referred to as the reference
      wall.
PAR  The track and mounting system 2 is supported by rails 12, extending
      transversely of the length of the track and mounting system. In the
      embodiment shown, the track and mounting system consists of long aluminum
      extrusions formed to provide wireways 13 which not only serve as housings
      for electrical conductors for hospital electrical wiring, nurse calls,
      telephone lines and the like but also serve as means for mounting ceiling
      panels 16 shown in phantom lines in FIG. 3, sockets 17 for fluorescent
      lamps, and enclosures 20 for the fluorescent lighting fixtures 3. Medical
      gas pipelines 14 are mounted on the rails 12, above and parallel to the
      wireways, as shown in FIG. 3. In this embodiment, the track and mounting
      system is clamped to the rails by means of levers 18, pivotally mounted on
      a vertical web of rails 12, and hooks 19, arranged to overcenter with
      respect to the pivot arm of the levers and to engage channels on the
      wireways. The tracks are mounted to the wireways in a similar way as shown
      in FIG. 3. The track and mounting system includes a central curtain track
      25, with spaced, oppositely directed feet defining a slot of conventional
      construction. Flanking the curtain track 25 on either side, is a carriage
      track 30. Each of the carriage tracks 30 has an inner ledge 31 and an
      outer ledge 32. The inner ledge 31 has at its outboard edge an upstanding
      rim 33, which, with an upstanding rim 34 along the free edge of the outer
      ledge 32 defines a carriage channel 35. Extending along an inner wall 36
      at the inner edge of the inner ledge 31 are conductor tabs 37. Vertically
      aligned but spaced guide rails 40 and 41 are positioned inboard of the rim
      33 of the inner ledges 31. An outer guide rail 42, positioned
      symmetrically with respect to the center line of the carriage channel 35,
      depends from a top wall above the outer ledge 32.
PAR  As seen in FIG. 3, the lighting fixtures 3 are positioned outboard of and
      on either side of the outer ledges 32. The enclosures 20 are made up of
      two parts, a primary enclosure 21 and an L-shaped diffusing insert 22. The
      primary enclosure 21 is preferably made of clear plastic such as acrylic,
      and has an inside side wall 23, an outside side wall 24 and a bottom 26
      with smooth, planar inner and outer broad surfaces. In the embodiment
      shown, the side wall 24 is indicated as being provided with transverse
      prisms on the outside and longitudinal prisms on the inside. The diffuser
      22 has a side wall 27 and a bottom wall 28, both of a translucent,
      light-diffusing plastic such as pigmented acrylic with a transmission of
      approximately ten percent. It has been found that the best light control,
      for providing low brightness down lighting and lighting through the inside
      wall is obtained by merely mounting the diffuser 22 loosely within the
      primary enclosure 21, as indicated in FIG. 3. As shown in that figure, the
      upper edge of the diffuser side wall 27 may be trapped between the inside
      side wall of the enclosure and a wireway cover 29.
PAR  It will be understood that, depending upon the length of fluorescent tubes,
      the primary enclosure and diffuser will be in convenient lengths, and can
      be supported at their ends on straps, preferably inverted T-shaped in
      cross section, carried by the mounting system.
PAR  Referring now particularly to FIGS. 1 and 3 through 9, the carriages 4 in
      this embodiment include a near or clutch end casting 45 and a far or
      retard end casting 46. The terms "near" and "far" are used to signify the
      positions of the ends with respect to the reference wall, both carriages
      being mounted in tracks with the clutch end nearer the reference wall. The
      clutch and retard end casting 45 and 46 have upstanding end blocks 47,
      with vertically spaced and lengthwise aligned holes in them, to receive
      throughbolts 48. The throughbolts 48, with nuts on their threaded ends,
      serve to fasten wheelblocks 49 to the outboard faces of the end blocks 47.
      The wheel blocks 49 carry four carriage supporting wheels 50, which are
      journaled on axles projecting from opposite sides of the wheel blocks 49,
      as shown in FIG. 6. The wheel blocks 49 also carry vertical axles 51, upon
      which guide wheels 52 are revolvably mounted.
PAR  The end blocks 47, hence the clutch and retard end castings, are spaced by
      a spacer body 55, against the ends of which the inboard faces of the end
      plates 47 are drawn by the throughbolts 48.
PAR  The clutch end casting 45 includes a cylindrical end bell 54 with a heavy
      annular inner wall 56 extending radially inwardly intermediate the ends of
      the end bell 54. The inside surface of the end bell 54 at both axial ends
      is rabbeted.
PAR  The retard end casting 46 includes a cylindrical end bell 60, which has a
      radially inwardly extending annular wall 61, and axial splines 62. The
      inner wall at both ends of the retard end casting end bell is also
      rabbeted at both axial ends of the cylindrical end bell. Cover caps 63 and
      64 are friction mounted in the rabbeted outer ends of the end bells 54 and
      60 respectively.
PAR  Carried by and between the facing ends of the end bells 54 and 60 is a boom
      sleeve or mount 70. In the embodiment shown, the boom mount 70 is a heavy
      aluminum extrusion. The boom mount 70 is generally cylindrical on its
      outside, with a rectangular slot 71 extending through its full length. The
      rectangular slot 71 is bounded along its long sides by heavy chordal
      sections 7 chamfered at their outer edges and terminating in a ledge 115
      on their inside edges, all as best shown in FIG. 7. In the assembled
      mount, the slot 71 is bounded at its axial ends by heavy sectioned boom
      stops 72, with which inwardly convergent but spaced cross walls 73 are
      integral. The stops 72 and cross walls 73 are, in this embodiment, plastic
      inserts.
PAR  The cylindrical boom mount 70 is closed at its ends by boom mount end
      plates 76 and 77, which in this embodiment are made of steel, mounted on
      the ends of the boom mount by means of screws extending into tapped holes
      in the end faces of the heavy chordal sections 75, as indicated in FIG. 9.
      The plastic inserts which include the stops 72 are fastened by screws to
      the end plate, as indicated in FIGS. 7 and 9. The end plates 76 and 77 are
      round in front elevation, as indicated in FIG. 9, and fit rotatably within
      the channels formed by the rabbeting of the facing ends of the end bells
      54 and 60. The end plate 77 has a central opening in which a bushing 78 is
      mounted, and the bushing in turn is revolvably mounted on the inner end of
      a hollow stop end shaft 79. The shaft 79 has a stepped inner end on which
      the bushing 78 is journalled, an annular collar 80 integral with the
      shaft, and an externally threaded outer end 81. The shaft 79 is mounted in
      the end bell 60 by means of a nut screwed onto the threaded end 81 against
      a lock washer which bears against the outer face of the annular wall 61,
      while the collar 80 bears against the inner face of the wall 61, clamping
      the shaft firmly in place. A retard-stop disc 90 is mounted on the shaft
      79, in close engagement with the inside wall of the end bell 60 between
      the end plate 77 and the annular wall 61. The retard-stop disc 90 has a
      pair of grooves 91, as illustrated in FIG. 8, into which the splines 62
      extend, to fix the disc 90 against rotation relative to the end bell. The
      disc 90 has a hub 92, a rim 93 which is axially wider than the hub 92, a
      web 94 between the hub and the rim, and heavy arcuate spaced ribs 95 and
      96. The ribs 95 and 96 define oppositely disposed arcuate passages
      extending axially entirely through the disc 90. The passages are not
      uniformly wide radially, being, in the embodiment shown, wider by
      approximately one thousandths of an inch through about 55.degree. of arc
      from an end 97 than through approximately 35.degree. of arc from the other
      end 98. The meeting edges of the two sections are relieved to provide a
      short inclined transition area.
PAR  Rollpins 100 and 101 are fixed in and extend axially from the end plate 77
      diametrically opposite one another as shown in FIG. 8. The rollpins 100
      and 101 fit snugly in the wider part of the passages defined by the ribs
      95 and 96, respectively, but tightly in the narrower part.
PAR  The end plate 76 has a square hole in its center, through which a square
      shaft 82 of a one-way roller clutch 83 extends. The roller clutch 83 is of
      conventional construction, with spring biased rollers mounted to roll
      along inclined planes on the periphery of a plate secured to the shaft 82,
      and engaging the inner surface of a cup 84 secured to a hollow shaft 85
      threaded at its outer end to receive a nut.
PAR  The retard-stop disc 90 and the one-way roller clutch 83 must be oriented
      and constructed respectively for use with right and left hand carriages.
      The rest of the carriage and boom mounting assembly elements are
      symmetrical with respect to a vertical center plane.
PAR  In this embodiment, a clutch disc 86 is mounted on the shaft 85 between the
      bottom of the cup 84 and the annular inner wall 56, and clutch discs 87
      are mounted on the shaft between the opposite radial face of the clutch
      ring 56 and a clutch plate 88. The clutch plate 88 has a non-circular
      opening complementary to flats on opposite sides of the shaft 85 extending
      between the outer end of the shaft 85 and the inner wall 56. The clutch
      plate 88 is biased against the clutch disc 87, and the radial surface of
      the cup 84 is biased against the clutch disc 86, which in turn is biased
      against the inner wall 56 by Belleville washers 89, against which a
      stopnut 98 is screwed down to the desired degree of tightness.
PAR  Referring now to FIGS. 6 through 11, as shown in FIG. 10, passages 74
      aligned at right angles to the radial center plane of the slot 71 extend
      transversely through the heavy chordal sections 75 of the mount 70. The
      boom 5 is mounted in the boom mount 70 by means of a pintle 105, the ends
      of which are within the passages 74. A boom mount end fitting 106 is made
      in two parts, as indicated in FIG. 10. Each of the parts of the boom
      fitting has a skirt 103 extending all the way around it except for its
      lengthwise outer ends which are open, the edges of the skirts abutting
      when the two parts are assembled. The two parts are mirror images, and
      each has an integral sleeve 107, and a stem 108, with a screw boss 109.
      Bushings 104, mounted in the sleeve 107 and on the pintle 105, have an
      annular flange at their outer ends, which engage the periphery of holes in
      brake discs 110. The brake discs 110 are circular in front elevation, but
      have a chordal boss 111 at one end, which engages the ledge 115 of the
      section 75 on either side of the boom mount 70. The fitting 106 has a
      circular face bounded by a rim 116, in which a clutch washer 112 is
      seated. The clutch washers 112 have projections on one side which extend
      into shallow indentations in the circular faces of the fitting. The other
      face of the clutch discs engages a flat face of the brake discs 110. The
      pintle 105 has a head at one end, between which and the outer end of one
      of bushings 104 is a group of spring washers 113. Similarly, the pintle
      has a nut on the other end, between which and the other end of the
      bushings 104 is a group of spring washers 113. The bushings, spring
      washers, head and nut are all of a lesser diameter than the passages 74 in
      the boom mount. Tightening of the nut on the pintle will provide whatever
      degree of bias is required to give the desired amount of clamping of the
      clutch discs 112 between the brake discs 110 and the circular faces of the
      fitting.
PAR  A square seamless hollow upper boom tube section 120 is mounted on the stem
      108 of the fitting 106 by means of screws 121 screwed into the screw
      bosses 109 of the fitting. In the embodiment shown, the boom 5 is made in
      two telescoping sections. A lower tubular section 125 is dimensioned to
      slide within the section 120. A plastic sleeve bushing 126 with a lip at
      its outer end and a projection on its inner side which takes into a hole
      in the lower tubular section 125 near its upper end and a sleeve bushing
      127 with a lip on its outer end and a projection taking into a hole in the
      upper section 120 near its lower end, serve to make the movement of the
      inner section 125 and the outer section 120 quiet, and to insulate the two
      metal tubular sections electrically from one another. A button 128 with a
      stem projecting into a hole in the wall of the inner section 125 serves as
      a stop. An arm glide brake 130 in this embodiment consists of an
      externally and internally threaded nipple 131 screwed into an internally
      threaded hole near the lower end of the upper section 120 immediately
      contiguously the outer surface of the sleeve bushing 127. A helical
      compression spring 132 bears at one end on the outer surface of the sleeve
      bushing 127, and at the other end on the inner face of a threaded plug
      133, as shown in detail in FIG. 13.
PAR  At its lower end, the boom 5 carries a yoke fitting 140. The yoke fitting
      140 has a square block 141 with a passage 142 through it, and terminates
      at its lower end in a parallel flat sided ring 143, the block 141 is
      mounted in the lower end of the boom section 125 by means of screws 134
      extending through holes in the side walls of the section 125 and into the
      block. A yoke hinge 145, made in two mirror image parts, forms a wire
      housing, hinge knuckle and swivel bearing. Each of the parts of the yoke
      hinge 45 has a skirt 146, shown in FIGS. 10 and 11, edges of which abut
      when the yoke hinge is assembled, as shown in FIG. 11. The skirt
      terminates just short of the ring 143, as shown in FIG. 10. The yoke hinge
      also includes rotating-bearing circles 147, which project within the
      compass of the ring 143 as shown in FIG. 11 revolvably to mount the yoke
      hinge on the ring part of the yoke fitting 140. Pintle bosses 148,
      concentric with the rotating-bearing circles 147 project inboard from the
      circles 147, and are provided with a passage extending entirely through
      the bosses and circles to receive a pintle 149. The pintle 149 has a
      slotted head at one end and a nut at the other.
PAR  Clearance notches 153 interrupt the rotating-bearing circles at two points.
      The yoke hinge 145 includes a yoke swivel bearing section 150, with a neck
      154 and a swivel collar 155 defining a channel. At the lower end of the
      yoke swivel bearing section, which is circular in bottom plan, the inner
      surface of the swivel collar is rabbeted to provide a seat 156. Two
      diametrically disposed fingers 157 are spaced from the bottom of the seat,
      and project radially inwardly. The fingers 157 serve a double purpose,
      that of retaining a spring washer 158 in the bottom of the seat, and of
      locating an insulating disc 159, which is provided with notches in its
      perimeter to receive the two fingers. The insulating disc 159 carries on
      its outer face an outer contact ring 160 and a center contact plate,
      concentric with but spaced from the outer contact ring. The outer contact
      ring is electrically connected to an outer contact ring lead 162. The
      center contact plate 161 is electrically connected to a center contact
      plate lead 163. The two leads 162 and 163 project into the housing defined
      by the yoke hinge, and are electrically connected to electrical conductors
      164 and 165 respectively. The conductors 164 and 165 are wrapped in
      opposite directions around the pintle bosses 148, which, being part of the
      yoke hinge, are made of electrically insulative plastic, as is the yoke
      fitting 140. The conductors 164 and 165 then enter and become part of a
      helically formed retractile cord 166, shown in FIGS. 6 and 10, wound in
      such a way as to provide ample allowance for the extension and retraction
      of the boom sections 120 and 125 with respect to one another. The other
      end of the cord 166 is brought out through the open inner end of the boom
      fitting 106, as shown particularly in FIG. 6, through the hollow shaft 79,
      through a hole in the end bell of the brake end casting 46, to a
      quick-connect plug 167 to which the conductors 164 and 165 are
      electrically connected.
PAR  A complementary plug fitting 168 is connected to conducting strips 171 and
      172 of a flat tape conductor 170, best shown in FIGS. 1 and 3. The
      conducting strips 171 and 172 are spaced apart and lie beneath broad
      surfaces of an insulative strip 173, to form the tape conductor 170. One
      end of the flat tape conductor 170 is mounted in an insulation block 174,
      from which the plug 168 extends. The insulation block 174 is mounted on a
      bracket 175 carried by the wheel block on the outer, retard end casting
      46, as shown in FIGS. 1, 4 and 6.
PAR  The other end of the flat tape conductor 170 is electrically connected to
      conductors at the wall end of the track and mount system contiguous the
      head ends of hospital beds as illustrated in FIG. 1 of Bobrick U.S. Pat.
      No. 3,354,301. Between its ends, the flat tape conductor is looped, as
      indicated in FIG. 1, the looped conductor being housed in a channel
      defined in part by the inner ledge 31 of each of the carriage tracks, as
      shown in FIG. 3. Through a short distance less than half of the total
      reach of the flat tape conductor 170, the conductor is held flat against
      an inner wall 36 by the conductor tabs 37. It will be noted that the
      conducting strips 171 and 172 are spaced inwardly from the top and bottom
      edges of the insulative strip, as shown in FIG. 3, so that the strip can
      be notched to traverse conductor tabs 37 at the desired distance.
PAR  The flat tape conductor 170 is completely flexible in the dimension shown
      in FIG. 1, so that the conductor can be flexed in the movement of the
      carriages 4 indefinitely. It is, of course, necessary that there be
      sufficient free space in the length of the chamber within which the flat
      tape conductor runs, to accommodate the tape as it "unrolls" as the
      carriage is moved away from the fixed, wall end of the tape.
PAR  Referring to FIGS. 10-16, at the outer end of the boom 5, the yoke assembly
      6 includes a yoke 185 which serves not only pivotally to support a
      reading-examination light 7 but to carry conductors and connections for
      electrically connecting the conducting strips of the flat tape 170, hence
      a source of power, to a lamp inside the housing of the examination light.
      To that end, the yoke assembly 6 includes a yoke 185, made of electrically
      insulative material, with hollow arms 187 and 188 and a hollow cross bar
      189, all with an open channel in an inside face, as shown in FIGS. 14, 15
      and 16. A closure 190, also of electrically insulative material, removably
      mounted in the channel, serves totally to enclose an interior chamber 191,
      which serves as a wireway. In this embodiment, the closure 190 is U-shaped
      complementarily to the yoke 185. Legs of the closure are chamfered along
      their long edges, the chamfers 193 seating within complementary grooves in
      the channel defining edges of the arms 187 and 188, as indicated in FIGS.
      15 and 26. A cross member of the closure has parallel edges, and fits
      directly into the channel in the yoke cross bar, as shown in FIG. 16. The
      closure is held in place by screws, as shown in FIG. 14. The two legs have
      at their lower ends semi-circular walls, as indicated in FIG. 14, and
      journals 184, fitting into a cut away portion of the side walls of the
      arms 187 and 188, as shown in FIG. 14. The legs of the closure are
      flexible, which facilitates assembly of the yoke and a light head.
PAR  On the outer face of the cross bar 189, and integral with it, is a swivel
      boss 192, which has a planar top surface 194, the plane of which lies at
      an angle to the lengthwise center line of the arms 187 and 188, as shown
      in FIGS. 14 and 16. The swivel boss 192 is formed with a cavity defined by
      outwardly convergent side walls and a bottom wall, to receive a swivel
      boss insert 195. The swivel boss insert, which is mounted by screws,
      permits the mounting of the yoke assembly 6 on the yoke fitting 140, but,
      in effect, merely completes the swivel boss. The swivel boss and insert
      together have a yoke bearing flange 196 complementary to the neck 154 of
      the yoke hinge 145, and a channel 197 shaped complementarily to the yoke
      swivel collar 155. The surfaces defining the inside faces of the yoke
      bearing flange 196 and channel 197 are perpendicular to the planar surface
      194.
PAR  A circular opening through the swivel boss 192 and insert 195 is defined by
      a seat 178 with a step 179. The seat 178 has locating tabs 180 extending
      radially inwardly a short distance. A disc 181, of electrically insulative
      material, carries on its outer surface an outer contact ring 182 and a
      central contact plate 183, which when the yoke is mounted on the yoke
      swivel bearing section of the yoke hinge 145 correlate exactly with the
      contact ring and center contact respectively of the disc 159 in the yoke
      fitting. A spring washer 284, held in place axially by the stop tabs 180,
      is mounted between the step 179 and the inner side of the disc 181. The
      disc 181 has notches to receive the stop tabs 180 slidably.
PAR  At the outer ends of the yoke arms, the yoke arms have pivot sleeve
      passages 198 aligned with one another and extending transversely through
      the outside side wall of the yoke arms. The closure 190 also has a pivot
      sleeve passage 199 concentric with a part of the journal 184, as shown in
      FIGS. 14 and 25. An electrically conducting pivot sleeve 209 is journaled
      for rotation in the passages 198 and 199 of each arm. The pivot sleeve 209
      extends through and is fixed in a thickened section of a side wall 204 of
      a reading-examination light head 200. The light head 200 includes a
      housing 201, with a top wall 202, a bottom wall 203 and side walls 204. A
      handle 205 is made integral with the light head housing 201 and projects
      from the bottom wall 203.
PAR  The light head housing also includes a radiation shield lip 206 which
      extends around the inside wall of the housing substantially inboard of the
      mouth of the housing, as shown in FIG. 16, and louver mounting pads 207
      slightly inboard of the radiation shield lip 206, as shown in FIG. 15.
PAR  As can be seen in FIG. 16, the walls 202, 203 and 204 diverge in a
      direction away from the mouth of the housing, so that a rear open end is
      of greater area than the mouth. The inner surface of the housing at its
      rear end is rabbeted.
PAR  As has been indicated, the pivot sleeves 209 extend through the side walls
      of the housing. They project a short distance into the interior of the
      housing, and are provided near their inner end with an annular groove 210.
      The sleeves 209 project a longer distance outwardly from the housing, to
      accommodate a spacer 212 of electrically insulative material between the
      side wall 204 and the inside surface of the yoke arms 187 and 188, and to
      extend through the yoke arms. A yoke pin 211 of electrically insulative
      material has a stem 217 which extends through the pivot sleeve 209 into
      the interior of the housing 201, and a head 216 on its outside end. Spacer
      218 is shown as mounted between the underside of the head 216 and the yoke
      arm 188.
PAR  Near its inner end, the stem 217 has an annular snap-ring groove 219 in
      which a snap-ring 220 is seated. A Heyco bushing 221 is mounted on the
      stem 217 between the snap-ring 220 and the pivot sleeve 209, as shown in
      FIG. 15.
PAR  A radiation shield 230, rectangular in end elevation, and made of
      reflective material, has its inner end positioned between the radiation
      shield lip 206 and the inner surface of the walls 202, 203 and 204. The
      inner end of the radiation shield 230 is flared, as shown in FIGS. 15 and
      16, and the space between the radiation shield 230 and the inside surface
      of the housing 201 is filled with thermally insulative material 231, such
      as glass wool.
PAR  A generally rectangular louver 232, with convergently inwardly directed
      bounding walls is provided with ears 233 corresponding in position to the
      louver mounting pads 207 on the housing, and the louver 232 is mounted to
      the pads by means of screws, as shown in FIG. 14. The size and shape of
      the louver 232 is such as to leave a passage all the way around the
      louver, between the louver and the housing and the louver and the
      radiation shield 230, interrupted only by the small pads and ears by which
      the louver is mounted.
PAR  Inboard of the louver, and mounted within the confines of the radiation
      shield 230, is a heat sink 240. The heat sink 240 is a heavy extruded
      aluminum sleeve, with heat radiating fins 240 projecting outwardly from
      the outside surface of the heat sink, extending, in parallel ranks, fore
      and aft of the lamp housing, and spaced to provide passages between them
      for the free flow of air. The radiation shield 230 is made in two C-shaped
      parts, long side edges of which overlap. The corners of the parts are
      formed on a radius except through the length intermediate their ends
      slightly greater than the length of the heat sink, where the corners are
      embossed outwardly to provide a debossed inside seat of each corner to
      receive corner fins of the heat sink. The radiation shield and the heat
      sink 240 are mounted tightly together by rivets 235 which project through
      the overlapping edges of the radiation shield 230. The caging of the fins
      in the seats locates the heat sink accurately and precludes shifting of
      the heat sink. The arrangement also limits the contact between the heat
      sink and the radiation shield to line contact.
PAR  The radiation shield 230 has an opening in it, in which the Heyco bushing
      221 is seated, as shown in FIG. 15. The stem 217 of the yoke pin 215 thus
      projects into a space between the radiation shield 230 and the wall of the
      heat sink 240, in a space between successive fins.
PAR  Mounted within the heat sink 240 is a reflector 250. The reflector 250 is
      made of semi-specular material, has an outwardly extending lip 251 with
      holes in it, and has a lamp receiving opening 252 in a curved rear wall.
PAR  A filter 255 is mounted in a U-shaped gasket 257 caged between the lip 251
      of the reflector 250 overlying an end face of the heat sink 240 and an
      L-shaped filter frame 256, which has holes in its corners, aligned with
      the holes in the lip 251, to receive screws 257, extending into suitable
      openings in the heat sink 240. The corners of the filter 255 are cut off
      to permit the screws to clear, and the filter and the filter frame close
      the end of the heat sink 240.
PAR  An electrically conductive spring 213 is mounted in physical and electrical
      contact with the pivot sleeve 209 in the pivot sleeve groove 210. A short
      end 214 of the spring 213 bears on the inside surface of the wall 204 on
      one side of the pivot sleeve 209 and a long end 215 of the spring 213
      bears on the inside surface of the wall 204 on the other side of the pivot
      sleeve near the rear opening of the housing 201. The spring 213 is
      elongated, and relatively wide as compared with the diameter of the
      conductive pivot sleeve 209, slopes inwardly of the housing in a direction
      from its ends toward the groove 210, and is biased tightly into engagement
      with the inner surface of the wall 204.
PAR  Near its outer end, the electrically conducting pivot sleeve 209 is in
      sliding electrical and mechanical engagement with a double hairpin-type
      spring contact 223 mounted in the end of the arm of the yoke
      concentrically with the passages 198 and 199. The hairpin contact 223 is
      electrically connected to one end of a conductor 224, which extends
      through the wireway defined by the yoke walls, to one of the contact ring
      or contact plate in the yoke swivel boss, by way of a lead from the ring
      or plate.
PAR  It will be understood that identical pivot sleeves, yoke pins, electrical
      contacts and conductors are provided on both sides of the yoke, as
      indicated in FIGS. 14 and 15.
PAR  Near the rear end of the housing 201, passages 258 through the side walls
      204 are sized to receive the heads of socket head screws 259. The passages
      258 are aligned with the center line of the springs 213, which in turn are
      parallel to the longitudinal center line of the side walls 204, and
      perpendicular to the plane defined by the outer edge of the rear end of
      the housing. Socket head screws 259, of plastic, have a threaded shank,
      which screws into a hole on the longitudinal center line of a lamp spring
      contact 260. The lamp spring contact 260, one on either side, are
      electrically insulated from one another, and form parts of a lamp and
      switch assembly carried by a light head housing closure 265.
PAR  The light head housing closure 265 includes a stepped peripheral wall 266
      which fits snugly within the rabbeted inside wall at the rear of the
      housing 201, an inverted cup-shaped hub 267, generally rectangular in
      plan, a spider 268 defining a multiplicity of passages, and an
      intermediate wall 269, which serves a strengthening, decorative and
      light-baffling function. On diametrically opposite sides, screw receiving
      bosses 270 at the junctures of legs of the spider 268 and the intermediate
      wall 269, receive screws 271, extending through holes in a cross piece 261
      of the lamp spring contact 260. Screws 272, extending through holes in the
      cross piece 261 inboard of the screws 271, are threaded into screw
      receiving bosses 273 integral with the circumferential wall of the hub
      267. The inboard end of the lamp spring contact 260 is bent parallel to
      the contact leg of the contact spring, to form a lead connecting tab 262.
      It will be seen from FIG. 15 that the contact leg of the contact spring
      260 overlies and is in tight mechanical and electrical contact with the
      spring 213 at its end 215.
PAR  The screw 272, on each side of the hub 267 serves also to mount a stepped
      socket mounting plate bushing 274 of electrically insulative material, a
      socket mounting plate 275, through which a reduced shank of the bushing
      extends and a socket mounting plate insulator 276. The socket mounting
      plate insulator 276 rests against shoulders 277 provided by support bosses
      also integral with the circumferential wall of the hub, at the inner open
      end of the cup-shaped hub 267. The socket mounting plate insulator is made
      of thermally insulative material. The socket mounting plate is made of
      metal, and has two internally threaded openings to receive screws 279. The
      screws 279 mount socket mounting plate bushings 280 and a socket bracket
      281, to which a socket 285 is fastened by means of a mounting bar 286 and
      screws 282. The open end of the socket 285 projects through an opening in
      the bottom of an open-topped socket box 291, made of specular material,
      which is mounted on two legs of the socket bracket 281 as shown in FIG.
      16. The specular surface of the box 291 reflects light and heat from the
      part of a lamp 290 which is not surrounded by the reflector 250.
PAR  In the embodiment shown, the socket 285 is adapted to receive a tungsten
      halogen lamp 290, specifically a 75-watt Sylvania single-ended Q/CL 28 V.,
      but the use of the particular lamp is not a part of this invention. In
      this embodiment, the voltages supplied to the lamp are approximately 22
      and 27 for reading and examination respectively.
PAR  As shown in FIG. 16, the lamp 290 projects through the lamp opening 252 and
      into the reflector 250.
PAR  The lamp socket 285 has electrical lead ears 287 projecting from
      diametrically opposite sides. A conductor 288 electrically connected to
      the tab 262 of one of the lamp spring contacts 260 is electrically
      connected directly to one of the lead ears 287 of the socket 285. An
      electrical conductor 289 connected to the other lead ear 287 extends
      through an insulating bushing in the socket mounting plate 275 and a hole
      in the socket mounting plate insulator 276 to a rotary switch 300 mounted
      in a central opening in the outer wall of the hub 267. Another conductor
      292 extends from the switch 300 to the other of the lamp spring contact
      lead connecting tabs.
PAR  Except for a mounting nut 299, an end of a switch barrel 288 on which the
      nut 299 is threaded, and the electrical conductors 289 and 292, the space
      within the cup-shaped hub 267 is filled with insulating material such as
      fiberglass 283.
PAR  It will be seen that the lamp 290, its socket 285, switch 300 and the
      electrical connections necessary to supply current from the spring contact
      213 are all self-contained upon the light head housing closure 265. The
      light head housing closure 265 is held positively in place by the socket
      head screws 259, which serve the double function of retaining the light
      head housing closure positively and of ensuring that the lamp spring
      contacts 260 are held tightly against the spring contacts 213.
PAR  When the socket head screws 259 are removed and the light head housing
      closure pulled straight away, as for relamping, the withdrawing of the
      lamp spring contacts 260 with the light head housing closure breaks all
      electrical contact with the source of current, so that the lamp can be
      replaced safely. At the same time, the position of the ends 215 of the
      contact springs 213 well inboard of the rear end of the light head
      housing, and between the inner wall of the housing and the radiation
      shield 230 ensures that no one is likely to receive a shock by touching
      one of the springs 213. As has been described heretofore, insulation 231
      fills the space between the radiation shield 230 and the inner wall of the
      light head housing 201. In order to provide for sure electrical contact,
      without the interruption of insulation between the contact springs 213 and
      260, longitudinal ribs can be provided on either side of the contacts,
      integral with and projecting inwardly from the side walls 204, and a
      closure strip.
PAR  Merely by way of illustration, the yoke 185, the light head housing 201 and
      the light head housing closure 265 can be moulded of polycarbonate
      plastic. The retard-stop disc 90 can be made of polypropylene. The boom
      members can be made of extruded aluminum.
PAR  In assembling the components of the system, the track and mounting system
      is first installed. An opening at the reference wall end, for which a
      removable cover is provided, permits the insertion within the carriage
      tracks of far end wheel blocks 49 which are initially unmounted to the
      carriage but are connected to the insulation block 174 on the free end of
      the flat tape conductor 170 as shown in FIG. 1. The carriage and near end
      wheel block, which is mounted on the carriage, are then mounted in the
      carriage tracks 30, and the far wheel block mounted, in place, on the ends
      of the throughbolts 48. The connector plugs 167 and 168 can then be
      plugged together.
PAR  The boom 5 has preferably been mounted within the boom mount 70, but the
      yoke assembly and reading-examination light are not attached. To install
      the yoke and light assembly, it is only necessary to remove two screws
      from the swivel boss insert 195, slide the swivel boss onto the end of the
      yoke swivel collar, and replace the swivel boss insert 195. The contact
      rings 182 and 160 mate, as do the contact plates 183 and 161. One of the
      contact rings and one of the contact plates may be made undulant, to
      ensure good contact.
PAR  It will be observed that in the system of this invention, all electrical
      contacts and connections are enclosed in such a way the patients in the
      hospital beds and the nurses, doctors, attendants and maintenance people
      are protected against shock, and the opportunity for arcing or sparking is
      practically eliminated. It will be observed that the only sliding contacts
      are within the yoke fitting boss assembly, and within the yoke arms, at
      places entirely housed within electrically insulative material.
PAR  Numerous variations in the construction of elements of the system of this
      invention, within the scope of the appended claims, will be apparent to
      those skilled in the art in the light of the foregoing disclosure. For
      example, a two-way clutch can be provided with a throw-out mechanism at
      the vertical position, to eliminate the need for the retard-brake
      mechanism. The function of the present system involving the retard-stop
      disc 90 and rollpins 100 and 101 is to prevent free swinging of the
      examination lights and booms from a position past the vertical in a
      direction away from a hospital bed with a one-way clutch. It can be seen
      by referring to FIG. 2 that if the righthand light, for example, is pulled
      to the position shown by a broken line to the left of the vertical, the
      one-way clutch mechanism will offer no resistance to the swinging of the
      light boom to and past the vertical. The configuration of the grooves is
      such as to engage the rollpins through the travel of the boom through
      35.degree. to the "far" side of vertical, so that the light stays where it
      is put until it is returned to the vertical. The grooves and rollpins also
      serve as swinglimiting stops, permitting a swing of 55.degree. in the
      direciton of the beds and 35.degree. away from the beds, from the
      vertical. A two-way clutch could be used for the same purpose, but it will
      be seen that a throw-out mechanism would be necessary to permit
      free-wheeling movement of the light in a direction toward the bed from the
      vertical.
PAR  In the embodiment shown, a three-position switch, mounted on a console on
      the reference wall, and provided with an indicator light which is turned
      on when the switch is at the high position, controls the voltage delivered
      to the lamp 290, the switch 300 serving as an on-off switch for the
      convenience of the patients. If the ribbon conductor were made with three
      conductive strips or if suitable internal circuitry were provided to
      regulate the voltage, the switch 300 could be made a three-position
      switch, in one of which the current supplied to the lamp produces
      sufficient illumination for reading, not for examination, while another
      position provides sufficient current for high-intensity illumination for
      examination purposes.
PAR  In the preferred embodiment shown, the yoke assembly and light are
      self-leveling in one plane by virtue of the spacer function of the pintle
      bosses 148, the ends of which abut and which keep sufficient clearance
      between the radial surfaces outboard of the circles 147 and the flat
      outside radial surfaces of the ring 143 to ensure easy movement of the
      yoke hinge 145. This, too, can be modified by using a ball-type mounting
      or a fixed type, but the preferred embodiment has distinct advantages, the
      swiveling of the yoke on the yoke fitting 140 and the pivoting of the
      light on the yoke providing a universal adjustment from the reference
      level.
PAR  The fore and aft braked swinging mounting of the boom on the carriage can
      also be modified or eliminated, but it, too, has desirable advantages in
      permitting easy manipulation by the examining physician without having to
      move the carriage for each new position and positioning of the
      reading-examination light beyond the travel of the carriage at both ends
      of the track, stops on the track limiting that travel to protect the flat
      type conductor. A sliding contact can be used, but its use would be
      difficult because of the rigid requirements of shielding against exposed
      arcing.
PAR  The provision of the diffusing insert in the fluorescent fixture or
      fixtures produces unique and highly desirable light distribution. With a
      conventional prism arrangement on the outboard side wall of the primary
      enclosure in which the inside, longitudinal prisms, sixteen per inch, are
      at 45.degree. on the lower side and 25.degree. on the upper side from a
      plane perpendicular to the plane of the side wall, and the transverse
      outside prisms, ten per inch, are equilateral, with an included angle of
      105.degree., a plot of candlepower distribution in a plane transverse to
      the length of the fixture takes the form of an inverted butterfly, with a
      large lobe in the direction of the floor and wall beyond the bed, a
      somewhat smaller lobe in the direction of the ceiling and a much reduced
      area directly over the bed, by virtue of the diffuser. In the longitudinal
      plane the plot is substantially circular, as would be expected from a
      planar translucent fixture, but the intensity is much reduced on account
      of the low transmisivity of the diffusing insert. This provides a bright
      wall wash as well as illumination of the ceiling, which makes the entire
      room attractive and well illuminated but at the same time a patient sees
      only a comfortable level of illumination whether lying down or sitting up.
      This permits the use of a ceiling mounted or recessed television set, for
      example. Other arrangements can be used, such for example as a primary
      enclosure with a linear bat-wing prism pattern on its lower wall, but no
      other arrangement has been found to give as desirable a lighting pattern
      as that of the preferred embodiment described.
CLMS
STM  Having thus described the invention, what is claimed and desired to be
      secured by Letters Patent is:
NUM  1.
PAR  1. In an illumination system for a medical facility, wherein an elongated
      fluorescent lighting fixture is positioned along a side of an elongated
      carriage track, the improvement comprising an elongated enclosure for said
      lighting fixture, a primary lamp enclosure having high brightness light
      transmitting bottom and side walls, and separate means for reducing light
      transmission and brightness of the bottom wall and a first side wall of
      the primary lamp enclosure, said first side wall facing said elongated
      carriage track, said means for reducing light transmission and brightness
      of the bottom wall and a first side wall of the primary lamp enclosure
      comprising a separate L-shaped diffuse transmitting insert mounted within
      the primary lamp enclosure.
NUM  2.
PAR  2. The improvement of claim 1 wherein the transparent second side wall of
      the primary lamp enclosure comprises prismatic surfaces, horizontally
      extending linear refracting prisms disposed on the inner surface and
      vertically extending linear prisms disposed on the outer surface.
NUM  3.
PAR  3. In an illumination system for hospital rooms, wherein a central curtain
      track is flanked by lighting boom carriage tracks and two, spaced,
      elongated fluorescent lighting fixtures are positioned one on either side
      of said carriage tracks, the improvement comprising an elongated enclosure
      for said lighting fixtures, an open-topped primary enclosure having high
      brightness light transmitting side and bottom walls and separate means for
      reducing light transmission and brightness of the bottom wall and a first
      side wall of the primary lamp enclosures, said means comprising an
      elongated L-shaped diffusing insert, mounted within the primary enclosure,
      having a low brightness light transmitting side and bottom wall, the said
      diffusing insert side wall extending along the side wall of the primary
      enclosure next to the lighting boom carriage track and said diffusing
      insert bottom wall extending along the bottom wall of said primary
      enclosure.
NUM  4.
PAR  4. In an illumination system for a medical facility, wherein an elongated
      fluorescent lighting fixture is positioned along a side of an elongated
      carriage track, the improvement comprising an elongated enclosure for said
      lighting fixture, a primary lamp enclosure having high brightness light
      transmitting bottom and side walls, and separate means for reducing light
      transmission and brightness of the bottom wall and a first side wall of
      the primary lamp enclosure, said first side wall facing said elongated
      carriage track, and the second side wall of the primary lamp enclosure
      comprising prismatic surfaces, horizontally extending linear refracting
      prisms disposed on the inner surface and vertically extending linear
      prisms disposed on the outer surface, said outer surface facing away from
      said elongated carriage track.
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PAL  An illumination device for use in a copying machine of a type wherein the
      optical system comprises an image transmitter formed by a bundle of
      optical fibers of graded refractive index. The illumination device
      comprises a halogen vapor lamp housed in position within a casing forming
      a reflector and a pair of ventilation fans arranged adjacent both ends of
      the casing for simultaneously blowing and exhausting air into and from the
      casing to cool the halogen vapor lamp within the casing. The ventilation
      fans are reversible in operation.
BSUM
PAR  The present invention relates in general to a copying apparatus of a type
      employing an optical system in the form of an image transmitter formed by
      a bundle of optical fibers of graded refractive index and, more
      particularly, to an illumination device particularly utilizable in the
      copying apparatus of the type referred to above for illuminating the
      original to be copied.
PAR  A diversity of copying machines, whatever type of copying process they
      employ, are now commercially available. Most of the commercially available
      copying machines are bulky and the recent trend in the concern of the
      related industry is development of relatively small-sized copying
      machines. Though there are numerous methods of reducing the size of a
      copying machine, one of the relatively small-sized copying machines that
      have heretofore been developed employs for its optical system an image
      transmitter composed of a plurality of "SELFOC" (a trademark registered in
      Japan and owned by Nippon Sheet Glass Co., Ltd.) lenses in a bundled
      configuration.
PAR  The SELFOC lens refers to an image transmitting optical fiber having a
      refractive index distribution in a cross section thereof that varies
      consecutively and parabolically outwards from a center portion, said
      refractive index distribution satisfying the following equation: n = N(1 -
      ar.sup.2), wherein N is a refractive index at the center, n is a
      refractive index at a distance r from the center and a is a positive
      constant. The SELFOC lens and the image transmitter formed by a bundle of
      SELFOC lenses are described in the U.S. Pat. No. 3,658,407, patented on
      Apr. 25, 1972, and therefore reference may be made thereto for the details
      thereof.
PAR  As regards the illumination device employed in a commercially available
      copying machine, since the optical system of the copying machine employs a
      spherical lens assembly which requires a relatively large space for
      installation thereof within the copying machine, a relatively large space
      is correspondingly available for installation of the illumination device
      and, therefore, any of various types of light sources forming a part of
      the illumination device can be advantageously employed. However, where the
      particular image transmitter of the type referred to above is employed in
      the optical system of the copying machine, the space available for
      installation of the illumination device is considerably limited because of
      an extremely small size of the particular image transmitter as compared
      with the spherical lens assembly. By way of example, whereas the use of
      the spherical lens assembly for the optical system of the copying machine
      requires the entire path of travel of light rays, which carries an image
      of the original to be copies, to extend on the order of 800 mm., the use
      of the particular image transmitter requires the same to extend on the
      order of 50 mm.
PAR  Therefore, it will be seen that the use of the conventional illumination
      device in the copying machine having the optical system in the form of the
      particular image transmitter would result in various inconveniences all
      attributable to heat energy emitted from a light source, for example, an
      electric lamp, due to the fact that most of the components of the copying
      machine can be arranged in relatively close relation to each other. Of
      these inconveniences, one is heating of a transparent support table, on
      which the original to be copied is placed, to an extent that an operator
      of the machine feels uncomfortable to touch and another is heating of a
      photoreceptor drum having an electrophotosensitive layer or coating on the
      outer periphery thereof, which would result in an unfavourable deformation
      of the coated layer. The worst of all would be heating of the particular
      image transmitter which adversely affects the image transmitting
      characteristic thereof in such a manner that, if a unitary optical fiber
      forming a part of the particular image transmitter is made of synthetic
      resin, the particular image transmitter would be deformed and/or that a
      binding agent made of synthetic resin and used to bundle the optical
      fibers to form the particular image transmitter would be remelted.
PAR  In order to eliminate the above mentioned inconveniences, it can be
      considered to provide an illumination device including a halogen vapor
      lamp, that is, a tungsten filament lamp containing a gaseous body of
      halogen, which halogen vapor lamp is cooled during operation of the
      copying machine by applying a cooling air in one direction to the halogen
      vapor lamp. The halogen vapor lamp is well understood as an electric lamp
      which emits a sufficient quantity of light with relatively small power
      consumption.
PAR  However, since the halogen vapor lamp undergoes a halogen regenerative
      cycle during energization thereof as is well understood by those skilled
      in the art, application of the cooling air in one direction causes
      localized areas on the lamp tube to be excessively cooled in relation to
      the other area so that the halogen vapor lamp will no longer undergo the
      halogen regenerative cycle in a satisfactory manner, which leads to tube
      blackening occurring earlier than expected.
PAR  Accordingly, an essential object of the present invention is to provide an
      improved illumination device particularly useable in a copying apparatus
      of a type wherein the optical system comprises the particular image
      transmitter formed by a bundle of optical fibers of graded refractive
      index, which comprises means for applying a cooling air alternately in
      both directions parallel to the longitudinal axis of the illuminating
      tube, thereby substantially eliminating the inconveniences inherent in the
      copying machine of a similar type.
PAR  Another important object of the present invention is to provide an improved
      illumination device of the type referred to above, wherein the cooling air
      applying means satisfactorily functions to avoid heating of some
      components of the machine surrounding the illumination device, without
      hampering the halogen regenerative cycle occurring in the halogen vapor
      lamp.
PAR  A further object of the present invention is to provide an improved
      illumination device of the type referred to above, which can be easily
      manufactured at relatively low cost.
PAR  According to a preferred embodiment of the present invention, the
      illumination device comprises a source of light employed in the form of a
      halogen vapor lamp of a tube-like shape having a sufficient length to
      illuminate substantially the entire width of a transparent support table
      adapted to support thereon the original to be copied. The halogen vapor
      lamp is mounted in position within a substantially U-sectioned casing
      having a pair of adjoining side edges which extend in substantially
      parallel relation to the plane of the support table and which define an
      opening facing the support table at an acute angle. The opening of the
      U-sectioned casing is closed by a screen, either a sheet glass or a
      contrast-building red filter, thereby providing a ventilation passage
      within the casing in a direction parallel to the lengthwise direction of
      the halogen vapor lamp.
PAR  A pair of ventilating fans are provided adjacent both ends of the casing
      and are operatively associated with each other in such a manner that when
      one of the ventilating fans rotates in one direction to blow cooling air
      into the casing, the other ventilating fan rotates in the opposite
      direction to exhaust the cooling air from the interior of the casing
      towards the outside thereof. These ventilating fans are alternately
      reversed in operation, thereby preventing the halogen vapor lamp from
      being locally cooled. The intended ventilation of the interior of the
      casing is carried out in such a manner that the halogen regenerative cycle
      occurring in the halogen vapor lamp during energization thereof can not be
      hampered.
PAR  In view of the foregoing, air heated by the lamp within the casing can be
      so positively exhausted that various components, including the particular
      image transmitter, of the copying machine can be arranged in relatively
      close relation to the illumination device of the present invention within
      the copying machine without being substantially adversely affected by the
      heat of the lamp. This feature contributes not only to reduction in size
      of the copying machine, but also to the extended service life of the
      halogen vapor lamp used.
PAR  It should be noted that the number of the ventilating fans may not be
      always limited to two, but a single ventilating fan suffices.
DRWD
PAR  The objects and characteristic features of the present invention will
      become more apparent and more readily understood from the following
      description taken in conjunction with a preferred embodiment thereof with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic side sectional view of an illumination device,
      embodying the present invention, and essential components of a copying
      machine that are arranged adjacent the illumination device,
PAR  FIG. 2 is a schematic top plan view of the illumination deivce, with a
      portion broken away,
PAR  FIG. 3 is a side view of the illumination device shown in FIG. 2,
PAR  FIG. 4 is a cross sectional view taken along the line C--C in FIG. 3, and
PAR  FIG. 5 is an electrical circuit diagram showing an electrical circuit for
      ventilating fans employed in the illumination device of the present
      invention.
DETD
PAR  Referring first to FIG. 1, in which a copying machine equipped with the
      illumination device T of the present invention is illustrated, the
      illumination device T is supported in position adjacent a particular image
      transmitter 8 arranged adjacent a transparent support table 15 for
      supporting thereon the original to be copied and spaced therefrom through
      a partition member 14 made of a heat insulating material. The illumination
      device T is so positioned that rays of light emitted therefrom illuminate
      the original P on the support table 15 and are then reflected through the
      image transmitter 8 onto a photoreceptor drum 9 to project an image of the
      original P on the outer peripheral surface of said drum 9.
PAR  The photoreceptor drum 9 is rotatably mounted in position within the
      copying machine in any known manner and, around the drum 9, an
      electrostatic charger 10, a developing unit 11, a transfer charger 12 and
      a toner removal unit 13 are arranged in order and in a known manner. In
      other words, the copying machine illustrated operates in such a manner
      that, during each rotation of the drum 9, electrostatic charging,
      exposure, development, toner transfer and toner removal are sequentially
      performed.
PAR  The illumination device T comprises, as shown in FIGS. 2 to 4, a halogen
      vapor lamp 1 of a tube-like shape having both ends received by sockets
      (not shown) which are carried by associated lamp holders 2, respectively,
      a condensing lens 3 having both ends supported by lens holders 4, a
      substantially U-sectioned casing 5 having a pair of adjoining side edges
      which substantially define an opening facing the support table 15 at an
      acute angle, and a pair of vantilating fans 7a and 7b operated by a
      control circuit as will be described later, said halogen vapor lamp 1 and
      said condensing lens 3 being supported in position within said casing 5.
      The illumination device T further comprises a screen 6, which may be a
      sheet glass or a contrast-building red filter, mounted on said casing so
      as to close the opening defined by the adjoining side edges of the casing
      5. The inner surface of the casing 5 facing the halogen vapor lamp 1 is
      formed of reflectors as at 5a and 5b.
PAR  The control circuit is, as shown in FIG. 5, designed such that, when a
      switch S, adapted to be closed each time reproduction of the original P on
      a single copying material is, for example, by means of a counter which
      counts the number of actual reproductions performed by the copying
      machine, is closed, a coil C of a ratchet relay R is energized. Each time
      the coil C is energized, ratchet wheels R.sub.1 and R.sub.2 are each
      rotated through an angle of 45.degree. and, therefore, as the ratchet
      wheels R.sub.1 and R.sub.2 are stepwisely rotated, movable contacts
      M.sub.1 and M.sub.2 are alternately engaged to contacts C.sub.1a and
      C.sub.1b and contacts C.sub.2a and C.sub.2b, respectively.
PAR  Therefore, reversible motors Ma and Mb are alternately driven in the
      opposite directions. More particularly, assuming that the movable contacts
      M.sub.1 and M.sub.2 are engaged to the contacts C.sub.1b and C.sub.2a as
      shown, the motors Ma and Mb of the associated fans 7a and 7b are driven in
      the opposite directions with respect to each other to cause the fan 7a to
      blow air into the casing 5 and concurrently the fan 7b to exhaust air from
      the casing as indicated by arrow-headed broken lines in FIG. 2. However,
      when the movable contacts M.sub.1 and M.sub.2 become engaged to the
      contacts C.sub.1a and C.sub.2b, respectively, the motors Ma and Mb are
      reversed to cause the fan 7a to exhaust air from the casing 5 and
      concurrently the fan 7b to blow air into the casing 5 as indicated by
      arrow-headed full lines. It should be noted that the cooling operation
      performed in the manner as hereinabove described should be such that the
      sufficient halogen regenerative cycle will not be hampered.
PAR  From the foregoing full description of the present invention, it has now
      become clear that the aforesaid inconveniences inherent in the
      conventional copying machine can be satisfactorily and effectively
      eliminated.
PAR  Although the present invention has been fully described by way of example,
      it should be noted that various changes and modifications are apparent to
      those skilled in the art and, therefore, should be construed as included
      within the true scope of the present invention unless otherwise they
      depart therefrom.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An illumination device for use in a copying apparatus of a type wherein
      the optical system comprises an image transmitter formed by a bundle of
      optical fibers having a refractive index distribution in the cross section
      thereof, said illumination comprising a substantially U-sectioned casing
      having a pair of adjoining side edges which define an opening facing a
      transparent support surface of the copying apparatus, said surface being
      adapted to support thereon an original to be copied, the inner surface of
      said casing forming a reflector, a source of light mounted in position
      within said casing, means for, upon receipt of rays of light from said
      light source, producing a slit-shaped beam of light to illuminate the
      original on the support-surface, and cooling means for directing cooling
      air alternately in both directions past said light source and parallel to
      the longitudinal axis thereof.
NUM  2.
PAR  2. An illumination device as claimed in claim 1, wherein said light source
      is a halogen vapor lamp.
NUM  3.
PAR  3. An illumination device as claimed in claim 2, wherein said cooling means
      comprises at least one ventilating fan arranged adjacent one end of said
      casing.
NUM  4.
PAR  4. An illumination device as claimed in claim 2 wherein said cooling means
      comprises a pair of ventilating fans, each said fan arranged adjacent
      opposite ends of said casing and operable synchronously in the opposite
      relation to each other.
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ABST
PAL  A combination key operated vehicle door lock and burglar alarm switch
      having a cylinder lock which is mounted on the vehicle door and operated
      by a prescribed key. A semi-circular shaft axially extends from the
      cylinder lock and supports a latching device which is utilized for
      controlling the opening and closing of the door, as well as a switch
      device which is utilized for completing the electrical circuit of the
      burglar alarm system. The single key is utilized to both operate the
      opening of the door as well as the arming of the burglar alarm.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to door locks and more particularly to a combination
      key operated vehicle door lock and burglar alarm switch.
PAR  With an increase in the number of burglaries of automobiles it is quite
      common to install burglar alarms on vehicles. The alarms require an
      activating switch which is operated by the authorized user when he leaves
      the vehicle. The activating switch is generally available external to the
      vehicle so that when the operator parks the car or leaves it for an
      extended period of time, he can activate the burglar alarm so that it will
      detect any unauthorized entry and sound the alarm. When the operator
      returns to the vehicle, the burglar alarm is deactivated so that the
      operator can re-enter the vehicle without sounding the alarm. The
      activating switch is frequently a key operated switch having a first
      position wherein the alarm is deactivated and a second position at a
      90.degree. angle from the first position wherein the alarm is actived. The
      key operated burglar alarm switch is placed at a convenient location such
      as at the front bumper or the rear bumper, and must be operated after the
      driver leaves the vehicle.
PAR  While conventional key operated burglar alarm switches are quite prevelant,
      they have not been as effective as possible because of the inconvenience
      involved in using them. Thus, when the operator of the vehicle leaves the
      vehicle, he generally locks his car but finds it inconvenient to walk to
      the front bumper or rear bumper and indepently operate the burglar alarm
      key switch to activate it. As a result, the operator often leaves the
      vehicle without activating the burglar alarm. Similarly, when the operator
      returns, he must first go to the bumper and deactivate the burglar alarm
      and subsequently return to the door and open it. Because of the
      inconvenience involved, the operator will frequently neglect to deactivate
      the burglar alarm and a false alarm will be triggered. These situations
      are especially aggravated when the operator must enter and exit his
      vehicle numerous times a day.
PAR  Accordingly, in accordance with the present invention, there is provided a
      combination key operated vehicle door lock and burglar alarm switch which
      operates by means of a single key to simultaneously open and close the
      door of the vehicle and at the same time activate and deactivate the
      electrical circuit of a burglar alarm system. As a result, by means of a
      single key, when the operator comes to the vehicle he can simultaneously
      open the door and deactivate the burglar alarm. Similarly, by means of the
      same key, when leaving the vehicle, he can lock the door and at the same
      time activate the burglar alarm. Utilizing this arrangement, the
      inconvenience of having a separate key operated burglar alarm switch is
      eliminated and each and every time the vehicle is locked, the burglar
      alarm will automatically be activated.
PAR  However, a special problem is encountered in connection with vehicle door
      locks. With most cylinder locks, such as are used in houses, there is a
      first position where the lock is closed and a second position where the
      lock is open, wherein the second position is generally at 90.degree. or at
      180.degree. with respect to the first position. Thus, a key is inserted
      into the lock, rotated a prescribed number of degrees and removed from its
      new position. Therefore, the key will be inserted and removed in different
      positions. However, in conventional vehicle door locks the key is
      inserted, rotated an arcuate number of degrees in one direction and then
      rotated back to its initial position where it is removed. Similarly, when
      closing the vehicle, the key is inserted, rotated an arcuate number of
      degrees in the opposite direction, and again it is returned to its initial
      position for removal. Thus, in vehicle door locks the key is inserted and
      removed in its identical position. The opening and closing is achieved by
      turning the key a requisite number of degrees in either of the two
      directions. However, the key is always removed from the same position.
      Therefore, in order to provide the combination vehicle door lock and
      burglar alarm switch of the present invention, it is necessary to provide
      a unique combination of parts with a unique structure in order to permit
      the conventional vehicle door lock to simulataneously operate the door
      lock and a switch means interconnected to the electrical circuit of a
      burglar alarm.
PAR  It is therefore an object of the present invention to provide a combination
      key operated vehicle door lock and burglar alarm switch.
PAR  A further object of the present invention is to provide a cylindrical lock
      for a vehicle wherein a single key can unlock the door and simultaneously
      deactivate the burglar alarm.
PAR  Another object of the present invention is to provide a vehicle door lock
      which also serves to operate a switch for a burglar alarm, wherein the key
      is inserted and removed in the same position.
PAR  Yet another object of the present invention is to provide a simple,
      inexpensive and easily installed combination key operated vehicle door
      lock and burglar alarm switch.
PAR  These and other objects, features and advantages of the invention, will, in
      part, be pointed out with particularity and will, in part, become obvious
      from the following more detailed description of the invention, taken in
      conjunction with the accompanying drawings which form an integral part
      thereof.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention describes a combination key operated vehicle door
      lock and burglar alarm switch comprising a cylindrical lock adapted to be
      mounted on the vehicle door and including an approximately semi-circular
      shaft axially extending toward the inside of the door and capable of being
      rotated an arcuate amount in either direction by a proper key. A latch
      means which controls the opening of the door is rotatably mounted on the
      shaft. A switch means which completes the electrical circuit of the
      burglar alarm is also rotatably mounted on the shaft. Both the latch means
      and the switch means include a circular opening through which the shaft is
      located. A notched portion extends into the circular openings above the
      semi-circular shaft. Using this combination, when the semi-circular shaft
      is rotated in one direction, it engages the notched portions of both the
      latch means and switch means to rotate both said last mentioned means in
      one direction, whereby the door opens and simultaneously the electric
      circuit is opened. When the shaft is rotated in the opposite direction, it
      engages the notch portions of both the latch means and the switch means,
      whereby both said last mentioned means are rotated in the opposite
      direction to thereby lock the door and complete the electric circuit of
      the burglar alarm.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a view of the lock of the present invention located on a car door
      as viewed from the outside;
PAR  FIG. 2 is an exploded isometric view of the lock in accordance with the
      present invention;
PAR  FIG. 3 is a side view of the lock including a partially cut-away section;
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3 schematically
      coupled into the burglar alarm system; and
PAR  FIG. 5 is a sectional view, similar to the view shown in FIG. 4 and showing
      an alternate embodiment of the present invention schematically coupled
      into the burglar alarm system.
PAR  In the various figures of the drawing, like reference characters designate
      like parts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the FIGS. 1-3, there is shown the lock of the present
      invention shown generally at 10. It is noted that the lock is mounted as a
      conventional vehicle lock and is located on the door 12 of a vehicle below
      the door handle 14. The lock comprises a typical cylinder lock portion 16
      and includes an axially extending semi-circular shaft 18 which passes from
      the rear of the lock. The shaft includes a circular central hub 20 which
      is directly coupled to the cylinder 22 in the center of the cylindrical
      lock 16. The cylindrical lock is operated by means of a key 24 which is
      inserted within the cylindrical lock.
PAR  As is well known, the lock includes a number of pin tumblers 26 of
      different lengths and each having two segments. The pins are pressed down
      by springs 28 to engage with holes in the cylinder 22 thereby preventing
      the cylinder from rotating. When the proper key is inserted into the lock,
      lower segments of the pin tumblers are raised by exactly the correct
      amount to bring their tops flush with the outer surface of the cylinder.
      As the two segments of each tumbler are separate and not interconnected,
      the cylinder is then free to rotate when the key is turned.
PAR  Positioned on the semi-circular shaft is a latch device 30 which includes
      an opening 32 to which a bolt is coupled to open and close the vehicle
      door, as is well known in the art. A disk like switch plate 34 is also
      positioned on the shaft 18 which is utilized to electrically complete the
      circuit of the burglar alarm.
PAR  Both the switch plate 34 and the latch device 30 include a central opening
      36 of generally circular shape which is fitted to just pass over the shaft
      18. A notched portion 38 extends downward into the circular opening 36 and
      is positioned to be above the semi-circular shaft when the switch plate 34
      and the latch device 30 are positioned on the shaft. The notched portion
      38 occupies less than a semi-circle. An annular groove 40 is located on
      the semi-circular shaft to accommodate a fastening clip 42 which is
      positioned outwardly of both the switch plate 34 and the latch device 30
      to retain the last two items in position on the shaft.
PAR  The operation of the cylindrical lock to control the activation of the
      burglar alarm can best be explained with regard to FIG. 4. In conventional
      vehicle door locks, the key is inserted into the cylindrical lock and is
      rotated in one direction a fixed number of degrees whereby the door is
      opened. The key is then returned to its initial position and removed.
      Similarly, to lock the door, the key is inserted and the lock turned in
      the opposite direction, whereupon the key is again returned into its
      initial position for removal. Therefore, the key is always inserted and
      removed in the same upright position. The switch plate must therefore be
      of a structure to accommodate this type of operation of a key and a
      cylindrical lock. It is noted that the semi-circular shaft 18 will rotate
      in the same direction as does the key. As the semi-circular shaft 18
      rotates in one direction, for example, clockwise, the edge 44 of the
      semi-circular shaft will engage the left portion of the notch 38 and will
      cause the plate 34 to rotate in a clockwise direction. However, the shaft
      18 can then be returned to its initial position without having the plate
      34 moved, since the edge 44 will no longer engage the notched portion and
      the edge 46 will not have reached the opposite edge of the notch 38. The
      semi-circular shaft can rotate in the open space of the circular opening
      36. When the key is subsequently inserted and turns the cylindrical lock
      in the opposite direction, the edge of the semi-circular shaft 46 will now
      engage the notch 38 on its opposite side and as the semi-circular shaft
      rotates in a counter clockwise position it will cause the plate 34 to also
      rotate in a counter clockwise position. However, again the shaft can be
      returned to its initial position for removal of the key without causing
      the plate to return to its original position.
PAR  In the embodiment shown in FIG. 4 the plate 34 is made of conductive
      material and a cutaway section 48 is located along a portion of the
      circumference of the plate. A contact terminal 50 is positioned adjacent
      the circumference of the plate 34 such that when the plate is rotated, the
      terminal 50 will engage the circumference of the plate itself. However,
      when the cutaway portion 48 is adjacent the terminal 50 there will not be
      any contact to the terminal. One end of the circuit, for example the
      ground terminal 52, is coupled to the conductive plate 34, while the other
      part of the burglar alarm circuit 54, together with the energy source 56,
      is coupled to the terminal 50.
PAR  In operation, when the key is inserted in the cylindrical lock and the
      shaft 18 is rotated in a clockwise direction, the plate 34 will also
      rotate in a clockwise direction whereby the terminal 50 will contact the
      plate 34 and the electrical circuit will be completed thereby activating
      the burglar alarm. The key can then be removed in its same original
      position in which it was inserted without effecting the burglar alarm
      circuit. Subsequently, the key is again inserted in the lock and the shaft
      is now rotated in a counter clockwise position whereby the plate 34 will
      also rotate in a counter clockwise direction. When the cutaway section 48
      reaches the terminal 50, the burglar alarm circuit will be open and the
      circuit will be deactived. The key can again be turned to be removed in
      the same position in which is was inserted, without effecting the burglar
      alarm.
PAR  Referring now to FIG. 5 there is shown an alternate embodiment of the
      present invention wherein the same structure is noted except that the
      plate 34 is now made of non-conductive material and there is located a
      conductive strip 58 along the surface of the plate 34. Two terminals are
      utilized 60, 62, which are interconnected to two ends of the burglar alarm
      circuit 54 in series with battery 56. As the shaft 18 is rotated in a
      clockwise direction, it will engage the notched portion 38 to cause the
      plate 34 to rotate in a clockwise direction until the terminals 60 and 62
      are both in contact with the electrical conductor strip 58 thereby
      electrically interconnecting the terminals 60, 62 and completing the
      series circuit of the burglar alarm to activate it. Subsequently, when the
      shaft 18 is rotated in a counter clockwise direction it will engage the
      notch 38 to turn the plate 34 in a counter clockwise direction until the
      terminals 60 and 62 will no longer both be in contact with the conductor
      strip 58 and the circuit will now be opened, and the burglar alarm
      deactivated. It is understood that one of the terminals 60 or 62 could be
      connected to a ground terminal as was shown in connection with FIG. 4.
PAR  For convenience, as shown in FIG. 3, the cylindrical lock 16 can include a
      recessed base portion 64 which can accommodate the switch plate 34, so
      that the latch device 30 will abut the end of the cylindrical lock and
      will not necessarily protrude any further even though the lock now
      includes the switch plate 34.
PAR  Since the latch device 30 also includes the notched portion 38 in its
      central opening 36, the same key which serves to open and close the
      electrical circuit utilizing the switch plate 34 will also serve to open
      and close the vehicle door. Thereby, utilizing the same single key, when
      it is rotated in a first direction both notched portions are engaged to
      rotate the latch device 30 and the switch plate 34 in one direction to
      open the door and simultaneously open the electrical circuit of the
      burglar alarm. When the key turns the shaft in an opposite direction, it
      engages the notched portions of both the latch device and the switch plate
      to rotate them in the opposite direction to thereby lock the door and
      simultaneously complete the electrical circuit of the burglar alarm.
PAR  Since the latch device 30 and the switch plate 34 are both free to rotate
      relative to each other on shaft 18 it is obvious that if latch device 30
      is rotated by conventional mechanism not shown contained in door 12 when
      door is being locked or unlocked from inside vehicle that switch plate 34
      will not rotate.
PAR  It is also important that there be sufficient friction between surfaces 68
      of lock 16 and surface 66 of plate 34 so that plate 34 will not rotate due
      to vibration or other false inputs.
PAR  There has been disclosed heretofore the best embodiments of the invention
      presently contemplated. However, it is understood that various changes and
      modifications may be made thereto without departing from the spirit of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combination key operated vehicle door lock and burglar alarm switch
      comprising:
PA1  a. a cylindrical lock adapted to be mounted on a vehicle door including, an
      approximately semi-circular shaft axially extending therefrom and capable
      of being rotated an arcuate amount of either direction by a key;
PA1  b. latch means for controlling the opening of the door, rotatably mounted
      on said shaft, and
PA1  c. switch means for completing the electrical circuit of a burglar alarm,
      also rotatably mounted on said shaft, each of said latch means and said
      switch means including, a circular opening receiving said shaft and a
      notched portion extending into the circular opening above the
      semi-circular shaft, whereby when said semi-circular shaft is rotated in
      one direction, it engages both said notched portions to rotate said latch
      means and said switch means in one direction to open the door and
      simultaneously open the electrical circuit, and when said shaft is rotated
      in the opposite direction it engages both said notched portions to rotate
      said latch means and said switch means in said opposite direction to lock
      the door and simultaneously complete the electric circuit.
NUM  2.
PAR  2. The combination of claim 1 and wherein said notched portion occupy less
      than a semi-circle of said circular opening.
NUM  3.
PAR  3. The combination of claim 1 and wherein said switch means comprises a
      disk of conductive material with a cut out section along the circumference
      thereof, and wherein said circular opening is concentrically located in
      said disk, and said switch means is sufficiently restrained from rotating
      by friction means.
NUM  4.
PAR  4. The combination of claim 3 and further comprising a contact element
      connected to one side of the burglar alarm circuit and positioned with
      respect to said disk to engage said disk at the circumference thereof,
      said conductive disk being connected to the other side of the burglar
      alarm circuit.
NUM  5.
PAR  5. The combination of claim 1 and wherein said switch means comprises a
      disk of non-conductive material with a strip of conductive material
      located on a section thereof, and wherein said circular opening is
      concentrically located in said disk.
NUM  6.
PAR  6. The combination of claim 5 and further comprising first and second
      contact elements each respectively connected to opposite ends of the
      burglar alarm circuit and positioned with respect to said disk to be able
      to electrically contact said conductive strip.
NUM  7.
PAR  7. The combination of claim 1 and wherein said cylindrical lock includes a
      recessed base, said shaft extending from said base, and wherein said latch
      means fits into said recess.
NUM  8.
PAR  8. The combination of claim 1 and wherein said semi-circular shaft includes
      a circular hub at the center thereof, said circular hub being an extension
      of the center cylinder of the cylinder lock.
NUM  9.
PAR  9. The combination of claim 8 and wherein said shaft contains an annular
      groove positioned rearward of said latch means and said switch means and
      further comprising fastening means adapted to clip into said annular
      groove for retaining said latch means and said switch means of said shaft.
NUM  10.
PAR  10. The combination of claim 1 and wherein said cylindrical lock comprises
      a plurality of tumbler pins and a center cylinder, the tumbler pins being
      spring held into position in the center cylinder.
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ABST
PAL  Disclosed herein is circuitry for producing a signal proportional to the
      rate of recurrence of a periodic input signal applied to the circuitry.
      When an input pulse is received a timing circuit is energized to charge a
      capacitor to a predetermined level. The capacitor is then discharged
      through a resistance circuit having resistance portions which are
      electronically switched in and out of the circuit so that the discharge,
      rate of the capacitor defines the desired rate function. Then, upon
      commencement of a subsequent pulse a sample and hold circuit is actuated
      to sample the discharge level of the capacitor to provide an accurate
      indication of the pulse rate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Prior to the instant invention it was known that a rate meter could be
      provided, for example, by arranging a plurality of capacitors to be
      charged to different voltage levels, and by connecting the capacitors
      through diodes to a discharge resistor, so that the discharge voltage
      across the resistor decreased in a manner defining a rate function due to
      the sequential connection of the respective capacitors into the discharge
      circuit as the diodes were in turn biased into conductive states by
      decreasing voltage. However, various drawbacks exist with respect to such
      prior art circuits in that the required plurality of capacitors have
      different tolerances, and the required diodes for switching the capacitors
      into the discharge circuit must have matched switching points.
      Accordingly, it is an object of the present invention to provide a rate
      meter circuit having improved accuracy and reliability characteristics
      with respect to the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention there is provided a circuit for sensing
      the leading edges of recurring pulses, and for using each of those sensed
      signals to actuate a charging circuit for charging a capacitor to a
      predetermined level, during a predetermined time interval, whereupon the
      capacitor is then discharged through a series circuit formed by a
      plurality of resistors. The rate of recurrence of the input pulses is
      determined by sensing the discharge voltage of the capacitor upon
      initiation of the next succeeding input pulse, since the capacitor voltage
      will then be related to the period between such input pulses. To
      accomplish this function the preferred embodiment of the invention
      includes a sample and hold circuit, connected for actuation by the sensed
      impulses, and coupled to the capacitor to receive its sample voltage
      therefrom.
PAR  However, the discharge rate of the capacitor connected in an RC circuit
      defines the function e.sup..sup.-t/T, so that in the circuit described
      above some type of decoding step is necessary in order to convert the
      non-linear discharge voltage from the capacitor to a value which would
      give the function 1/t, corresponding to the rate of recurrence of the
      input signal where t is the time duration for one period of the recurring
      signal. In the present invention the necessity of performing such a
      decoding step is precluded by an electronic switching circuit connected to
      the plurality of series connected resistors in the discharge path in order
      to alter the resistance of that discharge path during the discharge of the
      capacitor, so that the characteristics of the discharging voltage across
      the capacitor is modified to provide the function 1/t.
PAR  The electronic switching circuit accomplishes its desired result by adding
      one or more break points in the capacitor discharge curve, so that its
      discharge rate slows down. The number of such break points needed is
      determined by the accuracy required and the desired dynamic range of the
      circuit. In the preferred embodiment of the invention these break points
      are added by switching additional resistors into the discharge path of the
      capacitor.
PAR  In a specific embodiment of the invention there are five series connected
      resistors defining the discharge path for the capacitor, and a first
      switch is connected in parallel with the first two of such resistors,
      while a second FET switch is connected in series with the first such
      switch and in parallel with the third one of such resistors in the series
      connected path. The gate electrodes of the first and second FET switches
      are connected to respective threshold detectors, each having a first input
      to receive the charged voltage of the capacitor, and each having a second
      input connected respectively to different bias sources, so that when the
      full predetermined charge is present on the capacitor, both of the
      threshhold detectors provide positive outputs for biasing the first and
      second FET switches into their conductive states. Then, as the capacitor
      discharges to the sequential threshold levels, the detectors sequentially
      cut off the switches, so that the entire resistance circuit is eventually
      coupled into the discharge path. Accordingly, at the start of the
      discharge period for the capacitor, three of the resistors in the series
      connected discharge path are shorted by the FET switches so that the RC
      time constant for discharging the capacitor is at a relatively low level.
      Then, as the voltage across the capacitor decreases one of the threshold
      detectors is caused to switch its output to a negative signal thereby
      cutting off the first FET switch so that an additional pair of resistors
      is switched into the series connected discharge path. This increases the
      RC time constant thereby modifying the original discharge characteristic
      of the capacitor circuit; and, upon further discharge of that capacitor
      voltage the second threshold detector produces a negative output signal
      which cuts off the second FET switch thereby effectively inserting the
      remaining resistor into the discharge path, and again increasing the RC
      time constant to further modify the discharge characteristic of the
      capacitor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying drawing illustrates, in schematic form, a preferred
      embodiment of a rate meter according to the instant invention.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In a preferred embodiment of the invention, as illustrated in the drawing,
      a periodic signal such as a pulse train is connected to a differentiator
      circuit comprising a capacitor 10 and a pair of resistors 12 and 14,
      wherein the capacitor 10 and the resistor 12 are connected in series to
      the base electrode of a transistor 16, while the resistor 14 is connected
      across the base emitter junction of that transistor. The transistor 16
      serves as an amplifier and has a collector resistor 18 connected to a
      source of positive voltage, while the emitter of the transistor 16 is
      connected to a source of negative voltage. The output of the amplifier,
      taken at the collector of transistor 16, is applied through an inverter
      circuit 20 to a one-shot multivibrator 22 which generates a signal for a
      predetermined length of time commencing with the leading edge of the input
      signal applied to the differentiator capacitor 10.
PAR  The output from the multivibrator 22 is applied to an amplifier 24 which
      applies a charging current to an RC circuit comprising an adjustable
      resistor 26 connected in parallel with a diode 28 and a capacitor 30.
      Since the multivibrator 22 and amplifier 24 provide a charging signal at a
      known voltage for a known period of time, the capacitor 30 can be charged
      to any desired voltage by manipulation of the adjustable resistor 26. At
      the completion of the output signal generated by the one-shot
      multivibrator 22, the charging circuit is cut off from the capacitor by
      the diode 28, so that the amplifier 24 and adjustable resistor 26 have no
      effect on the discharge of the capacitor 30, whereby such discharge
      depends solely on the characteristics of an output circuit connected to
      the junction 32 between the capacitor 30 and the diode 28.
PAR  One portion of the output circuit connected to the junction 32 is defined
      by five resistors connected in series between that output junction and
      ground, wherein the first and fifth resistors 34 and 36 are fixed
      resistors and the remaining three resistors 38, 40 and 42 in the series
      circuit are adjustable.
PAR  In order to modify the discharge characteristic if the RC circuit to
      provide a rate function, a pair of FET switches 44 and 46 have their
      principal conducting electrodes connected in series between the output
      point 32 from the capacitor 30 and the junction of the third and fourth
      resistors 40 and 42. Also, the junction 48 between the two switches 44 and
      46 is connected to the junction between the resistors 38 and 40, whereby
      it is seen from the drawing that the switch 44 is connected in parallel
      with the resistors 34 and 38, while the switch 46 is connected in parallel
      with the resistor 40. The gates of the FET switches 44 and 46 are
      connected to the respective outputs of a pair of threshold detector
      circuits 50 and 52 each having their positive input terminals connected to
      the output point 32 from the capacitor 30, and having negative bias inputs
      connected to respective adjustable positive potential sources.
PAR  In operation, both of the threshold detectors 50 and 52 provide a positive
      output when the voltage across the capacitor 30 is at a maximum value so
      that the resistance portion of the RC time constant is defined solely by
      the resistors 36 and 42 at the beginning of the discharge cycle of the
      capacitor 30. The voltages at the negative inputs to the threshold
      detectors 50 and 52 are arranged so that the detector 50 switches and its
      output to a negative value in response to a decreasing voltage across the
      capacitor 30 prior to a corresponding charge in output voltage of the
      detector 52. Thus, as the voltage across the capacitor decreases the
      device 44 switches to its non-conductive state thereby inserting the
      resistors 34 and 38 into the RC discharge circuit. Subsequently, as the
      voltage across the capacitor 30 decreases further, the threshold detector
      52 provides a negative output which cuts off the FET switch 46 so that the
      entire series resistance circuit 34-42 is connected into the discharge
      path. It will be appreciated that the proper adjustment of the resistors
      38, 40 and 42, as well as the proper adjustment of the voltages applied to
      the negative inputs of the threshold detectors 50 and 52, will result in a
      discharge characteristic for the capacitor 30 which defines an accurate
      rate function.
PAR  The modified discharge voltage characteristic of the capacitor 30 is
      applied to a sample and hold circuit 54 including a buffer amplifier 56; a
      sampling switch 58 connected in series between the output of the buffer
      amplifier 56 and a series connected resistor 60 and capacitor 62; and, an
      FET output transistor 64 connected to a load resistor 66. The gate
      electrode of the sampling switch 58 is connected for actuation to the
      output of an amplifier 68 having its input in turn connected to the output
      of the amplifier transistor 16 which detects the leading edge of the
      differentiated input signals applied to the capacitor 10. Sample and hold
      circuit 54 operates to sample the voltage across the capacitor 30 at the
      commencement of each input signal applied to the input capacitor 10, so
      that it can be seen that the output device 64 provides an output voltage
      which is updated at the time of each input pulse to define the recurrence
      rate of the pulses. This result is attainable since the voltage on the
      capacitor 30, which is sampled by the circuit 54, is directly proportional
      in magnitude to the rate of input pulses applied to the circuit, and can
      be applied to a voltmeter mechanism to give a direct reading of the rate.
PAR  Among other applications, the rate meter circuit described herein is
      particularly adaptable for combination with a respiratory test device
      which produces output information related to the breathing characteristics
      of a patient. For example, the input signals can be derived from a
      detector such as a bellows switch for sensing successive exhalations of a
      patient, so that the rate signal generated by the circuit will indicate
      the patients breathing rate. Thus, the capacitor voltage (R) which is
      sampled and held will satisfy the equation R = 1/t, where the voltage R
      indicates the patient's breaths per minute and the value t is the time, in
      minutes, for each breath.
PAR  Also, it is to be understood that the circuit for altering the discharge
      rate of a capacitor, as disclosed herein, can be modified to change that
      discharge rate to conform to a multitude of different types of curves
      depending upon whether the FET switches connected in parallel with the
      discharge resistors are switched into or out of conduction as as the
      voltage across the capacitor decreases. For example, in the circuit
      illustrated in the schematic drawing hereof, the FET switches can be
      connected to change from nonconductive to conductive states as the
      capacitor discharges, so that the resultant discharge curve will be
      linearized.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rate signal generating circuit for determining the rate of recurrence
      of electrical signals, said circuit comprising means for sensing said
      electrical signals, a capacitor, charging circuit means connected between
      said sensing means and said capacitor to charge said capacitor to a
      predetermined voltage level during a predetermined time interval in
      response to the sensing of one of said electrical signals, a plurality of
      resistors connected in series and coupled to said capacitor to provide a
      discharge path therefor, electronic switch means connected to said
      resistors and said capacitor for shorting selected said resistors in
      response to predetermined charged voltages across said capacitor, wherein
      said capacitor discharges to define a rate function, and sample and hold
      means coupled to said capacitor and said sensing means for actuation by
      each successive said electrical signal to provide an output voltage
      proportional to the rate of recurrence of said signals.
NUM  2.
PAR  2. A rate signal generator as set forth in claim 1 wherein said plurality
      of resistors connected in series comprises at least three resistors, and
      wherein said electronic switch means comprises first and second FET
      switches connected in parallel with respective ones of said three
      resistors, said FET switches having gate electrodes, said electronic
      switch means further including first and second threshold detector means,
      each having first inputs connected to said capacitor, and having second
      inputs for connection to respective different sources of bias voltages,
      said threshold detector means each having outputs connected respectively
      to said gate electrodes of said FET switches, wherein said first and
      second threshold detector means are energized sequentially by a
      discharging voltage across said capacitor to sequentially actuate said FET
      switches, thereby altering the said discharge resistance path connected to
      said capacitor.
NUM  3.
PAR  3. A rate signal generator circuit as set forth in claim 2 wherein said
      sample and hold means comprises a buffer amplifier having an output, and
      having an input coupled to said capacitor, an FET sample switch, a signal
      storing capacitor connected through said FET sample switch to the output
      of said buffer amplifier, said FET sample switch having a gate electrode
      connected for control to said sensing means, and an FET output transistor
      connected to said signal storing capacitor to provide said output voltage
      proportional to the rate of recurrence of said signals.
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ABST
PAL  Reference point potential compensating circuitry for controlling phase
      control circuitry which regulates the value of a predetermined parameter,
      the compensating circuitry comprising means for generating a first signal
      which varies periodically with time; means, responsive to the first
      signals, for generating a second signal which periodically increases in
      amplitude with respect to time; means for generating a third signal, the
      amplitude of which is a function of the predetermined parameter; means for
      adding the second and third signals to develop a fourth signal; means,
      responsive to the first signal, for generating a fifth signal, the
      amplitude of which is a function of the frequency of the first signal;
      means for comparing the fourth and fifth signals to generate a sixth
      signal, the sixth signal being applied to the phase control circuitry to
      render the operation of the phase control circuitry independent of
      frequency or amplitude variations of the first signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a reference point potential compensating circuit
      for use in phase controllers, and especially to a compensating circuit in
      which the reference point potential of a turn-on element is varied in
      response to fluctuation in power supply frequency and/or power supply
      voltage, so that the phase-controlled wave form is not affected by the
      fluctuations in the power supply.
PAR  2. Discussion of the Prior Art
PAR  In controlling a load by phase control, for example, in phase control type
      temperature adjusters, a cosine wave form (See FIG. 1-a) or saw-tooth wave
      form Vc obtained from an a-c power supply by an integration circuit is
      superposed on a control voltage Vd representing the temperature of the
      load. The resulting wave form is compared with a constant voltage Vp and a
      pulse is produced at a coinciding point A to obtain a load voltage having
      wave form V.sub.L shown in FIG. 1-b. Many phase control circuits are known
      for switching a signal to a load to obtain a load voltage signal as in
      FIG. 1-b. These phase control circuits typically include a thyratron-type
      element which, in response to the before-mentioned pulse, switches a
      control signal at some selected phase angle thereof across the load to be
      regulated. The phase angle determines the amount of voltage applied to the
      load. Referring to FIG. 1, point A is moved with any amplitude change of
      control voltage Vd, which, in turn is caused by temperature change. Thus,
      the load voltage V.sub.L can be controlled. If the circuit is designed for
      a 60 Hz a-c power supply and if it is desirable to connect it to a 50 Hz
      a-c, the cosine wave form changes from the solid line to the broken line
      of FIG. 2-a due to a difference in integration action, and as a result,
      the phase control wave form varies as shown in FIG. 2-b. That is, since
      the period T.sub.60 in 60 Hz is smaller than the period T.sub.50 in 50 Hz,
      the maximum voltage of Vc.sub.60 is smaller than the maximum voltage of
      Vc.sub.50, establishing a relation.
      ##EQU1##
      Thus, 50 Hz as compared to 60 Hz gives a greater effective value of phase
      control voltage for the control voltage Vd. Hence in temperature
      adjusters, the device cannot be used with both 50 and 60 Hz power sources.
PAR  Also when the power supply voltage fluctuates, a fixed reference point
      voltage results in a similar inconvenience. When the power supply voltage
      increases, the point A shifts to A' increasing the turn-on angle, and the
      load voltage increases markedly with this increase in voltage. In order to
      maintain the load voltage constant, the turn-on angle should be narrowed.
PAC  SUMMARY OF THE INVENTION
PAR  In order to eliminate the above-mentioned drawbacks, this invention
      provides means for varying the reference voltage Vp automatically
      depending on the variation in power supply frequency so that the turn-on
      angle of the load voltage V.sub.L is maintained constant and independent
      of variation in frequency. The invention also automatically varies the
      reference voltage V.sub.p when the power supply voltage fluctuates, to
      also compensate for this effect.
PAR  Other objects of the invention will be apparent from a reading of the
      following specification and claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1-a and b show the phase angle and the load wave-form for a control
      signal where the reference point potential is fixed.
PAR  FIGS. 2-a and b are diagrams similar to FIG. 1, but shows the effect on the
      output voltage of power supply frequency variation.
PAR  FIGS. 3-a and b are diagrams showing the effects on the output voltage of
      power supply amplitude variation.
PAR  FIG. 4 is a schematic diagram of an illustrative reference point potential
      compensating circuit according to this invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIG. 4, the primary side of a transformer T.sub.1 is connected
      to a power supply N and the secondary is connected to a resistance R.sub.4
      and capacitor C.sub.4. The impedance of and voltage across capacitor
      C.sub.4 increases as the frequency changes from 60 to 50 Hz. The capacitor
      voltage is rectified through a diode D.sub.2 and smoothed by a smoothing
      circuit comprising capacitors C.sub.2, C.sub.3 and a resistance R.sub.3. A
      detected voltage appears at point e and is a function of the power supply
      frequency and/or amplitude as can be seen in FIGS. 2 or 3 respectively.
      This detected voltage corresponds to the voltage V.sub.p or V.sub.p.sub.'
      in FIGS. 2 or 3. V.sub.p acts as a gate voltage for a programmable
      unijunction transistor PUT.
PAR  The signal developed at terminal a corresponds to V.sub.c of FIGS. 1-3.
      V.sub.c may be taken directly or developed from the power supply N and in
      FIG. 4, the waveform shown at terminal a is derived by full-wave
      rectifying the output signal from power supply N.
PAR  The signal developed at terminal c corresponds to V.sub.d of FIGS. 1-3.
      V.sub.d is a sensing signal, the amplitude of which varies with changes in
      the value of the parameter being sensed or measured. Thus, if temperature
      is the parameter to be sensed and regulated, V.sub.d, in the embodiment of
      FIG. 4, decreases in value as the temperature increases and vice versa.
      This may be done by inserting a phase inverting amplifier between the
      sensor and the diode D.sub.1. Of course, depending on circuit design,
      V.sub.d could increase with increasing temperature and decrease with
      decreasing temperature.
PAR  At terminal d, the composite signal, V.sub.c + V.sub.d, as shown in FIGS.
      1-3 is formed. This composite signal is applied to the anode of
      unijunction transistor PUT. Transistor PUT fires when the anode voltage,
      V.sub.c + V.sub.d, slightly exceeds the gate voltage, V.sub.p, to
      discharge capacitor C.sub.1, through transistor PUT and the pulse
      transformer in the cathode circuit thereof. Thus a trigger pulse is
      applied from the secondary of the pulse transformer to the phase control
      circuit. This pulse, as discussed hereinbefore, may be conventionally used
      to fire a thyratron-like element which controls the phase angle at which a
      load voltage V.sub.L is applied to a load. The load may be an electrical
      device for heating a given area such as a heat fixing station in an
      electrophotographic copier. The load voltage V.sub.L may be taken directly
      from power supply N or phase shifted 90.degree. (as in FIGS. 1-3) or
      otherwise processed for utilization by the phase control circuit.
PAR  At terminal b, a series of pulses, as shown, are developed to insure
      complete discharge of capacitor C.sub.1 each time the full-wave rectified
      voltage, V.sub.c, becomes zero. These pulses are derived by
      differentiating either V.sub.c or the output signal from power supply N.
PAR  In operation, assume that the sensed parameter, for example -- temperature,
      increases; V.sub.d will thus decrease. In the arrangement of FIG. 1, where
      the reference point potential (corresponding to the desired temperature at
      which a given area, such as the heat fixing station of an
      electrophotographic copier, should be maintained) is fixed, the point A is
      shift to the right. Thus, the generation of the trigger pulse by
      transistor PUT of FIG. 4 is delayed thereby decreasing the ON TIME of the
      voltage V.sub.L . The ON TIME of V.sub.L is denoted by the cross hatched
      portion of V.sub.L in FIG. 1. The decrease in ON TIME results in a load
      voltage drop thereby reducing the amount of heat generated at the heat
      fixing station to reduce the temperature to the before-mentioned desired
      temperature.
PAR  The problems which result if the power supply frequency or amplitude vary
      have been discussed hereinbefore with respect to the discussion of the
      prior art.
PAR  In accordance with the present invention, when the amplitude of the power
      supply voltage increases as illustrated in FIG. 3, compensation is
      provided by varying the amplitude of the reference potential V.sub.p. The
      increased reference potential is denoted as V.sub.p .sub.'. By increasing
      the reference voltage from V.sub.p to V.sub.p .sub.', the TURN ON angle
      moves to A". Therefore, the TURN ON time of the load voltage V.sub.L in
      FIGS. 3-6 delays. Hence, the increase in the power supply voltage is
      compensated for by the delay in the TURN ON time of V.sub.L.
PAR  The above principle also applies to frequency variations of power supply N
      as illustrated by FIGS. 2a and 2b.
PAR  Thus, the presence of fluctuation in the power supply voltage charges
      capacitor C.sub.4, the charging voltage being rectified and smoothed by
      diode D.sub.2 and the smoothing circuit, so that a d-c voltage, V.sub.p,
      proportional to the input variation of the power supply appears at point
      e.
PAR  As will be clear from the foregoing, voltage V.sub.p varies automatically
      in response to the variation in power supply frequency and/or power supply
      voltage. Hence, the effective value of the phase-controlled wave form in
      the phase control circuit will not be affected by the power supply
      variation. The frequency detecting circuit may be of the R-C type as shown
      in FIG. 4 or may be any other circuit or element which produces signals,
      the amplitude of which is a function of the power supply frequency such as
      an R-L type circuit.
PAR  Thus it can now be seen that an improved reference point potential
      compensating circuit has been provided in accordance with the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Reference point potential compensating circuitry for controlling phase
      control circuitry, which regulates the value of a predetermined parameter,
      said compensating circuitry comprising means for generating a first signal
      which varies in amplitude periodically with time;
PA1  means for generating a second signal, the amplitude of which varies as a
      function of said predetermined parameter;
PA1  means for adding all values of said first and second signals to develop a
      third signal which is a substantially linear sum of said first and second
      signals;
PA1  means, responsive to said first signal, for generating a fourth signal, the
      amplitude of which is a function of the frequency of said first signal and
      which is representative of a desired value of said parameter;
PA1  means for comparing said third and fourth signals to generate a fifth
      signal when said third and fourth signals are substantially equal, said
      fifth signal being applied to said phase control circuitry so that said
      phase control circuitry can maintain said parameter at said desired value
      independent of frequency or amplitude variations of said first signal.
NUM  2.
PAR  2. Circuitry as in claim 1 where said means for generating a first signal
      comprises a power supply for generating a sinusoidal signal, the frequency
      or amplitude of which is subject to variation.
NUM  3.
PAR  3. Circuitry as in claim 1 where said means for generating said fourth
      signal comprises an R-C integrating circuit.
NUM  4.
PAR  4. Circuitry as in claim 1 where said means for generating said fifth
      signal comprises (1) a unijunction transistor, said third signal being
      applied to the anode of said transistor and said fourth signal being
      applied to the gate thereof and (2) a discharge means in circuit with said
      transistor, said phase control circuitry being connected to the cathode of
      said transistor so that when said third signal is slightly greater than
      said fourth signal, said fifth signal is applied as a pulse to initiate
      the operation of said phase control circuitry.
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ABST
PAL  A multi-level voltage supply for liquid crystal display devices employs
      complementary metal-oxide-semiconductor field-effect transistors. The
      supply circuit proper includes a p type and an n type MOSFET which are
      connected in series with each other. A plurality of n-type MOSFETs are
      grouped together in pairs with their source and gate electrodes connected
      together and being connected in parallel with the first-mentioned n-type
      MOSFET. A plurality of voltage levels are applied to the circuit, the
      lowest of which is applied to the first-mentioned n-type MOSFET.
      Intermediate voltage levels are applied to the plural parts of n-type
      MOSFETs. Multi-level voltages for driving the liquid crystal display
      devices are provided at the connection point of the P-type MOSFET and the
      N-type MOSFETs of the plurality. As a result, it is possible to prevent
      the flow of a D.C. current between the lowest level voltage source and the
      intermediate level voltage source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Description of the Prior Art
PAR  In the design of driver circuits for a liquid crystal display device, the
      life of the liquid crystal is a major consideration. When a D.C. voltage
      is applied to the liquid crystal over a long period of time, the life of
      the liquid crystal is shortened. As a result, it has become general
      practice to apply a bidirectional drive to the liquid crystal, as
      described in an article by N. A. Luce, entitled "C/MOS Digital Wristwatch
      Features Liquid Crystal Display" on pages 93-97 in Electronics, Apr. 10,
      1972. Through this technique, the polarity of the voltage applied across
      the electrode of the liquid crystal is periodically changed. Moreover, the
      periods of time for each respective polarity are symmetrical. In the
      liquid crystal drive circuit, a low frequency voltage is applied during
      the "on" state, while a high frequency voltage is applied during the "off"
      state.
PAR  Also employed are liquid crystal display devices which have visual
      threshold voltages (Vth) as described in an article entitled, "Deformation
      of Nematic Liquid Crystals with Vertical Orientation in Electrical Fields"
      by M. F. Schiekel and K. Fahrenschon in the Applied Physics Letters,
      Volume 19, Number 10, Nov. 15, 1971, page 391-398 and in the Japanese
      technical journal "Transistor gijitsu", August 1971, 104-109. In this type
      of device, the visual (optical) states are changed by controlling the
      voltage levels in dependence upon a threshold voltage. This type of
      display device drive is more suitable for dynamic indications than the
      above-described frequency drive device.
PAR  Examples of circuitry for driving liquid-crystal display devices by
      three-level voltage sources are described in U.S. patent application Ser.
      No. 419,348, entitled, "Driving System for Liquid Crystal Display Device"
      filed Nov. 27, 1973 by Y. Hatsukano and Application Ser. No. 419,442
      entitled "Driving System for Liquid Crystal Display Device" filed Nov. 27,
      1973 by Y. Hatsukano, each application being assigned to the assignee of
      the present application.
PAR  An example of a voltage supplying circuit for supplying multi-level
      voltages to liquid crystal display devices is described in Japanese Patent
      Application No. 38,728 (1974) in which complementary MOS circuits are
      employed for achieving low power consumption. The circuitry described in
      this application which employs only MOSFETs, however, has problems in that
      the threshold voltage of some of the MOSFETs becomes higher than that of
      other MOSFETs (the "substrate effect"), since the semiconductor well
      regions of some of the MOSFETs for supplying intermediate voltage levels
      are connected to a potential which differs from the voltage applied to the
      source electrodes.
PAR  In order to eliminate this undesirable "substrate effect", a circuit of the
      type shown in FIG. 1a of the drawings of the present application is
      proposed. In this circuit, a P-type MOSFET 1 is connected to each of a
      plurality of N-type MOSFETs 2, 3 and 4. MOSFET 1 constitutes part of a
      complementary MOSFET pair connected to the semiconductor substrate. A
      voltage level V1 (0 volts) is applied to the source electrode of MOSFET 1
      and other voltage levels (V2 = -20 volts), (v3 = -15 volts), and (V4 =
      -10) are applied to the source electrodes of the n-type MOSFETs 2, 3 and
      4, respectively. As can be seen from the above parametric values, the
      voltage level V1 is the highest voltage level, the voltage level V2 is the
      lowest voltage level and the voltage levels V3 and V4 are intermediate
      voltage levels.
PAR  In the circuitry of FIG. 1a, the respective regions of the MOSFETs would be
      formed as shown in FIG. 1b, which is a cross-sectional view of a substrate
      in which respective semiconductor regions have been formed to provide the
      schematic circuit shown in FIG. 1a. The source electrodes of the N-type
      MOSFETs 3 and 4, for supplying intermediate voltage levels, are connected
      to the respective well regions W2 and W3. As a result, the threshold
      voltages of MOSFETs 3 and 4 are not higher than the threshold voltages of
      MOSFETs 1 and 2, i.e. the so-called substrate effect is prevented. In this
      semiconductor device configuration, however, when MOSFET 2 is turned "on",
      current flows through the N-type drain regions D3 and D4, well regions W2
      and W3 of MOSFETs 3 and 4, to the respective voltage terminals V3 and V4,
      as shown by the curved arrows in FIG. 1b. This current flow, moreover,
      causes an undesirable increase in power consumption.
PAR  In order to prevent the formation of these current paths, the source
      electrodes of MOSFETs 3 and 4 may be disconnected from the respective
      p-type well regions W2 and W3. With such a circuit configuration, however,
      since the well regions W2 and W3 are not electrically connected to any
      fixed potential, the potentials therein will become unstable. As a result,
      the threshold voltages of MOSFETs 3 and 4 are not constant during the
      operation of the circuit.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a multi-level voltage supply
      circuit employs a P-type and an N-type MOSFET connected in series with one
      another. A plurality of N-type MOSFETs are connected in pairs and in
      parallel with the first-mentioned N-type MOSFET. The lowest voltage level
      employed is applied to the first-mentioned N-type MOSFET, while
      intermediate voltage levels are applied to the respective pairs of N-type
      MOSFETs. Through this configuration, multi-level voltages are provided at
      the connection point of the P-type MOSFET and the N-type MOSFETs.
PAR  Furthermore, the above-mentioned undesirable power consumption due to
      unwanted current flow does not occur and the threshold voltages supplied
      by the MOSFETs for supplying intermediate voltage levels remain constant
      during the operation of the circuit.
PAR  Moreover, it is possible to simplify the circuit design of the structure in
      integrated circuit form with respect to bias potentials and other thermal
      conditions.
PAR  The multi-level voltage supply circuit of the present invention is
      applicable especially to liquid crystal display devices which are employed
      in electronic wristwatches, small-sized electronic desktop calculators,
      and in general, circuits requiring multi-level voltage supply sources.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a and 1b depict a multi-level voltage supply circuit in schematic
      form and in its cross-sectional semiconductor structure, respectively;
PAR  FIGS 2a and 2b depict a preferred embodiment of the multi-level supply
      source of the invention in schematic and in its semiconductor
      cross-sectional form, respectively;
PAR  FIG. 3 illustrates a schematic representation of a modification of the
      invention depicted in FIG. 2; and
PAR  FIG. 4 illustrates a logic circuit for producing the input voltages
      suitable for application to the multi-level supply circuit of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  With reference to FIGS. 2a and 2b of the drawings of the present
      application, a p-channel MOSFET 10 and an n-channel MOSFET 20 are
      connected in series between voltage supply terminals V1 and V2. To the
      gate electrodes of these transistors are applied input voltage IN.sub.1
      and IN.sub.2, respectively. Connected to the common connection point of
      transistors 10 and 20 are a plurality of pairs of MOSFETs 30-31 and 40-41.
      The source electrodes of transistors 30 and 40 are connected to bias
      voltage sources V3 and V4 through MOSFETs 31 and 41, respectively. The
      source and gate electrodes of MOSFETs 30 and 31 and the source and gate
      electrodes of MOSFETs 40 and 41 are connected in common, respectively. The
      drain-substrate junctions (backward-biased junctions) of MOSFETs 31 and 41
      prevent the formation of a D.C. current path which would otherwise exist
      between sources V2 and V3 and between sources V2 and V4, respectively. The
      output voltage is derived at terminal OUT.
PAR  As is shown in FIG. 2b, an N-type silicon substrate 100, having a
      resistivity of 1 to 2.OMEGA.cm has a plurality of P-type well regions W1,
      W2 and W3 diffused to a depth of about 8 microns by conventional selective
      diffusion techniques, simultaneously. The surface impurity concentration
      of these regions is about 5 .times. 10.sup.16 /cm.sup.2.
PAR  Then, N-type source and drain regions are diffused into the well regions to
      form the source and drain regions of MOSFETs 20, 30, 31, 40 and 41,
      simultaneously. These diffused source and drain regions extend to a depth
      of about 1.5 microns into the well regions and have a surface impurity
      concentration of about 10.sup.20 atoms/cm.sup.2.
PAR  Next, P.sup.+ type contact regions C.sub.20, C.sub.30 and C.sub.40 are
      simultaneously selectively diffused into the well regions. The surface
      impurity concentrations of these regions are higher than those of the
      N-type source and drain regions of MOSFETs 20, 30, 31, 40 and 41.
PAR  The sources S.sub.30 and S.sub.31 of MOSFETs 30 and 31, as well as the
      sources S.sub.40 and S.sub.41, of MOSFETs 40 and 41 may be formed as
      continuous diffused regions, respectively, since they are respectively
      interconnected with each other and to contact regions C.sub.30 and
      C.sub.40, respectively.
PAR  Regions 107 and 109 are diffused into the substrate to form P-type source
      and drain regions of the transistor 10, the source and drain regions being
      spaced apart from one another by about 8 to 15 microns and having a depth
      of about 1.5 microns into the substrate proper. An N.sup.+ type impurity
      concentration region 110 for forming contact region C.sub.10 is diffused
      to a depth of about 1 micron into the substrate and has a surface impurity
      concentration of about 10.sup.21 atoms/cm.sup.2.
PAR  Overlying the respective gate regions of the transistors are layers of
      insulating material I.sub.10, I.sub.20, I.sub.30, I.sub.31, I.sub.40 and
      I.sub.41 having a thickness of about 1200 A. Silicon gate electrode
      layers, to which input voltages are applied M.sub.10, M.sub.20, M.sub.30,
      M.sub.31, M.sub.40, and M.sub.41 are respectively formed on these
      insulating layers to a thickness of about 4,000 A. When aluminum is
      employed for the gate electrode layers M.sub.10, M.sub.20, M.sub.30,
      M.sub.31, M.sub.40 and M.sub.41 are respectively formed on the insulating
      layers to a thickness of about 10,000 A.
PAR  For simplifying the operational explanation, the substrate may be grounded,
      as shown in FIG. 2b.
PAR  Now, when MOSFET 20 is turned "on", as the result of the application of a
      voltage to input terminal IN.sub.2, the lowest voltage level V2, which is
      applied to the source S.sub.20, is also applied to the well regions W2 and
      W3 through the forward-biased junctions between drain region D.sub.30 and
      well region W2 and between drain region D.sub.40 and well region W3.
PAR  On the other hand, intermediate voltage levels V3 and V4 which are higher
      than the voltage level V2 are applied to the drain regions D.sub.31 and
      D.sub.41, respectively. As a result, the drain-well region junctions of
      MOSFETs 31 and 40 are reverse-biased. Therefore, a D.C. current path is
      not provided between the voltage source V2 and the other voltage sources
      V3 or V4. Because of the prevention of these current paths, power
      consumption is reduced, so that the overall power consumption of the
      circuit is lowered.
PAR  Furthermore, since the well regions W2 and W3 are connected to source
      regions S.sub.30 and S.sub.31 and to source regions S.sub.40 and S.sub.41,
      respectively, a change or variation in the threshold voltage is prevented.
PAR  In place of a single MOSFET 20, as shown in FIG. 2a, a pair of MOSFETs 20
      and 21 may be interconnected to each other as shown in FIG. 3. In this
      case, the lowest and the intermediate voltage levels are supplied to the
      drain electrodes of MOSFETs 21, 31 and 41 in any desired fashion.
PAR  Furthermore, the conductivity types of the MOSFETs are not necessarily
      limited to those described above, but may be reversed, with appropriate
      changes in the polarity of the voltage sources.
PAR  FIG. 4 depicts a logic circuit for generating the input voltages IN.sub.1 -
      IN.sub.4 applied to the gate electrodes of the MOSFETs shown in FIGS. 2a
      and 3, as described above.
PAR  A digit timing signal is applied to input terminal T, which is connected to
      AND gates A.sub.1 and A.sub.2 and to inverter N.sub.1. A pulse signal,
      such as a bidirectional liquid crystal drive pulse signal, for driving a
      liquid crystal bidirectionally, is applied at terminal BD, which is
      connected to inverter N.sub.2 and to AND gates A.sub.3 and A.sub.4.
PAR  One of the input terminals IN.sub.1 -IN.sub.4 of the multi-level voltage
      circuit is selected by the appropriate logic combination between the
      bidirectional liquid crystal drive pulse BD and the digit timing signal T
      as shown in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     T          BD          Selected Input Terminal                            
     ______________________________________                                    
     "1"        "0"         IN.sub.2                                           
     "1"        "1"         IN.sub.1                                           
     "0"        "1"         IN.sub.3                                           
     "0"        "0"         IN.sub.4                                           
     ______________________________________                                    
PAR  In the Table, "1" designates a positive potential, while "0" designates a
      zero or ground potential.
PAR  Now considering the outputs IN.sub.1 -IN.sub.4 of the logic circuit of FIG.
      4 connected to the restrictive terminals IN.sub.1 -IN.sub.4 of FIG. 2a,
      when a "0" input signal is applied to MOSFET 10, to turn the same "on", by
      way of input terminal IN.sub.1, a voltage V1 (zero volts) will be derived
      at the output terminal OUT, since MOSFET 10 has been rendered conductive.
PAR  When a "1" level is supplied to the input terminal IN.sub.2 of MOSFET 20,
      MOSFET 20 will be turned "on" and a voltage level V2 (-20 volts) will be
      supplied at the output terminal OUT. When MOSFET 20 is turned "on", the
      voltage level V2 will also be applied to the P-type well regions W2 and W3
      through the forward-biased junctions 101 and 103 between N-type drain
      D.sub.30 and P-type well region W2 and between N-type drain region
      D.sub.40 and P-type well region W3 as shown in FIG. 2b. On the other hand,
      since the voltage level V3 (-15 volts) and the voltage level V4 (-10
      volts) are applied to drain regions D.sub.31 and D.sub.41, junctions 105
      and 106 will be reverse-biased. As a result, a D.C. current does not flow
      between voltage terminal V2 (-20 volts) and voltage terminal V3 (-15
      volts) of voltage terminal V4 (-10 volts).
PAR  When a "1" logical input signal is applied to terminal IN.sub.3, to turn
      MOSFETs 30 and 31 "on", the voltage level of V3 (-15 volts) will appear at
      output terminal OUT. This voltage level V3 will also be applied to drain
      regions D.sub.10, D.sub.20 and D.sub.40. However, junction 109 between the
      P-type drain region D.sub.10 and the substrate 100 will be reverse-biased.
      Thus, a D.C. current will not flow to the substrate by way of drain region
      D.sub.10.
PAR  Moreover, junction 108 between the N-type drain region D.sub.20 and the
      P-type well region W1 is reverse-biased. Yet, junction 102 between the
      N-type drain region D.sub.40 and the P-type well region W3 is
      forward-biased. However, since the junction 106 between the N-type drain
      region D.sub.41 and the P-type well region W3 is reverse-biased, a D.C.
      current does not flow between terminals V3 and V4.
PAR  Now, when an input signal is applied to MOSFETs 40 and 41 to turn the same
      "on", by way of input terminal IN.sub.4, a voltage level V4 (-10 volts)
      will appear at the output terminal OUT. This voltage level V4 is also
      applied to the drain regions D.sub.10, D.sub.20 and D.sub.30. Yet, since
      the junctions 109, 108 and 101 are reverse-biased, a D.C. current will not
      flow between the terminal V4 and the other sources V1, V2 and V3.
PAR  As a result of the improved configuration of the present invention,
      undesirable D.C. current flow does not occur, thereby significantly
      reducing power consumption. For the application of the present invention
      to driving a liquid crystal display device, similar voltage levels are
      supplied to the segment sides of the display. One segment of the crystal
      display is indicated when the voltage difference between the digit and the
      segment electrodes becomes around 20 volts. Thus, it will be seen that the
      present invention is suitable for such purposes, yet permits a low amount
      of power consumption during the operation of the circuit.
PAR  While I have shown embodiments in accordance with the present invention it
      is understood that the same is not limited thereto but is susceptible of
      numerous changes and modifications known to a person skilled in the art
      and I therefore do not wish to be limited to the details shown and
      described herein but intend to cover all such changes and modifications as
      are obvious to one of ordinary skill in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A voltage supply circuit comprising:
PA1  first and second switching means each of said first and second switching
      means having an input electrode, an output electrode, and a control
      electrode, the input and output electrodes of said first and second
      switching means being connected in series between first and second voltage
      sources;
PA1  at least one pair of field-effect transistors, the source and substrate
      regions of which are respectively connected in common, and the gate
      electrodes of which are connected together;
PA1  first means for connecting the drain region of one of said field-effect
      transistors to a common connection of said first and second switching
      means;
PA1  second means for connecting the drain region of the other of said
      field-effect transistors to a third voltage source, the voltage level of
      which lies between the voltage levels of said first and second voltage
      sources;
PA1  third means for deriving an output voltage from the common connection of
      said first and second switching means and;
PA1  fourth means for applying input voltages respectively to the control
      electrodes of said first and second switching means and to the gate
      electrodes of said at least one pair of field-effect transistors, whereby
      said output voltage will have a voltage level corresponding to the level
      of one of said first through third voltage sources.
NUM  2.
PAR  2. A voltage supply circuit as defined in claim 1, wherein said first and
      second switching means respectively comprise third and fourth insulated
      gate field-effect transistors, the conductivity types of which are
      opposite one another.
NUM  3.
PAR  3. A voltage supply circuit as defined in claim 2, wherein each transistor
      of said at least one pair of field-effect transistors has the same
      conductivity type as said field-effect fourth transistor.
NUM  4.
PAR  4. A voltage supply circuit as defined in claim 2, wherein the source and
      substrate of each of said third and fourth field-effect transistors are
      respectively connected together and the drains of said third and fourth
      field-effect transistors are connected in common to said third means.
NUM  5.
PAR  5. A voltage supply circuit as defined in claim 1, wherein said first
      switching means comprises a third field-effect transistor and said second
      switching means comprises a pair of fourth and fifth field-effect
      transistors, the conductivity type of said third transistor being opposite
      to that of said fourth and fifth transistors, the source and substrate of
      each of said third, fourth and fifth transistors being respectively
      connected together, the source of said fourth and fifth transistors being
      connected together, the drain of said fourth transistor being connected to
      the drain of said third transistor, and the drain of said fifth transistor
      being connected to said second voltage source, while the source of said
      third transistor is connected to said first voltage source.
NUM  6.
PAR  6. A voltage supply circuit as defined in claim 5, wherein each transistor
      of said at least one pair of field-effect transistors has the same
      conductivity type as said fourth transistor.
NUM  7.
PAR  7. A voltage supply circuit as defined in claim 3, wherein said at least
      one pair of field-effect transistors comprises plural pairs of
      field-effect transistors, each of which has a gate electrode, a drain
      region, and a source region, the drain regions of one of the field-effect
      transistors of each of said plural pairs being connected to the common
      connection of said third and fourth insulated gate field-effect
      transistors, the drain regions of the other of the field-effect
      transistors of each of said plural pairs being connected to a respectively
      different source of voltage the level of which lies between the voltage
      levels of said first and second voltage sources, and wherein said fourth
      means includes means for applying respective control signals to the
      respective connected-together electrodes of said plural pairs of
      field-effect transistors.
NUM  8.
PAR  8. A voltage supply circuit as defined in claim 6, wherein said at least
      one pair of field-effect transistors comprises plural pairs of
      field-effect transistors, each of which has a gate electrode, a drain
      region, and a source region, the drain regions of one of the field-effect
      transistors of each of said plural pairs being connected to the common
      connection of said third and fourth insulated gate field-effect
      transistors, the drain regions of the other of the field-effect
      transistors of each of said plural pairs being connected to a respectively
      different source of voltage the level of which lies between the voltage
      levels of said first and second voltage sources, and wherein said fourth
      means includes means for applying respective control signals to the
      respective connected-together electrodes of said plural pairs of
      field-effect transistors.
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PAL  In an elongated weak-link supercurrent transmission line, the propagation
      of mobile flux vortices can be either enhanced or impeded by control means
      comprising a normal metal segment which interrupts either superconductor
      in the direction of vortex propagation and a control current source
      connected to the line at a point in operative relation to the normal metal
      segment. The control means either enhances or impedes the propagation of a
      vortex depending on the direction of the control current relative to that
      of the supercurrent associated with the vortex. The control means may also
      include a portion of the line in which its width is varied in order to
      change the velocity of the vortices. Also described is a switching device
      in which the transmission line is bifurcated and control means is located
      in each path to selectively block or transmit vortices, as well as a
      memory device in which the transmission line is formed in a closed loop
      and the normal metal segment serves to prevent the creation of
      anti-vortices in the loop.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to elongated weak-link supercurrent devices and,
      more particularly, to controlling the propagation of mobile flux vortices
      in such devices.
PAR  In U.S. Pat. No. 3,676,718 granted to P. W. Anderson, R. C. Dynes and T. A.
      Fulton on July 11, 1972, there are described a variety of weak-link
      supercurrent logic devices which are capable of sustaining one or more
      trapped magnetic field (flux) vortices. In an extended Josephson junction
      (SIS) device, that is, one which is long in the x-direction compared to
      the Josephson penetration depth .lambda..sub.J, the patent teaches that a
      vortex is induced by a spatial variation of the supercurrent J(x,y) in
      which a positive supercurrent flows through the I-layer and into the
      contiguous superconductor to a depth of about .lambda..sub.L, the London
      penetration depth, then along the superconductor a distance of about
      2.lambda..sub.J, thence through the I-layer again as a negative
      supercurrent into the opposite superconductor to a depth of about
      .lambda..sub.L and finally back to the point of beginning. Such a vortex
      supports a net magnetic flux of precisely .PHI..sub.o = 2.07 .times.
      10.sup.-.sup.15 Wb, the well-known flux quantum. As defined in the patent,
      the term vortex means an entity which includes both the circulating
      supercurrent J(x,y) and the flux quantum .PHI..sub.o induced thereby.
PAR  Once created, the patent states, a vortex prefers to position and
      distribute itself in a region so that a local minimum of the sum of the
      magnetic energy plus the Josephson coupling energy is established. Where a
      plurality of such preferred locations are present in a single weak-link
      structure, it is possible to move the vortex from one such location to
      another by applying a force thereto as, for example, by applying a local
      current or magnetic field to a region near to the vortex.
PAR  In contrast, if the structure in which the vortex is created has no local
      minima of energy over an extended length in the direction of propagation
      (x-direction), then once set in motion the vortex will propagate at a
      velocity, and to a distance, determined by damping processes (e.g., single
      particle tunneling). This kind of structure could function as a
      transmission line on which information is carried in the form of a
      plurality of sequential vortices. At some point along the line it might be
      desirable to exercise various forms of control over the vortices. For
      example, to overcome damping processes in the line, it would be desirable
      to accelerate vortices which have slowed down. To perform logic functions,
      on the other hand, it might be necessary to switch selected vortices from
      one transmission path to another. Yet another application arises where the
      transmission line forms the vortex storage medium of a circulating memory.
      In the latter case, control is exercised both at the input, where vortices
      are introduced, and at some point in the transmission line to maintain
      constant the velocity and/or spacing of the vortices.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with an illustrative embodiment of our invention, in an
      enlongated weak-link supercurrent transmission line, the propagation of
      mobile flux vortices can be either enhanced or impeded by control means
      comprising a normal metal (N) segment which interrupts either, or both,
      superconductors in the direction of propagation. Thus, is an SIS structure
      the portion of the line which includes the N segment can be either SIN or
      NIN. In the latter case the normal metal used to interrupt one
      superconductor need not be the same as that which interrupts the other
      superconductor.
PAR  The N segment can be designed, relative to the vortex velocity, so that
      when a vortex propagating along the transmission line reaches the N
      segment it is not transmitted further, i.e., it is blocked. However, a
      suitable control current applied to the line at a point in operative
      relation to the N segment, and in the same direction as the proximate
      portion of an approaching vortex, causes the vortex to propagate through
      the segment. Conversely, the N segment can be designed so that a vortex
      will normally be transmitted through the segment. In the latter case, a
      suitable control current applied to the line at a point in operation
      relation to the N segment, and in the opposite direction from the
      proximate portion of an approaching vortex, causes the vortex to slow down
      and to be trapped at the N segment where it dissipates itself, i.e., it is
      effectively blocked.
PAR  Thus, the N segment and the control current source cooperate to function as
      a switch which either fully transmits (with or without change in velocity)
      or fully blocks propagating vortices. The desired function defines at what
      point in line the control current is to be applied so that it is in
      operative relation to the N segment. For example, in one case the N
      segment is designed to fully block the vortices, and the direction of the
      control current, applied at a point downstream of the N segment, is such
      that vortices would be accelerated. Then, in order for the control current
      to be able to accelerate a vortex through the N segment, it should be
      applied near to the N segment so tha the vortex "sees" the control
      current. In this regard "near to" means within a distance which is less
      than about 2.lambda..sub.J  to 3.lambda..sub.J, the approximate length of
      the vortex. In other cases where the control current is designed to
      accelerate vortices from a point upstream of a blocking N segment, or in
      the case where the N segment at least partially transmits vortices, the
      controll current can be applied at a point remote from the N segment,
      i.e., at a distance much greater than 2.lambda..sub.J to 3.lambda..sub.J
      therefrom.
PAR  An illustrative application of the foregoing principles is a switching
      device in which a main transmission line is bifurcated and control means
      (a normal metal segment in conjunction with a control current source) is
      located in each path. Vortices propagating along the main transmission
      line can be switched to either path by operation of an appropriate one of
      the control means. Of course, propagation in neither path (fully blocked
      mode) or both paths (fully transmitted mode) is also possible.
PAR  It should be noted that the control current, which interacts with the
      supercurrent of the vortex, can be replaced by a magnetic field control
      which interacts with the magnetic field of the vortex to either attract or
      repel the vortex. Moreover, the control means may also include a portion
      of the line in which the width is either greater or less than the
      remainder of the line in order to change the velocity of a vortex
      propagating therethrough.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The various embodiments of our invention, together with their features and
      advantages, can be readily understood from the following more detailed
      description taken in conjunction with the accompanying drawing in which:
PAR  FIG. 1 is a pictorial view of a supercurrent transmission line including a
      normal metal segment;
PAR  FIG. 2 is a schematic side view of an illustrative embodiment of our
      invention for controlling the propagation of vortices in a weak-link
      transmission line;
PAR  FIG. 3 is a schematic side view of another embodiment of our invention for
      controlling the propagation of vortices in a weak-link transmission line;
PAR  FIG. 4 is a schematic top view of still another embodiment of our
      invention, a device for switching vortices from a main transmission line
      onto one or more separate transmission paths;
PAR  FIGS. 5A and 5B are schematic top views of other embodiments of our
      invention in which the width of the main line is varied in order to change
      the velocity of a vortex;
PAR  FIG. 6 is a schematic pictorial view of a vortex memory system in
      accordance with another embodiment of our invention;
PAR  FIG. 7A is a schematic top view of another embodiment of our invention for
      generating the control current in a weak-line transmission line;
PAR  FIG. 7B is a schematic top view of yet another embodiment of our invention
      for generating the control current of FIG. 7A by means of an external
      magnetic field;
PAR  FIG. 8 is a schematic pictorial view of an overlay structure for producing
      the normal metal segment of the control means in accordance with another
      embodiment of our invention; and
PAR  FIG. 9 is a schematic view of another structure for producing the normal
      metal segment of the control means in accordance with still another
      embodiment of our invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Before discussing detail the various embodiments of our invention, it will
      be helpful to consider first the motion of a flux vortex as it propagates
      along a supercurrent transmission line including a normal metal (N)
      segment as shown in FIG. 1.
PAR  The transmission line is an extended weak-link structure, typically of the
      SIS type, in which the length of the line in the direction of vortex
      propagation (x-direction) is much greater than the Josephson penetration
      depth .lambda..sub.J.sub.. The vortex, generated by a current source not
      shown is characterized by a circulating supercurrent J(x,y) and a magnetic
      field B(x,y) supported thereby. The supercurrent supports precisely one
      flux quantum .PHI..sub.o. The length of the vortex is about
      2.lambda..sub.J ; that is, probably about fifty percent of the
      supercurrent is confined to a length of about 2.lambda..sub.J whereas
      about seventy percent or more is confined within 3.lambda..sub.J. The
      width of the vortex in the z-direction is about (2.lambda..sub.L +d),
      where .lambda..sub.L is the London penetration depth and d is the
      thickness of the weak-link (i.e., the insulator I in an SIS structure)
      which separates superconductors S1 and S2.
PAR  The vortex propagates with a velocity v toward a normal metal segment N
      which interrupts the upper superconductor S1. The segment N has length,
      width and thickness 1, w and t respectively, If the resistivity of the
      segment is .rho., then its resistance is
      ##EQU1##
PAR  For simplicity of calculation, let us asume that the length of the normal
      metal segment is much smaller than that of the vortex, i.e., 1 &lt;&lt;
      2.lambda..sub.J. Skin depth variations in R are neglected. The static case
      can then be analyzed as follows. Suppose the vortex is sitting, not
      moving, astride the N segment. The current loop J(x,y) of the vortex and
      its associated flux .PHI..sub.o will decay away because of ohmic losses in
      the N segment. This decay time .tau. is calculated as follows.
PAR  The maximum current I.sub.m flowing in the vortex current loop is given by
      ##EQU2##
      where L, the inductance per unit length of the junction, is
EQU  L = .mu..sub.o (2.lambda..sub.L + d)/w TM (3)
PAL  and .mu..sub.o is the permeability of free space.
PAR  The power P dissipated by Joule heating is
EQU  P = RI.sub.m.sup.2                                         (4)
PAL  where R, the resistance of the N segment, is given by equation (1), and is
      equivalent to the rate of energy loss E of the vortex, i.e.,
EQU  P = - .sup.dE /dt                                          (5)
PAR  On the other hand the vortex potential energy E.sub.o is given by
      ##EQU3##
      Therefore, the initial fractional rate at which the vortex energy is
      consumed is, combining equations (2), (4), (5) and (6),   From the
      equation (9) it can be seen that the characteristic decay time .tau. is
      2L.lambda..sub.J /R which is analogous to an L/R - type decay time of
      inductance - resistance electronic circuits. Substituting the inductance -
      resistance equations (3) and (1), we get the expression for the decay time
      as
      ##EQU4##
      Illustratively 2.lambda..sub.L +d = 10.sup.-.sup.7 m (0.1 .mu.m), t =
      3.times.10.sup.-.sup.7 m (0.3 .mu.m), .rho. = 10.sup.-.sup.8 .OMEGA.-m
      (10.sup.-.sup.6 .OMEGA.-cm) so that
EQU  .tau. = 6.times.10.sup.-.sup.12 .lambda..sub.j 0/1 sec.    (11)
PAL  Typically .lambda..sub.J is about 10 .mu.m and if 1 = 2 .mu.m, then the
      decay time is about 30 picoseconds.
PAR  Next, let us assume that, instead of a stationary vortex setting astride
      the N segment, the vortex is moving in the x-direction with a velocity v
      as it reaches the N segment. We desire to estimate whether the vortex will
      be stopped by the N segment, and be dissipated in a characteristic decay
      time given by equation (10), or whether it has sufficient energy to
      propagate through the N segment with just a reduction in velocity.
PAR  The total energy E.sub.T of a moving vortex is given by
      ##EQU5##
      where E.sub.o is the potential energy given by equation (6) and c is the
      velocity of light in the junction. For example, v might be equal to 0.5c
      in which case E.sub.T = 1.15 E.sub.o.
PAR  If we now assume that the rate of energy loss calculated above applies all
      the time that the work the vortex is crossing the N segment, then the
      total energy loss E.sub.loss is given by
EQU  E.sub.loss = RI.sub.m.sup.2 t.sub.c = (E.sub.o /.tau.) t.sub.c (13)
PAL  where t.sub.c is the time it takes the vortex to cross the N segment.
PAR  For the case we are analyzing, that is 1 &lt;&lt;.lambda..sub.J, t.sub.c is
      approximately
EQU  t.sub.c .apprxeq. .lambda..sub.J /v                         (14)
PAL  Substituting equation (10) for .tau. and equation (14) for t.sub.c into
      equation (13), we get
      ##EQU6##
PAR  In order for the vortex to cross the N segment without being totally
      dissipated, i.e., with only velocity reduction, we want the energy loss to
      be less than the kinectic energy E.sub.k of the vortex; that is
EQU  E.sub.loss &lt;  E.sub.k                                      (16)
PAL  The kinetic energy is just
EQU  E.sub.k = E.sub.T - E.sub.o .                              (17)
PAL  Substituting equation (12) for E.sub.T we get
      ##EQU7##
      Thus, the condition for vortex propagation through the N segment is
      obtained by substituting equations (15) and (18) into inequality (16):
      ##EQU8##
      or, in terms of the parameters of the n segment alone,
      ##EQU9##
      Note that this expression is independent of the width w of the N segment.
PAR  For purposes of illustration, assume the same parameters used to calculate
      the decay time of equation (11), .tau. = 6.times. 10.sup.-.sup.12
      .lambda..sub.J /1 sec., and in addition that v = 0.5c, c = 2 .times.
      10.sup.7 m/sec so that E.sub.T = 1.15 E.sub.o and E.sub.k = 0.15 E.sub.o.
      Then for .lambda..sub.J = 10 .mu.m, the energy loss from equation (15) is
      ##EQU10##
      Thus, if the length of the N segment is 1 = 10 .mu.m, then 1/v =
      1.times.10.sup.-.sup.12 sec and the energy dissipated is about equal to
      the kinetic energy. On the other hand, for 1 = 1 .mu.m the vortex would
      propagate through the N segment with only about ten percent loss in
      kinetic energy, whereas for 1 = 20 .mu.m the vortex would be stopped and
      subsequently be totally dissipated.
PAR  The principles discussed above apply equally as well to vortex motion in
      the case where 1 157  .lambda..sub.J. However, the calculations are more
      difficult and the resulting expressions which describe the energy
      conditions are more complex. Therefore, in the interests of simplicity
      only the case l &lt;&lt; .lambda..sub.J has been analyzed in detail herein.
PAR  Next let us consider the case where an external force is applied to a
      vortex and the effect of that force on the conditions which describe
      whether or not the vortex will be dissipated by the N segment. Assuming
      that the vortex propagates past the point of application of the external
      force, the kinetic energy of the vortex changes by an amount
      .DELTA.E.sub.k. Then inequality (16) describing the condition for a vortex
      to propagate through an N segment becomes
EQU  E.sub.loss &lt; E.sub.k + .DELTA. E.sub.k                     (22)
PAL  if the force increases the vortex velocity and
EQU  E.sub.loss &lt; E.sub.k - .DELTA. E.sub.k                     (23)
PAL  if the force decreases the vortex velocity. If on the other hand, the
      vortex fails to propagate past the point of application of the force, and
      is consequently repelled, there is no change in its kinetic energy but
      only a change in its direction (analogous to a ball which is rolled up a
      frictionless hill but fails to get to the top).
PAR  The manner in which the foregoing principles are implemented in accordance
      with various embodiments of our invention will now be discussed.
PAR  Turning to FIG. 2, there is shown, in accordance with an illustrated
      embodimient of our invention, a weak-link supercurrent transmission line
      10 capable of supporting a propagating flux vortex 12. The transmission
      line 10 comprises a pair of superconductive layers 14 and 16 separated by
      a layer 18 (the "weak-link") which is thin enough to permit two-particle
      tunneling therethrough. Layer 18 is typically an insulator, thus forming
      an SIS structure of the type described by J. M. Rowell in U.S. Pat. No.
      3,281,609 (e.g., Pb-PbO-Pb). By means not shown, but well known in the
      art, the transmission line 10 is maintained at a cryogenic temperature
      below the critical (transition) temperature of superconductive layers 14
      and 16.
PAR  Vortices are generated at one end of the transmission line 10 by means of
      an input current source 20 in the manner described in the aforementioned
      U.S. Pat. 3,676,718. That is, the input current I.sub.i from source 20 is
      maintained below the critical supercurrent I.sub.c of the weak-link
      structure so that during operation the structure is at all times in a
      supercurrent state. However, the input source 20 may be pulsed in order to
      produce a train of input current pulses I.sub.i each of which in turn
      generates a separate vortex. Each vortex 12, which propagates in the
      x-direction with a velocity v and to a distance determined by damping
      processes, is characterized by a circulating supercurrent J(x,y) and a
      magnetic field B(x,y) induced thereby (see FIG. 1). The magnetic field has
      associated with it a well-known flux quantum .PHI..sub.o.
PAR  In accordance with one embodiment of our invention, the propagation of a
      vortex 12 along transmission line 10 can be either enhanced or impeded by
      control means 22 positioned between input source 20 and utilization means
      27. The latter is located illustratively at an intermediate point of the
      transmission line 10 or at its remote end depending on system design or
      functional considerations. Illustratively, utilization means 27 comprises
      a supercurrent magnetometer of the quantum interference type described in
      U.S. Pat. No. 3,676,718 (FIG. 10A), also known by the acronym SQUID,
      Superconducting QUantum Interference Device.
PAR  Control means 22 comprises a normal metal (N) segment 22.1 which interrupts
      superconductor 14 and a control current source 22.2 which is connected
      across superconductor 14 and 16 at a point in operative relation to N
      segment 22.1. The term normal metal is intended to include not only metals
      which are not superconductors at any temperature but also those which are
      superconductors but have a transition temperature below the operating
      temperature of the transmission line. Depending on the desired function, N
      segment 22.1 may alternatively interrupt superconductor 16 but would
      function in the same manner as the device of FIG. 2, or interrupt both
      superconductors (FIG. 3), which merely doubles the resistance of the N
      segment. Also, the control current source may be connected on the side of
      the normal metal segment proximate the input end of the transmission line
      (FIG. 2) or proximate the output end (FIG. 7A). Moreover, the sign of the
      control current may be either the same as that in the proximate portion of
      an approaching vortex (in FIG. 2 compare the direction of the current in
      portion 12.1 of vortex 12 with that of control current I.sub.a1), or
      opposite thereto (in FIG. 3 compare the direction of the current in
      portion 12.1' of vortex 12' with that of control current I.sub.a2).
PAR  The distinction between these two cases is important because the direction
      of control current I.sub.a1 of control means 22 of FIG. 2 causes the
      vortex 12 to be attracted toward the region where I.sub.a1 is applied,
      i.e., in the + x-direction. This attraction increases the velocity of the
      vortex and makes its net change in kinetic energy (equal to
      .PHI..sub.o.sup.. I.sub.a1) positive. Therefore, inequality (22) describes
      the condition for propagation of vortex 12 through N segment 22.1 of FIG.
      2. Functionally, therefore, control current I.sub.a1 acts as an amplifier.
PAR  Note that in FIG. 2 control current I.sub.a1 is applied to line 10 at a
      point 23 which appears to be very near to N segment 22.1 only for
      compactness of illustration. In practice point 23 may be remote from N
      segment 22.1, i.e., much more than 2.lambda..sub.J away, and still be in
      operative relation therewith as long as it is not so far distant that
      damping in the line will slow down the vortex to the point where it would
      be blocked by the N segment. On the other hand, assuming N segment 22.1 is
      designed to normally block the vortex, and control current I.sub.a1 is
      applied in the same direction but at point 24 downstream of N segment
      22.1, then in order for the vortex 12 sitting astride the N segment to
      "see" the attractive force of the control current, the latter should be
      applied near to the N segment, i.e., at a distance which is less than
      about 2.lambda..sub.J to 3.lambda..sub.J.
PAR  In contrast, in FIG. 3 control current I.sub.a2 of control means 22' causes
      vortex 12' to be repelled away from the region where I.sub.a2 is applied,
      i.e., in the - x-direction. Assuming the vortex 12' passes through the
      point 25 where I.sub.a2 is applied, this repulsion decreases the velocity
      of the vortex and makes its net change in kinetic energy (equal to
      .PHI..sub.o.sup.. I.sub.a2) negative. Therefore inequality (23) describes
      the condition for propagation of vortex 12' through N segment 22.3 of FIG.
      3. Functionally, therefore, control current I.sub.a2 acts as an
      attenuator.
PAR  Alternatively, control current I.sub.a2 may be applied in the same
      direction but at point 26 downstream of N segment 22.3. In this case,
      .PHI..sub.o I.sub.a2 would be made greater than the kinetic energy of the
      vortex (i.e., its value as reduced after transversing N segment 22.3) so
      that the vortex 12' will be reflected without change in velocity. However,
      N segment 22.3 would be designed so that the velocity reduction caused by
      the first transversal of the N segment 22.3 in the + x-direction would be
      sufficient to prevent the vortex from transversing the N segment in the -
      x-direction.
PAR  In either arrangement of FIG. 3, in order for the control current to be in
      operative relation with the N segment, the two need not be positioned
      "near to" one another, but as described above with reference to one of the
      embodiments of FIG. 2, may be more than about 2.lambda..sub.J to
      3.lambda..sub.J apart.
PAR  From a logic standpoint, the embodiment of FIG. 2 may operate as a normally
      open switch, for example. That is, using the energy principles previously
      described, N segment 22.1 is designed so that, in the absence of control
      current I.sub.a1 applied at point 23 and for a given vortex velocity,
      vortex 12 is stopped, i.e., it cannot propagate through N segment 22.1 to
      reach utilization means 27. In order to close the switch, current source
      22.2 of control means 22 is turned on when vortex 12 reaches the region of
      point 23 in the transmission line. Alternatively, taking into account the
      duration of the control current (e.g., current pulse), one may also turn
      on source 22.2 before vortex 12 reaches point 23. A vortex is within the
      "region" of a point when it is approximately 2.lambda..sub.J to
      3.lambda..sub.J away or nearer. Current I.sub.a1 imparts sufficient
      additional kinetic energy (velocity) to vortex 12 to enable it to
      transverse N segment 22.1 without being severely dissipated. The amount of
      dissipation that can be tolerated is a design consideration dependent on
      the magnitude of damping processes in the line 10 and the presence (or
      absence) of amplifiers elsewhere along the line.
PAR  Alternatively, the embodiment of FIG. 3 may operate as a normally closed
      switch. Once again, using the foregoing energy principles, N segment 22.3
      is designed so that, in the absence of control current I.sub.a2 applied at
      point 25 and for a given vortex velocity, vortex 12' can traverse N
      segment 22.3 without severe dissipation and can, with perhaps assistance
      from amplifiers along line 10, reach utilization means (not shown). In
      order to open the switch, current source 22.4 of control means 22' is
      turned on when vortex 12' reaches the region of point 25 in the
      transmission line. Current i.sub.a2 tends to repel vortex 12', but does
      not block it, thereby reducing its kinetic energy and causing it to be
      dissipated by N segment 22.3.
PAR  The logic devices of FIG. 2 or FIG. 3 may be combined in numerous ways to
      perform a variety of logic functions. In particular, a vortex steering
      device 30, also a form of switch, is shown in FIG. 4. Device 30 comprises
      a main transmission line 32 which is bifurcated at region 34 (in fan-out
      fashion) into a pair of separate transmission paths 36 and 38. A vortex V
      propagating in the direction of the arrow 39, upon reaching region 34,
      splits into a pair of vortices V1 and V2 propagating respectively along
      paths 36 and 38. Control means 40 determines whether the vortices V1 and
      V2 reach utilization means 48 and 50 connected at the output ends of paths
      36 and 38 respectively. Control means 40 comprises a pair of N segments 42
      and 44 located respectively in paths 36 and 38 in combination with a
      current source 46 which supplies at suitable predetermined times a control
      current pulse I.sub.a3 to path 36 at a point 41 in operative relation to N
      segment 42 and a control current pulse I.sub.a4 to path 38 at a point 43
      in operative relation to N segment 44. The meaning of the phrase "in
      operative relation" is the same as that defined with reference to FIGS. 2
      and 3.
PAR  In operation, let us assume that control means 40 functions in a manner
      analogous to the normally closed switch of FIG. 3. That is, in the absence
      of control current pulses I.sub.a3 and I.sub.a4 vortex V has sufficient
      kinetic energy so that it splits at region 34 into vortices V1 and V2
      which propagate along paths 36 and 38 traversing N segments 42 and 44 to
      utilization means 48 and 50, respectively. However, using in source 46
      suitable electronic timing circuits well known in the art, a pulse
      I.sub.a3 may be applied as vortex V1 approaches point 41, thereby causing
      vortex V1 to be blocked by N segment 42. Thus, only utilization means 50
      detects a vortex (i.e., V2). Conversely, current pulse I.sub.a4 may be
      applied to block vortex V2, or both I.sub.a3 and I.sub.a4 may be applied
      to block both V1 and V2.
PAR  Two aspects of the vortex steering embodiment of FIG. 4 deserve further
      explanation. First, depending on its kinetic energy, a vortex may be
      totally reflected at region 34, if it is traveling too slowly, or may
      split into two vortices, one in each path. Second, if splitting occurs,
      the total energy of vortex V redistributes itself between the kinetic and
      potential energy of vortices V1 and V2. Assuming for simplicity that main
      line 32 and paths 36 and 38 are identical to one another, then the
      creation of two vortices from a single vortex at region 34 requires
      additional potential energy. Since energy must be conserved, this
      additional energy comes from a transfer of kinetic energy to potential
      energy. Therefore, the vortices V1 and V2 travel slower than vortex V.
      Although the vortices can be amplified as previously described, their
      changed velocity should be taken into account in the design of control
      means 40 (i.e, the design of N segments 42 and 44 and source 46).
PAR  On the other hand, the paths 36 and 38 can be constructed so that vortices
      V1 and V2 have the same velocity as vortex V. For example, the width w of
      paths 36 and 38 can be reduced so that less potential energy is required
      to sustain vortices V1 and V2; i.e., so that potential energy of vortex V
      is equal to the sum of the potential energies of vortices V1 plus V2. In
      this manner, no transfer of kinetic energy to potential is required and
      hence there is no change in velocity.
PAR  Similarly variations in width of the transmission line can be readily
      incorporated into the control means of the various embodiments in order to
      effect changes in kinetic energy of vortices in a passive manner in
      addition to the changes effected in an active manner by the application of
      control currents to the line. For example, in FIG. 5A there is shown a top
      view of an illustrative embodiment of our invention in which an N segment
      130 is located in a thinner portion 132 of a transmission line and
      downstream from thicker portion 134. As a result, in traveling from
      portion 134 to 132 vortex V gains kinetic energy. Depending on the design
      function, such additional energy can be made sufficient to permit the
      vortex to traverse N segment 130 with or without the application of a
      control current previously described. Alternatively, in FIG. 5B an N
      segment 140 might be located in a thicker portion 142 of a transmission
      line and downstream from thinner portion 144. As a result, in traveling
      from portion 144 to 142 vortex V loses kinetic energy, assuming it has
      sufficient kinetic energy to enter portion 142. Once again this decrease
      in energy can be made sufficient to prevent the vortex from transversing N
      segment 140 with or without the application of a control current.
PAR  In addition to logic functions, our invention can be utilized to perform
      memory functions as well. One such embodiment is depicted in FIG. 6, a
      dynamic memory system comprising an SIS supercurrent transmission line 60
      formed in the shape of a closed loop which includes an N segment 62 shown
      illustratively as interrupting only the topmost superconductive layer 64.
      Adjacent N segment 62 are a pair of contact appendages 68 and 70 extending
      respectively from the upper and lower superconductive layers 64 and 66 of
      line 60. An input current source 71 is connected across appendages 68 and
      70. Source 71 produces a train of current pulses I.sub.i which may be
      pulse code modulated with information to be stored by means well known in
      the art. These current pulses are converted to spaced vortices, such as 72
      and 74, which propagate clockwise around the closed loop transmission line
      60. On the top surface of layer 64 there are uniformly spaced dots and
      open circles which schematically represent memory locations; that is, the
      presence and absence of a vortex respectively. Thus, dot 76 indicates the
      presence of vortex 72 whereas open circles 78 and 80 indicate the absence
      of vortices. In binary notation, therefore, a dot corresponds to logical
      one and an open circle to logical zero. With this coding the memory system
      may store a word or frame defined by a sequence of dots and open circles.
      The number of bits that can be stored is approximately L/2.lambda..sub.J
      where L is the average loop circumference.
PAR  The memory system of FIG. 6 is dynamic in the sense that the memory
      locations (i.e., the vortices) are not stationary, rather they propagate
      around the loop at a characteristic vortex velocity v previously described
      (e.g., v = 0.5c). Inasmuch as vortices are magnetic in nature, their
      mutual repulsion (or attraction) may cause drifting in the sense that
      different vortices may move at different velocities. This effect would
      have the tendency of changing the memory locations relative to one
      another, especially after numerous (e.g., 10.sup.6) transists around the
      loop. In order, however, to maintain the integrity of the information in
      the memory system, these relative locations (i.e., the distances between
      adjacent vortices) should be substantially constant or at least
      correctable at predetermined times to be made constant over some time
      interval (e.g., over the loop transit time).
PAR  The problem of vortices drifting in the loop can be handled in several
      ways. In one embodiment, the dynamic nature of loop is maintained and the
      vortex velocity is periodically adjusted by a synchronous control source.
      In another embodiment, the loop is made to be quasi-static in nature by
      incorporating into the transmission line periodically spaced "preferred
      locations" (see, U.S. Pat. No. 3,676,718) which act as stationary memory
      locations. As discussed at column 4, lines 14-41 of that patent, preferred
      locations can be created in a number of ways including periodically
      varying the thickness of the weak-link layer in an SIS structure, using
      point sources of magnetic field or locally applied currents at periodic
      locations of the structure, or periodically varying the self-inductance
      per unit length of the structure. Self-inductance can be varied as shown
      in FIG. 9 of the patent or, alternatively, by varying the thickness of at
      least one of the superconductors so that in each memory location it is
      less about 2.lambda..sub.L. The periodic position of such preferred
      locations would correspond to the dots and circles of FIG. 6 which is this
      case would be stationary.
PAR  Returning to the embodiment in which vortex velocity is synchronously
      adjusted, consider again FIG. 6 and the synchronous control source 82
      which is connected across another pair of appendages 84 and 86 which
      extend respectively from superconductive layers 64 and 66. The precise
      location of the appendages in the loop is not critical. Control source 82
      generates current pulses I.sub.s at a frequency which is an integral
      multiple of the inverse loop transit time i.e.,
EQU  f.sub.s = nv/L                                             (24)
PAL  where n is equal to the number of preferred locations in the loop, v is the
      vortex velocity and L is the length (average circumference) of the loop.
      Using the well-known principles of phase stability, the control current
      I.sub.s is preferrably bipolar, for example a square waveform as shown in
      FIG. 6 or alternatively a sinusoidal waveform. In either case current
      I.sub.s is applied so that the zero crossing of the bipolar waveform
      coincides in time with the desired location of the vortex. That is, the
      zero crossing occurs at a time when the desired vortex location is at the
      point of application of I.sub.s. This embodiment has the advantage of
      fabrication simplicity as compared with the one incorporating fixed memory
      locations and for that reason may be preferred.
PAR  One important aspect of both of these memory systems is the function of N
      segment 62 in suppressing the creation of anti-vortices. An anti-vortex
      has the same characteristics as a vortex but opposite in sign. Thus, its
      associated supercurrent and magnetic field are opposite in direction to
      those of a vortex. As a consequence, when a vortex and anti-vortex attempt
      to occupy the same region of a weak-link structure they annihilate one
      another.
PAR  In a closed loop of the type shown in FIG. 6, but with N segment 62
      replaced by superconductive material, input source 71 would simultaneously
      create a vortex propagating around the loop in one direction (e.g.,
      clockwise) and an anti-vortex propagating in the opposite direction. At
      some point in loop the two would meet and annihilate one another. To avoid
      annihilation N segment 62 interrupts upper superconductive layer 64. As
      before, segment 62 could also interrupt lower layer 66 or both layers. The
      function of the N segment 62 is to prevent the formation of anti-vortices,
      or equivalently to dissipate those which do form. Thus, input source 71
      generates a vortex (such as 72) which propagates clockwise, but the
      corresponding anti-vortex will be dissipated by N segment 62 provided the
      rate of change of I.sub.i is long relative to the anti-vortex dissipation
      time which is the same as .tau. given by equation (10). On the other hand,
      the N segment 62 should be designed, using the previously given energy
      conditions, to allow the vortices propagating clockwise to traverse the N
      segment 62 without being totally dissipated. In this regard, synchronous
      source 82 may also serve as an amplifier to restore to vortices kinetic
      energy lost in traversing the N segment.
PAR  In either embodiment, dynamic or quasi-static, means must be provided to
      detect the vortices in the loop, i.e., in order to extract the information
      in the loop. One such detector, shown in exaggerated size in FIG. 6, is a
      SQUID comprising a pair of appendages 88 and 90 extending from lower
      superconductor 66. Overlaying the appendages is another superconductive
      strip 92. In the region of overlap between strip 92 and appendages 88 and
      90 there are formed weak-links, e.g., thin insulative layers 87 and 89. A
      voltmeter 94 is connected between strip 92 and one of the appendages
      (e.g., 90). In operation, when a vortex 96 passes through the portion of
      line 60 between appendages 88 and 90, part of its magnetic flux is coupled
      (through mutual inductance) to the SQUID thereby altering its critical
      supercurrent in well-known fashion and causing a voltage output on meter
      94. Thus, the presence of a vortex in a particular memory location is
      detected. Of course, the absence of a vortex would give no voltage
      indication on meter 94. Which location is in fact being read out can be
      determined by use of timing pulses and electronic circuitry well known in
      the art.
PAR  The amount of energy extracted from a vortex by the detector should in
      general be kept relatively small so that the vortex is not severely
      reduced, i.e., so much so that it might be dissipated by N segment 62 or
      produce an inadequate signal-to-noise ratio. This problem can be
      alleviated by suitable design of the detector, especially the mutual
      inductance between line 60 and the SQUID, or by incorporation of an
      amplifier in the loop. Once again synchronous source 82 can perform the
      amplifying function.
PAR  It is to be understood that the above-described arrangements are merely
      illustrative of the many possible specific embodiments which can be
      devised to represent application of the principles of our invention.
      Numerous and varied other arrangements can be devised in accordance with
      these principles by those skilled in the art without departing from the
      spirit and scope of the invention.
PAR  In particular, control currents may be applied directly across a
      transmission line from a current source, as shown in FIGS. 2 and 3, or may
      be applied in the plane of one of superconductive layers as shown in FIGS.
      7A and 7B. In FIG. 7A the upper superconductive layer 100 of a
      supercurrent transmission line is interrupted by N segment 102 adjacent
      which are a pair of superconductive appendages 104 and 106. A current
      source 108 is connected across the appendages to produce a control current
      I.sub.a5. Alternatively the appendages may be joined to form a U-shaped
      loop 110 as shown in FIG. 7B. An external magnetic field B.sub.ext (from a
      source not shown) penetrates the loop interior and induces in the loop 110
      a control current I.sub.a6 which functions in the same manner as I.sub.a5
      of FIG. 7A.
PAR  In both FIGS. 7A and 7B it should be noted that the control currents do not
      flow only in the plane of the top superconductor. Rather they flow through
      the weak-link layer and in the plane of the lower superconductor as well.
      In fact, it is the component of the control current which flows normal to
      layered structure (e.g., in FIG. 7A into the plane of the paper at point
      105 and out at point 103) which interacts with the corresponding component
      of the vortex supercurrent and either attracts or repels the vortex.
      Consequently, the embodiments, of FIGS. 7A and 7B differ from those of
      FIGS. 2 and 3 because the former have two transverse current components,
      one of which attracts and the other of which repels a vortex (e.g.,
      attract at point 103 of FIG. 7A but repel at point 105), whereas the
      latter supply at any given point and time only unidirectional control
      current which may either attract or repel a vortex but not both.
PAR  In FIG. 7B, the source of B.sub.ext may conveniently be a vortex in an
      adjacent transmission line (not shown) in which case the magnitude of
      B.sub.ext would depend on the mutual inductance between the two lines. If
      the mutual inductance is large enough to induce adequate control currents,
      the loop 110 may be omitted. In the latter case, B.sub.ext would induce
      the control current directly in the transmission line.
PAR  Although, the N segment may be fabricated in a planar fashion as shown in
      FIGS. 1-3 using suitable masking techniques well known in the art, it may
      also be formed by taking advantage of the proximity and/or intermetallic
      effects. Thus, in FIG. 8 there is shown transmission line comprising
      planar superconductive layers 112 and 114 between which is sandwiched a
      thin weak-link layer 116. Overlaying the upper superconductive layer is a
      normal metal layer 118 in the form of a stripe. In the region 120 which
      underlies layer 118, the transition temperature of superconductive layer
      112 is lower than the operating temperature of the device or system in
      which the transmission line is incorporated. The lowering of the
      superconducting transition temperature in region 120 may result either
      from the formation of an intermetallic compound between the metals of
      layer 112 and layer 118 or from the proximity effect, or both.
      Illustratively layers 112 and 114 comprise tin layers about 0.5 .mu.m
      thick, weak-link layer 116 is a tin oxide layer about 20 Angstroms thick,
      and layer 118 is a gold layer about 0.5 .mu.m thick.
PAR  Moreover, the N segment may be fabricated as shown in FIG. 9 where layers
      120, 122 and 124 are superconductive, layer 126 is the weak-link and layer
      128 is a normal metal. In this case, layers 122, 128 and 124 are formed on
      layer 126 in the order recited, resulting in a non-planar structure having
      small overlaps as shown. This structure may be useful if relatively small
      N segments with long decay times .tau. are desired.
PAR  Finally, each of the embodiments of our invention may be fabricated on, but
      insulated from, a superconducting ground plane, a technique well known in
      the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Superconductive apparatus comprising
PA1  a supercurrent transmission line which includes a pair of superconductive
      layers and a weak-link layer separating said superconductive layers and
      contigous therewith,
PA1  said line being adapted to support the propagation of mobile flux vortices
      therein and having a length, as measured in the direction of said
      propagation, which is much greater than the Josephson penetration depth
      .lambda..sub.J,
PA1  characterized in that said apparatus includes means for changing the
      velocity of said vortices comprising
PA1  a normal metal segment which interrupts at least one of said
      superconductive layers in the direction of said propagation, and
PA1  control means for applying a control current in a region of said line in
      operative relation to said segment.
NUM  2.
PAR  2. The apparatus of claim 1 wherein
PA1  said segment is adapted so that in the absence of said control current a
      vortex will be dissipated upon reaching said segment, and
PA1  said control means applies a control current pulse which increases the
      velocity of said vortex sufficiently to allow said vortex to propagate
      through said segment without being substantially dissipated.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said control means applies said control
      current to said line at a point between said segment and a vortex
      approaching said segment and in the same direction as the proximate
      portion of the circulating supercurrent of said vortex.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said control means applies said control
      current to said line at a point on the side of said segment remote from a
      vortex approaching said segment and in the same direction as the proximate
      portion of the circulating supercurrent of said vortex, the separation
      between said segment and said point being less about 2.lambda..sub.J to
      3.lambda..sub.J.
NUM  5.
PAR  5. The apparatus of claim 1 wherein
PA1  said segment is adapted so that in the absence of said control current a
      vortex will not be substantially dissipated upon reaching said segment,
      and
PA1  said control means applies a control current pulse which decreases the
      velocity of said vortex sufficiently that said vortex cannot propagate
      through said segment.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said control means applies said control
      current to said line at a point between said segment and a vortex
      approaching said segment and in the opposite direction to the proximate
      portion of the circulating supercurrent of said vortex.
NUM  7.
PAR  7. The apparatus of claim 1 wherein
PA1  said segment is adapted so that in the absence of said control current a
      vortex will not be totally dissipated upon traversing said segment
      initially, but will undergo a reduction in velocity, and
PA1  said control means applies a control current pulse to said line at a point
      on the side of said segment remote from a vortex approaching said segment
      and in the opposite direction to the proximate portion of the circulating
      supercurrent of said vortex, thereby to reflect said vortex back toward
      said segment where it is dissipated.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said control means is adapted to apply
      said control current across said line and transverse to the plane of said
      layers.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said control means includes
PA1  a superconductive loop electrically coupled to at least one of said
      superconductive layers to form a closed current path which includes said
      region in operative relation to said segment, and
PA1  means for producing a magnetic field the flux lines of which are linked to
      said loop so that said control current is induced in said path.
NUM  10.
PAR  10. The apparatus of claim 1 further including a normal metal strip which
      overlays said at least one superconductive layer and forms thereunder said
      normal metal segment by virtue of intermetallic diffusion and/or the
      proximity effect between said strip and said layer.
NUM  11.
PAR  11. The apparatus of claim 1 wherein
PA1  said transmission line is bifurcated into two separate supercurrent
      transmission paths,
PA1  said control means includes a normal metal segment in each of said paths
      and means for selectively applying control currents in regions of said
      paths in operative relation to said segments so that a vortex propagating
      in said line can be made to propagate in selected ones of said paths.
NUM  12.
PAR  12. The apparatus of claim 1 wherein said control means further includes a
      portion of said line in which the width thereof is different from the
      remainder of said line so that a vortex traversing said portion
      experiences a transfer between its potential and kinetic energies.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said normal metal segment is located
      in said portion.
NUM  14.
PAR  14. Superconductive apparatus comprising
PA1  a supercurrent transmission line which includes a pair of superconductive
      layers and a weak-link layer separating said superconductive layers and
      contiguous therewith,
PA1  said line being adapted to support the propagation of mobile flux vortices
      therein and having a length, as measured in the direction of said
      propagation, which is much greater than the Josephson penetration depth
      .lambda..sub.J,
PA1  characterized in that:
PA2  said line is formed in the shape of a closed loop,
PA2  means are provided for generating vortices in said line at spaced
      intervals,
PA2  a normal metal segment interrupts at least one of said superconductive
      layers and is adapted to prevent the propagation of anti-vortices in said
      line,
PA2  means are provided for maintaining constant the relative positions of said
      vortices with respect to one another, and
PA2  means are provided for detecting the presence of said vortices in said
      loop.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said maintaining means comprises
      means for establishing fixed preferred locations at which said vortices
      can reside and means for causing said vortices to shift from one location
      to another.
NUM  16.
PAR  16. The apparatus of claim 14 wherein said maintaining means comprises
      means for applying to said line current pulses for adjusting the
      velocities of said vortices, said pulse being applied synchronously with
      said vortices and at a frequency which is an integral multiple of the
      inverse of the loop transit time.
NUM  17.
PAR  17. The apparatus of claim 16 wherein said maintaining means comprises
      means for applying bipolar current pulses so that the zero crossing of
      said pulses coincides in time with the desired locations of said vortices.
PATN
WKU  039366782
SRC  5
APN  4965884
APT  1
ART  212
APD  19740812
TTL  Magnetically latched piezoelectric striking igniter
ISD  19760203
NCL  8
ECL  1
EXP  Budd; Mark O.
NDR  2
NFG  7
INVT
NAM  Mohr; Walter
CTY  Frankfurt am Main
CNT  DT
ASSG
NAM  Braun Aktiengesellschaft
CTY  Frankfurt am Main
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730808
APN  2341544
PRIR
CNT  DT
APD  19730817
APN  2341714
CLAS
OCL  310  87
XCL  310  83
XCL  310  91
XCL  317DIG11
EDF  2
ICL  H01L 4104
FSC  310
FSS  8.3-8.7;9.1;9.4;15
FSC  317
FSS  DIG. 11
UREF
PNO  3408153
ISD  19681000
NAM  Ishiguro
XCL  310  8.7
UREF
PNO  3540823
ISD  19701100
NAM  Ebine et al.
XCL  310  8.7
UREF
PNO  3586888
ISD  19710600
NAM  Dorfman
OCL  310  8.3
UREF
PNO  3693033
ISD  19720900
NAM  Troesh
XCL  310 15
UREF
PNO  3718828
ISD  19730200
NAM  Britton
OCL  310 15
LREP
FR2  Bartholy; Frederick E.
ABST
PAL  A piezoelectric igniter, especially for lighters, with a striking mechanism
      comprising a hammer which is movable towards a piezoelectric transducer
      and which co-operates with an energy storing spring which can be
      compressed by an actuating member. The striking mechanism has a release
      means comprising a permanent magnet co-operating with the hammer such that
      the hammer is held in its rest position by the attractive magnetic forces
      of the permanent magnet and is released if the energy storing spring has
      been compressed by the actuating member to such an extent that the spring
      force exceeds the attractive force of the permanent magnet. The hammer is
      accelerated by the energy storing spring towards the piezoelectric
      transducer and impinges on said transducer to generate an electric pulse
      which is led to a spark gap arranged adjacent a gas discharge valve of the
      igniter.
BSUM
PAR  The invention relates to a piezoelectric igniter with a striking mechanism,
      more especially for lighters, having a piezoelectric transducer, a hammer
      which is movable in the direction of the latter and which co-operates with
      an energy storing spring which can be compressed by an actuating member,
      having a movement release device for the hammer, and having a housing
      which surrounds these parts and against the one front end of which the
      piezoelectric transducer butts.
PAR  It is an object of the invention to improve the aforementioned igniter in
      such a way that it can be constructed in a more compact manner than
      piezoelectric striking igniters with a comparable spark energy.
PAR  The solution to this problem is to be seen in the fact that the movement
      release device forms a magnetic retaining circuit and that the energy
      storing spring is biased.
PAR  According to a special embodiment, the magnetic retaining circuit comprises
      a permanent magnet with laterally mounted pole plates, which is fixed in
      the housing and which is magnetized transversely to the direction of
      movement of
PAC  BACKGROUND OF THE INVENTION
PAR  A piezoelectric igniter for lighters is already known, having a striking
      mechanism and a piezoelectric transducer and a hammer which is movable in
      the direction of the latter and which co-operates with an energy storing
      spring which can be compressed by an actuating member. Said igniter
      further comprises a movement release device for the hammer and a housing
      which surrounds these parts and against the one front end of which the
      piezoelectric transducer butts.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to improve the aforementioned igniter in
      such a way that it can be constructed more compact.
PAR  It is another object of the invention to provide an igniter which may be
      manufactured at relatively low costs and which affords a smaller permanent
      magnet.
PAR  The igniter according to the invention comprises a movement release device
      forming a magnet retaining circuit and an energy storing spring that is
      biased in its rest position.
PAR  According to a special embodiment, the magnetic retaining circuit comprises
      a permanent magnet with laterally mounted pole plates, which is fixed in
      the housing and which is magnetized transversely to the direction of
      movement of the hammer and which has a free axial passage, the hammer
      having a lug which projects into the free passage, and the energy storing
      spring acting on this lug as well as on an actuating cap which serves as
      an actuating member.
PAR  A further embodiment is to be seen in that the magnetic retaining circuit
      comprises a permanent magnet with laterally mounted pole plates, which is
      fixed in the housing and which is magnetized transversely to the direction
      of movement of the hammer, that the energy storing spring butts against
      the hammer, on the one hand, and against an actuating cap, which serves as
      an actuating member, on the other hand.
PAR  Preferably, the energy storing spring butts against a shoulder of the
      hammer.
PAR  In addition, a stop, which is fastened to the hammer, can be provided
      between the energy storing spring and the actuating cap, the actuating cap
      comprising slots for receiving said stops, so that these are slideably
      movable in the slots.
PAR  Another further development of the second embodiment consists in that the
      energy storing spring is surrounded by a casing which is fastened to the
      underside of the actuating cap and which surrounds the side surface of the
      hammer with play and which comprises a flange which is directed radially
      inwards and on which the bottom of the hammer rests freely. The casing
      serves, at the same time, for biasing the energy storing spring and for
      lifting the hammer into its position of rest, whenever the piezoelectric
      striking igniter has been operated.
PAR  A preferred embodiment comprises a permanent magnet having two plane
      surfaces and which is magnetized transversely to said plane surfaces,
      wherein a ferromagnetic pole plate is adjoining each of said plane
      surfaces, said pole plates being fastened by at least one rivet pin made
      of a ferromagnetic material and extending from the first pole plate to the
      second pole plate. Such a magnet unit may be manufactured in an easy and
      simple manner and has a magnetic shunt resistance, which is provided by
      said rivet pin and which avoids a demagnetization of a permanent magnet by
      the repeated contact-breaking of the hammer in operation of the igniter.
PAR  Preferably, the pole plate and the rivet pin or rivet pins are manufcatured
      from sintered iron and consist, in particular, of one piece.
PAR  According to a further development, the pole plates are arched
      cylindrically on their sides which are averted from the permanent magnet.
PAR  According to another embodiment, the rivet pins are sintered onto the
      associated pole plate.
PAR  Another embodiment is distinguished in that the magnetic retaining circuit
      comprises a permanent magnet with laterally mounted pole plates, which is
      fixed in the housing and which is magnetized transversely to the direction
      of movement of the hammer and which has a free axial passage, that the
      energy storing spring is disposed in a blind hole in the hammer, which
      blind hole is in alignment with the axial passage, and is biased by a
      holding member which is fastened to the hammer, and that the actuating
      member comprises a shank which extends into the axial passage and which is
      provided with a slot at the level of the holding member.
PAR  A further embodiment is distinguished in that the magnetic retaining
      circuit is formed by a cup-shaped iron short-circuit part with a permanent
      magnet situated therein, both of which form the hammer, and by a yoke
      plate which is fixed in the housing, that the yoke plate is provided with
      a central bore, that the hammer comprises a central shank which points
      upwards and which extends through the bore and which is connected, at its
      free end, to a disc which is disposed in a diametral plane, and that the
      energy storing spring is disposed between the actuating cap, which serves
      as an actuating member, and the disc. Such a construction leads to a
      tilt-free guidance of the hammer in the housing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Hereinafter, the invention is further described in several exemplified
      embodiments with reference to diagrammatic drawings.
PAR  FIG. 1 is an axial section through a piezoelectric striking igniter
      according to the invention;
PAR  FIG. 2 is an axial section through a modified embodiment of a piezoelectric
      striking igniter;
PAR  FIG. 3 is an axial section through a further embodiment of a piezoelectric
      striking igniter;
PAR  FIG. 4 is an axial section through a fourth embodiment of a piezoelectric
      striking igniter;
PAR  FIG. 5 is an axial section through a fifth embodiment of a piezoelectric
      striking igniter;
PAR  FIG. 6 is a longitudinal section through a piezoelectric igniter with a
      magnet unit according to the invention;
PAR  FIG. 7 is a cross-section through the magnet unit along the line II--II of
      FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The piezoelectric striking igniter shown in FIG. 1 comprises a cylindrical
      housing 1, open at one side face, and in which there is inserted a
      piezoelectric transducer 2, whose high-tension connection 3 is guided to
      the outside through the housing.
PAR  Disposed above the piezoelectric transducer there is a hammer 4 which has a
      central shank 5 which is provided, at its free end, with a slot 10, which
      surrounds a holding pin 9, which is driven through bores 8 in the housing
      1.
PAR  Seated at this holding pin 9 there is a permanent magnet arrangement with a
      permanent magnet 6, comrising a central passage, and with pole plates 7
      which are mounted laterally on opposite sides of the magnet. In the lower
      region, the pole plates 7 project to some extent beyond the front surface
      of the permanent magnet and form, together with the hammer 4 which is made
      of a ferromagnetic material, a magnetic circuit which tends to keep the
      hammer 4 in abutment against the pole plates 7 with a specific force.
PAR  The part of the permanent magnet arrangement which is directed towards the
      outside is surrounded by an actuating cap 11, which is, in the vicinity of
      its free end, provided with two diametrically opposite longitudinal holes
      15, through which the holding pin 9 extends and which limit the stroke of
      the actuating cap 11.
PAR  Fastened in the centre of the front plate of the actuating cap 11 there is
      a guide pin 12, around which an energy storing spring 13 is placed which
      acts, with its one end, on the front side of the actuating cap 11 and,
      with its other end, on the central shank 5. The guide pin 12 serves for
      avoiding a lateral deflection of the energy storing spring, when the
      piezoelectric striking igniter is operated.
PAR  A return spring 14, which serves for biasing the actuating cap 11 into its
      position of rest, is furthermore disposed between the front side of the
      actuating cap 11 and the permanent magnet arrangement 6, 7.
PAR  The piezoelectric striking igniter shown in FIG. 1 has the following mode
      of operation. When the actuating cap 11 is pressed down, the energy
      storing spring 13 as well as the return spring 14 are compressed at the
      same time. Thus, the energy storing spring exerts an increasing pressure
      on the central shank 5 of the hammer 4. At the point in time when the
      force of the pressure extered by the energy storing spring becomes greater
      than the retaining force of the permanent magnet arrangement, the hammer 4
      detaches itself from the pole plates 7 and is accelerated by the force of
      the energy storing spring 13 and is impelled against the piezoelectric
      transducer which produces, upon the impingement of the hammer 4, a
      high-tension pulse which can be received by the high-tension connection 3.
PAR  When the actuating cap 11 is released again, then the return spring 14
      lifts the actuating cap into its position of rest, shown in FIG. 1. The
      hammer 4 is retracted by the lines of flux emanating from the permanent
      magnet arrangement. The housing 1 and the actuating cap 11 may be
      manufactured from a non-magnetic material, for instance plastics material.
PAR  FIG. 2 shows a modified embodiment in relation to FIG. 1, which comprises a
      housing 1, a piezoelectric transducer 2, a high-tension connection 3, a
      bore 8 through the housing and a holding pin 9 which is placed through it,
      as in the embodiment according to FIG. 1.
PAR  The permanent magnet arrangement consists of a parallelepiped-shaped
      permanent magnet 28, at the lateral surface of which there are attached
      pole plates 27 which project, on both front sides, beyond the permanent
      magnet 28. Butting against the underside of the pole plates 27 there is a
      hammer 24 which is made of a ferromagnetic material and which is, at its
      circumferential surface, provided with a recess which extends to the upper
      front side region and which receives an energy storing spring 26. Said
      spring rests, with its lower end, on the shoulder of the recess and is, at
      its upper end, biased by a holding pin 25, which extends through a bore of
      the hammer.
PAR  Surmounting the permanent magnet arrangement is an actuating cap 29, which
      is provided with longitudinal slots 30 which extend to the open end of the
      actuating cap. Extending through these longitudinal slots is the holding
      pin 9 as well as, in the lower region, the holding pin 25.
PAR  In this embodiment, no special devices are provided to prevent the
      actuating cap 29 from falling out. This is rather brought about by the
      incorporation of the piezoelectric striking igniter in a lighter or the
      like.
PAR  The mode of operation is as follows. When the actuating cap 29 is pressed
      down, the lower front edge thereof compresses the energy storing spring
      26, and the holding pin 25 passes along the longitudinal slots 30. As soon
      as the force produced by the energy storing spring 26 exceeds the
      retaining force of the permanent magnet arrangement 27, 28, the hammer 24
      detaches itself from the pole plates 27 and is impelled against the
      piezoelectric transducer 2 and generates upon its impact a high-tension
      pulse on the high-tension connection 3. When the actuating cap 29 is
      released, the return spring 31 presses the latter into its position of
      rest, and the hammer 24 is retracted by the lines of the stray field of
      the permanent magnet arrangement 27, 28. However, it is also possible to
      provide a separate return spring for the hammer.
PAR  FIG. 3 shows a somewhat modified embodiment in relation to FIG. 2, in which
      the permanent magnet arrangement comprises a parallelepiped-shaped
      permanent magnet 32 and pole plates 33 adjoining the same on both sides.
      Said permanent magnet arrangement is provided in its upper region with a
      transversal bore 34, through which the holding pin 9 is placed.
PAR  The actuating cap 35 is provided with diametrically opposite longitudinal
      slots 36, but it is somewhat shorter in design than the actuating cap 29
      according to FIG. 2.
PAR  In the interior of the actuating cap 35 there is a return spring 40 which
      rests, with its lower end, on the pole plates 33.
PAR  Fastened to the lower front edge of the actuating cap 35 is a casing 37
      which is, at its two front ends, provided with flanges 38 which are
      directed radially inwards.
PAR  A hammer 31, made of a ferromagnetic material, rests on the lower flange 38
      and is disposed displaceably in the in the lower region of the casing. An
      energy storing spring 39 is inserted under bias between the upper side of
      the hammer 31 and the upper flange of the jacket 37.
PAR  The piezoelectric striking igniter according to FIG. 3 has the following
      mode of operation. When the actuating cap 35 is pressed down, the casing
      37 also moves downwards, so that the lower flange 38 becomes detached from
      the hammer 31 and the energy storing spring 39 is compressed at the same
      time. As soon as the pressure by the energy storing spring 39 exceeds the
      retaining force of the permanent magnet arrangement 32, 33, the hammer 31
      detaches itself from the pole plates 33 and is accelerated by the force of
      the energy storing spring 39 and moves downwards until it impinges on the
      piezoelectric transducer 2 and generates a high-tension pulse in the
      latter.
PAR  Of course, the lower flange 38 must have come down to such an extent that
      it does not impede the movement of the hammer 31. This can, for example,
      be achieved by a dimensioning of the bias and the spring constant of the
      energy storing spring 39 such that the retaining force of the magnet is
      not overcome unless the individual coils of the energy storing spring 39
      touch one another.
PAR  FIG. 4 shows a further embodiment of a piezoelectric striking igniter
      according to the invention. In the housing 41, a piezoelectric transducer
      2 rests on the bottom. Above said transducer there is a hammer 42, which
      is made of a ferromagnetic material and which is provided with a central
      blind bore, in which an energy storing spring 44 is disposed. The latter
      is kept under bias by means of a pin 43, which is driven through a
      diametral bore of the hammer 42. A return spring 49 extends between the
      underside of the hammer 42 and the piezoelectric transducer 2.
PAR  The permanent magnet arrangement comprises a permanent magnet 44, which is
      provided with a central bore and to the outer side surfaces of which there
      are attached pole plates 46, the outer contour of which is adapted to the
      interior of the housing 41. The permanent magnet arrangement 45, 46 is
      situated above the hammer 42 and is glued into the housing 41.
PAR  The actuating cap 47 is mushroom-shaped in design, and the central shank
      thereof projects into the central passage of the permanent magnet
      arrangement 45, 46 and is provided with a slot 60 which can engage over
      the pin 43.
PAR  The surface region of the mushroom-shaped actuating cap 7 is provided with
      a longitudinal hole 50, which does not extend to the level of the front
      edge and into which a pin 51 projects, which is driven through the housing
      41 and which limits the stroke of the actuating cap 47.
PAR  The shank of the actuating cap 47 is surrounded by a return spring 48,
      which rests on the front side of the actuating cap as well as on the
      permanent magnet arrangement 45, 46.
PAR  The piezoelectric striking igniter according to FIG. 4 has the following
      mode of operation. When the actuating cap 47 is pressed down, the slot 60
      passes over the pin 43 and compresses the energy storing spring 44. As
      soon as the force of the pressure exerted by the energy storing spring 44
      exceeds the retaining force of the permanent magnet arrangement 45, 46,
      the hammer 42 detaches itself from the permanent magnet arrangement and is
      impelled in the direction of the piezoelectric transducer 2, during which
      movement the return spring 49 is compressed. When the hammer impinges on
      the piezoelectric transducer 2, a high-tension pulse is generated in the
      latter.
PAR  When the actuating cap is released, first the energy storing spring 44
      relaxes until it butts against the pin 43, causing the hammer 42 to lift
      off from the piezoelectric transducer 2 under the influence of the return
      spring 49, and to return into its position of rest. The return spring 48
      lifts the actuating cap 47 into its position of rest. However, return
      spring 48 may be omitted, since the free front end of the shank of the
      actuating cap 47 is lifted by the energy storing spring 44.
PAR  Alternatively, the return spring 49 may be omitted, if provision is made
      that the hammer 42 is attracted to a sufficient extent by the lines of the
      stray field of the permanent magnet arrangement 45, 46. In this case, the
      return spring 48 serves for lifting the actuating cap 47.
PAR  FIG. 5 shows an embodiment in which the hammer consists of a cup-shaped
      iron short-circuit part 54 and a permanent magnet 55, which is situated
      therein. The permanent magnet 55 is, in contrast with the embodiments
      described in the aforegoing, magnetized in the axial direction.
PAR  The cup-shaped iron short-circuit part 54 butts, in its state of rest,
      against a yoke plate 53 which is made of a ferromagnetic material and
      which is tightly pinned to the housing 51 and which lies in a diametral
      plane. Said yoke plate comprises a central bore 55.
PAR  Glued onto the free front end of the permanent magnet 55 is a pole piece
      59, which is T-shaped in cross-section and the shank of which extends
      through the central bore 55 of the yoke plate 53 and which is riveted, at
      its free end, to a disc 58.
PAR  The housing 51 is provided with diametrically opposite longitudinal holes
      56, into which there engage guide pins 61 which are pinned to an actuating
      cap 57.
PAR  An energy storing spring 62 is inserted under bias between the front side
      of the actuating cap and the disc 58.
PAR  Moreover, there is provided a return spring 63 which butts against the
      underside of the disc 58 as well as against the upper side of the yoke
      plate 53. This return spring 63 may be designed as a conical coil spring,
      so that its thickness in the compressed state is a minimum.
PAR  The piezoelectric striking igniter according to FIG. 5 has the following
      mode of operation. When the actuating cap 57 is pressed down, the energy
      storing spring 62 is compressed until the same produces a force which is
      greater than the retaining force of the magnetic retaining circuit formed
      by the parts 53, 54, 55. When the retaining force has been exceeded, the
      hammer 54, 55 moves downwards against the piezoelectric transducer 2 and
      generates a high-tension pulse therein. During this movement, the return
      spring 63 is compressed to a flat coil.
PAR  When the actuating cap 57 is released, at first the energy storing spring
      62 slackens and then the cup-shaped hammer 54, 55, with the parts fastened
      thereto, is lifted again by the return spring 63.
PAR  In several embodiments described in the aforegoing, it is necessary that
      specific parts of the movable parts cannot become twisted in the housing.
      This may be achieved, by way of example, in that the housing and the
      respective parts have a cross-sectional form that differs from the
      circular form, for instance, that they are square-shaped.
PAR  In any case, the energy storing spring 62 is biased in its state of rest.
      By this means, a shorter structural length of the piezoelectric striking
      igniter, compared with known constructions, can be achieved.
PAR  The piezoelectric striking igniter shown in FIG. 6 comprises a cylindrical
      housing 101 made of a plastics material. The housing has the shape of a
      circular cross-section and is closed at one end by a bottom 102. The
      interior of the housing likewise has a circular cross-section. Resting on
      the bottom of the housing there is a piezoelectric transducer 103 which
      consists of two piezoelectric barium titanate crystals 104 and 105, which
      are arranged one behind the other and between which there is disposed an
      electrode 106 which is guided towards the outside through an aperture 107
      in the housing wall. A bounce plate 108 made of metal is disposed on top
      of the piezoelectric barium titanate body 105 and may be bonded to the
      barium titanate body.
PAR  The piezoelectric striking igniter comprises furthermore a hammer 109 which
      is provided, at the surface region pointing towards the bounce plate 108,
      with a circumferential recess which ends at a shoulder 110. Disposed
      between the bounce plate 108 and the shoulder 110 there is a return spring
      111, which is ground in plane parallel manner on its opposite end faces.
PAR  At the open top end of the housing 101 there are diametrically opposite
      bores 112, through which a holding pin 113 is driven, which serves for
      holding an actuating cap 114 and a magnet unit, which will be described
      below.
PAR  The actuating cap 114 is cup-shaped in design and comprises two
      diametrically opposite paraxially extending longitudinal holes 115,
      through which the holding pin 113 is placed. The longitudinal holes allow
      a movability of the actuating cap 114 that corresponds to its length. Said
      actuating cap has an external diameter which is somewhat smaller than the
      internal diameter which is somewhat smaller than the internal diameter of
      the housing 101, so that the actuating cap cannot be substantially tilted.
PAR  The magnet unit comprises a parallelepiped-shaped magnet 116, at the two
      opposite longitudinal sides of which there are fitted pole plates 117
      which project, on both sides, somewhat beyond the length of the permanent
      magnet 116.
PAR  The ends of the pole plates 117 which project at the top are provided with
      bores 118, through which the holding pin 113 is placed. In this way, the
      magnet unit is fixedly held in the housing.
PAR  FIG. 7 shows a cross-section through the magnet unit. The pole plates 117
      are identical in design and are shaped as a circular cylinder jacket at
      their surface 118 which points away from the permanent magnet 116. Each of
      the pole plates 117 is provided with a bore 119, which is conically
      widened in the region of the arched surfaces 118.
PAR  The permanent magnet 116 is provided with a bore 120, which has a diameter
      corresponding to that of the bore 119 in the pole plates. The pole plates
      and the permanent magnet are held together by a rivet 121, which is
      introduced through the left-hand pole plate (in FIG. 7), through the
      aperture 119, until it butts with its head 122 against the conical
      widening of the aperture 119. The end of the rivet 121 which projects
      beyond the pole plate 117 to the right is clinched in the usual way,
      whereby the parts of the magnet unit are tightly connected to one another.
PAR  The rivet 121 consists of a ferromagnetic material. The pole plates 117 and
      the rivet 121 may also be made of sintered iron, and the rivet 121 may be
      sintered into one of the pole plates or it may alternatively be
      manufactured integrally with the latter, thus avoiding to provide an
      aperture 119 in the respective pole plate.
PAR  The lower ends of the pole plates 117 butt against a front surface of the
      hammer 109, which consists of a ferromagnetic material and therefore is
      retained by the magnetic flux of the permanent magnet.
PAR  The piezoelectric igniter furthermore comrises an energy storing spring 122
      which acts on the front surface of the hammer 109, on the one hand, and on
      the front edge of the open end of the actuating cap 114, on the other
      hand. The ends of the energy storing spring 122 may be ground in plane
      parallel manner, in order to ensure that the hammer 109 is not tilted
      during its downward movement.
PAR  The piezoelectric striking igniter has the following mode of operation. In
      the state of rest (FIG. 6), the energy storing spring 122 is practically
      in its relaxed state and does not exert any substantial force on the
      hammer 109. If the actuating cap 114 is now pressed downwards, the energy
      storing spring 119 is compressed and, accordingly, an increasing force is
      exerted on the hammer 109. As soon as the compressive force of the energy
      storing spring 122 exceeds the retaining force of the magnet unit, the
      hammer 109 detaches itself from the same and is impelled downwards against
      the bounce plate 108. The return spring 111 already exerts a slight
      pressure on the piezoelectric transducer, before the hammer 109 impinges
      on the bounce plate. In any case, the individual parts of the
      piezoelectric transducer are compressed by this pressure of the return
      spring to such an extent that they no longer rest against one another
      loosely or with play. By the compression of the piezoelectric transducer
      before the impact of the hammer it is achieved that the piezoelectric
      transducer generates a maximum electric energy at a given impact of the
      hammer.
PAR  The circumferential recess at the surface of the hammer 109 allows a
      reception of the return spring 111 in the compressed state thereof, i.e.
      when the hammer 109 rests on the bounce plate 108.
PAR  In the state of rest of the piezoelectric striking igniter, part of the
      magnetic flux of the permanent magnet 116 passes through the hammer 109,
      whilst another part passes through the rivet 121. Because of the small
      cross-sectional area of the rivet 121 in comparison with the
      cross-sectional area of the pole plates 117 and the hammer 109, the
      greatest part of the magnetic flux passes through the hammer, so that the
      retaining force of the magnet unit is not weakened by the rivet 121 to an
      appreciable extent.
PAR  When the hammer 109 breaks away from the pole plates 117, the magnetic
      resistance increases considerably at this point, so that the rivet 121
      absorbs a substantial part of the magnetic flux. By this means it is
      ensured that the permanent magnet is not substantially demagnetized in the
      course of time. Therefore, less expensive magnets may be used without any
      disadvantage.
CLMS
STM  I claim:
NUM  1.
PAR  1. A piezoelectric igniter with a striking mechanism, more especially for
      lighters, having a piezoelectric transducer, a hammer which is movable in
      the direction of the latter and which co-operates with an energy storing
      spring which can be compressed by an actuating member, having a movement
      release device for the hammer and having a housing which surrounds these
      parts and against the one front end of which the piezoelectric transducer
      butts, wherein the movement release device forms a magnetic holding
      circuit comprising a permanent magnet (45) with laterally mounted pole
      plates (46), which is fixed in the housing and which is magnetized
      transversely to the direction of movement of the hammer (42) and which has
      a free axial passage, the energy storing spring (44) lies in a blind hold
      in the hammer (42), which blind hole is in alignment with the axial
      passage and is biased by a holding member (43) which is fastened to the
      hammer, and wherein the actuating member (47) comprises a shank which
      extends into the axial passage and which is provided with a slot (60) at
      the points of the holding member.
NUM  2.
PAR  2. A piezoelectric igniter as claimed in claim 1, wherein the energy
      storing spring (39) is surrounded by a casing (37) which is fastened to
      the underside of the actuating cap (35) and which surrounds the lateral
      surface of the hammer (31) with play and which comprises a flange (38),
      which is directed radially inwards and on which the bottom of the hammer
      (31) rests freely.
NUM  3.
PAR  3. A piezoelectric igniter as claimed in claim 1, wherein the magnetic
      holding circuit comprises a cup-shaped iron short-circuit part (54) with a
      permanent magnet (55) situated therein, both of which form the hammer, and
      a yoke plate (53) which is fixed in the housing, and wherein the yoke
      plate (53) is provided with a central bore (65), the hammer (54, 55)
      comprises a central shank (59) which points upwards and which extends
      through the bore (65) and which is, at its free end, connected to a disc
      (58), which lies in a diametral plane, and the energy storing spring (62)
      is disposed between the actuating cap (57), which serves as an actuating
      member, and the disc (58).
NUM  4.
PAR  4. A piezoelectric igniter as claimed in claim 1, wherein a cone-shaped
      return spring is arranged between the disc (58) and the yoke plate (53).
NUM  5.
PAR  5. A piezoelectric igniter as claimed in claim 1, wherein the magnetic
      holding device comprises a permanent magnet (116) having two plane
      surfaces and which is magnetized transversely to said plane surfaces, a
      ferromagnetic pole plate (117) adjoining each of the plane surfaces,
      respectively, at least one rivet pin (121) made of a ferromagnetic
      material and butting against one of the pole plates, and an aperture (119)
      provided in the other pole plate for receiving the rivet pin.
NUM  6.
PAR  6. A piezoelectric igniter as claimed in claim 1, wherein the rivet pin is
      attached, preferably sintered, to the respective pole plate.
NUM  7.
PAR  7. A piezoelectric igniter as claimed in claim 1, wherein one of the pole
      plates is integral with the rivet pin.
NUM  8.
PAR  8. A piezoelectric igniter as claimed in claim 1, wherein the pole plates
      (117) are arched in a cylindrical manner at their sides (118) which are
      averted from the permanent magnet (116).
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ABST
PAL  An interdigital transducer used in an elastic surface wave device and
      including a pair of electrodes each having a common electrode and a
      plurality of electrode fingers connected to the common electrode, the
      overlap lengths of electrode fingers being uniform throughout the
      transducer. Floating electrodes, each having two parallel conductors
      connected together at one end, are disposed between the interdigital
      electrode fingers of the paired electrodes to weight the excitation
      electric field strength.
PAR  This invention relates to an elastic surface wave transducer.
PAC  BACKGROUND OF THE INVENTION
PAR  An elastic surface wave device (also referred to as an acoustic surface
      wave device) used in the VHF band and UHF band as a filter or delay line
      already known to those skilled in the art. An elastic surface wave device
      has transmitting and receiving interdigital transducers disposed on a
      piezoelectric substrate. These transducers are used to convert electrical
      signals into elastic surface waves or vice versa.
PAR  A known transducer used in an elastic surface wave device is of the uniform
      overlap length interdigital type comprising first and second electrodes
      disposed on a substrate of piezoelectric material, each of the first and
      second electrodes having a common electrode connected to an external
      terminal and a plurality of electrode fingers connected to the common
      electrode, the overlap lengths of the electrode fingers of the first and
      second electrodes being uniform throughout the transducer.
PAR  However, the above-mentioned prior art uniform overlap length interdigital
      transducer has unsatisfactory frequency characteristics. Further, such
      transducer has a passband width bearing a substantially inverse proportion
      to the number of electrode fingers.
PAR  In Proc. IEEE, Vol. 59, No. 3, p.393, March (1971) is set forth a weighting
      transducer with a so-called "apodized electrode" arrangement for improving
      the frequency response of the transducer. With this apodized type
      weighting transducer, the overlap lengths of the electrode fingers are
      made to vary in proportion to a weighting function, causing the widths of
      excited elastic surface wave beams to be weighted in proportion to the
      weighting function. Though a weighting function with respect to the
      frequency transmitting property of an ideal filter is sin x/x, a
      practically used function is, for example
      ##EQU1##
      APPROXIMATING THE FUNCTION SIN X /X.
PAR  When the apodized transducers are used as input and output transducers, it
      is impossible to obtain the product property of the transfer functions of
      both transducers. For a prominent guaranteed attenuation in the stop band,
      however, the product property should be attained. Following is the reason
      why apodised type weighting transducers used as input and output
      transducers can not provide a desired product of transfer functions. The
      electrode fingers of the output transducer overlapping each other over a
      small length can not fully pick up an elastic surface wave having a larger
      beam width from the input transducer, failing to produce an output signal
      proportional to the weight of the beam width.
PAR  To obtain, therefore, the product of transfer functions, an apodized type
      weighting transducer is combined with a uniform overlap length type
      transducer. In this case, the electrodes of the apodized type weighting
      transducer should be made more precisely than in the case with two
      weighting transducers in order to attain a prominent guaranteed
      attenuation in the stop band. However, this is difficult to realize.
PAR  It is accordingly an object of this invention to provide a weighting
      transducer, which, combined with any other type of transducer, can easily
      realize the product property of the transfer functions of both
      transducers.
PAR  Another object of the invention is to provide a uniform overlap length
      interdigital transducer with an improved frequency response.
PAC  SUMMARY OF THE INVENTION
PAR  A uniform overlap length type interdigital weighting transducer of this
      invention is characterized in that a plurality of floating electrodes each
      having a pair of parallel conductors connected together at one end are
      disposed on a piezoelectric substrate between the adjacent interdigital
      electrode fingers of the first and second electrodes. The parallel
      conductors preferably extend along the entire overlap length of the
      interdigital electrode fingers of the first and second electrodes. A
      plurality of the above-mentioned floating electrodes arranged between
      pairs of interdigital electrode fingers in numbers progressively
      increasing from the center of the transducer to both ends thereof along
      the propagation axis of the elastic surface wave can weight the strength
      of an excitation electric field in proportion to a weighting function.
PAR  When combined with any other type of transducer, the weighting transducer
      of this invention which has the electrode fingers overlapped by each other
      in the uniform length throughout the transducer, can easily realize the
      product property of the transfer functions of both transducers.
PAR  Further, the rejection of the side lobe of the weighting transducer of this
      invention can be easily improved to a larger extent than 10 dB as compared
      with the ordinary uniform overlap length type transducer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically illustrates an elastic surface wave device using the
      weighting transducer of this invention;
PAR  FIG. 2 shows the position of a floating electrode relative to the
      interdigital electrode fingers;
PAR  FIGS. 3A, 4A, 5A and 6A represent the arrangement of the floating
      electrodes and interdigital electrodes;
PAR  FIGS. 3B, 4B, 5B and 6B indicate distributions of stresses corresponding to
      the electrode arrangements of FIGS. 3A, 4A, 5A and 6A;
PAR  FIG. 7 shows an example of the arrangement of floating electrodes in the
      weighting transducer of the invention;
PAR  FIG. 8 shows the distribution of the strength of an excitation electric
      field derived from the floating electrodes arranged as indicated in FIG.
      7; and
PAR  FIGS. 9 to 11 represent the results of experiments with the weighting
      transducer of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As shown in FIG. 1, an input transducer 11 and an output transducer 12 are
      provided on a substrate 10 made of piezoelectric material such as quartz
      crystal, lithium niobate, lithium tantalate and the like. In this case,
      the input transducer 11, includes the weighting transducer of this
      invention and the output transducer 12 is formed of the known apodized
      type weighting transducer.
PAR  The input transducer 11 comprises first and second electrodes E1, E2 formed
      on the substrate 10 and made of conductive material such as aluminium or
      gold. The first electrode E1 includes a common electrode 13 connected to
      an external terminal T1 and electrode fingers 14 connected to the common
      electrode 13. The second electrode E2 includes a common electrode 15
      connected to an external terminal T2 and electrode fingers 16 connected to
      the common electrode 15. The electrode fingers 14 of the first electrode
      E1 are interdigated by the fingers 16 of the second electrode E2. The
      interdigital electrode fingers 14, 16 in the input transducer 11 are made
      to have a uniform overlap length l throughout the transducer. Further,
      according to this invention, on the substrate 10 is disposed between the
      electrode finger 14 of the first electrode E1 and the adjacent electrode
      finger 16 of the second electrode E2 at least one floating electrode 30
      which is not connected to either of the first and second electrodes E1, E2
      and comprises a pair of parallel conductors 31, 32 and a connection
      conductor 33 connecting the parallel conductors 31, 32 at one end. The
      paired parallel conductors 31, 32 are arranged to have a length equal to
      the overlap length l and extend, as shown in FIG. 2, along the entire
      overlap length l of the interdigital electrode fingers 14, 16.
PAR  The electrode fingers 14, 16 of the first and second electrodes E1, E2 and
      the parallel conductors 31, 32 of the floating electrode 30 have the same
      width d . A space between the floating electrode 30 and an adjacent
      electrode finger, a space between said parallel conductors 31, 32 and a
      space between the adjacent floating electrodes 30 may be chosen to be d,
      though the spacing need not be d. The practical dimensions of l and d are
      about 5 mm and 25 .mu.m, respectively.
PAR  The apodized type output transducer 12 comprises first and second
      electrodes E3, E4. The first electrode E3 includes a common electrode 17
      connected to an external terminal T3 and electrode fingers 18 connected to
      the common electrode 17. The second electrode E4 includes a common
      electrode 19 connected to an external terminal T4 and electrode fingers 20
      connected to an external terminal T4 and electrode fingers 20 connected to
      the common electrode 19. In the apodized type output weighting transducer
      12, the overlap lengths of interdigital electrode fingers 18, 20
      progressively decrease from the center to both ends of the transducer in
      proportion to a weighting function
      ##EQU2##
      The width of the electrode fingers 18, 20 and a space between the adjacent
      electrode fingers 18, 20 may be chosen to be the same as in the input
      transducer 11.
PAR  Where the uniform overlap length type weighting transducer of this
      invention is combined with an apodized type weighting transducer, then it
      is desired that the maximum overlap length of the interdigital electrode
      fingers of the apodized type weighting transducer be equal to the uniform
      overlap length l of the interdigital electrode fingers in the uniform
      overlap length interdigital transducer.
PAR  Where the weighting transducer of this invention which is a combination of
      the ordinary uniform overlap length type transducer and the floating
      electrode has the same magnitude of voltage impressed across the
      respective electrode fingers, then the strength of an excitation electric
      field is more reduced due to the presence of the floating electrode than
      in a transducer without the floating electrode. Therefore, a plurality of
      floating electrodes arranged along the propagation axis of an elastic
      surface wave can weight the strength of an excitation electric field in
      proportion to a weighting function. FIG. 3A represents the arrangement of
      electrodes in the ordinary uniform overlap length type transducer. FIG. 3B
      shows a distribution of stresses generated at the edges of the respective
      electrodes of FIG. 3A by the indicated arrows. The length a of each arrow
      denotes the magnitude of the stress generated. Where the impulse train of
      the stress is expanded into Fourier series, then the coefficient of a
      fundamental wave component which has a period represented by the dotted
      curve of FIG. 3B becomes 2.sqroot.2a. This component excites an elastic
      surface wave having the fundamental period.
PAR  FIG. 4A indicates an arrangement in which a pair of parallel conductors of
      a floating electrode are disposed between the adjacent electrode fingers
      of uniform overlap length interdigital electrodes. In this case, the
      magnitudes of stresses are distributed as shown in FIG. 4B. Where the
      impulse train of the stresses is expanded into Fourier series, then the
      coefficient of the fundamental component becomes 1/3 .times. 2.sqroot.2a.
      Thus it will be seen that the electrodes of FIG. 4A have the excitation
      power reduced to one-third as compared with that of the electrodes of FIG.
      3A. Where two pairs of parallel conductors are provided between the
      adjacent interdigital electrode fingers as shown in FIG. 5A, then the
      magnitudes of stresses generated are distributed as indicated in FIG. 5B.
      In this case, the coefficient of the fundamental wave component is 1/5
      .times. 2.sqroot.2a as compared with that of the fundamental wave
      component of FIG. 3A. Where, as shown in FIG. 6A, three pairs of parallel
      conductors are positioned between the adjacent interdigital electrode
      fingers, then the magnitudes of stresses are distributed as shown in FIG.
      6B. The coefficient of the fundamental wave component is 1/7 .times.
      2.sqroot.2a.
PAR  As will be evident from the foregoing, where i pairs of parallel conductors
      are provided between the adjacent interdigital electrode fingers, then the
      coefficient of the fundamental wave component becomes
      ##EQU3##
      In this case, the excitation power is equal to
      ##EQU4##
      of that of the basic arrangement of electrodes shown in FIG. 3A.
PAR  As seen from the foregoing description, it is possible to weight the
      strength of an excitation electric field or an elastic surface wave by
      arranging the floating electrodes appropriately along the propagation axis
      of elastic surface wave. FIG. 7 illustrates an example of the arrangement
      of the weighting transducer of this invention. Where floating electrodes
      are provided in numbers progressively increasing from the center to both
      ends of the transducer, then the strength of an excitation electric field
      indicates, as shown in FIG. 8, a stepwise distribution substantially
      proportional to a weighting function. In this case, it is not always
      necessary, as easily understood, to provide any floating electrode in the
      central part of the transducer. What is important is that the floating
      electrodes should be arranged in numbers progressively increasing from the
      center to both ends of the transducer. It is noted, however, that the
      arrangement of floating electrodes need not necessarily follow such a
      distribution as mentioned above.
PAR  There will now be described the operation of the elastic surface wave
      device of FIG. 1 comprising an input transducer utilizing the uniform
      overlap length type weighting transducer 11 of this invention and an
      output transducer 13 formed of the known apodized type weighting
      transducer. Elastic surface waves generated by the input transducer 11
      have their strength weighted along the propagation axis. However, the
      strength of an elastic surface wave remains constant throughout the beam
      width or the overlap length l. Where, therefore, an elastic surface wave
      from the input transducer 11 having a constant beam width and strength is
      supplied to the output transducer 12 having some of the electrode fingers
      overlapped by each other in a smaller length and the others overlapped by
      each other in a larger length, then the output transducer 12 generates
      outputs having amplitudes proportional to the smaller and larger overlap
      lengths of the electrode fingers thereof, each time the above-mentioned
      surface wave from the input transducer 11 passes through the sections of
      the different overlap lengths. Namely, impulse-response wave forms at the
      electrode sections of a smaller overlap length and those of a larger
      overlap length bear a relationship of precise similarity. Therefore, an
      overall transfer function between the input and output transducers 11, 12
      can be expressed as a product of the transfer functions of the respective
      transducers.
PAR  It is possible to use two floating electrode type weighting transducers of
      this invention, as input and output transducers respectively. Further, the
      weighting transducer of the invention may be combined not only with the
      apodized type weight transducer but also with any other type, such as a
      uniform overlap length type transducer or normalized transducer. In this
      case, the present floating electrode type weighting transducer may be used
      either as an input or as an output transducer.
PAR  FIG. 9 illustrates the frequency characteristics of the floating electrode
      type weighting transducer of this invention detected by a uniform overlap
      length type transducer comprised of a smaller number of electrode fingers
      and capable of presenting fully broad band characteristics, where both
      transducers are disposed on a substrate formed of 131.degree. rotated
      Y-cut X-propagating LiNbO.sub.3 crystal.
PAR  FIG. 10 indicates the overall frequency characteristics of two floating
      electrode type weighting transducers of this invention used as input and
      output transducers respectively. Comparison between FIGS. 9 and 10 shows
      that in the case of FIG. 10, the product property of the transfer
      functions of the input and output transducers is obtained.
PAR  FIG. 11 shows the overall frequency characteristics of the floating
      electrode type weighting transducer used as an input transducer and the
      apodized type weighting transducer used as an output transducer. In this
      case, the generated attenuation amounted to about 45 dB, a value fully
      available for practical application.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An elastic surface wave interdigital transducer comprising:
PA1  a piezoelectric substrate;
PA1  first and second electrodes disposed on said piezoelectric substrate, each
      of said first and second electrodes having a common electrode connected to
      an external terminal and a plurality of electrode fingers connected to
      said common electrode, the electrode fingers of said first electrode
      overlapping with and being interdigitated by the electrode fingers of said
      second electrode, the overlap lengths of the interdigital electrode
      fingers of said first and second electrodes being substantially uniform
      throughout the transducer; and
PA1  a plurality of floating electrodes, each floating electrode including a
      pair of parallel conductors connected together at one end, said floating
      electrodes being disposed on said piezoelectric substrate between said
      interdigital electrode fingers of said first and second electrodes, the
      number of said floating electrodes located between respective pairs of
      said interdigital electrode fingers progressively increasing from the
      center of said transducer to both ends of said transducer.
NUM  2.
PAR  2. An elastic surface wave transducer according to claim 1, wherein said
      paired parallel conductors of said floating electrodes extend along the
      entire overlap length of the interdigital electrode fingers of said first
      and second electrodes.
NUM  3.
PAR  3. An elastic surface wave transducer according to claim 1, wherein said
      paired parallel conductors of said floating electrodes have a length
      substantially equal to the overlap length of the interdigital electrode
      fingers of said first and second electrodes.
NUM  4.
PAR  4. An elastic surface wave transducer according to claim 1, wherein said
      paired parallel conductors of said floating electrodes have substantially
      the same width as the electrode fingers of said first and second
      electrodes.
NUM  5.
PAR  5. An elastic surface wave interdigital transducer comprising:
PA1  a substrate made of piezoelectric material;
PA1  first and second electrodes disposed on said piezoelectric substrate, and
      each having a common electrode connected to an external terminal and a
      plurality of electrode fingers connected to said common electrode, the
      electrode fingers of said first electrode being interdigitated by the
      electrode fingers of said second electrode; and
PA1  a plurality of floating electrodes, each floating electrode including a
      pair of parallel conductors connected together at one end, said floating
      electrodes being disposed on said piezoelectric substrate between the
      interdigital electrode fingers of said first and second electrodes, said
      floating electrodes being arranged between respective pairs of said
      interdigital electrode fingers in numbers progressively increasing from
      the center to both ends of said transducer.
NUM  6.
PAR  6. An elastic surface wave transducer according to claim 5, wherein said
      paired parallel conductors of said floating electrodes have substantially
      the same width as the electrode fingers of said first and second
      electrodes.
NUM  7.
PAR  7. An elastic surface wave device comprising:
PA1  a substrate made of piezoelectric material;
PA1  a first interdigital transducer including: first and second electrodes
      disposed on said piezoelectric substrate, each of said first and second
      electrodes having a common electrode connected to an external terminal and
      a plurality of electrode fingers connected to said common electrode, the
      electrode fingers of said first electrode overlapping with and being
      interdigitated by the electrode fingers of said second electrode, the
      overlap lengths of the interdigital electrode fingers of said first and
      second electrodes being substantially uniform throughout said first
      transducer; and a plurality of floating electrodes respectively including
      a pair of parallel conductors connected together at one end and disposed
      on said piezoelectric substrate between the interdigital electrode fingers
      of said first and second electrodes, the number of said floating
      electrodes located between respective pairs of said interdigital electrode
      fingers progressively increasing from the center of said first transducer
      to both ends of said first transducer; and
PA1  a second interdigital transducer disposed on said piezoelectric substrate
      and including third and fourth electrodes each having a common electrode
      connected to an external terminal and electrode fingers connected to said
      common electrode, the electrode fingers of said third electrode
      overlapping with and being interdigitated by the electrode fingers of said
      fourth electrode, the overlap lengths of interdigital electrode fingers of
      said third and fourth electrodes progressively decreasing from the center
      of said second transducer to both ends of said second transducer.
NUM  8.
PAR  8. An elastic surface wave transducer according to claim 7 wherein said
      paired parallel conductors of said floating electrodes of said first
      transducer extend along the entire overlap length of the interdigital
      electrode fingers of said first and second electrodes of said first
      transducer.
NUM  9.
PAR  9. An elastic surface wave transducer according to claim 7, wherein said
      paired parallel conductors of said floating electrodes of said first
      transducer have a length substantially equal to the overlap length of the
      interdigital electrode fingers of said first and second electrodes of said
      first transducer.
NUM  10.
PAR  10. An elastic surface wave transducer according to claim 7, wherein said
      paired parallel conductors of said floating electrodes of said first
      transducer have substantially the same width as the electrode fingers of
      said first and second electrodes of said first transducer.
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ABST
PAL  A miniature self-starting electric motor includes a rotor shaft rotatably
      disposed in a casing. Two rotors fixed to said rotor shaft each have a
      circular body portion of soft magnetic material, said circular body
      portion having a periphery with pole teeth extending therefrom and spaced
      from each other at equal angular spacings. Two exciting coils each are
      disposed to face the pole teeth. Two magnets each provide radially north
      and south poles alternating at an equal angle with axially same polarities
      as the other magnet and facing the pole teeth, the number of poles on each
      permanent magnet being an even multiple of the number of pole teeth. The
      two rotors are in an opposite relation each other, the pole teeth of one
      of said two rotors being staggered from the pole teeth of the other by a
      predetermined electric angle. A condenser is selectively connectible to
      either one of said two exciting coils. Such miniature self-starting motor
      rotates reliably in a predetermined direction at the time of starting.
      Further, the direction of rotation can be selectively determined by
      operating a switch.
BSUM
PAR  This invention relates to a miniature self-starting electric motor and more
      particularly to a miniature self-starting electric motor provided with two
      rotors, wherein pole teeth of one rotor are staggered from pole teeth of
      the other by an electric angle of 96.degree. to 120.degree., thereby to
      enable said rotors to start their rotation reliably in a predetermined
      direction.
PAR  In a known self-starting electric motor, the probability of rotation in a
      predetermined direction at the time of starting is 50 percent. To overcome
      this drawback, there has been proposed incorporation of anti-reverse
      mechanism, e.g. a gear mechanism, into conventional motors of this type.
      This means that two sets of such gear mechanism are set in a single motor
      since it is generally required to perform rotation in two opposite
      directions from a commercial point of view. However use of two sets of
      such gear mechanism is not practicable in a miniature motor which should
      be compact in construction. Furthermore, with such a conventional motor
      having a gear mechanism, the time required for the motor to start its
      rotation varies since time lag caused in the anti-reverse mechanism is not
      always kept at the same level. If the self-starting electric motor, in
      which the time lags in the start of rotation are not constant, is employed
      in such a machine as an electronic computer, there is, for example, such a
      disadvantage that the length of computer output tape fed by rotation of
      the motor is not kept constant.
PAR  It is therefore an object of the present invention to provide a miniature
      self-starting electric motor which performs rotation reliably in a
      predetermined direction at the time of starting without incorporating any
      additional anti-reverse mechanism.
PAR  It is another object of the present invention to provide a miniature
      electric motor which performs rotation selectively in either direction by
      operating a switch.
PAR  It is a further object of the present invention to provide a miniature
      self-starting electric motor which is free from a time lag in the starting
      of rotation.
DRWD
PAR  The invention will be better understood from the following description
      taken in connection with the accompanying drawings in which:
PAR  FIG. 1 is a longitudinal cross sectional view of a conventional electric
      motor;
PAR  FIG. 2 is a longitudinal cross sectional view of one form of a miniature
      self-starting electric motor according to the present invention;
PAR  FIG. 3 is a perspective view showing main components of the miniature
      self-starting electric motor as shown in FIG. 2, with semi-circular iron
      members exploded therefrom;
PAR  FIG. 4 is a plan view showing a relation in which the respective pole teeth
      of the two rotors in FIG. 2 are staggered;
PAR  FIG. 5 is a circuit diagram used in the miniature self-starting motor as
      shown in FIG. 2;
PAR  FIG. 6 is a wave form chart plotting the exciting currents flowing through
      the exciting coils in FIG. 5;
PAR  FIG. 7 is an explanatory view showing the movements of the rotors when the
      switch is closed as shown in a full line in FIG. 5;
PAR  FIG. 8 is an explanatory view showing the movements of the rotors when the
      switch is closed as shown in a dotted line in FIG. 5;
DETD
PAR  In the drawings and the following description, like portions or parts are
      denoted by like numerals or characters.
PAR  Essentially, according to the present invention, there is provided a
      miniature self-starting electric motor comprising a rotor shaft rotatably
      disposed in a casing; two rotors fixed to said rotor shaft and each having
      a circular body portion of soft magnetic material, said circular body
      portion having a periphery with pole teeth extending therefrom and spaced
      from each other at equal angular spacings; two exciting coils each being
      disposed to face the pole teeth; two magnets each providing radially north
      and south poles alternating at an equal angle and axially same polarities
      as the other magnet and facing the pole teeth, the number of poles on
      eaach permanent magnet being an even multiple of the number of pole teeth,
      said two rotors being in an opposite relation each other the pole teeth of
      one of said two rotors being staggered from the pole teeth of the other by
      a predetermined electric angle; and a condenser to be selectively
      connected to either one of said two exciting coils.
PAR  Referring now to FIGS. 2 to 5, 7 and 8, there is illustrated one preferred
      embodiment of the present invention. A cylindrical casing of the miniature
      self-starting electric motor is composed of a motor case 1 and a lid 2,
      which are provided with bearings 3 and 4, respectively. A hard steel ball
      5 is disposed in the bearing 3. A rotor shaft 6 is supported by the
      bearings 3 and 4. Bosses 7 and 7' of non-magnetic material, for example
      aluminum, are fixed to the rotor shaft 6 as depicted. Rotors 8 and 8' of
      soft magnetic iron are respectively fixed to the aluminium bosses 7 and 7'
      and respectively have circular body portions 8a and 8a'. From the
      periphery of each of the circular body portions 8a and 8a' are extending
      pole teeth each tapered from its base portion towards its free end. The
      pole teeth of one of the two rotors and the pole teeth on the other are in
      an opposite relation, i.e. the rotors are axially opposed with their sets
      of pole teeth facing. FIG. 4 shows the lower circular body portion 8a
      drawn in a full line and the upper circular body portion 8a' drawn in a
      dotted line, such body portions being staggered from each other with
      respect to their positions of the pole teeth so that the upper circular
      body portion 8a' is 18.degree. (108.degree. electric degrees) ahead of the
      lower circular body portion 8a in the clockwise direction. Cylindrical
      magnets 9 and 9' are firmly attached to a stator of synthetic resin 10.
      There are provided north and south poles alternating at an equal angle on
      both peripheries of the cylindric magnets. The north and south poles on
      the magnet 9' are right above same poles on the magnet 9. The number of
      poles magnetized on each permanent magnet is an even multiple of the
      number of pole teeth on each circular body portion. Annular exciting coils
      11 and 11' are provided concentrically with said rotors 8 and 8'.
PAR  On the inner peripheries of semi-circular iron members 12 and 12' are
      formed projections 12a and 12a' as shown in FIG. 3, which are to be
      engaged with concaves (not shown) on the resin member 10.
PAR  In this connection, FIG. 1 shows a conventional self-starting motor,
      wherein there are provided two exciting coils b and b' fixed on an inner
      wall of a casing a, two permanent magnets d and d' whose peripheries are
      magnetized radially and alternatingly to provide north and south poles and
      stationary pole teeth c and c' magnetized by the current flowing through
      said exciting coils b and b'. Said pole teeth c and c' are arranged in
      parallel with peripheries of said permanent magnets (the latter being used
      for rotors) leaving an air gap therebetween. Characters e and e' designate
      bosses of non-magnetic material to fix permanent magnets d and d' on the
      rotor shaft f which is supported by bearings g, g, g fixed to the casing
      a.
PAR  In an electric motor assembly as shown in FIG. 1, it is extremely difficult
      to dispose the two sets of poles on the two permanent magnets d and d' in
      a predetermined relation since the magnets d and d' are separately
      attached to the bosses e and e' after being magnetized.
PAR  In contrast as described before, in one embodiment of the present
      invention, the two semicircular iron members 12 and 12' are employed. By
      incorporating these two semi-circular iron members so that the two rotors,
      the two permanent magnets and the two exciting coils are separated into
      each combination of one rotor, one permanent magnet and one exciting coil,
      it has become possible that two material members to be magnetized into the
      two permanent magnets are first fixed to the stator and then magnetized.
      Due to the above-mentioned sequence in working, it is possible to dispose
      in the casing the two magnets which have been prepared by assembling
      materials and simultaneously magnetizing them, so that portions magnetized
      in the same polarity on both magnets are aligned when viewed in the axial
      direction.
PAR  Back to FIGS. 2 to 5, 7 and 8 showing the present invention, the permanent
      magnets 9 and 9' attached to a stator 10 of non-magnetic material, such as
      synthetic resin, are positioned concentric with the rotors 3 and 3'. The
      exciting coils 11 and 11', the permanent magnets 9 and 9' and the rotors 8
      and 8' constitute two sets of synchronous electric motors A and B as shown
      in FIG. 2. A compression spring 13 is disposed to wind around the rotor
      shaft 6, one end of the spring contacting a shoulder in the recessed
      portion 10a on the stator, the other end an aluminum boss 7. In
      consequence the rotors 8 and 8' are pressed toward the ball 5 by a weak
      force, thus preventing the rotors from being magnetically vibrated by
      magnetic fluxes. A gear 14 is fixed to the rotor shaft 6 for transmitting
      the driving force to a load outside the casing. Cords from said exciting
      coils 11 and 11' go out of the casing through a bush 15 of insulating
      material. An oil impregnated felt 16 supplies the ball 5 with oil. A name
      plate 17 also serves to prevent oil leakage from the oil impregnated felt.
      When viewed from the gear 14 side, the exciting coil 11 is wound clockwise
      while the exciting coil 11' is wound counterclockwise. With this
      construction of the exciting coils, they are magnetized in a manner
      opposite to each other when connected to the power source. In a device
      separately composed of the motor A or B, it is often impossible to obtain
      torque when corresponding pole teeth 8b and 8b' of the rotor 8 and 8'
      happen to be right above the permanent magnet poles simultaneously and a
      direction of rotation can not be determined. To avoid this disadvantage,
      we adopted a two-phase construction and the exciting coils 11 and 11' are
      arranged so that they show the phase difference of 60.degree.. The
      exciting coils 11 and 11' used in the synchronous motor of the above
      structure are connected as shown in FIG. 5, namely the exciting coils 11
      and 11' are connected in parallel with each other and a condenser c is
      adapted to be selectively connected to either of said two exciting coils.
      Therefore, when the switch SW is closed as shown by the full line in FIG.
      5, the phase of an exciting current in the coil 11' is advanced. FIG. 6
      shows phase relationships between the exciting currents 11 and 11',
      wherein the wave form I designates an exciting current flowing through the
      exciting coil 11, the wave form II designates an exciting current flowing
      through the exciting coil 11' when the switch SW is connected to the
      condenser side as shown in full line in FIG. 5, and the wave form III
      designates an exciting current flowing through the exciting coil 11' when
      the swtich SW is closed as shown by the dotted line in FIG. 5.
PAR  In operation, when the switch is closed as shown in the full line, an
      exciting current having the wave form I flows through the exciting coil 11
      and an exciting current having the wave form II flows through the exciting
      coil 11'.
PAR  Suppose the rotor 8 is magnetized to provide south polarity by a negative
      current which starts flowing through the exciting coil 11 of the motor A
      at the position I-0 in the FIG. 6, while the rotor 8' is magnetized to
      provide south polarity (see FIG. 7a) by a positive current which starts
      flowing through the exciting coil 11' of the motor B at the position I-0
      in FIG. 6. When at a standstill, the pole teeth 8b of the rotor 8 are
      exactly opposite the south pole of the permanent magnet 9 and the pole
      teeth 8b' of the rotor 8' are positioned substantially between south and
      north poles on the permanent magnet 9'.
PAR  In the above case, although repelling forces are generated between the pole
      teeth 8b of the rotor 8 and the permanent magnet 9, the repelling forces
      are unable to decide direction of rotation by themselves since the pole
      teeth 8b are exactly opposite the south poles on the stator. On the other
      hand, attracting and repelling forces are generated between the pole teeth
      8b' of the rotor 8' and the permanent magnet 9' in the motor B; providing
      a torque on the rotor 8' in the arrow marked direction.
PAR  When the pole teeth 8b' comes to the points right opposite the north poles
      on the permanent magnet stator 9', the exciting current II flowing through
      the exciting coil 11' turns positive since the phase advances from I-0 and
      II-0 in FIG. 6, magnetizing the rotor 8' to provide north polarity (see
      FIG. 7b). Therefore, repelling forces are generated between the pole teeth
      8b' of the rotor 8' and the magnet 9' while the pole teeth 8b of the rotor
      8 continue to be magnetized to provide south polarity, rotating the rotor
      8 in the arrow marked direction by repelling and attracting forces
      generated between the pole teeth 8b and permanent magnet 9. The moment the
      pole teeth 8b' of the rotor 8' pass the center lines of the north poles on
      the permanent magnet 9', the repelling forces present between the pole
      teeth 8b' and the north poles on the permanent magnet 9' cooperate with
      the repelling forces working between the pole teeth 8b of the rotor 8 and
      the south poles on the permanent magnet 9 function to apply a large torque
      (see FIG. 7c).
PAR  The moment the pole teeth 8b of the rotor 8 reach the points exactly
      opposite the north poles on the permanent magnet 9, the rotor 8 and the
      pole teeth 8b thereof are magnetized to provide north poles by the
      positive current which starts flowing through the exciting coil 11 since
      the phase advances from II-0 to I-1 as shown in FIG. 6 (see FIG. 7d).
PAR  By the same token as stated above, everytime the polarities provided by the
      exciting currents flowing through the exciting coils 11 and 11' change,
      the polarities to which the rotor 8 and 8' magnetized are reversed, thus
      rotating the rotors 8 and 8' with attracting and repelling forces in
      combination in one direction only.
PAR  Immediately below, explanation will be given as to the case when the switch
      SW is closed as shown in dotted line in FIG. 5.
PAR  Since the exciting current flowing through the exciting coil 11 is negative
      at the position I-0 while the exciting current flowing through the
      exciting coil 11' is positive at the position I-0, the rotor 8 is
      magnetized in the south polarity while the rotor 8' is magnetized in the
      north polarity (see FIG. 8a). Therefore, the rotor 8' starts its rotation
      in the arrow marked direction (in the direction opposite to that shown in
      FIG. 7). The moment the pole teeth 8b of the rotor 8 pass the center lines
      of the south poles, the repelling forces present between the pole teeth 8b
      and the south poles on the permanent magnet 9 cooperate with the repelling
      forces working between the pole teeth 8b' of the rotor 8' and the north
      poles on the permanent magnet 9' function to apply a large torque (see
      FIG. 8b).
PAR  Explanation will be omitted as to the movements of the rotors since the
      operation is performed in the same manner as has so far been explained.
PAR  In this embodiment, the pole teeth 8b and 8b' are staggered from each other
      by 18.degree. (an electric angle of 108.degree.) while the phase
      difference between the exciting current I and the exciting current II is
      60.degree.. However, the stagger between the pole teeth 8b and 8b' can be
      adjusted within the range of 16.degree. to 20.degree. (an electric angle
      of 96.degree. to 120.degree.) in accordance with an appropriate selection
      of the phase difference between the exciting currents.
PAR  Although the pole teeth 8b and 8b' of the rotors 8 and 8' are opposed to
      each other in the above embodiment, it is noted that alternatively the
      circular body portions 8a and 8a' may be opposed to each other. In this
      alternative case, the permanent magnets 9 and 9' are fixed to the motor
      case 1 and the lid 2, respectively, and the pole teeth 8b and 8b' of the
      rotors 8 and 8' are disposed to point to the motor case 1 and the lid 2,
      respectively.
PAR  Although the present invention has been explained on the embodiment with
      respect to a synchronous motor, it is apparent to those skilled in the art
      that this invention can also be applied to a pulse motor. In a pulse
      motor, the pole teeth 8b and 8b' of the rotors 8 and 8' are staggered from
      each other by a half of a pole pitch and pulses are alternately applied to
      the exciting coils 11 and 11' to rotate the rotors 8 and 8'.
PAR  As stated above, in the miniature self-starting electric motor according to
      the present invention, the pole teeth extending from the periphery of one
      of the two circular body portions and the pole teeth extending from the
      periphery of the other are staggered from each other by a predetermined
      electric angle and the switch is selectively connected to either one of
      the two exciting coils so that the motor starts its rotation reliably in a
      predetermined direction without incorporating an additional anti-reverse
      mechanism, e.g. gear means.
PAR  In addition, the direction of the rotation can easily be selectively
      determined by operating the switch.
PAR  Further, as described, it is to be noted that, with the instant structure
      in which the semi-circular iron members are incorporated so that the two
      rotors, the two permanent magnets and the two exciting coils are separated
      into each combination of one rotor, one permanent magnet and one exciting
      coil, it is possible to dispose in the casing the two magnets which have
      been prepared by assembling materials and simultaneously magnetizing them,
      so that portions magnetized in the same polarity on both magnets are
      aligned when viewed in the axial direction.
PAR  Furthermore, the compression spring 13 winding around the rotor shaft 6 is
      contacted at its one end with a shoulder in the recessed portion 10a of
      the stator and rested at the other end on the boss 7 so that the rotors 8
      and 8' are pressed toward the ball 5 by a weak force, thus preventing the
      rotors from being magnetically vibrated by magnetic fluxes generated by
      the exciting coils.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A miniature self-starting electric motor comprising a rotor shaft
      rotatably disposed in a casing; two rotors fixed to said rotor shaft and
      each having a circular body portion of soft magnetic material, each said
      circular body portion having a periphery with pole teeth extending
      therefrom and spaced from each other at equal angular spacings; two
      exciting coils each being disposed to face the pole teeth; two permanent
      magnets each providing radially north and south poles alternating at an
      equal angle, the poles of each said permanent magnet being axially aligned
      with poles of the same polarity of the other magnet, the poles of each
      said permanent magnet facing the pole teeth of the corresponding rotor,
      the number of poles on each permanent magnet being an even multiple of the
      number of pole teeth, said two rotors being opposed to each other, the
      pole teeth of one of said two rotors being staggered from the pole teeth
      of the other by a predetermined electric angle; the pole teeth of one said
      rotor being circumferentially offset from the pole teeth and intervening
      spaces therebetween of the other rotor by another preselected angle; and a
      condensor alternatively connectible to either one of said two exciting
      coils for selecting the direction of rotation of said motor.
NUM  2.
PAR  2. A miniature self-starting electric motor according to claim 1, wherein
      the pole teeth of one of the two rotors and the pole teeth of the other
      are in a confronting relation.
NUM  3.
PAR  3. A miniature self-starting electric motor according to claim 1, wherein
      the circular body portion of one of the two rotors and the circular body
      portion of the other are in a confronting relation.
NUM  4.
PAR  4. A miniature self-starting electric motor according to claim 2, which
      further comprises two diametrally opposed semi-circular iron members
      separating said two rotors, said two permanent magnets and said two
      exciting coils into two units, each unit having one rotor, one permanent
      magnet and one exciting coil.
NUM  5.
PAR  5. A miniature self-starting electric motor according to claim 4, in which
      said two permanent magnets each comprise a cylindrical member and
      including a stator of synthetic resin material, said cylindrical magnets
      being fixed in axially spaced relation on the periphery of said stator,
      said semi-circular iron members having inner peripheral portions
      insertible between said cylindrical magnets and having projections on the
      inner peripheries thereof interengaged with the wall of said stator, the
      radially outer peripheral portions of said semi-circular iron members
      being axially sandwiched between said two exciting coils and locating said
      stator within said casing, said cylindrical magnets being magnetizable
      after assembly with resin stator member to assure that portions of said
      cylindrical magnets magnetized in the same polarity are in axial
      alignment.
NUM  6.
PAR  6. A miniature self-starting electric motor according to claim 5 including
      bearing bosses on said casing spaced along and rotatably supporting said
      rotor shaft, said stator having a recessed shoulder surrounding an
      intermediate portion of said rotor shaft and facing toward one said
      bearing boss, a thrust member at said one bearing boss, and compression
      spring means wound around the motor shaft with opposite ends in contact
      with said stator shoulder and opposed bearing boss for urging said rotor
      shaft axially against said thrust member with force sufficient to prevent
      axial magnetic vibration of said rotors by magnetic fluxes passing
      therethrough during operation of the motor.
NUM  7.
PAR  7. A miniature self-starting electric motor according to claim 1 including
      a pair of leads connectible to an alternating current power source, one
      side of each of said exciting coils being connected to one said lead, a
      two position switch connected to the other said lead, one said switch
      position being connected to the remaining end of the first and second ones
      of said coils directly and through said consenser, respectively, the other
      said switch position being connected to said remaining ends of said first
      and second coils through said condenser and directly, respectively, said
      coils being oppositely wound so as to be magnetized with opposite
      instantaneous polarities when direct connected across the power source,
      wherein interposition of said condenser in series with one said coil
      introduces an electrical phase difference in the opposite magnetization of
      said two coils, wherein the circumferential offset of the respective pole
      teeth of said two rotors and said phase difference determine said
      electrical angle such that for a given position of the rotor shaft with a
      pole on one said permanent magnet centered between a pair of pole teeth
      initiating opposite magnetic polarity on the corresponding rotor, a pole
      of said other permanent magnet is in non-centered opposition to a pole
      tooth of its corresponding rotor, and the magnetic polarity of said last
      mentioned pole tooth differs with the two different positions of said
      switch, whereby when energized from a standstill at any rotative position
      said rotor shaft will experience a torque in one rotational direction or
      the other and said rotational direction is determined by setting of said
      switch.
NUM  8.
PAR  8. A miniature self-starting electric motor according to claim 7 wherein
      said phase difference is 60.degree. and the circumferential offset of the
      pole teeth of the two rotors from each other is in the range of
      16.degree.-20.degree..
NUM  9.
PAR  9. A miniature self-starting motor according to claim 8 wherein the pole
      teeth of each rotor are provided on 60.degree. centers and the number of
      magnetic poles per said permanent magnet is twice the number of pole teeth
      per rotor, said electrical angle lying in the range
      96.degree.-120.degree..
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ABST
PAL  A cooling arrangement is provided for an electric generator of an
      underwater power plant contained in a body wherein a coolant is circulated
      for cooling the generator. The cooling arrangement includes a cowl that
      covers the end-face of the generator and forms a portion of the body. The
      outer surface of the cowl is exposed to the turbine water and the inner
      surface of the cowl defines a path for conducting the coolant therealong
      for recooling the coolant. A plurality of cooling fins are provided and
      each of the fins has two end-portions bent toward each other to give the
      fin a hook-like configuration. Each fin is fixedly mounted to the inner
      surface of the cowl at one of the end-portions thereof. The fins are short
      relative to the length of the path.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a cooling arrangement for electric generators of
      underwater power plants.
PAR  In an underwater power plants, the electric generators are situated in the
      interior of a hollow steel body of generally streamlined configuration.
      The body includes a portion which can be called the cowl. The cowl covers
      the generator on the end-side face thereof. The generators are cooled by
      forced circulation of a coolant in the housing of the generator, for
      example, air and/or water. The circulating coolant is conducted along the
      inside surface of the cowl for recooling by the cold turbine water flowing
      on the outside. The cowl thereby serves as a heat exchanger between the
      warmed-up coolant and the cold turbine water flowing outside the body.
PAR  In order to achieve the most intensive recooling possible, the best
      possible heat transfer must be obtained from the coolant to the wall of
      the cowl. It is known from French Pat. No. 1,022,783 to provide the cowl
      for this purpose with cooling fins on the surface facing the coolant.
      Because of the curved shape of the cowl, however, difficulties arise
      regarding the attachment of the cooling fins at the cowl because of their
      length.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to simplify the fabrication of a cowl of
      the above-mentioned kind provided with cooling fins without detrimentally
      affecting thereby the good heat transfer between the coolant and the cowl.
PAR  The cooling arrangement of the invention is suitable for an electric
      generator of an underwater power plant contained in a body wherein a
      coolant is circulated for cooling the generator. The cooling arrangement
      includes as a feature a cowl that covers the end-face of the generator and
      forms a portion of the body. The outer surface of the cowl is exposed to
      the turbine water and the inner surface of the cowl defines a path for
      conducting the coolant therealong for recooling the coolant. A plurality
      of cooling fins are provided and each of the fins has two end-portions
      bent toward each other to give the fin a hook-like configuration. Each of
      the fins is fixedly mounted to the inner surface of the cowl at one of the
      end-portions thereof. The fins are short relative to the length of the
      path.
PAR  By using short fins, the influence of the cowl curvature on the attachment
      of the fins is reduced. Furthermore, the boundary layer which forms at
      each fin with respect to the flowing coolant remains relatively thin, so
      that good heat transfer is obtained. Because of the hook shape of the
      short cooling fins, the surface of the fins is furthermore increased
      without a corresponding need to make the flow canal for the coolant
      higher. Specifically, it is desirable to keep the flow canal low so that
      with a given power rating of the device providing the coolant flow, such
      as a blower, a high flow velocity in the canal and thereby, a large
      through-put of coolant can be obtained. The advantage of the hook-shaped
      cooling fins is therefore that in a low flow canal large fin areas can be
      realized with a small number of fins. This ensures good heat transfer
      while also simplifying the fabrication because the number of the short
      fins is reduced. Such an effective system of fins is particularly
      important if pressurized air is used as the coolant, as this increases the
      specific transfer capacity considerably.
PAR  The cooling fins can be arranged one behind the other in flow direction.
      According to a preferred subsidiary embodiment of the invention, each
      succeeding fin is displaced with respect to the preceding fin thereby
      staggering the fins. This enables a particularly good heat transfer to be
      achieved.
PAR  The plurality of cooling fins can be arranged into a plurality of groups
      one behind the other in the direction of coolant flow, the fins of each
      group being displaced relative to the fins of the immediate preceding
      group.
PAR  The above-mentioned heat transfer can be improved still further by making
      the cooling fins of a particularly good heat-conducting material, such as
      copper. Copper has the further advantage that it is suited for attachment
      to steel surfaces by simple manufacturing processes, for example by
      soldering.
PAR  Although the invention is illustrated and described herein as a cooling
      arrangement for electric generators of underwater power plants, it is
      nevertheless not intended to be limited to the details shown, since
      various modifications may be made therein within the scope and the range
      of the claims. The invention, however, together with additional objects
      and advantages will be best understood from the following description and
      in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a broken-out perspective view of an underwater power plant
      showing the arrangement and assembly of the machine components contained
      therein. In particular are shown the electric generator and the cooling
      arrangement therefor according to the invention.
PAR  FIG. 2 is a section view perpendicular to the direction of the coolant flow
      along the cowl. This view shows the cooling fins of the cooling
      arrangement of the invention arranged parallel to the direction of flow.
PAR  FIG. 3 is a section view of the cooling fins taken along the line III--III
      of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring to FIG. 1, the generator 1 of an underwater hydraulic power plant
      is accommodated together with the turbine 2, in a housing 3 of streamlined
      configuration in the turbine water canal 4. The housing 3 is held in its
      position by supports 5. Turbine water flows on all sides of the housing 3.
PAR  For cooling the generator 1, air is used as the coolant and circulates
      within the housing 3 in a coolant circulation loop established by the
      forcing action of a blower 6. The blower 6 is located on the longitudinal
      axis of the housing 3 in the proximity of the cowl 7 which covers the
      generator 1 on the end-face side and forms part of the housing 3. The
      coolant is driven by the blower 6 through the space 8 provided for the
      maintenance of the generator 1 toward the pole wheel 9 of the generator 1
      as indicated by the arrow 10. It is conducted through the hub spider of
      the pole wheel 9 (see arrow 11) and deflected, and then flows between the
      poles of the wheel 9 and thereby cools the excitation winding of the
      generator 1 as well as the end-turns of the stator winding. Then, the
      coolant is conducted, according to the arrow 12, into a flow canal 14
      formed between the inner casing 13 of the housing 3 and the cowl 7.
PAR  The coolant flows along the inside wall of the cowl 7 which, in turn, is
      surrounded by the flow of the turbine water and is cooled thereby. The
      coolant transfers the heat absorbed from the active parts of the generator
      1 to the cowl 7. Referring to FIG. 2, the cooling surface 15 of the cowl 7
      facing the coolant is enlarged by the cooling fins 16. The cowl thus
      serves as a heat exchanger between the heated coolant and the cold turbine
      water which is used as the recooling medium.
PAR  The individual cooling fins 16 consist of hook-shaped plates, for instance
      of copper, bent so that the legs are of different length, the longer of
      which, 17, is fastened at the cowl 7. The length of the cooling fins 16 is
      short relative to the flow path of the coolant. The cooling fins are
      disposed parallel to the direction of flow. Cooling fins 16 situated
      behind each other are arranged here in a staggered manner, (FIG. 3) so
      that the best possible heat transfer is achieved. The surface area of each
      individual cooling fin is increased substantially by the hook-like
      configuration without the necessity of making the height of the flow canal
      14 large; this enables a high flow-velocity of the coolant to be achieved,
      and thereby, a good heat transfer to the cowl 7. The number of cooling
      fins 16 is kept as small as possible consistent with good heat transfer
      thereby simplifying the fabrication of the cowl 7.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an underwater electric generator contained in a body wherein coolant
      is circulated for cooling the generator, a cooling arrangement including a
      cowl covering the end-face of the generator and forming a portion of the
      body, the outer surface of the cowl being exposed to the turbine water and
      the inner surface of the cowl defining an arcuate path for conducting the
      coolant therealong for recooling the coolant, the improvement in said
      cooling arrangement comprising: a plurality of cooling fins, each of the
      fins being made from a flat member and having two end-portions bent toward
      each other to give the fin a hook-like configuration, each of the fins
      being fixedly mounted to the inner surface of the cowl at one of said
      end-portions thereof and being short relative to the length of the path.
NUM  2.
PAR  2. The cooling arrangement of claim 1, said cooling fins being arranged
      with their flat surfaces parallel to the direction of flow of the coolant.
NUM  3.
PAR  3. The cooling arrangement of claim 1, said cooling fins being arranged one
      behind the other in the direction of the flow of the coolant, each
      succeeding fin being displaced with respect to the preceding fin.
NUM  4.
PAR  4. The cooling arrangement of claim 3, said cooling fins being arranged
      parallel to the direction of flow of the coolant.
NUM  5.
PAR  5. The cooling arrangement of claim 1, said cooling fins being arranged
      into a plurality of groups one behind the other, the cooling fins of each
      of the groups being displaced relative to the cooling fins of the
      immediate preceding group of cooling fins.
NUM  6.
PAR  6. The cooling arrangement of claim 5, said cooling fins being arranged
      parallel to the direction of flow of the coolant.
NUM  7.
PAR  7. The cooling arrangement of claim 1, the end-portions of each of said
      cooling fins defining respective leg portions of the fin, one of said leg
      portions being longer than the other one of said leg portions, said longer
      leg portions being fixedly attached to the cowl.
NUM  8.
PAR  8. The cooling arrangement of claim 1, said cooling fins being made of a
      material having good heat conductive quality.
NUM  9.
PAR  9. The cooling arrangement of claim 8 wherein said cooling fins are made of
      copper.
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ABST
PAL  An intermediate rotatable member is driven at relatively high speed about a
      common axis and is concentrically positioned between first and second
      relatively rotatable members, one of which is bidirectionally driven with
      respect to the other. Hydrodynamic fluid bearings are carried by the
      intermediate member on both surfaces thereof and acting on the first and
      second members, thus even upon cessation of motion, between said first and
      second members, there is no loss of the hydrodynamic fluid bearings
      between the first, second and third members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to momentum exchange actuator systems such as
      gyroscopes and the like, and more particularly to a reaction wheel for
      space craft applications.
PAR  2. Description of the Prior Art
PAR  Reaction wheels or similar inertial reference system components are
      employed to exert stabilization torques in control systems such as those
      required on spacecraft. Reaction wheels may further be used to cause the
      desired attitude changes of such vehicles. Since spacecraft may occupy
      space for considerable periods of time and may be unattended during this
      period, the multiple axis stabilization control systems must be active and
      alive for time periods in excess of 10 years. Further, the high precision
      pointing requirements of such vehicles require control devices with
      extremely low noise levels.
PAR  Where electrical power is continuously available, gas bearing rotors are
      attractive for long life advantages. Conical, spherical, or journal and
      thrust, vented or non-vented bearings with precision etched grooves in the
      bearing surfaces operate on a thin gas film which, of course, requires no
      lubrication or external pressure supplies. Theoretically, it is possible
      to operate indefinitely a hydrodynamic air or gas bearing without
      degradation, particularly where it is not permitted to "touch down", so
      that once relative rotation occurs between the wheel and its support,
      there is an absence of sliding contact. Recent developments in gas bearing
      technology have yielded significant advances in load capability which is
      essential for a saturated reaction wheel subject to rates normal to the
      spin axis.
PAR  Such wheels must be capable of being rotated in either direction or even
      stopped. This defeats the advantage of conventional hydrodynamic gas
      bearings, because when the bearing surfaces approach zero relative
      velocity, the hydrodynamic gas film support is lost and the surfaces rub
      and slide to a stop, causing a finite wear to the mechanism and eventual
      failure. Furthermore, because of the necessity for the wheel to be rotated
      bidirectionally, it is difficult to cause functional designs in terms of
      the etched grooves which will induce a superambient support pressure,
      regardless of the direction of rotation.
PAR  In contrast, conventional reaction wheel technology employs ball bearings
      on the rotation axis. Ball bearings have limited and somewhat
      unpredictable life spans, with the chief limitation residing in
      lubrication breakdown or failure of the lubricant retainer as by fracture
      or flaking.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a momentum exchange actuator system
      which includes relatively rotatable, first and second generally concentric
      members mounted for rotation about a common axis, with means for driving
      one member bidirectionally with respect to the other about said axis. At
      least one intermediate member is positioned between the first and second
      members and generally concentric thereto for rotation about the common
      axis, and means are provided for driving the intermediate member at a
      constant speed which is substantially faster than that of the driven first
      and second member when the intermediate member is rotated in the same
      direction as the driven first and second member. Hydrodynamic air bearing
      means are carried by the intermediate member on both surfaces thereof and
      act respectively on the first and second members. Therefore, regardless of
      cessation of motion between the first and second members, or change in the
      direction of motion between the first and second members, there is no loss
      in the hydrodynamic air bearing between the intermediate member and the
      first and second members, thereby eliminating the possibility of touch
      down.
PAR  In one embodiment, a fixed shaft supports a fixed inner member which, in
      turn, supports the intermediate member or middle spin structure, which
      defines in conjunction with the relatively rotatable and driven outer
      member or reaction wheel, inner and outer gas spin bearings therebetween.
      A brushless D.C. or A.C. type reaction wheel drive motor has an annular
      stator fixed to the inner member and an annular rotor surrounding the
      stator and fixed to the reaction wheel to one side of the inner and outer
      gas spin bearings, while the intermediate or middle spin structure is
      rotated at high speed by a middle spin bearing motor preferably of the
      hysteresis synchronous alternating current type, whose annular stator is
      fixed to the inner member on the opposite side of the gas spin bearing
      from the reaction wheel drive motor. The annular rotor of the middle spin
      bearing motor is fixed to the intermediate or middle spin structure and
      spaced slightly from the fixed rotor.
PAR  In a second embodiment, the middle spin structure comprises a pair of
      intermediate rotatable members, each driven by a separate middle spin
      bearing motors in opposite directions at relatively high speed with the
      reaction wheel incorporating two electrical driving motors on each side
      thereof, axially outside of the middle spin bearing motors. The two middle
      spin members are rotated in opposite directions at a high, constant speed,
      but in opposite directions to substantially balance the torque of the
      middle spin structure. To reduce fabrication tolerance problems, the
      capability of the inertial system may be achieved by employing a number of
      small wheel modules for each spin axis.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional, schematic view of a momentum exchange actuator of
      the present invention in one form.
PAR  FIG. 2 is a sectional, schematic view of a second embodiment of the
      invention.
PAR  FIG. 3 is a schematic, elevational view of a multiple rotor, momentum
      exchange system for a given spin axis comprising a series of reaction
      wheels incorporating the present invention.
PAR  FIG. 4 is a sectional view of a momentum exchange actuator forming a
      practical embodiment of the invention similar in form to that of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, in one schematic form, a momentum exchange actuator
      system of the present invention has application to space vehicle guidance
      and control systems in which, for a given spin axis, there is provided a
      reaction wheel assembly or momentum exchange actuator indicated generally
      at 10, which comprises a hermetically sealed case or housing 12 through
      which projects a shaft 14 which, in this case, is fixed and supported by
      means (not shown). Mounted on shaft 14, in fixed position, is a first
      cylindrical member 16 which carries flanges 18 at either end which define
      an enlarged peripheral gap or recess 20. Recess 20 receives an annular
      projecting portion 22 of an intermediate, second cylindrical member 24
      which is positioned concentric to member 16 for relative rotation about a
      common axis defined by shaft 14. In turn, the intermediate member 24 is
      provided with axially spaced, radially directed flanges 26, which define
      an annular peripheral recess or gap 28 within which is received inner rim
      29 of an annular reaction wheel or inertial rotor 30 which forms the third
      and outermost, relatively rotatable member of the system. In the
      embodiment shown, which shaft 14 and inner member 16 fixed, there is
      defined by the intermediate member 24, an inner gas spin or hydrodynamic
      bearing 32 between member 16 and intermediate member 24 and an outer gas
      spin or hydrodyanmic bearing 34 between the inner periphery of the
      reaction wheel 30 and the outer periphery of the intermediate member 24.
PAR  The creation of the hydrodynamic air or gas bearings 32 and 34 between the
      peripheries of members 16, 24 and 30, respectively, is conventional and
      forms no part of the present invention. Regardless of the direction of
      rotation of the reaction wheel 30 with respect to the fixed shaft 14 and
      the fixed inner member 16, there is no loss of hydrodynamic air bearings,
      this being due to a structural arrangement which will be described in
      detail hereinafter. Alternatively other fluids such as grease may exist
      within the air gaps for greater load capability.
PAR  It is noted that the outer periphery of the reaction wheel 30 is spaced
      slightly from the fixed casing 12. Further, in order to achieve the aims
      of the present invention, the reaction wheel 30 is driven in either
      direction by a reaction wheel drive motor indicated generally at 36 to the
      left of the reaction wheel. The motor 36 may be essentially of the
      brushless D.C. or A.C. type and include an annular stator 38 which is
      fixedly positioned relative to a concentric, radially spaced motor rotor
      40, which, in turn, is fixed to an axially projecting flange 42 of the
      reaction wheel 30. Annular support 44, which is fixed to shaft 14,
      positions the stator 38 axially to the left of the reaction wheel 30, the
      intermediate member 24 and the inner fixed member 16 of the inertial
      system.
PAR  On the opposite side of the casing 12, there is provided another annular
      support 46, which is fixed to shaft 14 and supports stator 48 of a middle
      spin bearing motor 50 which may be of the hysteresis, synchronous
      alternating current type or brushless D.C. type, the motor 50 further
      including an annular rotor 52 which is fixed to an axially projecting
      flange 54 of the intermediate member 24. It is also noted that the middle
      spin bearing motor is positioned axially beyond and to the right of the
      reaction wheel and the intermediate and inner members of the inertial
      system.
PAR  It is a requirement of the invention that the intermediate member or middle
      spin structure be driven at a speed which is substantially higher than the
      angular velocity given to the reaction wheel 30 by the reaction wheel
      drive motor 36 when it is driven in the same direction as the intermediate
      member 24. As in all hydrodynamic gas bearings, it is the relative
      rotation between members which creates the air or gas bearing. SInce the
      intermediate rotary member 24 is always driven at a speed higher than the
      rotatably driven reaction wheel 30, regardless of cessation of motion of
      the reaction wheel 30 relative to the fixed axis 14 and the fixed inner
      member 16 or the direction of rotation of the same, there is no loss in
      the hydrodynamic inner and outer gas bearings 32 and 34, and thus under no
      circumstances will there be contact between intermediate member 24 and the
      fixed inner member 16 or the reaction wheel 30 after start-up. Thus, as
      long as the inertial reaction rotor angular velocity does not approach
      that of the middle spin structure, it will remain continuously supported
      on the self-induced gas film. Since the inertial rotor or reaction wheel
      30 is accelerated by its own separate motor 36, which is secured to shaft
      14, the reaction wheel 30 can be driven to the required angular velocity
      in either direction or held motionless without bearing touch down.
      Further, while the embodiment of FIG. 1 is illustrated in terms of a
      rotatable reaction wheel and a fixed internal inner member 16 in a fixed
      shaft 14, it is envisioned that the reaction wheel could be fixed and that
      inner member 16 could be driven as would be the intermediate member 24; in
      this case, the inner member 16 being bidirectionally rotated but driven at
      a speed somewhat less than the very high speed of the intermediate member
      24 with again the intermediate member 24 functioning to create and sustain
      the hydrodynamic bearings.
PAR  Reference to FIG. 2 illustrates an alternate embodiment in which like
      elements are given similar, primed numerical designations. The reaction
      wheel assembly 10' of this embodiment, constitutes an arrangement to
      insure balance of the windage and bearing torques of the middle spin
      structure especially under zero torque condition. Essentially, casing 12'
      fixedly supports a central shaft 14' which, in turn, is provided with a
      relatively fixed inner member 16' and in similar manner to the embodiment
      of FIG. 1 is provided with a reaction wheel 30' as the outer, relatively
      rotatable member of the basic three member unit. Instead of a single
      middle spin structure or intermediate member, there is provided two,
      similar middle spin structures which are again driven at a constant
      relatively high speed but in opposite sense, which eliminates the torque
      balance problems. In this case, there are provided left and right hand
      intermediate members 56 and 58 which are annular in form and are mounted
      within peripheral recesses 60 and 62 to the left and right of a vertical
      center line passing through the center of the reaction wheel 30', recesses
      60 and 62 being provided within the outer periphery of the relatively
      fixed inner member 16'. Recesses 64 and 66 are provided within the inner
      periphery of the reaction wheel 30', thus reaction wheel 30' is mounted
      for rotation on outer gas spin bearings 68, while the intermediate member
      in turn is mounted for rotation on inner gas bearing 70, the hydrodynamic
      air bearings being formed by both intermediate members 56 and 58.
PAR  In similar fashion to the prior described embodiment, a reaction wheel
      drive motor 36' is provided on the left hand side of the assembly,
      comprising an annular stator 38' fixed to the shaft 14 to the left side of
      intermediate members 56, while the reaction wheel 30' is provided with an
      axial extension 42', to the inner periphery to which is fixed the reaction
      wheel drive motor rotor 40' . Further, middle spin bearing motor 72 is
      provided to drive the intermediate rotary member 56 at the left hand side
      of the assembly, while a similar motor 74 is provided on the right hand
      side, both motors having annular stators 76 fixed to the shaft 14, while
      axial, cylindrical extensions 78 of the intermediate rotary members 56 and
      58 respectively have fixedly attached to the inside of the same,
      concentric and vertically aligned, spaced middle spin bearing motor rotors
      80. Motors 72 and 74 are energized so as to drive the intermediate rotary
      members 56 and 58 at high speeds but in opposite directions. The
      intermediate members 56 and 58 generate hydrodynamic bearings 68 and 70 on
      respective surfaces regardless of the direction and extent of rotation of
      the reaction wheel 30' with respect to the fixed inner member 16'.
      Preferably, the reaction wheel drive motors 36' on each side of the
      assembly are of the brushless direct current type, while the middle spin
      bearing motors are of the hysteresis, synchronous, alternating current
      type. With the exception that the middle spin structures are two in
      number, and are driven in opposite senses or directions, the systems of
      FIG. 1 and FIG. 2 operate identically. Since the intermediate members 56
      and 58 are rotating in constant directions at speeds higher than the
      angular velocity of the reaction wheel 30', there is no loss of
      hydrodynamic gas bearings 68 or 70 between the intermediate members and
      the inner and outer rotary members 16' and 30'. While the embodiment of
      FIG. 2 appears to be more complex and difficult to manufacture, this
      embodiment has a larger load safety margin and additional advantages may
      be derived from the twin torque approach to driving the reaction wheel
      30'.
PAR  Depending upon the environment of use, the reaction wheel assemblies of the
      present invention may be fabricated to any size. However, fabrication
      tolerances may require, for the total momentum capability, that the
      assembly comprises a number of relatively small wheel modules per axis as
      indicated in FIG. 3. The reaction wheels 30" are mounted for rotation
      about parallel axes conforming to one spin axis of the spacecraft or like
      vehicle carrying the same. The present invention lends itself to a
      multiple reaction wheel assembly, although the extremely close tolerances
      required of this type of gas bearing constitutes an adverse limitation on
      large single bearing assemblies, such as those of FIG. 1 and FIG. 2, due
      to material microcreep and differential expansion resulting from large
      temperature gradients. The multiple assembly of FIG. 3 also permits system
      operation in the event of module failure if the total momentum is
      oversize.
PAR  Referring next to FIG. 4, a sectional view of a practical embodiment of the
      present invention is illustrated in terms of a reaction wheel assembly or
      momentum exchange actuator 110 which is constructed along the lines of the
      schematic illustration of FIG. 1. In this regard, a hermetically sealed
      case or housing 112, consists of two sections. A semi-spherical cover 101
      terminates in an annular flanged lip 102 and permits the same to be
      coupled in edge sealed fashion to a modified circular mounting plate 103
      forming the second section of the housing. The cover 101 may be of cast
      aluminum or other light weight material as may be plate 103. The plate 103
      is provided with a peripheral recess 104 which carries an annular groove
      105 within which is positioned an O-ring 106 which seals plate 103 and
      cover 101 at their peripheries. Mounting plate 103 is provided with a
      central hub 107 which projects inwardly and towards the center of cover
      101, the hub having fixedly coupled thereto an assembly of two back to
      back hemispheres 108 and 109 which define therebetween the inner bearing
      member 116. In this respect, a plurality of pins or dowls 111 locate the
      right hand hemisphere 109 relative to hub 107, while paired pins or dowls
      113 locate the two hemispheres 108 and 109 together. An optical encoder
      support bracket 117 carries dowl 115 which is received within a hole 119
      bored within the flat outer end of the left hand hemisphere 108. A
      relatively large diameter hole 121 is drilled through bracket 117, both
      hemispheres 108 and 109 and partially through the hub 107 and is threaded
      at 125 within hub 107. A mounting bolt 123 passes through the bracket 117,
      both hemispheres 108 and 109 and, at its inner end, is threadedly coupled
      to hub 107, thus securing the inner bearing member 116 in appropriate
      central position with respect to the other elements of assembly 110. All
      of the other elements are mounted for relative rotation upon and about the
      stationary inner bearing member 116, in similar fashion to the schematic
      embodiment of FIG. 1. Unless otherwise designated, the parts making up the
      assembly may be formed by light weight metal, except in case of the
      electrical drive motors wherein the members must have the capability of
      carrying magnetic flux. The purpose of employing the two hemispheres 108
      and 109 to define the inner bearing member 116 is to provide a
      configuration in which the members rotating about the axis defined by the
      inner bearing member 116 are centered relative to this member. In this
      regard, a middle or intermediate bearing member 124 is formed by back to
      back cup shaped members 127 and 129 whose dimensions are such that the
      outer ends of the cap shaped members pass axially well beyond the ends of
      the hemispheres 108 and 109 within which these members are seated. Cup
      shaped members 127 and 129 are essentially bottomless, with their inner
      ends abutting and locked together as at 131. In turn, the middle bearing
      member 124 carries for rotation about its axis which is common with the
      inner bearing member 116 an outer bearing member 131, which constitutes an
      annular metal member whose inner periphery is defined by intersecting
      semi-spherical surfaces 133 and 135, the configuration of the same
      conforming to the outer peripheral surface configuration of the middle
      bearing member 124.
PAR  Essentially, the both peripheral surfaces of the middle bearing member 124
      conform respectively to the outer periphery of the inner bearing member
      116 and the inner periphery of the outer bearing member 131. As in the
      schematic embodiment of FIG. 1, the relative rotation of these three
      bearing members 116, 124 and 131 create self induced hydrodynamic air
      bearings (assuming air constitutes the fluid within the sealed casing or
      housing 112) and wherein the members are spaced from each other and rotate
      in a relatively frictionless manner during operation of the momentum
      exchange actuator 110.
PAR  The outer bearing member 131 has an essentially flat outer periphery and
      forms a part of the reaction wheel or rotor 130 constituted further by an
      inner hub 139 and a thin disc portion 141 which couples the inner hub 139
      to the inertia rim 143 at its outer periphery.
PAR  The circular mounting plate 103 is provided with an internal, integral,
      annular support or mounting ring 114, which is concentric with hub 107 and
      spaced radially therefrom. The reaction wheel or rotor 130 is driven in
      either direction by a reaction wheel drive motor indicated generally at
      136 to the right of the reaction wheel 130. Motor 136 comprises an annular
      stator 138 which is fixed to mounting ring 144 and spaced slightly from a
      concentric, axially aligned reaction wheel drive motor rotor 140. In this
      regard, the inner hub 139 of the reaction wheel 130 is provided with a
      peripheral recess 145 of a depth and a width corresponding to rotor 140,
      within which the annular rotor 140 rests. Rotor 140 is fixed to hub 139 of
      the reaction wheel and rotates therewith. In like manner to the embodiment
      of FIG. 1, motor 136 may be essentially a brushless D.C. or A.C. motor,
      and causes when energized rotation of the reaction wheel or rotor 130 in
      either direction at a given speed.
PAR  To the right of reaction wheel drive motor 136 there is provided on the
      same annular support or ring 144 a middle spin bearing motor 150
      constituted essentially by a fixed annular stator 148 and a concentric
      rotor 152 internally of the same. Rotor 152 is in the form of an annular
      member having an L-shaped cross section and being fixed to the outer end
      154 of the middle bearing member 124 by suitable mounting bolts 147. The
      middle spin bearing motor 150 may be of the hysteresis, synchronous
      alternating current type, or of the brushless D.C. type as desired. It is
      noted in conjunction with the configuration of the middle bearing member
      124 that in addition to the right hand end of the same extending axially
      beyond the inner middle bearing member 116 and the outer bearing member
      131, the purpose of which is to permit the rotor 152 to be fixed to one
      end of the same, the axial protrusion at the opposite end acts to
      counterbalance the weight of the attached rotor 152. In like manner to the
      previous embodiment of FIG. 1 it is a requirement of the invention that
      the intermediate or middle bearing member 124 be driven at a speed which
      is substantially higher than the angular velocity given to reaction wheel
      130 by the reaction wheel drive motor 136, when it is being driven in the
      same direction as the middle bearing member 124. In fact, the parameters
      involved in operating the practical embodiment of FIG. 4 are generally the
      same as that discussed in the operation of the schematic embodiment of
      FIG. 1. In addition to those elements illustrated in FIG. 1, the practical
      embodiment of FIG. 4 further includes the provision of an optical encoder
      indicated generally at 149, which includes a rotatable encoder ring 151
      constituting an annulus which is fixed to the reaction wheel 130 to the
      side of the inner hub 139 opposite that of the reaction wheel drive motor
      rotor 140, the ring 151 carrying contrasting indicia and permitting the
      fixed element 153 of the optical encoder to sense rotation of the reaction
      wheel and measure the relative rotation between the reaction wheel and the
      fixed shaft defined by the inner bearing member 116 and hub 107. The
      optical encoder itself constitutes no portion of the present invention and
      may take the form of a standard commercial product such as that produced
      by the Teledyne Gurley Corporation. Essentially, a photodiode 155, for
      instance, facing one edge of the rotating ring 151 senses by way of
      reflected or transmitted light the code markings carried by the wheel as
      they move past the stationary photodiode 155 supported by fixed bracket
      117. The mounting plate 103 is provided with a number of mounting lugs 157
      at circumferentially spaced positions carrying holes 159 permitting bolt
      mounting of the momentum exchange actuator 110 in a desired position
      within a space vehicle for instance.
PAR  Since the intermediate rotary member or middle bearing member 124 is always
      driven at a speed higher than the rotatably driven reaction wheel 130,
      regardless of the cessation of motion of the reaction wheel 130 relative
      to the fixed axis defined by the hub 102 and the inner bearing member 116,
      there is no loss in the hydrodynamic inner and outer gas bearings within
      gaps 132 and 134 and thus under no circumstances will there be contact
      between the middle bearing member 124 and the fixed inner bearing member
      116 or between the reaction wheel 130 and the middle bearing member 124,
      after start up. Further, in similar fashion to the previous embodiment,
      the momentum exchange actuator or reaction wheel assembly 110 may be
      modified such that the reaction wheel 130 is relatively fixed in which
      case the inner bearing member 116 would be driven as would the middle
      bearing member 124, but in this case the operating parameters would be
      basically the same.
PAR  While the invention has been particularly shown and described with
      reference to the preferred embodiments thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a momentum exchange actuator including relatively movable first and
      second generally concentric, rotary members mounted for rotation about a
      common axis and first driving means for bidirectionally driving one member
      relative to the other about said axis, the improvement comprising:
PA1  at least one intermediate third member positioned between said first and
      second members and generally concentrically thereto for rotation about
      said axis,
PA1  second driving means for driving said intermediate member substantially
      faster than said driven one member when said intermediate member is
      rotated in the same direction as said one member, and
PA1  hydrodynamic fluid bearing means carried by said intermediate member on
      both surfaces thereof, responsive to rotation of said intermediate member
      and acting respectively on said first and second members,
PA1  whereby, regardless of reversal in direction of motion or cessation of
      motion between said first and second members, there is no loss of the
      hydrodynamic fluid bearing between said intermediate member and said first
      and said second members.
NUM  2.
PAR  2. The momentum exchange actuator as claimed in claim 1, wherein first,
      second and third members are annular, said inner member is fixed and is
      constituted by back-to-back hemispheres, said intermediate member
      comprises back-to-back bottomless cup-shaped members and said outer member
      includes an inner periphery defined by intersecting semi-spherical
      surfaces whereby said interfitting members permit said hydrodynamic fluid
      bearings, created as a result of relative motion between said three
      members, to act thereon and stabilize said members during rotation at
      predetermined axially centered positions.
NUM  3.
PAR  3. The momentum exchange actuator as claimed in claim 1, wherein said
      first, second and third members are annular, said first member comprises
      the inner member and is fixed, and said first driving means comprises an
      electrical motor including an annular stator fixed to said first member,
      and a spaced annular concentric rotor fixed to said second member in
      juxtaposition thereto, and said second driving means comprises an
      electrical motor including an annular stator fixed to said first member,
      and a spaced annular, concentric rotor fixed to said intermediate member
      and in juxtaposition to said annular stator.
NUM  4.
PAR  4. The momentum exchange actuator as claimed in claim 3, wherein said first
      member comprises back-to-back hemispheres, said third member comprises
      back-to-back bottomless cup-shaped members concentric therewith and in
      surface conformation therewith, and said second member has its inner
      periphery defined by intersecting semispherical surfaces, whereby the
      opposed surfaces of respective first, second and third members conform to
      each other during rotation and effect axial centering therebetween, as a
      result of the creations of said hydrodynamic fluid bearings.
NUM  5.
PAR  5. The momentum exchange actuator as claimed in claim 4, further comprising
      a housing surrounding said members and including a central hub coaxial
      with and fixed to one of said hemispheres, an annular support carried by
      said housing, concentric with said hub and radially spaced therefrom, said
      annular support supporting in axially spaced fashion said annular stators
      of said first and second driving means and wherein the edge of said third
      annular member extends axially beyond the ends of said second annular
      member and means for fixing the annular rotor of said second driving means
      to the end of said third annular member and in coaxial alignment with the
      annular rotor of said first driving means but axially spaced therefrom.
NUM  6.
PAR  6. The momentum exchange actuator as claimed in claim 2, wherein said first
      and second motor stators are fixed to opposite ends of said first member
      and axially beyond the hydrodynamic fluid bearings.
NUM  7.
PAR  7. The momentum exchange actuator as claimed in claim 6, wherein said
      first, second and third members are generally cylindrical in form, said
      first member includes a recess within its outer periphery, said second
      member includes an annular projection extending radially inward and
      received within said recess and defining a combined radial and axial
      hydrodynamic fluid bearing, and said intermediate member includes an
      annular recess within its outer periphery with said second member being
      partially received therein to define an axial and radial hydrodynamic
      fluid bearing therebetween.
NUM  8.
PAR  8. The momentum exchange actuator as claimed in claim 1, wherein said first
      member comprises a fixed annular, inner member, said intermediate members
      are annular and are two in number, being positioned respectively, on
      opposite sides of a center line passing through said second member, said
      second driving means comprises electric motors including annular stators
      carried by said first member and annular rotors carried respectively by
      said intermediate members, said rotors for said intermediate members being
      respectively driven in opposite directions and at speeds substantially
      faster than said driven second member when a given intermediate member is
      rotated in the same direction as said second member.
NUM  9.
PAR  9. The momentum exchange actuator as claimed in claim 8, wherein said first
      member includes two axially spaced annular recesses within its outer
      periphery, said second member includes two axially spaced corresponding
      recesses within the inner periphery of the same, said intermediate members
      are annular in form and positioned within respective recesses and define a
      combined axial and radial hydrodynamic fluid bearing therebetween, each
      intermediate member includes a cylindrical extension portion extending
      axially beyond the end of said first member and said second driving means
      comprises an electrical motor including an annular stator fixed to
      opposite ends of said first member and extending axially away from the
      same, and spaced annular, concentric rotors fixed to respective
      intermediate members on said extension portions and in juxtaposition to
      said stators.
NUM  10.
PAR  10. In a momentum exchange actuator, the combination comprising:
PA1  a first member,
PA1  at least one second member surrounding said first member,
PA1  a third member surrounding said second member,
PA1  said first and second members defining a pair of juxtaposed surfaces,
PA1  said second and third members defining another pair of juxtaposed surfaces,
PA1  one of said first and third members being rotatably fixed and the other of
      said first and third members and said second member being rotatable,
PA1  means for driving said one member,
PA1  means for driving said second member relative to said first and third
      members at speeds greater than the rotative speeds between said second
      member and said one member regardless of the direction of rotation of said
      one member, and
PA1  hydrodynamic fluid bearing means formed by said second member and acting on
      said first and third members,
PA1  whereby, regardless of loss of relative motion between said first and third
      members, there is no loss of the hydrodynamic fluid bearings between said
      second, said first and said third members.
NUM  11.
PAR  11. The momentum exchange actuator as claimed in claim 10, wherein said
      first member comprises a fixed, inner member, and said first driving means
      comprises an electrical motor including a stator fixed to said first
      member, and a spaced, concentric rotor fixed to said second member in
      juxtaposition thereto, and said second driving means comprises an
      electrical motor including a stator fixed to said first member, and a
      spaced, concentric rotor fixed to said second member and in juxtaposition
      to said stator.
NUM  12.
PAR  12. The momentum exchange actuator as claimed in claim 10, wherein said
      first member comprises a fixed, inner member, said second members are two
      in number and are positioned on opposite sides respectively of a center
      line passing through said third member at right angles to the common axis,
      said first and second driving means comprise electric motors including
      stators carried by said first member, and rotors carried respectively by
      said second and third members, said electrical motors associated with said
      second members being respectively driven in opposite directions and at
      speeds substantially faster than said motor driving said third member.
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ABST
PAL  In a magnetic transmission device a torque magnetic ring having an even
      number of axially aligned bars of highly magnetic material is rotatable
      mounted relative to at least one of two magnetic pole rings for
      transmitting torque between the pole rings.
BSUM
PAC  THE PRIOR ART
PAR  Known couplings (or clutches) consist of rotatable magnetic pole rings,
      between which a magnetically permeable separating wall is arranged, and
      which are so constructed that each north pole of the first pole ring faces
      a south pole of the second pole ring. Magnetic couplings are also known in
      which, apart from the pole rings made of permanent magnet material,
      magnetically conducting pieces made of soft iron for example are provided
      in addition and which lead to a concentration of the magnetic flux. All
      these devices have the common drawback that they require magnetic
      materials, the mechanical strength of which is very small and which limits
      the rotational speeds of the pole rings. This is particularly true of
      permanent magnets with very high magnetic energy, e.g. magnets formed by
      sintering rare earth. The mechanical strength of these magnets is so small
      that often the internal magnetic repulsion forces approach a level
      sufficient to cause disintegration of the magnets. Thus, whilst
      theoretically magnetic couplings can be made with the new materials which
      can transmit much larger powers than hitherto, the practical
      implementation is prevented by the mechanical properties of the magnet
      materials. This is particularly true when the couplings are to be operated
      at high rotational speeds or when high angular accelerations are
      necessary.
PAC  OBJECT OF THE INVENTION
PAR  The object of the invention is to provide a magnetic coupling having pole
      rings made of magnetic material of small mechanical strength in which the
      pole rings are not to be operated at high rotational speeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention resides in providing a magnetic coupling in which two
      individual rotors, spaced apart from one another and of highly permeable
      magnetic material, are each arranged in the magnetic vicinity of a
      stationary magnet assembly so that a magnetic field is induced in each
      rotor, the rotors being of such shape that the field induced in one rotor
      reacts with the field induced in the other so that when one rotor is
      caused to rotate, the other is driven to rotate thereby. The space between
      the rotors may include a separating wall of non-magnetic material.
PAR  Accordingly electro-magnets may replace permanent magnets. In this way an
      interruption of the magnetic coupling is possible and the coupling becomes
      a clutch. Magnetic clutches with electro-magnetic excitation have already
      been proposed. However, in such clutches the energy is fed to a rotating
      magnet coil via slip rings. The invention therefore obviates the need for
      such slip rings.
DRWD
PAR  The invention will be described with reference to the following Figures:
PAR  FIGS. 1 and 1A show diagrammatically in longitudinal and transverse
      cross-section a coupling according to the invention.
PAR  FIGS. 2 and 2A show in similar manner another form of coupling.
DETD
PAR  Referring to FIG. 1, this coupling consists of a fixed and stationary outer
      annular magnet assembly 1 comprising a series of radially and alternately
      polarised ring magnets 1' and 1" spaced apart from one another by rings
      1"' of non-magnetic material, assembled within a housing 3 of highly
      permeable magnetic material, such as soft iron for example, which acts to
      magnetically bridge the outward facing poles of the ring magnets 1' and
      1". A fixed and stationary inner annular magnet assembly 4 is also
      provided, within outer assembly 1, co-axial therewith and radially spaced
      therefrom, comprising a series of radially and alternately polarised ring
      magnets 4' and 4" spaced apart from one another by rings 4"' of non-magnet
      material and assembled upon a rod 5 of highly permeable magnetic material,
      such as soft iron for example, which magnetically bridges the inward
      facing poles of rings 4' and 4".
PAR  Two co-axial and annular torque transmitting rotors, 6 and 8 respectively,
      are mounted for individual rotation within the annular space defined by
      assemblies 1 and 4, rotor 8 being mounted within the bore of rotor 6 and
      radially spaced therefrom. Rotor 6 is separated from rotor 8 by an
      interposed wall 10 of non-magnetic material, preferably of high electrical
      resistivity in order to minimise losses due to electrical currents which
      may be induced therein in operation, spaced from each rotor and fixed so
      that it is stationary at all times.
PAR  Rotor 6 comprises an even number of axially aligned bars 6' and 6" of
      highly magnetic material, again such as soft iron, equally spaced around
      the circumference of an imaginary cylinder, and attached at their ends to
      wheel discs 7 (only one is shown), one of which rotatably extends through
      the end of housing 3 as a torque-transmitting shaft. Spaced along each rod
      of bars 6' and 6" are a number of outwardly facing poles 60, each pole 60
      of bars 6' being arranged opposite an inward facing north pole of assembly
      1, i.e. opposite rings 1", whilst each pole 60 of bars 6" is arranged
      opposite a south pole of assembly 1, i.e. opposite rings 1'. This the
      inward facing surface of bars 6' take up a north polarity whilst the
      intermediately disposed bars 6" take up a south polarity on their inner
      surface.
PAR  In like manner, rotor 8 is an arrangement of highly permeable bars 8' and
      8" having poles 80 arranged so that the outer surfaces of bars 8' are
      south poles and the corresponding surfaces of bars 8" are north poles.
PAR  Rotor 8 is connected to a shaft (not shown) for torque transmission which
      rotatably extends through the end (not shown) of housing 3.
PAR  The space between bars 6' and 6" may be occupied by non-magnetic material,
      keyed or otherwise joined or bonded to the bars in order to provide a
      rotor 6 of high strength. The space between bars 8' and 8" may likewise be
      occupied.
PAR  In operation, when either rotor 6 or 8 is caused to rotate the magnetic
      intercoupling between the two rotors via bars 6', 6" and 8', 8", causes
      the other rotor to rotate in sympathy therewith.
PAR  Air gaps 11 and 12 are made as small as practicability allows.
PAR  The torque transmission device illustrated in FIG. 2 differs from that of
      FIG. 1 in that the ring magnets of the outer and inner magnet assemblies
      21 and 24 respectively are axially polarised, ring magnets 21' and 21"
      being separated by rings 20 and 20' of highly permeable magnetic material
      so that rings 20 constitute north poles and intermediate rings 20' are
      south poles. Likewise, the magnets 24' and 24" of assembly 24 are
      separated alternately by rings 34 and 34' such that all rings 34 assume a
      north polarity and rings 34' a south polarity.
PAR  Rotor 26 comprises a squirrel cage of alternate bars 26' and 26" provided
      with annular pole pieces 31' in bars 26' and 31" in bars 26".
PAR  The pole pieces 31' of bars 26' are arranged to cooperate only with the
      north-pole rings 20 of outer assembly 21 and the pole-pieces 31" of
      intermediate bars 26' are arranged to co-operate with the south pole rings
      20'.
PAR  Rotor 28 comprises a squirrel cage of alternate bars 28' and 28" provided
      with annular pole pieces 32' in bar 28' and 32" in bar 28".
PAR  Rotors 26 and 28 are separated one from the other by an interposed wall 10
      of magnetic permeable material, and both rotors have shaft means for the
      transmission of torque thereto or therefrom.
PAR  In similar fashion to the first described example of the invention, bars
      26' of rotor 26 have inward facing surfaces northerly polarised whilst the
      corresponding surfaces of bars 26" are southerly polarised. Bars 28' of
      rotor 28 constitute outward facing north poles and bars 28" constitute
      outward facing south poles.
PAR  Wheel discs 27 are the discs to which the ends of bars 26', 26" are
      attached (only one disc 27 is shown) and wheel discs 29 are the discs to
      which the ends of bars 28', 28" are likewise attached (only one disc 29 is
      shown).
PAR  In this embodiment, housing 36 and rod 35 are of non-magnetic material, and
      the space between the bars of both rotors 26 and 28 may be filled with
      non-magnetic material.
PAR  The invention is deemed to embrace magnetic torque transmission devices
      substantially as described herein with reference to the accompanying
      drawings, and all such transmission devices in which the means for
      producing the magnetic fields are stationary in operation and in which the
      torque coupling is between separate but co-operating rotors of
      non-polarised magnetic material, each rotor being influenced by a
      respective stationary magnetic field producer.
CLMS
STM  I claim:
NUM  1.
PAR  1. A magnetic transmission device by which torque can be transmitted
      without contact of the driving and driven elements comprising a first
      stationary magnetic pole ring, a second stationary magnetic pole ring
      circumferentially surrounding and radially spaced from said first magnetic
      pole ring, a first rotatable torque transmitting ring connected to one of
      said elements and having an even number of axially aligned bars of highly
      magnetic material causing a magnetic connection between said first pole
      ring and said second pole ring, and a second rotatable torque transmitting
      ring connected to the other of said elements with the first torque ring
      circumferentially surrounding and being radially spaced from said second
      torque ring and with said first and second torque transmitting rings
      separating said magnetic rings in the radial direction.
NUM  2.
PAR  2. A magnetic transmission device according to claim 1 having in addition a
      magnetic conductive separating wall positioned between the first and
      second torque transmitting rings.
NUM  3.
PAR  3. A magnetic transmission device by which torque can be transmitted
      between a driven element and a driving element comprising a first
      stationary magnetic pole ring, a first rotatable torque ring connected to
      one of said elements circumferentially surrounding and radially spaced
      from said first magnetic pole ring, a second rotatable torque ring
      rotatable with respect to said first torque ring connected to the other of
      said elements and circumferentially surrounding and radially spaced from
      said first torque ring, and a second stationary magnetic pole ring
      circumferentially surrounding and radially spaced from said second torque
      ring.
NUM  4.
PAR  4. A magnetic transmission device according to claim 3 wherein said
      magnetic pole rings comprise permanent magnets.
NUM  5.
PAR  5. A magnetic transmission device according to claim 3 wherein the magnetic
      pole rings are magnetized in an axial direction.
NUM  6.
PAR  6. A magnetic transmission device according to claim 3 wherein the magnetic
      pole rings are magnetized in a radial direction.
NUM  7.
PAR  7. A magnetic transmission device according to claim 6 wherein the magnetic
      pole rings are aligned in an axial direction.
NUM  8.
PAR  8. A magnetic transmission device according to claim 3 wherein the torque
      transmitting rings each comprise a plurality of axially aligned bars of
      highly magnetic material and where each bar has axially extending
      projections with the number of projections being equal to the number of
      poles of the radially adjacent magnetic pole ring.
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PAL  An angular velocity transducer assembly for a vehicle wheel, of the type
      comprising an electromagnetic pick up cooperating with a relatively
      movable toothed wheel in which the toothed wheel is carried by the vehicle
      wheel and the electromagnetic pick up is carried by a mounting support on
      a fixed part of the vehicle to which it is attached by a tie rod in the
      form of a U-bolt. The mounting support is formed as a shoe having an
      arcuately curved surface which is adapted to bear on the axle of the
      vehicle either over substantially the whole of the curved surface or at
      various different places spaced around the curved surface.
BSUM
PAR  This invention relates to an angular velocity detector assembly for a
      vehicle wheel suitable for use in an anti-skid brake system, and
      particularly to an angular velocity detector assembly of the
      electromagnetic type which is mounted on a fixed part of a vehicle and
      cooperates magnetically with a toothed wheel on the vehicle wheel.
PAR  Embodiments of the invention are particularly advantageous for use on the
      rear axles of tractor vehicles or on the axles of trailer vehicles, but
      can also be used on other types of vehicles.
PAR  The object of the invention is to provide an angular velocity detector
      assembly which is simple and economical and which can be installed easily
      and in a short time.
PAR  The present invention seeks to provide an angular velocity detector
      assembly having a mounting arrangement which will ensure, even when used
      on surfaces which are not perfectly smooth, perfect positioning of the
      detector on its support and hence an accurate air-gap between the sensor
      and the toothed wheel, or tone wheel, fixed to the vehicle wheel, with
      which the sensor cooperates in determining the angular velocity of the
      wheel.
PAR  According to the present invention an electromagnetic transducer assembly
      suitable as an angular velocity detector for the wheel of a vehicle having
      an anti-skid brake system of the type comprising an electromagnetic pick
      up cooperating with a toothed wheel is characterised in that the toothed
      wheel is carried by the vehicle wheel, and there is a support for the
      electromagnetic pick up adapted to be carried on a fixed part of the
      vehicle, and a tie-rod for securing the said support to the said fixed
      part.
PAR  Preferably, the said support comprises a body adapted to bear upon an axle
      of a vehicle, the body having two lugs projecting therefrom, the lugs
      having holes through which the ends of the tie-rod extend when the
      assembly is fitted together, there being means for attaching the tie-rod
      to the support.
DRWD
PAR  One embodiment of the invention will now be more particularly described, by
      way of example, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a side view, from one end of an axle, of an embodiment of the
      invention mounted upon a rear axle of a vehicle; and
PAR  FIG. 2 is a sectional view taken along the line II--II of FIG. 1.
DETD
PAR  Referring to the drawings there is shown a wheel speed sensor including a
      magnetic pick-up 44 mounted on the rear axle 10 of a vehicle (not shown);
      the following description refers to a mounting for an angular velocity
      detector for an anti-skid brake system for mounting on a rear axle; it
      will be apparent, however, that this mounting arrangement can be used with
      slight modifications on other fixed parts of a vehicle.
PAR  A wheel 14 is carried at the end 12 of the axle 10 by means of rolling
      element bearings. An inner bearing 16 is shown in FIG. 2, the rollers 18
      of this bearing are supported by a cage 20. The wheel 14 has a hub 22 on
      which there is mounted a wheel 24 having radially outwardly projecting
      teeth 26; the toothed wheel 24 is made of ferromagnetic material and
      serves as a tone wheel for the sensor; depending on the arrangement of the
      system, the teeth 26 can be provided on the wheel hub 22, directly by
      casting, or milling or by otherwise machining the hub 22. Alternatively it
      can be of added material, sintered or otherwise. The axle 10 has, adjacent
      the end 12, a section 28 in which the outer surface is machined, not
      necessarily to very close tolerances, for a portion extending over about
      half the circumference; upon this section is carried a support 30 in the
      form of a curved shoe the radius of which is equal to the radius of the
      axle. The arcuate base 32 of the shoe 30 may rest entirely on the section
      28 of the axle, or as shown in the drawing may have three relieved
      portions leaving three lands 34, 36, 38 which engage the axle 10. The shoe
      30 has a bracket 40 which extends radially with respect to the arcuate
      surface 32 and perpendicular to the axis thereof; the bracket is
      reinforced by stiffening webs or ribs 40 and 42.
PAR  The electromagnetic pick up 44 is held on the brackets 40 by means of axial
      screws 46; exact adjustment of its position, in order to ensure the
      required spacing between the pick-up 44 and the toothed wheel 24, is
      effected by means of slotted holes, shims, or other known means, not
      illustrated. The electromagnetic pick-up may be of any suitable type; for
      example, of the type described in our U.S. Pat. No. 911,937. The shoe 30
      has two lugs 48, 50 projecting from opposite ends thereof. The upper
      surfaces 52, 54 of the lugs are flattened and substantially coplanar; if,
      as in the illustrated embodiment, the arcuate surface 32 does not rest
      entirely upon the axle, the lands 34, 38 which bear on the axles are
      positioned adjacent the lugs 48, 50. The lugs 48, 50 have respective
      through-holes 56, 58 through which pass the ends 62, 64 of a tie rod 60
      which may be made for example in the form of a U-bolt as shown in the
      drawing. The tie rod may be made of steel or other similar material; it
      passes beneath the axle 10 and the ends 62, 64 of the tie rod are threaded
      and the diameter of the arms is slightly less than the diameter of the
      through-holes 56, 58. The U-bolt 60 is held in place by means of nuts 66,
      68 screwed onto the threaded ends 62, 64, there being washers 70, 72
      between the nuts and the shoe 30. The preferred angular position can be
      selected before the nuts 66, 68 are tightened to clamp the U-bolt 60 and
      the shoe 30 to the axle 10, so as not to interfere with any other possible
      rotating members which may be in the vicinity, the adjustment may be
      further modified, if required, by calibrated shims between the shoe 30 and
      the axle.
PAR  Naturally the form and dimensions of the parts of the detector, as well as
      the manner of attaching the pick up support shoe 30 to the U-bolt, may be
      widely varied without nevertheless going beyond the scope of this
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an electromagnetic angular velocity transducer assembly for a vehicle
      wheel of the type comprising a toothed wheel and an electromagnetic
      pick-up device relatively moveable with respect to said toothed wheel upon
      rotation of said vehicle wheel upon which said toothed wheel is mounted, a
      mounting support for said electromagnetic pick-up comprising a curved body
      having a substantially semi-cylindrical surface adapted to be mounted on a
      cylindrical shaft, means securing said electromagnetic pick-up device
      adjacent the midpoint of said body intermediate the end thereof, a pair of
      recesses formed in said semi-cylindrical surface of said body adjacent to,
      but spaced inwardly from each end of said body to reduce the thickness of
      said body, an apertured lug integral with an extending outwardly from each
      end of said body, curved tie rod means adapting to extend around said
      shaft with the opposite ends thereof extending through said apertured lugs
      and threaded means for securing the ends of said tie rod to said lugs;
      said semi-cylindrical surface of said body between said recesses being
      substantially greater than the distances from said recesses to the ends of
      said body while the reduced thickness of said body in the vicinity of said
      recesses allows for the flexing of the ends of said body upon tightening
      of said threaded means to bring the ends of said body into contact with a
      shaft having a radius of curvature less than the radius of curvature of
      said semi-cylindrical surface of said body.
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ABST
PAL  An improved multi-section rotor stack for a squirrel-cage sliding rotor
      type motor which includes a laminated stator stack, a laminated rotor
      stack, an axial shorting ring disposed on at least one end thereof, and an
      intermediate shorting ring interposed in the rotor stack at the other end
      thereof. The intermediate ring divides the rotor stack into a pair of
      sections of unequal length disposed respectively between the intermediate
      and axial shorting rings, and between the intermediate ring and the
      opposing end of the rotor stack relative to the axial shorting ring. The
      latter of the sections is shorter in axial length then the other and has a
      radial diameter which is greater, and increases the resultant axial force
      produced by the motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to squirrel-cage, sliding rotor type
      motors, and in particular to an improved multi-section rotor stack for
      such motors.
PAR  2. Description of the Prior Art
PAR  Squirrel-cage sliding rotor type motors having axial shorting rings
      disposed at the ends of a multi-section rotor stack are known in the art.
      In such motors, the axial force produced by the main reactance is strongly
      dependent upon the air gap induction about the rotor section which is
      displaced relative to the corresponding outer edge of the stator stack as
      the rotor is moved axially, and most of the current flowing through the
      rotor bars of such a motor is shorted at the rotor end protruding from the
      stator. Also, the damping effect of the rotor currents on the air gap
      field is reduced adjacent the protruding, shorter rotor stack section.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved multi-section
      rotor stack for squirrel-cage, sliding rotor type motors which increases
      the axial force produced by such motors.
PAR  This and other objects are achieved in a squirrel-cage sliding rotor type
      motor which includes a laminated rotor stack, an axial shorting ring
      disposed on at least one end thereof, an intermediate shorting ring
      interposed in said rotor stack at the other end thereof which divides the
      rotor stack into first and second sections of unequal axial length
      disposed respectively between the intermediate and axial shorting rings
      and the intermediate shorting ring and the other end of the rotor stack,
      and rotor bars disposed axially through the rotor stack which are coupled
      by the shorting rings. The improvement of the invention comprises a second
      rotor stack section which has a diameter greater than that of the first
      rotor stack section. This section may have a stepped outer surface which
      increases axially from one end thereof to the other, and the combined
      axial lengths of the first and second sections is preferably greater than
      the axial length of the stator stack.
PAR  These and other features of the invention will be described in further
      detail in the following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are sectional views of two embodiments of squirrel-cage
      sliding rotor type motors known in the prior art;
PAR  FIG. 3 is a partial, sectional view of a multi-section rotor constructed
      according to the invention, showing the rotor in its position relative to
      the motor stator prior to energization of the rotor and stator windings;
PAR  FIG. 3a is a partial, sectional view of another embodiment of a rotor
      constructed according to the invention shown in the same position as the
      rotor of FIG. 3;
PAR  FIG. 4 is a partial, sectional view of the rotor of FIG. 3, shown in its
      position relative to the motor stator subsequent to energization of the
      rotor and stator windings; and
PAR  FIG. 4a is a partial, sectional view of the rotor of FIG. 3a shown in the
      same position as the rotor of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, there is shown in part in FIGS. 1 and 2 a
      squirrel-cage sliding rotor type motor which includes a laminated stator
      stack 7 having an axial length designated c, a laminated rotor stack 2
      mounted on a motor shaft 6, and, in the embodiment illustrated in FIG. 2,
      an axial shorting ring 4 disposed on one end of the rotor stack. As shown
      in FIG. 1, an additional axial shorting ring 5 may be disposed on the
      opposing end of the rotor stack. An intermediate shorting ring 1 is
      interposed in rotor stack 2 at the opposing end thereof relative to ring
      4, and is separated from motor shaft 6 by means of a spacer 3 disposed
      thereabout. The intermediate ring divides the rotor stack into first and
      second sections 22 and 21, respectively, of unequal axial length. The
      first rotor section 22 is disposed between intermediate and axial shorting
      rings 1 and 4 and has an axial length designated b. The second rotor
      section 21 is the shorter of the two and is disposed between ring 1 and
      the opposing end of the rotor stack relative to ring 4. It has an axial
      length designated a. In the rotor shown in FIG. 1, the ratio of
      cross-sectional areas of shorting rings 5 and 1 is chosen according to the
      air gap induction desired about rotor stack section 21. However, the total
      resistance of rings 1 and 5 should be equal to that of axial shorting ring
      4. A plurality of rotor bars 8 are disposed axially through rotor stack 2
      at the radially outer edges thereof in either linear or skewed slots and
      interconnect the shorting rings. The shorting rings and rotor bars are
      fabricated similtaneously by means of a die-casting process. Spacer 3 is
      preferably inserted during building of the rotor stack prior to
      die-casting, and its dimensions determine the resistance of the
      intermediate shorting ring 1 which is subsequently formed. Subsequent to
      die-casting, ring 1 which is subsequently formed. Subsequent to
      die-casting, the rotor is finished according to known methods on a lathe
      to the desired diameter.
PAR  FIGS. 3, 3a, 4 and 4a illustrate the improvement of the invention. The
      second rotor stack section 21 of the inventive rotor stack is fabricated
      so as to have a diameter which is greater than that of the first rotor
      stack section 22. Thus, the air gap d1 between rotor stack section 22 and
      stator 7 is greater than the air gap d2 between rotor stack section 21 and
      the stator when the rotor moves from its initial position shown in FIGS. 3
      and 3a to that shown in FIGS. 4 and 4a in response to energization of the
      rotor and stator windings. As a result, the resultant axial force,
      schematically designated Fa in FIG. 4, is increased.
PAR  As shown in FIGS. 3a and 4a, the second rotor stack section may be provided
      with a stepped outer surface which increases in diameter from the axially
      inner end of section 21 adjacent shorting ring 1 to the axially outer end
      thereof. This type of section configuration causes a stepwise graduated
      increase of the axial force produced as the rotor stack section enters the
      bore of the stator, and these force increments can be reliably used to
      release, for example, a friction brake. Also, the combined axial lengths
      of the first and second rotor stack sections a + b is preferably greater
      than the axial length c of the stator stack. Moreover, the axial length b
      of first rotor stack section 22 is preferably no greater than the axial
      length c of the stator stack. Such a construction produces a large initial
      axial force and high power and torque motor output. It has been found that
      a rotor construction in which the axial length a of second rotor stack
      section 21 is about 0.1 to about 0.15 times greater than the axial length
      c of stator stack 7 produces particularly good results.
PAR  In operation, the rotor stack is initially disposed within stator stack 7
      so that the inner axial end of the second rotor stack section 21 is at
      least aligned with the outer axial end of stator stack 7, and may even
      extend into the stator stack bore. This produces a large initial axial
      force. When the stator and rotor windings (not shown herein for purposes
      of clarity) are energized, the axial force produced moves the rotor
      axially into the bore of stator stack 7 against the force Ff of an axially
      disposed spring (also not shown) to an equilibrium position shown in FIGS.
      4 and 4a. This movement of the rotor also causes the release of a disc
      brake to which it is coupled, and the rotor is accelerated
      circumferentially in response to the torque developed. When the windings
      are deenergized, the spring withdraws the rotor from the stator stack as
      the axial force decreases in magnitude.
PAR  It should be noted that a large increase in the axial force produced can be
      obtained by providing only a few laminations for stack section 21. As the
      number of laminations increases, the initial axial force is increased with
      a proportionate decrease in its rate of rise as the rotor moves into the
      stator bore. A larger number of laminations for section 21 merely produces
      a larger stroke rather than a proportionate increase in the resultant
      axial force produced by the motor.
PAR  The rotor illustrated and described herein may be centered in the stator
      bore without difficulty since second rotor stack section 21 is relatively
      small in axial length and extends into the stator bore generally only
      adjacent the motor bearing for the rotor. Also, the rotor illustrated in
      FIGS. 3, 3a, 4 and 4a is fabricated in the same manner as described with
      reference to FIGS. 1 and 2.
PAR  In the foregoing specification, the invention has been described with
      reference to specific exemplary embodiments thereof. It will, however, be
      evident, that various modifications and changes may be made thereunto
      without departing from the broader spirit and scope of the invention as
      set forth in the appended claims. The specification and drawings are,
      accordingly, to be regarded in an illustrative rather than in a
      restrictive sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a squirrel-cage sliding rotor type motor, including a laminated
      stator stack, a laminated rotor stack, an axial shorting ring disposed on
      at least one end of said rotor stack, an intermediate shorting ring
      interposed in said rotor stack at the other end thereof, said intermediate
      ring dividing said rotor stack into first and second rotor stack sections
      of unequal axial length, said first rotor stack section being disposed
      between said intermediate and axial shorting rings and having an axial
      length greater than said second rotor stack section, the latter being
      disposed between said intermediate shorting ring and said other end of
      said rotor stack, and rotor bars disposed axially through said rotor stack
      and coupled by said shorting rings, the improvement comprising a second
      rotor stack section having a diameter greater than that of said first
      rotor stack section.
NUM  2.
PAR  2. The rotor stack section recited in claim 1, wherein said second rotor
      stack section has a stepped outer surface which increases in diameter
      axially from one end of said section to the other.
NUM  3.
PAR  3. The rotor stack section recited in claim 1, wherein the combined axial
      lengths of said first and second rotor stack sections is greater than the
      axial length of said stator stack.
NUM  4.
PAR  4. The rotor stack section recited in claim 3, wherein the axial length of
      said first rotor stack section is no greater than the axial length of said
      stator stack.
NUM  5.
PAR  5. The rotor stack section recited in claim 1, wherein said rotor stack is
      mounted on a motor shaft and said motor includes stator and rotor
      windings, said rotor stack being positioned on said motor shaft relative
      to said stator stack so that when said stator and rotor windings are
      deenergized the inner axial end of said second rotor stack section is at
      least aligned with the corresponding outer axial end of said stator stack.
NUM  6.
PAR  6. The rotor stack section recited in claim 1, further comprising an
      additional axial shorting ring disposed on said other end of said rotor
      stack adjacent said second rotor stack section.
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ABST
PAL  A cooling assembly particularly suitable for use with high brightness light
      sources requiring compact housing. The assembly comprises an air cooled
      heat sink and a connecting means being flexible and having a high thermal
      conductivity coefficient. This device provides an efficient method for
      cooling filament leads in the seal end of high brightness lamps and the
      joint between the lamp and reflector, thereby increasing lamp life.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvement of the method of cooling reflector
      lamps using a high brightness light source.
PAR  2. Prior Art
PAR  The tungsten-halogen family of incandescent lamps can be used for many
      light projection purposes. The present invention relates to reflector
      lamps using the tungsten-halogen incandescent lamps. The bulbs used in
      these lamps are normally single ended, compact and made of quartz or high
      silica contend glass. This material is used so that the bulb will
      withstand resultant high pressures and high temperatures. The quartz bulb
      also serves to contain a small volume of hot gas about the filament to aid
      in the performance of the lamp.
PAR  The reflector lamp normally uses one ofthe tungsten-halogen incandescent
      lamps in conjunction with a reflecting surface. This reflecting surface is
      permanently cemented to the lamp near the seal end of the bulb. Reflectors
      are normally made of glass in order to be thermally compatable with the
      lamp and because of the reflective qualities that may be imparted to such
      glass.
PAR  These new tungsten-halogen reflector lamps supply a very compact source of
      intense light, and have many applications. They are specifically useful in
      light projection applications such as photographic film, projectors and
      photographic enlargers.
PAR  The benefits provided by this compact source of light have often been
      greatly reduced because of the intense heat that the lamp produces and the
      inability to deal with this heat. This intense heat causes several kinds
      of problems that must be overcome in order to utilize the compact lamp in
      a reflector type operation. Tungsten halogen lamps of 300 watts have a
      temperature of 600.degree. centigrade or more, as contrasted with inert
      gas incandescent lamps which have a substantially lower temperature.
PAR  One problem occurs because the two kinds of glass used in the lamp and
      reflector have different thermal expansion rates. When the joint between
      the reflector, made from a fused silica glass, and the bulb, made of
      quartz, is subjected to heat, the two types of glass expand at different
      rates causing the joint to break or crack. Often the joint between the
      fused silica reflector and the quartz bulb is of a permanent rigid
      connection. This inflexibility causes the joint between the bulb and
      reflector to crack as the reflector expands at a different rate than the
      quartz bulb. Therefore, in normal operation the maximum temperature must
      be controlled and limited within a specific range of temperatures, or
      failure of the bulb or reflector will occur.
PAR  Another problem involves the breaking of the seal in the glass between the
      filament leads of the quartz bulb. The quartz bulb will normally take
      severe temperature changes, however, the filament leads extend through the
      end of the bulb where the glass area becomes small in relation to the size
      of the filament leads. This area of glass when subjected to very high
      temperatures, will crack due to the difference in thermal coefficients of
      expansion between the filament leads and the quartz bulb. When the seal of
      the bulb is broken the filament burns.
PAR  Still another problem occurs because the reflector is permanently fastened
      to the open ends of the quartz bulb. The problem arises because the
      reflector further reduces cooling by decreasing the area available for
      dissipating heat and increases the sensitivity of the seal which increase
      the probability of the seal cracking.
PAR  The tungsten-halogen reflector lamps are often used in apparatus that
      require a very low light leakage since in projectors or photographic
      enlargers leakage of light impedes the utility of the use. Therefore,
      baffles often have to be placed to restrict the passage of light from the
      compact housing surrounding the lamp. These baffles increase the bulk size
      of the housing rather than decrease it and partially eliminate any
      benefits derived from the compact light source.
PAR  There have been several attempts to solve the problems created by the
      extreme heat of the tungsten-halogen lamps. One method, and probably the
      most widely used and suggested by most manufacturers is to direct a blast
      of air at the seal of the quartz bulb and at the joint between the quartz
      bulb and the fused silica glass reflector. This approach will solve the
      problem and will control the extreme heat generated if the air stream is
      sufficient. However, this solution is not always practical because, in
      order to direct the air stream a fan with blower ducts must be installed
      near the housing of the lamp source. Thus, the benefits gained by
      utilizing the compact high brightness light source is again negated
      because the size of the apparatus must be increased to be able to contain
      the blower and the blower ducts.
PAR  The forced air can cool the seal, reflector and joint from the rear of the
      lamp. The open end of the reflector containing the bulb and filament does
      not need forced air cooling and operates with normal lamp life at a
      temperature set by radiation cooling only. However, this radiation must
      still be considered in the overall heating analysis.
PAR  Still another problem occurs when a reflector light is used in an apparatus
      that requires low light leakage since baffles have to be installed to
      conduct and restrict the light. Here again, the value of the compact size
      of the intense light source is lost because of the added baffles. Thus, in
      prior art, in order to use the efficient compact light source an awkward,
      bulky apparatus must be used in order to house the cooling and shielding
      equipment that reduces both the light leakage, and the amount of heat
      created by the tungsten-halogen lamp. This not only results in awkward and
      bulky housings but also increases expense. In addition, the blower that
      cools the rear seal is often noisy and reduces the desirability of using
      the tungsten-halogen lamp.
PAC  SUMMARY OF THE INVENTION
PAR  The primary component of the cooling system employed in the present
      invention is a heat sink connected to either a reflector or the lamp
      itself by means of a flexible adhesive. The flexible adhesive in the
      present invention is composed of a silicone rubber that maintains its
      flexibility through a very wide range of temperatures. This flexibility is
      required to accommodate the different rates of expansion between the bulb,
      the reflector and the heat sink. The flexibility of the adhesive is
      important because it allows the bulb, joint, heat sink, and the reflector
      to expand independently according to their own coefficients of expansion,
      while maintaining proper alignment within the apparatus.
PAR  The adhesive that is used to make a flexible joint is also important
      because of its thermal qualities. Silicone rubber is used to make the
      joint flexible because it also has the ability to withstand severe
      temperature changes. Silicone rubber by itself is not a good conductor,
      thus, to improve the conductability of the silicone it is filled with
      metal, ceramic or mineral powder. Thus, the reflector, the lamp and the
      heat sink are able to remain permanently connected and positioned while
      the adhesive transmits heat from the bulb and reflector to the heat sink.
PAR  The purpose of the heat sink is to dissipate the high temperatures around
      the seal end of the light bulb by natural convection. This is accomplished
      by the adhesive material transferring the heat from the quartz bulb and
      reflector to the heat sink. The heat sink may take many shapes, in fact
      the housing of the apparatus or even the reflector surface may be used as
      the heat sink. More commonly a part of the housing or even the interior is
      used as the heat sink. When this is done a blower may still be required to
      dissipate the heat energy from the interior of the apparatus, however, the
      requirements for the size of the blower and the amount of air that must be
      directed against the heat sink is significantly reduced over prior art
      techniques for solving the problem of heat dissipation.
PAR  In a 300 watt tungsten-halogen incandescent lamp the filament often creates
      temperatures in excess of 600.degree. centigrade. A maximum temperature of
      450.degree. centigrade at the seal end of the bulb is prescribed by most
      manufacturers. Temperatures in excess of the prescribed temperatures
      result in severe cracking of the seal end of the bulb which destroys the
      lamp and temperatures often reach 450.degree. centigrade when forced air
      cooling of the seal is utilized.
PAR  In the present invention when a nominal size heat sink is employed the
      ambient temperature of the seal of the bulb is reduced to a maximum of
      70.degree. centigrade. This invention not only decreases the seal
      temperature and provides much longer life for the tungsten-halogen lamps,
      but will allow lamps having much higher wattage to be utilized without
      altering the present housings which contain the tungsten-halogen reflector
      lamp. This can be accomplished without increasing the temperature of the
      heat sink or of the seal in the bulb. For instance in accordance with the
      present invention a temperature of 210.degree. centigrade at the seal has
      been recorded when a 1000 watt lamp is employed. This is considerably
      below the manufactures recommendations of 450.degree. centigrade.
PAR  It is important to note that tungsten-halogen lamps, in order to
      effectively operate, require that a small volume of gas be contained at a
      high temperature immediately surrounding the filament of the bulb. Any
      cooling operations must take this into consideration. If the cooling
      apparatus reduces the temperatures around the bulb the bulb will darken
      and the effect of using the tungsten-halogen lamp will be lost. The
      present invention seeks only to cool the seal end of the bulb while
      allowing the filament to retain the high temperature required for its
      effective operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of a tungsten-halogen lamp and reflector secured
      to a natural air cooled heat sink;
PAR  FIG. 2 is a sectional view of a tungsten-halogen lamp wherein the reflector
      is a natural air cooled heat sink and the bulb is secured directly to the
      heat sink;
PAR  FIG. 3 is a sectional view of a tungsten-halogen lamp utilizing a double
      ended bulb, wherein the reflector is the heat sink;
PAR  FIG. 4 is a sectional view of a tungsten-halogen reflector lamp using a
      liquid cooled radiator type heat sink;
PAR  FIG. 5 is a sectional view of a tungsten-halogen lamp wherein the heat sink
      is also used as a directional limitation and a light leakage limiting
      device.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention structure provides for cooling the seal and the joint
      between a glass reflector and quartz or high silica bulb in a
      tungsten-halogen reflector lamp. The presently preferred embodiment
      disclosed herein is particularly useful when employed with the compact
      high brightness light source of a tungsten-halogen lamp. The present
      invention will extend the life of these lamps, and in addition will allow
      lamps with much higher wattage to be used than can be attained in
      accordance with the present art.
PAR  Referring now to FIG. 1, the presently preferred embodiment is shown. The
      tungsten-halogen lamp 20 is permanently fastened to a glass reflector 22
      with a ceramic cement 32 near the seal end 23 of the bulb 20. The bulb 20
      is positioned such that the filament 24 is centrally aligned within the
      reflector 22 such that the rays 38 can be directed along a specific path.
PAR  The critical point when extreme temperatures develop in a tungsten-halogen
      reflector lamp is at the seal end 23 of the bulb 20. In this region the
      area of the glass bulb 20 is severely reduced in proportion to the area of
      the filament 26. It is in this area 23 that high temperatures and thermal
      differences between the glass bulb 20 and the filament lead 26 cause
      cracking thereby breaking the seal and allowing contamination to enter and
      destroy the lamp.
PAR  Another critical area lies in the region 23 where the glass reflector 22 is
      secured to the quartz bulb 20. This joint which is rigid and permanent is
      a cement 32, which when subjected to severe heat exerts forces on the
      reflector 22 and the seal 23 leading to cracks because of the differences
      in thermal expansion coefficients of the glass 22 and the quartz bulb 20.
      In accordance with the prior art, an air stream would ordinarily be
      directed at the region 23 to provide cooling by convection. This is often
      not sufficient and cracks may result at the joint 32 and in the seal end
      23 of the quartz bulb 20.
PAR  The present invention secures to the reflector a heat sink 34 by means of a
      silicone adhesive rubber 30. The silicone rubber 30 acts as an adhesive,
      binding the reflector to the heat sink 34 while conducting heat from the
      reflector 22 and the bulb 20, and especially from the seal end of the bulb
      23, to the heat sink 34. The heat sink 34 then dissipates the energy
      convectively from the surface area of the heat sink 34. This exposed area
      often takes the shape of fins 36 as shown in the presently preferred
      embodiment. (See FIG. 1 for example).
PAR  It should be noted that in the presently preferred embodiment the heat sink
      34 is shown in a specific shape. In application the heat sink 34 can be
      made in any shape, in fact the heat sink can either be the housing or
      portions of the housing within which the tungsten-halogen reflector lamp
      is used. When the presently preferred embodiment is used a blower is often
      required to move air across the fin area 36 when it is encased within a
      housing which restricts the normal flow of air around the fin area 36. If
      the fin area is exposed and not contained within a small housing it will
      dissipate the heat energy into the ambient surroundings without the use of
      a fan or blower.
PAR  FIG. 5 shows another use of the tungsten-halogen lamp and glass reflector
      22. In this embodiment the light rays are directed along a specific path
      38 and any light leakage is prevented. This type of application is
      normally required when used in applications such as photographic
      enlargers. The heat sink 48 in this embodiment is secured to the
      borosilicate reflector 22 and bulb 20 by the adhesive silicone rubber 30
      similar to the method described in the presently preferred embodiment.
PAR  In this embodiment however, the heat sink 48 is shaped such that it
      restricts the direction that the emitted light rays 38 must take. In
      addition, the heat sink 48 surrounds the reflector lamp preventing any
      light leakage which is mandatory when used in photographic equipment. The
      fin area 36 of the heat sink 48 is increased due to the longitudinal sides
      of the heat sink 48, thereby, lowering the surface temperature of the fins
      36. This heat sink besides dissipating the heat near the seal end of the
      tungsten-halogen bulb 20 dissipates heat given off at the filament end 24
      of the bulb 20. This further reduces the temperature within the housing of
      the apparatus reducing the amount of blower fan required to dissipate the
      heat energy into the ambient.
PAR  Thus, the embodiment shown in FIG. 5 serves two main purposes; first, it
      prevents any light leakage from around the tungsten-halogen bulb except in
      a specified direction 38, and second, it provides additional fin area for
      the heat sink 48 which can be used to more effectively dissipate heat
      energy from the seal end 23 of the bulb 20.
PAR  FIG. 4 shows an alternative embodiment of the presently preferred
      embodiment wherein the heat sink 48 instead of being convectively cooled
      is cooled conductively by fluid. The heat sink size can be reduced to an
      absolute minimum by using fluid cooling techniques. This technique is very
      similar to the cooling methods used in a standard automobile, wherein the
      heat is dissipated into the heat sink and fluid which flows through
      conduits 50 and 52 from the heat sink to a body of fluid dissipating the
      energy into the ambient. In this embodiment the tungsten-halogen lamp and
      glass reflector can be secured to the heat sink similar to the method
      described in the presently preferred embodiment.
PAR  The invention described herein provides a high intensity tungsten-halogen
      reflector lamp in a compact housing. General Electric developed this high
      intensity light for use in projectors and photographic enlargers. In order
      to utilize the tungsten-halogen lamp in this type of operation a reflector
      mechanism 22 was secured to the tungsten-halogen bulb 20. The reflector 22
      is commonly made of glass since it is, easily figured into a complex
      reflective surface, a reasonable match in thermal characteristics to lamp
      bulb, may be coated with various reflective materials such as aluminum on
      dichroic (selectively reflective) films. As has been noted above however,
      the combination of these two different glasses and method for securing
      permanent placement of the filament 24 such that precise radiation is
      achieved has been difficult in the prior art.
PAR  The present invention provides a new structure for achieving the
      directional radiation by eliminating the glass reflector 22. FIG. 2 and
      FIG. 3 employ the heat sink as the reflector.
PAR  In FIG. 2 the alternative embodiment, the heat sink 42 is formed such that
      it has fins 36 around portions of the perimeter, and a eliptical
      reflective surface 40 similar to the shape of glass reflector 22 used in
      the presently preferred embodiment. The heat sink 42 in this embodiment is
      formed from a metal such as aluminum having a polished surface 40. This
      polished surface 40 has similar or reflective qualities to a glass
      reflector 22 used by the prior art manufactures when manufacturing the
      tungsten-halogen lamp.
PAR  In the embodiment shown in FIG. 2 the tungsten-halogen bulb 20 is secured
      into the preformed reflector heat sink 42 such that the filament 24 is
      aligned to give proper directional radiational 38 of the rays emitted from
      the bulb 20. Adhesive silicone rubber 30 is used to secure the seal end of
      the bulb 23 to the reflective heat sink 42. The adhesive 30 is similar to
      that used in the presently preferred embodiment shown in FIG. 1 which
      fastens the heat sink to the glass reflector 22.
PAR  By securing the tungsten-halogen bulb 20 to the heat sink 42, two of the
      major problems involved with the use of reflective lamps are eliminated.
      First, there is no longer a need to use a cement 32 to fasten the
      tungsten-halogen bulb 20 to the borosilicate reflector 22, because the
      glass reflector 22 has been eliminated, and the problem of cracking
      because of the difference in thermal expansion between the glass reflector
      22 and the quartz bulb 20 has been eliminated. Second, the seal end 23 of
      the filament lead 26 is able to transmit directly the heat generated
      through the quartz into the heat sink without having to pass through the
      glass reflector 22.
PAR  In addition to the above improvements the use of the reflective surface as
      a heat sink provides a means of dissipating heat generated around the bulb
      into the ambient at a much faster rate. This means that when the reflector
      lamp is placed inside of a compact housing both the heat generated around
      the filament end of the bulb and the seal end of the bulb 23 can be
      transmitted directly into the heat sink, which then convectively transmits
      the heat into the ambient. This advantage will allow utilization of a
      compact housing when the high intensity light source of a tungsten-halogen
      lamp is employed.
PAR  The last embodiment is shown in FIG. 3. This embodiment employs a
      reflective surface 46 formed from the metal heat sink very similar to that
      used in the embodiment shown in FIG. 2. In this embodiment a means of
      using a double-ended filament bulb is shown. When a double-ended
      tungsten-halogen bulb 21 is used, both seal ends have to be protected from
      the severe heat build-up. This is done in much the same manner as was
      described in the alternative embodiment shown in FIG. 2. This embodiment
      however, employs a directional radiating surface formed from the heat
      sink, and a fin area 44 for directing rays emitted from the bulb 21 along
      the path 38.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination,
PA1  a. a high brightness incandescent lamp having an operating temperature and
      a seal end temperature substantially high in comparison to the
      corresponding temperature of inert gas incandescent lamps,
PA1  b. means for dissipating heat from the seal end of said incandescent lamp
      comprising a mass of material having the heat conductivity characteristic
      thereof at least that of metals and of a quantity sufficient to prevent
      failure of the seal end region of said lamp, and
PA1  c. flexible heat conductive adhesive means between said lamp seal end and
      said heat dissipating means for adhering said lamp and said heat
      dissipating means and for allowing expansion of said heat dissipating
      means and said lamp seal end without injury to the latter, said adhesive
      means comprising a flexible material of low heat conductivity combined
      with a material of high heat conductivity.
NUM  2.
PAR  2. The combination of claim 1, wherein the lamp is a reflector lamp and
      includes a reflector and a bulb, the reflector being permanently fastened
      to the seal end of the lamp bulb for reflecting the rays of said lamp
      bulb, said flexible heat conductive adhesive means being between the
      reflector of the reflector lamp and said heat dissipating means.
NUM  3.
PAR  3. The apparatus defined in claim 1 wherein said adhesive means is
      comprised of silicone rubber filled with a heat conducting material.
NUM  4.
PAR  4. The apparatus as defined in claim 1 wherein said heat dissipating means
      contains a means of passing liquid through said heat dissipating means
      such that the heat is absorbed by said liquid and transmitted to the
      ambient by said liquid after said liquid passes through said heat
      dissipating means.
NUM  5.
PAR  5. The apparatus as defined in claim 1 wherein said heat dissipating means
      shields and directs radiation from said incandescent lamp in a
      predetermined path.
NUM  6.
PAR  6. The apparatus as defined in claim 1 wherein said lamp is a
      tungsten-halogen incandescent lamp.
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ABST
PAL  A flat large-area photocathode intended for use in an intensifier tube is
      constructed so that a pre-determined potential gradient can be maintained
      across its surface in operation in order to simplify the electron-optical
      system of the intensifier. This is done by providing photoemissive
      material on an electrically resistive layer or sheet on a major surface of
      which is provided a series of spaced rings of electrically conductive
      material one inside the other. The spacings and widths of the rings are
      chosen so that, when a potential difference is applied between the center
      and the edge of the sheet or layer, the desired potential gradient is set
      up across the surface of the photocathode. The intensifier tube may be an
      x-ray image intensifier.
PARN
PAR  This application is a continuation of application Ser. No. 395,913, filed
      Sept. 10, 1973, now abandoned, which was a continuation of application
      Ser. No. 224,923, filed Feb. 9, 1972, now abandoned.
BSUM
PAR  This invention relates to a photo-cathode comprising a photo-emissive layer
      provided on an electrically resistive substrate.
PAR  Image intensifier and converter tubes normally comprise a large-area
      photo-cathode for receiving electromagnetic radiation from an object and
      an electrostatic electron-optical system for imaging photo-electrons
      emitted by the photo-cathode in operation onto a cathode-luminescent
      screen. In order to minimise the effect of aberrations in the
      electron-optical system on the resulting display the photo-cathode is
      normally made concave towards said system. However, if this is done a
      further problem arises because the input radiation has to be imaged onto
      the photocathode and it is difficult to obtain an image of this radiation
      whose curvature matches that of the curved photo-cathode. The image will
      normally be formed in a plane. One solution to this problem is to utilise
      a so-called "fibre-optic plate" having one flat major face and one major
      face which is curved similarly to the photo-cathode. The curved face can
      be situated adjacent the photo-cathode and the input radiation can be
      imaged onto the flat face. However, this solution is an expensive one if
      the photo-cathode is large, as the fibre-optic plate will have to be
      correspondingly large. This is usually the case with X-ray image
      intensifier and converter tubes where the photo-cathode may be 15 or 23 cm
      in diameter. It is an object of the invention to provide an alternative
      construction which is capable of reducing the effects of aberrations in
      the tube electron-optical system.
PAR  It is known that the effects of such aberrations can be reduced by
      maintaining a potential gradient across the surface of a flat
      photo-cathode (the particular form of this gradient will depend upon the
      particular electron-optical system with which the photo-cathode is to be
      used). British Patent Specification No. 1137669 discloses various
      constructions of photo-cathode with which such a potential gradient may be
      obtained. In particular it discloses a circular photo-cathode wherein
      photo-emissive material is provided on an electrically resistive
      substrate, a potential difference being maintained between the centre of
      the substrate and its edge. The form of potential gradient required
      between centre and edge is obtained by varying the conductivity of the
      substrate in a predetermined manner over its area. This is done by
      suitably varying the thickness and/or composition of the resistive layer
      from place to place. However it is difficult to obtain a closely
      controlled resistance variation in this way especially when the required
      ratio of maximum to minimum sheet resistivity is of the order to 600 and
      1, as is sometimes found in practice. It is an object of the invention to
      provide an alternative construction with which the desired voltage
      gradient can be obtained.
PAR  The invention provides a photo-cathode comprising an electrically resistive
      layer or sheet on a major surface of which is a series of spaced rings of
      electrically conductive material one inside the other, a layer of
      photo-emissive material being provided on and in electrical contact with
      said surface or on and in electrical contact with the other major surface
      of said resistive layer or sheet. The layer of photo-emissive material may
      be provided either directly on the relevant major surface or with an
      intermediate layer interposed. Such an intermediate layer if present may
      be used to convert input radiation such as X-radiation to radiation to
      which the photo-emissive layer is sensitive.
PAR  If a potential difference is maintained between a point on the resistive
      layer or sheet inside all the rings and the edge of the resistive layer or
      sheet the potential gradient obtained over the surface of the layer or
      sheet will now be modified by the presence of the rings, which will create
      regions of constant potential. Thus the general form of the potential
      gradient across the sheet or layer will be determined by the widths and
      spacings of the rings and can be caused to approximate closely to a
      predetermined law by suitably choosing these widths and spacings.
PAR  If the photo-cathode is circular the rings will normally themselves be
      circular and concentric.
PAR  Electric contact to the edge of the sheet or layer may be conveniently
      obtained by means of a said ring provided thereat. Contact to the centre
      may be made by means of a conductor passed through the layer or sheet and
      contacting a central disc of electrically conductive material provided on
      said major face in a manner similarly to the rings. As an alternative this
      central contact may be made direct to the other major surface of the sheet
      or layer.
PAR  The rings may be formed by aluminum vapour-deposited onto said major
      surface, the required pattern being obtained by a photoresist technique.
PAR  The invention will now be described with reference to the accompanying
      drawing in which:
PAR  FIG. 1 shows a plan view of an X-ray photocathode substrate;
PAR  FIG. 2 shows a possible cross-section of the substrate of FIG. 1 provided
      with a photo-emissive layer; and
PAR  FIG. 3 shows another possible cross-section of the substrate of FIG. 1
      provided with a photo-emissive layer.
DETD
PAR  In FIG. 1 a circular photo-cathode substrate includes an electrically
      resistive layer or sheet 1 having a substantially constant resistivity
      over its surface. A series of electrically conductive concentric rings 2
      are provided on a major surface of the sheet or layer 1, the widths of
      these rings and their spacings decreasing with increasing ring diameter.
      An electrically conductive disc 3 of the same material as the rings is
      provided at the centre of the rings.
PAR  FIG. 2 is a cross-section (not to scale) of one possible construction of
      the substrate of FIG. 1 provided with a photo-emissive layer. The
      substrate of FIG. 1 comprises an electrically conductive plate 4, for
      example of aluminum, on one surface of which is provided an electrically
      insulating layer 5, except for a break at the centre. The layer 5 may be
      provided by anodising the aluminum.
PAR  A homogenous electrically resistive layer 1, for example chromium/silicon
      monoxide cermet having a resistance of about 10.sup.5 ohms per square and
      about 20-25 pm thick is provided on the insulator 5 and contacts the plate
      4 at its centre. On this layer 1 is provided the rings 2 and disc 3 of
      FIG. 1, which may be made of vapour deposited aluminum about 0.5 .mu.
      thick. An intermediate phosphor layer 6, for example of caesium iodide, is
      vapour-deposited onto the layer 1 together with the rings 2 and disc 3,
      for converting incident X-radiation into visible radiation which is
      capable for exciting a photo-emissive layer 7. The layer 7 is in
      electrical contact with the major surface of the sheet or layer 2 via the
      layer 6. The photo-emissive layer 7 may be a conventional photo-cathode
      material such as antimony-caesium vapour-deposited on the layer 6. The
      photocathode is incorporated in an otherwise conventional X-ray image
      intensifier and converter tube (not shown).
PAR  In operation a potential difference is maintained between the centre and
      edge of the photo-cathode assembly, contact is the edge being via the
      outermost of the rings 2, for example by means of a spring contact, and to
      the centre via the aluminum plate 4 and the gap in the insulator 5 at the
      centre. When used in a conventional 15 cm diameter X-ray image intensifier
      and converter tube a potential of +100V at the centre relative to the edge
      was found suitable. As has been mentioned previously, the particular form
      of potential gradient obtained between centre and edge can be determined
      at will by suitably chooning the widths and spacings of the rings 2. It is
      often found that a parabolic variation of potential V with distance r from
      the centre, of the form r.sup.2 =-4a(V-b), is desired where a and b are
      constants. This leads to a decreasing ring width and increasing ring
      spacing from centre to edge as it is shown in FIG. 1.
PAR  The alternative cross-section of FIG. 3 differs from that of FIG. 2 in that
      the conductive plate 4 and insulating layer 5 have been replaced by an
      insulating plate 8 for example of glass, through the centre of which is
      sealed an electrically conductive contact pin 9. Otherwise the
      construction and materials may be similar to those of FIG. 2.
PAR  It will be realised that a photo-cathode assembly according to the
      invention may alternatively be used for receiving radiation in the visible
      part of the spectrum, in which case the conversion layer 6 may be omitted.
      It will then be necessary (if the photocathode is to operate in the
      transmission mode) to make the parts lying under the layer 7 of optically
      transparent material. For example the rings 2 and disc 3 may then be made
      of transparent conductive tin oxide.
PAR  As an alternative, the rings 2 may be provided between the layers 1 and 5
      in FIG. 2 or between the layer 1 and the plate 8 in FIG. 3.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A photocathode comprising a support having an insulating layer with an
      aperture therein, a layer of photoemissive material spaced from said
      insulating layer, a layer of electrically resistive material supported by
      said electrically insulating layer and in electrical contact with said
      layer of photoemissive material, a plurality of spaced, discrete,
      concentric electrically conductive rings and a central conductive disc
      within the innermost ring disposed on one surface of said layer of
      electrically resistive material, and means to apply a potential between
      the central disc and the outermost ring including a conductive member
      having an electrical connection to said central disc through said aperture
      in said insulating layer for obtaining a potential gradient across said
      layer of photoemissive material.
NUM  2.
PAR  2. A photocathode as claimed in claim 1 in which said photoemissive layer
      is non-responsive to x-radiation and a phosphor layer for converting
      x-radiation to visible radiation is interposed between said photoemissive
      layer and said layer of electrically resistive material.
NUM  3.
PAR  3. A photocathode as claimed in claim 1 wherein the insulating layer is
      provided on an electrically conductive plate, and said layer of
      electrically resistive material extends through said aperture in said
      insulating layer constituting said electrical connection to said disc.
NUM  4.
PAR  4. A photocathode as claimed in claim 1 in which said electrical connection
      is provided by an electrically conductive member which extends through
      said aperture and contacts said electrically resistive material.
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ABST
PAL  A gas discharge panel in which at least the electrodes serving as cathodes
      are separated from each other by partitions which consist of electrically
      oxidized aluminum strips which, like the cathodes, are also connected to a
      flat insulating plate by means of glaze.
BSUM
PAR  The invention relates to a gas discharge panel at least consisting of an
      insulating base plate and an insulating transparent top plate, which
      plates each have a set of parallel conductors, the conductors of the base
      plate and the top plate crossing each other an an angle, cavities being
      present at the crossing, in which cavities an electric discharge can
      occur, the conductors of at least one set being secured to the insulating
      plate by means of a low melting-point glass (glaze), the sides of adjacent
      conductors being separated by insulating partitions.
PAR  From the U.S. Pat. No. 3,634,720, for example, it is known to provide
      conductors of a gas discharge panel in grooves of an insulating plate.
PAR  However, the provision of such grooves in an insulating plate, in
      particular a glass plate, is time-consuming and hence expensive. When the
      grooves have been obtained by means of chemical etching, the cross-section
      moreover does not have the desired U-shape so that the conductors do not
      fit accurately in the grooves and their position therein is thus not
      accurately determined. As a result of this it is also possible that the
      gas discharges creep along the sides of the conductors to the lower side,
      as a result of which the luminous efficiency of the discharge decreases
      considerably. Moreover, during the (aging) burning in period the upper
      surface of the conductor is not cleaned sufficiently of oxides so that a
      large spreading in the ignition voltage and the operating voltage of the
      discharges at different crossings is obtained.
PAR  If the conductors are not placed in grooves but on the surface of an
      insulating plate, the drawback is experienced that discharges can occur
      between the sides of adjacent conductors. This can be avoided by coating
      the sides by means of glaze which can become thinly liquid and form a
      meniscus against said sides, as described in the prior application which
      has been published as Dutch Patent application No. 71.08.935. A drawback
      is that a glaze which becomes so thinly liquid has a higher melting
      temperature, namely 570.degree.C. As a result of this a comparatively
      thick oxide layer is formed on the conductors for the electrodes which
      usually consist of chromium-nickel-iron ( 5% by weight of Cr, 47.5% by
      weight of Ni, 47.5% by weight of Fe), so that the above-mentioned
      difficulty during the burning in period (aging) is considerably increased.
PAR  The said drawbacks can be avoided entirely in an above described gas
      discharge panel in which the sides of adjacent conductors are separated by
      partitions if, according to the invention, the partitions consist of
      superficially oxidized aluminium strips which are secured on the
      insulating plate. Such strips constitute with the insulating plate grooves
      having a U-shaped cross-section and accurately defined dimensions. As a
      result of this the partitions may engage the sides of the parallel
      conductors closely so that the discharges can no longer proceed along the
      sides to the lower side of the electrodes. The comparatively thin oxide
      layer on the electrode strips formed at the lower melting temperature of
      said glaze is removed entirely from the upper side of said strips during
      the burning in period (aging).
PAR  Moreover, the time for this purpose is comparatively short as compared with
      the time necessary to remove an oxide layer formed at 570.degree.C (3
      hours instead of 30 hours).
PAR  The alternate provision beside each other of partitions and electrodes can
      simply be carried out by placing the partitions in the form of a slot grid
      of electrically oxidized aluminum on an insulating plate which has
      previously been covered with a layer of powdered glaze suspension. By
      placing the chromium-nickel-iron conductors, also in the form of such a
      slot grid, between the strips of the oxidized aluminum grid and heating
      the assembly until the glaze melts, the conductors and the partitions
      after cooling are secured to the insulating plate. After cutting off the
      frames from both grids the panel plate is ready. The depth of the
      "grooves" is determined by the thickness of the aluminum plate of which
      the partitions are manufactured and may thus be very accurate.
DRWD
PAR  The invention will be described in greater detail with reference to the
      accompanying drawing, in which:
PAR  FIG. 1 is a cross-sectional view of the desired position of conductors in
      grooves of a panel plate, and
PAR  FIG. 2 is a cross-sectional view of a panel plate in the form as it occurs
      in practice, while
PAR  FIGS. 3 and 4 are cross-sectional views of embodiments of panel plates and
PAR  FIG. 5 is a sectional view of a panel according to the invention.
DETD
PAR  Reference numeral 1 in FIG. 1 denotes a glass base plate in which a groove
      is ground in which a metal strip 2 is secured by means of glaze 3
      preferably consisting of "Pyroceram." Said Pyroceram has the advantage
      that it can be provided as a suspension of a powder which melts at a
      temperature of 440.degree.C. At said temperature the glaze crystallizes so
      that the melting temperature increases considerably. Therefore, the glaze
      no longer melts if afterwards, when several panel plates are sealed
      together in a vacuum-tight manner, the same glaze is melted on the edges
      of the plates at 440.degree.C.
PAR  Since the grinding of a large number of grooves is expensive, the grooves
      are usually provided by etching. In that case, however, the cross-section
      of the groove is no longer truly rectangular but the shape as is shown in
      FIG. 2 is obtained. It is then possible that an electrode 2 becomes
      located in a groove in an inclined position which is undesired.
PAR  According to the invention, in the embodiment shown in FIG. 3 the layer of
      glaze is provided on the glass plate 4. The conductors 5 are placed on the
      layer of glaze 3. Electrically oxidized aluminum strips are provided
      between the conductors 5. So the glaze 3 secures the strips 5 and 6 to the
      glass plate 4. If the strips 5 serve as cathodes, hence no discharges can
      occur between the sides of adjacent strips 5.
PAR  According to the embodiment shown in FIG. 4, the height of the oxidized
      aluminum strips 8 is larger than the thickness of the metal strips 7. As a
      result of this, discharge cavities are formed by the grooves 12 upon
      placing two plates 9 on each other or upon placing a plate 9 and a plate 4
      on each other. The plates are placed on each other in such manner that the
      conductors cross each other at an angle, generally a right angle. In this
      case it makes no difference which of the sets of conductors is connected
      as cathodes.
PAR  The panel plates shown in FIG. 4 may also be placed on each other with the
      interposition of an aperture plate and thus constitute a discharge panel.
      The cavities of the aperture plate then communicate with each other
      through the slots 11 between the conductors 5 and the strips 6. As a
      matter of fact, the glaze 3, in this case Pyroceram, does not become so
      thinly liquid that it is drawn into the grooves 11 in a capillary manner.
PAR  The strips 5,6,7, and 8 can be placed on the glass plate 4,9 covered with
      glaze before the glaze 3 is melted, but they may also be pressed into the
      soft glaze after melting. For that purpose, both the strips 5,7 and the
      oxidized aluminum strips 6,8 in the form of a slot grid are manufactured
      from a metal plate and stretched taut while being placed on the glass
      plate. The connection frames at the ends of the strips are removed
      afterwards.
PAR  In the embodiment of a panel shown in FIG. 5, a plate 9 is used as a base
      plate on which a plate 4 is placed rotated through 90.degree.. The plates
      9 and 4 are secured together in a vacuum-tight manner at the edges by
      means of glaze 10, preferably also Pyroceram, the strips 7 and 5,
      respectively, projecting beyond the vacuum space so that they can be
      connected to current supply conductors. Further, the panel has an exhaust
      tube (not shown). The glaze 10 must have a lower melting temperature than
      the glaze 3 after connecting the strips to the glass plates 4 and 9,
      respectively.
PAR  Instead of Pyroceram, a glaze 3 in the form of a non-crystallizing glaze
      having a higher melting temperature than that of the glaze 10 may also be
      used. The advantage of Pyroceram is, however, that it may serve both
      purposes in that the softening temperature after melting increases as a
      result of crystallization of the glaze.
PAR  Although a single embodiment of a gas discharge panel has been described,
      other embodiments are also possible without departing from the scope of
      this invention. The strips serving as anodes may be laid in known manner
      loosely in grooves or between strips 6 and 8, respectively, and be fixed
      in the grooves at the ends only by means of glaze.
PAR  If the strips serving as cathodes are located between the oxidized aluminum
      strips so that they fit tightly, they need not be secured with glaze
      throughout their length since in that case the discharges cannot penetrate
      into the slots 11 all the same. There is no danger of the discharges
      starting creeping below the strips 5.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gas discharge panel comprising an insulating base plate and an
      insulating transparent top plate, said plates each having a set of
      parallel conductors, the conductors of the base plate and the top plate
      crossing each other at an angle and defining cavities therebetween in
      which an electric discharge can occur, the conductors of at least one set
      being secured to the insulating plate by means of a glass which melts
      below 570.degree.C, the sides of adjacent conductors being separated by
      insulating partitions of superficially oxidized aluminum strips which are
      secured on the insulating plate.
NUM  2.
PAR  2. A gas discharge panel as claimed in claim 1, wherein said glass consists
      of a readily crystallizing glaze.
NUM  3.
PAR  3. A gas discharge panel as claimed in claim 1 wherein the oxidized
      aluminum partitions of at least one of the panel plates have a larger
      height than the electrode strips.
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ABST
PAL  An anode is disclosed characterized in that its body is made from molten
      molybdenum or an alloy based thereon, while the working coating of the
      anode, exposed to electron bombardment, is built up of a tungsten-rhenium
      alloy.
PAL  Disclosure is also made of a method for making an anode, consisting in that
      the blank for the anode body is made by melting molybdenum or an alloy
      based thereon under vacuum or in an inert gas medium, while the working
      coating is built up on the respective anode surface in layers.
BSUM
PAR  The present invention relates to X-ray technique, and more particularly to
      rotary anodes for diagnostic power X-ray tubes and methods for making
      same.
PAR  An increase in the intensity of electronic bombardment of the anode working
      surface, associated with increased power of X-ray tubes, has resulted in
      an increase in the rotational speed of the anode to 9,000 rpm and calls
      for the use of materials possessing higher heat capacity, heat resistance,
      under conditions of high-amplitude thermal cycles, and lower specific
      gravity, as compared to tungsten commonly employed in low-power X-ray
      tubes.
PAR  This tendency has given rise to combined bimetallic anodes with their
      bodies being made from molybdenum or alloys based thereon and the working
      surfaces exposed to electron bombardment being made from tungsten or
      alloys thereof with rhenium. Widely known are anodes the working layer
      whereof is made from a tungsten-rhenium alloy with an invariable
      composition throughout the whole thickness of the working layer, as well
      as anodes in which the content of tungsten and rhenium diminishes with
      depth, while the content of molybdenum, on the contrary, increases
      reaching its maximum in the core of the anode body. The above-mentioned
      bimetallic anodes are fabricated by methods employed in powder metallurgy.
PAR  A major disadvantage of the known bimetallic anodes is their short service
      life. As a rule, the service life of such anodes does not exceed 15,000
      on-off cycles. Practically, in the course of operation after the above
      number of on-off cycles, the anode starts to split, the surface layer
      disintegrates and the anode is eventually deformed, to say nothing of the
      deterioration of the working vacuum.
PAR  The splitting of the anode is due to an insufficiently strong cohesion
      between the metals of the working layer and the anode body.
PAR  In turn, poor metallic cohesion, fast disintegration of the working layer,
      deformation of the anode, etc., are accounted for by the fact that the
      anode as a whole is fabricated by methods of powder metallurgy. These
      methods are disadvantageous in that they are bound to involve the presence
      of gas and metallic inclusions in the anode body and in the working layer
      thereof.
PAR  By metallic inclusions are here meant metals with a comparatively low
      melting point. In the course of operation, as the anode is subjected to
      elevated temperatures, the above inclusions vigorously evaporate, which,
      naturally, results in a rapid disintegration of the anode as has been
      mentioned above.
PAR  The principal object of the invention, therefore, is to provide anodes
      capable of standing up to high-amplitude thermal cycles without being
      disintegrated, and maintaining the required X-ray intensity for periods
      covering at least 20,000 on-off cycles.
PAR  Consequently, it is an object of the present invention to increase the
      service life of anodes.
PAR  Another objects of the invention is to provide a method for making anodes
      for X-ray tubes, possessing improved characteristics.
PAR  These objects are attained by that a rotary anode for power X-ray tubes,
      made from molybdenum or alloys based thereon and having its surface,
      exposed to electron bombardment, coated with a tungsten-rhenium alloy and
      having a composition varying so that the content of rhenium diminishes and
      that of molybdenum increases with depth, is made, according to the
      invention, from molten molybdenum or an alloy based thereon, while the
      coating of the tungsten-rhenium alloy is obtained by building-up.
PAR  Specifically, the outer layer of the tungsten-rhenium alloy coating
      contains an invariable amount of rhenium.
PAR  The thickness of the layer containing an invariable amount of rhenium may
      be 0.2 to 0.5 mm with the total thickness of the whole coating being equal
      to no less than 0.7 mm.
PAR  The method of the present invention consists in that the blank for the
      anode is made by melting under vacuum or in an inert gas medium, while the
      coating of the tungsten-rhenium alloy is obtained by building it up in
      layers, also under vacuum or in an inert gas medium.
PAR  Specifically, the tungsten-rhenium alloy is built up in layers at least 0.2
      mm thick.
DETD
PAR  Given below is a detailed description of the present invention with
      reference to a preferred embodiment thereof taken in conjunction with the
      accompanying drawing which is a partsectioned general view of an anode
      according to the present invention.
PAR  Referring now to the drawing, the anode consists of a body 1 and a coating
      2 of a tungsten-rhenium alloy applied to the anode surface exposed to
      electron bombardment.
PAR  To save expensive rhenium, the coating 2 is recommended to be applied only
      to the width of the focal spot struck by electrons emitted by the cathode.
PAR  The body 1 of the anode is made from "soft" molybdenum or alloys based
      thereon. By soft molybdenum or alloy is meant molybdenum or an alloy which
      remains plastic after melting and crystallization that follows.
PAR  Used as the soft molybdenum alloy may be the widely known alloy of the
      following composition (in %): zirconium -- 0.15 to 0.25, carbon -- 0.01 to
      0.06, nickel -- 0.03 to 0.06, molybdenum -- the rest. Any other molybdenum
      alloy possessing similar characteristics may be used as well.
PAR  The blank for the anode body 1 is made by melting under vacuum to ensure a
      high degree of refinement of the metal rendering it free from gaseous and
      metallic impurities. An inert gas medium may be used instead of vacuum.
PAR  The melted blank is rolled and formed until it assumes the shape of the
      anode body 1. Then, the surface of the anode body 1, which is exposed to
      electron bombardment, is coated with a tungsten-rhenium alloy.
PAR  The coating practically consists of two layers: the first, outer, layer 3
      is 0.2 to 0.5 mm thick and is characterized by a virtually constant
      content of rhenium therein. Making the layer 3 thicker or thinner than the
      above value is undesirable. If the layer 3 is too thin, molybdenum may
      appear on the surface, which will result in a deterioration of the X-ray
      tube performance, namely in a lower intensity of X-radiation; if the layer
      3 is too thick, an excessive amount of rhenium will be expended, which is
      highly undesirable taking into consideration its high cost.
PAR  The second layer 4 is intermediate between the layer 3 and the anode body
      1. This layer is at least 0.5 mm thick. Making the layer 4 thinner than
      that will result in a poorer metallic cohesion between the working coating
      2 and the anode body 1, as well as in a sharp increase in internal
      stresses in the region of contiguity of different metals.
PAR  The content of metals in the layer 4 varies with depth, the content of
      rhenium diminishing and that of molybdenum increasing. Therewith, the
      content of rhenium varies from maximum, in the layer 3, to minimum, in the
      body 1 where it is present in the form of mere traces. The content of
      molybdenum varies in the same manner, only in the opposite direction,
      i.e., from the core to the surface layer.
PAR  The total thickness of the working layer 2 may be regarded as a sum of
      thicknesses of the layers 3 and 4. Usually, the thickness of the working
      layer 2 is equal to at least 0.7 mm. Making the working layer 2 thicker
      than 1.3 mm is undesirable for, as has already been mentioned above, it
      involves an unduly high expenditure of rhenium.
PAR  Making the working layer 2 thinner, on the other hand, impairs the quality
      of the anode in a manner described above.
PAR  The coating 2 is obtained by building the tungsten-rhenium alloy up in
      layers upon a respective surface of the anode body 1. Building-up is
      effected in layers each at least 0.2 mm thick. Making said layers thinner
      than 0.2 mm with the total thickness of the coating 2 being equal to no
      more than 1.3 mm results in that molybdenum appears on the working surface
      of the anode.
PAR  The working layer is built up under vacuum or in an inert gas medium for
      the reasons given above in connection with the melting of a blank for the
      anode body.
PAR  Building-up is performed by electron-beam, argon-arc or plasma-arc welding
      in layers in the form of circular seams as wide as the focal spot of the
      anode which is preheated for the purpose to a temperature of 1,000.degree.
      to 1,500.degree.C, for example, by means of a defocused electron beam or
      any other appropriate method known per se. In so doing, the surface layer
      of the molybdenum alloy is brought to a molten state to enhance cohesion
      of heterogeneous metals.
PAR  The first layer of the built-up tungsten-rhenium alloy 0.2 to 0.5 mm thick
      ensures proper fusion of metals forming, as a result,
      molybdenum-tungsten-rhenium alloys of a variable composition. The second,
      third and other layers having a total thickness of 0.3 to 0.5 mm take up
      the layer 3 of an invariable rhenium content, determining the operating
      characteristics of the anode.
PAR  The anodes thus made feature high reliability and a long service life.
      Experimental data indicate that such anodes can withstand more than 20,000
      on-off cycles and are characterized by an extremely low content of gaseous
      and metallic impurities, which permits to obviate the necessity for costly
      and time-consuming operations of degassing the anode prior to assembling
      the X-ray tube.
PAR  Used for building-up the working layer may be tungsten-rhenium alloys of
      any known composition employed hereto in coating X-ray tube anodes.
PAR  Given below are examples of anodes made according to the present invention
      and their characteristics.
PAC  Anode 1
PAR  The total thickness of the tungsten-rhenium alloy coating is 1 mm. The
      outer layer having an invariable content of rhenium (27 percent) is 0.3 mm
      thick. The intermediate layer between the outer layer having an invariable
      rhenium content and the anode body is 0.7 mm thick.
PAR  This layer is characterized in that molybdenum is present therein whose
      content diminishes to zero in the surface layer, while the content of
      rhenium diminishes from 27 percent in the surface layer to mere traces in
      the anode body.
PAR  This anode was made by building up a tungsten-rhenium alloy containing 27
      percent of rhenium on the respective surface of its body. The body was
      made by melting a molybdenum alloy, having the composition mentioned above
      in the descriptive part, under vacuum.
PAR  The tungsten-rhenium coating was built up in layers 0.3 to 0.4 mm thick.
PAR  28,000 on-off cycles were performed with the anode rotating at a speed of
      9,000 rpm at a working temperature of about 1,700.degree.C. The anode
      proved to be stable in operation under these conditions.
PAC  Anode 2
PAR  The total thickness of the coating of a tungsten-rhenium alloy is 0.9 mm.
PAR  The outer layer with an invariable content of rhenium (20.1 percent) is 0.3
      mm thick.
PAR  The thickness of the intermediate layer similar to that of Anode 1 is 0.6
      mm.
PAR  The tungsten-rhenium coating was built up in layers 0.3 to 0.4 mm thick on
      the anode body made in a manner like and having a composition similar to
      that of Anode 1.
PAR  22,000 on-off cycles were performed with the anode rotating at a speed of
      9,000 rpm at a working temperature of 1,700.degree.C.
PAR  The operation of the anode remained stable throughout the test.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotating anode for X-ray tubes, comprising a body of melted metal
      selected from the group consisting of molybdenum and alloys based thereon
      and a composite coating of tungsten-rhenium alloy, said anode having a
      composition varying so that an outer layer of tungsten-rhenium has
      constant rhenium content followed by a layer of
      tungsten-rhenium-molybdenum alloys with the content of rhenium decreasing
      towards the interior and the content of molybdenum increasing.
NUM  2.
PAR  2. An anode as of claim 1, wherein the content of rhenium in the surface
      layer of the tungsten-rhenium alloy coating is invariable.
NUM  3.
PAR  3. An anode as defined in claim 2, wherein the thickness of the layer with
      constant rhenium content is from 0.2 to 0.5 mm while the total thickness
      of coating is from 0.7-1.3 mm.
NUM  4.
PAR  4. A method for producing a rotary anode for power X-ray tubes, comprising
      the steps of melting a blank for the anode body under vacuum, rolling said
      blank, forming the anode body and overlay welding a coating of a
      tungsten-rhenium alloy on the anode surface exposed to electron
      bombardment in layers under vacuum.
NUM  5.
PAR  5. A method according to claim 4, whereby the tungsten-rhenium alloy
      coating is overlay welded in layers of at least 0.2 mm thick.
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ABST
PAL  A memory device and method is disclosed wherein positions of ions
      associated with a film are varied locally with respect to the film's
      surface by an electric field. A writing and erasing field is created by
      voltage modulating the film's conducting substrate in syncronization with
      low intensity electron bombardment of a local area of the film's surface
      by a scanning electron beam.
PAL  The ion's position in the film varies the film's surface potential and
      alters the angular distribution imparted by its surface to primary
      diffracted and secondary emitted electrons. In the invention's read mode a
      scanning electron beam, combined with a detector discriminator, analyzes
      these emitted electrons to determine the surface potential at each address
      on the film thus reading out data stored in the film. A second means of
      reading out stored information utilizing detection of low energy electrons
      selectively diffracted by ions near the film's surface is disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to storage of information and more particularly
      relates to use of an electron beam to alter properties of a thin film in
      order to store information in form of binary code on or in the film.
PAR  Specifically, the invention relates to storage and retrieval of information
      by selectively altering a film's surface potential and electron
      diffraction characteristics locally through selectively varying positions
      of associated mobile charged particles. These changes in surface potential
      and diffraction characteristics are detected by the invention's readout
      means.
PAR  2. Description of the Prior Art
PAR  Storage of information by altering some measurable property of a physical
      surface is old. Virtually all properties of every surface capable of
      reasonably certain measurement has been utilized for this purpose. A few
      early examples are marks on stone, physical arrangement of sand in a
      pattern, and this printing.
PAR  The advent of computers made necessary the storage of information in
      binary, or base two, format. Computers use binary arithmetic for most
      calculations. As they developed, need emerged to store vast quantities of
      information in binary format. Many systems were developed to meet this
      need, and most of them were quite simple. Simple solutions were possible
      because binary arithmetic uses only two numbers, 0 and 1. A single binary
      number, either 0 or 1, is called a "bit". Any information storage medium
      capable of assuming two measurably different states can be used to store
      binary bits of information. One good example of such a medium is the
      common IBM punch card. Information is stored in the card by punching a
      hole in the card at a particular address.
PAR  Digital computers were denominated "electron brains". Shortly thereafter,
      binary information storage units became known as computer "memories". As
      the state of the art in memory construction progressed, greater quantities
      of binary bits could be stored in smaller memories. Two classes of
      memories emerged. One of these is "read only" memory (ROM). In this type
      of memory once information has been stored it can only be used, not erased
      or altered. usually ROMs are created by causing some irreversible change
      in the material comprising a computer's memory. Two examples of ROMs are
      IBM punch cards and punch paper tape. Here physical holes are punched in
      paper by mechanical means. Other methods used by ROMs include burning
      small holes in plastic with light or electron beams and use of such
      relatively intense energy beams to alter a measurable characteristic of
      some material, e.g. resistance of selenium. Early computers used this type
      of memory in the form of physically arranged wires between terminals. ROMs
      are often used as archival memories for long term storage of data because
      they cannot easily be erased.
PAR  The other class of memory developed is eraseable memory (hereinafter
      "memory"). Eraseable memories store the same binary formated information
      as ROMs, but in them this data may be erased or altered by the computer or
      its operator. Operationally, eraseable memories change the observable
      state of memory material used to store information from the state
      representing 0 to the state representing 1 and vice versa. Both types of
      memory can be random access memories (RAM) and allow any desired bit of
      information to be located and individually read by means of an "address".
      The address specifies the desired bit's physical location in the memory.
      Examples of eraseable memories are manifold. In the beginning, positions
      and states of electric switches or relays were used to store bits of
      information. A switch's "on-off" operation is compatible with the 0 - 1
      structure of binary numbers. As bit density increased, information was
      stored in magnetic fields impressed by pulses of electricity onto small
      ferrite tori or "cores". This memory was used in first and second
      generation computers and was called "core memory". Although "core" is now
      a general term for a computer's main memory, ferrite core memory is still
      used extensively.
PAR  Memories are further classified by speed, or, the length of time required
      to find or "access" any specified bit of information. Core memory is fast.
      Newer core memories use thousands of microscopic semiconductor switches.
      Their speed is limited by the speed of electric signals interconnecting
      their parts. Slightly slower is "drum" memory. Here bits are stored in
      magnetic fields impressed on a ferrite coated surface of a revolving high
      speed drum. "Drums" provide fast external memory usually not physically
      contained within a computer's central processing unit. Drum memory stores,
      or "writes," and detects, or "reads", magnetically encoded bits with a
      plurality of tape heads mounted just above the drum's revolving surface.
PAR  Slower memories include magnetic discs and tapes operating on principles
      similar to drum memory. Finally, cathode ray tubes (CRTs) have been used
      as "storage tube" memory. Storage tube memories operate by bombarding a
      given location or "address" on the tube's coated glass front surface with
      a beam of high intensity electrons. These change the electrical charge
      deposited on the dielectric coating. A small charged spot is thus created.
      If the electron beam's current is reduced and it is passed over this spot,
      voltage in an associated circuit changes, allowing the bit to be read. A
      television camera tube works in a similar manner, except there the tube's
      "spots" are activated by photons focused by a lens on a photoelectric
      surface rather than by a high energy electron beam. Unfortunately, all the
      above discussed memories have many drawbacks. Slow, or "peripheral"
      memories, such as magnetic disc, tape and drum have moving parts that are
      subject to wear. Further they are only capable of very low information
      storage densities. Finally these memories are fragile, physically heavy,
      bulky, and consume large amounts of power per bit of memory stored.
PAR  On parameter for measurement of memory efficiency is the amount of energy
      required to record and read a single bit of data. Presently, energy
      intensive methods must be used to alter the state of material used to
      record information in memory. The most advanced present memories utilize
      light or electron beams to alter resistivity of material such as
      selenium.sup.(1) or to physically burn holes or cross link molecules in a
      thin film deposited on a conducting substrate..sup.(2)
FNT  (1) (it requires  1.38.times.10.sup.-.sup.11 cal. to change the resistance
      of a 100.times.100 angstrom spot.)
FNT  (2) (6.27 6.27.times.10.sup.-.sup.10 cal. and 10.sup.-.sup.12 coulombs,
      respectively, for a 10.sup.4 angstrom square spot.)
PAR  The power required to write, store, access and read a bit of information
      and the physical size of the area required to store a bit of information
      in memory are two important parameters of any memory system. Magnetic
      fields, as employed by the memories discussed above, require a relatively
      large area to store a single bit of information. Bit size in optical
      memory systems is limited fundamentally by the shortest useable wavelength
      of light. The smallest obtainable bit size is of the order of 1 micron.
      Thus, the greatest density obtainable using such a system is on the order
      of 10.sup.5 to 10.sup.6 bits per square millimeter. Increasing density by
      several orders of magnitude requires the use of electron beams to write
      and read the information. Electron beams are not, at least theoretically,
      limited in spot size. They are, however, limited by the beam current and
      its associated electronic's signal to noise ratio. Ability to control
      precise focusing and deflection of an electron beam and the amount of
      energy contained in such a beam are also considerations limiting the bit
      size of electron beam addressable memories. A discussion of the state of
      the art in this field is found in A. T. Miller, Electron Beam Fabrication,
      Solid State Technology, July 1973, at pages 25 to 29.
PAR  An electron beam used to write data onto a surface must initiate some
      detectable change in or on the surface so information stored thereon may
      be read and used. One means of writing a bit using an electron beam
      consists of melting, vaporizing or decomposing a hole through a thin film.
      Unfortunately, this system results in a non-erasable or archival memory
      and additionally requires a great deal of energy per bit. A high intensity
      electron beam can be utilized to crosslink molecules in a thin polymer
      film. This method uses less energy than required to melt a hole in the
      film, but still uses a relatively large amount of energy per bit and is
      non-erasable, resulting in formation of a ROM. Another, state of the art,
      electron beam addressable memory is now under development. This memory
      makes use of large difference in electrical conductivity existing between
      two modifications of some materials, such as selenium. Resistivity of red,
      crystalline selenium is on the order of 10.sup.15 ohms per centimeter,
      while resistivity of gray, hexagonal, so-called metallic, selenium is only
      12 micro ohms per centimeter. The red form can be converted into the
      metallic, more stable form by heating with an electron beam. Conversion
      begins to take place at about 50.degree. centigrade, but can be inhibited
      by addition of a small percentage of sulphur so it occurs at higher
      temperatures. The reaction is exothermic, it gives off heat. Selenium can
      be deposited on a conductive substrate and an electron beam used to heat
      and convert the red form to the metallic form. The conductive bit, thus
      created can be read by the same electron beam operating at a reduced beam
      current.
PAR  Again, this process requires that a large amount of thermal energy be
      obtained from interaction of an electron beam with the storage medium.
      Although this energy is considerably less than the amount required to melt
      a film, it still is excessive when compared with the present invention.
      Additionally, the exothermic nature of the conversion reaction tends to
      cause bit size to become larger than beam diameter. Also, as the selenium
      film is reduced in thickness, some electrons will penetrate through it to
      heat the substrate. This, in turn, will heat the selenium and cause bit
      diameter to grow even larger. As in the other systems discussed above, it
      is not possible to erase a written bit because the metallic form of
      selenium is not readily reconverted to the red form.
PAR  The closest approach to the present invention existing in the prior art
      known to the inventor is an electron beam addressable memory developed by
      the Stanford Research Institute, which was recently delivered to the
      Avionics Laboratory of Wright Patterson Air Force Base. This electron beam
      addressable memory, according to reports (Modern Data, May 1974 at page
      14), apparently uses a silicon dioxide layer on silicon as its memory
      material. The electron beam, reportedly, can write on, read from or erase
      this silicon target. This memory is built by forming a layer of silicon
      oxide on a silicon chip, then photolithographically etching a matrix
      through the oxide layer to form a plurality of silicon oxide insulating
      islands surrounded by conductive silicon channels. As an electron beam is
      swept across this matrix its intensity is modulated to place negative
      charges on these silicon oxide islands in a well known manner. The signal
      is then read by conventional storage tube methods described by Kazan (see
      reference Infra).
PAR  Unfortunately, data density in this memory is limited to not more than
      10.sup.6 bits per square millimeter by the state of the art in
      photolithography. Additionally, the storage medium is difficult to produce
      and most, though not all, of the readout methods used to detect the charge
      on the silicon oxide islands alter or destroy the charge during the
      readout operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention uses the effects resulting from varying the position
      of mobile ions within a thin film as a memory storage medium.
PAR  Generally the present invention comprises: a data storage apparatus having
      a plurality of charged particles, said particles being selectively
      moveable to a plurality of positions in a film by a writing means, i.e. an
      electron beam, and a reading means. The reading means generally comprises
      an analyzer means for determining the presence or absence of a bit at any
      given address on the film's surface.
PAR  Deflection coils, focus coils and electrodes are provided to control the
      electron beam's position, sweep velocity, and intensity. A modulated
      potential, synchronized with the electron beam's position, is applied to
      the conducting substrate in contact with the film. This synchronized
      potential, in combination with the electron beam, varies the position of
      excess mobile ions in, for example, a barium stearate film. The positively
      charged mobile ions' positions alter the Langmuir film's surface
      potential. Data written onto the film by the preferred embodiment of the
      invention appears as differential surface potentials at different
      addresses on the film's surface. Mobile ions in the film will either be
      near the surface or base of the stearate stalk of the barium stearate film
      depending on the state (0 or 1) of the particular bit storage address.
PAR  To read stored information out of the film, an electron beam scans the
      Langmuir film's surface at a reduced beam current. Low energy electrons,
      on striking the Langmuir film, penetrate some short distance into its
      surface. Potentials applied to the electrodes surrounding the Langmuir
      film are adjusted until some secondary electrons escape from the film.
      Velocity and angular distribution of these emitted secondary electrons are
      used to select electrons emitted from a surface having a selected surface
      potential, which indicates the presence of a bit at that address. The
      memory is provided with a detector and analyser to select these electrons.
      After selection they are amplified by a secondary emission multiplier to
      read out the stored information.
PAR  A second readout mechanism is provided employing reflected primary
      electrons. Primary electrons penetrate a short distance into the film's
      surface. They are diffracted by electron fields in the outer electron
      shells of mobile ions close to the film's surface. Because of its low
      energy, the scanning electron beam will not penetrate through to the
      bottom of the Langmuir film. The electron shells of the mobile ions
      diffract the reflected primary electrons to produce a known diffraction
      pattern. This pattern is detected by properly positioned detectors behind
      holes in the tube's collector electrode. Presence or absence of ions at
      the film's surface at the particular bit address irradiated by the
      electron beam may thus be determined.
PAR  Physically, the information storage region of the memory would be
      relatively small, on the order of 1 square millimeter. The tube itself is
      about 4 square inches in cross section by 8 to 12 inches long aand may be
      made of glass. The technology used to make the tube is well known to
      anyone skilled in the art of electron storage tube design.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal cross sectional view of a memory tube according to
      an embodiment of the invention;
PAR  FIG. 2 is a diagramatic representation of the barium stearate film used as
      a storage medium in the preferred embodiment of the invention seen in
      cross section;
PAR  FIG. 3 is a diagramatic illustration of the Langmuir film shown in FIG. 2
      in the condition of being bombarded by an electron beam during the priming
      operation of the preferred embodiment of the invention;
PAR  FIG. 4 is a diagramatic illustration of the Langmuir film of the preferred
      embodiment of the invention shown in cross section in the condition of
      having a bit being written into it;
PAR  FIG. 5 is a diagramatic illustration in cross section of the barium
      stearate Langmuir film used by the preferred embodiment of the invention
      as a memory storage medium illustrating diagramatically the difference in
      surface potential between a bit and a non bit;
PAR  FIG. 6 is a portion of the memory storage tube shown in FIG. 1 also shown
      diagramatically in longitudinal cross section during the reading operation
      of the invention;
PAR  FIG. 7 is a graph illustrating the approximate relationship between
      secondary emission ratio and primary electron beam energy and used to
      explain the preferred embodiment of the invention;
PAR  FIG. 8 is a graph of number of electrons emitted by a surface plotted
      against emission energy of electrons and used to explain operation of the
      invention;
PAR  FIG. 9 is a diagramatic representation of the angular distribution of
      emitted secondary electron in the preferred embodiment of the invention;
PAR  FIG. 10 is a diagramatic representation shown in cross section, of the
      angular distribution of scattered primary electrons in the invention;
PAR  FIG. 11 is a diagramatic illustration shown in cross section of the memory
      element of the preferred embodiment of the invention shown diagramatically
      in the condition of reading out a bit of stored information;
PAR  FIG. 12 is a graph of electron probability plotted against emission energy
      illlustrating the portion of the electron energy spectrum utilized by the
      preferred embodiment of the invention for information readout;
PAR  FIG. 13 is a longitudinal cross sectional view of another embodiment of the
      readout means of the invention; and
PAR  FIG. 14 is a cross sectional view of a portion of the embodiment shown in
      FIG. 13.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention has a great number of possible embodiments. The
      storage film may be ordered, or morphis; the physical memory tube may be
      of any desired shape; the thin film used to store the movable charged
      particles may be of protein, a Langmuir film having any polar hydrophilic
      head and any organic hydrophobic tail, or it may be an inorganic film
      whose physical and dialytic properties permitted to store a plurality of
      charged particles in a plurality of differing positions; the control means
      may be electrostatic or electromagnetic or a combination of the two; and
      the control element geometries and potentials are only constrained by the
      necessity that they adequately control the reading and writing means of
      the invention. For the purpose of this specification, applicant is
      describing a specific embodiment of the invention using a cylindrical
      memory tube longer than its diameter having a barium soap, i.e. barium
      stearate, monomolecular film deposited on a carbon substrate. The reading
      and writing means use electrodes of specified geometry and specified
      potential. This embodiment is being presented in nthe specification only
      because the physical, electrical characteristics of barium stearate are
      well known and it serves as a good example of the class of films that
      could be utilized by the device. Many other embodiments could be shown
      equally well, but this would make the specification prolax. The applicant
      specifically claims all the embodiment of the present invention in the
      claims, and the specification should not be read to limit these claims.
PAR  In FIG. 1 of the drawings, memory tube 20 is shown in longitudinal cross
      section. Cylindrical glass envelope 22, having ends 21 and 23, is
      hermetically sealed and surrounds an evacuated space 24 which contains the
      operative elements of the memory. Titanium sublimation pumps 26 and 28 are
      located within the upper end of tube 20 radially inboard of wall 22 and
      connected to terminals 30 that penetrate end 21 of the tube. The tube is
      divided into an electron beam control portion 32 and a read in/read out
      control portion 34. A set of focus and deflection coils 36 axially
      surround upper, or beam control portion 32, of tube 20. Within beam
      control portion 32 a field emission cathode 38 is mounted in approximate
      coincidence with the longitudinal axis of tube 20. Field emission cathode
      38 is connected to terminal 40 that penetrates end 21 of tube 20. The
      titanium sublimation pumps in the upper portion of tube 20 are inwardly
      radially shielded from emission cathode 38 by shield 42. An accelerating
      grid 44 is mounted within a decelerating tube 48 that axially surrounds
      field emission cathode 38. The grid is provided with an opening 50 in
      approximate coincidence with the end of field emission cathode 38 and is
      attached to terminal 52 that penetrates glass envelope 21 of tube 20.
      Deceleration tube 48 is located uniformly radially inboard of glass
      envelope 22 of memory tube 20 and extends from a point above field
      emission cathode 38 to below beam control section 32 of the memeory tube.
      Deceleration tube 48, connected to terminal 54, penetrates bottom 23 of
      memory tube 20 at glass nipple 56.
PAR  Read out detector section 34 of memeory tube 20 is radially larger than
      beam control section 32 and contains hemispherical collector 58 which is
      made of a suitable conductor and has an opening 60 provided about the
      longitudinal axis of the tube. Collector 58 is electrically connected to
      conducting terminal 79 that penetrates base 23 of tube 20. Second opening
      60 is approximately on tube 20's longitudinal axis in a direct line with
      opening 50 in accelerating grid 44 and the approximate center of
      deceleration tube 48. Collector 58 is provided with a velocity selector
      slit 62 running annularly around the collector at a point near its base.
      Directly below hemispherical collector 58, located coaxially with field
      emission cathode 38, acceleration grid 44, and opening 60 in the top of
      collector 58, is a conductive substrate 64 connected to a terminal 66 that
      penetrates lower end 23 of memory tube 20. Substrate 64 fits into a
      circular opening 68 provided in a deflector 70. Deflector 70 is located
      radially inboard and just below hemispherical collector 58. Deflector 70
      is connected to terminal 72 at its outer periphery and terminal 73
      connected to its inner periphery.
PAR  A secondary emission multiplier 74 is located radially outboard and
      slightly below annular opening 62 in collector 58. Emission multiplier 74
      is provided with a first wall 76 annularly inboard of a second wall 78,
      therebetween defining a multiplier space 80. At the lower end of
      multiplier space 80 is an orthogonally running ring 82 electrically
      connected to a lead 84 that penetrates glass envelope 23 of memory tube
      20. A velocity selector control ring 86 is provided radially outboard and
      annularly surrounding collector 58 just above annular opening 62. This
      velocity selector element is radially coordinate with and above the upper
      ends of walls 76 and 78 in emission multiplier 74. Velocity selector ring
      86 is attached to terminal 88 that penetrates lower end 23 of memory tube
      20.
PAR  A mono-molecular langmuir film 67 is located on the top surface of
      substrate 64. This film is the active memory element of the preferred
      embodiment of the invention.
PAR  It should be noted that memory tube 20 is cylindrical and virtually all of
      its elements (used in the beam control and readout sections of the tube)
      are either cylinders, cylindrical sections, or rings, with the exception
      of collector 58, which is a hemisphere. Thus, field emission cathode 38,
      opening 50 in accelerating grid 44, top opening 60 in collector 58,
      Langmuir film 67, and film substrate 64 are all located on a center
      longitudinal axis of tube 20; all control elements, structurally described
      above, form concentric cylinders, hemispheres, or rings about them.
PAR  Memory tube 20 may be conveniently dimensioned approximately 8 inches long
      by 21/2 inches in diameter including control coils 36. This allows a large
      "ballast" space to compensate for some internal outgassing of control
      surfaces and other elements within glass envelope 22 of the memory tube.
      Annular disc defelctor 70 is preferably made of ceramic material coated
      with an high resistivity carbon film to properly shape radial potential
      distribution of the electric fields surrounding Langmuir film 67. Small
      current flowing between the inside and the outside peripheries of this
      disc causes a potential drop across the non-linearly shaped resistivity of
      its carbon coating. The precise non-linearity of this coatings resistance
      is adapted to generate an electrostatic field that causes optimum
      deflection of secondary electrons in the desired energy range through
      selector slit 62. Other materials used in construction of memory tube 20
      are well known and all technology required to build the tube is well
      within the state of the art of electron beam control. The state of the art
      in this field is shown by C. W. Oatley, W. C. Nixon and R. F. W. Pease,
      Scanning Electron Microscopy, Advances in Electronics and Electron
      Physics, (1965); and R. T. Miller, Electron Beam Fabrication, Solid State
      Technology, at page 25 (July 1973).
PAR  FIG. 2 diagramatically illustrates a cross-section of barium stearate
      Langmuir film 67 resting on carbon substrate 64. The barium stearate film
      is one molecular unit thick or, as shown in the drawing, approximately 25
      angstroms thick. Barium atoms 96, which are shown as small circles, rest
      proximate the substrate's surface and stearate stalks 98 extend upward
      from the substrate for approximately 25 angstroms. This results from the
      method of making the film, described below. The film contains excess ions
      102, which are shown as small circles containing a + sign. These may be
      either barium or sodium ions and, in the preferred embodiment of the
      invention, lie between the stearate stalks. Being charged particles, these
      ions can be moved between the bottom and top of Langmuir film 67 by a
      sufficiently high electric potential gradient. If the bottom, or barium
      side 96, of the Langmuir film and the substrate are assumed to be at zero
      volts, as shown, then the top of Langmuir film 67 has a naturally
      occurring negative surface potential of 100 millivolts. A potential of 100
      millivolts across 25 angstroms yields a electric field with a potential
      gradient of 4 .times. 10.sup.5 volts per centimeter. As will be shown, a
      change in substrate potential can cause a sufficient change in field
      gradient between top and bottom of Langmuir film 67 that, when the film is
      bombarded by an electron beam, excess ions 102 will move up between the
      stearate stalks 98 to the top of the Langmuir film and their positive
      charges will increase the potential of the surface 100 locally at such
      points.
PAR  In the preferred embodiment of the invention, Langmuir film 67 is made of
      barium stearate. To make a barium stearate Langmuir film, the long chain
      fatty acid, stearic acid, with 18 carbon atoms in its chain, a carboxyl
      group on one end and methyl group on the other, is dissolved in a solvent,
      e.g. benzene (30 milligrams per hundred grams of benzene). A drop or two
      of this solution is then placed on a clean water surface where it
      immediately spreads until the film is only one molecule thick. The water
      should contain a soluble barium (or calcium, strontium, lead, silver,
      cadmium, etc.) compound such as BaCl.sub.2 or Ba acetate. The stearic acid
      will react quantitatively with the barium ions to form insoluble barium
      stearate. This is a common and well-known way to make barium soap. As the
      barium stearate is insoluble in water, the stearic acid film will be
      converted into a barium stearate film. The percentage of stearic acid
      reacting with barium ions depends strongly on the ph (hydrogen ion
      concentration) of the subphase solution. To convert all stearic acid
      molecules to barium stearate, the pH has to be above 9.5  (Gaines,
      Insoluble Monolayers at Liquid-Gas Interfaces, Interscience, New York
      1966, at page 230). Excess ions may be placed in the film by bathing the
      film in a solution containing the desired ions. The technique required to
      deposit films consisting of monomolecular layers of barium stearate and
      other fatty acids was developed by Dr. Irving Langmuir and Dr. Katharine
      Blodgett at General Electric in the 1930's. (Blodgett, 57 J. Am. Chem.
      Soc., 1007 (1935)). A remarkable feature of such a film spread on water is
      that all its molecules are aligned with their hydrophilic carboxyl groups
      in contact with the water's surface and their hydrophobic methyl groups
      pointing straight up. By pulling a glass slide or metal plate through the
      film and out of the water, a layer of barium stearate, one molecule thick,
      will attach itself to the glass surface. The slide, or, in the case of the
      preferred embodiment of the invention, a vitreous carbon substrate, now
      has a coating of one monomolecular layer of barium stearate on its
      surface, with the carboxyl group attached to the surface of the substrate
      and the methyl group pointing away from it. The film should be formed at a
      surface pressure, tempature, and solution pH sufficient to cause vertical
      alignment of and strong Van der Waals attraction between its organic
      stalks. The hydrophobic character of this surface is evident from the fact
      that the slide emerges from the water completely dry. This monomolecular
      layer is 25 angstroms thick, the length of the stearic stalk of the barium
      stearate molecule. Vitreous carbon is used as a substrate for several
      reasons. First, vitreous carbon does not form an oxide layer on its
      surface. Second, its work function is high and its secondary electron
      emission coefficient is low. This allows most of the secondary electrons
      generated by the electron beam bombardment to originate in the thin film.
      Finally, it is as hard or harder than glass, very rigid, and can be ground
      flat and very highly polished to obtain a flat surface.
PAR  As a result of being bathed in an ionic solution, the Langmuir film has
      incorporated within its volume, actually absorbed on its carboxylic group
      plane, an excess of positive ions (in this case barium ions, but sodium
      ions and other ionic species may be used) (Goranson, Zisman, Electrical
      properties of Multilayers, Journal of Chemical Physics, Volume 7, Page 204
      (1939)). The surface charge of barium stearate has been calculated as 6
      .times. 10.sup.10 electrons per square centimeter, or one positive charge
      per 830 stearate groups. This generates a potential field of 4 .times.
      10.sup.5 volts per centimeter across the 25 angstrom thick film. This
      ionic charge causes the film's surface to exhibit a potential of some 100
      millivolts, as was noted earlier, when measured against the conductive
      substrate. Barium stearate film is deposited as a monohydrate. As the
      storage film has to operate in a very high vacuum, water of hydration must
      be removed or it would contaminate memory tube 20. This may be done by
      vacuum baking. The vitreous carbon substrate, whose surface is coated with
      a barium stearate Langmuir film, is vacuum baked at 50.degree. centigrade
      for several hours to remove attached water molecules quantitatively. The
      Langmuir film coating the substrate will then, when viewed in
      cross-section, approximate the condition shown diagramatically in FIG. 2.
PAR  FIG. 3 shows a view of substrate and Langmuir film in the condition of
      being primed by electron beam 89, which causes ions 106 to move from
      bottom 102 to top 104 of Langmuir film 67. During this operation the
      substrate is charged to a potential of 2.5 volts relative to its zero
      ground potential. This charge places an electrical potential gradient
      across the 25 angstrom thick Langmuir film of approximately 4 .times.
      10.sup.6 volts per centimeter. This gradient is sufficient to cause mobile
      ions, illustrated diagramatically in FIG. 3 by small circles with crosses
      inside them, to move to the top of the stearate stalks of the barium
      stearate molecules. The presence of these positively charged units near
      the surface of the Langmuir film raises its surface potential, shown
      diagramatically as thickness 100, and increases the energy required for
      secondary electrons to escape from the film's surface.
PAR  Attention is now directed to FIGS. 7, 8, 9 and 10, which are graphs
      illustrating some characteristics of secondary electrons and their
      emitting surfaces. When primary electron beam 89, having a beam current on
      the order of 10.sup.-.sup.10 amps sweeps across the surface of Langmuir
      film 67 in FIG. 3, it has a beam diameter of approximately 100 angstroms.
      As electrons in the scanning beam strike the surface of the Langmuir film
      they penetrate some distance into the film. The degree of penetration
      depends on the potential of electron beam 89. In the preferred embodiment
      of the invention the electron beam will have a potential of less than 100
      volts. Energy is transferred from the relatively energetic beam electrons
      penetrating the film to electrons within the film. The energies of these
      excited electrons in the film are randomly distributed in all directions.
      Some electrons will move toward the film's surface. If electrons thus
      excited and traveling in the direction of the film's surface have
      sufficient energy to overcome the film's surface potential, then they will
      be emitted as secondary electrons. It is important to remember that an
      electron's energy must be at least equal to or higher than the film's
      surface potential in order to overcome this potential and escape from the
      film.
PAR  FIG. 7 shows the relationship between beam energy and the number of
      secondary electrons emitted by a surface. Horizontal line D = 1 on the
      drawing represents the unity replacement line or unity yield line of the
      surface. This is an intensity of primary beam energy where one secondary
      electron is emitted for each primary electron that strikes the surface. At
      very low energies, represented by that part of the curve to the left of
      X.sub.1 on the primary beam energy axis, electrons striking the film's
      surface will not contain enough energy to cause an equal number of
      electrons to be emitted from its surface. When beam energy reaches
      X.sub.1, and this energy level differs for differing materials, each
      electron in the primary beam striking the film's surface causes one
      secondary electron to be emitted from the film. At energies higher than
      X.sub.1 on the primary beam energy axis, in that part of the curve between
      X.sub.1 and X.sub.2, each primary electron striking the film's surface
      statistically causes more than one secondary electron to escape from the
      film. The film will thus gradually take on a positive charge as negative
      electrons escape from it. This positive charge increases until it causes
      the return of enough low energy secondary electrons to balance the number
      leaving. As the electron beam energy increases, primary beam electrons
      penetrate deeper into the film. This means the surface directed component
      of secondary electrons becomes smaller. Eventually fewer secondary
      electrons will be able to escape from deeper within the film. This is
      represented on the curve by downturning of the secondary emission ratio
      curve until it passes through the unity yield line at X.sub.2, which
      represents a value for the primary beam energy beyond which each electron
      in the primary beam penetrates so far into the film that fewer than one
      electron is emitted due to its interaction.
PAR  FIG. 8 shows the number of electrons emitted by a surface plotted against
      their emission energy. Peak d, located at energy level Vep represents
      elastically reflected primary electrons. The potential of Vep will be the
      same as the potential of the primary electron beam impinging on the
      surface. Smaller peak c represents elastically reflected primary beam
      particles, which transfer some of their energy to the electrons within the
      thin film. Far lower on the energy scale than these peaks are secondary
      electron emission peaks a and b. Peak b, located at approximately 4eV,
      represents the statistical energy distribution of secondary electrons
      emitted from a conductor, such as a metal. Peak a, which is centered
      approximately about one electron volt, represents the statistical energy
      distribution of secondary electrons emitted from an insulator or an
      organic material such as the barium stearate Langmuir film as used in the
      preferred embodiment of the invention.
PAR  FIG. 9 shows a cross-sectional view of the angular distribution of emitted
      secondary electrons emitted from a thin Langmuir film as used in the
      preferred embodiment of the invention. This distribution approximates a
      normal cosine distribution and is independent of the angle formed between
      the film's surface and the incident primary electron beam. This is because
      primary beam electrons penetrate the film's surface and transfer their
      energy to excited secondary electrons. The vertical component of these
      excited secondary electrons form the energy distribution pattern shown in
      FIG. 9. In contrast to this, FIG. 10 shows a cross-sectional view
      approximating the angular distribution of scattered primary electrons,
      such as those illustrated by peaks c and d of FIG. 8, reflected by the
      Langmuir film used in the preferred embodiment of the invention. This
      cross-section distribution is pear-shaped and will tend to follow the
      primary electron beam because it is merely a reflection by the film's
      surface of the electrons in the beam.
PAR  Returning for a moment to FIG. 7, it will readily be observed that primary
      electron beam energies smaller than X.sub.1 and larger than X.sub.2 will
      cause the Langmuir film's surface to acquire a negative charge. More
      electrons are arriving by means of the primary beam than are leaving the
      surface by means of secondary emission. At primary energies between
      X.sub.1 and X.sub.2, the film loses more electrons by secondary emission
      than it receives from the beam and thus will gain a positive charge
      somewhat beyond the collector potential placed upon collector 58 in FIG.
      3. This positive charge will continue to accumulate until the gradient
      between the substrate surface and the collector is negative and causes
      enough emitted secondary electrons to return to the surface of the
      Langmuir film to balance the number leaving the film.
PAR  In FIG. 3 primary electron beam 89 is scanning the surface of Langmuir film
      67 in a direction represented by the arrow labeled SCAN. When electrons
      strike the surface of the Langmuir film, they cause secondary emissions as
      discussed above. The potential of the electron beam, its primary beam
      energy, is adjusted until it falls between first and second crossover
      potentials, as illustrated on the graph in FIG. 7. This causes the
      Langmuir film to emit more electrons by secondary emission than it
      receives from the primary beam. The presence of the negative electrical
      charges represented by electrons in the primary electron beam will attract
      positively charged mobile ions represented in the drawing by small circles
      with crosses inside them. These mobile ions 106 are capable of moving
      along the stalk of the barium stearate molecule, if an electric field of
      sufficient gradient is placed between the top and bottom of the film. This
      is accomplished by placing a positive charge on the substrate 64. This 2.5
      volt positive charge on the substrate creates a potential gradient across
      the Langmuir film, with respect to the 1.5 volt positive charge on the
      film's surface, of 4 .times. 10.sup.6 volts per centimeter. The positive
      charge at the Langmuir film's base establishes a negative gradient between
      the bottom and the top of the film in the portion of the Langmuir film
      lying directly under the primary electron beam. This causes the positively
      charged ions to move to the film's surface. As has been noted above, the
      potential of collector 58 is adjusted, in the preferred embodiment of the
      invention, until a surface charge of +1.5 volts exists where the scanning
      electron beam has passed and the mobile ions have risen to the surface of
      the Langmuir film. The film will be scanned in a raster pattern by the
      electron beam and the Langmuir film's entire surface will be charged to a
      surface potential of 1.5 volts. Further irradiation by the electron beam
      will have no effect because the potential gradients between substrate,
      Langmuir film, and collector is such that any additionally emitted
      secondary electrons will return to the Langmuir film's surface as shown
      diagramatically by the curved tracks of secondary electrons 108. Any
      additional positive charges created on the surface of the film by faster
      electrons leaving the surface are immediately neutralized by returning
      slower electrons that are repelled by the negative gradient between the
      surface and the collector. Once the entire surface of the Langmuir film
      has been charged to a uniform surface potential of +1.5 volts and all of
      the mobile ions in the film have been moved close to the film's surface,
      the surface is said to be primed and is ready for information to be
      written onto it. Erasure of a bit of stored information is accomplished by
      priming its address on the film.
PAR  FIG. 4 shows a magnified cross-sectional diagramatic view of the primed
      film shown in FIG. 3 in the condition of having a bit of information
      written into it.
PAR  Primary electron beam 89 has a current of approximately 10.sup.-.sup.10
      amps during this writing operation. The beam impinges upon the surface of
      Langmuir film 67 and causes secondary electrons to be emitted. The beam's
      position on and velocity across the film are determined by the beam
      control coils as discussed above. Secondary electrons, shown
      diagramatically by electron 108, are repelled by the potential of
      collector 58 and immediately returned to the surface of film 67. The other
      secondary electrons shown in the drawing possess greater energy and, under
      the influence of the electrostatic potential established by the deflector
      70, impact at some point on collector 58. When the beam reaches an address
      where a bit is to be written, substrate 64 is dropped from a potential of
      plus 1 volt to zero volts by synchronized negative going write pulse 114.
      There is thus established a negative gradient in direction of the bottom
      of the Langmuir film. This gradient, however, is not great enough to cause
      mobile ions 112 to migrate from top to bottom of the film. Normally, the
      entire film's surface potential would "follow" the pulse. In the area
      bombarded by the electron beam a +1.5 volt surface potential is maintained
      by secondary electron emission. The electron beam is approximately 100
      angstroms in diameter and the bit size, the area of Langmuir film required
      to contain one bit of information, is thus a circular spot approximately
      100 angstroms in diameter.
PAR  There is now a 1.5 volt positive potential on the surface of the Langmuir
      film and a zero volt potential at the bottom of the film. The electron
      beam maintains the bit area at its positive equilibrium potential through
      secondary emissions of electrons during the application of the negative
      writing pulse. The writing pulse generates a negative gradient of 5
      .times. 10.sup.6 volts per centimeter in the direction of the substrate
      across the area under electron bombardment. This causes positive ions to
      migrate from the film's surface toward the barium atoms at its base within
      the area irradiated by the primary electron beam. The nonbombarded area of
      the film, that portion of the film not contacted by the primary electron
      beam, returns to its original state at the end of the pulse. It is not
      "connected" by the electron beam. After the write pulse ends and charge
      neutrality reestablishes, the surface potential in the bit area is lower
      by approximately 100 millvolts than surface potentials in non-written
      area. This less positive surface of the bit area will also have a higher
      secondary electron yield than more highly positive surface areas
      surrounding it because electrons having energies of +1.4 volts can now
      escape from the film's surface at these points.
PAR  FIG. 5 diagramatically illustrates the bit written in FIG. 4. Langmuir film
      67 has surface potential 110, whose thickness corresponds to surface
      potential voltage. The thick area shown with many small plusses is at a
      potentiial of 1.5 volts relative to ground level of the memory tube.
      Written area 100, containing a bit, has surface potential of 1.4 volts,
      and is indicated by a diagrammatic depression of surface potential in the
      figure. As is schematically shown, barium ions in the bit area have
      migrated down stearate stalks of barium stearate molecules in the
      monolayer and presently are in position near barium atoms at the
      monolayer's base. As mentioned earlier, substrate 64 has been returned to
      a potential of 1 volt.
PAR  General operation of the memory tube will now be described.
PAR  Electrons are emitted from the point tip of field emission cathode 38
      because of the intense electric field generated by accelerating grid 44.
      These electrons, having attained a relatively high velocity, pass through
      opening 50 in accelerating grid 44 and enter space 25 within decelerating
      tube 48. Movement of electrons down decelerating tube 48 is limited by a
      decelerating field uniformly applied along the tube's length. This field
      slows electrons, which is equivalent to causing each electron to possess
      lower potential (1 to 100 volts). Slowed electrons pass through opening 60
      in the top of collector 58 and strike Langmuir film 67 on the surface of
      substrate 64. The preferred embodiment of the invention teaches a beam
      bombardment angle of 90.degree., but any angle, especially an acute angle,
      may be used to practice the invention. The potential geometry of the
      electric fields generated by hemispherical collector 58 and deflector 70
      further adjust the electron beam to a precisely controlled potential. Upon
      striking Langmuir film 67, the electron beam alters the surface potential
      and ionic distribution of the film, as will be later described in detail.
PAR  Magnetic fields generated by deflection control coils 36, which surround
      beam control section 32 of memory tube 20, are modulated in a well known
      manner to cause the electron beam to sweep across the surface of Langmuir
      film 67. Total deflection imparted by these fields to the electron beam is
      preferably no more than about 1.degree., but this deflection can vary
      depending on the geometry utilized by the control electrodes of the
      particular embodiment of the present invention. In the preferred
      embodiment of the invention the electron beam sweeps the surface of
      Langmuir film 67 in a regular raster pattern like, though much finer than,
      the raster pattern produced in a television camera tube. However, any
      other regular pattern or even random addressing of the beam's position
      could be substituted for this regular raster. The potential applied to
      collector 58 is adjusted so impact of electrons from the beam on the
      surface of Langmuir film 67 produces a change in position of the ions in
      that film if, and only if, a sufficient contemporaneous voltage is
      simultaneously applied through terminal 66 to conducting substrate 64. As
      will later be described, this places an extremely high electric field
      gradient across very thin Langmuir film 67. In turn the gradient causes
      mobile ions in the film to move and alter the film's surface potential. In
      normal operation of the preferred embodiment of the invention, all mobile
      ions in Langmuir film 67 would either be brought to the top or bottom of
      the film. This would be accomplished by placing an appropriate charge on
      conducting substrate 64 and then sweeping the entire surface of film 67
      with an electron beam. The electron beam current used in this preferred
      manner of operation is on the order of 10.sup.-.sup.10 amperes.
PAR  To write information into the memory's surface, deflection coils 36 sweep
      the electron beam across the surface of Langmuir film 67 and a
      synchronized appropriately modulated voltage is applied to terminal 66 and
      thus to conducting substrate 64. When a potential of sufficient magnitude,
      which will be described later, is placed on conducting substrate 64, a
      very high field gradient is established between top and bottom of Langmuir
      film 67 at the point where the Langmuir film is bombarded by the electron
      beam. This potential causes charged mobile ions to move within the film. A
      bit of information is thus encoded into the film, and, as will later be
      shown, the film's surface potential and electron diffraction
      characteristics at the point of encodement are altered. Once data has been
      read into the memory it will not be erased by failure of power to the
      tube. Once ions' positions in a bit have been shifted, the electron beam
      must be addressed to the bit location and a properly synchronized
      potential applied to the substrate to erase the written bit. It may be
      necessary, however, to cool the tube to prevent thermal molecular
      agitation from causing ionic migration within the film during long term
      archival data storage.
PAR  To read out information stored as patterns of ionic distribution and
      surface potential on Langmuir film 67, the electron beam is scanned across
      the Langmuir film, as described above, at a reduced beam current
      (10.sup.-.sup.9 to 10.sup.-.sup.12 amperes). Impact of this low energy
      electron beam on the Langmuir film's surface causes the surface to emit
      secondary and to reflect primary electrons. To be emitted the secondary
      electrons must overcome the film's surface potential at the point where
      they are emitted. The presence of a bit at a particular point on the
      Langmuir film's surface will be characterized by a surface potential
      differing from surface potentials of the surrounding film. The preferred
      embodiment of the invention writes a bit by reducing the film's surface
      potential at the selected address. Thus, where a bit has been written onto
      the film and its surface potential correspondingly reduced, less energy is
      required for an electron to escape from the film.
PAR  The angular distribution of emitted secondary electrons is different from
      that of primary electrons backscattered or reflected from the film's
      surface. Annular slit 62 at the base of collector 58 is so located, that
      statistically speaking, only secondary electrons representing the presence
      of a bit will pass through it. When the electron beam interacts in its
      read mode with the surface of the Langmuir film, secondary electrons are
      emitted from the particular point (or address) on the film. If a bit is
      stored at this point, electrons will pass through annular slit 62.
      Electrons passing through this slit can possess many different velocities.
      It is necessary to select low energy (i.e. low velocity) electrons to
      determine whether a bit is stored in the film at this point. Velocity
      selection is accomplished by means of velocity selector ring 86. The ring
      is negatively charged sufficiently to deflect slower electrons downward
      into channel 80 of secondary emission multiplier 74. Higher energy
      electrons are not sufficiently deflected by the charge applied to velocity
      ring 86 to enter the channel. Slower electrons, which represent the
      presence of a bit, are amplified by secondary emission between walls 78
      and 76 of secondary emission multiplier 74 in a well known manner and
      produce an output current on ring 82 and thus at lead 84 of memory tube
      20. Walls 76 and 78 of secondary emission multiplier 74 may be coated with
      a compound such as cesium oxide to insure high amplification when
      electrons representing a bit in memory impinge upon them.
PAR  A second, alternate, readout method that may be practiced in the preferred
      embodiment of the invention operates by detecting the presence or absence
      of ions, e.g. barium or sodium ions, in the upper portion of the barium
      stearate monolayer. This end is accomplished by means of low energy
      electron diffraction.
PAR  Basically, the primary electron beam sweeps the film's surface as described
      above. Beam current is reduced to the order of 10.sup.-.sup.11 amps.
PAR  The primary electron beam strikes the surface of Langmuir film 67. Because
      of its low potential the beam penetrates only a short distance into the
      film. The beam does not have sufficient energy to penetrate to the film's
      base, i.e. to the carboxylic ground plane of the barium stearate
      monolayer.
PAR  If ions, such as sodium or barium ions, are present near the film's
      surface, then their electron fields will diffract the electron beam. This
      effect is well known to the art and the state of the art is well
      illustrated by H. Rice, Low Energy Electron Diffraction and Surface
      Chemistry, 2 Progress in Solid State Chemistry 6-117.
PAR  The diffracted electron beam radiates in a characteristic pattern described
      in connection with FIG. 10, from the incident beam's point of impact on
      Langmuir film 67. The radial intensity distribution of this pattern
      differs depending on whether or not ions are present within the section of
      the Langmuir film penetrated by the primary electron beam. Since the
      writing method used in the preferred embodiment of the invention, as
      described above, causes ions to move from the top to the bottom of the
      film in order to store a bit, the electron diffraction pattern generated
      by the film at each bit storage address will be a function of whether or
      not a bit is stored in that location on the film.
PAR  Measurement of diffraction patterns generated by the film at a bit address
      provides a second readout means that may be used alone or in conjunction
      with the secondary electron readout means already described. The preferred
      embodiment of the invention utilizing diffraction readout means is shown
      in FIG. 13. In FIG. 13 like numbers indicate like parts to the other
      figures.
PAR  When ions are present in the upper layer of the Langmuir film, signalling
      the absence of a bit in the preferred embodiment of the invention,
      diffracted electrons 501 will fall in a pattern at points, i.e. 503, on
      the collectors's inner surface. FIG. 14 shows a section of FIG. 13 that
      includes hole 505 in collector 58 and shows the detail of a conducting
      mesh 507 that covers the hole. Thus some parts of this surface will
      receive a greater and some a lesser intensity of electron bombardment when
      ions diffract the electron beam.
PAR  The points of maximum bombardment are determined using a photographic
      emulsion to coat the collector's inner surface, or by any other accurate
      means. Holes 505 are then formed in the collector at these points. These
      holes are covered with a fine conducting mesh 507, which is electrically
      connected to the collector to prevent field distortion of the electric
      field maintained on the collector in connection with the secondary
      emission read out method described above. A second fine conducting mesh
      509 is provided behind this first mesh. The second mesh electrically
      connected to terminal 511 is positively charged with respect to the
      collector. Behind this second mesh is a detecting means 513 for detecting
      the diffracted accelerated electrons, e.g. a scintillator crystal and a
      photo-multiplier or secondary emission multiplier. The detector's output
      exits the memory tube via lead 520.
PAR  Operationally, the diffracted electrons pass through the first mesh and are
      accelerated by the potential placed on the second mesh. This adds energy
      to the electrons. They then interact with the detection means to provide a
      signal that is a function of the presence or absence of ions in the upper
      levels of the Langmuir film.
PAR  It is desirable to provide such detectors at both points of maximum and
      minimum diffracted electron intensity on the collector as shown in the
      figure. When a bit is present, thus not producing diffraction, the normal
      cosine distribution of reflected primary electrons, illustrated by FIG.
      10, will cause the maximum detector 515 and minimum detector 517 to have
      about the same output. When no bit is present, and thus the electrons are
      diffracted, these detectors will have greatly differing outputs.
PAR  The secondary emission and diffraction readout methods may be used
      simultaneously to insure detection of the presence of a bit at the
      irradiated address or they may be used separately. Either the presence or
      the absence of ions in the upper layers of the Langmuir film may be used
      to signal the presence of a bit of stored data.
PAR  In summary, the preferred embodiment of the invention operates as follows.
PAR  An electron beam from a field emission cathode is accelerated by an
      accelerating grid and then uniformly decelerated to a precise velocity by
      a decelerating tube. The electrons pass through an opening in a collector
      and strike a mono-molecular barium stearate Langmuir film doped with
      excess mobile ions deposited on a conducting substrate. The electron beam
      is swept in a raster pattern across the entire surface of the Langmuir
      film by magnetic fields produced by deflection coils. The film is then
      primed, or erased, by applying a contemporaneous voltage capable of
      mobilizing the ions towards the conducting substrate. To write a bit of
      information into the film, a charge is applied to the substrate when the
      electron beam is striking the bit location where it is desired to encode a
      bit. To read a bit of information, the electron beam current is reduced
      and the deflection coils cause the beam to fall on a desired spot on the
      film. Secondary electrons emitted from the Langmuir film's surface under
      electron bombardment by the low energy electron beam are analyzed. When
      the electron beam is irradiating a given position on the film's surface,
      secondary electrons emitted by the film from this location will be of a
      greater or lesser energy depending on whether the film's surface
      potential, at that exact point, is in the state representing 0 or 1. The
      emitted secondary electrons are discriminated from the primary electrons
      generated by the incident beam by means of a slit annularly provided about
      the base of the collector. Secondary electrons passing through this
      annular slit are further discriminated according to their velocity by
      means of a velocity selector ring charged just sufficiently to force low
      energy electrons into the channel of a secondary emission multiplier.
      Electrons whose presence represent a bit in the surface of the Langmuir
      film at the point of its instantaneous contact with the electron beam will
      be amplified by secondary emission multiplier 74 and detected as a current
      at multiplier output 84.
PAR  The primary beam current used in the read mode of the preferred embodiment
      of the invention is approximately 10.sup.-.sup.11 amperes. To read a bit
      of information using the apparatus disclosed by the preferred embodiment
      of the invention, deflection coils 36 (FIG. 1) are energized to position
      primary electron beam 89 on the proper storage address on Langmuir film
      67. The beam then interacts with the film, as described above, and causes
      emission of secondary electrons from the film's surface. If a bit is
      present at the location being irradiated by the primary electron beam,
      then the surface potential at that point will be approximately 1.4 volts.
      Thus, the lowest energy electrons emitted by the surface at the point
      under the beam will have an energy of 1.4 electron volts. The upper edge
      of velocity selector slit, which is annular opening 62 running around the
      base of the collector 58, and the positive potential of deflector 70 are
      adjusted so electrons emitted from the Langmuir film's surface with an
      energy of 1.5 electrons volts or greater impinge upon the collector, as is
      shown in FIG. 11, where electrons 111 are diagramatically shown as having
      an energy above 1.5 electron volts and impinged upon the surface of
      collector 58. Electrons below the level of 1.4 electrons volts are never
      able to escape from the surface of the Langmuir film. This is because the
      film's surface potential traps them within the film. Where a bit has been
      written, the surface potential of the film is, in the case of barium
      stearate film, 1.4 volts. Electrons having energy levels of 1.4 volts can
      escape the surface at these points when irradiated by primary electron
      beam 89. The purpose of the velocity selector slit annularly running
      around the base of collector 58 is to filter out these low energy
      secondary electrons. Unfortunately, there are also a few high energy
      electrons emitted at a small angle to the substrate and these fast
      electrons also pass through velocity selector slit 62. Thus, when primary
      electron beam 89 irradiates an area containing a bit of information, both
      high velocity low angle electrons and low velocity low energy secondary
      electrons pass through velocity selector 62. Velocity filter 86 is
      provided annularly around the velocity selector slit to discriminate
      between these fast electrons and the slow electrons having energy levels
      of 1.4 volts that indicate the presence of a bit in the Langmuir film
      under the primary electron beam. A negative potential is applied to this
      ring. The potential, being negative, bends the paths of all negatively
      charged electrons coming through slit 62 downward toward the entrance to
      secondary emission multiplier 74. Fast electrons, however, are not
      deflected as greatly as are slow secondary electrons. Thus, fast
      electrons, such as 94, shown diagramatically in FIG. 6 and 11 curve only
      slightly and pass far above the upper lip of secondary emission multiplier
      74's rear wall 78. Lower energy (signal carrying) electrons, however, such
      as electron 92, shown diagramatically in FIG. 6, are greatly deflected by
      the negative charge on velocity filter ring 86 and are forced downward
      into the upper opening of secondary emission multiplier 74. They strike
      cesium oxide covered wall 78 of the multiplier and generate additional
      secondary electrons, which are greatly amplified as they cascade down
      through the channel multiplier. Eventually the amplified signal falls upon
      collector electrode 82 and passes as a detectable current through terminal
      84. The presence of a signal at terminal 84, when the primary electron
      beam is irradiating a particular location on the film's surface indicates
      data is written into that location, If the low current read electron beam
      is swept in a regular raster pattern across the surface of langmuir film
      67, then a modulated signal will appear at the output terminal 84 of
      secondary emission multiplier 74, which represents, in the form of a
      string of pulses, the information stored on the film being scanned by the
      raster of the primary electron beam.
PAR  Beam diameter and memory films used in the preferred embodiment of the
      invention yield a bit domain that is roughly circular and approximately
      100 angstroms in diameter. There are 10,000 angstroms in one micron and
      1,000 microns in a millimeter. Thus, the preferred embodiment of the
      invention, is capable of storing 10.sup.4 bits of information in one
      square micron or 10.sup.10 bits of information in 1 square millimeter. A
      square of memory film in the preferred embodiment of the invention
      approximately 10 millimeters by 10 millimeters square, or 1 square
      centimeter (100 square millimeters) can store 10.sup.12, or a trillion,
      bits of information. In more comprehensible terms, one memory tube,
      according to the preferred embodiment of the invention, using less than
      one-fourth of a square inch of memory material, in capable of storing the
      date contained in 10,000 written volumes the size of those used by the
      Encyclopedia Britannica.
PAR  Although certain operational and preferred embodiments of the invention
      have been disclosed and described by this application, many modifications
      incorporating the advantageous features of this invention will immediately
      be apparent to those skilled in the art of digital memory design and
      physical chemistry. Accordingly, the invention is not to be limited to the
      specific embodiment shown and described, but only as set forth by the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A data storage apparatus comprising
PA1  a plurality of charged particles;
PA1  a film adapted to contain the charged particles in a plurality of
      positions;
PA1  writing means for altering said particles' positions within said film; and
PA1  reading means for determining the presence of said particles at each of
      said positions in said film
NUM  2.
PAR  2. A data storage apparatus as in claim 1 wherein said plurality of charged
      particles comprise a plurality of ions.
NUM  3.
PAR  3. A data storage apparatus as in claim 2 wherein said ions are members of
      the class of mono valent and divalent ions.
NUM  4.
PAR  4. A data storage apparatus as in claim 3 wherein said ions are barium
      ions.
NUM  5.
PAR  5. A data storage apparatus as in claim 3 wherein said ions are sodium
      ions.
NUM  6.
PAR  6. A data storage apparatus as in claim 1 wherein said film is thin.
NUM  7.
PAR  7. A data storage apparatus as in claim 6 wherein said film is
      mono-molecular.
NUM  8.
PAR  8. A data storage apparatus as in claim 6 wherein said film is organic.
NUM  9.
PAR  9. A data storage apparatus as in claim 8 wherein said film is a Langmuir
      film.
NUM  10.
PAR  10. A data storage apparatus as in claim 10 wherein said Langmuir film is
      composed of barium stearate.
NUM  11.
PAR  11. A data storage apparatus as in claim 6 wherein said film is amorphous.
NUM  12.
PAR  12. A data storage system as in claim 1 wherein said writing means
      comprises a charged particle emitter directed so the emitted particles
      interact with said plurality of charged particles in said film.
NUM  13.
PAR  13. A data storage apparatus as in claim 12 wherein said emitted particles
      comprise an electron beam directed so as to bombard a spot having an
      address on the film's surface.
NUM  14.
PAR  14. A data storage apparatus as in claim 13 wherein said spot's address on
      the film's surface and said spot's intensity are controlled by interaction
      of the electron beam with electromagnetic and electrostatic fields.
NUM  15.
PAR  15. A data storage apparatus as in claim 14 wherein said film is on a
      conducting substrate, and including means for applying a variable
      potential to said substrate in synchronization with the address of said
      spot on the film.
NUM  16.
PAR  16. A data storage apparatus as in claim 15 wherein said variable potential
      is of sufficient intensity to alter the position of said charged particles
      in the film.
NUM  17.
PAR  17. A data storage apparatus as in claim 16 and including means for
      operating said variable potential and said electron beam in synergistic
      manner to alter the position in the film of charged particles within the
      addressed portion of the film whose surface is affected by the electron
      beam.
NUM  18.
PAR  18. A data storage apparatus as in claim 17 wherein said electron beam is
      directed to strike the addressed spot on the film's surface at an acute
      angle.
NUM  19.
PAR  19. A data storage apparatus as in claim 17 wherein said means for
      synergistic operation includes means for applying sufficient potential to
      the film's surface to cause secondary electron emission from the film's
      surface at the bombarded address.
NUM  20.
PAR  20. A data storage apparatus as in claim 17 wherein said alteration of the
      charged particles' position is in a direction normal to the film's
      surface.
NUM  21.
PAR  21. A data storage apparatus as in claim 20 wherein said alteration of said
      charged particles positions changes the surface potential of the film at
      the address wherein the particles positions are altered.
NUM  22.
PAR  22. A data storage apparatus as in claim 1 wherein said reading means
      comprises an analyzer means for measuring the surface potential of the
      film at any desired address.
NUM  23.
PAR  23. A data storage apparatus as in claim 22 wherein said analyzer means
      comprises
PA1  an electron beam having sufficient intensity to cause secondary electrons
      to be emitted from the film bombarding said address on said film whose
      surface potential is to be measured;
PA1  an electrically charged collector having an inner surface hemispherically
      surrounding the bombarded side of the film and provided with an opening
      for the passage of said electron beam;
PA1  an annular disc having a nonlinearly distributed high resistivity coating
      located beneath said collector and below said slit adapted to produce a
      shaped electrostatic field when an electric current is passed between its
      inner and outer peripheries;
PA1  an annular slit around the base of said hemispherical collector adapted to
      pass electrons; and
PA1  an electron detecting means located radially outward of said means for
      detecting the presence of electrons passing through the slit.
NUM  24.
PAR  24. A data storage apparatus as in claim 23 wherein
PA1  said electron beam has a potential of between 1 and 100 volts and a current
      of between 10.sup..sup.-9 and 10.sup..sup.-12 amperes;
PA1  said hemispherical collector is maintained at a potential sufficient to
      maintain a surface potential of between 1 and 2 volts between the surface
      of said film and said collector caused by said electron bombardment;
PA1  said shaped electrostatic field about said disc is adapted to cause a
      separation of the points at which secondary electrons emitted from said
      surface at differing energy intersect said collector's inner surface;
PA1  said annular slit is adapted in width and position on said collector to
      only allow passage of secondary electrons having energies within a desired
      range; and
PA1  the electron detecting means is a secondary emission electron multiplier
      adapted to provide an amplified output signal responsive to electrons
      passing through the slit.
NUM  25.
PAR  25. A data storage apparatus as in claim 23 and including:
PA1  a velocity selector ring located intermediate said slit and said multiplier
      havvng an electric potential sufficient to deflect electrons and adapted
      to deflect only electrons having less than a desired energy into said
      multiplier.
NUM  26.
PAR  26. A data storage apparatus as in claim 25 wherein said velocity selector
      ring is adapted to deflect only secondary electrons into said multiplier.
NUM  27.
PAR  27. A data storage apparatus as in claim 24 wherein said collector is a
      hemispherically shaped solid conducting piece surrounding a plurality of
      holes, said holes being covered with a conducting grid to prevent field
      distrotion.
NUM  28.
PAR  28. A data storage apparatus as in claim 1 wherein said reading means
      comprises:
PA1  electron diffraction means adapted to detect the presence of a plurality of
      ions at a specific address relatively near the surface of the film.
NUM  29.
PAR  29. A data storage apparatus as in claim 28 wherein said electron
      diffraction means comprises:
PA1  a low energy electron beam bombarding an address on said film;
PA1  a hemispherical collector surrouunding a plurality of holes, said holes
      being positioned at the loci on said collector intersecting relative
      maximum and relative minimum electron flux when said electron beam is
      bombarding an address having a plurality of ions near enough to the
      surface of said film to diffract said beam; and
PA1  detection means positoned behind said holes for detecting the flux of
      electrons passing therethrough.
NUM  30.
PAR  30. A data storage apparatus as in claim 29 wherein said detection means is
      a secondary emission electron multiplier.
NUM  31.
PAR  31. A data storage apparatus as in claim 29 and including mesh screens
      proximate said holes charged to a relatively high potential with respect
      to said collector adapted to accelerate electrons passing therethrough and
      wherein said detection means constitutes a plurality of scintillation
      crystals adapted to intercept accelerated electrons passing through said
      screens and a coordinate plurality of photo-detectors adapted to report
      the output of said scintillation crystals.
NUM  32.
PAR  32. A data storage device as in claim 29 and including a conducting mesh
      covering said plurality of holes.
NUM  33.
PAR  33. A data storage device as in claim 1 wherein said reading means includes
      electron diffraction means and surface potential analyzer means for
      detecting the presence of a bit stored at an address on said film.
NUM  34.
PAR  34. A data storage device as in claim 1 wherein said containment means
      comprises an evacuated tube.
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ABST
PAL  A cathode ray tube of the shadow mask type for displaying coloured
      pictures. Colour defects are reduced to a considerable extent by
      minimizing the influencing as a result of temperature influences of the
      shape of the shadow mask by the frame in which said shadow mask is mounted
      by means of supporting means which are resilient in the radial direction.
BSUM
PAR  The invention relates to a cathode ray tube for displaying colored pictures
      and comprising in an evacuated envelope means for generating at least two
      electron beams, a display screen on a part of the wall of said envelope,
      and a mainly rectangular color selection electrode which is secured in the
      cathode ray tube near the display screen while using a supporting frame in
      which the color selection electrode is secured by means of resilient
      supporting means present at the edge thereof.
PAR  Such a cathode ray tube, sometimes termed shadow mask tube, is known from
      the published Dutch Patent application No. 7,205,544 in which the color
      selection electrode, hereinafter sometimes referred to as mask, is secured
      to the supporting frame by means of resilient supporting means. The mask
      of such a tube has a large number of apertures through which generally
      three electron beams pass which are converged on the display screen and
      which enclose a small angle with each other, the so-called color selection
      angle. The display screen is covered with triplets of red, green and blue
      luminescing regions. Each of the three electron beams impinges upon
      luminescent regions of one color if the position of the mask and hence of
      the holes therein is accurately determined relative to said regions.
PAR  Since approximately 85 percent of the electrons are intercepted by the
      mask, mask and frame will be heated, particularly when the cathode ray
      tube is put in operation, and start expanding. The said expansion of the
      mask and the frame will usually not be the same. When the mask is rigidly
      secured to the frame (for example, by welding) said inequality in
      expansion causes a mutual influencing resulting in a bulging or stretching
      of the mask. Said deformation of the mask and the larger spacing between
      the apertures in the mask as a result of the thermal expansion will cause
      shifts of said apertures relative to the luminescent regions and hence
      color defects.
PAR  In the above-mentioned patent application the mutual influencing is reduced
      by securing the mask to the frame by means of lug-shaped resilient
      supporting elements or by strip-shaped resilient supporting elements
      obtained by incision of the mask. However, the drawback of said method of
      securing still is that a movement of the mask relative to the frame in the
      tangential direction (along the circumference of the frame) is not
      possible so that deformation of the mask will still occur.
PAR  It is the object of the invention to avoid the mutual influencing of mask
      and frame as a result of differences in expansion and hence to reduce
      considerably the occurrence of color defects in such a cathode ray tube.
PAR  According to the invention, a cathode ray tube of the kind mentioned in the
      first paragraph is characterized in that the supporting means permit of a
      movement of any point of the edge of the color selection electrode
      substantially along a line through the centre of the color selection
      electrode.
PAR  The invention is based on the recognition that both the mask and the frame
      expand uniformly. From the centre of the mask and the frame the expansion
      will extend along radians. When supporting means are provided which permit
      of a movement in the radial direction, the mutual influencing is minimum.
PAR  In a cathode ray tube according to the invention every supporting means to
      secure the mask in the frame preferably consists of a strip-shaped
      resilient element the direction of bending of which coincides with the
      direction of the said line through the centre of the color selection
      electrode.
PAR  Such a strip-shaped resilient element is obtained inter alia from lugs
      which are obtained by incision of the mask and which are twisted in such
      manner that their direction of bending coincides mainly with the direction
      of the said line through the centre of the color selection electrode.
PAR  The coincidence of the direction of bending of the strip-shaped resilient
      elements with the direction of the said line is also obtained by securing
      same to lugs obtained by incision of the supporting frame, said lugs being
      twisted in such manner that the free end thereof extends substantially
      perpendicularly to the said line.
PAR  A cylindrical pin may also be used instead of a strip-shaped resilient
      element. The advantage hereof is that such a pin has no preferred
      direction.
PAR  The strip-shaped resilient elements may also be secured to a part of the
      circumference of the supporting frame and the edge of the color selection
      electrode, which part is present between a corner and the centre of a side
      and which is substantially perpendicular to a line through the centre of
      the color selection electrode.
PAR  In a particular embodiment of a cathode ray tube according to the invention
      the supporting means enclose an acute angle with a line perpendicular to
      the color selection electrode and proceeding to the centre thereof, so
      that upon expansion of the color selection electrode and the supporting
      frame relative to each other a change of the distance of the color
      selection electrode relative to the display screen is obtained. Such an
      embodiment may be used inter alia to compensate for a displacement as a
      result of a small extent of stretching or bulging of the mask in the
      supporting frame. Said bulging and stretching may occur when the
      supporting means have a non-negligible rigidity. The bulging results in a
      small average displacement of the mask towards the dislay screen,
      stretching results in a displacement away from the display screen.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawing, of which:
PAR  FIG. 1 shows a cathode ray tube according to the invention,
PAR  FIG. 2 shows diagrammatically the occurring forces,
PAR  FIGS. 3, 4, 5, 6 and 7 show several embodiments, and
PAR  FIGS. 8 and 9 show diagrammatically a few possible movements of the mask.
DETD
PAR  FIG. 1 shows a cathode ray tube for displaying color pictures according to
      the invention and comprising a glass envelope 1, a neck 2 and a spherical
      and outwardly bulged, preferably substantially rectangular, display window
      3. Present in the envelope is a supporting frame 4 having therein a color
      selection electrode (mask) 5 which is secured by means of supporting means
      6, a display screen 7 which consists of triplets of red, green and blue
      luminescing phosphor regions and an electron gun 8 which generates three
      electron beams 9 which impinge upon the display screen 7 after having
      passed through the apertures 10 in the mask 5. C--C denotes the axis of
      the cathode ray tube.
PAR  Reference numeral 5 in FIG. 2 denotes a part of the mask and reference
      numeral 4 a part of the supporting frame to which the mask is secured by
      means of a supporting element 6. R is a vector which, in the case of a
      difference in expansion of the mask 5 and the supporting frame 4,
      represents the force occurring from their centre M and which is
      constructed from a component a extending perpendicularly to the edge of
      the mask and a tangential component b. The supporting means must be placed
      so that a movement is possible of points present on the mask and the
      supporting frame at the area of the connection of the supporting means
      along the line M-N.
PAR  FIG. 3 shows the supporting frame 4 and the mask 5 separately. Actually,
      the strip-shaped resilient element 11 is welded to the twisted lug 12
      which is obtained by incision of the supporting frame 4. The strip-shaped
      resilient element 11 may be welded to the mask 5 or be obtained by
      incision of the mask.
PAR  FIG. 4 shows a mask in which a strip-shaped resilient element 11 has been
      obtained by incision of the mask 5 and by twisting the resulting strip in
      such manner that the direction of bending thereof coincides mainly with
      the direction of the line M-N through the centre M of the mask.
PAR  FIG. 5 is a sectional view taken on the line V-V of FIG. 3.
PAR  FIG. 6 is a perspective sectional view of a connection of the mask 5 to the
      supporting frame 6 by means of cylindrical pins 13. Due to the flexibility
      of the pins, bending in the direction of the centre of the supporting
      frame is possible in this case also.
PAR  A particular embodiment of the invention is the use of a mask manufactured
      from a material having a negligible coefficient of expansion (for example,
      material known as Invar and consisting of approximately 36% Ni and 64% Fe)
      and an iron supporting frame. In order to eliminate the influence of the
      supporting frame in the case of expansion on the substantially
      non-expanding mask, movement of the supporting frame relative to the mask
      should be possible in the tangential direction also. This is realized by
      the invention. It is known that in cases in which the mask has been
      manufactured from a material having a non-negligible coefficient of
      expansion, the apertures in the mask move relative to the triplets of
      phosphor regions present on the screen. It is also known that this effect
      can be compensated for by means of a suspension of the supporting frame in
      the envelope by means of bimetallic springs which move the mask in the
      supporting frame towards the display screen. In this particular embodiment
      the said bimetallic springs may be dispensed with since the mask does
      substantially not expand.
PAR  FIG. 7 is a sectional view analogous to FIG. 5 which also shows a part of
      the supporting frame 4 and the mask 5. Both the mask and the supporting
      frame at the area of the connection of the strip-shaped resilient elements
      have such a shape that the direction of bending of said resilient elements
      coincides with the direction of the line M-N.
PAR  FIG. 8 shows diagrammatically how, upon expansion, the mask moves
      relatively to the supporting frame as a result of placing the supporting
      means 6 at an acute angle. If the supporting frame 4 expands more rapidly
      than the mask 5, the latter moves away from part B of the supporting
      frame. If, however, the mask expands more rapidly, this will move towards
      part B of the supporting frame.
PAR  FIG. 9 also shows diagrammatically a movement analogous to that shown in
      FIG. 8. In this case the result is just reversed due to the supporting
      means 6 having been arranged in an opposite direction.
PAR  The movements shown in FIGS. 8 and 9 may be used to compensate for a small
      extent of stretching or bulging of the mask as a result of a
      non-negligible rigidity of the supporting means. A particular embodiment
      is, for example, a mask having a negligible coefficient of expansion and
      an iron supporting frame. When said supporting frame expands, the mask
      will be stretched taut more or less in the case of a non-negligible
      rigidity of the supporting means, so that on an average it will move away
      slightly from the display screen (in FIG. 8 towards B). This movement is
      compensated for by placing the supporting means 6 shown in FIG. 8 at a
      sufficiently large angle with the axis of the tube so that a substantially
      equally large displacement in the opposite direction takes place. A second
      particular embodiment is an iron mask in an iron frame. The mask will be
      heated more rapidly than the supporting frame because this can dissipate
      thermal energy to the atmosphere. The mask now expands to a greater extent
      than the supporting frame as a result of which the mask bulges (with a
      non-negligible rigidity of the supporting means). On an average the mask
      moves slightly towards the display screen. This movement is compensated
      for by a movement shown in FIG. 9. Since the mask itself will expand,
      bimetallic springs for the suspension of the supporting frame in the
      envelope will be necessary in this case to compensate in known manner for
      the displacement of the apertures in the mask.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color cathode ray tube comprising an evacuated envelope and, within
      said envelope, means for generating at least two electron beams, a display
      screen on a part of the wall of said envelope, a substantially rectangular
      color selection electrode located near the display screen, a supporting
      frame spaced from and surrounding the edge of said color selection
      electrode, and a plurality of resilient supporting strip-shaped members
      connecting edge portions of said electrode to said frame, each supporting
      member being twisted near its center such as to be resilient both in
      radial and in tangential directions with respect to the center of said
      electrode.
NUM  2.
PAR  2. A cathode ray tube as claimed in claim 1, wherein said strip-shaped
      resilient members are in the form of lugs which have been obtained by
      incision of the color selection electrode and which are twisted in such
      manner that the direction of bending of their free end coincides mainly
      with the radial direction.
NUM  3.
PAR  3. A cathode ray tube as claimed in claim 1, wherein said strip-shaped
      resilient members are in the form of lugs which have been obtained by
      incision of the supporting frame and which have been twisted so that the
      direction of bending of their free end coincides with the radial
      direction.
NUM  4.
PAR  4. A cathode ray tube as claimed in claim 1, wherein said resilient
      supporting members are located, respectively, between a corner and the
      center of each side of said electrode.
NUM  5.
PAR  5. A color cathode ray tube comprising an evacuated envelope and, within
      said envelope, means for generating at least two electron beams, a display
      screen on a part of the wall of said envelope, a substantially rectangular
      color selection electrode located near the display screen, a supporting
      frame spaced from and surrounding the edge of said color selection
      electrode, and a plurality of resilient supporting pins connecting edge
      portions of said electrode to said frame, each supporting pin having a
      substantially circular cross-section to be resilient both in radial and in
      tangential directions with respect to the center of said electrode.
NUM  6.
PAR  6. A cathode ray tube as claimed in 5, wherein said supporting pins enclose
      an acute angle with a line perpendicular to the color selection electrode
      and proceeding to the centre thereof, so that upon expansion of the color
      selection electrode and the supporting frame relative to each other a
      change of the distance of the colour selection electrode relative to the
      display screen is obtained.
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ABST
PAL  In an electron gun assembly for use in multi-beam type cathode ray tube of
      the type including a plurality of grid structures in which the groups of
      the grid electrodes of respective guns are formed as integral units, the
      grid electrodes of each group are impressed with the same potential and
      perform the same function, and wherein an electron lens is formed between
      adjacent grid structures, an assembly of a plate member or a superposed
      plate member is secured to one or both of the opposing ends of the grid
      structures. Each plate member is provided with a plurality of openings
      which are arranged to correspond to a predetermined arrangement of a
      plurality of electron guns, and each opening is surrounded by an axial
      edge. The edges function to prevent electric fields formed by the openings
      from being affected by the side walls of the grid structures opposing the
      openings thereby decreasing the astigmatism of the main electron lens.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a multi-beam type electron gun assembly having a
      plurality of electron guns and more particularly to an electron gun
      assembly for use in a multi-beam type cathode ray tube including an
      improved grid structure wherein the identical grid electrodes of
      respective electron guns are formed as an integral structure.
PAR  Generally, a three-beam type electron gun assembly as a typical example of
      the multi-beam type electron gun assembly for use in the cathode ray tube
      is often utilized in a colour picture tube in which three electron guns
      are disposed in the neck of the envelope of a colour picture tube which
      comprises a panel, a funnel and the neck. Each electron gun comprises a
      first grid electode provided with a cathode or a cathode heater and a
      plurality of other grid electrodes aligned in the direction from the neck
      to panel of the envelope of the picture tube to follow the first grid
      electrode. These grid electrodes are impressed with the predetermined
      potential so as to form a prefocussing lens system and a main focussing
      lens system between the predetermined ones of the electrodes.
PAR  In the prior art construction of the electron gun assembly of the type
      referred to above it is usual to assemble three independent electron guns
      together on a supporting member such as made of beads glass by taking a
      triangle or in-line position. However, in assembling the three independent
      electron guns together on the beads glass supporting member there are such
      difficulties that it is necessary to align respective electron guns in the
      axial direction and to assemble the electron guns in correct relative
      positions. Moreover, this construction increases the number of component
      elements and hence the cost of assembling them so that the size and the
      weight of the electron gun assembly cannot be reduced beyond certain
      limits.
PAR  To obviate these difficulties, in recent years, it has been proposed to
      construct as an integral unit a particular group of grid electrodes among
      the grid electrodes of respective electron guns, the grid electrodes to be
      grouped being impressed with the same potential and presenting the same
      function. According to this construction, it is possible to decrease the
      number of the component elements, to simplify the assembling work and to
      reduce the size and weight relative to the prior art construction.
      Especially integral formation of respective identical grids constituting a
      main focussing lens results in an elevated accuracy for assembling an
      electron gun assembly, thus the characteristics of the electron gun
      assembly are enhanced to a great extent. This integral grid is formed by
      the following method. First a cup shaped member is formed, the bottom of
      which is provided with three openings arranged in the predetermined
      position, each opening being used for the passage of electron beams
      respectively traveling within each electron gun assembled, and has a
      predetermined diameter. Then another cup shaped member is formed having a
      bottom provided with openings coaxial with the openings of the first
      mentioned cup shaped member, each opening being used for the same purpose
      as in said first mentioned cup shaped member. These two cup shaped member
      are disposed to oppose each other with a predetermined spacing between the
      bottoms and the openings thereof correspond with each other thus
      assembling the integrally formed grid electrode. According to this
      construction, the openings of respective bottoms will not be positioned at
      an equal distance from the side walls of the opposing cup shaped members
      unless the cross section of the cup shaped member is circular and the axes
      of openings coincides with that of said cup shaped member. Under these
      conditions, when a predetermined potential is impressed upon the pair of
      cup shaped members spaced from each other a predetermined distance, the
      potential distribution between opposing openings will necessarily be
      affected by the side walls of the opposing cup shaped members. In other
      words, the potential distribution, which otherwise would be rotationally
      symmetrical with respect to the axes of the openings, will be greatly
      affected by the edge effect of the side walls and that of the openings.
      Accordingly to obviate such an adverse effect it was proposed to provide a
      cylindrical tube along the peripheries of the openings axially towards the
      inside of the cup shaped members so as to eliminate the above-mentioned
      effect. To form the cup shaped member, press work is desirable in view of
      easiness and accuracy in the process. However, it is impossible to obtain
      such cup shaped member that has a useful edge integrally formed along the
      peripheries of the openings having the same function as the abovementioned
      cylindrical tube because the depth attained through the press process has
      to be limited with the relationship between the diameter of the openings
      and the permissible pressed depth in connection with a raw material and so
      forth. Accordingly the effect of such press work is only to increase the
      breakdown voltage of the opposing grid structures. That is to say,
      constituting the electron lens system with the grid in which inadequate
      pressed depth is achieved compared with the opening diameter results in
      such nonuniform potential distribution between opposed openings as to
      cause an asymmetry with respect to the axis of the electron lens which in
      turn results in the increase in the astigmatism of the lens.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an improved
      multi-beam type electron gun assembly for use in a cathode ray tube in
      which the grid electrodes of respective electron guns are impressed with
      the same potential and having the same function are constructed as an
      integral structure and including a grid structure providing a uniform
      potential distribution therewith.
PAR  Another object is to provide an improved multi-beam type electron gun
      assembly for use in a cathode ray tube including a novel structure that
      can decrease the astigmatism of the electron lens system, thus improving
      the focussing characteristics thereof.
PAR  Still another object of this invention is to provide an improved multi-beam
      type electron gun assembly including a main electron lens having a small
      astigmatism and being suitable for use in a cathode ray tubes for
      producing clear and sharp images.
PAR  According to this invention, these and further objects can be accomplished
      by providing a multi-beam type electron gun assembly for use in a cathode
      ray tube of the type including at least two grid structures in which the
      groups of the grid electrodes of respective electron guns are formed as an
      integral unit, the grid electrodes of each group are impressed with the
      same potential and perform the same function, and wherein a main electron
      lens is formed between adjacent grid structures, characterized in that an
      assembly of superposed plate members is secured to at least one of the
      opposing ends of the grid structures by welding and the like, that each
      plate member is provided with a plurality of openings which are arranged
      to correspond to a predetermined arrangement of a plurality of electron
      guns, that axial edges are formed to surround respective openings, and
      that the edges function to prevent electric fields formed in the openings
      from being affected by the side walls of the grid structures opposing the
      openings thereby decreasing the astigmatism of the electron lens formed at
      the openings.
PAR  A pair of plate members are superposed such that the axial edges of
      different plate members oppose each other or extend in the same direction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and advantages of the invention can be more fully
      understood from the following detailed description taken in conjunction
      with the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic representation showing one example of the
      construction of an electron gun assembly including a prior art grid
      structure;
PAR  FIG. 2 shows a sectional view of the electron gun structure shown in FIG. 1
      take along a line II --II;
PAR  FIG. 3 is a sectional view taken along a line III--III in FIG. 2 and shows
      the construction of the opening of the prior art grid structure;
PAR  FIG. 4 is a longitudinal sectional view of a prior art grid structure
      disposed to define a main electron lens;
PAR  FIG. 5 is a perspective view of one example of the plate members embodying
      the invention;
PAR  FIG. 6 is a longitudinal sectional view of an opposed grid structure
      provided with an assembly of the plate member shown in FIG. 5,
PAR  FIG. 7 is a sectional view of a modified example of the assembly of the
      plate members, and
PAR  FIG. 8 is a sectional view of another modified embodiment of this invention
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In recent years an electron gun assembly as shown in FIG. 1 has been
      proposed and used in view of various advantages involved. The construction
      is characterized in that a particular group of the grid electrodes of
      respective electron guns impressed with the same potential and performing
      the same function are formed as an integral grid structure unit through
      press work for the purpose of eliminating the disadvantage of assembling
      three independent electron guns together on a supporting member as has
      been the prior art practice. Discussion will be developed by taking a
      bipotential type multi-beam electron gun assembly hereinafter, but it
      should be noted that the present invention is not limited only to the
      bipotential type electron gun assembly.
PAR  FIG. 1 shows a three beam type electron gun assembly for use in a colour
      picture tube with the triangular arrangement consisting essentially of the
      first grid electrodes, 1A, 1B and 1C, the second grid electrodes 2A, 2B
      and 2C, the third grid electrode 34, at the fourth grid electrode 5 and a
      cathode electrode with a heater (not shown) associated with the first grid
      electrodes. These component elements are disposed at definite relative
      spacings and are secured to supporting members 6 such as beads glass, or
      the like. The first and second grid electrodes are provided for each
      electron gun. The third grid electrode 34 comprises a pair of opposed cup
      shaped members 3 and 4 with their abutting ends welded together. The
      bottom of the cup shaped member 4 is provided with three openings 4A, 4B
      and 4C corresponding to a predetermined arrangement of the electron guns.
      These openings are coaxial with opening 33 provided for axial projections
      32 at the bottom of the cup shaped member 3 which extends into the
      interior of the second grid electrodes 2A, 2B and 2C (see FIG. 4). The
      fourth grid electrode 5 is also cup shaped and its bottom is provided with
      openings 5A, 5B, and 5C corresponding to the openings 4A, 4B and 4C at the
      bottom of the cup shaped member 4. Openings 4A, 4B and 4C and 5A, 5B and
      5C are positioned to oppose each other with a predetermined spacing
      therebetween. These openings are surrounded by axially extending edges
      which are formed by pressing and having a height of h. As is well known in
      the art, this construction is effective to increase the breakdown voltage
      between opposing grid electrodes 34 and 5. This construction also improves
      the symmetry of the electric field between opposing openings although
      depending upon the height of the edge.
PAR  In the following description, it will be seen that the improved main
      focussing lens system is achieved with the integrally formed grid
      electrode according to this invention.
PAR  The material of the grid electrode should be nonmagnetic, durable to heat
      encountered during use and fabrication, and should not adversely affect,
      either directly or indirectly, the phosphors of the picture tube. Further,
      it must be light, has excellent workability. However, it is difficult to
      obtain materials having all of these desirable characteristics. At
      present, the best one is nonmagnetic stainless steel containing 16% of
      chromium and 14% of nickel for example.
PAR  Where openings are provided for the bottoms of the cup shaped members 4 and
      5 made of such material, the ratio of the inner diameter D of the opening
      to the height h of the edge formed by pressing is about h/D.ltoreq.0.3.
      With this ratio, however, it is difficult to improve the symmetry of the
      electric field between opposed openings. More particularly, as shown in
      FIG. 4, the distance between an opening, for example 4A, of the cup shaped
      member 4 and the side wall of the opposing cup shaped member 5 is not
      equal around the opening, so that when a potential is impressed across
      them, the electric field established between opposed openings 4A and 5A is
      not uniform due to the fact that the distance between the opening 4A and
      the side wall of the cup shaped member and the distance between the
      opening 5A and the side wall of the cup shaped member 4 are not equal thus
      resulting in stigmatism of the main electron lens formed with third and
      fourth grid electrode which impairs the focussing characteristic of the
      electron beam. However, when the height h of the edge exceeds a certain
      limit, the adverse effect of the side wall upon the electric field between
      opposing openings can be eliminated thereby forming uniform electric
      field. It has been found that the value of the ratio h/D enhancing this
      advantageous effect is generally h/D.ltoreq.0.5.
PAR  According to this invention, this object of producing uniform electric
      field between opposed openings can be accomplished by providing a plate
      member having openings at predetermined positions for at least one of the
      end surfaces of the grid structures which are opposed to form the main
      electron lens.
PAR  FIG. 5 illustrates one example of the perforated plate member embodying the
      invention. Three openings 41 and 51 for respective plate members 40 and 50
      are arranged in an equilateral triangular configuration, but it should be
      understood that these three openings can be arranged in-line.
PAR  Respective openings are formed with axial edges 42 and 52, the maximum
      height h of which must be determined dependent upon the spacing between
      adjacent openings and the easiness of the pressing process corresponding
      to the characteristic of the material. After forming the openings and
      edges two plate members 40 and 50 are superimposed and welded together at
      their peripheries 43 and 53. Upon fabrication, edges 42 and 52
      corresponding pair of openings are brought to oppose each other. Further
      as shown in FIG. 6 the plate members are welded to the opposing end
      surfaces of the cup shaped members 34 and 5. By interposing superposed
      plate members between opposing end surfaces of the cup shaped members 34
      and 5, the effective height of the edges around opening 45 of the resulted
      grid electrode is increased beyond 2h thus effectively preventing the
      adverse effect of said interception. For this reason, it is possible to
      form uniform electric field between opposing openings. Although in this
      embodiment two plate members are joined with the edges opposed to each
      other it is also possible to join two plate members 401 and 501 with their
      edges directed in the same axial direction as shown in FIG. 7. With the
      later construction, it is also possible to increase the effective height
      of the edge beyond 2h and to establish uniform electric field between
      opposing openings. The construction of the plate members to be secured to
      the third grid electrode 34 and that of the plate members to be secured to
      the fourth grid electrode 5 may be different, adequate construction being
      determined by the characteristics of the electron gun.
PAR  FIG. 8 shows another embodiment of this invention. Two plate members have
      been adopted to increase the substantial depth of the peripheral edge of
      the opening thus far. However, according to the embodiment shown in FIG.
      8, it is possible to make the edge height substantially twice by
      superposing a single plate member 402 upon the grid electrode 4, and to
      establish uniform electric field between opposing openings. In this case,
      prior art cup shaped members 4 and 5 in FIGS. 3 and 4 can be used without
      any modification thereof so that the unnecessary tooling is effectively
      avoided. Needless to say, this member 402 is applicable for the grid 5 in
      the same manner shown in FIG. 8.
PAR  Further, the invention has been described in terms of a bipotential type
      electron gun assembly arranged in a triangular configuration the invention
      is also applicable to electron gun assemblies of the in-line type and
      unipotential type.
PAR  Further, in the illustrated example, although the assembly of the
      perforated plate members of this invention was secured to both of the
      third grid electrode 34 and the fourth grid electrode, this invention is
      not limited to this specific construction but instead the assembly of the
      perforated plate member may be secured to either one of the third and
      fourth grid electrodes.
PAR  The invention can also be applied to an electron gun assembly wherein the
      fourth grid electrode is displaced in the radial direction with respect to
      the third grid electrode for the purpose of providing a convergence effect
      or an electron gun assembly of the type wherein a convergence electrode is
      attached on one end of the assembly for the purpose of providing a
      convergence effect.
PAR  Instead of making equal the height of the edges of the plate members 40 and
      50, the height may be different for different plate. It is only necessary
      to make the sum of the height of the edges provided for the plate members
      40 and 50 to be larger than the height h of the edge of the prior art
      construction shown in FIGS. 3 and 4.
PAR  The above embodiment is explained in terms of the grid which constitutes
      the main focussing lens system but it should be noted that this invention
      is applicable to the grid other than the grid constituting other lens
      system.
PAR  As described herein above, in the electron gun assembly embodying the
      invention, since the height of the axial edges surrounding the openings of
      the grid structures which are used to form a main electron lens is
      increased sufficient to make astigmatism of the main electron lens be
      negligibly small thus producing clear picture images.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi beam type electron gun assembly for use in a cathode ray tube
      comprising a plurality of electron guns including a plurality of cathode
      electrodes emanating electron beams directed toward a fluorescent screen
      and a plurality of grid electrode structures which are constituted with a
      plurality of common electrodes comprising each grid electrode which has
      identical function in respective electron guns, said common electrodes
      being formed integrally, one of said common electrodes comprising a hollow
      side wall member forming an enclosure surrounding all paths of the
      electron beams and an end member, said end member comprising two plate
      members, each plate member having a plurality of openings being used for
      the passage of the electron beams and each opening being provided with an
      axially extending peripheral flange formed integrally along the respective
      peripheries of said openings, said flanges being close-aligned
      respectively by superposing said plate members with each other to have an
      aggregate axial height at least not less than half the diameter of said
      opening, whereby an electric field occurred in the neighborhood of said
      openings is prevented from being adversely affected by the side wall
      member.
NUM  2.
PAR  2. The multi-beam type electron gun assembly according to claim 1 wherein
      said side wall member and one of said plate members are formed as a cup
      shaped integral unit.
NUM  3.
PAR  3. A multi-beam type electron gun assembly according to claim 1 wherein
      said side wall member and said plate members comprising a common electrode
      are formed respectively as a unit.
NUM  4.
PAR  4. The multi-beam type electron gun assembly according to claim 1 wherein
      said plate members are superposed each other such that said edge of
      respective plate members oppose each other.
NUM  5.
PAR  5. The multi-beam electron gun assembly according to claim 1 wherein said
      plate members are superposed each other such that said edges of different
      plate members extend in the same direction.
NUM  6.
PAR  6. The multi-beam electron gun assembly according to claim 1 wherein said
      plate members are mounted on both opposing ends of the adjacent grid
      structures.
NUM  7.
PAR  7. The multi-beam electron gun assembly according to claim 1 wherein a main
      focussing lens is formed between openings opposing each other.
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PAL  A two-aperture immersion lens comprising two substantially parallel plates
      having a plurality of optically aligned apertures therein is disclosed for
      an electron optical system. The spacing between the plates and the
      dimensions of the apertures are selected to provide spherical aberration
      characteristics which are substantially lower than those for the
      three-aperture Einzel lens. Also, higher beam current densities and longer
      cathode lifetimes are provided for electron beam systems by employing
      two-aperture immersion lenses.
PARN
PAR  This is a division of application Ser. No. 294,021, filed Oct. 2, 1972, now
      abandoned.
BSUM
PAR  The present invention relates to electron beam apparatus and methods and
      more particularly to an electron optical lens for controlling the point of
      impingement of an electron beam on a target surface.
PAR  Electron beam addressable memory systems have provided high capacity,
      random access memories of high storage density with rapid data storage and
      retrieval. These memory systems require precise control of an electron
      beam over the surface of a target structure. One such system which has
      been very useful is described in U.S. Pat. No. 3,534,219 -- S. P.
      Newberry. This patent describes an electron optical system referred to
      generally as a Fly's Eye Lens because it is superficially similar in
      appearance to the compound eye of an ordinary housefly. In the Fly's Eye
      Lens system described by Newberry, an electron beam is directed to a
      receiving surface by first coarsely deflecting the beam in the general
      direction of a desired point of impingement on the receiving surface and
      then finely deflecting the beam toward the desired point of impingement so
      as to correct the path of the beam and then further deflecting the beam to
      the precise point of impingement. Apparatus utilized for this purpose
      includes a deflection system and a matrix of electron lenses for directing
      the electron beam to the desired point of impingement. The matrix of
      electron lenses is an electrostatic lens structure comprising three
      substantially parallel apertured plates. These apertured plates are biased
      so that the electron beam passing therethrough is focussed prior to
      passing through the fine deflection apparatus.
PAR  This three-element electrostatic lens structure is generally referred to as
      a three-aperture Einzel type lens system. While this lens system performs
      satisfactorily for many applications, the demands for higher density
      storage media impose more stringent requirements on this lens system than
      it is capable of achieving. Accordingly, to meet these needs an improved
      lens system is required.
PAR  It is therefore an object of this invention to provide a lens system having
      lower spherical aberration characteristics than heretofore achieved with
      the three-element Einzel type lens.
PAR  It is still a further object of this invention to provide a lens system
      having higher beam current densities than those achieved with the
      three-element Einzel lens.
PAR  It is yet another object of this invention to provide an electron lens
      system which lessens the requirements imposed on the coarse deflection
      system by approximately 50 percent.
PAR  It is still another object of this invention to provide a lens system which
      is more easily fabricated and aligned than the three-element lens system.
PAR  Briefly, in accord with our invention these and other objects are achieved
      by providing a two-aperture immersion-type lens comprising two
      substantially parallel plates having a plurality of aligned apertures
      therein with the spacing between the plates and the diameters of the
      apertures determining the electron optical characteristics of the lens. In
      further accord with our invention the two-aperture immersion lens provides
      an improvement in spherical aberration characteristics which is
      approximately a factor of five times better than those for the
      three-element Einzel lens when the two-aperture lens is utilized as an
      accelerating lens and an improvement in spherical aberration
      characteristics by a factor of ten when the lens is used for decelerating
      electrons.
DRWD
PAR  The features of the invention believed to be novel are set forth with
      particularity in the appended claims. The invention itself, together with
      further objects and advantages thereof may be best understood by reference
      to the following description taken in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is a simplified sectional view of a three-aperture Einzel type lens;
PAR  FIG. 2 is a simplified sectional view of one embodiment of a two-aperture
      accelerating immersion lens;
PAR  FIG. 3 is a sectional view of a two-aperture decelerating immersion lens;
PAR  FIG. 4 is a plot of normalized spherical aberration constant versus
      normalized mid-focal length for the Einzel type lens and various
      two-aperture immersion-type lenses having different lens spacing to lens
      diameter ratios in accord with our invention;
PAR  FIG. 5 is a plot of normalized spherical aberration constant versus
      normalized mid-focal length for the Einzel type lens and a two-aperture
      immersion lens utilized to accelerate or decelerate an electron beam;
PAR  FIG. 6 is a plot of maximum beam current versus beam diameter for the
      Einzel and immersion type lenses; and
PAR  FIG. 7 is a schematic illustration of an electron beam addressable target
      employing a two-aperture immersion-type lens in accord with our invention.
DETD
PAR  FIG. 1 illustrates a typical three-aperture Einzel lens constructed in
      accord with the prior art. The three-aperture Einzel lens includes an
      inner electrode 11 and two outer electrodes 12 and 13. The three
      electrodes each have an aperture therein through which an electron beam 14
      may pass. The outer electrodes 12 and 13 of this lens are maintained at a
      potential V.sub.1 with respect to the cathode of the electron beam system.
      Lens action is achieved by maintaining a separate potential, V.sub.2, with
      respect to the cathode on the center element 11. The lens properties,
      i.e., focal lengths and aberrations, depend only on the aperture
      dimensions R.sub.1, R.sub.2 and R.sub.0, the spacing between the plates
      S.sub.1 and S.sub.2, and T, the thickness of the plate 11, if V.sub.2 = 0.
      In general, the Einzel type lens is operated with a variable potential for
      V.sub.2 and the lens properties then depend on V.sub.2 as well as the lens
      dimensions and spacing.
PAR  Various values for the element spacings and lenslet diameters may be used,
      depending upon the desired application. However, for purposes of
      illustration, a typical three-aperture Einzel lens, for example, has the
      following dimensions:
PA1  S.sub.1 = 0.030 inches; S.sub.2 = 0.020 inches;
PA1  R.sub.0 = 0.015 inches; R.sub.1 = 0.0075 inches; and
PA1  T = 0.005 inches.
PAR  FIG. 2 illustrates an embodiment of our invention wherein a two-aperture
      immersion lens comprises a pair of substantially parallel lens plates 21
      and 22 spaced apart from each other by a distance S and each having an
      aperture therein of radius R.sub.0. The apertures in each of the plates 21
      and 22 are aligned along the optical axis of an electron beam 23 which
      passes through these apertures before impinging on a receiving surface, as
      will be described more fully below. When voltages V.sub.1 and V.sub.2 are
      applied to plates 21 and 22, respectively, and V.sub.1 is less than
      V.sub.2, the two-aperture immersion lens accelerates the electrons passing
      therethrough. Hence, this lens is referred to as a two-aperture
      accelerating immersion lens (TAA).
PAR  FIG. 3 illustrates a two-aperture immersion lens similar to that described
      with reference to FIG. 2, however, the voltages V.sub.1 and V.sub.2 are
      adjusted so that V.sub.1 is greater than V.sub.2 and the electrons passing
      through the apertures are decelerated. This lens is referred to as a
      two-aperture decelerating immersion lens (TAD).
PAR  When using a two-aperture immersion lens for focussing an on-axis point
      source electron beam on a target surface, the most important performance
      limiting characteristic of the lens is the spherical aberration.
      Additionally, depending upon the type target structure employed, the
      landing potential of the electrons, the beam current and diameter of the
      beam at the target are also important requirements to be met.
      Additionally, it is desirable to achieve the beam current requirements
      with minimum cathode loading in order to maximize the cathode life.
      Additionally, in order to minimize extraneous effects on the beam, the
      overall tube dimensions including the cathode, condenser lens, deflection
      means, the two-aperture lens and the target structure should be no longer
      than necessary.
PAR  So that those skilled in the art may better understand the characteristics
      of a two-aperture immersion lens and the numerous advantages which result
      from the use of this lens, a typical electron beam addressable memory
      system utilizing a two-aperture immersion lens will be described. For
      example, assume that a particular target structure comprising a
      metal-oxide-semiconductor structure such as that described in patent
      application Ser. No. 125,133, filed Mar. 7, 1971, and of common assignee.
      An electron beam addressable memory employing such a target structure may,
      for example, require a beam landing potential, V.sub.L, of 10,000 volts, a
      beam current, I, of 0.5 microamperes and a beam diameter, d, of 2.0
      microns with 90 percent of the beam current I on the target. We have found
      that the maximum beam current for a given beam diameter on the target at a
      given brightness, .beta..sub.i, and spherical aberration of the
      two-aperture immersion lens, C.sub.s, is related in the following manner:
EQU  I.sub.max. = (k.sub.1 d).sup.8/3 .beta..sub.i /C.sub.s.sup. 2/3
PAR  From this equation it can be seen that the spherical aberration constant
      C.sub.s, should be as small as possible to get the most current from a
      source of given brightness. The spherical aberration constant for the
      two-aperture immersion lens depends on the lens dimensions (i.e., the
      aperture or lenslet diameter D and the spacing between the plates S) and
      the voltages applied to these plates. In considering the optical
      properties of the two-aperture immersion lens, various values of plate
      spacing to hole diameter, S/D, are considered.
PAR  FIG. 4 summarizes the information necessary to permit selection of lenslet
      dimensions. More specifically, FIG. 4 is a plot of normalized spherical
      aberration constant versus normalized mid-focal length for various S/D
      ratios. In each case, the spherical aberration constant is normalized with
      respect to lenslet radius and the midfocal length, z.sub.m, which is the
      distance from the geometric lens center to the focal point of the electron
      beam, is also normalized with respect to lenslet radius. From FIG. 4 it
      can be seen that as S/D increases, C.sub.s /R decreases for a given value
      of z.sub.m /R. Therefore, it is desirable to make S/D as large as
      possible. However, large values of S/D are extremely sensitive to external
      fields; hence, a useful compromise is a value of S/D = 2.0.
PAR  Also, in order to avoid field interactions between adjacent lenslets (or
      apertures), we have found that the maximum lenslet diameter must satisfy
      the following inequality: D.sub.max. .ltoreq.L/2, where L is the distance
      between adjacent lenslets. For a 16 .times. 16 matrix of lenslets on a 1
      .times. 1 inch total field of view, the distance L is 60 mils. Hence, for
      a S/D ratio of 2.0, S should equal 60 mils.
PAR  For purposes of illustration, assume that the mid-focal length, z.sub.m is
      600 mils. By normalizing this value of z.sub.m with respect to the lenslet
      radius, the optical properties and operating voltages are as follows:
TBL                TABLE I                                                     
     ______________________________________                                    
     Plate separation to hole diameter ratio                                   
                         S/D = 2.0                                             
     Plate separation    S = 60 mils                                           
     Hole diameter       D = 30 mils                                           
     Accelerating ratio  V = 2.28                                              
     Gun side plate potential                                                  
                         V.sub.1 = 4.4 kV                                      
     Target side plate potential                                               
                         V.sub.2 = 10.0 kV                                     
     Field strength between plates                                             
                         E = 3.7 .times. 10.sup.4 V/cm                         
     Normalized mid-focal length                                               
                         z.sub.m /R = 40.0                                     
     Normalized spherical aberration const.                                    
                         C.sub.s /R = 1.1 .times. 10.sup.4                     
     Normalized chromatic aberration const                                     
                         C.sub.c /R = 125.0                                    
     Mid-focal length    z.sub.m = 0.6 in. = 1.52 cm                           
     Spherical aberration const                                                
                         C.sub.s = 165 in. = 419.1 cm                          
     Chromatic aberration const                                                
                         C.sub.c = 1.875 in. = 4.75 cm                         
     ______________________________________                                    
PAR  From Table I, those skilled in the art can readily appreciate the numerous
      advantages of our invention over the three-element Einzel lens. For
      example, the accelerating ratio, V, which is equal to the ratio of the
      difference in potentials between V.sub.1 and the cathode voltage, V.sub.k,
      and the difference between V.sub.2 and V.sub.k is 2.28 for the
      two-aperture immersion lens. Due to this accelerating factor, the beam
      energy in the coarse deflection region is about 4.4 KeV whereas with the
      Einzel lens it is 10 KeV. Therefore, the coarse deflection voltage for a
      two-aperture immersion lens system is only 0.44 of the coarse deflection
      voltage required for the Einzel lens system. Thus, in accord with our
      invention, substantially less coarse deflection drive is required than
      with the Einzel lens.
PAR  Still another advantage of our invention is the substantial reduction in
      spherical aberration over the Einzel lens. FIG. 5, for example,
      illustrates the normalized spherical aberration constant versus the
      normalized mid-focal length for a two-aperture immersion lens when
      employed as an accelerating lens (TAA) and as a decelerating lens(TAD).
      More specifically, FIG. 5 illustrates for a normalized mid-focal length of
      40, the normalized spherical aberration constant for the Einzel lens is
      6.4 .times. 10.sup.4 whereas for the two-aperture accelerating lens, it is
      only 1.1 .times. 10.sup.4 and for the two-aperture decelerating lens, it
      is only 6.2 .times. 10.sup.3. Hence, the two-aperture immersion lens has a
      lower spherical aberration than the Einzel lens by approximately a factor
      of five for the accelerating lenslet, TAA, and a factor of ten for the
      decelerating lenslet, TAD.
PAR  This reduction in spherical aberration of the immersion lenslets is more
      dramatically emphasized by considering beam current capabilities. As
      pointed out above, the maximum beam current, I, in a spot diameter, d, at
      a given beam brightness, .beta..sub.i, and sperhical aberration of the
      lenslet, C.sub.s, is given by
EQU  I.sub.Max. = (k.sub.1 d).sup.8/3 .beta..sub.i /C.sub.s.sup.2/3
PAL  This equation assumes an optimum half angle of convergence, .alpha., of the
      beam at the target given by
      ##EQU1##
      The quantities, k.sub.1 and k.sub.2, are dependent on the percentage of
      beam current in the spot, d. For 90 percent current profiles, k.sub.1 and
      k.sub.2 have the respective values of 1.3 and 0.9. Hence, in terms of
      maximum theoretical brightness at the image in amperes per
      centimeter.sup.2 per steridian is given by
      ##EQU2##
      where j.sub.o equals cathode loading (amp/centimeter.sup.2), T equals
      cathode temperature (.degree.K), V.sub.L equals landing potential in
      volts. Electron sources or guns in practice do not fully produce this
      theoretical value of brightness and thus a more precise representation is
      given by .beta..sub.i = .gamma..beta..sub.T, where .gamma. is the gun
      efficiency. For high brightness sources, such as those employing a barium
      dispenser cathode, the efficiency, .gamma., may be as high as 80 percent.
      Table II illustrates the properties of typical barium dispenser cathodes
      at two different cathode loading conditions.
TBL                TABLE II                                                    
     ______________________________________                                    
     ELECTRON GUN PARAMETERS                                                   
     j.sub.o (amp/cm.sup.2)                                                    
               T (.degree.C)                                                   
                        T (.degree.K)                                          
                                 .beta..sub.i amp/cm.sup.2 /sr eq. 3 &         
     ______________________________________                                    
                                 4                                             
      3        1080     1353      8.2 .GAMMA. V.sub.L                          
     10        1190     1463     25.0 .GAMMA. V.sub.L                          
     ______________________________________                                    
PAR  Using the gun brightness from Table II and assuming the operating point
      illustrated in FIG. 5, the maximum beam current as calculated from the
      foregoing equation with .gamma. = 0.8 and V.sub.L = 8000 volts, the
      results are illustrated graphically in FIG. 6. From FIG. 6 it can be seen
      that a 3 A/cm.sup.2 cathode with the two-aperture immersion lens
      outperforms a 10 A/cm.sup.2 cathode with the Einzel lens. This is a
      significant factor in terms of gun lifetimes. For example, cathode
      lifetimes roughly double for every 50.degree.C. reduction in cathode
      temperature. From Table II it can be seen that this represents a factor of
      four times greater gun lifetime for the two-aperture immersion lens as
      opposed to the Einzel lens. Hence, by employing the two-aperture immersion
      lens, higher current capabilities and longer cathode lifetimes are
      achieved.
PAR  So that those skilled in the art can better appreciate the usefulness of
      the two-element immersion lens constructed in accord with our invention,
      reference is made to FIG. 7 which illustrates a typical electron beam
      addressable memory system employing a two-aperture immersion lens. More
      specifically, FIG. 7 illustrates an evacuated enclosure 40 including a
      source of electrons 41 such as a barium dispenser cathode, for example.
      The electrons emitted from the cathode pass through a condenser lens
      comprising a plurality of apertured plates 42 and then through
      electrostatic steering plates 43 which direct the electron beam through an
      apertured plate 44 for producing an electron beam 45 of controlled
      divergence angle. The electron beam 45 is then deflected from the center
      axis of the electron optical system by a course deflection assembly 46 to
      a second larger deflection assembly 47 which deflects the electron beam in
      an opposite direction from the deflection assembly 46 so that the electron
      beam enters a selected lenslet of the two-aperture immersion lens 48.
PAR  The two-aperture immersion lens 48 may, for example, comprise an array of
      16 .times. 16 lenslets. Each lenslet in turn has its own fine deflection
      lens associated therewith. This fine deflection lens is illustrated
      schematically in FIG. 7 by the plates 49. However, the aforementioned
      patent to Newberry describes a suitable fine deflection assembly
      comprising a plurality of interdigitated horizontal and vertical
      deflection bars which electrostatically deflect the electron beam exiting
      from each lenslet of the two-aperture immersion lens to a specific point
      of impingement on the target structure 50. Typically, the fine deflection
      assembly is capable of deflecting an electron beam over the surface of the
      target encompassed by a 10.degree. cone.
PAR  Operationally, whenever it is desired to read or write data on the storage
      target 50, the electron beam 45 is turned on and deflected into the region
      enclosed by the coarse deflection assemblies 46 and 47 and then to a
      specific lenslet in the two-aperture immersion lens 48. This deflection,
      may, for example, be controlled by voltages from a digital to analog
      converter in response to signals furnished by a computer.
PAR  The electron beam is then focussed by passage through the two-aperture
      immersion lens and enters the fine deflection region under the control of
      the fine deflection assembly 49. Deflection of the electron beam within
      this region is again controlled, for example, by digital to analog
      converters in response to output signals from the computer. The electron
      beam is then directed to a specific storage site on the target structure
      50.
PAR  Readout from the target structure, obviously depends upon the particular
      target employed, but, in general, the passage of an electron beam across
      the storage region produces a measurable output electrical signal which
      may then be utilized for data processing purposes.
PAR  From the above description, it can be readily appreciated that the present
      invention provides a new and improved electron optical lens which is
      characterized by improved spherical aberration characteristics and permits
      higher beam current densities and increased cathode lifetimes than those
      achievable with prior art Einzel lens.
PAR  While only certain preferred features of the invention have been shown by
      way of illustration, many modifications and changes will occur to those
      skilled in the art. For example, although the apertures in the lens plates
      are illustrated to be of equal diameter, the dimensions may in fact be
      different, if desired. In some instances, where the apertures in the lens
      plate closer to the target structure are larger than the apertures in the
      other lens plates, still further decreases in spherical aberration are
      achieved. It is therefore to be understood that the appended claims are
      intended to cover all such modifications and changes as fall within the
      true spirit and scope of the invention.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In an electron beam optical system including a source of electrons,
      coarse deflection means for directing said electrons toward an electron
      focussing means in the form of an electron beam, and means for focussing
      said beam on a target, the improvement comprising:
PA1  said focussing means consisting solely of a pair of substantially parallel
      plates spaced apart from each other and positioned between all of said
      coarse deflection means and said target, each plate having a plurality of
      substantially circular apertures therein with said apertures in each plate
      aligned along the optical axis of said electrom beam so as to form a
      matrix of lenslets, and means for biassing said plates to cause electrons
      passing through said apertures to be accelerated or decelerated before
      impinging on said target;
PA1  said coarse deflection means comprising a first assembly for deflecting the
      electron beam from said source from the center axis of the electron
      optical system, and a second assembly for deflecting the deflected
      electron beam in an opposite direction to cause the twice deflected
      electron beam to enter a selected lenslet of said matrix.
NUM  2.
PAR  2. The combination of claim 1 wherein the electron beam entering an
      aperture in the plate closer to said source of electrons is substantially
      orthogonal to said plate.
NUM  3.
PAR  3. The combination of claim 1 further comprising fine deflection means
      positioned between said target structure and the plate closer to said
      target structure, said fine deflection means deflecting the electron beam
      exiting from the aperture in said plate to a precise point on said target
      structure.
NUM  4.
PAR  4. The combination of claim 1 wherein the spacing between said parallel
      plates, S, and the diameter of the apertures in said plates, D, are of
      such value that the ratio thereof, S/D is substantially above zero but no
      greater than 4.
NUM  5.
PAR  5. The combination of claim 4 wherein said ratio, S/D, is about 2.
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PAL  A display structure comprising a substrate of transparent dielectric
      material, a first layer of copper on one major surface of the substrate
      etched to provide a plurality of conductive paths leading to a plurality
      of light emitting diodes disposed on the substrate in a display
      configuration, the junction plane of each diode being disposed
      perpendicular to the substrate. The spacing between two conductive paths
      which provide a potential difference across the diode at the point where
      the diode is located being slightly greater than the distance between the
      two electrodes of the diode. A solder paste mechanically secures the diode
      in place and electrically connects the electrodes of the diode to their
      associated conductive paths. A second layer of copper is formed on the
      other major surface of the substrate is etched to provide openings
      therethrough to said substrate below the location of each diode. These
      openings are slightly wider than the spacing between the two conductive
      paths to which the diode is connected. The second layer of copper is
      preferably blackened, such as by applying a so-called black-nickel plating
      consisting of alloy plating of zinc, sulpher and nickel.
PAL  In a second form of the invention, a nickel layer covers the first copper
      layer. The conductive paths are then formed in the first copper layer by
      etching out both the nickel layer and the first copper layer. A further
      etching under-etches the nickel layer to form overhanging eaves. The eaves
      facing each diode are bent down when the diode is forced into the etched
      opening which provides both mechanical support as well as an electrical
      connection with their associated conductive paths. Preferably, the nickel
      layer and first copper layer are coated where exposed with tin.
PAL  A solder paste may alternatively be used with the down bent eaves of the
      nickel layer to electrically connect the nickel layer to the electrically
      conductive paths.
PAL  A fourth form of the invention employs an iron plate in place of the first
      copper layer and copper in place of nickel for the layer providing the
      overhanging eaves. An etched copper layer extends down from the iron layer
      into the substrate. A black ceramic layer underlies the transparent
      substrate. The diodes in this case are viewed from above rather than from
      below as in the other three embodiments.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates mainly to a display device having light emitting
      semiconductor elements and particularly to a display device in which the
      semiconductor elements are securely supported by a simple construction.
PAR  2. Description of the Prior Art
PAR  In a prior art display device utilizing light emitting semiconductor
      elements, the electrodes of each element are arranged to be positioned at
      the upper and lower sides, in order to be positively supported on the
      substrate. In this case, however, it is relatively difficult to connect
      the electrodes of the element to the conductive members by soldering. For
      this reason, the upper electrode of the element sometimes needs a
      lead-wire for its connection which makes its construction quite
      complicated.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of this invention is to provide a display device in
      which semiconductor elements are securely supported by supporting members
      for solid connection to conductive members with a simple construction.
PAR  Another object of this invention is to provide a display device in which
      semiconductor elements are easily and positively soldered to conductive
      members.
PAR  A further object of this invention is to provide a display device which has
      an effect of enlargement when being observed.
PAR  A still further object of this invention is to provide a display device in
      which a distinct display can be achieved.
PAR  Yet another object of this invention is to provide a display device which
      is easy to manufacture and low in cost.
DRWD
PAR  The additional and other objects, features and advantages of this invention
      will become apparent from the following description taken in conjunction
      with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A to 1J are diagrams of manufacturing processes showing one example
      of a display device according to this invention;
PAR  FIGS. 2A to 2D are cross-sectional views in the order of the manufacturing
      process, showing another example of this invention;
PAR  FIGS. 3A to 3D are cross-sectional views in the order of the manufacturing
      process, showing a further example of this invention;
PAR  FIG. 4A is a plan view showing still another example of this invention; and
PAR  FIG. 4B is a cross-sectional view taken along a line C-C of FIG. 4A.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A description will hereinafter be given of one embodiment of a display
      device according to this invention and its manufacturing method with
      reference to the drawings. Cross-sectional views in FIGS. 1C, 1F, and 1G
      are those taken along a line A--A in FIG. 1C' for simplifying the
      understanding of its explanation.
PAR  In this invention, a light-transparent insulating sheet 1 is attached at
      its opposite surfaces with metal layers or copper plates 2 and 3 by
      adhesive agent to form a substrate 4 as shown in FIG. 1A. In this case, as
      the sheet 1, it is preferred to use a relatively thin film such as a
      light-transparent resin film consisting of polyimide resin, polyester
      resin or the like and having a thickness of about 50.mu. (micron). In
      addition, the copper plates 2 and 3 are preferred to have a thickness of
      about 70.mu. each.
PAR  Next, the surface of the copper plate 3 formed on one surface of the sheet
      1 is subjected to a blackening process. The blackening process is effected
      by applying a so-called black-nickel plating 5 consisting of alloy plating
      of zinc, sulpher and nickel. In this case, the thickness of the
      black-nickel plating 5 is made about 1.mu. maximum, by way of example (see
      FIG. 1B).
PAR  Then, the copper plate 3 applied with the black-nickel plating 5 and the
      other copper plate 2 are respectively removed by etching in different
      patterns by using a normal photo-etching technique (see FIG. 1C). In this
      case, as shown in FIG. 1C' an etching pattern 6 on the copper plate 3 is
      selected such as to form recesses 6a, 6a'; 6b, 6b'; . . . ; 6g, 6g'; and
      6h at the respective sides of 8-shaped configuration corresponding to a
      pattern of plural light emitting semiconductor elements. These
      semiconductor elements will be later disposed at the side of copper plate
      2 in 8-shaped pattern in this example. In the illustrated example, each of
      the respective sides forming 8-shaped pattern is halved, that is, a pair
      of two halves form one side or element.
PAR  Further, as shown in FIG. 1C", at a portion of the copper plate 2
      corresponding to the etching pattern 6 of the copper plate 3 there is
      formed an etching pattern 7 such as to have grooves 8 (8a, 8a'; 8b, 8b'; .
      . . ; 8g, 8g'; and 8h) in which light emitting semiconductor elements are
      disposed in grooves 10 in which wiring portions 9 are formed as if
      surrounding the aforesaid grooves 8. The pattern of the wiring portions 9
      can be chosen in various shapes. In this example, however, external
      terminal portions corresponding to eight elements forming 8-shaped
      configuration are formed facing the upper and lower end portions. In other
      words, reference 11I designates a common terminal, 11A to 11H terminals
      each corresponding to each pair of two elements forming the 8-shaped
      pattern, and 11J a free terminal. Meanwhile, each lead-wire, though not
      shown, used for connecting two light emitting semiconductor elements in
      series is formed corresponding to each of eight elements.
PAR  In case of etching the copper plates 2 and 3, it is preferred that a width
      l.sub.1 (or a length) of each recess 6 formed by etching the copper plate
      3 be selected larger than a width l.sub.2 (or a length) of each
      corresponding groove 8 formed by etching the copper plate 2.
PAR  After the copper plates 2 and 3 are etched each in a predetermined pattern,
      as shown in FIG. 1E light emitting semiconductor elements 12 (12a, 12a';
      12b, 12b'; . . . ; 12g, 12g'; and 12h) are respectively disposed in the
      grooves 8a, 8a'; 8b, 8b'; . . . 8g, 8g'; and 8h at the side of copper
      plate 2 forming the 8-shaped configuration.
PAR  The light emitting semiconductor element 12 is provided with PN-junction j
      as depicted in FIGS. 1D and 1D'. FIG. 1D' is a cross-sectional view of the
      semiconductor element 12 taken along a line B--B of FIG. 1D. Electrodes
      13p and 13n are connected by deposition to the end surfaces of its P-type
      and N-type regions in ohmic contact therewith to form a GaP light emitting
      diode, by way of example. In disposing such an element 12 in each of the
      grooves 8, for example, the P-type region is adapted to oppose the wiring
      portion connected to the common terminal 11I, that is, in the illustrated
      example, the P-type region is adapted to face the inside of the 8-shaped
      pattern.
PAR  At the next stage, flux (not shown) is coated over the entire surface of
      the substrate 4 at the side where each element 12 is disposed in order to
      solder as well as to secure the element 12 to the substrate 4. Thereafter,
      as shown in FIGS. 1F and 1F' solder paste 14 is coated on the element 12
      thereacross and extending on the wiring portions 9 which are respectively
      opposed to the electrodes 13p and 13n of the element 12 for being
      connected thereto by means of, for example, a silk screen printing method
      or the like. At this time, the solder paste 14 is also filled in gaps g
      between the electrodes 13p and 13n of the element 12 and the wiring
      portions 9. Accordingly, the accuracy in the lateral dimension of the
      element 12 and that of the groove 8 in which the element 12 is disposed is
      not particularly severe.
PAR  Then, a heating process is applied thereto in a heating furnace at a
      temperature of 170.degree.C maximum, normally more than 160.degree.C for
      1.5 minutes. With the above arrangement, the solder paste 14 is melted and
      both the electrodes 13p and 13n of the element 12 and the wiring portions
      9 in opposition thereto are electrically connected by the solder paste 14
      as shown in FIG. 1G. In this case, the portion of solder paste coated on
      the upper surface of the element 12 having no electrode thereon flows to
      the sides of both electrodes 13p and 13n due to cohesive phenomenon of
      solder and hence no solder attaches onto the upper surface of the element
      12 (see FIG. 1G).
PAR  Then, as shown in FIG. 1H each of external lead wires 15 made of "Kovar" or
      the like is connected to each of the terminals 11A to 12I and then bent as
      shown in FIG. 1I. Kovar is a low expansion iron based alloy with 28-30%
      nickel, 15-18% cobalt and a fractional percent of manganese. Next, as
      shown in FIG. 1J, the thus constructed portion including the elements 12
      is inserted into a transparent casing 16 made of resin or the like with
      its black-nickel plating 5 being made a display surface, and then suitable
      resin 17 is filled in the casing 16. Thus, there can be obtained an aimed
      display device 18 using the light emitting semiconductor elements.
PAR  With the thus constructed display device 18, the common terminal 11I is
      applied with a negative potential while the other terminals 11A to 11H
      corresponding to the respective elements forming 8-shaped configuration
      are selectively applied with a positive potential with the result that
      semiconductor elements in the selected grooves emit light to display a
      desired numeral through the recesses 6 of the copper plate 3.
PAR  According to the above described construction, the light transparent
      insulating sheet 1 is coated at its opposite surfaces with the metal
      layers 2 and 3 such as copper plate to form the substrate 4, the metal
      layers 2 and 3 are etched in patterns such as shown in FIGS. 1C", and 1C',
      respectively, the one metal layer 2 having the wiring portions 9 is
      disposed therein with the light emitting semiconductor elements 12, and
      the other metal layer 3 is used as a display mask. As a result, the
      display device using the light emitting semiconductor elements of this
      kind can be easily manufactured and also simplified in construction
      resulting in low price. In addition, the metal layer 3 used as a display
      mask is previously applied on its surface with the blackening process such
      as the black-nickel plating 5 thereby to improve the display contrast for
      its distinct display. Further, when the element 12 emits a light, since
      the recess 6 of the metal layer 3 as a display mask is formed larger in
      size than the groove 8 of its rear side wherein the element 12 is disposed
      and also the sheet 1 is formed thin, light from the element 12 is passed
      through the sheet 1 without being scattered about and observed with an
      effect of enlargement by means of the larger recess 6.
PAR  Such a display device according to this invention can be variously
      improved.
PAR  FIGS. 2A to 2D show an improved embodiment of this invention, in which the
      element 12 is positively secured to the substrate 4 when the same is
      disposed in the groove 8 so as to achieve the smoothness of the following
      process. That is, in advance of etching process to the copper plates 2 and
      3, a nickel layer 22 is plated on the copper plate 2 to be disposed with
      the elements 12. Thereafter, in the case of etching the copper plate 2,
      firstly the nickel layer 22 and the copper plate 2 are etched with narrow
      etching width, and then the copper plate 2 is over-etched in a
      predetermined width with the nickel layer 22 being used as a mask. In
      other words, as depicted in FIG. 2A, eaves 22a of the nickel layer 22 are
      formed by the above over-etching process, at least, at a portion over the
      groove 8 wherein the element 12 is disposed. In the above etching process,
      the final etching width l.sub.2 of the copper plate 2 obtained by the
      over-etching is selected in a predetermined size which has been described
      with reference to FIG. 1.
PAR  After the eaves 22a of the nickel layer 22 are thus formed, a tin plating
      layer 23, by way of example, is formed by deposition on the surface
      including the nickel layer 22 and a copper plate 2 as shown in FIG. 2B.
      Next, the element 12 is inserted into each groove 8 having the eaves 22a
      thereon by pressing down the respective eaves 22a. In this case, the
      element 12 is resiliently supported by the eaves 22a as shown in FIG. 2C.
      Besides, the electrodes 13p and 13n of the element 12 are electrically
      brought into contact with the copper plates 2 through the tin plating
      layers 23 and the nickel layers 22. After flux 24 is applied on the tin
      plating layers 23 with the above described condition as shown in FIG. 2C,
      an alloy process is applied thereto. Thus, the tin plating layers 23 are
      subjected to an alloy process as shown in FIG. 2D to connect the
      electrodes 13p and 13n of the element 12 to the copper plates 2 or wiring
      portions 9 in an electrical and mechanical manner.
PAR  Meanwhile, with a condition where the eaves 22a are formed, the element 12
      is inserted into the groove 8 by pushing down the eaves 22a directly and
      supported resiliently by the curved portions of the eaves 22a of the
      nickel layers as shown in FIG. 2B', thus the electrical and mechanical
      connection between the element 12 and wiring portions 9 being completed.
      Otherwise, as shown in FIG. 2C', the tin plating layer 23 is further
      deposited on the nickel layer 22 and then alloy process may be applied
      thereto to obtain a construction shown in FIG. 2D.
PAR  When the eaves 22a are provided at the end edges of the wiring portions 9
      facing the groove 8 and the eaves 22a are pushed down to insert the
      element 12, the element 12 is securely supported by the eaves 22a in a
      mechanical manner. Accordingly, the operation in the following process can
      be smoothly carried out, that is, the element can be prevented from being
      shaken and fallen out in its transportation and precise coupling with no
      positional shift can occur.
PAR  FIGS. 3A to 3D show another improved embodiment of this invention, in which
      the light emitting display is made to look larger, particularly even with
      small light emitting semiconductor elements. That is, a so-called effect
      of enlargement is achieved. In other words, there is first provided a
      sheet 1 which is previously applied with aventurine lacquer 25 on its
      opposite surfaces and then the copper plates 2 and 3 are formed by
      deposition on both the surfaces of this sheet 1 to form the substrate 4 as
      shown in FIG. 3A. Further, the surface of one copper plate 3 is subjected
      to the black-nickel plating 5 as occasion demands. Thereafter, in the case
      where the eaves are to be provided similarly as the case of FIGS. 2A to
      2D, the nickel layer 22 is deposited on the surface of the copper plate 2
      (see FIG. 3B) and then the copper plates 2 and 3 together with the nickel
      layer 22 are subjected to etching process to form the eaves 22a on the
      nickel layer 22, thus a predetermined pattern being formed as shown in
      FIG. 3C. In this case, the aventurine lacquer 25 comes out to the outside
      at etched portions. Further, the recess 6 formed in the copper plate 3 is
      made larger than the groove 8 of the copper plate 2.
PAR  Next, the element 12 is inserted into the groove 8 of the copper plate 2
      and they are connected by the solder paste 14 as shown in FIG. 3D.
PAR  With such a construction, the light emitted from the element 12 is observed
      through the transparent sheet 1 from the side of copper plate 3. In this
      case, since the surface of the sheet 1 is applied with the aventurine
      lacquer 25, the light is reflected diffusively to perform a display with a
      moderate by bold figure.
PAR  FIGS. 4A and 4B show a further improved embodiment of this invention. At
      first, an iron plate 31 with a thickness of about 250.mu. is applied with
      a copper plating having a thickness of about 20.mu. at its opposite
      surfaces with a photo resist being used as a mask to form a copper layer
      32 and copper marks 32' in predetermined patterns. In this case, a gap
      between the copper layers 32 on the upper side is made substantially 0.6
      mm and both the layers 32 have projected therefrom comb-like electrodes
      each being substantially 0.5 mm in pitch, 100.mu. in width and 225.mu. in
      length.
PAR  Next, a black ceramic substrate 34 having a thickness of about 8 mm is
      secured to the lower surface of the iron plate 31 through epoxy resin 33
      or the like with the copper marks 32' formed on the bottom surface being
      used as its guide.
PAR  Thereafter, the iron plate 31 is etched in a lead-frame shape 35 with the
      copper layer 32 being used as a mask as shown in FIG. 4A. In this case,
      the iron plate 31 is over-etched by 100 to 150.mu. to form eaves 32a of
      the copper layer 32. Then, a solder plating with thickness of about 20.mu.
      is applied on the surface including the copper layer or electrodes 32 and
      the iron plate 31. Next, a GaP light emitting semiconductor element, which
      is substantially 4 mm long, 0.5 mm wide and 180.mu. high, is inserted
      between the eaves 32a of the copper layer 32 with the PN-junction of the
      element being perpendicular to the substrate 34 and finally subjected to a
      soldering process.
PAR  In the embodiment of the invention shown in FIGS. 4A and 4B, the diodes are
      viewed from the side of the structure opposite to that where the opaque
      black ceramic layer lies, i.e., from above as seen in FIG. 4B.
PAR  It is needless to say that this invention is not limited to numeral display
      but also applicable to various devices for displaying characters, signs
      and the like.
PAR  As described above, with this invention the display device utilizing light
      emitting semiconductor elements can be obtained with a very simple
      construction, and also it is possible to simplify its manufacturing and to
      provide it with small size and low price.
PAR  It will be apparent to those skilled in the art that many modifications and
      variations may be effected without departing from the spirit and scope of
      the novel concepts of the present invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A display structure comprising:
PA1  a. a substrate of insulating material;
PA1  b. a plurality of light emitting diodes disposed on one major surface of
      said substrate in a predetermined pattern with their pn junctions
      perpendicular to said substrate;
PA1  c. multi-layer paths carried on said one surface of said substrate,
PA2  at least the outer layer of which is formed of conductive material;
PA1  d. said paths being shaped to provide recesses, each larger than the width
      of a diode;
PA1  e. said diodes being in said recesses with the outer layer of an associated
      one of said multi-layer paths bent down into said recess to mechanically
      grip and electrically connect with each diode.
NUM  2.
PAR  2. A display structure according to claim 1, in which an additional layer
      is formed on the opposite major surface of said substrate, in which
      openings are provided through said additional layer below the location of
      each light emitting diodes, said openings being wider than the width of
      the recess lying thereabove, and in which said substrate is transparent.
NUM  3.
PAR  3. A display device according to claim 1, in which a conductive adhesive is
      also provided between said conductive paths and said diodes.
NUM  4.
PAR  4. A display device according to claim 1, in which the recesses provided by
      said multi-layer paths are wider in the innermost layer than in the
      outermost layer, whereby a portion of said outermost layer overhangs the
      innermost layer.
NUM  5.
PAR  5. A display structure comprising:
PA1  a. a substrate of transparent insulating material;
PA1  b. a first copper layer on one major surface of said substrate;
PA1  c. a nickel layer covering the outer surface of said first copper layer;
PA1  d. a second copper layer on the other major surface of said substrate;
PA1  e. a plurality of light emitting diodes each having a positive and a
      negative electrode;
PA1  f. said first copper layer and its associated first nickel layer being
      formed to provide a plurality of conductive paths to said diodes to enable
      selective energization of the diodes;
PA1  g. said first copper layer being shaped to provide openings in which each
      diode is mounted, which openings are wider than the spacing between the
      electrodes of a diode;
PA1  h. said first nickel layer being shaped to provide openings corresponding
      to and aligned with the openings of said first copper layer but of
      narrower width, the overhanging eaves of said first nickel layer being
      bent down into the opening of said first copper layer;
PA1  i. one of said diodes being disposed between and mechanically held by said
      bent down eaves and in electrical contact therewith.
NUM  6.
PAR  6. A display structure according to claim 5, in which there is a black
      nickel plating on the outer surface of said second copper layer.
NUM  7.
PAR  7. A display character according to claim 5, in which a coating of tin
      covers the exposed surface of said nickel layer and first copper layer.
NUM  8.
PAR  8. A display structure according to claim 5, in which each eave is soldered
      to the electrode of its associated diode.
NUM  9.
PAR  9. A display structure according to claim 5, in which said second copper
      layer has windows therethrough below each diode, said windows being wider
      than said recesses in said first copper layer.
NUM  10.
PAR  10. A display structure comprising:
PA1  a. a substrate of insulating material;
PA1  b. a first conductive metal layer on one major surface of said substrate;
PA1  c. a layer of a different conductive metal covering the outer surface of
      said first conductive metal;
PA1  d. a plurality of light emitting diodes each having a positive and a
      negative electrode adapted to be connected across a potential source;
PA1  e. said two conductive layers being formed to provide a plurality of
      conductive paths from said potential source to said diodes to enable
      selective energization of said diodes;
PA1  f. said first conductive layer being shaped to provide openings in which
      each diode is mounted with its pn junction perpendicular to said substrate
      and which openings are wider than the spacing between the positive and
      negative electrodes of a diode;
PA1  g. said second conductive layer being shaped to provide openings
      corresponding to and aligned with the openings in said first conductive
      layer but of narrower width, the overhanging eaves of said second
      conductive layer being bent down into the openings of said first
      conductive layer;
PA1  h. each pair of aligned openings having a diode disposed therein between
      said bent down eaves with its electrodes in electrical contact with the
      respective electrodes of such diode.
NUM  11.
PAR  11. An alpha-numeric character display structure comprising:
PA1  a. a substrate of transparent insulating material;
PA1  b. a first conductive metal layer on one major surface of said substrate;
PA1  c. a layer of a different conductive metal covering the outer surface of
      said first conductive metal;
PA1  d. a layer of stiff material on the other major surface of said substrate;
PA1  e. a plurality of light emitting diodes each having a positive and a
      negative electrode adapted to be connected across a potential source;
PA1  f. said two conductive layers being formed to provide a plurality of
      conductive paths from said potential source to said diodes to enable
      selective energization of said diodes;
PA1  g. said first conductive layer being shaped to provide openings in which
      each diode is mounted with its pn junction perpendicular to said substrate
      and which openings are wider than the spacing between the positive and
      negative electrodes of a diode;
PA1  h. said second conductive layer being shaped to provide openings
      corresponding to and aligned with the openings in said first conductive
      layer but of narrower width, the overhanging eaves of said second
      conductive layer being bent down into the openings of said first
      conductive layer;
PA1  i. each pair of aligned openings having a diode disposed therein between
      said bent down eaves with its electrodes in electrical contact with the
      respective electrodes of such diode.
NUM  12.
PAR  12. A display structure comprising:
PA1  a. a substrate of opaque insulating material;
PA1  b. an epoxy layer on one surface of said substrate;
PA1  c. a first metal layer of iron on said epoxy layer;
PA1  d. a second metal layer of copper on said layer of iron;
PA1  e. a plurality of light emitting diodes each having a positive and a
      negative electrode adapted to be connected across a source of potential;
PA1  f. said metal layer being shaped to provide a plurality of conductive paths
      from said potential source to said diodes;
PA1  g. said iron metal layer being shaped to provide openings in which each
      diode is mounted with its pn junction perpendicular to said substrate and
      which openings are wider than the spacing between the positive and
      negative electrodes of a diode;
PA1  h. said copper layer being shaped to provide openings corresponding to the
      openings in said iron layer but of narrower width;
PA1  i. each of said openings in said copper layer having a diode disposed
      therein seated on said substrate with their respective electrodes abutting
      opposite eaves of said copper layer.
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PAL  The collector wall axially coextensive with the expanding beam of electrons
      includes at least portions thereof which extend inwardly to closely
      approach the periphery of the beam of electrons at several axially spaced
      planes. In its simplest form this structure consists of a series of
      annular baffle plates each having a central aperture of a diameter only
      slightly larger than the diameter of the beam at the axial plane in the
      collector where the baffle plate is located. These baffle plates have been
      found to substantially reduce the number of secondary (impact-produced)
      electrons which return from the collector to the interaction sections of
      the linear beam microwave tube. As a result spurious signals and noise
      caused by back-streaming secondary electrons are significantly reduced.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Prior art linear-beam microwave tubes in UHF television transmitters
      operating in the frequency range from 450 MHz to 900 MHz have suffered
      from spurious signals and oscillation caused by secondary electrons
      back-streaming from the collector of the tube and returning through the
      tube in a direction reverse to that of the primary beam of electrons.
      These secondary electrons have been sufficiently numerous to cause (1) an
      increase in the observed noise level at the output of the tube, (2)
      ringing on heavy pulse signals and (3) oscillation. The secondary
      electrons are formed by impact of the high energy electron beam in the
      collector region. High energy secondary electrons having approximately the
      same emission velocity as the primary or beam electrons result from
      so-called "elastic" collisions. While these high energy secondary
      electrons are particularly troublesome, low energy secondary electrons are
      also emitted and can disturb normal tube operation. The secondary
      electrons can follow the beam path in a direction reverse to that of the
      beam and reach the input end of the tube where they are subjected to the
      high overall gain of the tube resulting in the aforementioned oscillation
      or ringing.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Several approaches were known in the prior art for controlling the emission
      of secondary electrons or for minimizing the deleterious effects of any
      secondary electrons emitted.
PAR  It has been well-known for many years that the ratio of high energy
      secondary electrons emitted from the surface of a body of material
      bombarded by a given beam of primary electrons is a directly increasing
      function of the atomic number of the material. Accordingly, the use of
      coating material having a lower atomic number than the substrate on which
      they are supported has been common. Of these materials, carbon suspended
      in a vehicle consisting of a binder dissolved in a solvent has been widely
      used. Unfortunately both the carbon and the readily available binders have
      a tendency to contaminate the desired high vacuum atmosphere within a
      tube. I.e., the binders tend to decompose slowly, evolving gases, while
      the carbon itself has a well-known ability to adsorb various gases which
      are released slowly.
PAR  Other approaches which have been used include simple enlargement of the
      collector such that the impact surface thereof is located at a relatively
      large distance from the entrance to the collector. This approach does
      reduce the probability of return of secondary electrons from the impact
      surface through the constricted entrance portion into the interaction
      section of the tube. Unfortunately, the resulting collector designs were
      often inconveniently large and cumbersome.
PAR  According to an alternative approach outlined in U.S. patent application
      Ser. No. 258,305, filed May 31, 1972 by Erling L. Lien and Martin E. Levin
      and assigned to the same assignee as the present invention now U.S. Pat.
      No. 3,806,755 issued Apr. 23, 1974, only the drownstream or back wall of
      the collector is enlarged while the remaining portion of the collector has
      a tapered shape conforming roughly to that of the expanding primary beam
      in the collector. Using this approach the back wall of the collector forms
      an impact surface portion dimensioned large enough to receive the entire
      primary beam of electrons. Accordingly the entire primary beam of
      electrons strikes that portion of the collector which is farthest from the
      constricted entrance portion of the upstream end of the collector. The
      probability of secondary electrons returning to the interaction section of
      the tube is thus reduced.
PAR  Furthermore the impact surface portion of the collector can have a shape
      approximating a portion of a sphere having its center at the entrance to
      the collector. Accordingly all secondary electrons will be generated at
      approximately the same distance from the entrance to the collector and
      will, therefore, have approximately the same low probability of returning
      to the tube.
PAR  This advantage becomes very important when the tube is heavily modulated,
      since the prior art designs such heavy modulation caused sufficient beam
      spreading in the collector region to produce impact of primary electrons
      well up on the side wall of the collector. Under these circumstances the
      resulting secondary electrons, being generated significantly closer to the
      entrance to the collector than is the case for secondaries generated near
      the back wall of the collector, have a much higher probability of
      returning to the interaction section of the tube.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention the number of secondary electrons which
      can return from the collector to the interaction section of the tube can
      be substantially reduced by providing within the collector, at a plurality
      of axially spaced positions, portions of the inner wall of the collector
      which extend radially inwardly to closely surround the expanding beam of
      primary electrons. These inwardly extending wall portions together define
      a beam tunnel which has approximately the same diameter as the beam of
      primary electrons. These baffles produce the surprising result that the
      number of secondary electrons returning to the interaction section of the
      tube is significantly reduced.
PAC  OBJECTS
PAR  The principal object of the present invention is to provide an improved
      linear beam microwave tube in which the number of secondary electrons
      returning from the collector region to the interaction region of the tube
      is significantly reduced.
PAR  A further object is to provide a tube according to the first object in
      which the wall of the collector axially coextensive with the beam includes
      axially spaced, inwardly extending portions which define an electron beam
      tunnel having a cross section which increases in the downstream direction
      of the tube.
PAR  A further object is to provide a tube according to the preceding objects
      wherein the beam tunnel is formed by a plurality of axially spaced,
      radially inwardly extending baffle plates, each of which has a central
      aperture corresponding to the diameter of the electron beam in the
      collector.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent upon reading the following detailed description
      and examining the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view partly in schematic line diagram form of a
      prior art UHF multicavity klystron amplifier;
PAR  FIG. 2 is an enlarged detailed view of an electron collector illustrating
      the principles of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows one type of prior art UHF multicavity klystron amplfier 11
      which includes a conventional electron gun assembly 12 for forming and
      projecting a beam of electrons 13 over an elongated beam path to a beam
      collector assembly 15. A plurality of cavity resonators 16-16'",
      successively arranged along the beam path, together form a wave-beam
      interaction circuit for electromagnetic interaction with the beam 13.
PAR  An imput signal to be amplified is fed into the input cavity resonator 16
      via input coupling loop assembly 17 and input coaxial line 18. Drift tube
      tunnels 19-19'" through which beam 13 passes, communicate between
      successive cavity resonators 16-16'". The mutually opposed ends of the
      drift tube tunnels, projecting into each of the cavity resonators 16-16'"
      define electronic interaction gaps 20-20'".
PAR  The signal in input cavity resonator 16 excites resonance of that cavity,
      developing an alternating electric field across input gap 20. The electric
      field in gap 20 velocity modulates the beam 13. In the suceeding drift
      tube tunnel 19' this velocity modulation is converted within the drift
      space to current density modulation which excites resonance of the next
      two cavities 16' and 16". These two succeeding cavities act as driver
      cavities to further velocity modulate the beam 13, which velocity
      modulation is converted in drift tube tunnels 19" and 19'", respectively,
      into increased current density modulation of the beam 13 as the electrons
      move toward the collector 15.
PAR  In the output cabity resonator 16'", the accumulated current density
      modulation of beam 13 produces an amplified output signal which is
      extracted by means of output coupling loop 21. This output signal is then
      fed to a suitable load such as a transmitting antenna, not shown, via
      output coaxial line 22. A solenoid 23 surrounds tube 11 to provide an
      axial magnetic field which confines the electrons of the beam to the
      desired beam path. Capacitive tuning plates 24 bridge the gaps 20-20'"
      within cavities 16-16'", respectively, for mechanically tuning the
      operating frequency of the tube within a desired range of frequencies such
      as, for example, 470 MHz to 560 MHz.
PAR  In a typical example of a prior art tube according to FIG. 1, the electron
      gun 12 produced a beam 13 of 4.8 amperes at a beam voltage of 18 kv. with
      a beam perveance of 2.times.10.sup..sup.-6. The cathode emitter 14 had an
      emission density of 0.8 ampere per square centimeter of emitting surface.
      The cavities 16-16'" were cylindrical with an inside diameter of 8 inches
      and a length of 5.4 inches. Drift tube tunnels 19-19'" were of copper and
      had an internal diameter of 0.875 inch and an outside diameter of 1.475
      inches.
PAR  The collector 15, shown in somewhat simplified form, was made of copper and
      had a shape conforming to that of the expanding beam of primary electrons
      13 within the collector region. Collector 15 is insulatedly mounted on the
      main body of tube 11 and would typically be operated at ground (0 volts)
      potential, and would be provided with a liquid cooling means (not shown)
      surrounding its exterior surface.
PAR  Since the collector region comprises a virtually electric-field-free space
      having only a very low value of magnetic leakage field strength, the beam
      13 rapidly diverges upon entering the collector region under the influence
      of its internal space charge forces. Accordingly as shown collector 15 has
      a similar expanding a diverging shape such that the primary beam of
      electrons does not impact the axially extending side wall portions 25, but
      does strike an enlarged surface portion 26 which forms the end wall of the
      collector 15. In accordance with the teachings of the aforecited U.S. Pat.
      No. 3,806,755, impact surface portion 26 is dimensioned sufficiently large
      to receive all of the primary beam electrons under normal operating
      conditions of the tube, and has a shape approximating that of a portion of
      a sphere having its center at the entrance to the collector.
PAR  While the prior art collector design represented in simplified form in FIG.
      1 was largely successful in achieving a significant reduction in the
      number of secondary electrons returning from the collector to the
      interaction sections of the tube, and in minimizing any modulation in the
      quantity or amplittude of these returning secondaries, it was still
      necessary to coat the walls of the collector with carbon in order to
      further reduce the quantity of secondary electrons to an acceptable
      figure. Since, as already noted, the carbon coatings gave rise to problems
      of outgasing and contamination of the vacuum within the tube, a means of
      eliminating these coatings was considered desirable.
PAR  FIG. 2 illustrates the improved collector design according to the present
      invention. The collector comprises a front plate 27 which is insulated
      from and vacuum-tightly joined to the body of tube 11 and defines a
      constricted entrance apertures 28 in coaxial registration with a tapered
      output 29 of the tube 11. To the downstream face of front plate 27 are
      joined in succession a series of three substantially cylindrical ring body
      members 30-30". An end wall assembly 31 closes the downstream end of
      member 30". End wall assembly 31 is comprised of a peripheral portion 32
      which is substantially a right truncated section of a circular cone, and a
      circular flat end section 33. End wall assembly 31 and ring body members
      30-30" are dimensioned such that under conditions of the maximum beam
      divergence which is anticipated in the collector, indicated by limiting
      lines L, all of the electrons of the beam will nevertheless impact upon
      end wall assembly 31. In simple terms this means that the further assembly
      31 is positioned from constricted entrance aperture 28, the larger
      assembly 31 must be.
PAR  Also according to the aforecited U.S. Pat. No. 3,806,755 all of the points
      on end wall assembly 24 should, insofar as practical, lie on the locus of
      points equidistant from the center of the midplane of the constricted
      entrance aperture 28 of the collector. Such a locus of points is, of
      course, a portion of a sphere having its center at the center of the
      midplane of constricted entrance aperture 28. In practice however,
      considerations of the cost of machining and the desirability of providing
      a set of cooling fins 34 on the external surface of end wall assembly 31
      have dictated the just-described and illustrated shape which deviates from
      the ideal locus of points by up to 15 percent.
PAR  While the collector design of FIG. 2 as described up to this point had
      satisfactory performance when the internal surfaces thereof were coated
      with carbon, for reasons already noted it was considered desirable to
      eliminate the carbon coating. In accordance with the present invention the
      internal carbon coating can be eliminated while preserving good
      performance with respect to suppression of secondary electrons by
      providing a series of baffle plates 35 axially spaced along the internal
      surfaces of ring body members 30-30". Each of these baffle plates 35 is
      provided with an internal aperture 36 cut at a beveled angle such that the
      inner surface of each aperture 36 faces somewhat towards end wall assembly
      31. Members 27, 30-30", 31 and 35 may be made of oxygen-free high
      conductivity copper brazed together at all joints.
PAR  In use the baffle plates 35 have proven to be as effective in reducing
      observed currents of secondary electrons as were the carbon coatings used
      in prior art tubes. Factors of reduction on the order of three or more in
      the observed current of secondary electrons in the tube have been noted.
PAR  The mechanism by which baffle plates 35 produce such a reduction in
      secondary electrons entering the tube body is not clearly understood. Two
      theories have emerged, both relying on the fact that the baffle plates 35
      limit the region of space in the collector through which emitted electrons
      can travel back into the tube.
PAR  One theory is that high speed secondary electrons emitted from end wall
      assembly 34 in the absence of baffle plates 35 strike the inner surface
      portions of ring body members 30-30" causing the emission of tertiary or
      third generation electrons at the right angle and velocity to enter
      constricted entrance aperture 28 and return down the tube. With baffle
      plates 35 in place these tertiary electrons would be emitted in a
      direction toward end wall assembly 34 whence they could not escape from
      the collector region.
PAR  A second theory is based upon the fact that secondaries emitted from end
      wall assembly 34 must in general make their way to costricted entrance
      aperture 28 along a path different from that of the primary electrons
      which generated them. This is true because, in their travel toward the
      mouth of the collector, these secondaries are subjected to electric fields
      generated by the high density beam of electrons. These fields vary in time
      according to the radio frequency of the tube such that the secondary
      electrons do not experience the same electric field in their transit
      toward the entrance of the collector as did the primary electrons which
      generated them. Therefore the secondary electrons in order to pass through
      constricted entrance aperture 28 must follow trajectories which are
      different from those of the primary beam electrons. If a series of baffle
      plates 35 is interposed in the path of most trajectories other than those
      of the primary beam electrons, most of the secondaries cannot escape from
      the collector and will impact upon the baffle plates 35.
PAR  Many changes could be made in the above construction and many apparently
      widely different embodiments of this invention could be made without
      departing from the scope thereof. For example the axially extending wall
      of the collector, corresponding to ring members 30-30" in FIG. 2, could
      closely approach the perimeter of the electron beam throughout the
      collector region. Furthermore ring members 30-30" could have internal
      diameters chosen such that they closely approach the perimeter of the beam
      at both the upstream and downstream end of each member 30-30". Finally,
      the baffles need not be flat plates, but could be cones or curved cups of
      various shapes. Therefore, it is intended that all matter contained in the
      above description or shown in the accompanying drawings shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A linear beam electron discharge device dimensioned to operate under
      preselected parameters of voltage, fields and frequencies comprising:
      electron gun means for forming and projecting a beam of electrons over an
      elongated path extending from an upstream end of said device, wave beam
      interaction circuit means axially coextensive with and adjacent to a
      portion of said beam path for velocity modulating said beam at said
      preselected frequencies, means for extracting an output radio frequency
      signal from said velocity modulated beam at the downstream end of said
      device, hollow collector means within which said beam expands in
      transverse cross section in the downstream direction, the inner surfaces
      of said collector means being dimesnioned with respect to the shape of
      said expanding cross sections when said device is operated under said
      parameters, said inner surfaces of said collector means comprising, at the
      upstream end thereof, a constricted entrance portion dimensioned to allow
      passage of said beam therethrough; at the downstream end thereof, an
      electron impact portion dimensioned to intercept substantially all of said
      beam and dissipate its energy; and between said entrance portion and said
      impact surface portion, and electrically conductive wall portion
      dimensioned to surround said beam; said wall portion comprising outer
      transverse cross sections substantially outside said beam, said wall
      portion further comprising a plurality of baffle members spaced along the
      direction of said beam, said baffle members extending inwardly from said
      outer transverse cross sections to define apertures with peripheries
      outside said beam.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said impact surface portion of said
      collector deviates from the locus of points equidistant from the center of
      the midplane of said constricted entrance portion by less than 15 percent.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said beam has an axis and wherein said
      baffles are axially spaced and extend radially inward transverse to said
      axis and wherein said apertures are circular, having increasing diameter
      in a downstream direction.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the edges of the central aperture in
      said conductive sheets are beveled in a direction to cause them to face
      toward said impact surface portion.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said baffles are annular discs of
      copper electrically and thermally joined to said outer transverse sections
      of said wall portion.
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ABST
PAL  A fluorescent lamp is operated by a-c pulses having a pulse length
      sufficiently short that the lamp acts like slightly positive impedances. A
      pulse modulator which produces the pulses has a power transistor biased to
      saturation. However, varying the base drive of the saturated transistor
      causes a generally linear change in tube current to permit tube dimming
      and control. A servo circuit provides feedback control of the base drive
      to automatically compensate for variable effects to maintain constant tube
      lighting. Tube dimming is obtained by adjusting the feedback circuits of
      the servo.
BSUM
PAC  RELATED APPLICATIONS
PAR  This application is related to copending application Ser. No. 173,530,
      filed Aug. 20, 1971, in the name of Joel S. Spira and Joseph Licata,
      entitled HIGH-FREQUENCY FLUORESCENT TUBE LIGHTING CIRCUIT WITH ISOLATING
      TRANSFORMER, and assigned to the assignee of the present invention.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to control circuits for the control of gas discharge
      tubes, and more particularly relates to a novel electronic ballast circuit
      for gas discharge tubes, particularly a fluorescent tube, which eliminates
      the need for a large inductive impednace and which permits a wide dimming
      range for the fluorescent tube.
PAR  Ballast circuits for fluorescent tubes are well known, and generally
      require a large and expensive inductance to prevent excessive tube current
      since the tube has a negative resistance characteristic. It is also known
      that fluorescent tubes are difficult to dim over an even modest brightness
      range.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention provides a-c current pulses to the lamp which have a
      short duration as suggested, for example, in the above application Ser.
      No. 173,530 and, in particular, the pulses are so short that the lamp
      behaves like a positive impedance. The lamp will also perform with d-c
      pulses.
PAR  It was found that the lamp will then behave like a slightly positive
      resistance so that large current limiting impedances are not needed.
      However, for reasons which are not fully understood, the pulse modulator
      which supplies the pulses and which consists of a power transistor with
      base drive control causes the light output of the tube to change as a
      direct function of pulse modulator drive, even though the transistor is
      always in apparent saturation.
PAR  A novel servo system is then provided to stabilize tube light output
      against variations in line voltage, aging, and variations between
      different tubes and components. The novel servo circuit can have a
      relatively simple structure since it can be relatively slow. Thus, because
      of the short pulse energization of the tubes, the tubes appear to behave
      like mildly positive resistances, and the circuit is relatively stable.
      Also, since the tube current is proportional to light output, the servo
      can respond to a measure of the tube current. Thus, the tube current is
      measured and used to vary pulse modulator drive. Thus, as tube current
      (and light output) increases, base drive is decreased so that output is
      stabilized.
PAR  The circuit also becomes easily dimmed over a wide range of brightness.
      Moreover, it has been found possible to dim V.H.O. (very high output)
      fluorescent tubes which may have lengths up to 8 feet with the present
      invention which were heretofore inpossible to dim. The dimming function is
      conveniently obtained by controlling pulse modulator drive through the
      servo.
PAR  Other features which are novel in the electronic ballast of the invention
      include overvoltage protection of the power transistor by control of the
      base drive of the transistor when the voltage across the transistor
      exceeds a given value. Moreover, the novel circuit lends itself to a
      flasher function by switching the tube between a high light intensity
      output and a low light intensity output.
PAR  In a specific embodiment of the invention, and to decrease radio frequency
      interference, two parallel-connected fluorescent tubes, mounted parallel
      to one another, carry current in opposite directions. A current balancing
      transformer insures proper division of current between the two tubes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the circuit of the present invention for
      operating a tube in an a-c mode of operation.
PAR  FIG. 2 is similar to the block diagram of FIG. 1, but shows the further
      provision of a servo system and high voltage protection circuit and
      dimming control through the servo system amplifier.
PAR  FIG. 3 is a detailed circuit diagram of one particular circuit which
      follows the concepts of FIG. 2 for the operation and dimming of two
      parallel-connected fluorescent lamps.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring first to FIG. 1, there is illustrated the novel electronic
      ballast of the invention wherein a conventional 60 cycle a-c line input at
      terminals 10 and 11 is connected to operate a d-c power supply 12. The d-c
      power supply 12, in turn, drives an oscillator 13 which produces an output
      voltage, for example, of from about 20 kilohertz to 100 kilohertz, which
      output is connected to the amplifier driver 14 which produces a pulse
      output to the pulse modulator 15. Pulse modulator 15 consists of a power
      transistor having base drive supplied from the amplifier driver 14.
PAR  The pulse modulator 15 is then connected to a relatively small transformer
      consisting of inductively coupled windings 16 and 17 which are used to
      produce an a-c pulse output for the fluorescent lamp 18 from the input d-c
      pulse obtained from the pulse modulator 15. Note that coupled windings 16
      and 17 are small in comparison to the conventional inductive ballast,
      normally used for fluorescent tubes (or other gas lamps discharge tubes)
      since the windings 16 and 17 limit current rise for only a very short time
      as compared to conventional 60 cycle operation.
PAR  In the embodiment of FIG. 1, it has been found that if the pulse current
      through modulator 15 has a duration of less than about 30 microseconds,
      the tube will not tend to conduct run-away current, which previously
      necessitated a heavy inductive ballast for prior art fluorescent lamps. In
      one particular embodiment of the invention, the oscillator 13 has a
      frequency of about 20 kilohertz with the amplifier driver 14 turning the
      pulse modulator on for about 20 microseconds in each cycle. The pulse
      length can be shorter than 20 microseconds but, as a practical matter, the
      switching losses of presently economically feasible transistors being to
      increase substantially.
PAR  When using pulse lengths of about 30 microseconds or less, the tube 18 of
      FIG. 1 is found to act like a slightly positive impedance. Consequently,
      the inductor 17 can be made to be either extremely small or removed
      altogether so that only a shunt inductor 16 remains.
PAR  In FIG. 1, the amplifier driver 14 is so adjusted that whenever it delivers
      an output to the pulse modulator 15, the base drive current causes the
      transistor of the pulse modulator 15 to saturate. Nevertheless, it has
      been found that increasing base drive even to the saturated transistor
      causes a change in the output of tube 18, such that base drive is
      proportional to the tube light output and thus the tube current. The
      reasons for this operation are not fully understood but have been verified
      for many different types of commercially available transistors in the
      pulse modulator 15.
PAR  FIG. 2 shows the circuit of FIG. 1 with further components where circuits
      similar to those of FIG. 1 have been given similar identifying numerals.
      In FIG. 2 servo amplifier 30 is connected to the center tapped output of a
      current balancing transformer 31 which, in turn, balances the current
      between parallel-connected fluoresent tubes 32 and 33. Note that the tap
      could be arranged to intentionally unbalance the parallel currents, if
      desired, as for controlling the brightness of one tube relative to
      another. In particular, tubes 32 and 33 may be 96 inch tubes (as may be
      the tube 18 of FIG. 1). In the case of FIG. 2, the currents through the
      tubes 32 and 33 are balanced by the well known action of the current
      balancing transformer 31. However, as will be later seen and in order to
      reduce radio frequency interference, tubes 32 and 33 may be physically
      positioned so that current flow through them is in opposite directions.
PAR  In the circuit of FIG. 1, the dimmer control 19 caused dimming of the light
      in lamp 18 by modifying the base drive to the saturated pulse modulator
      15. In FIG. 2 the dimming control circuit 19 operates through the servo
      amplifier 30 as will be later described.
PAR  The circuit of FIG. 2 further adds a novel high voltage protection circuit
      34 which protects the pulse modulator 15 against damage during start up
      when the voltage across the transistor may be excessively high. The servo
      amplifier 30 of FIG. 2 is uniquely adapted to operate in the electronic
      ballast circuit because of the combined use of a short pulse length for
      actuating the fluorescent lamps and the proportional action between the
      base drive of the saturated transistor and the tube output and output
      light. These features permit the use of a relatively slow servo amplifier,
      thus simplifying the circuit configuration of the servo amplifier 30.
PAR  The servo amplifier 30 will operate such that when the tube current
      increases, the servo amplifier will produce a decrease in the output drive
      signal from amplifier driver 14, thereby causing the tube current to tend
      to decrease toward a balanced value and vice versa. In this way, the
      circuit can be operated at a fixed tube current regardless of variations
      in line voltage or component characteristics.
PAR  The dimming control circuit 19 may then operate through the servo amplifier
      30, for example, by varying the reference voltage source within the servo
      amplifier 30.
PAR  The high voltage protection circuit 34 is also connected to the servo
      amplifier 30 and operates such that when the voltage across pulse
      modulator 15 exceeds some given value, it will cause the servo amplifier
      30 to decrease the base drive, thereby to decrease the voltage across the
      pulse modulator 15.
PAR  FIG. 3 shows a detailed circuit diagram which embodies features shown above
      in connection with FIG. 2. Referring now to FIG. 3, the input a-c power
      for operating the circuit is connected to terminals 110 and 111. Terminals
      110 and 111 are then connected to rectifier 112 (schematically
      illustrated) which could, for example, consist of a full wave,
      bridge-connected rectifier system which has a d-c output terminal 113 and
      a negative output terminal 114. The rectifier 112 thus corresponds to the
      d-c power supply 12 of FIGS. 1 and 2.
PAR  The d-c output at terminals 113 and 114 is connected across a storage
      capacitor 115 and then in series with parallel-connected power transistors
      116 and 117 which serve the function of the power transistor in the pulse
      modulator 15 of FIG. 2. Two parallel-connected transistors were provided
      because of the relatively high current which was to be conducted in the
      example of FIG. 3. Clearly, one or more such transistors could be used as
      required. One transistor type which can be used for the transistors 116
      and 117 is the Texas Instruments transistor type TIP54. Similar
      transistors of other manufacturers have been tested and the same unusual
      result of increasing tube current as a function of base drive of a
      saturated transistor were obtained.
PAR  The emitters of each of transistors 116 and 117 are connected to terminal A
      through resistors 118 and 119. The base leads of transistors 116 and 117
      are connected to one another and to the base terminal B, with a resistor
      120 connecting the base leads to terminal A. A resistance-capacitance
      circuit component resistor 121 and capacitor 122 are connected in parallel
      with the emitter-collector circuits of each of transistor circuits 116 and
      117. It will be noted that the terminals A and B are the input control
      terminals which receive the base drive for driving the pulse modulator
      formed of transistors 116 and 117, as will be later described.
PAR  Terminal A is then connected to the center tap between transformer winding
      sections 16 and 17 corresponding to windings 16 and 17 of FIG. 2, where
      these windings are then coupled to two parallel-connected 96 inch type VHO
      fluorescent tubes 130 and 131. A transformer 132, containing windings 16
      and 17, is also provided with three filament heater windings 133, 134 and
      135. Winding 133 is connected to both filament 136 of tube 130 and
      filament 137 of tube 131. Winding 134 is connected to filament 138 of tube
      131 while winding 135 is connected to filament 139 of tube 130. The two
      tubes 130 and 131 are connected in parallel with one another by virtue of
      the connection of filaments 138 and 139 to terminal C of current balancing
      transformer 140, while the other end of the tubes containing filaments 136
      and 137, respectively, are connected to one another as by the wire 141.
      Note, however, that while tubes 130 and 131 are connected in parallel, the
      current through the tubes flowing, for example, from the top of winding 17
      to the terminal C will flow in physically opposite directions through the
      tubes which are physically mounted as illustrated in FIG. 3, thereby
      decreasing radio frequency interference from the tubes.
PAR  A-C terminals 110 and 111 are further connected to a relatively small
      transformer 150 which produces a relatively low voltage which, in
      combination with the diode 151, provides a 24 volt d-c voltage supply. The
      output voltage is then applied through resistor 152 to an emitter
      controlled multivibrator circuit containing transistors 153 and 154 which
      can, for example, be type 2N4125 transistors.
PAR  The multivibrator circuit generally includes conventional components which
      will cause the circuit to operate at a frequency of about 20 kilocycles.
      Thus, the resistors 153' to 162 may conventionally have the values in the
      table following the description of this figure, and similarly capacitors
      163 and 164 will have the tabulated values. The output of the
      multivibrator circuit containing transistors 153 and 154 will be a square
      wave which is connected to transistor 170 which may be of the type MJE341,
      where the transistor 170 will be driven with a nonsymmetrical square wave
      such that the transistor is on for only about one-fourth of the time.
PAR  The emitter-collector circuit of transistor 170 drives the transformer 171
      which is a two-winding transformer having a secondary winding 172 isolated
      from the primary winding 173. A resistor 174 is connected in parallel with
      primary winding 173. The transformer 171 serves to provide current gain
      since it has a step-down ratio from winding 173 to winding 172 and further
      provides d-c isolation at the output terminals A and B which are the same
      terminals A and B which provide the base drive for transistors 116 and
      117. Thus, the primary winding 172 is connected to terminals A and B, with
      resistor 175 in the connection to terminal B.
PAR  The combination of transistor 170 and transformer 171 serve as the
      amplifier driver 14 of FIG. 2, while the multivibrator component
      transistors 153 and 154 serve as the oscillator 13 of FIG. 2.
PAR  The servo amplifier 30 of FIG. 2 is shown in FIG. 3 and contains, in part,
      the transistor 180 which acts as a variable impedance which is controlled
      by the setting of the potentiometer 181. It will be noted that the
      fluorescent tube current from the center tap terminal C of balancing
      transformer 140 is connected to the collector electrode of transistor 180.
      The emitter of transistor 180 is connected to ground, so that the peak
      voltage across the emitter-collector circuit of transistor 180 is a
      measure of the current through the fluorescent tubes 130 and 131, and
      thereby the light output of these tubes.
PAR  The control potentiometer 181 is connected in series with fixed resistors
      182 and 183 which are connected across the capacitor 184. Transistor 180
      may be a type MPSUO1 unit. A resistor 185 is connected across its
      collector base electrodes. The emitter-collector circuit of transistor 180
      is then connected to transistor 186 which is a type 2N4123 transistor
      connected in shunt with the oscillator containing transistors 153 and 154.
PAR  The coupling circuit between transistor 180 and 186 includes diodes 187 and
      188 which may be type 1N34, and resistors 189 and 190 and capacitors 191
      and 192.
PAR  A capacitor 193 is connected across the emitter-collector circuit of
      transistor 186. Since transistor 186 is in shunt with the oscillator,
      increased current in the collector-emitter circuit of transistor 186 will
      decrease the voltage available to the oscillator, thus decreasing the
      magnitude of the oscillation and thereby the drive of transistor 170. This
      results in less drive to pulse modulator transistors 116 and 117 and thus
      to the fluorescent tubes 130 and 131 so that less current is applied to
      transistor 180, resulting in less peak voltage on transistor 180 to be
      rectified, producing less voltage to turn on transistor 186. Thus, a servo
      loop is produced which limits the peak voltage on transistor 180 if
      excessive transistor voltage is called for to stabilize the fluorescent
      tube current in tubes 130 and 131.
PAR  As pointed out above, the current in transistor 180 required to produce a
      set voltage may be varied by the setting of potentiometer 181 which drives
      transistor 180. Thus, the fluorescent tube current can be stabilized at
      any value from full output to below 1% of the full output.
PAR  This dimming effect can be accomplished electronically as by using an
      electronically variable impedance in place of the potentiometer 181 which
      is mechanically adjusted. For example, an electronic control system can be
      applied to rapidly and continuously vary the base input to transistor 180
      to cause a flashing of the fluorescent tubes 130 and 131, for example, at
      10 flashes per second by varying the set voltage between a bright output
      and a dimmed output.
PAR  It is desirable that circuit means be provided to protect transistors 116
      and 117 against abnormally high voltages, such as those which appear the
      first few seconds after the circuit is turned on and before the filaments
      are heated and the tubes begin to conduct normal current. If full drive is
      applied to transistors 116 and 117 during this time as would be caused by
      the above described servo loop, very high pulses will occur across
      transistors 116 and 117 during starting. The transistor circuit including
      transistor 195 (which may be a type 2N4125) is provided to prevent this
      situation.
PAR  The peak voltage on transistors 116 and 117 is measured across the diode
      196 and is attenuated and is applied to the transistor 195 by the circuit
      including resistors 197 and 198, 199, capacitor 200 and zener diode 201.
      The emitter of transistor 195 is connected to terminal D through resistor
      202. The emitter of transistor 195 is further connected to ground through
      resistor 203 and to the collector of transistor 186 through resistor 204.
PAR  In operation, the peak voltage which is applied to transistors 116 and 117
      is attenuated and applied to the base of transistor 195. If this voltage
      is sufficient to turn on transistor 195, transistor 186 will turn on,
      which causes less drive to transistors 116 and 117, thus reducing the
      voltage swing produced on transistors 116 and 117. Bias voltage is then
      placed on the emitter of transistor 195 so that it does not start to turn
      on until the peak voltage on transistors 116 and 117 is very nearly as
      high as allowable. Thus, the high voltage protection circuit 34 of FIG. 2
      is produced in the circuit which includes transistor 195 in FIG. 3. Stated
      in other words, the voltage limiting circuit operates by reducing the base
      drive to transistors 116 and 117, reducing the back swing of the choke 17,
      the back swing being added to the supply voltage to generate the striking
      potential for the tubes 130 and 131.
PAR  The circuit of FIG. 3 performed satisfactorily using the following
      tabulated components. It will be apparent that other circuit values and
      modifications could be used, and that integrated circuit components could
      be advantageously used to save space.
TBL                TABLE OF COMPONENTS                                         
     ______________________________________                                    
     Resistors                                                                 
     ______________________________________                                    
     118,119          .56r, 5 watt                                             
     120              22r                                                      
     121              56r, 2 watt                                              
     152              560r                                                     
     153              120r                                                     
     154              2200r                                                    
     155              27K                                                      
     156              27K                                                      
     157              3300                                                     
     158              4700                                                     
     159              4700                                                     
     160              470                                                      
     161              270                                                      
     162              270                                                      
     174              6800r                                                    
     175              6.8r, 1 watt                                             
     181              25K                                                      
     182              2700r                                                    
     183              220                                                      
     185              1K                                                       
     189              3900r                                                    
     190              680r                                                     
     197              47K, 2 watts                                             
     198              2200                                                     
     199              1K                                                       
     202              47K, 1 watt                                              
     203              3300r                                                    
     204              680r                                                     
     Capacitors                                                                
     115              1200Mf                                                   
     122              .002Mf, 1Kv                                              
     163              5Mf                                                      
     164              .012Mf                                                   
     184              500Mf, 50V                                               
     191              .039Mf                                                   
     192              .022Mf                                                   
     193              .22Mf                                                    
     200              .05Mf, 600V                                              
     ______________________________________                                    
PAR  Although there has been described a preferred embodiment of this invention,
      many variations and modifications will now be apparent to those skilled in
      the art. Therefore, this invention is to be limited, not by the specific
      disclosure herein, but only by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive privilege or
      property is claimed are defined as follows:
NUM  1.
PAR  1. An energizing circuit for a gas discharge lamp; said energizing circuit
      including a source of electric power, oscillator circuit means for
      producing a pulse current at a relatively high frequency, and a pulse
      modulator circuit which includes a transistor having base, collector and
      emitter electrodes; said source of electric power, said emitter and
      collector electrodes of said transistor and said gas discharge lamp being
      connected in series; said oscillator circuit means being connected to said
      transistor to inject said pulse current into said base of said transistor;
      said pulse current having a minimum magnitude sufficiently high to drive
      said transistor into saturation; said source of electric power including
      an a-c source and a d-c converter connected to said a-c source; said
      oscillator circuit means and said transistor and lamp being driven from
      the d-c output of said d-c converter.
NUM  2.
PAR  2. The energizing circuit of claim 1 which further includes a coupling
      transformer having first and second winding portions; said first and
      second winding portions being connected in closed series relation with one
      another and with said gas discharge lamp; said first winding portion being
      connected in a closed series relation with said source of electric power
      and said emitter and collector electrodes of said transistor and in
      parallel with the series connection of said second winding portion and
      said gas discharge lamp.
NUM  3.
PAR  3. An energizing circuit for a gas discharge lamp; said energizing circuit
      including a source of electric power, oscillator circuit means for
      producing a pulse current at a relatively high frequency, and a pulse
      modulator circuit which includes a transistor having base, collector and
      emitter electrodes; said source of electric power, said emitter and
      collector electrodes of said transistor and said gas discharge lamp being
      connected in series; said oscillator circuit means being connected to said
      transistor to inject said pulse current into said base of said transistor;
      said pulse current having a minimum magnitude sufficiently high to drive
      said transistor into saturation; a coupling transformer having first and
      second winding portions; said first and second winding portions being
      connected in closed series relation with one another and with said gas
      discharge lamp; said first winding portion being connected in closed
      series relation with said source of electric power and said emitter and
      collector electrodes of said transistor and in parallel with the series
      connection of said second winding portion and said gas discharge lamp.
NUM  4.
PAR  4. An energizing circuit for a gas discharge lamp; said energizing circuit
      including a source of electric power, oscillator circuit means for
      producing a pulse current at a relatively high frequency, and a pulse
      modulator circuit which includes a transistor having base, collector and
      emitter electrodes; said source of electric power, said emitter and
      collector electrodes of said transistor and said gas discharge lamp being
      connected in series; said oscillator circuit means being connected to said
      transistor to inject said pulse current into said base of said transistor;
      said pulse current having a minimum magnitude sufficiently high to drive
      said transistor into saturation; a dimming control circuit means for
      controlling the output light of said lamp; said dimming control means
      comprising control means connected to said oscillator circuit means for
      varying the magnitude of said pulse current, whereby the output light of
      said lamp varies directly with said pulse current magnitude into the base
      of said transistor even though said transistor is always in saturation.
NUM  5.
PAR  5. The energizing circuit of claim 4 wherein said transistor is always
      driven to saturation by said pulse current in said base of said transistor
      at the least magnitude of said pulse current within the range of dimming
      adjustment.
NUM  6.
PAR  6. The energizing circuit of claim 5 wherein said gas discharge lamp is a
      very high output fluorescent lamp.
NUM  7.
PAR  7. The energizing circuit of claim 4 wherein said pulse current has a pulse
      repetition frequency of from about 10 kilohertz to about 100 kilohertz.
NUM  8.
PAR  8. The energizing circuit of claim 4 which further includes a coupling
      transformer having first and second winding portions; said first and
      second winding portions being connected in closed series relation with one
      another and with said gas discharge lamp; said first winding portion being
      connected in a closed series relation with said source of electric power
      and said emitter and collector electrodes of said transistor and in
      parallel with the series connection of said second winding portion and
      said gas discharge lamp.
NUM  9.
PAR  9. The energizing circuit of claim 4 which further includes servo amplifier
      means connected in series with said gas discharge lamp and monitoring the
      current flow through said lamp; said servo amplifier means including
      output control circuit means connected to oscillator circuit means for
      varying the magnitude of said output current pulse into the base of said
      transistor, whereby a given current flow will be maintained in said lamp.
NUM  10.
PAR  10. The energizing circuit of claim 9 wherein said dimming control circuit
      means is connected to said servo amplifier means and varies the adjustment
      magnitude of said given current, thereby to affect control of the light
      output of said lamp.
NUM  11.
PAR  11. The energizing circuit of claim 10 wherein said dimming control circuit
      means includes an oscillating circuit for varying the light output of said
      lamp at a given frequency.
NUM  12.
PAR  12. The energizing circuit of claim 9 wherein said transistor is always
      driven to saturation by said pulse current in said base of said transistor
      at the least magnitude of said pulse current within the range of dimming
      adjustment.
NUM  13.
PAR  13. The energizing circuit of claim 10 which further includes overvoltage
      protection circuit means for preventing excessive voltage across the
      emitter-collector electrodes of said transistor by adjusting said pulse
      current magnitude to reduce tube current in response to excessive voltage
      on said transistor.
NUM  14.
PAR  14. An energizing circuit for a gas discharge lamp; said energizing circuit
      including a source of electric power, oscillator circuit means for
      producing a pulse current at a relatively high frequency, and a pulse
      modulator circuit which includes a transistor having base, collector and
      emitter electrodes; said source of electric power, said emitter and
      collector electrodes of said transistor and said gas discharge lamp being
      connected in series; said oscillator circuit means being connected to said
      transistor to inject said pulse current into said base of said transistor;
      said pulse current having a minimum magnitude sufficiently high to drive
      said transistor into saturation; a servo amplifier means connected in
      series with said gas discharge lamp and monitoring the current flow
      through said lamp; said servo amplifier means including output control
      circuit means connected to said oscillator circuit means for varying the
      magnitude of said output current pulse into the base of said transistor,
      whereby a given current flow will be maintained in said lamp.
NUM  15.
PAR  15. An energizing circuit for a gas discharge lamp; said energizing circuit
      including a source of electric power, oscillator circuit means for
      producing a pulse current at a relatively high frequency, and a pulse
      modulator circuit which includes a transistor having base, collector and
      emitter electrodes; said source of electric power, said emitter and
      collector electrodes of said transistor and said gas discharge lamp being
      connected in series; said oscillator circuit means being connected to said
      transistor to inject said pulse current into said base of said transistor;
      said pulse current having a minimum magnitude sufficiently high to drive
      said transistor into saturation; a second gas discharge lamp connected in
      parallel with said lamp and current balancing transformer means for
      connecting one end of each of said lamps together; the other ends of said
      lamps being directly connected to one another; and tap means on said
      current balancing transformer to define an output terminal for said
      parallel-connected lamps.
NUM  16.
PAR  16. The energizing circuit of claim 15 wherein said parallel-connected
      lamps are disposed physically parallel to one another and are closely
      spaced to one another; the parallel currents in each of said lamps flowing
      in opposite directions.
NUM  17.
PAR  17. An energizing circuit for a gas discharge lamp; said energizing circuit
      including a source of electric power, oscillator circuit means for
      producing a pulse current at a relatively high frequency, and a pulse
      modulator circuit which includes a transistor having base, collector and
      emitter electrodes; said source of electric power, said emitter and
      collector electrodes of said transistor and said gas discharge lamp being
      connected in series; said oscillator circuit means being connected to said
      transistor to inject said pulse current into said base of said transistor;
      said pulse current having a minimum magnitude sufficiently high to drive
      said transistor into saturation; said pulse current having a length less
      than about 30 microseconds, whereby said gas discharge lamp, which would
      normally have a negative resistance characteristic, operates as though it
      has a less negative resistance characteristic.
NUM  18.
PAR  18. An energizing circuit for a gas discharge lamp; said energizing circuit
      including a source of electric power, oscillator circuit means for
      producing a pulse current at a relatively high frequency, and a pulse
      modulator circuit which includes a transistor having base, collector and
      emitter electrodes; said source of electric power, said emitter and
      collector electrodes of said transistor and said gas discharge lamp being
      connected in series; said oscillator circuit means being connected to said
      transistor to inject said pulse current into said base of said transistor;
      said pulse current having a minimum magnitude sufficiently high to drive
      said transistor into saturation; and an inductive impedance connected in
      series with said gas discharge lamp.
NUM  19.
PAR  19. The circuit of claim 18 which further includes coupling transformer
      means having a winding connected across said gas discharge lamp.
NUM  20.
PAR  20. An energizing circuit for a gas discharging lamp; said energizing
      circuit including a source of electric power, oscillator circuit means for
      producing a pulse current at a relatively high frequency, and a pulse
      modulator circuit which includes a transistor having base, collector and
      emitter electrodes; said source of electric power, said emitter and
      collector electrodes of said transistor and said gas discharge lamp being
      connected in series; said oscillator circuit means being connected to said
      transistor to inject said pulse current into said base of said transistor;
      said pulse current having a minimum magnitude sufficiently high to drive
      said transistor into saturation; and coupling transformer means having a
      winding connected across said gas discharge lamp.
NUM  21.
PAR  21. An energizing circuit for a gas discharge lamp; said energizing circuit
      including a source of electric power, oscillator circuit means for
      producing a pulse current at a relatively high frequency, and a pulse
      modulator circuit which includes an electronic switching means having
      control terminal means, power output terminal means and power input
      terminal means; said source of electric power, said power output and power
      input terminal means of said electronic switching means and said gas
      discharge lamp being connected in series; said oscillator circuit means
      being connected to said electronic switching means to inject said pulse
      current into said control terminal means of said electronic switching
      means; said pulse current having a minimum magnitude sufficiently high to
      render said electronic switching means fully conductive; and over-voltage
      protection circuit means for preventing excessive voltage across said
      power input and power output terminal means of said electronic switching
      means by adjusting said pulse current magnitude to reduce tube current in
      response to excessive voltage across said power input and power output
      terminal means.
NUM  22.
PAR  22. The energizing circuit of claim 21 wherein said overvoltage protection
      circuit means includes first transistor circuit means having input and
      output terminals; said output terminals of said first transistor circuit
      means connected to said control terminal means; and second transistor
      circuit means having input and output terminals; said input terminals of
      said second transistor circuit means connected to said power output and
      input terminals; said output terminals of said second transistor circuit
      means connected to said input terminals of said first transistor circuit
      means whereby, when the voltage across said power input and output
      terminals exceeds a given value, the output signal at said output
      terminals of said second transistor circuit means changes in a direction
      to change the output of said output terminals of said first transistor
      circuit means to reduce the drive of said control terminal means.
NUM  23.
PAR  23. The energizing circuit of claim 22 which further includes a diode means
      and capacitor means connected in said input terminals of said second
      transistor circuit means.
NUM  24.
PAR  24. An energizing circuit for a gas discharge lamp; said energizing circuit
      including a source of electric power, oscillator circuit means for
      producing a pulse current at a relatively high frequency, and a pulse
      modulator circuit which includes an electronic switching means having
      control terminal means, power output terminal means and power input
      terminal means; said source of electric power, said power output and power
      input terminal means of said electronic switching means and said gas
      discharge lamp being connected in series; said oscillator circuit means
      being connected to said electronic switching means to inject said pulse
      current into said control terminal means of said electronic switching
      means; said pulse current having a minimum magnitude sufficiently high to
      render said electronic switching means fully conductive; a second gas
      discharge lamp connected in predetermined circuit relation with said lamp
      and being simultaneously energized therewith; and current balancing means
      connected to said gas discharge lamps to ensure a predetermined division
      of electrical power between said gas discharge lamps.
NUM  25.
PAR  25. An energizing circuit for a gas discharge lamp; said energizing circuit
      including a source of d-c power, a pulse modulator for producing a high
      frequency pulse current output from said source of d-c power, and a
      coupling transformer means for coupling said pulse current output from
      said pulse modulator into said gas discharge lamp; said pulse current
      output having a pulse length sufficiently short that said gas discharge
      lamp which would normally have a negative resistance characteristic
      operates with a resistance characteristic which is less negative than said
      negative resistance characteristic, and wherein said coupling transformer
      means includes first and second winding portions; said first and second
      winding portions being connected in closed series relation with one
      another and with said gas discharge lamp; said first winding portion being
      connected in a closed series relation with said source of d-c power and
      said pulse modulator and in parallel with the series connection of said
      second winding portion and said gas discharge lamp.
NUM  26.
PAR  26. An energizing circuit for a gas discharge lamp; said energizing circuit
      including a source of d-c power, a pulse modulator for producing a high
      frequency pulse current output from said source of d-c power, and a
      coupling transformer means for coupling said pulse current output from
      said pulse modulator into said gas discharge lamp; said pulse current
      output having a pulse length sufficiently short that said gas discharge
      lamp which would normally have a negative resistance characteristic
      operates with a resistance characteristic which is less negative than said
      negative resistance characteristic, and wherein a second gas discharge
      lamp is connected in parallel with said lamp and current balancing
      transformer means for connecting one end of each of said lamps together;
      the other ends of said lamps being directly connected to one another; and
      tap means on said balancing transformer to define an output terminal for
      said parallel-connected lamps.
NUM  27.
PAR  27. The energizing circuit of claim 26 wherein said parallel-connected
      lamps are disposed physically parallel to one another and are closely
      spaced to one another; the parallel currents in each of said lamps flowing
      in opposite directions.
NUM  28.
PAR  28. An energizing circuit for a gas discharge lamp; said energizing circuit
      including a source of d-c power, a pulse modulator for producing a high
      frequency pulse current output from said source of d-c power, and a
      coupling transformer means for coupling said pulse current output from
      said pulse modulator into said gas discharge lamp; said pulse current
      output haaving a pulse length sufficiently short that said gas discharge
      lamp which would normally have a negative resistance characteristic
      operates with a resistance characteristic which is less negative than said
      negative resistance characteristic, and servo amplifier means connected in
      series with said gas discharge lamp and monitoring the current flow
      through said lamp; said servo amplifier means including output control
      circuit means connected to said pulse modulator to maintain the magnitude
      of said current pulse to said lamp at a given adjustable value.
NUM  29.
PAR  29. The energizing circuit of claim 28 which further includes dimmer
      circuit means connected to said servo amplifier means for varying the
      adjustment value of said pulse current magnitude.
NUM  30.
PAR  30. An energizing circuit for a gas discharge lamp; said energizing circuit
      including a source of d-c power, a pulse modulator for producing a high
      frequency pulse current output from said source of d-c power, and a
      coupling transformer means for coupling said pulse current output from
      said pulse modulator into said gas discharge lamp; said pulse current
      output having a pulse length sufficiently short that said gas discharge
      lamp which would normally have a negative resistance characteristic
      operates with a resistance characteristic which is less negative than said
      negative resistance characteristic; dimming circuit means connected to
      said pulse modulator for adjustably controlling the magnitude of said
      pulse current output to maintain a given adjustment value; said pulse
      modulator including a power transistor having emitter and collector
      electrodes connected in series with said lamp; and a pulse current source
      connected to the base of said transistor for driving said transistor into
      saturation at a repetition rate of from about 10 kilohertz to about 100
      kilohertz and for said short pulse length; said dimming circuit means
      including means for varying the magnitude of the pulse current injected
      into said base; said transistor always being driven into saturation over
      substantially the full range of dimming of said lamp.
NUM  31.
PAR  31. The energizing circuit of claim 30 wherein said pulse length is less
      than about 30 microseconds.
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ABST
PAL  A plurality of control plates is sandwiched between a cathode and a target
      to control the flow of charged particles such as electrons and ions
      between the cathode and the target. The cathode includes an elongated
      filament for generating charged particles such as electrons. A first
      electrode having a negative potential is positioned behind the filament
      with a second electrode having a positive potential interdigitated with
      the first electrode. Each control plate has a plurality of apertures
      formed therein which are effectively aligned with corresponding apertures
      on the other control plates. The aligned apertures form beam channels. The
      control plates have paired conductive electrodes thereon arranged at
      predetermined coded finger patterns. Voltages are selectively applied to
      the control plate electrodes by switching circuitry to focus the charged
      particles through the apertures associated with selective electrodes while
      simultaneously aborting the passage of charged particles through the
      apertures associated with the remaining electrodes. In this manner by
      selective switching control of the control plate a beam, or a plurality of
      beams, can be directed to a selected portion or portions of the target at
      the time.
BSUM
PAR  This invention is directed to a charged particle beam scanning device and
      more particularly to such a device which is responsive to a digital
      control signal.
PAR  This invention is an improvement over previous charge particle beam
      scanning devices such as that disclosed in U.S. Pat. No. 3,803,443. In
      such a device, a plurality of control plates are sandwiched between a
      cathode and a target to control the flow of charged particles such as
      electrons and ions between the cathode and the target. Each control plate
      has a plurality of apertures formed therein which are effectively aligned
      with corresponding apertures on the other control plates. The aligned
      apertures form beam channels. Control plates have paired conductive
      electrodes thereon arranged in predetermined coded finger patterns.
      Voltages are selectively applied to the control plate electrodes by means
      of switching circuitry to electrostatically focus the charged particles
      through the apertures associated with selected electrodes while
      simultaneously aborting the passage of charged particles through the
      apertures associated with the remaining electrodes. In this manner by
      selective switching control of the control plate, a beam or plurality of
      beams can be directed to a selected portion or portions of the target at a
      time. In another embodiment of an electron scanning device, such as that
      described in U.S. Pat. No. 3,408,532 flat dynode control plates are used
      in place of the electrostatic focusing with the flat dynode control plates
      sandwiched between a flat cathode and a flat target plate. In the device
      using the dynode control plates, the dynode control plates perform both
      control and electron multiplication functions. Such scanning devices are
      those described, have distinct advantages over cathode ray tube scanning
      devices of the prior art because of their compact configuration, high
      linearity and capability of response to randomly addressed digital control
      signals.
PAR  Such charged particle beam scanning devices have previously required large
      voltage swings on the control plates. Voltages required on the control, or
      switching plates as they may be termed, must be a high potential
      (typically 75 to 100 volts above the potential of the cathode). These high
      potentials are required for several reasons. Previous cathode designs such
      as that disclosed in U.S. Pat. No. 3,769,540 have required high current so
      that the cathode will emit electrons with good uniformity at the first
      switching plate. There must also be a sufficient current density of the
      electrons to permit a bright display on the phospor screen. This requires
      significantly high voltage between the cathode and the first switching
      plate to achieve both uniformity and a sufficiently bright display. When
      the current flood from the area cathode arrives at the first switching
      plate of the switching stack there is an attenuation of the electrons due
      to the geometrical shadowing effect on the switching plate. Electrons
      striking the holes go through the holes while those striking the area on
      the switching plate between the holes do not go through the holes.
      Previous designs of the charge particle beam scanning device have attacked
      the attenuation problem by putting a much higher potential on the second
      switching plate when the on condition is desired. This very high potential
      on the second switching plate will cause equipotential lines in front of
      the first switching plate to bulge out and form a positive electrostatic
      lens. This will draw in electrons which would have struck the periphery of
      the first switching plate holes and draw the electrons into and through
      the holes instead of allowing them to be lost when they strick the
      periphery around the holes. The problem in providing such a high potential
      is that so much kinetic energy is imparted to the electrons that very
      large voltage swings are required to turn them off. If an electron passes
      through any hole in the switching stack with a large value of electron
      volts of kinetic energy, then reduction by at least the same amount of
      electron volts is required to subsequently turn the electron flow off.
      Thus there is a necessarily high voltage swing in the switching plates to
      achieve a sufficiently bright display.
PAR  It is therefore an object of this invention to provide a new improved
      charged particle beam scanning device having lower switching voltages at
      the switching plates.
PAR  Another object of this invention is to provide a new and improved charged
      particle beam scanning device having uniform charge density of emitted
      electrons at the switching plates.
PAR  Another object of this invention is to provide a new and improved charged
      particle beam scanning device having reduced voltage swings at the
      switching plates.
PAR  Yet another object of this invention is to provide a new and improved
      charged particle beam scanning device having increased brightness.
PAR  Another object of this invention is to provide a new and improved charge
      particle beam scanning device having decreased cathode power requirements.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a schematic drawing of one embodiment of a charged particle beam
      scanning device.
PAR  FIG. 2 is a cross-sectional view illustrating the construction of the
      embodiment shown in FIG. 1.
PAR  FIG. 3 is a cross-sectional view showing details of the electron beam
      channels of the embodiment of FIGS. 1 and 2.
PAR  FIG. 4 shows the area cathode of the embodiment in more detail.
DETD
PAR  Referring now to FIGS. 2 and 3, cross-sectional views illustrating the
      structure of one embodiment of the device of the invention are shown. It
      is to be noted that for illustrative purposes, an 8.times.8 display is
      shown, but that in most practical implementations, a much greater number
      of channels would be utilized to provide a much higher definition display.
      A vacuum tight casing is formed by means of side frame member 11, ceramic
      plate 12, and glass front viewing plate 14. The casing so formed is
      evacuated so as to provide a vacuum environment for the components
      contained therein.
PAR  Cathode 16, which is shown in FIG. 4 in more detail, is supported along
      opposite edges thereof on bar members 18. Mounted directly opposite
      cathode 16 is electron lens plate 20, which is formed from a flat
      dielectric substrate 20a having overall metallic coatings 20b and 20c
      deposited on the opposite broad surfaces thereof and conductive coatings
      20d on the walls of the apertures between the surfaces, coatings 20d
      electrically interconnecting coatings 20b and 20c. Electron lens plate 20
      is separated from cathode 16 by means of insulator bars 23.
PAR  Next in the stack are control or switching plates 25-30, which are
      insulatively separated from each other by means of insulator plates 33
      which may be of a ceramic material. Plate 25 is separated from lens plate
      20 by means of insulator spacer bars 35. As can best be seen in FIG. 2,
      the control plates are formed of a dielectric substrate 40 which may be of
      a material such as ceramic or glass, having similar electrodes 43 and 44
      of a highly conductive material such as gold or copper deposited on the
      opposite surfaces thereof. The electrodes are arranged in predetermined
      finger patterns, as illustrated in FIG. 1, with the opposite electrodes 43
      and 44 of each control plate having the same finger pattern arranged
      opposite each other in mirror image relationship. Electrodes 43 and 44 are
      electrically interconnected by means of coatings 46 which are deposited on
      the walls of the apertures extending between the opposite sides of the
      plates.
PAR  Mounted above control plate 30 and separated therefrom by an insulator
      plate 33 is modulator plate 50. Modulator plate 50 is similar in general
      construction to the control plates in that it includes electrodes 50a and
      50b of a highly conductive material such as gold or copper on the opposite
      surfaces thereof, which are interconnected by conductive portions 50c
      deposited on the walls of the apertures of the plates, the conductive
      layers 50a-50c being deposited on dielectric substrate 50d. Modulator
      plate 50, however, differs from the control plates in that the electrodes
      50a and 50b are not arranged in a finger pattern but are rather deposited
      over the entire surface areas of the plate. Also, in the modulator plate,
      as can be noted in the drawing, the length of the apertures is
      substantially greater than that of the control plate, the choice of length
      to diameter ratio being designed to provide less abrupt cut-off
      characteristics to facilitate the handling of a modulation signal.
PAR  All of the various plates just described have a plurality of apertures 60
      formed therein, corresponding apertures of successive plates being aligned
      with each other to form electron beam channels between cathode 16 and
      phosphor target 15 on plate 14.
PAR  Electron lens plate 20 and modulator plate 50 are not essential for the
      basic operation of the device, and an electron beam can be addressed to
      the target from the cathode in response to digital control signals without
      these particular plates. However, each one affords a special function
      which may be needed for a particular application requirement. Thus, the
      modulator plate 50 enables the intensity modulation of the beam where this
      may be called for, while the electron lens plate provides for increased
      input current which will contribute to higher intensity of the display.
PAR  Referring now to FIG. 1, the device of the invention is schematically
      illustrated. Each of control plates 25-30 has a pair of electrodes 25a,
      25b-30a, 30b, on each of the opposite surfaces thereof. Thus, the
      electrodes on the opposite surfaces which are not shown are mirror images
      of the electrodes which are shown in the Figure. The electrodes are of a
      highly conductive material such as gold or copper, and each electrode
      25a-30a is electrically insulated from its paired electrode 25b-30b
      respectively. As already explained in connection with FIGS. 2 and 3, the
      electrodes on opposite surfaces are electrically interconnected with each
      other by means of conductive coatings which may be of the same material as
      the electrodes on the walls of the apertures extending therebetween.
PAR  Digital control signals are fed from control signal source 70 to addressing
      logic 71 which provides an appropriate control signal to each of switching
      circuits 75-80. Switching circuits 75-80 may be electronic switching
      circuits such as flipflops, capable of alternatively connecting the
      voltages fed thereto to either one or the other of the paired electrodes
      of the particular control plate associated therewith in response to the
      addressing logic. Voltages are applied to switching circuits 75-80 for use
      in controlling the electrodes from power sources 83-88 respectively. A
      beam accelerating voltage is applied between cathode 16 and target 14 from
      voltage source 73. Switching circuits 75-80 receive first voltages V.sub.2
      -V.sub.7 from power sources 83-88 respectively, which are positive voltage
      with respect to ground, and a second voltage, V.sub.c, which is a negative
      voltage with respect to ground.
PAR  The switching circuits in response to addressing logic 71 alternatively
      connect V.sub.2 -V.sub.7 as the case may be, to one of the paired
      electrodes of each control plate and V.sub.c to the other paired
      electrode. For illustrative purposes, all of the electrodes receiving the
      voltage V.sub.c are shown stippled, while those receiving V.sub.2 -V.sub.7
      are shown without stippling. Under such conditions a beam of electrons are
      indicated by line 89 will pass through only a single channel formed by the
      plate apertures, the flow of electrons being blocked through all other
      channels by virtue of the effect of a cut-off voltage V.sub.c, appearing
      somewhere in each of these other channels.
PAR  Thus, by selective switching control of plates 25-30, the electron beam can
      be controlled so that it excites a single elemental portion of target 14
      at a time. The control is effected by virtue of the electrostatic
      focusing, achieved by means of the electron lenses formed between
      electrode portions of successive plates having the potentials V.sub.2
      -V.sub.7 applied thereto. The channels associated with the electrodes
      having the voltage V.sub.c applied thereto are cut off, the electrons
      being repelled in these channels and drawn off by the electrodes.
PAR  Lens plate 20, which is utilized to increase the current, is generally
      similar in construction to control plates 25-30 and has overall conductive
      coatings 20b and 20c on the opposite sides thereof, these coatings being
      electrically connected to each other by conductive coatings 20d in the
      aperture walls (see FIG. 3). Voltage V.sub.1 is applied to the conductive
      coatings 20b-20d. Modulation plate 50 may be used to intensity modulate
      the signal in response to a modulation signal source 90. Modulation plate
      50 is generally similar in construction to control plates 25-30, having
      similar electrodes on each of the opposite broad surfaces thereof, with
      conductive coatings on the walls of aperture 60 electrically
      interconnecting said surface. Modulation plate 50, however, is generally
      designed with a substantially greater thickness so that it has longer
      aperture than the control plates so as to provide less abrupt cut-off
      characteristics to suitably accommodate modulation signals having a
      reasonable dynamic range.
PAR  It is to be noted that while the device of the invention has been described
      in connection with the control of an electron beam, it can be utilized to
      equal advantage in the control of beams formed from other types of charged
      particles such as positive or negative ions.
PAR  The area cathode 16 is shown in more detail in FIG. 4. Two interdigitated
      electrodes 65 and 67 are formed on the back plate 69. Electrode 67 is
      connected to a negative potential and electrode 65 is connected to a
      positive potential. A plurality of filament wires 71 are suspended in
      front of the area cathode 16 with each filament wire 71 positioned in
      front of the electrode 67 having a negative potential. The filament wires
      71 are connected to a ground potential power source to heat the filament
      wires 71 to cause emission of electrons therefrom. Electrodes 65 and 67
      may be evaporated directly on the backplate 69, and insulated from each
      other.
PAR  When the filament wires are heated electrons are emitted towards the lens
      plate 20. The electrons are uniformly emitted with sufficient current
      density towards the lens plate to provide good brightness.
PAR  In FIG. 4 only 3 filament wires are shown. The area cathode actually has a
      plurality of filament wires, with each filament wire positioned in front
      one finger of electrode 67.
PAR  The forward and sideways electric fields from the electrodes 65 and 67 in
      the vicinity of the filament wires 71 achieves a forward and spreading set
      of electron trajectories from the filament wires.
PAR  There is little or no electron emission in the backward direction toward
      the plate 69 so that the power required for the area cathode is reduced.
      There is sufficient uniformity of current density of the emitted electrons
      to allow the distance from the filament wires to the lens plate to be
      small. This also reduces required cathode power. There is also sufficient
      forward current density at the first switching plate 25 so that the
      potential applied to that switching plate 25 may be relatively small as
      contrasted with previous designs.
PAR  The area cathode 16 is broadly an area source of charged particles. The
      charged particles may be other than electrons such as positive or negative
      ions. When charged particles other than electrons are emitted, an
      elongated source of such particles should be used instead of the filament
      wires.
CLMS
STM  I claim:
NUM  1.
PAR  1. A charged particle beam scanning device comprising:
PA1  an area source of charged particles for providing a uniform flow of charged
      particles over a predetermined area, said area source including elongated
      charged particle generating means for generating charged particles, a
      first electrode having a negative potential, positioned behind said
      generating means, and a second electrode having a positive potential
      interdigitated with said first electrode
PA1  an area target,
PA1  a plurality of control plates sandwiched between said source and said
      target for controlling the flow of charged particles therebetween, each of
      said control plates having a plurality of apertures formed therein,
      corresponding apertures of said control plates being aligned to form
      charged particles beam channels between the source and the target, said
      control plates each having a plurality of electrodes on at least one of
      the surfaces thereof, said electrodes on each of said surfaces being
      electrically insulated from each other,
PA1  means for providing potentials to at least one of the electrodes of each
      successive control plate to focus said charged particles through selected
      control plate apertures,
PA1  and means for providing a cutoff potential to the remaining electrodes of
      said control plates,
PA1  whereby a beam of charged particles is focused by said focusing potentials
      through the channels formed by said selected apertures.
NUM  2.
PAR  2. The charged particle beam scanning device claimed in claim 1 wherein
      said elongated particle generating means in said area source is a
      elongated filament.
NUM  3.
PAR  3. The charged particle beam scanning device claimed in claim 2 wherein
      said area source of charged particles includes a flat dish on which said
      first and second interdigitated electrodes are positioned.
NUM  4.
PAR  4. The charged particle beam scanning device claimed in claim 3, wherein
      the filament means in the area source of charged particle includes a
      plurality.
NUM  5.
PAR  5. The charged particle beam scanning device claimed in claim 4 including a
      power source connected to said filament means for generating electrons
      from said area source.
NUM  6.
PAR  6. The charged particle beam scanning device claimed in claim 1, wherein
      said electrodes are arranged in a binary coded finger pattern.
NUM  7.
PAR  7. The charged particle beam scanning device claimed in claim 6, wherein
      said control plates comprise a dielectric substrate, said electrodes being
      deposited on said substrate.
NUM  8.
PAR  8. An electron beam scanning device comprising;
PA1  an electron flood gun for providing a uniform flow of electrons over a
      predetermined area, said electron flood gun including a flat dish, a first
      electrode having a negative potential on said flat dish, a plurality of
      elongated filaments for generating electrons positioned in front of said
      first electrode, and a second electrode having a positive potential on
      said flat dish interdigitated with said second electrode,
PA1  an area target,
PA1  a plurality of control plates sandwiched between said source and said
      target for controlling the flow of electron therebetween, each of said
      control plates having a plurality of apertures formed therein,
      corresponding apertures of said control plates being aligned to form
      electron beam channels between the source and the target, said control
      plates each having a plurality of electrodes on at least one of the
      surfaces thereof, said electrodes on each of said surfaces being
      electrically insulated from each other,
PA1  means for providing potentials to at least one of the electrodes of each
      successive control plate to focus said electrons through selected control
      plate apertures,
PA1  and means for providing a cutoff potential to the remaining electrodes of
      said control plates,
PA1  whereby a beam of electrons is focused by said focusing potentials through
      the channels formed by said selected apertures.
NUM  9.
PAR  9. An electron beam scanning device comprising;
PA1  an electron flood gun for providing a uniform flow of electrons over a
      predetermined area, said electron flood gun including a flat plate, a
      first electrode positioned on said flat plate, said first electrode formed
      in a series of elongated parallel fingers, a second electrode positioned
      on said flat plate insulated from said first electrode, said second
      electrode formed in a series of parallel fingers interdigitated with said
      first electrode, a plurality of elongated filaments for generating
      electrons, positioned in front of each finger of said first electrode,
PA1  means for applying a negative potential to each of the fingers of said
      first electrode and a positive potential each finger of said second
      electrode,
PA1  an area target,
PA1  a plurality of control plates sandwiched between said source and said
      target for controlling the flow of electrons therebetwee, each of said
      control plates having a plurality of apertures formed therein,
      corresponding apertures of said control plates being aligned to form
      electron beam channels between the source and the target, said control
      plates each having a plurality of electrodes on at least one of the
      surfaces thereof, said electrodes on each of said surfaces being
      electrically insulated from each other,
PA1  means for providing potentials to at least one of the electrodes of each
      successive control plate to focus said electrons through selected control
      plate apertures,
PA1  and means for providing a cutoff potential to the remaining electrodes of
      said control plates,
PA1  whereby a beam of electrons is focused by said focusing potentials through
      the channels formed by said selected apertures.
PATN
WKU  039366987
SRC  5
APN  3919374
APT  1
ART  212
APD  19730827
TTL  Ion generating apparatus
ISD  19760203
NCL  8
ECL  1
EXA  Moose, Jr.; Harry E.
EXP  Miller; J. D.
NDR  1
NFG  2
INVT
NAM  Meyer; George F.
STR  6995 Trolley Way
CTY  Playa del Rey
STA  CA
ZIP  90291
RLAP
COD  71
APN  21284
APD  19700320
CLAS
OCL  317  4
XCL  317262AE
ICL  H01j  304
FSC  317
FSS  3;4;262 R
FSC  128
FSS  190;404
FSC  204
FSS  313
UREF
PNO  2723349
ISD  19551100
NAM  Rylsky
OCL  317  4
UREF
PNO  3624448
ISD  19711100
NAM  Saurenman et al.
OCL  317  4
FREF
PNO  1,319,296
ISD  19630100
CNT  FR
OCL  317  4
LREP
FR2  Reagin; Ronald W.
ABST
PAL  An ion generating apparatus and a method of treatment is disclosed which
      includes means for generating positively charged ions and means for
      generating negatively charged ions. A timer is provided which alternately
      energizes the negative ion generator and the positive ion generator in a
      predetermined time sequence so that the apparatus alternately emits
      negative ions and positive ions. The patent is thus alternately subjected
      to a flow of negative and positive ions.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation of application Ser. No. 21,284, filed
      Mar. 20, 1970.
BSUM
PAR  This invention relates to ion generating apparatus and more particularly to
      apparatus for generating ions to be emitted into the atmosphere for
      therapeutic purposes.
PAR  For many years there has been much research and many reports written about
      atmospheric ions. Basically these ions are positive and negative
      electrical charges which are associated with molecules of oxygen, nitrogen
      and carbon dioxide in the air. Such ions may be generated naturally by
      cosmic rays, radioactive elements in the soil and air, precipitation,
      thunderstorms, ultra violet radiation and wind In addition, many
      artificial or manmade mechanisms also generate such ions. Such mechanisms
      include X-ray apparatus, very hot surfaces, ultra violet lamps and high
      voltage devices.
PAR  There have been many articles written and published about atmospheric ions
      and their effect on animals, including human beings. Among other specific
      claims, researchers report a significant effect of such ions on pulse
      rate, respiration rate, ph factor of blood, oxygen content of blood, red
      cell count in blood, skin temperature, basal metabolism, blood pressure,
      virus invasion and burnt tissue. Most of these reports indicate that
      negative ions promote good health and that positive ions are either so
      plentiful that there is no need to add any more to the atmosphere, that
      they produce discomfort or that they are unhealthy. Negative ions are
      claimed to relieve asthma, bronchitis, hay fever, headaches and pain
      associated with burns. Positive ions have been claimed to produce
      respiratory complaints, aching joints, high altitude sickness, dizziness,
      fatigue and headaches.
PAR  Many different forms of ion generating apparatus have been proposed by
      those who have done investigations and performed experiments in this area.
      The proposed apparatus has usually consisted of either means for
      generating only negative ions or means for generating both positive and
      negative ions in association with an ion trap for removing the positive
      ions so generated. In at least one instance, in U.S. Pat. No. 2,264,495,
      an apparatus is proposed which includes both means for generating positive
      ions and means for generating negative ions. A sensing device is provided
      in that patent to monitor the ion level in the atmosphere and to actuate
      one or the other of the ion generating means depending upon whether the
      ion level in the atmosphere is above or below a predetermined set level.
      In any event, the prior art does suggest numerous means for generating
      ions of various charges, at least some of which are efficient and
      relatively inexpensive.
PAR  In view of the above-mentioned known ion effects and of the availability of
      ion generating apparatus, it seems surprising that such devices and their
      use in therapeutic applications has not become widespread. However, it is
      obviously ture that such devices heretofor have not received widesperad
      application and their benefits have not been readily available to the
      public. Probably the primary factor which has retarded the development and
      use of such apparatus has been that although beneficial results have been
      reported by reputable experimenters using scientifically accepted
      standards and techniques, such results have not been obtainable on a
      repeatable basis. Thus, the same results are not always obtainable by
      other experimenters following the same techniques and methods and indeed
      frequently the same experimenters cannot obtain the same results on a
      repeatable basis even when using the same subjects as patients.
PAR  One reason that experiments and techniques which have been reported in the
      past have not proven to be repeatable is that the atmosphere ions are, of
      course, electrically charged particles and as such follow all of the basic
      physical laws of nature which control the behavior of charged particles
      will neither leave nor enter a metallically shielded space such as is
      approximated by modern buildings. Further, the behavior of such ions is
      affected by any electrostatic fields which might be present in the area
      and they are affected by the humidity of the atmosphere. Further, the
      attraction of such ions to the body of a patient is a function of the
      electrostatic voltage of the body of the patient, which is known to vary
      from time to time even in the same patient. In any event, even when the
      above conditions are of such a nature to allow negatively charged ions to
      be attracted to the body of a patient, the body or the clothing of the
      patient soon takes on a negative electrostatic charge from the very ions
      with which the patient is being treated and thereafter repels additional
      negatively charged ions which may be directed at the patient since such
      repulsion of like electrical charged particles is a basic physical
      principal.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide an improved
      ion generating apparatus.
PAR  It is another object of the present invention to provide an improved ion
      generating apparatus with which more repeatable results can be obtained.
PAR  It is still another object of the present invention to provide an improved
      ion generating apparatus for therapeutic use which overcomes many of the
      above-discussed defects in the prior art.
PAR  It is still another object of the present invention to provide an improved
      method for treating patients with ions which provides improved therapeutic
      results for the patient.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  In the present invention it has been discovered that many of the
      above-discussed defects in the prior art, especially in the area of
      repeatability, can be overcome by providing an apparatus that is capable
      of generating both positive and negative ions. This is contrary to the
      teachings of the prior art which has suggested that only negative ions are
      beneficial and that positive ions are either unneeded or are harmful. In
      the presently preferred embodiment of the invention, a timer is provided
      to alternately energize the positive and negative ion generating apparatus
      over a predetermined time cycle so that the patient is alternately
      subjected to positive and negative ion treatment. During the negative
      portion of the cycle the patient receives all the beneficial results of
      negative ions which are reported in the prior art. During the positive ion
      portion of the cycle any negative electrostatic charge on the patient or
      his immediate environment which resulted from the negative ion portion of
      the cycle is neutralized and, if desired, the cycle can be extended to
      actually cause the patient to receive a positive electrostatic charge.
      Thereafter, in the ensuing negative ion portion of the following cycle the
      positively charged patient attracts even more negative ions and thus
      continuously receives the therapeutic benefits of the negative ions as
      long as the cycle is repeated. The patient thus does not saturate in a
      condition of repelling the beneficial negative charged ion such as occurs
      with the prior art devices.
PAR  Studies have shown that when patients are so treated, improved therapeutic
      results are obtained. These studies have particularly shown, for example,
      that such treatment is quite successful for patients suffering from
      insomnia.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the present invention, together with an
      appreciation of other objects and advantages thereof, references may be
      had to the accompanying drawings, in which:
PAR  FIG. 1 shows a schematic representation of an ion generating apparatus in
      accordance with the present invention; and
PAR  FIG. 2 shows a perspective view of an ion generator in accordance with the
      present invention and such as is schematically represented in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  FIG. 1 shows a schematic representation of an ion generating apparatus 10
      in accordance with the present invention which includes a negative ion
      generating section 12 and a positive ion generating section 14. Negative
      ion generating section 12 includes a power supply consisting of a step-up
      transformer 16 followed by a capacitor-diode voltage multiplying section
      18, the output of which is connected through a resistor 19 to an electrode
      20. The operation of the components per se is well known to those skilled
      in the art and accordingly is not described in detail. Transformer 16 and
      voltage multiplying section 18 are chosen so that, in the preferred
      embodiment, a negative voltage of about 4000 volts is applied to electrode
      20. Positive ion generating section 14 is similar to negative ion
      generating section 12 except that the elements of the power supply are
      oppositely poled to provide a high positive voltage on positive electrode
      22.
PAR  It is noted at this point that the present invention may use any suitable
      internal structure of negative ion generating section 12 and positive ion
      generating section 14. Ion generators of the particular type shown, or any
      other form of positive and negative ion generators known in the prior art
      or subsequently developed could be used instead to achieve the desired
      results in the same manner as does the present invention.
PAR  In operation, electrical energy is supplied to the apparatus 10 as through
      a conventional electrical plug 24. Either the negative generating section
      12 or the positive generating section 14 is connected to plug 24 depending
      upon the state of energization of relay 26. The energization of relay 26
      is in turn controlled by timer 28 which is preferably an adjustable timer
      which can be set to provide any desired time cycle within its limits. Such
      timers are, of course, well known and readily available. In the shown
      embodiment timer 28 alternately energizes and deenergizes the coil of
      relay 26. When relay 26 is energized, as is shown, the primary winding of
      transformer 16 of negative ion generating section 12 is connected to plug
      24 and thus the high negative voltage is impressed upon electrode 20. As
      timer 28 progresses through its cycle, it subsequently deenergizes relay
      26 and at that time positive ion generating section 14, instead of
      negative ion generating section 12, is connected to plug 24. Then a high
      positive voltage is impressed upon electrode 22. When timer 28 completes
      its cycle and begins a subsequent cycle, relay 26 is again energized,
      thereby disconnecting positive ion generating section 14 from plug 24 and
      reconnecting negative ion generating section 12 to plug 24.
PAR  Apparatus 10 also includes a fan 30, shown schematically, which is always
      energized with the apparatus regardless of which ion generating section is
      connected. In the shown embodiment, fan 30 is a two-speed fan capable of
      either high or low speed operation. Single pole, double throw switch 32
      determines the speed of fan 30. Switch 32 is shown in its "fast" position.
      When switch 32 is in its "slow" position, resistor 34 is connected in
      series with fan 30, reducing the voltage drop across the fan, thus causing
      fan 30 to operate at a lower speed.
PAR  The purpose of fan 30 is to blow air across electrodes 20 and 22. In the
      preferred embodiment, as is shown in more detail in FIG. 2 below,
      electrodes 20 and 22 are located sufficiently close together that a single
      fan 30 can blow air through or across both of them at the same time. Thus
      only a single fan need be used. However, it is obvious that if it is so
      desired, a separate fan could be provided with each of the electrodes 20
      and 22.
PAR  In the shown embodiment, ion generating apparatus 10 also includes a single
      pole, single throw switch 36 which serves as an off-on switch for the
      apparatus and a neon indicator light 38 which indicates whether the
      apparatus is off or on.
PAR  FIG. 2 shows a perspective view of an ion generating apparatus 10 in
      accordance with the present invention and such as is shown schematically
      in FIG. 1. FIG. 2 shows the housing 40 having a front panel 42 in which is
      positioned electrodes 20 and 22, off-on switch 36 and indicator light 38.
      Electrodes 20 and 22 are positioned beside each other so that a single fan
      30 (not shown in FIG. 2) positioned inside of housing 40 can blow air
      across both electrodes.
PAR  Ion generating apparatus 10 operates in the following manner: Timer 28 is
      set to provide a desired operating time cycle. In the presently preferred
      embodiment of the invention, it has been found that a suitable operating
      cycle for an average sized home room is about a five-minute cycle. Timer
      28 divides the cycle into two equal increments so that during one-half the
      cycle negative ion generating section 12 is energized and during the other
      half of the cycle positive ion generating section 14 is energized.
      Obviously, for a larger sized room it would be desirable to increase the
      length of the cycle and for a smaller sized room the length of the cycle
      would be reduced. Also, if it is so desired to do so because of particular
      local electrostatic conditions or the like. the two portions of the cycle
      could be of unequal length. Regardless of which polarity ion is being
      generated, fan 30 blows air across both electrode 20 and electrode 22,
      thereby serving the dual function of bringing air molecules into contact
      with the high voltage electrodes, thus generating the ions, and blowing
      the ions so formed out into the room in which apparatus 10 is located so
      that a patient may receive the therapeutic benefits of the ions.
PAR  During the negative ion portion of the cycle, the patient receives all of
      the beneficial results of negative ions which are reported in the prior
      art. During the positive ion portion of the cycle, any negative
      electrostatic charge on the patient or his immediate environment which
      resulted from the negative ion portion of the cycle is neutralized, and if
      desired, the cycle can be extended to actually cause the patient to
      receive a positive electrostatic charge. Thereafter, in the ensuing
      negative ion portion of the following cycle, the positively charged
      patient attracts even more negative ions and thus continuously receives
      the therapeutic benefits of a negative ion as long as the cycle is
      repeated. The patient thus does not saturate in a condition of repelling
      the beneficial negative charged ions such as occurs with prior art
      devices.
PAR  While the invention is thus disclosed and the presently preferred
      embodiment thereof described in detail, it is not intended that the
      invention be limited only to the described embodiment. Instead, many
      modifications will occur to those skilled in the art which lie within the
      spirit and scope of the invention. For example, any suitable means for
      generating positive and negative ions may be used with the apparatus other
      than the particularly described means. Also, the timer may be adjusted to
      provide any desired timing or operating sequence. It is thus intended that
      the invention be limited in scope only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Ion generating apparatus for exposing a subject such as a patient or the
      like to an ion flow, comprising, in combination:
PA1  first ion generating means for generating negatively charged ions
      comprising a first electrode and first power supply means for applying a
      negative voltage to said first electrode;
PA1  second ion generating means for generating positively charged ions
      comprising a second electrode and second power supply means for applying a
      positive voltage to said second electrode;
PA1  means for blowing air across said first and second electrodes; and
PA1  timing means for alternately energizing said first and second power supply
      means in a predetermined time cycle, said time cycle having a first
      negative ion emitting time portion and a second positive ion emitting time
      portion in which said second time portion is sufficiently long to at least
      neutralize any negative charge accumulated by the subject during said
      first time portion, whereby the subject does not saturate in a condition
      of repelling negatively charged ions and continues to receive the benefits
      of negatively charged ions as long as said apparatus remains energized.
NUM  2.
PAR  2. The ion generating apparatus of claim 1 in which said first and second
      power supply means each includes a transformer and a capacitor-diode
      voltage multiplier section.
NUM  3.
PAR  3. The ion generating apparatus of claim 1 in which said timing means is
      adjustable.
NUM  4.
PAR  4. The ion generating apparatus of claim 1 in which said timing means
      comprises a timer and a relay means controlled by said timer for
      alternately energizing said first power supply means and said second power
      supply means.
NUM  5.
PAR  5. The ion generating apparatus of claim 2 in which said timing means
      comprises an adjustable timer and a relay means controlled by said timer
      for alternately energizing said first power supply means and said second
      power supply means.
NUM  6.
PAR  6. The ion generating apparatus of claim 1 in which said first ion
      generating means comprises a first electrode, and first power supply means
      for applying a negative voltage to said first electrode, and in which said
      second ion generating means comprises a second electrode and a second
      power supply means for applying a positive voltage to said second
      electrode.
NUM  7.
PAR  7. The ion generating apparatus of claim 6 which further includes means for
      blowing air across said first and second electrodes.
NUM  8.
PAR  8. A method for treating a patient with atmospheric ions which comprises
      the steps of alternately subjecting the patient to a flow of negatively
      charged ions for a first predetermined time period and to a flow of
      positively charged ions for a second predetermined time period in which
      said second time period is sufficiently long to at least neutralize any
      negative charge accumulated by the patient during said first time period,
      whereby the patient does not saturate in a condition of repelling
      negatively charged ions and continues to receive the benefits of
      negatively charged ions as long as the treatment is continued.
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ABST
PAL  Ground fault detection circuitry for sensing ground fault currents is
      disclosed. If ground fault occurs in a line conductor(s) in a distribution
      system supplying AC power to a load, the circuitry senses this ground
      fault and provides a signal in response to the sensing of the ground
      fault. The circuitry also senses the grounding of a neutral conductor, or
      in some systems the shorting of a line conductor by a parallel conductive
      path and provides a signal in response to the grounding of the neutral or
      the parallel conductive shorting path. The signals provided by the
      circuitry in response to these sensed conditions may be used to provide a
      visual or audible alarm, or may be used to remove power from the load.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to ground fault protective circuitry; and more
      particularly to protective circuitry for sensing ground fault currents,
      the grounding of a neutral conductor and the shorting of a line conductor
      by a parallel conductive path.
PAR  In a system supplying electrical power to a load, there is always a danger
      that a person or animal can receive a lethal shock or be severly injured.
      Electrical systems supplying power to a load have traditionally been
      protected by overcurrent sensing devices which open the circuit upon
      passage of excessive current. Unfortunately, the current level which will
      cause injury or death to a human being is only a fraction of the current
      required to trip such devices. Further, property damage can result before
      these conventional devices have had sufficient time to respond. Of course,
      such injuries and property damage do not normally occur as the result of
      normal current flow from a system's energized conductor to its neutral
      conductor. Instead, they result from the unintentional flow of current
      from the energized conductor through a person's body or some other path
      not normally a part of the electrical system, to a grounded conductor
      other than the system's neutral conductor. Such a current flow is commonly
      called a ground fault.
PAR  Circuits for providing protection against such ground faults are available
      on the market today. A number of these circuits utilize differential
      transformers to sense a current unbalance in the conductors of a
      distribution system providing electrical power to a load, and in response
      to this unbalance provide a signal to remove power from the load. These
      available devices have, by and large, operated satisfactorily. However,
      some of the prior art devices are highly temperature sensitive and become
      unstable with temperature variations. Also, some of the prior art devices
      are not sufficiently immune to noise to prevent false triggering in
      response to noise signals.
PAR  Another problem that exists in many of the prior art differential
      transformer protective circuits relates to the inadvertent grounding of
      the neutral conductor on the load side. In power distribution systems
      where the neutral conductor is grounded at the source side, inadvertent
      grounding of the neutral at the load side may render the protective
      circuitry ineffective. Several systems that overcome this problem have
      been developed. For example, U.S. Pat. No. 3,473,091 to Morris, et al.
      discloses ground leakage differential protective circuitry in which an
      impedance is inserted in the neutral line to detect a low impedance to
      ground in the neutral conductor; and U.S. Pat. No. 3,663,865 to Stanback
      teaches the placing of a resistor across the line and neutral conductor to
      detect a grounding of the neutral conductor. A third patent, U.S. Pat. No.
      3,611,035 to Douglas teaches the use of a tickler coil to induce a high
      frequency voltage on the neutral conductor to detect a low impedance to
      ground in the neutral conductor.
PAR  This invention provides improved ground fault protection circuitry that
      overcomes most of the prior art problems. In addition to protecting
      against ground fault, the circuitry of this invention provides protection
      against the inadvertent grounding of a neutral conductor on the load side.
      The protection against the inadvertent grounding of the neutral conductor
      is provided without the insertion of any additional impedance in the power
      lines, and without continuously placing a high frequency signal on the
      neutral conductor.
PAR  Of course, not all loads receiving AC power have a neutral conductor; in
      such systems shorting of a line conductor by a parallel conductive path
      can present a hazardous condition without any obvious indication that such
      a short exists. The circuitry of this invention, when used in such
      systems, detects the shorting of a line conductor by a parallel conductive
      path. It is also noted that with the protective circuitry of this
      invention the same basic circuitry may be used to provide ground fault
      protection plus grounded neutral protection, and ground fault protection
      plus protection against shorting of a line conductor by a parallel
      conductive path.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is specifically described herein with reference to two-wire
      power distribution system supplying single phase AC power to a load.
      However, the circuitry of this invention can be used with any three-wire
      single phase AC system or with any conventional multiphase system, as will
      be apparent to those skilled in the art.
PAR  The ground fault detection circuitry includes a differential transformer
      having a toroid core or the like. The two conductors pass through the core
      to the load and form the primary windings of the differential transformer.
      A secondary winding is wound on the core. The secondary winding is coupled
      to the input of a current responsive amplifier.
PAR  Under normal operating conditions the current flow in the two conductors
      supplying power to the load is balanced and no voltage is induced in the
      secondary winding since there is zero net flux in the core of the
      differential transformer. If a ground fault occurs, the current flow in
      the two conductors is unbalanced and this unbalance creates a magnetic
      flux in the core of the differential transformer. This flux produced by
      the imbalance in current flow makes an alternating current available to
      the input of the current sensitive amplifier. The amplifier provides an
      output voltage in response to this signal current. The output voltage may
      be used to operate a visual and/or audible alarm indicating a ground
      fault. Preferably, however, this output voltage is used to operate a
      circuit breaker or the equivalent to remove the power from the load.
PAR  In addition to the differential transformer, a second transformer is
      provided. This transformer may also have a toroid core or the like with
      the two conductors passing through the core. However, in this case, the
      two conductors form the secondary of the transformer and the transformer
      does not operate as a differential transformer. The primary winding of
      this transformer is coupled to the output of the current amplifier.
PAR  If the two-wire power system is one having a neutral normally grounded at
      the load, the second transformer is used to detect a low impedance to
      ground in the neutral conductor on the load side. This second transformer
      does not enter into the operation of the circuitry during a ground fault
      condition. If the neutral conductor is inadvertently grounded at the load
      side, this grounding is, in effect, sensed by the second transformer and
      the amplifier will break into self-sustained oscillations. When these
      oscillations become sufficiently vigorous, the output voltage at the
      amplifier which is now an oscillator will become large enough to operate
      either the warning device or the power removal device, as the case may be.
      In some power distribution systems where there is no neutral to the load,
      the second transformer will sense the shorting of the conductors by a
      parallel conductive path where no current is drawn by the load. If one of
      the conductors is shorted by such a parallel conductive path, this fact is
      in effect sensed by the second transformer and the amplifier breaks into
      self-sustained oscillations, as is the case with the grounded neutral, to
      provide an output voltage of sufficient magnitude to operate the warning
      device or the power removal device, as the case may be.
PAR  It is therefore an object of this invention to provide ground fault
      protective circuitry.
PAR  It is another object of this invention to provide protection against ground
      faults in a power distribution system supplying power to a load.
PAR  It is another object of this invention to provide protection against a low
      impedance to ground in the neutral conductor of power conductors supplying
      power to a load.
PAR  It is yet another object of this invention to provide protection against
      the shorting of a line conductor by a parallel conductive path.
PAR  It is a further object of this invention to provide circuitry to protect
      against dangerous shocks and property damage.
PAR  It is a further object of this invention to provide differential ground
      fault protective circuitry.
PAR  It is still a further object of this invention to provide ground fault
      protective circuitry including protection against the grounding of the
      neutral conductor on the load side in a power system supplying electrical
      power to a load.
PAR  It is yet a further object of this invention to provide ground fault
      protective circuitry including protection against the shorting of a line
      conductor by a parallel conductive path.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above-mentioned and other objects of the invention will become readily
      apparent from the following detailed description when read in conjunction
      with the annexed drawing in which:
PAR  FIG. 1 is a schematic diagram showing a preferred embodiment of the basic
      circuitry of this invention;
PAR  FIG. 2 is a diagram useful in describing the grounded neutral feature of
      the invention;
PAR  FIG. 3 is a diagram useful in describing the shorting of a conductor by a
      parallel conductive path; and
PAR  FIG. 4 is a schematic diagram showing the basic circuitry of this invention
      in addition to a DC power supply and other specific circuitry that may be
      utilized with the basic circuitry.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to the drawing, FIG. 1 shows a pair of conductors 10 and 11. An
      AC power source (not shown) is connected across non-inverting 10 and 11 at
      non-inverting side as indicated in FIG. 1 point a load (not shown) is
      connected across conductors 10 and 11 at the right side as also indicated
      in FIG. 1; of course, the load could be on the left side and the power
      source on the right side. The power source would typically be 120/240
      volts 60 hertz single phase; however, this invention is not limited to
      these specific voltages or to a 60 hertz single phase AC supply. The
      circuitry of this invention will function properly with other voltage and
      frequencies and multiphase systems.
PAR  Conductors 10 and 11 pass through a first toroid core 18 and a second
      toroid core 13. A winding 14 having the leads 15 and 16 extending
      therefrom is wound on core 13 and a winding 19 having leads 20 and 21
      extending therefrom is wound on core 18. Conductors 10 and 11, winding 14
      and core 13 form a differential transformer 12. Winding 14 is the
      secondary and conductors 10 and 11 are the primary of differential
      transformer 12. Core 18, conductors 10 and 11 and winding 19 form a
      transformer 17. In transformer 17, conductors 10 and 11 are the secondary
      and winding 19 is the primary. Note that while cores 13 and 18 are shown
      as toroid cores, these cores could be square shaped or any other suitable
      shape. In fact, for transformer 17, core 18 could be a rod with the
      conductors 10 and 11 wound on the rod.
PAR  Lead 15 of winding 14 is coupled to the input pin 2 of an amplifier 22.
      Amplifier 22 is shown as an operational amplifier and input pin 2 is the
      inverting input of amplifier 22. Note that while amplifier 22 is indicated
      as an operational amplifier, a conventional high-gain amplifier may be
      used for amplifier 22; however, the operational amplifier has been found
      to operate very satisfactorily. A resistor 23 is connected between lead 15
      and a point 42.
PAR  A pair of oppositely poled diodes 25 and 26 are connected in parallel with
      the lead 16 of winding 14 connected to the cathode of diode 25 and the
      anode of diode 26. A capacitor 27 is connected between this point of the
      parallel diodes 25 and 26 and the point 42. The cathode of diode 26 and
      the anode of diode 25 are connected to inverting input pin 2 of amplifier
      22.
PAR  A capacitor 24 is connected between inverting input pin 2 and the input pin
      3 of amplifier 22. Input pin 3 is the noninverting input of amplifier 22.
      Non inverting input pin 3 is connected to poing 42. In addition to input
      pins 2 and 3, amplifier 22 is shown as having the pins 4, 6 and 7. Pins 4
      and 7 are utilized to apply operating voltages to amplifier 22 and pin 6
      is the output of amplifier 22. A capacitor 33 which is a filter capacitor
      is connected between pins 4 and 7.
PAR  A capacitor 30 is connected between output pin 6 and inverting input pin 2.
      The series combination of the capacitors 31 and 32 is connected between
      output pin 6 and non-inverting input pin 3 and the series combination of a
      diode 34 and a resistor 35 is connected between output pin 6 and inverting
      input pin 2. The parallel combination of a capacitor 37 and a resistor 38
      is connected in series with a diode 36 between output pin 6 and inverting
      input pin 2.
PAR  Output pin 6 is also shown connected to a box 45 labeled responsive
      circuitry and DC power supply. The responsive circuitry can be a visual
      and/or audible alarm and/or a circuit breaker or the like can be connected
      either directly to output pin 6 or coupled to output pin 6 through
      associated circuitry. The DC power supply which supplies a DC voltage to
      the balance of the circuitry could of course be a battery supply, but is
      preferably a rectifier system receiving an AC voltage from conductors 10
      and 11 as indicated by the electrical leads 43 and 44. A variable resistor
      28 is connected between point 42 and box 45 and a resistor 29 is connected
      between point 42 and a common conductor 41. Pin 7 of amplifier 22 is
      connected to Box 45 and pin 4 of amplifier 22 is connected to common
      conductor 41. The circuitry just described forms the basic ground fault
      circuitry of this invention.
PAR  Transformer 17 is utilized to sense grounding of a neutral conductor on the
      load side or the shorting of a line conductor by a parallel conductive
      path in some systems where the load does not have a neutral conductor, as
      will be apparent later. As shown in FIG. 1, lead 20 of primary winding 19
      is coupled to output pin 6 by means of a capacitor 39. As will be apparent
      later, capacitor 39 and winding 19 form a series resonant circuit. Note,
      however, that a parallel resonant could also be provided, as will be
      apparent to those skilled in the art. Lead 21 of winding 19 is connected
      to one side of a resistor 40 which has its other side connected to common
      conductor 41.
PAR  Ignoring transformer 17 for the moment, the operation of the basic ground
      fault circuitry is as follows: Under normal operating conditions, the
      current flow through conductors 10 and 11 is balanced and there is zero
      net flux in core 13. With zero net flux in core 13 there is no voltage
      induced in secondary winding 14 and therefore no AC input signal current
      to amplifier 22. The no signal output voltage of amplifier 22 is
      established by the divider network of variable resistor 28 and resistor
      29. Variable resistor 28 is adjusted to vary the quiescent operating point
      to compensate for component tolerances. Any deviation of output pin 6 from
      input pin 3 is fed back through the feedback network comprising diode 34
      and resistor 35 or the feedback network comprising diode 36 and resistor
      38, depending upon its polarity, to input pin 2. This feedback insures
      that pin 6 closely follows pin 3 under quiescent conditions. Capacitor 27
      serves to prevent transformer 12 from shorting out this feedback and
      resistor 23 serves to supply the necessary bias to input pin 2. Capacitors
      24, 31 and 32 bypass harmlessly to ground any high frequency noise
      voltages that could be applied to amplifier 22 by capacitive coupling and
      capacitor 30 reduces the amplification of amplifier 22 at frequencies
      above its normal operating range, further reducing noise pickup.
PAR  Assume now that a low level fault occurs; under this condition the current
      in conductors 10 and 11 is no longer balanced and a flux is generated in
      core 13 of differential transformer 12. If conductors 10 and 11 are line
      conductors, such a low level fault will occur if there is any small
      current leakage between ground and either conductors 10 and 11, or both.
      If one of the conductors 10 or 11 is a neutral, then a low level fault
      would be a low level leakage current from the other conductor, which would
      be a line conductor, to ground.
PAR  The AC current in winding 14 due to the low level ground fault is applied
      to amplifier 22 as an AC input signal. When this signal is first applied
      to amplifier 22, capacitor 37 has no, or very little, charge. Without a
      charge on capacitor 37, pin 6 cannot become more positive than pin 2 which
      is at the quiescent voltage. The charging current for capacitor 37 can
      only be drawn through differential transformer 12. Thus, the current
      flowing in winding 14, due to the voltage induced in this secondary
      winding of differential transformer 12 by the ground fault, provides a
      charging current for capacitor 37. When the charge on capacitor 37 reaches
      a given value, the voltage at output pin 6 becomes sufficient to energize
      the responsive apparatus of box 45.
PAR  The responsive apparatus of box 45 could be a horn or any other audio
      device to provide an audible warning and/or a light or visual indicator to
      provide a visual warning, and/or the operating coil of a circuit breaker
      or relay or the like. The circuit breaker or the like would have contacts
      so arranged that power would be removed from the load. The coil of the
      circuit breaker could be coupled directly to output pin 6 or to output pin
      6 through associated circuitry.
PAR  The operation just described is for low level fault currents. The time it
      takes capacitor 37 to charge to a sufficient value to provide a voltage of
      such magnitude that will energize the responsive apparatus of box 45 is,
      of course, related to the value of the current flow in secondary winding
      15; and therefor, to the value of the leakage current. At very low level
      fault currents, for example 4 ma or thereabout, it will take approximately
      one second for the proper charge to build up on capacitor 37. For such low
      levels of fault current, the one second response time is sufficiently
      rapid to provide full protection. As the fault current increases, the
      charge on capacitor 37 will, of course, build up quicker, therefore, the
      circuitry responds more rapidly as the fault current increases so that
      full protection is provided. However, when the fault current increases
      above a given value, the time that it takes to charge capacitor 37 is such
      that the response time of the circuitry is not rapid enough to provide a
      fully satisfactory degree of protection. This does not mean that the
      circuitry of FIG. 1 does not provide full protection at high level fault
      currents since the circuit operates in a different mode for fault currents
      above a given value. At these high level fault currents, the charge time
      of capacitor 37 is not a limiting factor with respect to the response time
      of the circuit.
PAR  High level fault currents above a given value will drive the point 42
      positive, thereby providing a positive voltage at output pin 6. At these
      high level fault currents, output pin 6 goes sufficiently positive to
      energize the responsive apparatus. For all practical purposes, output pin
      6 is driven sufficiently positive to energize the responsive apparatus
      immediately upon the occurrence of a high level fault. Thus, at low level
      fault currents, the circuit responds by means of the charging of capacitor
      37; and at high level fault currents, the high current faults enter
      amplifier 22 through the back door via capacitor 27 to point 42 and pin 3
      which is not under the control of the feedback networks. In this manner,
      the circuitry of FIG. 1 provides full protection at all levels of fault
      current.
PAR  Thus far in the description, little has been mentioned about the function
      of diode 34 and resistor 35. If amplifier 22 should have a negative output
      offset, diode 34 and resistor 35 place a compensating charge on capacitor
      27 to force output pin 6 to follow pin 2. Also, under fault conditions the
      positive half cycles fed back through diode 36 and resistor 38 would
      rapidly charge capacitor 27 were it not for equal negative half cycles
      through diode 34 and resistor 35. The resistance of resistor 35 must be
      sufficiently low to insure adequate negative half-cycle current despite
      the limited negative excursions possible at output pin 6, and must at the
      same time be sufficiently large to prevent impulse noise which may find
      its way into amplifier 22 from rapidly charging capacitor 27 negative.
      This input noise could drive pin 6 upward by a sufficient amount to
      energize the responsive apparatus.
PAR  A feature of the invention that is probably not readily apparent from FIG.
      1 is the fact that transformer 12 does not have a loading resistor in the
      normal sense. Instead, ignoring the relatively low impedance at the lead
      16 end of winding 14, transformer 12 loading consists of whichever
      feedback resistor 35 or 38 is passing current at that time, divided by the
      open-loop gain of amplifier 22. Since the gain of amplifier 22 is
      typically several thousand, the apparent load resistance is only a few
      hundred ohms. The effect of this low impedance is to make the output
      voltage of transformer 12 virtually independent of its core permeability;
      therefore, ferrite cores can be used. Also, since the load impedance and
      hence the output of transformer 12 is low for high-gain amplifiers and
      higher for low-gain amplifiers, the level at which the responsive
      apparatus is energized is essentially independent of amplifier gain.
PAR  Referring now to FIGS. 1 and 2, FIG. 2 shows the conductors 10 and 11
      passing through the cores 18 and 13 of transformers 17 and 12,
      respectively. In other words, FIG. 2 shows the transformer and conductors
      of the upper part of FIG. 1; however, in FIG. 2 conductor 10 is a line
      conductor and conductor 11 is a neutral conductor which is normally
      grounded at the source side, as is indicated by the ground symbol 46. In
      FIG. 2, the leads 20 and 21 and 15 and 16 of windings 19 and 14,
      respectively, are connected to the balance of the protection circuitry, as
      shown in FIG. 1. FIG. 2 is presented only to specifically show conductor
      11 of FIG. 1 as a neutral conductor normally grounded on the source side
      and to describe the function of transformer 17 when neutral conductor 11
      becomes inadvertently grounded at the load side, as indicated by the
      dotted grounded symbol 47. Thus, for the balance of this immediate
      description, it will be assumed that conductor 11 of FIG. 1 is a neutral
      conductor grounded at the source side, as shown in FIG. 2. If neutral
      conductor 11 should inadvertently become grounded at the load side, as
      indicated by 47 in FIG. 2, the ground fault circuitry may become
      inoperative thereby defeating the protective system. However, transformer
      17 protects against such grounding of neutral conductor 11.
PAR  When the power system is operating under normal conditions, the circuit is
      in its quiescent mode, as described above. Under these conditions,
      capacitor 39, transformer 17 and resistor 40 serve no useful purpose.
      Capacitor 39 does, of course, block DC voltage from transformer 17, but it
      will pass an AC component to winding 19 of transformer 17 and this AC
      component will be coupled to conductors 10 and 11. Under quiescent
      conditions, a few millivolts will be coupled to conductors 11 and 10 in
      this manner for each volt of AC output at pin 6 of amplifier 22. These few
      millivolts of voltage coupled to conductors 10 and 11 by the transformer
      action of transformer 17, produces no current in conductors 10 and 11
      since there is no return path.
PAR  If by any means a low impedance to ground is established in neutral
      conductor 11 at the load side, as indicated by the dotted ground symbol 47
      in FIG. 2, a return path is established and the few millivolts coupled to
      conductors 10 and 11 will cause some current flow through the primary of
      transformer 12. This current flow, due to the few millivolts of coupled
      voltage, will become large enough to generate in transformer 12 a voltage
      equal to the voltage at transformer 17 divided by the gain of amplifier
      22. In other words, this loop gain becomes unity and self-sustained
      oscillation will take place. Amplifier 22 becomes an oscillator. The
      frequency of oscillation is determined mainly by the resonant frequency of
      the series resonant circuit formed by capacitor 39 and transformer 17. Of
      course, other resonant circuits could also be provided such as a simple
      parallel resonant circuit. The oscillations will become sufficiently
      vigorous if the impedance to ground in neutral conductor 11 is a low
      impedance which will be the case if conductor 11 becomes grounded, such as
      shown in FIG. 2 at 47, to charge capacitor 37 to the level required to
      produce an output voltage at pin 6 of sufficient value to energize the
      responsive apparatus of box 45. Thus, the circuitry of FIG. 1 provides not
      only ground fault protection, but also protects against the inadvertent
      grounding of a neutral conductor. Further, with the circuit of FIG. 1, the
      dual protection is provided by basically the same circuitry. For ground
      faults, amplifier 22 operates as an amplifier and if conductor 11 is a
      neutral conductor, as shown in FIG. 2, the amplifier becomes an oscillator
      if a low impedance to ground is established in the neutral conductor. It
      is noted that continuous oscillations are not applied to winding 19 of
      transformer 17 and thus to conductors 10 and 11. Note that resistor 40
      prevents excessive ringing at amplifier 22.
PAR  Referring now to FIGS. 1 and 3, many power distribution systems do not have
      a neutral conductor going to the load in the fashion shown in FIG. 2. A
      system that does not have a neutral to the load is shown in FIG. 3. For
      systems such as that shown in FIG. 3, the circuitry of this invention
      provides protection against a shorting of the conductors by a parallel
      conductive path. Referring specifically to FIG. 3, AC power is supplied to
      a load through a transformer 50. Transformer 50 has a primary 51 and a
      secondary 52. Secondary 52 has a center tap to ground. Conductor 10 is
      connected to one end of secondary 52 and conductor 11 is connected to the
      other end of secondary 52. In FIG. 3, only the conductors 10 and 11 and
      the two transformers are shown since the circuitry connected to leads 20
      and 21 of winding 19 and the circuitry connected to leads 15 and 16 of
      winding 14 is the same as that shown in FIG. 1.
PAR  If power is applied to the load in FIG. 3 and the system is operating
      normally, the protective circuit is, of course, operating in its quiescent
      condition. If by some means a parallel conductive path should
      inadvertently be established between the source and load as indicated by
      the dotted line 53, the protective circuitry of FIG. 1 will function in
      the manner described above for ground faults provided current is being
      drawn by the load. This should be obvious since the current flow in
      conductors 10 and 11 will no longer be balanced and a flux will be
      established in core 13 of differential transformer 12. Thus, the type of
      short represented by dotted line 53 presents no problem if current is
      being drawn by the load.
PAR  The problem that arises is when a parallel conductive path such as
      represented by dotted line 53 occurs when there is no current being drawn
      by the load, such a short could occur without any indication that a
      parallel conductive path has been established. Assume that the AC source
      is connected to primary winding 51 and that the load is not drawing
      current; if a parallel conductive path is inadvertently established and
      one were to come in contact with the conductor represented by dotted line
      53, current could be drawn from conductor 53 through the person's body to
      ground and since there is no normal current flow through conductor 10 and
      11, the ground fault detection circuitry would not detect this event.
      However, transformer 17 will detect this event since a return path is now
      established for the few millivolts induced on conductors 10 and 11. The
      operation of the circuitry is the same as described above for the shorting
      of a neutral conductor to ground on the load side. The parallel conductive
      path 53 is shown only with respect to conductor 10, the protection against
      such a parallel shorting path holds for either or both conductors 10 and
      11. Note also that in absence of such an inadvertent parallel shorting
      path, the circuit provides protection against the shorting of conductors
      10 and 11 to ground even when no current is drawn by the load.
PAR  If a voltage is present on secondary 52 and the load is not connected to
      conductors 10 and 11, no current will be drawn through conductors 10 and
      11. If, however, one of the conductors 10 and 11 should become grounded,
      current would flow through that conductor and the circuitry of FIG. 1
      would operate as described above for ground faults since a flux would be
      generated in core 13 of differential transformer 12. Thus, even if no
      current is being drawn by the load in the system of FIG. 3, the protective
      circuitry of this invention will provide protection against the grounding
      of either or both conductors 10 and 11, even in the absence of a parallel
      conductive path such as represented by dotted line 53.
PAR  As was mentioned above, the responsive apparatus and DC power supply of box
      45 of FIG. 1 could be any suitable responsive apparatus and any suitable
      DC supply. However, in order to prevent a possible injurious shock it is
      preferable to use a circuit breaker or the like to remove the AC source;
      and since an AC voltage is present, it is preferable to use a rectifier
      for the DC power with the AC from conductors 10 and 11 serving as the
      input to the rectifier. A highly satisfactory circuit arrangement that has
      been used for the responsive apparatus and the DC supply is shown in FIG.
      4. For purposes of clarity, FIG. 4 contains all the circuitry of FIG. 1,
      in addition to the circuitry for the responsive apparatus and the DC
      supply.
PAR  Referring specifically to FIG. 4, the DC supply comprises a full wave diode
      bridge rectifier 68 and the related circuitry shown in FIG. 4. Bridge
      rectifier 68 comprises the diodes 73, 74, 75 and 76 and the bridge points
      69, 70, 71 and 72.
PAR  Bridge point 69 is connected directly to conductor 10. A resistor 67 and a
      pair of Zener diodes are connected in series between bridge point 70 and
      common conductor 41. Zener diodes regulate the DC supply current drawn
      through dropping resistor 67. Note that capacitor 33 connected between
      pins 4 and 7 of amplifier 22 serves as a filter capacitor to reduce
      ripple. Resistors 28 and 29 which form a voltage divider are coupled
      between the cathode of Zener diode 65 and common conductor 41. Pin 7 of
      amplifier 22 is also connected to the cathode of Zener diode 65.
PAR  A varistor 77 which is coupled between bridge point 71 and bridge point 69
      serves to protect diodes 73 through 76 from high voltage transients.
      Bridge point 72 is connected to common conductor 41.
PAR  The responsive appratus of box 45 comprises, in FIG. 4, a Zener diode 60, a
      silicon controlled rectifier 61 (SCR), a circuit breaker coil 78 and the
      related circuitry.
PAR  Zener diode 60 is coupled between output pin 6 and the gate electrode of
      SCR 61. The parallel circuit of resistor 62 and capacitor 63 is coupled
      between the gate electrode of SCR 61 and common conductor 41. The anode of
      SCR 61 is connected to bridge point 70 and its cathode is connected to
      common conductor 41. A capacitor 64 is connected across SCR 61. Coil 78,
      which is the coil of a circuit breaker or the like (contacts not shown) is
      coupled between conductor 11 and the common point of varistor 77 and
      bridge point 71.
PAR  Varistor 77 which protects the diodes of rectifier 68 from high voltage
      transients also protects SCR 61 from these transients. Capacitor 64
      connected across SCR 61 protects SCR 61 from high transients when SCR 61
      is gated on. Resistor 62 serves to bypass any leakage that might build up
      on capacitor 63 and turn on SCR 61. When SCR 61 is turned on capacitor 63
      serves to hold it on during zero crossings.
PAR  Now that the components of FIG. 4 not shown in FIG. 1 and their circuit
      connections have been described, the operation of this circuitry will be
      described. The operation of the diode bridge rectifier, the regulating
      components and transient protection components is obvious. The rectifier,
      of course, supplies internal DC power and Zener diodes 65 and 66 regulate
      the current drawn through resistor 67. Varistor 77 and capacitor 64
      provide transient protection.
PAR  When the power system is operating normally, the protective circuitry is in
      its quiescent state. In this state, Zener diode 60 is non-conducting and
      SCR 61 is also non-conducting. When SCR 61 is not conducting, coil 30 is
      not energized and therefore the circuit breaker or the like is not
      tripped. The breaker contacts (not shown) can be connected in conductors
      10 and 11 at any point along conductors 10 and 11; for example, between
      the load and transformer 13 or immediately before transformer 17 or
      between transformers 17 and 12.
PAR  If a ground fault occurs, or if the neutral conductor becomes grounded as
      described with reference to FIG. 2, or if a parallel conductive path short
      occurs as described with reference to FIG. 3, the voltage at output pin 6
      will rise as described above with reference to these three occurrences.
      The voltage at output pin 6 will rise to a value sufficient to break down
      Zener diode 60 and gate on SCR 61. When SCR 61 is turned on it shorts out
      rectifier 68 and sufficient current is then drawn through coil 78 to trip
      the circuit breaker or the like. The circuit breaker, relay or the like is
      preferably of the latch-out type so that once tripped it must be manually
      reset eventhough the system returns to normal operation.
PAR  The circuit shown in FIG. 4 has been constructed and has operated very
      satisfactorily. In the circuit constructed coil 78 is a circuit breaker
      coil, and amplifier 22 is an operational amplifier. For this circuit,
      typical operating parameters for low level and high level faults as
      described above with reference to FIG. 1 are as follows: For low level
      faults between 4 to 40 ma, the protective circuitry operates by the
      charging of capacitor 37. For faults between 40 to 90 ma, the protective
      circuitry may operate by the charging of capacitor 37 or through the back
      door as described previously. For fault currents above 90 ma the operation
      is always through the back door. When a fault occurs, the voltage at
      output pin 6 rises and when it reaches approximately 17.5 volts, Zener
      diode 60 will break down and SCR 61 will be gated on. In the case of a
      grounded neutral on the load side, as described with reference to FIG. 2
      or the parallel conductive path as described with reference to FIG. 3,
      amplifier 22 will oscillate at a frequency of between 2-3 Khz. This
      frequency is determined mainly by the resonant frequency of the resonant
      circuit. These oscillations become sufficiently vigorous to cause the
      voltage at output pin 6 to reach the 17.5 volts necessary to break down
      Zener diode 60 and gate on SCR 61 to thereby energize coil 78. The
      foregoing values are given as typical values only to show typical
      operating currents and voltages for the circuitry of FIG. 4 and, of
      course, FIG. 1. Changing or varying of any of the circuit elements will,
      of course, change these currents and voltages accordingly. Therefore, the
      specific currents and voltages are to be considered as typical only, and
      not as limiting.
PAR  From the foregoing description, it should be apparent that the basic
      circuit of this invention provides protective circuitry that has a high
      degree of noise immunity. It will be recalled that various capacitors in
      the circuit are used primarily to provide noise immunity. Note the
      responsive circuitry of FIG. 4 is also relatively noise immune. The
      element that could most adversely be affected by noise is SCR 61; however,
      any noise build up on capacitor 62 is discharged by resistor 62. Further,
      the diodes of rectifier 68 and SCR 61 are protected from large transients
      which could be noise transients by varistor 77.
PAR  In addition to noise immunity, the basic circuitry of FIG. 1 is highly
      temperature stable due partly to the fact that the effect of temperature
      variations on some of the components is generally offset by the effect of
      temperature variation on other components. For example, as the inductance
      of transformer 12 drops with lowered temperature, a greater portion of its
      inductive reactance is cancelled by the capacitive reactance of capacitor
      27 which increases slightly at low temperatures. Also, the forward
      threshold of diode 36 increases at low temperatures, thereby allowing pin
      6 to exceed the voltage of pin 3 by a larger value for a given charge on
      capacitor 37 and, thus, increasing sensitivity. However, if the responsive
      circuitry of FIG. 4 is used, this increase in sensitivity is offset by the
      increase in the gate threshold of SCR 61 at low temperatures. Of course,
      other circuitry could be provided that would offset this increase in
      sensitivity if such an increase rendered the basic circuitry too
      sensitive. Note also that since the point at which the responsive
      apparatus (in FIG. 4 Zener diode 60 and SCR 61) is tripped or energized is
      independent of the gain of amplifier 22, as described above, this
      amplifier makes no significant contribution to the temperature
      coefficient. Thus, the basic circuitry of FIG. 1 is highly temperature
      stable and the overall circuitry of FIG. 4 is also temperature stable
      since the basic circuit is temperature stable. In addition, the Zener
      diodes used in the circuitry of FIG. 4 are highly temperature stable and
      in both the basic circuit and in the balance of the circuitry of FIG. 4,
      highly temperature stable resistors are used. The above factors relating
      to temperature stability are not given as a thorough discussion of the
      temperature coefficient of the basic circuit or the basic circuitry plus
      the DC supply circuitry and responsive circuitry of FIG. 4, but only to
      illustrate some of the factors that provide temperature stability. Those
      skilled in the art will be readily aware of the temperature stability of
      the basic circuitry in addition to the temperature stability of the entire
      circuit of FIG. 4 from but a brief analysis of the effects of temperature
      variation on the various components. In addition, actual operation of the
      basic circuit and the overall circuitry of FIG. 4 have shown that these
      circuits are in fact highly temperature stable and noise immune.
PAR  While the invention has been described with reference to a specific
      embodiment of the basic circuitry and with reference to a specific
      embodiment of the basic circuitry plus specific circuitry for the
      responsive apparatus and the DC supply, it will be apparent to those
      skilled in the art that various changes and modifications can be made to
      these specific embodiments without departing from the spirit and scope of
      the invention as set forth in the claims. Further, it should be apparent
      to those skilled in the art that the protective circuitry, while
      specifically described with reference to two-wire distribution systems,
      can be used with conventional three-wire single phase systems or with
      conventional multiphase power distribution systems.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A protective system for use in an electrical system having at least a
      first conductor and a second conductor extending from a source of
      alternating current to a load, said protective system comprising:
PA1  a. a transformer having a core, a primary on said core and a secondary
      formed by said at least first and second conductors;
PA1  b. an amplifier;
PA1  c. means to couple the output of said amplifier to said primary of said
      transformer; and
PA1  d. means including said transformer for causing said amplifier to break
      into self-sustained oscillations upon the occurrence of a given event
      relating to said at least first and second conductors.
NUM  2.
PAR  2. A protective system as defined in claim 1 wherein said given event is
      the establishing of a parallel conductive shorting path across at least
      one of said at least first and second conductors.
NUM  3.
PAR  3. A protective system as defined in claim 1 wherein one of said at least
      first and second conductors is a neutral conductor grounded at the source
      side of said electrical system and said given event is the establishment
      of a low impedance to ground in said neutral conductor on the load side of
      said electrical system.
NUM  4.
PAR  4. A protective system as defined in claim 2 wherein said means for causing
      said amplifier to break into self-sustained oscillations also includes a
      differential transformer having a core, a primary formed by said at least
      first and second conductors and a secondary on said core, said secondary
      being coupled to the input of said amplifier.
NUM  5.
PAR  5. A protective system as defined in claim 3 wherein said means for causing
      said amplifier to break into self-sustained oscillations also includes a
      differential transformer having a core, a primary formed by said at least
      first and second conductors and a secondary on said core, said secondary
      being coupled to the input of said amplifier.
NUM  6.
PAR  6. A protective system as defined in claim 2 wherein responsive means is
      coupled to the output of said amplifier, said responsive means responding
      to the voltage developed at the output of said amplifier when said
      amplifier breaks into self-sustained oscillations.
NUM  7.
PAR  7. A protective system as defined in claim 6 wherein said responsive means
      is a circuit breaker coil coupled to the output of said amplifier.
NUM  8.
PAR  8. A protective system as defined in claim 3 wherein responsive means is
      coupled to the output of said amplifier, said responsive means responding
      to the voltage developed at the output of said amplifier when said
      amplifier breaks into self-sustained oscillations.
NUM  9.
PAR  9. A protective system as defined in claim 8 wherein said responsive means
      is a circuit breaker coil coupled to the output of said amplifier.
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ABST
PAL  An overcurrent-protection network for a transmission line logic system is
      disclosed, including a line switch in said line subject to over-current
      conditions and an added threshold-responsive logic element whose output in
      response to detection of over-current conditions triggers said protected
      logic elements to open said line switch via a over-current condition
      responsive gate whose output supplies a control signal to the line switch.
      A supplementary network is provided to reclose said switch; this may
      comprise a time-delay mechanism for resetting a bi-stable element whose
      output controls said switch after a reasonable interval. Alternatively,
      the supplementary network may comprise a resistor bridging the switch to
      maintain minimal current flow to said protected logic elements, which
      thereby are responsive to the next succeeding change in line current or
      signal, to change state and re-close said line switch, thereby restoring
      initial conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a circuit arrangement for protecting a
      transmission circuit - over which, for example, DC signals are transmitted
      and interpreted by means of threshold logic elements - from over-current
      damage by means of a line switch.
PAR  One problem when transmitting DC signals is that when faults occur, the
      current in the loop of the transmission line can be many times the
      customary operating current. However, since many sensitive circuit
      elements, e.g., transmitters, receivers, weighting networks, etc. are in
      series with the transmission circuit, over-current situations must be
      detected, and the current cut-off, as quickly as possible. Previously,
      protective elements were connected in series to the transmission circuits.
      For example, PTC thermistors were used which heat up when the current
      increases and whose resistance rises because of the higher temperature, or
      electronic fuses, e.g., simple transistor circuits were incorporated. The
      drawbacks of such circuit elements are that during normal use there occurs
      an additional voltage drop thereacross; further, the automatic resetting
      of an electronic fuse can only take place with great difficulty when used
      in a trunk line.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the invention is to provide a circuit arrangement for
      protecting a DC transmission circuit from over-current damage, wherein no
      additional voltage drop occurs in normal operation and which, upon the
      occurrence of an over-current situation, eliminates the effect thereof
      through the actuation of a line switch; after the error has been removed,
      the normal state of the transmission circuit should be automatically
      restored. The invention proceeds on the assumption that the receiver
      circuit being protected includes at least two threshold logic elements for
      the purpose of interpreting the DC signals.
PAR  In accordance with the invention, the foregoing and other objects are
      achieved in that in addition to the first and second threshold logic
      elements for the interpretation of the DC signals, there is provided a
      third threshold element for detecting the over-current condition. When the
      preset threshold thereof is exceeded, this third threshold element
      controls the outputs of at least one of the two normally operative
      threshold elements so that at the outputs thereof a unique or paradoxical
      logical indication of the state of the conduction current is presented. An
      additional logic circuit is connected between the first and second
      threshold elements and a logic controlled line switch to interpret said
      unique signals and in response opens the line switch. An additional
      monitoring circuit is also provided which automatically reverses the
      output signal of the logic circuit, thereby reclosing the line switch and
      restoring normal operating conditions.
PAR  One advantage of the invention is that the available threshold logic
      elements are employed for the interpretation of the DC signals and
      development of the over-voltage indication. The line switch, which is also
      available, is used in conjunction with an easily constructed logic circuit
      for the protection of the transmission circuit from the over-current
      condition. Moreover, no substantial additional voltage drop occurs due to
      the occurrent protection logic; and the old line condition is capable of
      being automatically re-established.
PAR  In an especially useful embodiment of the invention, an additional
      monitoring circuit is provided including a timing element that again
      reverses the output signal of the additional logic circuit a specified
      period of time after the opening of the line switch, thereby reclosing the
      line switch and restoring normal operation.
PAR  An alternative embodiment of the invention is characterized by an
      arrangement wherein the line switch is bridged by a high-value resistor
      over which a weak measuring or testing current flows after the opening of
      the line switch. Thus the next succeeding change of the measuring current
      during the sampling of the line is detected by means of a further logic
      element and the line switch is reclosed in response to the detected signal
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The principles of the invention will be more readily understood by
      reference to the description of a preferred embodiment given hereinbelow
      in conjunction with the four-figure drawing, which is a schematic diagram
      of an electronic protection circuit constructed according to the
      invention, wherein:
PAR  FIG. 1 indicates double threshold detection of unipolar current signals.
PAR  FIG. 2 indicates a double threshold detection of bipolar current signals.
PAR  FIG. 3 shows an overcurrent logic circuit especially useful for unipolar
      current signal transmission.
PAR  FIG. 4 shows an over-current logic circuit especially useful for a
      double-current signal transmission.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  FIG. 1 shows a current flow J as a function of the time t. It illustrates
      unipolar current signals such as used in data transmission. To interpret
      said single-current signals, which are sent over fairly long transmission
      circuits and which frequently arrive in the receiver in heavily distorted
      form, two threshold circuits may be provided that respond to current
      values in excess of levels J1 or J2 respectively with an appropriate
      output indication.
PAR  Distortion of the DC signals can be reduced by means of the threshold logic
      elements mentioned above.
PAR  The interpretation of bipolar current signals can likewise take place by
      means of two threshold logic elents in the same way as the interpretation
      of unipolar current signals by means of two threshold elements. A current
      flow comprising bipolar current signals is shown in FIG. 2 for this
      purpose. The negative portion of the bipolar current signals is detected
      by the threshold logic element responsive to the current J1 and the
      positive portion of the bipolar current signals by the threshold circuit
      responsive to the current J2.
PAR  FIG. 3 shows an exemplary embodiment of a circuit utilizing threshold logic
      elements for protecting the data transmission circuit from the effects of
      overcurrent conditions. This arrangement is advised for use in
      transmission systems carrying unipolar current signals.
PAR  A line switch LS and three threshold logic elements S1, S2 and S3 are
      connected in series with the transmission circuit L. The outputs of the
      threshold elements S1 and S2 are connected to a logic circuit comprising
      gates N1 to N4, the output of said logic circuit being connected to the
      control input of the line switch LS. Moreover, a timing element Z is
      provided connected to the line switch controlling logic circuit.
PAR  The mode of operation of the circuit arrangement shown in FIG. 3 is as
      follows: The threshold elements S1, S2 and S3 indicate whether a given
      conduction current ever is exceeded or not by means of specified output
      signals therefrom. By way of example, the threshold element S1 may respond
      to the current J1 (cf. FIG. 1) and the threshold element S2 respond to the
      current J2 (cf. FIG. 1). On the other hand, the threshold S3 is set to
      detect a current value lying considerably above the current J2 which is
      exceeded upon the occurrence of a faulty overcurrent. Such threshold can
      be simply constructed, for example, by means of differential amplifiers.
      As the unipolar current signal is transmitted over the transmission line
      L, the levels are indicated by the threshold S1 and S2 at the outputs
      thereof by means of specified logic signals. Now, if in response to an
      error on the line L an over-current appears on said line, it is detected
      by the threshold element S3. Now, the threshold S1 and S3 are so
      interconnected by means of a separate line that the logic output signal of
      the threshold circuit S1 is reversed by the output signal of the threshold
      circuit S3. Thus, a unique or in fact paradoxical line condition is
      indicated at the outputs of the threshold S1 and S2. This unique or
      paradoxical line condition is distinguished by the fact that the
      conduction current is at the same time larger than J2 but apparently
      smaller than J1. This combination of logic output signals of the threshold
      S1 and S2 is so interpreted by the gates N1 to N4 that at the output of
      the gate N4 linked to the control input of the series line switch LS there
      is generated a signal, in response to which the line switch LS (e.g.,
      consisting of a simple switching transistor) is opened. Furthermore, a
      timing element (e.g., a monostable trigger circuit) is so connected to the
      gates N3 and N4 that it is activated concurrently with the opening of the
      switching transistor comprising line switch LS. After a given period of
      time it causes a change at the output state of logic element N4,
      terminating the signal to the line switch LS, thereby reclosing the
      latter. If by this time the cause of the faulty over-current flow has not
      yet been removed, this process is repeated until the over-current is
      eliminated.
PAR  FIG. 4 shows a similar over-current protection system for bipolar current
      transmission circuits. As in the arrangement of FIG. 3, the line switch LS
      is connected in series with line L. Because of the bipolar current
      signals, however, the threshold circuits S1 and S2 are no longer connected
      in series but in parallel. To this end, the line L is divided into two
      parallel branches, the conducting directions of which are determined by
      the diodes D1 and D2, respectively. The threshold circuits S1 and S2 again
      detect the currents J1 and J2, but this time in accordance with FIG. 2. To
      detect the over-current condition there is provided a third threshold
      circuit S3, which is connected in series to the parallel connection of the
      threshold circuits S1 and S2, as well as to the line L. This threshold
      circuit S3 detects an over-current condition in absolute terms, that is to
      say, both in the positive and negative range.
PAR  If an over-current condition is created, the output signal of the threshold
      circuit S3 is applied to the threshold circuits S1 and S2 in such a manner
      that logic signals are generated at the outputs thereof, which again would
      define a unique or paradoxical line condition. In this case, the unique
      line condition is distinguished by the fact that the conduction current is
      apparently larger than J1 and J2, i.e., both in a positive and in a
      negative direction. Such a combination of the output signals of the
      threshold circuits S1 and S2 generates over the gate N a switching signal
      for the line switch LS, causing the same to be opened.
PAR  In order to reclose the line switch LS, it is bridged by a high-value
      resistor R, through which a weak measuring current flows after the opening
      of the line switch LS. When the polarity of the line L is reversed in
      response to the data transmission, said measuring current experiences a
      zero-crossing. This is detected by an additional element, e.g., a resistor
      placed in the measuring current circuit in conjunction with a switching
      transistor. A signal is derived therefrom which is utilized to terminate
      the switching signal for the line switch LS. Consequently, by means of the
      high value measuring current resistor, it is possible to reclose the line
      switch automatically upon restoration of normal line currents. If the
      faulty overcurrent still flows after the closing of the line switch LS,
      the interrupt process is repeated in this case also.
PAR  In conclusion, it is pointed out that the use of a high value measuring
      current resistor as means for developing a signal for the automatic
      closing of the line switch LS can likewise be utilized for unipolar
      current transmission circuits. Conversely, the timing element Z can also
      be employed to terminate interruption of bipolar current transmission
      circuits.
PAR  Other modifications of the disclosed preferred embodiments may occur to one
      of skill in the art, without departing from the spirit of the invention
      which is intended to be defined only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A circuit arrangement for protecting a transmission circuit against
      over-current conditions, said circuit including at least two threshold
      logic elements for evaluation of current conditions on said line,
      characterized by,
PA1  an additional threshold responsive logic element whose output is coupled to
      at least one of said threshold logic circuits for controlling the output
      signal level thereof in response to current in said circuit in excess of
      said threshold,
PA1  overcurrent logic signalling means having an input connected to the output
      of said two threshold logic elements,
PA1  a line switch connected in said transmission circuit for controlling the
      passage of said current to said threshold logic elements, the state of
      said switch being fixed by the output of said over-current logic
      signalling means, whereby said switch is opened upon indication of the
      over-current condition by said two threshold devices,
PA1  and a supplementary monitoring circuit having an output directed to said
      switch for returning the state thereof to the initial condition, thereby
      reclosing said line switch.
NUM  2.
PAR  2. The circuit of claim 1 wherein the input of said supplementary
      monitoring circuit is controlled by the output of said two threshold
      responsive elements, to initiate operation thereof substantially
      concurrently with opening of said line switch.
NUM  3.
PAR  3. The circuit arrangement of claim 2 wherein said supplementary monitoring
      circuit comprises a timing element whose output returns to normal a
      predetermined period of time after the opening of said line switch to
      restore said line switch to the closed position.
NUM  4.
PAR  4. The circuit arrangement of claim 2 wherein said two threshold elements
      have different threshold and provide two output signals to indicate in
      digital coded form the magnitude of the current, relative to said two
      thresholds, the output of one of said threshold elements being altered by
      the response of said additional threshold element to said over-current
      condition so that the outputs of said two threshold devices define a
      current condition which cannot exist on the transmission circuit.
NUM  5.
PAR  5. The circuit arrangement of claim 4 wherein said supplementary monitoring
      circuit comprises a timing element whose output returns to normal a
      predetermined period of time after the opening of said line switch to
      restore said line switch to the closed position.
NUM  6.
PAR  6. A circuit arrangement for protecting a transmission circuit against
      over-current conditions, said circuit including at least two threshold
      logic elements for evaluation of current conditions on said line,
      characterized by an additional threshold responsive logic element whose
      output is coupled to at least one of said threshold logic circuits for
      controlling the output signal level thereof in response to current in said
      transmission circuit in excess of said threshold of said additional
      threshold element,
PA1  over-current logic signalling means having an input connected to the
      outputs of said two threshold logic elements,
PA1  a line switch connected in said transmission circuit for controlling the
      passage of said current to said two threshold logic elements, the state of
      said switch being fixed by the output of said over-current logic
      signalling means, whereby said switch is opened upon indication of the
      over-current condition by said two threshold devices,
PA1  and a supplementary monitoring circuit having an output connected to said
      evaluating logic elements for maintaining said elements responsive to the
      next succeeding change of condition on said line, said two threshold logic
      elements thereby remaining responsive to said line current for restoring
      said line switch to the initial closed condition thereof.
NUM  7.
PAR  7. The circuit arrangement of claim 6 wherein said two threshold elements
      have different threshold and provide two output signals to indicate in
      digital coded form the magnitude of the current, relative to said two
      thresholds, the output of one of said threshold elements being altered by
      the response of said additional threshold element to said over-current
      condition so that the outputs of said two threshold devices define a
      current condition which cannot exist on the transmission circuit.
NUM  8.
PAR  8. A circuit arrangement as claimed in claim 3 wherein said supplementary
      monitoring circuit comprises a high value resistance element bridging said
      line switch, said resistance element providing at least a weak line
      current indication to said two threshold logic elements under over-current
      conditions, said two threshold logic elements responding to the next
      succeeding change in polarity of current on said line to change their
      output to said over-current logic switch signalling means.
NUM  9.
PAR  9. The circuit arrangement of claim 8 wherein said two threshold elements
      have different threshold and provide two output signals to indicate in
      digital coded form the magnitude of the current, relative to said two
      thresholds, the output of one of said threshold elements being altered by
      the response of said additional threshold element to said over-current
      condition so that the outputs of said two threshold devices define a
      current condition which cannot exist on the transmission circuit.
PATN
WKU  039367010
SRC  5
APN  5015618
APT  1
ART  212
APD  19740829
TTL  Timing circuit for electronic undervoltage detecting device and latch
ISD  19760203
NCL  5
ECL  1
EXA  Salce; Patrick R.
EXP  Miller; J. D.
NDR  1
NFG  2
INVT
NAM  Wilson; John T.
CTY  Beaver
STA  PA
INVT
NAM  Gary; Wardell
CTY  Beaver
STA  PA
ASSG
NAM  Westinghouse Electric Corporation
CTY  Pittsburgh
STA  PA
COD  02
CLAS
OCL  317 31
XCL  3171485R
XCL  317 33SC
XCL  317154
EDF  2
ICL  H02H  324
FSC  317
FSS  148.5 R;31;33 SC;52;33 VR;154
UREF
PNO  3551746
ISD  19701200
NAM  Rubner
OCL  317 31
UREF
PNO  3577040
ISD  19710500
NAM  Campbell, Jr.
OCL  317154
UREF
PNO  3590325
ISD  19710600
NAM  McMillen et al.
OCL  317 31
UREF
PNO  3590334
ISD  19710600
NAM  Baker
OCL  317148.5R
UREF
PNO  3663958
ISD  19720300
NAM  Crane
OCL  317 31
UREF
PNO  3719859
ISD  19730300
NAM  Frantz et al.
OCL  317 31
LREP
FR2  Moran; M. J.
ABST
PAL  A timing device utilizing a transistor and silicon controlled rectifier to
      provide a momentary relatively high voltage for the solenoid coil of a
      tripping device which is part of an undervoltage detecting and tripping
      circuit to thus energize the coil to allow closing of a circuit breaker
      which is controlled by the undervoltage device when low voltage which
      originally caused the circuit breaker to trip is no longer present on the
      line to be protected by the circuit breaker. The relatively high voltage
      changes to a normal value shortly thereafter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to undervoltage detecting and tripping
      devices and it relates specifically to devices of this type using solid
      state circuitry.
PAR  2. State of the Prior Art
PAR  U.S. Pat. No. 3,557,040 by Richard H. Campbell, Jr. issued on May 4, 1971
      and entitled "Solenoid Control Circuit" teaches an electronic circuit for
      actuating a solenoid load from an AC power source and a two step sequence
      wherein a high DC voltage is initially applied to pull in the solenoid
      armature after which the lower voltage maintains the armature in a hold
      condition. While this circuit requires two separate AC voltage levels for
      operation, it would be advantageous if a circuit could be devised
      utilizing only one level of sensing and energizing voltage. U.S. Pat. No.
      3,582,716 by Richard O. Tralma issued June 1, 1971 and entitled "Apparatus
      For Providing Time Delay Upon Total Deenergization" teaches a solid state
      apparatus for providing an output at the end of a predetermined delay
      interval commencing with the total deenergization of the apparatus. It
      would be advantageous if a device could be provided which would provide an
      output at the beginning of a predetermined delay interval commencing with
      the total energization of an apparatus. U.S. Pat. 3,512,048 by K. D.
      Wallentowitiz et al issued May 12, 1970 and entitled "Electronic Timer
      Circuit" teaches the energization of a load after a timing cycle has been
      completed as was mentioned previously here would be advantageous to
      provide a device which would teach energization of a load drawing a timing
      cycle. Finally, U.S. Pat. No. 3,343,036 issued Sept. 19, 1967 to S. L.
      Steen and entitled "Static Undervoltage Circuit" primarily teaches a
      circuit which is utilized to turn off after a time delay. As was mentioned
      previously, it would be advantageous to teach the turning on of a load
      with the energization of a load with time delay where the energy supplied
      to the load could be reduced after the appropriate time delay.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, an undervoltage protection device is
      taught comprising a circuit breaker means for opening portions of an
      electrical system when the system voltage is below a first predetermined
      value and for closing the electrical system when the system voltage is
      above a second predetermined value. There is provided a sensing means
      which may comprise a control transformer having the primary winding
      thereof connected to the electrical system and a secondary winding
      connected elsewhere as will be described hereinafter. The sensing means
      senses the value of the system voltage and provides an output signal which
      is related to that value. The output signal may be provided on the
      secondary of the control transformer. It is also connected to coil means.
      The coil means will cause the circuit breaker to open when the coil means
      is deenergized and will not allow the circuit breaker means to be reclosed
      for any appreciable time while the coil means is deenergized. But when the
      coil means is energized, a spring loaded plunger is prevented from opening
      the circuit breaker means. The circuit breaker means may comprise a
      circuit breaker having separable main contacts, and the coil means may
      comprise a solenoid coil.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be had to the
      preferred embodiment the exemplary of the invention shown in the
      accompanying drawings in which:
PAR  FIG. 1 shows a schematic diagram of an electronic undervoltage detecting
      device and latch; and
PAR  FIG. 2 shows a voltage versus time profile for the solenoid of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and FIG. 1 in particular there is shown an
      undervoltage protecting circuit or device 10 with pull-in means, latch
      means and timing circuit for the actuation of the pull-in means. There are
      shown two electrical power lines L1 and L2 which are to be protected by a
      circuit breaker CB having separable main contacts K. There may be disposed
      between the lines L1 and L2 the primary winding PRl of a transformer T
      which may be a control transformer, that is, a transformer capable of
      reducing 600 volts AC to 120 volts AC. There is also a secondary winding
      SEC for the transformer T. The circuit breaker has a mechanism portion M
      which is actuable by a solenoid plunger P which is driven or controlled by
      a solenoid S. The undervoltage trip circuit 10 detects when the voltage V
      between the lines L1 and L2 is of a predetermined low level and causes the
      solenoid coil S to actuate the plunger P to thus actuate the mechanism
      portion M to thereby cause the circuit breaker CB to open. In the
      preferred embodiment of the invention the undervoltage trip device 10 will
      actuate the solenoid trip coil S to cause the circuit breaker CB to open
      the main contacts K when the voltage between the lines L1 and L2 falls to
      approximately 65% of its rated value. Connected across the secondary
      winding SEC of the previously described transformer T is a capacitor C7
      which is utilized for noise suppression. Connected to one side of the
      capacitor or capacitive element C7 is one terminal of a diode bridge DA
      through DD. The diode bridge DA-DD is connected at the output terminals
      thereof to a gating device SCR1. The gating device SCR1 has a voltage
      suppression series circuit combination of resistive element R13 and
      capacitive element C3 connected thereacross. Connected to the remaining
      terminal of the bridge DA-DD is a line or conductor B which leads to one
      input terminal of another bridge DE through DH. Connected to the other
      input terminal of the bridge DE-DH is the other side of the capacitive
      element C7 which is also the other side of the previously described
      secondary winding SEC of the transformer T. Connected to one output
      terminal of the bridge DE-DH is one side of the previously described shunt
      coil S the other side of which is connected to one side of a resistive
      element R15 which is normally used to drop a portion of the line voltage V
      which is available for the trip coil S to thus prevent burnout of the trip
      coil S because of excessive overvoltage. Connected in parallel circuit
      relationship with the resistive element R15 is a silicon controlled
      rectifier or similar gated device SCR2. Connected in parallel with the
      anode-to-cathode circuit of silicon controlled rectifier SCR2 is the
      series circuit combination of a resistive means R14 and a capacitive means
      C4 which combination is provided for noise suppressions for the previously
      described silicon controlled rectifier SCR2. Connected to the last
      mentioned side of the capacitive element C7 is one side of a resistive
      element R21. The other side of the resistive element R21 is connected to
      the anode of a diode D10 the cathode of which is connected to one side of
      a resistive element R17. Connected to the other side of the resistive
      element R17 is the gate of the silicon controlled rectifier SCR2 and one
      side of a resistive element R18 the other side of which is connected to
      the return line 16 for the diode bridge network DE-DH. Resistive elements
      R18 and R17 comprise a voltage divider network. Connected across the
      resistive means or element R18 is the collector-to-emitter circuit of a
      transistor Q5 with the emitter thereof being connected to the previously
      described system common 16 and the collector thereof being connected to
      the gate of the previously described silicon controlled rectifier SCR2.
      Connected across the resistive element R17 and R18 is the series circuit
      combination of a Zener diode D8 and a voltage divider comprising a
      resistive element R20 and a resistive element R19. One side of the
      resistive element R20 is connected to the anode of the previously
      described Zener diode D8. The regulating terminal of the Zener diode D8 is
      connected to the junction between the previously described resistive
      element R17 and the cathode of the previously described diode element D10.
      The other side of the resistive element R19 is connected to system common
      line 16. The base of the transistor Q5 is connected between the two
      resistive elements R19 and R20. Connected across the series circuit
      combination of the resistive elements R17 and R18 is a capacitive element
      C6 which is an electrical charge storage element.
PAR  The undervoltage detecting portion of the circuit 10 is shown on the left
      side of FIG. 1. There is a voltage dropping resistor RA, one side of which
      is connected to the same side of the secondary winding SEC of the
      transformer T as the resistive elemnt R21. Connected to the other side of
      the resistive element RA is the anode of a diode D12, the cathode of which
      is connected to a capacitive element C1. The other side of capacitive
      element C1 is connected to the system common 12 of the bridge network
      DA-DD. Said in another way, the other side of the capacitive element C1 is
      connected to the cathode of the silicon controlled rectifier SCR1. The
      capacitive element C1 comprises a storage capacitive element for the
      undervoltage detecting circuit 10. There is connected across the
      capacitive element C1 one end of a resistive means R1, the other end of
      which is connected to one end each of a resistive element R3 and to one
      end of a resistive element R2. The other end of resistive element R2 is
      connected to the regulating terminal of a Zener diode D3, the anode of
      which is connected to the previously described system common line 12. The
      other side of the resistive element R3 is connected to the base of an NPN
      transistor Q1, the collector of which is connected to one side of
      resistive element R4, the other side of which is connected to line 11
      which is also connected to the other side of resistive element R1 which in
      turn is the high side of the capacitive element C1. Also connected to the
      collector of the transistor Q1 is the base of another transistor Q3, the
      emitter of which is connected to the previously described line 11. Also
      connected to line 11 is one side of a resistive element R6, the other end
      of which is connected to one side of a resistive element R9. The remaining
      end of the resistive element R9 is connected to the system common line 12.
      Connected to the junction between the resistive elements R6 and R9 are one
      end each of two other resistive elements R7 and R8. The other end of
      resistive element R7 is connected to the base of the transistor Q2, the
      collector of which is connected to line 11, and the emitter of which is
      connected to the emitter of the previously described transistor Q1. Both
      transistors Q1 and Q2 in this embodiment of the invention are NPN
      transistors. The common junction of the emitters of the transistors Q1 and
      Q2 is connected to one end of a single resistive element R5, the other end
      of which is connected to line 12. The other end of the previously
      described resistive element R8 is connected to the cathode of diode D6 the
      other end of which is connected to one end of a resistive element R11 and
      to the collector of a transistor Q4. The base of transistor Q4 is
      connected to the collector of the previously described transistor Q3 and
      to one side of a resistor element R10, the other side of which is
      connected to line 12. The emitter of transistor Q4 is connected to the
      power supply line 11. The other side of the resistive element R11 is
      connected to the previously described gate of the silicon controlled
      rectifier SCR1 and to one side of a resistive element R12. The other side
      of resistive element R12 is connected to system common 12.
PAC  OPERATION
PAR  When sufficient predetermined voltage V is present between the lines L1 and
      L2, the silicon controlled rectifier SCR2 is in the off state.
      Consequently, for a positive half cycle of voltage V, current flows from
      one side of the secondary SEC of the transformer T along line A through
      diode DB to the conducting silicon controlled rectifier SCR1 through the
      diode DC, through the line B, through the diode DF and trip coil S,
      providing sufficient maintaining energy for the coil S to keep the plunger
      P away from the mechanism M, so as not to trip it. The current then
      continues through the resistive element R15 so that there is a voltage
      dividing network including the trip coil S and the resistive element R15.
      The current then continues through the diode DH into line C and back to
      the other side of the secondary winding SEC of the transformer T. For a
      negative half cycle of voltage V, the current flows down line C through
      the diode DE through the trip coil S and resistive element R15 through the
      diode DG, through line B to the diode DA, through the conducting silicon
      controlled rectifier SCR1 back to the diode DD and out line A to the other
      side of the secondary winding SEC of the transformer T. In the preferred
      embodiment of the invention approximately 48 volts is dropped across the
      trip coil S during normal operating conditions as described above.
PAR  During normal operating conditions as described above the undervoltage
      control circuit 10 operate as follows. The voltage VD which exists across
      capacitive element C1, is of a sufficiently high magnitude to maintain the
      transistor Q1 on and the transistor Q2 off. This is because the voltage at
      the common junction of resistive elements R6, R7, R8, and R9 is less than
      the voltage at the top of the resistive element R5. Also, the voltage at
      the base of the transistor Q1 is greater by at least one diode drop than
      the voltage at the top of the resistive element R5. This is because the
      voltage at the common junction of the resistive elements R1, R2 and R3 is
      maintained generally higher than the previously described voltage between
      the resistive elements R6, R7, R8 and R9. This latter phenomenon is
      because of the presence of the nonlinear element or Zener diode D3 in the
      branch voltage divider which also comprises resistive elements R1 and R2.
      The transistor Q1 is on and the current flowing through resistive element
      R4 is sufficient to forward bias the base-to-emitter junction of the
      transistor Q3, thus keeping it on which in turn allows sufficient current
      to flow through resistive element R10 to keep the transister Q4 on. Since
      the transistor Q4 is on, sufficient current flows through the voltage
      divider comprising the resistors R11 and R12 to provide gate drive current
      and gate voltage to the gate of the silicon controlled rectifier SCR1
      there are sufficient to keep the silicon controlled rectifier SCR1 in the
      on state, concurrently during normal operating conditions capacitive
      element C6, which had been charged through the resistive element R21 and
      diode D10 provides a steady stage voltage VC between lines 15 and 16. This
      voltage VC is sufficiently high to break down the Zener diode D8 causing a
      voltage to exist at the common terminal of the resistive elements R20 and
      R19 to maintain the transistor Q5 on the on state. If the transistor Q5 is
      in the on state, the resistive element R18 is shorted and there is
      insufficient voltage and gate current to keep the silicon controlled
      rectifier SCR2 in the on state, consequently device SCR2 is off causing
      the only current path for the return of current through the trip coil S to
      be through the resistive element R15.
PAR  Presuming the voltage V dropped across the line L1 and L2 attains a low
      value. Such being the case, the capacitive element C1 will proportionately
      discharge to a low voltage. The non-linear switching element or Zener
      diode D3 is sensitive to voltage. Eventually a voltage drop VD between the
      lines 11 and 12 is reached where the Zener diode element D3 ceases to
      conduct. Such being the case the voltage drop at the junction between the
      elements R1, R2 and R3 eventually reaches a point relative to the voltage
      drop between the resistor elements R6, R7, R8 and R9 to cause the
      transistor Q1 to turn off. When the transistor Q1 turns off the current
      flowing through resistive element R5 drops to a significantly lower level
      than was previously the case thus causing transistor Q2 to turn on to
      maintain the voltage drop across the resistive element R5 at a lower value
      than was the case previously and to complete the turn off of transistor
      Q1. When the transistor element Q1 turns off, the current flowing through
      the resistive element R4 drops to approximately zero, thus reverse biasing
      the base to emitter junction of the transistor element Q3, thus turning
      that transistor off. This reduces the current in the resistive element
      R10, causing the base-to-emitter circuit of the transistor element Q4 to
      be reversed bias, thus causing transistor Q4 to turn off. When the
      transistor element Q4 turns off, the current flowing through the resistive
      elements R11 and R12 drops to approximately zero, thus providing
      insufficient gate voltage and gate drive current to the silicon controlled
      rectifier SCR1. This causes the silicon controlled rectifier SCR1 to turn
      off. If the silicon controlled rectifier SCR1 turns off, the complete
      current path through the diode bridge DA-DD is opened thus interrupting
      current to the trip coil S. When the current through the trip coil S drops
      to zero, the spring loaded plunger P moves to the right against the
      mechanism M, thus causing that mechanism, M to trip the circuit breaker CB
      causing the separable main contacts K to open to act to protect the lines
      L1 and L2. When this happens the voltage on the line C drops to zero
      causing the capacitive element C6 to discharge. When the capacitive
      element C6 discharges the voltage provided by the voltage dividers R19 and
      R20 at the base of the transistor Q5 drops to a value insufficient to
      maintain transistor Q5 in the on state, and transistor Q5 turns off.
PAR  It is desirous to provide a hysteresis effect for the differential
      amplifier comprising the transistors Q1 and Q2. Diode element D6 in
      conjunction with resistive element R6 provides a sufficient hysteresis
      effect for the latter differential amplififer.
PAR  As the voltage V across the lines L1 and L2 gets larger, it is desirous to
      close the circuit breaker CB to cause the separable main contact K to
      close so that power may be transmitted through the electrical system
      comprising the lines L1 and L2. In order to accomplish this, the
      capacitive element C1 charges through the half-wave rectifier diode D12
      and dropping resistive element RA, as the voltage V between the lines L1
      and L2 increase. The effective resistance represented by the combination
      of the resistive elements R1, R2 and the Zener diode D3, which at this
      time is in a non-regulating state; and the effective resistance
      represented by the resistive elements R6 and R9, cause the voltages at the
      bases of the transistors Q1 and Q2 to increase at different rates. Before
      Zener D3 breaks down, the voltage at the base of the transistor Q1 does
      not increase as quickly as the voltage at the base of the transistive Q2
      and consequently, the status of the circuit 10 remains unchanged. However,
      when the Zener diode D3 breaks down and begins to conduct at a regulated
      voltage, the effective resistance of the combination of the resistive
      elements R1, R2 and the conducting Zener diode D3, changes causing the
      base voltage on the transistor Q1 to eventually become larger than the
      voltage at the emitter of the transistor Q2. When this happens the
      transistor element Q1 turns on causing even more current to flow through
      the resistive element R5 and causing the transistor elements Q3 and Q4 to
      turn on. At this point the base-to-emitter junction of the transistor Q2
      becomes reversed biased because the voltage at the top of the resistive
      element R5 is significantly greater than the voltage at the base of the
      transistor Q2. Transistor Q2 then turns off. The current flowing through
      the resistive elements R11 and R12 once again provides sufficient voltage
      and current drive to the gate of the silicon controlled rectifier SCR1 to
      cause it to conduct. This causes current to flow through the previously
      described bridges DA-DD and DE-DH but current does not flow immediately
      through the resistive elements R15. Rather the fact that the voltage drop
      V across lines L1 and L2 has increased, causes a voltage to be provided
      across the voltage divider R17 and R18, thus causing sufficient voltage
      and current drive to be present on the gate of the silicon controlled
      rectifier SCR2 to cause it to conduct. Consequently, the resistive element
      R15 is shorted by the silicon controlled rectifier SCR2 thus providing
      nearly all of the secondary winding voltage of the transformer T across
      the trip coil S, thus energizing the trip coil S causing the plunger P to
      be pulled back, allowing the circuit breaker CB to be closed without
      causing a subsequent immediate reopening thereof because of an
      inadequately set plunger P. Of course this much voltage across and current
      through the relatively small trip coil S would eventually cause it to burn
      out. However, the voltage drop supplied across the resistive elements R17
      and R18 causes the capacitive element C6 to charge with a certain time
      delay. Once the capacitive element C6 has been completely charged, the
      Zener diode D8 breaks down, causing a voltage to be applied by way of the
      voltage divider including resistive elements R20 and R19 to the base of
      the transistor Q5 thus shorting out the resistive element R18 and turning
      off the silicon controlled rectifier SCR2. Consequently, the current
      flowing through the coil S is shunted through the resistive element R15
      providing a voltage divider between the resistance of the shunt coil S and
      resistance element R15. This significantly reduces the voltage across the
      shunt trip coil S but nevertheless maintains a voltage thereacross which
      is sufficient to maintain the plunger in the loaded state preparatory to
      to another operation cycle. The preceding voltage application sequence for
      the coil S is shown in FIG. 2.
PAR  It is to be understood with respect to the various embodiments of this
      invention that the use of either PNP or NPN transistors is not limiting
      and it is also to be understood that under certain operating conditions
      the transformer T need not be utilized provided the voltage of the lines
      L1 and L2 is compatable with the requirements of the circuit 10. This
      being the case the lines A and C may be directly connected to the lines L1
      and L2. It is also to be understood that the various voltage and current
      values described herein are not limiting but are merely illustrative of a
      preferred embodiment.
PAR  The apparatus taught herein has many advantages. One advantage lies in the
      fact that the plunger P may be retracted after the voltage across the
      lines L1 and L2 has reached a sufficient predetermined value so that the
      circuit breaker CB may be closed without a subsequent immediate tripping
      thereof because of the disposition of plunger P. Another advantage lies in
      the fact that sufficient current may be provided to the trip coil to
      rapidly reload the plunger P against its loading spring. However, this
      voltage may be reduced after the plunger P has been loaded to a value
      sufficient to maintain the plunger P in its disposition without providing
      a quantity of current and/or voltage which would burn out the trip coil S.
CLMS
STM  What we claim as our invention is:
NUM  1.
PAR  1. An undervoltage protection device, comprising:
PA1  a. circuit breaker means for opening an electrical system when the system
      voltage is below a first predetermined value and for closing said
      electrical system when said system voltage is above
PA1  a second predetermined value;
PA1  b. sensing means for sensing said system voltage;
PA1  c. alternating current coil means energizable at a predetermined
      alternating coil voltage for preventing said circuit breaker means from
      closing upon said electrical system, said coil means controlling a spring
      loaded plunger means, said coil means when energized with said
      predetermined coil voltage keeping said spring loaded plunger means from
      causing said circuit breaker means to close upon said electrical system;
PA1  d. control means interconnected with said sensing means and said coil
      means, said control means deenergizing said coil means when said system
      voltage is below said first predetermined value but applying a coil
      voltage significantly larger than said predetermined coil voltage to said
      coil means for a predetermined period of time to positively load said
      plunger means against its spring to allow said circuit breaker means to be
      closed by independent means when said system voltage is above said second
      predetermined value, said control means thereafter maintaining said coil
      means at said predetermined coil voltage.
NUM  2.
PAR  2. The combination as claimed in claim 1 wherein said control means
      comprise solid state circuit elements.
NUM  3.
PAR  3. The combination as claimed in claim 1 wherein said sensing means
      comprises a control transformer having the primary winding thereof
      connected to a portion of said electrical system and the secondary winding
      thereof connected to said control means.
NUM  4.
PAR  4. The combination as claimed in claim 1 wherein said circuit breaker means
      comprises a circuit breaker having separable main contacts, said circuit
      breaker being tripped when said coil means is deenergized, said circuit
      breaker having a mechanism therein for preventing the closing of said
      separable main contacts for any significant period of time when said coil
      means is in a deenergized state.
NUM  5.
PAR  5. The combination as claimed in claim 1 wherein said coil means comprises
      a solenoid coil.
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ABST
PAL  An electrical protection unit having a plurality of main leads for
      respectively interconnecting a plurality of lines of an electrical power
      source to at least one electrically operated unit. At least one main lead
      has a device therein for opening the respective lead when the device is
      activated. The one main lead has one side of an electrical circuit
      interconnected thereto with the other side of the circuit being adapted to
      be interconnected to ground, the circuit having means for activating the
      device when the circuit is operatively interconnected to ground. Control
      means are provided for operatively interconnecting the circuit to ground.
PARN
PAR  This application is a continuation-in-part patent application of its
      copending parent patent application, Serial No. 229,120, now abandoned,
      Feb. 24, 1972 and is assigned to the same assignee to whom this
      application is assigned.
BSUM
PAR  This invention relates to an improved electrical control system having
      protection means therein. This invention also relates to an improved
      method of protecting such a control system or the like.
PAR  It is well known that electrical systems for various appliances and the
      like are each provided with safety means for terminating the flow of
      electrical current through such system when adverse situations arise, such
      as an electrical shorting condition, adverse temperature rise condition,
      runaway condition, etc.
PAR  It is a feature of this invention to provide an improved electrical circuit
      having means for limiting one or more of the main electrical leads thereof
      in response to a predetermined condition, such as a time condition,
      operating condition, failure condition, temperature rise condition, a
      broken glass-top range cooking surface condition, etc.
PAR  Another feature of this invention is to utilize such an electrical circuit
      in an electrical control system for an appliance or the like.
PAR  A further feature of this invention is to provide an improved method of
      protecting electrical circuits and the like.
PAR  In particular, one embodiment of this invention provides a plurality of
      main leads so constructed and arranged that the same are adapted to
      respectively interconnect a plurality of lines of an electrical power
      source to at least one electrically operated unit, such as the
      electrically operated heating means of a cooking apparatus or the like, to
      place that device across the lines of the power source. At least one main
      lead has a device therein for opening the respective lead when that device
      is activated. The one main lead has one side of an electrical circuit
      interconnected thereto with the other side of the circuit being adapted to
      be operatively interconnected to ground, the circuit having means therein
      for activating the device of that respective lead when the circuit is
      interconnected to ground. Control means are provided for operatively
      interconnecting the circuit to ground so that the control means can cause
      the device to open the one main lead.
PAR  For example, when all of the main leads have such devices therein, the
      interconnecting means can comprise a plurality of rectifiers respectively
      interconnecting the main leads to an anode of an SCR that has its cathode
      interconnected to ground and is rendered conductive when the control means
      introduces a current into the gate of the SCR of a given minimum value so
      that current can flow through the circuit to operate the means thereof for
      thermally activating the devices. Such means of the circuit can comprise
      heater means and the devices can comprise thermally responsive devices
      that open when heated by the heater means to a certain degree.
      Alternately, such means of the circuit can comprise relay coil means and
      the devices can comprise relay switch means that open when such relay coil
      means is energized.
PAR  Accordingly, it is an object of this invention to provide an electrical
      circuit means having one or more of the novel features set forth above or
      hereinafter shown or described.
PAR  Another object of this invention is to provide a method of operating such
      an electrical circuit means.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description which proceeds with reference to the
      accompanying drawings forming a part thereof and wherein
PAR  FIG. 1 is a schematic view illustrating the improved electrical control
      system of this invention.
PAR  FIG. 2 is a view similar to FIG. 1 and illustrates another embodiment of
      the electrical control system of this invention.
PAR  FIG. 3 is a partial view similar to FIG. 2 illustrating another embodiment
      of the electrical control system of this invention.
PAR  FIG. 4 is a view similar to FIG. 1 and illustrates another embodiment of
      the electrical control system of this invention.
PAR  FIG. 5 is a view similar to FIG. 1 and illustrates another embodiment of
      the electrical control system of this invention.
PAR  FIG. 6 is a view similar to FIG. 1 and illustrates another embodiment of
      the electrical control system of this invention.
PAR  FIG. 7 is a view similar to FIG. 1 and illustrates another embodiment of
      the electrical control system of this invention.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted for providing protection for
      electrical control systems for a cooking apparatus, it is to be understood
      that the various features of this invention can be utilized singly or in
      any combination thereof to provide electrical circuit protection means for
      any desired apparatus or structure.
PAR  Therefore, this invention is not to be limited to only the embodiments
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate some of the wide variety of uses of this invention.
PAR  Referring now to FIG. 1, an improved control system of this invention is
      generally indicated by the reference numeral 10 and comprises an
      electrical power source 11 represented by a plug that has two power source
      leads 12 and 13 and a grounded lead 14 in a conventional manner when the
      same is plugged into an electrical outlet for furnishing current to an
      appliance or the like, such as a cooking apparatus which in the embodiment
      of FIG. 1 has a plurality of surface, electrically operated heating
      devices 15 and 16.
PAR  As is well known in the art, each surface heating unit 15 or 16 includes an
      electrically operated heating element 17 which generates heat when
      electrical current flows through the same, such heating element 17 being
      carried within an outer metallic sheath 18 that is electrically insulated
      from the heating element 17 by suitable insulating material and which
      normally supports the cooking utensil that is to be heated by the device
      15 or 16. The opposed sides 19 and 20 of the heating element 17 are
      respectively adapted to be electrically interconnected to power leads 21
      and 22 by conventional on-off switches 23 and 24 which are illustrated in
      their closed position in FIG. 1 for electrically interconnecting the leads
      21 and 22 to the heating elements 17 of the surface heating units 15 and
      16. However, when the selector knob for the particular heating unit 15 or
      16 is turned to the "off" position, such selector knob opens the switches
      23 and 24 for that unit 15 or 16 in a manner well known in the art to
      disconnect the particular heating element 17 from the power leads 21 and
      22.
PAR  The power source 11 is adapted to be electrically interconnected to the
      power leads 21 and 22 for the heating units 15 and 16 by the electrical
      circuit means of this invention that is generally indicated by the
      reference numeral 25 and could be packaged into a self-contained unit 26
      indicated by dashed lines in FIG. 1, if desired, by providing a plurality
      of terminals 27, 28, 29, 30 and 31 as well as one or more terminals for
      leading to ground as will be apparent hereinafter and in the embodiment
      illustrated in FIG. 1 comprises terminals 32 and 33.
PAR  The terminals 27 and 28 are adapted to be respectively interconnected to
      the power source leads 12 and 13 in any suitable manner and be
      electrically interconnected to the terminals 29 and 30 by main leads 34
      and 35 respectively having thermally responsive devices 36 and 37 therein,
      the thermally responsive devices 36 and 37 being of the type that will
      open the leads 34 and 35 with the same are heated to a certain condition
      for a certain amount of time with such devices 36 and 37 either being of
      the thermally responsive fuse type which must be replaced when blown or
      being of a thermostatically controlled type that must be manually or
      automatically reset when opened so that same need not be replaced.
PAR  For example, when the devices 36 and 37 are to be of the thermally
      responsive fuse type, the same could be of the form disclosed and claimed
      in the U.S. Pats. to Merrill, Nos. 3,180,958 and 3,519,972.
PAR  The terminals 29 and 30 at the lower ends of the main leads 34 and 35 are
      adapted to be respectively interconnected to the power leads 21 and 22 for
      the heating elements 15 and 16 as illustrated
PAR  The outer metallic sheaths 18 for the heating elements 15 and 16 are
      respectively adapted to be interconnected to the terminal 31 by leads 38
      and 39, the terminal 31 being located at one end of a lead 40 that has its
      other end interconnected to the terminal 33 for being interconnected to
      ground by a lead 41 in any conventional manner such as to the frame of the
      cooking apparatus, so that the sheaths 18 of the units 15 and 16 are
      always directly interconnected to ground by the circuit means 25 of this
      invention. It is well known that the circuit means that interconnects the
      sheaths 18 to ground can consume no more than 0.5 ohms as required by
      present codes for the grounding of the metallic sheaths for electrically
      operated surface units of domestic cooking apparatus and the like.
      However, it is believed that by utilizing a certain size wire for the
      interconnection between the sheaths 18 and the ground lead 41, the circuit
      means 25 of this invention for grounding the sheaths 18 of the units 15
      and 16 will consume only 0.05 of an ohm so as to be well below the
      required code rating therefor.
PAR  The grounding lead 40 of the circuit means 25 of this invention is coiled
      between its ends to provide a primary coil 42 of a transformer 43 that has
      a secondary coil 44 that is provided with opposed ends 45 and 46 with the
      end 45 leading to ground and the end 46 leading by a lead 47 to the gate
      of an SCR (silicone control rectifier) generally indicated by the
      reference numeral 48 with the understanding being that the SCR 48 could be
      any other desired type of switch that will be under the control of the
      transformer 43 or other control means in a manner and for a purpose
      hereinafter described.
PAR  However, in the embodiment of the control circuit 10 illustrated in FIG. 1,
      the control unit or transformer 43 is such that should a current flow
      through the line 40 to ground because of a shortage or leakage of current
      from one or more of the heating elements 17 of the units 15 and 16 to the
      respective sheaths 18 thereof, such flow of current passing through the
      primary coil 42 of the lead 40 will cause a sufficient flow of current
      through the secondary coil 44 of the transformer 43 to cause the gate of
      the SCR 48 to close and interconnect its input or anode 49 to its output
      lead or cathode 50. The output lead 50 is interconnected to the terminal
      32 of the unit 26 with the terminal 32 being interconnected by a suitable
      lead 51 to ground for a purpose hereinafter described.
PAR  Thus, unless current is flowing through the coil 42 of the transformer 43,
      the SCR 48 is blocking the input lead 49 from the output lead 50 and it is
      only when an unsafe shorting condition is existing at one or more of the
      sheaths 18 of the units 15 and 16 that the transformer or control device
      43 will cause the SCR 48 to be conductive and interconnect the input lead
      49 to the output lead 50 and, thus, the input lead 49 to ground for a
      purpose hereinafter described.
PAR  The other sides 58 and 59 of the heaters 52 and 53 are respectively
      interconnected to the input leads or anodes 60 and 61 of a pair of diodes
      or rectifiers 62 and 63 which respectively have their output leads or
      cathodes 64 and 65 interconnected to the input lead or anode 49 of the SCR
      48. While the devices 62 and 63 are referred to hereinafter as diodes, it
      is to be understood that any suitable form of rectifier can be utilized
      for interconnecting the sides 58 and 59 of the heaters 52 and 53 to the
      input lead 49 of the DC switch 48, as desired, as the purpose of the
      diodes 62 and 63 is to block the current from flowing back and forth
      through the heaters 52 and 53 because of the sides 58 and 59 of the
      heaters 52 and 53 being interconnected together.
PAR  From the above, it can be seen that the circuit means 25 of this invention
      can be formed in a relatively inexpensive manner from relatively few parts
      to operate in a manner now to be described.
PAR  When the plug containing the power source 11 for the control system 10 is
      plugged into an electrical outlet so that the power source leads 12 and 13
      are adapted to have current passing through the same, the operator can
      utilize one or both surface units 15 and 16 by merely causing the switches
      23 and 24 thereof to be moved to the closed positions as illustrated in
      FIG. 1 so that the heating elements 17 can have electrical current flowing
      to the same because the heating elements 17 are now placed across the
      power source leads 12 and 13 by the main leads 34 and 35 of the control
      circuit 25 of this invention. As long as no current leaks or shorts from
      the elements 17 to the sheaths 18 of the operating units 15 and 16, no
      current is flowing through the lead 40 of the circuit 25 of this invention
      and, thus, through the primary winding 42 of the transformer 43. Thus, no
      current is induced in the secondary coil 44 and, thus, directed by the
      lead 47 to the SCR 48. In this manner, the input lead 49 of the SCR 48 is
      not interconnected to the grounded lead 50 so that no current can pass
      through the electrical heaters 52 and 53 for the thermally responsive
      devices 36 and 37 whereby the thermally responsive devices 36 and 37
      maintain the main leads 34 and 35 in the closed condition illustrated in
      FIG. 1.
PAR  However, should either or both heating elements 17 for the surface units 15
      and 16 leak current to the respective sheaths 18 so that such current is
      directed to ground through the lead 40 of the circuit 25, such flow of
      current through the coil 42 of the lead 40 causes the transformer 43 to
      induce a current flow in the coil 44 and, thus, through the lead 47 to
      operate the SCR 48 in such a manner that the same now interconnects the
      input lead 49 thereof to the grounded lead 50 so that current can now flow
      through the heaters 52 and 53 respectively from the leads 34 and 35 to
      ground. Should the current flow through the heaters 52 and 53 continue
      through a predetermined time period, the heaters 52 and 53 will cause the
      thermally responsive devices 36 and 37 to operate or be activated and,
      thus, open the leads 34 and 35 so that the power source leads 12 and 13
      will no longer be interconnected to the heating elements 17 of the surface
      elements 15 and 16. If the thermally responsive devices 36 and 37 are
      thermally responsive fuses that blow when activated in the above manner,
      then in order for the control system 10 to again become operative, new
      thermally responsive devices 36 and 37 must replace the blown devices 36
      and 37. However, if the thermally responsive devices 36 and 37 are merely
      of the thermostatically operated kind that can be reset once the same have
      been opened by sensing a certain temperature, then the devices 36 and 37
      must be subsequently reset before the units 15 and 16 can be rendered
      operative.
PAR  In either case, it can be seen that a mere incidental flowing of current
      through the lead 40 of the circuit means 25 of this invention will not
      cause the heating elements 52 and 53 to cause the thermally responsive
      devices 36 and 37 to open the main leads 34 and 35 as it requires a
      certain length of time for current to be flowing through the lead 40 to
      cause the devices 36 and 37 will not take place.
PAR  Therefore, it can be seen that this invention provides an improved
      electrical circuit means 25 and method of operating the same.
PAR  Another control system of this invention is generally indicated by the
      reference numeral 10A in FIG. 2 and parts thereof similar to the system 10
      previously described are indicated by like reference numerals followed by
      the reference letter "A".
PAR  The control system 10A of FIG. 2 is provided for controlling the operation
      of the bake and broil electrically operated heating units 66 and 67 of the
      oven of a cooking apparatus (not shown) wherein the elements 66 and 67 are
      adapted to be respectively placed across the power leads 21A and 22A by
      selector knob controlled switch means 23A and 24A in a manner well known
      in the art.
PAR  The circuit means 25A of this invention being utilized for interconnecting
      the power source leads 12A and 13A respectively to the power leads 21A and
      22A through the main leads 34A and 35A is substantially identical to the
      circuit means 25 previously described except that in place of the control
      device 43 being utilized to operate the SCR 48 of the system 10, another
      control means 68 is provided and has its output lead 69 interconnected to
      a terminal 70 of the circuit 25A that in turn is interconnected to the SCR
      48A by the lead 47A to cause the SCR 48A to interconnect its input lead
      49A to the ground lead 50A only when the control means 68 sends a signal
      through the output lead 69 thereof for a purpose hereinafter described.
      However, it can be seen that the circuit means 25A provides the thermal
      limiters 36A and 37A for the main leads 34A and 35A to cause opening of
      the main leads 34A and 35A only when current is permitted to flow through
      the heater means 52A and 53A by the SCR 48A interconnecting the input lead
      49A to the ground lead 50A.
PAR  The control means 68 has a device 71 for sensing the normal cooking
      temperature for the oven containing the heater 66 and 67 so that when the
      temperature in the oven exceeds a high safe cooking temperature limit such
      as would occur during a "runaway" bake heating condition therein, the
      device 71 will send an electrical current through its output lead 72 which
      if permitted to reach the lead 69 will cause the SCR 48A to interconnect
      the input lead 49A to the grounded lead 50A and thereby cause the heaters
      52A and 53A to open the thermally responsive devices 36A and 37A to
      terminate the operation of the heater means 66 and 67 in the same manner
      as the devices 36 and 37 previously described.
PAR  Another temperature responsive device 73 is also provided for the control
      means 68 to send an output signal through its output lead 74 which leads
      to the lead 69 when the device 73 senses that the burn-off cleaning
      temperature produced by the heater means 66 and/or 67 during a burn-off
      cleaning operation has exceeded a safe high burn-off temperature.
PAR  In order to block one of the temperature responsive devices 71 or 73 from
      the lead 69 of the control means 68, a selector switch 75 can be provided
      so that during a cooking operation only the temperature responsive device
      71 will be permitted to send its signal to the lead 69 should the device
      71 sense that a runaway temperature condition has been created in the oven
      during a normal cooking operation therein. However, when the selector
      switch 75 is set for a cleaning operation, the same only permits the
      device 73 to be interconnected to the lead 69 so that should a runaway
      cleaning temperature operation exist, the device 73 will cause the SCR 48A
      to interconnect the lead 49A to the ground lead 50A and thereby cause the
      heaters 52A and 53A to operate and activate the thermally responsive
      devices 36A and 37A to open the main leads 34A and 35A and, thus,
      terminate the high burn-off cleaning operation.
PAR  Of course, each thermally responsive device 71 and 73 can be directly
      interconnected to the SCR 48A through a selector switch 34 as illustrated
      in FIG. 3 wherein the device 71B is interconnected by its lead 72B through
      a selector switch 76 to a lead 77 that is interconnected to SCR 48B while
      the thermally responsive device 73B has its lead 74B interconnected by a
      selector means 78 to a lead 79 that leads to the SCR 48B as illustrated.
      Of course, more than two devices 71B and 73B can control the SCR 48B if
      desired in the same manner as illustrated.
PAR  Therefore, it can be seen that the control circuit 25A of this invention is
      adapted to control the normal cooking and burn-off cleaning operations of
      the heating elements 66 and 67 of an oven of a cooking apparatus or the
      like in much the same manner that the circuit means 25 protects the top
      surface units of such cooking apparatus.
PAR  While the control system 10 and 10A previously described each has two power
      source lines that are respectively provided with the thermally responsive
      devices 36, 37 and 36A, 37A for controlling each line in the manner
      previously described, it is to be understood that there are certain power
      source arrangements that will require only one of the power source lines
      thereof to be protected by a thermally responsive device.
PAR  For example, another electrical control system of this invention is
      generally indicated by the reference numeral 10C in FIG. 4 and parts
      thereof similar to the system 10 previously described will be indicated by
      like reference numerals followed by the reference letter "C."
PAR  As illustrated in FIG. 4, the power source 11C provided for one or more
      surface heating units 15C of a cooking apparatus (not shown) can comprise
      a single phase power source wherein the power source line 13C is current
      carrying or supplying while the other power source line 12 C will be
      grounded when the plug 11C is plugged into an outlet that provides the
      single phase application by having one of the power lines thereof grounded
      while the other line is "hot."
PAR  Thus, the grounded power source lead 12C can be directly interconnected to
      the switch 23C for one side of the heating element 17C of the surface unit
      15C while the other switch 24C is interconnected to the power source line
      13C by the electrical circuit means 25C of this invention which includes
      the main lead 35C having the thermally responsive device 36C therein. The
      heating element 52C for the thermally responsive device 36C, while having
      one side 55C thereof interconnected by the lead 57C to the main lead 35C
      in the manner previously described, has the other side 59C thereof
      interconnected directly to the input lead 49C of the SCR 48C whereby no
      diodes are required for the electrical circuit 25C of this invention.
PAR  The sheath 18C for the heating element 15C is interconnected to ground by
      the lead 40C having the primary winding 42C of the control device or
      transformer 43C therein whereby the SCR 48C is controlled by the secondary
      winding 44C of the transformer 33C by the lead 47C in the same manner as
      provided by the SCR 48 previously described.
PAR  Thus, as long as no current is shorting or leaking from the operating
      heating element 17C to the sheath 18C, no current is flowing through the
      coil 42C of the transformer 43C so that the SCR 48C is blocking the input
      lead 49C thereof from the grounded output lead 50C whereby no current can
      flow through the heating element 52C for the thermally responsive device
      36C. However, when such leakage to ground occurs through the lead 40C, the
      current induced in the secondary coil 44C of the control device 43C causes
      the SCR 48C to interconnect its input lead 49C to its grounded output lead
      50C and, thus, cause current to flow through the heating element 52C and
      thereby activate the thermally responsive device 36C to open the power
      lead 35C to terminate the operation of the heating element 15C in the
      manner previously described for the heating elements 15 and 16 of FIG. 1.
PAR  Thus, it can be seen that the control system 10C of this invention is
      adapted to effectively control a circuit that includes a plurality of main
      leads for respectively interconnecting a plurality of lines of an
      electrical power source to at least one electrically operated device to
      place that device across the line of the power source even though one of
      such lines is, in effect, a grounded line.
PAR  Another electrical control system of this invention is generally indicated
      by the reference numeral 10D in FIG. 5 and parts thereof similar to the
      parts of the system 10 previously described are indicated by like
      reference numerals followed by the reference letter "D".
PAR  The control system 10D of FIG. 5 is particularly adapted to be utilized
      with a glass or ceramic top range cooking surface to automatically turn
      off the heating units thereof should such glass top become broken, as will
      become apparent hereinafter as it has been found that should such glass or
      ceramic top fracture during use thereof and then water be spilled on the
      same so that the water could leak through the break and come in contact
      with the electrically hot current-carrying element that is otherwise
      protected within a top that is intact, such an arrangement would be an
      electrical hazard as such spilled water could conduct the electrical
      current of the heating element to the hand of the user if such broken top
      were touched under these conditions.
PAR  In particular, it can be seen that the electrical control system 10D of
      this invention comprises the self-contained unit 26D having the fuse
      devices 36D and 37D respectively in the main lines 34D and 35D
      respectively leading to the switch means 23D and 24D for the heating
      element 80 that is embedded in the glass or ceramic top of a cooking range
      (not shown) with such top being generally indicated by the reference
      numeral 81 in FIG. 5.
PAR  A wire or other conductor 82 of this invention is adapted to be embedded
      throughout the glass top 81 and be formed in such a manner that the same
      will readily break along with the glass or ceramic top 81 should the same
      subsequently become broken, the wire 82 having one end 83 thereof to be
      grounded as illustrated and having the other end 84 thereof to be
      interconnected to a terminal 85 of the unit 26D.
PAR  The other terminals 29D and 30D of the unit 26D for the main lines 34D and
      35D are respectively adapted to be interconnected to the leads 21D and 22D
      for the heating means 80. Similarly, as in the embodiment of FIG. 1, the
      terminals 27D and 28D are adapted to be interconnected to the power source
      lines 12D and 13D of the electrical power source 11D for the reasons
      previously described. The terminal 32D of the unit 26D interconnects the
      output or cathode 50D of the SCR 48D to the line 51D that leads to ground,
      the input or anode 49D of the SCR being interconnected by a lead 86 to the
      cathodes or outputs 64D anad 65D of the diodes 62D and 63D that
      respectively have their anodes or inputs 60D and 61D interconnected to the
      heating elements 52D and 53D that are arranged adjacent the safety devices
      36D and 37D.
PAR  The terminal 85 of the unit 26D that is interconnected to the connector 82
      embedded in the glass or ceramic top 81 of the cooking apparatus is
      interconnected by a lead 87 to the gate of the SCR 48D so that as long as
      the gate of the SCR 48D is interconnected to ground through the conductor
      82, the input 49D of the SCR 48D is not interconnected to the output 50D
      thereof so that no current can flow through the heating elements 52D and
      53D to cause the fuse means 36D and 37D to open the lines 34D and 35D in
      the manner previously described.
PAR  However, if during the operation of the heating means 80 of the cooking top
      81 wherein the switch means 23D and 24D are interconnecting the lines 21D
      and 22D to the heating means 80, should the glass top 81 become broken and
      thereby cause a hazardous electrical condition as previously set forth,
      such break in the top 81 will also break the conductor 82 so that the
      terminal 85 and, thus, the gate of the SCR 48D is no longer interconnected
      to ground whereby normal leakage currents in the gate of the SCR 48D,
      which would normally be directed to ground through the conductor 82, are
      believed to be enough to turn the SCR 48D "on" or cause it to be
      conductive and thereby interconnect its input 49D to its output 50D. With
      the SCR 48D now being conductive, the SCR 48D causes current to flow
      through the heating means 52D and 53D in the manner previously described
      and thereby cause the fuse devices 36D and 37D to blow and open the lines
      34D and 35D whereby further current flow to the heating means 80 is
      prevented by the circuit means 10D until the safety devices 36D and 37D
      are replaced. Of course, since the glass top 81 has been fractured to
      cause the blowing of the safety devices 36D and 37D, a new glass top
      arrangement 81 must be provided for the cooking apparatus.
PAR  While it has been previously described that it is believed that the mere
      breaking of the conductor 82 through the breaking of the glass top 81 will
      cause the SCR 48D to become conducting through the normal leakage currents
      in the gate thereof, if desired, a resistor 88 can have one end 89
      interconnected to the line 86 and, thus, to the input 49D of the SCR 48D
      and have its other end 90 interconnected to the terminal 85 and, thus, to
      the line 87 leading to the gate of the SCR 48D to assure that a turn-on
      condition of the SCR 48D will occur when the conductor 82 is broken and,
      thus, disconnect the gate of the SCR 48D from ground.
PAR  Therefore, it can be seen that the teachings of this invention can be
      utilized in the manner illustrated in FIG. 5 to protect the glass or
      ceramic top 81 of the cooking apparatus should the same become broken and
      thereby prevent the same from forming a hazardous electrical condition
      because the system 10D of this invention is sensitive to such breaking of
      the top 81 and will cause a termination of the flow of current to the
      heating means 80 for the heating top 81 in the manner previously
      described.
PAR  While the system 10D has been described and illustrated as being for a
      three-line system power source 11D, it is to be understood that the same
      could be provided for a two-line system in much the same manner as
      illustrated in FIG. 4 wherein only the hot line would be provided with the
      safety device as previously described.
PAR  While the various systems of this invention have been described as having
      the devices in the main lines of the units thereof formed from thermally
      responsive fuses or devices that open in response to current flowing
      through electrical heaters disposed adjacent thereto, it is to be
      understood that the various features of this invention can be utilized
      with other types of opening devices in the main lines.
PAR  For example, such devices could merely be relay switch means for opening
      and closing such lines.
PAR  In particular, another electrical control system of this invention is
      generally indicated by the reference numeral 10D in FIG. 6 and parts
      thereof similar to the parts of the other systems of this invention are
      indicated by like reference numerals followed by the reference letter "E".
PAR  As illustrated in FIG. 6, the unit 26E includes the main lines 34E and 35E
      for respectively being adapted to be interconnected at their upper ends to
      the power source lines 12E and 13E while being adapted to be
      interconnected to the lines 21E and 22E at the lower ends thereof, the
      lines 21E and 22E being adapted to be interconnected by the switch means
      23E and 24E to the sheathed heating elements 17E as previously described
      for the system 10. Also, the sheaths 18E for the heating elements 17E are
      adapted to be electrically interconnected by a line 38E to the line 40E
      which leads to the primary coil 42E of the transformer 43E whereby the
      coil 42E will have current flowing therethrough to ground should one of
      the heating elements 17E short to its conductive sheath 18E as previously
      described.
PAR  The secondary winding or coil 44E of the transformer 43E has one side 46E
      thereof interconnected to the line 47E that leads to the gate of the SCR
      48E while the other side 45E of the secondary winding 44E is
      interconnected to ground as illustrated. Thus, when current is induced to
      flow in the secondary winding 44E of the transformer 43E because current
      is flowing through the primary winding 42R for reasons previously set
      forth, the SCR 48E is made conductive in the manner previously described
      to open the lines 34E and 35E in a manner now to be described.
PAR  An electrically operated relay means 90 is provided for the unit 26E and
      includes a pair of switch elements or bridging members 91 and 92
      interconnected together by tying means 93 so as to move in unison and
      respectively form part of electrical switches 94 and 95 in the lines 34E
      and 35E for opening and closing the same. The bridging switch members 91
      and 92 and tying means 93 therefor are normally disposed in the closed
      condition illustrated and thereby complete the circuits through the lines
      34E and 35E as illustrated. However, the switch members 91 and 92 are
      adapted to be moved to the open position thereof when a relay coil means
      96 for the relay 90 is energized and thereby has current flowing
      therethrough to attract the armature 97 of the relay 90 and cause the
      armature 97 to move to the left in FIG. 6 and thereby open the switch
      members 91 and 92 to terminate the flow of current through the lines 34E
      and 35E as long as current is flowing through the relay coil 96.
PAR  The line 49E leading from the outputs or cathodes 64E and 65E of the diodes
      62E and 63E to the anode of the SCR 48E has a flywheel diode 98 disposed
      therein. The relay coil 96 has one side 99 thereof interconnected to the
      line 49E in advance of the diode 98 while the other side 100 of the relay
      coil 96 is interconnected to the line 49E intermediate the SCR 48E and the
      diode 98 as illustrated.
PAR  When the relay 90 is operated by the relay coil 96 having current flowing
      therethrough in the manner hereinafter described so as to cause the switch
      blades 91 and 92 to move to an open position thereof, such opened switch
      blade 91 is adapted to bridge a pair of contacts 101 and 102, as long as
      current is flowing through the relay coil 96, to thereby interconnect a
      line 103 that is interconnected to the line 34E upstream of the switch 94
      to one side 104 of a resistance means 105 that has the other side 106
      thereof interconnected to the lead 47E by a normally closed reset switch
      means 107, the resistance means 105 providing a holding circuit for the
      SCR 48E, and being required to limit the SCR gate current to a value
      consistent with the capabilities of the SCR 48E so that the same will
      remain conductive as will be apparent hereinafter.
PAR  The operation of the control system 10E of this invention will now be
      described.
PAR  As long as no current is flowing through the coil 42E of the transformer
      43E, the SCR 48E is nonconducting and thereby current cannot flow through
      the coil 96 of the relay 90 whereby the normal position of the switch
      blades 91 and 92 of the relay 90 is in their closed position illustrated
      in FIG. 6 so that the switches 94 and 95 in the lines 34E and 35E are
      closed and current can flow from the power source 11E to any of the
      heating elements 17E of the cooking apparatus (not shown) when the
      respective switches 23E and 24E are moved to the closed position as
      illustrated in FIG. 6 by suitable selector means, such as the selector
      means 108 illustrated in FIG. 6.
PAR  However, if during the operation of one or more of the heating elements 17E
      in the manner previously described, a short should occur between a
      particular heating element 17E and its conductive sheath 18E, such short
      circuit causes current to flow through the line 40E to ground and, thus,
      through the primary coil 42E of the transformer 43E and thereby induce
      current to flow through the secondary coil 44E of the transformer 43E and
      thereby cause the gate of the SCR 48E to interconnect its input to its
      output. Thus, current will now flow through the coil 96 of the relay 90
      and thereby move the switch blades 91 and 92 to an open position to the
      left in FIG. 6 to terminate the flow of current through the lines 34E and
      35E of the unit 26E for the reasons previously set forth. However, since
      the switch blade 91 has opened the switch 94 in the manner previously
      described, the same is now in a position to bridge the contacts 101 and
      102 together whereby it can be seen that current from the line 12E is now
      directed through the resistance means 105 and line 47E to the gate of the
      SCR 48E to maintain the same in a conducting condition whereby current
      will continue to flow through the relay coil 96 and hold the relay 90 in
      the open position even though once the switch blades 91 and 92 have been
      moved to the open condition thereof, no more current is being supplied to
      the heating elements 17E and thereby no more current is shorting through
      the secondary 42E of the transformer 43E to ground.
PAR  Therefore, the operator, in order to reset the system 10E and break the
      holding circuit for the SCR 48E, must open the reset button 107 to
      terminate the flow of current through the relay coil 96 and thereby permit
      the relay 90 to move the switch blades 91 and 92 back to the normally
      closed position thereof to reset the circuit 10E for subsequent operation
      of the heating means 17E after the same has been serviced to a safe
      condition thereof or to use the heating elements 17E that are not
      defective if the defective element 17E is turned off.
PAR  Thus, it can be seen that the system 10E of this invention provides means
      for detecting any leakage to ground from the heating elements 17E and
      thereby terminating the operation of such heating element or elements by
      utilizing relay switch means 94 and 95 in the main lines 34E and 35E
      rather than the fuse means 36 and 37 previously described.
PAR  While the system 10E has been illustrated and described as being for a full
      wave three-line power source system, it is to be understood that the same
      could be utilized as a half-wave means system in much the same manner as
      the system 10E previously described.
PAR  For example, reference is now made to FIG. 7 wherein another control system
      of this invention is generally indicated by the reference numeral 10F and
      parts thereof similar to the parts of the systems previously described are
      indicated by like reference numerals followed by the reference letter "F".
PAR  As illustrated in FIg. 7, the unit 26F has both the relay 90F and the
      transformer 43F therein for opening the lines 34F and 35F in the same
      manner as the relay 90 and transformer 43E of the system 10E except that
      the line 49F forming the anode of the SCR 48F is directly interconnected
      to the line 34F in advance of the switch 94F and is not interconnected to
      the line 35F. However, the relay coil 96F operates the relay 90 in the
      same manner to open the switches 94F and 95F when the SCR 48F is rendered
      conductive by the transformer 43F detecting a leakage to ground of a
      heating element 17F except that the relay 90F operates on a half-wave
      principle wherein the current in the line 12F will operate the relay coil
      96F through the holding circuit 105F in substantially the same manner as
      the diode arrangement of FIG. 6.
PAR  Also, it is to be understood that should the power source 11F be only a
      two-line power source wherein the line 13F is grounded and the line 12F is
      the hot line thereof, the switch 95F of the relay 90F could be eliminated
      from the line 35F and only the switch 94F need be provided for opening and
      closing the hot line 34F in much the same manner as system 10C of FIG. 4
      previously described.
PAR  Therefore, it can be seen that the various electrical control means of this
      invention each provides means for protecting the electrical circuit in
      response to a predetermined condition being sensed by the control means
      thereof.
PAR  While the form of the invention now preferred has been disclosed as
      required by the Patent Statute, other forms may be utilized, all coming
      within the scope of the appended claims.
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STM  What is claimed is:
NUM  1.
PAR  1. In combination, a ground lead, a pair of main leads for interconnecting
      an electrical power source to at least one electrically operated unit,
      each main lead having a thermally activated device therein for opening the
      respective main lead when said device is activated, said main leads being
      respectively interconnected to a pair of branch leads respectively having
      a pair of electrically operated heating means therein for respectively
      activating said devices when said branch leads are operatively
      interconnected to ground, and control means for substantially
      simultaneously interconnecting said branch leads to said ground lead, said
      control means being condition responsive so as to operatively interconnect
      said branch leads to said ground lead only when sensing a predetermined
      condition, said condition responsive means being adapted to be responsive
      to a broken glass-top range cooking surface.
NUM  2.
PAR  2. In combination, a ground lead, a pair of main leads for interconnecting
      an electrical power source to at least one electrically operated unit,
      each main lead having a thermally activated device therein for opening the
      respective main lead when said device is activated, said main leads being
      respectively interconnected to a pair of branch leads respectively having
      a pair of electrically operated heating means therein for respectively
      activating said devices when said branch leads are operatively
      interconnected to ground, control means for substantially simultaneously
      interconnecting said branch leads to said ground lead, and an SCR having
      its anode operatively interconnected to said branch leads, its cathode
      operatively interconnected to said ground lead and its gate controlled by
      said control means, said control means comprising a conductor having one
      end interconnected to said gate of said SCR and its other end adapted to
      be interconnected to ground whereby said conductor is adapted to cause
      said SCR to be rendered conductive only when said conductor is broken,
      said conductor being adapted to be associated with a glass-top range
      cooking surface so as to be broken should such range top become broken.
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ABST
PAL  A voltage surge arrester disposed in a metal enclosure pipe containing an
      insulating gas is provided with a gas vent adjacent the line voltage
      terminal end of the arrester for venting gases which are generated inside
      the arrester. The vent is directed toward, and is in close proximity to,
      the inside surface of the metal housing. Upon failure of the arrester, the
      venting establishes a short circuit at the arrester line terminal, which
      both initiates the operation of a protective current interruption device
      elsewhere in the system and instantly diverts fault current from the
      arrester itself. As a result, fracturing of the porcelain, which would
      otherwise result from further pressure buildup in the arrester or from
      thermal shock, is avoided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the transmission and
      distribution of electrical power, and particularly to power substations of
      the type having substation components within a metal enclosure pipe
      containing an insulating gas and in which one of the components in the
      enclosure pipe is a voltage surge arrester.
PAR  Voltage surge arresters are sometimes incorporated inside a metal enclosure
      pipe of a gas insulated power substation installation. The use of surge
      arresters in such apparatus is described for instance in the following
      U.S. Pat. Nos: 3,624,450 issued to H. W. Graybill 30 Nov. 1971 and
      3,753,045 issued to Osmundsen et al. 14 Aug. 1973. Further details of such
      substations are found for example in the technical article entitled Where
      Land is Scarce and $$ High Consider the SF.sub.6 Mini Sub, Transmission
      and Distribution, December 1973, pages 34-38 and 109.
PAR  One problem with arresters incorporated in such a gas insulated
      installation is presented by the possibility of a violent failure of the
      arrester. Because the insulating gas in the system, generally sulphur
      hexaflouride (SF.sub.6), is not suitable for the arcing that occurs in an
      arrester during its operation, arresters, even when enclosed in gas
      insulated systems, are nevertheless usually provided with a porcelain
      housing to isolate the internal components of the arrester from the
      insulating gas in the system. Should such an arrester for some reason
      fail, so that internal flashover permits a very substantial current flow
      through it to ground, there would be generated inside the porcelain
      housing of the arrester a considerable amount of arc-generated hot gas. If
      this gas is not vented from the inside of the arrester, it can result in a
      violent fracturing of the porcelain housing, pieces of which may rupture
      the metal enclosure pipe of the system and possibly pose a hazard to
      personnel in the vicinity.
PAR  Heretofore, there have been provided means for venting such gases generated
      inside the arrester to the outside of the gas insulated system by, for
      example, providing a diaphragm at the bottom mounting of the arrester
      which will rupture under gas pressure to allow the gas to escape to the
      outside air. Such arrangements are described for example in the
      above-cited patents. Venting of the gases to the outside air has been
      thought desirable in order to prevent contamination of the insulating gas
      inside the system by the arc-generated gases. One difficulty with this
      approach, however, is that although the gases generated inside the
      arrester are indeed released through the bottom of the arrester to the
      outside air, current will continue to be passed through the failed
      arrester to ground. Under certain internal flashover conditions, the
      energy absorbed in the arrester in the failure mode is so great that a
      violent fracture of the arrester porcelain can occur in spite of such
      venting of gases from the bottom to the outside. Moreover, thermal shock
      alone can cause fracture of the porcelain and venting of the SF.sub.6 to
      the air. This venting in itself poses a hazard, in that some toxic
      products are formed by electric arcing in SF.sub.6.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the arrester is provided with a
      gas vent inside the system and near the line terminal. The vent directs
      gases to the inside wall of the metal enclosure pipe.
PAR  If the arrester should fail, hot gases generated inside the arrester are
      vented out though this vent to provide a conductive path between the line
      terminal of the arrester and the grounded enclosure pipe. This prevents
      additional energy from being supplied to the arrester itself, and thus
      prevents a violent fracture of the arrester porcelain.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partly cut-away, sectioned view of a portion of a gas-insulated
      transmission and distribution system containing a voltage surge arrester
      in accordance with the preferred embodiment of the present invention.
PAR  FIG. 2 is an enlarged, sectioned view of the upper end of the arrester of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A preferred embodiment of the present invention is illustrated in FIG. 1 of
      the drawings. Shown in the FIG. 1 is a "T" section 10 of a gas-insulated
      electrical sub-station. The section 10 includes an outer, grounded
      enclosure pipe 12 and an inner, centrally located line conductor 14 which
      carries the line voltage. The space inside the enclosure pipe 12 is filled
      with an electronegative insulating gas, such as sulphur hexaflouride
      (SF.sub.6). Inside the vertical pipe member 16 of the "T" section 10 is a
      voltage surge arrester 18 with a bottom, grounded metal end cap 20
      demountably secured to a removable end plate 22 of the pipe member 16 and
      a top, line terminal end cap 24 attached by a short lead 26 to the line
      conductor 14. The end caps 20, 24 are essentially similar in structure,
      but are oriented oppositely at their respective ends of the arrester 18.
      Between the caps 20, 24 is a porcelain housing 26 enclosing the internal
      components of the arrester. The porcelain housing 28 and the internal
      components of the arrester 18 may be of conventional design, and are not
      discussed in detail herein. The top cap 24 is shown in more detail in FIG.
      2, and it is to be understood that the bottom cap 20 is similar.
PAR  Referring now to the FIG. 2, the end of the porcelain housing 28 is sealed
      by a rupturable metal diaphragm 30 clamped to a sealing gasket 32 by the
      end cap 24. In order to vent gas from inside the arrester 18 when the
      diaphragm 30 ruptures, the cap 24 is provided with a vent opening 34
      directed perpendicularly to the axis of the arrester 18 toward the nearby
      inside wall of the grounded enclosure pipe 12.
PAR  The gas-generating failure modes of arresters such as the arrester 18 of
      the preferred embodiment, as well as the resultant venting of the gas
      through the vent opening 34 are well known to those of ordinary skill in
      the art of voltage surge arresters and will therefore not be discussed in
      detail herein. Such operative details are discussed, for example in U.S.
      Pat. No. 3,518,483 issued to Eason et al. 30 June 1970 and assigned to the
      same assignee as the present invention. The important consequence of a
      failure, with attendant gas venting through the vent opening 34, is that
      the hot, conductive gas is vented inside the enclosure pipe 12 to strike
      the inside surface of the grounded pipe 12 and result in a direct short
      circuit for initiating the operation of a protective breaker elsewhere.
      Since the short circuit thus resulting is at the line terminal end cap 24
      of the arrester 18, continuation of current flow through the faulty
      arrester, with possible fracture of the porcelain 28, is prevented.
PAR  The vent at the bottom cap 20 of the arrester 18 is provided merely for
      additional venting and is not essential to the short circuiting function
      of the venting, as is the top cap 24.
PAC  GENERAL CONSIDERATIONS
PAR  In the past, it has been considered undesirable to vent the arc-generated
      gases from the arrester to the inside of the gas-insulated system, since
      the arc-generated gas would contaminate the insulating gas inside the
      housing. However, the contamination of the insulating gas inside the
      housing is a relatively minor consideration when compared to the more
      important avoidance of a violent fracture of the arrester porcelain. For
      one thing, in modern gas-insulated systems various sections of the system
      are isolated from one another by gas barriers, so that the rupturing of
      the enclosure pipe or other failure of one section of the system will not
      generally effect the environment of the other portions of the system.
      Thus, contamination of the insulating gas in that section of the system
      containing the surge arrester is not necessarily a serious problem. On the
      other hand, with prior structures, in which the gas was vented out the
      bottom of the arrester to the outside air, it could occur that due to the
      impedance of the failing arrester, the fault current in the internal
      components of the arrester is not great enough to initiate a protective
      breaking of the circuit, while still being sufficient to lead to a very
      rapid absorption of energy by the arrester components through which it
      passes. In such a case, even with means for venting the gases, the
      pressure buildup of gases inside can be so fast that violent fracture of
      the porcelain still occurs. The porcelain can also fracture from just the
      thermal stresses resulting from rapid heating of the internal components.
      In either case, the fracture of the porcelain is likely to result in
      escaping of the insulating gas from that section of the system housing.
PAR  With the present invention, the current which would ordinarily pass through
      the arrester because of the faulty components is immediately shunted to
      the grounded metal enclosure pipe wall, thus resulting in a direct short
      circuit. Such a short circuit positively initiates the operation of
      protective breaker mechanisms of the system to open, and thus isolate,
      that portion of the system containing the fault. The arrester may now be
      removed and replaced with an operative arrester, without the metal
      enclosure having suffered any damage physically due to a breaking of the
      arrester porcelain and without an accidental venting to the air of any of
      the toxic arcing products of the SF.sub.6 gas inside the system.
PAR  Although in the arrester of the preferred embodiment a gas vent was
      provided at the line terminal cap and the ground terminal cap, it should
      be understood that where more than one arrester is provided in a stacked
      arrangement, separate vents may be provided for the ends of each closed
      portion of the total structure.
PAR  While in the arrester of the preferred embodiment the vent was directed to
      the nearest portion of the metal system wall, it may be that merely
      venting the gas in any direction in the housing will cause such rapid and
      sufficient contamination of the insulating gas to result in a desired
      short circuit at a nearby point between the transmission line and the
      metal housing wall.
CLMS
STM  I claim,
NUM  1.
PAR  1. Electrical power apparatus of the type having a grounded metal enclosure
      containing an insulating gas and having a voltage surge arrester mounted
      inside said enclosure, wherein the improvement comprises:
PA1  a gas vent provided adjacent the line voltage terminal end of said arrester
      for venting gases generated inside said arrester, said vent being directed
      toward, and in close proximity to, the inside surface of said metal
      enclosure.
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PAL  Each of a pair of electronic semi-conductor switching devices is disposed
      between a corresponding pair of conductor plates. The semi-conductor
      devices are aligned with each other, and the complete assemblage is held
      together by means of a clamp which applies a clamping force to tightly
      hold each semi-conductor device between its corresponding pair of
      conductor plates. A spacer arrangement separates the two pairs of plates
      and includes a spherical pivot bearing seated between a pair of individual
      spacer plates which are in turn separated from the immediately adjacent
      conductor plates by means of annual insulating spacers. The pivot bearing
      permits limited pivotal movement of one pair of plates relative to the
      other so that excellent surface contact between each semi-conductor device
      and its corresponding pair of conductor plates is maintained when one
      plate of each pair is attached to a corresponding electrical terminal
      fixedly mounted on a control panel into which the assemblage mounts. By
      permitting such limited movement, a mounting arrangement embodying the
      invention can tolerate some misalignment between the terminals while still
      achieving excellent conductivity between each terminal and the conductor
      plate to which it attaches as well as between each semi-conductor device
      and its plates.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention pertains to mounting arrangements for electronic
      semi-conductor devices and in particular to a novel arrangement for
      mounting semi-conductor devices in pairs in a control panel to effect
      electrical connection of each semi-conductor device with an electrical
      terminal fixedly mounted on the panel.
PAR  Currently available electronic semi-conductor devices are packaged in
      various ways. In one such package the semi-conductor structure is
      contained within a housing shaped in the form of a circular disc. The ends
      of the disc are flat circular surfaces which form the principal external
      electrical terminals for the semi-conductor device. Other terminals in the
      form of small wire leads may emanate from the device for the purpose of
      conducting a triggering signal to the semi-conductor to initiate
      conduction thereof with main current flow being through the device between
      the flat circular end surfaces thereof. Generally, semi-conductor devices
      of this type carry an appreciable amount of current. There are presently
      various possible ways of mounting such devices in order to effect
      electrical connection to the flat circular end terminal surfaces thereof.
      One way is by clamping the device between a pair of conductor plates
      thereby promoting good surface contact between each plate and the
      corresponding end surface of the device whereby ohmic losses at the mating
      surfaces are minimized and heat transfer from the device to the conducting
      plates is promoted. While this mounting arrangement may be acceptable
      where a single semi-conductor device is to be mounted; it has been
      observed that satisfactory contact between conductor plates and
      semi-conductor devices cannot always necessarily be obtained when a number
      of semi-conductor devices and plates are stacked together and clamped.
      Illustrative arrangements for mounting semi-conductor devices are shown in
      prior U.S. Pat. Nos. 2,781,480, 3,333,163, 3,356,914 and 3,447,118.
PAR  The present invention is directed toward a novel mounting arrangement for
      electronic semi-conductor devices in which an improved surface contact
      between semi-conductor devices and conductor plates is obtained where a
      plurality of semi-conductors and plates are to be stacked together.
      Accordingly, the present invention yields a mounting arrangement having
      improved thermal and electrical conductivity between the semi-conductor
      devices and mounting plates thereby minimizing ohmic losses and better
      protecting the semi-conductor device from potentially damaging thermal
      build-up. This improvement is particularly important for solid state
      devices having large current ratings although the invention also is useful
      with devices having lesser ratings.
PAR  The present invention also provides an improved mounting arrangement
      wherein a number of semi-conductor devices are to be stacked together each
      between a pair of plates and the stack attached to fixed terminals mounted
      on a control cabinet. In an installation of this type, the present
      invention compensates for a certain mount of misalignment between the
      terminals so as to permit a good electrical contact to be made between the
      terminals and the plates of the stack while at the same time maintaining
      good contact between the semi-conductor devices and the plates. Moreover,
      the invention possesses economy and facility in construction and assembly.
PAR  The foregoing features and advantages, as well as additional ones, will be
      seen in the ensuing description and claims which are to be taken in
      conjunction with the accompanying drawings. The drawings illustrate a
      preferred embodiment according to the best mode presently contemplated in
      carrying out the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of the improved electronic
      semi-conductor mounting arrangement according to the present invention.
PAR  FIG. 2 is a front plan view of the improved mounting arrangement of FIG. 1
      as assembled.
PAR  FIG. 3 is a bottom view of FIG. 2.
PAR  FIG. 4 is an electrical schematic diagram of the arrangement of the
      preceding figures.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1, 2 and 3 illustrate the improved mounting arrangement 10 according
      to the present invention for mounting a pair of electronic semi-conductor
      devices 12 and 14, illustratively disclosed as silicon controlled
      rectifiers (SCR's) each having a cathode terminal, an anode terminal and a
      gate terminal. Semi-conductor device 12 is disposed between a pair of
      conductor plates 16, 18 and device 14 between a second pair of conductor
      plates 20 and 22. A spacer arrangement 24 separate the two pairs of
      plates, and a clamp assembly 26 clamps the foregoing assemblage of
      components together. Each device 12 and 14 is in the form of a circular
      disc, and the flat circular end surfaces of each disc are the anode and
      cathode terminals. Surface 12c designates the cathode of device 12 and
      surface 12a, the anode; similarly surface 14c, the cathode of devices 14
      and surface 14a, the anode. The clamping force applied by clamp 26 will
      tend to press the flat circular terminal surfaces 12a, 12c, 14a, 14c
      against the flat surfaces of the corresponding conductor plates.
PAR  Pursuant to principles of the present invention, spacer arrangement 24
      permits limited pivotal displacement between the two pairs of conductor
      plates. This way more intimate surface contact is obtained between the
      semi-conductor devices and their respective mounting plates to thereby
      minimize ohmic loss at the mating services and to promote heat transfer
      from the semi-conductor devices to the conducting plates. The illustrated
      construction of the preferred spacer arrangement 24 includes a spherical
      pivot bearing 28, a pair of flat square spacer plates 30 and 32 and a pair
      of annular circular insulators 34 and 36. The surfaces of spacer plates 30
      and 32 which face each other are centrally provided with spherically
      contoured seats, 30a and 32a respectively and pivot bearing 28 is seated
      therebetween. It will be noted that the maximum depth of each of the two
      seats is preferably somewhat less than the radius of pivot bearing 28 so
      that adequate clearance is provided between the two spacer plates.
      Insulator 34 is disposed between conductor plate 18 and spacer plate 30
      while insulator 36 is disposed between spacer plate 32 and conductor plate
      20. The two semi-conductor devices 12 and 14, the two spacer plates 30 and
      32, the two insulators 34, 36 and pivot bearing 28 are axially aligned
      with each other. The conductor plates are preferably brass.
PAR  Mounting arrangement 10 is especially beneficial where each of the
      semi-conductor devices is to be electrically connected via one of its
      conductor plates to an electrical terminal fixedly mounted in a control
      panel in which the assemblage mounts. The drawings disclose an exemplary
      arrangement wherein a pair of electrical terminals 38 and 40 are fixedly
      mounted on the wall 42 of a control panel in which the semi-conductor
      mounting arrangement is located. By way of illustration, terminals 38 and
      40 may be of the type commonly known as feed-through terminals which are
      threaded into suitable openings in wall 42. Current carrying conductor
      cables (not shown) attach to the portions 38a, 40a respectively of
      terminals 38 and 40 which are exterior of wall 42 while the interior
      portions 38b, 40b of the terminals attach to the mounting arrangement,
      terminal 38 attaching to conductor plate 18 and terminal 40 to conductor
      plate 20. The terminals are most readily oriented with their axes
      generally parallel and of a design which is insulated from and sealed with
      respect to wall 42 to conduct current from the exterior conductor cables
      to the semi-conductor devices 12 and 14. A terminal of this type is
      manufactured by Auburn Spark Plug Co.
PAR  Since it is desirable that terminals 38 and 40 be securely attached to and
      sealed with respect to wall 42, it is customary to mount the terminals on
      the wall before the semi-conductor devices and their mounting arrangement
      are attached to the terminals. When the screws 44 and nuts 46 which are
      used to attach the terminals to their respective conductor plates are
      installed and tightened, the conductor plates and the terminals will tend
      to be drawn tightly against each other. However, because of dimensional
      tolerances, or other reasons, there is usually some misalignment between
      the terminals and the conductor plates to which they are to attach when
      the semi-conductor mounting arrangement is first positioned within the
      control cabinet for mounting. Thus, the tightening of screws 44 and 46
      would, absent the pivotal movement provided by spacer arrangement 24,
      create undesirable stresses and deformations in the overall structure when
      such tightening occurs since clamp assembly 26 is already tightly clamping
      the semi-conductor devices between the conductor plates. Such stresses and
      deformations can seriously impair the surface contact between the
      semi-conductor devices and their conductor plates and between the
      conductor plates and terminals. With the present invention, such stresses
      and deformations are minimized upon tightening so that good surface
      contact between each terminal and its corresponding conductor plate is
      obtained while good surface contact between each semiconductor device and
      its respective pair of conductor plates is simultaneously maintained.
      Hence, with the present invention electric current is more efficiently
      conducted from each terminal to and through its corresponding
      semi-conductor device, and heat is more efficiently transferred to the
      conductor plates for subsequent dissipation to the surrounding medium.
PAR  As best seen in FIG. 3, the preferred disclosed embodiment is dimensioned
      so that the spacing between conductor plates 18 and 20 is greater than the
      width of the flattened interior portions 38b, 40b of each terminal.
      Because neither terminal is in contact with both conductor plates 18 and
      20, it would be possible for current to flow through spacer arrangement 24
      if a voltage potential difference exists between the two plates. By
      providing insulators 34, 36 the spacer arrangement is electrically
      insulated from the two conductor plates thereby precluding the possibility
      of current flow through the spacer arrangement between the two plates.
      Apart from the insulating characteristics of insulators 34 and 36, the
      sizing of same to approximately the same size as the end terminals of
      semi-conductors 12 and 14 is believed beneficial for surface contact
      between the semi-conductor device and the conductor plates.
PAR  The specific type of clamp assembly 26 is desirable in that it provides a
      convenient adjustment for obtaining the desired clamping force while more
      uniformally applying same to the stack. Specifically, clamp assembly 26
      comprises a stud bar 26a having a rigid cross bar 26a' from whose ends
      project a pair of projecting studs 26a " which pass through suitable
      openings in the four conductor plates 16, 18, 20 and 22. A spacer plate 48
      is disposed between cross bar 26a and conductor plate 22. With the
      conductor plates, the spacer arrangement and semi-conductor devices having
      been stacked onto stud bar 26a, a clamping bar arrangement 26b forming
      another part of the clamp assembly is assembled onto the projecting
      threaded ends of the studs and is secured thereon by means of nuts 50. A
      spacer plate 52 is disposed between clamping bar arrangement 26b and
      conductor plate 16. The clamping bar arrangement 26b contains a rigid bar
      26b' at one end of which is cantilevered a spring leaf 26b". A swivel
      support is provided between the two as shown at the broken away section of
      FIG. 3. This provides good clamping action as nuts 50 are tightened to
      draw the components of the mounting arrangement together. If desired,
      alignment pins 53 may be used to assist in locating the components for
      assembly.
PAR  Insulated lead wires 12g and 12c' emanate from semi-conductor 12 and lead
      wires 14g and 14c' from semi-conductor 14. Leads 12g and 14g connect to
      the gate terminal of the corresponding semi-conductor and leads 12c' and
      14c' to the corresponding cathode terminal. The lead wires are retained by
      means of clips 54 and may be routed out of the control panel via small
      feed-through terminals similar to terminals 38 and 40. A triggering signal
      is supplied via each pair of lead wires to initiate conduction of the
      corresponding semi-conductor device.
PAR  FIG. 4 illustrates an electrical schematic diagram of the semi-conductor
      and mounting arrangement of the preceding figures wherein like items are
      similarly numbered. An exemplary use of the present invention is in each
      of the three phases of a three-phase line which connects a three-phase
      source to a three-phase load. Anode 12a and cathode 14c would be connected
      to the line side while cathode 12c and anode 14a would connect to the load
      side. One way of connecting anode 12a and cathode 12c to the line is by
      attaching a conductor plate (shown in broken lines at 55 in FIG. 2) to
      terminals 38 and 40 and connecting a line cable to the plate. The
      connection of cathode 12c and anode 12a to the load can be via cables 58
      attached to plates 16 and 22. Triggering signals would be supplied from
      appropriate triggering circuits via the gate-cathode lead wires across the
      gate-cathode terminals of the semi-conductors in appropriately timed
      relationship to relatively phase the conduction of each semi-conductor
      device in relation to the phase of the corresponding line.
PAR  While the foregoing description of the preferred embodiment describes a
      novel mounting arrangement for semi-conductor devices, the inventive
      principles may be applied to designs other than that specifically
      disclosed herein and the scope of the invention is to be measured by the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a mounting arrangement for electronic semi-conductor devices, the
      combination comprising:
PA1  a pair of electronic semi-conductor devices, each having a flat terminal
      surface, disposed with said flat terminal surfaces thereof facing each
      other;
PA1  a pair of electrical conductor members disposed between said pair of
      devices, each member having a flat surface disposed against the flat
      terminal surface of a corresponding one of said devices;
PA1  spacing means disposed between said members; and mounting means mounting
      said devices, said members and said spacing means including means applying
      a clamping force to hold said devices, said members and said spacing means
      together;
PA1  said spacing means including a pivotal connection between said conductor
      members permitting said members to relatively position themselves in
      response to application of said clamping force and maintaining said flat
      surface of each member against said flat terminal surface of the
      corresponding one of said devices,
PA1  said spacing means further including insulating means preventing current
      flow through said pivotal connection between said members.
NUM  2.
PAR  2. The combination of claim 1 wherein said pivotal connection is provided
      by a spherical element.
NUM  3.
PAR  3. The combination claim 2 wherein said spacing means further includes a
      spacer member containing a seat therein, said spherical element seating in
      said seat.
NUM  4.
PAR  4. In a mounting arrangement for electronic semi-conductor devices, the
      combination comprising:
PA1  a pair of electronic semi-conductor devices, each having a flat terminal
      surface, disposed with said flat terminal surfaces thereof facing each
      other;
PA1  a pair of electrical conductor members disposed between said pair of
      devices, each member having a flat surface disposed against the flat
      terminal surface of a corresponding one of said devices;
PA1  spacing means disposed between said members;
PA1  and mounting means mounting said devices, said members and said spacing
      means including means applying a clamping force to hold said devices, said
      members and said spacing means together;
PA1  said spacing means including a pivotal connection between said conductor
      member for permitting said members to relatively position themselves in
      response to application of said clamping force and maintaining said flat
      surface of each member against said flat terminal surface of the
      corresponding one of said devices, said pivotal connection being provided
      by a spherical element, said spacing means further including a spacer
      member containing a seat therein, said spherical element seating in said
      seat, and
PA1  said spacing means further including an insulator element disposed between
      said spacer member and one of said conductor members.
NUM  5.
PAR  5. In a mounting arrangement for electronic semi-conductor devices, the
      combination comprising:
PA1  a pair of electronic semi-conductor devices, each having a flat terminal
      surface, disposed with said flat terminal surfaces thereof facing each
      other;
PA1  a pair of electrical conductor members disposed between said pair of
      devices, each member having a flat surface disposed against the flat
      terminal surface of a corresponding one of said devices;
PA1  spacing means disposed between said members;
PA1  and mounting means mounting said devices, said members and said spacing
      means including means applying a clamping force to hold said devices, said
      members and said spacing means together;
PA1  said spacing means including a pivotal connection between said conductor
      members for permitting said members to relatively position themselves in
      response to application of said clamping force and maintaining said flat
      surface of each member against said flat terminal surface of the
      corresponding one of said devices; and
PA1  wherein said flat terminal surface of one of said semi-conductor devices is
      circular in shape and said spacing means includes a spacer member and an
      annular insulator element disposed in axial alignment with said circular
      surface, with said insulator element being disposed between said spacer
      member and the conductor member against which said circular surface is
      disposed.
NUM  6.
PAR  6. The combination of claim 5 wherein said pivotal connection is provided
      by a spherical element seated on said spacer member.
NUM  7.
PAR  7. In a mounting arrangement for electronic semiconductor devices, the
      combination comprising:
PA1  a pair of electronic semi-conductor devices, each having a flat terminal
      surface, disposed with said flat terminal surfaces thereof facing each
      other;
PA1  a pair of electrical conductor members disposed between said pair of
      devices, each member having a flat surface disposed against the flat
      terminal surface of a corresponding one of said devices;
PA1  spacing means disposed between said members;
PA1  and mounting means mounting said devices, said members and said spacing
      means including means applying a clamping force to hold said devices, said
      members and said spacing means together;
PA1  said spacing means including a pivotal connection between said conductor
      members for permitting said members to relatively position themselves in
      response to application of said clamping force and maintaining said flat
      surface of each member against said flat terminal surface of the
      corresponding one of said devices; and
PA1  wherein said spacing means comprises a pair of spacer members, a pair of
      annular insulator members each disposed between a corresponding one of
      said spacer members and the immediately adjacent conductor member and
      wherein said pivotal connection is provided by a spherical element seated
      between said two spacer members.
NUM  8.
PAR  8. The combination of claim 7 including an additional pair of conductor
      members each cooperating with a corresponding one of said first-named pair
      of members of clamp the corresponding semi-conductor device.
NUM  9.
PAR  9. A mounting arrangement for electronic semiconductor devices comprising:
PA1  a rigid mounting panel containing a pair of apertures extending
      therethrough perpendicular to the plane of the panel;
PA1  a pair of rigid electrical conductor terminals, each extending through a
      corresponding one of said apertures and rigidly mounted on said panel,
      each terminal terminating in a flat contact surface on the same side panel
      with said flat contact surfaces of said terminals disposed in planes
      generally parallel with each other and perpendicular to the plane of said
      panel
PA1  a pair of spaced conductor plates disposed in planes substantially parallel
      to each other and perpendicular to said panel;
PA1  mechanical fastening means attaching each plate to a corresponding one of
      said terminals against the flat contact surface thereof;
PA1  spacing means disposed between said plates including means providing for a
      limited pivotal displacement of said plates with respect to each other;
PA1  a pair of electronic semi-conductor devices, each being disposed on the
      side of a corresponding one of said plates opposite said spacing means and
      each having a flat terminal surface disposed against the corresponding
      plate; and
PA1  means applying a clamping force to hold said devices, said plates and said
      spacing means together.
NUM  10.
PAR  10. The mounting arrangement of claim 9 wherein said spacing means includes
      a spherical element providing said limited pivotal displacement.
NUM  11.
PAR  11. The mounting arrangement of claim 10 wherein said spacing means
      includes a pair of spacer members each containing a seat, said spherical
      element being disposed in said seats between said spacer members.
NUM  12.
PAR  12. A mounting arrangement for electronic semi-conductor devices
      comprising:
PA1  a pair of electrical conductor terminals;
PA1  means mounting said terminals with their axes substantially parallel with
      each other;
PA1  a pair of spaced conductor plates disposed in planes substantially parallel
      to each other and to the axes of said terminals;
PA1  means attaching each plate to a corresponding one of said terminals;
PA1  spacing means disposed between said plates including means providing for a
      limited pivotal displacement of said plates with respect to each other;
PA1  a pair of electronic semi-conductor devices, each being disposed on the
      side of a corresponding one of said plates opposite said spacing means and
      each having a flat terminal surface disposed against the corresponding
      plate; and
PA1  means applying a clamping force to hold said devices, said plates and said
      spacing means together; wherein said spacing means includes a spherical
      element providing said limited pivotal displacement, and a pair of spacer
      members each containing a seat, said spherical element being disposed in
      said seats between said spacer members, and
PA1  a pair of insulating elements each disposed between a corresponding one of
      said spacer members and the adjacent conductor plate.
NUM  13.
PAR  13. The combination of claim 12 wherein said insulating elements are
      annular in shape.
NUM  14.
PAR  14. A mounting arrangement for electronic semiconductor devices comprises:
PA1  a rigid mounting panel containing a pair of apertures extending
      therethrough perpendicular to the plane of the panel;
PA1  a pair of rigid electrical conductor terminals, each extending through a
      corresponding one of said apertures and rigidly mounted on said panel,
      each terminal terminating in a flat contact surface on the same side of
      said panel with said flat contact surfaces of said terminals disposed in
      planes generally parallel with each other and perpendicular to the plane
      of said panel;
PA1  a stack of four spaced conductor plates disposed in planes perpendicular to
      said panel;
PA1  spacing means disposed between the two inner plates of the stack including
      means providing for a limited pivotal displacement between the two inner
      plates;
PA1  a pair of electronic semi-conductor devices each being disposed between and
      in electrical contact with a corresponding one of the two inner plates and
      the adjacent other plate;
PA1  mechanical fastening means attaching one of the two plates in electrical
      contact with each device to a corresponding one of said terminals against
      the flat contact surface thereof; and
PA1  means applying a clamping force to hold said devices, said plates and said
      spacing means together.
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ABST
PAL  A monitor circuit for indicating the change of state of one of a plurality
      of signalizing switching elements, each switching element controlling
      according to its state the state of an electronic switch, said electronic
      switches controlling indicating means.
PARN
PAR  This is a division of application Ser. No. 357,921, filed May 7, 1973.
BSUM
PAC  DISCUSSION OF THE PRIOR ART
PAR  My invention relates to monitor circuitry and more particularly to
      circuitry for monitoring a number of points with a system being supervised
      and to provide an indication of the first of those points to depart from
      normality.
PAR  In a process supervisory and monitoring system an unlimited number of alarm
      points may be provided such as non recycle limit switches in a process for
      example. In the operation of such systems it is frequently desired to know
      which alarm point first departed from normality to provide an alarm
      signal. It is an object of my invention to provide an improved monitoring
      apparatus that is relatively simple in circuit arrangement, economical in
      first cost and maintenance, reliable and compact in size, and one which is
      particularly versatile to use with a variety of output signals employed in
      the monitoring of relatively complex systems.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with my invention there is provided a monitor circuit for
      indicating the change of state of one of a plurality of signalizing
      switching elements each being associated with indicating means wherein the
      signalizing switching elements are connected into a series- or parallel
      circuit, the input of which being connected with one terminal of a source
      of a control voltage for a plurality of electronic switches, each being
      capable to switch from a non-conducting to a conducting state following
      the supply of a control voltage thereto, each signalizing switching
      element having one terminal connected with the trigger electrode of such
      an electronic switch, controlling indicating means through its load
      circuit, the electronic switches being connected in parallel to a second
      source, through a circuit with an electric element responsive to current
      flow therethrough caused by the switching into the conducting state of one
      of the electronic switches, and influencing the trigger circuits of the
      other corresponding electronic switches such that they can no longer
      switch over into a corresponding state, the second terminal of the control
      voltage source being connected with a common return line of the control
      circuits of the respective elements.
PAR  The electronic switches are preferably thyristors. Preferably each
      signalizing switching element controls preferably at least two electronic
      switches the indicating means being connected in the load circuit of the
      first while the conducting state of the second electronic switch, whose
      control circuit is connected with the electric element that is responsive
      to a current flow therethrough caused by switching into the conducting
      state of the second electronic switch, modifies the information furnished
      by the first electronic switch.
PAR  Preferably a transistor is connected in the circuit of the first electronic
      switch comprising a transistor, its base being connected with a biasing
      current source, an AC source and the anode of the second electronic
      switch: such that when the second electronic switch is in the
      non-conducting state the bias current keeps the transistor conducting
      while, when the second electronic switch conducts, the biascurrent is
      modified such that the A.C. source periodically brings the transistor in
      the conducting- and non-conducting state. This has the advantage that the
      first alarm is indicated by indicating means, e.g. lamps, which are active
      intermittatingly, while each following alarm is indicated by indicating
      means which are active continuously.
PAR  In a particular embodiment in order to guarantee a reliable electrical
      contact, two currents flow simultaneously across the alarm contact. A
      first current results from a low voltage applied on the control circuit.
      This voltage can be a part of the supply voltage, a second current results
      from a much higher voltage applied across the alarm contact, via a diode
      and a current limitating resistor and has no other influence on the alarm
      circuitry than putting a sufficiently high voltage across the alarm
      contact in order to guarantee a good electrical contact. The source for
      this current can be a more important part of the supply voltage.
PAR  This unique feature guarantees a reliable contact under industrial
      operating circumstances, and solves the problem of how to use low voltages
      for triggering solid state switches without affecting the low input
      impedance characteristics of the control circuit used therefor.
DRWD
PAC  SURVEY OF THE DRAWINGS:
PAR  FIG. 1 is a schematic diagram of a monitor or indicator system in
      accordance with the invention.
PAR  FIG. 2 is a schematic diagram of a second monitor or indicator system in
      accordance with the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  With reference to FIG. 1, a 220 Volt A.C. signal from a first electrical
      source 8 is applied between terminals 10 and 12. Connected to terminal 10
      is a series of switches, 14-20, which control the supply of power from
      terminal 10 to a process control system 22. The system 22 controls the
      supply voltage to the process system and shuts down a part or the entire
      process in case of failure or other malfunction.
PAR  Each switch has a normally closed contact 24 and a normally open contact
      26. The contact 26 closes when a malfunction occurs at the point which is
      supervised by said switch, e.g. overheating.
PAR  Also connected to terminals 10 and 12 is the primary winding 30 of the
      transformer whose secundary winding 32 provides a 24 Volt output and to
      which is connected full wave rectifier 34 which has capacitor 36 connected
      across it. The DC. output of the second electrical source is applied
      through reset switch 38 and relay coil 40 to bus 42.
PAR  A series of indicator circuitrs 68a, 68b - 68n each of which corresponds to
      a limit switch, are connected between bus 42 and bus 46. Each indicator
      circuit 68 includes a lamp 48 and a controlled rectifier 50 (SCR).
PAR  The control electrode 52 of each controlled rectifier is connected to a
      control circuit that includes a resistor 54 connected to bus 46 and a
      connection to the normally open contact 26 of the corresponding switch.
      Bus 46 is connected via the switch 56 which is controlled by the reed
      relay coil 40 to either normally closed terminal 60 which in turn is
      connected via the diode 62 to the top 64 at which point there is a voltage
      difference of five volts with the terminal 10, or, via normally open
      terminal 66, directly to terminal 10.
PAR  In operation, the switches 14-20 are normally in the position shown in FIG.
      1, so that the controlled and supervised system 22 can be operative.
      Should any of the switches operate e.g. as a result of too high a
      temperature and thus complete a circuit to the normally open terminal 26,
      a signal is applied from the A.C. source 8 through the control circuit to
      the control electrode 52 of the corresponding indicator circuit 44 to
      bring the controlled rectifier switch 50 into the conducting state, thus
      completing a circuit from the D.C. source 34 through the relay coil 40 and
      the associated indicator lamp 48 to bus 46.
PAR  Thus the lamp 48 corresponding to the operated switch lights up, indicating
      that this particular switch has been operated.
PAR  When current flows in an indicator circuit, it flows through the relay coil
      40 which moves switch member 56 from terminal 60 to terminal 66 thus
      eliminating the voltage differential across resistors 54 and preventing
      the triggering of a second controlled rectifier 50.
PAR  The energized indicator lamp 48, however, will remain energized even though
      the switch which indicated its energization may return to its normal
      position or a second limit switch is actuated. The energized indicator
      lamp 48 thus provides an indication of the first limit switch to be
      actuated, which indication is maintained until the reset switch 38 is
      operated. Operation of that reset switch de-energizes relay coil 40,
      permitting switch member 56 to return to its normal position, and
      releasing the operated controlled rectifier 50.
PAR  Another monitor system is shown in FIG. 2. Here the switches 206 are not
      connected in series, but in parallel. The circuit of one alarm point only
      is shown. The part of the circuit between dotted lines can be repeated for
      any number of alarm points.
PAR  An A.C. signal is applied across terminals 102 and 108 to the transformer
      primary winding 110 whose secondary winding 112 is connected to a fullwave
      rectifier bridge 114 which has the capacitor 116 connected across it.
PAR  The output of the DC source is applied to the bus 136 and through the reed
      relay 134 and the first out reset switch 138 to bus 246. A series of
      indicator circuits, each corresponding to a switch such as the switch 206
      are connected between the bus 136 and the return bus 164. Return bus 164
      is connected to the tap 104 which provides 5 volts with respect to
      terminal 102.
PAR  Each indicator circuit includes the series circuit of two indicator lamps
      210, a transistor 212 and a controlled rectifier 214. A resistor 242 is
      connected across the series circuit of the indicator lamps 210 and the
      transistor 212.
PAR  A second controlled rectifier 240 is also connected to the circuit and its
      control electrode 250 is connected to a series circuit with a coupling
      capacitor 224 in parallel with the resistor 222, the diode 236, the
      resistor 238 to bus 130 and via the normally closed contact 126 to tap
      104. The indicator circuit also includes a control or input circuit
      connected to the normally open terminal 208 of the corresponding switch
      and connected through the diode 244 to the control electrode 252 of the
      controlled rectifier 214, and goes through the resistor 216 to the bus 164
      and to the tap 104 on the transformer 110.
PAR  Each of the controlled rectifiers 240 is connected between a common reed
      relay 134 in series with the first-out reset button 138 and a common
      cathode resistor 158 to the bus 130. In series with each second controlled
      rectifier is a resistor 234, the voltage drop over which, caused by the
      conducting of said controlled rectifier, suppresses the continuous
      positive voltage which was present on the base 218 of transistor 212 (and
      which caused said transistor to be conducting) which will now be
      controlled by the square wave voltage from multi-vibrator 146, resulting
      in a periodic switching off of the transistor 212, causing the
      corresponding lamps 210 to flicker.
PAR  In operation the switches 206 are normally in the position shown in FIG. 2.
      Should any switch operate to complete a circuit to its normally open
      contact 208, a signal is applied to control electrode 252 via diode 244 to
      cause the first controlled rectifier 214 to conduct, thus completing a
      circuit from the DC source 114 through the lamps 210 and the transistor
      212 and the controlled rectifier 214 to the bus 164, reset switch 120 and
      DC supply 118. The voltage applied to control electrode 252 is also
      coupled as a pulse through the capacitor 224 to the second controlled
      rectifier 240 which will conduct and completes a circuit from bus 136
      through reed relay 134, first-out reset push button, bus 246, resistor
      226, thyristor 240 to the resistor 158 common for all the second
      controlled rectifier, diode 132, reset button 120 and DC supply 118.
PAR  As indicated above the voltage drop across the resistor 234 is sufficiently
      high to block the base current via diode 232 and resistor 230 so that now
      the multivibrator 146 controls the transistor 212 and the current through
      the indicator lamps 210, which is periodically blocked when the transistor
      212 is non conducting, so that the lamps flicker.
PAR  Resistor 242 insures a minimum current through the conducting switch 214.
      On a first switching of a controlled rectifier 240 the positive voltage
      across the common cathode resistor 158 will trigger a controlled rectifier
      152 so that an alarm horn 150 will sound. The alarm horn 150 can be reset
      by temporarily opening its supply circuit by means of the push button 148
      which can be combined with the push button 138.
PAR  A total reset of the circuit can be achieved by means of the push button
      120. If, on operation of push button 120, all the switches 206 are open,
      the circuit will be reset upon release of push button 120. However, if
      some alarms are still on, the indicator circuit that was flashing will now
      be lighted continuously as the capacitor 224 will be charged and prevent
      the switching-on of the second controlled rectifier 240 in that circuit.
PAR  Should another switch 206 subsequently close, such closing will cause its
      corresponding lamps 210 to be energized, but they will flash on and off,
      and the alarm horn 150 will sound again.
PAR  In order to guarantee a reliable contact on the closing of the switch 206
      another current besides the normal control current for switching on the
      controlled rectifier 214 and 240, using a control voltage taken between
      the tap 102 and the tap 104 of the transformer 110 being only a part of
      the line supply voltage, which other current results from a greater part
      of the line supply voltage taken from the taps 102 and 106 of the
      transormer 110 is sent through the alarm contact 206 via a current
      limiting resistor 202 and a diode 204.
PAR  While particular embodiments have been shown and described, various
      modifications thereof will be apparent to those skilled in the art and
      therefore it is not intended that the invention be limited to the
      disclosed embodiments or to details thereof and departures may be made
      therefrom within the spirit and scope of the invention as defined in the
      claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Monitoring system comprising a number of signalizing circuits each
      comprising a first electronic switch, such as a thyristor, having a
      control electrode and associated with a signalling device which is to be
      activated by current flowing through it, all first thyristors being
      connected into parallel between two common lines of which the first one is
      connected to the first terminal of a direct current source and of which
      the second one is connected through a normally closed reset switch to the
      second terminal of this current source, a source of control voltage being
      provided for switching any one of the first thyristors from the
      non-conducting into the conducting state in response to the application of
      this voltage to its control electrode, said source being connected to the
      inputs of alarm switching elements each one of which, being coupled to the
      control electrode the first thyristor of a signalizing circuit and through
      a capacitor to the control electrode of a second thyristor of this
      signalizing circuit, the respective second thyristors of the signalizing
      circuits being connected to a common parallel circuit, which second
      thyristor controls the state of conductivity of a transistor or the like
      element associated with the first thyristor and with the signalling device
      and of which the conductivity is also controlled by the output signal of a
      source of alternating voltage.
NUM  2.
PAR  2. Circuitry as defined in claim 1, wherein the base of the transistor is
      connected through a diode with a square wave generator, through a diode
      and a resistor in series with a bias voltage source, and with the anode of
      the respective second electronic switch.
NUM  3.
PAR  3. Circuitry as defined in claim 1, wherein a common resistor has been
      connected in series with the parallel circuit of the second electronic
      switches, said common resistor being coupled to control a common thyristor
      for controlling an audible alarm circuit.
NUM  4.
PAR  4. Circuitry as defined in claim 1 wherein the output of each signalizing
      switching element is also connected through a current limiting resistor
      and a diode to one terminal of a source having a higher potential than the
      input of the control voltage source.
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ABST
PAL  A control for supplying not more than one complete cycle of an alternating
      current upon command. The circuit has a plurality of gate controlled
      switching devices and a command switch. An energy storage device has one
      of the switching devices connected in the circuit for conducting a short
      time after the beginning of each current excursion of a specific polarity,
      and another of the switching devices is connected in series between a
      power source and a load for supplying energy to the load when gated. A
      third switching device is adapted to conduct, when gated, for depleting
      energy from the storage device only when the command switch so indicates.
      Conduction of the third switching device gates the other switching device
      and occurs only during current excursions of the desired polarity when the
      one switching device is non-conducting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to control circuits and more
      particularly to such circuits for supplying a single pulse to actuate a
      load.
PAR  In the past, various circuitry was employed to effect actuation of single
      stroke, electrically operable, hand held tools, such as a fastener driving
      tool or the like. The art is replete with schemes which provided single
      energy pulses to actuate, for example, solenoid operated devices, such as
      electric typewriters, paper tape punches, fastener driving devices and the
      like. At least some of these schemes frequently employed an accumulated
      charge on a large storage capacitor as an energy source which actuated the
      solenoid with appropriate gating occurring upon command. Another approach
      frequently employed was to utilize a capacitor for triggering a silicon
      controlled rectifier to gate substantially a half cycle of an applied
      alternating current to the solenoid thereby to operate the device. A
      variation on some of these schemes was to employ two solenoids and to gate
      two consecutive half cycles of the alternating current sequentially to
      these two solenoids to provide a greater driving force for the tool or
      device. One of the disadvantageous or undesirable features of at least
      some of these trigger capacitor type schemes was that the firing of the
      silicon controlled rectifier did not adequately discharge the trigger
      capacitor, and accordingly, the circuit refired on a subsequent half cycle
      of like polarity. Such refiring, i.e. "doubling" or even "tripling", was
      in the least annoying and, in the case of fastener driving machinery that
      automatically reloaded itself between firings, might have been quite
      dangerous to the operator.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of the present invention may be noted the
      provision of a control circuit which overcomes the disadvantageous and
      undesirable features discussed hereinabove, as well as others, with
      respect to the prior art; the provision of an improved half wave or pulse
      gating control circuit; the provision of a control circuit for supplying
      not more than one complete cycle of an alternating current from a source
      to a load; the provision of a control circuit in which the reliability and
      safety are insured against refiring on a subsequent half cycle of
      alternating current; and the provision of a control circuit which is
      simplistic in its design, economical to manufacture, and easily assembled.
      Other objects and features will be in part apparent and in part pointed
      out hereinafter.
PAR  In general, a control circuit in one form of the invention is provided for
      supplying not more than one complete cycle of an alternating current from
      a source thereof to a load upon command. The control circuit has a
      plurality of gate controlled switching devices, each non-conducting until
      simultaneously properly poled and gated to thereafter conduct until the
      current therethrough decreases below a conduction threshold, and a
      multiple state command switch. An energy storage device selectively
      accumulates energy during current excursions of one polarity and only when
      the command switch is in a first state. A first of the switching devices
      begins conducting a short time interval after the beginning of each
      current excursion of the other polarity, a second of the switching devices
      is connected in series between the source and the load for supplying
      electrical energy to the load when gated. A third of the switching devices
      conducts, when gated, to deplete the store of energy in the storage device
      only when the command switch is in a second state. Conduction of the third
      switching device gates the second switching device, and gating of the
      third switching device occurs only during current excursions of the other
      polarity and when the first switching device is non-conducting.
PAR  Also in general and in one form of the invention, a control circuit is
      provided for connection across a pair of terminals in series with a source
      of alternating current and a load with one of the terminals connected to
      the source and the other of the terminals connected to the load so that
      the load may be energized only by conduction between the terminals. A gate
      controlled solid state switching device is coupled between the terminals
      to energize the load when gated to a conducting state, and means is
      connected between the terminals for providing periodic synchronizing
      signals at the beginning of selected half cycles of the alternating
      current voltage across the terminals. An energy storage device selectively
      accumulates electrical energy during half cycles of a polarity opposite
      the selected half cycles of the alternating current voltage across the
      terminals; and a multiple state manually operable command switch is
      normally biased to a first state to couple the energy storage device to
      the terminals thereby to accumulate energy and is changeable to a second
      state upon command. Means including the energy storage device provides a
      gating signal to the solid state switching device to energize the load
      upon the first occurrence of a synchronizing signal after the command
      switch has been changed to its second state and thereafter provides no
      further gating signals until at least the command switch has returned to
      its first state. Means is associated with the gating signals providing
      means for effecting a generally low impedance electrical energy discharge
      path during substantially the entire selected half cycle following a
      gating signal to insure substantially complete dissipation of the
      accumulated electrical energy.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic diagram of a control circuit in one form of the
      invention.
DETD
PAR  Corresponding reference characters indicate corresponding parts throughout
      the drawing.
PAR  The following examples illustrate the invention in one form thereof and are
      not to be construed as limiting in any manner.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing in greater detail, there is indicated
      generally at 11 a control circuit comprising that circuitry illustrated to
      the right of terminals 13, 15. The two terminal control circuit 11 is
      connected in series between a source of alternating current (not shown),
      such as the typically encountered 120 volt or 240 volt 60 Hertz source, as
      applied across a pair of power terminals 17, 19, and a load, as
      represented by a coil 21 of a solenoid operated portable tool (not shown).
      Terminals 13, 15 function as a series interconnection for the source and
      load, and there must be conduction between terminals 13, 15 for the load
      to be energized.
PAR  Control circuit 11 includes a plurality of solid state, gate controlled
      switching devices 23, 25, 27, such as silicon controlled rectifiers or the
      like for instance, which are non-conducting until they are simultaneously
      properly poled and gated and which thereafter conduct until current
      therethrough decreases below a conduction threshold. Switching devices 23
      and 27 have their cathodes directly connected to a common conductor 30. A
      multiple state command switch, such as a single-pole, double-throw
      manually operable switch indicated generally at 29, is employed in the
      circuit, and the command switch may be spring biased in the position
      illustrated and as depicted by the directional arrow in the drawing.
      Command switch 29 is connected to an energy storage device, such as a
      capacitor 31, which functions to selectively accumulate energy during
      current excursions of one polarity only when the command switch is in the
      position shown.
PAR  A type of synchronization for control circuit 11 is provided by switching
      device 23 which is subjected to alternating current voltage between
      terminals 13, 15 by way of a plurality of resistors 33, 35, 37. For
      example, when the voltage across terminals 13, 15 is zero and changing
      such that terminal 13 will become positive relative to terminal 15,
      switching device 23 is non-conducting for a short time interval. However,
      the voltage divider effect of resistors 33, 35 will soon provide
      sufficient gate current to switching device 23 which then begins
      conducting to effectively ground a line 39 thereafter for the remainder of
      that half cycle of the voltage across control circuit 11. It may be noted
      that there is a short interval at the beginning of this half cycle where
      the potential on line 39 is positive, and this interval provides a
      periodic synchronizing function for control circuit 11.
PAR  When terminal 15 is positive relative to terminal 13, current will flow by
      way of a resistor 49, capacitor 31, another resistor 51, and resistor 37
      to charge the capacitor with the right hand plate thereof positive
      relative to the left hand plate. Gate controlled switching device 25 will
      conduct only when a pair of prerequisite operating conditions are
      simultaneously present. One of these operating conditions occurs when
      comand switch 29 is manually depressed so as to connect the left plate of
      capacitor 31 to a command switch contact or terminal 47 and thereby also
      to common line 30, and the other of these operating conditions is the
      occurrence of a short positive potential signal on line 39 prior to the
      conduction of switching device 23. If either of these two prerequisite
      operating conditions is absent, gate controlled switching device 25
      remains in its non-conducting state. However, when both of the two
      operating conditions occur, typically by manually depressing command
      switch 29 and waiting for the next appropriate portion of the alternating
      current applied voltage, switching device 25 will conduct from anode to
      cathode and by way of a resistor 45 to discharge capacitor 31. This
      conduction provides a voltage across resistor 45 thereby establishing a
      gating signal to gate controlled switching device 27 which, in turn,
      passes substantially one-half cycle of the applied alternating current
      through load 21. Thus, energization of load 21, may be utilized to enable
      a solenoid operated tool (not shown).
PAR  It may be noted that due to the presence of a plurality of current limiting
      resistances, such as those indicated at 33, 35, 37, currents which flow
      through the control portions of the control circuit 11 are inadequate for
      energizing load 21. Further, a pair of current limiting resistances, such
      as those indicated at 53, 55, insure not only that load 21 will not be
      energized but further that gate controlled switching device 25 will not be
      enabled unless the two aforementioned prerequisite operating or enabling
      conditions concur. As previously noted, these prerequisite operating
      conditions will concur when the periodic synchronizing signals indicative
      of or occurring at the beginning of selected half cycles of the
      alternating current are supplied to switching device 25 by way of resistor
      53, and command switch 29 is depressed to allow capacitor 31 to bias the
      switching device in its conducting direction and to discharge that
      capacitor when the switching device receives its gating signal. The series
      combination of a resistor 41 and a capacitor 43 is provided in parallel
      with switching device 27 to prevent line transients from causing
      misfirings of the switching device. Additionally, rather high voltages may
      be impressed across switching device 27 when it is in its non-conducting
      state due to, for example, the presence of a substantial inductance or
      capacitance in load 21. Accordingly, a voltage overload protecting device
      (not shown), such as a metal oxide varistor having a voltage variable
      impedance for instance, may also be connected in parallel with switching
      device 27 for preventing undesirably high voltages across that switching
      device.
PAR  When command switch 29 is depressed and the aforementioned synchronizing
      signal is supplied to the gate of switching device 25, complete
      discharging of capacitor 31 is insured since such solid state switching
      devices do not depend upon a continuous gating signal but rather
      conduction through them is extinguished after once begun only due to the
      current diminishing below a relatively small threshold value. Thus control
      circuit 11 will substantially completely discharge capacitor 31 by way of
      switching device 25, resistor 45, and switch terminal or contact 47. Such
      a complete discharging through this low impedance insures that the
      aforementioned disadvantageous feature of "doubling" or refiring is
      eliminated.
PAR  From the foregoing it is now apparent that a novel control circuit 11 has
      been presented meeting the objects and advantageous features set out
      hereinbefore as well as others. Further it is contemplated that changes as
      to the arrangements, details, and connections of the component parts of
      control circuit 11, as well as the load it is employed to enable, which
      have been presented to illustrate the invention in one form thereof may be
      made by those skilled in the art without departing from the spirit of the
      invention or the scope thereof which is set out in the claims which
      follow.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A control circuit for supplying not more than one complete cycle of
      alternating current from a source thereof to a load upon command
      comprising a plurality of gate controlled switching devices each
      non-conducting until simultaneously properly poled and gated to thereafter
      conduct until the current therethrough decreases below a conduction
      threshold, a multiple state command switch, and an energy storage device
      for selectively accumulating energy during current excursions of one
      polarity and only when the command switch is in a first state, a first of
      the switching devices being connected in the circuit to begin conducting a
      short time interval after the beginning of each current excursion of the
      other polarity, a second of the switching devices being connected in the
      circuit in series between the source and the load for supplying electrical
      energy to the load when gated, a third of the switching devices being
      connected in the circuit to conduct when gated to deplete the store of
      energy in the storage device only when the command switch is in a second
      state, the conduction of the third switching device gating the second
      switching device, and gating of the third switching device occurring only
      during current excursions of the other polarity and when the first
      switching device is non-conducting.
NUM  2.
PAR  2. A control circuit as set forth in claim 1, wherein the load is
      constituted by a coil of a solenoid operated portable tool.
NUM  3.
PAR  3. A control circuit as set forth in claim 1, wherein the multiple state
      command switch is constituted by a manually operable single-pole
      double-throw switch.
NUM  4.
PAR  4. A control circuit as set forth in claim 1, wherein the command switch
      comprises a manually operable switch biased in its first state and
      operable to its second state to provide substantially a single half cycle
      of alternating current to the load for each manual operation of the
      switch.
NUM  5.
PAR  5. A control circuit as set forth in claim 1, wherein the energy storage
      device comprises a capacitor, the capacitor accumulating energy by way of
      a series circuit including the command switch in its first state.
NUM  6.
PAR  6. A control circuit as set forth in claim 1, wherein the switching devices
      each comprises a solid state switch having anode and cathode terminals and
      enabled to pass positive current flow from anode to cathode by a positive
      current flow from gate to cathode.
NUM  7.
PAR  7. A control circuit as set forth in claim 6, wherein the cathodes of the
      first and second switching devices are directly connected to a common
      conductor, the cathode of the third switching device being resistively
      coupled to the common conductor and directly connected to the gate of the
      second switching device.
NUM  8.
PAR  8. A control circuit as set forth in claim 6, wherein the energy storage
      device comprises a capacitor, the command switch being effective in its
      second state to connect one side of the capacitor to the common conductor.
NUM  9.
PAR  9. A control circuit for connection across a pair of terminals in series
      with a source of alternating current and a load with one of the terminals
      connected to the source and the other of the terminals connected to the
      load so that the load may be energized only by conduction between the
      terminals comprising:
PA1  a gate controlled solid state switching device coupled between the
      terminals to energize the load when gated to a conducting state;
PA1  means connected between the terminals for providing periodic synchronizing
      signals at the beginning of selected half cycles of the alternating
      current voltage across the terminals;
PA1  an energy storage device for selectively accumulating electrical energy
      during half cycles of a polarity opposite the selected half cycles of the
      alternating current voltage across the terminals;
PA1  a multiple state manually operably command switch normally biased to a
      first state to couple the energy storage device to the terminals to
      accumulate energy and changeable to a second state upon command;
PAR  means including the energy storage device for providing a gating signal to
      the solid state switching device to energize the load upon the first
      occurrence of a synchronizing signal after the command switch has been
      changed to its second state and thereafter providing no further gating
      signals until at least the command switch has returned to its first state;
      and
PA1  means associated with the gating signal providing means for effecting a
      generally low impedance electrical energy discharge path during
      substantially the entire selected half cycle following a gating signal to
      insure substantially complete dissipation of the accumulated electrical
      energy.
NUM  10.
PAR  10. A control circuit as set forth in claim 9, wherein the load is
      generally constituted by a coil of a solenoid operated portable tool, and
      the multiple state command switch comprises a manually operable
      single-pole double-throw switch supported on the tool for operator
      actuation.
NUM  11.
PAR  11. A control circuit as set forth in claim 10, wherein the command switch
      is spring biased in its first state and operator actuable to its second
      state to provide substantially a single half cycle excursion of
      alternating current to the coil to thereby operate the tool only once for
      each operator actuation of the switch.
NUM  12.
PAR  12. A control circuit as set forth in claim 9, wherein the command switch
      comprises a manually operable switch urged to its first state and operable
      to its second state to provide generally only a single half cycle of
      alternating current to the load for each operation of the switch.
NUM  13.
PAR  13. A control circuit as set forth in claim 9, wherein the energy storage
      device comprises a capacitor for accumulating energy by way of a series
      circuit including the command switch in its first state.
NUM  14.
PAR  14. A control circuit as set forth in claim 9, wherein the synchronizing
      signal providing means comprises a solid state switching device having
      anode and cathode terminals and enablable to pass positive current from
      anode to cathode by a positive current flow from gate to cathode with the
      anode thereof resistively coupled to one of the terminals and the cathode
      thereof directly coupled to the other of the terminals, the voltage
      between the anode and cathode of the solid state switching device forming
      the synchronizing signals.
NUM  15.
PAR  15. A control circuit as set forth in claim 9, wherein the means associated
      with the means for providing gating signals includes a solid state
      switching device having anode and cathode terminals and enabled to pass
      positive current flow from anode to cathode by a positive current flow
      from gate to cathode with the gate receiving synchronizing signals and the
      anode-cathode circuit being biased in the conducting direction by the
      stored electrical energy when the command switch is in its second state.
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ABST
PAL  An operating apparatus for electrically driven vehicle, for example a fork
      lift truck, of the type that has an electric motor connected to a DC
      source via a chopper circuit. The apparatus includes a relay for supplying
      DC power to said motor, a switching element for operating the relay and a
      transistorized detector circuit pararelly connected to said switching
      element which sense the normal operation of the chopper circuit, and makes
      the switching element non-conductive in the event of malfunctioning.
      Further, the apparatus includes a chopper control circuit for controlling
      the chopper circuit effectively and a overcurrent detector circuit for
      control chopper current by detecting the overcurrent.
BSUM
PAR  This invention relates to electrically driven vehicles of the type which
      includes a DC power source and an electric motor, this invention relates
      to an operating apparatus for such vehicles.
PAR  In prior art electrically driven vehicles, the power is supplied from a DC
      source carried by the vehicle to the electric motor associated with the
      transmission system by means of a chopper circuit. The chopper basically
      functions as a voltage regulator and permits the operator to exercise a
      continuously variable degree of control over the speed of the motor and,
      hence, of the vehicle. In such prior art arrengements, when the voltage
      applied to the electric motor attains some predetermined value, which is
      close to the voltage of the DC source, the contacts of a relay close,
      thereby supplying the full voltage of the DC source to the motor. In
      vehicles of this type, the voltage across electric motor at the time of
      starting is extremely low, typically of its rated value and, for example,
      when the chopper circuit is controlled by the depression of the vehicle's
      accelerator pedal, the period of conduction of the thyristor in the
      chopper circuit is extremely short in the period following the initial
      depression of the accelerator. Accordingly, even if the chopper circuit is
      defective, the vehicle will start abruptly, at full speed, with a
      consequent risk of grave injury to the operator and to any nearby
      pedestrians.
PAR  In such prior art arrangements, it must be born in mind that the main
      contacts must not be closed if either the chopper circuit or one of the
      control circuit for controlling the chopper circuit is out of order. If
      main contacts are closed with main thyristor of chopper circuit left
      short-circuited and by-pass contacts welded together, drive motor will run
      at full speed from the very beginning without any relation to the position
      of the accelerator, thus making operation of the vehicle very dangerous.
      Therefore, when starting the vehicle, chopper circuit and the control
      circuit must be checked first, and then main contacts are closed.
PAR  On the other hand, when the by-pass contact is closed, the full voltage of
      DC source is applied to the drive motor. Therefore, the speed of vehicle
      becomes maximum. Consequently, when the vehicle is stopping and is running
      at a minimum speed, if the by-pass contacts is closed, the operator will
      be lose control ability and the danger occurs. Accordingly, it must
      particularly bore in mind that the by-pass contacts must not be closed
      against the operator's will before the accelerator pedal is depressed
      sufficiently, or the vehicle's speed increases.
PAR  Therefore, a circuit for closing by-pass contacts is, generally, designed
      so as to close the by-pass contacts after delay period under the
      conditions of which the conduction ratio of chopper is advance, and
      thereby the speed of vehicle reaches a predetermined valve when the
      accelerator pedal is depressed sufficiently.
PAR  However, the chopper circuit utilized to control the speed of vehicle is
      by-passed with the by-pass contacts when the maximum speed and maximum
      torque is required, and full voltage is applied to the drive motor.
      Thence, if the chopper circuit is returned again to the chopping condition
      during the time the heavy load is applied to the motor, a commutation
      failure occurs due to lack of commutation capacity. The rotation speed of
      motor is controlled by the average voltage applied via the chopper circuit
      to the motor, and the maximum value of the current to be supplied to the
      motor is controlled by the control ratio of the chopper circuit when the
      motor is locked. The value of current is usually set to the suitable value
      such as overcurrent limiting value in proportion to the weight capacity of
      vehicle. The control ratio, in this case, is usually about 65%. On the
      other hand, when the maximum torque of motor is required, for example,
      when the vehicle desends a slope, the larger current than that of
      overcurrent limiting of chopper circuit is supplied to the motor by means
      of by-passing the chopper circuit. In this heavy load conditions, if the
      instruction is given to the chopper circuit for the purpose of starting
      again the chopper control (in this case, assume the accelerator pedal is
      slightly returned from the maximum depression), the maximum current will
      flow into the chopper circuit abruptly, and simultaneously the chopper
      will detect the current and will try to defend flowing the rush current.
      On the other hand, the control ratio is approximately 80% when the
      accelerator depression is slightly released, and thus the chopper will
      control the large current more than that of commutation capacity, the
      commutation failure occurs so that the normal operation of vehicle can not
      be performed.
PAR  To guard against it, in this kind of conventional chopper control circuit,
      the chopper circuit having the large commutation capacity is necessary
      and, as a result, the circuit becomes large in size and expensive.
PAR  In thus conventional apparatus and employing a DC chopper circuit, in order
      to detect the overcurrent, there has been proposed some overcurrent
      detector circuits in which a resistor is inserted into the main circuit in
      order to detect the voltage drop at the resistor, and a magnetic sensing
      element such as, for example, a transformer is interconnected to the main
      circuit of the apparatus where in the overcurrent is detected by sensing
      the induced voltage due to the variation of the magnetic flux.
PAR  In this kind of apparatus the source power is supplied to the motor via
      chopper circuit, and controlling the rotation speed of the motor will be
      performed by controlling the chopper circuit by means of another setting
      device and the control circuit. In addition, the current in the main
      circuit is detected by the overcurrent detector circuit, and detected
      signal is fed to the chopper circuit after amplifying within the control
      circuit.
PAR  Consequently, in the method of detecting the overcurrent with the detecting
      resistor, an amplifier is necessary because the loss of power is great in
      addition to the low sensing voltage. On the other hand, in the method
      which detects the current of main circuit by using the magnet sensor, for
      example, magnetic sensing element or transformer, there are drawbacks that
      the magnetic sensing element is expensive and, in contrary, an inexpensive
      element has a great drift dependent to the variation of the atmospheric
      temperature and, as a result, it can not be put to practical use, and,
      further, the transformer is of a large size and is expensive.
PAR  It is therefore an object of the present invention to provide an apparatus
      for electrically driven vehicle which improves the safty of the vehicle.
PAR  An another object of the present invention is to provide an apparatus for
      driven vehicle which can employ the chopper circuit effectively.
PAR  An additional object of the present invention is to provide an overcurrent
      detector circuit which is enable to detect the chopper current in the main
      circuit at high sensibility, and also can simplified the chopper control
      circuit.
PAR  A further object of the present invention is to provide an operation
      apparatus having contacts closing circuit which is safe and small.
PAR  Other object of the present invention is to provide an operating apparatus
      in which desired retarding torque can be obtained and, furthermore, the
      smooth braking and the cushioned start may be performed.
DRWD
PAR  Further objects and features of the invention will be readily apparent to
      those skilled in the art from the specification and appended drawing
      illustrating a prefered embodiments.
PAR  FIG. 1 is a schematic wiring diagram of an operating apparatus for
      electrically driven vehicle in relation to the embodiment of the
      invention.
PAR  FIG. 2 is a wiring diagram of an automatic breaking circuit in the circuit
      of FIG. 1.
PAR  FIG. 3 (A) and (B) are, respectively, the graphs showing the variations of
      the control ratio in proportion to the depression of an accelerator pedal.
PAR  FIG. 4 is a waveform showing the variation of motor current.
PAR  FIG. 5 is a waveform diagram of the detecting voltage in the overcurrent
      detector circuit of the invention.
PAR  FIG. 6 is a schematic diagram of the embodiment of the overcurrent detector
      circuit in accordance with the present invention.
PAR  FIG. 7 is a waveform diagram of the detecting voltage employed in the
      circuit of FIG. 6.
PAR  FIGS. 8A and 8B is the graphs depicting the control ratio of chopper
      circuit.
PAR  FIGS. 9A and 9B is the waveforms showing the load current varies as a
      function of the commutation voltage in the chopper circuit.
PAR  FIG. 10 is a wiring diagram of a plugging circuit according to the present
      invention.
DETD
PAR  In an operating apparatus for electrically driven vehicle of the embodiment
      shown in FIG. 1, the DC power from a DC source 1 is supplied to a electric
      motor 3 via a chopper circuit 2. The chopper circuit 2 is serially
      connected to the motor 3, and comprises a main switching element such as a
      main thyristor 2a, a series circuit including a first auxiliary switching
      element such as a first auxiliary thyristor 2b which is connected to the
      main thyristor 2a across a commutation capacitor 2d and a reactor 2e for
      eliminating the transient current, and a second auxiliary switching
      element, for example, a second auxirialy thyristor 2c. The electric motor
      3 is interposed in the main circuit between the DC source 1 and the
      chopper circuit 2. The motor 3 has an armature winding 3a and a field
      winding 3b. A pair of contacts 4, 5 (forwards-reverse switch) is
      respectively connected between chopper circuit 2 and field winding 3b. A
      fly-wheeling diode 6b is connected in parallel with the armature 3a, and
      another fly-wheeling diode 6a is connected in pararrel with a series
      circuit of field winding 3b and armature windings 3a. Another series
      circuit connecting to the DC source 1 comprises a first accelerating
      switch 7, a control windings 4a, 5a of a contacts 4, 5. The switch 7 is
      closed when the accelerator pedal (not shown) of the vehicle is fully
      depressed by the operator.
PAR  A switch element, for example, a thyristor 11 is connected in series with
      relays 4a, 5a and the negative terminal of the DC source. An automatic
      braking circuit 12 is connected to the relays 4a, 5a through the diodes
      13a, 13b and a resistor 14, and connected in parallel with the thyristor
      across the commutation capacitor 15. The automatic braking circuit 12
      includes, as shown in FIG. 2, a thyristor 16, a transistor 17, a Zener
      diode 18 and etc, and connected as shown.
PAR  A by-pass contact closing circuit 28 comprises a second accelerating switch
      29 which is closed by the fully depression of the accelerator pedal,
      control winding 30a of a by-pass contacts 30 for by-passing the chopper
      circuit 2 and a second switch element such as a thyristor 33.
PAR  The circuit 28 is connected in parallel with a main contacts closing
      circuit which includes the control windings 4a, 5a and the thyristor 11.
PAR  A conventional by-pass contacts closing circuit comprising means which
      includes a thyristor connected to a relay, a delay circuit having a
      resistor and a capacitor, and Zener diode inserted between a junction of
      resistor and capacitor and a gate terminal of the thyristor. When the
      charged voltage on the capacitor in which the current flows thereto
      through the control winding of contacts, the resistor exceeds the
      breakdown voltage of said Zener diode, the gate current will flow to the
      gate of said thyristor. In this case, as the gate current of the thyristor
      requires 2(mA), the resistor value must be relatively small value in
      response to the power source voltage and the breakdown voltage of the
      Zener diode. On the other hand, it is necessary to use the capacitor whose
      value is relatively large in order to maintain the preselected delay
      period. Further, when the voltage of DC power source such as battery
      voltage is exchanged (for example 36 volt to 48 volt), the delay period
      duely changes, therefore it is necessary to exchange the resistor value
      and the capacitor value in response to the battery voltage, as a result
      another important drawback is that the complex operation is required.
PAR  On the contrary, in the embodiment of the present invention, as
      illustrating in FIG. 1, a trigger element of a thyristor 33 for closing
      the by-pass contacts employs an oscilating element such as a programable
      unijunction transistor (hereafter called PUT) which is enabled to setting
      the oscilation voltage by means of the other circuit elements such as the
      gate resistors and the anode resistor of PUT.
PAR  Namely, an anode 34a of PUT 34 is connected to a junction A of a resistor
      35 and a resistor 36. Resistors 38 and 39 are, respeclively, connected to
      a gate 34g, and a capacitor 37b is connected in parallel with the resistor
      39. Anode of a diode 40b is connected to the resistor 38, and the cathode
      of the diode 40b is connected to an second accelerator switch 29 and a
      constant voltage power circuit 46 through a resistor 43. And a cathode 34c
      of PUT 34 is also connected to a gate of thyristor 33 across a resistor
      41.
PAR  A delay circuit (or monitor circuit) 45 consists of the PUT 34, resistors
      38, 39 and diodes 40a, 40b.
PAR  The constant voltage power circuit 46 comprises a series circuit having
      having diodes 47a and 47b, a capacitor 48a connected in parallel with said
      series circuit and a capacitor 48b which is connected in parallel with the
      Zener diode 47b.
PAR  The constant voltage power circuit 46 is connected in parallel with the
      monitor circuit 45, and a resistor 49 and a diode 40c are interposed with
      between a junction E of the diodes 47a, 47b and a junction B of resistors
      38, 39 in order to compensate the minimum potential to be supplied to the
      gate 34g of PUT 34. A junction C of the resistor 38 and diode 40b is
      connected to a positive terminal of the chopper circuit, for example, an
      anode of main thyristor 2a across a resistor 44.
PAR  The operations of each the by-pass closing circuit 28 and the monitor 45
      will be described as follows:
PAR  The constant voltage from the constant voltage power circuit 46 will be
      applied to the resistors 35 and 36. If the accelerator pedal is further
      depressed after the direction switch 8a (or 8b) is closed and then the
      accelerator switch 7 is closed in response to the depression of pedal. The
      potential at junction A will increase at a time constant preselected by
      the resistors 35 and 36 and the capacitor 37a, and will reached to a
      predetermined voltage.
PAR  When, at this time, the conduction ratio of the chopper circuit 2 advances
      and thence the gate voltage of PUT 34, that is, the potential at junction
      B is lower than that of junction A, the PUT 34 will be turned on. If the
      PUT 34 is made conductive state, the charge of capacitor 37a will be
      discharged through the anode 34a and cathode 34c of PUT 34, and the
      resistor 41, thereafter the thyristor 33 will be triggered. If the
      thyristor 33 is triggered to be conductive, the winding 30a will be
      energized, and the contacts 30 will be closed.
PAR  In contrary, in case the conduction ratio of chopper circuit 2 has been
      advanced simultaneously the gate potential of PUT 34 has been lowered
      before the second accelerator pedal switch 29 is closed, if, thereafter,
      the switch 29 is closed, the potential at junction A will become higher
      than that of junction B, and thereby PUT 34 will be caused to the
      conductive state. If the PUT 34 turns on, the thyristor 33 will be
      similary, turned on.
PAR  Even when the switch 29 has been switched to an ON state and the conduction
      ratio has been advanced, there will be some time delay during the vehicle
      driven by the motor 3 attains a preselected speed. In another wards, as
      there is spaced time interval after the conduction ratio has attained a
      preselected value, the speed of the vehicle reaches a predetermined value,
      the monitor circuit 45 is designed so that the by-pass contacts 30 is
      caused to close after a short time interval by delaying the conduction
      timing of the PUT 34 by means of the two delay circuit, one of which
      includes the resistors 35 and 36, and the other consists of the resistor
      38 and the capacitor 37b.
PAR  Consequently, even when the conditions for closing the by-pass contacts 30
      are established, if the speed of the vehicle is slow, the thyristor 33
      will not be turned on and therefore the coil 30a will not be energized, as
      a result the by-pass contacts 30 will not be closed.
PAR  Further, in the monitor circuit 45, a resistor 49 and a diodes 40c are
      connected in series between the gate of PUT 34 and a junction E in order
      to compensate the minimum voltage to be prevented from the decreasing the
      output of PUT 34.
PAR  As will be obvious from the forgoing, a firing and delaying circuit of the
      thyristor 33 employed to close the contacts 30 utilizes the PUT 34, as a
      result, even if the battery voltage value is changed widely, the potential
      at junction D located between the resistors 35 and 42 will be maintained
      at a constant. A constant potential at the junction D causes the maximum
      value of the gate voltage of PUT 34 to be constant, and causes the time
      delay of ascilation of PUT to be constant. And, thus it is unnecessary to
      change the resistor and the capacitor within the time delay circuit.
PAR  Additionally, as the gate current for thyristor 33 is supplied by means of
      the discharging from the capacitor 37a without using the resistor 35, this
      will permits to use the large value of resistor 37a and small value of
      capacitor 35 in order to obtain a predetermined time delay and, as a
      result, there is a effect that the apparatus can be smallized and the cost
      of the apparatus can be eliminated.
PAR  A circuit 50 comprises a resistor 51 whose one terminal is connected to a
      positive terminal of the constant voltage power circuit 46, a transistor
      53 whose collector is connected to the other terminal of resistor 51
      across a resistor 52, and whose emitter is connected to a negative
      terminal of constant voltage power circuit 46, an auxiliary contacts 30b
      of contacts 30 that is interposed with between a base of transistor 53 and
      the positive terminal of the constant voltage power circuit 46. The
      contacts 30b becomes on and off in response to the on-off operation of
      contacts 30a. Further, the contacts 30b is connected to an anode of a
      diode 55a across a resistor 54, and a cathode of diode 55a is connected to
      a capacitor 56a. A capacitor 56a is also parallely connected between
      junction of the resistors 51 and 52, and an emitter of transistor 53. The
      junction between the auxiliary contacts 30b and the resistor 54 is
      connected through a lead 57 to the automatic breaking circuit 12.
PAR  An accelerator circuit 58 comprises an accelerator potentiometer 60 whose
      tap 60a's potential changes with response to the depression angle of
      accelerator, a first auxiliary resistor 59 of the potentiometer 60, a
      diode 61a whose anode is connected to the tap 60a, and a diode 61b
      connected across a resistor 62 to the diode 61a.
PAR  And a soft start circuit 63 includes a transistor 64 whose base and
      collector are respectively connected to the cathode of diode 61a and the
      positive terminal of constant voltage power circuit 46, a second auxiliary
      resistor 65 which is connected between the emitter of transistor 64 and
      the negative terminal of circuit 46, a resistor 66 and a capacitor 66
      those which connected in parallel with the transistor 64, a diode 68a
      connected in parallel with to the resistor 67, and a resistor 69 and the
      base of transistor 64 is connected to an overcurrent detector circuit
      (thereafter described) by a lead 70. A junction I located between the
      emitter of transistor 64 and the resistor 65 is connected to a junction A
      in the circuit 50 by a lead 103 across the diode 55b.
PAR  An ON-pulse oscilator 71 for controlling the conduction ratio of the
      chopper circuit 2 utilizes a programerble unijunction transistor (PUT) 72
      as a trigger element. This ON-pulse oscillator 71 is comprised with a
      diode 73, a charging resistor 74 connected to a cathode of diode 73, a
      transistor 75 whose emitter is connected to a resistor 74 and base is
      connected to a diode 68b and a resistor 69 within the soft start circuit
      63, a charging circuit having a capacitor 76 connected to a base of
      transistor 75, a discharging circuit including a capacitor 76, and a pulse
      transformer 77 whose input winding in backwardly connected in parallel
      with the capacitor 76 through an anode 72a and a cathode 72c of PUT 74,
      the gate resistors 78-80 and diodes 81a and 81b, and further a synchronous
      circuit consisting of resistors 150, 151 and diodes 152 and 153, which is
      connected to the positive terminal P of chopper circuit in order to
      synchronize the oscillator 71 with  the chopper circuit 2.
PAR  In an OFF-pulse oscillator 82, a PUT 83 is used for triggering circuit,
      similar to the ON-pulse oscillator 71.
PAR  This oscillator 82 is comprised with a charging circuit which consists of
      PUT 83, resistors 85a and 85b those which respectively connected across
      the diodes 84a and 84b to an anode of PUT 83 and a capacitor 86a, an
      oscillation parts which comprises a discharging circuit including pulse
      transformer 87 whose inputs winding is connected across a resistor 85c to
      the cathode 83c of PUT 83, and an integration circuit having a resistor
      85f and a capacitor 86b each connected in series with respectively.
PAR  Also, in the oscillator 82, a junction M between a resistor 85f and a
      capacitor 86b is connected through a diode 84d to an anode 83a of PUT 83,
      and also connects through diodes 84e and 89 to a positive terminal P of
      chopper circuit 2. The junction M is also connected, through a diode 84g
      by a lead 109 to an anode of thyristor 33 within the by-pass contactor
      closing circuit 28.
PAR  The cathode of PUT 83 is connected directly through a resistor 101 and a
      diode 100 by a lead 102 to the gate of thyristor 11, in order to use the
      OFF-oscillator 82 for a monitor circuit so as to close the main contacts 4
      (or 5).
PAR  When the accelerator switch 7 and the manual switch 8a (or 8b) are closed
      together, the current will flow into the junction M through a lead 107, a
      resistor 851 and the diode 84c, and thereby the voltage of junction M will
      become a constant value. An electric charge will be accumulated on the
      capacitor 86b as the potential at junction M increases. After the voltage
      at junction M has increased, the current will be supplied to the anode of
      PUT 83 through the diode 84d. When the anode potential of PUT 83 overcomes
      the preselected voltage given by the resistors 85d and 85e, the PUT 83
      switches to ON state, and the discharging current from the capacitor 86a
      is supplied to the gate of thyristor 11 across the cathode of PUT 83 and
      the lead 102. This results in the thyristor 11 becomes conductive state.
      If the thyristor 11 turns on, the voltage to be applied to the resistor
      851 will be extinguished and no current will be supplied to the
      integration circuit consisting of the resistor 85f and the capacitor 86b.
      Additionally, as the time delay circuit consisting of the resistors 85a,
      85b and capacitor 86a, and the integration circuit which includes the
      resistor 85f and capacitor 86b is respectively clamped by the diodes 84a
      and 84d, the time delay and integration circuits would not influence each
      other. And if the thyristor 11 becomes conductive state, the current will
      flow into the coil 4a (or 5a), as a result the main contacts 4 (or 5) is
      closed.
PAR  As was previously stated, the trigger element of the OFF-oscillator is
      employed in order to trigger the gate of thyristor 11, and the high power
      gating signal can be obtained. Accordingly, the effect is that a number of
      the parts and the cost of the apparatus can be eliminated. In addition to
      this, as the firing current to be supplied to the switch element for
      driving the contacts is presented from the oscillating elements, and the
      voltage to be applied to the charging circuit becomes constant, therefore
      the characteristics of the apparatus is improved.
PAR  Additionally, in the ON-pulse oscillator 71 and the OFF-pulse oscillator 82
      having PUT, a low impeadance means and high impeadance means are connected
      to a gate side of PUT respectively, and the oscillators are designed so
      that the oscillatable frequency range is enable to be expanded widely.
PAR  Namely, a means is provided by decreasing the peak current to be supplied
      to the PUT at the beginning of switching on, and by increasing the minimum
      current supplied to the PUT after the turning on.
PAR  In this case, an oscillating voltage of the PUT is determined by means of
      the high impeadance circuit and the voltage to be applied to the low
      impeadance circuit is maintained lower than that of the high impeadance
      circuit. Thereby the large current may be supplied to the gate of PUT
      after it switched to ON state, and as a result the oscillable frequency
      range will be expanded widely by utilizing the potential difference
      between the neutral point of these high and low impeadance circuit. In
      thus oscillation circuits are shown in FIGS. 1A and 1B, that is, the high
      impeadance circuit is formed by means of the resistors 78 (85d) and 79
      (85e) connected to a gate side of PUT 72 (83). And, on the other hand, the
      low impeadance circuit is formed by connecting the high impeadance circuit
      through the diode 81b (84j) and the lead 106 to the junction of the
      constant voltage power circuit 46. In the oscillators 71 and 82, the peak
      current is supplied through the high impeadance circuit to the PUT at the
      beginning of turning on, and on the other hand, the gate current of PUT is
      presented through the low impeadance circuit.
PAR  Consequently, as the potential at the junction J (S) is higher than that of
      the low impeadance circuit, the peak-current triggering the PUT will be
      maintained at the relatively small value till the PUT is switched to ON
      state, and after the PUT turned ON, as the potential at the junction J (S)
      becomes lower than that of the low impeadance circuit, the gate current to
      the PUT will be supplied from the low impeadance circuit, and thence the
      valley current may increase.
PAR  In this manner, the oscillator of the apparatus in accordance with the
      present invention has the technical effect that sufficiently high
      stabilization and high reliability can be obtained in addition to
      simplifying circuit construction, as the frequency range can be expanded.
PAR  These circuits operate as follows:
PAR  FIGS. 3A and 3B shows the control ratio of chopper circuit 2 in proportion
      to the depression of accelerator pedal. When the pedal is depressed in
      accordance with the patern of FIG. 3B, the tap 60a of accelerator
      potentiometer (see FIG. 1 ) is removed toward the direction as illustrated
      by an arrow, and the potential at tap 60a is caused to decreased. If the
      potential at the tap 60a is low, the base potential of the transistor 64
      will fall, and the transistor 64 becomes gradually conductive state. The
      emitter of transistor 64 is connected through the lead 105 to the charging
      circuit in the OFF-pulse oscillator 82, thus if the emitter potential is
      decreased, the charging time constant of the capacitor 86a will be large,
      and as a result, the oscillation periodical intervals of the OFF-pulse
      oscillator 82 will be enlonged. At this time, in the ON-pulse oscillator
      71, the transistor 75 will become conductive state. If the transistor 75
      turns on, the charging interval in the capacitor 76 will be shortened, and
      the oscillating periodical interval will be shortened. In order to
      synchronize the oscillator 71 with the oscillator 82, the cathode 72c of
      PUT 72 is connected through a resistor 154 and a diode 155 to the emitter
      of transistor 53, and similarly the cathode 83c is connected through a
      diode 163 to the collector of transistor 53. Consequently, the conduction
      ratio of the chopper becomes high as shown by a curve 1.sub.1 in FIG. 3A.
      During the heavy load has been given to the motor such as, for example the
      motor has been stalled, the conduction ratio .alpha. will be caused to a
      fixed value by means of an overcurrent limiting signal, as illustrated by
      a curve l.sub.4.
PAR  Further, when the depression value of the pedal becomes maximum at time
      point t.sub.1 as shown by a curve a.sub. 2 of FIG. 3B, the chopper circuit
      2 will be shunted by means of the by-pass contacts 30, and simultaneously
      auxiliary contacts 30b is closed. If the contacts 30b is closed,
      transistor 53 will be caused to the conductive state, and then the
      electric decreases, stored in the capacitor 56b will be discharged, so
      that the potential at junction G will gradually increase up to the value
      predetermined by the resistors 51, 52 and so on. The junction F is
      connected through the diode 56b to the emitter of transistor 64 within the
      soft-start circuit 63. The junction G is also connected, through the diode
      56c by a lead 104, to the collector of transistor 75. Thus, if the
      potential at junction F increase, the transistor 64 will turn off, and if
      the potential at the junction G decreases; the electric charge on the
      capacitor 76 will discharged through the diode 56c, the resistor 52 and
      the transistor 53, and then the ON-pulse oscillator will cease to
      oscillate.
PAR  Thus, the potential at the junction F is applied to the oscillators 71 and
      82 those which present the ON and OFF signals to the chopper circuit 2,
      and the conduction ratio of the chopper circuit 2 will become the
      conditions as illustrated by a curve l.sub.4 (f.sub.1, f.sub.2) in FIG.
      3A. In practical, ON oscillators 71 has stopped oscillating.
PAR  Next, if an instruct to close the by-pass contacts is removed at the time
      point t.sub.2 by slighly releasing the accelerator pedal, the by-pass
      contacts 30 will be opened, and thereafter the auxiliary contacts 30b will
      be opened.
PAR  In this case, the potential at junction F gradually falls by discharging
      current by means of the charging current into the capacitor 56a without
      varying abruptly.
PAR  After a brief time interval the potential at junction F decrease, the
      transistor 64 becomes conductive state. If the transistor 64 turns on, the
      base potential of transistor 75 increase, and therefore transistor 75
      becomes conductive state. As the transistor is biased toward on state and
      the charging voltage in the capacitor becomes high, the oscilating period
      of the ON-pulse oscilator becomes short and, on the other hand, the
      oscilating period of the OFF-pulse oscilator 82 is caused to long. Thus,
      the conduction ratio gradually increases from the time point t.sub.2.
PAR  Additionally, the conduction ratio increases gradually in response to the
      potential at junction F from a fixed value such as 30%, and soon after it
      will approach to a saturating value such as about 65%. And the building-up
      transcient time of the conduction ratio will be controlled by chosing the
      value of capacitor 56a as shown in the curve l.sub.4 (b.sub.1, b.sub.2).
      The setting voltage at junction F will be variable by chosing the value of
      resistors 54 or 65, and thereby, also an initial conduction ratio will be
      variable as illustrated in the curves of FIG. 3A.
PAR  In this manner, if the by-pass contacts 30 is restored, the chopper current
      will increase from the lower value up to a preselected overcurrent
      limiting value e.g. 65%. During this interval, the voltage on the
      commutation capacitor 2d will also increase every chopping in the chopper
      circuit 2, and, as a result, the sufficient commutation capacity will be
      obtained.
PAR  When the auxiliary contacts 30b is ON state, the transistor 53 will also be
      ON state. Thereby the potential at junction G will become fairly small
      value, and the ON-pulse oscillator 71 is clamped by the diode 56c which is
      interposed between the junction G and the anode terminal 72a of PUT 72
      through the lead 104. If by-pass contacts 30 is caused to OFF state, the
      contacts 30b will also become OFF state and thereafter the transistor 53
      will be biased toward cutt-off. And if the transistor 53 is OFF state, the
      capacitor 56b will be charged by the current flowing through the resistor
      thereto, and the potential at junction G will gradually increase at the
      time constant preselected by an RC value of resistor 51 and capacitor 56b.
PAR  When the potential at junction G reaches preset value, the ON oscilator 71
      will be released from clamping, and the chopper 2 will again operate.
      During this period, the chopper will be kept the non-operative state.
PAR  At this time, the motor's current will be a conditions as shown in FIG. 4.
      Namely, the variations of the motor's current are illustrated in FIG. 4.
PAR  During normal operation of chopper circuit, the motor's current will be a
      constant value such as, for example an overcurrent limiting value i.sub.o
      shown by the chopping curves CH.sub.1 in FIG. 4. If the by-pass contacts
      30 is closed at the time such as t.sub.1, the motor's current will be
      reach to a value whose peak value is i.sub.p. And if the by-pass contacts
      30 is opened at the time such as t.sub.2, the motor's current will begin
      damping. In other wards, the motor's current will flow through the
      fly-wheeling diodes 6a and 6b respectively, and then the energy which has
      been stored in the inductance of motor 3 will be eliminated.
PAR  However, if the chopper 2 begins to function again immediately after the
      time point t.sub.2 as shown in a curve CH.sub.3, the motor current will
      begin to increase during some interval in which the chopper is ON state.
      The motor current also will decrease from the value corresponding to the
      point .alpha. up to the value corresponding the point f by the OFF
      instruction to be given to the chopper circuit, if the chopper commutates.
      Thereafter, the current from the motor will again increase to the value
      greater than that of the current corresponding to the point f, by means of
      the ON-instruction.
PAR  As discussed above, the voltage on the commutation capacitor 2d has already
      been a minimum value (e.g. approximately the source voltage) in some
      cases, and so the chopper circuit 2 must commutate the current at the
      point f which is superimposed to the current of point d, a commutation
      failure is possibly occurred.
PAR  On the contrary, in the apparatus of the present invention, a delay timing
      for returning to the chopper control is provided by means of the time
      delay circuit 50, and the chopper operation can be started after the time
      t.sub.2 + t.sub.c (point e) when the motor current I.sub.M has already
      been eliminated up to zero. Accordingly, the commutation is sufficiently
      carried out in spite of the low capacitor voltage, as the motor current
      reaches only the value of point g which is smaller than that of point f,
      even if the chopper becomes switched state.
PAR  In this like manner, while the by-pass contacts 30 shorts the chopper
      circuit 2, the control ratio .alpha. has been reduced, and after the
      chopper conditions was returned by making the contacts 30 open, the
      control ratio .alpha. is caused to increase with a predetermined time
      delay. Furthermore, chopper controlling is made re-starting, after the
      energy which was stored in the inductance components of a load of the
      chopper has sufficiently reduced, in stead of the soon after by-pass
      releasing of the chopper.
PAR  As will be clearly understood from the foregoing, the following technical
      effects can be obtained by the chopper control circuit of the present
      invention:
PA1  The first effect is that the chopper circuit can be used effectively within
      a range of commutation capacity.
PAR  The second effect is that the sufficiently controlling of the load can be
      obtained by the chopper having small commutation capacitor.
PAR  The third effect is that it is unnecessary to design the chopper circuit so
      as to obtain a greater commutation capacity than that requested during
      normal operation, by means of increasing the capacity of the commutation
      capacitor. Therefore, the forth effect is that a good characteristics and
      economical chopper can be provided because it is unnecessary to use a
      selected semiconductor having a small turn-off time.
PAR  An overcurrent detector circuit 90 is shown in FIG. 1. The circuit 90
      controls the current for restricting the overcurrent. The overcurrent
      detector circuit 90 comprises a resistor 91 connected to the base of
      transistor 64 in the soft-starting circuit 63, a diode 92 whose anode is
      connected to the resistor 91, a charging circuit including a capacitor 93
      and a resistor 94 whose value is relatively small and connecting to a
      junction located between the diode 92 and the resistor 91, and a
      variable-resistor 95 connected through the resistor 91 to the charging
      circuit. Further its input terminals I.sub.1 and I.sub.2 are connected to
      the reactor 2e.
PAR  The induced voltage at the reactor 2e is detected by the circuit 90. A
      signal proportional to the peak value of the induced voltage will be
      impressed on the transistor 64 from the circuit 90.
PAR  A peak value Vp (or Vp') of the induced voltage is shown by a waveform 96
      in FIG. 5. As the peak value Vp (or Vp') varies in proportion to the
      chopping current, it can be detected by the detector circuit 90, and thus
      the detected signal controls the chopper circuit 2. That is to say, if
      this voltage pulse is impressed on the detector circuit 90, the capacitor
      93 will be immediately charged up to the peak value Vp of the voltage
      pulse 96 because the resistor value of resistor 94 is fairly small. In
      this case, as described about the positive voltage pulse Vp, and negative
      voltage pulse Vp' may be, similarly, detected. As the resistance
      components of resistors 91, 95 and of a base circuity is set to
      sufficiently small value, after the voltage was extinguished the charge of
      the capacitor 93 will not be almost discharged till the next cycle of the
      voltage pulse. And the voltage to be applied to to the base circuity of
      transistor 64 will be a constant value decided by the loat current and the
      current setting resistor 91 and 95, and this voltage used for a
      overcurrent limiting signal will be control the conduction ratio of
      chopper circuit 2.
PAR  FIG. 6 shows the other example, and in this embodiment the input terminals
      I.sub.1 and I.sub.2 of the detector circuit 90 are respectively connected
      to the terminals of reactor 2f which is connected in series with the
      second auxiliary thyristor 2c. The induced voltage in both terminals of
      the reactor 2f (shown by a curve 97 in FIG. 7) is detected by means of the
      circuit 90. And thence this detected signal will control the chopper
      current.
PAR  The overcurrent detector circuit 90, as discussed above, comprising a means
      which detects the variation of the voltage produced by the inductive
      resistance components which changes in response to the value of chopper
      current, and a means which controls this detected voltage. The circuit 90
      employs the only few resistors and one or two capacitors or the like, and
      also needs not large mechanical components, for example the transformer.
      Thus, the controlling of chopper current can be easily and inexpensively
      performed.
PAR  It is, therefore, easy to detect the chopper current, and also the detected
      voltage is extremely high and apparent. Consequently, it is unnecessary to
      amplify and compensate the signal and, as a result the apparatus becomes
      high effective and unexpensive.
PAR  Additionally, the overcurrent detecting means according to the present
      invention is not limited to the above embodiments, and can be used other
      arranged circuits. Also the voltage detecting portions are not limited to
      the reactors 2e and 2f, it can be substituted for the corresponding
      portions in which the induced voltage changes in proportion to the chopper
      current.
PAR  In the electric vehicle, for example, the fork-lift truck wherein the speed
      control is carried out by means of controlling the average voltage of DC
      voltage to be applied to the DC motor via a chopper circuit, the plugging
      control circuit is used when the fork-lift truck desends a slope or
      changes running direction, and the chopper's conduction ratio should be
      increased in order to aquire the desired braking-torque. Further, the
      commutation capacity must be inevitably increased in response to the
      rising of conduction ratio. Particularly when the input voltage of the
      chopper is low, as the commutation failure occurs, it is necessary to
      insert the compensating elements into the control circuit for the purpose
      of elevating the commutation capacity.
PAR  As seen in FIG. 1, in the apparatus of the present invention, the plugging
      control circuit is comprised with a diode 123 connected in parallel with
      the armature diode 6a and a transistor 124 which is biased forward
      direction and turns on in the reverse rotation of motor 3. A time delay
      circuit 120 is comprised with a resistor 121 and a capacitor 122. The time
      delay circuit 120 is connected through a diode 126 and a resistor 127 and
      also connectd through the diode 61b to the base of transistor 64 and
      further connected across the resistor 62 to the tap 60a of accelerator
      potentiometer.
PAR  In normal operation, if the tap 60a is located to the side of terminal 60c,
      the emitter potential of the transistor 64 will be minimum, and thus the
      collector current of the transistor 75 will become maximum. This collector
      current will cause the capacitor 76 in the oscillator 71 to be charged.
      When the charging voltage of the capacitor 76 reached to the operation
      voltage of the oscillator 71, a pulse signal from the oscillator 71 is
      supplied to main thyristor 2a in the chopper circuit 2, and thereby the
      thyristor 2a turns on. If the thyristor 2a switches on, the motor 3 will
      be driven by the source voltage applied to the armature 3a.
PAR  When the tap 60a is situated at the side of terminal 60b, the emitter
      voltage of transistor 64 will be maximum, and the OFF-interval of the
      chopper will become maximum. When the OFF-interval is maximum, the speed
      of motor becomes minimum. On the contrary, if the tap 60a is located to
      the side of terminal 60c, the OFF-interval will become minimum and the
      speed of motor will become maximum. In this case, the chopper circuit 2
      is, so called, of the hybrid type because the emitter of transistor 64 is
      connected by the lead 102 to the resistor 85b in the OFF-pulse oscillator
      82, and the ON-time and OFF-time are changeable, respectively.
PAR  In thus manner, in the normal forwarding operations, as the oscillating
      frequency is decided by a position of tap 60a, a periodical ON-OFF
      interval can be changed freely. Thus, the average voltage to be supplied
      to the motor can be controlled at its option.
PAR  In the next place, if the counter-current braking is done by changing-over
      the contacts in the field winding 3b, an inverse voltage will be induced
      in the armature 3a. This inverse voltage will cause a current to flow
      through the armature diode 6a, and then the potential at the emitter of
      transistor 124 will be higher than the base potential of it, so the
      transistor 64 will be caused to the conductive state. If the transistor
      124 switches on, the current will be flow into the oscillating portions
      through the transistor 124, diode 126, the resistor 127, the time delay
      circuit 120 (or a diode 126a) and the potentiometer 60. Consequently, as
      the potential at junction H, that is, the base voltage of transistor 64,
      increases, the transistor 64 is biased toward the conductive state. If the
      transistor 64 switches on, the time interval which the charging voltage on
      the capacitor 76 reaches to the operating voltage of the oscillator, will
      become longer than the charging interval in normal forwarding operation.
PAR  In the conventional plugging control circuit which does not have the time
      delay circuit 120, the conduction ratio in forwarding is about K% (e.g. 80
      to 90%), as shown in FIG. 8A. On the other hand, the conduction ratio in
      plugging is about 10%, as seen in FIG. 8A. If the speed control in forward
      driving is carried out by maintaining the conduction ratio to 10% and,
      thereafter, controlling of retarding torque in plugging is taken place by
      keeping the conduction ratio to 10%, both the crest value i.sub.p1 of the
      load current and the peak value V.sub.c1 increase from the time t.sub.1 at
      the mode of the curves in FIG. 9A. Then, the crest value i.sub.p1 becomes
      great more than the peak value V.sub.c1 at the time t.sub.3 and, as a
      result, the commutation failure of the chopper circuit occurs because of
      the lacks of commutation voltage V.sub.c1.
PAR  In this conventional plugging control circuit, if the retarding torque
      control would be performed by means of increasing the capacity of the
      commutation capacity and the source voltage, the commutation failure does
      not occur because the commutation voltage V.sub.c1 is constantly great
      more than the peak value i.sub.p1 of the load current as shown in FIG. 9A.
      However, in this case, the conduction ratio of the chopper circuit rapidly
      increase to the 10% and the retarding torque becomes maximum in response
      to it.
PAR  On the contrary, the plugging control circuit of the present invention has
      the time delay circuit 120. Therefore, at the beginning of plugging the
      potential at junction H is built up swiftly by means of the capacitor 122,
      and becomes equal to the voltage value of the constant voltage power
      source 46. And, in course of time, its potential is gradually eliminated
      and approaches a preset value determined by the voltage dividing ratio of
      resistor 62, potentiometer 60 and auxiliary resistor 59.
PAR  Accordingly, as can belseen in FIG. 8B, the charging voltage on the
      capacitor 122 increases from t.sub.1 to t.sub.2, and also the potential at
      junction H is lowered. The OFF-time gradually becomes short as the
      potential at junction H becomes low, and thus the conduction ratio of
      chopper circuit 2 increases softly as shown by the interval t.sub.1 to
      t.sub.2 in FIG. 8B. Finally, the maximum retarding torque can be aquired
      by setting the conduction ratio to approximately 10%.
PAR  As discussed above, in the present invention, the conduction ratio of the
      chopper circuit can be controlled by using the time delay circuit, and the
      necessary retarding torque can be provided by controlling the conduction
      ratio.
PAR  Further, as can be seen in FIG. 9B, the peak value V.sub.c of the
      commutation voltage becomes always greater than the peak value i.sub.p2 of
      the load current. Therefore, the chopper circuit can be prevented from the
      commutation failure due to the lacks of commutation energy. This enables
      to plugging and soft-starting in addition to be enable to enhance the
      control efficiency of the chopper circuit.
PAR  Another plugging control circuit of the present invention is shown in FIG.
      10.
PAR  In this plugging control circuit, the time delay circuit is formed by the
      resistor 127 and the capacitor 122, and the detection voltage which
      detects the plugging is applied to the auxiliary resistor 59 through the
      resistor 127. And thus, the voltage at the tap 60a will be increased and a
      transistor 170 will be turned on. If the transistor switches on, the
      charge of capacitor 171 will be discharged and the base current in the
      transistor 170 will be minimal, so the start timing of the oscillator will
      be delayed, and thus the conduction ratio will be eliminated up to 10%.
      Thereafter, the base potential in the transistor 75 falls at a time
      constant decided by the resistor 65, the capacitor 171, and, therefore,
      the ON-time becomes long. At this time, the conduction ratio will
      gradually increase up to about 10% and, accordingly, the retarding torque
      becomes maximum.
PAR  The circuit of FIG. 1 operates as follows:
PAR  The vehicle can be operated by closing accelerating switch 7, relay 4a (or
      4b) and relay 4a (or 5a), and successively, the forward-reverse main
      contactor 4 (or 5).
PAR  It must be born in mind that the main contacts must not be closed if either
      the chopper circuit 2 or any one of logic circuit is out of order. If main
      contacts 4a (or 5a) is closed with main thyristor 2a of chopper circuit 2
      left short-circuited and by-pass contacts 30 (the contact which applies
      full voltage to drive motor 2) welded together, drive motor 2 will run at
      full speed from the beginning without any relation to the position of the
      accelerator, thus making operation of the vehicle, very dangerous, as
      previously discussed. Therefore, when starting the vehicle, chopper
      circuit 2 and the logic circuit are checked first, and then main contactor
      4a (or 5a) is closed. Thyristor 11 must, of course, be turned on when
      closing the main contactor 4a, 5a. The gating signal for the thyristor 11
      is provided by the monitor circuit 82 which checks whether or not the main
      contactors 4, 5 is ready for closure.
PAR  Thyristor 11 cannot turn on, and thus the main contactor cannot be closed,
      if the chopper circuit 2 or the logic circuit are out of order, that is to
      say if:
PA1  1. The automatic breaking thyristor 16, whose anode is connected to the
      resistor 14 and the capacitor 15, is initially short-circuited due to an
      internal malfunction;
PA1  2. the by-pass contacts 30 have welded or main thyristor 2a of chopper
      circuit 2 has been destroyed (i.e. short-circuited);
PA1  3. the constant voltage power circuit malfunctions;
PA1  4. the thyristor 33, whose anode is connected to the junction M by the lead
      109, is open or short-circuited.
PAR  If there is a fault in the control unit while the vehicle is running at a
      minimum speed, the operator will lose control ability and the vehicle will
      run, abruptly, at full speed. Therefore, it is necessary to provide an
      automatic braking circuit 12 which causes thyristor 11 to turn off and
      switches off chopper circuit 2 to automatically stop the vehicle. However,
      automatic braking circuit 12 must not function when by-pass contactor 30
      is closed, since the vehicle is running at full speed at that time.
      Chopper circuit 2 can be switched off by opening the main contactor 4, 5.
      This can be done by turning off the thyristor 11. Thus the automatic
      braking circuit 12 is used to turn off thyristor 11 by automatically
      detecting malfunctions in the chopper circuit 2.
PAR  Chopper circuit 2 is of the hybrid type. In the middle of chopping cycle,
      transistor 17 will turn off if the thyristor 2a is on. On the other hand,
      transistor 17 will be turn on if thyristor is off. During the off-phase of
      thyristor 2a, base current is supplied through resistor 23, and thus
      transistor 17 is turned on. If thyristor 2a remains turn on, transistor 17
      will turn off since the base current is by-passed through diode 27a, 27b
      and terminals T.sub.1, T.sub.2, main contactor 4, 5, and thyristor 2a. On
      the other hand, if transistor 17 is turned off, capacitor 19 is charged
      through diode 21 and resistor 20. When the charging voltage across
      capacitor 19 attains the breakdown voltage of Zener diode 18, thyristor 16
      is turned on. If the thyristor 16 is turned on, the thyristor 11 (which is
      at this time conducting) will be turned off by the electric charge on
      capacitor 15 which has the polarity shown in FIG. 1. The main contactor 4
      (or 5) is then opened and chopper circuit 2 is switched off. In this case,
      thyristor 16 remains turned on and, so, the gate current of thyristor 11
      is by-passed by the thyristor 16.
PAR  In order to re-start the vehicle, the accelerating pedal must be released
      to make thyristor 16 turn off. If the by-pass contactor 30 is closed, the
      circuit operation would be as if thyristor 2a were turned on continuously
      Accodingly since the automatic braking circuit 12 must not operate at this
      time, base current is supplied to transistor 17 from constant voltage
      power circuit 46 through contacts 30b, when relay 30a is energized and
      contact 30 is closed. Therefore, transistor 17 can remain on to thereby
      prevent operation of the automatic braking circuit 12.
PAR  If by-pass contacts 30 is closed, full voltage will be applied to drive
      motor 3 and the vehicle will again move at maximum speed. Therefore,
      closure of by-pass contacts 30 when the vehicle is stopped or moving at
      slow speed may creat a dangerous condition. It must be closed until
      accelerating pedal has been depressed sufficiently or while the vehicle is
      running at a low speed. Monitor circuit 45 (for closing the by-pass
      contactor 30) can be divided into two sections, (1) a monitor circuit for
      judging the by-pass contact closure and (2) a delay circuit.
PAR  Relay 30a must be closed under the followig conditions:
PA1  1. The accelerating pedal is depressed sufficiently (i.e. more than 80-90%
      of its maximum travel).
PA1  2. Main contactor 4 is closed.
PA1  3. The conduction ratio in the chopper circuit has reached a specified
      level.
PAR  To close by-pass contactor 30, accelerating pedal switch 30 must be closed
      and thyristor 33 must be fired.
PAR  The gate circuit of thyristor 33 is connected to the cathode of PUT 34
      through resistor 41 of the monitor circuit 45, as shown. If any one of the
      above-mentioned circuit conditions are not established, PUT 34 will not
      turn on and thyristor 33 cannot turn on.
PAR  Namely, relay 30a cannot be energized and contact 30 cannot close.
PAR  The by-pass contactor 30 will close as a matter of course after main
      contactor 4 (5) is and the chopper circuit has been advanced. In normal
      accelerator operation, accelerating switch 7 is closed to actuate relay
      4a, and relay 30a is energized and contact 30 of relay 30a closed, after
      switch 29 has been closed by depressing accelerating pedal further.
      Accordingly, there is no problem in case of fault. However, energization
      of relay 4a (or 5a) must be preceded by energization of relay 30a, even
      when the vehicle is started.
PAR  Consequently, the circuit of FIG. 1 is designed so that thyristor 16 (shown
      in FIG. 2) cannot turn on before the thyristor 11 does. If the thyristor
      11 is OFF state after the accelerator switch 7, the switch 8a (8b) and
      contacts 29 has switched on, the current will be supplied from the anode
      of thyristor 11 to the gate 34g of PUT 34 through the lead 107 across the
      resistor 851, a resistor 85m and a diode 841. Thus the potential at the
      gate 34g of PUT will be elevated and the potential at junction B will
      become higher than at junction A. Therefore, the thyristor cannot be turn
      on and relay 30a also cannot be energized so the by-pass contacts 30
      cannot be closed.
PAR  If the conduction ratio of chopper circuit is low, the average voltage
      supplied to thyristor 2a will be high. On the contrary, the average
      voltage will be low when the conduction ratio of thyristor 2a is high.
PAR  The voltage applied to thyristor 2a is applied to the gate 34g of PUT 34
      through the resistors 44 and 38. Therefore, the PUT will not be turned on
      and the thyristor cannot be turned on. On the other hands, the PUT will be
      turned on and the thyristor 33 will turn on when the conduction ratio
      increases and the average voltage of thyristor 2a falls below the voltage
      of junction A determined by the resistors 35 and 36.
PAR  When the above conditions for closure of chopper circuit 2 are
      satisfactorily met, the capacitor 37a will begin to charge through the
      resistors 35 and 42. The thyristor 33 is turned on after the lapse of a
      specified delay time that is dependent on the time constant of resistor 35
      and capacitor 37a, and relay 30a is energized so that the by-pass contacts
      30 can be closed.
PAR  The voltage of DC power source 1 may fluctuate widely during charging or
      heavy charging current. On the other hand, the constant voltage power
      source is required in order to stabilize the function of ON and OFF
      oscillators. The circuit of FIG. 1 thus includes a constant voltage power
      circuit comprising a pair of Zener diodes 47a, 47b and a pair of
      capacitors 48a, 48b. The junction E located between Zener diodes 47a and
      47b is connected through a lead 106 and the diode 81b to the ON oscillator
      71 and also connected through the diode 84j to the OFF oscillator. In this
      circuit, if the Zener diode 47 is malfunctioning, the voltage to be
      applied to the junctions S and M in the OFF-pulse oscillator 82 will
      become low voltage depending on the Zener diode 47b, and the capacitor 86
      will not be charged so the PUT 83 cannot be turns on. If the Zener diode
      47b is short-circuited, the potential at junction E will become zero,
      therefore the voltage at junction S will become low voltage whose value is
      decided by the dividing ratio of resistors 85d and 85e, and also the
      voltage at junction M becomes extremely low value which is determined by
      the dividing ratio of resistors 85f, 84h and diode 84f, and charging
      voltage of capacitor 86b will be extremely low so the put 83 cannot be
      triggered. Therefore, the thyristor 11 and relays 4a (5a) will remains OFF
      state.
PAR  An important feature of the invention is the fact that, as described
      previously, a first synchronizing circuit for synchronizing the ON-pulse
      oscillator 71 with the chopper circuit 2 is arranged to the apparatus. The
      first synchronizing circuit is composed with resistors 150 and 151 and
      diodes 152 and 153, and each is connected as shown in FIG. 1,
      respectively. Further, the apparatus is arranged to a second synchronizing
      circuit to synchronize the ON-pulse oscillator 71 with the OFF-pulse
      oscillator 82. The second synchronizing circuit includes the diodes 155,
      163 and resistor 154, and each connects as shown, respectively. When the
      anode voltage of main thyristor 2a is zero or negative, the capacitor 76
      will be almost clamped. And this clamping will be released as the anode
      voltage increases, and the ON oscillator 71 will begin to oscillate. If
      the oscillator 71 operates, the transistor will turns on and, thus, the
      capacitor 86a will be discharged through the transistor 53. And if the
      capacitor 86a discharges, the OFF oscillator 82 will stop oscillating so
      the oscillator 82 will synchronize with the ON oscillator 71.
PAR  During starting, the ON-pulse must not operate until thyristor 11 turns on.
      If an ON-pulse is generated before thyristor 11 turns on, thyristor 2a
      will be short-circuited, and, thus, the anode potential of PUT 83 is
      lowered and thyristor 11 is not turned on. Fur this reason, the main
      contact 4 (5) cannot close. To avoid this, the ON-pulse oscillator 71 is
      clamped by means of the anode potential of thyristor 11.
PAR  Namely, another important feature of the invention is fact that a first
      clamping circuit is arranged between the time delay circuit 50 and the
      thyristor 11, that is, the first clamping circuit includes the diode 156
      and the resistor 157, those which are connected serially between the base
      of transistor 53 and the anode of thyristor 11.
PAR  During starting, if the switch 8a (8b) is closed slowly, the anode voltage
      will be applied through resistor 157 and diode 156 to the base of
      transistor 53, and the transistor 53 will be turned on. If the transistor
      switches on, the electric charge of capacitor 76 within the ON-pulse
      oscillator 71 will discharge through lead 104, diode 55c and transistor
      53, and, thus, ON-pulse oscillator 71 is clamped.
PAR  On the other hand, if the switch 8a (8b) is operated swiftly, the charge of
      capacitor 76 and 56b will not be discharge completely, and the ON-pulse
      oscillator 71 cannot be clamped. To work out this problem, a second
      clamping circuit is arranged between the constant voltage power circuit 46
      and the time delay circuit 50. The second clamping circuit is comprised
      with the diode 158, the resistor 159 and the diode 160. The series circuit
      of resistor 159 and diode 158 is connected in parallel with the constant
      voltage power circuit 46, and the diode 160 is inserted between the
      junction M and the junction of diode 158 and resistor 159. Accordingly,
      even if the switch 8a is closed abruptly, the electric charge of capacitor
      76 and 56b will be discharged swiftly, and the ON-pulse oscillator 71 can
      be clamped.
PAR  In addition, the ON oscillator must not operate while by-pass contacts 30
      are closed. If motor current is interrupted while chopper circuit is
      by-passed, contact wear will be excessive and contact life will be
      shortened.
PAR  When stopping the vehicle, the ON oscillator must cease functioning after
      the accelerating switch has been opened. If accelerating switch 7 is
      opened to stop the vehicle, the main contacts 4 (or 5) will be opened and
      the vehicle will be stoped. However, the main contacts 4 (or 5) must not
      interrupt the motor circuit.
PAR  Thus, the chopper circuit 2 must be switched off before the opening of main
      contacts 4. The ON oscillator is thus disconnected when accelerating
      switch 7 has been opened, but the OFF oscillator is allowed to remain
      functioning for a vehicle. Thus, chopper circuit 2 has already been
      switched off when the main contacts 4 (5) are opened.
PAR  While certain preferred embodiments of the invention have been specifically
      disclosed, it is understood that the invention is not limited thereto, as
      many variations will be readily apparent to those skilled in the art and
      the invention is to be given its broadest possible interpretation within
      the terms of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An operating apparatus for an electrically driven vehicle having a main
      circuit wherein power is fed from a DC source to an electric motor, via a
      chopper voltage regulation circuit, the apparatus comprising:
PA1  a. an accelerator circuit including a variable resistor-transducer coupled
      to an accelerator pedal of said vehicle;
PA1  b. a signal generator including a control circuit for controlling said
      chopper circuit, and controlled by said variable resistor-transducer, for
      generating a gating signal for said chopper circuit, dependent on the
      instantaneous position of said accelerator pedal;
PA1  c. an overcurrent detector circuit controlling the current of said chopper
      circuit, by detecting the variation of voltage in accordance with the
      current of said main circuit, said overcurrent detector circuit comprising
      means for detecting the variation of voltage produced by the inductive
      resistance component which changes in response to the value of chopper
      current, and means for controlling the chopper current of said chopper
      circuit.
NUM  2.
PAR  2. An operating apparatus as recited in claim 1 wherein said overcurrent
      detector circuit comprises a first resistor connected to a base of
      transistor, a diode connected to said first resistor, a charging circuit
      comprising a capacitor and a resistor whose resistance value is relatively
      small and connected to a junction located between said first resistor and
      diode, and a resistor connected through said first resistor to said
      charging circuit.
NUM  3.
PAR  3. An operating apparatus as recited in claim 1 further comprising a first
      relay for supplying said DC source to said motor, a first switching means
      connected in series with an armature winding of said first relay, and a
      constant voltage power source for supplying a constant voltage to said
      signal generator.
NUM  4.
PAR  4. An operating apparatus as recited in claim 3 wherein said first
      switching means includes a thyristor, and an output of said control
      circuit for controlling the chopper circuit and being connected to the
      gate of said thyristor to gate the same into conduction when operation of
      said chopper circuit and said constant voltage power circuit are both
      normal.
NUM  5.
PAR  5. An operating apparatus according to claim 4, wherein said control
      circuit comprises an ON-pulse oscillator and an OFF-pulse oscillator, said
      control circuit including an oscillation element with oscillation voltage
      adjustable by means of another element, and a time delay circuit.
NUM  6.
PAR  6. An operating apparatus according to claim 5, wherein said ON-pulse
      oscillator comprises a time delay oscillating circuit including a charging
      circuit and a trigger element with output for triggering said first
      switching element and for controlling said chopper circuit.
NUM  7.
PAR  7. The operating apparatus according to claim 5 including a first clamping
      circuit for clamping the ON-pulse oscillator by means of the anode
      potential of the thyristor for closing main contacts, and a second
      clamping circuit for clamping the ON-pulse oscillator.
NUM  8.
PAR  8. The operating apparatus according to claim 5, wherein each said
      oscillators includes a programmable unijunction transistor, a time
      constant circuit having a resistor and a capacitor each connected to an
      anode terminal of said programmable transistor, a high impedance circuit
      consisting of a pair of resistors each connected to a gate terminal of
      said programmable unijunction transistor, and a low impedance circuit
      connected to said high impedance circuit, the peak current being supplied
      through said high impedance circuit to said programmable unijunction
      transistor at the beginning of turning on, and the gate current to said
      programmable unijunction transistor being transmitted through said low
      impedance circuit.
NUM  9.
PAR  9. An operating apparatus according to claim 5, wherein said oscillation
      element comprises a programmable unijunction transistor, and said time
      delay circuit comprises a resistor and a capacitor.
NUM  10.
PAR  10. An operating apparatus for an electrically driven vehicle having a main
      circuit wherein power is fed from a DC source to an electric motor, via a
      chopper circuit, the apparatus comprising a relay for supplying said DC
      source to said motor, a first switching means connected in series with the
      armature winding of said relay, an ON-pulse oscillator and an OFF-pulse
      oscillator and a constant voltage power source for supplying said ON-pulse
      oscillator and said OFF-oscillator, a second relay for supplying the full
      voltage of said DC source by short-circuiting the chopper circuit, a
      second accelerating switch and a second switching means connected in
      series with the armature winding of said second relay, a monitor circuit
      for closing a by-pass contacts parallely connected said chopper circuit, a
      conduction ratio adjusting means for determining the oscillating frequency
      of ON-pulse oscillator and OFF-pulse oscillator for controlling the
      chopper circuit when the by-pass contacts operates, and a time delay
      circuit for causing said conduction ratio to be substantially small while
      said chopper circuit is short-circuited by said by-pass contacts and for
      increasing said conduction ratio as the commutation capacity increases,
      when returning to chopper control, and for adjusting a transient delay of
      said conduction ratio.
NUM  11.
PAR  11. An operating apparatus according to claim 10 wherein said ON-pulse
      oscillator includes a trigger element such as a programmable unijunction
      transistor and charging and discharging circuits which includes a
      switching element interposed between a resistor and a capacitor, said
      OFF-pulse oscillator having a programmable unijunction transistor, a
      conduction ratio adjusting circuit including an accelerator circuit for
      alternating said switching element to conductive state and non-conductive
      state, an auxiliary contacts becoming on and off in accordance with the
      operation of said by-pass contact, a first time delay circuit including a
      first charging and discharging circuit comprising a resistor and a
      capacitor, each connected in series with said auxiliary contacts of the
      by-pass contacts, and a second time delay circuit including a second
      charging and discharging circuit comprising a resistor and a capacitor,
      each connected in parallel with said auxiliary contacts.
NUM  12.
PAR  12. An operating apparatus according to claim 10, wherein said second
      switching means includes a thyristor for energizing said armature winding
      of the second relay for closing the by-pass contacts, said monitor circuit
      including a time delay circuit and a programmable unijunction transistor
      with cathode electrode connected to the gate of said thyristor.
NUM  13.
PAR  13. An operating apparatus according to claim 10, wherein said conduction
      ratio adjusting circuit includes the accelerator circuit having an
      accelerating potentiometer with tap moved by the depression of said
      accelerating pedal, a transistor alternating conductive state and
      non-conductive state dependent on the voltage of said tap, and a
      soft-starting circuit having a resistor and a capacitor each connected in
      parallel with said transistor for re-starting the operation of the chopper
      circuit after the energy stored in an inductive resistance of said motor
      was removed when said by-pass contacts had released.
NUM  14.
PAR  14. An operating apparatus according to claim 12 further comprising a
      plugging control circuit which includes a time delay circuit for changing
      the conduction ratio in proportion to a time interval, and means for
      operating said time delay circuit in counter-current braking for acquiring
      a predetermined retarding torque by eliminating the conduction ratio of
      said chopper circuit.
NUM  15.
PAR  15. The operating apparatus according to claim 14, wherein said time delay
      circuit includes a parallel circuit of a resistor and a capacitor.
NUM  16.
PAR  16. The operating apparatus according to claim 12, wherein said time delay
      circuit includes a series circuit formed by a capacitor and a resistor,
      and a transistor with base terminal connected to a tap of the accelerator
      potentiometer.
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PAL  A portable tool double-pole trigger switch enclosing a speed control
      circuit that includes a plastic pack SCR (semi-conductor controlled
      rectifier) of the sensitive gate type, a capacitor and a variable
      resistor. In a first version, the mounting tab of the SCR is soldered to a
      connector that is contacted by the resistor slider. A ceramic capacitor
      may be used by soldering its leads between the cathode and gate terminals
      of the SCR, the mounting tab serving as the anode terminal. A chip
      capacitor may be used by soldering it to bridge the cathode and gate
      terminals. In another version, the mounting tab may be arranged to be
      contacted directly by the resistor slider, thus eliminating the aforesaid
      connector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Portable tool double-pole trigger switches for speed control have been
      known heretofore. H. W. Brown U.S. Pat. No. 3,775,576, dated Nov. 27,
      1973, shows such a double-pole speed control trigger switch. However, in
      that and other prior art devices of that type, a large heat sink has been
      required, to which the semiconductor means has been mounted to dissipate
      the heat. This heat sink took up a lot of room inside the base, thus
      requiring the use of a special small semi-conductor device that could be
      soldered directly to the heat sink. While these prior devices have been
      useful for their intended purposes, this invention relates to improvements
      thereover.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to double-pole speed control trigger switches for
      portable tools.
PAR  An object of the invention is to provide an improved speed control trigger
      switch.
PAR  A specific object of the invention is to provide a speed control trigger
      switch using a standard plastic pack semi-conductor.
PAR  A more specific object of the invention is to provide a speed control
      trigger switch with a plastic pack semi-conductor thereby eliminating the
      heat sink and using only the heat sinking capability of the mounting tab
      of such semi-conductor.
PAR  Another specific object of the invention is to provide a speed control
      trigger switch with a sensitive gate semi-conductor of the plastic pack
      type thereby eliminating the need for a separate "trigger" diode.
PAR  Another specific object of the invention is to provide a speed control
      trigger switch with a plastic pack semi-conductor having a mounting tab
      serving both for mounting and for the anode connection, and wherein a chip
      capacitor is connected directly across the cathode and gate terminals
      thereby eliminating any wires between the capacitor and semi-conductor.
PAR  Other objects and advantages of the invention will hereinafter appear.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged left side elevational view of the double-pole speed
      control trigger switch with the left side of the frame broken away
      substantially along lone 1--1 of FIG. 2 to show the left pole of the
      two-pole switch, the shunting contact and connectors in the left
      compartment;
PAR  FIG. 2 is a horizontal cross-sectional view taken along line 2--2 of FIg. 1
      to show a top view of the split base;
PAR  FIG. 3 is a cross-sectional view taken substantially along line 3--3 of
      FIG. 2 to show the speed control elements mounted to the left base half in
      the center compartment;
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 of FIGS. 1 and 3 to
      show the left pole compartment, the center, speed control circuit
      compartment and the right pole compartment;
PAR  FIG. 5 is a view of the left base half like FIG. 3 but showing a
      modification of the invention;
PAR  FIG. 6 is a bottom view of the left base half of FIG. 5;
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 of FIG. 5; and
PAR  FIG. 8 is a circuit diagram showing how the double-pole speed control
      trigger switch is connected to a power supply and load.
PAC  DESCRIPTION
PAR  Referring to FIGS. 1-4, there is shown a self-enclosed double-pole speed
      control trigger switch constructed in accordance with the invention. As
      shown therein, the switch comprises a spring biased trigger 2 mounted for
      linear sliding movement in a switch housing. This housing comprises a
      frame 4 and a pair of base halves designated as left base L and right base
      R, respectively, most clearly shown in FIGS. 2 and 4. This frame clamps
      the two halves of the split base together and also clamps slidable rear
      portion 2a of the trigger on top of the base L, R so that finger engaging
      portion 2b extends forwardly under the force of trigger return spring 6
      for depression by the forefinger of the user.
PAR  To form a center compartment for the speed control components, the left and
      right base halves L and R are provided with upper and lower ledges La and
      Ra, respectively, as shown in FIG. 4, each abutting the other base half.
      Ledge Ra extends toward the left flush with the bottom of the base and
      abuts base half L. Ledge La extends toward the right against base half R
      at a location a short distance below the top of the base to provide a
      defined space above this ledge for resistor strip 8 and connector 10
      arranged side by side and for sliding contact 12 as shown in FIGS. 2-3.
PAR  This ledge La and base half R are provided with means holding them in
      registration with one another to prevent them from moving in any direction
      in a vertical plane as seen in FIG. 4 while the surrounding frame holds
      them from spreading apart. This means comprises suitable projections and
      notches as more specifically described in the aforementioned Brown patent.
PAR  Connector 10 is provided with a flat vertical portion 10a that is suspended
      from ledge La by its T-shaped upper portion, marked 10 in FIG. 2. This
      flat vertical portion of the connected is soldered to the right surface of
      mounting tab 14a of semic-conductor 14. Thus the semi-conductor is mounted
      and electrically connected to the connector and held in place in the
      center compartment.
PAR  As shown in FIG. 3, alternative capacitors 16 and 16' may be used with the
      plastic pack semi-conductor as shown in solid lines and broken lines,
      respectively. Capacitor 16 is a chip capacitor and is soldered directly
      across cathode terminal 14b and gate terminal 14c of the semi-conductor.
      This eliminates any requirement for wire leads from the capacitor to the
      semi-conductor. Cathode terminal 14b is connected by a bare wire 19 to
      terminal 18a of shunting contact 18 shown in FIG. 1. As will be apparent,
      a lateral tab extends from stationary contact 18 toward the right through
      a hole in the left base half to form terminal 18a in the center
      compartment. The purpose of this connection will become apparent in
      connection with the description of the circuit diagram in FIG. 8.
PAR  Alternatively, a ceramic capacitor 16' may be used in FIG. 3. This
      capacitor has two leads that are connected to gate terminal 14c and
      shunting-contact terminal 18a as shown in dotted lines in FIG. 3, the
      capacitor being supported by its wire leads within the center compartment.
      While one lead of this capacitor 16' is connected to terminal 18a, it
      could instead be connected to cathode terminal 14b since terminals 14b and
      18a are connected together by a wire 19.
PAR  Semi-conductor 14 is a sensitive gate SCR (semi-conductor controlled
      rectifier). By "sensitive gate" is meant an SCR that can be fired into
      conduction by a smaller gate current, typically a current of less than one
      hundred microamps, whereas a conventional SCR requires a firing current of
      many milliamps. For this reason, speed control circuits using conventional
      SCR's have required a trigger diode in the gate circuit to develop
      sufficient current for firing the SCR and to maintain control of the
      firing angle by adjusting the resistor. However, with the use of the
      sensitive gate SCR, the trigger diode can be eliminated since the firing
      point is more of a function of capacitor voltage rather than gate current
      whereby the firing angle can be controlled by adjustment of resistor 8.
PAR  This semi-conductor can be provided with its plastic package and a mounting
      tab 14a that extends to the right therefrom as shown in FIG. 3. This tab
      typically has a round hole for screw mounting and a pair of notches at its
      edges for other mounting methods as shown in broken lines through flat
      portion 10a of the connector. This tab extends substantially throughout
      the rear surface of the plastic pack to which the latter is molded. The
      SCR within the plastic pack is connected to this tab so that this tab can
      be used as the anode terminal thereof.
PAR  As shown in FIG. 3, a connector strap 20 connects gate terminal 14c of the
      semi-conductor to the rear end of resistor strip 8. For this purpose,
      connector strap 20 is provided with a reentrant loop having a bias whereby
      it is pressed on and grips the rear end of ledge La so that the
      protuberance at its upper end presses with a spring force onto resistor
      strip 8 for a good electrical connection.
PAR  As shown in FIGS. 1 and 2, helical compression springs 22 and 24 bias
      movable butt contacts 26 and 28 into closed positions and the trigger is
      provided with cam surfaces for operating these movable butt contacts. Butt
      contact 26 is a flat piece of electrically conducting metal such as copper
      and is provided with a center notch in its lower edge into which connector
      cap 30 is seated. One arm of cap 30 contacts the mounting tab of the
      plastic pack semi-conductor through an aperture in the left base-half. A
      shoulder at the rear end of contact 26 underlies stationary contact 32 and
      forms a first pole of the double-pole switch for connecting one power line
      L1 to the speed control circuit as shown in FIG. 8, the circuit going
      through connector cap 30. A shoulder at its forward end underlies
      stationary contact 18 and forms a shunting contact for by-passing the
      speed control circuit for full speed operation.
PAR  Movable contact 28 is like butt contact 26 except that it has only one
      circuit closing contact at its forward end and its rear end forms a
      connector always in engagement with connector 34. Thus, butt contact 28 is
      provided with a like notch seat at its lower center for spring 24. A
      shoulder at its forward end underlies stationary contact 36 and forms the
      second pole of the double-pole switch for connecting the other power line
      L2 to the load (motor) as shown in FIG. 8. A similar shoulder at its rear
      end constantly engages the underside of connector 34 to which the other
      power line is adapted to be connected.
PAR  As shown in FIG. 1, movable butt contact 26 is provided with a pair of
      upwardly projecting cam followers including a rear cam follower 26a and a
      forward cam follower 26b. These two cam followers are pressed upwardly
      against the trigger by spring 22.
PAR  Movable butt contact 28 is similar to butt contact 26 and is provided with
      rear and forward cam followers 28a and 28b, shown in FIG. 2, although only
      forward cam follower 26b is used, as more fully described in the
      aforementioned Brown patent.
PAR  In the circuit diagram of FIG. 8, reference characters like those in FIGS.
      1-4 are used to facilitate identification of the parts. Line L1 is
      connected to stationary contact 32. This is done by pushing the bare end
      of an insulated conductor between contact 32 and leaf, retainer spring 38
      in FIG. 1. Line L2 is connected to connector 34. This is done by pressing
      a similar bear-ended conductor between connector 34 and leaf, retainer
      spring 40, FIGS. 2 and 4. The load which may be a universal motor is
      connected between stationary contacts 18 and 36.
PAR  The trigger is provided with cams as described in the aforementioned Brown
      patent arranged so that, upon initial depression of the trigger, the
      on-off switch closes. This includes the left pole having contacts 26, 32
      and the right pole having contacts 28, 36. As a result, power is connected
      from line L1 in FIG. 8 through the first pole, SCR14, the load and the
      second pole of the switch to line L2.
PAR  Further depression of the trigger moves slider 12 rightward in FIG. 8 to
      reduce the amount of resistance 8 in the capacitor circuit. The amount of
      resistance in the circuit determines how fast the capacitor charges on
      each positive half-cycle of the A.C. source wave. When the capacitor
      charges to a voltage level supplying sufficient current to the gate of the
      SCR, the latter fires into conduction in its anode-cathode circuit. This
      allows current to flow in the load. Advancing the firing angle on each
      positive half-cycle by moving the slider to decrease the resistance
      increases the speed of the motor. Conversely, retarding the firing angle
      by moving the slider to increase the resistance decreases the motor speed.
PAR  The trigger is provided with a third cam forwardly at the left side as
      shown in FIG. 1 for closing shunting contact 18, 26. This contact is
      closed near the end of the trigger depression stroke, after the variable
      resistor 8 has been reduced to a minimum, for the full speed operation. As
      will be apparent this shunts the speed control circuit in FIG. 8 and
      connects the motor directly across the power lines.
PAR  FIGS. 5-7 show a modification of the invention. In this version, the
      connector 10 of FIGS. 1-4 along which the slider 12 slides has been
      eliminated. Instead, plastic pack 42 is now arranged upright with its
      mounting tab 42a at the top. Also, this mounting tab has been cut shorter
      and thus formed to act as the connector along which slider 12 slides at
      the same time as its slides along the resistor. Chip capacitor 16 is
      soldered across cathode and gate terminals 42b and 42c. A conductor 44
      connects the cathode terminal to terminal 18a as in FIG. 3. Due to the
      relocation of the plastic pack semi-conductor, a conductor 46 is now used
      to connect the gate terminal to connector strap 20. The plastic pack
      semi-conductor may be secured to left base half L by any suitable means
      such as by cementing, epoxy or the like.
PAR  While the apparatus hereinbefore described is effectively adapted to
      fulfill the objects stated, it is to be understood that the invention is
      not intended to be confined to the particular preferred embodiments of
      trigger speed control switch with plastic pack semi-conductor disclosed,
      inasmuch as they are susceptible of various modifications without
      departing from the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A double-pole, variable control trigger switch comprising:
PA1  a return spring biased trigger adapted for operation by the forefinger of
      the user;
PA1  a frame mounting said trigger for movement therein and having a
      base-embracing portion;
PA1  a split base held fixed within said base-embracing portion of said frame
      with the tops of the base halves continguous to said trigger and defining
      therebetween a central compartment and defining with said frame left and
      right compartments;
PA1  double-pole switch means with one pole thereof in each said left and right
      compartment and means for operating said switch poles by said trigger;
PA1  and a semi-conductor variable control circuit in said central compartment
      comprising:
PA1  a plastic pack semi-conductor element having cathode and gate terminals;
PA1  a resistor strip at the top of said central compartment; an elongated
      connector disposed alongside said resistor strip and being electrically
      connected to the anode of said semiconductor element;
PA1  an electrical contact driven by said trigger to slide along said resistor
      strip and said connector to vary the amount of resistance in said variable
      control circuit;
PA1  a capacitor connected across said cathode and gate terminals;
PA1  and means for connecting said variable control circuit to said double-pole
      switch means and to an electric power source and load.
NUM  2.
PAR  2. The switch defined in claim 1, wherein:
PA1  said capacitor is a chip capacitor electrically connected directly to
      bridge said cathode and gate terminals.
NUM  3.
PAR  3. The switch defined in claim 1, wherein:
PA1  said capacitor is a ceramic capacitor having a pair of wire leads connected
      between said cathode and gate terminals.
NUM  4.
PAR  4. The switch defined in claim 1, wherein:
PA1  said elongated connector is a T-shaped member having its lower portion
      secured to said anode of said semi-conductor element to suspend the latter
      in said central compartment.
NUM  5.
PAR  5. The switch defined in claim 1, wherein:
PA1  said plastic pack semi-conductor also comprises a mounting tab serving as
      the anode terminal thereof;
PA1  and said elongated connector is a T-shaped member having its lower portion
      connected to said mounting tab of said semi-conductor element to support
      the latter in said central compartment.
NUM  6.
PAR  6. The switch defined in claim 1, wherein:
PA1  said elongated connector comprises an edge of a mounting tab that is an
      integral part of said plastic pack semi-conductor element which mounting
      tab serves also as the anode terminal thereof.
NUM  7.
PAR  7. A double-pole, speed control trigger switch comprising:
PA1  a frame having a trigger retaining portion and a base-embracing portion;
PA1  a trigger mounted in said trigger retaining portion for reciprocal
      movement;
PA1  a return spring biasing said trigger into an extended position from which
      it may be depressed by the forefinger of the user;
PA1  a split base held clamped within said base-embracing portion of said frame
      with the tops of the base halves underlying said trigger, said base halves
      defining therebetween a central compartment and defining with said
      base-embracing portion of said frame left and right compartments;
PA1  a double-pole switch having its two poles in said left and right
      compartments, respectively;
PA1  means on said trigger for operating said switch poles,
PA1  and a semi-conductor speed control circuit in said central compartment
      comprising:
PA2  a plastic pack SCR having an anode, a cathode and a gate, said cathode and
      gate being connected to terminals projecting from said plastic pack SCR;
PA2  a resistor strip at the top of said central compartment;
PA2  an elongated connector in parallel spaced relation to said resistor strip
      and being electrically connected to said anode of said SCR;
PA2  a bridging contact driven by said trigger to slide along said resistor
      strip and said connector to vary the resistance in circuit;
PA2  a capacitor connected across said cathode and gate terminals to be charged
      through said variable resistor strip;
PA2  and means for connecting said speed control circuit to said double-pole
      switch and an A.C. power source and a portable tool motor.
NUM  8.
PAR  8. The switch defined in claim 7, wherein:
PA1  said elongated connector is a mounting tab on said plastic pack SCR formed
      so that its edge lies alongside said resistor strip.
NUM  9.
PAR  9. The switch defined in claim 7, wherein:
PA1  said plastic pack SCR also has a mounting tab formed integrally therewith
      and serving as its anode terminal and is a sensitive-gate type;
PA1  and said elongated connector comprises a metal member having a formed strip
      lying alongside said resistor strip whereby it is supported at the top of
      said central compartment, and a lower portion rigidly secured to said
      mounting tab.
NUM  10.
PAR  10. The switch defined in claim 7, wherein:
PA1  said capacitor comprises a chip connected directly across said cathode and
      gate terminals so as to eliminate wire connections therebetween.
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PAL  In a control circuit for an electrically driven vehicle, there is a
      thyristor chopper circuit which sets the current flow in a traction motor
      to a demanded level. The motor is capable of driving the vehicle forwardly
      or in reverse, and is also capable of effecting electrical braking.
      Whenever the motor is switched from its forward drive to its forward
      braking condition, or vice versa, the demand signal is set at a low level
      for a predetermined period.
BSUM
PAR  A control circuit according to the invention comprises in combination a
      traction motor for driving the vehicle, an accelerator pedal which when
      depressed provides electrical drive and also determines the current in the
      motor armature, a brake pedal which when depressed provides electrical
      braking and also determines the current in the motor armature, a thyristor
      chopper circuit controlling the operation of the motor, said chopper
      circuit including a main thyristor in series with the motor, a commutating
      capacitor for turning the main thyristor off, and a commutating thyristor
      controlling the commutating capacitor, a control unit which receives a
      signal representing the actual armature current and a signal from one of
      said pedals representing demanded armature current, the control unit
      providing gating pulses to the thyristors, in sequence in accordance with
      the actual and demanded current signals so as to control the armature
      current, and control means operable whenever the motor is switched from
      its forward drive to its forward braking condition and vice versa for
      reducing the demand signal fed to said control unit to a low level for a
      set period so that the thyristors are fired in the correct sequence.
PAR  Preferably, the control means reduces the demand signal to zero for the set
      period and then permits the demand signal to rise gradually to the level
      set by the accelerator or brake pedal.
DRWD
PAR  Two examples of the invention are illustrated in the accompanying drawings,
      in which
PAR  FIGS. 1 to 3 are circuit diagrams of a control circuit for an electrically
      driven vehicle showing three alternative connections of the circuit,
PAR  FIG. 4 illustrates an arrangement of contactors for producing the
      connections seen in FIGS. 1 to 3,
PAR  FIGS. 5 and 6 are circuit diagrams of a control arrangement use in FIGS. 1
      to 4, and
PAR  FIG. 7 is a circuit diagram illustrating a modification of FIG. 6.
DETD
PAR  Referring first to FIG. 1, there are provided positive and negative supply
      lines 11, 12 connected to the traction battery 13 of the vehicle through
      contacts 10. Typically, the battery 13 has a voltage in excess of 200
      volts. Connected to the line 11 is one end 14 of the armature of a series
      wound traction motor 15, the other end 16 of the armature being connected
      to the line 12 through a series circuit including a current sensing device
      18, the field winding 17 of the motor 15 and the anode-cathode path of a
      thyristor 19. Sensing device 18 is more fully described in U.S. Pat. No.
      3,841,238, issued Oct. 15, 1974. The series combination of armature,
      device 18 and winding 17 is bridged by a freewheel diode 21, and the
      junction of the winding 17 and thyristor 19 is connected to the anode of a
      thyristor 22, the cathode of which is connected to the line 12 through a
      capacitor 23. The capacitor 23 is bridged by an inductor 25 and the
      anode-cathode path of a thyristor 24 in series. The thyristors 19 and 24
      have their gates connected through resistors 28, 29 respectively to one
      output terminal of a control unit 26, the unit 26 having a second output
      terminal which is connected through a resistor 27 to the gate of the
      thyristor 22. Control unit 26 is more fully described in U.S. Pat. No.
      3,841,238, issued Oct. 15, 1974.
PAR  FIG. 1 shows the circuit connections when the vehicle is being driven in a
      forward direction. The accelerator pedal of the vehicle operates a
      potentiometer which produces an output representing the demanded current
      level in the motor. This output signal is converted to two signals
      representing an upper current level and a lower current level
      respectively, and these two signals are sensed by the control unit 26,
      which also receives a signal from the device 18. When the current flow in
      the motor reaches the upper level, the thyristor 19 is turned off, and
      when the current flow falls to the lower level, the thyristor 19 is turned
      on again. The operation of the circuit to control the thyristor 19 is best
      explained by commencing at a point in the cycle of operations when the
      thyristors 19 and 24 are off, and the thyristor 22 is conducting and
      charging the capacitor 23. When the capacitor 23 is charged, current flow
      through the thyristor 22 reduces to zero and so the thyristor 22 turns
      off. Since the thyristor 19 is not conducting, the current flow in the
      device 18 will be decreasing, and when the current reaches the lower
      level, the unit 26 produces an output to turn on the thyristor 19 and the
      thyristor 24. Conduction of the thyristor 24 causes the charge on the
      capacitor 23 to be reversed, after which the thyristor 24 turns off. The
      capacitor 23 is now charged with its lower plate positive and its upper
      plate negative. Conduction of the thyristor 19 causes current to flow in
      the armature 15 and the winding 17, and the current flowing in the device
      18 now increases until it reaches the upper level. When this upper level
      is reached, the control unit 26 produces an output to turn on the
      thyristor 22, permitting discharge of the capacitor 23 with the result
      that the thyristor 19 is turned off. The capacitor 23 now charges again
      through the thyristor 22 and the cycle is repeated.
PAR  In the arrangement being described, it is also possible to use the motor to
      brake the vehicle electrically, and to use the motor to drive the vehicle
      in reverse. FIG. 1 does not show the various contactor arrangements which
      are used for this purpose, but FIGS. 2 and 3 show the circuit connections
      when these contactors are in the appropriate position. Thus, FIG. 2 shows
      the arrangement when the vehicle is to be driven in reverse. The circuit
      connections are the same as in FIG. 1, except that the end 16 of the motor
      15 is now connected to the line 11 through the device 18 and the other end
      14 is connected to the winding 17. The operation is exactly the same as in
      FIG. 1, except that the motor is driven in the reverse direction.
PAR  FIG. 3 shows the circuit connections when the motor is being used to brake
      the vehicle electrically. The end 14 of the motor is connected to the
      winding 17 as in FIG. 2, but the end 16 is now connected to the line 12
      through the device 18 and an additional diode 30 in series. When the motor
      is being used to brake the vehicle, the potentiometer operated by the
      accelerator pedal is inoperative, but another potentiometer is operated by
      the brake pedal, and provides a signal to the unit 26 in exactly the same
      way as the potentiometer operated by the accelerator pedal. Thus, the
      current in the motor armature will be controlled in the same way as
      described with reference to FIG. 1. In this case, however, the motor 15
      acts as a generator and charges the battery by way of the diodes 21 and
      30.
PAR  There are various contactor arrangements that can be used to produce the
      arrangements shown in FIGS. 1 to 3, but one possible arrangement is shown
      in FIG. 4. The basic controls of the vehicle are the accelerator pedal,
      which when depressed operates a potentiometer as previously explained, the
      brake pedal which operates another potentiometer and also provides normal
      hydraulic braking for the vehicle, and a selector switch which has a
      central off position but is movable in opposite directions from the off
      position to select forward or reverse movement of the vehicle. In FIG. 4
      three contactor operating devices F, R, B are shown. If the selector
      switch is in the forward position and the accelerator pedal is depressed,
      the device F will be energised and will operate a contact F1 which
      normally occupies the position shown in the drawing but when the device F
      is energised moves to its alternative position in which it connects the
      circuit in the manner indicated in FIG. 1. If, on the other hand, the
      selector switch is moved to its reverse position and the accelerator pedal
      is depressed, then the device R is energised and a contact R1 is moved
      from the position shown to its alternative position, at which point the
      circuit is in the form indicated in FIG. 2.
PAR  If the selector switch is in its forward position, but the brake pedal is
      depressed, then normal hydraulic braking is provided, but in addition the
      device B is energised to open the contact B1. The contacts F1 and R1 will
      be in the positions shown, and so it will be seen that the circuit now has
      the form shown in FIG. 3, so that electrical braking is provided as
      explained above.
PAR  Although the arrangements shown in FIGS. 1 to 4 relate to a series motor,
      they can also be applied to shunt and compound motors. In this case, the
      arrangements described will control the armature current.
PAR  Referring now to FIG. 5, in addition to the traction battery 13, the
      vehicle includes a battery 40, typically at 24 volts, having its positive
      terminal connected to a supply line 32 and its negative terminal connected
      to a line 31. The selector switch previously mentioned is shown at 33 and
      has a central off position, together with forward and reverse positions.
      In the forward position illustrated the switch 33 completes a circuit
      between the lines 32, 31 through a relay winding 34, and in the reverse
      position the switch 33 completes a circuit between the lines 32, 31 by way
      of a relay winding 35. The windings 34 and 35 serve when energised to
      close contacts 34a and 35a respectively, and various control and safety
      arrangements may be provided between the windings 34, 35 and contact 34a,
      35a. However, for the purposes of the present example it can be assumed
      that energisation of the one of the windings 34, 35 ultimately closes the
      appropriate contact 34a, 35a.
PAR  Connected in series between the lines 32, 31 are a relay winding 36, a
      contact B2, a switch 38 and the contact 34a. The winding 36 when energised
      closes two contacts 36a and 36b. The contact 36a is connected in series
      with the device F between the lines 32, 31, and the contact 36b is
      connected in series with a switch 41 between the junction of the winding
      36 and switch 37a, and the line 31. A further series circuit is connected
      between the lines 32, 31 and includes a relay winding 42, a switch 43, a
      contact F2, a switch 44 and the contacts 34a. The winding 42 serves when
      energised to close contacts 42a and 42b. The contact 42a is connected in
      series with the device B between the lines 32, 31, and the contact 42b
      connects the junction of the winding 42 and switch 43 to the junction of
      the contact 36b and switch 41. Moreover, the device R is connected in
      series with the contact 35a between the lines 32, 31.
PAR  The contact B2 is a normally closed contact which is opened when the device
      B is energised. Similarly, the contact F2 is a normally closed contact
      which is opened when the device F is energised. The switches 38 and 44 are
      operated by the accelerator and brake pedals of the vehicle respectively,
      and are closed when the accelerator and brake pedals are depressed. The
      switch 43 is a speed-sensitive switch operable by the vehicle, and closes
      only when the speed of the vehicle is in excess of the predetermined low
      value, typically 4 m.p.h. The switch 41 is a current-sensitive switch
      operable by the device 18 shown in FIGS. 1 to 4, and is closed whenever
      the current flowing through the motor armature is above a predetermined
      low value, typically 30 amps.
PAR  In operation, assume for the moment that the reverse position of the switch
      33 is chosen so that the winding 35 is energised. The contact 35a closes
      to energise the device R, so that the circuit shown in FIG. 2 is obtained.
PAR  Assume now that the forward position of the switch 33 is chosen, so that
      the winding 34 is energized. The contact 34a is closed, and it will be
      assumed that the accelerator pedal of the vehicle is depressed. The switch
      38 is closed by the accelerator pedal, and since the device B is not
      energised the contact B2 is closed and the winding 36 is energised, so
      that the contact 36a closes to energise the device F and operate the
      contactors so that the circuit has the form shown in FIG. 1. Operation of
      the device F opens the contact F2, so that the winding 42 cannot be
      energised. As long as the device F is energised, depression of the brake
      pedal will have no effect so far as electrical braking is concerned,
      although of course it will still provide normal hydraulic braking.
PAR  If the accelerator pedal is released so that the switch 38 opens, the
      winding 36 remains energised by way of the contact 36b and the switch 41
      until the motor current falls below 30 amps. Only at this point does the
      winding 36 become de-energised, so that the contacts 36a and 36b open and
      the device F is de-energised.
PAR  Once the device F has been de-energised, the contact F2 closes, and if the
      brake pedal is depressed the winding 42 will be energised if the switch 43
      is closed, (i.e.) if the vehicle speed is in excess of 4 m.p.h.
      Energisation of the winding 42 closes the contacts 42a and 42b so that the
      device B is energised to open the contact B2 and prevent operation of the
      device F. The winding 42 will remain energised by way of the switch 41,
      even if the switch 44 opens, until the motor current is below 30 amps.
PAR  The purpose of the switch 43 is to ensure that if the brake pedal and
      accelerator pedal are depressed simultaneously at low speeds, electrical
      braking will not be obtained, and the accelerator pedal still controls the
      device F. The switch 41 is particularly useful where the switch 43 is
      employed, because it ensures that if electrical braking is being obtained,
      the electrical braking does not suddenly disappear below 4 m.p.h. when the
      switch 43 opens. The arrangement shown also has the advantage that if
      during forward movement of the vehicle the driver rest his foot lightly on
      the brake pedal, the subsequent closing of the switch 44 will have no
      effect on the circuit because the contact F2 is open.
PAR  In a modification of the example described, the contact B2 and F2 are
      included in series with the devices F and B respectively. Using this
      arrangement, it is possible to energise both windings 36 and 42 at the
      same time, but one of the windings will have no effect, because one of the
      contacts B2 or F2 will be open.
PAR  Referring for the moment to FIG. 1, it will be recalled that when the
      current flowing in the device 18 reaches an upper level, the thyristor 22
      is fired, and when the current then falls to a lower level, the thyristor
      19 is fired, the thyristor 24 being fired at the same time. It is
      essential for the thyristors in the chopper circuit to be fired in the
      correct sequence, and when the circuit is being switched from its forward
      condition to its electrical braking condition, a problem can arise. Thus,
      consider the situation where a vehicle is travelling in a forward
      direction with the accelerator pedal depressed. The chopper circuit is
      operating in the manner described, and if the driver now wishes to brake
      the vehicle, he will first remove his foot from the accelerator pedal.
      This will reduce the demand substantially, so that inevitably the armature
      current will be above the demanded level and the thyristor 22 will be
      fired to turn off the thyristor 19, and leave the chopper circuit with the
      capacitor 23 charged. If now at a later time the brake pedal is depressed,
      contactor B operates, the demanded current is increased, and the armature
      current will be below the demanded current. The thyristor 19 will now be
      fired, and the circuit will continue to operate satisfactorily. However,
      it is quite possible that during the braking operation, the driver will
      press the brake pedal at the same time as the accelerator pedal is
      released. This can lead to a condition where the device 26 attempts to
      switch the chopper "on" although at the time the motor contactors have
      disconnected the chopper from the motor and the supply lines. In these
      circumstances the chopper circuit will cease to operate since no other
      switch "on" pulse is produced even though the chopper circuit is
      subsequently completed.
PAR  In order to overcome this problem, means is provided for ensuring that when
      one of the two pedals is released and the other is depressed, the demand
      is reduced to zero, for a predetermined period of time irrespective of the
      position of the pedals. The demand remains zero until the contactors have
      changed over. Preferably, the demand is then increased gradually to the
      level set by the pedal in use. An arrangement for achieving this is shown
      in FIG. 6.
PAR  Referring to FIG. 6, connected in series between the lines 32, 31 are a
      pair of resistors 51, 52. A slider moves over the resistor 52, and is
      controlled by the accelerator pedal of the vehicle as previously
      explained. The slider is connected through a resistor 53 and a diode 54 in
      series to the unit 26, so that when the accelerator pedal of the vehicle
      is depressed, a current flows through the resistor 53 and diode 54 to the
      unit 26 to set the mode of speed in the manner previously described.
      Moreover, connected in parallel between the junction of the resistor 53
      and diode 54 and the line 31 are three circuits containing respectively a
      contact 56 a contact 38a and a capacitor 55. The contact 38a opens when
      the accelerator pedal is depressed, and the contact 56 is controlled by a
      device 58 which is connected to the line 32 through a contact F3 operable
      by the device F. The device 58 operates the contact 56 only after a delay
      controlled by a delay circuit 57.
PAR  A similar set of components are connected between the lines 32, 31 and are
      associated with the brake pedal of the vehicle. These components are
      indicated by the same reference numerals with the suffix a. Thus, when the
      brake pedal of the vehicle is depressed, a slider moves over a resistor
      52a, and provides a signal by way of a diode 54a to the unit 26. The unit
      26 will set the motor speed in accordance with the current flowing either
      through the diode 54a or the diode 54. The contactor 44a connected between
      the junction of the diode 54a and resistor 53a and the line 31 replaces
      the equivalent contact 38a previously described, and the device 58a is
      connected to the line 32 through a contact B3 operable by the device B.
PAR  In order to understand the operation of the arrangement shown in FIG. 6,
      assume that the vehicle is travelling forwards with the accelerator pedal
      depressed. At this stage the contacts 38a and 56 will be open, the
      capacitor 55 charged, and current will be flowing through the diode 54 to
      the unit 26 to control the speed of the motor. The brake pedal is not
      depressed, and so the contact 44a is closed, as is the contact 56a, so
      that the capacitor 55a is not charged and no current flows through the
      diode 54a.
PAR  Suppose now that electrical braking is required, so that the driver lifts
      his foot from the accelerator pedal, and depresses the brake pedal. Since
      the accelerator pedal is not depressed, the contact 38a closes to
      discharge the capacitor 55. Since the contact 38a is closed, no current
      now flows to the unit 26 through the diode 54, and since there is no
      current flow through the diode 54a either, the demanded current falls to
      zero.
PAR  As soon as the device F is de-energised, the contact F3 opens, and contact
      56 then closes.
PAR  Although the brake pedal of the vehicle has now been depressed to open the
      contact 44a, the contact 56a is still closed and so the capacitor 55a is
      still discharged. However, when the device B is energised the contact B3
      closes, and after a delay determined by the device 57a the contact 56a
      opens. When the contact 56a opens, the capacitor 55a starts to charge, and
      so the demanded current increases expotentially until the capacitor 55a is
      fully charged, at which point the demanded current is that set by the
      brake pedal. Thus, there is a delay period during which the current demand
      is zero, and then following operation of the contactors the current then
      rises exponentially to the level actually demanded by the brake pedal. As
      previously explained, this arrangement ensures that the thyristors will be
      fired in the correct sequence.
PAR  When the brake pedal is released and the accelerator pedal is depressed,
      the sequence of operations is exactly the same, the contact 56 remaining
      closed until the contactors have operated and the delay controlled by
      device 57 has expired.
PAR  FIG. 7 shows a modiciation in which the capacitor 55 provides the required
      delay, so that the components 57, 58 and their equivalent 57a, 58a, are no
      longer required, 56 and 56a are now operated directly by devices F and B.
      In this arrangement, there is a negative supply line 60, and the contacts
      56 and 38a are returned to the line 60, although the capacitor 55 is still
      returned to thee line 31. When one of the contacts 56, 38a is closed, the
      capacitor 55 can charge negatively. When both the contacts 56 and 38a are
      open, the capacitor 55 must first discharge, and then charge again as in
      FIG. 6. The discharge provides the required delay. The circuit operates in
      the same way in relation to the capacitor 55a.
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STM  I claim:
NUM  1.
PAR  1. A control circuit for an electrically driven vehicle, comprising in
      combination a traction motor for driving the vehicle, an accelerator pedal
      which when depressed provides electrical drive and also determines the
      current in the motor armature, a brake pedal which when depressed provides
      electrical braking and also determines the current in the motor armature,
      contactors for selectively effecting said motor's armature-field
      connection, a thyristor chopper circuit controlling the operation of the
      motor, said chopper circuit including a main thyristor in series with the
      motor, a commutating capacitor for turning the main thyristor off, and a
      commutating thyristor controlling the commutating capacitor, a control
      unit which receives a signal representing the actual armature current and
      a signal from one of said pedals representing demanded armature current,
      the control unit providing gating pulses to the thyristors, in sequence in
      accordance with the actual and demanded current signals so as to control
      the armature current, and control means operable whenever the motor is
      switched from its forward drive to its forward braking condition and vice
      versa for reducing the demand signal fed to said control unit to a low
      value during changeover of said contactors effecting motor armature-field
      connection, and maintaining said demand signal at said low value for a
      predetermined time period initiated by said contactors closing to prevent
      incorrect firing of the thyristors due to contactor bounce.
NUM  2.
PAR  2. A circuit as claimed in claim 1 in which the control means reduces the
      demand signal to zero for the set period and then permits the demand
      signal to rise gradually to the level set by the accelerator or brake
      pedal.
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ABST
PAL  A system is provided to synchronously operate a DC motor in response to the
      frequency of a reference signal. The system includes a first feedback loop
      having a reference signal generator, a speed signal generator in relation
      to speed of the motor, and a flip-flop circuit for producing a rectangular
      wave pulse for supplying to the DC motor current corresponding to a phase
      difference between two signals from these generators. The system further
      includes a second feedback loop for speed control having a forced
      synchronization circuit which processes the output of the speed signal
      generator and brings the motor speed into a synchronization condition in
      order to prevent the motor from erroneously synchronizing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a control system for synchronous drive of a DC
      motor, and more specifically to a control system for forced
      synchronization in which whenever the speed of the DC motor varies from a
      predetermined synchronous speed governed by a reference signal, the speed
      may be brought back quickly to the synchronous speed as desired.
PAR  2. Description of the Prior Art
PAR  DC motors are divided into so-called DC commutator motors using a
      commutator and brushes for distributing and supplying electric power from
      a DC source to the field windings and so-called brushless motors, without
      using such brushes, having a rotor with magnetic poles opposite in
      polarity, a field system with coils for producing magnetic flux, and a
      flux detector such as a Hall effect element and the like for switching
      over power from the DC source and supplying it to individual coils.
PAR  There have been presented various methods of controlling speed of the DC
      commutator motor, which are put to practical use. In most of such
      conventional methods motor speed is detected, and output thus obtained is
      compared with a reference speed for producing a signal corresponding to
      any difference therebetween so that a speed control circuit may be
      operated with the signal. This is not suitable for high precision speed
      control because of high drift.
PAR  On the other hand, some synchronous drive systems for prior-art DC
      brushless motors have been devised, which cannot, however, eliminate the
      phenomena of so-called "step out" effectively. Such phenomena may often
      occur in the following way:
PAR  1. As a DC motor of this type approaches its synchronous running state, it
      tends to be synchronized with some of the higher or lower harmonics of a
      reference signal frequency for synchronous operation, and consequently
      synchronous speed cannot be obtained as desired.
PAR  2. Even if the average power supplied to the driving coil of the DC motor
      is as much as that for normal synchronous operation, pulse power may not
      be such as to have equal pulse width, and thus so-called "beat signals"
      varying periodically tend to often occur. Under this condition the motor
      may be kept anyhow at a constant speed, which is different from a
      predetermined speed. This speed may vary directly when the load is
      changed. Thus, no constant speed can be obtained.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a synchronous drive control
      system for quickly restoring synchronous operation of a DC motor out of
      such step out as described above.
PAR  Another object of this invention is to provide a synchronous drive control
      system for realizing high-precision synchronous revolutions by arrangement
      of a comparator for shaping the pulse width of driving current to the DC
      motor, means for generating two trains of signals to be applied to said
      comparator for switching on and off current to the DC motor, and means for
      generating control signals for controlling the setting and resetting of
      said comparator so that the pulse width of motor driving current may be
      properly shaped.
PAR  A further object of this invention is to provide a synchronous drive
      control system for improving accuracy in DC motor speed control and
      stability thereof by providing two different trains of signals applied to
      a flip-flop circuit for shaping the pulse width of motor driving current,
      said signals being used for setting and resetting said flip-flop circuit,
      may correspond properly to a reference signal and the fundamental
      frequency of a pulse signal in response to speed of the DC motor.
PAR  A still further object of this invention is to provide a synchronous drive
      control system for quickly restoring synchronous operation out of step out
      condition by generating a train of rate pulse signals corresponding to the
      value obtained by detection of the speed of a DC motor, comparing a train
      of such signals with a train of reference signals supplied externally for
      constantly driving said DC motor through a flip-flop circuit, and
      controlling motor speed with the output produced due to a phase difference
      therebetween, said train of rate pulse signals being supplied to low and
      high pass filters whose cutoff frequency is the frequency of said
      reference signals so that step signals may be generated with the output
      from these filters, said step signals being applied to said flip-flop
      circuit.
PAR  A still further object of this invention is to provide a synchronous drive
      control system for preventing the step out condition from occurring by the
      addition of means for multiplying the frequency of said rate signal
      obtained by detection of the speed of a DC motor so that a step signal may
      be generated so as to be used for preventing step out by passing output
      from said means through low and high pass filters whose cutoff frequency
      is the frequency of the reference signal corresponding to the synchronous
      speed of the DC motor.
PAR  A still further object of this invention is to provide a system for
      operating a DC motor in forced synchronization, in which a rectangular
      wave signal is produced by controlling a flip-flop circuit with a
      reference pulse having a frequency corresponding to a preset reference
      speed and a rate pulse having a frequency corresponding to speed of said
      DC motor so that synchronous operation may be accomplished by controlling
      the pulse width of said signal, and in which means are provided for
      detecting the speed of said DC motor by AC tacho-generator and producing
      said rate pulse by transforming the output therefrom into a pulse signal,
      and means for changing the level of output from said tacho-generator in
      response to said reference speed and converting the output thus obtained
      into an analog signal, so that said flip-flop circuit may be controlled
      with said analog signal for forced synchronization.
PAR  A still further object of this invention is to provide a control system for
      synchronous operation of a DC motor, in which a rectangular wave signal is
      produced by controlling a flip-flop circuit with a rate pulse of a
      frequency corresponding to the speed of said DC motor and a reference
      pulse of a frequency corresponding to a reference speed so that
      synchronous operation may be achieved by changing the pulse width of said
      signal, and in which an up-down counter is provided for up counting
      operation with said reference pulse and down counting operation with said
      rate pulse so that faulty synchronous operation may be prevented by
      controlling set or reset input signals applied to said flip-flop circuit
      by converting output from said counter into analog signals.
PAR  These and other objects and features of this invention will be made clear
      from the following detailed explanation with reference to the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing one embodiment of this invention;
PAR  FIG. 2 is a circuit diagram showing a practical example of a control
      circuit for forced synchronization in FIG. 1;
PAR  FIGS. 3(A) to 3(E) show waveforms of signals in main circuits shown in
      FIGS. 1 and 2;
PAR  FIG. 4 is a diagram showing frequency responses of low pass and high pass
      filters used in the circuits of FIGS. 1 and 2;
PAR  FIGS. 5(A) to 5(M) are graphs showing various waveforms of reference
      pulses, speed pulses, and control pulses in response to phase difference
      therebetween, which may appear in a synchronous drive control system for
      DC motors of this invention or of prior art;
PAR  FIG. 6 is a block diagram showing a second embodiment of this invention;
PAR  FIG. 7 is a circuit diagram of a frequency divider which may be employed in
      the circuit of FIG. 6;
PAR  FIGS. 8A and 8B are circuit diagrams of practical circuits of a frequency
      multiplier applicable to the circuit of FIG. 6;
PAR  FIG. 9A is a circuit diagram showing another example of a forced
      synchronization control circuit applicable to the circuit of FIG. 6;
PAR  FIG. 9B is a graph showing the waveform of a signal in FIG. 9A;
PAR  FIG. 10 is partial circuit diagram showing another example of a forced
      synchronization control circuit applicable to the circuit of FIG. 6;
PAR  FIG. 11 is a block diagram showing a third embodiment of this invention;
PAR  FIG. 12 is a circuit diagram showing the main part of an electrical
      circuit, which may be employed in the circuit of FIG. 6;
PAR  FIG. 13 is a circuit diagram of an electrical circuit applicable to the
      device of FIG. 11;
PAR  FIG. 14 is a circuit diagram modified partially, which may be used in FIG.
      13;
PAR  FIG. 15 is a block diagram showing a fourth embodiment of this invention;
PAR  FIG. 16 is a circuit diagram of the main part of an electrical circuit
      applicable to the system of FIG. 15;
PAR  FIG. 17 is a block diagram showing a modification of the system of FIG. 15;
PAR  FIG. 18 is a circuit diagram of the main part of an electrical circuit
      appplicable to the system of FIG. 17;
PAR  FIG. 19 is a block diagram showing a fifth embodiment of this invention;
      and
PAR  FIGS. 20A, 20B and 20C are circuit diagrams showing examples of a smoothing
      circuit, which may be used in the system of FIG. 19.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a block diagram showing the arrangement of a synchronous drive
      control system for a DC motor in accordance with this invention. In the
      drawing a circuit 1 for generating a reference frequency signal to operate
      the DC motor at a fixed number of revolutions as required is connected to
      a circuit 2 for shaping and differentiating signal waves, which is
      connected to a rectifier 3 for producing positive or negative pulse
      signals. A motor speed detector 4, such as AC tacho-generators for
      detecting speed of a DC motor 9 and generating AC signals of a frequency
      proportional thereto is connected at the its output to a circuit for
      shaping and differentiating such AC signal waves. To the output of this
      differentiating circuit is connected a rectifier 6 for producing positive
      or negative pulse signals likewise as described above.
PAR  A train of output pulse signals from said first rectifier 3 are hereinafter
      called reference pulses, while those from said second rectifier are called
      speed or rate pulses. A flip-flop circuit 7 having set and reset terminals
      S and R to receive these two pulses as input signals is connected as means
      for comparing such signals from said two rectifiers.
PAR  This flip-flop circuit is connected at its output to an amplifier 8, which
      in turn is connected to the driving coil in the DC motor.
PAR  The motor speed detector 4 for detecting revolutions of the DC motor 9 is
      related mechanically, electrically, electromagnetically, or optically to
      said DC motor. As the detector of this kind may be used the forgoing
      tacho-generator or other conventionally known devices such as
      photoencoders, mechanical governors and the like.
PAR  A main feedback loop for so-called constant speed control is formed of DC
      motor 9, motor speed detector 4, differentiator 5, rectifier 6, comparator
      7, amplifier 8, and DC motor 9, in such connection as shown.
PAR  In accordance with this invention a second feedback loop for motor speed
      control is provided in addition to the main feedback loop for controlling
      the DC motor speed. In other words, control means CON for forced
      synchronization is connected to the output terminal of the motor speed
      detector 4, said means having two output terminals, one connected to the
      set terminal S of said flip-flop circuit and other connected to the reset
      terminal R thereof. Thus the second feedback loop is formed of DC motor 9,
      motor speed detector 4, control means CON for forced synchronization,
      flip-flop circuit 7, amplifier 8, and DC motor 9, connected as shown.
PAR  One embodiment of such control means for forced synchronization is shown in
      block in FIG. 1. To the output terminal of the motor speed detector 4 are
      connected to a low pass filter 10 and a high pass filter 11 so as to
      receive a train of speed pulse signals. The cutoff frequency fcl of the
      low pass filter 10 is chosen between f and 1/2 f, f being the frequency of
      said reference speed signal, and more preferably in the vicinity of f. The
      cutoff frequency fch of the high pass filter 11 is set between f and 2f,
      and more preferably near the frequency f. Such relations are typically
      indicated as their frequency responses in FIG. 4. Output terminals of
      these filters are connected to step signal generators 12 and 13
      respectively, which transform output signals therefrom into perfect step
      signals. Step signals corresponding to output signals from the two filters
      are supplied to the set and reset terminals of said flip-flop circuit as
      inputs respectively.
PAR  Now, the operation of the arrangement shown in FIG. 1 will be explained
      with reference to FIGS. 3 to 5.
PAR  A train of reference pulses having such signal wave-form as shown in FIG.
      3(B) are generated at a specific period in the generator 1, and are then
      differentiated into a train of signals having such waveform as shown in
      FIG. 3(C). The latter signals are rectified through the rectifier 3 into a
      train of positive reference pulse signals as shown in FIG. 3(D), which are
      applied to the set terminal S of the flip-flop circuit 7 so as to operate
      the circuit. This state is kept until the reset terminal R receives any
      input signal. Such motor driving signals are then amplified and fed to the
      DC motor 9 to operate. Corresponding to the revolutions of the motor 9,
      there are generated AC signals as shown in FIG. 3(A) by means for
      detecting motor speed such as an AC tacho-generator. Such AC signals are
      differentiated in the differentiator 5 and are then rectified through the
      rectifier 6 similarly into a train of positive or negative pulse signals
      (a train of speed pulse signals), which are applied to the rest terminal
      of said flip-flop circuit 7 so as to bring the circuit into its off state.
      In other words, the flip-flop circuit 7 may produce at the output terminal
      rectangular wave signals as indicated in FIG. 5(C), which rise in the
      phase of the reference pulse signals and fall in the phase of the speed
      pulse signals. The widths of such rectangular pulses (So) correspond to
      phase differences between a train of reference pulse signals (Sg) and a
      train of speed pulse signals (Sr). Speed of the DC motor 9 is determined
      by the pulse width, and consequently the DC motor is made to operate in
      synchronization with the output signals from the reference signal
      generator 1.
PAR  However, in a conventional motor speed control system having the main
      feedback loop alone as described above, the pulse width of a rectangular
      wave signal from the flip-flop circuit varies as indicated by So, and Sol
      in FIGS. 5(C) and 5(F) with the period of a train of speed pulse signals
      varying as indicated by Sr and Srl in FIGS. 5(B) and 5(E) respectively,
      even when the period of a train of reference pulse signals Sg is constant
      as shown in FIGS. 5(A) and 5(D). Rectangular wave output So2 at regular
      intervals cannot be obtained until intervals between the speed and
      reference pulses are made equal as indicated by SG, SR2 and So2 in FIGS.
      5(G) to 5(I) when a steady state or synchronous operation is obtained. In
      such synchronous operation the speed pulse frequency must be identical
      with the reference pulse frequency. In prior art devices faulty
      synchronous operation (at a speed different from desired revolutions)
      tends to occur when the speed pulse frequency becomes n times or 1/n the
      reference pulse frequency any of (higher or lower harmonics). FIGS. 5(J)
      and 5(K) show pulses SR3 twice the reference frequency and the output
      waveform So3 from the flip-flop during synchronous operation under such
      condition. FIGS. 5(L) and 5(M) show pulses SR4 half the reference pulse
      frequency SG and the output waveform So4 from the flip-flop during
      synchronous operation under such condition.
PAR  In such erroneous synchronous operation the motor may seem to rotate in a
      stable state. However, this stable state will be disturbed directly when
      any change appears in motor loading, and the motor can be hardly brought
      back to the true, synchronous state.
PAR  Such a disadvantage may be eliminated by the use of low pass and high pass
      filters 10 and 11, which have frequency responses as shown in FIG. 4.
PAR  The high pass filter 11 passes higher harmonic components only of the rate
      pulse, which has the frequency f of the reference pulse signal, which the
      low pass filter 10 passes lower harmonic components only thereof. Thus,
      assuming that output from the motor speed detector 4 exceeds the cutoff
      frequency fch of the high pass filter 11, a step signal may appear at the
      output of a step signal generator 13 in direct current as indicated in
      FIG. 3(E), with output from the filter 11, and is applied as input to the
      R terminal of the flip-flop circuit 7. As a result, motor driving current
      is cut off and revolutions of the motor 9 are reduced. As motor speed
      approaches the reference synchronous speed, output from the high pass
      filter 11 is decreased, and a reset pulse from the rectifier 6 is applied
      to the flip-flop. Thereafter, on and off operations of the flip-flop are
      repeated alternately with the reference and rate pulses until normal
      synchronous operation is restored.
PAR  Now assuming that output from the motor speed detector 4 such as
      tacho-generator becomes lower than the cutoff frequency fcl of the low
      pass filter 10, a step signal may appear at the output of the step signal
      generator 12 with output from the filter 10, and is applied to the set
      terminal of the flip-flop circuit 7. Consequently, motor driving current
      is turned into direct current, likewise as described above, as indicated
      in FIG. 3(E), and motor revolutions are increased approaching the
      reference motor speed. As the motor speed approaches the reference speed,
      output from the low pass filter 10 is reduced, and the reference pulse
      becomes a set signal to the flip-flop circuit 7 with the result of
      induction of the DC motor into normal synchronous operation. When the
      frequency of AC output produced in the motor speed detector 4 is in the
      vicinity of the reference speed signal f, no signal is generated at the
      output of the filter 10 or 11, and the circuits 12 and 13 produce no step
      output. Thus, normal synchronous operation is maintained. For changing the
      reference speed by adjusting the generator 1 the cutoff frequencies of the
      high and low pass filters 11 and 10 may be changed in relation to such
      adjustment.
PAR  Synchronous operation determined by the cutoff frequencies of these filters
      may be realized without the reference signal generator 1 by making their
      cutoff characteristics so sharp as to reset the flip-flop circuit with
      output from the high pass filter 11 and set it with output from the low
      pass filter 10.
PAR  As has been described above, the synchronous operation system, of this
      invention permits prevention of faulty synchronous operation and such beat
      phenomena as alreadly described, which may otherwise occur when output
      from the tacho-generator becomes any of higher or lower harmonics of the
      reference pulse, whereby it is possible to achieve extremely stable
      synchronous operation and improve accuracy in the control of DC motor
      speed. This is a great advantage.
PAR  FIG. 2 is a circuit diagram of flip-flop circuit 7, low pass filter 10,
      high pass filter 11, and step signal generators 12 and 13, which are
      indicated in block in FIG. 1 and where the same symbols represent the same
      parts or components. Eo represents a power source.
PAR  The flip-flop circuit 7 may be such as is well known, which consists of
      transistors Tr1, Tr2, capacitors C1, C2, C3, diodes D1, D2, and
      resistances R1 to R7. The low pass filter 10 consists of input resistance
      R20, variable resistance R19, amplifier A2, resistances R15, R16 for
      operating the amplifier A2, and capacitor C5, with its output terminal
      connected to a transistor Tr4 forming the step signal generator 12.
PAR  The high pass filter 11 consists of variable capacitor C7 for frequency
      setting, capacitor C4, resistance R18, and amplifier A1, with its output
      connected to a transistor Tr3 forming a step signal generator 13. The
      resistances R8, R9, R14 and R17 are used as coupling resistances, too.
PAR  The collectors of the transistors Tr3 and Tr4 are connected to the base of
      the transistor Tr1 and to the collector of the transistor Tr2 through load
      resistances R10 and R11 and the resistance R7 in the flip-flop circuit 7
      respectively. The collectors of the transistors Tr1 and Tr2 are connected
      to the rectifiers 3 and 6 through the diodes D1 and D2 respectively, while
      the collector of the transistor Tr1 is connected to the input terminal of
      the amplifier 8.
PAR  Now, the operation of these circuits will be explained.
PAR  AC signals applied from the motor speed detector 4 to the input terminals
      of the high and low pass filters 10 and 11 through the input terminal a
      may and may not pass through, according to their respective cutoff
      frequencies.
PAR  If the frequency of an input signal at the terminal a is higher than the
      cutoff frequency of the high pass filter 11, it may pass through the
      filter 11 and is applied to the input of the step signal generator 13. The
      signal at this time is an analog signal of a certain level and makes the
      base of the transistor Tr3 in the circuit 13 biased positively. The
      collector of Tr3 is made almost positive, and the base of Tr1 is biased
      positively through the resistances R10 and R7. As a result, the transistor
      Tr1 in the flip-flop circuit is turned on, and at the same time the
      collector is reduced in potential so as to supply a signal to cut off
      driving current to the motor to the amplifier 8 connected its
      amplification. Thus, current supply to the motor 9 is interrupted with
      this input signal, and the motor speed is reduced.
PAR  Reversely, when the frequency of the input signal at the terminal a is
      lower than the cutoff frequency of the low pass filter 10, the transistor
      Tr4 is turned on, and at the same time the collector is lowered in
      potential. Consequently, the transistor Tr1 is turned off so as to permit
      application of high potential to the motor 9 and increase the motor speed.
PAR  FIG. 6 shows a second embodiment of this invention, where individual parts
      or components of a system for synchronous operation of a DC motor are
      indicated in block, said system in which synchronous revolutions are
      reached by generating rectangular signals from a flip-flop circuit
      controlled with a reference pulse having a frequency corresponding to a
      certain predetermined reference motor speed and with a rate pulse having a
      frequency corresponding to revolutions of the DC motor and controlling the
      pulse width, comprises means for detecting revolutions of said DC motor
      through an AC tacho-generator and producing said rate pulse by
      transforming output therefrom into a pulse, means for multiplying the
      frequency of said output, and means for producing step signals by passing
      output from the preceding means through low and high pass filters with a
      cutoff frequency corresponding to said reference speed, characterized in
      that said flip-flop circuit is controlled with the step signals from said
      means, whereby synchronous operation is forcibly achieved.
PAR  In addition to the above arrangement, a monostable multi-vibrator to be
      triggered with said rate pulse, a circuit for generating a pulse signal
      with the output from said multi-vibrator, and a reverse circuit to be
      triggered with a pulse signal from said circuit may be provided for
      controlling operation by supplying reverse current from said circuit
      during interruption of driving current to the motor. Such arrangement as
      characterized above is also shown in block.
PAR  In the above arrangement the same parts or components as in FIG. 1 have the
      same symbols for brevity and simplicity of explanation.
PAR  In the drawing, 1' represents a frequency divider, which is used to divide
      a high frequency, as produced by a crystal oscillator employed as an
      oscillator 1 by n, 4' represents a frequency divider for shaping output
      from a motor speed detector 4 such as a tacho-generator into a rectangular
      wave. Numeral 14 is a multiplier for multiplying output from the detector
      4 by n (for instance twice by full wave rectification), 15 is a monostable
      multivibrator to be operated with a reset input pulse from the flip-flop
      circuit 7, 16 is a control circuit for controlling a reverse power circuit
      17 for the motor with a signal from the multivibrator 15, and 17 is the
      reverse power circuit for braking the motor by imparting reverse torque to
      the motor.
PAR  Now the operation of this system will be explained.
PAR  While the DC motor 9 is running at a certain speed, the motor speed
      detector 4 such as a tacho-generator generates AC output having a
      frequency corresponding to the motor speed, said detector 4 being
      interlocked to the motor 9. The output is differentiated in a
      differentiator 5 and is then rectified in a rectifier 6 to produce a train
      of positive pulses. This is a rate pulse, which is applied as a reset
      signal to the terminal R of the flip-flop circuit 7. On the other hand,
      output from the generator 1 for generating a signal having a frequency
      corresponding to a certain predetermined reference speed is differentiated
      in 2 and is then rectified in 3 so as to produce a train of positive
      pulses. This is a reference pulse, which is applied as a set signal to the
      terminal S of the flip-flop circuit 7 is turned on with the phase of the
      reference pulse, and is turned off with the phase of the rate pulse,
      rectangular wave signals, which pulse widths correspond to phase
      differences between the two pulses, may appaear at the output of the
      flip-flop circuit 7. Such signals are amplified in 8 so as to drive the DC
      motor 9. Now assuming that the frequencies of the two pulses are
      identical, phase differences or pulse widths output rectangular waves are
      made equal, and thus speed of the DC motor 9 is kept constant. This is the
      condition under which the motor 9 is in synchronous operation. If motor
      speed is decreased below the reference speed due to some reason, the
      frequency of output from the tacho-generator 4 interlocked thereto must be
      lowered accordingly.
PAR  Thus the phase of the reset pulse (rate pulse) to the flip-flop circuit 7
      is delayed with the result of changing phase differences between the rate
      and reference pulses and making pulse widths greater (see FIG. 5(F)). As a
      result, the conduction angle of driving current to the motor 9 is
      increased, and the motor speed is made higher, returning to synchronous
      rotations. If the speed of the motor 9 becomes faster, a reset signal
      (rate pulse) is reversely moved forward in the flip-flop circuit 7, and
      pulse widths of output rectangular waves from 7 vary so as to be made
      narrower (see FIG. 5(C)). Thus the conduction angle of driving current to
      the motor is decreased, and motor speed is made lower, returning again to
      the synchronous speed. Heretofore, normal synchronous drive has been
      described. Synchronous operation may be realized even when motor speed
      becomes n times the reference speed (see FIGS. 5(J) and 5(K), or 1/n
      thereof (see FIGS. 5(L) and 5(M). The motor runs in the state of faulty
      synchronous operation. To prevent this, low and high pass filters 10 and
      11 are connected to the output of the motor speed detector 4 with their
      cutoff frequencies so selected as to pass frequencies lower than half the
      frequency corresponding to the reference speed through the filter 10 and
      frequencies higher than twice the frequency through the filter 11. In this
      manner output may appear at the output terminal of the low pass filter 10
      when speed of the DC motor 9 is reduced below half the reference
      frequency, and a step signal is produced at the output of the step signal
      generator 12. This step signal is applied to the set terminal of the
      flip-flop circuit so as to produce DC output of a constant value
      therefrom. Consequently revolutions of the DC motor 9 are sharply
      increased, returning to the synchronous state. Reversely, when motor speed
      is increased up to more than twice the reference frequency, output may
      appear from the high pass filter 11, and a step signal is produced at the
      output of the circuit 13. This signal is applied to the reset terminal of
      the flip-flop circuit 7 so as to reduce output therefrom to zero. As a
      result driving current to the motor 9 is cut off and revolutions of the
      motor 9 are sharply decreased, returning to the synchronous state. What
      has been described above is on forced synchronization.
PAR  In view of difficulty in the manufacture of said filters, particularly of
      the low pass filter having a sharp filtering characteristic in the low
      frequency range to be used in case of low speed revolutions in the
      synchronous drive system as described above, a frequency multiplier 14 is
      provided in this invention for increasing the frequency of a signal from
      the motor speed detector 4. before its application to said filters 10 and
      11 so that the filter function may be fully effected, and means also is
      provided for dividing the frequency of output from the detector 4 and
      converting it into pulses as required. In this manner the cutoff
      frequencies of the low and high pass filters 10 and 11 can be made higher
      and used as filters having good cutoff characteristics. Furthermore, for
      detecting a period of the reset state of the flip-flop circuit 7 or a
      period of no flowing of driving current to the motor is provided a
      mono-satable multivibrator 15 to be operated with a reset signal which
      output triggers the reverse power control circuit 16. Control current is
      supplied from the reverse power control circuit 16 to the DC motor for
      improving its response characteristic. One embodiment of such circuits are
      shown in FIGS. 7 to 9.
PAR  FIG. 7 shows an example of the frequency divider 1' or 4' as described
      above, where b represents the input terminal, c the output terminal, C8
      and C9 capacitors connected therebetween, R21 and R22 resistances for
      discharging such capacitors, and NAND 11 and NAND 12 NAND gates. This
      circuit may be such as is well known, which operation may be readily
      understood by those skilled in the art, and explanation is omitted. With a
      train of pulse signals as indicated in FIG. 7, applied to the input
      terminal b, signals having half the frequency are produced at the output
      terminal C.
PAR  FIG. 8 shows some practical examples of the frequency multiplier 14, FIG.
      8A shows a full-wave rectifier for doubling a frequency, in which when a
      signal having a frequency as shown is applied from the detector 4 such as
      an AC tacho-generator and the like, a signal having twice the frequency as
      shown is produced at the output terminals across a resistance 23 after
      full-wave rectification by means of diodes D3 to D6.
PAR  FIG. 8B shows another multiplier, which has input resistance R24, load
      resistance R25, bias resistances R26, R27, and R28, output resistance R29,
      transistor amplifiers Tr5 and Tr6, coupling capacitor C10, capacitor 12
      for frequency improvement, output capacitor C13, and resonance circuit Vi
      consisting of coil L1 and variable capacitor C11. The operation will be
      explained here. When an AC signal is applied to the input terminal d, a
      pulse-like distorted wave signal is produced from the collector output
      terminal after shaping and proper amplification through a transistor Tr5.
      Such a distorted wave contains higher harmonics of the nth order. This
      output signal is supplied to the base of a transistor Tr6 and is amplified
      adequately. The signal containing such higher harmonics of the nth order
      applied to the transistor Tr6 is amplified selectively in the resonance
      circuit Vi connected to the collector. Thus, a signal having frequency
      components determined by the coil L1 and the capacitor C11 of preset
      values is produced at the output terminal e through the output capacitor
      13 and resistance R29.
PAR  FIG. 9A shows an example of a circuit for supplying driving current i1 and
      reverse current i2 to the DC motor 9. A resistance R30 and a capacitor 14
      form a differentiator, and diodes D5, D6 used as trigger diodes,
      resistances R31 to R39, capacitors C15 to C17, and transistors Tr7 to Tr10
      form a monostable multivibrator. E4 represents a power source for
      supplying power to the circuit, and E2 and E3 power sources for feeding
      current to the DC motor 9.
PAR  Now, the operation will be explained.
PAR  When a step signal or a rectified signal is supplied from the circuit 13 or
      6 in FIG. 6 to the input terminal f,  conduction of the transistor Tr7 is
      increased, and collector potential is lowered. Consequently base potential
      of the transistor Tr8 is reduced which is thus brought into its off state.
      As the collector is put at high potential, a high-potential signal is
      produced at the output terminal g. This state may be maintained, depending
      on the time constant determined by the resistance R35 and the capacitance
      C16, and thereafter, base potential of the transistor Tr8 is increased to
      be turned on and collector potential is lowered. Thus, a voltage level at
      the output terminal g is decreased. This state may be kept until any
      subsequent signal is applied to the input terminal f. In other words, this
      circuit acts as a monostable multivibrator. Input trigger signals to this
      circuit are supplied one by one in the off state of driving pulse signals
      i1 for the DC motor as shown in FIG. 9B. Output signals from the
      multivibrator, that is, a train of driving pulse signals i2 are generated
      in response to the falling phase of said driving pulses, and may remain as
      driving pulses only for a short time dependent on the time constant
      determined by the resistance R35 and the capacitance C16. In other words,
      at each time when one driving pulse for the DC motor 9 is produced, one
      control pulse is generated without fail, as indicated in FIG. 9B, in
      response to the falling phase of the driving pulses. Such control pulses
      are opposite in polarity to the driving pulses so that currents opposite
      to each other may flow through the DC motor 9 by means of transistors Tr9
      and Tr10, whereby motor driving, highly resistive against disturbances and
      reliable, can be realized.
PAR  FIG. 10 shows a circuit in which motor control is made without use of any
      separate power source as in FIG. 9. The DC motor 9 is operated with
      driving current in rectangular waveform as described above, which is
      applied to the input terminals g1 and g'1, and a reverse electromotive
      force is utilized which may be generated in the driving coil of the DC
      motor during suspension of such driving current. This reverse
      electromotive force is used so as to pass reverse current (control
      current) through the DC motor via the transistor Tr11. With a driving
      pulse the transistor Tr11 is kept off, and no control current may flow
      through the DC motor, while only for a period of no driving pulse it may
      flow so as to control the motor, whereby synchronous driving can be
      positively assured.
PAR  FIG. 11 shows a third embodiment of this invention, where a DC motor
      synchronous drive system is shown in block, said system being so arranged
      that a flip-flop circuit is controlled with a reference pulse having a
      frequency corresponding to a preset reference speed and a rate pulse
      having a frequency corresponding to speed of the DC motor so as to produce
      a rectangular wave signal, which pulse width is controlled for synchronous
      revolutions comprising means for detecting motor speed and producing the
      rate pulse by transforming output obtained by detection into a pulse, and
      means for varying output levels obtained by detection of motor speed with
      respect to said reference speed and converting such output into analog
      signals for controlling said flip-flop circuit so that synchronous
      revolutions may be forcibly obtained.
PAR  FIG. 11 shows a synchronous drive system of this invention, in which the
      arrangement is systematically represented and in which like parts are
      designated by like symbols in FIG. 1. In the drawing, 1' represents
      frequency variable means for a generator 1, 15 an analog converter for
      converting output from a motor speed detector 4 into analog signals, 14 a
      voltage switching circuit which may be switched over in relation to the
      reference speed.
PAR  FIG. 12 is a circuit diagram of a forced synchronization device. In the
      drawing, AC output from the motor speed detector 4 is applied to between
      input terminals h-and i. T represents a transformer having the secondary
      winding S1, across which voltage is generated, rectified through a
      rectifier Rect, and applied to the base and emitter of a transistor Tr12
      through a zener diode ZD1. When voltage after rectification becomes higher
      than a constant voltage across the diode ZD1, a rectangular wave pulse is
      generated at the collector of the transistor Tr12 in the circuit. This
      rectangular pulse is differentiated in a differentiator composed of C18
      and R40, and is transformed into pulses, which are then supplied to the
      rest terminal R of the flip-flop circuit 7 in FIG. 11. Meanwhile, voltage
      generated across the secondary winding S2 of the same transformer is
      applied to the base of a transistor Tr13 through a change-over switch SW1
      and a diode D7, is converted into analog voltage by means of a capacitor
      C19 connected to the collector of the transistor Tr13 and is then applied
      to the set terminals of the flip-flop circuit 7 in FIG. 11 along with the
      reference pulse. Now assuming that the DC motor is running at the
      reference speed, voltage across the capacitor C19 reaches a certain fixed
      value. In this case the flip-flop circuit 7 is set with the reference
      pulse from 3 and reset with the rate pulse from 6, when analog voltage
      across the capacitor C19 has no effect on the switching of the flip-flop
      circuit. If the motor is synchronized with any of lower harmonics of the
      reference frequency, voltage applied to the input terminals h and i in
      FIG. 12 is lowered, and consequently voltage across the capacitor C19 is
      decreased. Revolutions of the motor are sharply increased by setting the
      flip-flop circuit 7 with the analog voltage across the capacitor C19. On
      the other hand, if motor speed is brought into synchronization with any of
      higher harmonics of the reference frequency, analog voltage across the
      capacitor C19 becomes higher than the fixed value. This voltage is applied
      to the terminal S of the flip-flop circuit to cancel the setting function
      of the reference pulse, and consequently driving current to the DC motor
      is suspended with the result of a rapid decrease in motor speed. The DC
      motor 9 can be operated in force synchronixation by such functions as
      described above. Changing motor speed may be accomplished by adjusting the
      change-over switch SW1 in FIG. 12 interconnected with the frequency
      variable means 1' for the reference signal generator 1. Furthermore,
      stable synchronous revolutions may be obtained at extremely low speed just
      by changing over the switch SW1.
PAR  FIG. 13 is a circuit diagram of a synchronous drive system of this
      invention, showing one embodiment thereof. In the drawing, ZD2 represents
      a Zener diode, C20 a capacitor forming a constant voltage circuit, UJT a
      unijunction transistor to generate a reference pulse corresponding to a
      reference speed depending on the time constant determined by a resistance
      R41 and a capacitor C21, Tr12 a transistor amplifier, C23 and R42 a
      capacitor and a resistance forming a differentiator 6. Tr13 and Tr14
      transistors forming a bistable multivibrator (flip-flop circuit) as is
      well known with set and reset input terminals S and R, 27 an AC
      tacho-generator for detecting speed of a DC motor in relation thereto, 28
      a transformer, 29 a bridge type rectifier, R44 a load resistance to supply
      output after rectification one part of which to be applied to the reset
      terminal R of the flip-flop circuit 7 through a transistor amplifier Tr15
      and the differentiator 6 composed of a capacitor C24 and a resistance R43
      and other part of which to be applied to one input of transistors Tr19 and
      Tr20 in a comparator composed of differential amplifiers with other input
      to which a constant voltage corresponding to a preset speed is applied
      through a variable resistance R45 as a voltage divider and to be applied
      to the flip-flop circuit in the form of analog voltage across a capacitor
      25 connected to the output of the comparator, Tr17 and Tr18 transistors in
      a motor drive circuit, Tr16 and ZD3 a transistor and a zener diode forming
      a constant voltage circuit, and 42 a DC motor interconnected with the
      tacho-generator 27.
PAR  Now, the operation of the synchronous drive system arranged as shown in
      FIG. 13 will be explained. When a DC voltage is supplied from a power
      source E5 by closing a switch SW2, a constant voltage is applied to the
      control circuit through the constant voltage circuit of the transistor
      Tr16 and the Zener diode ZD3. This voltage is further stabilized by means
      of the Zener diode ZD2 and the capacitor C20 so as to operate the circuit
      with higher stability. With the power switch SW2 turned on the UJT starts
      oscillations at a frequency determined by the time constant of the
      resistance 41 and the capacitance C21. The signal thus generated is
      amplified by Tr12 and is differentiated in the differentiator 3 composed
      of C23 and R42 and transformed into a unipolar pulse, that is, the
      reference pulse having a frequency corresponding to the reference speed.
      This pulse is applied to the set terminal S of the flip-flop circuit 7. On
      the other hand, at the output of the AC tacho-generator 27 running in
      relation to revolutions of the DC motor 42 is produced AC output having a
      frequency corresponding to the motor speed, which voltage is transformed
      by the transformer 28 and undergoes full-wave rectification so as to
      produce output across the load resistance R44. This output is divided into
      two parts, one part to be amplified by the transistor Tr15 and transformed
      into a pulse by means of the differentiator 6 of C24, and R43 so that the
      pulse may be applied to the reset terminal R of the flip-flop circuit 7,
      and other part to be supplied to one input of the differential amplifier
      composed of the transistors Tr19 and Tr20 so as to be compared with
      voltage across the variable resistance R45. Output obtained by such
      comparison is converted into analog voltage by the function of the
      capacitor C25 and the resistance R47 connected to the collector of the
      transistor Tr19 so as to be applied to the flip-flop circuit 7. In the
      drawing, if motor speed is increased, voltage after rectification from 29
      is increased. Thus, base potential of Tr19 in the comparator becomes
      higher than that of Tr20 or potential corresponding to the reference
      speed, and the transistor Tr19 is turned on with the result of turning
      negative the base of the transistor Tr13 in the flip-flop circuit. The
      transistor Tr13 is turned off and Tr14 turned on with Tr17 and Tr18 off,
      and comsequently motor speed is decreased. Reversely, if motor speed is
      decreased, the transistor Tr19 is turned off, and thus base potential of
      Tr13 in the flip-flop circuit 7 is turned positive. The transistors Tr17
      and Tr18 are turned on with the result of an increase in revolutions
      perminute of the DC motor 42. In other words, synchronous revolutions are
      forcibly produced by cutting of driving current to the DC motor when motor
      speed becomes too high and making the conduction angle of driving current
      100 percent when too low. While the DC motor is running at a preset
      reference speed, the forced synchronization circuit has no effect on the
      base potential of the transistor Tr13, and the flip-flop circuit 7 is set
      with the reference pulse applied to the input S and is reset with the rate
      pulse to the input R. Thus, the state of synchronous revolutions can be
      maintained. Even if the oscillation frequency produced from the oscillator
      of UJT, R41, and C21, corresponding to the reference speed is changed in
      this system, the forced synchronization circuit may be operated at any
      preset reference speed all the time by changing the setting of the
      variable resistance R45 in the differential amplifier in relation to the
      oscillator.
PAR  FIG. 14 is a circuit diagram of a forced synchronization circuit in another
      embodiment of the synchronous drive control system of this invention,
      which a simplification of the circuit of FIG. 13. In this circuit no
      differential amplifier is employed, but a potentiometer R46 is provided as
      a load of an emitter follower transistor Tr22, which output is applied to
      the base of the transistor Tr13 in the flip-flop circuit 7 so as to
      operate it in the same way as described above.
PAR  In this embodiment an analog comparator is used as a circuit for
      comparison. Thus, the arrangement is simplified and the number of parts or
      components is decreased. This makes it possible to provide a compact
      system, for controlling DC motor drive.
PAR  FIG. 15 shows a fourth embodiment of this invention, in which a system for
      operating a DC motor in forced synchronization is presented in block
      diagram, where synchronous revolutions are obtained by controlling a
      flip-flop circuit with a rate pulse of a frequency corresponding to speed
      of the DC motor and with a reference pulse of a frequency corresponding to
      a reference speed so as to produce rectangular wave signals, and varying
      their pulse widths, and where a up-down counter is provided, which may
      count up with said reference pulse and down with said rate pulse and which
      output is converted into analog voltage for controlling set and reset
      inputs of said flip-flop circuit. Like symbols represent like parts or
      components in the preceding embodiments, which explanation is omitted
      here.
PAR  In the drawing, the up-down counter 10 is connected at the up input
      terminal U to a reference signal generator 1 and at the down input
      terminal to a motor speed detector 4. Said counter is connected at the
      output terminal to a D-A converter 11, which is connected at the output
      terminal to the foregoing rectifiers 3 and 6.
PAR  FIG. 16 is a block diagram of a forced synchronization circuit employing
      the up-down counter in accordance with this invention. In FIG. 16 showing
      the parts 10 and 11 in FIG. 15 in detail, 1 represents a reference pulse
      source, 4 a rate pulse source, 10 an up-down counter the same as used in
      FIG. 15, NAND1 to NAND4 NAND gates, I1 to I4 inverters G1 to G4 circuits
      composed of NAND gates and inverters, Q1 to Q4 switching transistors, R51
      to R55 resistances, and E6 a power source. Now the operation of such
      systems as shown in FIGS. 15 and 16 will be explained.
PAR  In the drawing, a reference signal corresponding to the frequency of a
      preset reference speed is generated in the reference signal generator 1,
      and is transformed into a pulse. This pulse is applied to the set terminal
      S of the flip-flop circuit 7 through the rectifier 3. Speed of the motor
      is detected by means of the motor speed detector 4 (such as a
      tacho-generator), and is transformed into a pulse. This pulse is applied
      to the reset terminal R of the flip-flop circuit 7 through the rectifier
      6. A rectangular wave signal is produced from the output of the flip-flop
      circuit 7 due to a phase difference between such input pulses. During the
      running of the motor in synchronization with the reference speed the pulse
      width of output from 7 is not changed with the result of no variation in
      the speed of the DC motor. When motor speed varies due to some reason, the
      frequency of output from the motor speed detector 4 is changed, and
      consequently the frequency of the rate pulse applied to the terminal R of
      the flip-flop circuit is changed. Thus the pulse width of a rectangular
      wave output signal varies, and speed of the DC motor driven therewith is
      changed so that synchronous revolutions may be restored.
PAR  In the above synchronous operation, proper synchronous revolutions may
      occur only when the frequency of the rate pulse becomes equal to that of
      the reference pulse. However, faulty synchronous operation may occur when
      its frequency becomes any of frequencies which are n times or 1/n the
      frequency of the reference pulse, that is, any of higher or lower
      harmonics thereof. In accordance with this invention a device to be
      described below is added for prevention of such erroneous synchronous
      revolutions. In other words, output signals from the reference signal
      generator 1 and the motor speed detector 4 are supplied to the up and down
      terminals U and D to be counted. Now assuming that the DC motor is running
      in harmony with the fundamental frequency of the reference pulse, two
      input signals may be applied alternately to 10, and thus output from 10 is
      kept constant and unchanged. Accordingly output from the D-A converter is
      not changed without affecting the function of the flip-flop circuit 7. On
      the other hand, if the DC motor is running in synchronization with any of
      higher or lower harmonics of the reference pulse frequency, input signals
      may not appear alternately at the terminal U, but either of them may be
      supplied successively. In other words, in case of synchronization with any
      of higher harmonics, down pulses are supplied successively from 4, while
      in case of synchronization with any of lower harmonics, up counting pulses
      are applied likewise. As a result, output from the counter 10 is changed
      to the (+) or (-) side. This output is converted into analog voltage by
      means of the D-A converter 11 to and is applied to the terminal S or R of
      the flip-flop circuit 7. Thus the function of the flip-flop circuit is
      controlled to decrease or increase revolutions until speed synchronized
      with the fundamental frequency is restored. In accordance with this
      invention such faulty synchronous operation can be avoided thanks to the
      forced synchronization circuit added to the system, as described above.
      FIG. 16 is a block diagram showing one embodiment of the foregoing forced
      synchronization circuit, in which the reference pulse from the reference
      pulse source 1 is applied to the up terminal U of up- down counter 10
      through the NAND gate NAND1, while a speed pulse from the speed pulse
      source 4 is applied to the down terminal D of 10 through the NAND gate
      NAND2. When such two input signals are applied alternately to the counter,
      output may be produced from one of the output terminals A to D. This
      output operates one of switching transistors Q1 to Q4 through circuits G1
      to G4, and current may flow through voltage dividers composed of
      resistance R51 to R54 and R55 from the power source E6. Voltage is
      produced at the output terminal 0, which is a dividing point NAND3 and
      NAND4 are operated when receiving all signals from the output terminals of
      the counter, and produce "not" signals so as to turn the NAND gate 1 or 2
      off at the time of full count and interrupt the supply of the reference
      pulse and the speed pulse to the counter. I1 to I4 represent inverters.
      Output voltage determined by the parallel compound value of the
      resistances R51 to R54 and the resistance R55 is applied to the terminals
      S and R of the flip-flop circuit 7 via the rectifiers 3 and 6 in FIG. 15
      for forced synchronous drive.
PAR  FIG. 17 is a block diagram showing another embodiment of the synchronous
      operation control system of this invention. In the drawing, like symbols
      represent like parts or components in FIG. 15. Numerals 12, 14 and 16
      represent detectors for detecting individual output signals from an
      up-down counter 10, 13 and 15 gates. The operation of the system is almost
      the same as that of FIG. 15, where output signals from the counter 10 are
      detected by detectors 12, 14 and 16. When this output is zero, the
      detector 16 is operated so as to turn the gates 13 and 15 off and
      interrupt application of a signal from the forced synchronization circuit
      to the input terminals S and R of the flip-flop circuit 7. This condition
      means normal synchronous operation. With output +1 the gate 13 is turned
      on, and a signal is applied to the terminal S of the flip-flop circuit 7,
      while with output -1 the gate 15 is turned on, and a signal is supplied to
      the terminal R of the same circuit. In other words, normal synchronization
      is achieved with three outputs (1, 1, 0), higher harmonic synchronization
      with (1, 0, 0), and lower harmonic synchronization with (1, 1, 0), and
      output from the flip-flop circuit is supplied to the DC motor so as to
      restore its normal synchronization all the time.
PAR  FIG. 18 shows circuits of the parts 10 and 12 to 15 in FIG. 17 for example.
      In the drawing, like symbols represent like parts or components in FIG. 16
      for brevity of explanation. A NAND gate NAND3' for logic function is
      provided, which is connected directly to the output terminals A, B and C
      of the up-down counter 10, and a NAND gate NAND4' for logic function is
      provided, which is connected to the same terminals through inverters. The
      output terminals of the counter 10 are also connected to AND gates G5, G6
      and G7, and output terminals of G5 and G7 are connected to transistors Q5
      and Q6, which emitters are coupled to the set and reset terminals S and R
      of the flip-flop circuit 7 respectively. E7 represents a power source.
PAR  Now the operation of the circuits will be explained briefly. When a pulse
      signal is applied from the reference pulse source 1 to one of the input
      terminals of NAND1, without any signal to other input terminal thereof, an
      output signal is produced and is supplied to the up terminal U of the
      counter 10. In this manner, input signals are applied successively to the
      up terminal at the time of operating the DC motor at lower speed, and
      output signals appear successively at the output terminals A, B and C of
      the counter 10 so as to increase speed of the motor in a similar way as
      described above. As motor speed increases, a pulse signal will be supplied
      soon from the speed pulse source 4 to one of the input terminals of NAND2.
      Output produced from NAND2 at the time of no signal to other input
      terminal is applied to the down terminal D of the counter 10 so as to make
      it count down by one. As motor speed approaches a predetermined
      synchronous speed, periods of input signal from the two sources 1 and 4
      become equal, and signals are applied alternately to the up and down
      terminals U and D of the counter 10. Thus, output signals from the
      terminals A, B and C becoming constant may keep the DC motor running at
      synchronized speed. The circuits are so arranged that output signals in
      such a steady state are produced from the terminal B all the time. With
      output produced at B, terminals p, q and r of input and output terminals p
      to w of these gates in the drawing has signal levels given below in binary
      notation.
EQU  p=1, q=1, r=0.
PAR  As u=t=0, s=0, and the transistor Q5 is in its off state. Consequently no
      input signal is supplied to the set terminal S of the flip-flop circuit 7.
      When u=0, v=1, and hence w=0. Then, the transistor Q6 is in its off state
      too, and no reset input signal is supplied to the circuit 7.
PAR  When the counter 10 continues to count only up to the time when output is
      produced from the terminal A, p=1, q=r=0. As u=t=1, s=1, and the
      transistor Q5 is brought into in its on state and supplies set input
      signals to the flip-flop circuit 7. On the other hand, when u=1, v=0, and
      hence w=0. Thus the transistor Q6 is kept in its off state without
      applying any reset input signal to the circuit 7.
PAR  When the counter 10 continues to count until output is produced from the
      terminal C, p=q=r=1. As u=t=0, s=0, and the transistor Q5 is brought into
      in its off state. Thus no set signal is produced at the input S of the
      flip-flop circuit 7. On the other hand, as v=1, w=1, and the transistor Q6
      is turned on. Consequently a reset signal is applied to the terminal R of
      the circuit 7.
PAR  As explained with reference to FIG. 17, output is produced from the
      terminal B all the time during synchronous revolutions of the DC motor,
      while output is produced only from the terminal A under the condition of
      running at any lower speed so that output may be delivered to the input
      terminal S of the flip-flop circuit 7 for increasing the motor speed. In
      case of higher speed, output produced from the terminal C of the counter
      10 is added, and a signal is supplied at once to the reset terminal R of
      the flip-flop circuit 7 for decreasing the motor speed. In this manner the
      DC motor can be kept running forcibly at synchronous speed by means of
      this up-down counter 10.
PAR  As described above, the synchronous drive system of this invention has
      means for preventing faulty synchronous operation from occurring with
      output from the motor speed detector synchronized with any of higher or
      lower harmonics of the reference speed frequency, whereby extremely stable
      synchronous drive can be accomplished. This contributes greatly to
      improvement in accuracy of motor speed control.
PAR  FIG. 19 is a block diagram showing a fifth embodiment of this invention, in
      which like symbols represent like parts or components in the foregoing
      embodiments for brevity of explanation.
PAR  A feature of the arrangement in this embodiment is a smoothing circuit 100
      inserted between an amplifier 8 and a DC motor 9 as shown in the drawing.
      This smoothing circuit will be explained later in detail with reference to
      FIG. 20. In conventional systems having no smoothing circuit, the DC motor
      cannot exhibit its essential performance (designed for DC use) to full
      satisfaction due to higher harmonic components of pulse signals received
      at the DC motor as a final load, such pulse signals being supplied as
      input and output signals to the amplifier 8, and furthermore, torque is
      produced unevenly like pulse waveforms. The reason for insertion of the
      smoothing circuit is to solve such a problem. For eliminating this
      disadvantage is required smoothing final pulse voltage applied to the DC
      motor into DC voltage. To do this, a low pass filter or a D-A converter
      may be employed as the smoothing circuit, which converts rectangular wave
      signals into DC pulsating signals. This smoothing circuit may be provided
      between the flip-flop circuit 7 and the amplifier 8.
PAR  FIG. 20A shows a D-A converter for producing analog signals with pulse
      signals applied to the input. This converter may be such as is well known,
      and the converter shown in the drawing consists of shift register SR
      composed of four flip-flop circuits, voltage dividing resistances R50 to
      R57, amplifier Am, feedback resistance R58 therefore, bias resistance R59
      for said amplifier Am, and transistors Tr50 to Tr53. E8 represents a power
      source. The operation will be readily understood by those skilled in the
      art, and explanation is omitted here.
PAR  FIG. 20B shows a low pass filter conventionally known, in which analog
      signals are produced as output signals Vou with pulse input signals Vin
      supplied between the input terminals.
PAR  FIG. 20C shows another example of a low pass filter consisting of
      resistances R100 and R101, capacitors C100 and C101, and amplifier Am1, in
      which frequencies below the cutoff frequency of said filter of a pulse
      input signal Vin may pass therethrough and those above the cutoff
      frequency may not pass through it. Thus the signal is transformed into a
      step-like DC signal.
PAR  In this embodiment, faulty synchronous operation can be effectively
      eliminated, which may otherwise occur when pulse signals are supplied for
      driving the DC motor, as already described, and proper synchronous
      revolutions can be realized in response to the reference signal of a
      specific frequency.
CLMS
STM  I claim:
NUM  1.
PAR  1. A DC motor and control system therefor comprising, in combination:
PA1  a. a DC motor;
PA1  b. motor-speed detecting means for detecting the rotational speed of said
      DC motor and generating an electrical signal having a frequency
      corresponding to the instantaneously changing rotational speed of said DC
      motor, said motor-speed detecting means being associatively arranged with
      said DC motor;
PA1  c. means for generating a reference signal having a predetermined frequency
      in accordance with which said DC motor rotates at a predetermined constant
      speed;
PA1  d. means for comparing said electrical signal and said reference signal to
      supply to said DC motor a potential corresponding to the phase difference
      of said signals; and
PA1  e. control means inserted between said motor-speed detecting means and said
      comparing means to form an auxiliary feed back loop, said control means
      being arranged to produce a control signal operative to disable said
      comparing means only when the electrical signal frequency exceeds said
      reference signal by a predetermined amount and to interrupt said supply of
      the potential corresponding to the phase difference of said signals to
      said DC motor.
NUM  2.
PAR  2. A DC motor and control system therefor according to claim 1 wherein said
      control means comprises:
PA1  electrical filter means connected to said motor-speed detecting means for
      discriminating the frequency of said electrical signal from two groups of
      frequencies, one group including the frequency which exceeds that of said
      reference signal and is proximate thereto, and other group including the
      frequency appearing below that of said reference signal and being
      proximate thereto; and
PA1  means for selectively enabling and disabling said comparing means from
      operating according to the output signals from said electrical filter
      means.
NUM  3.
PAR  3. A DC motor and control system therefor according to claim 1, in which
      said control means comprises:
PA1  filtering means for passing a part of the electrical signal from said
      motor-speed detecting means by discriminating the frequency thereof, and
PA1  means for generating a signal for controlling said comparing means in
      response to the signal passed through said filtering means.
NUM  4.
PAR  4. A DC motor and control system therefor according to claim 1, in which
      said control means comprises:
PA1  low and high pass filters connected to said motor-speed detecting means and
      being arranged to produce a signal operative to control said comparing
      means.
NUM  5.
PAR  5. A DC motor and control system therefor according to claim 1, in which
      said control means comprises:
PA1  a counter connected to said motor-speed detecting means and said reference
      signal generating means, said counter being operative to count output
      signals from both said means and to control said comparing means in
      response to said output signals.
NUM  6.
PAR  6. A DC motor and control system therefor according to claim 1, in which
      said control means comprises:
PA1  an up-down counter arranged to count down in response to the output signal
      from said motor-speed detecting means and to count up in response to
      output signals from said reference signal generating means so that
      enabling and disabling of said comparing means is controlled in accordance
      with the number of counts thus made.
NUM  7.
PAR  7. A DC motor control system comprising:
PA1  a. a DC motor;
PA1  b. means for generating a signal having a frequency corresponding to the
      speed of said DC motor;
PA1  c. means for generating a reference signal having a predetermined frequency
      in accordance with which said DC motor rotates at a predetermined constant
      speed;
PA1  d. signal comparing means for permitting current to flow to said DC motor
      in response to said reference signal and for interrupting said current
      flow in response to said DC motor speed signal, said signal comparing
      means being inserted between said signal generating means and said DC
      motor to form a first feed-back loop for motor speed control; and
PA1  e. means for detecting the frequency of said DC motor speed signal and
      comparing the detected frequency with the frequency of said reference
      signal to produce a first control signal for disabling said comparing
      means only when said detected frequency exceeds said reference signal
      frequency and a second control signal for enabling said comparing means
      only when said detected frequency appears below said reference signal
      frequency, said frequency detecting and comparing means being inserted
      between said signal generating means and said comparing means to form a
      second feedback loop.
NUM  8.
PAR  8. A DC motor control system according to claim 7, wherein said comparing
      means comprises:
PA1  a flip-flop circuit having a reset terminal to which said signal
      corresponding to the motor speed is applied, a set terminal to which said
      reference signal is applied, and output terminals from which its output
      signals are applied to said DC motor.
NUM  9.
PAR  9. A DC motor control system according to claim 7, further comprising a
      first frequency divider arranged to modify the frequency of said motor
      speed signal.
NUM  10.
PAR  10. A DC motor control system according to claim 7, further comprising a
      second frequency divider arranged to modify the frequency of said
      reference signal so as to rotate said DC motor at different speeds
      according to the modified frequency of said reference signal.
NUM  11.
PAR  11. A DC motor control system according to claim 10, wherein said reference
      signal generating means includes means for modifying the reference
      frequency of said second feed-back loop cooperatively with said second
      frequency divider.
NUM  12.
PAR  12. A DC motor control system according to claim 7, wherein said frequency
      detecting and comparing means includes a high pass filter for developing
      said first control signal and a low pass filter for developing said second
      control signal, both said filters having a cut-off frequency in the
      vicinity of said reference frequency.
NUM  13.
PAR  13. A DC motor control system comprising:
PA1  a. a DC motor;
PA1  b. means for generating a signal having a frequency corresponding to the
      speed of said DC motor;
PA1  c. means for generating a reference signal of a fixed period for operating
      said DC motor at a predetermined reference speed;
PA1  d. comparing means having applied thereto said signal having a frequency
      corresponding to the speed of said DC motor and said reference signal and
      being operative to supply a rectangular wave signal to said DC motor
      corresponding to the phase difference between said two signals;
PA1  e. frequency detecting means connected to said motor speed signal
      generating means for detecting predetermined frequencies from said signal,
      said frequency detecting means having low and high pass filters with their
      cutoff frequency corresponding to said reference speed; and
PA1  f. means for converting output signals from said two filters into
      respective step signals, said converting means being connected to said
      comparing means so that whenever the speed of said DC motor is shifting
      from a predetermined reference speed or coming out of synchronization,
      synchronous operation may be immediately restored.
NUM  14.
PAR  14. A DC motor control system comprising:
PA1  a. a DC motor;
PA1  b. means for generating a signal having a frequency corresponding to the
      speed of said DC motor;
PA1  c. means for generating a reference signal of a fixed period for operating
      said DC motor at a predetermined reference speed;
PA1  d. comparing means having applied thereto said signal having a frequency
      corresponding to the speed of said DC motor and said reference signal and
      being operative to supply a rectangular wave signal to said DC motor
      corresponding to the phase difference between said two signals;
PA1  e. control means inserted between said signal generating means and said
      comparing means to form an auxiliary feedback loop for controlling the
      motor speed, said control means being arranged to produce a first control
      signal for disabling said comparing means only when the electrical signal
      from said motor speed signal generating means exceeds said reference
      signal in frequency and to interrupt the supply of potential to said DC
      motor corresponding to the phase difference of said signals;
PA1  f. means for detecting the disabled state of said comparing means; and
PA1  g. means for damping said DC motor at the time of said disabled state.
NUM  15.
PAR  15. A DC motor control system according to claim 14, in which said
      synchronous drive control means includes;
PA1  filters having a frequency corresponding to said reference speed as their
      cutoff frequency.
NUM  16.
PAR  16. A DC motor control system according to claim 14, in which said
      detecting means includes;
PA1  a monostable multivibrator operative in response to said signal having a
      frequency corresponding to speed of said DC motor.
NUM  17.
PAR  17. A DC motor control system according to claim 14, in which said damping
      means includes;
PA1  a circuit for detecting reverse power produced in said DC motor at the time
      of interruption of driving current thereto, and a circuit for supplying
      damping current to said DC motor with the output from said circuit.
NUM  18.
PAR  18. A DC motor control system comprising:
PA1  a. a DC motor;
PA1  b. means for generating a signal having a frequency corresponding to speed
      of said DC motor;
PA1  c. means for generating a reference signal of fixed period for operating
      said DC motor at a predetermined reference speed;
PA1  d. comparing means having applied thereto said signal having a frequency
      corresponding to the speed of said DC motor and said reference signal and
      being operative to supply a rectangular wave signal to said DC motor
      corresponding to the phase difference between said two signals;
PA1  e. control means inserted between said signal generating means and said
      comparing means to form an auxiliary feedback loop for controlling the
      motor speed, said control means being arranged to produce a first control
      signal for disabling said comparing means only when the electrical signal
      from said motor speed signal generating means exceeds said reference
      signal in frequency and to interrupt the supply of potential to said DC
      motor corresponding to the phase difference of said signals; and
PA1  f. means inserted between said comparing means and said DC motor for
      smoothing the rectangular wave output signals from said comparing means.
NUM  19.
PAR  19. A DC motor control system according to claim 18, wherein said smoothing
      means includes a low pass filter.
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ABST
PAL  There is disclosed a motor speed control circuit for use in battery-powered
      tape recorders, tape players and record players in which the motor speed
      is made independent of power supply voltage swings, temperature and
      loading. The circuit is comprised of three sections including a
      discriminator-comparator section, a protection circuit and an output
      circuit. The discriminator-comparator circuit provides that the control
      signal to the motor be independent of power supply variations. A
      tachometer signal of an AC nature is coupled into the
      discriminator-comparator circuit which generates a pulsed current. The
      number of current pulses generated over a given time interval corresponds
      to the frequency of the tachometer signal. These pulses are subtracted
      from a reference current which difference is integrated, with the
      integrated current difference indicating the difference in speed of the
      motor between the desired speed and the actual speed. The tachometer
      signal is fed directly to the discriminator-comparator without the
      necessity of providing pulse-shaping circuits. The output circuit converts
      this difference current to a variable voltage across the motor to control
      its speed. This conversion from a current drive to a voltage drive is
      accomplished in a common-emitter configuration such that the drive
      circuitry does not drop the voltage applied to the motor by any
      significant extent. The protection circuit utilizes current-limiting
      circuitry which is independent of supply voltage to provide overload
      protection and also to prevent overheating of the motor speed control
      circuit by limiting the current to the circuit either during overload or
      when a predetermined temperature has been exceeded.
PARN
PAR  This is a continuation, of application Ser. No. 171,996 filed Aug. 16,
      1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to motor speed control circuits and more
      particularly to a motor speed control circuit for use in battery-powered
      applications in which the motor speed control circuit works independently
      of the voltage delivered by the battery.
PAR  One of the most persistent problems in portable tape recorders and record
      players is the control of the speed of the tape drive or record drive
      motor. The problem arises essentially because these tape recorders or
      record players are powered by portable sources of power in which the
      voltage delivered by these sources varies considerably either due to the
      loading conditions or due to the running down of the battery.
PAR  While in the past there have been many motor speed control circuits which
      attempt to regulate the speed of the motor, these circuits, by and large,
      are heavily dependent on the supply voltage for the regulation. Further,
      because of the criticality of the speed control in the above applications,
      it has been found that these circuits must be temperature compensated in
      order to maintain a constant motor speed. Additional temperature
      compensation circuits as well as additional power supply regulating
      circuits not only involve increased drain on the battery, but also result
      in additional active components which raise the cost of the motor control
      circuit.
PAR  It is a feature of the subject circuit that temperature effects and voltage
      source variation effects are cancelled from the subject circuit. Further
      in the discriminator-comparator section of the circuit there is derived a
      difference current which is determined by the difference between the
      desired speed and the actual speed of the motor. This current is converted
      to a voltage and applied to the motor such that the motor speed is
      independent of temperature and power supply voltage variations. It is
      another feature of this circuit that this difference current is in fact
      very small.
PAR  A specialized output circuit is shown which not only effectively converts
      this very small error current signal into a useable voltage control
      signal, but also utilizes a common-emitter drive configuration. This
      common-emitter drive configuration is important because it does not lower
      the voltage delivered to the motor to any great extent. The importance of
      this latter function is as follows: Assume, for instance, that the motor
      is to be run from a 12-volt source and assume that the motor will not
      operate at all at a voltage below, for instance, 9.0 volts. Then assuming
      that the 12-volt source can at times dip to as low as 10.5 volts, it will
      be appreciated that any output circuit which drops this voltage by any
      more than 1.5 volts will not be acceptable. Because of the particular
      configuration of the subject output circuit, the supply voltage is dropped
      solely by the saturation voltage of the output transistor. The
      common-emitter drive is achieved by connecting the motor between the power
      supply and the collector of an output transistor which has an emitter
      coupled to ground. The voltage across the terminals of the motor is
      stabilized by a negative feedback circuit. This circuit consists of a
      feedback path developed between the collector of the output transistor and
      the input to the output circuit via a transistor. The primary purpose of
      this feedback path is to insure a low impedance node at the collector of
      the output transistor which in turn insures a voltage node drive for the
      DC motor. Additionally, this negative feedback circuit functions to limit
      or counteract the input current to the output circuit so as to stabilize
      the circuit. What has been accomplished by this particular output circuit
      is to convert a control current into a stabilized control voltage. Because
      the output circuit does not significantly absorb much of the supply
      voltage, the motor can be made to operate even when low voltage swings
      occur in the power supply.
PAR  The protection circuit is a current-limiting circuit which shunts drive
      current away from the aforementioned control transistor in response to any
      overheating condition. In addition the protection circuit limits the
      amount of current that can be drawn through the output circuit by also
      shunting current away from the drive to the output transistor. The
      protection circuit in general is powered by voltages which to a first
      approximation are independent of the supply voltage. These voltages are
      used as reference voltages such that the temperature and current
      protection is independent of supply voltage fluctuations. These power
      supply independent voltages are generated by a constant current from a
      constant current source through a zener diode to ground.
PAR  In the general operation of the circuit the speed of the motor is sensed by
      a tachometer circuit which generates a sinusoidal signal. This sinusoidal
      signal is fed, without clipping or pulse-shaping, to the
      discriminator-comparator circuit which generates a pulse of current each
      time the sinusoidal input signal goes negative. Over a period of time the
      number of such pulses generated by this portion of the circuit corresponds
      to the frequency of the tachometer circuit or the speed of the motor.
      These current pulses are subtracted from a reference current and the
      difference is integrated over time so as to develop a DC error current
      which is supplied to the base of an NPN transistor such that the current
      flowing in the collector of this transistor is an error current
      proportional to the difference in speed between the actual speed of the
      motor and that corresponding to the reference current.
PAR  The average current carried by the pulses generated during negative swings
      of the tachometer signal is the feedback current which represents the
      speed of the motor. Because the feedback current is subtracted from the
      reference current, the circuit is insensitive to variations of supply
      voltage or temperature as the reference and feedback currents are made to
      have a similar dependence on temperature and supply voltage. This
      reference current is preset by an external resistor. The value of this
      resistor as well as the value of an external capacitor determine the speed
      of the motor. This error current is delivered to the input of the output
      circuit. The servo system operates ideally such that when the current
      difference is zero the motor is running at the desired speed. In response
      to this error signal the output circuit drives the base of an output
      transistor connected between the motor and ground. The motor is connected
      between the V+ power supply and the collector of this output transistor.
      When the error signal increases the output transistor increases in
      conductivity. The voltage at the collector of the output transistor is
      thus lowered with respect to V+. This increases the voltage across the
      motor to speed the motor up. The collector of the output transistor is
      made a low impedance node by the use of negative feedback circuitry which
      couples the collector of the output transistor to the input of the output
      circuit. This negative feedback circuitry also stabilizes the output
      circuit while at the same time providing a voltage, rather than a current
      drive to the motor. It is well known that electric motors are more
      accurately controlled by voltage driving systems as opposed to current
      driving systems.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a motor speed
      control circuit in which the motor speed is independent of power supply
      variations.
PAR  It is a further object of this invention to provide a motor speed control
      circuit including a tachometer, a discriminator-comparator circuit, an
      output circuit and a protection circuit with the discriminator-comparator
      circuit operating independently of variations in the power supply voltage
      and temperature variations, and with the output circuit having
      current-limiting provision, the current to the output circuit being
      limited during overloading conditions and also during an overheating
      condition.
PAR  It is a still further object of this invention to provide a circuit for
      generating a current proportional to the frequency of a tachometer,
      subtracting this current from a reference current and generating a current
      proportional to the difference current to control the speed of a motor.
PAR  It is a further object of this invention to provide a motor speed control
      circuit in which the control signal to the motor is independent of power
      supply variations and in which the motor is controlled in a common-emitter
      drive circuit by a current-dependent voltage.
PAR  It is a still further object of this invention to provide a protection
      circuit for integrated circuit devices which reduces the current drive to
      an output circuit whenever a certain temperature has been exceeded or
      whenever current through the output circuit has exceeded a predetermined
      level.
PAR  It is a further object of this invention to provide an output circuit in a
      common-emitter configuration in which an input current is converted to an
      output voltage with the output voltage being utilized to control the speed
      of a DC electric motor.
PAR  Other objects and features of this invention will be better understood upon
      reading the following description taken in connection with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a motor speed control circuit showing the
      mechanical linkage between the motor and a tachometer.
PAR  FIG. 2 is a schematic diagram of the entire circuit showing a
      pre-amplification stage, a discriminator-comparator stage, a protection
      circuit stage and an output stage.
PAR  FIG. 3 indicates alternative circuits for use in the pre-amplification
      stage and in the discriminator-comparator stage.
PAR  FIGS. 4 and 5 show alternate embodiments of a portion of the circuit used
      in the discriminator-comparator stage.
DETD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  There is disclosed a motor speed control circuit for use in battery-powered
      tape recorders, tape players and record players in which the motor speed
      is made independent of power supply voltage swings, temperature and
      loading. The circuit is comprised of three sections including a
      discriminator-comparator section, a protection circuit and an output
      circuit. The discriminator-comparator circuit provides that the control
      signal to the motor be independent of power supply variations. A
      tachometer signal of an AC nature is coupled into the
      discriminator-comparator circuit which generates a pulsed current. The
      number of current pulses generated over a given time interval correspond
      to the frequency of the tachometer signal. These pulses are subtracted
      from a reference current which difference is integrated, with the
      integrated current difference indicating the difference in speed of the
      motor between the desired speed and the actual speed. The tachometer
      signal is fed directly to the discriminator-comparator without the
      necessity of providing pulse-shaping circuits. The output circuit converts
      this difference current to a variable voltage across the motor to control
      its speed. This conversion from a current drive to a voltage drive is
      accomplished in a common-emitter configuration such that the drive
      circuitry does not drop the voltage applied to the motor by any
      significant extent. The protection circuit utilizes current-limiting
      circuitry which is independent of supply voltage to provide overload
      protection and also to prevent overheating of the motor speed control
      circuit by limiting the current to the circuit either during overload or
      when a predetermined temperature has been exceeded.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As mentioned hereinbefore, the ability to achieve a motor speed control
      circuit such as that shown diagrammatically in FIG. 1 which is both
      independent of temperature and power supply variations and which can
      accommodate voltage swings in the power supply which would ordinarily
      cause the motor to stop running is a non-trivial problem. The problem of
      the independence of the system with respect to the power supply is
      accomplished primarily in the aforementioned discriminator-comparator
      circuit while the ability to drive a motor from low power supply voltages
      is primarily a function of the output circuit.
PAR  There is further provided protection circuitry which prevents overheating
      of the motor speed control circuit and which also protects the motor speed
      control circuit from the currents associated with overloading.
PAR  The basic circuit is shown in block diagram in FIG. 1 to be comprised of a
      motor speed control circuit 10 which is utilized to control the speed of a
      DC motor 11. This motor is mechanically linked to a tachometer 12 by a
      mechanical linkage shown by the dotted line 15 to complete a servo loop.
      The speed at which the motor is to run is uniquely determined by the
      capacitor 13 and the resistor 14 which can be connected externally to the
      speed control circuit 10. In the subject circuit, an error signal is
      developed corresponding to the difference in speed between the actual
      speed of the motor and the desired speed as set by the capacitor 13 and
      the resistor 14. This error signal is derived from the tachometer signal.
      The frequency of the tachometer signal is converted to a current which is
      effectively compared with a reference current generated by the resistive
      component 14 such that the net output from this comparison is amplified
      and used to adjust the speed of the motor in such a direction as to
      minimize the net output from this comparison.
PAR  The complete realization of this circuit is shown in FIG. 2. This circuit
      may be considered in three sections each performing separate functions
      resulting in the complete servo control of the DC motor 11. Exclusive of a
      pre-amplification section 16, the subject circuit is comprised basically
      of a frequency discriminator and comparator circuit 17, an error signal
      amplifier and motor drive output circuit 19 and a protection circuit 18.
PAC  DISCRIMINATOR-COMPARATOR CIRCUIT
PAR  The pre-amplifier circuit 16 and the discriminator-comparator circuit 17
      will be described together. This section is comprised of transistors 20,
      30, 40, 50 and 60; resistors 21, 22, 31, 14 and 42; capacitors 13 and 32
      and the diode 23. It is the purpose of this section to develop an output
      current having an amplitude dependent on the difference between the input
      signal frequency received from the tachometer 12 and a reference frequency
      defined by the values of the components 13 and 14.
PAR  The operation of a circuit to produce a motor speed independent of supply
      voltage transistor and diode junction voltage and tachometer output
      voltage is as follows: The tachometer signal has a frequency f.sub.T
      corresponding to the speed of motor 11. If f.sub.T .sbsb.1  (the frequency
      of the tachometer when the motor speed is locked by the subject circuit)
      can be shown to be independent of the supply voltage (V.sub.S) and certain
      junction voltages (V.sub.1 and V.sub.60), then the motor speed will be
      independent of both the supply voltage and junction voltages of the
      various active elements in the circuit. Junction voltage independence
      corresponds to temperature independence.
PAR  The tachometer signal is assumed to be an alternating periodic waveform of
      such amplitude that during part of each cycle (in this case, when the
      input signal goes negative) the transistor 20 absorbs all the current
      available through the resistor 22. This causes a current pulse to be
      formed by the remainder of the circuit. During another part of each cycle
      (when the input signal goes positive) at least a part of this current
      through resistor 22 is allowed to flow into the bases of the transistors
      30 and 40. While this current flows into the bases of the transistors 30
      and 40, their action is such as to reduce the potential on both terminals
      of the capacitor 13 to close to the so-called ground potential. When
      current flow into the bases of the transistors 30 and 40 ceases (i.e.,
      when the input signal goes negative), then the current available through
      the resistor 31 ceases to be absorbed by the transistor 30 and commences
      to flow through the capacitor 13 and the diode 23 to ground. The current
      flow through the capacitor 13 causes an increasing voltage to develop
      across capacitor 13 such that the total charge that can be transferred
      through the capacitor 13 during one negative swing of the tachometer
      signal is limited in accordance with the value of the circuit supply
      voltage. The total charge flow during this negative swing is given by the
      formula:
EQU  .DELTA.Q = (V.sub.S
      -V.sub.1)(1-e.sup.-.sup.t/C.sbsp.1.sbsp.3R.sbsp.3.sbsp.1) C.sub.13 1
PAL  where V.sub.S is the supply voltage, V.sub.1 is the voltage existing across
      the diode 23 at the time the transistors 30 and 40 recommence conduction
      and discharge the capacitor 13. t is the period during which the capacitor
      13 charges. It is this .DELTA.Q charge flow which produces a current pulse
      in the collector of the transistor 50 each time the tachometer signal goes
      negative.
PAR  While the transistors 30 and 40 are in conduction, the voltage across the
      diode 23 is reduced to a level which allows insignificant current to flow
      through it. Thus no current is generated during positive input signal
      swings. The average current flow through the diode 23 is thus given by
      multiplying the above charge transfer per negative swing of the tachometer
      signal by the frequency of the tachometer signal (f.sub.T) yielding the
      following formula:
EQU  I = f.sub.T (V.sub.S
      -V.sub.1)(1-e.sup.-.sup.t/C.sbsp.1.sbsp.3R.sbsp.3.sbsp.1) C.sub.13 2
PAL  I, then is a signal representing the frequency of the tachometer signal and
      thus the speed of the motor. According to the type of tachometer used, the
      charging period (t) of capacitor 13 may be various functions of the
      tachometer signal frequency. To insure an unambiguous speed setting it is
      merely necessary that the value of I increase monotonically with the
      tachometer frequency.
PAR  The diode 23 and the transistor 50 are of matched characteristics so that
      the flow of current through the diode 23 (I) causes a known linearily
      related flow I' in the transistor 50. Thus, when a tachometer signal is
      applied to the circuit, an average current, I', with a known linear
      relationship to the current I defined above, flows in the collector of the
      transistor 50. It is this I' current which is subtracted from a reference
      current to obtain a difference current which when amplified by the
      transistor 60 becomes the error signal in the servo loop. The I' current
      is subtracted from a reference current, I.sub.ref, supplied through the
      resistor 14 and the difference current is fed to the base of the
      transistor 60. Since the current flow in the transistor 50 is in fact a
      series of pulses, an integrating capacitor 32 is incorporated to remove
      the alternating components therefrom. The reference current as supplied
      through the resistor 14 is given by the following formula:
EQU  I.sub.ref = (V.sub.S -V.sub.60)/R.sub.14                   3
PAL  where V.sub.60 is the voltage necessary at the base of the transistor 60
      for the absorption of any difference current.
PAR  The design of the following circuitry is such that the base current
      required by the transistor 60 in order that the motor 11 be powered is
      very small compared to the currents flowing in the resistor 14 and in the
      collector of the transistor 50. It will be appreciated that the circuit
      thus described operates with the two currents flowing in R.sub.14 and
      transistor 50 being substantially equal so that when I' .perspectiveto.
      I.sub.ref the motor speed is locked by the servo system and adjusts to
      correspond to a tachometer frequency f.sub.T .sbsb.1. Thus when the servo
      loop is locked, I.sub.ref = I'. The speed of the motor as represented by
      f.sub.T .sbsb.1 is found by equating equations 2 and 3 and solving for
      f.sub.T such that:
      ##EQU1##
      where A is a factor relating to the current flow in the transistor 50
      collector to that through the diode 23.
PAR  Providing that the voltage drop across the resistor 42 in the emitter of
      the transistor 60 is small, then both V.sub.1 and V.sub.60 are essentially
      the voltage drop of the forward biased semiconductor junctions and are
      therefore substantially equal. Thus V.sub.1 = V.sub.60. The terms
      involving voltage in the above expression for f.sub.T .sbsb.1 are thus
      made to cancel in the first approximation leaving the form of the
      frequency of the tachometer circuit equal to the following formula:
      ##EQU2##
PAR  The product C.sub.13 R.sub.31 is conveniently made somewhat less than t
      such that the motor speed is predominately controlled by the product
      C.sub.13 R.sub.14. Thus:
      ##EQU3##
PAR  Because of the absence of any voltage or period terms in equation 6, the
      circuit achieves a control over the motor speed which is substantially
      independent of supply voltage, transistor and diode junction voltages, and
      the tachometer output voltage. Further the control is independent of
      tachometer waveform provided that the tachometer output voltage is above a
      certain predetermined level. What has been formed therefore is a servo
      circuit in which a balance is obtained between the frequency of an
      incoming signal and an internally generated reference signal with the
      balance being substantially independent of variations in the circuit
      supply voltage, the level and waveform of the incoming signal, and the
      bias voltages required by the active elements of the circuit, provided
      only that these be similar. It will be appreciated that the difference
      current which is generated at the collector of transistor 60 is achieved
      by a circuit of great simplicity which is suitable for fabrication in
      integrated circuit form.
PAC  THE OUTPUT CIRCUIT
PAR  The error signal amplifier-motor drive output circuit 19 is now described.
      In order to obtain optimum performance with respect to feedback loop
      stability, response to transient loads and minimum short period speed
      variations, it is a requirement of the motor that it be voltage driven.
      This means that a given error between the motor speed and the speed
      indicated by the reference current must result in a particular voltage
      across the motor terminals rather than feeding a particular current
      through the motor. To obtain a minimum voltage loss across the motor drive
      transistor, a so-called common-emitter mode drive circuit is used in which
      the motor is connected between the collector of the output transistor and
      the supply line. In order both to maintain feedback loop stability and the
      voltage drive configuration, a shunt feedback loop comprised of the
      transistor 100 connected between the collector of the output transistor 90
      and the base of the input transistor 70 is utilized so as to connect a
      shunt feedback loop around the output device. The feedback signal is
      derived from the voltage appearing across the motor terminals.
PAR  This feedback loop is achieved as shown in the output circuit 19 of FIG. 2
      by means of the transistor 100 and the resistor 43, which feed back to the
      base of the transistor 70 a current derived from the voltage appearing
      across the motor 11. This current is opposite in phase to the input
      current supplied by the transistor 60 and thus constitutes a negative
      feedback signal. The feedback loop is completed by means of the inverting
      shunt feedback amplifier stage composed of the transistor 70, resistor 44,
      resistor 45, the emitter-follower transistor 80 and the output of the
      output transistor 90. High frequency stability is insured by the presence
      of motor suppression capacitors.
PAR  As mentioned before, the above circuit generates a negative feedback signal
      around the output section of the motor speed control circuit to generate
      voltage source conditions.
PAR  More particularly, if the feedback circuit were not used and both
      transistor 100 and resistor 43 were taken out of the circuit then the
      current generated by the transistor 60 would be drawn through the resistor
      44 which is coupled between the collector and base of the transistor 70.
      The direction of the current is such that it would cause the collector of
      the transistor 70 to go positive thereby causing the transistor 80 and the
      transistor 90 to increase in conduction. This would increase the current
      through the motor which tends, however uncontrollably, to increase the
      speed of the motor. Because this is a DC motor it is characteristic that
      the motor is very poorly controlled by controlling the current through it.
      Without the aforementioned feedback circuit, the servo gain of the entire
      system is very poorly defined. There is thus a poorly defined relationship
      between the error current generated by transistor 60 and the speed of the
      motor. This is because the error current is applied across the resistor 44
      which has a rather ill-defined relationship to the voltage appearing
      across the motor.
PAR  Taking, for instance, the case when the motor is slower than the reference
      speed, there will be a difference current through the transistor 60. This
      current is drawn as mentioned before through the resistor 44 and also
      through the resistor 45. This current is the normal base drive for
      transistor 70 and is shunted away from this base when transistor 60
      conducts. This reduces the conduction of the transistor 70 thereby
      increasing the conduction of the transistors 80 and 90 so as to increase
      the current through the motor thereby increasing its speed.
PAR  However, if the output node of the output transistor 90, which in this case
      is its collector, can be made to have a low impedance rather than a high
      impedance, the primary effect across the motor will be voltage control as
      opposed to the current control. With the transistor 100 and the resistor
      43 in the circuit and with the base of the transistor 100 coupled to the
      collector of the transistor 90, the error current through the transistor
      60 is now made up of the current through the resistor 44 and also the
      current supplied from the collector of transistor 100. The current from
      the collector of the transistor 100 is in turn fairly dependent on the
      voltage developed across the motor so that the error current instead of
      being just a current through the resistor 44 which has a rather illdefined
      relationship to the voltage appearing across the motor is now mainly the
      current supplied through the transistor 100 which has a well-defined
      relationship to the voltage developed across the motor.
PAR  It will be appreciated that an alternative way of driving a DC motor would
      be to have the motor between the emitter of the transistor 90 and ground.
      This indeed would be a voltage drive. However, the amount of voltage
      absorbed by the output circuit would then be prohibitive insofar as the
      requirements of the motor might not be met by low swings of the battery
      power supply.
PAC  THE PROTECTION CIRCUIT
PAR  The protection circuit shown at 18 in FIG. 2 is now described. It will be
      appreciated that the major part of the entire circuit is suitable for
      manufacture in integrated circuit form. To protect the circuit from damage
      due to overload, two protection systems are incorporated. One of these
      limits the maximum output current which may be drawn from the circuit
      while the other limits the maximum temperature that the integrated circuit
      chip can reach. As mentioned hereinbefore, both of these protection
      systems operate on the principle of removing a drive current from the base
      of the transistor 80 which tends to make both it and transistor 90 less
      conductive thereby limiting the current drawn through the circuit and also
      the heat generated by this current. As shown in FIG. 2, the protection
      circuit is composed of a constant current source transistor 110, an
      emitter-follower transistor 120, the transistors 130, 140 and 150 and the
      zener diode 51. The biasing for the transistors 130, 140 and 150 is
      accomplished via the resistors 47, 48 and 49. The base of the transistor
      120 is maintained by the zener diode 51, at a defined voltage above
      ground.
PAR  The circuit operates in the following manner; a PNP transistor 110 with
      collectors split in two parts supplies a current to the zener diode 51
      thereby setting up a reference voltage which is substantially independent
      of temperature and circuit supply voltage. The reference voltage at the
      anode of the zener diode 51 is coupled to the base of the transistor 120
      so as to define a current through the resistor chain composed of resistors
      47, 48 and 49 and the transistor 140. This current is substantially
      constant so as to generate constant reference voltages across the
      resistors 48 and 49. Temperature limiting is obtained by the connection of
      the transistor 130 biased by the voltages across resistors 48 and 49 in
      such a manner that upon entering conduction the transistor 130 removes a
      portion of the base drive current available to the transistor 80 via the
      resistor 45. This therefore limits the output current which the circuits
      can supply and hence limits the circuit dissipation. This action is
      temperature controlled as a result of the application of a substantially
      constant bias voltage to the base of the transistor 130. It will be
      appreciated that the bias necessary to achieve a given conduction current
      has a negative temperature coefficient, in keeping with normal transistor
      characteristics, such that as the transistor 130 heats up, it becomes more
      conductive thereby shunting current away from the base of the transistor
      80.
PAR  Current limiting is obtained by the connection of the transistor 150 in
      such a manner that upon entering conduction, it too removes a portion of
      the base drive available to the transistor 80. By biasing the transistor
      150 with a voltage made up of the forward base-emitter voltage of the
      transistor 140 less the substantially constant voltage developed across
      the resistor 49 plus the voltage developed by the output current flowing
      through a resistor 53, the current at the base of the transistor 80 is
      regulated. When an overload current is sensed, the voltage at the
      ungrounded end of the resistor 53 rises. When this rises by an amount
      determined by the transistor 140 in connection with the resistor 49, the
      transistor 150 is rendered conductive thereby shunting the current away
      from the base of the transistor 80 which in turn reduces the conduction of
      the transistor 90 thereby limiting the current through the output circuit.
PAC  ALTERNATIVE CIRCUITS FOR PREAMPLIFIER CIRCUIT 16 AND
      DISCRIMINATOR-COMPARATOR CIRCUIT 17
PAR  In connection with FIG. 2, there are however variations on the sections
      comprising preamplification circuit 16 and discriminator-comparator
      circuit 17. These variations are shown in FIGS. 3, 4 and 5. The first
      variation (not shown) comprises the removal of the transistor 20 and the
      resistor 21, with the tachometer signal fed directly to the base of the
      transistor 30. Secondly, with respect to FIG. 3, it will be appreciated
      that the transistor 20 in the preamplification circuit 16 as well as the
      resistor 21 can be eliminated with the input function being provided by a
      diode 65 connected as shown between one of the inputs of the tachometer
      circuit 12 and the base of the transistor 30. Thirdly, and also in
      connection with FIG. 3, the NPN transistor 40 of the
      discriminator-comparator circuit 17 can be replaced with an NPN transistor
      40' with the emitter of this transistor connected to one of the terminals
      of the capacitor 13. It will be appreciated that the collector of the
      transistor 40' is connected directly to V+.
PAR  Turning now to FIG. 4, it will be appreciated that either the transistor 40
      of FIG. 2 or the transistor 40' of FIG. 3 may be replaced by a diode 66 or
      by the diode 66' as shown in FIG. 5. However, if the diode 66' is
      connected as shown in FIG. 5, an additional diode in series with the base
      of transistor 60 or other means to restore cancellation of transistor and
      diode junction voltages is required.
PAR  The modifications shown in connection with FIGS. 4 or 5 may, of course, be
      used in combination with any of the modifications of the preamplification
      circuit 16 discussed in connection with FIG. 3.
PAC  CONCLUSION
PAR  There is provided therefore a motor speed control circuit which does not
      require an input signal of any particular waveform and further does not
      involve the use of pulse shaping circuits. The error signal in the servo
      loop described above produces motor speed control which is independent of
      all critical voltages such as the supply voltage, transistor and diode
      junction voltages and out output voltages of the tachometer circuit used
      to drive the motor speed control circuit. The output circuit is arranged
      in such a manner that the motor can be operated by a supply voltage very
      close to the minimum voltage necessary to operate the motor. This is
      accomplished by the aforementioned use of a common-emitter output
      transistor. The aforementioned negative feedback circuitry provides that
      the output node of the output transistor in the drive circuit be a low
      impedance node. In addition, the negative feedback circuit increases the
      stability of the entire circuit. Finally, there is provided a protection
      circuit which both protects all the active elements from overload currents
      as well as limiting the temperature at which the entire circuit operates.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit for controlling the speed of an electric motor such that the
      speed of the motor is independent of variations in supply voltage and
      temperature applied to said circuit, comprising:
PA1  means mechanically linked to the motor for generating an input signal
      having a frequency which varies proportionately to the speed of the motor;
PA1  means for generating a series of rectangular pulses of current, the
      magnitude of said current pulses being substantially constant with the
      number of said pulses generated over a predetermined time interval
      corresponding to the frequency of said input signal;
PA1  means for generating a reference current having a magnitude representing
      the desired speed of said motor and for subtracting said pulses of current
      from said reference current so as to develop an output current having an
      amplitude dependent on the difference of said pulses of current and said
      reference current, said pulse current and said reference current having
      similar dependencies on said supply voltage and temperature such that said
      output current is independent of the variations in the power supply
      voltage and temperature, said output current corresponding to the
      difference in the actual speed of the motor and the desired speed of the
      motor; and
PA1  means responsive to said output current for generating voltage drive to the
      motor so as to control the speed of the motor, said voltage drive
      generating means including shunt feedback means being responsive to the
      voltage magnitude appearing across the motor for developing a negative
      feedback signal to ensure that a low impedance is presented in series with
      the motor and to stabilize the voltage drive to the motor.
NUM  2.
PAR  2. The circuit as recited in claim 1 wherein said means for generating a
      pulsed current includes:
PA1  first electron control means having a first electrode, a second electrode
      and a control electrode, said control electrode being coupled to said
      means for generating an input signal, said first electrode being coupled
      to the supply voltage, and said second electrode being connected to the
      circuit reference terminal, said first electron control means being
      rendered conductive in response to one of the positive and negative
      portions of the input signal and said first electron control means being
      rendered non-conductive in response to the other of said positive and
      negative portions;
PA1   second electron control means having a first electrode, a second electrode
      and a control electrode, said control electrode being connected to said
      first electrode of said first electron control means, said first electrode
      of said second electron control means being connected to said reference
      terminal;
PA1  third electron control means having a first electrode, a second electrode
      and a control electrode, said control electrode of said third electron
      control means being connected to said control electrode of said second
      electron control means, said first electrode of said third electron
      control means being connected to said reference terminal, said second
      electron control means and said third electron control means being
      rendered conductive in response to said first electron control means being
      rendered non-conductive and said second and said third electron control
      means being rendered non-conductive in response to said first electron
      control means being rendered conductive;
PA1  capacitive means having a first terminal connected to said second electrode
      of said second electron control means and a second terminal connected to
      said second electrode of said third electron control means;
PA1  fourth electron control means connected between said second electrode of
      said third electron control means and said reference terminals, said
      fourth electron control means being rendered conductive in responsive to
      said second and third electron control means being rendered
      non-conductive;
PA1  first circuit means connected between said first terminal of said
      capacitive means and the supply voltage, said first circuit means being
      adapted for providing a current;
PA1  said second and said third electron control means discharging said
      capacitive means while conductive; and
PA1  said fourth electron control means and said capacitive means conducting
      said current from said first circuit means in response to said second and
      said third electron control means being rendered non-conductive, said
      capacitive means being charged by said current conducted through said
      capacitive means and said fourth electron control means so as to develop
      current pulses which are proportional to the frequency of said input
      signal.
NUM  3.
PAR  3. The circuit as recited in claim 2 wherein said means for generating a
      reference current and for subtracting said pulsed current from said
      reference current includes:
PA1  fifth electron control means having a first electrode, a second electrode
      and a control electrode, said first electrode being coupled to said
      reference terminal, and said second electrode being coupled to said means
      for converting said output current into a voltage;
PA1  second circuit means being connected between said control electrode of said
      fifth electron control means and said supply voltage, said second circuit
      means and said fifth electron control means providing a reference current
      proportional to the desired speed of the electric motor;
PA1  sixth electron control means having a first electrode, a second electrode
      and a control electrode, said control electrode fo said sixth electron
      control means being connected to said second electrode of said third
      electron control means said first electrode being connected to said
      reference terminal, and said second electrode of said sixth electron
      control means being connected to said control electrode of said fifth
      electron control means;
PA1  second capacitive means being connected between said control electrode of
      said fifth electron control means and said reference terminal;
PA1  said sixth electron control means being rendered conductive in response to
      said fourth electron control means being rendered conductive so that a
      current which is proportional to said pulsed current is conducted by said
      sixth electron control means, said current conducted through said sixth
      electron control means being subtracted from said reference current to
      provide a difference current; and
PA1  said difference current being amplified by said fifth electron control
      means.
NUM  4.
PAR  4. The circuit as recited in claim 1 wherein said means for generating
      voltage drive to the motor includes:
PA1  output circuit means for effecting a low impedance drive circuit to the
      motor so as to generate a voltage drive signal across said pair of
      terminals of the motor to control the speed thereof;
PA1  input circuit means for amplifying said output current from said means for
      generating a reference current means and applying said amplified output
      current to said output circuit means; and
PA1  said shunt feedback means being coupled between said output circuit means
      and said input circuit means and being responsive to the magnitude of the
      voltage appearing across said terminals of the motor for generating a
      feedback signal to insure feedback loop stability and said voltage drive
      configuration, said feedback signal being applied to said input circuit
      means.
NUM  5.
PAR  5. The circuit of claim 4 wherein said output circuit means includes:
PA1  first electron control means having first and second electrodes and a
      control electrode, said first electrode being coupled to a reference
      terminal of the circuit, said second electrode being connected to the
      second of said pair of terminals of the motor;
PA1  second electron control means having first and second electrodes and a
      control electrode, said first electrode of said second electron control
      means being connected to said control electrode of said first electron
      control means, said second electrode of said second electron control means
      being coupled to the first of said pair of terminals of the motor; and
PA1  said input circuit means includes third electron control means having first
      and second electrodes and a control electrode, said first electrode of
      said third electron control means being connected to said reference
      terminal, said second electrode of said third electron control means being
      connected to said control electrode of said second electron control means
      and said control electrode being adapted to receive said output current
      from said means for generating a reference current.
NUM  6.
PAR  6. The circuit as recited in claim 5 wherein said shunt feedback circuit
      means includes:
PA1  fourth electron control means having first and second electrodes and a
      control electrode, said second electrode of said fourth electron control
      means being connected to said control electrode of said third electron
      control means, said first electrode being coupled to said first terminal
      of the motor, said control electrode being connected to said electrode of
      said first electron control means of said output circuit;
PA1  said second electrode of said third electron control means being coupled to
      said first terminal of the motor; and
PA1  said first terminal of the motor being connected to the supply voltage.
NUM  7.
PAR  7. The circuit as recited in claim 1 wherein said pulse generating means
      includes:
PA1  a first capacitors, means for charging said capacitor during a portion of
      said input signal and for isolating said capacitor from any voltage
      applied thereacross during all other portions of said input signal, said
      means for charging said capacitor including a resistive path through which
      charge from said capacitor is allowed to flow, the charge through said
      resistive path forming a pulse of current having an amplitude duration
      relationship substantially set by the time constant of said capcacitor and
      voltage supplied across said capacitor, whereby a number of said pulses
      recurring over a period of time yield a current proportional to the speed
      of said motor.
NUM  8.
PAR  8. The circuit as recited in claim 7 wherein said resistive path includes a
      diode between the one terminal of said capacitor and ground and wherein
      said means for charging said capacitor includes a first resistor between
      said voltage supply, the other terminal of said capacitor, and a common
      emitter transistor having its base coupled to said one terminal and its
      emitter coupled to ground, the collector of said common emitter transistor
      being coupled to the output of said means for generating said reference
      current, and means for integrating said output current so as to remove
      alternating components therefrom.
NUM  9.
PAR  9. The circuit as recited in claim 8 wherein the average current generated
      across said diode is
EQU  I = f.sub.T (V.sub.S - V.sub.1) (1-e.sup.-.sup.t/CR) C
PAL  where
PA1  f.sub.T is the frequency of said input signal
PA1  V.sub.s is said supply voltage
PA1  V.sub.1 is the voltage across said diode at the time said first capacitor
      is discharged
PA1  C is the capacitance of said first capacitor
PA1  R is the resistance of said first resistor, and
PA1  t is the period during which said first capacitor charges.
NUM  10.
PAR  10. The circuit as recited in claim 8 wherein said means for generating a
      reference current includes a second resistor coupled between said supply
      voltage and the collector of said emitter-follower transistor, and further
      including means for amplifying the difference current at the collector of
      said common-emitter transistor, said means including a coupling transistor
      having its base connected to the collector of said emitter-follower
      transistor and its emitter coupled to ground, whereby said reference
      current
EQU  I.sub.ref = (V.sub.S - V.sub.C) /R.sub.s
PAL  where V.sub. C is the voltage necessary at the base of said coupling
      transistor for the absorption of any difference current and where R.sub.s
      is the value of said second resistor, such that
      ##EQU4##
      whenever said motor is locked to said desired speed by said circuit.
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PAL  An interactive graphics system in which plotting, digitizing and other
      related capabilities are performed is described in which complex graphics
      may be generated, edited and developed at a plurality of terminals,
      independently, with a minimum of hardware and in which precision control
      of the motion of a plotting table at each location is achieved in response
      to simplified input commands. Additionally, a novel floating cursor is
      described by which an operator may control the motion of the carriages of
      a plotting table or other positioning system actuated during plotting on
      the table, and digitize various coordinate locations with corresponding
      storage in a central computer of such locations, all by manually
      positioning the cursor at the desired locations. The floating cursor is
      connected with an energy sensor and both the cursor and the sensor are
      mechanically movable relative to or independently of the carriage. An
      energy generator is fixedly connected to the carriage and is directed
      toward the sensor so that relative movement of the cursor and carriage can
      be detected by the sensor. The carriage is then made to move with the
      cursor in response to signals generated from the energy sensor. Thus, the
      cursor floats with respect to the carriage, which precisely follows the
      cursor over a plotting surface and which carriage contains various devices
      for drafting or other operations on material located on the plotting
      surface.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 353,115, filed Apr. 20, 1973, now abandoned, entitled Interactive
      Graphics System, and having the same assignee.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an interactive design or graphics system in
      conjunction with which a variety of terminal devices may be operated at a
      plurality of locations to produce precision mechanical, manufacturing or
      architectural drawings from rough sketches, photogrammetric plans,
      schematics, printed and integrated circuit artwork masters, and other
      related graphics.
PAR  An interactive graphics system is a system capable of performing some or
      all of the above functions in which the man-machine interface is utilized
      to maximize the capabilities of both to produce an end product that,
      because of the synergistic maximization of capabilities, is in effect
      superior to that which could be produced either by a computer system alone
      or by an operator alone. While interactive graphics systems as such are
      existent in the prior art, a persistent problem has been the complexity of
      software and hardware required to convert the human input into useful
      computer data from which graphics can be generated, and in converting the
      computer output into simplified data from which an operator can derive
      additional system input, all in a substantially continuous operation.
PAR  A problem of the prior art in such systems is in achieving immediate system
      plotback from data derived from raw material such as rough sketches. In
      such systems, data must first be digitized, or converted from the sketch
      to digital coordinate locations and then subjected to various time
      consuming operations before it can later be plotted as a drawing. In the
      present system, an operator manually positions a mechnaical cursor at
      selected locations on, for example, a rough sketch. The cursor serves to
      control the movement of a drafting carriage which "follows" the cursor
      around the plotting surface and which is electronically controlled by
      computer commands which in turn are derived in part from the cursor
      position. Such an arrangement permits an operator, merely by moving the
      cursor to different locations to digitize for later plotting complex
      drawings from rough sketches. The system software enables and controls
      storage, retrieval, carriage positioning and reproduction of all graphic
      and alphanumeric information by the system under operator control, and
      incorporates the requisite programs for communicating with a data base and
      the various peripheral equipment, with software data decoding being used
      in place of hardware decoding.
PAR  In another embodiment of the invention, an electronic cursor generated by a
      simple mechanical stylus arrangement on the face of a cathode ray tube may
      be substituted for the mechanical cursor on the plotting table, or used in
      combination therewith. In prior art systems, sophisticated training is
      required to operate systems of the prior art, whereas the present system
      configuration allows relatively untrained personnel to perform graphics
      operations that formerly required trained specialists.
PAC  SUMMARY OF THE INVENTION
PAR  An interactive graphics system and a novel cursor therefore is described in
      which a plurality of graphic design stations under the control of a
      central computer generate a variety of artwork. At each design station,
      either a "floating cursor" or an electronically generated cursor is
      utilized by a station operator to digitize and plot complex data with a
      minimum of hardware. In the "floating cursor" arrangement, a cursor is
      mechanically connected to a sensor or detector which is responsive to
      impinging energy from a source or energy generator mounted on a carriage
      assembly movable in at least two coordinate directions in a plane
      generally parallel to the material upon which artwork is to be generated.
      The cursor is movable mechanically independently of the carriage for
      maximum operator efficiency, and positioning signals generated in response
      to the sensor output are utilized to position the carriage, upon which a
      variety of writing instruments are mounted. The cursor is preferably touch
      sensitive in order that the system is actuated to enable carriage motion
      only in response to operator control such that the carriage "follows" the
      floating cursor and locks into place when the cursor is released. The
      carriage itself is adapted for motion in the X and Y coordinate directions
      by a timing belt arrangement controlled by servo motors driven by control
      signals generated by the local computer in response to information
      computed from the sensed cursor position. Both position and velocity
      feedback are derived from resolvers and tachometers which form a portion
      of the servo system. The control signals are in the form of motor pulses
      at a frequency proportional to the cursor positional error with respect to
      the carriage mounted energy source.
PAR  In another embodiment of the invention, a mechanical stylus is utilized to
      position an electronic cursor on the face of a storage cathode ray tube,
      which enables an operator to control the system operation with a simple
      movable control.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further advantages of the invention will become apparent from the following
      specification taken in connection with the accompanying drawings wherein
      like reference characters identify elements of like function throughout
      the different views thereof, and wherein in several of the views double
      lines indicate data flow.
PAR  FIG. 1 is a simplified block diagram of an interactive graphics system
      embodying the present invention.
PAR  FIG. 2 is a block diagram of an interactive graphics system in accordance
      with the present invention.
PAR  FIG. 3 is a block diagram of a cursor control system incorporating floating
      cursor in accordance with the present invention.
PAR  FIG. 4 is a simplified isometric view of a four quadrant detector as
      employed in the present invention.
PAR  FIG. 5 is a block diagram of certain circuitry which is employed in the
      present invention.
PAR  FIG. 6 is a block diagram of an interactive graphic system in accordance
      with the present invention.
PAR  FIG. 7A is a plan view of a plotting table of the type utilized in the
      present invention.
PAR  FIG. 7B is a side elevation view of the plotting table of FIG. 7A.
PAR  FIG. 8 is an isometric view of the Y-axis carriage assembly and cursor
      structure of the present invention.
PAR  FIG. 9 is a perspective view of a mechanical stylus utilized in one
      embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, an interactive graphics system in accordance with
      principles of the present invention is illustrated generally at 10. A
      central processing unit 12 controls a plurality of local computers each of
      which is located at a separate design station. A typical design station 15
      includes the local computer such as local computer 14 and its associated
      input/output devices and an automatic plotter 16, which includes a
      plotting table having a surface upon which precision drawing and
      digitizing occurs under the control of the local computer. The automatic
      plotter 16 additionally generates further sequences of data which are fed
      back into the local computer 14 and which, in combination with the data
      received from the central processing unit 12 is utilized to generate
      digitized position information and precision drafting at the design
      station. Other design stations 17 through 23 function in similar manner as
      design station 15, and may include various arrangements of automatic
      plotters alone or in combination with visual display terminal devices such
      as cathode ray tubes and alphanumeric displays. The number of other design
      stations is variable, to permit system expansion and the number of such
      stations illustrated is exemplary only.
PAR  Referring now to FIG. 2, a more detailed block diagram of the central
      processor 12 and a design station is illustrated generally at 30. The CPU
      12 stores and processes a variety of graphic software related to
      mechanical design, schematic preparation, cartography, printed circuitry,
      integrated circuit maskmaking and other technologies. The basic component
      of the CPU may for example, comprise a minicomputer 32 which may be a
      Hewlett-Packard model 2100 computer with 8,000 words of core expanded to
      12,000 words. Additional memory capacity is provided by a disk storage 34,
      which may illustratively comprise a Hewlett-Packard model 7900 disk with
      2.4 million words of storage. System users programs and system
      requirements are inputted to the CPU via a magnetic tape input device 36
      of known design, such as is manufactured by Tri-Data Corp., with
      additional programming input being provided by an ASR typewriter 38.
PAR  An operator at the automatic plotter 16 positions a cursor 46, which may be
      touch sensitive, magnetic, photoelectric, or of other design, and which is
      not rigidly mechanically connected to but floatingly suspended from a
      carriage 48 movable in at least two coordinate directions over a plotting
      or digitizing surface 42 of a precision plotting table 40, which is a
      portion of the automatic plotter 16. The illustrated plotting table 40
      with its upwardly facing supporting surface 42 has positioned on said
      supporting surface a workpiece 44 which may be a drawing or other given
      artwork. Illustratively, cursor 46 is positioned by the operator over
      selected locations on the workpiece and the carriage 48 is controlled to
      follow the cursor. In the course of positioning, the operator digitizes,
      or converts the coordinate locations over which the cursor is positioned
      into digital information, which is then processed by the local computer
      14, transmitted to the CPU and stored on disc memory 34 from which it can
      be recalled, resent to the local computer and then used to position a
      writing device mounted on the carriage 48 on the workpiece to produce
      precision drawings thereon.
PAR  The carriage 48 from which the cursor 46 is suspended is supported by a
      carriage 50 which straddles the table 40 and which is driven for movement
      relative thereto in the illustrated X-axis coordinate direction. Motion of
      the carriage 50 in the X-axis coordinate direction is accomplished by
      timing belts having teeth which intermesh with the carriage gearing. Of
      course, other drive systems may be utilized, such as the carriage
      positioning mechanisms which appear in U.S. Pat. Nos. 3,293,651 and
      3,330,182; both of which patents are assigned to the assignee of the
      present invention.
PAR  The cursor 46 and the carriage 48 are in turn movable relative to the
      carriage 50 in the illustrated Y-axis coordinate direction and are driven
      in said Y-axis coordinate direction by their own timing belts and their
      associated drive motors. Since the carriage 50 moves relative to the table
      40 in the X-axis coordinate direction in response to X-axis controller
      command signals it is referred to as the X-axis carriage and since the
      carriage 48 moves relative to the X-axis carriage 50 in response to Y-axis
      command signals, it is referred to as the Y-axis carriage.
PAR  Of course, the writing device carried on the carriage 48 may comprise a wet
      ink pen, a pencil, or a photoexposure device for projecting a spot of
      light onto the workpiece 44 for exposing lines and images thereon when the
      workpiece is a photosensitive material. The above-referenced U.S. Pat. No.
      3,330,182 describes such a photoexposure system in detail. For
      illustrative purposes, the writing device on the carriage 48 is shown as a
      three pen writing head 49 in which writing occurs by means of any of the
      pens when such pen is selected by its associated control.
PAR  The system arrangement allows sketches to be digitized and edited by the
      operator with plotback of the drawing on the sketch or another workpiece
      44. Thus original drawing layouts are composed directly from such
      sketches.
PAR  The cursor 46, in selecting points for digitizing, has push button controls
      associated therewith. These push buttons are shown by way of example in
      FIG. 8 as a LOCATE button 450 for digitizing or recording the coordinate
      location of certain isolated points, LINE START button 452 for digitizing
      the beginning of a new line, and LINE END button 454 for digitizing all
      intermediate points and the last point of a line.
PAR  There are a variety of means for deriving the control signals that control
      the servo motors which position the X- and Y-axis carriages. These signals
      may drive a step motor such that each pulse steps the motor a predefined
      increment which moves the carriage a corresponding increment. An
      alternative control mechanism is a velocity servo mechanism which may be
      coupled to the carriages and which receives control signals directly as
      they are generated.
PAR  A further alternative method of driving the carriages is by developing
      motor pulses and utilizing these pulses to drive a pair of servo
      mechanisms including position and velocity feedback resolvers and
      tachometers which are coupled one to the X-axis carriage and the other to
      the Y-axis carriage via appropriate gearing. Such a drive system is
      generally described herein with respect to the present invention, however
      the details of such a digital control mechanism are thoroughly set forth
      in U.S. Pat. application Ser. No. 169,263 of Leonard Rich, filed Aug. 5,
      1971 and assigned to the assignee of the present invention.
PAR  In digitizing or editing graphic information on a workpiece, coordinate
      positional data in both X and Y coordinate axes is derived by manually
      positioning the cursor over the desired location on the workpiece 44 and
      then pressing the appropriate push button described above on the cursor.
      The cursor 46 is suspended from the Y-axis carriage 48 for limited manual
      movement relative to the carriage. This relative movement is detected by a
      sensor connected with the cursor and described in greater detail below
      with respect to FIGS. 3, 4 and 8. The sensor output is electrically
      coupled to a pulse forming circuit 60 which develops the X and Y-axes
      trains of motor pulses which drive X and Y-axis servo mechanisms 62 and 63
      coupled respectively to the X-axis carriage 50 and to the Y-axis carriage
      48 and causes the carriage to follow the cursor. The motor pulses 64 are
      also supplied to X and Y UP/DOWN position counters or meters 66 and 67
      which provide digitally the instanteous absolute table coordinate location
      of the cursor along the X and Y-axes respectively. When the appropriate
      digitizing push button is pressed, this location data is fed to the local
      processor 68 of the local computer 14 and is processed together with other
      commands from a function keyboard 70 of conventional design.
PAR  For subsequent plotting the processed positional data is then coupled to a
      servomotor control 72 which couples position error correction signals
      digitally to the X and Y-axes servo mechanisms 62 and 63 respectively and
      to the X and Y-axes UP/DOWN position counters 66 and 67 respectively,
      thereby providing carriage motion in the X and Y-axes corresponding to the
      processed positional data immediately upon generation of such data. An
      alphanumeric display 74, which may consist of a digital readout device
      provides a system operator with a visual indication of the data received
      by processor 68. Thus, two digital control loops are present for each
      axis, one for digitizing, processing and plotting and one for controlling
      carriage positioning in response to cursor movement. Of course, it is
      readily apparent that many servo components may be shared by the two
      control loops. In an alternate embodiment of the apparatus the motor
      pulses from the cursor circuit 60 may be fed only to the counters 66 and
      67 and the servo control 72 in the local computer 14 may condition all
      servo command signals for the X and Y-axes carriages during both the
      plotting of processed data and the slaving of the carriages to the cursor
      movements.
PAR  Since local processor 68 is accessable both via keyboard 70 and CPU 12, a
      variety of functions may be performed at each design station and devices
      other than those illustrated may be utilized, such as drum plotters and
      photoplotters, either on-line or off-line.
PAR  Referring now to FIG. 3, a block diagram of the cursor 46 and its
      associated circuitry 60 is generally illustrated. The cursor 46 is
      illustrated as a touch sensitive device which requires a resistive
      connection between halves 102 and 104 to complete an electrical circuit,
      which connection is provided by the fingers of an operator when grasping
      the cursor by hand; other cursor designs of like function may be provided
      without departing from the present invention, and the cursor 46 and its
      associated four quadrant sensor 110 are described by way of example only.
      Of course, the halves 102 and 104 of the touch sensitive cursor could
      alternatively be capacitively coupled, rather than resistively coupled, by
      the operator's hand to activate the circuit 60.
PAR  The cursor 46 is preferably of a plastic material with wires therein
      leading to the high gain amplifier 136 and forming an incomplete
      electrical circuit which is completed when grasped by an operator as
      described above. A reticle comprised of fine lines 106 and 108 attached to
      the cursor is movable to a desired location on the plotting and digitizing
      surface 44. The four quadrant sensor 110 is mechanically connected to the
      cursor 46 via a common mount taking the form of a tongue plate 406
      illustrated schematically in FIG. 3 and shown in detail in FIG. 8. As
      described below, the tongue plate is suspended from the Y-axis carriage 48
      by a floating pivot pin 112 to permit limited movement of the cursor and
      sensor relative to the carriage in the X and Y coordinate directions. When
      the cursor 46 is moved in the Y coordinate direction, signals from the
      sensor 110 cause the entire Y-axis carriage 48 to move therewith, and when
      the cursor is moved in the X coordinate direction, sensor signals cause
      the entire X-axis carriage 50 with the Y-axis carriage 48 mounted thereon
      to move therewith. When the cursor is moved at an angle to both axes, both
      the X-axis carriage and Y-axis carriage move simultaneously therewith. All
      of the carriage movements are executed under motor control and with
      minimum frictional drag.
PAR  The four guadrant sensor 110 also shown in detail in FIG. 4 is a
      photosensor mounted beneath a light source 118 fixed in the Y-axis
      carriage 48. Generally, it is divided into four electrically isolated
      areas or quadrants Q.sub.1, Q.sub.2, Q.sub.3 and Q.sub.4, each of which
      senses the light impinging thereon to develop electrical signals in
      response thereto. As the light source moves with respect to the four
      sensing quadrants, or conversely, as the quadrants move with respect to
      the source, the light impinging on those quadrants varies in either
      greater or lesser degree, hence the electrical signals generated from the
      photoelectric conversion also vary in corresponding greater or lesser
      degree. These signals are compared with each other to develop resultant
      X-axis and Y-axis error signals indicative of the motion of the sensor 110
      with respect to the light source 118. Since the sensor moves mechanically
      with the cursor 46, the instantanous cursor position is sensed. The motion
      of the cursor and the sensor is mechanically independent of the X and
      Y-axis carriages. The term mechanically independent is intended to mean
      that the cursor and sensor may be physically moved without carriage motion
      because there is no rigid connection therebetween. Of course, the
      resultant control signals produced by the sensor motion move the X and
      Y-axes carriages electronically.
PAR  A typical sensor 110 is a silicon p-n solar energy converter of the type
      manufactured by Sensor Technology, Inc. Model No. ST-300 modified to
      provide four quadrant detection.
PAR  FIG. 4 illustrates generally the photosensitive portion 114 of the
      photosensor. A hollow tube with the light source 118 mounted therein casts
      light as illustrated by the dotted lines on each of the four quadrants as
      shown. When the photosensitive portion 114 moves with respect to the
      impinging light, certain quadrants receive more or less illumination than
      other quadrants.
PAR  The electrical outputs of quadrants Q.sub.1 and Q.sub.3 are coupled to a
      Y-axis differential amplifier 120 in FIG. 3 to derive a velocity command
      signal proportional to the Y-axis positional error and the outputs of
      quadrants Q.sub.2 and Q.sub.4 are coupled to an X-axis differential
      amplifier 122 to derive a corresponding velocity command signal
      proportional to the X-axis positional error.
PAR  The X and Y-axes position errors control X and Y-axes position oscillators
      124 and 126 respectively, each of which contains a voltage controlled
      oscillator (VCO) with a linear frequency response directly proportional to
      its respective input signal. Thus, the greater the incoming position
      error, the higher the VCO output frequency becomes. The VCO output
      frequencies are used to generate the X and Y-axes motor pulses which are
      received by the digital circuitry of the respective X and Y-axes servo
      controls 128 and 130 respectively which together witth the servomotors 132
      and 134 form the X and Y-axes servomechanisms 62 and 63 in FIG. 2. The
      outputs from the X-axis servo control 128 and the Y-axis servo control 130
      drive X and Y-axes servo motors 132 and 134 respectively, the details of
      which are set forth in the aforementioned patent application Ser. No.
      169,263, and which servo motors drive the X and Y-axes carriages via their
      respective timing belts as aforementioned.
PAR  When the cursor 46 is not held by an operator, the circuit to the high gain
      amplifier 136 is open and the X and Y-carriages are automatically locked
      in place at whatever position they may happen to be in, as a safety
      feature for the operator. A relay actuated solenoid 138 lifts the cursor
      46 slightly from the plotting surface in response to a signal from the
      local computer when plotting is enabled.
PAR  When the cursor is grasped by the operator to close the amplifier
      circuitry, the amplified signal from amplifier signal from amplifier 136
      actuates a relay 140, which acts as the enabling switch for the voltage
      controlled oscillators for both X and Y-axes position control. X and
      Y-axes gates 142 and 144 respectively couple the enabling signal to their
      respective VCO's biasing them on and ready to generate their respective
      signals at a frequency proportional to the incoming error signals.
PAR  Referring now to FIG. 5, a block diagram of the X-axis position oscillator
      124 is illustrated. The Y-axis position oscillator 126 is substantially
      identical, hence it is not illustrated, and the X-axis position oscillator
      description is equally applicable thereto.
PAR  The heart of the X-axis position oscillator 124 is a VCO 150 which, as
      previously mentioned, has a linear frequency variation with input error
      voltage characteristic. The X position error voltage output of
      differential amplifier 122 is fed to an input amplifier 152 which performs
      an impedance matching function by adjusting the input gain for various
      cursors which might be utilized with the system. The amplified input
      position voltage is coupled to an absolute value circuit 154 and to a sign
      detector 156. Absolute value circuit 156 converts its bidirectional input
      to an unidirectional output to provide an absolute magnitude input voltage
      control signal for the VCO 150, which is required in order that the VCO
      frequency is always proportional to the magnitude of the positional error.
      The direction of motion of the servomotor 128 is controlled via the output
      of the sign detector 156 which causes the servomotor to rotate either
      forward or backward. The VCO 150 is of conventional design, and preferably
      consists of a silicon controlled rectifier (SCR) fired by discharging a
      unijunction transistor into an integrating amplifier. A biasing circuit
      158 biases the VCO control voltage at zero volts when no input error
      exists. An initial ramp generator 160 provides a startup ramp which
      provides initial damping to maintain the VCO off until a signal is
      received from amplifier 136 which is indicative of the cursor being
      touched by an operator. The output of ramp generator 160 is also coupled
      to the Y-axis VCO.
PAR  Referring now to FIG. 6, a block diagram of an interactive graphics system
      incorporating a cathode ray tube with a mechanical stylus for cursor
      positioning is illustrated generally at 200. This system is the same as
      that described in FIG. 2, but with the added CRT 202 which, because of its
      storage and drawing speed capability, permits artwork generation, editing
      and composition to be initiated at the CRT station.
PAR  Communication between the CPU 12 and local processor 14 is by a
      predetermined software routine and program format which enables a full
      range of keyboard functions present in keyboard 70, which keyboard is of
      conventional construction. The software is not described in detail herein
      in order that simplicity of description may be maintained, however, it is
      sufficient for an understanding of the invention that the software is a
      high level dynamic language which is implemented by standard programming
      techniques.
PAR  A stylus in the form of a mechanical arm 206 shown in detail in FIG. 9 is
      mounted at any convenient location on or near the CRT 202 and is movable
      by an operator to control the positioning of an electronic cursor or light
      spot resulting from the deflected electron beam on the screen of the CRT
      202. The mechanical arm 206 is supported on a pivotal slide assembly 203
      which includes a slide block 205 connected to the arm 206, a slide rod 207
      holding the block and a pivotal base plate 209 supporting the arm 206 and
      the slide rod 207 for swivelling motion on a shaft 211 rigidly connected
      to the plate 209. The assembly 203 enables the arm 206 to be moved from
      side to side as indicated by the arrow a to control the positioning of the
      cursor or spot on the CRT screen in the X-coordinate direction and also
      enables the arm to be moved in and out as indicated by the arrow b to
      control the positioning of the cursor in the Y coordinate direction.
PAR  The motions of mechanical arm 206 are converted to X and Y-axes positional
      data as follows. A pulley 208 and cable 213 connected to the slide block
      205 transmit the in-and-out or rectilinear motion of the arm 206 to the
      rotary input shaft of an X-axis encoder 212. Another pulley 210 fixedly
      mounted on the shaft 211 and a cable 215 transmit the curvilinear or
      side-to-side motion of the arm and slide assembly to the rotary input
      shaft of an Y-axis encoder 214. Each of the encoders has the same
      construction and may be of the type manufactured by Dynamic Research
      Corporation, Massachusetts, Model 77-40-B01 which convert the rotary
      position of an internally mounted optical disc, each of which optical
      discs is fixedly mounted on one of said shafts, into digital pulse trains.
      These pulse trains are fed to up/down counters 216, 218 in FIG. 6 for each
      axis and thence to the local processor 14 wherein, under the control of
      the system software routine, corresponding X and Y-axes pulses are output
      to X and Y-axes up-down counters 220 and 222 which supply positional data
      to a pair of digital-to-analog converters 224 and 226 for the respective X
      and Y-axes deflection signals for the horizontal and vertical deflection
      coils of the CRT 202, which analog deflection signals are developed in
      well known manner by X and Y-axes deflection amplifiers 228 and 230. Thus,
      the mechanically coupled stylus 206 enables an operator to precisely
      position an electronic cursor on the CRT screen in accordance with various
      commands and other lines and symbols generated by the keyboard 70 and
      coupled to the local processor 14. The Z-axis beam turn-on and turn-off is
      provided by a blanking signal from the processor 14 via line 232.
PAR  Cursor position data can be transmitted by local processor 14 to the CPU 12
      and stored then later retransmitted to local processor for plotter control
      via X and Y-servos 62 and 63.
PAR  Referring now to FIGS. 7A and 7B, a plan view of the automatic plotting
      table 40 is illustrated in detail together with a side elevation view
      thereof. The platen assembly is comprised of two sheets of translucent
      material such as Plexiglas sandwiched together and illustrated at 302. The
      surface upon which drawing occurs is outlined by line 304. Drawing
      material, either paper or mylar or other material suitable for drawing
      thereon, is positioned on the platen surface within the area defined by
      line 304 and is held firmly in place by a vacuum holddown which creates a
      suction force on the drawing material. A vacuum input port 306 is cut
      through the lower Plexiglas sheet and a plurality of conduits 308 between
      the Plexiglas sheets serve to conduct the vacuum throughout the entire
      region beneath the drawing material, all of which conduits 308 are
      connected to the vacuum input port 306 via main conduit 310. A plurality
      of holes 312, in the upper Plexiglas sheet directly above the conduits 308
      exposes the bottom side of the drawing material to the vacuum.
      Backlighting of the drawing is provided by a plurality of parallel lamps
      314 which are mounted beneath the Plexiglas and a cooling fan 316 is
      ducted to a plurality of internal louvres 318 to provide cooling in order
      that any heat created by lamps 314 is dissipated.
PAR  Two precision timing belts 320 and 322, which are movable in the X-axis
      direction are coupled together by a torque tube 324 which is of sufficient
      stiffness to drive the timing belts in unison. The X-axis carriage 50 in
      FIG. 1 is not illustrated in FIGS. 7A and 7B but would be mounted on a
      track assembly 326 and 328 for motion in the X-direction, as indicated,
      relative thereto. The X-axis carriage is also connected to the timing
      belts 320 and 322 by screw button holding sockets 330 and 332 so as to
      move along the track assembly 326 and 328 in response to motion of the
      timing belts. The timing belts 320 and 322 are precision tensioned so that
      motion along a predetermined number of teeth thereon produces the same
      reproducible increment of motion each time the belts are moved. The entire
      timing belt, track and platen assembly is supported by a rigid backplate
      334. The timing belts are tension adjustable to maintain accuracy by means
      of a screw assembly 336 which fastens into a yoke 338 in which yoke is
      also mounted a stud 340 for a take up pulley 342 which is an idler and
      rotates on its own bearings 344. The Y-axis carriage, driven by its own
      timing belts, rides on the X-axis carriage.
PAR  The X-axis carriage is counterbalanced by a counter-balance sub-assembly
      346 which weighs approximately as much as the X-axis carriage and which is
      fastened to the opposite side of timing belts 320 and 322 which drive the
      X-axis carriage. The counterbalance 346 serves to stabilize the X-axis
      carriage in its movement, particularly when the table is tilted at an
      angle to the horizontal. An electrical panel 348 contains the switch 350
      which operates the backlighting, switch 352 which serves to tilt the table
      switch 354 which regulates the carriage speed and switch 356 which
      operates the vacuum.
PAR  The torque tube 324 is driven by a drive pulley 358 and rests in a collar
      360 with a ball bearing assembly 362. The X-axis servomotor 132 with an
      associated resolver 366 for developing the position feedback signals
      powers the drive pulley 358, all of which is mounted in a pulley housing
      368 with a shield strip 370 therein for safety. Microswitch trips 372 and
      374 serve to shut off the X-axis carriage power in the event that the
      carriage moves too close to the table edges.
PAR  The table assembly as a whole provides a highly accurate positioning means
      for automatically moving the carriage mounted thereon to any desired
      location on the table.
PAR  Referring now to FIG. 8, the Y-axis carriage assembly 48 including the
      four-quadrant photosensor 110 and cursor 46 is illustrated isometrically
      and partially cut away. The cursor 46, including touch sensitive wires 402
      and 404 which complete the electrical circuit previously described with
      reference to FIG. 3, is mounted on a tongue plate 406 on which the
      photosensor 110 is also mounted. The tongue plate 406 is supported from
      the carriage 48 by means of a counter balance assembly 412 to permit
      pivoting movements about the pins 112 and 414. Such pivoting movements
      correspond substantially to limited movements of the cursor 46 relative to
      the carriages 48 in the X and Y coordinate directions respectively. The
      relative movements produce corresponding movements of the sensor 110
      relative to the light source 118 and enable displacement error signals to
      be generated as described above for slaving the carriage 48 and 50 to the
      cursor 46 and for digitizing selected points located with the cursor.
PAR  A rubber washer 410 fixed to the tongue plate 406 and engaged by a pin 432
      fixed to the carriage 48 inhibits motion of the tongue plate 406 which
      might otherwise remove the photo-sensor 110 entirely from the light
      emanating from the light source 118, which could otherwise occur in the
      event that the cursor were to be moved at a speed faster than the system
      servo response time. The washer 410 serves to allow the carriage to "catch
      up" to the cursor in such event, without loss of continuity of operation
      of the system. The counterbalance assembly 412 is pivotally connected at
      pin 414 to the tongue plate 406 via balance beam or arm 416 for the
      purpose of counterbalancing the cursor and tongue plate when the table is
      in other than a horizontal position. This prevents the cursor 46 from
      moving due to gravity and adds to the overall system accuracy. The
      framework of the carriage assembly 48 provides overall support and is
      clamped to the timing belt 438. Additional carriage support is provided by
      a hook weldment assembly 422 and a poker arm 424. The lamp housing 116 is
      mounted inside structural support 426 holding the pin 432 and an insulator
      electrically isolates the sensor 110 from its surrounding structural
      support. The amount of friction clamping or drag of the cursor and its
      associated tongue plate 406 relative to the carriage 48 is controllable by
      means of a friction pin 428 with a nylon tip which is adjustable by means
      of a set screw 430. Contact with rubber washer 410 is made by pin 432 to
      prevent unwanted cursor motion relative to the light source 118 as
      previously described. Electrical components are housed in a panel assembly
      434 and bearing assemblies 418 and 420 abut an underlying steel plate upon
      which is the track on the X-carriage upon which the entire Y-carriage
      rides. The timing belt 438 is clamped to a supporting surface 436 and
      passes around external pulleys on the X-carriage 50. Additional bearing
      assembly 440 provides rolling support for the remainder of the Y-carriage
      on the underlying steel plate. The three pen holder 449 with writing pens
      442, 444 and 446 mounted therein rides laterally of the cursor tongue
      assembly as previously described.
PAR  While particular embodiments of the invention have been shown and
      described, various modifications thereof will be apparent to those skilled
      in the art and therefore it is not intended that the invention be limited
      to the disclosed embodiments or to details thereof and departures may be
      made therefrom within the spirit and scope of the invention as defined in
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A computer controlled plotting system in which lines and symbols are
      automatically drawn on a drawing material in response to control signals,
      which drawing material resides upon a supporting surface of said plotting
      system, including a carriage assembly movable generally in a plane over
      said drawing material, said carriage assembly being capable of motion in
      two generally orthogonal coordinate directions in said plane and at least
      one writing instrument mounted on said carriage assembly for writing on
      said drawing material when said carriage is moved in response to said
      control signals, the improvement comprising: a cursor manually
      positionable over said drawing material for indicating the coordinate
      location of said cursor with respect to said supporting surface, said
      cursor being operably connected to said carriage assembly such that motion
      of said cursor with respect to said supporting surface generates said
      control signals which cause said carriage to move in response thereto,
      said cursor being mechanically suspended from said carriage assembly and
      having limited freedom of movement in the two coordinate directions
      relative to the carriage assembly and the support surface of the plotting
      system.
NUM  2.
PAR  2. A plotting system in accordance with claim 1 wherein said cursor
      comprises a reticle rigidly mechanically connected to a sensing element
      which senses electromagnetic energy emanating from a source mounted on
      said carriage such that motion of said sensing element in a plane
      generally perpendicular to said source causes an error signal to be
      generated, said error signal being coupled to a carriage positioning means
      which moves said carriage in response thereto.
NUM  3.
PAR  3. A plotting system in accordance with claim 2 in which said carriage
      positioning means includes a servomechanism responsive to said error
      signal.
NUM  4.
PAR  4. A plotting system in accordance with claim 3 wherein said carriage
      assembly includes a first carriage movable over said supporting surface in
      one of said orthogonal coordinate directions and a second carriage mounted
      on said first carriage and movable thereon in the other of said orthogonal
      coordinate directions.
NUM  5.
PAR  5. A plotting system in accordance with claim 4 wherein said writing
      instrument and said electromagnetic energy source are mounted on said
      second carriage and are movable therewith.
NUM  6.
PAR  6. A plotting system in accordance with claim 2 wherein said sensing
      element is a photodetector which converts light energy to electrical
      energy, and wherein said source is a light source.
NUM  7.
PAR  7. A plotting system in accordance with claim 6 wherein said photodetector
      includes means for sensing the light energy impinging upon four quadrants
      thereof and for generating four electrical signals, each of which
      electrical signals being in response to said light energy in one of said
      quadrants, and means for comparing said electrical signals such that two
      positional error signals are generated, each of which positional error
      signals is indicative of cursor position in one of said mutually
      orthogonal coordinate directions.
NUM  8.
PAR  8. A plotting system in accordance with claim 7 further comprising: means
      responsive to said two positional error signals for converting said error
      signals into trains of motor pulses, and servomechanism means for
      controlling the motion of said carriage assembly in said two orthogonal
      coordinate directions in response to said motor pulses.
NUM  9.
PAR  9. A plotting system in accordance with claim 8 wherein said means
      responsive to said positional error signals includes a pair of voltage
      controlled oscillators, the frequencies of which are dependent upon said
      positional error signals, with said frequencies further being directly
      related to the frequencies of said motor pulses, one of which voltage
      controlled oscillator frequencies is related to the frequency of said
      motor pulses in one of said orthogonal coordinate directions and the other
      of which voltage controlled oscillator frequencies is related to the
      frequency of said motor pulses in the other of said orthogonal coordinate
      directions.
NUM  10.
PAR  10. A plotting system in accordance with claim 5, further including means
      responsive to the output of said sensing element for generating a pair of
      error signals, each of which error signals is indicative of cursor
      position in one orthogonal axis.
NUM  11.
PAR  11. A plotting system in accordance with claim 10 further comprising means
      associated with each of said orthogonal axes, each of which means is
      responsive to one of said error signals for generating motor control
      signals; and motors associated with each of said carriages for controlling
      the motion thereof in response to said motor control signals.
NUM  12.
PAR  12. A plotting system in accordance with claim 10 wherein said cursor
      position is stored in said computer.
NUM  13.
PAR  13. A plotting system in accordance with claim 11 wherein said cursor
      includes a touch sensitive circuit actuatable upon the physical touching
      of said cursor, and gating means actuatable by said touch sensitive
      circuit for enabling said system.
NUM  14.
PAR  14. A plotting system in accordance with claim 13 wherein said touch
      sensitive circuit is completed by the resistance of the hand of an
      operator upon touching said cursor.
NUM  15.
PAR  15. A plotting system in accordance with claim 13 further including
      solenoid means for raising said cursor from said drawing material a
      predetermined distance when plotting.
NUM  16.
PAR  16. A plotting system in accordance with claim 5 further comprising vacuum
      holddown means operably associated with said supporting surface for
      holding said drawing material in close contact therewith.
NUM  17.
PAR  17. A plotting system in accordance with claim 5 wherein said supporting
      surface includes a substantially translucent material upon which said
      drawing material resides and further comprising illumination means mounted
      behind the opposite surface of said translucent material to which said
      drawing material resides for illuminating said drawing material.
NUM  18.
PAR  18. A computer controlled positioning system in which a carriage assembly
      is automatically positioned to predetermined coordinate locations in a
      plane generally parallel to a surface in response to control signals from
      said computer and wherein said carriage assembly includes a tool mounted
      thereon for working on material positioned on said surface as said
      carriage assembly moves with respect to said material, the improvement
      comprising: a cursor manually positionable with respect to said coordinate
      locations, said cursor being operably connected to said carriage assembly
      such that motion of said cursor with respect to said surface generates
      control signals which cause said carriage to move in response thereto,
      said cursor being mechanically suspended from said carriage assembly and
      manually movable by limited amounts relative to the carriage assembly to
      coordinate locations on the material positioned on said surface.
NUM  19.
PAR  19. A positioning system in accordance with claim 18 further including
      energy sensing means mechanically connected to said cursor and energy
      generating means mounted on said carriage assembly to which said energy
      sensing means is responsive such that motion of said energy sensing means
      with respect to said energy generating means is detected and converted
      into electrical signals; and means for utilizing said electrical signals
      for controlling the motion of said carriage assembly.
NUM  20.
PAR  20. A computer controlled graphics system comprising:
PA1  a plotting table for drawing lines and symbols on drawing material mounted
      on the support surface of the table in response to positioning signals
      generated by a servomechanism having two coordinate axes extending
      parallel with the table surface;
PA1  a stylus movable in at least two coordinate directions associated
      respectively with coordinate axes of the servomechanism;
PA1  motion conversion means for converting the motion of said stylus into
      electrical signals;
PA1  electronic cursor generation means controlled by said electrical signals
      for generating a cursor, the location of which with respect to a reference
      grid is stored by said computer, the reference grid having coordinate axes
      corresponding respectively with the axes of the servomechanism and the
      coordinate directions of the stylus, and
PA1  counter means, the input of which is coupled to said computer for receiving
      said stored cursor locations, and the output of which is coupled to said
      servomechanism for controlling the generation of said positioning signals.
NUM  21.
PAR  21. A computer controlled graphics system in accordance with claim 20
      wherein said electronic cursor generation means comprises a storage
      cathode ray tube, having a visual display area associated therewith, upon
      which visual display area said reference grid is located, and wherein said
      electronic cursor comprises a light spot movable over said visual display
      area, said light spot being generated by the electron beam of said storage
      cathode ray tube.
NUM  22.
PAR  22. A computer controlled graphic system in accordance with claim 20
      wherein said positioning signals are generated by a stepping motor.
NUM  23.
PAR  23. A computer controlled graphics system in accordance with claim 21
      wherein said plotting table includes:
PA1  a first carriage movable in one coordinate direction a second carriage
      movably mounted on said first carriage for motion in a coordinate
      direction orthogonal to said first mentioned orthogonal direction;
PA1  a writing assembly mounted on said second carriage including at least one
      writing instrument, and
PA1  motor pulse generation means for generating motor pulses in response to the
      output of said counter means,
PA1  means for controlling said servomechanism in response to said motor pulses,
PA1  and means for coupling said positioning signals to said first and second
      carriages for controlling the motion of said first and second carriages in
      said orthogonal coordinate directions.
NUM  24.
PAR  24. A plotting system in accordance with claim 23 further including a
      cursor positionable over said drawing material for digitizing the
      coordinate location of said cursor on said material, and means controlled
      by said electronic cursor for positioning said cursor over said drawing
      material.
NUM  25.
PAR  25. A digitizing cursor apparatus for use with an automatic plotting system
      including:
PA1  an energy generation means rigidly mounted to a carriage movable in a first
      plane;
PA1  an energy detector having four energy sensitive quadrants responsive to the
      output of said energy generation means and movably mounted in a second
      plane, substantially parallel to said first plane;
PA1  a reticle rigidly connected to said energy detector and movable therewith
      in said second plane;
PA1  means connected with the detector for converting the detected energy into
      an electrical signal indicative of the quantum of energy impinging upon
      the quadrants of said energy detector; and
PA1  means for utilizing said electrical signal to control the motion of said
      carriage such that said energy generation means is generally centered
      above the quadrants of said energy detector.
NUM  26.
PAR  26. A digitizing cursor apparatus in accordance with claim 25 wherein said
      means for utilizing comprises:
PA1  means for converting said electrical signal into a digital control signal;
      and
PA1  a servomechanism controlled by said digital control signal operably
      connected to said carriage for moving said carriage in said first plane.
NUM  27.
PAR  27. A digitizing cursor apparatus in accordance with claim 26 wherein said
      carriage is movable in two coordinate directions in said first plane.
NUM  28.
PAR  28. A digitizing cursor apparatus in accordance with claim 27 wherein said
      means for converting is coupled with a counter, and means for storing the
      contents of said counter.
NUM  29.
PAR  29. In a device having a support table and a carriage translatable by means
      of a servomotor over a supporting surface defined by the table, the
      improvement comprising:
PA1  a manually engaged cursor suspended from the carriage for limited freedom
      of movement relative to the carriage parallel to the supporting surface of
      the table and having means for signalling manual engagement of the cursor:
PA1  sensing means for detecting the relative movement of the cursor and
      carriage and producing error signals indicative of the relative movement;
PA1  servomotor control means connected with the sensing means and the
      servomotor and responsive to the error signals for driving the servomotor
      and causing the carriage to follow the cursor over the supporting surface
      of the table; and
PA1  gating means interposed between the sensing means and the servomotor
      control means and being connected with and responsive to the means for
      signalling for activating the servomotor control means when the cursor is
      manually engaged.
NUM  30.
PAR  30. In a device having the support table and carriage, the improvement of
      claim 29 wherein the sensing means is mounted on the carriage together
      with the suspended cursor.
NUM  31.
PAR  31. In a device having the support table and carriage, the improvement of
      claim 30 wherein the sensing means comprises a photosensor mounted for
      movement with the cursor relative to the carriage.
NUM  32.
PAR  32. The improvement of claim 30 wherein: the sensing means is a four
      quadrant photosensor; and a light source is also mounted on the carriage
      for illuminating selected areas of the photosensor in accordance with the
      cursor movements.
NUM  33.
PAR  33. The improvement of claim 29 wherein means including a counterbalance
      are provided for suspending the cursor from the carriage in a balanced
      condition.
NUM  34.
PAR  34. The improvement of claim 33 wherein the means including the
      counterbalance includes a tongue plate on which the cursor is mounted and
      a balance beam pivotally connected to both the carriage and the tongue
      plate.
NUM  35.
PAR  35. The improvement of claim 34 further including a damping member
      extending between the carriage and the tongue plate.
NUM  36.
PAR  36. The improvement of claim 34 wherein the sensing means is also mounted
      on the tongue plate.
NUM  37.
PAR  37. The improvement of claim 29 further including
PA1  a meter connected with the servometer control means for measuring the
      absolute location of the cursor over the supporting surface of the table;
      and
PA1  data recording means connected with the meter for recording selected
      locations of the cursor over the supporting surface.
NUM  38.
PAR  38. The improvement of claim 37 further including a control buttom mounted
      on the cursor and connected with the data recording means for entering
      from the meter selected locations of the cursor in the date recording
      means.
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ABST
PAL  A circuit for analog adjustment of a machine including a programming means
      to generate a fixed number of discrete control voltages. Each programmed
      control voltage corresponds to the desired machine control voltage at a
      particular moment of time in the cycle of the controlled machine. A
      staircase voltage is generated during the time period between two
      successive moments in the machine cycle, i.e., a machine cycle interval at
      which the control voltage is defined. The staircase voltage starts during
      each machine interval at the programmed control voltage corresponding to
      one moment of time in the machine cycle at the beginning of a particular
      machine cycle interval and ending, at the beginning of the next machine
      cycle interval, at the programmed control voltage for the moment of time
      corresponding to the beginning of the next machine cycle interval. The
      staircase voltage has a maximum step amplitude change that is small
      compared to the voltage difference between successive programmed control
      voltages so as to prevent undesirable step changes in the machine control
      voltage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the field of machine control and, more
      particularly to analog adjustment of machine operation during the machine
      cycle.
PAR  The invention is particularly adapted for use in controlling machines where
      the operation is varied many times during each machine cycle. For example,
      in parison extrusion machines utilized in blow molding processes, the
      parison tooling orifice is frequently changed during the extrusion cycle
      to vary the parison wall thickness along the length of the extruded tube.
      The extruded parison tube is then placed in a mold and expanded by gas
      pressure introduced into the tube to fit the mold shape. By varying the
      wall thickness along the length of the extruded parison tube, the tube can
      be expanded to fit the inner surface of the mold to produce a finished
      product with any desired wall thickness profile.
PAR  In order to control the tooling orifice of an extruder to vary the parison
      tube wall thickness, controllers of the type described in the Hunkar
      patent, U.S. Pat. No. 3,712,772 have been developed. The controller there
      described includes a matrix-type patchboard in which the desired parison
      wall thickness is programmed for each time interval of the extrusion
      cycle. The patchboard is periodically scanned by an electronic timing
      mechanism to accordingly adjust the extruder tooling orifice. By changing
      the tooling orifice, the parison wall thickness is varied during the
      extrusion cycle to produce a parison tube with the desired wall thickness
      profile along the tube length.
PAR  In the operation of parison extrusion machines, it has been found that
      large step-like changes in the tooling orifice are undesirable. When a
      large step change occurs in the tooling orifice during extrusion of a
      parison tube, a ring is produced in the parison tube which, after the tube
      has been expanded into the mold, produces a noticeable and unattractive
      ring in the finished product.
PAR  For other types of machines in which the operation is varied at intervals
      in the machine cycle, large step changes in the control voltage may give
      rise to undesirable machine operation. For example, a large step change
      may cause undesirable overshoot of the controlled mechanism. As such, the
      finished product may have an undesired appearance or other undesired
      feature.
PAR  While controllers of the type described in the above mentioned patent have
      been well accepted, it has been found that the extrusion cycle must be
      divided into a large number of sequential intervals in order to generate
      the analog control signals for controlling the tooling orifice at a fast
      enough rate so that the largest step change in control voltage is small to
      thereby avoid the problem associated with large step changes during the
      extrusion cycle. For typical parison extrusion applications, it has been
      found that as many as 256 program points are necessary in order to prevent
      the problems of step changes. For controllers of the type described in
      U.S. Pat. No. 3,712,772, such a large number of program points cannot be
      accommodated without significant design changes being made which add to
      the cost of the controller. Even if a controller were available with 256
      programmable points, operator inconvenience occurs because 256 changes
      have to be made in the controller patchboard to change the parison profile
      from one application to another.
PAR  An alternative approach to solving the problem has been to utilize an RC
      type circuit to generate a varying control voltage during each machine
      cycle interval. Because the RC circuit uses a resistor/capacitor network,
      the analog output thereof follows a curve with a fixed time constant.
      Because the control function generated by the controller usually has both
      large and small control voltage changes from one machine cycle interval to
      another, an RC circuit with a fixed time constant cannot smoothly vary the
      control voltage during a fixed time interval for all such voltage steps
      encountered in a typical application. For example, an RC interpolator
      designed to smoothly change the voltage during a given time period between
      two different amplitudes will produce a step-like voltage change during a
      time period of the same length where the voltage difference between the
      two amplitudes is significantly smaller than the first two amplitudes. As
      such, the RC circuit does not produce a smooth control voltage function
      nor does it solve the problem of large voltage steps.
PAC  OBJECTS OF THE INVENTION
PAR  Therefore, in view of the foregoing difficulties, it is the primary
      objective of the invention to provide a circuit for generating an analog
      control voltage from a small fixed number of programmed points for
      controlling a machine during its machine cycle wherein the largest step
      change in control voltage is not large enough to cause undesirable machine
      operation.
PAR  In accordance with this objective, the invention is predicated on the
      concept of sampling two successive program points associated with the
      beginning of two successive machine cycle intervals and generating a
      staircase voltage during the first interval in which the maximum step
      change in the staircase is small enough to prevent undesirable machine
      operation.
PAR  In accordance with the preferred embodiment of the present invention, a
      patch panel of the type described in U.S. Pat. No. 3,712,772 provides a
      discrete number of programmed analog control voltages. Each of these
      analog control voltages is programmed on the patch panel and corresponds
      to the desired machine control voltage at the beginning of a specific
      interval in the machine cycle. The patch panel itself has as many program
      points as there are intervals in the machine cycle. In a preferred form of
      the invention, the patch panel includes 34 programmable points.
PAR  The patch panel is sampled by two different analog multiplexers with the
      output of the first multiplexer being equal to the control voltage from
      the patch panel for one machine cycle interval and the output of the
      second analog multiplexer being equal to the control voltage associated
      with the next machine cycle interval. The output of each analog
      multiplexer is applied to opposite ends of a ladder network having a
      plurality of intermediate connection points with voltages thereat which
      are intermediate the two control voltages.
PAR  A third analog multiplexer is connected to sample the intermediate
      connection points of the ladder network. The intermediate connection
      points are sampled at a speed greater than the interval or stepping rate
      at which the first and second multiplexers are stepped. As such, the
      output of the third analog multiplexer is a staircase voltage beginning at
      the analog control voltage selected by the first analog multiplexer at the
      beginning of each machine cycle interval and stepping upwardly or
      downwardly in equal steps toward the voltage at the output of the second
      analog multiplexer.
PAR  When the third analog multiplexer has completed the staircase voltage for a
      given interval in the machine cycle, the first and second analog
      multiplexers are stepped thereby changing the output to correspond to the
      analog control voltage associated with the beginning of the next two
      machine cycle intervals and the third analog multiplexer begins generating
      another staircase voltage associated with the next machine cycle interval.
      By providing a sufficient number of subintervals in each machine cycle
      interval and an equal number of intermediate connection points on the
      ladder network, the magnitude of voltage steps in the generated staircase
      voltage during any machine cycle interval is small enough so that the
      maximum step change of the control voltage generated thereby will not
      cause undesirable machine operation.
PAR  While the machine according to the present invention effectively eliminates
      the problem of large step changes in controlled voltage, a subsidiary
      advantage of the invention is that the desired control voltage during each
      machine cycle is generated by an apparatus having few program points on
      the patch panel so the circuit is less expensive than suitable prior art
      devices which perform the same function. Additionally, the invention is
      more convenient to use than suitable prior art devices since the patch
      panel utilized in the present invention is smaller than that required by
      prior art controllers capable of performing the same function.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and advantages of the invention will become
      clearer from the following detailed description of a preferred embodiment
      of the invention taken in connection with the drawings which form a part
      of the original disclosure wherein:
PAR  FIG. 1 is a diagrammatic view of a parison extrusion machine incorporating
      a controller including the invention;
PAR  FIG. 2 is a block diagram of the electronic circuitry of the invention; and
PAR  FIG. 3 shows typical waveforms at different points in the circuit of FIG.
      2.
DETD
PAC  DEFINITIONS
PAR  Machine Cycle: This term refers to the time required for the connected
      machine to perform the operation which is controlled by the invention. In
      parison extrusion machines, the term machine cycle refers to the time
      required for the machine to completely extrude a parison tube.
PAR  Machine Cycle Interval: This term refers to a period of time in the machine
      cycle and each machine cycle comprises a plurality of machine cycle
      intervals.
PAR  Machine Cycle Subinterval: This term refers to a period of time in a
      machine cycle interval and each machine cycle interval comprises a
      plurality of machine cycle subintervals.
PAR  Programmed Control Voltage: This term refers to a preset voltage or signal
      corresponding to the desired voltage for controlling the machine at a
      given moment of time in the machine cycle. The programmed control voltage
      is defined by a programming means and corresponds to the desired voltage
      at the beginning of a machine cycle interval.
PAC  GENERAL DESCRIPTION
PAR  Referring first to FIG. 1, a diagrammatic view of a parison extrusion
      machine is shown. For a detailed description of a machine of this type,
      reference is made to U.S. Pat. No. 3,712,772 which includes a more
      detailed discussion and the disclosure therein, in its entirety, is herein
      incorporated by reference.
PAR  The circuit of the present invention is particularly adapted for
      controlling parison extrusion machines although other fields of utility
      will undoubtedly occur to those skilled in the art.
PAR  FIG. 1 illustrates diagrammatically one form of a parison extruder, shown
      generally at 10. It is to be understood that the specific details of the
      parison extruder constitute no part of the present invention and the
      details included herewith are merely exemplary of one type of machine
      which may be utilized in connection with the invention. In general, the
      extruder 10 extrudes a quantity of heated plastic through an extruder head
      11. The head 11 has a stationary die orifice 12 and a movable mandrel 13
      including a core portion 14 which cooperates with a stationary die 15. The
      relative position of the movable core portion 14 with respect to the
      stationary die 15 controls the size of the die orifice 12 and, therefore,
      the wall thickness of the extruded parison tube 16.
PAR  After the parison tube 16 is extruded from the head, it is cut by a moving
      knife blade (not shown) and the cut parison tube is transported to a mold
      (not shown) consisting of two mold halves which completely encircle the
      tube. The tube, which is still soft, is subsequently expanded into contact
      with the inner surface of the mold by the introduction of gas under
      pressure into the interior of the tube. Again, the construction of the
      mold constitutes no part of the present invention. Details of one suitable
      form of extruding apparatus and molding apparatus are shown in Negoro,
      U.S. Pat. No. 3,019,481 for "Durable Orifice Extrusion Die," Ruekberg et
      al, U.S. Pat. No. 2,784,452 for "Vertical Machine With Radially Moving
      Molds for Forming Hollow Articles" and Williams, U.S. Pat. No. 3,368,241
      for "Functionally Controlled Electro-Servo Variable Extrusion Apparatus".
PAR  It is to be understood that the present invention can be used with control
      systems for other types of extrusion apparatus, for example, apparatus of
      the type in which the mandrel remains stationary while the extruder head
      is shifted toward and away from the mandrel to vary the size of the die
      opening and, therefore, the thickness of the extruded tube wall.
      Additionally, the invention may be utilized in the control system for an
      extruder of the type having a transversely shiftable die so that the
      thickness of the wall can be varied asymmetrically, i.e., one side of the
      wall may be made thicker than the opposite side. The invention may also be
      utilized with any other form of extruder having controllable apparatus for
      varying the size of the tooling orifice through which the parison is
      extruded.
PAR  As shown diagrammatically in FIG. 1, an electronic controller, shown
      generally at 17, is provided to control the operation of the extruder
      system 17A so as to produce a parison tube 16 with the desired wall
      thickness profile. The controller 17 generates an analog control voltage
      at its output 18 which is utilized by a servo amplifier 19 to drive a
      servo valve mechanism shown generally at 20. The servo valve 20 controls
      the flow of pressurized fluid to a mandrel-shifting cylinder shown
      generally at 21. By changing the voltage amplitude at the output 18 of the
      electronic controller 17, the position of the mandrel 13 is varied to
      thereby control the die orifice 12 which, in turn, controls the wall
      thickness of the extruded parison tube 16.
PAR  A linear motion transducer (LVDT) 22 is connected to the mandrel 13 to
      generate an electrical feedback signal connected via the wire 23 to the
      servo amplifier 19. The feedback signal is utilized by the servo amplifier
      19 to control the movement of the mandrel 13 so as to assure correct
      positioning thereof.
PAR  In the present invention, the electronic controller 17 generates the
      desired analog control voltage function at its output 18 for controlling
      the extruder 10 or other connected machine during the machine cycle. The
      controller 17 is shown in greater detail in FIG. 2 and includes a control
      voltage programmer shown within the dotted line 25. The programmer 25 has
      a plurality of output wires shown generally at 26, each output wire 26 has
      a DC voltage thereon which defines the machine control voltage which is
      desired to be applied by the controller 17 to the machine at a particular
      instant of time in the machine cycle.
PAR  The controller 17 includes a selector, shown within the dotted line 27, for
      sequentially selecting two successive outputs 26 of the programmer 25.
      Consequently, at any moment in time, the outputs 27a, 27b of the selector
      27 corresponds to the control voltage for the connected machine desired at
      two different successive moments of time in the machine cycle. As
      hereinafter used, the term machine cycle interval corresponds to a length
      of time in the machine cycle between two different successive moments of
      time in the machine cycle.
PAR  The selector 27 includes means to change the voltages at the outputs 27a
      and 27b at the beginning of each machine cycle interval. As such, the
      output voltage at 27a for a particular moment of time corresponds to the
      desired control voltage for the connected machine at the beginning of the
      machine cycle interval in which the particular moment of time occurs. The
      voltage at 27b corresponds to the desired control voltage at the beginning
      of the next machine cycle interval.
PAR  The outputs 27a and 27b are connected to a staircase generator, shown
      within the dotted line 28. The staircase generator 28 generates a
      staircase voltage at its output 29 which starts at the beginning of each
      machine cycle interval at the voltage at 27a and steps in equal steps
      toward the voltage at 27b during the machine cycle interval. When the next
      machine cycle interval begins, the generator 28 produces a voltage step of
      the same magnitude as each step in the preceding machine cycle interval to
      set the output voltage at 29 to the voltage then appearing at 27a which
      was identically the voltage at 27b during the preceding machine cycle
      interval. As such, the voltage at the output 29 of the generator 28 is a
      staircase which makes a straight line approximation of the voltage
      function between the desired voltages defined by the programmer 25 for two
      moments of time occurring at the beginning of two successive machine cycle
      intervals.
PAC  DETAILED DESCRIPTION
PAR  In a preferred form of the invention as shown in greater detail in FIG. 2,
      the programmer 25 comprises a patch panel 30 capable of providing a
      plurality of discrete programmable voltages at the outputs 26. In the
      embodiment shown, the patch panel 30 includes 32 vertically arranged
      conductors 31 each of which comprises one output 26 of the programmer 25.
      The exact number of vertical conductors 31 is equal to the number of
      programmed points produced by the programmer 25 with one point being
      produced for each machine cycle interval. While 32 intervals are provided
      in the preferred embodiment, the exact number required for each
      application can vary from application to application.
PAR  The patch panel 30 also has a plurality of horizontally arranged conductors
      32 which cross each of the vertically arranged conductors 31 without being
      connected thereto.
PAR  A ladder network, shown generally at 33, includes a plurality of
      series-connected resistors 34 connected between a voltage source +V and
      ground. The resistors 34 each preferably have the same resistance value so
      that the voltage across each resistor 34 is the same. Each horizontal wire
      32 is connected at its leftmost end to a junction between two resistors 34
      in the ladder 33. As such, each horizontal wire 32 is connected to a
      voltage source and the voltage difference between any adjacent pair of
      wires 32 is equal to the voltage difference between any other adjacent
      pair of wires 32.
PAR  The patch panel 30 includes means for interconnecting the vertical
      conductors 31 with the horizontal conductors 32. At a typical junction
      point shown generally at 35, a conductive pin interconnects a horizontal
      conductor 36 to a vertical conductor 37 so that the voltage on the
      horizontal conductor 36 is connected directly to the vertical conductor
      37. In this manner, a predetermined or programmed control voltage is
      applied to the vertical conductor 37 which is utilized in a manner to be
      described later. By providing one pin to connect each vertical conductor
      31 with one horizontal conductor 32, each of the vertical conductors 31
      has a programmed control voltage thereon for controlling the operation of
      a machine during its machine cycle. As indicated above, each vertical wire
      31 has a voltage thereon which equals the desired control voltage at the
      beginning of a specified machine cycle interval.
PAR  A patch panel of the type described in connection with FIG. 2 is described
      in greater detail in U.S. Pat. No. 3,712,772. It is understood that other
      conventional circuits such as power supplies may be used to produce the
      control voltages in place of the described patch panel.
PAR  A first analog multiplexer 50 with a plurality of inputs, shown generally
      at 51, has each input 51 electrically connected to only one of the
      vertical conductors 31 of the patch panel 30. The first analog multiplexer
      50 is preferably an electronic switching mechanism which acts like a
      stepping switch to connect one and only one input 51 to the output 52 at
      any given moment in time. The first analog multiplexer 50 responds to
      pulses at the stepping pulse input 53 to change which vertical conductor
      31 in the patch panel 30 is electrically connected to the output wire 52.
PAR  As indicated generally above, the patch panel 30 includes 32 vertical
      conductors 31 and, therefore, the first analog multiplexer 50 also has 32
      discrete inputs. By providing stepping pulses at the input 53, at a rate
      of one pulse per machine cycle interval, the first analog multiplexer 50
      successively connects each of the vertical wires 31 to the output 52 so
      that during successive machine cycle intervals, each of the programmed
      control voltages from the programmer 25 is connected to the output 52.
PAR  A second analog multiplexer 54 is also connected via a plurality of inputs
      shown generally at 55 to the vertical wires 31 of the patch panel 30. The
      second analog multiplexer 54, however, has its first input connected to
      the second vertical wire 31 of the patch panel 30. In a similar manner,
      each other input of the second analog multiplexer 54 is connected to the
      remaining vertical wires 31 of the patch panel 30.
PAR  The second analog multiplexer 54 is preferably identical to the multiplexer
      50 and has an output 56 which is connected electrically to each input 55
      in sequence in response to stepping pulses at the stepping pulse input 57.
      Since the second analog multiplexer 54 also has 32 inputs and the patch
      panel has only 32 vertical conductors 31, the thirty-second input to the
      second analog multiplexer 54 is connected to a fixed voltage indicated as
      a final voltage. This final voltage corresponds to the desired voltage at
      the output 27 at the end of the controlled machine cycle.
PAR  The analog multiplexers 50 and 54 are synchronized so that the first input
      of analog multiplexer 50 is connected electrically to the output 52 when
      the first input to the multiplexer 54 is connected to its output 56. As
      such, the program control voltage of the first vertical conductor 31 in
      the patch panel 30 is connected to the output 52 at the same time as the
      analog control voltage on the second vertical wire 31 is connected to the
      output 56. Additionally, the first and second multiplexers 50 and 54 are
      stepped together because their stepping pulse inputs 53 and 57 are
      electrically connected together. Therefore, when a stepping pulse occurs
      at the beginning of a machine cycle interval, the voltage previously
      appearing at 56 is switched to output 52 and the control voltage desired
      at the beginning of the next machine cycle interval appears at 56.
PAR  Each of the outputs 52 and 56 is connected to the input of a buffer
      amplifier circuit 60 and 61 respectively. Each of these buffer amplifiers
      60 and 61 has a high input impedance and produces a voltage at its
      respective output 27a and 27b which is equal to the voltage at its input.
      The buffer amplifiers 60 and 61 are provided to prevent unnecessary
      loading of the patch panel 30.
PAR  The output 27b of the buffer amplifier 61 is connected, as shown generally
      at 64, to one end of a second ladder network shown generally at 65. The
      output 27a of the buffer amplifier 60 is connected as shown generally at
      66 to the other end of the ladder network 65. The ladder network 65 itself
      comprises a plurality of series connected resistors 67 each having an
      identical resistance so as to produce at the intermediate connection
      points 73 between these resistors 67 a plurality of different voltages
      which lie between the program control voltages at the respective outputs
      of the multiplexers 50 and 54.
PAR  A third analog multiplexer 70 with a plurality of inputs, shown generally
      at 71, has each input 71 connected to one intermediate connection point 73
      in the ladder network 65. The third analog multiplexer 70 responds to
      pulses at its input 74 to sequentially change the electrical connection
      between different inputs 71 and the output 29.
PAR  The third analog multiplexer 70 has a total of N inputs where N represents
      the total number of subintervals into which each machine cycle interval is
      divided. In one embodiment of the invention, N is 8 so that each machine
      cycle interval has 8 sub-intervals. In another embodiment, N is 16. The
      exact value of N is selected so that the amplitude of each staircase step
      is small enough to avoid the problems associated with larger steps. By
      increasing the value of N, the maximum step change of control voltage
      associated with a given programmed function is reduced and vice versa.
PAR  During each machine cycle interval, the third analog multiplexer 70
      produces a staircase voltage at its output 29 such as shown in FIG. 3.
      During the first subinterval of a given machine cycle interval, the output
      voltage at 29 is identically equal to the voltage at the output 27a of the
      buffer amplifier 60. During the second subinterval in the same machine
      cycle interval, the analog multiplexer 70 connects its second input to its
      output 29 so that the voltage at the output 29 is identically equal to the
      voltage at the intermediate connection point 76 in the ladder network 65.
      During the third subinterval of the machine cycle interval, the
      intermediate connection point 77 is connected to the output 29. The
      voltage at the output 29 continues to change at the end of each
      subinterval until the Nth subinterval when the voltage is equal to the
      voltage at the point 78. As such, a staircase voltage with N steps is
      generated by the ladder 65 and the multiplexer 70 during each machine
      cycle interval.
PAR  As indicated above, the input 74 of the multiplexer 70 receives pulses at
      the subinterval rate which are generated by a subinterval pulse generator
      80. This pulse generator 80 may be any type of pulse generator which
      produces the desired number of subinterval pulses during the time period
      of the machine cycle. For the preferred embodiment 256 pulses are
      generated thereby during the machine cycle. A counter 81 responds to the
      same subinterval pulses applied to the pulse input 74 of the third analog
      multiplexer 70 and generates a pulse at its output 82 for every N pulses
      at its input. The pulses at the output 82 are electrically connected to
      the stepping input 53 and 57 of the analog multiplexers 50 and 54
      respectively. As such, for each N subinterval pulses received at the input
      to the counter 81, an interval pulse is generated at the output 82 for
      stepping the analog multiplexers 50 and 54 at the beginning of each
      machine cycle interval. As indicated earlier, the preferred value of N is
      8 so that each machine cycle interval is divided into 8 subintervals.
PAC  OPERATION
PAR  The operation of the circuit is best illustrated by FIG. 3. It is assumed
      that plugs are inserted into the patch panel 30 to program the desired
      voltages for the controlled machine. Each such desired voltage corresponds
      to the control voltage at the beginning of each time interval in the
      machine cycle. The actual control voltage will vary from one application
      to another because different machines require different control voltages.
      The voltages specified below are merely illustrative of the circuit
      operation.
PAR  By way of example, it is assumed that the voltage at the first input wire
      83 to the analog multiplexer 50 is 4.0 volts, the voltage at the second
      input wire 84 is 3.2 volts and the voltage at the third input wire 85 is
      4.8 volts. Similarly, the voltage at the first three inputs of the second
      analog multiplexer 54 is 3.2 volts, 4.8 volts and 4.4 volts respectively.
      The remaining programmable points are set by inserting one pin into the
      patch panel 30 for each vertical wire 31.
PAR  It is assumed that the analog multiplexer 70 has eight inputs, i.e., the
      value of N is 8. As such, the counter 81 must produce a pulse at its
      output 82 after eight pulses have been received at its input.
PAR  At the outset of the controlled machine cycle, the subinterval pulse
      generator 80 begins to produce pulses as indicated in FIG. 3 at the point
      74. The first subinterval pulse is operative to generate a pulse at the
      input 53 and 57 to reset the analog multiplexers 50 and 54 respectively to
      connect their respective first inputs to their respective outputs 52 and
      56. As such, the voltage at the point 52 is 4.0 volts and the voltage at
      the point 56 is 3.2 volts.
PAR  The first subinterval pulse also is operative to reset the third analog
      multiplexer 70 to connect its first input to its output 29. Therefore,
      during the first machine cycle subinterval, the voltage at the output 29
      is 4.0 volts because the voltage at the first input wire 83 is 4.0 volts.
PAR  When the next machine cycle subinterval pulse is received at the input 74,
      the output 29 is connected to the second input of the multiplexer 70.
      Since the voltage difference across the ladder network 65 is 0.8 volts and
      the ladder network 65 has eight resistors 67 each with equal resistance,
      the voltage at the point 76 is 3.9 volts and, therefore, the voltage at
      the output 29 is also 3.9 volts during the second machine cycle
      subinterval.
PAR  As further successive subinterval pulses are received at the input 74, the
      voltage at the output 29 decreases in 2.1 volt step until the voltage
      reaches 3.3 volts during the last subinterval of the first machine cycle
      interval.
PAR  The next subinterval pulse causes the multiplexers 50 and 54 to step at the
      beginning of the second machine cycle interval so as to connect their
      respective second inputs to their respective outputs 52 and 56.
      Consequently, during the second machine cycle interval, the voltage at the
      output 52 is 3.2 volts and the voltage at the output 56 is 4.8 volts. As
      such, the voltage across each of the resistors 67 of the ladder network 65
      is 0.2 volts and each voltage step of the staircase voltage generated
      during the second machine cycle interval is also 0.2 volts.
PAR  The operation of the circuitry shown in FIG. 2 continues in the manner
      illustrated by FIG. 3 until all thirty-two machine cycle intervals have
      been completed. As such, 256 voltage steps are generated during the
      machine cycle from only 32 programmed voltages. After all of the 256
      voltage steps have been generated, the subinterval pulse generator 80
      ceases generating subinterval pulses until the beginning of the next
      machine cycle.
PAR  It will be readily appreciated that the foregoing illustrative example of
      the circuit operation will produce small step changes in the output
      control voltage at the subinterval rate. Since these step changes in the
      staircase voltage must be small to avoid the problems of large step
      changes in the machine control voltage function, the number of
      subintervals in each machine cycle interval may be different from
      application to application to avoid the problems of large step changes
      associated with each particular controlled machine. It is clear that an
      increase in the number N of subintervals in each machine cycle interval
      will cause a reduction in the maximum step change in the control voltage
      function and vice versa. Consequently, by selecting a large enough value
      for N for each application, the problems associated with large step
      changes in the control voltage function can be avoided. For many
      applications, a value of at least 8 for N has proved to provide very
      satisfactory control.
PAR  While the foregoing discussion places particular emphasis on a control
      system generating a control voltage at the output which is utilized
      directly by the controlled machine, it will be recognized by those of
      skill in the art that voltage scaling by amplifiers and the like may be
      utilized at numerous points in the circuit of the invention to scale the
      voltage thereat to produce the desired control voltage required by the
      machine. Additionally, it is clear that the principles of the invention
      can be utilized to generate a control current for machines which respond
      to current mode signals rather than voltage mode signals.
PAR  In addition to the foregoing modifications, the invention may be utilized
      to control the speed of a movable machine member such as the speed of a
      ram in an injection molding machine. Alternatively, the signals at the
      output of the circuit of the invention may also be utilized to control the
      direction of motion of a movable machine member such as a movable mold in
      a blow molding or similar machine. Indeed, the output signal of the
      invention can be utilized for almost any application where a predetermined
      analog signal as a function of time is needed.
PAR  While the foregoing description has been directed to a preferred embodiment
      and illustrative operation of the invention, it will be readily apparent
      to those skilled in the art that certain modifications in form only may be
      made without departing from the spirit and scope of the present invention
      as defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit for analog control of a machine during its machine cycle,
      comprising, in combination:
PA1  timing pulse generator for producing a plurality of timing pulses at
      equally spaced time intervals during the machine cycle;
PA1  a counter responsive to said timing pulse to produce a stepping pulse after
      a predetermined number of timing pulses are counted;
PA1  a control voltage programmer for generating a plurality of control
      voltages, each said control voltage corresponding to the desired control
      voltage for the machine at the beginning of a defined time interval of the
      machine cycle;
PA1  a first selector means responsive to said control voltage programmer and
      said counter for sequentially placing each of said plurality of control
      voltages on the first selector output in response to said stepping pulses;
PA1  a second selector means responsive to said control voltage programmer and
      said counter for sequentially placing each of said plurality of control
      voltages on the second selector output in response to said stepping
      pulses, said first selector means being operative to select the control
      voltage desired at the beginning of one time interval in the machine cycle
      while said second selector means being operative to select the desired
      control voltage at the beginning of the next time interval in the machine
      cycle;
PA1  a ladder network connected at one end to said first selector output and at
      its other end to said second selector output to produce a plurality of
      voltage outputs starting at the voltage at said first selector output and
      ending at the voltage at the output of said second selector;
PA1  a third selector means responsive to said ladder network and said timing
      pulses for selectively connecting in sequence the plurality of voltages
      from said ladder network to the third selector output in response to said
      timing pulses, the output of the third selector means being a staircase
      voltage during each machine cycle interval.
NUM  2.
PAR  2. The circuit of claim 1 wherein said counter counts more than two timing
      pulses before producing a stepping pulse.
NUM  3.
PAR  3. The circuit of claim 1 wherein said ladder network plurality of voltage
      outputs have equal voltage differences between all adjacent pairs of
      outputs.
NUM  4.
PAR  4. The circuit of claim 2 wherein said ladder network has the same number
      of outputs as there are timing pulses counted by said counter before
      producing a stepping pulse.
NUM  5.
PAR  5. A method of analog control of a parison extrusion machine with a
      variable extrusion die orifice comprising the steps of:
PA1  dividing the extrusion machine cycle into a plurality of machine cycle
      intervals, each machine cycle interval having a given time length;
PA1  generating a program control signal for each machine cycle interval, each
      program control signal being equal to the desired machine control signal
      at the beginning of the machine cycle interval for which the signal is
      generated;
PA1  generating a staircase signal during each machine cycle interval having a
      predetermined number of steps in the staircase signal, the staircase
      signal starting at the program control signal for the beginning of the
      machine cycle interval and ending, at the beginning of the next machine
      cycle interval, at the program control signal therefor;
PA1  connecting the staircase signal to vary the die orifice during the
      extrusion machine cycle to produce a parison extrusion having a varying
      wall thickness profile along its length;
PA1  adjusting the number of staircase steps during each machine cycle interval
      so that the maximum step change in the staircase signal during the
      extrusion machine cycle is small enough to prevent the formation of rings
      in the extruded parison.
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ABST
PAL  A control arrangement for plate cutting apparatus capable of making a cut
      which curves in, and is angled with respect to, the local plane of a
      plate, which arrangement comprises a programme representation defining a
      curve and relating an angle to that curve, and first and second sensor
      devices arranged to be responsive respectively to representations of the
      curve and corresponding angle, and arranged to send signals capable of
      controlling relative movement between the plate and a cutting device, and
      angular movement between the line of cut and the local plane of the plate
      respectively, in accordance with this programme.
BSUM
PAR  The invention relates to the profiling of metals by means of a "cutting
      torch" and, though applicable to metals in sheet or plate form, it is
      particularly but not exclusively concerned with the profiling of the end
      faces of metal tubes of substantial diameter, e.g. as large as 60 inch
      diameter or more, intended to form components in welded tubular
      structures.
PAR  It will be understood that the expression "cutting torch" used herein is
      used in a generic sense and is intended to include any cutting device
      known in the art of profiling.
PAR  The components in welded tubular structures are often of different sizes,
      and may be arranged at various angles and degrees of eccentricity to each
      other, as well as sometimes being joined to one more additional components
      at a "multi-intersection" which may be known, in the art of fabricating
      jackets for oil production platforms, as a "node." Such variations often
      give rise to profiles of some complexity which is further aggravated by
      the need for cutting a bevel on the profiled edge, as a preparation for
      fusion welding. In order to provide a bevel having a constant inclination
      to the line of contact of the profiled edge with the surface of its mating
      component, a usual procedure in such structures, it is necessary to vary
      the angle of cut of the bevel in accordance with the variation in the
      angle between the meeting surfaces of the two components along the
      profiled edge.
PAR  Moreover, it is generally accepted that there is an optimum minium, say
      40.degree., in the constant inclination mentioned above, so that, in the
      case of the inclination of one component to another being less than such
      optimum minimum, a bevel must be formed partly on the outer surface and
      partly on the inner surface on the profiled component, the run of the weld
      thus running from the outside to the inside of that component.
PAR  Further complexity thus arises in cutting the bevel. At the same time, it
      is clearly very desirable to provide for the simultaneous cutting of the
      profile and the cutting of the bevel on the profiled edge by one and the
      same cutting operation.
PAR  The required profile to be cut on the intersecting tubular component can be
      determined mathmatically as a function of the relative diameters of the
      intersecting portions of the components, the angle of intersection, the
      angle of bevel required, and the degree of eccentricity (if any) between
      axes of the two components. The surface to be cut can be represented by a
      360.degree. development of two lines, one line (the profile line)
      representing the contour of the edge of the bevel on the outer surface of
      the component i.e. the locus of the cutting point over the surface to be
      profiled, and the other line (the bevel line) representing the angle of
      cut of the bevel. Conveniently the other line may be so contoured relative
      to the profiled line that the lateral distance between the two lines at
      any point is linearlly proportional to the angle of cut of the bevel.
PAR  It is not essential that the distance between the two lines should
      represent the angle of cut of the bevel. The angle of cut may be
      represented by the distance between the bevel line and a straight datum
      line.
PAR  As explained above, it is necessary to vary the angle of cut of bevel as
      profiling proceeds, and it will be seen that such action causes a
      variation in the width of the "face" of the bevel along the circumference
      of the intersecting components, the width thus being a function of the
      cutting angle and the thickness of the wall of that component. The two
      lines mentioned above can conveniently be spaced laterally by varying
      amounts, between zero and maxium in either direction, corresponding to the
      variation in the angle of cut of the bevel, and in some cases the two
      lines may cross each other if plotted on the same datum.
PAR  According to the present invention, a component surface to be profiled is
      moved past a cutting torch so disposed in relation to the component
      surface that the cutting line passes transversely through the surface, the
      cutting point being movable bi-laterally with respect to the direction of
      movement of the component surface at the cutting point in response to
      movement of a profile scan line of predetermined contour and the axis of
      the cutting line being movable about an axis substantially perpendicular
      to the cutting line at the cutting point and extending in substantially
      the direction of movement of the surface at the cutting point in response
      to movement of a bevel scan line of predetermined contour.
PAR  The invention includes apparatus for carrying out the above profiling and
      bevelling operation, said apparatus comprising means for moving a
      component so that its surface to be profiled passes across the cutting
      line of a cutting torch, means for mounting the torch for movement
      bi-laterally with respect to the direction of movement of the component
      surface at the cutting point, means for rotating the torch on said
      mounting means independently of said bi-lateral movement about an axis
      substantially perpendicular to its cutting line at the cutting point and
      extending in substantially the direction of movement of the component
      surface at the cutting point, a support for profile and bevel scan lines
      each of predetermined contour means for moving said support across a
      scanning position in timed relationship with the movement of the
      component, means for mounting profile and bevel scanning devices for
      movement bilaterally with respect to the direction of movement of said
      support and independently movable relatively to each other so that each
      device is capable of independently following its scan line, and means
      responsive to movement of the profile and bevel scanning devices for
      moving the torch laterally and rotating the torch about said axis
      respectively.
PAR  The invention provides a control arrangement for plate cutting apparatus
      capable of making a cut which curves in, and is angled with respect to,
      the local plane of a plate, which arrangement comprises a programme
      representation defining a curve and relating an angle to that curve, which
      representation comprises two lines related to a common datum and a first
      sensor device operatively responsive to a representation of the curve and
      a second sensor device operatively responsive to a representation of the
      corresponding angle, said sensor devices being operatively connected to
      send signals respectively capable of controlling relative translational
      movement between the plate and a cutting device such that a constant
      relative speed is maintained therebetween, and angular movement between
      the line of cut and the local plane of the plate, in accordance with said
      programme representation.
PAR  The representation of the angle to the curve may be a measure of the
      distance between the two lines.
PAR  Preferably the sensor devices are photo electric cells having means to
      follow said lines by scanning action.
PAR  More particularly the invention provides a control arrangement as defined
      in the three preceeding paragraphs in combination with a plate cutting
      apparatus capable of making a cut which curves in and is angled with
      respect to the local plane of a plate.
PAR  Preferably the sensor devices are arranged to control servo motors which
      effect translational and rotational movement respectively of a cutting
      device relative to the plate, which is itself moved in conjunction with
      the programme.
PAR  It is preferred that a further sensor device is arranged to monitor
      translational creep of the plate, and to move the cutting apparatus
      accordingly.
PAR  It is further preferred that the further sensor device is a photo electric
      cell, and is arranged to actuate a further servo motor as it scans a
      reference marking on the plate.
PAR  More specifically the plate may be formed into a tubular, and may be
      mounted on rollers, having their axes arranged parallel with the tubular.
PAR  In this form it is further preferred that the roller and the plate cutting
      apparatus are relatively movable to accommodate tubulars of different
      sizes.
PAR  The invention also provides a method of controlling plate cutting apparatus
      capable of making a cut which curves in, and is angled with respect to,
      the local plane of a plate, which comprises the steps of taking a
      programme representation defining a curve and relating an angle to that
      curve, which representation comprises two lines related to a common datum,
      deriving signals from a first sensor device operatively responsive to a
      representation of the curve and a second sensor device operatively
      responsive to a representation of the corresponding angle, and using those
      signals respectively to control relative translational movement between
      the plate and a cutting device such that a constant relative speed is
      maintained therebetween, and angular movement between the line of cut and
      the local plane of the plate in accordance with said programme
      representation.
DRWD
PAR  A specific embodiment of the invention will now be described by way of
      example with reference to the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a node showing the attachment of several
      branch tubes secured to a main tube by welding,
PAR  FIG. 2 shows the intersection of one branch tube and the main tube, and a
      development of the profile at the intersection,
PAR  FIG. 3 shows fragmentary section of parts of the intersection,
PAR  FIG. 4 illustrates the scanning action, and
PAR  FIG. 5 is a diagram of one form of profiling machine according to the
      invention.
DETD
PAR  A node for a jacket (intended to be part of an oil production platform) is
      illustrated in FIG. 1, in which item 9 represents a main tubular, and the
      three items 10 are branches.
PAR  FIGS. 2a and 2b illustrate how two lines are derived to form the
      representation of a programme to control a cutting device. The lines are
      intended to represent the correct contour, and also the correct angle for
      a cutting device at any point on the intersection. In welding a branch to
      a maintubular a constant angle .theta. should be maintained at every
      point. This could typically be 50.degree.. If the branch 10 was to be laid
      out flat, the outside and inside contours of the cut could be drawn out as
      illustrated in FIG. 2b. The profile of the outside edge is here designated
      as line A. The distance between the two lines will vary around the branch
      (distance L) and the angle of inclination of the cutting device can be
      determined with reference to L if the thickness T of the branch is known.
      For reference the profile of the inside edge of the branch (in contact
      with the main tube) is here designated B.
PAR  If the angle at which the end of the branch tube is to be cut is designated
      .alpha. then tan .alpha. equals L/T, and .alpha. equals tan.sup..sup.-1
      L/T.
PAR  From this formula the two scan lines A and B can be spaced apart at any
      point on the circumference of the branch tube, so that the cutting device
      will make an angle of .theta. to the branch wall.
PAR  It will be understood that the lines A and B are related to a common datum
      representing the time function.
PAR  FIG. 3 shows a fragmentary section along the line PQ in FIG. 1, and
      illustrates the angles .theta. and .alpha. in in the plane of a weld.
PAR  The appropriate line of cut at different peripheral positions on the
      tubular are shown as X, Y, and Z respectively.
PAR  As mentioned above, the required profile and the bevel angle to be cut can
      be determined mathematically, and by utilising a computer unit linked to
      an incremental plotter unit, the necessary calculations can be carried out
      quickly and accurately and a line programme printed out. The mechanical
      interpretation of the two lines is then achieved by the utilization of
      scanning devices and servomotors as described below.
PAR  Referring particularly to FIGS. 4 and 5 a support 11 for profile (A), and
      bevel (B) scan lines 12 and 13, respectively, is carried by a scanning
      drum 14 linked to a servo-motor driving rotators 16 for a tubular
      component 15 to be profiled, the drum 14 and rotators 16 being driven
      timed relationship under the control of the scan line 12 over which is
      arranged a scanning eye 17 mounted on a carriage 18 mounted for linear
      movement on a support beam 19 forming part of the general framework of the
      machine. The carriage 18 also supports a servo-motor 22 connected by rack
      and pinion gearing 23 to the beam 19.
PAR  Arranged over the scan line 13 is a further scanning eye 24 mounted on a
      carriage 26 mounted for linear movement on the carriage 18. The carriage
      26 also supports a servo-motor 27 connected by rack and pinion gearing 28
      to the carriage 18. It will thus be seen that the two eyes 17 and 24 can
      be moved simultaneously by the motor 22 while the eye 24 can be moved
      relatively to the eye 17 by the motor 27 so to follow the lines A and B
      respectively.
PAR  At the profiling position (FIG. 5) referred to generally by reference
      numeral 29, a torch assembly 31 is mounted on a torch carriage 32 mounted
      for linear movement on a main carriage 33 itself mounted for linear
      movement on a main support beam 34. The carriage 32 also carries a
      servo-motor 36 connected by rack and pinion gearing 37 to the main
      carriage 33.
PAR  A cutting torch generally indicated by reference numeral 38 is pivotally
      mounted on the torch assembly 31 for movement about a vertical axis
      perpendicular to the horizontal cutting axis of the torch 38 and passing
      through the cutting point of the torch. The torch assembly 31 also carries
      a servo-motor 39 connected by segment and pinion gearing 41 to the pivotal
      mounting of the torch 38.
PAR  To compensate for any possible axial creep of the tubular component 15
      there is on the tube, at a position remote from the profiling position 29,
      a circumferential scan line 42 arranged to be followed by a creep scanning
      eye 43 mounted on the main carriage 33 which also carries a further
      servo-motor 44 responsive to the eye 43 and connected to the main support
      beam 34 by rack and pinion gearing 46.
PAR  The motor 22, controlled by the profile eye 17 is connected by a feedback
      to the motor 36, the eye 17 also controlling a servo-motor 47 (FIG. 4)
      connected by gearing 48 to the drum 14, the motor 47 having a feedback to
      the servo-motor of the rotators 16. The motor 27 controlled by the bevel
      eye 24 is connected by a feed back to the motor 39.
PAR  In operation, it will be seen that the eyes 17 and 24 operate independently
      and simultaneously on the scan lines 12 and 13 to control the lateral
      movements of the carriage 18 to produce the scanning action and also to
      control the lateral movements of the carriage 32 and the pivotal movements
      of the torch 38 to produce the profiling and bevelling operations
      simultaneously.
PAR  Similarly, the entire profiling assembly is movable as one laterally under
      the control of the creep scanning eye and the motor 44 so to compensate
      automatically for any axial creep of the tube 15.
PAR  In order to accomodate tubulars (15) of different diameters the torch
      assembly 31 and the creep scanning eye 43 are vertically moveable on
      guides 48 and 49 by hand wheels 51 and 52 respectively. To the same end
      the main support beam 34 is movable laterally towards or away from the
      rotators 16.
CLMS
STM  We claim:
NUM  1.
PAR  1. A control arrangement for plate cutting apparatus capable of making a
      cut which curves in, and is angled with respect to, the local plane of a
      plate, which arrangement comprises a programme representation defining a
      curve and relating an angle to that curve, which representation comprises
      two lines related to a common datum, and a first sensor device operatively
      responsive to a representation of the curve and a second sensor device
      operatively responsive to a representation of the corresponding angle,
      said sensor devices being operatively connected to send signals
      respectively capable of controlling relative translational movement
      between the plate and a cutting device such that a constant relative speed
      is maintained therebetween, and angular movement between the line of cut
      and the local plane of the plate, in accordance with said programme
      representation.
NUM  2.
PAR  2. A control arrangement as claimed in claim 1 in which the sensor devices
      are photo-electric cells, and the photo-electric cells have means to
      follow said lines by scanning action.
NUM  3.
PAR  3. A control arrangement as claimed in claim 1 in combination with a plate
      cutting apparatus capable of making a cut which curves in and is angled
      with respect to the local plane of a plate.
NUM  4.
PAR  4. A combination as claimed in claim 3 in which the sensor devices are
      operatively connected to servo motors which effect translational and
      rotational movement respectively of a cutting device relative to the plate
      and in which there is means to move the plate itself in conjunction with
      the programme.
NUM  5.
PAR  5. A combination as claimed in claim 3 in which a further sensor device has
      means to monitor translational creep of the plate, and there is means to
      move the cutting apparatus accordingly.
NUM  6.
PAR  6. A combination as claimed in claim 5 in which the further sensor device
      is a photo-electric cell, and is operatively connected to actuate a
      further servo motor as it scans a reference marking on the plate.
NUM  7.
PAR  7. A combination as claimed in claim 3 in which the plate is formed into a
      tubular, and is mounted on rollers having their axes arranged parallel
      with the tubular.
NUM  8.
PAR  8. A combination as claimed in claim 7 in which there is means to move the
      rollers and the plate cutting apparatus relatively to each other to
      accomodate tubulars of different sizes.
NUM  9.
PAR  9. A control arrangement as claimed in claim 1 in which the representation
      of the angle to the curve is a measure of the distance between the two
      lines.
NUM  10.
PAR  10. A method of controlling plate cutting apparatus capable of making a cut
      which curves in, and is angled with respect to, the local plane of a
      plate, which comprises the steps of taking a programme representation
      defining a curve and relating an angle to that curve, which representation
      comprises two lines related to a common datum, deriving signals from a
      first sensor device operatively responsive to a representation of the
      curve and a second sensor device operatively responsive to a
      representation of the corresponding angle, and using those signals
      respectively to control relative translational movement between the plate
      and a cutting device such that a constant relative speed is maintained
      therebetween and angular movement between the line is cut and the local
      plane of the plate, in accordance with said programme representation.
NUM  11.
PAR  11. A plate cutting apparatus having in combination:
PA1  a. a cutting device capable of making a cut which curves in and is angled
      with respect to the local plane of a plate formed into a tubular,
PA1  b. roller mounting means to support a tubular for rotation about a
      generally horizontal axis
PA1  c. means to adjust the relative positions of (a) and (b) to accomodate
      tubulars of different diameters.
PA1  d. a programme representation comprising two lines drawn predetermined
      distances from a common datum, which representation is mounted for
      rotation on a drum rotatable at the same angular velocity as the tubular.
PA1  e. two photo electric cells motivated to follow the two lines aforesaid by
      scanning action.
PA1  f. operative connections from (e) to servo motors which control relative
      movement between (a) and (b) such that the cut is made in accordance with
      the programme, and
PA1  g. a further photo electric cell operatively connected to further a servo
      motor, and motivated to follow a reference line drawn round the tubular
      perpendicular to the generally horizontal axis, whereby the further servo
      motor can correct for translational creep of the tubular.
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ABST
PAL  A system for electrically actuating the pitch trim of an aircraft in both
      autopilot and manual modes includes a primary pitch servomotor coupled to
      a primary control surface and a pitch trim servomotor for actuating a trim
      control surface. In the autopilot mode, an electrical signal applied to
      the primary pitch servomotor by the autopilot is also applied to two
      channels of a trim controller providing complementary output signals
      applied to the pitch trim servomotor. Each channel of the trim controller
      includes a voltage translator for providing a single ended voltage applied
      to an integrator that generates an output varying with the time average of
      the electrical signal applied to the primary pitch servomotor. This time
      average signal as generated in each channel is chopped into an alternating
      current signal for driving an output stage. The chopping duty cycle of
      each channel is varied in accordance with the absolute value of a time
      average of the electrical signal applied to the primary pitch servomotor.
      This absolute value signal is applied to a variable time constant circuit
      for driving a multivibrator that provides the chopping signal to each of
      the channels of the trim controller. For manual operation, a manual
      controller disables the automatic pilot and drives the output stage of
      each channel of the trim controller to provide complementary output
      signals to the pitch trim servomotor.
BSUM
PAR  This invention relates generally to automatic pilot systems for aircraft
      and the like, and more particularly relates to an electronic system for
      adjusting the pitch trim of an aircraft in either an autopilot or manual
      mode.
PAR  Virtually all general aviation aircraft have a pitch trim system which may
      be used to establish a desired pitch attitude without a force being
      applied to the primary pitch control surface by the pilot, or by an
      autopilot. In normal flight, relatively large pitch trim adjustments are
      required when transitioning from take-off to climb, from climb to level
      flight, from level flight to descent, and during an approach and landing.
      Proper adjustment of the pitch trim materially reduces pilot fatigue when
      the aircraft is operated in the manual mode and is virtually essential in
      many aircraft for safe operation of the aircraft. Additional convenience
      and safety have heretofore been provided by electrically operated pitch
      trim systems having a switch mounted on the control yoke of the aircraft.
      This permits the pilot to adjust trim without distraction in critical
      situations such as an IFR approach. When an aircraft is being operated in
      an autopilot mode, it is important that the aircraft be properly trimmed
      to provide the most efficient configuration, reduce the load on the
      autopilot, and prevent abrupt changes in attitude when transitioning from
      the autopilot mode to the manual mode.
PAR  Prior automatic trim systems have heretofore detected the force being
      applied to the pitch control surface and have operated the pitch trim in a
      manner to reduce this force to zero. For example, U.S. Pat. No. 3,328,548
      issued June 27, 1967, to J. R. Younkin et al describes a system wherein
      automatic pitch trim adjustments are made in response to the difference in
      tension on the primary elevator cables. Other systems for automatically
      adjusting pitch trim utilize a torque detector on the output shaft of the
      primary pitch servomotor of the autopilot, the differential pressure in
      pneumatic servosystems, or the difference in magnetic clutch excitation in
      systems which use high speed magnetic clutches differentially geared to a
      drive train which operates the control surface.
PAR  Many general aviation autopilots in production at the present time utilize
      an integrating type servoactuator rather than a force generator. The
      integrating type servoactuator typically comprises a permanent magnet DC
      motor which drives the control surface through a high gear reduction
      system including a safety clutch. In such a system very little torque can
      be transmitted from the control surface back through the gear reducer to
      the motor. In fact, the gear ratio is so large that the clutch will slip
      before the servomotor can be back-driven by force on the control surface.
      As a result, the friction load on the motor is large in relation to the
      typical torque required to operate the control surface, particularly when
      the aircraft is operating near a trim condition. As a result, the pitch
      trim system utilized with this type of autopilot has heretofore included
      some means for sensing the force applied to the control surface that was
      separate from the primary servosystem.
PAR  This invention is concerned with an improved pitch trim system which
      automatically trims the aircraft in response to the voltage applied to an
      integrating type servomotor coupled to the primary control surface. Such a
      system has the advantage of requiring no separate sensing apparatus to
      detect the force applied to the primary control surface when operating in
      the autopilot mode.
PAR  In accordance with another embodiment of the invention, an automatic pilot
      includes a primary integrating type servosystem for moving a primary
      control surface of an aircraft. This servosystem includes a reversible
      integrating type servomotor coupled to the primary control surface and an
      interconnection for applying the electrical signal from the autopilot for
      actuating the integrating servomotor to a trim controller. A pair of
      amplifier channels as a part of the trim controller respond in opposite
      directions to the electrical signal applied to the direct current motor
      and each channel provides an output connected to opposite terminals of a
      pitch trim servomotor for operation in a manner to actuate a trim control
      surface in a direction to reduce the electrical signal applied to the
      integrating servomotr through the automatic pilot.
PAR  In accordance with a more specific embodiment of the present invention, the
      voltage signals applied to the primary integrating type servomotor are
      amplfied by a dual channel amplifier system wherein the duty cycle of each
      channel is varied in accordance with signals applied to the primary
      servomotor in mormal operation. The output from the amplifier system
      drives a trim servomotor at a rate and in a direction to change the
      attitude of the aircraft and thereby reduce the long term voltage signal
      applied to the primary servomotor.
PAR  In accordance with still another aspect of the invention, a high speed trim
      servomotor provides a manual trim mode. A single manual switch
      automatically deactivates the autopilot and operates the pitch trim motor
      at maxium speed in the desired direction.
PAR  A feature of the present invention is to provide a pitch trim system
      operating in a dual channel mode where any false command to or by either
      channel will not cause the system to operate while the opposite channel is
      operating normally. In the situation where two simultaneous independent
      failures in the amplifier channels cause uncontrolled operation, either
      failure can be detected prior to use by a preflight test procedure. This
      feature is achieved by the system of the present invention by utilizing
      dual parallel channel amplifiers generating amplitude modulated/variable
      duty cycle pulses applied to output stages of the amplifier channels thus
      determining the proper direction and speed of rotation of the pitch trim
      servomotor.
PAR  The novel features believed characteristic of this invention ae set forth
      in the appended claims. The invention itself, however, as well as other
      objects and advantages thereof, may best be understood by reference to the
      following detailed description of an illustrative embodiment, when read in
      conjunction with the accompanying drawings, wherein:
DRWD
PAR  FIG. 1 is a block diagram of an electronic trim system in accordance with
      the present invention;
PAR  FIG. 2 is a block diagram of the trim controller of the electronic trim
      system shown in FIG. 1 including dual amplifier channels and a third
      channel for duty cycle modulating and two amplifier channels;
PAR  FIG. 3 is a series of waveforms illustrating the operation of the trim
      controller of FIG. 2; and
PAR  FIGS. 4A and 4B together comprise a schematic circuit diagram of an
      electronic trim system of the present invention.
DETD
PAR  Referring now to the drawings, an electronic integrating trim system in
      accordance with the present invention is indicated generally by the
      reference numeral 10 in FIG. 1. The system 10 includes a reversible
      primary pitch integrating type servomotor 12 which is coupled to a control
      surface of an aircraft through a high gear reduction drive system which
      typically includes a safety clutch to permit the servo to be manually
      overridden. The servomotor 12 will typically be a reversible, direct
      current, permanent magnet motor and is coupled to actuate the pitch
      control surface of an aircraft, commonly referred to as the elevators, by
      a larger ratio gear reducer and overload clutch. The motor 12 is operated
      by a conventional automatic pilot 14. The servosystem of the present
      invention may also utilize an AC primary servomotor coupled to an
      automatic pilot providing the correct excitation signals.
PAR  The automatic pilot 14 may be of the type disclosed in U.S. Pat. No.
      3,555,391. The autopilot 14 may drive the motor 12 with voltage signals of
      the type where one pole of the motor is grounded and the other swings
      positively or negatively, or where either one of the poles of the motor is
      held at ground while the other swings positively or negatively with
      respect to ground. The voltage signals applied to the primary servomotor
      12 may be derived from a pitch command generated within the automatic
      pilot by, for example, an altitude hold function, a manual pitch command
      function, or a guid slope coupling function.
PAR  A trim servomotor 16 is coupled to operate the trim means associated with
      the primary control surface that is operated by the primary pitch
      servomotor 12. In the specific example, here being discussed, the
      servomotor 16 operates the pitch trim system by any suitable mechanical
      coupling.
PAR  To control the trim servomotor 16, the electrical signal applied to the
      servomotor 12 is coupled to inputs of a trim controller 18. The trim
      controller 18 responds to the electrical signal applied to the servomotor
      12 to generate a control voltage to the trim servomotor 16 to position the
      trim means associated with the primary control surface to null the signal
      applied to the servomotor 12.
PAR  In addition to automatic control by means of the automatic pilot 14 and the
      trim controller 18, the trim servomotor 16 is also energized in accordance
      with a signal from a manual controller 20. Engaging the manual controller
      20 disables the automatic pilot 14 and overrides the signal applied to the
      trim controller 18 from the servomotor 12. Disabling the automatic pilot
      14 transfers the control of the servomotor 12 to the manual controller 20
      and diabling the trim controller 18 allows the trim servomotor 16 to be
      controlled in accordance with a manual control signal coupled through the
      trim controller.
PAR  Referring to FIG. 2, the trim controller 18 is detailed as a block diagram
      wherein the electrical signal applied to the reversible direct current
      servomotor 12 is also applied to input terminals 22. Basically, the trim
      controller 18 comprises two identical amplifier channels 26 and 40 with
      the polarity of one channel reversed with respect to the polarity of the
      other channel, as will be explained with reference to FIG. 3.
PAR  An electrical signal applied to the terminals 22 is connected to the inputs
      of a voltage translator 24 of the amplifier channel 26. The voltage
      translator 24 converts the electrical signal applied to the servomotor 12
      into a single ended voltage. Depending on the autopilot system, the
      electrical signal applied to the servomotor 12 varies with reference to
      ground, that is, one terminal of the servomotor is grounded and the other
      terminal varies plus or minus of ground. In other autopilot systems, the
      autopilot provides a differential electrical signal applied to the
      servomotor 12. In these systems, the electrical signal applied to the
      servomotor 12 varies either always above ground or always below ground. In
      the voltage translator 24 whatever electrical signal is applied to the
      servomotor 12, it is converted into a single ended voltage about a
      reference voltage generated at the output of a reference generator 60.
PAR  From the voltage translator 24, the electrical signal as applied to the
      servomotor 12 varies plus or minus about the reference voltage and this
      voltage is applied to an integrator 28. This is a long time constant
      integrator that functions to generate a time average of the electrical
      signal applied to the servomotor 12. In other words, the electrical signal
      applied to the servomotor 12 is time averaged to establish an average
      condition for energization of the servomotor 16.
PAR  In the normal flight of an aircraft, the electrical signal applied to the
      servomotor 12 is constantly varying so that the aircraft flies a commanded
      course. The integrator 28 averages this varying electrical signal over a
      reasonably long time period. This average gives an indication that the
      autopilot is having to correct more in one direction than the other which
      is indicative of a trim change requirement. Thus, the output of the
      integrator 28 represents a trim requirement for the aircraft.
PAR  The trim requirement voltage from the integrator 28 is applied to a chopper
      30 wherein the applied voltage is chopped into a pulse rate modulated
      signal varying about the reference voltage of the reference generator 60.
      Whenever the average of the electrical signal applied to the primary
      servomotor 12 is other than zero, the output of the chopper 30 is a pulse
      rate modulated signal, as will be explained. The chopper 30 is driven by a
      pulse signal on a line 32 from the output of a multivibrator 34, to be
      explained. Thus, the chopping pulse rate of the chopper 30 varies with the
      output of the multivibrator 34.
PAR  The pulse rate signal from the chopper 30 is applied to an output stage 36
      that comprises a power amplifier. The operation of the output stage 36
      converts the pulse rate signal from the chopper 30 into an energizing
      voltage at an output terminal 38 connected to one terminal of the trim
      servomotor 16.
PAR  To energize the trim servomotor 16, the second amplifier channel 40 also
      receives the electrical signal at the input terminals 22 and generates an
      energizing voltage at an output terminal 50 to the trim servomotor that is
      180.degree. phase displaced from the output of the channel 26 at the
      terminal 38. The electrical signal applied to the servomotor 12 is also an
      input to a voltage translator 42 that functions as the voltage translator
      24 to provide a single ended voltage from the electrical signal applied to
      the servomotor 12. The single ended voltage from the translator 42 varies
      about the reference voltage from the reference generator 60 and is applied
      to a long term integrator 44 similar to the integrator 28 to provide a
      time average of the output of the translator 42. This time average voltage
      is converted into a pulse rate modulated signal varying about the
      reference voltage of the reference generator 60 in a chopper 46 that also
      receives a chopping pulse from the multivibrator 34. The pulse rate
      modulated signal from the chopper 46 is applied to a power amplifier
      output stage 48 to produce an energizing voltage on the terminal 50 that
      is the complement of the energizing voltage at the terminal 38. The
      terminal 50 is connected to the opposite terminal of the trim servomotor
      16.
PAR  In addition to controlling the trim servomotor 16 through the autopilot,
      control is also possible through the manual controller 20. The manual
      controller 20 is connected to the trim controller 18 at the output stage
      36 for the channel 26 and the output stage 48 for the channel 40. As will
      be explained, operation of the manual controller 20 overrides the input to
      the output stages 36 and 48 to disable the channels 26 and 40 from
      responding to the electrical signal at the input terminals 22. The manual
      controller 20 directly drives the output stages 36 and 40 to produce a
      control voltage across the terminals 38 and 50 to energize the trim
      servomotor 16.
PAR  An output from the multivibrator 34 varies the chopping rate to the
      choppers 30 and 46 to duty cycle modulate each of the amplifier channels
      26 and 40 in accordance with the electrical signal applied to the
      servomotor 12 to limit the rate at which the trim servomotor 16 operates.
PAR  An electrical signal at the input terminals 22 is applied to a voltage
      translator 52 that is similar to the translators 24 and 42 to provide a
      single ended voltage to the input of an integrator 54 that varies about
      the reference voltage of the reference generator 60. The integrator 54
      again provides a time average of the electrical signal applied to the
      servomotor 12. This integrator is similar to the integrators 28 and 44
      with the exception that the integrator 54 has a variable time constant
      that is determined and set by the dynamics of a particular aircraft. In
      other words, the amount of gain of the integrator 54 and the time constant
      thereof effects the aircraft trim. A very long time delay will allow large
      out of trim conditions to exist in the system for a long period of time
      because of limited correction ability of a slowly pulsing control voltage
      to the trim servomotor 16.
PAR  The time average output of the integrator 54 is applied to the input of an
      absolute value generator 56 wherein a signal varying only with the
      magnitude of the input is generated at an output to be applied to a
      variable time constant network 58. The variable time constant network 58
      functions as a time delay having different characteristics depending on
      the input signal. An input signal applied to the variable time constant
      network 58 is delayed by some given amount of time before appearing at an
      output terminal connected to the multivibrator 34. However, when the input
      signal applied to the network 58 returns to ground the output of the
      variable time constant network 58 quickly resets to a zero condition.
      Thus, the network 58 has a long time constant to a signal applied
      initially at an input terminal but resets quickly when the input has been
      removed. The output of the network 58 triggers the multivibrator 34 to
      provide a pulse train on the line 32 as the chopping frequency to the
      choppers 30 and 46.
PAR  With the variable time constant network 58 and the multivibrator 34 a large
      out-of-trim condition of an aircraft will not immediately effect the
      operation of the trim servomotor 16. In some conditions, if the system
      immediately follows an out-of-trim condition to initiate a pitch
      requirement correction, the operating capabilities of the aircraft may be
      exceeded. Thus, the circuit allows for a delay of any large pitch trim
      changes for a predetermined time interval.
PAR  Connected to the various components of the system of FIG. 2 is the
      reference generator 60. This generator 60 provides the reference voltages
      to each of the various circuits as described.
PAR  In operation of the system of FIG. 2, assuming that the signal across the
      primary pitch trim integrating type servomotor 12 as applied to the
      terminals 22 is at some nonzero steady state level and the signal flow
      diagrams of FIG. 3 represent the waveforms of the amplifier channels 26
      and 40 of FIG. 2. For purposes of identification, each of the signal flow
      diagrams is identified with a primed reference number corresponding to the
      associated block of FIG. 2. The duty cycle of the multivibrator 34 is
      considered to be of some steady state value as shown by the waveform 34'.
      To further distinguish between the amplifier channel 26 and the amplifier
      channel 40 the voltages of the channel 26 are identified with the
      subscript "26" and the voltages of the channel 40 are identified with the
      subscript "40".
PAR  In the quiescent state, a voltage output from the translators 24 and 42 is
      equal to one-half the supply voltage, that is, V/2, as generated at the
      output of the reference generator 60. For a zero signal condition across
      the primary pitch servomotor 12, the output of the voltage translators 24
      and 42 are both at a steady state level equal to the output of the
      reference generator 60. For such a zero signal condition, the output of
      the integrators 28 and 44, the choppers 30 and 46 and the output stages 36
      and 48 are at a level equal to the output of the reference generator 60,
      with reference to ground.
PAR  Injecting any nonzero voltage into the system as applied across the primary
      pitch servomotor 12 causes the voltage translators 24 and 42, the
      integrators 28 and 44, the choppers 30 and 46 and the output stages 36 and
      48 to generate an output voltage that varies plus or minus relative to the
      reference voltage.
PAR  Assuming that a nonzero signal is applied to the terminals 22, the output
      of the voltage translator 24, as given by the waveform 24', changes to
      some positive voltage above the output of the reference generator, that
      is, above V/2. This positive increase in voltage level causes the
      integrator 28 to produce an integrated output that varies from the
      reference voltage V/2 until it eventually saturates at some point beyond
      time t.sub.2, as shown by the waveform 28'. This integrated voltage as
      received by the chopper 30 is effectively gated through the chopper to the
      output stage 36. That is, the output voltage of the integrator 28 is
      passed to the input of the output stage 36. The gating function, however,
      takes place only during the duty cycle pulses as shown by the waveform 34'
      as generated at the output of the multivibrator 34. As illustrated by the
      waveform 30', the output of the chopper 30 has a 180.degree. phase shift
      with respect to the output of the integrator 28. From the output of the
      chopper 30 the signal is transferred to the output stage 36 where it is
      amplified and applied across the pitch trim servomotor 16 through the
      terminal 38.
PAR  Considering now the amplifier channel 40 wherein a signal applied to the
      terminals 22 is coupled to the translator 42 to produce an offset of the
      output in a negative direction, as shown by the waveform 42'. This
      negative direction is again with reference to the voltage V/2 from the
      generator 60. This negative offset causes the integrator 44 output to
      increase positively as shown by the waveform 44' with the positive
      increase referenced to the voltage V/2 of the generator 60. This positive
      increase in the output of the integrator 44 continues until it saturates
      at the supply voltage connected to the integrator at a point beyond time
      t.sub.2. As in the amplifier channel 26, the chopper 46 of the channel 40
      passes the output voltage of the integrator 44 to the input of the output
      stage 48 during the duty cycle pulses of the multivibrator 34. Thus, as
      shown in waveform 46', at time t.sub.1, one pulse is passed by the chopper
      46 to the output stage 48 and at the time t.sub.2 a second pulse is
      applied to the output stage 48. The output stage 48 amplifies the input
      pulses to generate the waveform 48' of two pulses at time t.sub.1 and time
      t.sub.2 and these voltage pulses are applied to the pitch trim servomotor
      16 through the terminal 50.
PAR  For the signal waveforms as shown in FIG. 3, the amplifier channels 26 and
      40 apply across the terminals 38 and 50 a voltage as given by the waveform
      16'. This is a composite voltage derived from summing algebraically the
      voltages of the output stages 36 and 48 and is the voltage appearing
      across the pitch trim servomotor 16. Both the output stages 36 and 48 are
      operating in a saturated mode with the output stage 36 saturated at the
      supply voltage V and the output stage 48 saturated at ground. With
      reference to the curve 16", this illustrates the voltage applied across
      the pitch trim servomotor 16 when the voltage applied to the terminals 22
      is 180.degree. phase displaced from a voltage that produces the waveforms
      of FIG. 3. Effectively, the waveform 16" is the mirror image of the
      waveform 16'. Thus, during operation of the system of FIG. 2, the
      amplifier channels 26 and 40 function together to generate a composite
      output voltage to the pitch trim servomotor 16.
PAR  To vary the duty cycle of the choppers 30 and 46, the chopping frequency
      from the multivibrator 34, as shown by the waveform 34', is varied in
      accordance with a signal applied to the terminals 22. Basically, when a
      signal applied to the terminals 22 exists for a predetermined time the
      variable time constant network 58 generates an output that is applied to
      the multivibrator 34. This varies the pulse spacing at the output of the
      multivibrator. The pulse width, however, remains fixed but the time
      interval between time t.sub.1 and time t.sub.2 varies with the input
      signal.
PAR  This third channel of the system of FIG. 2 functions to increase the pulse
      repetition rate applied to the choppers 30 and 46 to increase the pulse
      repetition rate of the voltage applied to the pitch trim servomotor 16
      thereby increasing its rotational velocity. Because of the time constant
      network 58, the pulse rate output from the multivibrator 34 is constrained
      to remain fixed unless the offset signal applied to the terminals 22
      remains for an extended period of time. The repetition rate of the
      multivibrator 34 also varies for a very large offset that exists for a
      period of time longer than a preset level. In normal operation, however,
      that is, in the small signal range, the multivibrator 34 generates an
      output pulse repetition rate at some preselected minimum.
PAR  Referring to FIGS. 4A and 4B, there is shown schematically the trim
      controller 18 with the automatic pilot 14 connected to the manual
      controller 20 including a three-pole two position toggle switch 62. The
      output of the automatic pilot 14 applies an electrical signal to the
      integrating type servomotor 12 and to input terminals of the voltage
      translators 24, 42 and 52. Two filter capacitors 64 are also connected to
      the output of the automatic pilot 14.
PAR  Each of the voltage translators 24 and 42 includes an operational amplifier
      66 with a supply circuit including a resistor 67 and a potentiometer 68
      with a capacitor 70 coupling the inverting and noninverting inputs of the
      operational amplifiers. The potentiometer 68 is also a part of an input
      circuit including a resistor 72. A resistor 74 comprises the second input
      circuit to the amplifier 66 and a resistor 75 is a part of a feedback loop
      from the output of the amplifier 66. Each of the translators 24 and 42
      thus includes similar circuitry.
PAR  Connected to the translators 24 and 42 are the integrators 28 and 44,
      respectively, each including an operational amplifier 76. The input
      circuits for each of the operational amplifiers 76 includes resistors 78
      and 80 interconnected by means of a coupling capacitor 82. Coupled to the
      output terminal of each of the amplifiers 76 is a feedback loop including
      a resistor 84 in parallel with series connected capacitors 86 and 88 and
      all interconnected to the resistor 78.
PAR  The time average outputs of the integrators 28 and 44 are tied to input
      terminals of choppers 30 and 46, respectively. Each of the choppers 30 and
      46 includes dual switching transistors 90 and 92. Each of the transistors
      90 or 92 could function independently to provide the chopping function to
      the time average output of the integrators 28 and 44. Two transistors are
      provided for increased reliability of the circuit.
PAR  An input circuit to each of the transistors 90 and 92 includes a resistor
      94 connected to one of the drain electrodes. The source electrode of each
      of the transistors 90 and 92 are all interconnected to the output of the
      reference generator 60 by means of a supply line 96. The chopping duty
      cycle for each of the switching transistors 90 and 92 is provided on a
      line 98 connected to capacitors 100 and 102. Capacitor 100 is
      interconnected to a biasing network including resistors 104 and 106 with
      the latter connected to the gate electrode of the transistor 90.
      Similarly, the capacitor 102 is interconnected to a biasing network
      including resistors 108 and 110 with the latter connected to the gate
      electrode of the transistors 92.
PAR  The time average output of the integrators 28 and 44 as chopped by the
      transistors 90 and 92 is applied through a resistor 112 to one input of an
      operational amplifier 114. The second input of the operational amplifier
      114 is connected through a resistor 116 to the supply line 96.
      Interconnecting the two resistors 112 and 116 is a capacitor 118. The
      feedback path for the operational amplifiers 114 includes a capacitor 120
      in parallel with the resistor 122. Again, the circuitry of the choppers 30
      and 46 is similar to provide a pulse rate modulated signal to the input
      terminal of the output stages 36 and 48, respectively.
PAR  The pulse rate modulated signal from the respective chopper is applied to
      each of the output stages 36 and 40 at an input resistor 124 connected to
      the base electrode of a transistor 126. The biasing circuit for the
      transistor 126 includes a collector resistor 128 and a divider network
      including resistors 130 and 132. Connected to the collector electrode of
      the transistor 126 is a Darlington pair including transistors 134 and 136
      with the interconnected collector electrodes connected to diodes 138 and
      140 and the respective output terminal 38 or 50 for each of the output
      stages 36 and 48. That is, the interconnected collector electrodes for the
      transistors 134 and 136 of the output stage 36 connects to the output
      terminal 38 and the interconnected collector electrodes for the output
      stage 48 connects to the output terminal 50. The output terminals 38 and
      50 are connected to opposite terminals of the trim servomotor 16.
      Connected in parallel with the trim servomotor 16 is a load resistor 142.
PAR  Also included in the output stages 36 and 48 is a transistor 144 having a
      base electrode connected to the resistor 124, an emitter electrode
      connected to the emitter electrode of the transistor 126 and a collector
      electrode connected to ground through a resistor 146. Connected to the
      collector electrode of the transistor 144 is a Darlington pair including
      transistors 148 and 150 having a common collector connection to a common
      collector connection of the transistors 134 and 136.
PAR  The base electrode of the transistors 144 of each of the output stages 36
      and 48 is connected to a manual switch 20a as part of the manual
      controller 20. Transistor 144 of the output stage 36 is connected to the
      collector electrode of a transistor 152 and the transistor 144 of the
      output stage 48 is connected to a transistor 154. In the collector
      electrode line for the transistor 152 to the transistor 144 is a bias
      resistor 156. Also connected to the collector electrode is a diode 158
      having an anode electrode coupled to the anode electrode of a diode 160
      connected to the emitter electrode of the transistor 136 of the output
      stage 36. A similar circuit arrangement is provided for the transistor 154
      and includes a bias resistor 162 and a diode 164 connected to the
      collector electrode and a diode 166 having a common anode connection to
      the diode 164. The cathode of the diode 166 connects to the emitter
      electrode of the transistor 136 of the output stage 48. The base drive
      circuit for the transistor 152 includes resistors 168 and 170 and the base
      drive circuit for the transistor 154 includes resistors 172 and 174.
PAR  The common anode connection of the diodes 164 and 166 is connected by means
      of a line 176 to contact 62a of the switch 62. Similarly, the
      interconnection of the diodes 158 and 160 is connected by means of a line
      178 to the contact 62b of the switch 6.
PAR  With the system under control of the automatic pilot 14, the contact 52c of
      the switch 62 interconnects a signal on the line 180 to the automatic
      pilot 14. The contacts 62a and 62b are connected to ground thereby
      rendering the manual switch 20a inoperative. To place the system in a
      manual mode, the pilot actuates the toggle 62d to move the contacts 62c of
      the switch 62 from the position shown to the second position. This grounds
      the automatic pilot 14 rendering it ineffective to control the servomotor
      12 and disables all the signal handling circuitry up to the output stages
      36 and 48. The lines 176 and 178 are now connected to the manual
      controller 20. The manual controller 20 grounds one of the lines 176 or
      178 and supplies a control voltage to the opposite line. The two output
      stages 36 and 48 are thus always switched simultaneously to opposite power
      supply lines, that is, any time the output stage 36 is switched to the
      positive supply line, the output stage 48 is switched to ground, and vice
      versa. With this operation, the pitch trim servomotor 16 operates at full
      speed during manual operation in either direction.
PAR  Assuming that the line 176 is grounded in the manual controller 20, and the
      control signal is applied to the line 178, this forward biases a diode 182
      that energizes a trim motor solenoid connected to a terminal 184. The
      voltage on the line 178 is also coupled through the diode 160 to the
      positive supply input of the output stage 36 at the emitter electrode of
      the transistor 136. The voltage on the line 178 is also coupled through
      the diode 158 and through the resistor 156 to the base electrode of the
      transistor 126 to turn on the transistors 136 and 150 to provide an output
      voltage at the terminal 38. At the same time, the line 176 is connected to
      ground. Thus, the emitter electorde of the transistor 154 is grounded and
      the base electrode is coupled to a positive voltage on the line 178. This
      turns on the transistor 154 thereby grounding the base of the transistors
      126 and 144 of the output stage 48. Grounding the base electrodes of the
      transistors 126 and 144 drives the transistors 136 and 150 to ground the
      output terminal 50.
PAR  Thus, by operation of the toggle switch 62 of the manual controller 20 the
      terminal 38 is at a positive voltage and the terminal 50 is at ground
      thereby generating a voltage differential across the trim servomotor 16.
      This drives the motor in a prescribed direction.
PAR  To reverse the direction of rotation of the trim servomotor 16, the line
      178 is grounded and a voltage is applied to the line 176. Under this set
      of conditions, the transistor 152 grounds the base electrode of the
      transistors 126 and 144 of the output stage 36 driving the output terminal
      38 to ground and a voltage applied through the diodes 166 and 164 drives
      the output terminal 50 to the voltage on the line 176.
PAR  The duty cycle modulating channel is schematically shown in FIG. 4B, where
      the voltage translator 52 includes an operational amplifier 190 having one
      input tied through a resistor 192 to the automatic pilot 14 and a second
      input tied through a potentiometer 194 in series with a resistor 196 to
      the opposite terminal of the autopilot 14. The potentiometer 194 also
      forms a part of a supply circuit including a resistor 198 tied to the
      supply line 96. A feedback circuit for the amplifier 190 includes the
      resistor 200 connected to the resistor 192.
PAR  An output signal from the amplifier 190 is coupled to an operational
      amplifier 202 of the integrator 54 through an input resistor 204. A second
      input to the amplifier 202 is connected to the supply line 96 through an
      input resistor 206. In the feedback circuit for the amplifiers 202 a
      resistor 208 is connected in parallel with series capacitors 210 and 212.
      This circuit is similar to the integrators 28 and 44 and includes an
      output resistor 214 tied to one input of an operational amplifier 216 as
      part of the absolute voltage generator 56.
PAR  A second input to the amplifier 216 is direct coupled to the reference
      supply line 96. In a feedback circuit for the amplifier 216 is a resistor
      218 connected to the amplifier input at the resistor 214. Also connected
      to the output of the amplifier 216 is a diode 220 having a common cathode
      connection with a diode 222. The anode of the diode 222 connects to the
      output of the amplifier 202 of the integrator 54.
PAR  The common connection of the diodes 220 and 222 forms an interconnecting
      terminal for resistors 224 and 226 as a part of the variable time constant
      network 58. The resistors 224 and 226 form a bias circuit for transistors
      228 and 230 connected as an emitter follower pair. The biasing network for
      the transistors 228 and 230 further includes resistors 232 234. The
      emitter electrode of the transistor 230 is tied to the supply line 96.
      Connected to the cathode electrode of the transistor 230 is a capacitor
      236 and a diode 238, the latter in series with a resistor 240 for
      providing a control signal to an input resistor network of the
      multivibrator 34.
PAR  The input resistor network of the multivibrator 34 includes a resistor 242
      and capacitors 244 and 246. A signal from the time constant network 58 is
      applied through the resistor 242 to an operational amplifier 248 having a
      second input tied to the supply line 96. There are two feedback circuits
      for the operational amplifier 248, one including a resistor 250 and a
      second including parallel resistors 252 and 254 each in series with a
      diode 256 and 258, respectively. The output of the operational amplifier
      248 is applied to the line 98 connected to the choppers 30 and 46 at the
      capacitors 100 and 102.
PAR  The reference generator 60 supplies reference voltages to various
      components of the trim controller 18. This generator includes an
      operational amplifier 260 with one input connected to a voltage divider
      network through resistor 262. The voltage divider network consists of
      series resistors 265 and 266 with the resistor 264 connected to a plus
      terminal 268. A voltage regulating Zener diode 272 is connected in
      parallel with the resistors 264, 265 and 266.
PAR  Also connected to the terminal 268 is a diode 274 for supplying drive
      voltages on a line 276 to the output stages 36 and 48. At the
      interconnection between the resistors 264 and 265 a drive voltage is
      applied on a line 278 to the various operational amplifiers of the
      circuit. Two filter capacitors 280 and 282 are also connected to the
      voltage divider network. The feedback circuit for the amplifier circuit
      includes a resistor 284 in series with a capacitor 286 also tied to the
      second input terminal of the amplifier 260.
PAR  The reference generator 60 also includes Zener diodes 288 and 290 as part
      of the manual control power supply. These Zener diodes function to limit
      the maximum voltage applied to the output stages 36 and 48 from the manual
      controller 20.
PAR  Operationally, the schematic of FIGS. 4A and 4B is as explained with
      reference to FIG. 2. The total circuitry comprises the trim controller 18
      to drive the trim servomotor 16 in accordance with an electrical signal
      applied to the servomotor 12 from the autopilot 14.
PAR  While only one embodiment of the invention, together with modifications
      thereof, has been described in detail herein and shown in the accompanying
      drawings, it will be evident that various further modifications are
      possible without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aircraft control system, comprising in combination:
PA1  an automatic pilot having a primary servo system for moving a primary
      control surface of an aircraft, the primary servo system including a
      primary servomotor coupled to the primary control surface and means for
      applying an electrical signal to actuate the servomotor and thereby move
      the primary control surface;
PA1  means including a two terminal, trim servomotor for actuating a trim
      control means associated with the primary control surface;
PA1  a first amplifier channel connected to respond to the electrical signal
      applied to the primary servomotor and providing an output of one polarity;
PA1  a second amplifier channel connected to respond to the electrical signal
      applied to the primary servomotor and providing an output having a
      polarity complementary to the output of the first amplifier channel; and
PA1  means for connecting the output of said first channel to one terminal of
      said trim servomotor and the output of the second channel to the second
      terminal of the trim servomotor.
NUM  2.
PAR  2. An aircraft control system as set forth in claim 1 wherein each of said
      amplifier channels includes:
PA1  means for generating a time average of the electrical signal applied to the
      direct current motor; and
PA1  means for converting the time average of the electrical signal into a
      cycling voltage at the output of each of the amplifier channels and
      connected to opposite terminals of the trim servomotor.
NUM  3.
PAR  3. An aircraft control system as set forth in claim 2 wherein said means
      for converting in one of the amplifier channels generates a cycling
      voltage 180.degree. phase displaced from the cycling voltage of the means
      for converting in the second amplifier channel.
NUM  4.
PAR  4. An aircraft control system as set forth in claim 2 wherein each of the
      amplifier channels includes means for amplifying the cycling voltage into
      a square wave output for connecting to opposite terminals of the trim
      servomotor.
NUM  5.
PAR  5. An aircraft control system as set forth in claim 1 including means
      responsive to the electrical signal applied to the primary servomotor and
      coupled to said first and second amplifier channels to duty cycle modulate
      the output thereof in accordance with the electrical signal applied to the
      primary servomotor to limit the rate at which the trim servomotor
      operates.
NUM  6.
PAR  6. An aircraft control system as set forth in claim 5 wherein said means
      for varying the duty cycle of each of the amplifier channels includes:
PA1  means for generating a time average of the electrical signal applied to the
      direct current motor; and
PA1  means for converting the average of the electrical signal into a variable
      frequency signal connected to each of the amplifier channels.
NUM  7.
PAR  7. An aircraft control system as set forth in claim 6 wherein said means
      for converting the average of the electrical signal includes a
      multivibrator producing a variable frequency signal in accordance with the
      time average of the electrical signal.
NUM  8.
PAR  8. An aircraft control system, comprising in combination:
PA1  a primary servo system for operating a primary control surface in response
      to an electrical signal;
PA1  a trim servo system for operating trim means for the primary control
      surface, including a two terminal servomotor coupled to drive the trim
      means;
PA1  a first amplifier channel connected to respond to the electrical signal and
      providing an output of one polarity;
PA1  a second amplifier channel connected to respond to the electrical signal
      and providing an output of a polarity complementary to the output of the
      first amplifier channel; and
PA1  means connecting the output of said first channel to one terminal of said
      servomotor and the output of the second channel to the second terminal of
      the servomotor.
NUM  9.
PAR  9. An aircraft control system as set forth in claim 8 wherein each
      amplifier channel includes:
PA1  a translator responsive to the electrical signals applied to the primary
      servosystem for converting the signal into a single ended voltage varying
      about a reference level;
PA1  means for integrating the single ended voltage to generate a time average
      of the electrical signal;
PA1  means for converting the average of the electrical signal into a cycling
      voltage; and
PA1  means for amplifying the cycling voltage into a square wave output voltage
      connected to operate the electric motor of the trim servosystem.
NUM  10.
PAR  10. An aircraft control system as set forth in claim 9 wherein the square
      wave output voltage from one amplifier channel is 180.degree. phase
      displaced from the square wave output voltage signal from the second
      amplifier channel.
NUM  11.
PAR  11. An aircraft control system as set forth in claim 8 including manually
      actuatable means connected to each of the amplifier channels to render
      said channels nonresponsive to changes in the average of the electrical
      signal and providing a manual signal to said means for applying to operate
      the electric motor of the trim servosystem in accordance with a manual
      input signal.
NUM  12.
PAR  12. An aircraft control system as set forth in claim 11 wherein each of
      said amplifier channels includes means for amplifying the changes in the
      average of the electrical signal to produce amplified voltage signals; and
PA1  said manually actuatable means includes switching means for driving said
      means for amplifying in each of the amplifier channels independent of the
      electrical signals to produce control voltages to operate the electric
      motor of the trim servosystem.
NUM  13.
PAR  13. An aircraft control system as set forth in claim 8 including means
      responsive to the electrical signal and coupled to said first and second
      amplifier channels to duty cycle modulate the output thereof in accordance
      with the electrical signal to limit the rate at which the servomotor
      operates.
NUM  14.
PAR  14. An aircraft control system as set forth in claim 13 wherein said means
      for varying the duty cycle of each of the amplifier channels includes:
PA1  a multivibrator for providing a variable frequency signal to each of the
      amplifier channels; and
PA1  a time constant circuit responsive to the electrical signal and having a
      time constant varying in accordance with the applied electrical signal for
      producing an output to control said multivibrator.
NUM  15.
PAR  15. An aircraft control system, comprising in combination:
PA1  a primary servosystem for moving a primary control surface of an aircraft,
      said system including a reversible direct current motor energized by an
      applied varying electrical signal;
PA1  a translator responsive to the electrical signal for converting the signal
      into a single ended voltage varying about a reference level;
PA1  means for integrating the single ended voltage to generate a time average
      of the electrical signal;
PA1  means for converting the average of the electrical signal into a cycling
      voltage;
PA1  means for amplifying the cycling voltage into a square wave output control
      voltage; and
PA1  means including a trim servomotor responsive to the output control voltage
      for actuating a trim control means for the primary control surface.
NUM  16.
PAR  16. An aircraft control system as set forth in claim 15 including means for
      varying the duty cycle of each of the amplifier channels in accordance
      with the electrical signal to limit the rate at which the trim servomotor
      operates.
NUM  17.
PAR  17. An aircraft control system as set forth in claim 16 wherein said means
      for varying the duty cycle of each of the amplifier channels includes:
PA1  a translator responsive to the electrical signal for converting the signal
      into a single ended voltage varying about a reference level;
PA1  means for integrating the single ended voltage to generate a time average
      of the electrical signal;
PA1  means for converting the average of an electrical signal into an absolute
      value signal;
PA1  means responsive to the absolute value signal for generating a variable
      rate pulse signal varying with the applied electrical signal; and
PA1  a multivibrator responsive to the variable rate pulse signal for generating
      a frequency varying in accordance with the electrical signal and applied
      to each of the means for converting of the pair of amplifier channels.
NUM  18.
PAR  18. An aircraft control system as set forth in claim 15 wherein the square
      wave output control voltage from one of said amplifier channels is
      180.degree. phase displaced from the square wave output control voltage
      from the other of said amplifier channels.
NUM  19.
PAR  19. An aircraft control system as set forth in claim 15 including manually
      actuatable means coupled to the means for amplifying in each of the
      amplifier channels to control the square wave output voltage in accordance
      with a manual input signal.
NUM  20.
PAR  20. An aircraft control system as set forth in claim 19 wherein said
      manually actuatable means includes switching means for disabling the means
      for amplifying in one of the amplifier channels and for controlling the
      output of the means for amplifying in the second of the amplifier
      channels.
NUM  21.
PAR  21. An aircraft control system for adjusting the pitch trim of an aircraft
      control by an autopilot having an integrating servo system for the primary
      pitch control comprising a reversible, direct current servomotor
      responsive to an applied electrical signal and coupled to the primary
      control surface, comprising:
PA1  a trim servomotor;
PA1  means for integrating the electrical signal applied to the primary
      servomotor over a time interval to provide an output voltage; and
PA1  means for duty cycle modulating the output voltage to provide an operation
      of the trim servomotor to limit the speed at which the trim servomotor
      operates.
NUM  22.
PAR  22. An aircraft control system as set forth in claim 21 including means for
      producing equal and opposite voltage signals as a function of the average
      electrical signal applied to the primary servomotor and applying the
      difference of the equal and opposite voltage signals to the trim
      servomotor.
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ABST
PAL  In a stabilisation system a platform is stabilised about two perpendicular
      axes by means of a gyro-controlled servo system. The vertical gyro being
      used in the stabilisation system is cardanic suspended in a gyro housing
      mounted on said platform. In a first step the spin axis of the vertical
      gyro is brought, to some extent, from a random orientation to a position
      vertical with respect to the earth surface by means of two synchro
      transmitters coupled to the gyro, first control circuits connected to each
      of these synchro transmitters, and two torque motors, and in a second step
      the vertical gyro is held in said vertical position by means of two
      accelerometers mounted on the platform to be stabilised, second control
      circuits connected to each of these accelerometers, and the abovementioned
      torque motors.
PARN
PAR  This is a continuation of application Ser. No. 200,921, filed Nov. 22,
      1971, now abandoned.
BSUM
PAR  The invention relates to a stabilisation system, e.g. for a naval radar
      installation, whereby a gyro housing, which contains a vertical gyro in a
      cardanic suspension, is mounted on a platform to be stabilised and whereby
      said platform is stabilised about two perpendicular axes by means of at
      least two concentric cardan frames and a gyro-controlled servo system.
PAR  A similar system is described in the U.S. Pat. No. 3,358,285. However,
      before the stabilisation process there described can take place, the spin
      axis of the vertical gyro must, to some extent, be brought from a random
      position to a position vertical with respect to the earth surface. Also,
      in addition to the difficulties caused by this run-up process, the
      situation may arise that the platform is already stabilised externally
      through a ship's gyro situated near the centre of the ship, but that the
      stabilisation process is to be continued at a certain moment by use of the
      above-mentioned vertical gyro, while the spin axis of this gyro will
      generally be in a random position.
PAR  Hence, the object of the invention is to provide a stabilisation system of
      the type described in the opening paragraph, in which the process wherein
      the spin axis of the vertical gyro is brought to a position vertical with
      respect to the earth surface and the following platform stabilisation
      whereby the spin axis of the gyro must be held in said vertical position,
      is realised in a very simple way in one and the same system operating in
      two steps, the first step operating in two modes, in which steps and modes
      the same elements are used as much as possible.
PAR  According to the invention, in a first step, the spin axis of the vertical
      gyro, is brought, to some extent, from a random orientation to a position
      vertical with respect to the earth surface by means of two synchro
      transmitters coupled to the gyro, first control circuits connected to each
      of these synchro transmitters, and two torque motors connected to a
      corresponding first control circuit, each of said first control circuit is
      composed successively of a demodulator, a compensation network and a
      matching amplifier, and in a second step, the spin axis of the the
      vertical gyro is held in said vertical position, in a known manner, by
      means of two accelerometers mounted on the platform to be stabilised,
      second control circuits connected to each of these accelerometers and the
      above-mentioned torque motors, whereby each of said second control circuit
      is composed successively of a filter, the compensation network and the
      matching amplifier.
DRWD
PAR  The invention will now be further explained with the aid of the figures, of
      which:
PAR  FIG. 1 gives a schematic representation of the stabilisation system, while
PAR  FIG. 2 illustrates in more detail that part of the stabilisation system
      which effects the stabilisation about one of the axes pertaining to the
      system.
DETD
PAR  Like parts in both figures are denoted by like reference numerals.
PAR  The numeral 1 in FIG. 1 represents a platform to be stabilised. For this
      purpose this platform is in a cardanic suspension by means of two
      concentric gimbal frames 2 and 3 and two corresponding co-planar
      orthogonal shafts 4 and 5, respectively. If the platform to be stabilised
      is on board a ship, then the inner gimbal frame 2 is bearing-mounted in
      the gimbal frame 3, which is fixed to the ship, through the shaft 5, as
      customary, parallel to the ship's fore-and-aft line.
PAR  The inner gimbal frame 2 carries two servo motors 6 and 7. Through
      intervention of the transmission systems 8 and 9 respectively, these servo
      motors, by correct activation, can tilt the platform 1 to be stabilised in
      such a way that this platform is held in a certain fixed position with
      respect to an earth-fixed reference.
PAR  A gyroscope 10 serves as such a reference, said gyroscope is in a cardanic
      suspension in a gyroscope housing 11 mounted on the platform to be
      stabilised. A construction in which the gyroscope housings are connected
      direct with the platform to be stabilised has the advantage that the
      ship's deformations due to the roll and pitch movements do not influence
      the stabilisation. If the inaccuracies resulting from these deformations
      are of little significance or are corrected in another way, the gyroscope
      of the platform to be stabilised may be simply set up at a remote
      position, for instance more closely to the meta-centre of the ship. In the
      first case this is known as local stabilisation, in the latter case as
      external stabilisation. The gyroscope 10, also called vertical gyro,
      contains a spin axis, which, in case the gyroscope has taken the desired
      orientation, is exactly vertical with respect to the earth surface. The
      vertical gyro 10 provides two misalignment voltages through the synchro
      transmitters (pickoffs) 12 and 13 connected to this gyro as soon as the
      gyroscope housing and, hence, the platform are taken from the zero
      position determined by the vertical spin axis of the vertical gyro. These
      misalignment voltages are then fed, via the servo amplifiers 15 and 14,
      respectively to the servo motors 7 and 6 which, consequently, tilt the
      platform to be stabilised in such a way that these misalignment voltages
      are reduced to the zero value. In this way the platform is stabilised
      about the shafts 4, 5 by the servo systems (13, 14, 6, 8), (12, 15, 7, 9),
      controlled by the vertical gyro 10.
PAR  Although hereby the spin axis of the vertical gyro 10 is kept in a vertical
      position by means of the gyro control devices used, the spin axis of the
      gyro must previously have been brought, to some extent, from a random
      position to said vertical position.
PAR  According to the invention, in a first step, the spin axis of the vertical
      gyro 10 is brought, to some extent, from a random orientation to a
      position vertical with respect to the earth surface by means of the above
      mentioned synchro transmitters 12 and 13, first control circuits connected
      to each of these synchros, and two torque motors 16 and 17 connected to a
      corresponding first control circuit, whereby each of the first control
      circuits is composed successively of a demodulator, a compensation
      network, and a matching amplifier, which are indicated in FIG. 2 by 18, 19
      and 20 respectively, and in a second step, the spin axis of the vertical
      gyro 10 is held in said vertical position, in a known manner, by means of
      two accelerometers 21 and 22 respectively, which are mounted on the
      platform to be stabilised, second control circuits connected with each of
      these accelerometers and the above-mentioned torque motors 16 and 17,
      whereby each of the second control circuits is composed successively of
      the filter indicated in FIG. 2 by 23, the compensation network 19 and the
      matching amplifier 20. The gyro drive circuits, of which each is formed by
      a combination of a first and a second control circuit, are indicated by 24
      and 25 respectively.
PAR  There are two modes in which the first step of the stabilisation process
      can occur, viz.:
PAR  1. during external stabilisation; in that case the platform stabilisation
      takes place by means of a ship's gyro e.g. situated in the metacentre of
      the ship. The position of the platform 1 to be externally stabilised is
      compared with the reference position indicated by the external gyro
      stabilisation system 26 by means of two synchro transmitters 41 and 42,
      which are at the output of the external gyro stabilisation system 26, and
      synchro receivers 43 and 44 connected to each of the transmission systems
      8 and 9 respectively. If the position of the platform 1 does not
      correspond to this reference position, then the synchro receivers 43 and
      44 provide control voltages which are fed respectively to the servo motors
      6 and 7 via the conductors 45 and 46 and the servo amplifiers 14 and 15.
      Hereby, the switches indicated in FIG. 1 by 27 and 28 are in the position
      which is not indicated. In order to easily switch from this external
      stabilisation to local stabilisation, i.e. stabilisation using a gyro
      suspended in a housing mounted on the platform to be stabilised, the spin
      axis of the vertical gyro must be brought to the vertical position, i.e.
      aligned with the externally stabilised platform within a defined limit of
      accuracy. To this effect the vertical gyro is controlled in this first
      mode by the externally stabilised platform by means of the synchro
      transmitters 12 and 13 coupled to the gyro itself, the gyro drive circuits
      24 and 25 connected to each of these synchro's, and the torque motors 16
      and 17. It should also be noted that external stabilisation can also be
      obtained by coupling the platform to be stabilised (locally) to another
      stabilised platform, so that the movements of the latter platform are
      followed slavishly;
PAR  2. in the second mode of the first step the movements of the platform
      relative to the ship are arrested. Similar to the first mode of the first
      step, the spin axis of the gyro 10 must be brought, to some extent, from a
      random orientation to a position vertical with respect to the earth
      surface by means of the synchro transmitters 12 and 13, the gyro drive
      circuits 24 and 25 and the torque motors 16 and 17. Since in this
      situation the platform is not stabilised, the vertical gyro is brought to
      the vertical position with a greater inaccuracy than in the first mode.
      However, this does not raise any objections because in the second step the
      spin axis of the vertical gyro is kept in an exactly vertical position by
      means of accelerometers.
PAR  So, it can be seen that in the two modes the spin axis of the vertical gyro
      is brought, to some extent, to the vertical position and in the two modes
      the gyro is controlled by the platform; in the first mode by the
      externally stabilised platform and in the second mode by the platform, the
      movements of which relative to the ship are arrested.
PAR  The stabilisation system is switched from the first into the second step
      when, in the first mode, the spin axis of the gyro has been either aligned
      with the externally stabilised platform or has been placed into a
      practically vertical position in the second mode. Switching from the first
      mode of the first step to the second step occurs when a precision
      indicator shows that the spin axis of the gyro has been aligned with the
      externally stabilised platform. Switching from the second mode of the
      first step to the second step occurs upon the expiration of a
      predetermined time.
PAR  In the following the part of the stabilisation system that effects the
      stabilisation about the shaft 4 will now be further described with
      reference to FIG. 2.
PAR  During the external stabilisation (the first mode of the first step) the
      switch 28 in FIG. 2 is in the position which is not indicated. In this
      position the position of the platform is compared with the reference
      indicated by the external gyro stabilisation system 26 by means of the
      synchro transmission system 42, 44. If the two positions do not correspond
      to one another, then the synchro receiver 44 emits a control signal, which
      is fed to the motor 7 via the conductor 46 and the servo amplifier 15. If
      no external stabilisation takes place, the switch 28 is in the indicated
      position and the servo system formed by the amplifier 15 and the motor 7
      is controlled by the synchro transmitter 12; during the second mode of the
      first step, however, the platform remains blocked.
PAR  The switch 29 is in the indicated position in the two modes of the first
      step. The vertical gyro 10 is then followed up through the synchro 12, the
      demodulator 18, the compensation network 19, the matching amplifier 20 and
      the torque motor 16. If the stabilisation system occurs in the second
      step, the vertical gyro is followed up through the accelerometer 21, the
      filter 23, the compensation network 19, the matching amplifier 20 and the
      torque motor 16.
PAR  Now, if it is assumed that the platform is controlled by the vertical gyro,
      but the spin axis of the gyro is not in an exactly vertical position, so
      that the platform shows an almost similar deviation from a horizontal
      plane, e.g. a deviation corresponding with an angular rotation
      .theta..sub.i of the platform about the shaft indicated in FIG. 1 by 4,
      the accelerometer 21 produces a voltage
TBL  e = K.sub.1 (g .theta..sub.i + a)                                         
PAL  where g represents the gravitational acceleration, a an interfering
      acceleration due to a movement of the ship and K.sub.1 a constant. The
      signal provided by the accelerometer is thus built up from two components,
      viz.: a component which is a measure for the skew of the platform and a
      signal varying in amplitude (a) and frequency (W.sub.s) due to the
      movement of the ship. The latter signal may be given by
TBL  K.sub.1 a = K.sub.1 a sin .omega..sub.s t,                                
PAL  where .omega..sub.s is the frequency of the pitching movement of the ship.
      The signal provided by the accelerometer is fed to the filter 23. The
      purpose of this filter is to provide ample damping for the ship's
      frequencies (.omega..sub.s), whose magnitudes are in the order of 0.5 to
      1.25 rad/sec. For this purpose a low-pass filter has been chosen. The
      dimensions of this filter are such that if F represents the transfer
      function of the filter, F is approximately equal to 1 for frequency values
      .omega.&lt;&lt;0.12 rad/sec and a damping of 30 dB/oct. occurs for frequency
      values .omega..sub."&gt;0.12 rad/sec. In view of this filter characteristic,
      the signal provided by the filter may now be expressed by:
EQU  K.sub.1 g .theta..sub.i.
PAL  This signal is fed to the compensation network 19. This network is composed
      of an amplifier 30, an integrator 31 and a summing element 32. A switch is
      provided between the integrator and the summing element; however, this
      switch is closed when the stabilisation process is taking place in the
      second step. If the transfer function of the compensation network is now
      given by
      ##EQU1##
      then the signal provided by this network and fed to the matching amplifier
      20 is represented by
      ##EQU2##
      Due to the fact that a 400 Hz pancake motor is used for the torque motor
      16, the matching amplifier 20 functions as modulator. If K.sub.2
      represents the d.c. amplification of this modulator and K.sub.3 the
      transfer function of the pancake motor, the torque exerted on the gyro is
      expressed by
      ##EQU3##
      or
      ##EQU4##
      where C.sub.1 and C.sub.2 are constants and .tau. the RC time of the
      integrator 31 pertaining to the compensation network. Since the transfer
      function of the gyro may be expressed by C.sub.3 /s, the angle through
      which the gyro is turned is given by
      ##EQU5##
      where .tau..sub.1 = 1/C.sub.1 C.sub.3 represents the time constant of the
      erection loop formed by the accelerometer, the gyro drive circuit and the
      pancake motor.
PAR  If it is now assumed that no spurious torques are exerted on the gyro and
      the spin axis of the gyro had turned about the shaft 34 through the same
      angle .theta..sub.i as the platform about the shaft 4, then the term
      C.sub.1 .theta..sub.i in the expression
      ##EQU6##
PAR  represents the torque that must be exerted on the gyro in order to bring
      this gyro in the desired vertical position (compare: Savet - Gyroscopes:
      Theory and Design, Section 3-4).
PAR  If now an unbalance occurs in the gyro, for instance about the shaft
      indicated in FIG. 1 by 34, then the resulting torsional unbalance produces
      a motion of precession about the shaft indicated in FIG. 1 by 35. In order
      to eliminate this ever-increasing angular displacement, an increasing
      torque should be exerted on the shaft 34. To this effect an integration,
      which is proportional to the unbalance occurring in the gyro, is carried
      out on the control torque or on a value proportional to this, such as, in
      the case considered, on the filtered signal from the accelerometer. Hence,
      the term
      ##EQU7##
      in the last-mentioned expression represents the unbalance compensation.
PAR  As regards the integration constants .tau. and .tau..sub.1 it may be noted
      that .tau./C.sub.2 &gt;&gt;.tau..sub.1, in order that the control determining
      the vertical position is not too strongly influenced by the unbalance
      compensation (compare: Savet - Gyroscopes: Theory and Design, Section
      6-5). The integrator 31 is designed so that it has a diminished time
      constant .tau. if the input voltage of the integrator exceeds a certain
      value. This implies that, as long as the gyro position has not yet
      approached the vertical position within a certain limit of accuracy, it is
      of little importance that the unbalance compensation influences the
      control determining the desired vertical position, while, on the other
      hand, the delayed effect on the gyro control is reduced.
PAR  In addition to the above-mentioned unbalance compensation, an own course
      and speed compensation and a compensation for the earth's rotation can be
      provided in the gyro control.
PAR  The accelerometer 21 is sensitive to an increase in the speed of the ship.
      For the compensation of the resulting error in the signal from the
      accelerometer, a correction signal calculated by a computer, called Ve
      compensation (Ve = own speed of the ship), together with the signal from
      the accelerometer 21 is fed to the filter 23 via the cable
      receiver/amplifier 36 (compare: Savet -- Gyroscopes: Theory and Design,
      Section 6-12)
PAR  The accelerometer 22 is sensitive to a centrifugal acceleration which
      results from a change in the own course of the ship. For the compensation
      of the resulting error in the signal from the accelerometer, a correction
      signal calculated by the computer, called Ke.Ve compensation (ke = own
      course of the ship), together with the signal from the accelerometer 22 is
      fed to the respective filter via a cable receiver/amplifier (compare:
      Savet - Gyroscopes: Theory and Design, Section 6-13). If the ship's
      heading is suddenly changed, an inaccuracy in the Ke.Ve compensation may
      occur and this may result in serious stabilisation errors. These errors
      may be reduced by switching the stabilisation system in a -free drift"
      mode. This switching is implemented by the computer which, to this effect,
      provides the integrator 31 and the summing element 32 with a signal via
      the cable receiver/amplifier 37. The integrator and the summing element
      are both provided with a hold circuit. The output voltage of the
      integrator and the summing element is kept constant in the free drift mode
      through these hold circuits, and the gyro control is not influenced
      anymore by undesired accelerations. In the free drift mode the Ke.Ve
      compensation can be left out.
PAR  Finally, the compensation for the earth's rotation is also
      computer-determined and, together with the signal from the compensation
      network 19, is fed to the modulator 20, via the cable receiver/amplifier
      38 (compare: Savet - Gyroscopes: Theory and Design, Section 6-4).
PAR  As previously mentioned, the gyro is followed up via the synchro 12, the
      demodulator 18, the compensation network 19, the modulator 20 and the
      pancake motor 16 in the first and in the second mode of the first step. In
      case external stabilisation is taking place (i.e. in the first mode of the
      first step), a precision indicator 39 and the lamp 40, the indicator being
      connected to the output of the amplifier 30 pertaining to the compensation
      network, indicate that the spin axis of the gyro is brought to the
      vertical position, i.e. aligned with the platform within a defined limit
      of accuracy and can be switched manually from the first mode of the first
      step to the second step. It should also be noted that the switch 33
      between the integrator 31 and the summing element 32 is in the open
      (indicated) position during the second mode of the first step. During this
      mode the movements of the platform is blocked relative to the ship, and
      the spin axis of the gyro is only brought in an orientation approaching
      the vertical position, through which an unbalance compensation which would
      exercise a retarding influence on the gyro control in the second mode of
      the first step, can be left out. Upon the expiration of a time to be
      predetermined a switch is made automatically from the second mode of the
      first step to the second step, at the same time the switch 33 is being
      closed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A stabilisation system for a naval radar installation whereby a gyro
      housing, which contains a vertical gyro in a cardanic suspension, is
      mounted on a platform to be stabilised, which is cardanically suspended by
      means of two concentric gimbal frames and stabilised about two
      corresponding co-planar orthogonal shafts, the stabilisation about each of
      said shafts occurring by a servo system controlled by said gyro, wherein,
      in a first step, the spin axis of the vertical gyro is brought, to some
      extent, from a random orientation to a position vertical with respect to
      the earth surface by means of two synchro transmitters coupled to the
      gyro, first control circuits connected to each of these synchro
      transmitters, and two torque motors connected to a corresponding first
      control circuit, whereby each of said first control circuits is composed
      successively of a demodulator, a compensation network and a matching
      amplifier, and in a second step the vertical gyro is held in said vertical
      position in a known manner, by means of two accelerometers mounted on the
      platform to be stabilised, second control circuits connected to each of
      these accelerometers, and the above-mentioned torque motors, whereby each
      of said second control circuits is composed successively of a filter, the
      compensation network and the matching amplifier.
NUM  2.
PAR  2. A stabilisation system as claimed in claim 1, wherein, if in the first
      step the platform is externally stabilised by means of a ship's gyro,
      which may be situated in the ship's metacentre, and the orientation of the
      spin axis of the vertical gyro is brought to the position vertical with
      respect to the earth surface, which is the position corresponding with the
      position of the externally stabilised platform within a defined limit of
      accuracy, the second step of the stabilisation process is started, whereby
      said external platform stabilisation is switched to the local platform
      stabilisation which is controlled by the vertical gyro.
NUM  3.
PAR  3. A stabilisation system as claimed in claim 1, wherein, upon the
      expiration of a predetermined time, being the duration of the first step,
      during which time the spin axis of the vertical gyro can run in to the
      orientation, vertical with respect to the earth surface, the platform,
      whose movements relative to the ship were arrested during that time, is
      released, thus starting the second step of the stabilisation process.
NUM  4.
PAR  4. A stabilisation system as claimed in claim 1, wherein, during the second
      step, said filter is fed, on the one hand, with a signal which is derived
      from one of the accelerometers and is a measure for the skew of the spin
      axis of the vertical gyro relative to the desired vertical orientation
      and, on the other hand, with a computer-determined ship's course and speed
      correction, said filter being designed as a low-pass filter such that
      frequency components due to the movements of the ship and present in the
      signal from the respective accelerometer are suppressed.
NUM  5.
PAR  5. A stabilisation system as claimed in claim 4, wherein the compensation
      network is formed by an amplifier and an integrator, which are both
      connected to the demodulator in the first step and to said filter in the
      second step, and by a summing element through which the output signals of
      the amplifier and the integrator are fed to the matching amplifier
      functioning as modulator, whereby the compensation network is also
      provided with the two hold circuits which form a part of the integrator
      and the summing element respectively and keep the output voltage of both
      constant during the computer-determined time intervals during which the
      ship's heading is suddenly changed.
NUM  6.
PAR  6. A stabilisation system as claimed in claim 5, wherein the signal fed to
      the matching amplifier, is formed by the output signal of the compensation
      network and a computerdetermined compensation for the earth's rotation.
NUM  7.
PAR  7. A stabilisation system as claimed in claim 3, wherein a switch is
      provided between the integrator and the summing element, said switch
      blocking the integrator output during the time to be predetermined, while
      the stabilisation system is in the second mode of the first step.
NUM  8.
PAR  8. A system for horizontally stabilising a platform which is cardanically
      mounted on a ship and free to rotate about two orthogonal axes,
      comprising:
PA1  first and second accelerometers mounted on said platform for sensing
      inertial accelerations of said platform along said two orthogonal axes;
PA1  a vertical gyro for holding a vertical reference, said vertical gyro being
      cardanically mounted on said platform and free to rotate about two axes
      that are parallel with said orthogonal axes;
PA1  first and second synchros mounted along said two axes that are parallel
      with said orthogonal axes for sensing position differences between said
      platform and said gyro about said two axes;
PA1  first and second torque motors mounted along said two axes that are
      parallel with said orthogonal axes for controlling the relative position
      of said gyro with respect to said platform about said two axes;
PA1  first and second drive circuits normally responsive to the accelerations
      sensed by said accelerometers for driving said first and second torque
      motors in directions which tend to reduce the accelerations sensed by said
      accelerometers but during run-up of said gyro responsive instead to the
      position differences sensed by said first and second synchros for driving
      said first and second torque motors in directions which tend to reduce the
      position differences sensed by said first and second synchros;
PA1  third and fourth torque motors mounted along said orthogonal axes for
      controlling the relative position of said platform with respect to said
      ship about said orthogonal axes; and
PA1  third and fourth drive circuits responsive to the position differences
      sensed by said first and second synchros, when said first and second drive
      circuits are responsive to the accelerations sensed by said
      accelerometers, for driving said third and fourth torque motors in the
      directions which tend to reduce the position differences sensed by said
      first and second synchros,
PAL  whereby said vertical gyro is normally maintained in a vertical position by
      said accelerometers mounted on said platform and said platform is slaved
      to said vertical gyro, but during run-up said vertical gyro is erected
      using the same components by instead slaving said vertical gyro to said
      platform.
NUM  9.
PAR  9. A system as defined in claim 8, wherein said platform is fixed in
      position relative to said ship during run-up of said vertical gyro.
NUM  10.
PAR  10. A system as defined in claim 8, and further comprising:
PA1  a source of external stabilisation signals indicative of the position
      differences that a stabilised platform would have with respect to said
      ship about said orthogonal axes; and
PA1  third and fourth synchros mounted along said orthogonal axes for sensing
      the amounts by which the actual position differences between said platform
      and said ship about said orthogonal axes deviate from the position
      differences indicated by stabilisation signals from said source, said
      third and fourth drive circuits being responsive to said amounts during
      run-up of said gyro for driving said third and fourth torque motors in
      directions which tend to reduce said amounts,
PAL  thereby externally stabilising said platform during run-up of said gyro.
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ABST
PAL  A force balance transmitter having a frame and a process element carried
      thereby and being provided with a movable part adapted to move in response
      to certain changes in the process, the transmitter having feedback means
      that produces an output signal in relation to a feedback force thereof
      being created to oppose movement of a movable feedback part thereof. Three
      levers are pivotally mounted to the frame for transmitting motion of the
      movable parts of the process element to the movable feedback part of the
      feedback means whereby the overall height of the transmitter is relatively
      small in relation to the large ratio being produced by the levers of the
      transmitter.
BSUM
PAR  This invention relates to an improved force balance transmitter as well as
      to improved parts for such a transmitter or the like.
PAR  It is well known that force balance transmitters have been provided in the
      past with each having a process element carried by the frame of the
      transmitter and being provided with a movable part adapted to be moved in
      response to certain changes in the process. Such transmitter has feedback
      means carried by the frame and being adapted to produce an output signal
      in relation to a feedback force thereof being created to oppose movement
      of a movable feedback part thereof, the feedback part being attempted to
      be moved by the movable part of the process element through lever means of
      the transmitter interconnecting the same together. Such prior known force
      balance transmitters have the feedback means thereof pneumatically
      operated or electrically operated as desired.
PAR  One feature of this invention is to provide such a force balance
      transmitter wherein a unique lever arrangement is provided between the
      process element and the movable feedback part in such a manner that the
      same allows the transmitter to be much lower in profile than prior known
      transmitters that have a similar principle of operation thereof.
PAR  Another feature of this invention is to provide a force balance transmitter
      of the above type having an improved feedback arm that is particularly
      adapted to be utilized with an electrically operated feedback means, such
      feedback arm carrying a detector disc thereon that is located in a
      position for substantially maximum sensitivity and at the point of
      substantially maximum arm movement thereof.
PAR  Another feature of this invention is to provide a force balance transmitter
      of the above type wherein only one bias spring need be provided for the
      lever means thereof and such bias spring can be utilized for both coarse
      and fine zero adjustment of the transmitter.
PAR  Another feature of this invention is to provide a force balance transmitter
      of the above type having an adjustable overload mechanism which limits the
      amount of load that the lever means has to withstand in the event the
      movable part of the process element is driven beyond the normal positions
      thereof by excessive pressure or the like.
PAR  In particular, one embodiment of this invention provides a force balance
      transmitter having a frame means and a process element carried thereby and
      being provided with a movable part adapted to move in response to certain
      changes in the process being sensed thereby. The transmitter has feedback
      means carried by the frame means and is provided with output signal means
      for producing a signal in relation to a feedback force thereof created to
      oppose movement of a movable feedback part thereof. The transmitter has
      lever means operatively interconnecting the movable part of the process
      element to the movable feedback part of the feedback means. According to
      the teachings of this invention, the lever means comprises three levers
      pivotally mounted to the frame means for transmitting the motion of the
      movable part of the process element to the movable feedback part of the
      feedback means and being so constructed and arranged that the overall
      height of the transmitter is relatively short when considering the ratio
      of movement of the feedback part to the movement of the movable part of
      the process element. The movable feedback part comprises an arm pivotally
      mounted to the frame means at one end thereof and having a detector disc
      at the other end thereof so as to be detected by a detector of an
      electrically operated feedback means that controls the amount of current
      being directed to a feedback coil carried by the feedback arm intermediate
      its ends. A bias spring has one end connected to the primary lever of the
      lever means and has another end adjustably connected to the frame means. A
      gear train means is provided between a selector means and the adjustable
      end of the spring so as to provide for both coarse and fine zero
      adjustment of the bias spring. The primary lever has one end thereof
      interconnected to the movable part of the process element and the other
      end thereof connected to a second lever by an interconnection means that
      has overtravel means therein that is only taken up when excess pivot
      movement of the primary lever takes place by an excessive movement of the
      movable part of the process element.
PAR  Accordingly, it is an object of this invention to provide an improved force
      balance transmitter having one or more of the novel features set forth
      above or hereinafter shown or described.
PAR  Another object of this invention is to provide improved parts for such a
      force balance transmitter or the like.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description which proceeds with reference to the
      accompanying drawing forming a part thereof and wherein:
PAR  FIG. 1 is a cross-sectional view, partially in schematic form, illustrating
      one embodiment of the improved force balance transmitter of this
      invention.
PAR  FIG. 2 is an enlarged fragmentary view of the upper end of the primary
      lever of the transmitter of FIG. 1 and illustrates the same in an
      excessive, overtraveled condition thereof.
PAR  FIG. 3 is a view similar to FIG. 1 and illustrates another embodiment of a
      force balance transmitter of this invention.
PAR  FIG. 4 is a fragmentary cross-sectional view taken on the line 4-4 of FIG.
      3.
PAR  FIG. 5 is a schematic view of the transmitter of FIG. 3 and illustrates the
      electrical circuit therefor.
PAR  FIG. 6 is a fragmentary view of part of the transmitter of FIG. 5 and
      illustrates an overtraveled condition thereof.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted to provide an electrically
      operated force balance pressure transmitter, it is to be understood that
      the various features of this invention can be utilized singly or in any
      combination thereof to provide improvements for other types of
      transmitters or the like.
PAR  Thus, this invention is not to be limited to only the embodiments
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide varieties of the uses of this invention.
PAR  Referring now to FIG. 1, the improved force balance transmitter of this
      invention is generally indicated by the reference numeral 10 and comprises
      a frame means generally indicated by the reference numeral 11 provided
      with a chamber means 12 therein that is closed by a casing or cup-shaped
      cover member 13 forming part of the frame means 11 while being detachably
      secured thereto by threaded fastening means 14 as indicated. The frame
      means 11 of the transmitter 10 comprises a primary body 15 carrying a base
      structure 15' having the cover 13 detachably secured thereto. The primary
      body carries a process element 16 in a manner well known in the art, the
      particular process element 16 illustrated in FIG. 1 comprising a bellows
      17 having an end wall 18 adapted to be moved relative to the body 15 in
      relation to a pressure differential acting across the bellows 17. Of
      course, it is to be understood that the process element 16 could be a
      diaphragm, capsule, etc. as desired.
PAR  In any event, the movable part 18 of the process element 16 is
      interconnected by tying means 21 to a lower end 22 of a primary lever 23
      pivotally mounted to the primary body 15 of the frame means 11 at a pivot
      point 24 thereof that is intermediate the lower end 22 and the upper end
      25 of the lever 23, the primary lever 23 forming part of the lever means
      of the transmitter 10 that is generally indicated by the reference numeral
      26 in FIG. 1.
PAR  The transmitter 10 is provided with an electrically operated feedback means
      that is generally indicated by the reference numeral 27 and comprises a
      feedback arm 28 having opposed ends 29 and 30, the end 30 being pivotally
      mounted to the frame means 11 by a cross flexure means 31 secured at its
      lower end 32 to the end 30 of the feedback arm 28 and at its upper end 33
      to an L shaped bracket 34 of the frame means 11. An angle member 35 is
      secured at its lower end 36 to the end 30 of the feedback arm 28 and has a
      counter weight 37 secured to the upper end 38 thereof to provide optimum
      static and dynamic balance of the lever system 26 by minimizing the
      vibration effect and zero shift with position change of the lever means 26
      as will be apparent hereinafter.
PAR  The feedback arm 28 carries a cylindrical electrical coil 39 that is
      telescopically disposed around a permanent magnet 40, the coil 39 being
      adapted to have electrical current supplied thereto by leads 41 and 42
      under the control of an electronic circuit unit 43 that is conventional in
      the art and is adapted to increase the current flow through the feedback
      coil 39 as a detector assembly 44 senses that a detector disc 45 carried
      on the end 29 of the feedback arm 28 is being positioned closer thereto
      when the feedback arm 28 is being pivoted in a clockwise direction in FIG.
      1 by the lever means 26 in a manner hereinafter described. Thus, the
      detector assembly 44, through its leads 46 and 47, causes the electrical
      circuit unit 43 to correspondingly increase the current flow through the
      coil 39 and, thus, out through a signal producing lead 48 to an indicator
      (not shown) that will indicate that an increased process pressure force is
      being sensed by the transmitter 10. This increased current flow through
      the feedback coil 39 causes the coil to be repulsed by the permanent
      magnet 40 to a greater extent so that the feedback arm 28 returns to and
      then remain in the condition illustrated in FIG. 1 until the feedback
      means 28 is again urged in a clockwise direction by an increase in
      pressure being sensed by the process element 16 or is moved in a
      counterclockwise direction by a decrease in system pressure as the case
      may be and in a manner hereinafter described.
PAR  The upper end 25 of the primary lever 23 is interconnected to an end 49 of
      a second lever 50 having its lower end 51 interconnected by a flexure
      member 52 to a lower end 53 of a third lever 54 of the lever means 26.
PAR  The upper end 25 of the primary lever 23 is interconnected to the upper end
      49 of the second lever 50 by an interconnection means that is generally
      indicated by the reference numeral 55 and comprises a flexure member 56
      having one end 57 secured to the upper end 49 of the lever 50 and its
      other end 58 secured to a block 59 that has a threaded adjusting member 60
      threadedly disposed in a threaded bore (now shown) formed therein. The
      threaded adjusting member 60 passes out through an opening 61 in the upper
      end 25 of the primary lever 23 and has a compression spring 62 disposed
      about the same in such a manner that one end 63 of the compression spring
      62 abuts against an enlarged head 64 of the adjusting member 60 and the
      other end 65 abuts against the side 66 of the end 25 of the primary lever
      23 so as to tend to urge the block 59 of the flexure member 56 into
      abutting engagement with the other side 67 of the upper end 25 of the
      primary lever 23 in the manner illustrated in FIG. 1.
PAR  By adjusting the threaded relation of the adjusting member 60 relative to
      the block 59, the force of the compression spring 62 ill be adjusted with
      such force tending to maintain the block 59 into positive engagement with
      the side 67 of the upper end 25 of the primary lever 23 so that as the
      primary lever 23 pivots about the pivot point 24 thereof in either a
      clockwise or counterclockwise direction, the block 59 will be held in
      spring engagement with the side 67 of the upper end 25 of the primary
      lever 23 so as to move in unison therewith and thereby cause the flexure
      member 56 to cause the upper end 49 of the second lever 50 to move in
      unison therewith during all normal pivoting movement of the primary lever
      23 upon normal movement of the movable part 18 of the process element 16.
PAR  However, should an excess pressure differential be created across the
      bellows 17 of the process element 16 so that the movable part 18 is driven
      to the right in FIG. 1 an excess amount to cause an excess pivoting
      movement of the primary lever 23 in a counterclockwise direction about the
      pivot point 24, the upper end 25 of the primary lever 23 will move to the
      left and compress the compression spring 62 in the manner illustrated in
      FIG. 2 so that such excess pivoting movement of the primary lever 23 is
      not imposed on the upper end 49 of the second lever 50 as the
      interconnection means 55 therebetween substantially "stretches" during
      such excess pivoting movement of the primary lever 23. Thus, it can be
      seen that the lever means 26 of the transmitter 10 is limited in the
      amount of load that the same has to withstand when the process element 16
      is driven beyond the normal positions thereof by excessive system pressure
      as the compression spring 62 merely locks the flexure member 56 of the
      assembly 55 firmly to the primary lever 23 until a preset load is reached
      and at this point the interconnection means 55 extends in the manner
      illustrated in FIG. 2 to permit such excess movement without such excess
      movement being imposed upon the other parts of the transmitter 10.
PAR  A bias spring 68 has one end 69 interconnected to the upper end 25 of the
      primary lever 23 while the other end 70 thereof is fastened to a retainer
      71 threaded on a threaded member 72 rotatably mounted to the frame means
      11 by a bearing means 73. The threaded member 72 is interconnected to a
      gear 74 forming part of a gear train that is generally indicated by the
      reference numeral 75 and is disposed between the threaded member 72 and a
      rotatable adjusting member 76 disposed exteriorly of the frame means 11 as
      illustrated.
PAR  In particular, the gear train 75 comprises the gear 74 disposed in meshing
      relation with another gear 77 rotatably mounted to the frame means 11 by a
      shaft means 78, the gear 77 being in turn disposed in meshing relation
      with another gear 79 also rotatably mounted to the frame means 11 by a
      shaft means 80. However, the shaft means 80 has a rectangular extension 81
      adapted to be received in a key slot means 82 of a part 83 of the
      adjusting member 76 that is disposed in the chamber 12 of the frame means
      11 and is interconnected to the external part 76 by a shaft 84 passing
      through a bore 85 in the frame means 11 whereby the parts 76 and 83 will
      rotate in unison.
PAR  In this manner, a person can insert a screwdriver in a cross slot 86 formed
      in the external part 76 and rotate the same to thereby cause the part 83,
      through its driving relation with the rectangular part 81 of the gear 79,
      to rotate the gear 79 and, thus, cause the gear train 75 to rotate the
      threaded member 72 to thereby axially move the retainer 71 to the right or
      left in FIG. 1 and thereby increase or decrease the amount of force that
      the bias spring 68 is applying in an attempt to pivot the primary lever 23
      in a clockwise direction in opposition to the force of the movable part 18
      of the process element 16 tending to pivot the primary lever 23 in a
      counterclockwise direction because of the system pressure present in the
      chamber 19.
PAR  It has been found that the bias spring 68 serves for both coarse and fine
      zero adjust of the transmitter 10 as the system of gears 75 allows the
      adjustment to be made via the external zero screw means 76 and also
      permits fine adjustment by virtue of the gear reduction provided by the
      gear train 75. Accordingly, it has been found that by utilizing the gear
      train means 75 and the single bias spring 68, the fine zero spring
      normally interconnected to the feedback arm of prior known transmitters
      can be eliminated for the feedback arm 28 of the transmitter 10 of this
      invention as experiments have shown that transmitter performance suffers
      when a fine zero spring is required on the feedback arm.
PAR  A threaded shaft 87 is rotatably carried by the frame means 11 and has a
      pivot collar 88 threaded thereon and disposed between the opposed ends 89
      and 90 thereof, the pivot collar 88 having an outwardly directed annular
      pivot flange 91 engageable against the second lever 50 to provide a pivot
      point therefor between the opposed ends 49 and 51 of the lever 50. Means
      (not shown) are provided for rotating the shaft 87 to thereby adjust the
      axial position of the pivot shoulder 91 of the threaded collar 88 thereon
      so as to adjust the pivot point for the second lever 50 to the desired
      position thereon.
PAR  The lower end 53 of the third lever 54 is pivotly mounted by a cross
      flexure means 92 to the frame means 11 at a point below the point of
      interconnection of the flexure member 52 to the lever 54, the flexure
      member 52 leading from the end 51 of the second lever 50.
PAR  The third lever 54 has an upper end 93 interconnected by a flexure member
      94 to the part 35 of the upper end 30 of the feedback arm 28 as
      illustrated.
PAR  It can be seen in FIG. 1 that the frame means 11 includes a main bracket
      11' that can be mounted directly to the primary body 15 rather than
      directly to the bore 15' as will be apparent in connection with the
      transmitter 10A of FIG. 3 later to be described to prevent zero shifts
      that could occur if external loading were applied to either the cover 13
      or base 15'. In any event, it can be seen that the main bracket 11'
      carries the lever means 26 of the transmitter 10.
PAR  Thus, it can be seen that the lever means 26 for the transmitter 10
      effectively interconnects the movable part 18 of the process element 16 to
      the feedback arm 28 so as to cause the transmitter 10 to operate in a
      manner now to be described.
PAR  Assuming that the transmitter 10 is in the condition illustrated in FIG. 1
      and the same is interconnected into a system where the pressure fluid of
      the system is received in the chamber 19 of the primary body 15 whereby
      the force of the same acting on the bellows construction 17 tends to move
      the movable part 18 to the right in FIG. 1 to tend to cause the primary
      lever 23 to pivot in a counterclockwise direction and such force of the
      process element 16 acting on the primary lever 23 is fully counterbalanced
      by the force of the bias spring 68 tending to pivot the lever 23 in a
      clockwise direction, the electronic circuit means 43 is delivering a
      signal through the lead 48 indicating that the pressure of the process is
      at the set value for the transmitter 10.
PAR  However, should the pressure in the chamber 19 thereafter increase so that
      the resulting increase in pressure differential acting across the bellows
      construction 17 tends to cause the movable part 18 to move further to the
      right, such movement of the movable part 18 of the process element 16
      causes counterclockwise pivoting of the primary lever 23 about the pivot
      24 and, through the interconnection means 55, causes counterclockwise
      pivoting of the second lever 50 about its pivot point 91. Such
      counterclockwise pivoting of the second lever 50 causes clockwise pivoting
      of the third lever 54 about its pivot point 91 whereby the interconnection
      94 causes the feedback arm 28 to pivot in a clockwise direction on its
      pivot means 31.
PAR  This clockwise pivoting of the feedback arm 28 causes the lower end 29 of
      the feedback arm 28 to move the detector disc 45 closer to the detector
      assembly 44 which thus causes the electronic circuit unit 43 to increase
      the flow of current through the feedback coil 39. This increased flow of
      current through the feedback coil 39 causes the same to be repulsed away
      from the permanent magnet 40 until the feedback arm 28 returns to the
      position illustrated in FIG. 1, such return movement of the feedback arm
      28 to the position illustrated in FIG. 1 causing the levers 54, 50 and 23
      to reverse pivot from the manner previously described also back to the
      position illustrated in FIG. 1. The increased flow of current through the
      coil 39 now maintains the system in the condition illustrated in FIG. 1.
      Of course, the increased flow of current through the feedback coil 59 is
      also being directed by the lead 48 to an indicating device that indicates
      the increase in pressure of the system which is now present in the chamber
      19.
PAR  Conversely, a decrease in system pressure in the chamber 19 and thereby a
      resulting decrease in the pressure differential acting across the bellows
      construction 17 causes the movable part 18 of the process element 16 to
      move to the left in FIG. 1, through the force of the bias spring 68,
      whereby the primary lever 23 pivots in a clockwise direction about its
      pivot point 24 and thereby through the interconnection means 55 causes the
      lever 50 to pivot in a clockwise direction about its pivot point 91. Such
      clockwise pivoting of the lever 50 causes the lever 54 to pivot in a
      counterclockwise direction about its pivot point 92 and thereby causes a
      counterclockwise pivoting of the feedback arm 28 on its pivot 31. Such
      counterclockwise pivoting of the feedback arm 28 moves the detector disc
      45 further away from the detector assembly 44 which causes the circuit 43
      to reduce the flow of current through the coil 39 so that the permanent
      magnet 40 tends to draw the feedback arm 28 back to the position
      illustrated in FIG. 1. Such clockwise movement of the feedback arm 28
      causes the lever means 26 to reverse pivot from the manner previously
      described so as to move back to the position illustrated in FIG. 1. Of
      course, this reduced current flow now being sent through the feedback coil
      39 by the circuit unit 43 is being sensed by the indicator interconnected
      to the lead 48 which will indicate that the process pressure in the
      chamber 19 has decreased accordingly.
PAR  Therefore, it can be seen that the transmitter 10 operates in the manner
      previously described to provide its force balance function.
PAR  However, because of the unique lever means 26 of this invention, it has
      been found that the combined ratios of the ratio lever 23 and feedback arm
      28 can be approximately 36 to 1 and that a similar design with only the
      feedback arm would require almost double the height that is provided by
      the transmitter 10 of this invention.
PAR  Also, by locating the detector disc 45 on the lower end 29 of the feedback
      arm 28, it can be seen that the detector disc 45 is located for maximum
      sensitivity at the point of maximum feedback arm movement.
PAR  Also, only one bias spring 68 need be provided for the transmitter 10 as
      the gear train means 75 permits the spring 68 to be adjusted for both
      coarse and fine zero adjust of the transmitter 10.
PAR  Also, the interconnection means 55, through the compression spring 62
      thereof, limits the amount of load that the lever mechanism 26 will be
      subjected to by the process element 16 as the spring 60 will takeup such
      excess movement in the manner illustrated in FIG. 2 and in the manner
      previously described.
PAR  Another force balance transmitter of this invention is generally indicated
      by the reference numeral 10 in FIGS. 3-6 and parts thereof similar to the
      force balance transmitter 10 previously described or indicated by like
      reference numerals followed by the reference letter A.
PAR  As illustrated in FIG. 3, the transmitter 10A includes the primary body
      15A, base structure 15A' and cover 13A whereby the primary body 15A, base
      15A' and cover 13A forms the frame means 11A of the transmitter 10A that
      carries the main bracket means 11A' in a chamber 12A thereof, the bracket
      means 11A' being supported on the primary body 15A.
PAR  In this manner, the main bracket 11A' is mounted directly to the primary
      body 15A and does not contact the base 15A' or cover 13A at any point.
      However, the base 15A' is also mounted to the primary body 15A. The
      primary arm 23A is a member of the primary body 15A and all other elements
      in the mechanism 10A are attached to the main bracket 11A'. Thus, this
      arrangement prevents zero shifts that would occur when external loads are
      applied to either the cover 13A or base 15A' if the bracket 11A' were
      mounted to the base 15A'.
PAR  The process element 16A of the transmitter 10A is adapted to develop force
      in proportion to some process variable in the same manner as the process
      element 16 previously described. This force of the process element 16A is
      applied to the point 22A of the primary arm 23A which will rotate about
      the pivot 24A. This pivoting movement of the primary arm 23A is applied by
      the upper end 66A of the arm 23A to flexure arms 56A attached at the ends
      57A thereof to the upper end 49A of the span arm or lever 50A to cause the
      same to rock about the adjustable pivot point 91A of the adjustable member
      88A carried on the threaded adjusting means 87A.
PAR  The lower end 51A of the span arm or lever 50A is interconnected by flexure
      means 52A to lever arm 54A that is pivotally mounted by cross flexure
      means 92A at the lower end 53A thereof and is interconnected at the upper
      end 93A thereof to flexure arms 94A interconnected at the left-hand ends
      thereof in FIG. 3 to the upper end of the feedback arm 28A that is
      pivotally mounted at the upper end thereof by a cross pivot flexure means
      32A.
PAR  In order to minimize zero shifts that can occur when the nut 88A is
      adjusted to vary the span pivot point 91A for the lever 50A, a means is
      provided in the transmitter 10A for adjusting the span arm or lever 50A
      parallel to the axis of motion of the span adjustment nut 88A. This
      adjustment is affected with a paralleling screw 100 threadedly carried by
      a bracket member 101 that is attached to the flexure 56A and carries the
      arm 50A to pivot in unison therewith because the lower end 51A of the arm
      50A is disposed in a lower slot 102 of the bracket member 101 and is held
      against the left-hand end 103 thereof by a compression spring 104 disposed
      between the bracket member 101 and the lower end 51A of the lever 50A
      while the upper end 105 of the lever 50A bears against the adjustment
      screw 100 as well as an intermediate part 106 of the bracket 101.
PAR  In this manner, over range protection is provided by the over range bracket
      101 which is held in position by the over range spring 104. However, when
      the tension load at point 103 exceeds a preset value, the over range arm
      101 separates from the span arm 50A at the lower end 51A thereof end
      allows the span arm 50A and primary arm 23A to have unrestrained movement
      in the manner illustrated in FIG. 6. This load value is above the range of
      loads encountered in normal instrument function and this separation occurs
      only when the measured process variable exceeds the instrument upper range
      limit. Accordingly, this mechanism allows for over range to occur without
      either damage to instrument parts or measurable zero shift.
PAR  A range spring means 26A is interconnected to the primary arm 23A by having
      one end of the tension spring 68A thereof interconnected to the upper end
      66A of the primary arm 23A as best illustrated in FIG. 4 and the other end
      being carried by an adjusting nut means 107 mounted in the chamber 12A to
      be adjusted by a threaded adjusting member 108 rather than externally as
      provided by the adjustment member 84 of FIG. 1.
PAR  The lower end 29A of the feedback arm 28A carries the detector disc 45A
      which is adapted to have its position sensed by the detector assembly 44A,
      the end 29A of the feedback assembly 28A having an adjustable fine zero
      spring 109 bearing against the same and being carried by a threaded
      adjusting means 110 that can be adjusted by an externally mounted
      adjustment member 111 to provide for fine zero adjustment through its
      direct action on the feedback arm 28A. This zero spring 109 is also
      adapted to be used to set up proper preload conditions on the levers and
      flexures of the transmitter 10A which is desirable for good linearity.
PAR  The feedback arm 28A carries the coil 39A which is adapted to be moved
      relative to the core 40A to function in a manner now to be described.
PAR  As best illustrated in FIG. 5 wherein the various parts of the transmitter
      10A are illustrated schematically, it can be seen that when pressure is
      applied to the process bellows arrangement 16A, a load is transmitted to
      the primary arm 23A at point 22A and through the series of interconnected
      levers 50A and 54A will cause the feedback lever or arm 28A to drive the
      detector disc 45A toward the detector assembly 44A. However, an electronic
      circuit means 43A responds with an increase in current to the coil 39A of
      the feedback arm 28A to increase its attraction toward the permanent
      magnet 40A to create a counterbalancing force to tend to maintain the
      feedback arm 28A in the true vertical position illustrated in FIG. 5 and
      for the reasons previously described. Thus, every process pressure is
      counterbalanced by the unique value of the signal current being directed
      by the circuit 43A to the coil 39A of the feedback arm 28A.
PAR  A loss of process force causes the feedback arm 28A to tend to move away
      from the detector 44A and thereby causes a decrease in signal current as
      previously described for the transmitter 10.
PAR  The attractive force of the coil magnet combination is directly
      proportional to the number of turns of wire on the coil 39A when all other
      factors are held constant. This principle is employed as a means of
      dividing the instrument span into low and high ranges. For high spans, all
      windings of the coil 39A are wired into the circuit but for low spans only
      approximately one third of the windings of the coil 39A need be utilized
      whereby fine span adjustment is accomplished with the span adjustment
      assembly 87A.
PAR  Thus, it can be seen that the transmitter 10A opperates in substantially
      the same manner as the transmitter 10 previously described except that in
      the transmitter 10A the gears and gear train 75 have been eliminated, the
      range spring 26A has been relocated, the fine zero spring 109 has been
      added to the module arm 28A, the detector system has been relocated and
      the action of the feedback arm 28A has been revised, the main flexures
      have been relocated and the overrun assembly has been relocated.
PAR  Therefore, it can be seen that this invention not only provides an improved
      force balance transmitter or the like but also this invention provides
      improved parts for such a transmitter or the like.
PAR  While the form of the invention now preferred has been described and
      illustrated as required by the Patent Statute, it is to be understood that
      other forms can be utilized and still come within the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a force balance transmitter having a frame means and a process
      element carried by said frame means and provided with a movable part
      adapted to move in response to changes in said process, said transmitter
      having feedback means carried by said frame means and having output signal
      means for producing a signal in relation to a feedback force thereof
      created to oppose movement of a movable feedback part thereof, the
      improvement comprising three levers pivotally mounted to said frame means
      transmitting motion of said movable part of said process element to said
      movable feedback part of said feedback means, said three levers comprising
      first, second and third levers respectively having opposed ends, said
      first lever having one end thereof interconnected to said movable part of
      said process element to be pivoted thereby, said second lever having one
      end thereof interconnected to the other end of said first lever, said
      third lever having one end thereof interconnected to the other end of said
      second lever and having the other end thereof interconnected to said
      movable feedback part of said feedback means, said three levers being
      arranged in substantially a parallel side-by-side relation with said third
      lever being disposed intermediate said first and second levers.
NUM  2.
PAR  2. A force balance transmitter as set forth in claim 1 wherein said
      feedback means is electrically operated.
NUM  3.
PAR  3. A force balance transmitter as set forth in claim 2 wherein said movable
      feedback part comprises an arm pivotally mounted to said frame means and
      carrying a feedback coil.
NUM  4.
PAR  4. A force balance transmitter as set forth in claim 3 wherein said
      feedback arm has opposed ends, one end of said arm being pivotally mounted
      to said frame means, said feedback means having means for detecting the
      position of the other end of said arm.
NUM  5.
PAR  5. A force balance transmitter as set forth in claim 4 wherein said coil is
      carried by said arm intermediate said ends thereof.
NUM  6.
PAR  6. A force balance transmitter as set forth in claim 1 wherein said first
      lever is pivotally mounted between said ends thereof.
NUM  7.
PAR  7. A force balance transmitter as set forth in claim 1 wherein said second
      lever is pivotally mounted between said ends thereof.
NUM  8.
PAR  8. A force balance transmitter as set forth in claim 7 and including an
      adjustable pivot point means for said second lever.
NUM  9.
PAR  9. A force balance transmitter as set forth in claim 1 wherein said third
      lever is pivotally mounted at said one end thereof.
NUM  10.
PAR  10. A force balance transmitter as set forth in claim 1 and including a
      bias spring having one end connected to said first lever and having
      another end adjustably connected to said frame means, and means for
      adjusting said other end of said spring relative to said frame means to
      provide for both coarse and fine zero adjustment of said transmitter.
NUM  11.
PAR  11. A force balance transmitter as set forth in claim 10 wherein said means
      for adjusting said spring includes a rotatable selector member, and gear
      train means disposed between said other end of said spring and said
      selector member to transmit adjustment motion of said selector member to
      said other end of said spring.
NUM  12.
PAR  12. A force balance transmitter as set forth in claim 11 wherein said frame
      means includes a casing covering said spring and gear train therefor, said
      selector member having a portion thereof disposed outside said casing to
      permit adjustment thereof without removing said casing.
NUM  13.
PAR  13. A force balance transmitter as set forth in claim 1 wherein
      interconnecting means interconnect said other end of said first lever to
      said one end of said second lever, said interconnecting means having
      overtravel means to take up excess pivot movement of said first lever.
NUM  14.
PAR  14. A force balance transmitter as set forth in claim 13 wherein said
      interconnecting means comprises a flexure member having one end thereof
      interconnected to said second lever and the other end thereof spring
      pressed to said other end of said first lever by a spring to normally move
      in unison therewith except when excess movement is provided which is taken
      up by said spring.
NUM  15.
PAR  15. A force balance transmitter as set forth in claim 14 wherein said
      spring has means for adjusting the force of said spring.
NUM  16.
PAR  16. A force balance transmitter as set forth in claim 14 wherein said
      spring is a compression spring and has one end interconnected to said
      other end of said flexure member.
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ABST
PAL  An improvement in the battery charging control circuit of our co-pending
      Application Serial No. 400,001, and more particularly a new means for
      detecting the onset of gassing during the charging of a battery, such as
      lead-acid battery.
PAL  In the exemplary embodiment described in our co-pending Application Serial
      No. 400,001, the onset of gassing was assumed to be imminent upon the
      attainment of a particular battery cell voltage. The present invention
      provides an improved means for determining the true onset of gassing by
      recognition of a unique point in the temporal pattern of the differences
      between successive registered battery voltages as measured during
      interruptions of charging.
PARN
PAR  This Application is a continuation-in-part of co-pending Application Ser.
      No. 400,001, filed Sept. 24, 1973, now Patent No. 3,890,556, issued June
      17, 1975, which is assigned to the same Assignee as the present
      Application.
BSUM
PAR  This invention relates to battery charging control circuits, and more
      particularly to an improvement in or modification of the battery charging
      control circuits described and claimed in the aforesaid co-pending
      Application.
PAR  The aforesaid Application claims a battery charging control circuit in
      which the state of battery charge is assessed by measurement when the
      battery charging current is interrupted and including means operative
      during an interruption to time a period of time, means responsive to the
      end of said period to register the battery voltage, means to compare the
      registered battery voltage with the battery voltage registered earlier
      during an interruption of charging current and means responsive to the
      result of said comparison to permit, prevent or modify the charging
      current thereafter applied to the connected battery.
PAR  It is well known that during the charging of certain types of battery,
      notably lead-acid batteries, a phenomenon known as "gassing" occurs, that
      is to say, the battery electrolyte dissociates into gaseous components
      which may emanate as bubbles. It is usually desirable to reduce the
      battery charging current during gassing so as to avoid damage which would
      otherwise be caused by maintaining the charging current at the higher
      levels permissible in the pre-gassing or "bulk-charge" phase of charging.
      As mentioned above, in our previously claimed invention the onset of
      gassing was assumed to be imminent upon the attainment of a particular
      battery cell voltage (2.35 volts per cell during charging in the example
      described in the aforesaid Specification). It has now been discovered that
      the true onset of gassing may be determined by a rather different method
      (though basically employing similar apparatus) which depends upon the
      recognition of a unique point in the temporal pattern of the differences
      between successive registered battery voltages as measured during
      interruptions of charging.
PAR  According to the present invention there is provided a battery charging
      control circuit for controlling the charging of a battery in which gassing
      can occur at some stage during charging, in which the state of battery
      charge is assessed by measurement when the battery charging current is
      interrupted and including timing means operated during an interruption to
      time a period of time, voltage register means responsive to the end of
      said period to register the battery voltage, comparison means to compare
      the registered battery voltage with the battery voltage registered earlier
      during an interruption of charging current, and comparison responsive
      control means responsive to the result of the comparison to permit,
      prevent, or modify the charging current thereafter applied to the
      connected battery, said comparison responsive control means being
      responsive to a minimum between decreasing and increasing differences
      between compared registered voltages indicative of the onset of a gassing
      phase of the charging of the battery to modify the charging current to a
      level appropriate to charging of the battery while the battery is gassing.
PAR  Preferably said battery is a lead-acid battery, but it may be any other
      type of battery exhibiting a similar characteristic in respect of a
      minimum or other distinct point in its pattern of relative increments and
      decrements of sampled cell differences.
DRWD
PAR  Embodiments of the invention will now be described by way of example with
      reference to the accompanying drawings wherein:
PAR  FIG. 1 is a block schematic circuit diagram of a battery charger;
PAR  FIG. 2 is a curve useful in describing the operation of FIG. 1;
PAR  FIGS. 3a and 3b show a more detailed block schematic circuit diagram of
      part of FIG. 1;
PAR  FIG. 4 is a curve useful in describing the operation of FIG. 3;
PAR  FIG. 5 is a block schematic diagram of a further charge current controller,
PAR  FIG. 6 is a block schematic diagram of a charge termination controller;
PAR  FIGS. 7a and 7b show a block schematic circuit diagram of a battery charger
      control circuit,
PAR  FIG. 8 is a more detailed circuit diagram of the schematic of FIG. 7;
PAR  FIG. 9 is a set of curves representing the fall in the battery voltage on
      the interruption of a charge; and
PAR  FIG. 10 is a set of curves demonstrating the principles of the present
      invention.
DETD
PAR  FIG. 1 shows a block schematic diagram of a battery charger embodying the
      invention. The actual charging circuit extends from the a.c. supply
      terminals which would normally be connected to an a.c. supply main through
      the contacts of a switch S1 and two semiconductor controlled rectifiers
      SCR arranged for bi-directional controlled conduction to the primary of a
      transformer T1. The secondary of the transformer T1 is connected to a
      smoothing choke L1 and diagonally-opposite terminals of a diode bridge
      rectifier D. The other diagonally-opposite terminals of the bridge D are
      connected to a connector for a battery to be charged through a
      current-measuring shunt Sh1. The shunt is provided with terminals A and B
      so that the charging current I.sub.BATT can be measured by a suitable
      device. A further terminal C is provided so that another suitable device
      connected to terminal C and B can measure the voltage across the battery
      V.sub.BATT. The battery is indicated at BATT. A firing angle control
      circuit FAC, operated in a manner to be described later, enables the
      conduction angle of the control rectifiers SCR to be controlled to control
      the current I.sub.BATT and therefore the rate at which the battery is
      charged. It will be apparent that I.sub.BATT and V.sub.BATT can be varied
      by the control of the firing angle to achieve control of the rate of
      charge.
PAR  At this point it is as well to consider the mode of operation of the
      battery charger described. A normally-discharged battery when connected to
      the charger will be provided with a charge in three distinct phases. In
      the first bulk-input, phase, charge is given at a constant current I.sub.B
      which is determined by either the maximum current that the charger can
      supply or the maximum current that the battery can withstand having regard
      to life etc. of course other values of I.sub.B can be used as will be
      apparent to those skilled in the art. Furthermore the bulk-input phase
      need not be at a constant current. For example this phase could be at
      constant power from a supply. Thus when the supply is of limited capacity,
      say a domestic 13A socket, the minimum charge duration can be achieved.
      The battery cell voltage is monitored during the bulk-input phase and when
      a value characteristic of the onset of gas production for the battery
      being charged is attained the bulk--charge is terminated. (Full details of
      this will be given later.)
PAR  At this point a taper-charge phase commences. During this phase the current
      is reduced, as the battery voltage rises, in accordance with a
      pre-determined charging taper. During the taper phase the charge is
      interrupted at intervals and the battery voltage is measured to assess the
      state of charge of the battery. One particular method of assessment will
      be described in detail hereafter. When by whatever method is chosen the
      battery is assessed as being fully-charged the taper phase is terminated
      in its turn and the final, hold-ready, phase commences. In the hold-ready
      phase the battery is charged at a value of current lower than I.sub.B,
      which value may be constant or modified in accordance with the taper
      characteristic or other desired form for periods of time in the order of 1
      or more minutes. The charge is terminated at the end of each period and
      the battery voltage is monitored so that when it decays to a predetermined
      level the charge may be recommenced. This hold-ready phase continues until
      the battery is removed from the charger. The charger is of course provided
      with various protection circuits and other ancilliary controls which will
      be described in more detail later.
PAR  An important distinction between the charger described above and those
      proposed hitherto should be emphasized at this point. In known lead-acid
      traction battery chargers current is switched off and on in the primary
      circuit by means of an electro-mechanical switch and the flow of current
      from the secondary circuit through the rectifier to the battery is
      controlled by a choke in the secondary circuit dimensioned having regard
      to the battery to be charged and the rate of charge required. In such
      chargers it is known to incorporate a choke which may be tapped, in the
      position shown for L1 in FIG. 1 so that what is called a "taper" charge is
      achieved. The choke may be in the primary or secondary circuit. A taper
      charge is one in which the charging voltage is increased as the battery
      voltage rises during a charge to achieve a particular relationship between
      the voltage and current at any time. This relationship may be of the form
EQU  I.sub.BATT =(b-V.sub.BATT)/c
PAL  where b and c are constants. However a single choke or even a tapped choke
      is only going to achieve the desired results for a particular value of
      input voltage and a particular battery. With variation in input volts and
      variation in battery condition over its life the charger is not going to
      be working at its maximum effectiveness. It should also be noted that in
      chargers proposed hitherto in which some form of current-pulsing is
      employed the current has been switched off and on by the operation of an
      electro-mechanical switch in the primary circuit with all the well known
      disadvantages of using electro-mechanical devices for such a frequent
      heavy duty. It will be seen from FIG. 1 that a semiconductor controlled
      rectifier arrangement SCR is included in the primary of the charger
      circuit. Choke L1 is dimensioned having regard to the maximum current to
      be delivered by the charger while the controlled rectifier SCR acts as a
      low-loss regulator and switch which, by appropriate control of the firing
      angle, can produce any of a wide range of characteristics merely by
      changing circuit constants and also switch the charging current off and on
      without the wear and tear associated with the previously used
      electro-mechanical contactors. Such characteristics could include a
      step-wise approximation to the straight-line taper above. A simple switch
      S1 is provided in the present arrangement for electrical protection
      reasons.
PAR  The circuit of FIG. 1 will now be described in more detail, with reference
      to a charging operation. It is assumed that the charger is connected to a
      suitable electrical mains supply and that an appropriate preferably
      mechanical control has been operated to latch close switch S1. The
      I.sub.BATT =0 line will carry a signal inhibiting the conduction of SCR
      and as no battery is connected to the terminals of the charger there is no
      voltage across the terminals B and C. All the logic circuit is set to a
      starting condition at this point. The voltage signal V.sub.CELL generated
      by the circuit V.sub.SIG will thus be less than 1.5 volts per cell of the
      battery type for which the charger is designed. Accordingly the circuit
      block of the battery cell voltage sensor VS identified by 1.5 will supply
      an output indicating that the cell voltage is less than 1.5 to inhibit the
      operation of sequence controller SC and to supply an inhibit signal to the
      I.sub.BATT =0 line. SC is shown in detail in FIG. 3. This signal will
      inhibit the action of the firing angle controller circuit FAC and prevent
      the controlled rectifiers SCR passing any current but it will not release
      the switch S1 through the action of the circuit TO.sub.FAIL which protects
      against the failure of the rectifiers SCR to turn off as no current is
      passing.
PAR  Accordingly if a battery is now connected to the charger its voltage will
      be applied by circuit V.sub.SIG to the cell voltage sensors of VS,
      identified at blocks 2.9, GS, 2.2 and 1.5, which are the values of the
      respective cell voltages at which the sensors respond. It is assumed
      firstly that the battery is normally-discharged and that the cell voltage
      is accordingly less than 2.2 volts per cell but more than 1.5 volts per
      cell. Other cases will be described later. Accordingly the inhibition
      produced by the 1.5 bolts per cell detector will be removed and the
      I.sub.BATT =0 line will no longer inhibit the operation of the firing
      angle controller FAC. It should be observed at this point that all the
      various units referred to are powered from a power supply unit PSU
      connected to the supply mains after the contacts of the switch S1, through
      a transformer T2.
PAR  The firing angle controller is not brought into operation immediately on
      removal of the inhibition of the line I.sub.BATT = 0. The start delay
      circuit identified as SD delays the operation of the firing angle control
      circuit for about 1 second to enable various protection circuits described
      later to operate if required. The delay also permits the proper engagement
      of the battery plug-and-socket connector. If at the end of this delay all
      is in order the firing angle control circuit is energised to supply
      current to the battery. The actual firing angle is controlled through the
      firing angle represented by this block includes an operational amplifier
      operating in a feed back loop to which analog control inputs can be
      applied. Three inputs are shown in FIG. 1. One of these is inhibited for
      the moment through the operation of the block indicated as INHIBIT 1. Of
      the other two inputs one is a block charge current reference signal
      derived from the circuit indentified as I.sub.B and the other input
      represents the actual current supplied to the battery as measured by the
      voltage across the terminals A and B of the current shunt Sh1 and
      represented to the circuit I.sub.CON by the operation of the current
      signal generating circuit I.sub.SIG. The time constants of the operational
      amplifier are chosen so that the firing angle controller is set so that
      current flow builds up under the control of the operational amplifier
      towards the value set by the I.sub.B from the zero value caused by the
      operation of the delay SD. The (bulk-input) phase is now in progress and
      the bulk-input current is maintained at the constant current chosen by the
      designer of the set and represented by the reference I.sub.B even though
      the mains input voltage may vary or other local condition may change. The
      reference is derived from a stabilised voltage from the supply unit PSU
      and will therefore not be affected by mains variation. The bulk-input
      charge can therefore take place most effectively.
PAR  As the bulk input phase proceeds a point will be reached at which the
      characteristic minimum occurs between decreasing and increasing
      differences between compared registered voltages; at which point the
      gassing sensor GS operates to change its output state. This change removes
      the inhibition from the circuit INHIBIT 1 on the third input to the
      circuit 1.sub.CON and also brings into operation the sequencer controller
      SC, a clock pulse generator CL including a programmable uni-junction
      transistor, a voltage controlled oscillator VCO, a timer circuit 1000mS to
      time a period of 1000mS and a detector circuit DET. The clock CL can be
      operated at either of two speeds under the control of the detector circuit
      DET in response to the operation of the up-down counter N which counts the
      number of cycles generated by the controlled oscillator VCO in the 1000mS
      period of the timer. The frequency of the oscillator VCO is determined by
      the actual value of the volts per cell represented by the positive
      V.sub.CELL signal generated by the V.sub.SIG circuit. When the gassing
      sensor GS is operated the sequence controller SC is cleared and the clock
      CL started. The clock runs at a rate of approximately one short pulse
      every eight seconds. The sequence controller counts these pulses up to a
      value of 128, that is approximately 15 minutes. On reaching the count of
      128 the sequence controller supplies a signal to the I.sub.BATT = 0 line
      to curtail the operation of the firing angle controller under the control
      of circuit I.sub.CON and therefore switch off the current actually
      supplied to the battery. The sequence controller continues to count the
      clock pulses.
PAR  After the charging current is switched off the circuit V.sub.SIG supplies a
      V.sub.CELL voltage signal which represents the actual battery voltage per
      cell on open circuit. This signal is applied to the voltage control
      oscillator which generates a frequency centered on the value of
      approximately 5 KHz with a deviation rate of approximately 2 KHz/volt. The
      output of the voltage controlled oscillator will therefore be a frequency
      representing the actual battery volts per cell on open circuit. The 1000mS
      timer can be brought into operation by the sequence controller to supply
      the output frequency of the oscillator VCO to the up-down counter N.
PAR  As described above the sequence controller SC continues to count clock
      pulses after the 128th count. At various points during this continuing
      count the sequence controller initiates the operation of the up/down
      counter N. Each of four counting operations in counter N represents the
      battery cell voltage at a particular point in time determined by the
      sequence controller SC. The cell voltage is represented by the number of
      cycles of the voltage controlled oscillator which pass through a gate
      enabled for an interval determined by a 1000mS timer. In a preferred
      embodiment the up/down counter is operated at two similar points in each
      of two successive cycles of the sequence controller. In each cycle the
      counter is operated at counts 132 and 134. An each counting increment on
      the sequence controller in this mode represents approximately 8 seconds it
      will be seen that the first measurement of battery cell voltage is made
      approximately 30 seconds after the termination of charging current flow
      and that the second measurement is made some 16 seconds after the first.
      In the first cycle of the pair of cycles during which battery voltage is
      assessed the counter is counted up at count 132 and down again at count
      134. As will be seen from the reference below to FIG. 4 the voltage at
      count 134 will be slightly less than that at count 132 and accordingly the
      counter will have a small count in the upward direction remaining after
      the counting operation at count 134 of the sequence controller. In the
      second cycle of the pair of cycles of the sequence controller the count of
      132 is again in the downward direction and the final count, at 134 in the
      second cycle, is in the upward direction. It will be seen that the count
      in the second cycle starts at the residue of the first cycle count and
      that the first, larger, count is made in the downward direction.
      Accordingly if the difference between the battery voltage is at count 132
      and 134 in both cycles of the pair is the same the up/down counter will
      return to a substantially zero value. If however the battery is not yet at
      a charge condition at which the taper phase is to be terminated there will
      be a difference between the counts in the first and second of the cycles
      of the pair and the second cycle will not restore the up/down counter to a
      substantially zero condition.
PAR  The general counting operation particularly described above can be
      represented as follows. The number of cycles of the voltage controlled
      oscillator occurring during the operation of the timer at the beginning
      and the end of the constant interval occurring a constant period of time
      after the end of charging current flow and identified as A and B
      respectively. Thus the number of cycles from the voltage controlled
      oscillator during the first of the pair of cycles of the sequence
      controller will be A.sub.1 and B.sub.1 while those in the second cycle of
      the sequence controller will be A.sub.2 and B.sub.2. By the operation of
      the gates at the input to the up/down counter N the algebraic values of
      these numbers of cycles become +A.sub.1, -B.sub.1, -A.sub.2 and +B.sub.2.
      At the end of the pair of cycles of the sequence controller SC the count
      in the counter N is (A.sub.1 -B.sub.1 -A.sub.2 +B.sub.2). If the value of
      this count is 0 .+-.1 the change in battery voltages during the similar
      intervals of the pair of cycles of the sequence controller is considered
      to be constant for the purposes of this assessment. The uncertainty to
      within .+-.1 in the preferred embodiment represents an uncertainty of 0.5
      millivolts per cell.
PAR  Referring again to FIG. 1 in the preferred embodiment the sequence
      controller SC produces an output at count 132 which causes the 1000mS
      timer to enable gate G.sub.4 for the duration of the timer's operation to
      permit the flow of the output frequency of the voltage controlled
      oscillator VCO as determined by the cell voltage to the gates UP and DN
      which directs the frequency to the appropriate input of the up/down
      counter N. The flip-flop F1 responds to the sequence of timing signals at
      various counts of the sequence controller SC to produce the appropriate
      counting sequence for the up/down counter by enabling and disabling the
      gates UP and DN. On each of the pair of cycles the sequence controller
      produces a count at count 135 which enables one control input of the gate
      forming the detector DET. Another input of the gate is however disabled
      during the first of a pair of cycles by the operation of the flip-flop
      F.sub.1 which, as mentioned above, also controls the direction of the
      up/down counter N. Thus on the second of the pair of cycles the gate DET
      is enabled to assess the count in counter N. If this is 0 .+-.1 the output
      of the detector gate DET applied to the second flip-flop F.sub.2 causes
      this flip-flop to apply a signal to the clock pulse generator CL to
      increase the rate at which it generates pulses supplied to the sequence
      controller SC. This change in clock pulse generation rate indicates the
      termination of the taper phase of operation of the charger.
PAR  If at count 135 the detector DET does not assess the contents of the
      counter N as indicating that the taper phase should be terminated then at
      count 136, flip-flop F.sub.2 not having been operated, the counter of the
      sequence controller is reset so that a further pair of cycles of operation
      of the sequence controller is initiated, and the clock pulses from the
      clock pulse generator CL at the slow rate are again counted for a period
      of 128 counts during which charging current is permitted to flow to the
      battery under the control of the firing angle controller FAC to permit a
      current flow set by the combined operation of current controller I.sub.CON
      and the taper controller also shown is FIG. 1.
PAR  An important feature of the taper-charge phase described above is that the
      battery condition which is measured to assess the degree of charge is the
      open circuit battery voltage some seconds after the termination of a
      charge. It has been found that the open circuit battery voltage decays
      rapidly in the first few seconds after termination of charge but then
      decays more slowly. By measuring the rate of decay of the slower portion
      of the decay characteristic a much more consistent assessment can be made
      of battery charge condition even if there are variations in the charge
      current immediately before termination of charge.
PAR  In addition to the battery charge assessment mentioned above during the
      taper-charge phase there is of course the requirement to control the
      actual current supplied to the battery during this phase. Reference is
      here directed towards FIG. 2 which shows a V/I plot of the desired charge
      characteristic. The line parallel to the voltage axis represents the
      constant current bulk-input phase. The sloping lines represent the taper
      characteristic. One line is projected to intercept the current axis at the
      value I.sub.VO. This value of current is very much larger than any current
      that could be supplied to the battery during charge without damaging but
      is a useful parameter in determining a suitable charge characteristic. By
      supplying voltages which are analogs of the two quantities I.sub.VO and
      the voltage V.sub.BATT across the battery, to an operational amplifier
      circuit it is possible to generate a function representing the taper
      characteristic. This operation is accordingly performed by the circuit
      blocks represented at TAPER and I.sub.VO in FIG. 1.
PAR  The value of I.sub.VO is generated as a reference voltage by a potential
      divider supplied from the stabilised output of the power supply unit PSU.
      If, for a different battery a different taper, I.sub.VO.sub.', is required
      the potential divider can be altered accordingly.
PAR  The output of this operational amplifier is applied through the circuit
      INHIBIT 1 during the taper phase to the current controller I.sub.CON. By
      using the negative value of the cell voltage V.sub.CELL it is impossible
      for the taper circuit to increase the battery charging current above the
      block charge value I.sub.B. The time constants of the taper controller
      operational amplifier are much longer than those of the I.sub.CON
      operational amplifier so that while the latter maintains the value of
      current reasonably constant in the short term the taper controller
      produces a long term drift in current towards the lower value required by
      the taper characteristic. By choosing another value of I.sub.VO e. g.
      I.sub.VO .sub.' and an appropriate charge value I.sub.B, another type of
      battery can be charged. The change is only a matter of changing component
      values to vary the operational amplifier action.
PAR  In the third, hold-ready phase the charger is operated under the control of
      the speeded up clock CL and the 2.2 volts per cell detector. The counter,
      as before, counts up to 128 pulses but these now take some 2 minutes and
      during this time the battery is charged, preferably under the control of
      the taper circuit through the circuit I.sub.CON. At the end of this time
      the charge is terminated and no further charge is supplied until the 2.2
      volts per cell circuit indicates that the cell voltage has fallen below
      this value. At this point the sequence controller again starts the clock
      for a further 2  minutes charge period under control of the taper circuit.
      As explained above the hold-ready phase can continue indefinitely.
PAR  The firing angle control circuit FAC is preferably supplied with an
      accurate representation of the input waveform through a separate
      transformer T.sub.3 to avoid errors in firing angles due to phase shift in
      transformers with loading.
PAR  Two protection circuits are provided, one of which has been mentioned above
      as the circuit TO.sub.FALL. This circuit trips the contactor S1 if,
      although the line I.sub.BATT = 0 is indicating that no current should be
      flowing, the I.sub.SIG circuit indicates that a current is flowing. This
      condition could be caused by failure of the controlled rectifiers SCR to
      turn-off. The other protection circuit is that identified as SHAPE this
      operates in response to the current and battery voltage during the taper
      phase to ensure that the desired taper characteristic is not exceeded. If
      the current exceeds the value permitted by the taper characteristics
EQU  I.sub.BATT = (b - V.sub.BATT)/c,
PAL  where b and c are constants, S1 is also operated to disconnect the charger
      from the supply.
PAR  If the battery voltage per cell is outside the range 2.9 - 1.5 volts then
      no sensor responds and no charge current flows, however switch S1 remain
      closed.
PAR  If a partly charged battery is connected to the charger with S1 closed the
      appropriate voltage sensor responds to initiate the respective charge
      phase. It will be apparent that the battery can quickly reach the
      hold-ready phase if nearly fully charged when connected i.e. above 2.35
      volts/cell.
PAR  The bulk input phase will not take place and the taper phase will quickly
      reach a point in which counter N reads substantially zero at the end of a
      cycle.
PAR  The various circuit blocks referred to in the description of FIG. 1 will
      now be described in more detail. Each of the cell voltage detectors, for
      1.5, 2.2, and 2.9 volts per cell, includes an operational amplifier
      connected to act as a voltage level sensor. Other level sensing circuits
      may of course be used but the particular form has been found satisfactory
      in terms of accuracy and stability of response. The voltage controlled
      oscillator, in a preferred embodiment, is a Signetics function generator
      type SE566T or an operational amplifier connected as an oscillator. This
      device will produce an output at 5KHz for a nominal input voltage of 2.5
      volts and the output frequency will be varied over a range of frequencies
      in accordance with the variation of the input voltage. The 1000mS timer is
      an integrated circuit monostable, such as a Texas Instrument type
      SH74121N. This is triggered by a signal from the sequence controller SC as
      described below in greater detail with reference to FIG. 3. The clock
      pulse generator CL includes a programmable uni-junction transistor
      (p.u.t.) connected as shown in FIG. 3. The bias determined by the
      potential divider of resistors R31 and R32 maintains the p.u.t. T32 in the
      non-conducting condition until the voltage of capacitor C31 built up by
      its charging through resistor R33 from the +15 volt line causes the p.u.t.
      to conduct through the resistor R34. The capacitor C31 discharges very
      rapidly through the low resistance of the conducting p.u.t. and the
      discharge current pulse produces a voltage pulse across resistor R34 which
      supplies to the output terminal OP a pulse clipped by the diode D31.
      Capacitor C31 then recharges through resistor R33 to produce a further
      pulse after an interval. In order to change the rate at which the pulses
      are generated an extra capacitor C32 may be switched into the circuit by
      the action of transistor T31. When the base of transistor T31 is connected
      to the +5 volt line through resistor R35 transistor T31 conducts and
      capacitors C31 and C32 together are charged through resistor R33. With the
      values shown in FIG. 3 the circuit pulses at the rate of one pulse per
      second with C31 alone and at the rate of one pulse every 7.5 second with
      both of capacitors C31 and C32 in circuit. The control voltage for the
      base of transistor T31 is derived from the detector circuit DET and is the
      SPEED signal shown in FIG. 1.
PAR  Referring again to FIG. 3 this shows the sequence controller SC and some of
      its associated circuits in greater detail. The sequence controller
      includes counter B1/B2 and gating matrix GM1.
PAR  The output terminal OP of the clock pulse generator CL is connected to a
      binary counter formed of two four stage sections B1 and B2 connected in
      cascade. This counter is provided with reset connections at RS operated in
      a manner to be described below and has one output connected to indicate
      the occurrence of a count of 128 and upwards. Other outputs of the counter
      B1/B2 are connected to the gating matrix GM1 in which by appropriate
      manipulations, including inversion, outputs are provided with enable four
      8-input gates one at each of the counts of 132, 134, 135, and 136
      respectively. These values refer to the preferred embodiment only and are
      not limiting on the scope of the invention. Outputs from gates 132 and 134
      are connected to elements of a further matrix M2 composed of 2-input
      gates. There are four gates in the matrix M2; two gates each have an input
      connected to the 132 gate output and the other two gates each have an
      input connected to the 134 gate output. The Q and Q outputs of a flip-flop
      F1 are connected to pairs of the gates to cross-couple the inputs as shown
      in FIG. 3. Flip-flop F1 has two control inputs the clear, CL, and the
      preset, PS, as shown in FIG. 3. The clear input is responsive to the
      voltage level transition on the output of the gassing sensor GS which
      occurs at the end of the bulk-input charge phase, when gassing commences,
      and hence the taper phase is started. This sets the output of flip-flop F1
      to provide enabling inputs to gates M2A and M2B of matrix M2. The other
      gates, M2C and M2D, are disabled by the other output of the flip-flop.
PAR  On the occurrence of count 136 the gate 136 is enabled and the output of
      this acts on the preset terminal PS of flip-flop F1 to transpose the
      levels of its outputs, disabling gates M2A and M2B and enabling gates M2C
      and M2D. The outputs of M2A and M2C are connected to an up gate UP and the
      outputs of gates M2B and M2D are connected to a down gate DN. On
      considering two succeeding cycles of the counter B1/B2 it will be apparent
      that during the first cycle at count 132 gate M2A produces an output to
      enable the up gate UP that at count 134 gate M2B is enabled to in its turn
      enable the down gate DN in place of the up gate UP.
PAR  Continuing in the same cycle at count 136 the flip-flop F1 is reset
      disabling M2A and M2B and enabling gates M2C and M2D. Then in the
      succeeding cycle at count 132 the respective gate enables gate M2C of
      matrix M2 which in its turn enables the down gate DN again. Finally at
      count 134 in the second cycle the gate M2D is enabled to again enable the
      up gate UP.
PAR  The UP and DN gates can enable further gates GL and G2 respectively to
      supply pulses from the other inputs of gates G1 and G2 to a four stage
      up/down counter N, which may be an integrated circuit SN74193N.
PAR  The pulses counted in counter N are those generated by the voltage
      controlled oscillator VCO in response to the battery cell voltage. The
      output frequency of the voltage controlled oscillator is determined by the
      battery cell voltage in the manner described above and this output
      frequency is applied to one input of a gate G3. The other input of the
      gate G3 is enabled for a period of 1000mS by the monostable 1000mS which
      in its turn is enabled through the gate to the inputs of which are
      connected the outputs of gate 132 and 134. The arrangement thus far
      described is that by which timed bursts of pulses representing the
      instantaneous cell voltage are routed to the appropriate inputs of the
      counter N, which is the up-down counter previously referred to with
      reference to FIG. 1. In a preferred embodiment of the invention the number
      of pulses produced by the voltage controlled oscillator during the period
      of the 1000mS timer will exceed by several orders of magnitude the
      capacity of the binary counter N. However it has been found practicable to
      make use of the four stage counter instead of a larger counter and to base
      the comparison on only the three more significant digits counted by
      counter N. Thus the most significant digits and the least significant
      digit are not taken into account on the comparison, the least significant
      because it is too small and the most significant because they remain
      constant during the period under consideration. Accordingly the outputs of
      orders N.sup.2, N.sup.3 and N.sup.4 of counter N are connected to
      respective inputs of a NAND gate, to other inputs of which are connected
      the outputs of the gates enabled at count 135 and the Q output of
      flip-flop F1. The levels of the last two inputs to the NAND gate are so
      chosen that the gates can only be enabled during the second of the two
      successive cycles described above by the action of the flip-flop F1 and at
      count 135 in this second cycle by the action of gate 135. The output of
      the NAND gate is applied to an input of a flip-flop F2 which is cleared
      simultaneously with flip-flop F1. The Q output of flip-flop F2 forms one
      input of a further gate to the other input of which is supplied the output
      of counter gate 136. The Q output of flip-flop F2 is also applied to the
      base of transistor T31 through resistor R36 to form the SPEED signal
      referred to with reference to FIG. 1. Flip-flop F2 can only produce a Q
      output when the result of the two up and two down counts in a pair of
      successive cycles which represents the change in the decaying of open
      circuit battery voltage between counts 132 and 134 in the successive
      cycles is too small to leave any residue in order N.sup.2, N.sup.3 and
      N.sup.4 of counter N at count 135 in the second cycle. It will be seen
      that if flip-flop F2 does not produce a Q output the counter B1 and B2 is
      reset and that this resetting, through the gate connected to the count of
      128 output of counter B1 and B2, causes the appropriate signal on the line
      I.sub.BATT = 0 of FIG. 1 to permit more current to flow to charge the
      battery for a further period of time represented by the count of 128 of
      counter B1 and B2.
PAR  Thus from the time that the gassing sensor GS responds to the aforesaid
      characteristic minimum to start the taper charge phase the taper charge
      proceeds under the control of the clock and the sequence controller in a
      series of pairs of sequence cycles during each pair of which series two
      values of open circuit battery voltage decay at similar times after the
      cessation of battery charge are measured and then compared to assess the
      battery charge condition. When the difference between two values of the
      decay in one pair of cycles as measured by the counter N is within the
      predetermined difference then the flip-flop F2 is operated to terminate
      the taper charge phase. It should be observed that the counter N is reset
      by a transient signal at the end of a pair of cycles. This signal is
      derived from the Q output transition of flip-flop F1 via capacitor C33.
PAR  The elements of FIG. 1 which have not been described in greater detail will
      be readily constructed by those skilled in the art. Thus the elements
      TO.sub.FAIL, SHAPE and INHIBIT 1 are gates. If it is desired to reduce
      mains borne interference to a minimum it would be possible to use a
      "burst-fire" type of control as the period for which current flows in the
      battery charging circuit is long compared with the frequency of an
      alternating supply. The operational amplifier controllers can be
      constructed in accordance with conventional analog circuit techniques and
      the I.sub.B and I.sub.VO reference signals generated from the stabilized
      outputs of the power supply unit PSU.
PAR  An important feature of the invention will now be referred to with
      reference to FIG. 4. The graph shows the decay of the open circuit voltage
      per cell of a battery which has been disconnected from the charging source
      at time t.sub.o. Only a small portion of the voltage axis is shown and by
      way of example this is indicated as covering the range between 2.34 and
      2.37 volts approximately. These values are purely by way of example and
      not to be considered as limiting on the scope. It has been found that the
      open circuit cell voltage falls rapidly immediately after t.sub.o but
      after a longer period of time the rate of this fall reduces and it has
      been proposed that the interval to time t at which the open circuit
      voltage per cell attains some predetermined value K be measured during
      successive periods each immediately after a charging period has terminated
      at time t.sub.o. However it has also been found that the exact form of the
      decay curve is dependent to a large extent of exact value of sustained
      current I.sub.BATT just before t.sub.o. The two dotted curves, one on
      either side of the solid line of FIG. 4 represent a typical variation and
      it will be seen that the values of t.sub.1 and t.sub.2 represent a
      significant variation from the desired value for t. To overcome this
      shortcoming it is proposed that the open circuit voltage be allowed to
      decay for a fixed period of time extending from t.sub.o and that the
      voltages at the end of this period and at a short interval of time
      thereafter be measured and compared to give a value for the rate of change
      of open circuit battery voltage at a known point in time after the
      termination of charge period at t.sub.o. The decay over this timed
      interval, referred to here in terms of the embodiment previously described
      at t.sub.132 - t.sub.134, is dV.sub.CELL and it will be seen from FIG. 4
      that this has a substantially constant value for all three curves. The
      quantity dV.sub.CELL is therefore a much better basic for assessing the
      state of charge of the battery than the hitherto proposed arrangement in
      which the time to decay to a predetermined open circuit voltage from the
      cessation of charge is measured. In particular the displacement of the
      curves in the region t.sub.132 - t.sub.134, by for example mains voltage
      fluctuation, does not affect the assessment as the gradients of the curves
      are substantially the same at this point. The essential feature here is
      the elapse of time from t.sub.o to t.sub.132 and the subsequent
      measurement of a short interval thereafter to t.sub.134 during a period of
      time in which no charge at all has been supplied to the battery. During
      the interval t.sub.132 - t.sub.134 the curves all have substantially equal
      gradients and therefore the assessment of battery charge by measuring
      change in cell voltage over an interval is reliable. Provided the period
      during which charge stops is longer than that for t.sub.134 the period can
      be determined appropriate to the particular charger design.
PAR  In particular the improved method of assessing battery charge conditions is
      very suitable for use with the taper charge controller described in the
      above embodiment or in other controller or ballast circuits in which there
      may be a greater change in the value of I.sub.BATT between successive
      measurements of the value of dV.sub.CELL.
PAR  Returning now to FIG. 3 and the end of the taper charge phase as indicated
      by the operation of flip-flop F2 to supply the SPEED signal to the p.u.t.
      clock CL the generation of the Q signal by slip-flop F2 inhibits, in
      combination with the "count of greater than 128" signal, gate G5. This
      inhibits the operation of a clock gate G6 which would otherwise supply the
      clock pulses to the counter B1 and B2. Thus although the clock speed has
      been increased the pulses are not supplied to the counter, the counter
      remaining stopped at the value of 135. However there is a further
      provision for the resetting of the counter by the operation of the
      detector which is responsive to the value of V.sub.CELL being less than
      2.2 volts. In passing it is observed that the sequence controller SC
      cannot be brought into operation during the period when the voltage of a
      connected battery is rising from 1.5 to 2.2 as there is a permanent reset
      provided by the unlatched gassing sensor (GS) of VS until the
      characteristic minimum has been reached this value. However, once gassing
      has started, the gassing sensor GS latches in the non-resetting condition.
      When the taper charge phase is terminated the output of counter B1 and B2
      at the count of 128 is maintained to ensure that no current is passed to
      the battery until the open circuit battery voltage per cell falls to value
      2.2 volts and the 2.2 volt cell voltage detector operates to reset the
      counter B1 and B2. On this resetting the count of 128 output disappears
      enabling gate G6 and thus G5 and charging current can then again flow.
      This current will continue to flow until the count of 128 is again
      achieved by pulses passing through gate G6, this time at the fast pulse
      rate, whereupon the I.sub.BATT =0 signal is again applied to the charger
      to stop the charging of the battery. As the battery voltage again decays
      the charge is inhibited until the decay reaches the level of 2.2 volts
      where the counter is again reset and another charge cycle starts. This is
      the hold-ready phase described above. It will be seen from reference to
      FIG. 1 that the taper controller can continue to regulate the charge
      current I.sub.BATT if it is so desired.
PAR  FIG. 3 also shows the circuits I.sub.CON and taper in greater detail. The
      I.sub.CON circuit is that for the stepwise approximation to the taper
      I.sub.VO .sub.' of FIG. 2. The summing circuit input of the operation
      amplifier 0A1 includes four circuit elements in the form of resistance
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4, R.sub.1 is supplied with a negative
      voltage to provide a signal representing the bulk input current I.sub.B,.
      During the bulk input phase both switches S2 and S3 are open. Resistor
      R.sub.2 is supplied via I.sub.SIG with a positive signal to indicate the
      actual charging current. The circuit I.sub.CON will therefore supply an
      input to FAC to increase I.sub.BATT to I.sub.B, and maintain it there.
      When gassing starts, the gassing sensor GS operates to close S2 and apply
      a positive signal via R.sub.3 to replace part of the I.sub.BATT signal
      balancing the I.sub.B, signal. I.sub.BATT is therefore reduced as shown in
      FIG. 2. At 2.5 volts S3 is operated by another sensor (not shown in VS in
      FIG. 1) to similarly further reduce I.sub.BATT to the 2.5v value in FIG.
      2.
PAR  When a straight-line taper is required the resistors R.sub.3 and R.sub.4
      are replaced by an input from the TAPER operational amplifier circuit via
      INHIBIT 1 of FIG. 1.
PAR  The TAPER circuit shown in FIG. 3 includes an operational amplifier 0A2.
      The summing input circuit includes resistances R.sub.5 and R.sub.6 whose
      values are determined by the constant b and c mentioned earlier. These
      constants represent I.sub.VO and the V/I ratio respectively. The output of
      0A2 is applied to INHIBIT 1 through a diode D32 to prevent a negative
      output signal increasing I.sub.BATT beyond I.sub.B as set by I.sub.CON.
PAR  It will be apparent that the appropriate taper can be easily set by
      adjusting the values of resistances R.sub.1 - R.sub.6. This is a great
      advantage over choke-ballast tapers in which different tapped or separate
      chokes have to be specially designed for each battery size and taper.
PAR  FIG. 9 shows a set of curves of battery voltage against time plotted in
      interruptions at 15 minute intervals during the charging of a battery. The
      curve nearest the horizontal, time, axis is that at the start of the
      charge under consideration; the curve furthest from this time axis is that
      at the end of the charge under consideration. The time axis is calibrated
      in seconds and the vertical, voltage, axis is a linear voltage scale.
PAR  When charging a battery two points in the state of charge are very
      significant. The first of these is the point at which significant
      "gassing" occurs, the second is that at which the application of further
      charging current will no longer increase the open circuit battery voltage.
      Until the first, gassing, point is reached the battery may be supplied
      with a charging current whose value may approach the ampere-hour capacity
      of the battery without very serious harm to the life or condition of the
      battery. However once gassing occurs the presence of the gas bubbles
      reduces the current which can be applied safely to the battery. The second
      point is important as there is no value in continuing to charge the
      battery once its open circuit voltage ceases to increase indicating the
      fully charged condition, apart from in some cases a small charge at
      intervals in order to maintain the fully-charged condition, as
      overcharging can harm the battery.
PAR  The open circuit battery voltage at which gassing occurs has previously had
      a generally-accepted value of 2.35 volts per cell for a conventionally
      constructed lead-acid battery in new or fairly new condition. However this
      value of voltage will change with battery life and the manner in which the
      battery is used. For example in some multi-cell traction batteries it may
      be desirable to short-circuit one or more cells which prove faulty during
      life of the battery in order to obtain the maximum use from the remainder
      of the battery. Accordingly any device which attempts to control a charger
      by measuring the battery voltage and comparing this with a reference whose
      value has been selected on the basis of 2.35 volts per cell for a
      lead-acid battery will not be usable with safety on a battery with less
      than the nominal number of cells still in use. Furthermore towards the end
      of its life a battery may still be capable of providing satisfactory
      service but may never achieve this selected reference of 2.35 volts per
      cell.
PAR  A similar problem will arise with whatever means is provided to detect the
      fully-charged condition in terms of battery voltage as this will also have
      a value dependent on the life and use of the battery.
PAR  It has been found that although the absolute value of gassing voltage and
      fully-charged voltage may vary from battery to battery and with battery
      life the behaviour of battery voltage in the interruption of a charging
      current gives a consistent indication of the state of charge of the
      battery. Accordingly the invention provides battery charger control
      arrangements to assess the state of charge of the battery from the battery
      voltage on such an interruption occurring. On considering the curves in
      FIG. 9 it will be seen that the nine lowest curves are of very similar
      shape and are separated only by the displacement of the whole curve
      upwards as a result of the increase in open circuit battery voltage
      produced by the 15 minute charge period separating the curves. Curves 10
      to 16 show a progressive change in shape, even curve 10 being distinct
      from curve 9. The 17th and subsequent curves are substantially coincident
      with curve 16. The subsequent curves need not be considered further. It
      has been observed that there is a close correlation between the distinct
      change in shape between the 9th and 10th curve and the occurrence of
      significant "gassing". The coincidence of the 16th and subsequent curves
      indicate that no further increase in battery voltage is attainable by
      continuing the charge. Accordingly the curves reveal the two points of
      importance in the control of a battery charge and the embodiments to be
      described show circuit arrangements which assess the state of battery
      charge in accordance with the behaviour of battery voltage shown in the
      curves.
PAR  One of these points has now been found to give an accurate indication of
      the true onset of gassing, by looking at the pattern of open-circuit
      voltage with respect to time spent on change, as will now be detailed with
      reference to FIG. 10. This Figure is a graph of four superimposed curves,
      the horizontal axis representing (in hours) the time that the battery has
      spent on charge, this scale being common to all four curves. No vertical
      scales are given for the curves labelled "Returned Ah." (Ampere-hours) and
      "charging current" since although to scale and in true proportion, they
      would be arbitrary in that they would depend on the battery connected for
      charging. A vertical scale of volts per battery cell (assumed uniform) is
      given for the "on-charge-volts per cell" curve.
PAR  The curve upon which the invention depends is labelled "Incremental
      Sampling Volts" and represents the difference between the voltage
      registered during a given interruption of charging current (such
      discontinuities in the charging current graph being omitted for clarity)
      at a fixed time after commencement of the interruption, and the same
      measurement for the preceding interruption, thus representing a vertical
      "cross-section" of the graphs of FIG. 9. The vertical scale for the
      incremental sampling voltage curve is in millivolts per cell per minute of
      time spent on-charge between interruptions and it will be noticed that the
      curve has a unique minimum point "X" at which the successive voltage
      differences change from decreasing values to increasing values. This
      unique point X is the point at which gassing occurs and determination of
      this point causes the charger to change from the pre-gassing bulk charge
      to the gassingphase taper charge. (Although the point "X" is shown
      coincident with a particular time and voltage, this is mere coincidence,
      due to the graph being derived from measurements on a particular lead-acid
      battery and minima occurring at other time and voltage values have been
      observed from measurements on other batteries).
PAR  FIG. 5 shows a charge current controller which in a preferred arrangement
      maintains the charging current at the highest possible value consistent
      with satisfactory battery life, subject of course to the capacity of the
      charger to supply the highest value of current required. No details of the
      actual battery charger are necessary here as a suitable charger form will
      be readily selected or devised by those skilled in the art but it is
      preferred to use the charger circuit indicated in heavy lines in FIG. 1
      more fully described above. It will also be apparent that other parts of
      the control circuit described in this co-pending Application may be used
      for the present embodiments.
PAR  In FIG. 5 the battery voltage V.sub.BATT is applied to a voltage controlled
      oscillator VCO to provide a frequency proportional to the battery voltage.
      This frequency is supplied to one input of each of two gates UP and DN. A
      sequence controller SC is driven by a 2-speed clock CL to control the
      supply of charging current to the battery so that charging periods of
      approximately 15 minutes are separated by interruptions during which no
      charging current flows of some 10 seconds in duration. The flow of current
      is stopped and started by a signal on the line indicated at I.sub.ON/OFF.
      At a point just after the beginning of the interruption the sequence
      controller SC applies a reset signal to terminal RS of an up/down counter
      N. This clears the counter. At say two seconds from the beginning of the
      interruption the sequence controller SC applies an enabling signal of one
      second in duration, itself timed by the clock pulses, to the other input
      of gate UP to permit the passage of the frequency from the voltage
      controlled oscillator VCO to the counter N. The counter will thus register
      a count which represents the value of the battery voltage at this instant
      in time. After a further interval which may mean two or four seconds the
      sequence controller SC applies a further one second enabling signal this
      time to the other input of gate DN to apply the output frequency of the
      voltage controlled oscillator to the counter N. This frequency decrements
      the count in counter N so that the remaining count will be proportional to
      the difference between the value of the battery voltage when the counter
      UP was enabled and that when the counter DN was enabled. After a further
      short interval which may be another two seconds the sequence controller SC
      applies a signal to permit battery charging current to again flow. The
      difference count remaining in counter N is supplied to a binary/analog
      converter BAC to generate a voltage which represents the difference in the
      values of the battery voltage. This voltage is applied to a scaling unit
      SU. The scaling unit modifies the value of the binary analog converter
      output in a manner which may be dependent on the actual value of the
      battery voltage or may be a previously determined constant-value factor to
      generate a signal V-nC which represents the degree to which the charging
      current is to be modified having regard to the state of charge of the
      battery as assessed by the difference value counted in counter N. This
      signal is supplied as one input to an arithmetic unit AU. Another input to
      the arithmetic unit is a voltage V.sub.ref which represents the maximum
      value of charger output current which is permitted. The arithmetic unit
      produces an output which represents the difference between the two inputs
      that is (V.sub.ref - nC). This output signal is applied to a further
      circuit V/I which could be the circuit I.sub.CON of FIG. 9 to control the
      charging current I in accordance with the expression
EQU  I=(I.sub.max -nC').
PAL  It will be seen from these expressions that as the difference recorded in
      the counter N increases the charging current is decreased in accordance
      with the scaling law applied by the scaling unit SU.
PAR  When the curves of FIG. 9 are considered with regard to the above operation
      it will be seen that for the first nine curves there is very little change
      in the voltage values that we measured at 2 and 4 seconds after the
      interruption of charge at T=0 and, if desired, the scaling unit can be
      arranged so that there is no change in battery charging current for these
      relatively small changes in battery voltage value during the interruption
      of charge. However, it will be seen that for curves 10 onwards the
      difference increases steadily and that an appropriate reduction in battery
      charging current will therefore be made by the operation of circuit in
      FIG. 5. As mentioned above curve 10 corresponds to the onset of gassing.
      Accordingly the control arrangement of FIG. 5 provides a transition from a
      substantially bulk input phase (curves 1 to 9) at the maximum possible
      current to a charge condition related phase (curve 10 onwards) in which
      the charge current is steadily reduced to avoid damage to the battery by
      applying an excessive charging current when it is in the gassing state. It
      will be apparent that the transition from the bulk input to the control
      phase will take place not at an arbitrarily previously selected value of
      open circuit voltage but in response to a change in battery open circuit
      voltage which is closely related to the onset of gassing and is detected
      at reference to the actual value of the battery voltage a the time. By
      responding in this manner to a change in the behaviour of battery open
      circuit voltage during an interruption a charger can be provided which
      will operate satisfactorily with batteries with various numbers of cells,
      as will occur when one or more cells are short-circuited as explained
      above. Furthermore a battery which due to its conditions of use may no
      longer correspond with the conventional gassing voltage will still receive
      a properly phased charge. Variation of gassing voltage which temperature
      is also coped with.
PAR  Referring now to FIG. 6 this shows an arrangement to terminate the charging
      of a battery. A similar 2-speed sequence controller and clock SC and CL
      respectively are arranged to time the interruptions of a charging current
      in a similar manner to that described above. During an interruption the
      sequence controller produces two outputs preferably at two and six seconds
      of a set and reset signal respectively. The set signal is indicated by S
      and the reset signal by R in the diagram. These signals are applied to a
      cycle controller CC and to a first flip-flop FF1. The construction of the
      cycle controller CC will readily apparent to those skilled in the art from
      the following description of its function. The flip-flop may be any
      suitable conventional unit. The battery voltage is applied to an analog
      comparator including four switches, F1, F2, F3 and F4 together with two
      sampling voltage capacitors C1 and C2 and an analog comparator circuit
      element COMP which in the preferred embodiment is an integrated circuit
      element of the type identified by NHOO42C. The switches F1 to F4 are
      preferably field effect transistors of the type identified by 2N3824.
      These switches are closed in turn by the control signals S1, S2, R1 and R2
      derived from the cycle controller CC. The operation of the arrangement in
      FIG. 6 will be described commencing at the beginning of an interruption.
      At the beginning of the interruption the sequence controller SC changes
      the signal it supplies to the gate G to switch off the battery charging
      current and clear a second flip-flop FF2. Two seconds later the sequence
      controller SC applies a signal S to the cycle controller CC which in turn
      supplies the signal S1 to close switch F1 to apply the battery voltage to
      capacitor C1. This capacitor charges to the battery voltage during the
      duration of signal S1 and the voltage on the capacitor is applied to one
      input of the comparator COMP. As during normal operation of the control of
      the battery voltage increases steadily during charge if during a previous
      cycle capacitor C2 has been charged in the manner to be described below
      this will have a lower voltage than that now applied to capacitor C1 and
      the comparator will produce an output, which is one of two possible
      conditions indicating this relationship. The signal S from the sequence
      controller has also been applied to flip-flop FF1 to produce an output
      which will be the same as that which is now being produced by the
      comparator and these outputs are applied to the two inputs of an exclusive
      CR gate Hx OR so long as these two inputs are the same the output of the
      exclusive OR gate will switch flip-flop FF2 to that condition in which
      gate G is enabled by FF2 output. Accordingly when sequence controller SC
      again enables gate G the battery charger current will again be supplied.
      Returning to the interruption whose commencement was described above some
      four seconds after this commencement the sequence controller SC supplies a
      signal R to the cycle controller CC to generate a further signal R1 which
      closes switch F4 to discharge capacitor C2. This action will have no
      effect on the output of the comparator even though switch F1 has now
      opened again as capacitor C1 will retain substantially the whole of the
      voltage applied to it and maintain the output of the comparator in the
      same condition. Some 8 seconds after the beginning of the interruption the
      sequence controller again enables gate G and a battery charger current
      will continue to flow. After a period of some 15 minutes the sequence
      controller again interrupts the charging current by disabling gate G and 2
      seconds later applies a signal S to the cycle controller CC to generate a
      signal S2 which is applied to switch F3 to supply the battery voltage to
      capacitor C2. Assuming the normal course of events has occured the battery
      voltage will now be higher than it was during the previous interruption
      and the comparator will change its output condition applied to the
      exclusive OR gate. However the signal S has also changed over the output
      condition of flip-flop FF1 so flip-flop FF2 is still in the condition in
      which it enables gate G. Four seconds after the commencement of the
      present interruption the sequence controller SC generates a further signal
      R which produces an output R2 of the cycle controller CC to close switch
      F2 to discharge capacitor C1 in its turn. This action again has no effect
      on the exclusive OR gate for reasons described above. The sequence
      controller will then end the interruption by enabling gate G again to
      permit battery charge current to flow.
PAR  On considering the curves in FIG. 9 and the line drawn to represent T=2
      seconds from the commencement of the interruption it will be seen that the
      battery voltage will increase steadily as the charge progresses. Further
      on reaching the 15th and subsequent curves the battery voltage will no
      longer increase. In fact in practice it may reduce slightly. Accordingly
      there will be reached a point in which when during an interruption the
      comparator receives a sample of battery voltage which is no greater than
      that previously received and now retained on the other capacitor of the
      comparator. Accordingly the comparator will not change its output
      condition and as the output condition of flip-flop FF1 will have been
      changed the exclusive OR gate will now receive input signals of two
      different conditions. Accordingly its output will not now operate
      flip-flop FF2 to enable gate G. As gate G is already disabled by the
      output of the sequence controller SC during the interruption this has no
      immediate effect. However when at the end of the interruption the sequence
      controller applies an enabling input to gate G this will not cause the
      gate to be enabled as it is already disabled by the output of flip-flop
      FF2. Accordingly the battery charger current will not be permitted to flow
      and the charge will be terminated.
PAR  It will be seen that in the second described arrangement the battery
      voltage on the occurrence of an interruption is the basis for the
      assessment of the state of charge in the battery and a subsequent
      modification of the charging current. In this case it is the termination
      of the charge but it could be that the disabling of gate G is arranged to
      bring another charging control circuit into operation which provides for
      an infrequent application of a short duration charge to the battery to
      maintain it in its fully charged condition.
PAR  Referring again to FIG. 7 this shows the main elements of the battery
      charger control circuit in block form and indicates the various logical
      operations that are carried out during the cycles of the control circuit.
PAR  In operation the control circuit will be coupled to a source of charging
      current, such as a semiconductor controlled rectifier bridge energised
      from an a.c. supply mains, to control the flow of charging current and
      also to the output of the charger to which the battery is connected to
      derive a signal representing the volts per cell (V.sub.c) of the battery.
      The control circuit is also assumed to include an arrangement to supply
      electrical energy at suitable potentials to energise various circuit
      elements. This source would be connected in operation to the terminals
      marked "+" and "0" in the figure. The circuit may also be connected to
      appropriate indicators, which may be light-emitting-diodes (l.e.d.) to
      indicate the cycle of operation which is in progress.
PAR  In the following description it is assumed that the control circuit is
      connected to a charger and that both are connected to an a.c. supply
      mains, that the charger has been switched on and that a battery has just
      been connected to the terminals of the charger for charging. The control
      circuit includes means which may be in any of the well known forms to
      ensure that on switching on the various logic circuits are set at an
      appropriate condition to avoid any anomalous operation. The voltage
      V.sub.c representing the battery volts per cell will be derived from the
      charger output in a known manner and supplied to the four units in the
      control circuit, namely the comparators C:1.5v, C:2.22v, and C:2.85v, and
      the gassing sensor GS. Each of these comparators is responsive to the
      voltage V.sub.c and to a respective reference voltage to provide an output
      indicating whether or not the voltage V.sub.c is above or below the
      voltage value indicated in the designation of the comparator. The
      reference voltages for the two lower values are derived from potential
      divider chains energised at a voltage stabilised by the Zener diodes 200
      and 201. For the highest voltage comparator a voltage -V.sub.c of equal
      magnitude but opposite polarity to the voltage V.sub.c is "backed-off"
      against a voltage derived directly from the supply voltage for the control
      circuit. When the voltage resulting from the "backing-off" becomes
      negative with respect to the zero voltage line the output of the
      comparator changes to indicate that the voltage per cell exceeds 2.85v. It
      is assumed that a partly discharged battery with a voltage per cell above
      1.5v. and below 2.22v. has been connected to the charger. Other conditions
      will be considered below. In this case the comparator C:1.5v operates to
      produce an output indicating a voltage in excess of this value and this
      output is applied to the gate 408/1 to permit the charger to supply
      current to the battery. The control circuit would hitherto have responded
      to the actual battery voltage, the charger not yet having been permitted
      to supply current. The output of comparator C:1.5v is also applied to gate
      408/2 which, the previously-mentioned initial reset having occurred and
      been maintained by C:1.5v until it operates on the connection of a
      battery, will now be enabled to permit the counter/sequence-controller CSC
      to commence to count pulses supplied from the clock pulse generator
      incorporating a programmable uni-junction transistor indicated at
      reference PUT. Such a clock pulse generator is described above with
      reference to circuit CL of FIG. 3a. Transistor 300 will at this time be
      switched on to connect both of capacitors 104 and 105 to the clock pulse
      generator to produce pulses at the approximate rate of one every three
      seconds. These pulses are supplied to circuit element CSC via a gate 403/2
      and a noise-suppression circuit S. Circuit element CSC is an eight digit
      binary counter which will thus when supplied with such pulses reach a full
      count in approximately 6 minutes. At the end of this time the highest
      order output, 2.sup.7, will become a binary 1 which when applied through
      inverter 406/3 will disable gate 408/1 switching off the charger current
      supplied to the battery. It will be seen that the operation of the circuit
      thus far is to supply a current to charge the battery on the connection of
      the battery for a period of six minutes at the end of which period the
      current is switched off. The magnitude of the charging current is
      preferably that suitable for the bulk-input phase of battery charging. The
      control of the magnitude of this current at this stage of the operation of
      the circuit forms no part of the present invention but a suitable
      controller is described in the abovementioned co-pending Application. The
      output of the comparator C:1.5v also performs the following functions.
      Firstly it enables gate 400/1 to supply a "bulk" signal at its output
      terminal to operate an l.e.d. indicating that the bulk charge phase is in
      progress. Secondly it enables one input of gate 403/1 which gate controls
      the operation of relay driver RD to energise the coil of relay RL. The
      coil when energised operates the reed-relay contact RL/1 to connect
      capacitor C and resistor R series between the zero voltage rail and
      voltage +V.sub.c. Capacitor C is thus charged to voltage +V.sub.c. The
      charging current of capacitor C flows through resistor R and when the flow
      is above the selected value amplifier AMP generates an output pulse.
PAR  After the output 2.sup.7 has reached the binary 1 condition as described
      above the lowest order output of element CSC, 2.sup.0, becomes a binary 1
      condition on the next clock pulse. This binary 1 condition together with
      the maintained binary 1 condition on the 2.sup.7 output enables gate 400/3
      one clock pulse interval after the end of the charging period. The output
      of gate 400/3 is applied to an input of a mono-stable pulse generator MS
      which generates a pulse preferably of the duration between 10 and 100 mS.
      The output pulse of mono-stable MS is applied to the third, hitherto
      disabled, input of gate 403/1 to enable this gate and operate the relay
      driver RD as described above. As a result contact RL/1 closes and the
      hitherto uncharged capacitor C is charged to the value of voltage
      +V.sub.c. The charging current for capacitor C passes through resistor R
      and the amplifier AMP generates an output pulse. This output pulse is
      inverted in inverter 406/5 and applied to an input of gate 408/2 to
      temporarily disable this gate and cause the counter of element CSC to
      reset to zero. This resetting removes the disabling input from gate 408/1
      and permits the charger to again supply charging current. The counter of
      elements CSC also restarts and again counts the clock pulses supplied
      through gate 403/2. In this way a further charging period of six minutes
      is started. It will be realised that before this happens the mono-stable
      MS will have time-out and the gate 403/1 will again be disabled so that
      the relay RL is de-energised and contact RL/1 is open leaving capacitor C
      charged to substantially the value of voltage +V.sub.c at a point in time
      1 binary count after the end of the six minute charging period.
PAR  The above-described sequence of operations repeats itself so long as at the
      end of each six minute charging period a sufficient voltage difference has
      arisen in the value of +V.sub.c to produce sufficient current through
      resistor R on the closing of contact RL/1 to provide amplifier AMP with an
      input to produce an output pulse to cause the resetting of the counter of
      the element CSC by the temporary disabling of gate 408/2. As the charge
      continues in this manner the value of voltage V.sub.c will tend to a
      constant value in the normal manner of charging batteries. If the battery
      is in reasonable condition and charging has progressed normally during the
      bulk phase the value of +V.sub.c will have exceeded 2.22 volts per cell
      before starting to tend to a constant value. Accordingly the comparator
      C:2.2v will also be producing an output indicating a value of V.sub.c in
      excess of its respective reference. The effects of this comparator output
      is to change the inputs which it has hitherto provided to gates 408/3
      directly and 403/3 through inverter 406/2 from that in which the gate is
      disabled to that in which the gate will be enabled on the remaining
      disabling input changing conditions. This change of comparator output has
      no effect on the operation of the element CSC until the input to the
      amplifier AMP ceases to be large enough to reset the counter. This will
      occur when, as mentioned above, the increase of V.sub.c between
      consecutive charging periods falls below a selected level. When a count
      10000001 no resetting pulse is applied to gate 408/2 by inverter 406/5 the
      counter proceeds to the count 10000010. The binary 1 condition in the
      lext-least significant order provides the final enabling input for gate
      403/3 and the output of this gate changes condition. This change disables
      gate 403/2 and the supply of clock pulses to the element CSC ceases
      stopping the count in the last mentioned condition. The output of gate
      403/3 is also applied, through a suppression circuit S, to an input of a
      flip-flop FF HR. An output terminal 5 of this flip-flop changes condition
      and this change operates on the base of transistor 300 to switch the
      transistor off, removing capacitor 104 from the timing circuit of the
      clock PUT. The removal of capacitor 104 increases the clock pulse rate by
      a factor of approximately three so that a full count in element CSC is
      made in approximately two minutes instead of 6 minutes. The other output 6
      flip-flop FF HR changes condition and removes the enabling input from gate
      408/3. This change is also applied through gate 400/4 so that its output
      is no longer an enabling input for gate 403/2, further preventing the
      passage of clock pulses. The charger current will continue to be prevented
      through the action of the output 2.sup.7 of the element CSC acting on gate
      408/1 as previously described.
PAR  As charging current has ceased the battery voltage will start to decay and
      will eventually reach a level at which the comparator C:2.22v indicates
      that V.sub.c is below the reference value for this comparator. The output
      of the comparator will thus change condition and the enabling input
      through inverter 406/2 will be removed from gate 403/3. The condition of
      the output of this gate will change enabling the input of gate 403/2 to
      which this output is connected. The change in the output condition of the
      comparator will also act through gate 408/3 to reset the counter of
      element CSC through gate 408/2. All the outputs of the counter will revert
      to zero. The reversion of output 2.sup.7 to 0 will remove the disabling
      input supplied through gate 400/4 to the clock pulse gate 403/2 again
      permitting the flow of clock pulses to the counter. The flow of charger
      current will also again be permitted through inverter 406/3 and gate
      408/1. As the clock rate pulse has been increased as above described the
      current will now only be permitted to flow for a period of about two
      minutes from the time that C:2.22v responds to the increasing voltage and
      removes the reset from gate 408/2 starting the count. At the end of this
      time gate 408/1 is again operated to interrupt charger current and on this
      occasion the transition of the output 2.sup.7 will also inhibit the flow
      of clock pulses immediately by the action of gate 400/4 on gate 403/2.
      Neither of the outputs 2.sup.0 or 2.sup. 1 now reach the binary 1
      condition so the mono-stable MS and its associated sampling circuitry is
      not brought into operation. The battery voltage is again allowed to decay
      until the comparator C:2.22v operates to restart a two minute charge as
      just described. Flip-flop FF HR is maintained in the condition at which
      the output terminal 5 switched off transistor 300 and this maintained
      condition is also applied as an output signal at terminal "HR" Signal to
      operate an indicator to indicate that the "Hold-ready" phase of charging
      is in progress.
PAR  So far no reference has been made to the operation of the gassing sensor
      GS, which will now be described with reference to FIG. 7 (formed by
      placing FIG. 7a to the left of FIG. 7b as shown in the key at the bottom
      right corner of FIG. 7b).
PAR  FIG. 7 of the present Application corresponds to FIG. 7 of the
      aforementioned co-pending Application, with the 2.35 volts comparator
      removed, and having substituted therefor the voltage increment minimum or
      gassing detector (denoted GS in FIG. 1). The gassing detector is shown in
      block form in FIG. 7 and these blocks are shown in detail in FIG. 8 of
      this Application. Otherwise the apparatus is identical and functions in
      like manner to of the aforesaid co-pending Application. A description of
      the operation of the gassing detector GS of FIGS. 7 and 8 will now follow.
PAR  Because of the two positive slopes of the incremental sampling voltage (see
      FIG. 10) it is necessary to distinguish between them. This is achieved by
      looking initially for a negative slope. To detect a rate of change of
      voltage increment, it is necessary to measure and compare the volts per
      cell as measured in three successive charging current interruptions. The
      arrangements GS (FIG. 7a) contains two electric signal stores, "store (1)"
      which stores the value of the last obtained sample of off-charge voltage
      (V.sub.s1), and "store (2)" which stores the value of the preceding sample
      (V.sub.s2). At the time of taking a new sample (value + V.sub.c),
      comparator `A` compares V.sub.s2 with V.sub.s1, and comparator `B`
      compares +V.sub.c with V.sub.s1. The outputs of these comparators `A` and
      `B` are fed to a third comparator labelled "slope detector". The slope
      detector feeds a "negative slope memory" in such a way that it remains in
      its initial state until a negative slope is detected whereupon the
      negative slope memory changes its state. A "charge state detector" is
      clamped in a state corresponding to bulk-phase charging conditions until a
      negative slope has been detected whereupon it is free to change state
      following detection of a positive slope. The charge state detector acts
      upon the charger control circuit so as to maintain a constant battery
      charging current until the minimum point X has been detected, and
      thereafter so as to force the control circuit into the taper
      characteristic.
PAR  The following description with reference to FIGS. 7 and 8 gives a more
      detailed description of the operation of the circuitry. As described above
      and in the aforementioned co-pending Application, upon commencement of
      battery charging, the charger enters the "bulk" phase and provides a
      constant level of battery charging current which continues until a fixed
      period has elapsed whereupon the charging current is interrupted for a
      fixed period of time during which the sample of open-circuit or off-charge
      voltage (+V.sub.c) is taken. The sampling command signal occurs at a fixed
      time after this and every subsequent charging current interruption. This
      command signal is a positive-going voltage of approximately ten
      milliseconds duration.
PAR  The comparators `A` and `B` are constituted by two identical operational
      amplifiers connected in a summation mode. At the commencement of battery
      charging store (1) and store (2) are emptied so that their output signals
      V.sub.s1 (and therefore -V.sub.s1) and V.sub.s2 are 0. The comparators `A`
      and `B` compare the voltage +V.sub.s2 with -V.sub.s1 and +V.sub.c with
      -V.sub.s1 respectively and feed the summation proportional signals to the
      slope detector.
PAR  Considering again the sequence initiated by the first sampling command
      signal, the "inhibit" signal to the slope detector is removed and the
      slope detector reads the output of the comparators `A` and `B`. Since the
      battery voltage (+V.sub.c) at this time is greater than V.sub.s1 and
      V.sub.s2 (which were reduced to zero at the commencement of charging) the
      slope detector detects a positive slope and its output remains negative,
      thereby not initiating the negative slope memory and maintaining the
      charge state detector in the "bulk" phase. At about one millisecond after
      the first command signal, a second command signal returns the "inhibit" to
      the slope detector. At about 3 milliseconds after the first command
      signal, a third command signal causes the voltage in store (1) to be
      transferred to store (2), this transfer ending after about one
      millisecond. It will be noted that since this is the first sample,
      V.sub.s1 is zero and the new V.sub.s2 remains at zero.
PAR  A further command signal occurring approximately 5 milliseconds after the
      first command signal, the voltage on the +V.sub.c line is transferred to
      the V.sub.s1 line, transfer ending after about one millisecond.
PAR  The sampling period is followed by another battery charging period of equal
      duration to the previous battery charging period. The above described
      sequence of command signals and events controlled thereby is repeated
      during the next interruption of charging current, and since the stored
      value of V.sub.s2 will be zero, the detected slope is again positive and
      the charging current remains in the bulk phase. The stored values are
      again transferred, and this time V.sub.s1 and V.sub.s2 take up realistic
      values.
PAR  The above sequence of charging and sampling continues until the difference
      between V.sub.c and V.sub.s1 is less than the difference between V.sub.s1
      and V.sub.s2 whereupon the output of the slope detector goes positive to
      indicate a negative slope on the incremental sampling voltage curve. The
      output of negative slope memory now goes negative and removes the clamp
      from the charge state detector which is now free to respond to a
      negative-going output of the slope detector indicating a second positive
      slope on the incremental sampling voltage curve. The charge state detector
      output now goes negative and allows the transition in charging operation
      from the bulk phase to the gassing taper phase. A suitable mains reset
      signal resets the negative slope memory and the charge state detector in
      the event of a mains failure.
PAR  It will be seen on examining the circuit in FIG. 7 that the gassing sensor
      can operate at any time to apply an output through inverter 406/1. This
      signal is applied to the current control circuit of the charger to reduce
      the charging current on the basis that the battery will have reached the
      "gassing" condition. As is well known it is desirable to reduce the
      charging current when the battery is in this condition. An example of a
      suitable charger current control circuit to achieve this is described
      above with reference to FIGS. 1 to 4. When the gassing sensor GS operates
      as just described the input of gate 400/1 which has permitted the
      indication that the "bulk" charging is in progress is removed while an
      input is provided to gate 400/2 which gate, in the absence of output from
      flip-flop FF HR terminal 5 indicating that the hold ready phase is in
      progress will be enabled to provide a signal on terminal "GAS" Signal to
      operate an l.e.d. device indicating that a "gassing" charge limitation is
      in operation. Gassing sensor GS latches on operation until the battery is
      removed. It is an important feature of this invention that the gassing
      charge current limitation is brought into operation independently of the
      hold ready phase. Thus if a battery is being charged which does not reach
      2.35 volts it will be protected from excessive charging current by the
      commencement of the hold ready phase while if the hold ready phase is not
      commenced by the time it reaches 2.35 volts it will also be protected by
      the reduction of charger current under the control of the gassing sensor
      GS.
PAR  It will be apparent that the gassing current limitation will usually be
      applied while the battery is still being charged under the control of the
      sampling circuit associated with mono-stable MS. It has been observed that
      when the gassing current limitation is applied in this case there can be a
      step set-back of the value of voltage V.sub.c. This reduction in V.sub.c
      will be sensed on the next operation of monostable MS by the amplifier AMP
      as an indication that the battery voltage has reached a constant level. As
      a result there will not be a resetting pulse applied to gate 408/2 and the
      control circuit would revert to the hold ready condition before the
      battery had received as much charge as it was capable of accommodating. To
      prevent this anomalous operation a transitional cycle is introduced when
      the gassing voltage is reached. The first part of this cycle is under the
      direct control of the output of the gassing sensor GS which is applied via
      resistor 34 and capacitor 108 to the input of the amplifier AMP so that
      only the transition to the gassing voltage is applied as a reset signal by
      the action of the amplifier and the associated inverter 406/5 to the
      element CSC so that the counter is reset to start counting a six minute
      period charge from the transition. The transition of the output of the
      comparator is also applied via inverter 406/1 and capacitor 111 and
      suppression circuit S to input 13 of a flip-flop FF TRANS. The input 13 is
      the "clear" input of this flip-flop which flip-flop controls the next part
      of the transition from the bulk charge to the gas charge phase. The output
      8 of FF TRANS has remained at 1 after being set by the output of C:1.5v
      via "preset" input 10 when V.sub.c is below this value and now changes to
      0. Having been reset the counter of element CSC will count the 6 minute
      period and count 10000000 will turn off the charging current. At count
      10000001 the mono-stable MS will be operated. The output of this
      mono-stable besides being applied to gate 403/1 as mentioned above is
      applied through a suppression circuit S to "clock" terminal 11 of the
      flip-flop FF TRANS. An input applied to terminal 11 would not have had any
      effect on the flip-flop before the transition applied to "clear" terminal
      13 which has the effect of priming the flip-flop. It will be seen that the
      operation of mono-stable MS at count 10000001 has two effects. Firstly the
      gate 403/1 is enabled to operate relay driver RD as described above so
      that capacitor C is charged to the then-existing value of voltage V.sub.c.
      In this way if there has been any step back-set in the value of voltage
      V.sub.c the charge on capacitor C will be adjusted so that subsequent
      sensing cycles will not operate on the basis of an anomalous starting
      point. Secondly the transition of the output of terminal 8 from 0-1 is
      response to the signal on terminal 11 of FF TRANS is applied through the
      resistor 41 and capacitor 110 to the input of the amplifier AMP to
      simulate an input to the amplifier sufficient to cause a reset pulse to be
      applied to gate 408/2. The counter in CSC is reset to 0 and a 6 minute
      charging period commenced. At the end of this period the mono-stable MS is
      operated as previously described to cause capacitor C to be charged to the
      increased value of V.sub.c which increase, if sufficiently large, will
      cause a further resetting pulse and a continuation of the charge under the
      gassing charge control condition. when the increase of voltage V.sub.c is
      no longer sufficient to cause the resetting pulse the hold ready phase
      will be commenced as previously described.
PAR  The above operations have been described on the assumption that a battery
      in a reasonable good condition has been connected to the charger. If
      however a battery which has been discharged to an extremely low level is
      connected to the charger various anomalous conditions can occur. In
      particular the increase in the value of V.sub.c between two sensing
      periods may be too small to generate a resetting pulse for the counter of
      the element CSC. This can result in the commencement of a hold ready phase
      when the battery has received hardly any charge and is still almost
      completely discharged. Such a situation is most undesirable. To prevent
      this on the assumption that such a greatly discharged battery will have
      not yet reached the condition in which V.sub.c exceeds 2.22v per cell the
      circuits arranged that it is impossible to initiate a hold ready phase
      below this value. Furthermore a special cycle of operations is brought
      into effect if an attempt is made to initiate the hold ready phase below
      this value.
PAR  The arrangements for this cycle are as follows. In the absence of a
      suitable signal from comparator C:2.22v gate 403/3 is not in a suitable
      condition to initiate a hold ready phase when a count of 10000010 is
      reached as is described above. The counter continues to run although the
      charger will already have been turned off when the output of terminal
      2.sup.7 changed to the binary 1 condition. Thus a further period of
      approximately 6 minutes is timed by the counter during which no charge is
      supplied. However during this time the binary 1 condition on terminal
      2.sup.7 of element CSC will have maintained one input of 400/3 enabled so
      that every time a binary 1 appears on terminal 2.sup.0 of element CSC the
      mono-stable MS will be operated and, the battery voltage being above 1.5
      volts the capacitor C will be connected to the battery by the action of
      relay driver RD and the relay RL through contact RL/1 as described above.
      In this way the voltage on the capacitor C is kept in step with changes in
      battery voltage resulting from charge received during initial charging
      period. After this period the battery is thus allowed a period of some 6
      minutes to recover and reach a cell voltage which is more accurately
      representative of its state of charge.
PAR  When the counter of element CSC reaches the condition in which all the
      output terminals are binary 1 the next clock pulse causes the counter to
      reset and charger current is again allowed to flow on the removal of the
      disabling input to gate 408/1 derived from the output of inverter 406/3 as
      described above. At the end of the 6 minute charging period thus started
      the relay RL is operated via the mono-stable MS again as described above
      to sense the battery voltage with a view to resetting the counter of
      element CSC a very suitable increase in battery voltage has occurred. If
      the 6-minute interval resulting from the detection of what may be called a
      "pseudo-hold-ready" condition has been effective there will be a
      sufficient increase in battery voltage V.sub.c during this 6 minute charge
      to reset the counter and continue with the bulk charge phase until the
      proper hold-ready condition is detected again as described above.
PAR  If such a situation is not reached then the reaction of the control circuit
      to the "pseudo-hold-ready" condition is repeated until a resetting signal
      is detected and the bulk phase started.
PAR  The above description related to a battery in reasonable condition which
      has not been subjected to incorrect use. However, the described reaction
      of the control circuit to an excessively discharged battery will ensure
      that almost any incorrectly used battery, when connected to the charger,
      will notbbe further ill-used by the wrong charging treatment. If the wrong
      voltage of battery is connected, e.g. producing a V.sub.c of less than
      1.5v/cell of the correct battery no charge will start as no comparator
      will operate. Similarly, if V.sub.c is more than 2.85v/cell for any reason
      the charger cannot supply current, inverter 406/4 applying the output of
      comparator C:2.85v to gate 408/1 to this effect. When a battery is removed
      from the charger the output voltage will rise above 2.85v/cell and turn
      off the charger. Once 2.85v/cell has been reached the charge must be
      restarted by reconnecting a battery as the comparator includes a latch.
PAR  FIG. 8 of our aforementioned co-pending application shows the circuit in
      more detail but it is not reproduced here as it does not form an essential
      part of the present invention.
PAR  An important feature of the invention is however the design of the
      relay/capacitor combination used for sampling the battery voltage, items
      RL and C. Clearly the capacitor C must be of high quality giving a stable
      value and low leakage and the relay contact RL/1 must have a low leakage,
      at least 10.sup.12 ohm. Nonetheless given such a capacitor it has been
      found that a much improved performance is obtained if the capacitor and
      relay contact RL/1 are encapsulated so that the terminal at which they are
      joined (X in FIG. 1) is enclosed in the encapsulation. To this end the
      relay contact RL/1 is a glass-jacketed reed contact enclosed with the
      capacitor C in a suitable encapsulating or "potting" material to form a
      two-terminal device, avoiding leakage from point X. The relay coil RL
      surrounds the encapsulation in the usual manner.
PAR  By this construction the value of capacitor C can be kept to a low value,
      e.g. 4.7 microfarad with consequent cost and space savings. Although
      surface leakage across the encapsulation will still occur this will not
      affect the charge on the capacitor as the junction with the relay contact
      is protected.
PAR  When the control circuit is switched on without a battery connected the
      output of C:1.5v representing a value of V.sub.c below 1.5v sets FF HR and
      FF TRANS to their correct initial states and operates relay driver RD to
      close contact RL/1 and discharge capacitor C through the circuit deriving
      V.sub.c from the battery charging supply. This output via gate 408/2 also
      keeps the counter of CSC reset to zero.
PAR  The control circuits described above relate to comparison of battery
      voltages registered on successive occasions which may be during one
      interruption or different interruptions of charging current and if
      required more than two voltages may be registered and compared by
      extensions of the techniques described which will be readily apparent to
      those skilled in the art. Furthermore the circuits are only described by
      way of example with specific forms of battery charging current source and
      are suitable for use with other forms of charger with modifications if
      needed as will be apparent to those skilled in the art. The embodiments
      described above are only examples of the manner in which the state of
      charge of the battery may be assessed having regard to the battery voltage
      registered in an interruption and other circuits and arrangements by which
      the invention can be applied will be apparent to those skilled in the art.
      Furthermore the specific circuit arrangements and timing cycles described
      are in no way a limitation of the invention.
CLMS
STM  Having thus described our invention what we claim is:
NUM  1.
PAR  1. In a battery charging control circuit for controlling the charging of a
      battery in which gassing can occur at some stage during charging, said
      circuit being of the type wherein the state of battery charge is assessed
      by measurement when the battery charging current is interrupted and
      including timing means operated during an interruption to time a period of
      time, voltage register means responsive to the end of said period to
      register the battery voltage, comparison means to compare the registered
      battery voltage with the battery voltage registered earlier during a
      previous interruption of charging current, and comparison responsive
      control means responsive to the result of the comparison to permit,
      prevent or modify the charging current thereafter applied to the connected
      battery, the improvement wherein said comparison responsive control means
      includes means responsive to a minimum between decreasing and increasing
      differences between compared registered voltages indicative of the onset
      of a gassing phase of the charging of the battery to modify the charging
      current to a level appropriate to charging of the battery while the
      battery is gassing.
NUM  2.
PAR  2. The improvement of claim 1, wherein said means responsive to a minimum
      comprises a first signal storage means coupled to receive a first
      registered battery voltage difference, a second signal storage means
      coupled to receive a second registered battery voltage difference which is
      determined from voltages registered at times which are respectively later
      than the times of registration of the voltages from which was determined
      said first registered battery voltage difference, and comparison means
      coupled to said first and second signal storage means to compare the first
      and second registered voltage differences to determine said minimum and
      thereupon to produce the charging current modifying signal.
NUM  3.
PAR  3. The improvement of claim 1, wherein said means responsive to a minimum
      comprises a first signal storage means having an input coupled to receive
      successive registered battery voltages, a second signal storage means, a
      first signal transfer means coupling an output of said first signal
      storage means to an input of said second signal storage means and
      operative upon registration of a battery voltage to transfer a previously
      registered battery voltage from the output of said first signal storage
      means to the input of said second signal storage means, a first signal
      comparator coupled to the output of said first signal storage means and to
      an output of said second signal storage means to compare the respective
      outputs to determine a first registered battery voltage difference, a
      second signal comparator coupled to the input of said first signal storage
      means and to the input of said second signal storage means to compare the
      respective inputs to determine a second registered battery voltage
      difference, slope detection means coupled to said first and second signal
      comparators to receive said first and second differences and to produce an
      output signal indicative of whether said differences are increasing or
      decreasing with time, a slope memory means coupled to receive the output
      signal of said slope detection means and to be set to a given condition
      according to the indication provided by said output signal, and means
      responsive to a change in the condition of the slope memory means from a
      condition indicative of decreasing differences to a condition indicative
      of increasing differences to produce a control signal to cause said
      charging current to be modified to the gassing-appropriate level.
NUM  4.
PAR  4. The circuit of claim 1, wherein said battery is a lead-acid battery.
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PAL  A high voltage generator comprising a high voltage generating transformer
      having a primary winding and first and second secondary windings, a first
      rectifier having one end connected to one end of the first secondary
      winding, a capacitor connected to the other end of the first rectifier and
      adapted to be charged with the voltage appearing at the other end of the
      first rectifier, a second rectifier connected between the connection point
      between said first rectifier and said capacitor and one end of the second
      secondary winding, and a third rectifier for high voltage rectification
      connected to the other end of the second secondary winding. With this
      construction variation of the output high voltage with change in load
      current can be reduced.
BSUM
PAR  This invention relates to high voltage generators using a transformer for
      use particularly in television receivers.
DRWD
PAR  In the accompanying drawing:
PAR  FIGS. 1 and 2 show prior art examples of the high voltage generator;
PAR  FIG. 3 is a circuit diagram showing an embodiment of the high voltage
      generator according to the invention;
PAR  FIG. 4 shows waveforms appearing in the operation of the same;
PAR  FIG. 5 is a sectional view showing the construction of the same generator;
      and
PAR  FIG. 6 is a graph showing an output voltage versus load current
      characteristic of the same generator.
DETD
PAR  FIG. 1 shows a prior art example of the high voltage generator using a
      sealed flyback transformer. In the flyback transformer shown in FIG. 1,
      third harmonic tuning is achieved between the primary and secondary
      windings. In this case, the high voltage output impedance is about 3.5 to
      4.0 megohms. However, with such high output impedance the amplitude of the
      video voltage is prone to great variations due to variations of the d-c
      high voltage. To stabilize the high voltage, use has heretofore been made
      of high voltage stabilizer tubes in case of vaccum tube television sets
      and high voltage control reactors or like means in transistorized
      television sets. The use of these parts for the purpose of the high
      voltage stabilization, however, has led to increased power consumption and
      increased cost.
PAR  It has also been contemplated to obtain fifth harmonic tuning between the
      primary and secondary windings. However, with the sealed flyback
      transformer of the liquid insulation type, in which the dielectric
      constant is high compared to the case of a dry insulation flyback
      transformer, the distributed capacitance with respect to the secondary
      winding is increased. Also, in a flyback transformer of the half wave
      rectification type, the number of turns of the secondary winding is large
      compared to the case of double voltage or triple voltage rectification
      systems. Further, the tuning ratio between the primary and secondary
      windings has to be increased in order to obtain a voltage as high as that
      of the third harmonic tuning system. This means an extreme increase of the
      distributed capacitance on the secondary side. For the above reasons, it
      has been very difficult to take the fifth harmonic tuning. Higher order
      harmonic tuning may be obtained comparatively simply with double voltage
      or triple voltage rectification systems. However, capacitors are required
      to this end; for instance capacitors 7a and 7b are required in a double
      voltage rectification system as shown in FIG. 2. Also, with regard to the
      ratings of the high voltage rectifiers the double or triple voltage
      rectification system has to use rectifiers of high ratings, so that it is
      surpassed by the half wave rectification system (of FIG. 1) so far as cost
      and reliability are concerned. In FIG. 1, reference characters 3a, 3b and
      3c designate high voltage rectification diodes, and character 4 a
      super-high resistance resistor for voltage division. In FIG. 2, characters
      6a, 6b and 6c designate double voltage rectification diodes.
PAR  The present invention seeks to overcome the above drawbacks, and its object
      is to reduce variations of the high voltage output of the transformer by
      reducing the high voltage impedance thereof.
PAR  According to the invention, the secondary winding of the transformer
      consists of first and second secondary windings connected to each other
      through diodes such that the second secondary winding is kept above ground
      potential. With this construction, the stray capacitance on the secondary
      side can be reduced to reduce the high voltage output impedance, so that
      it is possible to reduce variation of the high voltage output due to
      change in load current by tuning more than third higher harmonics.
PAR  Also, with the high voltage generator according to the invention an
      intermediate voltage may be taken out from the connection point between
      the first rectifier and capacitor, and this voltage may be utilized as the
      focusing voltage for the television picture tube.
PAR  Now, an embodiment of the invention will be described in connection with
      the accompanying drawings.
PAR  FIG. 3 shows an embodiment of the invention. In this system, the fifth
      harmonic tuning is taken between a primary winding 8 and a second
      secondary winding 10 for reducing the high voltage output impedance. In
      order to take higher harmonic tuning than third harmonic, it is necessary
      to reduce the distributed capacitance on the secondary side. Accordingly,
      in this embodiment the second secondary winding 10 is held above ground
      potential by a rectifier 12. Thus, pulse voltage waveforms a and b as
      shown in FIG. 4 appear at opposite ends A and B of the second secondary
      winding 10, if the transformer is equivalently ideal. If this is so, it is
      easier to take higher order harmonic tuning with reduced distributed
      capacitance equivalently on the secondary side. In case of taking the
      fifth harmonic tuning, however, the high voltage output voltage is reduced
      compared to the case of taking the third harmonic tuning. Accordingly, the
      d-c voltage obtained across the second secondary winding 10 is
      superimposed upon the d-c voltage of several kilovolts obtained through
      the rectification of the pulse voltage induced in the first secondary
      winding 9 in order to obtain the requisite d-c high voltage.
PAR  FIG. 6 shows the high voltage output characteristic (curve a) of the
      flyback transformer according to the invention and that (curve b) of a
      prior art flyback transformer.
PAR  It will be seen that according to the invention that the change of the high
      voltage output for load current range above about 50 microamperes is small
      compared to the case of the prior art flyback transformer. Although the
      high voltage output is subject to less change in case of the prior art
      flyback transformer for a load current range from 0 to about 50
      microamperes, the brightness that can stimulate the sight usually
      corresponds to load current levels above 50 to 1,000  microamperes, and
      the load current usually ranges from about 50 microamperes to about 1,000
      microamperes even in household sets. In case of a high voltage generator
      of a battery driven small television set a great number of turns is
      required for the secondary winding of the high voltage generating
      transformer. In such case, by using the transformer according to the
      invention the distributed capacitance on the secondary side can be
      equivalently reduced. In the circuit of FIG. 3, the first secondary
      winding is connected at one end to ground and at the other end to a
      rectifier 11. A capacitor 14 is connected between the other end of the
      rectifier 11 and ground so that it is charged with the voltage appearing
      at the other end of the rectifier 11. The other end of the rectifier 11 is
      also connected directly to the rectifier 12, whose other end is in turn
      connected to the end B of the second secondary winding 10. The other end A
      of the second secondary winding is connected to a further rectifier 13 for
      high voltage rectification. In a television receiver using a bi-potential
      picture tube, a d-c voltage of several kilovolts is required for the
      focusing electrode. This focusing voltage may be obtained from the
      terminal voltage across the capacitor 14 by dividing it through a voltage
      divider consisting of resistors 15 and 16 and a variable resistor 17, the
      division voltage being taken out from a terminal 18.
PAR  FIG. 5 shows the mechanical construction of the high voltage generator
      embodying the invention. In the Figure, numeral 19 designates a core,
      numeral 20 a casing, numeral 21 oil, numeral 22 a high voltage terminal,
      numeral 23 low voltage terminals, and numeral 24 a medium voltage
      terminal.
PAR  While in the embodiment of FIG. 5 oil is used for insulation, it is also
      possible to realize the insulation with wax impregnation or resin
      impregnation or dry insulation since each of the diodes 11, 12 and 13
      shares one-third of the voltage so that the peak value of the secondary
      side a-c voltage is reduced to one-thid compared to the case of FIG. 1.
PAR  In case of a uni-potential picture tube requiring no focusing potential,
      the capacitor 14, resistors 15 and 16 and variable resistor 17 can be
      omitted.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A high voltage generator for energizing a cathode ray tube of a
      television receiver comprising a high voltage transformer having a primary
      winding and first and second secondary windings; a first rectifier having
      one end connected to one end of said first secondary winding, the other
      end of said first secondary winding being directly connected to ground,
      said first rectifier being connected in series with said first secondary
      winding; a second rectifier connected directly between the other end of
      said first rectifier and one end of said second secondary winding, the
      connection point between said first and second rectifiers forming a
      terminal for the derivation of a D.C. voltage; and a third rectifier
      having one end connected to the other end of said second secondary
      winding, the other end of said third rectifier being connected to an anode
      of said cathode ray tube, said second rectifier, said second secondary
      winding, and said third rectifier being connected in series, whereby fifth
      or higher odd harmonic tuning is obtained between said primary winding and
      at least one of said first and second secondary windings.
NUM  2.
PAR  2. The high voltage generator according to claim 1, wherein said three
      rectifiers and said high voltage generating transformer are sealed in a
      casing filled with insulating oil.
NUM  3.
PAR  3. The high voltage generator according to claim 1 wherein said high
      voltage generating transformer is insulated in dry insulation.
NUM  4.
PAR  4. A high voltage generator for energizing a cathode ray tube of a
      television receiver comprising a high voltage transformer having a primary
      winding and first and second secondary windings; a first rectifier having
      one end connected to one end of said first secondary winding, the other
      end of said first secondary winding being directly connected to ground,
      said first rectifier being connected in series with said first secondary
      winding; a second rectifier connected directly between the other end of
      said first rectifier and one end of said second secondary winding; a
      capacitor connected between ground and the connection point between said
      first rectifier and said second rectifier for storing the voltage between
      said connection point and ground, and variable resistance means connected
      in parallel with said capacitor, the voltage obtained from said variable
      resistance means being applied to a focusing electrode of said cathode ray
      tube; and a third rectifier having one end connected to the other end of
      said second secondary winding, the other end of said third rectifier being
      connected to an anode of said cathode ray tube, said second rectifier,
      said second secondary winding, and said third rectifier being connected in
      series, whereby fifth or higher odd harmonic tuning is obtained between
      said primary winding and at least one of said first and second secondary
      windings.
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PAL  An improved half-wave rectifying circuit is described employing a high-gain
      differential amplifier including a negative feedback means for stabilizing
      the amplifier gain and including means for supplying an offset current and
      an operating bias at the amplifier input with the feedback, offset and
      biasing means including a number of resistors which are proportioned to
      provide a substantially zero output in the absence of an input signal and
      to provide an output which is a half-wave rectified output replica of an
      oscillating input.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements of half-wave rectifying
      circuits for use in electric instrumentation, synchronous detection
      circuits, and similar applications.
PAR  Previously, half-wave rectification of alternating voltage signals has been
      accomplished, for example, by a diode or other rectifying or differential
      conducting means connected between a source of alternating voltage signals
      and a load, the common terminals of source and load being connected
      together. Depending on the polarity of the diode connection, the output
      voltage was positive or negative and the error in output voltage was the
      voltage drop of the rectifying means itself.
PAR  Numerous attempts have been made to reduce or eliminate the error of the
      rectifying means. For example, mechanical switches operated by a source of
      alternating current and synchronized to the source of alternating voltage
      signals have been used with some success, although limitations of contact
      life and restricted speed of response to the synchronizing signals have
      restricted applications to power circuits as opposed to measurement
      applications.
PAR  In signal detecting applications, field-effect transistors have been used
      such as described in my U.S. Pat. No. 3,662,113 entitled STEREOPHONIC
      DEMODULATOR APPARATUS AND AUTOMATIC MONOPHONIC-STEREOPHONIC SWITCHING
      CIRCUIT and dated May 9, 1972. Here, the signal voltage has to be kept
      small with respect to the pinch-off voltage of the field-effect transistor
      and the load resistance has to be kept large with respect to the channel
      resistance of the field-effect transistor in its "on" state. Consequently,
      maximum output current is limited to values typically not exceeding a few
      tens of microamperes, and the switching or synchronizing signal may
      require neutralization of undesirable capacitive coupling to the signal
      circuit.
PAR  In other signal detecting applications use has been made of a high-gain
      amplifier having an "inverting" input where the input signal is coupled to
      the amplifier input via a series resistor and the rectified output is
      obtained via a diode connected to the output of the amplifier. A feedback
      resistor connected between the rectified output terminal and the amplifier
      output determines the gain of this circuit, while a second diode connected
      between amplifier output and amplifier input, opposite in polarity to the
      first diode, prevents amplifier overload for signals of "reverse"
      polarity.
PAR  Such a circuit requires typically two well regulated power supply voltages
      of opposite polarity for operation of the inverting amplifier, adding
      considerably to the complexity of this circuit.
PAR  In the present invention it has been discovered that a half-wave rectifier
      circuit can be constructed employing a high-gain differential amplifier
      operated from a single power supply without need of voltage regulation and
      thereby obviating the two well regulated power supplies required in prior
      art. Furthermore, the two diodes required in prior art are no longer
      required, thereby eliminating a source of dependence of such rectifier
      circuits on temperature.
PAR  Accordingly, an object of the present invention is to provide an improved
      half-wave rectifying circuit.
PAR  Another object of the present invention is to provide a half-wave
      rectifying circuit with minimal error.
PAR  Another object of the present invention is to provide an improved half-wave
      rectifier employing a high-gain differential amplifier using only a single
      power supply without need for voltage regulation.
PAR  Another object of the present invention is to provide an improved half-wave
      rectifier which is independent of temperature.
PAR  Other and further objects of the invention will be obvious upon an
      understanding of the illustrative embodiment about to be described or will
      be indicated in the appended claims, and various advantages not referred
      to herein will occur to one skilled in the art upon employment of the
      invention in practice.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A preferred embodiment of the invention has been chosen for purposes of
      illustration and description and is shown in the accompanying drawing,
      forming a part of the specification, wherein:
PAR  FIG. 1 is a schematic diagram illustrating a preferred embodiment of the
      circuit in accordance with the invention.
PAR  FIG. 2 is a graph illustrating the output voltage of the circuit of the
      invention as a function of the input signal.
PAR  FIG. 3 is a graph illustrating the output voltage of the circuit of the
      invention as a function of the supply voltage and input signal.
PAR  FIG. 4 is a schematic diagram illustrating the circuit of FIG. 1 adapted to
      synchronous signal detection.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a differential amplifier A, having a + or
      non-inverting input terminal 1, a - or inverting input terminal 3, an
      output terminal 5, a positive supply terminal 7, and a negative supply
      terminal 9 is illustrated connected to circuit output terminals 11 and 11'
      for connection to a further utilization means, such as a peak threshold
      detector, not shown, with output terminal 11' connected to a common or
      ground terminal G. Amplifier supply current is supplied from a positive
      voltage source B+ to terminal 7 and returned to ground G via terminal 9.
PAR  An input signal applied to input terminals 13 and 13' is fed to the primary
      winding 15 of input transformer T and the secondary winding 17 feeds the
      signal via a resistor R1 to the differential input terminals 1 and 3 of
      the amplifier A. A negative feedback current, to stabilize the gain of
      amplifier A, is fed via resistor R5 from output terminal 5 to the
      inverting input terminal 3. An offset current, to permit the amplifier A
      to function as a rectifier, is supplied from the supply voltage B+ via
      resistor R4 to the inverting input terminal 3 of the amplifier A.
      Operating bias for the non-inverting input terminal 1 of amplifier A is
      supplied via a voltage divider resistor R2, connected between source of
      operating voltage B+ and terminal 1, and resistor R3 connected between
      terminal 1 and ground G.
PAR  It will now be shown that a critical proportioning of resistors R1, R2, R3,
      R4, and R5 provides a half-wave rectified replica of an input signal
      connected to terminals 13 and 13' at output terminals 11 and 11' and that
      a further critical proportioning of these resistors minimizes the
      influence of imperfections in the characteristics of amplifier A on the
      aforementioned replica. A still further critical proportioning of these
      resistors permits the circuit to act as an amplifying half-wave rectifier
      or as a rectifier responding to the signal current supplied to input
      terminals 13 and 13'.
PAR  For illustration of the operation of the circuit of FIG. 1, it is assumed
      that the amplifier A is a perfect differential amplifier requiring an
      insignificantly small input signal applied between the inverting input 3
      and the non-inverting input 1 to appear as an output voltage on terminal
      5.
PAR  To achieve a half-wave rectified output signal at terminals 11 and 11' it
      is necessary for the amplifier A to produce an output signal of zero value
      with respect to the common or ground terminal G when zero input signal is
      applied. In the present invention, with a single positive supply voltage
      B+ and a common node G, a zero output voltage is obtained when the ratio
      of the resistor bias divider for the noninverting input, composed of
      resistors R2 and R3 is equal to the ratio of the resistors feeding bias
      and feedback signal to the inverting input, composed of resistors R4 and
      R5. This first critical ratio may be considered as being determined by an
      analogy to a Wheatstone resistance bridge. The bridge unbalance voltage,
      analogous to the amplifier input voltage, is zero when the ratio of
      resistor R2 to resistor R3 equals the ratio of resistor R4 to resistor R5
      and the output voltage at 5 is at ground G potential. Consequently, the
      onset of rectification is independent of supply voltage B+.
PAR  The input signal to the circuit is applied via the transformer T for the
      purpose of preventing direct current or potential which may be present at
      terminals 13 and 13' from upsetting the circuit bias conditions
      established above. Since only alternating voltage or current signals are
      generally of concern, the limitation on response with respect to frequency
      imposed by a transformer can be minimized by appropriate transformer
      construction. If the transformer T has a turns ratio equal to N between
      its secondary and primary windings 17 and 15, the voltage amplification
      factor KV of this circuit for positive pulses applied to terminal 13
      becomes
      ##EQU1##
      which reduces to
EQU  KV = N.times. (R3 + R5)/R1
PAL  when
EQU  (R2/R3) = (R4/R5)
PAL  as determined above. Any transformer winding resistances can be considered
      to be part of resistor R1.
PAR  Since the amplifier output voltage is limited to values between supply
      voltage B+ and Ground G, the amplification factor of the amplifier is zero
      for negative pulses applied to terminal 13. Consequently, the output
      voltage at terminals 11 and 11' consists of the amplified positive portion
      of the signal applied to terminals 13 and 13' and half-wave rectification
      has thus taken place.
PAR  Since no voltage drop exists between input terminals 1 and 3 of the perfect
      amplifier, the input impedance of the circuit as seen from the secondary
      winding 17 of transformer T is equal to R1, which becomes (R1/N2) at
      terminals 13 and 13'. Consequently, the input current to output voltage
      amplification factor or transfer impedance ZT becomes
EQU  2T = (R3 + R5)N
PAL  when
EQU  (R2/R3) = (R4/R5)
PAL  for positive input current pulses, and zero for negative current pulses.
      Again, amplified half-wave rectification of the input signal has taken
      place.
PAR  Practical amplifiers of the differential input type have various
      imperfections, such as differential input offset current, differential
      offset voltage, input bias current, and input bias voltage, all of which
      are required by each individual amplifier to keep the output voltage
      within the normal operating range, here between the limits of B+ and
      ground. These voltages and currents have to be supplied via resistors R1,
      R2, R3, R4, and R5 and the secondary winding 17 of transformer T.
PAR  An object of the present invention, therefore, is not only the construction
      of an improved half-wave rectifier circuit, but also the choice of
      relative component values to minimize the influence of imperfections.
PAR  Considering the input offset current of the differential input amplifier A,
      this is the difference between the input current to the inverting input 3
      and the non-inverting input 1 of amplifier A required to keep the output
      signal within the voltage limits of B+ and ground in the absence of
      feedback. In the present invention, the influence of this current, when
EQU  (R2/R3) = (R4/R5)
PAL  ratios are maintained is exactly equal to the influence of a signal input
      current flowing in the secondary winding 17 of transformer T.
      Consequently, it is required that such amplifiers have a differential
      input current equal to or less than the maximum tolerable signal current
      error.
PAR  Considering the input bias current required by both the inverting input 3
      and the non-inverting input 1 of amplifier A, this is the current required
      equally by both inputs and in the same direction. In the present
      invention, the output offset voltage will be
EQU  Eo = I.sub.B (R3-R5)
PAL  when
EQU  (R2/R3) = (R4/R5)
PAL  where I.sub.B is the bias current and Eo is the output offset voltage.
PAR  The new unexpected result of this half-wave rectifier circuit was that the
      output error due to input bias current was independent of the value of
      amplification as determined by the value of resistor R1 or the turns ratio
      N of transformer T. A further unexpected result was that the influence of
      bias current could be made zero by setting resistor R2 equal to resistor
      R4 and resistor R3 equal to resistor R5, which is the further critical
      proportioning of the circuit resistors.
PAR  Considering the input offset voltage as required as a difference in input
      voltage to the inverting input 3 and non-inverting input 1 of amplifier A,
      to maintain the amplifier output voltage within the limits of B+ and
      Ground G. This voltage requires an error current to flow not only through
      resistor R1 and the secondary winding 17 of transformer T, but also
      additional error currents to flow through all the other resistors R2, R3,
      R4, and R5. The influence of the additional error currents is made zero
      when the several critical proportions of R2, R3, R4, and R5 are maintained
      as shown above. The remaining output error voltage will then be equal to
      the input offset voltage multiplied by (1 + (R4/R5)).
PAR  The preceding circuit description and analysis of the present invention was
      made under the supposition that the output signal at terminal 5 of
      amplifier A can be between the limits of B+ and ground G. Many amplifiers
      are capable of operating in this manner, however, certain amplifiers of
      monolithic integrated semiconductor construction are not capable of
      operation below a certain minimum output voltage or above a certain other
      maximum output voltage, as determined for example, by the supply voltage
      B+.
PAR  In FIG. 2 the input to output transfer curve is shown, diagrammatically
      presented as a plot of output voltage Eout with respect to input voltage
      Ein.
PAR  For negative input voltages Ein, Eout may remain at a fixed value. As the
      input voltage exceeds value Ein, the amplifier output voltage will rise
      following a slope of amplification equal to KV, the extension of this line
      passing through the intersection of zero output voltage Eout and zero
      input voltage Ein. At some input level, the maximum output voltage
      capability Emax of the amplifier is reached and the output of the
      amplifier remains at level Emax with further increase in input level.
PAR  An amplifier of different design may have a different threshold voltage
      Emin2, and perhaps a different maximum output voltage Emax. For accurate
      half-wave rectification it is of course desirable to have a minimum output
      voltage Emin as close to zero as practical. However, in many applications
      of this rectifier circuit it is required only to produce a repeatable
      voltage E' at terminals 11 and 11' with a known input signal such as may
      be required by a voltage sensitive threshold detector. In such a case, a
      change from an amplifier of one design or construction to an amplifier of
      different design or construction will not influence the achievement of the
      same repeatable voltage output.
PAR  A further object of the invention therefore is the design of a circuit
      capable of producing unipolar amplified output signals of predetermined
      value due to known input signals having independence from amplifier errors
      or amplifier threshold voltages.
PAR  In FIG. 3, a diagrammatic plot is made of the output voltage of terminals
      11 and 11' of the circuit of FIG. 1 as the supply voltage B+ is varied
      while maintaining input signal voltages to terminals 13 and 13' at fixed
      values Ein 1, Ein 2, and Ein 3. Here it can be seen that the output signal
      of amplifier A remains constant as soon as the supply voltage B+ exceeds
      the requirement of output voltage (plus some upper supply voltage
      threshold voltage). This permits the circuit of the present invention to
      be operated from power supply voltages having poor regulation or having
      large noise and other errant signals without influencing the resultant
      output.
PAR  Furthermore, if all the supply terminals B+ of the circuit of FIG. 1 were
      supplied from a half-wave rectified carrier voltage, the output signal
      available at the output terminals 11 and 11' would then be sensitive not
      only to the amplitude of the input signal connected to terminals 13 and
      13', but also the relative phase of this signal with respect to the
      carrier.
PAR  One preferred embodiment of such phase sensitive half-wave rectifying
      circuit is shown in FIG. 4 where a source of carrier oscillations is
      applied to terminals 19 and 19'. A portion of these oscillations is
      rectified with diode D1 to produce supply voltage B+ via series current
      limiting resistor R6. An optional avalanche diode D2 is used to prevent
      carrier voltages which exceed the maximum safe operating voltages of
      amplifier A from reaching its supply terminals 7 and 9. A signal modifying
      circuit 21 is interposed between the source of carrier signal 19 and 19'
      and the input of the half-wave rectifying circuit as shown by primary
      winding 15 of transformer T. Output signal for a further utilization means
      is available on terminals 11 and 11'. The output signal at terminals 11
      and 11' is thus responsive not only to the amplitude signals created by
      the signal modifying circuit but also the phase relative to the phase of
      the carrier signal.
PAR  Illustrations of possible signal modifying circuits are telephone,
      telegraph, radio, or television waves dependent upon a carrier signal.
      Other modifying circuits may be the control signals or other signals of
      analog or digital nature. There is no limit on the frequency of carrier
      oscillations, the limitations of the circuit of the present invention
      being the limitations of the transformers or other coupling circuits or
      the response of amplifiers to rapidly varying signals.
PAR  Although described for amplifiers connected to positive supply voltages,
      connection to negative supply voltages will permit the circuit of the
      present invention to produce output signals of negative polarity.
      Similarly, other amplifying relays of other than semiconductor, tube or
      other construction such as magnetic, electrostatic, hydraulic or pheumatic
      are adaptable to this type of circuit.
PAR  As various changes may be made in the form, construction and arrangement of
      the parts herein without departing from the spirit and scope of the
      invention and without sacrificing any of its advantages, it is to be
      understood that all matter herein is to be interpreted as illustrative and
      not in a limiting sense.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. An improved half-wave rectifying circuit comprising the combination of:
PA1  a differential amplifier having inverting input, noninverting input,
      output, supply voltage, and ground terminals;
PA1  a voltage source;
PA1  a negative feedback comprising a resistor R5 coupled between said output
      and inverting terminals;
PA1  means to supply an offset current to said inverting input terminal
      comprising a resistor R4 coupling said voltage source to said inverting
      input terminal;
PA1  means for supplying an operating bias to said noninverting input terminal
      comprising serially connected resistors R2 and R3 coupling said voltage
      source to the ground with the noninverting input terminal connected to the
      junction of the resistors R2 and R3; and
PA1  said resistors R2, R3, R4 and R5 being proportioned to provide a
      substantially zero output compared to the ground terminal in the absence
      of an input signal.
NUM  2.
PAR  2. The rectifying circuit as claimed in claim 1 where the value of said
      resistors has the relation
EQU  (R2/R3) = (R4/R5).
NUM  3.
PAR  3. The rectifying circuit as claimed in claim 2 in which said resistors R2,
      R3, R4 and R5 are of equal value.
NUM  4.
PAR  4. The rectifying circuit as claimed in claim 1 which further comprises a
      transformer having its secondary coupled to said inverting and
      noninverting inputs and having its primary adapted for connection to an
      oscillating signal.
NUM  5.
PAR  5. The rectifying circuit as claimed in claim 4 which further comprises a
      resistor coupled in series with the transformer secondary.
NUM  6.
PAR  6. The rectifying circuit as claimed in claim 1 in which said resistors are
      also proportioned to provide an output which is a half-wave rectified
      replica of an oscillating input signal coupled to said inverting and
      noninverting inputs.
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ABST
PAL  An electrical power supply arranged to provide an alternating voltage
      output, which includes a pair of transductors or saturable reactors
      connected in phase opposition in series to the output and provided with
      means for supplying them with a constant d.c. control current so as to
      operate in the forced magnetization mode thereby providing a constant
      current source with a high output impedance, the output current being set
      by the control current.
BSUM
PAR  This invention relates to electrical power supplies for loads where the
      coefficient of variation of electrical impedance of the load with the
      applied voltage is either negative (such as for a fluorescent lamp) or is
      very low (such as for a magnetron) such as to give rise to problems in the
      design of a suitable power supply.
PAR  It is an object of the present invention to provide an improved simple
      power supply for such loads in which the load current may be readily
      limited to a set desired level and held constant for variations of the
      supply voltage applied to the load, and variation in the impedance of that
      load.
PAR  The present invention relates to an electrical power supply arranged to
      provide an alternating voltage output, which includes a pair of
      transductors or saturable reactors connected in phase opposition in series
      with the output and provided with means for supplying them with a constant
      d.c. control current so as to operate in the forced magnetization mode
      thereby providing a constant current source with a high output impedance,
      the output current being set by the control current.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 shows a power supply according to the present invention, but without
      its control circuit, connected to supply a fluorescent lamp,
PAR  FIG. 2 shows a characteristic curve of the supply of FIG. 1,
PAR  FIG. 3 shows waveforms associated with the supply of FIG. 1,
PAR  FIG. 4 shows a control circuit which may be used for the circuit of FIG. 1,
PAR  FIG. 5 shows an alternative control circuit,
PAR  FIG. 6 shows one form of supply connected to a fluorescent lamp,
PAR  FIG. 7 shows another form of supply connected to a magnetron, and
PAR  FIG. 8 shows waveform associated with the supply of FIG. 7.
DETD
PAR  In carrying the invention into effect according to one convenient mode by
      way of example, FIG. 1 shows part of a power supply which includes an
      alternating voltage source 11 connected in series with the main windings
      connected in phase opposition, of two transductors (saturable reactors) 12
      and 13, to supply a fluorescent lamp 14.
PAR  Means 16 are provided for passing a d.c. control current through the
      control windings of the two transductors 12 and 13, connected in series in
      phase assistance, and through a choke 15 connected in series to remove the
      A.C. and prevent variation of the D.C. current through the cycle.
PAR  The transductors 12 and 13 are operated in the forced magnetization mode,
      i.e. the d.c. control current is not allowed to vary during the
      operational cycle. Under these conditions, the transductors become a
      constant current source with a high output impedance and the output
      current is set by the d.c. current in the control winding.
PAR  FIG. 2 shows the output characteristic of each transductor. The transductor
      is biased to saturation at point A by the d.c. control current. At point
      A, NcIc = NoIo where Nc and No are respectively the number of turns on the
      control and output windings, and Ic and Io are respectively the control
      and output currents.
PAR  When the alternating voltage from source 11 is applied to the main windings
      of the transductors 12 and 13, one transductor is driven in direction X
      (FIG. 2), i.e. further into saturation, and remains at a low impedance
      value, whilst the other transductor is driven in direction Y and when
      point B is reached this transductor enters its high impedance condition
      and any further increase in applied voltage only results in a very small
      increase in output current. FIG. 3 shows waveforms of transductor voltage
      and output current for an increase in voltage.
PAR  Since the core material of the transductors has a finite permeability up to
      the saturation `knee`, the effect of increasing the input supply to the
      circuit is to increase the peak output current. It is possible to
      compensate for this `transfer admittance` in the d.c. control current
      circuit.
PAR  The greater the permeability of the core material of the transductors, the
      less is the effect of the transfer admittance.
PAR  Thus, better results are obtained using a material with a square loop
      hysteresis characteristic.
PAR  A control current circuit is shown schematically in FIG. 4. Reference diode
      D1 is supplied with current via R1 from a d.c. input supply proportional
      to the main supply to the system, R1 providing the base drive for VT1.
      Hence the emitter of VT1 is held at a fixed potential and thereby the
      transductor control current is set by RV1.
PAR  R2 supplies a current proportional to the supply voltage at the junction of
      RV1 and the emitter of VT1. The circuit holds the current through RV1
      constant so that as the input voltage increases the transductor control
      current decreases and hence compensates for the transfer admittance of the
      transductor.
PAR  A further control circuit is shown schematically in FIG. 5. The advantage
      of this circuit is that the supply rail can be lower voltage and hence
      more efficient. Compensation for transfer admittance is obtained by
      selection of the ratio of R1/R2.
PAR  FIG. 6 shows a complete power supply connected to a fluorescent lamp 14 in
      which a transformer 18 is used to supply the alternating voltage to the
      transductors 12 and 13 and the lamp 14, and to supply the circuit of FIG.
      4 via rectifier circuit 17.
PAR  The voltage source could be direct A.C. mains, or more likely, an inverter
      working from rectified mains or a low voltage d.c. source i.e. a battery.
      Frequency of operation could extend to beyond 30 K Hz.
PAR  FIGS. 7 and 8 show the system adapted for use in an electrical power supply
      for magnetrons used, for example, as the source of R.F. power, for example
      at a frequency of 2450 M Hz., in microwave heating devices.
PAR  There is thus an increasing need for a power supply which can operate from
      a conventional mains supply, i.e. 240V 50 Hz, or even d.c. from say a
      battery, to supply the requirements of a magnetron, for example an anode
      supply of 3500V at 0.5A d.c., and a filament supply of 5V at 20A a.c.
      usually with means for applying the filament voltage for a short period
      before the anode supply is applied. Moreover, the magnetron must be
      operated with a constant current anode supply.
PAR  When used for cooking purposes, cooking time is essentially determined by
      the mean power output of the magnetron and hence by the mean d.c. current
      fed to the magnetron. This current may be in the form of pulses, but there
      is a restriction on the peak - to - mean ratio which is typically 3 : 1.
PAR  Conventional power supplies for magnetrons use for the anode supply a mains
      - operated step-up transformer with a high leakage reactance between the
      primary and secondary windings, which together with an external capacitor
      provides the necessary current limiting. For the filament supply a
      separate mains - operated isolating transformer is used.
PAR  The magnetron output power is varied by varying the value of the capacitor,
      or a shunt resistance, in the anode supply circuit. Switching of the anode
      supply is usually achieved by a relay in the primary of the anode supply
      transformer.
PAR  These conventional circuits suffer from the disadvantages that they require
      large and heavy transformers and large capacitors, a high voltage switch
      for varying the output power, and a high current switch for applying the
      anode supply.
PAR  In the magnetron power supply to be described some or all of the above
      disadvantages are eliminated or effectively reduced.
PAR  FIG. 7 shows a complete magnetron power supply arranged to be energized by
      a 50 Hz mains supply and a d.c. control current.
PAR  By connecting the filament transformer T.sub.3 across the transductor TR,
      the filament voltage is automatically reduced when the anode supply is
      applied, this often being a desired feature of the supply.
PAR  The mains input (waveform FIG. 8a  is a rectified by a full wave bridge BR
      to produce d.c. (waveform FIG. 8b) which provides a supply for a high
      frequency inverter, which is arranged to produce an a.c. output (waveform
      FIG. 9c).
PAR  This a.c. output is fed to a transductor circuit similar to FIG. 1 but
      having two transductors TRA and TRB and filament and anode supply
      transformers T3 and T4.
PAR  Due to the voltage limiting characteristics of the magnetron M, the voltage
      from the output of transformer T4 has the form shown in FIG. 8d, and the
      voltage and current of the magnetron are as shown in FIGS. 8e and 8f.
PAR  The anode supply may be switched off by removing the d.c. control current
      thus operating the transductor in the high impedance region, and the ratio
      of shunt reactances for the transductors TRA and TRB and transformer T4
      are so chosen that for peak input voltage the magnetron is not driven into
      conduction.
PAR  Output current to the magnetron is varied by merely varying the d.c.
      control current.
PAR  The circuit described above has the advantages that the power supply is
      much smaller and lighter than conventional power supplies due to operation
      at high frequencies. Although a frequency of 2 K Hz has been referred to
      by way of example, other frequencies such as, for example, 4, 10 or 20 K
      Hz, may be used with advantage. The current output may be varied, and the
      anode supply may be switched easily by the control of low level d.c.
      control current, the transductor forming a simple and versatile means of
      controlling the power output of the magnetron.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical power supply arranged to provide an alternating voltage
      output, said power supply comprising: an a.c. input source; a pair of
      transductors or saturable reactors having their output windings connected
      in phase opposition in series with the input source and the output;
      inverter means for supplying the input windings of the transductors with a
      constant d.c. control current independent of the output so as to operate
      in the forced magnetization mode thereby providing a constant current
      source with a high output impedance, the output current being set by the
      control current; and
PA1  means for compensating "transfer admittance" in the d.c. control circuit,
      said compensating means comprising a transistor coupled in series with the
      transductors or reactors; a resistor in parallel with the series connected
      transistor and said transductors or reactors; means adapted to control the
      current through the resistor to be proportional to the input supply
      voltage, said transistor arranged so that the combined current through the
      resistor and the transductors or reactors is constant thereby causing the
      d.c. control current to be reduced when the input supply voltage
      increases.
NUM  2.
PAR  2. An electrical power supply for providing energy to the anode and the
      filament of a magnetron, said power supply comprising: an a.c. input
      source; an output transformer connected to the anode of said magnetron; a
      pair of transductors or saturable reactors having their output windings
      connected in phase opposition in series with the input source and the
      output transformer; inverter means for supplying the input windings of the
      transductors or reactors with a constant d.c. control current independent
      of the output so as to operate in the forced magnetization mode thereby
      providing a constant current source with a high output impedance, the
      output current being set by the control current; and a transformer
      connected across said transductors or reactors to supply the filament
      energy for said magnetron.
NUM  3.
PAR  3. An electrical power supply arranged to provide an alternating voltage
      output, said power supply comprising: an a.c. input source; a pair of
      transductors or saturable reactors having their output windings connected
      in phase opposition in series with said input source and said output, the
      control windings of said pair of transductors or saturable reactors being
      connected in series phase additive manner; invertor means for supplying
      said series connected control windings with a constant d.c. control
      current independent of the output so as to operate said pair of
      transductors or saturable reactors in the forced magnetization mode; and
      semiconductor means for compensating "transfer admittance" in the d.c.
      control circuit to cause the d.c. control current to be reduced when the
      voltage of said input source increases thereby providing a constant output
      current source having a high output current source having a high output
      impedance and having an output current magnitude set by the magnitude of
      the control current.
NUM  4.
PAR  4. An electrical power supply as claimed in claim 3, wherein the frequency
      of operation of the inventer is up to 30 KH.sub.z.
NUM  5.
PAR  5. An electrical power supply as claimed in claim 3, wherein the output is
      connected to a fluorescent lamp.
NUM  6.
PAR  6. An electrical power supply as claimed in claim 3, wherein the output is
      connected via an output transformer to the anode of a magnetron.
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PAL  The field excitation flux of the synchronous generator is controlled in
      response to the summing rotor angle signal of a predetermined set signal
      and of a rotor angle signal representing a phase difference between the
      voltage equivalent to an infinite bus voltage and the output voltage from
      the pilot generator provided on the same rotating shaft as the synchronous
      generator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a field excitation control system of the
      synchronous generator and, particularly, to that of the synchronous
      generator capable of supplying leading power factor reactive power with
      large capacity.
PAR  2. Description of the Prior Art
PAR  Generally, the synchronous generator employs a field excitation control
      system by which the field excitation flux (the field excitation current)
      is controlled so that the terminal voltage of the synchronous generator
      may be kept constant. More specifically, in the light of the fact that the
      increment of the field excitation flux is followed by the rise of the
      terminal voltage of the generator, the terminal voltage is fed back and
      compared with a predetermined set voltage, and the terminal voltage
      thereof is controlled in response to the difference generated by the
      comparison operation, so as to keep it constant. The field excitation
      control system designed so as to control the terminal voltage of the
      synchronous generator to be constant is called Automatic Voltage Regulator
      (AVR). An "AVR operation" to be used in this specification means the state
      in which the generator operates under the control by the AVR.
PAR  In recent cities, underground cable lines are finding increased utilization
      when laying down the transmission and distribution lines from the
      standpoint of restriction of the site and efforts to keep up an appearance
      of the streets. In this case, the capacitance is a problem in the power
      supply, the capacitance being formed between the cable and ground. That
      is, when the load is measured across the generator terminals, it takes the
      appearance of the leading power factor load. Accordingly, such cable lines
      have a tendancy to absorb the leading power factor reactive power. As a
      result, the generator connected to such cable lines is required to perform
      the condensive operation for supplying the leading power factor reactive
      power to the cable lines. However, in case the synchronous generator under
      control of the AVR, operates taking the leading power factor load, the
      increment of the leading power factor load is followed by the increment of
      the rotor angle of the synchronous generator, thus resulting in unstable
      operation thereof when the leading power factor load is increased.
      Therefore, the synchronous generator is given a restriction in increasing
      its compensative reactive power supply, when considering the stability of
      the generator operation. When the generator is operated supplying the
      reactive power exceeding such restriction, it is disturbed into stepping
      out of the system in the operation. In the future, it is anticipated there
      will be a greater increase in the employment of the underground cable
      lines. Thus, the need will increase for a new synchronous generator
      capable of stably supplying the sufficiently large reactive power in
      question even to the leading power factor load with a largest capacity.
      That the condensive operation, in particular in the light load region,
      tends to be restricted is inevitable, so far as the AVR is employed for
      the field excitation control system. This will be described in detail
      later.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, an object of the present invention is to provide a novel field
      excitation control system suitable for supplying the leading power factor
      reactive power.
PAR  Another object of the present invention is to provide a field excitation
      control system capable of supplying a larger leading power factor reactive
      power when the power output of the generator is very small.
PAR  A further object of the present invention is to provide a field excitation
      control system capable of continuing a stable operation even when a larger
      leading power factor resistive power is supplied.
PAR  A field excitation control system according to the present invention uses
      the rotor angle of the generator as its input signal, unlike that of the
      prior art, and controls the field excitation flux (the field excitation
      current) of the synchronous generator by using the summing signal of a
      predetermined rotor angle signal and of the rotor angle signal fed to the
      input of the generator.
PAR  Other objects and features of the present invention will become apparent
      from the following description when taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block schematic diagram illustrating a synchronous generator
      provided with an automatic angle regulator and its associated electric
      power system.
PAR  FIG. 2 is a block diagram representing the linearized characteristic of the
      synchronous generator using the automatic voltage regulator.
PAR  FIG. 3 is a block diagram representing the linearized characteristic of the
      synchronous generator using the automatic angle regulator.
PAR  FIG. 4 is an output characteristic curves of the synchronous generator
      using automatic voltage regulator depicted with the results from analyzing
      the block diagram of FIG. 2 with respect to the threshold permitting the
      generator to operate with stability.
PAR  FIG. 5 is an output characteristic curves depicted with the results from
      analyzing the block diagram of FIG. 3 with respect to the threshold
      permitting the generator using the automatic angle regulator to operate
      stably.
PAR  FIG. 6 is a phasor diagram for illustrating the reduction of damping torque
      when the gain of the automatic angular regulator is increased.
PAR  FIG. 7 is an output characteristic curves of the synchronous generator
      illustrating the threshold permitting the generator to stably operate,
      when the generator used employs the automatic angle regulator having phase
      advancing means.
PAR  FIG. 8 is a schematic circuit diagram of the block diagram shown in FIG. 1.
PAR  FIG. 9a and FIG. 9b are the circuit diagrams more specifically depicted of
      the major part of the schematic circuit diagram shown in FIG. 8.
PAR  FIG. 10 is the wave forms appearing at the various sections in the circuit
      diagram of FIG. 9a and FIG. 9b.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A field excitation control system for the synchronous generator of the
      invention controls the rotor angle of the generator so as to be constant,
      and is of the automatic angle regulator (AAR), not of the automatic
      voltage regulator (AVR). As is well known, the rotor angle is the phase
      difference between the internal induced electromotive force of the
      synchronous generator and voltage across any terminal of the electric
      power system.
PAR  Any terminal referred here may be either the output terminal of the
      generator or the terminal of the infinite bus.
PAR  The state in which the field excitation of the generator is controlled by
      means of the AAR will be referred to as an AAR operation. Referring to
      FIG. 1, there is shown a schematic block diagram of the generator in the
      AAR operation and its associated electrical power system. In the figure,
      the reference numeral 90 designates the AAR which has two input signals;
      one is the output voltage Ep from a pilot generator 10 directly connected
      to the rotating shaft of a generator 1 and the other is the terminal
      voltage E.infin. of the electrical power system. An output terminal of the
      pilot generator 10 is designated by 30. A rotor angle detector 60 is for
      detecting the rotor angle .delta. between both the signals Ep and
      E.infin.. An excitation current i.sub.f of a field windings 2 is
      controlled through an adjusting circuit 8 and an excitation circuit 7 by a
      summing signal .delta..sub.1 of a reference rotor angle .delta..sub.0 and
      the rotor angle .delta. from the rotor angle detector 60. The rotor angle
      .delta. signal is used as a positive feedback signal in the AAR 90. Thus,
      the difference of the AAR from the AVR resides only in that the former
      uses the rotor angle .delta. signal as the positive feedback signal.
      Although the rotor angle .delta. is obtained on the basis of the output
      voltage Ep of the pilot generator the terminal voltage E.infin. of the
      electrical power system in this case shown in FIG. 1, an ideal way to
      obtain the rotor angle .delta. is to use terminal voltage Ep and a
      generator terminal voltage Et. In the figure, the reference numeral 4
      represents a transmission line, and Xe is a reactance of the transmission
      line 4.
PAR  A next explanation will be made of the fact the AAR is stably operable over
      a broader range of the leading power factor operation in comparison with
      the AVR, using the transfer function of the synchronous generator.
PAR  FIGS. 2 and 3 are the block diagrams representing the characteristic of the
      synchronous generator in terms of the transfer functions, which are
      depicted by analyzing the function of the synchronous generator through
      the method discussed in the article concerning the stability of the
      synchronous machines disclosed in the literature of "IEEE Transactions PAS
      VOL. PAS-88. No. 4. P. 316-329". The block diagram in FIG. 2 is for the
      case employing the AVR while the block diagram in FIG. 3 for the case
      employing the AAR according to the present invention. In FIGS. 2 and 3,
      the part enclosed with a dot-dash-line represents the characteristics of
      the synchronous generators per se. The block in FIG. 3 representing the
      transfer function of the AAR of
      ##EQU1##
      serves to control the change (variation) of the field excitation .DELTA.Ef
      of the synchronous generator in response to the input thereto of the
      change of the rotor angle .DELTA..delta., and forms a positive feedback
      loop. The block of
      ##EQU2##
      in FIG. 2 representing the transfer function of the AVR forms a negative
      feedback loop, the input of which is the change of the generator terminal
      voltage .DELTA.Et. The designations of the reference characters employed
      in FIGS. 2 and 3 are as follows; The symbol .DELTA. followed by the
      respective characters indicates a change in the value of the respective
      character variables, the s found in the blocks is the Laplace operator,
      the Tm is the disturbance mechanically applied to the synchronous
      generator 1, the f is the speed of the rotating rotor of the generator,
      the .delta. is the rotor angle, the Et is the terminal voltage of the
      synchronous generator, the Ef is the exciting voltage applied to the field
      winding through the AVR or the AAR, and the E.phi. is a field flux
      linkage. In the characters used together with the respective transfer
      functions, the M designates an inertia constant of the generator rotor,
      the f.sub.o is a reference speed of the rotating rotor, the D a damping
      coefficient, Td is a time constant of the field winding when the armature
      winding is opened, and K.sub.1 .about. K.sub.6 designate predetermined
      coefficients. Those coefficients K.sub.1 .about. K.sub.6 found in FIGS. 2
      and 3 are calculated by means of the equations to be described below.
PAR  K.sub.1 is given by the equation K.sub.1 = (.DELTA.T/.DELTA..delta.)E.phi.
      = constant. That is, the K.sub.1 indicates the change .DELTA.T in the
      value of the electrical torque T with respect to the change .DELTA..delta.
      of the rotor angle when the field flux linkage E.phi. of the direct axis
      (hereinafter abbreiviated to as d-axis) of the synchronous motor is kept
      constant. Then electrical torque generated acts so as to cancel the
      mechanical torque Tm in the variation thereof, although this will be
      described in detail later. In FIGS. 2 and 3, the sum of the outputs of the
      blocks K.sub.1 and K.sub.2, and the block D representing the damping
      coefficient applied to the rotor of the generator is the electrical torque
      opposite to the mechanical torque Tm.
PAR  The K.sub.2 is given by the equation, K.sub.2 = (.DELTA.T/.DELTA..delta.)
      .delta.= constant. That is, K.sub.2 means the change .DELTA.T of the
      electrical torque with respect to the change .DELTA.E.phi. of the d-axis
      flux linkage when the rotor angle .delta. is constant.
PAR  K.sub.3 indicates the ratio of the synchronous impedance of the generator
      at its transient condition to that at its steady-state condition when the
      external impedance (the impedance of the transmission line) is composed of
      only the reactance component.
PAR  The K.sub.4 is obtained through the equation, K.sub.4 =
      (.DELTA.Et/.DELTA..delta.).sub.E .phi. = constant. This coefficient
      indicates the ratio of the change .DELTA.Et of the terminal voltage Et to
      the change .DELTA..delta. of the rotor angle .delta., when the rotor angle
      .delta. is constant.
PAR  The K.sub.6 is obtained by the expression K.sub.6 =
      (.DELTA.Et/.DELTA.E.phi.).delta. = constant. This coefficient shows the
      ratio of the change .DELTA.Et of the terminal voltage Et to the change
      .DELTA.E.phi. when the rotor angle .delta. is constant.
PAR  The block diagrams shown in FIGS. 2 and 3 are called linearized block
      diagrams. More precisely, those block diagrams are obtained through
      linearization made on the operation of the synchronous generator in the
      operating condition thereof approximate to such an operating condition
      that a single synchronous generator, as shown in FIG. 1, is connected
      through the external reactance Xe to the large power system 5.
PAR  Assume that the swing occuring to the rotor of the synchronous machine in
      FIGS. 2 and 3 belongs to the second-order oscillatory system (the system
      comprising the block 1/Ms and the block f.sub.o /s). In such case, the
      electrical torque T (the sum of the outputs from the blocks of K.sub.1,
      K.sub.2, and D) which reacts upon the mechanical torque Tm of the rotor
      may be resolved into its synchronizing torque components Ts and the
      damping torque component T.sub.D. The synchronizing torque component
      T.sub.S is the torque component in phase with the change .DELTA..delta. of
      the rotor angle .delta. when the rotor swings while the damping torque
      component T.sub.D is the torque component in phase with the change
      .DELTA.f of the rotor speed f when the rotor swings. In FIGS. 2 and 3, the
      synchronizing torque component Ts is expressed in terms of K.sub.1
      .DELTA..delta. while the damping torque component T.sub.D in terms of
      D.DELTA. f. The electrical torque T acting to the rotor is created not
      only by the change .DELTA..delta. of the rotor angle .delta. and the
      change .DELTA.f of the rotor speed f, but also the change .DELTA.E.phi. of
      the field flux linkage E.phi.. A consideration will next be made the
      torque Tf created by the change .DELTA.E.phi. of the field flux linkage
      E.phi.. Here .DELTA.Tf is used to designate the change the torque caused
      by the change .DELTA.E.phi. of the field flux linkage E.phi.. The torque
      Tf depends on the field flux linkage E.phi. and the latter also depends on
      the change .DELTA..delta. of the rotor angle .delta.. Accordingly, the
      torque change .DELTA.Tf may be the function of the rotor angle change
      .DELTA..delta.. Thus, the torque change Tf may be expressed
EQU  .DELTA.Tf = Gf (s). .DELTA..delta.                         (1)
PAL  where Gf(s) is a transfer function. The transfer function Gf(s) of the AVR
      obtained from FIG. 2 is
      ##EQU3##
PAR  The transfer function Gf(s) of the AAR obtained from FIG. 3 is
      ##EQU4##
      Those equations (2) and (3) hold with an understanding that the transfer
      functions of the AVR and the AAR, as shown in FIGS. 2 and 3, are those of
      the first order lag circuit including the factors of time constants Tv and
      Tr, and gains Kv and Kr. In FIGS. 2 and 3, Ta = K.sub.3 Td. In FIG. 1, the
      expression Gf(s) describes the change .DELTA.Tf of the electrical torque
      Tf with respect to the change rotor angle change .DELTA..delta. in terms
      of the Laplace operation s. The Laplace operator s may be expressed by
      J.omega., i.e. s = j.omega., where .omega. is an angular frequency of the
      rotor swing. Here, substituting back to the equation (1) with this
      j.omega..
EQU  .DELTA.Tf = [Re{Gf(j.omega.)} + jIm{Gf(j.omega.)}] .DELTA..delta.(4)
PAL  where Re is a real part, and Im is an imagenary part.
PAR  The block of f.sub.o /S found in FIGS. 3 and 4 has the following relation
      between its input and its output
      ##EQU5##
      By substituting the equation (5) into the equation (4), we can obtain
      ##EQU6##
      In the equation (6), the first term of the real part is in phase with the
      rotor angle change .DELTA..delta., and indicates the synchronizing torque
      Ts of the above described electrical torque T while the second term of the
      imaginary part is in phase with the speed change .DELTA.f, and indicates
      the damping torque T.sub.D.
PAR  Thus, a coefficient Ks (hereinafter referred to as a synchronizing torque
      coefficient) representing the sum of the synchronizing torques of the
      electrical torque acting in opposition to the mechanical torque .DELTA.Tm
      is given
EQU  Ks = K.sub.1 + Re{Gf(j.omega.)}                            (7)
PAL  A coefficient K.sub.D representing the sum of the damping torques of the
      electrical torque (hereinafter referred to as a damping torque
      coefficient) is given
      ##EQU7##
      The synchronizing torque coefficient Ks means the ratio of the
      synchronizing torque change .DELTA.Ts to the rotor angle torque
      .DELTA..delta., i.e. .DELTA.Ts/.DELTA..delta.. On the other hand, the
      damping torque K.sub.D means the ratio of the damping torque change
      .DELTA.T.sub.D to the speed change .DELTA.f, i.e. .DELTA.T.sub.D
      /.DELTA.f.
PAR  The operating stability of the synchronous generator under transient
      conditions thereof is determined by those coefficients Ks and K.sub.D
      which act in opposition to the mechanical torque .DELTA.Tm applied to the
      generator under transient conditions. Regarding to the operating stability
      of the synchronous generator under the steady-state conditions, reference
      must be made to the following equation (9)
EQU  Kso = K.sub.1 + Gf(0)                                      (9)
PAL  where Kso is the synchronizing torque coefficient under the steady-state
      conditions, and is obtained with the relation .omega.= 0. Thus, the
      operating stability of the synchronizing generator depends upon those
      coefficients Ks, K.sub.D, and Kso.
PAR  For securing the stable operation of the synchronous generator, the
      transiently changing rotor angle .delta. is required to converge to a
      value with time. All of these coefficients Ks, K.sub.D, and Kso should be
      positive in order to satisfy this requisition.
PAR  From the equation (2) representing the transfer function Gf(s) when the
      generator operates under control of the AVR, we can obtain
      ##EQU8##
      Those equations (10), (11), and (12) show that those coefficients Ks,
      K.sub.D, and Kso depends on the time constant Tv and the gain Kv.
PAR  Similarly, from the equation (3) representing the transfer function Gf(s)
      when the generator operates under the control of the AAR, we can obtain
      ##EQU9##
EQU  Kso = K.sub.1 - K.sub.2 K.sub.3 (K.sub.4 - Kr)             (15)  Those
      equations (13), (14), and (15) show that those coefficients Ks, K.sub.D,
      and Kso are influenced by the gain Kr and the time constant Tr of the AAR.
PAR  The coefficients K.sub.1 to K.sub.6 in FIGS. (2) and (3) whose respective
      significances have been described, may also be expressed in terms of the
      impedance and the like of the generator, as in the equations (16) to (21)
      to be described below. The effective power output P and the reactive power
      output Q of the generator may be described in term of the impedance and
      the like of the generator. Accordingly, the coefficients Ks, K.sub.D, and
      Kso in the expressions (10) to (15) may be described as a function of the
      effective power output P and the reactive power output Q. That is to say,
      the variations of those coefficients Ks, K.sub.D, and Kso is permitted to
      be drawn on the output characteristic diagram of the generator (in which
      the effective power output P is plotted along the axis of abscissas and
      the reactive power output is plotted along the axis of ordinates).
      ##EQU10##
      where the subscript o attached to the letters Iq, .delta., Et, Etq, and
      Etd means the values designated by those letters under the steady-state
      conditions, X is an impedance or reactance, Xe is the impedance of the
      transmission line, Xd is a direct axis reactance, Xq is a quadrature axis
      reactance, Xd' is a static direct transient reactance, Xq' is a static
      quadrature transient reactance, Etd is the direct axis component of the
      terminal voltage Et of the generator, Etq is the quadrature axis component
      of the terminal voltage Et, E.sub.Q is an internal induced electromotive
      force, and Iq is the quadrature axis current of the generator.
PAR  In FIG. 4, there is shown a diagram for illustrating various thresholds
      permitting the electrical coefficients Ks, K.sub.D, and Kso to be positive
      when the gain Kv and the time constant Tr of the AVR are changed under the
      AVR operation of a model synchronous generator, in which the various
      threshold curves are plotted on the generator output characteristic
      diagram. In other words, in view of the fact that the electrical
      coefficients Ks, K.sub.D, and Kso, the coefficients K.sub.1 to K.sub.6,
      and the generator power outputs P and Q are expressed by the equations
      (10) to (12), (16) to (21), and (22) and (23), respectively, the threshold
      characteristic curves permitting the electrical coefficients Ks, K.sub.D,
      and Kso to be positive are plotted on the generator output characteristic
      diagram by means of the respective coefficients of the generator. In FIG.
      4, the axis of abscissas indicates the variation of the effective power
      output P while the axis of ordinates the variation of the condensive
      reactive power factor -Q. Those output power P and Q are scaled with the
      percent unit. In the figure, the threshold curves of the coefficient Kso
      are drawn with the solid lines while the threshold curves of the
      coefficient K.sub.D are drawn with the dotted lines, and the upper area
      above the threshold curves is the positive area to allow the coefficients
      to be positive while the lower area under the threshold curves is the
      negative area. The coefficient Ks is impossible to depict in this figure
      in due to the fact that it takes a positive sign over the whole area.
      Accordingly, taking only the coefficients Kso and K.sub.D into account
      will be enough to obtain the stable operation of the generator. That is,
      it will suffice to seek only the positive area permitting the coefficients
      Kso and K.sub.D to be positive. Those threshold characteristic lines are
      plotted by varying the gain Kv of the AVR with the AVR of the first order
      time lag circuit and the time constant thereof of 0.05 seconds. Now
      consider the content of the diagram of FIG. 4. With regard to the
      threshold curves of the coefficient K.sub.D of the dotted line, it can be
      seen that, as the gain Kv of the AVR increases, the leading power factor
      area in which the stable operation of the generator is possible, becomes
      narrow. On the other hand, with respect to the coefficient Kso shown by
      the solid line, there is a specific value in the gain Kv to maximize the
      stable operating area of the generator, i.e. any value except the specific
      value brings about reduction of the stable operating area. As a
      consequence, it is necessary to take the gain Kv into account in order to
      obtain the area in which both the coefficients Kso and K.sub.D are
      positive as large as possible. The relation of the coefficients Kso and
      K.sub.D to the gain Kv is as mentioned above. The heavy lines show the
      area in which both the coefficients Kso and K.sub.D are positive with a
      state that the gain Kv is kept constant. It can be seen from the heavy
      line indication that there is such an inclination that the stable
      operating area is determined by the coefficient Kso when the effective
      power output P is small while it is determined by the coefficient K.sub.D
      when the P is large. Finally, consider the leading power factor operation
      of the AVR. In this condition, the gain Kv has an optimum gain, as the
      gain is related to the coefficient Kso, as described above. As a result,
      there is a limitation when it is attempted to broaden the leading power
      factor operating area by adjusting the gain of the AVR. This is the reason
      why the synchronous generator employing the AVR is inadequate to the
      leading power factor operation. Curve g shows the maximum output of the
      generator defined in accordance with the input thereof, therefor it is
      impossible to drive the generator in the area under the curve g.
PAR  The diagram in FIG. 5 is drawn in accordance with the similar concept
      applied when the diagram in FIG. 4 is drawn. The first order time lag
      element is employed for the AAR as in the case of the AVR and the time
      constant Tr is the same as the time constant Tv of the AVR. From this
      figure, it is seen that when the gain of the AAR is increased, the area
      permitting the coefficient Kso drawn with the solid line to be positive is
      increased while the area permitting the coefficient K.sub.D drawn with the
      dotted line to be positive is decreased. Therefore, in the case of the AAR
      as well as the AVR, the gain Kr has an optimum gain so that an attempt to
      broaden the stable operating area of the leading power factor is
      restricted to an extent. When comparing FIG. 4 with FIG. 5, it will be
      appreciated that, in the case of the AAR, the stable operating area
      enlarges in the region where the effective power output P is small.
PAR  In the AAR according to the present invention, it is attempt to enlarge the
      stable operating area in the region where the effective power area is
      small. The coefficient K.sub.D provides an obstacle to improvement of the
      stable operating area in the region of the small effective power P. That
      is, when the gain Kr is increased, the stable operating area is enlarged
      for the coefficient Kso, but it is reduced for the coefficient K.sub.D.
      More precisely, whereas the increment of the gain Kr results in the
      increment of the coefficient Kso, as seen from the equation (15), the
      increment of the gain Kr results in correspondingly the reduction of the
      coefficient K.sub.D because negative is the third term in the equation
      (14) representing the effect of the AAR. The first term and the second
      term of the equation (14) is respectively obtained in conjunction with the
      blocks D and K.sub.4 in FIG. 3. That the reduction of the coefficient
      K.sub.D follows the increment of the gain Kr will be described taking in
      connection with FIG. 6. In the phaser diagram in FIG. 6, .DELTA.f
      component representing the damping torque and .DELTA..delta. component
      representing the synchronizing torque meet at a right angle. One of the
      torque components created in the AAR, which is in phase with the
      (.DELTA.f) component serves to a positive damping torque while the other
      being in phase with the (-.DELTA.f) component serves as a negative damping
      torque. As seen from FIGS. 3 and 6, the output .DELTA.Ef of the AAR lags
      the synchronizing torque component .DELTA..delta. by .theta..sub.1 due to
      a small time lag of the AAR. the field flux linkage .DELTA.E'.phi. through
      the AAR is retarded by .theta..sub.2 for the output .DELTA.Ef of the AAR
      due to the time lag of the field winding. Accordingly, the field flux
      component .DELTA.E'.phi. is retarded by about 90.degree. for the
      synchronizing torque component .DELTA..delta.. The field flux component
      .DELTA.E'.phi. is substantially opposite to the damping torque .DELTA.f in
      the phase and thus serves as the negative damping torque. The explanation
      of the reason why the third term including the gain Kr of the AAR in the
      equation (14) is negative, in terms of the phaser diagram, is as above
      mentioned. As apparent from the phaser diagram in FIG. 6, if a vector
      .DELTA.E".phi. lies in the positive damping area, the third term in the
      equation (14) takes the positive sign. For this reason, in the AAR
      according to the present invention, the third term in the equation (14) is
      reduced by incorporating the leading power factor element into the AAR.
      That is, by giving the leading power factor element, such as
      ##EQU11##
      provided that (T.sub.2 &gt; T.sub.1), to the AAR, the lagging angle
      (.theta..sub.1 + .theta..sub.2) may be improved to (.theta..sub.1 +
      .theta..sub.2 -.phi.), in which .phi. is the phase advancing angle caused
      by the phase advancing element of
      ##EQU12##
      In FIG. 6, this is shown such that .DELTA.Ef advances into .DELTA.E"f
      while .DELTA.E'p advances into .DELTA.E"p those advance by .phi.,
      respectively. Accordingly, if the selection is properly made of the time
      constants T.sub.1 and T.sub.2 of the phase advancing element, it is
      possible to cancel out the third term of the equation (14) and also to
      make it possitive. If the phase lagging element is employed in place of
      the phase advancing element, the similar effect may be attained. In this
      case, the vector .DELTA.E'.phi. rotates to .DELTA.E'".phi.. FIG. 7 shows
      the threshold curves permitting the generator to stably operate when the
      gain Kr of the AAR used in FIG. 5 is 4, and the AAR is compensately
      advanced in the phase. As will be apparent from the figure, the stable
      operating area is enlarged with the increment of the time constant T.sub.2
      of the phase advancing element. Particularly, that the condensive
      operating area is enlarged in the light load region (where the reactive
      power output P is small) is very useful when the phase advancing or
      condensive operation is practically carried out. In other words, it is
      impossible to operate at the area, corresponding to the area outside the
      circular arc curve g connecting the point of P = 1.0 to the point of Q =
      -1.0 with its center of the origin 0, in FIGS. 4, 5 and 7, capable of
      sufficing the relation .sqroot.P.sup.2 + Q.sup.2 &gt; 1 in which P and Q are
      the effective power output and the reactive power output, respectively,
      and those are expressed in terms of the percent unit (P.U). In this
      condition, the electrical output from the generator is larger than the
      mechanical input to the generator so that the stable operation of the
      generator is impossible. The best way to enlarge the stable operating area
      is to enlarge it in the light load region. The stable operation of the
      synchronous generator has been described comparing the AVR with the AAR.
      It will be appreciated from the foregoing description that the AAR
      according to the present invention is the field excitation control system
      most adaptable for the condensive operation of the synchronous generator.
PAR  A brief description of the AAR have been made referring to FIG. 1. A detail
      description of the AAR will next be made with reference to FIG. 8
      illustrating the circuit diagram of the AAR. It is to be noted that the
      reference symbols designates the like parts or the equivalents in FIG. 1.
      The AAR is merely featured by receiving the rotor angle signal at the
      input terminal, and the field excitation circuit 7 is constructed in the
      same manner as the AVR. Accordingly, an explanation of this circuit will
      be made emphasizing the way to obtain the rotor angle.
PAR  In the figure, the excitation current i.sub.f  flowing through the field
      winding 2 of a generator 1 is controlled by the field excitation circuit
      7. The field excitation circuit 7 is comprised of a voltage transformer
      PT.sub.1, silicon controlled rectifier (SCR), and an automatic pulse phase
      shifter (APPS) to control the operating point of the SCR employed, whereby
      the APPS serves to control the firing angle of the SCR in response to the
      input signal .delta..sub.1 thereto, and an a.c. voltage is transformed
      into a d.c. voltage to the field winding 2. The a.c. voltage supplied from
      the voltage transformer PT.sub.1 to the APPS is used to take a
      synchronization between the power output from an a.c. excitation source
      and the firing angle of the SCR. The APPS is commonly used in the AVR and
      the like, so that the explanation thereof will be omitted.
PAR  On the other hand, the power output of the generator is supplied through
      the terminal 3 and the transmission line 4 to the large power system (not
      shown). Here the rotor angle .delta. indicates the phase difference
      between the internal induced electromotive force of the generator and the
      large power system voltage. However, it is difficult, as a practical
      matter, to obtain the two voltages from the remote places of several tens
      of kilometers to several hundreds of kilometers. For this, the difference
      voltage between the output terminal voltage of the generator and the
      voltage drop across the impedance Xe of the transmission line, is here
      treated to be equivalent to the large power system voltage. The terminal
      voltage of the generator instead of the large power system voltage may be
      employed. However, in this case, the change .DELTA..delta. of the rotor
      angle .delta. is small so that it is undesirable to employ the terminal
      voltage of the generator. PT.sub.2 is a voltage transformer provided close
      to the output terminal of the generator in order to draw, for example, the
      interphase voltage Eab between the phases a and b. CTa and CTb are
      respectively a current transformer provided for the phase a and one for
      the phase b. Xe' designates the impedance equivalent to one of the
      transmission line, through which the difference current (Ia - Ib) between
      the a phase current Ia and the b phase current Ib, flows. The output
      voltage from a rotor angle detector 60 which receives the voltage induced
      in the secondary winding of the voltage transformer PT.sub.2 and the
      voltage across the impedance Xe' being in opposition to the former in the
      phase, is equivalent to the large power system voltage. The internal
      induced electromotive force may be the interphase voltage between the
      phase a and the phase b  in the output voltage of the pilot generator 10
      operating together with the generator 1 on a common rotating shaft.
      PT.sub.3 is a voltage transformer. FIGS. 9a and 9b show the circuit
      constructions of the rotor angle detector 60, a summing means 30 and an
      amplifier 8. FIG. 10 illustrates the waveforms appearing at the various
      sections in the circuit diagrams in FIG. 9.
PAR  In FIG. 9, W.sub.1 and W.sub.2 designate the waveshaping circuits,
      respectively, and each of them is impressed at its input by the output
      voltage Ep of the pilot generator 10 corresponding to the internal induced
      electromotive force and the voltage E'.infin. corresponding to the
      infinite bus voltage E.infin.. The respective waveshaping circuit, W.sub.1
      and W.sub.2 serves to shape the input voltage, Ep and E'.infin., at the
      time these voltages become positive into a rectangular wave, thereby
      obtaining the output signal 100 and 101. The operational amplifiers
      A.sub.1, A.sub.2 used in the wave-shaping circuits, W.sub.1 and W.sub.2
      are of the saturation type. D.sub.1 and D.sub.2 are differential circuits,
      respectively, and produce pluses 102 and 103 when the output signals 100
      and 101 rise and fall at a finite rate. FF1 is a set-reset type flip-flop
      circuit. When a rise impulse signal is applied to, for example, the set
      terminals s, the flip-flop produces a high level (hereinafter referred to
      as a logical level 1) at the output terminal Q, and a low level
      (hereinafter referred to as a logical level o) at the output terminal Q.
      On the other hand, when a rise impulse signal is impressed to the reset
      terminal R, the output terminal Q and Q are inversed in the logical level,
      i.e. the output terminal Q is changed into o, and the terminal Q is
      changed into 1. The output signal 102 is impressed to the input terminal s
      of the flip-flop FF1 while the output signal 103 is impressed to the input
      terminal R thereof. Accordingly, the logical level 1 appears at the output
      terminal Q of the flip-flop FF1 during the period from when the pilot
      generator output voltage Ep becomes positive until the voltage E'.infin.
      becomes positive. FF2 is a J-K flip-flop, whose input terminals are
      coupled with the positive current source, and whose clock pulse terminal C
      is connected to the output of the flip-flop FF1. The clock pulse terminal
      C has a differential function so that the output terminals Q and Q are not
      inversed in the level until the input signal applied to the terminal C
      rapidly changes, for example, the input signal rapidly changes from the
      low level o to the high level 1. Accordingly, the output signal 105
      appearing at the terminal Q of the flip-flop FF2 is kept 1 during a period
      from when the pilot generator output voltage Ep goes to negative until the
      voltage Ep goes to negative again and then, at the following period, the
      output signal 106 of the other output terminal Q is kept the level 1. An
      AND circuit A.sub.1 performs the AND operation of the output signals 104
      and 105. An AND circuit A.sub.2 carries out the AND operation of the
      output signals 104 and 106. The thus constructed circuitry permits the
      output signal 104 of the flip-flop FF1 to be alternately supplied into the
      AND circuits A.sub.1 and A.sub.2. In other words, if the rotor angle
      .delta. obtained at the first period appears in the AND circuit A.sub.1
      the rotor angle .delta. at the second period appears in the AND circuit
      A.sub.2, and the rotor angle .delta. at the third period again appears in
      the AND circuit A.sub.1. The integrators I.sub.1 and I.sub.2 serve to
      integrate the input signals 107 and 108, respectively. The reset circuits
      R.sub.1 and R.sub.2 for the integrators R.sub.1 and R.sub.2 operates such
      that the transistors TR.sub.1 and TR.sub.2 driven provide short circuits
      to the capacitors C.sub.1 and C.sub.2, respectively. The respective
      circuit, R.sub.1 and R.sub.2, comprises a differential element and a timer
      operable with a time-limit operation. The time interval until the timer
      starts to operate is selected to be longer than one period but less than
      two periods. As a result, the output signal of the integrator may be
      maintained for at least one period from the time the integrator commences
      its operation. The outputs of the integrators I.sub.1 and I.sub.2 are
      shown in FIG. 10 with the wave forms numbered 111 and 112. The low value
      gate including the diode D.sub.1 and D.sub.2 serves to permit the smaller
      value 114 of the two outputs 111 and 112 to be fed to the summing
      amplifier AD. the summing amplifier AD also is coupled with the output 113
      of the potentiometer P. The output 113 is used to set the rotor angle
      .delta. to be .delta..sub.o. The sum of the rotor angle .delta. (signal
      114) and the set signal .delta..sub.o appears at the output of the summing
      amplifier. Unlike the case of the AVR, that the field excitation current
      of the synchronous generator is determined by the summing signal of the
      set signal .delta..sub.o and the fed back signal of the rotor angle
      .delta., and is important from the aspect of the construction of the AAR.
      PS designates a phase advancing circuit, which may include plural stages,
      if necessary. The threshold characteristic curve in FIG. 7 is illustrated
      employing two phase advancing circuits, with T.sub.2 being the product of
      the resistor r.sub.1 and the capacitor C.sub.1, and with the product of
      0.01 second of the resistor r.sub.2 and the capacitor C.sub.2. That the
      provision of the phase advancing circuit brings about a greater
      enlargement of the leading power factor load area is described with
      reference to FIGS. 7 and 8. However, it is evident from FIG. 6 that if it
      is attempted solely to enlarge the leading power factor load area merely
      by increasing the electrical torque, selection is not restricted to the
      phase advancing element alone. That is, the phase of the field excitation
      flux change .DELTA.E'.phi. may be retarded in order to displace the vector
      of E'.phi. into the positive damping area. To accomplish this, the phase
      advancing circuit PS in FIG. 9 must be designed so as to satisfy the
      relation C.sub.1 .times. r.sub.1 &gt; C.sub.2 .times. r.sub.2. In this case,
      the response in the excitation control system is delayed. The limiter L
      prevents the output Ei of the phase advancing circuit PS from growing
      exceedingly. That is, if the too extensive excitation is applied to the
      generator, the field winding thereof will be deteriorated or burned. For
      this, it is necessary to restrict the output voltage Ei to a predetermined
      value. The L is comprised of a well known limiter circuit. For example,
      the output voltage Ek of the operational amplifier A.sub.3 is expressed 0
      .ltoreq. Ek .ltoreq. 8.2, and thus the voltage Ek is restricted to be less
      than or equal to 8.2, provided that the output voltage Ei is -10 .ltoreq.
      Ei .ltoreq. 0, Ej = -10(u), and r 4/r3 = 9/11. The field excitation
      control system according to the present invention has the construction as
      described above.
PAR  It can be seen from the foregoing description that the AAR according to the
      present invention useful particularly in the condensive operation, and it
      may readily be reduced into practice without any trouble since the
      technique in the AVR may be applicable.
PAR  Many modifications of the disclosure will be apparent to those skilled in
      the art for practicing the advantages of the invention which is defined by
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A field excitation control system of the synchronous generator
      comprising:
PA1  a synchronous generator including a field winding;
PA1  rotor angle detector means to detect the rotor angle of the synchronous
      generator;
PA1  rotor angle setting means to provide a set value of the rotor angle;
PA1  summing means to sum the output of said rotor angle detector means and the
      output of said rotor angle setting means;
PA1  phase regulating means for regulating the phase of the output of said
      summing means; and
PA1  field excitation voltage control means to control the terminal voltage of
      the field winding of the synchronous generator in response to the
      phase-regulated output of said summing means.
NUM  2.
PAR  2. A system as claimed in claim 1 wherein said phase regulating means
      includes phase advancing means to advance the phase of the output of said
      summing means, said phase advancing means being provided between said
      summing means and field excitation voltage control means.
NUM  3.
PAR  3. A system as claimed in claim 1, wherein said phase regulating means
      includes phase lagging means to delay the output of said summing means,
      said phase lagging means being provided between said summing means and
      said field excitation voltage control means.
NUM  4.
PAR  4. A system as claimed in claim 1, further comprising a limiter to prevent
      the output of said summing means from exceeding a predetermined value,
      which is provided between said summing means and said field excitation
      voltage control means.
NUM  5.
PAR  5. A system as claimed in claim 2, further comprising a limiter to prevent
      the output of said phase advancing means from exceeding a predetermined
      value, which is provided between said phase advancing means and said field
      excitation voltage control means.
NUM  6.
PAR  6. A system as claimed in claim 3, further comprising a limiter to prevent
      the output of said phase lagging means from exceeding a predetermined
      value, which is provided between said phase lagging means and said field
      excitation voltage control means.
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PAL  A battery charging system for a road vehicle has a permanent magnet
      alternator with at least three separate single phase windings, as distinct
      from the usual three-phase winding. Each of the separate windings is
      connected to a pair of supply lines through a pair of diodes and a pair of
      thyristors, each winding having its own pair of diodes and pair of
      thyristors. The thyristors are controlled in accordance with the battery
      voltage.
BSUM
PAR  This invention relates to battery charging systems, particularly for use in
      road vehicles.
PAR  A system according to the invention comprises in combination a permanent
      magnet alternator having at least three separate single phase windings,
      positive and negative supply lines for connection to a vehicle battery,
      and a plurality of pairs of diodes and pairs of thyristors, there being
      one pair of diodes and one pair of thyristors for each winding, and each
      winding having its ends connected to the negative supply line through its
      pair of diodes respectively, and its ends further connected to the
      positive supply line through its pair of thyristors respectively, the
      system further including voltage sensitive means connected between the
      supply lines for providing gate current to the thyristors only when the
      voltage between the supply lines is below a predetermined value.
PAR  The accompanying drawing is a circuit diagram illustrating one example of
      the invention.
PAR  Referring to the drawing, there is provided a permanent magnet alternator
      having three separate single phase windings 11, 12 and 13. The battery
      charging system further includes positive and negative supply lines 14, 15
      between which the vehicle battery 16 is connected. The windings are wound
      on the stator in the same way as a delta-connected winding, but their ends
      are not connected to each other.
PAR  The winding 11 has its ends connected to the line 15 through a pair of
      diodes 11a,  11b respectively, and its ends further connected to the line
      14 through a pair of thyristors 11c  11d. In similar fashion, the windings
      12 and 13 have their ends connected to the lines 14 and 15 through
      associated diodes and thyristors 12a, 12b, 12c, 12d, 13a, 13b, 13c, 13d.
PAR  The system further includes a voltage sensitive circuit 21 which is
      connected between the lines 14, 15 and which produces an output to the
      gates of the thyristors when the voltage between the lines 14, 15 is below
      a predetermined value. The circuit 21 can be of any convenient known form,
      and conveniently incorporates a Zener diode for sensing the voltage
      between the lines 14, 15, together with a transistor amplifier controlled
      by the Zener diode.
PAR  The arrangement is such that as long as the voltage between the lines 14,
      15 is below a predetermined value, all the thyristors are provided with
      gate current, and the output from the windings 11, 12, 13 is rectified and
      supplied to the battery 16. However, with the voltage between the lines
      14, 15 above the predetermined value, then the output from the circuit 21
      is no longer present, and each of the thyristors will turn off as soon as
      it is reverse biased. No output is then provided to the battery 16.
PAR  The arrangement shown is more elaborate than is theoretically required for
      an arrangement of this kind, since in theory a three phase alternator
      could be used with only three diodes and three thyristors providing the
      required output. However, with such an arrangement, which is known, then
      because a thyristor only turns off when its anode becomes negative with
      respect to its cathode, it is possible for an unregulated supply to be fed
      to a load if the battery 16 should become disconnected for any reason. The
      reason for this is that each thyristor can conduct current from two phase
      windings, and so it is possible at high alternator speeds for the
      thyristors not to have time to turn off, so that continuous conduction
      occurs. Using the arrangement shown, in which each of the windings has two
      thyristors associated with it, then since both of the thyristors
      associated with a winding require to be conducting for a supply to be fed
      to the battery 16, and of course to any loads in parallel with the battery
      16, then in the event that there is a fault, the system will switch off
      because each thyristor has a half cycle of machine voltage to turn off.
      Moreover, although the number of semi-conductors used in the rectifier has
      been doubled, the rectifier will not in fact be any more expensive,
      because the devices used in the rectifier will only need to be rated at
      half the level of a normal rectifier using thyristors, so that far cheaper
      devices can be used.
CLMS
STM  I claim:
NUM  1.
PAR  1. A battery charging system comprising in combination a permanent magnet
      alternator having at least three separate single phase windings, positive
      and negative supply lines for connection to a vehicle battery, and a
      plurality of pairs of diodes and pairs of thyristors, there being one pair
      of diodes and one pair of thyristors for each winding, and each winding
      having its ends connected to the negative supply line through its pair of
      diodes respectively, and its ends further connected to the positive supply
      line through its pair of thyristors respectively, the system further
      including voltage sensitive means connected between the supply lines for
      providing gate current to the thyristors only when the voltage between the
      supply lines is below a predetermined value.
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PAL  This invention is directed to an automatic voltage regulator for a
      seperately excited generator comprising a main AC generator including an
      armature winding and an exciting winding and an exciter of an AC magneto
      generator associated with the exciting winding of the main AC generator.
      The regulator comprises a single controlled semiconductor switching device
      disposed in parallel to the exciting winding of the main AC generator and
      an output voltage detecting and control signal generating circuit which is
      adapted to detect the output voltage of the main AC generator and to apply
      a control signal to the controlled electrode of the controlled
      semiconductor switching device when the output voltage of the main AC
      generator reaches more than a predetermined value. The exciter of the AC
      magneto generator has an operating frequency higher than that of the main
      AC generator whereby the output voltage of the main generator can be
      regulated in a minute manner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  An automatic voltage regulator for a separately excited generator is well
      known which is adapted to control an exciting current in response to the
      output voltage of the generator. It has been disclosed in British Pat. No.
      966,024 issued on Aug. 6, 1964, for example. One of the disadvantages of
      such a prior art is that an exciting voltage from an output of an exciter
      irregularily varies due to separate characteristics of two controlled
      rectifying means incorporated between the exciter and the exciting winding
      of the generator with the result that the output voltage of the generator
      tends to be distorted. Such distorted output voltage of the generator is
      shown at dotted line in FIG. 3C wherein the output voltage is shown to be
      conveniently rectified. Variation indicated by .DELTA.E in FIG. 3C causes
      a lighting device to flicker if it is operatively associated with the
      output of the generator. Another disadvantage of the prior art is that the
      regulator cannot regulate the output voltage of the generator in a minute
      manner because the operating frequency of the exciter is generally very
      small so that it approximately equals the operating frequency of the
      generator.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a principal object of the present invention to provide
      an automatic voltage regulator for a separately excited generator adapted
      to regulate the output voltage of the generator without any distortion.
PAR  It is another object of the present invention to provide an automatic
      voltage regulator for a separately excited generator adapted to regulate
      the output voltage of the generator in a minute manner.
PAR  One of the most important features of the present invention is that an
      exciting output voltage of an exciter which comprises an AC magneto
      generator has the frequency much higher than that of the output voltage of
      a main AC generator whereby an output voltage of the main AC generator can
      be regulated in a minute manner. Another important feature of the present
      invention is that the exciting voltage from the exciter is controlled by a
      single controlled semiconductor device whereby the output voltage can be
      regulated without any distortion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and features of the present invention will be
      apparent from the description of the preferred embodiment of the present
      invention taken with reference to the accompanying drawings in which;
PAR  FIG. 1 is a schematic diagram of a circuit of an automatic voltage
      regulator for a separately excited generator in accordance with the
      present invention;
PAR  FIG. 2 is a schematic diagram of an output voltage detecting and control
      signal generating circuit employed in the automatic voltage regulator of
      FIG. 1; and
PAR  FIGS. 3A to 3C show waveforms of the rectified exciting voltage, the
      exciting current and the output voltage of the main AC generator,
      respectively with the output voltage of the main AC generator shown to be
      conveniently rectified.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a separately excited generator
      arrangement indicated generally at numeral 10, which comprises a main AC
      generator 12 having an armature or output winding 14 and an exciting
      winding 16, the former of which is connected to output means 18. A diode
      17 may be connected in parallel to the exciting winding 16. The
      arrangement 10 further comprises an exciter 20 which is in the form of an
      AC magneto generator. It should be noted that the exciter 20 is
      constructed so that the output voltage of the exciter has the frequency
      much higher than that of the output voltage of the main AC generator 12.
      By way of example, the exciter may have eight poles while the main AC
      generator may have two poles. Thus, it will be understood that in that
      case the exciting voltage has the frequency four times that of the output
      voltage of the main AC generator. The exciter has the output connected to
      an input of a full wave rectifier 22, the output of which is connected to
      the exciting winding 16 of the main AC generator 12. Thus, it will be
      understood that the rectified output voltage shown in FIG. 3A energizes
      the exciting winding 16 so that it excites the armature or output winding
      14 to produce an output voltage shown in FIG. 3C wherein it is shown to be
      conveniently rectified. Although the exciter 20 and the main generator 12
      may be in the form of a single phase generator, it will be understood that
      they may be in the form of a polyphase generator.
PAR  An automatic voltage regulator for a separately excited generator is
      generally indicated at numeral 24 in FIG. 1 and comprises a single
      controlled semiconductor switching device such as a thyristor 26 connected
      in parallel to the exciting winding 16 of the main AC generator 12 to
      bypass the exciting current (FIG. 3B) from flowing through the exciting
      winding 16 when the thyristor 26 is in the conductive state. The regulator
      24 further comprises an output voltage detecting and control signal
      generating circuit 28 having the input connected to the output means of
      the main AC generator 12 and having the output connected to the gate and
      cathode of the thyristor 26.
PAR  The output voltage detecting and control signal generating circuit 28 is
      shown in detail in FIG. 2. The circuit 28 may comprise an insulating
      transformer 30 including a primary winding 32 connected to the output
      means 18 of the main AC generator 12 and a secondary winding 32' connected
      to a full wave rectifier 34 at the input thereof. The output of the full
      wave rectifier 34 may be connected to a smoothing capacitor 36 and a
      dividing series connection of a resistor 38 and a varister 40 which is
      connected in parallel to the capacitor 36. The varister 40 serves to
      prevent the operating point of the circuit 28 from being adversely
      affected by a load current flowing from the main AC generator 12 through a
      load connected to the output means 18. The function of the varister 40 has
      been disclosed in pending U.S. patent application Ser. No. 485,984
      assigned to the same assignee. One of the ends of the varister 40 is
      connected through a reversed Zener diode 42 and through a resistor 44 to
      the gate of the thyristor 26 and the other end of the varister 40 is
      connected to the cathode of the thyristor 26. The Zener diode 42 has a
      Zener voltage set so that it becomes conductive when the output voltage of
      the main AC generator 12 is over a predetermined value. Thus, when the
      Zener diode 42 is in the conductive state, the thyristor 26 has a gate
      current flowing through the gate and cathode thereof to be turned on so
      that it bypasses the exciting current from flowing through the exciting
      winding 16 of the main AC generator 12. A temperature compensating circuit
      46 may be provided between the gate and cathode of the thyristor 26, and
      it may comprise a resistor 48 and a series connection of a thermistor 50
      and a resistor 52 which is connected in parallel to the resistor 48. A
      capacitor 54 may be connected in parallel to the temperature compensating
      circuit 46 and serves to prevent an impulsive noise from adversely
      affecting the operation of the thyristor 26.
PAR  With the automatic voltage regulator of the present invention, AC output of
      the exciter 20 is rectified by the full wave rectifier 22 and supplied to
      the exciting winding 16 of the main AC generator 12 as previously
      described. As a result, the main AC generator 12 produces AC output
      voltage as shown in FIG. 3C. When the output voltage reaches more than the
      predetermined value, the output voltage detecting and control signal
      generating circuit 28 applies a control signal to the gate of the
      thyristor 26 and as a result it becomes conductive. Thus, the exciting
      current (FIG. 3B) to be supplied to the exciting winding 16 is
      substantially short-circuited through the thyristor 26, and therefore, the
      main AC generator fails to be excited by the exciting winding 16. At that
      time, the output voltage of the main generator 12 is caused to be lowered
      and then the output voltage detecting and control signal generating
      circuit 28 stops supplying the control signal to the gate of the thyristor
      26 so that it becomes nonconductive. Thus, the main generator 12 is again
      excited to raise the output voltage. It will be understood that by
      repeating such operation of the regulator the output voltage of the main
      AC generator is kept constant. It should be noted that since the frequency
      of the exciting output from the exciter 20 is much higher than that of the
      output voltage of the main AC generator 12 the latter can be minutely
      regulated. Furthermore, the single thyristor 26 causes the exciting
      current to be flattened without any distortion as shown in FIG. 3B and
      therefore, the output voltage is never distorted. This fact causes a
      lighting load to be energized without flicker. It will be understood that
      the diode 17 serves to protect from being applied to the thyristor 26, a
      reversely induced voltage established across the exciting winding 16 when
      the thyristor 26 becomes conductive.
PAR  Although a single preferred embodiment of the present invention has been
      illustrated and described with reference to the accompanying drawings, it
      will be apparent to those skilled in the art that various changes and
      modifications may be made without departing from the spirit and scope of
      the present invention, which is intended to be defined only to the
      appended claim.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic voltage regulator for a separately excited generator
      comprising a main AC generator including an armature winding and an
      exciting winding and an exciter of an AC magento generator associated with
      said exciting winding of said main AC generator, said regulator comprising
      a single controlled semiconductor switching device disposed in parallel to
      said exciting winding of said main AC generator; an output voltage
      detecting and control signal generating circuit having the input connected
      to the output of said armature winding to detect the output voltage of
      said main AC generator and having the output connected to a controlled
      electrode of said controlled semiconductor switching device to apply a
      control signal to said controlled electrode when the output voltage of
      said main AC generator reaches more than a predetermined value; and the
      exciting output voltage from said AC magneto generator having frequency
      much higher than that of the output voltage of said main AC generator.
NUM  2.
PAR  2. An automatic voltage regulator as set forth in claim 1, wherein said
      output voltage detecting and control signal generating circuit comprises
      an insulating transformer having the input connected to the output of said
      armature winding of said main AC generator, rectifier means connected to
      the output of said insulating transformer, and a semiconductor switching
      device connected to said rectifier means at the DC terminal thereof to be
      conducted when the output voltage of said main AC generator reaches more
      than the predetermined value, said semiconductor switching device
      connected to the controlled electrode of said controlled semiconductor
      switching device.
NUM  3.
PAR  3. An automatic voltage regulator as set forth in claim 2, wherein said
      semiconductor switching device of said output voltage detecting and
      control signal generating circuit is a Zener diode.
NUM  4.
PAR  4. An automatic voltage regulator as set forth in claim 1, wherein the
      frequency of the exciting output voltage from said AC magneto generator is
      four times as high as that of the output voltage of said main AC
      generator.
NUM  5.
PAR  5. An automatic voltage regulator as set forth in claim 2, wherein said
      output voltage detecting and control signal generating circuit further
      comprises a voltage divider including at least two resistance connected in
      series to each other, said voltage divider disposed on the output side of
      said rectifier means, one of said two resistance comprising a nonlinear
      resistance to which said semiconductor switching device is connected.
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PAL  Improved current mirrors are provided by connecting current mirrors of
      known types in cascode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to controlled current sources, and
      in particular, to current mirrors.
PAR  A current source is an electrical element which provides an output current
      from a very high impedance. The output current magnitude is substantially
      independent of both the voltage impressed across the current source and
      the impedance presented thereto. In so-called "controlled" current
      sources, the magnitude of the output current, rather than being fixed, is
      a function of a control signal, for example, or a selected circuit
      parameter such as a resistor value.
PAR  A current mirror is a particular type of controlled current source in which
      the output current is controlled by an input current applied thereto.
      Current mirrors find use in numerous applications including operational
      amplifiers, line circuits and electronic switching. Current mirrors known
      in the art typically inlcude first and second base-coupled transistors.
      The input current is extended to the collector of the first base-coupled
      transistor and the output current is provided from the collector of the
      second base-coupled transistor. Base current for the two transistors is
      provided by circuitry which diverts a small amount of current away from
      the collector of one or the other of the transistors.
PAR  Ideally, the input and output currents of a unity-gain current mirror
      should have identical magnitudes. In practice, however, some input/output
      current deviation is always encountered. In some known current mirrors
      this deviation is as small as 2/.beta..sup.2 per unit of input current,
      .beta. being the common-emitter current gain of the transistors comprising
      the current mirror. In some applications, however, more precise
      input/output current matching may be required. Moreover, some applications
      may require a current mirror having higher output impedance than is
      typically provided by known arrangements.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, a general object of the present invention is to provide
      improved controlled current sources.
PAR  A more specific object of the invention is to provide improved current
      mirrors which have very small input/output current deviation.
PAR  Another object of the invention is to provide improved current mirrors
      which have higher output impedances than are generally provided in the
      prior art.
PAR  These and other objects are achieved in accordance with the invention by
      connecting current mirrors of known types in cascode, the resulting
      structure being referred to herein as a "cascode current mirror".
PAR  More particularly, a cascode current mirror embodying the principles of the
      invention includes first and second current mirror stages of known types.
      A cascode connection is effected by coupling the emitter of each
      base-coupled transistor of the first stage to the collector of a
      respective one of the base-coupled transistors of the second stage. The
      emitters of the second stage transistors are connected to a source of
      potential. Input current is applied to the input terminal of the first
      stage; output current is provided at the output terminal thereof.
PAR  In accordance with a feature of the invention, the cascode connection may
      be made such that corresponding transistors of each current mirror stage
      are arranged on the same side of the cascode structure. In this
      arrangement, the emitters of the first and second transistors of the first
      stage are coupled to the collectors of the first and second transistors of
      the second stage, respectively. This "direct" cascode connection
      advantageously provides a current mirror having substantially higher
      output impedance than a single one of its constituent current mirror
      stages.
PAR  In accordance with a further feature of the invention, the cascode
      connection between the first and second current mirror stages may be made
      such that corresponding transistors of each stage are arranged on opposite
      sides of the cascode structure. In this arrangement, the emitters of the
      first and second transistors of the first stage are coupled to the
      collectors of the second and first transistors of the second stage,
      respectively. This "transposed" cascode connection advantageously provides
      a current mirror having substantially smaller input/output current
      deviation than either a single one of its constituent current mirror
      stages or two such stages connected in the above-described direct cascode
      configuration.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention may be clearly understood from a consideration of the
      following detailed description and accompanying drawing in which:
PAR  FIG. 1 is a single-stage current mirror known in the art;
PAR  FIG. 2 is an illustrative cascode current mirror according to the invention
      comprising two current mirrors of the type shown in FIG. 1 connected in a
      direct cascode configuration;
PAR  FIG. 3 is an illustrative cascode current mirror according to the invention
      comprising two current mirrors of the type shown in FIG. 1 connected in a
      transposed cascode configuration;
PAR  FIG. 4 is another single-stage current mirror known in the art;
PAR  FIG. 5 is an illustrative cascode current mirror according to the invention
      comprising two current mirrors of the type shown in FIG. 4 connected in a
      direct cascode configuration;
PAR  FIG. 6 is an illustrative cascode current mirror according to the invention
      comprising two current mirrors of the type shown in FIG. 4 connected in a
      transposed cascode configuration; and
PAR  FIG. 7 is an illustrative cascode current mirror according to the invention
      which provides other-than-unity gain.
DETD
PAC  DETAILED DESCRIPTION
PAR  The single-stage current mirror shown in FIG. 1 is known in the art. It
      comprises input transistor 10 and output transistor 11, which are
      illustratively of the npn type. The emitters of transistors 10 and 11 are
      connected to a source of negative potential. Their bases are
      interconnected. Input current I.sub.IN is applied to terminal 12. Most of
      this current flows into the collector of transistor 10. A small amount
      thereof, however, is diverted via lead 15 to provide base current for
      transistors 10 and 11.
PAR  The various currents flowing in the current mirror of FIG. 1 are indicated
      in the drawing. It has been assumed that transistors 10 and 11 have equal
      common emitter current gain, .beta., and therefore equal collector
      currents inasmuch as their base-emitter voltages are constrained to be
      equal. In addition, the collector current of each transistor in the
      current mirror has been assumed to be .beta. times its base current. The
      magnitude of the resulting output current I.sub.OUT at terminal 13 is
      .beta./.beta. + 2. Thus, the input/output current deviation,
      .vertline.I.sub.out - I.sub.in .vertline., for the prior art current
      mirror of FIG. 1 is 2/.beta. + 2, which is approximately equal to
      2/.beta..
PAR  Attention is now directed to FIG. 2, which shows a cascode current mirror
      according to the invention. The cascode current mirror of FIG. 2 comprises
      upper and lower current mirror stages 20 and 25, respectively, each
      illustratively of the known type shown in FIG. 1. Transistor 21 in current
      mirror 20 corresponds to transistor 26 in current mirror 25 since base
      currents in current mirrors 20 and 25 are provided by diverting a small
      amount of current away from the collectors of transistors 21 and 26 via
      leads 23 and 28, respectivly. Similarly, transistor 22 in current mirror
      20 corresponds to transistor 27 in current mirror 25.
PAR  In accordance with the invention, current mirror stages 20 and 25 are
      connected in cascode; that is, the emitters of transistors 21 and 22 are
      each coupled to the collector of a respective one of transistors 26 and 27
      rather than to a source of potential. In accordance with a feature of the
      invention, stages 20 and 25 are arranged in a direct cascode configuration
      whereby corresponding transistors of each stage are arranged on the same
      side of the cascode structure. Thus, the emitter of transistor 21 is
      coupled to the collector of transistor 26 on one side of the cascode
      structure and the emitter of transistor 22 is coupled to the collector of
      transistor 27 on the other.
PAR  The direct cascode current mirror of FIG. 2 provides somewhat larger
      input/output current deviation than the single-stage current mirror of
      FIG. 1. However, the former advantageously has substantially higher output
      impedance than the latter because the emitter impedance of output
      transistor 22 in FIG. 2 is substantially greater than the emitter
      impedance of output transistor 11 in FIG. 1. More particularly, the
      emitter impedance of output transistor 11 in FIG. 1 is substantially zero,
      while the emitter impedance of output transistor 22 in FIG. 2 is the
      impedance seen "looking into" the collector of transistor 27 -- typically
      several tens or hundreds of kilohms.
PAR  Of course, the output impedance of a transistor is also determined by its
      base impedance; the smaller the base impedance, the larger the output
      impedance. The base impedance of output transistor 22 in FIG. 2 is
      somewhat larger than the base impedance of output transistor 11 in FIG. 1.
      However overall, a substantial increase in output impedance is provided by
      the cascode current mirror of FIG. 2 over the single-stage current mirror
      of FIG. 1.
PAR  As in FIG. 2, the cascode current mirror of FIG. 3 comprises two current
      mirror stages, each illustratively of the known type shown in FIG. 1.
      However in FIG. 3, the upper and lower current mirror stages are arranged
      in a "transposed" cascode configuration in which corresponding transistors
      of each stage are arranged on opposite sides of the cascode structure.
      Computer analysis of the transposed cascode current mirror of FIG. 3 has
      indicated that its output impedance is, advantageously, substantially
      higher than that of the direct cascode configuration of FIG. 2.
      Additionally, in accordance with a feature of the invention, the
      transposed cascode configuration of FIG. 3 advantageously provides
      substantially smaller input/output current deviation than either the
      single-stage current mirror of FIG. 1 or the direct cascode current mirror
      of FIG. 2.
PAR  In particular, the cascode current mirror of FIG. 3 comprises upper and
      lower current mirror stages 30 and 35. Transistor 31 in current mirror 30
      corresponds to transistor 36 in current mirror 35 while transistor 32 in
      current mirror 30 corresponds to transistor 37 in current mirror 35. The
      transposed cascode connection between stages 30 and 35 is effected by
      coupling the emitter of transistor 31 to the collector of transistor 37 on
      one side of the cascode structure and the emitter of transistor 32 to the
      collector of transistor 36 on the other side of the cascode structure.
PAR  Input current I.sub.IN applied to terminal 34 illustratively has unity
      magnitude. The resulting output current I.sub.OUT at terminal 39 has a
      magnitude
EQU  .beta.(.beta. + 2)/.beta..sup.2 + 2.beta. + 2.
PAL  Accordingly, the input/output current deviation for the cascode current
      mirror of FIG. 3 is
EQU  2/.beta..sup.2 + 2.beta. + 2, which is substantially equal to
      2/.beta..sup.2. Cascoding two current mirror stages of the know type shown
      in FIG. 1 in the transposed cascode configuration of FIG. 3 is thus seen
      to advantageously provide a factor-of-.beta. improvement in input/output
      current deviation over a single such stage.
PAR  The currents in the cascode current mirror of FIG. 3 have been computed
      assuming that the .beta.'s of transistors 31, 32, 36 and 37 are identical.
      However, even if the .beta.'s are somewhat mismatched, the cascode current
      mirror of FIG. 3 still provides significant improvement in input/output
      current deviation over the prior art current mirror of FIG. 1.
PAR  Another single-stage current mirror known in the art is shown in FIG. 4.
      This current mirror comprises base-coupled transistors 41 and 42 and
      "helper" transistor 43. The input/output current deviation for the current
      mirror of FIG. 4 is
EQU  2/.beta..sup.2 + .beta. + 2 .apprxeq. 2/.beta..sup.2.
PAR  FIG. 5 shows a cascode current mirror according to the invention. The
      cascode current mirror of FIG. 5 comprises upper and lower current mirror
      stages 50 and 55, respectively, each of the known type shown in FIG. 4.
      Current mirror stage 50 includes transistors 51, 52 and 53. Current mirror
      stage 55 includes transistors 56, 57 and 58. As in the illustrative
      embodiment of FIG. 2, the current mirror stages in FIG. 5 are arranged in
      a direct cascode configuration with corresponding transistors of each
      stage arranged on the same side of the cascode structure.
PAR  The base impedance of output transistor 52 in FIG. 5 is somewhat larger
      than the base impedance of output transistor 42 in FIG. 4. However, the
      substantially greater emitter impedance of transistor 52 as compared to
      that of transistor 42 provides the cascode current mirror of FIG. 5 with
      substantially higher output impedance than the single-stage current mirror
      of FIG. 4.
PAR  As in FIG. 5, the cascode current mirror of FIG. 6 comprises two current
      mirror stages each illustratively of the known type shown in FIG. 4.
      However in FIG. 6, the upper and lower current mirror stages are arranged
      in a transposed cascode configuration in which corresponding transistors
      of each stage are arranged on opposite sides of the cascode structure.
      Computer analysis of the transposed cascode current mirror of FIG. 6 has
      indicated that its output impedance is approximately the same as that of
      the direct cascode configuration of FIG. 5. Advantageously, in accordance
      with a feature of the invention, the transposed cascode configuration of
      FIG. 6 provides substanially smaller input/output current deviation than
      either the single-stage current mirror of FIG. 4 or the "direct" cascode
      current mirror of FIG. 5.
PAR  In particular, the cascode current mirror of FIG. 6 comprises upper and
      lower current mirror stages 60 and 65. Transistor 61 in current mirror 60
      corresponds to transistor 66 in current mirror 65 while transistor 62 in
      current mirror 60 corresponds to transistor 67 in current mirror 65. The
      transposed cascode connection between stages 60 and 65 is effected by
      coupling the emitter of transistor 61 to the collector of transistor 67 on
      one side of the cascode structure and the emitter of transistor 62 to the
      collector of transistor 66 on the other side of the cascode structure.
PAR  Input current I.sub.IN applied to terminal 64 illustratively has unity
      magnitude. The resultant output current I.sub.OUT at terminal 69 has a
      magnitude
EQU  .beta.(.beta.+1) (.beta..sup.2 +.beta.+2)/.beta..sup.4 + 2.beta..sup.3 +
      3.beta..sup.2 + 2.beta. + 2.
PAL  In FIG. 6, the denominator of this fraction has been indicated as "B" due
      to space limitations. The input/output current deviation for the cascode
      current mirror of FIG. 6 is thus seen to be
EQU  2/.beta..sup.4 + 2.beta..sup.3 + 3.beta..sup.2 + 2.beta.+ 2 .apprxeq.
      2/.beta..sup.4. Cascoding two current mirror stages of the known type
      shown in FIG. 4 in the transposed cascode configuration of FIG. 6 is thus
      seen to advantageously provide a factor-of-.beta..sup.2 improvement in
      input/output current deviation over a single such stage.
PAR  The cascode current mirrors thus far described herein all have unity gain.
      However, in some applications, it may be required to have a current mirror
      in which the output current is equal to some predetermined multiple or
      fraction of the input current. Advantageously, the cascode current mirrors
      of the present invention such as those in FIGS. 2, 3, 5 and 6 may be
      modified to provide such non-unity gain. The modification is effected by
      substituting M parallelly connected transistors for each of the
      transistors on the input side of the cascode current mirror and by further
      substituting N parallelly connected transistors for each of the
      transistors on the output side of the cascode current mirror. M and N may
      each be any integer including "1". The output current of the cascode
      current mirror so modified is then given by N/M times its input current.
PAR  Reference may be made to the cascode current mirror of FIG. 7 which
      comprises upper and lower stages 70 and 75. The cascode current mirror of
      FIG. 7 is illustratively of the general type shown in FIG. 6. However,
      stage 70 in FIG. 7 includes M parallelly connected transistors 71A,
      71B...71M on the input side of the cascode structure and N parallelly
      connected transistors 72A, 72B...72N on the output side. Similarly, stage
      75 includes M parallelly connected transistors 77A, 77B...77M on the input
      side of the cascode structure and N parallelly connected transistors 76A,
      76B...76M on the output side. Stages 70 and 75 further respectively
      include helper transistors 73 and 78. As indicated in the drawing, the
      output current I.sub.OUT of the cascode current mirror of FIG. 7 is given
      by N/M times its input current, I.sub.IN.
PAR  Although specific embodiments of cascode current mirrors are shown and
      described herein, it is anticipated that improvement in output impedance,
      input/output current deviation and other current mirror characteristics
      may be obtained by cascoding other current mirrors which are known or
      which may become known in the art. These may include, for example, the
      current mirrors shown in G. R. Wilson, "A Monolithic Junction FET-NPN
      Operational Amplifier," Proceedings of the International Solid-State
      Circuits Conference, page 21, Feb. 1968, and G. I. Bredenkamp, "A
      Precision Current Multiplier Divider," Proceedings of the IEEE, Vol. 60,
      page 1441, Nov. 1972. It is also anticipated that improved current mirrors
      can be provided by cascoding two current mirrors each of which is itself a
      cascode current mirror embodying the principles of the present invention.
PAR  Thus it will be appreciated that many and varied arrangements embodying the
      principles of the invention may be devised by those skilled in the art
      without departing from the spirit and scope thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination,
PA1  a first current mirror and a second current mirror, each of said current
      mirrors comprising first and second transistors, means for interconnecting
      the bases of said first and second transistors and means connected to the
      collector of said first transistor for providing base current for said
      first and second transistors, and
PA1  cascode means for connecting said first and second current mirrors in a
      cascode configuration, said cascode means comprising means for coupling
      the emitter of each of said first and second transistors of said first
      current mirror to the collector of a respective one of said first and
      second transistors of said second current mirror.
NUM  2.
PAR  2. The combination of claim 1 wherein said emitter coupling means comprises
      means for coupling the emitters of said first and second transistors of
      said first current mirror to the collectors of said second and first
      transistors of said second current mirror, respectively, and wherein said
      combination further includes means for applying an input current to the
      collector of said first transistor of said first current mirror.
NUM  3.
PAR  3. The combination of claim 2 wherein said base current providing means of
      each of said current mirrors comprises a third transistor, means for
      connecting the base of said third transistor to the collector of said
      first transistor, and means for connecting the emitter of said third
      transistor to the bases of said first and second transistors.
NUM  4.
PAR  4. The combination of claim 1 wherein each of said current mirrors further
      comprises at least a third transistor connected in parallel to a selected
      one of said first and second transistors.
NUM  5.
PAR  5. In combination, a first current mirror comprising first and second
      transistors, means for interconnecting the bases of said first and second
      transistors, first base current means for connecting the bases of said
      first and second transistors to the collector of a selected one of said
      first and second transistors; a second current mirror comprising third and
      fourth transistors, means for interconnecting the bases of said third and
      fourth transistors, and second base current means for connecting the bases
      of said third and fourth transistors to the collector of a selected one of
      said third and fourth transistors; means for connecting the emitters of
      said third and fourth transistors to a source of potential; means for
      coupling the emitters of said first and second transistors to the
      collectors of said third and fourth transistors, respectively; and means
      connected to the collector of said first transistor for receiving an input
      current, whereby an output current substantially equal to said input
      current is provided at the collector of said second transistor.
NUM  6.
PAR  6. The combination of claim 5 wherein said first base current means
      comprises means for connecting the bases of said first and second
      transistors to the collector of said first transistor and wherein said
      second base current means comprises means for connecting the bases of said
      third and fourth transistors to the collector of said fourth transistor.
NUM  7.
PAR  7. The combination of claim 6 wherein said first base current means
      includes a fifth transistor, means for connecting the base of said fifth
      transistor to the collector of said first transistor, and means for
      connecting the emitter of said fifth transistor to the bases of said first
      and second transistors, and wherein said second base current means
      includes a sixth transistor, means for connecting the base of said sixth
      transistor to the collector of said fourth transistor, and means for
      connecting the emitter of said sixth transistor to the bases of said third
      and fourth transistors.
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ABST
PAL  To control the gating angles and hence the subsequent conduction angles of
      a complementary pair of alternately fired controllable electric valves,
      there is provided during intermittent intervals when neither valve is
      conducting a gating control signal which depends on the sum of a control
      signal indicative of a desired conduction angle, an on-time indicating
      signal indicative of the actual conduction angle of the last conducting
      valve, and an off-time indicating signal that varies with the duration of
      the non-conducting interval. Each time the gating control signal reaches a
      predetermined threshold level, the next to conduct valve is fired.
BSUM
PAR  This invention relates to gating controls for a complementary pair of
      alternately conducting controllable electric valves which are triggered or
      fired in repetitive sequence so as to allow a first half cycle of current
      to flow through one of the valves and the successive half cycle of current
      to flow through the other valve, and more particularly it relates to a
      gating control capable of varying the "gating angle" at which the valves
      are cyclically fired so as to control the subsequent "conduction angle" of
      each valve in turn.
PAR  In a typical application for the subject invention, the pair of valves to
      be controlled comprise at least first and second unidirectionally
      conducting solid state semiconductor switching devices known as thyristors
      which are connected in inverse parallel relationship with one another to
      form an a-c static switch, and this switch is used in an electric power
      system to control the magnitude of current flowing between a source of
      alternating voltage and an electric load circuit. Such a static switch is
      open when all of its constituent thyristors are turned off, and it is
      closed when the thyristors are turned on and conducting. The inversely
      poled thyristors conduct alternately, being cyclically fired by the
      associated controls in synchronism with the source voltage. The moment of
      firing is conveniently expressed as an electrical angle referenced to zero
      crossings of the source voltage, which angle is herein referred to as the
      gating angle (.alpha.). Once fired the first thyristor allows current to
      start flowing in a forward direction through the load circuit, and its
      conducting state will continue until the next natural current zero.
      Similarly, the inversely poled second thyristor once fired will conduct a
      half cycle of reverse load current.
PAR  The time during which a thyristor conducts following its firing is herein
      referred to as the conduction angle (.sigma.). When this conduction angle
      for each thyristor of the switch is substantially 180.degree. (a half
      cycle of the fundamental frequency of the source voltage), the switch is
      considered to be fully on; when .sigma. = 0.degree. the switch is
      considered to be fully off. Between these limits the switch has an
      intermittent on-off duty cycle: during the conducting intervals of the
      switch the load circuit is excited by the source voltage, and during each
      of the intermittent intervals when none of the thyristors is conducting,
      the load is deenergized and the switch withstands voltage.
PAR  The amount of fundamental current that the switch conducts between the
      source and the load can be varied from zero to maximum by varying the
      conduction angle of the switch from its full-off limit (0.degree.)  to its
      full-on limit (180.degree.).  The conduction angle can be varied by
      appropriately varying (retarding or advancing) the gating angle at which
      the switch thyristors are fired, popularly known as "phase control".
      However, the conduction angle also depends on the power factor of the
      circuit in which the switch is connected, and therefore the gating angle
      range for full control of the switch will vary as a function of power
      factor. For any given power factor, the most advanced firing (fully-on
      state of the switch) is obtained when the gating angle is coincident with
      current zero for that power factor. For example, the most advanced gating
      angle is 0.degree. for a unity power factor (resistive) circuit,
      -90.degree. for a zero leading power factor (capacitive) circuit, and
      +90.degree. for a zero lagging power factor (inductive) circuit.
PAR  To automatically provide the proper gating angle control range for a static
      switch in a power circuit characterized by a variable power factor, the
      proportional control mechanism described and claimed in U.S. Pat. No.
      3,665,293-Kelley et al, assigned to the General Electric Co., can be
      employed. According to the teachings of that patent, the gating angle is
      determined by the magnitude of a gating control signal which depends on
      the sum of an external command signal, the magnitude of which is variable
      between 0 and 1 per unit (positive), and an off-time indicating signal
      which varies in magnitude as a direct function of the duration of each
      non-conducting or blocking interval of the switch. During each
      non-conducting interval the latter signal rises from zero at a rate of 1
      per unit per 180.degree.. Each time the gating control signal reaches a
      predetermined threshold level (equivalent to 1 per unit), the
      next-to-conduct thyristor is fired. Consequently, under symmetrical,
      steady state conditions the conduction angle of the switch will be
      approximately proportional to the command signal magnitude regardless of
      the power factor of the circuit.
PAR  In applying this approach to switches that are used in power circuits that
      have low power factors, such as predominantly inductive circuits, a
      difficulty is encountered because in this case the angle at which each
      thyristor stops conducting and an off interval of the switch begins is
      dependent on the previous gating angle. As a result, any change in the
      command signal magnitude to advance or retard the gating angle tends to
      force the switch into an undesirable asymmetrical conducting condition in
      which the conduction angles of the thyristor which conducts half cycles of
      forward load current are unequal to those of the oppositely conducting
      thyristor. For example, if the gating angle were suddenly decreased by a
      step increase in the command signal, the conduction angle of the thyristor
      whose firing was advanced will become longer than desired and the
      succeeding conduction angle will be correspondingly shorter than desired,
      whereby only their sum remains correctly proportional to the new command
      signal magnitude. The lower the power factor of the power system, the more
      severe this unbalance tendency becomes. For a purely inductive load (e.g.,
      an inductor having negligible resistance compared to its inductive
      reactance), where .sigma. = 2(180.degree. - .alpha.), the first conduction
      angle to respond to a step change in the command signal will exhibit twice
      the desired change.
PAR  To alleviate this problem, the control mechanism of the aforesaid Kelley et
      al patent includes conduction angle balancing means which measures and
      compares the conduction angles of the two thyristors on succesive half
      cycles. If the compared angles are unequal, a balance-indicating signal is
      derived, and this signal is used to shift the gating angle of a
      preselected one of the thyristors in a direction and by an amount to
      restore the balance. In an improved version of this conduction angle
      balancing means, as disclosed and claimed in U.S. Pat. No.
      3,693,069-Kelley et al, successive conduction angles are equalized by
      advancing the gating angle of the thyristor associated with a deficient
      conduction angle and by retarding the gating angle of the thyristor
      associated with an excessive conduction angle.
PAR  While the above-described conduction angle balancing techniques are
      satisfactory for many applications, when used in the gating controls of
      static switches which deliver power in highly inductive circuits their
      dynamic response may not be ideal. Because the prior techniques engender
      after-the-fact correction of a conduction angle imbalance, they are
      ineffective to prevent a substantial overshoot of the initial conduction
      angle of the thyristor that is next fired following a step change in the
      command signal. Once effective, their response might be underdamped or
      oscillatory, in which case the balance error could be unacceptably high.
PAR  Accordingly, a general objective of the present invention is to improve the
      dynamic response of gating controls of the kind disclosed in the
      above-referenced Kelley et al patents.
PAR  Another object of this invention is the provision, for controlling the
      conduction angles of a complementary pair of alternately conducting
      electric valves used to control the magnitude of alternating current in an
      electric power circuit having relatively low power factor, of a gating
      control characterized by an optimum damped response to step changes in the
      command signal over a full range of conduction angles.
PAR  A more specific object of my invention is the provision of a gating
      control, for a reactive current conducting static switch, having improved
      means for substantially preventing initial conduction angle overshoot in
      response to a step change in command signal and for maintaining virtual
      equality between successive conduction angles in the presence of
      steady-state unbalancing influences.
PAR  Yet another object is to linearize the magnitude relationship between the
      variable command signal which is applied to such a gating control and the
      fundamental current which flows through the controlled switch.
PAR  In carrying out my invention in one form, I provide means for controlling
      the conduction angles of a pair of alternately conducting thyristors in
      accordance with a variable command signal. The thyristors may be part of
      an a-c phase-controlled static switch adapted to be connected in an
      electric power system which includes an alternating voltage source and a
      reactive load circuit, and the magnitude of current flowing through the
      switch is a function of the conduction angle of the thyristors. The
      control means includes means for firing the alternate thyristors during
      successive half cycles of source voltage at gating angles determined by
      the magnitude of a gating control signal. The magnitude of the latter
      signal, which is effective during intermittent non-conducting intervals of
      the switch, depends on the sum of three signals: a control signal which is
      derived from the command signal and which has a magnitude indicative of
      the desired conduction angle; an off-time indicating signal that varies in
      magnitude as a direct function of the duration of each non-conducting
      interval; and an on-time indicating feedback signal directly proportional
      to the antecedent conduction angle (i.e., directly proportional to the
      actual conduction angle of the last conducting thyristor).
PAR  Each time the gating control signal magnitude reaches a predetermined
      threshold level, the next-to-conduct thyristor is fired and the off-time
      indicating signal is recycled. On a per unit basis, this threshold level
      is equivalent to twice the range over which the control signal varies to
      produce conduction angle variations from nearly zero to 180.degree.. The
      on-time indicating feedback signal is related to the antecedent conduction
      angle by a proportionality constant approximately equal to 1 per unit
      180.degree., and the magnitude excursion of the off-time indicating signal
      during a non-conducting interval approaching 180.degree. is 2  per unit.
      With this arrangement, the conduction angle varies proportionately with
      the control signal as the latter is varied within the aforesaid range. The
      effect of the on-time indicating signal is to approximately double the
      conduction angle-to-control signal gain. Assuming a purely reactive power
      circuit, the deviation in the conduction angle initially responding to any
      step change in the control signal will therefore be consistent with the
      amount of that change, not twice as great, and the tendency for the
      initial conduction angle to overshoot is nullified. The magnitude of the
      on-time indicating feedback signal is updated during the initial
      conducting interval after the step change, thereby shifting the gating
      angle of subsequent thyristor firings as necessary to ensure equal
      conduction angles.
PAR  To linearize the magnitude relationship between the command signal and the
      fundamental current flowing through the switch, the control signal
      deriving means includes a non-linear interface which introduces a
      functional relationship between the command signal and the control signal
      that is a model of the non-linear function by which the fundamental
      current is related to the conduction angle.
PAR  To promote steady-state equality between the conduction angles of the two
      thyristors in spite of continuous unbalancing influences such as the
      presence in the control signal of a ripple of fundamental frequency and/or
      of certain harmonics thereof, I provide additional means including an
      integrator for producing during alternate non-conducting intervals of the
      switch a pair of balance indicating signals the mean value of which tracks
      the conduction angle so long as successive conducting intervals of the
      thyristors are equall to each other. If successive conduction angles are
      unequal, the value of each balance-indicating signal will deviate from its
      prior level by an amount which depends on the degree of imbalance, with
      the signal produced during the non-conducting interval after a relatively
      long conduction angle exhibiting a relatively positive magnitude increment
      proportional to the excess and with the signal produced after a shorter
      angle exhibiting an opposite change or decrement proportional to the
      conduction angle deficiency. These signals contribute in a corrective
      sense to the gating control signal so as to adjust the gating angles of
      the respective thyristors as necessary to ensure zero conduction angle
      balance error under all steady-state conditions. Preferably parameters are
      chosen so that the "gain" of the balance-indicating signal deviation is a
      predetermined fraction x of 1 per unit per 90.degree. of imbalance, while
      the proportionality constant relating the on-time indicating feedback
      signal to the antecedent conduction angle is (1-x) per unit per
      180.degree.. This will preserve the above-described critical response of
      the initial conduction angle (no overshoot) after a step change in the
      control signal, with a reactive load being assumed. The fraction x should
      be lower than one-fifth at which the gating control means exhibits
      critically damped response to conduction angle unbalancing effects. Higher
      fractions would risk oscillatory response.
DRWD
PAR  My invention will be better understood and its various objects and
      advantages will be more fully appreciated from the following description
      taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a schematic diagram of a static switch with a gating control
      embodying a preferred form of the invention; and
PAR  FIG. 2 is a graphic representation of certain electrical relationships that
      are present in the gating control of FIG. 1 over a period of nearly three
      full cycles of the source voltage.
DETD
PAR  Referring now to FIG. 1, there is shown an a-c power system 10 that
      comprises a source 12 of alternating voltage, a load circuit 14, and a
      static switch 16. The load circuit 14 and the static switch 16 are
      connected in series with each other across the terminals of source 12. The
      source voltage is assumed to be essentially sinusoidal, having a
      predetermined fundamental frequency such as 60 Hertz, and several cycles
      of this voltage are illustrated by the trace V in FIG. 2. The load circuit
      14 is assumed to be of a type which results in a highly inductive power
      circuit. By way of example, the load could be purely inductive, as in the
      case of a static VAR control system wherein the switch 16 is used to vary
      the magnitude of reactive current flowing in such a load, as is disclosed
      in a copending U.S. patent application Ser. No. 406,139-Kelley et al,
      filed on Oct. 12, 1973, and assigned to the General Electric Company.
      Alternatively, the load 14 could comprise a tank circuit, such as an
      induction furnace shunted by a capacitor bank, which is tuned to the
      fundamental frequency but which is characterized by variable impedance
      while the switch 16 is in operation. In the event of an active load of the
      latter kind, the voltage waveform V illustrated in FIG. 2 is intended to
      represent the phasor difference between source and load voltages, and the
      predominant inductance in the power circuit is that associated with the
      source 12.
PAR  The illustrated static switch 16 comprises a complementary pair of
      alternately conducting controllable electric valves 17a and 17b which are
      connected in inverse parallel relationship with one another in the power
      system 10. While, for drawing simplicity, only a single thyristor symbol
      is used to represent each valve, in practice a plurality of thyristors can
      be connected in series and/or in parallel and operated in unison with one
      another to form high voltage, high current valves well suited for a high
      power system.
PAR  Each of the illustrated thyristors 17a and 17b has a non-conducting or
      blocking state, in which it presents very high impedance to the flow of
      current, and a conducting or turned on state in which it freely conducts
      forward current with only a relatively slight voltage drop. It can be
      switched abruptly from the blocking state to the turned on state by the
      concurrence of a forward bias on its main electrodes and a trigger or
      firing signal on its gate 21. Once fired, the thyristor 17a will conduct a
      pulse of positive or "forward" load current which ends at a natural
      current zero. When its current decreases below a given holding level, the
      thyristor 17a stops conducting and is commutated off. Subsequently the
      oppositely poled thyristor 17b is fired and commences to conduct a similar
      pulse of negative or "reverse" load current. The alternate pulses of
      current through the thyristors 17a and 17b are illustrated by the trace I
      in FIG. 2 for a condition wherein the gating angle .alpha. is greater than
      90.degree. but less than  180.degree. and the conduction angle .alpha. is
      approximately 108.degree.. The intermittent intervals when neither
      thyristor is conducting are denoted by the letter a in FIG. 2.
PAR  For controlling the gating angle and hence the conduction angle of each
      thyristor 17a, 17b, I provide a gating control 20 which responds to a
      unidirectional control signal V.sub.c received via an input control
      channel 22 to produce gating of the thyristors at gating angles dependent
      upon the magnitude of the control signal. The control signal in turn
      depends on the magnitude of a variable command signal V.sub.in from which
      it is derived. For reasons that will be explained hereinafter, a
      non-linear network 122 is preferably interposed between the control signal
      channel 22 and the command signal. By using the gating control to be
      described below, the conduction angles of the thyristor 17a and 17b can be
      varied in direct proportion to the magnitude of the control signal
      V.sub.c. This signal will be assumed to vary within a range between
      substantially zero and a predetermined maximum positive magnitude M (which
      corresponds to one per unit) to vary the conduction angle from nearly zero
      to 180.degree. (a half cycle of the fundamental frequency of the source
      voltage V). By using the non-linear network 122, the fundamental load
      current flowing through the switch 16 can be varied in direct proportion
      to the magnitude of the command signal V.sub.in.
PAR  Certain parts of the gating control 20 shown in FIG. 1 correspond in
      construction and in operation to similar parts of the gating control
      disclosed in the above-referenced Kelley et al patents. These common parts
      have been given the same reference numbers as in the previous patents, and
      only a brief recapitulation of their description is believed necessary in
      this application. First of all, there is a voltage sensor 24 which senses
      the instantaneous voltage present across the static switch 16 and produces
      an output at 25 whenever this voltage exeeds a predetermined threshold
      value slightly higher than the maximum forward voltage drop across either
      of the thyristors when in a current conducting state. A thyristor voltage
      detector of the kind disclosed in U.S. Pat. No. 3,654,541-Kelley et al is
      well suited for this purpose. The output from the voltage sensor 24 is
      supplied via the channel 25 to a conventional function generator 27 which
      instantaneously responds to this output by developing a constant magnitude
      signal F.sub.a on its output channels 30, 31, and 32. Consequently the
      signal F.sub.a is coexistent with the intermittent non-conducting
      intervals of the switch 16, as is shown at 35 in FIG. 2.
PAR  The signal F.sub.a is supplied via channel 31 to a frequency attenuator 34,
      preferably in the form of an integrator, which develops on its output
      channel 36 an indicating signal V.sub.a that varies in magnitude as a
      function of the duration of the signal received via channel 31. This
      indicating signal, referred to hereinafter as the "off-time indicating
      signal", is shown at 38 in FIG. 2 where it can be seen to rise
      substantially linearly so long as the input signal 35 is received.
PAR  The frequency attenuator 34 is reset to a zero output condition by an
      associated reset circuit 70. The reset circuit is prevented from
      functioning so long as it receives an inhibit signal from the function
      generator 27 via channel 30. When the output F.sub.a of the function
      generator 27 expires, as a result of the decay of voltage across the
      switch 16, the channel 30 ceases supplying the inhibit signal to the reset
      circuit 70, and this circuit responds by resetting the frequency
      attenuator 34 and thereby recycling the off-time indicating signal
      V.sub.a. Such resetting occurs each time a thyristor is fired to mark the
      end of a non-conducting interval or at the end of each forward voltage
      period across a thyristor, whichever comes first. The gain of the off-time
      indicating signal developing means is selected so that the magnitude
      excursion of V.sub.a during a non-conducting interval approaching
      180.degree. is approximately 2M.
PAR  In accordance with the present invention, the voltage sensor 24 produces
      another output at 125 whenever the voltage across the switch 16 is less
      than the aforesaid predetermined threshold value, indicating that one of
      the thyristors 17a, 17b is in its current conducting state. This output is
      supplied via channel 125 to a function generator 127 which responds
      thereto by developing a constant magnitude signal F.sub.b on its output
      channel 131. Consequently the signal F.sub.b is coexistent with the
      periodic conducting intervals of the switch 16, as is shown at 135 in FIG.
      2.
PAR  The signal F.sub.b is supplied via channel 131 to another frequency
      attenuator 134, of the same form as the frequency attenuator 34, which
      develops on its output channel 136 an indicating signal V.sub.b having a
      magnitude during each of the intermittent non-conducting intervals of the
      switch that is proportional to the duration of the last signal received
      via channel 131. This indicating signal, referred to hereinafter as the
      on-time indicating signal, is thus a measure of the antecedent conduction
      angle, i.e., the actual conduction angle of the last conducting thyristor.
      It is shown at 138, in FIG. 2 where it can be seen to rise substantially
      linearly during each conducting interval of the switch from zero to a
      level proportional to the conduction angle of that interval, which level
      is maintained essentially constant throughout the succeeding
      non-conducting interval.
PAR  Periodically the frequency attenuator 134 is reset to a zero output
      condition by an associated reset circuit 170. This reset circuit operates
      in the same manner as the previously described reset circuit 70. Its reset
      function is normally inhibited but is periodically released or activated
      by the collapse of a signal received from the function generator 27 via
      channel 30 or, alternatively, by the rise of the signal F.sub.b from the
      function generator 127 which marks the start of a conducting interval of
      the static switch 16. In either case, the frequency attenuator 134 is
      reset and the on-time indicating signal V.sub.b is recycled simultaneously
      with the resetting of the frequency attenuator 34 and the recycling of the
      off-time indicating signal V.sub.a. The gain of the on-time indicating
      signal developing means is selected so that the magnitude of V.sub.b is
      related to the antecedent conduction angle by a proportionality constant
      approximately equal to M/180.degree..
PAR  The on-time indicating signal V.sub.b is supplied via channel 136 to a
      summing circuit 40 that has five primary input channels 22, 36, 42, 82,
      and 136 and an output channel 44. The input channel 22 is the channel
      through which the control signal V.sub.c is supplied. The input channel 36
      is the channel through which the off-time indicating signal V.sub.a is
      supplied to the summing circuit. The input channel 42 is a channel through
      which a relatively negative bias signal, if used, is supplied. As will be
      more fully explained hereinafter, the input channel 82 is a channel
      through which a balance-indicating signal V.sub..sub..SIGMA. is supplied
      to indicate the difference, if any, between the respective conduction
      angles of the two thyristors 17a and 17b.
PAR  The summing circuit 40 is able to add together the signals supplied thereto
      via its separate input channels, provided it is turned on and maintained
      turned on by an enabling signal supplied via a permissive channel 46 from
      a permissive device 47. The permissive device 47 is simply a switch that
      effectively closes when supplied with the output of the function generator
      27 via channel 32. So long as this permissive switch is closed, an
      enabling signal is supplied to the summing circuit 40, and this takes
      place only during and in coincidence with the intermittent non-conducting
      intervals of the static switch 16. During conducting intervals of the
      switch 16, the permissive device 47 acts to assure that the summing
      circuit will have an output of zero. It will be apparent that the function
      of the permissive device 47 could be implemented by other means. For
      example, the summing circuit 40 could always be allowed to develop its
      output at 44 if the control components which are activated by this output
      were blocked from responding thereto until the end of a conducting
      interval of the switch 16.
PAR  During each non-conducting interval of the switch, the summing circuit 40
      is effective to provide at its output channel 44 a resultant signal
      V.sub.g having a magnitude which depends on the sum of the signals
      supplied to its various input channels. This resultant signal is referred
      to hereinafter as the "gating control signal". The gating control 20
      includes suitable means responsive to V.sub.g for initiating the firing of
      the next to conduct thyristor when this signal reaches a predetermined
      threshold level equivalent to 2M. In the illustrated embodiment of my
      invention, this is accomplished by using a conventional positive-going
      zero crossing detector 54, after subtracting from the control signal
      V.sub.c a bias signal V.sub.BIAS having a constant magnitude equal to 2M.
      The difference between the latter signal and the variable control signal,
      which difference has a negative magnitude in a range from -2M to -M, will
      be referred to as the effective control signal.
PAR  During each of the non-conducting intervals of the switch, the gating
      control signal V.sub.g provided by the summing means 40 rises toward zero
      from a negative base level which varies with the sum of the effective
      control signal (indicating the desired conduction angle) and V.sub.b
      (indicating the antecedent conduction angle). Its rate of rise is the same
      as that of the off-time indicating signal V.sub.a (2M per 180.degree.). If
      the control signal V.sub.c  = 0 and if the antecedent conduction angle is
      zero, the base level is approximately -2M and, asssuming that
      V.sub..SIGMA.= 0, the gating control signal on channel 44 will not reach
      zero before the end of a full half-cycle interval (180.degree.). But when
      V.sub.c has a finite positive magnitude, the sum of the effective control
      signal and V.sub.b will be less negative and the zero crossing of V.sub.g
      will be advanced accordingly. The zero plus crossing detector 54 responds
      to the zero crossing of V.sub.g by immediately developing an output on
      channel 56 upon such a zero crossing.
PAR  The output from the zero plus cross detector 54 is supplied to a pulse
      generator 58 which immediately develops a short pulse on channel 60 in
      response to receipt of this output. The pulse on channel 60 is steered by
      suitable pulse steering means 66 to one of two pulse amplifiers 62 and 64
      which immediately responds by firing the appropriate thyristor 17a or 17b,
      thereby initiating the next conducting interval of the static switch 16.
      The pulse steering means 66 is supervised by the voltage sensor 24, to
      which it is connected via a channel 67, so that whichever thyristor has
      forward bias voltage across its main electrodes is the one selected for
      firing. The pulse amplifiers 62 and 64 are coupled to the gates 21 of
      their respectively associated thyristors 17a and 17b by means of isolating
      transformers 69. These transformers and an isolating transformer in the
      voltage sensor 24 effectively insulate the gate control 20 from the power
      system 10.
PAR  As was previously explained, once a thyristor is fired it will conduct a
      pulse of load current the duration or angle (.sigma.) of which depends on
      the gating angle (.alpha.) at which the thyristor was fired and on the
      power factor of the power circuit in which the switch is connected. For
      purely inductive circuits, .sigma. = 2(180.degree. - .alpha.). The gating
      angle is determined by the timing of the zero crossing of the gating
      control signal V.sub.g which in turn depends on the magnitude of the
      control signal V.sub.c. Under steady state, balanced conditions, and
      neglecting V.sub..sigma., the time required for V.sub.g to cross the zero
      line following turn on of the summing circuit 40, which time corresponds
      to the non-conducting interval of the switch, equals its base level
      2M-(V.sub.c + V.sub.b) divided by its rate of rise 2M/180.degree., V.sub.b
      has substantially the same magnitude as V.sub.c, and, assuming a purely
      inductive circuit, the non-conducting angle is 2(.alpha. - 90.degree. ).
      It will therefore be apparent that under these conditions the conduction
      angle is directly proportional to the magnitude of the control signal
      V.sub.c (assuming that this signal has a magnitude within the prescribed
      range between 0 and M).
PAR  By increasing (or decreasing) the control signal V.sub.c a certain amount,
      the conduction angle of the switch 16 can be proportionately increased (or
      decreased). For example, if a conduction angle increase from 72.degree. to
      90.degree. were desired, V.sub.c would be raised from 0.4M to 0.5M. Note
      that prior to such a step increase in the control signal, the on-time
      indicating signal V.sub.b is approximately 0.4M, the sum of V.sub.c and
      V.sub.b is approximately 0.8M, the non-conducting intervals are equal to
      (2-0.8)M/ 2M 180.degree. which is 108.degree., and the gating angle is
      consequently 144.degree.. Although the control signal increase in this
      example is 0.1 per unit, the resulting foreshortening of the first
      non-conducting interval after the step increase is only half as much,
      namely 5 percent of 180.degree., and the gating angle of the
      next-to-conduct thyristor is advanced just 9.degree. to a new, reduced
      value of 135.degree.. This is because during the first non-conducting
      interval after the step increase the prior conduction angle, and hence the
      magnitude of V.sub.b, is the same as before, whereby the quantity 2M -
      (V.sub.c + V.sub.b) is initially reduced from 1.2M to only 1.1M. Assuming
      a zero lagging power factor circuit, once the next-to-conduct thyristor is
      fired its conduction angle will change by twice the amount that the gating
      angle has changed, and thus the conduction angle that initially responds
      to the step increase will increase 18.degree. to precisely the desired
      value, namely, 90.degree.. It is therefore apparent that the dynamic
      response of my gating control avoids overshoot of the initial conduction
      angle after a step change in the control signal.
PAR  Once the initial conduction angle has increased to 90.degree. in the
      foregoing example, V.sub.b increases proportionately to approximately
      0.5M. Consequently, during the second and succeeding non-conducting
      intervals after the step increase, the sum of V.sub.c and V.sub.b is M,
      the duration of these intervals is appropriately reduced to a new steady
      state value of (2-1.0)M/2M 180.degree. which is 90.degree., the gating
      angle remains 135.degree., and consequently the conduction angle remains
      equal to 90.degree.. In effect the on-time indicating signal V.sub.b
      serves to regulate the gating control so as to ensure conduction angle
      balance. When the antecedent conduction angle first increases to
      90.degree., V.sub.b increases correspondingly to shorten the next
      non-conducting angle which thereby lengthens the succeeding conduction
      angle to 90.degree..
PAR  The gating control thus far described is capable of responding to a step
      change in the control signal without overshoot of the initially responding
      conduction angle and without oscillations of the subsequent conduction
      angles. This ideal dynamic response is nevertheless not alone sufficient
      to ensure proper operation of the control under certain conditions which
      involve steady state unbalancing influences. Such influences cannot
      practically be entirely eliminated. Among the unbalancing forces most
      likely to be experienced is a ripple on the control signal due to the
      fundamental and/or odd harmonic frequencies of the alternating voltage
      source 12. Another common unbalancing influence is due to anomalies and
      dissymmetries in the components and subcircuits of the controls. For
      example, during alternate half cycles of operation the frequency
      attenuator 34 (and 134) may produce output signals that are not precisely
      matched in slope or in recycling times. If successive conduction angles
      were allowed periodically to fluctuate in response to such unbalancing
      influences, the alternating current pulses conducted by the switch 16
      would have an undesirable asymmetrical characteristic.
PAR  In order to nullify any steady state unbalancing influence, the illustrated
      gating control 20 includes an improved conduction angle balancing circuit
      180 which preferably comprises a function generator 184 generally similar
      to the previously described function generator 127. The function generator
      184 is driven by suitable means, such as the voltage sensor 24 to which it
      is connected over channel 26, for indicating when and which one of the
      thyristors 17a and 17b is in its current conducting state, and in response
      to this indication it periodically develops an output F.sub..SIGMA. which
      is a train of alternate first and second signals 87 and 86 respectively
      coexistent with the conducting intervals of the thyristors 17b and 17a.
      These signals are shown by the trace F.sub..SIGMA. in FIG. 2 where it will
      be seen that the first signal 87 has a substantially constant magnitude
      and the same relative polarity (positive) as the on-time indicating signal
      V.sub.b while the second signal 86 has the same magnitude but opposite
      polarity (negative) as the first signal 87.
PAR  Both of the signals 87 and 86 are fed to the input of a frequency
      attenuator 89, in the form of an integrator, which produces an output
      signal that is the time integral of its input signals. This output signal
      from the conduction angle balance integrator 89 is shown below the trace
      F.sub..SIGMA. in FIG. 2 and during each conducting interval its magnitude
      will be seen to change in the direction of the then effective input signal
      87 or 86. More specifically, the output signal increases negatively at a
      substantially linear rate throughout each period of the input signal 86
      which coincides with the conducting interval of the thyristor 17a (see 90
      in FIG. 2), and it increases positively at the same rate throughout each
      period of the input signal 87 which coincides with the alternate
      conducting interval of the oppositely poled thyristor 17b (see 91 in FIG.
      2). The gain of the conduction angle balancing circuit is selected so that
      the magnitude excursion of the output signal during a conducting interval
      of 90.degree. is xM, where x is a predetermined fraction less than
      approximately one-fifth. In the illustrated embodiment of my invention, x
      = 0.1, but in practice it may be much lower. Matters to be considered in
      the selection of this fraction are explained hereinafter. It will however
      be noted here that with the addition of the conduction angle balancing
      circuit to the gating control 20, the aforesaid proportionality constant
      which relates the magnitude of the on-time indicating signal V.sub.b to
      the antecedent conduction angle should actually be equal to (1 -
      x)M/180.degree.. This proportionality constant has been indicated in FIG.
      2, and in the illustrated embodiment of my invention its value is 0.9M per
      180.degree..
PAR  During the intermittent non-conducting intervals of the switch 16, when
      both of its input signals 87 and 86 are zero, the conduction angle balance
      integrator 89 holds its output signal substantially constant. The output
      signal is labeled 92 during the non-conducting intervals immediately
      preceding the cyclic firings of the thyristor 17a, and this signal is
      channeled to suitable gating means 95 which is effective only during these
      intervals to supply the signal 92 to the summing means 40 via the channel
      82. Thus the output signal 92 serves as the balance-indicating signal
      V.sub..SIGMA. during those non-conducting intervals that begin with the
      commutation of thyristor 17b and end with the firing of thyristor 17a. At
      all other times the gate 95 blocks the output of the balance integrator
      89, for which purpose it is controlled by an associated permissive circuit
      96 which in turn is coupled via channel 33 to the function generator 184
      so as to be able to discriminate between the conducting and non-conducting
      intervals of the respective thyristors 17a and 17b.
PAR  The output signal of the conduction angle balance integrator 89 during the
      non-conducting intervals immediately preceding the cyclic firings of the
      thyristor 17b is labeled 94. This signal is channeled to another gating
      means 95a by way of a polarity inverter 97 which reverses its polarity.
      The gate 95a is under the control of a permissive circuit 96a which is
      coupled by way of a complementary channel 33a to the function generator
      184. Normally the gate 95a is in a blocking state, but during the
      last-mentioned intervals it is effective to supply the inverted output
      signal 94 to the summing means 40 via the channel 82, Thus during those
      non-conducting intervals that begin with the commutation of thyristor 17a
      and end with the firing of thyristor 17b the balance-indicating signal
      V.sub..SIGMA. is equal in magnitude but inverted in polarity to the output
      signal 94 of the balance integrator 89.
PAR  The resulting pair of balance-indicating signals 92 and 94 (inverted) which
      are fed to the summing means 40 are shown in FIG. 2 by the trace
      V.sub..SIGMA.. During the intermittent non-conducting intervals of the
      switch, alternate ones of these signals are added to the previously
      described signals which the summing means 40 receives via its other input
      channels 22, 36, 42, and 136. The output which the summing means 40
      provides during each non-conducting interval is the gating control signal
      V.sub.g. The latter signal therefore equals the sum of V.sub.c  + V.sub.a
      + V.sub.b + V.sub..SIGMA.   - V.sub.BIAS, and it is illustrated in FIG. 2
      by the solid-line ramp 50. Each time the ramp 50 crosses the zero line,
      the next-to-conduct thyristor is fired.
PAR  So long as there is no imbalance between successive conduction angles
      (i.e., the conducting interval of the thyristor 17a equals that of the
      thyristor 17b, and vice versa) and there is no unbalancing influence in
      the gating control, each of the pair of balance-indicating signals 92 and
      94 (inverted) will have the same value which is proportional to the size
      of the conduction angle. In this steady state condition, the value of
      these signals is a positive magnitude equal to xM/90.degree.. .sigma./2 .
      By way of example, if .sigma. = 108.degree. and x  = 0.1, the value of
      each balance-indicating signal is 0.06M. This particular example has been
      illustrated on the left hand side of FIG. 2. Noting that the magnitude of
      the on-time indicating signal V.sub.b is (1-X)M/180.degree..sigma., for
      the given conditions V.sub.b  = 0.54M and the sum of V.sub.b and
      V.sub..SIGMA. is 0.6M which equals the magnitude of the control signal
      V.sub.c.
PAR  The value of each balance-indicating signal 92, 94 (inverted) will deviate
      from its steady state level if successive conduction angles have become
      unequal to each other. In this event, the balance integrator 89 is
      effective during each conducting interval to change the value of the
      succeeding output signal, compared to the prior level of the same signal,
      by an amount proportional to the degree of imbalance and in a direction
      reflecting whether the conduction angle has been longer or shorter than
      the preceding one. If the conduction angle is relatively long, the
      magnitude of the succeeding balance-indicating signal exhibits a
      relatively positive increment proportional to the differences between that
      angle and the conduction angle preceding it. On the other hand, if the
      conduction angle is relatively short, the magnitude of the succeeding
      balance-indicating signal will exhibit an opposite change or decrement
      proportional to the conduction angle deficiency. Such deviations in the
      balance-indicating signals contribute in a corrective sense to the gating
      control signal V.sub.g ; a positive increase in a balance-indicating
      signal correspondingly raises the negative base level from which V.sub.g
      rises during the associated non-conducting interval, thereby advancing the
      gating angle and lengthening the conduction angle of the next-to-conduct
      thyristor; whereas a positive decrease (negative increase) in a
      balance-indicating signal correspondingly lowers the base level, thereby
      retarding the gating angle and shortening the conduction angle of the
      next-to-conduct thyristor. In either case the conduction angle of the
      next-to-conduct thyristor is shifted in a direction tending to force this
      angle to equal the immediately preceding conduction angle.
PAR  Having described the complete gating control 20 shown in FIG. 1, including
      the conduction angle balancing circuit 180, I will now review its
      operation with reference to FIG. 2. It will be assumed that prior to time
      100 in FIG. 2 the gating control has been operating symmetrically, with no
      unbalancing influence, and that throughout the operation to be described
      the command signal V.sub.in is not varied from a magnitude that is
      intended to yield a conduction angle of 108.degree. (0.6 per unit).
      Consequently, during each of the non-conducting intervals prior to time
      100 the values of V.sub.c, V.sub.b, and V.sub..SIGMA. are + 0.6M, + 0.54M,
      and + 0.06M, respectively, and their sum equals 1.2M which is consistent
      with the desired non-conducting angle of 0.4 per unit (72.degree.). It is
      further assumed that beginning at the time 100, which falls during a
      conducting interval of the thyristor 17a, the control signal V.sub.c has
      superimposed thereon a fundamental-frequency ripple which alternately
      increases and decreases V.sub.c by approximately 0.1 per unit. In the
      manner previously described, the step increase in V.sub.c at time 100
      causes the gating angle of the next-to-conduct thyristor (17b ) to advance
      0.05 per unit (9.degree.), thereby increasing the initially responding
      conduction angle by twice as much (18.degree.). Thus the actual period of
      the first current pulse N. 1 after time 100 conforms without overshoot to
      the step increase in v.sub.c but is 18.degree.longer than desired.
PAR  At the end of this longer conduction angle, both the on-time indicating
      signal V.sub.b and the first balance-indicating signal 92 (V.sub..SIGMA.)
      will have increased in proportion to the excess. V.sub.b, which changes at
      a rate of 0.9M per 180.degree., increases from 0.54M to 0.63M, and 92,
      which changes at a rate of 0.1M per 90.degree., increases from 0.06M to
      0.08M. In the meanwhile, however, the ripple on V.sub.c has caused the net
      magnitude of this signal to decrease from 0.7M to 0.5M, and consequently
      during the ensuing non-conducting interval the sum of V.sub.c + V.sub.b  +
      V.sub..SIGMA. is 1.21M which means that the duration of this interval is
      reduced to 0.395 per unit (approximatey 71.degree.). Therefore the firing
      incidence of the next-to-conduct thyristor 17a is shifted by an amount and
      in a direction that results in the next current pulse No. 2 having a
      conduction angle of approximately 92.degree.which is shorter than desired.
PAR  At the end of this shorter conduction angle, the on-time indicating signal
      V.sub.b has a new magnitude proportional thereto (approximately 0.46M),
      and the second balance-indicating signal 94 (inverted) will have changed
      from its prior level by an amount -.DELTA.v proportional to the angular
      deficiency of this angle compared to the initial conduction angle (i.e., a
      decrement of 0.038 per unit, form + 0.06M to + 0.022M). In the meanwhie,
      the ripple on V.sub.c has increased the net magnitude of this signal from
      0.5M to 0.7M, and consequently during the succeeding non-conducting
      interval the sum of V.sub.c + V.sub.b + V.sub..SIGMA. is approximately
      1.18M which is consistent with a non-conducting angle of 0.41 per unit
      (73.8.degree.). This shifts the gating ange of the next-fired thyristor
      17b so that the third current pulse No. 3 after time 100 has a conduction
      angle of approximately 120.6.degree. which is shorter than the initial
      conduction angle but still longer than desired.
PAR  The transient response of the gating control as described in the preceding
      two paragraphs is repeated for many additional half cycles (not shown in
      FIG. 2). During each succeeding cycle there is a slight increase in the
      short conduction angle of thyristor 17a and a slight decrease in the long
      conduction angle of the alternately conducting thyristor 17b until both
      converge at the desired conduction angle of 108.degree.. During successive
      steps of this process, each of the balance-indicating signals 92 and 94
      (inverted) will deviate from its prior level by a progressively
      diminishing amount, and at the end of the transient response, when
      conduction angle equality is achieved, the values of these two signals
      will have diverged to + 0.16M and - 0.04M, respectively. Now these signals
      have a mean value (+0.06M) which is correctly proportional to the actual
      conduction angle (108.degree.), and thereafter they remain substantially
      constant so as to enable the gating control to operate in a steady state
      with zero conduction angle error in spite of the unbalancing influence of
      the ripple on the control signal V.sub. c.
PAR  It shoulld now be apparent that adding the ilustrated conduction angle
      balancing circuit 180 to the gating control 20 effectively nullifies
      steady state unbalancing forces. This is advantageous in practical
      applications of my invention where such unbalancing forces are ordinarily
      present. Unfortunately, however, it also tends to counteract the ideal
      conduction angle balancing effect of the on-time indicating signal V.sub.b
      in response to step changes in the command signal V.sub.in. To reduce the
      transient conduction angle error, subsequent to the initial conduction
      angle after a step change in the command signal, I prefer to appreciably
      overdamp the control by using a relatively low gain in the conduction
      angle balancing circuit so that the fraction x is well below one-tenth.
      The low gain is feasible since the antecedent conduction angle feedback
      signal (V.sub.b) tends to stabilize the conduction angle balance loop 180
      so long as x is less than 0.25. In any event the fraction x should be
      lower than approximately one-fifth at which a critically damped response
      is obtained.
PAR  So long as the power circuit is purely inductive, the dynamic response of
      my gating control is ideal (no overshoot of the conduction angle initially
      responding to a step change in the command signal) if, as in the
      previously described embodiment, the gain of the means for developing
      V.sub.b plus one-half the gain of the means for deriving V.sub..SIGMA. are
      equal to 50 per cent of the gain of the means for developing V.sub.a.
      Relatively small deviations in this relationship can be tolerated in
      practice without appreciably diminishing the quality of the controls. In
      higher power factor circuits this particular relationship will cause
      undershoot of the initial conduction angle after a step change in the
      command signal, and in designing a gating control for a static switch
      useful in such circuits the feedback contribution of the two signals
      V.sub.b and V.sub..SIGMA. may therefore be reduced from 50 percent to
      engender optimum dynamic response. However, if the power factor is
      variable, the 50 percent figure is preferred to avoid any possibility of
      undesired oscillatory response.
PAR  In operation, the fundamental current conducted by the static switch 16 in
      a purely inductive power circuit is proportional to 1/.pi. (.sigma. -
      sino.sigma.). Since the conduction angle .sigma. is directly proportional
      to the control signal V.sub.c, it follows that the fundamental current is
      not linearly related to V.sub.c. To linearize this relationship, all of
      the frequency attenuators shown in FIG. 1 could be constructed with
      judiciously selected multiple time constants. A simpler way to obtain the
      same result is to use the non-linear network 122 between the command
      signal V.sub.in and the control signal input channel 22. The input network
      122 is suitably constructed and arranged so that its V.sub.in vs. V.sub.c
      characteristic matches the fundamental current vs. V.sub.c characteristic.
      This can be done, for example, by using a fucntion generator having a
      non-linear transfer function characterized by a gain which decreases with
      increasing V.sub.in.
PAR  While I have shown and described one form of my invention by way of
      illustration, many modifications will occur to those skilled in the art.
      Furthermore, the invention can advantageously be used to control the
      gating of complementary pairs of alternately conducting valves arranged in
      configurations other than the illustrated a-c static switch. I
      contemplate, therefore, by the claims which conclude this specification to
      cover all such modifications as fall within the true spirit and scope of
      the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A gating control for a complementary pair of alternately conducting
      controllable electric valves which are cyclically fired at gating angles
      that can be varied to control the subsequent conduction angel of each
      valve in turn, said gating control comprising:
PA1  a. first means for supplying a control signal having a magnitude indicative
      of the conduction angles desired for said valves;
PA1  b. second means for developing an on-time indicating signal having a
      magnitude during each of the intermittent intervals when neither valve is
      conducting that is proportional to the actual conduction angle of the last
      conducting valve;
PA1  c. third means for developing an off-time indicating signal that varies in
      magnitude as a function of the duration of each of said intermittent
      non-conducting intervals;
PA1  d. summing means connected to said first, second, and third means and
      effective during each non-conducting interval for providing a gating
      control signal the magnitude of which depends on the sum of all three of
      said signals; and
PA1  e. means responsive to said gating control signal for initiating the firing
      of the next to conduct valve when said gating control signal reaches a
      predetermined threshold level.
NUM  2.
PAR  2. The gating control of claim 1 for a pair of valves connected in an
      electric power system including a source of alternating voltage having a
      predetermined fundamental frequency, in which said control signal is
      variable over a range between substantially zero and a predetermined
      magnitude ("M") which range corresponds to desired conduction angle
      variations from nearly zero to 180 electrical degrees (a half cycle of
      said predetermined frequency), said on-time indicating signal is related
      to the actual conduction angle of the last conducting valve by a
      proportionality constant approximately equal to M/180.degree. , and the
      magnitude excursion of said off-time indicating signal during a
      non-conducting interval approaching 180.degree. is approximately 2M.
NUM  3.
PAR  3. The gating control of claim 1 including additional means for comparing
      the respective conduction angles of said valves on successive conducting
      intervals and for deriving a balance-indicating signal having a value
      which deviates from a steady state level in the event of a conduction
      angle imbalance, said summing means being connected to said additional
      means so that said balance-indicating signal contributes in a corrective
      sense to the sum on which said gating control signal magnitude depends,
      whereby the firing incidence of the next to conduct valve is shifted in a
      direction tending to produce equal conduction angles during successive
      conducting intervals.
NUM  4.
PAR  4. The gating control of claim 3 wherein said second and third means and
      additional means have predetermined gains which are so chosen that the sum
      of the gain of said second means and one-half the gain of said additional
      means is approximately equal to 50% of the gain of said third means.
NUM  5.
PAR  5. The gating control of claim 1 including additional means for producing
      during alternate non-conducting intervals of said valves a pair of
      balance-indicating signals the mean value of which is proportional to the
      conduction angle of the valves so long as successive conducting intervals
      are equal to each other, said additional means including an integrator and
      being effective in the event of a conduction angle imbalance to change the
      value of each of said pair of signals by an amount proportional to the
      degree of imbalance and in a direction reflecting whether the immediately
      preceding conducting interval was longer or shorter than the one before
      that, said summing means being connected to said additional means so that
      said balance-indicating signals contribute in a corrective sense to the
      sum on which said gating control signal magnitude depends, whereby the
      firing incidence of the next to conduct valve is shifted in a direction
      tending to produce equal conduction angles during successive conducting
      intervals.
NUM  6.
PAR  6. The gating control of claim 5 for a pair of valves comprising at least
      first and second thyristors connected in inverse parallel realtionship
      with one another in an electrical power system which includes a source of
      alternating voltage having a predetermined fundamental frequency, in which
      said additional means comprises
PA1  means for periodically developing first and second signals coexistent with
      the conducting intervals of said first and second thyristors,
      respectively, said first signal having a substantially constant magnitude
      and the same relative polarity as said on-time indicating signal and said
      second signal having the same magnitude but the opposite polarity as said
      first signal,
PA1  integrating means to which both of said first and second signals are
      supplied for producing an output signal which is the time integral of said
      first and second signals,
PA1  means effective during the non-conducting intervals immediately preceding
      the cyclic firing of said second thyristor for supplying said output
      signal to said summing means, whereby said output signal serves as one of
      said pair of balance-indicating signals during these intervals, and
PA1  means effecting during the non-conducting intervals immediately preceding
      the cyclic firing of said first thyristor for supplying to said summing
      means the other balance-indicating signal which is equal in magnitude but
      inverted in polarity to said output signal during such intervals.
NUM  7.
PAR  7. The gating control of claim 6 in which said control signal is variable
      over a range between substantially zero and a predetermined magnitude
      ("M") which range corresponds to desired conduction angle variations from
      nearly zero to 180 electrical degrees (a half cycle of said predetermined
      frequency), the magnitude excursion of said off-time indicating signal
      during a non-conducting interval approaching 180.degree. is approximately
      2M, the magnitude excursion of said output signal during a 90.degree.
      conducting interval is x M, where x is a predetermined fraction lower than
      approximately one-fifth, and said on-time indicating signal is related to
      the actual conduction angle of the last conducting thyristor by a
      proportionally constant equal to (1+x)/180.degree.M.
NUM  8.
PAR  8. The gating control of claim 1 for a pair of valves connected in inverse
      parallel relationship with one another to form a static switch in an
      electric power system which includes a source of alternating voltage
      having a predetermined fundamental frequency, the magnitude of fundamental
      current flowing through said switch being a predetermined non-linear
      function of said conduction angle, in which said first means of said
      gating control includes non-linear means for deriving said control signal
      from an external command signal of variable magnitude, said non-linear
      means being so constructed and arranged that the magnitude of said command
      signal is related to the magnitude of said control signal by said
      predetermined non-linear function, whereby the fundamental current varies
      linearly with said command signal.
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ABST
PAL  In an alternating current electric power system subject to rapid load
      voltage regulation as a result of variations in reactive load current,
      reactive load current compensation is provided by fixed capacitors and
      inductors in parallel with the load, the inductors being in series with
      static switches which are phase controlled to continuously maintain the
      net reactive compensating current substantially equal and opposite to the
      reactive component of load current. Compensation control determines firing
      time of the static switches in accordance with the magnitude of reactive
      load current and regulating means additionally controls firing time to
      maintain line current and voltage at a selected line location
      substantially in phase coincidence.
BSUM
PAR  Our invention relates to continuous high speed control of reactive power in
      electric power systems. More particularly it relates to static switching
      control of compensating impedance connected to supply leading or lagging
      reactive current to an electric power system for stabilization of voltage.
      The invention is especially applicable to power circuits supplying large
      erratic loads such as electric arc furnaces. The following publications
      are representative of relevant art presently known to applicants:
PAR  U.S. Pat. No. 3,139,577-Krezak
PAR  U.S. Pat. No. 3,551,799-Koppleman
PAR  Electric Technology -- U.S.S.R., Vol. 1, 1969 pgs. 46-62 (Pergamon Press,
      Oct. 1969)
PAR  IEEE Conference Record 34C62, 1965 pages 120-148
PAC  BACKGROUND
PAR  It is known that electric power systems which supply highly reactive loads
      are characterized by poor voltage regulation, i.e., substantial change in
      the magnitude of load voltage as load current increases. In a typical
      inductive circuit voltage magnitude and power factor both decrease as load
      current increases. To improve system voltage regulation power transformers
      are commonly provided with tap changers to counteract the tendency of
      voltage magnitude to change with change in load current. Since most system
      loads are inductive it is known also to counteract the inductive current
      components of system load or of particular major loads by connecting
      compensating capacitance in series with or in shunt across power line
      conductors. Fixed capacitors may be used where load is reasonably
      predictable.
PAR  With certain variable and erratic major loads, such as arc furnaces,
      controllable shunt capacitance has been provided by connecting rotating
      synchronous condensors or static capacitors directly across the load
      terminals in parallel with the load. The amount of capacitance must be
      varied as load current changes, for fixed capacitance would have the
      effect on no load of increasing load terminal voltage above the applied
      system voltage. The response time of rotating equipment is too slow
      however to prevent undesirable lamp flicker on the line as a result of
      large load-induced voltage variations. Similarly, mechanical switching
      means used for controlling static shunt capacitors does not respond
      sufficiently rapidly to prevent flicker. While it is known that solid
      state power switches may be made to respond within less than half a cycle
      of the power frequency, their use directly in circuit with compensating
      shunt capacitors is not entirely satisfactory; the leading capacitive
      current leaves residual charge in the capacitors and as a consequence
      troublesome transient voltage or harmonic frequencies are generated.
PAR  Several arrangements have recently been proposed for varying the net
      reactive current effect of fixed shunt compensating capacitors by
      connecting inductors in parallel with the capacitors and varying the
      amount of reactive current traversing the compensating inductors. This may
      be done by varying the magnitude of the shunt inductance across each line,
      as in U.S. Pat. No. 3,551,799-Koppleman, or by varying the amount of
      reactive current traversing a shunt inductor of fixed magnitude, as in the
      U.S.S.R. article referred to above.
PAC  SUMMARY OF INVENTION
PAR  Accordingly, it is a general object of our invention to provide improved
      static switching means for controlling the magnitude of current traversing
      a fixed compensating reactor connected in shunt across an electric power
      circuit.
PAR  It is a more particular object of our invention to provide novel means for
      phase controlling static switches utilized to connect a fixed inductive
      reactor in parallel with fixed compensating capacitors across an electric
      power circuit or power circuit load.
PAR  It is another object of our invention to provide means for so controlling a
      reactive current supply source in an electric power circuit that system
      power factor at a selected location is maintained substantially constant
      at or near unity.
PAR  It is a more particular object of our invention to provide substantially
      instantaneous and continuously operable control means for adjusting
      reactive current supply means to compensate for reactive components of
      load current in a power system.
PAR  It is another particular object of our invention to provide high speed
      current control means for continuously regulating a reactive load current
      compensator to maintain power factor at a selected location on a power
      system sufficiently constant to substantially eliminate voltage flicker
      due to cyclic load current variations.
PAR  It is a specific object of our invention to provide, in a three phase
      reactive current supply source comprising parallel capacitance and
      inductance, static switching means for phase controlling each half cycle
      of current in each phase of the inductive branch to maintain continuous
      regulation of power factor at a remote system location to a substantially
      constant value, preferably unity.
PAR  In carrying out our invention in one preferred embodiment we connect a bank
      of fixed compensating capacitors across an alternating current power line
      or across the terminals of a major load having an erratic reactive current
      demand characteristic. In parallel with the fixed capacitors we connect a
      bank of fixed inductors with the inductors of each phase in series with a
      phase controlled static switch. By phase control of the static switches
      the amount of inductive compensating current is controlled to counteract
      more or less of the capacitive compensating current. In this way the
      apparent inductive compensating reactance is varied thereby to control the
      net effective reactance of the compensating capacitors and inductors. If
      the fixed capacitance is greater than the fixed inductance so that the net
      effective reactance is always capacitive the effect is that of variable
      capacitance. If the fixed inductance is greater than the fixed capacitance
      net effective reactance may be made inductive. We provide compensation
      control means responsive to the reactive component of load current to
      establish the net amount of compensating reactive current by phase control
      of the static switches. Preferably a superposed regulatory control
      responsive to phase angle at a critical system bus location is also
      provided and arranged to maintain system power factor constant at or near
      unity.
DRWD
PAR  Our invention will be more fully understood and its several objects and
      advantages further appreciated by referring now to the following
      description taken in conjunction with the accompanying drawing wherein:
PAR  FIG. 1 is a schematic circuit diagram, partially in block form, of an
      electric power system including reactive current control means including
      phase controlled static switching means for an electric power system and
      embodying our invention,
PAR  FIG. 2 is a graphical representation of certain electrical characteristics
      which illustrate the mode of operation of the reactive current sensor
      shown at FIG. 1,
PAR  FIG. 3 is a simplified three phase diagram equivalent circuit of a
      transmission line illustrating means for deriving a projected or simulated
      voltage signal used in the reactive current control of FIG. 1,
PAR  FIG. 4 is a graphical representation of certain electrical characteristics
      which illustrate the mode of operation of the current angle sensor shown
      at FIG. 1,
PAR  FIG. 5 is a schematic circuit diagram of the adjustable limit feed-back
      circuit illustrated in block form at FIG. 1, and
PAR  FIG. 6 is a graphical representation of reactive load current demand over a
      selected time interval, illustrating the effect of our limiting feed-back
      circuit.
DETD
PAC  DETAILED DESCRIPTION
PAC  Power Circuit Components
PAR  Referring now to the drawing and particularly to FIG. 1 we have illustrated
      a three phase electric power system comprising a source of voltage, as
      shown as a generator 10, connected to transmission line conductors 11, 12
      and 13. In a typical high voltage power system the transmission line
      voltage may be of the order of 115 KV or 230 KV stepped up from the
      generator 10 through line transformers not shown. Through a step down
      transformer 14 the transmission lines 11, 12 and 13 supply power through
      three bus conductors 15, 16 and 17 to a heavy and erratically variable
      load illustrated as an electric arc furnace 20. The bus conductors 15, 16
      and 17, hereinafter referred to as the furnace bus, may by way of example
      provide bus voltage of 34.5 KV. Power is supplied to the arc furnace 20
      from the furnace bus through a circuit breaker 21 and a step down
      transformer 22. In practice the arc furnace load 20 may be made up of one
      or more three phase arc furnaces. Because of the erratic nature of the
      arcs in such a furnace load current unbalance may at times be severe.
PAR  At a selected location on the power system intermediate the generator 10
      and the substation transformer 14 a variety of other industrial,
      commercial and residential load circuits may be connected to the
      transmission line conductors 11, 12 and 13. By way of illustration such
      other loads have been designated as "utilization circuits" and are shown
      connected to the lines 11, 12 and 13 through conductors 25, 26 and 27. It
      is desirable that voltage upon the conductors 25, 26 and 27 should not
      vary appreciably in magnitude with variations in phase or magnitude of the
      arc furnace load current. The conductors 25, 26 and 27 therefore will be
      identified as the "critical voltage supply bus " upon which it is desired
      to eliminate rapid cyclic voltage variation and consequent lamp flicker as
      consequence of rapid cyclic changes in current and power factor at the arc
      furnace 20. Line-to-neutral or phase voltage at the critical bus 25, 26,
      27 is designated V.sub.B and phase voltage on the arc furnace 15, 16, 17
      is designated V.sub.L.
PAR  While it will be understood by those skilled in the art as the following
      description proceeds that our invention is generally applicable to any
      system of transmission or distribution or to any unique load where it is
      desired to compensate or counteract reactive current and thus improve
      power factor, it has particular application to an electric arc furnace
      load. An electric arc furnace provides a major load of such magnitude and
      electrical characteristics that it generally produces appreciable low
      frequency system voltage variation and consequent objectionable lamp
      flicker in other loads on the system. The invention also has particular
      application for compensating load variation of drag lines, rolling mill
      drives and long high voltage transmission lines.
PAR  The impedance of an electric arc furnace is comprised primarily of
      resistance and inductance and this impedance changes abruptly and
      erratically with changes in the melting and refining conditions in the
      furnace. Particularly when a new charge of metal scrap is placed in the
      furnace the arcs experience abrupt and appreciable physical changes over a
      period of at least several minutes duration until the furnace charge
      assumes a more or less homogeneous nature. Arcing current is determined to
      some extent by a counter voltage developed by the arc itself. This counter
      voltage is of rectangular wave shape and is in phase with the inherently
      lagging or inductive arc current. The effective impedance of the arc
      changes abruptly with the arc geometry and in so doing it changes phase
      relation with respect to the impressed load voltage. Thus to the external
      circuit an arc furnace load appears as a variable inductance and variable
      resistance. It is these characteristics which produce rapidly recurrent
      changes in the phase and magnitude of load voltage with respect to system
      voltage and consequent low frequency voltage flicker. The frequency of
      these voltage variations is a characteristic of the furnace parameters and
      may be of the order of three to six cycles per second.
PAR  To counteract reactive current, particularly inductive current, in the arc
      furnace load 20 we provide a source of compensating reactive current
      comprising a bank of three fixed capacitors 30, 31, 32 connected to the
      furnace bus 15, 16, 17 in wye connected circuit relation through
      respective tuning inductances 33, 34, 35. In each line-to-neutral arm of
      the wye-connected capacitor bank the associated inductor is selected to
      tune the capacitive reactor, herein designated generally as CR, to a
      selected harmonic of the power system frequency thereby to bypass current
      of that frequency and filter such currents from the power circuit.
      Preferably the capacitive reactor CR comprises three separate wye
      connected banks of fixed capacitors, each bank being tuned to a different
      harmonic frequency and particularly to the third, fifth and seventh
      harmonics of the fundamental frequency. These are the predominant
      harmonics generated by the furnace arcs and by phase control of thyristors
      in a manner to be described hereinafter. By so tuning each harmonic filter
      for series resonance at a selected frequency a low impedance by pass
      circuit is provided for that frequency so that harmonics generated in arc
      furnace 20 or in the thyristor-controlled reactor IR do not enter the
      power circuit through the substation transformer 14. If additional shunt
      capacitance is required it is preferably tuned to harmonic frequencies
      above that of the seventh harmonic.
PAR  In order to control the compensating effect of the capacitive reactor CR we
      provide also an inductive shunt reactor IR connected across the furnace
      bus in parallel with the load 20. The inductive reactance IR comprises
      three series-connected pairs of fixed inductors 40, 40A, 41, 41A, and 42,
      42A connected in delta circuit relation each arm of the delta including
      one pair of inductors in series with an intermediate AC thyristor switch.
      Specifically the inductive reactor arm 40, 40A includes an intermediate
      thyristor switch 40B, the arm 41, 41A includes an intermediate thyristor
      switch 41B and the arm 42, 42A includes an intermediate thyristor switch
      42B. As is well known to those skilled in the art each thyristor switch
      comprises a pair of thyristors, or a pair of thyristor groups, connected
      in inverse parallel relation to conduct opposite half cycles of an
      alternating current. In the inductive reactor IR the inductors are
      connected in delta relation primarily in order to minimize the current
      requirements of the thyristors and reactors. When the system is balanced
      the delta connection serves also to short circuit third harmonic currents
      and to thus aid in eliminating them from the power lines. The third
      harmonic is a predominant harmonic generated by phase controlling action
      of single phase thyristor switches.
PAR  In the power circuit described above the capacitive compensating reactor CR
      and the inductive compensating reactor IR are each connected in shunt
      circuit relation with the arc furnace load 20 and operate in combination
      as a source of capacitive reactive current substantially equal in each
      line conductor and opposite to the inductive component of arc furnace load
      current traversing that line. In providing a variable net amount of
      leading reactive current the compensating reactors are controlled by
      controlling the magnitude of lagging current traversing the fixed
      inductors of the reactor IR, the fixed capacitors 30, 31, and 32 providing
      a predetermined fixed amount of leading reactive current. Phase control of
      inductive compensating current thus varies the apparent reactance of IR.
PAR  It will be evident to those skilled in the art that a fixed amount of
      capacitive compensation may be provided by capacitors in series with the
      line, or by a combination of series and parallel capacitors. The reactive
      current effect of a fixed capacitor in series with the line may be varied
      by connecting a fixed inductor in parallel with the capacitor through a
      phase-controlled thyristor.
PAR  In the embodiment illustrated in the drawing it is to be noted that when
      the thyristor switches 40B, 41B and 42B are completely non-conductive only
      the capacitive compensating reactor CR is in circuit across the load. When
      the thyristor switches are fully conductive the inductive reactor IR is
      fully effective and supplies a predetermined amount of lagging reactive
      current greater than, equal to or less than the amount of leading reactive
      current supplied by the capacitive reactor CR. Preferably, a net amount of
      leading reactive current supplied by the capacitive and inductive
      compensating reactors CR and IR together in maintained approximately equal
      in each line conductor to the lagging or inductive current component of
      furnace load current in that line under varying load conditions. When the
      inductive current in the load 20 is thus substantially balanced by an
      equal capacitive current supplied by the combination of compensating
      reactors CR and IR only the power or resistive component of load current
      appears on the furnace bus 15, 16, 17. If in addition the inductive
      component of line current required by the substation transformer 14 is
      compensated by the reactors CR and IR the entire load beyond the critical
      voltage bus 25, 26, 27 appears as a resistive load.
PAR  In some applications where it is desired to provide complete compensation
      for negative sequence components of current it is possible that the
      lagging component of compensating current may appreciably exceed the
      leading component of compensating current.
PAC  Reactive Current Supply
PAR  In order to so control the amount of inductive current traversing the
      compensating reactor IR we provide a conduction angle gating control
      illustrated generally in block form at FIG. 1. This control comprises
      first means responsive to the reactive component of current in the load
      circuit itself for establishing and continuously resetting the conduction
      angle of the thyristor switches 40B, 41B and 42B so that the net reactive
      current supplied by the compensating reactors IR and CR is substantially
      equal in magnitude and opposite in phase to the reactive component of load
      current. The first compensation acts substantially without appreciable
      time delay and without feed-back, so that undesired bias or drift could
      introduce error into the compensation setting. The conduction angle
      control illustrated at FIG. 1 therefore additionally includes means
      responsive to power factor, or current angle, at the critical voltage bus
      25, 26, 27 to provide a conduction angle control signal such that power
      factor at the critical bus is maintained substantially constant,
      preferably near unity. This latter control provides negative feed-back
      through the line current and voltage sensors required and is thus a
      regulating control as distinguished from an open ended compensating
      control. So that feed-back does not attain a critical phase relation and
      result in signal build up and oscillation, a certain amount of time delay,
      or frequency attenuation, must be introduced into the control loop.
      Because of such time delay, or damping, the current angle regulator is
      slow in response compared to the load current compensating control. Both
      the load current compensating control and the current angle regulating
      control may be used separately, or the two may be used in conjunction as
      illustrated at FIG. 1. When used together the compensating control acts
      rapidly as a primary control and the delayed current angle control serves
      as an adjustment to prevent drift or other error.
PAC  Load Current Compensation
PAR  The load current compensation control illustrated at FIG. 1, 2, 3,
      comprises a Reactive Current Sensor 50 receiving input signals responsive
      to phase voltage at the critical bus and to load current and operating in
      a manner illustrated at FIG. 2 to develop a variable unidirectional, or
      unipolarity, output signal which controls the gating angle of the trigger
      signals which periodically fire or turn on the thyristor switches 40B,
      41B, 42B, for each instantaneous compensation requirement. In referring to
      a "unidirectional" or "unipolarity" output signal we mean a signal having
      a signal direction, or polarity, for any predetermined reactive current
      condition to be corrected, the signal direction or polarity indicating
      whether that reactive current is leading or lagging with respect to
      voltage. Thus while the signal polarity may reverse from time to time as
      power circuit impedance changes it is unidirectional or unipolar for any
      one impedance condition of the power circuit.
PAR  By "gating angle" we mean the phase angle with respect to the impressed
      alternating voltage wave at which each thyristor is triggered into
      conduction. This phase angle, as measured from the start of forward
      voltage impressed on the thyristor, is referred to hereinafter as the
      gating angle. The interval during which the thyristor subsequently
      conducts following each triggering is referred to hereinafter as the
      "conduction angle". When the conduction angle is substantially 180.degree.
      for each thyristor the switch is considered to be fully "on" or closed;
      when the conduction angle is substantially 0.degree. the switch is
      considered to be fully "off" or open. At intermediate conduction angles,
      and correspondingly intermediate gating angles, the switch is partially on
      and partially off during each half cycle and controls the amount of
      current flowing therethrough by the ratio of on time to off time.
PAR  The phase voltage signal supplied to the Reactive Current Sensor 50 is
      derived from the furnace bus 15, 16, 17 through potential transformers 51
      connected to the furnace bus 15, 16 and 17 at points 52, 53 and 54
      respectively. By modifying the load voltage signal V.sub.L at the output
      of the potential transformers 51 with a line current signal derived
      through current transformers 55, 56 and 57 (as will be more fully
      described hereinafter) there is derived in a Critical Bus Voltage
      Projector 60 a phase voltage signal V'.sub.B representative in phase and
      magnitude of the line-to-neutral or phase voltage at the critical bus 25,
      26, 27. This "projected" phase voltage V'.sub.B thus takes into account
      correction required for the reactive effect of transformer 14. The
      projected phase voltage V'.sub.B is supplied to the Reactive Current
      Sensor 50 and cooperates with the load current signal I.sub.L in a manner
      illustrated at FIG. 2 to generate a signal output during each half cycle
      of the projected phase voltage representative of the magnitude of the
      reactive current component in the load circuit 20. It will be understood
      that three such projected voltage signals V'.sub.B are derived, one for
      each line of the three phase power circuit.
PAR  In FIG. 2 we have shown at diagram (a) in solid lines the projected phase
      voltage signal V'.sub.B for one phase as supplied to the Reactive Current
      Sensor 50. Also on diagram (a) there appears in dotted lines a load
      current signal I.sub.L from the associated load conductor supplied to the
      Current Sensor 50 through a load current signal source 61 from one of a
      group of load current transformers 62, 63, 64. For the purpose of
      illustrating the mode of operation of the Reactive Current Sensor the
      current signal I.sub.L illustrated at FIG. 2a is shown as varying in phase
      with respect to the phase voltage signal V'.sub.B from an initial leading
      relation to a final lagging relation. The Reactive Current Sensor 50
      includes suitable circuit means (not shown) for instantaneously sampling
      the magnitude and direction of the current signal I.sub.L at each zero
      crossing point of the phase voltage signal V'.sub.B. These current signal
      samples are shown at FIG. 2b. Finally, as shown at FIG. 2c, the reactive
      current sensor 50 includes signal storage means for developing a
      continuous unidirectional signal output having a magnitude and direction
      proportional to the magnitude and direction of the last previous
      instantaneous sampling indicated at FIG. 2b. Thus the signal output of the
      Reactive Current Sensor is an instantaneously unidirectional signal for
      each phase having a magnitude representative of the magnitude of reactive
      load current in that phase at any moment and a polarity indicative of the
      leading or lagging character of that load current. It will of course be
      understood by those skilled in the art that an instantaneous sampling of
      load current magnitude at the instant of phase voltage zero is a direct
      measure of the magnitude of the reactive component of that current with
      respect to the sampling voltage.
PAR  The output signals from the Reactive Current Sensor 50, each recurrently
      reset each half cycle at the zero crossing of phase voltage at the
      critical bus, represent in polarity and magnitude, respectively, the phase
      relation and magnitude of the reactive current required to be supplied at
      any instant by the compensating reactors CR and IR in order to bring total
      line current I.sub.T into phase with the critical bus voltage V.sub.B then
      existing. The leading reactive currents I.sub.xc through compensating
      reactor CR being fixed, adjustment to the desired value is carried out by
      controlling the average magnitude of the lagging reactive currents
      I.sub.xl traversing compensating reactor IR. The currents I.sub.xl are
      determined by the gating angles of the thyristor switches 40B, 41B, 42B.
      The thyristor gating angles determined by the Current Sensor 50 are so
      adjusted and reset on an instantaneous bases that the total reactive
      current (I.sub.xl + I.sub.xc) supplied by the compensating reactors IR and
      CR is substantially equal and opposite to the reactive component of load
      current I.sub.L in arc furnace 20.
PAR  To so control the gating angles of the thyristor switches the three
      reactive current signals from the Current Sensor 50 are supplied to a
      Conduction Angle Control 65 which includes a separate conduction angle
      control circuit for each thyristor switch, each such angle control circuit
      being responsive to one of the three reactive current signals. Each angle
      control circuit in the Conduction Angle Control 65 may be of the type
      described and claimed in U.S. Pat. No. 3,693,069 issued on Sept. 19, 1972
      to F. W. Kelley, Jr. and G. R. E. Lezan. The conduction angle control
      illustrated in U.S. Pat. No. 3,693,069, when used in conjunction with a
      highly inductive power circuit, exhibits some non-linearity in thyristor
      output current with respect to the input signal and a dynamic response
      which may result in an underdamped or overdamped tendency to overshoot.
      Preferably therefore we utilize a conduction angle control of the type
      described in an application Ser. No. 503,143 Sept. 3, 1974 by Fred W.
      Kelley, Jr. and assigned to the same assignee as the present application.
PAR  If, as illustrated in FIG. 1, the reactive current control described above
      is utilized in combination with a current angle or power factor control to
      be more fully described hereinafter the output of the Reactive Current
      Sensor 50 is supplied to the Conduction Angle Control unit 65 through a
      Summation Device 66 as indicated at FIG. 1. It will of course be
      understood by those skilled in the art that if only one or the other
      control signal is used the Summation Device is not required.
PAR  It will now be understood by those skilled in the art that when the gating
      angles of the thyristor switches 40B, 41B, 42B are set in accordance with
      the output signals of the Reactive Current Sensor 50 the sum of the
      reactive compensating currents I.sub.xl and I.sub.xc supplied through the
      compensating reactors IR and CR will be substantially equal and opposite
      to the reactive current components required to supply the arc furnace load
      20 and the substation transformer 14, so that total line current I.sub.T
      is maintained substantially in phase with line voltage V.sub.B at the
      critical bus 25, 26, 27.
PAR  It will be understood that, while at FIG. 2 load current has been shown for
      illustration as leading the voltage signal V'.sub.B at one point, this is
      an unusual condition. The reactive components of current required by both
      the load 20 and the transformer 14 are in fact inductive so that the net
      reactive compensating current supplied by the compensating reactors IR and
      CR ordinarily will be capacitive. It is for this reason that the fixed
      capacitive reactance of the capacitors 30, 31, 32 is ordinarily greater
      than the inductive reactance of the reactors 40, 40A, 41, 41A, 42, 42A.
      Thus when the thyristor switches 40B, 41B, 42B are fully conducting (i.e.,
      apparent inductive reactance minimum) so that inductive compensating
      current in reactor IR is maximum such current is ordinarily at least
      slightly less than the capacitive compensating current in the reactor CR.
PAR  It should be noted that it is possible that the reactive component of load
      current in at least one line may be leading, as in an arc-out condition in
      one phase of an arc furnace. For full compensation of such a condition the
      reactor IR must be able to supply lagging currents of greater magnitude
      than the fixed leading currents in reactor CR.
PAR  It will be evident to those skilled in the art that, while we have shown at
      FIG. 2 only a single phase voltage and the load current in one line, the
      three phase circuit illustrated at FIGS. 1 and 3 involves three such
      relationships and it is contemplated that three reactive load current
      signals will be generated as at FIG. 2 c. These three current signals will
      be equal in a balanced circuit, but will be different at any instant in
      the case of an unbalanced load. In the case of unbalance, therefore, it
      will be understood that in any one half cycle the resulting gating angles
      are not the same in the several switches 40B, 41B, 42B. It is evident of
      course that by the control described these gating angles are reset each
      half cycle in accordance with existing load current conditions.
PAR  We have discovered that to effect the desired compensation of reactive load
      current in each line of a three phase power circuit the net compensating
      reactance provided between each pair of line conductors (by the combined
      effect of IR and CR) may be expressed in terms of reactive components of
      load current as follows:
      ##EQU1##
      where E is the magnitude of line-to-neutral voltage at the load
      (designated V.sub.L above) x.sub.c is net capacitive compensating
      reactance between the indicated pairs of line conductors and I.sub.1LX,
      I.sub.2LX and I.sub.3LX are lagging reactive components of load current in
      the respective load circuit conductors. It will of course be evident that
      if solution of these equations in any case results a negative "X.sub.c "
      the indication is that net compensating reactance should be inductive
      rather than capacitive.
PAR  From the foregoing relation it becomes evident that phase control of
      current through each of the switches 40B, 41B, 42B to determine the
      apparent inductive reactance in the associated branch of the compensator
      IR should be responsive to a summation of the all reactive load current
      components in the manner defined by the equations above.
PAR  We have discovered also that the net compensating reactance between each
      pair of line conductors may be expressed in terms of both real and
      reactive components of load current as follows:
      ##EQU2##
      where I.sub.1LR, I.sub.2LR and I.sub.3LR are real or in-phase components
      of load current in the respective load circuit conductors and the other
      symbols have the same meaning as in the prior set of equations. Current
      Sensor 50, while designed to bring the net reactive component of total
      line current I.sub.T to substantially zero, does not appreciably affect
      the reactive component of load current to which the Reactive Current
      Sensor 50 is responsive. There is therefore no feed-back through the power
      system to indicate to the Current Sensor 50 whether or not a proper
      adjustment has been made. Thus if any long term drift or bias is impressed
      upon the Reactive Current Sensor output, or if any range or amplification
      error is introduced into the control circuitry between the Current Sensor
      output and the thyristor gates, the range of reactive current compensation
      may be offset and error introduced in the degree of compensation. Without
      feed-back to control the compensating loop such errors will not be
      detected. For this reason we prefer to utilize in combination with the
      Reactive Current Sensor a Current Angle Sensor, or phase angle regulator
      as described hereinafter.
PAC  Current Angle Regulation
PAR  As indicated at FIG. 1 a Current Angle Sensor 70 is provided with a line
      current signal from the current transformers 55, 56, 57 and with projected
      voltage signals, derived from total line currents I.sub.T and load phase
      voltages V.sub.L, which represent in phase and magnitude the system phase
      voltages V.sub.B at the critical bus 25, 26, 27. The projected system
      phase voltage signals V'.sub.B derived from voltages at the furnace bus
      15, 16, 17 are principal input components to both the Current Angle Sensor
      and the Reactive Current Sensor previously described. The manner of
      deriving these projected voltage signals will now be described in greater
      detail. For this purpose we have illustrated at FIG. 3 a simplified
      partial circuit diagram of the apparatus shown at FIG. 1. In the power
      circuit of FIG. 3 transmission line impedance is represented as a series
      impedance Z.sub.L in each phase and the impedance of substation
      transformer 14 is represented as a series impedance Z.sub.T in each phase.
      The system voltages V.sub.B on the conductors 11, 12 and 13 intermediate
      the impedances Z.sub.L and Z.sub. T are the critical bus voltages to be
      maintained substantially constant by maintaining an in-phase relation of
      the line currents I.sub.T. On the load side of the impedance Z.sub.T the
      load voltage V.sub.L appears on the conductors 15, 16, 17.
PAR  To derive from the load phase voltages V.sub.L projected system voltage
      signals V'.sub.B which are representative in magnitude and in phase with
      the system phase voltages V.sub.B, respectively, we provide a potential
      transformer assembly comprising two potential transformers PT1 in block 51
      (FIGS. 1 and 3) and PT2 (FIG. 3). The potential transformer PT1 has a
      delta-connected primary winding energized from the line-to-line load
      voltage and a wye-connected secondary winding. On each secondary phase
      winding of PT1 there appears an in-phase proportional replica of
      line-to-line load voltage. The wye-connected secondary windings of
      transformer PT1 supply delta-connected primary windings 73 of a second
      potential transformer PT2 within the voltage Projector 60. The secondary
      windings 74 of transformer PT2 are also delta-connected. It will be
      understood that the voltage across each phase winding of the potential
      transformer PT2 is an in-phase replica of the line-to-neutral or phase
      voltage V.sub.L at the furnace bus 15, 16, 17. To convert the output of
      transformer PT2 to represent in phase and magnitude the critical bus phase
      voltages on conductors 11, 12 and 13 it is necessary for each phase to
      combine this output victorially with a voltage drop that is in phase with
      voltage drop in the associated impedance of transformer 14 and
      proportional to the stepdown ratio of the potential transformers 51. For
      this purpose we connect in circuit with each line current transformer 55,
      56, 57 (only one phase of which is shown at FIG. 3) a replica impedance
      Z'.sub.T, appropriately proportioned to the transformer impedance Z.sub.T
      and to the transformation ratio of potential transformers 51. As will
      appear hereinafter each current transformer circuit includes in series a
      line current signal source 80 (FIGS. 1 and 3). The voltage across one
      secondary winding of the transformer PT2 and the related phase impedance
      Z'.sub.T appears across an output impedance 75 at the terminals of which
      there appears the projected voltage phase signal V'.sub.B. The signal
      V'.sub.B for each phase is an in-phase replica of the associated critical
      bus phase voltage V.sub.B. It is these projected (and proportional)
      critical bus voltages which are supplied to both the Current Angle Sensor
      70 and the Reactive Current Sensor previously described.
PAR  In the Current Angle Sensor 70 the projected voltage signal V'.sub.B for
      each phase cooperates with a total line current signal from the associated
      line derived from the line current transformers 55, 56, 57 through the
      line current signal source 80 to generate a signal output representative
      of phase angle between line current and phase voltage V.sub.B at the
      critical bus. The manner in which this output signal is generated is
      graphically illustrated at FIG. 4. Diagram (a) of FIG. 4 shows by a solid
      line one projected system voltage signal V'.sub.B plotted on a time scale
      with its associated total line current I.sub.T shown by a dotted line. For
      the purpose of illustration the line current I.sub.T is shown varying in
      phase with respect to system voltages from an initial leading relation to
      a final lagging relation. It will be understood by those skilled in the
      art that, except at extremely light loads, a leading relationship is not
      likely to exist. The Current Angle Sensor includes integrating means for
      developing a signal representative in final magnitude to the time
      displacement, or phase, between the line current zero and the system phase
      voltage zero as illustrated at FIG. 4a and having a polarity indicative of
      leading or lagging phase relationship of current I.sub.L with respect to
      voltage V'.sub.B. Such an integrated signal is shown at FIG. 4b. The
      integrated signal thus generated at each half cycle of system voltage is
      supplied to a suitable signal storage means which develops a continuous
      output signal having at any instant a unidirectional magnitude equal to
      the last preceding time integration shown at FIG. 4b and a polarity
      corresponding to the polarity of the last preceding integrated signal. At
      FIG. 4c we have shown such a continuous unidirectional output signal reset
      in polarity and magnitude at each half cycle in accordance with the
      integrated signal at FIG. 4b and thus in accordance with the instantaneous
      voltage-current phase relation or current angle shown at FIG. 4a.
PAR  The variable unidirectional output signal illustrated at FIG. 4c is
      supplied from the Current Angle Sensor 70 to the Summation Device 66
      through a suitable Stabilizing Circuit 85 which interposes a time constant
      in the control loop for a purpose described hereinafter. In the Summation
      Device 66 this unidirectional current angle signal is combined by addition
      with the unidirectional reactive load current signal from the Current
      Sensor 50 thereby to so adjust the output of the Summation Device that the
      Conduction Angle Control 65 is regulated to maintain power factor at the
      critical bus substantially constant, preferably at unity. If a power
      factor other than unity is desired a positive or negative bias signal of
      appropriate magnitude may be supplied to the Summation Device 66.
PAR  It may now be noted that the current angle control inherently provides
      negative feed-back through the power system conductors. Specifically, any
      current angle signals generated so control the thyristor gating angles and
      thus the net reactive compensating current that line current I.sub.T is
      restored to or near the desired phase relation thereby substantially to
      eliminate the current angle signal. It is because of this feed-back that
      the Stabilizing Circuit 85 is desirable. Because the control circuits
      inherently possess a time constant characteristic the imposition of any
      change in the control signal is transmitted through the control circuits
      to the thyristors and thence back through the power system with a time
      characteristic. The rate of change established by such time characteristic
      identifies a frequency. If the inherent time constant in the control and
      the feed-back loop were such that inherent delay in terms of this
      frequency were 180.degree. in respect to the time characteristic
      frequency, the feed-back, desirably negative, would become positive and
      thus cause amplification and oscillation. To preclude this effect the
      Stabilizing Circuit 85 adds sufficient time constant to the control loop
      that the oscillation is inhibited. On the other hand, because of this
      delay in signal transmission through the current angle control loop this
      control is not as rapid as might be desired; if used alone response of the
      compensating reactor IR would be appreciably delayed. When the current
      angle regulation is used with the load current compensator, however, the
      current angle signal is normally quite small and acts only as a correction
      for any inaccuracy of the open-loop load current control.
PAC  Adjustable Limit Feed-Back
PAR  In some cases the instantaneous peak of the reactive compensating current
      demand may exceed the maximum capability, or rating, of the compensating
      reactors IR while the amplitude of variations in demand are within the
      capability of the reactors IR.
PAR  If desired therefore our system may be provided with means for limiting to
      some predetermined maximum average value the magnitude of reactive
      current, or reactive voltamperes, supplied by the compensating reactors IR
      and CR. Since the capacitive compensating reactor CR provides a constant
      amount of leading reactive current this control is applied to the
      inductive compensating reactor IR. For this purpose we provide an
      Adjustable Limiting Feed-Back circuit 90 which receives its output of the
      Summation Device 66 and supplies through a stabilizing circuit 91 a
      limiting negative feed-back signal to the input of the Summation Device
      66. Stabilizing circuit has a time constant which is long in relation to
      cycle time of the six cycle are furnace characteristic referred to
      hereinbefore. The effect of this limiting feed-back circuit is illustrated
      at FIG. 6.
PAR  At FIG. 6 we have illustrated on a horizontal time scale a typical
      oscillatory demand characteristic A of arc furnace reactive current over
      an illustrative time interval, as while a fresh furnace charge is being
      melted and reduced to relatively steady state condition. Due to the
      physical characteristics of the furnace and the arc this oscillatory
      demand curve typically has a frequency of the order of 6 cycles per
      second. The ordinate of the curve represents reactive current demand of
      the furnace on a scale of percentage where 100% represents maximum demand.
      If it is desired to limit maximum compensating reactive current to less
      than maximum demand, as for example to 70% of maximum demand, somewhat
      less than full compensation will be attained under limiting conditions so
      that power factor at the critical bus will be maintained substantially
      constant during operation of the limiter but at some predetermined value
      less than unity. This may be desirable in order to limit the size and
      power capacity of the compensating inductors IR and CR and is not
      objectionable within reasonable limits. A relatively small degradation in
      power factor at the critical bus permits a small and tolerable degree of
      voltage regulation. Moreover if the degraded power factor is maintained
      substantially constant over a time period large in relation to the cycle
      time of the demand curve A at FIG. 6 voltage flicker is still largely
      eliminated.
PAR  At FIG. 5 we have shown a simple illustration of a limiting feed-back
      circuit adapted to accomplish the purpose described above. In FIG. 5 the
      integrated error signal from the output of the Summation Circuit 66 (FIG.
      1) is applied at a pair of input terminals 100 with the polarity indicated
      and an output impedance 101 between output terminals 102 is connected in
      series with a battery 103 and a blocking diode 104 across the input
      terminals 100. The battery 103 is connected in opposing relation with the
      error signal at the terminals 100 so that no current flows through the
      blocking diode 104 or the limiting circuit until the error signal exceeds
      a predetermined amount slightly greater than the reverse bias of the
      battery 103. When the error signal exceeds such biasing voltage current
      flows through the diode 104 and the output impedance 101. So long as the
      diode 104 conducts the battery 103 applies a constant reverse bias or set
      back to the input error signal and thus reduces the output error signal at
      terminals 102 by the amount of this bias. A long time constant capacitor
      105 across the output terminals 102 maintains the output error signal on
      the terminals 102 for at least several cycles of furnace demand variation
      so that momentary reductions of the input error signal below bias voltage
      will not recurrently interrupt the feed-back. The capacitor 105 in
      conjunction with resistor 101 serves as the stabilizing circuit 91 of FIG.
      1 and imposes a long time constant upon the feed-back signal, i.e., of the
      order of at least several times the cycle time of the furnace demand
      frequency.
PAR  At FIG. 6 we have shown the foregoing bias or set back signal as a curve B.
      This curve B represents the limiting feed-back signal and thus the
      consequent magnitude of set back in reactive compensating current with
      respect to the reactive current demand of the load. The resulting limited
      error signal supplied to the Conduction Angle Control 65, therefore, is a
      signal equal to the sum of curves A and B at FIG. 6.
PAR  While we have illustrated a preferred embodiment of our invention by way of
      illustration, many modifications will occur to those skilled in the art
      and we therefore wish to have it understood that we intend in the appended
      claims to cover all such modifications as fall within the true spirit and
      scope of our invention.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. Reactive current compensating apparatus for a multiphase alternating
      current electric power circuit having load terminals and supply conductors
      and subject to varying reactive current demand at said load terminals
      comprising, fixed multiphase capacitor means connected in said power
      circuit, fixed multiphase inductor means, alternating current static
      switching means connected in series with each phase of said inductor
      means, means connecting the series combination of said inductor means and
      switching means in parallel circuit relation with said capacitor means,
      each said switching means including gating means for varying the
      conduction angle of said switching means thereby to control the magnitude
      of reactive current traversing one phase of said inductor means, means for
      generating a group of individual signals representative in each half cycle
      of power circuit frequency of the reactive component of current in each
      phase of an electrical load connected to said load terminals, and means
      individually responsive to each said signal for so controlling said gating
      means in the associated phase that the net effective reactive impedance of
      said fixed capacitor means and said fixed inductor means in each phase is
      substantially equal and opposite to reactive current demand at the load
      terminal of each phase.
NUM  2.
PAR  2. Reactive current compensating apparatus according to claim 1 wherein
      said capacitor and inductor means are connected across said load terminals
      and said gating means is so controlled that the sum of reactive currents
      traversing said fixed capacitor means and said fixed inductor means is
      substantially equal and opposite to said reactive component of load
      current.
NUM  3.
PAR  3. Reactive current compensating apparatus according to claim 2 which
      comprises, negative feed-back means responsive to gating signal magnitude
      and operable to limit magnitude of each said gating signal in a sense to
      limit the maximum amount of reactive compensating current traversing said
      power circuit.
NUM  4.
PAR  4. Reactive current compensating means according to claim 2 which comprises
      adjustable biasing means, means responsive to gating signal magnitude in
      excess of a predetermined magnitude for connecting said biasing means in
      opposition to each said gating signal thereby to develop limited gating
      signals, and signal storage means for stabilizing said limited gating
      signals.
NUM  5.
PAR  5. Reactive current compensating apparatus according to claim 1 which
      includes also means for generating a second group of individual signals
      representative in each half cycle of power circuit frequency of the phase
      angle between current and voltage in each phase of said power circuit,
      summing means responsive for each power circuit phase to associated
      signals in each said group of signals to develop a resultant error signal
      for each power circuit phase, and means responsive to each said error
      signal for controlling said gating means in the associated phase to
      maintain at a predetermined substantially constant value the total
      reactive current in the said supply conductor for each phase of said power
      circuit.
NUM  6.
PAR  6. Reactive current compensating apparatus according to claim 5 which
      comprises, adjustable biasing means, means responsive to error signal
      magnitude in excess of a predetermined magnitude for connecting said
      biasing means in opposition to each said error signal thereby to develop
      limited error signals, and signal storage means for stabilizing said
      limited error signals.
NUM  7.
PAR  7. Reactive current supply apparatus for an alternating current electric
      power circuit including a critical voltage supply bus electrically
      separated by series impedance from load terminals which are adapted for
      connection to a major load subject to rapid oscillatory variation of
      reactive current demand comprising, fixed capacitor means connected across
      said load terminals, fixed inductor means connected across said load
      terminals in series circuit relation with static switching means, said
      static switching means including gating means for phase controlling the
      conduction angle of said switching means thereby to control the magnitude
      of reactive current traversing said inductor means, means for generating a
      unidirectional electrical signal representative in direction of the phase
      relation of the reactive component of load current at said load terminals
      and proportional in magnitude to the magnitude of said reactive component
      of load current, and means responsive to said electric signal for so
      controlling said gating means that the sum of the reactive currents
      traversing said fixed capacitor means and said fixed inductor means is
      substantially equal and opposite to said reactive component of load
      current.
NUM  8.
PAR  8. Reactive current supply apparatus for a three phase electric power
      circuit according to claim 7 wherein said fixed capacitor means is
      wye-connected to said power circuit and includes in each phase inductive
      means tuned for series resonance with the phase capacitance to one or more
      harmonics of the power system frequency.
NUM  9.
PAR  9. Reactive current supply apparatus according to claim 8 wherein said
      fixed inductor means is delta-connected in said power circuit.
NUM  10.
PAR  10. Reactive current supply apparatus for an alternating current electric
      power circuit including a critical voltage supply bus electrically
      separated by series impedance from load terminals which are adapted for
      connection to a major load subject to rapid oscillatory variation of
      reactive current demand comprising, fixed capacitor means connected across
      said load terminals, fixed inductor means connected across said load
      terminals in series circuit relation with static switching means, said
      static switching means including gating means for phase controlling the
      conduction angle of said switching means thereby to control the magnitude
      of reactive current traversing said inductor means, means for generating a
      first unidirectional electric signal representative in magnitude and
      direction respectively of the magnitude and direction of the phase angle
      between voltage and line current at said critical voltage supply bus,
      means for generating a second unidirectional electric signal
      representative in direction of the phase relation of the reactive
      component of load current at said load terminals and proportional in
      magnitude to the magnitude of said reactive component of load current,
      summing means responsive to said first and second unidirectional electric
      signals to generate an error signal, and means responsive to said error
      signal for regulating said gating means to maintain said phase angle
      substantially constant over time intervals sufficient to eliminate
      objectionable voltage flicker at said critical voltage supply bus.
NUM  11.
PAR  11. Reactive current supply apparatus according to claim 10 which
      additionally includes an adjustable signal bias means, means responsive to
      error signals exceeding a predetermined magnitude for connecting said
      signal bias means in opposition to said error signal to limit said error
      signal to a selected maximum value, and means supplying said limited error
      signal to said summing means thereby to limit the amount of reactive
      current compensation provided by said capacitor and inductor means.
NUM  12.
PAR  12. In combination with a three phase reactive current supply apparatus
      according to claim 10 connected to a three phase electric power circuit, a
      three phase electric arc furnace load connected across the load terminals
      of said power circuit, said fixed capacitor means and fixed inductor means
      being provided in each phase of said power circuit, said capacitor means
      being wye-connected to said power circuit and including series inductance
      tuned for series resonance at the third harmonic of the power frequency
      and said inductor means being connected in delta relation to said power
      circuit.
NUM  13.
PAR  13. In a combination according to claim 12 wherein the oscillatory reactive
      current demand characteristic of said electric arc furnace load has a
      frequency of the order of 6 cycles per second, adjustable biasing means
      responsive to an error signal in excess of a predetermined magnitude for
      generating a limited error signal, and stabilizing means having a time
      constant greater than the cycle time of at least several furnace demand
      oscillations for supplying said limited bias signal negatively to said
      summing means thereby to limit the amount of reactive current compensation
      provided by said capacitor and inductor means.
NUM  14.
PAR  14. In combination with a reactive current supply apparatus according to
      claim 10, an electric arc furnace connected to said load terminals, the
      oscillatory reactive current demand characteristic of said arc furnace
      load being of the order of 6 cycles per second, adjustable biasing means
      responsive to an error signal of predetermined minimum magnitude for
      generating a limited error signal, and stabilizing means having a time
      constant long relative to the cycle time of said oscillatory furnace
      demand for supplying said limited error signal degeneratively to said
      summing means thereby to limit the amount of reactive current compensation
      provided by said capacitor means and inductor means.
NUM  15.
PAR  15. Reactive current compensating apparatus for a three phase alternating
      current electric power circuit having load terminals and supply conductors
      and subject to rapidly varying reactive current demand at said load
      terminals comprising, fixed three phase reactor means connected across
      said supply conductors, three phase alternating current static switching
      means connected to control current in each phase of said reactor means,
      said switching means including gating means for phase controlling the
      conduction angle of said switching means and thereby controlling the
      apparent reactance of said reactor means, means for generating
      unidirectional electric signals proportional in magnitude to the magnitude
      of the reactive components of load current in each phase of an electric
      load connected to said load terminals, each said signal having a polarity
      representative of leading or lagging phase relation of said reactive
      current components, and means utilizing all said signals for separately
      controlling the gating means of each phase of said switching means to
      establish in each said supply conductor a compensating reactive current
      component substantially equal and opposite to the reactive component of
      load current in said conductor.
NUM  16.
PAR  16. Reactive current compensating apparatus according to claim 15 wherein
      the means utilizing said reactive load current signals comprises summing
      means for so combining said signals in control of each phase of said
      switching means that the apparent capacitive impedance X.sub.c of the
      associated phase of said reactor means is defined in terms of lagging
      reactive load current signals I.sub.LX as follows:
      ##EQU3##
      where E is the magnitude of line-to-neutral voltage at said load
      terminals.
NUM  17.
PAR  17. Reactive current compensating apparatus according to claim 15 wherein
      said fixed reactor means comprises fixed three phase capacitor means and
      fixed three phase inductor means connected in parallel circuit relation
      across said three phase supply conductors and said switching means is
      connected to control the current in each phase of said reactor means.
NUM  18.
PAR  18. Reactive current compensating apparatus according to claim 17 wherein
      said fixed capacitor means is connected in wye circuit relation, said
      fixed inductor means is connected in delta circuit relation and one phase
      of said switching means is connected in each delta-connected leg of said
      inductor means.
NUM  19.
PAR  19. Reactive current compensating apparatus according to claim 16 wherein
      said fixed reactor means comprises fixed three phase capacitor means
      connected in wye circuit relation across said supply conductors and fixed
      three phase inductor means connected in delta circuit relation across said
      supply conductors, said static switching means having one phase thereof
      connected in series in each delta connected leg of said inductor means.
NUM  20.
PAR  20. The method of compensating reactive components of load current
      (I.sub.LX) in the three lines (1-2-3-) of a three phase alternating
      current electric power circuit which comprises, developing three separate
      unidirectional electric signals having magnitudes proportional to the
      reactive load current components in the respective power circuit lines,
      connecting reactive impedances in delta circuit relation across said
      lines, and individually varying the effective capacitive reactance
      (X.sub.c) of said impedances as lagging reactive load current varies and
      in accordance with the formulae:
      ##EQU4##
      where E is the magnitude of line-to-neutral voltage.
NUM  21.
PAR  21. The method of claim 20 wherein said signals have a polarity
      representative of leading or lagging phase relation of load current with
      respect to phase voltage.
NUM  22.
PAR  22. The method of claim 21 which includes instantaneously sampling said
      reactive load current components during each cycle of line voltage and
      resetting the magnitude and direction of each said signal accordingly.
NUM  23.
PAR  23. Reactive current compensating apparatus for a multiphase alternating
      current electric power circuit having load terminals and supply conductors
      and subject to varying reactive current demand at said load terminals
      comprising, fixed multiphase capacitor means connected in said power
      circuit, fixed multiphase inductor means, alternating current static
      switching means connected in series with each phase of said inductor
      means, means connecting the series combination of said inductor means and
      switching means in parallel circuit relation with said capacitor means,
      each said static switching means including gating means for varying the
      conduction angle of said switching means thereby to control the magnitude
      of reactive current traversing one phase of said inductor means, means for
      generating individual gating signals representative in each half cycle of
      power circuit frequency of the phase angle between current and voltage in
      each phase of said power circuit at a selected point on said supply
      conductors, means individually responsive to each said gating signal for
      controlling said gating means in the associated phase to vary its
      conduction angle as necessary to maintain said phase angles substantially
      constant at said selected point, and negative feed-back means responsive
      to the magnitude of each said gating signal and operable to limit
      magnitude of said signals in a sense to limit the maximum amount of
      reactive compensating current traversing said power circuit.
NUM  24.
PAR  24. Reactive current compensating apparatus according to claim 23 which
      comprises, adjustable biasing means, means responsive to gating signal
      magnitude in excess of a predetermined magnitude for connecting said
      biasing means in opposition to each said gating signal thereby to develop
      limited gating signals, and signal storage means for stabilizing said
      limited gating signal.
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ABST
PAL  The invention relates to the obtaining of highly diagnostic information
      concerning the distribution of electrical conductivity (resistivity) in
      the ground between two points by creating an electromagnetic field whose
      frequency can be varied over a desired range at one of the points and
      detecting and comparing at the other of the points, at a plurality of
      transmitted frequencies, components of the magnetic and/or electric field
      which are in phase and out of phase with a reference signal derived
      electromagnetically at the second point from the transmitted field whereby
      no cable or other physical connection between the two points are required.
      The invention also relates to apparatus by means of which the
      electromagnetic field is created, the reference signal electromagnetically
      derived and the in phase and out of phase magnetic and/or electric field
      components detected.
BSUM
PAR  This invention relates to a method and apparatus for investigating the
      distribution of electrical conductivity (resistivity) in ground to detect
      horizontal or dipping discontinuities in such distribution for the purpose
      of delinearing, for example, geothermal and permafrost zones or detecting
      water underlying the surface or anomalous conducting zones constituted by
      ore bodies or the like.
PAC  BACKGROUND OF THE INVENTION
PAR  In the past the usual method of attempting to measure the resistivity or
      conductivity of the earth's surface has been through the use of electrodes
      driven in the ground, applying a potential across such electodes and then
      measuring the current flowing between the electrodes through the ground.
      Such a method requires the utilization of survey lines and the
      establishing of good electrical contact between the electrodes and the
      ground with the result that the method is not only slow and cumbersome and
      provides a paucity of information but cannot be used at all where
      conditions such as winter or rocky terrain preclude the electrodes from
      establishing proper electrical contact with the ground to be measured.
PAR  Use has also been made of electromagnetic fields emanating from an
      infinitely distance source, for instance, those propagated from high
      powered transmitting stations and components of such fields have been
      measured through the use of coupled conductive stakes driven into the
      ground in alignment with the direction of propagation of the wave
      emanating from the station and a coil oriented with its axis perpendicular
      to such line to determine the apparent conductivity of the earth. The
      limitations on such methods are readily apparent when it is considered
      that the control of the emitted signal including its frequency is out of
      the hands of the geophysical surveyor and such methods provide limited
      conductivity information and are effective to very limited depths.
PAR  Still again, it has been proposed to measure the tilt of a created
      electromagnetic field to determine the apparent conductivity of the
      earth's surface but such methods have limited depth penetration and
      relatively limited information on conductivity distribution.
PAR  Again, use has been made of a large horizontal loop laid out on the ground
      as a transmitting coil to create an electromagnetic field and the magnetic
      field component out of phase with the transmitted field has been measured
      at a point remote for transmitter coil as a means for detecting vertical
      conductor bodies. Such a method has little utility insofar as measuring
      the conductivity of horizontal ground layers and has a very serious
      physical handicap in that it requires the trailing of a cable from the
      transmitting point to the receiving point to provide the reference signal
      in phase with the transmitter coil against which the phase shift in the
      detected magnetic field must be compared.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, it has been discovered that highly
      diagnostic information concerning the distribution of electrical
      conductivity (resistivity) on the ground can be obtained between two
      points by creating an electromagnetic field whose frequency can be varied
      over a desired range (e.g. within a range of about 5 to 43,000 Hz) at one
      of the points and detecting and comparing at the other of the points at a
      plurality of transmitted frequencies components of magnetic and/or
      electric field which are in phase and out of phase with a reference signal
      derived electromagnetically at the second point from the transmitted field
      whereby no cable or other physical connection between the two points are
      required.
PAR  Preferably, in carrying out the measurement of the created electromagnetic
      field at the receiving point in accordance with the inventionn, the in
      phase and out of phase components of the magnetic field are received for a
      first receiver coil position in which the receiving coil is oriented for
      minimum, and a second receiving coil position in which the receiving coil
      is oriented for maximum coupling with the transmitted electromagnetic
      field. Further in this connection, the electric field when measured is
      measured along the ground in a direction orthogonal to a line joining the
      transmitting and receiving points.
PAR  Further in accordance with the invention there is provided, a transmitter
      unit for creating an electromagnetic field at any selected one of a
      plurality of frequencies perferably within a frequency range of from about
      5 to about 43,000 cycles per second (5.sub.Hz to 43,000 Hz), a receiver
      unit including a receiver coil which can be oriented for variation in
      coupling with the transmitted field for measuring magnetic field
      components, and means for deriving from the transmitted signal a reference
      signal and delivering same to said receiving unit, the receiver unit being
      adapted to measure the amplitude of the components of the magnetic field
      detected by the receiver coil which are in phase with an out of phase
      (i.e. in quadrature phase) with the reference signal.
PAR  Further according to the preferred embodiment of the invention there is
      provided a cable having means for grounding the ends thereof adapted to be
      strung orthogonally across a line joining the transmitting and receiving
      point at the receiving point, said cable being adapted to measure the
      orthogonal electric field component produced by the transmitter at the
      receiving point.
PAR  Further according to the invention, the electromagnetically derived
      reference signal fed to the receiver unit may be derived either from the
      electrical field component detecting cable or form an auxiliary coil set
      up adjacent to the receiving point and preferably, through not
      necessarily, oriented for maximum coupling with the transmitter coil.
PAR  These and other objects and features will become apparent from the
      following detailed description taken in conjunction with the accompanying
      drawings.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view showing one set up of the transmitter coil
      and the receiver coil for carrying out measurements in accordance with the
      invention, the receiver coil being shown in solid line for minimum
      coupling and in dotted line for maximum coupling with the transmitted
      electromagnetic field and the transmitter power supply and receiver unit
      being shown in block form.
PAR  FIG. 2 is a diagrammatic view of an alternative arrangement of the
      transmitter coil and receiver coil for carrying out measurements in
      accordance with the invention and again showing the receiver coil in solid
      form in position for minimum coupling and in dotted form in position for
      maximum coupling with the transmitted electromagnetic field.
PAR  FIG. 3 is a further diagrammatic view illustrating a further arrangement of
      the transmitter coil and the receiver coil for carrying out measurements
      in accordance with the invention and showing the receiver coil in solid
      line in position for maximum coupling and in dotted line in position for
      minimum coupling with the transmitted electromagnetic field.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference first to FIG. 1, the transmitter coil designated at 1 is
      illustrated as a coil laid out generally horizontally on the ground and
      having its axis 2 vertical. This coil may comprise a plurality of turns
      laid out in a generally circular path on the ground and having a diameter
      which may for example be 150 feet. The transmitter is energized by means
      of a transmitter power supply generally designated at 3 which comprises an
      engine driven generator 4, a tuning unit 5 containing a plurality of
      condensers for tuning the output of the transmitter coil to one of a
      number of selectable frequencies, for example, a test unit has been built
      in which the transmitter coil may be energized to transmit an
      electromagnetic field at 14 separate frequencies ranging from about 5 Hz
      to about 43,000 Hz in progressive steps (not including the usual power
      line frequencies of 50 to 60 cycles to avoid interference from the usual
      power line transmission). Preferably the transmitter power supply also
      includes a turn selector 6 so that the number of turns of the transmitter
      coil 1 energized may be varied as desired (e.g. from 1 to about 10 turns).
      Additionally the transmitter power supply includes a current controller 7
      so that the current delivered to the transmitter coil 1 through the line
      30 may be varied up to a maximum of about 10 to 15 amperes.
PAR  The receiver coil 8 which may for example be conveniently be supported in a
      suitable yoke or other support structure (not shown) is arranged to be
      supported at a distance R measured radially from the centre 9 of the
      transmitter coil for orientation so that its axis 10 shown in solid line
      is aligned with the line of sight direction R to the centre of the
      transmitter coil and the plane of its turns perpendicular thereto for
      minimum coupling with the magnetic field component generated by the
      energization of the transmitter coil 1. The receiver coil is shown in
      dotted outline in a 90.degree. relation to the solid line position in
      which the axis 10 is illustrated in dotted line as perpendicular to the
      direction R and parallel to the axis 2 of the transmitter coil for maximum
      coupling with the magnetic field produced by energization of the
      transmitter coil 1. Extending orthogonally across the line R and
      intersected by the axis of the receiver coil 8 when same is in the dotted
      line position is a cable 12 having its ends 13 grounded. This cable 12 is
      arranged to measure the electric field created by energization of the
      transmitter coil 1 over the surface of the ground orthogonally to R.
PAR  Shown adjacent to the receiver coil 8 is an auxiliary receiver coil 14
      which may be oriented in any desired direction but preferably for
      essentially maximum coupling with the magnetic field component of the
      electromagnetic field created by energizing transmitter coil 1.
PAR  A receiver unit generally designated at 15 is provided and includes a
      reference input terminal 16 shown connected by the solid line 17 with the
      auxiliary receiver coil 14 to provide a reference signal against which the
      in phase and out of phase (quadrature) components of the magnetic field
      detected by the receiver coil for each position and the electric field
      detected by the cable 12 may be compared. Alternatively, the reference
      signal may be obtained simply from the cable 12 by connecting the cable to
      the reference input terminal 16 as illustrated by the dotted line 18 and
      the auxiliary coil 14 may be dispensed with.
PAR  Conductor cable 19 provides the connection from the receiver coil 8 to the
      magnetic field input terminal 20 and conductor 21 provides the connection
      between the cable 12 and the electric field input terminal 22. For
      convenience, the receiver includes 3 meters, namely a reference signal
      meter 23, to indicate the magnitude of the reference signal; and in phase
      signal meter 24 to indicate selectively the magnitude of the in phase
      component of the magnetic field being measured by the receiver coil (that
      is, the magnitude of the magnetic field component which is in phase with
      reference signal) or the magnitude of the electric field component which
      is in phase with the reference signal. Meter 25 provided to measure the
      amplitude of the magnetic field component which is being measured which is
      in quadrature with the reference signal or alternatively, when the
      electric field measured by the cable 12 is being considered it measures
      the magnitude of the electric field component which is in quadrature of
      out of phase with the reference signal.
PAR  The in phase and out of phase components of the magnetic field measured by
      the receiver coil 8 and the electric field measured by the cable 12
      provide highly diagnostic information with respect to the ground
      conductivity distribution or, of course, the inverse characteristic,
      namely the ground resistivity or distribution. In carrying out the
      measurements, a series of measurements are made with the transmitter coil
      tuned to one frequency then a second series of corresponding measurements
      are made with the transmitter tuned to provide a different frequency and
      so on until a plurality of measurements are made at a plurality of
      different frequencies, the lower frequencies looking to greater depth in
      the ground than the higher frequencies. The measurements obtained thus
      provide a means for determining the conductivity (resistivity)
      discontinuities at various depths in the ground to delineate horizontally
      disposed or dipping zones of conductivity change. Thus for example the
      invention is useful for delineating geothermal zones or the depth of
      permafrost whose conductivity characteristics are different from the
      unfrozen ground, ground water bodies or conductor bodies such as ore
      bodies which may have a dipping characteristic but present some
      significant lateral extend over the depth of penetration of the created
      electromagnetic field, located between the transmitting point 9 and the
      receiving point 26. It will be understood that the receiver coil 8 will be
      tuned to the frequency of the transmitted electromagnetic field for each
      frequency (except the very lowest frequency) by means of a tuning
      condenser unit associated with the receiver coil and designated at 27.
      Similarly, the electric field detector or receiver constituted by the
      cable will be tuned to the transmitted signal by means of a tuning
      condenser unit 28 which may be associated with the receiver unit 15.
PAR  In practice for example the receiver coil 8 may be set up at a distance of
      say 2,000 to 3,000 yards from the transmitting point 9 and layered
      electrically conductive discontinuities delineated to a depth of about one
      half a mile.
PAR  In analyzing the measurements obtained by the receiver coil 8 and the cable
      12, the most diagnostic information of the electrical conductivity
      (resistivity) distribution has been obtained by measuring the minimum
      coupled magnetic field (H.sub.min) with the receiver coil 8 in the solid
      line position of FIG. 1 and the orthogonal electric field
      (E.sub..phi.90.degree.) at each of the plurality of frequencies at which
      the transmitter coil is operated. From these measurements the amplitude
      ratio of E.sub..phi. and H.sub.min and their phase difference is
      determined according to the following equations:
PAL  1st Method uses:
      ##EQU1##
      and,
      ##EQU2##
      where l represents the magnitude of the measured in phase component, in
      phase with the reference signal, and o represents the out phase component
      out of phase or in quadrature with the reference signal, and tan
      .sup.-.sup.1 equals arc tan. Alternatively, highly useful diagnostic
      information is obtained through the measurement of the in phase and out of
      phase components of the magnetic field with the receiver coil 8 oriented
      for maximum coupling and minimum coupling, respectively, Again, the
      amplitude ratio of the maximum and minimum coupled magnetic fields are
      obtained and the phase difference between such fields is ascertained at
      the various frequencies at which the transmitter coil is energized, again
      providing highly diagnostic information. Again, the amplitude ratio and
      the phase difference are obtained as follows, where i and o are as above.
PAL  2nd Method uses:
      ##EQU3##
PAR  As a cross check, for example, it will be obvious that the amplitude ratio
      and phase difference of E.phi. and H.sub.min may be ascertained and also
      the amplitude ratio and phase difference of H.sub.max and H.sub.min may be
      ascertained and the results compared for cross co-relation. Alternatively,
      diagnostic information is obtained directly from the amplitude ratios of
      E.phi. and H.sub.min. For example the characteristic of the ground
      conductivity distribution p (Cagniard) may be determined from the
      following formula:
      ##EQU4##
      where .omega. = circular frequency = 2 .pi. f
PA1  .mu. = magnetic permeability in free-space = 4.pi. .times. 10.sup.- .sup.7
      MKS unit
PAR  The results obtained from the various measurements may be compared with the
      theoretical results obtained from a theoretical model in which the
      conductivity distribution in the ground is assumed to be homogeneous, or
      any other method of analyzing the information obtained for detecting
      discontinuities in the conductivity or resistivity distribution in the
      ground may be utilized.
PAR  With reference to FIG. 2, the transmitter coil 1a is shown as oriented with
      the plane of its turns vertical and its axis 2a aligned with the direction
      R. In this case the diameter of the transmitter coil will be substantially
      smaller, e.g. of the order of 30 feet for ease of handling, but the number
      of turns can be increased to several times the number of turns of the
      large horizontal transmitter coil 1. The transmitter is energized by the
      same transmitter power supply 3 as described in relation to FIG. 1 and the
      receiver coil 8 may be the same receiver coil as used in the arrangement
      in FIG. 1 and the receiver unit 15 is the same as the receiver unit 15
      illustrated in FIG. 1.
PAR  In the Figure arrangement, the receiver coil 8 is shown with its axis 10 in
      alignment with the axis 2a of the transmitter coil, i.e. in alignment with
      the direction or vector R in the solid line position, again for measuring
      H.sub.min (minimum coupling between the transmitter and receiver coils).
      In the dotted line position, the receiver coil 8 assumes the same position
      as in FIG. 1 and again measures H.sub.max (the magnetic field measured
      with the transmitter and receiver coils in position for maximum coupling).
      Again, the cable 12 is arranged orthogonal (.phi.= 90.degree.) to the
      vector R for measuring the orthogonal magnetic field. The auxiliary coil
      14 again may be oriented in any desired direction but preferably for
      effective maximum coupling. Again it will be understood that the auxiliary
      coil 14 need not be employed and the reference signal can be derived from
      the cable 12.
PAR  It will be understood that when the reference signal is electromagnetically
      derived by the use of the auxiliary coil 14, its orientation will remain
      constant for all measurements taken at a particular frequency of the
      transmitter coil. Since the cable 12 is always orthogonal to R, the
      reference signal will remain constant for all measurements when the cable
      is used as the means of electromagnetically deriving the reference signal.
      Again, for example, the same measurements are described in relation to
      FIG. 1 may be obtained with the set up of FIG. 2. Similarly, for FIG. 3
      the same measurements obtained with respect to the set up of FIG. 1 and
      described in detail with reference thereto, may be obtained with the set
      up in FIG. 3. In FIG. 3, the transmitter coil 1a will be the same as that
      in FIG. 2 as will the receiver coil 8 which in turn is the same as the
      receiver coil in FIG. 1. However, in FIG. 3, the receiver coil is shown in
      solid line as being oriented with its axis 10 parallel to the axis 2a of
      the transmitter coil 1a, so that the solid line position of the receiver
      coil is the position of maximum coupling with the transmitter coil for
      measuring H.sub.max, while the dotted line position of the receiver coil
      in FIG. 3 is the position of the coil for measuring H.sub.min. The cable
      12 again measures the electric field over the ground orthogonally to the
      direction R (E.phi.= 90.degree.). The transmitter's power supply and the
      receiver unit 3 and 15 respectively are identical to the transmitter's
      power supply and receiver unit detailed in respect of FIG. 1. Again, an
      auxiliary coil 14 is provided for electromagnetically deriving the
      reference signal at the receiving point but alternatively a reference
      signal may be electromagnetically derived directly from the cable 12. The
      use of the auxiliary coil provides a means of ensuring a reference signal
      of adequate magnitude if the power output of the transmitter coil is
      minimal or the distance between the transmitting and receiving points is
      large in that the auxiliary coil may be oriented for maximum coupling with
      the transmitter coil when initially set up. As explained once the
      orientation of the auxiliary coil is made, it must remain in that
      orientation for all measurements carried out at that particular frequency
      of the transmitter coil.
PAR  While the simplest form of apparatus and optimum arrangements thereof and a
      convenient set of measurements for obtaining diagnostic information on the
      ground electrical conductivity or resistivity has been particularly
      described, it will be understood that various modifications and
      alterations and different utilization of the measurements available with
      the system may be made without departing from the spirit of the invention
      or scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of investigating the distribution of electrical conductivity in
      the ground for the purpose of delineating geophysical structures
      comprising creating an electromagnetic field at a transmitting point and
      measuring at a receiving point at a finite distance from said transmitter
      point at a series of frequencies within the frequency range of from about
      5 cycles per second to about 43,000 cycles per second one or more of the
      magnetic induction field and the electric induction field components
      created by said electromagnetic field measured both in phase and out of
      phase with a reference signal derived electromagnetically, adjacent the
      receiving point, from the created electromagnetic field, and having a
      random phase relation thereto such measurements providing a source of
      information for delineating any discontinuities in the electrical
      conductivity in the ground.
NUM  2.
PAR  2. A method as claim in claim 1 in which the measured component at the
      receiving point is the magnetic field detected by a receiver coil having
      minimum coupling with the created electromagnetic field measured both in
      phase and in quadrature with the derived reference signal
NUM  3.
PAR  3. A method as claimed in claim 1 in which measurements are made at the
      receiving point of the magnetic field detected by a receiver coil having
PA1  a. minimum coupling, and
PA1  b. maximum coupling with the created electromagnetic field measured both in
      phase and in quadrature phase with the derived reference signal.
NUM  4.
PAR  4. A method as claimed in claim 3 in which measurement is also made of the
      electric field at the component at the receiver point orthogonal to a line
      joining the transmitting and receiving points measured both in phase and
      in quadrature phase with the derived reference signal.
NUM  5.
PAR  5. A method of investigating the distribution of electrical conductivity in
      the ground for the purpose of delineating geophysical structures
      comprising creating an electromagnetic field at a transmitting point and
      measuring at a receiving point at a plurality of difference frequencies
      within the range of from about 5 cycles per second to 43,000 cycles per
      second, the components both in phase and out of phase with a reference
      signal having a random phase relation to and derived from the created
      electromagnetic field adjacent said receiving point, of the magnetic
      induction field detected by a receiver coil arranged at the receiving
      point
PA1  a. for minimum coupling, and
PA1  b. for maximum coupling with the created electromagnetic field, and of the
      electric induction field at the receiving point orthogonal to a line
      joining the transmitting and receiving points, such measurements providing
      a source of information for delineating any discontinuities in the
      electrical conductivity in the ground.
NUM  6.
PAR  6. A method as claimed in claim 5 in which the amplitude ratio and the
      phase difference of at least one of
PA1  a. the magnetic field detected by minimum receiver coil coupling and the
      magnetic field detected by maximum receiver coil coupling, and
PA1  b. the magnetic field detected by minimum receiver coil coupling and the
      orthogonal electrical field,
PAL  are compared at the plurality of frequencies at which said measurements are
      carried out to determine and discontinuity in the electrical conductivity
      in the ground.
NUM  7.
PAR  7. A method as claimed in claim 6 in which the amplitude ratio and phase
      difference of both (a) and (b) are determined and compared.
NUM  8.
PAR  8. A method as claimed in claim 6 in which said created electromagnetic
      field is created by energizing a transmitter coil having its turns lying
      generally in a horizontal plane and its axis generally vertical and said
      receiver coil is oriented with its axis coincidental with the line joining
      the transmitting and receiving points for minimum coupling and with its
      axis perpendicular to said line and parallel to the transmitter coil axis
      for maximum coupling.
NUM  9.
PAR  9. A method as claimed in claim 6 in which said transmitter coil is
      oriented with its turns in a vertical plane and said receiver coil, for
      maximum coupling, is oriented either with its axis parallel to the
      transmitter coil axis or with its turns lying in the plane of a line
      aligned with said transmitter coil axis and joining the transmitting
      receiving points and its axis vertical, and said receiver coil, for
      minimum coupling, is oriented either with its axis coaxial with said
      transmitter coil axis or with its turns lying in a plane containing a line
      joining the transmitter and receiving points perpendicular to the
      transmitter coil axis and with its axis perpendicular to said line.
NUM  10.
PAR  10. A method as claimed in claim 1 in which said reference signal is
      derived from an auxiliary coil located adjacent to said receiving point.
NUM  11.
PAR  11. A method as claimed in claim 1 in which said reference signal is
      derived from the source of measurement of the orthogonal electric field.
NUM  12.
PAR  12. Apparatus for use in the investigation of the distribution of
      electrical conductivity in the ground comprising a transmitter coil, a
      transmitter power source for energizing said transmitter coil at a
      plurality of frequencies within a frequency range of from about 5 to about
      43,000 cycles per second, a receiver coil adapted to be oriented at a
      receiving point for maximum and minimum coupling with said transmitter
      coil, cable means adapted to be strung at said receiving point
      orthogonally across a line joining the center of said transmitting coil
      and said receiving point and having means for grounding the ends thereof,
      and means for delivering to said receiver unit a reference signal derived
      electromagnetically adjacent to said receiving unit, and having a random
      phase relation to the transmitter coil energization, said receiver unit
      being adapted to measure the components of the magnetic induction field
      detected by said receiver coil when oriented for maximum and minimum
      coupling which are in phase and out of phase with said reference signal,
      and the components of said orthogonal electric induction field which are
      in phase and out of phase with said reference signal.
NUM  13.
PAR  13. Apparatus as claimed in claim 12 in which said means for delivering
      said reference signal to said receiver unit comprises a connection from
      said cable means to said receiver unit.
NUM  14.
PAR  14. Apparatus as claimed in claim 12 in which said means for delivering
      said reference signal to said receiver unit comprises an auxiliary coil
      for location adjacent said receiving point and connection from said
      auxiliary coil to said receiver unit.
NUM  15.
PAR  15. Apparatus as claimed in claim 12 having means for tuning said
      transmitter coil to transmit a selected plurality of frequencies and means
      to correspondingly tune said receiver coil and cable means to detect the
      transmitted magnetic and electric field components respectively at said
      plurality of frequencies.
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ABST
PAL  A conductivity measurement probe formed of an electrically nonconducting
      rigid body which carries a cylindrical flow passage defining a flux
      channel to polarization current. The body has inlet and outlet means for
      passing aqueous liquid or other electrolytes through the flow passage.
      Four elongated metallic electrodes are positioned in alignment within the
      flow passage and in electric isolation from one another. Preferably, the
      outer electrodes serve as references for observing induced polarizing
      potential and an inner pair of the electrodes which serve auxiliary
      functions for providing current flow in the flow passage; and, the
      reference electrodes reside within the limits of the flux channel
      containing the polarization current. The reference and auxiliary
      electrodes are preferably spaced uniformly along the flow passage.
      Electrically conductive means extend from the electrodes within the body.
      These conductive means are insulated from one another and the body to form
      circuits through the electrodes during conductivity measurements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to the measurement of electrical
      conductivity of a liquid, and particularly, it concerns an improved
      conductivity probe for use with electrical conductivity measuring
      instruments.
PAR  2. Description of the Prior Art
PAR  The determination of the conductivity of an electrolyte such as an aqueous
      liquid has been an elusive task for over one hundred years. A multitude of
      techniques and apparatuses were tested before relatively satisfactory
      systems were found for this purpose. The greatest error in prior attempts
      to measure electrolytic conductivity were caused by the polarization of
      electrodes which were employed for potential sensing and current source
      purposes. Attempts to avoid the problem with the polarization of
      electrodes resulted in two separate electrical systems being developed for
      measurement of conductivity.
PAR  The polarization of electrodes can be eliminated by using alternating
      current of relatively high frequency and stability combined with very
      special electrodes coated with platinum black. These electrodes expose a
      large surface to an electrolyte so as to reduce the surface density of
      ions being deposited and thereby reducing the polarization effects.
PAR  The use of d.c. measurement system for determining conductivity has several
      advantages, the principal advantage being in avoiding a precisely settable
      and stable high frequency oscillator for generating the alternating
      currents of the preceding a.c. measurement system. Many attempts were made
      to employ d.c. currents for the measurement of conductivity of aqueous
      liquids and other electrolytes. Nearly one hundred years ago, a method was
      developed in which the polarization effects of electrodes could be reduced
      to manageable proportions for producing reliable conductivity
      measurements. In such a method, a constant current is passed through the
      electrolyte and the drop in potential between two points in the system is
      measured by secondary electrodes connected to an electrometer.
PAR  The use of such a plurality of electrodes implements a novel technique
      where current flow between a first set of electrodes creates a
      polarization potential between an additional set of potential monitoring
      electrodes. In such arrangement, the change in current can be correlated
      to the change of polarization potential at the reference electrodes. Thus,
      such measurements can be correlated directly to the electromotive force
      which opposes the flow of current through the electrolyte. The problem of
      polarization at the electrodes can be overcome by applying a small finite
      current flow and measuring the induced polarization potential change.
      Pursuant to Ohm's Law, the smallest polarization potential change is
      induced by a corresponding current flow. The original polarization
      potential at the measurement electrodes is eliminated in a linear system.
      Now, the measurement system follows Ohm's Law, the polarization potential
      about the measurement electrodes and the current flow inducing same are
      directly proportional and simultaneously approach zero magnitudes.
PAR  In many of the known direct current measurement systems for determining
      conductivity of electrolytes, the measurement is made in what is termed an
      "open" cell. The electrodes are immersed within a liquid, but the system
      is exposed to atmospheric and other external forces, which forces
      undesirably effect the current flow between the electrodes. Thus, movement
      of the electrodes relative to the container, the placement into the
      solution of some foreign material such as an air bubble, and stirring or
      like mechanical displacement, severely affected the accuracy of these d.c.
      measurements with electrodes in an open cell.
PAR  Complicated conductivity probe design may be employed with "closed" cells
      in which the conduction path for the electric current between a pair of
      electrodes is confined to a fixed volume of liquid within the completely
      enclosed nonconductive structure to avoid external interference forces.
      However, such probe designs are substantially affected by liquids carrying
      solids which deposited within the confined areas of the probe. As the
      solids and other deleterious materials become entrapped in these complex
      probes, the calibration accuracy of the probes begin to vary thereby
      affecting the conductivity measurement. Repeated standardizations and
      recalibrations or cleaning of the probe are required to maintain accurate
      measurements.
PAR  The present invention is a conductivity measurement probe of the closed
      cell type, but one which has a relatively simple design for confining the
      current flux within a channel and with such electrode configuration that
      the calibration constant of the probe is substantially determined only by
      the physical dimensions of the flux channel and electrode spacing and not
      by the surface area, size, shape or corrosion and scaling of the
      electrodes.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, there is provided a conductivity probe
      having a rigid body. A cylindrical flow passageway is formed within the
      body having electrically nonconductive wall members thereby producing an
      insulated boundary defining a flux channel to polarizing current. Inlet
      and outlet means pass aqueous liquid through the flow passage. Four
      metallic electrodes of elongated configuration are disposed in the flow
      passage and are positioned in parallel relationship with their
      longitudinal axis transverse to the flow passage. These electrodes all
      reside in a plane containing a longitudinal axis of the flow passage and
      they are electrically isolated from the body. One pair of these electrodes
      are auxiliary electrodes for providing current flow in the flow passage.
      Another pair of these electrodes are reference electrodes which monitor
      polarization potential. The auxiliary electrodes may reside adjacent one
      another and the reference electrodes may reside remote to one aanother at
      the limits of the flux channel and adjacent to each of the auxiliary
      electrodes. Preferably, each reference electrode is spaced equidistantly
      from the adjacent auxiliary electrode, and the auxiliary electrodes are
      spaced apart a greater distance from one another than from the reference
      electrode. Electrically conductive means extend from the auxiliary and
      reference electrodes within the body. The conductivity means are insulated
      from one another and from the body so that the conductivity means form
      circuits through the electrodes during conductivity measurement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical section (partial) through a first embodiment of the
      conductivity probe of this invention;
PAR  FIG. 2 is an end view of the conductivity probe shown in FIG. 1;
PAR  FIG. 3 is a vertical section (partial) through a second embodiment of the
      conductivity probe of this invention;
PAR  FIG. 4 is an end view of the conductivity probe of FIG. 3 taken along line
      3--3; and
PAR  FIG. 5 is an illustrative schematic circuit of the method of employing the
      conductivity probe shown in the preceding figures according to the present
      invention.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  In the drawings there are illustrated two embodiments of the conductivity
      probe of the present invention. Both of these conductivity measurement
      probes encompass all of the advantages of the present invention, but one
      may be more suitable for manufacture in one form or the other depending on
      the particular circumstances of the user. In FIGS. 1 and 2 there is shown
      a first embodiment of a conductivity measurement probe 11 which is formed
      of a rectangular body 12 of a rigid material. This material may be a
      polymerized plastic such as polyvinyl chloride. Other materials may be
      employed for constructing the body 12, but preferably they are selected
      from electrically nonconducting plastics. The body 12 is provided with an
      axial opening 13 of cylindrical configuration which extends through the
      body 12. Although the surrounding portions of the body 12 may form
      electrically nonconducting wall members, it is preferred to insert a
      tubular member 14 into the opening 13 to form a cylindrical flow
      passageway 16 through the body 12. The tubular member 14 is preferably
      formed of a compatible material to the body 12 and polyvinyl chloride pipe
      of suitable dimensions is expecially suitable for this purpose. Where this
      material is employed, an adhesive may be employed within the opening 13 so
      that the body 12 and tubular member 14 are integrally secured into a
      unitary structure. As a result, the passageway 16 extends through the body
      12 and forms the flux channel to polarizing current which is to be
      established between electrodes contained therein. The tubular member 14
      has an inlet coupling 17 and an outlet coupling 18 by which connection to
      an external source may be made so that the electrolyte or aqueous liquid
      may be passed through the passageway 16 in the direction indicated by the
      arrow 19. However, the inlet and outlet couplings may be reversed so that
      the fluid may be passed through the passageway 16 in the reverse
      direction. The probe 11 is symmetrical to flow of current and therefore it
      is immune to the directional flow of liquid or current affecting
      conductivity measurements.
PAR  Four metallic electrodes 21, 22, 23, and 24 which have an elongated
      configuration are disposed in the passageway 16. These electrodes may take
      any suitable form, but preferably are substantially identical cylindrical
      members. However, they need not be identical for purposes of the present
      invention. Identical cylindrical electrodes are preferred for purposes of
      construction. For ease in construction, the electrodes are disposed
      symmetrically within the passageway 16. In addition, the electrodes are
      positioned in parallel side-by-side relationship and reside with their
      longitudinal axis transverse to the passageway 16. Additionally, these
      electrodes reside in a plane containing the longitudinal axis of the
      passageway 16. The electrodes may be mounted within the probe 11 by any
      suitable means, such as with an adhesive, but they are electrically
      isolated from the body 12.
PAR  Although the electrodes are illustrated as traversing the wall members of
      the tubular member 14, such arrangement is not necessary. The electrodes
      need only to be mounted so that they extend transversely into the
      passageway 16. However, for purposes of convenient construction, the
      tubular member 14 is formed with aligned openings through its wall members
      to receive the electrodes. Each electrode carries an end member 21a, 22a,
      23a, and 24a, respectively, by which electrical conductors may be secured
      to them. In order to accommodate such a relationship, the body 12 is
      relieved to provide an opening into which internal pieces may be received.
      This opening may be provided by a second axial opening 26 formed coaxially
      with the opening 13. The axial opening 26 need not extend through the body
      12, but may be terminated a short distance from one end thereby forming an
      impermeable wall portion 27 adjacent the electrode 21. Preferably, the
      electrodes are mounted within the tubular member 14 in the mentioned
      openings prior to mounting the tubular member 14 within the body 12. Also,
      it is desirable before this assembly that the electrical conductors 31,
      32, 33, and 34 be secured to the end portions 21a, 22a, 23a, and 24a,
      respectively. After the tubular memer 14 is inserted within the body 12
      and secured thereto, these electrical conductors connect to an external
      electrical fitting 36 of any suitable type such as a female multiterminal
      plug to receive an external shielded and waterproof cable. The conductors
      are secured, such as by soldering, to terminal pins 37, 38, 39, and 41 of
      the connector 36. The connector 36 is secured, preferably in watertight
      interconnection, to the body 12 by screws 42.
PAR  After assembly of the electrical fitting 36 upon the body 12, the opening
      26 is filled to a substantially void-free environment with a nonconducting
      potting material. The potting material can be a polyvinyl chloride
      compatible resin with suitable plasticizer forming a liquid mixture that
      can be poured into the opening 26 with the tubular member upright having
      the outlet coupling 18 superimposed. With time passage, the liquid mixture
      sets into an impermeable, electrically nonconducting solid material 44
      substantially of the same rigidity as the body 12. For example, the
      potting material can be R-826 Liquid Resin from the Ring Chemical Company
      of Houston, Texas, and a setting catalyst such as Versamid 140 which is a
      polyamide castable plastic catalyst. The potting material hardens and
      unites the described elements into a unitary conductivity measurement
      probe 11 which is substantially sealed to any leakage of fluid about the
      electrodes through the wall members of the tubular member 14 into the body
      12. If desired, the opening 13 may be enlarged slightly coextensively with
      opening 26 so that the potting material 44 completely surrounds the entire
      tubular member 14 where it traverses the body 12. Thus, an opening 43
      about the tubular member 14 is also filled with the potting material 44.
PAR  The electrodes are positioned in a symmetrical arrangement within the body
      12. The electrodes 21 and 24, or 22 and 23, may be either reference or
      auxiliary electrodes. However, best results are obtained with electrodes
      21 and 24 being references and electrodes 22 and 23 serving the auxiliary
      function. In the probe 11, the electrodes 22 and 23 are auxiliary
      electrodes for providing current flow in the passageway 16. The electrodes
      21 and 24 are reference electrodes for monitoring the polarization
      potential therebetween which is induced by the current flow between the
      auxiliary electrodes 22 and 23. The reference electrodes should be spaced
      at least three diameters from the adjacent auxiliary electrode so that the
      electrodes 21 and 24 are beyond the current paths about the auxiliary
      electrodes 22 and 23. As a result, the boundary films about the reference
      electrodes 21 and 24 are not disrupted. Since the passageway 16 is
      circumferentially enclosed by insulating material and current cannot pass
      beyond the outer electrode pair, this structure delimits the electrodes
      into a well defined flux channel. Improved results are obtained with the
      auxiliary electrodes 22 and 23 spaced a distance greater than twice the
      spacing between any of the auxiliary and reference electrodes. With this
      arrangement, the reference electrodes are in the shadow of auxiliary
      electrodes beyond current flows. Thus, the electrodes 21 and 24 are
      "shielded" from stray currents. This effect is likened to a shadow about
      the reference electrodes where the lack of light is lack of current flow
      from the auxiliary electrodes to the reference electrodes.
PAR  As has been mentioned, the construction, cross-sectional area, and other
      physical size parameters of the electrodes do not influence the
      operability or the calibration of the probe 11 except in the second order
      relationship. Since the passageway 16 is cylindrical and the electrodes
      are mounted therein in a symmetrical relationship, the calibration
      constant for the conductivity measurement probe 11 is substantially
      determined only in the first order by the spacing between the electrodes
      22 and 23 relative to the cross-sectional area (in a transverse plane) of
      the passageway 16. The effect of electrode size (diameter and length),
      corrosion attack and incomplete scale coverage of electrodes are only
      third order effects. Thus, corrosion, pitting and other physical changes
      in the electrodes do not affect the calibration constant for the probe 11.
      Should the mentioned ratios concerning the flux channel and inner
      electrode pair spacings within the passageway 16 be changed, then and only
      then, will the calibration constant change. Since the possibility of
      changing the length of the flux channel within the passageway 16 during
      use is relatively impossible, the probe 11 is of the "closed" cell type so
      that external influences about the probe 11 do not interfere with the
      conductivity measurement being undertaken. Also, any change of the
      cross-sectional area of the flow passageway 16 can only occur by
      deposition of solids therein. Usually, such deposition is of uniform
      dimension throughout the circumference and length of the passageway 16.
      Thus, the influence upon the cross-sectional ratio factor determining the
      conductivity probe's cell constant is very minute. Thus, the probe 11
      maintains a cell constant for most practically any environmental use until
      the electrodes are completely destroyed by corrosion or other physical
      reduction to an inoperative size, namely, disappearance.
PAR  The determination of the calibration constant for the corrosion measurement
      probe of the present invention is determined by unique relationship of
      mathematical definition for the probe employed therein. More particularly,
      these probes are defined by the following relationship: i = v(A/d)1/e
      wherein i is the current between the auxiliary electrodes, v is the
      incremental change in polarization potential between the reference
      electrodes, e is the resistivity of the electrolyte (e.g., water), A is
      the cross-sectional area of the passageway 16, and d is the distance
      between the auxiliary electrodes 22 and 23. Since A and d are fixed in
      relationship, then i = v(K/e) wherein K is the "cell"  constant. Rewriting
      the equation for the system i/v = K/e = K.DELTA. wherein .DELTA. is the
      conductivity of the electrolyte. Since i and v are readily measured, the
      conductivity is easily found when v is near zero, i = K'.DELTA. since K'
      is the system calibration constant pursuant to Ohm's Law.
PAR  The conductivity measurement probe 11 can be manufactured to an exactly
      precise calibration constant. However, the expense of such technique of
      manufacture need not be suffered. For this purpose, the probe 11 is
      provided with a very unique method of adjusting the system calibration
      constant K' to a particular desired value and especially to a calibration
      with a particular external associated electrical system. For example, in
      the equation i = K'.DELTA., a one micorampere can be equivalent to a
      conductivity of 1,000 micromhos where K' = 0.001 (approximately). For this
      purpose, the probe 11 is constructed with a system calibration constant K
      which is smaller than the desired value. Then, the probe 11 is connected
      through the electrical fitting 36 to an external electrical system.
      Current is passed through a known conductivity liquid between the
      electrodes 22 and 23 and the incremental change in polarization potential
      is measured through the electrodes 21 and 24. By the relatively simple
      earlier described calculation, the system calibration constant K' for the
      probe 11 can be determined.
PAR  For the purpose of determining K' and conductivity measurements, the
      circuit shown in FIG. 5 can be employed. In particular, the
      characteristics of the probe 11 are shown schematically in FIG. 5 and like
      parts have like reference numerals. A suitable current source, such as a
      battery 46, is placed in series with an ammeter 47 (e.g., a 0-500
      micrometer) and a rheostat 48. By this means, a current flow is
      established between the electrode 22 and 23 with a suitable known
      electrolyte in the passageway 16. The electrolyte may be contained in a
      static environment or in a flowing condition. The particular flow state is
      immaterial to the operation of the probe 11. For example, the electrolyte
      may be distilled and gas-free water which has a known conductivity. The
      potential induced between the electrodes 21 and 24 is measured by a
      suitable high impedance voltmeter 49 (e.g., a 0-50 millivoltmeter). The
      instrumentation described in U.S. Pat. No. 3,717,566 may be employed for
      this purpose to good advantage. With this equipment, sufficient current is
      passed between the electrodes 22 and 23 so that there is about a 10
      millivolt polarization potential change between the electrodes 21 and 24.
PAR  Should the cell constant K' be within the desired range with this
      particular instrumentation, the characteristics of the flux channel within
      the probe 11 can be adjusted for any specific calibration cell constant.
      For this purpose, an insulating member is mounted within the body 12 so
      that it may move transversely within the passageway 16 at a location
      substantially equidistantly from the auxiliary electrodes 22 and 23.
      Although the insulating member may be of any suitable form, it is
      preferred that the insulating member is threadedly mounted so that precise
      transverse movement within the passageway 16 may be obtained. For this
      purpose, the insulating member may be a screw 40 constructed of plastic
      material such as Nylon or polyvinyl chloride. The screw 40 is threaded
      through the body 12, the wall member of tubular member 14, and any
      intervening potting material 44. Adjustment of the screw 40 moves its end
      40a transversely within the passageway 16. The movement of the screw
      between positions influences the cross-sectional area of the flux channel
      to current passages between the electrodes 22 and 23. By deflection of the
      lines of force which such current follows, the conductivity cell constant
      of the probe 11 can be adjusted to any precise value within a reasonable
      range. Once the screw 40 is adjusted, the probe 11 will remain within
      calibration. If desired, the screw 40 is received within a cylindrical
      cavity 45 in the body 12. The remote end of the cavity 45 carries an
      internal threaded portion 45a in which a threaded plastic plug 50 is
      received. As a result, fluids cannot move between the exterior environment
      into contact with the screw 40, nor to possibly enter the passageway 16.
      As a result, the probe 11 is substantially secured against the influences
      of external material which might influence the conductivity measurement.
PAR  Referring now to FIGS. 3 and 4, there is shown another embodiment of the
      present conductivity measurement probe which employs a flow passageway
      including electrodes forming a bounded flux channel so that the system
      constant K' of the probe is first order independent of the ratio of the
      length of the flux channel, electrode dimensions, etc. However, this
      embodiment has construction features which are desirable where the probe
      is to be inserted directly into an existing polyvinyl chloride piping
      system carrying the electrolyte. The conductivity measurement probe 51 is
      formed of a rigid body 52 which may be of any suitable material.
      Preferably the body 52 is formed of polyvinyl chloride plastic material.
      The body 52 may be rectangular in configuration and carries a cylindrical
      opening 53. The opening 53 has electrically nonconducting wall members
      which may be provided by the body 52 when constructed of a rigid plastic,
      nonconducting material. The cylindrical opening 53 forms a cylindrical
      passageway 56 which extends through the body 52. A pair of pipe segments
      57 and 58 of the existing piping system serves as inlets and outlets for
      passing aqueous liquid through the passageway 56. The pipe segments are
      secured within the body 52 by an adhesive or other means. If desired, the
      functions of the pipe segments 57 and 58 may be reversed. Since the probe
      51 is symmetrical relative to the conductivity measuring portions, fluid
      can be introduced into the passageway 56 in the direction indicated by the
      arrow 59 with equal facility and results as with flow in the reverse
      direction.
PAR  Four elongated metallic electrodes 61, 62, 63, and 64 are disposed
      transversely within the passageway 56 and positioned in a parallel
      relationship with their longitudinal axis. These electrodes reside in a
      plane containing the longitudinal axis of the cylindrical passageway 56
      and are electrically isolated from the body 51. The dimensions and other
      criteria of the electrodes can be the same as has been described for probe
      11 in the preceding embodiment.
PAR  In order to facilitate construction of the probe 51, the body is made in
      upper and lower halves joined at meeting surface 67 with a polyvinyl
      chloride cement. The body 52 has a rectangular opening 66 which permits
      aligned holes to be prepared in the opposite sidewall surfaces surrounding
      the passageway 56 within the body 52. The electrodes are received in
      fluid-tight engagement within these holes. The electrodes may extend
      completely through the passageway 56, or only partially therethrough,
      without detracting from the advantageous characteristics of the probe 51.
      The electrodes carry at their upper extremities (as illustrated in FIG.
      3), end parts 61a, 62a, 63a, and 64a to which are secured electrical
      conductors 71, 72, 73, and 74. These electrical conductors extend from the
      electrodes to an external electrical fitting 76 carried on the exterior of
      the body 52.
PAR  The electrical fitting 76 may be of any conventional type such as a female
      screwed cap connector for a waterproof electrical cable attachment to the
      probe 51. In this regard, the electrical fitting 76 carries terminal pins
      77, 78, 79, and 81 to which the electrical conductors 71, 72, 73, and 74,
      respectively, are connected. The electrical fitting 76 can be secured to
      the body 52 by screws 82 or other suitable fasteners. After the electrical
      conductors are secured between the electrodes and the terminal pins of the
      electrical fitting 76, the opening 66 is filled with any suitable potting
      compound 84. This compound may be of the same type of plastic material and
      catalyst described for the previous embodiment. End molding pieces (not
      shown) may close the sides of opening 66 so that the liquid potting
      compound fills the body 52 to substantially void-free completeness. After
      the potting compound has set to a state of rigidity, the exposed parts of
      the electrodes, the electrical conductors and the terminal pins of
      electrical fitting 76 are contained in a fluid-tight environment so that
      no fluids pass between the passageway 56 and the external portions of the
      body 52.
PAR  Although the probe 52 could be constructed to an exact conductivity cell
      constant K' (e.g., 1 milliampere = 1,000 micromhos), it may be desirable,
      as in the preceding embodiment to provide an insulating member which can
      transversely be moved within the passageway 56. For this purpose, an
      insulating member, such as a plastic screw 86, is positioned for
      transverse movement into the passageway 56 at an equal spacing from the
      electrodes 62 and 63. The screw 86 is adjusted by moving its end 87 within
      the passageway 56 until the system constant K' of the probe 51 is at the
      conductivity of a standard electrolyte solution which fills the passageway
      56. The screw 86 is protected against accidental movement or injury by a
      plastic nipple 88 carried within a recess 89 formed in the body 52. The
      nipple 88 is secured within the recess 89 by an adhesive such as polyvinyl
      chloride cement. The nipple 88 carries internal threads 91 to receive a
      plastic plug 92.
PAR  The characteristics of the electrodes and their spacing within the probe 51
      is identical to that described third the probe 11 in the preceding unit
      embodiments. The electrodes 62 and 63 are auxiliary electrodes for passing
      current through the electrolyte in the passageway 56. The reference
      electrodes 61 and 64 are placed at a position without the polarization
      currents. Therefore, the electrodes 61 and 64 and the passageway 56 define
      the extremities of the flux channel. The elelctrodes 61 and 62, and 63 and
      64, should be at an equal spacing, whereas the electrodes 62 and 63 should
      be at a spacing greater than between the adjacent reference and auxiliary
      electrodes. Preferably, spacing between the electrodes 62 and 63 is twice
      that between the auxiliary and reference electrodes.
PAR  The probe 51 is employed in the same manner as the probe 11 of FIG. 1. The
      probe 51 connects to a suitable external circuit, such as schematically
      illustrated in FIG. 5, and current is passed between the electrodes 62 and
      63 causing a predetermined shift in polarizing potential between the
      electrodes 61 and 64. The previously mentioned formula is employed for
      detemining the conductivity of the electrolyte contained within the
      passageway 56. The passageway 56 may be filled with a known electrolyte
      having a known conductivity. The response of the probe 51 is then
      determined, the screw 86 adjusted until the desired cell calibration
      constant is obtained, and plug 92 reinstalled. Thus, the probe 51 can be
      brought to any desired calibration relative to the ammeter 47 illustrated
      in FIG. 5.
PAR  From the foreging there has been described two embodiments of a probe of
      the present invention in which the conductivity is a function only of the
      distance between the auxiliary electrodes and physical dimensions of the
      flux channel provided therein. The dimensions, corrosion attack, pitting,
      fouling of the electrodes, including their shapes, size and surface areas
      have only a third order effect upon the measurement of conductivity. The
      probes have all the advantages of "closed" cell d.c. measurement systems
      of conductivity and are not influenced by the deposition of scale other
      than would severely change the dimension of the flux channel.
PAR  Various modifications and alterations in the described probe will be
      apparent to those skilled in the art from the foregoing description which
      do not depart from the spirit of the invention. For this reason, these
      changes in structure are desired to be included within the scope of the
      present invention. The appended claims define the present invention; the
      foregoing description is to be employed for setting forth the present
      embodiments as illustrative in nature.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A conductivity probe comprising:
PA1  a. a body formed of a rigid insulating material and having a cylindrical
      opening therethrough;
PA1  b. a tubular electrically nonconducting member positioned coaxially within
      said opening of said body with an annulus therebetween extending at least
      partially through said body and said tubular member forming a cylindrical
      flow passage within said body thereby providing an insulated boundary
      defining a flux channel to polarization current;
PA1  c. said tubular member extending beyond the exterior surface of said body
      and carrying end connections adapted to function as inlet and outlet means
      for passing aqueous liquid through said flow passage;
PA1  d. four metallic electrodes of elongated configuration disposed in the flow
      passage and mounted with at least one of their ends penetrating the wall
      of said tubular member within said annulus between said body and said
      tubular member, and said electrodes positioned in parallel relationship
      with their longitudinal axes transverse to said flow passage and residing
      in a plane containing the longitudinal axis of said flow passage;
PA1  e. one pair of said electrodes being auxiliary electrodes for providing
      current flow in said flow passage and another pair of said electrodes
      being reference electrodes serving as polarization potential monitors,
      said auxiliary electrodes residing adjacent one another and said reference
      electrodes residing remote from one another at the limits of said flux
      channel and adjacent each auxiliary electrode;
PA1  f. each of said reference electrodes spaced equidistantly from the adjacent
      auxiliary electrode, and said auxiliary electrodes spaced apart a greater
      distance from one another than said auxiliary electrodes from said
      reference electrodes;
PA1  g. an elongated opening provided in said body intersecting said annulus and
      said elongated opening disposed in juxtaposition with said tubular member
      with one end of said electrodes being exposed by said elongated opening,
      and said elongated opening communicating with the exterior of said body;
PA1  h. electrically conductive means extending from said auxiliary and
      reference electrodes within said elongated opening to the exterior of said
      body; and
PA1  i. a cast insulating material filling void-free said annulus and elongated
      opening for integrally securing said tubular member, electrodes,
      electrically conductive means and body into a fluid-tight and rigid
      relationship, and said cast insulating material insulating said conductive
      means from each other in said body whereby said conductive means form
      circuits through said electrodes during conductivity measurements.
NUM  2.
PAR  2. The conductivity probe of claim 1 wherein said electrodes are
      substantially identical ferrous members and the spacing between said
      auxiliary electrodes is greater than twice the spacing between one of the
      auxiliary electrodes and the reference electrode adjacent thereto.
NUM  3.
PAR  3. The conductivity probe of claim 1 wherein said body is provided with a
      transverse opening intersecting said flow passage, and an insulating
      member is mounted in said transverse opening for movement within said flow
      passage between said auxiliary electrodes to position effecting the
      apparent conductivity constant for said probe provided by the
      cross-sectional area of said flux channel.
NUM  4.
PAR  4. The conductivity probe of claim 3 wherein said insulating member is
      threadedly mounted in said transverse opening in said body for precise
      movement within said flow passage.
NUM  5.
PAR  5. The conductivity probe of claim 3 wherein said insulating member is
      mounted in said transverse opening for movement transversely in said flow
      passage and substantially equidistant from said auxiliary electrodes.
NUM  6.
PAR  6. A conductivity probe comprising:
PA1  a. a body formed of a rigid insulating material and divided into two parts
      with a planar meeting surface, and said body having a cylindrical opening
      formed therein with the longitudinal axis of said opening residing along
      said planar meeting surface; and said cylindrical opening providing an
      insulating boundary defining a flux channel;
PA1  b. adhesive means securing the parts of said body of said planar meeting
      surface into a leakproof interconnection;
PA1  c. a pair of tubular members secured in fluid-tightness within said body
      and aligned coaxially of said cylindrical opening, said tubular members
      extending beyond said body and carrying end connections adapted to serve
      as inlet and outlet means for passing aqueous liquid through said flow
      passage;
PA1  d. an elongated opening provided in said body and said elongated opening
      extending in said body at least partially the length of said cylindrical
      opening but separated therefrom by an imperforate wall of rigid insulating
      material, and said elongated opening communicating with the exterior of
      said body.
PA1  e. four metallic electrodes of elongated configuration disposed in the flow
      passage and mounted through said imperforate wall of said insulating
      material with at least one of their ends extending into said elongated
      opening, and said electrodes positioned in parallel relationship with
      their longitudinal axes transverse to said flow passage and residing in a
      plane containing the longitudinal axis of said flow passage; f. one pair
      of said electrodes being auxiliary electrodes for providing current flow
      in said flow passage and another pair of said electrodes being reference
      electrodes serving as polarization potential monitors, said auxiliary
      electrodes residing adjacent one another and said reference electrodes
      residing remote from one another at the limits of said flux channel and
      adjacent each auxiliary electrode;
PA1  g. each of said reference electrodes spaced equidistant from the adjacent
      auxiliary electrode, and said auxiliary electrodes spaced apart a greater
      distance from one another than from said reference electrodes;
PA1  h. electrically conductive means extending from said auxiliary and
      reference electrodes within said elongated opening to the exterior of said
      body; and
PA1  i. a cast insulating material filling said elongated opening in said body
      substantially void-free for integrally securing said electrodes,
      electrically conductive means and body into a fluid-tight and rigid
      relationship, and said cast insulating material insulating said conductive
      means from each other in said body whereby said conductive means form
      circuits through said electrodes during conductivity measurements.
NUM  7.
PAR  7. The conductivity probe of claim 6 wherein said electrodes are
      substantially identical ferrous members and the spacing between said
      auxiliary electrodes is greater than twice the spacing between one of the
      auxiliary electrodes and the reference electrode adjacent thereto.
NUM  8.
PAR  8. The conductivity probe of claim 6 wherein said body is provided with a
      transverse opening intersecting said flow passage and an insulating member
      is mounted in said transverse opening for movement within said flow
      passage between said auxiliary electrodes to position effecting the
      apparent conductivity constant for said probe provided by the
      cross-sectional area of said flux channel.
NUM  9.
PAR  9. The conductivity probe of claim 8 wherein said insulating member is
      threadedly mounted in said transverse opening in said body for precise
      movement within said flow passage.
NUM  10.
PAR  10. The conductivity probe of claim 8 wherein said insulating member is
      mounted in said transverse opening for movement transversely in said flow
      passage and substantially equidistant from said auxiliary electrodes.
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ABST
PAL  In apparatus for the high frequency voltage testing of insulation on
      conductors, a display technique is disclosed in which a plurality of
      insulated conductors under test are in mutually parallel circuit branches
      all connected in a single capacitor discharge circuit and associated with
      means for simultaneously displaying signals indicative of current
      variations in each of the parallel circuit branches. This technique of
      simultaneous display not only minimizes the components in the circuit but
      more importantly provides a more sensitive and faster responding test
      apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to insulation test apparatus in which an insulated
      conductor under test is subjected to a high frequency voltage producing a
      waveform whose characteristics indicate the quality of insulation on the
      conductor.
PAR  2. Prior Art
PAR  High frequency voltage testing of insulated conductors is a well
      established technique and is widely used for checking the quality of the
      insulation used in dynamoelectric machine coils. The general technique
      involves discharging a capacitor into the coil and observing the frequency
      and Q of discharge voltage or current. The test also serves to identify
      coils which by accident may have more or fewer turns than they are
      supposed to have. The basic technique is described in an article by J. L.
      Rylander in Transactions of the AIEE, Feb. 1926, pages 459 to 465.
      Reference may also be made to copending application Ser. No. 146,234,
      filed May 24, 1971, U.S. Pat. No. 3,731,185, issued May 1, 1973, by the
      present inventor and assigned to the present assignee, which further
      discusses the background of this type of apparatus and discloses an
      improvement with respect to the manner in which capacitor discharge is
      effected.
PAR  In the apparatus originally disclosed by Rylander and as widely used the
      indication of discharge frequency is obtained by a wave meter. Similar
      apparatus has been constructed by P. Mylner and J.E. Macko, in unpublished
      work, using certain improvements over the original apparatus of Rylander
      including displaying the voltage of the capacitor on an oscilloscope as a
      discharge, facilitating the measurement of the discharge frequency and the
      circuit Q.
PAR  Further modified apparatus has been at least demonstrated by a manufacturer
      prior to the present invention, that includes (as schematically
      illustrated in FIG. 1) essentially two complete discharge circuits 10 and
      20 and includes provisions for connection of a test coil 11 and 21 within
      each of the discharge circuits. By using a current transformer 12 on the
      common ground branch of the two circuits 10 and 20 and triggering them
      alternately, a display of the discharge current in each of the two coils
      alternately, but rapidly, appears on an oscilloscope 15. If one coil has
      faulty insulation or the wrong number of turns, it is easily detected by
      noticing the difference in the forms of the two traces.
PAR  The provision of duplicate discharge circuits is unattractive from a size
      and ecomony standpoint and the purposes of achieving a simultaneous
      display without such duplication led to the making of the present
      invention.
PAC  SUMMARY
PAR  The present invention, briefly, concerns an improved display technique
      particularly for insulation test apparatus of the high frequency voltage
      type. According to the invention there are provided means to connect a
      plurality of insulated conductors under test respectively in mutually
      parallel circuit branches which are all connected in a single capacitor
      discharge circuit. means such as current transformers are associated with
      each of the parallel circuit branches for sensing current variations in
      each of those branches. The signals from the sensing means are applied to
      display means, such as an oscilloscope, for simultaneously displaying
      signals representing the condition of each of the conductors under test.
PAR  By this display technique there is not only avoided the need for multiple
      discharge circuits but additionally a simultaneous display is provided
      with superior sensitivity in its ability to demonstrate small differences
      in coil inductance.
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PAC  DRAWING
PAR  FIG. 1 is a schematic diagram of a circuit of insulation test apparatus
      illustrating features of the prior art previously referred to;
PAR  FIG. 2 is a schematic diagram of a test circuit including the display
      technique provided by the present invention; and
PAR  FIG. 3 is a set of waveforms illustrating timing functions in the
      performance of the circuit of FIG. 2.
DETD
PAC  PREFERRED EMBODIMENTS
PAR  Referring to FIG. 2, apparatus in accordance with this invention is
      illustrated in schematic form for a complete high frequency tester.
      Operation of the complete circuit will be explained with reference to the
      voltage waveform shown in FIG. 3 which provides timing information.
PAR  The apparatus of FIG. 2 is intended for operation from a usual 115 volt, 60
      hertz, supply 25, although another type of supply may be used. The supply
      25 is connected across a capacitor charging circuit 26 which in this
      example includes a transformer 27 with, on its primary side, a variably
      adjustable winding 28 for varying the primary voltage level and on the
      secondary side a diode or other rectifying means 29 to provide at the
      output of the charging circuit a predetermined direct voltage level.
PAR  Capacitor 30 is connected across the charging circuit 26. In circuit with
      the capacitor is a switching means 32 which is preferably a solid state
      switch including a series string of a plurality of semiconductor switches
      of the four-layer type, preferably reverse switching rectifiers, as
      disclosed in the above referred to copending application Ser. No. 146234.
      Also in circuit with the capacitor are a plurality of mutually parallel
      circuit branches 33 and 34 that each include an insulated conductor 35 and
      36, respectively, under test. Each branch 33 and 34 has associated with it
      a means, such as a current transformer, 37 and 38, respectively, for
      sensing current variations in each of the parallel circuit branches and
      supplying signals thereof to display means such as an oscilloscope for
      simultaneous display of those signals.
PAR  The circuit also includes a trigger pulse generator 40 connected across the
      supply lines that comprises means in accordance with known techniques for
      applying a trigger pulse to the solid state switching means 32 on line 41.
      Additionally, a phase detector 42, of known type, is connected across the
      supply lines and associated with the trigger pulse generator on line 43
      and the trigger circuit of oscilloscope 15 on line 44.
PAR  As the AC line voltage goes positive, as shown in FIG. 3(a), the energy
      storage capacitor 30 is charged as shown in FIG. 3(b), by current flowing
      through the diode 29. At the same time, the AC line voltage is applied in
      phase to the phase detector 42 which contains circuitry to sense the
      occurrence of the peak. Sh9rtly after the peak of the line voltage has
      been reached and capacitor 30 has been fully charged, the phase detector
      42 provides a signal to the trigger pulse generator 40 as shown in FIG.
      3(c). The trigger pulse generator then applies an amplified trigger pulse
      to the solid state switch 32, causing it to close and discharge the energy
      storage capacitor 30 into the coils under test. During the negative half
      cycle of the AC line voltage capacitor 30 is not charged and no transient
      is generated.
PAR  The apparatus includes preferably a solid state switch in accordance with
      the above-mentioned copending application which is mechanically associated
      by coupling 45 with a variable winding 28 on the primary side of the
      transformer so that as voltage is changed the number of triggerable
      switching devices changes.
PAR  For operator convenience, it is desirable to display the discharge
      transient on an oscilloscope. Because the transient is repetitive at a
      rate of 60 hertz, a stable oscilloscope display may easily be obtained
      using the output of the phase detector 42 as the oscilloscope
      synchronization signal.
PAR  The display technique of this invention is superior in accuracy and
      operator convenience to those previously used. It involves discharging the
      energy storage capacitor into at least two coils connected in parallel as
      shown in the drawing. A current transformer on each of the parallel
      branches 33 and 34 provides voltage signals proportional to the currents
      in each of the conductors under test and are connected to the inputs of
      the two channel oscilloscope 15 synchronized in the manner described.
PAR  With this type of circuit connection, two distinctly different types of
      displays are possible. There may be provided an alternate sweep display in
      which the oscilloscope is adjusted to sweep alternately between the
      outputs of the two current transformers. This can be performed so rapidly
      in commercially available oscilloscopes that it seems to be displayed
      simultaneously for both coils under test. This type of display provides a
      comparison between a reference coil and a coil not yet tested. It is
      superior in regard to readability and sensitivity compared to the display
      which alternately presents the currents of two test coils excited from two
      entirely separate discharge circuits. Also, more than two test coils can
      be simultaneously tested this way.
PAR  The circuit of this invention also permits a differential display in which
      the oscilloscope used includes the feature of displaying a signal which is
      the difference between the input supplied to the two vertical channels, or
      the differential signal. When this method of display is used, two similar
      test coils provide almost no differential signal, while two test coils
      with different inductances result in a signal of large amplitude. When
      this method of display is used the oscilloscope gain may be increased
      considerably so that small differences in coil inductance which would be
      undetectable by any other display technique may easily be seen. One
      condideration in using this mode of display is that an acceptable coil
      yields no differential signal as would also be the case if the
      oscilloscope malfunctioned. Thus, periodic checks to insure normal
      operation are required.
PAR  A differential display technique may be app.ied in a level detector and is
      used to detect a variation of a given magnitude between two coils with
      indicia means (such as an electric lamp or an audible signal) connected to
      indicate the existence of such a variation to an operator.
PAR  The superior sensitivity of the display circuit in accordance with this
      invention to differences in coil inductance can be shown analytically in
      the following way. Assume that the inductances of the two test coils are
      related in the following manner:
EQU  L.sub.2 = L.sub.1 (1 + .delta. )
PAL  where L.sub.1 and L.sub.2 are the inductance of the respective test coils
      and .delta. is a dimensionless factor.
PAR  When operated in the circuit shown in FIG. 2, the peak coil currents are
      related as follows:
      ##EQU1##
      However, when two separate pulse circuits are used as in FIG. 1, coil peak
      currents are related as follows:
      ##EQU2##
      The display technique in accordance with this invention is therefore more
      sensitive than that of the prior art by a factor of the reciprocal of -1 -
      .delta..
PAR  Since the period of oscillation of discharge currents is the same in both
      coils under test in the present invention, no information is provided
      regarding coil inductance. In the apparatus of Fig. 1 in which there are
      separate discharge circuits, the periods differ, but their ratio is still
      equal to 1 + .delta. so that it is no more sensitive than the indication
      of peak current in indicating inductance.
PAR  Apparatus in accordance with this invention has been constructed and
      successfully operated and found less complex and less expensive as well as
      functionally superior to other known approaches.
CLMS
STM  I claim:
NUM  1.
PAR  1. In insulation test apparatus wherein a capacitor discharge applies a
      high frequency voltage to an insulated conductor under test and producing
      a waveform whose characteristics, including frequency, indicate the
      quality of insulation on the conductor, the improvement comprising:
PA1  means to connect a plurality of insulated conductors under test
      respectively in mutually parallel circuit branches which are all connected
      in a single capacitor discharge circuit; means for sensing current
      variations in each of said parallel circuit branches; means for displaying
      signals from each of said means for sensing current variations.
NUM  2.
PAR  2. The subject matter of claim 1 wherein:
PA1  said single capacitor discharge circuit comprises a capacitor that is also
      connected in a charging circuit to charge it to a desired voltage level,
      switching means to close said discharge circuit, and two of said mutually
      parallel circuit branches, each for a separate insulated conductor under
      test.
NUM  3.
PAR  3. The subject matter of claim 2 wherein:
PA1  said means for sensing current variations in each of sapid parallel circuit
      branches is a current transformer and said means for displaying signals is
      an oscilloscope.
NUM  4.
PAR  4. The subject matter of claim 2 wherein:
PA1  said switching means comprises a plurality of semiconductor switching
      devices of the four layer type connected in a series string and provided
      with means to trigger said series string to conduction to effect discharge
      of said capacitor.
NUM  5.
PAR  5. The subject matter of claim 1 wherein:
PA1  said means for displaying signals has alternately applied thereto signals
      from each of said means for sensing current variations at a rate to
      produce an apparent simultaneous display.
NUM  6.
PAR  6. The subject matter of claim 1 wherein:
PA1  said means for displaying signals has means to develop a signal
      representing the difference of two parallel circuit branches and to
      display that difference signal.
NUM  7.
PAR  7. The subject matter of claim 6 wherein:
PA1  said apparatus further comprises indicia means to indicate the existence of
      a given magnitude of difference signal.
PATN
WKU  039367312
SRC  5
APN  5237424
APT  1
ART  252
APD  19741114
TTL  Amplifier with fast recovery after input signal overswing
ISD  19760203
NCL  23
ECL  23
EXP  Mullins; James B.
NDR  5
NFG  13
INVT
NAM  Wheatley, Jr.; Carl Franklin
CTY  Somerset
STA  NJ
ASSG
NAM  RCA Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  330 17
XCL  330 20
XCL  330 30R
XCL  330 30D
EDF  2
ICL  H03F  368
FSC  307
FSS  300
FSC  330
FSS  20;30 R;30 D;17
UREF
PNO  3560866
ISD  19710200
NAM  Haines
XCL  330 30D
UREF
PNO  3571621
ISD  19710300
NAM  Hart et al.
XCL  307313
OREF
PAL  "A Wideband Multiplier for Systems Design," Electronic Engineering, June
      1972, pp. 18, 19.  50.
LREP
FR2  Christoffersen; H.
FR2  Cohen; S.
FR2  Limberg; A. L.
ABST
PAL  In a direct-coupled cascade of first and second amplifier stages
      respectively including first and second complementary-conductivity
      transistors, the collector electrode of the first transistor being
      connected to the base electrode of the second transistor, there is a delay
      in recovery of response to input signal after a sustained input signal
      overswing condition. This delay is obviated by direct coupling an
      auxiliary amplifier stage having a gain of relatively low amplitude and
      opposite sense as compared to the first amplifier stage, in parallel with
      the first amplifier stage. The auxiliary amplifier prevents the discharge
      of capacitances in the second amplifier stage when the conduction of the
      first transistor is cut off. Then, upon the resumption of conduction of
      the first transistor, no time is needed for re-charging the capacitances
      before the second transistor can be drawn back into conduction.
BSUM
PAR  The present invention relates to electric signal amplifiers including
      circuitry for improving the speed of recovery to normal amplification
      after input signal overswing.
PAR  When a common-emitter transistor input amplifier stage using a PNP (or an
      NPN) transistor is followed in direct coupled cascade by a common-emitter
      transistor output amplifier stage using a complementary-conductivity NPN
      (or PNP) transistor, a problem may arise with respect to recovery from
      input signals which swing to a potential level more than sufficient to cut
      off conduction of the input stage transistor. During the time the input
      stage transistor is non-conductive, the capacitances associated with the
      output stage transistor lose their charge. When the overswing of input
      signal is finished and the input stage transistor is biased once again
      into conduction, it takes a brief time for its collector current to
      re-charge the capacitances of the output amplifier stage before its
      transistor can respond to resume its conduction. This effect, the delay in
      response of the output amplifier stage transistor, is undesirable in most
      high-frequency amplifier applications.
PAR  A similar type of problem occurs in a direct-coupled cascade of the type
      described in the previous paragraph but wherein the input amplifier stage
      transistor is connected in a common-base rather than common-emitter
      configuration.
PAR  An amplifier embodying the present invention includes a pair of parallelled
      input transistor amplifier stages, with gains of opposite sense, the first
      of which gains is larger than the second, so the output signal of the
      first input amplifier stage is partially counteracted by the output signal
      of the second. The combined output signals of these parallelled input
      amplifier stages are applied to the input circuit of an output amplifier
      stage. Input signal overswings tend to cut-off the first input amplifier
      and output amplifier stages simultaneously, during which time the second
      input amplifier stage continues to supply current to keep the capacitances
      of the input circuit of the output amplifier stage charged. Therefore, no
      time is required to re-establish conduction of the output amplifier stage
      when the overswing condition passes.
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PAR  In the drawing, wherein corresponding elements in different figures are
      correspondingly numbered:
PAR  FIG. 1 is a schematic diagram of a circuit configuration in which the
      present invention may be embodied in either of two ways;
PAR  FIG. 2 is a schematic diagram of a variant of one of the embodiments
      exemplified by FIG. 1;
PAR  each of FIGS. 3 and 9-13 is a partially schematic block diagram of a
      different amplifier embodying the present invention; and
PAR  each of FIGS. 4-8 is a schematic diagram of a prior art balanced to
      single-ended signal converter suitable for inclusion in the differential
      amplifiers shown in any one of FIGS. 3 and 9-13.
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PAR  In FIG. 1, NPN transistors 11 and 12 are connected in common-base and
      common-emitter amplifier configurations, respectively, insofar as input
      signal supplied to each of them via coupling capacitor 13 from source 14
      is concerned. The collector electrodes of transistors 11 and 12 are direct
      coupled in common to the base electrode of a PNP transistor 15 connected
      in a common-emitter amplifier configuration.
PAR  Potential supply 16 applies forward bias to the base-emitter junction of
      transistor 11 by direct connection and to the base-emitter junction of
      transistor 12 by means of the emitter follower action of transistor 11 and
      the potential division action of resistors 17 and 18. The combined
      resistance of resistors 17 and 18 in the emitter circuit of transistor 11
      provides current feedback to stabilize its quiescent collector current,
      and a resistor 19 in the emitter circuit of transistor 12 provides current
      feedback to stabilize its quiescent collector current. The combined
      collector currents of transistors 11 and 12 supply the base current of
      transistor 15. The emitter electrode of transistor 15 has the combined
      potentials of supplies 16 and 20, + V.sub.CC applied to it. The potential
      at the collectors of transistors 11 and 12 is equal to +V.sub.CC minus the
      offset potential across the emitter-base junction of transistor 15.
      Transistor 15 is shown with a resistive collector load 21 across which an
      output signal is to be developed responsive to the input signal from
      source 14 and made available at output terminal 22.
PAR  The quiescent collector current of transistor 15 may be stabilized in a
      number of known ways, none of which is shown since this is immaterial to
      the present invention. For example, a diode or diode-connected transistor
      may be connected between the base and emitter electrodes of transistor 15.
      Or direct coupled feedback may be employed from a tap point on the
      resistor 21 to the base electrode of transistor 15 or to the emitter
      electrode of transistor 12.
PAR  The gain of the common-base amplifier with transistor 11 is related to the
      gain of the common-emitter amplifier with transistor 12 in the same ratio
      as the conductance of resistor 17 to the conductance of resistor 19--that
      is, the same ratio as the resistance of resistor 19 to the resistance of
      resistor 17. The resistance of one of the resistors 17 and 19 is made
      several times larger than that of the other.
PAR  In the case where the resistance of resistor 17 is low compared to that of
      resistor 19, the common-base amplifier transistor 11 has higher gain than
      the common-emitter amplifier transistor 12 and during normal input signal
      conditions, its non-inverting amplifier action predominates over the
      inerting amplifier action of transistor 12. When the input signal swings
      sufficiently positive--that is, to within a V.sub.BE of the potential at
      the positive terminal of supply 16-- an overswing condition exists wherein
      transistor 11 is rendered non-conductive. (V.sub.BE is the offset
      potential across the base-emitter junction of a transistor--that is, about
      0.6 volts for 1-0-0 silicon transistor.) Without transistor 12, this would
      result in no current being withdrawn from the base electrode of transistor
      15. In such instance, the capacitance at the base electrode of transistor
      15 would no longer be supplied a charging current and the leakage
      resistance of the base-emitter junction of that transistor could discharge
      this capacitance. When conduction of transistor 11 was restored, the stray
      capacitance would have to be re-charged sufficiently to provide a
      base-emitter potential to transistor 15 sufficiently large to bias it into
      conduction, and this would introduce a delay into its collector current
      response when the input signal overswing condition passed.
PAR  With the use of common-emitter amplifier transistor 12, however, the
      operation differs. For when the input signal from source 13 swings
      sufficiently positive to cut off conduction in common-base amplifier
      transistor 11, it continues to forward bias the base-emitter junction of
      transistor 12. The collector current of transistor 12 continues in
      response to this forward-biasing and maintains the charge upon the
      capacitance at the base electrode of transistor 15. It is usually
      desirable to keep the gain of the common-emitter amplifier including
      transistor 12, as small as possible to accomplish this purpose in this
      first alternative construction of the FIG. 1 circuit. This is done to
      minimize the fold-over of output signal caused by the continuing
      amplification of common-emitter transistor 12 when common-base transistor
      11 is non-conductive.
PAR  In the case where the resistance of resistor 19 is low compared to that of
      resistor 17, the common-emitter amplifier transistor 12 has higher gain
      that the common-base amplifier transistor 11. So, during normal input
      signal condition, the inverting amplifier action of transistor 12
      predominates over the non-inverting amplifier action of transistor 11.
      When the input signal swings sufficiently negative--that is, to within a
      V.sub.BE of the potential at the ground reference potential--an overswing
      condition exists wherein transistor 12 is rendered non-conductive. Without
      transistor 11, this would result in no current being withdrawn from the
      base electrode of transistor 15. In such instance, the capacitance at the
      base electrode of transistor 15 would no longer be supplied a charging
      current and the leakage resistance of the base-emitter junction of that
      transistor could discharge this capacitance. When conduction of transistor
      12 was restored, the stray capacitance would have to be recharged
      sufficiently to produce a potential large enough to overcome the
      base-emitter offset potential of transistor 15 before it could be biased
      into conduction, and this would introduce a delay into its response when
      the input signal overswing condition passed.
PAR  With the use of common-base amplifier transistor 11, however, the operation
      differs. For when the input signal from source 14 swings sufficiently
      negative to cut off conduction in common-emitter amplifier transistor 12,
      it continues to forward bias the base-emitter junction of transistor 11.
      The collector current of transistor 11 continues in response to this
      forward biasing and maintains the charge upon the capacitance at the base
      electrode of transistor 15. It is usually desirable to keep the gain of
      the common-base amplifier 11 as small as possible to accomplish this
      purpose in this second alternative construction of the FIG. 1 circuit.
      This is to minimize the fold-over of output signal caused by the
      continuing amplification of common base transistor 11 when common-emitter
      transistor 12 is non-conductive.
PAR  FIG. 2 is a variant of the second alternative construction of FIG. 1
      wherein the emitter of the common-base amplifier transistor 11 has input
      signal coupled to it from source 14 by means including the emitter
      follower action of common-emitter amplifier transistor 12. This variant
      provides the foundation for construction of differential amplifiers
      embodying the present invention.
PAR  FIG. 3 shows a differential amplifier 100, which includes a pair of
      emitter-coupled transistors 101 and 102 accepting input signals from
      signal sources 103 and 104 at their respective base electrodes. Direct
      potential supply 105 supplies quiescent bias potential V.sub.115 to the
      base electrodes of transistors 101 and 102 to forward bias their
      respective base-emitter junctions, the joined emitter electrodes of
      transistors 101 and 102 being returned to ground reference potential
      through a resistor 106. The quiescent potential across resistor 106 is
      V.sub.115 minus the quiescent base-emitter offset potential
      V.sub.BE101-102 characteristic of transistors 101 and 102. V.sub.BE101-102
      is substantially constant over a wide range of currents (at a value of
      about 550 to 650 millivolts for 1-0-0 silicon transistors). The combined
      quiescent emitter currents of transistors 101 and 102 are determined in
      accordance with Ohm's Law by dividing V.sub.115 - V.sub.BE101-102 by
      R.sub.106, the resistance of resistor 106.
PAR  Transistors 101 and 102 respond to the difference between the input signals
      applied between their base electrodes with push-pull or balanced
      variations in their respective collector currents. The collector
      electrodes of transistors 101 and 102 are direct current conductively
      coupled to a positive operating potential, +V.sub.CC, shown as being
      supplied by the serially connected direct potential supplies 105, 107 and
      108. This direct current conductive coupling is via a balanced to
      single-ended signal converter 110, which responds to the collector current
      variations of transistors 101 and 102 so as to constructively combine them
      to provide a single-ended output signal for application to a load 109.
      FIGS. 4-8 illustrative various known configurations which represent
      suitable forms for the balanced to single-ended signal converter.
      Terminals 111, 112 and 113 are the terminals connecting the balanced to
      single-ended signal converter to the collector electrode of transistor
      101, to the collector electrode of transistor 102 and to +V.sub.CC,
      respectively.
PAR  In FIG. 4, the balanced to single-ended signal converter comprises
      transistors 31 and 32 connected as a current mirror amplifier 30. Current
      mirror amplifier action is as follows. The direct-coupled
      collector-to-base feedback of transistor 31 regulates its base-emitter
      potential to a value such that its collector current suffices to supply
      the collector current demands of transistor 101. This base-emitter
      potential of transistor 31 is also the base-emitter potential of
      transistor 32. Transistor 32 has transconductance characteristics matching
      those of transistor 31, so its collector current responsive to the
      base-emitter potential is the same as that of transistor 31. The collector
      current of transistor 32 therefore varies in amplitude as does the
      collector current of transistor 101, but in the opposite sense of swing,
      so that its variations due to differential mode components of the input
      signal may be constructively combined--that is, added--to the variations
      in the collector current of transistor 102 due to differential components
      of the input signals. At the same time, variations in the collector
      currents of transistors 32 and 102 due to common-mode components of the
      input signals are destructively combined--that is, cancelled out by each
      other insofar as flowing to the load 109.
PAR  FIG. 5 shows another well-known current mirror amplifier 40 connected as a
      balanced to single-ended signal converter. Transistors 41 has its
      base-emitter potential adjusted by direct-coupled collector-to-base
      feedback applied by the emitter-follower action of transistor 43, this
      adjustment of its base-emitter potential being to a level such that the
      collector current supplied by transistor 41 meets the collector current
      demand of transistor 101. The base-emitter potential of transistor 41 is
      also supplied to transistor 42, the transconductance characteristic of
      which is the same as that of transistor 41. Accordingly, the collector
      current of transistor 42 is like that of transistor 41. The collector
      current of transistor 42 is coupled without substantial attenuation to
      terminal 112 by the common-base amplifier action of transistor 43. So,
      transistor 43 supplies a collector current of substantially the same
      amplitude as demanded by transistor 101.
PAR  FIG. 6 shows yet a third well-known current mirror amplifier 30' connected
      as a balanced to single-ended signal converter. This current mirror
      amplifier 30' has transistor 31 provided direct-coupled collector-to-base
      degenerative feedback by means of an emitter-follower transistor 33 rather
      than by direct connection. The collector electrode of transistor 33 is
      connected via terminal 35 to a potential at least 1 volt less positive
      than that at terminal 113--conventionally, this is ground potential.
      Resistor 34 is a "pull-up" resistor to speed the cutting off of the
      conduction of transistors 31 and 32 when no current is demanded from
      terminal 111.
PAR  Equal value emitter degeneration resistors may be used with transistors 31
      and 32 in the FIG. 4 and FIG. 6 configurations or with transistors 41 and
      42 in the FIG. 5 configuration.
PAR  FIG. 7 shows a balanced to single-ended signal converter using a current
      mirror amplifier 50 having input, output and common terminals at 51, 52
      and 53, respectively. This current mirror amplifier can be similar to any
      one of those shown in FIGS. 4, 5 or 6, for example, except for being
      constructed with NPN rather than PNP transistors. Transistors 56 and 57
      have equal common-emitter forward current gains. Transistors 56 is
      connected as a common-emitter amplifier linking terminal 111 to input
      terminal 51 of the current mirror amplifier 50, and transistor 57 is
      connected as a common-emitter amplifier linking terminal 112 to the output
      terminal 52 of the current mirror amplifier 50. This arrangement permits
      the load 109 to be biased at V.sub.115 to which the input signal sources
      103 and 104 are also biased, so voltage gain or transconductance can be
      obtained from differential amplifier 100 without attendant potential
      translation.
PAR  FIG. 8 shows a balanced to single-ended converter similar to that shown in
      FIG. 7, but in which the common-emitter amplifier transistors 56 and 57
      are replaced by current mirror amplifiers 60 and 70, respectively. The
      input, output and common terminals of current mirror amplifier 60 are at
      61, 62 and 63, respectively; those of current mirror amplifier 70, at 71,
      72 and 73, respectively. Current mirror amplifiers 60 and 70 may be of the
      same type as any of those shown in FIGS. 4, 5 and 6, for example.
PAR  The FIG. 3 configuration as thus far described using a balanced to a
      single-ended signal converter of the type shown in any of FIGS. 4-8 is
      known to the prior art and will exhibit the problem of delay distortion
      when an input signal overswing removes transistor 101 from conduction.
      Capacitance associated with the input circuitry of any of the current
      mirror amplifiers used as a balanced to single-ended signal converter must
      not be permitted to discharge fully during input signal overswing
      conditions.
PAR  Delay distortion caused by input signal overswing is forestalled in the
      FIG. 3 circuit by elements 301-304 connected as shown. One way to view the
      operation of these elements is that elements 103, 101, 102, 304 and 302
      respectively correspond quite closely in operation to elements 14, 12, 19,
      17' and 11 of FIG. 2 insofar as input signal from source 103 alone is
      concerned. Elements 104, 102, 101, 303 and 301 respectively correspond
      quite closely in operation to elements 14, 12, 19, 17' and 11 of FIG. 2
      insofar as source 104 alone is concerned in this view.
PAR  Another view is to regard transistors 101 and 102 as transistors having
      their respective input circuits parallelly connected with the input
      circuits of transistors 301 and 302, respectively. Each pair of
      transistors--101 and 102, 301 and 302--responds to the difference between
      input signals from sources 103 and 104 to provide push-pull collector
      currents from respective ones of its transistors. Because of their
      respective emitter degeneration resistors 303 and 304, transistors 301 and
      302 have lower gains than transistors 101 and 102. So, transistor 302
      contributes smaller and out-of-phase collector current variations to be
      admixed with the larger collector current variations of transistor 101.
      This continuously maintains at least a minimum current flow to terminal
      111 of the balanced to single-ended signal converter 110, keeping the
      capacitance associated with circuitry of a current mirror amplifier
      therewithin--such 30, 40, 30', 50, 60 or 70--at least partially charged at
      all times. This eliminates delay distortion caused by input signal
      overswing removing transistor 101 from conduction.
PAR  Also, transistor 301 contributes smaller and out-of-phase collector current
      variations to be admixed with the larger collector current variations of
      transistor 102. This continuously maintains at least a minimum current
      flow to terminal 112 of the balanced to single-ended signal converter 110.
      When the balanced to single-ended converter is of the type as shown in
      FIG. 7, this minimum current flow maintains the capacitances associated
      with the input circuitry of common-emitter amplifier transistor 57
      partially charged at all times, eliminating delay distortion caused by
      input signal overswing removing transistor 102 from conduction. Similarly,
      when the FIG. 8 circuit is used as the balanced to single-ended signal
      converter, the capacitance associated with the input circuitry of current
      mirror amplifier 70 is prevented from discharging during input signal
      overswings cutting off conduction in transistor 102, thus avoiding delay
      distortion.
PAR  When transistors 101 and 301 are cut off from conduction, the mirrored
      collector current of transistor 302 is insufficiently large compared to
      the collector current of transistor 102 to have substantial effect upon
      the output signal supplied to load 109. And when transistors 102 and 302
      are cut off from conduction, the collector current of transistor 301 is
      insufficiently large compared to the mirrored collector current of
      transistor 101 to have substantial effect upon the output signal supplied
      to load 109. Only a slight flattening of output signal occurs for the
      input signal overswing condition, and there is no "fold-over" of output
      signal as is characteristic of the FIG. 1 and FIG. 2 embodiments of the
      invention. The embodiments of the present invention shown in FIGS. 9-13
      are free from "fold-over" of output signal also, for similar reasons. This
      freedom is very important when an overall feedback loop connection
      coupling the output signal of the balanced to single-ended signal
      converter 110 to the base electrode of transistor 101 or 102 is made,
      since it substantially reduces the problem that the nature of the feedback
      loop may change from degenerative to regenerative (or vice-versa). Such
      change would make it virtually impossible to design a well-behaved
      feedback system.
PAR  The lower transconductances of transistors 301 and 302 as compared to
      transistors 101 and 102 has been attributed to the presence of the emitter
      degeneration resistances 303 and 304 providing current feedback for
      signal, which loosens the emitter-coupling of transistors 301 and 302 to
      each other and, more importantly, to transistors 101 and 102 as compared
      to the emitter-coupling of transistors 101 and 102. There is additionally
      another mechanism concurrently at work to reduce the transconductances of
      transistors 301 and 302 relative to those of transistors 101 and 102. This
      is the current feedback of common-mode signal incurred across resistors
      303 and 304 working to apply "reverse gain control" potential to the
      emitter electrodes of transistors 301 and 302. That is, direct current--or
      other common-mode current--flowing through resistors 303 and 304 develops
      potentials across them which reduces the base-emitter potentials of
      transistors 301 and 302 relative to the base-emitter potentials of
      transistors 101 and 102. Each 18 millivolts of potential drop across each
      of resistors 303 and 304 reduces the emitter currents of transistors 301
      and 302 by two times relative to the emitter currents of transistors 101
      and 102. Since, as is well known, the transconductance of a transistor is
      proportional to its emitter current, each 18 millivolts of potential drop
      across each of resistors 303 and 304, caused by common-mode current flow
      will reduce the transconductances of transistors 301 and 302 by 6dB
      relative to the transconductances of transistors 101 and 102.
PAR  The modulation of the transconductances of transistors 301 and 302 in
      response to changing common-mode components of the input signals from
      sources 103 and 104 generally presents no serious problem. This is because
      the collector current variations of transistors 301 and 302 are typically
      only 1 or 2 percent as large as those of transistors 101 and 102, and
      slight variation in this small fraction has little effect on the amplitude
      of the output signal to the load 109. The magnitude of the problem can be
      reduced further by replacing resistor 106 with means providing a constant
      current sink.
PAR  In FIG. 9, the sole mechanism for reducing the transconductance of
      transistors 401 and 402 respective to those of transistors 101 and 102 is
      the "reverse gain control" afforded by the potential drop across resistor
      403 responsive to common-mode current flow. In this configuration also,
      the resistor 106 may be replaced by means providing a constant current
      sink to avoid modulation of the transconductances of transistors 401 and
      402 by common-mode input signal variations from sources 103 and 104.
PAR  FIG. 10 shows circuitry in which a constant current is withdrawn from the
      joined emitter electrodes of transistors 401 and 402 which is smaller than
      a constant current withdrawn from the joined emitter electrodes of
      transistors 101 and 102. This causes the transconductances of transistors
      401 and 402 to be smaller than the transconductances of transistors 101
      and 102, as desired. More particularly, the potential from supply 105 is
      applied to the series connection of resistor 505 and diode-connected
      transistor 506 to develop a temperature-compensated base-emitter potential
      for transistors 507 and 508. Transistor 508 has a total effective
      base-emitter junction area several times larger than that of transistor
      507, so its transconductance is larger than that of transistor 507.
      Therefore, transistor 508 demands a larger current from the joined emitter
      electrodes of transistors 101 and 102, than transistor 507 does from the
      joined emitter electrodes of transistors 401 and 402.
PAR  The larger effective base-emitter junction area of transistor 508 may be
      obtained either by parallelling several base-emitter junctions of the size
      used in transistor 507, or simply by making the base-emitter junction area
      of transistor 508 larger within a single periphery than that of transistor
      507; the drawing convention showing multiple emitters for transistor 508,
      but only a single-emitter for transistor 507, is to be construed as
      indicating either possibility.
PAR  FIG. 11 shows circuitry in which a constant current is withdrawn from the
      joined emitter electrodes of transistors 601 and 602 which is equal to the
      constant current withdrawn from the joined emitter electrodes of
      transistors 101 and 102. The emitter degeneration resistors 603 and 604
      are the only important mechanism for reducing the gains of transistors 601
      and 602 relative to those of transistors 101 and 102. Elements 605, 606,
      607 and 608 operate substantially like elements 505, 506, 507 and 508,
      respectively, of FIG. 10 except transistors 607 and 608 have substantially
      similar effective base-emitter junction areas to each other and therefore
      substantially similar transconductances to each other. A variation of the
      FIG. 11 circuit in which transistors 101 and 102 are each provided emitter
      degeneration resistors of lower resistance than the resistance of emitter
      degeneration resistors 603 and 604 is useful. The relative gains of the
      transistors are then substantially in inverse proportion to the respective
      resistances of the respective emitter degeneration resistors. The FIG. 3
      circuit may also be similarly varied.
PAR  FIG. 12 shows circuitry in which the transconductances of transistors 701
      and 702 are made small compared to the transconductances of transistors
      101 and 102. This is done by making the effective areas of the
      base-emitter junctions of transistors 701 and 702 smaller than the
      effective areas of the base-emitter junctions of transistors 102 and 101,
      respectively. This method of scaling current gains results in the same
      proportions between transconductances over wide ranges of current.
      Therefore, this scaling method is favored when a resistor 106 is used to
      set quiescent current levels of the differential amplifier transistors
      101, 102, 701 and 702.
PAR  The circuits of FIGS. 10 and 12 enjoy the following advantage with respect
      to the circuits of FIGS. 3, 9 and 11. The relative gains of the
      emitter-coupled differential amplifiers with cross-connected outputs to
      the balanced to single-ended signal converter 110 are proportioned by
      scaling of transistor transconductances in the configurations of FIGS. 10
      and 12. No matching of the conductances of resistors to be
      transconductances of transistors therefore need be made.
PAR  FIG. 13 shows circuitry in which the relative transconductances of the
      differential amplifier comprising transistors 101 and 102 and of the
      differential amplifier comprising transistors 801 and 802 is scaled
      according to the common-emitter forward current gains or h.sub.fe 's of
      transistors 101 and 102. Since transistors 101 and 802 have interconnected
      collectors, they can share the same isolation region in a monolithic
      integrated circuit, their resultant proximity facilitates very close
      tracking of their temperatures. So too for transistors 102 and 801. This
      results in the combined base-emitter offset potentials of transistors 801
      and 101 tracking the combined base-emitter offset potentials of
      transistors 802 and 102. This is so despite the fact that transistors 101
      and 102 cannot share the same isolation region and so must have slightly
      different temperatures. Also, this is so despite the fact that transistors
      801 and 802 cannot share the same isolation region and so must have
      slightly different temperatures.
PAR  Certain common features of the circuits of FIGS. 3, 9, 10, 11, 12 and 13
      should be apparent. Each has a first differential amplifier (shown as an
      emitter-coupled transistor differential amplifier comprising transistors
      101 and 102) which has a transconductance higher than that of a second
      differential amplifier (shown as an emitter-coupled transistor
      differential amplifier variously comprising transistors 301 and 302, or
      401 and 402, or 601 and 602, or 701 and 702, or 801 and 802), having its
      input circuit parallelled with that of the first differential amplifier.
      This combination has a transconductance equal to the difference of the
      transconductances of the individual differential amplifiers for the normal
      range of signals. Further, this combination, when direct coupled to the
      input circuit of a succeeding amplifier stage, which input circuit
      exhibits associated capacitance, will avoid the undesirable production of
      delay distortion arising for the reasons discussed above.
PAR  While the invention has been described with particular reference to bipolar
      transistors, it should be recognized that the invention is applicable to
      other analogous amplifier devices--e.g., field-effect
      transistors--analogously connected. The invention is also applicable when
      using vacuum tubes as one conductivity type device and PNP transistors as
      the other conductivity type device. The invention may also be embodied in
      circuits combining the use of bipolar and field-effect transistors. The
      term "transistor" and related terminology in the claims should be so
      construed as to include these alternatives within the scope of these
      claims. For example, the terms "base", "emitter" and "collector" are to
      include within their scope the terms "gate", "source", and "drain",
      respectively, with reference to field-effect transistors.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An amplifier comprising:
PA1  first and second terminals for receiving an operating potential
      therebetween;
PA1  third and fourth terminals for input and output signals, respectively;
PA1  a first transistor of a first conductivity type having an emitter electrode
      connected to said first terminal, having a base electrode, and having a
      collector electrode coupled to said fourth terminal;
PA1  direct current conductive impedance means connecting said first transistor
      collector electrode to said second terminal;
PA1  second and third transistors of a second conductivity type, each having a
      collector electrode coupled to said first transistor base electrode, each
      having an emitter and a base electrode; said first and said second
      conductivity types being complementary to each other;
PA1  first and second conductive means, one having higher impedance for signal
      than the other, said first conductive means connecting said third terminal
      to said second transistor emitter electrode, said second conductive means
      connecting said third transistor emitter electrode to said second
      terminal;
PA1  further means connecting said second transistor in common-base amplifier
      configuration; and
PA1  further means connecting said third transistor in common-emitter amplifier
      configuration including a connection of said third terminal to said third
      transistor base electrode.
NUM  2.
PAR  2. An amplifier comprising:
PA1  first and second terminals for receiving an operating potential
      therebetween;
PA1  third and fourth terminals for input and output signals, respectively;
PA1  a first transistor of a first conductivity type having an emitter electrode
      connected to said first terminal, having a base electrode, and having a
      collector electrode coupled to said fourth terminal;
PA1  direct current conductive impedance means connecting said first transistor
      collector electrode to said second terminal;
PA1  second and third transistors of a second conductivity type, each having a
      collector electrode coupled to said first transistor base electrode, each
      having an emitter and a base electrode, said first and said second
      conductivity types being complementary to each other;
PA1  first and second conductive means, one having higher impedance for signal
      than the other, said first conductive means connecting said third
      transistor emitter electrode to said second transistor emitter electrode,
      said second conductive means connecting said third transistor emitter
      electrode to said second terminal;
PA1  further means connecting said second transistor in common-base amplifier
      configuration; and
PA1  further means connecting said third transistor in common-emitter amplifier
      configuration including a connection of said third terminal to said third
      transistor base electrode.
NUM  3.
PAR  3. In combination:
PA1  a first differential amplifier, having an input circuit and an output
      circuit, and exhibiting a transconductance g.sub.m between its input and
      output circuits;
PA1  a second differential amplifier, having an input circuit and an output
      circuit, and exhibiting a transconductance g.sub.m ' between its input and
      output circuits;
PA1  means for coupling the input circuits of said first and said second
      differential amplifiers in parallel to receive an input signal potential;
      and
PA1  a balanced to single-ended signal converter comprising a current mirror
      amplifier with a common terminal connected to a point of fixed potential,
      an input terminal and an output terminal between which the output circuits
      of said first and said second circuits are cross-coupled so that their
      combined transconductance is substantially g.sub.m -g.sub.m ' for the
      normal range of signals, said cross-coupled connection preventing the
      discharge of capacitances in the current mirror amplifier during input
      signal overswings.
NUM  4.
PAR  4. An amplifier comprising:
PA1  first and second terminals for receiving an operating potential;
PA1  third and fourth terminals for receiving input signals;
PA1  first, second, third, and fourth transistors of similar conductivity type,
      each having a base and an emitter and a collector electrode, the base
      electrodes of said first and said third transistors being connected to
      said third terminal, the base electrodes of said second and said fourth
      transistors being connected to said fourth terminal;
PA1  first resistive means connecting the emitter electrodes of said first and
      said third transistors;
PA1  second resistive means connecting the emitter electrodes of said second and
      said fourth transistors;
PA1  means for direct current conductively coupling the emitter electrodes of
      each of said first and said second transistors to said second terminal;
      and
PA1  balanced to single-ended signal converter means having a first input
      terminal to which the collector electrodes of said first and said fourth
      transistors are connected, having a second input terminal to which the
      collector electrodes of said second and said third transistors are
      connected, having a common terminal connected to said first terminal and
      direct current conductive paths between each of its first and second input
      terminals and its common terminal, and having an output terminal for
      connection of a load.
NUM  5.
PAR  5. An amplifier as set forth in claim 4 wherein said balanced to
      single-ended signal converter includes:
PA1  a fifth and a sixth transistors being of a conductivity type complementary
      to that of said first through fourth transistors, having respective
      emitter electrodes each connected to said first terminal, having
      respective collector electrodes direct current conductively coupled to the
      first and second input terminals of said balanced to single-ended signal
      converter, and having respective base electrodes to which said first input
      terminal is direct coupled, said second input terminal being coupled to
      said output terminal.
NUM  6.
PAR  6. An amplifier as set forth in claim 4 wherein said balanced to
      single-ended signal converter includes:
PA1  a fifth and a sixth transistors being of a conductivity type complementary
      to that of said first through fourth transistors having respective emitter
      electrodes connected to said first terminal, having respective base
      electrodes to which the first and second input terminals of said balanced
      to single-ended signal converter are respectively direct coupled, and
      having respective collector electrodes, said sixth transistor collector
      electrode coupled to said output terminal, and
PA1  a current mirror amplifier having a common terminal connected to said
      second terminal, having an input terminal to which the collector electrode
      of said fifth transistor is connected, and having an output terminal
      connected to the output terminal of said balanced to single-ended signal
      converter.
NUM  7.
PAR  7. An amplifier comprising:
PA1  first and second terminals for receiving an operating potential;
PA1  third and fourth terminals for receiving input signals;
PA1  first, second, third and fourth transistors of similar conductivity type,
      each having a base and an emitter and a collector electrode, the base
      electrodes of said first and said third transistors being connected to
      said third terminal, the base electrodes of said second and said fourth
      transistors being connected to said fourth terminal;
PA1  resistive means having a first end to which the emitter electrodes of said
      first and said second transistors are connected and having a second end to
      which the emitter electrodes of said third and said fourth transistors are
      connected;
PA1  means for direct current conductively coupling the first end of said
      resistive means to said second terminal; and
PA1  balanced to single-ended signal converter means having a first input
      terminal to which the collector electrodes of said first and said fourth
      transistors are connected, having a second input terminal to which the
      collector electrodes of said second and said third transistors are
      connected, having a common terminal connected to said first terminal and
      direct current conductive paths between each of its first and second input
      terminals and its common terminal, and having an output terminal for
      connection to a load.
NUM  8.
PAR  8. An amplifier as set forth in claim 7 wherein said balanced to
      single-ended signal converter includes:
PA1  a fifth and a sixth transistors being of a conductivity type complementary
      to that of said first through fourth transistors, having respective
      emitter electrodes each connected to said first terminal, having
      respective collector electrodes direct current conductive coupled to the
      first and second input terminals of said balanced to single-ended signal
      converter, and having respective base electrodes to which said first input
      terminal is direct coupled, said second input terminal being coupled to
      said output terminal.
NUM  9.
PAR  9. An amplifier as set forth in claim 7 wherein said balanced to
      single-ended signal converter includes:
PA1  a fifth and a sixth transistors being of a coductivity type complementary
      to that of said first through fourth transistors having respective emitter
      electrodes connected to said first terminal, having respective base
      electrodes to which the first and second input terminals of said balanced
      to single-ended signal converter are respectively direct coupled, and
      having respective collector electrodes, said sixth transistor collector
      electrode coupled to said output terminal; and
PA1  a current mirror amplifier having a common terminal connected to said
      second terminal, having an input terminal to which the collector electrode
      of said fifth transistor is connected, and having an output terminal
      connected to the output terminal of said balanced to single-ended signal
      converter.
NUM  10.
PAR  10. An amplifier comprising:
PA1  first and second terminals for receiving an operating potential;
PA1  third and fourth terminals for receiving input signals;
PA1  first, second, third and fourth transistors of similar conductivity type,
      each having a base and an emitter and a collector electrode, the base
      electrodes of said first and said third transistors being connected to
      said third terminal, the base electrode of said second and said fourth
      transistors being connected to said fourth terminal;
PA1  first and second constant current source means, said first constant current
      source means connected between said second terminal and the joined emitter
      electrodes of said first and said second transistors to forward bias them,
      said second constant current source means connected between said second
      terminal and the joined emitter electrodes of said third and said fourth
      transistors to forward bias them, the currents supplied by said first and
      said second constant current source means being proportioned to condition
      said first and said second transistors for higher transconductances than
      said third and said fourth transistors; and
PA1  balanced to single-ended signal converter means having a first input
      terminal to which the collector electrodes of said first and said fourth
      transistors are connected, having a second input terminal to which the
      collector electrodes of said second and said third transistors are
      connected, having a common terminal connected to said first terminal and
      direct current conductive paths between each of its first and second input
      terminals and to its common terminal, and having an output terminal for
      connection to a load.
NUM  11.
PAR  11. An amplifier as set forth in claim 10 wherein said balanced to
      single-ended signal converter includes:
PA1  a fifth and a sixth transistors being of a conductivity type complementary
      to that of said first through fourth transistors, having respective
      emitter electrodes each connected to said first terminal, having
      respective collector electrodes direct current conductively coupled to the
      first and second input terminals of said balanced to single-ended signal
      converter, and having respective base electrodes to which said first input
      terminal is direct coupled, said second input terminal being coupled to
      said output terminal.
NUM  12.
PAR  12. An amplifier as set forth in claim 10 wherein said balanced to
      single-ended signal converter includes:
PA1  a fifth and a sixth transistors being of a conductivity type complementary
      to that of said first through fourth transistors having respective base
      electrodes to which the first and second input terminals of said balance
      to single-ended signal converter are respectively direct coupled, and
      having respective collector electrodes, said sixth transistor collector
      electrode coupled to said output terminal; and
PA1  a current mirror amplifier having a common terminal connected to said
      second terminal, having an input terminal to which the collector electrode
      of said fifth transistor is connected, and having an output terminal
      connected to the output terminal of said balanced to single-ended signal
      converter.
NUM  13.
PAR  13. An amplifier comprising:
PA1  first and second terminals for receiving an operating potential;
PA1  third and fourth terminals for receiving input signals;
PA1  first, second, third and fourth transistors of similar conductivity type,
      each having a base and an emitter and a collector electrode, the base
      electrodes of said first and said third transistors being connected to
      said third terminal, the base of electrode of said second and said fourth
      transistors being connected to said fourth terminal;
PA1  first and second similar direct current conductive means having first ends
      connected to the respective emitter electrodes of said first and said
      second transistors and having second ends;
PAR  third and fourth similar direct current conductive means having first ends
      connected to the respective emitter electrodes of said third and said
      fourth transistors, having second ends, and being of higher impedance than
      said first and said second direct current conductive means;
PA1  first constant current source means connected between said second terminal
      and the second ends of said first and said second direct current
      conductive means and poled to forward bias the emitter electrodes of said
      first and said second transistors;
PA1  second constant current source means connected between said second terminal
      and the second ends of said third and said fourth direct current
      conductive means and poled to forward bias the emitter electrodes of said
      third and said fourth transistors; and
PA1  balanced to single-ended signal converter means having a first input
      terminal to which the collector electrodes of said first and said fourth
      transistors are connected, having a second input terminal to which the
      collector electrodes of said second and said third transistors are
      connected, having a common terminal connected to said first terminal and
      direct current conductive paths between each of its first and second input
      terminals and its common terminal and having an output terminal for
      connection to a load.
NUM  14.
PAR  14. An amplifier as set forth in claim 13 wherein said balanced to
      single-ended signal converter includes:
PA1  a fifth and a sixth transistors being of a conductivity type complementary
      to that of said first through fourth transistors, having respective
      emitter electrodes each connected to said first terminal, having
      respective collector electrodes direct current conductively coupled to the
      first and second input terminals of said balanced to single-ended signal
      converter, and having respective base electrodes to which said first input
      terminal is direct coupled, said second input terminal being coupled to
      said output terminal.
NUM  15.
PAR  15. An amplifier as set forth in claim 13 wherein said balanced to
      single-ended signal converter includes:
PA1  a fifth and a sixth transistors being of a conductivity type complementary
      to that of said first through fourth transistors having respective emitter
      electrodes connected to said first terminal, having respective base
      electrodes to which the first and second input terminals of said balanced
      to single-ended signal converter are respectively direct coupled, and
      having respective collector electrodes, said sixth transistor collector
      electrode coupled to said output terminal, and
PA1  a current mirror amplifier having a common terminal connected to said
      second terminal, and having an input terminal to which the collector
      electrode of said fifth transistor is connected, and having an output
      terminal connected to the output terminal of said balanced to single-ended
      signal converter.
NUM  16.
PAR  16. An amplifier comprising:
PA1  first and second terminals for receiving an operating potential;
PA1  third and fourth terminals for receiving input signals;
PA1  first, second, third and fourth transistors of similar conductivity type,
      each having a base and an emitter and a collector electrode, their emitter
      electrodes being joined at a common interconnection, the base electrodes
      of said first and said third transistors being connected to said third
      terminal, the base electrodes of said second and said fourth transistors
      being connected to said fourth terminal, said first and said second
      transistors having similar transconductance characteristics, said third
      and said fourth transistors having similar transconductance
      characteristics differing from those of said first and said second
      transistors;
PA1  means for direct current conductively coupling said common interconnection
      to said second terminal; and
PA1  balanced to single-ended signal converter means having a first input
      terminal to which the collector electrodes of said first and said fourth
      transistors are connected, having a second input terminal to which the
      collector electrodes of said second and said third transistors are
      connected, having a common terminal connected to said first terminal and
      direct current conductive paths between each of its first and second input
      terminals and its common terminal, and having an output terminal for
      connecting to a load.
NUM  17.
PAR  17. An amplifier as set forth in claim 16 wherein said balanced to
      single-ended signal converter includes:
PA1  a fifth and a sixth transistors being of a conductivity type complementary
      to that of said first through fourth transistors, having respective
      emitter electrodes each connected to said first terminal, having
      respective collector electrodes direct current conductively coupled to the
      first and second input terminals of said balanced to single-ended signal
      converter, and having respective base electrodes to which said first input
      terminal is direct coupled, said second input terminal being coupled to
      said output terminal.
NUM  18.
PAR  18. An amplifier as set forth in claim 16 wherein said balanced to
      single-ended signal converter includes:
PA1  a fifth and a sixth transistors being of a conductivity type complementary
      to that of said first through fourth transistors having respective emitter
      electrodes connected to said first terminal, having respective base
      emitter electrodes to which the first and second input terminals of said
      balanced to single-ended signal converter are respectively direct coupled,
      and having respective collector electrodes, said sixth transistor
      collector electrode coupled to said output terminal; and
PA1  a current mirror amplifier having a common terminal connected to said
      second terminal, having an input terminal to which the collector electrode
      of said fifth transistor is connected, and having an output terminal
      connected to the output terminal of said balanced to single-ended signal
      converter.
NUM  19.
PAR  19. An amplifier comprising:
PA1  first and second terminals for receiving an operating potential;
PA1  third and fourth terminals for receiving input signals;
PA1  first, second, third and fourth transistors of similar conductivity type,
      each having a base and an emitter and a collector electrode, the emitter
      electrodes of said first and said second transistors being joined at a
      common interconnection, the base electrodes of said third and said fourth
      transistors being connected respectively to said third terminal and to
      said fourth terminal, the emitter electrodes of said third and said fourth
      transistors being connected respectively to said first transistor base
      electrode and to said second transistor base electrode, said first and
      said second transistors having similar transconductance characteristics,
      said third and said fourth transistors having similar transconductance
      characteristics differing from those of said first and said second
      transistors;
PA1  means for direct current conductively coupling said common interconnection
      to said second terminal; and
PA2  balanced to single-ended signal converter means having a first input
      terminal to which the collector electrodes of said first and said fourth
      transistors are connected, having a second input terminal to which the
      collector electrodes of said second and said third transistors are
      connected, having a common terminal connected to said first terminal and
      direct current conductive paths between each of its first and second input
      terminals and its common terminal, and having an output terminal for
      connection to a load.
NUM  20.
PAR  20. An amplifier as set forth in claim 19 wherein said balanced to
      single-ended signal converter includes:
PA1  a fifth and a sixth transistors being of a conductivity type complementary
      to that of said first through fourth transistors, having respective
      emitter electrodes each connected to said first terminal, having
      respective collector electrodes direct current conductively coupled to the
      first and second input terminals of said balanced to single-ended signal
      converter, and having respective base electrodes to which said first input
      terminal is direct coupled, said second input terminal being coupled to
      said output terminal.
NUM  21.
PAR  21. An amplifier as set forth in claim 19 wherein said balanced to
      single-ended signal converter includes:
PA1  a fifth and a sixth transistors being of a conductivity type complementary
      to that of said first through fourth transistors having respective emitter
      electrodes connected to said first terminal, having respective base
      emitter electrodes to which the first and second input terminals of said
      balanced to single-ended signal converter are respectively direct coupled,
      and having respective collector electrodes, said sixth transistor
      collector electrode coupled to said output terminal; and
PA1  a current mirror amplifier having a common terminal connected to said
      second terminal, having an input terminal to which the collector electrode
      of said fifth transistor is connected, and having an output terminal
      connected to the output terminal of said balanced to single-ended signal
      converter.
NUM  22.
PAR  22. A circuit for speeding up the recovery of a transistor amplifier when
      the signal applied thereto tends to drive said transistor toward cut-off,
      said transistor having base, emitter and collector electrodes and
      exhibiting a capacitance at its base electrode which would tend to
      discharge if the transistor were to cut off, in combination:
PA1  a driver transistor having base and emitter and collector electrodes, said
      collector electrode being coupled to the base electrode of said amplifier
      transistor for coupling said signal thereto and said driver transistor
      being adapted to receive an input signal between its base and emitter
      electrodes; and
PA1  charging means coupled to said driver transistor and to the base electrode
      of said amplifier transistor and responsive to the driving transistor
      driving the amplifier transistor too close to cut-off for applying a
      charging current to the base electrode of the amplifier transistor for
      maintaining said capacitance charged.
NUM  23.
PAR  23. In combination:
PA1  a driver transistor of one conductivity type having base, emitter and
      collector electrodes, adapted to receive an input signal between its base
      and emitter electrodes;
PA1  an amplifier including a second transistor of opposite conductivity to said
      driver transistor, having base, emitter and collector electrodes and
      direct coupled at its base electrode to the collector electrode of said
      driver transistor, said second transistor exhibiting a capacitance at its
      base electrode which tends to discharge when said driver transistor cuts
      off and tends to drive said second transistor to cut-off; and
PA1  means coupled to an electrode of said driver transistor for sensing the
      approach the cut-off in said driver transistor and responding to supply a
      charging current to said capacitance.
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ABST
PAL  The body current of a TWT (traveling wave tube) is measured by generating a
      voltage that is proportional to the difference between the cathode and
      collector currents of the TWT without materially affecting either by
      passing the cathode and collector currents through separate transformer
      windings, wound in opposition, on both a linear core transformer and a
      nonlinear core transformer with separate windings coupling each
      transformer to the other. A voltage pulse is introduced into another
      winding on the nonlinear transformer causing a current flow in the circuit
      coupling the two transformers, the voltage magnitude of which is
      proportional to the difference between the cathode and collector currents
      which is the body current.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States for all governmental purposes without the
      payment of any royalty.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention is in the measurement of traveling wave tube
      operation.
PAR  In a continuous traveling wave tube, it is important to know when the body
      current exceeds a safe value so that operating parameters may be adjusted
      to return operation to a safe value and prevent the destruction of the
      tube.
PAR  Related prior art concerned with traveling wave tubes and the measurements
      of currents through a conductor associated with a transformer core may be
      found in the following patents. Ewton U.S. Pat. No. 3,566,180 teaches a
      TWT helix current limiting circuit for focusing. Palmer U.S. Pat. NO.
      3,573,536 teaches the use of a bridge circuit between the cathode and the
      slow wave structure. Schroder U.S. Pat. No. 3,624,630, Mayer U.S. Pat. No.
      3,550,110, Mishkovsky U.S. Pat. No. 3,419,791, Hill U.S. Pat. No.
      3,417,310, and Hoft et al. U.S. Pat. No. 2,888,645 teach the use of
      magnetic cores cooperating with associated circuitry to effect measurement
      of current through a conductor associated with the core.
PAC  SUMMARY OF THE INVENTION
PAR  An economical, compact, combination of a relatively few components provides
      a unique circuit for measuring the body current of a traveling wave tube
      that responds rapidly to body current changes yet in measuring the body
      current the device injects only a negligible amount of voltage change at
      the cathode of the traveling wave tube.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an electronic schematic diagram of a typical embodiment of the
      invention; and
PAR  FIG. 2 is a simplified representative plot of the magnetization
      characteristics of typical nonlinear transformer core material.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The importance of knowing the body current of a continuous traveling wave
      tube and when it is exceeding a safe value is well recognized. Since the
      body current cannot be measured directly it must be measured by taking the
      difference between the cathode and collector currents, this being
      equivalent to the body current. These measurements present no great
      problem in the laboratory where complex equipment is readily available and
      set up time is not a great problem. It is, however, a somewhat involved
      set up. When traveling wave tube replacements are made in the field an
      expedient means of measuring body current has been a long felt need. The
      apparatus disclosed herein fulfills this need for field operation and in
      addition it provides a convenient system for monitoring the operation of
      traveling wave tubes both in the laboratory and in the field.
PAR  FIG. 1 is a schematic diagram of a typical embodiment of the invention. The
      apparatus is serially connected in the lines between the power sources for
      the cathode and the collector of a traveling wave tube as indicated. The
      upper transformer 11 has a conventional, commonly called, linear core. The
      lower transformer 21 has a conventional, commonly called, nonlinear core
      with a typicla ampere-turn flux density diagram as shown in FIG. 2.
      Typically, the transformers are torroidal core transformers with all the
      windings of each transformer on a common core as indicated. The polarities
      of the windings are critical. The windings 12 and 22 carrying the cathode
      current 13 and 23 carrying the collector current are wound in opposition
      on each transformer as indicated. The differences in the ampere-turn
      magnetizing currents in these windings provide a magnetization of the core
      materials of the transformers. In the nonlinear core transformer 21 this
      is represented in the typical magnetization curve 31 shown in FIG. 2 at
      the location 32 on the curve. When a positive voltage pulse 40 of a short
      duration (typically 10 .mu.sec) is introduced on winding 24 from
      conventional pulse generator 41, no flux change occurs to oppose any
      current flow until the current through resistance 43 is such that the
      ampere-turns in winding 24 becomes equal to the effective ampere-turns of
      windings 22 and 23 which produced the point 32 in the magnetization curve.
      With a short rise time pulse 40 this occurs almost instantly. Then the
      flux begins to change and the current through resistance 43 remains
      essentially constant to the end of the pulse when it returns to zero.
      During the time the flux was changing, a voltage was introduced on the
      other windings. It is desired to minimize any voltage change introduced on
      the cathode and collector lines. This is accomplished by impressing the
      induced voltage on windings 22 and 23 of the nonlinear core 21 by winding
      24 by taking a voltage representative of this change that is introduced in
      winding 25 and using this voltage to drive winding 14 on the linear core
      11 to effectively cancel out the total induced voltage change in the
      cathode and collector lines.
PAR  Ideally there is a unity of turns ratio between windings 12, 13, 22, and 23
      and another unity of turns ratio between windings 14, 24, and 25.
      Referring to FIG. 2 the difference between the cathode current and the
      collector current, (i.e., the body current), establishes a point 32 on the
      magnetization curve 31 of nonlinear core 21. When the pulse 40 is applied
      to winding 24 the current flow is a non-magnetizing current until the
      ampere-turns magnetizing force in winding 24 overcome the field
      represented by point 32 established by windings 22 and 23. While the
      current is building up in winding 24 the point 32 is moving back toward
      axis 33 along line 34. This is referred to as non-magnetizing current flow
      because there is substantially no change in flux density in the core while
      this is taking place. When the pulse current produces sufficient
      ampere-turns in the nonlinear core transformer 21 to move the point 32
      past the knee 35 of the curve 31 magnetization current starts flowing with
      corresponding changes in flux density. This non-magnetizing current of the
      injected pulse appears across the output terminals 45 of the device as a
      magnitude of pulse voltage proportional to the body current in the
      traveling wave tube. As it can be seen from FIG. 2 the larger the -NI
      established by the difference between the cathode and collector currents
      the greater the amount of non-magnetizing current flow. With unit
      transformer windings the ohmic value of resistances 43 and 44 should be
      the same. The diodes 46, 47, and 48 are conventional diodes suitable for
      high frequency pulse application. They are not critical. The voltage
      magnitude of the output pulse 49 at terminals 45 may be read on a
      conventional voltage calibrated oscilloscope or any other suitable
      conventional peak reading meter, and this peak voltage calibrated with
      corresponding values of body current.
PAR  In a typical operating embodiment of the invention the linear core
      transformer 11 was wound on a ferrite torroid having an outside diameter
      of approximately 0.87 inches, an inside diameter of approximately 0.54
      inches and a height of approximately 0.25 inches. (Ferroxcube type
      3E2A-846T250 is suitable core material.) The nonlinear core transformer 21
      was a 1 mil tape wound supermalloy torroid having an outside diameter of
      approximately 0.75 inches, an inside diameter of approximately 0.5 inches
      and a height of approximately 0.125 inches. (Arnold type 3T3340-X1-AA is
      suitable core material.) Windings 14, 24, and 25 were each three-hundred
      turn windings. Windings 12, 13, 22, and 23 were sixty-turn windings. These
      values of windings are not critical and may be adjusted to suit the
      materials and winding configurations used. Likewise, the specific physical
      dimension and specific core materials are not critical. In some instances
      it may be desirable to increase the number of turns 3 or 4 on the
      collector winding 13 of the linear core transformer 11 in order to
      optimize the operating region of the core. (That is, from the idealized
      60-turn value for this particular embodiment.)
PAR  An embodiment constructed as set forth in detail in a typical operating
      environment provided a peak output voltage 49 that was approximately 0.4
      volt, when a constant 10 .mu.sec, 10 volt input pulse 40 was used, when
      the differential current (body current) was 20 milliamperes. This peak
      magnitude of output voltage was proportional to the body current (the
      input pulse 40 staying constant) and the ripple induced at the cathode
      terminals of the traveling wave tube was less than 20 mv. peak to peak.
CLMS
STM  I claim:
NUM  1.
PAR  1. A traveling wave tube body current sensor for serially connecting
      between the cathode of the traveling wave tube and the cathode current
      power source and serially connecting between the collector of the
      traveling wave tube and the collector current power source, providing an
      output voltage proportional to the said body current, the said sensor
      comprising:
PA1  a. a linear core transformer having a first winding and a second winding of
      substantially unity turns ratio wound in opposition, and a third winding;
      each winding having an input and an output connection;
PA1  b. a nonlinear core transformer having a first winding and a second winding
      of substantially unity turns ratio wound in opposition, and a third
      winding, and a fourth winding, each winding having an input and an output
      connection;
PA1  c. means for serially connecting the said first winding of the said linear
      core transformer with the said first winding of the said nonlinear core
      transformer and serially connecting the said serially connected first
      windings between the said cathode current source and the said cathode of
      the traveling wave tube;
PA1  d. means for serially connecting the said second winding of the said linear
      core transformer with the said second winding of the said nonlinear core
      transformer and serially connecting the said serially connected second
      windings between the said collector current source and the said collector
      of the traveling wave tube;
PA1  e. a pulse generator providing a constant pulse voltage;
PA1  f. means including a first resistance for applying the said pulse voltage
      to the said third winding of the said nonlinear core transformer through
      the said first resistance;
PA1  g. means for serially connecting the said third winding of the said linear
      core transformer with the said fourth winding of the said nonlinear core
      transformer;
PA1  h. a second resistance connected across the said serially connected third
      and fourth windings;
PA1  i. means for connecting the said first resistance to the said second
      resistance; and
PA1  j. means for providing an output connection across the said connected first
      and the said second resistance.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 wherein the turns ratio between the
      said first winding of the linear core transformer and the said first
      winding of the nonlinear core transformer is substantially unity, the
      turns ratio between the said third winding of the said linear core
      transformer and the said fourth winding of the said nonlinear core
      transformer is substantially unity, and the ohmic value of the said first
      resistance and the ohmic value of the said second resistance are
      substantially equal.
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ABST
PAL  An arrangement for supporting a tubular inspection unit adjacent a well
      bore to enable tubular members to be moved through the inspection unit as
      they are run in or pulled from the well bore to determine characteristics
      of the tubular members. The arrangement includes an upwardly extending
      support for positioning adjacent the well bore and a laterally extending
      arm pivotally secured to the support and being normally positioned, during
      operation, at a given angular disposition with respect thereto. The
      pivotal connection allows, at all times, free angular movement of the arm
      with respect to the support and about a single axis in either angular
      direction away from the normal position. The arm comprises two members in
      telescoping relationship and arranged to accommodate, at all times, free
      axial sliding of one member with respect to the other in directions of
      both extension and retraction. Thus, the telescoping members of the arm
      and the pivot allow free movement of the inspection device within a
      horizontal plane of limited bounds to thereby accommodate lateral shifting
      of the tubular members as they are run into or pulled from the well bore
      without affecting operation of the inspection unit.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my prior copending
      application Ser. No. 431,093, filed Jan. 7, 1974 for "Method And Apparatus
      For Inspecting Tubular Members As They Are Run Into Or Pulled From A Well
      Bore", now abandoned. The present applicatoin may be employed for
      supporting the invention disclosed in my copending application Ser. No.
      431,125, filed on Jan. 7, 1974 for "Gage For Tubular Members".
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method and support arrangement for
      inspecting tubular members as they are run in or withdrawn from a well
      bore. The support arrangement positions the inspection head preferably
      immediately adjacent the rotary table, when a rotary table is employed,
      and enables the inspection unit to be moved away from the rotary table
      either in the event of an emergency, or for other reasons during running
      or pulling of tubular members, such as to enable the slips to be set in
      the rotary table in a manner well known in the art.
PAR  The support arrangement is adaptable to accommodate lateral shifting of the
      tubular members as they are moved into or removed from the well bore
      without affecting the operation of the inspection unit.
PAR  An object of the present invention is to provide a relative simple
      arrangement to support a device adjacent a well bore to enable tubular
      members run in or pulled from the well bore to be moved through the device
      to be inspected for defects.
PAR  Yet a further object of the present invention is to provide a relatively
      simple support arrangement for an inspection unit including an
      electromagnetic induction device and a gage for measuring variations in
      the outside diameter of tubular members as they are run in or pulled from
      a well bore.
PAR  Still another object of the present invention is to provide a support
      arrangement for an inspection unit adjacent a well bore so that as the
      tubular members are run in or pulled from the well bore, they may be
      simultaneously rotated and inspected for defects.
PAR  Still another object of the present invention is to provide a method of
      inspecting tubular members as they are run in or pulled from a well bore
      which accomplishes such inspection without interference from tool joints,
      couplings, rubber protectors and the like.
PAR  An object of the present invention is to provide a relative simple
      arrangement to support a device adjacent a well bore to enable tubular
      members run in or pulled from the well bore to be moved through the device
      to be inspected to defects and wherein the arrangement enables the device
      to shift in response to shifting of the tubular members as they are moved
      through the device.
PAR  Other objects and advantages of the present invention will become apparent
      from a consideration of the following description and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially exploded, isometric view of a form of the present
      invention;
PAR  FIG. 2 is a top plan view of the form of the invention illustrated in FIG.
      1;
PAR  FIG. 3 is a side view of the form of the invention shown in FIG. 1 and
      illustrates in dotted line an alternate position of a portion of the
      support means as well as an arrangement for securing an upwardly extending
      support member in position on a drilling rig;
PAR  FIG. 4 is a sectional view on the line 4--4 of FIG. 3 and generally
      diagrammatically illustrating the arrangement of the outside diameter gage
      and the electromagnetic induction inspection device forming the inspecting
      unit;
PAR  FIG. 5 is a sectional view on the line 5--5 of FIG. 4 to better illustrate
      an arrangement for continuously engaging the tubular members with the
      electromagnetic induction inspection part of the testing unit;
PAR  FIG. 6 is an end view of the device illustrating in dotted line a tilted
      position of the inspection unit;
PAR  FIG. 7 is a sectional view somewhat similar to FIG. 4 and showing only an
      electromagnetic induction inspection unit.
PAR  FIG. 8 is a perspective view of another form of the invention;
PAR  FIG. 9 is a plan view of part of the structure shown in FIG. 8; and
PAR  FIG. 10 is a plan view on the line 10--10 of FIG. 9, partly in section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Attention is first directed to FIG. 1 of the drawings wherein the invention
      is referred to generally by the numeral 15. An upwardly extending support
      arrangement referred to generally at 20 is provied for receiving the
      laterally extending arm means referred to generally at 25. The inspection
      unit referred to generally at 30 is supported on the laterally extending
      arm means 25, and is provided with an aperture 30a for receiving tubular
      members therethrough. As is readily apparent from the drawings, the
      inspection unit 30 surrounds and defines central aperture 30a.
PAR  The upwardly extending support 20 includes a base 21 which may be provided
      with openings such as illustrated at 21a for receiving suitable means such
      as bolts for securing the support 20 upright in position on a drilling rig
      floor or the like. The upwardly extending support 20 is shown as also
      including the spaced members 22 and 23 defining a longitudinally extending
      recess 24 therebetween.
PAR  As shown the members 22 and 23 are formed of channels, each including a
      base or web and two side portions and each member 22, 23 may be secured to
      the base 21 by any suitable means such as the supports 22a and 23a which
      may be welded between the base 21 and the respective member 22 and 23.
PAR  Positioned in the longitudinally extending recess 24 is suitable power
      means referred to generally at 31 and as shown such power means includes a
      cylinder 32 resting or secured to base 21 with piston means 33 therein
      which piston means 33 is secured to shaft means 34 extending
      longitudinally between the members 22 and 23 within the space 24. Suitable
      spaced bearing means referred to at 35 and 36 carried between the members
      22 and 23 provides support for the shaft means 34 and aids in guiding the
      shaft means 34 during movement thereof as will be described.
PAR  The laterally extending arm 25 is shown as including at least two members
      25a and 25b arranged in telescoping relationship. As illustrated, the
      members 25a and 25b are non-circular in configuration; however, they could
      be of any other desired configuration. Suitable bearing means 25c are
      provided between the telescopic members 25a and 25b to accommodate, at all
      times, free telescopic movement therebetween.
PAR  The laterally extending arm means 25 is adapted to be secured to the
      upwardly extending support 20 by any suitable means and as shown is
      pivotally connected by the arrangement generally referred to at 40 to
      enable the laterally extending arm means 25 to swing in a plane generally
      horizontal relative to the upwardly extending upright 20 as illustrated in
      dotted line in FIG. 2 of the drawing.
PAR  Suitable clamp means referred to generally at 45 comprising the blocks 46
      and 47 are provided for fitting in space 24 and engaging with the shaft
      means 34. The two blocks 46 and 47 are each provided with overlapping edge
      portions 46a and 47a and each is provided with a partial circular opening
      as shown at 46b and 47b so that when the two blocks are positioned in the
      opening 24 as shown in FIG. 1 of the drawings, they will fit about the
      shaft means 34 and thereafter nut and bolt means 48 may be secured through
      the blocks 46 to clamp them in position on the shaft 34 in the opening 24.
PAR  When the blocks 46 and 47 are clamped in position on the shaft 34, their
      overlapping edge portions 46a and 47a respectively engage the members 22
      and 23 as illustrated in FIGS. 1, 2 and 3 of the drawings to act as guide
      means during movement of the shaft means 34 when the power means 31 is
      actuated.
PAR  The block 46 is also provided with the circular socket 50 which fits
      between the spaced circular sockets 51 and 52 mounted on the end 27 of the
      laterally extending arm means 25. Such spaced socket means 51 and 52 when
      aligned with the socket 50 are adapted to receive the pin means 53 therein
      so as to pivotally support the laterally extending arm means 25 in
      position on the upwardly extending support 20.
PAR  As shown in FIGS. 2 and 3, additional support for the upwardly extending
      support 20 may be provided in the form of chains 55 secured to each side
      thereof and extending to an adjacent leg of a drilling rig, or stationary
      power component illustrated by the dotted line at 56 in FIG. 3 of the
      drawing.
PAR  The end 28 of the laterally extending arm means 25 is adapted to be engaged
      with the bracket 29 which is shown as secured to the inspection unit 30 so
      that in turn the end 28 and bracket 29 may be secured together by nut and
      bolts 29a.
PAR  The inspection unit 30 as illustrated in FIGS. 1 thru 6 includes a gage 60
      for measuring variations in the outside diameter of tubular members moved
      through the inspection unit 30, the details of such outside diameter gage
      being described and claimed in my copending application filed on the 7th
      day of Jan., 1974 and bearing U.S. Ser. No. 431,125 and entitled "Gage FOR
      TUBULAR MEMBERS".
PAR  The inspection unit 30 in FIGS. 1 thru 6 is also shown as including an
      electromagnetic induction inspection unit 61 to aid in determining any
      defects, flaws, pits or fatigue cracks both internally and externally of
      tubular members which are moved longitudinally through the inspection unit
      30.
PAR  As shown in FIG. 3, suitable power means for rotating the outside diameter
      gage 60 is provided and is illustrated as being a fluid motor 62 or the
      like which motor is provided with suitable means for receiving power from
      a source (not shown) which may be located at any position in the vicinity
      of the unit.
PAR  Similarly, the electromagnetic inspection unit 61 is provided with means 63
      for receiving power from a suitable power source to supply power to the
      inspection unit and to operate the electromagnetic induction inspection
      unit in a manner well known in the art.
PAR  In FIG. 4, the outside diameter pipe gage 60 is shown in schematic detail
      as is the electromagnetic inspection unit 61. Suitable means such as the
      spring arrangement 65 is provided for urging the rollers 66 into
      continuous engagment with a tubular member as illustrated at 67 in FIG. 5,
      which rollers are in turn mounted by means well known in the art with the
      inspection shoes referred to generally at 70.
PAR  As is shown in FIG. 6 of the drawings, the circular configuration of the
      end of the bracket 29 and the end 28 of the laterally extending arm is
      such that the inspection unit may be positioned at any desired angle
      relative to the vertical should such become necessary merely by rotating
      the inspection unit 30 relative to bracket 28 as illustrated in dotted
      line at 30a of FIG. 6, and then securing nuts and bolts 29a in position in
      each.
PAR  In FIG. 3 of the drawings, a rotary table commomly employed on an oil and
      gas drilling rig is illustrated in dotted line at 80, and during normal
      operation of the present invention it is desired to have the inspection
      unit 30 in close proximity to such rotary table as shown in FIG. 3 of the
      drawings. During such time, the tubular member represented in dotted line
      at 67 is either being run into or pulled from the well bore immediately
      therebeneath and aligned with the aperture in the inspection unit 30.
PAR  Should it become desirable to set slips in the rotary table while either
      running or pulling the tubular members, or should it become desirable to
      move the inspection unit vertically relative to the rotary table 80 for
      any other reason, suitable fluid power may be supplied to the cylinder 32
      through the connection 32a to act on the piston 33 and move the shaft 34
      upwardly in the space 24 between the members 22 and 23. When this occurs,
      the laterally extending arm means 25 will also move upwardly since it is
      clamped therewith by means of the blocks 46 and 47.
PAR  The inspection unit 30 may then be lowered back into position when desired
      by releasing the fluid from cylinder 33.
PAR  Also, as previously mentioned and as illustrated in FIG. 2 of the drawings
      the inspection unit 30 and laterally extending arm means 25 may be swung
      in a horizontal plane relative to the upwardly extending support 20 as
      shown in dotted line in FIG. 2 by means of the pivot arrangement 40. The
      solid line position of FIG. 2 may be considered the normal position and
      the dotted line position an angularly spaced position. It is clear from
      the foregoing and from the drawing that the pivot arrangement 40 allows,
      at all times, free pivotal movement of the laterally extending arm means
      25 with respect to the support and about a single axis in either angular
      direction away from the normal position.
PAR  In FIG. 7, an arrangement of an inspection unit referred to generally at
      30b is shown wherein only an electromagnetic induction inspection unit
      referred to at 61b is employed.
PAR  In FIGS. 8, 9 and 10, an alternate form of the invention 15 is illustrated
      wherein like numerals are employed to designate like parts as shown in
      FIGS. 1-7.
PAR  The base 21 is provided with openings 21a for securing the invention 15 in
      position to use. The spaced members 22 and 23 form the longitudinal recess
      24 therebetween, and the power means 31 is positioned on the base 21 at
      the lower end of the recess 24.
PAR  The power means includes cylinder 32 with piston 33 therein and shaft 34
      connected to piston 33 and extending upwardly in the recess 24 between
      members 22 and 23 as shown. Suitable spaced bearing means 35 and 36 guide
      and support shaft 34 when is moves.
PAR  Suitable grease connections 35' and 36' are provided on member 23 for
      supplying grease to the bearing means 35 and 36 respectively.
PAR  The upper end of members 22 and 23 is provided with a plate 100 secured
      thereto having groove or opening 101 therein to enable the shaft to be
      moved readily and positioned between members 22 and 23.
PAR  The arm 25' is pivotally connected by the arrangement generally referred to
      at 40 to the upwardly extending support arrangement 20 in the manner as
      described with regard to FIGS. 1-7. Such pivotal support arrangement
      includes the spaced socket means 51 and 52 carried on plate 50' which in
      turn is secured by any suitable means such as the nuts 27a which extend
      through the end 27 of the arm 25' and engage with the plate 50'. A socket
      50 (not shown) is carried by the clamp arrangement referred to generally
      at 45 and fits between the socket means 51 and 52 whereupon a suitable pin
      or threaded member 53 may be engaged therewith to secure the arm 25'
      pivotally with the clamp arrangement 25 that engages the shaft or piston
      rod 34.
PAR  In this form of the invention the clamp arrangement 45 comprises a block
      45a which may be formed of two members having a semicylindrical mating
      void extending longitudinally therethrough for fitting about the shaft 34.
      The two block portions may be secured together about and on shaft 34 by
      any suitable means such as the bolts 45b extending therethrough. The sides
      45c of the blocks slidably engage the web 22a and 23a of the members 22
      and 23 upon movement of the piston rod 34.
PAR  In this form of the invention it will be noted that the laterally extending
      arm means 25 is shown as being cylindrical in configuration and includes
      the two members 25a' and 25b' which are arranged in telescoping
      relationship. The end 28' of the support 25', which end 28 is in the form
      of a rectangular plate having openings 28a' therein for receiving and
      supporting the inspection unit 30 as described with regard to FIGS. 1-7
      inclusive.
PAR  The cylindrical member 25b' is provided with a closure 25c which is adapted
      to be threadedly secured with the end of 25b' as shown, such closure
      having an opening 25d therethrough with an annular groove 25e therein for
      receiving the seal means 25f which sealingly and slidably engages the
      member 25a'.
PAR  Suitable bearing means represented generally at 105 and 106 are provided on
      the arm or member 25a' to aid in guiding the arm 25a' upon relative
      longitudinal movement within the arm or member 25b'. Additional bearing
      means referred to generally at 107 positioned between the bearing means
      105 and 106 are provided for further guiding the member 25a' as it moves
      longitudinally of the member 25b'. As shown in FIG. 8, the bearing means
      106 includes a plurality of circumferentially spaced roller means 109
      carried by the bearing 106 which engage the inner surface 110 of the arm
      or member 25b' as movement between 25a' and 25b' occurs. The bearing means
      105 may be a sleeve bearing as shown.
PAR  The bearing means 107 rotatably fits within a groove 113 formed in the
      member 25b'.
PAR  As more clearly shown in FIG. 8, the groove 113 is partially cut away so
      that the relationship of the bearing means 107 to such groove in the arm
      25b' is more clearly visible and understood. The groove or slot 113 limits
      the relative longitudinal movement of member 25a' and 25b' and also
      inhibits relative rotation therebetween.
PAR  A suitable cover plate as shown at 115 may be secured to the arm 25b' by
      any suitable means such as screws 116 or the like for access to the
      bearing means 107 for replacement or repair as may be necessary.
PAR  A suitable connection is provided to the cylinder 32 for supplying fluid to
      such cylinder to position the laterally extending arm 25 in any desired
      vertical relationship in a manner as described with regard to FIGS. 1-7.
      The function and operation of the support means is similar to that
      described with regard to FIGS. 1-7 in that the pivotal arrangement 40
      enables the support arrangement and whatever device may be carried thereby
      to be shifted in a vertical plane by reason of the power means 31.
PAR  Relative longitudinal movement between the members 25a' and 25b' may occur
      as may be necessary during use of the invention.
PAR  In the operation of the present invention, it is positioned in relation to
      the rotary table 80 so as to receive tubular members therethrough either
      as they are lowered, or run into the well bore, or as the tubular members
      are step wise pulled from the well bore as represented in FIG. 3 of the
      drawings. At any event, the outside diameter gage is rotated as described
      in my copending application hereinabove referred to. Simultaneously
      suitable power is supplied to the electromagnetic induction inspection
      unit 61 so as to power it and induce a magnetic field within the tubular
      member as it passes through the inspection unit 30.
PAR  The outside diameter gage 60 of the inspection unit 30 measures any
      variations in diameter of the tubular members passing therethrough, and
      the inspection shoes 70 of the electromagnetic induction inspection unit
      ride on the tubular members and detect any anomaly in the induced magnetic
      field as an indication of corrosion pits, fatigue cracks or other defects
      externally and internally in the tubular member.
PAR  The spring arrangement 65 accommodates the movement of couplings, tool
      joints and protectors through the electromagnetic inspection unit 61 and
      the spring arrangement 65a on the outside diameter gage also does the same
      thing.
PAR  The construction and arrangement and method of use for the present
      invention provides a minimum inference with normal crew activity involved
      in running or pulling tubular members on an oil or gas rig, or with other
      crew activity that may be under way on the drilling rig.
PAR  The operation of the inspection unit is not affected by tool joints,
      couplings, and/or protectors and it can be appreciated that the inspection
      scans a full 360.degree. of the tubular members either as they are run in
      or pulled from the well bore.
PAR  The foregoing invention not only provides a simple arrangement for testing
      tubular members, but enables a method of testing tubular members to
      determine any defects or wear therein that might cause problems during
      drilling of the well or during subsequent production operations.
PAR  The foregoing disclosure and description of the invention is illustrative
      and explanatory thereof, and various changes in the size, shape, and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An arrangement for supporting an inspection device adjacent a well bore
      for moving tubular members through the inspection device as they are run
      into or pulled from the well bore including:
PA1  a. an upwardly extending support for positioning adjacent a well bore;
PA1  b. laterally extending arm means secured to said upwardly extending support
      and being normally positioned, during operation, at a given angular
      disposition with respect thereto;
PA1  c. a single pivot means between said upwardly extending support and said
      laterally extending arm means for allowing, at all times, free pivotal
      movement of said arm means with respect to said support and about a single
      axis in either angular direction away from said normal position;
PA1  d. said arm means comprising two members in telescoping relationship and
      arranged to accommodate, at all times, free axial sliding of one member
      with respect to the other in directions of both extension and retraction;
PA1  e. bearing means between said two members to facilitate said free axial
      sliding and to guide and support said members;
PA1  f. a device for inspecting tubular members, said inspection device
      surrounding a central aperture defined by said inspection device and
      through which tubular members may pass, said inspection device being
      carried by said arm means; whereby said telescoping members of said arm
      and said pivot means allow free movement of said inspection device within
      a plane of limited bounds to accommodate lateral shifting of tubular
      members as they are run into or pulled from the well bore without
      affecting operation of the inspection device.
NUM  2.
PAR  2. The invention of claim 1 wherein said upwardly extending support
      includes means for positioning said laterally extending arm at
      predetermined longitudinal positions on said upwardly extending support.
NUM  3.
PAR  3. The invention of claim 1 including bracket means mounted on said
      laterally extending arm and engaged with said device.
NUM  4.
PAR  4. The invention of claim 2 wherein said positioning means includes:
PA1  a. power means;
PA1  b. shaft means movable by said power means;
PA1  c. clamp means for securing to said shaft means and including guide means
      for slidably engaging siad upwardly extending support; and
PA1  d. means for securing said laterally extending arm means to said clamp
      means.
NUM  5.
PAR  5. The invention of claim 4 wherein said power means includes cylinder
      means with piston means therein, and wherein said piston means is
      connected to said shaft means.
NUM  6.
PAR  6. The invention of claim 5 including bearing means at spaced intervals in
      said upwardly extending support and engaging said shaft means.
NUM  7.
PAR  7. The invention of claim 1 wherein said bearing means includes a pair of
      spaced bearing means carried by one of said telescoping members for
      engaging the interior of the other of said telescoping members.
NUM  8.
PAR  8. The invention of claim 7 wherein at least one of said bearing means
      includes roller means for engaging the interior of the other of said
      telescoping members.
NUM  9.
PAR  9. The invention of claim 1 wherein said bearing means includes:
PA1  a. a slot in one of said members; and
PA1  b. rotatable bearing means mounted on the other of said members and engaged
      in said slot.
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PAL  A method for contactless measurement of conductivity and/or temperature on
      metals by means of the eddy current effect induced within the metal by an
      alternating magnetic field produced by an excitation coil fed with
      alternating current arranged with its axis perpendicular to the surface of
      the metallic test specimen, there being in addition to the excitation coil
      a pair of measuring coils of equal radius arranged coaxially and
      symmetrically with respect to the excitation coil at each end respectively
      of the excitation coil and having an axial length substantially less than
      that of the excitation coil. The two measuring coils are connected
      electrically in series opposition and the phase angle between the current
      in the measuring coils and the current in the excitation coil is taken as
      an indication of the measured variable. In order to reduce the so-called
      "lift-off" effect to a minimum and allow accurate contactless measurement
      such that substantial tolerances are permissible for the distance between
      the test specimen and measuring head which carries the coils, the radius
      between the excitation coil on the one hand, and the measuring coils on
      the other, is smaller than 1/4 or greater than 4, depending on whether the
      measuring coils are located respectively outside or inside the excitation
      coil, and the measuring head is at such a distance from the specimen
      surface that the phase angle between the excitation-coil signal and the
      measuring-coil signal exhibits a maximum.
BSUM
PAR  The invention concerns a method for contactless measurement of conductivity
      and/or temperature on metals by means of eddy currents, whereby with the
      aid of an excitation coil fed with an alternating current and having its
      axis standing vertically on the test specimen, an alternating magnetic
      field is generated which penetrates into the surface of the metal and by
      inductive means gives rise to eddy currents, and in addition to the
      excitation coil there are two measuring coils of equal radius arranged
      coaxially and symmetrically with respect to the excitation coil, the
      length of each measuring coil being substantially smaller than the length
      of the excitation coil, such that the measuring coils are connected in
      series opposition and the phase angle between the current in the
      excitation coil and the current in the measuring coils is used as an
      indication of the measured variable. Methods based on the eddy-current
      principle for measuring conductivity and/or temperature have been known
      for some time. In the case of a device available commercially under the
      name "Sigmatest," a single test coil is used which is placed on the metal
      surface. The eddy currents created in the metal by the alternating
      magnetic field act as the loaded secondary winding of a transformer, and
      their effect on the test coil is to alter its electrical properties as a
      function of the conductivity. Attention has to be paid here to the
      undesirable "lift-off effect" which occurs if the sensing coil is "lifted
      off" the metal surface by surface roughness or intervening layers (oxide)
      (journal "Metall" No. 178 (1955), pages 14-22).
PAR  The influence of the lift-off effect can be reduced to a large extent by
      additional measures. The excitation coil has been combined with two
      measuring coils in differential connection. These coils are much shorter
      than the excitation coil and are arranged coaxially and symmetrically with
      respect to the latter (the measuring coils are preferably located inside
      the excitation in such a way that the outer end faces of the measuring
      coils, when viewed from the center of the complete assembly, lie on a
      plane with the two end faces of the excitation coils). Because the
      measuring coils are connected in series opposition, they do not produce a
      signal when there is no test specimen; if brought close to a metal object,
      however, the alternating magnetic field generates eddy currents in the
      object, and these in turn give rise to a "reflected" alternating magnetic
      field. This reflected magnetic field then influences the "front" measuring
      coil after the manner of a transformer, whereas the second measuring coil
      is influenced only slightly, or not at all. If the amplitude of the
      alternating voltage induced in the front measuring coil is used as a
      characteristic quantity dependent on conductivity or temperature (but also
      on other parameters, such as the thickness of the specimen), the influence
      of the "lift-off" effect is still considerable. As was found later,
      however, this influence is greatly reduced if the phase difference between
      the input signal (excitation coil) and the output signal (measuring coils)
      is taken as the characteristic quantity, instead of the amplitude. This
      technique is described, for example in the article by Dodd and Simpson
      "Thickness measurement using eddy current techniques" in the journal
      "Materials Evaluation," May 1973, p. 73-84 (here the emphasis is on
      measuring thickness, but other factors, including conductivity, are also
      discussed, though these are considered more specifically in the article by
      Dodd "A portable phase-sensitive eddy current instrument" in "Materials
      Evaluation," March 1968, p. 33-36 ).
PAR  FIG. 1a of the article by Dodd and Simpson shows not only the electrical
      configuration of excitation coil and measuring coils, but also the
      practical geometrical arrangement of the coils. According to this the
      measuring coils are situated coaxially inside the excitation coil, and the
      ratio of their radii is relatively low; the radius of the excitation coil
      is shown as being some 1.5 to 2 times as large as the radius of the
      measuring coils.
PAR  The object of the invention is to reduce further the influence of the
      lift-off effect and to allow contactless measurement such that substantial
      tolerances are permissible for the distance between test specimen and
      measuring head without influencing the measured value. A particular
      application here might be for measurements, e.g., temperature
      measurements, on objects of large surface area in cyclical motion, such as
      rotors, etc., with which certain diameter tolerances are unavoidable. It
      has in fact been found that when certain, hitherto disregarded, conditions
      concerning the arrangement and dimensions of the measuring coils are
      observed, the phase angle in relation to the distance measuring
      head/specimen passes through a maximum. If the measuring head is situated
      at this maximum, the dependence of phase angle on distance is very slight
      and the sensitivity to distance of the system is further greatly reduced
      beyond the reduction already achieved by using the phase angle.
PAR  This object is achieved in that the radius ratio between the excitation
      coil on the one hand, and the measuring coils on the other, is smaller
      than 1/4 or greater than 4, depending on whether the measuring coils are
      located respectively outside or inside the excitation coil, and the
      measuring head is at such a distance from the specimen surface that said
      phase angle between the excitation-coil signal and the measuring-coil
      signal exhibits a maximum.
DETD
PAR  The invention will now be explained more fully with reference to the
      drawings. FIGS. 1a and 1b show sections through coil arrangements
      according to the invention, the measuring coils M being shown outside the
      excitation coil E in FIG. 1a, and inside coil E in FIG. 1b. The ratio
      R.sub.1 /R.sub.2 of the mean radii of the excitation coil and measuring
      coils is .ltoreq. 1/4 in FIG. 1a, and .gtoreq. 4 in FIG. 1b. The test
      specimen, here imagined to be a flat metal plate, is at a distance D from
      the front end faces of the coils (which preferably lie in one plane, as do
      the rear end faces). The windings of the measuring coils M are shown
      connected in series opposition; the resulting alternating voltage is fed
      to one input of a phase-angle measuring device PM, the second input of
      which receives the direct signal from an oscillator OS which feeds the
      excitation coil. L is the length of the excitation coil or the distance
      between the outer end faces of the measuring coils.
PAR  As already remarked, if the stated criteria for the relative radii of
      excitation coil and measuring coils are satisfied, the resultant phase
      angle between the primary alternating voltage and the voltage induced in
      the measuring coils, i.e., the signal appearing at the output of the
      phase-angle measuring device PM, exhibits a maximum when distance D
      varies. This can be seen from FIG. 2, in which the resultant phase angle
      .phi. is plotted as a function of the ratio D/R.sub.1 between distance D
      and radius R.sub.1 of the excitation coil. In the vicinity of the maximum
      the dependence of phase angle on distance is only slight. On the other
      hand, this maximum is closely related to the conductivity of the specimen,
      both as regards the position of this maximum (i.e., the distance from the
      specimen surface) and as regards its value.
PAR  The conductivity of a specimen having a plane surface, for example, can
      then be measured in that an indicating instrument connected to the output
      of the phase-angle measuring device is calibrated for a number of
      reference specimens of known conductivity. For this, the measuring head,
      fixed to a stand and able to move perpendicular to the reference surface
      by means of suitable guiding elements, is moved progressively towards each
      reference specimen in turn, preferably from a considerable distance, and
      the deflection of the indicating instrument is observed. When the
      deflection ceases to increase as the movement is continued, the maximum
      has been reached and the deflection corresponds to the conductivity of the
      reference specimen. The maxima for other reference specimens can be found
      in the same way and calibrated with the appropriate conductivity.
      Intermediate values can be interpolated.
PAR  When measuring a specimen of unknown conductivity it is necessary only to
      repeat this procedure, i.e., the distance from the measuring head to the
      specimen surface is varied progressively, starting from an appreciable
      distance, until the pointer ceases to move in response to further fine
      adjustment. If adjustment is made too far, the movement of the pointer
      will reverse; a slight adjustment is then made in the opposite direction
      until the pointer is again stationary. Since the scale is calibrated, the
      position of the pointer gives a direct reading of the conductivity of the
      specimen.
PAR  Alternatively, the procedure for measuring the conductivity of a specimen
      can be such that first a reference specimen of known conductivity is
      mounted in front of the measuring head, which is able to move in the
      perpendicular direction, and the measuring head is moved vertically
      relative to the surface of the reference specimen until the deflection of
      the phase-angle measuring device (PM) shows a maximum. The head is then
      fixed at this maximum, the phase angle is measured and the value is
      retrievably stored. When measuring the unknown conductivity of a specimen,
      the latter is set immediately in the position of the reference specimen so
      that the distance between specimen surface and measuring head is the same
      as with the reference specimen. The excitation frequency is then varied
      until the phase-angle measuring device PM shows the same deflection as
      previously with the reference specimen. In this way the phase angle
      maximum is obtained automatically as a function of an imaginary variation
      of the distance between measuring head and specimen and, as calculation
      will show, the ratio of the conductivities of the reference specimen and
      the `unknown` specimen is inversely proportional to the ratio of the two
      excitation frequencies, and from this the unknown conductivity can be
      determined directly. Since the conductivity of the specimen is therefore
      inversely proportional to the frequency to be set for a given phase angle,
      and the proportionality constant is equal to the product of the
      conductivity of the reference specimen employed for the original
      calibration and the excitation frequency used for this purpose, the scale
      of the frequency meter can be calibrated permanently by the instrument
      manufacturer to indicate conductivity. The constant phase angle to be set
      by moving the measuring head could similarly be marked on the scale of the
      phase-angle measuring device PM by the instrument manufacturer. Through
      the application of electronics and control techniques it would also be
      possible to vary the excitation frequency automatically and to stop this
      adjustment, also automatically, when the prescribed phase angle is
      achieved (possibly by digital means through programming a counter).
PAR  The method of the invention can be used to particular advantage to measure,
      by way of the conductivity, the temperature of metallic, especially
      moving, objects. Cyclically rotating, cylindrical metal bodies, e.g.,
      rollers, are considered particularly in this respect. For this it is of
      course first necessary to calibrate the indicating instrument. With the
      roller to be tested stationary, the measuring head is positioned some
      distance from the roller surface so that the extended axis of symmetry of
      the coils in the longitudinal direction intersects the roller axis, i.e.,
      coincides with a produced roller radius; in this position the measuring
      head can be moved with the aid of suitable guidance towards or away from
      the roller axis, and can be fixed in any position.
PAR  The temperature at the point on the roller surface facing the measuring
      head is then measured by means of a contact thermometer, a thermocouple or
      other known means. The measuring head is then moved until the pointer of
      the indicating instrument of the phase-angle measuring device PM attains a
      maximum. The measured temperature is noted at this setting of the pointer.
      The roller is then brought to another temperature, e.g., heated, the
      temperature is measured with said means and the measuring head is adjusted
      until a maximum reading is obtained. This pointer position is again marked
      on the scale and the measured temperature noted. In general these two
      calibration points are sufficient in order to mark the temperature scale
      between them or beyond them. This scale is assumed to be linear, which is
      true within broad limits for the temperature response of the metal
      resistance. A third calibration point can of course be taken to achieve
      greater precision.
PAR  When the scale has been calibrated in this way, the roller is allowed to
      cool again to its operating temperature and this temperature is measured
      at a point in the manner described, by moving the measuring head until a
      maximum is achieved. The measuring head is fixed at this position. If the
      roller is now rotated, the temperature distribution over the circumference
      can be read directly. A particular advantage lies in the fact that
      unavoidable small variations in the diameter of the roller do not
      influence measurement because, as mentioned above, with this method the
      "lift-off" effect, i.e., the dependence of measurement on distance, is
      particularly small. During such temperature measurement, of course, the
      conductivity should not show any local fluctuations. Conversely, when
      measuring conductivity in the manner described above, the temperature must
      be constant; however, if the room temperature deviates from the
      temperature at which calibration was carried out, a correction can easily
      be applied to the measured values by making allowance for the measured
      room temperature.
PAR  A major advantage of the method described is that the piece of metal to be
      measured can be coated with a non-conducting layer (e.g., oxides, paper,
      etc.) without giving rise to falsified measurements.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for contactless measurement of conductivity and/or temperature
      on metals by means of eddy currents, whereby with the aid of a measuring
      head including thereon an excitation coil fed with an alternating current
      and having its axis standing vertically on the test specimen, an
      alternating magnetic field is generated which penetrates into the surface
      of the metal and by inductive means gives rise to eddy currents, and in
      addition to the excitation coil there are two measuring coils of equal
      radius arranged coaxially and symmetrically with respect to the excitation
      coil, the length of each measuring coil being substantially smaller than
      the length of the excitation coil, the measuring coils are connected in
      series opposition and the phase angle between the signal in the excitation
      coil and signal in the measuring coils is used as an indication of the
      measured variable, characterized in that the radius ratio between the
      excitation coil on the one hand, and the measuring coils on the other, is
      smaller than 1/4 or greater than 4, depending on whether the measuring
      coils are located outside or insdie the excitation coil, and the distance
      between the measuring head and the specimen surface is adjusted until the
      said phase angle between the excitation-coil signal and the measuring-coil
      signal exhibits a maximum.
NUM  2.
PAR  2. A method as claimed in claim 1, in which the phase angle between the
      excitation-coil signal and the measuring-coil signal is measured with a
      measuring device which converts the phase difference at any given time
      into a proportional voltage and displays it on an instrument, the scale of
      the instrument is calibrated in such a manner that for various reference
      specimens of known conductivity the distance between measuring head and
      reference specimen is adjusted progressively until a maximum deflection of
      the instrument is achieved, this maximum deflection being marked on the
      scale and provided with the corresponding conductivity value, and in which
      measurement on a specimen of unknown conductivity similarly consists in
      progressively moving the measuring head in the direction of the specimen
      surface until a maximum deflection is obtained, whereupon the conductivity
      can be read from the calibrated scale.
NUM  3.
PAR  3. A method as claimed in claim 1, in which in order to determine the
      conductivity of a specimen a reference specimen of known conductivity is
      first mounted in front of the measuring head, which is able to move in the
      perpendicular direction, and the measuring head is moved vertically
      relative to the surface of the reference specimen until the deflection of
      a phase-angle measuring device shows a maximum, the head is fixed at this
      maximum, the phase angle is measured and the value is retrievably stored,
      and in which when measuring the unknown conductivity of a specimen this is
      set immediately in the position of the reference specimen so that the
      distance between specimen surface and measuring head is the same as with
      the reference specimen, and the excitation frequency is varied until the
      phase-angle measuring device shows the same deflection as previously with
      the reference specimen, the phase angle maximum being obtained
      automatically as a function of an imaginary variation of the distance
      between measuring head and specimen and the ratio of the conductivities of
      the reference speciman and the `unknown` specimen being inversely
      proportional to the ratio of the two excitation frequencies, from which
      the unknown conductivity can be determined directly.
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ABST
PAL  System for monitoring the resistance and capacitance between sense
      electrodes in a volume of material and providing audio pulses having a
      frequency which is a function of the resistance between the probes and
      pulse modulation which is a function of the capacitance between the
      probes.
BSUM
PAR  This invention relates to improvements in circuits and systems for audio
      signalling such as shown in my co-pending application Ser. No. 270,706
      filed July 11, 1972.
PAR  It is well recognized that many attempts have been made to evaluate soil
      conditions by the utilization of conductivity measurement of the soil but
      such an approach to indicate soil moisture has been found to be both
      unreliable and difficult and of little value for the purpose of growing
      plants. The presence of pure water without impurities does not result in a
      low conductivity media, and therefore simple resistance measurements alone
      and without other considerations such as the amount of impurities e.g.
      fertilization of the soil are meaningless in a determination of the amount
      of moisture or the amount of impurities.
PAR  As a consequence of the above, there is shown in FIG. 2 of the
      beforementioned application Ser. No. 270,706 a circuit and system for
      providing audio signalling information based on an interpretation of the
      type of data shown in the graphs of FIGS. 3, 4, and 5 shown therein for
      various soils with and without fertilization to enable a simple and
      relatively accurate monitoring of moisture content of soil based upon the
      several relatively complex considerations mentioned.
PAR  In view of the preceding it has become important to provide a means in
      audio signalling for providing information with respect to resistance and
      also capacitance between sense probes inserted in a volume of material
      e.g. soil so that these two parameters important to soil growth conditions
      can both be easily monitored.
PAR  It is accordingly an object of this invention to provide means including an
      audio frequency which is a function of the resistance of the circuit path
      through the sample and a modulation characteristic (pitch) which is a
      function of the capacitance of the circuit path through the sample
      provided between a pair of probes.
PAR  It is a further object of this invention to provide an oscillator circuit
      for measuring and indicating the resistance between a pair of probes
      wherewith the power source is connected between one of the probes and a
      loudspeaker
PAR  It is yet another object of this invention to provide a pair of probes
      having an audio signal generator circuit coupled between the probes and
      wherein the prbes have a total exposed area of the tips thereof combined
      which is less than the distance squared between the tips.
PAR  It is yet a further object of this invention to provide a method for
      measuring the impurity content of moisture which comprises simultaneously
      providing an audio indication of both the resistivity and capacitance of a
      circuit path through the moisture containing impurity.
PAR  It is still another object of the present invention to provide means for
      providing audio signal information representative of the resistance and
      capacitance between a pair of probes immersed in soil so that a relative
      determination of both the amount of moisture and degree of fertilization
      of the soil can be readily monitored from the audio signal information.
PAR  It is a further object of this invention to provide circuit means including
      a transistor pair for indicating resistivity between a pair of probes
      wherein the circuit means provides an audio frequency signal which
      increases to cutoff as the resistivity decreases.
PAR  It is still a further object of this invention to provide audio generator
      circuit means for indicating the resistance between a pair of probes
      wherein the freaquency in cycles per second is an integer decreasing in
      value for increase in resistance greater than about 1000 Ohms.
DRWD
PAR  Other objects of the present invention will become apparent upon reading of
      the following specification and referring to the accompanying drawings in
      with similar reference numerals represent corresponding parts in the
      several figures.
PAR  In the drawings:
PAR  FIG. 1 is a schematic diagram including probe configuration of a system
      according to an embodiment of the invention utilizing a transistor pair
      and resistor biasing of a first transistor;
PAR  FIG. 2 is a schematic diagram including probe configuration of a further
      system according to a further embodiment of the invention utilizing a
      transistor pair and self biasing of a first transistor;
PAR  FIG. 3 is a schematic diagram of an audio signal generating circuit
      providing frequency of and pulse characteristics representative of
      resistance and capacitance respectively of the volume of material
      positioned between the probes; and,
PAR  FIG. 4 is a diagram of the frequency of pulses (clicks per second) of the
      audio in the circuit of FIG. 3 with respect to change in resistance of the
      circuit path formed by the material between the probes.
DETD
PAR  Turning now to the circuits of FIGS. 1 and 2, it will be noted that some
      similarities exist therebetween, i.e. that both are utilizing a pair of
      transistors 211 and 215 in an audio oscillator circuit of the relaxation
      oscillator type. The circuit shown in FIG. 2 of my hereinbefore mentioned
      co-pending application utilized a single unijunction transistor and
      incorporated switching means in circuit with the power source, however the
      circuits of FIGS. 1 and 2 of this application do not incorporate switching
      means and do not result in excessive battery drain as might be the case
      where the switch in FIG. 2 of the aforementioned application is
      inadvertently left in an ON condition by the operator. The present
      application circuits of FIGS. 1 and 2 utilize an NPN type transistor 215
      which may be a general purpose type high gain transisotr and an PNP type
      transistor 211, a general purpose type, such circuits being operative with
      other circuit elements having values as shown in the schematic. The
      resistor 213 in the circuit of FIG. 1 is current limiting to base 408 of
      transistor 211 thereby biasing transistor 211 to prevent oscillation
      thereof until capacitor 203 charges up through the series circuit path
      through the soil between probes 34 and 36 and across the 15 volt potential
      source applied between terminals 205 and 207. Upon charging up of
      capacitor 203, PNP transistor 211 fires (closing the emitter 406,
      collector 407 path) to turn on NPN transistor 215 thereby causing a pulse
      of current to flow from emitter 403 thereof through speaker 201 via
      speaker input terminal 402. The frequency of these pulses (heard as
      clicks) in the relaxation oscillator circuits of FIGS. 1 and 2 is
      dependent upon the frequency determining portion of the circuit including
      capacitor 203 and the circuit path through the material between exposed
      probe tips 111 and 114. The primary distinction between the circuits of
      FIGS. 1 and 2 is that resistor 213 (e.g. 4 Kilohms) in FIG. 1 is utilized
      to provide biasing of PNP transistor 211 as hereinbefore explained whereas
      in the circuit of FIG. 2, resistor 300 is connected directly from base 408
      to emitter 406 thereby acting as a divider for base 408 and emitter 406
      current and making biasing of PNP transistor 211 dependent on internal
      characteristics of the transistor and also not requiring connection over
      of this resistor to the probe 34 as in the circuit of FIG. 1. The
      dimensioning of the probes 34 and 36 is important and the total area A of
      both exposed tips 111 and 114 should be equal to or less than the distance
      d between the probes squared, i.e. total A (of both probe tips together
      .ltoreq.d.sup.2. If A is substantially greater, then the resistance path
      between the probe tips becomes the incorrect total resistance of several
      parallel resistance paths. Probes 34 and 36 may be solid aluminum
      cylindrical cross section rods with the electrically insulating portion
      116 surrounding the rod except for the tip portions which are
      substantially only the cone shaped ends of the rods, the insulating
      portion extending up to the cone shaped tips being either an epoxy coating
      or anodized aluminum. The distance d=12.5 mm, the probe 34, and 36
      diameters are 4.85 mm and the area of the exposed tips is formed by a
      45.degree. cone shape of the endings of the rods.
PAR  Turning now to the circuit of FIG. 3 and the graph of FIG. 4 showing the
      audio pulse frequency output thereof in number of clicks per second in
      response to the resistance path of a material between probes 34 and 36, it
      will be noted (from FIG. 4) that this pulsed audio frequency circuit
      provides a substantially linear relationship between number of pulses
      (clicks) per second and resistance between probes from about 40 Kilohms
      down to about 1000 Ohms. In this circuit, the value of capacitor 501,
      connected between a first end 517 of the secondary 514 of iron core pulse
      transformer 512 and base 508 of PNP transistor 507 (power tranistor type
      9012 HG) affects the scale and upper and lower frequency limits of the
      pulse frequency and a value of capacitor 501 of 220 mfd. is selected to
      provide the response of the circuit as shown in FIG. 4. The actual
      frequency, i.e. number of clicks per second representing a resistance
      value for the material, here set for soil and meaningful in recognition of
      plant growth conditions is set by bleeder resistor 503 connected between
      base 508 and reference-potential, and a value of resistance of resistor
      503 of 1.6 Kilohms is selected to achieve the response shown in the graph
      of FIG. 4. It is thus seen how the scale of upper and lower frequency
      limits is selected and how the frequency or tuning is achieved. Unlike the
      previous circuits of FIGS. 1 and 2, of this application and FIG. 2 of my
      previously referred to co-pending application, the frequency (clicks per
      second) continues to increase for even lower resistances, down to 1 Kilohm
      as shown on the upper end of the graph and increases rapidly for even
      lower resistance (not shown). So it can be readily seen that the easily
      countable number of clicks per second occurs over the complete range of
      resistance important in soil analysis and in fact over the larger
      resistance range of about 40 Kilohms change in resistance, i.e. from below
      about 1 to above about 40 Kolohms. Transformer 512 has an 8 Ohm secondary
      for matching 8 Ohm speaker 521 coupled thereacross.
PAR  While the aforementioned graph of FIG. 4 permits an interpretation of
      relative conductivity to a desired level, e.g. 5 or 6 clicks per second
      means around 4 Kilohms (e.g. about 5 to 2 Kilohms) resistance and
      satisfactory moisture level for certain plants and also that no more
      moisture is needed since more clicks per second would begin to indicate
      excess moisture, the audio signal generator circuit of FIG. 3 has pulse
      modulation representative of the capacitance formed by the soil between
      the probes (see dotted line representation thereof in FIG. 3). When the
      pulse heard as clicks are soft and low in tone (as the purr of a cat) the
      capacitance is high, indicative of the presence of substantial amounts of
      fertilization whereas high pitched short clicks or shrieks indicate low
      capacitance and lack of fertilization e.g. as salt water. Thus it is seen
      that the circuit of FIG. 3 provides audio information containing pulses
      having a repetition note dependent on soil resistivity or moisture and a
      tone modulation (pitch) of such pulses at higher frequencies for smaller
      soil capacitances indicative of too low fertilization levels. It is
      therefore seen that the RC circuit path provided between probes 34 and 36
      (see dotted line representation thereof in FIG. 3) forms a portion of the
      frequency and pulse shape determining network of the audio signal
      genrating circuit of FIG. 3. When the resistance path between the probes
      falls below 1 Kilohm and is outside the useful scale or range, the pulse
      rate begins to increase very rapidly beyond 6 clicks per second and could
      not be counted and interpreted as over the linear operating range shown in
      FIG. 4, and as the resistance continues to decrease and approaches a short
      circuit, e.g. for resistance values of about 100 to 500 Ohms or less the
      biasing voltage to base 508 of transistor 507 changes to effect audio
      frequency cut off of the oscillator circuit shown in FIG. 3. In a normal
      open circuit path condition between probes 34 and 36 as when the monitor
      is not in use, transistor 507 is not biased into conduction since there is
      no current flow developed to provide the necessary bias, and as a
      consequence also there is no unnecessary drain of 15 volt battery source
      511.
CLMS
STM  I claim:
NUM  1.
PAR  1. The audio frequency signalling system comprising in combination:
PA1  a pair of probes comprising insulated conductors having exposed tips, the
      total area of said exposed tips less than or equal to the square of the
      distance between said tips;
PA1  a loudspeaker;
PA1  an audio frequency generator circuit having a frequency determining network
      including the circuit path provided between the exposed tips of said pair
      of probes; and,
PA1  said audio frequency generator circuit coupled to said loudspeaker and
      providing audio pulses at an increasing rate in response to increase in
      conductivity of said circuit path between the exposed tips of said pair of
      probes.
NUM  2.
PAR  2. The invention according to claim 1 wherein said increasing rate of audio
      pulses in response to increase in conductivity includes a range which is
      substantially linear with increase in conductivity up to a rate of at
      least about six pulses per second.
NUM  3.
PAR  3. The invention according to claim 1 wherein said insulated conductors
      have a cylindrical cross section and said exposed tips are substantially
      the cone shaped ends of said conductors.
NUM  4.
PAR  4. Apparatus for monitoring the characteristics of soil comprising in
      combination:
PA1  a pair of probes comprising insulated conductors having exposed tips;
PA1  a loudspeaker;
PA1  an audio frequency generator circuit for providing pulse of audio
      information having a pulse frequency determining and audio pulse
      modulating network including the circuit path between said pair of probes,
      said audio frequency generator circuit coupled to said loudspeaker and
      providing pulsed audio at a frequency which is a function of the
      resistivity of the soil between said probes, said audio frequency
      generator circuit further providing audio pulse modulation of said audio
      pulses as a function of the capacitance of the soil between said probes.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said audio pulse modulation of
      said audio pulses comprises audio frequency modulation which decreases in
      frequency with increase in capacitance.
NUM  6.
PAR  6. Apparatus according to claim 4 wherein said audio pulse modulation of
      said audio pulses comprises pulse width modulation wherein the length of
      said audio pulses decreases with decrease in capacitance.
NUM  7.
PAR  7. An audio signalling system for indicating the resistance and capacitance
      between a pair of terminals comprising in combination:
PA1  a loudspeaker;
PA1  an audio frequency generator circuit coupled to said loudspeaker for
      providing audio output pulses;
PA1  said audio frequency generator circuit including a pulse rate and pulse
      modulation determining portion comprising the circuit path provided
      between said pair of terminals
PA1  said pulse rate and pulse modulation determining portion of said audio
      frequency generator circuit providing audio pulses at an increasing rate
      in response to decrease in resistivity between said pair of terminals and
      further providing audio pulses of increasing length in response to
      increase in capacitance between said pair of terminals.
NUM  8.
PAR  8. An audio signalling system according to the invention of claim 7 wherein
      said increase in pulse rate is substantially linear over the range of
      about 40 Kilohms to 1 Kilohm.
NUM  9.
PAR  9. An audio signalling system for monitoring the characteristics of soil
      comprising in combination:
PA1  a loudspeaker;
PA1  an audio frequency generator circuit coupled to said loudspeaker for
      providing audio output information representative of the characteristics
      of the soil;
PA1  said audio frequency generator circuit coupled to a pair of probes and
      responsive to the resistance and capacitance qualities of the soil between
      said probes for providing said audio output information representative of
      said resistance and capacitance qualities of the soil; and
PA1  wherein said probes comprise cylindrical cross section rods; said probes
      having cone shaped exposed tips, said audio frequency generator circuit
      coupled to said cone shaped exposed tips.
NUM  10.
PAR  10. An audio signalling system for monitoring the characteristics of soil
      comprising in combination:
PA1  a loudspeaker;
PA1  an audio frequency generator circuit coupled to said loudspeaker for
      providing audio output information representative of the characteristics
      of the soil;
PA1  said audio frequency generator circuit coupled to a pair of probes and
      responsive to the resistance and capacitance qualities of the soil between
      said probes for providing said audio output information representative of
      said resistance and capacitance qualities of the soil, and wherein said
      probes have exposed tips having a total combined area less than or equal
      to the square of the distance between said tips.
NUM  11.
PAR  11. An audio signalling system for monitoring the characteristics of soil
      comprising in combination:
PA1  a loudspeaker;
PA1  an audio frequency generator circuit coupled to said loudspeaker for
      providing audio output information representative of the characteristics
      of the soil;
PA1  said audio frequency generator circuit coupled to a pair of probes and
      responsive to the resistance and capacitance qualities of the soil between
      said probes for providing said audio output information representative of
      said resistance and capacitance qualities of the soil, and wherein said
      audio information has an audio pitch representative of capacitance.
NUM  12.
PAR  12. The invention according to claim 11 wherein said audio pitch has a
      frequency which increases in response to decrease in capacitance.
NUM  13.
PAR  13. The method of measuring and indicating the conductivity and impurity of
      a liquid containing material comprising:
PA1  inserting a pair of probes into said liquid containing material;
PA1  measuring the resistance between said probes;
PA1  measuring the capacitance between said probes; and
PA1  providing audio information signals representative of said resistance and
      said capacitance thereby indicating the conductivity and impurity content
      of said liquid containing material.
NUM  14.
PAR  14. The method according to claim 13 wherein said step of providing audio
      information signals comprises providing audio information signals having a
      pitch which increases in frequency in response to decrease in capacitance
      thereby indicating less fertilizer impurity in moist soil.
NUM  15.
PAR  15. The method of indicating the moisture and fertilizer content of soil
      comprising the steps of
PA1  inserting a pair of probes into the soil;
PA1  measuring the resistance betweeen said probes;
PA1  measuring the capacitance between said probes;
PA1  simultaneously generating electrical signals representative of said
      measured resistance and capacitance value thereby providing signals
      representative of the moisture and fertilizer content of the soil.
NUM  16.
PAR  16. The method of claim 15 wherein said step of simultaneously generating
      electrical signals representative of said measured resistance and
      capacitance comprises generating periodic audio pulses having a repetition
      rate which is a function of the measured resistance and a pitch which is a
      function of the measured capacitance.
NUM  17.
PAR  17. An audio signal generator responsive to the resistance and capacitance
      between first and second terminals comprising in combination:
PA1  first and second probes;
PA1  a transistor having base, emitter and collector electrodes;
PA1  a capacitor having a first capacitor terminal and a second capacitor
      terminal;
PA1  a resistor having a first resistor terminal and a second resistor terminal;
PA1  a battery having first and second battery terminals;
PA1  a pulse transformer having a primary winding having first and second
      primary winding terminals, and a secondary winding having first and second
      secondary winding terminals;
PA1  a loudspeaker having a first loudspeaker input terminal and a second
      loudspeaker input terminal;
PA1  said first capacitor terminal coupled to said first secondary winding
      terminal, said first secondary winding terminal coupled to said first
      loudspeaker input terminal, said second loudspeaker input terminal and
      said second secondary winding terminal coupled to said first battery
      terminal;
PA1  said second primary winding terminal and said second probe coupled to said
      second battery terminal;
PA1  said collector electrode coupled to said first primary winding terminal
      said emitter electrode coupled to said first battery terminal and said
      base electrode coupled to said first probe; and
PA1  said second capacitor terminal coupled to said base electrode, said first
      resistor terminal coupled to said base electrode, and said second resistor
      terminal coupled to said first battery terminal.
NUM  18.
PAR  18. An audio signalling system comprising in combination:
PA1  a pair of probes arranged for disposition in soil;
PA1  a transistor having collector, emitter, and base electrodes;
PA1  a transformer having primary and secondary windings, said collector and
      emitter electrodes and said primary winding connected in series circuit
      between said second probe and reference potential;
PA1  a source of potential coupled between said primary winding and reference
      potential;
PA1  a capacitor coupled between said base electrode and said secondary winding;
PA1  a resistor coupled between said base electrode and reference potential,
      said base electrode coupled to said first probe; and audio signal
      utilization means coupled across said secondary winding, said audio signal
      utilization means responsive to higher frequency audio pulses
      representative of fertilization levels of soil.
NUM  19.
PAR  19. The method of measuring and indicating the conductivity and impurity of
      a liquid comprising:
PA1  inserting a pair of probes into said liquid;
PA1  measuring the resistance between said probes;
PA1  measuring the capacitance between said probes; and
PA1  providing audio information signals representative of said resistance and
      said capacitance thereby indicating the conductivity and impurity content
      of said liquid.
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ABST
PAL  This hand held universal radome tester is an instrument for locating
      discontinuities and impurities inside a radome wall and for determining
      the quality of an anti-static paint coating over the exterior surface of a
      radome. It includes a microwave segment which is energized in the
      discontinuities/impurities mode of operation to measure energy reflected
      by the radome wall, and a dc segment which is energized in the anti-static
      paint tester mode to measure resistance in megohms per square. The tester
      is battery-operated making it a completely portable device.
BSUM
PAR  This invention relats generally to test mechanisms employed to examine
      equipment to assure the proper condition and operating efficiency thereof
      and more particularly to a test instrument for radomes to determine the
      signal transmission capabilities thereof and the quality of an
      electrically conductive coating over the exterior surface of such radomes.
PAR  Radomes, externally covered with an electrically conductive coating of
      antistatic paint, must efficiently pass microwave energy through their
      walls. Loss of the anti-static paint can cause static charge buildup on
      the radome surface resulting in precipitation static (P-static)
      interfering with the operation of nearby radio equipment. Also, the
      presence of foreign matter, such as for example water, within the radome
      wall causes a decrease in transmission efficiency and excessive boresight
      shift.
PAR  During the life of the radome, the anti-static paint and then the exterior
      radome surface, gradually erodes or wears away and physical damage caused
      by such things as rain, hail and the like allows water to penetrate the
      radome wall. Thus, discrepancies in the radome transmission properties
      occur which must be corrected by removing any water or other impurities,
      patching damaged areas and externally recoating the radome.
PAR  The present invention, therefore, proposes an instrument to check for
      properties which can adversely affect the electrical characteristics of
      radomes. This permits better quality control of radomes at the time of
      their manufacture as well as field checking of radomes to the end that the
      deterioration thereof below some established level can be detected and
      corrected promptly as a routine matter. This device can detect the
      condition of anti-static paint, the presence of impurities such as water,
      resin heavy areas, areas with thick skins and improperly patched areas in
      a radome.
PAR  To the above ends the test instrument herein proposed comprises a source of
      power, a pair of sensors, electrical circuits individually and selectively
      connectable between the power source and each of the sensors, a detector
      associated with each sensor to pick up energy passing through the
      connected sensor and an indicator responsive to this detected energy.
      Adjustable means is included to regulate the magnitude of the power from
      the source to the sensors as well as the energy being indicated.
PAR  More specifically, the power to one of the sensors is in the form of
      microwave energy which is adapted to be transmitted or radiated by that
      sensor and a detector is provided to receive any reflected energy from a
      radome under test and to actuate an associated device accordingly as, for
      example, by registering this on an associated indicator or meter. The
      power from the source to the other sensor is in the form of electric
      current which is adapted to be short circuited by that sensor with the
      resulting resistance being registered on the associated meter. By
      establishing the tolerable levels of reflected energy and resistance,
      indications in excess of these levels can be rejected.
PAR  Devices operating on the radar principle, as contemplated herein, using the
      detection of the magnitude of a reflected wave to indicate the presence
      and quantity of non-uniformities in material have been heretofore
      proposed. Typical of such prior art devices is that disclosed by the Inoue
      et al U.S. Pat. No. 3,786,330 issued Jan. 15, 1974. Inoue et al provides a
      windshield wiping apparatus which uses the differential transmission of
      microwave energy through a car windshield to detect water on the external
      surface thereof. In contrast, the underlying concept of the present
      invention is the measurement in the difference in reflected energy by a
      dielectri material in order to detect impurities inside th dielectric,
      i.e., radome.
PAR  It has also been proposed to locate defects in glass using the doppler
      frequency shift technique as taught by the Slobodsky U.S. Pat. No.
      3,144,601 issued Aug. 11, 1964. This known concept requires precise,
      relative movement between the test instrument and the test article and
      consequently involves additional rather complex apparatus. By employing
      the amplitude of reflected energy only, as herein contemplated, such
      complications are avoided and portabaility is more readily attained.
PAR  Other known devices in the general area to which this invention relates are
      disclosed in the following patents:
TBL  Kofoid     2,952,296   Issued September 13, 1960                          
     Hanson et al                                                              
                3,278,841   Issued October 11, 1966                            
     Chafee     3,290,587   Issued December 6, 1966                            
     Prine      3,482,160   Issued December 2, 1969                            
     Caruso et al                                                              
                3,789,296   Issued January 29, 1974                            
PAR  None of the devices contemplated by the foregoing prior art, however, can
      detect water and other impurities or discontinuities within a radome wall.
      Nor can any of these existing devices be used effectively on a radome
      covered with antistatic paint or on multi-sandwich radomes.
DRWD
PAR  With the above and other objects in view as will become apparent, this
      invention consists in the construction, combination and arrangement of
      parts all as hereinafter more fully described, claimed, and illustrated in
      the accompanying drawing, wherein a schematic arrangement of a radome test
      instrument within the purview of the present invention is shown located
      adjacent a radome wall under test, only a fragment of the radome wall
      being illustrated and in section.
DETD
PAR  Referring more particularly to the drawing, 10 designates a typical radome
      of multilayer sandwich construction formed by three honeycomb core
      sections 11 and four fiberglass sheets 12 bonded together into an integral
      structure. Impurities, for example localized water droplets 13, are
      illustrated within the honeycomb 11 but otherwise the radome 10 is uniform
      throughout, being intended by design and construction to pass a prescribed
      frequency or multi-frequencies to associated equipment (not shown). The
      outer surface of the radome 10 is covered with a coating 14 of
      electrically conductive paint adapted to bleed off static charges which
      otherwise tend to build up on the surface and discharge into radio
      receiving equipment in the near vicinity.
PAR  The instrument herein proposed to test the operating efficiency of the
      radome 10 consists essentially of a control/indicator unit 15 with a pair
      of sensors 16 and 17 connected thereto and extending therefrom. The
      control/indicator unit 15 contains a power source preferably in the form
      of a rechargeable battery pack 18 which includes a pair of relatively low
      voltage, e.g. 12v, batteries 19 and 20, and a relatively high voltage,
      e.g. 120v, battery 21, a constant current control circuit 22, a megger
      operational amplifier 23 and a meter operational amplifier 24 connected to
      an indicator or meter 25 having a face or dial readable from the exterior
      of the unit 15.
PAR  The batteries 19 and 20 are each grounded at opposite poles and connected
      at their other opposite poles through leads 19' and 20', respectively,
      thereby providing power to the constant current control circuit 22, the
      megger operational amplifier 23 and the meter operational amplifier 24.
      The output of the constant current control circuit 22 is connectable
      through conductors 26 and 27 to the negative pole of the battery 21. The
      positive pole of the battery 21 connects through a conductor 28 to an
      oscillator, e.g. an X-band solid state or an impatt diode 29, grounded
      through a lead 29' to the circuit ground of the unit 15.
PAR  The megger operational amplifier 23 within the unit 15 is connected by a
      conductor 30 to the sensor 17 and serves to measure the resistance of the
      conductive coating 14. A conductor 31 connects the sensor 17 to a
      potentiometer 32 also housed within the unit 15. This potentiometer 32
      permits an adjusted voltage value in the sensor 17 for reasons to become
      more apparent.
PAR  Finally, the meter operational amplifier 24 within the unit 15 is connected
      at one of its ends by a conductor 33 to the meter 25 and by a conductor 34
      to a switch mechanism 35 at its other end. The switch mechanism 35
      includes a pair of gang connected switching elements 36 and 37. The switch
      36 has alternate positions whereby the indicator or meter 25 is either
      connected to the microwave sensor 16 or to the resistance sensor 17. The
      switch 37 has alternate positions whereby the microwave oscillator
      constant current control circuit 22 is either connected through the leads
      26 and 27 to the battery 21 or through lead 26 alone to open circuit. The
      operation of the mechanism 35 is such that when the megger operational
      amplifier circuit 23 is connected to the meter 25 through a conductor 38
      and the meter operational amplifier 24, the oscillator constant current
      control circuit 22 is disconnected from the battery 21 and open-circuited.
PAR  With the circuit 23 thus connected and the terminals of the sensor 17
      shortcircuited, the potentiometer 32 is adjusted to give full scale
      deflection on the meter 25. As in the case of a standard voltohmeter, a
      full scale meter deflection represents zero resistance and a zero meter
      deflection from a near-open circuit indicates infinite resistance. Through
      the selection of resistors in the circuit 23 the meter 25 is calibrated to
      allow more accurate measurements in the low megohm region (1 to 10), the
      high megohm region (100 to 500), or the middle range (10 to 100). The
      sensor 17 is a probe with one terminal entirely encircling the other to
      allow megohms per square measurements of the anti-static paint rather than
      point-to-point megohms.
PAR  In the alternate position of the switching mechanism 35, i.e., the position
      illustrated with the microwave sensor 16 connected to the meter 25, the
      battery 21 energizes the oscillator 29 transmitting the CW (continuous
      wave) of microwave energy through a coaxial pad 40 which serves to
      stabilize the load on the oscillator 29, down a coaxial cable 41 and into
      a directional control in the form of a printed board or more specifically
      a stripline ring hybrid 42. This microwave energy passes through the
      stripline ring hybrid 42 through a matching device, e.g. a triple stub
      tuner 43 (which allows the adjustment of the impedance of the microwave
      sensor 16) and into the sensor 16 from which it is transmitted into the
      multi-sandwich radome wall 10 under test, as indicated by the solid line
      arrows.
PAR  As indicated by the broken line arrow, some of the energy thus transmitted
      into the wall 10 is reflected back into the sensor 16. The amount of
      reflected energy is dependent upon the design of the wall 10 and the
      presence of any impurity or discontinuity such as water 13 in the wall 10.
      The reflected energy passes back into the ring hybrid 42 and then into a
      detector, e.g. a crystal mount 44 (grounded as at 44'), through a lead 45,
      switch 36 and conductor 34 to the meter 25. The amount of this reflected
      energy is dependent upon the initial setting of the tuner 43.
PAR  The initial tuner setting establishes two methods of using the system to
      detect impurities 13:
PA1  1. Freespace Reference -- With the sensor 16 pointed into free space, the
      triple stub tuner 43 is adjusted for a null reading on meter 25. Under
      this condition, the sensor 16 is matched and no microwave energy is
      reflected back into the detector 44. The sensor 16 is then placed flush
      against the surface of the radome wall 10. This results in only a small
      mismatch of the aperture for most properly designed and constructed X-band
      radomes. This is taken into consideration during calibration and usage.
      When an impurity or water droplet 13 is encountered, the sensor 16 is
      further mismatched resulting in reflected energy into the detector 44 and
      corresponding deflection of the meter 25.
PA1  2. Sample Panel Reference -- The sensor 16 is initially placed flush
      against the surface of an impurities-free and discontinuities-free sample
      panel of the radome to be tested. Tuner 43 is adjusted for a null reading
      on the meter 25. The sensor 16 is then placed against the surface of the
      radome wall 10 under test. No indication is noted unless an impurity or
      discontinuity such as water droplets 13 is encountered. With the switch
      mechanism 35 in the position illustrated, the reflected signal is
      rectified in detector 44 and fed through the lead 45, switch 36, conductor
      34, circuit 24 and into the meter 25. The degree of the meter deflection
      is determined by the magnitude of the impurity or discontinuity of the
      radome wall 10 and is controlled by the amplitude of the transmitted
      microwave energy, the sensitivity of the detector 44 and the gain of the
      amplifier within the circuit 24. All of these variables are taken into
      consideration when calibrating the meter 25.
PAR  In using either of the methods described above, the meter 25 is calibrated
      for a no-go zone wherein meter deflection above a certain value registers
      an unacceptable condition for the radome 10 in the particular area being
      investigated. The no-go zone will vary with radome design and will have to
      be established for each type of radome to be tested.
PAR  The present invention has been shown and described in what is believed to
      be the most practical and preferred embodiment whereby it can be readily
      practiced by those skilled in the art to which it pertains. It is apparent
      that variations of the specific structures disclosed will suggest
      themselves to those skilled in the art and may be made without departing
      from the spirit and scope of the invention as fairly defined by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A test instrument for radomes of multilayer sandwich construction
      designed to pass a prescribed frequency and having an outer surface
      covered with a coating of electrically conductive paint adapted to
      bleed-off static charges thereon comprising:
PA1  a microwave sensor adapted to be placed against the surface of a radome
      wall;
PA1  a first electrical circuit including said microwave sensor, a source of
      microwave energy, a matching device to adjust the impedance of said
      microwave sensor to a predetermined value, a detector, a directional
      control for the flow of energy from said microwave energy source to said
      microwave sensor and the flow of reflected energy from said radome wall to
      said detector corresponding to variations from said predetermined value
      and an indicator connected to said detector and operable in response to
      the reflected energy aforesaid;
PA1  a resistance sensor adapted to be placed against said outer surface of said
      radome wall;
PA1  a second electrical circuit including said resistance sensor, a source of
      electrical energy, an amplifier and the indicator aforesaid; and
PA1  a selector switch common to said first and second electrical circuits and
      operative to connect one of said circuits to, and concurrently disconnect
      the other of said circuits from, said indicator.
NUM  2.
PAR  2. The instrument of claim 1 including a potentiometer in said second
      electrical circuit operable to adjust the voltage value thereof.
NUM  3.
PAR  3. The test instrument of claim 1 wherein said source of microwave energy
      is an oscillator and said directional control is a stripline ring hybrid
      and including a coaxial pad and a coaxial cable operatively connected
      therebetween.
NUM  4.
PAR  4. The test instrument of claim 3 wherein said detector is a crystal mount.
NUM  5.
PAR  5. The test instrument of claim 1 wherein said indicator is a milliampmeter
      and includes a meter operational amplifier associated therewith.
NUM  6.
PAR  6. The test instrument of claim 1 wherein said first circuit includes a
      constant current control circuit.
NUM  7.
PAR  7. The test instrument of claim 1 wherein said amplifier is a megger
      operational amplifier.
NUM  8.
PAR  8. The test instrument of claim 7 wherein said first circuit includes a
      constant current control circuit, wherein said source of microwave energy
      includes a rechargeable battery pack and wherein said constant current
      control circuit, said megger operational amplifier, said indicator and
      said battery pack are all housed within a common container with said
      microwave and resistance sensors extending therefrom.
NUM  9.
PAR  9. The test instrument of claim 1 wherein said source of electrical energy
      is a rechargeable battery pack.
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PAL  A corrosion measuring system is disclosed which includes a sensor
      supportable in a fluid within a vessel, such as a pipe. The sensor is
      generally tubular, one end of which is closed. The closed end comprises a
      measuring portion having a wall of relatively medium or heavy thickness.
      The measuring portion adjoins a relatively thick-walled outer end hub
      portion having a substantial radial dimension and a relatively low or
      negligible resistance. A resistive element is attached to the sensing
      element within the sensor. In combination with electrical circuitry, the
      probe produces readings representative of the corrosion of the sensing
      element which readings are correlated to the corrosion of the vessel.
      Another aspect of the invention relates to a multi-range bridge circuit
      for use with the resistive components of the probe. Effectively, the
      electrical resistivity of the measuring portion and the hub portion of the
      sensor are precalculated to be a low percentage, e.g. about 1 to 10 per
      cent, of the total resistance of these portions and the resistive element,
      so that effect of temperature variations compared to corrosion is
      negligible. The measuring section of the sensor is sized to be
      structurally sound and compatible with a predesignated bridge for a given
      material and anticipated corrosion rate to be useful in measuring
      corrosion over a plurality of ranges to produce a longer lasting probe.
      The method of determining the sensor parameters and the bridge components
      is also disclosed.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a corrosion measuring sensor. More particularly,
      this invention relates to a corrosion measuring probe in combination with
      a predesignated bridge circuit. Still more particularly, this invention
      relates to a corrosion measuring sensor sized to be compatible with a
      predesignated bridge circuit over a plurality of ranges for a given
      material and anticipated corrosion rate.
PAR  Early methods of determining the corrosive or other effects of fluids
      involved complicated efforts both in the field and laboratory. Thus, in
      some circumstances, fluid samples from field locations were taken to a
      laboratory for testing. By another method, a piece of test metal,
      sometimes referred to as a coupon, was immersed in the fluid for a
      recorded time duration at a field location, then removed from the fluid
      and subjected to a laboratory determination of the changes which occurred
      in the coupon during its immersion. From such data, the corrosivity of the
      fluid could be estimated.
PAR  More recently, corrosion measuring probes of various designs have been
      fixedly installed in the walls of processing equipment so that the
      somewhat fragile and delicate metal sensing elements of the probe project
      into the fluid. The metal of the sensing elements is preferably the same
      as the metal from which the process equipment is made, and preferably has
      the same electrical resistance characteristic, so that the corrosion of
      the sensing element, because of its increased resistance resulting from
      corrosion, is indicative of the extent of corrosion of the similar metal
      within the process equipment. A representative example of such a probe is
      described in U.S. Pat. No. 3,320,570 to E. B. Lied, Jr.
PAR  Suitable electrical instruments have been connected to such probes to
      measure and indicate the extent of the increase in resistance of the
      sensing element, using primarily null-balance and servo-balance
      techniques. Such electrical instruments, or at least substantial parts
      thereof, have heretofore been separate from the probes, but with plug
      facilities by means of which one set of instruments could be separately
      plugged to different probes to determine the resistance values of their
      sensing elements. The prior art contains a wide variety of bridge circuits
      for use in combination with probes of various designs.
PAR  While the probe and circuit combination of the present invention may be
      generally applied as described above, the invention has a special
      adaptability which includes at least some of the electrical circuitry
      within and as parts of the unitary probe structure, or permanently
      installed in the immediate vicinity thereof.
PAR  It is a feature of this invention to provide a simplified, unitary probe
      structure in which the components of the probe are more readily machined,
      easily assembled and sealwelded. In addition, this invention provides a
      probe in which the sensing element is so constituted that, for either
      assembly or repair, a sensing element can easily be welded into place
      without causing any material change in the resistance characteristics of
      the sensing element. This result arises from an arrangement in which the
      weld on the sensing element is located on a relatively massive hub portion
      thereof, at a substantial distance from the relatively low resistance
      measuring portion of the probe, forming a positive, yet readily
      replaceable leak-proof seal suitable for use with high temperature and
      high pressure processes. The relatively massive hub portion of the sensing
      element substantially absorbs the added weld metal with negligible change
      in calibration and diffuses the welding heat so that the low resistance of
      the sensing element is not significantly affected. The massive hub portion
      also serves as a galvanic-action inhibitor in that it connects parts which
      often are of different metals and which, except for the presence of the
      massive hub portion, would undesirably give rise to galvanic-action
      between these metals, possibly affecting the resistance value of the
      sensing portion.
PAR  Another aspect of the invention provides an electrically resistive
      inner-end corrosion measuring portion having a wall of medium or heavy
      thickness which will not provide an erroneous high corrosion indication
      during the latter life of any probe which could be subject to pitting
      attack. Further, each test element is made strong and sturdy, so as not to
      fail by metal fatigue in fast moving streams even though the test element
      or sensing element may not be protected by an outer shield. In addition,
      each test element is designed so that the effects of rapidly varying
      process temperatures are almost completely nullified for general operation
      conditions, to the degree that normal fluctuating temperatures will not
      cause significant difficulties in accurately determining corrosion
      measurements. The probe construction also includes features which
      eliminate the common sources of electrical noise, crosstalk, hysteresis
      effect, and errors due to residual or thermocouple effects, particularly
      in instances where accuracy is required during corrosion monitoring in
      services involving elevated process temperatures. When used with
      compatible corrosion bridge measuring circuits, test sensors of the
      invention have a long life compared to the probes made by prior art
      techniques, without any loss of corrosion measuring sensitivity.
PAR  Still another aspect of the invention relates to a corrosion bridge
      measuring circuit which includes circuit means having parameters selected
      to be compatible with sensor design. The activity, or voltage output, of
      the bridge circuit is selected to accommodate a sensor which is sized as a
      function of the desired tracking range of the sensor and its electrical
      resistivity. The tracking rate is determined from the anticipated
      corrosion rate of corrosive medium, while the electrical resistivity is
      governed by the material from which the sensor is made. By sizing a probe
      to produce resistance values over an anticipated range as a function of
      the electrical resistivity of a given material and the anticipated
      corrosion range, the sensor and circuit combination can be utilized for a
      substantially longer period of time than can be utilized for a
      substantially longer period of time than sensors of the prior art. By
      developing a plurality of predesignated bridges, a table can be
      constructed to determine for an anticipated corrosion rate and a given
      resistivity of material, the appropriate bridge for which the probe can be
      used.
PAR  The sensitivity of the circuit to incremental corrosion measurement is
      greatest at the maximum activity or voltage output of the bridge, although
      the wall thickness of the sensor at depletion is generally thinner than
      may be desirable for certain circumstances. On the other hand, the
      sensitivity of the circuit is less at a lesser activity and the wall
      thickness of the sensor is greater.
PAR  The bridge circuit of the invention provides for a half bridge, which is
      half active and which possesses a relatively low corrosion bridge gage
      factor to produce a given output for a fully active bridge. The "gage
      factor" for these purposes may be considered to be the ratio of the
      resistance of the half active leg for a new sensor to the resistance of
      the half active leg at depletion. For a fully active bridge, the gage
      factor is at its maximum, and for less than a maximum bridge output
      voltage, the bridge gage factor has a lesser value. Therefore, the maximum
      gage factor for a bridge can be used to determine the physical dimensions
      of a sensing element which will produce a fully active bridge at maximum
      sensitivity. By maintaining bridge gage factors extremely low, the
      physical result is that the sensors will have a relatively large
      cross-sectional area for the corrosion measuring portion which will permit
      the sensor to be fabricated by machine operations.
PAR  In the invention, only a portion of the active arm of the bridge is exposed
      to the corrosive medium and the remaining portion of that leg must be
      covered for attachment of leads and contacts. By using bridges having low
      gage factors, a greater portion of the active leg may be covered and only
      a minor portion need be exposed to activity by corrosion to obtain the
      maximum bridge output. This feature also permits the construction of a
      sensor having a relatively large cross-sectional area and reduces the
      effect of temperature fluctuations on the output signal.
PAR  These and other objects and advantages of the system according to the
      invention will become apparent from the review of the detailed description
      of the invention which follows taken in conjunction with the accompanying
      drawing.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Directed to achieving the foregoing aims and objectives, the apparatus
      according to the invention for measuring the corrosion of an electrically
      conductive material in a corrosive medium includes sensor means in
      combination with bridge circuit means. The sensor means comprises a closed
      end corrosion measuring portion preferably made from the same material as
      the conductive material on which the corrosive effect is to be measured.
PAR  The measuring portion has a relatively medium or heavy wall thickness and
      is adapted to be inserted into the corrosive medium. The measuring portion
      of the sensor is the first portion of a first electrical resistive element
      in a bridge circuit. Preferably, the measuring portion initially has a
      very low resistance. The extremely low sistance of the measuring portion
      is an advantage because the measuring portion is subjected to fluctuations
      in temperature of the corrosive medium so that the low resistance renders
      negligible the effect of such temperature fluctuations on the apparent
      resistance of the sensor when compared to the changes in resistance due to
      corrosion of the sensing element.
PAR  A hub portion adjoining, and preferably integral with, the measuring
      portion is in electrical circuit with the measuring portion. Teh hub
      portion is preferably formed from the same conductive material as the
      measuring portion. The hub portion is characterized as having a relatively
      thick wall compared to the measuring portion and therefore has a very low
      resistance. The hub portion constitutes the second portion of the first
      electrical resistive element in the bridge circuit. Like the measuring
      portion, the hub portion is also subjected to temperature variations in
      the corrosive medium, but in all likelihood to a slightly lesser degree.
PAR  The sensor includes a body portion adjoining the hub portion for housing
      the components of the sensor. A resistive element is disposed within the
      body portion of the sensor and is in electrical contact with the sensing
      element, for example, at the hub portion. A first portion of the resistive
      element adjacent the sensing element constitutes a third portion of the
      first electrical resistive element of the bridge circuit.
PAR  First circuit means and second circuit means, including electrical contacts
      and associated leads, are provided for defining a second portion of the
      resistive element as a second electrical resistive element having a
      predetermined reference resistance for use with the bridge circuit means.
      Additional circuit means are provided by way of contacts and associated
      leads for connecting certain of the electrical resistance elements to
      provide electrical connections to the bridge circuit means.
PAR  The bridge circuit means includes a source of electrical potential for
      simultaneously energizing the electrical resistance elements of the probe.
      The bridge includes means for measuring the output voltage from the bridge
      caused by an imbalance in the bridge circuit means to measure changes in
      the electrical resistance of the first portion of the first electrical
      resistance element to indicate the corrosion thereof.
PAR  It is a feature of the invention that the resistance value of the
      components of the bridge circuit are predetermined in such a manner to
      produce a predesignated plurality of bridge designations. It is an aspect
      of the invention to calculate the size of the sensing portion of the
      sensing means as a function of the resistivity of its material, the length
      of the sensing portion, and the anticipated corrosion rate to produce a
      resistance value which is compatible with at least one of the
      predesignated bridge circuits mentioned above. Thus, the output from the
      bridge circuit when connected to the probe can produce a useful output
      signal over a predetermined number of ranges. Preferably, each of the
      predesignated bridges has ten ranges.
PAR  It is another feature of the invention that the combined resistance values
      of the first and second portions of the first electrical resistance
      element is on the order of about 1 to about 10 percent of the combined
      electrical resistances of the first and second electrical resistant
      elements of the probe. This characteristic renders negligible the effect
      of changes in resistance caused by temperature fluctuations of the
      corrosive medium compared to the changes in resistance caused by the
      corrosive effects on the sensing element. Representative values of the
      resistances for the various resistive elements and the method of
      calculating the size of the measuring portion of the sensor are provided
      from which a table can be constructed readily relating a predesignated
      bridge to a given material at an anticipated corrosion rate. These and
      other features of the invention will become clear from the detailed
      description which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawing:
PAR  FIG. 1 is a central longitudinal sectional view of a pre-designed corrosion
      sensor according to the invention and containing legends for correlating
      the resistive elements of the sensor to a bridge circuit;
PAR  FIG. 2 is a central longitudinal sectional view of a preferred form of
      probe according to the invention;
PAR  FIG. 3 is a circuit diagram of an equivalent electrical corrosion bridge
      measuring circuit related to the sensor for measuring the effect of
      corrosion of said sensor;
PAR  FIG. 4 is a circuit diagram of a circuit including a portion of the bridge
      circuit when connected to a probe for receiving data from the probe
      correlated with corrosion.
PAR  FIG. 5 is a table developed according to an aspect of the invention
      relating the bridge predesignations A through G to both the electrical
      resistivity of the sensing portion of the probe and the anticipated
      corrosion rate in mils per year; and
PAR  FIG. 6 is an alternate embodiment of a probe which may be used with the
      bridges according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 together illustrate the essential components of a corrosion
      sensing probe, designated generally by the reference numeral 10. FIG. 1
      illustrates the basic characteristics of the probe 10 and relates the
      resistive elements of the probe for use in connection with the explanation
      of the bridge circuit, while FIG. 2 illustrates the details of one
      preferred embodiment of the probe construction. Throughout the drawings,
      like elements are designated with the same reference numeral.
PAR  As shown in FIG. 1, the probe 10 includes a probe body 12, preferably
      manufactured from a straight metal pipe or other tubular metallic
      material. A metallic sensing element designated generally by the reference
      numeral 14, is disposed at the inner end of the probe body 12. By the
      construction of the probe of the invention, the principal electrically
      energized parts of the probe are located either partly or completely
      within the body of the probe. Throughout this specification, the reference
      to the "inner end" of the probe refers to the end of the probe 10 which is
      disposed in the fluid whose corrosion effect is being monitored. In the
      case of FIGS. 1 and 2, the "inner end" refers to the leftmost portion of
      the drawings. The term "fluid" for purposes of this description includes
      liquid, solid or gaseous phases, although monitoring of liquid corrosion
      is principally referred to.
PAR  The sensing element 14 is fixed into or onto the inner end of the probe
      body 12 and is immersed in the fluid to be monitored. Thus, the sensing
      element is subjected to fluctuations in temperature of the corrosive
      fluid. The chief function of the sensing element is to indicate the
      corrosiveness of the fluid when used in combination with related
      electrical instrumentation to be discussed later in this specification and
      to provide an indication of the condition of the materials within the
      container which are subjected to contact the corrosive fluid. Preferably,
      the sensing element is made from metal which is of like composition to the
      metal of the container wall, or of like composition to other dissimilar
      metals contained within the container, such as trays, tubes, bundles, and
      the like, or possesses a substantially equivalent capability for resisting
      corrosion of the container wall by reference to the readily determinable
      degree of corrosion of the sensing element. In the event that the metal of
      the wall of the container has a different capability for resisting
      corrosion compared to that of the sensing element 14, the relative
      capabilities of these two metals can be taken into account in determining
      the extent of corrosion of the wall of the container.
PAR  The sensing element 14 is defined in part by a measuring portion 16, also
      referred to in the drawings as the "first portion" which has a closed
      inner end 18. Preferably, the sensing element is tubular, although other
      geometrical configurations may be used, if desired. Preferably, the
      closure length is not electrically resistive.
PAR  The measuring portion 16 of the sensing element 14 is further characterized
      in that it includes a wall of medium or heavy thickness. The wall
      thickness is defined by the difference between the outside diameter 16a of
      the measuring portion 16 and the inside diameter 16b of the measuring
      portion 16 of the sensing element 14. The measuring portion 16 of the
      sensing element 14 thus includes a wall of medium or heavy thickness and
      is electrically resistive. The sensing portion has a very low resistance.
      Because the sensing portion comprises a part of the sensing element, it
      likewise is subject to fluctuation in temperature of the corrosive fluid.
PAR  The outer portion of the sensing element 14 adjoins the measuring portion
      16, is homogeneously rigid therewith, and is in electrical contact with a
      relatively thick wall outer portion or hub section 20 which has a more
      substantial radial dimension than the measuring portion. The hub portion
      20 extends, with a close fit, within the inner end of the body member 12
      and is circumferentially welded thereto as shown by the weldment 22. The
      hub section 20 of the sensing element 14 is also referred to in the
      drawing as the "second portion" of the sensing element. The hub portion
      20, like the sensing portion 14, has a very low resistance. Like the
      portion 14, the hub portion 20 is subjected to the fluctuations of
      temperature of the corrosive medium, although in all likelihood to a
      lesser degree.
PAR  A thin wall tube 21 is secured within the probe body 12 and is axially
      fitted over an outer portion of the hub section 20. The tube 21 may be
      filled with an insulating cement 23 to form a cartridge style probe.
PAR  A resistive element, designated generally by the reference numeral 24, and
      preferably made from a length of wire or other rigid structure, is
      contained within the interior of the probe body 12 and is secured, for
      example, by solder, within a recess 26 in the outer end of the hub section
      20.
PAR  Electrical connections, designated by the reference numerals 18A and 18B,
      are provided on the interior wall 18C of the closed end 18 of the sensing
      element 14. Electrical connections are also provided, designated by
      reference numerals 24C, 24D, 24E, and 24F, on the resistive element 24.
      The locations are designated respectively by the numerals 30 and 32 along
      the resistive element 24 in FIG. 1.
PAR  As shown in phantom outline in FIG. 2, a perforated, protective shield 34,
      is held in place over and spaced from the sensing element 14 by being
      threaded, as at 36, onto the inner end of the body member 12.
PAR  All surfaces of the sensing element 14 which are exposed to corrosive fluid
      in the container are gradually corroded and/or eroded so that the walls of
      the element become somewhat thinner. Because of the relationship of the
      thickness of an electrical conductor to its electrical resistance, any
      corrosion which causes even a slight thinning of the wall of the medium or
      heavy wall thicknesss measuring portion 16 of the sensing element 14, will
      provide a perceptible increase in the resistance characteristic of that
      measuring portion 16. However, comparably slight corrosion and/or erosion
      of the relatively massive hub portion 20 of the sensing element 14 does
      not cause any significant material change in the resistance of that more
      massive portion. This invention, broadly like prior probes as shown, for
      example, in the U.S. Pat. No. 3,320,570, mentioned above, utilizes a
      perceptible change in the electrical resistance of the sensing element as
      a means for determining the corrosiveness of the fluid whose corrosiveness
      is being tested.
PAR  The measuring portion of the probe is normally in a resistance-balanced
      electrical circuit with other resistance elements, the resistance values
      of which are non-varying, since they are not in contact with the fluid
      being tested. Any determined imbalance of the circuit over a given time
      period thus indicates a resistance change only in the sensing element.
      Hence, such a resistance change is a useful indicator in determining the
      degree of corrosiveness of the fluid being tested. This invention
      includes, among other things, the improvement of having all the components
      of the normally resistance-balanced circuit embodies in or as a part of an
      improved unitary testing device.
PAR  As explained in the graphics accompanying FIG. 1, the sensing element 14 of
      the probe 10 electrically defines a first electrical resistance element
      while the resistive wire 24 defines a second electrical resistance element
      or reference resistive element for use in connection with the circuitry to
      be explained hereafter. The measuring circuit is basically a bridge
      circuit designed as an effective half bridge halfactive circuit.
PAR  As can be seen in FIG. 1, the first electrical resistance element is
      defined by three portions. The first portion is measuring portion 16 of
      the sensing element 14 and is denominated an "exposed-exposed" portion.
      This means that the measuring portion is exposed to the effects of
      corrosion and to the effects of temperature. The second portion of the
      first electrical resistance element is defined by the hub section 20 and
      is denominated as a "partially covered-partially exposed" portion, meaning
      that some of the hub section may be subject to the corrosiveness of the
      fluid and that the hub portion is subject to temperature variations of the
      fluid medium. A third portion of the first electrical resistance element
      is "covered" (or not affected by the corrosiveness of the fluid and
      insulated from temperature fluctuations) and is defined by the portion of
      the resistive element 24 between the connection 30 (the location of
      electrical points 24C and 24E) and the hub section 20.
PAR  The second electrical resistance element or reference element is defined by
      the portion of the resistive element 24 which exists between the contacts
      30 and 32, or between the electrical points 24C and 24E, on one hand, and
      electrical points 24D and 24F, on the other.
PAR  As can be seen, it is an aim of the invention to design the sensing element
      14 so that a very low proportion of the resistance of the element 14, on
      the order of 1 to 10 percent, is comprised of the sensing material. The
      remaining portions of the total resistance, on the order of 90 to 99
      percent, is defined by the third portion of the first electrical
      resistance element and the second electrical resistance element. The
      advantages of these proportions will be discussed in greater detail.
      Effectively, the electrical resistance of the sensing portion 16 and the
      hub section 20, each of which is made of materials to monitor corrosion is
      precalculated to be only about 1 to 10 percent of the total resistance of
      the three portions of the first electrical resistance element.
PAR  As previously mentioned, the sensing element 14 is rigidly connected, in a
      fluid tight manner, substantially distal from the inner end portion 18 to
      the metal tubular probe body 12 to provide between the tubular body 12 and
      the inner end portion a highly conductive thick wall portion of the
      sensing element for the purpose of allowing a positive, leak-proof seal by
      the weldment 22 at that juncture. This construction does not interfere
      with the regulated resistivity values established during sensor
      calibration and also avoids material galvanic action between the metals of
      the inner end portion and the probe body. The probe body is preferably
      substantially self-contained or unitary and has an improved arrangement of
      supplemental resistant wires, discussed in connection with FIG. 2, within
      the probe body so that the probe includes all of the principal components
      of a double Kelvin bridge circuit which is relatively free of unwanted
      noise and signal errors.
PAR  As mentioned, the interior of the probe body 12 may be filled with
      insulating cement 23 to make a cartridge-style calibrated assembly. Such
      insulating cements are commercially available and are capable of resisting
      the high temperature of the probes which may be used. In any event,
      whatever encapsulation is used, it is not in contact with the process
      fluids being measured.
PAR  Turning now to the preferred embodiment of the invention shown in FIG. 2,
      the components of FIG. 2 which are common with those described in
      connection with FIG. 1 will not be described again in detail. The probe
      body 12 includes exterior threads 36 at the inner end thereof to receive
      mating threads on the perforated protector sensor shield 34. The probe
      body also includes threads 38 at the outermost end thereof for receiving a
      multiple-pin connecting plug 40 for providing a plug-in connection to an
      external power supply and signal takeoff instrumentation for connection to
      an appropriate instrumentation 46, which includes a portion of the bridge.
PAR  As is well known in the art, the probe 10 is adapted to project through a
      tubular sleeve member 48 through a wall 50 of a pipe or other container of
      fluid, the inside of the pipe or container being at the lefthand portion
      of the portion of the wall 50 illustrated in FIG. 2. The mounting of the
      probe may be similar to the mounting shown in FIG. 1 of U.S. Pat. No.
      3,320,570, to which reference may be made for complete detail. Other
      methods of mounting the probe in a corrosion monitoring system are, of
      course, within the scope of this invention.
PAR  The several resistance elements described in connection with FIG. 1, or the
      resistance portions of the conductors, are connected to the pins of the
      plug 40 by suitable high temperature insulating wiring designated
      generally by the reference numeral 52 within the probe body 12. By way of
      a specific example, the insulation for each conductor may be woven glass
      sleeving.
PAR  Preferably, the resistance element 24 is a straight relatively stiff wire
      member. As previously explained, the outer end of the wire is connected
      from a solder connection point 24F thereof by an unsulated conductor 52a,
      for example, a copper wire, to a power pin 40F in the plug 40.
PAR  A first power pon 40A and a second power pin 40F in the plug 40, are
      connected to an alternating current power source (as also shown with
      corresponding reference numerals in FIGS. 3 and 4) by an insulating copper
      wire 52b which extends within the body member 12 and the interior bore 17
      of the sensing element 14 to a contact 18A. The lead 18A is electrically
      connected to the wall 18C and is made of the same material as the sensor
      14 to avoid thermocouple effects therebetween in high temperature service.
      The power supply is further connected from points 18A and 18B through the
      first and second electrical resistance elements in situ to a soldered
      connection 24F. The electrical point 24F is connected to a second
      insulated copper wire 52A which is connected to the second power pin 40F.
      The power circuit preferably supplies an electrical current of about 0.500
      amperes at 0.5055 volts (see FIG. 3).
PAR  The resistive element 24 has tap-off connection points 24C and 24D which
      subdivide the wire into resistance portions 54 and 56. The resistance
      portion 54 of the element 24 corresponds to the third portion of the first
      electrical resistance element while the portion 56 corresponds to the
      second electrical resistance element.
PAR  A first bridge circuit comprising the first electrical resistance element
      leg extends from pin 40B in plug 40 by an insulated stainless steel wire
      52d which extends through the interior bore 17 of the body member 12 and
      the insulated wire 52d through to the electrical contact 18B on the wall
      18C. The lead 18B is preferably made of the same material as the sensor
      14, again to avoid thermocouple effects. The circuit is completed through
      the measuring portion 14, the hub section 20 and the resistive segment 54
      of element 24 (which together comprise the first electrical resistance
      element of the bridge), to the soldered connection point 24C thereof, and
      then through an insulated wire 52f which is connected to point 24C. The
      wire 52f is made of the same material as the element 54. The wire 52f is
      connected through an insulated wire 52g, preferably made from stainless
      steel, to a soldered connection pin 40C in the plug 40.
PAR  Synonymous with soldered connection point 24C, and at the same location on
      element 24 thereof, is a second soldered connection point 24E, from which
      an automatic gain control tap-point in the corrosion analyzer is supplied
      through a special circuit as described more fully in U.S. Pat. No.
      3,821,642, to Seymour, incorporated by reference, extending from the point
      30 through an insulating wire 52j made from the same material as element
      24, thence through insulating lead 52k made from stainless steel, and to a
      soldered connection pin 40E in the plug 40.
PAR  The leads 52d, 52g, and 52i are generally made in a triplicate set of three
      leads braided together for the full length within the probe structure, to
      form a single trunk. Similarly, the leads 52 and 52b are braided with the
      three-wire trunk described above, also enveloping, without braiding, lead
      52k, all forming a single first trunk, for the full length within the
      probe structure, consisting of a total of six lead wires, all pertaining
      to bridge resistance lead wires. The purpose of this construction is to
      subdue cross-talk and reduce electrical noise in the corrosion analyzer
      voltage output signal.
PAR  In certain circumstances, it has been found advantageous to electrically
      shield the resistive element 24 by wrapping it with an insulating
      material, such as an insulating tape, surrounded by a wrapping of an
      electrical conductor, such as aluminum foil. This construction further
      appears to reduce cross-talk and electrical noise within the probe
      structure and improves the stability of the output signals from the
      instrument.
PAR  The degree of corrosion measurement is obtained as a voltage output E.sub.o
      between points 40C and the center tap on the range selector switch 58 (see
      FIG. 3) due to the degree of imbalance of the corrosion bridge measuring
      circuit in use, as diagrammatically indicated in FIG. 3, thereby providing
      for ascertainment of the relative potentials of the two circuits of the
      bridge. A change in such relative potentials over a given time period
      permits a determination of the extent of corrosion of the sensing portion
      16 of the sensing element 14 during that time period, and hence, a
      determination of the degree of corrosivity of the fluid within the
      container.
PAR  FIG. 3 depicts a circuit diagram of a Wheatstone bridge equivalent circuit
      which diagrammatically relates the resistances of the sensor to electrical
      components for determining an output voltage which is a function of the
      corrosion of the sensor. A source of power 71 preferably provides 0.005
      volts to terminals 40A and 40F as discussed above, assuming lead
      resistances Ri and about 1.OMEGA..
PAR  A resistor 60, preferably 100.OMEGA., is connected to terminal 40B and to a
      terminal of the selector switch 58. A resistor 61, preferably 80.OMEGA.,
      is connected to the terminal 40D and to the other terminal of the selector
      switch 58. A resistor 62, preferably 20.2.OMEGA., is connected between the
      two terminals of the range selector switch 58. A resistor (not shown), and
      having a value of about 183.5.OMEGA., is connected between each tap of the
      switch 58 and is sized to provide an equivalent 20.OMEGA. resistance
      network in parallel with resistor 62, which equivalent is in series with
      resistor 61.
PAR  The resistor 63, the resistor 64, and the resistor 65 are the circuit
      equivalents of the resistance of the respective portions of the first
      electrical resistance element of FIG. 1. The resistor 66 is the circuit
      equivalent of the second resistance element of FIG. 1. The output from the
      bridge is taken between the point 40C and the common connector 58a of the
      selector switch 58.
PAR  At the start of the corrosion monitoring, the bridge is symmetrical about
      the connection 60a between resistors 60 and 62 since the bridge is
      designed so that the parallel combination of the resistor 62 and the
      resistor network in the switch 58 provides an equivalent series resistance
      of 20.OMEGA. in series with the resistance 61, those totaling 100.OMEGA.,
      the same resistance as resistance 60. This provides a symmetrical bridge
      at that point at the start of monitoring.
PAR  The bridge components are selected to provide a 10 volt output for a fully
      active bridge. At the start, with a new sensor with the selector switch in
      the 0 position, the bridge is balanced and the bridge output is 0 volts.
      As the sensor corrodes, the active resistance 63 increases, causing an
      increase in the bridge output voltage, which is sensed, up to the maximum
      of 10 volts. When the bridge output reaches 10 volts, the selector switch
      58 is manually changed to the 1 position and the bridge is again
      symmetrical about the point 60a whereupon the bridge output reverts to 0
      volts. This procedure is repeated throughout the 10 ranges of the selector
      switch. Thus, it can be seen that the selection of resistances of the
      bridge, including the physical dimensions of the sensor, produce a sensor
      which can be measured over a sequence of 10 ranges.
PAR  FIG. 4 illustrates a block diagram of the essential components of a signal
      conditioner and remote data acquisition system, designated generally by
      the reference numeral 70. The terminals, designated 40' and respectively
      labeled A-F, correspond to the terminals shown in FIG. 2 designated by the
      numerals 40A-40F.
PAR  An oscillator 71 is connected by leads 72 and 73 to the terminals A and F,
      respectively, of terminal block 40'. The resistors 60, 61, and 62 are
      connected in series circuit between the terminals 40'B and 40'D. The lead
      66 is connected to a source of reference potential, such as ground, and to
      the common 58a of the selector switch 58 as described in connection with
      FIG. 3. The lead 74 is connected to the source of reference potential at
      lead 66 and to the terminal 40'E to provide a ground lead for the probe.
      The output from the probe on lead 65 is derived from terminal 40'C and is
      coupled by a transformer 76 to an amplifier 77.
PAR  The output from the oscillator 71 is also connected by leads 78 and 79 to a
      comparator circuit 80 having its output connected by a lead 81 to a
      synchronous detector 82. The signal from the comparator 80 is applied to
      the detector 82 to provide a reference signal for the synchronous
      detector. The detector circuit 82 provides a DC output signal which is
      provided to the filter 83, the output of which is between 0 and 10 volts
      DC per range for a fully active bridge. The details of such circuit 70 may
      be found in U.S. Pat. No. 3,821,642, which is herein incorporated by
      reference.
PAR  A voltage divider network designated generally by the reference numeral 85,
      is connected to the output of the filter comprising a resistor 86 in
      series with a resistor 87 wherein the output from that bridge is taken
      across the resistor 87. Thus, the combination of resistors 86 and 87 acts
      as a voltage divider to provide the desired 0 to 100 millivolt DC output
      to the circuit 89.
PAR  The circuit 89 transfers the voltage output signal to a current output
      signal, for example, in the 4 to 20  milliamp range and is a commercially
      available unit manufactured by Westinghouse Corporation or its equivalent.
      For purposes of this disclosure, the circuit 89 is a voltage to current
      transmitter, as is well known in the art.
PAR  The phantom outline, designated by the reference numeral 90, indicates the
      control room which is remote from the probe. A positive bias source,
      designated generally by the reference numeral 91, is provided to provide
      actuation for the transmitter 89 through the resistor 92 while the
      resistor 93 is connected in circuit with the metering on the transmission
      unit and is connected to an output load, designated generally by the
      reference numeral 94.
PAR  Once the design criteria for the bridge circuit has been established as
      discussed above, the sizing of the physical dimensions of the sensing
      element may be determined. The bridge criteria includes a number of
      factors. It is, for example, desirable for the flow of current from the AC
      power source to be on the order of 0.500 amperes, or less, to prevent
      undue heating of the sensor. As previously indicated, it had been
      desirable to provide a 10.0 volt output for a fully active bridge for each
      range, and this value was selected because of its acceptability in the art
      as a typical range of output voltages from sensing probes and for its
      compatibility with standard equipment. Thus, given the desired current
      limitation and the desired bridge output, the relative ranges of
      resistance values for both the active and the reference element leg of the
      bridge becomes somewhat established in the range of about 0.0055 ohms for
      each leg. Once these relative values are established, the physical
      dimensions of the sensor may be determined within reasonable
      approximation.
PAR  Such a value is also advantageous in that probes can be produced which are
      compatible with existing installations in terms of the diameter of the
      sensing element, length of insertion in process media, and the like. By
      way of example, it is generally a limitation on the insertion length of
      the probe to be on the order of 6 to 8 inches.
PAR  As previously indicated, it is a further design criteria that the bridge be
      symmetrical in order to nullify thermocouple effects at high temperatures
      when using electrical leads and attachment weldments made from metals
      dissimilar to the sensor material.
PAR  It has been determined in the course of the development of the invention
      that it is desirable to maintain the bridge gage factor of a fully active
      bridge at a value of 1.500 or less. Such a value of the gage factor
      permits the production of a sensing element having dimensions
      approximately in the range of acceptability as discussed above.
PAR  Thus, in determining the sizing of the sensor, it is first necessary to
      establish a satisfactory internal diameter to accommodate the leads within
      the bore of the probe and a typical value chosen as on the order of 0.136
      inches. The next factor of interest in sizing the sensor is the
      anticipated corrosion rate of the sensor in its corrosive environment.
      Since it has been established that it would be desirable to utilize the
      sensor over 10 ranges, an anticipated corrosion rate of 50 mils per year,
      for example, would mean roughly that the sensor must be responsive in
      conjunction with the bridge to monitor a 5 mil penetration depth of
      corrosion per range. FIG. 5 sets forth the range of values from 1 mil per
      year to 200 mils per year and relates each of these anticipated corrosion
      rates to the 10 range feature.
PAR  Thus, by knowing the anticipated corrosion rate per range of the material
      and the established I.D., the sum of the I.D. of the sensor, plus the
      anticipated depth of penetration over the 10 ranges, plus the thickness of
      the wall of the sensor at depletion should equal the wall thickness of the
      sensor at the beginning of its measuring range.
PAR  However, such an anticipated O.D. for the sensor must, in combination with
      a selected length of the sensing element, produce a resistance value which
      is compatible with the bridge which is discussed above. It has been
      advantageous to determine the range of resistance values for materials of
      given resistivity on a computer by calculating the electrical resistance
      of the sensing element according to the general equation (1):
      ##EQU1##
      R = p .times. 1/A (1) which, for a cylindrical construction of the
      embodiment shown, is transformed into the equation (2);
      ##EQU2##
      R = 4p/.tau. [l/D.sub.0.sup.2 - D.sub.1 .sup.2 ] (2) where,
PA1  R is the resistance of the sensing element in ohms,
PA1  l is the length of the sensing element,
PA1  .rho. is the resistivity of the material in .mu..OMEGA.-cm,
PA1  D.sub.o is the outside diameter of the sensing element, and
PA1  D.sub.1 is the inside diameter of the sensing element.
PAR  Thus, for a preselected material of a given resistivity, generally
      specified by the consumer, a series of calculations can be made to
      calculate precisely the physical dimensions of the sensing element. A
      typical way of making this determination is to first approximate an
      outside diameter as indicated above for a given material and to assume the
      I.D. Thereafter, the area of the I.D. can be calculated, as well as the
      area of the proposed O.D., for the total depth of penetration over the 10
      ranges.
PAR  The gage factor for the fully active bridge providing a 10.0 V output is
      1.444444. Thus, at depletion, the resistance of the exposed leg must be
      increased by reason of the reduction of the cross-sectional area due to
      corrosive attack by the gage factor. But, only a portion of the first
      electrical element leg changes resistance; therefore, it is convenient in
      making size calculations to introduce a z factor which is useful in
      determining what portion of the total leg resistance shall be designed as
      active, leaving the remaining portion inactive. Accordingly, equation (3)
      is as follows:
EQU  x + Y = 1.444444
EQU  z + Y = 1.000000                                           (3)
PAL  where,
PAR  x = the proportion of the active leg resistance of the sensor at depletion;
PAR  Y = the proportion of the leg resistance of the sensor attributable to the
      inactive portion; and
PAR  z = the proportion of the active leg resistance of the sensor at start.
PAR  Further, the cross-sectional areas of the sensor "new" and the sensor
      "depleted" can be calculated for any assumed O.D. and I.D. The ratio of
      the new cross-sectional area to the cross-sectional area of the sensor at
      depletion must be equivalent to the ratio of x/Y as set forth above.
      Therefore, the value of x in terms of z can be found. By substitution in
      equation (3) above, the value of z can be calculated.
PAR  After determining the resistance of the sensor per unit for an assumed I.D.
      and O.D. at a given resistivity, the resistance per unit length can be
      determined. Thereafter, the ratio of the unit resistance may be related to
      the required leg resistance of the active leg of the bridge. This ratio,
      when multiplied by the z factor, will produce the length of the measuring
      portion of the sensor in terms of inches.
PAR  Typically, such calculations are performed on a computer since fitting a
      predetermined length, e.g. 1.750 inches to a predetermined bridge is a
      matter of repetitive calculations based on changing assumptions. For
      completeness, a portion of a printout performing such calculations for a
      resistivity of 4.00 .mu..OMEGA.-cm is reproduced and attached as Appendix
      A to this application.
PAR  Thus far, a fully active bridge, producing a 10 volt maximum output under
      the amplification conditions described in connection with FIG. 5 has been
      described. Because there are combinations of circumstances involving the
      anticipated corrosion rate in mils per year and electrical resistivity
      which will not be able to provide a 10 volt output for a fully active
      bridge on a 10 range basis, the concept of predesignated bridges has been
      developed. For purposes of simplicity, a table relating bridges designated
      A through G is attached hereto as Appendix B.
PAR  FIG. 5 illustrates the preferred relationship of the predesignated bridges
      having multi-range capabilities for materials of various resistivities for
      use with anticipated corrosion rates ranging from 1 mil per year to 200
      mils per year. The value of such a chart indicates readily to the consumer
      the type of corrosion sensor which can be made available and its output on
      a 10 range basis. For situations involving less than a 10 volt maximum
      output per range, such as that produced by bridges A through G,
      accommodations will need to be made in the circuitry to receive such
      signals, either by reducing the number of receiving ranges in connection
      with given equipment or by sacrificing sensitivity on a per range basis.
PAR  The gage factors for the various bridges have been calculated as described
      above and it can be seen that an A bridge is much more responsive than a G
      bridge on a per range basis as described above.
PAR  FIG. 6 illustrates an alternative probe embodiment capable of use with the
      bridges according to the invention. The embodiment of FIG. 2 and like
      reference numerals have been utilized. The principal differences between
      the embodiment of FIG. 6 and that shown in FIG. 2 reside in the connection
      of the resistive element 24. Thus, the embodiment of FIG. 6 includes a
      resistive element 124 which is connected to the interior of the probe 18C
      rather than to the hub section.
PAR  The probe, designated by the reference numeral 110, can be utilized in
      conjunction with the circuitry of FIG. 4 and is otherwise similar in
      operation to the embodiments previously described.
PAR  Because the interior bore 17 of the embodiment of FIG. 6 must be sized to
      accommodate three leads rather than two, as a general proposition, the
      I.D. of the sensing element must be slightly larger to accommodate the
      leads, which can present difficulties in designing the sensor as described
      above. On the other hand, one of the advantages of the embodiment of FIG.
      6 is that the reference element 124, being largely disposed within the
      interior bore of the sensing element 24, is more responsive to temperature
      variations in the process fluids.
PAR  The invention may be embodied in other specific forms without departing
      from its spirit or essential characteristics. The present embodiments are,
      therefore, to be considered in all respects as illustrative and not
      restrictive, the scope of the invention being indicated by the claims
      rather than by the foregoing description, and all changes which come
      within the meaning and range of the equivalents of the claims are
      therefore intended to be embraced therein.
TBL                                    APPENDIX A                              
     __________________________________________________________________________
            Area (1)  Area (2)               A.sub.1 + A.sub.2                 
                                        Ratio of                               
     O.D. (New)                                                                
            (Area Depleted)                                                    
                      (Area Remaining)                                         
                                Area (I.D.)  A.sub.2                           
                                                  Z      Length                
     __________________________________________________________________________
     0.630500                                                                  
            0.312220  0.221035  0.014527                                       
                                        0.441555  0.083879                     
                                                         87.207898140          
     0.383250                                                                  
            0.115360  0.063013  0.014527                                       
                                        2.079622  0.034306                     
                                                         12.081016064          
     .                                                                         
     .                                                                         
     .                                                                         
     .                                                                         
     .                                                                         
     0.277010                                                                  
            0.060267  0.024608  0.014527                                       
                                        4.536953  0.010471                     
                                                         1.672794640           
     0.277976                                                                  
            0.060688  0.024878  0.014527                                       
                                        4.459598  0.010706                     
                                                         1.725938141           
     .                                                                         
     .                                                                         
     .                                                                         
     .                                                                         
     0.278428                                                                  
            0.060886  0.025004  0.014527                                       
                                        4,424541  0.010815                     
                                                         1.751079172           
     0.278413                                                                  
            0.060879  0.025000  0.014527                                       
                                        4.425698  0.010812                     
                                                         1.750238776           
     __________________________________________________________________________
TBL  Bridge                                                                    
     Designation Gage      Output     Range                                    
     ______________________________________                                    
     G           1.444444  10.0 V DC  10                                       
     F           1.200000  5.0 V DC   10                                       
     E           1.075472  2.0 V DC   10                                       
     D           1.037037  1.0 V DC   10                                       
     C           1.018349  500 mV DC  10                                       
     B           1.007299  200 mV DC  10                                       
     A           1.003643  100 mV DC  10                                       
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for measuring corrosion of an electrically conductive material
      in a corrosive medium, said apparatus including probe means in combination
      with bridge circuit means, said probe means comprising:
PA1  a closed end corrosion measuring portion made from such conductive material
      and adapted for insertion into said corrosive medium, said measuring
      portion being a first portion of a first electrical resistance element in
      said bridge circuit means, said measuring portion having a relatively low
      resistance, said measuring portion being subjected to fluctuation of
      temperatures in said corrosive medium;
PA1  a hub portion adjoining said measuring portion and in electrical circuit
      therewith, said hub portion being formed from such conductive material and
      having a relatively thick wall compared to said measuring portion, and
      further having a very low resistance, said hub portion being a second
      portion of a first electrical resistance element in said bridge circuit
      means, said hub portion being subjected to temperature variations in said
      corrosive medium;
PA1  a body portion adjoining said hub portion;
PA1  a resistive element within said probe means and in electrical circuit
      therewith, said resistive element having a very low electrical resistance,
      a first portion of said resistive element being a third portion of a first
      electrical resistance element;
PA1  first circuit means and second circuit means for defining a second portion
      of said resistive element as a second electrical resistance element in
      said bridge circuit means;
PA1  additional circuit means connected to at least some of said first and
      second electrical resistance elements to provide electrical connections to
      said bridge circuit means;
PA1  a source of electrical potential in said bridge circuit means for
      energizing said electrical resistance elements simultaneously, said bridge
      circuit including means for measuring the output voltage due to an
      imbalance in said bridge circuit means thereby to measure changes in the
      electrical resistance of the first portion of the first electrical
      resistance element to indicate the corrosion of said measuring portion.
NUM  2.
PAR  2. The apparatus as set forth in claim 1 wherein said bridge circuit means
      includes multi-range resistance means for bridge imbalance over a
      plurality of resistance values of said multi-range resistance means.
NUM  3.
PAR  3. The apparatus as set forth in claim 2 wherein the resistance values of
      said bridge circuit means are predetermined to produce a predesignated
      plurality of bridge designations.
NUM  4.
PAR  4. The apparatus as set forth in claim 3 wherein the size of the measuring
      portion of the probe is determined as a function of the resistivity of its
      material, the length of the sensing portion, and the anticipated corrosive
      rate of the corrosive medium on the conductive material to produce a
      resistance value which is compatible with at least one of said
      predesignated bridge circuit means so that said bridge circuit means can
      be balanced over said predetermined multiranges.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said sensing portion is of a generally
      tubular construction and is integral with said hub portion.
NUM  6.
PAR  6. The apparatus of claim 1 wherein the combined resistance value of said
      first and said second portions of said first electrical resistance element
      is on the order of about one to ten percent of the combined electrical
      resistance of said first and said second electrical resistance elements to
      render negligible the effect of the resistance changes caused by the
      temperature fluctuations of said corrosive medium as opposed to the
      corrosive effects of said sensing elements.
NUM  7.
PAR  7. The apparatus as set forth in claim 6 wherein the physical size of the
      sensing portion is partially controlled by the gage factor of the gridge
      circuit which is at maximum for a fully active bridge.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said resistive element is a wire.
NUM  9.
PAR  9. The apparatus of claim 3 wherein said predesignated plurality of bridge
      designations are characterized about as follows:
TBL  Designation Ranges  Output     Gage Factor                                
     ______________________________________                                    
     A           10      100 mV DC  1.003643                                   
     B           10      200 mV DC  1.007299                                   
     C           10      500 mv DC  1.018349                                   
     D           10      1.0 V DC   1.037037                                   
     E           10      2.0 V DC   1.075472                                   
     F           10      5.0 V DC   1.200000                                   
     G           10      10.0 V DC  1.444444                                   
     ______________________________________                                    
NUM  10.
PAR  10. The apparatus of claim 1 wherein the wall of the hub portion is
      sufficiently thick to permit a weld thereon which will not affect the
      precalibration of the resistance of the hub portion.
NUM  11.
PAR  11. A sensor for a probe for measuring corrosion of an electrically
      conductive material in a corrosive medium, comprising:
PA1  a sensing portion which includes a measuring portion made from a conductive
      material and adapted for insertion into a corrosive medium, said measuring
      portion when new having a predetermined wall thickness and a very low
      resistance, said measuring portion being adapted to constitute a first
      active portion of a leg of the bridge circuit; and a hub portion made from
      a conductive material in electrical circuit with said measuring portion,
      said hub portion having a relatively large wall thickness and a very low
      resistance, said hub portion being adapted to constitute a second inactive
      portion of said leg of said bridge circuit;
PA1  resistive element means in electrical circuit with said sensing portion for
      providing from a portion thereof a reference resistance in another leg of
      said bridge circuit, another portion of said resistive element means being
      a third inactive portion of said leg of said bridge circuit;
PA1  circuit means for providing a source of power to and for sensing the
      resistance of said measuring portion, said hub portion and said resistive
      element means; and
PA1  said sensor being further characterized in that said measuring portion and
      said hub portion constitute about 1 to about 10 per cent of the combined
      resistance of said leg and said another leg of said bridge circuit.
NUM  12.
PAR  12. The sensor as set forth in claim 11, wherein said measuring portion has
      an integrally closed end, is made from the same material as said hub
      portion, and is integral therewith.
NUM  13.
PAR  13. The sensor as set forth in claim 11, wherein said resistive element is
      a wire secured to an end of the hub portion opposite said measuring
      portion.
NUM  14.
PAR  14. The apparatus as set forth in claim 1 wherein said resistive element is
      located within said body portion and in electrical circuit with said hub
      portion.
NUM  15.
PAR  15. The apparatus as set forth in claim 1 wherein said resistive element is
      located within said closed end measuring portion and in electrical contact
      with said measuring portion.
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ABST
PAL  The conductivity and temperature of a coating material before application
      to a substrate are measured. The overall conductance and the elevated
      temperature of the coating material after application to the substrate are
      also measured. A temperature corrected conductivity is then determined
      from the measured conductivity and the temperature differential between
      the coating material before and after application to the substrate.
      Measured overall conductance is then divided by the corrected conductivity
      to determine the thickness. In addition, the dry weight of the coating may
      be determined by multiplying the thickness times the density of the
      coating material times the fractional solids weight.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the application of coatings to substrates and
      measurements of the thickness and/or the dry weight of the coatings on the
      substrates. This invention also relates to controlling the application of
      coating materials to substrates.
PAR  This invention is particularly useful for measuring wet clay coatings which
      are applied to paper or paste-board or box-board substrates to provide a
      smooth white printable surface on the substrates. In order to properly
      control the application of clay coatings to the paste-board substrate, it
      is desirable to obtain some sort of measurement on the coating material
      which has been applied to previously coated substrates so as to correct
      for any undesirable deviations on subsequently coated substrates. More
      particularly, it is desirable to obtain thickness and/or dry weight
      measurements of the coatings on substrates so as to properly control the
      application of coatings to other substrates.
PAR  Prior art nuclear absorption techniques for performing these measurements
      on coatings are not well adapted for use in this application since these
      techniques will not distinguish between a variation in the thickness of
      the substrate and a variation in the thickness of the coating material.
      Since the coating may only be a few thousandths of an inch thick, and the
      paste-board substrate may be as much or more than forty times thicker than
      the coating, any slight variation in the paste-board substrate will result
      in very serious errors in the measurement of the coating thickness if the
      prior art nuclear techniques are utilized.
PAR  It has been recognized that the thickness of a relatively conductive film
      on an insulating substrate may be measured by determining the conductance
      of the coated substrate since fluctuations in the thickness of the
      substrate will have little or no effect on the measured conductivity. Such
      an arrangement is shown in U.S. Pat. No. 3,043,993 wherein the amount of
      glue on paper is measured utilizing two plate electrodes in contact with
      the side of the paper opposite the side on which the glue is applied.
      However, the actual conductance which is measured varies as a function of
      temperature and can lead to erroneous indications that the amount of glue
      has varied when in fact only the temperature has varied.
PAR  U.S. Pat. No. 3,491,595 - Griffeth discloses a system for measuring the
      conductivity of soil to determine the moisture content of the soil
      utilizing a temperature sensing element to compensate for variations in
      temperatures sensed by a soil probe. If such compensation were utilized
      with the system described in my U.S. Pat. No. 3,043,993, the system would
      provide an indication of the overall conductance of the conductive coating
      but would not provide an indication of the thickness of the coating.
PAC  SUMMARY OF THE INVENTION
PAR  It is an overall object of this invention to provide a method and apparatus
      for determining the thickness of a coating on a substrate regardless of
      temperature changes in the coating material.
PAR  In a preferred embodiment of the invention, apparatus is provided
      comprising conductivity measuring means for generating a signal
      representing the conductivity of the coating material at a reference
      temperature before application of the coating material to the substrate.
      Temperature measuring means generate a signal representing the difference
      in temperature of the coating material before application to the substrate
      and the temperature of the coating after application to the substrate.
      Conductance measuring means generate a signal representing the overall
      conductance of the coating material on the substrate at the actual
      temperature of the coated substrate. A first circuit means coupled to the
      conductivity measuring means and the temperature measuring means generate
      a conductivity correction signal representing the conductivity of the
      coating material at the temperature of the coated substrate in response to
      the temperature difference signal and the conductivity signal. A second
      circuit means is coupled to the first circuit means and the conductance
      measuring means for generating a signal representing the thickness of the
      coating material in response to the conductance signal and the
      conductivity correction signal.
PAR  In accordance with one important aspect of the invention, the temperature
      sensing means comprises a first temperature sensing element in thermal
      communication with the coating material at the conductivity measuring
      means and a second temperature sensing element in thermal communication
      with the coating on the substrate.
PAR  In accordance with another important aspect of the invention, conductivity
      measuring means comprises a conductivity circuit means having a pair of
      input terminals and means for establishing a flow path of the coating
      material where the input port and the output port of the flow path are
      electrically connected to one of the input terminals and an intermediate
      point along the flow path insulated from the input port and the output
      port is electrically connected to other of the input terminals. In the
      preferred embodiment of the invention, the flow path comprises a first
      conductive block means having a pair of passageways forming the input port
      and the output port of the flow path and a second conductive block forming
      a flow path therethrough with one end of the flow path connected to the
      input port by a first insulated conduit and the other end of the flow path
      through the second conductive block connected to the output port of the
      first conductive block by a second insulated conduit.
PAR  In accordance with another important aspect of the invention, the apparatus
      comprises means for applying the coating material to the substrate and
      means for drying the material on the substrate at an elevated temperature.
      Means are coupled to the second circuit means for controlling the
      application of the coating material to the substrate in response to the
      signal representing the thickness of the coating material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a circuit embodying the invention;
PAR  FIG. 2 is an enlarged sectional view of the measuring electrodes of the
      circuit shown in FIG. 1 in contact with a coated substrate;
PAR  FIG. 3 is the equivalent circuit of the coated substrate shown in FIG. 2 as
      it appears at the measuring electrodes;
PAR  FIG. 4 is an enlarged partially sectioned view of the conductivity
      measuring apparatus which is shown in schematic form in FIG. 1;
PAR  FIG. 4a is a fragmentary enlarged view of the section shown in FIG. 4; and
PAR  FIG. 5 is a pictorial representation of a system for controlling the
      thickness of the coating applied to a substrate.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In accordance with this invention, the thickness of a wet conductive
      coating 10 applied to an insulating substrate 12 as shown in FIG. 2 is
      determined by measuring the impedance or admittance between a pair of flat
      or planar electrodes 14 and 16 which are in close proximity or contact
      with the surface of the substrate 12 opposite the surface on which the
      coating 10 is applied. An equivalent circuit of the impedance or
      admittance between the electrodes 14 and 16 is shown in FIG. 3 wherein a
      capacitor C.sub.1 represents the capacitive coupling through the substrate
      12 between the coating 10 and the electrode 14 while a capacitor C.sub.2
      represents the capacitive coupling through the substrate 12 from the
      electrode 16 to the coating 10. The conductance of the coating 10 is
      represented by a resistor having a conductance G = G.sub.a .sup.. t .sup..
      K.sub.1 where G.sub.a is the conductivity of the coating material, t is
      the thickness of the coating material and K.sub.1 is a proportionality
      constant which is a function of the measuring geometry and particularly
      dependent upon the distance between the two electrodes 14 and 16. It will
      therefore be seen that a change in the overall conductance of the coating
      10 as seen by the electrodes 14 and 16 will reflect a change in thickness
      and/or a change in the conductivity of the coating material which might
      result from a change in temperature.
PAR  In order to confine the measurement made between the electrodes 14 and 16
      to the overall conductance G, it is necessary to eliminate the capacitive
      coupling through the substrate 12 as represented by the capacitors C.sub.1
      and C.sub.2 of FIG. 3. In this connection, the area of the electrodes 14
      and 16 are made large and then only the conductive portion of the
      admittance between the electrodes 14 and 16 is measured. As long as the
      reactance of the capacitors C.sub.1 and C.sub.2 is much smaller than the
      resistance through the coating (the reciprocal of conductance), the
      conductance measured between the electrodes 14 and 16 will be essentially
      equal to the conductance G of the coating itself.
PAR  A circuit for converting the measurement of the conductance G into a
      measurement of the thickness t independent of the temperature of the
      coated substrate will now be described in detail with reference to the
      schematic circuit diagram of FIG. 1. The measurement of the conductance G
      between the electrodes 14 and 16 is made utilizing circuitry comprising an
      oscillator 18 which may generate a frequency of the order of 100 KHz., a
      buffer amplifier 20 coupled to the output of the oscillator 18 and a
      bridge transformer 22 having a primary 24 connected across the output of
      the buffer amplifier 20 and secondary 26.
PAR  One-half of the bridge output is applied across electrodes 14 and 16 in
      series with a small load resistor 28 which is sufficiently small so that
      the current flowing through the resistor 28 is determined only by the
      impedance between the electrodes 14 and 16. A resistor 30 is connected
      across the secondary 26 with a movable tap 32 which may be adjusted to
      pass a trimming current into the resistor 28 where the trimming current is
      of a phase and magnitude as required to balance any undesired currents
      which may flow between the electrodes 14 and 16.
PAR  The voltage across the resistor 28, which is proportional to the admittance
      between the electrodes 14 and 16 is applied to the input of an error
      amplifier 34 which is designed for stable gain with no phase shift. The
      output of the error amplifier 34 is applied to a phase sensitive detector
      36 phased to rectify only the in-phase component of the voltage, i.e.,
      that phase which is produced from the conductance between the electrodes
      14 and 16. The output of the detector 36 is a DC voltage directly
      proportional to the conductance between the electrodes and also directly
      proportional to the product of actual conductivity of the coating material
      times the coating thickness t times the proportionality constant K.sub.1.
PAR  The overall conductance signal G is then applied to a divider circuit 38.
      In order to generate a signal representing the thickness t and independent
      of any variation in the conductivity G.sub.a due to changes in temperature
      it is necessary to divide the signal G by a conductivity correction signal
      G.sub.a which is generated in the following manner.
PAR  The coating material prior to application to the substrate 12 moves along a
      flow path through a conductivity cell 40 having a conductive input port
      electrode 42 and a conductive output port electrode 44 which are
      electrically connected to a ground terminal of a conductivity measuring
      unit 46 such as the Drexelbrook Engineering model 408-4000 modified for
      conductance measurements utilizing a 100 KHz. setting. A conductive member
      48, located at an intermediate point between the conductive input ports 42
      and 44, is electrically connected to another terminal of the conductivity
      unit 46. Those portions of the flow path between the conductive input
      ports 42 and 44 and the conductive member 48 are formed by insulating
      conduits.
PAR  The output of the conductivity unit 46 is a signal representing K.sub.2
      G.sub.m where G.sub.m is the conductivity of the coating material in the
      conductivity cell and K.sub.2 is a proportionality constant. The signal
      K.sub.2 G.sub.m is then applied to a multiplier 52. The other signal
      applied to the multiplier 52 is generated by circuitry including a
      thermocouple 54 which is in substantially direct thermal communication
      with the coating 10 applied to the substrate 12 and a thermocouple 56
      which is in substantially direct thermal communication with the coating
      material flowing through the flow path of the conductivity cell. The
      outputs from the thermocouples 54 and 56 are applied to a differential
      amplifier to generate a signal representing K.sub.3 (t.sub.a -t.sub.m) or
      K.sub.3 .DELTA.t where K.sub.3 is a porportionality constant. The signal
      K.sub.3 .DELTA.t is applied to a summer 60 along with a 1 volt signal to
      generate a signal representing K.sub.4 (1+K.sub.3 .DELTA.t) where K.sub.4
      is another proportionality constant and this signal is multiplied by the
      signal K.sub.2 G.sub.m at the multiplier 52 to generate a signal K.sub.2
      G.sub.m K.sub.4 (1+K.sub.3 .DELTA.t) = G.sub.a.
PAR  By dividing the signal G by G.sub.a at the divider 38, a signal tK.sub.1 is
      obtained which represents the thickness of the coating material times the
      proportionality constant K.sub.1 independent of the actual conductivity of
      the coating material.
PAR  The output of the divider 38 which is directly proportional to the
      thickness of the coating 10 is applied to the input of a dry weight
      corrector 62. In this unit, the signal is multiplied by a quantity which
      is proportional to the dry weight per cubic foot of coating material, and
      the output of the unit 62 is directly proportional to the dry weight of
      the coating per unit area. By applying the signal from the output of the
      dry weight corrector unit 62 to a suitable indicator or recorder 64, the
      dry weight of the coating per unit area may be displayed in an appropriate
      unit such as pounds per thousand square feet.
PAR  As shown in FIG. 1, the conductivity cell 40 is shown as a linear flow path
      between the input port electrode 42 and the output port electrode 44.
      Actually, and in accordance with one important aspect of the invention,
      the flow path through the conductivity cell 40 is U-shaped as shown in
      FIG. 4 where the input port 42 and the output port 44 are formed by a
      first conductive block 66 which is directly connected to the grounded
      terminal of the conductivity measuring unit 46. The input port 42 and the
      output port 44 are connected to a U-shaped flow path 68 in a second
      conductive block 70 through insulating conduits 72 and 74. The conductive
      block 70 is then connected to the other terminal of the conductivity unit
      46. The thermocouple 56 is embedded within the block 70 to provide a
      signal representing temperature of the coating material as the material
      flows through the conductive block 70.
PAR  As best shown in FIG. 4a, the insulating tubes 72 and 74, which may
      comprise glass extending into blocks 66 and 68, which may comprise any
      suitable conductor such as carbon or a metal. By operating the
      conductivity unit at an RF frequency such as 100 KHz., the interface
      losses between the conductive blocks and the solution passing through the
      conductive blocks is minimized without platinizing the walls along the
      flow paths through the conductive blocks.
PAR  By utilizing the arrangement shown in FIG. 4, both ends of the flow path
      through the conductivity cell 40 as represented by ports 42 and 44 are
      maintained at ground potential so that the conductivity measurement is
      made in both directions through the flow path. If only one end of the flow
      path through the cell 40 were grounded, errors in the conductivity
      measurement could occur due to changes in the conductivity through the
      cell toward the other end of the flow path.
PAR  FIG. 5 depicts a system for the controlled application of a coating
      material to a substrate utilizing this invention. As shown in FIG. 5, the
      coating application system comprises a tank 76 for storing the coating
      material prior to its application to a substrate 12. The coating material
      from the tank 76 is moved through a line 78 by a pump 80 where the line 78
      is in series with the conductivity cell 40 and a plurality of nozzles 82
      which direct the coating material to the substrate 12. After the substrate
      has been coated with the material flowing from the nozzle 82, it passes
      through a dryer 84 which heats the coated substrate to an elevated
      temperature. After the substrate moves from the dryer 84 it is conveyed in
      the direction shown by the arrow. The uncoated surface of the substrate
      passes over the conductivity measuring electrodes 14 and 16 (shown in
      dotted outline) which are connected into the bridge circuit at the input
      to the error amplifier 34 through lines 86. The thermocouple 54 is
      maintained in close thermal communication with the dried substrate. In
      accordance with this invention, the signal from the dry weight corrector
      62 is applied to a valve control 88 to open and close the valves in the
      nozzles 82 in a manner so as to control the thickness of the coating
      applied to the substrate 12.
PAR  Although the means for generating the signal representing the pounds dry
      weight per cubic foot of coating material which is applied to the dry
      weight corrector 62 has not been shown, it will be understood that this
      signal may be generated in a number of ways. One of these ways involves
      double multiplication. A first factor of total weight per cubic foot
      (density) is multiplied by the dry weight pounds per pound of coating
      material (fractional solids weight). Another way involves multiplication
      of a quantity which is the density of the coating material minus the
      density of water with the whole quantity being multiplied by a constant
      which depends upon the average density of the dry solids.
PAR  In the embodiment previously shown as described, the conductance of the
      coating is measured without interference from the capacitance of the
      substrate by utilizing relatively large electrodes 14 and 16, e.g., 5 to
      25 square inches in area each so as to assure that the coupling impedance
      is less than 10 percent of the resistance. The conductance may also be
      measured by measuring both the real and imaginary parts of the admittance
      between the electrodes 1 and 2 as set forth in my U.S. Pat. No. 3,746,975
      assigned to the assignee of this invention.
PAR  As shown in FIG. 5, the electrodes 14 and 16 in effect scan the substrate
      12 as the substrate 12 moves over the electrodes 14 and 16 after leaving
      the dryer 84. It will of course be appreciated that the electrodes may
      scan the substrate 12 transversely so as to provide a uniform cross-sheet
      profile. It is also possible to selectively control the nozzles 82 with
      respect to one another in response to the transverse scanning so as to
      maintain a uniform cross-sheet profile. Further, it is possible to utilize
      an air knife so as to blow excess coating off the substrate in response to
      the sensing of a nonuniformity in thickness.
PAR  As utilized herein, a signal "representing" a physical measurement does not
      necessarily means that a characteristic of the signal, e.g., amplitude or
      phase, is proportional to the physical measurement. Rather, the term
      "representing" merely means that the signal carries information fully
      descriptive of the physical measurement and this information is readily
      derived from the signal if the signal is suitably operated upon.
PAR  Although a specific embodiment of the invention has been shown and
      described and particular modifications have been suggested, it will be
      understood that all embodiments in my application which would occur to
      those of ordinary skill in the art fall within the true spirit and scope
      of the invention as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for determining the thickness of a coating on a substrate
      comprising:
PA1  conductivity measuring means for generating a signal representing the
      conductivity of the coating material at a temperature before application
      to the substrate;
PA1  temperature sensing means for generating a signal representing the
      difference in the temperature of said coating material before application
      to said substrate and the temperature of the coating on the substrate;
PA1  conductance measuring means for generating a signal representing the
      overall conductance of the coating material on the substrate at the actual
      temperature of the coating material on the substrate; and
PA1  circuit means coupled to said conductivity measuring means, said
      temperature sensing means and said conductance measuring means for
      generating a signal representing the thickness of the coating material in
      response to said conductivity signal, said temperature difference signal
      and said conductance signal.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said circuit means comprises:
PA1  first circuit means coupled to said conductivity measuring means and said
      temperature sensing means for generating a conductivity correction signal
      representing the conductivity of the coating material at the temperature
      of the coated substrate in response to the temperature difference signal
      and the conductivity signal; and
PA1  second circuit means coupled to said first circuit means and said
      conductance measuring means for generating a signal representing the
      thickness of the coating material in response to said conductance signal
      and said conductivity correction signal.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said first circuit means comprises:
PA1  means for generating a constant signal;
PA1  summing means coupled to said temperature measuring means and said constant
      signal means for generating a sum signal representing the sum of said
      temperature difference signal and said constant signal; and
PA1  multiplying means coupled to said summing means and said conductivity means
      for generating a product signal representing the product of said sum
      signal and said conductivity signal.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said second circuit means comprises
      dividing means coupled to said conductance measuring means and said
      multiplying means for generating a signal representing said conductance
      signal divided by said product signals so as to represent the thickness of
      the coating material on said substrate.
NUM  5.
PAR  5. The apparatus of claim 2 comprising third circuit means coupled to said
      second circuit means for generating a signal representing the dry weight
      of the coating material for a given area of the substrate.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said temperature sensing means
      comprises a first temperature sensing element in thermal communication
      with said coating material at said conductivity measuring means and a
      second temperature sensing element in thermal communication with said
      coating on said substrate.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said conductance measuring means
      comprises a pair of electrodes having substantially planar conductive
      surfaces extending parallel to said substrate.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said conductivity measuring means
      comprises a conductivity circuit means having a pair of input terminals
      and means for establishing a flow path of said coating material, the ends
      of said flow path being connected to one of said input terminals and an
      intermediate point of said flow path being connected to another of said
      input terminals.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said flow path means comprises a first
      conductive block means forming an input port and an output port, a second
      conductive block means having a path therethrough, a first insulated
      conduit extending between said input port of said first block and one end
      of the path through said second block and a second insulated conduit
      extending between the other end of said path through said second block and
      said output port of said first block so as to form a path of conductive
      material from said input port to said output port of said first block.
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ABST
PAL  A method and apparatus for automatically generating error corrected pulses
      in response to particle pulses which are subject to error due to
      coincidence. The subject apparatus includes a generator for generating
      error corrected pulses which has a variable pulse repetition rate
      controlled via an applied variable control signal. A pulse duration
      modifying circuit receives the particle pulses and develops first pulses
      each having a duration equal to a predetermined function of the duration
      of a particle pulse. A control circuit receives the error corrected pulses
      and develops a second signal in response thereto. The development of the
      second signal via the control circuit is inhibited in response to the
      presence of first pulses coupled thereto from the pulse duration modifying
      circuit. A comparison circuit develops the control signal which varies in
      accordance with the difference between the repetition rate of the particle
      pulses and the third signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Now well known in the art of electronic particle counting and analyzing is
      apparatus marketed primarily under the registered United States trademark
      "COULTER COUNTER," owned by the assignee of this application. Such
      apparatus and portions thereof are disclosed in several U.S. Pat. Nos.,
      for example: 2,656,508; 2,985,830; and 3,259,820 (each in class 324-71). A
      significantly important portion of a Coulter type of apparatus is a minute
      scanning aperture or sensing zone, through which particles pass and are
      detected at a rate often well in excess of 1000 per second. Because of the
      physical parameters of the scanning aperture, and because of particle
      concentration, coincidence of particles within the aperture occurs quite
      often. The effect is that one particle is detected and counted, instead of
      two. The coincidence of two particles in the scanning aperture is commonly
      referred to as primary coincidence. Furthermore, the simultaneous passage
      of two particles, both of which are too small to be included in a counter,
      creates an additive effect which produces a spurious count of a fictitious
      large particle. This is commonly referred to as secondary coincidence.
      Although such primary and secondary forms of coincidence are random in
      time and nonlinear, they follow a statistically ascertainable form from
      which curves, tables and formula are obtainable. It has also been found
      that the nonlinear characteristic of coincidence error is related to the
      repetition rate and duration of the pulses due to the detected particles.
      The present method and apparatus is directed towards the counting of
      particles having a narrow range of sizes, consequently secondary
      coincidence does not present a problem which must be considered.
PAR  Heretofore, the operator of an electronic particle counting and analyzing
      device such as is commercially available under the registered United
      States trademark "COULTER COUNTER" would obtain a particle count by
      passing a suspension of particles through the device. The operator would
      then refer to a coincidence correction chart which presented the proper
      error corrected count for a very large selection of counts produced by the
      device. Although the use of charts provides an accurate result, it is both
      time consuming and prohibits the fully automatic recording and processing
      of error correct counts. In addition, the accumulating count during
      analysis is uncorrected. Furthermore, different charts must be used with
      apertures of different sizes.
PAR  The use of analog, nonlinear meters and/or elements at the output stage of
      the "COULTER COUNTER" also has been accomplished with limited success,
      however, in many uses a direct ready digitized output is preferred.
      Heretofore it has been impossible to provide circuitry which compensates
      or accounts for the nonlinear characteristics of coincidence error while
      providing a direct reading digitized form of output which may be counted.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a method and
      apparatus for automatically generating error corrected counting signals
      and counts in response to particle pulses from an electronic particle
      counting and analyzing device which are subject to coincidence error.
PAR  In practicing this invention, a voltage controlled oscillator is provided
      for generating error corrected signals. The frequency or repetition rate
      of the error corrected signals is variable in accordance with a control
      signal coupled to the voltage controlled oscillator. The received particle
      pulses are coupled to a pulse-width adjusting circuit which is operative
      in response to each received particle pulse to develop a first pulse
      having a duration which is a function of the duration of the particle
      pulse. A control circuit receives the error corrected pulses and develops
      a second signal. The control circuit also is operative in response to
      receipt of the first pulses simultaneously with the receipt of the error
      corrected pulses to control the development of the second signal. A
      comparator is operative in response to the difference between the
      repetition rate of the particle pulses and the second signal to develop
      the control signal which varies in accordance with the difference between
      the repetition rate of the particle pulses and the second signal. The
      output of the variable frequency osciallator is coupled to a counter which
      counts the error corrected signals and develops an error corrected count.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of an apparatus embodying the invention;
PAR  FIG. 1A is a timing diagram showing waveforms at various locations in FIG.
      1;
PAR  FIG. 2 is a block diagram of a second embodiment of the apparatus of the
      invention;
PAR  FIG. 2A is a waveform diagram showing wavelengths at various points in the
      apparatus shown in FIG. 2;
PAR  FIG. 3 is a block diagram of another embodiment of the apparatus of the
      invention;
PAR  FIG. 3A is a waveform diagram showing waveforms at various locations in the
      apparatus shown in FIG. 3;
PAR  FIG. 4 is a block diagram showing an alternate implementation for a portion
      of the apparatus shown in FIG. 3;
PAR  FIG. 5 is a block diagram showing another alternate implementation for a
      portion of the apparatus shown in FIG. 3; and
PAR  FIG. 6 is a schematic diagram showing circuitry employed in one portion of
      the apparatus in FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, particle pulses, such as are developed by a Coulter
      type particle counter and analyzer, in response to a particle passing
      through a minute scanning aperture are coupled from a Coulter type
      particle detector 20 to a threshold detector 22 via conductor A. Waveform
      A in FIG. 1A shows waveforms of particle pulses coupled from the Coulter
      type particle detector 20 to threshold detector 22. Various types of
      particle pulses are shown in waveform A of FIG. 1A which can result from
      the detection of various types of one or more particles by the Coulter
      type particle detector 20. For example, the second particle pulse from the
      left can result from an imperfect coincidence of two particles in the
      scanning aperture of the Coulter type particle detector 20. This type of
      particle pulse waveform is commonly identified as a "camelback" pulse.
PAR  Threshold detector 22 is operative in response to particle pulses coupled
      thereto in excess of a predetermined amplitude to develop pulses of fixed
      amplitude at conductor B. The waveforms appearing on conductor B are shown
      in waveform B, FIG. 1A. The duration of each pulse is equal to the period
      for which the particle pulse coupled to threshold detector 22 exceeds the
      predetermined amplitude. It is to be understood that the ultimate count is
      somewhat dependent upon the setting of the threshold level of threshold
      detector 22. That is, if the threshold is raised, it is possible for
      example that the ninth pulse in waveform A of FIG. 1A would not be
      detected. Furthermore, the second pulse from the left which is shown as a
      "camelback" pulse, can result in two pulses if the threshold is raised
      above the valley of the "camelback" pulse.
PAR  The pulses developed by threshold detector 22 are coupled to a pulse shaper
      24 and a pulse width adjusting circuit 26 via conductor B and are shown in
      waveform B of FIG. 1A. Pulse shaper 24 in the preferred embodiment can be
      a monostable multivibrator commonly known as a "one shot" which is
      triggered in response to the leading edges of the pulses coupled thereto
      from threshold detector 22 via conductor B and develops pulses of
      predetermined fixed duration. The pulses developed by pulse shaper 24 are
      coupled via conductor D to pump circuit 28 and are shown in waveform D of
      FIG. 1A.
PAR  Pump circuit 28 may be a circuit such as shown in FIG. 6 which will be more
      fully explained in a subsequent portion of this application. Pump circuit
      28 receives the pulses from pulse shaper 24 and develops a voltage which
      is proportional to the repetition rate of the pulses coupled from pulse
      shaper 24. The pulses coupled to pump circuit 28 from pulse shaper 24 have
      a uniform or constant duration which is selected such that it will allow
      pump circuit 28 to develop a variable voltage signal thereacross in
      response to the repetition rate of the pulses from pulse shaper 24. The
      voltage signal developed by pump circuit 28 is coupled to low pass filter
      32 where it is filtered to remove any AC components due to the pulses
      developed by pulse shaper 24. The filtered voltage signal is coupled from
      low pass filter 32 to one input of comparator 34. Comparator 34 may for
      example be two equal resistors with one input coupled to filter 32 or a
      differential amplifier with one input coupled to filter 32.
PAR  Pulse width adjustment circuit 26 develops first pulses at conductor C, as
      shown in waveform C of FIG. 1A, in response to the pulses coupled from
      threshold detector 22. The first pulses developed at conductor C by pulse
      width adjustment circuit 26 have a duration which is a function of the
      duration of the pulses coupled to pulse width adjustment circuit 26 from
      threshold detector 22. In the preferred embodiment, pulse width adjustment
      circuit 26 will develop first pulses at conductor C each having a duration
      greater than their corresponding detected pulses. For example, the first
      pulses can have a duration which is greater by a predetermined percentage
      of the duration of the corresponding detected pulses. In the preferred
      embodiment, pulse width adjustment circuit 26 can include a pulse
      stretching circuit such as is commonly known in the art. The first pulses
      developed by pulse width adjustment circuit 26 are coupled via conductor C
      to a chopper circuit 44.
PAR  A voltage controlled variable frequency oscillator 36 can develop
      symmetrical output signals as shown in waveform E of FIG. 1A; which are
      coupled to a pulse shaper 38 and counter 40 via conductor E. These pulses
      are the error corrected pulses which are counted by counter 40 in order to
      show the corrected count of particle pulses detected by the Coulter type
      particle detector 20. The pulses on conductor E are shown in waveform E of
      FIG. 1A. Pulse shaper 38 is identical to pulse shaper 24. That is, it is a
      monostable multivibrator which will generate a pulse of uniform or
      constant duration when triggered by the leading edge of the pulses from
      variable frequency oscillator 36. The pulses developed by pulse shaper 38
      are coupled via conductor F to a pump 42 are are shown in waveform F of
      FIG. 1A.
PAR  The pump circuit 42 is identical in circuitry to the pump circuit 28 and
      low pass filter 32. The pulses coupled to pump circuit 42 from pulse
      shaper 38 via conductor F will cause a voltage signal to be developed by
      pump circuit 42 which is proportional to the repetition rate of the pulses
      coupled from pulse shaper 38. The voltage signal developed by pump circuit
      42 is coupled to chopper circuit 44, as are the first pulses developed on
      conductor C by pulse width adjustment circuit 26.
PAR  Chopper circuit 44 chops holes in the voltage signal coupled from pump
      circuit 42, the holes having a duration equal to the duration of the
      pulses developed by pulse width adjustment circuit 26. The chopped voltage
      signal or second signal is coupled from chopper circuit 44 to low pass
      filter 46. Low pass filter 46 acts to average the chopped voltage signal
      coupled thereto and develop a varying DC voltage signal which is coupled
      to the second input of comparator 34.
PAR  Comparator 34 compares the varying voltage signals coupled from low pass
      filters 32 and 46 and develops a control voltage which varies in
      accordance with the difference in voltage level between the voltage
      signals coupled from low pass filter 32 and low pass filter 46. In the
      preferred embodiment, if the voltage signals coupled from low pass filters
      32 and 46 to comparator 34 are equal the control voltage at the output of
      comparator 34 will be zero. If the voltage coupled from low pass filter 32
      is greater than the voltage coupled from low pass filter 46, the control
      voltage at the output of comparator 34 will be a positive voltage which is
      proportional to the difference between the voltages coupled from low pass
      filters 32 and 46. If the voltage from low pass filter 46 is greater than
      the voltage coupled from low pass filter 32, the control voltage at the
      output of comparator 34 will be a negative voltage proportional to the
      difference between the voltage coupled from low pass filters 32 and 46.
PAR  The control voltage developed by comparator 34 is coupled to low pass
      amplifier 41 where it is amplified and coupled to the control input 47 of
      variable frequency oscillator 36. Variable frequency oscillator 36 is
      preferably designed such that when the voltage at 47 increases, its
      frequency of oscillation increases and when the voltage at 47 decreases
      the frequency of oscillation decreases. As in all negative feedback
      systems, equilibrium will prevail when the control voltage developed by
      comparator 34 is exactly sufficient to place at input 47 of variable
      frequency oscillator 36 the voltage necessary to cause its output
      frequency to maintain the requisite control voltage 47. By making the gain
      of the amplifier sufficiently high, this control voltage can be made
      vanishingly small, resulting in equality of the voltages at the outputs of
      the low pass filters 32 and 46.
PAR  The result of the operation of the apparatus shown in FIG. 1 is to cause
      variable frequency oscillator 36 to develop an output signal on conductor
      E whose frequency and repetition rate is greater than the repetition rate
      of the detected particle pulses coupled from the Coulter type particle
      detector 20. The difference in the repetition rate of the signals
      developed by variable frequency oscillator 36 and the resultant difference
      in the number of pulses coupled to counter 40 per unit time or in a
      sampling period is related to the repetition rate and duration of the
      detected particle pulses. The nonlinear relationship between the number of
      detected particle pulses and error corrected pulses, is due to the fact
      that the amount of correction, as a percentage of the repetition rate of
      the incoming pulses, is an increasing function of the repetition rate. The
      pulse width adjustment circuit 26 permits the width of the pulses at C to
      be varied to account for minor inaccuracies in the correction theory, such
      that a particle count is truly proportional to known sample concentration,
      since chopper circuit 44 chops the number of error-corrected pulses by the
      repetition rate and duration of these adjusted pulses. The voltage signal
      resulting from this chopping function will have a nonlinear relationship
      to the voltage signal developed in response to the repetition rate of the
      detected particle pulses. The nonlinear relationship corresponds to the
      nonlinear relationship necessary in order to compensate for coincidence
      errors introduced as a result of the arrival rate of the detected
      particles. The voltage signal from chopper circuit 44 when compared with
      the voltage signal which is developed as a result of the repetition rate
      of the detected particle pulses, will yield a control voltage which is
      coupled to the oscillator in order to cause the oscillator to change its
      frequency, i.e. repetition rate, and to develop pulses representative of
      the true or corrected count of the number of particles being detected.
PAR  The connection from amplifier 41 to the control input 47 of variable
      frequency oscillator 36 constitutes a feedback loop. The feedback to
      variable frequency oscillator 36 yields a closed loop system whose
      response to variations in repetition rate and duration of detected pulses
      is limited only by circuit time constants, thereby quickly modifying the
      number of error corrected pulses generated, in a nonlinear manner, in
      order to accumulate continuously a true error-corrected count.
PAR  Referring to FIG. 6 there is shown circuitry which can be employed in pump
      circuits 28 and 42 of FIG. 1. Pulses from pulse shaper 24 are coupled to
      capacitor 50 causing capacitor 50 to charge through diode 51. The charge
      is built up on a capacitor 50 while the signal is positive going and after
      the peak is reached capacitor 50 discharges through diode 52 dumping its
      charge into capacitor 53. Capacitor 53 is preferably large with respect to
      capacitor 50 so that the voltage change is small. The voltage developed
      across capacitor 53 is coupled through resistor 54 to a load which can be
      a low pass filter such as low pass filter 32 in FIG. 1.
PAR  Referring to FIG. 2, there is shown another embodiment of the apparatus for
      generating error corrected signals. In this apparatus, components which
      are identical to the components shown in FIG. 1 are given identical
      reference numbers. Waveforms appearing on conductors are shown in FIG. 2A
      and given reference numbers corresponding to the reference numbers for the
      conductors on which they appear.
PAR  Detected particle pulses are coupled from Coulter type particle detector 20
      to threshold detector 22 via conductor A. Threshold detector 22 develops
      pulses of fixed amplitude in response to detected particle pulses
      exceeding a predetermined amplitude. The duration of the pulses developed
      by threshold detector 22 corresponds to the period for which the detected
      particle pulses exceed the threshold or predetermined amplitude of
      threshold detector 22. The pulses developed by threshold detector 22 are
      coupled to pulse shaper 24 and pulse width adjustment circuit 26 via
      conductor B as in the apparatus described with reference to FIG. 1. Pulse
      shaper 24 develops pulses of fixed predetermined duration in response to
      the pulses coupled from threshold detector 22 which are coupled to pump
      circuit 28 via conductor D.
PAR  In this embodiment, pump circuit 28 is identical to the combination of pump
      circuit 28 and low pass filter 32 of FIG. 1, and to pump circuit 42. Pump
      circuit 28 will develop a voltage signal which is proportional to the
      repetition rate of the pulses coupled from pulse shaper 24. The voltage
      signal developed by pump circuit 28 is coupled to one input of comparator
      34.
PAR  Pulse width adjustment circuit 26 develops first pulses at conductor C in
      response to the pulses coupled from threshold detector 22 each having a
      duration greater than their corresponding detected pulses by a
      predetermined function of the duration of the corresponding detected
      pulses. The first pulses developed by pulse width adjustment circuit 26
      are coupled via conductor C to chopper circuit 44.
PAR  Variable frequency oscillator 36 develops symmetrical output pulses and
      couples them to pulse shaper 38 via conductor H. Pulse shaper 38 develops
      pulses of predetermined fixed duration in response to each positive going
      pulse coupled from variable frequency oscillator 36 and couples these
      pulses to chopper circuit 44 and counter 40 via conductor G. The pulses
      developed by pulse shaper 38 in this embodiment have a short duration. For
      example they may have a duration in the order of fifty to one hundred
      nanoseconds. The pulses coupled to counter 40 are counted in order to
      yield their desired error-corrected count.
PAR  In the embodiment shown, chopper circuit 44 includes a VETO gate 56. The
      short duration pulses developed by pulse shaper 38 are coupled to one
      input 58 of VETO gate 56. The first pulses developed by pulse width
      adjustment circuit 26 are coupled via conductor C to the VETO input 60 of
      VETO gate 56. In this embodiment, VETO gate 56 will operate such that
      probability of a given pulse from pulse shaper 38 being blocked equals the
      duty cycle of the pulse train fed to VETO input 60 of VETO gate 56. This
      is true because while the pulses at C occur at random, the pulses at G are
      evenly spaced whenever the voltage at control input 47 is constant. When
      first pulses are not present at the VETO input 60 of VETO gate 56, pulses
      coupled to input 58 of VETO gate 56 will cause VETO gate 56 to develop a
      positive or "one" output or second pulse for the duration of the pulse
      coupled to input 58. If a first pulse is present at VETO input 60 of VETO
      gate 56 pulses coupled to input 58 at the same time will be blocked or
      inhibited, and VETO gate 56 will not develop a positive or "one" signal in
      response to these signals.
PAR  The second pulses produced by VETO gate 56 are coupled via conductor F to a
      pulse shaper 62. Pulse shaper 62 is identical to pulse shaper 24 in FIG. 1
      and can be a monostable multivibrator which changes for a predetermined
      period of time in response to an input pulse then reverts to its original
      state. The pulses of predetermined fixed duration developed by pulse
      shaper 62 in response to pulses coupled from VETO gate 56 are coupled via
      conductor E to pump circuit 64. Pump circuit 64 is identical to pump
      circuit 42 in FIG. 1, and will develop a voltage signal which varies in
      accordance with the repetition rate of the predetermined fixed duration
      pulses coupled thereto from pulse shaper 62. The varying voltage signal
      developed from pump circuit 64 is coupled to the second input of
      comparator 34.
PAR  Comparator 34 in FIG. 2 operates in a manner identical to comparator 34 in
      FIG. 1. That is, if the signals coupled to the inputs of comparator 34 are
      equal, comparator 34 will develop a zero control signal at its output. If
      the signal coupled from pump circuit 28 to comparator 34 is greater than
      the signal coupled from pump circuit 64, comparator 34 will develop a
      positive control signal; and comparator 34 will develop a negative control
      signal if the opposite condition occurs. The control signal developed by
      comparator 34 is coupled to low pass amplifier 41 where it is filtered and
      amplified, and coupled to the control input 47 of variable frequency
      oscillator 36. Variable frequency oscillator 36 is responsive to the
      control signal coupled to its control input 47 to change its frequency in
      proportion to the magnitude of the control signal.
PAR  The result of the operation of the apparatus shown in FIG. 2 is to cause
      variable frequency oscillator 36 to develop an output signal on conductor
      H whose frequency or repetition rate is greater than the repetition rate
      of the detected particle pulses coupled from the Coulter type particle
      detector 20. The difference in the repetition rate of the signals
      developed by variable frequency oscillator 36 and the resultant difference
      in the number of pulses per unit time coupled to counter 40 via conductor
      G is related to the repetition rate and duration of the detected particle
      pulses. The voltage signal resulting from this chopping function will have
      a nonlinear relationship to the voltage signal developed as a result of
      the repetition rate of the detected particle pulses. The nonlinear
      relationship corresponds to the nonlinear relationship necessary in order
      to compensate for coincidence errors introduced as a result of the
      repetition rate of the detected particles. The voltage signal from chopper
      circuit 44, when compared with the voltage signal which is developed as a
      result of the repetition rate of the detected particle pulses, will yield
      a control voltage which is coupled to the oscillator in order to cause the
      oscillator 36 to change its frequency and repetition rate and develop
      pulses representative of the true or corrected count of the number of
      particles being detected.
PAR  Again, as with FIG. 1, the connection from amplifier 41 to the control
      input of variable frequency oscillator 36 constitutes a feedback loop
      which provides a closed loop system whose response to variations in
      repetition rate and duration of detected pulses is limited only by circuit
      time constants, thereby quickly modifying the number of errorcorrected
      pulses generated, in a nonlinear manner, in order to accumulate
      continuously a true and corrected count.
PAR  The apparatus shown in FIG. 3 corresponds in substantial detail to the
      apparatus shown in FIG. 2. Elements which operate in the same manner as,
      and perform the same function as is described in FIG. 2 are given the same
      number and letter designation. The operation of these elements will not be
      explained with reference to the apparatus as shown in FIG. 3 as they have
      been explained in detail with reference to the apparatus and like elements
      shown in FIG. 2. FIG. 3A does, however, show the waveforms at various
      conductors in the system of FIG. 3 in order to provide a more clear
      understanding of the operation of this apparatus. Comparing the apparatus
      shown in FIGS. 2 and 3, pump circuits 28 and 64 and pulse shaper circuit
      62 shown in the apparatus of FIG. 2 have been omitted from the apparatus
      shown in FIG. 3. Furthermore, comparator 34 in the system of FIG. 2 has
      been replaced by a comparison means 68 which includes an up-down counter
      70 and a digital-to-analog converter 72.
PAR  In the apparatus shown in FIG. 3, the pulses of uniform fixed duration
      developed by pulse shaper 24 are coupled via conductor D to an input of
      up-down counter 70. This input is the up count input causing u-down
      counter to count up or in an increasing numerical order in response to
      each pulse coupled from pulse shaper 24. The second pulses developed by
      chopper circuit 44 are coupled via conductor E to a second input of
      up-down counter 70. This second input is the down count input causing
      up-down counter 70 to count down or in decreasing numerical order in
      response to each second pulse coupled from chopper circuit 44. The count
      developed by up-down counter 70 is shown in waveform F of FIG. 3A as
      represented by the output at F of digital-to-analog (D/A) converter 72.
      Digital-to-analog converter 72 will convert the count to an analog
      voltage. As the count accumulated by up-down counter 70 is continually
      varying in accordance with the repetition rate of the pulses coupled to
      the inputs, the voltage developed by digital-to-analog converter 72 will
      vary correspondingly. The voltage developed by digital-to-analog converter
      72 is coupled via conductor F to low pass amplifier 41 and is shown in
      dotted line fashion in waveform F of FIG. 3A. This voltage is filtered and
      amplified by low pass amplifier 41 and coupled to the control input 47 of
      variable frequency oscillator 36 in order to adjust the frequency of
      variable frequency oscillator 36 as previously explained with reference to
      the apparatus shown in FIG. 2.
PAR  Referring to FIG. 4 another version of the comparison means 68 of FIG. 3 is
      shown. Conductors D and E in FIG. 3 are coupled to the inputs of up-down
      counter 70 as is shown in FIG. 4. In this embodiment however the
      digital-to-analog converter 72 shown in FIG. 3 has been eliminated and low
      pass amplifier 41 has been placed within the dotted lines representing the
      comparison means 68 shown in FIG. 3. In this embodiment, the most
      significant bit only is used in order to bring the apparatus to
      equilibrium. That is, up-down counter 70 will develop only a one or zero
      output in response to the count of the pulses coupled thereto via
      conductors D and E. Up-down counter 70 is preset in this embodiment at,
      for example, one-half its count capacity. Pulses arriving via conductor D
      from pulse shaper 24 will cause up-down counter 70 to count up or in
      numerically increasing order as described with regard to the apparatus
      shown in FIG. 3. Pulses coupled to up-down counter 70 from chopper circuit
      44 via conductor E will cause up-down counter 70 to count in decreasing
      numerical order. When the count in up-down counter 70 is in excess of
      one-half the count capacity, a "one" will be developed by counter 70; and
      a "zero" will be developed when the count is less than one-half the count
      capacity. The "zero" or "one" as the case may be will be coupled to low
      pass amplifier 41 where it is filtered and amplified and coupled to the
      control input 47 of variable frequency oscillator 36 as shown in FIG. 3. A
      "one" will cause variable frequency oscillator 36 to continuously increase
      in frequency, and a "zero" will cause variable frequency oscillator 36 to
      continually decrease in frequency. When a corrected count has been
      achieved, up-down counter 70 will fluctuate very closely about the count
      equal to one-half the capacity of the counter. This will cause "ones" and
      "zeros" to alternately be developed at the output and coupled by low pass
      amplifier 41 to variable frequency oscillator 36. This rapidly shifting
      between "ones" and "zeros" at the control input 47 of variable frequency
      oscillator 36 will cause variable frequency oscillator 36 to stabilize at
      or within a very small range of frequency variation. This range of
      frequency variation is small enough in order to yield a count at counter
      40 in FIG. 3 which is substantially the true error corrected count for the
      detected particle pulses.
PAR  Referring to FIG. 5, an alternate to the circuitry shown in comparison
      means 68 of FIG. 4 is shown. In the embodiment shown in FIG. 5, an RS
      bistable multivibrator 78, commonly known as an RS type of flip-flop, or
      RS flip-flop, is shown in place of up-down counter 70. Bistable
      multivibrator 78 will switch to one state in response to pulses coupled to
      its "set" input from pulse shaper 24 via conductor D and will switch to a
      second state in response to pulses coupled to its "reset" input from
      chopper circuit 44 via conductor E. The output of bistable multivibrator
      78 is coupled through resistor 80 to one input of low pass amplifier 41.
      In this embodiment, amplifier 41 is shown as an integrator amplifier 82.
      The "ones" and "zeros" developed by bistable multivibrator 78 will be
      integrated by integrator 82 and develop a voltage which varies in
      accordance with the rate at which multivibrator 78 changes state, and the
      duration during which multivibrator 78 is in any particular state. The
      voltage developed by integrator amplifier 82 will be coupled to the
      control input 47 of variable frequency oscillator 36 in order to vary the
      frequency of variable frequency oscillator 36 as explained with regard to
      the apparatus shown in FIGS. 1, 2, and 3. The system will be in
      equilibrium when the number of "set" pulses is approximately equal to the
      number of "reset" pulses in a particular time period.
PAR  It is to be understood that the method for generating error-corrected
      signals as hereinbefore described with reference to the apparatus used for
      performing this function is also considered novel. This method includes
      the steps of generating error-corrected pulses and varying the repetition
      rate of the error corrected pulses in accordance with variations in an
      applied control signal; developing first pulses in response to and
      detected signals each having a duration equal to the combined duration of
      one of the detected particle pulses and a predetermined function of the
      same one of the detected particle pulses; developing second signals in
      response to the error corrected signals and the first signals which vary
      in accordance with the repetition rate of error-corrected pulses, and the
      repetition rate and duration of the first signals; and comparing the
      detected particle pulses and the second signals and developing the control
      signal for varying the repetition rate of the error-corrected pulses in
      accordance with the difference between the second signals and the
      repetition rate of the detected particle pulses.
PAR  As can be seen, an improved method and apparatus for generating error
      corrected signals subject to coincidence error has been shown and
      described. The system and method provides for a rapid and automatic
      correction for errors in detection of particles due to coincidence. The
      number of error-corrected pulses generated is related in a nonlinear
      manner to the number of detected particle pulses and is determined in
      accordance with the repetition rate and duration of the detected particle
      pulses.
CLMS
STM  What it is desired to secure by letters patent of the United States is:
NUM  1.
PAR  1. A method for generating error corrected signals in response to detected
      signals which are subject to error due to coincidence including the steps
      of:
PA1  generating the error corrected signals,
PA1  varying the repetition rate of the error corrected signals in accordance
      with variations in an applied control signal,
PA1  developing first signals in response to the detected signals each having a
      duration equal to a predetermined function of the duration of the same one
      of the detected signals,
PA1  developing second signals in response to the error corrected signals and
      said first signals which vary in accordance with the repetition rate and
      duration of said second signals and the repetition rate of the
      error-corrected signals, and
PA1  comparing said second signals and the detected signals and developing said
      control signal, said control signal varying in accordance with variations
      between said second signals and the repetition rate of said detected
      signals.
NUM  2.
PAR  2. The method of claim 1 wherein said step of developing said second
      signals includes the steps of:
PA1  generating third signals in response to said error corrected signals having
      a repetition rate which varies in accordance with the repetition rate of
      the error corrected signals, said third signals having a predetermined
      duration, and
PA1  developing said second signals in response to said third signals.
NUM  3.
PAR  3. The method of claim 2 wherein said step of comparing the detected
      signals and said second signals includes the step of:
PA1  developing fourth signals in response to said detected signals having a
      repetition rate which varies in accordance with said detected signals,
      said fourth signals having a fixed duration, and
PA1  comparing said fourth signals with said second signals.
NUM  4.
PAR  4. The method of claim 3 wherein said step of developing said second
      signals includes the step of:
PA1  inhibiting the development of said second signals in response to said third
      signals when said first signals are present.
NUM  5.
PAR  5. The method of claim 4 wherein said step of developing said first signals
      includes the step of:
PA1  extending the duration of each one of the detected signals by a
      predetermined function of the duration of the same one of the detected
      signals.
NUM  6.
PAR  6. An error correction circuit for correcting first signals which are
      subject to error including in combination,
PA1  generating means for generating error corrected signals, said error
      corrected signals being variable in accordance with a control signal
      coupled to said generating means,
PA1  receiving means for receiving said first signals,
PA1  signal modifying means coupled to said receiving means and operative in
      response to said first signals to develop second signals, which vary in
      accordance with said first signals,
PA1  first circuit means coupled to said generating means and said signal
      modifying means and operative to develop third signals in response to said
      second signals and error corrected signals, and
PA1  second circuit means coupled to said receiving means, said first circuit
      means and said generating means and operative in response to said first
      signals and said third signals to develop said control signal,
NUM  7.
PAR  7. The circuit of claim 6 wherein said generating means is a variable
      frequency oscillator for generating said error corrected signals, said
      error corrected signals varying in frequency in accordance with said
      control signal coupled thereto.
NUM  8.
PAR  8. The circuit of claim 6 wherein the first signals have first signal
      durations and said signal modifying means includes signal duration
      modifying means responsive to the first signals to develop said second
      signals having signal durations which are functions of the durations of
      the first signals.
NUM  9.
PAR  9. The circuit of claim 6 wherein said second circuit means includes
      comparison means operative in response to the first signals and said third
      signals to develop said control signal.
NUM  10.
PAR  10. The circuit of claim 8 wherein said first circuit means includes
      control circuit means operative in response to the error corrected signals
      to develop said third signals and operative in response to said second
      signals to control development of said third signals.
NUM  11.
PAR  11. The circuit of claim 10 wherein the first signals are first pulses
      having pulse durations and said signal duration modifying means is a pulse
      duration modifying circuit for developing second pulses having durations
      which are functions of the durations of the first pulses.
NUM  12.
PAR  12. The circuit of claim 11 wherein the first signals have varying
      amplitudes, said receiving means including detecting means for detecting
      the first signals having particular amplitudes.
NUM  13.
PAR  13. The circuit of claim 12 wherein said pulse duration modifying circuit
      includes a pulse stretching circuit for developing second pulses having a
      pulse duration greater than the first pulses by a predetermined percentage
      of the duration of the first pulses.
NUM  14.
PAR  14. The circuit of claim 12 wherein said control circuit means is a chopper
      circuit operative in response to the error corrected signals to develop
      said third signals, said chopper circuit being operative in response to
      said second pulses to chop said third signals for said duration of said
      second pulses.
NUM  15.
PAR  15. The circuit of claim 13 wherein said control circuit means is a gating
      circuit operative in response to the error corrected signals to develop
      said third signals and operative in response to said second pulses to
      inhibit said third signals for the duration of said second pulses.
NUM  16.
PAR  16. The circuit of claim 14 wherein the first pulses have an irregular
      repetition rate, and wherein said receiving means includes pulse storage
      means coupled to said detecting means and said second circuit means for
      developing a pulse storage signal in response to the repetition rate of
      the first pulses which varies in accordance with the repetition rate of
      the first pulses, said control circuit means including filter means
      coupled to said chopper circuit and said second circuit means for
      developing a filter signal in response to said chopped third signals which
      varies in accordance with said chopped third signals, said second circuit
      means operative in response to said filter signal and said pulse storage
      signal to develop said control signal.
NUM  17.
PAR  17. The circuit of claim 16 wherein said second circuit means includes
      comparison means for developing said control signal, said control signal
      varying in accordance with the difference between said pulse storage
      signal and said filter signal.
NUM  18.
PAR  18. The circuit of claim 16 wherein said generating means is a variable
      frequency oscillator having a frequency which varies in accordance with
      said control signal.
NUM  19.
PAR  19. An apparatus for automatically generating error corrected pulses in
      response to particle pulses which are subject to error due to coincidence
      including in combination,
PA1  generating means for generating the error corrected pulses, said repetition
      rate of the error corrected pulses being variable in accordance with a
      control signal coupled to said generating means,
PA1  receiving means for receiving the particle pulses,
PA1  pulse duration modifying means coupled to said receiving means and
      operative in response to the particle pulses to develop first pulses
      having a duration equal to the duration of the particle pulses and at
      least a predetermined percentage of the duration of the particle pulses,
PA1  control circuit means coupled to said pulse duration modifying means and
      said generating means and operative in response to the error corrected
      pulses to develop a second signal, said control circuit means being
      further operative in response to said first pulses to control development
      of said second signal, and
PA1  comparison means coupled to said receiving means, said control circuit
      means and said generating means for developing said control signal, said
      control signal varying in accordance with the difference between the
      repetition rate of the particle pulses and said second signal.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said receiving means includes
      detecting means for detecting the particle pulses having particular
      amplitudes.
NUM  21.
PAR  21. The apparatus of claim 20 wherein said receiving means includes a first
      pulse generator coupled to said detecting means for developing first fixed
      duration pulses in response to said particle pulses.
NUM  22.
PAR  22. The apparatus of claim 21 further including second pulse generator
      means coupled between said generating means and said control circuit means
      for generating second fixed duration pulses in response to said error
      corrected pulses.
NUM  23.
PAR  23. The apparatus of claim 22 wherein said generating means is a variable
      frequency oscillator having a frequency which varies in accordance with
      said control signal.
NUM  24.
PAR  24. The apparatus of claim 23 wherein said receiving means further includes
      first pulse storage means coupled to said first pulse generator means and
      said comparison means for developing a pulse storage signal which varies
      in accordance with the repetition rate of said first fixed duration
      pulses.
NUM  25.
PAR  25. The apparatus of claim 24 wherein said control circuit is a chopper
      circuit operative in response to said error corrected pulses to develop
      said second signal and further operative in response to said first pulses
      to chop said second signal for said duration of said first pulses, and
      filter means coupled to said chopper circuit and said comparison means for
      developing a filter signal in response to said chopped second signal.
NUM  26.
PAR  26. The apparatus of claim 25 wherein said comparison means is a comparator
      for comparing said pulse storage signal and said filter signal to develop
      said control signal, said control signal varying in accordance with the
      difference between said pulse storage signal and said filter signal.
NUM  27.
PAR  27. The apparatus of claim 23 wherein said control means is a gate circuit
      operative in response to said error corrected pulses to develop said
      second signal, said second signal being gate pulses, said gate circuit
      being further operative in response to said first pulses to inhibit said
      gate pulses for said duration of said first pulses.
NUM  28.
PAR  28. The apparatus of claim 27 wherein said control means further includes a
      third pulse generator means coupled to said gate circuit, said third pulse
      generator means operative in response to said gate pulses to develop third
      fixed duration pulses and second pulse storage means coupled to said third
      pulse generator means and said comparison means for developing a second
      pulse storage signal in response to the repetition rate of said third
      fixed duration pulses.
NUM  29.
PAR  29. The apparatus of claim 28 wherein said comparison means is a comparator
      for comparing said first fixed duration pulses and said second pulse
      storage signal and developing said control signal, said control signal
      varying in accordance with the difference between said first fixed
      duration pulses and said second pulse storage signal.
NUM  30.
PAR  30. The apparatus of claim 27 wherein said comparison means is a counter
      means, said counter being operative to add said first fixed duration
      pulses coupled thereto and substract said gate pulses coupled thereto and
      develop a count signal in accordance with a count of said added and
      subtracted pulses, and converter means coupled to said counter means and
      operative in response to said count signal to develop said control signal,
      said control signal varying in accordance with said count.
NUM  31.
PAR  31. The apparatus of claim 27 wherein said comparison means includes a
      bistable multivibrator operative in response to said first fixed duration
      pulses to develop a first output signal and operative in response to said
      gate pulses to develop a second output signal and converter means coupled
      to said bistable multivibrator means and operative in response to said
      first and second output signals to develop said control signal, said
      control signal varying in accordance with the difference in repetition
      rate between said first and second output signals.
NUM  32.
PAR  32. The apparatus of claim 23 wherein said pulse duration modifying means
      is a pulse stretcher for stretching said detected pulses to develop said
      first pulses.
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ABST
PAL  An apparatus which includes circuitry for automatically sampling each pulse
      in a series of pulses a predetermined average number of times,
      sequentially storing the samples for a period of time, and reproducing the
      pulses from the samples, delayed in time.
PAL  A method of operation is encompassed within the invention as well as use of
      the above apparatus in a particle study device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Currently, in the electronics art, delay lines are employed for a number of
      functions. For example, delay lines can be employed in particle study
      apparatus of the Coulter type such as is described in U.S. Pat. No.
      2,656,508. The delay line would be employed as a part of circuitry used to
      improve the Coulter type particle detector by correcting for counting
      errors. In such applications, the delay line must have an analog
      characteristic. That is, it must delay signals without altering them in
      any way. Furthermore, in many applications, the delays must be for an
      appreciable length of time. LC networks generally can be used to provide
      analog delays, however, LC networks become extremely complex, bulky and
      impractical to use when long delays are required.
PAR  Long delays of analog signals can be provided by use of charge transfer
      devices currently available. The signal to be delayed is sampled and the
      sample stored for a period of time in a charge transfer storage register.
      Enough samples of the signal are taken so that the signal can be recreated
      from the samples. Of course, the signal duration must be relatively fixed
      in order to determine the number and relative timing of the samples, and
      the number of storage locations. If these are not known, a great many
      samples must be taken at a high repetition rate, and a substantial number
      of storage elements provided to store the samples. This again will result
      in a product which will be unacceptable due to its size and/or cost.
PAR  Statistically it can be shown that in any relatively uniform signal
      waveform which does not have sudden inflections, only a certain number of
      samples of the signal need be taken in order to reproduce the signal
      waveform, no matter what the signal duration. If the duration of the
      signal to be delayed is known, then a minimum number of samples and
      storage areas would be necessary. If a number of signals in sequence are
      to be delayed and they have a somewhat similar duration, an average number
      of samples to be taken in a period of time and stored can be established.
      If, however, the signals to be delayed consist of a series or train of
      signals having similar duration, and due to some change, these are
      followed by a series or train of signals having a substantially different
      duration, longer or shorter, establishing a fixed number of samples in a
      period of time and a fixed number of storage locations may not allow the
      recreation of the original signal, delayed in time.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide apparatus for
      delaying a signal, without alteration of the signal, for an appreciable
      period of time. Another object is to provide apparatus for sampling and
      storing signals in order to provide an appreciable delay, which
      automatically samples the signals a predetermined average number of times
      during the duration of the signals and stores the samples.
PAR  In practicing this invention, an apparatus is provided for automatically
      sampling each pulse in a series of pulses a predetermined average number
      of times, for sequentially storing the samples and for reproducing the
      pulses in the series from the stored samples, but delayed in time. The
      apparatus includes a pulse duration detector which is operative in
      response to the receipt of each pulse in the series to develop a threshold
      pulse which has a duration substantially equal to a predetermined portion
      of the duration of the correspondingly received pulse in the series. A
      voltage controlled oscillator is provided for developing first clock
      signals at a particular repetition rate. The repetition rate of the
      voltage controlled oscillator is variable in response to variation in an
      applied control signal. A shift register of the charge transfer device
      type is coupled to the voltage controlled oscillator and operative in
      response to the first clock signals to sample the pulses in the series of
      pulses coupled to the shift register and to sequentially store the
      samples. The samples are sequentially shifted through each stage of the
      shift register in response to the first clock pulses, thus delaying the
      pulses. The sample in the last stage of the shift register is ejected upon
      receipt of a succeeding first clock pulse. The samples, sequentially
      ejected from the last stage of the shift register, will produce the
      pulses, delayed in time.
PAR  In one embodiment a potentiometer provides the applied control signal. In
      another embodiment a logic circuit is coupled to the pulse detector and
      the voltage controlled oscillator. The logic circuit is operative in
      response to the number of first clock pulses coupled thereto during the
      presence of each threshold pulse to develop a gating signal which varies
      in accordance with the number of first clock pulses received. The control
      signal is developed in response to a comparison between the gating signal
      and a reference signal and varies in accordance with the difference
      between the gating signal and the reference signal.
PAR  Novel methods of performing the above noted function, as well as use of the
      apparatus in a particle study device are also contemplated as being within
      the boundaries of this invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of an apparatus for correcting coincidence count
      inaccuracies in a Coulter type of particle analyzer, which apparatus
      employs a delay line made in accordance with this invention.
PAR  FIG. 2 is a simplified block diagram of an apparatus for automatically
      sampling pulses a predetermined average number of times, storing and
      delaying the pulses for reproduction of the pulses, delayed in time.
PAR  FIG. 3 is a more detailed block diagram of the apparatus shown in FIG. 2.
PAR  FIG. 4 shows waveform diagrams at a number of points in the block diagram
      of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there is shown a Coulter type particle detector which
      corrects for coincidence count inaccuracies. Now well known in the art is
      the basic Coulter principle whereby a particle in an electrolyte is passed
      through an aperture. Electrodes positioned on each side of the aperture,
      and a source of supply coupled to the electrodes, establish a current in
      the electrolyte and through the aperture between the electrodes. This
      electric current is modulated by the passage of a particle through the
      aperture, due to the difference in electrical conductivity between the
      particle and the electrolyte. The modulated current creates a pulse which
      can be measured or counted.
PAR  Referring again to FIG. 1, a sample 10 containing particles to be detected
      and counted is coupled to aperture 12. Passage of the particles through
      aperture 12 creates a series of pulses to be detected and counted. Because
      of the size and configuration of aperture 12, the passage of particles in
      sample 10 through the aperture 12 can result in fewer pulses than
      particles passing through the aperture. This phenomenon is commonly termed
      coincidence error. The series of particle pulses developed by passage of
      the particles in sample 10 through aperture 12 can therefore be subject to
      coincidence error, and the relative amounts of this coincidence error are
      statistically ascertainable.
PAR  One way of correcting for coincidence errors is by developing two raw
      counts N.sub.1 and N.sub.2 of particle pulses for two samples where there
      is a known relationship between the two samples. It has also been
      determined that a single sample 10 passing through only one aperture 12
      can provide both of the raw counts N.sub.1 and N.sub.2. To accomplish
      this, one of the raw counts, N.sub.2, is created artificially from the
      same particle pulse train that generates the count N.sub.1. By using the
      same particle pulses for both N.sub.1 and N.sub.2, there will be less
      random variation than would occur if other methods were used to generate
      the raw count N.sub.2. Effectively, the counts N.sub.1 and N.sub.2
      represent two known dilutions with the stronger dilution being synthesized
      from the weaker dilution.
PAR  The series of particle pulses developed by passage of the particles in
      sample 10 through aperture 12 are coupled to amplifier 14 where they are
      amplified and coupled to threshold circuit 16, delay line 18 and adder
      circuit 20. Threshold circuit 16 develops a pulse in response to each
      particle pulse coupled thereto which exceeds a predetermined amplitude and
      couples this pulse to accumulator 22. Each pulse coupled to accumulator 22
      will be counted in order to yield the total number of accumulated pulses
      identified as N.sub.1.
PAR  The series of particle pulses coupled to delay line 18 and adder circuit 20
      are combined via the interconnection of delay line 18 and adder circuit 20
      to produce the artificial pulse train at the output of adder circuit 20.
      The pulses in the artificially created pulse train are coupled from the
      output of adder circuit 20 to threshold circuit 24. Threshold circuit 24
      develops a pulse in response to each artificially created pulse coupled
      thereto which exceeds a predetermined amplitude and couples this pulse to
      accumulator 26. Each pulse coupled to accumulator 26 will be counted to
      yield the total number of accumulated pulses identified as N.sub.2. The
      raw counts N.sub.1 and N.sub.2, accumulated in accumulators 22 and 26 are
      then coupled to computer 28 where they are operated on in accordance with
      a mathematical formula to yield a true count N.sub.o which is corrected
      for errors due to coincidence. The true count may be displayed via a
      display device 30 coupled to computer 28.
PAR  In evaluating the operation of circuitry such as is shown in FIG. 1, it has
      been found that large delays should be provided by delay line 18 in order
      to yield the best accuracy in this type of coincidence correction circuit.
      In the preferred embodiment of the apparatus shown in FIG. 1, delays on
      the order of 300 microseconds in delay line 18 are considered most
      desirable under conditions where aperture 12 is approximately 100 microns
      in diameter. The use of LC networks in delay line 18 in order to provide
      such a delay, although possible, results in an expensive and bulky
      apparatus.
PAR  It should also be noted that it is desirable for the apparatus shown in
      FIG. 1 to operate using any size aperture 12 with a minimal or no
      adjustment on the part of the operator. When the size of aperture 12 is
      changed, the duration of pulses produced in response to passage of
      particles in sample 10 through aperture 12 also changes. This change in
      duration of the particle pulses can seriously affect the length of delay
      required by delay line 18, and the resulting circuit operation unless, of
      course, either the operator compensates the delay line for such changes in
      pulse duration or the compensation is made automatically.
PAR  Referring to FIG. 2, there is shown a simplified block diagram of the delay
      line 18 shown in FIG. 1. Pulse generator 36 in FIG. 2 is shown in place of
      sample 10, aperture 12, and amplifier 14 in FIG. 1. Pulse generator 36
      will generate a series of particle pulses in sequence and couple these
      particle pulses to shift register 38 and pulse duration measuring circuit
      40.
PAR  In Coulter type particle analyzing devices such as shown in FIG. 1, the
      particle pulses produced have no well defined ends but have well defined
      middle portions. Pulse duration measuring circuit 40 will ascertain two
      points on the waveform of each particle pulse. These two points are
      generally on the leading and trailing edges of the waveform at, for
      instance, identical amplitudes on the waveform. Although points generally
      centered about the middle portion of the waveform have been selected in
      the past, points near the end of the waveform, which are still in well
      defined regions of the waveform can be selected. In the preferred
      embodiment, points should be selected which are as close to the end
      portions of the waveform as is possible in order to most closely
      approximate the duration of the waveform.
PAR  Pulse duration measuring circuit 40 develops a threshold pulse which has a
      duration corresponding to the period for which the particle pulse exceeds
      the amplitude of the first and second points noted above. The threshold
      pulse then has a duration corresponding to a predetermined portion of the
      duration of the correspondingly received particle pulse. The threshold
      pulse developed by pulse duration circuit 40 is coupled to one input of
      logic circuit 42. Circuits such as pulse duration circuit 40 are shown and
      described in U.S. Pat. Nos. 3,760,281, 3,701,029, 3,710,263, and
      3,710,264.
PAR  Voltage controlled oscillator (VCO) 44 develops an output signal having a
      frequency or repetition rate which can be varied in accordance with an
      applied control signal or control voltage. For the purposes of the
      embodiment shown in FIG. 2, it will be assumed that the VCO 44 is a clock
      oscillator which develops pulses at its output 46. The pulses developed by
      VCO 44 are coupled to a control input of shift register 38 and to a second
      input of logic circuit 42.
PAR  Shift register 38 is a charge transfer type shift register which includes
      an input stage, an output stage and a plurality of stages sequentially
      connected between the input and output stages. Shift register 38 operates
      in response to each clock pulse developed by VCO 44 to sample a particle
      pulse in the series of particle pulses coupled to shift register 38. That
      is, it will sample the amplitude of the particle pulse and store the
      sampled amplitude in its first stage. The repetition rate of VCO 44 is
      selected such that approximately 20 samples will be taken during the
      period of a particle pulse. Each one of the samples will be sequentially
      stored in the first stage of shift register 38, and will sequentially
      shift through the succeeding stages of the shift register in response to
      each clock pulse from VCO 44. The samples in the last stage of shift
      register 38 are ejected from the stage in response to the succeeding clock
      and coupled to adder circuit 20. Because of the rate at which the samples
      of the particle pulse were taken, and because of the rate at which the
      samples are ejected from shift register 38, the samples coupled to adder
      circuit 20 will closely simulate the particle pulse coupled from pulse
      generator 36 to shift register 38. Moreover, because of the number of
      stages through which the approximately 20 samples making up a particle
      pulse are shifted, the particle pulse will have been delayed an
      appreciable period of time. Delays in the neighborhood of 300 microseconds
      can be supplied without an unreasonably great number of stages in shift
      register 38, and without unreasonably increasing the cost or size of the
      apparatus. If it is desired to couple a continuous particle pulse waveform
      to adder circuit 20, a filter network of the low pass type can be
      interposed between shift register 38 and adder circuit 20. The filter
      network would store energy so as to eliminate the voids between succeeding
      ejected samples, and additionally act to reduce any energy at the
      frequency of VCO 44 which could have mixed with the samples stored in
      shift register 38.
PAR  As previously noted, the clock pulses developed by VCO 44 are also coupled
      to logic circuit 42, in addition to the threshold pulses coupled from
      pulse duration measuring circuit 40. Logic circuit 42 will develop a
      gating signal or gating voltage in response to clock pulses received
      during each threshold pulse. This gating voltage will vary in accordance
      with the number of clock pulses received during the threshold pulse. The
      gating voltage will be compared to a reference voltage which is
      representative of 20 pulses being received by logic circuit 42 during a
      threshold pulse interval. If the reference voltage is greater than the
      gating voltage, thus indicating fewer received pulses, a control signal
      will be developed by logic circuit 42 and coupled to VCO 44 via conductor
      48, causing VCO 44 to increase in repetition rate. If the gating voltage
      is greater than the reference voltage, the control signal developed and
      coupled to VCO 44 via conductor 48 will cause VCO 44 to decrease in
      repetition rate. The gating voltage is discharged or reset at the end of
      each threshold pulse in order to allow measurement of the number of clock
      pulses only during each threshold pulse. In this manner, VCO 44 can be
      adjusted over a period of time to provide a predetermined average number
      of clock pulses during each particle pulse.
PAR  It is to be understood that the above described circuitry will result in a
      predetermined average number of samples being taken during each particle
      pulse. Although large and/or rapid variations in the duration of particle
      pulses in a sequence can cause a substantial change in the number of
      samples taken for any one or more particle pulses in the series, this
      change is not serious since the absolute number of samplings per pulse is
      not critical. Furthermore, anomolous pulses generally have longer than
      average durations. Slow changes in the duration of particle pulses in the
      series, extending over a period of time, however, can be compensated for
      by the circuitry shown and described with reference to FIG. 2.
      Furthermore, should the aperture 12 in FIG. 1 be changed such that the
      pulse duration of the particle pulses is substantially changed, the
      circuitry shown in FIG. 2 automatically compensates for the changes in
      duration without any attention on the part of the operator. That is, the
      circuit will compare the number of samples taken during any pulse duration
      and adjust the number of samples taken in order to provide an average of
      approximately 20 samples per pulse duration.
PAR  Referring to FIG. 3, a more detailed block diagram of the apparatus in FIG.
      2, is shown. The series or train of particle pulses developed by pulse
      generator 36 is coupled to shift register 38, pulse duration measuring
      circuit 40 and adder circuit 20. Shift register 38 is a charge transfer
      type shift register which may include either charge coupled devices or
      bucket brigade devices; both well known in the art. In the preferred
      embodiment shift register 38 employs bucket brigade devices and will be
      hereinafter identified as a bucket brigade shift register. Bucket brigade
      shift register 38 operates in response to the clock pulses coupled from
      VCO 44 to sample the particle pulses coupled from pulse generator 36. The
      method of sampling and storing employed by bucket brigade shift register
      38, and the method of ejecting pulses will not be described in detail as
      such a description has been provided above with reference to FIG. 2.
PAR  A particle pulse such as may be coupled to pulse duration measuring circuit
      40 is shown in waveform A of FIG. 4. It is coupled to pulse duration
      measuring circuit 40 between the times T.sub.1 and T.sub.4 ; neither the
      beginning nor the end of the pulse being well defined as compared to the
      reference level or noise generated in the system. The pulse shown in
      waveform A of FIG. 4 is applied to a pulse stretcher 52 which produces the
      stretched pulse shown in waveform B of FIG. 4. The pulse stretcher may be
      a diode-capacity circuit which accepts the pulse and follows its leading
      edge to the maximum amplitude, but which does not subside with the pulse.
      It retains the maximum amplitude until the capacitors in the circuit are
      discharged. The stretched pulse shown in waveform B of FIG. 4 extends from
      the time T.sub.1 to the time T.sub.5 which will be discussed hereinafter.
PAR  The pulse shown in waveform A of FIG. 4 is also applied to an analog delay
      means which to the preferred embodiment is a delay line 54. Delay line 54
      in the preferred embodiment seldom provides a delay of greater than 30 or
      40 microseconds. This delay is small compared to a delay of for example
      300 or 400 microseconds which must be supplied by shift register 38. The
      delayed waveform appears at conductor 56 and is shown as a broken line
      waveform in waveform C of FIG. 4. The same waveform C shows an attenuated
      wave which is the output of attenuator 58 appearing at conductor 60. The
      waveform shown in FIG. C by solid line is, of course, identical to the
      waveform B of FIG. 4, with the exception that it has been attenuated to
      approximately 1/6th the amplitude of the waveform B of FIG. 4. Assuming
      that there is some loss in delay line 54, this is taken into consideration
      in attenuating the stretched pulse shown in waveform C to give the exact
      fraction of the amplitude of the stretched pulse shown in FIG. B at
      conductor 60. In this case, the fraction is chosen to be approximately
      1/6th the total amplitude of the pulse shown in waveform A, although it
      could be any desired fraction.
PAR  The two conductors 56 and 60 are inputs to a comparator 62 and this is
      indicated by superimposing the two wave shapes shown in waveform C of FIG.
      4. Comparator 62 is connected such that it will produce an output only
      when the dashed line pulse, which is the delayed version of the pulse
      shown in waveform A, exceeds the attenuated stretched pulse shown in
      waveform C. This occurs between the times T.sub.3 and T.sub.5. It will be
      seen that the time T.sub.2 marks the peak of the particle pulse shown in
      waveform A, and the location of the start of the horizontal part of the
      pulses shown in waveforms B and C, but it has no significance in the pulse
      duration measuring circuit. The output of comparator 62 consists of a
      duration measuring threshold pulse shown in waveform D of FIG. 4, coming
      between the times T.sub.3 and T.sub.5, and appearing at the output of
      comparator 62. When the pulse shown in waveform D of FIG. 4 terminates, a
      trailing edge detector 64, coupled between the output of comparator 62 and
      a reset input of pulse stretcher 52, will develop a pulse which is coupled
      to pulse stretcher 52. Pulse stretcher 52 will reset in response to the
      pulse from trailing edge detector 64.
PAR  VCO 44 includes a voltage controlled oscillator 70 of a clock pulse type as
      noted above. The output of oscillator 70 in VCO 44 is coupled to a
      monostable multivibrator 72, commonly known in the art as a single shot.
      Monostable 72 operates in response to each clock pulse from oscillator 70
      to produce a pulse of short predetermined duration and amplitude.
      Monostable 72 is used to insure that the pulses developed by VCO 44 are
      short and of fixed duration. The output of monostable 72 in VCO 44 is
      coupled to the sample input of shift register 38 and to logic circuit 42
      via conductor 46.
PAR  The threshold pulse developed by comparator 62 in pulse duration measuring
      circuit 40 is coupled to one input of AND gate 74 in logic circuit 42. The
      clock pulses from monostable 72 in VCO 44 are coupled to the second input
      of AND gate 74 in logic circuit 42. AND gate circuit 74 operates such that
      a logical 1 must be present at both inputs in order to produce a logical 1
      at its output. AND gate circuit 74 will therefore produce a 1 at its
      output 76 in response to each clock pulse coupled thereto during the
      presence of a threshold pulse. A representation of the logical 1's
      developed during the presence of a threshold pulse is shown in waveform E
      of FIG. 4. The 1's developed by AND gate 74 are shown occurring only
      between times T.sub.3 and T.sub.5, the time during which the threshold
      pulse shown in waveform D is present. The logical 1's developed at output
      76 of AND gate 74 are coupled to integrator 80. Integrator 80 will develop
      a voltage which increases in response to each 1 received, thereby
      effectively counting the number of received AND gate signals of 1's
      received from AND gate 74. The voltage developed by integrator 80 will
      therefore vary in accordance with the number of AND gate pulses received
      from AND gate 74. A representation of the voltage developed by integrator
      80 is shown in waveform F of FIG. 4 for the period between T.sub.3 and
      T.sub.5. The voltage developed by integrator 80 is coupled through
      resistor 82 to one input of comparator 88. Resistor 82 and capacitor 84
      coupled between resistor 82 and ground potential, constitute a low pass
      filter which filters out all but the DC component of the voltage developed
      by integrator 80. A reference source 90, suitably adjusted via
      potentiometer 92 to represent twenty clock pulses during a threshold
      pulse, is coupled to the second input 94 of comparator 88. Comparator 88
      compares the voltage at input 86 with the voltage at input 94 and develops
      a control signal or control voltage at output 96 which varies in
      accordance with the difference between the voltage at input 86 and input
      94. This control voltage is coupled to the control input of oscillator 70
      in VCO 44 in order to adjust the frequency and repetition rate of VCO 44
      for maintaining the predetermined average number of samples taken by shift
      register 38. A leading edge detector 98 is coupled to the output of
      comparator 62 in pulse duration measuring circuit 40. Leading edge
      detector 98 will develop a pulse in response to the leading edge of each
      threshold pulse developed by comparator 62. The pulse developed by leading
      edge detector 98 is coupled to the reset input 100, resetting the
      integrator 80 and discharging the voltage established therein during the
      preceding threshold pulse in response to the number of clock pulses
      counted during the preceding threshold pulse.
PAR  In operation then, the greater the number of clock pulses occurring during
      a particular threshold pulse, the higher the voltage developed by
      integrator 80. If the voltage at input 86 of comparator 88 exceeds the
      voltage at input 94, in response to the high number of pulses, the voltage
      developed at output 96 of comparator 88 will be negative and have an
      amplitude proportional to the difference between the voltage at input 86
      and 94 of comparator 88. The negative voltage will cause oscillator 70 in
      VCO 44 to decrease in frequency or repetition rate so as to generate clock
      pulses at the repetition rate which allows the taking of a predetermined
      average number of 20 samples during a threshold pulse and therefore during
      a particle pulse. Should the number of clock pulses developed by
      oscillator 70 in VCO 44 be low, integrator 80 will develop a low voltage
      which is coupled to input 86 of comparator 88. If the voltage at input 94
      of comparator 88 is greater than the voltage at input 86, indicating that
      too few pulses have occurred during the threshold pulse duration, a
      positive voltage will be developed at the output of comparator 88 and
      coupled to oscillator 70 in VCO 44. This positive voltage, which is
      proportional in amplitude to the difference between the voltages at inputs
      86 and 94 of comparator 88, will cause oscillator 70 to increase in
      frequency. The increased frequency will allow shift register 38 to sample
      the particle pulses the desired average number of times.
PAR  Considerable variation may be made in structures constructed according to
      the teachings of the invention without departing from the spirit or scope
      thereof as defined in the appended claims. It is to be understood that
      although the above apparatus is automatic, manual and semiautomatic
      versions are envisioned as being within the scope of this patent. For
      example, the pulse duration measuring circuit 40 and logic circuit 42 can
      be omitted and replaced by a potentiometer coupled to VCO 44 via conductor
      48. The potentiometer can include a control knob and dial, and can be
      calibrated to allow the operator to adjust the applied control signal in
      accordance with such factors as aperture size, system pressure and
      electrolyte viscosity; all of these, of course, determining average pulse
      duration.
CLMS
STM  What it is desired to be secured by letters patent of the United States is:
NUM  1.
PAR  1. A method for automatically sampling each pulse in a series of pulses a
      predetermined average number of times, for sequentially storing the
      samples, and for reproducing each pulse in the series, delayed in time,
      including the steps of:
PA1  detecting the duration of at least a portion of each pulse in the series,
PA1  developing first signals having a variable repetition rate,
PA1  varying the repetition rate of the first signals for developing a
      predetermined average number of first signals during said detected
      duration of each pulse,
PA1  sampling each pulse in the series in response to said first signals,
PA1  storing said samples for a period of time in response to said first
      signals.
NUM  2.
PAR  2. The method of claim 1 wherein said samples are stored in a shift
      register and including the steps of:
PA1  storing said samples in said shift register in response to said first
      signals,
PA1  shifting the contents of each stage of said shift register to a succeeding
      stage in response to each of said first signals.
NUM  3.
PAR  3. The method of claim 1 wherein said step of varying the repetition rate
      of said first signals includes the steps of:
PA1  counting the number of first pulses developed during said portion of each
      pulse,
PA1  comparing said counted number to a predetermined number, and
PA1  developing a control signal for varying said repetition rate, said control
      signal varying in accordance with the difference between said counted
      number and said predetermined number.
NUM  4.
PAR  4. The method of claim 1 wherein said step of varying the repetition of
      said first signals includes the steps of:
PA1  developing a voltage signal in accordance with the number of first pulses
      developed during said portion of each pulse,
PA1  comparing said voltage signal to a reference voltage, and
PA1  developing a control signal for varying said repetition rate, said control
      signal varying in accordance with the difference between said voltage
      signal and said reference signal.
NUM  5.
PAR  5. The method of claim 4 further including the step of discharging said
      voltage signal before said portion of each succeeding pulse.
NUM  6.
PAR  6. An apparatus for automatically sampling each pulse in a series of pulses
      a predetermined average number of times, for sequentially storing the
      samples, and for reproducing each pulse in the series, delayed in time,
      said apparatus including in combination:
PA1  pulse detection means operative in response to receipt of each pulse in the
      series to develop a threshold pulse, each threshold pulse having a
      duration substantially equal to a predetermined portion of the duration of
      the corresponding received pulse in the series,
PA1  signal generation means for developing first signals at a particular
      repetition rate, said signal generation means being operative in response
      to a control signal coupled thereto to vary said repetition rate,
PA1  sample and storage means coupled to said signal generation means and
      operative in response to said first signals to sample the pulses in the
      series coupled thereto and sequentially store the samples, and to
      reproduce the pulses in the series from said sequentially stored samples,
      delayed in time, and
PA1  logic circuit means coupled to said pulse detection means and said signal
      generation means for receiving said first pulses and said threshold pulses
      and developing said control signal, said control signal varying in
      accordance with the number of first signals coupled to said logic circuit
      means during the presence of each threshold pulse coupled to said logic
      circuit means.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said sample and storage means includes
      a first and last storage stage and a plurality of stages sequentially
      coupled therebetween, said first stage being operative in response to said
      first signals to sample the pulse in the series coupled thereto and store
      said sample therein, said stages being further operative in response to
      said first signals to shift samples in each of said stages to the
      succeeding sequentially coupled stage with said last stage being operative
      to eject said sample stored therein from said sample and storage means
      whereby said sequentially ejected samples reproduce each pulse in the
      series, delayed in time.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said sample and storage means plurality
      of stages forms an analog shift register.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said analog shift register is a charge
      transfer device shift register.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said charge transfer device shift
      register is a charge coupled device shift register.
NUM  11.
PAR  11. The apparatus of claim 9 wherein said charge transfer device shift
      register is a bucket brigade shift register.
NUM  12.
PAR  12. The apparatus of claim 6 wherein said signal generation means is an
      oscillator for developing said first signals at said particular repetition
      rate, said oscillator being operative in response to said control signals
      to vary said repetition rate.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said oscillator is a voltage
      controlled oscillator.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said voltage controlled oscillator is
      a voltage controlled clock oscillator, and said first signals are clock
      pulses.
NUM  15.
PAR  15. The apparatus of claim 6 wherein said logic circuit means includes:
PA1  gate circuit means coupled to said signal generation means and said pulse
      detection means, said gate circuit means being operative during the
      presence of each threshold pulse coupled thereto to develop a gate signal
      in response to receipt of said first signals coupled thereto, said gate
      signal varying in accordance with the member of first signals coupled
      thereto, and
PA1  comparison circuit means coupled to said gate circuit means and operative
      to compare said gate signal with a reference signal and develop said
      control signal, said control signal varying in accordance with the
      difference between said gate signal and said reference signal.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said gate circuit means includes:
PA1  And gate means coupled to said signal generation means and said pulse
      detection means, said AND gate means being operative during the presence
      of each threshold pulse coupled thereto to develop an AND gate signal in
      response to receipt of each first signal coupled thereto, and
PA1  integrator means coupled to said AND gate means and operative to develop
      said gate signal in response to said AND gate signals.
NUM  17.
PAR  17. The apparatus of claim 16 wherein said logic circuit means includes
      reset circuit means coupled to said integrator means and said pulse
      detection means and operative upon initiation of each threshold pulse to
      reset said integrator means and reduce said gate signal to a reference
      level.
NUM  18.
PAR  18. The apparatus of claim 6 wherein each pulse in said series of pulses
      has no well defined ends but has a well defined middle portion, and
      wherein said pulse detection means includes first electrical circuit means
      for ascertaining two points on the waveform of each pulse in the middle
      portion of the waveform, said points being geometrically defined and
      spaced apart time-wise, second electrical circuit means for measuring the
      duration of the segment of each pulse designed between said ascertainable
      points and for producing a threshold pulse for each pulse, the duration of
      each threshold pulse being that of said pulse segment and the amplitude
      thereof being the same for all threshold duration pulses.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said first electrical circuit means
      is operable to ascertain two points having the same amplitude on the
      particular pulse waveform, one point being on the leading edge of the
      pulse waveform and one point being on the trailing edge of the pulse
      waveform.
NUM  20.
PAR  20. The apparatus of claim 18 wherein said two ascertainable points are at
      the same instantaneous amplitude value on the respective leading and
      trailing edges of each pulse, the value at each of the ascertainable
      points on each pulse waveform being a predetermined factional value of the
      maximum amplitude of that pulse.
NUM  21.
PAR  21. The apparatus of claim 20 wherein said first electrical circuit means
      includes a delay circuit for delaying each pulse, a stretching circuit for
      stretching each pulse at the maximum amplitude of the pulse, an
      attenuating circuit for attenuating the stretched pulse to some fractional
      value of the maximum amplitude of the pulse, and circuit means for
      comparing the delayed pulse with the stretched and attenuated pulse, for
      generating said threshold pulse when the instantaneous value of the
      leading edge of the delayed pulse exceeds the amplitude of the stretched
      and attenuated pulse, and for terminating the threshold pulse when the
      instantaneous value of the trailing edge of the delayed pulse falls below
      the amplitude of the stretched and attenuated pulse.
NUM  22.
PAR  22. In a particle study device which develops particle pulses in response
      to detection of particles and counts said particle pulses, and which
      includes error correction circuitry for providing a particle count of
      particle pulses corrected for detection and counting errors, the
      improvement comprising, delay circuit means for automatically sampling
      each particle pulse a predetermined average number of times, for
      sequentially storing the samples, and for reproducing each pulse from said
      samples delayed in time.
NUM  23.
PAR  23. The apparatus of claim 22 wherein said delay circuit means includes,
PA1  control circuit means operative to develop first signals at a variable
      repetition rate, said control circuit means being further operative to
      vary said repetition rate in accordance with the duration of each particle
      pulse coupled thereto for developing a predetermined average number of
      said first signals during each of said particle pulses, and
PA1  sample and storage means coupled to said control circuit means and
      operative in response to said first signals to sample said particle pulses
      coupled thereto for sequentially storing the samples and for reproducing
      the particle pulses from said stored samples, delayed in time.
NUM  24.
PAR  24. The apparatus of claim 23 wherein said sample and storage means
      includes a first and last storage stage and a plurality of storage stages
      sequentially coupled therebetween, said first stage being operative in
      response to said first signals to sample the particle pulses coupled
      thereto and store said sample therein, said stages being further operative
      in response to said first signals to shift samples in each of said stages
      to the succeeding sequentially coupled stage with said last stage being
      operative to eject said sample stored therein whereby said sequentially
      ejected samples reproduce each particle pulse in the series, delayed in
      time.
NUM  25.
PAR  25. The apparatus of claim 24 wherein said sample and storage means having
      a plurality of storage stages is an analog shift register.
NUM  26.
PAR  26. The apparatus of claim 23 wherein said control circuit means includes,
PA1  pulse detection means operative in response to receipt of each particle
      pulse to develop a threshold pulse, each threshold pulse having a duration
      substantially equal to a predetermined portion of the duration of the
      corresponding received particle pulse,
PA1  signal generation means for developing first signals at a particular
      repetition rate, said signal generation means being operative in response
      to a control signal coupled thereto to vary said repetition rate, and
PA1  logic circuit means coupled to said pulse detection means and said signal
      generation means for receiving said first pulses and said threshold pulses
      and developing said control signal, said control signal varying in
      accordance with the number of first signals coupled to said logic circuit
      means during the presence of each threshold pulse coupled to said logic
      circuit means.
NUM  27.
PAR  27. The apparatus of claim 26 wherein said signal generation means is a
      voltage controlled oscillator.
NUM  28.
PAR  28. The apparatus of claim 26 wherein said logic circuit means includes
PA1  gate circuit means coupled to said signal generation means and said pulse
      detection means, said gate circuit means being operative during the
      presence of each threshold pulse coupled thereto to develop a gate signal
      in response to receipt of said first signals coupled thereto, said gate
      signal varying in accordance with a number of first signals coupled
      thereto, and
PA1  comparison circuit means coupled to said gate circuit means and operative
      to compare said gate signal with a reference signal and develop said
      control signal, said control signal varying in accordance with the
      difference between said gate signal and said reference signal.
NUM  29.
PAR  29. The apparatus of claim 22 wherein said delay circuit means includes,
PA1  signal generation means for developing first signals at a particular rate,
      said signal generation means being operative in response to a control
      signal coupled thereto to vary said repetition rate, and
PA1  sample and storage means coupled to said control circuit means and
      operative in response to said first signals to sample each particle pulse
      coupled thereto a predetermined average number of times, to sequentially
      store the samples, and to reproduce each particle pulse from said
      sequentially stored samples, delayed in time.
NUM  30.
PAR  30. The apparatus of claim 29 further including potentiometer means for
      developing said variable control signal, said potentiometer means being
      coupled to said signal generation means for coupling said control signal
      thereto, said potentiometer being variable for selecting said control
      signal in accordance with the average duration of particle pulses.
PATN
WKU  039367410
SRC  5
APN  4851609
APT  1
ART  254
APD  19740702
TTL  Method and apparatus for providing primary coincidence correction during
      particle analysis utilizing time generation techniques
ISD  19760203
NCL  25
ECL  1,11
EXP  Miller, Jr.; Stanley D.
NDR  3
NFG  4
INVT
NAM  Coulter; Wallace H.
CTY  Miami Springs
STA  FL
INVT
NAM  Hogg; Walter R.
CTY  Miami Lakes
STA  FL
INVT
NAM  Doty; Edward Neal
CTY  Pompano
STA  FL
INVT
NAM  Longman; Millard D.
CTY  North Miami
STA  FL
INVT
NAM  Campbell; Stephen
CTY  Hialeah
STA  FL
ASSG
NAM  Coulter Electronics, Inc.
CTY  Hialeah
STA  FL
COD  02
RLAP
COD  71
APN  407235
APD  19731017
PSC  03
CLAS
OCL  324 71CP
XCL  235 92PC
XCL  2351513
XCL  328111
XCL  328115
EDF  2
ICL  G01N 2700
ICL  H03K  520
FSC  328
FSS  111;112;115-117
FSC  307
FSS  234
FSC  324
FSS  71 CP
FSC  235
FSS  92 PC;151.30;151.31
UREF
PNO  3171892
ISD  19650300
NAM  Pantle
OCL  328111
UREF
PNO  3600688
ISD  19710800
NAM  Booth
OCL  328111
UREF
PNO  3611157
ISD  19711000
NAM  Hughes
OCL  328112
LREP
FRM  Silverman & Cass, Ltd.
ABST
PAL  A method and apparatus for correcting a particle pulse count subject to
      coincidence error is disclosed wherein particle pulses, developed in
      response to passage of particles in a particulate system through a sensing
      zone, are counted for a predetermined period of time. The predetermined
      period of time is increased or extended in response to each pulse counted
      by a time increment that is a function of a characteristic of the counted
      pulse, such as the pulse width, duration, or amplitude. The total
      additional time period allows the counting of additional particle pulses
      such that the total count at the end of the extended time period is an
      error corrected count for the number of particles detected in the
      predetermined time period.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of U.S. Pat. application Ser. No.
      407,235, now abandoned filed Oct. 17, 1973, and assigned to the same
      assignee as this application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to particle counting methods and apparatuses
      which provide a time correction to the time period particle pulses are
      counted so that coincidence phenomena resulting in fewer particle pulses
      being counted in a predetermined time period does not induce an error in
      the particle pulse count ultimately obtained. The particle counting
      methods and apparatuses concerned employ particle sensing zones wherein
      the presence of one particle within the zone masks or hides the presence
      of another particle which also may be within the sensing zone. This
      invention particularly is directed to, but not limited to, the correct
      determination of non-electrical properties, such as size and count of
      microscopic particles by measuring electrical properties (Patent Office
      Class 324-71NE).
PAR  Now well known in the art of electronic particle counting and analyzing is
      apparatus marketed primarily under the trademark "Coulter Counter," and
      owned by the assignee of this application. Such apparatus and portions
      thereof are disclosed in several U.S. Pat., for example: Nos. 2,656,508;
      2,985,830; and 3,259,842 (Class 324-71). A significantly important portion
      of such Counter type of apparatus is the minute scanning aperture or
      scanning ambit or sensing zone relative to or through which pass and are
      detected and counted, single particles at a rate often well in excess of
      one thousand per second. Because of the physical parameters of the
      scanning aperture, and particle concentration, coincidence of two
      particles in the scanning ambit occurs quite often.
PAR  It has been found that once a particle pulse produced by the presence of a
      particle in the scanning ambit, exceeds the threshold setting of the
      apparatus and is detected, no other pulse will be produced in response to
      other particles in the scanning ambit until such time as the particles
      have cleared the sensing zone. As the presence of a first particle masks a
      second particle causing a coincidence error, the coincidence error is a
      function of the time that detected particles are in the scanning ambit,
      and the total coincidence error is a function of the total time that
      particles are in the scanning aperture during the detecting and counting
      process. Since the coincidence error is a function of the time that each
      particle is in the scanning aperture, it can also be said that the
      coincidence error is a function of the duration of each particle pulse
      produced and detected in response to passage of a particle through the
      scanning ambit. It has also been found that the coincidence error is
      functionally related to the rate at which particles pass through the
      scanning ambit and, therefore, the particle pulse repetition rate, if this
      rate is determined only by particle concentration.
PAC  SUMMARY OF THE INVENTION
PAR  In practicing this invention an apparatus is provided for automatically
      correcting a particle pulse count subject to coincidence error wherein
      particle pulses are developed in response to passage of particles in a
      particulate system through a particle sensing device. The apparatus
      includes a timer which is operative to count particle pulses received for
      a predetermined period of time. A control device is coupled to the timer
      and is operative to increase the predetermined period of time by a time
      increment in response to each particle pulse. The duration of the time
      increment is a function of particular characteristics of each particle
      pulse, for example the pulse duration or amplitude.
PAR  In one embodiment of this invention, a second time increment is added to
      the predetermined period of time in response to each particle pulse. This
      second time increment may be either a fixed duration or a duration which
      is proportional to the repetition rate of the particle pulses received.
PAR  The method for correcting a particle pulse count subject to a coincidence
      error is also envisioned as being within the scope of this invention. This
      method includes the steps of
PAR  a. counting the particle pulses received for a predetermined period of
      time, and
PAR  b. increasing the predetermined period of time by a time increment that is
      a function of particular characteristics of each pulse counted such as,
      for example the pulse width.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of an apparatus embodying the features of this
      invention;
PAR  FIG. 2 is a block diagram of a threshold circuit which may be used in the
      apparatus shown in FIG. 1;
PAR  FIG. 3 is a graph of curves representative of signals at various points of
      the apparatus shown in FIGS. 1 and 2; and
PAR  FIG. 4 is a block diagram of another embodiment of the apparatus of this
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to FIG. 1 there is shown an apparatus embodying the invention and
      identified generally by the reference number 10. A pulse source 12 can be
      the aperture tube and related circuitry of a Coulter type particle
      detector such as is shown and described in U.S. Pat. Nos. 2,656,508 and
      3,259,842, wherein particle pulses are developed in response to the
      passage of particles in a particulate system through the sensing zone of
      the aperture tube. The particle pulses developed by the pulse source 12
      are coupled via conductor 14 to a threshold circuit 16. Pulses such as
      appear on conductor 14 are shown in Graph A of FIG. 3, and are identified
      as pulses 44, 46, 48 and 50.
PAR  Threshold circuit 16 has a low threshold level. This low threshold level is
      represented by the dashed line 52 in Graph A of FIG. 3. When the low
      threshold level 52 is exceeded by a particle pulse from pulse source 12,
      threshold circuit 16 develops a threshold pulse having a fixed amplitude
      and duration which is equal to the period that the particular pulse
      exceeds the threshold level. Graph B of FIG. 3 shows the threshold pulses
      developed in response to particle pulses 44, 46, 48 and 50. The periods of
      these pulses are T.sub.44, T.sub.46, T.sub.48  and T.sub.50, respectively.
      The threshold pulses shown in Graph B are developed at conductors 17 and
      19 in FIG. 1. Conductor 19 couples the threshold pulses to one input of an
      AND gate 18.
PAR  Timer 22 is of the type commonly known in the art which when enabled via a
      push-button or a start signal associated with the start of the operation
      of the pulse source 12 will develop an output signal at conductor 23 for a
      fixed period of time. That is, timer 22 once initiated, will measure a
      predetermined time interval of, for example 5 minutes and, during that
      predetermined time interval, it will develop an output or timer signal at
      conductor 23. The timer signal developed by timer 22 is coupled via
      conductor 23 to the second input of AND gate 18 for the predetermined time
      interval or period of operation of timer 22, thus partially enabling AND
      gate 18. AND gate 18 will be fully enabled during the predetermined time
      period by receipt of a threshold pulse on conductor 19 such as, for
      example those pulses shown in Graph B of FIG. 3. When AND gate 18 is fully
      enabled it will develop an AND gate output pulse which is coupled to pulse
      counter 24. Pulse counter 24 will count the pulse coupled from AND gate
      18. As AND gate 18 develops its AND gate signal during the predetermined
      time period in response to the threshold pulses, which are developed in
      response to the particle pulses in excess of the threshold level, pulse
      counter 24 will be counting each particle pulse in excess of the threshold
      level during the predetermined time period.
PAR  Conductor 17 couples the threshold pulses developed by threshold circuit 16
      to one input of an OR gate 20, and to the input of a trailing edge
      detector circuit (TED) 26. Trailing edge detector circuit 26 is operative
      in response to the trailing edge of each one of the threshold pulses
      received to develop a pulse. Pulses developed in response to threshold
      pulses T.sub.44, T.sub.46, T.sub.48  and T.sub.50  are shown in Graph C of
      FIG. 3. The pulses developed by trailing edge detector circuit 26 are
      coupled to the input of a monostable multivibrator 28, commonly known in
      the art as a one shot. Monostable multivibrator 28 will develop an output
      pulse of fixed amplitude and predetermined duration in response to each
      pulse coupled to its input from trailing edge detector circuit 26. The
      duration of the pulse developed by monostable multivibrator 28 may be
      varied by adjusting the Potentiometer 29 shown as being coupled to
      monostable multivibrator 28. The pulses of fixed amplitude and
      predetermined duration, developed by monostable multivibrator 28 in
      response to threshold pulses T.sub.44, T.sub.46, T.sub.48  and T.sub.50
      are shown in Graph D of FIG. 3. They are shown as having a fixed duration
      identified as T.sub.2. These pulses are coupled from monostable
      multivibrator 28 to a second input of OR gate 20.
PAR  OR gate 20 develops an output pulse in response to an input pulse at either
      one of the two inputs. The output or OR gate pulse will be present for the
      full duration of the input pulse at either one of the two inputs.
      Accordingly, OR gate 20 will develop an OR gate pulse for the full
      duration of each threshold pulse. Because the threshold pulse is coupled
      to one input of OR gate 20 via conductor 17, and the monostable pulse is
      coupled from monostable vibrator 28 to the second input of OR gate 20,
      immediately upon the termination of a threshold pulse, OR gate 20 will
      maintain the OR gate pulse for a fixed increment or period T.sub.2. Graph
      E of figure represents the output of OR gate 20 in response to particle
      pulses 44, 46, 48 and 50. It can be seen that the pulse identified as
      having a period T.sub.64  is equal to the period of threshold pulse
      T.sub.44  and T.sub.2. Similarly, the pulses identified as T.sub.66,
      T.sub.68, and T.sub.70  correspond in duration to the period of the
      corresponding threshold pulse plus a fixed period T.sub.2.
PAR  Timer 22 also includes an inhibit circuit such that when a signal is
      coupled to inhibit input 21 of timer circuit 22 measurement or counting of
      the predetermined time period will be inhibited. The measurement or
      counting of the predetermined time period will be inhibited for the
      duration of the signal coupled to inhibit input 21. The OR gate signals
      developed at output of OR gate 20 are coupled to the inhibit input 21 of
      timer 22 inhibiting the measuring or counting of the predetermined time
      period for the duration of the OR gate signals.
PAR  The circuitry coupling threshold circuit 16 to the inhibit input 21 of
      timer 22 acts as previously noted to inhibit the operation of timer 22 for
      particular time increments in response to each particle pulse received and
      detected. A portion of each particular time increment is a function of the
      duration of each particle pulse received in excess of the threshold level.
      Another portion of the time increment is of fixed duration in response to
      each particle pulse received and detected. These time increments extend
      the total time period counted or measured by timer 22 so that particle
      pulses may be counted for a time period greater than the predetermined
      time period originally selected. This additional time period counted, and
      resulting from these time increments, and the particle pulses detected and
      counted during this additional time period, provide an error correction to
      the particle pulse count obtained during the predetermined time period
      such that the total particle pulse count will be an error corrected
      particle pulse count for the predetermined time period.
PAR  Although the threshold circuit 16 is shown and described in FIG. 1 as a
      single, low level threshold circuit, it is to be understood that other
      types of threshold circuits may be employed in the apparatus shown in FIG.
      1. For example, a "window" type threshold circuit may be employed wherein
      pulses only falling within a particular amplitude range are detected and
      produce threshold pulses at conductor 19. The operation of a "window" type
      threshold circuit is shown and described in U.S. Pat. No. 3,259,842. FIG.
      2 shows an embodiment of a "window" type threshold circuit for use in the
      apparatus of FIG. 1.
PAR  Referring to FIG. 2, each particle pulse from pulse source 12 in FIG. 1 is
      coupled via conductor 14 to an upper threshold 30 and a lower threshold
      36. For purposes of the description of the operation of this "window"
      threshold circuit the particle pulses shown in Graph A of FIG. 3 will be
      assumed to be coupled via conductor 14 to upper and lower threshold 30 and
      36 respectively. Referring to Graph A, the lower threshold level is
      represented by the dashed line 52 and the upper threshold level is
      represented by the dashed line 54. If a particle pulse exceeds the lower
      threshold level 52 of lower threshold 36, a threshold pulse will be
      developed by lower threshold 36 and coupled to conductor 17. Pulse
      T.sub.44  in Graph B represents the output threshold pulse at conductor 17
      for particle pulse 44 when threshold level 52 of lower threshold 36 is
      exceeded. If the particle pulse coupled to upper threshold 30 exceeds the
      upper threshold level 54, upper threshold 30 will develop an output pulse
      which is coupled to a bistable multivibrator 32. Graph F of FIG. 3 shows
      the output of upper threshold 30 during the period that particle pulses
      44, 48, and 50 in Graph A exceed upper threshold level 54.
PAR  The pulse developed by upper threshold 30 and coupled to bistable
      multivibrator 32 causes bistable multivibrator 32 to change states and
      develop an output pulse. This output pulse is coupled via an inverted
      input to AND gate 34. The inverted input acts to transform AND gate 34 to
      a veto type AND gate. As a consequence, when bistable multivibrator 32
      develops an output signal, that is, when upper threshold 30 is activated
      in response to a pulse which exceeds the upper threshold level 54, AND
      gate 34 will be inhibited from developing an output signal at conductor
      19. Because of this inhibit when the upper threshold is exceeded,
      indicating that the particle pulse amplitude is outside of the window, a
      pulse will not be coupled to AND gate 18 for counting by pulse counter 24.
PAR  Each pulse developed by lower threshold 36 such as for example, pulse
      T.sub.44  shown in Graph B is also coupled to a trailing edge detector
      (TED) 38. Trailing edge detector 38 will develop a pulse in response to
      the trailing or terminating edge of the threshold pulse. Graph C shows the
      pulse developed by trailing edge detector circuit 38 in response to
      T.sub.44. The pulse developed by trailing edge detector circuit 38 is
      coupled to a monostable multivibrator 40 which, in the embodiment shown,
      can be identical to monostable multivibrator 28 and have the same time
      period, so that the pulses shown in Graph D of FIG. 3 could equally as
      well represent the pulses developed by monostable multivibrator 40 as the
      pulses represented by the monostable multivibrator 28. Monostable
      multivibrator 40 develops a pulse of fixed amplitude and predetermined
      duration in response to the pulse from trailing edge detector 38. This
      pulse is represented in FIG. 3, Graph D. The pulse developed by monostable
      multivibrator 40 is coupled to a second trailing edge detector 42 and to a
      second input of AND gate 34. When AND gate 34 is not inhibited, that is,
      when the upper threshold level 54 is not exceeded, the pulse coupled from
      monostable multivibrator 40 will cause AND gate 34 to develop an AND gate
      signal at output 19. When AND gate 34 is inhibited via an output signal
      from bistable multivibrator 32, it will not develop an AND gate signal at
      conductor 19 in response to a pulse from monostable multivibrator 40. In
      Graph A of FIG. 3 it can be seen that particle pulses 44, 48 and 50 exceed
      the low threshold level 52 of the low threshold 36 and the upper threshold
      level 54 of upper threshold 30. Particle pulse 46 exceeds the lower
      threshold level 52 of lower threshold 36 and does not exceed upper
      threshold level 54 of upper threshold 30. Consequently only particle pulse
      46 is within the window. Referring now to Graph G of FIG. 3, it can be
      seen that the output of veto AND gate 34, represented in Graph G only
      develops an output signal after particle pulse 46.
PAR  Trailing edge detector 42, coupled to the output of monostable
      multivibrator 40 acts in response to the trailing edge of the monostable
      multivibrator pulses as represented in Graph D of FIG. 3 to develop pulses
      which are coupled to the reset input of bistable multivibrator 32. These
      pulses act to reset bistable multivibrator 32 and terminate its output
      signal such that AND gate 34 is no longer inhibited from responding to a
      pulse at its second input. This resetting of bistable multivibrator 32 is
      necessary in order to allow threshold circuit 16 to respond to the next
      particle pulse in the particle pulse train.
PAR  It should be noted for purposes of this application that when a "window"
      type threshold circuit 16 is employed, the output coupled to conductor 19
      is not the same as the output coupled to conductor 17. The output coupled
      to conductor 19 is a count output which is ultimately coupled to pulse
      counter 24 in FIG. 1 in order to count the number of pulses falling within
      the "window" of threshold circuit 16. However, all pulses in excess of the
      lower threshold level 52 of low threshold 36 in threshold circuit 16 must
      be considered in determining the amount of error correction time to be
      added to the time period measured by timer 22. For this reason, the output
      of threshold circuit 16 is coupled to conductor 17 which couples any and
      all pulses in excess of the lower threshold level 52 to the error
      correction circuitry in FIG. 1 consisting of OR gate 20, negative trailing
      edge detector 26 and monostable multivibrator 28. All of these pulses are
      employed, therefore, for developing the OR gate signal coupled from OR
      gate 20 to the inhibit input 21 of timer 22.
PAR  As previously noted, negative trailing edge detector 26 and monostable
      multivibrator 28 in the embodiment of FIG. 1 form a circuit which inhibits
      operation of timer 22 for a fixed or predetermined period of time in
      response to each particle pulse detected. It has been found that the error
      correction can be enhanced if timer 22 is inhibited for a second time
      increment whose duration is a function of the rate of detection of the
      particle pulses rather than a fixed time increment. FIG. 4 is a block
      diagram of an apparatus including circuitry for inhibiting operation of
      timer 22 by a period which is proportional to the rate of detection of
      particle pulses. As all other portions of the apparatus shown in FIG. 4
      are identical to the apparatus shown in FIG. 1, these identical portions,
      which are identically numbered, will not be described. The operation of
      these portions as they are identical to that described with respect to
      FIG. 1 also will not be repeated. Only the operation of the circuitry
      which inhibits timer 22 for a time period which is a function of the
      repetition rate of the detected particle pulses will be described.
PAR  The threshold pulses developed at conductor 17 by threshold circuit 16 in
      the embodiment of FIG. 4 are coupled to an inverted input of AND gate 78,
      one input of an OR gate 80, one input of an AND gate 76, and rate meter
      82. Rate meter 82 will develop a DC voltage whose amplitude is a function
      of the repetition rate of the threshold pulses coupled thereto. The DC
      voltage developed by rate meter 82 is coupled to one input of analog
      switch 84.
PAR  Inverting one input of AND gate 78 makes AND gate 78 a veto AND gate.
      Consequently, whenever a threshold pulse is coupled to the inverted input
      via conductor 17, AND gate 78 will be inhibited from developing an AND
      gate signal at its output. The threshold pulses coupled via conductor 17
      to the output of OR gate 80 causes OR gate 80 to develop an OR gate signal
      at its output which is coupled to a second input of AND gates 76 and 78.
      As AND gate 78 is inhibited, it will not develop an AND gate signal. As
      the first input to AND gate 76 is coupled to threshold circuit 16 via
      conductor 17, the presence of a threshold pulse on conductor 17 and the OR
      gate signal at its second input will cause AND gate 76 to change states
      and develop an AND gate signal at its output. The AND gate signal is
      coupled from AND gate 76 to the control input of analog switch 84, opening
      analog switch 84 and allowing the DC voltage developed by rate meter 82 to
      be coupled to integrator 86. Integrator 86 will integrate this DC voltage
      for the period that the threshold pulse is present at conductor 17 and
      develop an integration voltage. The integration voltage developed by
      integrator 86 is coupled to one input of comparator 88. The second input
      of comparator 88 in this embodiment is coupled to a ground or reference
      potential. Consequently, when the integration voltage developed by
      integrator 86 exceeds zero or reference potential, comparator 88 will
      develop an output signal which is coupled to a second input of OR gate 80
      and to the second input of OR gate 20. This comparator output signal will
      cause OR gate 20 to develop an OR gate signal at its output which is
      coupled to the inhibit terminal 21 of timer 22 inhibiting the measurement
      or counting of timer 22.
PAR  The comparator output signal developed by comparator 88 and coupled to the
      input of OR gate 80 causes OR gate 80 to maintain its OR gate signal at
      the second input of AND gates 76 and 78 after the termination of the
      threshold pulse developed at conductor 17. Upon the termination of the
      threshold pulse developed at conductor 17, the inverted input of AND gate
      78 will no longer inhibit the operation of veto AND gate 78. With an OR
      gate signal coupled to the second input of AND gate 78, AND gate 78 will
      change states and develop an AND gate signal at its output which is
      coupled to the control input of analog swith 90. Analog switch 90 is
      coupled via a potentiometer 92 to negative supply potential. Upon receipt
      of the AND gate signal from veto AND gate 78 analog switch 90 will couple
      the negative potential from potentiometer 92 to integrator 86. Integrator
      86 will begin integrating this negative voltage causing the integration
      voltage developed at its output to decrease towards zero or reference
      potential. When zero or reference potential is reached, comparator 88 will
      change states and terminate its comparator output signal. When the
      comparator output signal is terminated, OR gates 20 and 80 will no longer
      develop an OR gate signal at their outputs, so that veto AND gate 78 will
      no longer develop an AND gate signal at its output and timer 22 will no
      longer be inhibited from counting or measuring the predetermined time.
PAR  It is to be understood that the method for providing the above noted
      particle pulse count corrected is also contemplated as being within the
      scope of this invention. Although a number of embodiments of apparatus for
      providing error correction of a particle pulse count have been shown and
      described, it is to be understood that other modifications of the above
      described circuitry are capable of being made without departing from the
      spirit or scope of the invention as defined in the appended claims.
CLMS
STM  What is desired to be secured by letters patent of the United States is:
NUM  1.
PAR  1. A method for correcting a particle pulse count subject to coincidence
      error including the steps of:
PA1  counting the particle pulses received for a predetermined period of time,
PA1  increasing said predetermined period of time by a time increment that is a
      function of the pulse width of the pulses counted.
NUM  2.
PAR  2. The method of claim 1 wherein the step of counting the particle pulses
      for a predetermined period of time includes the step of detecting particle
      pulses in excess of a first amplitude and counting said detected particle
      pulses.
NUM  3.
PAR  3. The method of claim 1 wherein the step of increasing said predetermined
      period of time includes the steps of detecting particle pulses in excess
      of a first amplitude, and increasing said predetermined time period by a
      time increment that is a function of the time said detected particle
      pulses exceed said first amplitude.
NUM  4.
PAR  4. The method of claim 1 further including the step of increasing said
      predetermined time period by fixed time increment for each of the particle
      pulses counted.
NUM  5.
PAR  5. The method of claim 1 further including the step of increasing said
      predetermined time period by a second time increment that is a function of
      the rate said particle pulses are received.
NUM  6.
PAR  6. The method of claim 1 further including the steps of, detecting particle
      pulses in excess of a first amplitude, developing a first signal which
      varies in accordance with the rate at which said particle pulses are
      detected, increasing said predetermined time period by a second time
      increment that is a function of the first signal.
NUM  7.
PAR  7. A method for automatically correcting a particle pulse count subject to
      coincidence error including the steps of measuring a predetermined time
      period during which time period said received particle pulses are counted,
      inhibiting measurement of said predetermined time period in response to
      each received particle pulse by a time increment that is a function of the
      characteristics of the particle pulses received.
NUM  8.
PAR  8. The method of claim 7 wherein said step of inhibiting measurement of
      said predetermined time period includes the step of inhibiting measurement
      of said predetermined time period in response to each received particle
      pulse by a time increment that is a function of one of the pulse width and
      pulse amplitude of the particle pulses received.
NUM  9.
PAR  9. The method of claim 7 further including the step of inhibiting
      measurement of said predetermined time period by a fixed time increment in
      response to receipt of each particle pulse.
NUM  10.
PAR  10. The method of claim 7 further including the step of inhibiting
      measurement of said predetermined time period by a second increment which
      is a function of the rate said particle pulses are received.
NUM  11.
PAR  11. An apparatus for automatically correcting a particle pulse count
      subject to coincidence error wherein the particle pulses are developed in
      response to passage of particles in a particulate system through a
      particle sensing device, said apparatus including in combination,
PA1  timer means operative to count the particle pulses for a predetermined
      period of time, and
PA1  control means coupled to said timer means and operative to increase said
      predetermined period of time by a time increment in response to each
      particle pulse, said time increment duration being a function of the
      particular characteristics of each particle pulse.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said time increment duration is a
      function of at least one of the particle pulse amplitude and particle
      pulse duration.
NUM  13.
PAR  13. The apparatus of claim 11 wherein said control means is further
      operative to increase said predetermined period of time by a second fixed
      time increment in response to each particle pulse.
NUM  14.
PAR  14. The apparatus of claim 11 further including detection means coupling
      said particle sensing device to said timer means and control means, said
      detection means operative in response to particle pulses in excess of a
      first amplitude to develop detection signals and couple said signals to
      said timer means and control means.
NUM  15.
PAR  15. The apparatus of claim 11 wherein said control means is further
      operative to increase said predetermined time period by a second time
      increment in response to each particle pulse, the second time increment
      having a duration which is a function of the repetition rate of said
      particle pulses.
NUM  16.
PAR  16. The apparatus of claim 11 wherein said timer means includes, counter
      means for counting said particle pulses, and a timer circuit coupled to
      said counter means for enabling said counter means to count said particle
      pulses for said predetermined period of time.
NUM  17.
PAR  17. The apparatus of claim 16 wherein said timer circuit generates a timing
      signal for said predetermined time period, said counter means including
      gating means coupled to said particle sensing device and said timer
      circuit and operative in response to said timing signal and each particle
      pulse detected to develop a gating signal, and a counter circuit coupled
      to said gating means for counting each gating signal.
NUM  18.
PAR  18. The apparatus of claim 17 wherein said gating means is an AND gate.
NUM  19.
PAR  19. The apparatus of claim 11 wherein said control means includes, gating
      means coupled to said particle sensing device and operative in response to
      each particle plulse detected to develop a control signal, said control
      signal duration being a function of at least one of said particle pulse
      amplitude and particle pulse duration, said timer means being coupled to
      said gating means and operative to increase said predetermined period of
      time by time increment substantially equal to said control signal
      duration.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said control means further includes,
      second detection circuit means coupled to said particle sensing device and
      said gating means and operative in response to the termination of each
      particle pulse to develop a second detection signal having a fixed
      duration, said gating means being operative in response to said second
      detection signal to develop said control signal for a fixed duration.
NUM  21.
PAR  21. The apparatus of claim 20 wherein said second detection circuit means
      includes a trailing edge detection circuit coupled to said particle
      sensing device and operative in response to the trailing edge of each of
      said particle pulses to develop a detection pulse, and monostable means
      coupled to said trailing edge detection circuit and said gating means and
      operative to develop said control signal in response to said detection
      pulse.
NUM  22.
PAR  22. The apparatus of claim 19 wherein said control means further includes,
      second detection circuit means coupled to said particle sensing device and
      said gating means and operative in response to termination of each
      particle pulse to develop a second detection signal having a duration
      which varies in accordance with the repetition rate of detected particle
      pulses, said gating means being operative in response to said second
      detection signal to develop said control signal for a fixed duration.
NUM  23.
PAR  23. In a particle analyzer subject to coincidence error wherein particle
      pulses are developed in response to passage of particles in a particulate
      system through a sensing zone, the improvement comprising,
PA1  detection means operative in response to receipt of particle pulses to
      develop detection signals having a duration equal to the period said
      particle pulses exceed a predetermined amplitude,
PA1  timer means coupled to said detector means and operative to count said
      detection signals for a predetermined period of time, and
PA1  control means coupled to said detection means and said timer means and
      operative to increase said predetermined period of time by a time
      increment in response to each detection signal, said time increment
      duration being a function of the duration of said detection signal.
NUM  24.
PAR  24. The apparatus of claim 23 wherein said control means is further
      operative to increase said predetermined period of time by a second fixed
      time increment in response to the termination of each detection signal.
NUM  25.
PAR  25. The apparatus of claim 23 wherein said control means is further
      operative to increase said predetermined time period by a second time
      increment in response to the termination of each detection signal, said
      second time increment having a duration which is a function of the
      repetition rate of said particle pulses.
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ABST
PAL  A device for measuring an electrical quantity at high-voltage potential
      includes a light-wave conductor for conducting light to a measuring sensor
      on the high-voltage side. A reflecting surface is arranged at the end of
      the measuring sensor that faces away from the light-wave conductor; this
      reduces the length of the light-wave conductor required. The light beam is
      reflected at the reflecting surface and leaves the light-wave conductor at
      low-voltage potential as a modulated light beam.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a measuring device with a measuring sensor of
      optically active material which is suitable for detecting an electrical
      measurement value at high-voltage potential. In conventional measuring
      devices of this type, polarized light is fed by means of a light-wave
      conductor to this material, and from this material, light with
      polarization changed according to the measurement value is fed to an
      evaluator device also by means of a further light conductor.
PAR  U.S. Pat. 3,605,013 discloses a measuring device of this type for measuring
      a current in a high-voltage conductor. The measuring sensor of this device
      is formed by a coil of a light-wave conductor and the ends of the coil
      constitute a light-wave conductor for feeding the polarized light to the
      measuring sensor as well as a further light-wave conductor for feeding the
      light, with the polarization changed according to the measurement value,
      to an evaluator device at low-voltage potential.
PAR  The known measuring device has the drawback that it requires a relatively
      great length because the light-wave conductor not only forms the measuring
      sensor, but the distance between the high-voltage and the low-voltage
      potentials is bridged by the light-wave conductor twice. Light-wave
      conductors of the required length are difficult to fabricate and are,
      furthermore, very expensive which, with the great length thereof, greatly
      affects the manufacturing costs.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the invention to provide a measuring
      apparatus which utilizes a light-wave conductor of relatively short length
      and can therefore be manufactured at a reasonably low cost.
PAR  The object of the invention is realized in a measuring device of the kind
      described above by the omission of the other light-wave conductor and by
      providing as a feature of the invention reflecting means in the form of a
      reflecting surface at the side of the measuring sensor which faces away
      from the one light-wave conductor as well as by an optical device
      preceding the last-mentioned light-wave conductor by means of which the
      light is fed to the light-wave conductor and the light, with its
      polarization changed according to the measurement value, is directed from
      the light-wave conductor onto the evaluator device. In the measuring
      device according to the invention, only a single light-wave conductor is
      arranged between the measuring sensor and the light source emitting the
      polarized light as well as the evaluator device, whereby the length of the
      light-wave conductor is halved as compared to the known measuring device.
PAR  In the measuring device according to the invention the reflecting surface
      at the measuring sensor can be formed in different ways. It appears to be
      advantageous to form the reflecting surface by a mirrored surface of the
      measuring sensor.
PAR  Under certain circumstances it may also be advantageous if the reflecting
      surface is formed by a mirror which is arranged on the side of the
      measuring sensor that is facing away from the light-wave conductor.
PAR  The measuring sensor in the measuring apparatus according to the invention
      may consist of a component with magneto-optical or electro-optical
      properties.
PAR  It is considered as particularly advantageous if the measuring sensor
      consists of a coil of light-wave conductor. In a measuring sensor
      configured in this manner, the light traverses the light-wave conductor of
      the measuring sensor twice and is therefore exposed to the electric or
      magnetic field, which is dependent upon the value measured, twice as much
      as in the known measuring device; for the same sensitivity, the measuring
      sensor therefore requires only a light-wave conductor half as long.
PAR  The invention can be used to advantage in a measuring apparatus for large
      currents and for currents in high-voltage conductors. In such an
      apparatus, the coil of light-wave conductor is arranged so that the
      conductor carrying the current to be measured is passed through the
      winding formed by the light-wave conductor.
PAR  The invention can also be applied in an apparatus for measuring voltages of
      high-voltage conductors; this is achieved by configuring the light-wave
      conductor as a coil which is arranged in an electric field caused by the
      voltage to be measured. The high-voltage conductor passes through the coil
      which consists of a relatively short light-wave conductor.
PAR  In both measuring apparatus the coil formed by the light-wave conductor is
      advantageously made so that its end extends to the evaluator circuit at
      low-voltage potential.
PAR  The invention can also be used to advantage in a measuring apparatus for
      measuring currents in high-voltage conductors in completely insulated,
      metal-encapsulated high-voltage switching installations. In this
      embodiment, the turns of the coil of light-wave conductor are arranged at
      the inside surface of the outer tube of the installation in the direction
      of the circumference and the coil is equipped with a shielding ring at its
      inside surface facing the high-voltage conductor, so that the electric
      field strength inside the tube of the high-voltage switching installation
      can have no influence on the rotation of the plane of polarization.
PAR  The advantages described above hold also if the invention is used in an
      arrangement for measuring voltages on high-voltage conductors, in which
      the coil of light-wave conductor is disposed in a non-controlled
      high-voltage insulator in such a manner that its longitudinal axis extends
      in the direction of the axis of the high-voltage insulator.
PAR  High-voltage insulators are understood here to be insulating arrangements
      of the support type as well as the feed-through type, for example, also
      the bushing of a power transformer or the supporting insulator of a power
      circuit breaker or disconnect switch.
PAR  In many cases preference will be given to an apparatus according to the
      invention wherein the coil of light-wave conductor is disposed in a
      high-voltage insulator with embedded control electrodes; in such an
      insulator the coil is arranged advantageously between adjacent control
      electrodes. So that in such a configuration, the dimensions of the
      high-voltage insulator can be made the same as usual, it is advantageous
      to dispose the layers of the coil of light-wave conductor between the
      individual control electrodes, that is, to subdivide the coil into
      individual layers which are then situated in the insulator displaced
      according to the arrangement of the control electrodes. The individual
      layers are connected with each other by a light-wave conductor and are
      advantageously wound from a continuous light-wave conductor. In such an
      embodiment of the apparatus of the invention, the individual layers of the
      coils of light-wave conductor are thus, as a rule, disposed concentrically
      about the axis of the high-voltage insulator.
PAR  As an alternate embodiment of the one just discussed above, it is possible
      and also advantageous to run the light-wave conductor of the measuring
      sensor in a high-voltage insulator with imbedded control electrodes, the
      light-wave conductor being run such that it extends along the control
      electrodes and is brought through in between the respective control
      electrodes. With such a configuration of the light-wave conductor, the
      latter therefore includes parts which run parallel to the longitudinal
      axis of the high-voltage insulator and are arranged so that the lines of
      force of the electric field pass transversely through the light-wave
      conductor. In this case, one thus obtains a meander-like configuration of
      the light-wave conductor in the high-voltage insulator.
PAR  In a case wherein the light-wave conductor is made of a material that
      yields only a small rotation of the plane of polarization as a function of
      the voltage to be measured, it appears advantageous to wind the light-wave
      conductor of the measuring sensor around the individual control electrodes
      so as to form several connected toroidal coils. A considerably greater
      length of the light-wave conductor is then exposed to the electric field
      and a larger rotation of the plane of polarization is achieved; this is
      advantageous for attaining greater measuring accuracy.
PAR  The foregoing already indicates that the invention can be applied to many
      configurations of high-voltage insulators. This applies also to a
      high-voltage insulator with wound capacitors as the voltage-controlling
      elements; in such an insulator, the light-wave conductors of the measuring
      sensor are preferably wound in with the capacitors. In a high-voltage
      insulator with plate or disc capacitors the light-wave conductor is
      arranged between the electrodes of the capacitors.
PAR  The invention can further be applied to a combined measuring transformer
      consisting of a current transformer unit and a voltage transformer unit
      wherein the coil of light-wave conductor is located in an electric field
      in the housing caused by the voltage and/or in the feed-through
      arrangement in such a manner that the plane of polarization of light
      passing through the light-wave conductor is rotated by an amount dependent
      on the magnitude of the voltage.
PAR  With such a construction of a combined measuring transformer, a
      conventional current transformer, for instance, can be made into a
      combination measuring transformer without appreciable constructional
      changes because the light-wave conductor acting as the measuring sensor
      can be arranged in regions of the transformer, which must remain
      unutilized for reasons of insulation, or which serve to form a dielectric.
      Because a light-wave conductor consists of insulating material, it can be
      disposed in these regions without disturbing the operation.
PAR  The coil of light-wave conductor is preferably  arranged in an uncontrolled
      feed-through arrangement in such a manner that its longitudinal axis
      extends in the direction of the axis of the feed-through arrangement. The
      lines of the electric field, which extend between the electrode at high
      voltage and ground potential, are then utilized for rotating the plane of
      polarization. This, however, presumes that the coil of light-wave
      conductor in question is not subjected to interference fields. This
      assumption will in general be fulfilled in very high-voltage
      installations, as there the separation of the phases is relatively great.
PAR  In many cases preference will be given to an embodiment of the transformer
      according to the invention wherein the coil of the light-wave conductor is
      disposed in a feed-through arrangement with imbedded control electrodes;
      in such a feed-through arrangement, the coil is advantageously arranged
      between adjacent control electrodes. So that one can make the dimensions
      in such a configuration of the feed-through arrangement as is customary,
      it is advantageous to dispose the layers of the coil of light-wave
      conductor between the individual control electrodes, that is, to subdivide
      the coils into individual layers which are then located in the
      feed-through device displaced relative to each other in correspondence to
      the arrangement of the control electrodes. The individual layers are
      connected with each other by a light-wave conductor and are advantageously
      wound of a continuous light-wave conductor. In such an embodiment of the
      measuring transformer according to the invention, the individual layers of
      the coils of light-wave conductor are thus, as a rule, disposed
      concentrically about the axis of the feed-through arrangement.
PAR  The invention can be applied to combination transformers with widely
      different feed-through arrangements. This is true also for a feed-through
      device with wound capacitors as the voltage-controlling elements; in such
      a feed-through device, the light-wave conductors of the measuring sensor
      are preferably wound in with the capacitors. In a feed-through device with
      plate or disc capacitors the light-wave conductor of the measuring sensor
      is arranged between the electrodes of the capacitors.
PAR  To obtain a combination measuring transformer in accordance with the
      invention, it is not only possible to arrange the light-wave conductor
      inside the feed-through arrangement, but the barrel or head structure of
      the transformer can also be used to accommodate the light-wave conductor
      for the purpose of measuring voltage. The head structure can include a
      conducting, annular shell for receiving the current-measuring unit and a
      head housing surrounding this shell. This arrangement can be configured in
      such a manner that the light-wave conductor of the measuring sensor is
      arranged and run between the shell and the head housing in such a way that
      the lines of the electric field pass through it transversally. The
      light-wave conductor can be run here in different ways; for instance, it
      can enclose the annular shell at its outer circumference. However, it
      appears to be more advantageous if the light-wave conductor is wound
      around the annular shell so that it forms a toroidal coil.
PAR  The current-measuring unit located in the housing of a head structure can
      likewise be arranged and configured in different ways; for instance, in a
      transformer of the head type of construction, a conventional secondary
      winding with an iron core can be accommodated in the annular shell. By
      means of such a current-measuring unit, current measurements for
      accounting purposes can then be performed.
PAR  It is particularly advantageous to provide at least one coil of a
      light-wave conductor in the annular shell of the head structure such that
      the plane of polarization of polarized light passing through this coil is
      rotated as a function of the magnitude of the current in the primary
      conductor. In this manner, information regarding the line current can be
      obtained. This information is obtained for very small operating currents
      as well as for the largest short-circuit currents without the
      disadvantages associated with conventional current transformers with iron
      core, namely, that of distortion caused by possible saturation phenomena.
PAR  If provision for conventional current measurement for accounting purposes
      is not necessary, the possibility exists to form the current-measuring
      unit of one of several windings of light-wave conductor and to bring the
      primary conductor through the windings, so that the plane of polarization
      of polarized light going through the light-wave conductor is rotated as a
      function of the current in the primary conductor. With several light-wave
      conductor windings, several possible overlapping current-measuring ranges
      can be obtained with great accuracy. In this connection, in the measuring
      range for operating currents, the measurement for accounting purposes is
      important, and in the measuring range for short-circuit currents, the
      measurement for protection purposes is important. If the windings of
      light-wave conductor are cast-in and provided with a conductive outer
      coating, the light-wave conductor is completely shielded and is exposed
      exclusively to the magnetic field which is produced by the current in the
      primary conductor. The rotation of the plane of polarization of the light
      in these windings is then exclusively a measure of the current through the
      primary conductor.
PAR  In one embodiment of the combination measuring transformer according to the
      invention with one or several windings of light-wave conductor for current
      measurements, an additional evaluator device is provided at the
      low-voltage potential, in which the rotation of the plane of polarization
      of the light is converted into an electrical, digital or analog
      measurement quantity proportional to the current in the primary conductor.
PAR  Although the invention is illustrated and described herein as apparatus for
      measuring electrical quantities at high-voltage potential, it is
      nevertheless not intended to be limited to the details shown, since
      various modifications may be made therein within the scope and the range
      of the claims. The invention, however, together with additional objects
      and advantages will be best understood from the following description and
      in connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective schematic diagram of the measuring apparatus
      according to the invention wherein the measuring sensor is made of a
      light-wave conductor and is arranged with respect to a high-voltage line
      on which it is desired to make measurements.
PAR  FIG. 2 illustrates an embodiment of the invention wherein a measuring
      sensor is provided having magneto-optical characteristics.
PAR  FIG. 3 is a schematic diagram showing an embodiment of the invention
      suitable for measuring current. Also shown in this view, is a
      block-schematic diagram of the evaluation device of the measuring
      apparatus.
PAR  FIG. 4 is a schematic diagram showing a modulator of the type utilized in
      the evaluating device shown in FIG. 3, for example.
PAR  FIG. 5 is a schematic diagram of the measuring apparatus arranged to
      measure current and equipped with means for compensating for the effects
      of temperature.
PAR  FIG. 6 illustrates the measuring sensor of a measuring apparatus of the
      invention adapted for making measurements in high-voltage metal-clad
      switching installations.
PAR  FIG. 7 illustrates an embodiment of the measuring apparatus of the
      invention adapted for measuring voltage on a high-voltage conductor
      arranged in a high-voltage metal-clad switching installation. Also shown
      in this view is a block-schematic diagram of the corresponding evaluation
      device.
PAR  FIG. 8 is an elevation view showing how a coil made of a light-wave
      conductor can be arranged in a high-voltage insulator for measuring
      voltage.
PAR  FIG. 9 illustrates an alternate arrangement of the light-wave conductor
      within the high-voltage insulator.
PAR  FIGS. 10 to 12 illustrate embodiments of the invention wherein measuring
      sensors are arranged to measure both current and voltage.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  In the embodiment of FIG. 1, light is directed from a light source 1
      through a polarizer 2 onto an optical device which consists of a
      semitransparent plate 3. From the plate 3, the polarized light gets into a
      light-wave conductor 4 which becomes a coil 5. The light-wave conductor 4,
      5 can be made of optical fiber material. Suitable light-wave conductors
      which can be used are index-gradient conductors, gradient fibers and such
      light conductors which can conduct polarized light rays without disrupting
      the polarization of the light. A suitable light-wave conductor is
      described in the German periodical "Laser und angewandte Strahlentechnik,"
      1971, No. 2, pages 39 - 41. The polarizer may also be arranged between the
      semitransparent plate and the light-wave donductor. A high voltage
      conductor 6 passes through the coil 5. The current J to be measured flows
      through the conductor 6. The coil 5 is provided at its end 7 with
      reflecting means, for example, a mirror surface 8. Instead of applying a
      mirror coating to the end of the coil, a mirror 9 may be arranged, as
      shown by broken lines.
PAR  The polarized light passes through the light-wave conductor 4 and a
      measuring sensor in the form of the coil 5 wherein a rotation of the plane
      of polarization as a function of the current J takes place. The light beam
      is reflected at the end 7 of the coil 5 and passes once more through the
      coil 5 whereby a further rotation of the plane of polarization occurs.
PAR  The light with its plane of polarization rotated leaves the light-wave
      conductor 4, passes through the semitransparent plate 3 and gets into the
      evaluator device 10. The device can be built in a manner known per se and
      can function, for example, according to the null method.
PAR  In the embodiment of FIG. 2, light of a light source is directed via a
      semitransparent plate 21 onto a polarizer 22, where it is polarized. After
      the polarizer 22, the light enters a light-wave conductor 23, which feeds
      the light, without changing its plane of polarization, to a component 24
      with magneto-optical properties such as a Faraday body. Component 24 can
      be made, for example, of Yttrium Iron Garnet. The light goes through the
      component 24 and is reflected at a mirror surface 25, so that it gets back
      into the light-wave conductor 23 and enters from there the evaluator
      device 26 via the semitransparent plate 21. The component 24 is surrounded
      by an electric coil 27, through which the current to be measured J, or a
      current proportional to the current to be measured, flows.
PAR  In the embodiment of FIG. 3 of the measuring device of the invention,
      linearly polarized light is sent from a light source 30 arranged at
      low-voltage potential to a coil 33 of light-wave conductor via a
      semitransparent plate 31 and a light-wave conductor 32. The light source
      30 can be a laser for example. The coil made of a light-wave conductor is
      configured so that one of its ends forms the light-wave conductor 32; the
      other end of the coil 33 carries a mirror surface 34.
PAR  The plane of polarization of the light is rotated in the coil 33 as a
      function of the current which flows, for instance, in a high-voltage
      conductor 35; this high-voltage conductor 35 extends through the coil 33,
      so that a magnetic field component acting in the longitudinal direction
      becomes effective in the light-wave conductor of the coil. This component
      of the magnetic field causes a rotation of the plane of polarization of
      the light, the rotation being proportional to the magnitude of the current
      in the high-voltage conductor to be measured.
PAR  Evaluation means in the form of an evaluator device 36 is provided wherein
      a magneto-optical modulator 37 is provided wherein the plane of
      polarization of the light is rotated back. For this purpose, the modulator
      37 is followed by an analyzer prism 38, in which the light coming from the
      modulator 37 is split into two component light beams having respective
      polarization planes perpendicular to each other and having respective
      intensities that change in opposition relative to each other in proportion
      to the angle of rotation of the polarization plane of the incident beam.
      Both component light beams are fed to photo diodes 39 and 40,
      respectively, which are followed by a differential amplifier 41. The
      analyzer prism and the photo-cells conjointly constitute transducer means.
      To the differential amplifier 41 is connected an output amplifier 42
      which, via a load 43, supplies the magneto-optical modulator 37 in each
      case with such a current that the rotation of the plane of polarization
      that took place at high-potential in the coil 33 is cancelled in the
      magneto-optical modulator 37 of the evaluator circuit 36. The load 43 is
      comparable to the usual load of current transformers and can therefore be
      realized by a measuring device or a system protection device.
PAR  The magneto-optical modulator 37 according to FIG. 3 can be constructed in
      the manner shown in FIG. 4. It will be seen there that a light-wave
      conductor 50 is wound up into a winding which is surrounded by a further
      winding 51 of an electric conductor. To the ends 52 and 53 of the winding
      51 are connected, for instance, one lead of the load 43 and one output of
      the amplifier 42 according to FIG. 3. The current delivered by the
      amplifier, which flows through the winding 51, produces in the winding
      formed by the light-wave conductor 50 a magnetic field which cancels, due
      to the configuration of the evaluator circuit 36, the rotation of the
      plane of polarization in the coil 33 at high-voltage potential. The
      current flowing through the winding 51 and the load 43 is then
      proportional to the current to be measured in the high-voltage conductor
      35. The winding of the light-wave conductor 50 is provided at its end 54
      with a mirror surface 55, at which the light beam is reflected. The other
      end of the winding is preceded by a semitransparent plate 56.
PAR  In the embodiment of FIG. 5, linearly polarized light is emitted by a laser
      diode 60, which is controlled by a pulse generator 61. The laser diode 60
      is followed by a beam splitter 62, from which light gets via a
      semitransparent plate 63 to a light-wave conductor 64, and via a further
      semitransparent plate 65, to a further light-wave conductor 66. Polarized
      light in the form of light pulses is transmitted via the light-wave
      conductor 66 to a coil shown schematically at 64 and having a
      configuration which is identical with the coil 33 according to FIG. 3. In
      the coil 67, the plane of polarization of the light fed to it is rotated
      as a function of the magnitude of the current to be measured and the light
      modulated in this manner, after reflection at the end of the coil, is
      conducted via the further light guide 66 and the deflecting mirror 68 to
      the evaluator device 69.
PAR  In the evaluator device 69 the arriving light is fed to a magneto-optical
      modulator 70, which may be constructed as shown in FIG. 4. The
      magneto-optical modulator 70 is followed by an analyzer prism 71, to
      which, as already shown in FIG. 3, photo-diodes 72 and 73 are connected;
      these photo-diodes 72 and 73 feed a differential amplifier 74.
PAR  In order to eliminate temperature influences on the measurement result, the
      device contains a shielded reference winding 75 consisting of a light-wave
      conductor to which polarized light from the laser diode 60 is fed via the
      light guide 64. In the reference winding 75, which is preferably always
      exposed to the same temperature as the coil 67, the polarized light is
      given a rotation of its plane of polarization, depending on the
      temperature. The light modulated in this manner is transmitted via the
      light-wave conductor 64, after reflection at the end of the reference
      winding 75, to an additional magneto-optical modulator 76 in the evaluator
      device 69. The additional magneto-optical modulator 76 is followed by a
      further analyzer prism 77, in which the light fed to it is split into two
      light beams, which fall onto two photo-diodes 78 and 79. A further
      differential amplifier 80 is connected to the photo-diodes 78 and 79.
PAR  For compensating temperature influences, both differential amplifiers 74
      and 80 are connected an additional differential amplifier 81, which is
      followed by a synchronous demodulator 82. This synchronous demodulator is
      connected to the pulse generator 61 via a phase shifter 83, so that
      demodulation of the measuring quantity can be performed in the synchronous
      demodulator 82.
PAR  To the synchronous demodulator 82 is connected an output amplifer 84,
      which, via a load 85, feeds the magneto-optical modulators 70 and 76 with
      such a current that in the modulators the plane of polarization of the
      light modulated on the high-voltage side is rotated back. The current
      flowing through the load 85 is then, independently of any temperature
      variations, proportional to the current to be measured.
PAR  In FIG. 6, the construction of the measuring device according to the
      invention is shown in part for the case that currents in high-voltage
      conductors are to be measured in completely insulated, metal-clad
      high-voltage switching installations. To avoid repetition, only the
      construction of the coil of lightwave conductor in the swichting
      installation is reproduced in FIG. 6; a drawing and description of the
      remaining parts of the measuring device according to the invention, which
      can, for instance, be constructed as shown in FIGS. 3 to 5, has therefore
      been omitted.
PAR  As may be seen in FIG. 6, the individual turns 90 of the coil 91 are
      arranged at the inside surface of the outer tube 92 of the high-voltage
      switching installation 93 in the circumferential direction. On their
      inside, which faces the high-voltage conductor 94, the winding made of a
      light-wave conductor is provided with a shield 95, which is provided with
      a slot 96 to avoid a short-circuited turn. The shield 95 ensures that the
      electric field component in the high-voltage switching system 93 can have
      no effect on the light in the turns 90, but that only the magnetic field
      component acts in the longitudinal direction on the light-wave conductor,
      and that it therewith rotates the linearly polarized light conducted in
      this light-wave conductor as to its plane of polarization as a function of
      the magnitude of the current in the high-voltage conductor 94. The coil 97
      is provided at one end with a mirror surface 97.
PAR  In evaluator circuits, such as have already been explained in detail in
      connection with the description of FIGS. 3 to 5, the rotation of the plane
      of polarization is converted into a current, which is proportional to the
      current to be measured in the high-voltage conductor 94. To eliminate
      temperature effects, a reference winding, with which circuit elements in
      the evaluator device are associated as shown in FIG. 5, can also be
      provided in a measuring device according to FIG. 6.
PAR  In the embodiment of the invention for measuring voltages on high-voltage
      conductors shown in FIG. 7, linearly polarized light is emitted by a light
      source 100, which may be a laser. The polarized light is transmitted via a
      semitransparent plate 101 and a light-wave conductor 102, for example, to
      a toroidal coil 103, which is wound of a light-wave conductor 104.
PAR  In the measuring device shown, the toroidal coil 103 is located in a
      circular enlargement 105 of an outer tube 106 of a high-voltage switching
      installation 107. Inside the outer tube 106, a high-voltage conductor 108
      is supported. The current, carried by conductor 108, produces a rotary
      magnetic field inside the outer tube 106 of the high-voltage installation
      107. To prevent the light-wave conductor 104 of the toroidal coil 103 from
      being influenced by the lines of force of the magnetic field, the circular
      enlargement 105 is partially covered up at both end faces by shielding
      rings 109 and 110. The electric field, however, can act on the light-wave
      conductor 104 of the toroidal coil 103, and does so in the transversal
      direction. As a consequence, the plane of polarization of the linearly
      polarized light passing through the light-wave conductor 104 is rotated as
      a function of the electric field strength and thereby, also as a function
      of the voltage between the high-voltage conductor 108 and the grounded
      outer tube 106.
PAR  After passing through the toroidal coil 103, the light is reflected at the
      mirror surface 111 and then goes through the toroidal coil once more. The
      light, with its plane of polarization rotated, is fed, through light-wave
      conductor 102 to an evaluator device 112 at low-voltage potential. The
      evaluation means 112 contains a modulator 113 for rotating the plane of
      polarization of the light back.
PAR  The modulator 113 is followed by an analyzer prism 114, which splits the
      incident light beam into two component light beams having respective
      polarization planes perpendicular to each other and having respective
      intensities that change in opposition to each other in proportion to the
      angle of rotation of the polarization plane of the incident beam. The
      component light beams are converted into electrical quantities in two
      photo-diodes 115 and 116 and fed to a differential amplifier 117. The
      differential amplifier 117 is followed by an output amplifier 118 which
      drives a current through a load 119 and the modulator 113 which is
      constructed, for instance, as a magneto-optical modulator, such that the
      rotation of the plane of polarization of the light which occurred in the
      toroidal coil 103 is cancelled. The voltage appearing across load 119 is
      then proportional to the voltage to be measured.
PAR  The toroidal coil 103 is advantageously made so that the end thereof that
      is brought out is so long that it forms the light-wave conductor 102.
PAR  The magneto-optical modulator 113 shown in FIG. 7 can be constructed in the
      manner shown in FIG. 4.
PAR  To eliminate temperature influences on the resulting measurement, the
      device contains a shielded reference winding, such as shown in FIG. 5, as
      well as an evaluator device, also as shown in FIG. 5.
PAR  The device shown in FIG. 8 includes an insulator 120 that is closed off at
      its upper end by a flat cover 121. This cover 121 carries a terminal 122
      for connection to a high-voltage conductor (not shown) whereon the voltage
      is to be measured. The insulator 120 sits on a base 123, which has a
      terminal box 124; in the terminal box, an evaluator device (not shown) can
      be accommodated. The secondary terminals of the device are also located in
      the terminal box 124.
PAR  In the embodiment shown in FIG. 8, there is located inside the insulator
      120 a potential control arrangement 125, in which the control electrodes
      126, 127 and 128 are embedded in the form of metallic cylinders. Layers
      129 and 130 made up of a light-wave conductor are arranged between the
      control electrodes 126 and 127 as well as between 127 and 128,
      respectively. The layers 129 and 130, of which there also may be several,
      if correspondingly more control electrodes are provided, are
      advantageously wound of a continuous light-wave conductor which
      furthermore also forms the polarized light feed line 131. Feed line 131
      can extend from a light source (not shown in FIG. 8) followed by a
      semitransparent plate to the layers 129 and 130. The feed line 131 can
      further constitute the feed line to the evaluator device. The layer 130 is
      provided at its end with a mirror surface 132 at which the light is
      reflected.
PAR  As may be seen from FIG. 8, the individual layers 129 and 130 of light-wave
      conductor are arranged so that the lines of the electric field run
      perpendicularly to the light-wave conductor between the respective
      adjacent control electrodes 126, 127 and 128. The plane of polarization of
      linearly polarized light which passes through the light-wave conductor is
      therefore rotated as a function of the electric field strength. Because
      this electric field strength is proportional to the voltage to be
      measured, the rotation of the plane of polarization is itself proportional
      to the voltage to be measured. By means of an evaluator device, such as is
      described in detail in FIG. 3, an electrical quantity can be obtained
      therefrom, which is proportional to the voltage to be measured.
PAR  In the embodiment of the invention shown in FIG. 9, an insulator 140 is
      closed at the top by a flat cover 141. The cover 141 has a terminal 142
      for the voltage to be measured. The insulator 140 rests on a base 143
      having a terminal box 144. In this terminal box 144 is located, for
      example, the evaluator device, and in it there were also the secondary
      terminals, as is known from classical voltage transformers.
PAR  Within the insulator 140 is again located, as in the example of the
      embodiment according to FIG. 8, a potential control arrangement 145 which
      can for example comprise three control electrodes 146, 147 and 148. The
      control electrodes 146 to 148 are metallic cylinders. The covers 121 and
      141 shown in FIGS. 8 and 9, respectively, are made of metal.
PAR  As may be seen in FIG. 9, a light-wave conductor 149 coming from
      low-voltage potential is first passed along the inside of the control
      electrode 148 in the direction of the axis of the potential control
      arrangement 145 where lines of the electric field pass transversally
      through the light-wave conductor. The light wave-conductor 149 is led
      around the upper end 150 of the control electrode 148 and passed in the
      opposite direction between the control electrodes 147 and 148, to the
      lower end of the control electrode 147. From there, the light guide 149 is
      again led in the opposite direction, so that it now runs along the outside
      of the control electrode 147 and then, between this control electrode and
      the control electrode 146.
PAR  The light guide 149 is provided, for example, at its end 151 with a mirror
      surface 152 from which the light beam is reflected and passes through the
      light-wave conductor once more in the opposite direction.
PAR  In this way, the plane of polarization of the light is rotated as a
      function of the voltage to be measured.
PAR  The combination measuring transformer shown in FIG. 10 consists essentially
      of a head part 160, a feedthrough arrangement 161 and a base part 162.
      Inside the feedthrough arrangement 161 is disposed within an insulator 163
      a potential control arrangement 164. The potential control arrangement 164
      comprises several control electrodes 165, 166 and 167, which constitute
      metallic cylinders. As the feedthrough arrangement 161 to the left in FIG.
      10 shows, a light-wave conductor 168, coming from the base part 162, is
      first passed along the inside of the control electrode 167. Then, the
      light-wave conductor 168 is brought around the upper end 169 of the
      control electrode 167 and led to the lower end 170 of the control
      electrode 166 between the control electrodes 165 and 167. From there, the
      light-wave conductor 168 is brought, first, along the outside of the
      control electrode 166 and then, between the control electrode 165 and the
      control electrode 166. At the upper end, the light-wave conductor is
      provided with a mirror surface 171 whereat the light is reflected and
      passes once more through the light-wave conductor 168 from the end to the
      front.
PAR  A light-wave conductor 172 can also be arranged within the feedthrough
      arrangement 161 in such a manner that it forms individual turns 173, which
      are arranged concentrically about the longitudinal axis of the feedthrough
      arrangement 161. The turns 173 of the light-wave conductor 172 form
      several layers, which are arranged so that they lie between two respective
      control electrodes 165 and 166 as well as 166 and 167. The light-wave
      conductor 172 carries a mirror surface 174 at the upper end.
PAR  In both arrangements of the light-wave conductor 168 and 172, respectively,
      in the feedthrough arrangement 161, care is taken that the lines of the
      electric field pass transversally through the light-wave conductor so that
      the plane of polarization of linearly polarized light, which goes through
      the light-wave conductor from the base part 162, is rotated to an extent
      which is dependent on the electric field strength, and therefore, on the
      voltage at the primary conductor 175.
PAR  A lead 176 for the current measuring part 177 in the head housing 160 is
      furthermore provided in the feedthrough arrangement 161.
PAR  The head part 160 of the measuring transformer in accordance with the
      invention is shown in FIG. 10 and has a head housing 178 which is placed
      on the feedthrough arrangement 161. The primary conductor 175 passes
      through the head housing 178. Within the head housing 178 there is a
      conducting, circular shell 179, which is at low-voltage potential. Within
      this circular shell 179 is located a secondary winding 180 with an iron
      core as well as a winding 181 of a light-wave conductor. The ends of the
      secondary winding 180 as well as one end of the winding 181 of light-wave
      conductor are brought out to low-voltage potential through the feedthrough
      arrangement 161; whereas, the other end of the winding 181 has a mirror
      surface.
PAR  The combination measuring transformer shown in FIG. 10 permits the
      measurement of the current through the primary conductor 175 over a very
      large range of current because, due to the use of a winding 181 made of
      light-wave conductor, saturation phenomena cannot occur; this effect can
      lead to nonlinear distortion in classical current transformers.
PAR  By means of the secondary winding 180 with iron core, current measurements
      for accounting purposes can furthermore be carried out. Moreover, a
      measurement of the voltage at the primary conductor 175 can be performed
      by the light-wave conductor 168 or 172, respectively, within the
      feedthrough arrangement 161. The light source generating the linearly
      polarized light as well as the evaluator device for converting the
      rotations of the plane of polarization of the light into electrical
      measurement quantities are preferably located in a terminal box 182 at the
      base part 162 in the combination transformer according to the invention.
      The evaluator devices can be constructed here, for instance, in a manner
      such as is described in FIG. 3.
PAR  The embodiment of a measuring transformer configured in accordance with the
      invention is shown in FIG. 11 and consists again of a head part 190, a
      feedthrough arrangement 191 and a base part 192. The feedthrough
      arrangement 191 comprises a porcelain insulator 193, in which a potential
      control arrangement is located.
PAR  Except for the arrangement of a light guide 195, the head part 190 is
      constructed exactly like the head part 160 in the example of the
      embodiment according to FIG. 10. In the embodiment according to FIG. 10,
      the light-wave conductors 168 and 172 for the voltage measurement are
      located inside the feedthrough arrangement 161; whereas in the embodiment
      of FIG. 11, the light-wave conductor 195 is arranged, for the purpose of
      voltage measurement, around a circular shell 196 forming a toroidal coil.
      At the end 199, the light-wave conductor 195 has a mirror surface. Because
      the shell 196 is grounded, the voltage at the primary conductor 198, which
      passes through the head part 190, appears between this shell and a housing
      197, and a corresponding electric field exists in the space between the
      shell 196 and the head housing 197. Consequently, the plane of
      polarization of linearly polarized light is rotated in the light-wave
      conductor 195 as a function of this voltage. In an evaluator device in a
      terminal box, not shown, at the base part 192, an electrical quantity can
      be obtained therefrom, which is proportional to the voltage to be
      measured. The current measurement part can be constructed exactly as was
      explained in connection with the description of FIG. 10.
PAR  In the embodiment shown in FIG. 12, a light-wave conductor 200 is run
      inside a potential control arrangement 201, similarly as shown already in
      FIG. 10, in such a manner that the plane of polarization of linearly
      polarized light passing through the light guide 200 is rotated to an
      extent proportional to the voltage at the primary conductor 202. In an
      evaluation device, not shown, a secondary quantity which is proportional
      to the voltage at the primary conductor 202, can be obtained from the
      light reflected at a mirror surface 203 and returned in the light-wave
      conductor 200.
PAR  In the embodiment according to FIG. 12, the current is measured by means of
      a winding 204 of a light-wave conductor 205; the primary conductor 202
      passes through the winding 204, so that a magnetic field, which is
      proportional to the current in the primary conductor 202, goes through the
      light-wave conductor 205 in the longitudinal direction. The winding 204 is
      preferably cast-in, for instance, with silicone rubber, and is provided
      with a conductive outer coating 206. This outer coating 206 ensures that
      the winding 204 is completely shielded and is influenced only by the
      magnetic field. The plane of polarization of linearly polarized light,
      which passes through the light-wave conductor 205 of the winding 204, is
      therefore rotated only as a function of the magnetic field which is
      produced by the current through the primary conductor 202. The winding
      carries a mirror surface at one end.
PAR  The light-wave conductor 200 for the voltage measurement as well as the
      light-wave conductor 205 for the current measurement are brought to a base
      part 207 wherein evaluator devices, not shown, are located.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A measuring apparatus for measuring voltages on high-voltage conductors
      whereat fields are developed having an intensity indicative of the value
      of the high-voltage, the apparatus comprising: a sensing coil for
      conducting polarized light therein, said sensing coil being made from a
      wound light-wave conductor having respective ends; a single light-wave
      conductor for receiving polarized light having a polarization and for
      feeding the same to said sensing coil at one of said ends thereof; said
      sensing coil being placeable in the vicinity of the fields whereby the
      polarization of the polarized light is changed by an amount corresponding
      to the value of the voltage being measured; reflection means disposed at
      the other one of said ends of said sensing coil away from said single
      light-wave conductor for reflecting the polarized light fed to said
      sensing coil whereby the polarized light of changed polarization passes
      through said single light-wave conductor; evaluation means for translating
      the changed polarization into a quantity proportional to the electrical
      quantity being measured; an optical device arranged ahead of said single
      light-wave conductor for feeding the polarized light to said single
      light-wave conductor and for directing said polarized light of changed
      polarization from said single light-wave conductor to said evaluation
      means; and, an uncontrolled high-voltage insulator defining an axis, said
      sensing coil defining a longitudinal axis, said coil being arranged in
      said insulator so that the axis of said coil extends in the direction of
      the axis of said insulator, said high-voltage insulator comprising a
      plurality of control electrodes imbedded therein, said control electrodes
      being spaced one adjacent the other so as to define a region between each
      two mutually adjacent ones of said control electrodes, said coil being
      arranged in said regions.
NUM  2.
PAR  2. The measuring apparatus of claim 1, said reflection means being a
      mirrored surface of said measuring sensor.
NUM  3.
PAR  3. The measuring apparatus of claim 1, said light-wave conductor of said
      coil having a plurality of layers, said layers being disposed in
      corresponding ones of said regions.
NUM  4.
PAR  4. The measuring apparatus of claim 1 comprising a polarized light supply
      means for supplying the polarized light, said supply means and said
      evaluation means being arranged at low-voltage potential.
NUM  5.
PAR  5. A measuring apparatus for measuring voltages on high-voltage conductors
      whereat fields are developed having an intensity indicative of the value
      of the high-voltage, the apparatus comprising: a sensing coil for
      conducting polarized light therein, said sensing coil being made from a
      wound light-wave conductor having respective ends; a single light-wave
      conductor for receiving polarized light having a polarization and for
      feeding the same to said sensing coil at one of said ends thereof; said
      sensing coil being placeable in the vicinity of the fields whereby the
      polarization of the polarized light is changed by an amount corresponding
      to the value of the voltage being measured; reflection means dispoed at
      the other one of said ends of said sensing coil away from said single
      light-wave conductor for reflecting the polarized light fed to said
      sensing coil whereby the polarized light of changed polarization passes
      through said single light-wave conductor; evaluation means for translating
      the changed polarization into a quantity proportional to the electrical
      quantity being measured; an optical device arranged ahead of said single
      light-wave conductor for feeding the polarized light to said single
      light-wave conductor and for directing said polarized light of changed
      polarization from said single light-wave conductor to said evaluation
      means; and, a high-voltage insulator including a plurality of control
      electrodes imbedded therein, said electrodes being arranged one adjacent
      the other, said light-wave conductor of said sensing coil being directed
      along said electrodes so as to pass between each two mutually adjacent
      ones of said control electrodes.
NUM  6.
PAR  6. The measuring apparatus of claim 5, said light-wave conductor of said
      sensing coil being configured so as to constitute a plurality of toroidal
      coils connected one to the other, said coils surrounding corresponding
      ones of said control electrodes.
NUM  7.
PAR  7. The measuring apparatus of claim 5 comprising a polarized light supply
      meams for supplying the polarized light, said supply means and said
      evaluation means being arranged at low-voltage potential.
NUM  8.
PAR  8. A measuring apparatus for measuring voltages on high-voltage conductors
      whereat fields are developed having an intensity indicative of the value
      of the high-voltage, the apparatus comprising: a sensing coil for
      conducting polarized light therein, said sensing coil being made from a
      wound light-wave conductor having respective ends; a single light-wave
      conductor for receiving polarized light having a polarization and for
      feeding the same to said sensing coil at one of said ends thereof; said
      sensing coil being placeable in the vicinity of the fields whereby the
      polarization of the polarized light is changed by an amount corresponding
      to the value of the voltage being measured; reflection means disposed at
      the other one of said ends of said sensing coil away from said single
      light-wave conductor for reflecting the polarized light fed to said
      sensing coil whereby the polarized light of changed polarization passes
      through said single light-wave conductor; evaluation means for translating
      the changed polarization into a quantity proportional to the electrical
      quantity being measured; an optical device arranged ahead of said single
      light-wave conductor for feeding the polarized light to said single
      light-wave conductor and for directing said polarized light of changed
      polarization from said single light-wave conductor to said evaluation
      means; and, a high-voltage insulator including voltage control elements in
      the form of wound capacitors, said light-wave conductor of said sensing
      element being configured to be a plurality of interconnected component
      coils wound into said capacitors.
NUM  9.
PAR  9. A measuring apparatus for measuring voltages on high-voltage conductors
      whereat fields are developed having an intensity indicative of the value
      of the high-voltage, the apparatus comprising: a sensing coil for
      conducting polarized light therein, said sensing coil being made from a
      wound light-wave conductor having respective ends; a single light-wave
      conductor for receiving polarized light having a polarization and for
      feeding the same to said sensing coil at one of said ends thereof; said
      sensing coil being placeable in the vicinity of the fields whereby the
      polarization of the polarized light is changed by an amount corresponding
      to the value of the voltage being measured; reflection means disposed at
      the other one of said ends of said sensing coil away from said single
      light-wave conductor for reflecting the polarized light fed to said
      sensing coil whereby the polarized light of changed polarization passes
      through said single light-wave conductor; evaluation means for translating
      the changed polarization into a quantity proportional to the electrical
      quantity being measured; an optical device arranged ahead of said single
      light-wave conductor for feeding the polarized light to said single
      light-wave conductor and for directing said polarized light of changed
      polarization from said single light-wave conductor to said evaluation
      means; and, a high-voltage insulator including a plurality of plate
      capacitors having respective electrodes, said light-wave conductor of said
      sensing coil being arranged between mutually adjacent ones of said
      electrodes.
NUM  10.
PAR  10. A measuring apparatus for measuring voltages on high-voltage conductors
      whereat fields are developed having an intensity indicative of the value
      of the high-voltage, the apparatus comprising: a sensing coil for
      conducting polarized light therein, said sensing coil being made from a
      wound light-wave conductor having respective ends; a single light-wave
      conductor for receiving polarized light having a polarization and for
      feeding the same to said sensing coil at one of said ends thereof; said
      sensing coil being placeable in the vicinity of the fields whereby the
      polarization of the polarized light is changed by an amount corresponding
      to the value of the voltage being measured; reflection means disposed at
      the other one of said ends of said sensing coil away from said single
      light-wave conductor for reflecting the polarized light fed to said
      sensing coil whereby the polarized light of changed polarization passes
      through said single light-wave conductor; evaluation means for translating
      the changed polarization into a quantity proportional to the electrical
      quantity being measured; an optical device arranged ahead of said single
      light-wave conductor for feeding the polarized light to said single
      light-wave conductor and for directing said polarized light of changed
      polarization from said single light-wave conductor to said evaluation
      means; and, a high-voltage insulator including a plurality of dish
      capacitors having respective electrodes, said light-wave conductor of said
      sensing coil being arranged between mutually adjacent ones of said
      electrodes.
NUM  11.
PAR  11. A measuring apparatus for measuring voltages on high-voltage conductors
      whereat fields are developed having an intensity indicative of the value
      of the high-voltage, the apparatus comprising: a sensing coil for
      conducting polarized light therein, said sensing coil being made from a
      wound light-wave conductor having respective ends; a single light-wave
      conductor for receiving polarized light having a polarization and for
      feeding the same to said sensing coil at one of said ends thereof; said
      sensing coil being placeable in the vicinity of the fields whereby the
      polarization of the polarized light is changed by an amount corresponding
      to the value of the voltage being measured; reflection means disposed at
      the other one of said ends of said sensing coil away from said single
      light-wave conductor for reflecting the polarized light fed to said
      sensing coil whereby the polarized light of changed polarization passes
      through said single light-wave conductor; evaluation means for translating
      the changed polarization into a quantity proportional to the electrical
      quantity being measured; an optical device arranged ahead of said single
      light-wave conductor for feeding the polarized light to said single
      light-wave conductor and for directing said polarized light of changed
      polarization from said single light-wave conductor to said evaluation
      means; and, a current measuring unit for measuring the current in the
      high-voltage conductor and having a current sensing part; a feedthrough
      arrangement arranged with respect to the high-voltage conductor so as to
      establish the electric field therein caused by the voltage on the line;
      and, a housing mounted on said feedthrough arrangement, said housing being
      configured for receiving the high-voltage conductor and for containing
      said current sensing part therein; said light-wave conductor of said
      sensing coil being arranged in said field in said feedthrough arrangement
      so as to cause the polarized light passing through the same to experience
      a rotation of its polarization plane by an amount indicative of the
      voltage on the high-voltage conductor.
NUM  12.
PAR  12. The measuring apparatus of claim 11, said feed-through arrangement
      having an axis, said light-wave conductor of said sensing coil defining a
      longitudinal axis, said coil being disposed in said feed-through
      arrangement so that the axis of said coil extends in the same direction as
      said axis of said feedthrough arrangement.
NUM  13.
PAR  13. The measuring apparatus of claim 11, said feed-through arrangement
      comprising a plurality of control electrodes imbedded therein, said
      control electrodes being spaced one adjacent the other so as to define a
      region between each two mutually adjacent ones of said control electrodes,
      said light-wave conductor of said sensing coil being configured as a coil
      arranged in said regions.
NUM  14.
PAR  14. The measuring apparatus of claim 13, the light-wave conductor of said
      coil being wound into a plurality of layers, said layers being disposed in
      corresponding ones of said regions.
NUM  15.
PAR  15. The measuring apparatus of claim 11, said feed-through arrangement
      having a plurality of control electrodes imbedded therein, said electrodes
      being arranged one adjacent the other, said light-wave conductor of said
      sensing coil being directed along said electrodes so as to pass between
      each two mutually adjacent ones of said control electrodes.
NUM  16.
PAR  16. The control apparatus of claim 15, said light-wave conductor of said
      sensing coil being configured so as to constitute a plurality of toroidal
      coils connected one to the other, said coils being would upon
      corresponding ones of said control electrodes.
NUM  17.
PAR  17. The measuring apparatus of claim 11, said feed-through arrangement
      including voltage control elements in the form of wound capacitors, said
      light-wave conductor of said sensing coil being configured to be a
      plurality of interconnected component coils wound into said capacitors.
NUM  18.
PAR  18. The measuring apparatus of claim 11, said feed-through arrangement
      including a plurality of plate capacitors having respective electrodes,
      said light-wave conductor of said sensing coil being arranged between
      mutually adjacent ones of said electrodes.
NUM  19.
PAR  19. The measuring apparatus of claim 11, said feed-through arrangement
      including a plurality of dish capacitors having respective electrodes,
      said light-wave conductor of said sensing coil being arranged between
      mutually adjacent ones of said electrodes.
NUM  20.
PAR  20. The measuring apparatus of claim 11 comprising a polarized light supply
      means for supplying the polarized light, said supply means and said
      evaluation means being arranged at low-voltage potential.
NUM  21.
PAR  21. The measuring apparatus of claim 11, said current measuring unit
      comprising a light-wave conductor wound into a coil arranged with respect
      to the high-voltage conductor so that the conductor passes through the
      coil.
NUM  22.
PAR  22. The measuring apparatus of claim 21 comprising a polarized light supply
      means for supplying the polarized light, said supply means and said
      evaluation means being arranged at low-voltage potential.
NUM  23.
PAR  23. A measuring apparatus for measuring voltages on high-voltage conductors
      whereat fields are developed having an intensity indicative of the value
      of the high-voltage, the apparatus comprising: a sensing coil for
      conducting polarized light therein, said sensing coil being made from a
      would light-wave conductor having respective ends; a single light-wave
      conductor for receiving polarized light having a polarization and for
      feeding the same to said sensing coil at one of said ends thereof; said
      sensing coil being placeable in the vicinity of the fields whereby the
      polarization of the polarized light is changed by an amount corresponding
      to the value of the voltage being measured; reflection means disposed at
      the other one of said ends of said sensing coil away from said single
      light-wave conductor for reflecting the polarized light fed to said
      sensing coil whereby the polarized light of changed polarization passes
      through said single light-wave conductor; evaluation means for translating
      the changed polarization into a quantity proportional to the electrical
      quantity being measured; an optical device arranged ahead of said single
      light-wave conductor for feeding the polarized light to said single
      light-wave conductor and for directing said polarized light of changed
      polarization from said single light-wave conductor to said evaluation
      means; and, a current measuring unit for measuring current in the
      high-voltage conductor and having a current sensing part; a feedthrough
      arrangement; and, a housing mounted on said feedthrough arrangement, said
      housing containing said current sensing part and being configured for
      receiving the high-voltage conductor therein whereby the electric field
      caused by the voltage on the line is established inside said housing, said
      light-wave conductor of said sensing coil being arranged in said field in
      said housing so as to cause the polarized light passing through the same
      to experience a rotation of its polarization plane by an amount indicative
      of the voltage on the high-voltage conductor.
NUM  24.
PAR  24. The measuring apparatus of claim 23, said current measuring unit
      including a conductive, annular shell for receiving said current sensing
      part therein, said annular shell being disposed within said housing so as
      to define a space between said shell and said housing through which the
      field lines of said electric field pass, said light-wave conductor of said
      sensing coil being a toroidal coil having turns arranged in said space so
      as to cause said field lines to pass transversally therethrough.
NUM  25.
PAR  25. The measuring apparatus of claim 23 comprising a polarized light supply
      means for supplying the polarized light, said supply means and said
      evaluation means being arranged at low-voltage potential.
NUM  26.
PAR  26. The measuring apparatus of claim 23, said current measuring unit
      comprising a light-wave conductor wound into a coil arranged with respect
      to the high-voltage conductor so that the conductor passes through the
      coil.
NUM  27.
PAR  27. The measuring apparatus of claim 23 comprising a shell for receiving
      the high-voltage conductor, said shell being arranged in said housing so
      as to cause said housing to surround said shell, said shell and said
      housing conjointly defining a space through which the electric field lines
      of said field pass, said light-wave conductor of said sensing coil having
      turns arranged in said space so as to cause the electric field lines to
      pass transversally through the same.
NUM  28.
PAR  28. The measuring apparatus of claim 26, said lastmentioned light-wave
      conductor being disposed in surrounding relation to said shell in a manner
      to cause the polarization plane of the polarized light passing
      therethrough to be rotated in dependence upon the magnitude of the current
      in the highvoltage conductor.
NUM  29.
PAR  29. The measuring apparatus of claim 28 comprising a polarized light supply
      means for supplying the polarized light, said supply means and said
      evaluation means being arranged at low-voltage potential.
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ABST
PAL  Testing of integrated circuit components of the silicon wafer type for
      grading purposes is accomplished by supporting the wafer matrix on a
      platform type work table which is indexed in an x-y coordinate fashion,
      with the work table being moved vertically to a test position such that
      the test probes make contact with a precise predetermined position
      corresponding to the precise location of that portion of the integrated
      circuit to be tested. The work table is movable vertically with reference
      to a predetermined axis and rotatable with respect thereto such that the
      surface of the table remains perpendicular to the reference axis. The
      chuck assembly for moving the table includes a housing having a bore whose
      center forms the axis, with a chuck plate mounted for sliding movement in
      the bore. The end of the chuck plate is in the form of a flanged spool
      which receives bearing-eccentric assembly for effecting vertical movement
      while permitting rotation of the spool and the attached chuck plate. A
      multiphase stepping motor is used to drive the chuck plate through the
      bearing-eccentric assembly, the motor including optical limit switches
      sensing the motor shaft position and controlling the motor operation. The
      motor has a sinusoidal speed characteristic and uniformly decelerates as
      the table reaches the predetermined reference position. A vacuum assembly
      is used to provide a pressure differential across the table, the chuck
      assembly being electrically grounded to prevent interference with testing
      of wafers. Also described is an angular orientation system by which the
      rotation of the table may be controlled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Systems are known for grading integrated circuit components in wafer form
      by testing the same and applying a grading mark thereto. Reference is made
      to U.S. applications 436,844; and 436,845, each filed Jan. 28, 1974 and
      assigned to the assignee of this application.
PAR  In the current art of electronic circuits, integrated circuits or
      micro-circuits are fabricated in such a manner that thin semiconductor
      slices having a multiplicity of individual matrices or micro-circuits are
      formed. In the usual practice in the art, the slices contain multiple
      identical repeating matrices of the same type of micro-circuit or
      integrated circuit unit. The individual unit is sometimes referred to as
      an integrated circuit chip.
PAR  The present practice is to test each of the circuits of each integrated
      circuit chip formed on the semiconductor wafer prior to separating the
      wafer into the desired individual integrated circuit components. In some
      instances, the individual integrated circuit unit may contain multiple
      circuits, and it is therefore desirable to test each of the circuits of
      the integrated circuit unit before the wafer is cut into individual
      integrated circuit units.
PAR  Since each micro-circuit of each wafer is normally in a predetermined
      precise relationship with respect to the adjacent circuit units, it is
      possible to test the circuitry if a probe can be accurately located on
      each preselected point corresponding to the circuit to be tested. It is
      possible, for example, to test several different circuits at the same
      time, or the same circuit of several different integrated circuit units.
PAR  Obviously, the positioning of the probes must be quite accurate and
      adjustable such that different integrated circuit units may be tested.
      Once the probes have been properly oriented, the wafer may be stepped from
      position to position so that each micro-circuit is properly located
      relative to the cooperative probe units for appropriate testing.
PAR  The orientation in a predetermined position may be defined as a precise
      location referenced by XY coordinates, and a vertical position defined by
      a Z coordinate. Since the wafer is generally planar, the proper vertical
      position of the probes used in testing must be closely controlled in order
      to obtain uniform contact pressure between each probe tip and each
      circuit.
PAR  The usual procedure involves placing the matrix on a work table which is
      movable vertically and rotatable. Normally the matrices are arranged such
      that the individual chips are disposed in a checkerboard pattern sometimes
      referred to as a "street and avenue" orientation. Accordingly it is
      necessary to rotate the matrix such that the streets and avenues are in
      the proper x-y orientation since the testing and grading involves a
      stepping sequence from one position defined by an x-y coordinate to
      another position defined by another x-y coordinate such that the proper
      circuit component is accurately aligned in each successive coordinate
      position.
PAR  Thus, the operator examines the matrix by an optical means and rotates the
      work table to bring the streets and avenues of the matrix into the proper
      x-y orientation. Thereafter, stepping from one x-y position to the next is
      carried out by automatic control means well known in the art.
PAR  Once the matrix is properly oriented in the x-y direction, the test probe
      arms are adjusted, as described in the above-identified applications, to
      position the tip thereof in the proper x-y-z position for testing a
      particular circuit component of a specific chip. After orientation of the
      probe arm, the table and the matrix is raised vertically such that the tip
      of the test probe contacts the circuit and the circuit tested. Thereafter
      the circuit is graded and the sequence repeated, i.e., the matrix is moved
      downwardly, indexed to the next x-y position and moved vertically such
      that the tip of the test arm contacts the next chip at the proper circuit
      being tested. In this manner the entire matrix is tested and graded. When
      a second identical matrix is placed on the platform all that need be done
      is to provide the proper x-y orientation and the next matrix is ready for
      testing and grading.
PAR  The above procedure, as will be apparent, requires extremely accurate
      location and positive control of the positioning of the matrix and the
      chips making up the matrix. One of the difficulties of the prior art
      devices has been the vertical movement of the platform in that the
      vertical position thereof is quite important in an automatic testing
      sequence.
PAR  For example, if the table overtravels in moving upwards, either the probe
      arms or the matrix or both may be damaged. The result is improper testing
      and grading. Another problem which is encountered is what is termed
      "bouncing" in that the platform tends to hunt for the final vertical
      position. When this takes place, the probe arm may scratch the matrix
      causing damage to an otherwise usable circuit.
PAR  Finally some of the problems of prior devices stems from the fact that the
      vertical orientation of the platform in the raised position may vary for
      each vertical cycle of platform movement. When this takes place the
      contact pressure between the probe arm and the circuit varies from one
      test to another resulting in erronious test data and possible incorrect
      grading of acceptable circuit components.
PAR  It accordingly becomes apparent that a need exists for a chuck assembly
      which accurately positions a work platform in a precise vertical position
      and which can operate rapidly and effectively without any bouncing or
      hunting as the platform reaches the predetermined vertical position.
PAR  Additionally, there are advantages in providing such a chuck assembly in
      which the plane of the work table is maintained in a true perpendicular
      position regardless of the rotational orientation of the work table. In
      this way, the work platform is "square" with a reference axis.
PAR  It is also advantageous to provide a motor drive system which so controls
      movement of the platform as to prevent hunting and minimize bouncing while
      offering positive control of platform vertical position.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an improved chuck assembly for use in testing and
      grading integrated circuit components and more particularly to an improved
      high speed precision chuck assembly which permits rotation of a work
      platform while maintaining the same in a predetermined perpendicular
      relationship to a reference axis, and wherein the chuck assembly is driven
      by a motor in a controlled manner to a predetermined vertical position.
PAR  In accordance with the present invention, an improved chuck assembly is
      provided for use in a system for testing and grading integrated circuit
      components. In such a system, a wafer containing multiple circuit
      components is supported on a plaform which is indexed in an x-y coordinate
      manner and then moved vertically to a test position wherein one or more
      probe assemblies test preselected portions of the circuit components.
PAR  The chuck assembly, which forms the improvement in the above system,
      includes a platform or work table which supports the wafer, the platform
      being movable vertically along the predetermined reference axis between a
      lowered position and a predetermined upper position which constitutes the
      test position. The platform is supported within a housing which includes a
      bore, the center of the bore forming the predetermined reference axis as
      to which all other planes are referenced. Received within the bore is a
      vertically movable chuck having a spool arrangement at the lower end
      thereof, the chuck being rotatable within the bore as well as being
      movable axially within the bore.
PAR  A multiphase stepping motor having a sinusoidal speed charateristic is used
      as the principal power source, the shaft of the motor having affixed at
      one end thereof a bearing-eccentric arrangement which is received within
      the spool of the chuck. To the other end of the motor shaft there is
      affixed a shutter assembly which cooperates with optical limit switches,
      the latter being in predetermined orientation with the eccentric thereby
      providing information with respect to the position of the platform and
      controlling the operation of the motor stepping sequence as the platform
      approaches the predetermined vertical test position. In effect, the
      optical limit switches and the motor phase provide information indicating
      the position of the platform either in the raised or lower position. The
      motor assembly is of such a type that it gradually increases to a maximum
      speed and then uniformly decreases speed to a stop position. This type of
      motor assembly operation, in cooperation with the bearing-eccentric
      arrangement provides a chuck system which rapidly approaches the
      predetermined reference test position, uniformly decelerates by virtue of
      bearing-eccentric and comes to a stop without any hunting effecting the
      top reference position of the table.
PAR  Also included in the chuck assembly is an arrangement for rotating the work
      table in a precise controlled fashion for proper orientation of a matrix
      in the proper x-y coordinate relationship.
PAR  The chuck assembly also includes a system for electrically grounding the
      components thereof so as not to interfere with the electrical testing of
      the wafer, as well as a vacuum system for creating a pressure differential
      which maintains the wafer firmly positioned on the surface of the work
      table.
PAR  It will be apparent to those skilled in the art that the apparatus of the
      present invention is not to be considered to be limited to the specific
      constructions illustrated and described herein. Rather, the specific
      construction shown and described herein is illustrative of a preferred
      form of the present invention, and other embodiments and modifications
      will become apparent to those skilled in the art upon reading the
      following detailed description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a somewhat diagrammatic plan view of a platform and probe
      assemblies and a matrix on the platform, in accordance with the present
      invention;
PAR  FIG. 2 is a plan view showing the platform and the assembly for rotating
      the platform about the reference axis in accordance with the present
      invention;
PAR  FIG. 3 is a side view, in elevation, as seen from the bottom of FIG. 2 of
      the platform and chuck assembly in accordance with the present invention;
PAR  FIG. 4 is a view, partly in section and partly in elevation as seen from
      the top of FIG. 2 of the platform and chuck assembly in accordance with
      the present invention;
PAR  FIG. 5 is a view partly in section and partly in elevation taken along the
      line 5--5 of FIG. 3;
PAR  FIG. 6 is a view partly in section and partly in elevation for the
      rotational adjustment assembly in accordance with the present invention;
PAR  FIG. 7 is a view inside elevation of the gear assembly for use with the
      rotational assembly in accordance with the present invention; and
PAR  FIG. 8 is a plan view of the gear assembly illustrated in FIG. 7.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings which illustrate an exemplary form of a preferred
      embodiment of the present invention, FIG. 1 shows an assembly 10 for
      testing integrated circuit components. A support ring 11 is mounted
      vertically above a generally circular platform 13 the latter being
      positioned within the central opening 14 provided in the interior of the
      ring 11 as shown. Thus, the platform 13 whose orientation in a horizontal
      plane is accurately controlled, may be moved vertically without
      interference from the ring 11.
PAR  Platform 13 functions as a work table upon which may be mounted a wafer
      generally indicated 15, the latter formed with a grid pattern on its upper
      surface, that is, avenues and streets, the space between each grid, one of
      which is illustrated at 17, is provided with a micro-circuit of any
      desired type, formed by means well known in the art.
PAR  The work table 13 is normally moved in a direction parallel to the
      vertically oriented columns of the wafer and parallel to the horizontally
      oriented rows of the wafer in a step-by-step indexing movement which is
      precise and accurate. Thus, each of the integrated circuit components
      illustrated for example at 17, may be located in a predetermined relative
      position such that each micro-circuit may be brought into position beneath
      the test probes supported by the ring. After proper orientation in an x-y
      direction, the work table is moved vertically upwardly in order to bring
      the wafer in and out of vertical alignment with probe assemblies 20, one
      of or more of which may be arranged radially with respect to the platform
      and supported by the ring 11.
PAR  As illustrated, each test probe assembly includes a cooperating probe test
      unit 21 which makes contact with a predetermined selected component of the
      integrated circuit chip within a particular grid space.
PAR  Accordingly, it becomes apparent that precise, accurate control of the
      position of the platform with respect to the prealigned test probe
      assemblies is needed in order to make proper contact with the particular
      circuit being tested.
PAR  Referring to FIG. 2, the work table 13 includes a plurality of apertures 23
      which form part of a vacuum system for holding the wafer in position on
      the surface of the table 13. By way of explanation, if it is assumed that
      a wafer is positioned such that the avenue and streets thereof are in the
      orientation indicated by the solid lines 25a and 25b, it becomes apparent
      that the work table must be turned to provide the proper x-y orientation
      for subsequent x-y indexing thereof. The rotational orientation of the
      work table is achieved through a theta rotating mechanism 26 whose
      function is to rotate the work table until the streets and avenues of the
      matrix are aligned in the relative position indicated as 27a and 27b.
PAR  The theta indexing mechanism basically includes a knob 29 which operates a
      gear positioned within the housing 30, the details of which will be
      described.
PAR  Referring to FIGS. 3-5, wherein like reference numerals have been used
      where applicable, the chuck assembly 35 for moving the work table 13
      includes a housing 36 which is supported by a substage assembly, not
      shown. The housing is mounted on the substage assembly by three bolts
      which pass through bolt holes 38 located at 120.degree. intervals around
      the lower portion of the housing. The bolts are used with insulating
      bushings in order to insulate electrically the housing from the substage
      assembly on which it is mounted. Bolted to the housing, as indicated, is a
      cover assembly 39 the latter acting as a pan for catching parts which may
      inadvertently be freed from the platform 13.
PAR  The housing 36 includes a bore 40 which receives a hollow stem section 42
      formed integrally with the platform, the stem assembly 42 and platform
      being referred to as the chuck plate. The center axis 43 of the bore of
      the housing 36 forms the reference axis as to which all other parts are
      oriented. Thus, the center axis defines the position of the plane of the
      work table surface which must be maintained in perpendicular position with
      respective to the axis 43 in all rotational orientations of the work
      table.
PAR  Supporting the chuck plate within the bore are a pair of spaced bushings 46
      and 47, the bushing being an oil filled sintered bronze bushing whose
      supply of oil is provided by an oil pad 48. The bronze bushings support
      the shaft 42 of the chuck plate such that there is little play in the
      rotational or axial movement of the shaft with respect to the housing.
PAR  Positioned in the lower portion of the bore 40 is a spool assembly
      generally designated 50, the spool assembly including an upper flange 51
      and a spaced lower flange 52.
PAR  Located between the flanges 51 and 52 of the spool assembly 50 is a spool
      shaft 54, the flanges being formed integrally with the shaft, a portion of
      which 56 received within a bearing assembly 57 supported by a vacuum
      insert 60. The upper portion 62 of the shaft is affixed to the shaft of
      the chuck plate, as indicated.
PAR  Surrounding the lower portion 56 of the shaft 54 and disposed on the
      underside of flange 52 is a washer 65, preferably of electrically
      conductive material such as beryllium-copper and affixed to the spool
      assembly by an electrically conductive epoxy cement.
PAR  The vacuum insert 60 includes the generally annular cavity 67
      concentrically disposed with respect to the lower portion 56 of the shaft,
      the cavity 67 receiving a spring element 69 which contacts the conductive
      washer 65 and which includes an output lead 71 for grounding the chuck
      plate. Received within a groove 72 in the vacuum insert is a seal element
      74 which engages the lower portion of the shaft 56 in sealing relationship
      therewith. Oil pads 75 are supported by the bearing 57 to supply oil for
      lubrication.
PAR  The shaft 54 of the spool assembly 50 is hollow on the interior and
      communicates with a chamber 76 formed in the interior of the chuck plate
      shaft, the latter communicating with the vacuum passages formed in the
      table 13 for providing a pressure differential which operates to hold a
      matrix in position on the platform 13.
PAR  As shown in FIG. 5, the lower end 56 of the shaft terminates short of the
      bottom 78 of the bore formed in the vacuum insert, to form a small chamber
      79 therein, a vacuum hose 80 (FIGS. 3 and 4) being mounted in
      communication with the chambers 79 for the purpose of drawing a vacuum
      through the chamber 79, through the hollow portion of the shaft 54, and
      chamber 76 to the vacuum passages formed in the work platform 13, as
      described.
PAR  Mounted on one side of the housing is an optical motor assembly generally
      indicated 90, the latter being of the multiphase stepping variety having a
      speed characteristic which brings about sinusoidal vertical speed in
      movement of the chuck assembly. Attached to one end 91 of the motor shaft
      is a bearing-eccentric assembly 95 received within the spaced flanges 51
      and 52 of the spool assembly 50. The bearing-eccentric assembly 95
      includes a bearing element 96 in contact with each of the upper and lower
      flanges of the spool assembly, the bearing being a circular shielded ball
      bearing. Received within the circular bearing and affixed to the end 91 of
      the motor shaft is an eccentric member 98, the latter free to rotate
      within the bearing but affixed securely to the shaft.
PAR  Mounted to the end wall 100 of the motor 90 are a pair of optical limit
      switches 105a and 105b, the end 107 of the motor shaft carrying a shutter
      element 110 (FIG. 4).
PAR  As seen in FIG. 4, optical limit switches 105a and 105b are disposed in an
      angular orientation related to the amount of rotation of the motor shaft
      and thus the position of the eccentric and the vertical position of the
      platform. Thus, the position of the optical limit switch 105a represents
      the upper vertical position of the chuck plate assembly, while the
      position of optical limit switch 105b represents the lower vertical
      position of the chuck plate assembly. As the shaft rotates to effect
      vertical movement of the chuck plate assembly, the shutter 110 which is
      securely fastened to the shaft, rotates with the shaft between the optical
      switches 105b and 105a.
PAR  In the form illustrated in FIGS. 3-5, the motor shaft turns approximately
      90.degree., thereby effecting movement of the chuck plate assembly from a
      lowered position to a raised position, or from a raised position to a
      lowered position depending upon the direction of rotation of the motor
      shaft. As the motor rotates the shaft, the eccentric 98 rotates bringing
      about vertical movement of the spool assembly along the reference axis
      through the bearing 96.
PAR  Also mounted on the housing 36, generally opposite the motor assembly 90 is
      a travel-stop assembly generally indicated 115. As shown in FIGS. 3 and 5,
      the travel stop 115 is mounted on the housing 36 by 2 bolts 116 and 117,
      the housing being provided with an oblong aperture 118, the stop plate 119
      having oblong apertures therein through which the bolts 116 and 117 pass.
      Extending inwardly from the plate 119 is a stop element 120, the stop
      element bearing against the lower flange 52 of the spool assembly when the
      spool assembly is in the fully raised vertical position. The relative
      position of the stop member 120 is adjusted at the factory, the travel
      stop operating to preload the spool assembly which in turn feeds back
      through the bearing-eccentric assembly into the motor shaft in order to
      eliminate the radial play in the ball bearings of the bearing element 96
      and to function as a back lash preventing system. Additionally, the travel
      stop also prevents the work platform 13 from rising vertically above the
      preselected reference plane and assists in preventing the work table from
      overshooting and then coming back down vertically, a type of jumping or
      bouncing which is sought to be avoided by the present invention. Bolts 120
      extend through the housing to secure the motor 90 thereto.
PAR  As mentioned earlier, the motor 90 is a four phase stepping motor, driven
      with two phases at a time in order to provide high torque. The total
      rotation of the motor shaft is approximately 90.degree., and the motor is
      driven through six steps, although the speed thereof is synchronous in
      character. Accordingly, assuming a two phase operation, the phases would
      be AB, BC,ACD, DA, AB, BC, CD, that sequence of phasing defining the six
      steps of motor operation to bring the chuck plate from one position to
      another, and in the sequence above described it is the chuck plate being
      raised from the lower to the fully raised position.
PAR  Thus, optical limit switch 105b is so positioned on the end of the motor
      that with the chuck plate in the full down position, shutter 110 is
      beneath the optical switch 105b, and the motor has started the phase
      relationship AB. As the motor continues through its phased relationship,
      BC, CD, DA, AB, the motor shaft rotates carrying the shutter 107 to the
      leading edge of optical limit switch 105a. As the motor reaches step six,
      between the BC, CD phases, the shutter approaches the optical limit switch
      105a, indicating to the motor control circuitry that the full vertical
      position of the chuck plate in the upper vertical reference position has
      been reached. Thus, the motor control circuitry by virtue of knowing the
      phases involved in motor operation and the position of the motor shaft
      accurately controls stopping of motor operation as the platform reaches
      the preselected vertical position. As was mentioned previously, the speed
      characteristic of the motor is synchronous in nature, and therefore, as
      the chuck plate approaches the upper vertical position the speed of the
      chuck plate is uniformly decreased and finally stopped at the sixth step
      of motor operation.
PAR  The motor operation is such that its speed gradually increases to a maximum
      and then maintains its speed until it stops. Such a motor operation in
      cooperation with the bearing-eccentric arrangement assures that the chuck
      plate is moved vertically in a rapid fashion but decelerating in a
      sinusoidal manner while reaching the upper position. By way of example
      90.degree. movement of the motor shaft operates to move the chuck plate
      assembly approximately 17 mils in vertical direction. Accordingly, it will
      be appreciated that the control of the motion of the chuck plate must be
      accurate in order to position the platform in the proper vertical
      reference plane.
PAR  By way of additional explanation of the operation of the improved chuck
      assembly of the present invention, it will be appreciated that the use of
      a roller bearing and spool assembly permits rotation of the table
      continuously a full 360.degree.. Regardless of the orientation of the work
      table, the bearing-eccentric is always in a position to drive the spool in
      a vertical direction and all play of the chuck assembly is eliminated by
      controlling the tolerances and preloading the components through the use
      of the stop-travel assembly which bears against the lower flange of the
      spool as the spool is in the upper position.
PAR  Vertical downward movement of the chuck plate assembly is essentially the
      reverse operation of that described.
PAR  One of the features of the present invention relates to the controlled
      rotation of the platform and the chuck plate to a proper x- y orientation.
PAR  Referring to FIG. 6, the theta rotation assembly 26 includes a housing 117
      having the knob 29 mounted at one end thereof, and a worm gear 121
      positioned with the housing and supported on bearings as shown. Extending
      between the worm gear 121 and the knob is a shaft 122 supported by a
      bearing 123 which is preloaded by spring 124 to avoid backlash in the
      operation. By rotating the knob 29, the worm gear 121 is rotated.
PAR  Referring to FIG. 5, the housing 36 includes an inner core member 125 on
      which is formed a shoulder 126. Received in the shoulder is a circular
      bearing 127 and a gear member 128 supported by the bearing 127. The
      bearing 126 and gear 128 are concentric with the axis of rotation of the
      chuck plate.
PAR  Referring to FIGS. 7 and 8, the external gear ring 128 which is radially
      outwardly of the bearing 127 supports a pin bearing assembly 130 which
      forms a driving connection between the gear ring and the chuck plate. The
      pin element 135 is illustrated in FIG. 4.
PAR  As illustrated in FIGS. 7 and 8, the pin 135 is supported between elements
      136, the pin being designed so as to preload the bearing, the solid end of
      the pin being received within an opening 138 formed on the underside of
      the table as illustrated in FIG. 4. Thus, as the knob 29 of the theta
      rotational adjustment assembly is turned, the worm gear is turned to
      rotate the gear ring 28 thereby carrying with it the chuck plate assembly
      and platform, the theta rotating gear assembly being fixedly mounted to
      the housing by a bolt 140, as illustrated in FIG. 4.
PAR  As is apparent from the foregoing description of the exemplary form of this
      invention, an improved chuck assembly has been provided which is accurate
      in its movement without the bouncing or hunting sometimes a factor in the
      operation of prior art devices, especially those operated by solenoids.
      Such solenoid devices tend to bounce for a few milliseconds as the
      platform reaches the vertical raised position. By this invention precise,
      accurate control of table movement is achieved by the use of a
      bearing-eccentric driving mechanism whose operation is controlled by a
      high torque motor eccentric assembly having a sinusoidal speed
      characteristic and driven in six steps using two phases of the four phase
      motor.
PAR  The movement of the chuck assembly is fast and true with respect to the
      predetermined reference axis. Moreover, the provisions of a rotatable
      chuck assembly, positionable by the theta rotational control assembly is
      significant in that the plane of the table is maintained perpendicular to
      the reference axis regardless of the rotational orientation of the table.
      Vertical movement of the table by the improved chuck assembly and motor
      drive is precise along the reference axis, regardless of the rotational
      position of the table. It is for this reason that the spool assembly is
      employed in cooperation with the bearing-eccentric assembly.
PAR  The simple construction provides a simple reliable assembly which may be
      easily grounded electrically and simplifies the pressure differential
      generating means for holding a wafer on the work table. It will be
      appreciated that the chuck assembly travel may be varied from that
      described, e.g., 34 mils which would use 12 steps and a shaft rotation of
      180.degree. in each direction. Thus, the optical limit switches are
      positioned properly to sense the position of the shaft.
PAR  In the system described, the chuck assembly moves between vertical
      positions in 10 milliseconds or less, in each direction. This short time
      period and the accuracy of motion without hunting or bouncing at or near
      the raised position are significant, practical advantages.
PAR  It will be apparent to those skilled in the art that although an exemplary
      form of the present invention has been illustrated and described, many
      changes, modifications and substitutions may be made by one having
      ordinary skill in the art without departing from the spirit and scope of
      this invention.
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STM  I claim:
NUM  1.
PAR  1. In a system for testing and grading integrated circuit components
      wherein a wafer containing multiple circuit components is supported on a
      platform which is indexed in an X-Y coordinate and then moved vertically
      to a test position wherein one or more probe assemblies test preselected
      portions of the circuit components, the improvement comprising;
PA1  platform means for supporting a wafer and movable vertically along a
      predetermined reference axis between a predetermined upper and lower
      position,
PA1  means supporting said platform for rotation about said reference axis while
      maintaining said platform perpendicular to said reference axis,
PA1  means including spool means at one end thereof mounting said platform for
      said vertical movement,
PA1  eccentric means cooperating with said spool means for effecting said
      vertical movement of said mounting means,
PA1  motor means driving said eccentric means, and
PA1  said motor means cooperating with said eccentric to provide a sinusoidal
      speed characteristic to said platform after reaching a maximum speed and
      decelerating said platform sinusoidally as said platform approaches said
      predetermined upper position.
NUM  2.
PAR  2. In a system as set forth in claim 1 further including optical limit
      switch means cooperating with said motor means for indicating the relative
      position of said platform means and for controlling said motor operation.
NUM  3.
PAR  3. In a system as set forth in claim 1 further including means cooperating
      with said platform for providing a pressure differential for holding a
      wafer on said platform.
NUM  4.
PAR  4. In a system as set forth in claim 1 wherein said supporting means
      includes means for effecting controlled rotation of said platform about
      said reference axis.
NUM  5.
PAR  5. In a system as set forth in claim 1 wherein said motor is a multiphase
      stepping motor, said system further including optical limit switch means
      cooperating with said motor means and operative to de-energize said motor
      as said platform reaches said predetermined position.
NUM  6.
PAR  6. In a system as set forth in claim 1 wherein said spool means includes
      spaced flanges,
PA1  said eccentric means including bearing means received between said spaced
      flanges and forming a bearing surface for rotation of said spool means,
PA1  said bearing means receiving an eccentric,
PA1  said motor including an output shaft connected to drive said eccentric in a
      first direction for raising said platform and in a second direction for
      lowering said platform.
NUM  7.
PAR  7. In a system as set forth in claim 6 further including optical limit
      switch means cooperating with said motor means,
PA1  shutter means connected to said shaft and in predetermined orientation with
      said eccentric and cooperating with said optical limit switch means for
      indicating the angular position of said motor shaft and thus the relative
      position of said platform.
NUM  8.
PAR  8. In a system as set forth in claim 7 wherein said motor is a multiphase
      stepping motor, and
PA1  said optical limit switch means being operative in response to the
      particular phase of said motor operation to control the stopping thereof.
NUM  9.
PAR  9. In a system as set forth in claim 4 wherein
PA1  said means for effecting controlled rotation of said platform includes
PA1  means mounted on said support means for effecting rotation thereof about
      said reference axis,
PA1  said last named means including gear means supported for rotation below
      said platform and means interconnecting said gear means with said
      platform, and
PA1  means to effect rotation of said gear means.
NUM  10.
PAR  10. In a system as set forth in claim 1 further including means to ground
      said platform electrically.
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ABST
PAL  A tester for a solid state voltage regulator includes two parallel branches
      available for interconnection to the two output contacts of the voltage
      regulator. The two branches both interconnect to the high voltage side of
      a battery. One of the branches includes a resistor in parallel combination
      with an indicator bulb. One of the branches includes a normally open
      switch. For use with automobile alternators having a built-in regulator,
      the tester can be connected directly to the regulator and test both the
      regulator and the alternator. When the regulator is independent of the
      alternator, it can be tested by itself by using actual rotor current
      available from an alternator used in conjunction with the tester. The
      on/off condition of the indicator bulb, when the switch and various
      contact terminals are interconnected, provides an indication of the
      effective operation of the regulator. A volt meter can be included
      integrally with the tester to provide output readings of the regulator.
BSUM
PAR  This invention relates to a tester for a voltage regulator and, more
      particularly, to a tester circuit for testing solid state voltage
      regulators and alternators as are used in automobiles.
PAC  BACKGROUND OF THE INVENTION
PAR  Standard automobiles utilize alternators in conjunction with regulators to
      charge the automobile battery and provide the necessary energy for the
      numerous electrical equipment contained within the vehicle. As additional
      electrical equipment is included in the vehicle, there are frequent
      problems arising with the electrical circuitry within the vehicle. In many
      cases, the problem is due to a defective regulator or an electrical
      problem in the alternator. It is, therefore, desirous to first be able to
      test the voltage regulator as well as the alternator to determine whether
      defects exist therein. However, it is difficult to obtain proper test
      equipment which is portable and inexpensive and which can be used either
      directly within the vehicle or on the bench in the repair shop.
      Furthermore, such testing equipment must be easy to use and provide fast
      checking since prolonged testing may damage a good regulator and
      alternator. Additionally, since at present, some alternators include
      built-in solid state regulators, it is necessary to provide a universal
      tester, which can be utilized on all types of solid state regulators,
      including those which are built-in to the alternator.
PAR  Accordingly, it is an object of the present invention to provide a tester
      for a solid state voltage regulator and alternator which avoids the
      aforementioned problems of prior art devices.
PAR  A further object of the present invention is to provide a tester for a
      solid state voltage regulator built-in to an alternator.
PAR  A further object of the present invention is to provide a tester for a
      solid state regulator and alternator which reproduces exact on-car
      conditions for testing the regulator and alternator.
PAR  Still a further object of the present invention is to provide a tester for
      a solid state voltage regulator and alternator which is easy to operate
      and quickly provides the determination of the effectiveness of the
      regulator and alternator.
PAR  Yet another object of the present invention is to provide a tester for a
      solid state voltage regulator and alternator which is inexpensive to
      manufacture and provides accurate results.
PAR  Yet a further object of the present invention is to provide a tester for a
      solid state voltage regulator and alternator which utilizes an indicator
      bulb for determination of the effectiveness of the regulator, thereby
      providing an easily readable indicator.
PAR  These and other objects, features and advantages of the invention will, in
      part, be pointed out with particularity, and will, in part, become obvious
      from the following Description of the Invention, taken in conjunction with
      the accompanying drawings, which form an integral part thereof.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention provides a tester for a solid state voltage
      regulator of the type that includes at least two output contacts. The
      tester circuitry includes two circuit branches, one of which has a
      parallel combination of a resistance means and an indicator light bulb
      means. One end of the two circuit branches are interconnected to each
      other and adapted to be connected to a voltage source. The other ends of
      the branches are respectively connected to the two output contacts of the
      voltage regulator. A switch is included in one of the circuit branches. If
      the regulator is built-in to the alternator, the field of the alternator
      will be used to provide the voltage for the regulator. If the regulator is
      independent of the alternator, actual rotor current will be provided from
      a test field of an alternator, which is sent to the voltage regulator. The
      tester circuit is enclosed within a housing, which includes floating
      contacts on the housing to which the regulator is coupled and held in
      place by clamp arrangement. An additional shorting switch, included to
      provide additional testing to the regulator, is located in a position on
      the housing to provide fail safe operation of the tester.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a schematic circuit diagram of one embodiment of the invention
      wherein the regulator is built in to an alternator.
PAR  FIG. 2 is a schematic circuit diagram of another embodiment of the
      invention wherein the regulator is independent of the alternator.
PAR  FIG. 3 is a schematic circuit diagram of a third embodiment of the
      invention providing the facility for testing external voltage control
      alternators.
PAR  FIG. 4 is a perspective illustration of the tester in accordance with one
      embodiment of the present invention.
PAR  In the various figures of the drawings, like reference characters designate
      like parts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 there is shown the tester of the present invention
      10 contained within a housing 12 and including a first circuit branch 14
      and a second circuit branch 16. Circuit branch 16 includes a resistance 18
      and parallel with an indicator light bulb 20. In a preferred embodiment of
      the present invention, the resistance 18 is a 10 ohm resistor. The first
      and second circuit branches 14 and 16 are interconnected at 22 and coupled
      to a first terminal 24. The other ends of the first and second circuit
      branches 14 and 16 are respectively connected to terminals 26 and 28. A
      switch such as a single pole single throw toggle switch 30, is serially
      interconnected into one of the circuit branches. In FIG. 1 it is shown
      serially interconnected in circuit branch 14.
PAR  The tester 10 is available for testing a solid state voltage regulator
      utilized in a vehicle and of the type which is built-in to an alternator,
      shown generally, at 32. The alternator typically includes two output
      terminals from the regulator 34 and 36. Additionally, a battery terminal
      38 is available and a ground terminal 40 is also included. The battery
      terminal 24 of the tester can either be connected directly to the vehicle
      battery or can be connected to the battery terminal 38 of the alternator.
      The terminals 26 and 28 are interconnected respectively to the output
      terminals 34 and 36 of the regulator included within the alternator. Such
      alternators including built-in solid state regulators are presently
      available from the Delco Corporation.
PAR  To test the alternator utilizing the tester as shown in FIG. 1, the
      terminals are connected, as indicated, and with the switch 30 in an open
      position, the light 20 must be off. The switch 30 is then closed and the
      light 20 should go on. With the switch 20 retained in its closed position,
      the engine or motor is started and the speed is increased. When the speed
      reaches approximately 700 RPM the indicator bulb should go out and remain
      out. The engine is then stopped and the light should again go on as the
      speed of the engine reduces to a value less than 700 RPM. When the switch
      is opened the light must again go off. Any results other than recited
      indicates that a problem exists in the alternator or in the regulator
      included therein. Furthermore, if the light flickers rather than going
      fully on or fully off, there is also provided an indication that a problem
      exists.
PAR  The above testing procedure will provide indications of the appropriate
      field continuity of the alternator as well as the field resistance and the
      field ground. It also provides a check of the internal connections through
      the regulator and the field, and indicates that the field current
      switching transistor is turned on. The tester also checks the blocking
      action of any arc suppression diode, which may be included in the
      regulator as is well known in the art.
PAR  As is well known in the art, included within the alternator is a rectifier
      and, typically, a diode bridge rectifier. If a defect exists in one of the
      positive diodes of the rectifier bridge, then there will be no light
      indication provided or an extremely low glow will exist when the switch is
      closed. Furthermore, there will be a low charging rate typically, a half a
      volt below the rated output through the regulator. If a defect exists in
      one of the negative diodes of the rectifier bridge, then a normal light
      indication will be provided. However, there will also be a low charging
      rate and after the test, when the switch is open, the light will be on. If
      a defective circuit exists in the regulator, the light remains on when the
      switch is open. During rotation, the light will go out and the charging
      rate will be normal. Results different than those expected will also
      indicate the presence of faulty diodes, intermittent connections or open
      stators and terminals.
PAR  A voltmeter 42 can be included between the positive and negative terminals
      of the battery to detect the charging of the battery and to detect
      overcharging conditions. Such a voltmeter can be integrally included
      within the housing of the tester or terminals could be provided from the
      tester to interconnect to a separate voltmeter unit.
PAR  By utilizing a light indicator bulb rather than a meter, it is easier to
      detect the proper operation of the circuitry. Additionally, the light
      serves as an indicator whereas meter damping would not, in most cases,
      indicate the fluctuating voltage. The circuit of FIG. 1 can be utilized
      either on a test bench with the alternator removed from the vehicle or,
      alternately, could be used in field testing of the alternator in the
      vehicle itself. The terminals 26 and 28 can be included into a single plug
      which is adapted to fit into the alternator and resembles the plug
      utilized in the vehicle itself. The terminal 24 can be an alligator clip
      type of plug, which can easily hook onto the battery terminal of the
      alternator.
PAR  Referring now to FIG. 2 there is shown a second embodiment to the present
      invention for testing a solid state regulator, which is separate from the
      alternator and can be tested independently thereof. Such regulators are
      available such as the Delco Remy-type voltage regulator. In this case, the
      tester reproduces exact on-car conditions to test the voltage regulator
      and simulates the conditions the regulator would normally see in the
      vehicle. The voltage regulator, shown generally at 44 includes the two
      output terminals 46 and 48 and additionally includes three internal
      contact terminals 50, 52 and 54 to which the alternator field and ground
      are usually connected. In the present embodiment, the tester includes a
      ground line 55 which is available to interconnect to terminal 54 of the
      voltage regulator and has an external terminal connection 56 which is
      connected to the negative or ground side of the voltage battery. Field
      lines 58, 60 are available to interconnect to the field contact terminals
      50, 52 of the voltage regulator and at the other end thereof coupled to
      terminal connections 62, 64 which can be connected to the field winding of
      a bench alternator used for testing. A second switch 66, typically a push
      button type switch, is interconnected between one of the field lines 60
      and the circuit branch 16. The switch 30 is in this embodiment placed in
      series with the circuit branch 14. To test the regulator utilizing the
      tester shown in FIG. 2, the battery and ground terminals 24, 56 are
      connected across the battery being utilized for testing. The field
      terminals 62, 64 are connected to the field wires of the alternator being
      used for testing purposes. The regulator is mounted to the tester such
      that the terminal 54 connects to the ground line 55, and the terminals 50,
      52 connect respectively to the field line 58, 60. The terminals 26, 28 are
      then respectively connected to the output contacts of the voltage
      regulator 46, 48.
PAR  The testing procedure for the voltage regulator is as follows: With the
      switch 30 in the open position, the indicator light 20 should remain off.
      If it comes on, the regulator is defective. The switch 30 is then closed
      and the indicator light should turn on, thereby indicating a proper
      continuity through the regulator. If the light does not come on, the
      regulator is defective. The test alternator is then started up at a
      moderate speed. With a fully charged battery, the amperage should be
      between 9 and 10 amps. The voltage should then be controlled between
      approximately 14.4 and 14.6 volts. A voltmeter would be utilized to
      measure the necessary voltage. Such a voltmeter could be included in the
      tester as shown in FIG. 1 or alternately could be a separate instrument on
      the test bench. However, an output of over 15 volts may result in
      component damage due to overheating in the alternator in which the
      regulator is normally installed. In addition, a voltage of less than 14.4
      may result in a low battery condition on the car in which the regulator is
      installed. The test alternator is then stopped and the terminal
      connections 26, 28 removed from the regulator contact 46, 48. The
      indicator light 20 should then turn off. Switch 66 is then closed. If the
      indicator light 20 goes on, the regulator is defective.
PAR  The foregoing testing procedures should take approximately 30 seconds to
      complete. Any prolonged testing of the voltage regulator may damage the
      diodes of the regulator due to overheating.
PAR  Referring now to FIG. 3, there is again shown a variation in the basic
      circuitry for use with other types of alternators. While the plugs, 24, 26
      would be available for the Delco type voltage regulator which is an
      integral part of the alternator, additional testing lines 70, 72 with
      terminals 74, 76 are provided for external voltage controlled alternator
      field bypass. The line 70, 72 are placed across the parallel combination
      of the resistor 18 and the indicator light bulb 20.
PAR  In utilizing the embodiment of FIG. 3, the indicator light bulb is normally
      off when the alternator is not running. On the other hand, when the
      alternator is charging to its maximum amount, the indicator light will
      turn on very brightly. If the light is on the alternator is not running,
      there is an indication of a defect in the alternator. On the other hand,
      if the alternator voltage is at a maximum and the light does not come on,
      again there is provided an indication that the alternator is defective. If
      the alternator voltage does not reach its maximum and the light turns on
      rather dimly, again the alternator is defective. If the alternator
      produces grinding sounds, as it is running, even though all other
      indications are normal, there is again an indication that the alternator
      is defective.
PAR  The type of terminals provided at 74, 76 would depend on the type of
      alternator being utilized for specific types of vehicles. Thus, either
      male type plugs or female plugs could be utilized or alligator clips could
      also be provided. With the embodiment shown in FIG. 3, the tester can be
      utilized with Chrysler type vehicles either with one field or with two
      fields. When the two field type of alternator is utilized, one field must
      be ground to the alternator. On Ford type alternators, the embodiment of
      FIG. 3 could also be utilized connecting one of the terminals to the field
      and one terminal to the stator connection on the alternator.
PAR  Referring now to FIG. 4, there is shown one embodiment of the housing
      retaining the circuitry shown in the embodiment of FIG. 2. The circuitry
      is included within the case 12 with the switch 30 connected to a toggle
      switch 80 and the switch 66 shown as a push button switch. The ground line
      55 is connected to a floating contact terminal 82 and the field lines 58
      and 60 are connected respectively to floating contact terminals 84 and 86.
      The free floating contact terminals are spring loaded to permit the
      voltage regulator to be depressed thereon. A clamping device shown
      generally at 88 includes a fingertip control handle 90 and a pressure arm
      92. The battery terminals 24, 56 are shown as alligator type terminals and
      the field terminals 62, 64 are shown as female type connections. The
      terminals 26, 28 are connected into a double female plug.
PAR  The voltage regulator 44 is shown positioned over the free floating
      terminals such that contact 54 will interconnect with terminal 82, contact
      50 with terminal 84 and contact 52 with terminal 86. The clamping device
      will then push down onto the voltage regulator to clamp it tight onto the
      floating contacts. The terminal plugs 26, 28 will then be connected onto
      the output contacts 46, 48 of the voltage regulator. The testing of the
      voltage regulator will then proceed in accordance with the above described
      testing procedure.
PAR  It is noted that during the course of the testing, the only time that the
      switch 66 is utilized is when the plugs, 26, 28 are removed from the
      voltage regulator. In FIG. 4, it is noted that the switch 66 is positioned
      on the housing such that when the voltage regulator 44 is clamped onto the
      floating terminals and the plugs 26, 28 are connecting the contacts 46, 48
      of the voltage regulator, the button 66 will be inaccessible since it will
      be located directly under the plug 26, 28 and slightly spaced therefrom.
      The only time that the button 66 will be available will be after the plugs
      26, 28 are removed from the voltage regulator and the button 66 is then
      accessible for closure. This provides a fail-safe testing procedure such
      that the switch 66 will not be depressed while the plugs 26, 28 are
      connected to the voltage regulator.
PAR  It is therefore seen that the above described voltage regulator tester
      provides a simple, fast and reliable testing procedure for solid state
      voltage regulators as well as the alternators as are used in vehicles. The
      device is compact and small enough to be held in the hand. Furthermore, it
      is available for testing the alternator and solid state regulators whether
      or not they are integral with the alternator or independent thereof and
      regardless of the type of vehicle from which the voltage regulator has
      been removed. Furthermore, the simplicity of the circuitry provides
      extremely low cost testing equipment. Additionally, when the regulator is
      available for testing independently of the alternator, the tester provides
      simulated rotor current to duplicate conditions which the regulator is
      normally subject to in the vehicle.
PAR  There has been described heretofore the best embodiment of the invention
      presently comtemplated. However, it is to be understood that various
      changes and modifications may be made thereto without departing from the
      spirit of the invention.
CLMS
STM  What I claim as new and desire to secure by letters Patent is:
NUM  1.
PAR  1. A tester for a solid state voltage regulator and/or associated
      alternator having two outputs, comprising:
PA1  first and second circuit branches; said first circuit branch including, in
      parallel combination, resistance means and indicator light bulb means
      continuously connected in said first circuit;
PA1  first terminal means adapted to be interconnected to a battery source;
PA1  second and third output terminal means adapted to interconnect respectively
      to said regulator output contacts;
PA1  one end of said first and second circuit branches being interconnected and
      the interconnection coupled to said first terminal means;
PA1  the other ends of said first and second circuit branches respectively being
      simultaneously coupled to said second and third output terminal means, and
      normally open switch means serially interconnected only in said second
      circuit branch.
NUM  2.
PAR  2. The tester as in claim 1 and wherein said regulator is built into an
      alternator having a battery contact and wherein said first terminal means
      is adapted to be coupled to to said battery contact.
NUM  3.
PAR  3. The tester as in claim 1 and wherein said regulator includes three
      internal contacts, and wherein said testing circuit further comprises
      first and second field lines adapted to interconnect two of said internal
      contacts to an alternator field, a ground line adapted to interconnect the
      third of said internal contacts to a ground connection, and a second
      switch means interconnecting one of said field lines to said first circuit
      branch.
NUM  4.
PAR  4. The tester as in claim 3 and further comprising housing means, said
      first and second circuit branches, said first and second field lines, and
      said ground lines all located within said housing means, both said switch
      means available externally of said housing means, and further comprising
      three floating contact means located on the outside of said housing means
      being respectively electrically connected to said field lines and said
      ground line, and clamp means located on said housing means and positioned
      to clamp the regulator onto said housing means such that said three
      internal contacts are coupled to said three floating contact means.
NUM  5.
PAR  5. The tester as in claim 4 and wherein said second switch means is
      positioned adjacent said floating contact means such that when said
      regulator is in a clamped position and said second and third terminal
      means are interconnected to said regulator output contacts, said second
      switch means is inaccessible.
NUM  6.
PAR  6. The tester as in claim 5 and wherein said second switch means is a push
      button switch.
NUM  7.
PAR  7. The tester as in claim 1 and wherein said resistance is a 10 OHM
      resistor.
NUM  8.
PAR  8. The tester as in claim 1 and wherein said switch means is a single pole,
      single throw, toggle switch.
NUM  9.
PAR  9. The tester as in claim 1 and further comprising a fourth terminal means
      adapted to be connected to the low side of the battery source, and a
      voltmeter interconnected between said first terminal means and said fourth
      terminal means.
NUM  10.
PAR  10. The tester as in claim 1 and further comprising fourth and fifth
      terminal means connected in parallel across said resistance means for
      interconnection to an alternator having an external voltage control means.
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ABST
PAL  A method of measuring the duration of a discontinuous signal, which
      consists of groups of pulses with the duration of the gap between
      individual pulses in the same group being smaller then the time between
      groups, includes the steps of starting a time-measuring device at the time
      of arrival of the leading edge of the first pulse in the group whose
      duration is to be measured, copying the measured value from the
      time-measuring device without stopping that time-measuring device whenever
      signal gaps occur, storing each successive measured value until a timer
      examining the signal gaps determines that no signals have occurred for a
      preselected time, and displaying the measured value of the time copied
      from the time-measuring device at the last instant that the pulsating
      signal was present.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to methods of measuring electrical signals
      and more particularly to a method of measuring the duration of a
      discontinuous signal which consists of a group of pulses with the duration
      of the gap between individual pulses in the same group being smaller than
      the time between groups.
PAR  2. Description of the Prior Art
PAR  In some electronic instruments, it is necessary to measure the time during
      which a discontinuous signal is present. If the signal contains gaps which
      should be ignored in the time-duration measurement, then problems arise
      which are not solved by standard prior-art devices for simply measuring
      time intervals.
PAR  Consider the case, for example, where the input signal has been converted
      to digital form and is composed of groups of pulses, with the separation
      between individual pulses in the same group being distinctly smaller than
      the separation between pulse groups. In this case, it is desired to
      measure the time during which the pulse group is present, starting at the
      leading edge of the first pulse and ending at the trailing edge of the
      last pulse within the same group, without regard to the relatively small
      gaps between the individual pulses within that group.
PAR  One method for measuring this time interval is to pass the discontinuous
      input pulse through an analog filter with a response time which is
      sufficiently slow so that a subsequent discriminator does not detect the
      pulse gaps. Then the width of the discriminator output pulse, which
      becomes a smoothed version of the original discontinuous input signal, can
      be measured by well-known techniques.
PAR  However, the required response time of the analog filter depends upon the
      duration of the gaps between the pulses in the same pulse group. If these
      gaps are variable, then the filter response time must often be repeatedly
      adjusted to compensate for this variation. Furthermore, in the event that
      the total width of the pulse group is not much larger than the largest gap
      between the pulses within the same group, then the response of the analog
      filter must become comparable to the duration of the pulse group itself.
      In that case the analog filter may introduce time-delay errors which are
      intolerably large.
PAR  A second common method for handling discontinuous signals of this nature is
      applicable whenever the pulses within the same pulse group always occur at
      a known periodic rate. In that case one may simply count the number of
      pulses present in a given group and compute the time duration of the group
      from the known pulse period. However, in the general case where the pulses
      are not periodic or the pulse period is unknown, this method cannot be
      used.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a method of measuring the duration of such a
      discontinuous signal by starting the operation of a time-measuring device
      at the time of arrival of the leading edge of the first pulse in the pulse
      group whose duration is to be measured, and by copying into an output
      register the measured time duration from the time-measuring device
      whenever a gap between pulses occurs. When a timer examining the duration
      of the gaps between pulses determines that no new pulses have occurred for
      a preselected time after a gap began, the time-measuring device is
      stopped, and the last duration measurement stored in the output register
      is available for display.
PAR  It is an object of this invention to provide an improved method and
      apparatus for the measurement of the duration of a discontinuous signal
      containing groups of pulses, measuring said duration from the time at
      which the first pulse of a group appears until the end of the last pulse
      within that same pulse group.
PAR  It is another object of this invention to provide an improved method and
      apparatus for the measurement of the duration of the discontinuous signal
      produced by a device for monitoring the beam generated by x-ray machines
      for the purpose of determining the duration of a burst of x-rays.
PAR  It is a further object of this invention to provide an improved method and
      apparatus for the measurement of the duration of a signal from an
      x-ray-detecting device so that the signal duration is correctly determined
      without regard to whether the x-ray-tube power supply is of the half-wave,
      full-wave, three-phase or dc type.
PAR  It is a further object of this invention to provide an improved method and
      apparatus for the measurement of the duration of a signal from an
      x-ray-detecting device so that measurements of signal durations from a
      minimum of 1 millisecond up to and exceeding 100 seconds may be made
      without adjustments and with high accuracy.
PAR  The preferred embodiment of this invention utilizes digital techniques to
      achieve accuracy, reliability and simplicity.
PAR  For a more complete understanding of the present invention, reference is
      made to the following description taken in connection with the
      accompanying drawings in which preferred embodiments of the invention are
      illustrated, the scope of the invention being pointed out and contained in
      the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a block diagram of the measurement system utilizing the
      features of the present invention.
PAR  FIG. 2 shows a timing diagram illustrating a discontinuous signal and the
      signals within the block diagram of FIG. 1 in order to illustrate the
      operating principle of the system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The diagram of FIG. 1 illustrates a particular embodiment of the invention,
      one that is used to measure the width of x-ray pulses from diagnostic
      x-ray machines that employ unfiltered full-wave or half-wave power
      supplies that produce 120 or 60 pulsations per second during the time the
      x-ray machine is producing an x-ray burst. In this embodiment, a device,
      which is not a part of this invention, detects the presence of these x
      rays and generates the digital INPUT SIGNAL shown in FIG. 1. The 1 state
      of this signal signifies that the x-ray intensity exceeds a preset
      threshold.
PAR  The operation of the circuit is based upon the functions of the five blocks
      illustrated in FIG. 1. The functions of each block are first described,
      and then the sequence of events that occur when a pulsating signal is
      applied to the system is presented. All signals depicted are considered to
      be digital in nature; thus they are either logic 1 or logic 0 and only
      briefly are they of any intermediate value.
PAR  The block depicting timer 10 operates on two signals, RESET/RUN and the
      time signal 100 Hz, and produces the signal PULSE-END at its output. If
      the RESET/RUN signal is at a logic 1, then the timer 10 is held in a first
      state and the PULSE-END signal is at a logic 0. When the RESET/RUN signal
      becomes logic 0, the timer runs until four 100-Hz signals have occurred,
      after which the PULSE-END signal becomes a logic 1 and the timer 10 waits
      in a second state, disregarding all subsequent 100-Hz input signals. It is
      evident that the circuit of FIG. 1 may be made to assume other values of
      time delay by changing the frequency of the 100-Hz input, or by making
      modifications to the design of the timer 10 to count more or fewer pulses.
      The timer 10 may be any one of a multiplicity of time-delay circuits
      commonly known to those skilled in the art.
PAR  The block depicting F/F 12 is a simple set-reset bistable element producing
      the RUN signal. If a logic 1 is applied to the SET input, then the RUN
      output will become a logic 1. If the RESET input is maintained at a logic
      0, then the SET input may return to logic 0, and the RUN output will
      remain at logic 1. When a logic 1 is applied to the RESET input and there
      is logic 0 at the SET input, then the RUN output becomes a logic 0 and
      remains logic 0 until a logic 1 is applied to the SET input.
PAR  The time-measuring device is depicted as the block labeled counter 14.
      Counter 14 is a digital counting circuit that counts 10-kHz pulses
      whenever the RUN input is a logic 1 provided that the RESET input is a
      logic 0. The number in the counter 14 is forced to a value of zero
      whenever a logic 1 is applied to the RESET input without regard to the
      signals applied to the RUN and 10-kHz inputs. The number in the counter 14
      is presented to the output register 16 as it accumulates in the form of 24
      signals representing a six-digit binary-coded decimal number representing
      up to 99.9999 seconds. This method of counting and storing pulses is
      commonly used by those skilled in the art. Other types of counting
      techniques, providing different ranges of time intervals, fewer or more
      digits, and non-electrical timing, could be used.
PAR  The output register 16 stores the input signals it receives from counter 14
      and presents these signals to the display 18. As long as the COPY/HOLD
      signal is a logic 1, the outputs and inputs of output register 16
      represent the time measurement in counter 14. When the COPY/HOLD signal
      becomes a logic 0, then the outputs from output register 16 remain fixed
      at the values corresponding the time measurement present just prior to the
      logic-1-to-logic-0 transition of the COPY/HOLD signal. The display 18
      provides a visible indication of the number stored in the output register
      16.
PAR  The cooperation of these blocks to produce the desired measurement may be
      understood by reference to FIG. 2 and to the following description. Assume
      that initially no pulses have been detected for approximately 100 ms. Then
      the signals will be as shown to the left of event 1 in FIG. 2. The
      PULSE-END signal will be logic 1, holding the counter 14 reset. Now
      consider event 1, where the INPUT SIGNAL becomes a logic 1. This resets
      the timer 10, causing PULSE-END to be a logic 0, and allowing the counter
      14 to start accumulating time pulses at a 10-kHz rate. At event 2, the
      input signal becomes a logic 0. This causes the timer 10 to begin timing
      its 35-ms delay period, holds stored the time count corresponding to the
      interval from 1 to 2 in the output register 16, but does not stop the
      counter 14 from accumulating 10-kHz clock pulses. At event 3 where it has
      been assumed that the pulse gap from events 2 to 3 is less than the 35-ms
      delay period of timer 10, the output register 16 again begins copying the
      counter 14 value, and the timer 10 is reset back to zero. At event 4, the
      timer 10 again starts its delay while the output register 16 stores the
      time count representing the event 1 to event 4 interval. This process
      continues in this manner until 35 ms after event 10. At event 10, the
      output register 16 contains the time count representing the interval from
      event 1 to event 10. If, as shown, after 35 ms no further pulses have
      occurred, the system will stop counting time but will retain the output
      value in the storage register 16 for display by 18 or for other use. It
      should be evident from this discussion that the timer 10 does not affect
      the measured value of the signal duration because it only is used to
      recognize when the discontinuous signal has ended, and thus timer 10 may
      be adjusted to any value so long as this value exceeds the maximum
      discontinuity or signal gap in the INPUT SIGNAL. For the specific
      embodiment presented here, a value of 35 ms is chosen to accommodate
      discontinuities representative of 50-Hz, 60-Hz, 100-Hz, 120-Hz, 150-Hz,
      and 180-Hz power systems that may be encountered in x-ray-tube
      measurements. It should also be evident that the system functions properly
      with continuous signals containing no gaps as well as with discontinuous
      signals.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. For use in an electrical circuit, a method of measuring the duration of
      a discontinuous signal, which consists of groups of pulses with the
      duration of the gap between individual pulses in the same group being
      smaller than the time between groups, comprising the steps of:
PA1  a. starting the operation of a time-measuring device at the time of arrival
      of the leading edge of the first pulse in the pulse group whose duration
      is to be measured;
PA1  b. copying the measured value from the time-measuring device, without
      stopping the time-measuring device, at the time of arrival of the trailing
      edge of the first pulse in the pulse group whose duration is to be
      measured; and
PA1  c. storing the copied measured value from the time-measuring device during
      gaps in the discontinuous signal.
NUM  2.
PAR  2. The method of claim 1, above, further comprising the additional step of
      displaying the stored copied measured value as an indication of the
      measured duration of the discontinuous signal.
NUM  3.
PAR  3. The method of claim 1, above, further comprising the additional steps of
      examining the discontinuous signal to determine whether any signal has
      occurred for a preselected time interval, and stopping the time-measuring
      device only after determining that no signals have occurred for a
      preselected time interval.
NUM  4.
PAR  4. The method of claim 3, above, further comprising the additional step of
      displaying the stored copied measured value as an indication of the
      measured duration of the discontinuous signal.
NUM  5.
PAR  5. For use in an electrical circuit, a method of measuring the duration of
      a discontinuous signal, which consists of groups of pulses with the
      duration of the gap between individual pulses in the same group being
      smaller than the time between groups, comprising the steps of:
PA1  a. starting the operation of a digital counter to accumulate periodic clock
      signals at the time of arrival of the leading edge of the first pulse in
      the pulse group whose duration is to be measured;
PA1  b. copying the number of clock signals contained in the digital counter
      only when the applied discontinuous signal is present; and
PA1  c. storing the copied number of clock signals in a register during gaps in
      the signal.
NUM  6.
PAR  6. The method of claim 5, above, further comprising the additional step of
      displaying the stored copied number as an indication of the measured
      duration of the discontinuous signal.
NUM  7.
PAR  7. The method of claim 5, above, further comprising the additional steps of
      examining the discontinuous signal to determine whether any signal has
      occurred for a preselected time interval, and stopping the time-measuring
      device after determining that no signals have occurred for a preselected
      time interval.
NUM  8.
PAR  8. The method of claim 7, above, further comprising the additional step of
      displaying the stored copied number of clock signals as an indication of
      the measured duration of the discontinuous signal.
NUM  9.
PAR  9. For use in an electrical circuit, a method of measuring the duration of
      a discontinuous signal, which consists of groups of pulses with the
      duration of the gap between individual pulses in the same group being
      smaller than the time between groups comprising the steps of:
PA1  a. starting accumulation of 10-kHz clock pulses in a 6-digit decimal
      counter at the time of arrival of the leading edge of the first pulse in
      the pulse group whose duration is to be measured;
PA1  b. copying the 6-digit decimal number from the counter in a register
      separate from the counter as long as the signal is present;
PA1  c. storing the number present in the register at the beginning of each
      signal gap throughout the duration of the gap;
PA1  d. operating a preselected time interval timer whenever a signal gap
      occurs; and
PA1  e. ending the duration measurement when the timer determines that the
      signal gap duration exceeds the preselected time interval.
NUM  10.
PAR  10. The method of claim 9, above, further comprising the additional step of
      displaying the stored decimal number as an indication of the measured
      duration of a discontinuous signal.
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PAL  An FM receiver having a signal transmission capability includes an FM
      signal receiving circuit including a local oscillator and an FM detector
      for receiving an FM signal and for demodulating the received signal to
      derive an audio signal therefrom. A frequency controller is responsive to
      a control signal for controlling the oscillating frequency of the local
      oscillator of the FM signal receiving circuit. A portion of the signal
      produced by the FM detector as well as a signal to be transmitted by the
      FM receiver are supplied to a first switch, the first switch being adapted
      to apply either of the signals supplied thereto to the frequency
      controller as a control signal therefor. A second switch is selectively
      operable to turn the control signal on or off.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an FM receiver and, in particular, to an FM
      receiver that has a signal transmission capability.
PAR  In an FM receiver, a leakage portion of the local oscillating signal
      generated by the receiver local oscillator may be radiated from the
      receiver antenna as a spurious wave. Generally, this spurious wave
      radiation can be exploited for signal transmission by modulating the
      frequency of the local oscillator with an external signal. For example,
      the FM receiver can be used as an FM transmitter by modulating the local
      oscillator signal with an audio information signal.
PAR  FM receivers having automatic frequency control circuits (AFC) are known.
      Such AFC circuits control the frequency of the local oscillator and the FM
      receiver incorporating such circuits usually includes an AFC switch for
      the selective utilization of this feature. If it is desired to provide
      such an FM receiver with a signal transmission capability, it is necessary
      generally to include two more manually operable switches. One of these
      additional switches is used to change the FM receiver from a signal
      receiving mode to a signal transmitting mode and, of course, to the signal
      receiving mode. The other additional switch is used to turn off the
      transmitted signal, as by preventing the local oscillator from being
      modulated by the audio signal to be transmitted. However, where the
      limitation of space is a primary factor in the construction of such FM
      receivers, and in particular where the FM receiver is combined with a
      magnetic tape cassette recording/playback device, the use of three
      manually operable switches requires a significant portion of available
      space. In addition, the use of such three switches tends to increase the
      cost of production of the FM receiver.
PAC  OBJECTS OF THE INVENTION
PAR  Therefore, it is an object of the present invention to provide an improved
      FM receiver having a signal transmission capability.
PAR  It is another object of this invention to provide an FM receiver having a
      signal transmission capability which overcomes the problems heretofore
      found in the prior art devices.
PAR  It is yet another object of this invention to provide an FM receiver having
      a signal transmission capability that readily admits of compact
      construction and that is relatively inexpensive to manufacture.
PAR  A still further object of the present invention is to provide an FM
      receiver having a signal transmission capability wherein the number of
      manually operable selecting switches is significantly reduced in
      comparison with the number of switches heretofore used by the prior art
      devices.
PAR  Another object of this invention is to provide an FM receiver having a
      signal transmission capability that is of relatively simple circuit
      construction.
PAR  Various other objects and advantages of the invention will become apparent
      from the ensuing description and the novel features will be particularly
      pointed out in the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an FM receiver having a signal
      transmission capability is provided including an FM signal receiving
      circuit including a local oscillator and an FM detector for receiving and
      demodulating an FM signal to derive an audio signal therefrom; a frequency
      controlling circuit coupled to the local oscillator and responsive  to a
      control signal applied thereto for controlling the oscillating frequency
      of the local oscillator; a first switch for selectively supplying a
      portion of the signal produced by the FM detector or a signal to be
      transmitted by the FM receiver to the frequency controlling means as a
      control signal therefor; and a second switch for selectively turning the
      control signal on or off.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The following detailed description of the present invention will be
      particularly understood when read in conjunction with the accompanying
      drawing in which the FIGURE illustrates a circuit diagram in partial block
      form and partial schematic form of an FM receiver in accordance with the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF A CERTAIN PREFERRED EMBODIMENT
PAR  Referring now to the drawing, the FM receiver 1 of the present invention is
      seen to comprise an antenna 2, a conventional FM signal processing circuit
      including a radio frequency amplifier 3, a mixer 4, an intermediate
      frequency amplifier 5, a limiter 6 and an FM detector 7. Also shown is a
      frequency controlling circuit including a variable capacitance diode 10, a
      first manually operable selecting switch SW1, and a second manually
      operable selecting switch SW2. Still further, a source of audio signals 14
      is depicted. The conventional FM signal processing circuit is comprised of
      a series circuit adapted to demodulate the FM signals received at the
      antenna 2 to thereby derive an audio frequency information signal at an
      output terminal 8. Accordingly, as is well known, the radio frequency
      amplifier 3 is connected to the antenna 2 and includes an output terminal
      connected to the mixer 4. The mixer is adapted to generate an intermediate
      frequency signal that is related to the received FM signal in accordance
      with a local oscillator signal that is supplied thereto by the local
      oscillator 9. The output of the mixer 4 is coupled to the intermediate
      frequency amplifier 5 which, in turn, is connected by the limiter 6 to the
      FM detector 7. The FM detector is conventional in nature and supplies the
      output terminal 8 with the derived audio frequency information signal.
      Although not shown herein, it is recognized that the detected output
      signal obtained at the output terminal 8 is supplied through an audio
      frequency amplifier to a conventional sound transducer, such as a loud
      speaker system, to thus reproduce sound in response to the detected output
      signal.
PAR  The local oscillator 9 is a conventional variable frequency local
      oscillating circuit including a resonance circuit (not shown). The
      variable capacitance diode 10, connected to the local oscillator 9, is
      preferably connected in parallel with the resonance circuit of the
      oscillator. It is recognized that a variable capacitance diode admits of a
      capacitative reactance that is a function of a control signal applied
      thereto. As the magnitude of the control signal varies, the capacitative
      reactance exhibited by the variable capitance diode also varies.
      Consequently, since this diode is connected to the resonance circuit of
      the local oscillator 9, it is appreciated that the effective reactance of
      the oscillator varies in response to the alteration of the capacitative
      reactance of the diode 10. In an alternative embodiment, the variable
      capacitance diode 10 is replaced by other conventional variable reactance
      elements.
PAR  The variable capacitance diode 10 is coupled to the first manually operable
      switch SW1 via low-pass filter 11. Accordingly, a control signal that is
      supplied to the variable capacitance diode from the switch SW1 is
      subjected to a filtering operation by the low-pass filter which,
      preferably, is comprised of a series resistor 11a and a shunt capacitor
      11b. The switch SW1 is comprised of a contact b connected to the low-pass
      filter 11 and includes further contacts a and c. In the illustrated
      embodiment, a movable contact armature d is adapted to selectively connect
      the contact b with either contact a or contact c. Accordingly, the movable
      armature d may comprise a slidable arm having a dimension that engages the
      contact b with only one of the contacts a or c in accordance with the
      position of the slidable arm. In an alternative embodiment, the contact b
      is connected to a movable contact, such as a pivotal switch arm adapted to
      engage the contact a in a first position and the contact c in a second
      position. Various other switching devices exhibiting this single
      poledouble throw feature can be used.
PAR  The contact c of the switch SW1 is connected to the FM detector 7 via a
      low-pass filter 12. This filter is similar to the aforenoted filter 11 and
      comprises a series resistor 12a and a shunt capacitor 12b. The contact a
      of the switch SW1 is connected to a terminal t. This terminal is adapted
      to supply signals to be transmitted by the FM receiver, such as audio
      signals, or the like. In one embodiment of this invention, the terminal t
      comprises an output terminal of a magnetic tape recording/playback device
      14. As illustrated, signals recorded on the magnetic tape 16 are
      reproduced by a reproducing head 15 and amplified by an audio signal
      amplifier 17. These amplified signals are then supplied to the output
      terminal t from which they are adapted to be applied to the switch SW1. In
      an alternative embodiment, the audio signals supplied to the terminal t
      are derived from a microphone. Of course, various other signal generating
      devices may be used to supply the terminal t with suitable signals to be
      transmitted by the FM receiver 1.
PAR  The second manually operable switch SW2 is substantially similar to the
      aforedescribed switch SW1 and includes a contact b connected in common to
      the contact b of the switch SW1 and to the low-pass filter 11. The switch
      SW2 further includes another contact a adapted to be supplied with a
      reference potential, such as ground, and a further contact c. As
      illustrated, the further contact c is adapted to be electrically isolated
      and is here illustrated as not being electrically connected to further
      apparatus. A movable armature d is included in the switch SW2 to
      selectively connect the contact b with either the contact a or the contact
      c. As is recognized, the illustrated embodiment of the switch SW2 can be
      replaced by other embodiments of switches such as those described
      hereinabove with respect to the switch SW1.
PAR  The operation of the illustrated FM receiver will now be described. Let it
      first be assumed that an operator desires to utilize the signal
      transmission capability of the FM receiver. Accordingly, to establish the
      signal transmission mode, the movable armature d of the switch SW1 is
      operated so as to provide a signal transmission path between the fixed
      contacts a and b thereof. However, if the switch SW2 has been operated so
      as to be disposed  in its ilustrated state wherein the fixed contacts a
      and b are interconnected, it is apparent that any signal supplied to the
      terminal b of the switch SW1 will be coupled to the contact b of the
      switch SW2, through the movable armature d to the fixed contact a thereof
      and thence to ground. Consequently, signals supplied to the fixed contact
      b of the switch SW1 will be prevented from being supplied through the
      low-pass filter 11 to the cathode of the variable capacitance diode 10.
      However, if the switch SW2 is operated such that the movable armature d
      electrically connects the fixed contacts b and c thereof, then a signal
      transmission path will be provided between the fixed contact b of the
      switch SW1 to the variable capacitance diode 10. Accordingly, audio
      signals that are supplied to the output terminal t, as by the signals
      reproduced from the magnetic tape 16 by the reproducing head 15, will be
      transmitted through the switch SW1 and through the low-pass filter 11 to
      the variable capacitance diode 10. As will be recognized, the capacitive
      reactance of the diode 10 will now vary in accordance with the audio
      signals that are supplied thereto. Consequently, as the capacitive
      reactance of the diode varies, the oscillating frequency of the local
      oscillator 9 likewise varies. Thus, a frequency modulated local
      oscillating signal is produced by the local oscillator. A leakage portion
      of this frequency modulated signal will now be radiated from the antenna 2
      as a spurious wave. This transmitted FM signal can, of course, be received
      by another FM receiver in a conventional manner.
PAR  Now, if the movable armature d of the switch SW1 is operated so as to now
      connect the fixed contacts b and c,  it is recognized that the illustrated
      FM receiver 1 will now operate in its conventional receiving mode. That
      is, signals that might be provided at the output terminal t are no longer
      transmitted to the variable capacitance diode 10 and the local oscillating
      frequency is no longer varied in accordance with such output signals.
      However, a portion of the detected signal provided at the output terminal
      8 by the FM detector 7 will now be transmitted through the low-pass filter
      12 to the fixed contact c of the switch SW1, and through the movable
      armature d to the fixed contact b. However, if the switch SW2 is operated
      so as to admit of the condition illustrated, then the movable armature d
      connects the fixed contacts a b thereof such that the signal appearing at
      the fixed contact b of the switch SW1 is now conducted to ground. That is,
      the portion of the detected output signal that is obtained from the FM
      detector 7 and that is to be used as a frequency controlling signal is
      here by-passed to ground. Accordingly, the well-known automatic frequency
      control of the FM receiver 1 is prevented. Of course, if the switch SW2 is
      operated such that movable armature d connects the fixed contacts b c
      thereof, then the control signal derived from the FM detector 7 and
      supplied through the low-pass filter 12 and switch SW1 is now enabled to
      be transmitted through the further low-pass filter 11 to the variable
      capacitance diode 10. Consequently, the capacitance of the variable
      capacitance diode is varied in accordance with this supplied control
      signal and AFC operation of the FM receiver is performed. Hence, the local
      oscillating frequency of the signal produced by the local oscillator 9 is
      here varied in accordance with the detected output signal provided by the
      FM detector 7.
PAR  Thus it is seen that the switch SW2 as described hereinabove is used to
      selectively control AFC operation and local transmission. That is, this
      switch is used both as an AFC on/off switch and a transmission on/off
      switch. Consequently, the FM receiver 1 can here be controlled in its
      receiving mode to operate with AFC and to operate in a signal transmitting
      mode by a number of switching devices which is reduced from that
      heretofore required by the prior art receivers. Nevertheless, while
      reducing the number of switches that must be present, an operator retains
      full control over the switching of AFC, the switching of a receiving mode
      or a transmitting mode of the FM receiver and a switching on or off of a
      signal to be transmitted. Thus, by reducing the number of switches from
      three to two while retaining the capability of selectively controlling
      three switchable functions, the limited space requirements of an FM
      receiver can be advantageously utilized and the cost of producing such an
      FM receiver having a signal transmission capability is significantly
      reduced.
PAR  While the present invention has been particularly shown and described with
      reference to a certain preferred embodiment thereof, it will be obvious to
      those skilled in the art that various changes and modifications in form
      and details may be made without departing from the spirit and scope of the
      invention. It is therefore intended that the appended claims be
      interpreted as including all such changes and modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an FM receiver having an antenna; a local oscillator for supplying an
      oscillating signal to a mixer coupled to said antenna for producing an
      intermediate frequency FM signal, a leakage portion of said oscillating
      signal being radiated from said antenna as a spurious wave; an FM detector
      for demodulating said intermediate frequency FM signal to derive an audio
      signal therefrom; and frequency controlling means connected to said local
      oscillator for controlling the frequency of said oscillating signal in
      response to a control signal; apparatus for selectively operating said FM
      receiver in an AFC receiving mode or in a signal transmission mode,
      comprising: a first switch connected to said frequency controlling means
      and having a first state to couple an output signal of said FM detector to
      said frequency controlling means as said control signal therefor and a
      second state to couple a source of audio signals to said frequency
      controlling means as said control signal therefor to thereby produce a
      frequency modulated oscillating signal for transmission; a second switch
      operable independently of said first switch and having a first state to
      permit said control signals to be applied to said frequency controlling
      means and a second state to prevent said control signals from being
      applied to said frequency controlling means; and a low pass filter for
      transmitting said control signals to said frequency controlling means.
NUM  2.
PAR  2. The FM receiver of claim 1 in which said source of audio signals
      comprises a signal reproducing head for reproducing an audio signal from
      magnetic tape.
NUM  3.
PAR  3. The FM receiver of claim 1 wherein said frequency controlling means
      comprises a variable capacitance diode and said local oscillator includes
      a resonant circuit, said diode being connected to said resonant circuit
      for varying the resonance frequency thereof in response to said control
      signal.
NUM  4.
PAR  4. An FM receiver having a signal transmission capability, comprising:
PA1  Fm signal receiving means including an antenna, a mixer coupled to said
      antenna, a local oscillator coupled to said mixer and an FM detector
      coupled to the output of said mixer for receiving an FM signal and for
      detecting said received signal to derive an audio signal therefrom, a
      leakage portion of the signal produced by said local oscillator being
      radiated from said antenna as a spurious wave;
PA1  frequency controlling means including a variable capacitance diode
      connected to said local oscillator and responsive to a control signal
      applied thereto for controlling the frequency of said signal produced by
      said local oscillator;
PA1  a source of audio signals to be transmitted by said FM receiver;
PA1  a first switch connected to said frequency controlling means for
      selectively establishing a signal path between said frequency controlling
      means and either said FM detector or said source of audio signals to
      supply, as said control signal, either a portion of the signal produced by
      said FM detector or said audio signals to be transmitted, respectively;
PA1  at least one low-pass filter connected in said selectively established
      signal path; and
PA1  a second switch connected to said selectively established signal path and
      selectively operable to prevent said control signal from being supplied to
      said frequency controlling means.
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ABST
PAL  The embodiment of the invention disclosed herein is directed to a code
      operated switching device having a receiver for handling RF frequencies in
      a superheterodyne fashion without the need of local oscillators, or the
      like at the receiver. Input means is provided for receiving first and
      second RF frequencies having a predetermined frequency difference. The RF
      frequencies are FSK modulated simultaneously, one frequency increasing and
      the other decreasing, so that the frequency difference will produce a
      control signal at the output of an FM audio discriminator circuit. The
      control signal can be code modulated with series digital pulse information
      and applied to a code logic circuit that will detect if the proper code
      for the receiver has been received. If the proper code is received the
      logic circuit will energize an active control element such as a relay or
      the like to allow data to be transmitted back through the switching
      device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to radio receiver devices, and more
      particularly to radio receivers used as remote switching devices in
      communication systems such as cable television, and the like.
      Specifically, the present invention is directed to a code operated
      receiver which receives signal information in the form of a serial code
      and applies this information to a logic circuit which produces an output
      signal when the proper predetermined code for that logic circuit is
      received. The output signal from the logic circuit then actuates switching
      means to allow passage through the switching device of data information
      from a plurality of remotely located data transmitters back to a control
      station.
PAR  In communication systems, such as cable television, or the like, where data
      signal information is sent from a plurality of terminal points to a
      central data retriever it is often necessary to provide some means for
      identifying the particular terminal point so that the exact source of the
      data being received is known. To accomplish this the data transmission
      equipment at each terminal point may be costly, particularly if the number
      of terminal points is large. Therefore, it is desirable in large
      communication systems to reduce, as much as possible, the unit cost of
      each data transmitting device at each terminal point. A particular system
      arrangement for accomplishing this is disclosed in application Ser. No.
      227,752, filed Feb. 22, 1972, now U.S. Pat. No. 3,786,424 and assigned to
      the same assignee of record. The disclosure within that application is
      incorporated herein by reference to the extent needed to understand the
      environment of the present invention.
PAR  CATV systems constitute one type of communications system that can be used
      for transmitting data over coaxial cables. These cable television systems
      often have a large number of subscribers constituting terminal points
      within the system where television receivers are located and are to be
      monitored. In the system disclosed in application Ser. No. 227,752 a
      plurality of television receivers make up a data transmitting group which
      may be identified by a particular code. A plurality of groups are provided
      in the system and each group has a different code. To allow access of the
      data transmitting devices at the television sets within each group a code
      operated switching device is utilized to be actuated in response to the
      code associated with that group to allow direct data transmission from the
      data transmitters located at the television sets back to the central
      station or head end. However, the system utilizes a plurality of code
      operated switches operated in response to RF frequency signals applied
      thereto. Each of the code operated switches includes an RF frequency
      receiver which functions in a superheterodyne fashion and therefore,
      require an oscillator to provide a frequency which is mixed with the
      incoming RF frequency to develope an intermediate frequency thereform. The
      code signal information is then detected, as for example, by FM detector
      means, to produce code signal pulses. These code operated switching
      devices operate at relative high frequencies, in the order of 100 to 200
      MHz. Therefore, the relative frequency stability of local oscillators is
      critical for proper operation. Due to environmental changes such as
      changes in ambient temperature the local oscillator must be of extremely
      high quality design and must use high quality components to insure
      stability of operation throughout the temperature ranges that it is
      subjected to. This substantially increases the cost of each of the coded
      switching devices within a coaxial cable television system, and thereby
      increases the cost of the overall system.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a new and
      improved code operated swithcing device for recieving RF signals and which
      device eliminates the need for local oscillators therein.
PAR  Another object of this invention is to provide a new and improved code
      operated switching device for gaining access to a group of data
      transmitters within a cable television system.
PAR  Still another object of this invention is to provide a new and useful code
      operated switching device which is relatively inexpensive to manufacture
      thereby substantially reducing the cost of a system in which such devices
      are utilized.
PAR  Briefly, the present invention is directed to an apparatus which eliminates
      the need for having a local oscillator in an RF receiver device. This is
      done by transmitting two RF signals, one or both of which can be modulated
      with control signal information. In the embodiment disclosed herein both
      signals are modulated with FSK modulation. Ideally the spacing of the two
      carriers in the illustrated embodiments is equal to the intermediate
      frequency of the receiver, e.g., in the order of about 50KHz. However,
      other frequencies such as 455 KHz or 10.5 MHz may be used.
PAR  In the FSK modulation arrangement used herein carriers are shifted in
      opposite directions to produce a maximum difference between the two
      carriers. There are two advantages of this circuit arrangement. One is
      that it eliminates the need of an expensive oscillator circuit within the
      receiver when using FSK type modulation, which is important when using
      such receivers over a wide temperature range. The second advantage is that
      it saves cost in building the receivers in that the local oscillator is no
      longer needed.
PAR  Many other objects, features, and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified block diagram of a cable television system wherein
      the code operated receiver switch devices of this invention are utilized;
PAR  FIG. 2 is a simplified block diagram of a code operated receiver switch
      constructed in accordance with the principles of this invention; and
PAR  FIGS. 3 and 4, when placed side by side, illustrate the detailed schematic
      arrangement of the code operated receiver switch of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to FIG. 1 there is seen a communications system constructed
      in accordance with the principles of this invention and designated
      generally by reference numeral 10. The communications system 10 preferably
      is of a coaxial cable type, it being understood that other types of
      transmission systems or means may be used, for example, telephone lines or
      microwave transmission between line-of-sight powers, and the like. Also it
      will be understood that multi-cable coaxial systems can incorporate the
      novel aspects of this invention.
PAR  The communications system 10 includes a plurality of transmitting groups
      12, 14, 16, and 18, etc., each transmitting group including a plurality of
      separate data transmitting devices associated with each of the subscribers
      in that group. The data transmitting devices may take the form as that
      substantially disclosed in application Ser. No.  227,752, filed Feb. 22,
      1972 and assigned to the same assignee of record. These data transmitting
      devices are primarily of the type which convert the data of decimal number
      information into binary coded information to be transmitted serially over
      coaxial cables of the type used in CATV systems. In the contemplated use
      of the system 10, each discrete data transmitting means may represent a
      single user or subscribers home, which may be referred to as a terminal
      point, and the data which is transmitted is derived from a television
      converter device or other input means such as a burgular alarm, fire
      alarm, or the like, it being understood that such data transmitting
      devices can be used to transmit data corresponding to a multitude of homes
      if desired.
PAR  To maximize the number of individual homes from which data can be received,
      the system can be divided into discrete zones or areas corresponding to
      the groups 12, 14, 16, and 18 and each home in the area is designated with
      a particular code, it being assigned a known frequency in the illustrated
      embodiment, so that all data received on that frequency will be known to
      have come from that particular data transmitting device. For example,
      group 12 may consist of a plurality of homes 20, 21, 22, etc., while group
      14 consists of a plurality of homes 23, 24, 25, etc. In similar fashion,
      group 16 includes a plurality of homes 26, 27, 28, etc., while group 18
      consists of a plurality of homes 29, 30, and 31, etc. Since the groups of
      homes are distinct from one another there can be similar frequencies
      assigned to homes of different groups. For example, homes 20, 23, 26, and
      29 may be assigned a given frequency and thus designated by reference
      letter A. The other corresponding homes having the same frequencies are
      thus designated by reference letters B, and C. Each of the data
      transmitting units associated with the respective homes are designed for
      continuous operation and need not receive interrogation signals to be
      turned on to transmit data. While a plurality of homes are illustrated
      with each group it will be understood that a single home or transmitting
      unit may correspond to a group as disclosed herein.
PAR  To receive the data from each of the groups, there is provided a coder and
      retrieval unit designated generally by reference numeral 32 and which
      includes circuit means to generate a predetermined code corresponding to a
      predetermined code of one of a plurality of code operated switching
      devices associated with each of the plurality of groups of transmitting
      devices. For example, a code operated switch device 38 is placed in
      communicative connection between the coder and retrieval circuit 32 and
      the group 12, while a second code operated switch device 39 is placed in
      communicative connection between the coder and retrieval unit 32 and the
      group 14. Similarly, a code operated switch device 40 is placed in
      communicative connection between the group 16 and the coder and retrieval
      unit 32 while a fourth code operated switch device 41 is placed in
      communicative connection between the group 18 and the coder and retrieval
      unit 32. The code information will activate the selected one of the
      plurality of code operated switch devices 38, 39, 40, or 41 and
      simultaneously deactivate any other previously activated code operated
      switching device so that only signal information from a single group is
      received at a given time. Therefore, since all of the data transmitting
      units 20-31 are continuously transmitting data, only the units which are
      associated with a particular group which will transmit signal information
      into the retrieval unit 32. Once the desired code operated switch is
      activated, all of the data transmitting units simultaneously supply data
      to the cable 36 and into a plurality of tuned circuits associated with the
      retrieval unit 32. The frequency of the data information received is
      preselected to identify the particular home from which the signals
      originated.
PAR  In accordance with the novel aspects of this invention a pair of RF
      frequency oscillators 42 and 43 are associated with the coder and
      retrieval unit 32 and provide the carrier waves which are modulated in
      response to the coded signal information necessary to actuate the
      switching devices 38, 39, 40, and 41. The RF oscillators 42 and 43
      preferably are FSK modulated, and these oscillators are modulated
      substantially simultaneously in opposite directions from one another,
      i.e., one oscillator increasing in frequency while the other oscillator is
      decreasing in frequency. For example, oscillator A may operate at a
      frequency of 113.4 mc while the oscillator B may be operated at 113.45 mc.
      The difference frequency between these two oscillators provides an
      intermediate frequency of 50 kc which corresponds substantially to the IF
      frequency of the radio receiver portion of the code operated switching
      devices 38, 39, 40, and 41. It will be understood however, that other
      intermediate frequencies may be utilized, particularly frequencies
      corresponding to the sum of the oscillators A and B as well as frequencies
      corresponding to the difference of these oscillators. By so providing a
      pair of master RF oscillators at the head end or central station the need
      of local oscillators at each of the radio receiver portions of the code
      operated switches is thereby completely eliminated.
PAR  Referring now to FIG. 2 there is seen a block diagram of the code operated
      switch 38. This switching device is a remote control radio receiver which
      will operate in response to coded signal information delivered thereto
      along RF frequency transmission lines 36. While only the code operated
      switch 38 is shown herein in detail, it will be understood that the code
      operated switches 39, 40, and 41 are substantially of similar construction
      and operation, it being understood that the only primary difference is in
      the logic board associated with the code assigned to the switches. The
      logic board arrangement therefore identifies the switch with a particular
      code to gain access to each of the associated ones of transmitting groups.
PAR  The code operated switch 38 includes an input terminal 50 coupled to a
      highpass filter circuit 51 and a lowpass filter circuit 55. The output of
      the highpass filter circuit 51 is directed to a directional tap element 52
      to apply this signal to an output terminal 53 through a second highpass
      filter circuit 54. During normal operation return signals from each of the
      data transmitting devices within a particular group will not pass from
      output terminal 53 to input terminal 50 as a result of the blocking
      characteristics of the high pass filters 51 and 54. Therefore, signal
      information only passes in one direction through the tap element 52. The
      RF frequencies from oscillators A and B are then delivered to the input of
      an RF amplifier 56 which boosts the signal strength thereof and applies
      these signals to a detector stage 57. The mixer stage is provided with a
      tuned circuit at the output thereof for extracting the difference
      frequency of the frequencies produced by oscillators A and B. This
      difference frequency is an IF frequency delivered to an IF amplifier,
      detector and AF amplifier stage 58. This stage preferably being formed of
      an integrated circuit component having a multiplicity of active electronic
      elements associated therewith.
PAR  The output of the stage 58 is an audio signal in the order of about 4 kc,
      which is applied to one of the input terminals of a comparitor circuit 59.
      The comparitor circuit can take any suitable form and will function as a
      threshold or level setting device. For example, the second input of the
      comparitor circuit includes a variable voltage element or potentiometer 60
      so that a threshold level can be set on the comparitor circuit, which is
      here illustrated as an operational amplifier, to allow passage of only
      those control signals which exceed a predetermined minimum value. This
      therefore, eliminates the possibility of extraneous pulse signals or other
      signals from effecting the code sensitive circuitry of the receiver.
PAR  The output of the comparitor 59 is applied to a logic driver stage 61
      which, in turn, is coupled to a logic board 62. The logic board 62 can be
      formed of any suitable logic coding circuit, which may be, for example, a
      series to parallel converter type so that a given code signal in serial
      form will energize a switching device 63.
PAR  In the illustrated embodiment the switching deivce 63 takes the form of a
      relay having a relay coil 64 and a pair of movable contacts 64a and 64b.
      Relay 63 is shown in the energized condition in FIG. 2. The holding coil
      64 of the relay is energized by a relay driving stage 66. When the
      contacts 64a and 64b are positioned, as shown in FIG. 2, the relay is
      deenergized and signal information from the plurality of data transmitters
      of the group 12 will be delivered through the code operated switch 38.
PAR  Upon receiving two RF frequencies which are FSK modulated to produce a
      control signal in accordance with a predetermined code set into the
      circuitry of the logic board, the logic board 62 will then provide an
      output signal to energize the relay 64 through the relay driver 66. This
      transfers contact 64a and 64b to engage the upper set of terminals 64c and
      64d thereby connecting these terminals together. The signal information
      from the data transmitters 20, 21, and 22 are then delivered through the
      input terminal 53 a lowpass filter circuit 67, a series connected
      capacitor 68, contacts 64d and 64c, capacitor 71, low pass filter 55 back
      to the input terminal 50. Therefore, the signal information from the data
      transmitters travels in a direction opposite that of the direction from
      which the code signal information is received.
PAR  The logic board 62 of code operated switching circuit 38 has a logic
      circuit arrangement which identifies that particular switching device, and
      correspondingly identifies the particular group of data transmitters to
      which it allows access to. Other switching devices 39, 40, and 41 have
      logic boards which have different logic circuit arrangements so that
      access to these switches is obtained only when their particular code
      signal information is received. Also, it will be understood that access to
      any one of the code operated switches causes automatic deactuation of any
      other previously actuated code operated switch.
PAR  A rectifier and transformer stage 72 are provided to supply power to the
      logic board 62 through a regulator stage 73. To eliminate alternating
      current signals from the data signal transmission, a pair of choke
      networks 74 and 76 are provided as filters.
PAR  In operation, the head end or central station has code signal information
      FSK modulated upon the carrier waves produced by the oscillators 42 and
      43. This is serial signal information delivered along the transmission
      line 36. This serial code signal information is delivered to all of the
      code operated switches 38, 39, 40, and 41 simultaneously. The FSK
      modulation is received and amplified by the RF amplifier and the IF signal
      is extracted after passing through the mixer 57. The IF signal provides
      high selectivity of a particular frequency within the frequency spectrum
      being used. When the code operated switch 38 is in an off condition, i.e.
      contacts 64a and 64b engaging the lower terminals, a relatively high
      impedance or return signal path from output terminal 53 to input terminal
      50 exists by means of impedances 69 and 70. This then substantially
      completely blocks all signals developed at the data transmitting devices
      at homes 20, 21, and 22. Upon receiving the proper interrogation code at
      the logic board 62 the relay 63 is then actuated so that contacts 64a and
      64b move to their positions as shown in FIG. 2 to engage contact 64c and
      64d. While resistance elements 69 and 70 are shown any suitable impedance
      device can be used. This then substantially reduces the return impedance
      path from output terminal 53 to input terminal 50 and allows the signal
      information at the data transmitters to flow through the now closed
      circuit path of the code operated switching device back to the central
      station.
PAR  For a better understanding of the particular details of the code operated
      switch 38 reference is now made to FIGS. 3 and 4, placed side by side to
      one another (FIG. 4. to the right of FIG. 3.), which illustrates one
      particular component arrangement to provide the novel switching receiver
      arrangement in accordance with the principles of this invention. The
      particular circuit arrangement illustrated in FIGS. 3 and 4 represents a
      code operated siwtch 38 and is here intended to be a device which receives
      a digital command signal at 113.4 mc, detects that signal, decodes it, and
      controls a relay which disables a 5 to 30 mc portion of a CATV spectrum in
      a cable television system. The digital command signal consists of two RF
      carriers, one at 113.4 mc and the other at 113.45 mc. These carriers are
      frequency key shifted (FSK modulated) so that the difference between them
      is in the order of about 50 kc for a logic zero state and 54 kc for a
      logic one state.
PAR  In a cable television system of the type contemplated herein a VHF carrier
      wave, having a frequency of between 50 and 270 mc, is applied to the input
      terminal 50. This carrier wave is generated and controlled at the head end
      or central station of the system where the oscillators 42 and 43 and coder
      and retrieval units are located. The term carrier wave in the present
      invention is intended to include two frequencies. The carrier wave is
      routed from the input terminal 50 through the highpass filter network 51
      into the 10db directional tap 52. In the illustrated embodiment the
      highpass filter 51 comprises a pair of series connected capacitors 80 and
      81, which are in the order of about 30 and 39 picofarads, respectively.
      The high pass filter network 51 further includes an inductance element 82
      having one end thereof connected to a circuit point intermediate of the
      capacitors 80 and 81 and the other end thereof connected to chassis ground
      or to earth ground potential. One of the output terminals of the 10db
      directional tap 52 is coupled to an inductance element 83 which, in turn
      is connected in series with a capacitor 84 to ground potential and this
      series inductance capacitance network forms part of the highpass filter
      network 51.
PAR  The input terminal 50 is coupled to the output terminal 53 through the
      highpass filter network 51 and the series connected highpass filter
      network 54 which comprises a pair of series connected capacitors 86 and
      87. Capacitor 86 is in the order of about 39 picofarads while capacitor 87
      is in the order of about 30 picofarads. An inductance element 88 has one
      end thereof connected to a circuit point intermediate the capacitors 86
      and 87 and the other end thereof connected to ground potential. The
      highpass filter network 54 also includes whatever inductance and
      capacitance components are measurably significant in a coaxial or shielded
      cable 89 connected between the output of the 10db directional trap 52 and
      the input of the highpass filter 54. The two highpass filter networks 51
      and 54 have a cutoff frequency of approximately 50 mc to eliminate signal
      interference from frequency spectrums outside of the cable television
      system. The insertion loss of VHF pass band is approximately 1.5 db.
      Connected to both the input terminal 50 and the output terminal 53 are gas
      discharge devices to provide surge protection to the entire circuit. These
      gas discharge devices are conventional.
PAR  Also connected to both the input and output terminals are test points 90
      and 91, respectively, which are arranged to provide a 20 db reduction in
      signal so as to enable a technician to observe circuit operation with test
      equipment such as oscilloscopes and the like. The test terminal 90
      includes a series connected resistor 92 and capacitor 93 connected to the
      terminal 50 at a circuit point 94. A filter capacitor 96 is connected
      between the terminal 94 and ground potential. Test terminal 91 includes a
      series connected resistor 97 and capacitor 98 connected to a circuit point
      99 which is associated with the output terminal 53. A capacitor 100 is
      connected to the circuit point 99 to provide filtering in the same manner
      as capacitor 96.
PAR  The portion of the spectrum below the band pass, i.e., that portion between
      5 and 30 mc, is picked up at output terminal 53 and routed through a
      lowpass filter network 67 comprising an inductance element 99 and a
      capacitor 102 through a line 103 and through a bypass capacitor 104. The
      value of the bypass capacitor 104 is in the order of 0.01 micorfarads
      while the value of capacitor 102 is in the order of 120 picofarads. The
      lowpass filter path continues through to ground potential through the left
      hand movable contact 64b and a series inductance element 106, capacitor
      107 and resistor 108. At input terminal 50 there is also provided the
      lowpass filter network 55 which comprises a series connected inductance
      element 109, capacitor 110, bypass capacitor 111, through the second
      movable contact 64a through a series connected inductance element 112 and
      capacitor 113 parallel by a resistor 114. This then effectively connects
      the lowpass filter networks to ground potential when the relay holding
      coil 64 is in a deenergized state, with the contacts 64a and 64b
      substantially as shown in the drawings. When relay 64 is energized, or in
      the on position, an additional inductance element 116 is connected in
      series with the lowpass filter path so that a lowpass coupling connection
      is made between input terminal 50 and output terminal 53. This may be used
      to allow return of signal information from the plurality of data
      transmitting units at each of the houses within a particular group to pass
      through the radio controlled and code operated switching device 38 back to
      the head end or central station.
PAR  The lowpass filter arrangement as described above provides approximately a
      1 db insertion loss over the subband, i.e., between 5 and 30 mc. When the
      holding coil 64 is in the deenerigzed position both the input and output
      lowpass filter sections are terminated to ground potential through the
      components illustrated above. During the off condition of the relay,
      however, there is approximately a 40 db insertion loss between the input
      and output terminals. The choke element 74 is paralled by a second choke
      device 120 and serves to divert 60 volt AC line power around relay 64. A
      pair of capacitors 121 and 122 are used for RF bypass filtering.
PAR  The RF amplifier stage 56 is designed to operate in the VHF spectrum which
      is taken off of the tap port 124 of the 10 db directional tap 52. This
      provides a signal 10 db below the level of the signal which is delivered
      to the input terminal 50 of the code operated switching device. This
      signal is then fed through a coupling capacitor 126, which is in the order
      of about 150 picofarads, to the input tap 127 of a resonant tank circuit
      128. The tank circuit 128 includes a tapped inductance element 129, a
      variable capacitance element 130, and a feedback, or return path capacitor
      131.
PAR  The tuned circuit 128 is tuned to a frequency of 113.4 mc and has a band
      pass characteristic which allows passage of both of the signals delivered
      from the oscillators 42 and 43, FIG. 1: that is the tuned circuit allows
      passage of frequencies of 113.4 and 113.45 MHz. These frequencies are
      delivered to an operational amplifier circuit formed as an integrated
      circuit 132 which has a gain factor of approximately 25 db. The amplified
      signal through the operational amplifier 132 is applied to a tuned circuit
      133 comprising a tap inductance element 134, a variable capacitor 136, and
      a feedback capacitor 137. The tuned circuit 133 is tuned also to the input
      frequency of 113.4 MHz, and also has a band pass characteristic to allow
      passage of both the 113.4 MHz and 113.45 MHz signals. The output of the RF
      amplifier stage 56 is delivered through a capacitor 138, which has a value
      of approximately 100 picofarad to the base electrode of a transistor 139
      which forms the active element of the detector 57. A voltage divider
      network comprising series connected resistors 140 and 141 provide bias
      potential to the base electrode of transistor 139 so that transistor
      operates as a class A amplifier from power received over a power line 142.
      The power line 142 can be connected to any suitable regulated source of
      voltage of for example, a ten volt source. The detector stage 57 also
      includes an inductance element 143 and parallel capacitor 144 which
      function as a tuned circuit which is tuned to the intermediate frequency,
      here it being the difference frequency of the two transmitting oscillators
      42 and 43. This tuned circuit is therefore tuned to approximately 50 kc
      and has a coupling capacitor 146 connected thereto for delivering this
      intermediate frequency to one input terminal 147 of the IF amplifier,
      detector, and audio frequency amplifier circuit 58. This network 58 can be
      formed by any suitable integrated circuit package available.
PAR  One of such integrated circuits is available from RCA under part number
      CA3075.
PAR  The two signals which are produced by the 50 kc difference in the detector
      stage are the frequency key shifted signals which are devloped by changing
      the frequency of the carrier wave in opposite directions. For example, the
      113.4 mc signal is frequency key shifted to a lower frequency of
      approximately 2 kc to produce a logic one state control signal. On the
      other hand, the 113.45 mc signal is frequency key shifted upwardly
      approximately 2 kc to produce the logic one state. Therefore, the
      frequency key shifted modulation signals that produce the control signal
      appear at the output of the integrated circuit 58 are approximately 54 kc
      for a logic one state and approximately 50 kc for a logic zero state.
PAR  An inductance element 150 and variable capacitor 151 form a resonant
      discriminator circuit tuned to approximately 52 kc. A resistor 152 may be
      used for deQing the circuit to a desired band width while a capacitor 153
      is used to set a minimum range of adjustment for the capacitor 151. The
      value of inductance element 150 is in the order of 22 millihendres while
      resistor is in the order of about 39 K ohms. The value of capacitor 153 is
      in the order of about 100 picofarads while the range of capacitance of
      adjustable capacitor 151 is between approximately 90 to 450. A high
      frequency bypass capacitor 154 is connected to the audio discriminator
      circuit and ground potential for filtering purposes.
PAR  The output at output terminal 156 is delivered through a series connected
      inductance element 157 and capacitor 158 to the input portion of an audio
      amplifier at terminal 159, this preferably being done through a current
      limiting resistor 160. The junctures between resistor 160 and capacitor
      158 is provided with a signal developing resistor 161 which has one end
      thereof connected to ground potential. This audio signal is then amplified
      within the integrated circuit 58 and applied to an output terminal 162
      which produces approximately 1.6 volts peak-to-peak of audio signal
      information from an originally detected 0.1 volt signal at terminal 156.
      An RC network comprising resistor 163 and capacitor 164 is provided to
      remove extraneous high frequency components from the audio control signal
      while a diode 166 receives signals through a capacitor 167 to establish a
      reference zero logic state of substantially zero volts at the input
      terminal of the comparitor stage 59.
PAR  The comparitor stage 59 comprises an integrated circuit arranged from an
      operational amplifier having two input terminals. An adjustable terminal
      170 is coupled to the level set potentiometer 60 which applies
      approximately 0.8 volts above a logic zero state which appears at the
      second input 171 of the comparitor. The output of the comparator is then
      fed to a driver transistor 172 which functions as the active component of
      the driver logic stage 61. The control signal is delivered through a
      current limiting resistor 173, and a portion of which is fed back through
      a feedback capacitor 174. Stabilizing capacitor 176 is provided for
      improved operational characteristics while power supplied to the
      comparitor through a 5 volt terminal 177 through the resistance element of
      the potentiometer 160 and a fixed resistor 178. Operating bias to driver
      transistor 172 is provided through a 10 volt terminal 179. The signal from
      transistor 172 is coupled over a line 180 to an input terminal of the
      logic board 62. The logic board comprises decoding circuitry to establish
      that this particular code operated switch has been actuated by the proper
      code address signal. An output line from the logic board 62, labelled A,
      is delivered to an input terminal, labelled A, on FIG. 3, which passes
      through a series connected limiting device, here illustrated as a Zener
      diode 181 to the base electrode of a transistor 182 which forms the relay
      driver circuit 66. The transistor 182 is biased to a conductive state only
      when a signal exceeds the Zener level of the diode 181, and this signal is
      then developed across a signal developing resistor 183 and applied to the
      base electrode of transistor 182 through a series connected resistor 184.
      A 12 volt source is applied between terminal 186 thereby being available
      at one end of the relay holding coil 64. The other end of the relay
      holding coil 64 is coupled to the collector of transistor 182 and is held
      in a deenergized state as long as transistor 182 is non-conductive. A
      shunt diode 187 is connected in parallel with holding coil 64 to prevent
      extraneous spike signals from being developed and damaging components.
PAR  To operate the entire receiver code operated switch 38 a power supply 72 is
      provided and includes a step down transformer 190 having a primary winding
      191 connectable to any suitable source of alternating current voltage and
      a secondary winding 192 to which is coupled a bridge rectifier network
      193. This bridge-rectifier network developes approximately 12 volts at its
      output terminal and delivers this 12 volts through the regulator network
      73 which comprises a transistor 194 which, in turn, has the base electrode
      thereof coupled to ground potential through a Zener diode 196. To insure
      proper stability of the logic board 62 a 5 volt source, which can be
      developed by suitable voltage dropping resistor networks is applied to an
      input thereof and is regulated as a result of the parallel network
      comprising the Zener diode 197 and capacitor 198 together with a resistor
      199.
PAR  To provide a telermetering indication that the receiver code operated
      switch 38 has been in fact, energized in response to the code signal
      delivered thereto, test means 200 provides an RF carrier signal coupled to
      one side of the relay contacts, here being illustrated as being connected
      to movable contact side 64b and this radio frequency signal is then
      received at the head end or central station when the test signal is
      coupled through an inductance element 116 and the associated relay
      switches. This is only one means of providing indication that the relay is
      in fact actuated.
PAR  While a single specific embodiment of the present invention has been herein
      illustrated it will be understood that variations and modifications may be
      effected without departing from the spirit and scope of the novel concepts
      disclosed and claimed herein.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. In a communication system for sending and receiving data, the
      combination including: a plurality of data transmitting means each being
      represented bby a predetermined discrete interrogation code, code
      interrogation means for generating a discrete code signal corresponding to
      a selected one of the interrogation codes and representing a particular
      one of said data transmitting means, code operated switch means coupled to
      each of said data transmitting means, each code operated switch means
      including, input means for receiving first and second RF frequencies
      having predetermined difference and sum frequencies, a single filter
      circuit coupled to said input for passing said first and second RF
      frequencies and said control signal, at least one of said first and second
      RF frequencies being modulated with a control signal, detector means
      coupled to said single filter circuit for receiving said first and second
      RF frequencies and producing therefrom an intermediate frequency which
      includes said control signal, normally open circuit means coupled to said
      detector means and operative in response to said control signal, and data
      retrieval means coupled to said code operated switch means to receive data
      signals from the discrete data transmitting means which has been
      interrogated when said normally open circuit means is closed.
NUM  2.
PAR  2. The communications system according to claim 1, further including means
      operable so that the absence of FSK modulation of said first and second RF
      frequencies represent a first logic state and the presence of said FSK
      modulation represents a second logic state, said code operated switch
      being interrogated in response to changes in said first and second logic
      states, said code operated switch further including logic detector means
      coupled between said detector means and said normally open circuit means
      for operating said normally open circuit means in response to a
      predetermined logic code.
NUM  3.
PAR  3. The communications system according to claim 2, further including
      comparitor means coupled between said mixer means and said logic detector
      means, said comparitor means having an adjustable element to set a given
      threshold level to allow passage of said control signals which only
      exceeds said threshold level, thereby eliminating extraneous signals from
      passing therethrough.
NUM  4.
PAR  4. The communications system according to claim 1, wherein said normally
      open circuit means is a relay which is actuated in response to the
      presence of said control signal to allow data signals to pass from said
      data transmitting means to said data retrieval means through said code
      operated switch means in a direction oppostie that of the direction from
      which said first and second RF frequencies are received.
NUM  5.
PAR  5. The communications system according to claim 4, further including signal
      generator means for applying a test signal to said relay to determine at a
      remote location that said relay is actuated in response to the control
      signal.
NUM  6.
PAR  6. In a code operated switching apparatus, the combination including: input
      means for receiving first and second RF frequencies from a central station
      and having a predetermined frequency difference, at least one of said
      first and second RF frequencies being modulated with a predetermined
      control signal at the central station, detector means coupled to said
      input means for detecting an intermediate frequency which includes said
      control signal a single filter circuit coupled to said input means of said
      detector means for passing said first and second RF frequencies and said
      control signal, and switch means coupled to said detector means to be
      operated in response to said control signal.
NUM  7.
PAR  7. The code operated switching apparatus as set forth in claim 8, wherein
      the absence of FSK modulation of said first and second RF frequencies
      represents a first logic state and the presence of FSK modulation
      represents a second logic state, the apparatus further including logic
      detector means coupled between said detector means and said switch means
      for operating said switch means in response to a predetermined logic code.
NUM  8.
PAR  8. The code operated switching apparatus as set forth in claim 7, further
      including comparitor means coupled between said detector means and said
      logic detector means, said comparator means having an adjustable element
      to set a given threshold level to allow passage of said control signals
      which only exceed said threshold level, thereby eliminating extraneous
      signals from passing therethrough.
NUM  9.
PAR  9. The code operated switching apparatus as set forth in claim 6, wherein
      said switch means is a relay which is actuated in response to the presence
      of said control signal to allow passage of data signals through the
      apparatus in a direction opposite that of the direction from which said
      first and second RF frequencies are received.
NUM  10.
PAR  10. The apparatus as set forth in claim 9, further including signal
      generator means for applying a test signal to said relay to determine at a
      remote location that said relay is actuated in response to the control
      signal.
NUM  11.
PAR  11. The apparatus as set forth in claim 6, further including a first
      highpass filter means coupled to said input means, first highpass filter
      means being coupled to an output terminal through a second highpass
      filter, RF amplifier means coupled to said first highpass filter means for
      receiving said first and second RF frequencies and amplifying the same
      said detector means including a transistor and a capacative output,
      inductive circuit coupled to the output of said detector means tuned to
      said intermediate frequency for developing said intermediate frequency and
      the control signals associated therewith, IF amplifier discriminator means
      to develop audio signal information in response to FSK modulation of said
      first and second RF frequencies, said IF amplifier discriminator means
      being coupled to said mixer means, the output of said IF amplifier
      discriminator being coupled to one input of an operational amplifier which
      functions as a comparator circuit, an adjustable voltage input coupled to
      a second input of said operational amplifier whereby a setting of
      predetermined minimum voltage value is maintained to pass only signal
      information above said minimum value thereby eliminating the possibility
      of extraneous signals from passing through said comparator, logic circuit
      means coupled to the output of said comparator for producing a control
      signal in response to receiving a proper code modulated into said first
      and second RF frequencies by FSK modulation, and test signal means coupled
      to said relay for indicating actuation at a remote location of said relay.
NUM  12.
PAR  12. The code operated switching apparatus as set forth in claim 6, wherein
      said switching means is normally open in the absence of said control
      signal, and closes only in response to predetermined code information of
      said control signal.
NUM  13.
PAR  13. The communication system according to claim 1 wherein said code and
      communication means includes circuit means for FSK modulation of said
      first and second RF frequencies.
NUM  14.
PAR  14. The communication system as set forth in claim 1 wherein said code
      interrogation means includes means for FSK modulation of said first and
      second frequencies, said modulation means for decreasing the frequency of
      one of said first and second RF frequency to provide said control signal.
NUM  15.
PAR  15. The code operated as switching apparatus as set forth in claim 8
      wherein the central station includes means for FSK modulation, said first
      and second RF frequencies simultaneously to produce said control signal.
NUM  16.
PAR  16. The code operated switching apparatus as set forth in claim 8 wherein
      said detector means selects the difference of frequency between said first
      and second RF frequencies to develop an intermediate frequency
      corresponding to said control signal.
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ABST
PAL  1. A system for transmitting varying amplitude signals with a high degree
      of secrecy over a wave transmission medium, including a source of
      polarized electromagnetic waves of predetermined wavelength at the input
      to said medium, three transmission devices each adapted for transmitting
      electromagnetic waves in a given direction, and including a substance
      having a resonance spectrum with a strong, sharp absorption line therein
      including said predetermined wavelength within its frequency limits, and
      exhibiting strong anomalous dispersion in the immediate neighborhood of
      said line, a first and a second one of said devices being located at the
      input to said medium and the third being located at the output of said
      medium, means to apply an electromagnetic wave from said source to said
      first device in said given direction, means simultaneously to apply to
      said first device in the direction of wave propagation a weak magnetic
      field varying in accordance with the amplitude of the signals to be
      transmitted, in order to produce rotation effects in the applied wave
      proportional to the instantaneous signal amplitudes, representing signal
      modulation, means to apply the resulting modulated wave to the second of
      said devices in said given direction, means simultaneously to apply to
      said second device in the direction of wave propagation a strong magnetic
      field of such strength as effectively to cause the removal from the
      modulated wave in transmission through that device of the rotation effects
      representing signal modulation, and thus to render the signals carried by
      that wave secret to a high degree before the wave is transmitted over said
      medium, means at the output of said medium to apply the received wave to
      said third device in said given direction, means simultaneously to apply
      to said third device in the direction of wave propagation a strong
      magnetic field of the same strength as that applied to said second device
      but reversed in direction with respect thereto to reinsert effectively in
      the applied wave in transmission through said third device the rotation
      effects representing signal modulation removed by said second device,
      means to convert the rotation effects in the resulting wave into
      proportional amplitude modulation and means to detect the signals from the
      resulting amplitude modulated wave.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes, without the payment of any royalty
      thereon.
BSUM
PAR  The invention relates to signaling and communication systems and
      particularly to secret signaling and communication systems.
PAR  A general object of the invention is to improve such secret signaling and
      communication systems from the standpoint of efficiency and economy.
PAR  Another object is to provide a high degree of secrecy in the transmission
      of speech or other intelligible signals as modulations on an
      electromagnetic carrier wave with simple and economical apparatus.
PAR  More specific objects are to provide modulation of speech or other
      intelligible signals on a microwave or other electromagnetic carrier wave;
      and to scramble and unscramble the signal modulation on such a wave so as
      to enable transmission of such signals over a wave transmission medium
      with a high degree of secrecy.
PAR  The basic phenomenon utilized in the secrecy systems of the invention is
      the so-called Faraday effect discovered by Michael Faraday in 1845. The
      effect, which as first presented had reference to light waves only, is a
      rotation of the plane of polarization of a linear (plane) polarized light
      wave produced when it is transmitted through a transparent substance, such
      as a glass block, when that substance is subjected to a magnetic field in
      the direction of propagation of the light wave. Subsequent to Faraday's
      discovery the same phenomenon was observed in many solids, liquids and
      gases. More recently it has been found that an effect analogous to the
      Faraday effect exists for electromagnetic waves other than polarized light
      waves; for example, it has been found that certain substances are adapted
      to rotate microwave energy transmitted through them to a greater or less
      extent when they are subjected to a suitable magnetic field. The amount of
      rotation in each case may be computed from the expression
EQU  .phi.=RHL                                                  (1)
PAL  where .phi. is the angle of rotation, H is the magnetic field strength, L
      is the length of the wave path through the substance and R is a constant,
      commonly referred to as the "Verdet Constant," which depends on the
      material in the particular substance used and also on the wavelength of
      the electromagnetic wave.
PAR  The angle of rotation of the plane of polarization of a linear polarized
      light beam in most transparent substances is, in general, quite small,
      being in the order to 1.degree. to 5.degree. only for an applied magnetic
      field of 10,000 gauss and a light pass length in the transparent substance
      of 10 centimeters. Since such small effects are practically useless,
      particularly for the purposes of this invention, applicant experimented
      with many materials and conditions of their use in an attempt to produce
      the desired increase in the Faraday effect. It was found that materials
      having an atomic resonance spectrum including one or more strong, sharp
      absorption lines at particular wavelengths where suitable for this use,
      for example, monatomic gases, such as the vapors of mercury, cesium and
      the alkaline metals, sodium, potassium, etc., under sufficiently low
      pressure. Because of the long known, strong anomalous dispersion in such
      materials, the Faraday effect is anomalously high but only for wavelengths
      within the frequency limits of these sharp lines. In fact, it was found
      that at frequencies only a few tenths of an Angstrom away from a strong
      absorption line in such a substance, a magnetic field of more than 10,000
      gauss is required to produce a hardly noticeable rotation of some arc
      minutes of the plane of polarization of a light beam transmitted through
      it, while within the frquency limits of the same absorption line the
      amount of Faraday rotation in response to relatively low applied magnetic
      fields is quite large. For example, tests with a Faraday cell consisting
      of a glass tube 12 centimeters long, filled with sodium vapor at 2 .times.
      10.sup.-.sup.3 millimeters pressure showed that for frequencies within the
      frequency limits of a strong absorption line in its spectrum the cell was
      sensitive to magnetic fields down to 1/10,000 of a gauss. The experiments
      indicated further that by proper adjustment of the experimental conditions
      the sensitivity of Faraday cells employing such gaseous materials could be
      easily increased by a factor of more than a million. To obtain such
      sensitivity, it is important that the gas in the cell be under an optimum
      low pressure or otherwise the effect of the anomalous dispersion is
      nullified to a certain extent by the radiation damping produced by the
      collision of the gas atoms with each other.
PAR  Applicant's experiments with the above referred to sodium vapor-filled
      Faraday cell and a linear polarized light beam provided by linearly
      polarizing the light rays from a commercial sodium lamp, for the
      associated light source, showed that satisfactory speech modulation of the
      polarized sodium light beam could be obtained by applying thereto a very
      weak speech modulating magnetic field, say of some few tenths of a gauss,
      to variably rotate the plane of polarization of the beam in accordance
      with the varying amplitude of the speech signals. In further experiments,
      the speech-modulated linear polarized sodium light beam so obtained was
      passed through an identical sodium vapor-filled Faraday cell subjected to
      a very strong magnetic field, instead of a very weak one such as used for
      the modulation purpose, and a new and entirely unexpected result was
      obtained. Instead of the expected further rotation of the plane of
      polarization of this light beam, it was found that when the applied
      magnetic field was sufficiently strong, the originally linear polarized
      light beam was effectively converted into completely unpolarized light.
      For the sodium vapor-filled Faraday cell, this happened when the applied
      magnetic field was increased to approximately 150 gauss. When the
      unpolarized light beam so obtained was transmitted through another Faraday
      cell identical with that used for producing that beam and was subjected
      therein to a strong magnetic field of the same magnitude as that
      previously used but with its direction reversed, a wave substantially like
      the original speech modulated linear polarized light beam was produced.
      These phenomena form the basis for the secret signaling and communication
      systems of the invention to be described briefly below.
PAR  In a broad sense, the invention resides in systems for transmitting speech
      or other signal intelligence as modulations of an electromagnetic carrier
      wave over a wave transmission medium with a high degree of secrecy by
      application of the above-described, newly discovered principles or
      variations of the Faraday effect to provide scrambling of the signal
      modulation on the carrier wave at the transmitting end of the medium and
      unscrambling of the signal modulation on the carrier wave at the receiving
      end of the medium in a very efficient way. More specifically, in these
      systems the scrambling and unscrambling of the signal modulation is
      obtained by the use of identical Faraday cells each comprising a substance
      in gaseous, liquid or solid form, adapted to allow passage therethrough of
      the electromagnetic wave used in a predetermined direction, having a
      resonance spectrum, for example, an atomic frequency resonance spectrum,
      including a strong, sharp resonance absorption line at the wavelength of
      that electromagnetic wave, and exhibiting high anomalous dispersion for
      frequencies within the immediate neighborhood of that line; and the
      application to each cell of a sufficiently strong magnetic field which is
      of the same magnitude for each cell but which is reversed in direction for
      the scrambling and unscrambling cells. The modulating means utilized in
      such a system may be a similar Faraday cell subjected to a very weak
      modulating magnetic field.
PAR  Suitable Faraday cells for the scrambler, unscrambler and modulating device
      for use in a secret optical communication system in accordance with the
      invention may comprise, for example, a tube of glass, quartz or other
      transparent material of optimum length containing at a sufficiently low
      pressure, in the order of a thousandth of a millimeter, a monatomic
      gaseous material, for example, the vapor of mercury, cesium, or one of the
      alkaline metals, sodium, potassium, etc., in which case the associated
      light source may comprise a linear polarized beam of light obtained from a
      lamp containing the same gaseous material at approximately the same low
      pressure, or one adapted for emitting most of its light as a single, sharp
      spectral line at a wavelength included within the frequency limits of a
      strong, sharp resonance absorption line of the gaseous material used in
      the Faraday cell.
PAR  Suitable cells analogous in principle of operation to Faraday cells, for
      the scrambler and unscrambler devices employed in a secret microwave
      communication system in accordance with the invention may comprise a
      suitable container adapted for transmitting the microwave used as the
      carrier wave in a predetermined direction, and containing a suitable
      paramagnetic substance having the desired resonance spectrum-anomalous
      dispersion characteristics. For example, each of these cells may comprise
      a suitable glass or quartz tube of optimum length containing a solution of
      finely divided particles of one of the alkaline metals, such as sodium,
      potassium, lithium, etc., in liquid ammonia, to each of which cells would
      be applied a very strong magnetic field, of the same magnitude (in the
      order of 2000 gauss) but of opposite direction for the scrambler and
      unscrambler devices. The substance analogous in its action to a Faraday
      cell used in this sytem for producing modulation of the microwaves
      transmitted therethrough with speech or other intelligible signals by the
      application of a very weak d-c magnetic field to cause variations in
      rotation of this wave in accordance with the amplitude of these signals,
      may be any one of a number of known materials adapted for this purpose,
      for example, a block of the material commonly referred to as "ferrite"
      which, as is well known, has the property of being able to rotate a
      microwave passed through it.
PAR  Although each of the secrecy systems of the invention as described above
      will provide an extremely high degree of secrecy in the speech or other
      intelligible signals transmitted over the wave transmission medium, in
      accordance with the invention the degree of secrecy may be further
      increased by providing the system with one or more additional,
      independently chooseable parameters. The additional parameters may be
      obtained, for exammple, by superimposing a sinusoidal alternating currrent
      on the d-c current in the scrambler coil, the frequency, amplitude and
      phase of which superimposed alternating current can be chosen at will, and
      by superimposing an a-c current of the same frequency, amplitude and phase
      on the d-c current in the unscrambler coil. Instead of using one
      sinusoidal alternating current a mixture of many sinusoidal alternating
      currents of different frequencies, amplitudes and phase may be used for
      obtaining more parameters.
DRWD
PAR  The various features and objects of the invention will be better understood
      from the following detailed description thereof when read in conjunction
      with the several figures of the accompanying drawing in which:
PAR  FIGS. 1 to 5, 7 to 12 and 17 show characteristic curves used in connection
      with an explanation of the principles involved and the operation of the
      component circuit elements in the systems of the invention;
PAR  FIGS. 6 and 13 show diagrammatically testing arrangements which were used
      by applicant to determine the effects on signal modulation and scrambling
      of signal modulation on polarized light waves obtainable with Faraday
      cells of a specific type when subjected to magnetic fields of different
      strengths, in accordance with the invention; and
PAR  FIGS. 14, 15, 16 and 18 are schematic diagrams of different embodiments os
      secret communication systems or modification of portions of these systems
      embodying the invention.
DETD
PAR  FIG. 1 shows in the solid line the familiar anomalous dispersion curve,
      i.e., variation of refractive index N with wavelength V, found in a
      Faraday substance having an atomic resonance spectrum, as displayed, for
      example, in a monatomic gas such as sodium vapor under suitable low
      pressure; and in the dash line the corresponding variation of the
      absorption k with wavelength in such a substance. Whether the maxima and
      minima of the dispersion curves are very flat, or very steep and high,
      depends on the damping coefficient of the oscillations involved, and can
      be optimized, as was done by the applicant in his experiments with Faraday
      cells containing metal vapors at low pressures, by proper choice of
      experimental conditions.
PAR  Now, the basic phenomenon that causes the Faraday effect in such a
      substance is the well known Zeeman splitting of the spectral lines in
      magnetic fields. Unpolarized light from a light source emitting most of
      its light as a single, sharp spectral line of a given wavelength, in the
      absence of a magnetic field applied to the light source, splits in a
      longitudinal magnetic field into two components of opposite circularly
      polarized light, the frequency splitting of the two Zeeman lines being
      given by the well known Larmor expression
EQU  .DELTA..omega. = eH/2 megacycles                           (2)
PAL  where .omega. is the angular rotation of the light wave used, H is the
      magnetic field intensity in gauss and e = 4.8.times.10.sup.-.sup.10
      electrostatic units (e.rho.u). Therefore, if a magnetic field is applied
      to such a substance, in each case two dispersion curves are obtained as
      shown by the curves of FIG. 2 for a weak, medium and strong applied
      magnetic field, respectively -- one, shown in the solid line, for the
      right-hand circular Zeeman component and the other, shown in the
      dash-line, for the left-hand circular Zeeman component. The actual Faraday
      rotation may be computed from the following equation
EQU  .omega..rho. = (n.sub.- - n.sub.+) .omega..rho./2c         (3)
PAL  where n.sub.- and n.sub.+ are the respective values of refractive index of
      the left-hand and right-hand components, respectively, for every
      considered angular frequency .omega., .rho. is the light pass length in
      the Faraday cell and c is the speed of light which is equal to
      3(10.sup.10) centimeters per second. So, if the values of n.sub.- and
      n.sub.+ from FIG. 2 are used to plot the Faraday rotation (.phi./.sub.H)
      as a function of wavelength V, the curve shown in FIG. 3 (for a weak
      applied magnetic field) and the curve shown in FIG. 4 (for a strong
      applied magnetic field) are obtained. While the amount of Faraday rotation
      is practically independent of the wavelengths far away from a strong
      absorption line, a very strong anomalous dispersion is obtained within the
      frequency limits of the absorption line. In the case of optical spectral
      lines, the line width in the Faraday substance is extremely small, for
      example, in the case of the yellow sodium line, the line width is only one
      hundredth of an Angstrom (10.sup.-.sup.10 centimeters).
PAR  Since, as explained above, the phenomenon of the anomalous dispersion of
      the Faraday effect takes place within a very small frequency interval, a
      spectroscope with an extremely high resolving power (say, at least 1
      .times. 10.sup.7) would be required to detect it. The new effect found by
      applicant, i.e., the conversion of linearly polarized light into
      completely unpolarized light when the Faraday cell is subjected to a
      sufficiently strong magnetiic field, is as conclusive evidence of the
      existence of this strong dispersion within the frequency limits of a
      strong absorption line as any direct observation with a super-resolving
      spectroscope, such as the hypothetical one referring to above.
PAR  If the magnetic field applied to a Faraday cell of the monatomic gas type
      described is weak (say, of the order of some tenths of a gauss), the
      dispersion near the wings of a strong absorption line (the more centrally
      located portion of the line does not contribute to the Faraday effect
      since in this portion of the line the absorption is so strong that the gas
      in this spectral region is completely opaque) is very small, as indicated
      in FIG. 5. Therefore, the observed angle of Faraday rotation depends only
      very little on frequency; i.e., there is practically no dispersion
      noticeable.
PAR  FIG. 6 shows a schematic diagram of a standard Faraday effect testing
      arrangement used by applicant in his experiments. In this arrangement the
      light source 1 was a commercial sodium lamp. A beam of light from this
      lamp was focused by a lens system 2 on the first Nicol prism 3 which
      caused the light beam to be linearly polarized. The linear polarized beam
      was passed through a Faraday cell 4 of the sodium vapor type under test to
      which was applied a magnetic field from a d-c source 5 through the winding
      6 surrounding the cell. The second Nicol prism 7 in the output of that
      cell served as a polarization analyzer. A photomultiplier 8 and associated
      meter 9 was used for measuring the amount of light transmitted through the
      analyzer prism 7, and for translating it into electrical power units.
PAR  If .phi. is the rotational angle of the analyzing prism 7 with respect to
      the polarization plane of the first prism 3, then the transmitted light
      intensity is given by the relation
EQU  I = I.sub.o sin .sup.2 .phi.                               (4)
PAL  as plotted in polar coordinates in FIG. 7 for the case where no magnetic
      field is applied to the Faraday cell.
PAR  For the case of a weak magnetic field applied to the Faraday cell 4 from
      the DC source 5 through the coil 6 in the test circuit of FIG. 6, a nearly
      wavelength-independent small rotation of the polarization plane of the
      light beam is obtained, giving a relation between the transmitted light
      intensity and rotational angle .phi. of the analyzing prism 7 shown in
      polar coordinates in FIG. 8. If the applied magnetic field is made
      gradually stronger and stronger, the gradient of the Faraday dispersion in
      the wings of the spectral line of the Faraday substance becomes steeper
      and steeper, and the rotational angle of different wavelength values in
      the wings of this spectral line becomes slightly different as shown in
      FIG. 9. Therefore, it is no longer possible to cancel the transmitted
      light completely by rotating the analyzing Nicol prism 7 to a certain
      angle, and the transmitted light intensity as a function of the rotational
      angle of the prism now is as shown in FIG. 10. This effect increases the
      more the field strength is increased, and in a field of 50 gauss would
      appear as shown in FIG. 11, the difference between the minimum and the
      maximum transmitted light intensity being already quite small, in this
      case approximately 1 to 1.4.
PAR  With an even greater applied magnetic field, the respective Faraday
      rotation angles of each of the different frequencies contained in the
      wings of the spectral line differ so much from each other that their
      diverse directions are uniformly spread out over a full 360.degree. angle
      (FIG. 12) and a rotation of the analyzing prism now results in no
      indication of even the slightest remaining polarization. This, as pointed
      out previously, for a sodium vapor filled Faraday cell is realized at
      approximately 150 gauss. The beam of light emerging from the Faraday cell
      subjected to such a strong magnetic field is substantially completely
      unpolarized and no optical manipulation whatsoever could reveal any
      information about its polarization status prior to entering the cell.
      Thus, any signal modulation (obtained by rotation of the original
      polarization plane) which the light beam might have had before entering
      the strong Faraday field would appear to an observer as completely wiped
      out. This was checked by using the testing arrangement shown in FIG. 13.
PAR  The testing arrangement of FIG. 13 included in addition to the sodium lamp
      light source 1, the lens system 2, the polarizer Nicol prism 3 and the
      analyzer Nicol prism 7 also used in the testing arrangement of FIG. 6, two
      Faraday cells 11 and 12 of the sodium vapor type previously described,
      spaced between the two prisms, and a signal detection circuit consisting
      of a photomultiplier 13 connected across the output of the analyzer prism
      7 and a telephone receiver 14 connected across the output of the
      photomultiplier 13 through an amplifier 15. A weak speech modulating
      magnetic field, in the order of a few tenths of a gauss, was applied to
      the cell 11 by means of a microphone 16 connected through an amplifier 17
      across a winding 18 having a suitable number of turns, suurrounding that
      cell, to variable rotate the plane of polarization of the linear polarized
      light beam transmitted through that cell in accordance with the amplitude
      of the speech signals impressed on the microphone. A strong magnetic field
      of approximately 200 gauss was applied to the cell 12 by means of a
      suitable d-c source 19 connected across the terminals of a suitable
      winding 20 surrounding that cell. This strong magnetic field operated to
      convert the modulated polarized light beam received in the cell 12 from
      the output of the cell 11 to a substantially completely unpolarized light
      beam. Even when the detecting device was adjusted to maximum sensitivity,
      no indication of any signals were noted in the telephone receiver 14,
      indicating that the modulation on the polarized light beam had been
      effectively wiped off when the beam was transmitted through the Faraday
      cell subjected to such a strong magnetic field.
PAR  As a result of this test, it occurred to applicant immediately that, since
      the Faraday dispersion, like any dispersion effect, is basically caused by
      phase delays, it should be possible to reverse this phenomenon completely
      by sending the unpolarized light beam so obtained in the output of the
      cell 12 through another similar Faraday cell subjected to the same very
      strong magnetic field but reversed in direction, to repolarize the light
      beam so as effectively to reproduce the original speech modulated
      polarized beam. A further experimental test showed that this was the case,
      and that restitution of the original polarization status of the light beam
      was obtained with high fidelity. The minimum magnetic field strength value
      at which this restitution of the original polarization status of the beam
      takes place is critical, and in applicant's experiments was comparable to
      the sharpness of tuning of a heterodyne receiver.
PAR  One embodiment of a secret speech optical transmission system utilizing the
      above-described newly discovered effects which was constructed to provide
      a high degree of secrecy in the speech signals during transmission over
      the system is shown in FIG. 14. This system comprises a signal
      transmitting station TS and a signal receiving station RS connected by a
      line or other signal transmission medium TM. The transmitting station TS
      includes elements similar to those employed in the testing system of FIG.
      13 comprising in order, reading from left to right, a commercial sodium
      arc lamp used as the light source 1; a lens system 2 for collimating the
      light from that lamp into a parallel beam or bundle of light rays of the
      desired cross-dimension; a first Nicol prism 3 for linearly polarizing the
      resulting light beam; a Faraday cell 11 consisting of a suitable glass
      container of optimum length, say 12 centimeters, transparent to light rays
      in a predetermined direction, containing sodium vapor at an optimum low
      pressure, 2 .times. 10.sup.-.sup.3 millimeters, through which the linearly
      polarized light beam is transmitted in that predetermined direction; means
      to apply a weak speech modulating magnetic field to the cell 11,
      comprising a suitable winding 18 surrounding that cell and a microphone 16
      connected across the terminals of that winding through an amplifier 17,
      for causing the linear polarized light beam in transmission through the
      cell 11 by variable rotation of its plane of polarization to be modulated
      in accordance with the amplitude of the speech signals applied to the
      microphone 16; a second sodium vapor-filled Faraday cell 12 identical with
      the cell 11, transmitting the resulting signal-modulated light beam in its
      longitudinal direction, to which a very strong magnetic field (which can
      be of any arbitrarily chosen value provided it is as strong as 150 gauss)
      is applied by means of a suitable d-c voltage source 19 connected across a
      suitable winding 20 surrounding that cell, the combination of the cell 12
      and its applied strong magnetic field operating as a "scrambler" device to
      convert the applied speech-modulated polarized light beam into a
      substantially completely unpolarized light beam so as to render the speech
      modulation thereon initially represented by rotation of its plane of
      polarization, secret before the light beam is transmitted over the
      transmission medium TM.
PAR  The receiving station RS of the system of FIG. 14 comprises in order,
      reading from left to right, a third sodium vapor Faraday cell 21,
      identical with the cells 11 and 12 at the transmitting station TS, to
      which is applied through a suitable winding 22 surrounding the cell 21
      from a suitable d-c voltage source 23 connected across the terminals of
      that winding, a very strong magnetic field which is of the same magnitude
      as the strong magnetic field applied to the "scrambler" Faraday cell 12 at
      the transmitting station TS, but in the opposite direction, the
      combination of the cell 21, and its applied strong magnetic field
      operating as an "unscrambler" device to repolarize the unpolarized light
      beam received over the transmission medium TM in transmission therethrough
      and to reproduce therefrom the original speech-modulated polarized light
      beam; a second Nicol prism 7 operating as a polarization analyzer to
      convert in the customary way the phase modulation in the reproduced light
      beam, represented by the Faraday rotation effects in its plane of
      polarization, into a corresponding final amplitude modulation; a
      photomultiplier or photocell amplifier 24, 25 for detecting and amplifying
      this amplitude-modulated wave; and a telephone receiver 26 for audibly
      reproducing the original speech sounds of the transmitted message.
PAR  Preliminary tests of the embodiment of FIG. 14 indicated that it provided
      very substantial secrecy in the transmission of speech or other
      intelligible signals modulated on a light beam carrier wave. However, as a
      really effective secrecy system should have not just one, but at least two
      or three independently-chooseable parameters so that the possibility of an
      eavesdropper finding the right combination by trial and error to
      unscramble the transmitted secret message is greatly reduced, applicant
      has developed modifications of the optical secrecy system of FIG. 14 which
      meet these requirements, which are illustrated in FIGS. 15 and 16.
PAR  As indicated in FIG. 15, in the secrecy system of FIG. 14 a sinusoidal
      alternating current source 27 of adjustable frequency, say of 60 cycles
      per second, and of adjustable amplitude and phase is connected across the
      winding 20 in the "scrambler" device to superimpose on the d-c current in
      that winding due to the d-c source 19 an alternating current of that
      frequency and any desired amplitude or phase, and a sinusoidal alternating
      current source of the same frequency, amplitude and phase is connected
      across the winding 22 of the unscrambler device. This expedient provides
      additional parameters which render the system extremely secret in that an
      eavesdropper would have to match the intensity of the d-c current and the
      amplitude of the superimposed a-c current independently of each other to
      unscramble the signals, which would be practically impossible within the
      limited time in which the signals are being transmitted. A third
      independent parameter for the scrambling operation is the frequency of the
      superimposed a-c current, which within a practically unlimited range can
      be chosen at will.
PAR  An expedient for producing a fourth independent parameter is illustrated in
      FIG. 16. This is obtained by inserting into either one of the two
      alternating current superimposing circuits, for example, in the circuit
      associated with the unscrambler device, as shown, a suitable adjustable
      phase shifting device 29 (which may be a condenser plus a resistor of
      adjustable value) to shift the relative phase relations between the a-c
      currents in the scrambler and unscrambler circuits respectively supplied
      thereto by the sources 27 and 28. Experiments have indicated that this
      relative phase relation is very critical in preserving secrecy. The number
      of independently chooseable parameters for the scrambling can be further
      increased easily, but it is believed that this is not necessary as the
      four independent chooseable parameters in the optical speech secrecy
      system described above would be sufficient for any practical use.
PAR  In applicant's experiments to develop a suitable optical secrecy system
      using Faraday cells of the general type described above, the yellow sodium
      resonance radiation (D = 5895.9 A and D = 5889.9 A), was used for
      illuminating the Faraday cells, mainly for the following reasons: (1) all
      the necessary optical adjustments can be made very easily and visually;
      (2) intensive sodium vapor lamps are commercially available; and (3)
      standard visible light photomultipliers can be used for the detection of
      the visible light. On the other hand, sodium has two disadvantages,
      namely, (1) to get the necessary optimum sodium vapor pressure of
      approximately 2 .times. 10.sup.-.sup.3 millimeters, the Faraday cells have
      to be heated to a temperature of 250.degree. centigrade; and (2) sodium
      vapor tends to attack most commercially available glass used for vapor
      containers rather heavily by turning the glass dark brown so that it
      eventually becomes opaque. It was found that the proper pressure of the
      sodium vapor could be obtained easily by using suitable heating coils
      around the cells to provide the proper temperature. The disadvantage as
      regards the effect of the sodium vapor on the glass cells can be obviated
      by the use of the now commercially available sodium resistant glass for
      the vapor containers in these cells.
PAR  Although the new speech secrecy principle discussed above works well in the
      visible range of the spectrum and can be used to advantage in the
      ultraviolet and near infrared region, the principle itself is of a very
      general nature and should basically work in any region of the
      electromagnetic spectrum including the microwave region, if suitable
      substances having strong and sharp absorption lines in that region are
      available. The necessary requirements are easily fulfilled for optical
      radiation because (1) the optical transitions are electric dipole
      transitions and therefore very strong; (2) the absorption is, therefore,
      even at very low density of the used substance, very high, and the damping
      coefficient which determines the line width and the magnitude of the
      Faraday effect can be made extremely large by working at sufficiently low
      gas pressure. In the microwave regions these conditions are not present.
PAR  The optical Faraday effect is the so-called diamagnetic Faraday effect. It
      is a direct consequence of the splitting of spectral lines in magnetic
      fields and is displayed by all substances, regardless of whether they are
      diamagnetic or paramagnetic. This diamagnetic effect is
      temperature-independent, and its anomalous dispersion within or near a
      strong resonance absorption line shows a symmetrical behavior, as shown in
      FIGS. 3 and 4. In addition to this general Faraday effect of the
      diamagnetic type, in the case of paramagnetic substances another effect
      that also causes a rotation of the polarization plane, the so-called
      paramagnetic Faraday effect, is found, this effect being caused by the
      partial alignment of the natural permanent magnet dipoles of the
      paramagnetic substance in the applied magnetic field and, therefore, is
      temperature dependent. The paramagnetic effect also has anomalous
      dispersion within and near absorption lines; however, the dispersion
      pattern in this case is not symmetrical like in the case of the
      diamagnetic effect, but is unsymmetrical, as shown in the curve of FIG.
      17. Since at optimal frequencies, the diamagnetic Faraday effect is (under
      proper chosen conditions) very high at small densities of the usual
      Faraday substances, while the paramagnetic effect at these low densities
      is very small, it is rather difficult to detect the paramagnetic effect in
      the optical region. In the microwave region, however, the diamagnetic
      effect is too small to be observed and, if a substance of sufficiently
      high density is used, the paramagnetic effect shows up.
PAR  The applicability of the newly discovered scrambling and unscrambling
      methods of the invention for producing secrecy in the transmission of
      speech or other signals discussed above for optical radiation, to a signal
      transmission system operating in the microwave region depends on the
      availability of substances that display sufficiently strong and narrow
      absorption lines, the width of which are comparable to the frequency
      bandwidth of microwave transmitters of customarily used Q-values. If such
      substances can be found there is no doubt that the method will work with
      as much efficiency in the microwave region as it does in the optical part
      of the spectrum. Since the Q-value which must be dealt with in practical
      microwave application is, in general, of the order of some thousands, this
      means that line widths of some few hundred kilocycles at most would be
      needed. In other words, the ratio of the microwave frequency used to the
      line width needed is approximately 10.sup.4. In the case of the optical
      experiments, the ratio of the light wave frequency to line width is about
      6 .times. 10.sup.5.
PAR  That satisfactory substances are available for use in the microwave region
      is evidenced by the work of other research workers to be briefly discussed
      below.
PAR  Independently of each other, three groups of research workers, namely,
      Huchinson and Pastor of the University of Chicago, Garstens and Ryan of
      the Naval Research Laboratory in Washington, and Levinthal, Rogers and Ogg
      of Stanford University, have found that certain substances, even in the
      liquid state, display extremely sharp microwave abssorption lines.
      Hutchinson and Pastor (Phys. Rev. 81, 382, 1951) used a 0.7 molar solution
      of metallic potassium in liquid ammonia and obtained, when this substance
      was exposed to a 23,700 mc microwave frequency, while at the same time
      being subjected to strong magnetic fields, an extremely sharp microwave
      absorption line due to the spin resonance of the quasi-free electrons
      originating from the ionization of the potassium atoms when they dissolved
      in the liquid ammonia. In fact, the line width at 23,700 mc was of the
      order of only 0.3 mc, which brings the above-mentioned ratio of frequency
      to line width up to a value of 10.sup.5, which is of the same order as
      that present in the optical wave.
PAR  The findings of Hutchinson and Pastor were confirmed at lower frequencies
      by Garstens and Ryan (Phys. Rev. 81, 888, 1951) and by Levinthal, Rogers
      and Ogg (Phys. Rev. 83, 182-183, 1951). As stated by these authors, the
      insertion of even a very small amount of such an alkali metal-ammonia
      solution into a microwave system causes heavy microwave losses. However,
      these heavy microwave losses, which apparently prevent the use of any
      sufficiently reasonable thickness of the solution in a waveguide to obtain
      more than a very weak Faraday effect, have actually, as will be shown,
      nothing to do with the damping due to the spin resonance of the so-called
      free electrons in the solution and it seems possible to avoid them by
      proper means. Nearly fifty years ago Kraus (see collective report of Kraus
      in Journal Franklin Institute, 212,537, 1931), had found that alkali
      metals like sodium, potassium, lithium, etc., dissolve easily in liquid
      ammonia and that the resulting solutions display a high electric
      conductivity. Other investigators found later that these alkali
      metal-ammonia solutions have also a quite noticeable paramagnetism. The
      alkali metal atoms, when they dissolve in the ammonia, are ionized and
      form a group of diamagnetic alkali ions (with a closed rare gas-like
      electron shell) and of free electrons, which due to their spin cause the
      mentioned paramagnetism. By proper choice of the intensity of the magnetic
      field applied to such a solution, the sharp microwave resonance line
      therein can be brought in to every desired frequency range. As can be seen
      from the extreme sharpness of the observed microwave line in such a
      solution, and as can be deduced theoretically from a rough calculation of
      the Einstein transition frequency, the heavy losses encountered are solely
      caused by skin losses due to the high electric conductivity of the
      alkali-ammonia solution. As is well known, such skin effect losses can be
      prevented by bringing the conductive material into a state of very fine
      grains (the diameter of which is small compared to the skin depth at the
      used frequency) and then making an emulsion of these small grains in a
      highly-insulating, lossless substance, for example, wax or paraffin. Since
      the electric conductivity of the mentioned alkali metal-ammonia solution
      is about 400 times smaller than the conductivity of metals, the skin depth
      at a frequency of 3 .times. 10.sup.9 cps would be approximately
      10.sup..sup.-2 centimeters, and it shoud not be too difficult to make
      small particles of at least 10 times smaller diameter by grinding a solid
      frozen piece of the solution, and to suspend the small particles so
      obtained in paraffin or wax.
PAR  Also, the research workers, Holden, Kittel, Merritt and Yager (Phys. Rev.
      77 147-48, 1950) have discovered that several organic substances with free
      radical groups display unusually sharp microwave resonance lines (due to
      the spin of the unsaturated uneven valency electrons in the free radical
      group). It is believed that concentrated research on this problem would
      reveal any number of other substances displaying a sufficiently high
      microwave Faraday effect due to sharp absorption lines in their spectra,
      which could be used in a secret microwave signal transmission system
      utilizing the methods of the invention.
PAR  FIG. 18 shows one embodiment of a proposed microwave signal transmission
      system utilizing the methods of the invention for providing a high degree
      of secrecy in the speech or other signals transmitted thereover as
      modulations on a carrier microwave. As in the optical system of FIG. 14,
      this system includes a transmitting station TS and a receiving station RS
      connected by a wave transmission medium TM which for the particular case
      illustrated is an air transmission link. The transmitting station TS
      includes any suitable means represented by the box 30 for generating the
      microwave energy to be used as the carrier wave in the proposed system.
      The microwave energy from the source 30 at the transmitting station may be
      impressed on the input of a short section 31 of waveguide, which may be of
      rectangular or circular cross-section, terminating in a conventional horn
      32, in a manner well known in the art so that it is propagated
      longitudinally over that section in the proper mode, say the TE.sub.10 or
      TE.sub.11 mode, respectively, towards the horn 32.
PAR  At a point/near the input of the waveguide section there is provided means
      for modulating the transmitted microwave energy with the signals, for
      example, speech signals, to be transmitted with secrecy over the system.
      For this purpose a standard device operating in a manner analogous to a
      Faraday cell is used. This device comprises a block 33 of compressed,
      finely divided particles of a material, commonly referred to as ferrite,
      which is known to have the property of rotating microwave energy
      transmitted through it when it is subjected to a magnetic field. The block
      33 as shown is positioned within the waveguide section 31 at a point
      equidistant from its side walls, so the microwave is transmitted through
      it along its longitudinal axis. A magnetic field is applied by a magnetic
      coil 34 surrounding the portion of the waveguide section in which the
      ferrite block is located. A microphone 35 serving as a source of speech
      signals is connected through amplifier 36 across the terminals of the coil
      34. The coil 34 is selected such as to apply a very weak speech modulating
      field, of the order of a few tenths of a gauss, to the "Ferrite" device
      33, when it is supplied with speech signals from the microphone 35. The
      variable rotation produced in the microwave energy during its transmission
      through the device 33, which is proportional to the amplitude of the
      applied speech signals, represents the speech modulation on that wave.
PAR  A scrambler device S is associated with the waveguide section 31 at a point
      near the waveguide horn 32. This scrambler device includes a suitable
      container 37, which may be of glass or other suitable material adapted to
      transmit the microwave, and is disposed longitudinally within the guide
      31. The container 37 should contain a sufficiently thick layer of a
      solution of finely divided particles of an alkali metal, such as sodium
      (Na), in ammonia (NH.sub.3). As previously pointed out, in order to bring
      the sodium particles into a sufficiently fine form so as to minimize skin
      losses, the material used in the container 37 may be prepared by freezing
      a solid piece of the sodium-ammonia solution, grinding the frozen piece to
      bring the sodium particle to the desired fineness and suspending the
      ground particles so obtained in a carrier such as wax or paraffin. The
      scrambler device S also includes a heavy magnet coil 38 surrounding the
      portion of the waveguide section 31 in which the container 37 is inserted
      which in association with a suitable d-c source 39 connected across its
      terminals is selected such as to provide the very strong magnetic field of
      approximately 2000 gauss applied to the material in the container 37
      needed for the scrambling operation. The effect of the scrambling device S
      on the microwave during its transmission through the container 37 and the
      sodium-ammonia solution contained therein, as pointed out above, would be
      to effectively remove all rotation effects representing the speech
      modulation therefrom. The resulting microwave is radiated into space
      (transmission medium TM) by the horn 32.
PAR  The receiving station RS at the receiving end of the transmission medium TM
      includes a waveguide receiving horn 40 for picking up the microwave energy
      received over that medium, feeding into a short section 41 of waveguide,
      similar to the waveguide section 31 at the transmitting station. An
      unscrambler device US is associated with the waveguide section 41. This
      unscrambler device US is similar to the scrambler device S used at the
      transmitting station TS, comprising a suitable container 42 disposed
      longitudinally within the waveguide section 41, containing a solution of
      finely divided particles of an alkali metal, such as sodium, in liquid
      ammonia, and means for applying a strong magnetic field of approximately
      2000 gauss to the sodium-ammonia solution within the container 42,
      comprising a heavy magnetic coil 43 surrounding the portion of the
      waveguide section 41 in which the container 42 is inserted and a suitable
      d-c source 44 connected across the terminals of that coil. However, the
      d-c source 44 is so poled with respect to the coil 43 that the magnetic
      field applied to the sodium-ammonia solution within the container 42
      although of the same magnitude as the magnetic field applied to the
      sodium-ammonia solution within the container 37 of the scrambler device 8
      at the transmitting station TS, is in the opposite direction to that
      field. The effect of the unscrambler device US on the microwave received
      over the medium TM from the receiving station and propagated along the
      waveguide section 41 is the opposite of that produced by the scrambler
      device S at the transmitting station, that is, it operates to re-insert
      the rotation effects representing speech modulation into that wave
      effectively removed by the scrambler device S at the transmitting station
      TS, thereby reproducing the original speech-modulated mocrowave as it
      appeared at the input to the scrambler device S at that station.
PAR  The reproduced speech-modulated microwave is supplied through any suitable
      means, such as a dipole probe in the waveguide section 41, to a suitable
      receiver 45 for demodulating the signals thereform and supplying them in
      suitable amplified form to telephone receiving apparatus.
PAR  As in the case of the speech secrecy system for optical communication
      illustrated in FIG. 14 and described above, the effect of the scrambler
      device at the transmitting station is to impart a high degree of secrecy
      in the transmission of the speech or other signals over the transmission
      medium between the transmitting and receiving station, such that an
      eavesdropper who does not know the value of the magnetic field strength
      used in the scrambler device at the transmitting station to hide the
      speech modulation would find it difficult within a limited time interval
      to decipher the transmitted message. As in the case of the secret optical
      transmission system, the degree of secrecy in the microwave system may be
      substantially increased by adding to the system of FIG. 18 two or three
      independently chooseable parameters by means similar to those described
      above and illustrated in FIGS. 15 and 16 for the optical secrecy system.
PAR  Various other modifications of the circuits illustrated in the drawings and
      described above which are within the spirit and scope of the invention
      will occur to persons skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for transmitting varying amplitude signals with a high degree
      of secrecy over a wave transmission medium, including a source of
      polarized electromagnetic waves of predetermined wavelength at the input
      to said medium, three transmission devices each adapted for transmitting
      electromagnetic waves in a given direction, and including a substance
      having a resonance spectrum with a strong, sharp absorption line therein
      including said predetermined wavelength within its frequency limits, and
      exhibiting strong anomalous dispersion in the immediate neighborhood of
      said line, a first and a second one of said devices being located at the
      input to said medium and the third being located at the output of said
      medium, means to apply an electromagnetic wave from said source to said
      first device in said given direction, means simultaneously to apply to
      said first device in the direction of wave propagation a weak magnetic
      field varying in accordance with the amplitude of the signals to be
      transmitted, in order to produce rotation effects in the applied wave
      proportional to the instantaneous signal amplitudes, representing signal
      modulation, means to apply the resulting modulated wave to the second of
      said devices in said given direction, means simultaneously to apply to
      said second device in the direction of wave propagation a strong magnetic
      field of such strength as effectively to cause the removal from the
      modulated wave in transmission through that device of the rotation effects
      representing signal modulation, and thus to render the signals carried by
      that wave secret to a high degree before the wave is transmitted over said
      medium, means at the output of said medium to apply the received wave to
      said third device in said given direction, means simultaneously to apply
      to said third device in the direction of wave propagation a strong
      magnetic field of the same strength as that applied to said second device
      but reversed in direction with respect thereto to reinsert effectively in
      the applied wave in transmission through said third device the rotation
      effects representing signal modulation removed by said second device,
      means to convert the rotation effects in the resulting wave into
      proportional amplitude modulation and means to detect the signals from the
      resulting amplitude modulated wave.
NUM  2.
PAR  2. An optical system for transmitting varying amplitude signals with a high
      degree of secrecy over a wave transmission medium, comprising means to
      produce a linear polarized light beam of a predetermined wavelength, three
      Faraday cells each transparent to light in a given direction and including
      a substance having an atomic resonance spectrum with a strong, sharp
      absorption line including said predetermined wavelength within its
      frequency limits, and exhibiting strong anomalous dispersion in the
      immediate neighborhood of said line, two of said cells being connected in
      tandem in the input to said medium and the third of said cells being
      connected to the output of said medium, means to apply said linear
      polarized light beam to the first of said two cells in said given
      direction, means simultaneously to apply to said first cell in the
      direction of light propagation a weak magnetic field varying in accordance
      with the instantaneous amplitude of the signals to be transmitted so as to
      produce in that cell rotations of the plane of polarization of the applied
      polarized light beam in amounts proprotional to said signal amplitudes,
      representing signal modulation, means to apply the resulting modulated
      polarized light beam to the second of said two cells in said given
      direction, means simultaneously to apply to said second cell in the
      direction of light propagation a strong magnetic field of such strength as
      to convert the applied polarized light beam in said second cell into a
      substantially completely unpolarized beam in which the rotation effects
      representing signal modulation have been removed so as to render the
      transmitted signals secret to a high degree before the beam is transmitted
      over said medium, means at the output of said medium to apply the received
      converted light beam to said third cell in said given direction, means
      simultaneously to apply to said third cell a strong magnetic field of the
      same strength as that applied to said second cell but reversed in
      direction with respect thereto, to repolarize the light beam and insert
      therein the rotation effects representing signal modulation effetively
      removed by said second cell at the input to said medium, a polarization
      analyzer for converting the phase modulation represented by the rotation
      effects in the re-polarized beam into corresponding amplitude modulation
      and means to detect the signals from the resulting amplitude-modulated
      light beam.
NUM  3.
PAR  3. The secret signal optical transmission system of claim 2, in which each
      of said Faraday cells comprises a glass container of a given length,
      containing a vapor of an alkaline metal at an optimum low pressure in the
      order of one-thousandth of a millimeter; and said means to produce a
      linear polarized light beam of said predetermined wavelength includes a
      high intensity discharge lamp containing the same alkaline metal vapor at
      approximately the same low pressure as used in each of said Faraday cells,
      a lens system for collimating the light from said lamp into a parallel
      beam of light rays and a Nicol prism polarizer for linearly polarizing
      said beam.
NUM  4.
PAR  4. The secret signal optical transmission system of claim 2, in which each
      of said Faraday cells consists of a glass tube approximately 11
      centimeters in length containing sodium vapor at an optimum pressure of
      about 2 .times. 10.sup.-.sup.3 millimeters obtained by heating the cell to
      approximately 250.degree. centigrade; said means for producing a linearly
      polarized light beam includes a sodium arc lamp used as a light source, a
      lens system for collimating the light from said lamp into a parallel beam
      of light rays and a Nicol prism for producing linear polarization of said
      beam; the weak signal modulating magnetic field applied to said one
      Faraday cell at the input to said medium is of the order of a few tenths
      of a gauss; and the magnitude of the strong magnetic field applied to said
      second Faraday cell at the input to said medium and to said third Faraday
      cell at the output of said medium is at least 150 gauss.
NUM  5.
PAR  5. The secret signal optical transmission system of claim 2, in which the
      strong magnetic field applied to said second Faraday cell at the input to
      said medium to convert the signal-modulated polarized light beam
      transmitted through that cell to a substantially completely unpolarized
      light beam and the oppositely directed magnetic field of the same strength
      applied to said third Faraday cell at the output of said medium is a
      direct current magnetic field obtained by the provision of a suitably
      proportioned magnet coil respectively surrounding each of these cells,
      supplied with direct current from an individual voltage source of suitable
      value connected across the terminals of the coil in reverse manner for the
      two coils; and to increase the degree of secrecy in the transmitted
      signals an alternating current of the same frequency, amplitude and phase
      is superposed on the direct current produced in each of these coils by the
      applied direct current magnetic field, the selected amplitude of the
      superposed alternating current with respect to that of the direct current
      in each magnet coil providing one independently chooseable parameter and
      the selected frequency of the superposed alternating current providing a
      second independently chooseable parameter for the secret system.
NUM  6.
PAR  6. The secret signal optical transmission system of claim 2, in which the
      strong magnetic field applied to said second Faraday cell at the input to
      said medium and the strong magnetic field of the same magnitude but in the
      opposite direction applied to said third Faraday cell at the output of
      said medium, is a direct current magnetic field obtained by the use of a
      suitably proportioned magnet coil surrounding the respective cells and an
      individual d-c voltage source of suitable value connected across the
      terminals of each coil; and to increase the degree of secrecy in the
      transmitted signals, an alternating current of the same adjustable
      frequency and amplitude is superposed on the direct current produced in
      the magnet coil surrounding each of said second and third Faraday cells by
      the applied direct current magnetic field, and an adjustable phase shifter
      is inserted in one of the two alternating current circuits so formed to
      provide an additional parameter for the secret system.
NUM  7.
PAR  7. A secret microwave signal transmission system comprising a signal
      transmitting station and a signal receiving station connected by an air
      wave transmission medium; said transmitting station including means for
      generating a microwave of predetermined wavelength for use as a carrier
      wave, a source of varying signals to be transmitted over the system with
      secrecy, a straight section of elongated waveguide line for propagating
      the generated microwave in the direction of the longitudinal axis of that
      section towards said medium, two transmission devices connected in tandem
      in said line section in the path of the propagated microwave, each of said
      devices having an atomic resonance spectrum with a strong, sharp
      absorption line including said predetermined wavelength within its
      frequency limits, and exhibiting strong anomalous dispersion in the
      immediate neighborhood of said line, means controlled by said source of
      signals for applying to the first of said devices in said line section a
      weak magnetic field varying in accordance with the instantaneous
      amplitudes of said signals, said one device operating in response to the
      applied weak magnetic field, in a manner analogous to the operation of a
      Faraday cell on light waves, to rotate the microwave in variable amounts
      proportional to said instantaneous signal amplitudes, the resulting
      rotation effects in the microwave emerging from said one transmission
      device and entering the second transmission device in said line section
      representing signal modulation, means for applying to said second
      transmission device a sufficiently strong magnetic field to convert the
      signal-modulated microwave in transmission through that device into a wave
      in which the rotation effects representing signal modualtion have been
      effectively eliminated so as to render the transmitted signals relatively
      secret and means to impress the converted microwave on said medium for
      transmission thereover to said receiving station; and said receiving
      station including means for picking up the received converted microwave
      from said medium, a second elongated waveguide line section for
      propagating the received microwave longitudinally thereover, a third
      transmission device identical with said second transmission device at the
      transmitting station, inserted in said second line section in the path of
      the propagated microwave, means for applying to said third transmission
      device a strong magnetic field of the same magnitude as that applied to
      said second transmission device but opposite in direction thereto, said
      third device operating in response to the applied oppositely-directed
      strong magnetic field to re-insert in the microwave transmitted
      therethrough the rotation effects effectively eliminated from that wave by
      said second transmission device at the transmitting station, thereby
      restoring the signal modulation thereto and reproducing the
      signal-modulated microwave substantially as it appeared at the input to
      said second transmission device at the transmitting station, means to
      convert the signal phase modulation on the resulting wave into equivalent
      amplitude modulation and means to detect the signals from the resulting
      amplitude-modulated microwave.
NUM  8.
PAR  8. The secret microwave signal transmission system of claim 7, in which
      said first transmission device used as a modulator at the transmitting
      station comprises a block of compressed, finely-divided ferrite crystals,
      centrally located within said one waveguide line section, the means for
      applying the weak signal modulating field to that device consists of a
      suitably proportioned magnet coil surrounding the portion of the waveguide
      line section adjacent to that device, connected to said source of signals;
      each of said second and said third devices used at the transmitting
      station and at the receiving station, respectively, comprises a container
      centrally located within the waveguide line section at that station
      containing a thick layer of a solution of finely-divided particles of an
      alkaline metal, such as sodium, in liguid ammonia; and the means for
      respectively applying the strong magnetic field to said second and said
      third device is an individual suitably proportioned magnet coil
      surrounding the portion of the waveguide line section adjacent the device,
      and an individual d-c voltage source of suitable valve connected across
      the terminals of each coil.
NUM  9.
PAR  9. A secret signal transmission system comprising a signal transmitting
      station and a signal receiving station connected by a wave transmission
      medium, said signal transmitting station comprising means for generating
      an electromagnetic wave of predetermined wavelength for use as a carrier
      wave, a source of varying signals to be transmitted over the system as
      modulations of said electromagnetic carrier wave with secrecy, two
      transmission devices each adapted for transmitting said electromagnetic
      wave in a given direction, each of said devices including a substance
      having an atomic resonance spectrum with a strong, sharp absorption line
      including said predetermined wavelength within its frequency limits, and
      exhibiting strong anomalous dispersion in the immediate neighborhood of
      said line, means for applying the generated electromagnetic wave to one of
      said devices in said given direction, means for simultaneously applying to
      said one device a weak modulating magnetic field varying in accordance
      with the instantaneous amplitudes of the signals from said source, said
      one device operating in response to the applied weak magnetic field to
      signal modulate the applied electromagnetic wave in transmission
      therethrough by causing variable rotation of that wave in amounts
      proportional to said instantaneous signal amplitudes, means for applying
      the resulting signal-modulated electromagnetic wave to the second of said
      devices in said given direction, means for simultaneously applying to said
      second device a strong magnetic field, said second device being responsive
      to the applied strong magnetic field when its magnitude exceeds a given
      value to render the transmitted signals substantially secret, by
      converting the applied electromagnetic wave into a similar wave in which
      the rotation effects are effectively removed therefrom and means for
      impressing the resulting converted wave on said transmission medium for
      transmission thereover to said receiving station; and said signal
      receiving station includes means for receiving the converted
      electromagnetic wave from said medium, a third transmission device
      identical with said second transmission device at the transmitting
      station, supplied with the received converted wave in said given
      direction, means for applying simultaneously to said third device a strong
      magnetic field of the same magnitude as that applied to said second
      transmission device at said transmitting station but opposite in direction
      to that field, said third device being responsive to the applied strong
      magnetic field applied thereto to effectively remove its secrecy from the
      signal modulation on the converted electromagnetic wave in transmission
      through that device by effectively re-inserting the rotation effects
      therein removed by said second device at the transmitting station and thus
      reproducing the original signal-modulated electromagnetic wave
      substantially as it appeared at the input of said second device, means for
      converting the phase modulation represented by the rotation effects in the
      resulting wave into proportional amplitude modulation and means to detect
      the signals from the resulting amplitude-modulated wave.
NUM  10.
PAR  10. A secret optical signal transmission system comprising a signal
      transmitting station and a signal receiving station connected by a wave
      transmission medium; said signal transmitting station including means for
      producing a linear polarized light beam of a predetermined wavelength for
      use as a carrier wave, a source of varying signals to be transmitted with
      secrecy over the system as modulations of said carrier wave, two Faraday
      cells each transparent to light in a given direction and containing a
      substance having an atomic resonance spectrum with a strong, sharp
      absorption line including said predetermined wavelength within its
      frequency limits, and exhibiting strong anomalous dispersion in the
      immediate neighborhood of said line, means for applying the linear
      polarized light beam to one of said cells in said given direction, means
      for simultaneously applying thereto a weak magnetic field in the direction
      of light propagation, varying in accordance with the instantaneous
      amplitudes of the signals from said source, said one device being
      responsive to the applied weak magnetic field to signal modulate the
      linear polarized light beam in transmission therethrough by producing
      variable rotations of its plane of polarization proportional to said
      instantaneous signal amplitudes, means for applying the resulting
      signal-modulated polarized light beam to the second of said cells in said
      given direction, means for simultaneously applying to said second cell a
      strong magnetic field in the direction of light propagation, said second
      cell being responsive to the applied strong magnetic field when its
      magnitude exceeds a predetermined value to effectively conceal the signal
      modulation on the polarized light beam by converting that beam into a
      substantially completely unpolarized light beam in which the rotation
      effects representing signal modulation have been effectively removed and
      means to impress the resulting substantially unpolarized light beam on
      said transmission medium for transmission thereover to said receiving
      station; and said receiving station includes means for receiving the
      converted unpolarized light beam, a third Faraday cell identical with said
      one and said second Faraday cells at the transmitting station, supplied
      with the received converted unpolarized light beam in said given
      direction, means for applying to said third Faraday cell a strong magnetic
      field of the same magnitude as that applied to said second cell but in the
      opposite direction, said third cell being responsive to the applied strong
      magnetic field in said opposite direction to effectively restore the
      signal modulation to the light beam in transmission therethrough by
      effectively re-inserting therein rotation effects substantially indentical
      with those effectively removed therefrom by said second cell and
      representing signal modulation and thus reproducing the signal-modulated
      polarized light beam substantially as it appeared at the input of said
      second device in said transmitting station, a polarization analyser for
      converting the phase modulation represented by the rotation effects in
      said reproduced light beam into equivalent amplitude modulation, and means
      to detect the signals from the resulting amplitude-modulated light beam.
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ABST
PAL  In a wideband matched filter communication system for transmitting digital
     nformation identified by initial sharp pulses from a transmitter thru a
      communication channel to a receiver, a filter network comprising a
      multiplicity of filter sections of differing phase-frequency
      characteristics all in series, the overall characteristic of the entire
      multiplicity of sections being linear, said sections being distributed
      between a group at said transmitter and another group at said receiver,
      the overall characteristics of the sections in each group being
      non-linear, whereby the various frequency components of the initial sharp
      pulse are differently delayed in the transmitter group to decrease the
      amplitude of the pulse signal by spreading its energy over a substantial
      time period and also differently delayed in the receiver group, but in a
      complementary manner, to restore the pulse in the receiver at a
      predetermined time delay due to the operation of the filter.
BSUM
PAR  This invention relates to wide band matched filter communication systems
      for digital data, in which propagation disturbances and intentional
      jamming by adversaries have caused difficulty in reception, and security
      against interception by adversaries and competitors has not been as
      effective as desired. In the actual system the data is in binary form,
      such as teletype data involving alternatively mark or space symbols
      transmitted in succession, any data reducible to digital form could
      utilize the advantages of the invention. A communication system may be
      energized by a single sharp pulse to be delivered from the transmitter to
      the receiver. If such a pulse is applied without substantial change to the
      transmitter output it will have objectionably high amplitude over a very
      brief time and therefore require a transmitting circuit of high peak power
      operating at a very low duty cycle. In view of the considerable bandwidth
      of such a sharp pulse as shown by Fourier analysis it is possible to
      separate the pulse into its various frequency components, which may be
      differently delayed to spread the high peak energy over a considerable
      time, it a suitable receiving circuit can reform this energy to identify
      the presence of the original pulse. In such a system the instantaneous
      amplitude is not excessive and the transmitter duty cycle may be increased
      substantially to that of a continuous wave system. This also provides for
      receiver selectivity to energy from the particular source, not possible
      with the original sharp pulses.
PAR  In the present system a suitable filter means is provided in the
      transmitter to suitably break down the original pulse and spread out its
      energy in time, and yet a similar but complementary filter means in the
      receiver can restore the original pulse substantially as transmitted. The
      combined filter means of transmitter and receiver, as involved in the
      present invention, is made up of a plurality of somewhat similar sections
      having different frequency-phase characteristics. The various sections are
      so related that altho the various frequency components are delayed
      different amounts in passing thru the various filter sections, in the
      final output the many frequency components will again coincide in phase to
      reform the original pulse. If approximately half of these sections are
      located at the transmitter and the others at the receiver the total delay
      for the several frequency components to reform the pulse will not be
      changed, but the delay of the various frequency components at the
      transmitter may readily be so arranged that the energy peaks from various
      components are transmitted at different times and therefore eliminate the
      objectionably high amplitude of the original pulse.
PAR  Since communication frequently involves problems of interception and
      intentional interference or jamming by an adversary the somewhat complex
      nature of the output of such a filter is of some advantage in requiring
      detailed analysis of the waveform for interception and to apply jamming
      energy appropriate to the particular waveform. Since the filter at each
      station is made up of half the total number of sections it is particularly
      convenient to provide a full set of sections at each station, with means
      to provide frequent switching of the sections in a manner to include the
      desired half of the sections according to a complex permutation code. The
      same code at the other station would include the complementary half of the
      sections. Such switching may be as frequent as desired to complicate
      analysis, before every information pulse if considered necessary. Of
      course this requires that the switching in the receiver must be
      synchronized to that in the transmitter. Since the received signal pulses
      occur in the receiver at a consistent time delay after their initiation in
      the transmitter, allowing also for propagation time in the communication
      channel, these pulses can readily provide the necessary synchronization,
      somewhat analogous to the synchronizing pulses used for television sweep
      circuits, radar automatic ranging circuits, etc.
PAR  In most wide band communication channels there is considerable variation in
      propagation time of successive signals of similar nature due to the
      existence of several possible paths, which may slowly vary in
      effectiveness and even in length; thus successive signals over the various
      paths, expected to arrive in the same sequence and at the same relative
      amplitude each time, actually may shift in arrival time or vary enough in
      magnitude to disappear into and reappear from the ambient noise
      background. Usually the signals over one or two of the paths pre-dominate
      in amplitude, but even when there are several effective paths the actual
      use of the energy in all paths is helpful to improve the signal-to-noise
      ratio. Since these propagation paths vary rather slowly, yet each
      individual received pulse might be accompanied by a certain amount of
      noise, it is possible to store a series of waveforms corresponding to the
      recently received pulses or groups of pulses revealing the several
      propagation paths. The amplitude of the waveforms may be permitted to
      decay slowly so that the most recently received waveforms have the highest
      amplitude, and the waveforms combined in properly timed relation so that
      the actual signals of consistent timing will be emphasized and any noise
      of random timing will be minimized. This may be accomplished on a properly
      synchronized oscilloscope using persistence of phosphor to provide slow
      decay (somewhat as the successive signals are displayed in a radar system)
      to display the multipath pattern prevailing at the time, or in a delay
      network including a feedback path to keep repeating recently received
      waveforms at a delay corresponding to the interval between successive
      pulses and at slightly decreased amplitude with each repetition. The
      output of such a delay and feedback system may be led to a multiplier
      network with the incoming mark or space signals to emphasize those
      portions of the incoming signal which agree with the prevailing multipath
      pattern (assumed to be true signals) and to exclude those portions of the
      signal which do not agree with the prevailing multipath pattern (assumed
      to be made up largely of noise). Then to an integrator to combine
      individual contributions as a single output proportional to total signal
      energy.
PAR  The object of the invention is to simplify and improve the effectiveness of
      matched filter communication particularly with regard to the actual
      matched filter circuits. Other objects will be apparent from the following
      description.
PAR  Much of the subject matter is described in the June, 1960, IRE Transactions
      on Information Theory, pages 367-373, "A Matched Filter Communication
      System for Multipath Channels" by Steven M. Sussman, one of the inventors.
      The system involves a plurality of techniques which are not actually
      interdependent in the patent sense and yet are so closely related that a
      description of each is very helpful to an understanding of the other, to
      show particularly suitable components or supplements for most effective
      operation. The basic passive matched filter of FIG. 1 (included also as an
      element of FIG. 2) and other features relating particularly to jamming and
      interception, not mentioned in the publication, are arranged to simplify
      both the equipment and operation required for such techniques, and are
      claimed in this application by the present applicant (acknowledged on page
      369 of the publication). The passive matched filter with adder, delay
      line, feedback circuit, multiplier, etc., to obtain the best output under
      conditions of multipath propagation, the principal subject of the
      publication, is claimed in an application of Arthur Kohlenberg, Steven M.
      Sussman (author of the article), and David Van Meter filed 23 June 1961,
      Ser. No. 158,148.
PAR  The term "matched filter" is of rather broad scope, often designating
      little more than a simple narrow band filter tuned to the contemplated
      signal carrier and in some manner further restricted to a particular type
      of signal on such carrier, for example, pulses occurring within particular
      time periods. The restriction mentioned often involves some active
      properties in the filter, as in Wozencraft U.S. Pat. No. 2,880,316 which
      did not happen to use this terminology, rather than merely passive
      properties. In the present case the term is applied to a purely passive
      yet rather sophisticated system as in Part III of the publication cited,
      altho the multipath technique of Part II and certain other features not
      purely passive might properly be designated as part of the matched filter
      in the sense that the receiver is accurately matched to the expected
      signals as established by the design of the transmitter and actual recent
      experience with its operation and signal propagation. Thus the signal
      energy is utilized to the fullest possible extent and at the same time any
      other energy which would appear as noise is excluded as far as
      practicable.
DRWD
PAR  The invention is to be described in detail in connection with the
      accompanying drawings fully illustrating the invention, but showing
      associated apparatus in as simple form as could be found suitable to meet
      the requirements of the invention, in which:
PAR  FIG. 1 represents a suitable transmitter system and FIG. 2 a suitable
      receiver system incorporating the invention;
PAR  FIGS. 3-6 are used mainly for purpose of analysis and explanation;
PAR  FIG. 3A illustrates the actual bridged T form of filter section, shown
      doubled to permit a balanced input and output;
PAR  FIG. 3B shows an equivalent lattice type of filter section, found to be
      much more readily analyzed; and
PAR  FIG. 3C shows only half of such lattice section, found even easier to
      analyze;
PAR  FIG. 4 shows the vector diagram for the particular values of resistance and
      reactance shown in FIG. 3C;
PAR  FIG. 5 shows the variation in reactance of the components in a filter
      section such as that of FIG. 3C with varying frequency, and the resultant
      phase characteristics as revealed by a rather elementary analysis of the
      operation over a wide range of frequencies including the frequency
      illustrated by the vector diagram of FIG. 4; and
PAR  FIG. 6 shows the individual and combined phase characteristics of a few
      sections as they might occur within the group of sections used at one
      station.
DETD
PAR  FIG. 1 shows a typical transmitter system as used for the invention
      including a source of binary information 12, a pulse shaper circuit 14, a
      matched filter network 16, a single sideband transmitter 18, and a
      scrambling means 20. The source of binary information 12 has been
      illustrated in elementary form as a punched paper information tape 52
      having holes in either the left-mark or right-space column according to
      the information to be transmitted. It is important but not essential to
      use both mark and space columns as the mere absence of a mark may be
      analyzed as a space at the transmitter and even at the receiver. This tape
      is driven over a grounded toothed drum 54 by a constant speed motor 56.
      Information sensing feelers 58m for mark symbols and 58s for space symbols
      make contact with the roller according to the punched data. This
      elementary form of input source provides both information and timing for
      the system. Since the punched holes are of substantial length relative to
      the motion of the tape they will permit contact for a substantial part of
      the interval between successive mark or space pulses. Auxiliary sensing
      feelers 59m and 59s in both columns of the information tape may provide
      common synchronizing connections with regard to mark or space information,
      for purposes to be described later. The motor 56 may also drive the
      scrambler means 20 in synchronism with the information source 12, as
      discussed below. The elementary pulse shaper circuit 14 includes input
      resistors 60m and 60s connecting the respective mark and space information
      feelers 58m and 58s to a source of positive input potential to generate
      square pulses as the respective information sensing feelers 58m and 58s
      make contact with the drum 54. In the position illustrated the sensing
      feeler 58s has recently completed the sensing of a space hole and
      generated the wave illustrated at 60  sw. These square pulses are
      differentiated by capacitors 62m or 62s together with the corresponding
      resistors 64m or 64s to form positive and negative pulses at the beginning
      and end of the original pulse, as shown by the wave 64sw. Diodes 66m and
      66s are used to eliminate the negative pulse in output resistors 68m and
      68s and the actual outputs from the circuit, as shown by wave 68sw. The
      shaping need only be sufficient to leave a single pulse of a bandwidth to
      utilize the properties of matched filter 16.
PAR  In more sophisticated forms the input information might involve multiplex
      of messages from several teletype sources requiring synchronization to a
      common time base or clock pulse. The actual input would still have the
      properties of regular timing of rather sharp pulses omitted or shifted to
      a different network in accordance with information to be transmitted.
PAR  As already indicated briefly above the actual matched filter 16 is made up
      of a large number of somewhat conventional filter sections of which a few
      are shown used for either the mark or space signals. The various filter
      sections are shown connected by switching contacts 72 which may be
      considered as permanently connected for the purpose of an initial study of
      the operation. Those considered initially for transmission of a mark pulse
      are identified by the subscript m, such as F.sub.1m, F.sub.5m, F.sub.23m,
      etc. and those for a space pulse by the subscript s, such as F.sub.6s,
      F.sub.17s, F.sub.27s, etc. Some of the filter sections are shown merely as
      blocks while others such as F.sub.1m and F.sub.6s are shown in the
      familiar bridged T form. With the switches connected as shown a mark pulse
      would be transmitted through all the sections designated by the subscript
      m and similarly a space pulse through all the sections designated by the
      subscript s.
PAR  If only mark pulses were to be transmitted, as mentioned in connection with
      the information source 12, there would be no need for the filter sections
      used for space pulses. However, a full set of filter sections is desirable
      at the transmitter (and receiver) for reasons that will appear from time
      to time. The total number of filter sections and the relation between the
      phase characteristics of such sections is so arranged that if the pulse
      were transmitted through all the sections, shown as both mark and space,
      the effective phase delays for components of all frequencies (as indicated
      by Fourier analysis) would be so related that the components would
      coincide in phase after a delay time T to reform the original pulse. The
      manner of accomplishing such coincidence will be brought out below. To
      avoid possible difficulty from such a delayed pulse within the transmitter
      matched filter the mark and space outputs of the filter are shown
      separated, leaving the filter network on independent output leads. A
      somewhat random choice of about half the filter sections for a mark pulse
      (the others for a space pulse) usually will provide such a relation in
      phase delay of the various frequency components of the pulse that they
      would arrive at the filter output in apparently random phase so that the
      energy would be spread out over a considerable time, comparable to the
      interval between successive pulses; certain exceptions to be avoided will
      be noted below.
PAR  In order to change the characteristics of the successive work or space
      signals, as formed by the matched filter from the corresponding mark or
      space pulses, the switch contacts are controlled by relay coils 74 which
      also actuate "stick-circuit" contacts 76. The necessary energization for
      the relay coils is provided from a source of positive potential, and the
      required control directly to the coils or thru the stick-circuit contacts
      will be further discussed in connection with the scrambler 20. The
      availability of a full set of sections provides for a wide variety of
      characteristics for the successive mark or space signals. Since only phase
      variations are involved the successive signals are statistically similar
      in nature and the frequent change in characteristics of successive signals
      minimizes apparent periodicity which might reveal the nature of the
      signals.
PAR  Both the matched filter outputs are independently supplied to a single
      sideband transmitter 18 having an antenna to transmit the signals to a
      receiving station. The type of input required to permit each filter output
      to control the transmitter but not enter the other part of the filter is
      commonly referred to as an adder. These signals would be of wide band
      nature because of the many frequency components involved in the original
      mark or space pulses and therefore somewhat random in nature. The use of a
      single sideband transmitter minimizes the actual bandwidth used for
      transmission and also avoids the presence of a carrier signals, which
      involves needless energy transmission and a source of potential
      information to an adversary as to the origin of the signal which is to be
      obscured.
PAR  The scrambling means 20 has been illustrated in elementary form,
      corresponding to that used for the source of binary information 12, as a
      punched paper scrambling tape 82 having holes randomly spaced throughout
      the various columns. This tape is also driven by the same constant speed
      motor 56 in synchronism with the drum 54 of the information source over a
      grounded toothed drum 84. Scrambler sensing feelers 88 make contact with
      the roller according to the random spacing of the holes in the tape. The
      feelers 88 are connected to the various relay coils 74 to set up the
      desired random switching of the various filter sections in the matched
      filter 16. The punched holes in the scrambler tape are shown of a length
      approximately one half of the interval between the various groups of holes
      and therefore will retain the code setting in the matched filter only
      one-half of the period during which the mark or space pulse is propagating
      through the filter. In order to hold this code setting for the remainder
      of the interval the various stick-circuit contacts 76 are connected to the
      synchronizing sensing feelers 59m and 59s of the information source 12.
      The timing adjustment of the various sensing feelers is illustrated at a
      time between operations corresponding to the transmission of a single
      pulse, with the feelers 88 about to enter the punched holes to set up a
      new code combination in the matched filter. Immediately thereafter the
      information sensing feeler 58m or 58s will enter the hole corresponding to
      the information provided by tape 52 to start a mark or space pulse
      propagating through the filter. Just before the scrambling feelers 88
      reach the end of the holes in the scrambler tape 82 the synchronizing
      feeler 59m or 59s enters the corresponding hole in the information tape 52
      to retain operated those relay coils 74 which were set by the scrambling
      sensing feelers 88, so that when such feelers lose contact with the drum
      the code setting of the matched filter is still retained. Near the end of
      the cycle of operation the synchronizing sensing feeler 59m or 59s loses
      contact with the drum and releases the code setting of the filter; thus
      the system is restored to a condition ready for resetting of the matched
      filter and transmission of a new information pulse.
PAR  In more sophisticated forms the scrambling means 20 would probably involve
      computer type equipment to provide the great variety of coding
      combinations required for the desired degree of security. The basic
      circuitry is available in computers and may be easily programmed in
      various ways to give the apparently random yet reproducible operation
      required in transmitter and receiver systems, but cannot readily be
      reduced to an elementary illustration as in the case of the tape. The
      actual equipment would be simpler than to provide a scrambler tape of the
      necessary number of columns and great length required to provide the
      desired security. Such equipment would merely provide the desired code
      setting for the matched filter 16 and hold such code setting during the
      proper interval synchronized to the transmission of the mark or space
      pulses through the filter.
PAR  FIG. 2 shows a typical receiver system as used for the invention including:
      a single sideband receiver 28 corresponding to the transmitter 18, a
      matched filter network 26 identical to the matched filter 16 of the
      transmitter, a binary information output 22 corresponding to the
      information source 12, a scrambling means 30 identical to the scrambling
      means 20 of the transmitter, a multipath network 24, an oscilloscope 25
      and synchronizing control network 27, and a received signal integrator 29.
      The matched filter networks 16 and 26 and their applications involve the
      principal subject matter of the present application, while the multipath
      network 24 involves the principal subject matter of the publication and
      the application of Kohlenberg, Sussman, and Van Meter. The receiver 28
      corresponds directly to the transmitter 18 but provides only a single
      output which is supplied to both sections of the matched filter 26 whether
      a mark or space signal is received.
PAR  The matched filter 26 as shown in FIG. 2 passes the signals downward, in
      the opposite direction from that in FIG. 1. It will be recognized that the
      order in which the signals pass thru the filter elements at each station
      is immaterial, for the same reasons that the elements in any one complete
      set may be at either station. Again assuming the relays 74 not actuated in
      either transmitter or receiver, the various frequency components of a
      space pulse would undergo various apparently somewhat random phase delays
      thru the sections bearing subscript s in the transmitter filter to spread
      the pulse energy over a substantial interval. At the receiver these phase
      delays thru the sections bearing subscript s would be doubled but still
      random and therefore produce no output pulse; on the other hand, such
      delays thru the sections bearing subscript m would be complemented to form
      an output pulse. The functions of multipath network and integrator may be
      ignored for the moment and the output pulse applied to the operating coil
      98s (not 98m) of the binary information output 22 to show that a space
      signal was transmitted. The complementary nature of the filter groups
      reveals why the receiver sections bearing subscript m produce an output
      pulse for a space signal connected to coil 98s and vice versa.
PAR  The binary information output 22 has also been illustrated in elementary
      form as a paper tape 92 having a column on which pen 95 controlled by
      operating coils 98s or 98m can record the received data as marks or
      spaces. This tape is also driven over a grounded toothed drum 94 by a
      substantially constant speed motor 96. A second complete column of punched
      holes passes under sensing feelers 99 and 99a to provide synchronizing
      connections similar to that provided by feelers 59m and 59s in the
      transmitter.
PAR  The scrambling means 30 is identical to scrambling means 20 of the
      transmitter, including reference numerals to its components and the
      pattern of the punched holes, and is identically timed except for any
      delays due to propagation of the signal from transmitter to receiver.
      However, it will be recognized that due to the propagation time thru the
      filter sections the actual output at the recorder pen will occur near the
      end of the operating cycle, while the input had occurred near the
      beginning. Since the sensing feeler 99 is applied to a complete column of
      punched holes, it alone can provide the same effect as feelers 59m and 59s
      to control the relay coils 74 thru stick-circuit contacts 76. The
      additional feeler 99a will be considered in connection with synchronizing
      control network 27.
PAR  The multipath network 24 involves only a few standard circuits: the adder
      102, delay 104, feedback amplifier 106, and multipliers 108s and 108m.
      Since the mark or space signals are statistically similar their
      propagation will also be similar. Since the multipath characterstics of
      propagation change rather slowly and the successive mark or space signals
      occur very rapidly the latter should arrive subjected to substantially the
      same delay (or delays) and with similar amplitudes, so that successive
      output mark or space pulses or series of pulses would be closely similar.
      The filter output pulses corresponding to mark or space signals may be
      supplied to adder 102 to give a combined waveform corresponding to
      multipath pattern but ignoring whether it arose from mark or space
      signals. The mark and space output pulses are still available individually
      as the adder 102 combines them only for use in the delay 104. This
      combined waveform may then be stored in delay network 104 and fed back
      thru amplifier 106 to the adder 102 to combine with the next mark or space
      pulse or series. The adder, delay, and amplifier may be considered a
      single unit as far as feedback delay and gain are concerned. For optimum
      operation the overall delay involved must correspond to the interval
      between pulses in the transmitter, so that successive signals will
      coinside. The gain involved must not reach unity to avoid oscillation, but
      may be fairly high depending on the rapidity of change in propagation
      relative to the interval between successive mark or space signals, the
      noise background, etc. A value of 0.9 is typical. The delay line output
      would add the most recent input at maximum amplitude, the next previous
      input at 90% thereof, and still earlier inputs progressively at 81%, 73%,
      66%, 59%, 53%, etc. (equal to maximum / (1 - 90%) or maximum / 10%) since
      the forms are coherent. On the other hand, random noise would add
      powerwise or at maximum, 81%, 66%, 53% (equal to maximum / (1 - 81%) or
      maximum / 19%). The improvement in signal-to-noise ratio is therefore 19%
      / 10% or 1.9, nearly double. The stored signal therefore indicates the
      presently prevailing multipath pattern, and follows gradual changes in the
      pattern yet minimizes noise. The delay 104 might readily be made up as an
      additional full set of filter sections as used in the matched filters 16
      or 26.
PAR  If this pattern is supplied to the multipliers 108s and 108m with the
      respective space and mark signals any components of such signals
      coinciding with the pattern will be emphasized as probably true signals
      and any components not coinciding will be minimized as probably noise,
      thus improving the signal-to-noise ratio of particular successive mark or
      space signals. The multipliers, sometimes known as correlators, etc. may
      be analyzed as fully balanced modulators as in FIG. 15-13(b), page 540 of
      Terman, Electronic and Radio Engineering, 4th Ed., McGraw-Hill, 1955 in
      which either input alone produces no output but together they produce
      outputs. They may also be analyzed as gating or coincidence circuits.
PAR  To combine the several pulses of each multipath group the integrating
      circuit 29 includes input resistors 112s and 112m and storage capacitors
      114s and 114m, of sufficient time constant to store the several pulses,
      and shortcircuiting triodes 116s and 116m controlled by a differentiating
      circuit including input capacitor 118 and load resistor 120 from the
      sensing feeler 99, thus eliminating the stored energy from one mark or
      space signal to be ready for a succeeding signal. The multipath and
      integrating circuits assure that each signal component under multipath
      conditions can make its contribution to the received signal yet noise is
      substantially eliminated.
PAR  The same signal stored by the delay 104 may be supplied directly to the
      signal input of an oscilloscope 25 whose synchronizing input is supplied
      from the sensing feeler 99. In this case the combining of the several
      successive signals is accomplished mainly in the adder and delay network,
      rather than thru the retentivity of the oscilloscope screen or the
      observer's eyes, altho there would be little difference in the effect.
PAR  The same signal may also be used to synchronize the operation of the
      receiver information and scrambler tape drums 94 and 84. The sensing
      feelers 99 and 99a are arranged to make contact with drum 94 alternately
      thru the single complete column of holes intended for synchronizing. A
      source of positive potential connected thru resistors 132 and 132a to the
      feelers 99 and 99a will provide square wave voltages at each feeler as the
      drum 94 rotates; the other circuits connected to feeler 99 would cause no
      difficulty sufficient to demand isolation between the two loads. The
      conventional time discriminator 134 may also be analyzed as a balanced
      modulator or coincidence network providing an output reversing in polarity
      depending on the relative magnitudes of the pulse components occurring
      during the times feelers 99 and 99a are in contact with drum 94. This
      output may be applied to a speed controller 136 to keep the motor 96 at
      the proper synchronous speed for the system, which will provide stable
      operation with the feelers 99 or 99a serving as the early and late sensing
      gates. As previously indicated the feeler 99 loses contact with drum 94 at
      the end of a cycle of operation, just after the filter output pulse is
      recorded, and may be considered as the source for an "early gate." The
      feeler 99a is timed to make contact just before the output pulse is
      recorded and may be considered as the source for a "late gate." When
      properly synchronized the mark or space pulse or series of pulses would
      fall equally within the early or late gates to retain the speed of motor
      96. When the pulse or series occurs late it would fall more heavily within
      the late gate than the early gate and the discriminator output polarity to
      the speed controller 136 would be such as to slow down the driving motor
      96, and vice versa.
PAR  The mathematical analysis of filters is very highly developed but also very
      complex. For the purpose of the present application a qualitative rather
      than quantitative approach will be used. Those familiar with mathematical
      analysis will have no difficulty in extending the principles to any
      desired degree of detail, while those not so qualified will still be able
      to understand the operation without excessive difficulty. The filter
      sections are shown in FIG. 1 with unbalanced input and output and a common
      ground connection to avoid the need for balanced inputs and outputs and to
      minimize the number of relay contacts required for switching the sections.
      However, the actual filter section operation can be more readily analyzed
      from the elementary resistance and reactance viewpoint by converting to
      another form, first duplicating the section to show a balanced form as in
      FIG. 3a, then substituting the standard equivalent balanced lattice form
      as in FIG. 3b, then considering the phase relations involved in only
      one-half the output as emphasized by FIG. 3c. It should be recognized that
      the component values would not be the same in the bridged-T and lattice
      forms, but may be calculated to provide the same effect.
PAR  The subscripts p-parallel, and s-series are used below to designate the
      simple parallel and series capacitance and inductance pairs used in a
      multiple pair network, such as a filter section or system. It will be
      noted that in a filter system an input signal normally passes in a series
      path thru several pairs of either type to reach output and also in
      parallel path thru several pairs of either type as well as the output. In
      the bridge-T form as in FIG. 3a the parallel pair appears to be in a
      predominantly series path and the series pair in the parallel (or shunt)
      paths. In a filter system using sections of the basic lattice form as in
      FIG. 3b (readily shown also as a bridge) one cannot designate paths as
      basically series or parallel.
PAR  Elementary examination of FIG. 3c reveals that at rather low frequency the
      voltage input E reaches the output with only a slight phase lag or delay
      due to inductance L.sub.p. Similarly, at rather high frequency there is a
      slight phase "lead" due to capacitance C.sub.p ; since the present
      invention involves pulse energization and no output can actually precede
      input this may initially be assumed as a phase delay of nearly 2.pi.
      radians. At or very near resonance the combined reactance of L.sub.p and
      C.sub.p is very high. At resonance the combined reactance L.sub.s and
      C.sub.s is negligible, applying the reversed voltage -E to the output,
      corresponding to a .pi. radian phase delay. Just below resonance the
      combined reactance of L.sub.s and C.sub.s is still low, and dominated by
      C.sub.s, corresponding to just under .pi. radian phase delay; similarly
      just above resonance there would be just over .pi. radian phase delay.
      Thus the series pair dominates output near resonance and the parallel pair
      remote from resonance.
PAR  At the frequency 1.6 Fr as noted on FIG. 3c the combined reactance of the
      series pair is inductive and equal to the capacitive reactance of the
      parallel pair. This would involve an overall resonance of the two pairs,
      each equally effective in the output. Assuming a load resistance of equal
      magnitude the voltages and currents would be as represented by the vector
      diagrams of FIG. 4, with a phase delay of 3 .pi./2 radians relative to
      input. A similar situation exists at 0.6 F.sub.r, involving a phase delay
      of .pi./2 radians.
PAR  FIG. 5 shows the capacitive and inductive reactance X.sub.c and X.sub.l of
      the components and X.sub.p and X.sub.s of the pairs at various
      frequencies, and (with a load resistance as mentioned just above) the
      effective phase delay of the output filter section. to the input
      .phi..sub.p and .phi..sub.s as affected by each pair of .phi..sub.f as
      affected by both pairs in the filtersection. It will be noted that the
      above-mentioned actual phase delay of 3 .pi./2 radians at 1.6 F.sub.r (or
      .pi./2 radians at 0.6 F.sub.r) is the theoretical limit of phase delay for
      either pair alone. By varying the relative values of the components a
      desired phase characteristic following this general shape may be provided.
      Typical values as actually used are enumerated below. It may be helpful to
      recognize that this phase characteristic, plotted in frequency and phase
      coordinates (with no showing of amplitude) may also be shown as a circle
      diagram, plotted in angular coordinates (showing amplitude but with no
      frequency coordinate), or even as a 3-dimensional curve (with all three
      coordinates), similar in shape to a tension spring having long straight
      ends in the zero or 2 .pi. radian phase plane and parallel to the
      frequency axis and a single turn helix about the frequency axis at the
      region near resonance; the phase characteristic shown actually is the
      development of the cylinder about the frequency axis in which the three
      dimensional curve lies, indicating that zero and 2 .pi. radian lines
      superpose for most purposes.
PAR  FIG. 6 illustrates the phase delay of several filter sections F.sub.1,
      F.sub.2, F.sub.3, F.sub.5, with or without section F.sub.4 on the overall
      phase delay F.sub.s of the group. With all sections included the overall
      charcteristic is linear in the applied frequency range of interest above
      the frequency value 7.5, including sections marked (--0), (+2 .pi.), (+4
      .pi.), etc. The linear portion of the characteristic corresponding to (+O)
      would cross the axis at the frequency value 7, the portion (+2 .pi.) at 8,
      etc. The overall phase characteristic could also be plotted as a circle
      diagram (of several turns) or in three coordinates in a shape similar to a
      tension spring having long straight ends in the zero or 2 .pi. n radian
      phase plane and a multiple turn helix. The designations (+0), (+2.pi.),
      (+4 .pi.), etc. identify the number of full phase rotations to be added to
      the vertical phase delay coordinate to give the total phase delay for
      frequencies in that range; dash lines vertically across the diagram show
      the points where the characteristic has been transferred back to the zero
      phase delay line to avoid the need for a phase delay coordinate of many
      complete cycles.
PAR  According to the usual analysis of wide-band filter operation the slope of
      this combined characteristic establishes the time delay in the filter for
      the many frequency components to arrive in proper phase at the output to
      re-form the pulse or other waveform. This is fully analyzed in
      Communication Networks Vol. II Guillemin 1935 John Wiley & Sons pp. 490 -
      492; the same analysis there expressed in terms of group or envelope
      velocity may readily be converted to the reciprocal value, group or
      envelope delay. If the slope is uniform throughout the entire band of
      interest this time delay will accomplish the desired phase relations to
      re-form the pulse.
PAR  The foregoing description has been based only on digital pulse
      communication, but would also be suitable for radar where the actual
      information is derived from the propagation delay. However, the same
      properties which make the system suitable for this purpose also make it
      suitable for other waveforms of somewhat random character. In this case
      the decrease of peak signal may be of minor importance but the obscuring
      effect is accomplished even without the switching of the filter sections.
PAR  When the filter system lacks sections within the frequency band of
      interest, as when half the sections are selected at random for the mark
      (and the others for the space) filter group at the transmitter, the
      characteristic will not ordinarily be linear and the various frequency
      components will not reach phase coincidence to re-form the pulse.
      Therefore the pulse energy will be spread out in time as desired for
      transmission. However, if sections 1, 3, 5, etc. were used for the mark
      pulse and 2, 4, 6, etc. for the space pulse, each combination might have
      linear (and equal) overall characteristics, causing the original pulses to
      still exist in the actual transmitted signal (at half the total delay) not
      even distinguishable as to whether mark or space pulse was intended. To
      avoid such possibilities the filter sections have been grouped as noted by
      the following table:
TBL  Initially        Initially                                                
     Mark             Space                                                    
     ______________________________________                                    
     15,       16         27, 28                                               
     13,       14         21, 22                                               
     11,       12         31, 32                                               
     9,        10         25, 26                                               
     7,         8         19, 20                                               
     5,         6         29, 30                                               
     3,         4         23, 24                                               
     1,         2         17, 18                                               
     ______________________________________                                    
PAL  Since this table follows the general arrangement of the sections as in FIG.
      1 it will be apparent that operation of the lowest switch would merely
      exchange entire mark group and space group, operation of the switch below
      sections 5, 6, 29, 30 would exchange those sections and all sections above
      in the table, etc. In a typical set of filter sections of the bridged-T
      form the inductance values for the series pair L.sub.s are all 0.260 mh,
      while the capacitance values for each unit of the parallel pair C.sub.p
      are all 120.0 mfd. The remaining component values are shown by the
      following table showing the capacity values in mfd for the series pair and
      the inductance values in mh for the parallel pair:
TBL  Sec  C.sub.s     L.sub.p   Sec  C.sub.s L.sub.p                           
     ______________________________________                                    
     16   0.02148     19.01     32   0.00649 5.91                              
     15    0.023388   21.04     31   0.00687 6.25                              
     14   0.02671     23.42     30   0.00728 6.62                              
     13   0.03008     26.21     29   0.00774 7.03                              
     12   0.03415     29.54     28   0.00823 7.47                              
     11   0.03912     33.54     27   0.00878 7.96                              
     10   0.04529     38.40     26   0.00938 8.50                              
     9    0.05308     44.39     25   0.01005 9.09                              
     8    0.06313     51.89     24   0.01079 9.75                              
     7    0.07645     61.44     23   0.01162 10.48                             
     6    0.09470     73.85     22   0.01255 11.30                             
     5    0.12077     90.35     21   0.01359 12.21                             
     4    0.16026     112.94    20   0.01478 13.24                             
     3    0.22522     144.90    19   0.01611 14.41                             
     2    0.34722     192.00    18   0.01766 15.74                             
     1    0.55        237.2     17   0.01943 17.26                             
     ______________________________________                                    
PAR  Many variations and other applications of the invention as defined by the
      following claims will be apparent from the foregoing description and
      analysis.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a wideband matched filter communication system or transmitting
      digital information identified by initial sharp pulses from a transmitter
      thru a communication channel to a receiver, a filter network comprising a
      multiplicity of filter sections of differing phase-frequency
      characteristics all in series, the overall characteristic of the entire
      multiplicity of sections being linear, said sections being distributed
      between a group at said transmitter and another group at said receiver,
      the overall characteristics of the sections in each group being
      non-linear, whereby the various frequency components of the initial sharp
      pulse are differently delayed in the transmitter group to decrease the
      amplitude of the pulse signal by spreading its energy over a substantial
      time period and also differently delayed in the receiver group, but in a
      complementary manner, to restore the pulse in the receiver at a
      predetermined time delay due to the operation of the filter.
NUM  2.
PAR  2. A filter network as in claim 1 wherein said entire multiplicity of
      filter sections are provided at both transmitter and receiver, the
      additional sections serving as additional series groups for transmission
      of alternative signal pulses in parallel to said first groups, the
      receiver output being derived from the difference between the pulses thru
      the alternative groups, whereby the effect of random noise interference is
      reduced to a minimum.
NUM  3.
PAR  3. A filter network as in claim 1 wherein said entire multiplicity of
      filter sections are provided at both transmitter and receiver, and
      synchronized switching means for frequently changing between successive
      signals the sections used in the groups at transmitter and receiver,
      whereby the presence and nature of the information being transmitted is
      effectively obscured.
NUM  4.
PAR  4. In a wideband matched filter communication system for transmitting
      information from a transmitter through a communication channel to a
      receiver, a filter network comprising a multiplicity of filter sections of
      differing phase-frequency characteristics all in series, the overall
      characteristic of the entire multiplicity of sections being linear, said
      sections being distributed between a group at said transmitter and another
      group at said receiver, the overall characteristics of the sections in
      each group being non-linear, whereby the various frequency components of
      the information are differently delayed in the transmitter group to
      obscure the presence and nature of the information being transmitted, and
      also differently delayed in the receiver group, but in a complementary
      manner, to restore the information in the receiver at a predetermined time
      delay due to the operation of the filter.
NUM  5.
PAR  5. A filter network as in claim 4 wherein said entire multiplicity of
      filter sections are provided at both transmitter and receiver, and
      synchronized switching means for changing the sections used in the groups
      at transmitter and receiver, whereby the presence and nature of the
      information being transmitted is further obscured.
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PAL  The present invention relates to an AM-FM receiver of the superheterodyne
      variety having a novel bias supply circuit wherein a common filter
      capacitor may be used for the bias supply, the AGC function in AM
      operation, and the AFC function in FM operation. The B+ bias is supplied
      through a controllable current source which adjusts the bias in accordance
      with the detector output. In the FM mode setting, automatic frequency
      control of the local oscillator is provided by bias adjustment. In the AM
      mode setting, automatic gain control of the IF amplifier and of the AM
      section of the tuner is provided by bias adjustment. The invention has
      preferred application to integrated circuit fabrication.
PARN
PAC  BACKGROUND OF INVENTION
PAR  This is a continuation-in-part of application Ser. No. 435,456 filed Jan.
      22, 1974, now abandoned.
BSUM
PAR  1. Field of the Invention
PAR  The present invention relates to AM-FM superheterodyne receivers, wherein
      simplified means are provided for effecting the necessary automatic
      frequency and gain control functions. The invention also relates to
      integrated circuit (IC) fabrication of such receivers, wherein increasing
      complexity on the "chip" and decreasing complexity off the "chip" is
      favored.
PAR  2. Description of the Prior Art
PAR  Radio receivers for AM and FM operation have been fabricated for some time
      using solid state elements. With the advent of integrated circuit devices,
      the use of "discrete" transistors has tended to decline in favor of
      integrated circuit devices. Generally, integrated circuit devices, wherein
      active and passive components are formed in a monolithic semiconductor
      chip, have been proposed for individual functional components of radio
      receivers, such as the audio amplifiers, the intermediate frequency
      amplifiers, etc. One arrangement is known, wherein most of the functions
      are performed on a single chip. That arrangement is described in U.S. Pat.
      No. 3,665,507 of William Peil, entitled "Signal Processor for Reception of
      Amplitude or Frequency Modulated Signals", assigned to the present
      assignee. In that arrangement, separate filters are provided for AFC, AGC
      and bias supplies. The present invention employs many principles common to
      the foregoing application, but departs therefrom particularly in bias
      supply means and filter requirements for the control functions and in mode
      conversion.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved AM-FM receiver.
PAR  It is a further object of the invention to provide an AM-FM receiver
      wherein there is provided an improved bias supply means for efficiently
      performing a multiplicity of control functions within the receiver with
      minimum filtering.
PAR  It is another object of the present invention to provide an AM-FM radio
      receiver wherein a novel bias supply means and improved filtering means
      are provided for automatic gain control, automatic frequency control and
      B+ bias decoupling.
PAR  It is a further object of the present invention to provide an AM-FM
      receiver wherein an improved bias supply means is provided which employs a
      common filter for automatic gain control, automatic frequency control and
      B+ bias decoupling.
PAR  It is a further object of the present invention to provide an AM-FM
      receiver wherein improved means are provided for effecting mode
      conversion.
PAR  These and other objects of the present invention are achieved with respect
      to an AM-FM receiver comprising a tuner for converting received AM and FM
      signals to two predetermined intermediate frequencies, an FM portion of
      said tuner having a first terminal for connection to a source of d.c. bias
      potentials and having a local oscillator energized through said terminal,
      tunable by bias voltage adjustment; an intermediate frequency amplifier
      for said two intermediate frequency signals energized through a second
      terminal for connection to a source of d.c. bias potentials, said
      amplifier comprising at least one stage of amplification, said
      amplification being subject to control by bias voltage variation, said
      gain increasing with increased bias; and an AM-FM detector for said
      intermediate frequency signals for producing a d.c. voltage for AFC
      control proportional to the frequency deviation when an FM signal is
      detected and for producing a d.c. voltage for AGC control proportional to
      the amplitude when an AM signal is detected.
PAR  In accordance with the invention, bias supply means are provided
      comprising: a primary source of d.c. bias potentials; first means for
      providing a first d.c. signal with a magnitude that varies as a function
      of the AM and FM detected outputs, said first means including a first
      current path whose current embodies said first d.c. signal; second means
      for providing a second d.c. signal having a first average magnitude for AM
      mode reception and a second average magnitude for FM mode reception, said
      second means including a second current path whose current embodies said
      second d.c. signal; and third means, including a constant current source,
      responsive to said first and second d.c. signals for producing an output
      current having a d.c. component that is a function of both said signals,
      said output current being a source of bias energy for application to the
      recited terminals of said AM-FM receiver.
PAR  Finally, capacitive and mode switching means are provided. In its preferred
      form, a single capacitor is provided having one terminal coupled to said
      two terminals to provide filtering action for automatic frequency control
      and automatic gain control and intermediate frequency amplifier bias
      decoupling. The mode switching means convert the tuner, bias supply means
      and AM-FM detector to AM or FM operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The novel and distinctive features of the invention are set forth in the
      claims appended to the present application. The invention itself, however,
      together with further objects and advantages thereof may best be
      understood by reference to the following description and accompanying
      drawings, in which:
PAR  FIG. 1 is a simplified drawing, primarily in block diagram form, of an
      AM-FM receiver embodying the invention;
PAR  FIG. 2 is a diagram of the same embodiment having an essentially complete
      circuit diagram, omitting only the AM-FM detector and the audio amplifier;
      and
PAR  FIG. 3 is a diagram of a second embodiment of a bias supply circuit that
      can be alternatively employed in the circuit of FIG. 2.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A radio receiver embodying the invention is shown in simplified block
      diagram form in FIG. 1. The radio receiver takes the general form of a
      superheterodyne receiver and is intended for AM-FM operation. Of
      particular interest are those features directed to automatic frequency and
      gain control filtering.
PAR  Signal conversion to a pair of fixed intermediate frequencies is achieved
      in the blocks 11, 12 and 13 comprising the "front end" or tuner of the
      receiver. The FM mixer is shown with an input connection 14 to which FM
      signals may be supplied, typically from a whip antenna, while the AM mixer
      is shown without external provision for the reception of AM signals.
      Normally, the AM mixer depends upon the pick-up of a ferrite element
      contained within the unit. The FM mixer 11 receives local oscillations
      from an FM local oscillator 12 and produces an output at a fixed
      intermediate frequency (10.7 MHz), station selection occuring in the
      filter 15 connected to the output thereof. The AM mixer 13, which also
      includes an oscillator, produces an output at a fixed intermediate
      frequency of 455 KHz. The AM output is applied to the intermediate
      frequency filter 16. The AM mixer is provided with a pair of AGC
      connections to the two busses 18 and 19, whose functions will be described
      in greater detail below. The tuner is provided with means, not shown, for
      AM or FM mode operation in conjunction with other mode selection elements
      of the radio receiver.
PAR  The filtered IF frequency output from the FM filter 15 or the AM filter 16,
      is applied to the input of the IF amplifier whose connections will now be
      described.
PAR  The IF amplifier is of plural stages and has substantial d.c. feedback. It
      comprises the differentially connected transistor pairs Q1, Q2; Q5, Q6;
      and Q7, Q8. The input signal is applied to the base of transistor Q1
      having its emitter coupled to ground through load resistance 17 and its
      collector coupled to bus 18 which provides B+ bias. The bus 18, as will be
      described, is also used to provide automatic gain control of the
      individual stages of the IF amplifier. The output of Q1, which appears at
      its emitter and across the load resistances 17, is applied to the emitter
      of Q2. The base of Q2 is coupled to a second control bus 19 used to
      provide balanced biasing to the differential stages and for secondary AGC.
      The bus 19 is by-passed to ground by a filter capacitor 31. The collector
      of Q2 is coupled through a load resistance 20 to the bus 18. With another
      stage of IF amplification normally intervening, the signal output from the
      collector of transistor Q2 is then applied to the transistor Q5 in the
      next to last stage of IF amplification. This stage has the same
      configuration as the first stage and is also subject to automatic gain
      control. In particular, the input signal is applied to the base of Q5, the
      collector is returned to the bus 18 for B+ bias and for gain control and
      the emitters of Q5 and Q6 are connected together and led to ground through
      a load resistance 21. Signal coupling from Q5 and Q6 is achieved by this
      interconnection. The base of Q6 is led to the secondary AGC bus 19, and
      the collector of Q6 is led through a load resistance 22 to the bus 18.
PAR  The IF amplifier is provided with feedback for reducing drift; a d.c.
      feedback resistance 23 coupled between the collector and base electrode of
      Q6. The feedback resistance 23 is coupled to the secondary AGC bus 19,
      which is coupled to the base of the second transistor (Q2) in the initial
      IF stage, and similarly to the second transistor of any intermediate
      stages. The d.c. connection causes the bus 19 to have a voltage which
      varies with the d.c. voltage present on the control bus 18, and provides a
      convenient means of achieving additional automatic gain control in the
      tuner in the AM mode. By these connections, amplified output signals at
      one of the two IF frequencies appear at the collector of Q6 and are
      applied to a final stage of IF amplification.
PAR  The final IF stage employs the transistors Q7, Q8. They are differentially
      connected, having the base of Q7 coupled to the collector of Q6 and the
      base of Q8 being coupled to the secondary AGC bus 19. The emitters of Q7,
      Q8 are connected together and led through a current source 24 to ground.
      The output appearing at one (Q8) of the collectors Q7, Q8 containing
      either FM or AM signals at their respective IF frequencies, is then
      applied to a tuned circuit 25 suitable for final filtering and signal
      coupling to the AM-FM detector 26.
PAR  The AM-FM detector 26 is designed to provide detection for either an AM or
      FM signal dependent upon the mode setting and produces an output voltage
      containing both the audio and unfiltered intermediate frequency
      components. In particular, in the AM mode, a d.c. output voltage appears
      which is proportional to the AM carrier while in the FM mode an output
      voltage appears which is proportional to the FM error in center tuning.
PAR  The detected output voltage from 26 is a.c. coupled to the audio amplifier
      27 after filtering to remove high frequency components. The amplifier then
      produces an output for driving the capacitively coupled loudspeaker 28.
      The detected output from 26 is combined with a selectable d.c. level by
      means internal to block 26 and the controllable current source 29 responds
      to both. The current source 29 then supplies an "adjustable" current to
      the bus 18 as a function of the detected output quantities. The d.c. level
      selection is tied in with mode selection, being smaller for AM operation
      (1.65 volts) and higher (2.4 volts) for FM operation. Since the detected
      signal is superimposed on these settings, two ranges of voltages will be
      produced on the bus 18. As will be shown in detail below, the AM voltage
      setting is selected to be one in which the IF amplifier stages exhibit a
      substantial gain variation. The FM voltage range setting produces a higher
      IF gain, but with some gain variation due to the d.c. changes which are
      proportional to the AFC voltage. Since these changes are relatively small
      and occur only during pull-in (or out) of the AFC loop, the variation is
      not objectionable. The voltage setting for FM is accordingly one which
      provides the requisite variation in B+ to provide automatic frequency
      control action of the local FM oscillator.
PAR  The overall control functions in AM and FM modes of operation may now be
      summarized. The bus 18 performs the five functions of providing B+ bias
      for the FM mixer and local oscillator, B+ biasing for the IF amplifier
      stages (Q1, Q2; Q5, Q6), automatic frequency control of the FM local
      oscillator, automatic gain control of the IF stages on AM and, finally, an
      automatic gain control of the AM mixer. The secondary AGC bus 19, while
      primarily for assuring d.c. stability of the IF amplifier, also provides
      for additional automatic gain control of the AM mixer.
PAR  The consolidation of functions on the bus 18 permits a single capacitor
      coupled to bus 18 to perform a plurality of functions. Capacitor 30 (400
      .mu.f, 4 v) is that capacitor. Capacitor 30 has a value selected to
      provide the requisite B+ decoupling of a.c. components for the IF stages
      connected thereto and provides AGC and AFC filtering. Its value is
      selected to provide the requisite AGC time constant for AM and the
      requisite AFC time constant for FM. The AM and FM time constants are
      normally chosen to have approximately the same value, the values being
      suitable for the dial tuning process, wherein time constants of a half of
      a second or so are customary. The time constants are thus adequate for IF
      decoupling and for ripple filtering.
PAR  The practical embodiment is illustrated in greater detail in FIG. 2. The
      arrangement is adapted for integrated circuit fabrication. The
      partitioning places the AM-FM tuner, the filters for signal separation and
      for the control functions off the chips. The balance of the receiver,
      including the IF gain strip, the second detector, the audio amplifier, and
      the adjustable current source, are on the chip. For brevity, the details
      of the AM-FM filter 25, the AM-FM detector 26, and the audio amplifier
      have not been indicated. The AM-FM detector may take several forms. A
      suitable form is that illustrated in the previously cited U.S. Pat. No.
      3,665,507 of Peil.
PAR  Turning now to FIG. 2, the FM mixer is shown at the lower lefthand portion
      of the drawing. The FM signals are coupled to the input terminal 14,
      coupled through input tuned circuit 40 to the base of mixer transistor
      Q11. The emitter of Q11 is grounded, and the collector is coupled through
      an output tuned circuit 41 to the base of IF input transistor Q1.
PAR  The signals appearing at the base of the mixer Q11 are mixed with
      oscillations derived from the FM local oscillator. The FM local oscillator
      comprises the transistor Q12, coupled in emitter common configuration, and
      the tank circuit 42 coupled to the collector thereof. Oscillations from
      the local oscillator are coupled through capacitor 43 to the base of Q11.
PAR  FM mode selection is achieved by the switching means 44. In the AM
      position, the means 44 removes the B+ bias supplied by bus 18 from both
      the mixer transistor Q11 and the local oscillator transistor Q12. In the
      FM position, the 2.4 volts on bus 18 (during FM) is applied to the
      collector of the mixer Q11 through the primary of the tuned output circuit
      41 and through the tank circuit 42 to the collector of local oscillator
      Q12. Suitable base bias for both Q11 and Q12 are also provided. The
      detector-local oscillator configuration is essentially conventional except
      that the circuit frequency is allowed to remain B+ bias dependent and no
      effort has been made to remove that dependency. The circuit values
      indicated on the figure provide for adequately sensitive AGC operation to
      satisfy conventional home receiver requirements.
PAR  The AM detector is illustrated at the upper lefthand portion of the
      drawing. It comprises a four quadrant multiplier, having differentially
      paired transistors Q13, Q14; Q15, Q16 in the upper rank and Q17, Q18 in
      the lower rank. The AM signal derived from the input tuned circuit is
      applied to the base of one lower rank transistor Q17. The other base of
      the other lower rank transistor is coupled to the secondary AGC bus 19 and
      by-passed to ground by capacitor 31. The paired emitters of Q17, Q18 are
      returned to ground through a current source under delayed automatic gain
      control. This current source comprises the transistor Q19, diode D1, and
      resistances 47 and 48. The transistor Q19 has its emitter grounded, its
      base coupled through diode D1, and resistance 48 to the FM terminal of
      switch 32. In AM operation, the switch couples 48 to the AGC bus 18. The
      collector of Q19 is coupled through resistance 47 to the emitter of Q17,
      Q18. This current source thus provides a measure of additional AGC to the
      AM mixer, once the delay interjected by the drop in diode D1 is exceeded.
PAR  Continuing with the upper rank of the AM mixer, the paired transistors Q13,
      Q14 and Q15, Q16 receive AM signal injection into their paired emitters
      from the lower rank pair Q17, Q18 and local oscillator injection into
      their bases. The local oscillator comprises a pair of differentially
      connected transistors Q20, Q21, whose emitters are coupled to ground
      through current source Q22 and whose collectors are returned to the 6 volt
      B+ bus through small (100 ohm) resistances. The transistors Q20, Q21 are
      cross-coupled collector to base, and one collector (Q20) is coupled to the
      oscillating tank circuit 49. The oscillator output coupled from Q20 to the
      bases of upper rank transistors Q14, Q15 where mixing takes place. The
      mixer output is derived from the collector of Q16, and applied through
      tuned circuit 50 to the base of Q1 (the circuit path including the FM
      tuned circuit 41).
PAR  The mode switch 32 controls the AM section of the tuner. The switch 32 is a
      single pole, double throw switch, having one terminal grounded and the
      other coupled to the bus 18. The pole is coupled through resistance 48 to
      the diode D1. Operation of the switch 32 to the ground position, back
      biases the diode D1 and cuts off current injection from current source
      Q19, thus cutting off all current to the AM mixer. Operation of the switch
      32 to the other position, on the other hand, permits current to flow into
      the current source Q19 and activates the AM section of the tuner. Mode
      switches 32 and 44 operate in synchronism.
PAR  The IF amplifier has been previously detailed save for the addition of a
      stage of amplification.
PAR  The controlled current source for providing the bias energy is in the lower
      righthand portion of FIG. 2. It comprises transistors Q23 to Q27, and
      resistive and capacitive components 51 to 58. It comprises an adjustable
      current reference and a current source controlled by that reference.
PAR  The current source comprises in part a diode connected transistor Q23,
      having its emitter returned to the B+ bus (+6 volts) through resistance
      51. The current path through Q23 is completed to ground through two paths
      of the current reference. One path is through Q24, whose current is in
      turn controlled through Q25. The emitter of Q24 is returned to ground
      through resistance 52 and its base is held at a constant value of +1.2
      volts by connection to a bias source coupled to the pad 53. The pad 53 is
      also provided with a large (160 .mu.f) filter capacitor for hum reduction
      and signal decoupling, associated with the audio amplifier.
PAR  The current flow in Q24, as noted, is adjusted by Q25 in response to the
      detector output. The output of the AM-FM detector is coupled to the base
      of Q25, whose emitter is led through 600 ohm resistance 55 to the emitter
      load resistance of Q24. The base of Q25 is returned through resistance 56
      to +1.2 volts at pad 53. The collector of Q25 is coupled through a load
      resistance 57 to the positive bias source. The detected signal from the
      detector 26 is thus coupled to the base of Q25, where by shared emitter
      load coupling, a signal induced change is produced in emitter current in
      Q24, and a corresponding change produced in the reference current in Q23.
      This mechanism operates in both the AM and FM settings to cause a change
      in the current flow in current reference Q23. The presence of the
      resistance 55 in the emitter path of Q25 tends to cause an initially
      higher current in Q24, by reducing the Veb in Q25 relative to Q24. This
      raises the minimum reference current.
PAR  The mode switching adjustment of Q23 from a low gain setting for AM to a
      high gain setting for FM is provided by the transistor Q26. The collector
      of Q26 is coupled to the base-collector of Q23, and its base is returned
      to the +1.2 volt bias at pad 53. The emitter of Q26 is led through
      resistance 58 to the pole of the FM mode switch 32. Earthing the mode
      switch for FM mode operation causes Q26 to conduct and steps the current
      in Q23 to a new plateau thereby raising the voltage on bus 18 by about
      three-quarters of a volt. Switching the pole of 32 to the AM position
      turns off Q26, and reduces the current to the prior vallue. In either
      position of the mode switch 32, the current in Q23 is controlled by the
      detected output, but over a different current range.
PAR  The final element in the current source is the transistor Q27 whose emitter
      is coupled through resistance 57 to the positive bias source whose base is
      coupled to the base-collector of Q23, and whose collector is coupled to
      the bus 18. The input junction of Q27 is thus coupled in shunt with the
      input junction of Q23 with resistances 57 and 51 scaled to produce equal
      voltage drops and to produce equal junction potentials. Under strong AGC
      conditions, Q25 serves to reduce further the current in Q27, and augments
      the control function. Save for current removed by Q25, which augments the
      drop in resistance 57, the current ratios between Q23 and Q27 are
      dependent on their relative active region areas. The geometry of Q27 is
      scaled to be 8 times that of Q23. Accordingly, the current in Q27 is about
      8 times that in the reference Q23.
PAR  In either AM or FM setting, the current available to the bus 18 flows
      through Q27, and is made dependent on the detected output and mode
      setting. As earlier noted, the normal B+ bias on bus 18 for AM operation
      is about 1.65 volts, and that for FM operation is 2.4 volts.
PAR  An alternative embodiment of the controlled current source for providing
      bias energy is shown in FIG. 3. It may be seen that the circuit is the
      same as that shown in FIG. 2 with the exception that the detected output
      from AM-FM detector 26 is coupled directly to the base of Q24, and the
      transistor Q25 and resistors 55 and 56 are deleted for further circuit
      simplification. The circuit functions similarly to the previous
      embodiment, but on AM utilizes a detected output from AM-FM detector 26
      that is a negative going d.c. voltage with increasing signal strength
      rather than a positive going d.c. voltage with increasing signal strength,
      as is the case in the embodiment of FIG. 2.
PAR  While the invention may take other forms, the foregoing design is
      particularly economical of outboarded components, and thus of overall
      cost. Assuming like performance requirements, the cost of a completed
      AM-FM radio receiver using a single chip with the indicated partioning is
      substantially less than the costs in a non-integrated format.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the U.S. is:
NUM  1.
PAR  1. In a superheterodyne radio receiver in the integrated circuit format,
      the combination comprising:
PA1  a. a tuner for converting received AM and FM signals to two predetermined
      intermediate frequencies, an FM portion of said tuner having a first
      terminal for connection to a source of d.c. bias potentials and having a
      local oscillator energized through said terminal, tunable by bias voltage
      adjustment,
PA1  b. an intermediate frequency amplifier for said two intermediate frequency
      signals energized through a second terminal for connection to a source of
      d.c. bias potentials, said amplifier comprising at least one stage of
      amplification, said amplification being subject to control by bias
      variation, increasing with increased bias,
PA1  c. an AM-FM detector for said intermediate frequency signals for producing
      a d.c. voltage for automatic frequency control proportional to the error
      in center tuning when an FM signal is detected and for producing a d.c.
      voltage for automatic gain control proportional to the amplitude when an
      AM signal is detected,
PA1  d. bias supply means comprising:
PAR  1. means for deriving energy from a primary source of d.c. bias potentials,
PA2  2. means coupled to said energy deriving means for controlling the
      potential applied to said two terminals, said control means having a first
      control for establishing a lower average bias for AM operation and a
      higher average bias for FM operation and a second control responsive to
      said detector output for controlling said bias about said averages as a
      function of detector output,
PA1  e. capacitive means coupled to said terminals to provide filtering action
      for automatic frequency control and automatic gain control, and
PA1  f. mode switching means for converting said tuner, said bias supply means,
      and said AM-FM detector to AM or FM operation.
NUM  2.
PAR  2. The combination as set forth in claim 1, wherein said first and second
      terminals are joined and a common filter capacitor is provided for
      automatic frequency control, automatic gain control and for B+ bias
      decoupling of a.c. components.
NUM  3.
PAR  3. The combination as set forth in claim 2 wherein said control means
      comprises a controllable current source, which supplies current in
      response to said first and second controls.
NUM  4.
PAR  4. A bias supply circuit for a radio receiver capable of being selectively
      operated for either AM or FM mode reception, comprising:
PA1  a. first means for providing a first d.c. signal having a magnitude that
      varies as a function of the AM or FM detected outputs,
PA1  b. second means for providing a second d.c. signal having a first average
      magnitude when the AM mode is selected and a second average magnitude when
      the FM mode is selected, and
PA1  c. third means responsive to said first and second d.c. signals for
      producing an output current having a d.c. component that is a function of
      both said signals, said output current being a source of bias energy for
      application to other portions of the receiver.
NUM  5.
PAR  5. A bias supply circuit as in claim 4 wherein the d.c. component of the
      output current has a dynamic characteristic which is related to said first
      d.c. signal, and a static characteristic which is related to said second
      d.c. signal.
NUM  6.
PAR  6. A bias supply circuit as in claim 5 wherein said second d.c. signal has
      a greater magnitude in the case of FM mode reception than in the case of
      AM mode reception.
NUM  7.
PAR  7. A bias supply circuit as in claim 6 wherein said first means includes a
      first current path whose current embodies said first d.c. signal, said
      second means includes a second current path whose current embodies said
      second d.c. signal, and said third means includes a third current path
      connected in combination with said first and second current paths so that
      the output current produced by said third means is proportional to the sum
      of the currents in said first and second current paths.
NUM  8.
PAR  8. A bias supply circuit for a radio receiver capable of being selectively
      operated for either AM or FM mode reception, comprising:
PA1  a. a first current path, the current in which is controlled so as to have a
      magnitude that varies as a function of the AM or FM detected output
      signals of the receiver,
PA1  b. a second current path, the current in which is controlled so as to
      assume one of two different average magnitudes as a function of the
      selected mode of reception, and
PA1  c. a current source connected in combination with said first and second
      current paths for producing an output current that is proportional to the
      sum of the currents in said first and second current paths, said output
      current being a source of bias energy for application to other portions of
      the radio receiver so as to control the operation thereof as a function of
      the detected output signals and mode of reception.
NUM  9.
PAR  9. A bias supply circuit as in claim 8 which includes first means
      responsive to the d.c. components of the detected output signals for
      effecting control of the current in said first current path, whereby there
      is provided an automatic gain control during AM reception and an automatic
      frequency control during FM reception.
NUM  10.
PAR  10. A bias supply circuit as in claim 9 which includes second means
      responsive to the selected mode of reception for effecting control of the
      current in said second current path.
NUM  11.
PAR  11. A bias supply circuit as in claim 10 which includes capacitive means
      coupled to said current source for substantially filtering out a.c.
      components in the output current.
NUM  12.
PAR  12. A bias supply circuit as in claim 8 wherein:
PA1  a. said first current path includes a first transistor,
PA1  b. said second current path includes a second transistor,
PA1  c. said current source includes third and fourth transistors, one end of
      the emitter-collector circuits of said first and second transistors
      forming a junction through which they are each serially connected with the
      emitter-collector circuit of said third transistor so that currents
      conducted by said first and second transistors are summed in said third
      transistor, said fourth transistor connected to said third transistor so
      as to provide amplification of the current in said third transistor,
      giving rise to said output current.
NUM  13.
PAR  13. A bias supply circuit as in claim 12 wherein said first and second
      transistors are of NPN type, said third and fourth transistors of PNP
      type, the emitter of said third and fourth transistors connected through
      first and second resistors, respectively, to a source of reference
      voltage, the emitter of said first transistor connected through a further
      resistor to ground, said third transistor having its base and collector
      joined together at said junction so as to function as a diode, said
      junction being further connected to the collectors of said first and
      second transistors and to the base of said fourth transistor.
NUM  14.
PAR  14. A bias supply circuit as in claim 13 wherein the active region areas of
      said third and fourth transistors are substantially in direct proportion
      to their current carrying capacities and the values of said first and
      second resistors are substantially in inverse proportion to said current
      carrying capacities.
NUM  15.
PAR  15. For use in a radio receiver capable of being selectively operated for
      either AM or FM mode reception, the combination comprising:
PA1  a. an AM tuner for converting received AM signals to a first predetermined
      intermediate frequency and having a first terminal for providing access to
      a source of bias energy that provides automatic gain control of said
      tuner,
PA1  b. an intermediate frequency amplifier for said first predetermined
      intermediate frequency and for a second predetermined intermediate
      frequency of converted FM signals energized through a second terminal for
      providing access to a source of bias energy that provides gain control of
      said amplifier,
PA1  c. an AM-FM detector for said intermediate frequency signals for producing
      a d.c. voltage for automatic frequency control proportional to the error
      in center tuning when an FM signal is detected and for producing a d.c.
      voltage for automatic gain control proportional to the amplitude when an
      AM signal is detected,
PA1  d. bias supply means including,
PA2  1. first means for providing a first d.c. signal having a magnitude that
      varies as a function of the AM or FM detected outputs,
PA2  2. second means for providing a second d.c. signal having a first average
      magnitude when the AM mode is selected and a second average magnitude when
      the FM mode is selected, and
PA2  3. third means responsive to said first and second d.c. signals for
      producing an output current having a d.c. component that is a function of
      both said signals, said output current being a source of bias energy for
      application to said first and second terminals.
NUM  16.
PAR  16. The combination of claim 15 wherein said first and second terminals are
      joined together and also provide access of said source of bias energy to
      an FM tuner that is within said radio receiver for providing automatic
      frequency control of said FM tuner.
NUM  17.
PAR  17. The combination of claim 16 which further includes capacitive means
      coupled to the junction of said first and second terminals for
      substantially filtering out a.c. components in the output current.
NUM  18.
PAR  18. The combination of claim 17 which further includes mode switching means
      for converting said AM and FM tuners, said bias energy source and said
      AM-FM detector to AM or FM operation.
NUM  19.
PAR  19. For use in a radio receiver capable of being selectively operated for
      either AM or FM reception, the combination comprising:
PA1  a. a tuner for converting received AM and FM signals to two predetermined
      intermediate frequencies, an FM portion of said tuner having a first
      terminal for connection to a source of bias energy and having a local
      oscillator energized through said terminal, tunable by bias voltage
      adjustment,
PA1  b. an AM portion of said tuner having a second terminal for connection to a
      source of bias energy and having a local oscillator controlled through
      said second terminal,
PA1  c. an intermediate frequency amplifier for said two intermediate frequency
      signals energized through a third terminal for connection to a source of
      bias energy, said amplifier comprising at least one stage of
      amplification, said amplification being subject to control by bias
      variation, increasing with increased bias,
PA1  d. an AM-FM detector for said intermediate frequency signals for producing
      a d.c. voltage for automatic frequency control proportional to the error
      in center tuning when an FM signal is detected and for producing a d.c.
      voltage for automatic gain control proportional to the amplitude when an
      AM signal is detected,
PA1  e. bias supply means including,
PAR  1. a first current path,
PA2  2. first means for controlling the current in said first current path as a
      function of the detected output signals of the receiver,
PA2  3. a second current path,
PA2  4. second means for controlling the current in said second current path as
      a function of the mode of reception, to exhibit a first average magnitude
      during AM reception and a second average magnitude during FM reception,
PA2  5. a current source connected in combination with said first and second
      current paths for producing an output current that is proportional to the
      sum of the currents in said first and second current paths, said output
      current acting to supply bias energy to said tuner and intermediate
      frequency amplifier, and
PA1  f. coupling means for coupling said output current to said first, second
      and third terminals for providing automatic gain control and automatic
      frequency control of the tuner and intermediate frequency amplifier.
NUM  20.
PAR  20. The combination of claim 19 wherein said coupling means includes
      capacitive means to substantially filter out the a.c. components in the
      output current.
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ABST
PAL  An SWD structure is employed in an FM receiver for signal demodulation and
      band limiting. An FM signal is applied to the input of an SWD patterned
      for bandwidth limitation. Two SWD output channels characterized by
      predetermined differential delays of the modulated input signal are
      amplitude limited and mixed to produce an audio modulation component.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to detection demodulation of frequency modulated
      signals. In a more specific aspect, it relates to a system which lends
      itself to fabrication using high technology procedure and which avoids IF
      alignment problems in the manufacture of FM receiver systems.
PAC  PRIOR ART
PAR  In conventional FM receivers, a modulated RF carrier signal is passed from
      an antenna through an RF amplifier to a first mixer which in the input
      signal is heterodyned with a signal from a local oscillator to produce an
      intermediate frequency (IF) signal. This IF signal is then passed through
      a bandpass amplifier whose output is applied to a limiter-discriminator
      unit where variations in carrier amplitude are eliminated, and variations
      in carrier frequency are converted into equivalent audio amplitude
      variations. The demodulated audio output signal is representative of the
      modulation imposed on the RF carrier sensed by the antenna.
PAR  In practice, the bandwidth of an FM broadcast signal is of the order of 150
      to 200 KHz. The frequency response of the amplifier, therefore, must be
      sufficiently wide to pass a 150 to 200 KHz band. Thus, in the IF portion
      of a receiver system, provision has been required for the alignment of
      filters. Traditionally, the filters have been manually tuned through screw
      driven adjustments of a magnetic core within an IF signal channel coil.
PAR  The present invention is directed to a system which employs an acoustic
      surface wave device (SWD) to avoid the necessity for such adjustments, and
      which provides for simultaneous band limiting and demodulation.
PAR  The construction, uses and advantageous characteristics of acoustic surface
      wave bandpass filter device for use in the IF stage of a television
      receiver are shown in prior art patents such as U.S. Pat. Nos. 3,550,045;
      3,559,115; 3,573,673; 3,581,248; 3,582,540; 3,582,838; 3,582,840;
      3,596,211; 3,600,710; and 3,626,309. In addition, U.S. Pat. No. 3,787,612
      discloses a number of signal processing circuits for a television receiver
      which include SWDs for improved tuning and video demodulation. Each of the
      reference patents are assigned to the assignee of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an FM signal is applied to a
      surface wave device (SWD) from which there are extracted two output
      signals having a differential relative delay. The output signals are then
      applied to two inputs of a mixer in which the input voltages are
      multiplied and from which an output component representative of the audio
      frequency modulation is extracted.
PAR  In a more specific aspect, there is provided an FM receiver system
      comprising an SWD patterned for band limitation and having two IF outputs
      characterized by a differential delay T which is eqal to
      n.pi./2.omega..sub.0 , where n is an odd integer and .omega..sub.O is the
      IF radian frequency. The SWD outputs are amplitude limited and applied to
      a mixer to produce the audio modulation component.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The novel features believed characteristic of the invention are set forth
      in the appended claims. The invention itself, however, as well as further
      objects and advantages thereof, will be best understood by reference to
      the following detailed description of an illustrative embodiment taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of a system embodying the invention;
PAR  FIG. 2 is a waveform illustrating operation of the system of FIG. 1;
PAR  FIG. 3 is a schematic diagram illustrating one embodiment of the invention;
PAR  FIG. 4 is a diagram illustrating a bandpass characteristic in the frequency
      domain;
PAR  FIG. 5 illustrates the same bandpas characteristic in the time domain;
PAR  FIG. 6 illustrates a filter of the type characterized in FIG. 5 on a
      piezoelectric wafer forming a surface wave device;
PAR  FIG. 7 illustrates a TRF system embodying the invention with only output
      electrodes tuned;
PAR  FIG. 8 illustrates a TRF system embodying the invention with both input and
      output electrodes tuned;
PAR  FIG. 9 is a block diagram of one modification to the embodiment illustrated
      in FIG. 3;
PAR  FIG. 10 is a block diagram of a second modification to the embodiment of
      FIG. 3; and
PAR  FIG. 11 illustrates an embodiment of the invention applicable to heterodyne
      receivers.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The present invention is directed to a demodulation system for use in UHF
      and VHF FM receivers such as employed in FM broadcast and television
      reception. FIG. 1 illustrates a system in which the invention is employed
      wherein a signal received by an antenna 10 is applied through an RF
      section 11 to a surface wave device (SWD) 12 having a unique and
      particular characteristic such that in combination with a mixer 13,
      significant circuit simplification is accomplished in FM demodulation and
      IF filtering of unwanted frequencies. By placing limiter amplifiers after
      the SWD delay line, the frequency filter characteristics of the SWD 12 is
      used as the IF filter. Thus, a simplified design and construction of an
      entire receiver system is provided which requires no tuning of the IF
      stages.
PAR  More particularly, as shown in FIG. 1, a first output 12a of SWD 12 is
      applied as one input to mixer 13, whereas a second output 12b is supplied
      as the second input to mixer 13. The output appearing on line 13a is
      applied through a low-pass filter 14 to an audio output channel 15. Unique
      characteristics of the system revolve around the fact that the outputs of
      the SWD 12 appearing on lines 12a and 12b both undergo a first delay
      .DELTA., with one of then undergoing an additional delay totaling .DELTA.
      + T such that it is 90.degree. shifted from the other output. That is,
      output 12a is 90.degree. out of phase with the output 12b.
PAR  The signal applied to the input of SWD 12 may be of the form described as
      follows:
EQU  Cos [(107.sub.0 + .omega..sub.m) t]                        (1)
PAL  .omega..sub.0 is the RF carrier radian frequency and .omega..sub.m is the
      modulation frequency.
PAR  The output signal on line 12a then would have the form of the following
      expression:
EQU  Cos [(.omega..sub.0 + .omega..sub.m) (t+ .DELTA.)]         (2)
PAR  In contrast, the output signal on line 12b would have the form of the
      following expression:
EQU  Cos [(.omega..sub.0 + .omega..sub.m) (t+.DELTA.+T)]        (3)
PAR  The mixer then carries out the function of multiplying the two signals, the
      product of which may be expressed as follows: 2 Cos x Cos y = Cos (x+ y) +
      Cos (x-y)                                                 (4)
PAR  Mixer 13 would then have two outputs, one representing the sum of the IF
      input frequencies and the other the difference between the IF frequencies.
      The difference term may be expressed as follows: Cos (x - y) = Cos
      [(.omega..sub.O + .omega..sub.m) T]                       (5)
PAR  In this equation, both .omega..sub.0 and the time delay T are constants.
      Therefore, the only variable is the modulation component .omega..sub.n T.
      This audio modulation is then the output signal which is to vary as
      k.omega..sub.m T, where k is a proportionality factor.
PAR  In order for the mixer 13 to operate in the linear region, it is desirable
      that the term .omega..sub.0 T =  n.pi./2, where n is an odd integer. For
      good linearity, it is desirable that the expression .omega..sub.m T be
      less than about .pi./6 in order to stay in the linear region of a cosine
      curve. As shown in FIG. 2, the output waveform may take the shape
      represented by the curve 20. This curve is a cosine curve passing through
      zero at .pi./2,  having a negative maximum at .pi., passing through zero
      at 3.pi./2 and having a positive maximum at 2.omega.. So long as n is an
      odd integer, the mixer 13 will operate on the portion of the cosine curve
      which passes through zero. At points .pi./2 and 5.pi./1, etc. the phase of
      the audio output signal is 180.degree. from that detected if the operation
      is selected at 3.pi./2 or 7.pi./2, etc. Thus, the time delay fixes the
      point at which the mixer is to operate, the bias point 21 being indicated
      in FIG. 2.
PAR  As the modulating signal .omega..sub.m achieves values between its
      permissible limits, .+-..omega..sub.max .sub.'  the audio output voltage
      will vary approximately linearly with the instantaneous frequency
      excursion .omega..sub.m about the bias point which is determined by
      .omega..sub.0. Consequently, proper selection of the parameters of
      .omega..sub.0 T and .omega..sub.max will permit accurate and substantially
      distortionless demodulation of a frequency modulated waveform.
PAR  FIG. 3 illustrates one embodiment of the invention, where the antenna 10
      feeds the RF section of the receiver comprising an RF amplifier 11a.
      Amplifier 11a supplies one input of a first mixer 11b, the second input of
      which is supplied by a local oscillator 11c.
PAR  An IF amplifier 11d preferably is provided with gain sufficient to prevent
      the insertion loss of the succeeding SWD from degrading the noise figure
      of the receiver system. The output of the IF amplifier appearing on
      channel 11e is then connected to the input or launching section 12c of an
      SWD 12. The SWD in this form serves as a delay line-filter. Surface waves
      traveling from the launch section 12c are detected by the output section
      12d after a delay .DELTA., and by the output section 12e after a delay
      .DELTA. + T.
PAR  The SWD 12 is made such that the output signals on the channels 12a and 12b
      are the input signals filtered and delayed by a relative delay of T. The
      output on line 12a is connected to a limiting amplifier 12f, while the
      output on line 12b is connected to a limiting amplifier 12g. The outputs
      of amplifiers 12f and 12g are connected as inputs to mixer 13, the output
      of which is connected by way of line 13a to low-pass filter 14 to produce
      an audio output on channel 15.
PAR  The input or launch section 12c of SWD launches acoustic surface waves
      having a center frequency and a bandwidth determined by the design of the
      interdigital electrodes forming the section. The acoustic waves propagate
      across the surface of the SWD 12 and are received by the output sections
      12d and 12e for transduction into signals suitable for delivery through
      amplifiers 12f and 12g to mixer 13.
PAR  Although a wide variety of constructions and arrangements can be employed
      to achieve a combined delay and filtering function, a preferred form
      involves a single substrate of piezoelectric characteristics having
      electrically conductive interdigital metallic lines formed thereon
      suitable for use at the IF frequencies. In general, the details of
      construction and operation of surface wave devices and materials in
      configurations thereof are well-known in the art. Thus, for the purpose of
      the present invention the device will be made in accordance with such
      prior art techniques to provide outputs having a time delay difference T
      as above described.
PAR  The system of the present invention provides modification of the IF signal
      on line 11e to combine the dual function of filtering and detection. As
      shown in FIG. 4, an ideal SWD bandpass filter would have the response
      presented by the curve 30. In practice, more realistic achievements are
      represented by curve 31.
PAR  The SWD bandpass filter has high conductance for signals within the
      frequency band f.sub.L -f.sub.H, and attenuation above and below the band.
      The filter characteristic illustrated in FIG. 4 is expressed in the
      frequency domain to represent the impulse of a desired filter. Since the
      SWDs employed in the present invention are essentially time domain
      devices, it is helpful to consider the filter characteristics illustrated
      in FIG. 4 transformed into the time domain.
PAR  FIG. 5 illustrates in the time domain the impulse response of a filter
      having the bandpass characteristics of FIG. 4. The enevelope 32 represents
      the filter response, and the time interval 33 represents the period of the
      waveform being filtered. In the present case, interval 33 is equal to
      1/f.sub.0 , i.e., the intermediate frequency.
PAR  A filter having the characteristics illustrated in FIG. 5 may be executed
      in SWD form in the manner illustrated in FIG. 6. A piezoelectric wafer 34
      is provided with a set of interdigitated electrodes 35 which serve to
      launch an acoustic impulse down the wafer in the direction of arrow 36.
      Output electrodes 37 are then formed to have variable length, the length
      being varied in accordance with the waveform 32 of FIG. 5. The variable
      length of the interdigitated electrodes causes variable overlap, the
      extent of which is dictated by the waveform 32. The present invention
      involves the use of the SWD 34 to provide the time delays illustrated in
      FIG. 3 as well as the filtering illustrated in FIG. 6, where the filter
      serves the purpose of passing only the IF frequencies of interest.
PAR  FIG. 7 illustrates an alternate form of bandpass filter. A piezoelectric
      wafer 40 is provided with an input set of electrodes 41 and an output set
      42. The spacing of the electrodes in set 42 at the left end thereof is
      such that they are tuned to the frequency f.sub.L of FIG. 4, whereas the
      spacing on the right-hand end is such that the sensor is tuned to the
      frequencies f.sub.H. Thus, in this system, only the receiving or output
      set of electrodes is tuned.
PAR  Preferably, a variable spacing system would be constructed as shown in FIG.
      8 wherein the input as well as the output set of electrodes are tuned.
      More particularly, wafer 43 is provided with an input set of electrodes 44
      which have constant overlap but vary in spacing to launch the acoustic
      waves limited to the band to which the spacings are tuned. The output set
      45 is similarly tuned. The pattern of output electrode spacings is such
      that the high frequency components will travel through the wafer 43 the
      same distance as the low frequency components.
PAR  In FIG. 3, a single chip wafer is employed for the SWD. However, the time
      delays .DELTA. and .DELTA.+ T may be achieved by using a pair of SWDs as
      shown in FIG. 9. In this system, the signal input channel 11e leading to
      the SWDs leads to a first SWD 46 to provide an output signal on line 47
      having a time delay .DELTA. . A second SWD 48 provides a signal output on
      line 49 having a time delay .DELTA. + T. These two signals are than
      applied to unit 50 which includes limiting amplifiers and a mixer so that
      the output on line 51 may then be applied to a low pass filter as in FIG.
      3.
PAR  In a further modification shown in FIG. 10, the input line 11e leads to a
      first SWD 46 which may be the same as in FIG. 9. The output is then
      applied both to mixer 50 and to a second SWD 52 having a time delay T.
      Thus, the signal on lines 47 and 53 have time delays .DELTA. and .DELTA. +
      T, respectively.
PAR  In a further application of the invention, a receiver of the tuned radio
      frequency variety has been illustrated in FIG. 11, wherein an antenna 60
      is connected to an RF amplifier 60 whose output is applied by way of line
      62 to an SWD 63. SWD 63 comprises a launching or input section 64 and two
      output sections 65 and 66. The output section 65 provides an output on
      line 67 which is delayed by an interval .DELTA. , and an output on line 68
      delayed by an interval .DELTA. + T. As in FIG. 3, these signals are then
      applied by way of limiting amplifiers 69 and 70 to a mixer 71 whose output
      is applied through a low pass filter 72 to provide an audio output signal
      on line 73. Thus, the invention is applicable to heterodyne type of
      receivers as well as to TRF receivers.
PAR  It will be appreciated that TRF receivers are utilized in many operations.
      They generally require a high gain which is difficult to secure without
      experiencing instability and local oscillator. However, the TRF receivers
      herein described have the advantage that they do not have local oscillator
      signal that can be sensed. Thus, they may be used as clandestine receivers
      operating at short distances in high RF field environments where they can
      operate without being detectable.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a radio receiver, the combination comprising:
PA1  a. an SWD structure providing two channels each with an input section and
      an output section, said channels having different spacing between their
      input and output sections respectively such that predetermined different
      delays are imposed on modulated signals passing through said channels,
PA1  b. a mixer,
PA1  c. means to apply a modulated input signal to said input sections of said
      SWD structure, and
PA1  d. means to receive output signals from each of said output sections and to
      apply said output signals from said two channels to said mixer to produce
      at the output of said mixer an audio output signal representing the
      modulation of said input signal.
NUM  2.
PAR  2. The system of claim 1 in which said delays differ by a factor T which is
      n.pi./2.omega..sub.0, where n is an odd integer and .omega..sub.0 is the
      radian frequency of said input signal.
NUM  3.
PAR  3. The system of claim 1 in which said SWD structure is patterned to limite
      the bandwidth of signals passed to said mixer.
NUM  4.
PAR  4. The system of claim 1 in which said SWD structure is unitary.
NUM  5.
PAR  5. The combination set forth in claim 1 in which said SWD structure
      comprises two separate piezoelectric wafers each with an input and an
      output set of electrodes and in which the spacings differ to introduce a
      differential time delay T =  n.pi./2.omega..sub.0 between the signals from
      said two wafers where n is an odd integer and .omega..sub.0 is the radian
      frequency of said input signal.
NUM  6.
PAR  6. The combination set forth in claim 1 wherein electrodes on said
      structure are variably interdigitated to pass frequencies only of a
      predetermined band.
NUM  7.
PAR  7. The combination set forth in claim 1 wherein electrodes on said
      structure are variably spaced to pass frequencies only of a predetermined
      band.
NUM  8.
PAR  8. The system of claim 1 in which said SWD structure has an input set of
      electrodes and two output sets to sense waves traveling in opposite
      directions in said structure.
NUM  9.
PAR  9. In an IF section of an FM receiver, the combination comprising:
PA1  a. an SWD having an input section and two output sections defining two
      separate channels of different lengths and characterized by predetermined
      different delays of an input signal of the IF frequency passing through
      said channels,
PA1  b. a mixer,
PA1  c. means to apply an FM signal to said input section, and
PA1  d. means to receive signals from each of said two output sections and apply
      said signals to said mixer to produce at the output of said mixer an audio
      output signal representing the modulation of said input signal.
NUM  10.
PAR  10. The system of claim 9 in which said delays differ by a factor T which
      is n.pi./2.omega..sub.0 , where n is an odd integer and .omega..sub.0 is
      the IF radian frequency.
NUM  11.
PAR  11. The system of claim 9 in which said SWD is patterned to limit the
      bandwidth of signals passed to said mixer.
NUM  12.
PAR  12. The method of demodulating an input signal which comprises:
PA1  a. generating an acoustic wave corresponding to said input signal,
PA1  b. detecting said wave after a delay .DELTA. and producing a first filtered
      electrical signal corresponding to said wave detected after said delay,
PA1  c. detecting said wave after a delay .DELTA. + T and producing a second
      filtered electrical signal corresponding to said wave detected after said
      last delay,
PA1  d. mixing said first and second electrical signals, and
PA1  e. filtering the signal resulting from mixing to pass modulation
      frequencies.
NUM  13.
PAR  13. The method of claim 12 in which T =  n.pi./2.omega..sub.0, where n is
      an odd integer and .omega..sub.0 is the radian frequency of said input
      signal.
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ABST
PAL  A device for use with a television receiver or the like, in which the time
      of receiving a telecast and the channel number of the telecast are preset,
      whereby the telecast of the preset channel can be automatically received
      at the preset time.
BSUM
PAR  This invention relates to a presetting device by which the channel
      selection of a television receiver or the like operation is performed
      automatically at the designated times according to a preset schedule.
PAR  In a conventional television receiver, the selection and changing of the
      channels have been made by the viewer at each time by reference to a
      television program carried in a newspaper or according to his memory of
      the television program or by monitoring the pictures appearing on the
      screen by changing sequentially the channels. Such a practice in selecting
      and changing the channels, however, is disadvantageous in that the viewer
      tends to miss a desired item or important item of the television program,
      and also it is inefficient with the increasing periods of time in which
      pictures of undesired telecasts are on the screen.
PAR  For attaining automatically this type of programming or the like operation,
      there has been considered a method in which a desired program is preset by
      inserting pins in punched holes formed in a program board, or a method in
      which a desired program is preset in a punched card and an apparatus
      operates according to the preset program upon reading the punched holes in
      the card at the times specified by said holes. Although these methods are
      widely being employed in the numerical control and sequence control of
      machine tools, etc., they are not applicable to domestic electric
      appliances by reason of the facts that the programming devices are
      complicated and large in size, and that the devices can be handled only by
      skilled personnel. As programming devices for domestic electric
      appliances, there are known preset timers for radio receivers, sequence
      timers for automatic washing machines and electronic alarm clocks, but
      these devices have a limited use mainly for time control only and their
      functions are simple. There are also known timers capable of presetting a
      plurality of times concurrently and channel selection times for television
      receivers which provide for automatic selection of channels in a maximum
      time interval of about three hours, but these devices suffer from the
      disadvantage that the functions thereof are complicated and the sizes
      thereof are large, and therefore, they are usable only for specific
      applications.
PAR  It is, therefore, an object of the present invention to provide a
      presetting device which eliminates the disadvantages of the conventional
      television receiver described above and which enables the selection of
      channels to be performed automatically according to a preset program and
      facilitates the presetting operation.
PAR  Another object of the invention is to provide a presetting device of the
      character described above, in which means for indicating channel numbers
      are provided on time pointer means which indicate times at their set
      positions, whereby the construction of the device is simplified.
PAR  Still another object of the invention is to provide a presetting device of
      the character described above, in which recording means for presetting the
      channel numbers therein is provided separately from the time pointer
      means, whereby the presetting operation is further facilitated.
PAR  According to the device of the invention, when the time pointer means
      respectively have once been set in selected time positions, the device
      reads control information from the control information recording means at
      each of the times corresponding to the set positions of the time pointer
      means, and controls the operation of an apparatus to be controlled
      thereby. The content of the program preset by the device is obvious to the
      user as the program is established by the time pointer means set on a
      program board and the recording means in which the control information is
      set, and the handling of the device is easy as the device is of a timing
      system. The device of the invention is usable for multiple purposes as the
      cord used for the time pointer means may be optional. The use of the
      subject device for the control of a television receiver is advantageous in
      avoiding the casual missing of a desired item of a television program and
      in eliminating the trouble of the viewer repeatedly checking a television
      program carried in a newspaper, and further in preventing children from
      looking at the telecast without any definite purpose, which is
      advantageous from the point of view of education. Further, the device of
      the invention serves as an alarm clock.
DRWD
PAR  FIG. 1 is a front elevational view of an embodiment of the device for
      presetting a television program and the like;
PAR  FIG. 2 is a block diagram showing the internal construction of the device;
PAR  FIG. 3 is a perspective view of another embodiment of the device of this
      invention;
PAR  FIGS. 4a to 4e are perspective views of the time pointer means of the
      device of FIG. 3;
PAR  FIG. 5 is an electric wiring diagram of the program board;
PAR  FIG. 6 is a view showing the presetting device in use;
PAR  FIG. 7 is a front elevational view of still another embodiment of the
      device of this invention;
PAR  FIG. 8 is a block diagram showing the internal construction of the device
      of FIG. 7;
PAR  FIGS. 9a and 9b are perspective views of the time pointer means and the
      support block respectively of the device of FIG. 7;
PAR  FIG. 10 is a perspective view showing another internal construction;
PAR  FIG. 11 is a perspective view showing still another internal construction;
PAR  FIG. 12 is a perspective view showing still another internal construction;
PAR  FIG. 13 is a perspective view showing still another internal construction;
PAR  FIG. 14 is a front elevational view of still another embodiment of the
      device of this invention;
PAR  FIG. 15 is a perspective view showing the internal construction of the
      device of this invention;
PAR  FIGS. 16 to 18 are perspective views of different types of program setting
      pins respectively;
PAR  FIGS. 19a and 19b are views showing another type of program board;
PAR  FIG. 20 is a view showing another way of using the device.
DETD
PAR  The present invention will be described hereunder as applied to an
      automatic presetting device for a television receiver.
PAR  In FIG. 1, reference numeral 11 designates a main body of the automatic
      presetting device and 12 designates program boards. The program boards 12
      are respectively provided with slots 14 in which time pointer means 13 are
      slidable longitudinally of said slots to be set at the positions of time
      markings which are provided at an interval of 30 minutes from 6:00 A.M. to
      11:30 P.M. Each time pointer means 13 is disengageable from the slots 14
      in each program board 12. A presetting operation is completed by setting
      the respective time pointer means 13 at the positions of the desired times
      on the program boards 12. For instance, one time pointer means 13 is set
      at the position of 6:30 A.M. to select channel 2 at said time. A time
      indicator means 15 is showing 6:28 A.M. but when the time arrives at 6:30
      A.M., the device reads the information recorded by the time pointer means
      13 at the position of said time and the tuner (not shown) of the
      television receiver operates in response to said information, whereby the
      channel is changed to channel 2.
PAR  FIG. 2 shows the entire arrangement of this embodiment of the invention.
      The positions of the time pointer means 13 set on the program boards 12 at
      selected time positions are read sequentially by a read-out operation of a
      time piece, i.e. clock 16 and a recorded information of the time position
      information of said time pointer means 13 is supplied to control means 18
      which in turn controls the channel selecting operation of the television
      receiver 17. While the positions of the time pointer means 13 are being
      sequentially read, light emission elements 19 are sequentially lighted
      indicating the specific time pointer means 13 which is being read.
PAR  FIG. 3 shows another embodiment of the invention which is designed for
      programming over a period of one week. In this embodiment, a program board
      21 is in the shape of a heptagonal prism and provided with time pointer
      means 24 on each face thereof, and an arrangement is made such that each
      face of said heptagonal program board is exposed to the outside through a
      window 23 formed in a casing 22 of the device for programming for each day
      of the week. Time pointer means 24, similar to those 13 of the preceding
      embodiment, are disengageably mounted on the program board 21. Further, in
      this embodiment, the amount of information to be preset is larger than in
      the preceding embodiment, but the appearance is the same as that of the
      embodiment of FIG. 1 which is for one day programming, as only one face of
      the program board for one day programming is visible to the outside.
      Setting of the desired programs for the respective days of the week is
      effected through the window while rotating the program board to locate the
      faces of said board at the position of the window 23 one after another,
      and there is no possibility of erroneous setting because only one face
      appears in the window at a time.
PAR  FIGS. 4a to 4e show different types of time pointer means. The time pointer
      means includes a plate member 31 having the identification of information
      recorded therein, e.g. channel numbers 1, 2, . . . 12, marked on the upper
      side thereof and pins 33, 34, 35 extending downwardly from the underside
      thereof, a resistance 36 enclosed therein as shown in FIG. 4a, and a knob
      37 provided on the upper surface thereof for a sliding movement thereon
      and carrying a terminal 38. A diode 39 may be connected as shown in FIG.
      4b to avoid interference of the time pointer means with each other when
      said time pointer means are fitted in the program board. The time pointer
      means of the types shown in FIGS. 4a and 4b are so designed that the
      channel information may be changed continuously briefly with reference to
      the channel numbers marked on the upper surface 32 of the plate member 31,
      but the type of the time pointer means shown in FIG. 4c has the channel
      numbers marked in the definite positions of the respective channels and is
      provided with ratchets therein at locations corresponding to the position
      of the markings of channel numbers, so that the knob 37 is operated
      intermittently to change the channel information and a more correct
      position of the desired channel can be obtained. The type of the time
      pointer means shown in FIG. 4d has a round shape and is of a construction
      similar to that of a round variable resistor. The type of the time pointer
      means shown in FIG. 4e is also round in shape but provided therein with
      ratchets similar to the type of FIG. 4c, and the channel can be set in a
      more correct position.
PAR  FIG. 5 shows the electrical connection of the program board 12 or 21. The
      wiring of the program board is composed mainly of grounding conductors 41,
      output conductors 42 and scanning conductors 43. The grounding conductors
      41 and output conductors 42 are extended along the slots 44 and 45 of the
      three slots 44, 45, 46 formed in the program board for sliding movement of
      the time pointer means 54. On the other hand, an output is applied from
      the clock 47 to week scanning conductors 48 and hour-minute scanning
      conductors 49, and the week scanning conductors 48 selectively lead the
      output conductors 42 to an output terminal 51 through week selection gates
      50 respectively. The hour-minute scanning conductors 49 serve to read at a
      timing of 30 minute intervals, 15 minute intervals or 1 hour intervals
      through hour-minute selection gates 52 in accordance with selector means
      53. The arrangement of FIG. 5 is adapted to read the timing of 30 minute
      intervals. For instance, a voltage of 6V corresponding to channel 4 is
      obtained from the pin 34 of the time pointer means 43 at 8 o' clock on
      Sunday and said voltage appears at the output terminal 51 through the week
      selection gates 50 and an OR circuit. In this case, the voltage applied to
      the pin 46 of the time pointer means 43 is constant (e.g. 30V). In the
      event that the tuner of the television receiver is of the type which
      selects channels by the barrier capacity of a varactor diode, it is
      possible to arrange it such that channel 4 may be selected when a voltage
      of 6V is applied to the varactor diode, for example. Therefore, once the
      voltage has appeared at the output terminal 51, the channels may be freely
      selected by impressing the voltage on the aforesaid tuner through a
      circuit adapted to maintain said voltage. Alternately, the device may be
      connected with means for automatically selecting channel 4 by a voltage
      comparator when a voltage of 6V .+-. 0.2V has appeared at the output
      terminal 51.
PAR  It is optional whether the subject device is incorporated in the main body
      of the television receiver or other apparatus, or is used as an adapter in
      combination with a separate remote controller.
PAR  FIG. 6 shows an embodiment of the device as used in combination with a
      remote controller. In the illustration of FIG. 6, the automatic program
      presetting device 62 of the invention is connected to a remote control
      type (wired) television receiver 61 by a cord 63, so that the channel is
      set selectivelly automatically in the television receiver 61 in response
      to channel information transmitted from the automatic program presetting
      device 62 at a preset time. An arrangement is made such that the channel
      of the television receiver 61 is first returned to the O position (a
      predetermined position or channel of the tuner) instantaneously when a
      signal is transmitted from the automatic program presetting device 62, and
      the television receiver 61 transmits a signal to said device,
      representative of the completion of the return movement of the tuner.
      Thereafter, the device 62 transmits channel information to the television
      receiver in response to the return signal to set said television receiver
      at the desired channel. The same effect may be obtained by connecting the
      television receiver 61 and the device 62 with each other by a wireless
      means, such as an ultrasonic wave, instead of the cord 63.
PAR  Although the device of the invention has been described above as applied to
      the television receiver, it is similarly applicable to radio receivers.
PAR  Still another embodiment of the invention will be described with reference
      to FIG. 7. In FIG. 7, reference numeral 71 designates a main body of the
      program presetting device; 72 a real time clock; and 73 sliding type time
      pointer means which is slidable in the longitudinal direction of a program
      board 74 in a slit 75 formed in said program board. The program board 74
      is provided with time markings at a one-hour interval from 6:00 A.M. to
      12:00 P.M. For the selection of a program, two types of information must
      be preset, that is, time information and channel information. In this
      embodiment, the selection of time is made by presetting the time pointer
      means 73 at the desired times, and the selection of the other information
      (the channel number in this case) is made by control information recording
      means 76 provided each for each time pointer means 73. Each time pointer
      means 73 and the corresponding control information recording means 76 are
      electrically connected with each other, and the cooperating time pointer
      means and control information recording means are visually identified by
      the same characters or color. When the real time of the clock 72 coincides
      with the time at which the time pointer means 73 is set, a signal is
      transmitted to the control information recording means 76 corresponding to
      said time pointer means 73 and a channel corresponding to the control
      information stored in said recording means 76 is selected. The control
      information recording means 76 used in this embodiment may be slide
      switches or thumb wheel switches. While it has been stated that the times
      which are designated by the time pointer means 73 are provided on the
      program board 74 at a one-hour interval, the interval of the times may be
      changed freely as desired and in a time span other than from 6:00 A.M. to
      12:00 P.M. Reference numeral 77 designates a cable through which the
      channel information stored in the control information recording means 76
      is transmitted to the television receiver 78 after it has been converted
      into a control signal suitable for channel selection.
PAR  In the illustration of FIG. 7, there is shown a state in which the clock 72
      indicates 6:00 A.M. as the real time and channel 8 is selected just at
      this time. The control signal for channel selection may, for example, be a
      voltage signal corresponding to the desired channel in the event that the
      tuner of the television receiver 78 is an electronic tuner which selects
      the channels by the barrier capacity of a varactor diode. In the event
      that the tuner of the television receiver 78 is a detent type tuner, a
      pulse signal adapted to control the rotation of the tuner is used as the
      control signal for channel selection.
PAR  FIG. 8 shows the internal arrangement of channel information reader means.
      Reference numeral 81 designates a support block to provide for smooth
      sliding movement of the time pointer means 73, which is provided with
      contacts for detecting the time pointer means 73 being in coincidence with
      the time at which said time pointer means is to be set. Reference numeral
      82 designates a circuit which generates, in cooperation with the real time
      clock, time pulses at an interval of 30 minutes or 1 hour, and 83
      designates a distribution circuit for sequentially distributing the time
      pulses. The signals transmitted sequentially from the distribution circuit
      83, when it coincides with the time at which the time pointer means 73 is
      set, causes the control information recording means 76 to generate an
      output representing the channel information preset in said recording means
      76, and said channel information is supplied to a conversion circuit 84 in
      which it is converted into a control signal for channel selection. The
      converted signal is supplied to the television receiver through the cable
      73 to cause it to make a channel selecting operation.
PAR  FIGS. 9a and show 9b in detail the construction of the support block 81 in
      which the detection of coincidence between the signals from the
      distribution circuit 83 and the designated times is effected, and the
      construction of the time pointer means. To the signal lines from the
      distribution circuit 83 are connected the contacts 85 provided on the
      support block 81, and the time pointer means 73 are provided with
      contacting portions for intimate contact with said contacts 85 on the
      support block 81, respectively. When the electric contact is established
      between the contact 85 and the time pointer means 73, or when the time
      from the distribution circuit coincides with the time designated by the
      time pointer means, the coincidence signal is transmitted to the control
      signal recording means 76 and the selection of the channel in the
      television receiver is effected as described above. The sliding movement
      of the time pointer means 73 may be further facilitated when oil or the
      like lubricant is disposed in an oil receiving portion 86 of the support
      block 81.
PAR  Further embodiments of the invention are shown in FIGS. 10, 11 and 12. In
      these embodiments, the time pointer means 73' are of the photoelectric
      type, and the cooperating time pointer means 73' and control information
      recording means 76 are provided with the same characters A, B, C . . . .
      Further, the time pointer means 73' are provided with, as information
      codes, binary codes for selecting the control information recording means
      76. For instance, the time pointer means 73' indicated in the Figures by
      alphabet A is provided with a hole at the third bit position and that
      indicated by alphabet B with a hole in the second bit position, thus A
      corresponding to a binary code of 001, B to a binary code 010 and so on.
      Reference numeral 87 designates lamps for illuminating the information
      codes of the time pointer means 73'; 88 optical fibers for leading out the
      information codes; and 89 photosensor arrays. The time pointer means 73'
      are set in intimate contact with the support block 81' and, when they are
      illuminated by the lamps 87 from the upper side, the information codes of
      said means propagate through the optical fibers and are transmitted to the
      photosensor arrays 89 as light intensities, by which they are converted
      into electric signals and fed to the control information recording means
      76 through a control circuit 90. FIGS. 10, 11 and 12 show a state in which
      the read time is 6:30 A.M. and the lamp 87 corresponding to the time is
      turned on and the channel information representative of channel 6 of the
      control information recording means 76 is being read. The large amount of
      optical fibers 88 connected to the support block 81' are bundled for each
      bit and led to the corresponding photosensor arrays 89. Therefore, the
      information codes of the time pointer means 73' are all supplied to the
      common photosensor array 89 no matter at which time positions they may be
      read. Namely, the bundles of the optical fibers 88 serve as "or" elements
      of light. In the case of FIG. 10, since the time pointer means 73' of A is
      provided with the through-hole at the third bit position, the binary code
      001 is detected at the photosensor array 89. The output of the photosensor
      array passes in the control circuit 90 and selects the control information
      recording means 76 of A. Therefore, the channel information representative
      of channel 6 is converted by the conversion circuit 84 into a control
      signal for channel section and the channel is changed in response to said
      control signal. The through-holes provided in the time pointer means 73'
      used in these embodiments are used as fixed memories which do not
      disappear.
PAR  In the embodiment shown in FIG. 11, the optical fibers 88 are not fixed to
      the support block 81' as they are in the embodiment of FIG. 10, but are
      connected directly with the time pointer means 73', so that said optical
      fibers may move together with the time pointer means 73' as said time
      pointer means slide on the support block 81'. By connecting the optical
      fibers 88 directly with the time pointer means 73' as stated, the number
      of the optical fibers can be substantially decreased from that in the
      embodiment shown in FIG. 10.
PAR  FIG. 12 shows an embodiment in which no optical fibers are used. Namely,
      the photosensor arrays 89 shown in FIG. 10 are embedded in the time
      pointer means 73' without providing them externally, for directly
      receiving the light of the lamps 87, whereby more accurate electric
      signals can be obtained.
PAR  FIG. 13 shows a further embodiment of the invention in which are employed
      electrostatic capacity type control information recording means 84 for the
      selection of channels. The pulses successively transmitted from the
      distribution circuit 83 are applied between electrodes 91 and opposite
      electrodes 92 each made up of three parts, and between these opposite
      electrodes are interposed the time pointer means 93 each consisting of
      dielectrics of different dielectric constants put together into a unitary
      piece. Therefore, when the pulse is applied across the electrodes 91 and
      92, signals of different amplitudes generate from the sectional electrodes
      92 according to the state of combination of the dielectrics. By reading
      the signals by the control circuit 94, an output of 001, for example, is
      obtained from the time pointer means 93 of A and the corresponding control
      information recording means 76 is selected by said output signal, whereby
      the channel information representative of channel 6 is fed to the
      conversion circuit 84. The signal converted in the conversion circuit is
      transmitted to the television receiver through the cable 77 to change the
      channel to channel 6.
PAR  While in the embodiments described hereinbefore, the time pointer means are
      slidable horizontally on the program board of the type for one day
      programming, the device may be designed such that the time pointer means
      are slidable vertically. Further, by arranging the time markings in a
      circular diagram on the program board, the programming operation can be
      achieved more easily in relation with the real time clock. It is also to
      be understood that the device may be modified for programming over a
      period of one week.
PAR  The presetting device may be produced with a chime which is arranged to
      sound at a preset time concurrently with the changing of the channel to a
      preset channel. It is also possible to make an arrangement such that the
      channel number appears on the picture screen of the television receiver
      for a period of several seconds after the channale has been changed. A
      clock having a number of mechanical contacts may be used for the clock 82
      and in this case the function of the distribution circuit may be obtained
      from the clock, in addition to the timing function.
PAR  Still another embodiment will be described with reference to FIG. 14. In
      FIG. 14, reference numeral 101 designates a program board of the
      presetting device; 102 a real time clock; 103 pin jack holes arranged
      along a time marking row; 104 presetting pins respectively provided with
      channel information to be preset and adapted to be inserted into said pin
      jack holes; 105 a cable for transmitting control signals; and 106 a
      television receiver provided with means for changing channels in response
      to the control signals.
PAR  For the automatic channel selection, it is necessary to preset two pieces
      of information, that is, the time and the channel. In this embodiment,
      this is achieved by inserting the presetting pin 104 bearing the code of
      the desired channel into the pin jack hole 103 at the position of the time
      at which said channel is desired to be obtained. When the real time
      indicated by the clock 102 arrives at the time corresponding to the pin
      jack hole 103, the channel designated by the presetting pin 104 inserted
      into said pin jack hole is selected. The presetting pins 104 of different
      types are provided in the same number as the number of channels receivable
      by the television receiver and each of them has a channel number engraved
      on the head thereof. In this embodiment, the time markings are provided at
      a onehour interval from 6:00 A.M. to 12:00 P.M., but the interval and time
      span may be changed freely as desired. For instance, the time markings may
      be provided at a 15-minute intervals.
PAR  The channel information read from a specific presetting pin 104 at a
      specific time is converted into a suitable control signal for channel
      selection and transmitted to the television receiver through the cable
      105.
PAR  In FIG. 14, there is shown a state in which the clock 102 shows the real
      time being 8:00 A.M. and the channel has just been changed to channel 4 at
      said time. The control signal for channel selection which is to be
      transmitted to the television receiver through the cable 105 may be a
      voltage signal corresponding to the desired channel in the event when said
      television receiver is of a type having an electronic tuner for channel
      selection, and may be a pulse signal in the event when said television
      receiver is of a type having a detent tuner.
PAR  FIG. 15 shows the internal arrangement of the channel information reading
      means, in which reference numeral 111 designates lamps for illuminating
      the channel information carried on the presetting pins 104; 112 optical
      fibers for leading the channel information of the presetting pins 104; 113
      a fiber support plate; and 114 photosensor arrays. Each presetting pin 104
      is provided with the channel information in the form of a 4-bit binary
      code. For instance, the presetting pin 104 for presetting channel 4 has a
      hole bored at the third bit position of the pin as 4 (decimal number) =
      0100 (binary number). When this presetting pin 104 is set in close contact
      with the support plate 113 with its hole in register with a hole formed in
      said support plate and illuminated from the upper side by the lamp 111,
      the channel information (code pattern) of the presetting pin 104 is
      transmitted through the fiber 112 to the photosensor array 114 as a light
      intensity and is converted into an electric signal. Reference numeral 115
      designates a time pulse generator having a clock disposed therein and
      adapted to generate in cooperation with the real time clock time pulses at
      a predetermined interval, e.g. at an interval of 30 minutes or one hour.
      Reference numeral 116 designates a time pulse distribution circuit, which
      distributes the time pulses sequentially to the lamps 111 to flash them.
      FIG. 15 shows a state in which the lamp 111a is lighted at the real time
      of 8:00 A.M. and the presetting pin 104 for channel 4 is being read. The
      large number of the optical fibers 112 connected to the support plate 113
      are bundled for the respective rows of bits and led to the corresponding
      photosensor arrays 114. Therefore, the channel information of the
      presetting pin 104 read at any time position is supplied to the common
      photosensor array 114. Namely, the bundles of optical fibers serve as or
      elements. In the event that the presetting pin 104 is for channel 4, a
      code signal of 0100 is detected by the photosensor array 114 as a binary
      code. An output of this photosensor array 114 is led to a channel control
      circuit 117 and, after being converted into a control signal for channel
      section therein, transmitted to a television receiver through a control
      cable 118 to set it for channel 4. It will be understood that the
      indication of the presetting pin 104 of which the channel information is
      being read, may be made concurrently by suitably arranging the lamps 111.
PAR  FIG. 16 shows a type of presetting pin in an enlarged scale. In this type
      of presetting pin, the binary code which is channel information is
      provided in the form of drilled holes 121, for example, of a diameter of 2
      mm and a pitch of about 3 mm. FIGS. 17 and 18 show other types of
      presetting pins. The type of presetting pin shown in FIG. 17 has an
      illuminating lamp 122 disposed therein, so that a light pattern according
      to the channel information bits will appear from the interior through
      holes 123 when a time pulse is applied thereto. Since the channel number
      engraved on the pin is illuminated concurrently when the lamp 122 is
      lighted, this type is advantageous in that the positive collation of the
      real time and the position of the pin being read is ensured. The
      presetting pin of the type shown in FIG. 18 has a polygonal cross-section,
      so that it alone may be used for setting a plurality of channels by
      changing the angular position thereof. Reference numeral 124 in FIG. 18
      designates through-holes bored in the pin.
PAR  The presetting pins described above are of the type which provides channel
      information in the form of a light signal. There may be used presetting
      pins of the type in which bits are provided, for example, in the form of
      white and black markings in lieu of the holes in the types of presetting
      pins described above, which markings will be read by a reflector.
PAR  While the presetting devices of all the embodiments described hereinbefore
      are designed for programming for one day, it will be understood that they
      may easily be modified for programming for a period of one week by adding
      week days thereto. An example of such device is shown in FIGS. 19a and
      19b.
PAR  In the embodiment shown in FIGS. 19a and 19b, a light receiving portion 133
      including an illuminating light source 131 and optical fibers 132 is the
      same as that in the preceding embodiments for one-day programming. The
      only difference is that presetting pins 134 are supported on a rotary drum
      135 of heptagonal cross-section, which is turned one seventh of its full
      revolution every day to complete one revolution in one week. Such
      construction enables the presetting device to be provided economically as
      the illuminating light source and optical fibers can be used commonly for
      all the days of a week.
PAR  An arrangement may be made such that a chime sounds at each time the
      channel is changed according to the preset program, or the channel number
      appears on the television screen for a few seconds after the channel
      change, to ensure the acknowledgement of the channel change by the viewer.
PAR  FIG. 20 exemplifies the application of the presetting device of the
      invention as a multiple purpose timer. In this case, presetting pins 141
      respectively bearing characters A representing a radio set 151, B
      representing a television set 152, C representing a rice cooker 153, D
      representing a washing machine 154, . . . , instead of channel numbers,
      are inserted into the program board, whereby a plurality of the electric
      appliances can be placed in operation according to the desired program,
      either one after another or concurrently.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for presetting a television program or the like, comprising
      clock means for generating time information, a program board provided with
      a plurality of time pointer means the positions of which are optionally
      changed respectively to designate the times at which a television receiver
      is to be operated, a plurality of recording means provided separately from
      and each for each of said time pointer means for presetting channels to be
      received, and means for reading the information recorded in the recording
      means corresponding to said time pointer means in accordance with the time
      information generated by said clock means and applying to said television
      receiver signals for receiving the preset channels.
NUM  2.
PAR  2. A device for presetting a television program or the like, comprising
      clock means for generating and distributing time pulses, a program board
      provided with one time column and with a plurality of time pointer means
      which are respectively optionally operated to control a television
      receiver or other electric appliances to be controlled, said time pointer
      means being similar to a button which is preset at any position
      corresponding to time, means for setting control information such as a TV
      channel number or an on-off control for controlling the types or
      operations of the electric appliances at the times preset by said time
      pointer means, and means for decoding the control information preset in
      said program board and setting means in accordance with the time
      information generated by said clock means to control the operations of the
      electric appliances to be controlled.
NUM  3.
PAR  3. A device for presetting a television program or the like, comprising
      clock means for generating time information, a program board provided with
      a plurality of time pointer means the positions of which are optionally
      changed respectively to designate the times at which a television receiver
      is to be operated, a variable resistance provided in each of said time
      pointer means integrally therewith to designate a telecast channel to be
      received, means for reading the positions and designated channels of said
      time pointer means in accordance with the time information generated by
      said clock means to control the television receiver such that the telecast
      of preset channels may be received at preset times, in which each of said
      time pointer means is mounted on said program board with two fixed
      terminals and one sliding terminal of said variable resistance
      respectively received in three parallel slits formed in said program
      board, means extending along said slits for applying a D.C. voltage to
      said fixed terminals, and means for applying a voltage obtained from said
      sliding terminal to the television receiver as a signal to indicate a
      preset channel.
NUM  4.
PAR  4. A device for presetting a television program or the like, comprising
      clock means for generating time information, a program board provided with
      a plurality of time pointer means the positions of which are optionally
      changed respectively to designate the times at which a television receiver
      is to be operated, a plurality of recording means provided separately from
      and each for each of said time pointer means for presetting channels to be
      received, means for reading information recorded in the recording means
      corresponding to said time pointer means in accordance with the time
      information generated by said clock means and applying to said television
      receiver signals for receiving preset channels, in which each of said time
      pointer means is provided with coded through-holes for discriminating it
      from other time pointer means and said program board is provided with a
      light source for illuminating sequentially the time positions
      corresponding to said respective time pointer means in accordance with the
      time information generated by said clock means, and means for sensing the
      light projecting through the through-holes of said time pointer means from
      said light source, whereby the recording means corresponding to said time
      pointer means are selected by outputs of said sensing means.
NUM  5.
PAR  5. A device for presetting a television program or the like, comprising
      clock means for generating time information, a program board provided with
      a plurality of time pointer means the positions of which are optionally
      changed respectively to designate the times at which a television receiver
      is to be operated, a plurality of recording means provided separately from
      and each for each of said time pointer means for presetting channels to be
      received, means for reading information recorded in the recording means
      corresponding to said time pointer means in accordance with the time
      information generated by said clock means and applying to said television
      receiver signals for receiving preset channels, in which said program
      board is provided with a light source for illuminating sequentially the
      time positions corresponding to said time pointer means in accordance with
      the time information generated by said clock means, and optical fibers
      respectively having one of their ends positioned opposite to said time
      pointer means for receiving the light of said light source therefrom and
      the other ends positioned opposite photosensors provided each in each time
      pointer means.
NUM  6.
PAR  6. A device for presetting a television program or the like, comprising
      clock means for generating time information, a program board provided with
      a plurality of time pointer means the positions of which are optionally
      changed respectively to designate the times at which a television receiver
      is to be operated, a plurality of recording means provided separately from
      and each for each of said time pointer means for presetting channels to be
      received, and means for reading information recorded in the recording
      means corresponding to said time pointer means in accordance with the time
      information generated by said clock means and applying to said television
      receiver signals for receiving preset channels, in which said time pointer
      means are respectively provided with photosensors which are connected to
      the corresponding recording means, and said program board is provided with
      a light source for illuminating sequentially the time positions
      corresponding to said respective time pointer means in accordance with the
      time information generated by said clock means.
NUM  7.
PAR  7. A device for presetting a television program or the like, comprising
      clock means for generating time information, a program board provided with
      a plurality of time pointer means the positions of which are optionally
      changed respectively to designate the times at which a television receiver
      is to be operated, a plurality of recording means provided separately from
      and each for each of said time pointer means for presetting channels to be
      received, and means for reading information recorded in the recording
      means corresponding to said timer pointer means in accordance with the
      time information generated by said clock means and applying to said
      television receiver signals for receiving preset channels, in which said
      program board is provided with two opposed electrodes one of which is a
      sectional electrode including a plurality of electrode sections, and means
      for reading an output signal which is generated when a pulse is applied
      between the electrodes in accordance with the electrostatic capacity of
      said pulse, and further comprising dielectrics of different dielectric
      constants put together into an integral piece and arranged as said time
      pointer means for each sectional electrode, whereby said recording means
      and said time pointer means are collated in accordance with an output
      signal of said reading means.
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ABST
PAL  A digital automatic frequency control circuit for use with a scanning type
      superheterodyne receiver, such circuit having an input for receiving the
      output of a related discriminator, and an output for providing an
      incrementally variable tuning voltage to a related local oscillator. My
      novel circuit has a search mode and a lock mode, and during the search
      mode, when the receiver tuning is swept past a pulsed radio signal, the
      discriminator produces a sequence of voltage output pulses whose polarity
      for a desired signal will be different from that of the signal's image. My
      circuit recognizes the polarity relationships of such pulses, and makes
      use of such information in a highly advantageous manner in order to cause
      the receiver to enter the lock mode only when the received signal has the
      correct relationship with the local oscillator, with the image signal thus
      being ignored. While in the lock mode, this circuit will track the
      frequency of the incoming radio frequency energy on a pulse-to-pulse
      basis, automatically compensating for drifts in the frequency of either
      the incoming energy or the local oscillator. Although the lock mode will
      be maintained for a brief, preselected period in the event of momentary
      fades or the like, after such preselected period is over, the search mode
      is automatically recommenced.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is concerned with scanning type superheterodyne receivers,
      and more particularly to scan-lock systems that utilize automatic
      frequency control of a local oscillator for receiving pulsed signals.
PAR  A scanning radar receiver is a typical example of such receivers. This type
      of receiver sweeps a selected bandwidth to search for a sequence of
      received radar pulses whose center frequency is not known precisely, but
      lies within the swept bandwidth. As the receiver is tuned across such a
      signal, it should stop its sweep and lock onto the received signal. After
      lock on, it must track any change in the received frequency which may be
      due from such sources as drift in the transmitted signal, changes in
      receiver components, or frequency changes due to doppler shifts.
PAR  Other types of systems using this type of receiver are satellite
      communication links using pulse code modulation, and missile command and
      control links. When receivers of this type are operated in the microwave
      region, little if any preselection or tuned circuits are used ahead of the
      local oscillator (LO). Therefore, the desired intermediate frequency
      produced by mixing of the local oscillator with an incoming frequency will
      be generated by a received signal either above or below the LO frequency.
      The receiver designer normally selects one of the relationships as the
      correct IF signal and regards the other as the image frequency.
PAR  Most receivers in the prior art have used analog circuitry for controlling
      the LO frequency. Commonly, an electronically tuned local oscillator is
      utilized as part of an automatic frequency control (AFC) loop in microwave
      receivers, but the design of proper AFC circuitry has presented certain
      problems. This circuitry must sweep the LO through its tuning range until
      a signal is encountered, and then after lock-on to a signal, it must use
      inputs from an IF operated discriminator in order to generate the tuning
      voltage for the LO, to maintain the LO in the locked condition.
PAR  Typically, for analog type circuitry, a sophisticated integrator is
      required that has the unfortunate characteristics of being slow to respond
      to input changes, that tends to drift with time, and requires elaborate
      sample and hold circuits to handle pulsed inputs. Additionally, and quite
      importantly, such analog circuits do not inherently provide protection
      against locking onto the unwanted image frequency.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, I provide a unique digital AFC
      circuit that overcomes the problems that accompany the employment of
      analog techniques. My novel digital AFC circuit will cause the received
      signal to be automatically tuned to a pulsed RF signal falling within its
      tuning range, and to then lock into such signal.
PAR  After lock-on, the AFC will maintain the receiver tuned to the pulsed
      signal, updating the tuning control voltage on a pulse-by-pulse basis.
      Quite significantly, during the sweeping or scanning mode, while searching
      for a received signal, my digital AFC will cause the receiver to sweep
      past and thereby ignore an image signal, and respond only to the received
      signal when it has the correct frequency relationship with the local
      oscillator.
PAR  The digital AFC circuitry in accordance with this invention provides two
      modes of operation--a search mode and a lock mode. The AFC circuit is used
      in combination with a voltage tunable local oscillator, a discriminator
      connected to the output of the receiver IF amplifier and tuned to the IF
      center frequency, a carrier presence detector, and an oscillator sweep
      voltage source.
PAR  In accordance with the search mode operation, the receiver sweeps past a
      pulsed RF signal at a low rate relative to the expected RF pulse rate. The
      discriminator will produce a sequence of voltage output pulses as a signal
      is approached. This output voltage will reduce to zero as the receiver
      tunes exactly to the received carrier frequency, and then a second
      sequence of DC pulses will be produced as the receiver is tuned past the
      zero point.
PAR  Due to the normal action of the discriminator, the pulse output from the
      discriminator as the receiver sweep approaches the signal will be of one
      polarity, and after passing the zero voltage output point, the output
      pulses will then be of the opposite polarity. It is important to note that
      the polarity relationships; i.e., whether the first sequence of pulses is
      positive and the second sequence is negative or vice versa, is dependent
      on whether the LO frequency is above or below the received signal. These
      relationships are recognized and made use of in accordance with this
      invention in order to cause the receiver to lock up only on the correct
      signal, and to ignore its image signal, this being accomplished in a
      manner explained briefly at this time, and in more detail hereinafter.
PAR  At the time a signal appears in the IF amplifier of my receiver, the signal
      presence detector produces an enabling voltage. This voltage enables
      certain digital circuits contained in the digital AFC section of my
      invention to prepare this section for operation. The pulse sequences from
      the discriminator are then applied to the input of the AFC circuit, where
      sensing elements determine the polarity relationship of the pulse
      sequences. If the polarity is incorrect, indicative of reception of the
      image signal, no lock-on action takes place, and the receiver continues to
      sweep. However, when the polarity is correct, the oscillator sweep voltage
      is automatically switched off and the source of LO tuning voltage is then
      derived by digital operations performed upon the discriminator output, to
      bring about the lock mode condition.
PAR  When the tuning is exact, a received pulse will produce zero output voltage
      from the discriminator and the LO tuning voltage will remain constant.
      However, if drift at any point in the system occurs, a positive or
      negative pulse will appear at the discriminator output. This pulse causes
      the digital circuit to increase or decrease the tuning voltage by a
      selected incremental amount, to bring about a retuning of the LO in the
      required direction. Thus, the tuning is advantageously and rapidly
      corrected on a pulse-to-pulse basis in accordance with my invention. After
      a received signal disappears from the IF amplifier output, such as due to
      a cessation of transmission, for example, the carrier presence detector
      will, after a short period, reset the digital AFC circuits to cause
      sweeping of the oscillator to resume, thereby placing the system back into
      the search mode, so that a search can be conducted for a new RF signal.
PAR  It is therefore a primary object of my invention to provide means for
      controlling the scanning oscillator of a superheterodyne receiver, to
      cause the receiver to lock onto a desired pulsed radio frequency signal,
      and to prevent the receiver from locking onto the image frequency of such
      signal.
PAR  It is a further object of my invention to provide a novel automatic
      frequency control circuit having capability of updating the tuning of the
      receiver with respect to each received pulse.
PAR  It is another object of my invention to provide a highly stable AFC circuit
      that maintains the local oscillator frequency of the receiver constant
      between updates of the tuning.
PAR  It is still another object of my invention to provide an AFC circuit that
      is readily adaptable to a wide range of RF signal pulse repetition rates
      and pulse widths.
DRWD
PAR  These and other objects, features and advantages of my invention will be
      more apparent from a study of the appended drawings, in which:
PAR  FIG. 1 is an over-all block diagram, revealing a typical organizational
      setting for my novel AFC circuitry;
PAR  FIG. 2 is a block diagram of a preferred embodiment of my novel digital
      automatic frequency control circuit;
PAR  FIGS. 3a and 3b are waveforms showing respectively the envelope of the
      discriminator for the desired sideband, and for the image, and
PAR  FIG. 4 is a schematic of an exemplary embodiment of my invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, I have shown a block diagram of a section of a
      receiver for receiving pulsed radio frequency signals that includes a
      unique digital automatic frequency control circuit in accordance with my
      invention. This digital AFC circuit advantageously will cause the receiver
      to be automatically tuned and locked to the carrier of any pulsed RF
      signal falling within its tuning range, and will not respond to the image
      frequency of such carrier.
PAR  The automatic frequency control loop 10 comprises mixer 14, intermediate
      frequency amplifier 18, discriminator 20, automatic frequency control
      circuit 22, and tunable local oscillator 16. Pulsed RF signals received by
      antenna 12 are applied to mixer 14. Such signals of proper frequency when
      mixed with the output of local oscillator 16 produce IF signals falling
      within the passband of IF amplifier 18. The pulsed RF signals can be
      either higher in frequency than the frequency of LO 16 or lower in
      frequency than LO 16, to produce an IF signal falling within such passband
      of IF amplifier 18. It is required that only one of these conditions be
      recognized as the correct relationship, and the other condition be
      considered as the image or undesired difference frequency.
PAR  The amplified signals are provided to receiver output circuits on lead 19,
      and are also directed to discriminator 20. The discriminator may be a
      conventional double tuned detector for determining when a signal from the
      IF amplifier is above or below the IF amplifier center frequency. The
      output of the discriminator 20 is processed by my novel AFC circuitry 22.
      As will be explained hereinafter, the AFC circuitry 22 has an output,
      designated Tuning Voltage, that is on lead 24 connected to tunable local
      oscillator 16 so as to control the frequency thereof in accordance with
      the signals from discriminator 20, so that the signals will be caused to
      fall accurately within the passband of IF amplifier 18, and to prevent the
      tunable local oscillator from tuning to the undesired image frequency
      condition.
PAR  As will be later described in detail, I have provided two modes of
      operation of AFC loop 10. The initial mode, called the search mode,
      results in the receiver scanning a broad region of the desired RF band.
      The final mode, called the lock mode, stops the scanning action and
      provides "frequency lock" to the desired carrier on a pulse-to-pulse basis
      after initial lock has been achieved. As seen in FIG. 1, I utilize a
      "carrier presence" detector 26, comprising envelope detector 27, threshold
      detector 28, and retriggerable one-shot multivibrator 29. The output from
      the retriggerable one shot 29 on Clear Line 30 is connected to the AFC
      circuitry 22 and makes possible a determination when an RF signal is tuned
      within the IF amplifier 18 passband, and also makes possible the control
      of certain functions of AFC circuitry 22, as explained hereinafter.
PAR  Turning now to FIG. 2, it will there be seen that I have provided a block
      diagram of my novel digital AFC circuitry 22. The output from
      discriminator 20 is connected to input terminals of + comparator 34 and -
      comparator 35, with each of these comparators also having terminals to
      which suitable reference voltages, nominally of equal level and opposite
      polarity, are applied. These comparators serve to prevent false alarms due
      to the detection of noise, and also serve to establish a fixed amplitude
      level that will be compatible with the digital circuitry used herein.
PAR  It is to be noted at this point that the comparators are responsible for
      the generation of what may be regarded as a narrow "dead zone" with
      respect to the discriminator 20 output, which dead zone is centered on the
      IF center frequency. Outputs from the discriminator that control the AFC
      circuitry 22 therefore result from signals appearing in two frequency
      bands, one slightly above the IF center frequency, and the other slightly
      below this center frequency.
PAR  The output of + comparator 34 is directed to the input of + counter 36, and
      the output of - comparator 35 is directed to the input of - counter 37.
      The output from counter 36 is connected to flip-flop 38, and the output
      from counter 37 is connected to flip-flop 39. The counters 36 and 37 as
      well as the flip-flops 38 and 39 can all be reset at appropriate times by
      a signal placed upon Clear Line 30.
PAR  While I have shown comparator 34 to be responsive to positive voltages, and
      comparator 35 to be responsive to negative voltages, it should be noted
      that these polarities could be reversed if it is desired to operate the LO
      16 on the opposite side (frequency-wise) of the carrier signal.
PAR  Outputs from comparators 34 and 35 are also directed to appropriate
      terminals of a digital switch 40, illustrated as a mechanical device, but
      which in practice is an electronic switch that may be constituted by four
      digital gates 60a, 60b, 60c and 60d, as illustrated in FIG. 4. This switch
      has two positions, one position defining a search mode and the other
      position defining a lock mode. During the search or normal mode, the
      switch 40 is connected in the manner illustrated in FIG. 2 in order to
      connect free running astable multivibrator 42 to N-Bit Up-down counter 44.
      Counter 44 is in turn connected to drive N-Bit D/A converter 46, which is
      arranged to produce a Tuning Voltage on lead 24 that serves to cause the
      local oscillator 16 to be swept through its tuning range; note FIG. 1.
      This tuning voltage is a ramp with a rapid retrace, the period of the ramp
      being equal to 2.sup.N .times. T, where T is the period of the astable 42.
      N is selected from minimum expected pulse repetition frequency and IF
      bandwith considerations. In the embodiment revealed in FIG. 4, N = 10 and
      T = 1 ms, which implies a total ramp period of approximately 1 second. As
      should be obvious, I select N to match the desired IF and loop bandwidths
      of the receiver.
PAR  The + comparator 34 is arranged to drive counter 36 in response to each
      positive going input pulse from discriminator 20 that exceeds the
      reference voltage threshold. This threshold may be selected to prevent
      false outputs due to noise and to define the dead zone of the
      discriminator. Similarly, - comparator 35 is arranged to drive negative
      counter 37 in response to each negative going pulse from discriminator 20
      that exceeds the reference voltage threshold. However, it is important to
      note that the comparator 35 remains deactivated until a predetermined
      number (M) of positive pulses have been counted. The number of such pulses
      is selected by the design of counter 36. For example, counter 36 may be
      arranged to count say eight pulses. When this has taken place, flip flop
      38 is set, which releases the strobe on the - comparator 35, allowing it
      to be then triggered by negative-going pulses received from the
      discriminator.
PAR  After the second predetermined number of pulses (Q) have been counted by
      the negative counter 37, flip-flop 39 is set, which causes the digital
      switch 40 to be automatically moved to its lock-mode position,
      disconnecting the astable multivibrator 42 from the up-down counter 44,
      and simultaneously connecting the outputs of the comparators 34 and 35 to
      the counter 44. At this time, counter 44 will remain at its last count
      state, and the Tuning Voltage on line 24 will remain constant at the
      analog voltage corresponding to such count. The counter 44 and D/A
      converter 46 can thus be considered as a memory circuit, to hold the
      voltage level that is present at the output line 24 at the time of
      switching from the search mode to lock mode.
PAR  It is now to be seen that the up-down counter 44 will count up whenever
      positive-going pulses occur at the output of discriminator 20, and will
      count down whenever negative-going pulses occur. The D/A converter 46
      converts such counts to either increase or decrease the Tuning Voltage on
      line 24. The increase or decrease in tuning voltage will retune LO 16 to
      center the signal in the IF band, thus returning the output of
      discriminator 20 to the desired zero output condition. The tuning voltage
      in the lock-mode is therefore to be seen to be a function of the state of
      discriminator 20, and serves to maintain the average discriminator voltage
      output at zero.
PAR  Control of digital switch 40 is brought about by flip-flop 39, with
      interconnection 41 being provided so that such control may be
      accomplished. For example, counter 37 may be set for two pulses. Therefore
      the - comparator 35 drives the - counter 37 until the two pulses have been
      counted, at which time flip-flop 39 is set. This in turn activates the
      digital switch 40, which, as previously mentioned, is now caused to
      function and connect the comparator 34 and 35 to the up-down counter 44,
      while at the same time disconnecting astable MV 42 from the counter. At
      this point, control of the up-down counter 44 and hence the tuning voltage
      output is purely a function of the state of the discriminator 20, as
      stated above. This is to say, if the input signal frequency received by
      the antenna changes, the discriminator output will go positive or
      negative, depending on the direction of the change, and cause the counter
      and tuning voltage to follow the source. Therefore, subsequent to lock-on,
      each RF pulse is evaluated and the tuning voltage properly undated
      essentially immediately. The voltage change due to one pulse is of course
      dependent on the sensitivity of the D/A converter 46, and is equal to its
      voltage range divided by 2.sup.N volts.
PAR  With the foregoing principles of my invention in mind, I will now describe
      a typical operational sequence of my invention. For example, assume an
      initial condition of no-signal present, in which instance the tuning
      voltage on lead 24 will be varying due to the ramp voltage output from D/A
      converter 46 of the AGC circuit, as previously described. The tunable LO
      16 (FIG. 1) will be sweeping across the desired RF tuning range. For
      correct operation of the AGC circuitry 22 when a pulse sequence appears at
      the discriminator 20 output, it is necessary that counters 36 and 37 be in
      their zero-count condition, and that flip-flops 38 and 39 be in their
      cleared condition. Advantageously, I accomplish this in accordance with my
      invention by means of carrier presence detector 26 shown in FIG. 1,
      involving envelope-detector 27, threshold detector 28, and a retriggerable
      one-shot MV-29. As a signal appears within the passband of IF amplifier
      18, a detected pulsed output will be produced by envelope detector 27.
      When this output is greater than the selected threshold of threshold
      detector 28, the retriggerable one-shot MV 29 is triggered, which causes
      the enable command to be placed on Clear Line 30.
PAR  Referring again to FIG. 2, the carrier presence signal on Clear Line 30
      enables counters 36 and 37, allowing them to receive inputs from
      comparators 34 and 35, respectively. Also, this carrier presence signal
      enables flip-flops 38 and 39, so that they may be set by counters 36 and
      37 after the appropriate counts have been achieved.
PAR  Retriggerable one shot MV 29 is also used to prevent switching the system
      from the lock mode back to the search mode as a consequence of brief
      fades, or other short losses of signal. In accordance with my invention, I
      may establish the pulse length of retriggerable one-shot MV 29 at any
      value which is consistent with the minimum expected pulse repetition
      frequency of the source, or it may be of longer duration to accommodate
      periods of loss of signal from the source due to fading or other reasons.
      It is important to note that, upon loss of a signal from the source,
      up-down counter 44, D/A converter 46, and hence the tuning voltage on line
      24 remain unchanged until MV 29 has "timed out." For example, if MV 29 has
      a pulse length of one second, then the Tuning Voltage on line 24, and
      therefore the frequency of the local oscillator 16, will remain unchanged
      for one second after the last pulse exceeded the threshold level of
      comparator 34 or 35. If another pulse is received before the one second
      time limit, MV 29 is retriggered and therefore cannot "time out" for
      another second.
PAR  When MV 29 does "time out," indicating a loss of signal from the source,
      the A.F.C. loop returns to the search mode automatically as follows: the
      polarity of the output of MV 29 is such that when it changes state at
      "time out," counters 36 and 37 and flip-flops 38 and 39 are held in their
      clear state. When flip-flop 39 is cleared, digital switch 40 is returned
      to the search mode, thus returning the involved circuits to the search
      mode state.
PAR  As should now be obvious, when an RF signal of the desired sideband
      frequency is present within the tuning range of the local oscillator 16,
      while the receiver is in the search mode, the circuit will then lock the
      loop as follows: As the LO approaches the signal, an IF pulse train will
      appear at the output of the IF amplifier 18. This pulse is detected by
      envelope detector 27 and used to activate retriggerable one-shot MV 29,
      which enables counters 36 and 37, and flip-flops 38 and 39. Positive
      pulses will appear at the output of the discriminator 20, and will trigger
      the + comparator 34. Each pulse will cause the + counter 36 to achieve a
      new count. When M pulses are counted, such as eight pulses, for example,
      the flip-flop 38 sets, which releases the strobe on the - comparator 35
      and allows it to be triggered by negative pulses. As the receiver tuning
      continues to sweep, it will tune the signal through the IF center
      frequency, and negative pulses will appear at the output of discriminator
      20. These pulses, via the negative comparator 35, now drive the - counter
      37 until Q pulses, such as two pulses, are counted, at which time
      flip-flop 39 is set. The digital switch 40 is then activated from
      flip-flop 39, which connects up-down counter 44 to the + and - comparators
      and disconnects astable MV 42. Now, control of the up-down counter 44, and
      hence the tuning voltage, is purely a function of the state of the
      discriminator. Since the LO 16 is, at this point, detuned on the negative
      side of the discriminator, these negative pulses will count the up-down
      counter 44 down, and bring about a retuning of the signal.
PAR  Thereafter, if the input signal frequency changes due to drift or other
      causes, the discriminator output will go either + or - and cause the
      counter and tuning voltage to change to reduce such discriminator output
      to zero. Each RF pulse is evaluated and if it produces a discriminator
      output, the tuning voltage updated immediately, the time of response being
      limited only by propagation delays. Since the tuning voltage is determined
      by the state of a digital counter, there is virtually no drift associated
      with my novel circuit. This is to say, the Tuning Voltage on line 24 is
      varied incrementally only by counter 44 stepping up or down, so when no
      count occurs, the Tuning Voltage remains at a constant value.
PAR  The manner in which my invention rejects the unwanted sideband (image) can
      best be understood by referring to FIGS. 3a and 3b. Although the
      discriminator can be constructed either way, it will be assumed, for
      purposes of explanation, that the lower sideband produces amplitudes for
      input frequencies below the IF and negative amplitudes for input
      frequencies above the IF and vice versa for the upper sideband. It is
      further assumed that the lower sideband is the desired frequency and the
      upper sideband the undesired image, although the circuit could of course
      be connected differently. FIG. 3a is therefore a representation of the
      voltage response of the discriminator 20 for the desired sideband, whereas
      FIG. 3b is the response for the image. Notice that in the case of the
      image, the first pulses encountered due to the sweeping LO 16 approaching
      the image are of opposite polarity from those of the desired sideband.
      Inspection of FIG. 2 might in the first instance lead to the conclusion
      that negative pulses would be received first. However, inasmuch as the -
      counter 35 cannot pass pulses until M positive pulses are received, the
      counter 37 will remain at zero count, digital switch 40 remains in the
      search mode position, and the LO 16 continues sweeping through the image,
      with no response by my AFC circuits.
PAR  Turning now to FIG. 4, it will there be seen that I have provided a
      schematic of a preferred embodiment of my invention, in which the signal
      from the discriminator is connected to the inputs of plus comparator 54
      and minus comparator 55. The output from comparator 54 is connected to the
      input of plus counter 56, as well as to digital switch components, and the
      output from comparator 55 is connected to minus counter 57, as well as to
      digital switch components. The components 56 and 57 may make up two halves
      of a 4 bit counter 5493 made by Texas Instruments.
PAR  The outputs of inverters disposed at the outputs of the counters 56 and 57
      are connected to flip-flops 58 and 59, which flip-flops may each be half
      of a Dual D component 5474. The outputs of these devices are connected to
      the strobe terminal of comparator 55, which may be one-half of an MC 1514
      device made by Motorola, with the comparator 54 being the other half.
      Other outputs of the flip-flops are connected, for polarity reasons, to
      inverters, and thence to digital switch components 60a, 60b, and 60c.
PAR  The astable multivibrator is made up of components 62a and 62b, which
      respectively are a SE 566 T made by Signetics of Sunnyvale, California,
      and a 2N2222 transistor made by Texas Instruments. The output of 62b is
      connected to digital switch component 60c and latter in turn to component
      60d.
PAR  The outputs of the digital switch components 60a through 60d connect
      directly or indirectly to the N-bit counter components 64a, 64b and 64c,
      these preferably being constituted by SN 54193 type 4 bit up-down counter
      units made by Texas Instruments. The outputs of the counter units in turn
      connect to N-bit D to A converter, which may take the form of a device
      66a, further identified as DAC 100 made by Precision Monolithic, that is
      appropriately connected to an amplifier component 66b, which may be a
      component 101A made by National Semiconductor. The output of the latter is
      of course the Tuning Voltage, to be connected to the tunable local
      oscillator of the related receiver.
PAR  The signal from the Envelope Detector is of course connected to threshold
      detector 48, which may be a component 711 made by National Semiconductor.
      The output of latter device is connected to the signal presence
      retriggerable one-shot multivibrator 49, which may be a 54122 device made
      by Texas Instruments. The output from latter device is of course the
      signal on Clear Line 30 that is delivered via inverters to the counters 56
      and 57, and to the flip-flops 58 and 59.
PAR  It is to be understood that the components identified in the foregoing
      description, and the voltages, interconnections and components represented
      on FIG. 4 are by way of illustration only, and I am not to be limited
      thereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a scanning type of superheterodyne radio receiver having a local
      oscillator, a mixer, and an intermediate frequency amplifier, a digital
      automatic frequency control circuit having a search mode and a lock mode
      for causing such receiver to automatically lock onto a received pulsed
      radio frequency signal falling within the scanning range of the receiver
      while rejecting the image frequency of such signal, said digital automatic
      frequency control circuit comprising:
PA1  a discriminator connected to the output of said intermediate frequency
      amplifier and having a center frequency equal to the intermediate
      frequency and providing a pulse output signal of one polarity and, after
      passing through zero, of the opposite polarity as the receiver scan
      approaches and then passes the received signal,
PA1  pulse polarity sequence sensing means connected to the output of said
      discriminator actuated only by a predetermined polarity sequence of pulses
      from said discriminator for generating a control signal in response to a
      first polarity when followed by a certain number of pulses of a second
      polarity,
PA1  a source of scanning pulses,
PA1  switching means connected to receive and be operated by said control signal
      and having first and second functional positions, said switching means
      receiving as switched inputs said source of scanning pulses and pulses
      representing one polarity and the opposite polarity from said pulse
      polarity sequence sensing means, said switching means when in its first
      functional position providing as an output said scanning pulses and upon
      receiving said control signal and switching to its second functional
      position providing as an output said pulses from said pulse polarity
      sequence sensing means,
PA1  up-down counter means connected to receive the pulse output of said
      switching means for counting in a first direction in response to said
      scanning pulses, in said first direction in response to pulses
      representing one polarity from said pulse polarity sequence sensing means,
      and in a second direction in response to pulses representing the opposite
      polarity from said pulse polarity sequence sensing means, and
PA1  digital-to-analog converter means connected to said up-down counter means
      for generating an incrementally variable tuning voltage for said local
      oscillator proportional to the count stored in said up-down counter means.
NUM  2.
PAR  2. A digital automatic frequency control circuit as recited in claim 1
      wherein said pulse polarity sequence sensing means comprises:
PA1  first comparator means connected to receive the output of said
      discriminator for providing output pulses representing said one polarity,
PA1  second comparator means connected to receive the output of said
      discriminator for providing output pulses representing said other
      polarity,
PA1  first counter means connected to said first comparator means for counting
      pulses representing said one polarity,
PA1  means responsive to a predetermined count in said first counter means and
      connected to said second comparator means for enabling said second
      comparator means to provide means to provide output pulses,
PA1  second counter means connected to said second comparator means for counting
      pulses representing said other polarity, and
PA1  means responsive to a predetermined count in said second counter means for
      generating said control signal.
NUM  3.
PAR  3. A digital automatic frequency control circuit as recited in claim 2
      further comprirsing means connected to the output of said intermediate
      frequency amplifier for generating a reset signal for said first and
      second counter means after a predetermined period of time following the
      last signal received by said receiver thereby reinstituting the search
      mode upon the occurrence of more than a momentary loss of the desired
      signal.
NUM  4.
PAR  4. A digital automatic frequency control circuit as recited in claim 3
      wherein said means for generating a reset signal comprises:
PA1  an envelope detector connected to the output of said intermediate frequency
      amplifier for producing a detected pulsed output when a signal appears
      within the passband of said intermediate frequency amplifier,
PA1  a threshold detector connected to the output of said envelope detector and
      producing an output when said detected pulsed output exceeds a
      predetermined minimum threshold, and
PA1  retriggerable one-shot means triggered by the output of said threshold
      detector for generating said reset signal said predetermined period of
      time after last being triggered.
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PAL  A device for detecting the opening of a throttle valve of a diesel engine
      for vehicles. The device comprises a magnetic shield adapted to be rotated
      responsive to the opening of the throttle valve, a magnet adapted to be
      inserted into the magnetic shield, a plurality of reed switches embedded
      in the housing, and a plurality of flip-flop circuits adapted to be set or
      reset for producing a gate signal to be fed to a gate circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electronic control type of an automatic
      transmission for use in vehicles, and more particularly to a device for
      detecting the opening of a throttle valve of a diesel engine using a
      digital control system in the electronic control section thereof.
PAR  Generally, it is effective to use a total digital control system to detect
      the opening of the throttle valve as a step pulse rather than as an analog
      signal in a transmission with a 1.3 to 1.5 step ratio of the transmission
      utilized in may diesel engine powered vehicles.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a device for detecting
      the opening of the throttle valve in a diesel engine powered vehicle which
      has a simplified control circuit. The present invention has for its object
      to employ reed switches having improved endurance as detecting switches,
      to move a magnetic shield, and to use pulse signals to eliminate an AC
      converter, thereby enabling the output of a comparator and gate to be
      detected directly to simplify the construction of the control circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects, features, and advantages of the device for
      detecting the opening of the throttle valve of a diesel engine according
      to the present invention will become fully apparent from the following
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of the control circuit used in the device of the
      present invention;
PAR  FIG. 2 is a circuit diagram of throttle sensor which forms a principal part
      of the device of the present invention;
PAR  FIG. 3 is a graph showing the relation between the detected input voltage
      of the flip-flop and the opening of throttle valve;
PAR  FIG. 4 is a graph showing the relation between the opening of throttle
      valve and the output voltage of the sensor;
PAR  FIG. 5 is a view for explaining the relation between the vehicle speed and
      the number of output pulses of the speed sensor;
PAR  FIG. 6 is a view for explaining the relation between the vehicle speed and
      the output voltage of the throttle sensor;
PAR  FIG. 7 is a graph for showing clearly the relation between the opening of
      the throttle valve controlled by the gate circuit and the vehicle speed or
      the gate output voltage;
PAR  FIG. 8 is a longitudinal sectional view of the detecting portion of the
      throttle sensor;
PAR  FIG. 9 is a sectional view of the device taken along the line A--A in FIG.
      8; and
PAR  FIG. 10 is a perspective view of the magnetic shield used in the device of
      the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, which show one embodiment of the device of
      the present invention, reference numeral 1 indicates a speed sensor, which
      is an electronic circuit for detecting and converting the vehicle speed or
      the number of revolutions of the engine to either high voltage level H or
      low voltage level L as represented as the number of the pulses and the
      relation between the number of detected pulses and the vehicle speed or
      the number of revolutions of engine is shown in FIG. 5. Reference numeral
      2 shows a comparator for comparing the signal from the speed sensor 1 with
      high and low signals to feed an up signal (logic 1) or down signal (logic
      0) to a gate circuit 3, which receives signals from the comparator 2, the
      throttle sensor 4 and a range selector 5. The output of gate 3 is applied
      to a power amplifier 6 under a preset condition thereby driving a solenoid
      7 of an electro-hydraulic type control circuit for controlling the
      respective clutches of the transmission (not shown). It is needless to say
      that these components 3 to 7 must be increased by the corresponding number
      of stages, if the stages of transmission are increased.
PAR  Reference numeral 4 indicates a throttle sensor, which comprises reed
      switches S1, S2 and S3, resistors R1, R2 and R3, and flip-flop circuits
      11, 12 and 13. This sensor is electrically connected to a power supply 8,
      as shown in FIG. 2. The detecting portion F of the throttle sensor 4 is as
      shown in FIGS. 8 and 9. This detecting portion F has a housing 30 of a
      synthetic resin, in which the reed switches S1, S2 and S3 are embedded. A
      shaft 32 made of a nonmagnetic material is rotatably mounted in the hole
      31 of the housing 30, and a lever 33 interlocked with an engine throttle
      lever is connected to the shaft 32. A magnetic shield 35 having an opening
      34 as shown in FIG. 10 is secured to the end of the shaft 32. The housing
      30 is fitted within demagnet holder 36, and the shaft portion 37 of the
      magnet holder 36 is inserted into the magnetic shield 35. A magnet 38 is
      fixedly secured to the shaft portion 37.
PAR  In operation of the device thus constructed, when the opening of the
      throttle valve is small, the opening 34 of the shield 35 is positioned
      opposite to the reed switch S1, and therefore only the reed switch S1 is
      closed by the magnetic force of the magnet 38, while the reed switches S2
      and S3 remain opened. Then, the voltage across the line 21 is low level L,
      and the flip-flop circuit 11 is set so that a signal having high level H
      is produced at the output line 24. At that time, since the lines 22 and 23
      are at high level H, the flip-flop circuits 12 and 13 are reset so that no
      signal is produced at the lines 25 and 26 (in L state).
PAR  When the opening of the throttle valve is increased, the lever 33 is
      rotated so that the opening 34 of the shield 35 faces opposite to the reed
      switch S2. As a result, the reed switch S1 is opened (OFF), and the reed
      switch S2 is closed (ON). Accordingly, the voltage across the line 21
      becomes high level H, the voltage across the line 22 becomes low level,
      and the voltage across the line 23 becomes high level H so that the
      flip-flop circuit 11 is reset, and the flip-flop circuit 12 is set. The
      flip-flop circuit 13 is reset.
PAR  The relation between the opening of the throttle valve and the detected
      input voltages across the lines 21, 22 and 23 is as shown in FIG. 3, and
      the relation between the detected output voltages across the lines 24, 25
      and 26 and the opening of the throttle valve is as shown in FIG. 4. The
      broken lines in FIGS. 3 and 4 show the deviation due to the hysteresis of
      the reed switches. Since the opening of the throttle valve of the engine
      must be increased in order to increase the vehicle speed, the relation
      between the vehicle speed and the output voltage of the throttle sensor is
      shown in FIG. 6, and the relation between the opening of the throttle
      valve and the vehicle speed is shown in FIG. 7.
PAR  As mentioned hereinabove, the device for detecting the opening of a
      throttle valve of a diesel engine according to the present invention is
      characterized in that the device comprises a magnetic shield 35 having an
      opening 34 in the periphery thereof, said magnetic shield being mounted
      within a housing 30 so as to rotate in response to the opening of the
      throttle valve. A magnet 38 is adapted to be inserted in the magnetic
      shield 35 and secured to the housing 30. A plurality of reed switches S1,
      S2 and S3 are embedded in the housing 30 and are adapted to be opened and
      closed by the magnetism of the magnet 38, and flip-flop circuits 11, 12
      and 13 adapted to be set or reset by the opening and closing of said reed
      switches for producing gate signals to be fed to the gate circuit 3.
PAR  Accordingly, the device of the present invention employs durable reed
      switches S1, S2 and S3 as detecting switches to detect movement of the
      magnetic shield 35 and uses pulse signal to eliminate an A-D converter
      thus enabling the output of the comparator and gate circuit to be directly
      detected to simplify the construction of the control circuit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for detecting the opening of a throttle valve of a diesel
      engine, said device comprising a housing; a magnetic means positioned
      within said housing; a plurality of switch means positioned within said
      housing; magnetic shield means positioned between said magnetic means and
      said plurality of switch means, said magnetic shield means having a gap
      therein such that a said magnetic means operates one of said plurality of
      switch means corresponding to the position of said gap, and wherein the
      position of said gap is a function of the position of said throttle valve;
      and a plurality of bistable circuit means, each bistable circuit means
      having a set input coupled to a corresponding one of said switch means and
      a reset input coupled to all of the others of said switch means, wherein
      the operation of one of said switch means sets the corresponding bistable
      circuit means and resets all of the other bistable circuit means, whereby
      the position of said throttle valve produces a corresponding output in
      said bistable circuit means.
NUM  2.
PAR  2. The device of claim 1, wherein said magnetic shield means includes a
      shaft coupled to said throttle valve and a magnetic shield mounted on said
      shaft, wherein the gap in said shield rotates.
NUM  3.
PAR  3. The device of claim 2, wherein each said switch means comprises a reed
      switch, said reed switches being positioned along a circle concentric with
      said shaft.
NUM  4.
PAR  4. The device of claim 2, wherein each said bistable circuit means is a
      flip-flop.
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PAL  An input terminal is quiescently biased to a voltage closer to the initial
      threshold setting of a first comparator than to that of a second
      comparator. In response to the proximity of an object, an alternating
      voltage is induced on this terminal of an amplitude to actuate only the
      first comparator. Each time a comparator is actuated, a two state circuit
      changes the threshold settings of the comparators to bring the one
      formerly outside of the range of the alternating voltage to within its
      range and vice versa.
BSUM
PAR  This invention relates to switching circuits and particularly to alternate
      action proximity switches.
PAR  Proximity switches, as that term is used here, refers to that class of
      switches activated by bringing a body into close proximity to or in
      contact with a sensor. Some prior art proximity switches employ
      oscillators which are detuned by the presence of the body. The change in
      frequency is then detected to provide a switch output signal. Such
      switches suffer the disadvantage of requiring resonant circuits which are
      bulky, expensive and are a source of undesirable radiation of high
      frequency electromagnetic energy.
PAR  Other switches are known which employ as interleaved grid of conductors
      which, when touched, permit a flow of current between these conductors.
      Such switches are not, as the term is used here, true proximity switches
      since actual physical contact with a conductive member is required. This
      represents a possible shock hazard and has the further disadvantage of
      requiring a relatively complex and expensive sensor (i.e, the conductive
      grid).
PAR  Still other proximity switches are known which sense changes in a power
      line radiated electric field to detect the presence of a body.
      Customarily, such switches comprise a high gain amplifier, the output of
      which is connected to a detector. The amplifier input is connected to a
      sensor such as a metallic plate and the gain is adjusted to a value
      slightly less than necessary, under ambient field conditions, to trigger
      the detector. When the plate is touched, the additional signal provided by
      the change in plate capacitance is sufficient to trigger the detector.
PAR  This latter form of proximity switch has the virtue of simplicity, as
      compared with the former two, but is particularly sensitive to noise
      pick-up. In order to provide reliable circuit operation it is customary to
      reduce the amplifier gain or detector threshold but this also decreases
      the switch sensitivity. Further, gain variations in the amplifier (which
      may occur, for example, with changes in circuit supply voltage or due to
      ageing of the circuit components) may result in a change in the switching
      threshold which is unpredictable. This problem is compounded even further
      where it is desired to provide alternate action switching by connecting
      the switch output terminal to a memory element such as a flip-flop. In
      such an application, not only is the switching threshold unpredictable as
      the amplifier gain changes, but the switch state itself is unpredictable.
PAR  A need exists for a proximity switch operable upon the sensed ambient
      alternating field principle but having a threshold level relatively
      insensitive to amplifier gain variations. A further need exists for such a
      switch tolerant of relatively high levels of noise and capable of
      alternate action switching. The present invention is directed to meeting
      these needs.
PAR  Embodiments of the present invention include a node for receiving an input
      signal of amplitude V.sub.y, the node being normally biased at a quiescent
      level V.sub.x. Two threshold circuits are connected to the node. One of
      the threshold circuits is at an initial threshold setting closer to
      V.sub.x than V.sub.y and the other at an initial threshold setting further
      from V.sub.x than V.sub.y. A further circuit, responsive to the activation
      of the one threshold circuit upon application of the input signal to the
      node, places the one threshold circuit at a new threshold setting further
      from V.sub.x than V.sub.y and places the other threshold circuit at a new
      threshold setting closer to V.sub.x than V.sub.y. The further circuit,
      then, is responsive to a subsequent actuation of the other threshold
      circuit for returning the two threshold circuits to their initial
      threshold settings.
DRWD
PAR  The invention is illustrated in the accompanying drawings wherein like
      reference numbers designate like elements and in which:
PAR  FIG. 1 is a block diagram of an alternate action touch-plate switch
      embodying the invention;
PAR  FIGS. 2 and 3 illustrate signal waveforms associated with the embodiment of
      FIG. 1;
PAR  FIGS. 4 and 5 illustrate modifications of the switch of FIG. 1; and
PAR  FIG. 6 illustrates signal waveforms of the modified switch of FIG. 5.
DETD
PAR  In FIG. 1 touch plate 10 is of a conductive material which is preferably
      covered on at least one face with an insulating material. The purpose of
      the insulation, as will be explained, is to minimize the possibility of
      shock hazard to one touching the plate. This possibility may be further
      minimized by including a current limiting resistor 12 in the connection
      between touch plate 10 and circuit input terminal 14. Where the touch
      plate is remotely located from the proximity switch, it preferred that the
      interconnection be made by a grounded shielded cable (not shown) for
      minimizing the effects of noise pick-up and localizing the switch
      responsive area to that of the plate. Although a rectangular plate has
      been shown, other suitable geometric forms may be employed instead. It may
      be, for example, an ornamental object such as a statue or it may be simply
      a wire or a terminal.
PAR  Reference terminal 16 which receives a direct current potential (V.sub.o),
      is coupled to input terminal 14 by resistor 18. The purpose of this
      connection is to bias terminal 14 quiescently at this same potential (no
      direct current flows in the quiescent condition of the circuit) while
      allowing dynamic variations of its potential when plate 10 is touched. The
      potential at terminal 14 (the sum of the A.C. and D.C. potential) is
      V.sub.1.
PAR  Terminal 14 is also connected to non-inverting input terminal 22 of
      comparator 20 and inverting input terminal 32 of comparator 30. Potentials
      V.sub.2 and V.sub.3 are applied, respectively, to inverting input terminal
      24 of comparator 20 and non-inverting input terminal 34 of comparator 30.
      Thus connected, comparator 20 provides a positive output signal at its
      output terminal 26 when the potential of input terminal 14 is more
      positive than potential V.sub.2. Conversely, when the potential of
      terminal 14 is more negative than potential V.sub.3, comparator 30
      produces a positive output signal.
PAR  The comparators provide dead zone detection of the input signal for
      rejecting noise and (due to feedback effects discussed below) pulse
      steering to memory element 40 for achieving alternate action switching.
      These comparators are preferably high gain differential amplifiers but the
      circuit operation does not depend on the magnitude of the gain as long as
      it is at least a minimum value and there is no requirement that the gains
      be equal. This is an advantage over prior art proximity switches which
      require stable amplifier gains to determine switching thresholds. As will
      be described in detail later, the switching threshold of the present
      switch is determined by a voltage divider network and is a time dependent
      function.
PAR  Bistable circuit 40 is connected at the SET and RESET input terminals
      thereof to the output terminals of comparators 20 and 30, respectively.
      Its purpose is to provide the "memory" essential to achieving alternate
      action switching. Although this element could be implemented by mechanical
      means (such as latching relays) or purely passive electrical means (such
      as a low-loss storage capacitor or a magnetic core element) it is
      preferred that it comprise active electronic switching devices so that the
      elements described thus far (comparators 20 and 30 and bistable 40) may be
      integrated upon a single monolithic substrate. An example of a fully
      integrated combination of two comparators and a bistable suitable for use
      in the present invention is described in a United States patent
      application (U.S. Ser. No. 320,634) entitled "Comparator Circuitry" which
      was filed by A. A. A. Ahmed on Jan. 2, 1973, and is assigned to the
      assignee of the present invention.
PAR  The output of bistable 40 is connected to a circuit output terminal 42 and
      to a pair of voltage translating circuits 50 and 60. The purpose of the
      voltage translating circuits is to provide the reference voltages V.sub.2
      and V.sub.3 which are, respectively, more positive and more negative than
      the bias voltage V.sub.o applied to input terminal 16. These circuits may
      be either of the constant potential kind (as those employing Zener diodes
      or one or more series connected forward biased diodes, not shown) or the
      resistance ratio kind. The latter form is illustrated in the preferred
      embodiment and has the advantage that the translated voltage (offset
      potential) may be adjusted to a desired value by selection of a resistance
      ratio or, in the alternative, a reference potential. The constant
      potential voltage translator, while not easily programmable, has the
      advantage of not requiring precise reference voltages.
PAR  Voltage translation circuit 50 comprises a resistor 52 connected between
      output terminal 42 and circuit point 54. This circuit point is connected
      to input terminal 24 of comparator 20 and to reference terminal 58 which
      receives a reference potential V.sub.4 that is more positive than bias
      potential V.sub.o. The ratio of resistors 52 and 56 and the value of
      potential V.sub.4 are selected to be such that the translated signal
      (V.sub.2) for either state of bistable 40 is never more negative than bias
      potential V.sub.o.
PAR  Voltage translation circuit 60 comprises a resistor 62 connected between
      output terminal 42 and circuit point 64. This point is connected to input
      terminal 34 of comparator 30 and to reference terminal 68 which receives
      reference potential V.sub.5 that is more negative than potential V.sub.o.
      Here, the resistor values and potential V.sub.5 are selected such that the
      translated reference potential V.sub.3 is never more positive than
      potential V.sub.o for either state of bistable 40.
PAR  Capacitors 70 and 80, connected in parallel with resistors 56 and 66,
      respectively, provide the delay necessary to achieve alternate action
      switching. Although two capacitors are shown in FIG. 1, one capacitor is
      sufficient as indicated in FIG. 4 and discussed subsequently.
PAR  Stated briefly, overall circuit operation is as follows.
PAR  A power supply (not shown) provides direct current operating potentials to
      the switch. In addition to receiving these direct potentials, a suitable
      terminal (such as one of 68, 16 or 58) of the switch is coupled to either
      the high side or low side (ground) of an A.C. power line. Normally, plate
      10 will pick up a relatively small A.C. signal (and noise) but the values
      of the circuit potentials and resistance ratios are selected such that the
      sum of the plate output signal and the direct current bias (V.sub.1) which
      appears at input terminal 14 is within the "dead zone" (V.sub.2 - V.sub.3)
      of comparators 20 and 30 when plate 10 is untouched.
PAR  The comparator reference voltages (V.sub.2, V.sub.3) are asymmetrically
      related to the D.C. reference voltage (V.sub.1). Touching plate 10 results
      in a capacitance change which causes an increase of the A.C. signal
      sufficient to be detected by one of the comparators and its output signal
      changes the state of bistable 40. Delayed feedback (provided by elements
      50, 60, 70 and 80) is of a sense to reverse the symmetry of the comparator
      threshold levels relative to D.C. potential V.sub.1 as discussed in more
      detail below. This delayed symmetry reversal assures that the next time
      plate 10 is touched, the other comparator will trigger bistable 40 to its
      initial state. If the plate is touched for a period longer than the delay
      period, astable operation results.
PAR  The above brief statement of circuit operation is illustrated in more
      detail by the waveforms of FIG. 2 which shows the bistable state, the
      comparator threshold voltages (V.sub.2 and V.sub.3) and the A.C. signal
      V.sub.1 provided by touch plate 10. (These potentials are relative to the
      D.C. bias potential, V.sub.o). Time intervals t.sub.O -t.sub.8 illustrate
      a complete cycle of the switch operation (i.e., alternate action
      switching).
PAR  During time interval t.sub.o -t.sub.1 bistable 40 is in a reset condition
      providing a negative output voltage at output terminal 42 (relative to
      V.sub.o). This potential, applied to voltage translating circuits 50 and
      60 causes the threshold of comparator 20 to be slightly more positive and
      the threshold of comparator 30 to be substantially more negative than the
      potential of terminal 14. Plate 10, during this interval is assumed
      untouched but, due to the capacitive coupling effects previously
      discussed, it applies a relatively small A.C. signal (and noise) to
      terminal 14. The circuit operating potentials and resistance ratios are
      selected such that this signal is inadequate to trigger comparator 20 so
      that the switch remains in a stable, quiescent condition.
PAR  During time interval t.sub.1 - t.sub.2 plate 10 is touched increasing the
      A.C. signal sufficiently to trigger comparator 20 which sets bistable 40.
      The latter's output voltage changes from a negative to a positive value
      and, due to the delay provided by capacitors 70 and 80, the comparator
      threshold voltages V.sub.2 and V.sub.3 slowly change to the values
      indicated at time t.sub.3. The threshold voltage V.sub.2 of comparator 20
      at time t.sub.3 is substantially more positive and that V.sub.3 of
      comparator 30 slightly more negative than potential V.sub.1. This is
      reversed from the previous condition and this change in threshold levels
      provides the trigger pulse steering to bistable 40 that is essential to
      achieve alternate action switching. The next time plate 10 is touched
      (time t.sub.6), comparator 30 will be triggered since its threshold
      voltage V.sub.3 is then more nearly equal to the A.C. input signaL.
PAR  FIG. 3 illustrates a feature of the invention by which astable circuit
      operation is achieved by touching plate 10 for a period of time long
      compared to that of the previous example. This action results because the
      thresholds change after each change of state of bistable 40 (t.sub.1 -
      t.sub.4) in a sense to return the bistable to its previous state. The
      period of this cyclic action is a function of the delay caused by
      capacitors 70 and 80, the operating potential values, the resistance
      ratios and the magnitude of the A.C. signal. As a practical matter (such
      as where the switch is used to provide on-off control of room lights) it
      is preferred that the delay be selected to be relatively long compared to
      the average physical reaction time of the person touching the switch. In
      such lamp control applications a delay of a few hundred milliseconds will
      be adequate for people having normal reaction times. This delay, of
      course, may be substantially longer or shorter to suit the reactions of
      particular persons or as needed in other switching applications.
PAR  Thus, the proximity switch of the present invention is capable of two modes
      of operation. By touching plate 10 for a relatively short period of time
      "touch-on, touch-off" switching action is obtained. Conversely, touching
      plate 10 for longer periods produces astable (oscillatory) switching
      action.
PAR  FIG. 4 illustrates that the delay provided in FIG. 1 by capacitors 70 and
      80 may be obtained by use of a single capacitor 92. Capacitors 70 and 80
      are removed from the circuit and terminal 42 is connected to the output
      terminal of bistable 40 by resistor 94. Capacitor 92 connected between
      terminal 42 and a reference point 96 delays the output signal produced by
      bistable 40. Voltage translating circuits 50 and 60 translate the delayed
      output signal to higher and lower voltage levels and the circuit operation
      is as previously discussed.
PAR  The circuit of FIG. 5 illustrates a modification of the proximity switch of
      FIG. 1 in which comparator 30 is connected as a positive threshold
      detector and voltage translation circuit 60 is arranged to produce a
      positive output signal that is complementary to that produced by voltage
      translation circuit 50. These changes result in the threshold levels of
      comparators 30 and 20 being of the same polarity (though of different
      magnitudes) with respect to the D.C. bias potential applied to circuit
      input terminal 16 (here denoted by V.sub.x).
PAR  The modification comprises reversing the connections to terminals 32 and 34
      of comparator 30, connecting resistor 62 to the Q rather than the Q output
      of bistable 40 and connecting terminal 58 to terminal 68 by a conductor
      100 so that those terminals receive a common operating potential +V. The Q
      and Q signal produced by bistable 40 are complementary and vary between
      zero and +V volts.
PAR  As illustrated by the signal waveforms of FIG. 6, the operation of the
      modified switch is substantially the same as that previously described
      except that the threshold signal for comparator 30 is now of the same
      polarity and complementary to that of comparator 20.
PAR  In more detail, circuit input terminal 14 is biased at a quiescent
      potential V.sub.x. Potential V.sub.y represents the amplitude of the
      alternating signal produced when plate 10 is touched. As seen in FIG. 6,
      under quiescent conditions (time interval t.sub.o - t.sub.1) the threshold
      setting of comparator 20 is closer to potential V.sub.x than V.sub.y and
      the threshold setting of comparator 30 is at a potential further from
      V.sub.x than V.sub.y. At time t.sub.1, when plate 10 is touched,
      comparator 20 (having the closer threshold setting) is activated which
      sets bistable 40 thereby reversing the relative magnitudes of the
      potentials at its Q and Q output terminals. This causes the voltage
      translating circuits 50 and 60 to place comparator 20 at a new threshold
      setting further from V.sub.x than V.sub.y and to place comparator 30 at a
      new threshold setting closer to V.sub.x than V.sub.y. Thus, when plate 10
      is next touched (time t.sub.4) comparator 30 will be activated which will
      reset bistable 40 and thus return the comparators to their initial
      threshold settings. As in the previous example, touching plate 10 for a
      period of time longer than the delay period provided by capacitors 70 and
      80 results in astable circuit operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The combination of:
PA1  input means normally at a given quiescent bias level V.sub.x and responsive
      to the proximity of an object for producing an alternating output signal
      of amplitude V.sub.y ;
PA1  two variable threshold circuits connected to said input means, one at an
      initial threshold setting closer to V.sub.x than V.sub.y and the other at
      an initial threshold setting further from V.sub.x than V.sub.y ; and
PA1  circuit means responsive to the actuation of said one threshold circuit in
      response to said alternating output signal for changing the threshold of
      said one threshold circuit to a new threshold setting further from V.sub.x
      than V.sub.y and for changing the threshold of said other threshold
      circuit to a new threshold setting closer to V.sub.x than V.sub.y, and
      responsive to subsequent actuation of said other threshold circuit for
      returning said two threshold circuits to their initial threshold settings.
NUM  2.
PAR  2. The combination recited in claim 1 further comprising delay means in
      said circuit means for delaying the change in the threshold setting of
      each of said threshold circuits for a period of time not less than one
      period of said alternating signal.
NUM  3.
PAR  3. The combination recited in claim 2 wherein said two threshold circuits
      comprise:
PA1  first and second comparators each having two input terminals and an output
      terminal, one input terminal of each comparator being connected to said
      input means, the other input terminal of each comparator for receiving a
      separate threshold control signal, each comparator producing an output
      signal at its output terminal indicative of the relative sense of the
      signals applied to its input terminals.
NUM  4.
PAR  4. The combination recited in claim 3 wherein said circuit means comprises:
PA1  bistable means having first and second states and input means in said
      bistable means for placing said bistable means in a selected one of its
      states in response to signals supplied thereto;
PA1  means coupling said output terminals of said first and second comparators
      to said input means of said bistable means;
PA1  means responsive to the state of said bistable means for producing first
      and second ones of said threshold control signals, one of said control
      signals being closer to V.sub.x than the other when said bistable is in
      one of its states, the other of said control signals being closer to
      V.sub.x than the one when said bistable is in the other of its states; and
PA1  means for applying said first threshold control signal to said other input
      terminal of said first comparator and said second threshold control signal
      to said other input terminal of said second comparator.
NUM  5.
PAR  5. In combination:
PA1  a circuit input terminal for receiving a momentarily applied alternating
      current input signal, said input terminal being quiescently biased at a
      given potential;
PA1  comparator means coupled to said input terminal and responsive to first and
      second variable threshold control signals for producing a first output
      signal when the value of said input signal exceeds the value of said first
      threshold control signal and for producing a second output signal when the
      value of said input signal exceeds the value of said second threshold
      control signal;
PA1  bistable means coupled to said comparator means and responsive to said
      first and second output signals for being placed in first and second
      states, respectively;
PA1  circuit means responsive to the state of said bistable means for
      controlling the values of said threshold control signals such that one of
      said threshold control signals is closer to said given potential when said
      bistable is set and the other of said control signals is closer to said
      given potential when said bistable is reset; and
PA1  delay means coupled to said circuit means for delaying a change in the
      values of said threshold control signals for a predetermined time after a
      change in state of said bistable means has occurred.
NUM  6.
PAR  6. The combination recited in claim 5 further comprising:
PA1  input means coupled to said circuit input terminal and responsive to the
      proximity of an object for producing said alternating current input
      signal.
NUM  7.
PAR  7. The combination recited in claim 6 wherein said predetermined time is at
      least one period of said alternating current signal.
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ABST
PAL  An improved field emission type electron gun is automatically controlled so
      as to generate a stable emission current. The preferred embodiment employs
      a detecting means for detecting the emission current fluctuation and a
      control means for controlling the electric field for field emission
      according to the output signal of said detecting means.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 245,328,
      filed Apr. 19, 1972, now U.S. Pat. No. 3,825,839, entitled "CONSTANT
      CURRENT FIELD EMISSION ELECTRON GUN" claiming priority under 35 U.S.C. 119
      to Japanese Application No. 46-28753 and No. 46-51610 filed Apr. 30, and
      July 12, 1971, respectively.
BSUM
PAR  This invention relates to a field emission type electron gun for use in
      scanning and transmission type electron microscopes.
PAR  The advantage of the field emission type electron gun, when compared with
      the ordinary thermionic emission type electron gun, when used in electron
      microscopes, lies in the fact that the current density of the electron
      beam is very high and the electron source is very small. Such being the
      case, the field emission type electron gun, when used in a scanning type
      electron microscope, provides better image resolution than would be
      possible with the thermionic emission type electron gun. Also, when used
      in a transmission type electron microscope, this type of gun ensures
      better image contrast than in the case of the thermionic emission type
      electron gun, as a result of improved coherency of electron beams.
PAR  However, in spite of the aforementioned advantages, the field emission type
      electron gun possesses certain defects foremost of which is the fact that
      the current density of the electron beam gradually becomes unstable as a
      result of contamination on the emitter surface and also deformation of the
      emitter tip. Various ways have been devised to counteract this
      instability. A popular method, although somewhat impractical due to high
      manufacturing costs and maintenance, is to maintain the gun chamber at a
      super-high vacuum, for example, on the order of 10.sup.-.sup.9 to
      10.sup.-.sup.10 Torr. By so doing, the local work functions of the emitter
      remains stable since the emitter surface contamination is prevented.
PAR  Another method is to maintain the emitter at a high temperature during
      field emission. By so doing, contamination is prevented and the electron
      beam current remains stable in spite of the comparatively low degree of
      vacuum. Heating the emitter, however, as described above, causes the
      emitter tip to become soft which results in a gradual buildup of crystal
      planes on the surface of the emitter. This crystalline formation or
      buildup, if allowed to progress, would cause the electric field intensity
      at the emitter tip to increase locally and irregularly resulting in excess
      emission and eventual damage to the emitter tip.
PAR  The field emission gun according to this invention is characterized by the
      provision of a device or circuit for detecting the electron beam current
      fluctuation and a device or circuit for controlling the electric field in
      accordance with the output (feedback) signal for the detecting circuit.
DRWD
PAR  Further features and other objects and advantages will become clear from a
      reading of the following detailed description made with reference to the
      drawings in which:
PAR  FIGS. 1(a) and 1(b) are graphs showing the relationship between the
      emission current and elapsed time in a field emission type electron gun;
PAR  FIGS. 2 to 8 are block diagrams of the field emission type electron guns
      according to this invention.
DETD
PAR  FIGS. 1(a) and 1(b) are graphs showing the relationship between the
      electron beam current and elapsed time in a conventional field emission
      type gun. The graded increase of the electron beam current shown in FIG.
      1(a) is due to crystal buildup but by weakening the electric field at the
      emitter tip at t.sub.1, the current intensity may be reduced to its
      initial value. After remaining at this value for some time, the current
      intensity gradually decreases as shown in FIG. 1(b) and may be restored
      once more to its original value by intensifying the electric field. Thus,
      by controlling the electric field, the current intensity of the electron
      beam can be kept stable.
PAR  FIG. 2 shows one embodiment of this invention. Emitter 1 made of tungsten
      or the like, is heated to a suitable temperature, for example 1600.degree.
      C, by applying current from a heating current source 2. The first anode 3
      is maintained at a potential positive to that of the emitter by means of a
      variable D.C. voltage source 4. A second anode 5 is connected to the
      positive output terminal of a high voltage accelerating source 6, said
      terminal being maintained at ground potential. The negative output
      terminal of the source 6 is connected to the emitter 1 via an emission
      current detector 7 which detects all the electrons emitted from said
      emitter and converts them into an electrical signal. The output signal
      from the emission current detector 7 is then applied to a comparison
      circuit 8 where it is compared with a reference signal from a standard
      signal generator 9. The compared signal is applied to the variable D.C.
      voltage source 4, thereby controlling the potential of the first electrode
      3 so as to keep the electron current constant.
PAR  By so doing, even if the emitter tip is slightly deformed by a strong
      electric field, the emitter can be used over a long period of time,
      because the potential of the first electrode 3 decreases so as to prevent
      an increase of emission current. Again, since the emitter tips do not
      necessarily have to be exactly identical, in view of the fact that the
      constant electron beam current is obtained at all times, emitter exchange
      presents no problems.
PAR  FIG. 3 shows another embodiment of this invention in which the emission
      current detector 7 is arranged between the variable D.C. voltage source 4
      and the first electrode 3. In this arrangement, the inflow of electrons to
      the first anode 3 is detected and since this inflow is proportional to the
      outflow of electrons from the emitter, the control function of this
      embodiment is exactly the same as that in the embodiment shown in FIG. 2.
PAR  FIG. 4 shows a third embodiment of this invention in which an electron beam
      detector 10 arranged behind the second anode 5 is used instead of the
      emission current detector 7 described in the previous embodiments. In this
      case, the detector 10 comprised of a semi-conductor, for example, a simple
      electric conducting plate or a converter for converting the electron beam
      into a light or X-ray, said light or X-ray then being converted into an
      electrical signal.
PAR  FIG. 5 shows a fourth embodiment of this invention in which a resistor 11
      is connected between the variable D.C. voltage source 4 and the first
      anode 3 so as to control the electric field automatically. The resistor 11
      has two functions, one being to detect the electron beam fluctuation and
      the other to control the electric field in accordance with said
      fluctuation. In this embodiment, the potential difference between the
      emitter 1 and the first anode 3 is equal to the sum of the output voltage
      V.sub.E of source 4 and the voltage across the resistor 11, the polarity
      of which is the opposite to that of the output voltage V.sub.E (volt). The
      reason for this is that the voltage across the resistor 11 (R ohm) is
      determined by the electron current Ie (ampere) flowing into the anode 3.
      Accordingly, voltage V.sub.EA =V.sub.E -Ie. R is applied between the
      emitter 1 and the anode 3. In this case, if Ie increases, V.sub.EA
      decreases so as to reduce the electron current by weakening the electric
      field. Conversely, if Ie decreases, V.sub.EA increases so as to increase
      the electron current by strengthening the electric field. Thus, by
      utilizing this embodiment, the stability of the electron beam current is
      improved. As a result, electron beam fluctuation due to the elapse of time
      or emitter exchange does not occur.
PAR  If a variable resistor is used instead of the fixed resistor 11, a simple
      constant voltage source can be used instead of the variable voltage source
      4, because it would then be possible to vary voltage V.sub.EA by varying
      the variable resistor instead of varying the output of the voltage source
      4.
PAR  FIG. 6 shows a fifth embodiment of this invention in which voltage V.sub.EA
      is obtained by dividing resistors 12 and 13 instead of voltage source 4.
      In this case, resistor 11 can be omitted without affecting the circuit
      functionally.
PAR  FIG. 7 shows a sixth embodiment of this invention in which a constant
      voltage element 14, comprising for example, Zener diodes, and a resistor
      15 are used instead of resistors 12 and 13.
PAR  FIG. 8 shows a seventh embodiment of this invention in which the voltage
      V.sub.EA is obtained by a fixed resistor 16 and a variable resistor 17
      through which the electron current flows from the first anode 3 to second
      anode 5.
PAR  Additionally, this invention is not limited to the above-mentioned
      embodiments. For example, this invention can be applied to the so called
      "cold emission type field emission gun" which corresponds to the
      embodiments where the heating means 2 is omitted in FIGS. 2 to 8, in order
      to prevent the emission current fluctuation due to the contamination on
      the emitter surface.
CLMS
STM  Having thus described the invention with the detail and particularity as
      required by the Patent Laws, what is desired protected by Letters Patent
      is set forth in the following claims.
NUM  1.
PAR  1. A field emission type electron gun comprising:
PA1  an emitter for emitting an electron beam,
PA1  a first anode for generating a strong electric field at said emitter,
PA1  a first voltage source for generating a potential difference between said
      first anode and said emitter,
PA1  a second anode located behind the first anode maintained at ground
      potential,
PA1  a second high voltage source for supplying negative high potential to said
      emitter for accelerating said electron beam, a detecting means for
      detecting the electron beam emitted from said emitter and providing an
      output signal indicative of the electron beam fluctuation,
PA1  a comparing means for comparing the output signal of said detecting means
      with a reference signal and providing an output signal indicative of the
      comparison, and
PA1  a current control means that varies the current by varying the output
      voltage of the first voltage source and therefore the potential of the
      first anode in response to the output signal of the comparing means such
      that the electron current remains substantially constant.
NUM  2.
PAR  2. A field emission type electron gun according to claim 1 in which said
      detecting means comprises a current detecting circuit located between said
      emitter and said second high voltage source.
NUM  3.
PAR  3. A field emission type electron gun according to claim 1 in which said
      detecting means comprises a current detecting circuit located between said
      first anode and said first voltage source.
NUM  4.
PAR  4. A field emission type electron gun according to claim 1 in which said
      detecting means comprises an electron beam detector located in the path of
      the electron beam passed through said second anode.
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ABST
PAL  An automatic gate control system for automatically controlling the gate of
      a multifunction counter for maximum resolution within a fixed maximum time
      limit includes a Gate Control Apparatus for Setting the Input Signal
      Counting Interval patented by Ian T. Band and disclosed in U.S. Pat. No.
      3,693,097 issued Sept. 19, 1972, a timer responsive to a Q output of a
      D-type flip-flop and serially connected with an input of an OR gate and a
      Q output of the D-type flip-flop. The OR gate applies a set signal to a
      second flip-flop having a Q output coupled to a "D" input of the first
      flip-flop.
BSUM
PAC  BACKGOUND AND SUMMARY OF THE INVENTION
PAR  This system is used with the gate control apparatus patented by Ian T. Band
      in U.S. Pat. No. 3,693,097 issued Sep. 19, 1972. U.S. Pat. No. 3,693,097
      is fully incorporated by reference. Referring to FIG. 5 of the
      above-identified patent, the detect carry line is removed and is replaced
      by the output of a timer. The timer is started when a main gate opens. The
      timer enables the closing of the gate after a time which is invariant for
      all measurements. The gate control apparatus then closes the gate on its
      next output pulse. This is not true for the system disclosed in U.S. Pat.
      No. 3,693,097 because the input to the gate control apparatus therein
      disclosed is a signal of unknown frequency in the following functions:
      frequency ratio, period average and time interval average. Since the
      unknown frequency may be arbitrarily low, the carry output may not occur
      for an arbitrarily long time.
PAR  It is not necessarily suitable in the above functions to depend on the 9
      output of the decade counting and display assembly (DCDA) to enable the
      gate closing as is done in the system disclosed in U.S. Pat. No.
      3,693,097, since the time required for this to occur is dependent on the
      number of digits in the DCDA and on the average input frequency to it.
PAR  The previously patented system is not, in general, suitable for
      automatically controlling the above three functions, as it might lead to
      arbitrarily long gate times. This new system maintains well controlled
      gate times of a convenient length for an operator. Further, it allows
      manual adjustment of automatic gate times by adjusting the timer.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a simplified block diagram of an improved automatic frequency,
      period average, ratio, or time interval measuring device according to the
      present invention.
PAR  FIG. 2 is a table showing how the embodiment of FIG. 1 may be connected to
      measure frequency, period average, frequency ratio or time interval
      average.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  This description incorporates by reference U.S. Pat. No. 3,693,097.
      Referring to FIG. 5 of the above incorporated and referenced patent, the
      detect carry line from gate control apparatus 511 to OR gate 517 is
      removed and replaced by a timer.
PAR  Referring to FIG. 1, a gate control apparatus 511 applies an output T.sub.6
      to a clock input of flip-flop 525. A timer 516 which may be a Signetics
      analog integrated circuit type NE 555 or the like or a more elaborate
      circuit, is serially coupled between an input of OR gate 517 and the Q
      output of flip-flop 525. The timer 516 starts in response to the opening
      of main AND gate 519 and the Q output of flip-flop 525. The timer 516
      enables AND gate 519 to be closed by the next pulse from the gate control
      apparatus 511 by means of OR gate 517 setting flip-flop 515 whose Q output
      is coupled to a "D" input of the flip-flop 525. These pulses occur after
      10, 100, 1000, etc. input pulses in the gate control apparatus 511 have
      occurred. The Q output of flip-flop 525 is coupled to an input of gate
      519. Thus, if the timer 516 is set for 0.1 seconds, the next output pulse
      will occur within 0.9 seconds after the timer 516 enables the closing of
      gate 519. Timer 516 thereby allows well controlled gate times of a
      convenient length for an operator and readily adjusted gate times.
PAR  The automatic gate control system can be used to measure frequency, period
      average, ratio, and time interval average, with additional hardware such
      as input synchronizers to provide events and a gated reference. It is
      simply a matter of inserting the appropriate signal at each input as shown
      in FIG. 2. Decimal points and annunciators, however, must clearly be
      changed in any well known manner for each function.
CLMS
STM  We claim:
NUM  1.
PAR  1. Selective timing means comprising:
PA1  first gating means having a first input coupled to receive an applied train
      of pulses and a second input for producing the applied train of pulses at
      an output in response to a signal being applied at the second input;
PA1  a gate control apparatus having a number of stages for producing a gate
      control signal at an output in response to AB.degree. + 1, AB.sup.1 + 1 .
      . . AB.sup.x.sup.-1 + 1 and nB.sup.x + 1 signal pulses applied at an
      input, where x is an integer representing the number of stages in the gate
      control apparatus, n is an integer 0 or greater, B is an integer greater
      than 1, and A is an integer greater than zero and less than or equal to B
      - 1;
PA1  timing means responsive to a signal being applied at the second input of
      the first gating means for producing a timing signal; and
PA1  logic means coupled to receive the timing signal and the gate control
      signal for applying a signal at the second input of the first gating means
      is response to said timing signal and said gate control signal.
NUM  2.
PAR  2. Selective timing means as in claim 1 wherein first gating means comprise
      an AND gate having an output, a first input coupled to receive an applied
      train of pulses and a second input.
NUM  3.
PAR  3. Selective timing means as in claim 2 wherein logic means comprise:
PA1  a first flip-flop having a set input and a Q output;
PA1  an OR gate connected to receive the timing signal and coupled to the set
      input of the first flip-flop; and
PA1  a second flip-flop having a "D" input coupled to the Q output of the first
      flip-flop, a Q output coupled to the second input of the AND gate and a
      clock input coupled to receive the gate control signal.
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ABST
PAL  Apparatus is described for eliminating monochromatic interfering frequency
      components of seismic signals detected during the course of seismic
      exploration comprising an electrical circuit for producing a monochromatic
      nulling signal that has the same frequency as the interfering signal. The
      monochromatic nulling signal is produced by generating a truncated
      triangular wave having the same period as the interfering signal and
      filtering the truncated triangular wave to remove all components thereof
      except those having the period of the interfering signal. Circuit means
      are provided for controlling the amount of truncation of the truncated
      triangular wave, and for controlling the time phase thereof. The filtered
      signal is combined with the geophone signal in such a manner that the
      filtered signal at least partially cancels out the interfering component
      of the seismic signal. Circuit means are provided for detecting the phase
      of the residual signal resulting from incomplete cancellation of the
      interfering signal to provide an indication of the amplitude of the
      nulling signal. Means are also provided for detecting the time phase of
      the nulling signal. The truncation of the truncated triangular wave, and
      the time phase of the truncated triangular wave are controlled so as to
      result in more complete cancellation.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a Divisional of copending application Ser. No. 421,384
      filed Dec. 3, 1973 now U.S. Pat. No. 3,889,229.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to seismic exploration and more
      particularly to a system for removing a substantially sinusoidal
      interfering signal from a seismic signal made up of the interfering signal
      and of signals produced as a result of seismic energy detected during the
      course of seismic exploration.
PAR  The problem of eliminating from recordings of geophone signals certain
      monochromatic interfering signals that are picked up by the long leads
      that are customarily used for connecting geophones to recorders is not a
      new one. Various attempts have been made to eliminate such interfering
      signals, which are usually produced by 60-cycle or 120-cycle
      electromagnetic energy originating from power lines. For example, notch
      filters have been used for many years for this purpose. A difficulty with
      the use of notch filters is that they produce considerable phase
      distortion for signals having frequencies in the vicinity of the frequency
      to be eliminated by the filter. Also, attempts have been made to produce
      nulling signals of opposite time-phase relationship from the detected
      monochromatic signals to be eliminated as evidenced by the following U.S.
      Pat. Nos. 2,438,217-Johnson; 2,733,412-Alexander; 3,757,235-Tvedt et al.
      Apparatus making use of such a technique has generally not been
      satisfactory in the past because the frequency and phase of the
      interfering signal is not stable and any variations thereof will produce a
      residual signal on the seismic records. The nulling signal has to match
      the interfering signal in amplitude, frequency and phase if it is to
      satisfactorily cancel the interfering signal. Systems used in the past
      have been deficient in this respect, particularly in view of the fact that
      the frequency, the phase, and the amplitude of the interfering signal are
      subject to change from time to time.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the teachings of the present invention, apparatus for
      eliminating a substantially monochromatic interfering signal from a
      seismic signal that is a composite of a geophone output signal and the
      interfering signal includes means for producing a monochromatic electrical
      nulling signal having the same frequency as the interfering signal. In
      addition there is provided means for combining the seismic signal and the
      nulling signal so that the nulling signal cancels out at least a portion
      of the interfering signal component of the seismic signal. Apparatus is
      provided for detecting the time phase of the nulling signal relative to
      that of the interfering signal and for producing a first control
      indicative of the phase difference. The latter named means also produces a
      second control signal responsive to the amplitude of the residual signal.
      Additional means is provided for varying the time phase of the nulling
      signal responsive to the first control signal and for varying the
      amplitude of the nulling signal responsive to the second signal to
      minimize the amplitude of the residual signal.
PAR  Objects and features of the present invention not apparent from the
      foregoing discussion will become evident upon consideration of the
      following detailed description of one embodiment of the invention when
      considered in conjunction with the accompanying drawings, which should be
      taken by way of example and not necessarily by way of limitation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic diagram of a preferred embodiment of the invention;
PAR  FIG. 2 is a schematic diagram of apparatus suitable for use as the phase
      detector and programmable multiplier illustrated in FIG. 1.
PAR  FIGS. 3A, 3B, and 3C are time-step tables illustrating the operation of the
      programmable multiplier of FIG. 2.
PAR  FIG. 4 is a waveform illustration of signals appearing at various locations
      in the circuit of FIG. 2, drawn to the same time scale.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  The embodiment of the invention illustrated in FIG. 1 of the drawings makes
      use of tandem-connected electrical circuits 1 and 3 that function to
      produce a rectangular wave output signal having a frequency or repetition
      rate that is a multiple of the interfering electromagnetic signal.
      Electrical circuit 1, which functions to produce a rectangular wave signal
      of the same frequency as the interfering signal, comprises an antenna 5
      for detecting the interfering signal, an automatic gain control amplifier
      7, a filter 9 connected to the output of amplifier 7 for eliminating
      transients and multiples of the interfering signal, an AGC control line 11
      from the output of filter 9 back to the automatic gain control amplifier,
      and a squaring or amplitude limiting circuit 13 for producing a
      rectangular wave output signal of the same period as the signal from
      filter 9 connected to the input thereof. The antenna 5 may be a loop
      antenna or may be simply a spare geophone line not being otherwise used.
      The function of electrical circuit 3 is to generate a signal having a
      pulse rate which is a multiple of the repetition rate of the output signal
      from squaring amplifier 13, and preferably the multiple being
      2.sup.n.sup.+3 where n is determined as described below. The output
      signals from squaring amplifier 13 are applied to a phase-locked loop
      comprising a phase detector 15, an active filter 19, and a voltage
      controlled oscillator (VCO) 21 all connected in tandem, and a dividing
      circuit 23 for connecting the output pulses from voltage controlled
      oscillator 21 to an input circuit of the phase detector 15. The phase
      detector 15 may be a D-type flip-flop circuit. Phase-locked loops such as
      illustrated in FIG. 1 are conventional in the art and will not be
      described further herein. The output signals from the voltage controlled
      oscillator 21 are applied to input terminals 24a, 24b, 24c, . . . 24n of a
      multiplicity of nulling signal generating and interfering signal
      cancelling circuits, one of which is designated by the blocks carrying the
      reference numerals 20 and 50. There is provided one such nulling signal
      generating circuit and interfering signal cancelling circuit for each of
      the seismic channels in the seismic system under consideration.
      Conventionally 24 or 48 such circuits will be provided; however, only one
      circuit is required for detecting the interfering electromagnetic signal
      and for producing a rectangular wave signal having a pulse repetition rate
      that is a multiple of the frequency of the detected interfering signal.
PAR  The pulse signal appearing at terminal 24a is applied to a programmable
      multiplier 25 the function of which is to produce an output pulse train
      having a controllable average frequency which is controlled so as to be
      equal to, less than, or greater than one half of the frequency or pulse
      repetition rate of the signals appearing at terminal 24a. By momentarily
      increasing or decreasing the frequency of the pulses appearing on output
      line 26, the time-phase of the nulling signal is advanced or retarded. The
      output pulse train from multiplier 25 is applied to a circuit including
      circuit elements 27, 29, 35, 33, 37, 39, and 47, the function of which is
      to produce a sinusoidal signal having the same frequency as the
      interfering signal, the time phase of which may be increased or decreased
      by first logic signals generated thereby, and the amplitude of which may
      be adjusted by second logic signals generated thereby. More specifically,
      the circuit elements 27, 29, 33, 37, 35, and 39 produce a truncated
      triangular wave signal having a fundamental frequency component that is
      the same as the frequency of the interfering signal. Circuits 27 and 29
      together produce an output count that, if applied to a digital to analog
      converter, would produce a triangular output wave having a fundamental
      frequency component that is the same as the frequency of the interfering
      signal. The output pulses from the multiplier 25 are applied to circuit
      element 27 which may be an "n+1" stage binary counter of conventional
      design having output circuits Q.sub.1, Q.sub.7, . . . Q.sub.n,
      Q.sub.n.sub.+1. (The quantity "n" simply determines the precision of the
      system, and is arbitrary.) This circuit produces an output count which, if
      applied to a digital to analog converter, would produce a saw-tooth signal
      the period of which would be half the period of the interfering signal.
      The output count from the circuit 27 is applied to an N-INVERT, NONINVERT
      circuit 29, the function of which is to invert the count appearing on the
      output leads Q.sub.1, Q.sub.2, . . . Q.sub.n of binary counter 27 on every
      other counting cycle thereof so that the output count from circuit 29, if
      applied to an analog-to-digital converter would appear as a triangular
      wave signal. The N-INVERT, NONINVERT circuit 29 may be comprised of "N"
      EXCLUSIVE OR-gates.
PAR  Also as part of circuit 20, there is provided an N-STAGE UP/DOWN COUNTER 37
      the function of which is to generate a static digital number that can be
      incremented, decremented, or held steady in accordance with signals
      applied to input terminals thereof designated by the reference numerals
      36a, 36c, and 36b. The output signals from the N-INVERT, NONINVERT circuit
      29 and from the N-STAGE, UP/DOWN COUNTER 37 are both applied to an N-STAGE
      EQUAL-COMPLEMENTARY COMPARATOR circuit 33 the function of which is to
      produce a pulse when the signals from the circuits 29 and 37 are
      indicative of the same number Y = X or when
PAR  Y = (2.sup.n -1) - X
PAL  where Y is the output of circuit 29 and X is the output of circuit 37. When
      the two circuits produce signals that are indicative of the same number, a
      pulse appears on line 41, and when they produce a signal indicative of Y =
      (2.sup.n - 1) = X, a signal appears on line 42. Concomitantly, the output
      signals from the N-INVERT, NONINVERT circuit 29 are applied to an N-STAGE
      LATCH circuit 35, which may be a conventional LATCH cicuit as manufactured
      by RCA and designated by Model No. CD4042, the function of which is to
      pass or discontinue changes in the output count or in other words truncate
      the output count of the N-INVERT, NONINVERT circuit 29 in accordance with
      the command signals on lines 41 and 42. The output signals from the
      N-STAGE LATCH are applied through a plurality of leads generally
      designated by the reference numeral 36 to an "n-bit" digital-to-analog
      converter 39. The truncated triangular output signal from the n-bit
      digital-to-analog converter 39 is applied through a potentiometer 45 to a
      low-pass filter 47, the function of which is to eliminate from the
      truncated triangular wave all harmonic signal components thereof having
      frequencies greater than the frequency of the interfering signal. For
      example, if the frequency of the interfering signal is 60 Hz, the lowpass
      filter preferably would pass only signals have frequencies less than about
      63 Hz. The potentiometer 43 acts as a range adjustment. The sinusoidal
      output signal from the low-pass filter 47 is applied to electrical circuit
      50, the function of which is to produce electrical control signals for
      adjusting the time-phase of the output signal from filter 47, and to
      produce control signals for adjusting the amplitude of the output signals
      from low-pass filter 47 in order to most effectively null undesired
      components of the signal on line 52 as applied to amplifiers 53 and 57 as
      will be described in detail hereinafter.
PAR  Difference taking or nulling amplifier 57 receives input signals from the
      seismic channel including geophone 51 and from low-pass filter 47 through
      lines 52 and 49 respectively. (Line 52 is the field transmission line from
      geophone 51 to amplifier 57) The same signals are applied to a summing
      amplifier 53 so that in effect the output of amplifier 57 is equal to the
      difference between the two signals while the output from amplifier 53 is
      equal to the sum of the two signals. In the ensuing discussion the signal
      from geophone 51 will be termed the "S" signal while the signal from
      filter 47 will be termed the "I" signal. The output signal from amplifier
      57 is applied to seismic recorder 58 along with similar signals from other
      similar units connected to other seismic channels. The signals from
      amplifiers 53 and 57 also are applied to band-pass filters 73 and 71 which
      are designed to be as nearly alike as possible so that their transfer
      functions (herein designated as .theta. and .phi.) will be as similar as
      possible. The output signal from filter 73 therefore can be represented by
      the formula:
EQU  .theta.  (S+I)
PAL  and the output signal from filter 71 can be represented by the formula:
EQU  .phi. (S-I)
PAL  Both signals are applied to the input circuits of summing amplifier 75 and
      difference taking amplifier 77. The output signals from amplifier 75 can
      be represented by S(.theta. + .phi.) + I(.theta. - .phi.) and the output
      signals from amplifier 77 can be represented by I(.theta. + .phi.) +
      S(.theta. - .phi.). These signals are applied respectively to squaring
      amplifiers 79 and 81 the function of which is to produce rectangular wave
      output signals having the same frequency and phase as the output signals
      from amplifier 75 and 77 respectively. These signals are applied on line
      79a and 81a to a phase detector 83, the function of which is to produce
      output logic signals on lines 85 and 89 representative of whether the
      signal on line 79a is lagging or leading the signal on line 81a. The phase
      detector 83 also receives signals on line 38 to override and render
      ineffective the signals on line 79a and 81a, as will be described in more
      detail below with respect to FIG. 4.
PAR  If the interfering signal from signal transmission line 55 were a
      substantially monochromatic sinusoidal wave as is the output signal of
      filter 47 then the lead 52 could be connected to the input of squaring
      amplifier 81 and lead 49 could be connected to the input of squaring
      amplifier 79. Phase detector 83 would then detect the phase difference
      between the two signals, and logic signals related thereto would be
      produced on lines 85 and 89. However, there is no guarantee that the
      interfering signal from transmission line 52 is a purely sinusoidal
      signal. For example, the interfering signal may have some other frequency
      components associated therewith such as harmonics of the fundamental power
      line frequency and seismic signals such as are produced by the wind,
      traffic, and general ground unrest. Therefore, it is necessary to extract
      only the interfering signal component from the signal on line 52 and null
      that component only. It is necessary to apply the signal on line 52 to a
      filter 71 to extract only the 60 cycle component or interfering signal.
      The signal could then be applied directly to squaring amplifier 81.
      However, filters have a phase shift associated therewith. Therefore, it is
      necessary to apply a compensating filter 73 of the same design as filter
      71 at the input of squaring amplifier 79 so that the phase shifts produced
      by filters 71 and 73 are as nearly the same as possible. Unfortunately,
      two filters cannot be made to have identical characteristics or be made to
      remain identical, so the filtered signal from line 52 and the filtered
      signal from line 49 which would appear at the output of filter 71 and 73
      could produce phase differences because of the different characteristics
      of the filters. In order to alleviate this problem, the multiplexing
      circuit described above is used wherein the sum and difference signals are
      produced at the outputs of amplifiers 57 and 53 respectively, so that half
      of the signal from the output of amplifiers 74 and 78 is due to the signal
      on line 52 while the remaining half of the signal is due to the signal on
      line 49. In other words, the signal 52 passes through filter 73 and 71 and
      the signal on line 49 passes through filter 71 and 73. The signals are
      then separated or demultiplexed by summing and differencing amplifiers 77
      and 75 so that the output of amplifier 77 is the same as the signal from
      line 52 but modified by both filters 71 and 73. Also, the output of
      amplifier 75 is the same as the signal from line 49 but modified by filter
      71 and 73. Manifestly, the output signals from amplifiers 77 and 75 are
      processed in turn by a combination of filters 71 and 75 in accordance with
      equations as stated above.
PAR  In addition to producing control signals for correcting the phase of the
      system described above, there are also produced control signals for
      correcting the amplitude of the nulling signal in order to make it most
      effective in its function. To this end, the output of band-pass filter 71
      also is applied to a squaring amplifier 91 for converting the sinusoidal
      signal from filter 71 to a rectangular wave signal of the same period. The
      rectangular wave output signal from squaring amplifier 91 is applied to
      one input circuit of a phase detector 93 which may be a D-type flip flop.
      A quadrature reference signal is derived from the last stage of the n+1
      stage binary counter 27. This signal is a square-wave signal that is
      substantially in either leading or lagging quadrature at all times with
      the output signal of the 60-cycle filter 71. It is manifest that when the
      output signal of amplifier 57 is of one phase, the signal S from geophone
      51 is of greater amplitude than the nulling signal from filter 47. When it
      is of the opposite phase, the output signal from filter 47 is of greater
      amplitude than the interfering signal from amplifier 51. Therefore, an
      indication of whether the amplitude of the nulling signal is too great or
      too small is provided by whether the residual signal appearing at the
      output of filter 71 is of a given phase or is 180.degree. removed from
      that phase. The signal appearing at the Q.sup.n.sup.+1 stage of the n+1
      stage binary counter 27 is always in quadrature with the residual signal.
      If the residual signal leads the reference signal appearing on line 28,
      the amplitude of the nulling signal is too small. If it lags the
      quadrature reference signal, the amplitude of the nulling signal is too
      large. The phase of the output signal of squaring amplifier 91 relative to
      the quadrature reference signal is detected by the phase detector 93 which
      produces a logic signal either on lead 97 or 95 depending on whether the
      signals from amplifier 91 leads or lags the reference signal. When the
      signal lags the quadrature reference signal, a logic signal is placed on
      line 95 but not on line 97 so that the count generated by the N-STAGE,
      UP-DOWN counter 37 will decrease. When the signal from amplifier 91 leads
      the quadrature reference signal on line 28, a logic signal will appear on
      line 97 to increase the binary count generated by the N-STAGE, UP-DOWN
      counter 37.
PAR  With reference now to FIG. 2 there is shown circuit details of the phase
      detector 83 and the programmable multiplier 25 as well as the
      interconnections therebetween. The phase detector 83 comprises two D-type
      flip flops 103 and 105 with their "D" terminals interconnected, and their
      respective "C" and "R" terminals crossconnected. Line 81a is connected to
      the C terminal of flip flop 103 and to the R terminal of flip flop 105,
      and line 79a is connected to the C terminal of flip flop 105 and the R
      terminal of flip flop 103. The "hold" line 38 is connected to the D
      terminals of both flip flops 103 and 105 through an inverter circuit 101.
      The programmable multiplier 25 comprises a two-bit adder circuit 107 and
      two D-type flip flops 109 and 1ll. The two-bit adder, which may be a RCA
      CD-4008 integrated circuit, has an input "carry" circuit C.sub.In to which
      is always applied a positive logic signal, a pair of first input digit
      circuits B.sub.1 and B.sub.2, a second pair of input digit circuits
      A.sub.1  and A.sub.2, a pair of output digit circuits S.sub.1 and S.sub.2,
      and a carry output circuit C.sub.Qut. The output digit circuits S.sub.1
      and S.sub.2 are connected to the D inputs of flip flops 109 and 111. Line
      24a from circuit 3 is connected to the C inputs of flip flops 109 and 111,
      and the Q output circuits are connected through lines 110 and 112 to the
      input digit circuits A.sub.1 and A.sub.2 of adder 107. The carry output
      circuit of adder 107 is connected to one input terminal of AND circuit
      113. The other input terminal is connected to line 24a. The Q output
      circuit of flip flop 103 is connected through line 85 to the B.sub.2 input
      digit circuit of adder 107 and, through NOR circuit 106 to the other digit
      circuit B.sub.1 of adder 107. The Q output of flip flop 105 is connected
      to the B.sub.1 input through NOR circuit 106.
PAR  The operation of phase detector 83 and multiplier 25 will be explained with
      reference to FIGS. 3A, 3B, 3C and with respect to the wave forms of FIGS.
      4A through 4F. Referring now to FIG. 3A in connection with the
      programmable multiplier of FIG. 2, let it be assumed that initially
      S.sub.1, S.sub.2, and C.sub.Out are in the states indicated at the top of
      the column of FIG. 3A, that a 0 logic signal is on line 85, that a 1 logic
      signal is on line 89 and that clock pulses appear on line 24a. With the
      first clock pulse, C.sub.Out, S.sub.2 and S.sub.1 will be indicative of
      the binary number 001. On the next clock pulse the number 01 will be
      transferred to input circuits A.sub.2 and A.sub.1 and the binary number
      010 will appear in the output circuits C.sub.Out, S.sub.2, and S.sub.1. On
      the next clock pulse the binary number 10 will appear at input circuits
      A.sub.2 and A.sub.1 and the binary number 011 will appear at C.sub.Out,
      S.sub.2, and S.sub.1. With the next clock pulse the number 100 will appear
      to C.sub.Out, S.sub.2, and S.sub.1. Thereafter the sequence will repeat.
      If, assuming the same initial conditions, a logic signal indicative of 0
      is placed on line 85 and a logic signal indicative of 0 is placed on line
      89, the sequence of binary numbers indicated in FIG. 3B will result as the
      circuit is clocked. Likewise if the logic signal 1 is placed on line 85
      and the logic signal 0 is placed on line 89, the sequence of FIG. 3C will
      result. It is apparent that logic signals 0 and 0 on lines 85 and 89
      respectively will result in an output clock signal on line 26 having half
      the average pulse repetition rate of the clock signal on line 24a. The
      logic signals of 0 and 1 on lines 85 and 89 will result in a clock signal
      on line 26 having one-quarter the average pulse repetition rate of the
      clock signal on line 24a, while the logic numbers 1 and 0 on lines 85 and
      89 will result in a clock signal having three-quarters the average pulse
      repetition rate of the clock signal on line 24a.
PAR  A 1 logic signal appearing on line 38 will override any signals appearing
      on lines 81a and 79a. The 1 logic signal appearing on line 38 will result
      in 0 logic signals on line 89 and 85 without respect to whether signals
      appear at lines 81a and 79a.
PAR  Referring now to FIG. 4, waveform A represents a signal such as might
      appear on line 79a and waveform B represents a logic signal such as may
      appear on line 81a. During the period t.sub.0 to t.sub.1 waveform A leads
      waveform B and a logic signal will appear on line 85 during this time
      interval for a period sufficient to bring the signals on line 49 and 52
      closer into phase synchronism. During the period t.sub.1 to t.sub.3 no
      logic signals will appear on lines 85 and 89 so that the time phase of the
      output signal from multiplier 25 is neither advanced nor retarded. During
      the period t.sub.3 to t.sub.4 the leading edge of the waveform on line 81a
      leads the leading edge of the waveform on line 79a and a 1 logic signal
      appears on line 89. During this period the repetition rate of the signals
      on line 26 is decreased so that the time phase of the signal appearing on
      line 49 is retarded. During the time period t.sub.4 to t.sub.5 again no
      logic signals appear on lines 85 and 89 so that the time phase of the
      signal on line 49 is neither advanced nor retarded. At t.sub.5 a hold
      signal appears on line 38 so that even though the leading edge of the
      logic signal on line 81a leads the logic signal on line 79a, there is no
      change in the time phase of the output signal on line 49. Thus, it can be
      seen that the repetition rate of the output signal appearing on line 26
      can be increased or decreased and as a result the time phase of the signal
      appearing on line 49 can be advanced, retarded, or held by appropriate
      signals appearing on lines 81a, 79a, and 38.
PAR  The overall operation of the circuit of FIG. 1 will now be described. The
      interfering signal detected by antenna 5 produces a pulse train at the
      output of circuit 3 having a pulse repetition rate of 2.sup.n.sup.-3
      .times.  60 Hz and is as defined above. The signal is applied to the
      programmable multiplier 25 where its repetition rate can be either
      increased, decreased, or held and is converted to a truncated triangular
      wave which after passage through a filter 47 is combined with a geophone
      signal from geophone 51. The result is that the interfering signal as
      detected by geophone 51 and the leads 52 therefrom is at least partially
      attenuated or nulled. The residual interfering signal at the output of
      filter circuit 71 is applied to two circuits. One circuit comprising
      adding and difference taking circuit 75, 77, squaring amplifier 79 and 81,
      and phase detector 83, is for the purpose of detecting whether the nulling
      signal appearing on lead 49 leads or lags the geophone signal appearing at
      line 52, and for producing logic signals for controlling the programmable
      multiplier 25 so as to appropriately increase or decrease the repetition
      rate of the output signals from the programmable multiplier to more
      closely bring the geophone signal and the nulling signal into phase
      synchronism. The other circuit, comprising squaring amplifier 91 and phase
      detector 93, is for the purpose of producing logic signals indicative of
      whether the residual signal leads or lags a reference quadrature signal so
      as to produce an output signal indicative of whether the nulling signal is
      too great in amplitude or too small in amplitude to most effectively
      eliminate the interfering signal from the geophone output signal. The
      logic signals are applied to the N-STAGE, UP-DOWN counter to control the
      amount of truncation of the truncated triangular wave at the output of
      digital-to-analog converter 39, and thus the amplitude of the filtered
      signal appearing on line 49. Just before a seismic observation, a logic
      signal is applied to terminal 36b and hence to line 38 and to the hold
      line of UP/DOWN counter 37 to prevent any changes in the amplitude or
      phase of the nulling signal during the seismic observation. Inasmuch as
      the probablility of a severe change in the amplitude or phase of the
      nulling signal is very small during the relatively small time interval
      required for a seismic observation, it is highly improbable that the
      output signal from amplifier 57 as recorded by recorder 58 will be
      appreciably affected thereby.
PAR  It is important that the speed of phase adjustment be at least 50 times as
      fast as the speed of amplitude adjustment in the circuit described above.
      More particularly, the time required to range through 360.degree. of phase
      adjustment is 1/50th the amount of time to range through the full range of
      amplitude adjustments (i.e., from zero to full scale amplitude). The
      reason for this is that the amplitude and phase adjustments are coupled;
      the output of nulling amplifier 57 depends not only on phase but also on
      amplitude. A change in the amplitude difference between the signals on
      line 52 and 49 can produce not only an amplitude change on the output of
      nulling amplifier 57 but also a phase change. Therefore, one adjustment
      must operate at a much faster rate than the other so that there is
      effectively no coupling, hunting or oscillation produced in the circuit.
      The rate at which the amplitude is allowed to change is determined by the
      clock signal appearing on line 28. The rate is 60 amplitudes steps per
      second in the circuit described above. The rate at which the phase changes
      is determined by the pulse widths of the signals on lines 85 and 89. These
      pulse widths are chosen so that a change of 360.degree. in phase of the
      signal appearing on line 49 may be accomplished in 1/60th of one second.
      The phase will acquire a null within one or two cycles of the 60 cycle
      form.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for detecting the phase difference between a first
      substantially monochromatic sinusoidal electrical signal and a second
      substantially monochromatic sinusoidal signal having substantially the
      same frequency as said first substantially monochromatic signal that is a
      component of a composite electrical signal which may contain other
      signals, which comprises:
PA1  means for producing a residual signal equal to the difference between said
      composite signal and said first substantially monochromatic signal;
PA1  means for producing a first sum signal equal to the sum of said composite
      signal and said first substantially monochromatic signal;
PA1  first filtering means for filtering from said residual signal all frequency
      components not of substantially the frequency of said first substantially
      monochromatic signal;
PA1  second filtering means having a transfer function substantially equal to
      the transfer function of said first filtering means for filtering said
      first sum signal;
PA1  means for producing a second sum signal indicative of the sum of the
      filtered first sum signal and the filtered residual signal;
PA1  means for producing a difference signal indicative of the difference
      between the filtered first sum signal and the filtered residual signal;
      and
PA1  means for detecting the phase difference between the output signals of said
      means for producing a second sum signal and said means for producing a
      difference signal.
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PAL  An offset reduction apparatus for an analog circuit in which the analog
      signal input to the loop is forced to zero and the loop output is
      determined. The previously determined value of the offsets is subtracted
      from the total output, thus leaving only the desired signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates broadly to an analog circuit apparatus and in
      particular to an offset reduction apparatus for eliminating DC offsets in
      an output signal.
PAR  In many prior art circuits, such as analog/digital converters, an analog
      input signal level is established and then processed through various
      gains, switches or stages to produce a resultant analog output signal or
      error signal. In the most common application of the analog/digital
      converter, the converter is used to transform information into a form
      suitable for processing on a digital computer. This requires that analog
      information must be quantized into discrete voltage signals having an
      assigned logical 0 or 1 level (for example, ground or +5 volts). The raw
      information frequently is taken from measurements of temperatures, forces,
      shaft rotations, or other continuous quantities and is first represented
      by an analog electrical signal, which is then converted to digital. The
      effect of this processing is often sufficiently different from the ideal
      effect -- due to dc offsets caused by switches, amplifier offsets, etc. --
      to introduce significant errors. In many cases where the output or error
      signal is not required continuously, these undesirable effects may be
      greatly reduced, often to a substantially negligible amount, by the
      present invention which is described herein.
PAC  SUMMARY
PAR  The present invention utilizes an operational amplifier to remove DC
      offsets which have accumulated on an analog input signal during circuit
      processing. The offset reduction apparatus determines the DC offset which
      is present in circuit and substracts the DC offset from the total circuit
      output to provide an analog output signal.
PAR  It is one object of the invention, therefore, to provide an improved offset
      reduction apparatus to determine the DC offset present in an output analog
      signal.
PAR  It is another object of the invention to provide an improved offset
      reduction apparatus for removing the DC offset present in an output analog
      signal.
PAR  These and other advantages, objects and features and objects of the
      invention will become more apparent from the following description taken
      in connection with the illustrative embodiment in the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a prior art analog/digital converter,
PAR  FIG. 2 is a schematic diagram of the offset reduction apparatus in
      accordance with the present invention, and,
PAR  FIG. 3 is a schematic diagram of the offset reduction apparatus with a
      compensation circuit added.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to FIG. 1, there is shown a schematic diagram of a prior art
      analog/digital converter. By way of example, the present invention will be
      described in this specification with respect to its use in an
      analog/digital converter. However, the concept has a much broader scope
      than this particular application alone and there is not intention to limit
      the scope of the invention by the present example. The A/D converter
      accepts two analog input signals (sin .theta., Cos .theta.), where .theta.
      is the angle of the input resolver, and converts this analog ratio of Sin
      .theta. and Cos .theta. to digital information representing the angle
      .theta.. This may be accomplished by implementing the trigonometric
      identity:
PAR  Sin .theta. Cos B - Cos .theta. Sin B = Sin (.theta. - B) (Eq.1) where B
      represents the binary coded angle which is considered to be the output of
      the unit and Sin (.theta. -B) is equal to zero, when .theta. = B. The
      quantity Sin (.theta.-B) can therefore be considered as the error signal
      which indicates by its sign whether .theta. is greater or less than B. The
      multipliers, Sin B and Cos B are achieved by a specially designed resistor
      network (in FIG. 1 shown as a resistor ladder network) operating as a
      voltage divider. Since the resistor network (Sin B, Cos B, multiplier) can
      not change the sign from quadrant to quadrant as B varies, a system of
      amplifiers and switches operating on the input Sin .theta. and Cos .theta.
      is used to change these signs as required. The electronic switches ES3
      through ES10 are operated such that the outputs of the two amplifiers A1,
      A2 are some consistent pattern, such as that shown in Table 1 below for
      each quadrant, as determined by the binary angle B (e.g. in quadrant 3,
      (180.degree..ltoreq.B &lt; 270.degree.) the output of A5 is -Sin .theta. and
      that of A6 is Cos .theta.).
TBL                TABLE I                                                     
     ______________________________________                                    
     Quadrant     A5 Output  A6 Output                                         
     1             Sin .THETA.                                                 
                             -Cos .THETA.                                      
     2            -Cos .THETA.                                                 
                             -Sin .THETA.                                      
     3            -Sin .THETA.                                                 
                              Cos .THETA.                                      
     4             Cos .THETA.                                                 
                              Sin .THETA.                                      
     ______________________________________                                    
PAL  These signals are then applied to the resistor multiplier network (FIG. 1
      resistor ladder network) and the error signal Sin (.theta. -B) becomes the
      output of amplifier A8. The states of switches ES11 through ES32 are
      determined by the binary state of the output register (B angle). The
      switches ES11 and ES22 are in complement state as are all corresponding
      binary bits of the network.
PAR  In order to determine the error signal at the output of amplifier A8, the
      Sin .theta. and Cos .theta. inputs into amplifiers A1 and A2,
      respectively, are both forced to zero with ES1 and ES2 open. Ideally, the
      error signal will be zero as shown from equation 1. However, it will be
      some value which is dependent upon the values of the offsets of the
      amplifiers A1-8 and the electronic switches. This value of offset will,
      further, vary as the states of the resistor network switches and the
      quadrant of B vary. The true error signal will, with normal Sin .theta.
      and Cos .theta. inputs, be in error by this offset level.
PAR  Referring now to FIG. 2, there is shown an offset reduction apparatus which
      will remove the offset level from the error signal at amplifier, A8, FIG.
      1. It may be seen from the timing diagram of FIG. 2 that switches ES1,
      ES2, ES33 and ES34 are closed at time, T1. This results in the Sin .theta.
      and Cos .theta. inputs being forced to a near zero level and the error
      signal (A8 output) will go to some offset level as previously discussed.
      After a transient switching period, the error signal output (A8) reaches a
      steady state level. Since switch ES33 is closed, the current flows through
      capacitor C1 and C1 is eventually charged to the level of the A8 output.
      Meanwhile, capacitor C2 is discharged to ground through switch ES34. At
      time T2 switch ES33 is opened. It is important that this occurs sometime
      before the T3 time when the input levels are again applied. This is
      necessary to insure that switch ES33 is indeed completely "open" to
      prevent a further change in the dc level across capacitor C1. Amplifier A9
      is designed to maximize input impedance and minimize bias current
      requirements such that the effect of the current flow through capacitor C1
      will be negligible during the time switch ES33 is open. At T3 time, the
      input is again allowed to pass by switches ES1 and ES2 and the amplifier
      A8 output assumes a steady level which will be made up of the active error
      signal plus the dc offsets. Some time after T3 (depending upon the speed
      of the loop) the output of amplifier A9 will be at the true level of the
      error signal without the dc offsets that were still present in amplifier
      A8 output since the dc offset voltage has been stored on capacitor C1 and
      is subtracted from the total signal leaving only the corrected error
      signal. Amplifier A9 is chosen to have a low offset voltage, since the
      output of amplifier 9 will be in error by this offset level.
PAR  The circuitry following amplifier A9 is used as a filter to provide noise
      rejection. At time T(4), after switching transients have settled switch
      ES34 is opened and current will flow through resistor R2 and capacitor C2
      in an effort to establish the voltage of amplifier A9 out across capacitor
      C2. The resistor capacitor R2C2 product is chosen such that the charging
      time of capacitor C2 is long with respect to spurious noise spikes on the
      error signal, but of the same order of magnitude as the time from T4 to
      the next T1. This will allow the voltage across capacitor C2 to reach a
      sufficient level to clearly define the output of the level detector, LD.
      This output becomes a polarity indication of the error signal, and is
      consequently used to control the setting of the binary B register by
      providing information as to whether the present value of B is greater or
      less than the desired value (.theta.). At each time T1, the output of
      level detector LD is read and the state of the B register changed
      accordingly. At this time, any other necessary changes in ES switches are
      made and the process begins again. Amplifier A9 is a conventional
      differential operational amplifier which is commercially available under
      either part number 2620 or 2500 from Harris/Intertype Corp. Melbourne,
      Calif. The level detector LD, is also a conventional device which is
      commercially available under the part number LM111 from National
      Semi-conductor Corp, 2900 Semi-conductor Drive, Santa Clara, Calif.
PAR  There is shown in FIG. 3 the input amplifier A1 and A2 of FIG. 1 with their
      respective input circuitry. Since switches ES1 and ES2 may have voltage
      offsets which may introduce changes in the current offset of amplifier A1
      or A2 of FIG. 1 when they are switches, a compensating circuit is added to
      amplifier A1 and A2 to minimize these effects. The amplifiers A1 and A2 of
      FIG. 1 which are shown in FIG. 3 are differential operational amplifiers
      having a compensation network respectively connected between their
      negative input terminals and ground. The compensation network comprises
      two resistors in series to ground with a switch connected from the
      junction of the two resistors to ground. These switches ES1A,2A would be
      driven by the same logic signal as ES1 and ES2. The effect of this
      compensation circuit is to maintain a constant dc output from amplifiers
      A1 and A2 during either the open or the closed state of ES1 and ES2.
PAR  Although the invention has been described with reference to a particular
      embodiment, it will be understood to those skilled in the art that the
      invention is capable of a variety of alternative embodiments within the
      spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An offset reduction apparatus for analog circuits comprising in
      combination:
PA1  means for forcing the input of an analog circuit to zero, the output of
      said analog circuit being the DC offset of said analog circuit, said
      analog circuit receiving input signals, said analog circuit having a
      negative input terminal, said analog circuit providing an error signal in
      response to said input signals, said error signal being an output signal
      and said DC offset, and
PA1  means for storing and subtracting said DC offset connected to said output
      of said analog circuit, said storing and substracting means storing said
      DC offset from said analog circuit, said storing and substracting means
      substracting said DC offset from said error signal, a compensation network
      connected between said negative input terminal and ground, said
      compensation network providing a constant DC output from said analog
      circuit during normal and correction circuit operation, said compensation
      network comprising a pair of resistors connected in series and a switch
      connected from the junction of said resistors to ground.
NUM  2.
PAR  2. An offset reduction apparatus as described in claim 1 wherein said
      forcing means comprises a switch circuit connected between said analog
      circuit input and ground, said switch circuit being open during normal
      analog circuit operation, said switch circuit being switched to ground to
      force said analog circuit input to zero.
NUM  3.
PAR  3. An offset reduction apparatus as described in claim 1 wherein said means
      for storing and subtracting comprises a resistor and a capacitor in
      series, said output of said analog circuit being connected to said
      resistor, said capacitor receiving said DC offset from said analog circuit
      through said resistor, and
PA1  a switch connected from said capacitor to ground, said capacitor storing
      said DC offset when said switch is closed to ground, said capacitor
      substracting said DC offset from said error signal when said switch is
      opened.
NUM  4.
PAR  4. An offset reduction apparatus as described in claim 1 wherein further
      including input impedance means to maximize input impedance and minimize
      bias currents, said input impedance means being connected to said storing
      and substracting means, said input impedance means having a bias current
      flow through said storing and substrating means, said bias current flow
      having a negligible effect upon the current flow in said storing means
      during operation.
NUM  5.
PAR  5. An offset reduction apparatus as described in claim 4 wherein said input
      impedance means comprises an operational amplifier having a first and
      second input terminal and an output terminal, said first input terminal
      being connected to said storing and subtracting means, said second input
      terminal being directly connected to said output terminal.
NUM  6.
PAR  6. An offset reduction apparatus as described in claim 5 further including
      filter means to provide noise rejection.
NUM  7.
PAR  7. An offset reduction apparatus as described in claim 6 further including
      a level detector to clearly define said output signal from said analog
      circuit.
NUM  8.
PAR  8. An offset reduction apparatus as described in claim 7 wherein said level
      detector comprises an operational amplifier with a first and second input
      terminal, said first input terminal receives said output signal, said
      second input terminal being connected to ground.
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PAL  A feature of this invention is an improved d.c. restorer circuit utilizing
      differential amplifier in conjunction with diode feedback to charge a
      capacitor to a voltage essentially equal to the most negative going
      excursion of an input signal. This voltage stored in the capacitor is
      added to the voltage applied at the input of the restorer to produce the
      restored voltage at its output.
PARN
PAR  This is a division of application Ser. No. 460,317, filed Apr. 12, 1974,
      and now U.S. Pat. No. 3,890,545.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to D.C. restorer circuits for electronic
      devices, and more particularly to used in a protection circuit for gridded
      traveling wave tubes.
PAC  BACKGROUND OF THE INVENTION
PAR  Various means have been used to monitor the operating condition of
      traveling-wave tubes. A typical technique used is the monitoring of tube
      body current. When the slow wave structure intercepts the electron beam (a
      malfunction condition), a current is induced in the slow wave structure.
      This current flows from the slow wave structure into the body of the tube,
      and is termed "body current". Although useful, body-current sensing alone
      does not provide detection of some types of faulty operating conditions
      which are damaging to traveling-wave tubes. For example, a failure which
      is not easily detected by body-current sensing alone could be caused by a
      breakdown of the grid modulator. Such a breakdown may cause the grid-bias
      to be at zero volts, causing a resultant condition in which the current in
      the collector is at a potentially destructive level, but where total body
      current is normal. A similar failure of this nature could be caused by
      other malfunctions, as for example by an open (i.e. break) in the grid
      lead. Another failure which most likely would not be detected by body
      current sensing alone is a condition in which the grid of the traveling
      wave tube is biased by a d.c. voltage--which causes the body current to be
      a constant value. This constant value current would appear as zero (not
      excessive) at a secondary of a current-sensing transformer whose primary
      winding is in series with the monitored current path.
PAR  Additional information as to the malfunction condition of the
      traveling-wave tube may be provided by sensing and monitoring current in
      the collector of the tube. In light of the foregoing, and other reasons,
      it is important to be able to accurately monitor both current in the
      collector and current in the tube body.
PAR  Although collector undercurrent sensing can be helpful in supplying
      additional information relating to a malfunction condition of the tube, it
      is not generally used because of inaccuracies inherent in prior monitoring
      schemes. These schemes tend to give an erroneous indication of the value
      of the current being monitored, and thereby tend to cause a false
      indication of tube malfunction condition. Many traveling-wave-tube circuit
      applications require that collector-current sensing be accomplished within
      the cathode power-supply portion of the tube circuitry. This necessitates
      using a high-voltage isolation transformer to sense current flowing in the
      high-voltage circuit monitored. Since the transformer does not transmit
      the d.c. level of a current flowing in its primary, it is necessary to
      restore this level. Only then can the signal from the transformer
      secondary indicate the true peak value of current being sampled in the
      transformer primary.
PAR  Prior d.c. restorer circuits have utilized various restoring techniques
      including diode-resistor-capacitor arrangements to accomplish the d.c.
      restoration. These circuits are objectionable because of their inherent
      inaccuracy. One cause of this inaccuracy arises in the diode used to pass
      a negative signal and block a positive one. The diode has an undersired
      effect resulting in a varying reduction of the restorer output voltage.
      This variation of the output voltage arises from the fact that current
      flowing through the diode causes a voltage drop across it, which in turn
      reduces the voltage at the output. This voltage drop varies with applied
      voltage, temperature, and other factors which are difficult or costly to
      compensate for.
PAR  The d.c. restorer of the present invention essentially eliminates the error
      introduced by the diode voltage drop through utilization of a feedback
      amplifier which allows a capacitor to closely follow the negative-going
      excursion of the imput signal with virtually no voltage error (e.g.,
      within 2%).
PAR  Elimination of the voltage error is especially important when small
      currents are being sensed by a current-sensing transformer whose output
      must be d.c. restored. This output is then a low-level voltage signal.
      Without the accuracy provided by the restorer of this invention, proper
      sensing of body and collector currents would not only be much more
      difficult, but erroneous indication of current would tend to result.
      Furthermore, when a d.c. restorer of the prior-type is used in conjunction
      with transformer current sampling, the voltage at the output of the
      transformer must be about an order of magnitude (i.e., ten times) larger
      than the anticipated restorer voltage error (so that reasonable accuracy
      in determining the peak current sensed can be maintained). But this
      requirement for a relatively large transformer output voltage necessitates
      a relatively large transformer. With a larger transformer, high frequency
      response becomes degraded--especially when a wide variation in repetition
      frequency or pulse width of the sampled signal is encountered. This
      degraded performace tends to limit accuracy of restorer circuits of this
      nature to the order of about 15% of the current being sensed.
PAR  Prior-art d.c. restorers also contain transient errors in their outputs
      because of charging and discharging of the restorer-capacitor. These
      transients can result in inaccurate indication of the current sensed. This
      is especially a problem if a significant voltage overshoot develops as a
      consequence of rapid change in signal pulse repetition frequency.
PAC  SUMMARY OF THE INVENTION
PAR  Protection of a traveling-wave tube is provided by sensing of both body and
      collector currents, and upon determination that at least one of the sensed
      currents is not within a predetermined value, generating a fault signal.
      The fault signal is used to initiate shutdown of the grid modulator and
      the tube power supplies. Signal integration is included to reduce the
      tendency of the protection circuit to generate a fault signal which may
      otherwise arise from spurious transient noise signals.
PAC  OBJECTS OF THE INVENTION
PAR  It is a general object of the present invention to provide a protective
      circuit for monitoring both collector current and body current in a
      Traveling Wave Tube.
PAR  It is another object of this invention to accurately restore a d.c.
      component to a transformer sampled signal.
PAR  It is a further object of this invention to restore a d.c. voltage to
      signals on the order of one-half volt without introducing any appreciable
      error (in the form of a constant voltage shift or ofset, or otherwise).
PAR  Yet another object of the present invention is to utilize a small coupling
      transformer to sample an a.c. signal in a high voltage circuit to be
      monitored.
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a functional-schematic diagram of a helix-type gridded traveling
      wave tube in a circuit with a power-supply, grid modulator, means to
      monitor both collector and body currents, and tube protection means
      according to the present invention.
PAR  FIG. 2 is a schematic diagram of an embodiment of the d.c. restorer of the
      present invention.
PAR  FIG. 3 is a schematic diagram of another embodiment of the d.c. restorer of
      the present invention.
PAR  FIG. 4a illustrates a typical waveform present in the primary winding of a
      current path to be monitored.
PAR  FIG. 4b illustrates a typical waveform present at the output of the
      sampling transformer, corresponding to the input waveform to the
      transformer primary shown in FIG. 4a.
PAR  FIG. 4c illustrates a typical waveform present at the output of the d.c.
      restorer corresponding to the waveform present at the output of the
      sampling transformer as illustrated in FIG. 4b.
PAR  FIGS. 5 a, b, and c are illustrative of another set of waveforms similar to
      that of FIGS. 4 a, b, and c occurring under a different set of grid
      modulator conductions.
PAR  FIGS. 6 a, b, and c are also illustrative of another set of waveforms
      similar to that of FIGS. 4 a, b, and c occurring under still another set
      of grid modulator conditions.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A traveling-wave tube 80 is shown pictorially in phantom in FIG. 1. It
      includes among other elements a collector 82, a slow-wave structure such
      as a helix 84 attached to the body 85 of the tube, and a cathode 90. The
      collector and body are respectively connected to power supplies 86 and 88,
      so that an electron beam 92 may flow from the cathode 90 to the collector
      82. A radio-frequency signal may be introduced to the helix at an input
      means 94 and removed at an output means 96. A grid-modulator 97 is
      connected to a grid 91. The modulator serves to modulate the grid voltage
      and thereby to modulate the electron beam, which imparts much of its
      energy to the r.f. wave traveling parallel to the slow-wave structure. Any
      conventional traveling-wave-tube grid-modulator may be used for this
      purpose. The grid-modulator 97 is also connected to a tube
      transmitter-gate 100, utilized to turn the grid modulator on and off.
PAR  The electron beam 92 is usually confined by a magnetic focusing structure
      (not shown) which produces an electro-magnetic field which concentrates
      the electron beam and prevents it from spreading and impinging on the
      helix. If the electron beam becomes misfocused and intercepts the helix
      84, a potentially destructive current will be induced to flow in the
      helix. The level of the intercepted beam-current flowing in the slow-wave
      structure is of course a function of the number of electrons intercepted.
      If an appreciable portion of the beam is intercepted, the resulting
      current will cause heating and destruction of the helix. To provide a
      thermal path for removing heat generated within the slow-wave structure
      84, it is usually physically connected to the tube body. Thus, current
      arising from the interception of the beam flows from the slow-wave
      structure 84, thru connectors 87, through the tube body 85 and body power
      supply 88 to the cathode 90. This intercepted current flowing in the
      slow-wave structure and into the tube body shall be referred to as "body
      current".
PAR  In accordance with the invention, sensing transmformers 10, 10' are
      utilized to sense current in the collector and body portions respectively
      of the traveling-wave-tube system. The output of each transformer is
      coupled to a d.c. restorer 12 or 12', comparator 14 or 14' (each having a
      respective reference voltage generator 13, 13'), and integrator 16 or 16',
      each respectively connected in the order recited. A collector monitor-gate
      15 is added in the collector-sensing circuit to enable fault sensing only
      during the period when the transmitter tube is being pulsed or when body
      current is sensed. Inputs of the collector monitor-gate 15 are connected
      to transmitter gate 100, and to the output of the body current sensing
      path at the output of the d.c. restorer 12'. In this way, a signal, if
      present at the input of gate 15, is allowed to pass to its output only
      upon receipt of a signal from either transmitter gate 100 or the output of
      the body current path d.c. restorer 12'. The output of each integrator is
      connected to a corresponding input 17 or 17' of a decision circuit, such
      as an "OR" circuit 18, having an output terminal 19. Tube shutdown means
      98, has its input connected to output terminal 19, and its output
      connected to the shutdown terminals of the grid-modulator 97, and body and
      collector power supplies 86 and 88.
PAR  The operation of the present invention will now be described. When it is
      desired to pulse the traveling-wave tube, the transmitter gate 100 is made
      to produce an output signal which is provided to the grid modulator 97 and
      collector monitor gate 15. This signal, when received by the grid
      modulator, allows the electron beam 92 to pass; when received by the
      collector monitor gate 15, the transmitter gate signal causes the
      collector monitor gate to open, thus allowing any signal that may be
      present at the output of comparator 14 to pass to the input of integrator
      16.
PAR  An abnormal amount of current flowing in the traveling-wave tube is
      indicative of faulty and potentially destructive operation of the tube--
      either too high a body current or too low a collector current. If an
      abnormal current level persists for a period of time (e.g. 100
      microseconds), it indicates that a potentially destructive tube condition
      exists which most likely does not arise from a transient condition or
      "noise".
PAR  The current flowing in either the body or collector current path is sensed
      by substantially identical circuitry, although some component values will
      be different in order to provide for setting different desired thresholds.
      Furthermore, as has been described, gating circuitry is required to
      control current monitoring in the collector circuit. Therefore it shall be
      understood that the following description of current sensing is basically
      applicable to detection and monitoring of either collector or body
      current.
PAR  A typical waveform of current flowing in a current path to be monitored, as
      for example, either the collector power supply path or body power supply
      path, is shown in FIG. 4a. The current flowing in the path to be monitored
      passes through the primary winding of a sensing transformer, for example
      10. The a.c. waveform of this current is then substantially faithfully
      reproduced at the secondary of the transformer (as illustrated in FIG. 4b)
      although any d.c. component of current present in the input waveform in
      the transformer primary is not transmitted and is thus not present at the
      output of the secondary winding. The output voltage signal from the
      secondary winding of the sensing transformer is then applied to the d.c.
      restorer 12 (which is a feature of this invention, the details of which
      are described later). The d.c. restorer then addes another signal to the
      input signal; this other added signal has a voltage which is
      representative of the d.c. component of current present in the primary
      winding of the transformer. The output voltage signal of the d.c. restorer
      is thus indicative of the actual amount of current flowing in the
      monitored current path. This restored signal is shown in FIG. 4c. Other
      waveforms typically found in either the collector power supply 86 current
      path, or the body power supply 88 current path are illustrated in FIGS. 5a
      and 6a respectively. These waveforms would be present if the grid
      modulator 97 were adjusted to produce them. FIGS. 5b and 6b show the
      waveforms at the secondary of sensing transformer 10 for the respective
      input waveforms of FIG. 5a and 6a. The corresponding output of the d.c.
      restore 12 is shown respectively in FIGS. 5c and 6c.
PAR  The restored signal from the output of the d.c. restorer circuit is then
      applied to the comparator, for example 14, which compares the applied
      signal with a reference signal from the reference voltage source 13 having
      a value representative of a predetermined threshold of current allowable
      in the monitored current path. If the sensed current exceeds the allowed
      current threshold, the comparator will generate a signal to indicate an
      abnormal current condition, and this comparator signal is then applied to
      the integrator, for example 16.
PAR  If the signal at the input of the integrator 16 remains present for longer
      than a predetermined period of time (e.g. 100 microseconds) the integrator
      will generate a fault occurence signal. This requirement that the signal
      be present for longer then a certain minimum time reduces the tendency of
      the protection circuit to generate a fault signal if the abnormal current
      condition is present for only a short, transient period (which would not
      be destructive of the tube), or if the abnormal current signal were caused
      by transient noise.
PAR  The output of integrator 16 is applied to an input 17 of a decision
      circuit, such as "OR" circuit 18, which produces an output signal whenever
      at least one of its input receives a signal. The output signal from the
      "OR" circuit causes the protective shutdown circuit 98 to quickly turn off
      (eg., 10-50 milliseconds) power supplies 88 and 86, connected to the tube
      body 85 and the collector 82 respectively. It also causes the
      grid-modulator 97 to stop pulsing the tube. Termination of power to the
      tube may be accomplished by operating a switch placed in the power supply
      circuit so as to disconnect it from the tube. This switch may be operated
      by a voltage signal from the shutdown means circuitry which activates a
      suitable voltage controlled switch. It should be noted that any suitable
      voltage-responsive switch, as for example a relay or silicon-controlled
      rectifier, may be used for this purpose. In a similar fashion, the grid of
      the tube may be connected to a high-voltage negative potential by
      operating an electronic switch in the grid-modulator circuit.
PAR  An embodiment of the restorer circuit of the present invention is shown in
      FIG. 2. An input terminal 11 is connected to the non-inverting input
      terminal 20 of a differential amplifier 21 of unity gain. Output terminal
      27 of the differential amplifier 21 is connected to terminal 28 of an
      electronic switch 29. The other terminal 30 of the electronic switch is
      connected to the inverting input terminal 22 of the differential amplifier
      21. Also connected to inverting input 22 is terminal 23 of capacitor 24.
      The other terminal 25 of the capacitor 24 is connected to a second
      reference potential such as ground. A resistor 26 is connected across the
      capacitor 24. The terminal 23 of the capacitor 24 is connected to an
      operational amplifier 40 having a gain of "K" whose output is connected to
      the inverting input terminal 31 of a second differential amplifier 32.
      Attenuator 34, having on attenuation factor "A", is connected at one
      terminal to restorer input terminal 11, and is connected at its other
      terminal to the input of operational amplifier 42 which has a gain of "
      1+K" . The output of operational amplifier 42 is connected to the
      non-inverting input terminal 33 of differential amplifier 32. The output
      terminal 35 of differential amplifier 32 forms the output of the d.c.
      restorer 12 of the present invention.
PAR  Operation of the d.c. restorer is as follows: A voltage signal, for example
      FIG. 4b, is applied to restorer input terminal 11 connected to the
      non-inverting input terminal 20 of differential amplifier 21. When the
      voltage at this terminal is more negative than the voltage of the
      inverting input 22, the voltage at the output terminal 27 of the
      differential amplifier 21 becomes negative with respect to ground.
PAR  Normally open electronic switch 29 is so constructed that it is opened only
      when the voltage at its terminal 28 is more positive than the voltage at
      its terminal 30. Thus, when the voltage at the output terminal 27 is more
      negative than the voltage stored on the capacitor 24 and present at
      capacitor terminal 23, the electronic switch 29 closes and allows current
      to flow from the second reference potential through capacitor 24 and
      electronic switch 29 into the output terminal 27 of the differential
      amplifier 21. This current acts to charge capacitor 24 and therefore cause
      the voltage across it to become more negative with respect to ground.
      Thus, when the voltage at inverting input terminal 22 becomes equal to or
      more negative than the voltage at the non-inverting input terminal 20, the
      voltage at the output terminal 27 becomes positive causing electronic
      switch 29 to open and thereby stop charging of capacitor 24. In this way,
      the voltage stored on the capacitor becomes essentially equal to the most
      negative value of the input terminal 11.
PAR  The voltage stored on the capacitor is applied to operational amplifier 40,
      which amplifies the voltage by its amplification factor "K". The amplified
      voltage is then applied to inverting imput terminal 31 of the second
      differential amplifier 32. Thus the inverting input terminal 31 of the
      differential amplifier 32 has a voltage applied to its which is equal to
      the most negative going excursion of the restorer input signal multiplied
      by the amplification factor "K".
PAR  If the voltage at the restorer input 11 is denoted as "V.sub.in ", the most
      negative-going voltage at that input denoted as "V.sub.neg ", and the
      voltages present at input terminals 31 and 33 are denoted as "V.sub.31 "
      and "V.sub.33 " respectively, then the voltage at the inverting input
      terminal 31 may be expressed as:
EQU  V.sub.31  =  K(V.sub.neg)
PAL  The voltage at input terminal 11 is applied to the noninverting terminal 33
      of the second differential amplifier 32 through attentuator 34 and
      operational amplifier 42. The attenuator reduces the voltage through it by
      its attenuation factor "A", while the amplifier amplifies the voltage by
      its amplification factor of "1+K". Thus the voltage present at the
      non-inverting input terminal 33 is equal to the input voltage multiplied
      by these two factors, and thus may be expressed as: V.sub.33 =  A (k+1)
      (V.sub.in). Since the voltage at output terminal 35 of differential
      amplifier 32 is equal to the difference between its inputs 31 and 33
      (since the gain of the differential amplifier is unity), the voltage at
      output terminal 35 of the restorer 32 may be expressed as: V.sub.o =[
      V.sub.33 -  V.sub.31 ]Substituting the values of V.sub.33 and V.sub.31
      from above, V.sub.o may be expressed as: V.sub.o = [ A(k+1 ) V.sub.in ] -
      [ k(V.sub.neg)]. For "A" chosen equal to
      ##EQU1##
      V.sub.o may be seen to be:
EQU  V.sub.o =  k[V.sub.in =  V.sub.neg ]
PAL  That is, the voltage at the output of the d.c. restorer is a voltage
      proportional to the difference between the input voltage signal and its
      most negative-going excursion. The restorer output voltage corresponding
      input waveform of FIG. 4b is shown in FIG. 4c.
PAR  Another embodiment of the restorer feature of the present invention is
      shown in FIG. 3. The overall arrangement of components is the same as that
      of the embodiment shown in FIG. 2. described above, except as follows:
      Operational amplifiers 40 and 42 have been eliminated, and their functions
      incorporated in amplifier 32 by addition of resistor 45 and
      feedback-resistor 43. Resistor 45 is added in place of amplifier 40;
      feedback resistor connects the output terminal 35 and the input terminal
      31 of the second differential amplifier 32. Resistors 43 and 45 are each
      chosen so that
      ##EQU2##
      When the attenuation factor "A" is chosen to be
      ##EQU3##
      it will be seen that the voltage at the output terminal 35 is the same as
      for the previously described embodiment of FIG. 2, namely: V.sub.o = K
      [V.sub.in - V.sub.neg ]
PAR  This invention provides an improved traveling-wave tube protection circuit
      which monitors current in both collector and body portions of the tube
      circuit and also includes a novel d.c. restorer circuit.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A d.c. restorer comprising:
PA1  a first differential amplifier having an inverting input, a non-inverting
      input, and an output;
PA1  a second differential amplifier having an inverting input, a non-inverting
      input, and an output;
PA1  reference voltage means;
PA1  capacitive means connected between said inverting input of said first
      amplifier and said reference voltage means;
PA1  a first signal path interconnecting said inverting terminal of said first
      amplifier with said inverting terminal of said second amplifier, said
      first signal path including a resistance;
PA1  a second signal path interconnecting said non-inverting input of said first
      amplifier with said non-inverting input of said second amplifier, said
      second signal path including an attenuation network;
PA1  a first feedback path interconnecting said output of said first amplifier
      with said inverting input of said first amplifier, said feedback path
      including a normally-open voltage-controlled switch which opens whenever
      the current therethrough becomes less than a predetermined amount and
      closes whenever a predetermined voltage is applied thereto; and
PA1  a resistive feedback path interconnecting said output of said second
      amplifier with said inverting input of said second amplifier;
PA1  whereby a periodic electrical signal, when applied to said non-inverting
      input of said first amplifier, will have added to it a constant d.c. level
      and the resultent signal shall be present at said output of said second
      amplifier.
NUM  2.
PAR  2. The d.c. restorer of claim 1 wherein said capacitative means comprises a
      capacitance and resistance in parallel.
NUM  3.
PAR  3. The d.c. restorer of claim 1 wherein said reference voltage means is
      grounded.
NUM  4.
PAR  4. A d.c. restorer circuit comprising:
PA1  first means for comparing voltage levels and having two input terminals;
PA1  second means for comparing voltage levels and having two input terminals;
PA1  means for applying an input signal V.sub.in to one of the input terminals
      of both said first and said second comparing means;
PA1  means for duplicating the level of the most negative-going excursion
      V.sub.neg of said input signal V.sub.in, said duplicating means being
      connected to the other input terminal of both said first and said second
      comparing means; and
PA1  feedback means for providing a feedback path from the output of said first
      comparing means to the input of said first comparing means to which said
      duplicating means is connected, said feedback means opening and closing
      its feedback path in accordance with the output voltage from said first
      comparing means,
PA1  wherein the output from said second comparing means is proportional to the
      resultant of the input signal V.sub.in and a d.c. level.
NUM  5.
PAR  5. A d.c. restorer circuit as defined by claim 4, wherein said first and
      said second comparing means are differential amplifiers.
NUM  6.
PAR  6. A d.c. restorer circuit as defined by claim 4, wherein said feedback
      means comprises a normally open, voltage-controlled switch.
NUM  7.
PAR  7. A d.c. restorer circuit as defined by claim 4, wherein said duplicating
      means comprises:
PA1  reference voltage means; and
PA1  capacitive means connected between said reference voltage means and said
      other input terminal of both said first and said second comparing means.
NUM  8.
PAR  8. A d.c. restorer circuit as defined by claim 7, wherein said capacitive
      means comprises a capacitance and a resistance in parallel.
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PAL  A signal processing arrangement which discriminates against large-amplitude
     nterference signals and in favor of information signals. Incoming signals
      are separated into a plurality of contiguous frequency channels whose
      total frequency coverage is the frequency band of interest. The signals in
      the individual channels are then amplitude limited so that relatively
      narrow band interference signals are limited while a wide band desired
      signal is not. The desired signal is then spectrally compressed to obtain
      a high amplitude signal while the remaining interference signals are
      spread and rejected.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to signal processing arrangements and particularly to
      arrangements for enhancing information signals with respect to
      interference.
PAR  In the electrical arts there exists a need for processing signals occurring
      in a background of noise or undesired signals. For example, in application
      Ser. No. 649,791 by Garold K. Jensen, filed concurrently herewith, there
      is disclosed a velocity and acceleration radar system designed to provide
      good doppler resolution for both constant-velocity and accelerating
      targets. That system detects accelerating targets by spectrally
      compressing the acceleration-spread doppler frequency spectrum, but the
      same frequency modulation that is employed to compress the spectrum of the
      return signal from an accelerating target produces frequency spreading of
      the signal energy from constant velocity targets. In such a case a
      large-amplitude signal from a constant velocity target will be detected
      and displayed over a wide band of doppler frequencies with nearly equal
      amplitudes so that an accurate doppler or velocity reading is not
      possible. Other smaller amplitude signals of interest may occur within the
      region of doppler spreading of the larger signal and these signals will
      then be masked by the larger spread signals.
PAR  Large-amplitude jamming signals are also spread in a similar manner and
      some arrangement is desirable to favor the information signals over the
      undesired jamming signals. Merely limiting the total incoming signal is
      not suitable because a very large signal can, in the limiting process,
      "capture" small signals existing anywhere in the whole information band. A
      more selective arrangement for discriminating against this interference is
      desired.
PAC  SUMMARY OF THE INVENTION
PAR  The general purpose of this invention is to provide a signal processing
      arrangement which embraces all the advantages of similarly employed
      devices and possesses none of the aforedescribed disadvantages.
PAR  Since the energy at any frequency in the spread spectrum is proportional to
      the total signal energy and approximately inversely proportional to the
      frequency spreading, it follows that if the total signal amplitude is
      limited there is also a limit upon the bandwidth over which the signal may
      be spread and still exceed the detectable level. Thus, if it is desired to
      distinguish between doppler returns from constant velocity targets and
      returns from accelerating targets it is advantageous to amplitude limit
      the signals at a point in the circuit where the undesired signal is
      concentrated in a narrow frequency band (or in frequency bands not
      occupied by the desired signal) and the desired signal is spread over a
      wide band. In this manner the undesired signal will be clipped in
      amplitude while the desired signal passes through without attenuation. To
      carry out this selective limiting a plurality of filters are used to
      separate the information frequency band into a plurality of relatively
      narrow frequency channels. Without this separation into frequency bands a
      very large signal could "capture" small signals existing anywhere in the
      whole information band by the limiting process, but by using plural
      filters the capture effect occurs in no more than one channel. In that
      single channel the large amplitude signal will be reduced to the limiting
      level and undesirable display effects will be eliminated. Signals in the
      remaining portions of the information frequency band will be unaffected
      and may be processed normally. When the interference occupies some of the
      filter channels occupied by the desired signal there is still some
      improvement obtained.
PAR  In order to avoid the introduction of undesired harmonics by the limiting
      process, appropriate filters are placed after the limiters to restrict
      each frequency channel to less than one octave.
PAR  Once the signals have been amplitude limited in the individual frequency
      channels, the outputs of the channels are vectorially added and the
      combined signal is subjected to a frequency shifting process which
      spectrally compresses a desired signal to confine its spectral energy to a
      very narrow spectral bandwidth with a resulting sizeable amplitude
      increase. The same process which spectrally compresses the desired signal
      also spectrally expands the undesired signals so that these signals may be
      rejected by a narrow pass filter.
PAR  The processing arrangement will be described with reference to a doppler
      radar system but it obviously has other uses.
PAR  An object of the present invention is the provision of an arrangement which
      prevents large amplitude signals from masking and causing the loss of
      small amplitude signals.
PAR  Another object of the present invention is the provision of an arrangement
      for passing signals whose power is spread over an extended frequency band
      while limiting signals whose power is confined to a narrow frequency band.
PAR  A further object of the present invention is the provision of an
      arrangement for discriminating between varying frequency signals and
      substantially constant frequency signals.
PAR  Another object of the invention is the provision of means to discriminate
      between doppler signals from accelerating and constant velocity targets.
PAR  Still another object is to provide means for discriminating between jamming
      signals and information signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings wherein:
PAR  FIG. 1 shows a block diagram of a contiguous filter according to the
      present invention;
PAR  FIG. 2 shows the contiguous filter of FIG. 1 being used in an arrangement
      for passing a signal whose frequency varies according to a unique pattern;
PAR  FIG. 3 shows a block diagram including one embodiment of the variable
      frequency shifter used in FIG. 2, and
PAR  FIG. 4 shows another embodiment of the invention which may be used to pass
      a signal whose frequency varies according to a unique pattern.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  One particular contiguous filter according to the present invention is
      illustrated in FIG. 1 and is composed of a plurality of separate channels.
      The single input at 1 is distributed to all channels, each including a
      driver amplifier, a first band pass filter (BPF), a video amplifier, an
      amplitude limiter, an output driver amplifier, and a second band pass
      filter. The outputs of all channels are combined in adder stage 80.
PAR  Basically, the input BPF's of all channels are of equal bandwidths, with
      their passbands positioned immediately adjacent to one another in
      frequency and designed for a passband such that the composite total covers
      the entire input signal bandwidth. Each of the passbands covers less than
      a 2:1 frequency range so that any harmonic of individual channel input
      frequencies, introduced by the limiting action within a channel, will be
      attenuated by the channel output filter before recombination of the
      signals in adder 80.
PAR  By separating the information frequency span into a number of frequency
      bands before limiting, it is possible to avoid situations where the
      presence of a very large signal causes the loss of small signals, existing
      anywhere in the whole information band, by the limiting process. Before
      frequency separation, the signal to be limited would be the instantaneous
      sum of all signals present in the information band, and it can be seen
      that a single large amplitude signal can "capture" small signals which
      would merely appear as minor fluctuations on the dominant large signal.
      These minor fluctuations would be lost in the limiting process.
PAR  If ten channels are used in the contiguous filter this capture effect
      occurs in no more than one channel (only one-tenth the information band)
      even for a cw interfering signal. In that single channel the large
      amplitude signal will be reduced to the limiting level and its effect on
      other frequency signals present will be eliminated. Signals in the
      remaining nine-tenths of the doppler band will be unaffected and may be
      processed normally.
PAR  FIG. 2 shows a contiguous filter being used in an arrangement for the
      enhancing varying frequency signals having a given frequency vs. time
      relationship while discriminating against large-amplitude
      constant-frequency signals. Contiguous filter 201 may be similar to the
      arrangement shown in FIG. 1. It acts to separate the incoming signals into
      several frequency channels each less than an octave wide and then limits
      the amplitudes of the signals in the various channels. The outputs of the
      channels are vectorially added and appear on line 204. Variable frequency
      shifter 202 acts to shift the frequencies of the incoming signals by an
      amount which varies with time. If the arrangement is being used to detect
      doppler signals originating from an accelerating target, shifter 202 may
      act to continuously shift this varying doppler frequency by a varying
      amount so that the signals on line 205 resulting from an accelerating
      target is a constant frequency.
PAR  FIG. 3 shows how variable frequency shifter 202 may include a mixer 501 and
      a sweep frequency generator 502. If the generator signal varies in unison
      with the incoming doppler frequency the resulting difference frequency
      emitted by mixer 501 is constant. Narrow band pass filter 203 may be used
      to pass this desired frequency. A moving target radar system using this
      arrangement for analyzing varying frequency doppler signals is described
      in application Ser. No. 650,157 now U.S. Pat. No. 3,900,869 filed
      concurrently herewith by Garold K. Jensen. It will be noted that variable
      frequency shifter 202 would expand the frequency spectrum of constant
      frequency signals while compressing the spectrum of a varying frequency
      signals whose frequency sweep matches that of sweep frequency generator
      502. In this way the undesired constant frequency signal would be expanded
      in frequency so that little of it passes through filter 203 while the
      desired varying frequency signal is collected in order to pass through
      this narrow filter. Contiguous filter 201 also aids the selectivity of the
      total circuit by limiting the constant frequency signal which is confined
      to one channel while not attenuating the varying frequency signal which is
      distributed among several channels.
PAR  FIG. 4 shows another embodiment of the invention wherein the variable
      frequency shifter and narrow pass filter of FIG. 3 are replaced by a
      tunable narrow band pass filter 402. The band pass of this filter may be
      made to vary its location in the frequency spectrum by the application of
      sweep signals from sweep generator 403. The use of such a tunable filter
      is disclosed in U.S. Pat. No. 3,307,182 issued on Feb. 28, 1967 to
      Christopher M. Morrow. The sweep generator could produce a variable
      voltage, such as a sawtooth waveform, which would be used to vary the
      center frequency of the tunable filter.
PAR  In conclusion, therefore, there has been disclosed arrangements for
      enhancing the signal-to-noise ratio of information signals accompanied by
      various types of undesired signals. Obviously many modifications and
      variations of the present invention are possible in light of the above
      teachings. It is therefore to be understood, that within the scope of the
      appended claims, the invention may be practiced otherwise than
      specifically described.
CLMS
STM  What is claimed and desired to be secured by letters patent of the United
      States is:
NUM  1.
PAR  1. An arrangement for discriminating against narrow bandwidth signals and
      in favor of desired varying frequency signals wherein all of said signals
      occur in a predetermined frequency bandwidth, said arrangement comprising:
PA1  a plurality of channels having incremental bandwidths which are dimensioned
      in frequency to cover in their aggregate said predetermined bandwidth,
      said channels responsive to said signals to limit the amplitude of said
      signals to produce first signals;
PA1  means for vectorially adding said first signals to derive second signals
      and;
PA1  varying frequency means to receive said second signals and to produce
      output signals only when said second signals vary in frequency at a
      predetermined rate.
NUM  2.
PAR  2. The arrangement of claim 1 wherein the bandwidths of the channels are
      each less than one octave.
NUM  3.
PAR  3. The arrangement of claim 1 wherein the aggregate bandwidth of said
      plurality of channels is greater than one octave.
NUM  4.
PAR  4. The arrangement of claim 1 wherein the varying frequency means includes
      a variable frequency generator to produce a local variable frequency
      signal.
NUM  5.
PAR  5. The arrangement of claim 4 wherein the varying frequency means also
      includes a mixer means for receiving said second signals and said local
      signal to produce a difference frequency.
NUM  6.
PAR  6. The arrangement of claim 5 wherein the varying frequency means also
      includes a narrow pass filter which receives said difference frequency and
      produces said output signals only when the difference frequency falls
      within the narrow pass of said filter.
NUM  7.
PAR  7. The arrangement of claim 1 wherein the varying frequency means comprises
      a tunable band pass filter.
NUM  8.
PAR  8. An arrangement for discriminating against narrow bandwidth signals and
      in favor of desired varying frequency signals, said arrangement
      comprising:
PA1  a plurality of band pass channels connected in parallel to receive said
      signals; and
PA1  varying frequency means to receive the combined outputs of said parallel
      channels to produce final output signals only when said combined outputs
      vary in frequency according to a predetermined pattern.
NUM  9.
PAR  9. The arrangement of claim 8 wherein each said channel includes a band
      pass filter and an amplitude limiter connected in series.
NUM  10.
PAR  10. The arrangement of claim 9 wherein each said channel includes another
      band pass filter connected in series after said amplitude limiter.
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PAL  A digital phase-locked loop in which an error signal representing the
      difference between the phases of an input signal and an output signal is
      converted to a digital signal having a time-varying value. A programmable
      divider means is provided to produce a pulse control signal having a
      frequency which varies in accordance with the time-varying value of the
      digital signal. The pulse control signal controls the number of pulses
      which are deleted from a reference clock signal to produce an intermediate
      signal which in turn is fed to a feedback counter for producing the output
      signal, the phase of which depends on the number of deleted pulses, so
      that the phase of the output signal effectively follows the phase of the
      input signal.
BSUM
PAC  INTRODUCTION
PAR  This invention relates generally to systems for processing the phase of
      signals and, more particularly, to phase locked loop systems using digital
      techniques for phase tracking or phase filtering of signals.
PAC  BACKGROUND OF THE INVENTION
PAR  Information is frequently transmitted by systems which modulate the phase
      or frequency of a carrier signal. This type of modulation is used both for
      signals transmitted over wires and for radio signals transmitted via
      electromagnetic radiation. A receiver of such signals frequently must
      perform a filtering operation on the transmitted signals to eliminate
      noise and signals not within the frequency band of the transmitted signal.
      When digital data is transmitted by means of well-known phase-shift keying
      (PSK) or frequency-shift keying (FSK) techniques, in addition to a
      filtering operation, the receiver system must also provide a conversion of
      the phase information to digital form.
PAR  Other applications in which the information is encoded on the phase of a
      signal include navigation systems, such as LORAN and OMEGA systems, and
      systems using angle readout transducers, such as resolvers and synchros
      (or selsyns) where the mechanical angle of a rotating shaft is converted
      to an electrical phase-angle by the operation of the transducer. In such
      systems it is important that the phase angle of the signal be recovered
      very accurately. Also, in such applications there may be requirements for
      filtering and/or conversion of phase information to digital form.
PAR  Frequently, phase-decoding systems require very narrow bandwidths relative
      to the modulated frequency, and such narrow bandwidths are often difficult
      and expensive to obtain.
PAR  A system which can achieve the requirements mentioned above and which can
      be relatively easily adapted for different applications would prove to be
      a useful device.
PAC  DISCUSSION OF THE PRIOR ART
PAR  Present methods for accomplishing phase and frequency filtering and phase
      to digital conversion include the use of passive and active filter
      circuits, analog phase-locked loops, and computers for processing and
      filtering of phase information.
PAR  Passive and active filters provide filtering of a signal but do not provide
      any analog to digital conversion of the phase information. Moreover, such
      filters must be specifically designed for each application and their
      ability to achieve narrow bandwidths is very limited. They are extremely
      susceptible to environmental conditions, especially where high performance
      is required. Moreover, the ability to provide variable bandwidth
      capability is difficult and frequently results in a detrimental trade-off
      of other filter parameters.
PAR  Analog phase-locked loops provide analog to digital conversion of the phase
      information and can be designed to have varying bandwidths. However, their
      ability to achieve narrow bandwidths is severely limited by the error
      sources which are inherent in analog circuitry. Moreover, analog
      phase-locked loops are susceptible to environmental conditions so that
      their performance deteriorates as environmental requirements increase.
PAR  In applications which require very narrow bandwidth operation, a
      phase-locked loop is frequently simulated by means of computer processing
      techniques. While such processing can result in very good performance, the
      cost and size requirements make such a solution impractical for many
      applications.
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention comprises a digital phase-locked loop for processing an input
      signal to produce an output signal having a phase corresponding to the
      phase of the input signal. Moreover, the invention provides for a
      continuous conversion of phase information to parallel digital data form.
PAR  In accordance with a preferred embodiment thereof the phase of the input
      signal is compared with the phase of the output signal from a closed loop
      (described in more detail below) to produce a phase error signal which
      represents the phase difference between the phases of the input and output
      signals. The phase error signal is converted to a digital signal having a
      value which represents the error. In a preferred embodiment the digital
      signal is transferred to a programmable divider driven by a pulse clock
      signal from a suitable fixed frequency reference pulse generator. The
      programmable divider produces a pulse control signal, the frequency of
      which varies under control of the time-varying value of the digital signal
      representing the error. The pulse control signal from the programmable
      divider is then utilized to actuate a further means, such as a delete
      gate, which appropriately deletes one or more pulses from the pulsed
      output of the fixed reference oscillator which is fed thereto to produce
      an intermediate signal. The intermediate signal is fed to a counter which
      produces the output signal, the phase of which depends on the controlled
      number of pulses which has been deleted from the reference pulse clock
      signal. The output signal thereby has a phase which effectively follows
      the phase of the output signal, so that the difference therebetween (i.e.,
      the error signal) tends to become reduced to zero.
PAR  The invention, thus, uses all digital operation and, for that reason, is
      less sensitive to environmental changes than devices using analog
      operation, the digital system further imposing less stringent requirements
      on system supply voltages, shielding characteristics, temperature control,
      and the like. Moreover, being all digital the invention requires
      negligible design time once the parameters of the system are determined.
      Thus, the bandwidth and center frequency of operation are determined
      solely by digital parameters and do not change with time, temperature, and
      the like.
PAR  Most importantly, extremely narrow bandwidth operation can be relatively
      easily achieved with a minimum of hardware so that the use thereof is
      especially practical where narrow bandwidth operation is desired. The only
      effective source of errors within the system can be primarily attributed
      to errors in the reference clock signal, which errors can be held to a
      minimum by the use of highly accurate crystal clock systems which are
      readily available to the art. The use of such clock systems in this
      invention results in high performance not attainable with previously
      available methods of phase filtering or, alternately, performance similar
      to extant systems but at much lower cost.
DRWD
PAR  The invention can be described in more detail with the use of the
      accompanying drawings wherein
PAR  FIG. 1 shows a block diagram of one embodiment of the invention;
PAR  FIG. 2 shows a block diagram of a portion of the embodiment of FIG. 1;
PAR  FIG. 3 shows a block diagram of another portion of the embodiment of FIG.
      1;
PAR  FIG. 4 shows a graph helpful in explaining the operation of FIG. 1;
PAR  FIG. 5 shows an alternative embodiment of the invention depicted in FIG. 1;
PAR  FIG. 6 shows an alternative embodiment of the invention providing higher
      order operation of the invention;
PAR  FIGS. 7 and 8 show block diagrams of specific means for controllably
      changing the number of pulses in the clock signals in the embodiments of
      the invention described above; and
PAR  FIG. 9 shows an alternative embodiment of part of FIG. 1.
DETD
PAR  As can be seen in FIG. 1 the invention is a digital phase-locked loop 10
      which uses a phase detector 11 having an input signal and an output signal
      fed thereto. The input signal to the loop is of the form Sq(f.sub.c
      t+.theta.), where Sq denotes a square wave function, f.sub.c is the
      carrier frequency of the phase modulated signal, and .theta. is the phase
      thereof. The input signal is supplied to one input of the phase detector
      11 which in a specific embodiment may be, for example, an exclusive OR
      circuit or, alternatively, conventional edge-triggered phase detector
      circuitry. The phase detector 11 compares the phase of the input signal
      with the phase of the output signal which is of the form Sq(f.sub.c
      t+.phi.), the difference between the phases (.theta. - .phi.) thereby
      representing a phase error signal as indicated at the output of the
      circuit by the designation ".epsilon.(t)".
PAR  The phase detector output is a pulse-width modulated signal which, when the
      phase error is zero, is a square wave having equal pulse widths at its two
      amplitude levels and which, when the phase error is not zero, is a wave
      having unequal pulse widths at its two amplitude levels. Thus, the error
      signal output of phase detector 11 is effectively a digital signal having
      phase error information in serial form. This serial phase error
      information signal is fed to a circuit 12 which converts such information
      to an appropriate parallel digital form for use in a programmable divider
      13, as discussed in more detail below. This conversion can be easily
      implemented in circuit 12, as shown in FIG. 2, by using a counter 14
      clocked at a rate higher than that of the carrier frequency, such counter
      being enabled and disabled by the phase detector error signal output via
      AND gate 19 as shown. The clocking signal is derived from a reference
      pulse clock signal generator 16, as shown, which can be implemented by
      using a crystal controlled pulse generator in a manner well known to the
      art. At suitably selected intervals, which may be any integral multiple of
      one cycle of f.sub.c depending on the application, the counter output is
      clocked into a holding register 15 and the counter is reset. For example,
      as in the embodiment shown in FIG. 1, the reset interval may be made equal
      to one carrier cycle.
PAR  In other applications, the reset interval may be several cycles of f.sub.c
      long, which will result in an average of the phase error during the reset
      interval being taken by the conversion circuit. In such a case either the
      entire number accumulated by the conversion circuit during the reset
      interval may be used as n(t), or only some number of most significant bits
      of the number accumulated in the conversion circuit, depending on the
      application. The digital signal in the holding register 15 is a parallel
      digital signal (as depicted by the double-line arrow) and has a value
      represented by n(t), which varies as a function of time between 0 and a
      maximum level, which in the embodiment under discussion is equal to N, and
      serves as a variable input to the programmable divider 13. In general,
      however, the maximum level may be made greater than or less than N.
PAR  The programmable divider is clocked by the reference pulse clock signal and
      divides the frequency thereof by (M +n) where M has a fixed value and n
      has a time-varying value which depends on the phase error.
PAR  The programmable divider can be realized, for example, by the circuit of
      FIG. 3. The reference clock signal clocks divide-by-N counter 35 whose
      output clocks divide-by-M/N counter 36 where M is a parameter having a
      fixed value on which the bandwidth depends, as discussed in more detail
      below. After M reference clock pulses, the output of counter 36 causes
      flip-flop 37 to change state from low to high, enabling AND gate 38 (in
      practice counter 35, counter 36, and flip-flop 37 can be combined and
      implemented as one counter). At this time, when AND gate 38 is first
      enabled, counter 35 is in its "O" state. The inputs to comparator 39 are
      the parallel digital outputs of counter 35 and the parallel digital value
      n(t) from conversion circuit 12. When these inputs to comparator 39 are
      equal, the comparator output goes high and the output of AND gate 38 goes
      high. This resets counter 35, counter 36, and flip-flop 37 to zero, and
      the process is repeated. This reset signal also serves as a pulse control
      signal to delete gate 17. The operation of the programmable divider
      circuit results in one output pulse every M +n(t) reference clock pulses.
PAR  The pulse control signal from programmable divider 13 is fed to a delete
      gate 17. The pulse control signal controls the number of reference clock
      pulses which are fed to a feedback counter 18. Normally, the reference
      clock pulse signal is fed unchanged through delete gate 17 to the feedback
      counter 18 which, in effect, divides the frequency of the signal by a
      suitable value "N" which results in a signal at the output of the feedback
      counter having a frequency which is equal to that of the input signal
      f.sub.c. After each (M +n) clock pulses, the delete gate is activated by
      the pulse control signal from the programmable divider 13 and the delete
      gate deletes a controlled number (e.g., usually one) of clock pulses in
      the reference clock signal which is being fed from the reference clock
      generator 16 through the delete gate to the feedback counter.
PAR  The delete gate 17 can be specifically implemented, for example, as shown
      in the block diagram of FIG. 7 where the rising or falling edge of the
      pulse control signal triggers a monostable flip-flop circuit 40. The
      complementary output Q (normally high) of flip-flop 40 disables AND gate
      41 for a period .tau. , during which period the reference pulse clock
      signal is inhibited from being supplied to feedback counter 18 through AND
      gate 41. The period .tau.of the monostable flip-flop 40 is chosen such
      that a desired number of pulses are deleted from the reference pulse clock
      signal. Other specific implementations will occur to those in the art to
      achieve the same functions.
PAR  The nominal output signal frequency is
      ##EQU1##
      Therefore, the nominal reference clock frequency is
      ##EQU2##
      The reason for this deviation of the clock frequency from N .times.
      f.sub.c is as follows. When the loop is in lock and tracking the input
      signal with zero phase error, the output of phase detector 11 is a square
      wave and the output of conversion circuit 12 is N/2. The operation of
      programmable divider 13 with an input of n(t) = N/2 causes delete gate 17
      to delete a pulse every
      ##EQU3##
      reference clock pulses. This results in the fraction
      ##EQU4##
      of the clock pulses being deleted. Since it is desirable for the output of
      the digital phase locked loop to exactly equal the input signal in phase
      and frequency when the digital phase locked loop is in lock, the reference
      oscillator frequency must be offset by this amount in order for the output
      of delete gate 17 to equal N .times. f.sub.c and, hence, the output
      frequency of feedback counter to equal f.sub.c. Note that, since the
      reference oscillator frequency is offset only by the fraction
      ##EQU5##
      and, under the assumption that M and N are much greater than unity, in
      explaining the operation of the conversion circuit 12 and the programmable
      divider 13, as shown in FIG. 1, the reference oscillator frequency can be
      considered to be N .times. f.sub.c with negligible error. The pulse clock
      signal frequency as obtained at the output of the delete gate is divided
      by N in the feedback counter 18 so that the frequency of the output of the
      feedback counter is equal to the frequency f.sub.c of the input signal.
      When the phase error is not zero, the phase detector output is such that
      the phase conversion circuit 12 is enabled for a time period which is
      either greater or less than half a cycle, depending on the sign of the
      error signal .epsilon., i.e., the value "n" of the digital signal output
      of circuit 12 varies between 0 and N/2 or between N/2 and N. Programmable
      divider 13 will then divide the frequency of the reference pulseclock
      signal by a number other than N/2 resulting in the deletion of a greater
      or lesser number of pulses in the clock signal being supplied to the
      feedback counter. Accordingly, the phase of the output signal from the
      feedback counter is either advanced or retarded until it equals the phase
      of the input signal.
PAR  The relationship between M and N is important to the operation of the loop.
      In a conventional analog phase-locked loop the frequency deviation of the
      voltage controlled oscillator is directly proportional to the phase error.
      In the digital phase-locked loop of the invention the frequency deviation
      in the signal fed to the feedback counter is inversely proportional to the
      phase error because of the division operation which occurs in the
      programmable divider 13. The open loop gain G.sub.OL of any phase-locked
      loop can be expressed as the ratio of the change in the output frequency f
      out for a small change in the phase error .epsilon. at the phase detector:
      ##EQU6##
      Generally, to achieve proper operation of a phase-locked loop this gain
      function must be linear, so that G.sub.OL is a constant.
PAR  In the invention described herein, if the programmable divider is allowed
      to operate over its full range, because the output frequency deviation
      .DELTA.f .sub.out is inversely proportional to the phase error, the open
      loop gain of the phase-locked loop would be a hyperbolic function instead
      of a linear function as shown by the curve 20 of FIG. 4. To achieve linear
      operation, the operation of the programmable divider 13 is arranged so
      that the open loop gain varies over a restricted region of the curve 20.
      Such operation is obtained by arranging for the divider to divide by (M
      +n), where M has a fixed value and n varies between O and N. If N is kept
      small with respect to M (i.e., M&gt;&gt;N) the tranfer function of the
      programmable divider is essentially linear, as shown in principle with
      reference to curve 20 of FIG. 4 where operation is shown over the region
      21, where M is much greater than N. As M becomes larger, the bandwidth of
      operation becomes narrower. Such operation places no real restriction on
      the applicability of the digital phase-locked loop of the invention since
      this circuit is usually most useful in applications where the bandwidth of
      the phase-locked loop is small relative to the carrier frequency.
PAR  In accordance with the invention, the bandwidth, BW, can be expressed as
      follows:
      ##EQU7##
      The term N/2 - 2 .phi..sub.E where .phi..sub.E is the phase error (.theta.
      - .phi.) in cycles, is dependent upon the instantaneous phase error of the
      loop, and thus the bandwidth of the loop is not strictly linear. But M
      will be much larger than N in actual practice and thus the approximation
      ##EQU8##
      can be made with negligible error and negligible effect in loop
      performance. So long as the loop operation is approximately linear, as
      discussed above, the advantages of the invention can be realized. The
      bandwidth can be changed by changing the value of M which also requires a
      change in the value of the offset in the frequency of the reference pulse
      clock signal, in accordance with the previous discussion thereof.
PAR  While the embodiment discussed above with reference to FIG. 1 shows the use
      of clocking signals for the counter elements thereof which all have the
      same frequency (i.e., .apprxeq.N .times. f.sub.c), in a more general case,
      the clocking signal frequencies can all be different if desired. Thus, as
      shown by the block diagram of FIG. 5, the reference oscillator 16 may
      provide a reference pulse clock signal at any frequency f.sub.ref with the
      clock signals used in the system all being derived therefrom. The
      frequency of the clock signal for the conversion circuit 12 may be, for
      example, L .times. f.sub.ref, via frequency changing circuitry 30, while
      that of the programmable divider 13 may be, for example, K .times.
      f.sub.ref, via frequency changing circuitry 31, and that of the reference
      pulse clock signal supplied to the feedback counter 18 via gate 17 may be,
      for example, X .times. f.sub.ref, via frequency changing circuitry 32 as
      shown. If L=K=X, then the clocking signals are essentially the same as
      shown in FIG. 1.
PAR  Second order operation can be achieved to further enhance the action of the
      phase-locked loop of the invention by utilizing an additional integrating
      loop which comprises an integrating path 25 for the error signal as shown
      in FIG. 6. Thus, the conversion circuitry 26 in path 25 may use, for
      example, a counter which is not reset and which, accordingly, performs an
      integrating operation on the phase error signal so as to provide a digital
      signal at the output thereof having a value n.sub.2 (t) representing the
      integral of the error as symbolically shown in FIG. 6. Such signal is used
      in a manner similar to that discussed above with reference to the digital
      signal having a value n.sub.1 (t) at the output of conversion circuit 12.
      Thus, the digital signal from circuit 26 is fed to a programmable divider
      27 which is also responsive to the reference pulse clock signal from
      reference generator 16. The programmable divider 27 divides the frequency
      of the reference signal by K +n.sub.2, where K will vary depending on the
      second order response desired, to produce a pulse control signal after
      each (K +n.sub.2) pulses. Such pulse control signal is likewise used to
      further control the deletion of the pulses from the reference pulse clock
      signal at a second delete gate 28 in series with delete gate 17, for
      example. When such a connection is used to form a higher order loop, the
      oscillator offset must be changed further similarly to that previously
      described for proper operation of the first-order digital phase locked
      loop.
PAR  While the descriptions of the above embodiments have discussed the phase
      tracking aspects of the invention, such embodiments can be utilized so as
      to provide for a continuous conversion of the phase information of the
      output signal as a parallel digital signal by strobing the feedback
      counter 18 to yield a digital representation of the phase angle .phi.. A
      suitable way for performing such an operation is described in U.S. Pat.
      No. 3,706,902, issued on Dec. 12, 1972 to D. B. Cox, Jr. et al.
PAR  Further, for some applications it may be desirable to utilize a simpler
      version of the embodiment of the invention shown in FIG. 5, wherein the
      output of the programmable divider is used to generate directly the square
      wave output signal (sq(f.sub.c t+.phi.). In accordance therewith, the
      feedback counter 18, the delete gate 17 and the frequency changing
      circuitry 32 are omitted, while the output of programmable divider 13
      represents the output signal and is fed directly to phase detector 11, as
      shown by dashed line 50. Such a structure is effectively equivalent to
      making X=O, and selecting N to equal 1. The values of M and n(t) can be
      arbitrary positive numbers. While this relatively special embodiment of
      the more general embodiments of FIGS. 1 and 5 is simpler than those shown
      in the latter figures, it is more restricted in its resolution and
      bandwidth and cannot be used to provide for a direct digital conversion of
      the output signal phase information through the strobing operation
      discussed above in connection with the feedback counter 18.
PAR  While the above embodiment of the invention seem most preferred at this
      time, modifications thereof may occur to those in the art within the
      spirit and scope of the invention.
PAR  For example, other digital means can be substituted for the programmable
      divider 13 for generating a frequency that varies in an exact, or
      approximately, linear fashion in response to the signal n(t). Thus, a
      binary-rate multiplier 51, the structure and operation of which is known
      to those in the art, can be used, as shown in FIG. 9.
PAR  Further, while a delete gate is shown as used to delete one or more pulses
      from the reference clock signal which is fed to the feedback counter, it
      is also possible to arrange the frequency of the reference signal being
      fed thereto to be such that the phase of the output signal is advanced or
      retarded in accordance with the addition, rather than the deletion, of one
      or more pulses to the reference signal. Thus, the latter signal is fed to
      the feedback counter via an appropriate pulse adding means instead of a
      pulse deletion means.
PAR  Similarly, the reference pulse clock signal in FIG. 1 can be divided by
      ##EQU9##
      to produce an offset-compensation signal with a pulse rate equal to the
      nominal pulse rate from the programmable divider 13, and the pulses of the
      offset-compensation signal can be appropriately added to the reference
      signal at the input of the delete gate 17. Then the nominal clock offset
      is compensated and the nominal reference pulse clock signal can be at a
      frequency of exactly N .times. f.sub.c.
PAR  Such pulse adding means can be implemented, for example, as shown in FIG. 8
      where the rising or falling edge of the pulse control signal triggers a
      monostable flip-flop circuit 45. The period of flip-flop circuit 45 is
      approximately one-half the period between the reference pulse clock pulses
      (i.e.,
      ##EQU10##
      seconds), and the trailing edge of the pulse from monstable flip-flop 40
      triggers a second monostable flip-flop circuit 46, the period of which is
      chosen as very short compared to the period between clock pulses. The
      output pulse from flip-flop 46 is added to the reference clock pulse
      signal by OR gate 47, as shown.
PAR  Further, the circuit shown herein may be useful in some applications where
      linear operation is not necessarily required (e.g., in some noise-free
      applications), in which case the value of M need not be greater than N. In
      such non-linear applications, for example, M might be set equal to or less
      than N or, if desired, M can even be set at 0.
PAR  In addition, with respect to the second order operation discussed in
      connection with the specific implementation shown in FIG. 5, those in the
      art may devise other ways of achieving said second order operation.
      Moreover, higher order loops may be devised to achieve higher order
      responses, the implementations of which would be apparent to those in the
      art in accordance with teachings of the invention.
PAR  Accordingly, the invention is not to be construed as limited to the
      specific embodiments and shown herein except as defined by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A phase processing system comprising means responsive to an input signal
      having a first phase and further responsive to an output signal having a
      second phase for producing an error signal representing the phase
      difference between said first and second phases;
PA1  means for producing a reference clock signal having a fixed clock
      frequency;
PA1  means responsive to said clock signal and to said error signal for
      converting said error signal to a digital signal having a value
      representing said error signal;
PA1  means responsive to said clock signal and to said digital signal for
      producing a pulse control signal having a frequency which varies in
      accordance with the time-varying value of said digital signal;
PA1  means responsive to said pulse control signal and to said reference pulse
      clock signal for controllably changing the number of pulses from said
      reference pulse clock signal in response to said pulse control signal to
      produce an intermediate clock signal;
PA1  means responsive to said intermediate clock signal for producing said
      output signal, the phase of which depends on said controlled number of
      pulses.
NUM  2.
PAR  2. A system in accordance with claim 1 wherein
PA1  said pulse changing means comprises means for deleting a controlled number
      of pulses from said reference clock signal; and
PA1  the phase of said output signal depends on said controlled number of
      deleted pulses.
NUM  3.
PAR  3. A system in accordance with claim 1 wherein said pulse control signal
      producing means comprises
PA1  means for producing a pulse control signal having a frequency equal to the
      frequency of said clock signal divided by a value representing the sum of
      a predetermined value and the time-varying value of said digital signal.
NUM  4.
PAR  4. A system in accordance with claim 3 wherein said predetermined value is
      M; and
PA1  said time-varying value is n(t) wherein n(t) varies between O and N.
NUM  5.
PAR  5. A system in accordance with claim 4 wherein the values of M and N are
      selected so that M is greater than N.
NUM  6.
PAR  6. A system in accordance with claim 4 wherein the values of M and N are
      selected so that M is less than or equal to N.
NUM  7.
PAR  7. A system in accordance with claim 4 wherein the value of M is equal to
      O.
NUM  8.
PAR  8. A system in accordance with claim 1 wherein said error signal converting
      means comprises
PA1  means responsive to said clock signal and to said error signal for
      producing a clock enabling signal;
PA1  re-settable counter means responsive to said clock enabling signal for
      clocking said counter to produce a counter output during each reset
      interval;
PA1  holding register means responsive to said counter output for producing said
      digital signal.
NUM  9.
PAR  9. A system in accordance with claim 8 wherein said reset interval is an
      integral multiple of one cycle of the clock signal.
NUM  10.
PAR  10. A system in accordance with claim 9 wherein said reset interval is one
      cycle of the clock signal.
NUM  11.
PAR  11. A system in accordance with claim 1 wherein said pulse control signal
      producing means comprises
PA1  first counter means responsive to said clock signal for producing a first
      counter output signal;
PA1  second counter means responsive to said first counter output signal for
      producing a second counter output signal after a selectable and fixed
      number of pulses;
PA1  flip-flop circuitry for producing a signal which changes state in response
      to said second counter output signal;
PA1  means for comparing the parallel digital outputs of said first counter and
      said digital signal to produce a pulse signal when said compared signals
      are equal;
PA1  means responsive to said pulse signal and to said change of state signal
      for producing said pulse control signal.
NUM  12.
PAR  12. A system in accordance with claim 11 wherein the frequency of said
      pulse control signal is equal to the frequency of said clock signal
      divided by a value representing the sum of a fixed value M and the
      time-varying value n(t) of said digital signal which time-varying value
      varies between O and N and further wherein
PA1  said first counter means divides the frequency of said clock signal by N;
      and
PA1  said second counter means divides the frequency of the first counter output
      signal by M/N.
NUM  13.
PAR  13. A phase processing system comprising
PA1  means responsive to an input signal having a first phase and further
      responsive to an output signal having a second phase for producing an
      error signal representing the phase difference between said first and
      second phase;
PA1  means for producing a pulse clock signal having a fixed clock frequency;
PA1  means responsive to said pulse clock signal for producing a first reference
      signal having a first frequency proportional to that of said pulse clock
      signal;
PA1  means responsive to said first reference signal and to said error signal
      for converting said error signal to a digital signal having a digital
      value representing the value of said error signal;
PA1  means responsive to said pulse clock signal for producing a second
      reference signal having a second frequency proportional to that of said
      pulse clock signal;
PA1  means responsive to said second reference signal and to said digital signal
      for producing a pulse control signal having a frequency equal to the
      frequency of said second reference signal divided by a value representing
      the sum of a fixed value and said digital value;
PA1  means responsive to said pulse clock signal for producing a third reference
      signal having a third frequency proportional to that of said pulse clock
      signal;
PA1  means responsive to said third reference signal and to said pulse control
      signal for controllably changing the number of pulses from said third
      reference signal in response to said pulse control signal to produce an
      intermediate clock signal;
PA1  means responsive to said intermediate clock signal for producing said
      output signal the phase of which depends on said controlled number of
      pulses.
NUM  14.
PAR  14. A system in accordance with claim 13 wherein said pulse changing means
      comprises means for deleting a controlled number of pulses from said third
      reference signal; and
PA1  the phase of said output signal depends on said controlled number of
      deleted pulses.
NUM  15.
PAR  15. A phase processing system in accordance with claim 1 and further
      including at least one higher order path comprising means for producing a
      further phase control signal in response to one or more integrations of
      said phase error signal.
NUM  16.
PAR  16. A phase processing system in accordance with claim 15 wherein said
      system includes a single second order path comprising means for producing
      said further phase control signal in response to a single integration of
      said phase error signal.
NUM  17.
PAR  17. A phase processing system in accordance with claim 16 wherein said
      second order path includes
PA1  means responsive to said clock signal and to said error signal for
      producing a second digital signal having a value representing the integral
      of said error signal;
PA1  means responsive to said clock signal and to said second digital signal for
      producing said further pulse control signal having a frequency which
      varies in accordance with the time-varying value of said second digital
      signal;
PA1  further means responsive to said reference pulse clock signal for further
      changing the number of pulses from said reference pulse clock signal in
      response to said second pulse control signal to produce said intermediate
      signal.
NUM  18.
PAR  18. A system in accordance with claim 7 wherein said further pulse changing
      means comprises means for further deleting a controlled number of pulses
      from said reference pulse clock signal; and
PA1  the phase of said output signal further depends on said controlled number
      of deleted pulses.
NUM  19.
PAR  19. A system in accordance with claim 1 wherein
PA1  said pulse changing means comprises means for adding a controlled number of
      pulses to said reference pulse clock signal; and
PA1  the phase of said output signal depends on said controlled number of added
      pulses.
NUM  20.
PAR  20. A system in accordance with claim 2, wherein said output signal
      producing means comprises a continuously recycling counter.
NUM  21.
PAR  21. A system in accordance with claim 1, wherein said pulse changing means
      comprises means for altering the number of pulses from said reference
      pulse clock signal by a predetermined amount in response to each pulse of
      said pulse control signal.
NUM  22.
PAR  22. A system in accordance with claim 21, wherein the phase of said output
      signal if modified in direct proportion to the predetermined amount by
      which the number of pulses of said reference pulse clock signal is
      altered.
NUM  23.
PAR  23. A system in accordance with claim 21 wherein said means for producing
      said output signal producing means comprises a counter that recycles upon
      reaching the count N, where N is a predetermined number.
NUM  24.
PAR  24. A phase-processing system comprising
PA1  means responsive to an input signal having a first phase and further
      responsive to an output signal having a second phase for producing an
      error signal representing the phase difference between said first and
      second phases;
PA1  means for producing a pulse clock signal having a fixed clock frequency;
PA1  means responsive to said pulse clock signal for producing a first reference
      signal having a first frequency proportional to that of said pulse clock
      signal;
PA1  means responsive to said first reference signal and to said error signal
      for converting said error signal to a digital signal having a digital
      value representing the value of said error signal;
PA1  means responsive to said pulse clock signal for producing a second
      reference signal having a second frequency proportional to that of said
      pulse clock signal; and
PA1  means responsive to said second reference signal and to said digital signal
      for producing said output signal having a frequency that varies in
      accordance with the time-varying value of said digital signal.
NUM  25.
PAR  25. A system in accordance with claim 1 wherein said pulse control signal
      producing means comprises
PA1  means for producing a pulse control signal having a frequency directly
      proportional to the frequency of said clock signal multiplied by the
      time-varying value of said digital signal.
PATN
WKU  039367630
SRC  5
APN  5240255
APT  1
ART  254
APD  19741115
TTL  Null input OMEGA tracking filter system
ISD  19760203
NCL  6
ECL  1
EXP  Heyman; John S.
NDR  2
NFG  6
INVT
NAM  Palmer; Winslow
CTY  Fort Myers
STA  FL
ASSG
NAM  The United States of America as represented by the Secretary of the Navy
CTY  Washington
STA  DC
COD  06
CLAS
OCL  329104
XCL  343105R
XCL  325346
EDF  2
ICL  H03D  324
FSC  328
FSS  134
FSC  307
FSS  232
FSC  329
FSS  104;122
FSC  343
FSS  105 R
FSC  325
FSS  346
UREF
PNO  3099796
ISD  19630700
NAM  Zadoff
XCL  329122
UREF
PNO  3761829
ISD  19730900
NAM  Spaulding
OCL  329104
UREF
PNO  3769602
ISD  19731000
NAM  Griswold
OCL  329122
UREF
PNO  3866133
ISD  19750200
NAM  Debloois et al.
OCL  329104
LREP
FR2  Sciascia; R. S.
FR2  Rubens; G. J.
FR2  Phillips; T. M.
ABST
PAL  Tracking filter apparatus for determining the relative phase of
       synchroni CW navigation systems. The apparatus generates a square wave
      signal the phase and amplitude of whose fundamental sinusoidal components
      match those of the fundamental components of signals being tracked. The
      apparatus operates with a digital computer which processes sample OMEGA
      amplitudes to acquire and maintain synchronism with the standard OMEGA
      multiplex pattern.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In CW navigation systems such as OMEGA, DECCA, and LORAC receivers
      determine relative RF-phase of synchronized radio signals by amplifying
      the signals separately with either time or frequency multiplex techniques.
      The signals are amplified to a level at which the relative phase can be
      conveniently observed. Any difference in the timing of the processing of
      the signals comprises an error in the relative phase indication, thereby
      requiring that extreme measures be taken in the design of signal
      amplifiers to ensure that all signals suffer at least the same amplifier
      delays regardless of differences in amplitude, wave shape, noise level,
      etc. In precision type systems such as Differential OMEGA, ultimate
      accuracy can be limited more by the residual uncontrollable phase
      uncertainty in the receivers than by random propagation effects,
      particularly at short ranges.
PAR  In the prior art apparatus, variation in receiver delays between signals is
      eliminated from the phase indication by a technique involving cancellation
      of the received signals at the antenna terminals. A locally generated
      signal is injected into the antenna circuit and adjusted in phase and
      amplitude such that the phasor difference, as amplified to an observable
      level in a sensitive radio receiver goes to a null.
PAC  SUMMARY OF THE INVENTION
PAR  Phase tracking apparatus for use with OMEGA and other CW navigation systems
      are disclosed. The apparatus tracks RF-phase of the fundamental components
      of signals being tracked in conjunction with a digital computer which is
      programmed to process sample amplitudes of OMEGA signals so as to acquire
      and maintain synchronism with the OMEGA multiplex pattern. The apparatus
      tracks signal phase at two discrete frequencies and embodies a Null Input
      Tracking Filter and frequency conversion through a narrow-band
      IF-amplification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the OMEGA null input signal processor
      embodying the inventive concept to be disclosed herein;
PAR  FIGS. 2(a) and 2(b) represent graphical illustrations of the OMEGA
      multiplex patterns used with the system of FIG. 1; and
PAR  FIGS. 3(a) through 3(c) represent graphically the IF output sampling
      achieved with the system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The OMEGA signal processor of FIG. 1 comprises a computer "front end"
      system adapted to develop computer input data for tracking OMEGA signal
      phase at two frequencies (e.g., 10.2-kHz and 13.6-kHz). The system employs
      a null input tracking filter process and frequency conversion through a
      narrow band 680-Hz IF-amplification to be described hereinafter.
PAR  The processor is intended to operate in conjunction with a computer (not
      shown) which is programmed to process sample amplitudes of OMEGA signals
      to acquire and maintain synchronism with the OMEGA multiplex pattern of
      FIGS. 2(a) and 2(b). The computer also tracks the RF-phase of the various
      signal components being received.
PAR  To accomplish the above, it is assumed that the computer either operates in
      synchronism with the OMEGA processor of FIG. 1 under the control of a
      frequency standard, or asynchronously on command from the OMEGA processor
      so that the program iterates over an exact one or more 10-second OMEGA
      sequence periods.
PAR  In FIG. 1, the oscillator 10 represents a clock pulse generator with an
      operating frequency of 5.4264-mHz which is a common multiple of 10.2-kHz;
      (10.2 - 0.68)-kHz; 13.6-kHz; and, (13.6 - 0.68)-kHz.
PAR  The frequency divider 12 comprises a 4 : 1 counter which is operatively
      connected to a reset controller 14. When activated the controller 14
      causes the counter 12 to reset at the count of three instead of four so
      that its counting ratio thus becomes 3 : 1. The counter 16 also comprises
      a frequency divider with a counting ratio of 133 : 1.
PAR  When counter 12 counts at 4 : 1, the overall countdown is thus: 4 .times.
      133 = 532 : 1, thereby causing the counter 16 to cycle at a frequency of
      ##EQU1##
      When counter 12 is counting at 3 : 1, the overall countdown is 3 .times.
      133 = 399 : 1, thereby producing a cycling frequency of
      ##EQU2##
PAR  The digital register 18 is adapted to receive and store any number from 0
      to 132 and has a read-in capability wherein a new number replaces the
      number previously held.
PAR  The coincidence matrix 20 comprises logic circuitry adapted to switch the
      output to "+1" and hold the output when the count reached in the counter
      16 passes through the count standing in register 18. The matrix 20 further
      switches the output state to a "-1" when the count reached in the counter
      16 passes through the count in register 18 by .+-. 66 counts. The above
      action produces a square-wave whose period is the same as the cycling
      period of the counter 16, but whose phase, relative to the cycling of the
      counter 16, depends upon the count standing in the register 18.
PAR  Digital register 22 is adapted to receive and store any number from 0 to
      255 with read-in of a new number replacing the number held. The attenuator
      24 is a switchable device which is controlled by the register 22 to
      provide attenuation from 0 to 126-DB, depending upon the quantity standing
      in the register 22.
PAR  The receiving antenna 26 receives remote signals whose phase is to be
      determined. A linear signal combining element 28, e.g., a hybrid
      transformer, or a dual input operational amplifier or similar linear
      combining element, forms the algebraic or phasor difference between the
      signals received by the antenna 26 and the local signal passing the
      attenuator 24. The difference circuit 28 is not a phase detector, nor is
      it a mixer or other non-linear operator. Its output is the simple phasor
      difference of its inputs, without frequency change, phase detection, or
      any other non-linear operation.
PAR  The bandpass amplifier 300 is tuned to 10.2-kHz with linear-logarithmic
      amplitude response and progressively narrowing passband to provide maximum
      discrimination against impulsive noises. The amplifier 32 is a similar
      type of device but is tuned to 13.6-kHz.
PAR  The switches 34 and 36 comprise "AND" gates which are actuated by control
      signals from the computer to thereby connect either amplifier 30 or 32 to
      the mixer 38.
PAR  The counter or frequency divider 40 subdivides the clock pulse frequency by
      19 : 1. Associated with the counter 40 is a reset control 42 which when
      activated causes the counter 40 to reset at the count of fourteen instead
      of nineteen, thereby dividing the clock frequency by 14 : 1. The counter
      or frequency divider 44 subdivides the output of the counter 40 by a
      further ratio of 30 : 1, and its output on line (a) changes to +1 at the
      count of 30 and reset, and to -1 at the count of 15. The output on line
      (b) changes to +1 at the count of 7 and to -1 at the count of 32. Thus,
      the outputs of the counter 44 comprise two square-waves, with the wave on
      line (b) lagging the wave on line (a) by a quarter period of phase.
PAR  When the counter 40 is operating with a count of 19, the overall countdown
      is 19 .times. 30 = 570 : 1, thereby producing a cycling frequency of:
      ##EQU3##
      When the reset control 42 is activated so that the counter 40 resets on
      the count of 14, the overall countdown is equal to 14 .times. 30 = 420.
      This produces a cycling frequency of:
      ##EQU4##
PAR  The mixer or frequency converter 38 generates the heterodyne or difference
      frequency between the output of the counter 44 and the output of either
      amplifier 30 or 32. In either case it produces an intermediate frequency
      signal of 680-Hz.
PAR  The intermediate frequency amplifier 46 is a 680-Hz device with a
      linear-logarithmic, amplitude response characteristic.
PAR  The mixer 48 comprises a frequency converter and pulse generator which
      produces a series of sharp trigger pulses. The repetition frequency of the
      pulses is the difference between the frequency of the local signal from
      the coincidence matrix 20 and the local "in-phase signal" on line (a) from
      the divider 44, and its phase varies as the phase of the signal from the
      coincidence matrix 20.
PAR  The mixer 50 is similar to 48 and produces a second series of sharp trigger
      pulses at the same intermediate frequency and in-phase quadrature with
      respect to the pulses from the mixer 48.
PAR  The two IF pulse trains are combined in the "OR" element 52 to activate the
      sample and hold unit 54 which samples the output of the IF amplifier 46,
      while holding the sampled values between triggers. The analog to digital
      converter 56 converts the sampled amplitudes into digital quantities.
PAR  The amplitude detector 58 rectifies the signals from the IF amplifier 46 to
      produce an envelope waveform function of the incoming signals.
PAR  The counter or frequency divider 60 subdivides the clock frequency of
      5.4264-mHz by 7980 to produce reference pulses at frequency of 680-Hz.
      These pulses are applied to reset the counters 12, 16, or 44 and 40 to
      cause the counter outputs to cycle at all times at the same relative phase
      with respect to the output of the counter 60.
PAR  The digital to analog converter 62 varies the frequency of the clock pulses
      over a very small range in accordance with frequency correcting code words
      transmitted to the A/D converter. Another counter or frequency divider 66
      divides the 680-Hz output of counter 60 by 68 to produce a sequence of
      trigger pulses at 0.1 second intervals (10-Hz).
PAR  The sample and hold circuit 68 samples the output of the amplitude detector
      58 every tenth second. The analog to digital converter 70 provides a
      digital representation of the envelope samples.
PAR  Alignment of the switching function of the computer program to match the
      sequence of OMEGA signal transmissions as shown in FIGS. 2(a) and 2(b) is
      obtained as follows. Either manually, or automatically, the computer
      program is changed to a "multiplex alignment mode," wherein correlation of
      the switching function with the incoming signal sequence is checked and
      corrected as required. In the multiplex alignment mode, a special data
      word is transmitted to the amplitude register 22, to provide infinite
      attenuation of the local signal so that only distant signals will pass to
      the signal amplifiers.
PAR  The gate 34, for example, would be set to pass any 10.2kHz signals to the
      mixer 38. The counter 40 would be set to count by 19 : 1 to produce an
      L.O. signal of 9.52-kHz. The L.O. signal sets the receiver to pass the
      10.2-kHz signals to the amplitude detector 58, and produces the
      logarithmic amplitude envelope function at the input of the sampler 68.
      Alternatively the system could be set to pass 13.6-kHz signals if desired.
PAR  At 0.1 second intervals, timing pulses from the counter 66 cause sampler 68
      to sample the envelope function. The sampled amplitudes are then converted
      to digital quantities by the A/D converter 70. The successive samples of
      the incoming signal envelopes are added or subtracted at each of
      one-hundred addresses in the computer memory. The address distribution is
      arranged to develop concurrently the coefficients of correlation for the
      one-hundred possible phase alignments or displacements between the
      computer program cycle and the incoming signal sequence.
PAR  The timing of the program cycle is adjusted to match the correlation
      function for which the coefficient of correlation with the incoming signal
      envelopes is a maximum. When correct alignment has been confirmed, the
      computer program is switched to the phase track mode.
PAR  RF-phase tracking is achieved as follows. Included in the computer
      programming is a specification of the time segments of the particular
      signal components, including assignment of certain addresses in the
      computer memory to hold quantities representing the phase and amplitude of
      each signal component to be tracked.
PAR  When, for example, the 10.2-kHz component from station A which is
      transmitted in segment A of the signal sequence of FIG. 2(a) is to be
      tracked, during the gap preceeding the start of the A segment of the
      sequence, the computer program directs that the word in the memory
      assigned to represent the phase of the 10.2-kHz component from station A
      be set up in the phase register 18, and that the word representing its
      amplitude be set up in the amplitude register 22. The computer program
      also directs that the reset units 14 and 42 be disabled, so that the
      counter 12 operates at 4 : 1 and the counter 40, at 19 : 1. Divider 16
      then cycles at the rate of 10.2-kHz, and counter 44, at the rate of
      9.52-kHz.
PAR  The output of the coincidence matrix 20 goes positive each time the counter
      16 passes through the count stored in the register 40, and goes negative a
      half period later, producing a square-wave with a period of 10.2-kHz, and
      whose phase relative to the cycling of the counter 16 is determined by the
      count stored in the register 18. This square-wave of standardized
      amplitude is attenuated by a factor determined by the count stored in the
      register 22, and is applied along with the incoming signal to the input of
      the 10.2-kHz amplifier 30, through the subtraction unit 28.
PAR  The narrow bandwidth of the RF amplifier 30 passes only the fundamental
      sinusoidal component of the local square-wave, providing an input to the
      mixer 38 of the form:
EQU  S Cos(15.beta.t + .phi.) - R Cos (15.beta.t + .theta.),
PAL  where .beta. is the radian equivalent of 680-Hz,
EQU  .beta. = 2.pi.680 radians/second.
PAR  The output of the mixer 38 is the low-frequency part of the product of the
      input signal and the "local oscillator" signal (L.O.) on line (a) from the
      counter 44, and has a form as follows:
EQU  L.O. = Cos 14.beta.t,
PAL  so that the IF signal as shown in FIG. 3(a) is equal to the low-frequency
      portion of the following:
EQU  [S Cos(15.beta.t + .phi.) - R Cos (15.beta.t + .theta.)] Cos 14.beta.t = [S
      Cos(.beta.t + .phi.) - R]Cos(.beta.t + .theta.) - S Sin(.phi. -
      .theta.)Sin(.beta.t + .theta.).
PAR  The output of the counter 44 on line (a) is mixed with the local reference
      from the coincidence matrix 20, to produce a difference signal equal to
      the low-frequency part of [Cos(15.beta.t + .theta.)Cos 14.beta.t] =
      Cos(.beta.t + .theta.). The output is converted into trigger pulses
      occuring at:
EQU  .beta.t + .theta. = 2N.pi., as in FIG. 3(b).
PAR  Similarly, the quadrature output from the counter 40 on line (b) is mixed
      with the local signal from matrix 20 to produce a second difference signal
      equal to the low-frequency part of [Cos(15.beta.t + .theta.)Sin
      14.beta.t]- Sin(.beta.t + .theta.). The output is likewise converted (by
      means not shown) into trigger pulses occurring at:
EQU  .beta.t + .theta. = (2N - 1/2).pi.,
PAL  as shown in FIG. 3(c).
PAR  The sampling pulses, which are derived by heterodyning the L.O. signals
      with the local reference, shift phase along with the local reference from
      the matrix 20. Thus, the in-phase triggers always coincide with the maxima
      of the "in-phase" component of the I.F. amplifier 32 output and also with
      the zeros of the "quadrature" component. Conversely, the quadrature
      sampling pulses of FIG. 3(c) always coincide with the maxima of the
      "quadrature" component, and with the zeros of the "in-phase" component,
      independently of the local phase angle, .theta..
PAR  As a minimum, the computer program is arranged so that successive
      quadrature samples are added algebraicly to the count of the register 18,
      thereby closing the phase control loop as a Type-I or rate lag control.
      Similarly, the successive, in-phase samples are summed in the amplitude
      register 22, thereby closing the amplitude control loop. Type-II or
      Type-III control functions can be provided by suitable processing of
      present and past data in the computer program before transmission to the
      phase and amplitude control registers.
PAR  The amplitude of the quadrature component is proportional to the sine of
      the phase difference between the local reference and the incoming signal.
      Thus, subtracting the sum of the samples from the total in the phase 18
      generates a control function of the form:
EQU  .theta..sub.n.sub.+1 = .theta..sub.n + K Sin(.phi. - .theta..sub.n)
PAL  which with proper attention to conditions for stability, etc., necessarily
      subsides to the following equation:
EQU  .theta. .apprxeq. .phi.
PAR  Similarly, the amplitude of the in-phase component is proportional to the
      difference of the amplitudes of the incoming and the local signals. Thus,
      subtracting the sum of the in-phase samples from the total in the
      amplitude register 32 generates a control function of the form:
EQU  Log R.sub.n.sub.+1 = Log R.sub.n + K[S Cos(.phi. - .theta..sub.n) - R.sub.n
      ]
PAR  As above, with due consideration of conditons for stability, etc., also
      subsides to the following form:
EQU  R = S Cos(.phi. - .theta.) .apprxeq. S
PAR  To track the 13.6-kHz component of FIG. 2(b) which is transmitted by
      station A, the computer is programmed as follows. During the 0.2 second
      gap between the A and B segments, the accumulated data words in the
      registers 22 and 16 are transmitted to the assigned memory locations for
      the A data (10.2-kHz) to be replaced with stored data derived from
      previous A transmissions (13.6-kHz). The program also activates the reset
      units 14 and 42 whereby the counter 12 resets on the count of three. The
      counter 16 cycles at the rate of 13.6-kHz, and the counter 40 resets at
      the count of 14 so that the counter 44 cycles at the rate of 12.92-kHz.
      The program also enables gate 36 and closes the gate 34, so that the
      incoming 13.6-kHz signals are passed to the mixer 38.
PAR  During the B segment of the signal sequence, the system tracks the 13.6-kHz
      signals in the same manner as the above tracking of the 10.2-kHz signals
      of the A segment, and phase tracking of other signal components is
      accomplished in a like manner.
PAR  Data readout is achieved as follows. After initial transients have reached
      a steady state, the data words in the memory of the computer, and at the
      addresses assigned to hold the phase and amplitude data of the various
      signal components, will have converged to values which, when set up in the
      phase register 18, cause the fundamental component of the local
      square-wave to match with great precision the phase of the corresponding
      incoming signal component. Thus, the count standing in the register 18,
      and the corresponding words in the memory, are more or less precise
      measures of the phases of the incoming signal components with respect to
      the cycling of the counter 16.
PAR  This data can then be processed, as convenient, to provide OMEGA phase
      difference data, with one stage of lane identification, or the phase data
      can be combined to provide the difference, or a 3.4-kHz phase.
      Alternatively, the data can be processed to yield distance and deviation
      from a straight line track in an oblique linear coordinate system matching
      the hyperbolic grid of the Global Navigation Formula, etc.
PAR  Internal synchronization of the system of FIG. 1 is achieved in the
      following manner. The system switches between 10.2-kHz and 13.6-kHz
      tracking functions by setting the counter 12 to count by four for 10.2-kHz
      and three for 13.6-kHz; and by setting the counter 40 to count by nineteen
      to provide the 9.52-kHz L.O. signal for 10.2-kHz, and to count by fourteen
      for the L.O. signal at 12,920-Hz for heterodyning the 13.6-kHz.
PAR  Depending upon the count of the reset controls when they are activated or
      deactivated, the counters may restart at any random count, with a
      resulting phase increase in the reference and L.O. signal phases.
PAR  The basic time scale of the system is the output of the counter 60 at
      680-Hz, which is a common factor of all four frequencies: 13.6-, 12.92-,
      10.2- and 9.52-kHz. To ensure that the reference and L.O. signals are
      always in the proper phase, the output of counter 60 is applied to the
      reset counters 12, 16, 40, and 44. Thus, after each change in the state of
      the reset controls 14 and 42, a reset pulse is applied to reset the four
      counters to zero with the cycling of the counter 60. Since the period of
      the four counters is commensurate with the output of the counter 60, at
      both 10.2kHz and 13.6-kHz, the four counters will thereafter always be in
      step zero when a reset pulse is emitted by the counter 60. Thus no further
      resets occur until another frequency change is called, unless one of the
      counters miscounts.
PAR  In the OMEGA multiplex sequence of FIGS. 2(a), 2(b), and 2(c), when all
      eight stations are in operation, there will be both a 10.2kHz and a
      13.6-kHz component from two of the stations in every segment of the
      commutating sequence. In the present embodiment of the receiver, there is
      only one phase sampler and one A/D converter for phase data, so that only
      one RF-phase can be tracked at a time. The sequence of transmissions to be
      tracked depends simply on the computer program, and can be set up in any
      sequence desired. In the unusual case where the transmissions of three
      selected stations to be tracked do not overlap, it is possible to track
      all six components in each 10-second multiplex period.
PAR  In the more usual case of overlapping transmissions, the computer program
      must be extended over two or three sequences to track all six components
      from three stations, and up to four sequences, to track all eight
      components from four stations. The above situation can be mitigated to
      some extent, by taking the average of the phase at both frequencies as the
      basic phase data, or by tracking one frequency from a particular station
      more frequently than the other, etc.
PAR  As part of the tracking process, the system of FIG. 1 provides a precise
      measure of the signal amplitudes, as well as phase, as an inherent part of
      the tracking process. The measure appears as digital quantities stored in
      the computer memory. This data can be used for the following purposes:
PA1  O -- indication of the presence or absence of a signal
PA1  O -- indication of loss of commutator synch
PA1  O -- as a research tool, for tracking signal amplitudes
PA1  O -- to provide a communications channel
PAR  Due to the cancellation process, if a signal drops out, a large signal
      envelope output appears in that segment of the sequence due to the then
      uncancelled local signal, which could be used as a fault warning, or for
      conveying a message code.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teaching. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Tracking filter apparatus for determining the relative phase of
      synchronized CW navigation systems comprising:
PA1  input terminal means for receiving remote signals whose phase is to be
      determined;
PA1  first signal generating means for generating a sinusoidal signal having a
      phase and magnitude to that of the fundamental component of received
      signal;
PA1  a difference circuit coupled to said input terminal and said first signal
      generating means and having an output that is proportional to the phasor
      difference of its inputs;
PA1  phase register means coupled to said first signal generating means for
      providing a signal that has a value that causes the fundamental component
      of said signal generated by said first signal generating means to match
      the phase of the corresponding incoming signal component and is a measure
      of the phase difference of the incoming signal.
NUM  2.
PAR  2. The apparatus of claim 1 and further including mixer means coupled to
      said difference circuit and local oscillator means coupled to said mixer
      means and to said first signal generating means for synchronizing the
      local oscillator signal with said fundamental component of the received
      signal.
NUM  3.
PAR  3. The apparatus of claim 2 wherein detector means are coupled to said
      mixer means for detecting said received signal and sampling means coupled
      to said detector means for sampling said detected signal at a
      predetermined rate.
NUM  4.
PAR  4. The apparatus of claim 1 wherein attenuator means is coupled between
      said first signal generating means and said difference circuit for
      attenuating said generated signal by means of a preselected computed
      signal.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said first signal generating means
      include:
PA1  a clock pulse generator operating at a predetermined frequency which is a
      common multiple of the frequency of a signal to be processed;
PA1  variable counter means coupled to said clock pulse generator for
      selectively providing output frequencies corresponding to frequencies of
      input signals to be processed;
PA1  coincidence matrix means coupled to said variable counter means and to said
      phase register means for providing an output signal having a phase and
      magnitude to that of the fundamental component of the received signal.
NUM  6.
PAR  6. Tracking filter apparatus for determining the relative phase of a
      sinusoidal or other periodic signal, comprising:
PA1  input terminal means for receiving the signal whose phase is to be
      determined;
PA1  first signal generating means for generating a local periodic signal having
      a phase and magnitude similar to that of the signal whose phase is to be
      determined;
PA1  a difference circuit coupled to said input terminal and to said first
      signal generating means and having an output that is proportional to the
      phasor difference of its inputs;
PA1  phase control means coupled to said first signal generating means and to
      said difference circuit for adjusting the phase of said local signal in
      response to the amplitude of the quadrature component of said phasor
      difference with respect to said local signal;
PA1  amplitude control means coupled to said first signal generating means and
      to said difference circuit for adjusting the amplitude of said local
      signal in response to the amplitude of the in-phase component of said
      phasor difference with respect to said local signal.
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ABST
PAL  A frequency discriminator utilizing a pair of surface wave devices each
      comprising one transducer on a piezoelectric substrate connected in series
      with a signal source and a pair of envelope detectors connected in series
      with the surface wave devices is shown.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  Fischman et al., "Surface Wave Frequency Discriminator," Ser. No. 417,036,
      filed Nov. 19, 1973 , now abandoned; and Fischman et al., "Frequency
      Discriminator Utilizing Surface Wave Devices," Ser. No. 516,175, filed
      Oct. 21, 1974; both assigned to the same assignee as this application.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to frequency discriminators utilizing surface wave
      devices and more particularly to frequency discriminators utilizing a pair
      of surface wave devices each having a single transducer.
PAR  Surface wave devices have found a number of applications as frequency
      selective or responsive devices such as in filters, frequency
      discriminators, and the like. Such devices normally comprise one or more
      interdigital transducers disposed on a substrate of piezoelectric material
      such as lithium niobate, lithium tantalate, PZT, quartz, zinc oxide, zinc
      sulfide, or cadmium sulfide. Of the various possible piezoelectric
      materials, lithium niobate is presently preferred, however, depending upon
      the application and the frequencies of interest, other materials may be
      used as well and may in some cases be preferred. Surface wave devices
      possess a number of advantages over frequency responsive circuits
      constructed of discrete components such as small size, compatability with
      integrated circuits, relatively invariant characteristics, bulk
      fabrication, and the like.
PAR  Prior art frequency discriminators utilizing surface wave devices have
      generally included transmitting and receiving transducers disposed on a
      piezoelectric substrate. Such devices, however, have parasitic responses
      due to various parasitic effects such as side lobe responses, bulk wave
      coupling, capacitive and inductive coupling, and the like. Such parasitic
      effects deleteriously affect the performance of such prior art frequency
      discriminators. Furthermore, prior art frequency discriminators utilizing
      transmitting and receiving transducers require relatively complex design
      and fabrication techniques and have a relatively high insertion loss or
      low efficiency.
PAR  Attempts to circumvent the disadvantages of frequency discriminators
      utilizing transmitting and receiving transducers have been generally
      unsuccessful. Some prior art attempts involve the use of designs including
      surface wave devices with single transducers, however, these prior art
      techniques have also resulted in transducers with low efficiency and
      inadequate or deleterious performance.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of this invention to provide frequency
      discriminators utilizing surface wave devices which obviate the
      above-noted and other disadvantages of the prior art.
PAR  It is a further object of this invention to provide frequency
      discriminators utilizing surface wave devices with high efficiency and low
      insertion losses.
PAR  It is a further object of this invention to provide frequency
      discriminators utilizing surface wave devices which can be fabricated
      using relatively uncomplicated and simple techniques.
PAR  It is a further object of this invention to provide frequency
      discriminators utilizing surface wave devices which have superior
      preformance.
PAR  It is a yet further object of this invention to provide frequency
      discriminators utilizing surface devices which are not deleteriously
      affected by various parasitic responses.
PAR  In one aspect of this invention the above and other objects and advantages
      are achieved in a frequency discriminator including a signal source, first
      and second surface wave devices, and first and second envelope detectors.
      The signal source provides a signal having frequencies that vary about a
      center frequency. Each of the surface wave devices has a transducer with
      first and second combs of interleaved electrodes disposed on a
      piezoelectric substrate. The surface wave devices also have impedance
      maximums at frequencies lower and higher, respectively, than the center
      frequency. The first surface wave device and first envelope detector are
      connected in series with the signal source and the second surface wave
      device and second envelope detector are also connected in series with the
      signal source for providing first and second output signals which are
      summed to provide a signal having an amplitude representative of the
      frequency deviation of the signal provided by the signal source from the
      center frequency.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block and schematic diagram of one embodiment of the invention;
PAR  FIGS. 2A, 2B, and 2C are graphs of impedance vs frequency for the surface
      wave devices used in the invention; and
PAR  FIGS. 3 and 4 are alternate embodiments of surface wave devices in
      accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following disclosure in conjunction with the accompanying
      drawings.
PAR  In FIG. 1 a signal source 10 is shown which provides a signal having
      frequencies that vary about a center frequency to a terminal 12. The
      nature or characteristics of the signal provided by signal source 10 will
      vary depending upon the application of a frequency discriminator in
      accordance with the invention. For example, if the frequency discriminator
      is used in an automatic frequency control (AFC) system in a television
      receiver, signal source 10 will include an intermediate frequency
      amplifier stage and the center frequency will typically be 45.75 mHz. In
      an AFC system the output signal will be applied to a DC of error amplifier
      coupled to the radio frequency oscillator in the tuner. If, however, the
      frequency discriminator is used to demodulate an FM signal, such as an
      intercarrier beat signal in a television receiver, signal source 10 can
      include the intercarrier detector and the signal provided thereby will
      typically have a center frequency of 4.5 mHz. In such applications the
      output signal from the frequency discriminator will typically be coupled
      to an audio amplifier. Those skilled in the art will realize, however,
      that a frequency discriminator in accordance with the invention is not
      limited to television circuitry and may be used, for example, in other FM
      demodulators and AFC systems as well as in other applications where
      frequency discriminators are typically used.
PAR  Terminal 12 is connected to one terminal 16 of a surface wave device 18
      which has a second terminal 20 connected to an envelope detector 24.
      Envelope detector 24 includes a diode 26 having its cathode connected to
      terminal 20 and its anode connected by a capacitor 28 to circuit ground.
      Another diode 30 is connected between the cathode of diode 26 and circuit
      ground. A resistor 32 is connected between the anode of diode 26 and a
      terminal 52 which comprises the output terminal of the frequency
      discriminator.
PAR  Terminal 12 is further connected to one terminal 34 of a surface wave
      device 36 which has a second terminal 38 connected to a second envelope
      detector 42. Envelope detector 42 has a diode 44 with its anode connected
      to terminal 38 and its cathode connected by a capacitor 46 to circuit
      ground. Another diode 48 is connected from circuit ground to the anode of
      diode 44. A resistor 50 is connected between the cathode of diode 44 and
      output terminal 52. Resistors 32 and 50 comprise a means for summing the
      output signals from envelope detectors 24 and 42.
PAR  Accordingly, surface wave device 18 and envelope detector 24 are connected
      in series with signal source 10. Furthermore, surface wave device 36 and
      envelope detector 42 are also connected in series with source 10.
PAR  Surface wave device 18 has an amplitude vs frequency response similar to
      that illustrated in FIG. 2A where f.sub.0 is the center frequency of the
      over-all discriminator response and f.sub.1 is the frequency at which
      surface wave device 18 has an impedance maximum. Similarily, surface wave
      device 36 has an amplitude vs frequency response similar to that
      illustrated in FIG. 2B wherein f.sub.2 is the frequency at which surface
      wave device 36 has an impedance maximum. Frequencies f.sub.1 and f.sub.2
      are determined primarily by the geometry of the transducers in surface
      wave devices 18 and 36. The frequencies are selected such that the
      composite or over-all frequency response illustrated in FIG. 2C is
      obtained.
PAR  Surface wave devices 18 and 36 convert the signal from signal source 10
      into an amplitude modulated signal or a signal with amplitude variations
      dependent upon the frequency deviation from the center frequency f.sub.0.
      Envelope detectors 24 and 42 detect the amplitude modulations or
      variations to provide first and second output signals which are summed by
      resistors 32 and 50 to provide a composite output signal having an
      amplitude representative of the frequency deviation of the signal provided
      by source 10 from the center frequency f.sub.0. Resistors 32 and 50 also
      provide DC returns for capacitors 28 and 46.
PAR  Diodes 30 and 48 provide a DC return for surface wave devices 18 and 36.
      Diodes 30 and 48 can be replaced by resistors, however, the diodes also
      provide voltage doubling action. Diode 30 clamps the output of device 18
      to circuit ground during positive voltage swings. Similarly, diode 48
      clamps the output of device 36 to circuit ground during negative voltage
      swings thereby providing voltage doubling action. It should also be noted
      that the phase of the output signal at terminal 52 can be reversed by
      reversing the polarity of diodes 26, 30, 44, and 48. Similarily, the phase
      of the output signal can be reversed by exchanging surface wave devices 18
      and 36.
PAR  Surface wave devices 18 and 36 can have separate substrates, however, each
      preferably includes a single transducer of the interdigital type disposed
      on a common piezoelectric substrate such as lithium niobate. FIG. 3 is one
      form of a surface wave device wherein both of devices 18 and 36 are
      incorporated on a common substrate 54. Device 18 includes an interdigital
      transducer with first and second combs of electrodes connected to
      terminals 16 and 20 respectively. The first comb of electrodes includes a
      base electrode 56, from which the connection to terminal 16 is made, and a
      plurality of fingers connected thereto. The second comb of electrodes
      includes a base electrode 58 connected to terminal 20 and a plurality of
      fingers connected thereto. The fingers of the first and second combs are
      interleaved to form an interdigital transducer. Device 36 also includes a
      single transducer with a first comb of electrodes including a base
      electrode 60 connected to terminal 34 and having a plurality of fingers
      connected thereto and a second comb of electrodes including a base
      electrode 62 connected to terminal 38 and having a plurality of fingers
      connected thereto interleaved with the fingers connected to base electrode
      60 to form an interdigital transducer.
PAR  The geometry of transducers 18 and 36 determine their frequency
      characteristics. The primary variables for determining the frequency
      characteristics are the number of fingers, the spacing between fingers,
      and the width of fingers. In typical transducers the widths of the fingers
      and spacing between adjacent pairs of fingers is one-half wave length. In
      other words, transducer 18 has spacings between adjacent fingers and
      widths of fingers corresponding to one-half wave length at frequency
      f.sub.1 while transducer 36 has similar geometric characteristics for
      frequency f.sub.2. The number of fingers is the primary determinate for
      the band width or Q of the response with the Q increasing with increasing
      numbers of pairs of fingers.
PAR  The ends 64 and 66 of substrate 54 are preferably cut at an appropriate
      angle so that surface waves transmitted by transducers 18 and 36 reflect
      at angles such that transducers 18 and 36 do not interact with each other.
      Furthermore, damping matetial such as wax can be placed on ends 64 and 66
      to absorb incident surface waves.
PAR  FIG. 4 is a schematic illustration of another embodiment of surface wave
      devices 18 and 36 wherein both devices are on a common substrate and in
      addition base electrodes 56 and 60 are replaced by a base electrode 68
      common to the first combs of electrodes of transducers 18 and 36. Common
      base electrode 68 is connected to a terminal 70 which replaces terminals
      16 and 34 and corresponds to terminal 12 at the output of source 10.
PAR  Accordingly, various embodiments of the invention and variations and
      modifications thereof have been illustrated and described. Frequency
      discriminators in accordance with the invention provide numerous
      advantages over the prior art such as extended frequency capabilities,
      high efficiency, uncomplicated fabrication techniques, alleviation of side
      lobe responses and other parasitic effects, and other similar advantages.
PAR  While there has been shown and described what is at present considered the
      preferred embodiments of the invention it will be obvious to those skilled
      in the art that various changes and modifications may be made therein
      without departing from the invention as defined by the appended claims.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A frequency discriminator comprising:
PA1  a signal source having a terminal for providing a signal at said terminal
      having frequencies that vary about a center frequency;
PA1  first and second surface wave devices each having a single transducer with
      first and second combs of interleaved electrodes disposed on a
      piezoelectric substrate, said first and second surface wave devices having
      impedance maximums at frequencies lower and higher, respectively, than
      said center frequency;
PA1  first and second envelope detectors;
PA1  means connecting said first comb of electrodes of said first and second
      surface wave devices to said terminal of said signal source and further
      connecting said second comb of electrodes of said first and second surface
      wave devices to said first and second envelope detectors, respectively,
      for providing first and second output signals; and
PA1  means connected to said first and second envelope detectors for summing
      said first and second output signals to provide a signal having an
      amplitude representative of the frequency deviation of the signal provided
      by said signal source from said center frequency.
NUM  2.
PAR  2. A frequency discriminator as defined in claim 1 wherein the transducers
      of said first and second surface wave devices are disposed on a common
      substrate.
NUM  3.
PAR  3. A frequency discriminator as defined in claim 2 wherein one comb of
      electrodes of the transducer of said first surface wave device has a
      common base electrode with one comb of electrodes of the transducer of
      said second surface wave device.
NUM  4.
PAR  4. A frequency discriminator as defined in claim 1 wherein said first and
      second envelope detectors each include a voltage doubler.
NUM  5.
PAR  5. A frequency discriminator comprising:
PA1  a signal source having a terminal for providing a signal at said terminal
      having frequencies that vary about a center frequency;
PA1  a first surface wave device having a single transducer with first and
      second combs of interleaved electrodes disposed on a piezoelectric
      substrate and an impedance maximum at a frequency lower than said center
      frequency;
PA1  a first envelope detector;
PA1  means connecting said first comb of electrodes of said first surface wave
      device to said terminal of said signal source and said second comb of
      electrodes of said first surface wave device to said envelope detector for
      providing a first output signal;
PA1  a second surface wave device having a single transducer with first and
      second combs of interleaved electrodes disposed on a piezoelectric
      substrate and an impedance maximum at a frequency higher than said center
      frequency;
PA1  a second envelope detector;
PA1  means connecting said first comb of electrodes of said second surface wave
      device to said terminal of said signal source and said second comb of
      electrodes of said second surface wave device to said second envelope
      detector for providing a second output signal; and
PA1  means connected to said first and second envelope detectors for summing
      said first and second output signals to provide a signal having an
      amplitude representative of the frequency deviation of the signal provided
      by said signal source from said center frequency.
NUM  6.
PAR  6. A frequency discriminator as defined in claim 5 wherein the transducers
      of said first and second surface wave devices are disposed on a common
      substrate.
NUM  7.
PAR  7. A frequency discriminator as defined in claim 6 wherein one comb of
      electrodes of the transducer of said first surface wave device has a
      common base electrode with one comb of electrodes of the transducer of
      said second surface wave device.
NUM  8.
PAR  8. A frequency discriminator as defined in claim 5 wherein said first and
      second envelope detectors each include a voltage doubler.
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PAL  A surface acoustic wave oscillator comprises a surface acoustic wave delay
      line and amplifier. The phase difference between signals received from two
      transducers on the surface acoustic wave delay line is measured by a phase
      sensitive detector whose output is used to control a phase correction
      circuit. The oscillator may oscillate at a steady frequency or be
      frequency modulated.
BSUM
PAR  This invention relates to surface acoustic wave (SAW) oscillators.
PAR  Such oscillators include a SAW delay line having an input and at least one
      output transducer mounted on e.g. a piezoelectric substrate, and an
      amplifying circuit connected to the two transducers. When electrical
      energy is supplied to the amplifier, noise in the amplifier is fed into
      the input transducer and hence into the substrate as surface acoustic
      waves of various frequencies. However, the physical configuration of the
      transducers and length between transducers, suppresses all frequencies
      except allowed modes of frequencies or, preferably, all frequencies except
      a centre frequency f.sub.o. Thus the delay line applies a positive
      feed-back of signals at frequency f.sub.o into the amplifier to maintain
      oscillation within the amplifier at frequency f.sub.o. Oscillators may be
      designed to suppress strongly all modes of oscillation except the desired
      centre frequency f.sub.o ; one such oscillator is described in U.S. Patent
      application Ser. No. 442,624, filed on Feb. 14, 1974 by Meirion Francis
      Lewis and entitled "Accoustic Wave Devices," and in Electronics Letters
      Vol 9 No 10 May 17, 1973 page 195. SAW delay lines have inherent
      temperature stability but the amplifying circuit has temperature dependent
      phase shift.
PAR  An object of this invention is to eliminate the effect of any temperature
      dependent phase shift through the amplifying circuit, so that the
      frequency of oscillation is determined by the delay line alone. It is an
      object of an embodiment of this invention to provide a frequency modulated
      SAW oscillator.
PAR  According to this invention a surface acoustic wave oscillator comprises a
      surface acoustic wave delay line having an input transducer and an output
      transducer mounted on a substrate capable of supporting acoustic waves, an
      amplifier circuit connected to the input and output transducer, a phase
      sensitive detector for measuring the phase difference between signals
      received from two transducers mounted on the substrate and giving an
      output dependent on said phase difference, and means controlled by phase
      sensitive detector for applying to the amplifier circuit a correcting
      signal to maintain a desired phase difference measured by the phase
      sensitive detector.
PAR  The phase sensitive detector may monitor and maintain the phase difference
      between any two transducers in the acoustic circuit, not necessarily the
      main input and output transducers.
PAR  The means for applying a correcting signal may include a variable phase
      shift network connected to the phase sensitive detector for applying a
      correcting phase shift to the amplifier circuit. Alternatively the means
      may include a second output transducer on the SAW delay line and a
      variable impedance for supplying a variable amplitude out of phase input
      to the amplifier circuit. Typically the latter input will be 90.degree.
      out of phase with the main input.
PAR  In an embodiment of the invention the output from the phase sensitive
      detector may have applied thereto a signal Vm which produces a frequency
      modulation of the oscillator. This may be achieved by connecting the
      output of the phase sensitive detector into one of two inputs to a
      differential amplifier, applying the signal Vm to the other input to the
      differential amplifier, and connecting the output of the differential
      amplifier to the means for applying to the amplifying circuit a correcting
      signal. The phase sensitive detector is arranged to give a linear output
      over its operating range.
PAR  The substrate is preferably piezo electric, eg quartz or lithium niobite;
      alternatively it may be one capable of supporting surface acoustic waves
      with piezo electric material deposited under/or over the transducers.
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PAR  The invention will now be described by way of example only in the
      accompanying drawings in which:
PAR  FIG. 1 is a block diagram of one form of the invention
PAR  FIG. 2 is a block diagram of another form of the invention
PAR  FIG. 3 is a vector diagram
PAR  FIG. 4 is a block diagram of another form of the invention
PAR  FIG. 5 is a block diagram of another form of the invention incorporating a
      multistrip coupler
PAR  FIG. 6 shows a typical output from a phase sensitive detector.
DETD
PAR  FIG. 1 shows a SAW delay line 1 comprising a quartz substrate 2 with an
      input transducer T.sub.1 and an output transducer T.sub.2 both shown
      diagrammatically as a single finger pair transducer although typically
      T.sub.1 may have 100 finger pairs and T.sub.2 60 finger pairs. The length
      of T.sub.1 may be equal to the distance between centres of T.sub.1 and
      T.sub.2 to provide mode selection as described in U.S. Pat. application
      Ser. No. 442,624. An amplifying circuit 3 comprising amplifier Amp.sub.1,
      Amp.sub.2 connected to the transducers T.sub.1, T.sub.2 provides
      sufficient gain to overcome attenuation in the SAW delay line 1 and
      maintain oscillations within the amplifier circuit 3. A variable phase
      shift network 4 is connected between Amp.sub.1 and Amp.sub.2. A phase
      sensitive detector PSD has its two inputs 5, 6 (normally called
      `reference` and `signal` inputs) connected to the transducers T.sub.1,
      T.sub.2 and has its output 7 connected to one, the first, input 31 of a
      differential amplifier 30. Frequency modulated signals may be applied to
      the other, a second 32, input to the differential amplifier 30. The output
      33 from the differential amplifier 30 is connected to the variable phase
      shift network. Output from the oscillator, for feeding into conventional
      circuits eg radio receivers, is shown at 34.
PAR  For some applications the differential amplifier 30 is not required and the
      output 7 of the phase sensitive detector is connected direct to the
      variable phase shift network 4. Alternatively the second input 32 to the
      differential amplifier 30 may be grounded.
PAR  The two amplifiers Amp.sub.1 and Amp.sub.2 may be replaced by a single
      amplifier.
PAR  In operation with zero signal applied to the second input 32 of the
      differential amplifier 30 (ie input 32 grounded) the oscillator comprising
      the SAW delay line 1 and the amplifying circuit 3 oscillates at a
      frequency predominantly determined by the parameters of the SAW delay line
      1. The temperature of the amplifiers Amp.sub.1, Amp.sub.2 may change in
      operation and this and/or changes in the voltage applied to the amplifiers
      may cause a change in the phase shift between points 5 and 6. This phase
      shift change is monitored by the phase sensitive detector which gives an
      output signal dependent on the phase difference change and this signal is
      fed into the variable phase shift network 4 to apply a correcting phase
      shift into the amplifying circuit to maintain a constant phase shift
      between the signals appearing at transducers T.sub.1, T.sub.2. In practice
      a correction signal may be applied to the phase shift network at all times
      i.e., on switching on and thereafter. The time constant of the phase shift
      detector may be long, e.g. about one second, to provide compensation for a
      slow temperature dependent phase shift change in the amplifiers whilst
      being unaffected by fast frequency modulated signals applied to the
      oscillator by circuitry (not shown).
PAR  For use as a frequency modulated oscillator two distinct modes of operation
      can be envisaged. The first mode obtains when the output, 7, from the
      phase sensitive detector PSD has a large time constant, .tau., say 1 sec.
      as mentioned above. If the modulation voltage, V.sub.m, involves
      frequencies, f.sub.m, much greater than the inverse of .tau., i.e.,
      f.sub.m &gt;&gt;1Hz in the example where .tau. = 1 sec. For example, V.sub.m may
      comprise an audio signal covering the band from 100 Hz to 5kHz. In these
      circumstances the output voltage 7 from the phase sensitive detector PSD
      cannot follow the rapid changes of the voltage V.sub.m, and only corrects
      for any slow (&gt; 1 sec) changes in the average frequency of the oscillator.
      The output 34 from the oscillator therefore comprises a corrected centre
      frequency, f.sub.o, with frequency modulation at a rate f.sub.m and with a
      linearity determined by the linearity of the phase shift through the
      network 4 with applied voltage. This applied voltage is essentially the
      modulation voltage V.sub.m multiplied by the gain of the amplifier 30.
PAR  The second mode of operation obtains when the time constant .tau. of the
      phase sensitive detector PSD is short compared with the inverse of
      modulation frequencies, f.sub.m. For example when f.sub.m covers the
      aforementioned audio band and .tau. = 1 microsecond. In this case the
      voltage, 7, out of the phase sensitive detector PSD has time `to follow`
      the modulation voltage, V.sub.m. To envisage this mode of operation it is
      useful to recall how the correction circuit 4 operates with no input
      voltage, V.sub.m, i.e., with input 32 to amplifier 30 grounded. In this
      circumstance the oscillator is stabilised at frequency f.sub.o and the
      output 33 from amplifier 30 is G times the (small) voltage 31 where G is
      the large voltage gain of the amplifier 30. The sign of the feedback from
      the phase sensitive detector PSD is such as to reduce the voltage at 31
      towards zero although it never quite equals zero because a small error
      signal is always necessary to operate the oscillator. This small error can
      be made negligible by increasing the gain, G, of the differential
      amplifier 30. When a modulating voltage is applied to 32, the output 33 is
      proportional to the difference in voltage between 31 and 32. Again because
      the gain G is large and the feedback in the correct sense, the stable
      state is one where a very small difference between 31 and 32 obtains. That
      is to say, the voltage at 31 follows that at 32, just as the voltage at 31
      tended towards zero when 32 was grounded. The higher the amplifier gain G,
      the more closely does 31 follow 32. Now the output 7 is substantially
      proportional to the frequency deviation from f.sub.o (at least for small
      deviations) so that in operation this frequency deviation from f.sub.o is
      proportional to the input voltage to 32. Thus the oscillator is a
      frequency modulated oscillator with essentially linear frequency
      modulation, the linearity being determined by the linearity of the PSD,
      shown by FIG. 6.
PAR  In an alternative form of FIG. 1 (not shown) the variable phase shift
      network 4 is connected between transducer T.sub.2 and the junction between
      the amplifier Amp.sub.2 and the phase sensitive detector. The phase
      sensitive detector then corrects for any temperature variation in the
      delay line, and the frequency of oscillation is dependent on the amplifier
      characteristics.
PAR  FIG. 2 shows an alternative form of the invention comprising a SAW delay
      line 8 having a quartz substrate 9, input transducer T.sub.1, and two
      output transducers T.sub.2, T.sub.3 spaced so that T.sub.3 is further away
      from T.sub.1 than T.sub.2 is away from T.sub.1. This increases the delay
      time at T.sub.3 so that signals received by T.sub.3 are delayed from those
      received by T.sub.2. The spacing between T.sub.1 and T.sub.3 may be a
      quarter wave length giving a 90.degree. phase shift. Also the length of
      the finger pairs may be varied so than T.sub.2 has longer or shorter
      fingers than T.sub.3 hence the signal received by T.sub.2 will be greater
      or smaller respectively than that received by T.sub.3. Transducer T.sub.2
      is connected through a fixed impedance Z.sub.1 to the input of an
      amplifier Amp which has its output connected to the input transducer
      T.sub.1. The transducer T.sub.3 is connected through a variable impedance
      Z.sub.2 to the amplifier input. A phase sensitive detector PSD has its two
      inputs connected to transducers T.sub.1 and T.sub.2, and its output
      connected to a first input 31 of a differential amplifier 30. A second
      input 32 may have applied thereto frequency modulated signals V.sub.m. The
      output 33 from the differential amplifier is connected to the variable
      impedance Z.sub.2.
PAR  In operation with V.sub.m = 0 the oscillator comprising the SAW delay line
      8 and amplifier circuit 10, oscillates at a frequency determined by the
      physical dimensions and separation of transducers T.sub.1 and T.sub.2. A
      change in operating temperature in the amplifier Amp will cause a phase
      change in the amplifier circuit 10 between transducers T.sub.1 and
      T.sub.2. This change will be sensed by the phase sensitive detector which
      applies a correcting signal to the variable impedance Z.sub.2 thereby
      varying the signal applied to the amplifier by the transducer T.sub.3.
      Operation when V.sub.m .noteq.0 is similar to that described with
      reference to FIG. 1 above.
PAR  FIG. 3 shows a vector diagram of the output of the SAW delay line of FIG.
      2. As shown the output of T.sub.2 is represented by V.sub.2. The output of
      T.sub.3 is delayed from the output of T.sub.2 by a quarter wave length
      i.e., 90.degree.  and is thus represented by V.sub.3. The resultant R is
      the sum of V.sub.2 and V.sub.3 and is varied, by varying the length of
      V.sub.3, i.e., the output from Z.sub.2, to maintain a constant phase
      between the input of transducer T.sub.1 and the output of transducer
      T.sub.2.
PAR  The variable impedance Z.sub.2 may be a variable resistor e.g. a field
      effect transistor (FET), or an amplifier.
PAR  FIG. 4 shows another form of the invention in which the oscillator 11
      comprises input and output transducers, T.sub.1, T.sub.2 respectively
      mounted on a substrate 12. An amplifier and variable phase shift network
      13 are connected in series between T.sub.1 and T.sub.2. A third transducer
      T.sub.3 is mounted on the substrate 12 spaced from T.sub.1 and in the path
      of acoustic waves transmitted from T.sub.1. A phase sensitive detector PSD
      has its two inputs connected to transducers T.sub.1, T.sub.3 and its
      output connected to a first input 31 of a differential amplifier 30.
      Frequency modulated signals V.sub.m may be applied to a second input 32 of
      the differential amplifier 30 whose output 33 is connected to the variable
      phase shift network 13.
PAR  The SAW path length between transducer T.sub.1 and T.sub.3 may be much
      greater than between T.sub.1 and T.sub.2 to giving greater sensitivity of
      phase control. If V.sub.m = 0 then the length between T.sub.1 and T.sub.3
      can be made as large as possible. However, when modulated signal V.sub.m =
      0 are applied care must be taken to ensure that phase changes greater than
      2.pi. do not occur between T.sub.1 and T.sub.3, i.e., if V.sub.m is
      modulated over .pi./2 then length T.sub.1 to T.sub.3 can be up to four
      times the length T.sub.1 to T.sub.2. Similarly if V.sub.m is modulated
      over .pi./4 then the length T.sub.1 to T.sub.3 can be up to eight times
      the length T.sub.1 to T.sub.2.
PAR  In operation with V.sub.m = 0 the oscillator 11 comprising transducers
      T.sub.1, T.sub.2 and the amplifier Amp oscillates at a frequency
      predominantly determined by the SAW delay line. Any phase change, caused
      e.g. by a temperature change in the amplifier will change the frequency of
      oscillation in the SAW delay line. The frequency of SAW between
      transducers T.sub.1 and T.sub.2 is the same as between T.sub.1 and T.sub.3
      and so any change in frequency from the desired frequency in the
      oscillator circuit will show itself as a change in the phase shift between
      T.sub.1 and T.sub.3. This is detected by the phase sensitive detector
      which applies a correcting signal to the variable phase shift network.
      When V.sub.m .noteq. 0 (and is modulated) the oscillator behaves as
      described with reference to FIG. 1.
PAR  FIG. 5 shows another form of SAW oscillator in which the oscillator 14 is
      electrically separate from the correcting circuit 15 to eliminate any
      affects of bulk acoustic waves in the substrate. As shown the oscillator
      14 comprises an input and an output transducer T.sub.1, T.sub.2
      respectively mounted on a substrate 16. An amplifier Amp and variable
      phase shift network 17 are connected in series to the transducers T.sub.1,
      T.sub.2. Across the acoustic path 18 between T.sub.1, T.sub.2 is a
      multistrip coupler 19 (as described in U.S. Pat. 3,836,876, granted on
      Sept. 14, 1974 to Frank Graham Marshall et al and entitled "Acoustic
      Surface Wave Devices") which couples some of the SAW into a second
      acoustic path 20. In this second acoustic path 20 are two monitoring
      transducers T.sub.3, T.sub.4 whose outputs are connected to the inputs of
      a phase sensitive detector PSD. The output of the phase sensitive detector
      is connected to the first input 31 of a differential amplifier 30. The
      second input 32 of the differential amplifier 30 may have applied thereto
      frequency modulated signals V.sub.m. Output 33 from the differential
      amplifier is connected to the variable phase shift network 17.
PAR  In operation with V.sub.m = 0 the transducers T.sub.3, T.sub.4 monitor the
      frequency of SAW in the oscillator circuit 14 and any change in the
      desired frequency causes a change in phase between T.sub.3 and T.sub.4.
      This is detected in the phase sensitive detector which applies a
      correcting signal to the variable phase shift network 17. When V.sub.m
      .noteq. 0 (and is modulated) the oscillator behaves as described above
      with reference to FIG. 1.
PAR  The phase sensitive detector described in FIGS. 1, 2, 4 and 5 may be a
      double balanced mixer.
PAR  The variable phase shift circuit described in FIGS. 1, 4 and 5 may be a
      bridge circuit using three fixed impedances and a variable capacitor such
      as a VARACTOR. Alternatively the variable phase shift circuit may include
      a PIN diode with a variable DC bias applied thereto; the variable
      resistance of the PIN diode combining with a fixed capacitance e.g. that
      of the transducer T.sub.1 to vary the phase. Alternatively the variable
      phase shift circuit may include a VARACTOR diode variably biased by DC
      signals applied thereto; the variable capacitance of the VARACTOR diode
      combining with a fixed resistance, e.g. that of the amplifier, to vary the
      phase.
PAR  In all the forms described above the acoustic waves travelling in the
      substrate have been surface waves. For some applications bulk waves may be
      used instead and the surface waves tuned or damped by absorbers on the
      surface of the substrate. One advantage of using certain bulk waves (e.g.
      in quartz lithium tantalate or other piezoelectrics with zero temperature
      coefficients of delay) is the improved temperature stability of the delay
      line itself which when combined with the circuitry described herein
      produces an exceptionally temperature-stable oscillator.
PAR  In all the devices described the sign of the correction signal must be
      chosen correctly to provide the required stable operation. If the wrong
      sign is used the error is amplified rather than reduced.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An acoustic wave oscillator comprising a surface acoustic wave delay
      line having an input transducer and an output transducer mounted on a
      substrate capable of supporting acoustic waves, an amplifier circuit
      having its input connected to the output of the output transducer, and its
      output connected to the input of the input transducer a phase sensitive
      detector for measuring the phase difference between signals received from
      two transducers mounted on the substrate and giving an output dependent on
      said phase difference, and means controlled by the phase sensitive
      detector for applying to the amplifier circuit a correcting signal to
      maintain a desired phase difference measured by the phase sensitive
      detector.
NUM  2.
PAR  2. An oscillator as claimed in claim 1 wherein the phase sensitive detector
      is connected to the input and output transducers.
NUM  3.
PAR  3. An oscillator as claimed in claim 1 wherein the phase sensitive detector
      is connected to the input transducer and to a second output transducer
      arranged to receive surface acoustic waves from the input transducer.
NUM  4.
PAR  4. An oscillator as claimed in claim 1 wherein the means for applying a
      correcting signal is a phase shift circuit.
NUM  5.
PAR  5. An oscillator as claimed in claim 1 wherein the means for applying a
      correcting signal includes a second output transducer arranged on the
      substrate to receive surface acoustic waves from the input transducer out
      of phase relative to those received by the other output transducer, and a
      variable impedance connected between the second output transducer and the
      amplifier circuit input whereby under the control of the phase sensitive
      detector a variable amplitude out of phase signal is applied to the
      amplifier circuit.
NUM  6.
PAR  6. An oscillator as claimed in claim 1 which further includes means for
      applying a signal to the oscillator to produce a frequency modulation
      thereof.
NUM  7.
PAR  7. An oscillator as claimed in claim 6 wherein the signal applying means is
      a differential amplifier having a first input connected to the phase
      sensitive detector output, a second input to which the signals for
      producing frequency modulation may be applied, and an output connected to
      the means for applying a correcting signal to the amplifier circuit.
NUM  8.
PAR  8. An oscillator as claimed in claim 1 wherein the phase sensitive detector
      is arranged to have a linear output over its operating range.
NUM  9.
PAR  9. An oscillator as claimed in claim 6, wherein the time constant of the
      phase sensitive detector is much longer than the inverse of modulation
      frequencies.
NUM  10.
PAR  10. An oscillator as claimed in claim 6 wherein the time constant of the
      phase sensitive detector is much shorter than the inverse of modulation
      frequencies.
NUM  11.
PAR  11. An oscillator as claimed in claim 1 wherein the substrate is
      piezoelectric.
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PAL  A magnetron adapted for operation with an ungrounded power supply, has
      mounted thereon and tightly coupled thereto an external cavity resonator
      having coaxial first and second openings in opposite walls thereof. The
      magnetron has coaxial output connection members including a hollow outer
      connection member communicating with the interior of the cavity resonator
      through the first opening, and an internal connection member extending
      entirely through and beyond the resonator via the first and second
      openings. The cavity resonator is galvanically insulated from the
      magnetron by teflon insulation which provides capacitive coupling
      therebetween. The cavity is coupled to a load which may be grounded. The
      cavity resonator is formed from a closed section of wave guide, two
      embodiments of which are disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a magnetron provided with an external cavity to
      stabilize the frequency of operation of the magnetron, and particularly to
      a magnetron of the low voltage type which is capable of operating with
      D.C. operating potentials of less than 700 volts. Many such low voltage
      magnetrons are designed for operation with a power supply of the voltage
      doubler and rectifier type, which cannot be grounded.
PAR  Examples of prior art magnetrons with external cavities for frequency
      stabilization are disclosed, for example, in the U.S. Pat. No. 3,334,268,
      issued to E. T. Downing on Aug. 1, 1967, U.S. Pat. No. 3,334,267, issued
      to R. F. Plumridge on Aug. 1, 1967, and U.S. Pat. No. 2,517,731, issued to
      R. L. Sproull on Aug. 8, 1950. In all of these prior art devices, however,
      the external cavity resonator is galvanically connected to the magnetron
      tube. When the magnetron is utilized in a consumer appliance, such as an
      electronic oven, the oven into which the microwave energy is transmitted
      from the magnetron must be grounded for safety reasons, because of the
      high voltages experienced in the magnetron tube.
PAR  Even in the more modern low voltage magnetron tubes, such as those
      disclosed in U.S. Pat. No. 3,458,755 issued to James E. Staats on July 29,
      1969, and U.S. Pat. No. 3,559,094 issued to James E. Staats on Jan. 26,
      1971, both of which patents are assigned to the assignee of the present
      invention, where the operating potentials applied to the magnetron are in
      the range of about 222 volts to 700 volts D.C., the oven cavity must still
      be grounded. But low voltage magnetrons such as those disclosed in the
      Staats patents are designed to operate from a power supply of the voltage
      doubler and rectifier type, which, by its nature, cannot be grounded.
      Accordingly, external resonant cavities of the types disclosed in the
      prior art, which are galvanically connected to the magnetron tube, are not
      suitable for use with an ungrounded power supply and a grounded load.
PAC  SUMMARY OF THe INVENTION
PAR  It is a general object of the present invention to provide a magnetron with
      an external frequency stabilizing resonant cavity, which magnetron can
      readily be used with an ungrounded power supply to feed a grounded load.
      More particularly, it is an object of this invention to provide a
      magnetron tube having an external resonant cavity which is galvanically
      insulated from the magnetron tube, while providing R.F. coupling
      therebetween.
PAR  It is also a general object of this invention to provide an external cavity
      magnetron of the type set forth, which provides improved efficiency, and
      wherein the load is coupled to the external resonant cavity.
PAR  An important object of this invention is to provide, in combination, a
      crossed-field electron discharge device for generating ultra-high
      frequency electromagnetic energy, a cavity resonator disposed externally
      of the discharge device for stabilizing the frequency of operation
      thereof, and capacitive coupling means galvanically insulating the cavity
      resonator from the discharge device while coupling microwave energy
      therebetween.
PAR  In connection with the foregoing object, it is another object of this
      invention to provide a combination of the type set forth, wherein the
      crossed-field electron discharge device is adapted to be operated with an
      ungrounded power supply, and which further includes grounded output means
      coupled to the cavity resonator for transmitting microwave energy
      therefrom to an associated load.
PAR  In connection with the foregoing object, still another object of this
      invention is to provide a combination of the type set forth, wherein the
      crossed-field electron discharge device is provided with coaxial output
      connection members capacitively coupled to the enclosure through apertures
      therein.
PAR  Further features of the invention pertain to the particular arrangement of
      the parts of the external cavity magnetron whereby the above-outlined and
      additional operating features thereof are attained.
PAR  The invention, both as to its organization and method of operation,
      together with further objects and advantages thereof, will best be
      understood by reference to the following specification, taken in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in partial seection of a magnetron with external resonant
      cavity, constructed in accordance with and embodying the features of the
      present invention;
PAR  FIG. 2 is a view of the cavity resonator in vertical section taken along
      the line 2--2 in FIG. 1;
PAR  FIG. 3 is a schematic electrical diagram of a power supply circuit for use
      with the magnetron illustrated in FIG. 1;
PAR  FIG. 4 is a graph plotting certain operating characteristics of the
      magnetron illustrated in FIG. 1;
PAR  FIG. 5 is a reduced fragmentary view in partial vertical section, similar
      to FIG. 1, illustrating an alternative embodiment of the cavity resonator
      for use in the present invention; and
PAR  FIG. 6 is a view in vertical section taken along the line 6--6 in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2 of the drawings, there is illustrated a
      microwave generator, generally designated by the numeral 10, constructed
      in accordance with and embodying the features of the present invention.
      The microwave generator 10 includes a crossed-field electron discharge
      device, generally designated by the numeral 20, and generally of the
      construction and arrangement of the magnetron devices disclosed in the
      aforementioned U.S. Pat. No. 3,458,755 and in the U.S. Pat. No. 3,456,151,
      issued on July 15, 1969 to James E. Staats, and assigned to the assignee
      of the present invention. The device 20 is disposed within a box-like
      structure or casing 21 that extends completely about the device 20, but is
      open on two opposed sides thereof to accommodate the passage of air
      through the casing 21 to cool the device 20 and the associated parts of
      the microwave generator 10. The device 20 includes a substantially
      cylindrical metal envelope 23 and includes anode and cathode structure
      (not shown) within the envelope 23 as is more fully described in the
      aforementioned U.S. Pat. No. 3,456,151. Surrounding the envelope 23 and
      connected thereto is a plurality of cooling fins 25 for dissipating heat
      from the device 20. In order to establish a unidirectional magnetic field
      within the device 20 there is provided a composite magnetic field winding
      27 and 28 respectively disposed at the lower and upper ends of the device
      20 and connected in series relation by a conductor 26. A D.C. operating
      potential from a power supply circuit, described below, is applied to the
      winding 27 and 28 by a conductor 81, and from the winding 28 to the device
      20 by a conductor 29 which is connected to one of the cooling fins 25.
PAR  The crossed-field electron discharge 20 is provided with a hollow
      cylindrical magnet yoke 30 at the upper end thereof which is substantially
      coaxial with the envelope 23 and which connects to the anode of the device
      20 (schematically shown in FIG. 3) and forms an outer conductor and an
      output terminal or connection member for the device 20, extending upwardly
      through the magnet winding 28. The lower end of the device 20 is likewise
      provided with a hollow cylindrical magnet yoke 31 having the upper end
      thereof connected to the anode of the device 20 and the other end
      extending downwardly through the field winding 27. The cathode and one
      terminal of the cathode heater of the device 20 (schematically shown in
      FIG. 3) have connected thereto a stud 32 forming a part of an upper
      coupling structure, generally designated by the numeral 50, the stud 32
      and the magnet yoke 30 forming a coaxial output connection for the device
      20. In like manner, the other terminal of the cathode heater has connected
      thereto a stud 34 which extends downwardly through the magnet yoke 31
      coaxially therewith, forming a part of a lower coupling structure
      generally designated by the numeral 35.
PAR  The stud 34 is preferably tubular and receives a screw 36 in the lower end
      thereof serving as an input terminal for the cathode heater of the device
      20. Disposed within and essentially lining the magnet yoke 31 is a
      cylindrical sleeve 37 of electrically insulating material, an inner
      cylindrical conductor 38 being disposed within and against the sleeve 37
      coaxial therewith and telescopically overlapping a portion of the yoke 31.
      The outer end of the conductor 38 is closed by an end wall 39 having an
      opening therethrough for receiving the shank of the screw 36. The yoke 31,
      the stud 34, the insulating sleeve 37, the inner conductor 38 and the end
      wall 39 cooperate to form a parallel resonant circuit including a reactive
      impedance a capacitive impedance, the structure comprising a high
      impedance to R.F. energy to prevent propogation thereof to the terminal
      screw 36 and the associated power supply. More specifically, the distance
      between the lower adjacent end of the anode device 20 and the inner
      surface of the end wall 39 is equivalent to one-fourth wavelength at the
      operating frequency of the device 20, and the yoke 31 and the inner
      conductor 38 telescopically overlap a distance equivalent to one-eighth
      wavelength at the operating frequency of the device 20.
PAR  Mounted at the upper end of the device 20 is a cavity resonator, generally
      designated by the numeral 40, preferably formed from a closed section of
      rectangular wave guide, and constructed in accordance with a first
      embodiment of the present invention. The cavity resonator 40 includes a
      top wall 41, a bottom wall 42, a pair of opposed side walls 43 and 43a,
      and a pair of opposed end walls 44 and 44a, all cooperating to define a
      resonant cavity 45. The cavity resonator 40 is separated from the upper
      end of the casing 21 by a layer of dielectric insulating material 49. The
      cavity resonator 40 is fixedly secured to the casing 21 and the device 20
      by mounting screws 46 which pass through bushings 47 formed of dielectric
      insulating material and inserted in complementary openings in the bottom
      wall 42 of the cavity resonator 40, the insulating layer 49 and the top
      wall of the casing 21, the screws 46 being threadedly engaged with the
      upper wall of the casing 21.
PAR  Formed in the bottom wall 42 of the cavity resonator 40 is a circular
      opening 51 substantially congruent with the open upper end of the magnet
      yoke 30 and a complementary opening in the dielectric insulating layer 49.
      Formed in the upper wall 41 of the cavity resonator 40 is a smaller
      circular opening 52 arranged substantially coaxially with the opening 51.
      Extending downwardly through the opening 52 coaxially therewith and into
      the resonant cavity 45 is a hollow cylindrical conductive sleeve 53,
      provided at the upper end thereof with an annular flange 56 which overlies
      the portion of the upper wall 41 immediately surrounding the opening 52
      for supporting the sleeve 53. Disposed telescopically within the sleeve 53
      coaxially therewith is a hollow sleeve 54 of dielectric insulating
      material, the sleeve 54 extending beyond the upper and lower ends of the
      sleeve 53. The cavity stud 32 of the device 20 extends upwardly through
      the opening 51 and telescopically through the insulating sleeve 54 to a
      point beyond the upper wall 41 of the cavity resonator 40, the stud 32
      cooperating with the conductive sleeve 53 and the insulating sleeve 54 and
      the magnet yoke 30 to form the upper coupling structure 50 of the device
      20. The upper end of the stud 32 receives therein a screw 58 which serves
      as an input terminal for the device 20.
PAR  The cavity resonator 40 is also provided with a tuning screw 55 threadedly
      engaged in a screw block 57 mounted on the upper wall 41 of the cavity
      resonator 40 and projecting downwardly through a complementary opening
      therein and into the resonant cavity 45 for effecting tuning of the
      resonant frequency thereof.
PAR  Disposed adjacent to the right-hand end of the cavity resonator 40, as
      viewed in FIG. 1, is a load coupling structure, generally designated by
      the numeral 60, and comprising a coaxial transmission line section
      including a hollow cylindrical outer conductor 61 connected to the upper
      wall 41 of the cavity resonator 40, and an inner conductor 65 disposed
      coaxially within the outer conductor 61 and spaced therefrom by a
      dielectric insulating spacer 62. The lower end of the inner conductor 65
      passes through a complementary opening in the upper wall 41 of the cavity
      resonator 40 and projects downwardly into the resonant cavity 45 to form a
      coupling probe for coupling microwave energy from the resonant cavity 45
      to the coupling structure 60. The other end of the coupling structure 60
      is preferably coupled to an associated load (not shown) such as a
      microwave oven for transmitting microwave energy thereinto. Where the load
      is a consumer electronic device such as a microwave oven, it must be
      grounded for safety reasons, the ground connection being designated by the
      conductor 66 connected to the outer conductor 61 of the coupling structure
      60 for grounding same.
PAR  In operation, the microwave energy is coupled from the internal cavities of
      the device 20 through the upper coupling structure 50 and into the
      resonant cavity 45 which is tuned to be resonant at the desired operating
      frequency of the device 20, which is normally in the range of either 915
      MHz or 2450 MHz. The device 20 is tightly coupled to the external resonant
      cavity 45, which cavity, by reason of its high Q, stores more energy than
      the internal cavity of the magnetron device 20, thereby stabilizing the
      frequency of operation of the device 20 and resulting in improved circuit
      efficiency. It will be appreciated, that the operating frequency of the
      device 20 can be externally tuned by means of the tuning screw 55, which
      tunes the resonant cavity 45 and thereby the magnetron device 20.
PAR  It is an important feature of the present invention that the dielectric
      bushings 47, the dielectric layer 49 and the dielectric sleeve 54, all of
      which are preferably formed of a polytetrafluoroethylene resin such as
      that sold under the trademark "Teflon," cooperate to provide galvanic
      insulation of the cavity resonator 40 from the magnetron device 20 and the
      casing 21, while the dielectric sleeve 54 cooperates with the cavity stud
      32 and the conductive sleeve 53 to provide capacitive coupling of the
      microwave energy between the magnetron device 20 and the resonant cavity
      45. Thus, there is provided effective D.C. isolation of the cavity
      resonator 40 from the device 20 while affording R.F. coupling
      therebetween.
PAR  Referring now to FIG. 3 of the drawings, there is illustrated a power
      supply circuit, generally designated by the numeral 70, for use with the
      microwave generator 10 of the present invention. The power supply circuit
      70 is adapted for use with a three-wire Edison network of 236 volts,
      single phase, 60 Hz A.C., and including two ungrounded line conductors
      L.sub.1 and L.sub.2 and a grounded neutral conductor N. The line conductor
      L.sub.2 is connected to a resistor 71 which is in turn connected to one of
      the fixed contacts 72 of a relay R.sub.1 which is also provided with a
      fixed contact 73 and a movable contact 74. The fixed contact 73 of the
      relay R.sub.1 is connected to a thermistor 75, which is in turn connected
      to a neutral conductor N.
PAR  The movable contact 74 of the relay R.sub.1 is connected to one input
      terminal 76 of a voltage doubler and rectifier network, generally
      designated by the numeral 80, the network 80 also having an input terminal
      77 and a pair of output terminals 78 and 79. The voltage doubler and
      rectifier network 80 includes a capacitor C.sub.1 connected between the
      input terminal 76 and the output terminal 78, a capacitor C.sub.2
      connected between the input terminal 76 and the output terminal 79, a
      semiconductor diode rectifier D.sub.1 connected between the input
      conductor 77 and the output conductor 78 and a semiconductor diode
      rectifier D.sub.2 connected between the input terminal 77 and the output
      terminal 79.
PAR  The output terminals 78 and 79 of the voltage doubler and rectifier circuit
      80 are respectively connected to output conductors 81 and 82, the
      conductor 81 being connected to one terminal of a coil 83 of the relay
      R.sub.1, the conductor 81 also being connected to the magnet winding 27 of
      the device 20. The other terminal of the relay coil 83 is connected to the
      anode of the device 20, as is the other terminal of the composite magnet
      winding 27, 28, as was described above. The output conductor 82 is
      connected to one terminal of a coil 84 of an overload relay R.sub.2, the
      other terminal of which is connected to the cathode and one terminal of
      the cathode heater of the device 20.
PAR  Connected across the terminals of the cathode heater of the device 20 by
      conductors 85a and 85b is the secondary coil of a heater transformer 85,
      the primary coil of which has one terminal connected to the neutral
      conductor N and the other terminal connected to a fuse 86. The fuse 86 is
      in turn connected to the fixed contact 87 of another set of contacts of
      the relay R.sub.1, which set also includes a fixed contact 88 and a
      movable contact 89. The fixed contact 88 of the relay R.sub.1 is connected
      to one terminal of a timer motor 90, the other terminal of which is
      connected to the neutral conductor N. The movable contact 89 of the relay
      R.sub.1 is connected through a conductor 91 in series with a thermal
      switch 92, a fixed contact 93 and a movable contact 93a of the relay
      R.sub.2, a fuse 94, an ON-OFF switch 95 and the line conductor L.sub.1.
PAR  The junction between the thermal switch 92 and the movable contact 89 of
      the relay R.sub.1 is connected by a conductor 96 to the input terminal 77
      of the voltage doubler and rectifier network 80. Connected in parallel
      with the movable contact 89 of the relay R.sub.1 is a resistor 97, which
      preferably has a value of approximately 200 ohms. The junction between the
      movable contact 93a of the relay R.sub.2 and the fuse 94 is connected by a
      conductor 98 to one terminal of a blower motor 99, the other terminal of
      which is connected to the neutral conductor N.
PAR  The power supply circuit 70 is a simplified version of the power supply
      illustrated in U.S. Pat. No. 3,445,784, issued to James E. Staats et al.
      on May 20, 1969, and assigned to the assignee of the present invention. In
      operation, the power supply circuit 70 is initially in the condition
      illustrated in FIG. 3, and when it is desired to energize the device 20,
      the ON-OFF switch 95 is closed, thereby energizing the blower motor 99 for
      cooling the apparatus, and applying approximately 118 volts A.C. to the
      primary coil of the heater transformer 85, thereby applying full power to
      the cathode heater of the device 20, it being appreciated that the
      resistor 97 is at this time shorted out by the movable contact 89 of the
      relay R.sub.1.
PAR  The voltage doubler and rectifier network 80 is connected across the line
      conductors L.sub.1 and N by the conductor 96 and the thermistor 75 and
      contacts 73 and 74 of the relay R.sub.1. Approximately 118 volts A.C. is
      supplied to the thermistor 75, which is initially cold and therefore
      presents a high impedance in the circuit, whereby very little voltage is
      applied to the input terminals 76 and 77 of the voltage doubler and
      rectifier network 80 and, therefore, reduced D.C. voltage is applied
      across the anode and cathode of the device 20. As a consequence, there
      will not be sufficient anode to cathode potential in the device 20 to
      destroy the cathode by removing therefrom the emissive material prior to
      heating thereof to the proper operating temperature.
PAR  As the cathode is heated, more and more electrons are emitted from the
      cathode and the device 20 becomes conductive, and the current flows
      therethrough, and through the thermistor 75, the voltage doubler and
      rectifier circuit 80, and the relay coils 83 and 84. Since the thermistor
      75 is in series with at least a portion of the current flowing through the
      circuit, the thermistor heats and the resistance thereof decreases. As the
      resistance of the thermistor 75 decreases, the proportion of the A.C.
      voltage across the line conductors L.sub.1 and N appearing at the input
      terminals 76 and 77 of the voltage doubler and rectifier network 80
      increases as the voltage dropped across the thermistor 75 decreases, and
      the D.C. voltage at the output terminals 78 and 79 of the voltage doubler
      and rectifier networks increases, until substantially all of the 118 volts
      across the line conductors L.sub.1 and N are applied to the voltage
      doubler and rectifier network 80. As the D.C. voltage applied across the
      anode and cathode of the device 20 increases to a maximum of approximately
      290 volts D.C., the current therethrough continues to rise to a
      predetermined value, at which value the relay R.sub.1 is energized,
      thereby moving the movable contacts 74 and 89 from the positions
      illustrated in FIG. 3, respectively into contact with the fixed contacts
      72 and 88.
PAR  The thermistor 75 is now removed from the input circuit to the voltage
      doubler and rectifier network 80 and the voltage applied thereto is
      controlled solely by the resistor 71. Also, the short across the resistor
      97 is removed, whereby the voltage applied to the heater transformer 85 is
      now limited by the resistor 97 for providing a reduced current through the
      cathode heater. Furthermore, the timer motor 90 is now connected across
      the line conductors L.sub.1 and N and thereby energized for operation of a
      timer, the functions of which are more fully described in the
      aforementioned U.S. Pat. No. 3,445,784.  The device 20 is now in a run or
      operating condition, and will continue in that condition until the timer
      times out, for deenergizing the power supply 70 in a suitable manner, such
      as by opening the ON-OFF switch 95.
PAR  If the current through the device 20 exceeds a predetermined safe value,
      the overload relay R.sub.2 will be energized, thereby opening the relay
      contacts 93 and 93a, and thereby deenergizing the timer motor 90, the
      heater transformer 85 and the voltage doubler and rectifier network 80 and
      shutting off power to the device 20. Similarly, if the temperature in the
      system exceeds a predetermined upper limit, the thermal switch 92 will
      open, thereby effecting the same results as opening of the relay contacts
      93 and 93a. It will be appreciated that the power supply circuit may also
      be arranged to connect the input terminals of the voltage doubler and
      rectifier network 80 across the full 236 volts A.C. of the line conductors
      L.sub.1 and L.sub.2, thereby producing a maximum voltage of approximately
      666 volts D.C. across the device 20.
PAR  It will be understood that since the power supply 70 includes a voltage
      doubler and rectifier network 80, which by its nature cannot have the
      output thereof grounded, care must be taken not to ground the microwave
      generator 10. This could present problems when the microwave generator 10
      is to be used with a load which must be grounded, such as a consumer
      electronic device. Accordingly, it is an important feature of the present
      invention that the dielectric bushings 47, dielectric layer 49 and
      dielectric sleeve 54 cooperate to provide effective D.C. isolation of the
      device 20 from the cavity resonator 40, thereby providing an effective
      galvanic insulation between the output of the voltage doubler and
      rectifier network 80 and the grounded load, while not interfering with
      effective R.F. coupling of the microwave energy from the device 20 to the
      load through the cavity resonator 40. In this manner, the present
      invention permits the added efficiency of coupling the microwave energy
      output of the device 20 to the load directly through the external resonant
      cavity 45, while at the same time permitting use of the microwave
      generator 10 with a grounded load and an ungrounded power supply.
PAR  In FIG. 4, there is diagrammatically illustrated a Rieke diagram
      superimposed on a Smith chart, for illustrating certain operating
      characteristics of the microwave generator 10 of the present invention. As
      illustrated in FIG. 4, a family of power curves 111 was attained, the
      members of the family of curves 111 for 300 watts, 400 watts, 500 watts,
      600 watts, 700 watts and 800 watts having been illustrated. A family of
      curves 112 showing the frequency of operation and the frequency pulling
      has also been plotted in FIG. 4, as has the unstable region indicated by
      the numeral 113. In a constructional example of the microwave generator 10
      of the present invention, it has been found that the invention produces
      significantly increased power and less heat loss than prior art devices
      under similar conditions.
PAR  Referring now to FIGS. 5 and 6 of the drawings, there is illustrated an
      alternative embodiment, generally designated 100, of the cavity resonator
      of the present invention. The cavity resonator 100 is generally similar to
      the cavity resonator 40, but instead of being formed of a rectangular wave
      guide section, it is formed from a section of ridge wave-guide. The cavity
      resonator 100 includes a top wall 101, a bottom wall 102, a pair of
      opposed side walls 103 and 103a and a pair of opposed end walls 104 and
      104a. The top wall 101 has a recessed portion, including a peripheral
      shoulder 106 extending downwardly from a peripheral line disposed a slight
      distance inwardly from the end and side walls of the cavity resonator 100,
      the peripheral shoulder 106 being closed at the bottom end thereof by a
      wall portion 107 and cooperating therewith to define a recess 108 in the
      top wall 101 of the cavity resonator 100. The upper coupling structure 50,
      the tuning screw 55 and the load coupling structure 60 all cooperate with
      the upper wall portion 107 in the same manner as they cooperated with the
      top wall 41 of the cavity resonator 40 illustrated in FIG. 1.
PAR  In operation, the microwave energy is coupled between the magnetron device
      20 and the resonant cavity 105, in essentially the same manner as the
      energy is coupled between the device 20 and the resonant cavity 45, as was
      described above with respect to FIG. 1. However, the cavity resonator 100
      of FIGS. 5 and 6 permits the output coupling means to have smaller overall
      dimensions, i.e., the coupling structure 60 need not extend as far above
      the upper edge of the cavity resonator 100, whereby the vertical dimension
      of the system, as viewed in FIGS. 5 and 6 may be reduced, which may be a
      significant space saving in terms of fitting the microwave generator 10
      into the housings or cabinetry of certain existing electronic devices such
      as microwave ovens.
PAR  From the foregoing, it can be seen that there has been provided a novel
      construction of a microwave generator, which provides stabilization of the
      operating frequency of the device, improved efficiency, and capability of
      use with grounded loads and ungrounded power supplies.
PAR  More particularly, there has been provided an improved magnetron generator
      which includes a crossed-field electron discharge device provided with an
      external frequency stabilizing cavity resonator, which is galvanically
      insulated from the magnetron device, while at the same time being tightly
      coupled thereto to provide capacitive coupling of microwave energy between
      the magnetron device and the cavity resonator.
PAR  There has also been provided a microwave generator of the character
      described, wherein the microwave energy is coupled from the magnetron
      device to a grounded load directly through the external cavity resonator,
      the insulation between the cavity resonator and the magnetron device
      permitting use of the generator with a power supply of the voltage doubler
      and rectifier type.
PAR  There have also been provided two embodiments of cavity resonators for use
      in the microwave generator of the present invention, both of which
      embodiments comprise closed sections of wave guide.
PAR  There has also been provided a magnetron generator of the character
      described, wherein the external resonant cavity can be externally tuned.
PAR  While there have been described what are at present considered to be the
      preferred embodiments of the invention, it will be understood that various
      modifications may be made therein, and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, a crossed-field electron discharge device for generating
      ultra-high frequency electromagnetic energy, a cavity resonator disposed
      externally of said discharge device for stabilizing the frequency of
      operation thereof, and capacitive coupling means galvanically insulating
      said cavity resonator from said discharge device while coupling microwave
      energy therebetween.
NUM  2.
PAR  2. The combination set forth in claim 1, wherein said capacitive coupling
      means includes dielectric insulating means disposed between said discharge
      device and said cavity resonator.
NUM  3.
PAR  3. The combination set forth in claim 1, wherein said cavity resonator
      includes tuning means for adjusting the resonant frequency of said cavity
      resonator.
NUM  4.
PAR  4. The combination set forth in claim 1, wherein said cavity resonator is
      disposed adjacent to one end of said discharge device.
NUM  5.
PAR  5. In combination, a crossed-field electron discharge device for generating
      ultra-high frequency electromagnetic wave energy and adapted to be
      operated with an ungrounded power supply, a cavity resonator disposed
      externally of said discharge device for stabilizing the frequency of
      operation thereof, capacitive coupling means galvanically insulating said
      cavity resonator from said discharge device while coupling microwave
      energy therebetween, and grounded output means coupled to said cavity
      resonator for transmitting microwave energy therefrom to an associated
      load.
NUM  6.
PAR  6. The combination set forth in claim 5, wherein said discharge device is
      adapted to operate in response to a D.C. operating potential in the range
      of approximately 220 to 700 volts.
NUM  7.
PAR  7. The combination set forth in claim 5, wherein said grounded output means
      includes a coaxial transmission line having a hollow outer conductor and a
      hollow inner conductor, said inner conductor extending into said cavity
      resonator and forming a coupling probe for coupling the microwave energy
      therein.
NUM  8.
PAR  8. The combination set forth in claim 5, wherein said cavity resonator
      comprises an elongated box-like enclosure substantially rectangular in
      transverse cross-section and having an electrical width greater than
      one-half of the operating wavelength of said discharge device.
NUM  9.
PAR  9. The combination set forth in claim 5, wherein said cavity resonator
      comprises an elongated generally box-like enclosure, said enclosure
      including one wall having a recessed portion therein, said output means
      being coupled to said cavity resonator at the recessed portion of said one
      wall. opening
NUM  10.
PAR  10. In combination, a crossed-field electron discharge device for
      generating ultra-high frequency electromagnetic wave energy and adapted to
      be operated with an ungrounded power supply, said discharge device
      including a hollow cylindrical first output connection member adjacent to
      one end thereof and a second output connection member disposed within said
      first output connection member coaxially therewith, a conductive enclosure
      defining a resonant cavity therein and including two opposed walls
      respectively provided with coaxial circular openings therein with the
      opening in one of said walls having a diameter substantially equal to the
      diameter of said first output connection member, said enclosure being
      mounted adjacent to said one end of said discharge device with the openign
      in said one wall being disposed substantially in registry with the
      adjacent end of said first output connection member and with said second
      output connection member extending coaxially through both of said
      openings, capacitive coupling means galvanically insulating said enclosure
      from said discharge device while coupling microwave energy between said
      resonant cavity and said discharge device, and grounded output means
      coupled to said resonant cavity for transmitting microwave energy
      therefrom to an associated load.
NUM  11.
PAR  11. The combination set forth in claim 10, and further including means
      fixedly securing said enclosure to said discharge device while maintaining
      galvanic insulation therebetween.
NUM  12.
PAR  12. The combination set forth in claim 10, wherein said capacitive coupling
      means includes a generally cylindrical conductive sleeve extending into
      said resonant cavity from the opening in the other of said walls, said
      second output connection member extending through said sleeve coaxially
      therewith, and insulating means disposed between said second output
      connection member and said sleeve coaxially therewith for providing
      capacitive coupling between said discharge device and said resonant cavity
      while maintaining galvanic insulation therebetween.
NUM  13.
PAR  13. The combination set forth in claim 10, wherein said capacitive coupling
      means includes a layer of dielectric material disposed between said
      enclosure and said discharge device and having an opening therethrough
      disposed substantially in registry with the adjacent end of said first
      output connection member, a generally cylindrical conductive sleeve
      extending into said resonant cavity from the opening in the other of said
      walls, said second output connection member extending through said sleeve
      coaxially therewith, and insulating means disposed between said second
      output connection member and said sleeve coaxially therewith for providing
      capacitive coupling between said discharge device and said resonant cavity
      while maintaining galvanic insulation therebetween.
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ABST
PAL  Cold cathode gas lasers where the cathode of the circuit exciting the
      discharge, is an aluminium tube which forms an integral part of the sealed
      envelope of the laser.
PAL  Such a structure can be used in lasers whether coaxial or otherwise. It
      makes it possible to improve their performance characteristics and to
      reduce their cost.
BSUM
PAR  The present invention relates to improvements in gas lasers. It relates
      more particularly to a novel method of designing the cathode of the
      excitation circuit which produces the discharge through the gas mixture in
      such lasers, such circuits being constituted in a manner known per se by
      two electrodes, a cathode and an anode.
PAR  Generally speaking, a gas laser comprises, within a sealed glass envelope
      filled with a gas mixture (helium and neon for example), on the one hand a
      mirrored resonant cavity which maintains and produces the electromagnetic
      microwave or lightwave or again "laser" wave, and on the other hand an
      excitation circuit constituted by an anode and a cathode. The application
      of a suitable voltage between the cathode and the anode gives rise to a
      discharge through the mixture and the laser lightwave is maintained and
      amplified in the cavity in a conventional manner. The cathode may be a
      cold cathode or a hot cathode. The invention applies solely to cold
      cathode lasers.
PAR  Depending upon the structure of the laser in question, the cathode may be
      located either outside the resonant cavity the glass envelope then taking
      the form of a U one of whose legs constitutes the cavity whilst the other
      contains the cathode, or around the resonant cavity itself the laser then
      having a structure sometimes referred to as "coaxial". Some embodiments of
      coaxial lasers are for example described in the U.S. Pat. No. 3,495,119.
      The invention applies equally to both these types of lasers.
PAR  In either case of the prior art, the cathode is an electrode of cylindrical
      tubular form and is enclosed in the glass envelope. This structure has
      several drawbacks. The area of the cathode is necessarily limited and this
      increases the degree to which it is heated; moreover heat dissipation is
      extremely difficult since it is realised through the glass envelope which
      constitutes a heat barrier. The power which can be delivered by such
      lasers is consequently limited.
PAR  The object of the present invention is to improve the structure of
      cold-cathode gas lasers and make it possible, for the same overall size of
      the laser tube, to employ cathodes of larger surface area which do not
      therefore tend to heat up so much during operation and are moreover very
      easy to cool.
PAR  Moreover, the improved lasers in accordance with the invention are less
      fragile and simpler to manufacture than the prior art ones, especially in
      the coaxial form.
PAR  As a matter of fact, the classical lasers and even the coaxial lasers of
      the prior art have a structure somewhat complicated with regard to the
      setting up of the two mirrors onto the resonant cavity. These mirrors
      generally are not set directly on the glass envelope but on a rigid frame
      looking like a girder which also supports the laser itself. The reason for
      that is that the orientation of the mirrors must be very precise in
      relation to the cavity axis and must remain precise all along the
      operating of the laser. If the mirrors were directly fixed on the glass
      envelope, the heating of said envelope due to the discharge in the cavity,
      would produce mechanical distortions affecting the precision of the
      mirrors position. Of course using such a frame is an important drawback
      with regard to the setting of the lasers as well as with regard to their
      cumbersomenes and their solidity.
PAR  The coaxial lasers of the invention do not need such an auxiliary frame
      while being as precise as those having such a frame.
PAR  According to the invention, there is provided a cold cathode gas laser
      comprising, within a sealed envelope containing a gas mixture, a resonant
      cavity with two semi-reflective mirrors, and a circuit for exciting a
      discharge in the gas mixture, said circuit comprising a cold cathode and
      an anode between which an excitation voltage is applied, said cathode
      being constituted by an aluminium tube forming an integral part of said
      sealed envelope.
DRWD
PAR  The invention will be beter understood from a consideration of the ensuing
      description, and the accompanying drawings in which:
PAR  FIG. 1 is a schematic sectional view of a gas laser not having a coaxial
      structure;
PAR  FIG. 2 is a schematic sectional view of a possible embodiment of a coaxial
      gas laser having two anodes;
PAR  FIG. 3 is a sectional view of a variant embodiment of part of the laser
      shown in FIG. 2; and
PAR  FIG. 4 is a schematic sectional view of a coaxial laser having a single
      anode.
DETD
PAR  FIG. 1 illustrates in a schematic sectional view, the essential elements of
      one embodiment of a cold-cathode gas laser incorporating the improvement
      of the present invention, the system being a non-coaxial one.
PAR  The glass sealed envelope 1 comprises a first branch 2 which constitutes
      the resonant cavity and is closed off at its two ends by two
      semi-reflective mirrors 3 and 4. The mirror 4 is for example the one which
      passes the output lightwave from the cavity (arrow 5). The second branch 6
      of the envelope is terminated in accordance with the invention by a
      cylindrical tube 7 of aluminium constituting the cathode of the excitation
      circuit whose anode is for example located at 8.
PAR  This tube 7 is of course closed at one of its ends whilst at the other it
      is soldered to the branch 6 of the envelope. The cathode 7 is connected to
      the glass envelope 6 for example by means of a tubular component 101 made
      of an alloy weldable to the glass of the envelope, for example Covar.
PAR  The cathode 7 is placed at a reference potential such as earth potential,
      whilst the anode 8 is placed at a potential V capable of triggering the
      discharge through the gas mixture filling the sealed envelope thus
      constituted.
PAR  This gas mixture is, for example, a conventional helium-neon mixture
      introduced into the envelope through a pumping pip 9 following prior
      evacuation of the envelope through said pip.
PAR  The advantages, already described, for the improved lasers in accordance
      with the invention are clear. On the one hand, the dimensions of the
      cathode are not limited by those of the glass envelope; on the other, the
      cathode is in direct contact with the extermal atmosphere and is therefore
      very easy to cool.
PAR  FIG. 2 schematically illustrates an improved laser in accordance with the
      invention, of coaxial design. Here, again, we are dealing with a gas laser
      (helium-neon mixture for example) of cold cathode type.
PAR  The cathode 10 is constituted by a cylindrical aluminium tube to the ends
      of which there are soldered two end plates 11 and 12 likewise of
      aluminium. Each of these end plates is centrally traversed by a capillary
      tube 13, 14 of a rigid insulating material, for example ceramic. These two
      capillaries are located in extension of one another and are spaced
      slightly apart; the space between them gives passage to the discharge as
      explained hereinafter.
PAR  At the outside end of each capillary 13, 14, a cylindrical anode 15, 16,
      made for example of Covar, is attached. Finally, on these two anodes the
      two semi-reflective mirrors 17 and 18 closing off the envelope and
      constituting, with the internal part of the capillaries 13, and 14, the
      resonant cavity amplifying the laser wave resulting from the discharge
      described hereinafter, are assembled.
PAR  When all these elements have been assembled together, it is possible by
      means of a pip 19 to evacuate the sealed envelope thus constituted, and
      then to fill it with a suitable gas mixture. It is then sealed using
      conventional methods.
PAR  This embodiment is particularly simple to put into effect; it makes it
      possible to obtain, at relatively low cost, a laser possessing good
      performance characteristics and an interesting structure.
PAR  As explained hereinabove, this structure makes it possible to omit the
      frame generally supporting on the one hand the laser itself and on the
      other hand the cavity mirrors; said frame is replaced in the lasers of the
      invention by the aluminium tube cathode itself.
PAR  The thus realised lasers have a compact structure because the mirrors are
      directly fixed on the resonant cavity while said mirrors are precisely
      positioned all along the operating since the cathode remains cold during
      said operating.
PAR  The commercial manufacture of said lasers can be carried out under good
      production conditions. It is merely necessary for example to bond the
      anodes 15 and 16 to the capillaries then to braze the capillaries 13 and
      14 to the end plates 11 and 12 at the same time as the pip 19 (for these
      operations, it would be advantageous to utilise the brazing method
      described by the present Applicants in their U.S. patent application Ser.
      No. 302,416 filed on the Oct. 31, 1972.
PAR  Cathode 10 is then fixed to the two end plates 11 and 12 by a helium
      shielded arc welding process, for example, around the whole of its
      periphery in the manner indicated at F in FIG. 2. During this operation, a
      rod is introduced into the two capillaries so that they are located in
      precise alignment with one another. Once the operation is completed, the
      rod is removed, the mirrors 17 and 18 bonded to the anodes 15 and 16, the
      air is evacuated from the envelope and the envelope then filled with the
      gas mixture through the pip 19 which latter is then finally sealed.
PAR  The application of an appropriate excitation voltage between the two anodes
      15 and 16, and the cathode 10 produces a discharge within the gas mixture,
      which, in fact, in the embodiment described here, consists of two parallel
      discharges between the cathode 10 and the two anodes 15 and 16.
PAR  The resonant cavity formed between the two mirrors 17 and 18 and
      constituted primarily by the spaces inside the capillaries 13 and 14,
      amplifies the laser wave in a conventional fashion. This wave leaves the
      cavity through one of the two mirrors which, to this end, is
      semi-transparent.
PAR  Trials carried out by the Applicants on lasers of this kind have shown that
      under certain operating conditions and at the end of a certain period of
      time, the power produced by the laser may be reduced. It would seem that
      this reduction in the quality of the resonant cavity is due to an
      accumulation of gas ions on the mirrors which are directly attached to the
      anodes.
PAR  FIG. 3 illustrates a variant embodiment of the mounting of these mirrors,
      by which it is possible to eliminate this drawback. The mirrors (here only
      the mirror 17 has been shown, it being self-evident that the mirror 18 is
      assembled in the same fashion), are bonded to one and the same
      intermediate insulator 20, of alumina for example, itself brazed to the
      anodes (at the same time as the components 13, 14).
PAR  The coaxial lasers in accordance with the present invention have
      substantial advantages in relation to prior art lasers.
PAR  As in the case of the lasers described in relation to FIG. 1, the
      conditions of cooling of their cathodes are extremely good and this makes
      it possible to improve their performance.
PAR  The laser constitutes a compact block the largest part of which, the
      cathode, is at earth potential. It is not fragile and can be inserted
      directly into systems, for example airborne equipment, with a minimum need
      for special precautions.
PAR  It is simple to manufacture and only requires machine operations (turning,
      brazing oven), without any manual work, such as glass-blowing.
PAR  Moreover, in the example described, the presence of two parallel
      discharges, thanks to the two anodes and two capillaries makes it
      possible, for the same output power, to utilise a lower supply voltage,
      and this is significant from the cost point of view and from the size and
      weight point of view in particular.
PAR  FIG. 4 schematically illustrates a variant embodiment of the coaxial laser
      which has been described hereinabove; it concerns a non symetrical laser
      having a single anode and then a single discharge.
PAR  The cathode 10 is constituted, as the cathode of the FIG. 2 laser, by a
      cylindrical aluminium tube to the ends of which there are soldered two end
      plates 11 and 12 likewise of aluminium. The end plate 11 is centrally
      traversed by a capillary tube 13 of a rigid insulating material, for
      example ceramic, said capillary tube extending outside the cathode and
      being tightly mounted outo said cathode, for example by means of the
      brazing method hereinabove referred to.
PAR  A cylindrical anode 15, made of covar for example is set on the extremity
      of said capillary tube 13 which extends outside the cathode through the
      plate 11. One of the two mirrors of the cavity, 17 for example, is bonded
      to the anode 15, for example by means of an intermediate insulator 20, of
      alumina for example, itself brazed to the anode.
PAR  The other extremity 14 of the capillary tube 13 centrally passes through
      the plate 12 but does not extend outside the cylinder constituted by the
      cathode 10 and said plate 12. Moreover, said extremity 14 of the capillary
      tube is not bonded to said plate 12 in such a way that the expansion of
      the capillary tube due to the heat produced by the discharge, does not
      produce mechanical distortions. The second mirror 18 of the resonant
      cavity is soldered at this extremity of the cylinder directly to the plate
      12.
PAR  A cylindrical hole 21 is provided in the capillary tube 13, by which
      communication is established between the central passage 22 of the
      capillary tube and the gas-filled enclosure 23, in such a way that the
      discharge may occurs between the anode 15 and the cathode 10.
PAR  A pip 19, set on the plate 11 for example, makes it possible to evacuate
      the sealed enclosure 23, and then to fill it with a suitable gas mixture;
      it is then sealed using conventional methods.
PAR  The manufacturing of such lasers is realised in a way similar to that which
      has been described for two anodes coaxial lasers.
PAR  Of course, the invention is not limited to the embodiments described and
      shown, which were given solely by way of example.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cold cathode gas laser of the coaxial type comprising: a cylindrical
      aluminium tube cathode; at least one insulating capillary tube coaxially
      disposed in said cathode; end plates coupled to said cathode, at least one
      of which for receiving said capillary tube for fixedly positioning said
      tube, one extremity of said capillary tube extending beyond the end of
      said tube cathode; said capillary tube having an opening to provide an
      open path between the interior of said capillary tube and the interior of
      said cylindrical aluminium tube forming said cathode; at least one
      cylindrical anode fixed at said one extremity of said capillary tube; two
      semi-reflective mirrors terminating a path which includes the interior of
      said at least one capillary tube for constituting an optical resonant
      cavity; means for sealing said cathode, said at least one capillary tube,
      said end plates, said at least one anode and said two semi-reflective
      mirrors and forming a gas-tight enclosure (i.e. the interior of said
      cathode and the interior of said optical resonant cavity); and said tight
      enclosure being filled with a laser gas mixture.
NUM  2.
PAR  2. A gas laser as claimed in claim 1, comprising two insulating capillary
      tubes coaxially disposed in said cathode, but slightly separated one from
      the other (for providing said open path between said interior of said
      capillary tubes and said interior of said cathode), each of said capillary
      tubes having an extremity extending beyond the respective ends of said
      cylindrical tube cathode, a cylindrical anode being fixed at the extremity
      of each of said capillary tubes extending beyond said cathode, and said
      semi-reflective mirrors being fixed on both said anodes for constituting
      said optical resonant cavity.
NUM  3.
PAR  3. A cold cathode gas laser of the coaxial type comprising:
PA1  at least one elongated insulating capillary tube having two extremities;
PA1  an elongated cylindrical aluminium tube cathode having a longitudinal axis
      and two extremities, said cathode being coaxially aligned with and
      surrounding a substantial length of said capillary tube, one of said
      extremities of said capillary tube extending beyond one extremity of said
      cathode;
PA1  first and second end-plates tightly connected respectively at each
      extremity of said cathode, said endplates each having a central aperture
      aligned with said longitudinal axis of said cathode, said at least one
      capillary tube passing through and being connected to said central
      aperture of said first end plate;
PA1  at least one cylindrical anode fixed at said extremity of said capillary
      tube which passes through the first end plate (i.e. which extends beyond
      said one extremity of said cathode);
PA1  two semi-reflective mirrors terminating the path defined in part by the
      interior of said at least one capillary tube for constituting an optical
      resonant cavity, one of said semi-reflective mirrors being tightly fixed
      to said at least one anode;
PA1  means for providing communicaton between the interior of said at least one
      capillary tube and the interior of said cathode;
PA1  means for providing a tight enclosure of said optical resonant cavity
      including means for tightly sealing said central aperture of said second
      end plate; and
PA1  a laser gas mixture filling said tight enclosure.
NUM  4.
PAR  4. A gas laser as claimed in claim 3, wherein said at least one capillary
      tube comprises said one tube and:
PA1  a further capillary tube aligned with along said longitudinal axis of said
      cathode, said tubes being symetrically disposed related to said cathode
      and said end-plates, and being slightly separated one from the other for
      providing said means for communication between the interior of said
      capillary tube and said cathode, and wherein said enclosure means includes
      said further capillary tube being tightly connected to said second
      end-plate through which it passes; said laser further comprises a further
      cylindrical anode fixed at the extremity of said further capillary tube
      which extends beyond said other extremity of said cathode; and wherein the
      other of said two semi-reflective mirrors is tightly fixed to said further
      anode.
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PAL  A high power multibeam laser having an improved output coupling mirror
      comprised of either a single mirror or a plurality of mirror elements
      attached to a mirror-supporting member. The inner face of the output
      coupling mirror, whether it be composed of a single mirror or a plurality
      of mirror elements, lies in a single flat plane which is perpendicular to
      the optical axis of the laser device. The outer face of the optical mirror
      may also be planar or may have a convex curvature with respect to the
      laser device.
BSUM
PAR  The present invention relates to a high output laser device with an
      efficient output mirror.
PAR  In one embodiment according to the present invention, the output mirrors
      from which the laser beam output power is taken out are abraded or
      polished respectively at the same time, as though the mirrors would
      consist of a common output mirror and they are used as single common
      mirror. This results in obtaining high output power by allowing the output
      beam from each laser tube to parallel each other in cooperation with a
      focus device, such as rotating parabola means.
PAR  In the prior art, the following two techniques are mainly employed in order
      to obtain high output power from a molecular gas laser. One is a method in
      which the laser tubes are lengthened. However, in this method since the
      tubes must be used within the length of from a few meters to several tens
      of meters, it is sometimes difficult to use them for practical
      applications. The other method is to cool a gas contained within the laser
      tubes, wherein rise of temperature of gas flowing at high speed can be
      prevented and a high output power can be obtained. In this system because
      of high speed gas flow, a blower and a radiator are required, thus the
      entire device tends to become considerably large. In addition, the
      diameter of the output mirror, in many cases, often becomes an order of
      50.phi., so that the spot size of the laser beam tends to increase due to
      multi-oscillation modes, thus making concentration of the beam difficult.
      Furthermore, mere rise of input as a result of expansion of the laser tube
      diameter will lead the temperature at the center portion of the tube to
      rise, for instance, about 100.degree.C, and the oscillation will cease.
      The juxtaposition of a plurality of laser tubes merely causes the
      misalignment in the direction of the laser beam, so that it is difficult
      to obtain an accurate parallel laser beam. This, in turn, makes
      concentration of the beam on a minute area as a spot difficult. For those
      reason described above, the manufacture of the laser device is sometimes
      difficult and the number of parts to be used increases, and the costs
      thereof tend to be higher in the prior art, as well as the weight of the
      device increases, involving difficulty when carrying.
PAR  It is, therefore, an object of the present invention to solve the problems
      encountered in the prior art.
PAR  It is another object of the present invention to provide an efficient laser
      device, wherein a vertical oscillation of the laser beam to the output
      mirrors is employed when plane mirrors are used as the output mirrors.
PAR  It is another object of the present invention to provide a laser device,
      wherein a vertical oscillation of the laser beam to the output mirror
      means is employed and each output mirror, in connection with a plurality
      of the laser tubes, is abraded commonly so as to obtain a high laser beam
      output capable of concentrating the beam on a minute area.
PAR  It is another object of the present invention to provide a laser device
      wherein a vertical oscillation of the laser beam to the output mirror
      means is employed and a single common mirror is used so as to obtain a
      high laser beam output capable of concentrating the beam on a minute area.
PAR  It is another object of the present invention to provide a laser device
      which is easy to manufacture and is less expensive.
DRWD
PAR  These and other objects and features and advantages will become apparent
      from the following description in conjunction with the accompanying
      drawings in which;
PAR  FIG. 1 shows one embodiment of a laser device according to the present
      invention in which a crosssectional view of the device is illustrated;
PAR  FIG. 2 shows a deviated laser beam oscillation due to a deviation of the
      gas tube;
PAR  FIG. 3 shows a cross-sectional view of another embodiment of the output
      mirror according to the present invention;
PAR  FIG. 4 shows still another embodiment of the output mirror with a flat
      surface at one side and a spherical surface at the other side; and
PAR  FIG. 5 shows another embodiment according to the present invention in which
      the output mirror is divided into a plurality of portions and retained by
      a supporting member.
DETD
PAR  Referring to FIG. 1, a gas laser device according to the present invention
      is illustrated. An explanation is made to a CO.sub.2 gas laser device in
      this embodiment, but it is apparent that other gases are also applicable.
      The device comprises four gas laser tubes in mutual alignment. Each laser
      tube 2 includes a gas tube 3 (discharge tube) with gas inlet 3a and outlet
      3b and cylindrical electrodes 4a and 4b provided at end portions of the
      tubes 3. The laser device also comprises output mirrors 5 mounted at each
      end of the tubes 3 and full reflective mirrors 6 attached at the other
      ends of the tubes 3. The gas tubes 3 are made of insulating materials,
      such as glass, or ceramics and they are retained in such manner that
      maximum accurate juxtaposition can be obtained within the accuracy of
      manufacturing technique. The electrodes are made of stainless steel or
      carbon. The full reflective mirrors 6 are made of glass or metals, such as
      carbon tool steel, or a material evaporated, by a substance such as gold
      or aluminum with a large reflectivity of 10.6 microns in thickness, on a
      semiconductor substrate. Each full reflective mirror 6 is bonded to the
      gas tubes 3 in such a manner that it is perpendicular to the direction of
      the length thereof by adjustment.
PAR  The output mirrors 5 are made by adhering a mirror material, such as Ge,
      GaAs, which passes the infrared ray in the vicinity of 10.6 microns with a
      mirror supporting plate 8 in the position corresponding to each gas tube
      through adhesive and then by commonly plane-abrading the front and back of
      each mirror so as to align the front and back of each output mirror on the
      same plane. After abrasion, an appropriate reflectivity of about from a
      few percent to several ten percent is given to the mirrors by a
      multi-layer film evaporation method.
PAR  The cooling means 7 constitutes a water coller covering each gas tube 3 and
      it is, in this case, common to all the gas tubes 3 so as to minimize the
      size of the laser device 1. However, it may be constructed so as to cool
      each tube as the conventional laser devices.
PAR  The mirror supporting plate 8 is made of a suitable air-tight material,
      such as metals, glass, or ceramics, which retains each output mirror in
      common alignment. The mirror fortifying means 9 is made of a metal, such
      as carbon tool steel, cobar, stainless steel, or ceramic glass. With this
      construction the mirror supporting member 8 is prevented from being
      distorted by a force produced from the difference between an external
      pressure and an internal pressure, which will otherwise lead to loss of
      mutual parallelism on each output mirror and, in turn, lead to loss of
      parallelism of the output beam.
PAR  According to the present invention the output mirror is adjustable by means
      of bellows 10 and screw 11. The output mirror 5 is adjusted by the screw
      11 in such a manner that the laser beam output reaches maximum after
      discharge. The gas inlet 3a is mounted on the mirror fortifying member 9,
      which is assembled in one body with the electrodes 4a through the bellows
      10 so that voltage can be applied to the electrode 4a.
PAR  In the embodiment shown in FIG. 1, the device is not restricted by size of
      the infrared passing material available, so that the beam output power can
      be easily increased by merely increasing the number of the laser tubes.
      For instance, assuming now that the laser device has the tube length of 2m
      and the tube diameter of 160.phi. with the external diameter of 25.phi.,
      gas tubes numbering up to ninteen can be used in an aligned juxtaposition
      around the tube axis, thereby obtaining an output power of 1.9 KW.
      Further, when the tubes take one meter length, then the output power of
      about 760 W is obtainable.
PAR  Referring now to FIG. 2, a deviation of the laser oscillation due to
      deviation of the tubes is illustrated. In the figure, it is to be noted
      that even if the gas tube is deviated from the parallelism or alignment,
      the output power from each of the laser tubes 2 is kept constant and each
      beam remains parallel mutually. In this case, assuming now that the
      maximum deviation of each discharge tube 3 from the reference parallel
      line, or optical axis P is .delta. mm and a concave mirror with radius of
      R (the center of which is indicated as C) is used as a full reflective
      mirror 6, where the distance between the full reflective mirror 6 and the
      output mirror 5 is d, the laser oscillation takes place, as well-known,
      centering on the position deviated by X = R .delta. /d from the centering
      position C of the full reflective mirror 6 and perpendicular to the output
      mirror 5, regardless of the direction of the charge tubes. Accordingly,
      the laser beam from each laser tube 2 runs parallel each other since the
      output mirror 5 is commonly plane-abraded. The value of this deviation X
      becomes X = 0.2 mm when, for instance, .delta. = 0.1 mm, R = 2 m, and d =
      1 m are taken so that it does not actually give any effect to the laser
      output. Accordingly, a high output laser beam can be obtained and the
      divergency of the beam is almost the same as that when each of the laser
      tubes 2 is independently oscillated.
PAR  In FIG. 3, another embodiment of the output mirror according to the present
      invention is shown, wherein the output mirror 12 is made of a single
      abraded mirror which is attached to the mirror fortifying member 13. As
      shown in the figure, the single output mirror 12 is mounted to the member
      13 which has cavities coupled to the bellows.
PAR  In FIG. 4, there is shown still another embodiment of the output mirror
      according to the present invention, wherein one side of the mirror which
      faces the gas tube is made plane as designated 15 while the other side
      thereof is made spherical 16 so as to concentrate the laser beam at the
      focussing point.
PAR  In FIG. 5, there is shown a further modified embodiment of the output
      mirror according to the present invention, wherein the output mirror 14 is
      divided into a plurality of mirror portions, in this case, the two
      portions 17, and the portions of the mirror are retained by the mirror
      supporting plate 18, respectively. The manner in which the output mirror
      is arranged is almost the same as that corresponding to the device shown
      in FIG. 1. In this case, the output mirror may be adjusted so as to become
      perpendicular to one of the laser tubes and may be fixed to the discharge
      tube, as it is, by using adhesive. In this case, once the mirror has been
      adjusted, little deviation arises afterwards so that handling of the
      device will be remarkably facilitated.
PAR  As described hereinabove, according to the present invention a laser device
      capable of producing a powerful laser beam with minimized spot size is
      obtainable with a compact construction.
PAR  Furthermore, since the spot size of the beam is made minimized, a laser
      beam energy can be concentrated on a very small area, thus producing a
      striking effect for practical use.
PAR  Moreover, to make a plane surface of the output mirror at the oscillation
      side and a spherical surface at the other side enables the output mirror
      to function itself as a supplemental optical system, so that is allows the
      laser beam to be concentrated at the focus point thereof. With this
      construction, a high output power is available from any conventional laser
      devices. When the strong concentration laser beam is desired, any types of
      the laser devices such as glass laser, gas laser, color component laser or
      the like will be effective.
PAR  It will, of course, be recognized that various modifications and
      equivalents will readily occur to those skilled in the art and it is
      therefore intended that such be covered by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high power multibeam laser system comprising: a plurality of
      oscillator tubes containing therein a laser medium and positioned
      approximately parallel to one another, at least one totally reflecting
      mirror disposed at one end of said oscillator tubes, an output coupling
      mirror disposed at the other end of said oscillator tubes, and means for
      applying pump energy to said laser medium for establishing a population
      inversion therein, and wherein said output coupling mirror comprises
      plural segmented mirror elements having at least the inner faces which
      face said oscillator tubes lying in a single flat plane.
NUM  2.
PAR  2. A high power multibeam laser system according to claim 1, including a
      mirror-supporting plate, and wherein said segmented mirror elements are
      retained by said mirror-supporting plate.
NUM  3.
PAR  3. A high power multibeam laser system according to claim 1, in which the
      outer faces of said segmented mirror elements lie in a flat plane.
NUM  4.
PAR  4. A high power multibeam laser system according to claim 1, in which the
      outer faces of said segmented mirror elements collectively form a partly
      sherical configuration.
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ABST
PAL  A techinque for modulating the output signal of an acousto-optically
      Q-switched laser is disclosed. The switch is energized with an acoustic
      wave having a frequency equal to the approximate frequency spacing between
      longitudinal lasing modes of the laser. Among other advantages, the
      technique permits identification of lasers by length of resonator and
      through detection of the frequency of modulation of the laser output.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to lasers, and more particularly to acoustooptically
      Q-switched lasers.
PAC  BACKGROUND OF THE INVENTION
PAR  Since the advent of the acousto-optically Q-switched laser, as described in
      U.S. Pat. No. 3,725,812 to Warner C. Scott, there has been significant
      interest in improving such laser. In some applications it is desirable to
      provide a means of identification for a particular laser, to distinguish
      its output signal from that of other acousto-optically Q-switched lasers.
PAR  Further, as indicated in our co-pending U.S. application Ser. No. 424,115
      filed Dec. 12, 1973, the disclosure of which is hereby incorporated by
      reference, it is desirable to increase the energy content in a single
      output pulse as much as possible.
PAR  Accordingly, it is a feature of the present invention to modulate the
      output signal of an acousto-optically Q-switched laser.
PAR  It is a further feature of the present invention to provide a means of
      identification of an acousto-optically Q-switched laser according to
      resonator length, by demodulation of the output signal.
PAR  Further features and advantages of the invention will be apparent to
      persons skilled in the art, from a consideration of this specification,
      including the claims and the drawings.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, amplitude modulation is achieved
      in the output of an acousto-optically Q-switched laser, by selecting the
      acoustic wavelength in such manner as to shift the wavelength of light
      emitted from a laser rod, and which is subsequently used as feedback to
      maintain lasing action by an amount approximately equal to the wavelength
      difference between successive longitudinal lasing modes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a representation of the principal elements of an
      acousto-optically Q-switched laser.
PAR  FIG. 2 is a representation of a laser output signal having discrete
      wavelength components.
PAR  FIG. 3 is a representation of the amplitude of the laser output signal, as
      a function of time.
PAR  FIG. 4 is a representation of a mode-locked laser output signal.
PAR  FIG. 5 is a representation of a laser output signal with modulation,
      obtained by the technique of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1 of the drawings, the principal elements of an
      acousto-optically Q-switched laser system are shown. A rod 1 of lasing
      material, for example, YA1G:Nd, is shown mounted between two reflectors 2
      and 3. Light of appropriate lasing wavelength emitted from the left end of
      the rod 1 in response to pumping means (not shown), will be reflected by
      reflector 2 back through the rod 1. The light will then be amplified,
      i.e., the photons are multiplied, and will emerge from the right end of
      the rod 1. The amplified light passes through a Q-switching element 4,
      which may be, for example, fused quartz. A transducer 5 is employed to
      generate an acoustical wave in the Q-switch element 4 at selected times.
      When the transducer 5 is off, that is, not energized by an rf power
      source, the Q-switch element 4 is essentially transparent to the light
      emitted from the right side of the laser rod 1. Accordingly, such light
      passes to reflector 3, which, because of its tilted angle, reflects the
      light back through the transparent Q-switch 4, over the laser rod 1, and
      out of the system, and so prevents lasing action.
PAR  When the transducer 5 is energized it creates an acoustic wave in Q-switch
      4 and a portion of the light beam is deflected downward, and passes to
      reflector 3, which reflects the light back along a line parallel to the
      longitudinal axis of the laser rod 1 through Q-switch 4. The undeflected
      portion of the light passes to reflector 3 and is reflected back through
      the Q-switch 4. As each portion of light reflected by reflector 3 passes
      through Q-switch 4 a portion of each portion is again deflected. The
      initially undeflected portion of light now has a part deflected downward
      by Q-switch 4 along a trajectory parallel to the longitudinal axis of
      laser rod 1 and represents feedback to maintain lasing action. The
      undeflected part passes over laser rod 1 and represents part of the output
      of the laser. The initially deflected portion of the light now has a part
      deflected upward by Q-switch 4 which is part of the laser output, the
      remainder forms part of the feedback to laser rod 1. The angle at which
      the Q-switch 4 and reflector 3 are tilted, is known as the Bragg angle,
      which is defined approximately by the relationship
EQU  .theta. .apprxeq. .lambda./.LAMBDA.                        (Eq.1)
PAL  where
PAR  .theta. is the Bragg angle, in radians;
PAR  .lambda. is the wavelength of laser light in vacuum; and
PAR  .LAMBDA. is the acoustic wavelength in Q-switch 4.
PAR  A standing wave pattern, necessary for lasing action, will be established
      between reflectors 2 and 3 whenever the condition
EQU  d = N .lambda./2 is satisfied,                             (Eq. 2)
PAL  where
PAR  d is the optical path length between the two reflectors 2 and 3; and
PAR  N is an integer.
PAR  For the same length resonator, d, a second "mode" exists where
EQU  d = (N+1) .lambda.'/2                                      (Eq. 3)
PAR  Thus it is seen that .lambda. and .lambda.' are each distinct wavelengths
      capable of forming standing-wave patterns in the same resonator, and hence
      capable of producing lasing action. There are additional lasing
      wavelengths, or modes, correponding to 2d/(N+2), 2d/(N+3), etc.
PAR  In practical terms, it should be recognized that N is quite large. Since
      the length of the resonator, d, is typically about 1 meter, and the light
      wavelength is approximately one micron, N is about 10 .sup.6. Accordingly,
      the wavelength difference between the first two modes, 2d/N - 2d/N+1, may
      be considered essentially constant for subsequent adjacent modes. The same
      is, of course, true for frequency spacing between modes. The laser output
      therefore consists of a number of discrete-wavelength pulses, and the
      wavelength difference from one pulse to the next is essentially constant,
      as shown schematically in FIG. 2.
PAR  Summing these different-wavelength pulses of contributing modes in the
      output produces an output pulse of a configuration illustrated in FIG. 3
      of the drawings.
PAR  As is known in the art, if the various discrete frequency components of the
      output can be made to have the same phase angle at a given instant, the
      output waveform will ideally take the configuration shown in FIG. 4 of the
      drawings. It is seen here that the output consists of a series of separate
      spikes. The time interval between each pair of spikes, .DELTA. t, is
      proportional to 1/.DELTA. f where .DELTA. f is the frequency difference
      between adjacent modes; and the width of each spike is a function of M,
      where M is the number of participating modes. An output configuration such
      as shown in FIG. 4, therefore, is indicative of mode-locking, i.e., the
      participating modes are in phase at the time of each spike.
PAR  According to the present invention, a phenomenon akin to mode-locking is
      achieved by selection of the acoustic-wavelength such that each frequency
      component of the lasing light that is used as feedback will be shifted in
      frequency by an amount equal to .DELTA. f, as above defined, or some
      multiple or sub-multiple thereof.
PAR  The frequency of the Bragg-deflected portion of any beam moving through the
      resonator 1 while the Q-switch is on is given by
EQU  f = f.sub.in .+-. f.sub.ac,
PAL  where
PAR  f.sub.in is the frequency of light entering the switch; and  f.sub.ac is
      the frequency of the acoustic wave.
PAL  Therefore, if f.sub.ac is selected so as to be approximately equal to the
      spacing between longitudinal modes, as above described, the frequency of
      an incoming light wave will be shifted to the adjacent mode. If a multiple
      of .DELTA. f, for instance, 2 .DELTA. f, is used for f.sub.ac, the
      incoming light wave will have its frequency shifted by two modes. If a
      submultiple of .DELTA. f. for instance 1/2 .DELTA. f, is used for
      f.sub.ac, two passes through the resonator will shift the light frequency
      by .DELTA. f, to the adjacent mode.
PAR  In practice thus far, we have found that the output waveform is a modulated
      curve such a illustrated in FIG. 5, rather than a true modelocked form as
      in FIG. 4. It is believed that such difference is due to the lack of exact
      equality in the mode spacing, because of the dispersion of the lasing
      medium but it is possible that the phenomenon here involved is not true
      mode-locking. The transverse modes also are present with different
      spacings from the longitudinal ones, so that the wavelength spectrum is
      much richer than shown in FIG. 2. A mode-locked train of narrow pulses
      generally requires that all but one of the transverse modes is eliminated,
      but this lowers the laser efficiency and output and is undesirable. In any
      event, the period of the modulating "ripple", shown in FIG. 5, is
      inversely proportional to the frequency spacing of adjacent lasing modes,
      and this is enough to permit employment of the technique for
      laser-identification purposes.
PAR  The foregoing technique may be employed to provide identification of a
      particular acousto-optically Q-switched laser. Since the frequency of the
      ripple is directly proportional to the wavelength difference between
      modes, and since the wavelength difference between modes is, according to
      equations 2 and 3, a direct function of the resonator length, laser
      resonators of different lengths will produce ripples of different
      frequencies. Accordingly, to determine which of several lasers of
      different lengths is producing a given laser output signal, it is only
      necessary to demodulate the output and determine the frequency of the
      modulating ripple signals.
PAR  It has been found possible in practice to modulate the output signal by
      60-70 percent, apparently due to partial mode-locking, with a ripple
      period of 5-10 nanoseconds long pulse.
PAR  It may be possible with the foregoing technique to produce truly isolated
      spikes in the output, similar to the configuration shown in FIG. 4.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of modulating the output of an acousto-optically Q-switched
      laser including a lasing means and two reflectors, with an acousto-optic
      Q-switch between said lasing means and one of said reflectors, said method
      comprising:
PA1  transmitting a light beam as the output from the lasing means toward the
      Q-switch and said one reflector,
PA1  activating said Q-switch by introducing acoustic energy thereinto having a
      frequency approximately equal to the frequency difference between adjacent
      longitudinal modes of the light beam output or a multiple or submultiple
      thereof as the light beam output passes through the Q-switch,
PA1  feeding back at least a portion of the light beam output by said one
      reflector, and
PA1  modulating the light beam output as a consequence of said Q-switch
      activation as it is fed back by said one reflector by shifting the
      frequency of the feedback light beam in an amount equal to the frequency
      difference between adjacent longitudinal lasing modes or a multiple or
      submultiple thereof to produce a resultant modulated lasing output
      waveform.
NUM  2.
PAR  2. A method of modulating the output of an acousto-optically Q-switched
      laser as set forth in claim 1, wherein the acoustic energy introduced into
      said Q-switch for activating same is selected so as to be approximately
      equal to the frequency difference between adjacent longitudinal modes of
      the light beam output, whereby the frequency of the feedback light beam is
      shifted to the adjacent longitudinal lasing mode.
NUM  3.
PAR  3. A method of identifying an acousto-optically Q-switched laser including
      a lasing means and two reflectors, with an acousto-optic Q-switch between
      said lasing means and one of said reflectors, by its output pulse
      characteristic, said method comprising:
PA1  transmitting a light beam as the output from the lasing means toward the
      Q-switch and said one reflector,
PA1  activating said Q-switch by introducing acoustic energy thereinto having a
      frequency approximately equal to the frequency difference between adjacent
      longitudinal modes of the light beam output or a multiple or submultiple
      thereof as the light beam output passes through the Q-switch,
PA1  feeding back at least a portion of the light beam output by said one
      reflector,
PA1  modulating the light beam output as a consequence of said Q-switch
      activation as it is fed back by said one reflector by shifting the
      frequency of the feedback light beam in an amount equal to the frequency
      difference between adjacent longitudinal lasing modes or a multiple or
      submultiple thereof to produce a resultant modulated lasing output pulse,
PA1  demodulating the modulated lasing output pulse, and
PA1  determining the frequency of modulation.
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ABST
PAL  A dye laser, pumped by a nitrogen laser, has been made to operate in both
      the TE.sub.01 and TM.sub.01 rotationally symmetric modes, regardless of
      the variation in laser wavelength. By changing the spacing of lenses
      within the optical cavity, the single laser can be made to switch from the
      TE.sub.01 mode to the TM.sub.01 mode and back again to the TE.sub.01 mode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a U.S. Pat. No. 3,777,280 issued on Dec. 4, 1973 to Dieter Pohl and
      assigned to applicants' assignee, the TE.sub.01 mode is favored whereas
      the other modes are suppressed. This discrimination is achieved by
      employing in the laser cavity a birefringent crystal, zero degree cut
      calcite, which deflects the beams in the crystal so as to suppress the
      TM.sub.01 mode but favor the TE.sub.01 mode. In such Pohl invention,
      however, there is no teaching of how to switch back and forth in a single
      laser from the TE.sub.01 to the TM.sub.01 and vice versa.
PAR  In yet another teaching (See "Generation of Radially Polarized Optical Beam
      Mode by Laser Oscillation" by Y. Mushiake et al, Proc. of IEEE, Vol. 60,
      Sept., 1972, pp. 1107-1109) a He--Ne gas laser was operated in the
      TM.sub.01 mode having its magnetic field azimuthally polarized and its
      electric field radially polarized. By passing the TE.sub.01 beam through a
      rotationally symmetric 90.degree. rotator, the TM.sub.01 mode can be
      switched to the TE.sub.01 mode and vice versa. However, Mushiake et al's
      device has the limitation that the amount of rotation produced by the
      rotationally symmetric 90.degree. rotator is wavelength dependent.
PAR  The present invention achieves the capability of switching back and forth
      from the TE.sub.01 mode to the TM.sub.01 mode so that such switching is
      independent of the wavelength of the laser. Such wavelength independence
      is attained by the use of a mode selector which comprises a zero degree
      calcite crystal inserted between two lenses in the laser cavity. One lens
      is concave which makes the light strongly divergent as it passes through
      the calcite. The other lens is convex which recollimates the divering beam
      into a parallel beam, the latter being reflected from a mirror or
      diffraction grating of the optical cavity. The divergent light beam
      undergoes double refraction in the crystal, which allows for
      discrimination between TE.sub.01 and TM.sub.01 modes. By varying the
      spacing between the convex and concave lenses, switching between the
      TE.sub.01 and TM.sub.01 mode is achieved that is independent of the
      wavelength of the oscillating light in the laser cavity.
PAR  It is an object of this invention to provide a novel laser capable of
      selecting either the rotationally symmetric TE.sub.01 mode or the
      rotationally symmetric TM.sub.01 mode.
PAR  It is yet another object of this invention to provide such selection
      capabilities in a laser that is independent of the wavelength of the
      laser.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of an azimuthally polarized mode selector
      scheme.
PAR  FIG. 2 is a representation of a wave vector surface for a negative uniaxial
      crystal for the extraordinary wave in that crystal and
PAR  FIG. 3 is a wave vector surface for the ordinary wave.
PAR  FIG. 4 depicts the refraction of the extraordinary wave and the ordinary
      wave at the air-crystal interface with respect to a reference line,
      namely, the optic axis.
PAR  FIGS. 5 and 6 are embodiments of the invention.
DETD
PAR  In FIG. 1 is seen the mode selector shown and described by Pohl in the
      above noted U.S. Pat. No. 3,777,280. To lift the degeneracy between the
      TE.sub.01 and TM.sub.01 modes as well as to discriminate against unwanted
      modes, the mode selector of FIG. 1 included a zero degree calcite crystal
      2 inserted between two lenses 4 and 6. Lens 6 is a concave lens whereas
      lens 4 is convex. A reflector 8 provides one end of the optical cavity. A
      laser active medium (not shown) and a partially transmitting output mirror
      (not shown) complete the laser system. Lens 6 makes the light 12 strongly
      divergent as it passes through calcite crystal 2 whereas convex lens 4
      recollimates the diverging beam 12 into a parallel beam that is reflected
      back toward lens 4 by reflector 8. the divergent light beam 12 undergoes
      double refraction in crystal 2, such double refraction serving to
      discriminate between the TE.sub.01 and TM.sub.01 modes in a manner to be
      described hereinafter.
PAR  A discussion of how such discrimination is achieved is aided by a
      consideration of FIGS. 2-4. First consider a light beam propagating with
      its wave vector k at an angle, .theta., to the optic axis of a uniaxial
      crystal. It is well known from the study of crystal optics that a uniaxial
      crystal is birefringent and that the extraordinary wave has a ray vector S
      which is not parallel to k. S is in the direction of energy transport and
      for a well-defined beam it indicates the direction in which the beam is
      moving. For the ordinary wave, S is parallel to k. The ordinary wave has
      its electric field vector perpendicular to the plane containing k and the
      crystal optic axis. The extraordinary wave has its electric field lying in
      the aforementioned plane. These waves and their wave vectors and ray
      vectors are illustrated in FIGS. 2 and 3. The important angle .beta. is
      given by the relationship
      ##EQU1##
      Here n.sub.o is the ordinary index of refraction and n.sub.e is the
      extraordinary index of refraction. For a negative uniaxial crystal, such
      as calcite, .beta. is positive so that S is bent farther than k away from
      the optic axis. In the limit of small .theta., that is for a wave
      propagating at only a small angle to the optic axis, Eq. (1) becomes
      ##EQU2##
      Next, consider a light beam incident at an angle, .theta..sub.i, on a zero
      degree cut slab of unixial crystal. Snell's law gives the angle of
      refraction, .theta..sub.i, for entering the crystal. For the ordinary ray
      we have
      ##EQU3##
      For an extraordinary wave we have
      ##EQU4##
      In the limit of small .theta..sub.i, Eq. (3a) reduces to
EQU  .theta..sub.r,o = .theta..sub.i /n.sub.o                   (4 a)
PAL  and equation (3b) reduces to
      ##EQU5##
      and the difference is given by
      ##EQU6##
      A light beam (see FIG. 4) is incident at an angle .theta..sub.i on the
      zero degree cut calcite slab 2. The ordinary component is refracted to an
      angle .theta..sub.r,o and the extraordinary component to .theta..sub.r,ex.
      The difference between these is given by Eq. 5. However, the ray direction
      for the extraordinary wave differs from its wave vector by the angle
      .beta. given by Eq. (2) as
      ##EQU7##
      which is seen to be much larger than .theta..sub.r,ex -.theta..sub.r,o. A
      TE.sub.01 mode normally incident on the calcite, and made to diverge by
      passing through a diverging lens, will look like an ordinary wave to the
      calcite and will be refracted accordingly. A TM.sub.01 mode will look like
      an extraordinary wave and undergo double refraction. Its beam divergence
      will be an angle .beta. greater than its angle of refraction.
PAR  In the paraxial ray limit, the optical thickness of a plane parallel slab
      of crystal of thickness t may be taken as the reduced thickness given by
      dividing t by the index of refraction, provided that double refraction is
      ignored. But this must be modified in the case of double refraction. By
      optical thickness, we mean the distance the beam would have to propagate
      in a vacuum to diverge as much as it does in the given thickness of
      crystal. Thus we consider the diverging angle within the crystal. For an
      incident angle .theta..sub.i, the divergence angle for an ordinary beam is
      given in Eq. (4a). For an extraordinary beam the divergence angle is
EQU  .theta..sub.r,ex + .beta. .congruent. .theta..sub.r,o + .beta. .congruent.
      .theta..sub.i n.sub.o /n.sub.e.sup.2.                     (7)
PAL  The optical thickness is reduced from the real thickness by the same
      factors which reduce the divergence angle from .theta..sub.i, so that for
      ordinary rays the optical thickness is t/n.sub.o while for extraordinary
      rays the optical thickness is tn.sub.o /n.sub.e.sup.2.
PAR  It will now be shown that, under certain conditions, the stability regions
      for the TE.sub.01 and TM.sub.01 modes are mutually exclusive. Consider the
      cavity configuration depicted in FIG. 5. For any given d.sub.1 and
      d.sub.3, the cavity can support stable modes for d.sub.2 within the limits
EQU  f.sub.2 - f.sub.1 d.sub.1 /(d.sub.1 +f.sub.1) &gt; d.sub.2 &gt; f.sub.2 -f.sub.1
      (8) (provided that d.sub.3 .ltoreq. f.sub.2).
PAL  The notations d.sub.1, d.sub.2 and d.sub.3 refer to optical thicknesses
      rather than to real distances. The lower limit is the confocal geometry,
      where the foci of the two lenses 4 and 6 coincide. In this limit the mode
      has expanded to infinite size throughout the laser cavity. The upper limit
      corresponds to the geometric optics case of the focal plane of the two
      lens system coinciding with reflector 10. Thus the mode has an
      infinitesimal spot size on reflector 10 and expands to infinite size (by
      diffraction) throughout the laser cavity. The focal length of positive
      lens 4 is f.sub.2, and f.sub.1 is the negative of the focal length of
      negative lens 6.
PAR  If the range between the limits (denoted by D in FIG. 6) is less than the
      difference in the optical thickness of calcite 2 between the TE.sub.01 and
      TM.sub.01 modes, D', then the ranges of stability for these two modes are
      mutually exclusive. The ranges of low loss laser operation in a stable
      mode may be further reduced by aperturing effects. Note that the range
      permitted for d.sub.2 (FIG. 5) is largest in the limit of very small
      d.sub.1.
PAR  As a concrete example, for a piece of calcite t=2 cm thick, with n.sub.o
      =1.660 and n.sub.e =1.487 at .lambda.=5600 A, t/n.sub.o =1.20 cm and
      tn.sub.o /n.sub.e.sup.2 =1.50 cm, a difference of 3 mm. Now choosing
      d.sub.1 =40 mm, d.sub.3 =40 mm, f.sub.1 =8 mm and f.sub.2 =75 mm, Eq. (8)
      gives the stability limits of d.sub.2 (ignoring aperture effects) as 67 mm
      and 68.3 mm, a difference of 1.33 mm. Thus D=1.3 mm is less than D'=3 mm
      as is required for mutual exclusion of the ranges of stability of the
      TE.sub.01 and TM.sub.01 modes. This implies that if the laser and mode
      selector are set to operate in the TE.sub.01 mode, then by decreasing the
      separation of the lenses by 3 mm, the laser will operate in the TM.sub.01
      mode with the same mode size, etc. Alternatively, one can insert a plane
      parallel slab of glass thick enough to reduce the total optical thickness
      between lenses by 3 mm in order to switch from TE.sub.01 to TM.sub.01.
PAR  To implement the invention, a laser was constructed with the values for the
      parameters of FIG. 5 given in the previous paragraph. The laser consisted
      of a nitrogen-laser-pumped dye cell 14 placed between a flat output
      coupling reflector 10 and the diverging lens 6. The calcite slab 2 was
      placed between this lens and the converging lens 4, and a reflector 8
      consisting of a diffraction grating was placed adjacent to the converging
      lens 4. With all of the optics correctly aligned, but with the spacing of
      the lenses 4 and 6 at about 80 mm, no lasing was observed. As the lens
      spacing (and therefore d.sub.2) was reduced (see FIG. 5) laser oscillation
      occurred, and when the output spot was reasonably bright and collimated,
      it was observed to have a characteristic doughnut-shaped intensity
      distribution. A linear polarizer showed this to be the TE.sub.01 mode. By
      tilting the diffraction grating 8, the output wavelength of the laser
      (utilizing an ethanol solution of brilliant Sulfaflavin) was tuned between
      5000 A and 5500 A, and the intensity pattern and TE.sub.01 polarization
      were preserved. As the lens spacing was further reduced, laser oscillation
      ceased until the lenses 2 and 4 had been moved approximately 3 mm closer
      together. Laser action then reappeared with the same doughnut-shaped
      intensity distribution. However, a linear polarizer now showed that the
      mode was TM.sub.01. Both the TE.sub.01 and TM.sub.01 modes appeared in the
      absence of any additional apertures or stops. The small cross section of
      the actively pumped dye solution acted as the limiting aperture. By
      inserting an adjustable iris diaphragm 16 between the grating and the
      converging lens, the laser intensity pattern was "cleaned up" with an
      accompanying decrease in total power.
PAR  This mode selector and cavity geometry are suitable for many different
      lasers. In applications where it is desired to have TE.sub.01 and/or
      TM.sub.01 modes, such as in wave-guided optical data transmission, this
      mode selector will be very useful.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A laser cavity generator for generating either the rotationally
      symmetric TE or TM mode comprising
PA1  two light reflectors facing each other to form the outer boundaries of an
      optical resonant cavity,
PA1  a laser medium in said cavity adjacent one of said reflectors,
PA1  a convex lens and a concave lens located between said laser medium and said
      other light reflector,
PA1  a birefringent material inserted between said lenses,
PA1  and means for varying the optical thickness between said lenses for
      alternatively generating the TE mode or the TM mode.
NUM  2.
PAR  2. The generator of claim 1 wherein said laser medium is a tunable dye
      laser.
NUM  3.
PAR  3. The generator of claim 1 wherein said birefringent material has an optic
      axis that is parallel to the laser resonant cavity axis.
NUM  4.
PAR  4. The generator of claim 1 wherein said birefringent material is a
      uniaxial crystal.
NUM  5.
PAR  5. The generator of claim 3 wherein said birefringent material is a zero
      degree cut uniaxial crystal.
NUM  6.
PAR  6. The generator of claim 5 wherein said zero degree cut uniaxial crystal
      is a calcite crystal.
NUM  7.
PAR  7. A laser cavity generator capable of generating either the rotationally
      symmetric TE or TM mode comprising
PA1  two reflectors in said laser cavity generator and facing each other to form
      the outer boundaries of an optical resonant cavity having an axis,
PA1  a laser medium in said cavity adjacent to a first reflector,
PA1  a concave lens, a birefringent material whose optic axis is coaxial with
      said laser axis and a convex lens, in that order, located to the right of
      said laser medium and also within said laser cavity, with d.sub.1 being
      the optical thickness between said first reflector and said concave lens
      whose focal length is f.sub.1, d.sub.2 being the optical thickness between
      the said concave lens and said convex lens whose focal length is f.sub.2
      and d.sub.3 being the optical thickness between the second reflector of
      said cavity and said convex lens, and
PA1  means for moving said lenses with respect to each other along said axis so
      as to achieve stability for both TE and TM modes exclusive of each other
      so long as
      ##EQU8##
      and the value of d.sub.2 for the TE mode differs from the value of d.sub.2
      for the TM mode.
NUM  8.
PAR  8. The mode generator of claim 7 wherein a diffraction grating is employed
      as the second reflector adjacent the convex lens.
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ABST
PAL  A subsonic flow aerodynamic window in a high energy gas laser, which seals
      off the laser optical cavity from the ambient gas, while minimizing the
      degradation of the laser output beam. Since the flow of the aerodynamic
      window is subsonic, gas consumption and degradation of the laser output
      beam are minimized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to high energy gas lasers and, more particularly, to
      a subsonic flow aerodynamic window in a high energy gas laser system.
PAR  2. Description of the Prior Art
PAR  In the art, low energy lasers contain windows with physical walls made of
      materials that transmit the laser wavelength, such as a Brewster window.
      But, in a high energy gas laser, such a material window would be
      disintegrated by the laser beam. Therefore, a window must be designed
      which would permit passage of a laser beam with no physical obstructions
      and which would prevent a flow of ambient gas into the laser optical
      cavity. Such an aerodynamic window is described in U.S. Pat. No.
      3,617,928, issued to George Hausmann, entitled "Aerodynamic Window for Gas
      Dynamic Laser," filed May 23, 1968. Another U.S. Pat. No. 3,654,569,
      entitled "Aerodynamic Window," filed Dec. 23, 1968, also describes an
      aerodynamic window with no physical walls. These prior windows were
      invented for use in lasers having cavity pressures typically less than
      1/10 of the ambient pressure, in which case the window must have a
      supersonic jet. The present invention is intended for lasers in which the
      cavity pressure is on the order of 9/10 of the ambient pressure, in which
      case the aerodynamic-window jet need not be supersonic.
PAC  SUMMARY OF THE INVENTION
PAR  The aerodynamic window in accordance with the invention consists of a
      subsonic jet of gas which flows across the output aperture of the laser
      cavity in a direction perpendicular to the laser beam's optical axis. The
      window prevents the ambient gas from flowing into the laser cavity while
      minimizing degradation of the output laser beam. Since the flow of the jet
      across the laser cavity is subsonic, less gas in consumed in the jet, and
      there is less degradation of the output laser beam than in a comparable
      supersonic-flow window.
PAR  Accordingly, it is an object of the invention to provide an aerodynamic
      window for a high energy gas laser.
PAR  It is another object to provide an aerodynamic window whose flow is
      subsonic.
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, may be
      understood best by reference to the following description, taken in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view of the window flow system, laser optical cavity, and
      exhaust duct showing the use of the subsonic aerodynamic window in
      accordance with the present invention in conjunction with a high energy
      gas laser.
PAR  FIG. 2 is a perspective view of the window flow system, laser optical
      cavity, and exhaust duct of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, a gas laser source 10 provides a high energy laser beam 12,
      which is formed in the laser optical cavity 14 and propagates upward. To
      provide an aerodynamic boundary to prevent the ambient gas from flowing
      inside the laser optical cavity 14, a high pressure gas from supply 16
      flows through the perforated plates 18 and 20, which could be made of
      materials such as steel or aluminum, and then through screen 22; these
      components smooth the flow of gas from the gas supply 16. After flowing
      through the plates and screens, the gas flow then enters the output
      aperture of the laser optical cavity 14 through a simple convergent nozzle
      26, in which the favorable pressure gradient further reduces the
      turbulence level and accelerates the flow to the desired subsonic Mach
      number. The jet 27 from the nozzle 26 maintains a pressure difference
      between the ambient pressure and the pressure in the optical cavity by
      momentum changes occurred in the jet being deflected towards the optical
      cavity. In the prior art supersonic flow windows, this deflection occurred
      across shock waves and expansion waves, whereas in the present subsonic
      flow window, this deflection occurs on a curved trajectory 28. The
      pressure P.sub.C in the laser optical cavity is slightly lower than the
      ambient pressure P.sub.A. Therefore, a pressure difference exists across
      the jet 27, which forces it to bend toward side 30 in a circular arc. The
      jet attaches to the low pressure side 30 of the exhaust duct 32, thus
      sealing off the optical cavity from the gas outside the laser. The exhaust
      duct 32 is designed to exhaust the deflected gas in jet 27 plus the
      adjacent gas entrained by the jet.
PAR  There exist numerous advantages of the subsonic flow aerodynamic window of
      the present invention over the prior art supersonic-flow windows. (1) The
      subsonic-flow window is simpler to build than the supersonic-flow window.
      The dimensions of the supersonic-flow window's nozzle must be carefully
      calculated and exactly constructed. The supersonic window also must
      contain an elaborate diffuser to exhaust the gas. Whereas, the subsonic
      window requires no diffuser and the design of the nozzle is not critical.
      (2) The subsonic window has greater operational flexibility. The
      supersonic window operates at only one condition, with a shock wave across
      the nozzle which barely gets across the laser cavity's aperture. But with
      the subsonic window, the pressure difference across the jet bends it
      downward toward side 30 in a circular arc whose curvature in not critical.
      (3) The subsonic window consumes less gas. (4) The subsonic flow window
      creates less degradation of the output laser beam. With the supersonic
      window, there are large density gradients in the flow across the window
      and shock waves, which cause laser degradation; whereas, with the subsonic
      window there are no large density changes in the flow across the window
      and no shock waves. This subsonic aerodynamic window allows high energy
      laser beam to be extracted from the optical cavity with minimal
      degradation of the laser beam, because the subsonic flow of the
      aerodynamic window will minimize degradation of the output laser beam.
PAR  Although the device which has just been described appears to afford the
      greater advantages for implementing the invention, it will be understood
      that various modifications may be made thereto without going beyond the
      scope of the invention, it being possible to replace certain elements by
      other elements capable of fulfilling the same technical function therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A subsonic flow aerodynamic window in a high energy gas laser, which
      seals off the laser optical cavity from the ambient gas while minimizing
      the degradation of the laser output beam, comprising:
PA1  a gas laser for providing a laser beam including a laser cavity and an
      outlet chamber for said beam to traverse;
PA1  an entrance in said chamber for receiving said laser beam from said laser
      cavity;
PA1  means connected to a flow system for providing a gas for producing a
      subsonic gas jet flowing transversely to said laser output beam for
      sealing off said chamber from the ambient gas with reduced degradation of
      said output laser beam;
PA1  an exhaust duct transverse to said chamber for exhausting said gas jet;
PA1  convergent nozzle for acceleration of the gas to provide said subsonic
      flow; and
PA1  a plurality of plates and screens positioned in said cavity between said
      means and said convergent nozzle for reducing the turbulence of the gas
      jet.
NUM  2.
PAR  2. A subsonic flow aerodynamic window in a high energy gas laser, which
      seals off the laser optical cavity from the ambient gas comprising:
PA1  means for providing a laser beam;
PA1  a gas laser power amplifier;
PA1  said amplifier including a laser cavity for amplifying said laser beam;
PA1  an inlet chamber for said beam to enter said cavity;
PA1  an outlet chamber for said beam to exist said cavity;
PA1  a duct in said chamber for receiving said beam;
PA1  means connected to a flow system for providing a gas for producing a
      subsonic gas jet flowing transversely to said laser beam for sealing off
      said cavity from the ambient gas with reduced degradation of said laser
      beam;
PA1  an exhaust duct transverse to said cavity for exhausting said gas jet;
PA1  a convergent nozzle for acceleration of the gas to provide said subsonic
      flow; and
PA1  a plurality of plates and screens positioned in said cavity between said
      means and said convergent nozzle for reducing the turbulance of the gas
      jet.
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PAL  A method and means are disclosed for obtaining high pulse rate metal vapor
      laser transitions by vaporizing a metal halide of the desired metal. The
      vapor of the metal halide is transversely passed at at least sonic
      velocities through a discharge region where it is dissociated to provide a
      neutral metal atom excited to an upper laser level by electrons of
      sufficient energy to create resonance radiation trapping and a population
      inversion of the upper laser level. The flow rate is maintained to permit
      the excited metal atom to emit laser radiation by stimulated emission to a
      lower laser level in the discharge region and to remove the lower laser
      level atoms therefrom. Dissociation and excitation of the flowing metal
      atoms are repeated periodically.
PARN
PAR  This is a continuation of application Ser. No. 339,670 filed Mar. 9, 1973,
      now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a means and method for obtaining increased
      efficiency and high output power from metal vapor lasers and, in
      particular, to a high flow rate metal halide vapor laser.
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known that metal vapors are particularly useful for stimulated
      emission of certain desired wave lengths. Many metal vapor laser
      transitions are well known, including copper at 5106 a, lead at 7229 A,
      and manganese at 5341 A and 12899 A. Of the metal vapors, copper is
      considered one of the most desirable because of high efficiency, peak
      power, and optical gain. Presently, metal vapor lasers require very high
      temperatures (1000.degree.C to 1600.degree.C) to generate sufficient vapor
      pressure to reach laser threshold conditions. Additionally, the laser
      pulse in metal vapor lasers is limited in duration by the time required to
      destroy the population inversion by filling of the lower laser level due
      to stimulated transitions. That is, if the rate of removal of lower laser
      level atoms is much slower than the pump rate or laser transition rate,
      the population of the lower level will build up, destroy the population
      inversion, and choke off the laser oscillations before the pumping pulse
      is complete. This self-limiting operation is common to most metal vapor
      lasers and, consequently, limits the efficiency and output power
      obtainable therefrom.
PAR  Various attempts have been made to overcome the self-terminating action of
      the metal vapor laser. One approach was to introduce an impurity such as a
      molecular gas in the belief that it would collisionally de-excite the
      lower laser level. While this was successful in molecular lasers such as
      CO.sub.2, it did not prove successful in atomic vapor lasers. Another
      attempt was to sharpen the leading edge of the pumping pulse so as to
      increase the pumping rate into the upper level. This proposal was to
      increase the peak power in the pulse, but not its duration. While the
      method is generally successful, the amount by which the rise time of high
      current pulses can be lowered is limited.
PAR  Accordingly, it is an object of the present invention to provide a method
      and means for depopulating the lower laser level while maintaining
      sufficient population in the ground state to effect resonance trapping of
      radiation leakage from the upper level to the ground state.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention utilizes a method disclosed in United States
      application Ser. No. 339,697, filed Mar. 9, 1973, entitled "Metal Halide
      Vapor Lasers" and assigned to the assignee of the present invention.
      Therein, it was found that laser transitions of desired metal vapors could
      be obtained at substantially lower temperatures by means of a halide of
      the desired metal. It was found that above certain threshold conditions
      sufficient metal atoms could be excited to upper laser levels and emit the
      desired radiation wavelength.
PAR  It was found, however, that during the laser process the lower laser level
      became filled because of inadequate de-excitation of the metastable state
      to the ground state, in a manner similar to a pure metal vapor laser.
      Since the lower energy level cannot radiate to the ground state, in the
      case of copper, in the electric dipole mode, the de-excitation is through
      collision with container walls. The time required for diffusion of the
      metastable metal atom is primarily the mean diffusion time of the metal
      atom in the laser mixture, that is, it is related to particle densities
      and discharge tube dimensions. In the copper vapor laser, for example, the
      diffusion time is about 10.sup.-.sup.3 seconds, whereas the stimulated
      emission rate into the lower metastable laser level is less than about 100
      nsec. Consequently, the lower laser level effectively limits the lasing
      process, terminating the laser pulse when population inversion approaches
      zero. This results in a very short duration laser pulse of from 16 to 20
      nsec. Thus, before another laser pulse can be extracted, the lower laser
      level must be empty, requiring about 1 millisecond. The maximum pulse
      repetition rate, therefore, is about 1 kHz, although rates up to 18 kHz
      may be obtained with some sacrifice in the available laser efficiency.
      Also, as the vapor pressure increases and/or the discharge tube dimensions
      become larger, diffusion times are increased and repetition rates lowered.
      Moreover, all energy injected after the 20 nsec laser pulse time is
      wasted.
PAR  The method of the present invention provides for vapor transition through
      the laser region at a rate faster than the diffusion time of the
      metastable state; that is, the method requires circulating the vapors at
      sonic or supersonic velocities. The method of the present invention is
      rendered practical because the vapor temperatures of metal halides
      required for both resonance trapping threshold and vapor pressure
      threshold are substantially below those necessary to provide the density
      requirements in pure metal lasers.
PAR  The advantages of the present invention will become apparent from a perusal
      of the following detailed description taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a copper iodide discharge tube, and
PAR  FIG. 2 is a side elevation of a laser discharge tube of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, a discharge tube 10 is shown which is
      preferably made from quartz, alumina, a refractory metal or the like.
      Discharge tube 10 includes a pair of Brewster angle windows 11 and 12
      located at either end of said discharge tube, respectively. Positioned
      within discharge tube 10 and along the optical axis thereof are a pair of
      electrodes 13 and 14. Electrode 14 preferably includes a plurality of
      pin-like projections 16 extending toward the optical axis of discharge
      tube 10. Both electrodes 13 and 14 as well as the pin-like projections 16
      are preferably made of molybdenum. Electrode 14 is connected to a power
      supply source, not shown, by means of line 17. In the presently shown
      configuration, discharge tube 10 is positioned within an electrical
      resistance oven 18. Because the discharge tube is located within an oven,
      lead 17 must pass through both a hot and cold region. It has been found
      that the lead when exposed to both the heat of an oven and air tends to
      oxidize and crack the quartz seals on the discharge tube. Accordingly, it
      is preferred to enclose lead 17 in a vacuum sheath 19 as it passes through
      the boundary between the hot and cold regions. A similar sheath may be
      provided about lead 21 which connects electrode 13 to the power supply
      depending upon the region through which lead 21 passes. As shown, lead 21
      does not require a sheath.
PAR  Discharge tube 10 includes a closed loop 22 to provide a transverse flow
      across the optical axis of discharge tube 10. Loop 22 comprises an inlet
      opening 23 and a heat exchanger 24. Heat exchanger 24 may comprise a
      honeycomb structure having a cooling agent such as liquid sodium passing
      therethrough to cool vapors comprising metal halides, halogen, and metal
      atoms. The mixture of vapor after passing through heat exchanger 24 passes
      through pump 26, which is preferably a nonmechanical pump such as a
      magnetohydrodynamic pump. The vaporous mixture is thereafter injected
      transversely to discharge tube 10 through supersonic nozzle 27. The
      gaseous mixture as it passes from supersonic nozzle 27 to inlet opening 23
      is subjected to energetic electrons provided by electrodes 13 and 14. It
      is also clear that a means other than closed loop 22 can be utilized to
      create a transverse flow.
PAR  Also included are a pair of mirrors 28 and 29 located along the optical
      axis for resonating the stimulated emission. Mirror 28 is preferably 100%
      reflective at the desired wavelength, whereas mirror 29 is approximately
      90% reflective at that wavelength. Accordingly, laser output light is
      transmitted through mirror 29 to external optical elements, not shown.
PAR  Oven 18 is provided to maintain discharge tube 10 and loop 22 at a
      temperature of not less than about 675.degree. for copper iodide. The
      coldest region is preferably maintained at the discharge end of nozzle 27.
PAR  In operation, it has been found that a condition inherently present in pure
      metal vapor lasers having sufficient metal vapor density but not present
      in the metal halide system of the same density is resonance radiation
      trapping. Resonance radiation trapping occurs when the ground state atomic
      density is sufficiently large to absorb most of the resonance radiation
      transmissions of the atoms which terminate on the ground state, thereby
      substantially preventing such radiation from escaping from the discharge
      region. The reabsorbed radiation increases the effective radiative
      lifetime of the atomic levels from which it originates. Notwithstanding
      the fact that metal halides were found to be selectively dissociated and
      to possess proper optical characteristics, lasing is not practical unless
      the resonance trapping threshold level is achieved. It has been found that
      rapid leakage of resonance radiation from the upper state to the ground
      state occurs notwithstanding satisfactory electrical discharges. With
      copper iodide, for example, at a temperature of less than 350.degree.C
      corresponding to a ground state densitydischarge tube radius (R = 1.3 cm)
      product of 1.3 .times. 10.sup.13 cm.sup.2 or a dissociation level of about
      0.001%, the upper laser energy level lifetime is about 10 nsec.
      Accordingly, to obtain a population inversion at that temperature and/or
      dissociation level it is necessary to have a current risetime
      substantially less than 10 nsec. Alternatively, by increasing the
      temperature above 350.degree.C or a dissociation level greater than
      10.sup.-.sup.3 %, a substantially increased upper laser lifetime can be
      achieved, for example, 617 nsec. Accordingly, it is preferable to operate
      with copper halide, for example, in a temperature range above 350.degree.C
      and preferably around 585.degree. to 675.degree.C to obtain sufficient
      copper halide vapor density for a higher absolute dissociation.
PAR  To obtain levels of dissociation above the minimum preferred levels as well
      as excitation into the upper laser levels, it is preferred that the
      current density of the discharge between electrodes 13 and 14 be
      approximately 50 to 500 amperes cm.sup.-.sup.2 and preferably about 100
      amperes cm.sup.-.sup.2 for CuI. Also, a discharge current risetime of
      about 50 nsec, and, preferably, 20 to 30 nsec, is satisfactory to provide
      population inversion. It is also possible to provide independent control
      over the electrical discharge characteristics by utilizing a buffer gas in
      an amount of from between 1 to 50 torr and preferably between 5 to 10
      torr. Suitable buffer gases include helium, argon, neon, nitrogen and the
      like. The electrical energy that must be injected to produce electrons by
      ionization to establish the population inversion is by selective
      electronic excitation. Since the mean electron energy is approximately
      greater than 2 eV and preferably greater than 4 eV to excite the upper
      level in copper, it has been found that an energy of from about 5 to 10 eV
      is adequate for selective excitation of the upper level. Thus, the
      addition of a buffer gas, e.g. helium, to the discharge is beneficial,
      since the excess of the high ionization potential of the gas,
      approximately 24.6 eV, tends to increase the average electron energy. The
      buffer gas partial pressure and the applied electric field should,
      therefore, be adjusted to maintain a mean electron energy of greater than
      5 eV. Higher electron energy, however, may be used without diminishing the
      effectiveness of the selective excitation of the electron production.
PAR  By maintaining resonance radiation trapping conditions by utilization of
      higher dissociation levels and/or temperature as set forth above, the
      upper laser level lifetime can be increased and practical laser operation
      achieved. However, the lower laser level lifetime is a limiting factor to
      obtaining a high pulse rate because the forbidden transition or partially
      forbidden transition between the lower level and ground state creates a
      bottleneck. Accordingly, it is desirable to increase the rate of removal
      of lower laser level atoms to the ground state at a rate higher than
      typical diffusion rates, e.g. 10.sup.-.sup.3 sec. This is achieved by the
      sonic or supersonic transverse flow of the vaporized medium from nozzle 27
      across the optical axis of discharge tube 10. For an output power of 100
      watts at 5106 A, this would correspond to a mass flow rate of 0.01 lbs.
      sec..sup.-.sup.1. Assuming sonic velocities at 1 torr and a temperature of
      500.degree.C, a cross-sectional area of 47.6 cm.sup.2 would be required
      for the transverse flow. If the metal halide, for example, is copper
      chloride, with no buffer gas, at a temperature of 500.degree.C and a gas
      pressure of 1 torr, the laser production rate would be 10 kw/lb.
      sec..sup.-.sup.1. A flow velocity of approximately 3 .times. 10.sup.4 cm
      per second or greater would be required for a discharge tube dimension of
      20 cm by 2.35 cm. With an output power of approximately 100 watts, and a
      thermal efficiency of 5%, an electrical input power of 2 kilowatts is
      required. A pump capacity of 3000 cfm and a heat exchange capacity of 2
      kilowatts are required.
PAR  Thus, because of the low temperatures required for metal halide, e.g.
      copper iodide at 675.degree.C, compared to the high temperatures for the
      pure metal, e.g. copper at &gt; 1200.degree.C, a practical flow laser can be
      made and operated.
PAR  While presently preferred embodiments of the invention have been shown and
      described in particularity, it may otherwise be embodied within the scope
      of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for obtaining pulsed metal vapor laser transitions at
      temperatures substantially below the metal vaporization temperature, said
      method comprising:
PA1  A. placing a metal halide of the desired metal within an enclosure;
PA1  B. vaporizing said metal halide by heating said metal halide to a
      temperature not substantially in excess of that required to provide a high
      molecular vapor pressure and transversely flowing said vapors at at least
      sonic velocities across a discharge region;
PA1  C. maintaining a temperature not substantially greater than said
      vaporization temperature, said temperature level being such as to prevent
      substantial thermal dissociation of said metal halide, and, at said
      temperature
PA2  i. collisionally dissociating the metal halide vapor with energized
      electrons to provide ground state metal atoms of sufficient number density
      to create resonance radiation trapping, and substantially simultaneously
      therewith
PA2  ii. creating a population inversion between a desired upper laser level and
      lower laser level of said metal by exciting ground state metal atoms with
      energized electrons and maintaining a sufficient number of metal atoms in
      the ground state to preserve said resonance radiation trapping, said
      energized electrons of steps (i) and (ii) being produced by ionization and
      having a mean electron energy of at least that required to excite the
      upper laser level of said metal atom;
PA1  D. maintaining said flow velocity to permit said excited metal atoms to
      remit laser radiation by stimulated emission to a lower laser level within
      said discharge region and to remove said lower laser level atoms from said
      discharge region;
PA1  E. resonating said stimulated emission; and
PA1  F. repeating steps C, D, E and F.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein collisional dissociation and
      excitation are achieved by a current density discharge of about 50 to 500
      amperes cm.sup.-.sup.2.
NUM  3.
PAR  3. A method as set forth in claim 1 wherein a buffer gas is added to said
      enclosure.
NUM  4.
PAR  4. A method as set forth in claim 2 wherein said current density discharge
      is about 100 amperes cm.sup.-.sup.2.
NUM  5.
PAR  5. A method as set forth in claim 1 wherein in said metal halide is a
      copper halide selected from the group consisting of copper bromide, copper
      iodide, and copper chloride.
NUM  6.
PAR  6. A method as set forth in claim 1 wherein said electron energy is at
      least 2 eV.
NUM  7.
PAR  7. A method as set forth in claim 1 wherein said vapors are caused to flow
      in a closed loop after removal from said discharge region for
      reintroduction into said discharge region.
NUM  8.
PAR  8. A method as set forth in claim 7 wherein said vapors are cooled during
      said closed loop flow.
NUM  9.
PAR  9. A laser apparatus for obtaining pulsed metal vapor laser transitions at
      temperatures substantially below the metal vaporization temperature, said
      apparatus comprising:
PA1  A. an enclosure;
PA1  B. a metal halide of the desired metal within said enclosure;
PA1  C. means for vaporizing said metal halide by heating said metal halide to a
      temperature not substantially in excess of that required to provide a high
      molecular vapor pressure and for transversely flowing said vapors at at
      least sonic velocities across a discharge region;
PA1  D. means for maintaining a temperature not substantially greater than said
      vaporization temperature said maintained temperature being such as to
      prevent substantial thermal dissociation of said metal halide;
PA1  E. means for collisionally dissociating, at said maintained temperature,
      the metal halide vapor with energized electrons for providing ground state
      metal atoms of sufficient number density to create resonance radiation
      trapping;
PA1  F. means for creating a population inversion between a desired upper laser
      level and lower laser level of said metal by exciting ground state metal
      atoms with energized electrons and for maintaining a sufficient number of
      metal atoms in the ground state to preserve said resonance radiation
      trapping, substantially simultaneously with said collisional dissociation,
      said energized electrons havong a mean electron energy of at least that
      required to excite the upper laser level of said metal atom;
PA1  G. means for maintaing said flow velocity to permit said excited metal
      atoms to remit laser radiation by stimulated emission to a lower laser
      level within said discharge region and to remove said lower level atoms
      from said discharge region;
PA1  H. means for stimulating the emission of a beam of radiation from said
      inverted medium.
NUM  10.
PAR  10. A laser as set forth in claim 9 wherein said enclosure is in the form
      of a closed loop having an inlet opening and a discharge nozzle, said
      inlet and nozzle being in communication with said discharge region.
NUM  11.
PAR  11. An apparatus as set forth in claim 10 wherein said closed loop includes
      a means for cooling metal halide vapor and a means for pumping said vapor.
NUM  12.
PAR  12. An apparatus as set forth in claim 10 wherein said discharge nozzle is
      a sonic nozzle.
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ABST
PAL  A voltage controlled sine wave oscillator is provided in which the
      frequency of the output signal is a linear function of the amplitude of an
      input control signal. The output signal may be of constant amplitude with
      changes in frequency, or its amplitude may be a linear function of its
      frequency. Two-phase quadrature output signals may be provided for
      multi-phase applications. The oscillator of the invention in the
      embodiment to be described herein is solid state, and it makes use of
      operational integrators, analog multipliers, and associated circuitry to
      generate the outputs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The output of the oscillator in the embodiment of the invention to be
      described has a low distortion sinusoidal waveform, and the frequency of
      the output is controlled by a direct-current input signal. The oscillator
      is capable of generating two output signals displaced 90.degree. in phase
      from one another. The ability of the oscillator to produce two-phase
      quadrature output signals makes it useful for polyphase applications, as
      mentioned above. For example, by combining the two output signals, an
      output signal of any desired phase displacement may be synthesized.
PAR  The oscillator of the invention is particularly, though not exclusively,
      useful for supplying reference signals to multiphase alternating-current
      induction motor speed controls. Its other applications include, for
      example, telemetry systems, frequency synthesizers, phase-lock loop
      communication detector circuits, and the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a voltage controlled continuous wave
      oscillator constructed in accordance with the invention; and
PAR  FIG. 2 is a more detailed circuit diagram of the oscillator of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The oscillator circuit shown in FIG. 1 includes an input terminal 10 to
      which may be applied a control voltage input E.sub.c. Changes in the
      control voltage input produce corresponding changes in the frequency of
      the output signals of the oscillator in a direct proportional
      relationship.
PAR  The input terminal 10 is connected to a pair of analog multipliers K.sub.2
      and K.sub.3. The analog multipier K.sub.3 is connected through a summing
      network 26 to an operational integrator designated A.sub.1. The summing
      network is also connected to an output terminal 14 at which an output
      KE.sub.c E.sub.o sin KE.sub.c t appears. The frequency of this output
      signal is directly proportional to the input voltage E.sub.c, and its
      amplitude is directly proportional to its frequency.
PAR  The output of the operational integrator A.sub.1 is connected to the analog
      multiplier K.sub.2, and also to an output terminal 16. An output signal
      E.sub.o cosKE.sub.c t appears at the output terminal 16. This signal has a
      constant amplitude for changes in frequency, and its frequency is directly
      proportional to the voltage E.sub.c applied to the input terminal 10. The
      output of the analog multiplier K.sub.2 is connected to an operational
      integrator A.sub.2 and to an output terminal 18. An output signal KE.sub.c
      E.sub.o cosKE.sub.c t appears at the output terminal 18 which has a
      frequency directly proportional to the control voltage E.sub.c applied to
      the input terminal 10, and which has an amplitude which varies in direct
      proportion to variations in the frequency.
PAR  The output of the operational integrator A.sub.2 is connected to an output
      terminal 20 and to the input of the analog multiplier K.sub.3. An output
      signal E.sub.o sinKE.sub.c t appears at the output terminal 20. This
      output signal has a frequency which varies in direct proportion to the
      voltage E.sub.c applied to the input terminal 10, and it has an amplitude
      which remains constant for changes in frequency.
PAR  The output of the analog multiplier K.sub.3 is connected to the summing
      network 26. The output of the operational integrator A.sub.1 is also
      connected to an analog multiplier K.sub.1, the output of which is also
      connected to the summing network 26. The output of the operational
      integrator A.sub.1 is also connected to a detector D.sub.1 which, in turn,
      is connected to a summing network 22. A reference voltage V.sub.ref is
      also applied to the summing network 22, and the network is connected
      through an amplifier 24 to the analog multiplier K.sub.1.
PAR  The analog multipliers K.sub.1, K.sub.2 and K.sub.3, and the analog
      integrators A.sub.1 and A.sub.2 are commercially available integrated
      circuits. For example, the analog multipliers K.sub.1, K.sub.2 and K.sub.3
      may each take the form of an integrated circuit of the type presently
      designated MC1494. The integrators A.sub.1 and A.sub.2 may be operational
      amplifiers, each having a negative feedback path formed by a capacitor, as
      shown in FIG. 2.
PAR  The output of the integrator A.sub.1 may be designated -.intg.e(t)dt; the
      output of the analog multiplier K.sub.2 may be designated -K.sub.2
      .intg.e(t)dt; the output of the integrator A.sub.2 may be designated
      K.sub.2 .intg.(.intg.e(t)dt)dt; the output of the analog multiplier
      K.sub.1 may be designated -K.sub.1 .intg.e(t)dt; the output of the analog
      multiplier K.sub.3 may be designated K.sub.2 K.sub.3
      .intg.(.intg.e(t)dt)dt.
PAR  The output (e) of the summing network 26 is equal to e.sub.B - e.sub.A,
      i.e.,
EQU  e = -K.sub.1 .intg.e dt - K.sub.2 K.sub.3 .intg.(.intg.e dt) dt (1)
PAL  Differentiating twice and collecting terms:
      ##EQU1##
      The general solution of e(t) is:
EQU  e(t) = A.sub.o e .sup..sup.-K.sbsp.1.sbsp.t sin (.sqroot.K.sub.2 K.sub.3 +
      .theta.)                                                  (3)
PAR  Where: A.sub.o and .theta. are arbitrary constants.
PAR  For a continuous wave, the value of .theta. may be assumed to be 0. The
      amplitude of the output is controlled by varying K.sub.1, i.e., for a
      positive K.sub.1 the amplitude decreases; for a negative K.sub.1 the
      amplitude increases; and when K.sub.1 is zero, the amplitude is constant.
PAR  The detector D.sub.1 detects the amplitude of the output (-.intg.e(t)dt) of
      integrator A.sub.1, and the output of detector D.sub.1 is compared with
      the reference voltage V.sub.ref in summing network 22. The summing network
      22 produces a signal which is proportional to the difference between the
      output of detector D.sub.1 and the reference voltage V.sub.ref . The
      output from the summing network is amplified by amplifier 24 and fed to
      the multiplier K.sub.1. The sense of the latter signal is selected so that
      for an output from detector D.sub.1  greater than the reference voltage
      V.sub.ref, the constant K.sub.1 is positive, and for an output from
      detector D.sub.1 less than the reference voltage V.sub.ref, the constant
      K.sub.1 is negative. As a result, the output of integrator A.sub.1 is held
      constant.
PAR  If K.sub.2 = K.sub.3 = KE.sub.c, equation 3 becomes:
EQU  -.intg.e(t)dt= E.sub.o cos KE.sub.c t                      (4)
PAR  Where:
EQU  KE.sub.c = 2.pi.f
PAR  E.sub.o is amplitude of the output.
PAL  Then:
EQU  K.sub.2 .intg.(.intg.e(t)dt)dt = KE.sub.c .intg.(.intg.e(t)dt)dt  = E.sub.o
      sin KE.sub.c t                                            (5)
PAR  Equation 4 represents the output at terminal 16, and equation 5 represents
      the output at terminal 20. The results of equations 3, 4 and 5 depend on
      K.sub.2 = K.sub.3. However, if K.sub.2 .noteq.K.sub.3, but both K.sub.2
      and K.sub.3 are proportional to E.sub.c, equation 5 becomes:
      ##EQU2##
PAR  Under the latter condition, the sine and cosine outputs maintain a constant
      ratio regardless of output frequency.
PAR  Differentiating equations 4 and 5 with time yields:
EQU  e(t) = KE.sub.c E.sub.o sin KE.sub.c t                     (7)
EQU  -K.sub.2 .intg.e dt = KE.sub.c E.sub.o cos KE.sub.c t      (8)
PAR  Equation 7 represents the output at output terminal 14, and equation 8
      represents the output at output terminal 18, whose amplitudes are
      proportional to the control voltage and, hence, proportional to output
      frequency.
PAR  The circuit diagram of FIG. 2 is a more detailed circuit representation of
      the system of FIG. 1, except that a separate amplifier 24 is not used in
      the system of FIG. 2.
PAR  As shown in the detailed circuit diagram of FIG. 2, an operational
      amplifier 100 is interposed between the output of the analog multiplier
      K.sub.2 and the output terminal 18. The amplifier 100 is shunted by a 100
      pf capacitor C7 and by a 47 kilo-ohm resistor R21. The output of the
      amplifier 100 is also connected to the input of the integrator A.sub.2
      through an 8 kilo-ohm resistor R22. The other input terminal of the
      integrator A.sub.2 is connected to a grounded 8 kilo-ohm resistor R23. The
      integrator A.sub.2 is formed by shunting the corresponding operational
      amplifier by a 0.33 microfarad capacitor C8.
PAR  The output of integrator A.sub.2 is connected to pin 10 of the analog
      multiplier K.sub.3. Pin 3 is grounded; pin 1 is connected to a grounded
      resistor R20 of 16 kilo-ohms. Pins 2 and 4 are shunted by potentiometers
      R17, R18 and R19. Potentiometers R17 and R18 have a resistance of 20
      kilo-ohms, and the potentiometer R19 has a resistance of 50 kilo-ohms. The
      movable contact of the potentiometer R17 is connected to pin 9 of the
      multiplier K.sub.3, and the movable contact of potentiometer R18 is
      connected to pin 13. Pin 5 of the multiplier K.sub.3 is connected to the
      negative terminal of a 15-volt source, and pin 15 is connected to the
      positive terminal of the source.
PAR  A 30 kilo-ohm resistor R16 is shunted across the pins 11 and 12, and a 62
      kilo-ohm resistor R15 is shunted across the pins 7 and 8, of analog
      multiplier K.sub.3. Pin 14 of the analog multiplier K.sub.3 is connected
      to one input of an operational amplifier 102, and the movable contact of
      potentiometer R19 is connected to the other input. The amplifier 102 is
      shunted by a 47 kilo-ohm resistor R8 and by a 100 pf capacitor C4. The
      output of amplifier 102 is connected to output terminal 14.
PAR  The output of amplifier 102 is also connected to one input of integrator
      A.sub.1 through an 8 kilo-ohm resistor R1. The output of analog multiplier
      K.sub.1 is connected to this same input of integrator A.sub.1. The other
      input of integrator A.sub.1 is connected to an 8 kilo-ohm grounded
      resistor R2. Pin 5 of the muliplier K.sub.1 is connected to the negative
      terminal of the 15-volt source, and pin 15 is connected to the positive
      terminal. A 30 kilo-ohm resistor R4 is connected across pins 11 and 12,
      and a 62 kilo-ohm resistor R3 is connected across pins 7 and 8. Pin 3 is
      grounded, and potentiometers R6 and R7 are connected across pins 2 and 4,
      each of the potentiometers having a resistance of 20 kilo-ohms. The
      movable contact of potentiometer R6 is connected to pin 6, and the movable
      contact of potentiometer R7 is connected to pin 13.
PAR  The integrator A.sub.1 is formed by shunting a .33 microfarad capacitor C1
      across the corresponding operational amplifier. The operational amplifiers
      forming integrators A.sub.1 and A.sub.2, and operational amplifiers 100
      and 102 may be components of a guad operational amplifier of the type
      presently designated LM324. Pin 4 of the quad operational amplifier is
      connected through a diode CR3 to the positive terminal of the 15-volt
      source to reduce this voltage to approximately 13 volts. The diode may be
      of the type designated IN5179 which has three slicon diode junctions in
      series. The output of integrator A.sub.1 is connected to the output
      terminal 16 and to the input pin 10 of analog multiplier K.sub.2. The
      input terminal 10 is connected to pin 6 of analog multiplier K.sub.3 and
      to pin 9 of analog multiplier K.sub.2. Pin 3 of analog multiplier K.sub.2
      is grounded, and pin 1 is connected to a 16 kilo-ohm grounded resistor
      R14.
PAR  Potentiometers R11, R12 and R13 are connected across pins 2 and 4 of the
      analog multiplier K.sub.2. Each potentiometer R11 and R12 has a resistance
      of 20 kilo-ohms, and potentiometer R13 has a resistance of 50 kilo-ohms.
      The movable contact of potentiometer R11 is connected to pin 6 of analog
      multiplier K.sub.2, and the movable contact of potentiometer R12 is
      connected to pin 13. The movable contact of potentiometer R13 is connected
      to the other input of amplifier 100, which is a differential amplifier.
      Pin 5 of multiplier K.sub.2 is connected to the negative terminal of the
      15-volt source, and pin 15 is connected to the positive terminal. A 30
      kilo-ohm resistor R10 is connected across pins 11 and 12, and a 62
      kilo-ohm resistor R9 is connected across pins 7 and 8.
PAR  The output of integrator A.sub.1 is connected to input pin 10 of analog
      multiplier K.sub.1, and to a 15 microfarad coupling capacitor C2. The
      capacitor C2 is connected to the anode of a diode CR1 and to the cathode
      of a diode CR2. The diodes are included in a circuit forming the detector
      D.sub.1. The circuit includes a resistor R24 connected to the cathode of
      the diode CR1 and to the anode of the diode CR2, and which has a
      resistance of 100 kilo-ohms. The resistor is shunted by a 15 microfarad
      capacitor C3 which, in turn, is shunted by a 10-volt Zener diode VR1 such
      as an IN758A. The resistor R5 (a 16 kilo-ohm resistor) is connected to pin
      1 of multiplier K.sub.1, and the cathode of diode CR1 is connected to pin
      9 of multiplier K.sub.1. The anode of the diode CR2, and the elements
      connected to the anode are all grounded. The Zener diode VR1 may be of the
      type presently designated IN758A, and the diodes CR1 and CR2 may be of the
      type presently designated IN914.
PAR  The circuit of FIG. 2 operates in the manner described above in the
      description of the diagram of FIG. 1, to achieve the desired results of
      the present invention.
PAR  The invention provides, therefore, an improved continuous wave oscillator
      circuit which is of a solid state construction, and which is capable of
      generating output sine waves in phase quadrature with one another, and of
      a frequency controlled by an input voltage. The output signals may have a
      constant amplitude, or they may have an amplitude which is a linear
      function of frequency.
PAR  It will be appreciated that although a particular embodiment of the
      invention has been described, modifications may be made. It is intended in
      the claims to cover the modifications which come within the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A voltage controlled oscillator for generating at least one sinusoidal
      output signal, said oscillator including: a first loop circuit including
      analog multiplier means and integrator means serially connected with one
      another; output terminal means connected to said loop circuit; and input
      terminal means connected to said analog multiplier meanns to control the
      multiplication factor of said analog multiplier means in accordance with
      the value of an applied control voltage so as to control the frequency of
      the output signal in a linear and continuous direct proportional
      relationship with the value of the applied control voltage, and in which
      said first loop circuit includes a first operational integrator and a
      second operational integrator, a first analog multiplier interposed
      between the first and second operational integrators, and a second analog
      multiplier interposed between the second and first operational
      integrators.
NUM  2.
PAR  2. The voltage controlled oscillator defined in claim 1, and which includes
      first output terminal means connected to the output of the first
      operational integrator at which a first sinusoidal output signal appears
      of constant amplitude and of a frequency in direct proportional
      relationship with the value of the applied control voltage, and second
      output terminal means connected to the output of the second operational
      integrator at which a second sinusoidal output signal of constant
      amplitude appears phase-displaced 90.degree. from the first output signal
      and of a frequency in direct proportional relationship with the value of
      the applied voltage.
NUM  3.
PAR  3. The voltage controlled oscillator defined in claim 2, and which includes
      third output terminal means connected to the input of the first
      operational amplifier at which appears a third sinusoidal output signal of
      an amplitude and of a frequency in direct proportional relationship with
      the value of the applied control voltage, and a fourth output terminal
      means connected to the input of said second operational integrator at
      which a fourth sinusoidal output signal appears phase displaced 90.degree.
      from the third output signal and of an amplitude and frequency in direct
      proportional relationship with the value of the applied voltage.
NUM  4.
PAR  4. A voltage controlled oscillator including: a first loop circuit
      including analog multiplier means and integrator means serially connected
      with one another, said integrator means including a first operational
      integrator and a second operational integrator, and said analog multiplier
      means including a first analog multiplier interposed between the first and
      second operational integrators, and further including a second analog
      multiplier interposed between the second and first operational
      integrators; output terminal means connected to said loop circuit; input
      terminal means connected to said analog multiplier means to control the
      multiplication factor of said analog multiplier means in accordance with
      the value of an applied control voltage; and a second loop circuit
      including a third analog multiplier having an input connected to the
      output of the first operational integrator and having an output connected
      to the input of the first operational integrator.
NUM  5.
PAR  5. The voltage controlled oscillator defined in claim 4, and which includes
      detector means connected to the output of the first operational integrator
      and to the third analog multiplier for maintaining the output of the third
      analog multiplier at an essentially constant amplitude level.
NUM  6.
PAR  6. A voltage controlled oscillator for generating at least one sinusoidal
      output signal, said oscillator including: a first loop circuit including
      analog multiplier means and integrator means serially connected with one
      another; output terminal means connected to said loop circuit; and input
      terminal means connected to said analog multiplier means to control the
      multiplication factor of said analog multiplier means in accordance with
      the value of an applied control voltage so as to control the frequency of
      the output signal as a function of the value of the applied control
      voltage, in which said first loop circuit includes a first operational
      integrator and a second operational integrator, a first analog multiplier
      interposed between the first and second operational integrators, and a
      second analog multiplier interposed between the second and first
      operational integrators.
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PAL  Disclosed is a surface wave device comprising one transducer having its
      fundamental resonant frequency at a subharmonic of the device operating
      frequency and a second transducer having its fundamental resonant
      frequency at the device operating frequency. Both transducers respond to
      surface waves at the operating frequency. Only the harmonic operated
      transducer responds to bulk waves at the operating frequency. Thus, signal
      coupled from one transducer to the other at the operating frequency
      contains no noise generated by bulk mode coupling.
BSUM
PAR  The invention relates to surface wave devices and more particularly to
      devices having high bulk mode rejection.
PAR  Surface wave devices have been found useful in a wide variety of signal
      processing areas and the basic technology is well known in the art.
PAR  A basic surface wave transducer comprises a pair of metal electrodes
      deposited on the surface of a piezoelectric substrate. When an electrical
      potential is applied between the electrodes an electrical field is
      generated in the substrate material causing a dimensional change in the
      substrate. If alternating potential is applied between the electrodes
      acoustic waves are generated which will propagate along the surface or
      through the bulk of the substrate.
PAR  Waves traveling on the surface of the substrate travel in a well defined
      path and may be detected at any point along the path. Waves traveling
      through the bulk of the substrate follow a variety of paths and may be
      detected only at the points where they impinge on substrate surfaces. Any
      bulk wave signal will be composed of several components having different
      time delays due to the various path lengths followed. In most surface wave
      devices great care is taken to see that no signal is coupled from the
      input transducer to the output transducer except by means of surface waves
      for this reason.
PAR  A transducer most efficiently generates acoustic waves in the substrate
      material at its fundamental resonant frequency at which electrode spacing
      equals one-half wavelength. The wavelength is equal to the velocity of
      propagation divided by the frequency. For a given frequency the wavelength
      of surface waves and bulk waves are different because their velocities are
      different. Thus a transducer which will efficiently generate surface waves
      on the substrate will not effectively generate bulk waves at its
      fundamental resonant frequency.
PAR  Since wavelength is inversely proportional to frequency the electrode
      spacing decreases as the frequency of operation increases. An operating
      frequency limit is reached when the wavelength approaches the minimum line
      width and spacing which present technology allows to be fabricated.
PAR  Surface wave device performance is degraded by the mere presence of metal
      electrodes on the substrate surface. The electrodes produce a loading
      effect on the surface changing the surface wave velocity under the
      electrode and absorbing part of the surface wave energy. The velocity
      change causes reflections of signals and the energy loss distorts the
      signals. Both of these effects increase in direct proportion to the number
      of electrodes on the surface. For many devices such as broadband filters
      the number of electrodes is small and the loading and distortion effects
      are minimal; but, for more complex devices such as chirp compression
      filters which may require the use of thousands of electrodes, these
      effects can seriously degrade performance.
PAR  It is known in the art that a surface wave transducer will respond to
      signals at the odd harmonics of its fundamental resonant frequency. This
      response is termed harmonic resonance. The term "respond" includes
      generating acoustic waves when driven by electrical signals as well as
      generating electrical signals when driven by acoustic waves, the
      transducer action being reciprocal. Proper choice of electrode width can
      produce good coupling efficiency at the third harmonic. These facts have
      made it possible to reduce the frequency and distortion problems described
      above by operating surface wave devices at a harmonic resonant frequency.
      Thus, for example, a device to be operated at three megahertz may have a
      fundamental resonant frequency of one megahertz. The one megahertz
      fundamental resonant frequency device would use only one-third as many
      electrodes as a device having a 3 megahertz fundamental resonant frequency
      and each electrode and space would be three times as wide.
PAR  The bulk mode waves described above interfere with the harmonic operation
      of surface wave devices. Any surface wave transducer will generate bulk
      mode waves at frequencies above the transducer fundamental resonant
      frequency where the electrode pattern is designed to generate surface
      waves. In the above example, the transducer pattern fundamentally resonant
      at 1 MHz will generate bulk mode acoustic waves near 3 MHz as well as the
      third harmonic surface waves. Thus in harmonic operated surface wave
      devices, the signal will be coupled from input to output by means of bulk
      mode waves as well as by means of the desired surface waves.
PAR  Many methods of suppressing the unwanted bulk mode signals have been
      developed in efforts to gain full benefit of harmonic operation. Grooves
      have been cut across the bottom of the substrate to break the bulk mode
      wave propagation path. Energy absorbing material has been applied to the
      bottom surface of the substrate to attenuate the bulk mode waves which
      reflect off the bottom surface in traveling from input to output
      transducer. Various transducer designs have been developed which cause the
      bulk mode signal to arrive at the output transducer in two out of phase
      components of equal magnitude such that cancellation occurs. These methods
      of rejecting the bulk mode signals are not effective, add processing
      steps, and increase complexity, thereby offsetting some of the advantage
      gained by the harmonic operation.
PAR  Accordingly, it is an object of the present invention to provide a surface
      wave device which operates at a harmonic of a transducer fundamental
      resonant frequency while rejecting bulk mode signals.
PAR  It is also an object of the present invention to provide a surface wave
      device which employs only standard processes and transducer designs.
PAR  Briefly stated the surface wave device of the present invention comprises,
      for example, an input transducer having a fundamental resonant frequency
      equal to the device operating frequency, for example 3 MHz, and an output
      transducer having a fundamental resonant frequency which is an odd
      subharmonic, for example 1 MHz, of the device operating frequency. Both
      transducers respond to surface waves at the operating frequency and
      signals may thus be coupled from one transducer to the other at the
      operating frequency by surface waves. The input transducer responds to
      bulk mode waves only above the device operating frequency. Thus signals
      may not be coupled from one transducer to the other by bulk mode waves at
      the device operating frequency.
DRWD
PAR  Other objects and features of the present invention will become better
      understood by reference to the following detailed description when read in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a pictorial view of two transducers forming one embodiment of the
      present invention; and
PAR  FIGS. 2a and 2b are graphical representations of the responses of the
      transducers of FIG. 1, plotted versus frequency.
DETD
PAR  With reference to the drawing, FIG. 1 shows typical electrode patterns of a
      chirp filter used in radar systems. Transducer 10 is used for an input and
      is broadband, having only a small number of identical electrodes which are
      fundamentally resonant at the center frequency of the operating frequency
      band. The frequency response of transducer 10 is shown in FIG. 2a, and is
      a typical response for a transducer with a fundamental resonant frequency,
      f.sub.02, of 3f.sub.0 and 50% frictional bandwidth.
PAR  The response, FIG. 2a, of input transducer 10 includes a fundamental
      frequency, f.sub.02, response extending from 2.25 f.sub.0 to 3.75 f.sub.0
      which corresponds to the 50% frictional bandwidth. Above this bandpass
      range is a less well defined band of response caused by the bulk mode
      waves and the harmonic responses. The third harmonic, 3f.sub.02, response
      is seen as a small step increase in the bulk mode response extending from
      8.25f.sub.0 to 9.75f.sub.0. By proper electrode width choice the third
      harmonic portion of the response can be made very small with respect to
      the fundamental resonant frequency 3f.sub.0, response. The electrode 14
      width (FIG. 1) chosen for the preferred embodiment is one-fourth of the
      wavelength. Since the electrodes 14 are spaced on half-wavelength centers,
      the space 16 between adjacent electrodes is also one-fourth of the
      wavelength.
PAR  The output transducer 12 shown in FIG. 1 is much more complex than the
      simple broadband input transducer. The output transducer must perform the
      functions of responding to the entire operating frequency band,
      2.25f.sub.0 to 3.75f.sub.0, and of providing a time delay continuously
      varying with the frequency. To cover the entire frequency band, the output
      transducer electrode widths and spacings are varied continuously along the
      length of the transducer. The transducer 12 has a fundamental resonant
      frequency of 0.75f.sub.0 at one end and 1.25f.sub.0 at the other.
      Electrode 18 widths of four-tenths of the subharmonic wavelength are used
      to enhance third harmonic resonance. Any small section of transducer 12
      has a large number of substantially identical electrodes and acts as a
      narrow band filter responding to only a small part of the filter passband.
PAR  The response of output transducer 12 is illustrated in FIG. 2b. The
      fundamental frequency, f.sub.01, response occurs at f.sub.0 with a 50%
      fractional bandwidth. The bulk mode wave response occurs at higher
      frequencies with a relatively large and well-defined third harmonic
      3f.sub.01 response centered at 3f.sub.0 with a 50% fractional bandwidth.
      Since this transducer is optimized for third harmonic response, its
      response at 3f.sub.0 is nearly as large as the response at f.sub.0.
PAR  FIGS. 2a and 2b demonstrate why this invention eliminates bulk mode signals
      from the device output. To couple a signal from one of these transducers
      10 or 12 to the other at a given frequency, both transducers must respond
      to that frequency. Near the device operating frequency, 3f.sub.0, only
      output transducer 12 responds to bulk mode waves, although both respond to
      surface waves. Thus signals will be coupled from input to output by
      surface waves, without any substantial coupling by bulk mode waves, at the
      device operating frequency. The input transducer responds to bulk mode
      waves at a frequency well above the operating frequency and at which the
      output transducer has essentially no response.
PAR  Although the input transducer is fundamentally resonant at the operating
      frequency, 3f.sub.0, this invention allows a substantial increase in
      device operating frequency with substantially no bulk mode noise. If the
      desired operating frequency is near the limit imposed by available
      fabrication techniques, the broadband input transducer essentially extends
      the frequency of operation by half the bandwidth since frequencies greater
      than the pattern design frequency are generated by such a transducer. The
      fabrication limit is also greater for simple transducers such as input 10
      due to the reduced chance of defect.
PAR  The output transducer 12 (FIG. 1) operates as a series of narrow band
      filters which together respond to the whole frequency band of interest,
      but with various delay times depending on frequency. Thus, if this
      transducer were designed to have fundamental resonance over the entire
      operating frequency band of the input transducers and the operating band
      center frequency was at the technical limit, then half of the output
      transducer would be above the technical limit. It would also have a large
      number of electrodes generating distortion. Harmonic operation of the
      output transducer reduces the complexity by eliminating two-thirds of the
      electrodes and increasing the electrode pattern dimensions. The smaller
      number of electrodes also makes it more practical to fabricate smaller
      geometries by reducing the chance of defect.
PAR  The input transducer operating at its fundamental resonant frequency allows
      a significant reduction in device impedance resulting in reduced matching
      network complexity and lower insertion loss than could be achieved using a
      harmonic operated input transducer.
PAR  Although the present invention has been shown and illustrated in terms of
      the specific apparatus, it will be apparent that changes or modifications
      can be made without departing from the spirit and scope of the invention
      as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A surface wave device having substantially no bulk mode signal output
      comprising:
PA1  a. a substrate for conveying acoustic waves;
PA1  b. a first transducer having a plurality of electrodes in operative
      association with the substrate for generating acoustic surface waves, each
      of said plurality of electrodes having a preselected spacing as to an
      adjacent electrode at one-half wavelength at a desired operating frequency
      to reduce substantially the response of the first transducer to bulk waves
      at the operating frequency; and
PA1  c. a second transducer having a plurality of electrodes in operative
      association with the substrate for receiving the first transducer output,
      each of said plurality of electrodes having preselected spacings from an
      adjacent electrode at one-half wavelength of a preselected subharmonic of
      said operating frequency.
NUM  2.
PAR  2. A surface wave device according to claim 1 wherein said first surface
      wave transducer is an input surface wave transducer and said second
      surface wave transducer is an output surface wave transducer.
NUM  3.
PAR  3. A surface wave device according to claim 2 wherein said input surface
      wave transducer comprises electrodes having widths of one quarter of the
      surface wavelength at the operating frequency.
NUM  4.
PAR  4. A surface wave device according to claim 2 wherein said output surface
      wave transducer has a fundamental resonant frequency of one-third the
      preselected operating frequency.
NUM  5.
PAR  5. A surface wave device according to claim 4 wherein said output surface
      wave transducer comprises electrodes having widths of four-tenths of the
      surface wavelengths at one-third the operating frequency, whereby third
      harmonic response is enhanced.
NUM  6.
PAR  6. A method for fabricating surface wave devices for substantially
      rejecting bulk mode signals comprising:
PA1  a. forming electrodes with preselected spacings for an input surface wave
      transducer on a piezoelectric substrate for substantially reducing the
      response including bulk wave signal response of the transducer to a
      desired harmonic as to a fundamental resonant frequency; and
PA1  b. forming electrodes with preselected spacings for an output transducer
      for covering a subharmonic of said fundamental resonant frequency; whereby
      said transducers cooperate during operation to reject bulk wave signals at
      the desired harmonic and fundamental resonant frequency.
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PAL  A multicavity waveguide filter in which each of the cavities has a pair of
      orthogonally related modes of propagation. The cavities are positioned
      side by side with the long axis of each of the cavities being aligned
      parallel to each other. The cavities are tuned by tuning plungers which
      are simultaneously moved to predetermined positions within the cavity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  This invention relates to the field of microwave filters.
PAR  B. Prior Art
PAR  Multicavity band pass waveguide filters are known having two or more
      cavities in which each of the cavities resonates in two orthogonal modes
      and are coupled together through a iris in a correct sequence as shown in
      U.S. Pat. Nos. 3,697,898, 2,999,988 and 2,795,763. This coupling realizes
      a proscribed response characteristic. The coupling between the modes in
      each of the cavities is provided by a structural discontinuity or obstacle
      in the cavity such as a splitting screw. The resonate frequency of each
      mode within each cavity is adjusted by a respective tuning screw. In this
      way for a two cavity system, there are required two tuning screws in each
      of the cavities.
PAR  In such prior systems, each of the cavities is non-tunable with an input
      applied to the circular cross sectional end of one cavity and the output
      taken from the opposing circular cross sectional end of the last cavity.
      Coupling between the cavities is provided by an iris positioned in a
      circular cross sectional separating each pair of cavities. Such two cavity
      filters have not been tunable because the input and output circular cross
      sectional ends have not been practically moveable. In such three cavity
      filters, it is topologically impossible to achieve an equal cavity length
      for each cavity simultaneously. While dual mode single cavity tunable
      filters have been known, these filters do not lend themselves to multiple
      cavity construction.
PAR  The tunability of waveguide filters is very important in the field of
      communications and particularly in the preselection of frequencies for
      receivers and postselection of frequencies for transmitters.
PAC  SUMMARY OF THE INVENTION
PAR  A multicavity dual mode waveguide filter having a plurality of cylindrical
      cavities. Each of the cavities has a pair of orthogonally related modes of
      propogation. The cavities are positioned side by side in a series with the
      long axis of each of the cavities being aligned parallel to each other but
      not coaxial. Irises are formed on the sidewalls of the cavities for
      coupling selected ones of the cavities. Each of the cavities have obstacle
      splitting means for coupling each pair of orthogonally related modes
      within the cavity. A tuning plunger is provided for each of the cavities.
      The tuning plungers are mechanically coupled to each other so that they
      may be moved simultaneously to predetermined positions within the
      respective cavities.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a sectional side view of a two cavity dual mode
      waveguide filter in accordance with the invention;
PAR  FIG. 2 is a top sectional view of FIG. 1 taken along lines 2--2;
PAR  FIG. 2A is an enlarged view of a tuning screw and portion of a sidewall of
      FIG. 1;
PAR  FIG. 3 is a top sectional view of a three cavity dual mode waveguide filter
      according to another embodiment of the invention;
PAR  FIG. 4 is a side sectional view of FIG. 3 taken along lines 4--4;
PAR  FIG. 5 is a side sectional view of a three cavity filter two of which
      cavities are dual mode and one of which cavities is single mode according
      to a further embodiment of the invention;
PAR  FIG. 6 is a top sectional view of FIG. 5 taken along lines 6--6; and
PAR  FIGS. 7-9 are curves which plot bandwidth with respect to center frequency
      for differing values of screw diameter.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIGS. 1 and 2, there is shown a tunable cavity waveguide
      filter 10 which is side wall coupled. Each of the cavities 11, 12 is
      circular in cross section with dimensions chosen to support a pair of
      TE.sub.111 modes. The two modes are susceptively coupled through screws 31
      and 32. An input iris 15 is provided in a side wall 11a of first cavity 11
      from the front and an output iris 16 is taken from second cavity 12 from
      the rear.
PAR  It will be understood that an output may be taken 180.degree. from the
      illustrated output 16 with both the output and input then being taken from
      the front. The input and output are typically coupled to the magnetic
      field of the input and output modes respectively. However, if the input is
      coupled to the E field, then it must be rotated 90.degree. to realize the
      same response characteristic. Correspondingly, the output could be taken
      90.degree. from output 16 illustrated in the E field coupling is utilized.
PAR  Both cavities are tuned by conventional tuning plungers 20, 21 which are
      moved in synchronism at the same rate within cavities 11, 12,
      respectively. Thus, plunger 20 in cavity 11 is in the exact same relative
      position with respect to plunger 21 in the other cavity 12. As will later
      be described in detail, the rates of travel plungers 20, 21 are made the
      same since filter 10 is a symmetrical device. However, in a three cavity
      system (10a, FIGS. 3, 4 or 10b, FIGS. 5, 6) or other odd number of
      cavities system, the plungers are made to move at different rates and
      would be in different positions as a result of a symmetric susceptance
      loading caused by different irises between cavities. However, in each of
      the multicavity filters 10-10b, the resonant frequencies of all of the
      modes are maintained equal throughout the tuning range of the filter.
PAR  In cavity 11, tracking screws 25 and 26 are threadedly received within
      inner side wall 11a and extend out of the outer side wall of filter 10.
      Screws 25, 26 are placed mutually orthogonal to have a desired effect upon
      a particular mode in the first cavity. Specifically, screw 25 affects the
      first mode while screw 26 affects the second mode. Screws 25 and 26
      provide susceptive loading for their resepctive modes so that resonant
      frequencies of the modes are maintained equal as tuning plunger 20 changes
      position within cavity 11. This is achieved by the orthogonal relationship
      between tracking screws 25, 26 and the fact that each of these screws is
      substantially wide and forms a chord of an arc on the inner side wall 11a
      of the cavity. This chordal relationship is shown in more detail for the
      example of screw 25 in FIG. 2A. As shown, ledge or face 25a of screw 25
      meets inner side wall 11a at both the left and right sides forming a chord
      of an arc on the inner side wall.
PAR  As in cavity 11, cavity 12 has tracking screws 34 and 35 similarly mounted
      in a mutually orthogonal relationship on inner side wall 12a and extends
      out of the outer side wall of filter 10. Screw 34 affects the third mode
      while screw 35 affects the fourth mode. In the manner previously described
      with respect to cavity 11, screws 34 and 35 provide susceptive loading for
      their respective modes so that the resonant frequencies of the modes are
      maintained equal as tuning plunger 21 changes position within cavity 12.
      This is achieved by the orthogonal relationship and that screws 34 and 35
      form a chord in the inner side wall 12a as previously set forth with
      respect to cavity 11.
PAR  In each of cavities 11, 12 the diameter of the respective tuning screws and
      the chordal relationship is necessary to obtain the required susceptance
      relationship between the modes so that the desired instantaneous response
      characteristic is realized for any position of the associated plunger. By
      this means, the cascading of cavities 11, 12 forming filter 10 provides
      the desired instantaneous response characteristic during simultaneous
      motion of the tuning plungers.
PAR  A further factor in the placement of the tracking screws which affects the
      instantaneous band width of filter 10 over desired tuning range is the
      longitudinal placement of the tracking screws with respect to their
      respective cavity long axis. Specifically, tracking screws 25, 26 are
      disposed on side wall 11a at a predetermined position with respect to long
      axis 17 of cavity 11. Similarly, screws 34 and 35 are disposed on side
      wall 12a with respect to long axis 18 of cavity 12. These predetermined
      distances with respect to the cavity bottom 28 are defined in the
      following manner.
PAR  In general, the tracking screws are disposed at a distance from cavity
      bottom 28 which is five-ninths the length of the cavity formed by the
      respective tuning plunger and bottom 28 when the cavity resonant frequency
      is the geometric center of the tuning range end points. For example, if
      each of the cavities 11, 12 tunes from 7.1 to 8.4 gHz, the respective
      tracking screws are placed with respect to bottom 28 five-ninths the
      length of the cavity having a center frequency
EQU  .sqroot.7.1 .times. 8.4 = 7.72 gHz                         (1)
PAR  In measuring the foregoing example in cavity 11, plunger 20 is first
      positioned at its uppermost end which defines the lower resonant
      frequency. Plunger 10 is then positioned at its lowermost end which
      defines the upper resonant frequency. The geometric center of the upper
      and lower resonant frequencies defines a cavity of intermediate length and
      screws 25 and 26 are placed five-ninths the way up from cavity bottom 28
      in a direction of long axis 17 at that intermediate length. The
      measurement is taken at the center line of the screw. Iris 33, later to be
      described in detail, has its center line located at the above-defined
      geometric center of the tuning range end points.
PAR  The placement of tracking screws 25, 26 and 34, 35 with respect to long
      axes 17, 18, respectively, is of importance since otherwise it would not
      be possible to maintain the desired instantaneous band width
      characteristic across the tuning range of the filter.
PAR  Splitting screws 31, 32 are provided in cavities 11, 12, respectively to
      susceptively couple the energy from one mode of the other mode within each
      of the cavities. Specifically, screw 31 couples the first and second modes
      while screw 32 couples the third and fourth modes. Screws 31 and 32 have
      diameters and form chordal relationships with inner side walls 11a, 12a,
      in the manner described with respect to screws 25, 26 and 34, 35.
PAR  With respect to the positioning of the splitting screws, screw 31 is
      positioned with respect to screws 25 and 26 and screw 32 is positioned
      relative to screws 34 and 35 so that the magnetic fields of modes 2 and 3
      are in phase opposition at iris 33. Thus, in the embodiment shown in FIGS.
      1, 2, screw 31 is positioned between input iris 15 and screw 26 while
      screw 32 is positioned between output 16 and screw 34.
PAR  It will be understood that in another embodiment with input 15 moved
      180.degree. from its illustrated position, then screw 25 would also be
      moved 180.degree. from its illustrated position. Thus screw 31 would then
      be between screws 25, 26. In a still further embodiment if output 16 were
      moved 180.degree. then screw 35 would also be moved 180.degree. and screw
      32 would be moved 90.degree.. Thus, screw 32 would be between screws 34,
      35. No other changes of the screws would be required.
PAR  It will now be understood that by the above described placements of screws
      25, 26 and 34, 35 and splitting screws 31, 32 the susceptive effect on
      each mode is maintained so that the resonant frequency of each mode is the
      same for every position of tuning plungers 20, 21.
PAR  In tunable filters, the mode TM.sub.011 is an interfering mode which can
      cause spurious response and will cause the output characteristic to be not
      monotonic. In the multicavity system 10, this TM.sub.011 spurious is
      suppressed since there may be avoided a line of sight coupling between
      input iris 15 and output 16. Thus in the illustrated embodiment of FIGS.
      1, 2 with input 15 positioned as shown (or at 180.degree. thereto) and
      with output 16 positioned as shown (or at 180.degree.) there is not line
      of sight coupling between the input and output.
PAR  Iris 33 defines an aperture in the common wall of the first and second
      cavities. The coupling band width characteristic of the iris results from
      the polarizability of the iris which may be achieved by irises of many
      different configurations. As is known, it is desired to achieve correct
      polarizability between modes 2 and 3 while minimizing polarizability
      effect between andy of the other modes. In another embodiment it may be
      desired that there may be arbitrary coupling between modes other than 2
      and 3 for special effects such as elliptical function responses. In a
      three cavity system 10a, as shown in FIGS. 3, 4, irises 55, 56 are
      selected so that there is correct polarizability between modes 2 and 3 and
      between modes 4 and 5. In a typical example, irises 33 and 55, 56 may each
      be long and slender with its longitudinal axis vertical or parallel to the
      longitudinal axis of the cavities.
PAR  The diameter and chordal relationship of tracking screws 25, 26 and 34, 35
      and the diameter and chordal relationship of screws 31 and 32 are all of
      importance and an example is described below. From the design equations,
      for a center frequency of 6170 MHz, an instantaneous band width of 40 MHZ
      and a tuning range of 5925 to 6425 MHz, the diameter of cavities 11 and 12
      may be 1.691 inches with the cavities having a variable length. Input iris
      15 and output iris 16 would measure 0.6 inches .times. 0.312 inches. Iris
      33 would measure 0.34 inches .times. 0.150 inches.
PAR  The curves illustrated in FIGS. 7-9 show the instantaneous band width with
      respect to center frequency f.sub.0 for differing values of the diameter
      of screws 25, 26 and 31, with the depth of penetration in parenthesis as
      indicated. It will be understood that the curve for screw 25 is related
      also to screw 35; screw 26 is related to screw 34 and screw 31 is related
      to screw 32. It is to be noted that the best approximation with respect to
      optimum consistent with band width is observed for screw diameters such
      that diametric extremes are located at cavity radii. That is, the
      cross-sections of the screw form a chord with the cavity walls in the
      manner previously described. Thus it will be understood that the screws
      define chordal relationships with the screw diameter selected according to
      well known design equations which provide for the iris susceptances.
PAR  As previously described, both plungers 20 and 21 move synchronously and are
      always at the same distance with respect to the cavity bottom 28. Plungers
      20, 21 are formed as double plungers and are secured to bottom ends of
      shafts 40, 41, respectively. Shafts 40, 41 have intermediate their bottom
      and top ends threaded sections 40a, 41a which engage tuning nuts 43, 44
      respectively. Tuning nuts 43, 44 are secured as for example by screws 45
      to the upper outer surface of filter 10.
PAR  Driving gear 47 and driven gear 48 have central openings for fixedly
      receiving upper sections of shafts 40, 41 respectively. The teeth of gears
      47, 48 have the same pitch and engage each other, as shown. Shaft 40
      extends upwardly from gear 47 and may be driven manually by means of a
      knob or other means. It will be understood that the pitch of the threads
      of tuning nuts 43, 44 (as well as threads 40a, 41a) are identical. It is
      in this manner that as shaft 40 is turned, plunger 20 moves either
      upwardly or downwardly. At the same time gear 48 is driven moving plunger
      21 upwardly or downwardly synchronously with plunger 40. With the pitches
      being identical, plungers 20, 21 move together and are always at the same
      distance from cavity bottom 28. It will also be understood that the teeth
      of gears 47 and 48 are selected to provide a desired turn ratio.
PAR  Referring now to filter 10a, there is shown a three cavity dual mode system
      having an input iris 53 and an output iris 56. A first of the cavities 50
      has tracking screws 58, 59; a second of the cavities 51 has tracking
      screws 61, 62; and a third of the cavities 52 has tracking screws 64, 65.
      Further, cavities 50-52 have splitting screws 66-68, respectively. In each
      of cavities 50-52, the tracking and splitting screws have orthogonal
      positions and chordal relationships similar to that described with respect
      to filter 10.
PAR  It will be understood that the tracking and splitting screws and center
      line of irises 53-56 are positioned with respect to the geometric center
      of the tuning range end points in the manner previously described.
PAR  In filter system 10a, plungers 73, 75 of cavities 50, 52, respectively and
      the plunger (not shown) of cavity 51, do not move synchronously for the
      reasons previously described. However, the resonant frequency of the modes
      in each of the cavities is maintained equal by proper selection of the
      splitting screws, tracking screws and irises.
PAR  In moving the plungers upwardly and downwardly, there is provided a drive
      gear 80 having a drive shaft 82 which is driven by means of a knob or
      other means. Drive gear 80 meshes with gears 84, 85 and with a third gear
      for cavity 51 (not shown). The gears are secured to respective shafts
      which are threaded and engage tuning nuts 87, 88 of cavities 50, 52
      respectively. The third tuning nut for cavity 51 is not shown. The pitch
      of the outside pair of tuning nuts, nuts 87, 88 are selected to have the
      same pitch. The pitch for the tuning nut of the cavity 51 is selected to
      have a different pitch. In calculating the proper instantaneous band
      width, the upper and lower extremes of the respective plungers are taken
      and then the sizes and positions of the splitting and tracking screws as
      well as the irises are calculated. From these calculations, the pitch of
      the tuning nut of cavity 51 is determined.
PAR  It will be understood that in filter systems having five, seven or other
      odd number cavities, the outer pair of cavities have tuning nuts with the
      same pitch. In addition, the pair of cavities one in from the outside pair
      also have the same pitch, and so on. The central cavity always has a
      different pitch.
PAR  In FIGS. 5 and 6, there is shown a further embodiment of the invention in
      which filter system 10b has a first and a third cavity 92 of dual mode
      while the middle or a second cavity 91 is of single mode. It is in this
      way that there is achieved a five pole response. This five pole response
      is between the four pole response of filter system 10 and the six pole
      response of filter system 10a. It will also be understood that a filter
      system (not shown) may have two cavities with the first cavity being dual
      mode and the second cavity single mode for a three pole response. Other
      combinations for other odd pole responses may be designed in the foregoing
      manner.
PAR  In filter system 10b, cavity 90 has tracking screws 93, 94 and splitting
      screw 95 while cavity 92 has tracking screws 96, 97 and splitting screw
      98. Driving gear 101 is effective upon being turned to drive gears 100,
      102 thereby moving plungers 104-106 upwardly or downwardly.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multicavity waveguide filter comprising a plurality of cylindrical
      cavaties in which each of said cavities has a pair of orthogonally related
      modes of propogation,
PA1  a plunger for tuning each of said cavities, each of said plungers being
      disposed within a respective cavity,
PA1  each of said cavities having a side wall and being positioned side by side
      in a series with the long axis of each of said cavities being aligned
      parallel to each other but not coaxial,
PA1  each of said cavities having obstacle splitting means for coupling each
      pair of orthogonally related modes within the cavity,
PA1  iris means formed on a side wall of each of said cavities for coupling
      selected one of said cavities, and
PA1  means mechanically coupling said tuning plungers for simultaneously moving
      said tuning plungers to predetermined positions within said cavities.
NUM  2.
PAR  2. The filter of claim 1 in which for each of said cavities said obstacle
      splitting means for coupling each pair of modes are at a position on the
      cavity wall defined by the geometric center of the tuning range end
      points, said end points determined by predetermined extreme positions of
      the plunger.
NUM  3.
PAR  3. The system of claim 2 in which there is provided a pair of tracking
      devices in each cavity one for each mode, each of said tracking devices
      having an area and poisition within the cavity to provide a resonant
      frequency for each of said modes whereby the resonant frequencies are
      maintained equal for respective positions of the plungers.
NUM  4.
PAR  4. The system of claim 3 in which said means for simultaneously moving said
      plungers is adjusted so that the resonant frequency of each pair of modes
      within a cavity varies at the same rate with respect to each of the other
      pairs of modes within the other ones of said cavities.
NUM  5.
PAR  5. The system of claim 3 in which there is provided an additional cavity
      having a single modes, additional iris means formed on a side wall for
      coupling said additional cavity to a selected one or more of said
      cavities.
NUM  6.
PAR  6. The system of claim 1 in which there is provided an input to a first of
      said plurality of cavities and an output from a last of said plurality of
      cavities with no direct line of sight between said input and output.
NUM  7.
PAR  7. The system of claim 6 in which said input is coupled into the magnetic
      field of a first of said pair of modes of said first cavity and the output
      is coupled into the magnetic field of a second of said pair of modes of
      said last cavity.
NUM  8.
PAR  8. The system of claim 6 in which said input is coupled into the E or
      magnetic field of a first mode of said first cavity and the output is
      coupled into the E or magnetic field of a second mode of said last cavity.
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ABST
PAL  In a helical resonator, sometimes called a coaxial resonator with helical
      inner conductor, new capabilities are achieved by providing a double
      winding with the turns interspersed and of like pitch. One pair of
      respective opposite ends of the two portions of the double winding is
      connected directly to the cavity or ground conductor of the resonator,
      sometimes called the shield. Coupling to the cavity is achieved by any
      prior coupling technique. The new resonator can be included in compound
      helical resonator filters as would other helical resonators. One of the
      principal advantages of the new helical resonator is its ability to
      suppress odd harmonics both in its own resonator characteristic and in the
      characteristics of a composite filter in which it is only one of several
      helical resonators.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to helical resonators and filter circuits employing
      helical resonators.
PAR  In some frequency ranges such as an extended range around 100 MHz,
      lumped-parameter filters may be objectionably lossy and perhaps too small
      to fabricate precisely for a particular application; yet, at the same
      time, it may not be desired to construct filters of waveguide-type
      configurations because they may be too bulky for the particular
      application or may not be otherwise compatible with the application
      environment intended.
PAR  The helical resonator, sometimes called a coaxial resonator with helical
      inner conductor, was developed to provide a solution to the High Q
      resonator problem in the frequency range in which both the pure
      lumped-parameter approach and the pure waveguide or distributed-parameter
      approach were for various reasons found to be awkward. It represents an
      intermediate type of solution having some aspects of a lumped parameter
      circuit and some aspects of a distributed parameter or guided-wave type of
      circuit. It has been found that helical resonators offer a practical
      solution to the need for filters of small percentage bandwidth, typically
      less than 2%, in the range from 30 MHz to 500 MHz.
PAR  A conventional helical resonator employs a single conducting helix mounted
      within a suitably proportioned outer conductor or conducting shield. One
      end of the helix is connected to the shield. The anti-resonant frequency
      is determined by the inductance and distributed capacitance existing in
      this coaxial cavity. Usually, additional reactance, such as trimming
      capacitance, is introduced for tuning purposes. Additional fundamentals on
      the techanical aspects of helical resonators may be found in the book by
      A. I. Zverev, Handbook of Filter Synthesis, Wiley (1967) pages 499-507.
PAR  When a number of these helical resonators are cascaded to form a
      coupled-resonator bandpass filter, it is found that additional passbands
      occur in the vicinity of odd multiples of the fundamental anti-resonant
      frequency or center frequency of the desired passband. These undesired
      passbands are so pronounced in the simple cascaded resonator configuration
      that special treatment is required when continuous stopbands are needed.
      Furthermore, since the coupling between resonators is usually achieved by
      the use of side wall apertures that reduce the resonator Q it is desirable
      to be able to minimize the number of such coupling apertures in a cascaded
      filter. In other words, coupled-resonator filters having a desired
      passband and continuous adjacent stopbands are desired, but with a
      superior resonator Q.
PAR  More generally, the helical resonator filter art is a relatively new art in
      which a greater variety of circuit components and design techniques would
      be desirable. Indeed, modified components could facilitate advanced design
      techniques.
PAC  SUMMARY OF THE INVENTION
PAR  According to my invention, the foregoing objectives are achieved in a
      helical resonator filter by providing a helical inner conductor having two
      tightly-coupled portions of like pitch and interspersed turns, a pair of
      respective opposite ends of the two portions being connected directly to
      the shield or cavity of the individual resonator.
PAR  Advantageously, the new helical resonator can be cascaded in compound
      resonator filters, just as any prior helical resonator, but can supply a
      better characteristic for a given number of coupling apertures than if it
      were of the simpler prior art type.
PAR  A further advantage of the new helical resonator is that, in any of its
      applications, any prior art input and output coupling technique for a
      helical resonator can be used.
PAR  According to a subsidiary feature of the invention, the double winding
      helical resonator is used by cascading it with other more conventional
      helical resonators to suppress odd harmonics of the passband of the
      combination.
PAR  According to another subsidiary feature of my invention, like helix
      diameters are preferred for the respective portions of the double winding
      helical resonator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further features and advantages of my invention will become apparent from
      the following detailed description taken together with the drawing in
      which:
PAR  FIGS. 1A and 1B show two orthogonal elevations of a helical resonator
      according to my invention;
PAR  FIG. 2 shows curves which are illustrative of the improvement in harmonic
      insertion loss in compound resonator filters including the helical
      resonator of my invention;
PAR  FIG. 3 shows an illustrative partially pictorial and partially schematic
      embodiment of a resonator-filter including four helical resonators, two of
      which are constructed according to my invention;
PAR  FIG. 4 shows a schematic illustration of the equivalent circuit of the
      filter of FIG. 3;
PAR  FIG. 5 shows another desirable type of equivalent circuit for a filter in
      the desired frequency range;
PAR  FIG. 6 shows an implementation of such a filter employing my double winding
      helical resonator as the center resonator;
PAR  FIG. 7 is an assembly drawing of a helical resonator according to my
      invention shown in section;
PAR  FIG. 8A is a pictorial plan view of the subassembly including double helix,
      coil form and mounting card;
PAR  FIGS. 8B and 8C show end and side elevations of the subassembly of FIG. 8A;
PAR  FIG. 9A shows the coil form pictorially in a side elevation;
PAR  FIG. 9B is an end elevation of the coil form of FIG. 9A; and
PAR  FIG. 10 shows pictorial details in a plan view of the card on which the
      coil form of FIGS. 9A and 9B is intended to be mounted.
DETD
PAC  DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
PAR  In the embodiments of FIG. 1A and FIG. 1B, the helical resonator shown
      includes the housing, specifically the shield 11, which forms the ground
      plane of the resonator and is the outer conductor with respect to the
      helical center conductor 12, which is a conductive coil consisting of two
      portions 13 and 16. Portion 13 starts at the free end point 14 and
      continues until it contacts shield 11 at point 15. The portion 16 starts
      at the free end 17 and continues until it contacts shield 11 at point 18.
      Thus, the conductive coil 12 can be said to consist of a bifilar winding
      13, 16 the conductor of which is connected to the shield 11 at a pair of
      opposite ends of the respective portions with the remaining pair of ends
      being free or unconnected. The shield 11 and the portions 13 and 16 have
      the same general proportions as a conventional helical resonator of
      comparable Q.
PAR  The tightly coupled arrangement of the two helical portions 13 and 16
      results in a relatively confined electric field as compared to prior
      helical resonators of comparable Q, and a magnetic field which is equally
      intense at either end. The distributed capacitances which determine the
      resonant frequency of the resonator are relatively high. Total conductor
      length of both portions 13 and 16 is about 0.15 wavelengths.
PAR  I submit as a working hypothesis, although I do not wish to limit my
      invention to this explanation, that the tight coupling between the two
      helical portions 13 and 16 contributes to uniformity in the direction of
      current flow within the helical center conductor, so that a number of
      higher order resonant modes are inhibited.
PAR  Regardless of whether the uniformity in the direction of current flow is
      the responsible factor, I have found that in fact a high insertion loss is
      obtained at odd harmonics of the fundamental frequencies in filters
      employing this resonator. In the structure I have made, an increase in
      insertion loss at the third and fifth harmonics has been measured.
PAR  Before continuing to more sophisticated configurations and the modes of
      operation of filters employing the new resonator, further optional details
      of the embodiment of FIGS. 1A and 1B may be mentioned. For convenience in
      supporting the structure, the conductors are continued from the initial
      points of contact 15 and 18 with shield 11 and are made to lie side by
      side as shown more clearly in FIG. 1B. Since coil forms may typically be
      used to support helical conductor 12, this feature is not necessary; and
      indeed alternatives are shown hereinafter. Furthermore, no input or output
      coupling techniques or means for trimming the resonant frequency are shown
      in FIGS. 1A and 1B because all of these coupling and trimming techniques
      are conventional in the art and are not inhibited from use with my
      invention.
PAR  The primary usefulness of my helical resonator so far demonstrated has been
      to suppress odd harmonics in composite resonator filters in which the
      helical resonators of FIGS. 1A and 1B are coupled with other more
      conventional helical resonators as shown in the alternative embodiments of
      FIGS. 3 and 6. Indeed, the insertion loss versus frequency curve 21 of
      FIG. 2 was measured for a composite resonator filter of the type shown in
      FIG. 6.
PAR  It is found that, when one or more of the new resonators are cascaded with
      single helical resonators or with each other along a single helix axis as
      shown in FIG. 6, a high coefficient of inductive coupling may be achieved.
      Thus, their use is not confined to narrow band filters; and an alternative
      to lumped-parameter filters may be possible in more applications than
      heretofore. Optionally, with an axial coupling arrangement, it is not
      necessary to use intermediate side walls with their attendant apertures
      and degradation of resonator Q. That is, a single housing 11 like that in
      FIGS. 1A and 1B may be used for the axially coupled helical conductors,
      rather than the individual shields 61, 62 and 63 including the
      intermediate side walls 61A and 62A of FIG. 6, even though the contrary
      arrangement is illustrated.
PAR  It has been found that a double helical resonator as in FIGS. 1A and 1B may
      be substituted for a single helical resonator in a prior art resonator
      filter or a number of them may be substituted for a number of coupled
      single helical resonators in some configurations, because of the superior
      characteristics.
PAR  In either case, the resonator may be tapped for connection of load and
      generator or matching networks according to conventional techniques some
      of which are shown hereinafter. Typically, taps may be made on either
      helix or on both of them.
PAR  An additional advantage of combining the double helical resonator with the
      single helical resonator of the prior art, as shown in FIGS. 3 and 6, is
      that the distinctly differing resonator designs avoid the convergence of
      unwanted responses. This is a general characteristic that may be broader
      than simply the suppression of odd harmonics. Indeed, it is often
      difficult to avoid convergence of unwanted responses in a composite filter
      when identical resonators are used.
PAR  This fact was recently demonstrated at a 140 MHz, three resonator bandpass
      filter in which one double winding helical resonator was used with two
      conventional helical resonators. Each of the latter conventional
      resonators had an unwanted response in the vicinity of 420 MHz. But
      because of the presence of the double winding helical resonator, the
      stopband insertion loss did not fall below 75 dB in the region of 420 MHz.
      This improved result was obtained in spite of the fact that input and
      output coupling was capacitance coupling, which is high pass in nature.
      That is, capacitance coupling was used for the connection of generator and
      load resistances, rather than the more conventional taps to the helix.
      Thus, the coupling was essentially like that shown in FIG. 3 with
      capacitors 35. But the end-to-end arrangement of helical conductors was
      essentially like that in FIG. 6.
PAR  The measured response curve is curve 21 of FIG. 2. The passband was
      centered at 140 MHz for this three resonator filter. The response is shown
      in the vicinity only of the 3rd harmonic to show that it is relatively
      flat. This flat response shown in curve 21 may be compared to those for
      multiple resonator compound filters using only conventional single helical
      resonators as shown in curves 22 and 23. Curve 22 is specifically for a
      150 MHz four resonator filter. Although it was provided with load and
      generator coupling by inductive coils directly connected to taps on
      respective helices which are low pass in character, even this adaptation
      could not avoid the poor characteristic at the third harmonic, 450 MHz,
      which is shown by curve 22. Specifically, the insertion loss has fallen to
      the 40 dB level. For curve 23, a 150 MHz three resonator filter using
      three conventional laterally coupled helical resonators was tested. The
      load and generator were connected directly to taps on the end resonators
      in standard fashion. The insertion loss at the third harmonic is still at
      or below the 50 dB level and near 415 MHz and 440 MHz spurious responses
      were obtained in which the insertion loss was as low as 30 or 40 dB,
      respectively. In comparison the composite resonators using my double
      winding helical conductor achieves the comparatively flat response curve
      21. For practical application, the characteristic of curve 21 is of
      tremendous advantage.
PAR  It should be understood that the characteristics of all three resonator
      filters that were tested for purposes of comparison were approximately
      comparable in the vicinity of their passbands, which are not shown in FIG.
      2.
PAR  In the alternative embodiment of FIG. 3 one of several possible
      combinations and permutations employing the double winding helical
      resonator in a bandpass filter is illustrated. The shield 31 is formed
      into a four segment cavity having coupling apertures in three of the
      interior walls 32, the apertures being labelled 32A, 32B and 32C. The new
      double winding helical conductors 33 are positioned, for purposes of
      illustration, in the quadrants in which input and output coupling are
      achieved, illustratively, by the coupling capacitors 35. Each of these
      double winding helical resonators with the double winding conductors have
      capacitive coupling through coaxial connections through the lower portion
      of shield 31 and are internally coupled through respective apertures 32A
      and 32C to conventional helical resonators including the single winding
      helical conductors 34, the latter being coupled through the aperture 32B
      to one another laterally.
PAR  The equivalent circuit for the modified embodiment of FIG. 3 is shown in
      FIG. 4, and can be analyzed according to conventional techniques. The
      capacitors 37 and 38 are conventional trimming capacitors for purposes of
      tuning. In the equivalent circuit of FIG. 4, it should be noted that there
      is a mutual inductance which can be used to account for the coupling
      between the two portions of each of helical conductors 33 as well as
      mutual inductances between each of the single winding conductors 34 and
      the other helical conductors, which mutual inductance accounts for the
      coupling through the apertures 32A-32C. Alternatively, aperture 32B may be
      located closer to a position between the ungrounded ends of helical
      conductors 34 in which case the coupling through this aperture would be
      mainly capacitive in nature.
PAR  Another modified embodiment is shown in FIG. 6. For purposes of
      illustration, the double winding helical condutor 63 is placed as the
      center one of three helical center conductors within the compound shield
      61, 62 and 75. Internal walls 61A and 62A are shown for purposes of
      illustration and include coupling apertures. Those internal walls and
      coupling apertures are not necessary; and, indeed, the degree of coupling
      can be controlled by the spacing between double winding helical conductor
      63 and the more conventional helical conductor 64.
PAR  The equivalent circuit for the embodiment of FIG. 6 is shown in FIG. 5. It
      may be analyzed and described in the same conventional manner as the
      equivalent circuit of FIG. 4 except that capacitive coupling between
      resonators is not feasible in this particular arrangement.
PAR  The additional features which are noteworthy with respect to FIG. 6 relates
      to structural mounting details which includes coil forms 65 and 66. These
      coil forms are mounted on cards 67 and 68, the details of which may be
      appreciated as assembled in the convenient orthogonal views of FIGS. 6 and
      7. The section of FIG. 7 is illustratively taken through the subassembly
      for the double winding helical conductor 63. But similar details may be
      used with the more conventional helical conductor 64. The coil form 66 in
      FIG. 7 is supported on the portions of the card 68 through which the
      screws 71 pass. Typically, the upper half of coil form 66 will extend over
      the end portions of card 68; but the lower half of the coil form 66 will
      fit therebetween. Of particular note in the assembly drawings of FIGS. 6
      and 7 is the fact that the conductive connections to the shield 62 are
      made through metalized portions 72 of the card 68. Those metalized
      portions 72 extend to abut shield 62. In contrast, the free ends 73 and 74
      of the two winding portions are connected to metalized portions on the
      card which are isolated from the shield connections 72. These connections
      of the ends 73 and 74 tend to give additional stability and support to the
      respective portions of coil 63.
PAR  These details may be seen more clearly from the subassembly sketches of
      FIGS. 8A, 8B and 8C in which the isolated metalized portions of the cards
      to which ends 73 and 74 are connected are labeled as 73A and 74A,
      respectively. Note also that, minimizing the inductance of the connections
      to the shield 62, the metalized portions 72 have their largest width
      extending from the shield in the vicinity of their connection to the
      respective opposed ends of the coil portions 63A and 63B, and are
      relatively narrower as they extend along the shield away from the helix
      connections. This particular shape leaves room for the isolated metalized
      connections 73A and 74A for coil ends 73 and 74. End view and side views
      of the plan view of FIG. 8A are shown in FIGS. 8B and 8C for the purposes
      of clarity.
PAR  the coil form 66 is shown by itself in two views in FIGS. 9A and 9B. In the
      side elevation of FIG. 9A it is seen that the lower part 66B of coil form
      66 has less axial length than the upper part 66A, the ends of which must
      rest on the end portions 68A and 68B of card 68 as shown in FIG. 10. The
      end view of FIG. 9B shows that the aperture for screw 71 in coil form 66
      is disclosed to be aligned with the holes in end portions 68A and 68B of
      the card 68.
PAR  It is believed that this particular assembly structure makes the double
      winding helical resonator especially adapted to be combined in composite
      resonator filters with more conventional helical resonators, which may
      then also use the same structural details.
PAR  It is believed that a given filter characteristic can in general be
      achieved with better quality and with fewer resonator elements using the
      new double winding helical resonator than was possible with the prior art
      single winding helical resonators. Therefore, new degrees of design
      freedom have been achieved.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A helical resonator of the type comprising a housing forming a
      conductive shield, a helical conductive coil having an end attached to a
      wall of said shield and an end within said shield, and means insulated
      from said shield for coupling from outside said shield to said coil,
      characterized in that said coil includes first and second helical portions
      having like pitches and interspersed turns, one pair of opposite ends of
      the two respective portions being connected to said shield.
NUM  2.
PAR  2. A helical resonator of the type claimed in claim 1 in which the two
      helical portions have the same axis and same diameter.
NUM  3.
PAR  3. A helical resonator of the type claimed in claim 1 including at least
      one additional helical resonator coupled to the conductive coil having
      first and second portions.
NUM  4.
PAR  4. A helical resonator of the type claimed in claim 3 in which the helical
      conductive coil having first and second portions is coupled axially with
      the additional helical resonator.
NUM  5.
PAR  5. A helical resonator of the type claimed in claim 1 including means for
      supporting the helical conductive coil within the cavity.
NUM  6.
PAR  6. A helical resonator according to claim 5 in which the supporting means
      comprise conductive material extending from the one pair of opposite ends
      of the two respective portions to the conductive cavity.
NUM  7.
PAR  7. A helical resonator according to claim 5 in which the supporting means
      comprise a dielectric coil form and a dielectric card supporting the coil
      form and being supported by at least one wall of the shield, said card
      having a plurality of metalized regions connected to the ends of said two
      portions of the double winding helical conductor, two of the metalized
      regions being connected to the one pair of opposite ends of the two
      respective portions and extending to contact the shield, the other two
      metalized regions being electrically isolated and connected to the other
      pair of opposite ends of the respective portions.
NUM  8.
PAR  8. A helical resonator filter of the type including a plurality of coupled
      helical conductors, and a conductive shield in which said helical
      conductors are disposed to form at least one resonator, characterized by
      means for suppressing odd harmonics of the passband of the filter in that
      said helical conductors comprise at least one single winding helical
      conductor and coupled thereto at least one double winding helical
      conductor including first and second helical portions having like pitches
      and interspered turns, one pair of opposite ends of the two respective
      portions being connected to the conductive shield of the resonator.
NUM  9.
PAR  9. A helical resonator filter of the type claimed in claim 8 in which the
      first and second portions of the double winding helical conductor have the
      same axis and the same diameter.
NUM  10.
PAR  10. A helical resonator filter of the type claimed in claim 9 including a
      dielectric card defining a plane passing through the axis of the two
      portions of the double winding helical conductor, said card having a
      plurality of metalized regions connected to the ends of said two portions
      of the double winding helical conductor, two of the metalized regions
      being connected to the one pair of opposite ends of the two respective
      portions and extending to contact the conductive shield, the other two
      metalized regions being electrically isolated and connected to the other
      pair of opposite ends of the respective portions.
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PAL  A filter network particularly suitable for construction in micro-electronic
      circuitry for application in telephony systems is formed by simulating
      inductance in a circuit arrangement incorporating only resistance,
      capacitance and amplifying elements. The symmetry of the circuit
      arrangement and coupling into the filter network simplifies fabrication
      and reduces the number of amplifiers previously required to perform
      similar filter functions. The filter networks may be built up by coupling
      a chain of circuit arrangements each including two unity gain amplifiers
      having a series resistor/capacitor feedback network and a non-inductive
      element interconnecting the two amplifier feedback networks.
BSUM
PAR  The invention relates to filter networks. In particular the invention
      relates to filter networks incorporating active devices and used in
      low-pass and band-pass filter network arrangements.
PAR  It is often undesirable to employ coilS in micro-electronic circuitry, and
      for this reason circuits using only resistive, capacitive and active
      components have been developed to simulate inductances. In low-pass and
      other filter networks it is often necessary to use "floating inductors,"
      that is, inductors with terminals which are not grounded.
PAR  It is a particular object of the invention to provide an active circuit
      employing resistors, capacitors and amplifiers to simulate inductors and
      to arrange such circuits so that in use they act as floating inductors, or
      as floating and grounded inductors, in filter networks.
PAR  Networks employing four operational amplifiers are known as active networks
      to simulate pure floating inductance. With the present invention the
      active network employs only two substantially unity-gain amplifiers to
      provide a floating lossy inductance. The unity-gain amplifiers used with
      the present invention may be provided by high-gain operational amplifiers
      with one hundred per cent negative feed-back to give an overall gain of
      unity. The amplifiers may alternatively be voltage follower circuits such
      as an emitter-follower or compound emitter-follower circuit.
PAR  According to a first aspect of the present invention there is provided a
      circuit arrangement for a filter network comprising a first and second
      amplifier element each having an overall gain substantially equal to unity
      and each having an input and an output interconnected by way of a series
      network including a resistive and a capacitive impedance element and a
      junction point between said elements and wherein the product of the values
      or resistance and capacitance of the elements in the series network for
      the first and second amplifiers is equal, the arrangement being
      symmetrical in terms of components about a first non-inductive coupling
      element interconnecting the junction points in the series networks of the
      first and second amplifiers.
PAR  Preferably, in some applications of the invention, to improve the Q factor
      of the circuit, the first non-inductive coupling element consists of a
      resistor having an impedance substantially greater than the sum of the
      impedance of the resistive elements in the series networks. The input to
      the circuit may be applied by way of an input terminal direct to the input
      of one of the amplifiers or by way of one of the elements in one of the
      series networks. The circuit may simulate a lossy floating inductance or
      by replacing resistors by capacitors and vice versa, a "lossy 1/s.sup.2
      impedance" element, where s is the complex frequency variable and the
      losses take the form of series and/or parallel capacitance rather than
      resistance as with the floating inductances.
PAR  According to a second aspect of the present invention there is provided a
      filter network having an input port and an output port and including a
      circuit arrangement according to the first aspect of the invention which
      circuit arrangement is symmetrically coupled between said input port,
      which is arranged to be coupled to a signal source, and said output port
      which is arranged to be coupled to a load impedance and wherein there is
      provided a second and third non-inductive element connected across the
      input port and output port respectively of the filter network and wherein
      a fourth noninductive element is connected in series between an input
      terminal of the input port and an output terminal of the output port of
      the filter network.
PAR  Preferably the second, third and fourth non-inductive elements are
      capacitors arranged and dimensioned so that the filter network provides a
      low-pass filter network.
PAR  If required two circuit arrangements according to the first aspect of the
      present invention may be interconnected by making one of the amplifiers of
      one of the circuit arrangements common (i.e. shared with the other circuit
      arrangement).
DRWD
PAR  The invention will now be described, by way of example, with reference the
      accompanying diagrammatic drawings in which:-
PAR  FIG. 1 shows a circuit arrangement of a floating lossy inductance;
PAR  FIG. 2 is the equivalent circuit of FIG. 1; floating lossy inductance;
PAR  FIG. 4 shows the equivalent circuit of FIG. 3;
PAR  FIG. 5 is a circuit diagram of a low-pass filter incorporating the network
      of FIG. 1;
PAR  FIG. 6 shows the equivalent circuit of the filter network shown in FIG. 5;
PAR  FIG. 7 shows a .pi. network of resistances;
PAR  FIG. 8 shows a lossy inductor network corresponding to the resistor network
      of FIG. 7 using the active network of FIG. 1;
PAR  FIG. 9 shows an alternative lossy inductor network for FIG. 7 using the
      active network of FIG. 3;
PAR  FIG. 10 shows a further resistor network;
PAR  FIG. 11 shows a circuit according to the invention incorporating the
      resistor network of FIG. 10;
PAR  FIG. 12 shows the equivalent circuit of FIG. 11;
PAR  FIG. 13 shows a third-order "pseudo-elliptic" low-pass filter;
PAR  FIG. 14 is the equivalent circuit of FIG. 13;
PAR  FIG. 15 shows a fifth-order "pseudo-elliptic" low-pass filter;
PAR  FIG. 16 is the equivalent circuit of FIG. 15;
PAR  FIG. 17 shows a sixth-order "pseudo-elliptic" band-pass filter;
PAR  FIG. 18 is the equivalent circuit of FIG. 17;
PAR  FIG. 19 shows two floating inductances according to the; invention;
PAR  FIG. 20 shows a form of coupling between the two floating inductances of
      FIG. 19;
PAR  FIG. 21 is the equivalent circuit of FIG. 20;
PAR  FIG. 22 shows a circuit to simulate a network of lossy inductances; and
PAR  FIG. 23 is the equivalent circuit for FIG. 22.
DETD
PAR  Referring now to the drawings two preferred embodiments will be described
      and these embodiments will be applied to a number of networks to
      illustrate the applications of the invention. FIG. 1 shows a symmetrical
      circuit arrangement acting as a floating lossy inductance. Each half of
      the arrangement consists of terminals 1 and 2, an amplifier 3, a resistor
      4, and a capacitor 5. To indicate the components on the right hand side of
      the symmetrical arrangement a prime has been added to the reference
      numerals. The junctions between the capacitor 5 and the input to the
      amplifier 3 for both halves of the arrangement are interconnected by way
      of a resistor 6. FIG. 2 shows the equivalent circuit of FIG. 1 in which
      the interconnecting resistor 6 is in parallel with a lossy inductance
      illustrated by the inductor 7 and a resistor 8 in series. The amplifiers 3
      have an overall gain which is substantially equal to unity. The amplifiers
      have an negligibly low input admittance and negligibly low output
      impedance. Preferably the amplifiers consist of high-gain operational
      amplifiers with 100 percent negative feed-back or, they may consist of
      emitter or compound emitter follower circuits. For the arrangement to act
      as a floating lossy inductance it is necessary that:-
EQU  R.sub.1 C.sub.1 = R.sub.2 C.sub.2                          (1)
PAL  where:
PA1  R.sub.1 is the resistance of the resistor 4
PA1  R.sub.2 is the resistance of the resistor 4.sup.1
PA1  C.sub.1 is the capacitance of the capacitor 5
PA1  C.sub.2 is the capacitance of the capacitor 5.sup.1
PAR  If, referring to FIG. 2, the inductance 7 has a value L.sub.1 the resistor
      8 has a resistance R.sub.3 and the interconnecting resistor 6 has a
      resistance R.sub.0 then:
      ##EQU1##
      and
      ##EQU2##
PAR  If R.sub.0 is chosen to be much greater than (R.sub.1 + R.sub.2) then the
      equivalent inductance 7 and series resistance 8 given approximately by:-
EQU  L.sub.1 .perspectiveto.R.sub.0 R.sub.1 C.sub.1             (4)
EQU  R.sub.3 .perspectiveto.R.sub.1 + R.sub.2                   (5)
PAR  It is desirable, in general, to reduce the series resistance R.sub.3 and
      increase the shunt resistance R.sub.0 as far as possible, in order to
      reduce the losses of the lossy inductance and to raise its effective `Q`
      factor. It is evident that this may be achieved by reducing R.sub.1 and
      R.sub.2 and increasing R.sub.0 as far as practicable.
PAR  The circuit of another form of the invention is given in FIG. 3. The
      arrangement of FIG. 3 is again symmetrical about the interconnecting
      resistor 6 and each half of the arrangement comprises an amplifier, a
      resistor and a capacitor which are given the same reference numerals as
      for FIG. 1 with the indication of the right-hand half being again shown by
      the inclusion of a prime. In FIG. 3 the interconnecting resistor 6 is
      coupled between the junctions between the resistors 4 and the capacitor 5
      and the resistor 4' and the capacitor 5'. The equivalent circuit of FIG. 3
      is shown in FIG. 4 which consists of an inductor 9 having an inductance
      L.sub.2 and a resistor 10 having a resistance R.sub.4 connected in series.
PAR  Providing the equation (1) holds for the arrangement of FIG. 3 the circuit
      behaves as a floating lossy inductance in which (referring to the
      equivalent circuit of FIG. 4):-
EQU  L.sub.2 = R.sub.0 R.sub.1 C.sub.1                          (6)
EQU  R.sub.4 = R.sub.O + R.sub.1 + R.sub.2                      (7)
PAL  The two circuits of FIGS. 1 and 3 may be used to provide a floating
      inductance in circuits which are tolerant of an inductance with losses, or
      in circuits which have been specially designed for specific values of
      losses associated with floating inductances.
PAR  One example of a filter network using the circuit of FIG. 1 is shown in
      FIG. 5, which shows a circuit suitable for a `pseudo` elliptic third-order
      low pass filter. The equivalent circuit is shown in FIG. 6.
PAR  The low-pass filter shown in FIG. 5 comprises a lossy floating inductance
      as illustrated in FIG. 1 and having the same reference numerals, and with
      the addition of a capacitor 11 connected between the junctions between
      resistors 4 and 4' and capacitors 5 and 5' respectively. A capacitor 12 is
      connected across the input terminals 1 and 2 and a capacitor 13 is
      connected across the other terminals 1' and 2'. A resistor 14 couples the
      filter to a signal source 15 and a load resistor 16 is also connected
      across the terminals 1' and 2'.
PAR  The additional components added in FIG. 5 to the embodiment of the
      invention shown in FIG. 1 have the following values:
TBL  Capacitor 11       =           C.sub.4                                    
     Capacitor 12       =           C.sub.3                                    
     Capacitor 13       =           C.sub.5                                    
     Resistor 14        =           R.sub.s                                    
     Resistor 16        =           R.sub.L                                    
PAR  The values of the elements of the filter network should preferably be
      calculated to allow for the effects of the losses associated with the
      inductance. The resistors R.sub.s and R.sub.L are the source and load
      resistance.
PAR  Both the circuits described (FIGS. 1 and 3) may be used to turn networks of
      resistors into networks of lossy inductances, by connecting additional
      resistors to the terminals of resistor R.sub.0, in either FIG. 1 or FIG.
      3. For example, as shown in FIG. 7 if additional grounded resistors 17 and
      18 having values R.sub.5 and R.sub.6 respectively are connected to the
      terminals of R.sub.0 in FIG. 1 to give the .pi. network of resistors of
      FIG. 7, then the equivalent circuit of the resulting network is as shown
      in FIG. 8. Similarly, if the modification indicated in FIG. 7 is
      introduced into FIG. 3, the equivalent circuit of the result is as shown
      in FIG. 9. The lossy inductors formed in the corresponding network shown
      in FIG. 8 are in the network of inductors 19, 20, 21. These inductors have
      a value corresponding to R.sub.0 R.sub.1 C.sub.1, R.sub.5 R.sub.1 C.sub.1
      and R.sub.6 R.sub.1 C.sub.1 respectively. These inductors are also
      similarly referenced in FIG. 9.
PAR  More complicated networks of resistors can be turned into networks of lossy
      inductances by using three or more unitygain amplifiers, each associated
      with one resistor and one capacitor. An example, is given in FIG. 10 of a
      network of five resistors. The circuit of FIG. 10 is a bridge network
      consisting of resistors 22, 23, 24 and 25 and a resistor 26 connecting the
      junctions between the resistive arms 22 and 25 and arms 23 and 24. By
      means of the arrangement of FIG. 3 and by utilising three amplifier stages
      to provide lossy inductance the circuit of FIG. 10 may be turned into five
      lossy inductances. The complete circuit is shown in FIG. 11 and an exact
      equivalent circuit in FIG. 12.
PAR  To differentiate between the three arms of the network shown in FIG. 11 the
      integers of the basic circuit arrangment shown in FIG. 1 have been given a
      single, or double prime after the reference numberal. The equivalent
      circuit shown in FIG. 12 includes inductors 27, 28, 29, 30 and 31
      interconnected by way of the resistors 22, 23, 24, 25 and 26 and connected
      to terminals 32, 33, and 34 by way of resistors 4, 4', 4" respectively.
      The resistors 22, 23, 24, 25 and 26 have the values R.sub.a R.sub.b
      R.sub.d R.sub.e R.sub.c respectively and the inductors 27, 28, 29, 30 and
      31 as shown in FIG. 12 have the values:- R.sub.a R.sub.1 C.sub.1 ; R.sub.c
      R.sub.1 C.sub.1 ; R.sub.e R.sub.1 C.sub.1 ; R.sub.b R.sub.1 C.sub.1 ; and
      R.sub.d R.sub.1 C.sub.1 ; respectively.
PAR  Examples will now be given of filter networks incorporating the basic
      circuits of FIG. 3 and its derivatives, such as that shown in FIG. 11.
      Similar networks can be built, by analogy, incorporating the basic circuit
      of FIG. 1, and one such filter has already been shown in FIG. 5, with its
      equivalent circuit illustrated in FIG. 6.
PAR  The circuit of FIG. 13 is suitable for realising a third-order
      "pseudo-elliptic" low-pass filter. The circuit of FIG. 13 consists of the
      basic arrangement of FIG. 3 together with a resistor 35 coupling an input
      frequency source 36 to a network of capacitors 37, 38, 39. A resistor 40
      coupled across the capacitor 39 may be added if necessary. The output from
      the circuit may be taken either from an output terminal 41 or from an
      output terminal 42. It will be appreciated that as the output 42 is taken
      directly from the output of the operational amplifier or alternatively
      from the emitter-follower or similar circuit, it is especially suited for
      supplying power to the following circuit. It will also be appreciated that
      it effectively buffers the filter network from the following circuit so
      that variations in load impedance will not effect the filters wave-shaping
      properties. This fact is an additional advantage available in many
      circuits constructed with the basic circuit of FIG. 3.
PAR  The inclusion of the resistor 40 helps to reduce the sensitivity of the
      network, whether or not the output is taken from terminal 42.
PAR  It is worth noting at this point that a known circuit to provide a floating
      inductance would lead to a filter network with four amplifiers, and if an
      output buffered from the filter network were required, a total of five
      amplifiers would be necessary, rather than just the two in the present
      invention.
PAR  The equivalent circuit of FIG. 13 is shown in FIG. 14. It includes a buffer
      amplifier 43 indicating the buffered output terminal 42. The equivalent
      circuit includes an inductor 44 in series with a resistor 45. The inductor
      44 has a value substantially equal to R.sub.3 R.sub.1 R.sub.1 and the
      resistor 45 has a value substantially equal to (R.sub.1 + R.sub.2 +
      R.sub.3).
PAR  Two specific examples of circuits according to FIG. 13 will now be given.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Resistors 4 and 4'  = R.sub.1 =                                           
                                 R.sub.2 = 5.477 k.OMEGA.                      
     Resistor 6          = R.sub.3 =                                           
                                 10.95 k.OMEGA.                                
     Resistor 35         = R.sub.4 =                                           
                                 10.0 k.OMEGA.                                 
     Resistor 40 is omitted                                                    
     Capacitor 5 and 5"  = C.sub.1 =                                           
                                 C.sub.2 = 44.62nF                             
     Capacitor 37        = C.sub.3 =                                           
                                 7.802 nF                                      
     Capacitor 38        = C.sub.4 =                                           
                                 213.7 pF                                      
     Capacitor 39        = C.sub.5 =                                           
                                 636.4 pF                                      
     ______________________________________                                    
PAR  With the value of components set out in Table 1 above there is produced a
      third-order low-pass filter with passband ripple of 1dB, a cut-off
      frequency of 3.4 kHz, and a stop-band discrimination of 30dB.
PAR  With the second embodiment of the circuit of FIG. 13 having component
      values as set out in Table 2 below there is produced a third-order
      low-pass filter to the same specification as above but with a lower
      sensitivity.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Resistor 4 and 4"   = R.sub.1 =                                           
                                 R.sub.2 969.2.OMEGA.                          
     Resistor 6          = R.sub.3 =                                           
                                 1938.OMEGA.                                   
     Resistor 35         = R.sub.4 =                                           
                                 30.0.OMEGA.                                   
     Resistor 40         = R.sub.5 =                                           
                                 118.4.OMEGA.                                  
     Capacitor 5 and 5' = C.sub.1                                              
                         = C.sub.2 =                                           
                                 965.9 nF                                      
     Capacitor 37        = C.sub.3 =                                           
                                 2.262 nF                                      
     Capacitor 38        = C.sub.4 =                                           
                                 312.1 pF                                      
     Capacitor 39        = C.sub.5 =                                           
                                 1.331 nF                                      
     ______________________________________                                    
PAR  By using the same constructional relationship as in FIG. 13 that is to say
      making the product of the values of the components 4 and 5 equal to that
      of 4' and 5' a fifth-order low-pass and a sixth-order band-pass
      "pseudo-elliptic" filter may be constructed in these cases illustrated in
      FIGS. 15 and 17 and with equivalent circuits illustrated in FIGS. 16 and
      18 respectively. The product of the values of the components 4 and 5 is
      equal to the product of 4' and 5' and is also equal to the product of 4"
      and 5". The components of FIGS. 15 and 17 and the equivalent circuits of
      16 and 18 have been given the same reference numerals as in previous
      circuit arrangements with the addition of a single or double prime to
      indicate succeeding stages in the filter. The circuit of FIG. 15
      additionally includes a resistor 46, a capacitor 47 and a capacitor 48.
      The additional components in FIG. 17 consist of a resistor 46, the
      capacitor 47 and the capacitor 48 together with a pair of resistors 49 and
      50 connected to a common earth 51., and capacitor 39 is omitted. In both
      circuits of FIG. 15 and 17 when the output is taken from the terminal 42
      so as to be buffered by the amplifier the resistor 40 is optional. If the
      resistor 40 is included its presence reduces the sensitivity of the
      circuit which already has a low sensitivity.
PAR  Considering now the equivalent circuit in FIG. 16 this includes an inductor
      52 in series with a resistor 53, and a further inductor 54 in series with
      a further resistor 55. The inductors 52 and 54 have values equal to
      R.sub.4 R.sub.1 C.sub.1 and R.sub.5 R.sub.1 C.sub.1 respectively. The
      resistors 53 and 55 have values equal to (R.sub.1 + R.sub.4) and (R.sub.3
      + R.sub.5) respectively. To determine suitable component values it is
      preferable to use a computer to design the lossy filter. Approximate
      component values are available from tables which assume that the
      inductances 52 and 54 have infinite Q-factors.
PAR  The equivalent circuit of FIG. 17 is shown in FIG. 18 which includes the
      inductors 56, 57, 58 and 59 having the values R.sub. 6 R.sub. 1 C.sub.
      1,R.sub. 4 R.sub. 1 C.sub.1, R.sub. 5 R.sub. 1 C.sub.1, and R.sub. 7
      R.sub. 1 C.sub.1 respectively where: R.sub.6 is the value of the resistor
      49; R.sub.7 is the value of the resistor 50; and R.sub.5 is the value of
      the resistor 46.
PAR  Using known circuits for floating inductances a total of 7 amplifiers would
      be required to realise a buffered filter as shown in FIG. 17 whereas
      according to the present invention only 3 amplifiers are required.
PAR  Another method of building networks of lossy inductances is possible using
      the basic circuit of FIG. 3. Fundamentally the method consists of
      realising each inductance separately and then replacing pairs of
      unity-gain amplifiers which have their inputs joined by a single
      unity-gain amplifier. Thus the two separated networks of FIG. 19, each of
      which is similar to the circuit of FIG. 3 may be joined by considering the
      adjacent amplifiers as a single amplifier.
PAR  The circuits shown in FIG. 19 are referenced with the component element
      values. The amplifiers each have an overall gain of unity. The values of
      the components are related by the following two expressions:-
PA1  R.sub.2 c.sub.2 = r.sub.1 c.sub.1 ..................(8)
PA1  r.sub.4 c.sub.4 = r.sub.3 c.sub.3 ..................(9)
PAR  the circuit shown in FIG. 20 has components also interrelated by equations
      (8) and (9) above. The arrangement comprises three amplifiers 60, 61 and
      62 each having an overall gain substantially equal to unity and
      interconnected by capacitors 63, 64, 65 and 66 and by resistors 67, 68,
      69, 70, 71 and 72 the arrangement is provided with terminal 73, 74 and 75.
      The equivalent circuit is shown in FIG. 21 in which the terminals 73, 74
      and 75 are interconnected by a pair of series connected inductors 76 and
      77 and a pair of resistors 78 and 79. The inductors 76 and 77 have values
      substantially equal to R.sub.5 R.sub.1 C.sub.1 and R.sub.6 R.sub.3 C.sub.3
      respectively. The resistors 78 and 79 have the values (R.sub.1 + R.sub.2 +
      R.sub.5) and R.sub.3 + R.sub.4 + R.sub.6) respectively.
PAR  A network of this kind may be used in the fifth-order filter of FIG. 15 in
      place of the floating-inductance network shown there. It has the advantage
      of eliminating the resistor 4' in the equivalent circuit of FIG. 16 the
      values of resistors 53 and 55 are however increased. Similarly, if a
      network of similar kind is substituted in the circuit of FIG. 17, the
      resistors 4,4', 4" in the equivalent circuit are eliminated; the values of
      resistors 6, 46, 49 and 50 are then increased.
PAR  FIG. 22 shows a further example of the method of deriving filter networks
      consisting of lossy inductances and FIG. 23 illustrates the equivalent
      circuit of FIG. 22. The principle of the method and the value of the
      elements can be determined from the previous description and examples
      referred to above.
PAR  It will be appreciated that the circuits of the present invention may be
      modified, by replacing the capacitors by resistors and the resistors by
      capacitors, so as to produce high-pass filters where in the above
      described cases low-pass filters were produced, and to produce band-stop
      filters where in the above band-pass filters are described. By replacing
      capacitors by resistors and vice-versa in the above described networks
      floating "lossy 1/s.sup.2 elements" are obtained or networks utilising
      such elements are produced. These floating lossy 1/s.sup.2 elements
      include an impedance proportional to 1/s.sup.2 where s is the complex
      frequency variable and the "losses" take the form of series and/or
      parallel capacitances rather than resistances as in the basic circuits
      described above. All the circuits of the invention are particularly
      suitable for use in telephone systems in which it is necessary to select
      or reject certain predetermined frequencies or ranges of frequencies from
      the telephony signals.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a filter network a circuit arrangement comprising a first and second
      amplifier element each having an overall gain substantially equal to unity
      and each having a single input and a single output interconnected by way
      of a first and a second series network respectively, each series network
      including a resistive impedance element and a capacitive impedance element
      and a first junction point between said resistive and said capacitive
      impedance elements and wherein the product of the values or resistance and
      capacitance of the elements in the series network for each of said first
      and second amplifiers is equal, a first non-inductive coupling element
      interconnecting the series networks of the first and second amplifiers,
      the circuit arrangement being a symmetrical mirror image in terms of
      components about said first non-inductive coupling element.
NUM  2.
PAR  2. In a filter network as claimed in claim 1 a second junction point for
      each of said first and second series networks being provided respectively
      between said input to said first and said input to said second amplifier
      and said capacitive impedance elements of said first and the second series
      networks, said capacitive impedance elements being directly connected to
      said inputs respectively and wherein said second junction points are
      interconnected by a resistor forming said non-inductive coupling element.
NUM  3.
PAR  3. In a filter network as claimed in claim 1 said first junction point of
      said first series network being interconnected by said first non-inductive
      coupling element to said first junction point of said second series
      network.
NUM  4.
PAR  4. In a filter network according to claim 3 said first non-inductive
      coupling element being a capacitor and said resistive impedance element of
      said first and said second series network being connected to the output of
      said first and second amplifiers respectively.
NUM  5.
PAR  5. In a filter network as claimed in claim 3 said first non-inductive
      coupling element being a resistor and said capacitive impedance element of
      said first and said second series network being connected to the output of
      said first and second amplifiers respectively.
NUM  6.
PAR  6. In a filter network as claimed in claim 5 said resistor having a
      resistive impedance substantially greater than the sum of the resistive
      impedance of the resistive impedance elements in said first and the second
      series networks.
NUM  7.
PAR  7. In a filter circuit as claimed in claim 5 each of said first and second
      amplifiers consisting of a high gain operational amplifier with one
      hundred percent negative feedback to produce said overall unity gain.
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ABST
PAL  Microwave device comprising a conductive box containing a substrate which
      is spaced from one wall of the box and on its surface facing the wall is
      provided with a microstrip line; at least one coaxial terminal leading
      through another wall of the box is connected to the microstrip line, and
      at least one mode suppressing member is arranged symmetrically with
      respect to the axis of the microstrip line.
BSUM
PAR  The invention relates to a microwave device which comprises a box made of a
      conductive material in which is arranged parallel to and spaced from one
      of the walls a substrate which on its surface facing the wall is provided
      with a microstrip line pattern and on the opposite surface with a
      conductive ground plane whilst the box has at least one coaxial terminal
      connected to a microstrip line of the line pattern, permitting microwave
      signals to be applied to and derived from the pattern.
PAR  Such devices are generally known. At the location of the terminal there is
      a change from a coaxial transmission line to a planar transmission line or
      vice versa. As a result the conversion of the mode of the coaxial
      transmission line into a mode bound to the microstrip line pattern causes
      a mode coupled to the substrate surface to be excited as well. The latter
      mode extends through the entire space between the conductive ground plane
      and the walls of the box and gives rise to undesirable coupling of the
      terminal to the line pattern or to another terminal in particular if box
      resonance for this mode occurs.
PAR  To prevent this mode it is known to dimension the box or a part thereof by
      the insertion of conductive partitions so as to form a waveguide having a
      cut-off frequency such that the unwanted mode cannot propagate, or to
      place damping material in the box for removing the unwanted mode by
      attenuation. Such a method either results in restricting the freedom of
      dimensioning circuits of microstrip design or it causes not only the
      unwanted mode but also part of the energy of the desired mode to be
      attenuated.
PAR  It is an object of the present invention to obviate the said disadvantages
      and to provide a very simple method of eliminating the unwanted mode.
PAR  A device according to the invention is characterized in that in the space
      between the substrate and the wall an electrically conductive member is
      arranged near the terminal symmetrically with respect to the axis of the
      microstrip line.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying diagrammatic drawings, corresponding part
      being designated by like reference numerals in the various Figures.
PAR  FIG. 1 is a plan view of an embodiment of a microwave device according to
      the invention, part of the device being cut away,
PAR  FIG. 2 is a longitudinal sectional view, taken on the line II--II of FIG.
      1, of this embodiment of the microwave device according to the invention,
PAR  FIG. 3 is a cross-sectional view of part of another embodiment of a
      microwave device according to the invention, and
PAR  FIG. 4 is a cross-sectional view of part of a further embodiment of a
      microwave device according to the invention.
DETD
PAR  Referring now to FIGS. 1 and 2 there is shown a microwave device which
      comprises a box 1 made of a conductive material which has a cover 2 and an
      annular frame 3. The frame 3 has a shoulder 4. The box contains a
      substrate 5 made of a dielectric material which fits in the frame 3.
PAR  The substrate may, for example, be made of aluminium oxide having a
      dielectric constant of 10.8 and may be 0.6 mm thick. The substrate is
      provided on its lower surface with a ground plane 6 which is made of a
      conductive material and is conductively connected to the box 1 by way of
      the shoulder 4, and on its other surface with a line pattern 7 made by
      etching or by vapour deposition. The box further is formed with two
      circular holes 8 and 9 in which lines 10 and 11 respectively are coaxially
      arranged which are held in place by a dielectric material, for example
      Teflon. The lines 10 and 11 of the resulting coaxial terminals project
      slightly into the box 1 where they are conductively connected, for example
      by soldering, to microstrip lines of the line pattern 7.
PAR  The parts of the lines 10 and 11 which project from the box 1 form the
      central conductors of coaxial connecting plugs, not shown.
PAR  At the transition from the coaxial transmission line to the planar
      transmission line a surface wave coupled to the substrate is excited which
      causes undesirable coupling of the coaxial terminals to one another or to
      the line pattern.
PAR  The invention prevents this coupling in that near each transition of the
      coaxial transmission line to the planar transmission line an electrically
      conductive pin 12 and 13 respectively is vertically arranged so as to be
      symmetrical with respect to the axis of the microstrip line 7. The pins 12
      and 13 are conductively secured to the cover, have a length equal to about
      1/4 of the wavelength associated with the signal frequency and for optimum
      effect are each spaced from the associated transition by about
      1/2.lambda..
PAR  A possible explanation of the operation is that each pin 12 or 13 slightly
      disturbs the lines of force of the mode bound to the microstrip line and
      hence excites a mode coupled to the substrate which is in phase opposition
      to the unwanted mode excited by the transition between the coaxial and
      planar transmission lines. By varying the distance of the free ends of the
      pins 12 and 13 from the microstrip line 7 or by varying the thickness of
      the pins the amplitude of the excited mode can be adjusted so that the two
      unwanted surface oscillations cancel out.
PAR  FIG. 3 shows another embodiment. A stud 14 of a conductive material is
      placed on the microstrip line  7. The stud 14 is arranged symmetrically
      with respect to the axis of the line 7, is directly connected to the line
      and has a height which is from 1/8 to 1/10 part of the wavelength
      associated with the signal frequency. For optimum effect the spacing of
      the stud 14 from the transition of the coaxial transmission line to the
      planar transmission line is about 1/2.lambda.. Operation is identical with
      that of the pins 12, 13 shown in FIGS. 1 and 2.
PAR  FIG. 4 shows a further embodiment. FIG. 4 shows a thin conductive wire 15
      which at one end is conductively connected to the box 1 and at the other
      end is conductively connected to the microstrip line 7. The wire 15 is
      arranged so as to be symmetrical with respect to the axis of the
      microstrip line 7, for optimum effect follows the electric field line of
      the unwanted surface wave and has a length of about 1/4 of the wavelength
      associated with the signal frequency. A possible explanation of the
      operation is that the current produced in the wire 15 by the electric
      field generates a field pattern of equal magnitude but opposite direction
      so that the unwanted surface oscillation is suppressed. The wire 15 is
      thin and because of this and of its symmetrical arrangement relative to
      the microstrip line 7 and of the particular field line pattern of the mode
      bound to the microstrip lines does not excite a surface oscillation.
      Because moreover the wire 15 is 1/4.lambda. long it cannot affect the
      impedance of the microstrip line at the location at which the wire is
      connected to it.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A microwave device comprising: a box of conductive material; a substrate
      arranged parallel to and spaced from one wall of the box, the surface of
      the substrate facing said one wall being provided with a microstrip line
      and the opposite surface with a conductive ground plane; at least one
      coaxial terminal leading through another wall of said box and connected to
      said microstrip line to supply thereto and derive therefrom microwave
      operating signals; and at least one electrically conductive stud connected
      at one end thereof to the microstrip line and forming substantially right
      angles therewith, said stud having a length of about 1/4 of the wavelength
      of the operating microwave signal and is spaced from the terminal about
      1/2 of said wavelength.
NUM  2.
PAR  2. A microwave device comprising: a box of conductive material; a substrate
      arranged parallel to and spaced from one wall of the box, the surface of
      the substrate facing said one wall being provided with a microstrip line
      and the opposite surface with a conductive ground plane; at least one
      coaxial terminal leading through another wall of said box and connected to
      said microstrip line to supply thereto and derive therefrom microwave
      operating signals; and at least one thin wire connected at one end to the
      microstrip line and at the other end to that wall of the box in which the
      coaxial terminal is disposed, the length of said wire being about 1/4 of
      the wavelength of the operating signal.
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PAL  A microwave window of dielectric material having a rectangular shape is
      received in a hollow, rectangular cross-section conductor with a
      multi-piece metal bandage positioned around a portion of the conductor and
      retaining the window in place, the bandage being soldered in place.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to hollow conductors having wave permeable
      rectangular cross-section dielectric material windows received therein in
      a vacuum tight condition with a metal bandage surrounding the conductor at
      the level of the window to maintain the window in place while providing a
      functioning seal.
PAR  2. Prior Art
PAR  Rectangular cross-section conductors used with inserted rectangular
      cross-section wave permeable windows of dielectric material are useful in
      many environments.
PAR  Microwave windows of wave permeable dielectric material are known. One such
      window is described in German Offenlegungsschrift No. 1,931,712 (U.S. Pat.
      No. 3,646,485). In such prior art embodiments, the ceramic window
      generally does not have a shape equal to the shape of the hollow conductor
      or wave guide in which it is received. Thus, one may be rectangular while
      the other is of an oval shape in order to facilitate the provision of a
      vacuum tight soldering around the window position. In such constructions,
      the hollow conductor may be surrounded by two bandage forming half shells
      which can provide an adequate seal. Such a window formation, while
      guaranteeing long term sealing and stability of the dielectric material,
      has a disadvantage in that the cross-sectional change between the window
      and the adjacent hollow conductor sections adds an undesired reflecting
      conductor load and requires exactly produced precisely fitting parts.
PAR  While the use of rectangular windows are known (see U.S. Pat. No. 3,101,460
      to Walker et al. issued Aug. 20, 1963 or Chapter II,D. proc. IEEE, Volume
      61, No. 3, 1973 pages 299-330), such windows have been used in
      arrangements which leave the cross-section of the hollow conductor channel
      unchanged. Although windows are particularly reflection poor however
      density problems occur. That is, since the circumferential peripheral
      surfaces of the window meet at a sharp angle, the mating dimensions of the
      other members of the assembly which are to be connected together, as by
      soldering, have to be dimensioned to a high degree of exactness and, in
      particular, have to be provided with mating sharp angle edges. This can
      result in the creation of inadmissibly wide gaps or interfering heat
      displacements.
PAR  It would therefore be an advance in the art to provide a microwave
      conductor-window assembly where both the window and the conductor in which
      it is received are rectangular in cross-section and wherein the window is
      sealed in place in the conductor by a vacuum tight metal seal which can be
      simply affixed and which does not provide for disadvantageously large
      gaps.
PAC  SUMMARY
PAR  In order to eliminate some of the aforementioned shortcomings, and
      particularly in order to create a wide banded reflection-poor window which
      can be produced in a simple manner and which is reliably dense and break
      resistant, we have provided a window arrangement of the above-discussed
      rectangular cross-section window, rectangular cross-section conductor
      type, wherein two opposed side walls of the hollow conductor have openings
      at the location of the ceramic window. The openings have dimensions which
      correspond approximately to those of the associated sides of the ceramic
      window, and the openings are closed by small plates of a material having
      good heat conductivity. A four-part metal bandage is provided with one
      part of the bandage on each side of the conductor, each of the bandaged
      parts covers one side of the conductor. Preferably the portions of the
      bandages on opposed sides overlie portions of the bandages on the adjacent
      opposed sides. The bandages are preferably soldered in place.
PAR  In the embodiment illustrated, by breaking the window frame into a
      plurality of individual frame parts, the resultant window arrangement
      provides a form locking, edge exact connection between the dielectric
      material, the hollow conductor and the tight seal bandage. Further, in
      such a construction, the fact that the thickness dimension of the window
      is of great importance and is prescribed in a set manner in each
      individual case, does not create production tolerance problems and the
      expansion differences of the individual connecting parts of the window
      frame will no longer create or effect the solder gap.
PAR  Normally the rectangular window and connector are not square but have a
      long side and a short side. In order to promote mechanical stability in
      the arrangement according to this invention, it is preferred that the two
      short sides of the conductor should form a first side pair which are
      provided with the openings for the window. Further it is desirable to
      provide the long sides with a solder groove in the area of the central
      plane of the window.
PAR  In a further modification, the hollow conductor is of two parts providing a
      separating groove in the area of the central plane of the window upon
      assembly. This groove is at least partially filled with solder material
      which will aid in providing a tight seal. In such a two piece conductor
      assembly, the window can be inserted in a very simple manner.
PAR  It is therefore an object of this invention to provide an improved
      microwave window and frame arrangement.
PAR  It is a more important object of this invention to provide a microwave
      window and conductor frame wherein both the window and the frame are of
      rectangular cross-section, the window being surrounded with a vacuum tight
      metal bandage sealing the conductor and window in place vis-a-vis one
      another.
PAR  It is another and more important object of this invention to provide a
      rectangular window-conductor frame assembly wherein a multi-piece metal
      bandage is used to sealingly assemble the window and frame together in a
      vacuum tight manner and where dimensional tolerances of the various parts
      are not critical.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of a preferred embodiment thereof,
      taken in conjunction with the accompanying drawings, although variations
      and modifications may be effected without departing from the spirit and
      scope of the novel concepts of the disclosure, and in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a cross-section of the rectangular hollow
      conductor-rectangular window arrangement of this invention.
PAR  FIG. 2 is a cross-sectional view of the conductor-window arrangement of
      FIG. 1 taken along the lines II--II of FIG. 1.
PAR  FIG. 3 is a fragmentary cross-sectional view of the window-conductor
      arrangement of FIG. 1 taken along the lines II-III of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The figures illustrate a microwave window such as can be provided for use
      in high performance travelling wave tubes. The arrangement consists of a
      rectangular ceramic window 1, two associated rectangular conductor pieces
      2 and 3 each of which is provided with connecting flanges 5, two small
      plates 4, 6 and four seal bandage parts 7, 8, 9 and 11. The conductor
      pieces 2 and 3 together with the plates 4 and 6 and the four bandage parts
      7, 8, 9 and 11 form a frame for the window 1 retaining the window in place
      in the conductor pieces.
PAR  The individual parts are arranged into a frame assembly as follows. The
      ceramic window 1, which preferably, has been previously metalized along
      its circumferential or peripheral outside surfaces is received between the
      two conductor pieces 2 and 3 which may be spaced from one another along
      their long or front sides to provide a narrow dividing groove 12 (FIG. 3).
      The long side fronts project beyond the ends of the short sides so that
      when the long sides are positioned in opposed condition to one another
      with the appropriate groove space 12 spacing them, the ends of the short
      sides will be spaced from one another by a distance which corresponds
      approximately to the facing side profile of the window 1. This provides
      openings or recesses through the short sides of approximately the
      dimension of the window. These recesses are closed by small plates 4, 6.
      The plates are constructed of a good conducting material, preferably
      copper sheets. The dimensions of the conductor pieces 2 and 3 are
      preferably chosen such that the short sides are spaced from one another a
      distance slightly less than the corresponding distance of the window
      whereby peripheral portions of the window extend somewhat into the
      openings in the short sides. In this manner the ends of the short sides
      provide a stop or a support for the window such that it does not have to
      be otherwise supported during assembly.
PAR  After the window is positioned with respect to the connector pieces, solder
      is added to the dividing groove 12 and a bandage or sleeve consisting of
      two long molybdenum strips 7 and 8 and two short molybdenum strips 9 and
      11 are applied around the window frame defined by the two long sides and
      the small plates 4 and 6. The molybdenum strips are dimensioned to extend
      into contact with, and overlie, portions of the long faces on either side
      of the solder strip 12 and portions of the short faces on either side of
      the openings.
PAR  This type of a construction provides an assembly in which the individual
      parts of the window frame and sleeve can be easily dimensioned and
      connected to one another in such a way that a tight locking connection is
      provided. By application of pressure to the two shorter molybdenum strips
      9 and 11, the frame can be made tight and form locked at the short sides
      of the window. Further, as long as the width of the plates 4 and 6 is less
      than the width h of the window 1 and the corresponding width dimension of
      the strips 9 and 11 is less than a value H (which is equal to the width of
      the window h plus twice the thickness of the conductor long side walls at
      the location of the window) the frame can be made tight and form locked at
      the long sides of the window also. That is to say that with the
      relationship of the dimensions as given of the plates 4 and 6 and strips 9
      and 11 with respect to the dimensions of the mating faces of the window
      and of that dimension plus twice the thickness of the long side walls, the
      bandage can be arranged as shown in FIG. 2 with the long strips 7 and 8
      overlying ends of the short strips 9 and 11. Further, as illustrated at 9
      in FIG. 2, the overlap does not have to be entire but it can be an overlap
      which extends only for a portion of the thickness of the strips 9 and 11
      or, conversely can extend beyond the strips. However in this manner, the
      bandage can be applied in such a manner as to provide a vacuum tight seal
      while at the same time, during the application and locking-up of the
      bandage, it can be assured, through the application of pressure, that the
      window is tightly held in place within the conductor.
PAR  After assembly of the entire window frame and window as described, the
      resultant assembly is mounted in a solder clamp which is thereafter
      tightly adjusted to the individual parts, consideration being given to
      heat expansion of all four sides. Thereafter the resultant assembly is
      soldered into a final article. In this manner all resultant solder gaps
      will be maintained extremely small.
PAR  The wall strength of the hollow conductor at the location of the window is
      dependent upon the dimensions of the entire arrangement. It is preferred
      that the long side ends retain a certain flexibility and ductility without
      influencing the mechanical stability of the entire arrangement to an
      undesired extent.
PAR  In order to maintain a continuous outer symmetry of the conductor and to
      provide a desired wall strength, each of the side walls of the conductor
      can be stepped adjacent the window for receipt of the bandages as
      illustrated.
PAR  In the type of arrangement illustrated, the electrical thickness of the
      ceramic window 1 would correspond to half the wave length of the
      transmission. Additionally inductive shutters 13 and 14 may be placed in
      the wave path both in front and after the window and serve in a known
      manner for the wide banded adaptation of the dielectrum.
PAR  It should be appreciated that our invention is not restricted to the
      illustrated embodiment but that the window can also be inserted into a one
      piece hollow conductor section instead of the two-piece embodiment shown.
      Additionally the openings shown in the short side walls can conversely be
      placed in the long side walls if desired. Further, in some embodiments, it
      can be possible to place the openings in adjacent sides of the rectangular
      conductor.
PAR  An important consideration, however, in our invention is the fact that each
      of the bandage pieces lies on a single plane whereby it is not necessary
      to form any angles in the individual bandage pieces. Since such angles can
      not be easily produced with sharp edges, the use of a four part bandage
      where each part is planar is an advantage.
PAR  It can therefore be seen from the above that our invention provides a
      vacuum tight window arrangement for a rectangular hollow wave guide
      conductor having a rectangular window received therein, the window being
      surrounded by a metal bandage enveloping the conductor in the area of the
      window, the bandage being soldered in place to provide a locked-up
      conductor-window assembly with a metallic vacuum tight seal having a
      minimum of solder gaps. In the preferred embodiment the conductor is
      constructed of two pieces having long sides partially overlapping long
      sides of the window and having short sides which define openings
      therethrough having a dimension approximately equal to the thickness of
      the window, the window extending partially beyond the inner edges of the
      short sides with the ends of the short sides as defined by the openings in
      contact with walls of the window, the openings in the short sides being
      filled with metal spacer plates, the space between the ends of the long
      sides being filled with solder, and a four piece bandage received around
      the two connector pieces in the area of the window with the long side
      portions of the bandage overlying the short side portions of the bandage
      to provide an effective vacuum tight seal which locks up the entire
      assembly in final rectangular form.
PAR  Although the teachings of our invention have herein been discussed with
      reference to specific theories and embodiments, it is to be understood
      that these are by way of illustration only and that others may wish to
      utilize our invention in different designs or applications.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A vacuum tight window arrangement for a rectangular hollow conductor
      comprising: a wave permeable window having a substantially rectangular
      shape, the window constructed of dielectric material, a hollow rectangular
      conductor member receiving the window intermediate ends of the member, a
      metal bandage tightly surrounding the hollow conductor at the level of the
      window, the conductor having four side walls, two opposed side walls
      comprising a first side pair with opposed openings therethrough at the
      level of the window, the openings having dimensions substantially equal to
      the dimension of the sides of the window facing the openings, each opening
      having a plate constructed of a heat conducting material received therein
      in contact with the side of the window, the metal bandage consisting of
      four separate parts each of which is positioned at a side of the hollow
      conductor exterior thereof and covering portions of an associated side,
      the bandage being fixed in place by soldering and providing a vacuum tight
      seal around the hollow conductor at the location of the window.
NUM  2.
PAR  2. A window arrangement according to claim 1 wherein the first side pair
      comprise the short side walls of a rectangular conductor having long and
      short side walls, the long walls comprising a second side pair.
NUM  3.
PAR  3. A window arrangement according to claim 1 wherein the rectangular hollow
      conductor has four side walls, with two of said side walls comprising the
      first side pair with openings therethrough and another two of said side
      walls comprising a second side pair the second side pair of side walls
      having associated therewith a solder groove in the area of the central
      plane of the window, said solder groove at least partially filled with
      solder material.
NUM  4.
PAR  4. A window arrangement according to claim 3 wherein the hollow conductor
      comprises two parts separated from one another by the solder groove of the
      second side pair of sides and by the openings of the first side pair.
NUM  5.
PAR  5. A window arrangement according to claim 4 wherein peripheral portions of
      the window extend partially into the openings being defined by end wall
      portions of the first side pair, the end wall portions contacting opposite
      sides of the window.
NUM  6.
PAR  6. A window arrangement according to claim 1 wherein the sides of the
      hollow conductor have a reduced wall strength at the location of the
      ceramic window.
NUM  7.
PAR  7. A window and hollow conductor device for microwave utilizing devices
      comprising a rectangular shaped hollow conductor member having four sides
      including two short sides and two long sides, a rectangular shaped wave
      permeable window constructed of a dielectric material received in said
      hollow conductor, the short sides of said hollow conductor having openings
      therethrough intermediate the ends of the hollow conductor, the openings
      dimensioned approximately equal to the opposed dimensions of the window
      received therethrough, the window extending within the hollow conductor
      from the opening in one short wall to the opening in the other short wall,
      end portions of the window extending partially into said openings and
      being contacted on opposite sides of the window by end wall portions of
      the short sides defining the openings, metallic spacer plates received in
      said openings in contact with walls of the window, a four-piece bandage
      sleeve received around said hollow conductor in the area of the window,
      the four-piece bandage sleeve including two shorter pieces engaging the
      short side walls of the hollow conductor and covering the spacer plates
      and the openings, two longer pieces of the bandage sleeve contacting the
      long sides of the hollow conductor, the bandage sleeve pieces being in end
      overlapping relationship with adjacent bandage sleeve pieces, and the
      bandage sleeve being fixed in place by soldering and providing a vacuum
      tight seal around the window.
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PAL  This device comprises means for detecting, respectively, overcharges, by
      means of bimetallic strips and short-circuiting, by means of mobile
      magnetic plates effecting independently from each other the controlling of
      the switching off of a circuit-breaker for the protection of a circuit.
      The thermal safety means operate through a mechanical power amplifier
      comprising a cage with uprights, a rotating catch dependent on the thermal
      phase-detectors and a plunger transmitting the power of a spring to effect
      the switching off.
BSUM
PAR  The present invention concerns a safety device with thermal and
      electromagnetic release for a multi-contact circuit-breaker comprising
      detection means respectively for overcharges and for short-circuiting and
      relates more particularly to the means of embodiment of a structure of the
      said device retaining the inherent characteristics of the said detectors
      and the independence of their respective kinetic chains of operation.
PAR  In devices known up till now, safety means with respect to both overcharges
      and short-circuiting which may occur in the electric circuit to be
      protected actuate, starting with the corresponding detectors of each type,
      placed on each phase, a switching bar common to all the poles and
      actuating the control element for the unlocking of the circuit-breaker.
      That interdependence masks, in actual fact, the kind of defect, overcharge
      or short-circuiting and does not allow selective operation by the user
      after switching off.
PAR  The progress aimed at by the present invention consists in ensuring the
      independence of both safety means by organising the kinetic chains of
      operation of each release so as to make them act separately on the control
      element of the catch of the circuit-breaker.
PAR  One of the characteristics of the invention consists in making the
      detection means, respectively for the overcharge and for short-circuiting
      actuate the element for controlling the locking of the circuit-breaker, by
      independent channels, the means for the thermal detection of overcharge by
      a shaft common to all the poles and an interposed energy amplifier, those
      for electromagnetic detection of the short-circuit directly by a switching
      shaft common to all the poles.
DRWD
PAR  The object and other characteristics of the invention will become apparent
      in a more concrete way from the description of an example of embodiment
      having no limiting character, related to the drawing, in which:
PAR  FIGS. 1, 2 and 3 show the safety device according to the invention having
      several thermal and magnetic releases seen, respectively, from the same
      side as the mechanism for connecting the detectors to the releases, from
      the opposite side, that is, at the interface of the circuit-breaker,
      lastly, from the top, that is, on the same side as the adjusting means
      available to the user.
PAR  FIGS. 4, 5, 6 and 8 are cross-sections respectively through IV--IV, V--V,
      VI--VI and VIII--VIII of the device according to FIG. 1.
PAR  FIG. 7 shows the device having two releases related to the locking element
      for the circuit-breaker.
PAR  FIG. 9 shows the locking device of the electromagnetic switching shaft in
      the "released" position.
PAR  FIG. 10 shows the device having two releasing means, the thermal safety
      chain comprising a compensating bimetallic strip fast with the catch of
      the plunger.
PAR  FIG. 11 shows the detail of the fixing of the bimetallic strip in FIG. 10.
DETD
PAR  In FIGS. 1, 2 and 3, the parallelepipedic housing 1 of the three-phased
      safety device comprises, within, the detectors of overcharge and
      short-circuiting arranged in the vicinity of the conductors 2 crossing
      right through it. The ends 3 and 4 of the conductor 2 are respectively
      connected to the electric circuit to be protected and to the theee-phased
      circuit-breaker related thereto. On the opposite face to the conductors 2,
      the turning knobs 5 and 6 ensure respectively the collective adjusting of
      the electromagnetic detectors and the adjusting of the thermal release;
      whereas the stud 7, slightly protruding, enables simultaneously the manual
      release of the device and the unlocking of the electromagnetic release
      shaft 8, when, by way of an extra security means, the locking of the said
      shaft 8 in the "released"  position has been provided for. That shaft, as
      well as the adjustment bar 9 for the electromagnetic detectors and the
      auxiliary shaft 10 for the thermal release are parallel to each other and
      to the longest side of the housing 1. Protruding from the housing 1, on
      the same side as the interface adjacent to the circuit-breaker and
      supported by the upreights 11 fixed to the said housing 1, the mechanical
      amplifier 12 for amplifying the power of the thermal detectors and the
      device 13 for locking the circuit-breaker are assembled rotating on the
      common shaft 14 borne by the said uprights 11.
PAR  In FIG. 4, the control lever 15 of the locking device 13 of the
      circuit-breaker having a locking assembly 16 assembled floating in the
      yoke 17 is subjected to the independent action: on the one hand, of the
      shaft 8 for electromagnetic release, whose arm 18 bears on the end 19 of
      the said lever 15; on the other hand, of the plunger 20 under the
      dependency of the mechanical amplifier 12.
PAR  In FIG. 5, the mechanical amplifier 12 comprises a cage having two uprights
      21, assembled rotating on the shaft 14 and supporting the rotating catch
      22 of the plunger 20 (FIG. 4). The controlling of the catch 22 is effected
      by a finger 23 fixed to one of its ends situated outside the cage and
      actuated by the arm 24 of the auxiliary thermal switching shaft 10, the
      said catch 22 being subjected to the effect of the return spring 25 (FIG.
      2) coiled around the said catch 22; whereas at the other end, the
      semi-circular locking part 26 retains the plunger 20 which exerts on it
      the strong pressure of the power amplifying spring 27 coiled round the
      shaft 14 and bearing by its end 28 on the said plunger 20 (FIG. 4).
PAR  On the other hand, during manufacturing, the adjusting of the relative
      engaging of the plunger 20 and of the rotating catch 22 is effected by the
      action of the screw 29, assembled on the cage 21, on the finger 30 fixed
      perpendicular to the axis of the said rotating catch 22; whereas the user
      can modify the angular position of the amplifier 12 by means of the lever
      31 which may be constituted by a compensating bi-metallic strip, assembled
      on the cage 21 and which is actuated by the cam 32 for adjusting the
      manoeuvrable release from the outside by means of the knob 6. The lever 31
      is applied constantly against the cam 32 by means of the spring 66 (FIG.
      7).
PAR  In FIG. 6, the portion 33 of the conductor 2, parallel to the interface of
      the housing 1 of the device and of the circuit-breaker, is the active
      portion common simultaneously to the electromagnetic short-circuit
      detector and to the thermal overcharge detector of each pole. That use of
      a single part of the circuit 2, to effect the thermal detection and the
      electromagnetic detection, makes it possible, in connection with the
      removal, both of the locking device 13 of the circuit-breaker and of the
      mechanical amplifier 12, to the volume comprised between the interface of
      the housing 1 of the safety device and of the said circuit-breaker, to
      reduce (see FIG. 2) the thickness of the said housing 1, to a value
      substantially lower than that of known devices.
PAR  When there is a short-circuit, the current crossing the portion 33
      energises the magnetic circuit 34 surrounding the said portion 33 so as to
      attract the mobile magnetic plate 35 whose end 36 actuates the arm 37 of
      the electromagnetic switching shaft 8, common to the three poles, whose
      arm 18 (FIG. 4) actuates the end 19 of the lever arm 15 controlling the
      switching off of the circuit-breaker by withdrawal of the locking assembly
      16.
PAR  At the level of each electromagnetic detector, an arm 38 fast with the bar
      9 is provided at its end with a screw 39 in contact with the end 36 of the
      mobile plate 35 retained by the antagonistic spring 46 and enabling the
      individual adjusting of the air gap of the said detector.
PAR  The thermal overcharge detector of each pole comprises the bimetallic strip
      40 heated by its base by the portion of conductor 33 with which it is in
      thermal contact and adjustable by the screw 41 at its other end and in
      contact with the arm 42 through which it transmits its thermo-mechanical
      movement to the auxiliary thermal switching shaft 10.
PAR  Lastly, by a linear movement in the direction of the arrow 43, the stud 7
      actuates the arm 42 to drive in a rotating movement the auxiliary shaft 10
      whose arm 44 ensures the unlocking of the shaft 8 by its action on the
      part 45 assembled to rotate on the cylindrical bar 9 and having caused the
      locking of the said shaft 8 after a release of the circuit-breaker by the
      effect of the electromagnetic release.
PAR  In FIG. 7, the circuit-breaker being in the switched-on position when there
      is an overcharge causing excessive heating of the portion 33 of the
      conductor 2 of a pole, one of the bimetallic strips 40 yields in the
      direction of the arrow 47 and causes, by means of the corresponding arm
      42, the rotating of the auxiliary shaft 10, in the direction of the arrow
      48, whose finger 24, fast with the said shaft, drives in the direction of
      the arrow 50 the finger 23 of the rotating catch 22 whose end portion 26
      releases the plunger 20 driven in rotation in the direction of the arrow
      51 by the action of the spring 27 of the mechanical amplifier 12, with the
      power necessary for release by percussion on the control lever 15. The
      housing 1 of the device is fixed to the circuit-breaker by the part 54
      shown in dotted lines, whereas the mobile plate of the said
      circuit-breaker rotates about the shaft 53. The part of the mobile plate
      which, after the switching off of the circuit-breaker, is brought, during
      the switching on again of the said circuit-breaker, into the position
      ensuring the tripping of the plunger 20 at the same time as the control
      lever 15 driven in the direction of the arrow 55 by the return spring (not
      shown) of the locking device 13 is brought back to the start position
      enabling the switching on of the circuit-breaker, has been shown in dotted
      lines at 52b; whereas in continuous lines at 52a, the same part is shown
      in continuous lines, the circuit-breaker being switched on again.
PAR  The stud 7 makes is possible to obtain the manual release of the device:
      indeed, by an action of the user on the stud 7 in the direction of the
      arrow 43 (FIG. 6), the latter causes, through the arm 42, the rotating of
      the auxiliary shaft 10 in the direction of the arrow 48 (FIG. 7), this
      having the effect of releasing the plunger 20, as previously described.
      This makes it possible, more particularly, to test the mechanical
      operation of the device.
PAR  In FIG. 8, the cam 56 driven by the knob enables the adjusting of the
      electromagnetic release by the user, by means of the arm 57 fast with the
      bar 9, assembled so as to rotate, for the collective adjusting of the
      electromagnetic detectors through the arm 38 (FIGS. 1 and 6).
PAR  The arm 18 for locking the shaft 8 by means of the part 45 is in the
      switched on position of the electromagnetic release and consequently is
      not locked by the said part 45.
PAR  In FIG. 9, the electromagnetic release having operated, the mobile plate
      has moved from the position 35a in dotted lines, before release, to the
      position 35b, after release and its end 36 has pushed back the arm 37 of
      the release shaft 8. The locking arm 18, on lowering, has allowed the
      portion 59 projecting from the locking piece 45 which the spring 61
      assembled on the stud 60 of the said piece 45 presses against the wall of
      the said hollowed out part 58 to keep it in the locked position, to escape
      from the said hollowed out part 58.
PAR  The electromagnetic switching shaft is therefore blocked and it can no
      longer enable the switching on again without effecting the said switching
      on again by action on the stud 7 (FIG. 7). Actuating the arm 42 in the
      direction of the arrow 62. The auxiliary shaft 10 is thus driven so that
      its arm 44 presses, in the direction of the arrow 63, on the part 45,
      whose end, moving in the direction of the arrow 64, ensures the
      withdrawing of the projecting part 59, responsible for the locking of the
      shaft 8 which, released, is driven in a rotating movement in the direction
      of the arrow 65 by the action of the end 19 of the control lever 15 in the
      direction of the arrow 55 on the locking arm 18, or by the action of a
      return spring, not shown.
PAR  That locking of the electromagnetic release shaft in the "switched off"
      position is a complementary safety feature available for the user who
      might attempt to effect the switching on again without having checked the
      disappearance of the short circuit which has caused the electromagnetic
      switching off.
PAR  Inasmuch as concerns the adjusting of the thermal release, this is effected
      by the choice of the relative engagement surface of the rotating catch and
      of the plunger actuating the lever controlling the said switching off.
      Now, the rotating catch being assembled on the cage of the amplifier, it
      is sufficient to modify the angular position of the said cage to make the
      said engaging surface vary. For that purpose, the user (FIG. 7) actuates
      the cage 21 of the amplifier 12 by means of a bimetallic strip for
      compensating the ambient temperature, fixed by one of its ends on the said
      cage and having its other end at the user's disposal. Now, the bimetallic
      strip is subjected to repeated stresses at each "switching on" operation
      after the release of the circuit-breaker by the effect of one or another
      of the safety means and it yields under the influence of these stresses,
      thus causing an uncertain position of the cage at the time of the
      tripping, that position depending simultaneously on the temperature and
      the bending of the bimetallic strip.
PAR  Nevertheless, it is possible to overcome that disadvantage by arranging the
      compensation bimetallic strip between the catch of the plunger and the
      auxiliary shaft which the bimetallic phase strips actuate, whereas the
      adjusting by the user of the angular position of the cage of the amplifier
      is effected by a rigid part which is not in danger of yielding at the time
      of the successive switching on operations.
PAR  According to that variant, in FIG. 10, the auxiliary shaft 10 actuates the
      bimetallic compensation strip 73 through the finger 24, driving in a
      rotating movement, the catch 22, whose locking part 26 has retracted to
      release the plunger 20 which, on striking the control lever 15 of the
      locking device 13, has enabled the releasing of the circuit-breaker by the
      retracting of the locking assembly 16 assembled in a floating position in
      the yoke 17. The mechanical power necessary for the plunger 20 is provided
      by the spring 27 wound in a spiral round the shaft 14 acting as an axis of
      rotation for the said plunger 20, the locking device 13 and the cage 21
      which has uprights; whereas the said spring 27 is stretched between the
      plunger 20 and the cage 21.
PAR  The adjusting of the angular position of the cage 21 is effected by the
      user by means of the knob 6 actuating, through the cam 32, the part 72 of
      one of the uprights 70 of the said cage 21 and held pressed against the
      said cam 32 by the antagonistic spring 66 assembled in a free position so
      as to rotate about the shaft 9.
PAR  In FIG. 11, the compensating bimetallic strip 73 is fixed, at the same time
      as an antagonistic spring 69, onto the insulating part 74 fitted on the
      shaft 67 bearing the rotating catch 22 (FIG. 10).
PAR  The spring 69 bears by its free end on the spiral part of the spring 27 and
      thus obliges the catch 22 to assume a definite position by keeping the
      compensation bimetallic strip 73 pressed against the arm 24 of the shaft
      10.
PAR  It must be understood that these examples of embodiment have no exhaustive
      character and that the field which this application is intended to protect
      corresponds to the general definition which has been given of the
      invention.
PAR  Thus, the locking of the electromagnetic release shaft in the "released"
      position is an extra safety feature optionally provided for the user and
      it is sufficient to remove the locking part 45 and its spring 61 (FIG. 9)
      to cancel the effect of that safety feature if the user wishes to do so.
      Moreover, in the embodiment described, use is made of the same stud 7
      actuating the arm 42 of the shaft 10 either to cause the manual release by
      the arm 48 of the said shaft 10 by way of testing the device, or to obtain
      the switching on of the locking device of the shaft 8 by the actuating of
      the part 45 of the arm 44 of the shaft 10 after an electromagnetic
      switching off of the device. But it is quite evident that it is possible
      to obtain the switching on of the locking device of the shaft 8 by
      equivalent means independent from the manual release mechanism: indeed,
      for that purpose, by way of example, it is sufficient to use a second stud
      similar to the stud 7 actuating the lever having two arms similar to the
      arms 42 and 44, the said lever being installed in a free position and
      rotating about the shaft 10.
PAR  It should be emphasised that this safety device affords, due to the
      originality of its structure, within a reduced bulk, the same safety as
      known devices provide in a greater volume and that, moreover, the
      protection provided is more versatile because of the independence of the
      kinetic chains comprised between each detector and the circuit-breaker
      control element.
PAR  More particularly, that independence of the kinetic chains allows the same
      independence of the auxiliary means for indicating release, such as
      mechanical indicators or indicating contacts which may be actuated either
      by an arm of the auxiliary thermal release shaft to indicate the release
      in the case of overcharge, or by an arm of the electromagnetic release
      shaft to indicate the release in the case of short-circuiting. In the same
      way, it is possible to use either an arm of the auxiliary thermal release
      shaft, or an arm of the electromagnetic release shaft for causing the
      opening of the circuit-breaker by actuating these arms by means of
      auxiliary release devices, for example of the lack of voltage type. The
      use, for that purpose, of an arm of the auxiliary release shaft makes it
      possible to benefit by the use of the mechanical power amplifier and
      consequently makes it possible to use lower-power auxiliary release means;
      on the other hand, the use of an arm of the electromagnetic release shaft
      requires auxiliary release means which are more powerful but make it
      possible to benefit by the use of the locking system.
CLMS
STM  I claim:
NUM  1.
PAR  1. Safety device having a thermal and an electromagnetic release for a
      multi-pole circuit-breaker comprising means for the detection respectively
      of overcharge and of short-circuiting actuating, independently from each
      other, the element for controlling the locking of the said
      circuit-breaker, characterized in that the said control element (15) is
      driven respectively directly by an electromagnetic release shaft (8)
      common to all the poles and which is actuated by the said electromagnetic
      means (35) for detecting short-circuiting and indirectly through a
      mechanical power amplifier (12) interposed and controlled by an auxiliary
      shaft (10) common to all the poles and which are actuated by the said
      means (40) for the thermal detection of overcharge and in that the said
      mechanical amplifier (12) comprises a cage (21) having uprights (70); a
      rotating catch (22) assembled so as to rotate on a shaft transversal to
      the said cage (21) and which is actuated by the said auxiliary shaft (10),
      a plunger (20) controlled by the said catch (22) assembled to rotate about
      a shaft (14) and transmiting the mechanical power of a spring (27) to the
      said control element (15).
NUM  2.
PAR  2. Safety device having releases, according to claim 1, characterized in
      that the plunger (20) and the element (15) for controlling the locking of
      the circuit-breaker are assembled to rotate about the same shaft (14).
NUM  3.
PAR  3. Safety device having releases, according to claim 1, characterized in
      that the cage (21) of the amplifier (12) is assembled to rotate about a
      shaft (14) and is held, by means of a spring (66) pressing against an
      adjustable stop (32) and in that the angular position of the said cage
      takes part in the adjustment of the thermal release means.
NUM  4.
PAR  4. Safety device having release means, according to claim 3, characterized
      in that the angular position of the cage (21) of the amplifier (12)
      depends on a compensation bimetallic strip (31) assembled by one of its
      ends on the said cage and the position of its other end being adjustable.
NUM  5.
PAR  5. Safety device having releases, according to claim 1, characterized in
      that the auxiliary shaft (10) common to all the poles actuates the
      amplifier (12) through a compensation bimetallic strip (73) assembled fast
      with the catch (22).
NUM  6.
PAR  6. Safety device having releases, according to claim 1, characterized in
      that the devices (13) for locking the circuit-breaker and the mechanical
      amplifier (12) are contained in the volume comprised at the interface of
      the housing of the said safety device and of the said circuit-breaker.
NUM  7.
PAR  7. Safety device having releases, according to claim 1, characterized in
      that the operation of the electromagnetic release causes, by means of a
      part (45) assembled to rotate, the locking in the "released" position of
      the electromagnetic release shaft (8).
NUM  8.
PAR  8. Safety device having releases, according to claim 7, characterized in
      that the locking part (45) is assembled to rotate on the bar (9) for
      adjusting the electromagnetic release.
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ABST
PAL  Selecting device for crossbar switches of the type where selecting wires
      are actuated by selecting bars, which execute twisting movements by means
      of selecting bar magnets, for selection of predetermined contact groups.
      After selection, these contact groups can be actuated by lifting devices,
      which move in a direction mainly parallel to the selecting bars, on
      operation of bridge magnets, due to transfer of the movements of the
      lifting device to the contact groups via the actuated selecting wires.
      According to the invention the selecting wires are flexible and bent to a
      symmetrical loop with two legs. Each selecting wire is movably supported
      in such a manner that it encircles the respective selecting bar and the
      legs can swing around an axis mainly parallel to said axis of rotation of
      the selecting bar. Inner and outer stops are arranged such that the legs,
      when not actuated, rest against the inner stops and, when actuated, are
      pressed against the outer stops. For actuation of the selecting wires the
      selecting bars are provided with selecting wings which in the uninfluenced
      condition occupy a position midway between the legs of the respective
      selecting wires, when the latter rest against the inner stops.
BSUM
PAR  The present invention relates to a selecting device for crossbar switches.
      In this type of switches, selecting wires are used, which are actuated by
      selecting bars which execute twisting movements in two directions around a
      neutral position by the action of selecting bar magnets. When actuated,
      the selecting wires will then be able to transfer the movements of lifting
      devices, which are actuated by bridge magnets, to thus selected contact
      groups as they are being pressed against the lifting mechanisms of the
      contact groups by the lifting devices. The selecting wires are kept in
      this position as long as the respective bridge magnets are actuated but by
      being elastically attached to the selecting bars they enable the latter to
      execute twisting movements independent of the position of the selecting
      wires.
PAR  The selecting wires are usually made from thin wires of flexible material,
      for example musical string wire, which are wound in their fastening end to
      form coil springs and fixed to the selecting bars. This simple form
      presents above all two problems. One is that the selecting wires, when
      returning to neutral position, execute heavy oscillations which have to
      subside to a certain permissible amplitude before a new bridge operation
      can be allowed to occur. A number of solutions to this problem have been
      proposed, compare for example the Swedish Pat. No. 155,336. The other
      problem is that the selecting wires demand very careful adjustment for
      occupying the right position relative to the lifting mechanisms of the
      contact groups. The U.S. Pat. No. 3,445,795 discloses a solution of this
      problem by introducing double selecting wires which are mounted in such a
      manner that their free ends are turned towards the selecting bars and are
      acted upon by selecting wings applied on the selecting bars. In the
      neutral position the selecting wires are unaffected by the selecting bars
      and then rest against inner stops applied between the legs of the
      selecting wires. When acted upon one leg of the wires is being bent out
      against outer stops while simultaneously sliding against guides which
      reach between the inner and the outer stops. By this arrangement said
      adjustment problem is indeed eliminated but the arrangement demands fairly
      large angular motion of the selecting bars. The great angular motion is
      caused by the fact that the selecting wings must act on the outer ends of
      the respective legs while the effective bending occurs closer to the
      fastening end. This arrangement requires that the arrangement is difficult
      to adapt to earlier designs without radical construction changes.
PAR  The present invention solves said problem by means of double selecting
      wires which are so mounted that their free ends are turned away from the
      selecting bars and so that their legs are acted on closer to their
      fastening end by selecting wings on the selecting bars. The effective
      bending occurs at the outer ends of the legs and therefore the selecting
      bars only need to execute relatively small angular movements. The
      arrangement is very easy to incorporate in crossbar switches of earlier
      design with single selecting wires.
PAR  The characteristics of the invention appear from the claims.
DRWD
PAR  The invention will be described by an embodiment with the aid of the
      enclosed drawings where
PAR  FIG. 1 - 3 in simplified form show the details necessary for description of
      the operation in three different operating conditions,
PAR  FIG. 4A shows an elevational side view of the double selecting wire in two
      projections;
PAR  FIG. 4B shows an edge view of FIG. 4A;
PAR  FIG. 5A shows an elevational sectional view of a selecting wing taken on
      line A--A of FIG. 5B, and
PAR  FIG. 5B shows a side view of FIG. 5A.
DETD
PAR  FIG. 1 shows a selecting wire 1 mounted on a supporting arrangement 2,
      which according to the example is combined with a selecting wing 3. The
      supporting arrangement is fixed to the selecting bar 4, shown only in
      part, which by means of the not shown selecting bar magnets can be turned
      about the axis of rotation 5. Furthermore are shown in FIG. 1 two lift
      springs 6, 7 belonging to those contact groups which are to be operated by
      a lifting device 8 on actuation of the not shown bridge magnet. According
      to the embodiment shown, the ends of the lift springs have flanges 6a and
      7a in a direction towards the lifting device 8 and provided with notches,
      the boundary surfaces of which form a pair of inner stops 9, 10 and a pair
      of outer stops 11, 12 provided for the legs 13, 14 of the selecting wire.
      The selecting bar 4 is in its neutral position in which the selecting wing
      3 is centered between the legs 13, 14. The legs then rest against the
      inner stops 9, 10 and against the lifting device 8 while exerting a
      certain spring pressure owing to the shape of the selecting wire as will
      be explained later.
PAR  Small twisting movements of the selecting bar are possible without the
      selecting wire being influenced, as the selecting wire 1 can slide in the
      circular groove 15 in the supporting arrangement 2. A completed turn of
      the selecting bar in one direction causes the selecting wing 3 to move the
      corresponding leg, for example 13, of the selecting wire outwards so that
      it leaves its inner stop 9 and instead is pressed towards its outer stop
      11. This condition is shown in FIG. 2 from which also appears that the leg
      13 has become somewhat bent owing to a certain excess movement of the
      selecting wing. The other leg 14 still lies in its previous position but
      the pressure against the stop 10 is now somewhat harder owing to the
      separation of the legs.
PAR  FIG. 3 shows the next step in which, by a tilting movement, the lifting
      device 8 has been pressed towards the two legs 13, 14 of the selecting
      wires so that they are bent out in a direction towards the lift springs 6,
      7. During this movement the leg 13 is caught by a shoulder 16 associated
      with the outer stop 11 whereby the lift spring 6 is forced to follow the
      movement of the lifting device and the corresponding, not shown, contact
      group is operated. The leg 14 on the contrary can move freely in the notch
      17 whereby the lift spring 7 remains in its original position. By friction
      the leg 13 is kept in position against the shoulder 16 even if the
      selecting bar returns to the neutral position and even executes new
      turning movements. In such case, furthermore, the leg 14 is prevented from
      being moved towards the outer stop 12 when acted upon by the selecting
      wing, owing to the notch 17.
PAR  When the lifting device 8 returns to its original position the two legs of
      the selecting wire also return while simultaneously bearing on the lifting
      device whereby the energy stored in the spring is completely absorbed
      through the frictional forces and the oscillations of the legs are rapidly
      fading out.
PAR  FIGS. 4A and 4B show an example of how the selecting wire 1 can be
      constructed. It is made from a thin wire of flexible material, for example
      highly flexible wire, which is bent to a loop shape with two straight legs
      13, 14 which are connected via two bow-shaped parts 18, 19 and a
      loop-shaped projection 20. From the above functional description it
      appears that the active leg, in this case 13, is subject to a certain
      bending stress in the direction of movement of the lifting device when it
      is pressed against the shoulder 16 by the lifting device 8. In order to
      provide the legs with greater resistance against this bending their outer
      ends are stiffened. This can, for example as is shown in FIG. 4, be
      achieved by double folding the outer ends 13A and 14A. From the figure
      also appears that the legs of the selecting wire are so bent that, in the
      non-mounted condition, they cross each other and further form an angle
      with a plane through the bow-shaped parts and the loop-shaped projection.
      This shape serves to create a certain stress in the legs when mounted on
      the supporting arrangement 2, so that a spring pressure is obtained
      against the inner stops 9, 10 as well as the lifting device 8.
PAR  FIGS. 5A and 5B show an example of how a combined supporting arrangement 2
      and selecting wing 3 can be made. The supporting arrangement consists of a
      hub with circular cross section, with a groove 15 in which the bow-shaped
      parts 18, 19 (FIGS. 4A and 4B) of the selecting wire can slide and a
      through hole 21 for mounting of the arrangement 2 on the selecting bar 4
      (FIG. 1). Radially projecting from one end of the hub is the selecting
      wing 3, which is provided with a finger 22 to actuate the legs 13, 14 of
      the selecting wire (FIG. 1 - 3). According to the example the groove 15 is
      provided with two straight portions 23, 24 parallel to the selecting wing.
      The purpose of these portions is to simplify the mounting of the selecting
      wire thereby, that the straight portions have such mutual distance that
      the legs of the selecting wire are guided in between the inner and outer
      stops 9, 10 and 11, 12 respectively (FIG. 1). The loop-shaped projection
      20 (FIG. 4A) of the selecting wire is also intended to simplify the
      mounting by serving as a grip for a tool.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a selecting device for crossbar switches of the type in which
      selecting wires are actuated by selecting bars performing turning
      movements about an axis of rotation by the action of selecting bar magnets
      for selection of predetermined contact groups whereby said contact groups
      can be actuated by lifting devices, moving in a direction substantially
      parallel to the selecting bars, on operation of bridge magnets, due to
      transfer of the movements of the lifting devices to the contact groups via
      the actuated selecting wires, the improvements comprising selecting wires
      made of flexible material shaped in a plane to form a symmetrical loop
      form with two legs, said wires being movably supported in such a manner
      that each of said selecting bars is encircled by bent ends of the
      appertaining selecting wires and so that said legs of the selecting wires
      are swingable in said plane about an axis which is substantially parallel
      to said axis of rotation of said selecting bar, inner stops and outer
      stops being arranged adjacent to said selecting wires, whereby, when
      inactive, said legs of said selecting wires are arranged to rest against
      said inner stops situated between said legs and by bending-out to be
      brought into contact with said outer stops lying outside said legs and
      each of said selecting bars being provided with a selecting wing adjacent
      to each selecting wire, which, when the respective selecting bar is in the
      inactive condition, is arranged to occupy a position midway between said
      legs of the respective selecting wire when they rest against said inner
      stops, and by rotation of said selecting bar to lift one of said legs to
      engage the respective one of said outer stops, whereby said selecting wire
      is exposed to elastic deformation.
NUM  2.
PAR  2. Selecting device according to claim 1, said selecting wires, when
      mounted, being prestressed in said plane thereby providing elastic bearing
      at said inner stops.
NUM  3.
PAR  3. Selecting device according to claim 1, said selecting wires, when
      mounted, being prestressed perpendicular to said plane thereby providing
      elastic bearing at said lifting devices.
NUM  4.
PAR  4. Selecting device according to claim 1, said selecting wire being shaped
      in the form circular bows with a predetermined radius of curvature from
      which said legs protrude at an angle such that, when not mounted, they
      have a crossing direction.
NUM  5.
PAR  5. Selecting device according to claim 1, in which, for movable support of
      said selecting wires, supporting arrangements being provided with circular
      bow-shaped grooves engageable with correspondingly shaped portions of the
      selecting wires, by which arrangement the selecting wires can encircle
      said grooves and execute rotational movements by sliding in the grooves.
NUM  6.
PAR  6. Selecting device according to claim 1, said selecting wires being shaped
      in the form of a loop-shaped projection to facilitate mounting.
NUM  7.
PAR  7. Selecting device according to claim 1, said legs of the selecting wires
      being provided with stiffenings at their outer ends arranged to increase
      the resistance of the legs against bending during said transfer of said
      movements of said lifting devices to said contact groups.
NUM  8.
PAR  8. Selecting device according to claim 5, said supporting arrangements
      being supported by the respective selecting bar.
NUM  9.
PAR  9. Selecting device according to claim 8, each of said bearing arrangements
      and said selecting wings constituting a combined fixed unit.
NUM  10.
PAR  10. Selecting device according to claim 5, said grooves of said supporting
      arrangements each having a pair of straight portions, substantially
      parallel to the selecting wings, which are arranged to guide the
      corresponding selecting wire when mounting.
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ABST
PAL  An automatic transfer switch having two sets of phase switches, one set for
      connection between a normal power source and a load and the other set for
      connection between an emergency power source and the load. The transfer
      switch also includes two neutral switches, one for connection between the
      normal source neutral and the load neutral, and the other for connection
      between the emergency source neutral and the load neutral. Only one set of
      the phase switches can be closed at any one time, and during transfer of
      the load from one source to the other both sets of phase switches are
      open. Prior to a transfer operation, the neutral switch corresponding to
      the closed set of phase switches is closed and the neutral switch
      corresponding to the open set of phase switches is open. During transfer
      of the load, both neutral switches are closed before the closed set of
      phase switches open and both neutral switches remain closed until after
      the closed set of phase switches open and the open set of phase switches
      close. Thereafter, the neutral switch which had originally been open
      remains closed and the neutral switch which had originally been closed
      opens.
BSUM
PAR  This invention relates to automatic transfer switches which are used to
      automatically transfer an electrical load from a normal source of electric
      power to an emergency source of electric power upon the happening of some
      predetermined event.
PAR  Automatic transfer switches are typically multi-pole switches. Thus, an
      automatic transfer switch used with a three phase, four wire system will
      always include three poles for switching the three phase conductors of the
      load between the three phase conductors of the normal power source and the
      three phase conductors of the emergency power source. The fourth, neutral
      conductor of the load is often permanently connected to the neutral
      conductors of the normal and emergency sources.
PAR  In certain instances, it has been found that the neutral conductors of the
      load, normal source, and emergency source, should not be permanently
      connected together. One such instance involves the situation in which a
      ground fault detector is associated with the normal source. In such a
      case, it is possible that the interconnected and grounded normal source
      and emergency source neutral conductors can produce a situation in which a
      ground fault in the normal source will not be sensed by the ground fault
      detector. To overcome this problem, it is desirable to use a fourth pole
      of the transfer switch to transfer the load neutral from one power source
      to the other when the transfer switch operates.
PAR  Transferring the neutral has, however, caused its own problems. Although
      theoretically all four poles of the transfer switch operate
      simultaneously, as a practical matter it is impossible to insure that all
      four switches, namely, the three phase switches and the one neutral
      switch, connecting the load to a power source will open at precisely the
      same time. If it should happen that the neutral switch opens even an
      instant before the phase switches, severely unbalanced voltages may be
      applied to the load causing damage to it. Furthermore, in such a
      circumstance there may even be danger to personnel.
PAR  It is therefore an object of the present invention to provide an automatic
      transfer switch having provision for disconnecting the load neutral from
      the neutral of the power source from which the load is disconnected, and
      for transferring the load neutral to the alternative power source when the
      transfer switch is operated, but which nevertheless insures that the load
      neutral is never disconnected from a power source while the phase
      conductors of the load are still connected to that power source.
PAR  It is another object of the invention to provide an automatic transfer
      switch in which at the time of a transfer operation the load neutral is
      connected to the neutrals of both the normal and emergency sources prior
      to disconnecting the load from the source to which it has been connected,
      and in which the load neutral remains connected to the neutrals of both
      the normal and emergency sources until after the load has been connected
      to the alternative source, after which the load neutral is disconnected
      from the neutral of the source to which the load had been connected.
PAR  It is a further object of the invention to provide an automatic transfer
      switch wherein the switches which transfer the phase conductors of the
      load from one source to the other, and the switches which transfer the
      neutral conductor of the load from one source to the other are operated by
      the same actuating means.
PAR  Additional objects and features of the invention will be apparent from the
      following description, in which reference is made to the accompanying
      drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a schematic diagram of an automatic transfer switch according to
      the present invention;
PAR  FIGS. 2-6 are schematic diagrams illustrating the operation of the phase
      switches and neutral switches of the automatic transfer switch;
PAR  FIG. 7 is a fragmentary plan view of an illustrative automatic transfer
      switch according to the present invention;
PAR  FIG. 8 is an elevational view of the automatic transfer switch taken along
      line 8--8 of FIG. 7;
PAR  FIG. 9 is a fragmentary cross-sectional view taken along line 9--9 of FIG.
      7;
PAR  FIG. 10 is a cross-sectional view taken along line 10--10 of FIG. 7; and
PAR  FIGS. 11-14 are fragmentary cross-sectional views illustrating four stages
      during a transfer operation.
DETD
PAR  The invention will be described in connection with a three phase, four wire
      system in connection with which a four-pole automatic transfer switch is
      employed. However, it is understood that the invention has utility with
      other types of systems as well. Three poles of the transfer switch are
      used to control power to the three phase conductors of the load, and the
      fourth pole of the transfer switch controls connection of the load neutral
      conductor.
PAR  In the schematic illustration of FIG. 1, the automatic transfer switch 15
      chosen to illustrate the present invention includes a set of three phase
      switches 16 for connecting a normal source of electric power, such as that
      provided by an electric utility, to a load, a set of three phase switches
      17 for alternatively connecting an emergency source of electric power,
      such as may be provided by a local engine-generator arrangement, to the
      load. Each of the switches 16 includes a stationary contact 18 and a
      movable contact 19, and each of the switches 17 includes a stationary
      contact 20 and a movable contact 21. Each stationary contact 18 is
      electrically connected to a terminal 22 of the transfer switch which can
      be connected to a phase conductor 23 of the normal source. Each of the
      stationary contacts 20 is electrically connected to a terminal 24 of the
      transfer switch which can be connected to a phase conductor 25 of the
      emergency source. The movable contact 19 of each of switches 16 is
      electrically connected to the movable contact 21 of one of the switches
      17, and each interconnected pair of movable contacts 19 and 21 is
      electrically connected to a terminal 26 of the transfer switch. Terminal
      26 can be connected to a phase conductor 39 of the load.
PAR  Automatic transfer switch 15 also includes a neutral switch 28, having a
      stationary contact 29 and a movable contact 30, and a neutral switch 31
      having a stationary contact 32 and a movable contact 33. Stationary
      contact 29 is electrically connected to a terminal 34 of the transfer
      switch which can be connected to the neutral conductor 35 of the normal
      source. Stationary contact 32 is electrically connected to a terminal 36
      of the transfer switch which can be connected to the neutral conductor 37
      of the emergency source. Movable contacts 30 and 33 are electrically
      interconnected and both are electrically connected to a terminal 38 of the
      transfer switch which can be connected to the neutral conductor 39 of the
      load.
PAR  FIGS. 2-6 illustrate schematically how the movable contacts 19, 21, 30, and
      33 move in relation to each other. Initially, as shown in FIGS. 1 and 2,
      the three phase switches 16 are closed, as is neutral switch 28, and the
      three phase switches 21 are open, as is neutral switch 31. In other words,
      each movable contact 19 engages its respective stationary contact 18,
      movable contact 30 engages stationary contact 28, each of the movable
      contacts 21 is separated from its respective stationary contact 20, and
      movable contact 33 is separated from stationary contact 32. Consequently,
      the load is connected to the normal source and disconnected from the
      emergency source. Assume now that for some reason the load is to be
      disconnected from a normal source and connected to the emergency source.
      This may be because the normal source has failed or because a ground fault
      has been detected in the normal source.
PAR  The first step in the transfer operation, as illustrated in FIG. 3, is that
      neutral switch 31 closes before phase switch 16 opens and while neutral
      switch 28 remains closed. Next, as shown in FIG. 4, phase switches 16 open
      while both neutral switches 28 and 31 remain closed. As a result, the load
      is now disconnected from the normal source, although it has not yet been
      connected to the emergency source. Following this, as shown in FIG. 5,
      phase switches 17 close while neutral switches 28 and 31 remain closed. As
      a result, the load is now connected to the emergency source. Finally, as
      indicated in FIG. 6, neutral switch 28 opens and neutral switch 31 remains
      closed. As a result, the load neutral is now disconnected from the normal
      source neutral, while the load phase and neutral conductors are connected
      to the emergency source phase and neutral conductors. In retransferring
      the load from the emergency source to the normal source, the same sequence
      of steps is followed, except in the reverse order.
PAR  It will be appreciated from the above description that the closing of
      neutral switches 28 and 31 overlaps the opening and closing of the phase
      switches 16 and 17. Thus, both neutral switches 28 and 31 are closed, to
      connect the load neutral to both the normal and emergency source neutrals,
      from before the time the load phase conductors are disconnected from the
      normal source phase conductors until after the time the load phase
      conductors are connected to the emergency source phase conductors.
PAR  A transfer switch according to the present invention is shown in more
      detail in FIGS. 7-10. The transfer switch includes a base 42 upon which
      four upstanding brackets 43, 44, 45, and 46 are mounted. Pivotally mounted
      on bracket 46 by means of a pin 47 is a generally W-shaped arm 48, and
      pivotally mounted on bracket 45 by pin 49 is a similar arm 50. Extending
      between arms 48 and 50, and fastened to the arms, are a pair of
      non-conductive plates 51 and 52.
PAR  Plate 51 carries three main contact arms 53, only one being shown in FIGS.
      7 and 8, and three arcing contact arms 54, only one being shown in FIGS. 7
      and 8, one arcing contact arm 54 being arranged over each main contact arm
      53. Although separate arcing contacts are shown in this example, they may
      not be required in some transfer switch designs. Each main contact arm 53
      carries a movable contact 19 which cooperates with a stationary contact
      18, and each arcing contact arm 54 carries a movable arcing contact 19a
      which cooperates with a stationary arcing contact 18a. Stationary contacts
      18 and 18a are mounted on an S-shaped bracket 55 fixed to base 42. Bracket
      55, which is electrically conductive, is electrically connected to
      terminal 22 by an electrical conductor 56. Movable contacts 19 and 19a are
      yieldingly urged toward their respective stationary contacts 18 and 18a by
      a compression spring 57 surrounding a post 58 projecting upwardly from
      plate 51 through holes in contact arms 53 and 54.
PAR  In a manner identical to that described with respect to plate 51, plate 52
      carries three main contact arms 61, only one being shown in FIGS. 7 and 8,
      and three arcing contact arms 62. Each main contact arm 61 carries a
      movable contact 21 cooperable with a stationary contact 20 mounted on an
      S-shaped bracket 63 fixed to base 42 and electrically connected by
      conductor 64 to terminal 24. Contacts 21 and 21a are resiliently urged
      toward their respective stationary contacts 20 and 20a by a compression
      spring 65 surrounding a post 66 projecting upwardly from plate 52 through
      holes in contact arms 61 and 62. Main contact arms 53 and 61, and
      therefore also arcing contact arms 54 and 62, are electrically
      interconnected by flexible conductors 67. These conductors are
      electrically connected by additional flexible conductors 68 (FIG. 8) to a
      conductor 69 (FIG. 7) which in turn is connected to terminal 26.
PAR  In FIGS. 7 and 8, phase switches 16 are shown closed and phase switches 17
      are shown open. It will be appreciated that by swinging arms 48 and 50 in
      a clockwise direction and FIG. 8 about the axis defined by pins 47 and 49,
      switches 16 will be opened and switches 17 will be closed. The manner in
      which arms 48 and 50 are pivoted will be described below.
PAR  As best seen in FIG. 7, projecting in cantilever fashion from bracket 43 is
      a rod 71, the rod being pivotable about its longitudinal axis with respect
      to bracket 43. Fixed at its center to the free end of rod 71 is a bar 72
      (see also FIG. 10). Secured to, and movable with, bar 72 is a W-shaped arm
      73, the center of arm 73 being pivotally secured by pin 74 to bracket 44.
PAR  Fixed to, and projecting radially from, rod 71 is a lever 75 (FIGS. 7, 8,
      and 10) to the free end of which one end of a rod 76 is pivotally
      connected by a screw 77 passing freely through an eyelet 69. The eyelet is
      threaded into that one end of rod 76, and fixed in place with respect to
      the rod by a nut 70. An insulator 89 forms the middle portion of rod 76.
      Threaded into the other end of rod 76 is an elongated pin 78 having a head
      79. Pin 78 is slidably arranged within an opening in a bearing block 80,
      head 79 of pin 78 and end 81 of rod 76 serving as two spaced-apart
      abutments which cooperate with bearing block 80 for a purpose to be
      described below.
PAR  Bearing block 80 is carried between two upstanding arms of a U-shaped
      bracket 84 mounted on an electrically conductive bar 85. At its opposite
      ends, bar 85 carries the movable contacts 30 and 33 of neutral switches 28
      and 31, respectively. The center of bar 85 is electrically connected to
      terminal 38 of the transfer switch by flexible conductors 82 and conductor
      83. Mounted on base 42 beneath bar 85 are two channel-shaped members 86
      and 87, member 86 carrying stationary contact 29 of neutral switch 28, and
      member 87 carrying the stationary contact 32 of neutral switch 31. The
      arrangement is such that contacts 29 and 30 can engage each other and
      contacts 32 and 33 can engage each other. Bracket 86 is electrically
      connected by conductor 88 to terminal 34, and bracket 87 is electrically
      connected to terminal 36.
PAR  Adjacent to members 86 to 87, base 42 carries two upstanding posts 91, into
      each of which an elongated bolt 92 is threaded, each bolt passing through
      a hole in bar 85. The head 93 of each bolt 92 is spaced above bar 85, and
      a compression coil spring 94 surrounds each bolt and bears against head 93
      and bar 85. Springs 94 serve to constantly resiliently urge bar 85
      downwardly, and therefore urge movable contacts 30 and 33 into engagement
      with their respective stationary contacts 29 and 32. Thus, in the absence
      of other forces, both neutral switches 28 and 31 are closed by springs 94.
PAR  Located between brackets 44 and 45 is an open-sided housing 97 (FIGS. 7-9)
      containing an electrical solenoid 98. Solenoid 98 contains an
      axially-movable armature 99, and suitable conductors (not shown) for
      applying an electrical signal to the solenoid to energize it. Armature 99
      is pivotally connected by a link 100 to a cylindrical weight 101 rotatably
      carried by a pin 102 extending between two walls 103 extending from
      housing 97.
PAR  A second pin 106 extends through weight 101 parallel to pin 102, but
      eccentric with respect to the axis of rotation defined by pin 102. Pin 106
      extends beyond the contours of weight 101 and through arcuate slots 107
      (FIG. 9) in walls 103. One end of pin 106 extends into a short straight
      slot 108 (FIG. 10) in arm 73, and the other end of pin 106 extends into a
      similar short straight slot 109 (FIGS. 8 and 11-14) in arm 50. Pin 106 is
      slideable within slots 108 and 109.
PAR  Weight 101 is pivotable between two extreme positions, one of which is
      illustrated in FIGS. 9-11. When solenoid 98 is energized for an instant,
      armature 99 moves into the solenoid, i.e., toward the right in FIG. 9,
      causing weight 101 to rotate counterclockwise in FIG. 9. Upon
      deenergization of solenoid 98, the inertia of weight 101 causes its
      continued rotation to its other extreme position illustrated in FIG. 14.
      The difference between these two extreme positions can be seen by
      comparing the location of pin 106 in FIGS. 9-11 and in FIG. 14. Should
      solenoid 98 be energized again, weight 101 is returned to its original
      position shown in FIGS. 9-11.
PAR  FIGS. 7-10 illustrate the position of the parts of the transfer switch when
      the load is connected to the normal source and disconnected from the
      emergency source. Thus, phase switches 16 and neutral switch 28 are
      closed, and phase switches 17 and neutral switch 31 are open. The reason
      that neutral switch 31 is open is that head 79 of pin 78 has engaged
      bearing block 80 and pivoted bar 85 slightly in a counterclockwise
      direction in FIG. 10, against the force of springs 94, so as to separate
      movable contact 33 from stationary contact 32.
PAR  The operation of the transfer switch during transfer of the load from the
      normal source to the emergency source may best be seen in FIGS. 11-14.
      Each of these figures includes three views of different parts of the
      transfer switch at a particular instant of time. All the views show weight
      101 and its pin 106. In addition, the left view shows phase switches 16
      and 17, the central view shows solenoid 98, and the right view shows
      neutral switches 28 and 31 and the operating linkage for these switches.
PAR  Upon energization of solenoid 98, armature 99 beings to move inwardly
      (compare FIGS. 9 and 11), and during this initial movement weight 101 is
      rotated through a short distance in a counterclockwise direction. This
      initial rotation of weight 101 does not effect opening of phase switches
      16 or closing of phase switches 17, as may be seen in FIG. 11. However,
      this initial rotation is transmitted through arm 73 and lever 75 to cause
      rod 76 to move slightly to the right, as a result of which head 79 moves
      toward the right. This small movement permits springs 94 to bring movable
      contact 33 into engagement with stationary contact 32 and hence close
      neutral switch 31. Thus, both neutral switches 28 and 31 are closed,
      although phase switches 16 have not yet opened.
PAR  By the time armature 99 is pulled-in to its greatest extent, as shown in
      FIG. 12, weight 101 has rotated further and pin 106 sliding in slot 109 of
      arm 50 causes arms 48 and 50 to pivot in a clockwise manner about the axis
      defined by pins 47 and 49. Consequently, phase switches 16 open and phase
      switches 17, while still open, are on their way toward being closed. At
      the same time, pin 78 slides through the hole in bearing block 80 thereby
      moving head 79 away from the bearing block and moving end 81 of rod 76
      toward the bearing block. However, this movement does not have any effect
      on bar 85, and hence neutral switches 28 and 31 remain closed.
PAR  Upon deenergization of solenoid 98, the inertia of weight 101 carries the
      weight to the position shown in FIG. 13. Pin 36 moving in slot 109 of arm
      50 now causes phase switches 17 to close. At the same time, movement of
      pin 106 within slot 108 of arm 73 causes the end 81 of rod 76 to engage
      bearing block 80. However, rod 76 does not yet move the bearing block, and
      hence neutral switches 28 and 31 remain closed. During the very last
      portion of the movement of weight 101, to the position shown in FIG. 14,
      switches 16 remain open and switches 17 remain closed. However, the end 81
      of rod 76 pushing against bearing block 80 causes bar 85 to be pivoted
      about its rightward end causing movable contact 30 to be lifted away from
      stationary contact 29, thereby opening neutral switch 28. When solenoid 98
      is energized again for an instant, the parts will move through exactly the
      same steps described above, but in reverse order.
PAR  It may be mentioned that the spacing between head 79 and bearing block 80
      can be adjusted by threading pin 78 more or less into rod 76. Also, the
      spacing between rod end 81 and bearing block 80 can be adjusted by
      threading eyelet 69 more or less into rod 76.
PAR  The invention has been shown and described in preferred form only, and by
      way of example, and many variations may be made in the invention which
      will still be comprised within its spirit. It is understood, therefore,
      that the invention is not limited to any specific form or embodiment
      except insofar as such limitations are included in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic transfer switch for transferring an electrical load from a
      normal source of electric power to an emergency source of electric power,
      and vice versa, comprising:
PA1  a. a first set of phase switches for connection between the normal source
      and a load,
PA1  b. a second set of phase switches for connection between the emergency
      source and the load,
PA1  c. a first neutral switch for connection between a normal source neutral
      conductor and the load neutral conductor,
PA1  d. a second neutral switch for connection between an emergency source
      neutral conductor and the load neutral conductor,
PA1  e. means for operating said phase switches so that only one of said sets of
      phase switches is closed at any one time and for opening the closed set
      before closing the open set when transferring the load from one of the
      power sources to the other, and
PA1  f. means for operating said neutral switches so that prior to operation of
      said phase switches by said means (e) the neutral switch corresponding to
      the closed set of phase switches is closed and the neutral switch
      corresponding to the open set of phase switches is open, and during
      transfer of the load both of said neutral switches are closed before the
      closed set of phase switches open and both of said neutral switches remain
      closed until after the closed set of phase switches open and the open set
      of phase switches close, whereupon the neutral switch which had originally
      been open remains closed and the neutral switch which had originally been
      closed opens.
NUM  2.
PAR  2. An automatic transfer switch as defined in claim 1 wherein said means
      (f) moves between two extreme positions when the load is transferred from
      one power source to the other, said means (f) opening the first neutral
      switch and closing the second neutral switch when in one extreme position
      and opening the second neutral switch and closing the first neutral switch
      when in the other of its extreme positions, both neutral switches being
      closed when said means (f) is between its two extreme positions.
NUM  3.
PAR  3. An automatic transfer switch as defined in claim 2 including resilient
      means constantly biasing each of said neutral switches to its closed
      position, said means (f) maintaining a different one of said neutral
      switches open against the force of its respective resilient means when in
      each of its extreme positions.
NUM  4.
PAR  4. An automatic transfer switch as defined in claim 1 wherein each of said
      neutral switches includes a stationary contact member and a movable
      contact member, said stationary contact members being spaced apart, and
      including a single bar carrying both of said movable contact members, said
      bar bridging the space between said stationary contact members when both
      neutral contacts are closed.
NUM  5.
PAR  5. An automatic transfer switch as defined in claim 4 wherein said bar is
      formed of electrically conductive material.
NUM  6.
PAR  6. An automatic transfer switch as defined in claim 4 including a bearing
      member having an opening carried by said bar, and wherein said means (f)
      includes a rod slidable within said opening between two extreme positions,
      said rod carrying two abutments spaced apart along its length and on
      opposite sides of said bearing member, and a different one of said
      abutments engaging said bearing member in each extreme position of said
      rod to move said bar and separate the movable and stationary contacts of
      one of said neutral switches without separating the contacts of the other
      neutral switch.
NUM  7.
PAR  7. An automatic transfer switch as defined in claim 6 including means for
      adjusting the spacing between said abutments.
NUM  8.
PAR  8. An automatic transfer switch as defined in claim 4 including two
      parallel stationary posts, one of said posts being adjacent to each of
      said stationary contacts, and two holes in said bar slidably accommodating
      said posts, an enlargement on each post spaced from the side of said bar
      opposite that which carries said movable contacts, and a compression
      spring between each enlargement and said bar for constantly biasing said
      movable contacts toward said stationary contacts.
NUM  9.
PAR  9. An automatic transfer switch as defined in claim 1 including linkage
      means interconnecting said operating means (e) and said operating means
      (f) so that both operating means move in unison.
NUM  10.
PAR  10. An automatic transfer switch as defined in claim 9 including a single
      actuating means for controlling both said operating means (e) and said
      operating means (f).
NUM  11.
PAR  11. An automatic transfer switch as defined in claim 10 wherein said
      actuating means is electrically operated.
NUM  12.
PAR  12. An automatic transfer switch as defined in claim 11 wherein said
      actuating means is a solenoid.
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ABST
PAL  An improved medium power transformer of the type having a secondary winding
      suitable for rigid connection with an inductor through which coolant
      flows, the secondary winding conductors overlapping in the area of the
      secondary connections and having two layers of primary windings flanking
      the secondary winding, core elements enclosing the hollow winding
      conductors except in the area of overlap. To minimize the thickness of the
      transformer, a cooling line having two separated portions is disposed in
      overlap along the periphery of the secondary winding in one layer.
BSUM
PAR  The invention relates to a medium frequency power transformer with a
      one-winding, flat secondary winding, suitable for rigid connection with an
      inductor through which a coolant flows, the winding conductors of which
      overlap in the area of the secondary connections and with two layers of
      primary windings disposed at both sides of the secondary winding, which
      are formed by hollow conductors and line up in a packet, are provided with
      framelike core bodies consisting especially of ferrite and enclosing the
      winding conductors, whereby the overall dimension of the transformer in
      the direction perpendicular to the front surfaces of the secondary winding
      or to the layers of primary winding is small as compared to its overall
      dimensions in the direction parallel to these front surfaces.
PAR  Such medium frequency power transformers are known for example from U.S.
      Pat. No. 3,728,655 and are used advantageously for inductive hardening of
      bearing places of crankshafts, as described for example in the German Pat.
      No. 1,209,137. For this known hardening process, unilaterally open,
      so-called half-shell inductors are used which constitute a solid
      construction unit together with the transformer feeding them and which
      follow the movement of the bearing with the assigned transformer, during
      the inductive heating with a rotating crankshaft and sitting on the
      bearing that is to be tempered. If several crankshaft bearings are to be
      tempered simultaneously, then the pertinent transformer-inductor units
      must not disturb each other during their movements. This can be achieved
      in the most simple way by ensuring that the overall dimension of the
      medium frequency transformers used is smaller in the direction parallel to
      the axis of the crankshaft than the medium distance between two adjacent
      bearings that are to be hardened simultaneously.
PAR  In the case of the medium frequency power transformer known from above
      mentioned U.S. patent, the front surfaces of the layers of secondary
      windings occupy two parallel-strip-shaped areas, which are supplemented at
      their ends by arch-shaped areas for the front surface of the winding or
      the layers. The framelike core bodies at the same time are stacked up only
      along the parallel, strip-like areas of the front surfaces of the winding
      or the layers so that for the attachment of the stack of magnetic cores,
      two clamping elements with contact pressure against the ends of said
      stacks are employed. In one of these clamping elements, secondary
      connections of the transformers are brought out. In the case of this known
      transformer, the secondary winding advantageously consists of several
      hollow profiled conductors connected electrically in parallel and arranged
      in one layer, the hollow spaces of which are at least in part serially
      connected in relation to the coolant flow.
PAR  In order to make possible the feed of the coolant connections of the
      inductor within the clamping piece on the secondary connection side, the
      secondary winding can be made such that its overall power in the area of
      the transformer secondary connections to the inductor in which the winding
      conductors overlap, does at least not substantially exceed its overall
      power in its remaining areas. As a result of that, the winding packet in
      the area of the secondary connections remains sufficiently narrow so that
      the coolant connecting leads for the inductor can still be accommodated
      inside the maximum thickness of the transformer conditional on the
      corresponding dimension of the frameshaped core elements, in the clamping
      piece on the secondary connection side. Medium frequency power
      transformers of this construction had already been realized down to a 50
      mm thickness.
PAR  In order to temper adjacent bearings of a crankshaft simultaneously, or to
      leave them with a rotating shaft simultaneously in engagement with the
      assigned transformer-inductor units, this small thickness of the
      plateshaped transformers achieved hitherto is still too great in many
      cases.
PAR  The invention, therefore, is based on the object of producing a medium
      frequency power transformer of the mentioned type in the case of which no
      core elements are provided in the area of the transformer secondary
      connections to the inductor in which the winding conductors of the
      secondary windings overlap, and in the case in which, with at least
      equally high performance and coolant connections for the inductor within
      the frame of the transformer, a still lower maximum transformer thickness
      can be achieved than in the case of the transformers according to the
      German application Ser. No. 2,133,987 laid open to public inspection.
PAR  This object is solved by the medium frequency power transformer according
      to this invention, in which, along the periphery of the secondary winding,
      a coolant line is provided arranged in one layer with the secondary
      winding conductors, which line has a first separation acting at least in
      relation to the coolant flow, at which the ends of separation are
      connected with coolant connections disposed in the transformer frame, and
      a second separation in the area of the transformer secondary connections,
      the ends of the separation of which are connected with the coolant
      connections of the inductor. At the same time, the coolant line preferably
      consists of an electric, hollow profile conductor which is connected
      electrically conductively with the remaining winding conductors of the
      secondary winding.
PAR  According to a preferred embodiment of the invention, the coolant supply
      line or the coolant discharger line for the cooling of the secondary
      winding are disposed between the coolant line connections of the ends of
      the first separation with the coolant connections in the frame of the
      transformer.
PAR  According to a further preferred embodiment of the invention, the overall
      thickness of the secondary winding in the area of its connections, in
      which the winding conductors overlap, is considerably greater than in its
      remaining areas, whereby the layers of primary windings have an underslung
      form or one bent toward the outside in the direction of the transformer
      thickness measurement in the above-mentioned connecting area of the
      secondary winding corresponding to the increase in thickness of the
      secondary winding.
DRWD
PAR  The invention will be explained in detail subsequently on the basis of the
      Figures in which:
PAR  FIG. 1 shows schematically the end of the secondary winding on the
      connecting side and the arrangement of its connections to the inductor in
      the case of a transformer of the type described in German application Ser.
      No. 2,133,987 open to public inspection;
PAR  FIG. 2 shows a cut away view along the line I--I in FIG. 1; and
PAR  FIG. 3 shows the connection to the inductor in detail.
DETD
PAR  Referring to FIGS. 1 and 2, as in the case of the above mentioned U.S.
      patent, the one layer and secondary winding 1 of the transformer is built
      up from copper pipes 2 with a rectangular cross-section. It contains at
      the same time two tracks 3, 4 disposed in the same layer and at two copper
      pipes each, which are provided at the overlapping ends of the secondary
      winding 1 with the electrical and coolant connections 5 for the inductor
      indicated by 6, and which at the ends of the above-mentioned secondary
      windings each time pass over into one another by way of a connecting piece
      7.
PAR  For feeding in of the coolant for the cooling of secondary winding 1, two
      hollow elements 9 made of copper and provided with coolant connections 8
      are switched in, in the winding track 3, by which the coolant is fed in or
      discharged in the sense of the arrows 10. As explained further in the
      above mentioned U.S. patent two tracks 3, 4 are therefore connected
      electrically in parallel, but are serially connected as far as the coolant
      is concerned.
PAR  Along the periphery of the track 3 of the copper pipe and in the same layer
      as the tracks 3 and 4, an additional copper pipe has been arranged which,
      electrically forming a part of the secondary winding, serves as a coolant
      line 11 for the inductor. Coolant line 11 has a first separation 12
      between the ends of which the hollow copper elements 9 lie, which have
      been mentioned and serve as a coolant supply or a coolant delivery line
      for the secondary winding. These separated ends are connected with the
      coolant connections 14 by way of hollow copper pieces 13.
PAR  The ends of a second separation of the coolant line 11, which in the area
      of the transformer secondary connections 5 correspond to the ends of the
      copper pipe track 3, on their parts, as described in more detail further
      below in conjunction with FIG. 3, are connected with the coolant
      connections of the inductor 6. The copper pipes of the tracks 3 and 4, the
      coolant line 11, the connecting pieces 7, as well as the hollow copper
      elements 9 and 13, are all connected with one another by hard soldering in
      order to form the secondary winding. The finished secondary winding is
      coated with an electrically insulating eddy-current sintered layer.
PAR  In FIGS. 1 and 2, a few framelike core bodies 15, disposed in two stacks,
      enclose the strip-shaped areas of the winding packet formed from the
      secondary winding 1 and the two layers 16 of primary windings. The
      secondary winding 1 in its area on the secondary connection side and free
      of the core bodies 15 has two shoulders 17 near the beginning of the stack
      of core bodies (see FIG. 2), which permit the conductors of the secondary
      winding to be developed, even in their overlapping area, to approximately
      the same thickness as in the remaining areas of the secondary winding. In
      the above-mentioned overlapping area, the layers 16 of the primary winding
      each time have a shoulder 18 following the course of the bend of the
      secondary winding 1. The connections 5 of the secondary winding 1 are
      attached in a strip 19 made of electrically insulating material, which
      constitute a part of the transformer frame which, for reasons of an
      improved clarity, have not been otherwise shown in the figures.
PAR  In FIG. 3, the connection 5 to the inductor 6 is shown in detail in
      section. The ends of the coolant line 11 are soldered together with a
      connecting piece 20 made of square copper, which is embedded in a
      corresponding recess of the strip 18. The axial channel of the connecting
      piece 20 at the same time has an internal thread, in which a contact
      element 21 provided with an axial bore is screwed in, the free front
      surface of which serves as a contact surface for the electric contacting
      of the inductor contact element 22. In continuation of its axial bore,
      contact element 12 has an extension 25 projecting beyong its contact
      surface, which is guided in the corresponding axial bore of inductor
      element 22. Two O-rings 23 and 24 securely seal the coolant between the
      contact element 21 on the one hand and the connection element 20 or the
      inductor-contact element 22 on the other hand.
PAR  In the case of the previously described arrangement, the inductor 6 can
      advantageously have two cooling circuits. In that case, both sections of
      the coolant line 11, as indicated by arrows 26, serve for the coolant
      supply. The discharge of the coolant from the inductor is then not guided
      by way of the connections in the transformer frame. If on the other hand,
      there is only one coolant circuit in the inductor, one of the coolant
      sections can also serve advantageously for the coolant supply and the
      other for the coolant discharge.
PAR  Many changes and modifications in the above-described embodiment of the
      invention can, of course, be carried out without departing from the scope
      thereof. Accordingly, that scope is intended to be limited only by the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a medium frequency power transformer with a frame, two layers of
      primary windings, a secondary winding comprising a plurality of secondary
      conductors which overlap in the area of rigid secondary coolant
      connections to an inductor through which coolant flows, said two layers of
      primary windings being arranged at both sides of the secondary winding and
      formed by hollow conductors and lined up to a packet, and a plurality of
      ferrite, framelike core bodies enclosing the primary and secondary
      windings, whereby in the area of the transformer secondary connections, in
      which the secondary conductors of the secondary winding overlap, no core
      elements are provided and whereby the overall dimensions of the
      transformer are small in the direction perpendicularly to the front
      surfaces of the secondary winding and of the layers of the primary winding
      as compared to its overall dimensions parallel to these front surfaces,
      the improvement compising:
PA1  a coolant line arranged with the secondary winding conductors in one layer
      and disposed along the periphery of the secondary winding, said coolant
      line having a first separation to which the separation ends are connected
      by means of coolant connections arranged in the transformer frame, and a
      second separation in the area of the transformer secondary connections,
      the ends of the second separation of which are connected with the coolant
      connections of the inductor.
NUM  2.
PAR  2. In a medium frequency power transformer as in claim 1, the further
      improvement wherein the coolant line comprises an electric hollow profile
      conductor connected electrically conductively with the secondary
      conductors of the secondary winding.
NUM  3.
PAR  3. In a medium frequency power transformer as in claim 1, a further
      improvement wherein a second coolant line for the cooling of the secondary
      winding, is arranged between the coolant line connections of the ends of
      the first separation with the coolant connections in the transformer
      frame.
NUM  4.
PAR  4. In a medium frequency power transformer as in claim 1, the further
      improvement wherein the overall thickness of the secondary winding in the
      area of its connections, in which the winding conductors overlap, is
      essentially greater than in its remaining areas, whereby the layers of the
      primary winding have a form underslung or bent to the outside in the
      direction of the transformer-thickness measurement in the above mentioned
      area of secondary connection and corresponding to the increase of the
      thickness of the secondary winding.
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ABST
PAL  In an oil-filled apparatus, such as a transformer, having parts between
      which pressure is to be applied, such pressure is produced by providing
      between the parts bodies of an elastomer which absorbs the oil and expands
      as a result of such absorption. Such bodies may be used between windings
      and cores or as a seal between a transformer lid and a flange.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to oil-filled apparatus, such as transformers and to
      means to exerting pressures therein.
PAR  2. The Prior Art
PAR  To avoid deformation of the windings in power transformers as a consequence
      of the mechanical stresses during short-circuits, the windings are clamped
      axially against the core yoke. This is accomplished by building a
      permanent self-stress into the winding-core system or by means of
      mechanical elements which may be adjusted afterwards.
PAR  A radial de-stressing of the inner winding against the core would be the
      best protection against deformation of the winding during short-circuit
      periods, but unfortunately it is very difficult to achieve this.
PAR  Resilient elements in the axial or radial power flux would maintain part of
      the self-stresses. Metallic elements are cumbersome from the structural
      point of view and are often impossible to use for technical reasons having
      to do with the insulation. Elements which are based on elastic deformation
      of, for example, glass-fibre-reinforced plastics become yielding at high
      temperature. Furthermore, metallic as well as glass-fibre-reinforced
      elements must necessarily have a certain overall height, which makes it
      difficult to find a place for them. Also deformed rubber is out of the
      question, since even the best qualities undergo deformation and
      de-stressing at high temperature.
PAR  However, rubber and similar materials can be used in other ways than
      through deformation in order to obtain elastic elements without plastic
      destressing. Certain qualities of rubber are known to absorb transformer
      oil in their joints, thus causing it to swell. The swelling is dependent
      on the temperature so that it increases at increasing temperatures, but it
      is also reversible, which means that if the temperature decreases part of
      the absorbed oil drains off. Hot-vulcanized silicone rubber undergoes a
      pronounced swelling in transformer oil. The type of rubber and the number
      of cross-links per rubber molecule determine the swelling. If the correct
      material is used, the swelling is not destructive to the rubber.
PAR  If a swelling body is enclosed in a limited space and allowed to swell, it
      builds up a self-stress until equilibrium has been attained. This is
      characterised by the fact that the chemical potential of the oil in the
      rubber is the same as the chemical potential of the oil in the free
      liquid.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to applications of such properties in certain
      elastomers in combination with transformer oil for achieving mechanical
      forces for clamping windings, for sealing purposes and the like in
      oil-filled apparatus such as transformers, reactors and the like.
      According to the invention, swelling bodies of oil-absorbing and thus
      swelling elastomers are arranged as support bodies for windings or as
      sealing materials in joints in the tanks in which the apparatus are
      enclosed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings show a few examples of how the invention can be
      applied for clamping transformer windings.
PAR  FIGS. 1 and 2 show two somewhat different arrangements for radial clamping
      of a winding.
PAR  FIG. 3 is a vertical section through the upper portion of a winding and a
      core leg to show an axially clamped winding.
PAR  FIG. 4 is a horizontal section along the line Iv -IV in FIG. 3, and FIG. 5
      is a cross-section along the line V-V.
PAR  FIGS. 6 and 7 show the invention applied to a sealing joint.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a horizontal section through a core leg 1. A pressboard
      cylinder 2 acts as insulation around the core leg. Inside the innermost
      winding 3 lies another pressboard cylinder 4. The inside of the cylinder
      supports a layer 5 of a type of rubber which is capable of absorbing
      transformer oil and thereby swelling and thus constitutes a cylindrical
      swelling body. During the assembly the space between the rubber bearing 5
      and the inner pressboard cylinder 2 is filled with slightly bent vertical
      discs 6 of pressboard which, before the rubber layer has swelled, keep it
      clamped between the cylinders 2 and 4. When the transformer is filled with
      oil and the rubber layer swells, the pressboard discs are compressed in
      the reduced space between the rubber layer and the cylinder 2.
PAR  FIG. 2 shows a variant of the clamping arrangement according to FIG. 1. The
      cylindrical swelling body 5 shown in FIG. 1 is replaced in FIG. 2 by a
      number of vertically swelling bodies 7 in the form of strips which are
      applied between the two pressboard cylinders 2 and 4. The thickness of the
      rod-shaped swelling bodies is preferably chosen so that, in non-swelled
      condition, they are somewhat compressed and are thus kept in position
      between the cylinders 2 and 4. The bodies are encapsulated in, for
      example, a glass-fibre stocking or built up or rubber laminated with
      fabric. When the swelling bodies are brought into contact with the oil
      when it is filled into the transformer, the bodies 7 start swelling and
      expanding preferably in the radial direction in the space between the
      cylinders, so that the winding is affected by a radially outwardly acting
      pressure, by which means the windings are perfectly supported.
PAR  FIG. 3 shows a vertical section through the upper end of a transformer core
      leg 1, a part of the upper yoke 8 and two windings 3 and 9 arranged around
      the core leg. A pressboard cylinder 2 surrounds the core leg. A boss ring
      structure is applied between the upper end surface of the windings and the
      lower side of the yoke, said ring structure consisting of a lower ring 10
      and an upper ring 11 of pressboard and a number of radially arranged
      bosses 12 between the two rings. FIG. 4 is a horizontal section through a
      boss ring and from FIG. 4 it is clear that broad, radial channels 13 for
      the oil are formed between the bosses.
PAR  To achieve axial clamping of the windings the invention is applied, for
      example, in such a way that the bosses 12 contain swelling bodies and FIG.
      5, being a cross-section through a boss along the line V-V in FIG. 4,
      shows that the boss is divided and consists of a lower part 14 and an
      upper part 15. The lower part is provided with a number of notches 16 in
      which blocks 17 of rubber are placed. The upper part is suitably provided
      with downwardly directed projections 18 which project into the notches and
      make contact with the blocks. When the rubber blocks begin to swell under
      the action of the oil, the lower and upper parts are pressed apart and an
      axially directed pressure force from the yoke towards the end surface of
      the winding is obtained.
PAR  Swelling bodies can be applied not only between the core leg and the inner
      winding, as shown in FIGS. 1 and 2, but also between two windings. Thus,
      the right-hand part of FIG. 3 shows that strips 7 of expansible rubber are
      arranged, on the one hand, between the core leg 1 and winding 3 and, on
      the other hand, between the two windings 3 and 9. If it is desired that a
      swelling body should swell only in one direction, it is provided with a
      wrapping or is enclosed in some other way so that the rubber is prevented
      from swelling except in the desired direction. In this way the swelling
      effect can be strengthened in a certain desired direction. As an example
      of this may be mentioned swelling bodies built up and vulcanized together
      from alternate layers of a suitable rubber and inserted fibre mats.
CLMS
STM  We claim:
NUM  1.
PAR  1. An oil-filled apparatus having an iron core part and winding parts
      arranged on said core part, a casing enclosing said parts, there being a
      space between two of said parts, and means for exerting pressure force
      between said core part and said winding parts, said means comprising
      bodies of an elastomer which absorbs oil and swells as a result of such
      absorption located in said space.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, in which said apparatus is a
      transformer and one of said winding parts is a transformer winding.
NUM  3.
PAR  3. An apparatus as claimed in claim 2, in which the core part is a
      transformer core leg.
NUM  4.
PAR  4. An apparatus as claimed in claim 2, in which the core part is a
      transformer yoke.
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ABST
PAL  A gas tube arrester subassembly for use in a modular component type
      telephone central office protection system includes a gas tube arrester
      having a spacer tube with an electrode at each end. One of the electrodes
      is insertable into an open end of a generally cylindrical shell portion of
      the gas tube arrester subassembly with parts of the shell portions at the
      open end being swaged to form securing members to maintain the one
      electrode in the shell portion. The other end of the shell portion is
      closed with a generally rectangular slot therein. Removably mounted in the
      slot is a conductive U-shaped spring member such that the spring member
      has one leg extending along the inner surface of the closed end. Disposed
      between the one leg and the one electrode is a conductive disk-shaped
      contact member to couple the one electrode to the spring member.
PARN
PAR  The present application is a continuation application of patent application
      Ser. No. 456,778, filed on Apr. 1, 1974, and now abandoned.
BSUM
PAR  The present invention relates to protection systems in a telephone central
      office and, more particularly, to a new and improved gas tube arrester
      subassembly which is employed in modular component type of protection
      systems in a telephone central office.
PAR  In a telephone central office, each of the outside lines or cables that is
      terminated at the central office must be protected such that high voltages
      and sneak currents occurring on such lines or cables do not damage central
      office equipment and/or injure operating personnel. One type of protection
      system that so protects the lines incorporates modular components so that
      the system occupies a minimum amount of space, provides versatile types of
      protection functions and facilitates operating and repair procedures. This
      modular type of protection system consists primarily of a plurality of
      terminal receptacles mountable on main frame mounting bars located in a
      telephone central office. Each terminal receptacle is capable of receiving
      two plugin type protector modules, each of which provides various
      protection functions for a pair of tip and ring cables or lines. These
      protector modules can be rapidly replaced or interchanged with a minimum
      amount of effort and expense.
PAR  Each of the modular plug-in protector modules can contain various types of
      protection devices to provide the various protection functions. For
      instance, the plugin protector module may contain a heat coil unit for
      each of the lines that isolates the central office equipment during
      overload conditions and that activates alarm circuits, if desired.
      Normally, these heat coil units are resettable by plungers projecting from
      the protector modules. In addition, the protector modules may contain
      arrester subassemblies to ground the outside lines or cables if high
      voltages or sneak currents occur on those lines. The arrester
      subassemblies are readily mounted in small compartments provided in the
      protector module such that each arrester is electrically inserted between
      a terminal contact coupled to an outside line and a grounded terminal
      contact.
PAR  In the past, gas tube type arrester subassemblies used in these protector
      modules consisted of non-failsafe glass button tubes that were mounted in
      appropriate holders. More recently, it has become advantageous to utilize
      standard type gas tube arresters that provide for internal fail-safe
      operation in the event a sustained overvoltage or sneak current condition
      occurs on a telephone line. However, these standard type gas tube
      arresters must still be easily mountable in the protector modules.
PAR  Accordingly, objects of the present invention are to provide a new and
      improved gas tube arrester subassembly that can utilize standard gas tube
      arresters having fail-safe capabilities; that is relatively inexpensive
      and simple to produce; that is readily mountable in protector modules of a
      modular component type telephone central office protection system; that is
      easily assembled with substantially nonflammable type materials; and that
      provides both good heat transfer and electrical paths between the gas tube
      arrester and the telephone office protection system.
PAR  In accordance with these and many other objects of the present invention,
      an embodiment of the present invention includes a gas tube arrester
      subassembly which is mounted between a line terminal contact and a ground
      contact in a small compartment of a protection module forming a part of a
      modular component type protection system. The subassembly includes a
      standard type gas tube arrester consisting of an insulating spacer tube
      with a cupshaped end cap and stem or rod portion projecting therefrom to
      form an electrode at each end of the spacer tube. The subassembly also
      includes a generally cylindrical shell portion or container having one end
      substantially closed except for a relatively narrow slot and the other end
      substantially open. One leg portion of a conductive, generally U-shaped
      spring member is insertable through the slot such that the one leg portion
      extends along the inner surface of the closed end. The other leg portion
      extends away from the outer surface of the closed end. Located adjacent
      the one leg portion within the shell portion is a conductive, generally
      disk shaped contact member having a centrally located notch in the surface
      adjacent the open end of the shell portion. One electrode of the gas tube
      arrester is insertable into the open end of the shell portion and is
      rotatably secured in the shell portion by swaging portions of the open end
      of the shell portion about the end cap of the one electrode. Upon
      insertion of the gas tube arrester subassembly between the line terminal
      contact and the ground contact, the spring member forces the stem portion
      of the other electrode against one of the contacts and the stem portion of
      the one electrode is forced into the notch disposed in the contact member
      and against the contact member so that an electrical and heat thermal path
      is formed between the one stem portion through the contact and spring
      members to the other contact.
DRWD
PAR  Many other objects and advantages of the present invention will become
      apparent from considering the following detailed description in
      conjunction with the drawings in which:
PAR  FIG. 1 is a perspective view of a protector module with one gas tube
      arrester subassembly embodying the present invention mounted in a small
      compartment of the protection module and with a second gas tube arrester
      subassembly positioned adjacent another small compartment in the protector
      module to illustrate the insertion of the arrester subassembly into the
      compartment;
PAR  FIG. 2 is a side elevation view of a gas tube arrester subassembly of the
      type shown in FIG. 1 with the portions of the subassembly other than the
      gas tube arrester shown in cross-section;
PAR  FIG. 3 is an end plan view of the subassembly of FIG. 2 as viewed from the
      left side of FIG. 2; and
PAR  FIG. 4 is another end view of the subassembly of FIG. 2 as viewed from the
      right side of FIG. 2.
DETD
PAR  Referring now to FIG. 1 of the drawings, therein is disclosed a protector
      module 10 that is utilized in a modular component type protector system in
      a telephone central office. The protector module 10 has a generally
      rectangular shaped housing 12 with base portion 13 and a cover or lid 14
      secured to the base 13 by a pair of set screws 16 and 18. Extending from
      one side portion of the protector module 10 are terminals 20, 22, 24 and
      26. The terminals 20 and 24 are normally connected to a pair of outside
      telephone lines terminated at the telephone central office, whereas the
      terminals 22 and 26 are coupled to the terminals 20 and 24, respectively,
      in the protector module 10 and to telephone central office equipment. In
      order to protect the central office equipment coupled to the terminals 22
      and 26 from high voltages or sneak currents that might occur on the
      outside telephone lines coupled to the terminals 20 and 24, the protector
      module 10 contains various protection devices to provide the modular
      component type protection system with various protection functions.
PAR  For instance, the protector module 10 may contain heat coil devices that
      are coupled between the terminals 20 and 22 or between the terminals 24
      and 26 such that when an overvoltage condition occurs, the heat coil
      device will isolate the terminal 20 from the terminal 22 or the terminal
      24 from the terminal 26 so that the central office equipment coupled to
      the terminals 22 and 26 will not be damaged due to the overvoltage
      condition. In addition, the heat coil devices may actuate alarm circuitry
      when such an overvoltage condition occurs. Normally, these heat coil
      devices are resettable by means of plungers that extend from the housing
      12 when the heat coil device is actuated due to an overvoltage condition.
PAR  In addition, the protector module 10 has a pair of relatively small
      compartments 28 and 30 that are accessible through the lid or cover 14. At
      one end of the compartment 28 is a line terminal contact 32 that is
      directly coupled to the terminal 20. At the other end of the compartment
      28 is a ground terminal contact 34 that is coupled to a main frame ground
      bar (not shown) in the telephone central office through the modular
      component system. Similarly, the compartment 30 has a line terminal
      contact 36 coupled to the terminal 24 and a ground terminal contact 38
      coupled to the main frame grounding bar. Each of the compartments 28 and
      30 is capable of receiving a gas tube arrester subassembly which is
      generally indicated at 40 and which embodies the present invention. The
      gas tube arrester subassembly 40 provides fail-safe protection for the
      line coupled to the terminal 20 when inserted in the compartment 28 and
      for the line coupled to the terminal 24 when inserted in the compartment
      30.
PAR  More specifically and as shown in FIGS. 2-4, the gas tube arrester
      subassembly 40 includes a gas tube arrester 42, a shell or container
      portion 44 into which the gas tube arrester 42 is insertable, a contact
      member 46 disposed within the shell portion 44, and a spring member 48.
      The gas tube arrester 42 is a standard type of gas tube arrester having an
      insulating spacer tube 50 made of ceramic or the like. At one of the
      spacer tubes 50 is an electrode 52 formed of a cup-shaped, relatively thin
      cross-sectional metal end cap 54 and a solid metal stem or rod portion 56.
      At the other end of the spacer tube 50 is a similar electrode 58
      consisting of a cup-shaped, relatively thin cross-sectional metal end cap
      60 and a solid metal stem portion 62. The stem portions 56 and 62 extend
      into the spacer tube 50 so as to form a spark gap between the stem
      portions 56 and 62.
PAR  The gas tube arrester 42, in particular, the electrode 58 and a portion of
      the spacer tube 50, is insertable into the shell portion 44. The shell
      portion 44 is formed of a generally cylindrically shaped, conductive
      container or housing 64 made of brass or the like. One end portion 66 of
      the container 64 is substantially open whereas another end portion 68 is
      substantially closed. The closed end portion 68 has a generally
      rectangular, narrow slot 70 so that a portion of the spring member 48 is
      removably insertable into the interior of the container 64.
PAR  The spring member 48 is conductive, being made of copper or the like. As is
      apparent from FIGS. 1-3, the spring member 48 is generally U-shaped such
      that is has leg portions 72 and 73 extending from a bight portion 74. When
      the spring member 48 is inserted through the slot 70, the leg portion 72
      extends along or adjacent the inner surface of the closed end portion 68
      of the container 64. The other leg portion 73 of the spring member 48 is
      then positioned near the outer surface of the closed end portion 68.
PAR  Disposed in the shell portion 44 between the leg portion 72 and the open
      end 66 of the shell portion 44 is the contact member 46. The contact
      member 46 is generally disk-shaped and is made of an appropriate
      conductive material such as brass or the like. One side 76 of the contact
      member 46 is disposed adjacent to the leg portion 72 of the spring member
      48. Another side portion 78 of the contact member 46 has a centrally
      located, generally cylindrical notch 80. The contact member 46 provides
      the electrical and thermal path between the stem portion 62 of the gas
      tube arrester 42 and the spring member 48.
PAR  More specifically, the electrode 58 and a small portion of the spacer tube
      50 of the gas tube arrester 42 are insertable into the open end 66 of the
      shell portion 44. These portions of the gas tube arrester 42 are secured
      in the shell portion 44 by swaging portions of the open end portion 66 of
      the container 64 to form holding or securing members 82-85 about the end
      cap 60 of the electrode 58. Since the end cap 60 is slightly smaller in
      diameter than the container 64, the gas tube arrester 42 is free to rotate
      in the shell portion 44 and is free to move laterally along the
      longitudinal axis of the container 64 between the contact member 46 and
      the holding members 82-85.
PAR  As previously indicated, the gas tube arrester subassembly 40 is insertable
      into the small compartments 28 and 30 in the protector module 10. As
      illustrated in FIG. 1 in connection with the gas tube arrester subassembly
      40 and the compartment 28, the gas tube arrester subassembly 40 is easily
      insertable into either of the compartments 28 or 30 through the opening in
      the cover 14 above the compartments 28 or 30. When the gas tube arrester
      subassembly 40 is so inserted into the compartment 28, the stem portion 56
      of the electrode 52 is forced against the ground terminal contact 34 and
      the spring member 48 is forced against the line terminal contact 32.
PAR  With the gas tube arrester subassembly 40 inserted between the contacts 32
      and 34, the spring member 48 is compressed such that the leg 73 is forced
      toward the outer surface of the closed end portion 68 of the shell portion
      44. Because of the compression of the spring member 48 in this manner, the
      gas tube arrester 42 is forced to move laterally into the shell portion 44
      (toward the left in FIG. 2) such that the stem portion 62 is forced into
      the notch 80 in the contact member 46 and abuts against a bottom surface
      86 of the notch 80. In this manner, the contact member 46 directly couples
      the stem portion 62 of the electrode 58 to the spring member 48. Thus, the
      stem portion 62 is electrically and thermally coupled to the line terminal
      contact 32 through the contact member 46 and the spring member 48.
PAR  In the event that a high voltage or sneak current occurs on the outside
      cable or line coupled to the terminal 20, the high voltage or sneak
      current will be applied to the line terminal contact 32 and coupled
      through the spring member 48 and the contact member 46 to the electrode 58
      of the gas tube arrester 42. If the high voltage or sneak current is of
      sufficient magnitude, the spark gap formed between the electrode 52 and 58
      in the spacer tube 50 will spark over and a short circuit will be formed
      between the stem portions 56 and 62. Since the stem portion 56 is directly
      coupled to the ground terminal contact 34, the high voltage or sneak
      current will be dissipated to ground through the main frame ground bar to
      which the ground terminal contact 34 is coupled.
PAR  In this manner, any high voltages or sneak currents that occur on the line
      coupled to the terminal 20 will be coupled to ground rather than to the
      terminal 22 so that any central office equipment coupled to the terminal
      22 will not be damaged. In a similar manner, the gas tube arrester
      subassembly 40 located in the compartment 30 between the contact members
      36 and 38 protects the central office equipment coupled to the terminal 26
      from any high voltages or sneak currents occuring on the line coupled to
      the terminal 24.
PAR  It should be noted that the gas tube arrester 42 is the type that has
      internal fail-safe capabilities. Thus, in the event that a high voltage or
      sneak current condition persists for a predetermined period of time, the
      spark gap between the electrodes 52 and 58 will permanently short over.
      The line connected to the terminal 20 or the terminal 24 then will be
      continuously grounded such that the equipment coupled to the terminal 22
      or the terminal 26, respectively, will not be damaged even if the high
      voltage or sneak current condition persists for a long period of time.
PAR  The structure of the gas tube arrester subassembly 40 also facilitates the
      easy manufacture of such a subassembly. Before the assembly of the gas
      tube arrester subassembly 40, the shell portion 44 is completely open at
      its open end portion 66 and does not have the holding or securing members
      82-85. The leg portion 72 of the spring member 48 is easily inserted
      through the slot 70 in the closed end portion 68 of the shell portion 44.
      The contact member 46 as well as the electrode 58 and a portion of the
      spacer tube 50 of the gas tube arrester 42 are then inserted through the
      open end 66 of the shell portion 44. Thereafter, the portions of the
      container 64 at the open end 66 are swaged about the end cap 60 of the
      electrode 58 so as to form the securing members 82-85.
PAR  Moreover, the positioning of the gas tube arrester subassembly 40 between
      the contacts 32 and 34 or the contacts 36 and 38 enable any heat generated
      during a power cross to be dissipated by the heat sinks formed by the
      protection system to which the contacts 32, 34, 36 and 38 are coupled. In
      particular, the heat generated in the gas tube arrester 42 during a power
      cross tends to be dissipated through the solid metal stem portions 56 and
      62 rather than the relatively thin metallic end caps 54 and 60 of the
      electrodes 52 and 58, respectively. Since the stem portion 56 is directly
      coupled to the ground terminal contact 34 or 38, the heat generated during
      the power cross can be dissipated by the adequate heat transfer path
      provided between the stem portion 56 and the contacts 34 or 38.
PAR  In the same manner, the heat generated at the stem portion 62 can be
      dissipated to the protection system because the stem portion 62 is in
      intimate contact with the contact member 46, which in turn, is in intimate
      contact with the spring member 48. Since the contact member 46 and the
      spring member 48 have adequate heat transfer characteristics, any heat
      generated at the stem portion 62 is adequately dissipated. This is
      particularly important so that the seal between the end caps 54 and 60 and
      the spacer tube 50 are not damaged during power crosses so that the gas
      tube arrester 42 can be used as a fail-safe protection device.
PAR  In addition, the entire gas tube arrester subassembly 40 is made of
      nonflammable material. If any component of the gas tube arrester
      subassembly 40 was not made of such nonflammable material, the gas tube
      arrester subassembly 40 could be considerably damaged during power crosses
      because the temperature during such conditions could attain approximately
      1300.degree. F.
PAR  Although the present invention is described with reference to a single
      illustrative embodiment thereof it should be understood that numerous
      other modifications and embodiments of the invention can be devised by
      those skilled in the art that will fall within the spirit and scope of the
      principles of this invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An arrester subassembly having an arrester with an electrode at one end,
      said arrester subassembly further comprising:
PA1  a shell portion having one end substantially closed and one end
      substantially open, said shell portion having securing means at said open
      end to secure said electrode in said shell portion;
PA1  a spring means removably mounted on said shell portion at said closed end
      of said shell portion; and
PA1  a contact means disposed in said shell portion between said spring means
      and said electrode.
NUM  2.
PAR  2. The arrester subassembly as set forth in claim 1 wherein said shell
      portion is substantially cylindrical in shape and said securing means are
      formed at said open end by swaging portions of said cylindrical shell
      portion at said open end.
NUM  3.
PAR  3. The arrester subassembly as set forth in claim 1 wherein said shell
      portion has a slot in said closed end to receive said spring means and
      said spring means is generally U-shaped with a first leg portion extending
      through said slot along the inner surface of said closed end of said shell
      portion and a second leg portion extending away from the outer surface of
      said closed end.
NUM  4.
PAR  4. The arrester subassembly as set forth in claim 1 wherein said contact
      means is generally diskshaped with a notch in one side to receive a
      portion of said electrode when it is positioned in said shell portion.
NUM  5.
PAR  5. The arrester subassembly as set forth in claim 1 wherein said shell
      portion, said spring means, and said contact means are metal and
      conductive.
NUM  6.
PAR  6. An arrester subassembly having an arrester with a spacer tube and an one
      electrode at one end of said spacer tube, said electrode including an end
      cap and a stem portion extending from said end cap, said gas arrester
      subassembly further comprising:
PA1  a container means having one end substantially closed, said container means
      being adapted to rotatably receive said end cap and said stem portion; and
PA1  a biasing means removably mounted through said closed end of said container
      means, said biasing means being coupled to said stem portion.
NUM  7.
PAR  7. The arrester subassembly as set forth in claim 6 including a contact
      means disposed between said stem portion and said biasing means to couple
      said stem portion to said biasing means.
NUM  8.
PAR  8. In combination with a plug-in type protector module having compartments
      with a pair of opposed contacts, a gas tube arrester subassembly to be
      inserted between said contacts, said gas tube arrester subassembly
      comprising:
PA1  a gas tube arrester formed of a spacer tube having a first electrode at one
      end and a second electrode at the opposite end of the spacer tube, said
      first electrode having a first end cap and a first stem portion and said
      second electrode having a second end cap and a second stem portion;
PA1  a container means having one end substantially closed and one end
      substantially open, said container means having holding means to secure
      said second electrode in said container means;
PA1  a contact means disposed in said container means; and
PA1  a spring means removably mounted at said closed end of said container
      means, said spring means being forced against one of said contacts when
      said subassembly is inserted into said compartment such that said first
      stem portion is forced against said other contact and said second stem
      portion is forced against said contact means so that said spring means is
      coupled to said second stem portion through said contact means.
NUM  9.
PAR  9. The combination as set forth in claim 8 wherein said container means is
      generally cylindrical and has a slot in said closed end through which said
      spring means in mounted.
NUM  10.
PAR  10. The combination as set forth in claim 9 wherein said contact means is
      disk shaped having a diameter slightly smaller than the inside diameter of
      said container means and having a notch at one end aligned with said
      second stem portion.
NUM  11.
PAR  11. The combination as set forth in claim 8 wherein said holding means are
      formed by swaging portions of said container means about said second end
      cap.
NUM  12.
PAR  12. An arrester subassembly having an arrester with an electrode at one
      end, said arrester subassembly further comprising:
PA1  a shell portion having a first end substantially open, said shell portion
      having securing means at said open end to secure said electrode in said
      shell portion;
PA1  a spring means on said shell portion at an opposite second closed end of
      said shell portion; and
PA1  a contact means disposed in said shell portion between said spring means
      and said electrode.
NUM  13.
PAR  13. The arrester subassembly as set forth in claim 12 wherein said shell
      portion is substantially cylindrical in shape and said securing means are
      formed at said first open end by swaging portions of said cylindrical
      shell portion at said open end.
NUM  14.
PAR  14. The arrester subassembly as set forth in claim 12 wherein said contact
      means is generally disk-shaped with a notch in one side to receive a
      portion of said electrode when it is positioned in said shell portion.
NUM  15.
PAR  15. An arrester subassembly having an arrester with a spacer tube and an
      one electrode at one end of said spacer tube, said gas arrester
      subassembly further comprising:
PA1  a container means having one end substantially open, said container means
      being adapted to rotatably receive said electrode in said open end; and
PA1  a biasing means mounted at said other end of said container means, said
      biasing means being coupled to said one electrode.
NUM  16.
PAR  16. The arrester subassembly as set forth in claim 15 including a contact
      means disposed between said one electrode and said biasing means to couple
      said one electrode to said biasing means.
NUM  17.
PAR  17. In combination with a plug-in type protector module having compartments
      with a pair of contacts, a gas tube arrester subassembly to be inserted
      between said contacts, said gas tube arrester subassembly comprising:
PA1  a gas tube arrester formed of a spacer tube having a first electrode at one
      end and a second electrode at the opposite end of the spacer tube,
PA1  a container means having one end substantially open, said container means
      having holding means to secure said second electrode in said container
      means;
PA1  a contact means disposed in said container means; and
PA1  a spring means coupled to said second electrode by said contact means and
      positioned between said container means and one of said contacts to
      position said subassembly in said compartment such that said second
      electrode is coupled to said one contact and said first electrode is
      coupled to the other of said contacts.
NUM  18.
PAR  18. The combination as set forth in claim 17 wherein said holding means are
      formed by swaging portions of said container means about said second
      electrode.
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ABST
PAL  A temperature-sensitive tipswitch includes a pair of normally closed
      flexible conductive arms. A temperature responsive actuating arm is
      mounted adjacent the conductive arms and insulation discs separate all
      three. A bracket is connected into the stack formed by the arms and
      insulation discs and the bracket mounts a mercury tipswitch. There are one
      or more terminals extending out from the stack and in electrical contact
      with one of the conductive arms and a second terminal connected to the
      tipswitch.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a temperature responsive tipswitch and
      particularly to such a switch utilizing a mercury button switch.
PAR  One purpose of the invention is a switch of the type described providing
      temperature responsive and multi-axis gravity responsive circuit
      interruption.
PAR  Another purpose is a switch of the type described in which the temperature
      responsive and gravity responsive portions of the switch are independent.
PAR  Another purpose is a switch of the type described which provides low
      tooling cost, flexible mounting, varied terminations, simple installation
      and minimum cost.
PAR  Another purpose is a combination temperature responsive and gravity
      responsive switch utilizing a novel bracket, mounted in the stack of the
      temperature responsive portion of the switch and itself mounting a mercury
      button switch.
PAR  Another purpose is a switch of the type described in which the bracket
      provides locating means for properly mounting the gravity responsive
      portion of the switch.
PAR  Another purpose is a tipswitch of the type described in which the bracket
      mounting the gravity responsive portion of the switch is incorporated into
      the mounting stack in lieu of a terminal, thereby providing a current path
      to one of the thermally actuated contact members.
PAR  Another purpose is a switch of the type described using a bracket which
      provides a secure mechanical connection and an efficient electrical
      connection between the thermally responsive and gravity responsive
      portions of the switch.
PAR  Other purposes will appear in the ensuing specification, drawings and
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated diagrammatically in the following drawings
      wherein:
PAR  FIG. 1 is a schematic electrical diagram illustrating the functions of the
      switch disclosed herein,
PAR  FIG. 2 is a side view of the temperature-sensitive tipswitch,
PAR  FIG. 3 is a top plan view of the switch of FIG. 2, with the mercury switch
      removed, and
PAR  FIG. 4 is a bottom view of the bracket.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the past there have been a number of different devices which provided
      both temperature responsive and multi-axis gravity responsive circuit
      interruption. The least cost designs which provided such functions have
      the bimetal thermal actuator and/or the pendulum moving a common contact
      arm, thus saving a pair of contacts. Pending Underwriters Laboratories'
      requirements for space heating appliances will require independent contact
      pairs or other protective measures if the temperature control should fail.
      Thus, in many applications, no longer can the bimetal thermal actuator and
      the pendulum move a common contact arm. This latter construction is of the
      general type shown in U.S. Pat. No. 3,452,312.
PAR  The present invention integrates a conductive liquid button switch, for
      example a mercury or sodium potassium alloy switch, through the
      construction of a novel bracket, into the stack of the conventional open
      frame thermostat. The particular button chosen is conventional and is
      designed and used in electric wall switches. It is intended to be rotated
      through a 90.degree. arc about its axis to effect make or break circuit
      operation.
PAR  The switch disclosed herein is conventionally used in an appliance, for
      example a space heater, in which it is necessary to have circuit
      interruption of power to the heating element when the temperature exceeds
      a predetermined level or when the appliance itself is in an abnormal or
      tipped-over position. The invention, however, should not be limited to
      this particular application, as it has wider use.
PAR  In FIG. 1 a voltage source is indicated diagrammatically at 10 and a
      heating element is indicated at 12. A fan blower 14 may be in parallel
      with the heating element 12. A switch 16 diagrammatically represents the
      temperature responsive portion of the switch described herein, whereas,
      the tipswitch portion of the overall device is indicated at 18. Thus,
      circuit interruption may be provided either by opening switch 16 or switch
      18. When both switches are closed, as in normal operation, power will be
      supplied both to the heating element 12 and to the fan blower 14.
PAR  In FIG. 2 a portion of the appliance mounting panel is indicated at 20. The
      switch indicated generally at 22 may have a control shaft 24 passing
      through an opening in panel 20. The shaft 24 may be internally threaded
      into a bushing 26 having external threads for use in mounting a nut, not
      shown, which will attach the overall switch construction to the panel 20.
      The switch may be mounted to the panel in a variety of different
      positions. The particular orientation of the mounting will determine the
      particular orientation of the mercury button switch within the overall
      combination. The switch may be mounted vertically, horizontally, or at any
      intermediate angle, depending upon the appliance, and the particular
      mounting of the switch will in turn determine the orientation of the
      mercury tipswitch. Only one particular orientation is shown herein, but it
      should be understood that variations on this orientation will be
      necessitated by the appliance and the location of the switch on the
      appliance.
PAR  A pair of flexible conductive arms are indicated at 28 and 30. The arms 28
      and 30 each have conventional contacts, 32 and 34 respectively, which are
      in the normally closed position of FIG. 2. An insulating disc 36 separates
      the ends of arms 28 and 30 opposite contacts 32 and 34. The insulation
      disc 36 is a part of a stack indicated generally at 38, which also
      includes an insulation disc 40 separating arm 30 and a temperature
      responsive actuating arm 42. A disc 44 separates terminal 46, which lies
      flat upon arm 28 and a mounting plate 48 which is attached to the bushing
      26. A rivet 50 may hold the stack 38 together and extends from the
      mounting plate 48 to disc or head 52 which is positioned at the opposite
      end of the stack.
PAR  The temperature responsive actuating arm 42 may carry a button 54 adjacent
      one end and in position to contact arm 28. Thus, in the conventional
      operation of the temperature responsive portion of the switch, when there
      is excessive heat in the area adjacent the switch, button 54 will move
      toward arm 28 and move it away from arm 30 to break the electrical
      connection between contacts 32 and 34.
PAR  A stop 56 extends outwardly from shaft 24 and the stop is controlled by
      rotation of the shaft. Note particularly FIG. 3 in which the low and high
      heat positions of the shaft are diagrammatically illustrated.
PAR  A bracket 60 has a mounting portion 62 which is positioned flush with
      contact arm 30 and between the contact arm and insulation disc 36. The
      bracket 60 extends outwardly from the stack and has an opening 64, shown
      particularly in FIG. 3. Circumferentially spaced about opening 64 are a
      plurality of tabs 66, all but two of which are at least partially bent
      over so as to permit the positioning of mercury button switch 68 within
      opening 64. As shown in FIG. 3, there are two tabs, 70 and 72, which are
      not bent to a position approximating the axis of the opening and these
      tabs or projections are used for positioning the mercury switch 68 within
      the opening. The conventional mercury button switch, as it is
      manufactured, has a pair of axially extending peripheral grooves. The
      projections 70 and 72 will fit within these grooves to thus position and
      properly orient the mercury button switch within the overall combination.
      In this connection, the number of tabs will vary in accordance with the
      desired accuracy of orientation. With fourteen equispaced tabs, and only
      one tab for orientation, the mercury switch can be rotated in
      approximately twelve degree increments. With sixteen tabs and one for
      orientation, twenty-two and one-half degree increments are available.
PAR  The bracket 60, as indicated above, has a portion 62 which is positioned
      within the stack. It has a portion 74 which surrounds the opening 64.
      Joining the portions 62 and 74 is a strengthening area 76 which includes a
      pair of spaced ribs 78 and a portion 80 at right angles to the portions 62
      and 74. Thus, the area 76 is strengthened both by the ribs and the offset
      80 between areas 62 and 74.
PAR  The button switch 68 has a terminal 82 which provides the input connection
      for the switch. This may be the terminal that is connected to the source
      10. The bracket 60 provides the output terminal for the button switch 68
      and, as shown in FIG. 1, provides the input terminal for switch 16. In the
      detailed illustration of FIGS. 2, 3 and 4, bracket 60 is in electrical and
      mechanical contact with arm 30, thus eliminating one terminal. The output
      from switch 16 is through arm 28 which lies flush against output terminal
      46, which would be connected to the load 12 and fan 14.
PAR  In use the mercury button switch will be oriented so that there is contact
      between the input and output terminals through the mercury within the
      switch. Thus, switch 18 in the schematic of FIG. 1 will be in normally
      closed position. Switch 16 will also be in a normally closed position
      which is the position of FIG. 2. If there is excessive heat in the
      appliance, arm 42, because it is temperature responsive and of bimetal
      construction, will be slowly bent toward arm 28 such that button 54
      ultimately will move arm 28 away from arm 30 to break the connection
      between contacts 32 and 34. This is the temperature responsive protection
      portion of the switch.
PAR  The mercury button switch 18 is oriented in a particular manner on the
      appliance so that if the appliance is tipped forward, backward, or to
      either side, which movement could be a potential hazard, then the mercury
      connection within the switch is broken and thus power to the appliance is
      cut off. This is the gravity responsive portion for the switch.
PAR  Of particular importance is the bracket 60. It permits a unique combination
      of a tipover switch and a temperature responsive switch with a minimum of
      additional elements. The bracket is positioned against one of the contact
      arms and thus provides a direct connection between the tipover switch and
      the temperature responsive switch. The bracket is strengthened and has an
      opening which provides for a particular orientation of the tipover switch.
      The tabs 66 serve to assure mechanical and electrical integrity and
      effectively provide an interference fit between the bracket and the
      tipover switch. The number of tabs may vary, depending upon the degree of
      accuracy required in the orientation of the tipover switch.
PAR  The button switch 68 has a terminal 82 which provides the input connection
      for the switch. Alternate input connections could be wire or other
      terminal types crimped, welded or soldered in place.
PAR  Whereas the preferred form of the invention has been shown and described
      herein, it should be realized that there may be many modifications,
      substitutions and alterations thereto.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A temperature sensitive and gravity sensitive switch including a pair of
      flexible conductive arms arranged for contact adjacent one end thereof,
      insulation means mounting and separating the opposite ends of said arms, a
      temperature responsive actuating arm and insulating means mounting and
      separating one end thereof from said conductive arms, means on said
      actuating arm positioned for contact with one of said conductive arms to
      effect opening and closing of said conductive arms,
PA1  a bracket in electrical contact with a conductive arm and mounted thereto
      by said insulation means, and a conductive liquid tipswitch mounted in
      said bracket and connected in series with said conductive arm through said
      bracket.
NUM  2.
PAR  2. The structure of claim 1 further characterized in that said bracket
      includes an opening, locating means in said opening for positioning said
      conductive liquid tipswitch within said opening.
NUM  3.
PAR  3. The structure of claim 2 further characterized in that said conductive
      liquid tipswitch has a generally cylindrical outer housing, at least one
      axially extending groove in the outer surface of said housing, said
      locating means including a projection integral with said bracket and
      extending into said opening.
NUM  4.
PAR  4. The structure of claim 3 further characterized by and including a pair
      of circumferentially-extending spaced projections extending into said
      opening for locating said conductive liquid tipswitch therewithin.
NUM  5.
PAR  5. The structure of claim 1 further characterized in that said insulation
      means include a plurality of separate discs, there being one disc between
      said flexible conductive arms and a second disc between one of said arms
      and said temperature responsive actuating arm.
NUM  6.
PAR  6. The structure of claim 5 further characterized in that said bracket has
      a portion thereof lying flat upon a portion of a conductive arm.
NUM  7.
PAR  7. The structure of claim 6 further characterized in that said insulation
      discs, bracket, temperature responsive actuating arm and flexible
      conductive arms are all secured together in a single stack.
NUM  8.
PAR  8. The structure of claim 7 further characterized by and including
      strengthening means formed in said bracket between said tipswitch and the
      portion of the bracket lying flat against a conductive arm.
NUM  9.
PAR  9. The structure of claim 1 further characterized by and including a
      terminal connected to one of said conductive arms and a second terminal
      connected to said conductive liquid tipswitch, said bracket being in
      electrical contact with the other of said conductive arms.
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ABST
PAL  A cartridge fuse carrier assembly has a housing with a recess for receiving
      a cartridge fuse. The fuse is held compressedly between a contact member
      at the bottom of the recess, and a conducting ring carried by a cap at the
      mouth opening of the recess. The cap carries locking means which are moved
      into the cap-securing position by a transverse movement of the cap
      relative to the recess, after the cap has been fitted to the mouth opening
      of the recess. One of the locking means forms an electrical connection
      between the mouth opening end of the inserted fuse, and a connection
      terminal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Cartridge fuses are often included in circuits for the protection of
      electrical equipment, for example each phase, including the neutral
      conductor, of an electrical circuit, can include a cartridge fuse. Such a
      fuse may be carried in a fuse holder which is an independent unit
      connected into the circuit to be protected, or in a fuse holder which is
      combined with for example an electrical switch. In the latter case the
      fuse may be inserted into a suitable recess or housing provided in the
      insulating casing of the switch, which may be manual or automatic.
PAR  It has been proposed that a cartridge fuse can be secured in the housing by
      a ring nut which is screw-threadedly fitted onto a screw-threaded ring at
      the mouth of the housing, the ring nut being tightened on the ring to
      provide a locking action to secure the fuse in the housing. Tightening of
      the ring nut also causes a compression force to be applied to the
      cartridge fuse in the axial direction thereof, to ensure electrical
      contact and continuity. However, the ring nut is not always capable of
      maintaining a secure contact with the correct degree of compression of the
      cartridge fuse, since the ring nut may tend to become slackened. In
      addition, the production and fitting of a ring nut and a companion
      screw-threaded ring generally involve substantial cost.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a cartridge fuse
      carrier assembly in which a cartridge fuse can be easily fitted into its
      operative position.
PAR  A further object is to provide a carrier assembly which ensures that the
      compression force applied to the cartridge fuse for the purposes of
      maintaining electrical contact and continuity, does not become reduced in
      the course of time.
PAR  Yet another object of the invention is to provide a cartridge fuse carrier
      assembly which does not require the manufacture of complicated components
      such as screw-threaded members, as in the previously discussed assemblies.
PAR  To attain these and other objects, the cartridge fuse carrier assembly of
      the invention has a housing with connection terminals for connecting the
      assembly into an electrical circuit. The housing has a recess into which a
      cartridge fuse can be inserted, a contact member being disposed in the
      recess, adjacent the closed end thereof, and connected to one of the
      terminals. One end cap of a cartridge fuse bears against the contact
      member in the fitted position of the fuse. The open end of the recess is
      closed by an insulating cap which has an electrically conducting ring with
      an abutment shoulder which bears against the second end cap of the
      cartridge fuse, to urge the cartridge fuse against the contact member. The
      cap has engagement means in the form of lugs, hooks or the like, for
      securing the cap in position in the opening of the recess, at least one of
      the engagement means being electrically conducting in order to form an
      electrical connection between the ring on the cap and the other of the
      connection terminals of the housing. The cap with cartridge fuse carried
      thereby is displaced in the axial direction of the recess to bring the
      fuse into contact with the contact member in the recess, the cap then
      being displaced in a second direction transversely to the axial direction
      of the recess, to lock the cap in position. The second phase of movement
      of the cap, in the transverse direction, can be a rotary movement or a
      movement perpendicular to the axial direction of the recess.
PAR  The engagement means can comprise a generally hook-shaped member on the
      cap, which is co-operable with a transverse member extending across the
      opening of the recess, adjacent one side thereof. The cap is displaced
      laterally of the recess, so that the hook-shaped member engages the
      transverse member for locking the cap.
PAR  The engagement means can also include a tab member projecting substantially
      radially from the ring in the cap, the tab member being engageable into a
      slot in an electrically conducting member which is disposed adjacent the
      opening of the recess, at the side of the recess opposite the
      above-mentioned transverse member. In this way both the hook-shaped member
      and the tab member are moved into their position of engagement to lock the
      cap, by a single lateral movement of the cap.
PAR  Although the contact member in the bottom of the recess can be resiliently
      flexible, to provide the necessary compression force on the cartridge
      fuse, it is also possible to provide separate spring means to achieve the
      same effect.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a view in cross-section of the carrier assembly, with a cartridge
      fuse in a partially disengaged position,
PAR  FIG. 2 shows the carrier assembly with the cartridge fuse secured in
      position therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, a cartridge fuse carrier assembly comprises a
      box or housing 1 of insulating material. The box or housing 1 may be the
      housing of an independent fuse holder, that is to say, a unit whose sole
      purpose is to incorporate a fuse into an electrical circuit, or it may be
      a part of the casing of for example a manual or automatic switch, that is
      to say, a switch and the fuse carrier assembly are combined into a single
      unit. The housing 1 shown includes an elongated recess 2, although the
      housing 1 may have a plurality of such recesses where a plurality of
      cartridge fuses are to be carried by the carrier assembly, for example
      when it is necessary to include a fuse in each phase conductor line of an
      electrical circuit to be protected, including the neutral line. As can be
      seen from the drawing, the recess 2 is closed at one end, being the
      left-hand end in the drawing.
PAR  An electrical contact member or contact means 3 is arranged partly within
      the recess 2. The contact member 3 is resiliently flexible and is of an
      angularly bent configuration, including a contact portion adjacent the
      bottom or closed end of the recess 2, and a portion forming part of a
      connecting terminal 4. The contact member 3 is secured in the housing 1 by
      means of a screw 5.
PAR  The recess 2 is open outwardly of the housing 1, at the right-hand end in
      the drawing, by means of an opening 6. A transverse member 7 is disposed
      across the opening 6, adjacent to and slightly above the bottom edge 8 of
      the opening 6.
PAR  Just inside the opening 6 of the recess 2, and in the side of the recess 2
      which is opposite the side thereof terminating at the engaging edge
      portion 8, is an opening 9. A contact member or contact means 10 extends
      across the opening 9 as shown, and has a slot 11 which is in line with the
      opening 9, while one edge portion 12 of the contact member 10 is bent
      towards the opening 9. The purpose of this arrangement will be apparent
      hereinafter.
PAR  The carrier assembly also comprises fuse cap means 13 made for example of
      insulating material, for closing the opening 6 of the recess 2. When the
      cap 13 is fitted into position at the opening 6 of the recess 2, as in
      FIG. 2, a cartridge fuse 14 will be locked in position in the recess 2,
      and will be subjected to a compression force in its axial direction.
PAR  The cap 13 carries a ring 15 which is made of electrically conducting
      material. The ring 15 is open at one side as indicated at 15', so as to
      provide a degree of flexibility in the ring 15, whereby the ring 15 can be
      slightly increased in its transverse dimension for insertion into the ring
      of a conducting end cap 16 of the cartridge fuse 14. The end cap 16 will
      be held in the ring 15 by the clamping action and the frictional
      engagement thereof.
PAR  The ring 15 also has an abutment member in the form of a radially extending
      annular flange or shoulder 15" against which the end cap 16 of the
      cartridge fuse 14 will abut, whereby the cartridge fuse is subjected to
      the above-mentioned axial compression force when it is secured in place in
      the carrier assembly, as shown in FIG. 2.
PAR  The cap 13 also has on one side, being the downwardly facing side in FIGS.
      1 and 2, a securing member 17 which is secured to or in one piece with the
      cap 13. The member 17 is generally hook-shaped as shown, comprising a
      portion which extends towards the body of the cap 13 from a position
      laterally spaced from the body of the cap, defining a cavity or recess 17'
      also delimited by part of surface 19 of the member 17. The arrangement of
      the member 17 is such that when the cap 13 is fitted into the opening 6 of
      the recess 2, this being the position shown in FIG. 2, the transverse
      member 7 fits into the cavity 17', to hold the cap 13 in a locked
      position.
PAR  At its side remote from the member 17, the ring 15 carries a radially
      projecting lug means or tab 18 arranged to engage into the slot 11 in the
      contact member 10 to secure the cap 13 in position to close the recess 2.
      The lug or tab 18 will also bear against the bent edge portion 12 of the
      contact member 10, as well as extending into the slot 11 (see FIG. 2).
PAR  The cap 13 has a small aperture 20 which is covered by a transparent wall
      portion 21, through which the end cap 16 of the cartridge fuse 14 can be
      inspected, for possible removal of the fuse.
PAR  The cartridge fuse is fitted into the above-described carrier assembly, in
      the following manner:
PAR  The end cap 16 of the cartridge 14 is first fitted into the ring 15 where
      it is held by the slight compression force of the ring. The end of the
      cartridge fuse 14 remote from the end cap 16 is then inserted into the
      recess 2, and the cap 13 with cartridge fuse 14 are moved in the axial
      direction of the recess 2 until the surface 19 of the hook-shaped member
      17 bears against the transverse member 7. In this position of the cap 13,
      the lug or tab 18 will be in alignment with the slot 11, and the
      transverse member 7 will be in alignment with the cavity 17'. The end cap
      of the cartridge fuse which is remote from the end cap 16 will be in a
      position of bearing firmly against contact portion, in the recess 2, of
      the contact member 3, since when the cartridge fuse 14 is displaced
      axially, it presses against the contact portion of the member 3 which is
      thus resiliently deflected, the resilient deflection thereby producing a
      compression force in the axial direction on the cartridge fuse.
PAR  To lock the cartridge fuse into the housing 1, the cap 13 is then moved
      transversely of the recess 2, that is to say, in an upward direction as
      viewed in FIGS. 1 and 2, so that the lug or tab 18 engages into the slot
      11 and the transverse member 7 engages into the cavity 17'. The cartridge
      fuse is now locked in position and held firmly between the shoulder 15" on
      the ring 15 in the cap 3, and the contact portion of the member 3.
PAR  The cartridge fuse 14 can be removed by reversing the sequence of the
      above-described operations.
PAR  The compression force applied to the fuse by the axial movement into the
      recess 2 is maintained when the cap 13 is locked by its transverse
      displacement, as described above. It will be noted that the contact member
      10, while being close to the opening 6, is not accessible for fingers or a
      tool, so that it does not represent an injury hazard, even when connected
      into the electrical circuit and when the electrical circuit is live.
      Although the second movement of the cap 13 to lock it in position is
      described above as being a lateral rectilinear movement perpendicular to
      the axial direction of the recess, the second movement could alternately
      be a rotary movement.
PAR  It will be noted that the cap 13 is easy to fit and remove and is securely
      locked when fitted as described above, thereby reducing the danger of
      accidental removal and exposure of the live contact members.
PAR  Although the compression force on the cartridge fuse 14 in the
      above-described assembly is produced by making use of the inherent
      flexibility and resiliency of the contact member 3, it would also be
      possible to provide independent resilient means such as a spring, to
      produce the compression force.
PAR  It will be apparent that various modifications and alterations could be
      made in the above-described construction without thereby departing from
      the spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a fuse assembly for mounting fuses having electrically conductive
      ends, a combination comprising a housing having an elongated recess for
      axially receiving a fuse through an opening; a pair of electrical contact
      means in said recess at longitudinally spaced locations thereof; fuse cap
      means for engaging one of said ends of the fuse and axially inserting the
      latter for effecting electrical contact between the other of said ends of
      the fuse and one of said spaced contact means; and locking means on said
      fuse cap means in electrically conductive contact with said one end of the
      fuse and adapted for movement in a direction transverse to said elongation
      of said recess for effecting electrical contact between said one end and
      the other of said spaced contact means only subsequent to said electrical
      contact created by the axial insertion of said fuse cap means.
NUM  2.
PAR  2. A combination as defined in claim 1; and further comprising resilient
      means in said recess adjacent one of said ends of said fuse for effecting
      an axial force on the fuse.
NUM  3.
PAR  3. A combination as defined in claim 2, wherein said one spaced contact
      means is flexible and constitutes said resilient means.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein said fuse cap means
      comprises a conductive ring mounted on said one end of the fuse, said ring
      having shoulder abutment means adjacent the axial end face of said one
      fuse end to prevent axial movement of said fuse out of said recess, and a
      holder formed of electrically insulating material partially surrounding
      said ring.
NUM  5.
PAR  5. A combination as defined in claim 4, wherein said locking means
      comprises a hook-shaped member having wall portions defining a cavity
      which extends in said direction transverse to said elongation of said
      recess.
NUM  6.
PAR  6. A combination as defined in claim 5, wherein said housing has an
      engaging portion adapted to abut against said wall portions of said
      hook-shaped member so as to limit axial insertion by said fuse cap means,
      and a transverse member extending across said opening of said housing and
      overlying said cavity when said engaging portion abuts against said wall
      portions, said transverse member being adapted to fit within said cavity
      when said fuse is displaced in said transverse direction.
NUM  7.
PAR  7. A combination as defined in claim 6, wherein said locking means further
      comprises conductive lug means in electrical contact with said conductive
      ring and extending radially in said transverse direction, said other of
      said contact means having a transverse slot adapted to receive said lug
      means when the fuse is displaced in said transverse direction, said
      transverse member and said lug means substantially simultaneously engaging
      said wall portions of said cavity and said transverse slot respectively.
NUM  8.
PAR  8. A combination as defined in claim 1, wherein said housing is formed of
      electrically insulating material.
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PAL  A thermobimetal-carrying elastic member of electrically conductive material
      springingly deformable by the action of the bimetal that recurves on
      temperature change, and a temperature-control circuit component, such as a
      thermostat, which uses the elastic member as its sensing element. The
      elastic member has catches for loosely supporting the recurving bimetal at
      the both ends, so that the member portion between the catches can follow
      the recurving motion of the bimetal, undergoing similar springing
      deformation. This construction enables the overall temperature
      characteristic of the sensing element or the component to depend generally
      upon that of the bimetal alone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved thermobimetal-carrying an elastic
      member and a temperature-control circuit component, such as a thermostat,
      using the elastic member as the sensing element.
PAR  In temperature control devices, a thermobimetal, made of two dissimilar
      metals with different thermal expansion coefficients bonded together so
      that there is a deformation with temperature is essential as a sensing
      element for the manufacture, for example, of a thermostat. Bimetals of
      this character have commonly involved the following difficulties:
PA1  1. Extra work of fixedly mounting the bimetal on the elastic backing is
      required.
PAR  2. Because the bimetal is solidly combined with the backing, the
      temperature characteristic of the combination differs considerably from
      that of the bimetal alone. This makes precise temperature setting of the
      combination very difficult.
PAR  3. The process of fabrication is complicate.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a
      thermobimetal-carrying elastic member which overcomes all of the foregoing
      difficulties.
PAR  Another object of the invention is to provide an improved
      thermobimetal-carrying elastic member comprising a bimetal so formed as to
      recurve springingly on a temperature change beyond a certain limit, and an
      electrically conductive elastic member having catches for loosely holding
      the both ends of the bimetal, the two constituents being so combined that
      the recurving of the bimetal pushes the portion of the elastic member
      between its catches and thereby deforms the elastic member, too, in a
      springing manner.
PAR  Yet another object of the invention is to provide an improved
      temperature-control circuit component, such as a thermostat, which, when
      switched on, permits most of the operating current to flow through the
      elastic member as a sensing element and thereby maintain the temperature
      characteristic of the recurving bimetal unaffected.
PAR  The thermobimetal-carrying elastic member and the thermostat using the
      member as the sensing element, both of which are provided in accordance
      with this invention, have stabilized temperature characteristics because
      the bimetal is loosely held by the elastic member instead of being
      directly supported by the thermostat as in the conventional arrangement,
      enabling the overall temperature characteristic to depend almost solely
      upon that of the bimetal.
PAR  Moreover, the fabrication and temperature setting of the elastic member and
      thermostat or the like according to the invention are extremely easy with
      their temperature characteristics uninfluenced by the fabrication work.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, advantages and features of the present
      invention will be more fully understood from the following description
      taken in connection with the accompanying drawings, in which:
PAR  FIG. 1 is an exploded view, on an enlarged scale, of a temperature-control
      circuit component, such as a thermostat, using a thermobimetal-carrying
      elastic member as the sensing element in accordance with the present
      invention;
PAR  FIGS. 2(I) and (II) are sectional views taken on lines A--A and B--B,
      respectively, of FIG. 1, with the thermostat or the like assembled;
PAR  FIG. 3 is an enlarged plan view of the temperature-control circuit
      component embodying the invention, with the cover removed; and
PA1  Figs. 4 to 6 are sectional views taken on line C--C of FIG. 3, and
      explanatory of the operation of the thermobimetal-carrying elastic member
      and the temperature-control circuit component using the elastic member in
      conformity with the invention.
DETD
PAR  It should be understood that the spacing among the bimetal, catches, and
      elastic member is exaggerated to indicate the relative positions of the
      parts distinctly and that, in reality, the parts may be disposed more
      closely to one another without departing from the spirit of the invention.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a bimetal 1 of the recurving type
      held at both ends 2, 3 by catches 4, 5 on an electrically conductive
      elastic member 6.
PAR  The recurving bimetal 1 may be of a known construction but is plastically
      deformed beforehand to curve on one side, so that it recurves springingly
      on a temperature change beyond a certain limit. The turning point may be
      set as desired in consideration of the shape and size of the bimetal and
      the degree of its plastic deformation to be given in advance. While the
      bimetal shown in the drawings is rectangular, it may be shaped otherwise,
      for example to a circle. In low-temperature condition the bimetal retains
      its original curve as shown in FIG. 4. At elevated temperature it curves
      back and bends downwardly.
PAR  The catches 4, 5 of the conductive elastic member 6 engage the both ends 2,
      3 of the recurving bimetal 1 to hold it loosely. These catches are
      integrally secured to the backing member by some suitable means.
      Alternatively, they may be formed like louvers by lancing when the member
      is punched out. The elastic member has sufficient size to carry the
      bimetal and is shaped as a rectangular plate, for example. It catches 4, 5
      have only to serve as means to keep the both ends of the bimetal from
      slipping off from the elastic member and to support the bimetal movably.
      For this reason, they may be shaped like hooks or fins as shown to catch
      the bimetal. The elastic member is made of a material that possesses both
      electrical conductivity and elasticity. For example, it may be phosphor
      bronze plate. The bimetal and the elastic member are so connected that,
      while recurving on a temperature change, the bimetal pushes the catches
      apart and thereby cause the backing to recurve in a springing manner.
PAR  FIGS. 4 to 6 illustrate the principle of this sudden recurving motion of
      the elastic member.
PAR  As the temperature of the unit shown in FIG. 4 increases, the curvature of
      the recurving bimetal 1 decreases gradually to almost zero, on the
      average, as in FIG. 5. A further rise of the temperature causes the
      bimetal to recurve suddenly to the state shown in FIG. 6. During the
      recurving the bimetal presses and deforms the elastic member 6 by the
      catches 4, 5. The relative positions of the bimetal and the elastic member
      are such that the deformation of the bimetal from the state in FIG. 4 to
      the neutral posture in FIG. 5 is little restrained by the member.
      Immediately beyond the neutral point the bimetal springingly deforms the
      backing, too, as in FIG. 6.
PAR  With the construction and principle described, the invention presents the
      following advantages. First, in the course of fabrication, the usual
      procedure of fixing the bimetal to the elastic backing can be omitted.
      While the temperature characteristic for recurving of the bimetal depends
      on the bimetal's deformation up to the neutral point, the characteristic
      remains unaffected even after the bimetal has been combined with the
      elastic member. Therefore, the deformative temperature characteristic of
      the bimetal-carrying elastic member can be simply known from that of the
      bimetal alone. This greatly facilitates the control of the overall
      temperature characteristic and simplifies the fabrication of the
      thermobimetal-carrying elastic member.
PAR  The member thus made in accordance with the present invention has wide
      application as a sensing element for thermostats.
PAR  Referrring back to FIGS. 1 to 3, the elastic member 6 is shown as having
      two end flaps 7, 8 extending from the catches 4, 5, respectively, and two
      lugs 9, 10 formed at the middle points of the both edges. The
      thermobimetal-carrying elastic member fabricated in the manner described
      is contained in a casing consisting of a case body and a cover 29, 30, as
      shown in FIGS. 2(I) and (II).
PAR  The case body 29 is made up of side walls 22, 26 and a bottom 25, both of
      an electrically insulating material. The both ends of the bottom 25
      support electric contact bars 20, 21 which extend in parallel, for
      example, from the side wall 26 to the outside so that the exposed bar
      portions serve as terminals. The lugs 9, 10 of the elastic member 6 are
      supported by recesses 23, 24 formed in the inner middle parts of the side
      walls 22, 26 and, as shown in FIG. 2(I), the both end flaps 7, 8 of the
      elastic member are kept in contact with the contact bars 20, 21. Rodlike
      upward projections 27, 28 are formed, respectively, on the side walls 22,
      26, diagonally on their upper corners.
PAR  The cover 30 is composed of side walls 31, 32 having a width corresponding
      to the distance between the side walls 22, 26 of the case body, and a top
      33 covering the case body. The cover is made of an insulating material
      and, like the case body, it is formed, for example, by molding in one
      piece. On the underside of the top 33 are formed two rectangular-shaped
      downward projections 34, 35 adapted to fit in the recesses 23, 24 of the
      case body 29. These projections and recesses coact, as shown in FIG.
      2(II), to grip the lugs 9, 10 and hold the elastic member 6 in place.
      Internal corner blocks 36, 37 are formed inwardly of the corners between
      the top 33 and the side walls 31, 32 of the corver, in such a way that,
      when the case body 29 and the cover 30 are assembled as in FIG. 2(I), the
      corner blocks 36, 37 come over the end flaps 7, 8 of the elastic member 6.
      Also, the cover is formed with holes 38, 39 to receive the upward
      projections 27, 28 of the case body.
PAR  When the case body 29 containing the elastic member 6 has been enclosed by
      the cover 30 in the manner described, the recesses 23, 24 are engaged with
      the downward projections 34, 35 to grip the lugs 9, 10 of the elastic
      member, while the upward projections 27, 28 fit in the holes 38, 39 and,
      in addition, external corner recesses 22a, 22b formed at the outer corners
      of the side wall 22 of the case body receive corresponding corner
      extensions 31a, 32a of the cover. In this way the case body and the cover
      are accurately positioned, simply assembled, and joined together with
      suitable means such as adhesive.
PAR  The operation of the above-described thermostat or suchlike component of a
      temperature-control circuit will now be explained. As shown in FIG. 6, the
      deformation of the elastic member brings its end flaps 7, 8 out of contact
      with the contact bars 20, 21. In other words, the electric continuity
      established between the contact bars in FIG. 4 is broken in FIG. 6. In
      this connection the arrangement according to the invention can control an
      electric circuit on the basis of temperature changes. The majority of the
      operating current flows through the elastic member, and therefore the
      temperature characteristic of the bimetal 1 is little affected by the
      bypassing current. It is possible to support the elastic member by the end
      flaps 7, 8 rather than by the lugs 9, 10 and to have the electric contact
      made by the latter instead. As a further alternative, the elastic member
      may be supported only at one point, say by the end flap 7, and the
      movement of some other part, say the end flaps 8, may be taken advantage
      of to achieve the electric switching action. In the deformation of the
      elastic member the deformative motion can be intensified by utilizing the
      lengths of the end flaps 7, 8.
PAR  Since the bimetal of the recurving type is mounted on the elastic member in
      accordance with the invention, the combination ensures great stability in
      the positional relationship of the parts determinative of the temperature
      characteristic. There is no possibility of the temperature characteristic
      deviating from the present range during the subsequent assembling of the
      elastic member with other parts. With the ordinary sensing element of the
      unmounted type, by contrast, the recurving bimetal and the elastic member
      must be held in relative positions by another member, such as a casing,
      and the element's temperature characteristic is easily affected by the
      thermal deformation of the casing and other factors. Thus, the
      conventional sensing element involves much difficulties in temperature
      setting and in assembling.
PAR  As has been described hereinabove, the present invention presents a great
      industrial advantage by realizing a thermobimetal-carrying elastic member
      that eliminates the shortcomings of the prior art elements of the kind.
PAR  While the preferred form of the present invention has been described, it is
      to be understood that the invention is not limited thereto but may be
      otherwise variously embodied without departing from the spirit or scope of
      the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A temperature-control circuit component, such as a thermostat, having a
      thermobimetal-carrying elastic member composed of a bimetal that will
      recurve or rebound in a springing manner with a temperature change beyond
      a preset limit and an electrically conductive elastic member having
      catches for loosely holding the bimetal at both ends, said bimetal being
      adapted to permit, in the course of its recurving, spring deformation of
      the elastic member, too, said elastic member being formed with lugs for
      support on both sides, and a pair of electric contact members adapted to
      perform electric switching action in cooperation with the elastic member,
      said electric switching action with temperature changes depending upon the
      springing deformation of the elastic member with the recurving of the
      bimetal, the improvement therein comprising a case body having electric
      contacts at both ends and containing the elastic member, a cover for the
      case body, and means provided between the case body and the cover to
      support the lugs of the elastic member in place.
NUM  2.
PAR  2. A component according to claim 1, wherein the lug-supporting means
      consists of recesses formed in the both side walls of the case body to
      receive the lugs, and projections formed on the underside of the cover so
      that, when the cover and the case body are assembled together, the
      projections fit in the recesses to grip the lugs therebetween.
NUM  3.
PAR  3. A temperature-control circuit component such as a thermostat, which
      comprises a recurving bimetal adapted to do a springingly recurving action
      due to a change in temperature, an electrically conductive elastic member
      having catch portions for loosely holding both ends of said bimetal,
      support lug portions so formed at both sides of said elastic member as to
      enable a springing deformation of said elastic member to be accomplished,
      electric contacts adapted to make an electrically open and close action by
      cooperation with said elastic member, a lower casing having said electric
      contacts at both ends and housing said elastic member, an upper casing to
      cover said lower casing and means for supporting said support lug portions
      provided in said upper and lower casings, wherein an electrically open-and
      close action due to a temperature change for said electric contacts being
      adapted to rely on a springing deformation of said elastic member about
      said support lug portions as a support point due to the recurving action
      of said bimetal.
NUM  4.
PAR  4. A component according to claim 3, wherein the lug-supporting means
      consists of recesses formed in both side walls of the lower casings to
      receive the lug portions, and projections formed on the underside of the
      cover so that, when the cover and the upper casings are assembled
      together, the projections fit in the recesses to grip the lug portions
      therebetween.
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ABST
PAL  A spreading-resistance silicon thermistor having high-precision values of
      resistance and temperature coefficient of resistance (TCR) is produced by
      a high-volume, low-cost, photolithographic technique, wherein multiple
      thin-film contacts are tested and selectively trimmed to permit
      computerized control of precision resistance values in a production-line
      operation.
BSUM
PAR  This invention relates to the manufacture of precision resistance devices,
      and more particularly to the fabrication of a spreading-resistance
      resistor or "thermistor" having high precision values of resistance and/or
      temperature coefficient of resistance (TCR). A high-volume, low-cost
      photolithographic processing technique is provided, wherein multiple
      thin-film contacts are tested and selectively trimmed to permit
      computerized control of precision resistance values in a producton-line
      operation.
PAR  Frequently, a thermistor is defined as having a negative temperature
      coefficient of resistance; however, for purposes of this disclosure the
      term is applied equally to devices having either a positive or a negative
      temperature coefficient of resistance.
PAR  A commercially available silicon thermistor has generally been fabricated
      by sawing a bar from bulk silicon, and bonding terminals to the ends of
      the bar, whereby the resistance of the device is determined by the
      equation:
EQU  R = .rho. L/A
PAL  where
PA1  .rho. is the resistivity, L is length and A is the cross-sectional area of
      the bar.
PAL  Certain disadvantages are inherent in such a design, since a high
      resistance device requires a silicon bar which is inconviently large.
      Moreover, the bar design is not compatible with standard high-volume,
      low-cost processing and packaging techniques. Still further, the standard
      device has a resistance tolerance of about .+-. 15 percent, which is
      unacceptable for many commercial applications.
PAR  The device of the present invention is conceptually quite different from
      the standard thermistor, since its resistance is controlled by the
      spreading-resistance of ohmic contacts to bulk silicon, whereby the total
      resistance of the device is primarily dependent upon the size of such
      ohmic contacts. The spreading-resistance of circular contacts to the bulk
      region is:
EQU  R = .rho./2d
PAL  Where
PA1  .rho. is the bulk resistivity in ohm centimeters and d is the diameter of
      the contact opening in centimeters.
PAL  A slightly different formula applies for square contacts:
EQU  R .apprxeq. .rho./(2s .times. 1.13)
PAL  Where
PA1  s is the length of a side in centimeters.
PAL  Total resistance also depends upon ths spacing between the contacts and to
      some extent upon the thickness of the silicon body; however, these effects
      may be minimized by the "shunting" of the backside of the silicon chip.
PAR  If it were possible to supply a production-line facility with silicon
      wafers having absolutely uniform resistivity from wafer to wafer, and from
      place to place across the diameter of each wafer, then a commercially
      feasible spreading-resistance device could be designed wherein a single
      input contact and a single output contact would yield a precise,
      reproducible resistance value. However, the current state of the art does
      not permit the production of silicon wafers having precisely controlled
      resistivity from wafer to wafer and from place to place on a single wafer.
      Accordingly, it is a primary object of the present invention to produce a
      spreading-resistance thermistor having a contact geometry and placement
      which enables one to compensate for the lack of uniformity and precision
      of silicon bulk resistivities.
PAR  Thus, in its broadest aspects, the invention is embodied in a process for
      the fabrication of a precision resistance device beginning with the step
      of forming a plurality of electrical contacts to a body of resistance
      material. Then, a plurality of selected combinations of two or more of
      these contacts are tested by probe contacts to determine which of the
      various combinations will provide the desired resistance value. Then,
      anode and cathode terminals are bonded to that combination of contacts
      which satisfies the specific resistance requirement as determined by the
      resistance-probe testing. Consequently, it is contemplated that two or
      more contacts may be electrically connected in common as a single
      terminal, in combination with one or more other contacts serving as the
      other terminal of the device.
PAR  For convenience, it is generally desirable to provide a first group of
      contacts, potentially to serve as the anode, and a second group of
      contacts, potentially to serve as the cathode of a single resistor. In
      order to achieve the desired resistance, one or more of the first group of
      contacts will be "discarded" or left unconnected, as determined by the
      testing procedure; while one or more of the second plurality of contacts
      will also be left unconnected, as determined by the testing step.
PAR  In order to provide still greater flexibility in the selection of a precise
      resistance value, it is preferred that at least one of the groups include
      a selected number of contacts having unequal contact areas joined to the
      body of resistance material. For example, a progression of decreasing
      contact dimensions which differ from one to the next by about 8 percent
      has been found advantageous. Of course, still greater flexibility may be
      achieved by providing both the first and second groups of contacts with a
      selected number having unequal areas arranged in a similar progression of
      dimensions differing by the same or similar increments.
PAR  In a still more specific embodiment, it has been found desirable to
      electrically join each contact of one such group to a common bonding pad
      for the attachment of a device terminal, and then, ater testing, to
      selectively trim one or more of the metallization paths which connect the
      contacts to the bonding pad, and thereby retain electrical connection
      selectively to one or more contacts which provide the desired resistance
      value, in combination with a single contact selected from the other group
      of contacts.
PAR  Another aspect of the invention is embodied in a device produced by any of
      the above methods; for example, a two-terminal resistor comprising a body
      of resistive material having a plurality of spreading-resistance
      electrical contacts thereto, at least two of which are electrically
      connected to a single terminal of the device, and at least one of the
      remaining contacts is connected to the other terminal. Preferably, such a
      resistor is comprised of a semiconductor wafer covered by an insulating
      film having apertures therein which define the electrical contact areas,
      and wherein the contacts are comprised of patterned, thin-film
      metallization.
PAR  In a preferred embodiment such a device includes a bonding pad to which at
      least two of said thin film contacts are electrically connected, said
      bonding pad in turn being connected to a single terminal of the resistor.
DRWD
PAR  FIG. 1 is a cross-sectional view, partially in perspective, showing the
      basic geometry and the concept of a spreading-resistance thermistor;
PAR  FIG. 2a is a top view of a thermistor element or chip in an intermediate
      stage of fabrication, showing the contact and metallization pattern at the
      time of resistance-probe testing;
PAR  FIG. 2b is a top view of the device of FIG. 2a, after selective trimming of
      the metallization which leads from two of the contacts to the central
      bonding pad;
PAR  FIG. 3a is a partially assembled perspective view and FIG. 3b is an
      expanded view of one embodiment
PAR  FIG. 4 is a plot of the normalized resistance-versus-temperature for a
      thermistor device embodying the invention.
DETD
PAR  The concept of a spreading-resistance thermistor in its broadest aspects is
      illustrated by the device of FIG. 1 comprising a silicon body 11 coated
      with insulation layer 12 having apertures therein defining ohmic contacts
      13 and 14, the sizes of which determine their spreading-resistance, such
      that the total resistance of the device is the sum of the
      spreading-resistances of the separate contacts, plus a minor bulk
      resistivity factor. Each contact is made to an n+ enhancement region, as
      illustrated, for an n-type bulk thermistor, or to an p+ region for a
      p-type bulk thermistor.
PAR  The semiconductor chip illustrated in FIGS. 2a and 2b measures
      approximately 50 mils square and is one of several hundred chips obtained
      from a single silicon slice. Metallization areas 21-25 make electrical
      contact with n+ regions on chip 26 through apertures in silicon oxide
      layer 27. Each of contacts 21 through 25 is connected to bonding pad 28 by
      means of a thin conductor strip extending therebetween as illustrated. The
      contact aperture dimensions 21-25 are unequal, ranging from 1/4 mil square
      for contact 21, and progressively increasing sequentially up to 4 mils
      square for contact 25.
PAR  Contacts 29-33 similarly consist of thin-film metallization deposited over
      apertures in oxide layer 27 thereby making electrical contact to n+
      regions on chip 26. These contacts also have unequal dimensions ranging
      from 1.2 mils square at contact 29 down to 0.8 mil by 0.9 mil at contact
      33. Note that the stepwise progression from contact 29 and 33 includes
      increments of about 8 percent from contact to contact, while much larger
      steps are patterned for contacts 21-25.
PAR  A single test probe 34 is then paired in sequence with each of test probes
      35-39, thereby permitting calculations to reveal which of contacts 29-33
      should be selected for contact to one terminal (anode or cathode) of the
      packaged device. Similarly, the test data indicates which combination of
      one or more of contacts 21-25 should be retained in electrical contact
      with bonding pad 28 for bonding to the other terminal of the packaged
      device.
PAR  FIG. 2b shows that contacts 21 and 24 have been selectively trimmed or
      disconnected from bonding pad 28 by removing a portion of the conductor
      paths leading thereto. The trimming step may be carried out electrically,
      mechanically or chemically; however, it is preferred to use a laser beam
      because of the inherent speed and convenience obtained. Thus, contacts 22,
      23 and 25 are retained for electrical connection to one terminal of the
      packaged device; while contact 31 is selected as the only contact to be
      electrically connected to the other terminal.
PAR  Other variations of contact geometries are also useful. For example, a
      group of contacts such as 21-25 in FIGS. 2a and 2b may include a number of
      contacts having apertures of equal size, alone or in combination with a
      single contact aperture of much larger dimensions. In the latter
      embodiment, the large contact would always remain electrically connected
      to bonding pad 28, while a number of the remaining contacts would be
      trimmed to adjust the total resistance value.
PAR  In FIG. 3a chip 26 is mounted on TO-5 header 45. Contact 31 is wire-bonded
      to terminal 46, while bonding pad 28 is wire-bonded to terminal 47.
PAR  In FIG. 3b, an alternate packaged device is shown to comprise chip 26
      electrically connected to terminals 41 and 42, the combination to be
      enclosed within a glass envelope. In order to facilitate packaging in a
      double-plug glass envelope, the contact placement is readily modified to
      include the anode contacts on one side of the chip and the cathode
      contacts on the other side. The spreading-resistance of the contacts
      remains the primary determinant of total resistance, just as when the
      contacts are all on the same side.
PAR  The curve of FIG. 4 shows the normalized resistance, plotted versus
      temperature, for a silicon thermistor of the invention. Typically, the
      silicon chip has a thickness of 14 mils, and a bulk resistivity of about
      20 ohm-cm. The backside of the chip is shunted by non-selective doping and
      metallization, to reduce the bulk-resistivity contribution to total
      resistance.
PAR  The TCR, for example, is about 0.7 percent per degree C., and the
      resistance range capability is from 100 ohms to 10,000 ohms, over a
      temperature range of -55.degree.to 125.degree. C.
PAR  For silicon, the variation of resistance with temperature, for
      resistivities greater than about 5 ohm centimeters is approximated by the
      expression:
EQU  R = R.sub.25 exp[0.0082(T-25)]
PAL  where
PA1  R is the resistance, R.sub.25 is the resistance at 25.degree. C. and T is
      the temperature in degrees C.
PAL  Although silicon is the preferred resistance material for use in accordance
      with the invention, it will be apparent that other materials are also
      useful, including germanium and gallium arsenide, for example.
PAR  The advantages of the invention over the prior art include the ability to
      control dimensional effects with extreme precision by using
      photolithographic processing, and the ability to obtain a high resistance
      value in a smaller silicon body than in the conventional prior devices.
      Consequently, the increased yield of devices having .+-. 1 percent
      precision resistance permits a substantial cost-savings.
PAR  Since the resistance of the device varies non-linearly with temperature, it
      may be desirable for some applications to linearize the relationship by
      the parallel connection therewith of a resistance having a low or zero
      temperature coefficient. One such embodiment comprises a diffused or
      implanted p-type resistor in the same chip, connected in parallel with the
      thermistor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A two-terminal resistor comprising a body of resistive material, an
      insulating film covering said body and having a plurality of apertures
      therein which define electrical contact areas, a plurality of
      spreading-resistance thin-film metal contacts to said body in said
      apertures, at least two of said thin-film contacts being connected in
      common to constitute a single terminal of said resistor, and at least one
      of the remaining contacts constituting the other terminal of said
      resistor.
NUM  2.
PAR  2. A resistor as in claim 1 wherein said body is doped monocrystalline
      silicon.
NUM  3.
PAR  3. A resistor as in claim 1 wherein said body is monocrystalline silicon,
      and wherein said body further includes a diffused or implanted resistor in
      prallel electrical connection with said terminals.
NUM  4.
PAR  4. A resistor as in claim 2 wherein said contacts are aluminum.
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PAL  A solid state switching device comprises a temperature sensitive resistive
      element of V.sub.3 O.sub.5 material which exhibits an abrupt decrease in
      electrical resistance at about 140.degree.C and electrode lead wires
      attached to spaced points of such temperature sensitive resistive element
      for connecting the temperature sensitive resistive element to an
      electrical circuit.
BSUM
PAR  This invention relates to a solid state switching device made of
      temperature sensitive resistive material and to a method for making it.
PAR  A number of transition metal compounds are known to exhibit an abrupt
      change in electrical resistance at some characteristic temperature. The
      usefulness of such materials as electrical switching devices or
      temperature sensors depends on having a reproducible and reversible abrupt
      change in electrical resistance. Because of their low transition
      temperatures, V.sub.2 O.sub. 3 (-100.degree.C) and Fe.sub.3 O.sub.4
      (-150.degree.C) require cryogenic cooling. VO.sub.2 has found extensive
      application because its transition temperature of 65.degree. C requires no
      special cooling device.
PAR  For may applications, electronic devices such as power transistors are
      rated for operation at temperatures up to 125.degree. C and, consequently,
      a device having a transition temperature higher than 65.degree.C would be
      required. The only known materials having substantial resistance changes
      in the temperature range 100.degree.-200.degree.C are positive temperature
      coefficient (P.T.C) materials based on BaTiO.sub.3 and the negative
      temperature coefficient (N.T.C.) Ag.sub.2 S and Ti.sub. 3 O.sub.5
      materials. The devices made of P.T.C. materials are limited to low
      frequency applications because P.T.C. materials have an inherently large
      shunt capacitance and also because their impedance is voltage sensitive.
      Experimental devices have been made using the latter two materials and
      they are subject to different failure mechanisms. Ag.sub.2 S is an ionic
      conductor and undergoes irreversible changes when direct current is passed
      between the electrodes of a device made of such material. Ti.sub.3 O.sub.5
      has a transition at 175.degree. which is accompanied by a large volume
      change (10 percent) which leads to cracking and devices using it fail for
      this reason. Many workers have also tried to raise the transition
      temperature of VO.sub.2 materials by adding dopants thereto. However, the
      doped VO.sub.2 devices are still limited in their range of application to
      a maximum temperature of about 90.degree.C.
PAR  After investigation of various forms of transition metal oxides, applicant
      has surprisingly found that if VO.sub.2 is annealed at a temperature
      higher than 600.degree.C in a reducing atmosphere of CO.sub.2 : H.sub.2 or
      CO: CO.sub.2 mixtures, then a reduced form of vanadium oxide is obtained
      which has an abrupt drop in electrical resistance at about 140.degree.C. A
      typical annealing process would consist of heating the VO.sub.2 material
      at 1000.degree.C for 30 minutes in an ambient atmosphere of 5000 p.p.m.
      H.sub.2 in CO.sub.2 . This reduced vanadium oxide has been analyzed
      crystallographically by x-ray diffraction techniques and has been
      identified as V.sub. 3 O.sub.5. The temperature sensitive devices made
      from this material show no sign of failure by ionic conduction or by
      cracking. It is to be understood that V.sub.3 O.sub.5 could also be made
      by an oxidation process instead of the above disclosed reduction process.
PAR  In a preferred embodiment of the invention, the V.sub.3 O.sub.5 temperature
      sensitive resistive element is in the form of a thin film obtained by
      depositing VO.sub.2 on an insulating substrate and annealing it in
      accordance with the above disclosed method but it will be understood that
      similar devices could be made in the form of either a single crystal, a
      polycrystalline aggregate, a sintered powder, or a thick film paste. When
      made in the form of a thin film, electrical contact pads are deposited on
      spaced points of the temperature sensitive resisitive element, and the
      electrode lead wires are welded to such contact pads. When made in other
      forms, the electrode lead wires may be inserted directly into the
      temperature sensitive resisitive element or attached by conductive epoxy.
PAR  The insulating substrate may be made of single crystal quartz or other
      refractory materials.
PAR  The resistive element of V.sub.3 O.sub.5 may be doped with suitable doping
      materials to increase or decrease its transition temperature. It has been
      found that doping with germanium may advantageously lower the transition
      temperature in the range of 100.degree.-140.degree.C. For example, doping
      with about 2 percent germanium has reduced the transition temperature to
      about 120.degree.C.
DRWD
PAR  The invention will now be disclosed, by way of example, with reference to a
      preferred embodiment of the invention illustrated in the accompanying
      drawings in which:
PAR  FIG. 1 illustrates a temperature sensitive resistive element in the form of
      a thin film;
PAR  FIG. 2 illustrates the resistance-temperature characteristic of a thin film
      resistive element;
PAR  FIGS. 3 and 4 illustrate the current-voltage characteristics of thin film
      resistive elements at 70.degree.C and 120.degree.C respectively; and
PAR  FIG. 5 illustrates the resistance-temperature characteristic of a
      polycrystalline aggregate.
DETD
PAR  Referring to FIG. 1, there is shown a substrate 10 having a thickness of
      about 0.010 inch and made of a suitable material such as single crystal
      quartz or sapphire upon which is deposited a film of VO.sub.2 material 12
      a few thousand angstroms thick. The film may be deposited by well known
      sputtering techniques such as the one disclosed in U.S. patent application
      Ser. No. 335,651 filed Feb. 26, 1973 by the same assignee as the present
      application. The film VO.sub.2 material is then reduced to V.sub.3 O.sub.5
      by annealing at a temperature higher than 600.degree.C in a reducing gas
      atmosphere such as CO.sub.2 : H.sub.2 or CO: CO.sub.2 mixtures. A typical
      annealing process would consist of heating the film at 1000.degree.C for
      30 minutes in an ambient atmosphere of 5000 p.p.m. H.sub.2 in CO.sub.2. It
      is to be understood, however that equivalent results could be obtained by
      different combinations and values of these parameters.
PAR  In the actual making of such devices, an array of temperature sensitive
      resistive elements is defined by photolithographic processes which
      subdivide the film into many identical elements. Electrical contact pads,
      such as pads 14 in FIG. 1, are deposited and defined by conventional
      methods, preferably after the annealing process because of the high
      temperature involved. Aluminum and a combination of nickel-chromium with
      gold have been successfully used as contact metals. The substrate may then
      be separated to form individual temperature sensitive resistive elements
      by scribing and breaking. Electrode wire leads 16 are subsequently welded
      to the contact pads 14. These temperature sensitive resistive elements are
      then packaged according to well established techniques to provide
      protection for the environment and to provide a convenient method of
      attachment to other circuitry.
PAR  The temperature sensitive element which is obtained can be used in an
      electronic circuit by responding to small changes in temperature around
      140.degree.C with substantial changes in resistance as illustrated in FIG.
      2 of the drawings. By connecting to an appropriate circuit element, it may
      act as a temperature sensor and operate as a solid state switching device
      when the temperature exceeds 140.degree.C. Current may also be passed
      through the above disclosed temperature sensitive resistive element to
      heat it about 140.degree.C and so make it operate as a solid state
      switching device. In this case it will operate as a bistable switch as
      long as the environment temperature does not exceed 140.degree.C. As it
      will be easily understood, the temperature sensitive resistive element
      will remain in its low resistance state if the environmental temperature
      remains above 140.degree.C and no switching back to a high impedance state
      will occur. FIGS. 3 and 4 show current-voltage characteristics of such a
      device at 70.degree.  and 120.degree.C, respectively, showing two distinct
      impedance states at elevated temperatures.
PAR  Although the above disclosed V.sub.3 O.sub.5 resistive element is made by a
      reduction process, it is to be understood that it could be made by an
      oxidation process.
PAR  The transition temperature of V.sub.3 O.sub. 5 (140.degree.C) may be
      increased or lowered by the addition of a suitable doping material such as
      disclosed in U.S. patent application Ser. No. 384,505 filed Aug. 1, 1973.
      For example, the addition of about 2 percent germanium has lowered the
      transition temperature to about 120.degree.C.
PAR  Although the invention has been disclosed with reference to a temperature
      sensitive resistive element made in the thin film form, it is to be
      understood that similar devices may be made in the form of either a single
      crystal, a polycrystalline aggregate, a sintered powder, or a thick film
      paste. FIG. 5 illustrates the resistance-temperature characteristic of a
      temperature sensitive element made in the form of a polycrystalline
      aggregate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A solid state switching device comprising a temperature sensitive
      resistive element of V.sub.3 O.sub.5 material which exhibits an abrupt
      decrease in electrical resistance at about 140.degree.C, and electrode
      lead wires attached to spaced points of said temperature sensitive
      resistive element for connecting such temperature sensitive resistive
      element to an electrical circuit.
NUM  2.
PAR  2. A solid state switching device as defined in claim 1, wherein the
      temperature sensitive material is in the form of a thin film deposited on
      a supporting substrate, and further comprising metallic pads in contact
      with said temperature senstitive material at said spaced points, said
      electrode lead wires being welded to said metallic pads.
NUM  3.
PAR  3. A solid state switching device as defined in claim 1, wherein the
      temperature sensitive resistive element is selected from the group
      consisting of a single crystal, a polycrystalline aggregate, a sintered
      powder and a thick film paste.
NUM  4.
PAR  4. A solid state switching device as defined in claim 2, wherein the
      insulating substrate is made of single crystal quartz.
NUM  5.
PAR  5. A solid state switching device as defined in claim 1, wherein the
      resistive element of V.sub.3 O.sub.5 is doped with doping material to
      increase or decrease the transition temperature.
NUM  6.
PAR  6. A solid state switching device as defined in claim 5, wherein said
      doping material is germanium to decrease the transition temperature in the
      range of 100.degree.-140.degree.C.
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PAL  Apparatus for ultrasonic examination of objects, particularly in medical
      diagnostic examination, is comprised of a phased array transducer capable
      of focusing the beam of ultrasonic pulses in the longitudinal plane of the
      transducer, and focusing means to focus the dimensions of the beam normal
      to the longitudinal plane.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the technique of ultrasonic echoscopy of objects
      and in particular to an extension of known techniques of ultrasonic
      echoscopy to provide more useful information concerning the examined
      objects. It is particularly, but not solely, directed to the more
      effective acquisition of data in medical diagnosis utilising this
      technique.
PAR  Ultrasonic echoscopy provides information about an examined object which
      may be displayed in the form of an ultrasonic echogram. Such an echogram
      consists of a display of acoustic impedance discontinuities or reflecting
      surfaces in the object. It is obtained by directing a short pulse of
      ultrasonic energy, typically in the 1-30 MH z frequency range, into the
      examined object where any acoustic impedance discontinuities in the object
      reflect and return some of the energy in the form of an echo. This echo is
      received, converted into an electric signal and displayed as an echogram
      on a cathode ray oscilloscope, a film, a chart or the like.
PAR  The echogram may constitute either a one dimensional or a two dimensional
      representation and in both cases the information is contained in the
      position and magnitude of the echo displayed. In a one dimensional
      display, the position along a base line is used to indicate the distance
      to the reflecting surface whilst the magnitude of the echo is displayed,
      for example, as a deflection of the base line or as an intensity change.
      In a two dimensional display, the position along a base line is used to
      indicate the distance to the reflecting surface as in a one dimensional
      display, and the direction of the base line is used to represent the
      direction of propagation of the acoustic energy. The two dimensional
      display is obtained by changing this direction of propagation of the
      acoustic energy and by instituting a similar but not necessarily identical
      movement of the base line of the display. The magnitude of the echo is
      displayed as for a one dimensional display; for example, as a deflection
      of the base line or as an intensity change.
PAR  The technique of ultrasonic echoscopy is used in medical diagnosis to
      obtain information about the anatomy of patients. The application of the
      technique is now widely investigated and is described, for example, by D.
      E. Robinson in Proceeding of the Institution of Radio and Electronics
      Engineers Australia, Vol. 31, No. 11, pages 385-392, November, 1970; "The
      Application of Ultrasound in Medical Diagnosis". As pointed out in this
      article, ultrasonic echoscopy may be used to produce displays resembling
      anatomical cross-sections which have proved clinically useful when the
      desired information concerns physical dimensions, shapes of organs or
      structures or the like. Ultrasonic echography has proved of particular
      value as a diagnostic aid in the abdomen and pregnant uterus, eye, breast,
      brain, lung, kidney, liver and heart, these being areas of soft tissue
      with little bone and air. In general, the technique is considered to
      complement other techniques to provide a more complete picture of the
      patients condition, however particularly in pregnancies, ultrasonic
      echoscopy may be useful in place of X-rays where the latter may not give
      sufficient information or may be dangerous. In medical use, a pulse of
      ultrasonic energy is transmitted into a patient in a known direction and
      echoes are received from reflecting surfaces within the body. The time
      delay between a transmitted pulse and the received echo depends on the
      distance from the transmitter to the reflecting surface and the distance
      information so obtained may be displayed in a suitable way for
      interpretation and clinical use as a one dimensional range reading or as a
      two dimensional cross section as previously described.
PAR  If a pulse of ultrasound is propagated into a medium, echoes will be
      received at various time delays and these time delays will be proportional
      to the distances from the transducer producing the pulse to the interfaces
      provided the velocity of propagation is constant. In soft tissues found in
      the human body the velocity of sound is reasonably constant and pulsed
      ultrasound provides a convenient method of measuring the depth of a
      particular structure from the transducer face without inconvenience to the
      patient. This information can be used in a number of ways.
PAR  In the simplest form of display, "A mode", the echoes are presented as
      deflections of the trace of an oscilloscope in which distance is
      represented along the time axis. This mode is useful clinically when the
      source of the various echoes displayed can be positively identified. It is
      possible to measure the distance between two echoes, or between the
      energising pulse and an echo, with accuracy but it may not be possible to
      identify the source of the echoes. It has been used to measure the size of
      the baby's head inside the uterus, the depth of the eye and the bladder
      and to locate the mid-line in the brain. Similar information may be
      displayed by use of the "B mode" in which the echoes are presented as a
      brightening or intensity modulation of the time-base trace.
PAR  If the interface of interest is moving, its position may be plotted with
      time ("M mode") by using the B mode presentation and allowing the time
      base to be swept at right angles to its direction so as to display the
      movements of the interface echo backwards and forwards along the time
      base. This is used to demonstrate the pulsatile movements of various parts
      of the heart and brain. If the B mode is used but the trace on the screen
      is made to represent the line of sight of the transducer and then the
      transducer is scanned around the patient and the time base line on the
      screen made to follow, a two-dimensional plot of impedance discontinuities
      is obtained. Two dimensional visualisation has been used in the pregnant
      uterus, abdomen, eye and breast.
PAR  Coupling from the transducer to the patient may be achieved by skin contact
      or by use of a water delay bath. If a water delay bath is used the
      distance between the transducer and the skin surface must be greater than
      the largest depth of penetration to be used, to avoid ambiguity due to
      multiple reflection. In general the skin contact scan results in greater
      comfort for the patient and echograms of less clarity while the water
      delay scan gives less patient comfort and better quality echograms.
PAR  Focusing of transducers used in ultrasonic echoscopy is known to reduce the
      width of the ultrasonic beams generated by the transducer and thus improve
      the lateral resolution. Known methods of reducing the width of an
      ultrasonic beam by focusing or shaping the beam include (i) focusing with
      a lens or a mirror in a manner similar to focusing in optics, (ii) use of
      a curved transducer, and (iii) use of a multi-element transducer (known as
      a phased array) in which the elements of the transducer are energized at
      progressively different times to generate the desired shape of the beam.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to the use of cylindrical focusing to reduce,
      in one plane, the width of an ultrasonic beam emitted by a phased array
      transducer where the dimensions of the beam normal to the focused plane
      are controlled by electronic means.
PAR  According to this invention, there is provided apparatus for the ultrasonic
      examination of an object comprising a phased array transducer capable of
      directing pulses of ultrasonic energy along a beam into the said object
      and of focusing and scanning the beam in the longitudinal plane of the
      transducer, and focusing means for focusing the dimensions of said beam
      normal to the longitudinal plane of the transducer.
PAR  The means for focusing the transducer beam in the plane normal to the
      longitudinal plane of the transducer may comprise a cylindrical lens or a
      mirror. Alternatively a curved surface transducer may be employed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and features of the invention will be apparent from the
      accompanying drawing which schematically represents an embodiment of the
      present invention.
PAR  In the drawings:
PAR  FIG. 1 depicts electronic steering of beam by use of increasing time delays
      in energising elements El, . . . En of the array, as known in the prior
      art;
PAR  FIG. 2 depicts electronic focusing of beam by use of time delays in
      energising El, En; . . . En/.sub.2 of the array, as known in the prior
      art;
PAR  FIG. 3 depicts electronic steering and focusing of beam by combining time
      delays as depicted in FIGS. 1 and 2, as known in the prior art;
PAR  FIG. 4 depicts reception of reflected echoes in an electronically steered
      and focused beam, as known in the prior art;
PAR  FIG. 5 illustrates the shape of an electronically steered and focused beam
      from linear transducer array El, . . . . En, as known in the prior art;
PAR  FIG. 6 illustrates effects of electronic steering and focusing of the beam
      in the x, y plane, as known in the prior art;
PAR  FIG. 7 illustrates that there is no focusing in the z, y plane of the beam
      from the linear transducer array El, . . . En, as known in the prior art;
PAR  FIG. 8 illustrates the shape of an electronically steered and focused beam
      from linear transducer array El, . . . En, focused in the x, y plane, in
      accordance with this invention;
PAR  FIG. 9 illustrates that the electronic steering and focusing in the x, y
      plane is unchanged, in accordance with this invention;
PAR  FIG. 10 illustrates the effects of focusing in the z, y plane in accordance
      with this invention; and
PAR  FIG. 11 illustrates the apparatus in accordance with this invention
      comprising a phased array transducer, energizing means for the elements of
      the array, and means for focusing the beam from the transducer in the z-y
      plane.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The direction and shape of an ultrasonic beam emitted by a phased array
      transducer 1 composed of a number of narrow rectangular elements E.sub.1,
      E.sub.2, E.sub.n.sub.-1, E.sub.n may be set by energising the elements at
      progressively different times. For instance the beam may be deviated by an
      angle .theta. by energising the outer element say E.sub.1 first and then
      progressively energising the successive elements until the other outer
      element E.sub.n is reached, the time interval between the energising
      pulses being determined by the value of the angle .theta. and the distance
      between the elements. Focusing is achieved by energising the central
      element first and progressively energising to the elements on either side
      until the outer elements are reached. A combination of the two allows
      simultaneous deviation and focusing of the beam. Scanning of the beam may
      be also obtained by energising a section of the phased array transducer,
      the scanning then being achieved by energising different sections of the
      transducer. This electronic shaping and scanning of the beam however is
      achieved only in the long axis plane of the phased array transducer i.e.
      the x-y plane, while the shape of the beam in the width plane i.e., the
      z-y plane is determined by the dimensions of the width of the phased array
      transducer.
PAR  The present invention is embodied in the use of cylindrical uni or multi
      curved focusing either by means of the lens 2 illustrated in the Figure, a
      mirror or a curved surface transducer to narrow the width of the
      ultrasonic beam in the z-y plane. This reduction in width is obtained
      independent of the beam shaping effects obtained by electronic means in
      the x-y plane.
PAR  FIGS. 1-7 illustrates electronic steering, focusing, and reception of beams
      according to the prior art which is further described in U.S. Pat. No.
      3,166,731 to I. L. Joy and U.S. Pat. No. 3,086,195 to W. Halliday. FIG. 1
      depicts known electronic steering, and FIG. 2 depicts known electronic
      focusing, both achieved by utilizing appropriate time delay techniques.
      FIGS. 3 and 4 depict a summation of these known techniques utilizing a
      combination of the time delays to achieve both steering and focusing
      during transmission and reception.
PAR  From the foregoing description it will therefore be appreciated that the
      present invention provides focusing to reduce the width of an ultrasonic
      beam electronically focused in the dimensions normal to the focused plane.
      While the invention has been described with reference to an illustrative
      embodiment, it will generally be understood by those skilled in the art
      that various changes may be made and equivalents be substituted for
      elements thereof without departing from the true spirit and scope of the
      invention.
CLMS
STM  The claims defining the invention are as follows:
NUM  1.
PAR  1. Apparatus for the ultrasonic examination of an object comprising:
PA1  a phased array transducer comprising a plurality of transducer elements for
      directing pulses of ultrasonic energy along a beam into the said object;
PA1  means for exciting the elements of the array in phased relation for
      focusing and scanning the beam in the longitudinal plane of the
      transducer; and
PA1  focusing means for focusing the dimensions of said beam normal to the
      longitudinal plane of the transducer.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 characterized in that: said phased array
      transducer is comprised of a plurality of narrow rectangular elements, and
      said means for focusing and scanning the beam comprises means for
      energising said elements at progressively different times.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 characterized in that said focusing
      means comprises a cylindrical lens.
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ABST
PAL  A circuit breaker device which is particularly useful with direct current
      such as in an automotive application comprises a main creep-acting
      thermostatic strip member mounted on a second auxiliary U-shaped
      thermostatic member, the U-shaped member being attached to the strip with
      the high and low expansion layers being dissimilar or reversed in order to
      obtain increased contact force prior to actuation and faster contact
      opening and in effect, greater differential after actuation. One leg of
      the U-shaped thermostatic member is mounted on a base plate, the other leg
      cantilever mounts the thermostatic strip. A contact is located on the free
      distal end of the thermostatic strip and is adapted to move into and out
      of engagement with a stationary contact supported on the base plate but
      electrically insulated therefrom. A special insulator pad mounts the
      stationary contact and is received on and locked in place on the base
      plate.
PARN
PAR  Divisional of pending prior application Ser. No. 302,158 filed on Oct. 30,
      1972, now U.S. Pat. No. 3,818,404.
BSUM
PAR  This invention relates to circuit breaker devices and more particularly to
      a circuit breaker especially useful in automotive type direct current
      applications. There are many automotive power applications ranging from
      low amperage requirements, for example, 17 to 20 amperes on windshield
      wipers to higher amperage requirements such as 60 amperes on a seat lift
      which require reliable long lived circuit protection. Circuit breaker
      devices employing a snap-acting element are not suitable for several
      reasons. It is desirable to permit operation of the motor so that its
      intended function can be achieved, such as operating the windshield
      wipers, even if a fault exists but at the same time prevent overheating of
      the motor. With a snap-acting device it is difficult to obtain the desired
      differential, the life of the device is inherently more limited than a
      creep type and in general they are sensitive to ambient temperature
      variations. This invention relates to improvements in such a circuit
      breaker as shown in U.S. Pat. No. 2,585,068. In that patent, a circuit
      breaker is shown having a main bimetal of a first electrical resistance
      per unit of length and of a first deflection and an oppositely acting
      auxiliary bimetal of a second higher resistance per unit of length and
      shorter deflection connected thereto, the main portion being bent into a
      U-shape with one leg carrying the movable contact at its inner side. The
      opposed leg of the U-shaped bimetal is connected to an end of the
      auxiliary bimetal with the other end mounted upon a terminal post which
      serves as a heat sink for conduction of heat from the reverse portion. The
      auxiliary bimetal acts to increase the pressure on and maintain the
      contacts closed briefly upon heating above the ambient temperature. With a
      straight auxiliary strip bimetal and a U-shape main operating bimetal
      connected together in electrical and thermal conducting relation in the
      manner indicated, when a normal current flows through the breaker below an
      overload value, the auxiliary bimetal bends downwardly pressing the
      contacts more firmly together; however, upon heating by an overload
      current flow, the movements of the main operating bimetal predominate
      having been heated above an opening temperature. Eventually movement of
      the main operating bimetal causes the contacts to separate, the
      interruption of current flow causing a continued separating movement of
      the contacts toward fully open position as the auxiliary bimetal cools.
      However the arrangement of the main and auxiliary bimetals is such that no
      effective means is provided to either break any contact welds which may
      occur or to prevent the formation of such welds. The movement of the
      contact on the U-shaped main operating bimetal is in a direction generally
      normal to the contact face with virtually no shear force exerted between
      the contacts, which shear force is effective both in preventing the
      formation of contact welds and breaking them upon the occurrence of any.
      Further, the stationary contact and terminal assembly has no positive lock
      to prevent turning and concomitant changes in electrical separation
      between the assembly and the base plate.
PAR  Thus it is an object of the invention to provide a circuit breaker
      particularly suitable for automotive applications having wiping contact
      action to prevent formation of contact welds and having stationary contact
      and terminal structure with means to avoid turning and twisting thereof.
PAR  Briefly, a circuit breaker built in accordance with the invention employs a
      U-shaped auxiliary thermostatic strip having legs of approximately equal
      length with a straight thermostatic main strip mounted to one leg of the
      U-shaped member with the dissimilar coefficients of expansion adjacent one
      another. As the most active member, the U-shaped member, deflects, it
      forces the main member in a direction along its longitudinal axis causing
      wiping of the contacts. The stationary contact is mounted on a terminal
      which is received on an insulating pad, the pad in turn is mounted on the
      circuit breaker support plate in such a way that it is securely locked in
      place and has positive means to prevent turning or twisting thereof.
PAR  The invention accordingly comprises the constructions hereinafter
      described, the scope of the invention being indicated in the appended
      claims.
DRWD
PAR  In the accompanying drawings in which the preferred embodiment is
      illustrated:
PAR  FIG. 1 is a side view of a circuit breaker made in accordance with the
      invention;
PAR  FIG. 2 is a top view of the FIG. 1 structure;
PAR  FIG. 3 is a bottom view of the FIG. 1 structure;
PAR  FIG. 4 is a view similar to FIG. 2 but with the auxiliary bimetallic member
      broken away;
PAR  FIG. 5 is a side view of the support plate;
PAR  FIG. 6 is a top view of the FIG. 5 support plate;
PAR  FIG. 7 is a top view of the insulating pad;
PAR  FIG. 8 is a cross section of the insulating pad taken on lines 8--8 of FIG.
      7;
PAR  FIG. 9 is a perspective view of the stationary contact and terminal
      structure;
PAR  FIG. 10 is a side view of a support plate mounting the insulating pad and
      stationary contact and terminal structure, partly broken away and partly
      in cross section to show certain of the locking means employed;
PAR  FIG. 11 is a view similar to FIG. 1 showing the thermostatic members as
      they appear just prior to contact opening and showing the loci of the two
      opposite ends of the main thermostatic members; and
PAR  FIG. 12 is a graph showing flexivity versus temperature for two materials
      which can be used for the respective thermostatic members.
DETD
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
PAR  The circuit breaker illustrated in the drawings is generally indicated by
      numeral 10. It comprises a bracket 12 having a base plate 14 and a
      depending mounting wall 16. Apertures 18 and 20 are provided in wall 16 to
      facilitate mounting of circuit breaker 10 as desired, as on a brush card.
      Plate 14, as best seen in FIG. 6, is provided with cut out portions 22, 26
      and notches 24 and 28 for purposes to be explained infra.
PAR  Mounted on plate 14 is an insulator and stationary contact assembly 30
      comprising an insulative pad 32 formed of an electrically insulated
      material such as a thermoset resin, having an upper platform 34 and a
      lower platform 36 connected by stop wall 38. Platforms 34 and 36 lie in
      generally parallel planes. As seen in FIGS. 7 and 8 boss 40 is formed
      between the upper and lower platforms adjacent stop wall 38. A lip 42
      depends from upper platform 34 and extends laterally from the center to
      one side. Ribs 44, 46 are formed in the upper platform 34 and extend along
      the length thereof. Plate 14 is received between upper and lower platforms
      34,36 with boss 40 of insulating member 32 received in notch 28 and lip 42
      received in notch 24 to lock the insulating member in place.
PAR  Stationary contact 50 is mounted as by welding on terminal plate 52 which
      has an arm 54 depending downwardly therefrom. Plate 52 is received on
      insulating member 32 between ribs 44, 46 which maintain plate 52 in
      aligned position. Leg 54 is received in aligned apertures 56 of insulating
      pad 32 and 26a of plate 14 and is staked securely in place by spreading
      bifurcations 58, 60. As indicated in FIG. 6, aperture 26a  is sized to
      provide desired electrical insulation (air space) between the plate 14 and
      the leg 54 (in dashed lines).
PAR  Striking leg 54 from terminal strip 52 and bending it to extend downwardly
      therefrom leaves arms 62, 64 which provide an elongated surface for
      abutment with ribs 44, 46 to provide positive maintenance of terminal
      plate in its proper location. The space between legs 62, 64 is aligned
      with aperture 26b of plate 14 and aperture 66 of insulating pad 32 for a
      purpose to be described below.
PAR  Tongue 68 extends into aperture 22 and is formed with a weld projection 70
      for mounting of U-shaped thermostatic member such as member 72 which in
      turn cantilever mounts another thermostatic member such as bimetallic
      strip 74 as by welding as indicated at 75. Strip 74 mounts contact 76 on
      its free distal end portion aligned to move into and out of engagement
      with stationary contact 50.
PAR  U-shaped thermostatic member 72 has a high coefficient of expansion side HE
      located on the inside of the U-shaped bend. The high coefficient of
      expansion side HE of strip thermostatic member 74 faces member 72 so that
      dissimilar sides of the members are contiguous.
PAR  Bracket 12 is preferably formed of a weldable material such as steel which
      is ball peened with copper flash to minimize rust. Bimetallic strip 74,
      U-shaped strip 72 and bracket 12 are welded together, the insulative pad
      32 is slid into position and finally terminal plate 52 is placed between
      ribs 44 and 46 of pad 32 with leg 54 received in aperture 56 of pad 32 and
      26 of plate 14.
PAR  The circuit breaker is calibrated by inserting a rod through aperture 66
      and biasing it against strip 74 with a predetermined force causing the
      contacts to open. Tongue 68 is then bent until the contacts close and then
      the rod is withdrawn with the device calibrated to that force. It should
      be noted that with this method of calibration that 100 percent yield can
      be achieved since the calibration tab can be bent in either direction.
      Terminal piece 52 as well as stationary contact 50 is silver plated to
      prevent the possibility of corrosion.
PAR  U-shaped bimetallic member 72 is chosen so that it has a higher resistivity
      than strip 74 so that contact pressure will increase prior to opening
      thereof. The U-shaped member controls mainly the on times while the strip
      74 controls the no current temperature trip point. It will be noted that
      upon overcurrent, deflection of the more active bimetallic strip 72 causes
      the top blade to move to the right as viewed in FIG. 11, thus causing
      contact wiping. This has the advantage that even contact wear is obtained
      and contact welds are avoided. This is particularly important on direct
      current motors due to the tendency to form ionized paths between the
      contacts and results in better life than obtainable in the prior art.
PAR  The insulative pad is made in such a way that it snaps into place with lip
      42 being received in notch 24 thus facilitating assembly of the device
      since the part is located in its proper position without the necessity of
      being separately held. Cooperating with lip 42 received in notch 24 to
      prevent twisting or turning of insulating pad 32 is boss 40 formed on
      connecting portion 38 of insulating pad 32 which is received in notch 28
      of the mounting bracket. Terminal plate 52 is then placed between ribs 44
      and 46 which prevents twisting of the terminal plate within the insulative
      pad and when bifurcations 58 and 60 are spread outwardly yet another means
      locks the pieces together. Aperture 66 in the pad is aligned with the
      space between legs 62 and 64 of terminal plate 52 and portion 26b of
      aperture 26 to provide access for the calibrating rod. Aperture portion
      26a is formed large enough that sufficient air space is provided between
      plate 14 and leg 54 of terminal 52 which prevents so called high pot
      failures.
PAR  Holes 80 in plate 14 and 82 in terminal plate 52 are provided to facilitate
      electrical attachment to circuit breaker 10. The circuit breaker is
      normally used with bracket 12, mounted on a brush card by placing
      fasteners (not shown) through apertures 18 and 20 with terminal 82
      connected to the card of the motor and terminal 80 connected to ground.
PAR  Circuit breaker 10 is not adversely affected by fluctuations in ambient
      temperature as would snap-acting devices since deflection in strip 74 is
      offset by an opposite deflection in member 72. That is, as temperature
      increases, strip 74 deflects in a direction which tends to cause contact
      opening; however, member 72 deflects such that the U-shaped member opens
      tending to straighten itself in a contact closing direction and offsets
      the deflection in strip 74. Actually the net movement of contact 76
      mounted on the free distal end of strip 74 is slightly to the right as
      viewed in FIG. 11 causing a slight amount of contact wiping. As member 72
      changes in temperature, point E moves along the locus identified by dashed
      lines AB in FIG. 11. Since a decrease in temperature will have just the
      opposite effect on strip 74 and member 72 it will be seen that there is
      continual contact wiping as ambient temperature fluctuates thereby keeping
      the contact surfaces clean and preventing the beginning formations of
      contact welds.
PAR  Member 72 is chosen so that its value of electrical resistivity is greater
      by approximately twice as much as for member 74. Member 72 also preferably
      is formed with a smaller cross section as can be observed by comparing the
      width of the members in FIG. 2. It will be understood that this could also
      be accomplished by making the thickness of member 72 less than that of
      member 74. The material for member 72 is also chosen having a flexivity v.
      temperature curve with a sharp knee, that is the flexivity decreases with
      increasing temperature above a predetermined temperature. Flexivity is a
      measure of how much a thermostat metal moves with a change in temperature
      and may be defined as the change in curvature of the longitudinal center
      line of the specimen per unit of temperature change for unit thickness.
      Reference may be had to FIG. 12 showing flexivity versus temperature
      curves for materials which can be used for members 72,74 respectively.
      When circuit breaker 10 is energized, auxiliary member 72 heats at a
      faster rate than does member 74 due to its higher value of resistivity.
      Thus as seen in FIG. 11, radius r of member 72 becomes larger moving
      member 74 and contact 76 toward the position shown in solid lines from the
      dashed line position. This movement causes contact 76 to slide or wipe
      across stationary contact 50 as well as to rock against the stationary
      contact. Normal current levels conducted through the breaker will cause
      member 72 to deflect more than strip 74 thereby causing contact 76 to move
      further to the right as viewed in FIG. 11 and causing an increase in
      contact force. Heat is conducted away from member 72 into bracket 12 and
      strip 74; however, a slight differential in temperature remains with
      member 72 maintained at a higher temperature. Eventually the auxiliary
      member 72 reaches a temperature at which radius r is not increasing so
      rapidly, that is when the slope of the flexivity versus temperature curve
      decreases. At the same time, member 74 is being heated with the result
      that radius R is decreasing. It will be seen that the rate of change in
      radius R of member 74 in relation to radius r of member 74 increases when
      the flexivity of member 72 begins to decrease. Upon overcurrent,
      eventually member 74 deflects enough to cause contact 76 to separate from
      contact 50. Since member 72 is of less mass than member 74, was heated to
      a higher temperature, and is mounted directly on plate 14 which acts as a
      heat sink, it cools more quickly and point E moves along its locus AB
      toward its original position (dashed line in FIG. 11) causing in increase
      in the speed of contact opening and the total distance of separation of
      the contacts. Dashed line CD identifies the locus of point F near the free
      distal end of member 74 as it moves from contact opening to contact
      closing.
PAR  Thus it may be seen from the above that the instant invention provides an
      improved cricuit breaker having longer life characteristics than the prior
      art due to contact wiping and improved stationary contact terminal
      assembly.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results obtained.
PAR  As various changes could be made in the above construction without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. A switch for breaking an electric circuit upon the occurrence of a
      predetermined overload comprising a base, a generally U-shaped first
      thermostatic member having respective high and low coefficient of
      expansion sides and having a first value of resistivity per unit of
      length, the first thermostatic member having a first and second leg joined
      by a bight portion, the first leg extending along the surface of the base
      and physically attached thereto, a generally flat second thermostatic
      strip member having respective high and low coefficient of expansion sides
      and having a value of resistivity per unit of length less than that of the
      first thermostatic member, the second leg of the first thermostatic member
      extending along a portion of the second thermostatic member and physically
      attached thereto with the sides contacting each other of dissimilar
      coefficient of expansion, a stationary contact mounted on the base
      electrically separated from the first and second thermostatic members, a
      movable contact mounted on the second thermostatic member and adapted to
      move into and out of engagement with the stationary contact, and means to
      provide electrical connection to the thermostatic members and the
      stationary contact whereby heating of the first thermostatic member causes
      increased contact force and contact wiping until deflection of the second
      thermostatic member causes separation of the contacts.
NUM  2.
PAR  2. A switch according to claim 1 in which the second thermostatic member
      extends from the free end of the second leg toward and beyond the bight
      portion, the high coefficient expansion side of the first thermostatic
      member being on the inside so that the low coefficient of expansion side
      of the first thermostatic member is in contact with the high coefficient
      of expansion side of the second thermostatic member.
NUM  3.
PAR  3. A switch according to claim 1 in which a tongue is formed in the base,
      the first leg of the first thermostatic member being joined to the tongue
      whereby contact pressure can be adjusted by bending of the tongue.
NUM  4.
PAR  4. A switch according to claim 3 in which the base is an electrically
      conductive plate, an electrically insulative pad is lockingly received on
      the plate, the stationary contact is mounted on the pad, an aperture is
      formed in the plate and the pad so that a calibration rod can be inserted
      therethrough from beneath the plate to the second thermostatic member.
NUM  5.
PAR  5. A switch according to claim 1 in which the first thermostatic member has
      a flexivity versus temperature curve in which flexivity decreases with
      increasing temperature above a predetermined temperature.
NUM  6.
PAR  6. A switch according to claim 2 in which the second thermostatic member
      has a flexivity versus temperature curve in which flexivity increases with
      increasing temperature above the predetermined temperature.
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ABST
PAL  A humidity-biased temperature responsive switch for controlling an
      automobile air conditioning compressor which closes at a warmer ambient
      temperature when the humidity is low than when the humidity is greater.
      The switch includes a sensor element having a metal strip and a
      hygroscopic plastic strip laminated together so that the different thermal
      coefficients of expansion will cause the free end of a cantilever-mounted
      sensor to move a contact. Absorption of water from the ambient air causes
      the plastic to swell and elongate and resultantly moves the contact into a
      closed position at a lower temperature than when the humidity is low.
BSUM
PAR  This invention relates to a simple and economical temperature and humidity
      responsive switch particularly adapted for use in automobile air
      conditioning systems.
PAR  In an automobile air conditioning system, an electromagnetic clutch is
      utilized to operatively connect the engine of the automobile to the air
      conditioning compressor for cooling operation. Previously, a temperature
      responsive switch has been utilized to deactivate the compressor when the
      ambient temperature decreases to about 32.degree. to 35.degree. F.
      However, at ambient temperatures below about 50.degree. to 60.degree. F.,
      air conditioning is unnecessary for cooling purposes and modern automobile
      air conditioning systems activate the compressor to an ambient temperature
      of about 32.degree. F. solely for the purpose of dehumidifying incoming
      air. This dehumidifying operation of the air conditioner when the ambient
      humidity is at a low level is uneconomical.
PAR  The subject temperature and humidity responsive switch provides a switch
      which closes to activate the air conditioning compressor at a relatively
      high temperature when the humidity is low and closes at lower temperature
      when the humidity is high. Thus, considerable energy is conserved by
      deactivating the air conditioning system when it is not needed for cooling
      or dehumidification. The preferred embodiment of the temperature and
      humidity sensitive switch provides desirable operating characteristics and
      includes a sensor element having strips of metal and hygroscopic plastic
      material laminated together. The element is partially slit lengthwise into
      three sections and the outer sections are crimped to shorten their length.
      This crimping causes the middle section or portion to bend outwardly from
      the plane of the laminated strip. When the sensor element is supported at
      one end in a cantilever fashion, the free end of the sensor moves in
      response to different elongations of the metal and plastic due to
      different thermal coefficients of expansion. The free end carries a
      contact adapted to engage a second contact on a stationary terminal to
      activate the compressor clutch terminal. At a low humidity, the difference
      in the thermal coefficients of expansion causes movement of the free end
      with respect to the fixed contact and activating the air conditioning
      system at a predetermined high ambient temperature. When the humidity is
      high, the hygroscopic plastic absorbs moisture from the air and biases the
      free end and contact thereon toward the fixed contact. Resultantly, the
      switch closes at a lower ambient temperature to activate the air
      conditioning system for dehumidifying action. In addition, the crimped
      edge portions and curved central portion provide a snap action to move the
      free end of the strip. This provides a positive contact and greatly adds
      to the switch contacts.
PAR  Therefore, an object of the present invention is to provide a simple and
      economical temperature and humidity responsive switch utilizing a
      laminated metal and hygroscopic plastic material which produces a bending
      motion due to the difference between the coefficients of expansion of the
      materials and the degree of water absorption of the plastic.
PAR  A further object of the present invention is to provide a simple and
      economical temperature and humidity responsive switch particularly well
      adapted for automobile air conditioning systems in which a laminated
      switch element of metal and hygroscopic plastic material is exposed to an
      ambient air stream to produce a bending opening and closing action of the
      switch due to the different coefficients of expansion between the metal
      and the plastic and the degree of water absorption by the plastic which
      opening and closing activates the air conditioning compressor at a
      relatively high temperature when the humidity is low and at a lower
      temperature with increasing humidity.
PAR  A still further object of the present invention is to provide a simple and
      economical temperature and humidity responsive switch for use in
      controlling an electromagnetic clutch circuit of an air conditioning
      compressor including an elongated laminated sensor member of metal and
      hygroscopic plastic which is supported at one end in cantiliver fashion
      and is slit lengthwise into three portions, the outer of which are crimped
      to curve or bow out the middle portion, whereby the differing coefficients
      of expansion between metal and plastic cause the free end of the sensor
      element to move with a snap action so that the engagement between the
      switch contacts is made rapidly and positively.
PAR  Further objects and advantages of the present invention will be more
      readily apparent from the following detailed description, reference being
      had to the accompanying drawings in which a preferred embodiment of the
      invention is illustrated.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a somewhat schematic illustration of an automobile air
      conditioning system including the subject switch member;
PAR  FIG. 2 is an enlarged elevational view of the switch assembly shown in an
      open operative position;
PAR  FIG. 3 is a view similar to FIG. 2 but showing the switch in a closed
      operative position;
PAR  FIG. 4 is another elevational view of the switch assembly shown in FIG. 2
      and looking in the direction of section line 4--4 in FIG. 3;
PAR  FIG. 5 is a fragmentary sectioned view of the switch assembly taken along
      section line 5--5 in FIG. 3 and looking in the direction of the arrows;
PAR  FIG. 6 is a plot of the switch movement versus temperature increases for
      two humidity conditions.
DETD
PAR  In FIG. 1, an air conditioning system typically used in automobiles is
      illustrated. The outlet of a refrigerant compressor 10 is connected by
      conduit 12 to a condenser 14 normally located in front of an automobile
      radiator. The condenser 14 liquifies and cools the high pressure
      refrigerant vapor from the compressor. From condenser 14, the refrigerant
      flows through conduit 16 to a receiver-dryer assembly 18. The
      receiver-dryer 18 separates vapor from liquid and discharges mostly liquid
      through outlet conduit 20. The receiver-dryer 18 also includes a desiccant
      member for removing any moisture which might be mixed with refrigerant in
      the system.
PAR  The outlet conduit 20 from receiver 18 is connected to the inlet of a
      thermal expansion valve 22 which regulates the quantity of refrigerant
      introduced through a conduit 24 into evaporator 26. The expansion valve 22
      has a movable valve element therein which regulates the flow of
      refrigerant through the evaporator 26 to reduce its pressure to a working
      level for the evaporator so that air passing therethrough heats the
      refrigerant to vaporize it. The refrigerant passes from evaporator 26
      through a conduit 32 to a suction throttling valve 34, the function of
      which is to maintain the temperature of refrigerant in the evaporator
      above about 32.degree. F. to prevent freezing of condensate on the outer
      surfaces of the evaporator. From the suction throttling valve, refrigerant
      flows through conduit 36 to the inlet of compressor 10 where it is
      pressurized and once more sent through the aforedescribed fluid cycle.
PAR  The compressor 10 may be a multi-cylinder axially reciprocating piston type
      which is presently used in many modern automobiles. It includes a shaft
      extending externally from one end of a housing which is attached to a
      pulley 38 of an electromagnetic clutch assembly 40. The pulley 38 is
      adapted to be engaged by a V-belt which also engages the crankshaft of an
      automobile engine to rotate the compressor shaft and reciprocate the
      pistons therein when the electromagnetic clutch 40 is energized.
      Specifically, energization of the clutch 40 occurs when a coil 42 is
      connected in circuit with a battery 44, a master on or off switch 46, a
      temperature control assembly 48, a conduit 50, terminals 52 and 56 of the
      subject temperature and humidity responsive switch 54 and a conductor 58.
      Coil 42 is grounded by conductor 60 to complete the circuit with the
      ground 62 of battery 44. The temperature control assembly 48 may take the
      form of the control disclosed in U.S. Pat. No. 3,263,739 to Gaskill et al.
      issued Aug. 2, 1966 and assigned to General Motors Corporation.
PAR  The temperature and humidity responsive switch 54 in FIG. 1 is located in
      the inlet air passage defined by duct 64. Ambient air is passed by duct 64
      into the automobile ventilation system and hence through the evaporator 26
      before its discharge into the passenger compartment.
PAR  Specific details of the switch assembly 54 are best shown in FIGS. 2-5 in
      which a preferred embodiment is illustrated. The switch 54 includes a base
      66 for mounting purposes and from one side of which terminals 52, 56
      extend. A relatively rigid and therefore stationary terminal member 68
      extends from the other side of base 66 and supports a stationary contact
      70 at its end. Member 68 may be made of any rigid and conductive material
      such as steel or brass. Adjacent to member 68 and spaced therefrom is a
      laminated switch element or sensor including a metal strip member 72 and a
      hygroscopic plastic member 74. The materials are bonded together so that
      an expansion of one affects the other. One end of the switch element is
      supported in a cantilever fashion by base 66 while the other end is free
      to move in duct 64. A contact member 76 thereon is supported on the free
      end.
PAR  The laminated switch element has slots 78, 80 which extend lengthwise
      through the laminated strip to divide the midportion of the strip into
      three distinct elements as shown in FIG. 4. The two outer portions are
      crimped at 82 and 84 to reduce their length. The crimping causes the
      middle or central portion 86 to bend outward from the plane of the
      laminated switch element. This outward bend or curve causes the contact 76
      on the strip to be moved slightly away from the fixed contact 70 when
      below the closing temperature and toward it when above the closing
      temperature. FIG. 2 shows the switch 54 in an open operative position.
      With increasing temperatures, the relatively greater rate of expansion of
      the plastic causes the curved portion 86 to move toward the right and
      eventually to snap in that direction into the closed position shown in
      FIG. 3. This causes an appreciable movement of the contact 76 to the left
      into engagement with fixed contact 70, thus energizing the compressor
      electromagnetic clutch coil 42.
PAR  The use of a hygroscopic plastic material for the portion 74 of the switch
      element 54 produces desirable changes in switch operating characteristics
      with humidity changes. Materials such as Nylon and cellulastic materials
      exhibit moisture absorption characteristics desirable for the subject
      application. When the plastic portion 74 of the switch element absorbs
      moisture from the air, the plastic swells and elongates. With the
      illustrated orientation of the metal side 72 and the plastic side 74 shown
      in FIGS. 2 and 3, the contact 76 is moved toward the fixed contact 70 when
      the plastic absorbs moisture. Thus the switch requires less of a
      temperature change to close and it will close at a lower temperature in
      response to increased humidity conditions. A representative illustration
      of switch operation is shown in FIG. 6, which is a representation of
      expected movement of the contact 76 with increasing temperature in a low
      humidity atmosphere and also in a high humidity atmosphere. The vertical
      discontinuity in the plot occurs when the central portion 86 of the switch
      element rapidly shifts from one side to the other to produce a snap
      action. The snap action rapidly and positively engages the contacts and
      thus increases their life by minimizing sparking.
PAR  The above-detailed description and the accompanying drawings disclose a
      preferred embodiment of the switch but it should be apparent to one
      skilled in the arts that modifications can be made to the switch structure
      without deviating from the invention, which is described in the following
      claims.
CLMS
STM  What is claimed is as follows:
NUM  1.
PAR  1. A temperature and humidity responsive switch comprising: a base member;
      an elongated stationary member with one end attached to said base member
      and a second end supporting a contact; an elongated bendable switch
      element having one end attached to said base member and a movable second
      end supporting a contact in alignment with the contact on said stationary
      member so as to cause engagement of said contacts when the second end of
      the switch element moves toward said stationary member during bending of
      the switch element; said switch element having a laminated structure with
      a metal portion and a plastic portion bonded together in a manner so that
      differences in their respective coefficients of thermal expansion affect
      the position of the movable second end of said switch element with respect
      to said second end of the stationary member; said elongated switch element
      being separated by slot means into side by side strip portions whose end
      portions adjacent said movable second end are joined and whose
      mid-portions are movable in the lateral direction with respect to one
      another; at least one of said strip portions being shortened in length,
      thereby causing the middle of the remaining strip portion to bend
      laterally in one direction from the general plane of the switch element
      during a low range of ambient temperatures and to cause the contact on the
      movable second end of the switch element to be positioned away from the
      contact on said second end of said stationary member and subsequently
      causing the middle portion to pass through the plane of the switch element
      and to bend in an opposite lateral direction with increasing ambient
      temperatures due to the differences in thermal coefficients of the metal
      and plastic so as to cause the contact on the second end of the switch
      element to engage the contact on the stationary member in a rapid and
      positive manner.
NUM  2.
PAR  2. A temperature and humidity responsive switch comprising: a base member;
      an elongated stationary member with one end attached to said base member
      and a second end supporting a contact; an elongated bendable switch
      element having one end attached to said base member and a movable second
      end supporting a contact in alignment with the contact on said stationary
      member so as to cause engagement of said contacts when the second end of
      the switch element moves toward said stationary member during bending of
      the switch element; said switch element having a laminated structure with
      a metal portion and a plastic portion bonded together in a manner so that
      differences in their respective coefficients of thermal expansion affect
      the position of the movable second end of said switch element with respect
      to said second end of the stationary member; said switch element having
      slots therethrough extending lengthwise, separating the midportion of said
      switch element into three strip portions; the two outer strip portions
      being crimped to shorten their length, thereby causing the middle
      unshortened strip portion to bend laterally outwardly in one direction
      from the plane of the switch element during a low range of ambient
      temperatures to cause contact on the movable second end of the laminated
      switch element to be positioned away from the contact on said second end
      of the stationary member and subsequently causing the middle portion to
      pass through the plane of the switch element and bend in an opposite
      second direction with respect to the plane of the switch element with
      increasing ambient temperatures due to the differences in thermal
      expansion coefficients of the metal and plasitc so as to cause the contact
      on the second end of the switch element to engage the contact on the
      stationary member in a rapid and positive manner; said plastic portion
      exhibiting hygroscopic properties which cause said plastic portion to
      swell and elongate when moisture is obsorbed due to increasing humidity,
      whereby the position of said movable second end of said switch element
      with respect to said stationary member changes in response to humidity
      changes; said metal portion having a lower coefficient of thermal
      expansion than said plastic portion and being located between said
      stationary member and said plastic portion to cause movement of the second
      end of the laminated switch element and resultant engagement of the
      contacts with increasing ambient temperatures; the outer placement of said
      plastic portion of the laminated switch element with respect to said
      stationary member causing the contact engagement to take place at a lower
      ambient temperature at a relatively high humidity due to the swelling and
      elongation of said hygroscopic plastic.
NUM  3.
PAR  3. A temperature and humidity responsive switch comprising: base support
      means for an elongated stationary member, one end of which is attached to
      said support, the second end of which is spaced from the plane of said
      support and has an electrical contact thereon; a laminated switch element,
      one end of which is supported by said base means, the remainder extending
      therefrom in substantial parallelism with said stationary member; said
      laminated switch element having a metal portion bonded to a hygroscopic
      plastic portion to produce a unitary switch element including diverse
      materials with different thermal coefficients of expansion; an electrical
      contact on the second end of said laminated switch element and oriented
      with respect to the electrical contact on said stationary member so that
      the contacts engage when the laminated element bends and places the switch
      in a closed operative mode; said laminated switch element being separated
      into three independently movable portions by slots extending in a
      lengthwise direction; the two outer portions being crimped to reduce their
      length and to cause the other portion to curve from the plane of said
      laminated element whereby the difference in coefficients of expansion
      between the metal and the plastic causes rapid movement of the second end
      of the laminated element to engage the contacts in response to an increase
      in ambient temperature while simultaneously the absorption of moisture by
      the plastic portion of the laminated element due to humidity increases,
      biases the second end of the laminated element toward the fixed contact so
      that the switch will close at a lower ambient temperature when the
      humidity is high than when the humidity is low.
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ABST
PAL  An exhaust gas sensor probe and its method of manufacture are disclosed. A
      tube of ceramic material is arranged to support a resistive type ceramic
      exhaust gas sensor within the cup-shaped cavity in the end portion of the
      tube. The tube is also provided with a generally continuous groove around
      the exterior of the cup-shaped end portion to support a heater wire in
      close heat conductive relation to the sensor ceramic wafer. The ceramaic
      tube is fixedly received within a housing which may include for example
      sufficient electrical connective means in the form of electrical terminals
      to electrically communicate the sensor and the heater wire to an external
      source of electrical energy and/or a utilization means. The present
      invention also provides a heat retaining end cap member having an infrared
      reflective coating for assisting in the retention of heat for those
      resistive type sensor ceramics which require an operating temperature
      substantially higher than the temperature of their normal environment.
PAL  In fabricating the ceramic support member of the present invention, a
      suitable ceramic is extruded to form a length of tubing having a plurality
      of passages extending therethrough. The green ceramic is then prefired
      until it is machinable and it is then machined to provide the end portion
      configuration having the generally cup-shaped sensor wafer support portion
      with the surrounding heater wire support groove. The tube is then finally
      fired to form a finished ceramic. The sensor ceramic may thereafter be
      inserted within the cup-shaped end portion of the support ceramic
      material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to the field of internal combustion
      engine controllers and more particularly to that portion of the above
      noted field which is concerned with the provision of exhaust gas sensors
      for use in analyzing the chemical composition of exhaust gases. More
      particularly still, the present invention is concerned with an exhaust gas
      sensor support or probe, which will be capable of withstanding the exhaust
      gas environment for substantial periods of time without cracking or
      exhibiting other types of fatigue failure, and with its method of
      manufacture.
PAR  2. Description of the Prior Art
PAR  Ceramic exhaust gas sensors of the electrically variable resistance type
      are known. For example, copending commonly assigned patent application Ser
      No. 391,424, now U.S. Pat. No. 3,893,230, "Air Fuel Ratio Sensor System"
      by H. L. Stadler et al. describes one such sensor fabricated from titania
      ceramic material and copending commonly assigned patent application Ser.
      No. 463,345-- "Air Fuel Ratio Sensor For Air Fuel Ratios In Excess Of
      Stoichiometry" describes such a sensor fabricated from cobalt monoxide
      ceramic material. Each of these materials demonstrates an electrical
      resistance change as a function of the partial pressure of oxygen in the
      gaseous environment of the ceramic material. The resistance changes may be
      measured by use of a pair of embedded electrodes. Each of these materials
      functions best at elevated temperature. However, the optimum operating
      temperature differs for the particular material. In order to operate the
      materials at their preferred operating temperature, the ceramic usually
      incorporates a heating means in the form of a platinum heater wire
      embedded within, or surrounding, the ceramic material. The embedding of
      the heater follows from the need to prevent any exothermic reactions from
      occurring at the surface of the platinum such as the catalyzation of
      carbon monoxide and the need to embed the resistance sensing leads.
PAR  In attempting to develop a sensor configuration which may be used in
      production as an exhaust gas sensor for automobile combustion engines,
      difficulties have been encountered in the laboratory in mounting the
      sensitive sensor ceramic material to a support or probe member in such a
      way that the sensor is reliably operable for periods of time sufficient to
      meet the demands of automotive production. The presently utilized method
      comprises bonding or cementing the sensor ceramic directly to a support
      ceramic with the electrical leads passing through the bonding material.
PAR  Sensor problems have arisen due to a variety of causes. In testing, sensor
      ceramics have become disunited from their support member. Also, vibrations
      induced by normal engine operation have operated to fracture the
      electrical wires at the surface of the ceramic sensor body. These problems
      are believed to stem, at least in part, from the fact that the resistive
      type ceramic exhaust gas sensor materials require a high degree of
      porosity in order to provide low response times. This high degree of
      porosity necessitates a mounting mechanism which places a minimum of the
      surface area of the sensor ceramic in masked contact with the support
      member.
PAR  A further problem has arisen from the fact that the prior exhaust gas
      sensor probes have utilized sensor ceramics which have placed a heater
      element physically within the sensor ceramic. Expansion due to, for
      example, differential rates of heating has caused nonuniform stresses on
      the sensor ceramic further complicating the mounting mechanism. It is
      therefore a specific object of the present invention to provide a probe
      for supporting an exhaust gas sensor ceramic of the resistive type in such
      a fashion that fracturing of the ceramic and/or of the electrical
      connections may be minimized. More particularly, it is an object of the
      present invention to provide such a structure in which the heating means
      may be physically distinct and separate from the sensor ceramic. More
      particularly still, it is an object of the present invention to provide a
      probe for supporting a wafer of exhaust gas sensor ceramic material which
      is capable of shielding the wafer of sensor material from direct exhaust
      gas flow impingement. It is a further object of the present invention to
      provide such a probe which will support a wafer of exhaust gas sensing
      material in gas flow contact with an exhaust gas stream while supporting a
      heating means in heat exchanging relation with the exhaust gas sensor
      material without being in direct contact with the exhaust gas sensor
      ceramic. It is also an object of the present invention to provide a
      support member for a sensor ceramic which permits edge bonding between the
      ceramics without incorporating the electrical leads in the bond. It is a
      further object of the present invention to provide for edge bonding which
      does not require the use of cements or pastes.
PAR  As noted hereinabove, two types of resistive exhaust gas sensor ceramics
      are known to operate at temperatures which differ by several hundred
      degrees centigrade. It follows from the difference in temperature
      requirements that substantial differences in the sensor ceramic support
      mechanism can be expected. It is therefore a further object of the present
      invention to provide a ceramic support member for a resistive type exhaust
      gas sensor ceramic material which may be used with sensor ceramic
      materials which may require operation at widely different temperatures. It
      is also an object of the present invention to provide an auxiliary heating
      mechanism for assisting an exhaust gas sensor ceramic and its support
      probe to retain sufficient quantities of heat so that the exhaust gas
      sensor ceramic material may operate with the assistance of the auxiliary
      means at temperatures substantially in excess of that at which it would
      operate in the absence of the auxiliary means.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a ceramic support probe for use in
      conjunction with a wafer of resistive type ceramic exhaust gas sensor
      material to form an exhaust gas sensor probe. The support member of the
      probe is comprised of an elongated section of ceramic material having a
      plurality of passages extending therethrough. One end of the probe
      material is machined to provide a cup-shaped portion having a relatively
      continuous groove formed on the outer surface of the cup-shaped portion.
      The groove may be formed, for example, as a screw thread. The interior
      side walls of the cup-shaped portion are provided with a pair of
      longitudinally extending slots which are adapted for wedging receipt of a
      wafer of the resistive type exhaust gas sensor material. A plurality of
      connecting passages are provided to extend through the side wall portions
      of the support member in the vicinity of the base of the cup-shaped
      portion. A winding of heater wire may be situated within the relatively
      continuous groove and may communicate with an electrical terminal
      apparatus for establishing a flow of heater current. The support member is
      preferably situated within a housing means adapted for attachment to, for
      example, the exhaust system of an automotive internal combustion engine.
      In those instances where substantially greater quantities of heat are
      required in the vicinity of the cup-shaped portion in order to maintain a
      wafer of ceramic exhaust gas sensor material at an elevated temperature, a
      ceramic end cap may be placed in surrounding relation to the cup-shaped
      portion and may be provided with an infrared reflective layer in the form
      of for example, a metallic coating. This coating may be placed on either
      the interior or the exterior of the end cap.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational view, partly in section and partly broken away
      showing an exhaust gas sensor probe fabricated in accordance with the
      teachings of the instant invention.
PAR  FIG. 2 is an enlarged view of a portion of the probe of FIG. 1 showing the
      cup-shaped portion in a transverse section.
PAR  FIG. 3 is a view of the end of the cup-shaped portion of the probe
      according to the present invention.
PAR  FIG. 4 is a sectional view of the probe according to the present invention,
      taken along section line 4--4 of FIG. 1.
PAR  FIG. 5 is an elevational, partly sectioned, partly broken away, view of an
      exhaust gas sensor probe fabricated according to the teachings of the
      present invention and intended for use with an exhaust gas sensor element
      requiring a higher operational temperature than that of the FIG. 1
      illustration.
PAR  FIG. 6 is an enlarged view of a portion of the probe of FIG. 5 showing the
      cup-shaped portion in transverse section.
PAR  FIG. 7 is a view of the end of the cup-shaped portion of the probe of FIG.
      5.
PAR  FIG. 8 is a sectional view of the probe of the present invention, taken
      along section lines 8--8 of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, an exhaust gas sensor probe 10, according to the
      present invention, is illustrated. Probe 10 includes an electrical
      terminal means 12, a housing sleeve means 14, and support member 16.
      Electrical terminal means 12 includes a plurality of electrical contact
      members 18 which are operative to communicate the exhaust gas sensor probe
      10 with, for example, a remotely located source of electrical energy and a
      remotely located sensor utilization means. By way of example, copending
      commonly assigned patent application Ser. No. 375,993, now U.S. Pat. No.
      3,868,846, -- "Circuit For Converting A Temperature Dependent Input Signal
      To A Temperature Independent Output Signal", filed in the names of
      Toshimoto Kushida et al., illustrates one such electrical energization and
      sensor utilization means. As illustrated, the electrical terminal means 12
      is the well known Jones plug and in this embodiment represents a form of
      electrical terminal means suited to laboratory use. Electrical terminal
      means for automotive vehicle usage are generally well known and any such
      means may be employed and such implemention is contemplated.
PAR  Support member 16 is here illustrated as a ceramic material and is
      preferably alumina, Al.sub.2 O.sub.3. As illustrated, support member 16
      extends in a longitudinal direction substantially from the terminal end of
      housing sleeve means 14 to the opposite, sensor, end 17 of housing sleeve
      means 14. Support member 16 is provided with a central passage 20 and a
      plurality of surrounding electrical conduit passages 22. The sensor end of
      support member 16 is provided with a generally cup-shaped end portion 24
      which is arranged to receive and support a wafer 26 of exhaust gas sensor
      material, principally of the variable resistive type, which responds
      electrically to changes in the partical pressure of oxygen. As illustrated
      in FIG. 1 and as further described hereinbelow with reference to FIG. 3,
      the interior void of the cup-shaped portion 24 is arranged to communicate
      directly with central passage 20 and, through the diagonal passages 28,
      with the surrounding electrical conduit passages 22.
PAR  Referring now to FIGS. 1 and 2, and in particular to FIG. 2, sensor wafer
      26 is provided with a pair of sensor conductors 30, 32 which communicate
      through diagonal passages 28 and electrical conduit passages 22 with
      selected ones of the electrical contact members 18. The outer surface of
      cup-shaped end portion 24 is provided with a relatively continuous groove
      34 which extends along substantially the entire outer surface of
      cup-shaped portion 24. A heating means 36 is provided in the form of a
      winding of heater wire disposed within groove 34. The heater wire 36 may
      be, for example, platinum and is arranged to communicate through others of
      the plurality of electrical conduit passages 22 with other of the terminal
      members 18. The interior surface of cup-shaped end portion 24 may be
      provided with a pair of generally longitudinally directed confronting
      slots into which wafer 26 may be inserted. In order to retain heater wire
      36 within the groove 34 and to shield the heater wire from any catalytic
      heating effects and corrosion which may be caused by exposure to the
      exhaust gases an inorganic potting compound 38 such as, for example,
      Saureisen Cement No. 33, available from Saureisen Corporation or other
      suitable refractory cement may be used. Other suitable cements include A1
      23 cement, an aluminum oxide cement available from Ventron Corporation and
      Ceramabond cement available from Aremco Products, Incorporated.
PAR  Referring now to FIGS. 2 and 3, and particularly to FIG. 3, an end view of
      probe 10 is shown. As can be seen from these views, the wafer of sensor
      material 26 is received within a pair of slots 40 formed in the side wall
      42 of the cup-shaped end portion 24. Sensor conductors 30, 32 are shown
      (in phantom lines in FIG. 3) extending from two of the electrical conduit
      passages 22 (shown in FIG. 3 in phantom line) into the sensor wafer 26.
      The heating coil 36 is shown (in phantom line in FIG. 3) in surrounding
      relationship to wafer 26 and is situated within groove 34. Heater wire 36
      is shown communicating with a further pair of surrounding passages 22. Due
      to the truncated wedge shape of wafer 26 and the matching taper of slots
      40, the sensor conductors 30, 32 may be slightly deformed during insertion
      of the wafer 26 within slots 40 by wedging action. This slight deformation
      may serve to retain wafer 26 with the slots 40. Furthermore, during the
      life of the probe 10, the ceramic materials of the wafer 26 and support
      member 16 will fuse and fracture producing a large plurality of
      interlocking fingers of ceramic material to further assist in holding
      wafer 26 within the cup-shaped end portion 24.
PAR  Referring now to FIG. 4, a sectional view of a portion of the support
      member 16 taken along section line 4--4 of FIG. 1 is shown. The plurality
      of connecting passages 28 are shown to extend through the narrowed portion
      44 of support member 16. It will be apparent that passages 28 need not be
      complete and may be simple grooves in the neck of the narrowed portion 44
      of support member 16. The potting compound 38 is shown in place between
      support member 16 and housing sleeve means 14.
PAR  Referring now to FIG. 5, an alternative embodiment of an exhaust gas sensor
      probe 110 according to the present invention, intended for use with an
      exhaust gas sensor ceramic operative at higher temperature is illustrated.
      The probe 110 includes an electrical terminal means 112, a housing sleeve
      means 114 and support member 116. As with the probe 10 of FIG. 1, the
      electrical terminal means 112 includes a plurality of electrical contact
      members 118 and is fixedly attached to the housing sleeve means 114.
      Support member 116 is received within sleeve means 114. A slight gap is
      provided between the outer surface of support member 116 and the inner
      surface of sleeve means 114 to provide for differential rates of expansion
      in the presence of heating. Support member 116 is provided with a central
      passage 120 and a plurality of longitudinally extending electrical conduit
      passages 122 surrounding central passage 120. Support member 116 is also
      provided with a generally cup-shape end portion 124 which is arranged to
      open longitudinally away from the main body of support member 116. As
      illustrated in FIGS. 5 and 6, a wafer 126 of ceramic exhaust gas sensor
      material is received within the cup-shaped end portion 124. A plurality of
      diagonal connecting passages 128 are illustrated diagonally
      interconnecting the interior of cup-shaped portion 124 with the electrical
      conduit passages 122. As is more clearly illustrated in FIG. 6, the sensor
      wafer 126 is provided with a pair of electrical leads 130, 132 which
      communicate the wafer 126 with selected ones of the electrical contact
      members 118 through connecting passages 128 and electrical conduit
      passages 122.
PAR  With reference to FIGS. 5 and 6, and in particular to FIG. 6, the outer
      surface of cup-shaped end portion 124 is provided with a relatively
      continuous groove 134. A heating means in the form of heater wire 136 is
      situated within the groove 134. An inorganic potting compound or
      refractory cement 138, such as one of the previously mentioned cements, is
      situated in generally surrounding relationship to the heater wire 136 and
      is operative to maintain the heater wire in proper relation with respect
      to cup-shaped end portion 124 while protecting heater wire 136 from
      handling damage and from the effects of direct exposure to the exhaust
      gases.
PAR  Referring now to FIGS. 6 and 7, wafer 126 can be seen to be inserted within
      a pair of confronting, longitudinally extending grooves 140 placed in the
      side wall 142 of cup-shaped portion 124. Electrical leads 130, 132 are
      shown to extend into, and terminate within, the wafer 126 by phantom
      lines.
PAR  Referring again to FIG. 5, the housing sleeve means 114 are shown to extend
      a substantial distance in the longitudinal direction along support member
      116 but to terminate well short of the cup-shaped end portion 124. A cap
      member 144 is positioned over the end portion 124 so as to engage a
      shoulder 146 of support member 116. Cap member 144 is provided with an
      aperture 148 which is arranged so as to expose the interior of cup-shaped
      portion 124 to a portion of the exhaust gas stream. Cap member 144 is
      preferably formed of a ceramic material having a coefficient of expansion
      compatible with that of the ceramic material selected for support member
      116 and may be formed of the same ceramic material. Cap member 144 is
      operative to inhibit radiation and conduction heat losses from potting
      compound 138 and heater wire 136 and, to accomplish this objective, may be
      coated with a thin layer of metallic material having a dielectric constant
      substantially different from that of the end cap material. For example, a
      platinum paste having a dielectric constant differing significantly from
      that of the ceramic end cap 144 will cause infrared reflection to occur at
      the interface layer between cap 144 and the metallic coating and
      substantial quantities of heat will be retained. The layer may be provided
      on either the interior or the exterior surface of end cap 144 depending
      upon the material selected and its reaction to the exhaust gas
      environment.
PAR  In the embodiment illustrated in FIG. 5, aperture 148 is formed to open in
      a transverse direction such that an exhaust gas stream flowing in the
      direction of arrow of 150 will force a small stream of gas to enter
      aperture 148 and to flow across the surface of wafer 126. This flow of
      exhaust gases will enter central passage 120 and may be exhausted from
      central passage 120 by one or more cross passages such as at 152. The
      cross passages 152 may be arranged at generally right angles to exhaust
      flow 150 and may extend through support member 116 intermediate the ends
      of sleeve means 114 and end cap 144. By being generally perpendicular to
      the exhaust flow, an aspirating effect will occur to facilitate the flow
      of exhaust gases across the surface of wafer 126.
PAR  Referring now to FIGS. 1 and 5, sleeve means 14, 114 are provided with a
      plurality of fin members 54, 154. These fin members provide for radiation
      of heat energy to protect the electrical terminal means 12, 112 while
      providing a convenient mechanism to control the depth of penetration of
      the probe, 10, 110 within the associated exhaust system of an internal
      combustion engine so that sensor wafers 26, 126 will be properly
      positioned at the approximate center of the associated exhaust gas
      conduit. While sleeve means 14, 114 are shown as comprising a threaded
      cylindrical member, it will be appreciated that other housing
      configurations are contemplated. For example, a conventional spark plug
      sleeve may also be utilized.
PAR  Referring now to FIG. 8, a sectional view taken along section line 8--8 of
      FIG. 5 is shown. This view illustrates the diagonal connecting passages
      128 which extend through narrowed portion 156 of support member 116. End
      cap 144 is illustrated in this view as including a thin metallic coating
      as at 158.
PAR  The support members 16, 116 according to the present invention are quite
      similar and may be fabricated in identical fashion. As illustrated in FIG.
      5, support member 116 is provided with an abutment shoulder 146 for
      receipt of the cap member 144 and this abutment shoulder may be provided
      by an additional machining step in manufacturing support members 16, 116.
      In fabricating support members 16, 116, for example support member 16, a
      relatively liquid body of raw ceramic material which may be for example
      alumina is extruded through a proper extrusion die to form a
      multi-passaged, generally cylindrical, rod or tube of raw ceramic
      material. The ceramic material of the support members 16, 116 is selected
      to be compatible with the temperature environment of the probe and
      relatively inert with respect to the exhaust gas constituents and the
      ceramic of wafers 26, 126. Alumina ceramic is presently preferred on the
      basis of compatability and cost. This rod or tube may be provided with a
      length which is substantially equal to that required for probe 10. The
      elongated tube of ceramic material is then prefired at an elevated
      temperature for a period of time sufficient, considering the magnitude of
      the elevated temperature, to produce a machinable green ceramic.
PAR  The green ceramic tube is thereafter placed in a machining fixture and the
      diameter of one end of the tube is reduced from the starting diameter,
      which may be just slightly larger (to allow for a predictable shrinkage on
      the order of about fifteen percent) than the inner diameter of sleeve
      means 14, to provide for the formation of narrowed portion 44 and of the
      outer surface of cup-shaped portion 24 while the machining of cup-shaped
      portion 24 is being accomplished. The inner surface of cup-shaped portion
      24 may be provided, for example, by drilling to expand the size of central
      passage 20. Alternatively, both the interior of cup-shaped portion 24 and
      the central passage 20 may be formed by a drilling process and the
      electrical conduit passages 22 may also be so formed. Preferably, the
      interior of cup-shaped portion 24 is a truncated cone.
PAR  The next step may comprise forming the transversely disposed, confronting,
      longitudinally extending sensor receiving slots 40 on the inner wall of
      cup-shaped portion 24 by use of a suitable cutting tool. These slots 40
      should be angled so as to intersect, if extended, at central passage 20
      interiorly of support member 16. Connecting passages 28 may be drilled
      through the side wall of support member 16 to intercommunicate the conduit
      passages 22 with the interior of cup-shaped portion 24. At the completion
      of the various machining and drilling steps to provide for the desired
      configuration of the cup-shaped portion 24 and the various passages
      communicating therewith, the tube, now comprising a green ceramic version
      of support member 16, may be committed to final firing. Thereafter, probe
      10 may be assembled by inserting the sensor wafer 26 in slots 40 and the
      conductors 30, 32 in the appropriate passages, situating heater wire 36 in
      groove 34, bonding support member 16 in the sleeve means 14 and making the
      necessary electrical connection within electrical terminal means 12. The
      potting compound 38 may then be added. In addition, a small amount of
      potting compound 38 may be added to the outer portion of slots 40 to close
      the slots to further assist in holding the wafer 26 in place.
PAR  In those instances where the ceramic selected for support members 16, 116
      is alumina (Al.sub.2 O.sub.3), the prefiring may occur at a temperature of
      about 1300.degree.F for a period of about 1 hour and the final firing may
      be conducted at a temperature of about 2700.degree.F for about 2 hours.
PAR  Where it is desired to form a support member 116 for use in the higher
      temperature environment required by a sensor wafer 126 formed of cobalt
      monoxide ceramic material, the machining step may also include machining
      of the main body of support member 116 to form the shoulder 146 for
      receipt of cap member 144 and the step of drilling may also include the
      step of drilling the cross passages 152.
PAR  It will thus be seen that the present invention readily accomplishes its
      stated objectives. A support member for supporting an exhaust gas sensor
      is formed which may be used with either a titania or cobalt monoxide based
      sensor material and which only requires very slight configuration
      modifications depending on its intended usage. The support member may be
      readily formed by conventional ceramic and ceramic machining techniques.
      By providing edge support along two edges of the sensor ceramic material,
      a thinner sensor ceramic may be fabricated thereby improving the potential
      response time for the ceramic material by assuring an increase in the gas
      transport time to enter and fill the various pores of the ceramic
      material. Furthermore, the wedging action of the wafer in the slots avoids
      the need for cementing while, in combination with the support provided
      along opposed edges of the sensor, inhibiting any vibration induced motion
      or flexing of the electrical leads. The heating means may also be removed
      from the wafer 26 without exposing it to the deleterious effects of
      exposure to the exhaust gases. While the heater means is now more remote
      from the variable resistance zone of primary interest, it is situated so
      as to be of substantially greater extent so that the heating function is
      not seriously or adversely effected and the sensor wafer may be of reduced
      mass and thickness. By providing a ceramic support construction which
      places the ceramic material at the center of, and not in contact with, a
      generally helically formed heater wire, the ceramic may be maintained at
      the desired elevated temperature with lower expenditures of heater wire
      energization energies and the need for additional wires formed in the
      sensor ceramic is avoided. Furthermore, by providing the end cap using
      well known refractory techniques for retaining heat, a wafer of sensor
      material may be maintained at a greatly elevated temperture with far less
      expenditure of electrical energy in the heater wire.
CLMS
STM  We claim:
NUM  1.
PAR  1. A probe for inserting a wafer of exhaust gas sensor ceramic material
      into the exhaust gas flow system of an internal combustion engine,
      comprising in combination:
PA1  an elongated ceramic support member having a plurality of generally
      longitudinally directed passages extending therethrough and a cup-shaped
      end portion arranged to open longitudinally away from said passages;
PA1  said cup-shaped portion having a pair of generally longitudinally directed
      slots on the inner surface thereof defining means for receiving and
      supporting a wafer of exhaust gas sensor ceramic materials;
PA1  a generally continuous groove formed about the outer periphery of said
      cup-shaped portion and extending along substantially the entire length of
      said cup-shaped portion;
PA1  housing means fixedly attached to the exterior portion of said support
      member and including means for mounting the housing to an exhaust gas
      system so that the cup-shaped portion of the support member extends into
      the interior of the exhaust gas system;
PA1  electrical terminal means attached to said housing so as to be exterior to
      the exhaust gas system when said housing means is attached to an exhaust
      gas system;
PA1  electrical heater wire means received within said groove for heating the
      interior of the cup-shaped portion and arranged to electrically
      communicate through at least a portion of said plurality of support member
      passages with said electrical terminal means.
NUM  2.
PAR  2. The probe according to claim 1 wherein said housing means includes a
      longitudinally extending portion arranged to surround said support member
      along a major portion of the length of said support member.
NUM  3.
PAR  3. The probe of claim 2 wherein said surrounding housing portion is
      longitudinally substantially coextensive with said support member.
NUM  4.
PAR  4. The probe of claim 2 including further means forming an end cap for
      placement over the cup-shaped end portion of said support member and
      arranged to engage a portion of said support member longitudinally
      displaced from said cup-shaped end portion.
NUM  5.
PAR  5. The probe of claim 4 wherein said end cap includes an infrared
      reflective layer whereby loss of substantial quantities of heat energy
      generated by said heater wire means may be avoided.
NUM  6.
PAR  6. The probe of claim 4 wherein said end cap includes means forming at
      least one aperture therein to permit a flow of exhaust gases to be
      established in proximity to the wafer.
NUM  7.
PAR  7. The probe of claim 6 wherein said support member is provided with at
      least one aperture, intermediate the ends of said end cap and said
      surrounding housing portion, in fluid communication with the interior of
      the cup-shaped end portion of said support member, for permitting a flow
      of exhaust gases to be established between said support member aperture
      and said end cap aperture.
NUM  8.
PAR  8. The probe of claim 1 wherein said support member end portion is arranged
      to open in a direction substantially transverse to the direction of flow
      of an exhaust gas stream.
NUM  9.
PAR  9. The probe of claim 1 including further curable resin potting compound
      surrounding said support member end portion for protecting said heater
      wire and for maintaining said heater wire within said groove.
NUM  10.
PAR  10. The probe of claim 9 wherein said curable potting compound is arranged
      to leave the opening of said support member end portion unobstructed.
NUM  11.
PAR  11. The probe of claim 1 including a wafer of exhaust gas sensor ceramic
      material received within said support means longitudinal slots and a pair
      of electrical conductor members attached to opposite faces of said wafer
      and electrically connected to said terminal means whereby changes in the
      electrical resistance of said wafer, induced by changes in the gaseous
      environment of the wafer, may be monitored.
NUM  12.
PAR  12. The probe of claim 11 wherein said wafer is received within said
      support means longitudinal slots and contacts said cup-shaped end portion
      along said longitudinally directed slots only, whereby free circulation of
      gases comprising the gaseous environment about said wafer is permitted.
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ABST
PAL  There is provided a combined variable resistor assembly provided with
      position indicator means for indicating positions of individual variable
      resistors by respective bright spots adapted to be moved by manipulating
      the associated variable resistors. This variable resistor assembly may
      find use mainly for electronic tuners, and with which the present states
      of the individual variable resistors for volume control, balance control,
      sound quality control and so forth can be known at a glance at the
      indicator means.
PARN
PAR  This is a continuation, division of application Ser. No. 427,735, filed
      Dec. 26, 1973.
BSUM
PAR  This invention relates to a combined variable resistor assembly provided
      with position indicator means for indicating positions of individual
      variable resistors by respective bright spots which are moved when the
      variable resistors are manipulated.
PAR  An object of the present invention is to provide a combined variable
      resistor assembly provided with position indicator means, in which the
      positions of individual variable resistors for volume control, balance
      control, sound quality control and various other purposes are represented
      by the positions of respective bright spots which are displaced in
      accordance with the movement of the contacts of the corresponding variable
      resistors, whereby the present states of the individual variable resistors
      can be known by a glance at the indicator means.
PAR  According to the present invention, the position indicating bright spots
      are moved according to the variable resistance of the corresponding
      variable resistors, so that the present states of various controls such
      the volume control, balance control and sound quality control can be known
      at a glance, and thus it is possible to increase the commercial value of
      the combined variable resistor assembly as a set. Also, the assembly is
      simple in construction and can be inexpensively provided. Thus, the
      present invention can offer great practical benefits.
DRWD
PAR  The aforesaid and other objects, features and advantages of the present
      invention, will be apparent from the following description taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a front view of an embodiment of the combined variable resistor
      provided with position indicator means according to the present invention;
PAR  FIG. 2 is a side view of the same embodiment;
PAR  FIG. 3 is a fragmentary perspective view, to an enlarged scale, showing the
      same in an exploded state and viewed from the back side thereof;
PAR  FIG. 4 is a side view showing a rotatable variable resistor employed for
      the same embodiment;
PAR  FIG. 5 is a front view of another embodiment of the present invention;
PAR  FIG. 6 is a side view of the same;
PAR  FIG. 7 is a front view of a further embodiment of the present invention;
PAR  FIG. 8 is a side view of the same;
PAR  FIG. 9 is a front view of a still further embodiment of the present
      invention;
PAR  FIG. 10 is a side view of the same; and
PAR  FIG. 11 is a sectional view, to an enlarged scale, showing the same
      embodiment.
DETD
PAR  An embodiment of the present invention will now be described with reference
      to FIGS. 1 to 4.
PAR  Referring to these Figures, and particularly to FIGS. 1 to 3, there is
      shown a panel casing 1 having a front wall and side walls. The front wall
      is formed with a plurality of vertically extending parallel slots 2. An
      H-shaped slide member 3 is slidably received in each slot 2, with its
      opposite side recesses 4 engaged with the wall portions 5 adjacent the
      opposite edges of the slot 2 so that it is movable along the wall portions
      5 as the guide. Numeral 6 (FIG. 3) designates a belt, which is secured at
      its one end to one edge portion of the associated slide member 3, and
      whose other end is securedly fitted in a groove formed in a cylindrical
      drum 7 so that it can be taken up on the periphery of the drum 7. The drum
      7 is accommodated in a hole or cavity 9 formed in the front wall of the
      casing 1 at a position below the lower end of the associated slot 2, and
      it is formed with a central see-through bore 10. The front wall of the
      casing 1 is also formed on its back side with a plurality of narrow
      grooves 11 each extending along the associated slot 2 and terminating in
      the associated cavity 9, the groove slidably receiving and guiding the
      corresponding edge portion of the associated belt 6 so as to prevent the
      buckling of the belt 6 and ensure smooth transmission of the rotation of
      the drum 7 to the associated slide member 3.
PAR  Extending through the bore 10 of each drum 7 is a rotatable shaft 13 of a
      rotatable variable resistor 12. Each rotatable resistor 12 is supported on
      the back side of the panel casing 1 by means of a bracket 14 secured by
      bolts 15 to the casing. Each drum 7 is secured by a clamp screw 16 to the
      shaft 13 penetrating the bore 10 so that it rotates in unison with the
      shaft 13.
PAR  Each rotatable variable resistor 12 has a well-known construction, as
      typically shown in FIG. 4, comprising a support plate 17 carrying the
      resistor proper and contact means (both resistor and contact means being
      not shown), a metal cover 18 tied at an open end thereof to the support
      plate, a brush holder (not shown) interposed between the support plate 17
      and metal cover 18 and carrying brush means (not shown) electrically
      connected to the afore-mentioned resistor and contact means, the aforesaid
      shaft 13 which is integral with or rotatable in unison with the brush
      holder, and end terminal 19 and an intermediate terminal (not shown),
      these terminals being electrically connected to the resistor and contact
      means respectively and extending straight and in the same direction from
      the support plate 17.
PAR  Each rotatable variable reesistor 12 is provided with a click detent
      mechanism. More particularly, the brush holder, which is rotatable in
      unison with the shaft 13, is provided with a resilient member constituting
      a spring arm 22 and having a ball or round head 21 at the free end, the
      ball or round head being adapted to be clicked into successive holes
      formed in a click plate 20. The click detent mechanism is covered by a
      dust-proof case 23.
PAR  Numeral 24 (FIGS. 2 and 3) designates optical fibers each having one end
      portion received in and held in position in a hole formed in the
      associated slide member 3. The other end of the optical fibers 24 is held
      in position in the neighborhood of a light source 26 (FIG. 1) mounted in
      the top portion of the front wall of the casing 1. In this example, two
      light sources 26 are mounted via respective holders 27 in the casing 1,
      and the other end of each optical fiber 24 is supported in the
      neighborhood of either one of these light sources. Each optical fiber 24
      has a sufficient length to be able to follow the movement of the
      associated slide member 3.
PAR  Numeral 28 designates a push lock switch mounted on the bracket 14 secured
      to the casing 1. It may be operated to open or close the circuit of the
      light sources 26 or other circuits. Numeral 29 designates graduation marks
      provided on the front wall of the casing 1 and located in the vicinity of
      the respective slots 2. A click point of the aforementioned click action
      is adjusted to coincide with the graduation marks 29 when securing each
      drum 7 to the associated shaft 13 by the clamp screw 16. Numeral 30
      designates notches formed in a top portion of the front wall of the casing
      1 and terminating in the respective slots 2. They are required for fitting
      the slide members 3 in engagement with the respective slots 2 formed in
      the casing 1. The shaft 13 has a knurled portion 31 which is fitted in the
      drum 7. The knurling is provided to prevent the lost rotation of the shaft
      13 after the fastening of the clamp screw 16.
PAR  In operation, by rotating the shaft 13 of any rotatable variable resistor
      12, the associated brush holder is also rotated in unison, causing the
      sliding movement of the brush means secured to the brush holder over the
      resistor. Since the contact means is always in contact with part of the
      brush means, it is thus possible to take out a variable resistance between
      either one of the end terminals and the intermediate terminal.
PAR  Meanwhile, with the rotation of the shaft 13 the associated drum 7 is also
      rotated in unison, and this rotation is transmitted through the belt 6 to
      the slide member 3. In other words, the rotational motion of the shaft 13
      is converted through the drum and belt 6 into a corresponding
      translational motion of the slide member 3, that is, the slide member 3 is
      moved in accordance with the rotation of the shaft 13. The movement of the
      slide member 3 means the movement of the free end of the associated
      optical fiber 24. Since the other end of the optical fiber 24 is held in
      the neighborhood of the light source 26, in the "on" state of the light
      source 26 the movement of the free end of the optical fiber is observed as
      the movement of a bright spot. Since the movement of the bright spot and
      change of the resistance of the variable resistor 12 are simultaneously
      caused by turning the shaft 13, the resistance taken out can be represent
      by the corresponding position of the bright spot.
PAR  Also, with the rotation of the shaft 13, the spring arm 22 is rotated in
      unison, causing the ball or round head to successively fall into the click
      holes in the click plate 20, so that successive click detent actions can
      be obtained. Here, it is also possible to adjust a mid point between two
      adjacent click points of the click action to coincide with the graduation
      mark.
PAR  FIGS. 5 and 6 show another embodiment of the invention. In the Figures,
      numeral 101 designates a panel made of a metal plate and formed with a
      plurality of vertically elongate parallel openings or windows 102. Numeral
      103 designates slidable vertical resistors corresponding in number to the
      number of the elongate openings 102. They extend parallel and are secured
      by means of screws 104 to the back side of the panel 101, each of them
      having a slide lever 105 penetrating the associated elongate opening 102.
PAR  Each of the slidable variable resistors 103 has a well-known construction,
      comprising a support plate 106 carrying the resistor proper and contact
      means (both resistor and contact means being not shown), a metal cover 107
      tied at an opening thereof to the support plate 106, a slide member 108
      extending between the support plate 106 and metal cover 107 and carrying
      brush means (not shown) slidable over the resistor and contact means, the
      aforesaid slide lever 105 secured to the slide member 108 and extending
      through a guide slot 109 formed in the metal cover 107, and terminals 110
      and 111 electrically connected to the resistor and contact means
      respectively and taken out of the support plate 106.
PAR  Rotatable shafts 112 corresponding in number to the numer of the slidable
      variable resistors 103 are journaled in respective bearings 113 mounted in
      the panel 101 below the slidable range of the respectively associated
      slide levers 105. Each shaft 112 is provided with a lower pulley 114
      secured to its portion extending on the front side of the panel 101.
      Numeral 115 designates an elongate click plate secured, by corking the
      shafts for instance, to a lower portion of the panel 101 on the front side
      thereof. Each lower pulley 114 is provided on its side facing the click
      plate 115 with a resilient member 116 constituting a spring arm and having
      a ball or round head 117 at the free end, the ball or round head 117 being
      adapted to be successively clicked to the resiliency of the spring arm 116
      into a plurality of click holes (not shown) formed in the click plate 115.
      Thus, each shaft 112 may be turned with a sense of click detent effect as
      the ball or round head 117 successively falls into the click holes in
      accompaniment of the rotation of the spring arm 116 in unison with the
      shaft 112. Each sahft 112 is provided with two stopper pins 118 extending
      from its end portion extending on the back side of the panel 101. These
      stopper pins 118 are adapted to engage with a stopper protrusion 119
      produding from the panel 101, thus limiting the rotational angle or
      angular span of the shaft 112. Paired with the lower pulleys 120, which of
      course correspond in number to the number of the slidable variable
      resistors 103 and are mounted for rotation on respective rivets 121
      extending from the front side of the panel 101 above the slidable range of
      the respectively associated slide levers 105. Each slide lever 105 is tied
      to a rope 122, which is passed round the associated upper and lower
      pulleys 120 and 114 in pair and is connected at the opposite ends to a
      coil spring 125 to form a loop, the coil spring 125 serving to hold the
      rope 122 under a constant tension. The rope 122 is wound round the lower
      pulley 114 at least one turn so that the rotation of the shaft may be
      securely transmitted to the rope 122. The upper pulley 120 serves an
      idler. Each slide lever 105 is thus moved with the rotation of the
      associated shaft 112 through the associated rope 122.
PAR  Numeral 126 designates optical fibers each of which has one end secured to
      an end portion of the associated slide lever 105, penetrates the
      associated elongate opening 102 formed in the panel 101 and has the other
      end held in position in the neighborhood of a light source 127. In this
      example, two light sources 127 are mounted via respective holders 128 in
      the panel 101, and the other end of each optical fiber 126 is supported in
      the neighborhood of either one of these light sources. Each optical fiber
      126 has a sufficient length to be able to follow the movement of the
      associated slide lever 105. The optical fibers 126 and slide levers 105
      are arranged such that they will not interfere with the movement of the
      ropes 122.
PAR  Numeral 129 designates a push lock switch secured to panel 101. The push
      lock switch 129 is operated to open and close the circuit of the light
      sources and the other circuits. Numeral 130 designates attachment holes
      formed in the panel 101 for assembling it in a set using it.
PAR  In operation, by turning any shaft 112, its rotation is transmitted to the
      associated rope 122 through the pulleys 114 and 120, causing the movement
      of the rope 122 and hence the movement of the associated slide lever 105.
      With the movement of the slide lever 105 the integral slide member 108 of
      the slidable variable resistor 103 is also moved in unison within the
      space defined between support plate 106 and metal cover 107, causing the
      sliding movement of the brush means secured to the slide member 108 over
      the resistor and contact means. In this way, it is possible to take out a
      variable resistance between either one of air end terminals 110 and the
      intermediate terminal 111.
PAR  Meanwhile, with the movement of the slide lever 105 the free end of the
      associated optical fiber 126 is also moved in unison. Since the other end
      of the optical fiber 126 is held in the neighborhood of the light source
      127, with the light source 127 in the "on" state the movement of the free
      end of the optical fiber is observed as the movement of a bright spot. In
      other words, since the movement of the bright spot and change of the
      resistance of the variable resistor 103 are simultaneously caused by
      turning the shaft 112, the resistance taken out can be represented by the
      corresponding position of the bright spot.
PAR  Also, with the rotation of the shaft 112 the spring arm 116 is rotated in
      unison, causing the ball or round head 117 to successively fall into the
      click holes formed in the click plate 115, thus providing the sense of the
      click detent effect.
PAR  It may be again worthwhile here to provide the panel 101 with graduation
      marks for the respective position indicators and adjust a click point of
      the click action to coincide with each graduation mark.
PAR  FIGS. 7 and 8 show a further embodiment of the invention. In the Figures,
      numeral 201 designates a panel made of a metal plate. It is formed with a
      plurality of vertically extending parallel slots 202. A slide member 203
      is slidably received in each slot 202 of the panel 201. Numeral 204
      designates rotatable variable resistors corresponding in number to the
      number of the slots 202, and each of which is mounted on the back side of
      a lower portion of the panel 201 with its rotatable shaft 205 extending to
      the front side of the panel.
PAR  Each rotatable variable resistor 204 has a well-known construction,
      comprising a support plate 206 carrying the resistor proper and contact
      means (both resistor and contact means being not shown), a metal cover 207
      tied at an open end thereof to the support plate 206, a brush holder (not
      shown) interposed between the support plate 206 and metal cover 207 and
      carrying the brush means (not shown) electrically connected to the
      aforesaid resistor and contact means, the aforesaid shaft 205 which is
      integral with or rotatable in unison with the brush holder, and end
      terminals 208 and an intermediate terminal (not shown), these terminals
      being electrically connected to the resistor and contact means and
      extending straight and in the same direction from the support plate 206.
PAR  Each of the shafts 205 is provided with a lower pulley 209 secured to its
      portion extending on the front side of the panel 201. Numeral 210
      designates upper pulleys corresponding in number to the number of the
      rotatable variable resistors and paired with the respective lower pulleys
      209. The lower and upper pulleys 209 and 210 in each pair are located
      below and above the span of the each associated slide member 203. Each
      upper pulley 210 is mounted for rotation on a rivet 211 extending from the
      front side of the panel 201. Each slide member 203 is tied to a rope 212,
      which is passed round the associated upper and lower pulleys 210 and 209
      and is connected at its opposite ends 213 and 214 to a coil spring 215 to
      form a loop, the coil spring 215 serving to hold the rope 212 under a
      constant tension. The rope 212 is wound round the lower pulley 209 at
      least one turn so that the rotation of the shaft 205 may be securely
      transmitted to the rope 212. The upper pulley 210 serves an an idler. Each
      slide member 203 is thus moved with the rotation of the associated shaft
      205 through the associated rope 212.
PAR  Numeral 216 designates optical fibers each of which has one end secured to
      the associated slide member 203 and the other end held in position in the
      neiborhood of a light source 217. Here, two light sources 217 are mounted
      via respective holders 218 in the panel 201, and the other end of each
      optical fiber 216 is supported in the neiborhood of either one of these
      light sources. Each optical fiber 216 has a sufficient length to be able
      to follow the movement of the associated slide member 203. The optical
      fibers 216 and slide members 203 are arranged such that they will not
      interfere with the movement of the ropes 212.
PAR  Numeral 219 designates a push lock switch secured to the panel 201. The
      push lock switch 219 is operated to open and close the circuit of the
      light sources 217 and other circuits. Numeral 220 designates attachment
      holes formed in the panel 201 for assembling it in a set using it.
PAR  In operation, by turning any shaft 205, its rotation is transmitted to the
      associated rope 212 through the pulleys 209 and 210, thus causing the
      movement of the rope 212 and hence the movement of the associated slide
      member 203. With the rotation of the shaft 205, the associated brush
      holder of the rotatable variable resistor 204 is also rotated in unison,
      causing the sliding movement of the brush means secured to the brush
      holder over the resistor. Since the contact means is always in contact
      with part of the brush means, it is thus possible to take out a variable
      resistance between either one of the end terminals and the intermediate
      terminal.
PAR  Meanwhile, with the movement of the slide member 203 caused through the
      rope 212 and pulleys 209 and 210 due to the rotation of the shaft 205, the
      free end of the associated optical fiber 216 is also moved in unison with
      the slide member 203. Since the other end of the optical fiber 216 is held
      in the neighborhood of the light source 217, with the light source 217 in
      the "on" state the movement of the free end of the optical fiber is
      observed as the movement of the bright spot. Since the movement of the
      bright spot and change of the resistance of the variable resistor 204 are
      thus simultaneously caused by turning the shaft 205, the resistance taken
      out can be represented by the corresponding position of the bright spot.
PAR  Again here, it may be worthwhile to provide each rotatable variable
      resistor 204 with a click detent mechanism and the panel 210 with
      graduation marks for the respective position indicators and adjust a click
      point of the click action of each click detent mechanism to coincide with
      each graduation mark.
PAR  FIGS. 9 to 11 show a still further embodiment of the invention. In the
      Figures, numeral 301 designates a box-like metal casing, and numeral 302
      an insulating plate tied to the casing 301 at a back side opening thereof.
      The front wall of the casing 301 is formed with a plurality of parallel
      slots 303 and also the same number of parallel slots 304 paired with the
      respective slots 303. The insulating plate 302 carries resistors 305 (FIG.
      11) corresponding in number to the number of the slots 303 and also
      contact means 306 (not shown) associated with the respective resistors.
      The resistors 305 and contact means 306 extend parallel and face the
      respective associated slots 303, and respectively associated terminals 307
      and 308 (terminals 308 being not shown) are taken out of the insulating
      plate 302.
PAR  In slidable contact with each resistor 305 and the associated contact means
      306 and providing for electric conduction therebetween is a brush 310,
      which is secured to the back side of a slide member 309, through which a
      drive shaft 312 formed with a peripheral helical groove extends rotatably.
      Each shaft 312 penetrates the top wall of the metal casing 301 and a
      bracket 311 provided within the casing 301, and the brush 310 carried by
      it is in mesh with the helical groove. The slide members 309 and drive
      shafts 312 are disposed to face the respective slots 303. Extending from
      the front side of each slide member 309 is an arm 313, which penetrates
      the associated slot 303 to the outside of the metal casing 301. Each arm
      313 has a projection projecting on the outer side of the casing 301 and
      reaching a position in front of the associated slot 304. Each drive shaft
      312 has a bevel gear 314 secured to its lower end. In mesh with each bevel
      gear 314 is a bevel gear 316 secured to a rotatable shaft 315 journaled in
      a bearing 317 mounted in the front wall of the casing 301. Each rotatable
      shaft 315 is provided on its end portion extending on the outer side of
      the casing 301 with a knob 318. The axis of the bevel gear 314 is at right
      angles to the axis of the associated bevel axis bevel gear 316, so that
      the rotation of the shaft 315 is transmitted in a direction normal to its
      axis. Each shaft 315 penetrates the insulating plate 302 and has a stepped
      portion 319 of an increased diameter at its end remote from the knob 318.
      The stepped portion 319 serves as a stopper with respect to the pulling of
      the shaft 315 and also as a lock means to co-operate with a push lock
      mechanism 320, which is provided on the insulating plate 302. The shaft
      315 can be locked in its advanced position by the push lock mechanism.
      When the shaft 315 is locked, the gears 314 and 316 are no longer in mesh
      with each other, so that the rotation of the shaft 315 will be lost and
      will not be transmitted.
PAR  Numeral 321 designates optical fibers each of which has one end secured to
      the projection of the associated arm 313 extending on the other side of
      the casing 301, is led through the associated slot 304 formed in the
      casing 301 and a notch (not shown) formed in the insulating plate and has
      the other end held in the neiborhood of a light source 322. The light
      source 322 is mounted via a holder 323 on a support 324, which is in turn
      secured by suitable means to the insulating plate 302. Each optical fiber
      321 has a sufficient length to be able to follow the movement of the
      associated arm 313 and is arranged such that it will not intefere with the
      operation of the slide member 309 and drive shaft 312.
PAR  In operation, by turning any one of the shafts 315 its rotation is
      transmitted through the bevel gears 316 and 314 to the associated drive
      shaft 312 provided its stepped portion 319 is not coupled to the
      associated push lock mechanism 320, thus causing the rotation of the drive
      shaft 312 penetrating the associated slide member 309. Since the brush 310
      secured to the slide member 309 is in mesh with the peripheral helical
      groove formed of the drive shaft 312, with the rotation of the shaft 315
      the slide member 309 is moved along the drive shaft 312. With the movement
      of the slide member 309 the brush 310 also moves in frictional contact
      with the resistor 305 and contact means 306, so that it is possible to
      take out a variable resistance between either one of the end terminals 307
      and the intermediate terminal 308.
PAR  Meanwhile, with the movement of the slide member 309 the free end of the
      associated optical fiber 321 is also moved in unison. Since the other end
      of the optical fiber 321 is held in the neiborhood of the light source
      322, with the light source 322 in the "on" state the movement of the free
      end of the optical fiber 321 can be observed as the movement of a bright
      spot.
PAR  Here, it may be worthwhile to provide the front wall of the casing with
      graduations for reading the individual bright spots of the optical fibers
      321.
PAR  While in the instant embodiment the metal casing 301 is formed with the
      slots 303 and 304, it is possible to replace each pair of slots 303 and
      304 with a single slot.
CLMS
STM  We claim:
NUM  1.
PAR  1. A combined variable resistor assembly provided with position indicator
      means, comprising a panel formed with a plurality of slots, variable
      resistors corresponding in number to the number of said slots and mounted
      on said panel, slide members slidably engaged in said respective slots,
      said variable resistors having respective operable shafts and terminals
      extending straight and in the same direction, each of said variable
      resistors further including a brush holder rotatable in unison with said
      operable shaft, first pulleys secured to the operable shaft of said
      respective variable resistors, second pulleys paired with said respective
      first pulleys and rotatably mounted on the front side of said panel at
      respective positions spaced from the slidable span of the respective
      associated slide members, rope means each passed through each pair of said
      first and second pulleys and connected to each said slide member, a light
      source, and optical fibers each having one end held in the neighborhood of
      said light source and the other end connected to each said slide member.
NUM  2.
PAR  2. A combined variable resistor assembly provided with position indicator
      means according to claim 1, wherein each said rope means comprises a rope
      and a tension spring forming a loop together with said rope.
NUM  3.
PAR  3. A combined variable resistor assembly provided with position indicator
      means according to claim 1, wherein each said brush holder is provided
      with a resilient member serving as a spring arm and having at the free end
      thereof a ball or round head, and a stationary click plate formed with one
      or more click holes, said ball or round head being adapted to be clicked
      into said click hole or holes.
NUM  4.
PAR  4. A combined variable resistor assembly provided with position indicator
      means according to claim 1, which further comprises a switch mounted on
      said panel through a shaft aligned to said operable shafts.
NUM  5.
PAR  5. A combined variable resistor assembly provided with position indicator
      means according to claim 1, wherein each said slide member has a
      channel-shaped portion in slidable engagement with a portion of said panel
      adjacent each said slot.
NUM  6.
PAR  6. A combined variable resistor assembly provided with position indicator
      means according to claim 1, wherein said panel is formed with openings
      having a size greater than the size of said slide members and
      communicating with said respective slots.
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ABST
PAL  An aircraft instrument for warning the pilot that the aircraft is in an
      unsafe condition in proximity to the ground. The instrument has inputs
      representing aircraft configuration, flight condition with respect to the
      ground, and glide slope. Detector circuits process the inputs and give a
      warning of unsafe proximity to the ground. The boundary conditions for the
      warning are selected to avoid false warnings. A glide slope detector
      distinguishes between a valid glide slope signal and spurious signals,
      without need for pilot input.
PARN
PAR  This application is a division of my copending application Ser. No.
      480,727, filed June 19, 1974, entitled "Aircraft Ground Proximity Warning
      Instrument."
BSUM
PAR  This invention relates to an aircraft ground proximity warning instrument.
PAR  Analysis of aircraft accidents on takeoff and landing show that many occur
      as a result of the aircraft being operated in an unsafe condition in close
      proximity to the ground. Astengo U.S. Pat. No. 3,715,718, issued Feb. 6,
      1973, to the assignee of this application, discloses and claims a ground
      proximity warning instrument which provides a pilot warning signal when
      the closure rate of the aircraft with respect to the ground is excessive
      for the altitude of the aircraft above the ground. I have found that the
      safety of aircraft operation may further be enhanced by the provision of
      warnings based on other aircraft conditions. It is, however, as important
      that false warnings be avoided as that warnings be given of unsafe
      conditions, for many pilots would ignore completely an instrument which
      was found to give false warnings. This invention concerns various aspects
      of the instrument which extend the scope of the conditions for which
      warnings are given and enhance the reliability of the operation.
PAR  One feature of the invention is that the instrument includes a means for
      generating a signal representing a deviation of the aircraft from the
      glide slope together with means for comparing the glide slope deviation
      signal with a signal representing the altitude of the aircraft with
      respect to the ground and for giving a warning when the deviation is
      excessive.
PAR  Another feature of the invention is the provision of means responsive to
      the signal representing the deviation of the aircraft from the glide slope
      for determining whether the glide slope signal is valid or spurious. More
      particularly, the radiation pattern for a glide slope antenna normally
      includes both the intended glide slope beam and unintended or spurious
      beams at other angles. The electrical characteristics of the received
      signal are utilized to distinguish between the valid and spurious signals,
      without requiring pilot input.
PAR  In a prior instrument, a warning was given to the pilot on the occurrence
      of descent of the aircraft below a predetermined altitude with respect to
      the ground, if the aircraft landing gear and flaps were not in the landing
      configuration. There are some airports which require a low level turning
      approach which is best executed without having the aircraft in landing
      configuration. A further feature is the provision of means for inhibiting
      the warning during such an approach.
PAR  Yet another feature is the provision of improved circuitry for inhibiting
      the giving of a warning during the final stages of a descent to landing
      and the initial stages of a takeoff.
PAR  Still a further feature is the provision of circuitry for eliminating a
      false warning caused by disturbance in the input signals resulting from
      switching transients in the electrical power system of the aircraft, or
      the like.
DRWD
PAR  Further features and advantages of the invention will readily be apparent
      from the following specification and from the drawings, in which:
PAR  FIG. 1 is a diagram illustrating the general configuration of the
      instrument;
PAR  FIGS. 2, 3, and 4 together make up a functional block diagram of the
      instrument;
PAR  FIGS. 5-8 are curves of the warning condition detector characteristics;
PAR  FIG. 9 is a diagram illustrating a typical glide slope radio beam; and
PAR  FIG. 10 is a chart summarizing the self-test sequence of the instrument.
DETD
PAR  The instrument illustrated and described herein incorporates not only the
      novel features summarized above and defined particularly in the claims,
      but also includes warning condition detection circuitry based on Astengo
      U.S. Pat. No. 3,715,718 and on a previous instrument which has been
      marketed for more than one year. The entire instrument is illustrated in
      order that the interrelationship of the various warning conditions will be
      clear. The novel subject matter is defined in the claims.
PAR  During the course of the description of the invention, specific values will
      be given for various warning boundary conditions, as altitudes, altitude
      rates, signal frequencies and the like. They represent nominal values for
      optimum warning conditions which have been found to be applicable to a
      variety of commercial jet aircraft for operation at airports throughout
      the world. It will be understood that these values in the specification
      and claims are subject to reasonable tolerances. Many of the signals and
      conditions are represented by symbols. The symbols used most often are
      identified and defined in the following table.
TBL  DEFINITION OF TERMS AND UNITS                                             
     ______________________________________                                    
     (-- ) . (-- ) The logic "AND" connective                                  
     (-- ) + (-- ) The logic "OR" connective                                   
     h.sub.R       Radio altitude in feet                                      
     h.sub.R       Radio altitude rate in feet per                             
                   minute                                                      
     h.sub.B       Barometric altitude in feet                                 
     h.sub.B       Barometric altitude rate in feet                            
                   per minute                                                  
     FD            Flaps in landing position. This                             
                   also includes the case where the                            
                   signal is (flaps down or gear                               
                   down).                                                      
     FD            Flaps not in landing position                               
                   (i.e., logic inversion symbol)                              
     h.sub.c       Complemented closure rate in                                
                   feet per minute (as described in                            
                   Astengo patent 3,715,718)                                   
     GU            Gear up signal                                              
     GU            The inversion of gear up, mean-                             
                   ing gear down.                                              
     h.sub.RL      Radio altitude rate limit as de-                            
                   scribed in Astengo 3,715,718.                               
     TO            Stands for take off and is the                              
                   output of a memory cell as in-                              
                   dicated.                                                    
     TO            The logic inversion of the TO                               
                   signal.                                                     
     TC            Below Terrain Clearance minimum.                            
     TC            Above Terrain Clearance minimum.                            
     Front course  Discrete input signal                                       
     G/S           Glide Slope deviation input sig-                            
                   nal in "dots" (one dot = .35.degree.                        
                   deviation).                                                 
     G/S           Rate of change of the glide                                 
                   slope deviation signal.                                     
     (G/S Valid)   Validity signal developed from                              
                   G/S signal indicating a proper                              
                   G/S signal is being received.                               
     GX            A Gear related signal which is                              
                   output of a memory cell as in-                              
                   dicated.                                                    
     GX            The logic inversion of GX.                                  
     ______________________________________                                    
PAR  The basic concept of the instrument is illustrated in FIG. 1. Signals from
      several aircraft condition sensors are connected with several warning
      condition detectors which, in an unsafe condition of the aircraft,
      generate a signal which actuates a warning.
PAR  Some of the aircraft conditions sensors are concerned with the position and
      movement of the aircraft while others are concerned with its physical
      characteristics. The barometric altimeter measures the aircraft altitude
      with respect to sea level, sensing changes in atmospheric pressure. The
      radio altimeter measures the clearance of the aircraft from the ground,
      based on the transit time of a radio signal from the aircraft to the
      ground and back. The glide slope receiver provides an input to the
      instrument at airports which are equipped with a glide slope radio beam.
      The flaps and landing gear sensors detect whether the wing flaps and
      landing gear are retracted or extended.
PAR  The warning condition detectors can be categorized functionally in terms of
      the conditions which they detect. The "negative climb after take off"
      detector gives a warning when the aircraft descends after it has left the
      ground on take off. The "terrain clearance" detector monitors the approach
      of the aircraft to the ground and gives a warning when it approaches too
      closely and is not in a proper configuration for landing. The "excessive
      sink rate" detector gives a warning when the aircraft is descending too
      rapidly. The "excessive closure rate detector" (based on the Astengo
      patent) gives a warning when the aircraft approaches the ground too
      rapidly. The "below-glide slope" detector generates a warning when the
      glide slope deviation is excessive for the altitude.
PAR  The warning which is given may be visual or audio in nature. Preferably it
      is an audio signal repeatedly admonishing the pilot to "pull up".
PAR  The aircraft condition sensors and some of the signal processing are shown
      in more detail in FIG. 2, which together with FIGS. 3 and 4 illustrate
      diagrammatically the circuitry of the instrument. Barometric altimeter 20
      has an analogue output signal h.sub.B connected with a differentiator
      circuit, the output of which is an analogue barometric altitude rate
      signal h.sub.B. This signal is connected through a low altitude disabling
      switch 22 and a test summing junction 23 with a filter 24. In aircraft
      equipped with an air data computer, the barometric altitude signal h.sub.B
      may be provided by the computer rather than the barometric altitude.
PAR  The radio altimeter 26 has an analogue output signal h.sub.R connected with
      a test summing junction 27 and providing another input to the detector
      circuitry. In addition, h.sub.R is an input to a plurality of discrete
      radio altitude detectors providing logic signals at different altitudes of
      the aircraft above the ground. For example, altitude detector 29
      determines whether the aircraft is above or below a 50 foot altitude, as
      the aircraft is descending. When h.sub.R becomes less than 50 feet, the
      output of detector 29 is a logic 1. As the aircraft ascends, the output of
      detector 29 becomes a logic 0 when the altitude exceeds 100 feet. The 50
      foot differential or hysteresis in the detector switching characteristic
      prevents a change in condition of detector output unless there is a
      significant change in the aircraft altitude. Altitude detectors 30 and 31
      provide logic 1 outputs at radio altitudes below 700 feet and 2450 feet,
      respectively.
PAR  Some aircraft are provided with a pilot control for the aircraft localizer
      receiver which enables use on the back course of the localizer radio beam.
      Where such selection is available, it is also utilized in the ground
      proximity warning instrument to provide a logic enabling input to the
      glide slope detector, as will appear later. The course selector switch 35
      in the "front course" position, grounds the input of inverter amplifier
      36, providing a logic 1 output. With switch 35 in the "back course"
      position, the output of amplifier 36 is a logic 0.
PAR  Glide slope receiver 37 has outputs representing "fly up" and "fly down"
      conditions, connected with amplifier 38, the output of which is an
      analogue signal with a positive polarity for "fly up" and a negative
      polarity for "fly down". The nature of the glide slope radio beam and the
      glide slope signal will be discussed in more detail below.
PAR  Self test circuitry is actuated by closure of switch 41 exercising various
      circuits of the instrument to determine whether they are operative.
      Details of the test circuitry and its operation will be discussed below.
PAR  Switch 43 opens when the aircraft flaps are extended to landing position
      providing a logic 1 input to OR gate 44. Another input to OR gate 44 is
      h.sub.R &lt;50 feet.
PAR  Landing gear sensing switch 46 closes with the landing gear down or in
      extended position, and completes a circuit to ground, grounding the input
      of OR gate 47. The other input to OR gate 47 is derived from the test
      circuit. The output of OR gate 47 is a gear up signal GU.
PAR  The analogue and logic signals developed in FIG. 2 are utilized in the
      circuits of FIGS. 3 and 4 to generate a warning signal under conditions of
      unsafe aircraft operation. The several detector circuits which will be
      described in detail have logic outputs connected with OR gate 52 (FIG. 3)
      the output of which is connected through a time delay 53 with a pilot
      warning 54.
PAR  Considering first the detection of a negative climb following takeoff, it
      will be seen that the barometric rate signal h.sub.B is connected with a
      negative climb detector 56 which has a logic 1 output when the negative
      climb (descent) exceeds 100 feet per minute. This signal is one of the
      inputs of AND gate 57. The other inputs of AND gate 57 are inverted FD,
      h.sub.R &lt;700 feet and a takeoff signal from a memory unit 58. A remaining
      input is concerned with the test circuit and will be described later; it
      is a logic 1 except under test conditions. Accordingly, when the aircraft
      is taken off, has flaps up and before it reaches an altitude of 700 feet,
      if there is a negative climb rate in excess of 100 feet per minute, a
      warning signal is given.
PAR  The second warning condition detector is concerned with descent of the
      aircraft below a minimum terrain clearance which is related to aircraft
      configuration. Radio altitude h.sub.R is summed with a bias signal
      representing -480 feet at summing junction 60. Detector 61 determines when
      the difference is less than 0 and has a logic 1 output when the aircraft
      is below 480 feet. This signal is an input to AND gate 62. The other
      inputs for the AND gate are the Cruise or TO output of memory unit 58 and
      an inverted flap down or FD signal. The cruise descent detector gives a
      warning when the aircraft altitude with respect to the ground is less than
      480 feet and the aircraft is not in the configuration for landing.
PAR  At this point it is significant to consider the operation of memory unit 58
      and the input conditions which are required for the Takeoff and Cruise
      outputs. Memory unit 58 is a bistable flip-flop having set and reset
      inputs S and R, respectively, and Q and Q outputs representing Takeoff and
      Cruise, respectively. The S input of the flip-flop is flaps down FD and
      below minimum terrain clearance TC while the R input is an inversion of
      h.sub.R &lt;700 feet. When the aircraft is in flight, S is 0 and R is 1. The
      output is Q or Cruise. As the aircraft descends, the R input goes to 0
      when h.sub.R is less than 700 feet. This causes no change in the output of
      the memory unit. The S input goes to 1 when the aircraft flaps are down
      and the aircraft is below minimum terrain clearance TC. The memory unit
      switches condition and has a Q or Takeoff output and remains in this
      condition even if power is removed from the instrument. In this respect it
      is analogous to a latching relay. The S input remains 1 until the flaps
      are retracted. S then drops to 0 with no change in the output of the
      memory unit as the R input is still 0. When h.sub.R exceeds 700 feet, the
      R input is 1 and the memory unit switches to a Q or Cruise output.
PAR  The cruise descent circuit provides a warning signal when the aircraft is
      below 480 feet and does not have the flaps in landing configuration. There
      are airports where the terrain requires a low circling approach at an
      altitude below 480 feet. It is undesirable to make such an approach with
      flaps extended as the drag with both the landing gear down and the flaps
      extended is too great to accomplish a low level turn with an adequate
      margin of safety. Visual approaches are sometimes made underneath a low
      overcast. Again, the landing gear may be down although the flaps are not
      in landing position. The cruise descent circuitry provides a warning
      inhibit circuit which permits such an approach.
PAR  The warning detector 61 provides a warning signal when h.sub.R goes below
      480 feet. An inhibit signal is added to the input of detector 61 at
      summing junction 63 when switch 64 is closed by the landing gear related
      signal GX from memory unit 65. The GX signal is obtained from the Q output
      of the bistable flip-flop memory unit having an S input of inverted GU and
      an R input of inverted h.sub.R &lt;700 feet. When the aircraft is in flight,
      S is 0 and R is 1. There is no Q output. The R input goes to 0 when the
      aircraft descends below 700 feet. When the landing gear is lowered, the S
      output goes to 1 and the memory unit has a GX output at Q. This output
      remains, even if the landing gear is retracted, until the aircraft is
      again above 700 feet.
PAR  The inhibit signal is derived from the barometric rate signal, preventing
      the occurrence of a warning so long as descent is not excessive, between
      altitudes of 480 and 200 feet. The characteristic of the inhibit signal is
      illustrated by the solid line boundary in FIG. 5. The barometric altitude
      rate signal h.sub.B is summed with a bias signal representing an ascent of
      1400 feet per minute at summing junction 66. A limiting circuit 67 is cut
      off with an input signal level representing 0 feet per minute and
      saturates at +800 feet per minute. These represent barometric descent
      rates of 1400 and 600 feet per minute, respectively. The output of limiter
      67 is connected with amplifier 68 having a gain such that for h.sub.B of
      -1400 feet per minute, the inhibit signal is 0 and for h.sub.B of -600
      feet per minute, the inhibit signal corresponds with the output of summing
      junction 60 for h.sub.R of 200 feet. The resulting signal is summed with
      h.sub.R - 480 feet at summing junction 63.
PAR  Considering the circuit and the diagram of FIG. 5, it will be seen that
      with the landing gear up, a warning signal is given when the aircraft goes
      below 480 feet. This is represented by the broken and solid line boundary
      at 480 feet in FIG. 5. With the gear down, the warning inhibit signal
      based on h.sub.B is added and the solid line in FIG. 5 represents the
      warning boundary. Below an altitude of 480 feet, so long as the descent
      rate is not excessive, a positive signal at the output of amplifier 68
      inhibits a warning. As the aircraft descends below 480 feet the negative
      input to summing junction 63 from summing junction 60 becomes greater and
      the negative climb rate which may be tolerated without a warning
      diminishes from 1400 to 600 feet per minute. Below an altitude of 200 feet
      there is no inhibit signal, and with the aircraft not in landing
      configuration, a warning is given.
PAR  If the pilot should for some reason retract the landing gear after
      descending below 480 feet, as to execute a Go Around maneuver, it is
      desirable that a warning not be given. The GX output of memory unit 65
      remains until the aircraft climbs above 700 feet, keeping switch 64
      closed. Even with the gear up, so long as the aircraft descent rate
      h.sub.B does not exceed the solid line boundary of FIG. 5, a Terrain
      Clearance warning is not given.
PAR  The excessive sink rate detector will be described in conjunction with the
      characteristic diagram of FIG. 6 and the inputs to AND gate 70. The sink
      rate detector has inputs of barometric rate h.sub.B and radio altitude
      h.sub.R. h.sub.B is summed with a signal representing 1300 feet per minute
      at summing junction 71. The output is amplified at 72 and connected with
      junction 73 where it is summed with the radio altitude signal h.sub.R.
      Detector 74 has a logic 1 output when its input is less than 0 and
      provides one of the inputs for AND gate 70. The other input is h.sub.R
      &lt;2400 feet warning is given if the sink rate is excessive. At 2400 feet a
      sink rate of 3500 FPM is tolerated. At h.sub.R = 0 a sink rate of 1300 FPM
      is tolerated without warning. The intercept at h.sub.B - 1300 FPM is
      established by the 1300 FPM bias added at summing junction 71 and the
      tolerated sink rate at 2400 feet is determined by the gain of amplifier
      72.
PAR  The closure rate detector is based on the circuitry disclosed and claimed
      in Astengo U.S. Pat. No. 3,715,718 in which a complemented altitude rate
      signal h.sub.C is compared with the aircraft altitude to establish a
      warning criteria. The circuitry will be described briefly here. Additional
      details may be found in the Astengo patent. The warning boundary is
      illustrated diagrammatically in FIG. 7.
PAR  An altitude rate signal h.sub.R is derived from h.sub.R through
      differentiator 76. This signal is connected with a variable level limiter
      77 and the limited altitude rate signal h.sub.RL provides one of the
      inputs to complementary filter 78. The other input is barometric altitude
      rate h.sub.B. The limits for h.sub.R are determined in accordance with the
      configuration of the aircraft and the aircraft altitude. The widest set of
      limits is provided when the aircraft has flaps up. An intermediate set of
      limits is used when flaps are down and a narrow set is used when a below
      minumum terrain clearance conditions exists. The narrow limits with FD and
      TC effectively disables the closure rate warning during the final stages
      of a landing approach.
PAR  The complemented altitude rate signal h.sub.C is summed with a bias signal
      representing an ascent of 2000 feet per minute at summing junction 80,
      scaled in amplifier 81 and summed with the radio altitude h.sub.R at
      junction 82. A detector 83 provides a logic 1 warning output when the sum
      is less than 0. The circuit has a straight line warning characteristic
      between conditions of a complemented altitude rate of 2000 feet per minute
      at 0 altitude and 3900 feet per minute at 1500 feet altitude. In this
      repect the circuit differs from that described in the Astengo patent where
      the warning boundary has a square function. The output of detector 83 is
      connected as one of the inputs of OR gate 52.
PAR  The below glide slope detector and the glide slope validity circuitry are
      shown in FIG. 4. The detector warning characteristic is illustrated
      diagrammatically in FIG. 8.
PAR  Assuming first that a valid glide slope signal is received and there is a
      logic 1 output from AND gate 85 to the AND gate 86, the additional
      requirements for the operation of the glide slope circuitry will be
      considered. AND gate 86 has other logic inputs representing inverted Gear
      Up, 50 feet &lt;h.sub.R &lt;700 feet and a front course input which will be
      described later. The below glide slope detector has inputs from the glide
      slope receiver 37 and aircraft altitude h.sub.R. The glide slope deviation
      signal from receiver 37 is positive for a fly up condition and has an
      amplitude represented in terms of dots. This corresponds with the typical
      glide slope display in which a pointer associated with the field of dots
      gives a three dot indication for a maximum fly up or fly down condition.
      At altitudes above 150 feet, a below glide slope deviation signal in
      excess of 1.6 dots gives a logic 1 output from detector 87 to AND gate 86
      providing a warning signal.
PAR  The glide slope deviation signal is based on the angle between the glide
      slope and a line from the aircraft to the glide slope antenna. Thus, close
      to the glide slope antenna, generally at very low altitudes, a small
      vertical displacement of the aircraft from the glide slope represents a
      large angular displacement. To avoid false warnings, the sensitivity of
      the below glide slope detector is reduced at low altitude. The altitude
      signal h.sub.R is added to a -150 feet bias signal at summing junction 88.
      Limiter 89 has a 0 output for altitudes above 150 feet and a negative
      output at altitudes below 150 feet. This signal is connected with scaling
      amplifier 90, the output of which is summed with the glide slope deviation
      signal at junction 91. The characteristic of the detector circuit, FIG. 8,
      shows that at altitudes above 150 feet a warning is given with a glide
      slope deviation signal of 1.6 dots or greater. For altitudes between 150
      feet and 50 feet, the sensitivity is reduced so that a deviation from the
      glide slope of three dots is required at 50 feet to establish a warning
      condition. At altitudes below 50 feet, AND gate 86 loses an input and a
      glide slope warning is inhibited.
PAR  Some aircraft are provided with a localizer receiver capable of operation
      from either the front course or back course of the localizer radio signal.
      Such aircraft have provision for a pilot selection of the front course or
      back course condition. When the instrument is utilized in an aircraft of
      this character, AND gate 86 has a front course input provided by pilot
      operated switch 35 and inverter 36. In aircraft which do not have this
      pilot selection, the front course input of AND gate 86 is eliminated.
PAR  An important consideration in utilizing the glide slope deviation signal to
      provide a warning is insuring that a valid glide slope signal is received
      so that a false warning is not generated by a spurious glide slope signal.
      In the usual glide slope installation modulated radio beams are propogated
      from an antenna array adjacent the end of the runway along a 3.degree.
      glide path to the antenna. Although it is desired that the radio beam
      energy be concentrated in the approach path of the aircraft, the radiation
      pattern in reality is generally conical. Most of the beam power is
      concentrated in the approach path or front course, but a significant
      portion of the energy is at 180.degree. thereto in the back course. Lesser
      beam strength is generated along other vectors. Furthermore, all of the
      radiated energy is not in the beams along the 3.degree. glide slope, but
      there are significant minor lobes radiated at other angles. Some of these
      conditions are illustrated diagrammatically in FIG. 9. In the front course
      there are nulls of 3.degree., 9.degree. and 15.degree.. The Fly Up major
      lobe is below 3.degree. and the Fly Down major lobe is above 3.degree.,
      centered on a 6.degree. slope. Above the 9.degree. null is a Fly Up minor
      lobe centered on 12.degree.. Lesser lobes are sometimes found at higher
      angles. There is a similar radiation pattern in the back course but with
      lower signal energy.
PAR  If the aircraft flies through the back course or a minor lobe pattern, an
      unwarranted warning signal might be generated. In order that the glide
      slope warning system be effective, it must discriminate between valid and
      spurious glide slope deviation signals without pilot action (except for
      the front course/back course switch 35, discussed above).
PAR  Two different characteristics of the glide slope deviation signal are
      relied on to establish validity. Both are related to changes of the valid
      and spurious fly up and fly down information. The changes in the spurious
      information are greater than those in the valid information and this
      characteristic is utilized to distinguish between the two. The difference
      in the changes come about for several reasons.
PAR  Considering first the back course signal on a vector 180.degree. to the
      front course, it will be appreciated that the antenna array is designed to
      minimize the power radiated along this vector. As a result the signal to
      noise ratio is greater in the front course signal than in the back course
      signal. Furthermore, the radiation pattern is dependent on ground
      reflection. In order to maximize the usefulness of the front course
      signal, efforts are made to keep the ground along the front course as
      clean of noise producing obstructions as possible. Generally aircraft and
      motor traffic are prohibited. Conversely, in the back course there is a
      great deal of traffic causing distrubances in the signal. Thus, in the
      front course not only is the signal stronger, but the noise is less than
      in the back course. Similarly, in the minor Fly Up lobe at 12.degree., the
      signal to noise ratio is reduced. Furthermore, if the aircraft is
      following a course approximating a 3.degree. glide slope, its path makes
      an angle of 9.degree. with respect to the 12.degree. secondary lobe. This
      results in a very rapid change in amplitude of the glide slope deviation
      signal. These are examples of the signal characteristics utilized to
      establish validity of the glide slope signal.
PAR  Two validity detector circuits respond to the glide slope deviation signal.
      If either has an output it indicates that the information is spurious and
      the glide slope signal is not valid.
PAR  The glide slope deviation signal G/S, or Fly Up/Fly Down information, is
      connected with a bandpass filter 92 made up of serially connected low pass
      and high pass filter sections 93 and 94 respectively. The output of filter
      92 is connected with a rectifier 95 that has a DC output which is a
      function of the signal energy passed by the filter. When the output of
      rectifier 95 exceeds a level corresponding with 0.27 dots of glide slope
      deviation signal, the output of warning detector 96 goes to zero and
      removes an input of AND gate 97. Valid Fly UP/Fly Down signal information
      generally has a frequency less than one-fourth Hz. Invalid information has
      a higher frequency both because the signals in the back course and the
      minor lobes are noisy and unstable and because the signal will change
      rapidly in amplitude if it is derived from a minor lobe. If there is
      significant signal strength above one-fourth Hz., it is passed by filter
      92 and inhibits a warning from the glide slope detector. In order that
      operation of the circuit not be inhibited by higher frequency noise
      signals, low pass filter 93 has an upper cut off frequency of 21/2 Hz.
      High pass filter 94 has a lower cutoff frequency of one-fourth Hz. so that
      the validity circuit does not respond to valid signal information.
PAR  If the glide slope receiver 37 has a good automatic gain control
      characteristic, changes in the glide slope deviation signal resulting from
      disturbances in the field strength of the radio pattern are minimized. A
      second glide slope detector circuit provides a further validity measure.
      The glide slope deviation signal from low pass filter 93 is connected with
      a differentiator circuit 98, the output of which represents the rate of
      change of the glide slope deviation signal G/S. This signal is multiplied
      by h.sub.R in variable gain amplifier 99 and connected to summing junction
      100 where it is combined with signal representing the barometric rate
      h.sub.B and a bias signal representing a barometric rate of -3.degree..
      The sum signal is filtered at 101 and connected with a glide slope
      deviation rate detector 102.
PAR  If the aircraft is in the major lobe and is flying along a path parallel
      with the 3.degree. glide slope, h.sub.B and the -3.degree. bias signals
      cancel. If the plane is in the major lobe of the glide slope pattern, the
      rate of change of the glide slope signal should be 0 and in this condition
      detector 102 has a logic 1 output. If the plane is not on a path parallel
      with the glide slope, the glide slope deviation rate signal and the
      barometric rate signal cancel retaining a valid output from detector 99.
      If, however, there is a large change in the glide slope deviation signal,
      indicating that the plane is in a secondary lobe of the radiation pattern,
      detector 99 has a logic 0 output and a glide slope warning is inhibited.
      The gain of amplifier 99 is reduced at low altitudes by the h.sub.R input
      to reduce the sensitivity of rate detector 102 at low altitudes.
PAR  The logic outputs of the two glide slope validity detectors are connected
      with the inputs of AND gate 97 and provide an output from the AND gate so
      long as a valid signal is received. The output of AND gate 97 is connected
      directly and through a 15 second time delay 103 with the inputs of AND
      gate 85. This circuit requires that there be a 15 second valid glide slope
      deviation signal received before AND gate 85 has an output providing an
      enabling input to glide slope warning AND gate 86. If there is a
      determination of invalidity of the glide slope deviation signal, the glide
      slope warning is inhibited immediately. Another 15 seconds of valid glide
      slope deviation signal is required to reenable the glide slope warning.
PAR  The barometric altitude signal is not reliable close to the ground as air
      is compressed in front of and below the aircraft body and wings. The
      barometric altimeter senses the increased pressure of the air and
      indicates a lower altitude. Altitude detector 29 provides a logic output
      at altitudes less than 50 feet. Switch 22 is actuated at altitudes below
      50 feet grounding the input of the barometric rate channel so that
      erroneous barometric altitude information does not cause a false warning.
      The logic signal is an inverted input to AND gate 86, inhibiting a glide
      slope warning below 50 feet.
PAR  The following tabulation of logical statements summarizes the warning
      conditions for the circuits of FIGS. 2, 3 and 4.
TBL  WARNING CONDITION                                                         
     DETECTOR   WARNING CRITERIA                                               
     __________________________________________________________________________
     Negative Climb                                                            
                (h.sub.B &lt;-100) .sup.. TO .sup.. FD .sup..                     
                             [(h.sub.R &gt;50) + (h.sub.R &gt;100)] .sup.. (h.sub.R  
                             &lt;700)                                             
     After Takeoff                                                             
                             Descent Ascent                                    
                             Hysteresis                                        
                Where (TO) = state of memory unit 58                           
     Terrain Clearance                                                         
                TC .sup.. FD .sup.. TO                                         
                TC = [(h.sub.R &lt;480) .sup.. TO .sup.. GX] +                    
                         280                                                   
                    h.sub.R &lt;                                                  
                            (-h.sub.B +160) .sup.. TO .sup.. GX .sup..         
                            (h.sub.R &lt;480)  +                                  
                         800                                                   
                    [(h.sub.R &lt;200) .sup.. TO .sup.. GX]                       
                    where (GX) = state of memory unit 65                       
                    2450                                                       
     Excessive Sink                                                            
                h.sub.R .ltoreq.-                                              
                       (h.sub.B -1300)  .sup.. (h.sub.R &lt;2450)                 
                                     [ (h.sub.R &gt;50) +                         
                                            (h.sub.R &gt;100]                     
                    2200                                                       
     Rate Close to                   Descent                                   
                                            Ascent                             
     Terrain                                                                   
                                     Hysteresis                                
                    1500                                                       
     Excessive Closure                                                         
                h.sub.R .ltoreq.                                               
                       (h.sub.C -2000)  .sup.. (h.sub.R &gt;50)                   
                    1900                                                       
     Rate to Terrain                                                           
                      3                                                        
     Below Glide Slope                                                         
                G/S&lt;      (h.sub.R -264.3)  .sup..                             
                                   (Front Course) .sup.. (G/S Valid) .sup..    
                      214.3                                                    
                                   GU .sup.. (50&lt;h.sub.R &lt;150) +               
                [(G/S&lt;-1.6) .sup.. (Front Course) .sup.. (G/S Valid) .sup..    
                GU                                                             
                                   (150&lt;h.sub.R &lt;700)]                         
     __________________________________________________________________________
PAR  The various signal inputs to the instrument are electrical in nature and
      are derived from aircraft condition sensors which are electrically powered
      from the aircraft electrical supply. During normal operation of the
      aircraft it is not uncommon that transients occur on the power circuitry
      as a result of bus switching, for example. These transients are typically
      of very short time duration. However, they could disturb the condition
      sensors sufficiently to generate a false warning signal. The time delay
      circuit 53 connected between OR gate 52 and warning 54 eliminates false
      warnings from such transients. It has been found that a time delay of the
      order of 0.6 second is sufficiently longer than the power line transients
      to avoid false warnings while not unduly delaying the generating of a true
      warning.
PAR  In order that the operability of the instrument may be checked from time to
      time, a test circuit is provided which may be actuated by closing test
      switch 41. The tests performed depend on the aircraft conditions. When the
      aircraft is on the ground, several circuits are automatically actuated in
      sequence. When the plane is airborne, only the warning or output circuitry
      is tested. Closure of test switch 41 grounds inverting inputs of AND gates
      105 and 106. The other input for AND gate 105 is a cruise output of memory
      unit 58 and the other input of AND gate 106 is a takeoff output from the
      memory unit. The tests performed are summarized in the table of FIG. 10.
PAR  The ground tests will be considered first. The output from AND gate 106
      actuates switches 108, applying a bias signal representing a barometric
      descent rate of 9000 feet per minute to summing junction 23, and switch
      109, applying a bias signal representing an altitude of 200 feet to
      summing junction 27. The 200 foot altitude signal removes the output from
      the 50 foot altitude detector 29. This causes switch 22 to return to the
      position shown in FIG. 2, removing the ground from the input of the
      barometric rate circuit.
PAR  The 9000 FPM bias to the barometric rate circuit charges the components of
      the complementary filter 78 generating a closure rate warning output for
      approximately 3 seconds. There is also a warning output from detector 74
      of the sink rate circuit. However, a ground test signal is connected
      through an inverting input with AND gate 70 so that the sink rate warning
      is not connected to OR gate 52 during the initial portion of the test.
PAR  Similarly, the 9000 FPM barometric rate signal provides an output from
      detector 56 in the negative climb rate circuit. AND gate 57 in this
      circuit requires an input from OR gate 111 which is removed for six
      seconds at the start of the test sequence. The ground test signal is
      connected to an inverting input and through a 6 second time delay with OR
      gate 111. In the absence of ground test, OR gate 111 has a logic 1 output.
      At the start of the ground test, the output goes to 0. After the 6 seconds
      expires, the output returns to 1 and a warning is provided through AND
      gate 57. This warning continues so long as test button 41 is closed. When
      the test button is released, the inverted ground test input is removed
      from AND gate 70 and the warning continues through the sink rate circuit
      until any change from the bias signal in the barometric rate filter 24 or
      the sink rate detector circuit is dissipated.
PAR  When the test is carried out with memory unit 58 in the cruise condition,
      an in-flight test output from AND gate 105 is connected with OR gate 52
      actuating the warning circuitry 54.
PAR  In carrying out the sequential warning, it is preferable that warning
      lights be observed carefully to distinguish the on-off-on sequence. The
      rapid changes in condition are difficult to discern with the audio signal.
PAR  Each of the warning condition detectors provides a warning of an unsafe
      condition with usually sufficient time for the pilot to pull up and avoid
      an accident. The warning boundary conditions are selected so that
      unnecessary warnings are minimized. While each of the detectors functions
      independently, the warning boundary conditions are so related that a
      warning is given for substantially all ground proximity related unsafe
      conditions of an aircraft.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an aircraft instrument for generating a warning to an operator in the
      event an aircraft descends below a predetermined altitude, except with
      flaps extended in a landing configuration, means inhibiting generation of
      a warning for enabling a warning free low altitude approach to a landing
      with the flaps up and landing gear down, comprising:
PA1  means generating a signal representing the barometric rate of descent of
      the aircraft;
PA1  means responsive to the barometric descent rate signal indicating a descent
      rate less than a predetermined value for generating a warning inhibit
      signal;
PA1  means sensing the position of the aircraft landing gear; and
PA1  means responsive to the landing gear being in a landing configuration to
      connect said warning inhibit signal with said warning generating
      instrument.
NUM  2.
PAR  2. The aircraft instrument of claim 1 in which the predetermined barometric
      descent rate is a function of the altitude of the aircraft above the
      ground.
NUM  3.
PAR  3. The aircraft instrument of claim 2 in which the maximum barometric
      descent rate at which a warning inhibit signal is generated, is directly
      related to the altitude of the aircraft above the ground.
NUM  4.
PAR  4. The aircraft instrument of claim 3 in which a warning inhibit signal is
      generated for a barometric descent rate less than 1400 feet per minute at
      an altitude of 480 feet above the ground and 600 feet per minute at an
      altitude of 200 feet above the ground.
NUM  5.
PAR  5. The aircraft instrument of claim 4 in which the connection of the means
      for connecting the warning inhibit signal with the warning generating
      instrument is maintained if the landing gear is retracted after being in
      landing configuration, and the connection is interrupted with the landing
      gear retracted and when the aircraft exceeds an altitude of the order of
      700 feet.
NUM  6.
PAR  6. The aircraft instrument of claim 1 in which the warning inhibit signal
      connecting means maintains a connection with the warning generating means
      if the landing gear is retracted after being in landing configuration.
NUM  7.
PAR  7. The aircraft instrument of claim 6 in which the warning inhibit signal
      connecting means interrupts the connection with the warning generating
      means with the landing gear retracted, when the aircraft exceeds a
      predetermined altitude.
NUM  8.
PAR  8. In an aircraft instrument for warning the operator in the event an
      aircraft descends below a predetermined altitude, except in a landing
      configuration, said instrument including means generating a signal
      representing the altitude of the aircraft above the ground, means
      generating a signal representing the position of aircraft flaps and means
      responsive to a combination of signals indicating altitude below a
      predetermined level and flaps in other than a landing position for
      actuating an operator warning, means for enabling a warning-free approach
      to a landing with the flaps in other than landing position and the landing
      gear down, comprising:
PA1  means generating a signal representing the barometric rate of descent of
      the aircraft;
PA1  means responsive to a barometric descent rate signal indicating a descent
      rate less than a predetermined value for generating a warning inhibit
      signal;
PA1  means generating a signal representing the position of the aircraft landing
      gear; and
PA1  means responsive to a signal indicating the landing gear in landing
      position to connect said warning inhibit signal with said warning
      actuating means.
NUM  9.
PAR  9. The aircraft instrument of claim 8 in which the value of the altitude
      signal is directly related to the aircraft altitude below said
      predetermined altitude, and the value of said inhibit signal is inversely
      related to the descent rate of the aircraft, the warning-free enabling
      means including means for summing the altitude signal and the warning
      inhibit signal, whereby warning is inhibited with a greater descent rate
      at high altitude and a lesser descent rate at low altitude.
NUM  10.
PAR  10. The aircraft instrument of claim 8 including an inhibit signal switch
      to connect the warning inhibit signal with the warning actuating means;
      and
PA1  means for actuating said switch, responsive to a combination of signals
      indicating the landing gear in landing position and aircraft altitude
      below a predetermined level to close said switch.
NUM  11.
PAR  11. The aircraft instrument of claim 10 in which said switch actuating
      means is responsive to a combination of signals indicating landing gear in
      nonlanding position and aircraft altitude above a predetermined level to
      open said switch.
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PAL  An aircraft instrumentation having inherent self-checking features. Radar
      and barometric altitude information are displayed on the dial face of a
      single instrument. A cooperating dial and first pointer displays
      barometric altitude. A manually settable indicator "bug" cooperates with
      the dial to provide a presentation of the height of the airstrip relative
      to sea level. A second indicator "bug" of a different shape from the
      landing field bug is servo-driven from both radar and barometric altitude
      signal inputs to provide a presentation of aircraft altitude relative to
      the terrain beneath the aircraft. The angle between the barometric
      altitude pointer and servoed radar altitude "bug," measured
      counterclockwise, constitutes the distance of the aircraft above the
      airstrip or other terrain which the aircraft is passing over. Upon
      touchdown both "bugs" should be in exact coincidence, thereby serving as a
      self-check upon accuracy of the instrumentation.
BSUM
PAR  The present invention relates to aircraft instrumentation and more
      particularly to a novel combined radar-barometric altitude presentation to
      provide a simplified display and having inherent self-checking features.
PAC  BACKGROUND OF THE INVENTION
PAR  The barometric altimeter is the established primary standard of altitude
      used for vertical separation and landing of aircraft. However, in cases of
      low ceiling landings such as, for example, Category II and III, the
      overall accuracy of barometric altimeter system is generally deemed to be
      inadequate, from the viewpoint of safety. Vertically down-looking radar is
      capable of providing an accurate measure of distance from the aircraft to
      the ground, which distance is typically referred to as "radar altitude" or
      "terrain clearance." This data is presently employed as a second altitude
      reference for landing, since its accuracy is excellent at low altitudes
      right down to touchdown. The reading is not affected by the various errors
      inherent in barometric altitude systems.
PAR  In current practice, pilots employ barometric altitude to a level of about
      1000 feet above landing altitude. Below that height the pilot refers to
      the radar altitude (terrain clearance) which provides the pilot with
      information relating to the ground profile under the approach path. When
      the profile is level, the radar altimeter may be considered by the pilot
      as his primary altitude reference with the barometric altimeter serving as
      a check, if these instruments have shown to be in agreement immediately
      prior thereto.
PAR  Up to the present time, these instruments are substantially independent of
      one another and no existing technique or apparatus exists for integrating
      these instruments into a composite display which is more meaningful in
      existing displays, is simpler to read and which provides novel inherent
      self-checking capabilities.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is characterized by providing an integrated
      instrument combining barometric and radar altitude presentations in a
      single indicator in such a manner that any inacccuracy or failure of
      either source of altitude is immediately apparent. The novel instrument of
      the present invention enables the pilot to use only one reference, namely
      the barometric altimeter pointer, during the complete landing. The
      instrument permits the landing to be made either on the QNH or the QFE
      barometric setting system wherein on landing, the QNH barometer reads feet
      above sea level and the radar altimeter reads "0" and wherein the QFE
      system is such that both barometer and radar altimeters read "0"
      regardless of the altitude of the airfield above sea level. The instrument
      of the present invention displays directly any disparity between radar and
      barometric altitude and in accomplishing the above objects, provides
      redundant altitude information from completely independent sources within
      a single presentation.
PAR  The present invention comprises apparatus which includes a single dial face
      having graduations around its periphery which cooperate with a dial
      pointer to provide a barometric altitude reading. This reading also
      cooperates optionally with a digital type display and a minimum radar
      altitude warning.
PAR  A settable index is provided to be moved about the periphery of the
      altimeter dial and is arranged to be positioned through a manually
      operable control knob to enable the pilot to set the landing field
      altitude into the instrument. A second index pointer of a different and
      complementary shape is servo-driven from both radar and barometric
      altitude signal inputs, the second index also being movable about the
      periphery of the dial face to cooperate with the barometric altitude
      pointer in order to provide a reading representing radar altitude which is
      determined by the angular separation between the indices and the pointer.
      A digital display of radar altitude is also provided on the dial face of
      the instrument, as well as a counter for indicating the barometric setting
      for the barometric altimeter. Means are also provided for adjusting the
      radar minimum decision height (MDH) and visual lamp means are provided to
      warn the pilot when the aircraft is at or below the MDH. The inherent
      self-checking feature resides in the fact that the two indices should be
      exactly superimposed upon one another at touchdown, thus providing an
      automatic check upon the accuracy of the instrumentation.
PAC  BRIEF DESCRIPTION OF THE FIGURES AND OBJECTS
PAR  It is therefore one object of the present invention to provide a combined
      barometric altitude and radar altitude in a single presentation in which
      adjustable indices cooperate with one another to provide a radar altitude
      reading.
PAR  Still another object of the present invention is to provide a novel
      instrument in which barometric and radar altitude presentations are
      combined in a single dial face and further in which a servo-driven index
      is employed to provide a radar altitude reading, and a manually adjustable
      index is employed to show landing field altitude, said indices further
      cooperating to provide a novel inherent self-checking feature for
      automatically determining the accuracy of the instrument.
DRWD
PAR  The above as well as other objects of the present invention will become
      apparent when reading the accompanying description and drawing in which:
PAR  FIG. 1 shows an instrument dial face embodying the principles of the
      present invention.
PAR  FIG. 2 shows the dial face of FIG. 1, together with a schematic diagram of
      the associated control circuitry which likewise embody the principles of
      the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows the instrument dial face 10 of the present invention comprised
      of a frame 11 having an opening for the visual observation of dial face
      12. The periphery of the dial face is provided with equispaced radially
      aligned graduations 13 which cooperate with a dial pointer 14 pivoted at
      14a to yield an altitude reading in hundreds of feet with one full
      revolution from the "twelve o'clock position" yielding a reading range
      from 0-1000 feet.
PAR  The dial face is provided with a window 11a behind which is positioned a
      digital display 15 representing the barometric altitude up to a range of
      thousands of feet where the two least significant digits are always
      displayed as "00."
PAR  A digital display 16 is positioned behind a second window 11b in dial face
      11, which display may be of the segmented type to provide a radar altitude
      reading in hundreds of feet.
PAR  A manually operable knob 17 is provided for adjusting the barometric
      setting for the barometric altitude, and windows 11c and 11d are provided
      in dial face 11 to permit a barometric reading 18 in inches of mercury and
      a millibar reading 19 to be visually observed so as to provide a direct
      indication of adjustment of barometric altitude adjustment knob 17.
PAR  A control knob 20, manually operable from the front face of the instrument,
      is provided for adjusting the minimum decision height (MDH). This knob is
      mechanically and electrically connected with the radar altitude display to
      adjust the MDH value. A detailed description of this capability is set
      forth in copending U.S. application Ser. No. 333,807, now U.S. Pat. No.
      3,890,614, filed Feb. 20, 1973, and assigned to the assignee of the
      present invention. Therefore a detailed arrangement of this operation will
      be omitted herein for purposes of simplicity, reference being had to the
      above mentioned copending application which is incorporated herein by
      reference thereto. Briefly, adjustment of MDH is performed by depressing
      control knob 20 to cause the output of a potentiometer connected thereto
      to be applied to the input of an analog to digital converter which, in
      turn, is temporarily connected to the radar altitude display 16. By
      rotating knob 20 the MDH is displayed in the radar altimeter display 16.
      Once the MDH is set, knob 20 is released to disconnect the aforementioned
      potentiometer from the radar segmented digital display 16. However, the
      MDH level will now be retained by the aforesaid potentiometer which is
      coupled to a comparator circuit to cause a lamp 21 to be illuminated
      whenever the aircraft is at or below the MDH level which has been set into
      the instrument.
PAR  The instrument 10 is further provided with a manually operable control knob
      22 which is mechanically coupled to an index or bug 23 which is designed
      to move along a curved path coincident with the periphery of dial face 11.
      Rotation of knob 22 permits the setting of bug 23 to a value reading
      representative of the height of the airstrip above sea level for QNH
      landings or is set to zero for QFE landings.
PAR  The barometric altimeter driving pointer 14 may utilize a self-contained
      transducer with servo, a synchro-servo receiving course and fine synchro
      inputs from an air data computer, or a synchro-servo with a standby mode
      which servos a self-contained transducer. Regardless of the drive means
      employed, the device should further include an electrical output of
      barometric altitude pointer indication.
PAR  In setting the "bug," the number of thousands of feet are omitted in the
      reading. For example, if the bug is set at number "4" of the dial, this
      setting can be interpreted to mean 400 feet, 1400 feet, or 7400 feet. If
      the QFE system is used, the landing field altitude is considered to be 0
      and the bug 23 should therefore be set at the "0" graduation of the
      altimeter dial.
PAR  A second bug 24, which has a different and complementary shape relative to
      bug 23, is servo-driven from both radar and barometric altitude signal
      inputs so that the angle from the barometric altitude pointer 14 in a
      counterclockwise sense is equal in feet (as read on the dial 11) to the
      radar altitude.
PAR  The mechanism for accomplishing this is schematically shown in FIG. 2, as
      will be more fully described.
PAR  The segmented digital display 16 provides readings in 10 ft. increments of
      radar altitude. The MDH can be set for both the barometric and radar
      altitudes such that lamp 21 will light when the aircraft is at or below
      the MDH. If desired, a remote warning of the selected MDH can also be
      provided.
PAR  FIG. 2 shows the electromechanical circuitry employed in conjunction with
      the instrument 10.
PAR  Radar altitude information is introduced at 30 and is applied to the
      analog-to-digital and compute circuit 31 which serves to convert the
      analog input representing radar altitude into a digital representation
      which, in turn, is converted by a decoder means to provide appropriate
      signals to the segmented display 16 to provide a visually observable
      numeric display of radar altitude. The specific arrangement for
      development of the digital signals and the display drive signals is set
      forth in detail in the above mentioned copending application Ser. No.
      333,807 and a detailed description has been omitted herein for purposes of
      simplicity. However, FIG. 2 shows output 31a of circuitry 31 as being
      coupled through a line 32 for appropriately illuminating the segmented
      display 16.
PAR  The circuitry 31 also incorporates the aforementioned potentiometer
      connected to the control knob 20 through line 33, which potentiometer
      setting is compared against the instantaneous radar altitude to develop
      the MDH alert signal at output 31b, which is connected to warning lamp 20
      and/or a remote warning device.
PAR  The radar altitude signal, in analog form, is further applied to a
      differential servo-amplifier 34 where it is subtracted from the output of
      follow-up potentiometer 35 which also includes a movable slider arm 35a.
      The input signals to servo-amplifier 34 are coupled through summing
      resistors R.sub.1 and R.sub.2. The output of servo-amplifier 34 is coupled
      to a servo-motor 36 whose mechanical output, represented by broken line
      36a, is mechanically coupled to slider arm 35a and the stator 37a of a
      first synchro-control transformer 37, which mechanical connections are
      represented by broken lines 36b and 36c, respectively.
PAR  The analog signal 30, after amplification at 34, drives servo-motor 36 in
      such a manner as to adjust slider arm 35a to obtain zero difference at the
      amplifier input. This mechanical output is also coupled to stator 37a of a
      synchro-control transformer which is rotated through an angle proportional
      to the radar altitude analog signal. The angular orientation of stator 37a
      relative to rotor winding 37b creates an electrical signal whose magnitude
      is a function of the aforesaid relative angle therebetween. This signal is
      applied to a servo-amplifier 38 and then to a servo-motor 39 to convert
      the analog signal into a mechanical output represented by broken line 39a
      which, in turn, is coupled to both the servo-driven bug 24 and to the
      rotor 37b as represented by broken lines 39b and 39c, respectively. The
      synchro-chain is utilized to position the index 24 a distance from the
      moving barometric altitude pointer 14 by an amount equal to the radar
      altitude on the same scale. It should be noted that if the barometric
      altitude system malfunctions, the radar altitude is still a valid reading
      and vice versa.
PAR  The mechanical connection between manually operable knob 22 and bug 23 is
      represented by broken line 40. The mechanical connection between manually
      operable control knob 17 and barometric pressure indicator 18 is
      represented by broken line 41.
PAR  The altimeter pointer 14 which, as was mentioned hereinabove, may be driven
      by a self-contained transducer with servo device, is mechanically coupled
      to the device. The servo-drive also rotates through mechanical connection
      43 a fine synchro-transmitter comprising a signal source 45 and rotor 46a
      of a second synchro-transformer 46, whose stator output signal 37c is
      connected to the stator winding 37a. Thus, it can be seen that the output
      from the barometric altitude servo is summed with the analog signal
      representative of radar altitude (30) to control the movement of index 24.
PAR  The operation of the instrument described hereinabove is as follows:
PAR  Before final approach to landing, the pilot sets reminder bug 23 through
      manually operable control knob 22 so that the bug 23 cooperates with the
      barometric altitude dial to display field altitude in the case where QNH
      is used or the pilot sets the bug 23 to "0" if QFE barometric setting is
      preferred. MDH is set by depressing knob 20 and rotating it until the
      desired MDH reading is displayed at 16. Display 16 is designed to be
      illuminated whenever the aircraft is below 1000 feet terrain clearance. If
      it is desired to use the alerting system which is in the altimeter as an
      additional warning based on a minimum barometric altitude, this can be
      done by setting the alerter to field altitude or "0" for either QNH or QFE
      landings.
PAR  As the aircraft descends on an approach path in which the terrain (or
      water) beneath the aircraft is fairly flat and at airstrip level, the
      reminder bug and radar bug should remain close together. This is due to
      the fact that the distance from the pointer 14 to each bug represents the
      altitude above the ground measured counterclockwise from pointer 14. If
      the terrain beneath the aircraft on the approach path is below that of the
      airport, the radar bug 24 will be further from pointer 14 than the
      reminder bug 23. If the terrain beneath the aircraft is higher than the
      altitude of the air field, the radar bug 24 will be closer to pointer 14
      than the reminder bug 23 is (again measured in the counterclockwise
      direction).
PAR  If both radar and barometric altitude systems are working correctly and
      accurately, the two bugs 23 and 24 will be coincident during the last
      moments prior to and at touchdown. Where this coincidence (i.e.,
      superimposition) of the bugs exist, the pilot can then have complete
      confidence in the altitude reading because both altitude systems must be
      correct to get this condition thereby indicating:
PAR  a. that the radar antenna, supply power, electrical circuits and output are
      accurate;
PAR  b. that the static system, altitude transducer are accurate, the supply
      power, the static defect correcting system is functioning and accurate and
      that the barometric setting and field elevation settings introduced into
      the instrument by the pilot have been performed correctly and accurately.
PAR  Errors in any of the above equipment and/or operations will cause the bugs
      to separate on approach above level ground. The indicator itself,
      including all servos, must be functioning correctly for this logic to be
      valid and hence failure monitoring of the servos and circuitry is included
      into the system. If the bugs are separated for any reason, the pilot must
      first assume that the closest altitude bug to the pointer is the correct
      one and take appropriate action.
PAR  Although the present invention has been described in connection with a
      preferred embodiment thereof, many variations and modifications will now
      become apparent to those skilled in the art. It is preferred, therefore,
      that the present invention be limited not by the specific disclosure
      herein, but only by the appended claims.
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STM  What is claimed is:
NUM  1.
PAR  1. An instrument for use in aircraft comprising:
PA1  a dial face having graduations;
PA1  a mechanism including a movable pointer cooperating with said graduations
      to provide a corrected barometric altitude reading;
PA1  a first index movable along said graduations;
PA1  manually operable knob means coupled to said first index for positioning
      said first index at any desired location along said graduations to provide
      an altitude reading representative of the altitude of an aircraft landing
      strip typically relative to sea level;
PA1  second index means movable along said graduations;
PA1  first means for receiving a signal representative of radar altitude;
PA1  second means for receiving a first signal representative of barometric
      altitude;
PA1  third means for combining the signals received from said first and second
      means for positioning said second index at a position along said
      graduations to provide an instantaneous reading relative to said movable
      pointer of the height of the aircraft above the terrain over which the
      aircraft is passing whereby the separation distance between said first and
      second indices represents the difference in height between the aircraft
      landing strip whose height has been set into said instrument and the
      height of the terrain below the aircraft, said first and second indices
      cooperating to provide a self-checking feature to determine the accuracy
      of the information introduced into the instrument and of the operation of
      the instrument such that the first and second indices should be
      superimposed upon one another before touchdown of the aircraft on the
      aforesaid landing strip.
NUM  2.
PAR  2. The device of claim 1 wherein said dial face is of generally circular
      shape and said graduations are arranged in radial fashion about the
      periphery of said dial face;
PA1  said manually operable knob means and said third means respectively move
      said first and second indices along a circular path adjacent to and along
      said dial face periphery.
NUM  3.
PAR  3. The device of claim 1 wherein said mechanism is adapted to move said
      pointer in the clockwise direction responsive to an increase in barometric
      altitude and wherein said third means moves said second index along the
      periphery of the dial face in the clockwise direction responsive to an
      increase in altitude above the terrain beneath the aircraft;
PA1  the angular distance between said pointed and said second index measured by
      said graduations in the counterclockwise direction indicating the altitude
      of the aircraft relative to the terrain beneath.
NUM  4.
PAR  4. The device of claim 1 wherein said first means comprises a first servo
      having an output shaft rotated through an angle determined by the first
      signal controlling said first servo;
PA1  said third means comprising a first synchro-transformer having a first
      rotatable synchro-stator coupled to said output shaft and a first
      synchro-rotor inductively coupled to said first synchro-stator;
PA1  a second synchro-transformer having a second stator electrically connected
      to said first synchrostator and having a second rotatable rotor
      inductively coupled to said second stator;
PA1  a signal source being electrically coupled to said second rotor;
PA1  said second rotor being rotatably driven by said second means;
PA1  a second servo electrically coupled to said first rotatable rotor for
      driving said second index.
NUM  5.
PAR  5. The device of claim 4 wherein the output of said second servo is
      mechanically coupled to said first synchro-rotor for rotating said first
      synchro-rotor to null the output of said first synchro-rotor applied to
      the input of said second servo.
NUM  6.
PAR  6. The device of claim 4 further comprising means coupled to said output
      shaft for developing a follow-up signal;
PA1  said first means being responsive to said radar altitude signal and said
      follow-up signal to develop a zero output when said follow-up signal is
      equal to said radar altitude signal to terminate rotation of said output
      shaft.
NUM  7.
PAR  7. The device of claim 1 wherein one of said first and second indices has a
      substantially C-shaped configuration; and the remaining one of said first
      and second indices has a straight pointer portion adapted to be positioned
      between the arms of said C-shaped pointer when the aircraft's
      barometrically derived altitude and radar derived altitudes are equal.
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ABST
PAL  A drive mechanism for positioning a moveable indicator in rotation about,
      and/or radial displacement with respect to, a fixed reference index. Dual
      dial cord drives are employed which are driven from respective inputs
      definitive of the rotation and radial displacement to be individually or
      compositely imparted to the moveable indicator. The pair of dial cords are
      attached circumferentially to diametrically opposed portions of a cylinder
      with the moveable indicator extending on a diameter common to those
      portions. The cylinder portions are confined between, and maintained in
      sliding tangential engagement with, respective ones of a pair of
      space-separated, fixed-mounted channel guides. Implementations of the
      cylinder portions are exampled as diametrically opposed segments of a
      cylinder, diametrically opposed points on a ring, and diametrically
      opposed circumferential extremes of a cylindrical plate.
BSUM
PAR  This invention relates, generally, to indicator mechanisms and, more
      particularly, to an improved means for driving a moveable indicator member
      with respect to a fixed reference index wherein the moveable indicator
      member is to be both radially translatable and rotatable with respect to
      the viewing axis of said fixed index.
PAR  The present invention is particularly applicable to an instrument for use
      in conjunction with a vehicle which may exhibit changing attitudes in both
      pitch and bank to present, by means of a single moveable indicator member
      reading against a fixed reference, either the existing attitude of the
      vehicle in pitch and/or bank or, alternatively, a commanded attitude in
      pitch and/or bank to be attained by the vehicle.
PAR  The present invention finds special usage in steering or horizon indicating
      instruments for aircraft, and will be described specifically herein in
      that environment. However, the indicator mechanism to be described is
      equally applicable as a steering or attitude indicator for other types of
      vehicles (such as, for example, a submarine) wherein the vehicle is
      capable of assuming attitudes in both pitch and bank from a reference
      attitude and is capable of attaining commanded attitudes in pitch and/or
      bank.
PAR  Means are known in the aircraft instrumentation art for providing
      combination attitude indications either as a measure of existing attitude,
      or as a steering command indication. For example, U.S. Pat. No. 3,162,834
      to Schweighofer et al describes an aircraft instrument of the type
      providing a command indicating member cooperating with a fixed index
      symbol with the command indicator being both displaceable from and rotable
      about the index and to provide pitch, bank, or combination pitch and bank
      commands in response to pitch and/or command input signals. Likewise, U.S.
      Pat. 3,654,597 to Cox relates to a drive mechanism for a command indicator
      like that of the Schweighofer et al reference in which a novel cam drive
      positioning means is employed in conjunction with a differential servo to
      provide both separate and composite pitch and bank commands.
PAR  Aircraft instrumentation mechanisms of a type commonly referred to as
      "artifical horizon" indicators are also known in the art (see, for
      example, Chombard U.S. Pat. No. 2,796,594) wherein a single indicating
      member is moveable with respect to a reference in both pitch and bank to
      provide an indication of the existing attitude of the craft in pitch and
      bank with respect to the horizon.
PAR  Each of the referenced teachings attains the composite command display or
      existing attitude indication by a relatively complex electrical,
      mechanical or electromechanical positioning means.
PAR  The primary object of the present invention is to provide a relatively
      simple and comparatively far less expensive and complicated drive
      mechanism for positioning a moveable indicator member with respect to a
      fixed reference such that the indicator is capable of providing a
      composite pitch and bank command, or an indication of existing vehicle
      attitude.
PAR  A further object of the present invention is the provision of an indicator
      means and associated driving mechanism which may be implemented with a
      substantial reduction in volumetric requirements as compared to known
      mechanisms of the type.
PAR  The present invention is featured in the provision of a combination
      mounting and drive means for an indicator member whereby a generally
      elongated indicator member is fixed-mounted to, and extends along the
      common diameter of, diametrically opposed peripheral portions of a
      cylinder with each termination being confined in tangential engagement
      with one of a pair of parallel space-separated channel members. Each of
      the end terminations is fixed in driving engagement with oppositely
      extending axially aligned ends of a dial cord, which ends are respectfully
      extended beyond the common-diameter defined point of tangency of the
      terminating member and affixed circumferentially thereon. The dial cords
      are driven by an associated one of a pair of differentially servo
      energized motors such that the moveable indicator is capable of being
      translated with respect to the fixed refernce index and rotatable with
      respect thereto in accordance with the driven position of motor-driven
      pulleys over which the dial cords are carried.
DRWD
PAR  These and other objects and features of the present invention will become
      apparent upon reading the following description with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a functional mechanical diagram of an indicator mechanism in
      accordance with the present invention;
PAR  FIG. 2 is an observer's view of the moveable indicator and fixed reference
      member of FIG. 1;
PAR  FIG. 3 is a diagrammatic representation of positioning geometry to effect a
      zero command indication;
PAR  FIG. 4, a diagrammatic representation of positioning geometry to effect a
      "bank-right" command;
PAR  FIG. 5, a diagrammatic representation of positioning geometry to effect a
      "bank-left" command;
PAR  FIG. 6, a diagrammatic representation of positioning geometry to effect a
      "pitch-up" command;
PAR  FIG. 7, a diagrammatic representation of positioning geometry to effect a
      "pitch-down" command;
PAR  FIG. 8, a diagrammatic representation of positioning geometry to effect a
      composite "pitch-up and bank-left" command;
PAR  FIG. 9, a diagrammatic representation of positioning geometry to effect a
      composite "pitch-down and bank-right" command;
PAR  FIG. 10 illustrates dial cord drive termination mounting means with respect
      to one of the moveable indicator terminating means of a first embodiment
      of the invention;
PAR  FIGS. 11, 12, 13 and 14 represent respective left side, front elevation,
      right side and top views of a particular moveable indicator terminating
      means and its cooperative relationship with the associated driving dial
      cord;
PAR  FIG. 15 is a functional block diagram of a differential servo useful in
      positioning and driving the respective dial cords of the present
      invention; and
PAR  FIGS. 16, 17 and 18 represent respective further embodiments of moveable
      indicator end drive termination means in accordance with the present
      invention.
PAR  FIGS. 1 and 2 are representative of a preferred embodiment of the present
      invention wherein the moveable indicator member functions as a command
      indicator in conjunction with a fixed reference index to present an
      observer with a commanded pitch and bank (or composite pitch-bank)
      attitude which it is desired that the vehicle attain.
PAR  With reference to FIG. 1, the mechanism is functionally depicted as
      employing dual dial-cord, drive-type assemblies. The command indicator
      (the moveable indicator element) here comprises a pair of joined V-bars
      22.sub.a and 22.sub.b which cooperate with a fixed delta-shaped reference
      45 to present the command. As depicted in FIGS. 1 and 2, the indicated
      command is zero; that is, the V-bar assembly 22.sub.a --22.sub.b is
      juxtaposed with the transverse extremes of the fixed delta reference
      member 45, indicating that a command attitude has been attained. The V-bar
      assembly 22.sub.a --22.sub.b is diametrically attached, by means of
      mounting arm members 23 and 24, between rocker members 20 and 21, with the
      respective rocker members riding in associated fixed guide channels 25 and
      26. The guide channels 25 and 26 are fixed-mounted in spaced-parallel
      relationship such that the rocker members 20 and 21 are confined between
      respective tangential points of engagement on the side extremes (bottoms)
      of the respective channels.
PAR  As will be further described, the rocker member terminations of the
      moveable command indicator assembly, of which the V-bar 22.sub.a
      --22.sub.b is an integral part, are utilized in conjunction with
      associated dial cord drives which collectively rotate and translate the
      command bar assembly with respect to the viewing axis of the fixed
      reference index member 45.
PAR  The left rocker member 20 cooperates with a first dial cord 27 which is
      carried over an associated drive pulley 28 and idler pulleys 29 and 30 so
      as to carry the dial cord ends into tangential engagement with the
      circumference of rocker 20. Dial cord 27, is carried over an idler pulley
      29 which rotates about a fixed axis 31 with respect to a fixed-mounting
      means 32, and over idler pulley 30 which rotates about a fixed axis 33
      with respect to a fixed-mounting means 34 such that the ends of cord 27
      extend in axially aligned tangential engagement with the circumference of
      rocker member 20.
PAR  Likewise, the right-hand rocker member 21 is driven by a right-hand dial
      cord 33 which is carried over an idler pulley 35 rotating about a fixed
      axis 37 with respect to a fixed-mounting means 38 and an idler pulley 36
      rotating about a fixed axis 34 with respect to fixed-mounting means 40
      such that the ends of dial cord 33 extend in axial aligned tangential
      engagement with the circumference of rocker member 21.
PAR  Dial cord 27 is driven by a drive pulley 28 and might have a first end
      thereof carried through an opening 70 in the periphery of pulley 28 and
      spring loaded by means of spring member 72 to the pulley 28. The other end
      of the dial cord 27 might be carried through the peripheral opening 70 in
      drive pulley 28 to a termination 74 on the pulley 28, with the spring
      member 72 thereby conventionally spring loading dial cord 27 into a taut
      relationship with respect to the associated idler pulleys 29 and 30 and
      the driving terminations thereof on rocker member 20.
PAR  The dial cord 33 is associated with the right-hand rocker member 21 and is
      driven by drive pulley 34. Dial cord 33 is carried over drive pulley 28
      and through opening 71 in the periphery thereof to a spring member 73 by
      means of which it is anchored to the drive pulley 34. The other end of
      dial cord 33 may be carried similarly around drive pulley 34 through
      peripheral opening 71 into termination at point 75 on the drive pulley 34.
PAR  FIG. 2 shows an observer's view of the indicator 22.sub.a --22.sub.b and
      fixed index 45, looking into and slightly down on the assembly. A front
      face housing 75 is formed with a circular opening carrying a transparent
      face plate 76. Appropriate masking shields 77, 78, 79 and 80 may be
      arranged to shield the dial cord mechanism from view. Sectors 20 and 21
      are indicated in phantom lines as they might be located behind respective
      masks 77 and 79.
PAR  As best depicted in FIGS. 10-13, the driving ends of each of the dial cords
      are carried to a point of tangential engagement with the associated one of
      the rocker members 20 and 21, and beyond the point of tangency defined by
      the common diameter of the rocker members 20 and 21, to an anchor point on
      the circumference of the rocker member. FIG. 10 illustrates respective
      driving ends 27.sub.a and 27.sub.b of the left dial cord 27 and their
      driving relationship with rocker member 20. With reference to FIG. 10,
      dial cord end 27.sub.a is seen to be carried over the circumference of
      sector 20 to an anchor point B which lies beyond the common diameter
      defined point of tangency on the circumference of rocker member 20.
      Similarly, the lower end 27.sub.b dial cord 27 is carried upwardly past
      the diameter defined point of tangency on the circumference of rocker
      member 20 to an anchor point D.
PAR  As depicted in FIGS. 11-13, which relate to the right rocker member 21, the
      dial cord may be carried through respective through-holes 41 and 42
      (drilled generally radially inward through the rocker member) in a
      continuous threaded fashion for ease of assembly. Dial cord 33 is
      illustrated as being carried down and over the circumference of rocker
      member 21, through hole 42, up the inner surface of rocker member 21,
      through hole 41 and down across the circumference of the rocker member 21,
      such that the respective ends 33.sub.a and 33.sub.b of dial cord 33 each
      exhibit a point of tangential engaement with the circumference of rocker
      member 21. Again, for purposes of assembly expendiency, the respective
      holes 41 and 42, through which the dial cord 33 is threaded (and likewise
      the dial cord 27 through like holes in the left-hand rocker member 20),
      may be offset by an amount corresponding essentially to a dial cord
      diameter such that, as illustrated in FIG. 13, the dial cord ends are in
      juxtaposed tangential alignment on the rocker circumference.
PAR  It might be emphasized that with reference to FIG. 10, the respective dial
      cord ends might simply be affixed at respective termination points B and D
      on the circumference of the associated rocker member. The means depicted
      in FIGS. 11-13 for affixing the dial cords in driving arrangement with the
      associated one of the rocker members is a preferred arrangement.
PAR  The moveable indicator of the above described embodiment extends generally
      along the diameter common to each of the drive sectors 20 and 21.
      Mechanical rigidity of the assembly is uniquely realized by the
      maintenance of a point of tangential engagement of the respective drive
      sectors with the associated one of the guide channels 25 and 26. The
      preferred arrangement of affixing the respective drive cords in driving
      relationship with the drive sectors, as depicted in FIGS. 11-13, causes
      the ends of the dial cords to lie in side-by-side relationship as they
      address the circumferential portion of the associated drive sector.
      Reference is made to FIG. 14, wherein the right-hand channel 25 is shown
      in its cooperative relationship with the right-hand drive sector 21 in a
      top view. It is noted that channel 25 maintains a sliding and confining
      engagement with the respective planar surface sides of the sector 21, and
      a portion of the periphery of the sector 21 is maintained in tangential
      sliding engagement with a bottom portion of the guide channel 25. With the
      dial cords affixed to the sector 21 as depicted in FIGS. 11-13, the
      channel 25 may be provided with a grooved portion 25.sub.a sufficient in
      depth to accommodate a diameter of the dial cord 33 and sufficient in
      width to accommodate the side-by-side position of the respective ends of
      dial cord 33. This arrangement provides a mechanical rigidity as concerns
      the cooperative relationship between the sector 21 and guide channel 25,
      permitting the sector 21 to slide within the channel with provision made
      for clearance of the dial cord drive associated with that sector. In a
      preferred embodiment, the drive sectors 21 and 20 might be made of metal
      to which the associated indicator mounting arms 23 and 24 may be affixed
      as by brazing, while the channel members 25 and 26 might be fashined of
      Teflon material to provide a minimal frictional engagement with the drive
      sector to enable a mechanically rigid sliding relationship therewith.
PAR  The dial cord driving pulleys 28 and 34 are positioned independently by
      left and right servos which operate differentially in response to pitch
      and bank indicative input signals. As will be further described,
      electrical commands to the left and right servos are independent and, as
      such, various commands of the servos are combined through the dial cord
      drives to provide a summation of these commands to give the desired
      motions to the command bar assembly 22.sub.a -22.sub.b. These motions are
      typically defined as pitch-up, pitch-down, bank-left, band-right, and/or
      combinations. Thus, the drive pulley 28 associated with the left dial cord
      27 may be driven by a servo motor 67 by the output 65 of a left servo
      amplifier 44 which differentially responds to both pitch and bank
      indicative input signals 53 and 52. A feedback potentiometer 69 provides a
      conventional position feedback signal 71 to the left servo amplifier 44.
      Similarly, the right-hand drive pulley 34 may be driven by a servo motor
      66 by the output 64 of a right servo amplifier 43 which differentially
      responds to both pitch and bank indicative input commands 53 and 52. A
      feedback potentiometer 68 provides a conventional position feedback signal
      70 to the right servo amplifier 43.
PAR  Ability of the aforedescribed command bar drive assembly to provide pure
      pitch indicative motions, pure bank indicative motions and composite
      motions of pitch and bank is defined by the geometry of the driving
      mechanism. Since the aforedefined rocker members 20 and 21, as depicted in
      FIG. 1, comprise diametrically opposed sectors of a cylinder, they
      cooperate with the respective guide channels 25 and 26 at points of
      tangency on the circumferences of the rocker members. These points of
      tangency are depicted in FIGS. 3-9 as respective points 0 and 0'.
PAR  In FIG. 3, the moveable indicator comprised of command bars 22.sub.a and
      22.sub.b is indicated in a zero command position and is thus symmetrically
      disposed with the fixed index 45. It is noted that the respective dial
      cord ends in this zero-command position each extend from common points of
      tangency (0 and 0') on the circumference of the respective sectors 20 and
      21. In FIG. 3, these common points of tangency, 0 and 0', coincide with
      the diameter common to each of the sectors 20 and 21.
PAR  It is apparent, therefore, that, if each of the left and right dial cords
      27 and 33 of FIG. 1 is caused to translate in the same direction by the
      same amount, the associated ones of the rocker members 20 and 21 will each
      likewise translate (by sliding within guide channels 25 and 26) in that
      direction and by that amount so as to provide a pure pitch indication,
      with the moveable indicator member 22.sub.a --22.sub.b being translated,
      without rotation, above or below the fixed reference 45. Similarly, if the
      dial cords are caused to translate by the same amount, but in respectively
      opposite directions, the associated drive rockers 20 and 21 will be caused
      to move around the circular path 46.
PAR  Depending, then, upon the relative directions and magnitude of driving
      displacements of the left and right dial of cords 27 and 33, the indicator
      mechanism is caused to both rotate about, and translate radially with
      respect to, the viewing axis of the fixed reference member 45. The driving
      geometry for variously sensed pitch, bank and composite pitch-bank motions
      is exampled in FIGS. 3 through 9.
PAR  FIG. 3 illustrates a zero-command situation wherein the V-bar members
      22.sub.a --22.sub.b are aligned with the fixed reference 45. The dial
      cords exhibit a tangential relationship with respective common diameter
      defined points on the circumference of the respective drive members 20 and
      21. For descriptive purposes, the length of the left-hand dial cord
      extending upwardly is depicted as being equal to d, as is the length of
      the dial cord extending downwardly. Total dial cord length is then defined
      as 2d. The upper portion of the dial cord extends from point A (which
      might correspond to the termination point on the associated drive pulley)
      past the common diameter defined tangency point to a termination point B,
      while the lower portion of the left-hand dial cord extends from a point C
      (which might correspond to its anchor point on the associated drive
      pulley) past the common diameter defined tangency point on drive sector 20
      to a termination point D. The righ-hand dial cord of FIG. 3 is similarly
      defined in its driving relationship with respect to the right-hand drive
      sector 21.
PAR  FIG. 4 illustrates the driving geometry resulting from equal and
      respectively opposite dial cord translations to produce a "bank-right"
      display. FIG. 4 assumes that the left-hand dial cord is translated
      upwardly by a distance x such that its working length A-O between the
      associated drive pulley and the point of tangency on drive sector 20 is
      defined as d + x, while the lower portion C--O of the left-hand dial cord
      is correspondingly defined as d - x. The right-hand dial cord is
      geometrically depicted as moving by the same amount in the opposite
      direciton. It is noted that, with respect to either of the dial cords, the
      amount of dial cord paid off the circumference of the associated drive
      sector is the same as that wound thereon such that the total length of
      either cord remains at 2d. In FIG. 4, the left-hand dial cord is
      translated upwardly while the right-hand dial cord is translated
      downwardly, such that a bank-right indication is depicted. FIG. 4
      illustrates a clockwise limit as concerns bank indication since the points
      of tangency of the dial cords correspond to points on the circumference of
      the sectors at which one end of a dial cord is affixed. Note that in FIG.
      4, the point B at which the upper portion of the left-hand dial cord is
      affixed to the sector 20 now coincides with the point 0 which lies along
      the horizontal diameter of the working circle 46.
PAR  FIG. 5 depicts a left-bank limit indication wherein the dial cords are
      driven in respective equal and opposite directions. In this case the
      anchor point D of the lower portion of the left-hand cord coincides with
      the point 0 lying on the horizontal diameter of the working circle 46.
PAR  FIGS. 6 and 7 illustrate respective pitch-up and pitch-down command
      indications wherein the dial cords are driven in the same direction by the
      same amount, and a radial translation of the indicator 22.sub.a --22.sub.b
      is effected above and below the fixed reference index 45.
PAR  FIG. 8 illustrates the geometry in response to a simultaneous pitch and
      bank input to the differential servo each of assumed magnitude x. In this
      instance, the left dial cord remains stationary while the right dial cord
      is driven upwardly by a summation of the pitch and bank commands, namely,
      2x, to effect a rotation of the indicator assembly 22.sub.a --22.sub.b
      together with a translation thereof such that the resultant composite
      command is "pitch up by x" and "bank left by x." In this case, dial cord
      imparted rotation of the right sector forces a rotation of the left sector
      to redefine the tangency point of the dial cord ends cooperating with the
      left sector.
PAR  FIG. 9 illustrates a combined command of pitch-down and bank-right (each of
      assumed magnitude x). Again, the lefthand sector 20 is caused to roll
      within its guide channel in accordance with the motion imparted to the
      right-hand sector 21 by the right-hand dial cord.
PAR  FIG. 15 shows a more detailed functional diagram of the right and left
      servo amplifiers of FIG. 1 and the manner in which they are differentially
      responsive to pitch and bank input parameters. A bank command computer 50
      provides a bank command signal 52 which is applied to each of the right
      and left servo amplifiers 43 and 44. A pitch command computer 51 provides
      a pitch command signal 53 to each of the right and the left servo
      amplifiers 43 and 44. The bank command signal 52 and pitch command signal
      53 are combined additively in a signal combining means 54 associated with
      right servo amplifier 43, and subtractively in a signal combining means 55
      associated with left servo amplifier 44. The pitch signal 53 is applied to
      each of the servo amplifiers in the same sense, while the bank command
      signal 52 is applied to the respective servo amplifiers in mutually
      opposite sense.
PAR  The right servo amplifier comprises a further signal mixing means 58 to
      which the output 56 from signal combining means 54 (corresponding to the
      sum of the pitch and bank signals) is applied as a first input. The output
      60 from signal combining menas 58 is applied to an amplifier 62 the output
      64 of which drives the right servo motor 66 which positions the drive
      pulley 34 associated with the right dial cord 33. Feedback potentiometer
      68 is driven by motor 66 and provides a feedback signal 70 in subtractive
      sense to signal mixing means 58.
PAR  The left servo amplifier comprises a further signal mixing means 59 to
      which the output 57 from signal mixing means 55 (corresponding to the
      difference between the pitch and bank input command signals) is applied.
      The output 61 from combining means 59 is applied to an amplifier 63 the
      output 65 of which drives the left servo motor 67 to position the left
      drive pulley 28 associated with the left dial cord 27. Feedback
      potentiometer 69, provides a feedback signal 71 for application in
      subtractive sense as a second input to combining means 59.
PAR  Thus, a pitch input command signal 53 in the absence of a bank command
      input signal 52 will cause each of the left and right servo motors to
      rotate in the same direction by the same amount to provide a pure pitch
      indication. Correspondingly, a bank input command signal 52 in the absence
      of a pitch command signal will cause the respective left and right servo
      motors to rotate in mutually opposite directions by the same amount so as
      to provide a pure bank indication. The presence of both a pitch command
      signal 53 and a bank command signal 52 effects relative rotations of the
      respective dial cord pulleys 34 and 28 such that a composite motion
      comprised of rotation proportional to bank and translation proportional to
      pitch is realized.
PAR  In the above described embodiment, the terminating means for the moveable
      indicator 22.sub.a and 22.sub.b comprised diametrically opposed like
      segements of a cylinder with the moveable indicator extending between
      segments on the common diameter therebetween. The drive mechanism of the
      present invention may equally be applicable to other configurations as
      concerns the driven terminating members of the moveable indicator member.
      The aforedescribed diametrically opposed like cylindrical segments are, in
      general, diametrically opposed portions of a cylindrical member and need
      not be limited to the diametrically opposed like cylindrical segments
      illustrated in FIGS. 1 - 14. Further, the moveable indicator obviously
      need not be limited to the converging V-bars 22.sub.a --22.sub.b herein
      discussed.
PAR  FIG. 16 illustrates as alternative indicating mechanism wherein the
      moveable indicator comprises a longitudinally extending bar member 22'
      with end terminations 23' and 24' affixed to diametrically opposed
      cylindrical segments 20 and 21. The arrangement of FIG. 16 might be driven
      in accordance with respective bank gyro and pitch gyro input signals 52'
      and 53' (as alternatively depicted in FIG. 15) to provide an artificial
      horizon indication with respect to a fixed reference index 45'. As a still
      further alternative, the arrangement of FIG. 16 might be driven in
      conjunction with pitch and bank command signals to provide a command
      indication as opposed to an attitude indication.
PAR  Since the previously described diametrically opposed cylindrical segments
      which cooperate with the respective dial cords are generally diametrically
      opposed portions of a cylinder per se, the moveable indicator might be
      diametrically extended between, and along the diameter of a ring member 81
      as depicted in FIG. 17. Respective dial cords 27 and 33 are shown affixed
      to the circumference of the ring in a manner like that of the cylindrical
      segment indicator terminations. FIG. 17 illustrates a further alternative
      whereby the indicator member V-bars 22.sub.a and 22.sub.b need not be
      integral (joined at the apex) since they do not form a structural support
      function as in the embodiment of FIG. 1. Alternatively still, the
      arrangement of FIG. 17 might be utilized in conjunction with a
      diametrically extending bar 22' in lieu of V-bars 22.sub.a --22.sub.b and
      utilized in conjunction with pitch and bank gyro inputs to the associated
      servo motor drive to serve as a horizon indication.
PAR  FIG. 18 illustrates a still further alternative wherein the dial cords may
      be affixed in driving relationship, as previously described, on the
      periphery of a cylindrical plate 82, with the moveable indicator 22'
      comprising a diametrically extending index painted on, or otherwise
      affixed to, the viewable surface.
PAR  In each of the alternatives, as in the preferred embodiment of FIGS. 1-13,
      the moveable indicator extends between diametrically opposed like portions
      of a cylindrical member with the cylindrical member maintaining a sliding
      tangential engagement with the respective left and right guide channels
      for mechanical rigidity, and being translatable within the guide channels
      as well as rotatable therein to effect the aforedefined pure pitch, pure
      bank and composite pitch-bank indications with respect to the fixed
      reference 45.
PAR  The present invention thus provides a driving means for an indicator which
      is radially translatable with respect to a fixed reference to indicate
      pitch and rotatable with respect to that reference to indicate bank
      commands or existing attitudes. The drive mechanism employs a
      differentially positioned dual dial cord arrangement without the
      mechanical complexity and attendent expense of gyro stabilized plural
      gimbal arrangements etc. currently employed in the art. Further, means
      employed in the art to effect a composite indication as herein described
      do not readily lend themselves to minimal space implementations as does
      the present drive means. For example, the arrangement provided by the
      present invention permits a command indicator drive arrangement to be
      "built around" a standardized gyro horizon mechanism such that the
      resulting complete instrument provides both attitude and command
      indications.
PAR  Although the present invention has been described with respect to
      particular embodiments thereof, it is not to be so limited as changes
      might be made therein which fall within the scope of the invention as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An indicator mechanism comprising: a fixed reference index member
      symmetrically disposed about the longitudinal viewing axis of an
      instrument, a moveable indicating member supported in a plane
      substantially normal to the longitudinal axis of said instrument and
      extending in said plane symmetrically with respect to, and transverse of,
      the vertical center axis of said instrument; drive means for displacing
      said indicating member within the plane defined thereby and transversely
      of said instrument longitudinal axis in accordance with a first input
      parameter and for rotating said indicating member about a point on said
      vertical center axis in accordance with a second input parameter, said
      drive means comprising termination means between which respective ends of
      said indicating members are extended, said terminating means comprising at
      least diametrically opposed peripheral portions of a cylinder with said
      indicating member extending along that diameter of said cylinder; first
      and second dial cords in respective driving engagement with said
      termination means, each said dial cord being of fixed length and having
      first and second portions thereof oppositely extending in peripheral
      engagement with said termination means and carried circumferentially over
      the arcuate periphery thereof and affixed thereto at a circumferential
      point beyond the point of tangency defined by the diameter along which
      said indicating member extends, first and second drive pulley means over
      which said first and second drive cords are respectively carried, and
      means for rotating each of said drive pulleys as a predetermined
      differential function of said first and second input paramenters.
NUM  2.
PAR  2. The indicator mechanism of claim 1 comprising first and second
      fixed-mounted guide means within which diametrically opposed portions of
      said terminating means are respectively slidably received, said guide
      means being parallel space-separated to provide a first surface in sliding
      tangential engagement with the circumferential extremes of said
      diametrically opposed portions of said terminating means and comprising
      further surfaces in sliding engagement with the respective opposed planar
      surfaces of respective ones of said diametrically opposed portions of said
      terminating means.
NUM  3.
PAR  3. The indicator mechanism of claim 2 wherein the arc defined by said
      diametrically opposed portions of said terminating means is greater than
      that defined by the respective points at which the associated one of said
      dial cords is affixed thereto.
NUM  4.
PAR  4. The indicator mechanism of claim 3 where said guide means comprises
      channel members fixed-mounted parallel to the vertical center axis of said
      instrument with the bottom of said channels in tangential sliding
      engagement with the arcuate edge of the associated one of said
      diametrically opposed portions of said terminating means and with the
      sides of said channels in sliding engagement with the respective circular
      segment defined surfaces of the associated one of said diametrically
      opposed portions of said terminating means.
NUM  5.
PAR  5. The indicator mechanism of claim 4 wherein said terminating means
      between which respective ends of said indicating members are extended,
      comprises diametrically opposed mounting points on an annular ring to
      which the ends of said indicative members are respectively affixed and
      between which said indicating member diametrically extends.
NUM  6.
PAR  6. The indicator mechanism of claim 4 wherein said terminating means
      between which respective ends of said indicating members are extended
      comprises a cylindrical plate member with said indicating member being
      affixed to a planar surface thereof.
NUM  7.
PAR  7. The indicator mechanism of claim 4 wherein said terminating means
      between which respective ends of said indicating members are extended
      comprises first and second diametrically opposed segments of a cylinder
      with said indicating member extexding along the common segment-defining
      diameter of said cylinder.
NUM  8.
PAR  8. The indicator mechanism of claim 4, comprising fixed-mounted idler
      pulley means over which said respective ends of each of said dial cords
      are carried on a common axis to a point of tangential engagement with the
      associated one of said diametrically opposed portions of said terminating
      means.
NUM  9.
PAR  9. The indicator mechanism of claim 8 wherein the bottom of each of said
      guide channel members is formed with a groove having a depth substantially
      equal to the diameter of said dial cords and a width substantially equal
      twice the diameter of said dial cords, said groove receiving and providing
      space accommodation for the respective affixed ends of the associated one
      of said dial cords.
NUM  10.
PAR  10. The indicator mechanism of claim 9 wherein said means for rotating each
      of said drive pulleys comprises first and second servo motors respectively
      connected to drive an associated one of said drive pulleys, first and
      second servo amplifiers providing a driving signal to each of said motors,
      means additively combining said signals proportional in sense and
      magnitude to said first and second input parameters and providing an input
      signal to one of said servo amplifiers, and means subtractively combining
      said signals proportional to said first and second input parameters and
      providing an input signal to the other one of said servo amplifiers.
NUM  11.
PAR  11. The indicator mechanism of claim 10 wherein said first input signal
      comprises a signal proportional to the existing vehicle bank attitude, and
      said second input signal comprises a signal proportional to the existing
      vehicle pitch attitude.
NUM  12.
PAR  12. The indicator mechanism of claim 10 wherein said first signal comprises
      a signal proportional to a command bank attitude, and said second input
      signal comprises a signal proportional to a command pitch attitude.
NUM  13.
PAR  13. The indicator mechanism of claim 10 comprising drive limit means
      whereby each of said dial cords is drive limited in axial translation to
      effect an angular rotation of said moveable indicating member less than
      one-half the arc defined between the respective circumferential points at
      which said first and second dial cord portions are affixed.
NUM  14.
PAR  14. The indicating mechanism of claim 13 wherein said terminating means
      between which respective ends of said indicating members are extended
      comprises diametrically opposed mounting points on an annular ring to
      which the ends of said indicative members are respectively affixed and
      between which said indicating members diametrically extend.
NUM  15.
PAR  15. The indicating mechanism of claim 13 wherein said terminating means
      between which respective ends of said indicating members are extended
      comprises a cylindrical plate member with said indicating member being
      affixed to a planar surface thereof.
NUM  16.
PAR  16. The indicating mechanism of claim 13 wherein said terminating means
      between which respective ends of said indicating members are extended
      comprises first and second diametrically opposed segments of a cylinder
      with said indicating members extending along the common segment-defining
      diameter of said cylinder.
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ABST
PAL  A translucent indicator drum is rotatable to sequentially position messages
      representing events, which may occur at remote points in a vehicle,
      adjacent a viewing window. A rotary switch operated by the drum cooperates
      with a number of event sensors to energize a buzzer upon the occurrence of
      an event not represented by the message adjacent the viewing window and to
      energize a lamp when the drum is rotated to position the message
      representing the occurred event adjacent the viewing window.
BSUM
PAR  This invention relates to an automotive vehicle rotary display and warning
      device which provides an audible indication upon the occurrence of one of
      a plurality of events at remote locations in the vehicle and provides an
      indication of the specific event which occurred when the drum is rotated
      to position a message representing the occurrence of that event adjacent a
      viewing window.
PAR  In the operation of automotive vehicles, increasing use is being made of
      warning indicating devices for indicating the occurrence of events at
      remote locations in the vehicle. For each event, there is provided a
      viewing window and a lamp therebehind which illuminates a message on the
      window upon the occurrence of the event associated therewith. Because of
      the increasing number of these warning devices, the space required for
      providing all of the desired warning indications becomes increasingly
      greater. It is the general object of this invention to provide a rotary
      display and warning device in which an audible warning is provided upon
      the occurrence of an event at a remote location in the vehicle and which
      includes a rotary display device having a plurality of messages spaced
      therearound corresponding to preselected events, the rotary display device
      being operable to provide an indication of the specific event which
      occurred when rotated to position the message corresponding to the
      occurred event adjacent a viewing window.
PAR  It is another object of this invention to provide for an automotive vehicle
      rotary display and warning device wherein the device includes a rotating
      drum having a plurality of messages thereon representing events which may
      occur at remote locations in the vehicle, an audible warning device and a
      circuit for energizing the audible warning device when a message on the
      drum other than the message representing the occurred event is positioned
      adjacent a viewing window and for energizing a lamp to illuminate the
      message representing the occurred event when said message is positioned
      adjacent the viewing window.
DRWD
PAR  These and other objects of this invention may be best understood by
      reference to the following description of a preferred embodiment of the
      invention and the drawings in which:
PAR  FIG. 1 is a front view of the rotary display device of the preferred
      embodiment of this invention;
PAR  FIG. 2 is a drawing of the rotary display device as viewed along lines 2--2
      of FIG. 1;
PAR  FIG. 3 is a rear view of the rotary display device as viewed along lines
      3--3 of FIG. 2;
PAR  FIG. 4 is a sectional drawing of the thumb wheel and detent mechanism of
      the rotary display device as viewed along lines 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional drawing of the rotary display device as viewed along
      lines 5--5 of FIG. 2;
PAR  FIG. 6 is a drawing of the rotary switch operated by the indicator drum as
      viewed along lines 6--6 of FIG. 1; and
PAR  FIG. 7 is an electrical schematic of the circuit for energizing the buzzer
      and lamp in response to the occurrence of an event and the rotation of the
      indicator drum.
DETD
PAR  Referring to the figures, a translucent insulating indicator drum 10 is
      rotatably carried by a housing 11 comprised of a section 12 and two
      sections 14 and 15 secured to section 12 by screws 16, the sections 12, 14
      and 15 engaging bearing surfaces 18 and 20 of the indicator drum 10. The
      section 12 includes a display face 22 having a viewing window 24 adjacent
      the indicator drum 10. The indicator drum 10 has a plurality of messages
      spaced around the surface thereof which are sequentially positioned
      adjacent the viewing window 24 as the indicator drum 10 is rotated. The
      messages on the drum represent events which may occur at remote locations
      in an automotive vehicle, the occurrences of which are to be indicated to
      the vehicle operator.
PAR  The indicator drum 10 is rotatable by the vehicle operator by means of a
      thumb wheel 26 extending from the indicator drum 10 through an opening 28
      in the display face 22. The thumb wheel 26 includes projections 30 which
      cooperate with a spring member 32 held by the segment 14 to form a detent
      mechanism which is releasably engaged each time a message on the indicator
      drum is positioned adjacent the viewing window 24 to form a positive
      angular position of the indicator drum 10 for each message thereon. As
      illustrated in the preferred embodiment, there are six positive positions
      of the indicator drum 10 corresponding to six messages thereon.
PAR  The housing 11 is mounted in the vehicle at a location such that the
      display face 22 is readily observable by the vehicle operator and the
      thumb wheel is readily reached by the vehicle operator to permit said
      operator to rotate the indicator drum 10 while operating the vehicle.
PAR  A bracket 34 is secured to the section 14 by a screw 36 and extends into
      the indicator drum through one end thereof. A lamp socket 36 is secured to
      the bracket 34 and carries a lamp 38 therein.
PAR  A disk 40 is secured to one end of the indicator drum 10 and includes a
      conducting segment 42 and a conducting segment 44 separated by an
      insulating portion 46. A plurality of wiper arms 48 through 62 are clamped
      to the section 15 by means of a bracket 64 and screws 66 and 68. Each of
      the wiper arms 48 through 62 engage the surface of the disk 40 to form a
      rotating switch operated by rotation of the indicator drum 10. The
      configurations of the conducting segments 42 and 44 and the relative
      positions of the wiper arms 50, 52, 54, 58, 60 and 62 therewith are such
      that one of the wiper arms 50, 52, 54, 58, 60 and 62 is engaged by the
      conductive segment 44 when a message on the indicator drum 10 is
      positioned adjacent the viewing window and further are such that the wiper
      arms 50, 52, 54, 58, 60 and 62 are sequentially and individually engaged
      by the conducting segment 44 as the indicator drum 10 is rotated to
      sequentially position the messages on the indicator drum 10 adjacent the
      viewing window 24. The remainder of the wiper arms 50, 52, 54, 58, 60 and
      62 are engaged by the conductive segment 42. The wiper arm 48 engages the
      conductive segment 42 at all angular positions of the indicator drum 10
      and the wiper arm 56 engages the conductive strip 44 at all angular
      positions of the indicator drum 10. Therefore, as the indicator drum 10 is
      rotated, each of the wiper arms 50, 52, 54, 58, 60 and 62 are sequentially
      and individually electrically coupled to the wiper arm 56 by the
      conductive segment 44 while the remainder of the wiper arms 50, 52, 54,
      58, 60 and 62 are electrically coupled to the wiper arm 48 by the
      conductive segment 42.
PAR  Each of the wiper arms 50, 52, 54, 58, 60 and 62 is associated with the
      events represented by the message on the indicator drum 10 which is
      adjacent the viewing window 24 when said wiper arm is engaged by the
      conductive segment 44. For example, as shown in FIGS. 1 and 6, the message
      LOW FUEL is positioned adjacent the viewing window 24. Therefore, the
      wiper arm 58 is associated with the message LOW FUEL as it is engaged by
      the conductive segment 44 which electrically couples said wiper arm 58 to
      the wiper arm 56.
PAR  Referring to FIG. 7, the wiper arm 56 is coupled to a positive voltage
      source B+, which may be the vehicle battery, through the lamp 38. The
      wiper arm 48 is coupled to the positive voltage source B+ through a buzzer
      70 which is positioned in the vehicle so that an audible output therefrom
      can be readily heard by the vehicle operator.
PAR  A plurality of normally open event sensors 72 through 82 are each closed in
      response to the sensed occurrence of a respective one of the events
      represented by the messages on the indicator drum 10. One side of each of
      event sensors 72 through 82 is grounded and the other side thereof is
      coupled to the wiper arm 50, 52, 54, 58, 60 or 62 which is associated with
      the event, the occurrence of which is sensed by said event sensor. For
      example, the event sensor 78 is closed to supply a ground signal to the
      wiper arm 58 when the fuel level in the vehicle fuel tank drops below a
      predetermined level.
PAR  In operation, upon the occurrence of one of the events, a ground signal is
      coupled to the buzzer 70 from one of the event sensors 72 through 82 which
      monitors said occurrence if the message positioned adjacent the viewing
      window 24 is other than the message representing said event. The buzzer 70
      is energized to provide an audible indication to the vehicle operator of
      the occurrence of the event. To determine the specific event which has
      occurred, the vehicle operator rotates the indicator drum 10 by means of
      the thumb wheel 26 until the wiper arm which is coupled to the event
      sensor which monitored the occurred event is coupled to the wiper arm 56
      by the conductive segment 44 to energize the lamp 38. Energization of the
      lamp 38 illuminates the message adjacent the viewing window 24, this
      message representing the occurred event. When the indicator drum 10 is in
      this position, the ground signal is removed from the buzzer 70 which is
      then deenergized. For example, if the vehicle fuel level decreases below
      the predetermined level, the event sensor 78 is closed to supply a ground
      signal to the wiper arm 48 through the wiper arm 58 and the conductive
      segment 42. The buzzer is then energized until the vehicle operator
      rotates the indicator drum 10 to position the message LOW FUEL adjacent
      the viewing window 24. At this position of the indicator drum 10, the
      conductive segment 44 is positioned to engage the wiper arm 58 to couple
      the ground signal from the event sensor 78 to the lamp through the wiper
      arm 56. When so positioned, the ground signal to the wiper arm 48 is
      removed to deenergize the buzzer 70 and the lamp 38 is energized to
      illuminate the message LOW FUEL through the viewing window 24.
PAR  The detailed description of a preferred embodiment of the invention for the
      purpose of explaining the principles thereof is not to be considered as
      limiting or restricting the invention, since many modifications may be
      made by the exercise of skill in the art without departing from the scope
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automotive vehicle rotary display and warning device for indicating
      the occurrence of events at remote locations in the vehicle, comprising: a
      plurality of event sensors positioned at remote locations in the vehicle,
      each of said event sensors being responsive to the occurrence of a
      respective event for generating an electrical signal upon said occurrence;
      a viewing window; a drum rotatably supported adjacent the viewing window;
      a plurality of messages spaced around the drum so as to be sequentially
      positioned adjacent the viewing window as the drum is rotated, each of the
      messages representing the occurrence of a respective one of the events; a
      lamp for illuminating the message adjacent the viewing window when said
      lamp is energized; an audible indicator; and rotary switch means operated
      by rotation of the drum, the rotary switch means including first coupling
      means for exclusively coupling the event sensor which monitors the
      occurrence of the event represented by the message positioned adjacent the
      viewing window to the lamp and second coupling means for exclusively
      coupling the event sensors which monitor the occurrence of the events
      represented by the messages positioned away from the viewing window to the
      audible indicator, the lamp and the audible indicator being energized by
      an electrical signal generated by one of the event sensors coupled
      thereto, whereby an audible warning is immediately provided upon the
      occurrence of an event not represented by the message adjacent the viewing
      window and the audible indicator is extinguished and the lamp is energized
      to illuminate the message representing the occurrence of said event when
      the drum is rotated to position said message adjacent the viewing window.
NUM  2.
PAR  2. An automotive vehicle rotary display and warning device for indicating
      the occurrence of events at remote locations in the vehicle, comprising: a
      plurality of event sensors positioned at remote locations in the vehicle,
      each of said event sensors being responsive to the occurrence of a
      respective event for generating an electrical signal upon said occurrence;
      a viewing window; a drum rotatably supported adjacent the viewing window;
      a plurality of messages spaced around the drum so as to be sequentially
      positioned adjacent the viewing window as the drum is indexed, each of
      said messages representing the occurrence of a respective one of the
      events; a lamp for illuminating the message adjacent the viewing window
      when said lamp is energized; a buzzer, a plurality of wiper arms, each
      wiper arm being associated with a respective one of the events; means
      electrically coupling each of the wiper arms to the event sensor which
      monitors the occurrence of the event with which said wiper arm is
      associated; first and second conductive segments moved by the drum, the
      first conductive segment engaging the wiper arm associated with the event
      represented by the message adjacent the viewing window and the second
      conductive segment engaging the wiper arms associated with the events
      represented by the messages positioned away from the viewing window; means
      coupling the first conductive segment to the lamp; and means coupling the
      second conductive segment to the buzzer, the lamp and the buzzer being
      energized by an electrical signal generated by one of the event sensors
      coupled thereto through the first and second conductive segments,
      respectively, whereby the buzzer is energized by an electrical signal
      generated upon the occurrence of an event not represented by the message
      adjacent the viewing window and the lamp is energized by an electrical
      signal generated upon the occurrence of an event when the message
      representing the occurrence of said event is positioned adjacent the
      viewing window.
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ABST
PAL  A pattern recognition system in which an image plane is divided into a
      large number of micro-regions, the image of the background has been stored
      in advance by a unit of the micro-region as invariable information
      independent of the brightness of the image plane, inputted images and the
      stored information are successively compared, and the proportion of
      occupation of the image plane by an object getting in the field of vision
      is detected.
BSUM
PAR  The present invention relates to an image information processing system
      which blanks a predetermined background pattern or relieves or "embosses"
      only a characteristic pattern having a certain property from a
      two-dimensional image subjected to a photoelectric conversion by an image
      pick-up device, and more particularly, to a pattern recognition system
      which automatically identifies characters, figures, material bodies, etc.
PAR  Ordinarily, in recognizing characters, figures, material bodies, etc., very
      stringent conditions are put on the illumination at the time of picking up
      images. This is because, even if a pattern the value of the image of which
      is f(x, y) at the coordinates (x, y) is obtained under a certain
      illuminating condition, various images g(x, y) differing in the contrast
      and black level from each other as expressed by Formula (1)
EQU  g(x, y) = a.sup.. f(x, y) + b                              (1)
PAL  Where a and b are constants, are often obtained even from the same object
      if the illumination changes, and hence the automatic recognition
      processing by the comparison of patterns becomes very difficult. The
      change like Formula (1) is caused not only by the illumination but also by
      the automatic gain control circuit of the image pick-up device and the
      like. In particular, it becomes a very difficult problem in recognizing an
      object with different background brightness.
PAR  An object of the present invention is to provide an apparatus for once
      transforming all the images expressed by Formula (1) into an image
      independent of the parameters a and b to facilitate an automatic
      recognition.
PAR  Another object of the present invention is to provide an apparatus for
      performing easily image processing such as extracting the contour of an
      object oriented in a specified direction from the output image of the
      above-mentioned image transforming apparatus.
PAR  A further object of the present invention is to provide a simple pattern
      recognition apparatus using the output image of the above-mentioned image
      transforming apparatus.
PAR  According to the present invention there is provided a recognition system
      comprising means for picking up an image of an object, means for dividing
      the picked up image into a plurality of regions, means for encoding the
      image signals in the divided regions region by region, means for storing
      in advance an image corresponding to the background at each region in a
      code, means for comparing the coded image signal and the stored coded
      signal to decide the degree of agreement therebetween, and means for
      counting the number of the regions depending on the degree of agreement.
PAR  The present invention is characterized in that an inputted image is,
      regardless of whether it is the image expressed by g(x, y) or Formula (1)
      or the image represented by f(x, y), transformed into the same image
      independent of the parameters a and b.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will become more apparent from the following detailed
      description of the preferred embodiments of the present invention when
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of the entire structure of the image processing
      system according to the present invention;
PAR  FIG. 2 is a block diagram of the micro-region cutting out apparatus in FIG.
      1;
PAR  FIG. 3 is a diagram for explaining the operation of the apparatus of FIG.
      2;
PAR  FIGS. 4 and 5 are diagrams for explaining the rate-of-change-of-brightness
      measuring apparatus in FIG. 1;
PAR  FIG. 6 is a diagram for explaining the direction-of-change-in-brightness
      detecting apparatus in FIG. 1;
PAR  FIG. 7 is a diagram for explaining the operation of the apparatus of FIG.
      6;
PAR  FIGS. 8a and 8b are diagrams showing an example of the micro-regions;
PAR  FIG. 9 is a diagram for explaining the display of the characteristic part;
PAR  FIG. 10 is a block diagram of the feature extracting circuit;
PAR  FIGS. 11a and 11b are explanatory diagrams of the congestion measuring
      apparatus;
PAR  FIGS. 12 to 15b are diagrams for explaining the principle of the
      recognition system according to the present invention;
PAR  FIG. 16 is a block diagram of the recognition system according to the
      present invention;
PAR  FIGS. 17 to 21 are diagrams illustrating mutual relationships between
      fundamental signals used for the drive and control of the system according
      to the present invention;
PAR  FIG. 22 is a block diagram of the synchronous signal generating circuit and
      the region-signal generating circuit in the system according to the
      present invention;
PAR  FIG. 23 is a diagram of the characteristic feature detecting circuit in the
      system according to the present invention;
PAR  FIGS. 24a and 24b are diagrams for explaining the principle of the
      detecting circuit of FIG. 23;
PAR  FIG. 25 is a block diagram of the classifying or sorting circuit and the
      encoder circuit in the system according to the present invention;
PAR  FIG. 26 is a constructional diagram of the memory circuit and the comparing
      circuit in the system according to the present invention;
PAR  FIG. 27 is a constructional diagram of the signal supplying circuit in the
      system according to the present invention;
PAR  FIG. 28 is a block diagram of another embodiment of the recognition system
      according to the present invention;
PAR  FIG. 29 is a constructional diagram of the characteristic feature detecting
      circuit in the system according to the present invention;
PAR  FIGS. 30 and 31 are block diagrams of the entire systems in which the
      recognition system according to the present invention is practised as the
      congestion recognition system for controlling a group of lifts or
      elevators;
PAR  FIG. 32 is a block diagram of an embodiment of the position detecting
      system according to the present invention;
PAR  FIG. 33a is an image picked up by an image pick-up device;
PAR  FIG. 33b is an explanatory diagram of the coded image of the image of FIG.
      33a;
PAR  FIG. 34 is a circuit diagram of a part of the system of FIG. 32;
PAR  FIGS. 35 and 36 are embodiments of the longitudinal and transverse position
      detecting circuits, respectively;
PAR  FIGS. 37a to 38b are explanatory diagrams of images obtained by the present
      invention;
PAR  FIGS. 39a to 39c are diagrams for explaining the principle of the image
      processing system according to the present invention;
PAR  FIGS. 40a and 40b are diagrams for explaining the case in which noise is
      present in the image;
PAR  FIG. 41 is an explanatory diagram of an example of the output image from
      which noise is eliminated;
PAR  FIG. 42 is a block diagram of another processing system according to the
      present invention;
PAR  FIGS. 43a and 43b are explanatory diagrams of an example of the image
      picked up by an image pick-up device and the code signal;
PAR  FIG. 44 is an embodiment of the counter circuit for counting the code
      signal;
PAR  FIG. 45 is an embodiment of the maximum code detecting circuit;
PAR  FIG. 46 is an explanatory diagram of timing pulse series;
PAR  FIG. 47 is an embodiment of a coincidence circuit;
PAR  FIG. 48 is a connection diagram of a part of the circuit used in another
      embodiment of the coincidence circuit; and
PAR  FIG. 49 is a diagram for explaining the principle of another application of
      the present invention.
DETD
PAR  The principle on which the present invention is based will first be
      described. If a vector V is composed of components f.sub.x and f.sub.y
      which are the longitudinal change of the brightness and the transverse
      change of the brightness of the image f(x, y)
      ##EQU1##
      as
EQU  V(x, y: f) .ident. (f.sub.x (x, y), f.sub.y (x, y))
PAL  the argument .theta. of the vector V is defined as
EQU  .theta.(x, y: f) .ident. Arg(V(x, y: f))                   (3)
PAL  Then, the transform .theta.(x, y: f) of the image f(x, y) agrees with the
      transformation image of all the images g(x, y) represented by Formula (1).
      That is,
EQU  .theta.(x, y: g) = Arg(V(x, y: g))
EQU   = Arg ((g.sub.x (x, y), g.sub.y (x, y)),)
EQU   = Arg (a.sup.. (f.sub.x (x, y), f.sub.y (x, y)),)
EQU   = Arg (a.sup.. V(x, y: f))
PAL  where (. . . ), represents a row vector composed of the variables in the
      parentheses as its components and Arg (. . . ) represents the argument of
      the vector in the parentheses. Since the argument of a vector is
      independent of the magnitude of the vector, .theta.(x, y: g) becomes for a
      &gt; 0
EQU  .theta.(x, y: g) = Arg (V(x, y: f))
EQU   = .theta.(x, y: f)                                        (4)
PAR  Consequently, if the image f(x, y) is transformed into the image .theta.
      represented by Formula (3), all of the images represented by Formula (1)
      become the same image, and hence the recognition thereof becomes easy.
      Also, there is the advantage that the same object can be transformed into
      the same image even if the brightness of the background varies.
PAR  In the present invention which is based on such a principle the
      longitudinal and transverse rates of change in the brightness are first
      obtained at each point of the original picture, and then not the amount of
      variation in the brightness but the quantity indicating the direction of
      change at each point is obtained from these values. The direction of
      change is taken as the value of image at each point. Here, however, the
      directions in which the rates of change in the brightness are to be
      obtained are not limited to the longitudinal and transverse directions,
      but any two directions are equivalent thereto algebraically and hence will
      do provided that the two directions are independent of each other. In the
      present specification, therefore, the directions are taken to be the
      longitudinal and transverse directions for the sake of simplicity of
      description.
PAR  An image processing system according to the present invention will be
      described with reference to FIG. 1. An image pick-up device 202 of the
      raster scanning type such as a television camera picks up an image of an
      object 201. A micro-region cutting out apparatus 203 has delay elements as
      its components and can produce simultaneously a plurality of signals
      corresponding to micro-regions of an image. Apparatuses 204 and 205 are
      composed of, for example, adders and provide differences in brightness
      between different parts in the longitudinal and transverse directions in
      the micro-region as variations in brightness in the longitudinal and
      transverse directions therein, respectively. An apparatus 206 has one or
      more comparators and produces a digital code or an analog quantity
      indicating the direction of variation in the brightness in the
      micro-region by comparing the longitudinal and transverse variations of
      brightness. Thus, the brightness image of the object 201 is converted into
      an image signal in the direction of the maximum brightness variation in
      response to the variation in illumination by passing through the
      apparatuses 202 to 206. This signal is further supplied to a monitoring
      television 207 and an image processing apparatus 208 which complete a
      pattern recognition system.
PAR  The image pick-up device 202 is one such as an ordinary ITV (industrial
      television) camera. The micro-region cutting out apparatus 203 is composed
      of a combination of delay elements as shown in FIG. 2, in which reference
      numeral 210 designates an image signal from the image pick-up device 202,
      reference numerals 211a and 211b designate delay elements having a delay
      time corresponding to one raster of the image, and reference numerals 212a
      to 212f designate delay elements having a delay time corresponding to one
      picture element. By such a construction an output circuit 213 having nine
      output terminals can supply in parallel image values corresponding to 3
      .times. 3 micro-regions 215 on an image plane 214 as shown in FIG. 3.
      Furthermore, the 3 .times. 3 regions 215 on the image plane 214 is
      continuously scanned in synchronism with the scanning by the image pick-up
      device 202.
PAR  The longitudinal-brightness-variation detecting apparatus 204 can be
      structured as shown in FIG. 4. The reference numeral 215 designates the 3
      .times. 3 micro-regions shown in FIG. 3 and the character f.sub.ij
      indicates the brightness at the corresponding micro-region. Reference
      numerals 216a and 216b designate adders and reference numeral 217
      designates a subtractor the output of which is
EQU  (f.sub.11 + f.sub.12 + f.sub.13) - (f.sub.31 + f.sub.32 + f.sub.33)
PAL  That is, the mean variation in the brightness in the vertical direction is
      approximately detected as a value proportional to f.sub.y (x, y) of
      Formula (2). The transverse-brightness-variation detecting apparatus 205
      also is quite similarly structured as shown in FIG. 5 and can supply an
      approximate value of f.sub.x (x, y).
PAR  The brightness-variation-direction supplying apparatus 206 is constructed
      as follows. As shown in FIG. 6, the analog signals f.sub.x (x, y) and
      f.sub.y (x, y) are supplied to a comparator 218 through variable resistors
      219 and 220. Then the output Z of the comparator 218 becomes
EQU  Z = 1 cf.sub.x (x, y) + df.sub.y (x, y) .gtoreq. 0
EQU  Z = 0 cf.sub.x (x, y) + df.sub.y (x, y) &lt; 0}               (5)
PAL  where c and d are constants determined by the resistors 219 and 220. This
      means that the output is produced which is 1 in the one half-plane bounded
      by a straight line 221 passing the origin in the f.sub.x (x, y) - f.sub.y
      (x, y) plane as shown in FIG. 7 and is 0 in the other half-plane. The
      slope .alpha. of the straight line 221 can be varied as desired over
      360.degree. by the values of the resistors 219 and 220 and the manner to
      supply the comparator 218. Consequently, the outputs for the f.sub.x -
      f.sub.y plane divided into 2n regions can be provided by arranging in
      parallel n in number of the apparatuses of FIG. 6. That is, this output is
      a code indicating not the magnitude of the vector V = (f.sub.x, f.sub.y)
      but the argument thereof.
PAR  Thus, by being processed by the apparatuses 202 to 206 in FIG. 1 the
      original image f is transformed into a coded image indicating the
      argument.
PAR  In this embodiment the micro-regions are assumed to be 3 .times. 3 regions.
      However, it is unnecessary to be made into 3 .times. 3 regions. As is
      evident from the above description, since the necessary information is
      variations in brightness in two directions independent of each other, the
      rates of change in brightness f.sub.x and f.sub.y may be made, as shown in
      FIGS. 8a and 8b.
EQU  f.sub.x (x, y) = (l.sub.2 + l.sub.4) - (l.sub.1 + l.sub.3)
EQU  f.sub.y (x, y) = (l.sub.3 + l.sub.4) - (l.sub.1 + l.sub.2)}(6)
PAL  or
EQU  f.sub.x (x, y) = l.sub.2 - l.sub.3
EQU  f.sub.y (x, y) = l.sub.4 - l.sub.1 }                       (7)
PAR  Since at the point at which the change in brightness is low the value of
      the directional code scatters under the influence of noise, the magnitude
      of the vector V is defined, for example, as .vertline.V.vertline. =
      Max(f.sub.x, f.sub.y). Then, if a circuit which produces a signal
      indicating the absence of the direction code is added when the magnitude
      of the vector V is smaller than a predetermined magnitude, the influence
      of noise can be neglected.
PAR  A pattern feature extracting system utilizing the system according to the
      present invention will next be described. Here, it is assumed that the
      original image in terms of brightness has been transformed into a pattern
      of the code indicating the direction of the change in brightness by the
      image transforming apparatus.
PAR  If a code filter 231 which is 1 for a specified code and 0 for the other
      codes is connected to an image transforming apparatus 230 in the
      succeeding stage thereof, and if the output of the code filter 231 is
      connected to a monitoring television 232, only the boundary part oriented
      in a particular direction in the pattern can be relieved or "embossed".
      This corresponds to the extraction of only a featured or characteristic
      part from the pattern. It is needless to say that such a code filter 231
      can be easily formed by a logical circuit. If the monitoring television
      232 is replaced by a counter to count suitable sampling pulses
      synchronizing with the television scanning only when the output of the
      code filter 231 is 1, the value proportional to the entire length of the
      boundaries in that direction is counted.
PAR  For example, it is also simple to obtain the value proportional to the
      length of the oblique line of the character A. If, as shown in FIG. 10, a
      plurality of such code filters 231a to 231n and counters 233a to 233n are
      connected so that the number of the picture elements on the longitudinal
      boundaries, the number of the picture elements on the transverse
      boundaries, the number of the picture elements on the oblique boundaries
      and the like are counted, respectively, a simple pattern feature
      extracting apparatus can be formed as it is because the set of those
      values represents the characteristic feature of the pattern. Also, if,
      dividing the image plane into a number of miniature regions (which may be
      overlapped), similar arrangements are made, a higher degree of feature
      extracting apparatus can be formed because the feature extraction can be
      made for each region. According to this scheme the fact that there is a
      positive slope or a right upturned brightness boundary in the left half of
      A, for example, and a negative slope or a right turned down brightness
      boundary in the right half thereof can be extracted as a feature.
PAR  An image can be transformed into a multidimensional characteristic vector
      by the above-described characteristic feature extracting apparatus.
      Consequently, a simple pattern recognition apparatus can also be formed by
      adding a means for comparing with a plurality of preset standard vectors
      similarly in the arrangement in a conventional pattern recognition.
PAR  Also, the background can be blanked from the image so far as it is a simple
      one. FIG. 11a shows grey circles riding on background horizontal stripes.
      This image is first subjected to a transformation by an image
      transformation system according to the present invention. Next, it is
      passed through such a code filter that makes the code indicating the
      horizontal boundary and the part absent from any code 0 and makes the
      other code 1. Then, the image as shown in FIG. 11b results. This means
      that the unnecessary background is blanked.
PAR  If a counter is connected to the output of the code filter to count the
      area of the part 1, the entire length of the boundaries of the circles can
      be measured. This is also a quantity indicating the number of objects.
      Consequently, this is also usable as an apparatus for knowing roughly and
      automatically the number of known objects distributed appropriately in a
      simple known background. For example, it can be used as a congestion
      measuring apparatus which measures the number of people present in a hall
      or square roughly and automatically and supplies information for guiding
      and controlling the people.
PAR  Next, a pattern recognition system utilizing the above-described image
      information processing system capable of determining the proportion of
      occupation by an object within a field of vision will be described.
PAR  In the recognition system according to the present invention the image
      plane is divided into a number of micro-regions, the image information of
      the background is transformed into information substantially invarient in
      the brightness and is stored in accordance with the unit of the
      micro-region, and a currently supplied image of the image plane for
      example with an object therein, and the stored information are
      successively compared. The proportion of occupation by an object in the
      field of vision of the image plane is detected from the number of the
      micro-regions for which the result of the comparison shows disagreement.
      If the image pick-up device of this recognition system is installed on the
      ceiling or wall of a hall of a building, for example, the rough number of
      people getting in the field of vision, i.e. the degree of congestion can
      be measured since the background is coded in advance by the unit of the
      above-described micro-region and stored. Consequently, by utilizing the
      output signal thereof for input information for group control of elevators
      or lifts an effective operation of the elevators with reduced waiting time
      is possible.
PAR  In this case, the image of the background to be stored in advance may be
      the brightness information itself. However, since it is inevitable that
      the image differs between in the daytime and at night, it is preferable
      that the image of the background is transformed into information
      substantially invariable in the brightness such as the direction of change
      in the brightness as will be described below.
PAR  It is also possible to update or renew the memory of the background several
      times a day during anticipated idle time bands of elevators confirming
      that no call button is pushed. It is also possible to update the memory of
      the background by detecting that the image is almost invariable during a
      predetermined time interval (for example, for 5 minutes) or during a
      predetermined number of processing (for example, 100 times). By doing this
      relatively new background information (background information in the
      relatively near past) can be used. Thus, it is unnecessary to consider the
      difference in brightness in the daytime and in the evening so that the
      brightness information can be utilized as it is to reduce the necessity of
      transforming the image information of the background into information
      invariable in brightness.
PAR  As examples of other applications of the present invention, loose articles
      in production processes can be counted and measured, a feeder of small
      articles can be monitored to be warned or interrupted in its operation
      when the articles are absent, the rough number of blood corpuscles can be
      counted, and a fault such as stains of even an object having a pattern can
      be detected.
PAR  FIG. 12 is a diagram for explaining the principle of the pattern
      recognition system according to the present invention and shows
      schematically the picture plane to be picked up by an image pick-up
      device. It is assumed that the picture plane is scanned, similarly to an
      ordinary television scanning, from left to right in horizontal directions
      (X-directions) and from above to below in vertical directions
      (Y-directions). The picture plane is divided into m .times. n
      micro-regions with m in the X direction and n in the Y direction as shown
      in FIG. 12. These micro-regions will hereinafter be referred to as blocks.
      It is unnecessary for these blocks to be the same over the entire picture
      plane, but may be varied as desired. However, here it is assumed that they
      are all the same for the sake of simplicity in the sense of circuitry.
PAR  It is assumed that one block (i, j) consists of k .times. l picture
      elements with k in the X direction and l in the Y direction. In the
      present invention one of the m regions in the X direction is selected and
      processed during the time that the picture plane is scanned once, i.e.
      during one frame period. Consequently, at No. 0 frame n blocks of X region
      No. 0 (0, 0), (0, 1), (0, 2), . . . . , (0, n-1), i.e. the vertical band
      region is selected and processed, and at No. 1 frame the next vertical
      band region of n blocks (1, 0), (1, 1), (1, 2), . . . . , (1, n-1) is
      selected and processed. In this manner, the vertical band regions are
      successively changed-over frame by frame and processed. Consequently, the
      processing of the entire picture plane is completed in a total of m
      frames. Taking a practical example for easy understanding, k, l, m and n
      are taken to be k = l = 20, m = 16 and n = 12, that is, one block consists
      of 400 picture elements and the entire picture plane consists of 192
      blocks. Thus, the numbers of picture elements in the X and Y directions
      are m x k = 320 and n .times. l = 240, respectively, and hence it is
      sufficiently realizable even with the interlaceless scanning by an image
      pick-up device utilizing an ordinary vidicon. Consequently, one frame time
      can be realized in the field time 1/60 sec. of the ordinary television
      scanning system including the flyback period. Thus, the processing time of
      the entire picture plane becomes (1/60) .times. 16 = 0.27 sec. to enable
      the recognition of the degree of occupation by an object of the picture,
      for example the degree of congestion of people within 0.3 sec.
PAR  FIGS. 13a to 13c are diagrams for explaining the principle of the
      recognition system according to the present invention and show one image
      block (i, j) in FIG. 12. FIG. 13a shows that one block consists of k
      picture elements in the X direction and l picture elements in the Y
      direction as has been described above. By utilizing the brightness
      information of these picture elements the direction of change in
      brightness can be obtained as a quantity invariant in brightness as
      described above. A practical method therefor will be described later.
      Here, the information of two-dimensional region of 3 .times. 3 picture
      elements including the picture element under consideration is used as
      shown in FIG. 13b to provide, as the direction of change in brightness at
      the picture element under consideration, a numerical value indicating the
      direction such as, for example, the arrow in FIG. 13b. Such a processing
      is performed picture element by picture element with the advancement of
      scanning and ultimately the directions of change in brightness at
      individual picture elements as shown in FIG. 13c can be obtained. The
      blank picture elements indicate those which are recognized as having only
      small changes in brightness by subjecting the magnitude of change in
      brightness to a threshold processing.
PAR  The thus obtained directions of change in brightness are classified into
      eight directions 0, 1, . . . . 7, 7, for example, as shown in FIG. 14a.
      FIG. 14a indicates that only picture elements around the specified
      directions are extracted in order to reduce the ambiguity in the
      direction, while FIG. 14b indicates that each of the picture elements is
      extracted as one of some direction. Thus, from among the picture elements
      obtained as shown in FIG. 13c the number of those falling in the
      directional regions (hatched regions) shown in FIG. 14a or 14b is counted
      for each direction.
PAR  In the above example one image block consisted of 20 .times. 20 = 400
      picture elements. If all the directions of change in brightness at these
      picture elements orient in the direction 5, it is expected that the
      contents of the counter for counting the direction 5 become 400 and the
      contents of the counter for counting each of the remaining seven
      directions become zero. Consequently, if the scales of these counters are
      made 100, and if they are made to produce an overflow signal when the
      count exceeds 100, whether a counter produced an overflow signal or not
      can be regarded as a characteristic feature of the image at the image
      block corresponding to the counter.
PAR  FIG. 15a is an explanatory diagram for regarding the outputs of the
      counters for the picture elements corresponding to the eight directions as
      information of 8 bits. In this case, each bit of the information of eight
      bits (i.e. a byte) corresponds to one of the eight directions. The example
      of FIG. 15a means that the three counters corresponding to the directions
      Nos. 0, 5 and 6 have exceeded 100. That is, it is meant that in this image
      block there are many picture elements whose directions of change in
      brightness are oriented in the directions Nos. 0, 5 and 6 and there are
      few picture elements oriented in the directions Nos. 1, 2, 3, 4 and 7
      (FIG. 13c). In this manner, in this example the image is expressed by such
      a characteristic code as taking 1 or 0 depending on whether the numbers of
      the picture elements in the individual directions are larger or smaller
      than a certain threshold value.
PAR  This characteristic code is one in number per image block. In this example
      the characteristic code is of 8 bits (one byte). Consequently, there are
      192 characteristic codes, that is, the information is of 1536 bits or 192
      bytes for the entire picture.
PAR  The memory of the background image in this system is very easy by the use
      of a shift register of a small memory capacity formed of an integrated
      circuit. The comparison between the characteristic code of the background
      and the characteristic code of the image actually picked up is carried out
      by successively changing over the vertical band regions on the picture
      plane over a plurality of frames as described above. If objects get in the
      field of vision, some of the image blocks become out of agreement with the
      characteristic codes of the background stored in advance depending on the
      sizes, positions and the number of the objects. Consequently, by counting
      the number of the blocks out of agreement with the characteristic codes
      over the entire picture the degree of occupation by the objects of the
      picture plane can be recognized.
PAR  Although in the above description the overlow values or the threshold
      values of the counts for the picture elements in various directions are
      made the same, 100, they may of course be diversified in various
      directions depending on the properties of the background such as the
      presence of vertical stripes, cross stripes, etc.
PAR  FIG. 15b shows another example of the characteristic code. Here, a total of
      three bits of bit Nos. 7, 6 and 5 represents the direction in which the
      number of the picture elements is largest (in this case direction No. 5)
      in a binary code, a total of the remaining five bits of bit Nos. 4 to 0
      represents the number of the picture elements oriented in that direction.
      (In this case 2.sup.2.sup.+.sup..alpha. + 2.sup.3.sup.+.sup..alpha. +
      2.sup.4.sup.+.sup..alpha. (.alpha. is a whole number) is represented. That
      is, the information of 5 bits from the most significant bit counted in a
      binary number is represented. Considering that one block consists of 400
      picture elements and if the case in which all the picture elements have
      the same direction is considered, .alpha. becomes .alpha. = 4. That is,
      bit No. 4 indicates the digital place of 2.sup.8 and bit No. 0 indicates
      the digital place of 2.sup.4.) Also, as this characteristic code
      sequential number the brightness information can be utilized. For example,
      the difference information between the mean brightness over the entire
      picture plane and the brightness of the corresponding block may be set in
      the places of bit Nos. 4 to 0.
PAR  Based on the above-described principle a practical structure of the
      recognition system according to the present invention will now be
      described.
PAR  FIG. 16 is a block diagram of the fundamental structure of the recognition
      system. An image signal 9 from an image pick-up device 8 is supplied to a
      characteristic feature detecting circuit 10 at which it is converted into
      a signal indicating the direction of change in brightness as already
      described, for example. The image pick-up device 8 is driven by a
      horizontal (X) synchronizing signal and a vertical (Y) synchronizing
      signal from a synchronizing signal generating circuit 11. A region signal
      generating circuit 12 is also driven by the synchronizing signal
      generating circuit 11 synchronously with its output to provide gate
      circuits 13 and 14 with region signals. The gate circuit 13 passes, among
      the characterized output of the characteristic feature detecting circuit
      10 successively produced with the scanning of the image, only one for a
      certain region to a classifying or sorting circuit 15. The result of the
      classification effected by the sorting circuit 15 is supplied to an
      encoding circuit 16 to be transformed into a code as described above.
PAR  The gate circuit 14 passes the characterized code signal of the background
      stored in a memory circuit 17 to a comparison and decision circuit 18.
      That is, the gate circuit 14 passes the stored information at the picture
      position corresponding to the code signal produced by the encoder circuit
      16 successively synchronously with the scanning of the picture plane.
      Consequently, the comparison and decision circuit 18 compares successively
      the characteristic code for each micro-region produced every moment from
      the image signal from the pick-up device with the stored characteristic
      code at the corresponding micro-region and counts the number of the agreed
      regions to produce an output as the result of decision over the entire
      picture plane. This output is transformed into a usable form of signal by
      a signal output circuit 19 as a final output. To supply the background
      information to the memory circuit 17 the output of the encoder circuit 16
      is transferred to the memory circuit 17 by opening a gate 21 by a memory
      instruction signal from a man or produced automatically.
PAR  To control the above-described system according to the present invention
      various timing signals based on the above-described principle are
      necessary. Practical structures of the system according to the present
      invention will be successively described below. However, as preliminaries
      thereto some main timing signals will first be described.
PAR  FIGS. 17 to 21 show these signals which are to be contrasted to FIGS. 12
      and 13a to 13c. The signal 1 in FIG. 17 is a pulse signal produced at
      every m frames. This signal is formed by counting the signal produced at
      every frame, for example the Y synchronizing signals 2 m in number. The
      counter therefor is constructed such that it produces the output pulse 1
      at the instant the contents of the counter become m and at the same time
      it is reset to 0. Also, from the contents of the counter at this time a
      signal becoming logically 1 only during an arbitrary frame i such as the
      signal 3 can be easily produced. In FIG. 17, as described above, the pulse
      interval of the signal 1 is the unit of the output as the result of one
      processing. That is, the processing of the entire picture plane is
      completed in an m frame time (when m = 16, this is about 0.3 sec.).
PAR  FIG. 18 is an enlargement of a part of the signal 2, in which one frame
      time i is divided into n parts. This is realized by such a counter as
      counts pulse signals 4 and when the count reaches n, it produces a pulse
      and at the same time it is reset. The signal 4 corresponds to a signal
      produced at a boundary of vertical blocks of the image shown in FIG. 12.
      Also, it is easy to produce a signal 5 which becomes logically 1 only when
      the j-th horizontal band region in the Y direction, for example, is being
      scanned from the signal 4, and further it is also easy to produce a signal
      6 as its trailing edge signal.
PAR  FIG. 19 is an enlargement of the signal 4 in FIG. 18. Since the signal 4
      consists of l horizontal scanning lines as shown in FIG. 13, it is
      realized as the output of a counter which counts the horizontal (Y)
      synchronizing signals 7 l in number and is reset. At this time, it is easy
      to produce a signal 8 which becomes 1 only at the scanning time of any
      raster (horizontal scanning line) and its trailing edge signal 9.
PAR  FIG. 20 is an enlargement of the signal 7 in FIG. 19. The signal 7 which
      represents a horizontal scanning line can be realized as the output of
      such a counter as counts the signals 10 produced at boundaries in the X
      direction of blocks in FIG. 12 m in number and and is reset since the
      image is composed of m blocks in the horizontal direction as shown in FIG.
      12. At this time, it is easy to produce a signal 11 which becomes
      logically 1 only when the i-th vertical band region in the X direction in
      FIG. 12 is being scanned. Also, its trailing edge signal 12 can be easily
      produced by differentiating the signal 11.
PAR  FIG. 21 is an enlargement of the signal 10 in FIG. 20. As is shown in FIGS.
      13a to 13c, the width of the block in the X direction corresponds to k
      picture elements. Consequently, the signal 10 can be realized as the
      output of a counter which counts k picture element pulses 13 and is reset.
PAR  As is evident from the above description, if a picture element pulse
      generator is provided, all necessary control signals can be produced by
      successively counting pulses produced by the picture element pulse
      generator by some number of counters.
PAR  FIG. 22 shows practical structures of the synchronizing signal generating
      circuit 13 and the region signal generating circuit 14 of the system of
      FIG. 16 constructed based on the above idea. If the pulse signal 13
      produced by a picture element pulse generator 22 is successively counted
      by a counter 23 which counts k in number and is reset, a counter 24 which
      counts m in number and is reset, and similar counters 25, 26 and 27, the
      signals illustrated in FIGS. 17 to 21 can be obtained.
PAR  Here, the signals 7 and 2 from the counters 24 and 26 are X and Y
      synchronizing signals supplied to the image pick-up device 8. Now, a
      coincidence circuit 28 is provided to compare the contents of the counter
      24 with the contents of the counter 27 so that only when the two agree
      with each other, a logically 1 signal 14 is produced. This signal
      corresponds to the AND output of the signal 13 in FIG. 17 and the signal
      11 in FIG. 20. Consequently, at the 0 frame the signal 14 becomes
      logically 1 only when the left and vertical band regions (0, 0), (0, 1), .
      . . , (0, n-1) in FIG. 12 are being scanned, and at the 1st frame only
      when the next vertical band regions (1, 0), (1, 1), . . . . , (1, n-1) are
      being scanned. That is, generally at the i-th frame it becomes 1 only when
      the band regions of region No. i in the X direction (i, 0), (i, 1), . . .
      . , (i, n-1) are being scanned.
PAR  Consequently, for m frames of from No. 0 to No. m-1 the band regions are
      selected successively from the left end and reach the right end with m
      frames. Thus, the signal 14, the picture element pulse signal 13, the
      horizontal synchronizing signal 4 corresponding to boundaries of vertical
      blocks of the image, and the signal 1 corresponding to the boundary of one
      period of processing are produced and used as practical control signals
      for the circuit described below.
PAR  FIG. 23 is a practical structure of the characteristic feature detecting
      circuit 10 in the image processing system according to the present
      invention shown in FIG. 16. An image signal 9 from the image pick-up
      device 8 is supplied to a shift register 30 which stores information for
      one horizontal scanning line. The shift register 30 may be a semiconductor
      shift register or may be an electromagnetic delay line. More preferably,
      it may be an analog memory of a shift type. The output of the shift
      register 30 is supplied to another shift register 31. By this
      construction, the information at the scanning line before one line and the
      information at the scanning line before two lines can be provided as
      outputs of the shift registers 30 and 31, respectively, in addition to the
      present image signal 9. These three signals are supplied to shift
      registers 32, 33 and 34. Each of these three shift registers have a
      capacity or depth of 6 bits so that it can store information of three
      picture elements. That is, in the shift register 32, for example, the
      information is successively shifted from a to b, from b to c, and then it
      is discarded from c. Consequently, the newest information is present at a,
      b is occupied by the information of the picture element before one, and c
      is occupied by the information of the picture element before two. These
      pieces of information are updated successively.
PAR  Consequently, a total of nine pieces of information a, b, c, d, e, f, g, h
      and i are image values in the two-dimensiona regions of 3 .times. 3 on the
      picture plane as shown in FIG. 13b. Since these are updated successively
      with the scanning, always 3 .times. 3 image values are provided as if the
      picture plane is being successively scanned through a 3 .times. 3
      two-dimensional window. If these image values a to i are converted into
      analog quantities, for example, and supplied to adders 35 and 36 as shown
      in FIG. 23, the adders 35 and 36 produce the outputs f.sub.x and f.sub.y,
      respectively,
EQU  f.sub.x = (a + d + g) - (c + f + i)
EQU  f.sub.y = (a + b + c) - (g + h + i)
PAL  which represent the rate of change in brightness more or less averaged in
      the X direction and that in the Y direction, respectively. If
      ##EQU2##
      is calculated from two pieces of information f.sub.x and f.sub.y, this can
      be regarded as the direction of change in the brightness in the
      two-dimensional region in question.
PAR  To calculate the angle .eta., an arctangential calculation is generally
      inconvenient. Hence, as shown in FIG. 23, four adders 37, 38, 39 and 40
      are provided to which f.sub.x and f.sub.y are supplied through respective
      coefficient or constant multipliers (resistors). That is,
EQU  pf.sub.x + qf.sub.y,
PAL  where p and q are coefficients is calculated in each adder. This value
      becomes 0 on a straight line passing the origin of the f.sub.x - f.sub.y
      plane as shown in FIG. 24a the slope of which can be arbitrarily selected
      over 360.degree. by selecting the values of p and q and the (positive and
      negative) sign of the input. Consequently, by selecting appropriately the
      inputs of the adders 37 to 40 in FIG. 23 the straight lines in the four
      directions shown in FIG. 24a can be obtained. Now, if binary encoding
      circuits 41 to 44 are provided next to the adders 37 to 40 in FIG. 23,
      they produce such binary outputs as become 1 when pf.sub.x + qf.sub.y is
      positive and 0 when it is negative. This means that the hatched parts in
      FIG. 24a are 1, and the non-hatched parts are 0. Consequently, if four
      adders 37 to 40 are selected as shown in FIG. 24a, the direction is
      determined from the combination of outputs A, B, C and D of the binary
      digitizer circuits 41 to 44. That is, the direction 0 is the region at
      which A is 1 and B is 0, that is, when A.sup.. B is 1; the direction 5 is
      when B is 0 and C is 1, that is, when B.sup.. C is 1 as shown in FIG. 24b.
      Consequently, the signals of the direction Nos. 0 to 7 can be obtained by
      providing eight logical circuits 45 to 52 which perform eight logical
      operations shown in FIG. 24b.
PAR  Then, when a group of picture elements are present in the shift registers
      32, 33 and 34, one of the logical circuits 45 to 52 becomes 1 and the
      remaining circuits become 0. Consequently, with the advancement of the
      scanning the direction of change in brightness is detected picture element
      by picture element. This information corresponds to the direction division
      shown in FIG. 24a. To make directional division as shown in FIG. 24a it is
      sufficient to double the number of the adders 37 to 40 in FIG. 23 and to
      take the logic of the binary outputs thereof so that the number of
      straight lines as shown in FIG. 24a is made eight. If both f.sub.x and
      f.sub.y are of small values, it is better to make directionless rather
      than forcibly allot the direction code. That is, the reliability increases
      if it is made a blank picture element (the picture element whose direction
      is not detected so that it is decided as having no change in brightness as
      shown in FIG. 13c.
PAR  For this purpose, for example the absolute values of f.sub.x and f.sub.y
      are produced by absolute value circuits (rectifying circuits), the sum of
      the absolute values is produced by an adder, and whether the sum is less
      than a constant value .epsilon. or not, that is, whether the relation
      .vertline.f.sub.x .vertline. + .vertline.f.sub.y .vertline. &lt; .epsilon.
      stands or not is decided. Then, it is sufficient to provide such a binary
      digitizer circuit as producing an output 1 if the sum is larger than
      .epsilon., and to provide such a gate circuit as producing a direction
      code only when the output of the binary digitizer circuit is 1 to each of
      the outputs of the circuit of FIG. 23. According to this configuration, if
      each change in brightness of all directions from No. 0 to No. 7 is less
      than the predetermined value no output can be produced from the gate
      circuit. The fact that the case in which the variation in the image is
      small is excluded corresponds to the exclusion of a certain region around
      and including the origin in FIGS. 14a and 14b.
PAR  FIG. 25 is an example of the practical structure of the gate circuit 13,
      the sorting circuit 15 and the encoding circuit 16 in the system of FIG.
      16. The outputs, i.e. the signals of the directions Nos. 0 to 7 produced
      by the characteristic feature detecting circuit 10 in FIG. 16 described
      referring to FIG. 23 activate gate circuits 56, 57, . . . , 63 to pass the
      AND output of the signals 13 and 14 supplied by a gate circuit 64, i.e.
      picture element pulses when scanning the i-th vertical band region of the
      i-th frame to counters 65 to 72. Consequently, only the counter
      corresponding to a certain direction out of eight counters 65 to 72 is
      supplied with 1.
PAR  In this manner the picture element pulses at the band region under
      consideration are distributed to the counters 65 to 72 depending on the
      states of the directions Nos. 0 to 7. Since these counters are reset by
      the signal 4, i.e. the horizontal scanning signal indicating the boundary
      between the blocks in the Y direction, the counters always begin counting
      from this boundary and divide the i-th vertical band region which is the
      object to be processed into n pieces to provide successively the results
      of the counting at individual blocks.
PAR  The counters 65 to 72 count, as the principle thereof has been described,
      up to the value of a fraction of the total number of picture elements in
      the blocks. For example, when one block consists of 20 x 20 = 400 picture
      elements, they count up to, say, 50 or 100. If the count exceeds this
      value, an overflow signal is produced to set the corresponding bit of a
      register 73 to 1. By doing like this, the register 73, consisting of 8
      bits in this case, is set to 1 only at the bit of the direction having a
      larger number of picture elements than a predetermined value as shown in
      FIG. 15a.  Consequently, the content of this register 73 is the
      characteristic code at its block. The content of this register is reset
      after being compared with the characteristic code stored in advance by the
      circuit described below, by the signal 4 which is somewhat delayed to be
      prepared for the encoding in the next block.
PAR  When the characteristic code shown in FIG. 15b is adopt, a maximum value
      detecting circuit monitors the counters 65 to 72 to detect the sequence
      number of the counter counting the maximum value and its content. The
      sequence number is supplied to the register 73 after being coded by an
      encoder and the content is, as it is, or a higher significant digit is
      supplied to another bit position of the register 73.
PAR  FIG. 26 is a practical embodiment of the memory circuit 17, the gate
      circuit 14, the comparison and decision circuit 18 and the gate circuit 21
      in the system of FIG. 16. The code output of the register 73 described
      referring to FIG. 25 is compared with the characteristic code read out
      from the memory circuit consisting of, for example, a shift register in a
      register 74. In this example, exclusive logical sums for respective bits
      are formed by logical circuits 75 to 82 and the output voltage
      corresponding to the number of incoincident bits is provided by an adder
      83. When this output is converted into a binary value by a binary
      digitizer 84 having a certain threshold value, the output of the circuit
      84 is 0 when the coincidence stands to a certain extent, otherwise it is
      1. This means that by establishing the threshold value a certain degree of
      coincidence is regarded as perfect coincidence. If the threshold value is
      0, the signal becomes 1 without fail except when the coincidence is
      perfect.
PAR  Since, at any rate, the output of the binary digitizer circuit 84 becomes 1
      when both characteristic codes, i.e. the contents of the registers 73 and
      74 are not in coincidence, a gate circuit 85 passes the signal 4 at the
      boundary of blocks in the Y direction (actually, a signal more or less
      delayed in time) to supply 1 to a counter 86. In other words, the number
      of blocks which are not in coincidence is counted by adding 1 when the
      information of block does not agree with the stored one.
PAR  By being done like this, the number of the blocks which are not in
      agreement in the entire picture plane has been counted by the counter 86
      when the processing of the entire picture plane is completed with m frames
      of from the 0 to the (m-1)th, that is, when the signal 1 is produced.
      Consequently, the content of the counter 86 is transferred to a register
      88 through a gate 87 by the signal 1 and at the same time the counter 86
      is reset to be prepared for the measurement in the next cycle.
      Consequently, in the register 88 there is always information of the number
      of the block is disagreement (i.e. the degree of occupation by the object)
      though they are updated at every m frames.
PAR  On the other hand, when a memory instruction signal 20 is supplied, a
      flip-flop circuit 90 is set to 1 to supply the signal 1 at the breakage of
      processing through a gate 91 to a flip-flop 92 to set it. At the same
      time, the flip-flop 90 is reset, so that the succeeding signal 1 is not
      supplied to the flip-flop 92. However, if the flip-flop circuit 92 is set
      to 1, it resets itself by the pulse of the next signal 1 through a gate
      circuit 93. Consequently, one output 94 of the flip-flop circuit 92 is
      such a signal as becoming 1 only at one complete processing cycle (i.e. m
      frames) immediately after the appearance of the memory instruction signal
      20, while the other output 95 of the flip-flop circuit 92 is the negation
      of the output 94 and becomes 1 outside the one processing cycle.
      Consequently, during one processing period immediately after the
      appearance of the memory instruction a gate circuit 96 is opened and a
      gate circuit 97 is closed, while outside that period the gate circuit 96
      is closed and the gate circuit 97 is opened. When the gate circuit 97 is
      opened, the content of the memory circuit 17 is shifted one by one by the
      signal 4 at the breakage or boundary between blocks, and the output of the
      memory circuit 17 is set in a register 74 through a gate circuit 98 and at
      the same time returned to the original position in the memory circuit 17
      through the gate circuit 97 and an OR circuit 99. Thus, the memory circuit
      17 is, for example, a ring dynamic shift register which stores the
      information of the directions Nos. 0 to 7 in the above example in 8 bits
      and whose length corresponds to the number of all blocks m .times. n.
PAR  On the other hand, at one processing period immediately after the
      appearance of the memory instruction the gate circuit 96 is opened so that
      the characteristic codes as the result of processing for the image under
      scanning are supplied successively from the register 73 to the memory
      circuit 17 to update the contents thereof. At the succeeding processing
      period the gate circuit 96 is closed and the gate circuit 97 is reset to
      be opened, so that the contents of the memory circuit 17 are again
      supplied thereto as they are through the gate circuit 97 to maintain the
      contents dynamic in the memory circuit 17.
PAR  FIG. 27 is an example of the practical structure of the signal output
      circuit 19 in the system of FIG. 16. As described referring to FIG. 26, in
      the register 88 the number of the incoincident blocks is set. This
      information is of course effective even as it is. However, like in the
      case where the image of people waiting an elevator is picked up obliquely
      from above for example, there is also the non-linearity due to the
      overlapping of people. Consequently, for applications to elevators, for
      example, which do not require the decision of so exact a number of people,
      it is converted, for example, into an analog quantity by a D-A converter
      100 and again digitized by threshold values set at even intervals or set
      intentionally at uneven intervals.
PAR  Binary digitizer circuits 101 and 104 have threshold values descending in
      order from above. Consequently, uppermost some of the outputs of the
      binary digitizers 101 to 104 are 0 and some of the remaining lower ones
      are 1 depending on the contents of the D-A converter 100. Consequently, if
      the negation of either one of the two is supplied to AND gates 105 to 109
      in order to find out the breakage therebetween, an output signal appears
      on one of the output lines of the AND gates 105 to 109. Thus, the degree
      of congestion can be indicated in five grades A to E in this example. This
      signal is updated at every m frames as described above. Some signal is
      always produced. Of course it is also possible to re-encode this signal
      into information of binary 3 bits, for example, and to supply it in a
      compressed form.
PAR  FIG. 28 is a block diagram of another embodiment of the system according to
      the present invention. An image signal 9 from an image pick-up device 8 is
      characterized by a characteristic feature detecting circuit 10 and
      classified by a classifying or sorting circuit 15 supplied through a gate
      circuit 13 which is activated by a control signal produced by a
      synchronizing signal generating circuit 11 and a region signal generating
      circuit 12, and then is converted into a characteristic code by an
      encoding circuit 16. This characteristic code is compared with the
      characteristic code of the background read out from a memory circuit 17
      through a gate circuit 14 and decided by a comparison and decision circuit
      18 and then released by a signal output circuit 19. These parts are the
      same as has already been described referring to FIG. 16.
PAR  In the system of FIG. 28, however, the characteristic code from the
      encoding circuit 16 is stored in a temporary storage 110 of, for example,
      a shift register type capable of storing the information of one picture.
      This storage can be carried out similarly to that of the memory circuit 17
      described referring to FIG. 26. The sole different point is that the
      storage is always effected one after another in the unit of one processing
      period independently of the presence of the memory instruction signal.
PAR  The contents of the temporary storage 110 are, at the next processing
      period after the contents of one processing period (m frames) have been
      supplied, are successively supplied to another shift register type
      temporary storage 111 and a comparison and decision circuit 112. The
      comparison and decision circuit 112 having a similar structure to the
      comparison and decision circuit 18 compares the information before one
      processing period set in the temporary storage 110 and the information
      before two processing periods set in the temporary storage 111 and counts
      the number of the blocks which are not in agreement therebetween. The
      circuit 112 further has the function to detect that the number of
      disagreed blocks is zero. This is effected by detecting that the contents
      of the counter for the number of blocks are 0 when one processing cycle is
      completed (that is, when the above-described signal 1 is produced). If the
      characteristic codes at all blocks are in agreement, a processing number
      counter 113 counts the signal 1, produces a pulse output 114 when the
      contents thereof reach, for example, 100, and reset itself. If the
      characteristic codes are not in agreement even at one of all blocks, the
      counter 113 is reset by the signal 1.
PAR  Then, the counter 113 is successively supplied with 1 only when the images
      are in agreement continuously for a certain number of processing cycles.
      However, if there is even one processing period at which the images
      disagree, the counter 113 is reset to 0 and the count is repeated again
      from the first. If the image is the same over consecutive 100 processing
      periods (that is, 100 .times. m frame time, for example, in the above
      example, since m = 16 and 1 frame time = 1/60 sec., the time period is 100
      .times. 16/60 = 27 sec.), the counter 113 produces the pulse signal 114 as
      an overflow signal and resets itself. This signal 114 functions as the
      memory instruction signal 20 as shown in FIG. 16 and open the gate circuit
      21 to transfer the information temporarily stored in the temporary storage
      111 to the memory circuit 17. The manner of this transfer may be similar
      to that described referring to FIG. 26. Though in FIG. 26 the storage is
      made waiting the next one complete processing period after the presence of
      the memory instruction signal, in this example the gate 21 may be opened
      immediately since the signal 114 is produced at the end of one processing
      period.
PAR  If, in this manner, the fact that the image does not change at a number of
      consecutive processing periods is detected, it is highly probable that the
      image includes only the background but not the object. (In this case,
      since the background information stored in the past is used in the
      comparison and decision circuit 18, a complete coincidence output is not
      necessarily produced.) Consequently, the contents of the temporary storage
      111 are transferred to the memory circuit 17 regarding them as background
      information anew. Thereafter, the degree of occupation (degree of
      congestion) is recognized by the comparison and decision circuit 18 with
      reference to this fresh information.
PAR  The pulse signal 114 produced by the fact that there is no change in the
      image over a number of consecutive processing cycles becomes more surely
      the memory instruction signal 20, when the system according to the present
      invention is utilized as a congestion recognition system for an elevator
      for example, after a logical product of it and a signal 115 indicating
      that the calling button of the elevator is not pushed is formed by an AND
      circuit 116. This is because, if the call button is not pushed and if the
      image does not change, it is highly probable that the image is an image of
      the background.
PAR  In the above example, the image at the period before one processing period
      and the image at the period before two processing periods are compared by
      providing the temporary storages 110 and 111. However, even if the
      temporary storage 110 is removed and its input and output are connected
      directly in FIG. 28, all the same function is performed except that the
      image at the present processing cycle and the image at the cycle before
      one processing cycle are compared. It is also possible that the memory
      circuit 17 and the temporary storages 110 and 111 are made to be frame
      memories to which the image from the image pick-up device is supplied
      without being subjected to any processing, and when the difference between
      the preceding frame and the present frame is small over a number of
      consecutive frames, the image is transferred to another frame memory as
      the information of the background. In this case, it is sufficient that the
      image outputs from the frame memories corresponding to the temporary
      storages 110 and 111 are supplied to a differential amplifier to form a
      difference signal between the two images which is integrated by an
      integrator after being rectified by an absolute value circuit, and if the
      integrated result over one frame is smaller than a certain threshold
      value, they are regarded as the same image. Also, it is sufficient to seek
      the area of the part of the picture plane at which the absolute value of
      the difference between the present image and the image stored as the
      background is larger than a certain threshold value. For this purpose, the
      picture element pulses are gated by a signal which becomes 1 when the
      absolute value of the difference is larger than a certain threshold value
      to be supplied to the counter.
PAR  In the above description it was assumed that the picture plane is divided
      into m .times. n blocks as shown in FIG. 12. In other words, no
      description is made of the fly-back period of the actual picture pick-up
      device. This is because an image is regarded as including the blanking
      part at the fly-back period. That is, the image in FIG. 12 is to be
      construed as including the blanking period. If it is desired that only the
      effective image part is divided into m .times. n blocks, the structure of
      FIG. 22 is more or less changed such that a counter which counts the
      number of picture elements to produce independently an X synchronous
      signal and a counter which counts the X synchronous signal to produce a Y
      synchronous signal are additionally provided and connected to the outputs
      of the counters 24 and 26, respectively, cutting off the outputs of the
      counters 24 and 26 from the counters 25 and 27. Further, though the
      counters 24 and 26 were assumed to reset themselves when they have counted
      to m and n, respectively, these functions are nulled and they are assumed
      to be able to count further. But instead, they are reset by the X and Y
      synchronous signals from the additional counters, respectively.
PAR  In the above description it was assumed that there is no interlacing. This
      is only the question of how to produce the X and Y synchronous signals. If
      the synchronizing signal and region signal generating systems in FIG. 22
      are appropriately designed, both of the entire plane decision with m
      fields and the entire plane decision with m frames can be realized.
PAR  Also, it was assumed that in deciding the number of the blocks in
      disagreement is counted. However, since the number of division of the
      picture plane is known previously, of course the same effect can result by
      counting the number of the blocks which are in coincidence.
PAR  When the system according to the present invention is mounted on the upper
      part of an elevator to look down obliquely from above, the area which is
      occupied by a single man in the picture plane is smaller at the upper part
      of the picture plane which is far from the image pick-up device and is
      larger at the lower part of the picture plane which is nearer to the image
      pickup device. In order to compensate for such a nonlinearity to a certain
      extent to produce a more reliable degree of congestion, the block under
      consideration is weighted depending on its position. For example, one
      block in disagreement is counted as regarded as four blocks at an upper
      part of the picture plane, while at a lower part of the picture plane it
      is counted as one block as it is.
PAR  That is, when the number of the blocks in disagreement is to be counted by
      the counter 86 in FIG. 26, in addition to the pulse signal 4, for example
      any one of pulses successively released from a pulse generator which
      produces two pulses when supplied with one pulse of the signal 4, a pulse
      generator which produces three pulses, a pulse generator which produces
      four pulses, etc. each composed of a one-shot multivibrator is gated
      depending on the position in the picture plane under scanning to be
      supplied to the gate circuit 85. Alternatively, it may be supplied to the
      first stage, second stage, third stage, etc. of the counter 86 selectively
      depending on the position under scanning.
PAR  FIG. 29 is another practical structure of the characteristic feature
      detecting circuit 10 in the system according to the present invention
      shown in FIG. 16 or 28. Here, colour difference information is used for
      the information substantially independent of brightness. That is, the
      image pick-up device 8 is a colour image pick-up device. Colour signals R,
      G and B produced by the colour image pick-up device 8 and a luminance
      signal Y produced by an adder 118 by mixing the three colour signals at a
      determined proportion are supplied to adders 35 and 36. The latter adders
      produce successively the colour difference signals
EQU  f.sub.x = R - Y
EQU  f.sub.y = B - Y
PAL  respectively, in accordance with the scanning by the image pick-up device
      8.
PAR  When the colour difference signals f.sub.x and f.sub.y are represented on
      the f.sub.x - f.sub.y plane, the colours are separated angularly such
      that, for example, red is in a certain angular region at the second
      quadrant, green is in a certain angular region at the third quadrant, and
      blue is in a certain angular region at the fourth quadrant. Consequently,
      if the f.sub.x - f.sub.y plane is divided into a number of directional
      regions based on the principle already described referring to FIGS. 24a
      and 24b, they represent different colour regions. Consequently, the
      circuits 37 to 52 in FIG. 29 can be structured all the same as those in
      FIG. 23. Thus ultimately the colour region can be divided into eight
      colour regions of colour Nos. 0, 1, . . . , 7 and some one of the eight
      outputs becomes logically 1 depending on the scanning by the image pick-up
      device 8. In this case, a region around the origin of the f.sub.x -
      f.sub.y plane corresponds to white. If this region is intended to be
      excepted, it is sufficient to mask the outputs with gate circuits by the
      above-described method provided that the sum of the individual absolute
      values (or squares) of f.sub.x and f.sub.y does not exceeds a certain
      constant value. By furthering this way of thinking it is possible to
      encode the radial direction depending on whether the above sum signal
      exceeds a certain number of constant values or not, thereby enabling to
      further minutely dividing the f.sub.x - f.sub.y plane.
PAR  By utilizing the circuit of FIG. 29 encoding of colours in the
      above-described image blocks is possible. Consequently, comparing with the
      previously stored colour code of the background the above-described degree
      of occupation can be recognized from the change in colour. In FIG. 29 two
      signals R - Y and B - Y were utilized. However, if a more except quantity
      invarient in brightness is intended to be used, the R, G and B signals are
      transformed by a matrix circuit into another colour coordinates X, Y and
      Z. Then, from S = X + Y + Z, which is produced by an adder, and X and Y
      chromaticities x = X/S and y =Y/S are produced by a divider. Then, the x
      and y signals are subjected to A-D conversion, for example, to be divided
      into lattice regions on the x - y plane (chromaticity diagram), and
      outputs are produced by allotting codes to these regions.
PAR  Alternatively, to remove the origin to the white position on the
      chromaticity diagram such coordinate as the chromaticities x.sub.o and
      y.sub.o corresponding to white are subtracted from the x and y signals,
      i.e.
EQU  f.sub.x = x -x.sub.o
EQU  f.sub.y = y - y.sub.o
PAL  are produced by an adder, and the angular region on this f.sub.x - f.sub.y
      plane is divided into a number of regions similarly to those described
      referring to FIGS. 23 and 29.
PAR  FIG. 30 is a block diagram of the whole structure of a congestion
      recognition system for an elevator system utilizing the system of FIG. 16.
      A control section 120 corresponds to the synchronizing signal generator 11
      and the region signal generator 12 in FIG. 16. A processing section 121
      includes the characteristic feature detecting circuit 10, the gates 13 and
      14, the sorting circuit 15, the encoding circuit 16, the comparison and
      decision circuit 18 and the output circuit 19 in FIG. 16.
PAR  A plurality of image pick-up devices 8 installed on individual floors or
      main floors of a building are driven by a synchronizing signal 122 from
      the control section 120. Image signals from the image pick-up devices 8
      are successively changed-over by a switching circuit 124 based on an
      instruction signal 123 (for example, the above-described signal 1 at every
      m frames) from the control section 120 and supplied to the processing
      section 121 in such a manner tha the signal from the image pick-up device
      on certain floor at a certain processing cycle, the signal from the image
      pick-up device on another floor at another processing cycle, and so on. In
      this case, the background image signals corresponding to the respective
      image pick-up devices are stored in a memory circuit 17 in a coded form as
      described above, which are selected by a switching circuit 125
      synchronously with the selection of the image pick-up device based on the
      switching signal 123 from the control section 120.
PAR  In this manner, the image pick-up devices and the stored background
      information are changed over at every processing cycle, the
      above-described processing is performed by the same processing section,
      and the ultimately obtained degree-of-occupation (degree-of-congestion)
      information 126 is, together with the timing signal 123, supplied to an
      elevator control circuit 127. The control circuit 127, after being
      supplied with the degree of congestion 126 based on the timing signal 123,
      decides which elevator is to be operated also considering call button
      information at individual floors to produce a control instruction 129 for
      the elevator. In the above design example, one processing period is 0.3
      sec. since m = 16. Consequently, if this example is applied to a building
      of 10 floors, the degree of congestion is recognized every 3 sec. a floor.
      Also, it is possible to control such that the frequency of detection for a
      particular floor is increased based on the degree of congestion or the
      change thereof.
PAR  FIG. 31 is a block diagram of the whole structure of a congestion
      recognition system for an elevator system utilizing the system of FIG. 28.
      The structure of the upper half of the system of FIG. 31 is all the same
      as that of FIG. 30. Switching circuits 130 and 131 additionally provided
      are changed over successively by a signal 132 (for example, a signal
      produced every 100 processing cycles) from the control section 120. This
      change-over is not necessarily synchronous with the change-over of the
      switching circuits 124 and 125 by the signal 123, but generally the
      change-over cycle by the signal 132 is longer than that by the signal 123.
      The signal from the image pick-up device selected by the switching circuit
      130 is supplied to a processing section. The processing section 133
      includes the parts 10, 13, 15, 16, 110, 111, 112, 113, 116 and 21 in FIG.
      28. The processing section 133 detects the fact that the image does not
      change over a plurality of processing cycles as described above and,
      though omitted in FIG. 31, supply a temporarily stored image to the memory
      circuit 17 to update the background information by the use of a signal
      indicating the fact that no call button is pushed (a signal corresponding
      to the signal 115 in FIG. 28 or the signal 128 in FIGS. 30 and 31).
PAR  Consequently, the processing section 121 is an exclusive processing section
      for the occupation recognition by an object. If the processing of the
      processing section 133 starts at the moment the switching circuits 130 and
      131 are changed over to a fresh image pick-up device and if the call
      button on the floor on which the fresh image pick-up device is mounted is
      pushed, the change-over is made to the next image pick-up device
      immediately. When the button is not pushed (that is, when the possibility
      that no people are there is high), the above processing is started. If
      coincidence is detected between consecutive two images or a button is
      pushed before the predetermined number of the processed frames is reached,
      it is possible to change over to the next image pick-up device omitting
      the processing on that floor.
PAR  Also, it is possible to decide the floor which does not call to select the
      image pick-up device and to perform processing. In this manner the
      background is recognized independently of the recognition of the degree of
      congestion. That is, it is possible to recognize the background by the use
      of the fact that the image is invariable over a plurality of consecutive
      processing cycles and that the call button on that floor is not pushed to
      supply it to the memory as the latest background image.
PAR  In the above example, it is assumed that the processing sections 121 and
      133 are independent of each other. However, it is possible that the
      switching circuits 124 and 130 are combined into a single switching
      circuit the image signal from which is supplied simultaneously to both
      processing sections 121 and 133 to enable the one to perform the
      recognition of the degree of occupation and the other to perform one
      process for the background recognition by the use of the same image. That
      is, each time the image pick-up devices 8 are changed over successively
      the corresponding image pick-up device is compared with the previously
      temporarily stored information. For this purpose, the temporary storages
      111 alone or sets of the temporary storages 110 and 111 in FIG. 28 in the
      same number as that of the image pick-up devices are provided in the
      processing section 133 and changed over by the signal 123.
PAR  As described above, the system according to the present invention has a
      number of modifications and applications. Some of the applications are
      detection of occupancy of the picture plane by an object, and hence the
      congestion of people, the presence and size of an object, etc. which could
      not but rely on the human eye in the past.
PAR  A position detecting system utilizing the image information processing
      system according to the present invention will next be described. This
      position detecting system is used for detecting, for example the position
      of a particular mark applied to a box having white, black and other
      various colours of various brightness, a body in an uncertain shape on a
      complicated background such as cross-stripes.
PAR  In the past the position detection in automatically recognizing characters,
      figures, material bodies, etc. was made by extracting and deciding the
      boundary between the background and the object by detecting the change in
      brightness of the image. However, though this method is effective when the
      background other than the object is white alone or black alone, it is
      sometimes impossible to detect the position depending on the background.
PAR  The present invention overcomes these difficulties and provides a system
      capable of detecting the position by extracting a particular part such as
      a mark diferent from the background in the property irrespective of the
      background. By this system material bodies, figures, characters, etc. can
      be easily recognized.
PAR  FIG. 32 is a block diagram of an embodiment of the position detecting
      system according to the present invention. A material body 301 carries a
      label or mark 302 thereon. An image of this mark 302 is picked up by a
      successively scanning type image pick-up device 303 such as a television
      camera. A synchronizing signal generator 312 produces a vertical
      synchronizing signal and a horizontal synchronizing signal which are
      necessary for the camera system and timing pulses (hereinafter referred to
      as picture element pulses) for sampling an image signal which is necessary
      for the subsequent processing to divide into micro-regions and to
      quantize.
PAR  The image signal produced by the image pick-up device 303 is sampled and
      quantized by a sample holding circuit 304. A micro-region cutting out
      apparatus 305 is composed of a delay element for one raster of the
      television signal and produces simultaneously the image values of a
      plurality of picture elements around and adjacent to a certain picture
      element in the image. The cut out micro-regions successively scan the
      entire picture plane synchronously with the scanning by the image pick-up
      device 303. A brightness variation producing circuit 306 receives the
      output of the micro-region cutting out apparatus 305 and produces the
      amount of variation in the surrounding brightness. A converter 307
      compares the amounts of variation in the surrounding brightness produced
      by the circuit 306 to convert the direction of the variation in brightness
      at the micro-region into a code and release it synchronously with the
      picture element pulse. In this case, when the amount of variation in
      brightness is lower than a certain threshold value, a code indicating the
      absence of the variation in brightness is produced.
PAR  By processing through the blocks 303 to 307 in this manner the ordinary
      brightness image is converted into a code pattern which has the quantity
      indicating the direction of change in brightness as the value of the
      picture element. The effect and advantage of this conversion and a
      description of the blocks are as described above.
PAR  FIG. 33a is an example of the brightness image picked up by the image
      pick-up device 303, while FIG. 33b is an example of the image signal 308
      produced by the converter circuit 307. However, since the value of each
      picture element of the image signal 308 is the code indicating the
      direction of the brightness of the picture element, each picture element
      is shown by the unit vector indicated by the code of the picture element
      in FIG. 33b for easy understanding.
PAR  The position detecting system according to the present invention is
      completed by additionally providing the circuits shown by the blocks 309
      and 311 to the above-described image information processing system. The
      coincidence detecting circuit 309 compares always the output of a
      particular code generator 310 set in advance with the code of the image
      signal 308 and produces a pulse when they agrees with each other. The
      scanning position detecting circuit 311 receives the pulse signal from the
      coincidence detecting circuit 309, refers to the output of the
      synchronizing signal generator 312, and produces scanning position
      information at the time of the generation of a particular code by the
      particular code generator 310.
PAR  FIG. 34 is a practical structure of the coincidence detecting circuit 309
      and the particular code generator 310. The coded image signal 308 is
      decoded by a decoder 321 at every picture element. Reference numeral 322
      designates a signal line for a signal which becomes 1 when the code
      indicating the absence of the change in the brightness in the
      corresponding part of the original image is decoded by the decoder 321.
      The other signal lines are for the signals corresponding to the changes in
      the brightness in various direction.
PAR  On the other hand, a group of switches 341 to 349 in the particular code
      generator 310 correspond to respective codes indicating the direction of
      change in brightness. By shifting the switch for the desired position
      detection to the left the code corresponding thereto can be appointed. For
      example, if the switch 341 is shifted to the left, an AND gate 331 is
      activated to enable an OR gate 323 to become 1 only when the corresponding
      code is decoded by the decoder 321.
PAR  If gates 326 and 324 are made to be a NAND gate and an AND gate,
      respectively, the AND gate 324 always produces 1 while the image signal
      308 is presenting the code appointed by the group of switches of the
      particular code generator 310. Consequently, if supplied with the
      above-described picture element pulse signal 328, an AND gate 325 releases
      a pulse only when the image signal 308 is of the appointed code.
PAR  It is sufficient for the position detection to detect the vertical
      position, i.e. the V-coordinate of the uppermost picture element on the
      picture plane among the picture elements having the appointed code and the
      horizontal position, i.e. the H-coordinate of the leftermost picture
      element. FIG. 35 is an example of the V-coordinate position detecting
      circuit and FIG. 36 is an example of the H-coordinate position detecting
      circuit.
PAR  In FIG. 35 a register 354 stores the detected V-coordinate. Reference
      numeral 357 designates a V scanning position signal produced by the
      synchronizing signal generator 312. If a pulse signal 355 from the
      coincidence detecting circuit 309 in FIG. 32 is supplied to the register
      354 as its set pulse and if the V scanning position signal is set in the
      register 354, the vertical position is determined. However, to hold the
      upper end position in the register 354 it is necessary to make only the
      first pulse a set pulse and to neglect the second and succeeding pulses.
      Consequently, a flip-flop 352 is set by the output 355 of the coincidence
      detecting circuit 309 supplied through an appropriate delay circuit 351
      and an AND gate 353 is activated by the output of the flip-flop 352.
PAR  Reference numeral 356 designates the V synchronizing signal from the
      synchronizing signal generator 312 for resetting the flip-flop 352 to open
      the gate 353. By this signal the first position signal, i.e. the upper end
      position is stored in the register 354 at every frame of the video signal.
PAR  Referring to FIG. 36 reference numerals 363 and 366 designate a register
      for storing the detected H-coordinate, and the H scanning position signal
      produced by the synchronizing signal generator 312, respectively. It is
      necessary for the detection of the left end position to store the minimum
      H-coordinate in the register 363. Consequently, a comparing circuit 362
      always compares the contents 367 of the H-coordinate register 363 with the
      H scanning position signal 366 and, when the contents 367 of the register
      363 is larger, the output 368 of the comparison circuit 362 is made 1 to
      open an AND gate 361. Subsequently, the contents of the H scanning
      position signal 366 are set in the register 363 afresh by the output pulse
      355 of the coincidence circuit 309.
PAR  A signal 356 is the V synchronizing signal from the synchronizing signal
      generator 312 for setting in advance the maximum number in the register
      363 at the starting time of the image scanning. By this signal the left
      end position coordinate at the frame is stored in the register 363 at the
      scanning end time of the frame.
PAR  Next, the practical effect and advantage of the position detecting system
      according to the present invention will be described.
PAR  FIG. 37a is an image of the same mark as in FIG. 33a placed on a white
      body, and FIG. 37b is a code pattern thereof. As shown, even if the same
      mark, the difference in brightness may or may not appear at the edge
      thereof depending on the colour of the background body. If the background
      is grey which is intermediate therebetween, the boundary between the mark
      and the body becomes indistinct. Consequently, by a conventional method of
      detecting the position by extracting only a brightness varying part the
      detectable position varies depending on the degree of brightness of the
      background and hence it is impossible to detect always the same position
      stably.
PAR  However, according to the present invention, when, for example, the left
      end is to be detected, the brightness changes from bright to dark in
      scanning from left to right and the boundary is in the vertical direction.
      Consequently, only the downwardly directed code is extracted. When the
      upper end is to be detected, similarly only the leftwardly directed code
      is extracted. Then, the boundary part which may or may not be detected
      depending on the brightness of the background can be neglected, so that
      very simple and stable position detection is possible.
PAR  FIG. 38a is an example in which a round body is placed on a background of
      simple cross-stripes. However, in FIG. 38b the code corresponding to
      oblique 45.degree. is deleted and not shown. If the code from which the
      preset oblique direction is deleted is used like this, it is possible to
      detect stably the position of the required round body even if oblique
      cross-stripes are present. Consequently, if the position detecting system
      according to the present invention is used, the position detection of a
      body on a far more manifold background than a convential one is possible
      because the position detection is made by the use of the difference in the
      properly relating to the pattern between the background and the body to be
      detected.
PAR  Next, an image processing system for relieving a contour image of a body on
      a background against a two-dimensional image subjected to photoelectric
      conversion by an image pick-up device will be described. Such a system can
      be utilized for the preliminary processing for detecting the position of a
      box for example by separating and relieving the contour of the box from
      and against noise produced by a label on the surface of the box or the
      background.
PAR  FIG. 39a is an image of a horizontally placed cuboid 401 picked up by an
      image pick-up device from above. This image is sampled square-meshwise at
      appropriate time intervals to be quantized spatially. Then, the direction
      of change in brightness of the quantized picture element is determined by
      a suitable means at each sampling point.
PAR  Here, the angle between the direction of change in brightness of each
      picture element and the x-axis is taken as abscissa, and the occurrence
      frequency of the picture elements of the sampling points having each
      direction in one image plane is taken as ordinate. Then, since the edges
      of the cuboid are are orthogonal, a curve having four peaks at intervals
      of .pi./2 is obtained as shown in FIG. 39b. Consequently, if the
      occurrence frequencies are summed up every .pi./2, it turns out to be a
      very high peak as shown in FIG. 39c. The position .theta..sub.o at which
      this peak falls represents the attitude of the horizontally placed cuboid.
PAR  The case in which various noises occur in the image of FIG. 39a will next
      be considered.
PAR  FIG. 40a is an example in which in addition to the cuboid 401 noise such as
      a circle, triangle, label, etc. are present. In this case, since the
      circle and the triangle have no peaks at intervals of .pi./2 as different
      from the cuboid, in the curve of FIG. 39c which is the sum of the
      occurrence frequencies every .pi./2 the picture element at each sampling
      point functions as a noise so that a large peak does not occur.
PAR  Consequently, if the angle .theta..sub.o at which the maximum peak occurs
      is detected from the curve of FIG. 39c, and if only the picture elements
      having the directions falling within the four intervals
EQU  (.theta..sub.o - .DELTA..theta.) .about. (.theta..sub.o + .DELTA..theta.),
      ##EQU3##
EQU  (.theta..sub.o + .pi. - .DELTA..theta.) .about. (.theta..sub.o + .pi. +
      .DELTA..theta.),   where .DELTA..theta. is a very small constant, are
      extracted and expressed, the greater part of the noises are eliminated as
      shosn in FIG. 41 to relieve the contour 402 of the cuboid. Of course, in
      this case, it is possible to relieve another predetermined figure such as
      a regular triangle, regular pentagon, or the like in a similar manner.
PAR  FIG. 42 is a block diagram of the structure of an embodiment of the
      processing system according to the present invention. An image of a
      material body 403 the contour of which is to be extracted is picked up by
      a serially scanning type image pick-up device 404 such as a television
      camera. A synchronizing signal generator 415 produces a vertical
      synchronizing signal and a horizontal synchronizing signal which are
      necessary for the camera system and timing pulses (hereinafter referred to
      as picture element pulses) for sampling an image signal which is necessary
      for the subsequent processing to divide into micro-regions and to
      quantize.
PAR  The image signal produced by the image pickup device 404 is sampled and
      quantized by a sample holding circuit 405. A micro-region cutting out
      apparatus 406 is composed of a delay element for one raster of the
      television signal and produces simultaneously the image values of a
      plurality of picture elements vertically and horizontally adjacent to the
      image. The microregions cut out by the cutting out apparatus 406 scan
      successively the entire picture plane synchronously with the scanning by
      the image pick-up device 404.
PAR  A brightness variation rate detecting circuit 407 receives the output of
      the micro-region cutting out apparatus 406 and produces the vertical and
      horizontal brightness change rates of each micro-region. A
      comparator-encoder circuit 408 compares the vertical and horizontal
      brightness change rates supplied by the brightness change rate detecting
      circuit 407 to convert the direction of the change in brightness at the
      micro-region into a quantized code and release it synchronously with the
      picture element pulse. When both vertical and horizontal brightness
      variation rates are lower than a predetermined threshold value, the
      comparator-encoder circuit 408 produces a code indicating the absence of
      the change in brightness.
PAR  By processing through the blocks 404 to 408 in this manner the ordinary
      brightness image is converted into a code pattern which has the quantity
      indicating the direction of change in brightness as the value of the
      picture element.
PAR  An example of the brightness image picked up by the image pick-up device is
      shown in FIG. 43a, and an example of the image output 409 released by the
      comparator-encoder circuit 408 in FIG. 42 is shown in FIG. 43b. Though the
      value of each picture element of the image output 409 is the code
      indicating the direction of the brightness of the picture element, in FIG.
      43b each picture element is expressed by a unit vector having the
      direction indicated by the code for the sake of an easy understanding.
PAR  The system of FIG. 42 is completed by additionally providing blocks 410 to
      413. The block 410 is a counter circuit which counts codes which are
      different in the direction one another by .pi./2 as one frame
      collectively. The block 411 is a maximum occurrence code detecting circuit
      which compares the values counted by the counter circuit 410 to detect the
      maximum occurrence code. The maximum occurrence code detecting circuit 411
      produces, each time the picture plane scanning for one frame is completed,
      the maximum occurrence code of the frame.
PAR  The block 412 is a holding circuit which holds the maximum occurrence code
      produced by the maximum occurrence code detecting circuit 411 for a time
      duration of the scanning of the next one frame. The block 413 is a
      coincidence circuit which compares the image signal, i.e. the code signal
      409 which is converted into a code indicating the direction of change in
      brightness with the output of the holding circuit 412 to produce 1 as its
      output 414 when coincidence occurs and produces 0 when coincidence does
      not occur.
PAR  FIG. 44 is an embodiment of the counter circuit 410. The code signal of
      each picture element is decoded by a decoder 421. When a code signal
      indicating the absence of the direction of brightness is supplied, all the
      outputs of the decoder 421 become 0. Though in this embodiment the
      direction of brightness is assumed to be quantized in 16 directions, it
      may be quantized in any number of directions such as in 32 or 64
      directions.
PAR  An OR gate 423a superimposes code signals which are different in the
      direction from one another by .pi./2. Reference numeral 424a designates a
      counter which counts the output of the OR gate 423a. The timing signal for
      the counting by the counter 424a  is supplied by the synchronizing signal
      generator 415 in FIG. 42 and the counter 424a is set by a pulse signal 425
      synchronizing with the picture element pulse. It is reset by a pulse
      signal 426 from the synchronizing signal generator 415 at the time of the
      start of the scanning of one frame.
PAR  OR gates 423b to 423d and counters 424b to 424d perform a similar operation
      for a different group of codes. Then, it is possible to count codes which
      are different in the direction from one another by .pi./2 as one frame
      collectively.
PAR  FIG. 45 is an embodiment of the maximum occurrence code detecting circuit
      411 and the holding circuit 412. Shift registers 431a to 431d store the
      contents of the counters 424a to 424d in FIG. 44 which are successively
      shifted to the right by a timing pulse T.sub.3 bit by bit. Consequently,
      the number of bits of the shift registers 431a to 431d is equal to the
      number of bits of the counters 424a to 424d. The right-hand side of the
      shift registers 431a to 431d is of more significant digit places and the
      left-hand side thereof is of less significant digit places. Reference
      characters T.sub.1 to T.sub.4 designate timing pulses as shown in FIG. 46
      and produced by the above-described synchronizing signal generator 415.
      Reference numerals 439a to 439d designate set-reset flip-flops provided
      correspondingly to the shift registers 431a to 431d. Reference numerals
      designate JK flip-flops.
PAR  The operation of the circuit of FIG. 45 will next be described in relation
      to the timing pulses T.sub.1 to T.sub.4. All the timing pulses T.sub.1 to
      T.sub.4 are produced during the blanking time in the vertical scanning by
      the image pick-up device. The maximum occurrence code detection processing
      is performed within this blanking time.
PAR  When the timing pulse T.sub.1 is produced, all the flip-flops 439a to 439d
      are set to 1. At this time the AND gates 432a to 432d pass the right-hand
      side outputs of the shift registers 431a to 431d as they are.
      Consequently, when next the first pulse of the timing signal T.sub.2 is
      produced, the output of an OR gate 433 becomes 1 if there is 1 on the
      right-hand side of any one of the shift registers 431a to 431d, and the
      contents of the shift register at its right end are set in the flip-flop
      439a to 439d as they are through AND gate 436a to 436d and OR gate 438a to
      438d.
PAR  To the contrary, for the shift register whose right end, i.e. the most
      significant bit is 0 among the shift registers 431a to 431d the contents
      of the corresponding flip-flop are all reset to 0 through NAND gate 435a
      to 435d and AND gate 437a to 437d. If there is not 1 at the right end of
      any shift register, the timing pulse T.sub.2 is interrupted by an AND gate
      434, so that the contents of the flip-flops 439a to 439d are maintained as
      they are at 1 or 0.
PAR  When, next, the timing pulse T.sub.3 is produced, the contents of the shift
      registers 431a to 431d are all shifted to the right by 1 bit so that the
      contents of the second significant bit come to the right end of the shift
      register. At this time, the output of the shift register the contents of
      the flip-flop 439a to 439d corresponding to which are 0 among the shaft
      registers 431a to 431d is blocked by the AND gate 432a to 432d because the
      output of the corresponding flipflop is 0 so that the output of the
      register is excluded from comparison processing. If there is any shift
      register the right end of which is 1 among the shift registers the
      flip-flops corresponding to which are 1, the contents of the flip-flop
      which is 1 and the right end of the shift register corresponding to which
      is 0 is reset afresh to 0 when the timing pulse T.sub.3 is supplied. If
      there is no shift register whose right end is 1 among the shift registers
      431a to 431d the flip-flops corresponding to which are 1, the contents of
      the flip-flops 439a to 439d are maintained unchanged.
PAR  In this manner if the timing pulses are supplied alternately to the shift
      registers by the number of the digit places thereof, the contents of the
      shift registers 431a to 431d are compared successively from the most
      significant digit place, and only the flip-flop corresponding to the shift
      register storing the maximum number remains at 1. Finally the timing pulse
      T.sub.4 is supplied, the contents of the flip-flop 439a to 439d are held
      by the JK flip-flop 440a to 440d. By this processing most occurrence code
      detection can be made.
PAR  FIG. 47 is an embodiment of the coincidence circuit 413 in FIG. 42.
      Reference numerals 440a' to 440d' designate registers corresponding to the
      JK flip-flops 440a to 440d in FIG. 45. Reference numeral 441 designates a
      decoder. If AND gates 442a to 442p are connected as shown in FIG. 47, an
      OR gate 443 produces 1 as its output 444 when codes in agreement with four
      directions at intervals of .pi./2 corresponding to the maximum occurrence
      code are supplied to the decoder 441.
PAR  Actually, in many cases the output is intended to be produced also when the
      maximum occurrence code is supplied together with the codes around it.
      This is possible by connecting OR gates 445a to 445d to the outputs of
      registers 440a' to 440d'.
PAR  In the above embodiment the image of the horizontally placed cuboid is
      picked up from right above. However, this scheme is also applicable to the
      case in which the cuboid is viewed obliquely. When the cuboid is looked
      down obliquely, the code pattern thereof is as shown in FIG. 49. In this
      case, except the edges which look always vertically, if the angles between
      four edge lines 461 to 464 and the X-axis are expressed by .alpha..sub.1 -
      .alpha..sub.4, the following relations stand:
EQU  .alpha..sub.1 + .pi. = .alpha..sub.3
EQU  .alpha..sub.2 + .pi. = .alpha..sub.4
PAL  If the angle between the optical axis of the image pick-up device and a
      horizontal plane is denoted by .gamma., the relation between .alpha..sub.1
      and .alpha..sub.2 is expressed by a relatively simple formula with .gamma.
      as a parameter.
PAR  Different from the manner in which the curve in FIG. 39c is obtained by
      summing the occurrence frequencies at every .pi./2 shown in FIG. 39b, the
      information corresponding to the curve in FIG. 39c is provided by summing
      the distributions of occurrrence frequencies of the codes satisfying the
      relations among .alpha..sub.1 - .alpha..sub.4 and .gamma.. Such a
      processing is, when .gamma. is known previously, very effective as a
      processing of noises.
PAR  As described above, the present invention can relieve the contour of a
      desired body deleting the information of the surface, miscellany in the
      background, etc. Consequently, when recognizing visually a box or the like
      to which a label or the like is applied, this system is an effective
      preliminary processing system.
PAR  Since the attitude of a predetermined body, that is, the attitude
      .theta..sub.o of the cuboid in FIG. 39a can be detected in the course of
      processing, it is possible to control the optical system of the image
      pick-up device or a visual system by this information or to control so
      that one edge line of a cuboid is always horizontal relative to the picked
      up image.
PAR  Such an image input system not only facilitates the detection of the
      position of a body, but also is very effective to read the information on
      the surface of a body.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A pattern recognition system comprising:
PA1  at least one pick-up device for converting an image of a picture plane into
      an electrical signal indicative thereof;
PA1  means for successively taking out of a plurality of electrical signals,
      each electrical signal being representative of a divided region of the
      image of the picture plane, region by region from the output of said
      pickup device;
PA1  means for producing first and second signals indicating rates of changes in
      brightness along different directions of a region by reference to signals
      representative of adjacent regions thereto;
PA1  means for producing third signals, each signal indicating the direction of
      the change in the brightness within each of said regions, from said first
      and second signals;
PA1  means for encoding said third signals into a code signal by classifying
      said third signals in accordance with directions of the change in the
      brightness, counting said signals classified into said respective
      directions, and digitizing the respective counted values in accordance
      with a predetermined value;
PA1  means for storing in advance a code signal indicative of an image
      corresponding to the background of the picture plane; and
PA1  means for comparing the code signal from said encoding means with the code
      signal from said storing means to detect the degree of disagreement
      therebetween as an indication of an object in the picture plane.
NUM  2.
PAR  2. A pattern recognition system according to claim 1, in which each of said
      first and second signal producing means includes a first circuit for
      adding signals representative of the brightness within a plurality of
      regions adjacent one side of the region being examined and providing an
      output, a second circuit for adding signals representative of the
      brightness within a plurality of regions adjacent to the other side of
      said region being examined and providing an output, and a third circuit
      for obtaining a difference between the outputs of said first and second
      circuits.
NUM  3.
PAR  3. A pattern recognition system according to claim 1, in which said third
      signal producing means comprises,
PA1  a plurality of adders for adding said first and second signals at
      predetermined different rates,
PA1  means for binary digitizing the outputs of said adders in accordance with a
      predetermined value, and
PA1  logic circuit means for producing a signal representative of the direction
      of the brightness from combinations of the binary digitized signals.
NUM  4.
PAR  4. A pattern recognition system according to claim 1, in which said encoder
      means comprises, counter circuits for counting said signals representing
      the directions of the change in the brightness respectively, and means for
      binary digitizing each of said outputs of said counters in accordance with
      the predetermined value to form a code signal indicative of a feature of
      the image of the object.
NUM  5.
PAR  5. A pattern recognition system according to claim 1, in which the counting
      means counts signals weighted in dependence upon the position of the
      region in the picture plane.
NUM  6.
PAR  6. A pattern recognition system according to claim 1, further comprising:
PA1  means for temporarily storing the code signal from said encoder means;
PA1  means for comparing one code signal indicative of an image at one time with
      another code signal indicative of an image at different time by the use of
      signals from said temporarily storing means;
PA1  means for counting the number of times the code signals agree; and
PA1  means for transferring the contents in the temporary storing means to said
      means which stores a code signal representative of a background of the
      picture plane when the output of said counter is over a predetermined
      value.
NUM  7.
PAR  7. A pattern recognition system according to claim 1, further comprising a
      plurality of pick-up devices for respectively converting images of a
      picture plane into electrical signals respectively, and means for
      selectively providing said electrical signals to the region take-out
      means.
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ABST
PAL  A digital timing circuit comprising integrated circuits is presented for
      multifrequency signal receivers in which a first counter is pulsed by a
      clock to generate predetermined timing intervals under the control of a
      second counter. The second counter sequentially recycles the first counter
      to make multiple use of the stages therein to provide various timing
      intervals, each associated with a timing function, e.g., initial state and
      signal persistence timing, fixed duration output pulse, signal check and
      delayed steering release. Multiple use of the first counter by the second
      counter provides efficient use of the first counter and reduces size and
      cost of the circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to communication signaling systems and, more
      particularly, to integrated circuit timing circuits which reduce the size
      and cost of the commonly employed circuitry for checking signal validity
      in multifrequency signal receivers.
PAR  In the field of telephony, signal receivers employing tone detectors are
      often of the multifrequency type requiring apparatus capable of responding
      only to coincidental signaling bursts of certain disparate frequency
      pairs. U.S. Pat. No. 3,281,790, issued to L. C. J. Roscoe on Oct. 25,
      1966, is illustrative of such a receiver. In prior art receivers, such as
      that disclosed by Roscoe, for example, various circuit combinations are
      employed to test the validity of incoming combinations of coincident
      two-tone bursts in order to ensure that the output signals of the receiver
      are generated only in response to valid input signals. The timing
      circuitry then delivers two different outputs. One output is of fixed
      duration, independent of the incoming tone burst duration. The duration of
      the second output is conditionally extended past the termination of the
      input signal and is unaffected by interruptions in the input signal which
      do not exceed a predetermined interval.
PAR  With the advent of electronic central office and Private Branch Exchange
      (PBX) systems employing solidstate and electronic switching devices, the
      emphasis in the design of multifrequency signal receivers is toward
      compatible integrated circuits with low voltage and current requirements.
      Heretofore, the timing circuits used to check the validity of incoming
      signals and to generate responsive outputs have utilized a combination of
      analog circuitry comprising discrete active devices and passive
      components. Such discrete timing circuits tend to be bulky, costly and
      require rather large powering potentials.
PAR  It is, accordingly, a primary object of the present invention to provide
      digital integrated circuitry for performing the various timing functions
      in multifrequency receivers.
PAR  It is a related object of the invention to provide a digital timing circuit
      which utilizes standard integrated circuit components that operate
      reliably on low-powering potentials.
PAR  A further object of the invention is to reduce the size and cost of timing
      circuits employed in multifrequency receivers by efficient use of
      integrated circuit technology.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects of the invention are achieved in accordance with
      the principles of the invention by a combination of two digital counting
      circuits. The first of the two counting circuits is clocked to provide a
      preselected timing interval determined by the clocking rate and the number
      of clock pulses counted. The first counting circuit is controlled by the
      second counting circuit. As the first counter arrives at a preselected
      position in its counting sequence, the second counter ascertains this
      position in the count and sequentially recycles the first counter so that
      the two circuits follow a timing sequence by making multiple use of the
      stages in the first counter. Utilization of this principle provides a
      flexible and efficient approach for providing any desired timing sequence
      or procedure.
PAR  In an illustrative embodiment of the present invention, a gating
      arrangement detects the presence of a conditionally valid two-tone burst
      and signals the first counter. The first counter initially responds by
      starting the counting sequence which is maintained to the end of the
      count, provided the gating signal is continually present. When the first
      counter reaches the end of the count the second counter changes state and
      produces an output signal. At this point, the two-tone burst that prompted
      the gating signal to start the first counter has met the signal
      persistence test and is therefore valid. The first counter is then
      recycled through a second count independent of the gating signal. At the
      end of the second count, the first counter is again recycled by the second
      counter. When the first counter reaches the end of the new count, the
      second counter terminates its output signal. The momentary presence of the
      gating signal is then checked within a predetermined interval. The two
      counting circuits respond to the absence of the gating signal for the
      duration of this interval by returning to the initial state they were in
      before the first occurrence of the gating signal. If, however, the gating
      signal appears during this interval, the first counter is recycled and
      locked up until the termination of this signal. Upon the termination of
      the gating signal, the first counter is then freed and counts to the end
      of its sequence provided that the gating signal does not reappear at any
      time during the sequence. The second counter responds to the end of this
      sequence by assuming an initial state which, in turn, causes the first
      counter to also assume its initial state. If the gating signal reappears
      before the end of this counting sequence, the circuitry recycles the first
      counter and holds it locked up until the end of the gating signal
      whereupon the final counting sequence begins again.
PAR  In accordance with a feature of the invention, the second counter provides
      recycling sequence control of the first counter thereby making multiple
      use of the stages in the first counter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other objects and features of the invention will be more readily
      appreciated and better understood by reference to the following detailed
      description which should be considered in conjunction with the
      accompanying drawing in which:
PAR  FIG. 1 is a block diagram of an illustrative multifrequency signal receiver
      serving to demonstrate an application of the inventive timing circuit;
PAR  FIG. 2 is a detailed block diagram of a signal timing circuit in accordance
      with the invention which may be employed in the receiver of FIG. 1;
PAR  FIG. 3 is a set of waveforms depicting the response of the timing circuit
      of FIG. 2 to short signal operation; and
PAR  FIG. 4 is a set of waveforms generated by the timing circuit of FIG. 2
      during long signal operation.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, the incoming signal is applied to an input or buffer amplifier
      11 whose output is applied to filter 12. Filter 12 eliminates dial tone
      from the input signal and also signaling frequencies above 3000 Hz which
      are commonly used for testing purposes. The output of filter 12 is applied
      to each of two band elimination filters 13 and 14. Filter 13 eliminates
      the relatively high group frequency band while filter 14 eliminates the
      relatively low group frequency band. Outputs from filters 13 and 14 are
      furnished respectively to limiters 16 and 17. The function of limiters 16
      and 17 is to convert the tone burst input signals which occur at any one
      channel signaling frequency in each of the group frequency bands into two
      symmetrical square wave outputs whose fundamental frequencies correspond
      to a channel frequency in the respective frequency band. Filters 18
      through 21 in the low group band and filters 22 through 25 in the high
      group band are each designed to pass only one channel frequency within
      each frequency band.
PAR  In the low group network, each of filters 18 through 21 is connected to a
      respective one of comparators 27 through 30. Corresponding units in the
      high group band network are comparators 31 through 34. Each of the
      comparators 27 through 34 may produce an output signal from its
      corresponding filter which starts digital timing circuit 46 to perform a
      signal validity check.
PAR  For the sake of simplicity only comparator 27 is shown in detail since all
      the comparators are essentially identical in structure and function.
      Comparator 27 comprises an operational amplifier 37 whose output signal
      passes along the signal path of serially connected gates 38, 39 and 41.
      All of the operational amplifiers in comparators 27 through 34 each
      compare the output of their respective filter to a threshold or level
      generated by threshold generator 48. Gate 41 produces the appropriate
      output signal only after gate 39 is enabled by digital timer 46. The
      output of operational amplifier 37 is also applied to gate 42 which has
      three other inputs that are each respectively connected to one of the
      comparators 28 through 30. Gate 43 performs a corresponding function for
      the high group network comprising comparators 31 through 34.
PAR  As gates 42 and 43 produce coincidental output signals, the output of gate
      44 changes level and a signal validity check is performed within digital
      timing circuit 46 during the level change. Upon satisfaction of the signal
      validity test which may, for example, measure the coincidental persistence
      of two signaling tones, one from each of the two frequency bands for a
      predetermined interval, such as 22 milliseconds, digital timing circuit 46
      produces an output which is applied to each of comparators 27 through 34.
      This enabling signal has the effect of only allowing the respective
      comparators in each frequency band network which were initially operated
      by their respective filters to deliver an output. Correspondingly, this
      same signal is also applied to threshold generator 48 which increases the
      level of its output signal applied to comparators 27 through 34. The
      change in signal output of threshold generator 48 raises the threshold
      level within each of the comparators such that only the comparator which
      was originally enabled in each of the two networks is capable of remaining
      in that state while all the other comparators are effectively inhibited
      from being enabled. The feeding back of an output of the timing circuit 46
      only allows the respective comparators that were originally activated to
      produce an output signal. In normal receiver operation one comparator will
      produce an output in the low group network and only one comparator in the
      high group network will produce an output. Each combination of dual
      outputs from the receiver of FIG. 1 is determined by the frequency
      combination present in the tone burst and is indicative of a different
      intelligence character or digit being signaled by the telephone caller.
PAR  In operation, an input burst comprising two tones, one in the low group
      band and one in the high group band, is applied to common amplifier 11.
      The amplified output of amplifier 11 is applied via filter 12 to filters
      13 and 14. The tone in the high frequency group is blocked by band
      elimination filter 13 and the tone in the low group band is blocked by
      filter 14. Limiter 16 converts the low frequency tone into a square wave
      of like frequency and a similar function is performed by limiter 17 on the
      tone in the high group band. The outputs from the limiters each result in
      an output from a respective pair of channel filters 18 through 25. For
      example, filters 18 and 22 each may produce an output which are each
      respectively applied to comparators 27 and 31.
PAR  All the comparators in the receiver of FIG. 1 are initially biased by
      threshold generator 48 to create a threshold or level which must be
      overcome before a signal from their respective filters can be
      conditionally considered as valid. In this case, the differential
      amplifier 37 of comparator 27 will not produce an output that is capable
      of enabling gates 38 and 42 unless the threshold is exceeded. Once the
      threshold test of comparators 27 and 31 are met, the two comparators are
      partially enabled by the output of each differential amplifier therein.
      These outputs of comparators 27 and 31 are individually applied to NAND
      gates 42 and 43. The coincidence of the signals at NAND gates 42 and 43 is
      signaled by a change in level of the output of NAND gate 44 to digital
      timing circuit 46. Timing circuit 46 initially performs a validity check
      of the persistence of the input tone bursts and then may proceed through a
      signal dependent timing sequence. The output of clock oscillator 47 is
      used in the operation of timing circuit 46. The foregoing procedure and
      the operation of timing circuit 46 will be discussed more fully
      hereinafter in connection with FIG. 2.
PAR  If the coincidence duration test imposed by digital timing circuit 46 is
      satisfied, all required tests have been passed, the input signals are
      accepted as valid, and the output phase of the receiver operation is
      initiated.
PAR  In response to an output from digital timing circuit 46, comparators 27 and
      31 produce an output pulse of fixed duration. At the same time, the output
      of digital timing circuit 46 is applied to threshold generator 48 which
      raises the threshold level in all comparators 27 through 34. In comparator
      27 the output of NAND gate 39 is fed back to an input of NAND gate 38.
      Comparators 27 and 31, like all other comparators when partially enabled,
      are designed to produce a final output only in response to an input signal
      from digital timing circuit 46. The final output signal is maintained even
      though the threshold level applied by threshold generator 48 to amplifier
      37 is high enough to cause a level shift in the output of amplifier 37. At
      this time the feedback path from NAND gate 39 to NAND gate 38 retains
      control of comparator 27 so that NAND gate 41 produces an output. The same
      operation occurs internally in comparator 31. Thus, two outputs are
      produced indicative of an intelligence character or digit being signaled
      by the telephone caller.
PAR  FIG. 2 is an illustrative embodiment of the invention depicted as a
      detailed block diagram of the timing circuit utilized in FIG. 1.
      Basically, the timing circuit comprises a first counter 49 and a second
      counter 51 which are interconnected by a gating arrangement. A multiple
      conductor connection between the outputs of counters 49 and 51 to the
      gating arrangement is simply illustrated by dashed line 60. Single
      conductors terminating at line 60 with the same letter designations are
      electrically connected together.
PAR  Counter 49 comprises flip-flops 1 through 4 which are connected as a
      16-state ripple counter. Counter 49 is initially set in the all 1's state
      and is sequentially counted down by clock pulses to provide interval
      timing. The outputs of flip-flop 4 produce the most significant digits,
      while the outputs of flip-flop 1 produce the least significant digits in
      the counting sequence of counter 49. The clock pulses are applied to
      counter 49 by flip-flop 50, which divides the frequency of the clock
      signal input by two.
PAR  Counter 51 comprises flip-flops 5 and 6 and an output flip-flop 7. Counter
      51 is a four-count synchronous Gray code counter which is used for
      sequence control of counter 49. In the Gray code of counter 51, only one
      of the two digits change between counts to prevent momentary false states.
      The circuitry of FIG. 2 is also designed to prevent race or hazard
      conditions and can be operated when power is first turned on without
      exhibiting false outputs. The state sequence of counter 51 is "00", "01",
      "11" and "10".
PAR  Counter 49 triggers on positive input transitions while counter 51 triggers
      on negative input transistions at the T or toggle inputs thereof. The
      bistable stages of both counters can comprise D-type flip-flops. The
      application of a clock pulse to the T input of a D-type flip-flop serves
      to transfer the data at the D input to the Q output. During appropriate
      input conditions, which will become apparent hereinafter, the set (S) and
      clear (C) inputs to these flip-flops are able to "override" the T and D
      inputs to control their state. The flip-flops and gates illustrated by
      FIG. 2 can be readily implemented by those working in the art through
      standard integrated circuit components of the Transistor-Transistor Logic
      (TTL) variety. The digital timing circuit of FIG. 2 is in no way
      restricted to the foregoing designated type flip-flop and other and
      different known bistable configurations can be used to advantage in the
      implementation of this inventive circuit.
PAR  As an introduction to the operation of the circuitry of FIG. 2, the basic
      requirements and functions of the timing circuit will be described. This
      description will provide an overall view of the timing circuit operation
      relying only upon the essential components responsible for the various
      functions. The two counters of FIG. 2 assume initial states. Counter 49 is
      set to the all "1's" state or 15th state and counter 51 is cleared to the
      all "0's"  state. When a dual tone burst is received and divided into two
      separate tones, each of which appears in one of the two frequency bands,
      the output level of NOR gate 56 changes from a "0" to a "1". This change
      in level begins the signal timing interval for checking the signal
      persistence which must be continuously maintained while counter 49 is
      clocked from the initial state of "1111" down to the "0000" state. The
      clocking of counter 49 is only allowed when a "1" output of gate 56 is
      present at the set inputs of flip-flops 1 through 4.
PAR  Upon satisfaction of the signal persistence test, flip-flop 49 reaches the
      "0000" state which produces all 1's for all but one of the five inputs of
      NAND gate 57. The next clock pulse from flip-flop 50, which is applied to
      the remaining input of gate 57, changes the output of that gate from "1"
      to "0" and switches counter 51 to the "01" state. Accordingly, the enable
      (ENB) and STEER outputs of FIG. 2 from flip-flops 6 and 7 both produce a
      "1" output. Counter 51 stays in the "01" state as counter 49 is recycled
      and downcounted from the 15th to the "0" state. The "11" state is then
      assumed by counter 51 while counter 49 is again recycled and downcounted
      from all 1's to all 0's. This switches counter 51 to the "10" state and
      ends the logical "1" on the ENB output of FIG. 2. At the end of the output
      pulse on the ENB output of FIG. 2, a check is made to determine if the
      incoming signal is still present.
PAR  In the absence of a dual tone burst and the presence of the other inputs
      from counter 51 to AND gates 52 and 53, NOR gate 56 remains at a "1"
      output and allows counter 49 to be reset to 15. At this point, clock 47
      downcounts counter 49 and the 13th state is then detected by AND gate 61.
      It should be noted that while counter 51 is in the "10" state NAND gates
      58 and 59, which are connected as an RS flip-flop, provide a "1" output to
      AND gate 61 in the absence of a dual tone burst as indicated by NOR gate
      56. This "1" output to gate 61 allows it to detect the 13th state of
      counter 49. Gate 61 responds by changing its output level from "0" to "1"
      and the inputs to AND gate 62 are such that it produces a "0" output.
      Accordingly, the output of NOR gate 63 changes from "1" to "0". This ends
      the STEER output of flip-flop 7, places the two other flip-flops of
      counter 51 in the "00" state, and resets counter 49 back to the initial
      state of "1111". Both counters of FIG. 2 are now in the initial state and
      ready to evaluate a new dual tone burst.
PAR  The foregoing operation occurs in response to a short dual tone burst. If a
      long dual tone burst is received, the timing circuit of FIG. 2 responds
      differently, which will be described. Any momentary occurrence of a dual
      tone burst within the interval that counter 49 is counted from 15 down to
      13, which is sure to happen for a protracted tone burst, will switch the
      output of gate 56 from a "1" to a "0" . This sets counter 49 into the 15th
      state and sets the RS flip-flop comprising gates 58 and 59 so that the
      output of the latter gate switches to a "0" level. At this time counter 51
      is still in the "10" state and all the circuitry of FIG. 2 will maintain
      its respective states for the duration of the protracted tone burst. When
      the burst terminates, gate 56 allows clock pulses to count down counter
      49. This time, however, gate 59 of the RS flip-flop prevents gate 61 from
      detecting the 13th state of counter 49 and it proceeds to be counted down
      to the "0000" state. In the event that the tone burst momentarily appears
      during the downcount of counter 49, it is reset back to the 15th state for
      each appearance and then is counted to the "0000" state. Gate 57, upon the
      occurrence of the next positive transition of the clock output of
      flip-flop 50, produces a "0" output which places counter 51 in the "00"
      state. Gate 62 forces a "0" output from NOR gate 63. In response to the
      "0" output, flip-flop 7 terminates the STEER output pulse. The circuitry
      of FIG. 2 is now back in the initial state and ready to receive the next
      dual tone burst.
PAR  In summary, the operation of the circuitry of FIG. 2 is controlled in
      accordance with the state sequence of counter 51. The initial state and
      signal persistence timing function are performed while counter 51 is in
      the "00" state and counter 49 is downcounted to "0000". Then counter 51
      switches to the "01" state and initiates a common output pulse of fixed
      duration at the ENB output and a STEER pulse. The duration of the STEER
      pulse is variable and is dependent upon the persistence of the dual tone
      burst after the signal persistence is timed to check validity. The
      duration of the output pulse is determined by downcounting recycled
      counter 49 to "0000", changing counter 51 to the "11" state, and again
      counting down recycled counter 49 to the "0000". This ends the common
      output pulse. Next, counter 51 is switched to the "10" state and the
      presence of a dual tone burst is checked between the interval that counter
      49 is clocked from the 15th state to the 13th state. In the absence of a
      tone burst, counter 51 switches to the "00" state, terminates the STEER
      pulse, and recycles counter 49 back to the 15th state. If, on the other
      hand, a tone burst is present, counter 51 stays in the "10" state and
      begins a steering delay release function. Initially, counter 49 is locked
      up in the 15th state and counter 51 maintains the "10" state until the
      termination of the tone burst. This allows counter 49 to be clocked down
      to "0000" state in the absence of the tone burst. When counter 49 reaches
      "the `0000` state" counter 51 assumes the "00" state, terminates the STEER
      pulse, and the circuitry of FIG. 2 is back in the initial state. If, on
      the other hand, a tone burst appears while counter 49 is being clocked
      down to the "0000" state, counter 49 is recycled back to the 15th state
      and is locked up there until the tone burst terminates. At this time,
      counter 49 proceeds to the "0000" state which will switch counter 51 into
      the "00" state so that the circuitry of FIG. 2 assumes a delayed initial
      state an interval after the termination of a protracted tone burst.
PAR  Further consideration of the operation of the circuitry of FIG. 2 brings to
      light that the output of NOR gate 56 is controlled by the state sequence
      of counter 51. More specifically, the other inputs to AND gates 52 and 53
      are from the outputs of flip-flops 5 and 6 of counter 51. An analysis of
      combinational logic indicates that the clocking of counter 49 is
      controlled by the output of gate 44 only when counter 51 is in "00" and
      "10" states. In the "00" state, the presence of the signal level from gate
      44 which is indicative of a dual tone burst is timed to satisfy the signal
      persistence test. While counter 51 is in the "01" state, the presence of
      the other signal level from gate 44 indicative of an interruption of a
      dual tone burst is timed to provide protection against momentary
      interruptions that may cause false circuit operation. If counter 51 is in
      the "01" and "11" states, the output of gate 56 allows counter 49 to be
      clocked regardless of the output of gate 44. It should be noted that the
      RS flip-flop comprising NAND gates 58 and 59 can only be switched to the
      state in which gate 59 produces a "0" when counter 51 is in the "10"
      state. Likewise, gates 61 and 62 are also connected to the outputs of
      counter 51 and are accordingly controlled by the state sequence of the
      latter.
PAR  FIGS. 3 and 4 depict illustrative waveforms which serve to demonstrate the
      response of the circuitry of FIG. 2 to input signals respectively of a
      normal dual tone burst and a protracted dual tone burst. The timing
      intervals in FIGS. 3 and 4 are designated in milliseconds. The 21.5
      millisecond intervals may vary a small amount (e.g., 1 millisecond) since
      they are determined by a clock signal that is not synchronous with the
      occurrence of the dual tone burst inputs. In FIG. 3, waveform A represents
      a valid tone burst of normal duration. In waveform B a pulse of duration
      t.sub.2 is delayed by an interval of t.sub.1. Interval t.sub.1 represents
      the channel circuit operate time which elapses between the start of a dual
      tone burst and the change in level experienced at the output of gate 44.
      The persistence of the dual tone burst must be maintained for the duration
      of interval t.sub.2 to be considered valid. Waveform C shows the ENB
      output pulse with a fixed duration which is produced after the persistence
      timing test is satisfied. Coincident with the start of the ENB pulse is
      the STEER pulse. When the ENB pulse terminates, the presence of a dual
      tone burst is checked during interval t.sub.4. In the absence of a tone
      burst, t.sub.4 is the interval that elapses as counter 49 is downcounted
      from the 15th to the 13th state. The duration of the STEER pulse under
      these circumstances is t.sub.5, or simply the sum of t.sub.3 and t.sub.4.
      The two counters of FIG. 2 return to their initial states as the STEER
      pulse is terminated.
PAR  In FIG. 4 the occurrence of a protracted dual tone burst is illustrated by
      waveform A. Here waveform B also depicts the delayed channel response
      t.sub.1 and the signal persistence timing check during interval t.sub.2.
      The ENB pulse is then produced with a fixed duration. This time, however,
      the presence of a dual tone burst is ascertained during the t.sub.4
      interval. Counter 49 is then locked up until the tone burst terminates.
      This operation starts the slow release mode which includes protection
      against momentary interruptions in the tone burst. If none of the
      interruptions exceed the interval that elapses as counter 49 is counted
      from the 15th state to the "0000" state, the STEER pulse is unaffected.
      Also, the duration of the STEER pulse is extended past the termination of
      the dual tone burst. The duration of the extended portion of the STEER
      pulse is determined by the time elapsed as counter 49 is downcounted to
      "0000". As the STEER pulse terminates both counters of FIG. 2 return to
      their initial states.
PAR  Although the timing circuit has been disclosed in the context of the
      illustrative multifrequency receiver of FIG. 1, it should be stressed that
      the inventive timing circuit is not limited to this application.
      Accordingly, the timing circuit may be readily utilized in other types of
      receivers, whether single frequency or of the multifrequency type.
      Furthermore, the inventive circuit may be used in other types of apparatus
      in which a timing operation is employed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Signal translating means for generating a first output signal of a first
      preselected duration in response to an input signal of a second
      preselected duration comprising, in combination, clocking means for
      generating a periodic signal at a predetermined repetition rate, counting
      means responsive to the presence of said input signal for beginning and
      maintaining a count of said periodic signal, and controlling means for
      ascertaining when said counting means arrives at a preselected point in
      the count serving to verify the persistence of said input signal for the
      second preselected duration, said controlling means in response to the
      arrival at said preselected point producing said first output signal and
      recycling said counting means for conducting at least one other count of
      said periodic signal independent of the presence of said input signal
      thereby establishing the first preselected duration of said first output
      signal.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 including checking means for
      determining the presence of said input signal within a preselected
      interval after the termination of said first output signal, said checking
      means stopping the operation of said counting means and said controlling
      means when said input signal momentarily occurs during the preselected
      interval, said checking means releasing said controlling means and said
      counting means in response to the termination of said input signal so that
      said counting means begins a count of said periodic signal to be
      maintained while said input signal is absent and terminated upon the
      presence of said input signal thereby providing protection against a false
      output caused by momentary interruptions of said input signal, and said
      checking means allowing said controlling means to be cleared and said
      counting means to be recycled to the beginning of its counting sequence
      when said input signal fails to occur during the preselected interval.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein said controlling means
      further comprises bistable means for producing a second output signal,
      said bistable means starting the second output signal coincident with said
      first output signal and extending past the termination of said first
      output signal, said bistable means terminating the second output signal at
      the end of the preselected interval when said input signal fails to occur
      therein, and said bistable means terminating the second output signal at
      the end of said count of said periodic signal to be maintained while said
      input signal is absent when said input signal momentarily occurs during
      the preselected interval.
NUM  4.
PAR  4. Apparatus in accordance with claim 3 wherein said counting means
      comprises four bistable stages connected to switch as a ripple counter
      through successive binary states and said controlling means comprises two
      bistable stages connected to switch through four binary states according
      to a Gray code sequence.
NUM  5.
PAR  5. A multifrequency signal receiver for converting multifrequency tones
      into control signals including detecting means for providing a signal as
      two concurring tones of different frequencies exceed a predetermined
      amplitude threshold, timing means for providing an output signal when said
      signal persists for a prescribed interval, said detecting means responding
      to said output signal by providing control signals corresponding to the
      frequency combination of said two tones, characterized by said timing
      means comprising clocking means for generating a periodic signal at a
      predetermined repetition rate, counting means responsive to the presence
      of said signal for beginning and maintaining a count of the periodic
      signal, controlling means for detecting the obtainment of a preselected
      state by said counting means to test the persistence of said two tones for
      said prescribed interval, said controlling means in response to the
      occurrence of said preselected state producing said output signal and
      recycling the counting means for conducting at least one other count of
      the periodic signal independent of the presence of said input signal
      thereby establishing a prescribed duration for said output signal.
NUM  6.
PAR  6. In a multifrequency signal receiver having an input and a plurality of
      outputs, in combination, means responsive to the reception of a pair of
      coincident oscillatory input signals at said input for generating a first
      signal, the frequency combination of said input signals being indicative
      of a corresponding intelligence character, clocking means for generating a
      periodic signal at a predetermined repetition rate, counting means
      responsive to the presence of said first signal for beginning and
      maintaining a count of said periodic signal, controlling means for
      ascertaining when said counting means arrives at a preselected point in
      the count serving to verify the persistence of said input signals for a
      predetermined interval, said controlling means in response to the arrival
      of said preselected point producing an output signal and recycling said
      counting means for conducting at least one other count of said periodic
      signal independent of the presence of said input signal thereby
      establishing a second predetermined interval for said output signal, and
      means responsive to the output signal of said controlling means for
      generating a final pair of output signals each applied to a respective one
      of said outputs, the combination of said last mentioned outputs being
      indicative of said intelligence character.
NUM  7.
PAR  7. A multifrequency signal receiver in accordance with claim 6 wherein said
      counting means comprises four bistable stages connected to switch as a
      ripple counter through successive binary states and said controlling means
      comprises two bistable stages connected to switch through four binary
      states according to a Gray code sequence.
NUM  8.
PAR  8. A multifrequency signal receiver in accordance with claim 7 wherein said
      controlling means recycles said counting means to a state comprising all
      binary 1's such that said clocking means counts down said counting means
      through a sequence of successively decreasing binary states toward a state
      comprising all binary 0's.
NUM  9.
PAR  9. A multifrequency signal receiver in accordance with claim 8 further
      comprising gating means responsive to said first signal and the binary
      state of said controlling means for providing first and second outputs for
      said counting means, said gating means providing the first output to allow
      said counting means to change state in response to said periodic signal
      during the presence of a pair of coincident input signals while said
      controlling means is in the first of said binary states, said gating means
      providing the first output signal to allow said counting means to change
      state in response to said periodic signal independent of said input
      signals while said controlling means is in the second and third of said
      binary states, said gating means providing the first output to allow said
      counting means to change state in response to said periodic signal during
      the absence of a pair of coincident input signals, and said gating means
      providing the second output to set said counting means into a binary state
      comprising all 1's during the absence of a pair of coincident input
      signals while said controlling means is in the first binary state and
      during the presence of a pair of coincident input signals when said
      controlling means is in the fourth binary state.
NUM  10.
PAR  10. A multifrequency signal receiver in accordance with claim 6 further
      comprising means for detecting the state of said counting means comprising
      all binary 0's to alter the state sequence of said controlling means one
      increment each time said counting means is in the state comprising all
      binary 0's.
NUM  11.
PAR  11. A multifrequency signal received in accordance with claim 6 further
      comprising checking means for determining the presence of a pair of
      coincident input signals after said counting means is counted down to the
      state comprising all binary 0's and said controlling means is in the third
      binary state, said checking means determining the presence of a pair of
      coincident input signals between the interval when said counting means is
      recycled to the state comprising all binary 1's and is counted down to a
      predetermined point in its counting sequence.
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ABST
PAL  A control device for n recording elements for data which are part of a
      given plurality of data which can be recorded by each of said elements.
PAL  This device is made up of n identical control circuits connected
      respectively to the recording elements, each of said circuits including:--
      a first memory for storing, consecutively, the coded data that can be
      entered in an order determined by the recording element affiliated with
      the control circuit -- a second memory for storing coded data to be
      recorded by said element -- a comparator connected to said two memories
      and controlled by an enabling circuit connected to a time base and to the
      recording element to cause the timely recording of the data recognized by
      comparison.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is concerned with a control device for recording
      elements for data which are part of a given aggregate of data recordable
      by each of these elements.
PAR  It is known that for the purpose of fast recording it is useful to have
      apparatus available which comprises a large number of recording elements,
      controlled consecutively or simultaneously. One of the methods, generally
      in use, for the control of such recording apparatus is to compare the data
      to be recorded with the data which the elements are capable of recording
      at given instants. The control devices of these recording apparatus
      perform comparisons between, on the one hand, coded data to be recorded
      and, on the other hand, coded data which is able to be recorded. When two
      data of these aggregates are identical, the control device sends a signal
      to the recording element which is to carry out the recording. One type of
      recording apparatus controlled by devices of this type which may be
      mentioned, for example, are printing machines connected to computers, such
      as the so called "on-the-fly" printers. This term refers to the fact that
      the impression is performed by the striking of hammers on characters that
      have a mobile support. In the case of wheel printers, the support consists
      of several identical sets of characters arranged in circles round the
      wheel. In the case of printers with a linear support the identical sets
      follow each other consecutively. In spite of comparable performances, from
      the viewpoint of speed of impression, the use of printers with a linear
      support is often preferred because of the quality of the impression
      through the affiliated control device is more complex. In the wheel
      printers the different sets of characters may be placed in such a manner
      that the same repeated character may at a given moment be positioned
      opposite any hammer. This is not so in the case of the printers with a
      linear support where, irrespective of the arrangement of the characters on
      the support, an order of character sequence occurs in front of the hammers
      which depends on the respective positions of the latter. This case results
      in a greater complexity of the control device, basically due to the
      important role of the storage media for the coded characters which each of
      the hammers may hit as a function of the time and of the address curcuit
      which is connected with these storage media.
PAR  These media usually consist of a memory of relatively large capacity since
      it must contain all the sequences of coded characters that each hammer may
      strike during the imprint of a line on paper. Each of the coded characters
      of each of these sequences must be compared with the data to be printed
      coded in the same manner. This explains, on the one hand, why the
      construction of such a control device is sensitive and cumbersome, and on
      the other hand, why its operation is limited as far as speed is concerned.
PAR  One of the objects of the present invention is the simplification of the
      storage media for recordable data by each of the recording elements as
      well as simplification of the media of storage for the data to be
      recorded.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention the control device for n recording elements for
      data being part of a given aggregate of data recordable by each of these
      elements, operating by comparison of the data to be recorded with the data
      contained in this aggregate, is characterized by consisting of n identical
      control circuits connected with the recording elements respectively. Each
      of these circuits comprises:
PAR  a first memory which consecutively stores the data coded, recordable in a
      predetermined order by the recording element affiliated with the control
      circuit;
PAR  a second memory storing the data, coded, to be recorded by said element;
      and
PAR  a comparator connected with the preceding two memories, controlled by an
      enabling circuit tied to a time base. The comparator is linked to the
      recording element for the command, at any desired moment, of the recording
      of the data identified by comparison.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other properties and advantages of the invention will become apparent from
      the following description of an application, typical for a chain printer,
      presented as a non-limiting example, with reference to attached drawing,
      wherein;
PAR  FIG. 1 is a schematic diagram of the control circuits associated with each
      recording element;
PAR  FIG. 2 is a partial schematic illustration of the respective positions of
      the characters on the moving chain of a printer relative to the row of
      hammers;
PAR  FIG. 3 is a partial table of coincidence of characters with the hammers in
      a chain printer at the instants of their striking;
PAR  FIG. 4 is a diagram of a part of the group of registers for storing data,
      coded, and recordable by the chain printer whose coincidence of the
      characters with the hammers are listed in FIG. 3;
PAR  FIG. 5 illustrates the two memories for data, coded and to be printed
      consecutively by two recording elements of a chain printer, and their
      enabling circuits;
PAR  FIG. 6 is a diagram of control circuits associated with recording elements
      of a chain printer; and
PAR  FIG. 7 is a detailed diagram of a control circuit of a recording element of
      a chain printer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The control circuits C0, C1, C2 and C3, illustrated in FIG. 1 each include
      a first memory R1 and a second memory R2 whose outputs are linked with two
      inputs of a comparator C, respectively, the third input of the latter
      being connected with an enabling circuit VF for comparison. The memories
      R1 and R2 are so designed as to receive one data only, at the time. The
      comparator is so designed as to compare two data, originating from the
      memories R1 and R2, respectively, only when a signal is transmitted to it
      by the circuit VF, and to emit only one signal in the output when the two
      identical data have been compared.
PAR  The recording elements are tied to the control circuits C0, C1, C2 and C3
      by connections of the comparator C outputs at the terminals 00, 01, 02 and
      03, respectively. The coded data, recordable by a recording element in a
      predetermined order, are transmitted consecutively by the terminals S0,
      S1, S2 and S3 to the input of the memories R1 of the circuits C0, C1, C2
      and C3, respectively. The coded data to be recorded by a recorded element
      is transmitted by the terminals J0, J1, J2 and J3 to the input of the
      memories R2 of the circuits C0, C1, C2, and C3 respectively. Control
      signals originating from a time base are transmitted by the terminals F0,
      F1, F2 and F3 to the inputs of the enabling circuits VF of the circuits
      C0, C1, C2 and C3, respectively. Thus, the recording control by any one of
      the recording elements of a given data sent to the memory R2 is only the
      function of the position of that data in relation to the order of
      recordable data sent consecutively to the memory R1, and of the instants
      of the recording validation, tied to instants of recording authorization,
      defined by the signals sent to the enabling circuit VF. It (the recording
      control) does not depend on the circuit design, which has the role of a
      passive element.
PAR  It is of interest to examine the case in which the data to be recorded by
      the group of n recording elements stem consecutively from the same source,
      and where the order of sequence of the recordable data by each of these
      elements is the same. This case applies to chain printers.
PAR  The following description then refers especially to a chain printer which
      comprises 10 sets of 16 hammers M, arranged in regular intervals, and 10
      sets of 48 characters K, arranged at regular intervals, on a chain in such
      a way that when the first hammer coincides at a given instant with the
      character of row 0, as in FIG. 2, the hammer 16 (the first hammer of the
      second row) coincides with the character of row 13, the hammer 32 with the
      character of row 26, etc. Since the chain passes in front of the hammers
      with constant speed, the designation "cycle" is given to the period
      separating the coincidences of two characters which follow on the chain
      with the same hammer as in FIG. 2, the characters in squares of rows 0 and
      1 with the hammer 0, during the cycle T1. Subcycles may, therefore, be
      defined as time intervals between two consecutive strikes of two hammers,
      in number equal to the hammers of a set, corresponding with the different
      coincidences of the hammers of a set with certain characters. FIG. 2
      exhibits all coincidences evolving in the course of a cycle T1 from the
      moment in which the character of row 0 faces the hammer 0. The number of
      the characters in coincidence with hammers are in squares, the numbers of
      the sub-cycles are marked in front of double curved brackets. At the start
      of the first sub-cycle the character 0 faces the hammer 0, at the start of
      the second sub-cycle the character 9 faces the hammer 11, at the beginning
      of the third sub-cycle the character 5 faces the hammer 6, etc. One sees
      that, on the one hand, all the characters from 0 to 13 face one of the
      hammers of the first set at least once during the cycle T1, and on the
      other hand, that the character 5 faces the hammers 6 and 5 consecutively
      and that the character 9 faces the hammers 11 and 10 consecutively. One
      should also realize that the order of position of the characters on the
      chain does not correspond with the order of sequence of the sub-cycles
      where the coincidences occur.
PAR  FIG. 3 is a table of the numerical order of the hammers of the first,
      second, and tenth set M1, M2, M10, arranged in the order of their
      respective positions, and the numerical order of the characters in
      coincidence K at the beginning of each sub-cycle SC of the first, the
      second and the third cycles T1, T2, and T3.
PAR  This table is to be interpreted in the following manner. At the beginning
      of each first sub-cycle of the cycles T1, T2, T3, etc. the hammer 0 may
      consecutively strike the characters 0, 1, 2, etc; at the beginning of the
      fourth sub-cycle of the same cycles the hammer 1 may consecutively strike
      the characters of rows 1, 2, 3, etc; at the beginning of the seventh
      sub-cycles of the same cycle the hammer 2 may sequentially strike the
      characters of rows 2, 3, 4, etc; the first hammer 16 of the second set may
      consecutively strike at the same time as the first hammer 0 of the first
      set, the characters 13, 14, 15, etc; the first hammer 144 of the tenth set
      may also consecutively strike, at the beginning of the first sub-cycle,
      the characters of the rows 117, 118, 119, etc. Thus, each beginning of a
      sub-cycle of the sequence of cycles corresponds with a simultaneous
      striking of the hammers of the same order in the 10 sets. Hence there are,
      at the beginning of each of the 16 sub-cycles of a cycle, 10 possible
      simultaneous strikes of the hammers of the same order in the 10 sets and,
      in the course of a cycle, 16 series of 10 simultaneous strikes; that is,
      160 strikes corresponding with the total of strikes of one character by
      each of the hammers of the 10 sets. To print a line on paper it is
      required that each hammer be able to strike one of the 48 different
      characters of one of the 10 identical sets; that is, 48 cycles or 768
      sub-cycles at the maximum.
PAR  It will be noted that according to the table in FIG. 3, in the course of a
      cycle, the characters in coincidence with the hammers are in the same
      order as the hammers except for displacements due to the repeated
      coincidences of certain characters with two consecutive hammers. The same
      applies to the characters of rows 0, 1, 2, 3, 4, 5, 5, 6, 7, 8, 9, 9, 10,
      11, 12, 13 which coincide with the hammers 0, 1, 2, 3, 4, 5, 6, 7, 8, 9,
      10, 11, 12, 13, 14, 15, respectively. This shows that, on the one hand, in
      the sequence of cycles the coincidences of the characters correspond with
      a hammer in the order of their sequence on the chain as well as the
      coincidences of the characters 13, 14, 15, etc., with the hammer 16, and
      on the other hand, when one passes from one hammer to the following a
      transfer of one range of characters in coincidence to another range
      consisting of the same characters takes place, with the exception of the
      first which is at the end, for if one passes from one set to the following
      one the characters repeat themselves. This, for instance, applies to the
      hammers 0 and 1 where one passes from the range of characters 0, 1, 2, 3,
      etc. to the range 1, 2, 3, 4, etc. Therefore, each of the hammers may
      strike as many characters in their order of a sequence as there are cycles
      during a succession of given cycles, the sequences being identical, except
      for the shift of a set of character numbers when one passes from one
      hammer to the next, and when the repeated coincidences of certain
      characters with two consecutive hammers are taken into account.
PAR  FIG. 4 illustrates a plurality of memories R1, numbered 0, 1, 2, 3, 4, 5,
      6, 7, 8, 9, 10, 11, 12, 13, 14 and 15 which are identical shift registers,
      linked by the output to the recording elements 0, numbered 0, 1, 2, 3, 4,
      5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, respectively. Said recording
      elements include in the case of the described printer the hammers 0, 1, 2,
      3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, respectively of the first
      set. The registers 0, 1, 2, 3, 4 and 5 are connected in series, the first
      input of one register being connected with the output of the next. The
      same situation exists with the series of registers 6, 7, 8, 9, 10, the
      series of registers 11, 12, 13, 14, and 15, etc., when one passes from the
      first set of hammers to the following set. In contrary manner, the first
      input of the registers 5 and 6 is connected in parallel with the output of
      register 7. The same applies to the registers 10 and 11 connected in
      parallel with the register 12. This order of succession is found again in
      the other sets of hammers. The outputs of the register pulses are
      synchronized by a periodic signal transmitted by the terminal St1 in
      parallel with the second inputs of said registers. When, at a given
      initial instant while the registers are empty, one sends to the register
      15 an initial coded data which in the present case is a coded character,
      the data contained in the register 15, at the end of a period equal to
      time of the signal sent by the terminal St1, will pass to the register 14
      while the following data will be able to pass to the register 15, etc.,
      until the initial data is in the register 0.
PAR  At this moment the fourteenth data is in register 15. This is due to the
      fact that the same data reaches the registers 10 and 11 in the same time
      and the same occurs for the registers 5 and 6.
PAR  When at a given moment the character of the row 0 is stored in the register
      0 the characters of the rows 1, 2, 3, 4, 5, 5, 6, 7, 8, 9, 9, 10, 11, 12,
      13, are stored in the registers 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
      14, 15, respectively. The characters are coded in such a way that when a
      pulse is sent to the first input of a register the passing of one
      character to the following character according to a range represented by a
      set is made to correspond with its change of state. The registers are
      linked to a source S of pulses by the position 1 which is adequate when it
      furnishes 140 pulses for each of the registers of the 10 sets to contain
      one coded data. The circuit-breaker of the source S is then put in
      position 2, thus placing the registers in a closed loop. In this manner
      one may by the mentioned connections of the registers, shown in FIG. 4,
      store consecutively in each register, for a time defined by the period of
      the signal originating from the terminal St1, the coded characters that
      the hammer to which the register is linked may strike.
PAR  In the case in which the range of coded data to be recorded stems from the
      central unit of the computer to which the printer is linked and consists
      of a combination of 8 bits, the registers R1 for storage of a data are in
      9 binary positions, the ninth position being reserved for a parity bit of
      the combination. FIG. 5 shows two registers 1 and 2 of the group of
      registers R2 which are used for the storage of coded data to be recorded.
      The input terminals D0, D1, D2, D3, D4, D5, D6, D7, and DP are connected
      in parallel to the 9 inputs of the registers 1 and 2, respectively. The
      terminal VO serves as input of an enabling signal and is linked to the
      first input of an enabling circuit VR1 of the register 1. The terminal St2
      functioning as the input of a clock signal is connected in parallel with a
      terminal St3 and with the second inputs of the two enabling circuits VR1
      and VR2. The circuit VR2 connected to the register 2 is identical with the
      circuit VR1, its first input being connected to the output of the circuit
      VR1. The output of the circuit VR2 is connected with a terminal V3. The
      outputs L1 of the register 1 and the outputs L2 of the register 2 are
      connected to the second inputs of the two comparators C of the two control
      circuits, respectively, as best shown in FIG. 1.
PAR  When the circuit VR1 receives an enabling signal from the terminal VO it
      enables the transfer of a pulse emitted by the terminal St2 to the
      register 1, while it inhibits transfer to the register 2. During the
      duration of the pulse originating from the terminal St2 the data present
      in the terminals D0, D1, D2, D3, D4, D5, D6, D7, and the parity in the
      terminal DP are stored alone in the register 1. After termination of that
      pulse, the circuit VR1 inhibits the transfer of any new pulse to the
      register 1 and enables transfer of the following pulse to the register 2
      by enabling the circuit VR2. Thus, the storing of the following data and
      its parity is performed during the period of the pulse. The consecutive
      data originating in the computer must be printed in the chain printer in
      sequential columns corresponding with the order of position of the
      hammers. When, for instance, a data JO has to be printed in the first
      column by the hammer 0 the following data J1 must be printed in the second
      column by the hammer 1. The absence of data corresponding with the
      location of one or several columns on the printing line entails the arrest
      of the hammers facing these columns. In the case where a data J1 is to be
      printed by the hammer 1, as in FIG. 5, it will be stored in the register 1
      by the enabling circuit VR1. The data J2 will then be stored in the
      register 2 by the enabling circuit VR2, etc., for the total group of
      registers R2 for storage of the data to be printed.
PAR  The circuits which make up the device for controlling the actuating media
      for the hammers of the chain printer each comprise: a register R1, a
      register R2, a comparator C, and an enabling circuit VF, for comparison as
      shown in FIGS. 1 and 6. The storage in the registers R1 is accomplished by
      the means already described and illustrated in FIG. 4, while it is
      effected in the registers R2 by the means described and illustrated in
      FIG. 5. In this manner the control circuits are connected with each other,
      as in FIG. 6 which exhibits the circuits C4, C5, C6, C7 of the control
      media for the striking of the hammers 4, 5, 6, 7 whose coincidences with
      the characters of the chain were given in FIGS. 2 and 3. The input of the
      register R1 of the circuit C7 is connected with the output terminal of
      register R1 of the circuit C8 and its output is connected in parallel with
      the inputs of the registers R1 of the circuits C6 and C5. The output of
      the latter register R1 is connected to the input of the register of
      circuit C4, whose output is linked to the input terminal of the register
      of circuit 3.
PAR  The signal St1 for the synchronization of the registers R1 stemming from
      the circuit C3 is transmitted in parallel to a second input of the
      registers R1, as illustrated in FIG. 6, before being sent to the circuit
      C8. The coded data, emitted by the central unit UC, are transmitted in
      parallel to a first input of the registers R2. The enabling circuits VR of
      the registers R2 are connected in series and each linked to a second input
      of the register R2, as already indicated in FIG. 5, to enable the storing
      in the registers R2 of the sequence of data J4, J5, J6, and J7 which are
      emitted by the central unit UC. The enabling circuits for comparison VF
      are connected with the terminals F4, F5, F6, and F7, respectively, of the
      enabling control. The output of each comparator is affiliated with an
      actuating medium of the hammer bby the terminals 04, 05, 06 and 07,
      respectively.
PAR  FIG. 7 is a detailed diagram showing an example of the embodiment of a
      control circuit C1 of a medium 01 for the setting of a hammer in motion,
      according to the invention. The register R1 is a shift register in series
      connected by its inputs to the terminals S1 and St1 and by a first output
      to the terminal SO. A data stored in the register R1 in the form of B1 of
      a combination of 8 bits is transmitted, on the one hand, to the comparator
      C through a second output, on the other hand, to the input of a
      parity-control input CPI which at the same time receives a ninth signal of
      parity PBI. The register R2 is a parallel register connected by a first
      input with an input terminal J1 for data coded in 8 bits plus 1 parity
      bit. The enabling circuit VR connects the terminals V0 and V2 and is
      connected by a second input to a terminal St2. The coded data L1 leaving
      the register R2 is transmitted, on the one hand, to second input of the
      comparator C, and on the other hand, to the input of a parity-control
      circuit CP2 which receives also a ninth parity signal PL1.
PAR  One of the enabling circuits for comparison VF is connected with a terminal
      F1 serving as the input of a selection signal for the sub-cycle of the
      hammer strike to which the circuit C1 is linked. It will be seen that the
      generator of this signal is also tied to 9 other terminals, equivalent to
      F1, of control circuits affiliated with the hammers of the same order in
      the 9 other sets. This generator is, for instance, a counter furnishing a
      series of 16 pulses, spaced from each other by a sub-cycle for the strike
      control of the group of hammers. The output of the comparator C is
      connected with the input of a counter TR for the transmitting of a signal
      to the medium by the terminal 01 within the time necessary for the control
      of the hammer. This time is defined by a signal used in the input terminal
      C11 which is connected to a second input of the counter TR. The AND gate,
      marked A1, whose first input is connected with the output of circuit CP1
      and whose second input is linked to the output of circuit VF, provides at
      its output an indication of the detection of an error of parity in the
      data transmitted by the register R1 to the comparator, however, only
      during the time of authorization of the comparison. A signal is the output
      of the circuit CP2 also permits the detection of a parity error in the
      data transmitted by the register R2 to the comparator during the printing
      of a line on paper. The data L1 is sent to a first input of a
      strike-control circuit C0 whose second input is connected with the output
      3 of the counter TR, the third input is linked with the terminal F01 in
      connection with the circuit of the medium 01 monitoring the effective
      occurrence of a strike. If the information L1 is data a combination of 8
      signals is sent to the first input of the circuit C0. This circuit is
      designed in such a way that it emits a signal in its output only in the
      absence of one or two signals in the two other inputs to show that a
      strike was not ordered or carried out. If the information L1 is a space it
      is coded so that no signal is transmitted to the first input of the
      circuit C0. The latter is designed so as to furnish a signal at its output
      only in the presence of one or two signals in the two entries to indicate
      that a strike was ordered or performed by error. The output of circuit C0
      as well as the outputs of the circuits A1 and CP2 are tied to the 3
      inputs, respectively, of an OR gate (marked A2) for control of the circuit
      C1 whose output is linked to a terminal CC0. The output 2 of the
      comparator is tied to a second input of the enabling circuit VF for
      comparison to avoid, in the course of the printing of a line, the
      comparator sending a second signal to the counter in the case where a
      character is repeated in the same set.
PAR  The zero setting of the register R2, its enabling circuit VR, enabling
      circuit for comparison VF, the counter TR, and the control circuit C0, was
      not shown in FIG. 7 as the method for effecting such zero setting is
      considered to be known. The same applies to the zero setting of the
      register R1. The terminal CC0 may, for instance, be linked with a central
      control circuit of the printer as well as the terminals which are the
      equivalents of the other control circuits. The advantage of the central
      circuit lies in its capacity to spot defective control circuits in case of
      failure. It also allows fixing of the end of a hammer strike, and thereby
      the end of the strike for the printing of a line which may occur, in
      accordance with the data to be printed, before the 48 cycles required for
      the possible striking of 48 different characters by one hammer.
PAR  The detailed description of the control circuit C1 which has just been
      present with reference to FIG. 7 is applicable to any control circuit for
      actuation of a hammer. It was designed especially for a chain printer, but
      is not confined to that example. If one considers the entire group of
      identical circuits which constitutes the control device for an aggregate
      of recording elements, only the outer connections of these circuits,
      especially their assemblage in relation to each other, are predicated on
      the data to be recorded and on the recording elements to accomplish it.
PAR  The description just given refers to a type of embodiment of a control
      device according to the invention for use with a large number of elements
      for the rapid recording of data. The importance of the invention is
      especially due to the identity of the control circuits and their
      relatively simple outer connections. The properties of the circuits
      according to the invention permit their manufacture in series, their
      relatively simple installation, and thus a saving of time resulting in a
      considerable reduction of the cost of the device. Notably, these circuits
      may be produced in the form of integrated-circuit modules, each consisting
      of one or several regrouped control circuits.
PAR  The control device according to the present invention may profitably be
      applied to other means of recording than the electro-mechanical media
      referred to in this description. According to the type of recording
      support one could, for instance, visualize electro-optical or
      electro-acoustical media. The recording may also be of a temporary nature,
      in which case the device may have applications in the fields of switching
      and addressing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a control system including a plurality of recording elements each
      capable of recording successive characters of a unique sequence of
      characters at respected discrete time intervals during a time period, said
      time period being divided into a plurality of cycles and said recording
      elements being grouped into sets such that each recording element of a
      given set has the capability of recording once and at a unique discrete
      time interval during a given cycle, the unique discrete time interval
      respective to one recording element within a given set being different
      from the unique discrete time interval respective to any other recording
      element within the same given set; a plurality of control circuits, one
      for each recording element, each control circuit being effective to cause
      a given recording element to record a desired character of said unique
      sequence within said time period, each control circuit comprising in
      combination:
PA1  first memory means having an output for producing, in response to
      successive enabling signals, said successive characters of said unique
      sequence at said discrete time intervals during said time period;
PA1  second memory means having an output during said time period, which output
      corresponds to said desired character, said second memory means each
      including an enabling circuit for causing said second memory means to be
      updated with a new desired character, said enabling circuits being
      interconnected so as to effect successive updating of each of said second
      memory means;
PA1  comparison means connected to the outputs of said first and second memory
      means for producing an output signal when said first memory means produces
      a character which matches said desired character as indicated by said
      second memory means, each of said comparison means including a further
      enabling circuit which enables the output signal of said comparison means
      only during its respective unique discrete time intervals; and
PA1  further means connected to said comparison means and responsive to said
      output signal of said comparison means so as to actuate said given
      recording element causing it to record said desired character.
NUM  2.
PAR  2. In a control system as defined in claim 1 wherein each first memory
      means comprises a shift register of sufficient size as to indicate any
      character in said unique sequence.
NUM  3.
PAR  3. In a control system as defined in claim 2 including, within said first
      memory means, switch means for interconnecting said shift registers in a
      closed loop and for connecting one of said shift registers to a source for
      serially reading data into said one register.
NUM  4.
PAR  4. In a control system as defined in claim 3 wherein each of said second
      memory means comprises n memory elements for indicating said desired
      character and means for updating said desired character, said means for
      updating being connected in parallel to said n memory elements.
NUM  5.
PAR  5. In a control system as defined in claim 2 wherein each of said second
      memory means comprises n memory elements for indicating said desired
      character and means for updating said desired character, said means for
      updating being connected in parallel to said n memory elements.
NUM  6.
PAR  6. In a control system as defined in claim 1 wherein each of said second
      memory means comprises n memory elements for indicating said desired
      character and means for updating said desired character, said means for
      updating being connected in parallel to said n memory elements.
NUM  7.
PAR  7. In a control system as defined in claim 1 wherein each first memory
      means comprises a shift register of sufficient size as to indicate any
      character in said unique sequence, certain of said shift registers being
      connected in series and certain others thereof being connected in parallel
      so as to cause each of said first memory means to produce said unique
      sequence.
NUM  8.
PAR  8. In a control system as defined in claim 7 including within each first
      memory means switch means for interconnecting said shift registers in a
      closed loop and for connecting one of said shift registers to a source for
      serially reading data into said one.
NUM  9.
PAR  9. In a control system as defined in claim 8 wherein each of said second
      memory means comprises n memory elements for indicating said desired
      character and means for updating said desired character, said means for
      updating being connected in parallel to said n memory elements.
NUM  10.
PAR  10. In a control system according to claim 1 including, for each recording
      element, a first control circuit connected to the output of the first
      memory means and a second control circuit connected to the output of the
      second memory means, each of said control circuits acting to produce a
      signal which indicates that a coded data in the output of one of said
      memory means is erroneous.
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PAL  A data processing system where transfers of information are made between
      I/O devices and system storage through channels is a channel unit having
      common apparatus shared among all the channels. The common apparatus
      includes a sequentially accessed state memory and a plurality of
      processors. The state memory includes a memory location for each channel.
      The processors have access to different parts of the state memory and
      perform functions in response to stored information. A data access
      processor controls transfers between system storage and the channel unit.
      A controller interface processor controls transfers between the channel
      unit and I/O devices. The quantity of information to be transferred for
      each channel is stored in the state memory. Each time a portion of the
      total transfer is completed, a count field in the state memory is updated.
      In one embodiment, only the low-order bits of the total count are stored
      in the state memory and the balance or high-order bits of the count are
      stored in channel memory.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  1. DATA PROCESSING SYSTEM HAVING AN INSTRUCTION PIPELINE FOR CONCURRENTLY
      PROCESSING A PLURALITY OF INSTRUCTIONS. Ser. No. 302,221, now U.S. Pat.
      No. 3,840,861, filed Oct. 30, 1972, invented by Gene M. Amdahl, Glenn D.
      Grant and Robert M. Maier, and assigned to Amdahl Corporation now U.S.
      Pat. No. 3,840,861.
PAR  2. CHANNEL DYNAMIC ADDRESS TRANSLATION, Ser. No. 312,733, filed Dec. 6,
      1972, invented by Takesi Maruyama, Tatsuya Yoshikawa, Yoshiro Yoshioka and
      Richard L. Bishop, and assigned-in-part to Amdahl Corporation.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the field of instruction-controlled
      digital computers and specifically to methods and apparatus associated
      with the channels within data processing systems.
PAR  In prior art, channels have been architecturally defined as that part of
      the data processing system which serves control units associated with the
      system's input/output (I/O) devices. Channels have been independent and
      discrete apparatus having their own set of commands which enable the I/O
      devices to read and write data while the remainder of the system
      concurrently processes instructions not necessarily related to I/O
      devices. Each channel has had its own instructions in system storage which
      have been fetched and processes under supervisory program control.
PAR  Channels are generally of three types, selector, byte multiplexor, and
      block multiplexor. Selector channels and block multiplexor channels are
      generally associated with high-speed devices, while byte multiplexor
      channels are usually associated with low-speed devices. A plurality of I/O
      devices are connected to a channel through a control unit. Byte
      multiplexor channels and block multiplexor channels allow interleaved
      transfer of data from multiple devices attached to the same physical
      channel interface.
PAR  While channels function somewhat independently of instructions executed by
      the data processing system, the data processing system maintains
      supervisory control over the channel and I/O operations. Channels are
      therefore processors of information which have some independence from
      other system processors (e.g., I-unit) and hence increase the concurrency
      of the processing of information by the system.
PAR  Whereas I/O devices operate at comparatively limited speeds which limit the
      maximum data rate over a channel, frequently due to mechanical
      limitations, and whereas electronic circuits operate at much higher
      speeds, it is desirable that high-speed circuits be shared by a plurality
      of slow-speed I/O devices in order to make more efficient use of
      high-speed circuit capabilities. In prior art channel structures in which
      channel apparatus has been dedicated on a per channel basis, the circuits
      in one channel have not been readily shared with other channels.
PAR  In channel structures with shared high-speed apparatus, it is desirable
      that control operations, such as recording the number of bytes
      transferred, be carried out without unduly degrading system performance.
      There is a need for improved methods and apparatus for processing control
      information in channel apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a method and apparatus for channels which
      interconnect I/O devices with the remainder of the data processing system.
      A channel unit services a plurality of channels with common apparatus
      which is divided into parts where those parts are assigned to different
      channels, one part per channel at a time. At different times, the
      allocation of channel parts is changed so that, over a period of time,
      each channel has access to each part in order to carry out complete
      channel functions.
PAR  Those different parts include state logic, operation logic, storage unit
      access logic and I/O control unit logic. The channel unit also includes a
      channel memory having storage locations allocatable to each channel,
      channel registers for storing data, and a channel data manipulator for
      manipulating information associated with the storage of data in the
      channel registers and in the channel memory.
PAR  The different parts of the channel are under control of channel control
      logic which includes a sequentially accessed channel state memory. In
      accordance with the present invention, the channel state memory includes,
      for each channel, a count field for specifying all or part of the number
      of bytes to be transferred. In one embodiment, only the low-order five
      bits of a complete transfer count field are stored in the state memory and
      the high-order eleven bits are stored in the channel memory. An additional
      field is then included within the state memory to specify whether the
      high-order field stored in the channel memory contains high-order bits or
      is empty. If not empty the channel memory is accessed whenever the
      low-order bits in the state memory require a borrow from the high-order
      bits. By maintaining some or all of the count field in the state memory,
      many accesses to channel memory are avoided thereby enhancing the data
      rate of transfers through the channel unit.
PAR  In accordance with the above summary, a data processing system having a
      common channel unit with circulating fields is provided which performs
      high-speed channel operations making efficient use of common channel
      apparatus.
PAR  Additional objects and features of the invention will appear from the
      following description of which the preferred embodiments of the invention
      have been set forth in detail in conjunction with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts a block diagram of the overall data processing system of the
      present invention.
PAR  FIG. 2 depicts a schematic representation of the channel unit of the
      present invention.
PAR  FIG. 3 depicts a further detailed schematic representation of the channel
      unit of the present invention.
PAR  FIG. 4 depicts a schematic representation of the data manipulator which
      forms a part of the channel unit of FIG. 3.
PAR  FIG. 5 depicts a further detailed schematic representation of the channel
      control logic which forms a part of the channel unit of FIG. 3.
PAR  FIG. 6 depicts a schematic representation of the data access control logic
      which forms a part of the channel control logic of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAC  Overall System - FIG. 1
PAR  In FIG. 1, the data processing system of the present invention is shown to
      include a main store 2, a storage control unit 4, an instruction unit 8,
      an execution unit 10, a channel unit 6 with associated I/O and a console
      unit 12. The system of FIG. 1 operates under control of system
      instructions where an organized group of those instructions forms a system
      program. System instructions and the data upon which the instructions
      operate are introduced from the I/O equipment via the channel unit 6
      through the storage control unit 4 into the main store 2. From the main
      store 2, system instructions and data are fetched by the instruction unit
      8 through the storage control 4 and are processed so as to control the
      execution within the execution unit 10. The system of FIG. 1 is described
      in more detail in the above-referenced application entitled DATA
      PROCESSING SYSTEM HAVING AN INSTRUCTION PIPELINE FOR CONCURRENTLY
      PROCESSING A PLURALITY OF INSTRUCTIONS which description is hereby
      incorporated by reference in the present specification for the purpose of
      teaching the overall general operation of a suitable
      instruction-controlled data processing system.
PAR  In addition to the above-referenced patent specifications, the publication
      "IBM System/370 Principles of Operation", SRL GA22-7000-3 published by IBM
      Corporation, is hereby incorporated by reference for the purpose of
      further teaching the general details of a data processing system
      compatible with the present invention.
PAC  CHANNEL UNIT - FIG. 2
PAR  In FIG. 2, the channel unit 6 of FIG. 1 is shown in schematic form
      connecting the I/O controllers 411' to the S-unit 4. The number N of
      channels is variable, but, for the present specification, N is 16
      indicating 16 channels. The channel control logic CCL 403' operates to
      control the channel apparatus and the allocation of its different parts to
      specific channels. The channel control logic 403' includes a memory
      addressing and priority allocation unit 444 for determining which part of
      the channel control logic 403' will be allocated to which channel. Logic
      403' additionally includes four control segments (parts) which are
      attached to the memory addressing unit 444. Although FIG. 2 shows division
      into four segments, other divisions are possible. Each of the control
      logic segments may be dedicated to specific functions where each segment
      operates independently of the others. In FIG. 2 state control 428'
      receives an instruction for a specific addressed channel from the I-unit
      on input bus 426. State control 428' then suitably addresses and modifies
      the one of the sixteen channel state store locations contained in the
      channel memories 448 which corresponds to the addressed channel.
      Subsequently, other control logic segments perform operations required to
      implement the instruction from the I-unit. The operations typically
      include accessing the S-unit by S-unit access logic 430', control word
      processing by the op control 429' or transfer of data to a control unit
      411'. Typically, each logic segment 428', 429', 430' or 432' will itself
      modify the channel state store, in the channel memories 448 as it performs
      its operations. These operations typically require accesses to other
      channel memories contained in the channel memory 448.
PAR  The input from the I-unit 8 of FIG. 1 via line 426 is derived from the
      effective address register (not shown) of that I-unit where, at
      appropriate times, a channel number (four low-order bits of an 8-bit byte)
      are generated designating, in a 16 channel system, which one of 16
      channels is to be currently processed. The channel specified on line 426
      is processed by different channel unit parts at different times. For a
      given transfer, the state control logic 428' receives the command and
      channel number from the I-unit unit and modifies the channel state store
      location associated with that channel, such that other control logic
      segments perform coordinated actions. In the 16 channel example, the
      channel state memory includes 16 locations and the particular one
      associated with the channel specified on line 426 is addressed by the
      circuitry 444.
PAR  The operations performable by the channel unit 6 of FIG. 1 include
      transfers of information between the S-unit 4 and the channel memory 448,
      and transfers of information between the channel memory 448 and I/O
      devices through the I/O control units 411'. Transfers between the S-unit
      and the channel memory 448 are under control of the S-unit access memory
      and controls 430'. Similarly, transfers between the channel memory 448 and
      the I/O controllers 411' are under control of the CTLR access memory and
      controls 432'.
PAC  CHANNEL UNIT - FIG. 3
PAR  In FIG. 3, the channel unit 6 represented in FIG. 1 and FIG. 2 is shown in
      further detail where the channel memory 448 of FIG. 2 is divided into
      three physical parts and the control logic is divided into four physical
      parts. The channel memory parts are the shifting channel state (SCS) store
      which includes stages SCS0 through SCS15 including the delay 431, the
      local channel store (LCS) 406 which includes a channel buffer store (CBS)
      and a subchannel state store (SSS) and the subchannel buffer store (SBS)
      408. The control logic parts include the state controls 428, the OCL
      controls 429, the DACL controls 430 and the CICL controls 432.
      Additionally in FIG. 3, the channel unit-6 includes register circuitry
      404, a data manipulator 405, and remote interface logic 407. The remote
      interface logic (RIL) 407 communicates with a plurality of I/O controllers
      411. The C-unit 6 functions to interconnect I/O devices associated with
      the I/O controllers 411 with the remainder of the data processing system
      of FIG. 1.
PAR  The channel control logic (CCL) 403 includes, in accordance with the
      present invention, a shift register memory (SCS0 through SCS15) which is
      addressable for each channel of the C-unit 6. In FIG. 3, that memory
      includes state (STATE) locations 428 for controlling and specifying the
      state of an addressed channel, operation and control logic (OCL) locations
      429 for specifying and controlling the operations of channels, data access
      control logic (DACL) locations 430 for controlling the accessing of data
      information from and to the S-unit of FIG. 1, and central interface
      control logic (CICL) locations 432 for accessing of information to and
      from the I/O controllers 411 through the remote interface logic (RIL) 407.
      In the present embodiment of the invention, the stages 428, 429, 430 and
      431 are implemented by shift register stages which circulate their
      contents. In another embodiment, the storage in stages 428 through 431 is
      implemented with a random access memory. In each embodiment there is a
      location in storage with each channel and there is a method of accessing
      that location in memory.
PAR  In addition the channel control logic (CCL) 403 includes control 433 which
      communicates with the console unit 12 of FIG. 1 for carrying out console
      specified commands.
PAR  Command latch register 450 receives, on input bus, 13 bits of control data
      which are latched in command latch register 450 under a command on the
      latch control line 545 designated as C VALID. The bits in command latch
      register 450 are output on bus 455 where output bits 12 and 11 are input
      to the subchannel buffer store 408 for controlling store 408 in response
      to console commands.
PAR  Bit 10 from register 450 is input to the local channel store (LCS) 406 for
      controlling the local channel store on command from the console 12.
PAR  Bits 9, 8 and 7 from the register 450 are input to the registers 404 to
      control the registers with input information on bus 543.
PAR  Controls 433 include a channel clock network 454 which are inhibited or
      started under control of bits 6, 5 and 4 from register 450. Controls 433
      additionally include an initial program load (IPL) mode circuitry 453
      which controls the channel unit during the IPL mode of operation in
      response to bit 3 from register 450. Bit 2 from register 450 is
      communicated from the register 450 as an input to stage SCS15 of the state
      stages 428. Bit 1 of the register 450 is input to the register access
      control 452 which controls the loading of the register circuitry 404 via
      the input bus 543. Bit 0 of register 450 is input to re-set controls 451
      which operates to reset the C-unit circuitry 6 in response to the bit 0 of
      the command register 450.
PAR  In FIG. 3, the registers (REG) 404 of the C-unit of FIG. 3 are shown in
      further detail. The registers 404 include a 32-bit storage unit address
      register (SUAR) 464, a 32-bit storage unit data register (SUDR) 465, a
      32-bit working register (WR) 466, a 13-bit local channel store address
      register (LCSAR) 467 and a 32-bit local channel store fetch data register
      (LCSFDR) 468. The WR register 466 receives information from the S-unit via
      input bus 394 and has its output connected via bus 424 as an input to the
      channel data manipulator (CHDM) 405. The WR register 466 also has an input
      derived from the LCS FDR register 468 and from the sub-channel buffer
      store (SBS) 408 via bus 423. The data path widths have been, for
      simplicity in this specification, given generally, ignoring parity bits
      which are present in a conventional manner. For example, for 32 bits, 4
      bits of parity are present one per 8-bit byte.
PAR  The SUAR register 464 also receives an input from the LCS FDR register 468
      and provides its output to an address decrementer (DECR) 435 which has an
      input on bus 353 which connects as an input to the buffer address register
      (not shown) in the S-unit. The SUAR register 464 in cooperation with the
      decrementer 435 is operative to specify the address within the storage
      unit at which information is stored or fetched by the C-unit 6.
PAR  The SUDR register 465 is operative to store data to the storage unit via
      byte mover 436 and output bus 358. The data fetched on bus 394 into the
      data register 465 or stored via bus 358 is done at the location in the
      storage unit specified by the addresses on address bus 353.
PAR  Information fetched from the storage unit is also stored in the WR register
      466 where it is transmitted via bus 424 to the channel data manipulator
      405. Data from the channel data manipulator is received back via bus 425
      and stored in the data manipulator out register (DMDR) 437. The register
      437 has its output connected as an input to the data handling register
      (DHR) 439 which in turn has its output connected as an input to the local
      channel store (LCS) 406 and the subchannel buffer store (SBS) 408.
      Additionally, the DHR register 439 has an input from the interface logic
      data register (ILGDR) 438. The register 438 is connected to receive via
      its input bus 415 data from the remote interface logic (RIL) 407.
PAR  The remote interface logic 407 shown in FIG. 3 connects to the I/O
      controllers (control units) 411 and accordingly, the transfer of data into
      the data processing system from I/O devices is through the ILGDR register
      438. When data is received into the registers 404 through the remote
      interface logic 407 it passes through the data register 438 to the local
      channel store 406 or the subchannel buffer store 408 before being further
      transmitted to the data processing system. When information is to be
      transmitted from the registers 404 out to I/O devices, the information is
      accessed from the local channel store via bus 421 and it is latched in the
      local channel store fetch data register 468, the output of which connects
      as an input to the ILPDR register 440. From the register 440, data to be
      transmitted to an I/O device is selected one or two bytes at a time from
      register 440 by byte selector 441. The output bus 416 from selector 441
      includes 16 bits of data, two 8-bit buses (plus parity), which are
      connected as an input to the remote interface logic 407.
PAR  In summary, the registers 404 are operative to store data fetched from the
      S-unit via bus 394 or to store data into the S-unit via bus 358 at an
      address location in the S-unit specified by the address on bus 353. The
      information transferred between the registers 404 and the S-unit is also
      stored in the local channel store 406 or the subchannel buffer store 408
      via buses 419 at an address specified by bus 420 and is accessed back into
      the register 404 from those stores via buses 421 and 423. For data
      transfers between the registers 404 and I/O devices, information is output
      through the remote interface logic on bus 416 and is input to the
      registers 404 from the remote interface logic.
PAC  C-UNIT CHANNEL DATA MANIPULATOR - FIG. 4
PAR  In FIG. 4 the channel data manipulator 405 of the C-unit of FIG. 3 is shown
      in further detail. The data manipulator 405 receives the 32-bit input on
      bus 424 which connects to many locations within manipulator 405.
      Specifically, the input bus 424 connects as an input to the state
      registers 476, to the flag bits 477 and to the command register 446.
PAR  The state register 476 functions to hold status information concerning the
      operation of the registers and channels within the C-unit of FIG. 3.
      Registers 476 have an input to the inselect gates 487 and form a part of
      the input to the OCL 429 as part of the bus 498. The flags 477 function as
      storage devices for indicating when certain functions have occurred and
      similarly have an input to the OCL via bus 498. The command register 446
      functions to latch command words and make them available through gate 487.
      Also, the register 446 contents is recoded into a more convenient format,
      in recode logic 478 and is then connected as an input to the OCL via bus
      498.
PAR  Additionally, the input bus 424 connects to the subchannel state logic 482
      which functions to control and analyze information related to subchannel
      information stored in the subchannel state store (SSS) which forms part of
      the local channel store 406 by causing SSS accesses based on the
      successively incremented contents of the device address register 479. The
      state logic 482 searches the information on bus 424 for the highest
      priority subchannel. The subchannel state logic 482 communicates with the
      OCL via an input from the OCL on bus 497 and via an output to the OCL on
      bus 499. Additionally, the subchannel state logic 482 responsive to the
      information on bus 497 and in the device address register 479 establishes
      a priority which is provided as an input to the inselect gates 487 for
      storage in the subchannel state locations of the local channel store 406.
PAR  Bus 424 also connects as an input to the device address register 479 where
      that register is employed to specify which device is to be processed under
      control of C-unit of FIG. 3. Device address register 479 is also loaded
      directly from the effective address register (EAR, not shown) on bus 426.
      The device address on bus 426 input to register 479 is eight bits. Those
      eight bits along with four higher order bits, for specifying the channel
      number, are input on bus 426 to the control multiplexor 704 in the state
      logic 428 of FIG. 6.
PAR  The device address register 479 is updated in increments of eight by the +8
      incrementer 480 which receives an output from register 479 and forms a new
      input to the register 479. A comparator 481 receives an input from the
      register 479 and from the input bus 424 for detecting when the device
      address register 479 specifies the same device which is identified on bus
      424. The results of the comparison in comparator 481 are stored in a
      register 486 which has its output connected to the OCL as part of bus 498.
PAR  Bus 424 also serves as one input to the data manipulator adder 483. Adder
      483 also receives inputs from the data access control logic (DACL) on bus
      492 for use in connection with data transfers between the S-unit and
      channel memories. Adder 483 has its output connected to the inselect gates
      via bus 492 for gating mainstore addresses and data counts into the local
      channel store 406 and the subchannel buffer store 408 of the channel
      memories where they are available to be accessed in connection with
      transfers of information. The adder of 483 also receives an input from a
      backup generator 491 which under control, via input bus 497, of the OCL
      functions to correct the address within channel memory at the termination
      of procedures in connection with a channel.
PAR  In FIG. 4, the data manipulator adder (DM ADDER) 483 receives an input from
      the buffer byte count select (BBC SEL) circuitry 474. The circuit 474
      receives a 5-bit buffered byte count (BBC) which is the low-order five
      bits of the total 16-bit count field. The count field defines the total
      number of bytes of data to be transferred between the channel unit and the
      storage unit. In most instances, the buffered byte count (BBC) is received
      from the DACL action register 736 on line 460. Under some conditions when
      errors or other interruptions have occurred, the buffered byte count is
      received from the OCL on line 461. The circuit 474 also can select
      information from the bus 424 which is derived from the working register
      466 in FIG. 3. During the start-up sequence and whenever a borrow is
      required from the high-order bits of the count field, the working register
      in FIG. 3 is loaded with the count field. During start-up before any byte
      transfer, the count field is input to the right-hand port of the adder
      483. At other times during the processing when the high-order field of the
      byte count must be updated, the high-order bits are obtained from the
      working register 466 and the low-order bits (buffered byte count) are
      obtained from line 460 and together are input to the right-hand port of
      adder 483. The transfer length received is usually four since that is the
      maximum number of bytes that can be sent to storage unit at a time. Also
      this amount must be subtracted from the count field (and therefore BBC) on
      each storage unit transfer.
PAR  The left-hand port of adder 483 receives the actual byte transfer length
      (TL) which under usual circumstances is four signifying a four-byte
      transfer. The actual byte transfer length is subtracted from the remaining
      portion of the count field in adder 483 under the control of the data
      manipulator functional control (DM FCN CTL) 490.
PAR  The output from the adder 492 includes the new remaining count. During a
      start-up operation, nothing is subtracted from the initial count field and
      therefore the total count field appears on bus 492. A short sequence
      occurs during the processing to update the buffered byte count (low-order
      five bits) when a borrow from the high-order bits is not required. In the
      short sequence, the updated buffered byte count appears on the bus 492 and
      the high-order bits are ignored. A long sequence occurs when it is
      necessary to borrow from the high-order bits which are first fetched from
      the channel store to the working register 466. The high-order bits from
      the working register together with the buffered byte count (low-order
      bits) from the select circuitry 474 are input to the adder 483. The actual
      transfer length is subtracted to produce on the output bus 492 new
      remaining count.
PAR  The output from the adder 483 has the buffered byte count (five low-order
      bits) output on bus 427 to the DACL result register 737. Also, the eleven
      high-order bits are input to the extended bit calculator (EX CAL) 471. The
      calculator 471 includes an 11-input OR gate (not shown) which detects the
      existence of a logical 1 in any high-order bit of the count field. The
      output from the OR gate is selected whenever a new EX select signal
      appears on line 456 and appears on line 418. In an absence of a signal on
      line 456, the old value of EX on line 457 is retained and output on line
      418. The value of EX on line 418 is defined as the new value and it is
      output directly to the DACL result register 737 and it is also latched
      into the buffered byte count register (BBCR) 470 along with the new value
      of the buffered byte count from bus 492 at a time when the OCL provides a
      latch signal on line 462.
PAR  The particular addition or function performed by the adder 483 is specified
      by the data manipulator function controller 490 which has control
      functions specified by the operation control logic OCL on input bus 496
      from the control point decode 706 of the OCL. The six inputs on bus 496
      from the OCL are correct count, backup count, correct data, backup data,
      increment by four, and increment by eight. The input on line 417 from the
      DACL specifies whether to add or substract.
PAR  The DMOR inselect gates 487 produce the outputs on the 32-bit bus 425 which
      serves as an input to the data manipulator output register 437 in the
      register unit 404 of FIG. 3. The contents of the 32 bits are selected and
      formulated under the control of selection controls 488. Selection controls
      488 select information from the input bus 424, from the subchannel state
      logic 482, from the status registers 476, from the device address register
      479, from the data manipulator adder output bus 492, from the command
      register 446, and from the input bus 475.
PAR  The input bus 475 to the inselect gates 487 receives eight bits each on bus
      495 consisting of respectively channel number information, gated flag
      register information, and channel status information. Additionally, bus
      475 receives four bits of data relating to new subchannel state
      information on bus 497 from the OCL. Also bus 475 receives input
      information derived from the state calculator 703 of FIG. 7 via bus 495.
PAC  C-UNIT CHANNEL CONTROL LOGIC AND STATE MEMORY - FIG. 5
PAR  The channel control logic (CCL) 403 within the FIG. 3 apparatus is shown in
      further detail in FIG. 6. In FIG. 5, the state 428, the operation control
      logic (OCL) 429, the data access control logic (DACL) 430 and the central
      interface control logic (CICL) 432 form the major parts of the channel
      control logic which cooperate with the channel state memory. Each of those
      parts is allocatable to one channel at a time and each may be allocated to
      different channels than the others.
PAR  The channel state memory is comprised of shift register stages 710, one for
      each channel. Shift register stages 710 comprises a shifting channel state
      (SCS) memory which determines the status of each channel, and signifies
      which channel is available for allocation to parts of the channel control
      logic (CCL). The sixteen stages 710 identified as SCS0, SCS1, . . . ,
      SCS15 each, at any given point in time, contain information associated
      with a corresponding unique one of the channels identified as channels
      CH0, CH1, . . . , CH15. During an initial cycle at one point in time, SCS0
      contains information relating to CH0, SCS1 contains information associated
      with CH15 and so forth until SCS15 contains information associated with
      CH1. During the next clock cycle, SCS0 contains information associated
      with CH1, SCS1 contains information associated with CH.phi.. With each
      subsequent clock cycle, the channel information is stepped through the
      stages 710 in a conventional shift register fashion. After 16 cycles the
      information is again located as in the initial cycle. The clock input (not
      shown) to each of the stages 710 is conventional.
PAR  The first part of the channel control logic (CCL) 403 is the state
      circuitry 428 which is responsive to the stages SCS15 and SCS0 of the
      channel state memory. Stage SCS15 receives an input from stage SCS14, an
      input from the command latch register 450 of FIG. 3 on line 712, and an
      input on line 542 derived from the console unit 12 of FIG. 1.
PAR  The information is SCS15, during any given clock period, provides an input
      to the state calculator 703 where the configuration calculation in
      accordance with patch wire inputs on lines 708 reestablishes the
      configuration of the channel units and stores the results in SCS0.
      Additionally, the state precalculator 703 provides through register 702 an
      input to the immediate priority logic 714 the state of the channel
      associated with the contents of SCS15. At the same time, the control
      multiplexing unit 704 receives the four bit channel address on input bus
      426 from the EAR (not shown) of the I-unit of FIG. 1. Control multiplexor
      704 additionally receives op code and interrupt information on bus 426
      which is supplied through register 702 to the OCL immediate procedure
      logic 714. In addition to the input received from the I-unit via bus 426,
      control multiplexor 704 supplies control information back to the I-unit
      control via bus 716 for setting condition codes and indicating when
      operations specified by the I-unit are complete. The control multiplexor
      704 receives that condition code and op complete information via inputs
      from the OCL immediate priority logic 714 and from the OCL procedure logic
      719.
PAR  The information in stage SCS15 is gated in each cycle into stage SCS0 where
      it is latched for one cycle. Similarly, stage SCS15 receives and latches
      new information in each cycle from stage SCS14.
PAR  SCS0 provides a 46-bit input to the OCL immediate procedure logic 714. The
      OCL immediate procedure logic 714 waits for the circulating stage
      information in the stages 710 to circulate until the information for that
      channel specified by the four channel bits on bus 426 circulates to stage
      SCS1. When that addressed channel has its state information is SCS1, the
      logic 714 determines the operation which is to be performed. If the
      addressed channel is determined by the state circuitry 428 is otherwise
      idle, then the OCL 429 operates to copy the contents of SCS1 into the OCL
      staging register 721 (OCLSR). Simultaneously, the OCL immediate procedure
      logic 714 causes an "instruction" to be gated into the OCL immediate
      register 722 (OCLIR). Register 722 causes, through one of its outputs, the
      OCL result logic 725 to change the channel state information for the
      addressed channel, currently located in SCS1, from "idle" to "operation
      pending". The change from idle to pending occurs when the information in
      SCS1 is gated through the result logic 725 to the SCS2.
PAR  With the information in SCS2 indicating that an operation pending condition
      exists, the staging register 721 contains information on what that
      operation is along with information sufficient to initiate that operation.
      During this time, the I-unit is waiting for a signal back on line 716
      which will enable the I-unit to continue processing instructions within
      the instruction stream. The OCL procedure logic 719 with its input from
      the staging register 721 analyzes the contents of register 721 to initiate
      precedures which will access the channel memory (including the local
      channel store 406 and the subchannel buffer store 408). Those channel
      stores are accessed to obtain and latch the state of the addressed
      subchannel. The subchannel is identified by the data manipulator with its
      8-bit, device number input on bus 426. The identity of the subchannel is
      calculated in the OCL LCSAR address generator 728 using the information in
      the device address register 479 and information in the OCLSR 721. The OCL
      procedure logic 719 through the register (PRTR) 724 initiates sequences in
      the OCL sequencer 726. The OCL sequencer 725 includes sequential logic
      routines for carrying out control functions, through the OCL control point
      decode 706, which causes the registers 404, the data manipulator 405 and
      the four parts 428, 429, 430 and 432 of the channel control logic 403 to
      carry out their required functions.
PAR  When the procedure logic 719 has caused the sequencer 726 to initiate a
      specific procedure, procedure logic 719 is then in a wait state awaiting
      for completion of that procedure. When the logic 719 receives a signal on
      input bus 498 indicating that an initiated procedure has been completed, a
      decision is made as to what the next procedure, if any, is. When all of
      the procedures specified by logic 719 have been carried out, procedure
      logic 719 signifies that condition with a signal to the result logic 725.
      Result logic 725, thereafter when the associated channel information in
      staging register 721 also is shifted into the state SCSL causing a change
      in the channel state information setting from "operation pending" to
      "initial selection". As part of one of the procedures, the OCL LCS AR
      addressing generator 728 addresses via output bus 729 into the LCS address
      register 467 in the register unit 404. That address latched into register
      467 is then used to access the appropriate location in the LCS 406 or the
      SBS 408 both of which are shown in FIG. 3.
PAR  The channel state information of all the channels as modified from time to
      time as previously indicated, is transmitted through stage SCS2 where the
      data access control logic 430 senses that stages content in each cycle.
      Whenever the information in SCS2 indicates that a transfer between the
      channel memory and the storage unit is required, the DACL priority and
      result logic 734, provided that logic is not busy, loads the appropriate
      information into the DACL staging register (SR) 735 from where it is
      transferred into the DACL action register (AR) 736. Register 735 specifies
      the next transfer while register 736 specifies the present transfer. The
      register 736 through its input to the DACL action logic 739 controls
      transfers between the storage unit and the channel memory. The register
      737 stores information concerning the last transfer and provides through
      its output to the priority and result logic 734 the fact of completion of
      the desired transfer. Logic 740 at the appropriate time stores in stage
      SCS2 an indication that the appropriate transfer is complete.
PAR  In a similar manner, the central interface control logic 432 is responsive
      to the stages SCS3 through SCS14 through which state information for all
      channels is shifted as previously described. The CICL ISR 756 derives
      inputs either from the SCS2 or from the SCS10 stage depending on the
      enabling of the gates 751 through 754.
PAR  The information through gates 751 through 754 into the CICL initiate
      sequence register 765 is in turn connected as an input to the CICL control
      logic 757. The gates 751 through 754 are controlled by lines 770 and 771
      from the remote interface logic (RIL) of FIG. 3. They function to
      determine which of the two inputs (SCS2 or SCS10) as to register 756. The
      particular one of the channels which gains access to register 756 causes
      the control logic 757 to initiate transfers between the channel memory and
      the I/O controllers through the remote interface logic (RIL).
PAC  DATA ACCESS CONTROL LOGIC - FIG. 6
PAR  In FIG. 6, the data access control logic (DACL) which forms one part of the
      channel control logic of FIG. 5 is shown in further detail. The second
      state, SCS2, of the shifting channel state memory cyclically receives
      information from the SCS1 stage on bus 742. For each cycle, information
      concerning a new channel is available to the DACL. SCS2 cyclically outputs
      information to the SCS3 stage on bus 743 and to the CICL on the bus 744.
PAR  The information in the stage SCS2 for each cycle is input to the DACL
      priority logic 734 via bus 746 to determine if the channel in stage SCS2
      has the highest priority for an action by the DACL of FIG. 6. If it does,
      the actual transfer length (TL) to be undertaken is output on a 2-bit bus
      to the staging register 735. The priority determination in logic 734 can
      be, for example, merely an indication of whether or not the DACL is
      currently busy and, if not, granting priority to whatever channel is
      currently in SCS2 by loading information into staging register 735 with a
      clock signal. Other more intricate priority relationships, of course, can
      be employed.
PAR  The actual transfer length (TL) of a transfer to be made by the DACL is
      typically four bytes and is determined by a 2-bit TL code from the logic
      734 which is loaded into staging register 735. Other lengths are employed
      for example if at the end of a transfer less than four bytes remain to
      complete the transfer. In that case, the actual length code TL represents
      3, 2, or 1 byte as is appropriate. The logic 734 also accounts for other
      special conditions, such as transfers approaching a page boundary, and
      produces control signals on the 3-bit line DTP and the 2-bit line TP.
      These controls are not necessary for use in connection with the present
      invention and are not discussed further.
PAR  The staging register 735 accepts information from logic 734 and directly
      from stage SCS2 on 23-bit bus 746. That information includes the 1-bit old
      EX, the 5-bit old BBC, the channel number, and other control information
      not pertinent to the present invention. Of particular interest in the
      present invention is the old BBC field which stands for buffered byte
      count (BBC) and the 1-bit EX field which stands for extended BBC BIT (EX).
      The BBC field is the low-order five bits of the remaining count field. The
      EX bit signifies whether any of the 11 high-order bits are present in the
      remaining count field. The staging register 735 holds among other things
      the BBC, that is, low-order five bits of the desired count field, the EX
      indication of whether any high-order eleven bits exist in the 16-bit count
      field, and the TL indication of the actual transfer length to be
      undertaken in the present operation of the DACL. The information in
      staging register 735 defines the next transfer to be performed by the
      DACL. The contents of the action register 736 represents the transfer
      currently being performed by the DACL. When the current transfer is
      completed, the information about the next transfer in register 735 is
      loaded into register 736.
PAR  The contents of the action register 736 are input to the DACL action logic
      739. The action logic 739 is combinatorial logic which steps through a
      fixed sequence as a function of the input from action register 736. The
      action logic uses the action state register 739-2 for storing the
      sequencing states of the DACL action logic. The sequencing of the action
      logic 739 controls many timing signals which are output on control bus
      748. The timing signals on bus 748 are conventional latching and
      transferring data and their specific sequences are defined hereinafter in
      connection with the operation of the present invention.
PAR  The action logic 739 includes a conventional comparator for comparing TL,
      the actual transfer length desired, with the old BBC. If TL is less than
      or equal to BCC, the actual transfer can occur with a short sequence and
      hence the action logic 739 and state sequence register 739-2 causes a
      short sequence to be carried out as hereinafter explained. If TL is
      greater than BBC, then the old EX field is examined. If EX is set (meaning
      high-order bits exist) at a time when TL is greater than the old BBC, then
      the action logic 739 and state sequence register 739-2 specifies a long
      sequence. The long sequence fetches the high-order bits from the channel
      memory and thereafter replaces the remaining count field into channel
      memory. If BBC is less than or equal to the maximum transfer length TL (in
      this case 4) and EX is not set, then the short sequence is followed. When
      the old BBC is reduced to all O's, and the EX is not set, the original
      transfer is complete and the count exhausted.
PAR  In general, the outputs from the action logic 739 cause the transfer of
      bytes of information between the channel memory and the storage unit. In
      addition to making the actual transfer of bytes of information, the action
      logic 739 causes the remaining count field to be decremented by the amount
      of the actual transfer. In accordance with one embodiment of the present
      invention, the decrementing of the count field is achieved by initially
      decrementing the BBC circulating in the state memory and the count field
      in local channel store if necessary. When a borrow from the high-order
      bits is necessary, a long sequence is empolyed to access the high-order
      bits from the local channel store 406, to decrement the total remaining
      count field, and to store the new remaining count field back into the
      store 406.
PAR  The old BBC and the old EX, prior to the actual transfer, appear in the
      action register 736. The old BBC is output on the 5-bit bus 460 to the
      data manipulator circuitry of FIG. 4. Similarly, the old EX from register
      736 is output on 1-bit line 457 to the data manipulator of FIG. 4. After
      processing by the data manipulator, the new EX on 1-bit line 418 is
      received from the data manipulator and is stored in the result 1 register
      (R1R) 737. Similarly, the new BBC is received on 5-bit bus 427 and is
      stored in the R1R register 737. The channel number is input to the result
      register 737 from a register 749 which stores the value of the last
      channel having control of the DACL. The channel number in register 749 is
      derived from the action register 736. When the channel number, the new
      BBC, and the new EX are input to the register 737, they are available for
      loading to the result 2 register (R2R) 741. The channel numbers in both
      the result registers 737 and 741 are available as inputs to the priority
      logic 734. In this manner, the channels having control of the DACL may be
      used to decide that the channels presently being serviced by the DACL have
      no priority to use the DACL. With the new BBC and the new EX values in the
      register 741, they are available for posting back into the state memory
      through the DACL result logic 740.
PAR  Logic 740 includes a conventional comparator which receives the channel
      number from SCS1 on bus 750 from bus 742 and compares it with the channel
      number in R2R register 741. When a compare occurs, the new EX and new BBC
      values in register 741 are gated through the result logic 740 to the bus
      745 where they are inserted into the SCS2 stage along with information
      from SCS1. The old BBC and old EX in SCS1 are discarded. The amount of
      time required to make the transfer to the storage unit and new values of
      EX and BBC can be inserted into the SCS2 stage is a function of whether or
      not only the low-order field (BBC) need updated with a short sequence or
      whether a borrow is required and the entire count field must be updated
      with a long sequence.
PAC  CHANNEL UNIT OPERATION
PAR  Operation of the channel unit in accordance with the present invention is
      described in accordance with a typical instruction "START I/O FAST
      RELEASE"(SIOF). As initial conditions, all channels, 16 in accordance with
      the present example, are idle and must be initiated through the initial
      program load (IPL) or alternatively by a reset command. With the initial
      program loading carried out, instructions are loaded into the main store
      and instructions are fetched and processed by the I-unit. As part of the
      initial program loading, any I/O instruction such as SIOF sets up in
      storage a sequence of channel commands which effectively are a channel
      program. Also the initial loading places a pointer in a fixed location of
      memory, for example location 72 in the present system, which identifies
      the location of the first command in the channel command sequence. When
      the start I/O command is fetched by the I-unit, the effective address
      register in the I-unit is loaded with information which is communicated to
      the channel unit via bus 426. The channel unit recognizes the start I/O
      instruction in the state logic and waits for the addressed channel
      information, which is circulating through the stages SCSO through SCS15,
      to arrive at the SCS1 location causing notification of the immediate
      procedure logic when the appropraite one of 16 channels arrives at the
      SCS1 location. Assuming, for purposes of this example, that the state of
      the addressed channel is idle, the OCL allows the contents of SCS1 to be
      entered into the staging register 721 while the result logic 725 changes
      the state of the channel (assume channel 5 as a typical example)
      indicating by latching into SCS2 the operation pending condition. During
      each cycle, the channel information is stepped one stage at a time through
      the stages 710 so that after 16 cycles, each channel's information has
      stepped through all of the stages SCS1 through SCS15.
PAR  For a start I/O instruction, the channel information continues to step
      through the stages 710 where the OCL circuitry 429 becomes dedicated to a
      specific channel, channel 5 in the present example. While circuitry 429 is
      dedicated to channel 5 for processing, the other parts of the channel
      control logic (STATE DACL, CICL) can be employed in the processing of
      channels other than channel 5.
PAR  For a SIOF instruction, the I-unit is waiting for the channel unit and
      particularly the OCL to finish processing its part of the channel
      function. Specifically, for a SIOF instruction the OCL is responsible for
      fetching a channel address word into the channel buffer store while
      checking to insure that the subchannel state store is available for
      processing the identified addressed device. Assuming that the subchannel
      identified is device 25, (thereby implicitly identifying a subchannel),
      the procedure logic 719 after accessing the channel address word, and
      thereby locating the address of the first channel command word, stores
      command pointers into the channel buffer store of the LCS and performs
      validity checks on the information. In carrying out its functions, the OCL
      uses common data paths and memory to control the functions.
PAR  With the accessing of the first channel command word, the procedure logic
      719 signifies to the control multiplexor 704 that the SIOF instruction of
      the I-unit of the data processor has been completed as signified on the
      return lines 716, thereby allowing the I-unit to continue processing
      further instructions in its instruction stream.
PAR  With the first channel command word fetched the procedure logic 719
      notifies the result logic 725 that the initial selection state for the
      associated channel 5 should be entered into the data transferred from SCS1
      to SCS2 whenever the channel 5 information next is loaded into SCS1 during
      its normal shifting cycles. When the CICL circuitry 432 in logic 757
      detects the initial selection state of any channel, it causes a channel
      buffer store (CBS) access in order to obtain a device addresss and a
      command and to route it to the correct physical interface and the correct
      I/O controller using the remote interface logic 407 of FIG. 3.
PAR  Assuming the first command is to transfer information from the control unit
      to the main store, the CICL manipulates the control lines and the LCS
      causing data to be transferred from the I/O controllers to the LCS. The
      CICL through control logic 757 and output bus 780 to the appropriate
      channel stage SCS4 or SCS12, maintains a record of what locations of LCS
      contain the transferred data. When a sufficient amount of data is gathered
      into the LCS, the DACL recognizes the necessity of a transfer to main
      store by observing the state of channel 5 as it appears in the SCS2. At
      this point, the DACL will cause a transfer of data from the LCS to main
      store.
PAR  When the channel command word was obtained from the I-unit of FIG. 1, it is
      transmitted under control of the OCL over bus 394 to the working
      register(WR) 466 in FIG. 3. From there it is transmitted through the data
      manipulator 405 to the bus 425 without alteration and is latched into the
      DMOR register 437. From there it is latched in the DHR register 439 and
      stored in the local channel store 406. In that way, the 16-bit count field
      initially becomes stored in the channel store 406.
PAR  When the count field from the channel command word is gated from the WR
      register 466, it passes through the adder 483 in the data manipulator of
      FIG. 4 and appears unaltered on bus 492. On the bus 492, the five
      low-order bits are extracted and loaded into the BBCR register 470. From
      there, the initial value of the new BBC is gated to the OCLRR register 467
      in FIG. 5.
PAR  At the same time in the manipulator of FIG. 4, the eleven high-order bits
      of the total transfer length field are input to the EX calculator 471
      where in high-order bits are OR'ed to form the initial new EX signal on
      line 418 which is stored also in BBCR register 470 and transferred to
      OCLRR register 467. From register 467, the initial new EX and BBC values
      are gated by logic 725 into SCS2 when SCS1 contains the appropriate
      channel number.
PAR  As a typical example, a total count of thirty-six bytes is assumed. In the
      16-bit count field, the eleven high-order bits include ten high-order O's
      followed by a 1 and the low-order five bits are 00100. The count appears
      in binary notation as 100100 preceded by ten high-order 0's.
PAR  With the above typical example, the initial new BBC stored in SCS2 by the
      OCL is 00100. The value stored in SCS2 for the initial new EX bit is 1,
      since the lowest-order bit in the high-order eleven bits is 1.
PAR  With the initial new BBC and the initial new EX stored in SCS2, the DACL is
      ready to commence a transfer of 36 bytes of data whenever channel number 5
      obtains priority for use of the DACL. When channel 5 does obtain priority,
      the BBC and the EX for channel 5 in SCS2 are gated through to the action
      register 736. In register 736 the BBC and the EX are now treated as the
      old BBC and the old EX and are examined in action logic 739. Assuming that
      the usual case actual transfer length TL is four bytes, the value 100 of
      TL is compared with the BBC in register 736 by logic 739. Since BBC having
      a value of 00100 is equal to or greater than the value of TL which is 100
      action logic 739 calls for a short sequence. The short sequence is
      identified in the following CHART I.
TBL                CHART I -- Short Sequence                                   
     ______________________________________                                    
     Cycles                                                                    
           CHANNEL TO S-UNIT                                                   
                          Cycles   S-UNIT TO CHANNEL                           
     ______________________________________                                    
     1&2   Fetch Data Address                                                  
                          1&2      Fetch Data Address                          
     3&4   Fetch Data     3&4      "Not Used"                                  
     5&6   Store Data Address                                                  
                          5&6      Store Data Address                          
     7&8   "Not Used"     7&8      Store Data                                  
     ______________________________________                                    
PAR  In making the short sequence transfer of data from the channel store to the
      storage unit, the data address in the channel store must be first accessed
      from the channel store and placed in the storage unit address register 464
      of FIG. 3. Each access of the channel store requires two cycles. Next, the
      data itself must be fetched from the channel store using the address in
      register 467. The accessed data is output on bus 421 and stored in the
      register 468 from where it is transferred to register 465 and out to the
      storage unit through bus 35B. Finally the modified data address which
      identifies the next byte to be transferred is stored back into the local
      channel store 406. A similar sequence is employed for a transfer of
      information from the storage unit to the local channel store 406.
PAR  During the above short sequence identified in CHART I, a transfer of four
      bytes occurs between the storage unit and the channel unit. Accordingly,
      the TL value 100 must be subtracted from the initial total count field to
      form the remaining count field. The TL value 100 is subtracted from the
      BBC value 00100 in the data manipulator and forms a result of 00000 which
      is the new BBC.
PAR  Note that since the initial BBC was 100, the 100 subtraction of TL was made
      without needing a borrow from the high-order field. Therefore the old EX
      bit remains valid and is selected to be the new EX bit. Hence new EX=1.
PAR  After subtraction of 100 from the BBC, the new BBC is 00000. That new BBC
      is, of course, stored in the R1R register 737 and subsequently R2R 741 of
      FIG. 6 and is transferred to the SCS2 thus momentarily completing the use
      of the DACL by channel 5.
PAR  With the new EX and the new BBC stored in the SCS2 stage, the state memory
      continues to circulate until channel 5 again reappears in SCS2 and obtains
      priority for use of the DACL. Since the total transfer of thirty-six bytes
      has not occurred, channel 5 will again at some time be given priority by
      the priority logic 734 in FIG. 6. When channel 5 gains priority, the
      channel 5 number, a new TL value of four bytes, the now old BBC(00000) and
      the old EX(1) are gated into the staging register 735. The old BBC (00000)
      and the EX bit(1) are gated to the data manipulator on buses 460 and 457,
      respectively.
PAR  In the present instance, the TL value equal to 100 cannot be subtracted
      from the old BBC equal to 00000 without a borrow from the high-order bits
      which are known to exist because EX is 1. Accordingly, a long sequence
      must be followed in order to properly subtract the actual transfer
      length(100) from the remaining count(100000) arrived at, as always, by
      concatinating the high-order eleven bits of the count word in LCS with the
      BBC field of SCS. The long sequence is summarized in the following CHART
      II.
TBL                CHART II -- Long Sequence                                   
     ______________________________________                                    
     Cycles                                                                    
           CHANNEL TO S-UNIT                                                   
                           Cycles  S-UNIT TO CHANNEL                           
     ______________________________________                                    
     1&2   Fetch Data Address                                                  
                           1&2     Fetch Data Address                          
     3&4   Fetch Data      3&4     Fetch Count                                 
     5&6   Fetch Count     5&6     Store Modified                              
                                   Data Address                                
     7&8   Store Modified  7&8     Store Modified Count                        
           Data Address                                                        
     9&10  Store Modified Count                                                
                           9&10    Store Data                                  
     ______________________________________                                    
PAR  In the long sequence in the above CHART II, the two additional steps of
      Fetch Count and Store Modified Count are added. During the Fetch Count
      step, the total count field, including the eleven high-order bits, are
      fetched from the local channel store and are gated to the register 468
      from where it is transferred to the working register 466. In the data
      manipulator of FIG. 4, the high-order eleven bits from register 466 (1
      preceded by ten 0's) are concatinated with the low-order bits (which is
      the old BBC of 00000 on bus 460) and are input to the right-hand port of
      the adder 483. Concurrently the TL value of 100 is input to the left-hand
      port of adder 483 and the left input is subtracted to form the result on
      bus 492. When 100 is subtracted from 100000, the result on bus 492 is
      011100.
PAR  The new BBC is 11100 and the new EX is 0. Since in the particular example
      chosen, all eleven high-order bits are 0 so that the new EX bit is now set
      to 0. Also, it is necessary to store back the count in the LCS since it
      presently contains a non-zero high-order eleven bit count field. The new
      EX equal to 0 and the new BBC equal to 11100 are stored in the result
      registers 737 and 741.
PAR  When channel 5 again appears in SCS1, a comparison is made in the result
      logic 740 and the new EX and the new BBC are stored in SCS2. The
      information in SCS2 continues to circulate in the state memory until the
      priority logic 734 again determines that channel 5 has priority. At this
      point, the channel 5 number, the now old BBC(11100) and the old EX(0) are
      input to the action register 736. The action logic 739 determines that the
      old BBC(11100) is greater than the actual transfer length 100 so that a
      short sequence is called for.
PAR  The short sequence is repeated as given in CHART I above. Four bytes of
      data are transferred from the channel memory to the storage unit while the
      high-speed data manipulator subtracts 100 from the old BBC 11100 to form
      the new BBC equal to 11000. From this point on the O value for the EX bit
      does not change since no borrows are needed from the old BBC.
PAR  The operation continues with a short sequence until the new BBC has been
      reduced to 00000. Since EX is also .phi., at this time, both the DACL and
      OCL can determine that the data transfer is complete.
PAR  When all data has been transferred, the OCL notes this fact and causes the
      result logic 725 to operate on the channel state such that channel 5
      becomes idle. Thereafter, channel 5 is available again for transferring
      information from the I/O controllers to the storage unit.
PAR  While the above example has been given in connection with a single channel,
      that is channel 5, it is apparent that while the different parts of the
      channel control logic are operating on the channel 5 transfer, they can be
      concurrently operating on other channels. For example, while the state
      logic 428 is busy with channel 5, the OCL logic 429 can be operating on
      the control information associated with some other channel while
      simultaneously the DACL logic 430 may be processing still a third channel
      while the CICL is processing still a fourth channel. As each part of the
      channel control logic 403 becomes available it accepts an input from the
      shifting channel state(SCS) and begins processing an appropriate channel.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof it will be understood by those
      skilled in the art that various changes in form and details may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A data processing system including system storage apparatus and channel
      unit apparatus for transmitting data received from input/output devices
      over a plurality of channels to said storaoge apparatus, the improved
      channel unit apparatus comprising,
PA1  channel store means for storing information including said data to be
      transferred over said channels,
PA1  state memory means, common to all of said channels, having a plurality of
      groups of locations, one group for each of said channels where each group
      stores information for a different associated channel; said state memory
      means including, for each group, first locations for storing a count to
      designate a remaining transfer length where the remaining transfer length
      specifies a number of bytes of said data remaining to be transferred over
      the associated channel, and
PA1  data access control means, common to all of said channels, for controlling
      the transfer of said data over said channels, said control means including
      means connected to said state memory means for cyclically accessing the
      locations for each channel, means for storing said count in each of said
      first locations, and means for requesting a data transfer, having a
      requested transfer length, over each channel in response to a decode of
      said count in each of said first locations, said control means including
      means for decrementing the count in said first locations for each actual
      data transfer by a count equal to the requested transfer length; said
      control means including means connected to said channels and responsive to
      information stored in said memory means for controlling the accessing of
      said channel store means for the fetching and storing of said data for
      each channel.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said control means includes, means for
      storing low-order counts in said first locations for each channel and
      means for storing corresponding high-order counts in said channel store
      means for each channel, where each of the corresponding concatenated
      high-order byte portion and low-order byte portion counts specify the full
      byte count and where the full count specifies the total number of bytes of
      data remaining to be transferred over the associated channel,
PA1  said control means including means for detecting whenever the requested
      transfer length is less than the low-order count, means for accessing said
      high-order count from said channel store means, and means for decrementing
      the full count including said high-order count and said low-order count to
      form a new full count.
NUM  3.
PAR  3. The apparatus of claim 1 further including addressing means for
      addressing said channel store means to fetch or store data to be
      transferred, addresses of data to be transferred, and high-order counts
      representing the high-order lengths of data to be transferred where the
      counts in said first locations represent the corresponding low-order
      lengths of data to be transferred, and wherein said data access control
      means further includes sequential logic means for sequencing said
      addressing means in a short sequence for accessing said channel store
      means to fetch a data address, to store a modified data address and to
      store or fetch data; and for sequencing said addressing means in a long
      sequence for accessing said channel store means to fetch a data address,
      to store a modified data address, to fetch or store data, to fetch a count
      and to store a modified count,
PA1  said control means further including means for sensing the low-order count
      in said first locations for each channel, and including means for
      detecting when the requested transfer length is less than or equal to said
      low-order count to enable said short sequence and means for detecting when
      the requested data transfer length is greater than said low-order count to
      enable said long sequence.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said state memory means further
      includes a second location, for each group, for storing an indication of
      whether any high-order non-zero count is stored in said channel store
      means and wherein said data access control means further includes means
      for comparing the requested data transfer length when said low-order count
      in said first locations to cause said sequencing logic means to follow a
      long sequence if the requested data transfer length exceeds the low-order
      count and said second location indicates that a high-order non-zero count
      is stored in said channel store means.
NUM  5.
PAR  5. The apparatus of claim 1 further including addressing means for
      addressing said channel store means to fetch or store data to be
      transferred, addresses of data to be transferred, and high-order counts
      representing the high-order lengths of data to be transferred, where the
      counts in said first locations represent the corresponding low-order
      lengths of data to be transferred, and wherein said data access control
      means further includes sequential logic means for sequencing said
      addressing means in a short sequence for accessing said channel store
      means to fetch a data address, to store a modified data address and to
      store or fetch data; and for sequencing said addressing means in a long
      sequence for accessing said channel store means to fetch a data address,
      to store a modified data address, to fetch or store data, to fetch a count
      and to store a modified count,
PA1  said state memory means further including a second location, for each
      group, for storing an indication of whether any associated high-order
      non-zero count is stored in said channel store means,
PA1  said control means further including means for sensing said first and
      second locations for each channel and including means for comparing the
      requested transfer length with said low-order count in said first
      locations to cause said sequencing logic means to follow a long sequence
      if the requested transfer length exceeds the low-order count and said
      second locations indicate that a high-order non-zero count is stored in
      said channel store means.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said state memory means includes a
      plurality of shift-register stages, one stage for such group, where each
      stage stores said first and second locations for a different one of said
      channels, said shift-register stages connected to cyclically shift whereby
      said data access control means sequentially receives the information for
      different channels.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said data access control means includes
      means for storing a modified low-order count into a shift-register stage
      to replace the old low-order count for the same channel after an actual
      data transfer.
NUM  8.
PAR  8. A data processing system including system storage apparatus and channel
      unit apparatus for transmitting information over a plurality of channels
      between input/output devices and said storage storage apparatus, the
      improved channel unit apparatus comprising,
PA1  channel store means for storing information from or to input/output devices
      to be transferred over said channels, said channel store means having
      addressable locations associated with each channel, said addressable
      locations including, for each channel a first storage area for storing the
      next address in a third storage area of said channel store means of data
      to be transferred, a second storage area for storing the high-order counts
      designating the high-order length byte portion of the number of bytes of
      data to be transferred, and a third storage area for storing the data to
      be transferred,
PA1  state memory means having a plurality of groups of locations, one group for
      each of said channels; said state memory means including, for each group,
      first locations for storing low-order counts to designate the low-order
      byte portion of the number of bytes of data remaining to be transferred
      over the associated channel and including, for each group, a corresponding
      second location for designating if a high-order non-zero count is stored
      in said second storage area of said channel store means, and
PA1  control means for requesting a data transfer of information over said
      channels from or to said third storage area, said control means including
      means connected to said state memory for cyclically accessing the
      locations for each channel and for causing a data transfer over each
      channel in response to a decode of said count in each of said first
      locations, said control means including means for decrementing the
      low-order count in said first locations for each data transfer and means
      for decrementing the high-order count in said channel store means in
      conjunction with said low-order count when the length of a requested data
      transfer exceeds said low-order count and the corresponding second
      location indicates a high order non-zero count is stored in said channel
      store means.
NUM  9.
PAR  9. The apparatus of claim 8 further including addressing means for
      addressing said channel store means to fetch and store data to be
      transferred, to fetch and store addresses of data to be transferred, and
      to fetch and store high-order counts representing the high-order length,
      and wherein said data access control means further includes sequential
      logic means for sequencing said addressing means in a short sequence for
      accessing said channel store means to fetch a data address, to store a
      modified data address and to store or fetch data; and for sequencing said
      addressing means in a long sequence for accessing said channel store means
      to fetch a data address, to store a modified data address, to fetch or
      store data, to fetch a count and to store a modified count,
PA1  said control means further including means for sensing a low-order count in
      said first locations for each channel, and including means for detecting
      when a requested data transfer length is less than or equal to the
      low-order count to enable said short sequence and means for detecting when
      the requested data transfer length is greater than the low-order count to
      enable said long sequence.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said state memory means includes a
      plurality of shift-register stages, one stage for each group, where each
      stage stores said first and second locations for a different one of said
      channels, said shift-register stages connected to cyclically shift whereby
      said data access control means sequentially receives the information for
      different channels.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said data access control means
      includes means for storing a modified low-order count into a
      shift-register stage to replace the old low-order count for the same
      channel after an actual data transfer.
NUM  12.
PAR  12. The apparatus of claim 11 further including data manipulator means for
      performing subtraction of the actual tranfer lengths from the catenated
      high-order and low-order count said data manipulator means including means
      for detecting any high-order non-zero count and responsively setting an
      indication in said second location for each channel.
NUM  13.
PAR  13. In a data processing system including system storage apparatus and
      channel unit apparatus including a channel store means and a state memory
      for transmitting over a plurality of channels information between input
      output devices and said storage apparatus, the improved method comprising,
PA1  storing the address of data to be transferred in a first storage area of
      the channel store means,
PA1  storing the high-order counts, designating the high order length byte
      portion of the number of bytes of data remaining to be transferred, in a
      second storage area of the channel store means,
PA1  storing the data to be transferred in a third storage area of the channel
      store means,
PA1  storing low-order counts in first locations, for each channel, in the state
      memory to designate the low-order byte portion of the number of bytes of
      data remaining to be transferred over the associated channel,
PA1  storing an indication in a second location, for each channel, in the state
      memory for designating if a high-order non-zero count is stored in the
      channel store means,
PA1  cyclically accessing the locations for each channel and transferring data
      over each channel in response to a decode of said count in each of said
      first locations, and
PA1  decrementing the low-order count in said first locations for each data
      transfer, and decrementing the high-order count in said second storage
      area of the channel store means in conjunction with said low-order count
      when the length of a requested data transfer exceeds said low-order count
      and said second location indicates a high-order count is stored in the
      channel store means.
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ABST
PAL  Apparatus for utilizing a logical, record oriented move instruction is
      disclosed. By utilizing separately maintained data field descriptors which
      define the attributes of the data, the move instruction is able to
      transfer a multitude of different data types. From a source operand the
      logical instruction transfers data field by field to the destination. At
      the time of transfer, the logical move instruction reformats the data to
      meet the destination's description. The move instruction is applicable
      both to removing data from a data file and to restoring data into the data
      file.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Related Applications
PAR  1. "Address Development Technique Utilizing a Content Addressable Memory",
      invented by James L. Brown and Richard P. Wilder, Jr., filed on Aug. 24,
      1972, having Ser. No. 283,617 and assigned to the same assignee as the
      instant invention.
PAR  2. "Segmented Address Development", invented by Bienvenu and filed on May
      16, 1974, having Ser. No. 470,496 and assigned to the same assignee as the
      instant invention.
PAR  3. "Data Processing System Utilizing Data Field Descriptors for Processing
      Data Files", invented by Charles W. Bachman, filed on Dec. 13, 1973,
      having Ser. No. 424,259 and assigned to the same assignee as the instant
      invention.
PAR  4. "Data Processing System Incorporating a Logical Compare Instruction",
      invented by Charles W. Bachman, filed on Dec. 13, 1973, having Ser. No.
      424,406 and assigned to the same assignee as the instant invention.
PAR  5. "Data Processing System Utilizing a Hash Instruction for Record
      Identification", invented by Charles W. Bachman, filed on Dec. 13, 1973,
      having Ser. No. 424,391 and assigned to the same assignee as the instant
      invention.
PAR  6. "Procedure Calls And Stack Mechanism" invented by Marc Appell et al.,
      filed on Nov. 30, 1973 in France, having French Ser. No. 73 42705,
      assigned to the same assignee named herein and further filed in the U.S.
      on a priority convention date of Dec. 2, 1974 and having U.S. Ser. No.
      529,019.
PAR  B. Field of the Invention
PAR  This invention relates generally to data processing systems and more
      particularly to an apparatus for transferring data from a source field to
      a receiving field.
PAR  C. Description of the Prior Art
PAR  Because today's digital processors are capable of operating at rates many
      times higher than the rates at which individual users are able to supply
      and accept data, the concept of time sharing a single data processor
      between a large number of users is finding wider and wider application. A
      significant problem which has long been encountered by time sharing
      services arises from the fact that the large number of users of the
      service write their own data base files and therefore specify the data in
      their data bases in a variety of ways. As a consequence of having a
      variety of different data types, data processing manufacturers have had to
      write complicated programs to convert and handle each of the various data
      types. This development is expensive since it not only includes a large
      amount of storage space required for instructions for each data type but
      also results in an extremely slow performance by the data processor.
PAR  For primitive operations such as a move operation, the concept of data
      independence has become significant. In description controlled files,
      i.e., files where the description of the contents and structure of the
      data is carried separately from the program, data independence requires
      two forms of data field representation, i.e., first the form of data field
      seen by the program and second the form of the data field on secondary
      storage. This requirement, however, makes the task of deblocking and
      enblocking data many times more burdensome. It has been shown that a
      substantial amount of data processing time is used in first decoding the
      type of move instruction required to deblock or enblock data and second,
      in the selection of the specific move instruction based on the
      characteristics of the sending and receiving operands.
PAR  One prior art solution to the problem of providing a move instruction to
      deblock and enblock different formats of data utilizes an instruction
      having additional bits. Some of these additional bits would indicate the
      data type of the source and the remainder of the bits would indicate the
      data type of the destination. With this knowledge, the proper subroutine
      to be invoked in order to transfer data from the source to a description
      consonant with the destination would be possible. While this solution
      eliminates the subroutine necessary to determine the format of data, this
      solution suffers from the fact that the data types must be known
      beforehand. Moreover, when new or different users are added to the data
      processing system, a regression to the former practice results since a new
      program and additional memory space is required.
PAR  The present invention concerns itself with a move instruction defined for
      all data types. Thus no matter what format a user defines his data base
      files, the move instruction is applicable for each situation. Moreover, by
      providing a move instruction defined for all data types, data independence
      is achieved.
PAR  In the related application to Charles W. Bachman, Ser. No. 424,259, filed
      on Dec. 13, 1973, incorporated fully herein, the data field descriptors
      describing the attributes of the various fields of a user are enumerated.
      By utilizing these data field descriptors, the move instruction becomes a
      general purpose logical instruction which operates on a plurality of
      various data types. It accomplishes this feature by transferring and
      reformatting the data at the time of execution into the format required by
      the destination. Thus prior to the execution time, a general procedure has
      been followed which requires no specialized subroutine as required by the
      prior art. Moreover, the specialized instructions having the additional
      bits are not required herein since the general purpose instruction itself
      executes the move operation based on the data field descriptors associated
      with the data fields.
PAR  This solution provides further embellishments in that alteration of the
      records in a field or restructuring of records in a file is easily
      accomplished by merely changing the data field descriptor. Since the
      instruction is not dependent upon the information as defined by the user,
      any alteration or change is resolved at execution time as was the
      situation for the unaltered fields. As a result, no additional or new
      subroutines or other solutions are required.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide an improved data processing
      system which is able to operate with a variety of data types from a
      plurality of users.
PAR  It is another object of this invention to eliminate the requirement of
      special subroutines to operate on primitive operations such as a move for
      each variety of data types.
PAR  It is a further object of this invention to provide a move instruction in a
      data processing system which significantly increases the operational
      performance of the overall system and eliminates the programmed
      requirements previously necessary.
PAR  It is yet another object of this invention to provide a data processing
      system which can quickly and efficiently execute a logical move
      instruction for all data types.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects are achieved according to one embodiment of the
      invention and according to one mode of operation thereof, by providing in
      a data processing system a move instruction which locates both the data of
      the source field and the data attributes of the source and destination
      operands. The latter attributes are developed by indirection of an address
      syllable within the move instruction which specifies data field
      descriptors. After the data and its attributes have been determined, the
      move instruction under control of a control store unit and a control store
      interface adapter unit provides for the transfer and reformatting of the
      data to meet the receiving field description. When all the data of the
      source field has been transposed to the receiving field, the next
      instruction is executed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features which are characteristic of this invention are set forth
      with particularity in the appended claims. The invention itself, however,
      both as to its organization and operation together with further objects
      and advantages thereof may best be understood by reference to the
      following description taken in connection with the accompanying drawings
      in which:
PAR  FIG. 1 (which includes FIGS. 1a-1c) is a schematic diagram of various
      hardware structures utilized in the present invention;
PAR  FIG. 2 is a general block diagram of a data processing system embodying the
      present invention;
PAR  FIG. 3 (which includes FIGS. 3a-3c) is a diagram of the move instruction
      flow utilized in the present invention;
PAR  FIG. 4 is a schematic diagram of circuitry utilized in the data processing
      system of FIG. 2 and designed to carry out the move instruction shown in
      FIG. 3 in accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 the words which provide for the implementation of the move
      instruction of the present invention are illustrated. More specifically,
      FIG. 1a shows the first word of move instruction 100 utilized in the
      present invention. In FIG. 1a, the first eight bits specify and operation
      code, i.e., OP code that has a particular bit designation which when
      decoded identifies the move instruction. The next 4 bits, bits 8-11 are
      shown as MBZ which indicates these bits must be zero. Bits 12-31 identify
      the first address syllable which is a logical representation of the source
      field operand in memory.
PAR  For the particular type of operation utilized herein the address syllable
      has its first bit, i.e., bit 12 set to a binary ONE. This bit is utilized
      to specify the indirect addressing mode which accesses data field
      descriptors as shown in FIG. 1c via the mechanism cited in co-pending
      application to Charles W. Bachman for Data Processing System Utilizing
      Data Field Descriptors for Processing Data Files. The retrieval and
      development of the data field descriptors will not be explained herein
      since a comprehensive description has been made in the above application.
PAR  For the move instruction, two address syllables are required since the
      attributes of the source and the destination must be known. Thus the first
      address syllable, AS1, i.e. bits 12-31, specifies the logical operand of
      the source as provided by the user and brought into a memory location; and
      the second address syllable, AS2, i.e. bits 44-63, specifies the logical
      operand of the destination.
PAR  Each address syllable AS1 and AS2 for a move instruction references a data
      field descriptor, as shown in FIG. 1c as words 102, 104, and 106. Words
      102 and 104 will eventually be stored in the general registers designated
      in FIG. 1b as bits 32-39. In the second word of instruction 100, bits
      32-35 designate a first general register corresponding to the first
      address syllable; bits 36-39 designate a second general register which
      holds the information developed by the second address syllable. The second
      address syllable is shown as bits 44-63 which like address syllable AS1
      develops by indirection words a data field descriptor in FIG. 1c.
PAR  A data field descriptor may include up to three words shown as words 102,
      104 and 106. Word 102 is a data descriptor which has a tag field for its
      first two bit locations. This tag field has a code 01 which indicates that
      an additional word(s) is part of the descriptor. This additional word(s)
      is an extended data descriptor 104 which may indicate another word 106 to
      be subsequently explained. Word 102 also contains a segmented address
      indicated as STE, STN and displacement. These fields locate the operand,
      i.e. data field, which the extended data descriptor describes. The
      segmented address development is fully described in the Segmented Address
      Development application previously cited. Any of the indirect addressing
      structures may be used since word 102 is merely illustrative of one
      indirect addressing mechanism.
PAR  Word 104 is an extended data descriptor which contains descriptors
      particularized to the operand. These descriptors are decoded by the
      circuitry to be subsequently explained such that high overall performance
      for the move instruction is realized. More specifically, in word 104, bits
      32-34 identify a bit string which offers the user the capability of
      compacting information on his files in the form of bit strings. Bit 35
      must be zero. Bits 36-38 specify an array field which defines array
      control of the operand. By array control is meant that more than one
      operand is located in the data field pointed to by the address syllable.
      If the value of bit 36 is a binary ONE, word 106 having a length and size
      field is accessed in order to determine the location of the particular
      operand and its size in the array field.
PAR  Bit 39 of the word 104 specifies an alterability indicator. If the
      alterability indicator is present, i.e., if the bit is a binary ONE, the
      operand in the source field as described by the data field descriptors may
      be written into the operand pointed to by the destination.
PAR  Bits 40-63 of word 104 specify the data field descriptors identifying
      characteristics of the data. More specifically, bits 40-47 specify the
      data type. By data type is meant a description of certain features of the
      format of information as provided from a user. For example, a binary code
      of certain value could indicate alphanumeric string; unpacked decimal;
      packed decimal; and other various formats of information. For purposes of
      the move instruction, four groups will be distinguished. The first group
      is the alphanumeric string format whereby field-to-field transformations
      occur. The second group includes unpacked and packed decimals which are
      changed to the receiving field configuration; the third group concerns
      additional formats which must be translated to the receiving fields
      description; and the fourth group concerns those formats unavailable for
      translation purposes and requiring an exception condition to invoke
      another mechanism. Translation is provided by well known means such as
      programmable read only chips (PROM). Depending upon the data processor,
      the following data types may, at least, be classified in group three:
      character strings, unsigned short binary data, signed short binary data,
      unsigned long binary data, signed long binary data, short logical binary
      data, long logical binary data. Obviously, as other data formats are
      introduced, translation tables may be provided for them.
PAR  Bits 48-55 define the key field of the operand. The key field is a
      description of certain features for a particular data type, i.e., a
      description of the form of information which the user has provided. As a
      result, the key field provides a secondary imposition of requirements on
      the data type. For example, if pounds per square feet were to be moved
      from a source field to pounds in a destination field, the key would
      indicate that such an operation was not allowable. Thus, even if data
      types are compatible, some conversion may be required if unequal key
      fields are presented.
PAR  Bits 56-63 of word 104 are an 8 bit length description of the operand
      pointed to by the address syllable. The length description indicates the
      number of bytes in the operand. The operand's length may meet the
      following condition: first, for a byte string the length must be less than
      or equal to 256 bytes; second, for a decimal string, the length must be
      less than 32 digits. If the length exceeds these limits, an illegal data
      exception results.
PAR  FIG. 1c shows word 106 containing bits 64-79 specifying a length indication
      and bits 80-95 specifying a size indication. Each of these is used when
      the array bound index of bits 36-39 of word 104 is present. A detailed
      explanation of these fields is given in the Charles W. Bachman patent
      application previously cited as related Application No. 3. In order to
      simplify the description of the invention, the mechanism provided by this
      word 106 to obtain the data is not explained herein.
PAR  The explanation of the operation of the instruction 100 as shown in FIGS.
      1a and 1b and the data field descriptors resulting from the address
      provided by instruction 100 as shown in FIG. 1c will be better understood
      when viewing the block diagram of FIG. 2 which shows a data processing
      hardware system which utilizes the invention.
PAR  Referring to FIG. 2, a main memory 201, is comprised of four modules of
      metal-oxide semiconductor (MOS) memory. The four memory modules 0-3 are
      interfaced to the central processor unit 200 via the main store sequencer
      202. The four main memory modules 0-3 are also interfaced to the
      peripheral subsystem such as magnetic tape units and disk drive units (not
      shown) via the main store sequencer 202 and the input/output controller,
      IOC 220. The main store sequencer gives the capability of providing access
      to and control of all four memory modules. Because the memory store
      sequencer 202 can overlap memory cycle request, more than one memory
      module 0-3 may be cycling at any given time. The CPU 200 and the buffer
      store memory 204 and the IOC 200 can each access a double word (8 bytes)
      of data in each memory reference. However, in a CPU memory access, either
      the four high-order bytes or the four low-order bytes are selected and
      only four bytes of information are received in the CPU 300.
PAR  Operations of the CPU are controlled by a read only memory ROM, herein
      called the control store unit 210. (Control store units for implementing
      the invention are found in a book entitled Microprogramming: Principles
      and Practices, by Samir S. Husson and published in 1970 by Prentice-Hall
      Inc. Other typical control store units are described in U.S. Pat. to
      Leonard L. Kreidermacher, having U.S. Pat. No. 3,634,883 issued Jan. 11,
      1972, and assigned to Honeywell Inc.). Each location in the control store
      memory 210 can be interpreted as controlling one CPU cycle. As each
      location of control store is read, its contents are decoded by a micro-op
      decode function. Each micro-op decode function causes a specific operation
      within the CPU to take place. For example, control store data bits 1, 2,
      and 3 (not shown) being decoded as 010 could bring high a micro-op decode
      function that causes an A reqister (not shown) to a B register (not shown)
      transfer. Because each control store memory location may contain 30 to 80
      bits, many micro-op decode functions can be brought high for each control
      store cycle.
PAR  By grouping locations, control store sequencers are obtained that can
      perform a specific CPU operation or instruction. As each instruction is
      initiated by the CPU 200, certain bits within the op-code are used to
      determine the control store starting sequence. Testing of certain flops
      (not shown) which are set or reset by instruction decode function allows
      the control store memory to branch to a more specific sequence when
      necessary.
PAR  The control store interface adapater 209 communicates with the control
      store unit 210, the data management unit 206, the address control unit 207
      and the arithmetic logic unit 212 for directing the operation of the
      control store memory. The control store interface adapter 209 includes
      logic for control store address modification, testing, error checking, and
      hardware address generation. Hardware address generation is utilized
      generally for developing the starting address of error sequences or for
      the initialization sequence.
PAR  The buffer store memory 204 is utilized to store the most frequently used
      or most recently used information that is being processed by the CPU 200.
      The buffer store memory is a relatively small, very high speed memory
      which contains 128 columns and 2 rows, referred to as the upper row and
      the lower row. It is logically divided into preset blocks which are
      uniquely addressable. These blocks are called pages and each page of
      memory contains 32 bytes of information. A particular page may be
      addressed by the most significant 16 bits of the main memory address, the
      least significant five bits being used to address a particular byte of
      information within the page. Pages may be transferred from main memory to
      buffer store memory with a column assignment maintained--i.e., a page from
      a column one in main memory is always transferred into column one in the
      buffer store memory. However, whether the information is placed on the
      upper or lower row of the column depends on availability. Therefore, for
      each column of main memory pages (for instance for a system having 256K to
      2 megabytes in main memory, these would be 64 to 512 pages), there are two
      pages in buffer store. For example, column 37 in main store may contain
      any two pages of information from column 37 in main memory. The two pages
      of information contained in the buffer store column at any given time
      depend on which pages have been most recently accessed by the CPU--i.e.,
      the two most recently accessed pages typically reside in the buffer store
      memory 204.
PAR  Whether a given page of information is contained in buffer store 204 can be
      determined only by examining the contents of the buffer store directory
      205. The buffer store directory is logically divided in the same manner as
      buffer store, however, instead of pages of information, each column in the
      buffer store directory 205 contains the main memory row address of the
      corresponding information in the buffer store 204. For example, if column
      0 of buffer store 204 contains page 20 in the lower row, the buffer store
      directory contains 10100 and 00000 in the lower and upper row
      respectively. Thus, by accessing the buffer store directory 205 with the
      column number and comparing the requested row number with the row number
      contained in the buffer directory location, the CPU can determine whether
      a given page is contained in buffer store.
PAR  The data management unit 206 provides the data interface between the CPU
      200 and main memory 201 and/or buffer store memory 204. During a memory
      read operation, information may be retrieved from main memory or buffer
      store memory. It is the responsibility of the data management unit 206 to
      strobe the information into the CPU registers at the proper time. The data
      management unit also performs the masking during partial write operations.
PAR  The instruction fetch unit 208 which interfaces with the data management
      unit 206, the address control unit 207, the arithmetic and logic unit 212
      and the control store unit 210 is responsible for keeping the CPU 200
      supplied with instructions. The unit attempts to have the next instruction
      available in its registers before the completion of the present invention.
      To provide this capability, the instruction fetch unit 208 contains a
      12-word instruction register (not shown) that normally contains more than
      one instruction. In addition, the instruction fetch unit, under control of
      the control store 210, requests instructions from main memory 201 before
      the instruction is actually needed, thus keeping its 12-word instruction
      register constantly updated. Instructions are thus prefetched by means of
      normally unused memory cycles. The instruction fetch unit also decodes
      each instruction and informs the other units of the instruction's length
      and format.
PAR  The address control unit 207 communicates with the instruction fetch unit
      208, the buffer store directory 205, the main store sequencer 202, the
      arithmetic logic unit 212, the data management unit 206, and the control
      store unit 210 via the control store interface adapter 209. The address
      control unit 207 is responsible for all address development in the CPU.
      All operations of the address control unit, including transfers to, from
      and within the unit, are directed by control store micro-ops and logic in
      the unit. The normal cycling of the address control unit depends on the
      types of addresses in the instruction rather than on the type of the
      instruction. Depending on the address types, the address control unit may
      perform different operations fro each address in an instruction.
PAR  The address control unit 207 also contains an associative memory that
      typically stores the base address of the eight most recently used memory
      segments, along with their segment numbers. Each time a memory request is
      made, the segment number is checked against the associative memory
      contents to determine if the base address of the segment has already been
      developed and stored. If the base address is contained in the associative
      memory, this address is used in the absolute address development, and a
      considerable amount of time is saved. If the base address is not contained
      in the associative memory, it is developed by accessing the main memory
      tables. However, after the base address of the segment is developed, it is
      stored in the associative memory, along with the segment number, for
      future reference.
PAR  Interfacing with the address control unit 207, the instruction fetch unit
      208 and the control store unit 310 is the arithmetic logic unit 212 which
      is the primary work area of the CPU 200. The arithmetic logic unit's
      primary function is to perform the arithmetic operations and data
      manipulations required of the CPU. The operation of the arithmetic logic
      unit is completely dependent on control store micro-ops from the control
      store unit 210.
PAR  Associated with the arithmetic logic unit 212 and the control store unit
      210 is the local store unit 211 which may be comprised of a 256-location
      (32 bits per location) solid state memory and the selection and read/write
      logic for the memory. The local store memory 211 is used to store CPU
      control and maintainability information. In addition, the local store
      memory 211 contains working locations which are primarily used for
      temporary storage of operands and partial results during data
      manipulation.
PAR  The central processing unit 200 typically contains eight base registers
      located in arithmetic logic unit 212 which are used in the process of
      address computation to define a segment number, an offset, an a ring
      number. The offset is a pointer within the segment and the ring number is
      used in the address validity calculation to determine access rights for a
      particular reference to a segment.
PAR  The IOC 220 is the portion of the central processor subsystem that
      completes a data path from a number of peripheral subsystems to main
      memory. It provides the path through which peripheral commands are
      initiated, and it controls the resulting data transfers. The IOC can
      handle a maximum of 16 channel control units, and each channel control
      unit can accommodate one peripheral control unit. It is these peripheral
      control units which provide to the central processing subsystem the user's
      data base files.
PAR  Referring now to FIG. 3 there is shown a flow diagram of the move
      instruction. FIG. 3 when read in conjunction with FIGS. 2 and 4 explain
      the overall operation of the system. FIG. 4 is a schematic diagram which
      shows the transfers and manipulations of the data by the move instruction
      at the system level. When read in conjunction with FIG. 3 showing the flow
      chart, the operation and procedure incorporated in the move instruction
      will be understood.
PAR  Since the present invention pertains to data processing systems, the
      description thereof can become very complex. To prevent undue burdening of
      the description with matter within the knowledge of those skilled in the
      art, a block diagram approach has been followed, with a functional
      description of each block and specific identification of circuitry it
      represents. The individual engineer is free to select elements and
      components such as flip-flop circuits, shift registers, etc. from his own
      background as from available standard references such as "Arithmetic
      Operations in Digital Computers", by R. K. Richards (Van Nostrand
      Pulbishing Company), "Computer Design Fundamentals" by Yaohan Chu
      (McGraw-Hill Book Company, Inc.) and "Pulse, Digital and Switching
      Waveforms", by Millman and Taub (McGraw-Hill Book Company, Inc.).
      Moreover, the details of the mechanism responsive to the micro-operations
      for move instructions are not shown since they are well known to those of
      ordinary skill in the art.
PAR  It should be noted that FIG. 3 is a detailed flow diagram of step 432 of
      the Charles Bachman patent application previously cited on Page 2 as
      reference No. 5, and is one of the general purpose logical instructions
      which may be executed. As a result at this time, the instruction 100 shown
      in FIGS. 1a and 1b is stored in an instruction register 400 of the
      instruction fetch unit 208 shown in FIG. 2. The move operation code has
      been detected by control store interface adapter 209 which in turn enables
      control store unit 210 to provide for a series of tests upon the data and
      data field descriptors of both the source data and the destination. These
      tests are generated by microinstructions from the control store unit 210.
      The results of these tests are detected by control store interface adapter
      209 which, depending on the tested results, may modify the next
      microinstruction such that a related microinstruction incorporated the
      detected condition is generated.
PAR  The interconnection of the control store unit 210 and the control store
      interface adapter 209 provides a micro-branch technique wherein the
      signals received by the control store interface adapter are translated
      into a direct address in the control store unit 210. The operation
      resulting establishes a direct path for subsequent data transfers taking
      into account the previously detected conditions. This sequence of events
      occurs for each diamond illustrated in FIG. 3 and is not hereafter
      described in any detail. (For a further explanation of this operation,
      reference to the U.S. Pat. No. 3,634,883 issued to Leonard Kreidermacher,
      Jan. 11, 1972, and U.S. Pat. No. 3,560,993 issued to Scott Schwartz on
      Feb. 2, 1971, both assigned to the same assignee as this invention, should
      be consulted.)
PAR  Prior to start step 300, the instruction 100 is processed so as to provide
      the data field descriptor and the data field. While there are many
      alternative methods for indirect address development (see, for example,
      U.s. Pat. No. 3,412,382, issued to Couleur et al on Nov. 19, 1968), a
      preferred method is as follows.
PAR  Each address syllable contains a predetermined bit field which identifies a
      base register located in arithmetic and logic unit 212. This base register
      contains a segment number and an offset. The segment number references a
      table which provides a descriptor locating the segment storing the data
      descriptor desired. To idenfify this data descriptor, the offset provided
      by the base register is added to the displacement field in the address
      syllable.
PAR  The data descriptor may contain up to three words as shown in FIG. 1c. This
      is initially determined by testing the tag field of word 102 which has now
      been fetched. If the tag field has a 01 encoding, it is known that there
      is at least one additional word, i.e., word 104. After fetching word 104,
      bits 36 to 38 are tested to determine if word 106 should also be fetched.
PAR  Word 102 is utilized to identify the location of the operand desired
      whereas words 104 and 106 identify the attributes of the operand located
      from word 102.
PAR  Word 102 is developed exactly as the address syllable. Thus, a base
      register is located, the base register having a segment number and an
      offset. After the segment number is referenced to a table to provide a
      segment descriptor locating the segment containing the operand, the offset
      in the base register is added to the displacement of word 102 thus
      identifying the exact location of the operand within the segment. All the
      computations described are performed in the authentic and logic unit 212
      in a well known manner.
PAR  To summarize the development of the data field descriptors and the operand,
      the address syllable of the instruction in conjunction with a base
      register is used to locate the data field descriptors 102 to 106. Word 102
      is then utilized in conjunction with another base register to locate the
      particular operand desired. Words 104 and 106 describe the attributes of
      the operand so located.
PAR  At start step 300 in FIG. 3, the attributes of the data field descriptors
      (i.e., word 104, and word 106, if necessary) have been tested with the
      following results. The data types are legal and have been determined to be
      compatible and the key fields are known to be identical. After testing,
      data field descriptors associated with the first and second address
      syllables are stored in working registers 406 in the local store unit 211.
PAR  In step 302, the AC register 408 contains word 104 associated with the
      source operand and the AD register 410 contains word 104 associated with
      the receiving operand. A selection mechanism 428 selects the length byte,
      i.e., bits 56-63 from both AC register and AD register and transfers them
      to the AA register 412 and the AB register 414 respectively. The selector
      mechanism 428 acts on any byte in the AC or AD registers. This can be
      accomplished by shifting the contents to predetermined locations or by
      merely selecting any bit positions contained within the register. The
      selector mechanism is not shown in detail since not only is it well known
      in the art, but also to describe it would unduly burden the description
      herein.
PAR  In step 304 the length attribute of the first address syllable is tested to
      determine whether or not it is zero. This is accomplished by subtracting
      via the AG register 420 a constant from the length attribute contained in
      register 412. The zero constant is loaded under control of control store
      unit 210. Since it is assumed that every field referenced has a length, if
      a zero is obtained from the subtraction, the actual length is 256 bytes
      long. Thus if a zero result is tested, the control store unit 210 loads
      all binary ONES into the AA register 412 in step 306.
PAR  For step 308 the same test is performed on the length attribute of the
      receiving operand. This length value indicates the space required to be
      reserved for the operand in the destination field. Step 308 corresponds to
      step 304 except that the constant loaded in AG register 420 is subtracted
      from the AB register 414 via calculator 422. At this time, the length for
      each of the operands involved in the move operation is known.
PAR  In step 312 a determination of the data type of the source data and the
      destination data is made. Depending upon the data type, branches to the
      different microinstructions in the control store unit 210 are made. In
      step 312, the ascertaining of the data types is made by transferring the
      bytes of each data type into the AA and AB registers, respectively, via
      the selector mechanism 428 operating on registers 408 and 410. The data
      type of the source data stored in AA register 412 is then ascertained via
      subtraction from a constant loaded into the AG register 420 by control
      store unit 210. If the testing of the result indicates that the data type
      is an alphanumeric string, then a branch to step 316 occurs. If the tests
      indicate that the data type is a packed or unpacked decimal, then a branch
      to step 318 occurs; and if the data type is neither an alphanumeric string
      nor a packed or unpacked decimal, then a branch to step 320 occurs. Each
      of these microbranches initiate a sequence of steps to control the
      transfer of data to the destination. Thus, in step 314, the testing of the
      data type is made. Since it has been previously ascertained that the data
      types are compatible, only the first data type need be ascertained to
      determine the branch to be taken.
PAR  For purposes of discussion, it is assumed that a packed or unpacked decimal
      number has been determined as the data type. Upon sensing this condition,
      a branch to step 318 is executed and the following steps are sequenced by
      microinstructions of the control store unit 210 on the packed or unpacked
      decimal.
PAR  In step 318, the length descriptor is restored to the AA register 412
      associated with the source data, i.e., the first address syllable. Since a
      decimal string must be less than 32 digits, the length byte is tested to
      see whether this requirement is fulfilled. If upon subtraction from a
      constant 32 loaded in the AG register 420, a less than zero condition is
      realized, step 321 is executed. If the subtraction results in a positive
      number, then an illegal data exception in step 322 is executed. This step
      enables an exception routine which indicates that the data is incorrect.
      Since is is unusual that a number would be greater than 32 digits, step
      321 follows. In step 321 the same test has occurred for the length data
      field descriptor associated with the destination data.
PAR  In step 324, a determination of whether the source data has a legal
      representation is made. Since the destination data represents the transfer
      of legal source data, no corresponding step for the destination data is
      required. For a decimal number, the determination of legality involves a
      testing of whether the source data representation contain binary numbers
      greater than 1001, i.e., the four bit binary number must not have a value
      greater than 1001 which corresponds to a decimal 9 and whether the sign
      binary number is less than 1010.
PAR  A packed decimal number is a series of contiguous bytes in main storage
      containing a sign and magnitude representation of a decimal interger. Each
      byte contains two four bit digit encodings except for the rightmost byte
      which contains a four bit digit encoding and a four bit sign encoding. In
      a packed decimal number, digit encodings of 1010 to 1111 and sign
      encodings of 0000 through 1001 are illegal.
PAR  An unpacked decimal number is a series of contiguous bytes in main storage
      containging a sign and magnitude representation of a decimal interger.
      Each byte contains a four bit digit encoding and a four bit zone except
      the rightmost byte which contains a digit and sign encoding. The zones
      encodings of each byte of the unpacked decimal are not tested by the
      control store unit 210. The representation of an unpacked decimal number
      is illegal if, as with a packed decimal, either a digit encoding or a sign
      encoding is illegal.
PAR  After step 324, control store unit 210 executes microinstructions to
      compare the source operand data type to the destination operand data type.
      As a result in step 326, a multibranch situation from the comparison
      results. This step is accomplished by subtracting the value of the data
      type associated with the source operand from the data type associated with
      the destination operand. The result of the subtraction is a number which
      enables the multibranch operation to occur. Thus, if the source data is
      unpacked decimal and the destination data is packed decimal, a branch to
      step 328 occurs. If the source data is packed decimal and the destination
      data is unpacked decimal, a branch to step 330 occurs. If the source data
      and the destination data are the same, step 332 is executed.
PAR  For step 324 and for steps 328, 330 and 332, the accessing of main memory
      to obtain the source operand is performed. This is accomplished as
      follows. The main memory location as determined from the first address
      syllable is developed into a data descriptor which identifies the proper
      memory location. That data is then fetched from memory into the DN
      register 402 of the data management unit 206. The data is then transferred
      into the working registers 406 of local control unit 211. When the
      successive bytes have been accessed from memory, and the length field
      reduced to zero, the transfer of information from main memory is halted.
      With the information now located in the working store registers 406,
      transfer under micro-operation control is then made to the AC or AD
      registers as is necessary. For the transfer of the data to the destination
      register, the physical configuration of the data processing system limits
      the number of bytes transferred at a given moment. For the system
      described in FIG. 2, this would be 2 bytes at a time.
PAR  In step 328, a translation from unpacked to packed decimal is executed.
      This is accomplished by taking the digit representation and eliminating
      the zone of the unpacked decimal byte. In the last byte of the unpacked
      decimal, the four bit binary digit and the four bit binary sign are
      interchanged thus allowing a correspondence of form to the packed decimal
      representation. With the source data in packed format and the destination
      data requiring the packed format, the execution of step 332 is a mere
      transferral of the information into a destination location determined by
      the data processor.
PAR  For step 330, conversion from a packed decimal format to an unpacked
      decimal format is accomplished. This results by adding a four bit zone to
      each decimal representation in the packed format and by exchanging in the
      last byte the location of the digit and sign encodings. Thus, the source
      data is in an unpacked format. In step 332 a transferral of the data to
      the destination location is accomplished with the information remaining
      unchanged.
PAR  The reformatting of the data from packed decimal to unpacked decimal or
      vice versa is accomplished by utilizing the AG register to provide the
      zone constant. If the packed decimal to unpacked decimal reformatting is
      to be executed, the calculator 422 is set to add by the control store unit
      210. The digit encoding is provided in the lower four bits of the byte and
      the zone encoding is provided in the upper four bits of the byte. The
      addition operation then provides the unpacked decimal format and stores
      the result in local store unit 211. If the opposite situation is
      presented, i.e., the reformatting is from unpacked decimal to packed
      decimal, then a transfer of the lower four bits to working registers 406
      is made with the higher four zone bits discarded. Obviously, many other
      variations for providing the reformatting of packed and unpacked decimals
      may be implemented by those of ordinary skill in the art.
PAR  Since the source data and the destination data may have different lengths,
      step 334 indicates which length is greater. If the source data has been
      transferred and there is additional space according to the destination
      length, then extension of the source data by the addition of zeros is
      made. These zeros are added to the high ordered part of the number and
      hence no modification of the number is made. If there remains source data
      to transfer, but there is no space available according to the destination
      length indication, then the remaining bytes are truncated, i.e., the data
      is not transferred. Steps 336 to 344 enable the setting of condition codes
      to indicate whether the digits of truncated source data is significant,
      i.e. whether they were non-zero. If there were non-zero digits lost which
      is determined by a test of the remaining digits in the source data,
      control store unit 210 in step 338 sets the condition code in the status
      register 418 to a binary TWO.
PAR  Subsequently in step 340, a test is made as to whether the truncated
      non-zero digits are significant to the integrity of the data. This is
      accomplished by means (not shown). If these digits were significant, then
      a decimal overflow exception would be executed such that the truncated
      portion of the source data would be handled.
PAR  If there were no loss of non-zero digits or if there was no truncation
      involved, step 344 would be executed. The control store unit 210 sets the
      status register 418 to a binary ZERO before ending the present instruction
      and initiating the next instruction.
PAR  In step 314, it was determined that the source data was a decimal. However,
      if the source data was an alphanumeric string, a branch to step 316 is
      executed.
PAR  In step 317 as shown in FIG. 3b, comparison of the data type of both the
      source and destination data is made. This is accomplished by subtracting
      the data types from each other. If the data types are unequal, a branch to
      step 320 is made. If the data types are equal, i.e., if the result is
      zero, control store unit 210 executes microinstructions shown as steps 350
      to 368.
PAR  In step 350 it is known that both the source data and the destination data
      are alphanumeric strings. In step 350 the length byte of the data field
      descriptor associated with the second address syllable, i.e., L2, is
      subtracted from the length byte of the data field descriptor associated
      with the first address syllable, i.e., L1. The result determines whether a
      branch to step 352 or to step 354 is executed. Regardless of the result,
      two temporary registers in working registers 406 are utilized. A first
      temporary register, hereinafter referred to as N, stores the minimum
      length description. A second temporary storage register hereinafter
      referred to as Y, stores the number of zeros which are added to the
      destination data.
PAR  If the length of the destination data is less than or equal to the length
      of the source data, i.e., if a zero or negative number is sensed by
      control interface adapter 209, a branch to step 352 is executed. With this
      situation, control store unit 210 sets the N register to the length of the
      L2 field. Since the receiving field is not greater than the source field,
      no blank characters, i.e., binary zeros are added. As a result, the Y
      register is set to a binary zero. If a positive number is sensed by
      control interface adapter 209 in step 350, then a branch to step 354 is
      executed. In step 354 the contents of the length L1 are transferred to
      register N and the remainder value from calculator 422 is transferred into
      the Y register. Thus the Y register indicates when it is necessary to stop
      the blank characters from being added to the destination data.
PAR  In step 356, the temporary location of the source and destination data is
      specified. This is shown by the address X1 which points to the source data
      in main memory and the address X2 which points to the place in main memory
      where the data will be written, being changed to S1 and S2, respectively.
      S1 indicates the address of the source data in the working registers 406
      and S2 indicates the address to store the transferred data in working
      registers 406.
PAR  In step 358, control store unit 210 enables micro-operations which transfer
      the contents of the S1 registers to the S2 registers, one byte at a time.
      The number of bytes as indicated by the value stored in the N register is
      then decremented by one thus indicating how many additional bytes are to
      be transferred. This is accomplished by subtracting one via a constant in
      the AG register from the N register value transferred and stored in AA
      register 412. Thus the N-1 value is now stored in the N register. The
      address of the byte to be transferred, i.e., S1, is incremented by one
      since the next byte of the source data must be address. The
      micro-operations which perform this addition step have been previously
      described.
PAR  In step 360, the address of the next byte to be received, S2, is
      incremented by one since the data is stored consecutively in the working
      registers 406. This is shown as the S2 address becoming the S2+1 address.
      Thus, the registers are now set up so that the next byte of the data may
      be transferred.
PAR  After the contents of one byte have been transferred and the various
      registers set up to indicate the next data byte to be transferred, step
      362 tests whether or not the minimum length field, i.e., the minimum of
      either of the L1 source field or L2 destination field, has been
      transferred. If this has not occurred, a looping back to the actual
      transferral step, i.e., step 358 is executed. If the minimum length has
      been transferred, then the value of the Y register is tested to determine
      whether any blank characters should be added to the destination registers.
      This is shown in step 364.
PAR  If the value in the Y register is unequal to a zero, and the value of the N
      register is presently zero, then blank characters are added to the
      destination data, i.e., S2, and the value of the contents contained in the
      Y register are decremented by one as shown in step 366. This can be
      accomplished by loading a one in the AG register 420 and subtracting the
      contents of the Y register which is contained in the AB register 414. The
      results from calculator 422 of byte adder 416 are then stored back into AB
      register 414. Upon adding a blank byte to the destination data, the
      address S2 is incremented again as shown in step 360. This process
      continues until the value in the Y register is zero. At this time, step
      368 is executed which sets a condition code in the status register 418 to
      a zero and initiates the next instruction.
PAR  If at step 314 the data type was neither an alphanumeric string nor a
      packed or unpacked decimal, a branch to step 320 FIG. 3c is executed. In
      step 320 it is recognized that the destination data requires a translation
      of the source data. For this operation, a number of translation devices
      have been provided on programmable read only memory chips. These
      translation devices 424 receive an eight bit input of the source data as
      stored in working area 406 and provide an eight bit output to working area
      406 and eventually to the destination location. The output of the
      hardwired programmable read only memory chips provide the same information
      expressed, however, in the destination code.
PAR  If in the test provided by step 369 there is no translation device
      available, then step 370 is executed. Step 370 is a branch by the control
      store unit 210 to an unavailable translation table exception. This branch
      notifies a mechanism that no table has been provided and, as such, other
      means must be used. This other means is not disclosed herein.
PAR  Assuming that one of the translation tables 424 is provided, steps 372
      through 378 are executed. In each of these steps, a temporary storage
      register is set up as was done in steps 350 to 360. Thus the lengths and
      addresses of the data are stored in temporary storage registers N1, N2,
      S1, S2 respectively. In step 380 a test is made of the destination length.
      If this is zero, i.e., if there is no further storage spaces for the
      source data, then a condition code in status register 418 is set to zero
      and the translation process is completed. Usually, however, the
      destination length is greater than zero, so step 384 is executed.
PAR  If the source length as tested in step 384 is equal to zero and the
      destination length is not equal to zero as tested in step 380, the
      destination data must have its remaining length filled by blank bytes.
      This is shown in step 394. Once a blank byte field has been added, the
      destination length and address are decremented and incremented,
      respectively, and the above steps are repeated.
PAR  If the source length is not equal to zero, and the destination length is
      not equal to zero, then step 386 is executed. In step 386, the prom chip
      424 enables the contents of the source data to be translated. The output
      of the prom chip is then provided in step 388 to temporary storage
      register, S2, in the code specified by the destination data. These codes
      are well known to those of skill in the art and need not be shown herein.
      Steps 390, 392, 396, and 398, account for the total number and addresses
      of bytes to be transferred as was previously explained.
PAR  When the destination length is equal to zero, the entire operation is
      terminated and the next instruction is executed. This occurs whether or
      not the source data has been fully transferred. If this condition exists,
      the source data to be transferred is lost.
PAR  Although it has been shown, described and pointed out the fundamental novel
      features of the invention applied to the preferred embodiment, it is
      understood that various omissions, substitutions and changes in the form
      and details of the device illustrated in this operation may be made by
      those skilled in the art without departing from the spirit of the
      invention. For example, the move instruction described in the prior art
      may be combinable with the move instruction disclosed herein such that
      either the source or destination field is described in the instruction
      itself and the other field is described at execution time by the data
      field descriptor. This would provide a hybrid situation wherein one
      portion of the instruction is logical using a data field descriptor and
      the other portion is structured at compilation time.
PAR  A variation of the basic move instruction may be provided by a change in
      the operation code. One example of this specialized move instruction would
      involve changing the data field descriptor of the destination field. Thus,
      both the data field and the data field descriptor would be moved with the
      data field being essentially preserved but with the data field descriptor
      of the destination being reformatted since it is now the same as the
      source field's data field descriptor. This specialized move instruction
      would be useful when a new format for the data fields is desired. It
      provides the flexibility needed to easily alter the configurations of the
      data fields on a day-to-day basis. Moreover, this specialized move
      instruction would find applicability wherein movements of the data fields
      is within the data processor itself, and it is desired to keep the
      original form of the data.
PAR  It is the intention, therefore, to be limited only as indicated by the
      scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for moving data fields having a plurality of data
      structures from a first location to a destination said apparatus
      comprising:
PA1  means for storing a move instruction;
PA1  means responsive to one portion of said move instruction for addressing
      said first location which contains a first data field descriptor, said
      first data field descriptor describing the location and attributes of a
      data field;
PA1  second means responsive to a second portion of said move instruction for
      addressing said destination which contains a second data field descriptor,
      said second data field descriptor describing the location and attributes
      of a data field when stored in said destination; and
PA1  means responsive to a third portion of said move instruction for
      transferring one data field from said first location to said destination,
      said transferring means including means for reformatting at execution time
      said one data field to conform with the attributes described by said
      second data field descriptor;
PA1  said attributes of said first and said second data field descriptors
      including data type, key field and length descriptions.
NUM  2.
PAR  2. An apparatus as defined in claim 1 wherein said data type description of
      said first data field descriptor and said data type description of said
      second data field descriptor are unequal.
NUM  3.
PAR  3. An apparatus as defined in claim 1 wherein said length description of
      said first data field descriptor is unequal to said length description of
      said second data field descriptor.
NUM  4.
PAR  4. An apparatus as defined in claim 1 wherein said key field descriptions
      identify the dimensionality of said one data field.
NUM  5.
PAR  5. An apparatus as defined in claim 1 and further including:
PA1  first and second registers, and
PA1  wherein when said data type of said data fields are both alphanumeric
      strings, said transferring means in response to said data type being an
      alphanumeric string transfers into said first register the lesser length
      description of said first and said second data field descriptors and
      transfers to said second register the difference between said length
      descriptions of said second data field descriptor and said first data
      field description.
NUM  6.
PAR  6. The apparatus as defined in claim 5 wherein said transferring means in
      response to said first register transfers said one data field one byte at
      a time and wherein said transferring means further include means for
      adding to said alphanumeric string a number of blank characters
      corresponding to the value indicated by said second register.
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ABST
PAL  A medialess dictation system for storing and retrieving audio information,
      and eliminating media handling requirements as well as recording and
      transcribing delays. During a recording operation, incoming audio
      information from an operator station is converted to digital information
      and temporarily stored in a limited capacity store. From the temporary
      store, this information is indexed and stored in a primary store. For a
      transcribing or playback operation wherein desired portions of previously
      recorded and indexed information are to be retrieved, the desired indexed
      information is addressed and transferred back to the temporary store.
      Thereafter, it is converted back to audio and output through the operator
      station.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to dictation systems, and more
      specifically to a medialess dictation system wherein electronic storage
      devices and means are used for eliminating media handling and delay.
PAR  2. Description of the Prior Art
PAR  The conversion of audio information to digital information, as well as the
      conversion of digital information to audio information, is well known.
      Also, dictation systems using belts, etc. as recording media are well
      known. As yet, there are no known dictation systems in the prior art
      wherein A/D and D/A conversion techniques are used in conjunction with
      temporary and primary electronic stores controlled such that recording and
      transcribing delays do not present a burdensome problem. Data retrieval
      delays are, at present, excessive. This is particularly the case when
      selected portions of previously recorded material are to be retrieved and
      transcribed.
PAC  SUMMARY OF THE INVENTION
PAR  A medialess dictation system is provided for storing and retrieving audio
      information, and eliminating media handling as well as recording and
      transcribing delays. The system is primarily made up of an A/D converter,
      a D/A converter, two limited capacity registers, a primary store and
      included index register, and a control unit. During a recording operation,
      incoming audio information from an operator station is converted to digial
      information by the A/D converter and transferred to an available one of
      the limited capacity registers. When the capacity of the limited capacity
      register being loaded is reached, the contents thereof are transferred to
      the primary store and indexed. During this transfer, the other limited
      capacity register is loaded with succeeding incoming information. That is,
      the two limited capacity registers are alternately loaded and unloaded.
      The control of the loading and unloading of the limited capacity registers
      is through the control unit. When a transcribing operation is to be
      performed, the information stored in the primary store is alternately
      transferred back to the limited capacity registers under the control of
      the control unit. During the reloading of one of the limited capacity
      registers, the contents of the other can be transferred to the D/A
      converter for converting the digital information back into audio
      information for output to the operator station.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an overall block diagram of a medialess dictation system
      according to this invention;
PAR  FIG. 2 is a block diagram primarily illustrating the structure included in
      the hatched block in FIG. 1;
PAR  FIG. 3 is a more detailed illustration of the structure of the limited
      capacity registers A and B and control unit set out in FIG. 2;
PAR  FIG. 4 illustrates that portion of the structure of the control unit used
      for addressing, and writing control codes into, the index registers
      portion of the store and index registers set out in FIG. 2;
PAR  FIG. 5 illustrates a control code organization for the index registers
      portion of the store and index registers set out in FIG. 2;
PAR  FIG. 6 illustrates another control code organization for the index
      registers;
PAR  FIG. 7 illustrates yet another control code organization for the index
      registers;
PAR  FIG. 8 illustrates a major/minor loop bubble memory organization making up
      the store and index registers set out in FIG. 2;
PAR  FIG. 9 is a pictorial representation of data flow in the bubble memory
      shown in FIG. 8;
PAR  FIG. 10 sets forth in more detail the structure included in the station
      control logic of FIG. 4;
PAR  FIG. 11 sets forth the structure of the record logic of FIG. 10;
PAR  FIG. 12 sets forth the structure included in the play logic of FIG. 10;
PAR  FIG. 13 is a timing diagram of the "power on" sequencing for FIG. 10;
PAR  FIG. 14 is a timing diagram for recording logic of FIG. 11; and
PAR  FIG. 15 is a timing diagram for the play logic for FIG. 12.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is first made to FIG. 1 wherein there is shown an overall block
      diagram of the system according to this invention. Operator stations 1-4
      are in two-way communication with function circuits and decode block 5.
      The operator stations can be telephones (remote or internal dial or
      pushbutton), microphones (as used with the Model 271 IBM "Executary"
      Recorder), etc.. Function circuits and decode block 5 is in two-way
      communication with A/D and D/A (audio to digital and digital to audio)
      converters block 7 along line 6. Function circuits and decode block 5 also
      communicates with function memory unit and control block 11 along line 9
      for controlling such operations as record and playback as will be
      described in more detail later in the specification. A/D and D/A
      converters block 7 is in two-way communication along line 8 with function
      memory unit and control block 11 which in turn is in two-way communication
      along line 12 with transfer control block 15. Transfer control block 15 is
      in two-way communication along line 16 with bulk store block 17. Below
      blocks 7 and 11 and lines 6, 8, 9, and 12 are identical blocks and lines,
      such as, for example, 10, 13, and 21. This same combination is included in
      hatched block 20 and is set out in more detail in FIG. 2. *Registered
      Trademark, International Business Machines Corporation
PAR  Each of the equivalents of hatched block 20 are either dedicated to, or
      accessible by, the operator stations 1-4. For example, blocks 7 and 11
      could be dedicated only to station 1, or could be accessible by any of the
      other stations. The control of the function circuits and decode block 5 in
      terms of accessing is through system control unit 19 along line 22. For
      this purpose, system control unit 19 is also connected to function memory
      unit and control blocks 11 and 13 along lines 14 and 18, respectively.
      Although system control unit 19 has been set out separately, limited
      functions could readily be handled by commercially available block 5.
PAR  For a more detailed breakdown of the structure included in hatched block 20
      of FIG. 1, reference is next made to FIG. 2. During a recording operation,
      audio data or information will appear on line 6. This information will
      pass through circulator 23 and along line 47 to delta modulator 46. In
      modulator 46 the audio data is converted to digital data. Although delta
      modulators and demodulators are used herein, any commercially available
      audio-digital and digital-audio conversion apparatus would suffice. The
      output of delta modulator 46 is along line 48 to registers A and B,
      designated by reference numeral 29. Registers A and B are temporary stores
      as will be further described with reference to FIG. 3. The control of the
      incoming converted audio for temporary storage in registers A and B is
      controlled by control unit 40 along lines 30, 31, 32 and 33. Line 31 is
      for controlling the selection between registers A and B. Lines 32 and 33
      are for controlling the clock rate for inputting data into registers A and
      B. Control unit 40 is in two-way communication with registers A and B
      along line 30 for determining the "ready" condition and selection of
      registers A and B. The high rate or system clocking between registers A
      and B and store and index registers 38 is along line 36. This is
      controlled by control unit 40 along line 62. The store and index registers
      38 provide for indexing and more permanent storage as set out below. The
      transfer control between registers A and B and store and index registers
      38 is along lines 34, 35, and 39 for data transfer along lines 35 and 39.
      A system clock 45 provides both low and high rate clocking. Low rate
      clocking for data transfer into delta modulator 46 and between delta
      modulator 46 and registers A and B is along lines 42 and 44, and 42 and
      43, respectively. The system clock rate is applied to control unit 40
      along line 41. System clock 45 can be a standard counter controlled clock
      wherein every clock pulse is applied along line 41 and every tenth, for
      example, clock pulse is applied along lines 42, 43, and 44. The counter
      for controlling the low rate clocking can be a resettable counter
      structured to count to ten and automatically reset.
PAR  Also illustrated again is transfer control 15 and bulk store 17. Transfer
      control 15 is in two-way communication with registers A and B along line
      37 which is equivalent to line 12 in FIG. 1.
PAR  For review, digital data can be transferred from bulk store 17 along line
      16, through transfer control 15, and along line 37 into registers A and B,
      or to registers A and B along line 36 from store and index registers 38.
      The difference between bulk store 17 and store and index registers 38 in
      terms of function and structure can be that bulk store 17 is a recording
      belt and store and index registers 38 is an electronic cyclic memory. As
      is readily implied from the foregoing, store and index registers 38 are
      for storing information for immediate processing and bulk store 17 is for
      more permanently storing the information. Transfer control 15 is for
      controlling the transfer of information to bulk store 17. The data is then
      transferred along line 28 from registers A and B, under the control of
      control unit 40, to delta demodulator 27. Demodulator 27 will convert
      digital data back to audio. The converted digital (audio) data is applied
      along line 26 to amplifier 25, and then along line 24 to circulator 23.
      From circulator 23, the audio data is applied along line 6.
PAR  For a more detailed description of registers A and B (29) and control unit
      40, reference is next made to FIG. 3. The mode control line 9 in FIGS. 1
      and 2 is represented by the record and play lines 75 and 76 in FIG. 3. For
      a record operation, a signal is applied along line 75 to OR gate 82. The
      output of OR gate 82 is a register load signal applied along line 54. This
      signal is also applied along line 53 to AND gate 55, line 51 to AND gate
      98, line 52 to AND gate 67, and line 65 to AND gate 91. The record signal
      is also applied along line 74 to AND gate 108.
PAR  Hereinafter with reference to this figure, all references to inputs,
      outputs, signals, etc., are to be taken as "up" signals, "one" conditions,
      or positive logical levels unless otherwise indicated. In the same light,
      a zero is to be taken as a "down" signal or negative logical level.
PAR  It will now be assumed that power has just been turned on and no data has
      been stored in register A, designated by reference numeral 60. Flip-flop
      129 will have been "cleared" and a load A signal applied along line 50 to
      AND gates 55 and 98. The output of AND gate 55 is along line 56 to status
      A register 57. Status A register 57 is a storage device of equal length to
      register A, and is used for determining the capacity of register A. That
      is, status A register 57 is initially loaded with all zeros. Upon the
      loading of register A, for each bit loaded thereinto, a corresponding 1
      bit will be loaded into status A register 57. Flip-flop 129 is preset and
      cleared according to the one and zero outputs of status A register 57
      (along lines 110 and 133) and status B register 69 (along line 106). The
      loading of both register A and status A register 57 is determined and
      controlled by clock pulses or signals applied along lines 58 and 59. These
      signals are from the A/D clock and are applied along line 118. They will
      be gated through AND gate 116 when an I/O transfer A signal is applied
      along line 119. The output of AND gate 116 is applied along line 114,
      through OR gate 113, and along line 111.
PAR  The initial conditions are now met for performing a recording operation.
      Incoming digital (converted audio) data is applied along line 48 (FIGS. 2
      and 3) to AND gate 108, and then along line 81 through OR gate 80. This
      data is then applied along the data line 63 to AND gate 98. Since the
      conditions are now met for gating data through AND gate 98, the data is
      transferred along line 61 to register A. As each data bit ("zero" or
      "one") is input into register A, a corresponding logical one bit will be
      input into status A register 57. When a 1 bit is detected at the output of
      status A register 57, the capacity of register A will have been reached.
      When this occurs, the contents thereof are ready for transfer along the
      system memory line 36 and subsequent incoming data along line 48 will be
      stored in register B. Register B is designated by reference numeral 73.
      During the loading of register B, a signal will be applied along system
      memory transfer A line 121 to AND gate 112. The conditions are now met for
      gating the data stored in register A along lines 132 and 131 and through
      AND gate 112. The output of AND gate 112 is along line 123, through OR
      gate 126, and along line 36 (FIGS. 2 and 3) to the system memory. The
      system memory, designated as store and index registers 38 in FIG. 2, will
      be more fully described primarily with reference to FIGS. 8 and 9. The
      gating of data into register A, as described above, is at the A/D or a low
      clock rate. The gating of data out of register A and along line 36 is at
      the system or a high clock rate. A one bit at the output of status A
      register 57 will result in a signal applied along lines 110 and 133 to
      flip-flop 129. A load B signal will now be output from flip-flop 129. The
      signal applied along the system memory transfer A line 121 to AND gate 112
      is also applied to AND gate 117. The conditions are now met for the output
      from register A along line 36 at the system clock rate. That is, system
      clock pulses at the system clock rate are applied along line 101, through
      ANd gate 117, along line 115, through OR gate 113, and along lines 111,
      58, and 59 to status A register 57 and register A. The clock signals thus
      applied to status A register 57 will reload it with zeros as data is
      output from register A.
PAR  The signal applied along line 49 from flip-flop 129 is applied to AND gates
      67 and 91. The incoming data along line 48 is now applied along line 64,
      through AND gate 91, and along line 72 for storage in register B.
PAR  The output of zeros from status A register 57 during the loading of
      register A will result in signals applied along the data in A line 110,
      through OR gate 104, and along the data ready line 128. The same result
      will be effected with respect to status B register 69. That is, zeros
      appearing at the output of status B register 69 result in signals applied
      along lines 106 and 105, through OR gate 104, and along the data ready
      line 128. The data ready line will be described in more detail later in
      the specification when reference is made to subsequent figures. Status B
      register 69 and register B, designated by reference numeral 73, are
      identical to status A register 57 and register A. Also, the control of
      status B register 69 and register B is similar to that described with
      reference to status A register 57 and register A. That is, status B
      register 69 is a storage device of equal length to register B, and is used
      for determining the capacity of register B. Status B register 69 is
      initially loaded with all zeros. Upon the loading of register B, for each
      bit loaded thereinto, a corresponding 1 bit will be loaded into status B
      register 69. The loading of both register B and status B register 69 is
      determined and controlled by clock pulses or signals applied along lines
      70 and 71. These signals are A/D clock signals applied along line 118 and
      gated through AND gate 96 when an I/O transfer B signal is applied along
      line 99. The output of AND gate 96 is applied along line 94, through OR
      gate 93, and along line 107. Incoming digital data is applied along line
      48 to AND gate 108 and then along line 81 through OR gate 80. This data is
      then applied along the data line 64 to AND gate 91. Since the conditions
      are now met for gating data through AND gate 91, data is transferred along
      line 72 to register B. As each data bit is input into register B, a
      corresponding logical 1 bit will be input into status B register 69. When
      a 1 bit is detected at the output of status B register 69, the capacity of
      register B will have been reached. The contents thereof are now ready for
      transfer along the system memory line 36 and subsequent incoming data
      along line 48 will be stored in register A.
PAR  During the loading of register A, a signal will be applied along system
      memory transfer B line 100 to AND gate 92. The conditions are now met for
      gating the data stored in register B along line 87, through AND gate 92,
      and along line 102 to OR gate 126. The output of OR gate 126 is along line
      36 to the system memory.
PAR  The gating of data into register B, as described above, is at the A/D or a
      low clock rate. The gating of data out of register B and along line 36 is
      at the system or a high clock rate. A 1 bit at the output of status B
      register 69 will result in a signal applied along line 106 to flip-flop
      129. The output of flip-flop 129 is now applied along line 50. The signal
      applied along the system memory transfer B line 100 to AND gate 92 is also
      applied to AND gate 97. The conditions are now met for the output from
      register B along line 36 at the system clock rate. That is, system clock
      pulses at the system clock rate are applied along line 101, through AND
      gate 97, along line 95, through OR gate 93, and along lines 107, 70, and
      71 to status B register 69 and register B. The clock signals thus applied
      to status B register 69 will reload it with zeros as the data is output
      from register B.
PAR  The signal applied along line 50 from flip-flop 129 is applied to AND gates
      55 and 98. The incoming data along line 48 is now applied along line 63,
      through AND gate 98, and along line 61 for storage in register A.
PAR  The output of zeros from status B register 69 during the loading of
      register B will result in signals applied along the data-in B lines 106
      and 105, through OR gate 104, and along the data ready line 128.
PAR  From the above, it is appreciated that, for example, data is initially
      loaded into register A until the capacity thereof has been reached, and
      then while the data is being transferred out of register A for more
      permanent storage, the incoming data is stored in register B. The
      temporary storage in either register A or B occurs while the other is
      being unloaded.
PAR  For a play (playback or transcribe) operation, data is to be transferred
      from the system memory along line 120 to AND gate 78. Another input to AND
      gate 78 is the play signal applied along line 76 to line 77. The other
      input to AND gate 78 is either the system memory transfer A signal applied
      along lines 121 and 127, through OR gate 84, and along line 83, or the
      system memory transfer B signal applied along lines 100 and 85, through OR
      gate 84, and along line 83. With the conditions met for gating data
      through AND gate 78, the data is applied along line 79, through OR gate
      80, and along either lines 63 or 64 for storage in the available one
      registers A and B. The loading and unloading of registers A and B, in
      terms of control, is opposite that described above. That is, the loading
      of these registers is at the system clock rate and the unloading thereof
      is at the A/D clock rate. The lines and logical elements used are the
      same. Only the timing for application of various of the signals is
      reversed. For example, when the capacity of register A has been reached,
      subsequent incoming data is stored in register B. During storage in
      register B, the data in register A is gated out at the A/D clock rate
      along line 28 (FIGS. 2 and 3) to the I/O output line. This is controlled
      by inputs to AND gate 134. That is, a signal is applied along the I/O
      transfer A line 119. The data in A signal is applied along line 109 to AND
      gate 134. With these signals applied to AND gate 134, data in register A
      is gated along line 132, through AND gate 134, along line 122, through OR
      gate 125, and along line 28 to the I/O output line.
PAR  In like manner during the loading of register A, data is gated out of
      register B and along lines 87 an 88, through AND gate 89, along line 124,
      through OR gate 125, and along line 28 to the I/O output line 28. The
      other inputs to AND gate 89 are along the I/O transfer B line 99 and the
      data in B line 103.
PAR  Referring next to FIG. 4 there is illustrated the interconnections between
      an operator station, such as 1 in FIG. 1, and station control logic 142.
      For this illustration, it is assumed that a pushbutton telephone system is
      used. Line connections 135 and 136 are to pushbutton detection circuits
      137. Detected frequencies are applied to decode 138 made up of a number of
      AND gates, such as 139, 140, and 141. These AND gates are used for
      decoding and determining the particular button on a pushbutton telephone
      which has been pushed down. Upon decode, signals are applied along lines
      B1, B2, -- B0 to station control logic 142. Station control logic 142 will
      be more fully described with reference to FIG. 10. Other inputs to station
      control logic 142 are the data in A and data in B signals applied along
      line 143 from line 128 in FIG. 3. The output buss 144 from station control
      logic 142 is made up of lines along which the system memory transfer A,
      system memory transfer B, I/O transfer A, I/O transfer B, record, and play
      signals are applied to FIG. 3. Another output line from station control
      logic 142 is the address enable line 146, along which signals are applied
      to AND gates 147, 148, 149, and 150. Yet another output line from station
      control logic 142 is line 145 along which signals are applied for
      controlling the outputs from AND gates 147-150. Lines 145 and 146 are for
      addressing and enabling the addressing of control codes stored in the
      index registers of store and index registers 38 (FIG. 1) and appearing on
      buss 157. Control code arrangements are illustrated in FIGS. 5-7 and will
      be more fully described with reference thereto. With four index registers
      being used for storing control codes, bits defining the control codes
      appear in parallel on lines 188 through 191. For decoding, these bits are
      applied through an exclusive OR gate and AND gate arrangement. AND gates
      169, 168, 159, 158, and 170 receive inputs from the exclusive OR gates. As
      an example of the use of this arrangement, an output from AND gate 169 can
      be a continue decode signal, an output from AND gate 168 can be a no data
      decode signal, an output from AND gate 159 can be a memory beginning
      decode signal, an output from AND gate 158 can be a flag decode signal,
      and an output from AND gate 170 can be an address decode signal. These
      signals are applied to station control logic 142. The exclusive OR gate
      tier made up of exclusive OR gates 186, 182, 178 and 177 and the identical
      three tiers of exclusive OR gates to the left thereof are controlled by
      fixed inputs such as logical 1 bits applied along lines 185, 181, 176, and
      173. The other inputs to exclusive OR gates 186, 182, 178, and 177 are
      bits applied along lines 191 and 184, 190 and 182, 189 and 175, and 188
      and 172, respectively. The output from exclusive OR gates 186, 182, 178,
      and 177 are along lines 187, 183, 179, and 174, respectively, to AND gate
      158 for flag decoding.
PAR  When it is desired to write labels or index codes into the index registers,
      label input signals are applied along line 151 to AND gates 153, 154, 155,
      and 156. The other input to AND gates 153 through 156 is the write label
      or enabl signal along line 152 from station control logic 142. The control
      code outputs from AND gates 153 through 156 are applied along lines 188
      through 191 and then along line 157 for storage in the index registers.
PAR  The store and index registers 38 represented in FIG. 2 are preferably made
      up of a magnetic bubble domain arrangement or bubble memory. It is to be
      appreciated that other storage means, such as random access memories,
      electronic dynamic shift registers, etc., could be used. The bubble memory
      arrangement preferred herein is made up of a major loop, and a number of
      minor loops of which a dedicated number are used as index registers. With
      the major/minor loop concept, data is shifted into an n bit major loop
      until the data occupies every position therein and then the data is
      simultaneously transferred in parallel to the minor loops. If the minor
      loops contain an integer multiple (or divisor) of positions relative to
      the major loop, synchronism of information looping and transfer is
      maintained if all loops are clocked together. For this arrangement a
      10.sup.6 memory could be organized using 10.sup.3 bits in the major loop
      and 10.sup.3 bits in each of the 10.sup.3 minor loops.
PAR  An organization (n = 5, m = 20, where n is equal to the number of bits in
      the major loop and m the number of bits in the minor loop) of the store
      and index registers is shown with reference first to FIG. 9. The S/W
      positions in the index registers are where data is sensed and written in
      parallel. The x positions are non-accessible. Clocking causes all data to
      shift to the right one position. The input register (major loop) repeats
      four times for each revolution of the index and memory registers (minor
      loops).
PAR  The operation of inputting data into the memory will now be described.
      Previously recorded index codes appear at index sense ports (line 157 in
      FIG. 4). If the code sensed or detected is a "beginning" code as
      illustrated in FIG. 5, the first bit of input data is input at the S/W
      point in the input register. This occurs on the clock time following the
      detection of the beginning code. On succeeding clock times, bits will be
      input until five bits have been entered. No additional data can be entered
      until transfer into the main memory registers (minor loops) is complete.
      Subsequent clocking causes data to be recirculated, and later in time (one
      revolution of the index to be recirculated, and later in time (one
      revolution of the index registers), the beginning code reappears. On the
      next clock pulse or time, a no-data code (not shown) is sensed. Upon power
      on, the memory is initially loaded with no data codes. At this time, all
      of the data in the input register (major loop) is transferred in parallel
      into the main memory registers and a continue code is written into the
      index registers. This is shown in FIG. 5 following the beginning code. If
      data is to be transferred from one of the previously described registers
      (A or B in FIG. 3), clocking into the input register begins by decoding
      the index registers for determining an available position. For the index
      register data flow shown in FIG. 5, dictation is stored in memory
      beginning with a beginning code, continuing with continue codes, and
      ending with an end code when a dictator leaves the record mode.
PAR  Information is retrieved from the memory in a similar manner. For example,
      if a review/play command is issued for a number of blocks of data, a
      position flag is written into the index registers. This flag is
      illustrated in the index register data flow of FIG. 6, and can be
      repositioned on later command. This command is issued by an operator
      holding a microphone control button in a review position for a time
      proportionate to the review time desired.
PAR  After the position flag has been written into the index registers,
      information is transferred from the memory registers to the input register
      and then to registers A and B for subsequent read-out. This transfer is at
      the minor loop or system clock rate.
PAR  When playing back (play), after the information has been transferred from
      the memory registers and the flag is again sensed, it is deleted and the
      previous code or index label is reinserted. On the next clock time, the
      memory is advanced and the flag can be written over the following code.
      Then data is transferred into the input/output register for transfer to
      registers A and B.
PAR  For paragraph or thought group dictation, the index register data flow can
      be as shown in FIG. 7. Dictation is begun with a paragraph number input
      by, for example, depressing a number on a pushbutton telephone. Succeeding
      paragraphs are identified by depressing defining numbers, such as 2 for
      paragraph 2, etc. The numbered paragraphs do not necessarily have to be in
      order, and additions can be made to these paragraphs. For example, an
      addition to paragraph 1 can be recorded following the recording of
      paragraphs 1, 2 and 3, and then paragraph 4 can be recorded. The labels in
      memory would be as shown in FIG. 7.
PAR  If paragraph 1 is to be reviewed, information is transferred beginning with
      paragraph 1, skipping paragraphs 2 and 3, and continuing with paragraph 1
      until paragraph 4 is reached. Since the access time of any block of data
      is negligible, there are no noticeable gaps while playing back for
      reviewing previous dictation.
PAR  Referring next to FIG. 8 there is illustrated the major/minor loop
      organization of the bubble memory or shift registers. The major loop is
      designated by reference numeral 161. Data is transferred to and from major
      loop 161, along line 160, and through transfer control 162. When each of
      the data bit positions in major loop 161 have been filled, the contents
      thereof are transferred to the minor loops 167. Data bits are transferred
      to and from minor loops 167 and major loop 161 along lines 164 through
      transfer control units 165. The transfer control line 166 applied to each
      transfer control unit 165 controls this transfer.
PAR  Referring next to FIG. 10 there is illustrated the structure of the station
      control logic 142 shown in FIG. 4.
PAR  The depression of any one of buttons B1 through B0 will result in signals
      applied to OR gate 194. These signals will also be applied to dedicated
      flip-flops. For example, if the "one"  button on a pushbutton telephone is
      depressed, a signal is applied to OR gate 194 and also to flip-flop 192.
      The output of OR gate 194 is along line 195, through one bit delay 196,
      and along line 163 to flip-flop 192. This will result in the setting of
      flip-flop 192 and the application of a B1S signal along line 193. The
      output of one bit delay 196 is also applied along line 198 to inverter 199
      and along line 205 to AND gate 197. The other input to AND gate 197 is
      along line 195. The output of AND gate 197 is along line 204 for resetting
      each of the dedicated flip-flops associated with non-depressed buttons.
      The B1S signal applied along line 193 is also applied along line 206 to
      AND gate 209. The other inputs to AND gate 209 are a NOT power-on reset
      signal along line 207 and a memory ready signal along line 208. The output
      of AND gate 209 is along line 210 to flip-flop 211 and inverter 213. The
      output of inverter 213 is along line 214 to AND gate 215. The other input
      to AND gate 215 is from one bit delay 196, along line 198, through one bit
      delay 200, and along line 201. The signal applied along line 201 to
      flip-flop 211 in conjunction with the signal applied along line 210 will
      result in the setting of flip-flop 211. When flip-flop 211 is set a record
      signal is applied along line 212 to record logic 228. Record logic 228
      will be described in more detail with reference to FIG. 11. For now, other
      inputs and outputs from record logic 228 will be generally described. The
      inputs to record logic 228 are along the system clock line 231, the no
      data decode line 232, and the beginning decode line 233. The outputs from
      record logic 228 are along the memory transfer line 230 and the continue
      code write line 234. From the above, it is assumed that depression of the
      "one" button will define a recording operation.
PAR  It will now be assumed that a recording operation has been completed and
      that a review operation is in order. This will be defined by the
      depression of button 2. Upon depression of button 2, a signal will be
      applied to flip-flop 203 and OR gate 194. The setting and resetting of
      flip-flop 203 relative to other dedicated flip-flops will be the same as
      that described with reference to flip-flop 192. With flip-flop 203 set, a
      B2S signal is applied along line 202. This signal is also applied along
      line 216 to AND gate 219. The other inputs to AND gate 219 are the NOT
      power-on reset signal along line 207 and the memory ready signal along
      line 218. The output of AND gate 219 is along line 220 to flip-flop 221.
      With a signal applied along line 220 to flip-flop 221, flip-flop 221 will
      be set when a signal is applied along line 201 from one bit delay 200.
      Also, when flip-flop 221 is set a signal is applied along line 226 from
      AND gate 215 for resetting flip-flop 211. With flip-flop 221 set, a play
      signal is applied along line 222 to play logic 229. Play logic 229 will be
      described in more detail with reference to FIG. 12. For now, the other
      inputs and outputs relative to play logic 229 will only be generally
      described. The inputs are applied along the data in register A line 235,
      the data in register B line 236, and the system clock line 240. The
      outputs from play logic 229 are along the flag write line 237, the I/O
      transfer A line 238, and the I/O transfer B line 239.
PAR  The signals applied along the NOT power-on reset line 207 are derived from
      flip-flop 275 which is set and reset as the system is turned on and off
      and as operations change. The output of flip-flop 275 is along line 269
      through inverter 217, and along line 207.
PAR  If the zero button is next depressed, a signal is applied to flip-flop 279
      and to OR gate 194. Flip-flop 279 will be set when a signal is applied
      along line 198. When flip-flop 279 is set a B0S signal is applied along
      line 280. This would result in the resetting of flip-flop 221. That is, a
      signal is applied along line 201 to AND gate 225. The other input to AND
      gate 225 is along line 220 to inverter 223, and along line 224. The output
      of AND gate 225 is along line 227 for resetting flip-flop 221.
PAR  The output from record logic 228 along the continue code write line 234 is
      to AND gate 243. The other input to AND gate 243 originates from power-on
      detector 260. The output of power-on detector 260 is applied along line
      261 to timer 264, an then along line 258 to OR gate 252. The output of OR
      gate 252 is along line 242 to AND gate 243. The output of AND gate 243 is
      through OR gate 250 and then along the write label line 249. The output
      from record logic 228 along the continue code write line 234 is also
      applied to OR gate 241. The output of OR gate 241 is applied to AND gate
      244. The other input to AND gate 244 is along line 242. The output of AND
      gate 244 is applied through OR gate 251 and then along line 257. Line 257
      forms part of the label input buss represented by line 248.
PAR  When power is turned on to the system, this is detected by power-on
      detector 260. As pointed out above, the output of power-on detector 260 is
      applied along line 261 to timer 264. The output of timer 264 is applied
      along line 258 to inverter 262, and then along line 263 to AND gate 265.
      The other input to AND gate 265 is along line 261 from power-on detector
      260. The output of AND gate 265 is along line 266 to AND gate 267. The
      other input to AND gate 267 is derived initially from the system clock
      pulses applied along line 273 to flip-flop 274. These pulses in
      conjunction with the output from AND gate 265 along line 266 result in the
      setting of flip-flop 274. When flip-flop 274 is set a signal is applied
      along line 272 to one bit delay 270, and then along line 271 to AND gate
      267, The output of AND gate 267 is along line 268 to flip-flop 275. The
      signal applied along line 268 in conjunction with the system clock pulses
      applied along line 273 will result in the setting of flip-flop 275. When
      flip-flop 275 is set, a power-on reset signal is applied along line 269,
      through inverter 217, and along line 207. The output of flip-flop 275
      along line 269 is also applied to OR gates 250 and 251, and inverter 253.
      The output of inverter 253 is applied along line 259 to OR gate 252.
PAR  Flip-flop 275 is reset along line 276 upon the clearing of flip-flop 274.
      The output of AND gate 265 is also applied to inverter 277. The output of
      inverter 277 is along line 278 for resetting flip-flop 274.
PAR  The signals applied along lines 254-256 are initially derived from the
      output of play logic 229 along the flag write line 237. The output along
      line 237 is applied to OR gate 241 and AND gate 244, and to AND gates 245
      through 247. The other input to AND gates 244-247 are along line 242.
PAR  Referring next to FIG. 11, there is shown the structure of the record logic
      set out in FIG. 10. An incoming record signal is applied along line 282
      for setting flip-flop 300. When flip-flop 300 is set a signal is applied
      along line 301 to one bit delay 302 and to AND gate 306. The other input
      to AND gate 306 is from one bit delay 302, along line 303, through
      inverter 304, and along line 305. The output from flip-flop 300 is also
      applied along line 301 to AND gates 308 and 299. The other input to AND
      gate 308 is the data ready signal applied along line 296, through OR gate
      297, and along line 298. The signal applied along line 298 is also applied
      to AND gate 299. The output of AND gate 308 is along line 309 to AND gates
      312 and 315. The output of AND gate 306 is along line 307 for presetting
      flip-flop 311.
PAR  When a no data decode signal is applied along line 332, flip-flop 333 will
      be set. The output of flip-flop 333 is along line 335 to AND gate 336. The
      output of flip-flop 333 along line 335 is also applied to flip-flop 339
      and inverter 341. Flip-flop 339 will be set following the setting of
      flip-flop 333 when a system clock signal is applied along line 343. When
      flip-flop 339 is set, a signal is applied along line 340, through one bit
      delay 337, and along line 338 to AND gate 336. The output of AND gate 336
      is applied along line 331 to flip-flop 330. This signal in conjunction
      with the system clock signal applied along line 343 will result in the
      setting of flip-flop 330. With flip-flop 330 set, a signal is applied
      along line 329 to AND gate 299. The output of AND gate 299 is along the
      continue code write line 344, and to flip-flop 311 for setting flip-flop
      311. With flip-flop 311 set, a signal is applied along line 310 to AND
      gate 312. An output is also applied to AND gate 312 when flip-flop 311 is
      preset. The remaining input to AND gate 312 is the data in B signal
      applied along line 313. The output of AND gate 312 is along the system
      memory transfer B line 318 and to OR gate 319. The output of OR gate 319
      is along line 320 to flip-flop 323. Flip-flop 323 will then be set upon
      the system clock input along line 343. With flip-flop 323 set, a signal is
      applied along line 234 to AND gate 325. The other input to AND gate 325 is
      from flip-flop 330 along line 329. The output of AND gate 325 is along the
      memory transfer line 326 and to AND gate 327. The other input to AND gate
      327 is along line 320, through inverter 321, and along line 322. The
      output of AND gate 327 is along line 328 for resetting flip-flop 323.
PAR  When flip-flop 311 is reset, a signal is applied along line 314 to AND gate
      315. When flip-flop 311 is cleared, an output is also applied to AND gate
      315. The other input to AND gate 315 is the data in A signal applied along
      line 316. The output of AND gate 315 is along the system memory transfer A
      line 317 and input to OR gate 319.
PAR  The input for clearing flip-flop 333 is the beginning decode signal applied
      along line 334. The output of flip-flop 333 is also applied along line 335
      to inverter 341. The output of inverter 341 is applied along line 342 for
      clearing flip-flop 339. When flip-flop 339 is cleared, a signal is applied
      to flip-flop 330 for resetting it.
PAR  Referring again to the incoming record signal along line 282, this is
      applied to inverter 283, and along line 284 to one bit delay 285 and AND
      gate 289. The other input to AND gate 289 is applied along line 284,
      through one bit delay 285, along line 286, through inverter 287, and along
      line 288. The output of AND gate 289 is along the set line 290 to
      flip-flop 291. When flip-flop 291 is set, a signal is applied along the A1
      line 292 to OR gate 297. When a signal is applied along the no data decode
      line 293 to one bit delay 294, a signal is output therefrom along line 295
      for resetting flip-flop 291. The signal applied along line 295 is also
      applied to flip-flop 300 for resetting it.
PAR  The record signal applied along line 282 is also applied along line 502 to
      AND gates 503 and 505. The other input to AND gate 503 is along the load A
      line 500. The other input to AND gate 505 is along the load B line 501.
      The output from AND gate 503 is along the I/O transfer A line 504, and the
      output from AND gate 505 is along the I/O transfer B line 506.
PAR  Referring next to FIG. 12 there is illustrated the play logic designated by
      reference numeral 229 in FIG. 10. When the "two" button is depressed for
      initiating a playback or review operation, a signal is applied along line
      345 to one bit delay 346. This signal is also applied to AND gate 350. The
      output of one bit delay 346 is applied along line 347 to inverter 348, and
      then along line 349 to AND gate 350. The other input to AND gate 350
      originates from the data line 356 to inverter 357. The output of inverter
      357 is applied along line 348 to AND gate 350. The output of AND gate 350
      is applied along the set line 351 to flip-flop 352. When flip-flop 352 is
      set, a signal is applied along line 353 for incrementing up-down counter
      370. The count in counter 370 is compared with the count in resettable
      counter 375. Clock signals from the system clock are applied along line
      374 to counter 375. Counter 375 is reset or cleared upon the application
      of a beginning decode signal applied along line 376. The count in counter
      375 is applied to compare 372 along line 373. The output of counter 370 is
      applied to compare 372 along line 371. The result of the compare operation
      in compare 372 is applied along the D line 386 to AND gate 387.
PAR  Another input to AND gate 387 is along the B2 line 377 to inverter 384 and
      then along 385. An input on the B2 line 377 is also applied to AND gate
      382. The other input to AND gate 382 is derived from the output of
      flip-flop 352 applied along line 353 to inverter 380. The output of
      inverter 380 is applied along line 381 to AND gate 382. The output of AND
      gate 382 is along line 383 for decrementing up-down counter 370. The
      output of AND gate 382 is also applied to AND gate 378. The other input to
      AND gate 378 is derived from the system clock signals applied along line
      363, through divider 364, and along line 365. The output of AND gate 378
      is applied to OR gate 368 along line 379. the output of OR gate 368 is
      applied along the B line 369 for clocking counter 370. The system clock
      pulses are also applied along line 363 to AND gate 366. Another input to
      AND gate 366 is the output of flip-flop 352 along line 353. Yet another
      input into AND gate 366 is along the data line 356. The output of AND gate
      366 is along 367 to OR gate 368, and then along line 369 for clocking
      up-down counter 370. The input appearing on data line 356 and inverted by
      inverter 357 is applied along line 358 to AND gate 354 and inverter 359.
      The output of inverter 359 is applied along line 360 to one bit delay 361,
      and then along line 362 to AND gate 354. The other input to AND gate 354
      is from flip-flop 352 along line 353. The output of AND gate 354 is along
      the reset line 355 to flip-flop 352.
PAR  The output of AND gate 350 along line 351 is also applied along the A line
      to flip-flop 388. This is the set line for flip-flop 388. The output of
      flip-flop 388 is applied along the C line 389 to AND gate 387. The output
      of AND gate 387 is along line 390 to OR gate 391 and then along the flag
      write line 392. This output is also applied along the reset line to
      flip-flop 388.
PAR  The play line 393 is applied to AND gate 394. The other input to AND gate
      394 is along line 404 from AND gate 430. An input to AND gate 430 is along
      the flag decode line 432. The other input to AND gate 430 is along line
      433 from OR gate 434. One input to OR gate 434 is along the data in A line
      439, through inverter 437, and along line 435. The other input to OR gate
      434 is along the data in B line 440, through inverter 438, and along line
      436. The output from AND gate 430 is also applied along the memory
      transfer line 431.
PAR  The output of AND gate 394 is along the set line 395 to flip-flop 396. The
      setting of flip-flop 396 is partially controlled by an input along the
      system clock line 405. Upon the setting of flip-flop 396, an output is
      applied along line 397 to one bit delay 398 and AND gate 402. The output
      of one bit delay 398 is along line 399 to inverter 400, and then along
      line 401 to AND gate 402. The output of AND gate 402 is applied along line
      403, through OR gate 391, and then along the flag write line 392. When
      flip-flop 396 is reset, an output is applied along line 406 to one bit
      delay 407, and then along the reset line 408 to flip-flop 396.
PAR  The setting of flip-flop 412 is partially controlled by the output along
      line 404 from AND gate 430. When flip-flop 412 is set, an output is
      applied along line 414 to AND gate 420. The other input to AND gate 420 is
      along the play line 418. The output of AND gate 420 is along the system
      memory transfer A line 421 and to AND gate 416. The other input to AND
      gate 416 is along the data in A line 415. The output of AND gate 416 is
      along set line 417 to flip-flop 412. When flip-flop 412 is reset, an
      output is applied along line 413 to AND gate 419. The other input to AND
      gate 419 is along the play lie 418. The output of AND gate 419 is along
      the system memory transfer B line 422 and to AND gate 410. The other input
      to AND gate 410 is along the data in B line 409. The output of AND gate
      410 is along the reset line 411 to flip-flop 412.
PAR  Referring to the upper left hand corner of FIG, 12, on input to AND gate
      465 is along the data in B line 461. The other input to AND gate 465 is
      along the data in A line 462, through inverter 463, and along line 464.
      The output from AND gate 465 is applied along the set line 466 to
      flip-flop 470. The setting of flip-flop 470 is partially controlled by an
      input along the system clock line 467.
PAR  When flip-flop 470 is set, an output is applied along line 476 to AND gate
      478. The other input to AND gate 478 is along the play line 475. The
      output from AND gate 478 is along the I/O transfer A line 480.
PAR  One input to AND gate 473 is along the data in A line 462. The other input
      to AND gate 473 is along the data in B line 461, through inverter 471, and
      along line 472. The output from AND gate 473 is along the reset line 474
      to flip-flop 470.
PAR  When flip-flop 470 is reset, an output is applied along line 477 to AND
      gate 479. The other input to AND gate 479 is along the play line 475. The
      output from AND gate 479 is along the I/O transfer B line 481.
PAR  Although various components and interconnections therebetween have been
      generally described with reference to FIGS. 10-12, the operations
      performed thereby are illustrated in the timing diagrams of FIGS. 13, 14,
      and 15.
PAR  FIG. 13 illustrates the timing for operations performed during power-on. As
      illustrated, the index registers are initially loaded with "no data"
      codes, and then a beginning code in input and written over a no data code.
      FIG. 13, is therefore, an illustration of the timing of the operations
      performed by the structure set out in FIG. 10.
PAR  FIG. 14 is an illustration of the timing involved in performing a recording
      operation with the structure set out in FIG. 11. Included is the timing
      for transfer within the bubble memory from the major loops to the minor
      loops.
PAR  FIG. 15 is an illustration of the timing involved in performing a play or
      review operation with the structure set out in FIG. 12. Included are (1) a
      review time proportional to the time a button is depressed, (2) the
      writing of a flag control code into the index registers for play or
      review, and (3) the advancing of the flag control code during playout.
PAR  In summary, an electronic dictation apparatus is provided for storing and
      retrieving audio information without recording and play delays and media
      handling requirements. The apparatus is primarily made up of an A/D
      converter, a D/A converter, two limited capacity electronic registers, an
      electronic primary store and included index register, and an electronic
      control unit. During a recording operation, incoming audio information
      from an operator station is converted to digital information by the A/D
      converter and transferred to an available one of the limited capacity
      registers. When the capacity of one of the limited capacity registers is
      reached, the contents thereof are transferred to the primary store and
      indexed. During this transfer, the other limited capacity register is
      loaded with succeeding incoming information. That is, the two limited
      capacity registers are alternately loaded and unloaded. The control of the
      loading and unloading of the limited capacity registers is through the
      control unit. When a transcribing operation is to be performed, the
      information stored in the primary store is alternately transferred to the
      limited capacity registers under the control of the control unit. During
      the loading of one of the limited capacity registers, the contents of the
      other can be transferred to the D/A converter for converting the
      information back into audio information for output to the operator
      station.
PAR  While the invention has been particularly shown and described with
      reference to a particular embodiment, it will be understood by those
      skilled in the art that various changes in form and detail may be made
      without departing from the spirit and scope of the invention.
PAR  What is claimed is:
CLMS
NUM  1.
PAR  1.  A dictation system comprising:
PA1  a. receiving means for receiving information input into said system in
      audio form;
PA1  b. converting means for converting information received by said receiving
      means in audio form to digital form;
PA1  c. first and second storage means for storing information received in audio
      form by said receiving means and converted to digital form by said
      converting means;
PA1  d. third storage means, for storing information transferred from said first
      and second storage means;
PA1  e. fourth storage means, being a bulk store such as a recording belt, for
      storing information transferred from said first and second storage means;
PA1  f. transfer means for 1) transferring information converted by said
      converting means alternately to said first and second storage means at a
      first clock rate, and 2) alternately transferring information stored in
      said first and second storage means out of said first and second storage
      means and to said third storage means at a second clock rate for immediate
      processing: and;
PA1  g. control means for causing information alternately transferred out of
      said first and second storage means by said transfer means to be
      transferred to said fourth storage means at said second clock rate for
      more permanent storage.
NUM  2.
PAR  2. A system according to claim 1 wherein said means for transferring
      information alternately to said first and second storage means includes
      means for transferring information to an available one of said first and
      second storage means until the capacity thereof is reached.
NUM  3.
PAR  3. A system according to claim 2 including determining means for
      determining (1) an available one of said first and second storage means,
      and (2) when the capacity of said first and second storage means is
      reached.
NUM  4.
PAR  4. A system according to claim 3 wherein said determining means includes
      fifth and sixth storage means of equal capacity to said first and second
      storage means.
NUM  5.
PAR  5. A system according to claim 1 including means for transferring
      information stored in said third storage means alternately to said first
      and second storage means at said second clock rate.
NUM  6.
PAR  6. A system according to claim 5 wherein said means for transferring
      information stored in said third storage means to said first and second
      storage means includes means for transferring information to an available
      one of said first and second storage means until the capacity thereof is
      reached.
NUM  7.
PAR  7. A system according to claim 6 including determining means for
      determining (1) an available one of said first and second storage means,
      and (2) when the capacity of said first and second storage means is
      reached.
NUM  8.
PAR  8. A system according to claim 7 wherein said determining means includes
      fifth and sixth storage means of equal capacity to said first and second
      storage means.
NUM  9.
PAR  9. A system according to claim 5 including means for alternately
      transferring information stored in said first and second storage means out
      of said first and second storage means at said first clock rate and to
      said converting means for converting said information to audio form from
      digital form.
NUM  10.
PAR  10. A system according to claim 9 wherein said receiving means includes
      means for outputting information from said system in audio form.
NUM  11.
PAR  11. A system according to claim 2 including index means for indexing
      information transferred from said first and second storage means to said
      third storage means.
NUM  12.
PAR  12. A dictation system comprising:
PA1  a. converting means for converting information input into said system in
      audio form to digital form;
PA1  b. first and second storage means for storing information input in audio
      form and converted to digital form by said converting means;
PA1  c. third storage means for storing information transferred from said first
      and second storage means;
PA1  d. determining means, including forth and fifth storage means of equal
      capacity to said first and second storage means, for determining (1) an
      available one of said first and second storage means, and (2) when the
      capacity of said first and second storage means is reached; and
PA1  e. means for (1) transferring information converted by said converting
      means alternately to said first and second storage means at a first clock
      rate until the capacity thereof is reached, and (2) alternately
      tranferring information stored in said first and second storage means out
      of said first and second storage means and to said third storage means at
      a second clock rate.
NUM  13.
PAR  13. A system according to claim 12 including means for transferring
      information stored in said third storage means alternately to said first
      and second storage means at said second clock rate.
NUM  14.
PAR  14. A system according to claim 13 wherein said means for transferring
      information stored in said third storage means to said first and second
      storage means includes means for transferring information to an available
      one of said first and second storage means until the capacity thereof is
      reached.
NUM  15.
PAR  15. A system according to claim 14 including receiving means for receiving
      information input into said system in audio form.
NUM  16.
PAR  16. A system according to claim 14 including index means for indexing
      information transferred from said first and second storage means to said
      third storage means.
NUM  17.
PAR  17. A system according to claim 14 including means for alternately
      transferring information information stored in said first and second
      storage means out of said first and second storage means at said first
      clock rate and to said converting means for converting said information to
      audio form from digital form.
NUM  18.
PAR  18. A system according to claim 15 wherein said receiving means includes
      means for outputting information from said system in audio form.
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ABST
PAL  The invention relates to a unique solid state computer organization.
      Essentially, the system comprises a plurality of associative arrays
      wherein each associative array comprises parallel processing apparatus and
      a solid state memory capable of being accessed in either a word-oriented
      or a bit-oriented mode. The associative processor apparatus within each
      associative array provides for the parallel processing of data within the
      associative arrays in either of the two modes. Control apparatus within
      the system provides for the parallel control of the plurality of
      associative arrays at a speed conducive to the data processing speed of
      the associative arrays. Rapid speed of the control apparatus is
      economically achieved by the arrangement of a plurality of separate and
      characteristically distinct control memory elements.
PARN
PAR  This is a continuation-in-part of U.S. Pat. Application Ser. No. 270,903
      filed July 12, 1972 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore it has been known that the apparatus of a digital computer might
      be arranged in a manner such as to allow accessing to the data storage
      bits of the computer memory in either of two distinct modes. That is, it
      has been taught that a system might be developed whereby data can be
      written into the memory in a word-oriented mode and read from the memory
      in a bit-oriented mode or vice-versa. That is, data might be written into
      the memory such that all bits of one word are written simultaneously and
      one bit of all words are read simultaneously or conversely, one bit of all
      words are written simultaneously and all bits of one word are read
      simultaneously. However, "corner-turning" problems have been inherent in
      prior techniques. These "corner-turning" problems are well understood by
      those skilled in the art. An oft-used example of such problems is the
      acquisition, storage, and accessing of radar data. It can be readily
      understood that if a radar system acquires a plurality of data at various
      ranges on one azimuth and stores that data in an azimuth-oriented manner
      and does this for several azimuths it must then devise a unique method to
      access this stored data if it later desires to access all data at the same
      range but different azimuths. In other words, if data is acquired and
      stored in an azimuth-oriented mode and is later to be accessed in a
      range-oriented mode then unique apparatus or methods must be utilized to
      make such accessing. In the past, systems have required either complex
      logic circuitry, redundancy of circuitry or an increased number of memory
      access lines so as to be above to "turn the corner" from a bit-oriented
      access to a word-oriented access or vice-versa. Particular approaches
      toward circumventing the "corner-turning" problem have been numerous. A
      typical approach to the solution has been shown in U.S. Letter Pat.
      3,277,449 for the Orthogonal Computer designed by William Shooman. Certain
      articles by Mr. Shooman further define and enhance the teachings of this
      patent. Particularly, chapter 15, entitled "Orthogonal Processing" of the
      book Parallel Processor Systems, Technologies and Applications edited by
      L. C. Hobbs and published by Spartan Books in 1970 basically outlines the
      teachings of the patent. It is readily observable from an understanding of
      the Shooman Patent that the invention described therein requires both
      vertical and horizontal accessing means, and vertical and horizontal
      arithmetical means. In other words, the Shooman invention, and others
      which have sought to circumvent the "corner-turning" problem,
      fundamentally teach two separate computers operating upon the same memory.
      Such systems are extremely expensive due to the requirements of the
      duplication of access circuitry and arithmetic units.
PAR  Further, it has been known that computer systems known as associative
      processors might be designed whereby arithmetic, search, or other logical
      operations might be performed upon a plurality of data simultaneously.
      Such systems have proven themselves to be quite effective in the rapid
      processing of data. However, heretofore such systems have generally been
      quite inflexible as to mode of operation; that is, such systems have been
      capable of simultaneously processing all bits of one word, or one bit of
      all words, but no given system has been capable of performing simultaneous
      operations in both modes without the duplication of much of its circuitry
      such as to use different logic and arithmetic circuitry for each of the
      two modes.
PAR  Therefore, it is the general object of the instant invention to present a
      novel solid state associative processor organization wherein a unique
      solid state memory array is coupled with the key apparatus of an
      associative processor to form an associative array wherein associative or
      parallel operations may be performed upon data in either a word-oriented
      or a bit-oriented mode and wherein each mode utilizes the same read-write
      lines and arithmetic unit.
PAR  A further object of the invention is to provide a solid state associative
      processor organization wherein a plraulity of the aforementioned
      associative arrays may be operated upon in parallel so as to be capable of
      simultaneously receiving and processing data from a large number of
      sources.
PAR  A further object of the invention is to provide a control system whereby
      the control programs necessary for the parallel operation of a plurality
      of associative arrays may themselves be processed with a speed conducive
      to that of the associative arrays.
PAR  Still a further object of the invention is to provide a unique computer
      organization which is not only capable of the parallel processing of a
      large volume of data from various sources and capable of processing the
      control program with a speed conducive to the data processing speed of the
      system, but to do so in a manner which is accurate in operation, highly
      flexible, adaptable to various uses, and quite economical.
PAR  The aforesaid objects of the invention and other objects which will become
      apparent as the description proceeds are achieved by a digital computer
      wherein operations may be simultaneously performed on a plurality of data
      in both a bit-oriented mode and a word-oriented mode comprising a
      plurality of solid state memory arrays, the data storage arrangements of
      which are such that access may be made to the data storage bits thereof in
      either a bit-oriented mode or a word-oriented mode, and of such character
      that a single set of data input/output lines is required for writing data
      into the arrays or reading data from the arrays in both modes and a
      plurality of arithmetic units, one associated with each solid state memory
      array, providing the means for performing, in both word-oriented and
      bit-oriented modes, parallel logical and arithmetic operations on the data
      associated with the solid state memory arrays.
DRWD
PAR  For a better understanding of the invention, reference should be had to the
      accompanying drawings wherein:
PAR  FIG. 1 shows the basic block diagram of the solid state associative
      processor organization;
PAR  FIG. 2 illustrates the block diagram of an associative array; and
PAR  FIG. 3 illustrates the block diagram of the AP control.
DETD
PAR  Referring now to the drawings and more particularly FIG. 1, a generalized
      block diagram of the embodiment of the invention may be seen. The computer
      organization described herein contains three separate memory systems;
      associative arrays 12, AP control memory 18, and sequential control and
      memory 20. These separate memory systems allow memory cycle times to be
      overlapped, thus enhancing the data processing capability and speed of the
      invention. The control elements of the invention, AP control 16, program
      pager 24, external function logic 22, and memory port logic 26 allow the
      fast processing capability of the associative arrays to be dynamically
      controlled and applied to the changing requirements of any given
      application. The input/output means; parallel input/output 14, direct
      memory access 28, buffered input/output 30, and external function commands
      32 provide for the rapid transfer of data and control signals to the
      system.
PAC  MEMORY ORGANIZATION
PAR  As mentioned above, the instant invention contains three separate and
      distinct memory systems. As these memory systems are discussed
      hereinbelow, it will be seen that each of the elements of the three has
      been selected and arranged such as to economically achieve the ultimate in
      data processing speed.
PAR  The associative arrays 12 are shown more particularly in FIG. 2. Here it is
      shown that the storage element of the associative array 12 in the
      multi-dimensional access solid state memory, MDA memory 34, the subject of
      co-pending patent application Ser. No. 253,388 filed May 15, 1972, now
      U.S. Pat. NO. 3,800,289, and assigned to Goodyear Aerospace Corporation of
      Akron, Ohio. Although the MDA memory 34 shown in FIG. 2 is a square
      memory, that is it contains 2.sup.n words each containing 2.sup.n bits, it
      should become quite apparent to one skilled in the art that the concepts
      of the instant invention are readily applicable to systems which may
      utilize non-square MDA memories also. In the preferred embodiment, each
      MDA memory 34 contains 2.sup.2n bits, comprising 2.sup.n words containing
      2.sup.n bits, of solid state storage. By use of a unique data storage
      arrangement within the MDA memories 34 simultaneous access may be made to
      the data storage bits of the memories in either the bit or word direction;
      that is, one bit of all words or all bits of one word may be accessed
      simultaneously.
PAR  Although reference to the above designated patent application should be
      made for a complete understanding of the MDA memory, a few characteristics
      of that invention will herein be described to facilitate an understanding
      of the instant invention. A 2.sup.n word by 2.sup.n bit MDA memory is
      readily constructed from 2.sup.n solid state memory modules each
      containing 2.sup.n bits. Each memory module has one input line by which
      data may be written into memory, one output line from which data may be
      read from memory, and n address lines whereby any of the 2.sup.n bits
      contained within the memory module may be addressed. Regardless of whether
      the MDA memory is to be operated on in a bit-oriented mode or a
      word-oriented mode, the fata to be written into any given solid state
      memory module will always be placed on the same input line, and the data
      to be read from any given solid state memory module will always be found
      on the same output line. In other words, the input and output means of
      each MDA memory are exactly the same regardless of the mode of operation.
      The mode of operation is determined solely by the inter-relationships of
      the states of the address lines of the individual modules.
PAR  As is clearly defined in the above referenced application, an MDA memory
      array constructed from 2.sup.n address line encoded binary solid state
      memory modules will have associated therewith a unique data storage
      technique to achieve the desirable multi-mode accessability. In general,
      if each of the 2.sup.n memory modules is designated by a unique n-element
      binary vector index M and if each of the 2.sup.n data storage words is
      similarly indexed with a unique n-element binary vector W, and if the
      2.sup.n bits are correspondingly designated by unique n-element binary
      vectors B then the following data storage rules will be observed:
PAR  Bit B of module M will contain bit B of word W in accordance with the
      formula M = B .sym. W, where .sym. means addition modulo 2.
PAR  It should be readily apparent then to one skilled in the art that each
      memory module M will contain one bit of each of the stored words W and no
      memory module will contain more than one bit of each of the words. With
      each memory module containing one bit of each word and no similar bits of
      any two words, it should be readily apparent that it is possible to access
      all of the bits of one word or one bit of all words by simultaneously
      accessing all of the memory modules.
PAR  By utilizing the solid state memory modules hereinabove described, an MDA
      array 34 may be easily constructed. Such an array would require 2.sup.n
      selection lines for providing addressing to the array. A set of X
      selection lines, designated by a binary vector X and a set of Y selection
      lines, designated by the binary vector Y. The n address lines of each
      module will connect to n of these X-Y selection lines. Only one address
      line per memory module will go to any particular selection line. The rule
      for connecting module address lines to array selection lines is expressed
      as follows: Address line k of memory module M connects to x.sub.k if
      m.sub.k = 0 or to y.sub.k if m.sub.k = 1. Where x.sub.k, y.sub.k and
      m.sub.k are the k.sup.th elements of the respective binary vectors X, Y,
      and M. As a result, each X line connects to one half of the modules and
      the corresponding Y line to the other half.
PAR  With an array constructed as described directly above, operation may be
      easily achieved in a bit-oriented, or associative processor, type mode. To
      access any bit B of all words, the state of the X selection lines and the
      state of the Y selection lines are set to equal B. That is, X = Y = B.
      Each module then selects a bit B of its contents which is bit B of word (B
      .sym. M). The result is that bit B of each word is accessed. In such an
      instant however the words, as referenced to the modules, are not in order
      and the word order varies as a function of B; W = B .alpha. M. A
      permutation network is required such that the data associated with each
      word's bits may be placed at the same location for each bit. The specific
      operation of the permutation network is discussed hereinafter.
PAR  The MDA array 34 may of course be operated in a word-oriented mode, or for
      use in a general purpose digital computer. If W is the binary vector index
      of the memory word to be accessed, then X is set to equal W. At this
      point, all memory module address lines of those modules wherein m.sub.k =
      0 will be set to the state w.sub.k or w.sub.k .sym. m.sub.k. Similarly, Y
      is set to equal W such that all memory module address lines for those
      modules where m.sub.k = 1 will be set to the state w.sub.k or w.sub.k
      .sym. m.sub.k. Therefore, considering the X and Y array selection lines
      together it follows that each module M receives address B = W .sym. M. At
      address B of module M is bit B of word (M .sym. B) = W. Hence each bit of
      word W may be accessed by setting X = W and Y =  W. The accessed bits
      however are not in order as referenced to the modules but vary as a
      function of W; B = W .sym. M. Here again a permutation network is
      necessary for arranging the order of data into or out of the memory.
      Again, the function of the permutation network in this regard will be
      discussed hereinafter.
PAR  Associated with each MDA memory 34, is a single response store 36, the
      elements of which are the subject of co-pending patent application Ser.
      No. 344,316 filed Mar. 23, 1973, now U.S. Pat. No. 3,863,233, and assigned
      to Goodyear Aerospace Corporation of Akron, Ohio. The response store 36
      performs the arithmetic and logic function required in processing the data
      associated with the associative array. In the preferred embodiment
      utilizing 2.sup.n by 2.sup.n MDA arrays, the response store will contain
      2.sup.n elements, each element containing three flip-flops. A Y flip-flop
      40 generally will contain the results of search, arithmetic, and logical
      operations; an X flip-flop 38 is generally used to store intermediate
      results; and an M flip-flop 42 masks or selects the words participating in
      the desired associative operation. The M flip-flops provide the important
      and necessary feature of allowing the selection of operation subsets from
      the total memory content, such that operates may be performed on these
      subsets without disturbing the contents of unselected bits.
PAR  As is clearly related to the above-identified copending patent application,
      a simple J-K flip-flop may be utilized in conjunction with the output of
      the memory array 34 and two timed logic pulses to generate all sixteen
      logical functions which are capable to be generated between two variables.
      This flip-flop is referred to as the Y flip-flop. As is shown in the
      illustration of FIG. 2, the X and Y flip-flops are interconnected such
      that intermediate data from the operations performed by the Y flip-flops
      and the above referenced control signals can be temporarily stored in the
      X flip-flops. Hence the X and Y flip-flops in conjunction with each other
      provide means for presenting the results of two operations such that the
      results thereof may be utilized to control a final logical operation. The
      utilization of a flip-flop to control, by the output thereof, the enabling
      or inhibiting of a gate is of course well known in the art. The third
      flip-flop, the M flip-flop, is also an inhibiting or enabling type of
      flip-flop which provides for the selection of the words or bits
      participating in a particular logical operation or array interrogation.
      Again, this masking is believed to be well known in the art.
PAR  Of key importance in the associative array 12 is a permutation network 44,
      the subject of co-pending patent application Ser. No. 291,850 filed Sept.
      25, 1972, now U.S. Pat. No. 3,812,467, and assigned to Goodyear Aerospace
      Corporation of Akron, Ohio. This network provides the necessary function
      of arranging the lineal order of data into and out of the MDA memories 34
      such that in either a word-oriented access or a bit-oriented access the
      data into or out of the MDA memory 34 will be in a consistent logical
      order. The permutation input selection gating 46 selects the data whose
      lineal order is to be permuted, that data coming from either the response
      store 36, the MDA memory 34, the parallel input 14, or the argument
      register 56 to be discussed hereinafter. Such a circuit may be constructed
      of data selectors similar to those comprising the permutation network as
      will be discussed below.
PAR  The specific structure of the permutation network is of course clearly
      related in the above-mentioned patent application. Suffice it to say for
      this application that the permutation network arranges the order of data
      into or out of the response store or data interface such that the data
      associated with each memory module M may always be placed at some unique
      position P in the data interface where P = X .sym. M. Of course, P, X, and
      M are all unique n-element binary vectors. In bit-oriented mode, X is set
      to equal B; therefore, P = B .sym. M = W; that is, in bit-oriented mode
      the data associated with any particular word W will always be placed at
      the same unique location P in the response store or data interface. In
      word-oriented mode, X is set to equal W; therefore, P = W .sym. M = B;
      that is, in word-oriented mode, the data associated with any particular
      bits B will always be located at the same unique position P in the
      response store data interface. Thus it can be seen, the purpose of the
      permutation network is to direct the transfer of the data from the
      response store to the memory of from the memory to the response store in
      accordance with the mode of access being made to the memory.
PAR  A permutation network capable of performing the desired function may
      readily be constructed of commonly available k-channel data selectors. A
      plurality of such data selectors are arranged into r levels such that any
      level z contains 2.sup.n k.sub.z -channel data selectors, the outputs of
      which are the inputs of the data selectors in a succeeding level (z + 1),
      where z is less than or equal to (r-1) such that the relationship among n,
      r, and k.sub.z is given by the equation n = .sub.z.sub.=0.sup.r.sup.-1
      log.sub.2 k.sub.z.
PAR  In the permutation network contemplated for use in the instant application,
      all of the channel select input lines of data selectors in any given level
      are joined together and connected to an appropriate circuit, preferably a
      binary register, the output of which is controlled by the permutation
      function X. Thus the data on the input lines of the permutation network is
      channeled through the various data selectors thereof in accordance with
      the output of the register containing the permutation code X and the data
      appears on the output lines of the permutation network in accordance
      therewith.
PAR  With reference to the above attenuated description of the operation and
      construction of a simplified permutation network, generalized wiring rules
      for any permutation network may be presented. A typical logic data
      selector adaptable for use in the construction of a permutation network is
      the four-channel data selector, MC1228, manufactured by Motorola
      Semi-conductor Incorporated of Phoenix, Arizona. Such a data selector
      would typically have four data inputs, D.sub.0 through D.sub.3, one data
      output, and two binary-coded channel select inputs, C.sub.0 and C.sub.1,
      by which any of the four data inputs may be selected to appear on the
      output. In the permutation network the output lines of the data selectors
      on one level comprise the input lines of the data selectors in the
      succeeding level. The data selectors are labelled with binary vector
      indices and the output line of any data selector is accorded the binary
      vector index of that data selector.
PAR  It should be appreciated that a permutation network permutes the lineal
      order of data in a series of steps, these steps being performed in each of
      the various levels of the permutation network. The input lines for any
      level within the permutation network are grouped such that all lines in a
      group have common elements in their binary vector indices except for those
      elements which are to be operated on in that level. Each such group of
      lines then goes to that group of data selectors which shares the same
      commonality of elements in their binary vector indices as do the lines.
      The lines in data selectors are then wired together with respect to the
      elements of the vector indices which are not common. That is, associated
      with every line L there is a binary vector L consisting of those ordered
      elements in the binary vector L which are correspondingly dissimilar to
      those of the other lines in the group and corresponding to every data
      selector S there is a binary vector S consisting of the ordered elements
      in the binary vector S which are dissimilar to the corresponding elements
      of the binary vectors of the other data selectors in the group. The wires
      within a group are then wired to the data selectors in the corresponding
      group such that line L goes to data input B of data selector S in
      accordance with the formula D = L .sym. S.
PAR  It should be noted in applying these wiring rules that the number of lines
      or data selectors that will appear in a group will be equal to the input
      capacity of the data selectors used in construction of the permutation
      network. If K-channel binary coded data selectors are used then the data
      selectors and their input lines will be grouped in groups of K and the
      number of elements in the binary vector L which will be operated upon in
      any level of the permutation network will be equal to log.sub.2 K.
      Consequently, the binary vector LS will contain log.sub.2 K elements which
      will appear in the same order relative to each other as they did in the
      vectors L S respectively. For example, if in one level of the permutation
      network the elements 1.sub.4 1.sub.5 of the vector L are to be operated
      upon, then L = (1.sub.5 1.sub.4) and S = (s.sub.5, s.sub.4); consequently,
      D = (1.sub.5 .sym. s.sub.5, 1.sub.4 .sym. s.sub.4). By following these
      wiring rules throughout, a permutation network may be readily created
      whereby the data contained in any position P in a data interface may be
      transferred through the permutation network to an output position M in the
      memory array in accordance with the formula P = X .sym. M where X is an
      n-element binary code.
PAR  The associative array 12 provides four basic operations within the system.
      These operations may be grouped into the following categories: reads,
      writes, logical, and resolve address.
PAR  Data is read from the MDA memory 34 in either the bit or word mode. The
      lineal order of the data read from the memory is arranged in the
      permutation network 44, and is then channeled to either the response store
      36, the parallel output lines of the parallel input/output 14, or the
      argument register. All such reading operations from the MDA memory 34 are
      non-destructive. When data is read from the MDA memory 34 into the
      response store 36, operations may then be performed upon this data before
      it is read out on the parallel output lines 14.
PAR  Data is written into the MDA memory 34 in either the bit or word mode. The
      data, regardless of the source, may be written through a mask which is
      designated by the state of the M flip-flops of the response store. The
      mask alows access to certain bits to be written while the state of the
      other accessed bits, those masked, remain unchanged. The data to be
      written may come from either the response store 36, the parallel input
      lines 14, or the argument register 56. The response store 36 may also be
      loaded with the contents of the parallel input lines 14 or the argument
      register 56.
PAR  Certain logical and arithmetic operations such as exact match search and
      add fields may be performed upon the data in the response store. By
      controlling the response store, data read from the MDA memory 34 may be
      logically combined with the contents of the response store 36 to
      accomplish these ends. Data from the argument register 56, the parallel
      input 14, or the MDA memory 34 may be logically ANDed, ORed, or
      exclusive-ORed with the previous contents of the response store 36. Data
      may also be moved among the response store elements within the associative
      array 12.
PAR  In many operations it is desirable that the address of the first word to
      respond to a given criteria be made avaiable for further operations. The
      response store 36 continuously resolves the addresses of words responding
      to given criteria such that the first respondoer to a given operation is
      available.
PAR  The manner of achieving the four above mentioned basic operations of the
      associative array 12 may now be summarized. In each associative array
      operation an input to the permutation network is selected. The inputs may
      include any one of the following:
PA1  1. A bit slice containing one bit from each of the 2.sup.n words in the MDA
      memory 34,
PA1  2. A word slice containing all 2.sup.n bits of one MDA memory word,
PA1  3. The contents of the 2.sup.n M flip-flops 42,
PA1  4. The contents of the 2.sup.n Y flip-flops 40,
PA1  5. The contents of the 2.sup.n X flip-flops 38,
PA1  6. A 2.sup.n - bit parallel input from the input/output lines 14, or
PA1  7. The contents of the argument register 56 contained in AP control 16.
PAR  The selected input is transmitted through the permutation network 44, which
      shifts or permutes the lineal order of the data in a manner controlled by
      the operation. The 2.sup.n - bit output of the permutation network 34 is
      then communicated to one or more of the following:
PA1  1. The MDA memory 34 which stores it as a bit slice
PA1  2. The MDA memory 34 which stores it as a word slice
PA1  3. The M flip-flops 42 which store it as a new mask
PA1  4. The Y flip-flops 40 which use it in a logical operation to modify their
      contents
PA1  5. The X flip-flops 38 which use it in a logical operation along with the
      contents of the Y flip-flops to modify their contents
PA1  6. The parallel output lines 14, or
PA1  7. The argument register 56 of AP control 16.
PAR  As indicated in FIG. 1, the instant invention comprises a plurality of
      associative arrays 12. Each such associative array comprises an MDA memory
      34, a response store 36, a permutation network 44, and permutation input
      selection gating 46 whereby each associative array 12 may read or write
      data, perform logical operations upon the data, and resolve the addresses
      of responders to the operations. All such functions of the associative
      array 12 are performed in parallel upon 2.sup.n bits simultaneously. The
      number of such arrays required in a system is dependent upon the size and
      number of data sources to be serviced. The actual control of the elements
      of the associative array 12 and the relationship that the associative
      array 12 has toward other elements of the system will be fully described
      hereinafter.
PAR  The second of the three memory systems comprising the instant invention is
      the AP control memory 18. The main function of this memory is to store AP
      control instructions. It is also capable of storing items of data and
      acting as a buffer between AP control 16 and other elements of the system.
      Since the control memory is separate from the associative arrays 12, AP
      control memory 18 cycle time can overlap that of the associative arrays
      12. The fast execution times of AP control 16, described hereinafter,
      imply that a fast memory is needed. To put all of the AP control programs
      in such a fast memory is prohibitively expensive, so AP control memory 18
      is divided into sections. Three fast, small sections called pages hold the
      current AP program segments and a slower large section holds the rest of
      the AP program. A program pager 24 is included in the instant system to
      facilitate the transfer of instructions from the slow large section to the
      fast smaller sections of the AP control memory 18.
PAR  Although any number of page memories may be included in the AP control
      memory 18, the preferred embodiment requires three such memories. Each
      page memory uses fast bi-polar solid-state elements. In normal operations,
      the first page would contain a library of commonly used micro-programs
      while pages 2 and 3 would be used in a ping-pong fashion with AP control
      16 reading instructions out of one page while the other page is loaded by
      means of the program pager 24. Each page memory has a port switch, a part
      of memory port logic 26, which allows it to be connected to one of three
      busses. At any given time a page memory may be
PA1  1. connected to the instruction bus which allows AP control 16 to read
      instructions from the page, or
PA1  2. To the pager bus which allows the program pager to load the page, or
PA1  3. To the sequential bus which allows sequential control and memory 20 to
      read items from the page.
PAR  The high-speed data buffer (HSDB) is a section of AP control memory 18
      using fast bi-polar solid-state elements. All busses which can access AP
      control memory 18 can access the HSDB making it a convenient place to
      store data and instruction items which need to be accessed quickly by
      different elements of the system. The HSDB has a priority port switch, a
      part of memory port logic 26, which resolves any conflict between busses
      competing for access to the HSDB. Each memory cycle is given to the
      highest priority bus requesting HSDB access while other busses requesting
      such access wait for subsequent memory cycles.
PAR  The largest portion of AP control memory 18 is the bulk core memory which
      uses non-volatile core storage. This meeory is accessible to all busses
      which can access AP control memory 18, a priority port switch, a part of
      memory port logic 26, giving each memory cycle to the highest priority bus
      requesting a bulk core access. Since it is large and non-volatile, the
      bulk core memory is useful for storing the AP control programs. Although
      the bulk core memory is considerably slower in cycle time than the page
      memories, the use of proper programming techniques make it possible to
      deal portions of the AP program from the bulk core memory to the faster
      page memories for further use by AP control 16 such that the system will
      hardly ever wait for a program segment. That is, while AP control 16 is
      receiving a program segment from one of the pages, the other can be loaded
      by the bulk core memory such that that page will be available to AP
      control 16 when the latter is finished with the first page. It should also
      be noted that since the bulk core memory is accessible by all busses
      accessing AP control memory 18, it is also useful as a buffer for data
      items which do not require the higher speed of the HSDB.
PAR  AP control memory 18 also provides for direct memory access (DMA) 28 to
      external memory sources. These external memory sources may be desirable in
      lieu of greater storage capacity in the page memories or the HSDB. Direct
      access to a host computer memory allows that memory to act as part of the
      AP control memory, as well as a host computer memory. Items in the host
      memory are equally accessible by a host computer and the instant system,
      thus reducing the need for a buffered I/O transfer between the two. A wide
      variety of computers are amenable to such a situation, such as the Xerox
      Data Systems, Sigma 5. A priority port switch, a part of memory port logic
      26, resolves any inter-bus conflicts which may arise in seeking access to
      the host memory. A buffered input/output (BIO) 30 is provided for tying
      several different types of peripherals into the AP control memory 18. In
      addition, the BIO can be used to transfer blocks of data and/or programs
      between the AP control memory 18 and the host memory.
PAR  As can be seen, the AP control memory 18 provides a broad base of
      programming capability for the instant system. It comprises a wide range
      of elements and allows access to external sources such that the instant
      system may be economically provided with an extremely large source of
      rapidly accessible program commands and intermediate data.
PAR  The last memory element of the instant system, is contained in the
      sequential control and memory 20. This element of the system contains a
      sequential process or (SP) with a suitable memory, input/output means, and
      interface logic to connect the SP to other elements of the system. The
      sequential control and memory 20 is used to provide:
PA1  1. A means to initially load the AP control memory 18,
PA1  2. A communication link between the operator and the system for on-line
      control and monitoring,
PA1  3. Off-line capabilities for assembling and debugging programs,
PA1  4. Control for system maintenance and diagnostic program routines,
PA1  5. Sequential arithmetic capability, and
PA1  6. Housekeeping capabilities.
PAR  Provisions are made for four distinct forms of communication between the
      sequential control and memory 20 and other elements of the system. First,
      sequential control amd memory 20 can read and write AP control memory 18
      data. Secondly, to assist program debugging and hardware maintenance,
      certain of the system's registers can be read by sequential control and
      memory 20 by reading certain bus addresses. Thirdly, the sequential
      control memory 20 issues external function commands 32 described further
      hereinafter. Fourthly, the sequential control memory 20 can accept
      interrupts from other system elements. These interrupts may arise from
      error detection, a panel interrupt button for use by the operator, or
      external functions.
PAR  In general, the sequential control and memory 20 provides the means for
      initializing the system, loading the programs, activating and deactivating
      AP control 16, issuing interrupts, receiving interrupts from error
      detection means throughout the system, and providing other housekeeping
      tasks.
PAR  The three main memory elements in the system described herein above each
      perform vitally important distinct functions. The associative arrays 12
      provide for the storage of data such that parallel access may be made
      thereto in either a word-oriented mode or a bit-oriented mode, and further
      provides for parallel operations upon such data. The AP control memory 18
      provides storage and rapid accessibility to the system programs and
      temporary storage for intermediate data. The sequential control and memory
      20 provides for initialization of the entire system, provides for the
      interjection of external commands, and generally provides for the basic
      housekeeping tasks of the entire system.
PAC  AP CONTROL 16
PAR  The AP control 16 fetches its operations from the AP control memory 18. AP
      control 16 is directly responsible for manipulation of data within the
      associative arrays 12 under control of the program contained within the AP
      control memory 18. Associative operations are coordinated and controlled
      by AP control 16 which, as shown in FIG. 3, comprises the following basic
      sections: instruction register 50, program control 52, bus logic 54,
      argument register 56, field pointers and length counters 58, response
      store control 60, array control 62, and resolver 64.
PAR  Instructions are loaded into the instruction register 50 from AP control
      memory 18, such that at any point in time the instruction register will
      contain the instruction being executed by the system. The sequence in
      which the instructions are read from the AP control memory 18 to the
      instruction register 50 is controlled directly by program control 52,
      which comprises: a program counter containing the address of the
      instruction being read from control memory, a start loop marker or
      register used to store the first address of the loop whenever a loop
      instruction is executed, an end loop marker or register used to store the
      last address of an instruction loop, a comparator to compare the address
      contained in the end loop mark register to that in the program counter,
      and a status register, containing the interrupt mask for the AP control
      interrupts used in the system.
PAR  The bus logic 54 provides a common data path for all pertinent registers of
      AP control 16 and the data bus from AP control memory 18. The bus logic 54
      is capable of shifting the bus data, the shift being controlled by the
      instruction moving the data.
PAR  The argument register 56 may contain the argument for a search operation
      performed on the associative arrays 12, input data to be written into the
      arrays, or output data read from the arrays. The array output data is
      loaded into the argument register 56 through a mask generated therein. The
      use of the mask allows the formating of an output word from the
      associative arrays 12 from non-contiguous data in the array.
PAR  In the preferred embodiment of the instant system, field pointers and
      length counters 58 comprises three bi-directional counters into which the
      array, bit, and word addresses associated with any given operation are
      loaded, and two field length counters to control the number of cycles for
      a given instruction loop such as search, add fields, or multiply.
PAR  The response store control 60 controls the logical function and timing of
      the response store 36. The former comprises a control line conditioner
      which generates the control line signals required to manipulate the
      latter. The control line signals are generates as a function of the
      contents of the instruction register, the argument register, and the
      inclusive or output of the resolver 64. A control line buffer controls the
      timing of the control line signals transmitted to the associative arrays
      12.
PAR  Array control 62 controls those lines to the associative arrays 12 not
      controlled by the response store control 60. Array control 62 comprises an
      array select register whereby the associative arrays 12 to be operated
      upon may be made available to access, array address select logic for
      accessing any of the particular arrays enabled by the array select
      register, array mode logic whereby determination as to bit mode or word
      mode accessing may be made, mask address logic for controlling the
      position of the write mask within the associative arrays 12, and shift
      control logic for generating the control signals required by the
      associative arrays 12 for permuting, shifting, or mirroring the lineal
      order of the data associated with the arrays.
PAR  The resolver 64 contains the logic whereby the array address and the word
      address of the most significant responder to a given operation may be
      resolved. Generally, the responders will indicate those words satisfying
      some search criteria. The resolver then loads the array address and the
      word address of the responder into the field pointers of field pointers
      and length counters 58 such that subsequent operations may be performed on
      the first responder without affecting other words.
PAR  In general then it can be seen that AP control 16 is directly responsible
      for the manipulation of data within the associative arrays 12 under the
      control of the program contained within the AP control memory 18. The
      simultaneous control of any of all of the associative arrays 12 may be
      achieved through AP control 16 which uniquely comprises an arrangement of
      registers, counters, and high-speed logic devices.
PAR  The program pager 24, referred to hereinabove, loads the high-speed page
      memories from the lower speed parts of the AP control memory. The program
      pager performs these transfers independent of AP control such that while
      AP control is executing a program segment out of one page of memory, the
      program pager 24 can be loading another page of memory with a future
      program segment. Each page memory has a port switch, a part of memory port
      logic 26, to prevent AP control 16 from jumping into a segment before the
      pager has loaded it. Pager operation is initiated by external function
      codes. Under standard programming procedure, sequential control and memory
      20 starts the first pager operation to load the standard sub-routines and
      initial program segments into the page memories and then AP control 16
      starts the later program operations to load other program segments when
      they are required. Provisions have been made whereby the program pager may
      instantaneously stop the loading of any given program into a page, and
      begin the loading of another program is such is required. This situation
      is most likely to occur in programs containing many braching networks. The
      prgram pager contains three distinct registers. A GET address register
      holds the AP control memory address from which the next source word is to
      be moved or from which the next pager command is to come. a PUT address
      register holds the address of the memory location into which the next word
      is to be put during a move data operation. A count register indicates the
      number of words still to be transferred during a transfer operation. In
      general, then, the program pager 24 contains the source address, the
      destination address, the number of transfers yet to be performed, and the
      means for loading the high speed page memories from the lower speed parts
      of the AP control memory 18.
PAR  It has been shown that the instant invention presents a novel solid state
      associative processor organization flexible in size, rapid in processing
      time, accurate in operation, inexpensive to build, and adaptable to
      numerous uses. The system comprises the arrangement of a plurality of
      associative arrays each capable of the parallel processing of a large
      volume of data, a control memory system comprising a large variety of
      memory elements each selected as to its characteristics of size, speed,
      volatility, and expense, and input/output system whereby external data or
      commands may be received from any one of numerous peripheral sources, and
      whereby large quantities of data may be simultaneously written into or
      read from the associative arrays, and a control network whereby the
      associative arrays may be controlled in accordance with the programs
      contained in the control memory network in such a manner that the
      associative arrays will receive control instructions with such rapidity
      that they will never have to wait for a command.
PAR  While in accordance with the Patent Statutes only the best known and
      preferred embodiment of the invention has been presented and described in
      detail, it is to be understood that the invention is not to be limited
      thereto or thereby but that the true scope of the invention is defined in
      the appended claims.
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STM  What is claimed is:
NUM  1.
PAR  1. A digital computer organization, comprising:
PA1  a memory array comprised of a plurality of address line encoded binary
      solid state memory modules and containing data bit storage elements
      wherein data may be stored as bit-comprised words with bit B of module M
      containing bit B of word W in accordance with the formula M = B .sym.  W
      and wherein B, M, and W are n-element binary vectors, respectively unique
      for each bit, module, and word, and where n is an integer greater than 1;
PA1  a logic circuit means connected to the memory array for simultaneously
      performing logic and arithmetic operations on all accessed data bits;
PA1  a coding circuit; and
PA1  permuting circuit means connected to the coding circuit and between the
      memory array and logic circuit means for ordering the lineal order of data
      into and out of the memory array in accordance with the output of the
      coding circuit.
NUM  2.
PAR  2. The digital computer organization as recited in claim 1 wherein said
      logic circuit means comprises a plurality of identical circuits, each
      capable of performing 16 unique arithmetic and logic operations.
NUM  3.
PAR  3. The digital computer organization as recited in claim 2 wherein said
      logic circuit means includes three latching means, a first latching means
      for receiving and storing bits of data, a second latching means for
      storing intermediate results from said logic operations, and a third
      latching means for masking the accessing of the data storage bits of the
      memory array.
NUM  4.
PAR  4. The digital computer organization as recited in claim 3 wherein said
      permuting circuit means is connected to said coding circuit and includes a
      plurality of data selectors having data input lines, one data output line,
      and channel select input lines for controlling the transfer of data from
      the input lines to the output line.
NUM  5.
PAR  5. The digital computer organization as recited in claim 4 wherein the
      coding circuit applies an n-element mode of access code X to the channel
      select input lines to control the passage of data through the permuting
      circuit means from a data source position P to a data destination M in
      accordance with the formula P = M .sym. X where M and P are n-element
      binary vectors unique for each data source position and each data
      destination.
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PAL  A terminal at a data acquisition site and a terminal adapter at a computer
      site for efficiently acquiring, formatting, and communicating data to a
      computer for processing, for controlling the computer, and for receiving
      and responding to processed or responsive data from the computer. The
      terminal includes a plurality of input channels for receiving data (both
      acquired data and control signals), and a plurality of output channels for
      responding to processed data, each of such channels being assigned a
      unique digital address. Communication between the terminal and the
      terminal adapter is accomplished in a serial fashion, utilizing compound
      digital words including both data and address. Means are provided at both
      the terminal and terminal adapter for routing data within a received
      compound word to its addressed location.
BSUM
PAR  The present invention relates to terminals for use with remote computers,
      and more specifically to those particularly adapted for use in data
      acquisition systems.
PAR  The prior art includes various forms of computer controlled data
      acquisition systems, including both those having on site or dedicated
      computers, and those utilizing remote computers. While systems using on
      site computers are desirable from a functional standpoint, such systems
      are not widely adopted because of their complexity and cost, in many cases
      being custom designed for a particular application. Expense is further
      increased by the necessary purchase or lease of the dedicated computer.
PAR  With the increasing availability of relatively inexpensive computer time
      leasing, it has become attractive in certain situations, to utilize a
      remote computer in a data acquisition system. Such a concept makes
      computerized data acquisition available to an ever increasing number of
      users. However, the capabilities of the available terminals are somewhat
      limited, especially in comparison with the on site computer systems. For
      example, many of the available terminals utilize the common serial ASCII
      transmission techniques, thereby affording compatibility with most remote
      computer systems. As a result, however, data transfer to and from the
      computer is somewhat cumbersome, in that each symbol transferred (whether
      it be address or data) requires a separate ASCII word. For example, if it
      were desired to transmit the results of a measurement including a four
      digit number with decimal point and sign, along with a three digit
      address, nine complete ASCII words would be required. The amount of
      serializing, deserializing, temporary storing, etc. which must be
      accomplished before a logical operation may be performed on the data is
      easily appreciated. Accordingly, a significant amount of computer time is
      devoted to transmission supervision and line control.
PAR  When a terminal having the characteristics described above is utilized in a
      data acquisition or sensor based application, the system limitations
      become apparent. The rate at which data may be collected is severely
      limited in that each digit must be individually encoded and serialized for
      transmission. Additionally, many of the ASCII terminals have only limited
      ability to alter the program (e.g. to bring an additional instrument on
      line), or enter other than sensor data (e.g. housekeeping data) without
      exiting from the data acquisition mode. The transmission limitations noted
      above further impose a limitation on the number and kind of input and
      output devices which may be incorporated into the system.
PAR  With the foregoing in mind, it is a general aim of the present invention to
      provide a sensor based computer terminal having a different operational
      mode than those known heretofore, in which bidirectional data transfer is
      expeditiously accomplished using compound digital words serially
      transmitted over a single transmission pair. In this regard, it is an
      object of the invention to provide a terminal and a terminal adapter,
      coupled by an available transmission means, which may effectively
      communicate data between a data acquisition site and a computer site, and
      requiring a minimum amount of computer time to supervise the
      communication.
PAR  It is a general object of the invention to provide a terminal arranged to
      acquire data from a plurality of analog and digital sources, to
      communicate the acquired data to a remote computer for processing, and to
      accept responsive data from the remote computer, in a more efficient
      manner than systems known heretofore. In this regard, it is also an object
      to provide for the efficient manual entry of data into the computer along
      with the acquired data. Thus, it is an object to afford an operator or
      user the capability to control the acquisition of data while such data is
      being acquired using a simplified data acquisition oriented control panel,
      obviating the need for an understanding of the computer language,
      instructions, and operation.
PAR  It is a more detailed object of the invention to provide a terminal having
      a plurality of input and output channels, for use with a remote computer,
      the terminal being adapted to assign a unique address to each of the input
      and output channels and to append the channel address to the channel data.
      In accomplishing the foregoing, it is a further object to provide a
      terminal adapter at the computer site for communicating with the terminal,
      the terminal and terminal adapter arranged to communicate using compound
      digital words including both data and address. Accordingly, it is an
      object to efficiently route received data to a location indicated by the
      appended address.
DRWD
PAR  Other objects and advantages will become apparent from the following
      detailed description when taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 in a perspective view of the terminal showing the operator's control
      panel;
PAR  FIG. 2 is a similar view of the satellite unit;
PAR  FIGS. 3a and 3b when joined form a logic diagram of the terminal circuitry;
PAR  FIG. 4 is a logic diagram of the terminal adapter circuitry; and,
PAR  FIG. 5 is a logic diagram of the satellite unit circuitry.
DETD
PAR  While the invention will be described in connection with a preferred
      embodiment, it will be understood that there is no intent to limit it to
      that embodiment. On the contrary, the intent is to cover all alternatives,
      modifications and equivalents as may be included within the spirit and
      scope of the invention as defined by the appended claims.
PAR  Turning now to the drawings, FIG. 1 illustrates the terminal unit itself,
      generally indicated at 21. The terminal 21, being entirely contained
      within a table mounted console including an operator's console, is
      arranged to be located in a laboratory, or other area where sensor
      produced data is to be collected. The unit is adapted to receive both
      analog and digital data, and to format such data for entry into a remote
      computer. Accordingly, the terminal rear panel (not shown) may be provided
      with a plurality of connectors, with one connector dedicated to each data
      input channel. As will be set forth in more detail below, the terminal
      includes an analog multiplexer operating in conjunction with an
      analog-to-digital converter, as well as a digital multiplexer. Thus, the
      input channels may be sequentially scanned, temporary storage being
      provided for holding the scanned data before transmission to the computer
      site. Additionally, each input channel is assigned a unique source
      address, and means are provided for storing the address along with the
      acquired data to indicate the source of such data.
PAR  For allowing the manual entry of data, the terminal is provided with a
      plurality of switches arranged in fields such as fields 24, 25 and 26, the
      switch outputs being arranged to form digital words for computer
      processing and control. Certain of the switches, for example those within
      fields 24-33, may be of the digital type having 10 positions and providing
      a binary or BCD output. Additionally, the function switches within field
      34 may be of the toggle switch type, each controlling an associated bit
      within a function switch register, and each having an associated indicator
      to display the condition of the function switch register. Thus, the
      operator is allowed to verify the function switch instruction before
      causing transmission. For manually inducing a transmission, an Enter
      pushbutton 35 is provided, a depression thereof causing a transmission of
      the digital words formed of all the manual switches, as well as those
      produced by the analog and digital input section. The terminal is also
      equipped with output means such as the display 22 for responding to
      messages originated by the computer.
PAR  For communicating with the terminal, a terminal adapter is provided at the
      computer site, being arranged to transfer data to a computer for
      processing, to receive data from the computer for transmission to the
      terminal, and to accomplish communication relatively independently of the
      computer. As will become apparent, this arrangement provides increased
      processing efficiency, as a minimum amount of computer time is required to
      supervise and accomplish data transmission. Accordingly, a maximum amount
      of computer time may be dedicated to data processing, while still
      providing the user with flexible control over the computer.
PAR  A typical application for the sensor based computer terminal is one wherein
      it is desired to collect data from a plurality of sensors distributed at a
      collection station, to process that data at a computing station, and to
      return responses to the collection station in accordance with the
      processing. As noted above, the data sources may be instruments having
      analog outputs, as well as instruments having digital outputs, the remote
      computer being programmed to process the acquired data in accordance with
      the specific application or applications. The terminal provides means for
      informing the computer of the nature of the data to be provided, as well
      as instructing the computer as to which subroutine to use in processing
      the data.
PAR  In a typical application, it may be desired to weigh a plurality of units
      using an electrobalance having an analog output indicating the weight
      placed thereon, and to process the acquired data (the weights) according
      to a predetermined program. Initially, a link is established between the
      terminal and terminal adapter, causing the units to exchange end of
      transmission (EOT) messages, indicating that neither unit has data to
      send. Before commencing the acquisition of data, the operator must
      identify himself as well as the experiment to be run. Accordingly, the
      operator adjusts the digital lever switches in fields 24, 25 and 26 to
      indicate the class of test to be performed, and the batch number and
      sample number of the units to be tested. Additionally, the operator
      specifies a particular test by setting the digital lever switches within
      fields 27, 28 to indicate a test identification number. Finally, the
      operator enters his own identification number via the digital lever
      switches in field 29. Further preliminary information may be entered via
      the lever switches in fields 30 through 33. For example, the nominal
      weight of the units to be measured may be entered in field 30, while the
      number of samples to be measured may be entered in field 31.
PAR  After all of the preliminary identification and test parameter definitions
      have been set up as described above, the operator may cause such
      information to be transmitted to the computer for verification. In the
      illustrated embodiment, this action may be initiated by setting up the
      proper control word in function switch field 34, such as by momentarily
      actuating the Accept switch 48, followed by a momentary depression of the
      Enter button 35. In response, all terminal inputs are formed into digital
      words and transmitted to the terminal adapter for entry into the computer
      memory. The computer may be arranged to check the identification data for
      validity, and to set up the proper subroutines for the test to be run. If
      the computer is satisfied that the entered data is valid, it returns a
      signal to the terminal which causes the display 22 to display a message
      such as "VALID".
PAR  The operator may then calibrate the electrobalance, if desired, by placing
      a standard weight on the electrobalance, and entering the value of the
      standard weight within switch field 30. The Standard switch 45 and Accept
      switch 48 within function switch field 34 are momentarily operated,
      followed by a depression of Enter switch 35. This causes a transmission of
      data to the computer which adjusts a characteristic curve for the
      electrobalance, thereby calibrating the electrobalance output signal to
      the standard weight. When it is desired to analyze each of the units to be
      sampled, sampling is begun by actuating the Go switch 47, followed by a
      depression of the Enter switch 35. In response, an "IN PROCESS" message
      may be displayed on display 22. Additionally, each unit is weighed on the
      electrobalance, and the resulting data ultimately entered into the
      computer. It will be appreciated that the computer may respond to improper
      data by causing the display of a message, indicating an action for the
      operator. Additionally, the operator has control over the computer
      processing by utilizing the switches on the terminal itself. For example,
      a test may be terminated by momentarily activating the Abort switch 41,
      followed by a depression of the Enter pushbutton.
PAR  In accordance with an important aspect of the invention, means are provided
      for allowing additional operators access to the remote computer utilizing
      a single terminal. Initially, it should be noted that a second operator
      may enter his identification and test parameter data by appropriately
      using the switches on terminal 21 as described above. In addition, means,
      shown herein as satellite unit 51 (FIG. 2), may also be used to enter such
      information without utilizing the terminal control panel directly.
      Accordingly, a plurality of portable satellite units, each coupled to the
      terminal 21 by means of a cable 52, may be positioned at independent
      operating stations.
PAR  The satellite unit 51 includes a keyboard 54, a numeric display 55 and a
      message display 56. Accordingly, the required identification data may be
      assembled by sequentially depressing pushbuttons within field 54. Also
      provided is an Enter pushbutton 59 which operates in a manner similar to
      that noted with regard to the terminal. The numeric display 55 is adapted
      to verify the word which is assembled by sequential depression of
      pushbuttons within field 54, while the message display 56 is adapted to
      display computer responses.
PAR  Thus, in the exemplary application, if a second operator desires access to
      the computer using a second instrument, he may gain such access utilizing
      the satellite unit 51. It should be noted that the second instrument may
      be of the same type as that utilized by the first operator, or of a
      different type. Accordingly, the second operator may select any of the
      computer subroutines for processing his data, the terminal adapter and
      computer being adapted to route the proper data to the necessary
      subroutines. It is further apparent that a plurality of satellite
      controllers may be provided, allowing numerous operators to simultaneously
      and independently acquire data. For example, if a terminal is provided
      with eight analog inputs, eight satellite controllers may be provided.
PAR  Referring now to FIG. 3, a preferred embodiment of a terminal constructed
      in accordance with the invention, will be described. In order to clearly
      set forth the invention, the circuitry will be described in terms of a
      functional block/logic diagram. While each block may include a plurality
      of circuit elements, the means for implementing each block will be
      apparent to one skilled in the art, when given the functional description
      of the block as well as its input and output requirements.
PAR  To accept data from a plurality of input sources, the terminal 21 includes
      an input section generally indicated at 101. A plurality of analog input
      signals, illustrated as analog signal sources 102 and 103, are coupled to
      the input section 101, as well as a plurality of digital input signals
      illustrated by digital input sources 105 and 106. Each analog source has
      an associated amplifier, such as amplifiers 108 and 109, the amplifier
      outputs being coupled to analog multiplexer 110. The sequencing of the
      analog multiplexer 110 is controlled, in a known manner, by sequence
      control generally indicated at 111. The analog multiplexer output is
      coupled to a variable gain amplifier 112, whose output in turn is sampled
      by sample and hold circuit 114 for maintaining a stable signal at the
      input of analog to digital converter (ADC) 115 during the digitizing
      period. ADC 115 digitizes each analog sample, in sequence, yielding a
      sequence of parallel digital words representative of the values of the
      scanned signals. To provide increased resolution for signals having small
      magnitudes, amplifier 112 may be of the variable gain type controlled by
      autoranging logic 116. Such an arrangement provides for the automatic
      selection of a gain which will yield maximum resolution for each input
      signal. To allow the digitized signal to be interpreted when using the
      autoranging feature, a range code output element 118 is provided to
      include within the output digital word an indication of the gain of
      amplifier 112. It is seen that the outputs of the analog to digital
      converter 115 and the range code element 118 are coupled to input
      multiplexer 119.
PAR  To acquire data from a plurality of digital sources 105 and 106, a digital
      input section is provided including a digital multiplexer 120 controlled,
      in a known manner, by sequence control 111. It is seen that the output of
      the digital multiplexer 120 is also coupled to input signal multiplexer
      119.
PAR  In view of the foregoing, it will be apparent that each of the analog and
      digital input signals may be scanned, with the output of multiplexer 119
      indicating the digital value for each scanned input. The scanning may be
      controlled in a known manner by sequence control 111 which may also be
      arranged to respond to a terminal output signal for controlling the rate
      and order of sequencing. While only two digital and two analog channels
      are illustrated, it will be appreciated that any reasonable number may be
      accommodated. In one embodiment of the terminal, eight analog and eight
      digital channels are provided.
PAR  In accordance with an important aspect of the invention, means are provided
      for assigning a unique address to each of the input channels shown herein
      as a source address generator 121, which is sequenced in conjunction with
      the input section 101 by sequence control 111. Accordingly, it will be
      appreciated that as each parallel data output word appears on the output
      lines of multiplexer 119, the corresponding address appears on the output
      lines of source addressed generator 121.
PAR  According to another aspect of the invention, temporary storage means are
      provided for storing the acquired data, shown herein as first-in-first-out
      (FIFO) memory 122. It is seen that the FIFO memory 122 includes a section
      for storing the output data from multiplexer 119 as well as a
      corresponding section for storing the associated address outputs of source
      address generator 121. In one embodiment of the invention, the FIFO memory
      may store 64 words of data and address, thereby allowing the continuous
      acquisition of data from the analog and digital sources even when the
      terminal is not immediately capable of transmitting such data to the
      computer site. It should also be noted that the FIFO memory provides two
      supplementary outputs as illustrated, indicating that data is present in
      the FIFO (data present output) or that the FIFO is full (OFLO output). As
      will become apparent, these outputs are used in determining if a data
      transmission should be initiated.
PAR  An output multiplexer 124 is provided to select the various input sources
      in sequence, and to couple the data provided by such sources to
      transmission circuitry for transmission to the computer site. It is seen
      that the parallel output of FIFO memory 122 is coupled to the output
      multiplexer 124, thereby allowing the output multiplexer to select the
      input section 101 for transmission of the data produced thereby. It should
      be noted that as each data word is always coupled to its associated
      address, the input section 101 may be sequenced in order, or randomly.
PAR  In practicing the invention, means are provided to manually enter control
      signals and housekeeping data into the terminal for transmission to the
      computer site, indicated herein as input section 127 coupled to the output
      multiplexer 124. Such signals, as noted above, may be used to control
      computer subroutines, as well as to identify individual operators,
      instruments, etc.
PAR  The plurality of digital lever switches arranged within fields 24-33 (FIG.
      1) are indicated in FIG. 3 by digital switch inputs 125. The switches are
      electrically grouped to provide data words of 8 or 16 bits, with each data
      word associated with a unique source address. In order to more efficiently
      use transmission time, such address may be coupled to the associated words
      at the terminal adapter in a manner to be described below. However, the
      output multiplexer sequencer 126 may also be adapted to assign the proper
      addresses in a manner similar to source address generator 121, such
      function being indicated by the dotted connection between the sequencer
      126 and output multiplexer 124. It is apparent that the digital switches
      may be arranged in groups, with the corresponding group inputs coupled to
      the output multiplexer 124, or alternatively the digital switches may be
      submultiplexed utilizing a simplified switching matrix coupled to the
      output multiplexer.
PAR  The satellite units 51 (FIG. 2) are indicated by digital input 128, having
      their parallel output lines coupled to the output multiplexer 124. To
      interface the satellite unit described above to the output multiplexer,
      the satellite input 128 may include a serial to parallel register for
      accepting the serial transmission from the satellite unit. However, the
      satellite units may also be arranged as simple terminal extensions, having
      a plurality of digital lever switches, each being parallel coupled to
      satellite input 128, thereby eliminating the need for the serial to
      parallel register. It should be noted that the sequencer 126, just as in
      the case of the digital switch input 125, may be adapted to provide a
      unique source address to each of the satellite unit digital words, as well
      as to each of the other input digital words to be described below.
      Alternately, as noted, the source address may be assigned at the terminal
      adapter.
PAR  In describing the function keys in field 34, it was noted that each of such
      keys controlled a corresponding bit in an eight bit register, such
      register being indicated as digital input 129 in FIG. 3. Accordingly, the
      status of each bit within the register 129 is controlled by its associated
      function key, the status of the function keys thereby being transmitted to
      the computer site when the function key input 129 is scanned.
PAR  A further digital input, internally controlled, is read status register
      130. Such register is adapted to monitor various internal conditions, much
      as the function keys monitor external conditions, and to transmit the
      status information when scanned. The status register 130 may be used, for
      example, to identify the occurrence which causes a transmission, having a
      bit dedicated to each of the terminal Enter pushbutton, the logical or of
      the satellite Enter pushbuttons, the teletype ready signal (indicating
      that a teletype character is ready for transmission) and the FIFO overflow
      signal.
PAR  If desired, a teletype device may be provided for use with the terminal.
      Initially, it should be noted that whereas many prior art data acquisition
      systems require a teletype unit for communicating with the computer, the
      teletype unit in the present device may be considered optional, because of
      the capabilities of the terminal utilizing the various function keys,
      digital switches, etc. The teletype may be useful, however, for writing
      new programs, or for providing output copy in a permanent form. The input
      section of the teletype, which may be a keyboard and a paper tape reader,
      is indicated as teletype input 131, including a serial to parallel
      converter for accepting the serial code produced by the teletype and
      providing an 8 bit parallel output signal for coupling to the output
      multiplexer 124. The teletype input 131 also provides a data ready output
      to indicate that a teletype character has been received and is ready for
      transmission.
PAR  For selecting individual ones of the various inputs, and coupling the
      selected input to the serializing means for transmission to the computer
      site, the output multiplexer 124 is sequenced by sequencer 126. More
      specifically, the sequencer produces the proper signals on the output
      multiplexer address lines to cause the signals provided by selected ones
      of the inputs to appear on the output multiplexer's parallel output lines.
      It is seen that the parallel output lines are coupled to an input output
      (I/O) register 132. As noted above, the sequencer 126 may, in addition to
      selecting individual ones of the digital output words for serialization
      and transmission, provide the associated source address for certain
      selected words.
PAR  For responding to signals received from the computer site, output means,
      generally indicated at 134, are provided. As will become apparent, the
      output means may be used for control purposes, and also for displaying
      messages to the operator.
PAR  The display function is implemented in the illustrated embodiment by the
      alpha-numeric display output 135 (for operating display 22 of FIG. 1) and
      indicator lights 136. The alpha-numeric display may be the "Self-Scan"
      type produced by the Burroughs Corporation, and may be adapted to display
      various operator prompting messages under the control of the remote
      computer. Additionally, test results may be displayed. The indicator
      lights 136 include those shown on the front panel of the terminal within
      field 23, as well as the indicators 56 on each of the satellite units. An
      optional output device, as noted above, is the teletype printer 138,
      including a parallel to serial converter and the necessary timing
      components for driving a teletype unit.
PAR  A form of internal control may be provided by sampling timing register 139.
      Such register is coupled to sequence control 111, thereby allowing the
      computer to set the time base at which the analog and digital inputs are
      scanned, as well as the order in which such inputs are scanned.
PAR  If desired, overall control may be achieved by utilizing digital output
      word 140. Data is written into the digital output word register 140 under
      the control of the computer, and is made available to drive external
      devices. The external device may for example, take the form of a plotter,
      or a control device responsive to the digital signal.
PAR  Finally, write status register 141 is provided to set up certain conditions
      within the terminal under the control of the remote computer. For example,
      the status register contains bits which determine the number of satellite
      units which will be scanned. Additionally, the register 141 contains a bit
      which induces a computer controlled transmission from the terminal to the
      terminal adapter. As will become apparent, this allows the computer to
      demand a scan of the terminal inputs, independently of any operator
      action.
PAR  It is seen that each of the output devices is supplied data from a main
      data bus driven by I/O register 132. The particular output device which
      may respond to the data, is controlled by address decoder 142, the address
      decoder, in turn, being controlled by the address bits within I/O register
      132. Accordingly, when the terminal is in the output mode, a word is
      received within I/O register 132. The data bits are coupled to the data
      bus, and are thereby provided to each of the output devices. The address
      bits are decoded by the address decoder 142 and activate one of the output
      devices, such as the alpha-numeric display 135, to allow it to respond to
      the data on the data bus.
PAR  In practicing the invention, converter means are provided to accept
      parallel data from the output multiplexer 124, and to serialize such data
      for transmission to the computer site, as well as to accept the serial
      data from the computer site and to couple said data to the output means
      within the terminal. For controlling the transmission rate, an oscillator
      144 is provided, having an output frequency which may be adjusted to suit
      the particular data transmission requirements. For example, when the
      system is operating into a dedicated pair of transmission lines, the
      oscillator 144 may operate at a relatively high frequency. The frequency
      may be correspondingly decreased when telephone lines are used, to
      accommodate the requirements of an appropriate data modum.
PAR  The signal from the oscillator 144 is coupled to timing counter 145 for
      controlling transmission and reception, the timing counter being adapted
      to count the oscillator pulses for synchronizing the data words. After
      timing counter 145 sequences through its entire range, thereby indicating
      the transmission of a complete word, a signal is provided to word counter
      146 which increments the sequencing means 126. Thus, the output
      multiplexer 124 is sequenced to scan successive inputs, the sequencing
      occurring at the termination of transmission of the previous word. It is
      apparent, therefore, that the parallel signals sequentially provided to
      I/O register 132 for transmission are the combined data and address of
      each of the scanned inputs, the analog and digital inputs 101, as well as
      the manual inputs 127. For serializing the word within I/O register 132, a
      shift signal is provided by counter 145, the frequency being controlled by
      oscillator 144. It is seen therefore that the parallel data within I/O
      register 132 is serially shifted out, one bit at a time, and coupled to
      transmit driver 148 for driving the transmission line generally indicated
      at 149. It is noted that interposed between the I/O register and the
      transmit driver is a three bit line code generator 150. Such generator is
      an arrangement of gates which provide an identification signal at the
      start of each transmitted word.
PAR  It is also seen that a line receiver 151 is coupled to the transmission
      line 149 for receiving a signal from the terminal adapter. The output
      signal of receiver 151 is ultimately coupled to the serial input of I/O
      register 132. It is also noted that a gating network 152 is similarly
      placed to gating network 150 for detecting the three bit line code. It is
      apparent that the received data words are serially shifted into I/O
      register 132, for deserialization, and coupled in parallel fashion to the
      output devices as indicated above.
PAR  Gating network 154 is provided to operate in conjunction with the foregoing
      components to control transmission and reception, as well as to indicate
      and detect the start of a transmitted word. In the illustrated embodiment,
      the first three bits of a transmitted word are used to indicate whether
      data will be following, or alternately indicate the end of the
      transmission (EOT). Accordingly, a binary 110 sequence is used to indicate
      an end of transmission, while a binary 100 sequence is used to indicate
      that data will be immediately following. Assuming that a binary 110 (EOT)
      message has been received from the terminal adapter, such signal is
      coupled through line receiver 151, and detected by gating circuit 152. In
      response, gating circuit 154 disables the line receiver 151 and enables
      the line driver 148. If the terminal has no data to transmit, a signal is
      provided to three bit line code generator 150 to transmit a binary 110
      sequence, indicating an end of transmission. However, if a data ready
      signal is received from any of the FIFO, TTY input, Enter, data present in
      FIFO, or status register inputs, the gating circuit 154 will cause the
      three bit line code generator 150 to produce a binary 100 sequence,
      indicating that data will be immediately following. It is seen that the
      timing counter 145 is coupled to the three bit line code generator 150 to
      allow the production of such message only during the first three bits of a
      transmitted word. Immediately after the production of the signal
      indicating data will follow, subsequent clock pulses are coupled through
      timing counter 145 to I/O register 132, thereby causing the data contained
      within such register to be shifted out to the transmission line. As noted
      above, as each word is shifted out, the word counter 146 increments the
      output multiplexer 124, thereby to transmit the data and associated
      address for each terminal input channel. After the last digital word is
      transmitted, the timing counter 145 couples a signal to three bit line
      code generator 150 causing it to produce a binary 110 sequence, or EOT
      message. Gating circuit 154 then disables line driver 145, and enables
      line receiver 151 in preparation for the reception of a message from the
      terminal adapter. If a 110 message is received, it is detected by three
      bit line code detector 152, again enabling the line driver and disabling
      the line receiver. However, if a 100 message is detected by three bit line
      code detector 152, the gating circuit 154 continues to allow the receiver
      151 to be enabled, and also couples a reset signal to timing counter 145,
      thereby preparing the I/O register 132 to receive a serial message from
      the terminal adapter.
PAR  According to an important aspect of the invention, a terminal adapter is
      provided at the computer site for communicating with the terminal and
      arranged to maintain communication while using a minimum amount of
      computer time. The transmit/receive section of the terminal adapter
      illustrated in FIG. 4 is very similar to that of the terminal, and will be
      described only briefly. A master oscillator 170 is provided to control the
      transmission frequency, and acts through timing counter 171 to provide a
      shift signal to I/O register 172. A line driver 174 and line receiver 175
      are coupled to the transmission line 149, and arranged to be alternately
      enabled by gating arrangement 176. Those elements, in conjunction with
      three bit line code generator 170 and three bit line code detector 178
      operate in a manner similar to the transmit/receive portion of the
      terminal described above. It is noted, however, that the data ready signal
      for the terminal adapter is provided only from memory 180. In summary, the
      terminal and terminal adapter include internal line control circuitry to
      provide efficient half-duplex communication relatively independently of
      computer supervision.
PAR  Data received from the terminal is coupled through receiver 175 and
      serially shifted into I/O register 172. In response to the receipt of a
      full word, the data is coupled to buffer register 181. Similarly, the
      address portion of the received word is coupled through a source address
      buffer register 182 to a computer address buffer register 183. Also
      coupled to computer address buffer register 183 is block address buffer
      register 184 which may be provided in the event that multiple terminals
      and adapters are used with a single computer. The block address is
      arranged to select a particular starting memory location in the computer
      for data block transfer, and is addressable by the computer to set a
      particular starting location in accordance with a data output word as
      shown. Data transfer to the computer is then accomplished using direct
      memory access (DMA) techniques. However, as the address is always present
      with the data, standard I/O data transfer techniques may also be used.
PAR  It was noted above that, if desired, the source addresses for the input
      channels within manual input 127 may be coded with their source address at
      the terminal adapted. It is apparent that this is only possible if the
      manual inputs 127 are scanned in a predetermined sequence. In this event,
      the source address register 182 is arranged to be incremented by I/O
      register 172 after each word is received, thereby generating the source
      address for the received data. Even in this situation, however, the source
      address register 182 is also adapted to directly receive the transmitted
      address associated with the analog and digital input channels 101.
PAR  For coupling received data to the computer, the output of address buffer
      register 183 and data buffer register 181 are coupled to the address input
      lines and data input lines, respectively of the computer or CPU generally
      indicated at 185. It should be noted in this regard that various forms of
      computer may be used with the terminal and terminal adapter, the computer
      forming no part of the invention. The particular embodiment illustrated is
      adaptable for use with the Digital Equipment Corporation PDP-11 series of
      computers. However, it will be apparent to one skilled in the art that
      various forms of computers, including both mini-computers and those of the
      IBM 360 or 370 type may be utilized. In one embodiment of the invention,
      the data within buffer register 181 is loaded into computer memory in
      locations determined by the address with address buffer register 183.
      Accordingly, the data is immediately routed to dedicated locations where
      it is immediately available for processing. In an alternative embodiment,
      both address and data are loaded into sequential locations in computer
      memory. The computer must then test the address bits in order to select
      the proper data for processing. In either event, however, the address
      being intimately coupled to the data allows the individual data words to
      be processed by the proper computer subroutines.
PAR  The illustrated computer has independent address output lines and data
      output lines, such lines being coupled to a memory 180 for temporary
      storage before transmission to the terminal. It is seen that the memory
      provides a parallel output signal to the I/O register 172, as well as a
      data ready signal to the gating arrangement 176. Accordingly, when the
      terminal adapter receives an end of transmission signal from the terminal,
      if data is present in memory 180, the terminal adapter causes the serial
      transmission of said data to the terminal. It is further noted that the
      transmitted data includes both data for operating one of the output
      devices, as well as the address of the selected output device.
PAR  The remote satellite units, which were functionally described with
      reference to FIG. 2, will be described in greater detail with reference to
      FIG. 5. The keyboard 54 is adapted to provide a plurality of signals to
      keyboard encoder 201, one of such signals corresponding to each key. These
      signals are coupled through register 202 and stored in memory 204 for
      driving the numeric display 55. The memory 204 may include a decoder if
      necessary. Accordingly, as individual keys on the keyboard are depressed,
      the corresponding codes are loaded into memory 204 and displayed on
      display 55. As keys are depressed in sequence, the position within memory
      204 is shifted such that the display 55 properly indicates the sequence of
      entries. The keyboard encoder 201 is also coupled to I/O register 205 for
      sending a signal corresponding to the depressed keys to the terminal. As
      noted above, the satellite unit input 128 on the terminal 21 includes a
      serial to parallel register for accepting such signals. Thus, depression
      of keys on keyboard 54 not only causes the display on display 55, but
      additionally loads the corresponding information into an associated
      register in the terminal. A Clear pushbutton is also provided to delete
      erroneous entries.
PAR  The I/O register 205 is also adapted to receive a serial signal from the
      terminal and cause a display in response thereto on status display 56. The
      status display 56 may for example indicate that the terminal is busy and
      cannot respond immediately to a signal from the satellite, or that a
      message is waiting at the terminal for the satellite. The dashed
      connection between I/O register 205 and register 202 indicates that the
      adapter may be arranged, if desired, to display computer induced messages
      on numeric display 55. Also included are busy/ready status lines for
      inhibiting communication between the terminal and satellite unit in the
      event either unit is busy.
PAR  It should be noted that, while the invention has been described in
      connection with exemplary peripheral output devices (e.g. the teletype
      unit), it is easily adaptable to other peripheral devices (e.g. a CRT
      display) not specifically described.
PAR  In view of the foregoing, it is apparent that what has been provided is a
      sensor based computer terminal including both a terminal unit and a
      terminal adapter unit which provide the capability of high speed data
      acquisition utilizing a remote computer. Each acquired data word, whether
      it be acquired from a sensing source, or from a manual input source, is
      associated with a unique digital address. The address may be loaded along
      with the associated data into the computer memory, or the address may be
      stripped from the data at the terminal adapter, and the data loaded into
      computer locations in accordance with the source address. In either case,
      the transmission and reception of data are accomplished independently of
      the computer. Data may be entered into the computer from the adapter in a
      DMA fashion without requiring the computer to supervise deserialization,
      or any other line control functions. Accordingly, a maximum amount of
      computer time is dedicated to data processing.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a data acquisition system having a plurality of data sources at a
      collection station, a processor at a processing station, and transmission
      means coupling said stations, the combination comprising, input means at
      the collection station coupled to the data sources for receiving input
      data, means for assigning a source address to each data source, scanning
      means coupled to the input means for selecting individual ones of the data
      sources and forming an input digital word including the source address and
      the input data received by the selected source, means for serializing the
      input digital words and coupling the serialized words to the transmission
      means, means at the processing station coupled to the transmission means
      for receiving and deserializing the serialized words, means for loading
      the deserialized words including the data and source address into the
      processor, whereby data collected at the collection station is efficiently
      identified and transferred to the processor, output means at the
      collection station for responding to output data, said output means having
      at least one output channel, means for assigning a destination address to
      each output channel, means at the processing station for receiving output
      data and the address of a selected output channel from the processor,
      means for forming an output digital word including the output data and the
      destination address of the selected output channel, means for serializing
      the output digital word and coupling said serialized word to the
      transmission means, and means at the collection station for deserializing
      the serialized word and coupling the data within said word to the
      addressed output channel, whereby effective two-way communication is
      provided between the processing station and the collection station.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein the input means includes
      an analog input section comprising a multi-channel analog multiplexer, a
      variable gain amplifier coupled to the multiplexer, an analog to digital
      converter coupled to the amplifier, means for selecting the amplifier
      gain, and means for including a digital indication of the amplifier gain
      within the digital input word, said assigning means being adapted to
      assign a source addressed to each channel of the analog multiplexer.
NUM  3.
PAR  3. The combination as set forth in claim 2 wherein the input means further
      includes a digital input section comprising a multichannel digital
      multiplexer, said assigning means being adapted to assign a source
      addressed to each channel of the digital multiplexer.
NUM  4.
PAR  4. The combination as set forth in claim 3 further including temporary
      storage means interposed between the analog and digital input sections and
      the serializing means for temporarily storing the input digital words
      including data and address prior to serializing thereof.
NUM  5.
PAR  5. The combination as set forth in claim 4 wherein the input means further
      includes switch means for manual entry of input data.
NUM  6.
PAR  6. The combination as set forth in claim 4 further including a plurality of
      portable satellite stations, each of said stations including means for
      manual entry of data and means for initiating a data transmission, whereby
      a plurality of operators may independently control the transmission of
      data.
NUM  7.
PAR  7. In a data acquisition system including a local data site and a processor
      at a remote site, said local and remote sites being joined by a data
      transmission means, the combination comprising, a terminal at the local
      site, and a terminal adapter at the remote site, said terminal comprising
      multi-channel input means for acquiring input data, output means having at
      least one channel for responding to output data, means for assigning a
      unique address to each of said channels, scanning means for selectively
      scanning the input channels for receiving input data, means responsive to
      the input means for formating an input digital word for each scanned
      channel including the input data and the address of the scanned channel,
      means for serializing the formatted input digital words and coupling the
      serialized words to the transmission means for transmission to the
      terminal adapter, means coupled to the transmission means for receiving an
      output digital word from the terminal adapter and de-serializing said
      received word, the output digital word being formatted to include output
      data and the address of a selected output channel, and means responsive to
      the address within the output digital word for coupling the data contained
      within said word to the selected output channel, said terminal adapter
      including means coupled to the transmission means for receiving and
      de-serializing the input data words, means for coupling the de-serialized
      words to the processor, means for accepting the output digital words from
      the processor, and means for serializing the output digital words and
      coupling the serialized output words to the transmission means for
      transmission to the terminal, whereby the local and remote sites
      effectively cooperate in acquiring data and responding thereto.
NUM  8.
PAR  8. The combination as set forth in claim 7 further including line control
      means for selectively enabling the terminal and the terminal adapter for
      transmission, said line control means including means for producing and
      transmitting an end of transmission signal, and means responsive to the
      reception of an end of transmission signal for initiating a transmission,
      whereby half-duplex communication is provided.
NUM  9.
PAR  9. The combination as set forth in claim 8 wherein one or more of the input
      channels are adapted to acquire analog data, and one or more of the input
      channels are adapted to acquire digital data, said input means including
      means for multiplexing the acquired analog data, means for digitizing the
      multiplexed analog data, and means for multiplexing the acquired digital
      data, whereby data may be acquired from a plurality of analog and digital
      sources.
NUM  10.
PAR  10. The combination as set forth in claim 9 further including temporary
      storage means coupled to the analog digitizing means and the digital
      multiplexing means, thereby to provide the terminal the capability of
      simultaneously acquiring data while receiving a transmission from the
      terminal adapter.
NUM  11.
PAR  11. The combination as set forth in claim 9 wherein the terminal further
      includes a plurality of switches, means for coupling the switches to the
      formating means for forming status digital words indicating the status of
      said switches, the terminal adapter including means for coupling the
      status words to the processor thereby to provide the capability of manual
      entry of data.
NUM  12.
PAR  12. The combination as set forth in claim 9 wherein the output means
      includes a visual display responsive to one of the unique addresses for
      receiving data from the terminal adapter whereby the processor may cause
      the display of processed data.
NUM  13.
PAR  13. In a data acquisition system for collecting data from a plurality of
      analog and digital data sources at a local site, and for processing the
      collected data using a computer at a remote site, said sites being joined
      by a transmission means, the combination comprising, a multi-channel
      analog input section having respective ones of the analog channels coupled
      to the analog data sources, the analog input section including
      multiplexing and digitizing means for scanning the analog channels and
      producing digital words representative of the analog data coupled to the
      scanned channels, a multi-channel digital input section having respective
      ones of the digital channels coupled to the digital data sources, the
      digital input section including digital multiplexing means for scanning
      the digital channels and producing digital words representative of the
      digital data coupled to the scanned channels, means for assigning a unique
      source address to each of the analog and digital input channels, memory
      means coupled to the analog and digital input sections for storing the
      digital words produced by said input sections in conjunction with the
      source addresses of the channels receiving said data, switch means for
      manual entry of input data, means for formatting the switch input data
      into digital words and assigning a unique source address to each of said
      words, output means including a plurality of data registers each having a
      unique destination address, converter means coupled to the transmission
      means operable in a parallel to serial mode for receiving parallel digital
      words including the source addresses from the memory means and the switch
      formatting means and serially transmitting said words, the converter means
      operable in a serial to parallel mode for receiving serial data including
      selected destination addresses and coupling the data to the selected data
      registers, means for selectively enabling the converter means for
      operation in the serial to parallel and parallel to serial modes, and
      means at the remote site including a second converter means interposed
      between the transmission means and the computer for data communication
      with the computer and with the local site.
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ABST
PAL  Data storage and processing apparatus for storing and processing data for
      use by a video display monitor. The data storage and processing apparatus
      includes a random access memory having a general storage section arranged
      to store data including display character data to be displayed in
      horizontal display lines on the display surface of a video display monitor
      and control data for use in conserving storage space in the random access
      memory. The memory conservation control data contained in the general
      storage section of the random access memory includes coded three-character
      repeat sequences. Each coded repeat sequence specifies a repeat operation
      and a particular number of times that a display data character is to be
      repeated in a display line. For each processing of a coded repeat
      character sequence, the memory is inhibited from any further readout of
      data characters and the display data character specified by the coded
      repeat sequence is repeated a fixed number of times in an output buffer
      circuit or until the end of a display line is reached, whichever occurs
      first.
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PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present application is related to U.S. Ser. Nos. 502,983, 502,984 and
      502,986, all filed concurrently with the present application by applicant.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to data storage and processing apparatus and,
      more particularly, to data storage and processing apparatus for storing
      and processing data for use by a video display monitor in systems such as
      stock quotation systems.
PAR  There are many display applications in which it is desired to display
      information on the display surface of a video display monitor. For
      example, in stock quotation systems it is often desired to display several
      blocks of security and commodity information, either individually or
      several blocks simultaneously, on the display surface of a video display
      monitor located in a stockbroker's office. Some examples of blocks of
      security and commodity information include information relating to a
      particular security (e.g., open, close and last trades, high, low,
      dividends, etc.), quote board formatted information relating to a selected
      number of securities and/or commodities, market indices including Dow
      Jones, Standard & Poor, NYSE and ASE indices, and listings of price-active
      or volume-active securities. Desirably, the above blocks of information
      should be stored simultaneously in a memory storage unit and read out
      therefrom as required to be then processed, for example, in recirculating
      data registers and character generator circuitry, into a form suitable for
      display on the display surface of the video display monitor. Additionally,
      the conservation of storage space in the memory storage unit is highly
      desirable so as to maximize the amount of data which may be stored in the
      memory storage unit at any given time.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a data storage and processing
      apparatus is provided for storing and processing data for use by a display
      device of a type displaying coded data characters in a plurality of
      display lines. The data storage and processing apparatus includes a
      storage means arranged to store in successive storage locations therein
      coded data including coded repeat character sequences. Each coded repeat
      character sequence includes a first coded data character specifying that a
      repeat operation is to take place, a second coded data character
      specifying a particular number of times that a particular data character
      is to be repeated consecutively in a display line of the display device,
      and a third coded data character specifying the particular data character
      to be repeated consecutively in the display line of the display device. A
      readout means operates to cause coded data characters stored in the
      storage means to be read out therefrom in succession and to be applied in
      succession to an output of the storage means.
PAR  A first receiving means is coupled to the output of the storage means and
      operates to receive and store in succession each of the coded data
      characters read out from the storage means. A first circuit means is
      coupled to the first receiving means and operates to detect each first
      coded data character of a repeat character sequence received and stored in
      the first receiving means. A second receiving means is coupled to the
      first receiving means and operates to receive and store therein coded data
      characters received by and stored in the first receiving means. A second
      circuit means is coupled to the first circuit means and to the second
      receiving means and operates in response to each detection by the first
      circuit means of a first coded data character of a repeat character
      sequence to inhibit the second receiving means from receiving the first
      and second coded data characters of the repeat character sequence.
PAR  A third circuit means is coupled to the first circuit means and has first,
      second and third stages. The third circuit means operates in response to
      each detection by the first circuit means of a first data character of a
      repeat character sequence to establish an item of information in the first
      stage thereof. A fourth circuit means is coupled to the third circuit
      means and operates to transfer each aforesaid item of information in
      succession along the stages of the third circuit means. A fifth circuit
      means is coupled to the second stage of the third circuit means, to the
      first receiving means and to the readout means and operates when an item
      of information in the third circuit means has been transferred by the
      fourth circuit means from the first stage to the second stage to receive
      and retain therein the number as specified by the second coded data
      character of the repeat character sequence. The fifth circuit means
      operates in response to the receipt and retention therein of the aforesaid
      count to inhibit the readout means from causing the further readout from
      the storage means of additional coded data characters and to enable the
      first receiving means to freeze therein the third coded data character of
      the repeat character sequence then present in the first receiving means.
PAR  The second circuit means is also coupled to the third stage of the third
      circuit means and operates when an item of information in the third
      circuit means has been transferred by the fourth circuit means from the
      second stage to the third stage to enable the second receiving means to
      receive and store therein the third coded data character of the associated
      repeat character sequence then present in the first receiving means. A
      sixth circuit means operates to cause each third coded data character of a
      repeat character sequence received by the second receiving means to be
      applied repeatedly to an output of the second receiving means until the
      third coded data character is no longer present in the first receiving
      means.
PAR  A seventh circuit means is coupled to the fifth circuit means and operates
      to reduce the number retained in the fifth circuit means, by successive
      counts, to a predetermined value. The fifth circuit means operates when
      the number therein has been reduced to the predetermined value by the
      seventh circuit means to cause the first receiving means to release the
      third coded data character of the repeat character sequence. As a result,
      the third coded data character is repeated at the output of the second
      receiving means for a total number of times determined by the number
      specified by the second coded data character of the sequence and initially
      applied to the fifth circuit means. The fifth circuit means is further
      operative to enable the readout means at this time to permit the readout
      from the storage means of additional data characters.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Various objects, features and advantages of a data storage and processing
      apparatus in accordance with the present invention will be apparent from
      the following detailed discussion taken in conjunction with the following
      drawing in which:
PAR  FIG. 1 is a schematic block diagram of a data storage and processing
      apparatus in accordance with the present invention;
PAR  FIG. 2 is a schematic representation of data as stored in a random access
      memory employed in the data storage and processing apparatus of FIG. 1;
PAR  FIG. 3 is a schematic representation of the formatting of data in a table
      as stored in the random access memory;
PAR  FIG. 4 is a schematic block diagram of decoding and control circuitry
      employed in the data storage and processing apparatus of FIG. 1; and
PAR  FIG. 5 is a schematic block diagram of timing and control circuitry for
      producing timing and control signals for use by the data storage and
      processing apparatus of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there is shown a data storage and processing
      apparatus 1 in accordance with the present invention. The data storage and
      processing apparatus 1 includes a random access memory (RAM) 2. In
      general, this memory is arranged to store data including coded display
      character data to be processed for display on the display surface of a
      video display monitor 4, coded control data for use in connection with the
      display data and also for conserving storage space in the random access
      memory 2, and other data, in the form of tables, for selectively
      controlling the readout of the aforesaid display and control data from the
      random access memory 2. The above data is received from and caused to be
      written into and stored in the random access memory 2 by means of a memory
      interface unit 5 which receives, from any suitable input data source
      (e.g., a processor), the necessary information for writing and updating
      data in the memory 2. This information includes memory address signals
      specifying storage addresses, or locations, where data is to be written
      into the memory 2, write signals specifying write operations, and the
      data, in the form of coded eight-bit characters, or words, to be written
      into and stored in the memory 2.
PAR  The memory interface unit 5, which typically includes conventional
      circuitry such as gates and shift register circuitry for establishing a
      timed writing cycle, operates in response to each memory address signal
      and an accompanying write signal and coded eight-bit word or character
      (either a display data character, control character or table character) to
      couple the write signal and the coded eight-bit character to respective
      write and data inputs of the random access memory 2 and to couple the
      memory address signal to a multiplexer steering circuit 7. The multiplexer
      steering circuit 7, which typically contains an arrangement of
      multiplexers for steering address signals presented at different inputs
      thereof to the memory 2, operates to steer the memory address signal
      received thereby to an address input of the memory 2. This address signal,
      together with the write signal applied to the write input of the memory 2,
      causes the memory 2 to write the aforesaid accompanying eight-bit
      character at the address specified by the memory address signal. The above
      described random access memory 2 may be implemented by memory devices of
      any suitable form. For example, the memory 2 may be implemented by MOS
      devices manufactured and sold by the Mostek Corporation, under the trade
      designation MK4102P-1, and described in a Mostek data sheet
      DS-4102-110773, October, 1973. A typical storage capacity for the memory 2
      is 2048 eight-bit words. This capacity may be readily expanded, as
      desired, by the use of additional memory devices.
PAR  The general arrangement of data as stored in the random access memory 2 and
      utilized by the invention is shown in FIG. 2. As indicated in FIG. 2, the
      random access memory 2 includes a general storage section 10 and a
      plurality (e.g., up to 16) of adjacent control storage sections 11. The
      general storage section 10 is employed to store coded display data
      characters, as intended to be displayed, in a selective fashion, on the
      display surface of the video display monitor 4, and coded control
      characters for use in connection with the display characters and also for
      conserving storage space in the memory 2. The coded control characters
      used in connection with the display data characters include coded
      attribute characters for establishing certain display attributes or
      characteristics for the data characters displayed on the display surface
      of the video display monitor 4. By way of example, these display
      attributes may include the underlining and/or intensifying of selected
      characters displayed on the display surface of the video display monitor 4
      and/or the doubling of the width of selected characters displayed on the
      display surface of the video display monitor 4. The attribute characters
      are ultimately processed by processing circuitry 12, used in conjunction
      with the video display monitor 4, to achieve the aforementioned display
      attributes or characteristics of characters displayed on the display
      surface of the video display monitor 4. The aforementioned coded attribute
      characters and the processing circuitry 12 are described in detail in U.S.
      Pat. Nos. 3,895,374; 3,895,375 and 3,895,428, all in the name of Robert C.
      Williams. For specific details as to the nature and use of the coded
      attribute characters and the processing circuitry 12, reference may be
      made to the aforementioned patents.
PAR  The coded control data characters used for memory conservation purposes
      include coded new line characters, coded spacer characters and coded
      three-character repeat sequences. In general, each of these coded
      characters and sequences eliminates the need for storing a larger number
      of characters in the random access memory 2 whereby storage space is
      conserved in the memory 2. For example, each coded new line character as
      employed in the present invention represents the beginning of a new
      display line on the display surface of the video display monitor 4 and is
      preceded in the memory 2 by coded display data characters for the
      immediately preceding display line and followed by the coded display data
      characters for the new display line. A coded new line character is
      employed principally by the invention in storing characters in the memory
      2 for a display line having a length less than the maximum possible length
      (e.g., 80 characters). In this case, rather than using several space
      characters in the memory 2 to fill out the line to the maximum possible
      length, a single coded new line character is used instead to replace these
      several space characters.
PAR  Each coded spacer character as employed in the present invention specifies
      that a spacing operation is to take place and, additionally, specifies a
      particular number of times that spaces are to be provided consecutively in
      a line of display data. Thus, if it is desired to provide a fixed number
      of consecutive spaces in any given display line, this number is simply
      specified in a coded spacer character. As a consequence, it is required
      only to store a single coded spacer character rather than several coded
      space characters in the memory 2.
PAR  Each coded three-character repeat sequence as employed in the present
      invention specifies that a repeat operation is to take place (specified by
      the coded first character of the sequence) and, in addition, a number of
      times that a particular display character is to be repeated consecutively
      in a given display line (specified by the coded second character of the
      sequence) and the particular display character to be repeated (specified
      by the coded third character of the sequence). Thus, if it is desired to
      provide a fixed number of consecutive identical display characters in any
      given display line, this number and the display character to be repeated
      are simply specified in a coded three-character repeat sequence. It is
      therefore unnecessary to store a display character in several consecutive
      storage locations in the memory 2.
PAR  In addition to the abovedescribed coded control data stored in the general
      storage section 10 of the random access memory 2, other coded control data
      may be written into and stored in the memory 2. For example, if it is
      desired to provide certain control functions at the video display monitor
      4, such as illuminating a light or "beeping" a speaker of an associated
      keyboard, or if other equipment is to be used in conjunction with the
      video display monitor 4, such as a light pen, badge reader or a copy
      printer, appropriate coded control data, including required coded address
      information, is caused to be written into and stored in the memory 2.
      These aspects are also described in the aforementioned patents of
      Williams.
PAR  Referring again to FIG. 2, the aforementioned plurality of control storage
      sections 11 of the random access memory 2 are used to store a
      corresponding plurality of tables 0-n each of which is used to control the
      readout of a selected block of data (display and control characters) from
      the general storage section 10 of the memory 2. This block of data is then
      processed by subsequent circuitry to provide a block of display data
      (e.g., a listing of market indices as requested by a stockbroker) on the
      display surface of the video display monitor 4. Although the purpose and
      use of the tables 0-n will be described in detail hereinafter, it is
      believed that a brief description of a typical table will be helpful at
      this juncture. A typical arrangement of the data contained in a table is
      shown in FIG. 3.
PAR  As shown in FIG. 3, the table comprises eight 8-bit characters or words
      0-7. The first word of this table, namely, word 0, is used to represent
      the y address of a cursor as employed to position a block of data read out
      of the general storage section 10 of the memory 2 on the display surface
      of the video display monitor 4. Bit 7 of this word is made a 0 and the
      remaining bits, designated y in FIG. 3, are selected to have 0 or 1 values
      to represent the number of a particular horizontal display line, or row of
      characters, of the display surface of the video display monitor 4 in which
      the cursor is to be positioned. By way of example, for a video display
      monitor having 25 display lines, the cursor y bits are selected to
      represent a number from 0 to 24.
PAR  Words 1 and 2 of the table of FIG. 3 are used as spare words and are
      reserved for future use. These words contain bits 0-7, designated Z in
      FIG. 3, each of which, when utilized, may have a binary value of 0 or 1.
PAR  Words 3 and 4 of the table of FIG. 3 are used to represent a memory start
      address at which the first character of data is to be read out from the
      general storage section 10 of the random access memory 2. The memory start
      address is represented by eleven bits, designated A.sub.0 -A.sub.10, each
      of which may have a binary value of 0 or 1. Bits 4-7 of word 3, designated
      Z, represent spare bits, each of which, when utilized, may have a binary
      value of 0 or 1, and bit 3 is made to have a binary value of 0.
PAR  Word 5 of the table of FIG. 3 is a "window size" word and is used to
      represent a particular number of lines, commencing with the memory start
      address specified by words 3 and 4, to be read out of the general storage
      section 10 of the memory 2 for purposes of display on the display surface
      of the video display monitor 4. Bit 7 of this word is made to have a
      binary value of 0 and each of the remaining bits 0-6 of this word,
      designated W, is selected to have a binary value of 0 or 1. By way of
      example, for the aforementioned example of a 25-line video display
      monitor, the bits W of word 5 are selected to represent a number from 0 to
      24.
PAR  Word 6 of the table of FIG. 3 is used to represent control data for
      achieving certain control functions. Specifically, bit 7 of this word is
      used to specify whether the data to be read out of the general storage
      section 10 of the memory 2 is to be actually displayed on the display
      surface of the video display monitor 4 or is to be concealed from the
      viewer. For example, if the stockbroker is whose office the video display
      monitor 4 has been placed has subscribed to receive, and has requested,
      the particular block of display data specified by the table under
      discussion, (for example, a listing of stock market indices), bit 7 of
      word 6 is made to have a binary value of 1. If the stockbroker has not
      subscribed to receive, or has not requested, this display data, the
      display data is concealed from him and, for this purpose, bit 7 of word 6
      is made to have a binary value of 0.
PAR  Bit 6 of word 6 is used to indicate whether the particular table under
      discussion is or is not the last table stored in the memory 2, it being
      recalled that several (n) tables may be provided in the memory 2. If it is
      the last table, bit 6 of this word is made to have a binary value of 0. If
      it is not the last table, bit 6 is made to have a binary value of 1. The
      purpose of this bit will be readily apparent hereinafter.
PAR  Bit 5 of word 6 is used for purposes of allowing communication, if desired
      or necessary, between devices associated with the video display monitor 4
      (such as a keyboard, light pen, badge reader or copy printer), and
      external data processing apparatus (e.g., a processor). Whenever such
      communication is to take place, during which time data is not to be
      displayed on the display surface of the video display monitor 4, bit 5 of
      word 6 is made to have a binary value of 0. Otherwise, bit 5 is made to
      have a binary value of 1. This aspect of the operation of the apparatus of
      the invention is also described in the aforementioned patents of Williams.
PAR  Bit 4 of word 6 is used to specify the type of cursor to be used on the
      display surface of the video display monitor 4. For example, for an
      inverter type cursor (i.e., the cursor is an inverted character), bit 4 of
      word 6 is made to have a binary value of 1, and for an underline type
      cursor bit 4 is made to have a binary value of 0. Bits 0-3 of word 6,
      designated Z, are spare bits and are reserved for future control
      functions. Each of bits 0-3, when used, may have a binary value of 0 or 1.
PAR  Word 7 of the table of FIG. 3 is used to represent the x address of the
      cursor as employed on the display surface of the video display monitor 4.
      Bits 0-7 of this word, designated x in FIG. 3, are selected to have 0 or 1
      values to represent the number of a particular display character location,
      or character space, on the display surface of the video display monitor 4
      in which the cursor is to be positioned. By way of example, for an
      80-character display line or character row (excluding horizontal retrace)
      for the video display monitor 4, the cursor x bits are selected to
      represent a number from 0 to 79.
PAR  The tables 0-n, as stored in the random access memory 2, are read out of
      the memory 2 in succession. After a table has been read out of the memory
      2, the appropriate data stored in the general storage section 10 of the
      memory, as specified by the start address and window size information in
      the table, is caused to be read out from the general storage section 10 of
      the memory 2. The tables 0-n are caused to be read out from the memory 2
      by means of a table counter circuit 15, the multiplexer steering circuit 7
      and a decoding and control circuit 14. The table counter circuit 15 is
      capable of counting in binary fashion up to the number of tables in the
      memory 2 and receives vertical sync signals from any suitable source, for
      example, from a timing and control circuit 53 such as shown in FIG. 5, at
      a typical rate of 60 hertz (the frame rate of the video display monitor
      4). The table counter circuit 15 is caused to be reset to a count of 0 by
      each vertical sync signal. At each resetting of the table counter circuit
      15, a zero binary address signal, typically comprising seven bits, is
      produced by the table counter circuit 15 and applied to the multiplexer
      steering circuit. This zero address signal is steered by the multiplexer
      steering circuit 7 to the address input of the random access memory 2. The
      memory 2 operates in response to the zero address signal at its address
      input to read out therefrom the first table 0 from the corresponding
      control storage section 11. Words 3 and 4 of this table, containing the
      start address representing the address in the memory 2 of the first
      character of a block of characters to be read out from the general storage
      section 10 of the memory 2, are applied to an address counter circuit 17.
      Words 0,5,6 and 7, representing cursor y, window size, control and cursor
      x words, respectively, are applied to the decoding and control circuit 14.
PAR  The address counter circuit 17, which is capable of counting up to the
      number of storage addresses, or locations, in the memory 2 (e.g., 2048),
      operates to store the start address, (words 3 and 4) received thereby and
      also to apply the start address to the multiplexer steering circuit 7. The
      start address, comprising eleven bits, is steered by the multiplexing
      steering circuit 7 to the address input of the random access memory 2. The
      memory 2 operates in response to the start address to read out of the
      general storage section 10 the eight-bit character stored therein at the
      location specified by the start address. This character, in a parallel bit
      format, is applied to the decoding and control circuit 14 and, assuming
      that bit 7 of word 6 is a "1", the significance of which will be described
      in detail hereinafter, this character is applied to a single-character
      output buffer circuit 18 and then to an output serializer 19. When the
      output buffer circuit 18 is empty of this character, as indicated by a
      buffer empty signal produced thereby, the address counter circuit 17 is
      incremented by the buffer empty signal to the next count representing the
      address in the memory 2 of the next eight-bit character to be read out of
      the memory 2. This next character is read out from the memory 2 and
      applied to the decoding and control circuit 14. The above action continues
      until the number of lines of characters specified by the window size word
      5 of table 0 have been extracted from the memory 2 and applied to the
      decoding and control circuit 14. As before, buffer empty signals are used
      to increment the address counter circuit 17 to initiate the readout of the
      characters following the initial character.
PAR  When the last character for tables 0 has been read out of the general
      storage section 10 of the memory 2, the decoding and control circuit 14,
      which earlier received the window size word 5 of table 0, operates to
      produce and apply an end-of-window signal to the table counter circuit 15.
      This signal causes the table counter circuit 15 to be incremented by one
      to a count representing the address of the next table, that is, table 1,
      in the memory 2. This address, as in the case of the zero address for
      table 0, is applied to the multiplexer steering circuit 7 and is steered
      thereby to the address input of the memory 2. The memory 2, as before,
      operates in response to the address received at its address input to read
      out table 1 from the associated control storage section 11, and to apply
      words 0, 5, 6, and 7 of this table to the decoding and control circuit 14
      and words 3 and 4 to the address counter circuit 17. In the same manner as
      before, the data in the general storage section 10, as specified by the
      start address and window size word in table 1, is caused to be read out
      from the general storage section 10 and to be applied to the decoding and
      control circuit 14. The remaining tables 2-n and the appropriate data
      stored in the general storage section 10 and specified by these tables are
      caused to be read out from the memory 2 and to be applied selectively to
      the decoding and control circuit 14 and to the address counter circuit 17,
      in the same manner as described above.
PAR  When the last table (table n) has been read out from the memory 2, and
      processed, the decoding and control circuit 14, which earlier received
      control word 6 of this table containing a 0 bit 6 (representing the last
      table), operates to produce and apply a last table output signal to the
      table counter circuit 15. This signal prevents the table counter circuit
      15 from being incremented and thereby prevents the table counter circuit
      15 from causing the readout from the memory 2 of further information which
      might be construed by the apparatus of the invention as additional table
      information.
PAR  The decoding and control circuit 14, in addition to producing the
      aforementioned end-of-window and last table signals, also produces output
      signals resulting from the processing therein of the aforementioned memory
      conservation characters, that is, coded new line characters, coded spacer
      characters and coded three-character repeat sequences. Each of these
      output signals is applied to the address counter circuit 17 and inhibits
      the address counter circuit 17 from incrementing to its next count whereby
      the further readout of characters from the general storage section 10 of
      the memory 2 is prevented. The purpose of the inhibiting of the address
      counter circuit 17 will be described in detail hereinafter in connection
      with a discussion of a preferred implementation, shown in FIG. 4, of the
      decoding and control circuit 14.
PAR  The decoding and control circuit 14 also receives output signals from a
      character counter 20 and new line command signals. The character counter
      20 is arranged to count up to the maximum possible number of displayable
      characters in a display line of the video display monitor 4, for example,
      up to 80 characters, and is clocked by clock signals at the character line
      rate, typically, 141 Khz. The 141 Khz clock signals may be derived from
      any suitable source, for example, from the aforementioned timing and
      control circuit 53 shown in FIG. 5. Each output signal produced by the
      character counter 20, at the count of 80, occurs at the end of a display
      line of the video display monitor 4, that is, after 80 characters have
      been displayed on a display line. Each of the aforementioned new line
      command signals occurs at the beginning of a display line of the video
      display monitor 4, following horizontal retrace for the preceding display
      line. A typical rate for the new line command signals is 1620 hertz and
      may be produced by any suitable means, for example, by the aforementioned
      timing and control circuit 53 of FIG. 5.
PAR  Referring now to FIG. 4, there is shown a suitable and preferred
      implementation of the decoding and control circuit 14 employed by the
      invention. The decoding and control circuit 14 includes a storage
      arrangement 22 and a storage buffer 23. The storage arrangement 22 is
      employed to store words 0, 5, 6, and 7 of each table read out from the
      memory 2 and, for this purpose, includes a binary counter 22a for storing
      word 0 (cursor y word), a binary counter 22b for storing word 5 (window
      size word), a buffer 22c for storing word 6 (control word) and a binary
      counter 22d for storing word 7 (cursor x word). The counters 22a and 22b
      are both clocked at the character line rate, 1620 hertz, and the counter
      22d is clocked at the character rate, 141 Khz, for reasons to be apparent
      hereinafter.
PAR  The aforementioned storage buffer 23 is arranged to receive and store, one
      character at a time, the data (display and control characters) read out
      from the general storage section 10 of the random access memory 2 to be
      processed for display on the video display monitor 4. As each character is
      applied to the storage buffer 23, it is examined by decoding circuitry to
      determine whether it is a coded new line character, a coded spacer
      character or the coded first character (repeat character) of a
      three-character repeat sequence. Specifically, a new line decoder circuit
      25 is provided to decode each coded new line character, a spacer decoder
      circuit 27 is provided to decode each coded spacer character and repeat
      decoder circuit 29 is provided to decode the coded first character of each
      three-character repeat sequence.
PAR  The detection in the storage buffer 23 of a coded new line character by the
      new line decoder circuit 25 causes an output signal to be produced thereby
      and to be applied to a logic circuit 32. The logic circuit 32, which
      typically includes flip-flop circuitry, operates in response to the output
      signal produced by the new line decoder circuit 25 to be set and to
      produce an output signal which is applied to a gate 34 and also to the
      address counter circuit 17. The address counter circuit 17 operates in
      response to the output signal produced by the logic circuit 32 to be
      inhibited whereby the count therein is prevented from being incremented to
      the next count. As a result, and while further processing of the coded new
      line character takes place, the random access memory 2 is prevented from
      reading out of the general storage section 10 additional characters
      following the detected coded new line character.
PAR  The gate 34, which may be a NOR logic gate, operates in response to the
      signal received thereby from the logic circuit 32 to produce and apply a
      corresponding control signal to a control input of an output multiplexer
      circuit 35. The output multiplexer circuit 35 is normally used to
      multiplex characters, other than memory conservation characters, to the
      output buffer circuit 18. However, in the case of the detection of the
      coded new line character under discussion, the presence of a control
      signal at the control input of the output multiplexer circuit 35 causes
      the output multiplexer circuit 35 to supply to the output buffer circuit
      18 a special coded output character, namely, a coded space character
      (e.g., 01000000). The coded space character, in a parallel bit format, is
      buffered in the output buffer circuit 18 and then clocked repeatedly and
      continuously into the output serializer 19, by means of load clock pulses
      applied to the output serializer 19 at the character rate (141 Khz), until
      the time of occurrence of the next new line command signal. When the next
      new line command signal occurs, the logic circuit 32 is caused to be
      reset, thereby terminating the output signal therefrom and re-enabling the
      memory 2 and also terminating the output signal from the gate 34. As a
      result, the output multiplexer circuit 35 is once again enabled to
      multiplex the next character, if not another memory conservation
      character, to the output buffer circuit 18.
PAR  The processing of a coded spacer character received by and stored in the
      storage buffer 23 is initiated by the spacer decoder circuit 27. The
      detection in the storage buffer 23 of a coded spacer character by the
      spacer decoder circuit 27 causes an output signal to be produced thereby
      and to be applied to a gate 36 and also to a logic circuit 37. The gate
      36, which may be a NOR logic gate, operates in response to the signal
      received thereby to produce and apply a load signal to a counter circuit
      39. The counter circuit 39 is enabled by this load signal to receive and
      retain therein a count, as specified by particular bits of the spacer
      character and representing the number of times that spaces are to appear
      consecutively in a given display line of the video display monitor 4.
      Following the application of the aforesaid count to the counter circuit
      39, an inhibit output signal is produced thereby and applied to the
      address counter circuit 17 and also to the storage buffer 23. This signal,
      like the output signal produced by the logic circuit 32, causes the
      address counter circuit 17 to be inhibited, while further processing of
      the coded spacer character takes place, from incrementing its count and
      causing the readout from the memory 2 of additional data characters. This
      signal also causes the storage buffer 23 to freeze the coded data
      character next following the coded spacer character while the further
      processing of the coded spacer character takes place.
PAR  The output signal produced by the spacer decoder circuit 27 and applied to
      the logic circuit 37 causes the logic circuit 37, which typically includes
      flip-flop circuitry, to be set and to produce an output signal which is
      applied to the gate 34. The gate 34, as before, operates to produce and
      apply a control signal to the control input of the output multiplexer
      circuit 35. As before, the output multiplexer circuit 35 operates to
      supply a coded space character to the output buffer circuit 18. The coded
      space character is buffered in the output buffer circuit 18 and then
      clocked repeatedly and continuously into the output serializer 19 at the
      character rate (141 Khz). The number of times that the coded space
      character is clocked into the output serializer 19 is determined by the
      count entered into the counter circuit 39 or, alternatively, by an output
      signal produced by the character counter 20. More particularly, after the
      count from the coded spacer character has been entered into the counter
      circuit 39, the count is successively reduced therein by means of
      successive clock pulses applied to the counter circuit 39 at the character
      rate (141 Khz). When the count in the counter circuit 39 reaches a
      predetermined value, specifically, a value of 0, an output signal is
      produced thereby and applied to the logic circuit 37 and, at the same
      time, the inhibit signal applied by the counter circuit 39 to the address
      counter circuit 17 and to the storage buffer 23 is terminated. The
      termination of the signal to the address counter circuit 17 re-enables the
      memory 2, in the manner earlier described, to permit readout of new
      characters therefrom and also re-enables, or releases, the storage buffer
      23 to receive additional characters from the memory 2. The output signal
      applied to the logic circuit 37 by the counter circuit 39 causes it to be
      reset whereby the output signal therefrom is terminated and the output
      signal produced by the gate 34 is also terminated. The output multiplexer
      circuit 35 is accordingly again enabled to multiplex the next character,
      if not another memory conservation character, to the output buffer circuit
      18. It is to be noted that, if before the counter circuit 39 has been
      caused to count down to 0, an output signal is produced by the character
      counter 20 signifying the end of a display line (80 characters), the
      counter circuit 39 is automatically and directly reset to a count of 0 by
      this output signal. As a result, the output signal produced by the counter
      circuit 39 and applied to the address counter circuit 17 and to the
      storage buffer 23 is terminated, thereby re-enabling the memory 2 and
      releasing the storage buffer 23, as before, and resetting the logic
      circuit 37, thereby terminating the control signal applied by the gate 34
      to the control input of the output multiplexer circuit 35.
PAR  The processing of a coded three-character repeat sequence received by and
      stored, one character at a time, in the storage buffer 23 is initiated by
      the repeat decoder circuit 29. The detection in the storage buffer 23 of
      the coded first character of a three-character repeat sequence by the
      repeat decoder circuit 29 causes an output signal to be produced thereby
      and to be applied to a logic unit 41 and also to a three-stage shift
      register 42. The logic unit 41, which typically includes flip-flop
      circuitry, operates in response to the output signal produced by the
      repeat decoder circuit 29 to be set and to produce an inhibit signal which
      is applied to the output buffer circuit 18. This inhibit signal serves to
      inhibit the output buffer circuit 18 from receiving therein the coded
      first and second characters of the three-character repeat sequence during
      the time of the processing of these characters. The shift register 42
      operates in response to the output signal produced by the repeat decoder
      circuit 29 to establish a bit, such as a 1 bit, in the first stage of the
      shift register 42. The three-stage shift register 42 also receives clock
      pulses, for example, at the data bit rate, typically 1.41 Mhz, which clock
      the 1 bit into and along the stages of the shift register 42. The 1.41 Mhz
      clock pulses may be derived from the aforementioned timing and control
      circuit 53 of FIG. 5. When the 1 bit reaches the second stage of the shift
      register 42, an output signal is produced by the register 42 and applied
      to the gate 36. The gate 36 operates in response to this signal to produce
      and apply a load signal to the counter circuit 39. This load signal causes
      the coded second character of the three-character repeat sequence, then
      present in the storage buffer 23 and representing the number of times that
      the repeat character (coded third character of the sequence) is to be
      repeated, to be loaded into the counter circuit 39. When the 1 bit in the
      shift register 42 is shifted from the second stage to the third stage, an
      output signal is produced by the shift register 42 and applied to the
      logic unit 41. The logic unit 41 operates in response to this signal to
      terminate the inhibit signal applied to the output buffer circuit 18
      whereby the output buffer circuit 18 is prepared to receive, at the
      appropriate time, the character to be repeated, that is, the coded third
      character of the repeat sequence. Contemporaneous with the above
      operation, the counter circuit 39 operates to produce and apply an output
      signal to the address counter circuit 17 and to the storage buffer 23 to
      respectively inhibit the readout of additional characters from the memory
      2, in the same manner as earlier described, and to freeze the character to
      be repeated in the storage buffer 23.
PAR  As in the case of the processing of a coded spacer character, the count
      applied to the counter circuit 39 during the processing of the coded
      three-character repeat sequence under discussion is caused to be reduced
      by means of the clock pulses applied in succession to the counter circuit
      39 at the character rate. Each time that the count in the counter circuit
      39 is reduced by one, the coded repeat character in the storage buffer 23
      is multiplexed to the output buffer circuit 18 by the output multiplexer
      circuit 35. When the count in the counter circuit 39 has been clocked to
      0, the inhibit signal produced thereby and applied to the address counter
      circuit 17 and to the buffer circuit 23 is terminated. In the event an
      output signal is produced by the character counter 20 before the counter
      circuit 39 has been clocked to a count of 0, the counter circuit 39 is
      automatically and directly reset to a count of 0. In any case, the
      termination of the inhibit signal produced by the counter circuit 39
      re-enables the memory 2, in the manner earlier described, to permit the
      readout of additional characters from the memory 2, and releases the
      storage buffer 23 to receive another character from the memory 2.
PAR  As mentioned previously, words 0, 5, 6 and 7 of each table are applied to
      and stored in the storage arrangement 22. This information is processed in
      the following manner. As the cursor y word, which represents the number of
      a particular display line, is applied to and stored in the counter 22a,
      the counter 22a is caused to count downwardly from this number by means of
      the clock pulses applied to the counter 22a at the 1620 Hz rate. When the
      count in the counter 22a reaches 0, an output signal is produced by the
      counter 22a and applied to a logic circuit 47 and, at the same time, the
      cursor x counter 22d, which receives and stores the cursor x word
      representing the number of a particular character position in a line, is
      caused to count downwardly, by means of the clock pulses at the character
      rate (141 Khz). When the count in the cursor x counter 22d reaches 0, an
      output signal is produced thereby and applied to the logic circuit 47. The
      logic circuit 47, which typically includes standard logic components such
      as flip-flop circuitry and gates, also receives a signal, specifically, a
      bit (bit 4) from the control word 6 specifying the particular type of
      cursor, that is, a 1 bit for an inverted type cursor or a "0" bit for an
      underline type cursor. The logic circuit 47 operates in response to the
      signals received thereby from the counters 22a and 22d and from the buffer
      22c to produce two output bits, one specifying a cursor operation, for
      example, a 1 bit, and the other specifying the type of cursor, for
      example, a 0 bit for an underline type cursor or a 1 bit for an inverter
      type cursor. The two output bits of the logic circuit 47 are applied to
      the output buffer circuit 18 and added therein to the character then
      present in the output buffer circuit 18.
PAR  Specific bits stored in the buffer 22c, namely, bits 5, 6 and 7 of control
      word 6 are utilized either by the aforedescribed gate 34 or by the spacer
      decoder circuit 27 and the repeat decoder circuit 29. Bit 5 of the control
      word 6, when a 0, indicates that a transmission is to occur to a device
      associated with the video display monitor 4 and causes the spacer decoder
      circuit 27 and the repeat decoder circuit 29 to be inhibited from
      performing their respective decoding operations. As a result, the coded
      data characters received by the storage buffer 23 are permitted to be
      applied by the output multiplexer circuit 35 directly to the output buffer
      circuit 18 without being unnecessarily examined by the spacer decoder
      circuit 27 and the repeat decoder circuit 29. The characters are applied
      to the output buffer circuit 18 until a new table is read out from the
      memory 2 and applied to and stored in the storage arrangement 22.
PAR  Bit 6 of word 6, when having a binary value of 0, indicating that the table
      stored in the storage arrangement 22 is the last table, causes the gate 34
      to produce and apply a control signal to the output multiplexer circuit 35
      to again cause coded space characters to be applied by the output
      multiplexer circuit 35 to the output buffer circuit 18. These coded space
      characters are applied to the output buffer circuit 18 until the
      occurrence of the next vertical sync signal specifying the beginning of a
      new frame. This vertical sync signal causes the next readout of the first
      table, that is, table 0, from the memory 2 and the application of words 0,
      5, 6 and 7 of this table to the storage arrangement 22. Bit 6 is also
      applied to the table counter circuit 15 and prevents the table counter
      circuit 15 from incrementing its count and, therefore, its table address,
      to the next table address. As a result, information which might otherwise
      be construed by the apparatus of the invention as new table information is
      prevented from being read out from the memory 2.
PAR  Bit 7 of word 6, when having a binary value of 0 indicating a "display off"
      condition in which display data is concealed from the user of the video
      display terminal 4, causes the gate 34 to produce and apply a control
      signal to the output multiplexer circuit 35 to once again cause coded
      space characters to be produced and applied by the output multiplexer
      circuit 35 to the output buffer circuit 18 as a result of which spaces are
      established on the video display monitor 4. These coded space characters
      are applied to the output buffer circuit 18 until words 0, 5, 6 and 7 of
      the next table having a 1 "display on" bit 7 in control word 6 are applied
      to and stored in the storage arrangement 22.
PAR  The window size word (word 5) of each table stored in the storage
      arrangement 22, specifying a number of lines of data to be read out from
      the memory 2 to be displayed on the display surface of the video display
      monitor 4, is used to initiate the readout from the memory 2 of the next
      table. Specifically, when the window size word has been applied to and
      stored in the window size counter 22b, the counter 22b is caused to count
      downwardly from the number or count specified by the window size word by
      means of the clock pulses applied to the counter 2 at the 1620 Hz rate.
      When the count in the counter 22b reaches 0, the time of occurrence of
      which is dependent on the initial count applied to the counter 22b, and
      end-of-window output signal is produced thereby and applied to the table
      counter circuit 15. This end-of-window output signal causes the table
      counter circuit 15 to increment its count and, therefore, its table
      address, by one whereby the next table is caused to be read out, via the
      multiplexer steering circuit 7 (FIG. 1), from the memory 2.
PAR  Each coded character applied to the output buffer circuit 18 is loaded into
      the output serializer 19, at the character rate (141 Khz) and converted
      from a parallel bit format to a serial bit format by means of unload clock
      pulses applied to the output serializer 19 at the data bit rate, that is,
      1.41 Mhz. In addition, coded synchronization characters, specifically,
      coded line and frame synchronization characters, are periodically inserted
      into the output data stream from the output serializer 19 for use by the
      processing circuitry 12, as described in detail in the aforementioned
      patents of Williams. Each of the coded synchronization characters,
      typically comprising 15 bits, may be supplied to the output serializer 19
      by any suitable means, for example, by the timing and control circuit 53
      of FIG. 5. The output data from the output serializer 19 is applied to a
      line receiver/transmitter 50 and transmitted over a suitable transmission
      line, such as a coaxial cable 51, to the processing circuitry 12 which, as
      described in the aforementioned patents of Williams, includes
      recirculating data registers, character generator circuitry,
      synchronization detection circuitry and other related circuitry for
      processing the output data from the output serializer 19. A typical length
      for the coaxial cable 51 is 2,000 feet. The line receiver/transmitter 50
      is also capable of receiving data from devices associated with the video
      display monitor 4 (for example, keyboard-entered data) and transmitting
      this data to an external processor for processing by the processor. By way
      of example, for a frame of data comprising typically 27 intervals, the
      line receiver/transmitter 50 may be placed in a transmit mode during
      intervals 1 and 3-27 and in a receive mode during interval 2. The
      bi-directional control of the line receiver/transmitter 50 may be achieved
      by means of transmit and receive control signals produced by the
      aforementioned timing and control circuit 53 of FIG. 5.
PAR  Referring now to FIG. 5, there is shown the aforementioned timing and
      control circuit 53 which may be used to produce timing and control signals
      for use by the data storage and processing apparatus of the invention. The
      control circuit 53 includes a basic clock source 54 which operates to
      produce output clock pulses at a rate of 11.34 Mhz, the dot rate of the
      video display monitor 4. These clock pulses are divided by eight by a
      divide-by-eight counter 55 to produce output clock pulses at the data bit
      rate, that is, 1.41 Mhz. The output clock pulses produced by the counter
      55 are then divided by 10 by a divide-by-10 counter 57 to produce output
      clock pulses at the character rate, that is, 141 Khz. These clock pulses
      are then divided by 87.5 by a divide-by-87.5 counter 59 to produce output
      clock pulses at the 1620 hertz rate. Each count of 87.5 produced by the
      counter 59 is decoded by a decoder 60 to produce a new line command
      signal.
PAR  The output clock pulses produced by the counter 59 are divided by 27 by a
      divide-by-27 counter 62 to produce output clock pulses at the 60 hertz
      rate. Each count of 2 produced by the counter 62 is decoded by a decoder
      circuit 63 to produce a receive control signal for operating the line
      receiving/transmitter 50 in its receive mode. In the absence of the
      decoding of the 2 count by the decoder circuit 63, the decoder circuit 63
      produces a transmit control signal for operating the line
      receiving/transmitter in its transmit mode. Each count of 27 produced by
      the counter 62 is decoded by a decoder 64 to produce a vertical sync
      signal. Decodes from the counters 59 and 62 are also employed to derive
      the aforementioned coded line and frame synchronization characters. More
      particularly, at each count of 86 of the counter 59, except if there is a
      contemporaneous 27 count of the counter 62, a coded line synchronization
      character is produced by a decoding and logic circuit 66. If the counter
      59 produces an 86 count contemporaneously with a 27 count produced by the
      counter 62, a coded frame synchronization character is produced by the
      decoding and logic circuit 66.
PAC  MODIFICATIONS
PAR  While there has been described what is considered a preferred embodiment of
      the invention, it will be apparent to those skilled in the art that
      various changes and modifications may be made therein. For example, if the
      number of tables stored in the memory 2 is to be fixed, the table counter
      circuit 15 may be arranged to count only up to this number, in which case
      it is unnecessary to have last table information (bit 6 of word 6) in the
      tables. In addition, it is possible to modify the table counter circuit 15
      to operate to cause the readout from the memory 2 of only a single (any)
      table. Other changes and modifications will be apparent to those skilled
      in the art without departing from the invention as recited in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Data storage and processing apparatus for storing and processing data
      for use by a display device, said display device displaying data
      characters in a plurality of display lines, said data storage and
      processing apparatus comprising:
PA1  storage means having an output and arranged to store in successive storage
      locations therein coded data characters including a coded repeat character
      sequence, said coded repeat character sequence including a first coded
      data character specifying a repeat operation, a second coded data
      character specifying a particular number of times that a particular data
      character is to be repeated consecutively in a display line of the display
      device, and a third coded data character specifying the particular data
      character to be repeated consecutively in the display line of the display
      device;
PA1  readout means operative to cause coded data characters stored in the
      storage means to be read out therefrom to the output of the storage means;
PA1  first receiving means coupled to the output of the storage means and
      operative to receive and store in succession each of the coded data
      characters read out from the storage means;
PA1  first circuit means coupled to the first receiving means and operative to
      detect the first coded data character of the repeat character sequence
      received and stored in the first receiving means;
PA1  second receiving means coupled to the first receiving means and having an
      output, said second receiving means being operative to receive and store
      therein coded data characters received by and stored in the first
      receiving means;
PA1  second circuit means coupled to the first circuit means and to the second
      receiving means and operative in response to the detection by the first
      circuit means of the first coded data character of the repeat character
      sequence to inhibit the second receiving means from receiving the first
      and second coded data characters of the repeat character sequence;
PA1  third circuit means coupled to the first circuit means and having first,
      second and third stages, said third circuit means being operative in
      response to the detection by the first circuit means of the first data
      character of the repeat character sequence to establish an item of
      information in the first stage thereof;
PA1  fourth circuit means coupled to the third circuit means and operative to
      transfer the aforesaid item of information in succession along the stages
      of the third circuit means;
PA1  fifth circuit means coupled to the second stage of the third circuit means,
      to the first receiving means and to the readout means, said fifth circuit
      means being operative when the item of information in the third circuit
      means has been transferred by the fourth circuit means from the first
      stage to the second stage to receive and retain therein the number as
      specified by the second coded data character of the repeat character
      sequence, and operative in response to the receipt and retention therein
      of the aforesaid number to inhibit the readout means from causing the
      further readout from the storage means of additional coded data characters
      and to enable the first receiving means to freeze therein the third coded
      data character of the repeat character sequence then present in the first
      receiving means;
PA1  said second circuit means also being coupled to the third stage of the
      third circuit means and operative when the item of information in the
      third circuit means has been transferred by the fourth circuit means from
      the second stage to the third stage to enable the second receiving means
      to receive and store therein the third coded data character of the repeat
      character sequence then present in the first receiving means;
PA1  sixth circuit means operative to cause the third coded data character of
      the repeat character sequence received by the second receiving means to be
      applied repeatedly to the output of the second receiving means until the
      third coded data character is no longer present in the first receiving
      means;
PA1  seventh circuit means coupled to the fifth circuit means and operative to
      reduce the number retained in the fifth circuit means, by successive
      counts, to a predetermined value;
PA1  said fifth circuit means being operative when the number therein has been
      reduced to the predetermined value by the seventh circuit means to cause
      the first receiving means to release the third coded data character of the
      repeat character sequence, whereby the third coded data character is
      repeated at the output of the second receiving means for a total number of
      times determined by the number specified by the second coded data
      character of the sequence and initially applied to the fifth circuit
      means, and further operative to enable the readout means to permit the
      readout from the storage means of additional data characters.
NUM  2.
PAR  2. Data storage and processing apparatus in accordance with claim 1
      wherein:
PA1  the seventh circuit means is operative to reduce the number specified by
      the second coded data character of the repeat character sequence and
      initially received and retained in the fifth circuit means to zero.
NUM  3.
PAR  3. Data storage and processing apparatus in accordance with claim 1 further
      comprising:
PA1  eighth circuit means operative to produce an output signal at the end of
      each display line of the display device;
PAL  and wherein:
PA1  the fifth circuit means has a control input for receiving each output
      signal produced by the eighth circuit means, said fifth circuit means
      being operative if an output signal is received at its control input from
      the eighth circuit means before the seventh circuit means has reduced the
      number therein to the predetermined value to be set directly to the
      predetermined value whereby the first receiving means is caused to release
      the third coded data character of the repeat character sequence and the
      readout means is enabled to permit the readout from the storage means of
      additional data characters.
NUM  4.
PAR  4. Data storage and processing apparatus in accordance with claim 3
      wherein:
PA1  the eighth circuit means includes character counter circuit means operative
      to count up to the maximum possible number of displayable data characters
      in a display line of the display device and to produce an output signal
      after each such number, each said output signal thereby occurring at the
      end of a display line of the display device.
NUM  5.
PAR  5. Data storage and processing apparatus in accordance with claim 3
      wherein:
PA1  the first circuit means includes repeat decoding circuit means coupled to
      the first receiving means for decoding the first coded data character of
      the repeat character sequence received by and stored in the first
      receiving means and having an output, said repeat decoding circuit means
      being operative in response to decoding the first coded data character to
      produce an output signal at its output;
PA1  the third circuit means includes shift register circuit means coupled to
      the output of the repeat decoding circuit means and having first, second
      and third stages, said shift register circuit means being operative in
      response to the decoding by the repeat decoding circuit means of the first
      coded data character of the repeat character sequence to establish an item
      of information which is a bit in the first stage thereof;
PA1  the fifth circuit means includes counter circuit means having a first input
      coupled to the second stage of the shift register circuit means, a second
      input coupled to the first receiving means and an output coupled to the
      readout means and to the first receiving means, said counter circuit means
      being operative when the bit present in the shift register circuit means
      has been transferred by the fourth circuit means from the first stage to
      the second stage to detect said transfer at its first input and, in
      response thereto, to receive and retain therein, via its second input, the
      number as specified by the second coded data character of the repeat
      character sequence, said counter circuit means being further operative in
      response to the receipt and retention therein of the aforesaid number to
      produce an output signal at its output, said output signal causing the
      readout means to be inhibited from causing the further readout of coded
      data characters from the storage means and enabling the first receiving
      means to freeze therein the third coded data character of the repeat
      character sequence then present in the first receiving means;
PA1  the seventh circuit means is operative to reduce the number retained in the
      counter circuit means, by successive counts of one, to the predetermined
      value; and
PA1  said counter circuit means is operative when the number therein has been
      reduced to the predetermined value by the seventh circuit means to
      terminate the output signal at its output, whereby the first receiving
      means is enabled to release the third coded data character of the repeat
      character sequence, said third coded data character thereby being repeated
      at the output of the second receiving means for a total number of times
      determined by the number specified by the second coded data character of
      the sequence and initially applied to the counter circuit means, and
      whereby the readout means is enabled to permit the readout from the
      storage means of additional data characters.
NUM  6.
PAR  6. Data storage and processing apparatus in accordance with claim 5
      wherein:
PA1  the counter circuit means of the fifth circuit means further has a control
      input for receiving each output signal produced by the eighth circuit
      means, said counter circuit means being operative if an output signal is
      received at its control input from the eighth circuit means before the
      seventh circuit means has reduced the number therein to the predetermined
      value to be set directly to the predetermined value thereby terminating
      the output signal at its output whereby the first receiving means is
      enabled to release the third coded data character of the repeat character
      sequence and the readout means is enabled to permit the readout from the
      storage means of additional data characters.
NUM  7.
PAR  7. Data storage and processing apparatus in accordance with claim 6
      wherein:
PA1  the first receiving means includes buffer means having an input coupled to
      the output of the storage means and an output coupled to the repeat
      decoding circuit means; and
PA1  the second receiving means includes buffer means having an input coupled to
      the output of the buffer means of the first receiving means and an output.
NUM  8.
PAR  8. Data storage and processing apparatus in accordance with claim 7
      wherein:
PA1  the eighth circuit means includes character counter circuit means operative
      to count up to the maximum possible number of displayable data characters
      in a display line of the display device and to produce an output signal
      after each such number, each said output signal thereby occurring at the
      end of a display line.
NUM  9.
PAR  9. Data storage and processing apparatus in accordance with claim 8
      wherein:
PA1  the seventh circuit means is operative to reduce the number specified by
      the second coded data character of the repeat character sequence and
      initially applied to the counter circuit means to zero.
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ABST
PAL  An information storage device which stores a single flux quantum without
      bias is disclosed. The device includes a single Josephson tunneling device
      made from two superconductive materials spaced apart by an insulator
      wherein a Josephson current density profile J.sub.1 (x) defined by
      ##EQU1##
      IS CHARACTERIZED SUCH THAT THE PROFILE HAS A LARGER MAGNITUDE AT THE
      BOUNDARY PORTIONS OF SAID DEVICE THAN AT THE CENTER. The current density
      profile is controlled by adjusting either the oxide thicknesses, the work
      function of the superconductors or by changing the shape of the junction
      from its usual rectangular cross-section.
PAL  A sensing arrangement for the above described storage devices is also
      disclosed. By controlling the damping of the above described structures,
      the gain characteristics and the vortex characteristics are adjusted to
      permit coincident selection of a single device. The overall reduction in
      the magnitude of the Josephson current density profile provides a higher
      junction resistance with a consequent decrease in damping. This increase
      in resistance across the tunneling junction unexpectedly extends the
      switching characteristic from the envelope boundary of all vortex modes to
      the extent that the application of the same coincident currents permits
      the unambiguous reading of both positive and zero or negative vortices.
      Each device during sensing acts as its own sense detector and is capable
      of switching to the voltage state if a flux quantum is stored. A
      bit-organized memory array utilizing the devices disclosed is also shown.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to Josephson tunneling storage devices for
      use in DRO (Destructive Read Out) random access memory arrays. More
      specifically, it relates to Josephson tunneling devices which are capable
      of storing binary information in the form of a single flux quantum. Still
      more specifically, it relates to single flux quantum Josephson tunneling
      storage devices which are capable of storing a single flux quantum in the
      absence of applied bias or at zero applied field. Still more specifically,
      it relates to a single flux quantum Josephson tunneling storage device in
      which writing and sensing is performed with coincident currents. Each
      device during sensing acts as its own sense detector and is capable of
      switching to the voltage state if a flux quantum is stored. The ability to
      store a single flux quantum at zero bias is determined by controlling the
      Josephson current density profile across the junction which, in turn,
      permits the storing of binary information without the need for external
      loops or circuits which normally carry circulating currents. Sensing uses
      the fact that the gain characteristics of the junction have their
      switching thresholds extended by increasing the junction resistance across
      the entire Josephson junction. The use of such single flux quantum storage
      devices permits the fabrication of very high density arrays having
      extremely fast switching times which require no ultrahigh sensitivity
      circuits to sense a stored signal.
PAR  2. Description of the Prior Art
PAR  The principle of Josephson current devices is understood in the prior art,
      and such devices have been proposed for memory applications. In
      particular, reference is made to U.S. Pat. No. 3,626,391 issued Dec. 7,
      1971, in the name of W. Anacker and assigned to the same assignee as the
      present invention. In that patent, a memory array is described which
      includes a plurality of Josephson tunneling devices wherein each memory
      cell is comprised of two such Josephson devices. The state of each memory
      cell is determined by the direction of the circulating current in the
      cell.
PAR  In two technical papers, a superconducting ring containing a barrier such
      as a Josephson junction is studied. In particular, the reaction of
      superconducting rings having weak links therein to the application of
      external magnetic fields has been reported by F. Block in a paper entitled
      "Simple Interpretation of the Josephson Effect", which appears in Physical
      Review Letters, Vol. 21, No. 17, Oct. 21, 1968 on page 241. The paper
      discusses the Josephson effect in terms of a superconducting ring wherein
      the ring is linked with an external magnetic field. In another article by
      D. E. McCumber appearing in Journal of Applied Physics, Vol. 39, No. 6,
      May 1968, page 2503, superconductor weak link junctions and the effect of
      magnetic fields on these junctions is discussed. On page 2507 of this
      article, McCumber describes a superconducting loop containing a single
      weak link and mentions that this configuration has potential utility as a
      memory element.
PAR  U.S. Pat. No. 3,705,393 issued Dec. 5, 1972, in the names of W. Anacker and
      H. H. Zappe and assigned to the same assignee as the present invention,
      describes a superconducting memory array wherein the memory cells are
      superconducting rings each of which has at least one element therein
      capable of supporting Josephson tunneling current. In the patent,
      coincident currents are used to trap flux in the rings and to release the
      trapped flux for readout of the memory cells. Fast operation and tolerable
      limits on drive currents are indicated as being obtainable if single flux
      quantum operation is utilized. To achieve single flux quantum operation,
      the capacitance, inductance, and damping of each memory cell must be
      within certain limits.
PAR  In 1970, P. W. Anderson, in an article in Physics Today, Vol. 23, page 29
      (1970), described a flux shuttle which is a single vortex shift register.
      The first experimental results on the flux shuttle were recently reported
      by T. A. Fulton and L. N. Dunkelberger in an article in Applied Physics
      Letters, Vol. 22, page 232 (1973). In the devices of the articles and the
      last mentioned patent, flux is stored either in small superconductive
      inductances in the form of loops containing one Josephson junction or in
      single rectangular junctions which require an external bias field. Reading
      is performed by sensing the signal induced into the array lines during the
      release of the trapped fluxoid. Although very high packing densities are
      possible with such schemes, their disadvantage is that the energy released
      for reading is of the order of only 10.sup.-.sup.18 joules. Also, since
      the fabrication of the prior art arrangements are relatively large due to
      the requirement for loops, such arrangements do not provide the ultimate
      in small size, high speed devices which is the direction towards which
      most present-day technologies are tending. In addition, none of the known
      arrangements provide a device which is its own sense detector switching
      the device to the gap voltage if a flux quantum is stored.
PAC  SUMMARY OF THE INVENTION
PAR  A Josephson junction device for storing at least a single flux quantum in
      the absence of an external magnetic field, in its broadest aspect,
      comprises first and second superconductive elements disposed in an x, y
      plane; an insulation layer of thickness sufficient to permit Josephson
      tunneling disposed between the elements and, means integral with at least
      one of said elements and said layer for generating a current density
      profile defined by
      ##EQU2##
      where x is the length dimension, and y is the width dimension, such that
      the profile J.sub.1 (x) has a larger magnitude at the boundary portions of
      said device than at the center portion of said device.
PAR  In accordance with the broadest aspects of the invention, a Josephson
      junction device is provided which includes means integral with said device
      for increasing the junction resistance of the device to reduce the damping
      of the device.
PAR  In accordance with the broader aspects of the invention, a Josephson
      junction device is provided which includes means disposed in electrically
      coupled relationship for writing information stored in the device first
      mentioned hereinabove and for writing and reading in the device having
      reduced damping.
PAR  In accordance with broader aspects of the present invention, the means for
      generating the current density profile includes a portion of each of the
      superconductive elements disposed in overlapping relationship, at least a
      portion of the extremity of at least one of the superconductive elements
      extending toward the other to provide a narrower tunneling region at the
      center of the device than at the boundaries of the device.
PAR  In accordance with still broader aspects of the present invention, the
      means for increasing the Josephson junction resistance includes the
      insulation layer of the device all portions of which are of a thickness
      greater than the first mentioned thickness; the greater thickness being
      such that Josephson tunneling occurs along the length of said junction in
      accordance with J.sub.1 (x) but is of decreased magnitude everywhere along
      the length of the junction.
PAR  In accordance with more particular aspects of the present invention, said
      at least a portion of the extremity of at least one of said elements
      extending toward the other forms a tapered notch, a rectilinear notch or a
      curvilinear notch.
PAR  In accordance with more specific aspects of the present invention, the
      means for reading the device of reduced damping includes means connected
      to the device and the control element for switching said device to the
      voltage state for one stored binary condition and for maintaining said
      device in an unchanged state for another stored binary condition.
PAR  In accordance with still more specific aspects of the present invention, a
      Josephson junction device for storing a single flux quantum in the absence
      of an external magnetic field is provided which comprises an
      interferometer device which includes at least two spaced apart Josephson
      junctions each of which is capable of supporting tunneling via an
      insulation layer of thickness sufficient to support tunneling. The device
      has a current density profile defined by
      ##EQU3##
      such that the profile J.sub.1 (x) has a given magnitude at the spaced
      apart junctions and zero magnitude between the spaced apart junctions.
      Further included is means integral with the device for increasing the
      junction resistance of the Josephson junctions to reduce the damping of
      said device.
PAR  In accordance with still more specific aspects of the present invention,
      the means for increasing the junction resistance includes an insulation
      layer of thickness greater than the above mentioned thickness; the greater
      thickness being such that Josephson tunneling occurs in accordance with
      J.sub.1 (x) but is of decreased magnitude through the Josephson junctions.
      Writing and reading means are also provided for storing and recovering
      information from the above mentioned interferometer arrangement.
PAR  It is, therefore, an object of this invention to provide a single flux
      quantum storage device which is capable of storing at least a single flux
      quantum at zero bias.
PAR  Another object is to provide a single flux quantum storage device in which
      the Josephson current density is reduced by providing higher junction
      resistance and, therefore, lower damping.
PAR  Another object is to provide a Josephson junction memory element which does
      not require an associated superconducting loop for storage.
PAR  Still another object is to provide a memory array having very low power
      dissipation and very high speed switching operation.
PAR  Still another object is to provide a single flux quantum storage element
      which acts as its own sense detector and switches to the voltage state if
      a flux quantum is stored upon the application of coincident currents.
PAR  The foregoing and other objects, features and advantages of the invention
      will become apparent from the following more particular description of the
      preferred embodiment of the invention as illustrated in the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial cross-sectional view of a device in accordance with the
      teaching of the present invention which is capable of storing a single
      flux quantum at zero bias. The device shown has a single rectangular
      Josephson junction having an insulator disposed between superconductive
      elements wherein the insulator is of such thickness that it is capable of
      supporting Josephson tunneling along the length of the junction.
PAR  FIG. 2A is a plan view of a Josephson junction device in accordance with
      the teaching of the present invention wherein a desired Josephson current
      density profile J.sub.1 (x) is provided by causing the extremities of the
      superconductive elements to extend toward each other in the form of
      rectilinear notches. Broadly speaking, the figure shows a centrally
      disposed necked down region which provides a Josephson current density
      profile which has a larger magnitude at the boundary portions of the
      device than at the center portion of said device.
PAR  FIG. 2B is a graphical representation of the Josephson current density
      profile, J.sub.1 (x), along the length of the Josephson junction obtained
      using the configuration shown in FIG. 2A.
PAR  FIG. 3A is a plan view of a Josephson junction device which provides a
      Josephson current density profile in accordance with the teachings of the
      present invention by forming tapered notches in the superconductive
      elements which form the Josephson junction device.
PAR  FIG. 3B is a graphical representation of the Josephson current density
      profile obtained using the tapered notch arrangement of FIG. 3A.
PAR  FIG. 4A is a plan view of a Josephson device in accordance with the
      teaching of the present invention wherein the extremities of the
      superconducting elements extend toward each other in such a way as to form
      a curvilinear notch or "dumbbell" shaped junction.
PAR  FIG. 4B shows the Josephson current density profile obtained utilizing the
      arrangement of FIG. 4A.
PAR  FIG. 5 is a graphical representation of a set of threshold curves of gate
      current (I.sub.g) versus control current (I.sub.c) both normalized to
      (I.sub.0) for a device similar to that shown in FIG. 1 with the exception
      that the curves represent a device having low junction resistance
      (R.sub.j) which results in a device having large damping. Switching to the
      voltage state occurs if the applied currents cross a solid line segment of
      the curves. Also, a change from one quantum state to another occurs if the
      applied currents cross a dashed line segment of the curves.
PAR  FIG. 6 is a graphical representation of a set of computed curves similar to
      that shown in FIG. 2 except that the curves show the (I.sub.g) versus
      (I.sub.c) characteristic normalized to (I.sub.0) for a device having a
      high junction resistance (R.sub.j) which results in a device having low
      damping. It is significant to note that the curves of FIG. 6 have their
      switching thresholds extended for all vortex states as a result of the
      increase in junction resistance.
PAR  FIG. 7 shows a graphical representation of the (I.sub.g) versus (I.sub.c)
      characteristic for a device similar to that shown in FIG. 4A and further
      indicates writing and reading of the device by the application of
      coincident currents. The effect of reduced damping extends the gain
      characteristics of the modes shown to the extent that reading of both
      binary ones and binary zeros can be carried out unambiguously by
      coincident current selection. The solid line segments represent the
      switching threshold boundary while the dashed line segments represent the
      quantum state boundaries.
PAR  FIG. 8 shows an array of Josephson junction devices capable of storing a
      single flux quantum and providing low damping similar to that shown in
      FIG. 4A which are written and read by coincident current selection via
      word and bit lines.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown therein a partial cross-sectional
      view of a rectangular Josephson junction device 1 which is capable of
      storing a single flux quantum at zero bias or in the absence of an
      externally applied magnetic field. Josephson junction device 1 consists of
      superconducting elements 2,3 which are spaced apart by a dielectric or
      insulator 4 which has a thickness across the device which permits
      tunneling therethrough. Superconducting elements 2,3 may be formed of any
      superconductive material well known to those skilled in the cryogenic
      arts, such as lead, niobium, tin or aluminum. Dielectric 4 may also be
      formed from any dielectric or insulator well known to those skilled in the
      cryogenic arts such as silicon dioxide or oxide of the metal being used
      and, as indicated hereinabove, its thickness should not be so great as to
      prevent Josephson tunneling therethrough. A control line 5 which is
      disposed in orthogonal, overlying relationship and spaced from
      superconducting element 1 by an insulator (not shown) provides control
      current (I.sub.c) which, in combination with current applied to elements
      2,3 stores or reads out information held in device 1 in the form of
      current vortices or a zero current vortex. Thus, currents (I.sub.c) and
      (I.sub.g) are coincidentally applied to control line 5 and superconductive
      elements 2,3 to both write and read information into and from device 1. In
      FIG. 1, (I.sub.g) may be applied to superconductive element 2 in a
      direction indicated by circled cross 6 which is also the direction of
      applied magnetic field due to current flow in control line 5.
PAR  Current vortices can be formed inside long Josephson junctions by applying
      an external magnetic field of the order of or larger than I.sub.m (0).
      However, these vortices are not stable in zero magnetic field. The reason
      is that the Lorentz force resulting from the self-field of a vortex pushes
      the circulating Josephson currents outward.
PAR  To maintain a stable vortex inside a device similar to that shown in FIG.
      1, the energy associated with the (inductive) Josephson current must be
      larger at the junction edges than the energy resulting from the Lorentz
      force. This can be accomplished by increasing the Josephson threshold
      current at two opposing junction ends by locally increasing the Josephson
      current density or by providing greater junction widths at the opposing
      junction ends than at the center. This latter approach will be discussed
      hereinbelow in more detail in conjunction with FIGS. 2A, 3A and 4A. In any
      event, the Josephson current density profile is such that it has a greater
      magnitude at the boundaries of device 1 than at the center of device 1.
      One way of achieving the desired Josephson current density profile is
      shown in FIG. 1. Thus, insulation 4 is thinner at the ends 7,8 of device 1
      than at centrally disposed region 9. In this way, device 1 is a device
      with a single rectangular Josephson tunneling junction having a dielectric
      or insulator 4 disposed between superconductive elements 2,3 which
      supports Josephson tunneling along the length of the junction. It should
      be appreciated that, under such circumstances, the device of FIG. 1 is
      distinguishable over the known interferometer devices which consist of a
      pair of Josephson tunneling junctions. By providing a higher current
      density at the ends of a single Josephson junction device which is
      generally represented by
      ##EQU4##
      and having a greater current density at the boundaries than at the center
      of the device, current vortices corresponding to a single flux quantum can
      be entered into device 1 of FIG. 1 by a suitable combination of gate
      current (I.sub.g) and control current (I.sub.c). The magnetic field
      necessary to generate a vortex is produced by control line 5. The device
      current which opposes the penetration of the external control field
      ultimately forms the vortex shown by the dashed arrow 10 in FIG. 1. Thus,
      when a vortex is formed in device 1 of FIG. 1, it remains stable in the
      absence of an external magnetic field whereas, in the prior art single
      junction devices, an external bias or magnetic field was required to
      maintain the current vortices formed in a stable state.
PAR  The Josephson current density profile mentioned hereinabove may be provided
      in other ways than by controlling the thickness of dielectric layer 4 at
      the boundaries of device 1. Thus, the end portions 7,8 of device 1 which
      contain the boundary portions of superconductive elements 2,3 may also be
      utilized to provide the desired current density profile. Under such
      circumstances, device 1 of FIG. 1 has a dielectric or insulator 4 of
      uniform thickness while the boundary portions of superconductor elements
      2,3 at ends 7,8 utilize a metal having a different work function from the
      metal utilized for the portions of superconducting elements 2,3 in
      centrally disposed region 9. Specifically, the work function of the metal
      at the boundary portions of device 1 is lower than the work function of
      that portion of conductors 2,3 associated with centrally disposed region
      9. By lowering the work function of those portions of superconductive
      elements 2,3 associated with end regions 7,8, a Josephson current density
      distribution is obtained which has a greater magnitude in those portions
      of device 1 associated with end regions 7,8 than in those portions of
      device 1 associated with centrally disposed region 9. Thus, where
      centrally disposed region 9 is made of lead, regions 7,8 may be fabricated
      from a lower work function metal such as tin. The resulting device has the
      desired Josephson current density profile, fulfills the criterion of being
      a single Josephson junction device and requires no external bias or
      magnetic field to maintain a stored single flux quantum in a stable
      condition.
PAR  The criterion that a Josephson junction device exhibit a Josephson current
      density profile such that the profile has a larger magnitude at the
      boundary portions of the device than at the center portion of the device
      can be achieved with uniform dielectric thickness and single work function
      metals by shaping the junctions. Stated another way, the desired Josephson
      current density profile may be generated by causing at least a portion of
      the extremity of at least one of the elements 2,3 which are disposed in
      overlapping relationship to extend toward the other to provide a narrower
      tunneling region at the center of device 1 than at the boundaries of
      device 1. FIGS. 2A-4A show plan views of such structures which provide
      desired Josephson current density profiles as shown in FIGS. 2B-4B,
      respectively. Referring now to FIG. 2A, there is shown therein a plan view
      of a single Josephson junction device 1 wherein a portion of the extremity
      of each of the elements 2,3 extends toward the other to form a rectilinear
      notch 11 in each of the superconductive elements 2,3. In FIG. 2A, it
      should be appreciated that a dielectric or insulator 4, although not
      shown, is disposed between elements 2,3 at their places of overlap. As can
      be seen from a consideration of FIG. 2B, which shows the Josephson current
      density profile along the length of the Josephson junction of device 1 or
      in the x direction, device 1 has a Josephson current density profile
      J.sub.1 (x), which has a greater magnitude at the boundaries of device 1
      than at the center of device 1.
PAR  Similarly, in FIGS. 3A and 4A, which show tapered notches 12 and
      curvilinear notches 13, respectively, in the extremities of
      superconducting elements 2,3, their Josephson current density profiles
      J.sub.1 (x), also have greater magnitudes at the boundary portions of
      device 1 than at the center portions of device 1. As with device 1 of FIG.
      2A, devices 1 of FIGS. 3A, 4A also have dielectrics or insulators disposed
      between elements 2,3 at their places of overlap. Each of the devices just
      described has the desired Josephson current density profile as a result of
      what may be generally described as a centrally disposed necked-down
      region. Thus, as a general rule, the shape of the Josephson junction may
      take any form provided the resulting structure has a centrally disposed
      necked-down region. It should be appreciated, at this point, that it is
      not necessary to have both of the extremities of superconducting elements
      2,3 extend toward each other to form the centrally disposed necked-down
      region but that only one of the extremities of conductors 2,3 need extend
      toward the other extremity. Thus, in FIG. 2A, rectilinear notch 11 in
      element 3 may be eliminated without changing the ultimate Josephson
      current density profile. The only change required is to have notch 11 of
      element 2 extend in the y direction until it substantially overlaps the
      extremity of the now unnotched element 3. Similarly, in the tapered and
      curvilinear notch embodiments of FIG. 3A and FIG. 4A, respectively, only
      one of the elements 2,3 need have the tapered notch 12 or curvilinear
      notch 13. With respect to FIGS. 2A-4A, it should be appreciated that in
      actual operation a control line 5 is disposed over each of the Josephson
      junctions shown which, when a control current, I.sub.c, is applied,
      provides a magnetic field in the direction shown by the arrow in each of
      the FIGS. 2A-4A. In all of the embodiments shown, dielectric or insulator
      4 need only have a minimum thickness which is sufficient to support
      Josephson tunneling along the length of the junction. Adhering to this
      criterion in combination with the other parameters described hereinabove
      permits the generation of the desired Josephson current density profile
      and the resulting devices are capable of storing a single flux quantum in
      the absence of an externally applied magnetic field or at zero bias.
PAR  Using the devices shown in FIGS. 1 and 2A-4A, a threshold characteristic
      having the general form of that shown in FIG. 5 can be obtained by
      plotting the variation of gate current, (I.sub.g), with respect to control
      current, (I.sub.c). In FIG. 5, each of the parameters (I.sub.g), (I.sub.c)
      is plotted normalized with respect to (I.sub.0). In FIG. 5, the zero
      vortex curve which relates to a device having low junction resistance,
      R.sub.j, and therefore, large damping, is disposed symmetrically about the
      I.sub.g /I.sub.0 axis and having values of .+-.1.5 or I.sub.c /I.sub.O
      when I.sub.g is 0. Thus, for a device not containing a vortex any
      combination of control current, (I.sub.c), and gate current, (I.sub.g),
      which remain inside the zero vortex curve, no vortex can be formed in the
      devices described hereinabove. If the combination of these currents is
      such that the operating point of the device is brought outside the heavy
      line portion of the zero vortex curve, the device switches from the
      superconducting state to the voltage state in the usual manner of
      Josephson junction devices. Also, if the combination of applied currents
      shifts the operating point of the associated device so that it crosses a
      dashed portion of the zero vortex curve, the device stores a plus or minus
      vortex. Under such circumstances, a Josephson junction device is capable
      of storing a single flux quantum which may have one of two possible
      current vortex directions as indicated by the references in FIG. 5 to plus
      (+) vortex and minus (-) vortex. Once a device has changed from one vortex
      mode to another, the vortex mode from which the device has changed no
      longer exists and, accordingly, its threshold characteristic in that mode
      no longer exists. Thus, in FIG. 5, if the combination of currents applied
      changes the device operating point from a zero vortex mode to a plus
      vortex mode by crossing the dashed line of the zero vortex mode, the zero
      vortex mode disappears and only the plus vortex threshold characteristic
      exists. As long as the combination of currents applied remains within the
      plus vortex mode threshold characteristic, the associated device is
      capable of storing a single flux quantum. Where the combination of
      currents applied causes the heavy line portion of any of the vortex modes
      to be crossed, the associated device switches into the voltage state.
      Also, if the combination of currents applied to the device when it is
      storing a single flux quantum is such that the dashed line portion of the
      plus vortex mode threshold characteristic is crossed, the device changes
      from a plus vortex mode back to the zero vortex mode and, a single flux
      quantum can no longer be stored. From the foregoing, it should be clear
      that combinations of gate and control currents can be applied to a device
      such that the device will store either a zero or positive vortex which are
      representative of binary zero and binary one conditions, respectively.
      This can be achieved, in the usual case, by applying coincident gate and
      control currents of such a value that either a zero vortex or a positive
      vortex is stored in the associated device. When, however, the information
      stored is to be read, the application of coincident currents produces an
      output current in the gate line when a positive vortex is stored and no
      current when a zero or negative vortex is stored. For example, if a binary
      one is stored in the form of a positive vortex, the application of
      coincident currents causes the dashed line portion of the positive vortex
      curve to be crossed causing the release of the stored vortex and the
      operating point of device 1 to change to the zero vortex mode. The
      released vortex having an energy of the order of 10.sup.-18 joules causes
      a small current pulse to be injected into the gate line associated with
      device 1. The same coincident currents applied when no vortex is stored
      produce no output since the dashed line portion of the zero vortex is not
      crossed. It should be recalled that when a zero vortex exists a positive
      vortex does not exist and vice versa.
PAR  Referring now to FIG. 6, there is shown therein threshold curves of I.sub.g
      /I.sub.O versus I.sub.c /I.sub.O similar to those shown in FIG. 5 except
      that the curves shown are those for a device which exhibits large R.sub.j
      and consequently lower damping. The result of increasing the junction
      resistance, R.sub.j, is to extend the heavy line portions of FIG. 5 such
      that the switching threshold of the device is extended as shown in FIG. 6.
      The extension of the switching threshold, as shown by the heavy lines in
      FIG. 6, when compared to the switching threshold of the device of FIG. 5,
      permits a crucial change in the operation of a device when it is being
      used as a memory element to store a single flux quantum at zero bias. This
      crucial change results from the extending of the switching thresholds of
      the device which is achieved by reducing the magnitude of the current
      density profile which, in turn, is achieved by providing a large junction
      resistance for a device having a desired current density profile. In FIG.
      6, it should be noted that the critical point (that point where a
      combination of applied gate and control currents cause a device to switch
      into the voltage state) on the zero vortex curve is situated at I.sub.g
      /I.sub.O .about. 0.9. As a result, if the threshold curve for a zero
      vortex or zero quantum state is crossed with gate current levels I.sub.g &lt;
      0.9 I.sub.O, a positive vortex is formed without switching into the
      voltage state. Of course, at gate currents greater than 0.9 I.sub.O, the
      device switches into the voltage state. In FIG. 6, it should also be noted
      that critical points on the positive and negative vortex threshold curves
      occur near I.sub.g /I.sub.O .about. 0.4 so that switching to the voltage
      or 2.DELTA. state occurs at lower gate current levels. Thus, in terms of
      storing a single flux quantum, the writing of such information is little
      affected since switching between vortex thresholds or quantum states is
      still all that is required to store a binary one, for example, in a
      positive vortex or single flux quantum state. However, the reading of a
      device which is storing, for example, a binary one in the form of a
      positive vortex or single flux quantum state is now radically changed.
      Recalling that the vortex threshold curves of FIG. 5 which represent a
      device with low junction resistance, R.sub.j, that reading unambiguously
      was achieved only by releasing a single flux quantum from the device by
      applying currents which crossed the positive vortex curve at a dashed line
      portion, it can be seen from a consideration of the threshold curves of
      FIG. 6 that reading a binary one which is stored in a device in the form
      of a single flux quantum can now be achieved by switching a device with
      low damping to the voltage state. Because of the extending of the
      switching thresholds, it is now possible using applied coincident gate and
      control currents to unambiguously detect the presence of either a binary
      one or a binary zero using the same values of coincident current to detect
      either state. FIG. 7 wherein the switching thresholds are superimposed on
      the vortex thresholds clearly shows the current conditions under which a
      device of low damping may be both written and read.
PAR   Referring now to FIG. 7, if a device represented by the curves of FIG. 7
      is initially empty, a vortex will not be produced if the operating point
      remains inside the curve designated 0 vortex. For purposes of
      illustration, any combination of gate and control currents which are
      coincidentally applied to a device and its control line, respectively,
      which terminate in the shaded area 14 (otherwise identified as Write "0")
      may be utilized to write a binary zero. At this point, it should be
      appreciated that the curve designated -- vortex in FIG. 7 may be used
      instead of the curve designated 0 vortex to both write and read a binary
      condition such as a binary 0 using the same currents described hereinbelow
      in connection with the 0 vortex curve. The upper bound of gate current
      which can be applied is, of course, determined by critical point 15 on the
      positive vortex curve which would come into play when it is desired to
      change from a binary one state represented by the positive vortex curve to
      a binary zero state. By applying currents which cross the positive vortex
      threshold curve only at a dashed portion, this change of states can be
      achieved without switching to the voltage state. To write a binary one,
      gate and control currents may be applied which extend into shaded area 16
      (otherwise identified as Write "1") without crossing the heavy line area
      of a threshold curve. Again, shaded area 16 has an upper value of gate
      current which is determined by critical point 17 which would come into
      play in changing from a zero vortex state to a positive vortex state.
      Obviously, a gate current greater than 0.9 causes the switching threshold
      of the zero vortex curve to be crossed and the device to be switched into
      the voltage state.
PAR  With respect to reading, it is, of course, well known that the same
      coincident currents must be applied and that an unambiguous signal must be
      obtained for one of the two possible states of the device being read. As
      has been indicated hereinabove, when a device has large damping, it is not
      possible to obtain such an unambiguous signal for one of the two possible
      states being stored in the device by switching into the voltage state.
      Control of the junction resistance, R.sub.j, to the extent that a device
      is provided with large junction resistance extends the switching threshold
      of such a device making it possible to obtain the desired unambiguous
      readout for a stored binary condition.
PAR  Again referring to FIG. 7, it should be clear that by applying the same
      values of gate and control currents an unambiguous switching to the
      voltage state can be obtained when a positive vortex is stored and no
      readout signal at all can be obtained using the same coincident currents
      when a zero vortex is stored. In FIG. 7, any combination of gate and
      control currents which brings the operating point of the device into
      shaded area 18 (otherwise labelled Read) causes the device to switch into
      the voltage 2.DELTA. state if a positive vortex is stored. Where a
      positive vortex is not stored, the threshold curve for a positive vortex
      does not exist and the very same applied coincident currents do not cause
      a crossing of a switching threshold and no output is obtained since the
      operating point of the device remains within the zero vortex curve which
      is the only one which exists when a zero vortex is stored in the device.
      As in the case of a single Josephson junction, when the presence of a
      positive vortex is sensed by the switching of the device to the 2.DELTA.
      or voltage state, the device remains in the voltage state as long as gate
      current is maintained. It should be appreciated that far more energy is
      available for sensing under these circumstances than when a single fluxoid
      was released using prior art reading approaches. Once all currents are
      removed from the device, the original information is lost, and the device
      may be in either of the three quantum states. Simulations and experimental
      results have shown that the limits of the switching threshold curves of
      FIG. 7 depend on device damping, which is, to the first order, determined
      by the low voltage single particle tunneling resistance, R.sub.j, of a
      junction. The curves of FIG. 7 correspond, as previously indicated, to a
      device having low damping wherein the junction resistance, R.sub.j, to
      provide the ability to read unambiguously should be
      ##EQU5##
      where L is the inductance of the device and C is the capacitance of the
      junction. Based on this relationship, it should be clear that the
      condition for the above read out scheme may also be controlled by changing
      either L or C. Thus, for substantially fixed values of L and C, a small
      decrease in the thickness of the dielectric between superconducting
      elements increases the junction resistance, R.sub.j. Also, for a fixed
      thickness of a dielectric between superconducting elements, a variation in
      L may be obtained by changing the depth of the notches shown in FIG.
      2A-4A. The greater the depth of the notch, the greater is the constriction
      and the greater is the value of L. Another way to affect inductance is to
      change the superconductive penetration depth, .lambda., by changing the
      type of materials used, for example. In this instance the greater the
      penetration depth the greater is the inductance term L in the above
      relationship. The capacitance, C. may be changed by utilizing metals the
      oxides of which have larger dielectric constants, .epsilon.. In general,
      as long as the above indicated inequality is preserved, the switching
      threshold curves are extended and it is irrelevant which of the parameters
      involved is changed.
PAR  Experimental devices having a shaped tunneling junction similar to that
      shown in FIG. 3A have been fabricated. A Josephson tunnel junction is
      formed between two lead alloy superconductors. The junction formed by a
      curvilinear notch in the extremity of the lower superconductor delineates
      one side of the device while an insulation layer of silicon oxide about
      4000 A thick having a corresponding curvilinear notch extending toward the
      first mentioned delineates the other side of the junction. The final
      device has the shape of a butterfly or dumbbell. The inductance L which is
      predominantly determined by the central necked-down or constricted region
      was estimated to be approximately 0.5pH. While the experimental device did
      not utilize an orthogonal bit line, it was equipped with two longitudinal
      control lines. The control current was produced by feeding equal but
      opposite currents through these control lines. In the experimental device,
      the screening currents induced on top of the upper superconductive element
      produced a small current through the constriction. The information stored
      at an energy level of approximately 3 .times. 10.sup. .sup.-18 joules
      showed remarkable stability despite unshielded conditions in a laboratory
      environment. Quasistatic writing and sensing with cycle times of 5 minutes
      have been demonstrated. The switching time of the present device is
      estimated to be 50ps. Writing was performed with triangular pulses having
      a base width approaching lns, and a sense cycle with similar pulses was
      also utilized.
PAR  Referring now to FIG. 8 a plan view of a portion of an array utilizing
      Josephson devices similar to that just described and identical with those
      shown in FIG. 3A is shown. Thus, FIG. 8 shows an array of four Josephson
      devices 20, pairs of which are connected in series via word lines 21. Bit
      lines 22 are disposed in orthogonal relationship with word lines 21 and
      are similar to control lines 5 shown in FIG. 1. The various elements are
      disposed on a ground plane 23 of niobium or other superconductive metal
      and are insulated therefrom by a layer of silicon oxide or other suitable
      dielectric. Current sources indicated in FIG. 8 by lines labelled I.sub.g
      and I.sub.c, which are connected to word lines 21 and bit lines 22,
      respectively, provide coincident gate and control currents, respectively,
      which are utilized to store information in and read information from the
      array shown. Since each of the devices 20 has vortex modes and switching
      characteristics similar to thosoe shown in FIG. 7, devices 20 can be both
      written and read by applying the proper coincident currents for writing a
      binary one or a binary zero and for reading out the stored information.
      While only four elements have been shown in a portion of an array, it
      should be appreciated that the present single flux quantum storage devices
      disclosed herein are particularly applicable to high density arrays which
      utilize a large number of devices 20.
PAR  While the teaching of the present application has been limited up until
      this point to single Josephson junction devices, it should be appreciated
      that interferometer devices well known to those skilled in the Josephson
      tunneling art and consisting of devices similar to that shown in FIG. 1
      except that no tunneling occurs in centrally disposed region 9 may also be
      utilized in the practice of the present invention to the extent that
      increasing the junction resistance of both Josephson junctions of the
      interferometer can also extend the switching threshold characteristics of
      that device in a manner similar to that described in connection with FIG.
      6 hereinabove. Thus, an interferometer may be utilized in a regime wherein
      a single flux quantum is stored and wherein unambiguous coincident current
      readout is possible in the same way as described hereinabove in connection
      with FIG. 7. Thus, the Josephson current density profile of an
      interferometer is similar to that shown for the devices of FIG. 1 and
      FIGS. 2A-4A except that the magnitude in the centrally disposed region
      between the pair of Josephson junctions is zero. The profile at its
      boundaries may be reduced to increase the junction resistance to provide
      reduced damping and may be accomplished by increasing the thickness of the
      dielectric in the same manner described in connection with FIG. 1
      hereinabove. Of course, in any event, the dielectric thickness should not
      be so great as to prevent Josephson tunneling across the dielectric. Also,
      the junction resistance, R.sub.j should adhere to the criterion that it be
      ##EQU6##
      it being understood that L and C may be varied as discussed hereinabove to
      adjust the junction resistance. Finally, the interferometer device may be
      read and written in a manner similar to that described hereinabove in
      connection with FIG. 7.
PAR  While the invention has been particularly shown with reference to preferred
      embodiments thereof, it will be understood by those skilled in the art
      that the foregoing and other changes in form and details may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A Josephson junction device for storing single flux quantum in the
      absence of an external magnetic field comprising
PA1  first and second superconductive elements,
PA1  an insulation layer the thickness of which is sufficient to permit
      Josephson tunneling along the length thereof disposed between said
      elements, and
PA1  means integral with at least one of said elements and said layer for
      generating a current density profile having a larger magnitude at the
      boundary portions of said device than at the center portion of said
      device.
NUM  2.
PAR  2. A Josephson junction device according to claim 1 further including means
      integral with said device for changing the magnitude of said current
      density profile to reduce the damping of said device.
NUM  3.
PAR  3. A Josephson junction device according to claim 1 further including
PA1  means disposed in electrically coupled relationship with said device for
      storing information therein.
NUM  4.
PAR  4. A Josephson junction device according to claim 1 wherein said means for
      generating said current density profile includes portions of reduced
      thickness in said insulation layer coincident with said boundary portions.
NUM  5.
PAR  5. A Josephson junction device according to claim 1 wherein said means for
      generating said current density profile includes portions of said first
      and second elements coincident with said boundary portions having work
      functions different from the work functions of said elements at said
      center portion.
NUM  6.
PAR  6. A Josephson junction device according to claim 1 wherein said means for
      generating said current density profile includes portions of said first
      and second elements coincident with said boundary portions having work
      functions lower than the work functions of said elements at their center
      portion.
NUM  7.
PAR  7. A Josephson junction device according to claim 1 wherein said means for
      generating said current density profile includes a portion of each of said
      elements disposed in overlapping relationship at least a portion of the
      extremity of at least one of said elements extending toward the other to
      provide a narrower tunneling region at the center of said device than at
      the boundaries of said device.
NUM  8.
PAR  8. A Josephson junction device according to claim 2 wherein said means
      integral with said device for changing the magnitude of said profile
      includes means for increasing the junction resistance, R.sub.j, of said
      device to reduce the damping of said device.
NUM  9.
PAR  9. A Josephson junction device according to claim 2 wherein said means for
      generating said current density profile includes portions of reduced
      thickness in said insulation layer coincident with said boundary portions.
NUM  10.
PAR  10. A Josephson junction device according to claim 2 wherein said means for
      generating said current density profile includes portions of said first
      and second elements coincident with said boundary portions having work
      functions different from the work functions of said elements at said
      center portion.
NUM  11.
PAR  11. A Josephson junction device according to claim 2 wherein said means for
      generating said current density profile includes portions of said first
      and second elements coincident with said boundary portions having work
      functions lower than the work functions of said elements at their center
      portion.
NUM  12.
PAR  12. A Josephson junction device according to claim 2 wherein said means for
      generating said current density profile includes a portion of each of said
      elements disposed in overlapping relationship with at least a portion of
      the extremity of at least one of said elements extending toward the other
      to provide a narrower tunneling region at the center of said device than
      at the boundaries of said device.
NUM  13.
PAR  13. A Josephson junction device according to claim 2 further including
      means disposed in electrically coupled relationship with said device for
      storing information therein.
NUM  14.
PAR  14. A Josephson junction device according to claim 2 further including
      means disposed in electrically coupled relationship with said device for
      reading information stored therein.
NUM  15.
PAR  15. A Josephson junction device according to claim 3 wherein said means for
      storing includes at least a single control element disposed in overlying
      relationship with said device and means coupled to said device and said
      control element for applying coincident gate and control currents,
      respectively, to said device and said control element.
NUM  16.
PAR  16. A Josephson junction device according to claim 7 wherein said at least
      a portion of the extremity of at least one of said elements extending
      toward the other forms at least a single tapered notch.
NUM  17.
PAR  17. A Josephson junction device according to claim 7 wherein said at least
      a portion of the extremity of at least one of said elements extending
      toward the other forms at least a single rectilinear notch.
NUM  18.
PAR  18. A Josephson junction device according to claim 7 wherein said at least
      a portion of the extremity of at least one of said elements extending
      toward the other forms at least a single curvilinear notch.
NUM  19.
PAR  19. A Josephson junction device according to claim 7 wherein said at least
      a portion of the extremity of at least one of said elements extending
      toward the other forms a centrally disposed necked down region.
NUM  20.
PAR  20. A Josephson junction device according to claim 8 wherein said means for
      increasing the junction resistance includes said insulation layer all
      portions of which are of a thickness greater than said first mentioned
      thickness, said greater thickness being such that Josephson tunneling
      occurs along the length of said junction in accordance with J.sub.1 (x)
      but is of decreased magnitude everywhere along the length of said
      junction.
NUM  21.
PAR  21. A Josephson junction device according to claim 8 wherein the value of
      said junction resistance is defined by
      ##EQU7##
      where L is the inductance of said device, and, C is the capacitance of the
      junction.
NUM  22.
PAR  22. A Josephson junction device according to claim 12 wherein said at least
      a portion of the extremity of said at least one of said elements extending
      toward the other forms at least a single tapered notch.
NUM  23.
PAR  23. A Josephson junction device according to claim 12 wherein said at least
      a portion of the extremity of said at least one of said elements extending
      toward the other forms at least a single rectilinear notch.
NUM  24.
PAR  24. A Josephson junction device according to claim 12 wherein said at least
      a portion of the extremity of said at least one of said elements extending
      toward the other forms at least a single curvilinear notch.
NUM  25.
PAR  25. A Josephson junction device according to claim 12 wherein said at least
      a portion of the extremity of said at least one of said elements extending
      toward the other forms a centrally disposed necked down region.
NUM  26.
PAR  26. A Josephson junction device according to claim 13 wherein said means
      for storing includes at least a single control element disposed in
      overlying relationship with said device and means coupled to said device
      and said control element for applying coincident gate and control
      currents, respectively, to said device and said control element.
NUM  27.
PAR  27. A Josephson junction device according to claim 14 wherein said means
      for reading includes at least a single control element disposed in
      overlying relationship with said device and means coupled to said device
      and said control element for applying coincident gate and control
      currents, respectively, to said device and said control element.
NUM  28.
PAR  28. A Josephson junction device according to claim 14 wherein said means
      for reading includes at least a single control element disposed in
      overlying relationship with said device and means connected to said device
      and said control element for switching said device to the voltage state
      for one stored binary condition and for maintaining said device in an
      unchanged state for another stored binary condition.
NUM  29.
PAR  29. A Josephson junction device according to claim 15 wherein said means
      for applying coincident gate and control currents includes sources
      connected to said device and said control element, the current magnitudes
      and polarities of which, to write a binary zero in the absence of a stored
      binary one, are insufficient to change said device from a zero vortex mode
      to a one vortex mode and, in the presence of a stored binary one are
      sufficient to change said device from a one vortex mode to a zero vortex
      mode, and the current magnitudes and polarities of which to write a binary
      one in the absence of a stored binary one are sufficient to change said
      device from a zero vortex mode to a one vortex mode, and, in the presence
      of a stored binary one are insufficient to change said device from a one
      vortex mode to a zero vortex mode.
NUM  30.
PAR  30. A Josephson junction device according to claim 26 wherein said means
      for applying coincident gate and control currents includes sources
      connected to said device and said control element, the current magnitudes
      and polarities of which, to write a binary zero in the absence of a stored
      binary one, are insufficient to change said device from a zero vortex mode
      to a one vortex mode and, in the presence of a stored binary one are
      sufficient to change said device from a one vortex mode to a zero vortex
      mode, and the current magnitudes and polarities of which to write a binary
      one in the absence of a stored binary one are sufficient to change said
      device from a zero vortex mode to a one vortex mode, and, in the presence
      of a stored binary one are insufficient to change said device from a one
      vortex mode to a zero vortex mode.
NUM  31.
PAR  31. A Josephson junction device according to claim 27 wherein said means
      connected to said device and said control element include sources
      connected to said device and said control elements, the current magnitudes
      and polarities of which, to read one binary condition, are insufficient to
      change the condition of said device, and, to read another binary
      condition, are sufficient to switch said device into the voltage state.
NUM  32.
PAR  32. A Josephson junction device for storing binary information including an
      interferometer device having at least two spaced apart junctions capable
      of carrying Josephson current the improvement comprising means disposed in
      electrically coupled relationship with said device for switching said
      device to the voltage state in response to the presence of one of two
      stored binary conditions.
NUM  33.
PAR  33. A Josephson junction device according to claim 32 further including
      means disposed in electrically coupled relationship with said device for
      storing information therein.
NUM  34.
PAR  34. A Josephson junction device according to claim 33 wherein said means
      for storing includes at least a single control element disposed in
      overlying relationship with said device and means coupled to said device
      and said control element for applying coincident gate and control
      currents, respectively, to said device and said control element.
NUM  35.
PAR  35. A Josephson junction device according to claim 32 wherein said means
      for switching includes at least a single control element disposed in
      overlying relationship with said device and means coupled to said device
      and said control element for applying coincident gate and control
      currents. respectively, to said device and said control element.
NUM  36.
PAR  36. A Josephson junction device according to claim 34 wherein said means
      for applying coincident gate and control currents includes current sources
      connected to said device and said control element, the current magnitudes
      and polarities of which, to write a binary zero in the absence of a stored
      binary one, are insufficient to change said device from a zero vortex mode
      to a one vortex mode and, in the presence of a stored binary one are
      sufficient to change said device from a one vortex mode to a zero vortex
      mode, and the current magnitudes and polarities of which to write a binary
      one in the absence of a stored binary one are sufficient to change said
      device from a zero vortex mode to a one vortex mode, and, in the presence
      of a stored binary one are insufficient to change said device from a one
      vortex mode to a zero vortex mode.
NUM  37.
PAR  37. A Josephson junction device according to claim 35 wherein said means
      connected to said device and said control element include current sources
      connected to said device and said control elements, the current magnitudes
      and polarities of which, to read one binary condition, are insufficient to
      change the condition of said device, and, to read another binary
      condition, are sufficient to switch said device into the voltage state.
NUM  38.
PAR  38. A Josephson junction device for storing a single flux quantum
      comprising:
PA1  first and second superconductive elements,
PA1  an insulation layer the thickness of which is sufficient to permit
      Josephson tunneling along the length thereof disposed between said
      elements forming a single junction, the gain characteristic, I.sub.g
      versus I.sub.c, of which has a region of overlap of at least two of its
      vortex modes, one of said modes, representing a binary one and another of
      said modes representing a binary zero, and
PA1  means integral with at least one of said elements and said layer for
      causing said region of overlap to encompass the I.sub.g = I.sub.c = 0
      point of said gain characteristic in the absence of an external magnetic
      field wherein I.sub.g is the gate current and I.sub.c is the control
      current.
NUM  39.
PAR  39. A Josephson junction device according to claim 38 further including
PA1  means disposed in electrically coupled relationship with said device for
      storing information therein.
NUM  40.
PAR  40. A Josephson junction device according to claim 38 further including
PA1  means integral with said device for reducing the damping of said device.
NUM  41.
PAR  41. A Josephson junction device according to claim 40 further including
PA1  means disposed in electrically coupled relationship with said device for
      storing information therein.
NUM  42.
PAR  42. A Josephson device according to claim 40 further including means
      disposed in electrically coupled relationship with said device for reading
      information stored therein.
NUM  43.
PAR  43. A Josephson device according to claim 40 wherein said means for
      reducing the damping includes means for increasing the junction
      resistance, R.sub.j, of said device.
NUM  44.
PAR  44. A Josephson device according to claim 42 wherein said means for reading
      includes at least a single control element disposed in overlying
      relationship with said device and means coupled to said device and said
      control element for applying coincident gate and control currents,
      respectively, to said device and said control element.
NUM  45.
PAR  45. A Josephson junction device according to claim 44 wherein said means
      connected to said device and said control element include sources
      connected to said device and said control elements, the current magnitudes
      and polarities of which, to read one binary condition, are insufficient to
      change the condition of said device, and, to read another binary
      condition, are sufficient to switch said device into the voltage state.
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ABST
PAL  In semiconductor memory cells of the type including flip flop circuits in
      each cell and two sense output lines for determining the binary bits
      stored in the cell, an attempt to read data stored in the cell after a
      previous operation, before the sense lines have been fully restored to
      their quiescent state can result in the loss of data. This invention
      provides a means for restoring the sense lines very rapidly after an
      operation so that loss of data is prevented and the memory may be accessed
      at a higher frequency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to semiconductor memories and more particularly to
      improvements therein.
PAR  In semiconductor memories of the type having an array of elements each of
      which effectively constitutes a flip flop for binary data storage, it is
      customary to use two sense lines for say, each column of elements in the
      array. When a row of elements in an array is accessed for read out, one of
      the sense lines for each element is high and the other is low, indicative
      of the information stored in each element. When another row of elements is
      accessed for read out, the same sense lines as were used for the previous
      access row are excited again in response to the information contained in
      the latest access row.
PAR  It can happen that if insufficient time is allowed to permit the sense
      lines to recover from a previous read out, they do not settle back to
      their quiescent state. The voltage levels which the nonrecovered sense
      lines have at the time of a second read out may be such as to cause the
      memory to lose the data that is stored therein. That is, the voltage level
      on the nonrecovered sense lines acts to change the data stored in the
      memory.
PAR  It will be apparent that the need for time for the memory to "settle down"
      after a read out operation reduces the speed at which the memory can be
      operated.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a method and means for
      shortening the recovery time required for sense lines after a read out
      operation.
PAR  It is another object of this invention to provide an arrangement whereby a
      semiconductor memory can be operated more rapidly.
PAR  It is yet another object of this invention to provide an arrangement which
      prevents the loss of memory data due to unrecovered sense lines.
PAR  The foregoing and other objects of the invention are achieved by providing
      a circuit interconnecting the two sense lines for a given column of
      elements in a semiconductor memory array which functions to equalize the
      potential of the two sense lines in the interval between accessing the
      memory elements.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram illustrating the embodiment of the invention.
PAR  FIG. 2 is a block schematic drawing showing how the invention is applied to
      an entire semiconductor memory.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Two memory elements are shown in FIG. 1, by way of example. Each of these
      includes two FETs respectively, 10, 12, 10A, 12A. These have their
      respective source electrodes connected to a positive voltage source, for
      example, +5 volts, and their gate electrodes are connected together to
      this positive voltage source. These FETs are connected so that they are
      always biased on. FETs 10 and 10A respectively have their drain electrodes
      connected to the source electrodes of FETs 14 and 14A. The drain
      electrodes of these FETs are connected to ground. FETs 12 and 12A have
      their drain electrodes respectively connected to the source electrodes of
      FETs 16 and 16A. The drain electrodes of FETs 16 and 16A are connected to
      ground. The gate electrodes of FETs 14 and 14A are respectively connected
      to the source electrodes of FETs 16 and 16A establishing nodes
      respectively 18 and 18A at the point of connection. The gate electrodes of
      FETs 16 and 16A are connected to the source electrodes of FETs 14 and 14A
      respectively, establishing nodes respectively 20, 20A at the point of
      connection.
PAR  First and second sense lines respectively 22, 24, have one of their ends
      connected to the drains of respective FETs 26, 28, the sources of which
      are connected to a second high voltage source of potential (+15 volts, by
      way of example). FETs 26 and 28 are biased on by having their gate
      electrodes also connected to the 15 volt source of potential. The first
      sense line 22 is connected through the respective FETs 30, 32, to the
      respective nodes 20 and 20A of the two memory elements. The respective
      gate electrodes of FETs 30 and 32 are respectively connected to lines 34
      and 36, which are connected to a decoder 38.
PAR  The second sense line 24 is connected through respective FETs 40, 42, to
      the respective nodes 18, 18A. The respective gates of FETs 40, 42 are
      connected to the sense lines 34, 36 also. The sense circuit 44 is
      connected to the first and second sense lines 22 and 24.
PAR  As thus far described, the circuit in FIG. 1 is an example of a circuit of
      memory elements used in present day semiconductor memories.
PAR  When decoder 38 applies a voltage to line 34, in order to read the data
      stored in the first memory element out on the two sense lines 22, 24, FETs
      30 and 40 are turned on. From a previous write cycle, either FET 14 or FET
      16 will have been left turned on representative of the data stored
      therein. It is assumed that the FET that was left turned on is FET 16.
      This will pull sense line 24 low, since it is effectively connected to
      ground through the turned on FET 16. However, sense line 22 will remain
      high since FET 14 is turned off. The high voltage for the sense line is
      about 12 volts and the low voltage for the sense line is about 2 volts.
      Node 20, taking into consideration the voltage drop across FET 30, assumes
      a potential of about 9 volts and node 18, taking into consideration a
      potential drop across FET 16 is on the order of 1 volt.
PAR  If access line 34, after a suitable read out interval has been provided for
      the sense circuit 44, is permitted to go low again and access line 36 is
      driven high, within an interval which does not permit sense line 24 to
      recover to its stand by voltage, sense line 24 at that time can be as low
      as 7 volts. If the information stored in the memory element was such that
      node 18A was high and node 20A low, i.e., 3 and 1 volts respectively under
      these conditions, the high sense line voltage which is applied through
      sense line 22 to node 20A, compared to the low sense line voltage applied
      to node 18A, will disturb the information stored in the memory element and
      will cause it to change states thereby losing the information stored.
PAR  In accordance with this invention, an FET 46 is connected between the sense
      lines 22 and 24. The gate of the FET 46 has a signal applied thereto
      between the application of turn on signals to access lines 34 and 36 so
      that it is turned on in the interim and enables the sense lines to reach
      the same potential at the time that the second access signal is applied to
      sense line 36 whereby the information stored in the memory element will
      not be disturbed.
PAR  The turn on signal for FET 46 is shown here as being derived by connecting
      the access lines 34 and 36 to a NOR gate 48, whose output is used to turn
      on the FET 46. Thus, whenever there are no drive pulses applied by the
      decoder to any of the access lines, the FET 46 is turned on to equalize
      the potential on the sense lines 22, 24. In practice the turn on signal
      for FET 46 may be derived from the chip select pulse used to turn the
      memory on.
PAR  FIG. 2 shows how the embodiments of the invention may be applied to a
      typical semiconductor memory circuit of the type described. Shown in FIG.
      2 is a 3 .times. 3 array of elements 50, 52, 54, by way of example. For
      the column of elements headed by element 50, two sense lines respectively
      56, 58 are provided which are now connected to each of the elements in
      that column. At one end of the sense lines they are connected to a sensor
      60. The other end of the sense lines are connected via FETs 62, 64, to a
      positive voltage source.
PAR  Similarly, two sense lines 64, 66, are connected to all of the elements in
      the column headed by the element 52, and have one of their ends connected
      to a sense circuit 68 and the other of their ends connected through FETs
      70, 72, to the positive voltage source.
PAR  Sense lines 74, 76 are connected to all of the elements in the column
      headed by the memory element 54. The sense lines are connected to a sense
      circuit 78 at one end and have their other ends connected to the positive
      voltage source through FETs 80, 82.
PAR  An address decoder 84 selectively excites the drive lines respectively 86,
      88, and 90, for the purpose of read out from the rows of memory elements.
      The address decoder is driven to address the memory by address buffers 92,
      94, 96. These are selectively driven by an address data source 98.
      However, whenever the address buffers are to be driven, they are turned on
      by a pulse from a chip select pulse source 100. The output from the chip
      select pulse source 100 is also applied to an inverter 102. The output of
      the inverter 102 is applied to the gates of equalizing FETs respectively
      104, 106 and 108. FET 104 is connected between the sense lines 56 and 58,
      and when enabled equalizes the voltage across these sense lines. FET 106
      is connected across the sense lines 64 and 66 and when enabled equalizes
      the voltage between these two sense lines, and FET 108 is connected
      between sense lines 74 and 76 and when enabled equalizes the voltage
      between these sense lines.
PAR  When the address buffers are driven they drive the address decoder which in
      turn applies a drive or access voltage to one of the lines 86, 88 or 90.
      At this time a chip select pulse is also applied to the address buffers
      and to the inverter 102. The FETs 104, 106 and 108 are thereby kept off
      and will not affect the reading operation. In the absence of a chip select
      pulse, none of the access lines, 86, 88, 90, is driven and the inverter
      102 will keep the FETs 104, 106, 108 on and they will equalize the
      potentials across the sense lines.
PAR  Accordingly, there has been described and shown above a new and useful
      arrangement for a semiconductor memory circuit whereby an equalization
      circuit is provided for the sense line which becomes operative in the
      interim between chip selection for read out whereby memory data is not
      lost due to unrecovered sense lines at the next read out.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a semiconductor memory of the type wherein there is an array of
      binary memory elements, for each column of elements there is provided a
      common pair of sense lines connected to each element, for each row of
      elements there being provided a common access line for enabling read out
      of the data stored in the elements connected thereto, the improvement
      comprising
PA1  for each pair of sense lines, a separate means for equalizing voltages on
      said pair of sense lines during the intervals between actuation of said
      chip select lines for providing a read out from said memory.
NUM  2.
PAR  2. In a semiconductor memory as recited in claim 1 wherein said means for
      equalizing the voltages between each pair of sense lines comprises
PA1  an inoperative switch means connected between each pair of sense lines, and
PA1  means for rendering all of said inoperative switch means operative for
      equalizing the potentials on each pair of sense lines, during the
      intervals between read out from the memory elements of said semiconductor
      memory.
NUM  3.
PAR  3. In a semiconductor memory as recited in claim 2 wherein an inoperative
      switch means comprises an FET semiconductor having source, drain, and gate
      electrodes, and
PA1  means connecting said source electrode to one of said sense lines and said
      drain electrode to the other of said sense lines, and
PA1  means for applying a potential to said gate electrode for turning said FET
      on when no potential is applied to any of said chip select lines.
NUM  4.
PAR  4. In a semiconductor memory as recited in claim 3 wherein said means for
      applying a potential to said gate electrode for turning said FET on when
      there is no potential applied to any one of the chip access lines
      comprises an inverter circuit having its output connected to the gate of
      said FET, and
PA1  means for applying a signal to said inverter circuit to maintain its output
      low during the occurrence of read out from said memory.
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ABST
PAL  An associative storage circuit characterized in that a storage cell
      therefor includes two circuit arms in parallel, each arm having one MNOS
      storage transistor and one switching transitor connected in series, and
      that the information which is to be written in, and the comparison
      information during readout, may be applied to the gates of the switching
      transistors, the storage transistors in one embodiment having a common
      gate line; in a second embodiment having individual gate controls for
      bit-by-bit write-in of information; and in a third embodiment, having a
      common gate line and a common substrate terminal line with bit-by-bit
      write-in by means of opposite polarity write-in potentials.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  By way of background, the following disclosures are incorporated herein by
      reference.
PAR  1. U.S. Ser. No. 282,382 filed Aug. 21, 1972 "Associative Memory", showing
      an associative memory organization.
PAR  2. U.S. Ser. No. 397,402 filed Sept. 14, 1973 "Process for the Production
      of High Value Ohmic Load Resistors and MOS Transistors Having a Low
      Starting Voltage", explaining the production of load resistors and
      switching transistors.
PAR  3. U.S. Ser. No. 398,397 filed Sept. 18, 1973 "MNOS Transistor and
      Utilization Thereof in Electric Circuits", explaining MNOS storage
      transistors.
PAR  Each of the foregoing applications is assigned to the assignee of the
      present application.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an associative storage circuit.
PAR  An aim of the invention consists in providing an associative storage
      circuit with the aid of which the information stored in the elements
      thereof can be compared with an item of information applied from the
      exterior, and the indentity or non-identity of the two items of
      information can be established.
PAR  This aim is realized by an associative storage circuit characterized in
      that each storage cell thereof comprises two circuit arms each provided
      with one MNOS storage transistor and one switching transistor connected in
      series, the two arms being connected in parallel with a supply voltage
      source connected across the common nodes of the arms. To effect a write-in
      of new information into the storage cell, write-in potentials are supplied
      to the gates of the storage transistors such that the storage transistors
      exhibit respective different threshold conditions, and thereby to
      represent the stored information and the complement of the stored
      information. Comparison information may be applied to the gates of the
      switching transistors so as to produce an output from the storage cell in
      accordance with the identity or lack of identity of the applied comparison
      information with the logical condition of the storage cell.
PAR  An advantage of an associative storage circuit in accordance with the
      invention consists in that when an item of information has been written
      into the storage transistors of a storage cell of the storage circuit, a
      virtually arbitrary number of readout and comparison operations can be
      effected at the speed of conventional MOS circuits.
PAR  However, it is advantageously possible to erase the old information with
      the aid of suitable voltage pulses and to write-in a new item of
      information into the storage cell.
PAR  A further fundamental advantage of an associative storage circuit in
      accordance with the invention consists in that even in the event of the
      breakdown of the supply voltage, the stored information is not lost.
      Therefore, associative storage circuits of the invention can
      advantageously be used for the construction of data card indexes, in which
      no buffer batteries are provided for supplying operating power during a
      supply voltage breakdown.
PAR  Other objects, features and advantages of the invention, its organization,
      construction and operation will be best understood from the following
      detailed description of certain preferred exemplary embodiments thereof
      taken in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically illustrates an associative storage arrangement in
      accordance with the present invention wherein each storage cell contains
      two storage transistors and two switching transistors all of the same
      channel conductivity type, that is all p-channel field effect transistors
      or all n-channel field effect transistors;
PAR  FIG. 2 schematically illustrates a storage circuit in accordance with the
      invention wherein the storage transistors are provided with electrically
      isolated substrate zones; and
PAR  FIG. 3 schematically illustrates a storage circuit in accordance with the
      invention wherein the storage transistors and switching transistors of
      each storage cell are constructed by a complementary MOS technique.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following considerations led to the invention. On account of relatively
      long times (10 to 50 microseconds) and high voltages (plus or minus 35
      volts) which are required to write items of information into MNOS
      transistors, MNOS stores are particularly suitable for fixed word stores
      which can be electrically reprogrammed, and whose information is to be
      written in only a few times, but is to be read out many times. The use of
      MNOS storage transistors means that the information is retained even in
      the event of the breakdown of the supply voltage.
PAR  In associative stores featuring semiconductor elements, frequently an
      operation similar to that in fixed word stores which can be reprogrammed
      is desired. In this case the information is written in once and is then
      compared with other items of information applied from the exterior. If the
      item of information stored in the associative store and the item of
      information applied from the exterior are identical, this is indicated at
      an output of the storage circuit. Generally a write-in process will be
      followed by a number of read-out processes or comparison processes. In
      such a store it can be desirable for the information to continue to be
      stored even in the event of a breakdown in the supply voltage.
PAR  In FIG. 1, the MNOS transistors are designated by reference characters 1a
      and 2a and the switching transistors are designated 3a and 4a. In each
      case one MNOS transistor is connected in series with one switching
      transistor to form a circuit arm. For example the MNOS transistor 1a is
      connected in series with the switching transistor 3a, and the MNOS
      transistor 2a is connected in series with the switching transistor 4a to
      form a storage cell 11. The supply voltage U.sub.DD is connected between
      circuit points 7a and 17. Preferably the point 17 carries ground potential
      while point 7a may receive minus 20 volts relative to point 17. The output
      from the storage cell 11 may be taken between output circuit points 16 and
      17, the output of the storage cell 11 being designated by reference
      character 5a. As shown in FIG. 1, the two circuit arms of memory cell 11
      are connected in parallel between the output circuit points 16 and 17.
      Between output circuit point 16 and circuit point 7a is preferably
      arranged the resistor 6a, having a relatively large resistance value in
      comparison to the circuit arms in their conductive mode, but having a
      relatively low resistance in comparison to the resistance of the circuit
      arms in their non-conducting mode.
PAR  The two MNOS transistors each have a variable threshold voltage. In
      particular, the storage transistors 1a and 2a are responsive to respective
      write-in potentials available from the storage circuit to assume
      respective first and second threshold conditions. The write-in operations
      are performed such that one storage transistor has a threshold condition
      representing the information to be stored and the other storage transistor
      has the other threshold condition so as to represent the complement of the
      information being stored in the storage cell 11. The transistors 3a and 4a
      are conventional switching transistors, preferably field effect
      transistors. The information to be stored during a write-in operation and
      the comparison information to be considered during a readout operation are
      applied to the gate line 9a and the complement of this information is
      applied to gate line 10a of the switching transistors 3a and 4a,
      respectively. The gates of the storage transistors 1a and 2a may be
      commonly operated by means of a gate line 8. At the output 5a of the
      storage cell a logical signal is present in accordance with whether the
      comparison information which is applied to the gate terminals 9a and 10a
      of the switching transistors 3a and 4a is identical to the information
      stored in the storage transistors 1a and 2a, or not.
PAR  There now follows a brief description of the write-in process for an
      associative storage circuit such as illustrated in FIG. 1 where the
      successive memory cells such as 11 are formed on a common n-type
      semiconductive body by means of the p-channel technique. In this example,
      therefore, all of the transistors of each memory cell 11 are of the same
      channel conductivity type, namely the p-channel type. In the erased state
      of the storage cell, both storage transistors 1a and 2a will have a first
      threshold condition, for example each storage transistor may have a
      threshold voltage U.sub.T0 of approximately minus 2 volts.
PAR  If now, for example, the information "one" is to be written into the cell
      11 of the associative storage circuit of FIG. 1, a negative pulse is
      applied to the gate line 9a of switching transistor 3a, this negative
      pulse representing the information "one" (logical one). At the same time a
      high, negative write-in pulse is applied to the gates of the storage
      transistors 1a and 2a via the gate line 8. With the remote surface of the
      substrate 12 at ground potential, the application of the high negative
      write-in pulse to the gate of the storage transistor 1a produces an
      inversion layer at which minority carriers (holes) accumulate. Since the
      switching transistor 3a has been switched to the conductive state, the
      inversion layer formed in the storage transistor 1a will be connected to
      ground potential at circuit point 17 through the conductive channel of
      switching transistor 3a. The full negative write-in voltage can thus be
      formed across the gate insulator (indicated diagrammatically at 13 in FIG.
      1) of the MNOS storage transistor 1a, and accordingly the threshold
      voltage of this storage transistor is displaced to a second threshold
      condition representing a stored logical one. For example, the storage
      transistor 1a may now have a threshold voltage U.sub.T1 of approximately
      minus 12 volts. Since a ground potential may be supplied to gate 10a of
      switching transistor 4a, this transistor will be in the nonconductive
      state, and the inversion layer of storage transistor 2a is thus connected
      via the resistor 6a to supply circuit point 7a, so that the inversion
      layer will be approximately at the potential of the supply voltage
      U.sub.DD, that is for example at approximately minus 20 volts. The
      resultant voltage across the gate insulator of storage transistor 2a is
      then not sufficient to displace the threshold voltage. The storage
      transistor 2a thus retains the threshold voltage U.sub.T0. Thus the
      complement of the information to be stored is represented by the threshold
      condition of the storage transistor 2a.
PAR  If on the other hand the information logical zero is to be written into the
      storage cell 11 of FIG. 1, then while the high negative write-in pulse is
      applied to gate line 8, the switching transistor 3a is blocked via its
      gate terminal 9a, and the switching transistor 4a is switched to its
      conductive state by means of its gate terminal 10a.
PAR  The comparison process during read-out operation may be understood with the
      aid of the following truth table where the logical signals supplied to
      individual inputs 9a and 10a are designated "Zero" and "One", while the
      pattern of such logical input signals, considered from the standpoint of
      the operation of the storage cell as a whole, are termed Logical ZERO and
      Logical ONE.
TBL  TRUTH TABLE SHOWING                                                       
     THE OPERATION OF FIG. 1                                                   
     AS AN ASSOCIATIVE                                                         
     STORAGE CIRCUIT                                                           
     ______________________________________                                    
     ASSOCIATIVE STORED        READOUT                                         
     INPUT       VALUE         VALUE                                           
     ______________________________________                                    
     Input  Input                                                              
      9a    10a       1a      2a     Output 5a                                 
     Zero   One      Zero     One    One                                       
     (Logical                                                                  
            ZERO)    (Logical ZERO)  (IDENTITY)                                
     One    Zero     Zero     One    Zero                                      
     (Logical                                                                  
            ONE)     (Logical ZERO)  (NON-IDENTITY)                            
     Zero   One      One      Zero   Zero                                      
     (Logical                                                                  
            ZERO)    (Logical ONE)   (NON-IDENTITY)                            
     One    Zero     One      Zero   One                                       
     (Logical                                                                  
            ONE)     (Logical ONE)   (IDENTITY)                                
     ______________________________________                                    
PAR  Referring to the preceding Truth Table, an individual Zero input signal to
      the input 9a or 10a may be a signal such as to leave the associated
      switching transistor in the nonconducting condition. Conversely, a One
      input signal may be such as to place the switching transistor in the
      conducting state. With respect to the storage transistors 1a and 2a, a
      "Zero" condition may be the threshold condition where the storage
      transistor exhibits a threshold voltage U.sub.T0, while the
      "ONE"One"condition of the individual storage transistor may represent the
      U.sub.T1 threshold condition of the switching transistor. Then, with
      respect to the output 5a of FIG. 1, a "One" output may represent an ouput
      of approximately the supply voltage, that is U.sub.DD, while the "Zero"
      output level may correspond substantially to an output of zero volts.
PAR  Referring to the preceding Truth Table, if the storage cell 11 is in the
      Logical ZERO condition, and the comparison information supplied to the
      interrogation lines or gate lines 9a and 10a is to represent an
      associative input of Logical ZERO, then the switching transistor 4a is
      conductive. If a readout pulse having a readout voltage U.sub.L is
      supplied to the gate line 8 with such readout voltage corresponding to the
      mean value of the threshold voltages U.sub.T0 and U.sub.T1, then only
      transistor 1a having the threshold condition U.sub.T0 will be conductive,
      whereas the transistor 2a will be nonconductive. Thus with a Logical ZERO
      associative input and a Logical ZERO stored value, the output 5a of the
      storage cell 11 will remain at the potential of the supply voltage
      U.sub.DD, thus representing an IDENTITY SIGNAL. If, on the other hand, a
      Logical ONE associative input is applied from the exterior via
      interrogation lines 9a and 10a, but a Logical ZERO has been written into
      the storage cell 11, the transistors 1a and 3a will be conductive, so that
      the output potential at output 5a drops toward zero volts (NON-IDENTITY).
PAR  If a Logical ONE is stored in the storage cell 11, and a Logical ZERO is
      applied from the exterior via the interrogation lines 9a and 10a, then the
      transistors 2a and 4a are conductive, and the output potential at the
      output 5a again drops toward zero volts (NON-IDENTITY).
PAR  If, finally, a written-in Logical ONE is compared with a Logical ONE which
      has been applied to the interrogation lines 9a and 10a from the exterior,
      the transistors 2a and 3a are conductive, and the potential of the output
      5a again remains at the supply potential U.sub.DD (IDENTITY).
PAR  As can be seen from the preceding Truth Table, a clear differentiation
      between IDENTITY and NON-IDENTITY of information is possible with the
      storage circuit of FIG. 1.
PAR  If the written information is only to be read out, a readout voltage of the
      aforementioned mean value may be connected to the lines 8 and 9a, while
      the terminal 10a is maintained at ground potential. In this event, if a
      Logical ZERO is stored in the storage cell, the output 5a will drop toward
      ground potential to indicate a stored value of Logical ZERO. On the other
      hand, if the storage transistor 1a has a Logical One threshold condition,
      that is a threshold value of U.sub.T1, then the application of the mean
      readout voltage to lines 8 and 9a will not place storage transistor 1a in
      the conductive state, and the output 5a will remain substantially at the
      supply potential U.sub.DD.
PAR  In the associative storage circuit of FIG. 1, the information is written in
      not bit-by-bit but word-by-word. This means that when the associative
      storage cells 11 of FIG. 1 are arranged in a storage matrix on the
      substrate 12, it is necessary to erase the entire row of storage cells
      associated with the common gate line 8 prior to each write-in process.
PAR  In the associative storage circuit of FIG. 2, the information can be
      written in bit-by-bit. This is achieved in that the storage transistors 1b
      and 2b possess substrate terminals isolated from each other.
PAR  Details of FIG. 2 which have already been described with reference to FIG.
      1 are indicated by the use of corresponding reference numerals in FIG. 2
      with the letter suffix b instead of a. The storage circuit shown in FIG. 2
      is preferably constructed in a technology featuring isolating diffusions
      or in a ESFI technique. Here the ESFI technique is understood as a
      technique in which silicon layers which are of insular formation and are
      electrically isolated from one another are arranged on an electrically
      insulating substrate such as diagrammatically indicated at 79.
      Alternatively, reference numeral 79 may designate a semiconductor
      substrate with the substrate terminals of transistors 1b and 2b being
      electrically isolated by means of isolating diffusions.
PAR  Where the substrate 79 is of electrically insulating material, the
      transistors 1b, 2b, 3b and 4b are arranged in the respective insular
      silicon layers of a memory cell 80. The MNOS storage transistor 1b has its
      gate connected with a gate line 82 for a row of storage cells on the
      substrate 79, while the MNOS storage transistor 2b has its gate connected
      with a gate line 81 associated with a row of storage cells 80 on the
      substrate 79. The electrically isolated substrate terminal of storage
      transistor 1b is connected to a substrate line 14 common to a columnar
      series of storage cells 80 on the substrate 79, while the electrically
      isolated substrate terminal of storage transistor 2b is connected with
      substrate line 15 which is likewise common to the columnar series of
      storage elements 80 on the substrate 79. The input of information and the
      comparison of an item of information applied to the interrogation means 9b
      and 10b in the associative storage circuit of FIG. 2 is carried out
      fundamentally as in the case of the storage circuit of FIG. 1. The
      write-in of the information into the storage transistors 1b and 2b is
      however carried out in a coincidence operation. This means that during
      write-in, the write-in potentials must be simultaneously applied to the
      gate terminal and to the substrate terminal of the storage transistor
      whose threshold condition is to be changed. If, for example, information
      is to be written into the storage transistor 1b, the write-in voltage must
      be simultaneously connected to the gate line 82 and the substrate 14.
PAR  In the associative storage circuit represented in FIG. 3, information can
      again be written in bit-by-bit, but in comparison to the storage circuit
      shown in FIG. 2, only one gate line 83 is required for the operation of
      the storage transistors 1c and 2c. Details of FIG. 3 which have already
      been described in association with FIGS. 1 and 2 bear corresponding
      reference numerals followed by the letter suffix c. The MNOS storage
      transistors 1c and 2c of the storage circuit are complementary to one
      another. For example, the transistors 1c and 3c may be p-channel
      transistors, and the transistors 2c and 4c  may be n-channel transistors.
      When a negative write-in pulse is applied to the p-channel storage
      transistor 1c, the threshold voltage is displaced into the negative range.
      The transistor 1c is of the enhancement type. The same pulse across the
      n-channel transistor 2c also displaces the threshold voltage into the
      negative range. The transistor 2c, however, is now of the depletion type
      which means that it is conductive at a gate voltage of zero volts. When a
      positive write-in pulse is applied to gate line 83 relative to substrate
      line 13, the opposite effect may be achieved. Then both transistors 1c and
      2c have a positive threshold voltage, the p-channel transistor 1c being of
      the depletion type and the n-channel transistor 2c being of the
      enhancement type.
PAR  For bit-by-bit write-in, the write-in voltage must again, as in the case of
      the circuit shown in FIG. 2, simultaneously be connected to the gate
      terminal and the substrate terminal of the storage transistor whose
      threshold condition is to be switched. As, however, the MNOS storage
      transistors are complementary to one another, on account of the
      above-described effect only one common gate line 83 and one common
      substrate line 13 are required for the write-in of the information into
      the storage transistors. During readout, both the substrate line 13 and
      the gate line 83 remain at zero volts while the interrogation line 91
      receives the comparison Logical signal which is to control the output from
      the storage cell. With the gates of both of the storage transistors 1c and
      2c at zero volts, then always one of the two transistors 1c and 2c is in
      the conductive state. By way of example, the Logical ZERO storage
      condition may be represented when storage transistor 1c is conductive for
      a gate voltage of zero volts, while a Logical ONE signal at gate 91 may
      produce conduction of the switching transistor 3 c while the switching
      transistor 4c remains nonconductive. The readout and comparison operation
      for the circuit of FIG. 3 may take place similarly as in the case of the
      storage circuit shown in FIG. 1.
PAR  In the storage circuit in accordance with FIG. 3, a storage cell is
      designated by reference numeral 90, and a substrate is diagrammatically
      indicated at 89 for carrying a matrix of such storage cells 90.
PAR  In the storage circuit shown in FIG. 3, the number of gate and substrate
      lines and the area of the storage cell is advantageously reduced.
PAR  The following Truth Table will summarize the operation of FIG. 3 as an
      associative storage circuit.
TBL  ______________________________________                                    
     TRUTH TABLE SHOWING                                                       
     THE OPERATION OF FIG. 3                                                   
     AS AN ASSOCIATIVE                                                         
     STORAGE CIRCUIT                                                           
     ______________________________________                                    
     ASSOCIATIVE STORED        READOUT                                         
       INPUT     VALUE         VALUE                                           
     ______________________________________                                    
     (at 91)      1c      2c       (at 5c)                                     
     ZERO        Zero     One      One                                         
     (Logical ZERO)                                                            
                 (Logical ZERO)    (IDENTITY)                                  
     ONE         Zero     One      Zero                                        
     (Logical ONE)                                                             
                 (Logical ZERO)    (NON-IDENTITY)                              
     ZERO        One      Zero     Zero                                        
     (Logical ZERO)                                                            
                 (Logical ONE)     (NON-IDENTITY)                              
     ONE         One      Zero     One                                         
     (Logical One)                                                             
                 (Logical ONE)     (IDENTITY)                                  
     ______________________________________                                    
PAR  In the foregoing Truth Table, an input "zero" would be an input which would
      render switching transistor 4c conductive, for example an input potential
      of plus 10 volts, while this input would not render switching transistor
      3c conductive. On the other hand, an input of One at 91 would be an input
      potential level for switching transistor 3c to the conducting state while
      switching transistor 4c would remain in the non-conducting state, for
      example an input potential of minus 10 volts. As previously explained, for
      a "Zero" stored value in a switching transistor, the switching transistor
      would be in the conductive state for a zero gate potential applied
      thereto, while for a "One" stored value, the storage transistor would be
      nonconducting for a zero gate potential.
PAR  The following table will show illustrative voltage conditions for writing
      into the storage cell 80 of FIG. 2.
TBL  ______________________________________                                    
     TABLE SHOWING EXEMPLARY                                                   
     VOLTAGE CONDITIONS FOR                                                    
     WRITING INTO THE STORAGE                                                  
     CELL OF FIG. 2                                                            
     ______________________________________                                    
     Logical ONE                                                               
     Substrate Gate        Gate        Substrate                               
     Line 14   Line 81     Line 82     Line 15                                 
     0v.       0v.         -40v.       0v.                                     
     (Switching transistor 3b conducting)                                      
     Logical ZERO                                                              
     Substrate Gate        Gate        Substrate                               
     Line 14   Line 81     Line 82     Line 15                                 
     0v.       -40v.       0v.         0v.                                     
     (Switching transistor 4b conducting)                                      
     ______________________________________                                    
PAR  During the write-in of a Logical ONE into the storage cell 80, it may be
      advantageous to place the switching transistor 3b in a conducting state so
      that the inversion region of the storage transistor 1b is approximately at
      ground potential. Also, it is advisable to place switching transistor 4b
      in a nonconducting condition so that a relatively high negative potential
      is applied to the inversion region of storage transistor 2b in the event
      that gate line 81 receives a write-in potential.
PAR  Correspondingly, during writing in of a Logical ZERO into the storage cell
      80, it is advantageous to place switching transistor 4b in the conducting
      condition and switching transistor 3b in the nonconducting condition.
PAR  The following table will summarize the exemplary voltage conditions for
      writing into the storage cell 90 of FIG. 3.
TBL  ______________________________________                                    
     TABLE SHOWING EXEMPLARY                                                   
     VOLTAGE CONDITIONS                                                        
     FOR WRITING INTO THE STORAGE                                              
     CELL OF FIG. 3                                                            
     ______________________________________                                    
     Logical ONE                                                               
     Substrate   Gate           Gate                                           
     Line 13     Line 83        Line 91                                        
     0v.         -40v.          -10v.                                          
     (Switching transistor 3c conducting)                                      
     Logical ZERO                                                              
     Substrate   Gate           Gate                                           
     Line 13     Line 83        Line 91                                        
     0v.         +40v.          +10v.                                          
     (Switching transistor 4c conducting)                                      
     ______________________________________                                    
PAR  Simply by way of example, in the Logical ONE condition of the storage cell
      90, the storage transistor 1c, FIG. 3, may have a threshold voltage of
      minus 12 volts while the storage transistor 2c may have a threshold
      voltage of minus 3 volts, for example. In the Logical ZERO condition of
      storage cell 90, the storage transistor 1c may have a threshold voltage of
      plus 2 volts, and the storage transistor 2c may have a threshold voltage
      of plus 10 volts for example. It is advantageous to place switching
      transistor 3c in the conductive condition during the recording of a
      Logical ONE in storage cell 90, and to place the switching transistor 4c
      in the nonconductive condition. Correspondingly, in recording a Logical
      ZERO in the storage cell 90, it is desirable to place switching transistor
      4c in the conducting condition and switching transistor 3c in the
      nonconducting condition. In the embodiment of FIG. 3, switching transistor
      1c has respective different threshold conditions in the Logical ONE and
      Logical ZERO conditions of the storage cell, and similarly storage
      transistor 2c has respective different threshold conditions in the Logical
      ONE and Logical ZERO conditions of the storage cell 90, even though the
      Zero condition of storage cell 1c does not correspond to the One threshold
      condition of storage transistor 2c.
PAR  All though I have disclosed and particularly described my invention by
      reference to specific illustrative examples thereof, it will be apparent
      to those skilled in the art that many modifications and variations may be
      effected without departing from the spirit and scope of the novel concepts
      of the present invention. I therefore intend to include within the patent
      warranted hereon all such changes and modifications as may reasonably and
      properly be included within the scope of my contribution to the art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. As associative storage circuit including a storage cell capable of
      assuming two logical conditions and comprising:
PA1  a pair of output circuit points for supplying a binary output signal
      representing the identity or lack of identity of an external logical
      comparison signal supplied to said storage cell and the logical condition
      of said storage cell,
PA1  a pair of circuit arms connected in parallel between said output circuit
      points and forming said storage cell, each of said circuit arms having a
      storage transistor and a switching transistor in series,
PA1  a supply voltage circuit connected with said output circuit points for
      supplying operating potentials to said transistors,
PA1  said switching transistors each being controllable in accordance with an
      external logical comparison signal supplied thereto during a readout
      operation, and each being controllable in accordance with a logical
      information signal representing the information to be stored in said
      storage cell during a write-in operation,
PA1  said storage transistors each having a gate including a gate insulator for
      providing selectively a first threshold condition and a second threshold
      condition of the storage transistor, and
PA1  said circuit arms being responsive to write-in potentials applied to the
      gates of said storage transistors in conjunction with the logical
      information signal applied to each of said switching transistors during a
      write-in operation to place a corresponding one of said storage
      transistors in its second threshold condition while the other storage
      transistor exhibits its first threshold condition thereby to establish a
      logical condition of said storage cell in accordance with the information
      represented by said information signal.
NUM  2.
PAR  2. A storage circuit in accordance with claim 1 characterized in that all
      of said transistors of said storage cell are of the same channel
      conductivity type, a common gate line being connected with the gates of
      both of the storage transistors of said storage cell for supplying the
      same write-in potential to both of said gates during a write-in operation
      and for supplying a common readout potential to said gates during said
      readout operation, said switching transistors being responsive to the
      logical information signal to correspondingly assume a conducting and a
      nonconducting condition respectively during a write-in operation so as to
      control the resulting logical condition of the storage cell, and said
      switching transistors being responsive to complementary external logical
      comparison signals representing comparison information to correspondingly
      assume a conducting and a nonconducting condition respectively during a
      readout operation, thereby to control the binary signal output at the
      output circuit points so as to represent the identity or non-identity of
      such external comparison information with the logical condition of said
      storage cell.
NUM  3.
PAR  3. A storage circuit in accordance with claim 1 characterized in that the
      storage transistors of said storage cell have electrically isolated
      substrate terminals with respective substrate lines connected with the
      respective substrate terminals, said storage transistors of said storage
      cell having respective independent gate lines connected with the
      respective gates thereof, and the substrate line and gate line associated
      with each gate being operable to selectively apply respective first and
      second write-in potentials thereto to selectively establish the respective
      first and second threshold conditions of the associated storage
      transistor.
NUM  4.
PAR  4. A storage circuit in accordance with claim 3 characterized in that a
      common insulating substrate has said transistors of said storage cell
      formed thereon at respective electrically isolated regions thereof.
NUM  5.
PAR  5. A storage circuit in accordance with claim 3 characterized in that a
      common semiconductor substrate has said transistors formed thereon and
      electrically isolated from each other by means of isolating diffusion.
NUM  6.
PAR  6. A storage circuit in accordance with claim 1 characterized in that the
      transistors of one arm of the storage cell are of a complementary channel
      conductivity type compared to those of the other arm, the switching
      transistors having respective gate electrodes connected in common for
      receiving and responding to said comparison signal during a readout
      operation to correspondingly assume a conducting and a non-conducting
      condition respectively, and for receiving and responding to said
      information signal during a write-in operation to correspondingly assume a
      conducting and a nonconducting condition respectively, and the storage
      transistors having electrically isolated substrate terminals with a common
      substrate line connected therewith, and a common gate line connected with
      said gates of said storage transistors for cooperation with the substrate
      line in selectively applying respective different polarity write-in
      potentials in common to said storage transistors of said storage cell
      during successive write-in operations to selectively establish the first
      and second threshold conditions at the respective storage transistors,
      thereby to selectively establish the first and second logical conditions
      of said storage cell.
NUM  7.
PAR  7. An associative storage circuit including a storage cell capable of
      assuming two logical conditions and comprising:
PA1  a pair of output circuit points for supplying a binary output signal for
      representing the identity or lack of identity of an external logical
      comparison signal supplied to said storage cell and the logical condition
      of said storage cell,
PA1  a pair of circuit arms connected in parallel between said output circuit
      points and forming said storage cell, each of said circuit arms having a
      storage transistor and a switching transistor in series,
PA1  a supply voltage circuit connected with said output circuit points for
      supplying operating potentials to said transistors,
PA1  said switching transistors each being controllable in accordance with an
      external logical comparison signal supplied thereto during a readout
      operation,
PA1  said storage transistors each having a gate including a gate insulator for
      providing selectively a first threshold condition and a second threshold
      condition of the storage transistor, and
PA1  said circuit arms being responsive to write-in potentials applied to the
      gates of said storage transistors in a first write-in operation to place
      one of said storage transistors in its first threshold condition and to
      place the other storage transistor in its second threshold condition
      thereby to represent a first logical condition of said storage cell, and
      in a second write-in operation to place said one storage transistor in its
      second threshold condition and to place said other storage transistor in
      its first threshold condition thereby to represent a second logical
      condition of said storage cell.
NUM  8.
PAR  8. A storage circuit in accordance with claim 7 characterized in that the
      storage transistors of said storage cell have electrically isolated
      substrate terminals with respective substrate lines connected with the
      respective substrate terminals, said storage transistors of said storage
      cell having respective independent gate lines connected with the
      respective gates thereof, and the substrate line and gate line associated
      with each gate being operable to selectively apply respective first and
      second write-in potentials thereto to selectively establish the respective
      first and second threshold conditions of the associated storage
      transistor.
NUM  9.
PAR  9. A storage circuit in accordance with claim 7 characterized in that the
      transistors of one arm of the storage cell are of a complementary channel
      conductivity type compared to those of the other arm, the switching
      transistors having respective gate electrodes connected in common and the
      storage transistors having electrically isolated substrate terminals with
      a common substrate line connected therewith, and a common gate line
      connected with said gates of said storage transistors for cooperation with
      the substrate line in selectively applying respective different polarity
      write-in potentials in common to said storage transistors of said storage
      cell during successive write-in operations to selectively establish the
      first and second threshold conditions at the respective storage
      transistors, thereby to selectively establish the first and second logical
      conditions of said storage cell.
NUM  10.
PAR  10. The method of operating a storage circuit including a pair of circuit
      arms extending in parallel between a pair of common nodes, with a supply
      voltage source connected between the common nodes, and each circuit arm
      being provided with one storage transistor with a controllable threshold
      voltage and one switching transistor connected in series, said method
      comprising
PA1  supplying logical information to be stored, during a write-in operation, to
      the gate electrodes of said switching transistors such as to place the
      switching transistor of one of the arms which is to correspond with such
      logical information in a conducting state and to place the switching
      transistor of the other arm in a nonconducting condition,
PA1  applying write-in pulses to the gates of the storage transistors during
      said write-in operation, such that the storage transistor of the one arm
      has its threshold voltage changed from a first value to a second value
      while the storage transistor of the other arm exhibits a threshold voltage
      of said first value, and
PA1  during a readout operation, supplying to the gate electrodes of the
      switching transistors respective logical comparison signals in accordance
      with comparison information to be compared with the information stored by
      said arms so as to render a one of the switching transistors conductive
      according the logical state represented by said logical comparison
      signals, and providing in conjunction with selective control of said
      switching transistors by means of said logical comparison signals a low
      impedance between said common nodes in the case of a logical NON-IDENTITY
      of the comparison information with the stored information, and providing a
      high impedance between said common nodes only in the case of a logical
      IDENTITY of said comparison information with said stored information.
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ABST
PAL  This specification describes an orderly arrangement of input and output
      lines for a programmable logic array chip (PLA). In the arrangement, a
      plurality of parallel current conducting lines called rails are positioned
      on the chip along side the arrays of the PLA. The inputs and outputs of
      the arrays are selectively connected to individual rails so that the rails
      carry the input signals to the arrays from off the chip and take output
      signals of the arrays off the chip and to inputs of the arrays. The rails
      are selectively segmented so that each segment of a rail may be used as a
      path for an input and/or output signal without interfering with signals on
      other segments of the same rail.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to arrays for performing logic functions and
      more particularly it is related to an orderly arrangement of input and
      output lines for such arrays.
PAR  The performing of logic in an array of identical circuit elements each
      located at a unique intersection of an input and output line in a grid of
      intersecting input and output lines is well known. It is also well known
      to perform logic in a compound arrangement of these arrays called a
      programmable logic array chip (PLA) by using the outputs of one array as
      the inputs to another array. Co-pending U.S. patent application Ser. No.
      537,219 filed on even date herewith describes such a PLA on which a number
      of decoders feed inputs to a first array called a product term generator
      or an AND array which in turn supplies outputs to a second array called a
      sum of product term generator or an OR array. The outputs of the OR array
      are then used to control the setting and resetting of a string of latches
      so that both combinatorial and sequential logic functions can be performed
      by the PLA. The particular logic functions actually performed by the given
      PLA are controlled by the locations and number of the active logic
      circuits in the AND and OR arrays of the PLA and also by how inputs are
      supplied to the decoders either from off the chip or from the latches. For
      this and other reasons the external connections to the decoders and
      latches change with the functions performed by the PLA. As a result, the
      advantages that array logic has in design and manufacturing of monolithic
      chips containing logic performing circuits cannot be fully realized unless
      the arrangement used in making the external connections to the arrays is
      flexible and effects a minimum number of processing steps in manufacturing
      of the monolithic chip.
PAC  THE INVENTION
PAR  Therefore, in accordance with the present invention an orderly and flexible
      arrangement of making connections to the decoders and from the latches is
      provided. A plurality of rails are arranged at right angles to lines
      connected to the inputs of the decoder and the outputs from the latches.
      The rails are selectively connected to the lines and to other lines for
      taking signals to and from the chip pads. The rails are split into
      segments, to isolate signals carried on the same rail from one another.
      Thus it can be seen that the rail system can be adapted to the variety of
      connection arrangements necessitated by different logic function
      configurations of the array logic chips since the positions of the breaks
      in the rails and the connections between the rails and lines may change
      for each different adaptation.
PAR  In the preferred embodiment of the invention, the rails are each made up of
      a string of spaced metal portions formed on top of the oxide layer of the
      chip that are joined together by diffusions into the substrate of the chip
      under the oxide layer. The connections to the inputs and outputs of arrays
      are metal lines on top of the oxide layer that pass over the diffusions of
      some of the rails to connect to a metal portion of another. This
      arrangement permits connections between the rails and the lines and the
      positions in breaks on the rails to be changed by changing the metal
      pattern on the surface of the oxide layer. Thus, this interconnection
      scheme is fully compatible with metal personalization or metal-gate
      personalization of the arrays since it allows the manufacturing steps of
      all the chips to be the same up until the laying out of the metallization.
      After that the manufacturing steps would differ only insofar as the
      pattern laid down in the metallization step would differ from chip to
      chip.
PAR  Therefore, it is an object of the present invention to provide an orderly
      arrangement of input and output lines to and from logic arrays.
PAR  Another object of the present invention is to provide an orderly connection
      scheme that can be used for the varieity of different connection
      arrangements needed for different configurations of an array logic chip.
PAR  A further object of the invention is to provide a connection scheme for
      making connections to and from array logic chips that requires a minimum
      of design and manufacturing time to adapt to a variety of different input
      and output connection arrangements.
DRWD
PAC  THE DRAWINGS
PAR  These and other objects, features and advantages of the invention will be
      apparent from the following more particular description of the preferred
      embodiments of the invention of which:
PAR  FIG. 1 is a schematic representation of a layout for a programmed logic
      array chip incorporating the present invention;
PAR  FIG. 2 is a chart of the logic functions that can be performed on any two
      input variables in the programmed logic array chip of FIG. 1;
PAR  FIG. 3 is a plan view showing in more detail the layout of the AND array in
      FIG. 1;
PAR  FIG. 4 is a sectional view taken along line 4--4 in FIG. 3;
PAR  FIG. 5 is a sectional view taken through a via hole in an array module
      layed out in accordance with the schematic of FIG. 1;
PAR  FIG. 6 is an electrical schematic of an alternate layout scheme for the AND
      array in FIG. 1;
PAR  FIG. 7 is a plan view of the layout for the schematic of FIG. 6;
PAR  FIG. 8 is a sectional view taken along line 8--8 in FIG. 7;
PAR  FIGS. 9 and 10 are more detailed plan views of the system of rails shown in
      FIG. 1; and,
PAR  FIG. 11 is a section taken along line 11--11 in FIG. 9.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, two AND arrays 10 and 12 are located on opposite
      sides of an OR array 14. Each of the AND arrays 10 and 12 is connected to
      a plurality of two bit input decoders 16 located on both sides of the AND
      arrays. These decoders 16 provide four output combinations of two input
      variables. The decoders 16 receive input variables on input lines 18 and
      feed each one of its four output combinations of two variables to a
      different input line 20 in the arrays 10 and 12. Because each input line
      20 is connected to two different decoders 16 it can receive two different
      combinations of two variables.
PAR  Arranged orthogonally with respect to the input lines 20 are a plurality of
      parallel output lines 22 that form a grid with the input lines. Located at
      intersections of the input and output lines 20 and 22 are logic performing
      devices 24 that will perform a logical operation, in this case an AND
      operation, on data placed on the input lines 20 and provide the resultant
      on the output line 22.
PAR  The output lines 22 of the AND arrays 10 and 12 are connected to the input
      lines 26 for the OR array 14 positioned between the two AND arrays. These
      input lines 26 intersect the output lines 28 of the OR array. Located at
      these intersections are logic producing elements 29 that perform an OR
      function with respect to the signals received from the AND arrays and
      provide the resultant on the output lines 28. The output lines 28 supply
      set and reset inputs to a plurality of JK latches 30 which are joined in
      shift register fashion so that data cannot only be placed in each latch 30
      from the OR array but can also be placed onto line 32 from some external
      source and shifted from one latch to another.
PAR  As can be seen, logical functions can be performed on the inputs to the two
      bit decoders in the two bit decoders 16, the AND arrays 10 and 12, the OR
      array 14 and the JK latches 30. The different logical functions that can
      be performed in the decoders 12 and the AND arrays 10 on any two inputs a
      and b to one of the decoders 12a is shown in FIG. 2. Each column in the
      chart of FIG. 2 represents one of the four input lines 16 connected to an
      output of the decoder 12a. The headings on any column of this chart is the
      function performed by the decoder 12a on the inputs a and b in placing an
      interrogation signal on the input line 20 represented by that column. The
      rows of the chart represent output lines of the array. The legend on each
      row indicates the logical function that will be placed on the output line
      22 represented by that row, when the input lines of the array, marked by a
      ' binary "1"  in their columns along that row, are ANDed together by
      coupling those input lines to that output line 18 with logic performing
      elements 20. For instance, the Exclusive OR function of a and b is placed
      on output line 22d when input lines 20c and 20d are connected to it by the
      logic elements 24a and 24b. Performing logic operations using arrays and
      two bit decoders in this manner is well known and can be found in
      Weinberger U.S. Pat. No. 3,761,902, dated Sept. 25, 1973. A number of
      other functions are performed in this array 10 besides the Exclusive OR
      function. These involve interrogation signals from decoders on both the
      right and left hand side. When they involve the same input lines they are
      separated by breaks in the input lines from functions being performed on
      the right hand side. A dotted line 36 down through these breaks indicates
      the separation of arrays 10 and 12 into portions performing functions
      involving the input variables to the left hand decoders and in those
      involving input variables to the right hand decoders. Similarly the lower
      array is divided by a dotted line 36 along the breaks in the input lines.
      However, it should be noted that the input lines 20 are not always broken.
      They continue completely across the array such that lines 20a and 20b do
      when they are involved in performing functions on inputs to either but not
      both the left or the right decoders. Some times it is desirable that
      functions fed to opposite ends of the same input line 20c be ANDed. This
      is accomplished within terminal boxes 32 at each end of the AND arrays 10
      and 12 by providing a connection 34 between two output lines 20a and 22b
      to which the input line 20b is coupled by logic performing elements 24a
      and b.
PAR  Like in the AND arrays, the input lines 26 of the OR array are broken to
      separate functions performed on input variables received from the top AND
      array 10 from functions performed on input variables received from the
      bottom AND array 12a. Dotted line 38 has been placed through the OR array
      to show how the space in the OR array is divided up between those
      performing logical functions on inputs from the top AND array and those
      performing logical functions on inputs from the bottom AND array. It
      should be noted that line 28a extends all the way through the OR array so
      that it performs a logical function on input variables supplied both in
      the top and bottom arrays. This may be desired in some cases.
PAR  By examining the dotted lines 36 and 38 it can be seen that the use of the
      arrays is more intense than it would be if all the inputs were on one side
      of the array. First of all if all the inputs were on one side, there would
      not be double use of input lines. In other words, portions of input lines
      not used to perform functions involving one set of input variables could
      not be used to perform functions involving another. Also if the decoders
      were all placed on one side of the line and the two AND arrays were added
      together, the length of the output lines would have to be extended
      considerably and larger portions of these output lines would be unuseable.
      For instance, output line 22d involved in line performing an Exclusive OR
      of inputs a and b to the first decoder 16a would be 4 times as long if all
      twelve decoders 16 of the two AND arrays 10 and 12 were placed on one side
      of a single array and therefore would have 4 times as much unuseable area
      of the chip arranged along it than is in the arrangement shown in FIG. 1.
      In the same, division of the OR array increases the amount of unused area
      on the chips. FIGS. 3 and 4 show how the AND arrays 10 and 12 can be
      fabricated in FET technology using a combination of gate and metal
      personalization of the array. A number of diffusion stripes 40 and 42 are
      the source and sink diffusions for FET's which are the logic performing
      elements 24 of the array. In addition the diffusions 40 serve as the
      output lines 22 of the array. The input lines 20 of the array are metal
      stripes arranged at right angles to the diffusions 40 and 42 on top of
      thin and thick layers 48 and 50 of oxide that decouple the lines. Whenever
      a logic function is to be performed at the intersection a gate
      metalization 52 is placed over a set of diffusions 40 and 42 on the thin
      metal oxide layer 48 and under one of the metal stripes. Where there is no
      logic function to be performed at the intersection of a particular input
      line and output line no such gate metalization pattern is placed between
      the stripes 40 and 42.
PAR  As can be seen from FIGS. 3 and 4, breaks 52 occur in the metal stripes
      between functions performed on one side of the stripes and functions
      performed on the other side of the stripes. Thus, it is quite apparent
      with this technique that the manufacturing steps of all the chips would be
      the same until the point of laying out the gates and metalization. The
      chip can then be personalized to perform the desired logic that is to be
      performed at an intersection and providing for breaks in the line where
      functions are performed on opposite ends of the same line.
PAR  In the completed chip, each metal line 46 becomes the input to an FET logic
      circuit in which the gate metalization 52 is the gate of an FET having a
      source connected by diffusion stripe 40 to some positive voltage +V and
      connected to ground by diffusion stripe 42. When a signal is received from
      the decoders 16 on metal stripes 48 it biases each FET connected there to
      conductive for providing a path to ground on changing the voltage on the
      diffusion stripe 40 or output line 32 from +V to ground. Since the outputs
      of the decoders are the negative of the inputs to the decoders a logical
      AND function is performed in the arrays 10 and 12 on the outputs of the
      decoders.
PAR  The OR array 14 is quite similar to the AND array except the OR array is
      arranged with the metal stripes vertically and the diffusion stripes
      horizontally. Furthermore, the output of the AND array is positive with
      respect to the input of the decoders so that an OR function is performed
      in the OR array on the outputs of the AND arrays. To make the connection
      between the AND arrays and the OR arrays, one of the metal stripes 56 in
      the OR array connects to one of the diffusions 40 in the AND array by way
      of a metalized via hole 54 through the oxide layers 48 and 50.
PAR  While a gate-metal personalization is desirable in some cases, there are
      other situations in which it is desirable to have circuit arrangement in
      which logic can be changed by a purely metal personalization process. Such
      an arrangement is shown in FIG. 6. In the embodiment of FIG. 6, each of
      the intersections of input and output lines 20 is populated by an FET 24
      for performing logic. Whether the FET is functioning or not depends on how
      its gate is connected. If the FET 24 is not being used its gate is
      grounded to hold the FET biased off. If the FET 24 is being used to
      perform logic, its gate is connected to one of the input lines 22 to allow
      the FET to be rendered conducting or nonconducting by the pulses placed on
      the input line 20. As shown in FIGS. 7 and 8, each FET is provided with a
      gate and metal connections 58 are selectively made from the gates 52 to
      the metal stripes 46 or to a diffusion stripes 42 through a via connection
      10 in one processing step. It should be understood that the invention is
      not limited to either one of the above personalization techniques and can
      be applied equally as well to a number of technologies. In particular, it
      can be applied to bi-polar technology instead of the described FET
      technology.
PAR  Co-pending application Ser. No. 537,219 filed on even date herewith is
      concerned with how splitting of the arrays, decoders and lines increases
      the circuit density in logic arrays. In accordance with the present
      invention the external connections to the inputs and outputs of the arrays
      can be personalized in accordance with the functions to be performed in
      the array. To this end, a plurality of vertical rails 62 are provided on
      the chip on each side of the arrays 10, 12 and 14. Arranged orthogonally
      with respect to these rails 62 are the inputs 18 to the decoder 16, the
      outputs 66 of the JK's and the inputs 688 of the off chip drivers 66. As
      shown in FIGS. 7, 10 and 11 the input lines 18 and 68 and the output lines
      67 are metallized patterns on the surface of the oxidation layer 48-50 of
      the chip. The rails 62 are each made up of alternating metal portions 70
      on top of the oxidation layer 48-50 and diffused portions 72 in the
      substrate 44 of the chip. These are joined by metallized via holes 74 that
      pass through the oxidation layer 48-50. The diffused portions 72 are
      located opposite the off chip drivers 66, the decoders 16 and the latches
      30 so that the lines to the drivers, latches and decoders can pass over
      the diffused portions of certain of the rails 62 and be connected to
      metallized portions of other of the rails. The rails are segmented by
      openings 76 in the metal portions 70 to electrically isolate two or more
      different signals contained on the same rail on electrically isolated
      segments of the same rail. For instance, suppose JK 30a is to be connected
      to the off chip driver 66a, the metal lines 67 and 68 are connected to
      opposing metal portions 70a and 70b of the same rail 62a. The metal lines
      67 and 68 pass over the diffused portions 72 of the other rails 62 so they
      do not short the rails together. Furthermore, the metallized portions 70a
      and 70b of rail 62a both contain an opening to isolate the segment of rail
      62a containing the connection between the JK 30a and the off chip driver
      66a from the remainder of the rail 62a so that the remainder of the rail
      can be used to carry other signals to the array such as the connection
      between JK 30b and the input to two-bit decoder 16b. It should be noted
      that the inputs to the decoders 16 are positive and the outputs of the
      JK's are also positive so the outputs of the JK 30a can be directly
      connected back to the decoder 16b permitting sequential logic to be
      performed with the arrays 10, 12, 14 and the JK's 30 without the use of
      off chip connections between the JK's and the decoders. Connected across
      the top of the chip and bottom of the chip are a number of pads 74a which
      function exclusively as input pads for input signals onto the chip to be
      fed to the inputs of the decoders 16. They are connected to the rails 62
      by a metallization pattern determined by the functions to be performed on
      the chips. The pads 74a along the side of the chip may be used either as
      output pads or input pads. If they are used as output pads they are
      connected by metal personalization 76 to one of the off chip drivers 66.
      If they are used as input pads, they like pads on the bottom and top of
      the array and are connected by personalization directly to the rails 62.
      The off chip drivers are simple amplifiers such as a single stage grounded
      source FET amplifier.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the above and other changes in form and details
      may be made therein without departing from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a programmable logic array chip comprising at least two arrays and a
      string of latches in which one of the arrays receives interrogation
      signals from decoders and feeds the response thereto to the second array
      which in turn supplies inputs to the latches, an arrangement for the
      supplying of inputs to the decoders and receiving of outputs from the
      latches comprising:
PA1  connections to the inputs of the decoders and the outputs of the latches
      extending in a side by side relationship; and
PA1  a series of colinear rails crossing the connections to form a grid of
      intersecting connections, individual rails being electrically coupled to
      certain of the connections and electrically isolated from others and
      having breaks therein which divide the rails into segments so that signals
      on different segments of the same rail are electrically isolated from one
      another.
NUM  2.
PAR  2. The array logic chip of claim 1 including;
PA1  output connections for carrying outputs of the arrays off the chip located
      side by side with the connections to the latches.
NUM  3.
PAR  3. The array logic chip of claim 2 wherein;
PA1  one of said output connection is electrically joined to the same segment of
      a rail as the connections to a latch at different points along the length
      of the segment.
NUM  4.
PAR  4. The array logic chip of claim 1 wherein said monolithic chip has a
      substrate with an oxide layer formed thereon.
NUM  5.
PAR  5. The array logic chip of claim 4 wherein each of said rails comprises
      alternating metal portions formed on the surface of the oxide layer and
      conductive diffusions in the substrate that are joined through the oxide
      layer by conductive vias,
PA1  the connections are metal lines formed on the surface of the oxide layer so
      that they are electrically connected to a metal portion of one rail and at
      least some of them pass over the conductive diffusions of other rails.
NUM  6.
PAR  6. The array logic chip of claim 5 wherein said decoders and latches are
      located on one side of said rails and said chip drivers are located on the
      other side of the rails.
NUM  7.
PAR  7. The array logic chip of claim 5 wherein said breaks in the rails are
      openings in the metal portions of the rails.
NUM  8.
PAR  8. The array logic chip of claim 7 including off chip drivers coupled to
      output connectors for amplifying the output signals of the latches.
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ABST
PAL  A bipolar random access memory cell is disclosed using a pair of
      transistors cross-coupled in a flip flop configuration with the
      transistors connected to operate in the inverted mode, that is, the
      collectors as emitters and the emitters as collectors. This allows an
      integrated circuit realization of a random access memory having only one
      and one-half isolation regions per row of memory cells. Forming the flip
      flop load resistors by the emitter-pinched base method compensates the
      cell for process variations to result in substantially constant read/write
      characteristics.
PARN
PAR  This is a continuation of application Ser. No. 354,252, filed Apr. 25, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of bipolar random access memories.
PAR  2. Prior Art
PAR  The prior art contains a number of bipolar random access memory cells
      varying in complexity and desirability. These cells usually consist of a
      pair of cross coupled transistors with load resistors in the collector
      circuits to form a flip flop, means for sensing the state of the flip
      flop, and means for writing in a desired state.
PAR  A useful memory unit contains an array of cells arranged in rows and
      columns, each cell in a row being connected by one or more "word lines"
      and each cell in a column being connected by "bit lines", usually two in
      number. The bit lines are coupled to the individual cell flip flops
      through diodes or other devices which decouple the cells from the bit
      lines except during the time that that particular row of cells is being
      interrogated. The decoupling means can either be separate devices or
      integral with the flip flop transistors, as for example, an additional
      emitter element.
PAR  As a minimum, then, prior art memory cells of the class being discussed
      comprise four distinct elements: a pair of transistors and two load
      resistors associated with the transistors. When such cell arrays are
      manufactured using conventional integrated circuit techniques, it is
      necessary that the individual circuit elements be electrically isolated in
      order that proper operation be achieved. The required isolation in the
      form of isolation barriers diffused through an epitaxial layer to a buried
      layer is space consuming, so that a practical memory cell occupies
      considerably more space than that taken by the individual devices. By
      using a reverse connection to the flip flop transistors, that is, by using
      what is normally considered to be the collector as an emitter, and vice
      versa, an arrangement is achieved which reduces drastically the isolation
      requirements of the cell and permits the cell area to be about one third
      of that required by the prior art.
PAR  The state of any particular cell of a memory array may be sensed by drawing
      current from the bit lines associated with the cell and comparing the
      relative levels existing on those lines to determine which of the
      transistors in the flip flop is in the conductive state. The amount of
      current which can be drawn without danger of causing the flip flop to
      change states is a function of, among other things, the gain of the
      transistors, and the value of the load resistors. Normal fabrication
      processes are such that those factors vary substantially from cell to cell
      within a unit, and also from unit to unit, with the result that the
      current drawn during sensing must be severly limited lest a marginal cell
      be inadvertently actuated during a read cycle.
PAR  Conversely, since the current required to write into a cell varies,
      sufficient write current must be provided to assure that the least
      sensitive cell changes state when desired.
PAR  Thus in prior art cells, for adequate reliability, substantially less than
      nominal sense current is available for sensing the cell state, and
      substantially more than nominal write current must be provided for writing
      information into the cell.
PAR  Due to the unique self compensating nature of the invented cell, the read
      and write currents are much more uniform so that a large margin of safety
      is not required, resulting in lower power requirements, higher yield, and
      greater reliability.
PAR  Thus, it is an object of the present invention to provide a memory cell for
      use in a bipolar random access memory of small size enabling the
      fabrication of an array of a large number of cells on one chip.
PAR  It is also an object of the present invention to provide such a cell having
      characteristics which are insensitive to normal process variations.
PAR  A further object of the present invention is the production of a memory
      cell having low power requirements.
PAR  These and many other objects and advantages of the invented memory cell and
      resulting memory matrix will become apparent from the detailed description
      of the invention to follow.
PAC  SUMMARY OF THE INVENTION
PAR  The invented cell is a bipolar random access memory comprising a pair of
      transistors cross coupled to form a flip flop, with the preferred
      embodiment having a second pair of transistors operated as emitter
      followers connected between the flip flop outputs and the bit lines of the
      memory array. While the cell can be assembled from standard discrete
      components, the major advantages to be gained are best realized when the
      cell is fabricated as part of an integrated circuit memory array.
PAR  The flip flop transistors are inverted, that is, the elements normally
      conceived of as collectors are used as emitters and vice versa. This
      connection allows all of the flip flop transistors along one word row to
      be fabricated within a single isolation zone of the integrated circuit
      array.
PAR  All emitter follower transistors have their collectors connected to the
      supply voltage. The flip flop load resistors are also connected to the
      supply. These components are realizable without isolation between the
      elements, since conventional integrated circuit fabrication results in
      transistors with a common collector connection. By laying out adjacent
      rows in an inverted manner, all emitter followers and load resistors for
      two rows of memory cells can be contained in a single isolation zone.
      Effectively, then, the invented cell requires only 11/2 isolation zones
      per row of cells, as compared to several isolation zones per cell for
      prior art memories.
PAR  In standard integrated circuit fabrication, the beta of transistors is
      subject to variation because of unavoidable variation in the process. This
      leads to a variation in the amount of current drain which will cause the
      flip flop to change state. Prior art memory cell arrays must be operated
      such that the state sensing means draws less current than that which will
      cause the most sensitive cell to change state. Since the variation in
      sensitivity of prior art cells is substantial, the sensing current must be
      held to a much smaller value than would be desirable. At the same time,
      write current must be high enough to switch the least sensitive cell.
PAR  Adding to the variation in read/write characteristics of prior art memory
      cells is the fact that for space economy, the load resistors are typically
      epitaxially grown, and the difficulties in controlling the thickness and
      doping of the layers makes it impractical to obtain consistent values.
      Overall variation in toggle current characteristics of prior art cells is
      often of the order of a factor of 2 or 3.
PAR  In the invented cell, the load resistors are made by the pinched base
      process which are also subject to large variations but these resistors are
      sensitive to the same process variables as the beta of the flip flop
      transistors. The result is that the variation of resistance of the load
      resistors very nearly compensates for the variation in beta of the
      associated flip flop transistors. For this reason, the current required to
      change the state of a cell of the invented variety is substantially
      constant for any particular nominal process, the variation being only a
      few percent without exceptional care.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a 2.times.2 array of memory cells.
PAR  FIG. 2 is a plan view of an integrated circuit realization of the 2.times.2
      array of FIG. 1, illustrating the manner in which adjacent cells are
      arranged in large memory matrices.
PAR  FIG. 3 is a cross-section taken along lines 3--3 of FIG. 2.
PAR  FIG. 4 is a cross-section taken along lines 4--4 of FIG. 2.
PAR  FIG. 5 is a cross-section taken along lines 5--5 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, four of the invented memory cells are
      schematically shown connected as a 2.times.2 array. It is well known that
      such arrays can be constructed of any number of cells, the limitation
      being the size of the semiconductor chip available relative to the
      individual cell size. The small cell size of the invented cell (of the
      order of 10 square mils versus in the order of 30 square mils for prior
      art cells) makes practical arrays as large as 1024 bits or larger on a
      single chip. Larger arrays can be achieved by interconnection between
      separate chips.
PAR  Transistors 10 and 11 are cross connected to form a standard flip flop
      circuit including load resistors 12 and 13. Such connection is common in
      the art, except that in the invented cell transistors 10 and 11 are
      inverted, that is, the element usually considered as the collector is
      connected as an emitter and the element usually considered as the emitter
      is connected as a collector. Though a transistor is a bilateral device,
      transistors fabricated by integrated circuit techniques which might have a
      beta of 20 in the forward dierection might have a beta of about 1 in the
      reverse direction. This degradation in characteristics has discouraged
      prior workers from seriously considering using such a connection. The
      reasons why, despite the poor performance available, that the connection
      is advantageous in the present invention will become evident when the
      physical realization of the circuit on an integrated circuit chip is
      discussed. In the explanation that follows, the element of a transistor
      commonly called a collector is called a collector irrespective of whether,
      in the particular circuit, it acts as an emitter. The same convention is
      used for the element which is commonly called an emitter. This in normal
      integrated circuit fabrication, an area of the substrate constitutes the
      collector with a smaller base region diffused into that region, and a
      still smaller emitter region diffused into the base region.
PAR  Transistors 14 and 15, connected as emitter followers, complete the cell
      circuitry of the preferred embodiment. While other coupling devices and/or
      methods may be employed to couple the flip flops to the bit lines, such
      as, by way of example, diode coupling, the current gain provided by
      transistors provides a relatively large read current capability. (An
      additional emitter on the transistors 10 and 11 could also be used for
      coupling by way of further example.) Available current will vary with the
      particular design normally being in the range of 1 to 20 ma, and typically
      being about 5 ma. The variation between cells on a single chip and from
      chip to chip nominally processed in the same manner is, as will be
      presently explained, very small.
PAR  As indicated in FIG. 1, the individual cells are arranged in rows and
      columns with the collectors (acting as emitters) of all flip flop
      transistors in a single row being connected and designated the word line
      for that row. Thus a series of word lines, W1, W2, etc., associated with
      rows 1, 2, etc., are created and are used in selecting particular cells to
      be read or written into.
PAR  The emitters of the corresponding emitter followers in each column of cells
      are connected and designated bit lines, there being two bit lines for each
      cell. The bit lines are designated B1 and B1, B2 and B2, etc.,
      corresponding to column 1, 2, etc.
PAR  Typical peripheral circuity, which is well known in the art, is shown in a
      simplified configuration in FIG. 1 and includes sense amplifier 30, write
      amplifier 32 and write transistors 32 and 33 for column 1. This equipment
      typically is duplicated in each column. The sense amplifiers, write
      amplifiers, decoders, coders, etc. may be of any of the designs as are
      well known in the art and need not be described here.
PAR  In the following description of the operation of the invented memory cell
      assume that the array of FIG. 1 is connected to a computer system and Vcc
      is the normal computer power line of 5 volts. The word lines W1, W2, etc.,
      are maintained at a low voltage of say 1 volt and the individual memory
      cells are in whatever states represent the information stored in the
      memory array.
PAR  If the computer algorithm requires that the memory cell in row 1, column 1,
      be interrogated to determine which of its two possible states exists as of
      that moment, the voltage on the word line for row 1, W1, is raised to some
      higher voltage, say 3 volts, and the output of sense amplifier 30 is
      observed. If transistor 10 is on and transistor 11 is off, the base of
      transistor 10 will be at about 3.7 volts, assuming a base-emitter
      saturation voltage of about 0.7 volts. The base of transistor 15, being
      connected to the base of transistor 10 is also at 3.7 volts. Since
      resistor 35 presents a path to ground, the emitter base diode of
      transistor 15 is forward biased and bit line B1 will be at 3 volts.
PAR  There is little voltage drop across transistor 10 in its conductive state
      so that the base of transistor 14 will be at about the voltage of W1 or 3
      volts. The emitter base diode of transistor 14 is also forward biased due
      to resistor 34 and therefore bit line B1 will be at about 2.3 volts.
PAR  The voltages just derived for the bit lines B1 and B1 will exist on the
      lines, unless the voltages are affected by one of the other cells in the
      same column (which are connected to the same bit lines). It can be easily
      seen that such effect will not in fact exist, since all word lines, with
      the exception of W1, are at 1 volt, resulting in base voltages of the
      emitter follower transistors in these rows of 1.0, and 1.7 volts in each
      cell. The base emitter diodes of these transistors are seen to be reverse
      biased and thereby will have no effect on the bit line voltages.
PAR  The 0.7 volt difference between B1 and B1 is detected by the sense
      amplifier and may be processed therefrom in a conventional manner.
      Typically the output of one sense amplifier will be selected, as a result
      of a column address decoding, for further processing. If transistor 11 had
      been on instead of transistor 10, the 0.7 volt differential between B1 and
      B1 would have been of the opposite polarity, which would be appropriately
      sensed by the sense amplifier.
PAR  The condition of any cell in the array can be determined by raising the
      voltage on the word line containing the cell to be interrogated and
      sensing the polarity on the bit lines in the column of the cell.
PAR  If it is desired that in the cell of row 1, column 1, transistor 11 be
      turned on to represent a bit of information stored in the memory, the
      voltage in W1 is raised to 3 volts just as was done when interrogating the
      cell, but instead of sensing the voltage on the bit lines, B1 is connected
      to the same low voltage appearing on the unselected word lines as by
      turning transistor 33 on with write amplifier 31. This will cause the
      bases of transistors 15 and 10 to drop resulting in a positive pulse being
      fed back to transistor 11. Transistor 10 will thus cut off and transistor
      11 go into conduction. Cells in other rows are unaffected since the
      emitter-base diodes of the emitter followers in these cells will never
      become forward biased so as to be able to conduct a pulse to the flip flop
      transistors.
PAR  A plan view of a simple memory cell array utilizing the invented memory
      cell is illustrated in FIG. 2, and typical cross-sections of the cell are
      shown in FIGS. 3, 4 and 5. (The cross-section of FIG. 3 is taken just to
      the side of the adjacent metalization layer coupling the two transistors.)
      The circuit is realized in the embodiment illustrated utilizing NPN
      transistors formed on a p-type semiconductor substrate. It will be evident
      to those skilled in the art, however, that the circuit could also be
      realized in other ways, such as, by way of example, by using PNP
      transistors on an n-type substrate or even using other than integrated
      circuit technology. The advantages of the invented circuit can, however,
      be appreciated with reference to the presently preferred embodiment.
PAR  An array of four cells arranged in a 2.times.2 square pattern is
      illustrated, but an array of any size is possible by a simple extension of
      the scheme illustrated.
PAR  The 2.times.2 array of FIG. 2 is seen to have three electrically isolated
      regions, 41, 42, and 43, separated by isolation layers 44 and 45.
      Fabrication can be effected in accordance with conventional integrated
      circuit techniques. As shown, a P-type substrate 60 is provided with an
      epitaxial region thereover forming regions 41, 42 and 43. N++ buried
      layers 61 increase the apparent conductance of the adjacent region, with
      p++ isolation barriers 44 and 45 extending to the substrate to
      electrically isolate the two adjacent regions. Isolated region 41 contains
      the flip flop transistors of the memory cells in row 1, isolated region 43
      contains the flip flop transistors of the cells in row 2 and isolated
      region 42 contains the emitter follower transistors for both rows 1 and 2.
      For larger arrays the pattern is repeated, that is, an isolated region for
      the flip flop transistors for one row of memory cells is formed on each
      side of an isolated region containing the emitter follower transistors for
      two rows of flip flop transistors.
PAR  The transistors and load resistors in the memory cell of row 1, column 1,
      are numbered in the same manner as in FIG. 1 for ease in reference.
PAR  The fabrication of the transistors on the integrated circuit chip shown in
      FIG. 2 may proceed in accordance with conventional integrated circuit
      techniques which are well known and need not be described in detail. As is
      well known, the geometry of transistors laid down on an integrated circuit
      chip leads to the formation of devices having a common collector
      connection, unless isolation zones are provided on the chip for the
      purpose of isolating the individual collector. Prior art memory cells, not
      utilizing a common collector configuration, may involve the use of
      multiple isolation zones in order to achieve the necessary circuit.
      Isolation zones are space consuming and thus by utilizing circuity in
      which the collectors of many of the devices used are intentionally
      connected, large savings in space are achieved.
PAR  In the invented cell all flip flop transistors in a single row and all
      emitter follower transistors have such a common collector. This leads to
      the possibility of reducing the number of isolated regions on the
      semiconductor chip to the number of rows in the memory matrix plus one.
      Such a layout, while possible, would result in excessive wiring between
      components. The illustrated topology is a reasonable compromise between
      economy of isolation and economy of inter-connection. By making each
      isolation region containing emitter follower transistors serve two rows,
      the number of isolation regions required for an array is seen to be one
      and one-half regions per row as compared to several per call in the prior
      art. The memory cell load resistors (e.g., resistors 12 and 13 in the cell
      of row 1, column 1) are preferably of the "pinched base" variety, which
      has previously been known. These resistors are made in the preferred
      embodiment illustrated by creating extensions to the bases of the emitter
      follower transistors, for example, extension 46 to the base of transistor
      14. The extension is relatively long and thin so that it is in effect a
      resistor without further processing. However, base material typically has
      a resistivity of the order of 120 ohms per square, much lower than the
      resistivity desired to form a proper load resistor within the small space
      allotted. The resistivity of the material is increased drastically by
      diffusing n+ type semiconductor material partially into the base extension
      at the same time as the n+ diffusion for the transistor emitters is made.
      The area over which this diffusion is effected can be seen as areas 47, 48
      and 49 (for resistor 12, the load resistor associated with transistor 10).
PAR  The resistivity of the material in the base extensions such as extension 46
      is thereby increased to perhaps 15K ohm to 50K ohm per square. A three to
      one variation in the resistance of the resistors so obtained can be
      expected because of inadvertent process variations, primarily due to the
      level of impurity introduced into the pinched base region as well as the
      width of the base region. To a first order approximation, the resistance
      of the pinched base resistors is inversely proportional to the impurity
      introduced. As is well known, the beta of a transistor is also inversely
      proportional to the impurity introduced into its base region by the
      emitter diffusion. Since the memory cell transistors are physically close
      to the load resistors and their respective characteristics, at least to
      the first order approximation, vary in the same way, the ratio of
      resistance of the resistors to the beta of the flip flop transistors in
      any cell is substantially constant for a particular nominal process.
PAR  The foregoing described structure is illustrated in FIGS. 3, 4 and 5, and
      particularly in the last two of these figures. The P-regions forming the
      bases for transistors 11 and 15 and also forming the base extensions, such
      as extension 71a of transistor 15 and the extension 71b of the adjacent
      transistor (not numbered in FIG. 2), are diffused into the substrate as
      P-regions 73, 74 and 71 (71a and 71b being integral parts of the region
      71). Thereafter the emitter regions 75 of transistor 11, and 76 of
      transistor 15, as well as the n+ areas 47, 48 and 49 forming the
      pinched-base resistors are diffused. Thus, it is apparent that the depth
      of the resistors will be substantially the same as the depth of the base
      regions of the transistors and that the depth of the regions 47, 48 and 49
      will be substantially equal to the depth of the emitters of the
      transistor. Thus, the impurity introduced into the pinched-base resistors
      (e.g. regions 71a and 71b, for example), while varying with the
      processing, will be the same in any memory chip as in the base regions of
      the transistors so that the resistance of the pinch-base resistors will
      track the beta of the transistors quite accurately, independent of the
      processing. (Final processing includes the providing of an oxide layer 80
      with selected window areas therein, and a patterned metalization layer 81
      forming the various interconnections such as lines B1, B1, Vcc, etc.
PAR  As previously described, writing into the invented memory cell involves
      drawing current from one of the bit lines. The amount of current necessary
      to toggle the flip flop is determined by the combination of the resistance
      of the load resistors and the beta of the flip flop transistors. The
      higher the resistance of the resistors, the less base drive is available
      to switch the flip flop, but the higher the beta of the flip flop
      transistors the less base drive is necessary to switch. Thus, the minimum
      writing current required remains relatively constant, despite large
      changes in the components because of process variations. (The minimum
      writing current also represents, in theory, the maximum read current, as
      any reading current below that level is satisfactory but any attempted
      read current above that level acts as a write current by overriding the
      state of the flip flop to drive it to the opposite state.) As a practical
      matter, the writing current requirement can be held to a variation of just
      a few percent, which, as previously discussed, eliminates the need for
      large margins of safety in either the read and write current.
PAR  What has been described is a novel bipolar random access memory in a
      preferred embodiment. Modifications in form, design and arrangement from
      that described will be obvious to those skilled in the art, all of which
      are within the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bipolar memory cell which comprises:
PA1  a. a first pair of transistors, said transistors having their collectors
      coupled and each having its base coupled to the emitter of the other of
      said transistors, said first pair of transistors being formed on a single
      semiconductor chip, the collectors of said first pair of transistors being
      portions of a contiguous semiconductor region on said semiconductor chip,
      said contiguous semiconductor region further having first pairs of
      transistors of additional memory cells;
PA1  b. a second pair of transistors, said second pair of transistors being
      formed on a second contiguous semiconductor region on said single
      semiconductor chip, the collectors of said second pair of transistors
      being portions of said second contiguous semiconductor region, the bases
      of said second pair of transistors each being coupled to one of the
      emitters of said first pair of transistors respectively, said second
      contiguous semiconductor region further having second pairs of transistors
      of additional memory cells;
PA1  c. a pair of pinched base resistors, formed on said second contiguous
      semiconductor region, each having one end coupled to the emitter of one of
      said first pair of transistors, and the other ends coupled together, and;
PA1  d. coupling means for coupling said emitter of each of said second pair of
      transistors to an external circuit.
NUM  2.
PAR  2. A bipolar memory cell as in claim 1 wherein said pair of resistors are
      portions of the base elements of said second pair of transistors, said
      portions having their resistivity raised by diffusion of impurities
      corresponding to the opposite conductivity type semiconductor material to
      said base element into said portions of said base element.
NUM  3.
PAR  3. A bipolar memory cell as in claim 2 wherein said pairs of transistors
      are of the NPN type.
NUM  4.
PAR  4. A bipolar memory cell comprising:
PA1  a semiconductor having at least first and second isolated regions of a
      first conductivity type;
PA1  first and second transistors formed in said first region, said first and
      second transistors each having an emitter and a base, and having a common
      collector formed by said first region;
PA1  third and fourth transistors formed in said second region, said third and
      fourth transistors each having an emitter and a base, and having a common
      collector formed by said second region;
PA1  first and second pinched base resistors formed by extensions of the base
      regions of said third and fourth transistors, said extensions having a
      region of said first conductivity type diffused thereover;
PA1  means for coupling said emitter of said first transistor to said base of
      said second transistor and said base of said third transistor; and
PA1  means for coupling said base of said first transistor to said emitter of
      said second transistor and said base of said fourth transistor.
NUM  5.
PAR  5. The cell of claim 4 wherein first and second transistors for additional
      memory cells are formed in said first region, and third and fourth
      transistors and first and second pinched base resistors for additional
      memory cells are formed in said second region.
NUM  6.
PAR  6. The cell of claim 4 further comprised of means for coupling to said
      first region.
NUM  7.
PAR  7. The memory cell of claim 6 wherein first and second transistors for
      additional memory cells are formed in said first region.
NUM  8.
PAR  8. The cell of claim 4 further comprised of means for coupling to said
      first and second pinched base resistors and means for coupling to said
      emitters of said third and fourth transistors.
NUM  9.
PAR  9. The cell of claim 8 wherein third and fourth transistors and first and
      second pinched base resistors for additional cells are formed in said
      second region.
NUM  10.
PAR  10. A memory cell comprising:
PA1  first and second transistors formed in a first region of a first
      conductivity type, each having an emitter and a base, and having common
      collectors formed by said first region;
PA1  third and fourth transistors formed in a second region of a first
      conductivity type, said third and fourth transistors each having an
      emitter and a base and having a common collector formed by said second
      region;
PA1  first and second resistors formed by extensions of the base regions of said
      third and fourth transistors;
PA1  means for coupling said emitter of said first transistor to said base of
      said second transistor and said base of said third transistor; and
PA1  means for coupling said base of said first transistor to said emitter of
      said second transistor and said base of said fourth transistor.
NUM  11.
PAR  11. The memory cell of claim 10 wherein said resistors have a region of
      said first conductivity type diffused thereover to form pinched base
      resistors.
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ABST
PAL  A smoke detector and alarm utilizing two photo resistors, one of which is
      used to detect smoke in an enclosed chamber and the other of which is used
      to compensate for line voltage variations and the effect of such
      variations on the smoke detecting photo resistor, and to supervise or
      monitor the light source so as to detect and signal light source failure
      in a distinct way.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a smoke detector and alarm which is capable of
      detecting white and gray smoke as well as black smoke and which is
      self-monitoring and entirely reliable regardless of fluctuations in line
      voltage.
PAR  A fire in a residential or a commercial building generates heat and smoke.
      Heat detector alarms have been used with a certain degree of success, but
      often times a fire is well established before sufficient heat is given off
      to trigger such a device. Because smoke build-up is much more rapid than
      heat, especially in confined areas having insufficient oxygen to support
      combustion, attempt have been made to provide an earlier alarm by
      detecting the first presence of smoke and quickly sounding an alarm.
      Devices proposed for this purpose are usually designed to detect small
      particles suspended in air, i.e., smoke, which generally rise from the
      source of the fire. Typical smoke detector devices are described in U.S.
      Pat. No. 2,537,028 issued Jan. 9, 1951 to Kahusac et al., U.S. Pat. No.
      3,382,762 issued May 14, 1968 to Vasel et al., U.S. Pat. No. 3,383,670
      issued May 14, 1969 to Roberts and U.S. Pat. No. 3,497,303 issued Feb. 24,
      1970 to Enemark et al.
PAR  However, prior art smoke detector devices are complex and costly in
      structure, often requiring expensive lenses and other special parts such
      as a porous housing. Moveover, prior devices have proven to be not
      entirely reliable or capable of meeting UL (Underwriters' Laboratory,
      Inc.) standard for smoke detectors. These standards require flawless
      operation at elevated temperatures, self-monitoring capabilities and, most
      importantly, reliability at all times, regardless of line voltage
      variations which can, undesirably, cause premature triggering of the alarm
      directly or indirectly by creating a temporary imbalance in the otherwise
      sensitive smoke sensing systems. Prior art smoke detectors have failed to
      fully meet all of these requirements and at the same time provide an
      economic smoke detector unit for wide and diverse use.
PAR  The present invention provides such a smoke detector and alarm which is
      capable of detecting white and gray smoke as well as black smoke and which
      is self-monitoring and entirely reliable regardless of line voltage
      variations.
PAC  SUMMARY
PAR  The present invention provides a smoke detector and alarm which, in its
      broadest sense, utilizes two photoresistors one of which is used to detect
      smoke in an enclosed chamber and the other of which is used to compensate
      for line voltage variations and the effect of such variations on the smoke
      detecting photoresistor and to supervise or monitor the light source so as
      to detect and signal light source failure in a distinct way.
PAR  More particularly, the smoke detector and alarm of the present invention
      comprises:
PA1  A. smoke chamber means;
PA1  B. circuit means connecting a light source, a first light sensitive
      resistor, a second light sensitive resistor and electronic alarm means;
PA1  C. the smoke chamber means having:
PA2  i. a first light passage permitting light from the light source to
      illuminate the interior of said chamber;
PA2  ii. a second light passage positioned relative to said first passage so as
      to permit light from said first passage to fall on said second light
      sensitive resistor; and
PA2  iii. a third light passage positioned relative to said first passage so as
      to permit only light reflected by smoke present in said chamber to fall on
      said first light sensitive resistor;
PA1  d. said circuit means having:
PA2  i. alarm circuit means causing said alarm means to emit a continuous sound
      when light from said source is reflected by smoke present in said chamber
      onto said first light sensitive resistor; and
PA2  ii. trouble circuit means causing said alarm means to emit an intermittent
      sound when light fails to fall on said second light sensitive resistor.
PAR  In a preferred embodiment the smoke detector circuit means includes means
      to prevent line voltage variations from inducing false triggering of the
      alarm means and, further, means to maintain the ratio of the resistance
      between the two light sensitive resistors constant, so as to be unaffected
      by changes in brightness of the light source caused by variations in line
      voltage and/or aging, or other obstructions of the light source such as by
      dust or filming.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The present invention will be more fully understood from the following
      description taken in conjunction with the accompanying drawing wherein:
PAR  FIG. 1 is a top plan view of a preferred smoke detector and alarm according
      to the invention with the upper half of the smoke detection chamber
      removed to illustrate details of the interior thereof;
PAR  FIG. 2 is a side view in elevation partly broken away of the smoke detector
      and alarm of FIG. 1 with the upper half of the smoke detection chamber in
      place;
PAR  FIG. 3 is a top plan view of the smoke detection chamber utilized in the
      present invention with interior configurations shown in dotted lines;
PAR  FIG. 4a is a partial sectional view taken along line 4a--4a of FIG. 3;
PAR  FIG. 4b is a partial sectional view taken along line 4b--4b of FIG. 3; and
PAR  FIG. 5 is a circuit diagram illustrating the functions and relationships
      between the electronic components of the smoke detector and alarm of the
      invention.
DETD
PAC  DESCRIPTION
PAR  Referring now to the drawing and in particular to FIGS. 1 and 2 thereof,
      the smoke detector and alarm of the invention can be considered to be made
      of two sub-assemblies. The first sub-assembly which supports and protects
      the internal parts of the smoke detector is basically a housing made up of
      a base 10 which can be cast or formed from metals and plastics andd a
      cover (not shown) which can also be cast or formed from metals and
      plastics. The other sub-assembly is the circuit sub-assembly which
      contains all of the functional parts of the smoke detector and alarm. The
      circuit sub-assembly includes an etched circuit board 12 (mounted to base
      10 via raised bosses 11) on which are mounted the electronic components
      including the horn alarm 14, the smoke detection chamber 20 and lamp 16.
PAR  The smoke detection chamber 20 is generally cast from a plastic, preferably
      a thermo-setting material, in two parts, a lower half 21 and an upper half
      21' (FIG. 2). The interior of the smoke detection chamber preferably has a
      flat or dull black finish. The lower half 21 has a smoke inlet 23 (FIGS. 1
      and 2) and a smoke outlet 26. Barriers or partitions 24 are positioned
      adjacent the inlet 23 and the outlet 26 and extend above the surface of
      the lower half 21 (FIG. 2) and into chambers 25 formed by the upper half
      of the chamber 21' (FIG. 3). Smoke entering into the interior of the smoke
      detection chamber is forced to follow a serpentine path up over each of
      the barriers 24 positioned in the chambers 25 as indicated by the arrows
      in FIG. 1.
PAR  The two halves, 21 and 21' of the smoke detection chamber together form
      light passage 27 which permits light from the light source 16 to
      illuminate the interior 22 of the smoke detection chamber, light passage
      28 positioned relative to passage 27 so as to permit light emitting from
      illuminated passage 27 to fall on light sensitive resistor LDR-2, and
      light passage 29 which is positioned relative to passage 27 (and
      preferably parallel to passage 28 as shown) so as to permit only light
      reflected by smoke present in the interior 22 of the smoke detection
      chamber to fall on light sensitive resistor LDR-1.
PAR  The relative positioning of passages 27 and 29 is important for detecting
      white and gray smoke as well as black smoke. It has been found that in
      order to have this capability, the angle alpha formed by projecting the
      longitudinal center axis lines of the passages 27 and 29 must be greater
      than 90.degree. and preferably at least 120.degree. but not more than
      150.degree. (see the dotted lines in FIG. 1).
PAR  It is also preferred to have the opening 29'of the passage 29 face away
      from passage 27. Preferably the opening 29' forms an angle beta with its
      longitudinal axis as shown in FIG. 1 which is also greater than 90.degree.
      preferably from 145.degree. to 175.degree.. The angle beta is also
      preferably chosen such that a projection of the plane of the opening 29'
      intersect the longitudinal center axis of the passage 27 but fails to
      intersect passage 27 itself (again see the dotted lines in FIG. 1).
PAR  The two halves, 21 and 21' of the smoke detection chamber also cooperate to
      form slots 30 at both the inlet and outlet of the chamber for purposes of
      containing an inserted screen 31 (FIG. 2) which prevents unwanted large
      particles and insects from entering and clogging the labyrinths formed by
      barriers 24 and chambers 25.
PAR  A 120-volt, 10-watt long-life, double contact bayonet socket lamp is
      preferably used as the light source 16. This source furnishes the
      illumination required for smoke detection and also serves as the pilot or
      monitor light. Light enters the smoke chamber 20 from lamp 16 through
      tubular passage 27 and illuminates the internal space 22 which can be
      penetrated by smoke via the two labyrinths formed by barriers 24 and
      chambers 25 (described previously) which also prevent unwanted outside
      stray light from entering the interior 22 of the chamber 20.
PAR  Direct light reflected from the walls of the tubular passage 27 (which can
      be threaded or similarly grooved to limit the scope of emerging light)
      reaches light sensitive resistor LDR-2 by way of a small cylindrical
      passage 28 which is appropriately aimed. As set screw 32 (FIG. 4a )
      entering at a right angle into passage 28 can be used to partially
      obstruct this passage such that the amount of light falling on LDR-2 may
      be adjusted for purposes of calibrating the smoke detector of the
      invention.
PAR  Light sensitive resistor LDR-1 is shaded by having the opening 29' of
      passage 29 face away from passage 27 as described previously. In this way
      LDR-1 is shaded from direct and first order reflected light which enters
      internal space from light source 16. When smoke is present inside chamber
      20, i.e., in internal space 22, that smoke is illuminated by lamp 16 and a
      portion of this illumination is reflected by the suspended particles of
      the smoke and is thus made to fall onto LDR-1 via passage 29, causing a
      reduction in resistance and a subsequent alarm condition.
PAR  In the absence of light, caused by the failure of lamp 16, light fails to
      reach LDR-2 and the resistance of this light sensitive resistor increases
      and subsequently causes a trouble signal.
PAR  The light is normally made to fall on LDR-2 determines the value of smoke
      intensity at which LDR-1 will cause an alarm condition.
PAR  The smoke detector of the present invention has three modes of operation, a
      standby mode, a trouble mode and an alarm mode. The standby mode exists
      when the smoke detector is connected to a source of current, the lamp 16
      is operating in its normal fashion and no smoke is present in the interior
      space 22 of the chamber 20, nor is there any obstruction which would
      prevent light from falling on LDR-2. The trouble mode exists when the
      smoke detector is energized, but light fails to reach light sensor LDR-2.
      The trouble signal consists of an intermittent sound which is produced by
      the horn 14. The alarm mode is brought about by the presence of smoke in
      the internal space 22 of chamber 20 and the subsequent illumination by
      reflected light of sensor LDR-1. The alarm signal consists of a continuous
      emission of sound from the smoke detector horn 14.
PAR  The functions of the electronic components of the circuit utilized for the
      three modes of operation described above will now be described with
      reference to FIG. 5 of the drawing.
PAR  Resistor R-1 is the route by which energy from the power source reaches the
      working parts of the detector. It serves to provide current through diodes
      D-1 and D-5 to storage capacitor C-2, the voltage of which is regulated by
      the simultaneous action of Zener diodes D-2 and D-4.
PAR  Diode D-1 serves to make the equipment operational during that half-cycle
      of the power line when the silicon control rectifier (SCR) Q-3 could be
      energized.
PAR  Diode D-5 serves to isolate the direct current portion of the circuitry,
      which is to the left of diode D-5, from the half-wave alternating current
      portion of the circuit, which is to the right of diode D-5. The presence
      of diode D-5 prevents storage capacitor C-2 from being significantly
      discharged when the unit is in the alarm mode.
PAR  The voltage which is developed across Zener diode D-4 is about one-half the
      value of voltage existing across both diodes D-2 and D-4. That lesser
      voltage serves as a reference to detector Field Effect Transistor (FET)
      Q-1. This reference potential is connected to the source S of that
      transistor. The other sensing pole of this detector is its gate G.
PAR  The voltage which is developed across storage capacitor C-2 is also applied
      to the series connection of resistors LDR-1 and LDR-2. These two resistors
      from a voltage divider. The magnitude of the voltage at their junction
      depends on the values of these two resistors which in turn depends on the
      levels of illumination which fall on their surfaces. When smoke is
      present; resistor LDR-1 has a higher level of illumination and as a result
      its resistance drops. Reduction in the value of the resistance of LDR-1
      causes an increase in the voltage at the junction of LDR-1 and LDR-2. This
      increase in voltage is communicated by way of resistor R-3 and capacitor
      C-4 which collectively serve as a lowpass filter to the gate G of the
      transistor Q-1. When the voltage at the gate approaches the reference
      voltage at the source S of Q-1, Q-1 starts to conduct. This conduction is
      directly communicated to the base B of silicon PNP transistor Q-2 which by
      this action is also made to conduct. The conduction of Q-2 causes a
      pulsing current to flow through Q-2 by way of R-1 and D-1, and this
      pulsing current is communicated by way of current limiting resistor R-7 to
      the gate G of Silicon Rectifier Q-3. Current pulses into the gate of Q-3
      causes Q-3 to turn on (conduct) during each line cycle and causes current
      to flow through horn 14 and resistor R-9. The presence of this current
      through horn 14 causes the emission of a continuous alarm sound.
PAR  Resistor R-11 and capacitor C-3 are a dual function network which prevents
      line transients from prematurely triggering Silicon Control Rectifier Q-3
      and which insure a current through Q-3 following the termination of the
      trigger pulse and before the current through horn 14 has risen to a value
      beyond the holding current of the Silicon Control Rectifier Q-3.
PAR  Resistor R-8 serves to provide the gate of the Silicon Control Rectifier
      Q-3 with a low impedance as is required to prevent line voltage transients
      induced false triggering.
PAR  Resistor R-4, which is associated with Q-2, serves to provide a leakage
      path for collector to base leakage current and as such makes it possible
      for the smoke detector to operate flawlessly at elevated tempertures.
      Also, R-4 reduces the trigger sensitivity of the circuit to the desired
      design value.
PAR  Resistor R-9 which is associated with a cathode C of Q-3 serves to sense
      the current through Q-3 and is functionally associated with the trouble
      circuit. Similarly, R-10, R-12, D-3, C-1 and Q-4 are also specifically
      associated with and collectively constitute the trouble circuit.
PAR  The trouble signal is initiated by the absence of light on LDR-2. Without
      light on LDR-2 the resistance of LDR-2 increases toward infinity. A small
      continuous current is made to flow into LDR-2 by way of resistor R-12 and
      diode D-3. When the value of LDR-2 is low, this current has a small effect
      in causing a voltage to exist across both LDR-2 and C-1. However, as LDR-2
      increases in resistance the voltage across C-1, and across LDR-2,
      increases until such time as to be of trigger magnitude as determined by
      trigger transistor Q-1. Once Q-1 triggers, Q-2 conducts, as does Q-3. This
      causes current to flow through horn 14 as well as R-9. The current through
      horn 14 causes a sound. The current through R-9 causes the development of
      a voltage across R-9, and a current to flow through R-10 into the base of
      quench transistor Q-4. The current into the base of Q-4 causes Q-4 to
      conduct sharply. This conduction discharges capacitor C-1. With the C-1
      voltage thus reduced trigger conditions no longer exist, and the sound is
      terminated. However, current continues to flow through R-12 causing C-1 to
      charge up again until Q-1, Q-2, Q-3 can again trigger and conduct. This
      cycle is repeated and results in an intermittent emission of sound from
      the horn 14. The repetition rate of this action is substantially
      determined by the choice of R-12 and C-1.
PAR  Diode D-3 effectively de-couples the trouble circuitry from the alarm
      circuitry. C-1 is discharged whenever Q-3 fires, be this due to a trouble
      condition or due to an alarm condition. However, if triggering is caused
      by a reduction in resistance of LDR-1, then the voltage at the gate of Q-1
      is determined essentially by the ratio of the resistances of LDR-1 and
      LDR-2, and the discharge of C-1 which determines the voltage at the
      junction of R-12 and C-1 is ineffective in preventing the continuous
      emission of the alarm sound.
PAR  Resistor R-2 associated with LDR-2 serves to limit the voltage which can
      exist at the junction of LDR-1 and LDR-2.
PAR  Both LDR-1 and LDR-2 are affected by the same light source 16. The
      brightness of 16 is affected by aging or dirt and is greatly affected by
      the value of the alternating current line voltage which is applied to the
      smoke detector. Thus, the line voltage indirectly also greatly, and in
      equal ratio, affects the values of resistance of LDR-1 and LDR-2.
      Triggering is caused when LDR-1 has a certain ratio to LDR-2. Their
      absolute values, within limits, are unimportant. Under the influence of
      illumination changes, both LDR-1 and LDR-2 change by the same factor but
      their ratio, which determines the trigger point, is unaffected. The
      operation of the smoke detector is thus substantially unaffected by
      alternating current line voltage variations, and by darkening due to aging
      or the deposition of dirt and dust with time.
PAR  The smoke detector of the invention will tolerate the presence of dust in
      the smoke chamber and in fact becomes more sensitive under such a
      condition. Prior art detectors have been found to undesirably decrease in
      sensitivity with dust build up.
PAR  It has also been found that the smoke detector of the invention will not
      malfunction if a gross reduction in line voltage occurs as has been
      experienced with prior detectors. Instead the detector goes into a
      modified trouble mode when a condition of gross reduced voltage occurs
      emitting a ticking sound and when the normal voltage is restored, the unit
      automatically returns to the stand by mode.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Smoke detector and alarm comprising
PA1  a. smoke chamber means;
PA1  b. circuit means connecting a light source, a first light sensitive
      resistor, a second light sensitive resistor and electronic alarm means;
PA1  c. the smoke chamber means having
PA2  i. a first light passage permitting light from the light source to
      illuminate the interior of said chamber;
PA2  ii. a second light passage positioned relative to said first passage so as
      to permit light from said first passage to fall on said second light
      sensitive resistor;
PA2  iii. a third light passage positioned relative to said first passage so as
      to permit only light reflected by smoke present in said chamber to fall on
      said first light sensitive resistor said third light passage being
      parallel to said second light passage; and
PA2  iv. said first, second and third light passages providing unobstructed,
      direct communication for said light source and said light sensitive
      resistors with the interior of said smoke chamber;
PA1  d. said circuit means having:
PA2  i. alarm circuit means causing said alarm means to emit a continuous sound
      when light from said source is reflected by smoke present in said chamber
      onto said first light sensitive resistor; and
PA2  ii. trouble circuit means causing said alarm means to emit an intermittent
      sound when light fails to fall on said second light sensitive resistor.
NUM  2.
PAR  2. Smoke detector of claim 1 wherein the longitudinal axis of said third
      light passage forms an angle greater than 90.degree. with the longitudinal
      axis of said first light passage.
NUM  3.
PAR  3. Smoke detector of claim 1 wherein the third light passage opens into the
      smoke chamber in such a way that it faces away from the first light
      passage and forms an angle greater than 90.degree. with the longitudinal
      axis of the third light passage.
NUM  4.
PAR  4. Smoke detector of claim 3 wherein said angle is at least 120.degree. but
      not more than 150.degree..
NUM  5.
PAR  5. Smoke detector of claim 1 wherein said circuit means includes means to
      prevent line voltage variations from inducing false triggering of said
      alarm means.
NUM  6.
PAR  6. Smoke detector of claim 1 wherein said circuit means includes means to
      maintain the ratio of the resistances between said light sensitive
      resistors constant so as to be unaffected by changes in brightness of said
      light source.
NUM  7.
PAR  7. Smoke detector of claim 1 wherein said second light passage is provided
      with calibration means to adjust the amount of light falling on said
      second light sensitive resistor.
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ABST
PAL  A matrix-addressed liquid crystal display device including a
      matrix-addressed display section is provided. The display section
      comprises a pair of optically transparent plates each of which having on
      one surface a plurality of parallel strip electrodes optically transparent
      and deposited through an optically transparent spacer, said pair of plates
      being parallelly arranged so that the electrodes will be inside and
      mutually intersect at right angles so as to form row and column electrode
      groups of a matrix, and a cholesteric phase liquid crystal filled between
      the respective plates, which liquid crystal being such that when a voltage
      applied to the electrodes is above a threshold level the molecular axes of
      the liquid crystal are aligned in the direction of electric field due to
      the voltage applied. The device utilized a nematic phase to cholesteric
      phase transition of the liquid crystal occurring when the voltage applied
      is maintained nearby the threshold level and becomes for a short time
      period below the threshold level.
BSUM
PAR  This invention relates to matrix-addressed liquid crystal display devices.
PAR  Liquid crystals are classified into such three kinds as nematic,
      cholesteric and smectic materials according to the molecular arrangement.
      Further, in the nematic material in its normal state, all the molecules
      are arranged in parallel with each other in their longitudinal axial
      direction. The nematic materials are further divided into an n-type
      nematic material in which the direction of the electric dipole moment is
      perpendicular or nearly perpendicular to the molecular longitudinal axis,
      and a p-type nematic material in which the direction of the electric
      dipole moment is parallel or nearly parallel with the molecular
      longitudinal axis. The cholesteric liquid crystal takes such molecular
      structure that, in the normal state, very thin layers parallel with each
      other and containing molecules arranged in parallel with one another in
      their longitudinal axial directions are formed, and the axial directions,
      of the molecules vary by a fixed angle layer by layer. Therefore, the
      axial directions of the molecules in each layer are relatively rotating at
      a fixed pitch. This is called a helicoidal arrangement. The cholesteric
      phase mixed liquid crystal referred to in the present invention is a mixed
      liquid crystal in which such helicoidal arrangement is predominant of all.
PAR  The relation between the optical transmission intensity of the liquid
      crystal and the electric voltage to which the liquid crystal is subjected,
      which is obtained in case the liquid crystal having an optical storage
      effect is held between two glass plates having optically transparent
      electrodes and a voltage is applied between said optically transparent
      electrodes, is as shown in FIGS. 1A through 1C. FIG. 1A is of the case
      that a cholesteric liquid crystal is added to an n-type nematic material.
      In this case, if the voltage is increased, the optically transparent state
      of the liquid crystal in which the optical transmission intensity is high
      will change along the arrow 1 so as to reach a milky turbid state in which
      the optical transmission intensity is low. Here, V.sub.L represents the
      threshold voltage. But if the voltage is decreased in this state, the
      milky turbid state will be kept so as to be along the arrow 2. FIGS. 1B
      and 1C are of the case that a cholesteric phase liquid crystal having a
      property that the molecular axes are all aligned in the direction of the
      applied electric field when the field strength becomes above a threshold
      level. In the case of FIG. 1B, if the voltage is increased, the milky
      turbid state will reach an optically transparent state along the arrow 3
      with the threshold voltage V.sub.H as a boundary but, if the voltage is
      decreased, the state will return to the original milky turbid state along
      the arrow 4. In the case of FIG. 1C, before the voltage is applied, the
      state is an optically transparent state I but, if the voltage is increased
      to be higher than the threshold voltage V.sub.L, the optically transparent
      state will become a milky turbid state along the arrow 5. If the voltage
      is decreased from this state, the milky turbid state will be kept along
      the arrow 6. If the voltage is increased from the milky turbid state so as
      to be higher than the threshold voltage V.sub.H, the state will become an
      optically transparent state H along the arrow 7. If the voltage is quickly
      removed under this state, the optically transparent state H will again
      become the optically transparent state I along the arrow 8 after passing
      through an opaque state momentarily. Further, if the voltage is gradually
      removed under the state H, the optically transparent state will become the
      milky turbid state along the arrow 9. The above characteristics will be
      obtained also in the case of applying an alternating voltage.
PAR  Particularly, the case of FIG. 1C will be obtained in case the electrode
      surface is treated by such method as hydrophobicizing a certain wall
      surface to obtain a perpendicular molecular orientation as will be
      described later.
PAR  The cholesteric phase mixed liquid crystals respectively corresponding to
      FIGS. 1A and 1C will have an optical storage effect even in case the
      electric field is cut off. Therefore, they are used in displaying devices
      but have a defect that response time of such means is considerably longer
      than that of displaying devices using a nematic liquid crystal. Further,
      in the cholesteric phase mixed liquid crystal corresponding to FIG. 1B, an
      alternating current bias must be always applied in order to maintain
      displayed image, the response time is several 10 milliseconds, further it
      has no threshold voltage definite enough, therefore, the ratio of optical
      transparencies of the displaying state and nondisplaying state, that is,
      the contrast ratio is reduced and there have been such difficulties in
      applying it to a matrix-addressed liquid crystal display device.
PAR  The present invention has successfully solved the above described
      difficulties by utilizing the features of the nematic-cholesteric phase
      transition phenomenon occurring near the thershold voltage V.sub.H of the
      cholesteric phase mixed liquid crystals having the characteristics of
      FIGS. 1B and 1C.
PAR  A principal object of the present invention is, therefore, to provide a
      matrix-addressed liquid crystal display device which can increase the
      scanning speed.
PAR  Another object of the present invention is to provide a matrix-addressed
      liquid crystal display device of a large size and large capacity.
PAR  A further object of the present invention is to provide a matrix-addressed
      liquid crystal display device wherein no cross image is produced.
PAR  Another object of the present invention is to provide a matrix-addressed
      liquid crystal display device wherein the driving voltage is low and the
      service-life is long.
DRWD
PAR  An embodiment of the present invention shall be explained in the following
      with reference to the drawings, in which:
PAR  FIGS. 1A through 1C are diagrams showing relations between applied voltage
      and optical transmission intensity of liquid crystals;
PAR  FIG. 2 shows a fragmental perpsective view of an elementary cell used in
      the present invention;
PAR  FIG. 3 shows mixing rates of three-component liquid crystals used in the
      present invention;
PAR  FIGS. 4A and 4B are explanatory views of a perpendicular orientation
      treatment employed in the present invention;
PAR  FIG. 5 is a diagram showing the variation in the voltage applied to the
      liquid crystal;
PAR  FIG. 6A is an explanatory view showing variations in molecular orientation
      responsive to nematic-cholesteric phase transition;
PAR  FIG. 6B is an explanatory view of scroll pattern observed in the liquid
      crystal;
PAR  FIGS. 7A and 7B are explanatory plane view and sectioned view of a
      matric-addressed liquid crystal display device of the present invention;
PAR  FIGS. 8A and 8B are explanatory diagrams of the voltage applied to the
      liquid crystal and optical transmission intensity;
PAR  FIG. 9A is a circuitry diagram showing a driving circuit employed in the
      present invention;
PAR  FIG. 9B through 9D are circuitry diagrams showing respective embodiments of
      row-electrode driving circuit in the circuit of FIG. 9A;
PAR  FIG. 9E through 9G are circuitry diagrams showing respective embodiments of
      column-electrode driving circuit in the circuit of FIG. 9A;
PAR  FIGS. 10, 12, 13A and 13B are explanatory views for operating methods of
      the matrix-addressed liquid crystal display device of the present
      invention; and
PAR  FIG. 11 is an explanatory view for a conventional operating method of the
      matrix-addressed liquid crystal display devices.
PAR  Before explaining the matrix-addressed liquid crystal display device of the
      present invention in detail, an elementary cell in the matrix-addressed
      liquid crystal panel shall be explained.
DETD
PAR  In FIG. 2 showing an elementary cell, 10 and 11 are optically transparent
      electrodes made of a film of tin oxide or indium oxide and formed
      respectively on each of optically transparent glass plates 12 and 13 by
      means of vacuum evaporation. These glass plates are opposed to each other
      with the electrode deposited sides inside to hold a liquid crystal 14
      between them. A source 15 for generating a voltage wave form of any
      optional function is connected to the respective electrodes through lead
      wires. The optically transparent electrode 11 can be replaced with such
      metal which reflects lights as aluminum, nickel or the like so as to
      render the device to be of a reflecting type.
PAR  The liquid crystal mixture to be used in the present invention has the
      characteristics of FIGS. 1B and 1C and the cholesteric phase liquid
      crystals showing these behaviors are:
PA1  i. A three-component mixed liquid crystal of a p-type nematic material,
      n-type nematic material and cholesteric material;
PA1  ii. A two-component mixed liquid crystal of a p-type nematic material and
      cholesteric material;
PA1  iii. a mixed liquid crystal of a p-type nematic material, n-type nematic
      material and such photoactive material as l-menthol (which acts to replace
      the cholesteric material).
PAR  The p-type nematic materials are:
PA1  p-alkoxybenzylidene p'-cyanoaniline,
PA1  p-cyanobenzylidene p'-alkoxyaniline,
PA1  p-alkylbenzylidene p'-cyanoaniline,
PA1  p-cyanobenzylidene p'-alkylaniline,
PA1  p-alkylcarboxybenzylidene p'-cyanoaniline,
PA1  p-alkyl p'-alkylazoxybenzene,
PA1  p-alkyl p'-cyanodiphenyl and
PA1  p-alkoxy p'-cyanodiphenyl
PAL  and one or more of them are used.
PAR  The n-type nematic materials are:
PA1  p-alkoxybenzylidene p'-alkylaniline and
PA1  p-alkylcarboxybenzylidene p'-alkylaniline
PAL  and one or more of them are used.
PAR  The cholesteric materials are:
PA1  cholesterin derivatives,
PA1  cholesternol derivatives,
PA1  coprostanol derivatives, and
PA1  epicholesternol derivatives,
PAL  and one or more of them are used.
PAR  A preferable mixture composition is:
PA1  3 to 50% by weight of the cholesteric material,
PA1  10 to 67% by weight of the p-type nematic material and
PA1  30 to 87% by weight of the n-type nematic material
PAL  and is illustrated as the composition represented by the hatched part in
      FIG. 3.
PAR  The reasons for limiting the mixture composition in the three-component
      series cholesteric phase liquid crystal are as follows. When the
      cholesteric material is less than 30%, the liquid crystal in the milky
      turbid state with a voltage exceeding threshold voltage V.sub.L will no
      longer keep the milky turbid state, if the voltage is made zero. In
      addition, the nematic to cholesteric phase transition time to be described
      later becomes too long to be applied to the display device of the present
      invention. Further, when it is more than 50%, the threshold voltage
      V.sub.H will become higher in proportion to the concentration of the
      cholesteric material and such a higher rate is not desirable. For example,
      when it is more than 50%, the threshold voltage V.sub.H will be more than
      100 volts.
PAR  In case the p-type nematic material is less than 10%, the property that the
      mixed liquid crystal molecules become to be aligned in the direction of
      the electric field will become weak and the threshold voltage V.sub.H will
      become higher.
PAR  In case the n-type nematic material is less than 30%, the liquid crystal
      molecules will be no longer oriented in normal direction with respect to
      the wall surface of the optically transparent cell and it is not desirable
      as a mixed liquid crystal to be used in the liquid crystal means of the
      present invention. In this connection, it is necessary that the mixed
      liquid crystal of the p-type nematic material and n-type nematic material
      should be of a p-type nematic phase as a whole.
PAR  The preferable mixing rates of the p-type nematic material and cholesteric
      material in the two-component mixed liquid crystal are:
PAR  50 to 97% by weight of the p-type nematic material and
PAR  3 to 50% by weight of the cholesteric material.
PAR  The reasons for limiting the mixed components in the two-component series
      cholesteric phase liquid crystal are as follows. When the cholesteric
      material is less than 3%, the liquid crystal subjected to a voltage
      exceeding the threshold voltage V.sub.L so as to be in a milky turbid
      state will no longer keep the milky turbid state, if the voltage is made
      zero. Further, when it is more than 50%, the threshold voltage V.sub.H
      will become higher in proportion to the concentration of the cholesteric
      material, which is not desirable. For example, when it is more than 50%,
      the threshold voltage V.sub.H will be ordinally more than 100 volts.
PAR  Further, the perpendicular orientation treatment of the wall surface of the
      optically transparent plate consisting of a glass plate having optically
      transparent electrodes is based on the following principle. As shown in
      FIG. 4A, the often used nematic liquid crystal molecule has a hydrophilic
      group (represented by 0) at one end and hydrophobic group (represented by
      ). Therefore, when it is treated to be oriented in perpendicular direction
      to the wall surface, that is, the wall surface is hydrophobicized or
      hydrophilicized as will be detailed in the following, the molecule will be
      oriented normally to the wall surface. In other words, when the wall
      surface is hydrophobicized, the molicules will be arranged so that the
      hydrophobic group of the molecule will approach the wall surface but the
      hydrophilic group will separate away from the wall surface. If the wall is
      hydrophilicized, the state will be reverse to the above (see FIG. 4B).
PA1  i. As a hydrophilicizing method, the wall surface is cleaned with an
      aqueous solution of NaOH or a chromic acid mixture.
PA1  ii. As a hydrophobicizing method:
PA2  a. For example, the optically transparent plate surface is chemically
      treated with a silane (such as dimethyl-dichlorosilane, diethoxy-dimethyl
      silane and dimethoxy-dimethyl silane) directly or after depositing silicon
      monoxide or silicon dioxide on the surface by vacuum evaporation;
PA2  b. The optically transparent plate surface is coated with such surface
      active agent as lecithin, silicone varnish or sodium oleate; or
PA2  c. A surface active agent (for example, sodium oleate) is added to the
      liquid crystal by an amount of less than 1%.
PAR  As a preferable example, SiO is deposited on the wall surface by vacuum
      evaporation. Such wall surface is dipped in a solution prepared by
      diluting dimethyldichlorosilane to be 1 to 10% with toluene at the room
      temperature for more than about 5 minutes, is then cleaned with running
      water and further cleaned with ultrasonic cleaner in ethanol.
PAR  The behavior of the liquid crystal cell of the present invention formed as
      mentioned above shall be again explained.
PAR  In the before described elementary cell, such voltage as is shown in FIG. 5
      is applied between the electrodes. That is, a voltage higher than the
      threshold voltage V.sub.H is applied in advance (in this case, the state
      of the liquid crystal in the cell will be optically transparent), then the
      voltage is reduced to be lower than the threshold voltage V.sub.H and,
      after short time period t, the voltage is again elevated to be kept at a
      value near the threshold voltage V.sub.H.
PAR  When such voltage variation as is mentioned above is given;
PA1  i. in case the time period t is very short, that is, when, for the critical
      pulse width t.sub.o for the nematic to cholesteric phase transition of the
      cholesteric phase liquid crystal in the cell, 0 .ltoreq.t.ltoreq.t.sub.o,
      the optically transparent state will be maintained as it is in spite of
      the voltage variation and
PA1  ii. in case the pulse width t is longer than the critical pulse width
      t.sub.o, that is, when t.gtoreq.t.sub.o, the optically transparent state
      will shift to a milky turbid state which will be stabilized after a
      certain time period.
PAR  This behavior of the liquid crystal is caused because the arrangement of
      the liquid crystal molecules will vary, when the applied voltage is varied
      in the state (ii) as above to a value smaller than the threshold voltage
      V.sub.H. That is to say, under the applied voltage higher than the
      threshold voltage V.sub.H, the axial directions of the liquid crystal
      molecules 17 are uniformly arranged in the direction parallel with the
      electric field, that is, in the direction normal to the electrode surface
      16 (see FIG. 6A). However, when the applied voltage is reduced to a value
      smaller than the threshold voltage V.sub.H, a molecular force tending to
      return for itself to the arrangement of cholesteric phase liquid crystal
      molecules from the arrangement of nematic phase liquid crystal molecules
      of the optically transparent state H will act to realize a cholestric
      helicoidal arrangement in a very short transition time .tau..sub.NC
      (wherein N represents a nematic phase and C represents a cholesteric
      phase). When this arrangement S is completed, it will become a trigger to
      surely realize a milky turbid state F after a time .tau.d and, even if the
      applied voltage is again kept near the threshold voltage V.sub.H, the
      milky turbid state F will remain stable for a long time. When
      0.ltoreq.t.ltoreq. t.sub.o, this helicoidal arrangement S will not be
      completed and therefore no milky turbid state F will be realized. As
      described later, in the liquid crystal display device of the present
      invention, t.sub.o .apprxeq. 8 and .tau..sub.d .apprxeq.300 millisecond.
PAR  In the conventional means using the cholesteric phase liquid crystal, the
      order to vary the optical transparent state to a milky turbid state by
      applying a voltage higher than the threshold voltage V.sub.L in FIG. 1A,
      it is necessary to maintain the applied voltage for at least 100 to 300
      milliseconds. However, in the present invention, it is possible to shift
      the state by such a short pulse as about t.sub.o =8 milliseconds, and this
      is the most important feature of the present invention.
PAR  Some examples shall be explained in the following:
PAC  EXAMPLE 1:
PAR  A pair of optically transparent plates respectively provided with optically
      transparent electodes had silicon monoxide SiO deposited by vacuum
      evaporation on the inside wall surfaces, were dipped in a solution
      prepared by diluting dimethyldichlorosilane to be about 5% with toluene
      for more than 5 minutes, were then washed with running water and were
      further cleaned with ultrasonic cleaner in ethanol. In case such
      silane-treated optically transparent plates as above were used and a mixed
      liquid crystal of
PA1  60% by weight p-methoxybenzylidene p'-n butylaniline,
PA1  25% by weight p-n butoxybenzylidene p'-cyanoaniline and
PA1  15% by weight cholesteryl chloride
PAL  was used, the thickness of the liquid crystal was 12 .mu.m, the critical
      pulse width t.sub.o was 8 milliseconds at the room temperature, the time
      .tau.d for the optically transparent state to shift to a milky turbid
      state was about 300 milliseconds and the threshold voltage V.sub.H was 27
      volts.
PAC  EXAMPLE 2:
PAR  In case optically transparent plates of the same wall surfaces as in
      Example 1 were used and a mixed liquid crystal of
PA1  50% by weight p-methoxybenzlidene p'-n butylaniline,
PA1  20% by weight p-n butoxybenzylidene p'-cyanoaniline and
PA1  30% by weight cholesteryl chloride
PAL  was used, the thickness of the liquid crystal was 12.mu.m, the critical
      pulse width t.sub.o was 3 milliseconds at 40.degree.C., .tau..sub.d was
      about 100 m.sec. and the threshold voltage V.sub.H was 35 volts.
PAC  EXAMPLE 3:
PAR  In case optically transparent plates treated in the same manner as in
      Example 1 were used and a mixed liquid crystal of
PA1  59% by weight p-methoxybenzylidene p'-n butylaniline,
PA1  26% by weight p-n butoxybenzylidene p'-cyanoaniline and
PA1  15% by weight cholesteryl nonanoate
PAL  was used, the thickness of the liquid crystal was 12.mu.m, the critical
      pulse width t.sub.o was 4.5 m.sec. at room temperature, .tau..sub.d was
      about 300 m. sec. and the threshold voltage V.sub.H was 35 volts.
PAC  EXAMPLE 4:
PAR  A pair of optically transparent plates respectively provided with optically
      transparent electrodes were cleaned with a mixed solution of sodium
      dichromate and sulphuric acid, were then washed with running water and
      were further cleaned with ultrasonic cleaner in ethanol. In case such
      optically transparent plates as above were used, are mixed liquid crystal
      of 80% by weight p-n buthoxybenzilidene p'-cyanoaniline and 20% by weight
      cholester 1 myristate was used and the thickness of the liquid crystal was
      12.mu.m, the critical pulse width t.sub.o was 3 m.sec. at 70.degree.C,
      .tau..sub.d was about 100 m.sec. and the threshold voltage V.sub.H was 32
      volts.
PAC  EXAMPLE 5:
PAR  In case optically transparent plates treated in the same manner as in
      Example 1 were used, a liquid crystal mixture of 90% by weight
      p-hexylbenzilidene p'-cyanoaniline and 10% by weight cholesteryl chrolide
      was used and the thickness of the liquid crystal was 11.mu.m, the critical
      pulse width t.sub.o was 15 m.sec. at room temperature, .tau..sub.d was
      about 300 m.sec. and the threshold voltage V.sub.H was 10 volts.
PAR  In the above described examples, in case a voltage was applied to the
      electrodes so as to shift the optically transparent state to a milky
      turbid state, the contrast of the milky turbid state with the optically
      transparent state was recognized to be higher than the contrast in the
      conventional liquid crystal display devices. Further, even if an
      alternating voltage was used instead of the direct current voltage, the
      same results were obtained.
PAR  Further, when the liquid crystal having the characteristics shown in FIG.
      1C of the present invention is inserted between two glass plates treated
      to achieve the perpendicular molecular orientation and having the
      optically transparent electrodes, and the optically transparent state I is
      observed under a microscope, a cholesteric phase will be observed and such
      scroll pattern as in FIG. 6B will be seen. As the spacing of the scroll of
      this structure roughly coincides with the cholesteric helicoidal pitch of
      the used mixed liquid crystal, in FIG. 1C, the direction of the spiral
      axis in the optically transparent state I is parallel with the wall
      surface. On the other hand, the optically transparent state H is a state
      in which substantially all the molecular axes are arranged in the
      direction of the electric field by the electric field. This may be
      considered to be an extreme state when the direction of the helicoidal
      axis is parallel with the wall surface and the pitch is infinite as it
      were. Therefore, the variation from the nematic optically transparent
      state H to the cholesteric optically transparent  state I which will occur
      when the electric field is quickly removed can be realized by only the
      reorientation of the liquid crystal molecules to a helicoidal arrangement
      while the direction of the axis is unchanged as it is. Therefore, the time
      required for the state variation (from H to I) will become the shortest of
      all. However, in case the liquid crystal molecules are treated to be
      arranged in parallel with the wall surface by such method as rubbing the
      wall surface in one direction with, for example, absorbent cotton, the
      direction of the helicoidal axis in the cholesteric optically transparent
      state I will be perpendicular to the wall surface. Therefore, the
      helicoidal axis direction must rotate by 90.degree. for the variation from
      the nematic optically transparent state H to the cholesteric optically
      transparent state I and the time required for the state variation (from H
      to I) will become longer. In case no orienting treatment is applied to the
      wall surface, the time required for the state variation (from H to I) will
      take a value between the cases of applying the above mentioned
      perpendicular and parallel orientation treatments. The differences in the
      time required for the state variation (from H to I) by various orienting
      treatments are shown in the following table:
TBL                        Time for the state                                  
     Wall surface treatment                                                    
                           variation                                           
                           (from H to I)                                       
     ______________________________________                                    
     No treatment          13 seconds                                          
     Perpendicularly orienting treatment                                       
                           1.5 seconds                                         
     Parallelly orienting treatment                                            
                           50 seconds                                          
     ______________________________________                                    
PAR  A matrix panel can be constructed by the above described elementary cells
      as shown in FIGS. 7A and 7B, in which FIG. 7A is a plane view and FIG. 7B
      is a sectioned view. 18 and 19 are optically transparent plates consisting
      of glass plates and having parallel strip-shaped electrodes 20 and 21
      arranged on the insides so as to intersect (at right angles) with each
      other in the strip directions. 20' and 21' are terminals every other of
      which is led out on the opposite side. 22 is a spacer arranged in between
      the optically transparent plates 18 and 19. The space enclosed with the
      spacer 22 and optically transparent plates 18 and 19 is filled with a
      cholesteric phase mixed liquid crystal. The spacer 22 is sealed on the
      periphery with an adhesive so as to bridge the optically transparent
      plates 18 and 19.
PAC  EXAMPLE 6:
PAR  A Pyrex glass plate of 100 .times. 100 mm. was used for the material of the
      optically transparent plate, a tin oxide plate of a width of 400.mu.m. and
      length of 100 mm. was used for the material of the parallel electrode and
      an epoxy adhesive was used for the adhesive. A pair of the optically
      transparent plates provided with the optically transparent electrodes had
      silicon monoxide layer deposited by vacuum evaporation on the inside wall
      surfaces and were then treated to be hydrophobicized with a toluene
      solution of 1 to 10% dimethyldichlorosilane for 5 minutes. A mixed liquid
      crystal of a composition of
PA1  60% by weight p-methoxybenzylidene p'-n butylaniline as an n-type nematic
      material,
PA1  25% by weight p-n butoxybenzylidene p'-cyanoaniline as a p-type nematic
      material and
PA1  15% by weight chloride as a cholesteric material
PAL  was used.
PAR  In the case of such matrix formation as mentioned above, the voltage is
      applied as follows. A voltage higher than the threshold voltage V.sub.H is
      applied between the row electrodes 21 and column electrodes 20 (see FIG.
      8B) so that the entire surface will be optically transparent and is then
      set at a voltage near the threshold voltage V.sub.H. This set value is
      selected to stabilize both optically transparent state and milky turbid
      state. Then, only the voltage applied to the selected intersection of the
      row electrode and column electrode is dropped only for the time t as shown
      in FIG. 8B. Then, it is again returned near to the threshold voltage
      V.sub.H. When this time t is made longer than the critical pulse width
      t.sub.o as described above, after the time .tau..sub.d, the optically
      transparent state will become a milky turbid state at the selected
      intersections. Thereby the "writing-in" will be completed.
PAR  In FIG. 9A showing an exemplary circuit of the matrix-addressed liquid
      crystal display device, 25 is a matrix type liquid crystal displaying
      section, of which structure is the same as is already explained in FIGS.
      7A and 7B. 26 and 27 are respectively row driving and column driving
      circuits connected respectively with the row and column electrodes of the
      matrix displaying section. The row driving circuit and column driving
      circuit are formed of mechanical switches, transistors and such switches
      as electric field effect type transistors so as to give or remove any
      desired voltage to or from the respective electrodes. FIGS. 9B-9D and
      FIGS. 9E-9G are circuitry diagrams of certain embodiments of the row
      driving circuit 26 and column driving circuit 27, respectively, each of
      which is selectively used depending on the respective operating methods
      described later. 28 is an electric source to give a voltage to the
      electrodes of the displaying section 25. A variable resistor to give any
      desired voltage to the electrodes and others are contained in the electric
      source 28. 29 is a row controlling circuit which is to open and close the
      switches in the row driving circuit 26 and for which, for example, a shift
      register circuit is used. 30 is a column controlling circuit to open and
      close the switches in the column driving circuit 27 with a signal from an
      information source 31. 32 is a central controlling circuit acting to
      deliver a controlling signal for synchronizing the row controlling circuit
      29 and column controlling circuit 30 with each other to the row
      controlling circuit and column controlling circuit, also to deliver order
      signals for starting and ending the delivery of displaying signals to the
      information source 31, and so on. In the present invention, the displaying
      signals from the information source 31 is forwarded to the column
      controlling circuit 30 by the central controlling circuit 32 so as to
      operate the column driving circuit 27 to give the voltage from the
      electric source 28 to the displaying section 25, and the row controlling
      circuit 29 is operated as synchronized with the column controlling circuit
      30 by the central controlling circuit 32 so as to give the voltage from
      the electric source circuit 28 to the row driving circuit 26.
PAR  The operation of the matrix-addressed liquid crystal display device of the
      present invention shall be explained in the following. A voltage higher
      than the threshold voltage V.sub.H is given in advance to all the elements
      of the displaying section 25 so that the cholesteric phase mixed liquid
      crystal will be in an optically transparent state (which is called
      "erased" state).
PAR  Then, according to the signal from the information source 31, the row
      electrodes are scanned one by one in turn by the operation of the central
      controlling circuit 32, row controlling circuit 29 and row driving circuit
      26.
PAR  Also, by the central controlling circuit 29, a voltage according to the
      information signal is given to the column electrodes as synchronized with
      the scanning of the row electrodes. Thereby, the voltage given to the
      selected intersection is made lower than the threshold voltage V.sub.H
      (usually a zero potential). Thus the selected intersection shifts from the
      optically transparent state to a milky turbid state. At the samee time,
      the voltage applied to the nonselected intersection is made near or above
      the threshold voltage so as to maintain the optically transparent state as
      it is. As t.sub.o.apprxeq. 8 milliseconds as already explained, the time
      required to scan the entire panel can be reduced to be much shorter than
      in the conventional system.
PAR  The method of operating the matrix-addressed liquid crystal display device
      of the present invention shall be explained in the following.
PAC  i. Direct current driving system:
PAR  As shown in FIG. 10, in order to simplify the explanation, a matrix of row
      electrodes Y.sub.1 to Y.sub.5 and column electrodes X.sub.1 to X.sub.5
      shall be used. It is assumed that, while the row electrode Y.sub.3 is
      being scanned, information signals enter the column electrodes X.sub.3 and
      X.sub.5, that is to say, (Y.sub.3,X.sub.3) and (Y.sub.3,X.sub.5) are made
      selected intersections. The illustrated voltages O, -V and V are given to
      the row electrodes and column electrodes respectively from the row driving
      circuit and column driving circuit. V, -V, O and 2V at the respective
      intersections are voltages applied to the respective intersections in the
      matrix (these voltages are represented by the differences of the
      potentials applied to the row electrodes and column electrodes). V is set
      near the threshold voltage V.sub.H.
PAR  As will be obvious from FIG. 10, the voltage applied to selected
      intersections (Y.sub.3,X.sub.3) and (Y.sub.3,X.sub.5) is zero. Therefore,
      these parts vary to the milky turbid. Further, the voltage applied to the
      other intersections, that is, the nonselected intersections on the row
      electrode Y.sub.3 is 2V and the state remains optically transparent.
PAR  In the case of making a matrix-addressed liquid crystal display device by
      using a liquid crystal having the optical transmission intensity - voltage
      characteristics shown in FIG. 1A, in the conventional method, as in FIG.
      11, 1/2V and -1/2V are applied respectively on the row and column
      electrodes including a selected intersection and a voltage V higher than
      the threshold voltage V.sub.L is applied on the selected intersection. In
      this method, a voltage of 1/2V or -1/2V will be applied also on the other
      intersections than the selected intersection on the row and column
      electrodes including the selected intersection and, after all, unless the
      variation of the light transmission intensity near the threshold voltage
      V.sub.L is sharp, the optical transmission intensity at the applied
      voltage 1/2V or -1/2V will be reduced and the contrast of the selected
      intersection to the nonselected intersection in the displaying section has
      been low.
PAR  On the other hand, in the method of the present invention, as a voltage
      lower than the threshold voltage V.sub.H is applied on the selected
      intersection and a voltage equal to or higher than the threshold voltage
      V.sub.H is applied on the other intersections, only the state of the
      selected intersection will vary but the states of all the other
      interssction will not vary and, therefore, a display of high contrast will
      be obtained, that is, no cross image will be produced.
PAR  In order to have all the intersections in the matrix in an erased state
      (that is, an optically transparent state), all the potentials of the row
      electrodes may be made -V and all the potentials of the column electrodes
      may be made V. Further, in FIG. 10, even if the potentials of all the
      electrode are elevated or lowered by the same magnitude, the results will
      be the same. Also, in FIG. 10, even if V is made -V and -V, is made V, the
      results will be the same. Therefore, if the potentials given to the
      electrodes are reversed alternately, the deterioration of the liquid
      crystal by the electrolysis can be prevented and, therefore, the service
      life can be made long.
PAR  The alternating voltage a in FIG. 12 can be used instead of the above
      described voltage V and the alternating voltage b of which phase is
      deviated by .tau. from that of the voltage a can be used instead of -V.
PAR  Further, if the potential of the row electrode being scanned in FIG. 10 is
      -V + V.sub.1 wherein V.sub.1 &lt;V, the voltage of the selected intersection
      will be able to be made V.sub.1 and thereby the milky turbid state will be
      able to be controlled.
PAR  Further, if only the sign of the signal voltage applied to the row
      electrodes is reversed, the milky turbid state and optically transparent
      state will be able to be reversed to each other.
PAR  If the V shown in FIG. 10 is so selected as to be lower than the threshold
      voltage V.sub.H but higher than 1/2V.sub.H, when the intersection to which
      a voltage of 2V is applied is made a selected intersection, it will be
      able to be applied also to the conventional display device wherein the
      selected intersection is optically transparent.
PAC  ii. Another driving system:
PA1  This method is to make the voltage applied to one or a plurality of row
      electrodes following the row electrode being scanned to be lower than the
      threshold voltage V.sub.H.
PAR  It shall be explained in the following with reference to FIGS. 13A and 13B.
      The voltage applied to the intersection on the row electrode Y.sub.4
      following the row electrode Y.sub.3 being scanned is made lower than the
      threshold voltage V.sub.H. V is a direct current voltage and v is a high
      frequency voltage of such wave form as a or b in FIG. 12.
PAR  As shown in FIG. 13B, the voltage of the selected intersections
      (Y.sub.3,X.sub.3) and (Y.sub.3,X.sub.5) on the row electrode Y.sub.3 is
      zero and the voltage of the nonselected intersections is 2V. Further, the
      voltage applied to the intersections on the row electrode Y.sub.4 is V and
      the voltage applied to the intersections on the other row electrodes is
      .sqroot.V.sup.2+ v.sub.e.sup.2.
PAR  Therefore, if .sqroot.V.sup.2+ v.sub.e.sup.2 is set near the threshold
      voltage V.sub.H, the voltage V lower than the threshold voltage V.sub.H
      will be applied to the intersections on the row electrode Y.sub.4 and a
      shift from the nematic phase to the cholesteric phase will be likely to
      occur. Therefore, in case the row electrode Y.sub.4 is then scanned and
      the voltage of the selected intersection is made zero, the phase shift
      will occur by a much shorter pulse width t.sub.o at the selected
      intesection. On the other hand, since an effective voltage
      2V&gt;.sqroot.V.sup.2+v.sub.e.sup.2 .apprxeq.V.sub.H will be applied to the
      nonselected intersection, there no phase shift will occur and an optically
      transparent state will be kept. Thus the scanning speed can be increased.
PAC  iii. Image fixing system:
PAR  In the structure of FIG. 2, particularly in case a cholesteric liquid
      crystal of the optical transmission intensity - voltage characteristics
      shown in FIG. 1C is used, after the "writing-in" by the signal is
      completed, if all the applied voltages are interrupted at once, an
      optically transparent state will be memorized along the arrow 8 in FIG.
      1C, a milky turbid state will be memorized along the arrow 6 and,
      therefore, the written-in image will be able to be memorized as it is. The
      memorizing time in such case depends on the film thickness of the used
      cholesteric phase liquid crystal and the helicoidal pitch but it is
      possible to memorize for more than several minutes.
PAR  For example, a mixed liquid crystal of
PA1  60% by weight p-methoxybenzylidene p'-n butylaniline, 25% by weight p-n
      butoxybenzylidene p'-cyanoaniline and 15% by weight cholesteryl chloride
PAL  is of a cholesteric helicoidal pitch of 1.0 .mu.m. In case it is used with
      a film thickness of 12.mu.m., by the above mentioned operation, the
      memorizing state will last for more than 1 week. Further, if the film
      thickness is made larger, the memorizing time will become longer.
PAR  Further, some examples shall be explained in the following:
PAC  EXAMPLE 7:
PAR  When a mixed liquid crystal of 60% by weight p-methoxybenzylidene p'-n
      butylaniline, 25% by weight p-n butoxybenzylidene p'-cyanoaniline and 15%
      by weight cholesteryl chloride was inserted as a cholesteric phase liquid
      crystal between glass plates each having respectively 100 row and column
      electrodes of tin oxide, the thickness of the cholesteric phase liquid
      crystal was made 12.mu.m, the line and column driving circuits 26 and 27
      respectively as shown in FIGS. 9B and 9E were used, -27V were applied on
      the column electrode including a selected intersection, +27V were applied
      on the other column electrodes, -27V were applied on the scanning row
      electrode and the other row electrodes were made zero volt, t.sub.o was 8
      milliseconds at room temperature and the entire panel could be scanned
      within 800 m.sec. In this example, in case the driving method (ii) was
      applied, t.sub.o became 3 m.sec. at room temperature and the entire panel
      could be scanned within 300 m.sec. When all the applied voltages were
      interrupted at once, the milky turbid and optically transparent states
      were memorized as they were and were kept for more than one week.
PAC  EXAMPLE 8:
PAR  When a mixed liquid crystal of 80% by weight p-n butoxybenzylidene
      p'-cyanoaniline and 20% by weight cholesteryl myristate was inserted as a
      cholestic phase liquid crystal between glass plates each having
      respectively 100 row and column electrodes of tin oxide, the thickness of
      the cholesteric phase liquid crystal was made 12.mu.m., the display panel
      was kept at 70.degree.C. with a panel heater, the line and column driving
      circuits 26 and 27 as shown in FIGS. 9C and 9F were used, an alternating
      voltage of 32 volts at 1 KH.sub.z was applied on the column electrode
      including a selected intersection, an alternating voltage deviated by
      180.degree. in the phase from the above mentioned alternating voltage was
      applied on the other column electrodes, the same alternating voltage as on
      the column electrode including the selected intersection was applied on
      the scanning row electrode and the other row electrodes were made zero
      volt, t.sub.o was 3 milliseconds and the entire panel could be scanned
      within 300 m.sec.
PAC  Example 9:
PAR  When a mixed liquid crystal of 90% by weight p-hexylbenzylidene
      p'-cyanoaniline and 10% by weight cholesteryl chloride was inserted as a
      chloresteric phase liquid crystal between glass plates each having
      respectively 100 row and column electordes of tin oxide, coated on the
      surface with silicon monoxide and then treated for achieving the
      perpendicular molecular orientation with a toluene solution of
      dimethyldichlorosilane, the thickness of the chloresteric phase liquid
      crystal was made 11.mu.m, the row and column driving circuits 26 and 27 as
      shown in FIGS. 9C and 9F were used, an alternating voltage of 10 volts at
      1 KH.sub.z was applied on the column electrode including a selected
      intersection, an alternating voltage deviated by 180.degree. in the phase
      from the above mentioned altenating voltage was applied on the other
      column electrodes, the same alternating voltage as on the column electrode
      including the selected intersection was applied on the scanning row
      electrode and the other row electrodes were made zero volt, t.sub.o was 15
      milliseconds at room temperature and the entire panel could be scanned
      within 1.5 seconds. When all the applied voltages were interrupted at
      once, the milky turbid and optically transparent states were memorized as
      they were and kept for more than one week.
PAC  Example 10:
PAR  When a mixed liquid crystal of 60% by weight p-methoxybenzylidene p'-n
      butylaniline, 25% by weight p-n butoxybenzylidene p'-cyanoaniline and 15%
      by weight cholesteryl chloride was inserted as a cholesteric phase liquid
      crystal between glass plates each having respectively 100 row and column
      electrodes of tin oxide and treated on the surface for achieving the
      perpendicular molecular orientation with dimethyldichorosilane, the
      thickness of the cholesteric phase liquid crystal was made 12.mu.m., the
      row and column driving circuits 26 and 27 as shown in FIGS. 9D and 9G,
      respectively, were used, -10 volts were applied on the column electrode
      including a selected intersection, 10 volts were applied on the other
      column electrodes, -10 volts were applied on the scanning row electrode,
      the 9 row electrodes following the scanning row electrode were made zero
      volt and an alternating voltage of 15 volts at 1 KH.sub.z was applied on
      the other row electrodes, t.sub.o was 3 milliseconds at room temperature
      and the entire panel could be scanned within 300  m.sec. When all the
      applied voltages were interrupted at once, the milky turbid and optically
      transparent states were memorized as they were and kept for more than 1
      week.
PAR  In the matrix-addressed liquid crystal display device of the present
      invention, a mixed cholesteric phase liquid crystal in which molecular
      axes are aligned in the direction of the electric field above a threshold
      level is used, the quick phase transition from a nematic phase to a
      cholesteric phase is utilized, each row electrode is scanned and,
      therefore, a high speed scanning is made possible.
PAR  As a response can be made with an input signal of a shorter time width,
      said means can be applied also to a matrix apparatus of a large capacity.
      The applied voltage is low, the driving signal is of a simple wave form
      and the display device can be driven directly by an intergrated circuit.
PAR  Further, in the present invention, it is possible to correct the memorizing
      state partially.
PAR  It is evident that the matrix-addressed liquid crystal display device of
      the present invention can be applied to a lightvalve means and
      photomodulating means.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for writing storable images into a matrix-addressed
      image-storing liquid crystal display device, said apparatus comprising the
      combination of:
PA1  1. a matrix-addressed display section in which an inductively positive
      cholesteric phase liquid crystal is contained in a cell formed with a pair
      of optically transparent plates having on one surface of each a plurality
      of parallel strip electrodes, said electrodes on at least one of said
      plates being transparent, and opposed to each other through a spacer with
      the electrodes mutually intersecting at right angles so as to form row and
      column electrode groups, the inner surfaces of said plates being subjected
      to a treatment of vertical orientation so as to render liquid crystal
      molecules adjacent said surfaces vertical with respect to said surfaces,
      and said cholesteric phase liquid crystal having its molecules adjacent
      the inner surfaces of the transparent plates arranged vertical to the
      surfaces by said treatment.
PA1  2. means for applying to all intersections of said row and column electrode
      groups a voltage above a threshold voltage V.sub.H at which said liquid
      crystal shifts from the cholesteric phase to a nematic phase so that a
      transparent state is achieved at all said intersections,
PA1  3. means for sequentially scanning the column electrodes while applying to
      selected intersections, for displaying the image on the column electrodes
      being scanned, an effective voltage below the voltage V.sub.H to effect a
      shift from the nematic phase to the cholesteric phase at such
      intersections, applying to the other intersections on the column
      electrodes being scanned an effective voltage not less than said voltage
      V.sub.H to maintain the transparent state at such intersections, and
      applying to all intersections of other column electrodes an effective
      voltage near the voltage V.sub.H  to stabilize the existing phase at such
      intersections, and,
PA1  4. means for simultaneously interrupting all the voltages applied to all
      intersections so as to store the image within a short time period after
      completion of said scanning.
NUM  2.
PAR  2. A method of writing storable images into a matrix-addressed
      image-storing liquid crystal display device comprising the steps of:
PA1  1. providing a matrix-addressed display section in which an inductively
      positive cholesteric phase liquid crystal is contained in a cell formed
      with a pair of optically transparent plates being on one surface of each a
      plurality of parallel strip electrodes, said electrodes on at least one of
      said plates being transparent, and opposed to each other through a spacer
      with the electrodes mutually intersecting at right angles so as to form
      row and column electrode groups, the inner surfaces of said plates being
      subjected to a treatment of vertical orientation so as to render liquid
      crystal molecules adjacent said surfaces vertical with respect to said
      surfaces, and said cholesteric phase liquid crystal having its molecules
      adjacent the inner surfaces of the transparent plates arranged vertical to
      the surfaces by said treatment.
PA1  2. applying to all intersections of said row and column electrode groups a
      voltage above a threshold voltage V.sub.H at which said liquid crystal
      shifts from the cholesteric phase to a nematic phase so that a transparent
      state is achieved at all said intersections,
PA1  3.
NUM  3.
PAR  3. performing after said step (2) a sequential scanning of the column
      electrodes while the effective voltage applied to selected intersections
      for displaying the image on the column electrodes being scanned is below
      the voltage V.sub.H to effect a shift from the nematic phase to the
      cholesteric phase at such intersections, the effective voltage applied to
      the other intersections on the column electrodes being scanned is not less
      than said voltage V.sub.H to maintain the transparent state at such
      intersections, and the effective voltage applied to all intersections of
      other column electrodes is near the voltage V.sub.H to stabilize the
      existing phase at such intersections, and,
PA1  4. after completion of said scanning, simultaneously interrupting all the
      voltages applied to all intersections so as to store the image within a
PAR   short time period. 3. The method as defined in claim 1 wherein said
      cholesteric phase liquid crystal comprises a mixed liquid crystal of an
      inductively negative nematic substance in which the molecules are oriented
      vertical to the transparent plate surfaces due to the vertical orientation
      treatment and an inductively positive cholesteric substance, and from 3 to
      5 weight % of a cholesteric substance mixed with said mixed liquid
      crystal.
NUM  4.
PAR  4. The method as defined in claim 1 wherein said cholesteric phase liquid
      crystal comprises an inductively positive nematic substance in which the
      molecules are oriented vertical to the transparent plate surfaces due to
      the vertical orientation treatment and from 3 to 50 weight % of a
      cholesteric substance mixed with said nematic substance.
NUM  5.
PAR  5. The method as defined in claim 1 wherein said sequential scanning of the
      column electrodes is performed while applying a voltage - V applied to the
      column electrodes being scanned, applying a 0 voltage to the other column
      electrodes, applying a voltage - V to row electrodes forming said selected
      intersections with the column electrodes being scanned, and applying a
      voltage + V to the other row electrodes, wherein the voltage V is DC
      voltage near the threshold voltage V.sub.H.
NUM  6.
PAR  6. The method according to claim 1 wherein said sequential scanning of the
      column electrodes is performed while applying a voltage V(o) to the column
      electrodes being scanned, applying a 0 voltage to the other column
      electrodes, applying a voltage V(o) to the row electrodes forming said
      selected intersections with the column electrodes being scanned, and
      applying a voltage V(.pi.) to the other row electrodes, wherein said
      voltages V(o) and V(.pi.) are AC voltages with values near the threshold
      voltage V.sub.H and deviating in phase by .pi..
NUM  7.
PAR  7. The method as defined in claim 1 wherein said sequential scanning of the
      column electrodes is performed while the effective voltage applied to the
      selected intersections on the column electrodes being scanned is below the
      voltage at which the nematic to cholesteric phase transition occurs, the
      effective voltage applied to intersections on the other column electrodes
      being scanned is above said voltage V.sub.H, the effective voltage applied
      to intersections on column electrodes other than those being scanned in a
      plurality of adjacent column electrodes including the ones being scanned
      is below the voltage V.sub.H, and the effective voltage applied to column
      electrodes other than said plurality of adjacent column electrodes
      including the ones being scanned is near the voltage V.sub.H.
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ABST
PAL  A flat display system having a display screen consisting of a planar
      arrangment of a plurality of segments has an isosceles triangular form
      with an apex angle of 90 degrees, the segments being selectively operated
      for optical display. The optical display is achieved by electrically,
      thermally or magnetically changing the optical character of selected
      segments. The segments can recoverably or reversibly undergo a change of
      the optical character, and they permit either still display or motion
      display.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to flat display systems and, more particularly, to a
      flat display system, which permits versatile display of readily
      discernible patterns.
PAR  Heretofore, various types of flat display systems have been known. In one
      type, independent light emitting elements are arranged in a planar form as
      in lamp display boards and luminescent diode display systems. In another
      type of system, a luminescent material is sandwiched between two electrode
      plates and activated by application of an electric field, as in
      electroluminescence display systems and plasma display systems. In a
      further type, a material capable of undergoing changes of light
      transmitting character, light absorbing character and other optical
      characteristics by application of electric field is sandwiched between two
      electrode plates, as in liquid crystal electro-optical display systems,
      photo-chromic material display systems and cataphoresis display systems.
      Further, there is a display system comprising a thin film of liquid
      crystal and means for impressing heat or a magnetic signal to the film.
PAR  However, in the afore-mentioned lamp display systems and luminescent diode
      display systems the display pattern consists of dot-like pattern elements,
      so that numerical figures, characters and other patterns are quite
      ambiguous. In order to obtain a more readily discernible display, a number
      of very fine luminescent elements are required. In this case, however, the
      control of the elements is complicated. Also, the manufacturing cost is
      increased, and the system is more prone to troubles.
PAR  There is further known, as a flat display system, an X-Y matrix system
      where numerical figures from 0 to 9 are displayed with seven segments
      arranged in a form of figure eight. For example, U.S. Pat. No. 3,655,270
      discloses a display system in which a nematic liquid crystal is held
      between a pattern electrode plate, having seven segments insulated from
      one another, and an opposing electrode plate. This system is simple in
      construction and readily capable of control of the display. However, the
      display is limited to numerical figures, and also the shape of the figures
      displayed is quite ambiguous. Therefore, this system can be used only for
      special purposes and is not suited for general use.
PAR  Further, U.S. Pat. No. 3,322,485 shows a display system where a liquid
      crystal is held between two electrode arrangements constituting an X-Y
      matrix, and U.S. Pat. Nos. 3,415,991 and 3,410,999 disclose display
      systems in which a magnetic memory and lossy elements in an X-Y matrix
      form are provided adjacent a cholesteric liquid crystal thin film for
      impressing heat signals on the film. With these X-Y matrix display
      systems, versatile display of numerical figures, characters and other
      patterns is possible. However, the display of inclined portions still
      requires a number of fine pattern elements. This means difficulty of the
      display control. In other words, in order to obtain a display of readily
      discernible patterns, a number of fine pattern elements is necessary,
      which leads to complications of the construction of the display section
      and drive circuit.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided a flat display system, which
      can display desired patterns on a planar arrangement of a plurality of
      elements or segments each having an isosceles triangular shape with an
      apex angle of 90 degrees. The segments in the arrangement have the same
      shape and same size, and they are arranged into a rectangular or square
      form consisting of a plurality of squares closely arranged and each
      consisting of four juxtaposed or substantially abutting segments with the
      apices thereof located at the center of the square. Preferably, at least
      48 segments are used for the arrangment. Various means can be considered
      for forming these segments. A typical example is elements of substantially
      the same shape and same size as the segments (such as a lamp frame and
      electrodes). Also, it is possible to use zig-zag shaped electrodes.
PAR  The flat display system according to the invention is simple in
      construction and display control and nevertheless capable of versatile
      display. Also a readily discernible display can be obtained with a
      comparatively small number of pattern elements. For example, with 96
      pattern elements numerical figures, alphabetical characters and all other
      usually employed symbols can be displayed in a readily discernible form.
PAR  An object of this invention, accordingly, is to provide a flat display
      system, which is capable of a versatile display in a readily disernible
      form.
PAR  Another object of the invention is to provide a flat display device, which
      is simple in construction and operation and nevertheless capable of
      displaying comparatively complicated patterns.
PAR  A further object of the invention is to provide a flat display system,
      which can selectively display numerical figures, alphabetical characters
      and other symbols in a readily discernible form with a comparatively small
      number of pattern elements.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In order for the invention to be fully understood, its preferred
      embodiments will now be described in connection with the accompanying
      drawings, in which:
PAR  FIG. 1 is a plan view showing an example of the arrangement of pattern
      elements according to the invention;
PAR  FIG. 2 is an exploded perspective view showing part of a lamp display
      system embodying the invention;
PAR  FIG. 3 is an exploded perspective view showing part of an electro-optical
      display system embodying the invention;
PAR  FIG. 4 shows an X-Y matrix electro-optical display system in a further
      embodiment of the invention together with a showing of a drive circuit
      thereof;
PAR  FIG. 5 shows an example of column electrodes and row electrodes for use in
      the electro-optical display system of FIG. 4;
PAR  FIG. 6 shows another example of the column electrodes and row electrodes;
PAR  FIG. 7 shows a further example of column electrodes and row electrodes, and
PAR  FIG. 8 shows exemplary forms of numerical figures, alphabetical characters
      and other symbols that can be displayed with the display system according
      to the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a display screen embodying the invention. It is constituted by
      a combination of 48 pattern elements 10. The individual pattern elements
      10 may be independent of one another or integral with one another. Each
      pattern element 10 constitutes an isosceles triangle with an apex angle of
      90 degrees, and they all have the same shape and dimensions. Four pattern
      elements are closely arranged into a square with their apices located at
      the center of the square. Each pattern element 10 can be caused to glow by
      an electric, magnetic or thermal signal, or alternatively its optical
      character may be changed by such signal. For example, it may be an
      electroluminescent element, luminescent diode, plasma display element,
      cataphoresis display element, liquid crystal display element, photochromic
      display element, KER effect element or Faraday effect element. The
      individual pattern elements are constructed such that a drive signal may
      be independently and selectively given to and removed from them.
PAR  FIG. 2 shows an example of the square arrangement of pattern elements 10.
      Numeral 12 designates a lamp plate carrying lamps 14. Numeral 16
      designates a light isolation frame having light isolation spaces 16a of
      the shape and dimensions equal to those of the pattern elements 10. The
      lamps 14 are disposed within the respective spaces 16a. Numeral 18
      designates a light scattering plate secured to the light isolation frame
      16 on the front side thereof. The light scattering plate 18 is
      semi-transparent and coated in white or other suitable color.
PAR  With the arrangement of FIG. 2, if any one of the lamps 14 is turned on, a
      portion of the light scattering plate 18 corresponding to the space
      accommodating that lamp is illuminated. Thus, by selectively turning on
      some of a number of lamps 14 in a planar arrangement, desired figures and
      characters, such as those shown in FIG. 8, can be displayed.
PAR  The lamps 14 used in the arrangement of FIG. 2 are only exemplary of the
      luminescent elements, and they may of course be replaced with other
      luminescent elements such as a fluorescent lamp, neon lamp, plasma lamp,
      luminescent diode, electroluminescent element, etc. Further, the
      luminescent element itself may be used as the pattern element 10.
PAR  FIG. 3 shows another example of the arrangement of pattern elements. In
      this example, electrode plates 20, each having substantially the same
      shape and dimensions as those of the pattern element 10, are used. These
      electrode plates 20 are supported by a support plate 22. It will be seen
      that the support plate 22 carries a number of electrode plates 20 arranged
      on it in such a form as shown in FIG. 1. Numeral 24 designates another
      support plate for supporting plate electrode means. This support plate is
      disposed on the front side, so that it has to be transparent or at least
      semi-transparent. From the same reason, the plate electrode means (not
      shown) arranged on the support plate 24 must be transparent or at least
      semitransparent. This electrode means however need not have the same shape
      as the pattern elements 10, and in the illustrated example, it is
      constituted by a single plate. Numeral 26 designates an electro-optical
      material layer sandwiched between the pair of electrode plates opposing
      each other. The layer 26 may be formed from any material capable of being
      made to glow, transmit light or absorb light by impressing an electric
      field. For example, it may made from such materials as liquid crystal,
      photochromic material, plasma such as neon, xenon and krypton, Ker effect
      material, Faraday effect material or dispersoid. The back electrodes 20
      are connected through lead 28 to respective switches 32, which are in turn
      connected through a battery 34 and a lead 30 to the front electrode 24.
      Thus, by automatically or manually operating suitable selected ones of the
      switches 32 it is possible to obtain display of a desired pattern. In this
      case, it is possible to provide a spacer having a shape corresponding to
      that of the light isolation frame shown in FIG. 2 between the back side
      and front side electrodes.
PAR  FIG. 4 shows an X-Y matrix display system embodying the invention. In the
      Figure, numeral 36 designates the display section, and numeral 38 a drive
      circuit section. The construction of this system is entirely the same as
      that of a wellknown X-Y matrix display system, so it will not be described
      in detail.
PAR  According to the invention, column electrodes 40 and row electrodes 42
      constituting the X-Y matrix of the display section 36 may each have a
      zig-zag form or other suitable forms.
PAR  FIGS. 5 to 7 show examples of the column and row electrodes 40 and 42. By
      arranging the column electrodes 40 and row electrodes 42 such that they
      overlap in such a manner as is indicated by a cross mark, an arrangement
      the same as the one shown in FIG. 1 may be obtained. Insulators 17a, 17b
      and 17c are interposed between adjacent electrodes 40 and also between
      adjacent electrodes 42. Further, although not shown in the Figure, a layer
      of an electro-optical material is interposed between the arrangement of
      the column electrodes 40 and that of the row electrodes 42. Alternatively,
      a spacer corresponding in shape to the light isolation frame 16 of FIG. 2
      may be interposed between the arrangement of column electrodes 40 and that
      of row electrodes 42.
PAR  The invention may further be embodied in forms other than those mentioned
      above. For example, use may be made of a thin film of such material as
      nematic liquid crystal or cholesteric liquid crystal whose optical
      character can be recoverably or reversibly changed by a magnetic field or
      heat, and means for impressing a magnetic field or heat, and the means for
      impressing a magnetic field signal or heat signal to the thin film may be
      arranged in a form as shown in FIG. 1. The pattern elements formed in this
      way can be selectively operated to obtain a display of a desired pattern
      in a manner as described in connection with the previous embodiment. As
      the signal impressing means, there may be used ordinary electromagnets and
      resistors. Also, it is possible to use, to this end, magnetic memory
      devices and lossy elements as disclosed in U.S. Pat. Nos. 3,415,991 and
      3,410,999.
PAR  FIG. 8 shows possible patterns that can be displayed on the display system
      according to the invention. In this case, one display unit is constituted
      by 96 pattern elements 10 with four pattern elements constituting a
      square, six squares provided in each column and four squares in each row.
      An important feature of these patterns resides in that oblique lines
      constituting diagonals of the squares are effectively utilized, so that
      the patterns are very natural and easy to read.
PAR  The above embodiments of the invention are by no means limitative, but
      various changes and modifications may be made in details of the
      construction and mode of operation without departing from the scope of
      spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A flat display system having a display screen constituted by a planar
      arrangement of a plurality of individual pattern segments, each in the
      form of an isosceles triangle with an apex angle of 90.degree., said
      individual pattern segments having identical dimensions and being arranged
      in a plurality of squares each including four substantially juxtaposed
      pattern segments having their apices located at the center of the
      respective square; said individual pattern segments being capable of
      selective and independent display activation to provide a flat display of
      numerical figures, alphabetical characters, and other symbols and
      patterns, in an easily discernible form, on said display screen.
NUM  2.
PAR  2. The flat display system according to claim 1, wherein each said pattern
      segment is constituted by a material capable of changing its optical
      characteristic in a reversible way in response to an activating signal
      applied to it.
NUM  3.
PAR  3. The flat display system according to claim 2, in which the material is
      capable of changing its optical characteristic in response to an electric
      activating signal applied thereto.
NUM  4.
PAR  4. The flat display system according to claim 1, which includes a light
      isolation frame defining a plurality of spaces each having the form of an
      isosceles triangle with an apex angle of 90.degree., a plurality of light
      emitting elements individually disposed within the respective spaces
      defined by said light isolation frame, and a light scattering member
      provided on the front side of said light isolation frame to cover said
      light emitting elements.
NUM  5.
PAR  5. The flat display system according to claim 1, in which said pattern
      segments comprise light emitting elements each having a light emitting
      area in the form of an isosceles triangle with an apex angle of 90.degree.
      and electrically activated and deactivated.
NUM  6.
PAR  6. The flat display system according to claim 1, in which said individual
      pattern segments comprise elements, each having an area in the form of an
      isosceles triangle with an apex angle of 90.degree., and capable of
      reversibly undergoing changes of optical characteristics in response to an
      activating signal.
NUM  7.
PAR  7. A flat display system having a display screen constituted by a planar
      arrangement of a plurality of individual pattern segments, each in the
      form of an isosceles triangle with an apex angle of 90.degree., said
      individual pattern segments having the same shape and dimensions and being
      arranged in squares each including four substantially juxtaposed pattern
      segments having their apices located at the center of the respective
      square; said individual pattern segments being capable of selective and
      independent display activation to provide a flat display of numerical
      figures, alphabetical characters, and other symbols and patterns, in an
      easily discernible form, on said display screen; said display screen being
      constituted by at least 48 pattern segments arranged in a rectangular
      form.
NUM  8.
PAR  8. A flat display system having a display screen constituted by a planar
      arrangement of a plurality of individual pattern segments, each in the
      form of an isosceles triangle with an apex angle of 90.degree., said
      individual pattern segments having the same shape and dimensions and being
      arranged in squares each including four substantially juxtaposed pattern
      segments having their apices located at the center of the respective
      square; said individual pattern segments being capable of selective and
      independent display activation to provide a flat display of numerical
      figures, alphabetical characters, and other symbols and patterns, in an
      easily discernible form, on said display screen; said display screen
      including a sheet of material capable of changing its optical
      characteristic by the application of an electric field thereto, a
      plurality of back electrodes adjacent one side of said sheet and each
      having the shape of a right isosceles triangle, the back electrodes being
      arranged in squares each including four back electrodes having the apices
      of the triangles thereof located at the center of the respective square, a
      front electrode adjacent the other side of said sheet; a source of
      electric potential having one terminal connected to said front electrode;
      and means selectively operable to connect the other terminal of said
      source to said back electrodes independently of each other.
NUM  9.
PAR  9. A flat display system having a display screen constituted by a planar
      arrangement of a plurality of individual pattern segments, each in the
      form of an isosceles triangle with an apex angle of 90.degree., said
      individual pattern segments having the same shape and dimensions and being
      arranged in squares each including four substantially juxtaposed pattern
      segments having their apices located at the center of the respective
      square; said individual pattern segments being capable of selective and
      independent display activation to provide a flat display of numerical
      figures, alphabetical characters, and other symbols and patterns, in an
      easily discernible form, on said display screen; said display screen
      including a pair of electrode plates, at least one of which is
      transparent, and a sheet of a material capable of undergoing a change of
      its optical characteristics by application of an electric field thereto,
      sandwiched between said electrode plates, one of said electrode plates
      having, on one surface thereof, a plurality of electrically conductive
      layer segments insulated from each other by a strip-like insulating zone
      and each being in the form of an isosceles triangle having an apex angle
      of 90.degree., said electrically conductive segments being arranged in
      substantial juxtaposition in squares each including four electrically
      conductive segments and with the apices thereof located at the center of
      the respective square, means, including respective leads, connecting each
      electrically conductive segment to one terminal of said source, the other
      electrode plate having, on one surface, a continuous conducting layer, and
      a lead connecting said continuous conducting layer to the other terminal
      of said source.
NUM  10.
PAR  10. A flat display system having a display screen constituted by a planar
      arrangement of a plurality of individual pattern segments, each in the
      form of an isosceles triangle with an apex angle of 90.degree., said
      individual pattern segments having the same shape and dimensions and being
      arranged in squares each including four substantially juxtaposed pattern
      segments having their apices located at the center of the respective
      square; said individual pattern segments being capable of selective and
      independent display activation to provide a flat display of numerical
      figures, alphabetical characters, and other symbols and patterns, in an
      easily discernible form, on said display screen; said display screen
      including a pair of electrode plates, at least one of said electrode
      plates being transparent, and a material sandwiched between said electrode
      plates and capable of undergoing a change of its optical characteristic by
      application of an electric field, one of said electrode plates being
      provided on one side with a plurality of column conducting layers
      insulated from one another and having a zig-zag form, the other electrode
      plate being provided on one side with a plurality of row conducting layers
      insulated from one another and having a zig-zag form, each of said column
      conducting layers having a portion overlapping each of said row conducting
      layers, the overlapping portion constituting a segment having an isosceles
      triangular form with an apex angle of 90 degrees, all the segments formed
      in this way constituting a close arrangement of squares each consisting of
      four segments with the apices thereof located at the center of the square.
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ABST
PAL  A thermoelectric display device is described which includes a
      thermoelectric element having a surface which exhibits a reversible
      temperature which is a function of the magnitude and direction of a
      current passing through the element. The thermoelectric element includes
      two dissimilar conductors joined in overlapping relation over a
      predetermined area to form a junction. The junction is advantageously
      formed by overlapping a p-type semi-conductive layer and an n-type
      semi-conductive layer, which may or may not be separated in the region of
      overlap by an electrically conductive layer of material. A cholesteric
      crystal material is disposed on the surface of the thermoelectric element
      in the region of the junction thereof in thermally conductive relation
      therewith, the liquid crystal material being variable between different
      optical states as a function of the temperature to which the same is
      exposed. In this manner, the optical state which the display device
      exhibits is a function of the direction and magnitude of a current passing
      through the junction of the thermoelectric element and the resulting
      temperature which manifests itself at the thermoelectric element surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention generally relates to display devices, and more
      particularly to a thermoelectric display device which includes a liquid
      crystal material in thermally conductive relation with a thermoelectric
      element for providing variable optical states as a function of the current
      which passes through the thermoelectric element and consequently the
      temperature which is developed in the latter to which the liquid crystal
      material is exposed.
PAR  Liquid crystals are coming into wider use in display devices of various
      types. For example, liquid crystal displays are utilized in wrist watches,
      clocks, calculators, panel meters, multimeters, and industrial controls.
      The popularity of liquid crystals stems largely from the fact that they
      can store images and can provide color effects. Additionally, the
      circuitry for controlling the optical states of liquid crystals is
      relatively simple and the power levels involved are small. Liquid crystals
      and some of their applications are described in the following
      publications: "Liquid Crystals: Perspectives, Prospects and Products", by
      Edwin Stepke, Electro-Optical Systems Design, February, 1972, page 20;
      "Liquid Crystals - A Viable New Medium", by Brian Astle, Optical Spectra,
      July, 1973, page 35; and "Nematic Crystals Come of Age", by Donald H.
      Baltzer, Electro-Optical Systems Design, January, 1970, page 72 Liquid
      crystal displays are also discussed in the following U.S. Pat. Nos.
      3,622,226; 3,687,515; 3,690,745; 3,772,874; 3,781,085; 3,781,863;
      3,786,486; and 3,803,050.
PAR  The liquid crystal display devices described in most of the above-mentioned
      publications and patents utilize a current which flows through the liquid
      crystal material or an electric field applied across the same to alter the
      optically visible state of the liquid crystal material. Typically, the
      liquid crystal materials are optically variable between a transparent or
      light scattering visible state and, upon the application or removal of a
      predetermined field, to a second optically visible state wherein the
      liquid crystal is respectively light scattering or transparent.
PAR  An examination of the above references and patents discloses an inherent
      disadvantage in the semi-conductor display devices which utilize a
      conductive current or an electrical field to alter the optical states
      thereof. This disadvantage is in the construction of the display device
      which is generally complex in nature. Typically, two electrodes, one of
      which is transparent, are disposed to each side of the liquid crystal
      material. The arrangement and construction of electrodes results in a
      complicated structure insofar as manufacturing is concerned and this
      increases the cost of this type of display device.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a liquid
      crystal display device which does not possess the above described
      disadvantages associated with other forms of commonly known liquid crystal
      display devices.
PAR  It is another object of the present invention to provide a liquid crystal
      display device which is simple in construction and economical to
      manufacture.
PAR  It is still another object of the present invention to provide a liquid
      crystal display device which utilizes a thermoelectric element to alter
      the optical states of the liquid crystal.
PAR  It is yet another object of the present invention to provide a liquid
      crystal display device which exhibits rapidly reversible optical states by
      reversal of current through a thermelectric element which is in thermally
      conductive association with the liquid crystal material.
PAR  It is a further object of the present invention to provide a liquid crystal
      thermoelectric display module which exhibits variable optical states by
      varying the magnitude and direction of a current passed through the
      module.
PAR  It is still a further object of the present invention to provide a
      multi-segmented display suitable for displaying numerals and/or
      alphanumeric characters which is formed from a plurality of thermoelectric
      crystal display elements or modules of the type suggested in the above
      objects.
PAR  In order to achieve the above objects, as well as others which will become
      apparent hereafter, a thermoelectric display device in accordance with the
      present invention comprises a thermoelectric element having a surface
      which exhibits a reversible temperature which is a function of the
      magnitude and direction of a current passing through said element. A
      liquid crystal material is provided which is disposed on said surface in
      thermally conductive relation therewith, said liquid crystal material
      being variable between different optical states as a function of the
      temperature to which the same is exposed. In this manner, the optical
      state which the display device exhibits is a function of the direction and
      magnitude of a current passing through said thermoelectric element.
PAR  In accordance with a presently preferred embodiment, said thermoelectric
      element includes two dissimilar conductors joined in overlapping relation
      over a predetermined area to form a junction. Said surface is a surface of
      one of said conductors substantially coextensive with said predetermined
      areas forming said junction. Advantageously, said conductors are made from
      semi-conductor materials. In the presently preferred embodiment, one
      conductor is a p-type semi-conductor and the other conductor is an n-type
      semi-conductor. A layer of electrically conductive material may be
      disposed between the p-type and n-type semi-conductors over said
      predetermined areas. In this manner, current may be freely reversed
      through said junction and corresponding variations in optical states of
      the liquid crystal material may be achieved.
PAR  A multi-segmented display may be formed to provide indications of numeric
      or alphanumeric characters by selective passage of current through one or
      more of a plurality of junctions arranged in a predetermined manner. For
      example, seven junctions or thermoelectric units may comprise seven
      segments arranged in a numeral 8 configuration to form a seven-segment
      display device.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  With the above and additional objects and advantages in view, as will
      hereinafter appear, this invention comprises the devices, combinations and
      arrangements of parts hereinafter described by way of example and
      illustrated in the accompanying drawings of a preferred embodiment in
      which:
PAR  FIG. 1 is a block diagram of a thermoelectric display device in accordance
      with the present invention, showing schematically a liquid crystal
      material in contact with a thermoelectric element, with the current
      passing through the latter being controlled or regulated by a current
      generating circuit;
PAR  FIG. 2 is a side elevational schematic representation of a thermo-electric
      crystal display module in accordance with one embodiment of the present
      invention;
PAR  FIG. 3 is an enlarged view of the junction area shown in FIG. 2, showing a
      modification wherein a conductive layer is disposed between the two
      semi-conductive layers forming the junction;
PAR  FIG. 4 is a side elevational view of another embodiment of a display module
      in accordance with the present invention; and
PAR  FIG. 5 is a top plan view of a seven segment thermoelectric crystal display
      module, each segment having a construction similar to one of those shown
      in FIGS. 2-4, the segments being arranged in a figure eight configuration
      to form a seven segment numerical display device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now specifically to the FIGS., wherein identical or similar parts
      have been designated by the same reference numerals throughout, and first
      referring to FIG. 1, the thermoelectric display device of the present
      invention is generally indicated by the reference numeral 10.
PAR  The display device 10 includes a thermoelectric crystal display module 12,
      more specifically described in connection with FIGS. 2-4, which includes a
      thermoelectric element 14 connected to a current generating circuit 16 by
      means of leads or conductors 18. The current generating circuit 16 can be
      of any conventional type which can regulate the magnitude and direction of
      the current I which passes through the thermoelectric element 14.
PAR  It is well known that the passage of a current in a metallic conductor
      results in Joule heating. This heating is an irreversible effect,
      independent of the current direction. There exist, however, three
      additional, very closely related reversible effects involving thermal and
      electrical energies, called thermoelectric effects. These thermoelectric
      effects are briefly the Seebeck effect, the Peltier effect and the Thomson
      effect. The thermoelectric effect of interest for the purposes of the
      present application is the Peltier effect, wherein electric current is
      maintained across the junction of two dissimilar metals. It is well known
      that the junction temperature in such an arrangement changes across the
      junction unless heat is applied or removed by external means. The rate at
      which heat must be supplied to the junction to maintain its temperature
      constant is proportional to the current and changes sign when the current
      direction is reversed. This phenomenon of generation or absorption of heat
      at junctions of dissimilar metals are characterisic of the Peltier effect.
      The Peltier effect and the applications thereof are discussed in the
      following references: Heikes, R. R., and Ure, R. W., Jr.,
      "Thermoelectricity: Science and Engineering, " New York, Interscience
      Publishers, 1961; MacDonald, D. K. C., "Thermoelectricity: An Introduction
      to the Principles," New York, John Wiley & Sons, 1962; Goldsmid, H. J.,
      "Applications of Thermoelectricity," London, Methuen & Co., Ltd., 1960.
      Also of interest are U.S. Pat. Nos. 3,090,207 and 3,255,593. Some of the
      structural features which are disclosed in the above references in
      connection with devices utilizing the Peltier effect will be described in
      connection with FIGS. 2-4.
PAR  The thermoelectric element 14 has a surface, indicated schematically as the
      upper surface of the thermoelectric element represented by the box 14 in
      FIG. 1, which exhibits a reversible temperature which is the function of
      the magnitude and direction of the current I which passes through the
      element 14.
PAR  An important feature of the present invention is the provision of a liquid
      crystal material which is disposed on a surface of the thermoelectric
      element, which exhibits the reversible temperature, in thermally
      conductive relation therewith. This is schematically illustrated in FIG.
      1. The liquid crystal material is to be of the type which is variable
      between different optical states as a function of the temperature to which
      the same is exposed. In this manner, the optical state which the display
      device exhibits is a function of the direction and magnitude of the
      current I passing through the thermoelectric element 14. This type of
      liquid crystal material is known as cholesteric material and is suitable
      for the present invention since it changes optical states upon being
      exposed to variable temperatures. As suggested above, the color,
      reflective or transmissive optical properties of the liquid crystal
      material may be changed by being exposed to variations in temperature.
      While cholesteric liquid crystal materials may be utilized, clearly any
      thermally-sensitive compound which changes optical states responsive to
      temperature variations may equally be used for the purposes of the present
      invention.
PAR  As to be described in connection with FIGS. 2-5, thermoelectric crystal
      display devices of the type embodying the above general principle are
      simple in construction and are particularly suitable for manufacture by
      conventional printed circuit or deposition techniques.
PAR  Referring to FIG. 2, a display module 12a is shown which includes two
      dissimilar conductors 22 and 24 joined in overlapping relation over a
      predetermined area to form a junction. The two materials 22 and 24 form
      the thermoelectric element. The surface of the element which exhibits a
      reversible temperature is the upper surface, as viewed in FIG. 2, of the
      material 22 which is substantially coextensive with the predetermined
      areas forming the junction. A liquid crystal 20a is disposed in
      thermally-conductive relation on the material 22 to thereby become exposed
      to temperature variations which may occur with changes in magnitude and
      direction of the current passing through the junction. In this manner,
      regulation of the current through the junction controls the temperature at
      the upper surface of the material 22 in the region of the junction and the
      optical state of the liquid crystal material 20a.
PAR  Thermoelectric materials have a figure of merit which is a function of the
      electrical conductivity, the thermal conductivity and the absolute Seebeck
      coefficient thereof. All three quantities are a function of the density of
      free charge carriers in the conductive material. It has been determined
      that highly doped semi-conductors and semi-metals have the highest figures
      of merit of any of the conductive materials. Also, since best performance
      is achieved when the two conductive materials have opposite absolute
      Seebeck coefficients, thermoelectric junctions are normally formed by
      placing a p-type semi-conductor material and an n-type semi-conductor
      material in contact with each other. In the embodiment shown in FIG. 2,
      the conductive material 22 is a p-type semi-conductor and the conductive
      material 24 is an n-type semi-conductor material. Bismuth telluride is a
      common material used to form thermoelectric elements.
PAR  With the arrangement shown in FIG. 2, reversal of current flow through the
      junction formed by the p-type and n-type materials 22 and 24 respectively
      causes a change in the thermal characteristics of the junction, namely
      changing from a heat generating to a heat absorbing system, or vice versa.
      Accordingly, the temperature of the junction may either be raised or
      lowered by simply reversing the direction of current.
PAR  Advantageously, heat sinks or heat reservoirs 26 are connected to each of
      the conductors 22 and 24 in thermally conductive relation therewith at a
      point remote from the junction. In this manner, heat may flow from or to
      the heat sinks 26 depending on whether heat is absorbed or generated at
      the junction.
PAR  In the presently preferred embodiment, the conductors 22 and 24 are in the
      form of planar layers in the region where they overlap to form the
      junction. The layers advantageously each have a thickness which is smaller
      than the planar dimensions thereof. In this manner, each of the conductors
      has a small mass and heat capacity in the region of the junction to
      thereby permit rapid reversal of temperatures at the surface bearing the
      liquid crystal material and correspondingly rapid variations of optical
      states of the liquid crystal material. It should be clear that a
      thermoelectric crystal display module of the type being described having a
      short time constant for changing the optical state of the liquid crystal
      material is advantageous in numerous display devices. While not drawn to
      scale, the heat sinks 26 in FIG. 2 are advantageously much more massive
      than the conductive materials 22 and 24 so that the heat sinks may act as
      a reservoir or sink for heat which is generated or absorbed at the
      junction.
PAR  The liquid crystal material 20a in FIG. 2 may be any commercially available
      material which is responsive to temperature, as suggested above. The
      liquid crystal material may, for example, be in the form of a paint, a
      treated paper product, or any other form which may be deposited on a
      surface of the junction of a thermoelectric element. Clearly, this permits
      the formation of display modules having various configurations, including
      simple elongate bars or segments or complex configurations. It is
      contemplated that the circuitry or electric conductors be formed by
      conventional printed circuit or vacuum deposition techniques. The liquid
      crystal layers may be deposited by screen or other printing techniques.
PAR  Referring to FIG. 3, an electrically conductive layer 28 is shown disposed
      between the p-type material 22 and the n-type material 24 over the
      predetermined area of overlap forming the junction. Such an electrically
      conductive layer 28 may be desirable when oppositely doped semi-conductor
      materials are utilized to prevent a depletion layer from being formed at
      the junction with the application of a potential to the conductors. As
      well known, such a depletion layer may reverse bias the junction and
      substantially increase the resistance to flow of current in one direction
      through the junction. While external circuitry may be designed to overcome
      or compensate for this difference in forward and reverse resistances, it
      is presently preferred to minimize this depletion layer by the provision
      of the conductive layer 28. Such a construction results in substantially
      equal resistances to the flow of current through the junction irrespective
      of the direction of the current flow therethrough.
PAR  A further embodiment 12b of the display module is shown in FIG. 4, wherein
      a substantially planar heat sink 26a is provided and a layer of
      electrically conductive material 30 is disposed on the heat sink 26a. An
      electrically and thermally insulating layer 32 is interposed between the
      heat sink 26a and the conductive layer 30. The liquid crystal material 20b
      is deposited or otherwise disposed in thermally conductive relation on the
      conductive layer 30.
PAR  The semi-conductor materials 22 and 24 are in thermally conductive relation
      to the heat sink 26a by means of electrically insulating but thermally
      conducting layers 32a. The liquid crystal material 20b is disposed on the
      conductive layer 30 in heat conductive relation to the latter. In this
      embodiment, the liquid crystal material 20b covers the conductive layer 30
      over the exposed surface area thereof, except for the opposing edges, as
      shown. The conductive layers 22 and 24 are connected to the conductive
      layer 30 by overlapping the opposite edges thereof, as shown in FIG. 4.
PAR  Electrical current which flows successively through the layers 22, 30 and
      24 causes heat to be generated or absorbed at the junction between the
      p-type and n-type layers 22 and 24 respectively to thereby cause the
      conductive layer 30 to assume a temperature suitable for achieving a
      desired optical state of the liquid crystal material 20b. Where an
      electrically conductive layer 30 is provided which has a conductivity
      substantially greater than that of the semi-conductor materials 22 and 24,
      the intermediate layer is insignificant insofar as the thermoelectric
      effects are concerned and cooling and heating at the junction is
      substantially the same as though the p-type and n-type layers were
      superposed or overlapped as shown in FIG. 2. However, because the layers
      22 and 24 are separated by a highly conductive layer 30, a depletion layer
      is prevented from being formed, as with the embodiment shown in FIG. 3.
PAR  The display module 12b shown in FIG. 4 is suitable for being fabricated in
      accordance with printed circuit techniques. Clearly, the various layers
      may be etched or deposited on the sink 26a with any suitable known
      technique.
PAR  Referring to FIG. 5, a seven segment indicating device 34 is shown, the
      segments being arranged in a numeral eight configuration to form a seven
      segment numerical display. The segments are respectively designated by
      reference numerals 36-42. Each of the segments is formed by overlapping
      layers of p-type and n-type semi-conductor layers as shown. Each segment
      may be formed in accordance with any of the embodiments shown in FIGS.
      2-4, or any other equivalent construction of a thermoelectric element. Any
      thermoelectric element may be utilized which has a surface whose
      temperature is controllable, as described above. The junctions are
      arranged in any desired configuration to provide a multi-cemented display.
      The display may, for example, be formed to display numerical or
      alphanumeric characters. The liquid crystal material is disposed on the
      surface of each thermoelectric element in thermally conductive relation
      therewith. In this manner, the liquid crystal material on each element is
      independently variable between different optical states as a function of
      the temperature to which the respective thermoelectric elements achieves
      or exhibits. The optical stages of the liquid crystal materials on one or
      more elements is a function of the directions and magnitudes of the
      currents passing through the respective thermoelectric elements. As well
      known, for example, a seven segment display may be utilized to form all
      the numerical characters by selective changes in optical states of one or
      more segments in the display device 34.
PAR  In accordance with the presently preferred embodiment, the indicating
      device 34 is in the nature of a module which is formed in accordance with
      integrated circuit techniques. The n-type material 24a is in the nature of
      a single land which is common to all the segments 36-42 and forms part of
      the respective junction or segment, as suggested in FIGS. 2-4. The
      junction is completed by a plurality of p-type semi-conductors 22a-22f
      which independently lead to each segment. In this manner, control of each
      respective junction is achieved by controlling the magnitude and direction
      of current flow through the respective p-type conductor and the n-type
      material.
PAR  It should be be clear from the above description that the thermoelectric
      display device of the present invention is simple in construction and
      economical to manufacture. The liquid crystal material which is to be
      utilized may be in any commercially available form and may be painted on,
      deposited or cemented to the thermoelectric element surfaces. This results
      in each of handling, application and use of the crystal material as well
      as the thermoelectric-crystal display modules. By using encapsulated
      liquid crystals, for example, the resulting modules have a long shelf life
      by minimizing surface contamination and giving protection from
      ultra-violet light. A particular advantage of the present invention is the
      reversibility in thermal operation. It is known, for example, that the
      optical states of the liquid crystal materials may be reversed over
      one-million cycles without indication of fatigue. The display modules of
      the present invention also reduce the angular dependence of the color
      observed since the liquid crystal materials are exposed on top of the
      thermoelectric elements and projects above the upper surface of the
      latter. This is opposed to prior art constructions wherein the liquid
      crystal material was generally encapsulated or enclosed between electrodes
      and generally contained in cavities of a structure.
PAR  Simultaneous use of more than one type of liquid crystal results in a
      structure which responds in different temperature ranges. This provides
      added flexibility in the nature or quality of the optical states which the
      display modules may exhibit.
PAR  As suggested above, the junctions themselves may be formed in any desired
      configuration. By coating the resulting junctions with liquid crystal
      material, permanent geometrical designs may be formed. This further
      enhances the value of the display device in the advertising and display
      fields. Geometrical designs having simple or complex configurations may be
      formed since the liquid crystal systems may be deposited on film or paper
      substrates or directly on the junctions themselves.
PAR  As should be clear from the above, the thermoelectric display device of the
      present invention permits the resulting display modules to provide one
      optical state, such as transparent or opaque and, by simply reversing the
      current through the thermoelectric element, effectively erase the original
      optical state and cause another or opposing optical state to be formed on
      the module. Thus, an opaque liquid crystal layer may be made transparent
      by reversal of current. A transparent liquid crystal material may
      similarly be made opaque by reversal of current through the thermoelectric
      element. Alternately, by appropriate selection of the liquid crystal
      material, the module may continuously display opacity, exhibit different
      colors with suitable application of current. For example, liquid crystal
      materials exist which are responsive to temperature variations and which
      exhibits greatly enhanced color brilliance. All colors, including reds,
      yellows, greens and blues are possible. For example, passage of current
      through the thermoelectric element in one direction may cause the liquid
      crystal material to start at the red end of the spectrum and turn blue
      while reversal of the current reverts the liquid crystal material from the
      blue to the red. Changes in colors between any two colors of the spectrum
      are made possible by suitable control of the current passing through and
      therefore the temperature of the thermoelectric element.
PAR  Numerous alterations of the structure herein disclosed will suggest
      themselves to those skilled in the art. However, it is to be understood
      that the present disclosure relates to a preferred embodiment of the
      invention which is for purposes of illustration only and is not to be
      construed as a limitation of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A visual display device comprising a thermoelectric element having a
      surface which exhibits a reversible temperature which is a function of
      magnitude and direction of a current passing through said element, a
      liquid crystal material disposed on said surface in thermally conductive
      relation therewith, said liquid crystal material being variable between
      different optical states as a function of temperature to which said liquid
      crystal is exposed, each optical state which the display device exhibits
      being a function of the magnitude and direction of the current passing
      through said thermoelectric element, said thermoelectric element including
      two dissimilar conductors disposed in overlapping relationship to provide
      predetermined areas defining a junction, said surface being a part of one
      of said conductors and being substantially coextensive with said
      predetermined area defining said junction so that regulation of the
      current through said junction controls the temperature at said surface and
      the optical state of said liquid crystal material, a heat sink being
      connected to each conductor in a thermally conductive relation therewith
      at a point remote from said junction to permit flow of heat therebetween,
      said conductors being fabricated from semi-conductor materials, one
      conductor being a p-type semi-conductor and the other conductor being an
      n-type semi-conductor, whereby reversal of the current through said
      junction provided by said p-type and n-type semi-conductors effects a
      change in thermal characteristic of said junction between a heat
      generating system and a heat absorbing system to raise and lower the
      temperature of said surface.
NUM  2.
PAR  2. A visual display device comprising a thermoelectric element having a
      surface which exhibits a reversible temperature which is a function of
      magnitude and direction of a current passing through said element, a
      liquid crystal material disposed on said surface in thermally conductive
      relation therewith, said liquid crystal material being variable between
      different optical states as a function of temperature to which said liquid
      crystal is exposed, each optical state which the display device exhibits
      being a function of the magnitude and direction of the current passing
      through said thermoelectric element, said thermoelectric element including
      a substantially planar heat sink to permit flow of heat, a layer of
      electrically conductive material disposed over said heat sink, an
      electrically insulating layer of material disposed between said heat sink
      and said layer of electrically conductive material, two semi-conductor
      layers disposed on said heat sink in thermally conductive relation
      thereto, each semi-conductor layer overlapping said electrically
      conductive layer at an opposite portion thereof, said surface being a part
      of said electrically conductive layer so that an electrical current flow
      through said semi-conductor layers and said electrically conductive
      material cuases said electrically conductive material to assume a
      temperature suitable for achieving a desired optical state of said liquid
      crystal material which is disposed on said electrically conductive layer,
      one semi-conductor layer being a p-type semi-conductor and the other
      conductor being an n-type semi-conductor, whereby reversal of the current
      through said p-type and n-type semi-conductors effects a change in thermal
      characteristic of said electrically conductive material between a heat
      generating system and a heat absorbing system to raise and lower the
      temperature of said surface.
NUM  3.
PAR  3. A visual display device as defined in claim 1, further comprising a
      layer of electrically conductive material disposed between the p-type and
      n-type semi-conductors over said predetermined areas, whereby said layer
      of conductive material permits free reversal of current through said
      junction and corresponding variation in optical states of said liquid
      crystal material.
NUM  4.
PAR  4. A visual display device as defined in claim 1, wherein said two
      conductors are in the form of planar layers in the region of overlap, said
      layers each having a thicknes smaller than the planar dimensions thereof,
      whereby each conductor has a small mass and heat capacity in the region of
      said junction to thereby permit rapid reversal of temperatures at said
      surface and correspondingly rapid variations of optical states of said
      liquid crystal material.
NUM  5.
PAR  5. A visual display device as defined in claim 4, wherein said layers are
      vacuum deposited layers.
NUM  6.
PAR  6. A visual display device as defined in claim 1, further comprising
      current generating means for reversibly driving a current of a
      predetermined magnitude through said thermoelectric element, whereby an
      optical state exhibited by said liquid crystal material during current
      flow in one direction can be erased and a second optical state substituted
      therefor by reversal of current flow in an opposite direction.
NUM  7.
PAR  7. A visual display device as defined in claim 2, wherein said two
      conductors are in the form of planar layers in region of overlap with said
      electrically conductive layer, said planar layers each having a thickness
      smaller than the planar dimensions thereof, whereby each conductor has a
      small mass and heat capacity in the region of said overlap to thereby
      permit rapid reversal of temperatures at said surface and correspondingly
      rapid variations of optical states of said liquid crystal material.
NUM  8.
PAR  8. A visual display device as defined in claim 2, further comprising
      current generating means for reversibly driving a current of a
      predetermined magnitude through said thermoelectric element, whereby an
      optical state exhibited by said liquid crystal material during current
      flow in one direction can be erased and a second optical state substituted
      therefor by reversal of current flow in an opposite direction.
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PAL  An electromagnetic indicator assembly includes a nonmagnetic angle plate
      defining a support frame for axially parallel spaced rotors each including
      a permanent magnet and a nonmagnetic plate circumferentially surrounding a
      portion of the magnet. The rotors carry symbols for display at window
      openings in the support frame. Another angle plate made of magnetic metal
      has stamped laterally spaced integral fingers defining magnetic cores
      carrying magnetizing coils axially perpendicular to the rotors. Ends of
      the cores serve as abutments for spaced edges of the rotor plates to stop
      rotation thereof. Adjacent cores are oppositely magnetized and adjacent
      rotors are oppositely magnetized to prevent rotation of adjacent rotors
      when any one rotor is selectively turned to display a symbol. The coils
      may be energized to hold the rotors latched against rotation in both
      stationary positions; or may be energized only for the purpose of turning
      a rotor to display a symbol, with the rotor returning to an original
      stationary position magnetically when the coil is deenergized.
PARN
PAR  This is a continuation of application Ser. No. 381,880, now abandoned,
      filed July 23, 1973.
BSUM
PAR  This invention relates to the art of electromagnetic indicators, and more
      particularly concerns an indicator having a stator assembly including a
      stamped magnetic plate defining a plurality of magnetic cores.
PAR  Electromagnetic indicators heretofore known have been rather complex in
      construction because they consisted of individual electromagnetic units
      which had to be hand assembled to form a multiple unit assembly. They
      included costly magnetic shielding to prevent actuation of adjacent units
      when any one unit was actuated.
PAR  The present invention is directed at overcoming the foregoing by providing
      a simplified structure for electromagnetic indicator and thereby reducing
      cost of manufacture by saving material and assembly time. According to the
      invention there is provided an indicator assembly including a stator
      subassembly comprising an angle plate made of magnetic metal. This plate
      is stamped to define laterally spaced parallel fingers which constitute
      cores for magnetizing coils. The circuit for energizing the coils is such
      that the cores are oppositely polarized magnetically. The indicator
      assembly further includes magnet rotors mounted on the plate carrying the
      stator subassembly. The rotors have cylindrical magnets with diametrically
      opposite magnetic poles. Adjacent rotors are oppositely polarized. This
      permits rotation of any one rotor when its associated stator core is
      magnetized without causing rotation of adjacent rotors. Each rotor
      includes an outer arcuate nonmagnetic shield or plate having free edges
      disposed at opposite sides of a free end of the magnetic core, to serve as
      an abutment to limit rotation of the rotor and to stop rotation in either
      one of two positions for displaying a symbol carried thereon or for
      concealing the symbol. The indicator assembly may be arranged to latch in
      either one of two positions or to operate without latching.
PAR  Accordingly a primary object of the present invention is to provide an
      electromegnetic indicator assembly having a simplified structure.
PAR  Another object of the present invention is to provide an electromagnetic
      indicator having a plurality of adjacent magnetic cores without magnetic
      shielding thereinbetween.
DRWD
PAR  These and other objects and many of the attendant advantages of this
      invention will be readily appreciated as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of an electromagnetic indicator assembly
      embodying the invention.
PAR  FIG. 2 is a top plan view of the assembly of FIG. 1;
PAR  FIG. 3 is a rear view of the assembly;
PAR  FIG. 4 is an end view of the assembly taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a cross sectional view taken along line 5--5 of FIG. 3;
PAR  FIG. 6 is a bottom plan view of the assembly;
PAR  FIGS. 7 and 7A are graphic diagrams of enlarged end views of two different
      rotors;
PAR  FIG. 8 is an exploded perspective view of parts of a rotor;
PAR  FIG. 9 is a perspective view of a stamped metal plate defining a plurality
      of magnetic cores;
PAR  FIG. 10 is a diagram of an electric circuit which can be used to energize
      the indicator assembly in a latching mode; and
PAR  FIG. 11 is a diagram of an electric circuit which can be used to energize
      the indicator assembly in a non-latching mode.
PAR  Referring now to the drawings wherein like reference characters designate
      like or corresponding parts throughout; there is illustrated in FIG. 1, an
      indicator assembly generally designated as reference numeral 20, including
      a rectangular angle frame plate 22 which serves as a mounting frame for
      the assembly. The plate 22 has a top wall 24 formed with a plurality of
      rectangular window openings 26 through which rotors 30 are visible. A side
      wall 32 of the plate 22 rotatably carries the rotors 30.
PAR  Each of the rotors 30 as best shown in FIG. 5 includes a disk shaped
      permanent magnet 34 with diametrically opposed N and S poles. The magnet
      34 is mounted on an axial stem 36 of a nonmagnetic partially cylindrical
      indicator plate or shield 38. The stem 36 is integral with an annular web
      39 which in turn is peripherally integral with the plate 38. The stem 36
      has an axial hole 40 through which extends a nonmagnetic metal pin 42
      terminating in a head 44. The pin 42 extends axially through a hole 45 in
      the wall 32 of the plate 22. A cylindrical spacer 46 is fitted on the pin
      42 at the inner side of the wall 32. The plate 38 and the magnet 34 rotate
      freely on the pin 42. A nut 48 at the rear free end of the pin 42 holds
      the rotor 30 on the wall 32. A plurality of the rotors 30 are similarly
      mounted in laterally spaced position on the wall 32 adjacent to the window
      openings 26.
PAR  The wall 32 also carries a stator assembly generally designated as
      reference 50, which includes a stamped rectangular magnetic metal plate 52
      as illustrated in FIG. 9. The plate 52 has one flat flange 54 provided
      with a pair of spaced threaded holes 56 which engage a respective screw 58
      extending through registering holes in the wall 32. The plate 52 has a
      bottom flange 60 formed with a plurality of integral upwardly bent
      laterally spaced fingers 62 which constitute the magnetic cores 64 of the
      assembly 50. On each of the cores 64 is a nonmagnetic spool 66 carrying a
      wire coil 68 (FIG. 3) terminating in a pair of wire leads 70a and 70b.
      When the indicator assembly is used in a latch indicating mode a center
      tap of the wire coil 68 is used which terminates in a lead 72 as
      illustrated in FIG. 3, 4, 6 and 10.
PAR  Each of the magnets 34 is permanently magnetized with N and S poles spaced
      180.degree. apart. As viewed in FIG. 3, the poles are alternated in
      polarity in adjacent rotors, with one S pole of the magnet 34a adjacent to
      the right or bottom edge 38' of the indicator plate 38, while next magnet
      34b has the N pole adjacent to the bottom edge 38'. As clearly illustrated
      the left or top edge 38" of the plate 38 extends about 70.degree. beyond
      the pole in FIG. 7. Each indicator plate 38 extends 250.degree. around the
      rotor 30 and in normal operation rotates about 90.degree.
      counterclockwise, as viewed in FIG. 3, to expose at the window opening 26
      a number or a letter 71 inscribed on the outer side of the plate 38 (see
      FIG. 8).
PAR  In a normal magnetically latched position, the N or S pole at the plate
      edge 38' abuts the core end 64' of the associated stator core. In normal
      operation the cores 64 are alternately magnetized with opposite polarity
      due to the manner in which the associated coil 68 is energized. For
      example, as shown in FIG. 3, looking from right to left, cores 64 when
      energized, would be alternately magnetized S and N and magnetically engage
      the N and S poles respectively of the rotors 30. The end 64' of each core
      64 limits rotation of the rotor 30 in opposite directions by serving as a
      stop or abutment for the edges 38' and 38" of the indicator plate 38. The
      alternate magnetic polarity of the rotors 30 provides unexpected
      advantages explained below.
PAR  FIG. 10 shows an electric circuit generally designated as reference numeral
      100 which may be used to energize the coils 68 from a D.C. source 80 when
      the indicator assembly is used in the latching mode. The center tap 72
      from each of the coils 68 are connected to a negative side 80B of a D.C.
      source. All of the coil leads 70b are connected to a common lead 88 which
      is in turn connected to a single pole double throw switch 90 connected to
      the positive side 80A of the D.C. source. All of the coil leads 70a are
      connected via a switch 84 to the positive terminal 80A of the D.C. source.
      In operation of the assembly 20 including the circuit 100 change of the
      polarity of a coil 68 is effected by a momentary closing and opening of
      its associated switch 84. For example change of polarity of the core 64e
      (FIG. 3) from N to S is effectuated by momentary closing and opening of
      the switch 84e which will repel the S pole of the rotor 34 and
      simultaneously attract its N pole thereby causing this rotor to rotate
      counterclockwise approximately 90.degree. until the edge 38" is stopped by
      the end 64' of the stator core 64. The two adjacent magnetic cores 64d and
      64f are not magnetized by their respective coil windings. They continue to
      engage magnetically the N poles of adjacent rotors 30. The reversal of the
      magnetic field of the core 64e to S polarity has no adverse effect on the
      adjacent rotors 30d and 30f, but instead tends by repulsion of neighboring
      poles to hold rotors 30d and 30f stationary. If this opposite magnetic
      polarity of adjacent rotors and stators had not been provided, the
      reversal of any one core would tend to repel the rotors of adjacent coils
      and cause them to turn undesirably. This alternation of magnetic
      polarities provides the additional advantage that magnetic shielding
      between adjacent cores and rotors is not required. This simplifies the
      structure and reduces material requirements and manufacturing cost. All of
      the rotors which have been energized are returned to their original
      positions by actuation of switch 90. Those rotors which have not been
      previously energized will remain uneffected by closing of switch 90 since
      they are already in their original position.
PAR  It will be noted that each rotor is latched magnetically in a stationary
      position at each extreme of rotation. This mode of operation conserves
      power since the coils are not energized until they are required to effect
      display of one of the letters or number 71.
PAR  It is also possible to operate without latching. For this purpose the
      rotors 30 are modified as illustrated in FIG. 7a as rotors 130.
      Nonmagnetic plates 138 extend about 280.degree. around the rotor and
      rotate about 60.degree.. In this arrangement, the alternate N and S poles
      of the adjacent rotors will be magnetically attracted to and will remain
      in contact with the upwardly projecting core end 64' of each associated
      demagnetized stator core. To display any of the numbers of letters 71, the
      selected coil 68 will be energized by closure of each switch 85 (FIG. 11).
      Each of the respective coils 86 have the leads 70a connected to one side
      of their respective switches 85. The other side of the switch 85 is
      connected to the positive terminal 80A of a D.C. source. The lead 70b of
      each of the coils 68 is connected via lead 88 to the negative terminal 80B
      of the D. C. source. Closure of any of the switches 85 will have the
      effect of repelling the magnetically engaged rotor 130 causing the rotor
      to rotate counterclockwise about 60.degree.  until the edge 38" engages
      the core end of the energized coil 130. In this non-latching mode the
      rotor will remain in its position only as long as the switch is closed.
      When the switch 85 is opened, energizing current for the coil is cutoff,
      and the rotor 30 returns, by rotating clockwise until the edge 38'
      magnetically contacts the core end 64', inasmuch as the S pole of the
      rotor 138 is always closer to the core 64' than the N pole.
PAR  The present invention is characterized by its simplicity of structure. A
      plurality of indicator display units can be made up into an assembly of
      any desired number quickly and easily due to the modular construction.
PAR  It should be understood that the foregoing relates to only a preferred
      embodiment of the invention and that it is intended to cover all changes
      and modifications of the example of the invention herein chosen for the
      purpose of the disclosure, which do not constitute departures from the
      spirit and scope of the invention.
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STM  The invention claimed is:
NUM  1.
PAR  1. An electromagnetic indicator assembly, comprising:
PA1  a support frame for displaying symbols;
PA1  a plurality of permanently magnetized rotors carried by said frame in
      laterally spaced axially parallel position, with each of said rotors
      carrying a symbol for display at said frame; and
PA1  a stator assembly carried by said frame and comprising:
PA1  a stamped magnetic metal plate having a plurality of laterally spaced
      fingers each defining a magnetic core which terminates close to one of
      said rotors, and
PA1  a plurality of stator coils each axially mounted on one of said cores for
      magnetizing the same when said coil is energized electrically to cause
      rotation in one direction of the adjacent rotor and displaying of said
      symbols carried thereon.
NUM  2.
PAR  2. An electromagnetic indicator assembly as defined in claim 1, wherein
      said rotors each include a magnet having diametrically opposite magnetic
      poles, the magnets of adjacent rotors being magnetized with opposite
      magnetic polarity; and further comprising circuit means for so energizing
      the stator coils that the adjacent cores have opposite polarity to cause
      rotation of any selected rotor in said one direction while magnetically
      preventing rotation of other rotors adjacent to said selected rotor.
NUM  3.
PAR  3. An electromagnetic indicator assembly as defined in claim 2, wherein
      each of said rotors includes a nonmagnetic cylindrically curved plate
      carrying one of said symbols to be displayed, said non-magnetic plate
      partially enclosing said magnet of said rotor and extending
      circumferentially around said magnet less than 360.degree. to define two
      spaced free edges; each of said cores having a free end extending out of
      said stator coil and terminating adjacent one of said rotors in the space
      between said two free spaced edges of said nonmagnetic rotor plate, which
      serves as an abutment for limiting rotation of said rotor.
NUM  4.
PAR  4. An electromagnetic indicator assembly as defined in claim 3, wherein
      said circuit means includes a direct current source, a first switching
      means connected thereto for energizing said coils and driving said rotors
      in said one direction and a second switching means connected to said
      direct current source for rotating said rotors in a direction opposite
      said one direction whereby said rotors are held stationary magnetically in
      either one of two positions with one of said edges of said nonmagnetic
      rotor plates in abutment with said free core end.
NUM  5.
PAR  5. An electromagnetic indicator assembly as defined in claim 4, wherein
      each of said nonmagnetic rotor plates extends circumferentially
      approximately 250.degree. around said rotor magnet so that said rotor
      turns approximately 90.degree. to display said symbol on said nonmagnetic
      plate when an associated stator coil is energized.
NUM  6.
PAR  6. An electromagnetic indicator assembly as defined in claim 3, wherein
      each of said nonmagnetic rotor plates extends circumferentially
      approximately 250.degree. around a rotor magnet so that said rotor turns
      approximately 90.degree. to display said symbol on said nonmagnetic plate
      when an associated stator coil is energized.
NUM  7.
PAR  7. An electromagnetic indicator assembly as defined in claim 3, wherein
      each of said nonmagnetic rotor plates extends circumferentially
      approximately 280.degree. around each of said rotor magnets so that one of
      said rotors turns approximately 60.degree. in one direction to display
      said symbol when an associate stator coil is energized, whereby said
      turned rotor returns to its initial position in a direction opposite said
      one direction when the associated stator coil is deenergized.
NUM  8.
PAR  8. An electromagnetic indicator assembly as defined in claim 1, wherein
      said support frame comprises a wall having laterally spaced window
      openings for displaying said symbols respectively, and another wall
      rotatably supporting said rotors to display said symbols at said window
      openings respectively.
NUM  9.
PAR  9. An electromagnetic indicator as defined in claim 1, wherein said metal
      plate comprises a first flange for mounting on said support frame, and a
      second flange integral with said first flange, said fingers being bent
      upwardly from said second flange parallel to said first flange to carry
      said coils.
NUM  10.
PAR  10. An electromagnetic indicator as defined in claim 9, wherein said
      support frame comprises a first wall having laterally spaced window
      openings for displaying said symbols respectively, and another wall
      integral with said first wall and rotatably supporting said rotors for
      display of said symbols at said window openings respectively, said first
      flange being mounted in abutment with said first wall so that said second
      flange is parallel to said first wall and said fingers support said coils
      axially perpendicular to said rotors and said first wall.
NUM  11.
PAR  11. An electromagnetic indicator assembly, comprising:
PA1  a support frame for displaying symbols;
PA1  a plurality of permanently magnetized rotors carried by said frame in
      laterally spaced axially parallel position, with each of said rotors
      carrying a symbol for display at said frame;
PA1  each of said rotor having a magnet having diametrically opposite magnetic
      poles, the magnets of adjacent rotors being magnetized with opposite
      magnetic polarity;
PA1  a stator assembly carried by said frame and comprising:
PA1  a plurality of metallic magnetic cores each of which terminates close to
      one of said rotors, and
PA1  a plurality of stator coils each axially mounted on one of said cores for
      magnetizing the same when said coil is energized electrically to cause
      rotation in one direction of a selected rotor and displaying of said
      symbol carried thereon, and
PA1  circuit means for so energizing said stator coils that the adjacent cores
      have opposite polarity thereby causing rotation of said selected rotor in
      said one direction while magnetically preventing rotation of other rotors
      adjacent to said selected rotor.
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ABST
PAL  An electronic device for amplifying, with automatic gain control by
       discr values, analogue signal samples and thereafter preferably effecting
      analogue-to-digital conversion of the samples, consists of an amplifier
      circuit, a comparator circuit, and a delay store circuit. The amplifier
      has a basic gain during a gain control or gain ranging operation, and
      supplies an output sample amplified with sufficient gain to bring it into
      the region of a predetermined voltage. The comparator circuit compares the
      output of the amplifier circuit with a reference and supplies an output in
      accordance with the result of the comparison. For analogue-to-digital
      conversion the amplifier circuit supplies for an input signal U an output
      signal 2U - VQ, where VQ is the quantification voltage, or, in other
      embodiments a signal 2U.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns the digitisation of analogue signals or
      samples of such signals for obtaining digital signals having a floating
      decimal point, and to the amplification of such signals or samples prior
      to digitisation.
PAR  The substantial progress made in recent times in the utilisation of digital
      information, both in the sphere of displaying such information and in that
      of its processing, has made itself felt in a general tendency to code in
      digital form the analogue signals supplied by numerous sources of widely
      varying nature. A typical example, to which reference will be made
      hereinafter, is that of seismic applications; pickup transducers, such as
      geophones, are distributed over prospecting sites for providing analogue
      seismic signals following an artifically produced quake, and these
      analogue signals are converted into digital signals for their utilisation.
PAR  Floating decimal point digital signals are formed of two parts, a
      characteristic and a mantissa, each comprising elementary binary
      information or bits. The notation weight assigned to each bit of the
      characteristic or mantissa is supplied either by the rank of this bit in
      time (serial digitisation) or by the fact that each bit is provided on a
      particular connection assigned to a predetermined notation weight
      (parallel digitisation), or by a combination of these two types of coding.
PAR  In a general manner, the digitisation of an analogue signal comprises
      taking samples of this signal which are sufficiently close together to
      constitute in their entirety a faithful representation of the analogue
      signal. Digitisation then comprises measurement of the amplitude and
      possibly the sign of each of these samples, the result of this measurement
      being expressed in the form of a digital signal. This method of
      digitisation comprising simply the measurement of each sample is called
      fixed point representation.
PAR  When the dynamic range of analogue signals is high, their digitisation with
      fixed point necessitates a large number of binary positions. This solution
      is therefore found to be complicated and difficult to employ.
PAR  To avoid these two disadvantages, it has already been proposed to carry out
      first of all an amplification of each sample with a controllable binary
      gain among a plurality of predetermined values for bringing the amplitude
      of each amplifier sample to the lower neighbourhood of a fixed value,
      called dull scale signal, and then to effect an analogue-to-digital
      conversion relative to this full scale signal of the sample thus
      amplified. This solution, called floating decimal point digitisation, is
      employed particularly in our French Pat. Specification No. 1,522,367.
PAR  Under these conditions, the digital signal obtained at the output of the
      analogue-to-digital conversion, comprising the mantissa, is a
      representation of the sample amplified with binary gain. This binary gain,
      expressed separately in digital form, is the characteristic which defines
      the position of the decimal point in the mantissa. In a general manner,
      the full-scale voltage is selected such that the binary gain is always
      greater than unity, and therefore the movement of the point is always made
      in the same direction; consequently, the sign of the characteristic
      remains always the same and may be suppressed.
PAR  On the other hand, the sign of the analogue signals, and therefore of the
      samples, is considered as forming part of the mantissa.
PAR  In the following description, "gain control" or gain ranging will be the
      operation consisting of amplifying a sample with an adequate binary gain
      to bring the amplified sample to the lower vicinity of a full-scale
      voltage, and "conversion" will be the operation consisting of effecting an
      analogue-to-digital conversion of the sample thus amplified.
PAR  Fixed point representation of analogue signals of definite polarity and
      rather low dynamic range forms the subject of a technical solution of
      considerable simplicity set forth in French Pat. Specification No.
      978,054. However, the device proposed in that specification does not make
      it possible to digitise, in floating point, analogue signals of high
      dynamic range and does not possess high precision
PAR  With regard to floating point digitisation, current technique is to effect
      separately gain control of samples in an amplifier having binary gain
      control of samples in an amplifier having binary gain control by discrete
      values (binary gain ranging) and then to carry out the measurement of each
      sample thus amplified in an analogue-to-digital converter.
PAR  The two important parameters for floating point digitisation are the
      sampling frequency, which is related to the speed required for the
      electronic circuits, and the mean relative precision of measurement
      defined by a number of exact numerical digits, which depends particularly
      on the ratio between the amplitude of the amplified sample and the
      amplitude of the full scale signal. It was obvious that the precision of
      measurement may be all the greater, the higher is the number of discrete
      values of the gain, for analogue signals of given dynamic range.
PAR  Sample amplifiers having automatic gain control and the analogue-to-digital
      converters generally employed in the art are all the more complicated, the
      higher is the number of discrete gain values and the number of desired
      significant digits, respectively.
PAR  It follows more particularly that the bulk and electric power consumption
      of the devices of the prior art are high. When a large number of different
      analogue signals have to be processed, it is possible either to employ an
      individual floating point digitisation device for each signal, which is an
      expensive solution, giving rise to difficult problems when these different
      signals have to be compared after digitisation, or to multiplex the
      different analogue signals for applying them to a single floating point
      digitisation channel, which has the disadvantage of multiplying the speed
      required for this single digitisation channel by the number of
      simultaneouslymultiplexed analogue signals.
PAR  The two types of devices of the prior art have a bulk and electric power
      consumption such that it is not possible to use them wherever desired.
      This is a considerable disadvantage for applications (seismic
      applications, for example) in which a plurality of pickups are distributed
      over the ground, the signals provided by these pickups being ditigised on
      the operational sites. Under these conditions, the digitisation devices of
      the prior art have to be collected together in the vicinity of the sources
      of power, such as laboratory trucks, while the pickups are dispersed at
      some distance.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a particularly simple electronic
      device for carrying out amplification with automatic gain ranging of
      samples of analogue signals.
PAR  Another object is to provide such a device which will also carry out
      analogue-to-digital conversion of each amplified sample.
PAR  Another object of the invention is to provide a device which has a smaller
      bulk and electrical power consumption compared with prior art devices.
PAR  A further object of the invention is to provide a device which can be
      readily incorporated with transducer pickups without greatly increasing
      their physical dimensions or electrical power consumption.
PAR  This invention provides an electronic device for the amplification with
      automatic gain control by discrete values of analogue signal samples
      before analogue-to-digital conversion of each amplified sample, with a
      view to the floating point digitisation of said samples. The device
      comprises an amplifier circuit having a predetermined basic gain between a
      signal input and an output, and a delay store circuit adapted to supply as
      output signal its input signal after a time interval, and having its input
      connected to the output of the amplifier circuit and its output connected
      to the signal input of the amplifier circuit. A comparator circuit
      compares the output signal of the amplifier circuit with a reference
      signal, and supplies one or another output level according to the result
      of this comparison. By means of this electronic device, it is possible to
      amplify each input sample successively several times until its amplitude
      approaches or exceeds that of the reference signal, the total gain applied
      to the sample by the device being supplied in the form of a digital signal
      in series to the output of the comparator circuit, and the sample
      amplified with this total gain being available, at the output of the
      amplifier circuit, for analogue-to-digital conversion. If the samples are
      of any polarity, the comparator circuit is adapted to function with
      signals of both polarities.
PAR  Preferably, such an electronic device also carries out the digital
      conversion of each sample thus amplified. For this purpose, the amplifier
      circuit and the comparator circuit each have two different operational
      states, a first state which is that defined above for the amplification of
      samples of analogue signals with automatic control by discrete values, and
      a second state for the analogue-to-digital conversion.
PAR  In a first embodiment, the amplifier circuit, during its second operational
      state, has a second gain for supplying either the difference between the
      analogue signal present at the signal input of the amplifier circuit,
      amplified with the second gain, and a quantification signal, or only the
      analogue signal applied to the said signal input amplified with this
      second gain in a manner controlled by a polarity signal. In its second
      state, the comparator circuit comprises a second value of its reference
      signal, and then supplies the digital conversion signals as well as the
      polarity signal applied to the amplifier circuit.
PAR  In this manner, the amplifier circuit supplies either the difference
      between the analogue sample applied to its signal input, amplified with a
      gain (in general equal to 2), and the quantification signal, or the sample
      itself amplified with the gain, according to whether the sample before
      amplification is higher or lower than the second reference value of the
      comparator circuit. This modification is particularly applicable when the
      samples are of predetermined, constant polarity.
PAR  In a second embodiment for carrying out analogue-to-digital conversion, the
      amplifier circuit comprises two quantification signals having the same
      amplitude and opposite polarities; the second reference value of the
      comparator is zero, and the amplifier circuit supplies systematically the
      difference between the analogue signal applied to its input signal
      amplified with a second gain and the quantification signal of the same
      polarity, the polarity suitable for the subsequent operation of the
      amplifier circuit being controlled off the output of the comparator
      circuit.
PAR  Very advantageously, in this second modification, the comparator circuit in
      its first state has two first reference values having the same amplitude
      and opposite polarities. Moreover, the analogue-todigital conversion
      properly so called is then proceded or followed by a sign determination,
      which may be made in a very simple manner as will be seen later.
DRWD
PAR  The invention will now be described in more detail, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is an electric circuit diagram of a gain control device embodying
      the invention for analogue signals of definite constant polarity, in which
      the delay store circuit comprises analogue stores;
PAR  FIG. 2 is an electric circuit diagram of a gain control device similar to
      that of FIG. 1 for analogue signals of any polarity;
PAR  FIG. 3 is the electric circuit diagram of a modification of the device of
      FIG. 2, providing a higher operational speed;
PAR  FIG. 4 is the electric circuit diagram of another modification of the
      device according to FIG. 2;
PAR  FIG. 5 is the electric circuit diagram of another gain control device
      embodying the invention for analogue signals of constant predetermined
      polarity, in which the delay store circuit comprises a delay line;
PAR  FIGS. 6 to 6B illustrate the electric circuit diagram and operation of a
      floating point digitiser device embodying the invention for analogue
      signals of predetermined constant polarity, this device functioning like
      that of FIG. 1 for gain control;
PAR  FIGS. 7 to 7B illustrate the electric circuit diagram and operation of a
      floating point digitiser device embodying the invention for analogue
      signals of any polarity, this device operating like that of FIG. 2 for the
      gain control;
PAR  FIGS. 8 and 8A illustrate the electric circuit diagram of a modification of
      the device of FIGS. 7 and 7A, this device operating like that of FIG. 2
      for gain control;
PAR  FIGS. 9 and 9B illustrate the electric circuit diagram and operation of
      another modification of the device of FIGS. 7 to 7B, this device operating
      like that of FIG. 4 for gain control; and
PAR  FIGS. 10 to 10B illustrate the electric circuit diagram and operation of
      another embodiment of a floating point digitiser embodying the invention
      for analogue signals of predetermined constant polarity, this device
      operating like that of FIG. 5 for gain control.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the figures, numerous switches are shown diagrammatically. When the
      sampling frequencies are very slow, these switches may be mechanical. Most
      of the time, these switches consist of semiconductors, advantageously
      field effect transistors. All the switches shown are controlled switches.
      The control lines are not shown. It is considered to be known to the
      person versed in the art to generate control signals for the field effect
      transistors according to a desired time sequence from time signals H. The
      control circuits used for this purpose have been shown very
      diagrammatically in the figures with the same reference number 180.
PAR  FIG. 1 illustrates one embodiment of the invention showing a device for
      amplifying with automatic gain control by discrete values of samples of
      analogue signals of definite polarity.
PAR  This FIG. 1 comprises an amplifier circuit shown in the dashed line box
      having the general reference 110, a delay store shown in the dashed line
      box having the general reference 120, and a comparator circuit shown in
      the dashed line box having the general reference 130.
PAR  The amplifier circuit 110 comprises a signal input 111 and a signal output
      112, called more briefly output 112. The amplifier circuit 110 is adapted
      at least to supply at its output 112 the analogue signal or the analogue
      sample applied to its signal input 111, amplified with a definite basic
      gain.
PAR  The delay store circuit 120 comprises an input 121 connected to the output
      112 of the amplifier circuit, and an output 122 adapted to be connected to
      the signal input 111 of the amplifier circuit 110 directly or by means of
      a controlled switch S 140.
PAR  The input signal 111 of the amplifier circuit 110 may be connected to an
      input channel VE by means of a controlled switch S 150.
PAR  The comparator circuit 130 comprises an input 131 connected for example
      directly to the output 112 of the amplifier circuit 110. Finally, the
      comparator circuit 131 comprises an output 132 connected to the digital
      signals output channel VN.
PAR  These notations will be used for all the other electric circuit diagrams of
      the drawings. Unless stated to the contrary, in the given electric circuit
      diagrams, the switches are shown in their respective positions at the
      commencement of amplification with automatic gain control.
PAR  In other respects, there will be described first of all, with reference to
      FIGS. 1 to 5, devices embodying the invention for amplification with
      automatic gain control by discrete values. The electric circuit diagrams
      of these devices will be described and the embodiment variations will be
      mentioned. Their operation will be described in a general manner. Time
      diagrams illustrating in a more precise and detailed manner the operation
      of these gain control devices are given with reference to the description
      of the corresponding devices of the other figures, which are also designed
      to carry out analogue-to-digital conversion.
PAR  A first embodiment of the amplifier device with automatic gain control will
      now be described with reference to FIG. 1 to illustrate in a simple manner
      the operation of this gain control.
PAR  The switch S 140 being closed, the amplifier circuit 110 and the delay
      store circuit 120 co-operate for causing an analogue signal sample to
      circulate; this sample is amplified with a predetermined basic gain in the
      amplifier circuit for its duration, and the sample thus amplified is
      supplied, after a time interval, by the delay store circuit 120 to the
      amplifier circuit 110. This procedure is repeated until the switch S 140
      is opened for preventing the arrival of the preceding amplified sample at
      the amplifier circuit 110. Of course, the delay time interval supplied by
      the delay store circuit 120 must be definitely greater than the useful
      duration of each sample, taking into account more particularly the
      response time of the amplifier circuit. (Useful duration of each signal is
      called that during which the output signal of the comparator circuit is
      taken into consideration as digital information.)
PAR  The comparator circuit 130 is connected, for example directly, to the
      output of the amplifier circuit 110 for comparing with a reference signal
      the sample obtained on each amplification.
PAR  In normal operation, at the most one of the two switches S 140 and S 150 is
      closed; when the switch S 150 is closed, the analogue signal present on
      the input channel VE is applied to the device. Taking a sample is effected
      by opening the switch S 150, or preferably by opening another switch
      situated downstream in a manner to be described later with reference to
      FIG. 2.
PAR  As soon as the switch S 150 is open, during or immediately after sampling,
      the switch 140 is closed to permit circulation of the analogue signal
      sample taken.
PAR  In FIG. 1 the analogue samples are assumed to be of definite constant
      polarity. The switch S 140 is shown in the closed position for the purpose
      of a description of the operation of the automatic gain control device
      after the sampling operation described above.
PAR  In a general manner, in all the succeeding figures, the switch S 140
      connecting the output 122 of the store circuit 120 to the input 111 of the
      amplifier circuit 110 will always be shown in the closed position unless
      stated to the contrary.
PAR  In FIG. 1, the amplifier circuit 110 is formed of a differential amplifier
      A 113, whose non-inverting input (illustrated by the + sign) is connected
      directly to the input line 111 of the amplifier circuit 110. The inverting
      input (-) of the differential amplifier A 113 is connected by a feedback
      resistance 114 to the output of the differential amplifier A 113. This
      inverting input (-) is also connected to earth by a resistance R 115.
      Finally, the output of amplifier A 113 supplies the output line 112 of the
      amplifier circuit.
PAR  In FIG. 1, the delay store circuit 120, which has an input line 121 and an
      output line 122, comprises in series with its input and output
      successively a first controlled switch S 123, a first static analogue
      store such as a capacitor M 124, a unit gain amplifier A 125, a second
      controlled switch S 126, and a second static analogue store, such as a
      capacitor M 127.
PAR  By "static analogue store" is meant a component capable of retaining an
      analogue signal for a substantial time. It is known that a capacitor
      charged by a very high impedance can perform this function. In the present
      description, the words "static analogue store" are in this sense opposite
      to the words "delay (analogue) store", which correspond to the application
      of a delay time interval to an analogue signal, without the said analgoue
      signal being stored in a durable manner in a static analogue store.
      analogue
PAR  In FIG. 1, it is clear that in the delay store circuit 120, the delay time
      interval is obtained in a manner controlled by the switches S 123 and S
      126 by means of the transfer of analogue samples between the first static
      analogue store M 124 and the second static analogue store M 127. As will
      be seen later, the store circuit 120 may be constructed in a different
      manner.
PAR  When the first and second static analogue stores M 124 and M 127 are formed
      by capacitors, it is clear that their respective utilisation impedances
      are provided by the differential amplifiers A 125 and A 113, whose input
      impedances are high. In FIG. 1, the function of the unit gain amplifier A
      125 is essentially to provide a high utilisation impedance to the first
      store M 124.
PAR  The necessary condition for the circuit 120 of FIG. 1 to function as delay
      store circuit is that one end and only of the two controlled switches S
      123 S 126 should be closed at any instant. In FIG. 1, the switch S 123 is
      shown closed and the switch S 126 opened. For all the succeeding figures
      in which the delay store circuit comprises two static analogue stores,
      these two switches are shown in their position at the commencement of gain
      control.
PAR  In FIG. 1, the comparator circuit 130 comprises a differential amplifier
      connected as comparator C 133, the + input of this amplifier being
      connected to the input 131 of the comparator circuit, the - input being
      connected to a reference voltage + VR 1, and the output of the
      comparatoramplifier C 133 being connected to the output line 132 of the
      comparator circuit 130. (It is recalled that a comparator-amplifier is a
      differential amplifier adapted to supply a substantially zero signal when
      the signal to be compared is algebraically less than the reference voltage
      + VR1, and to supply a high output voltage, called saturation voltage,
      when the analogue signal to be compared has the same polarity as the
      reference signal and has a greater amplitude than that of the said
      reference signal. The two output levels possible for a
      comparator-amplifier will be called respectively zero level and saturation
      level.)
PAR  In FIG. 1, the input 131 of the comparator circuit 130 is connected
      directly to the output 112 of the amplifier circuit 110. It is to be
      understood for FIG. 1 and the rest of this description that the input 131
      of the comparator circuit 130, as a modification, may be connected to the
      output of the static store M 124, or again to the output of the unit gain
      amplifier A 125, the signals appearing at these outputs being normally
      identical with those at the output of the amplifier circuit 110.
PAR  Automatic gain control is effected while taking into account the amplitude
      of the samples, but not their polarity. Given that the comparator circuit
      130 of FIG. 1 can make comparisons only for one polarity, which is that of
      the reference voltage + VR 1, it is clear that the device of FIG. 1
      functions with analogue samples of definite constant polarity, which must
      be the same as that of the reference signal + VR 1.
PAR  The operation of the device of FIG. 1 will now be described in a general
      manner. For this purpose, it will be assumed, by way of example, that the
      basic gain of the amplifier circuit 110, defined by the values of the
      resistances R 114 and R 115 is equal to 2, this basic gain being most
      often a whole power of 2. It will also be assumed that a sample of
      amplitude U just taken in the analogue signal of the input channel VE is
      applied to the input 111 of the amplifier circuit 110 and that the
      amplitude of this sample is distinctly less than that of the reference
      signal + VR 1.
PAR  This sample of amplitude U is amplified by the amplifier A 113 with the
      gain 2, which therefore provides a signal 2.U applied simultaneously to
      the comparator circuit 130 and to the delay store circuit 120, the switch
      S 123 of the latter being closed.
PAR  If the amplified signal 2.U is less than the reference signal + VR 1, the
      output 132 supplies a zero level. If the amplified sample is greater than
      the reference signal + VR 1, the output 132 supplies a saturation level
      and the gain control operation is terminated, the total gain being 2 and
      the amplified sample with this total gain having the value 2.U.
PAR  If the gain control operation is not terminated at this instant, the
      amplified sample 2.U stored in the static store M 124 is transferred to
      the store M 127 via the unit gain amplifier A 125 by closure of the second
      controlled switch S 126, and simultaneous opening of the first controlled
      switch S 123 for respecting the aforesaid necessary condition. The switch
      S 126 remains closed for a certain time which defines the delay time
      interval supplied by the delay store circuit 120. The switch S 126 is then
      opened again and the switch S 123 closed. A fresh amplification then
      occurs in the same way as before in the amplifier circuit 110, which
      supplies a sample amplified with an amplitude 4.U. This operation is
      repeated until the output 132 of the comparator circuit 130 indicates
      saturation output level.
PAR  The number of successive zero levels of the comparator circuit 130 is a
      digital signal representative of the total gain applied to the initial
      sample. The sample, amplified with this total gain, is available at the
      output 112 of the amplifier circuit 110 towards an analogue output channel
      VA. After amplification, the sample in a modification may be picked up at
      the output of the first static store M 124 or at the output of the unit
      gain amplifier A 125.
PAR  The sample amplified with total gain, present in the analogue output
      channel VA at the moment at which gain control is terminated is, in most
      of the times applied to an analogue-to-digital converter having a full
      scale voltage Vco.
PAR  When the sample amplified with total gain is transmitted as just described,
      the reference signal + VR 1 is selected to be equal to the full-scale
      signal Vco of the converter divided by the basic gain, equal to 2 in this
      example, of the amplifier circuit 110. In this manner, the sample
      amplified with the total gain has an amplitude of between Vco/2 and Vco.
      This arrangement is possible for all the gain control methods described
      hereinafter and irrespective of the basic gain of the amplifier circuit
      during gain control.
PAR  Another modification can be used when the delay store circuit comprises two
      static analogue stores. The reference voltage + VR 1 is selected to be
      equal to the full scale voltage Vco of the analogue-to-digital conversion,
      and the sample having the total gain is taken at the amplifier input, that
      is to say at the output of the analogue store M 127. In this case, the
      last comparison supplying a saturation output level is made on the signal
      amplified with the global gain multiplied once too many by the basic gain
      of the amplifier circuit. The sample amplified with the total gain is the
      same as before, but the coding of the digital signals supplied to the
      output of the comparator circuit differs slightly, since in the second
      case and for the same initial sample, the number of zero levels at the
      output of the comparator is greater than unity. This modification is
      illustrated in FIG. 1 by an analogue output channel VA in short dashed
      lines.
PAR  The output of the comparator circuit 130 is connected to the output channel
      VN of the digital signals for supplying the elementary digital signals
      representative of the total gain.
PAR  FIG. 2 illustrates an embodiment modification of the amplification device
      with automatic gain control by discrete values of FIG. 1. According to
      this modification, the comparator circuit 130 is adapted to compare its
      input signal with a reference amplitude of any polarity. Furthermore, the
      amplifier circuit 110 shows a switch S 116 whereby this amplifier circuit
      may be caused to operate in unit gain, during sampling for example.
PAR  Except for this, the circuits of FIGS. 1 and 2 are identical and
      corresponding elements have the same references.
PAR  The comparator circuit 130 of FIG. 2 comprises a comparator amplifier C 133
      associated with a reference voltage + VR 1 as previously indicated. It
      also comprises a second comparator amplifier C 134, whose - input is
      connected to the input 131 of the comparator circuit 130, and whose +
      input is connected to the reference voltage - VR 1 of the same amplitude
      as the voltage + VR 2, but of opposite polarity. The outputs of
      comparators C 133 and C 134 are combined in OR gates, shown with the
      reference G 139, whose output is connected to the output line 132 of the
      comparator circuit 130 for supplying to the digital output channel VN the
      elementary digital signals representative of the total gain applied to
      each sample. Correct operation is obtained since a saturation level at the
      output of either of the comparator amplifiers produces a saturation output
      level on the output channels VN.
PAR  The sampling operation before gain control will now be described with
      reference to FIG. 2. This operation is carried out with the switch S 116
      open, whereas this switch is closed during gain control. It should be
      understood that this modification for sampling is also applicable to FIG.
      1 and to all the proposed embodiments. However, this sampling modification
      is less interesting when the delay store circuit is not formed of static
      analogue stores.
PAR  The switch S 116 being open for sampling, the switch S 140 is also open,
      whereas the switch S 150 is closed. In this way, the differential
      amplifier A 113 has in its circuit only the feedback resistance R 114,
      without connection of its - input to earth; it has therefore unit gain and
      supplies to its output the analogue signal of the input channel VE.
      Sampling is produced by opening of the switch S 123, the sample obtained
      having thus the amplitude and polarity of the analogue signal at the
      moment of this opening. This sample is stored in the store M 124 and is
      immediately transferred to the store M 127 since the opening of the switch
      S 123 is accompanied by closure of the switch S 126.
PAR  After sampling, the switches S 116 and S 140 are closed and the switch S
      150 is opened.
PAR  At this moment, the sample is applied to the input 111 of the amplifier
      circuit 110 for gain control, which is carried out as previously
      indicated.
PAR  The devices described up to the present with reference to FIGS. 1 and 2,
      and in which the delay store circuit is formed of two static analogue
      stores have modifications which will now be described.
PAR  These modifications will be described with reference to FIG. 2, that is to
      say for analogue samples of both polarities, the samples being obtained in
      the device itself by means of a switch such as S 116 in FIG. 2.
PAR  According to these modifications, not only is transfer from the static
      store M 127 to the static store M 124 made by means of an amplifier
      circuit intervening for gain control, but again the transfer from store M
      124 to store M 127 is also accompanied by an amplification intervening in
      the gain control.
PAR  FIG. 3 shows a first modification of an amplification device with automatic
      gain control embodying the invention.
PAR  According to the modification of this FIG. 3, the unit gain amplifier A 125
      is replaced by a second amplifier circuit 160 similar to the first, that
      is to say, having a signal input 161, an output 162, a differential
      amplifier A 163 whose + input is the signal input of the amplifier circuit
      160 and is connected to the output of the first static store M 124. The
      output of differential amplifier A 163 is connected by a feedback
      resistance R 164 to the -input of the said amplifier A 163; finally, this
      - input is connected to earth via a resistance R 165 and possibly a switch
      S 166 for sampling. (The switch S 166 is used if the first amplification
      intervening for gain control is to be carried out by the first amplifier
      circuit 110.)
PAR  The output of amplifier circuit A 163 supplies the output line 162 of the
      second amplifier circuit 160. This output line is connected on the one
      hand via the switch S 126 to the input of store M 127, on the other hand
      possibly to an analogue output channel VA, on the other hand finally to a
      second comparator circuit 170 similar to the first comparator circuit 130.
      In FIG. 3, the second comparator circuit 170 therefore comprises two
      comparator-amplifiers C 173 and C 174 associated respectively with
      reference voltages having the same amplitude and different polarities. The
      outputs of the two comparator-amplifiers C173 and C 174 are connected in
      "OR" gate means G 179 in the same way as for the first comparator circuit
      130 of FIG. 3.
PAR  Very advantageously, the resistances R 164 and R 165 of the second
      amplifier circuit 160 have respectively the same values as the resistances
      R 114 and R 115 of the amplifier circuit 110, such that the gains of the
      two amplifier circuits 110 and 160 are equal to each other and to the same
      whole power of 2. In this case, it is also advantageous to give to the
      reference voltages of the comparator circuits 130 and 170 the same
      amplitude, that is to say the same absolute value. It is then possible to
      consider in the same way the output signals of the OR gates G 139 and G
      159, which therefore supply the signals representative of the gain to the
      digital output channel VN.
PAR  According to this modification, the amplified sample with the total gain
      may have to be taken either at the output of amplifier A 113 or of store M
      124, either at the output of amplifier A 163 or store M 127, according to
      whether the first or second comparator circuit 130 and 150 respectively
      supplies a saturation level. The sample amplified with the total gain may
      then be supplied to a single analogue output channel VA either by means of
      switches, controlled for example by the outputs of the comparator circuits
      (switches not shown), or preferably by causing one of the amplifiers A 113
      and A 163 to operate in unit gain by means of one of the switches S 116
      and S 166.
PAR  In this case, only one of the lines VA shown in FIG. 3 is used, for example
      the line connected to the output 112 of amplifier A 113, and when the
      sample amplified with the over-all gain is present at the output of
      amplifier A 163, which brings a saturation level to the output of the
      second comparator 170, this saturation level is used for controlling the
      opening of the switch S 116, for causing the amplifier A 113 to function
      in unit gain, which then brings the sample, previously amplified with
      total gain, to the analogue output channel connected to the output 112 of
      the amplifier A 113.
PAR  FIG. 4 shows the device embodying the invention in which the delay store
      circuit is formed of first and second static analogue stores, each having
      an input switch and an output or utilisation switch.
PAR  This lay-out may be regarded as a modification of that of FIG. 3, in which
      the function of the first and second amplifier circuits is performed by
      the single amplifier circuit 110. This amplifier circuit 110 may be either
      that of FIGS. 2 and 3, or that of FIG. 1, which has no switch S 116. The
      comparator circuit 130 of FIG. 4 is also the same as that of FIGS. 2 and
      3; of course, this could be that of FIG. 1, when the analogue signals are
      of definite constant polarity.
PAR  The delay store circuit 120 of FIG. 4 has its input 121 connected via a
      first controlled switch S 123 to the first static analogue store M 124,
      and in parallel via a second controlled switch S 126 to the second static
      analogue store M 127. The first and second controlled switches S 123 and S
      126 must always respect the aforesaid necessary condition, i.e. that one
      and only one of these switches is closed at any instant.
PAR  The output of the first static analogue store M 124 is connected by a
      utilisation switch S 128 to the output 122 of the delay store circuit 120,
      and the output of the second static analogue store M 127 is connected via
      a second controlled utilisation switch S 129 to the said output 122. At
      the most, one of these two controlled switches S 128 and S 129 is closed
      at any instant; these two switches S 128 and S 129 are opened
      simultaneously in the course of the sampling operation, thus performing
      the function of switch 140 of FIGS. 1 to 3. Outside the duration of
      sampling, the switches S 128 and S 129 are also subjected to the aforesaid
      necessary condition: one and only one of them is closed at any instant;
      furthermore, for each store, the utilisation switch may be opened only
      when the input switch is closed and vice versa.
PAR  One of the static analogue stores, for example M 124, is used for sampling
      which is then produced by opening of the switch S 123. The switches of the
      circuit of FIG. 4 at this moment are in the position shown in FIG. 4 and
      amplification with automatic gain control begins, the sample obtained in
      the store M 124 being applied to the input 111 of the amplifier circuit
      110, while the sample obtained, after a first amplification, at the output
      of the said amplifier circuit 110, is stored in the second static analogue
      store M 127.
PAR  After the first comparison in the comparator circuit 130, the positions of
      the four switches of the delay store circuit 120 are respectively
      reversed, and the gain control is thus carried on in a repetitive manner
      until a saturation level appears at the output of the comparator circuit
      120.
PAR  FIG. 5 shows a device for amplification with automatic gain control by
      discrete values embodying the invention, in which the delay store circuit
      is formed by a delay line 120, comprising in a manner known per se
      amplification means (not shown specifically) giving it unit gain. This
      delay line has a predetermined transit time. The input 121 of delay line
      120 is connected directly to the output 112 of the amplified circuit 110.
      The output 122 of the delay line 120 is connected to the switch S 140,
      itself connected on the one hand to the input 111 of the amplifier circuit
      and on the other hand to earth via a resistance R 141.
PAR  For the modification of FIG. 5, the comparator circuit 130 is
      advantageously that of FIG. 1, and the reference voltage + VR 1 has an
      amplitude equal to that of the full scale conversion voltage Vco divided
      by the basic gain of the amplifier circuit 110.
PAR  In the embodiment of FIG. 5, sampling is preferably carried out by closing
      the switch S 150 for a time interval slightly less than the transit time
      interval in the delay line 120.
PAR  A difference exists from the sampling point of view between the devices of
      FIGS. 1 to 4 and the device of FIG. 5. In fact, when the delay store
      circuit is formed of static analogue stores (FIGS. 1 to 4), the sample
      taken has for its value that of the analogue signal at a given precise
      instant, namely the opening of a switch, this value being recorded in a
      durable manner successively in one and the other of the static analogue
      stores with intermediate amplification. When, on the contrary, the delay
      store circuit is formed by a delay line (FIG. 5), the sample taken is a
      portion of a certain duration cut out of the analogue signal, and in this
      case the amplitude of the sample may vary according to whether the
      commencement or end of the said sample is considered. In this second case,
      therefore, it is advantageous to take into consideration the output levels
      of the comparator circuit at a selected instant in the duration of the
      said sample which must be the same for each of the successive operations.
PAR  Another difference between the devices comprising static analogue stores
      and devices comprising a delay line may be explained as follows: In the
      first devices, the time succession of the operations in the store circuit
      is controlled by action on the switches of the said store circuit; in the
      second devices, this succession is established one and for all, taking
      into account the duration of the sample and of the transit time of the
      sample in the delay line.
PAR  There will now be described devices embodying the invention for carrying
      out firstly amplification with automatic gain control and then
      analogue-to-digital conversion.
PAR  The operational time diagrams for these devices will be given. These
      diagrams also illustrate, in their part corresponding to the amplification
      with automatic gain control, the operation of the devices of FIGS. 1 to 5.
PAR  In the figures to follow, it is assumed that the devices embodying the
      invention comprise a source of time signals H, constructed in a known
      manner, now shown, and that each control circuit 180 is adapted to
      generate first of all an amplification signal with automatic gain control
      by discrete values, or more briefly gain control signal, and then an
      analogue-to-digital conversion control signal, or more briefly conversion
      signal, the open or closed position of all or some of the switches
      depending on the signal thus generated.
PAR  It is at once apparent that for the devices embodying the invention
      comprising two static analogue stores, the control state may be prolonged
      beyond the end of the gain control operation. Advantageously, this gain
      control state has a predetermined duration formed by a certain number of
      time pulses. As a modification, the gain control state is interrupted by
      the presence of a saturation limit at the output of a comparator circuit.
      The conversion state may be controlled immediately or with a delay,
      relative to the gain control state.
PAR  For the devices embodying the invention comprising a delay line, it is, on
      the contrary, necessary that the gain control state should be interrupted
      immediately after the appearance of a saturation level, and normally
      immediately following the conversion state. The only operation admissible
      in this case between the gain control state and the conversion state is an
      operation of the unit gain amplifier circuit.
PAR  The devices according to the invention may utilise for analogue-to-digital
      conversion two different conversion methods. Each of these two conversion
      methods will be described respectively with reference to FIGS. 6 and 7.
      However, it is first necessary to consider the lay-out of the differential
      amplifier A 113 of the amplifier circuit 110 of FIG. 6. When the switch S
      116 is closed, the gain of the amplifier circuit is equal to
      ##EQU1##
PAR  For the gain control period, this gain has been called basic gain; the
      basic gain is normally equal to a whole power of 2.
PAR  The switch S 116 being open and the switch S 118 being closed, the voltage
      V 112 may be expressed as a function of the voltage V 111 and of the
      quantification voltage + VQ as follows:
      ##EQU2##
PAR  For analogue-to-digital conversion in binary notation, the values of the
      resistances R 114 and R 117 are selected to be equal, and we have V 112 =
      2.V 111 - VQ. As will be seen later, in certain modifications of
      analogue-to-digital conversion, the differential amplifier A 113 is also
      used with the voltage VQ replaced by zero voltage, which gives V 112 = 2.V
      111. It may be noted that when the gain is equal to 2 (condition R 114 = R
      115), it is not necessary to use a supplementary switch for obtaining the
      relationship: V 111 = 2 V 111. For simplification, this hypothesis will be
      made for most of the devices which are now to be described.
PAR  Of course, at the most one of the switches connected to the inverting input
      of the amplifier a 113 may be closed at any instant.
PAR  Concerning the comparator circuit, the same situation appears, namely that
      the reference value (of one or of both polarities) may be in certain cases
      (FIG. 10) the same for the gain control operation or for
      analogue-to-digital conversion. Of course, in normal operation, one and
      only one of the switches associated with the same comparator amplifier is
      closed.
PAR  With regard to the operation of analogue-to-digital conversion, there also
      exist two essential modifications, i.e., one in which the reference
      voltage is zero (FIGS. 6 to 9), and the other according to which the
      reference voltage is equal in absolute value to the full scale conversion
      voltage divided by 2 (FIG. 10).
PAR  The digitiser device embodying the invention illustrated in FIG. 6 will not
      be described.
PAR  Before digitisation, the device is waiting, the only switches closed being
      the switch S 150 and the switch S 123. The differential amplifier A 113
      has therefore unit gain. Sampling is then carried out as described with
      reference to FIG. 2 by opening the switch S 123. The sample stored in the
      store M 124 is then transferred to the store M 127 by closing the switch S
      126, then the switch S 126 is opened again and the device is then put
      exactly in the same state as that shown in FIG. 1, for the operation of
      gain control.
PAR  This operation of gain control is carried out as described with reference
      to FIG. 1.
PAR  At the end of the gain control operation, the analogue-to-digital
      conversion operation commences, the switches being then as shown in FIG.
      6A.
PAR  For the method of conversion used in the device of FIG. 6A, the reference
      voltage + VR 2 used for analogue-to-digital conversion is equal to zero
      and conversion is effected as follows, the sample applied to the input of
      the amplifier circuit being now called U:
PAR  Switch S 118 being closed, if the voltage 2.U - VQ available at the output
      of the amplifier circuit 110 is greater than zero, the first bit of the
      conversion is 1, and this voltage 2.U - VQ is transferred to the store M
      124, then to the store M 127,
PAR  if, on the contrary, the voltage 2.U - VQ available at the output 112 of
      the amplifier circuit is negative, the switch S 118 is open and the switch
      116 is closed (or again the voltage + VQ is replaced by a zero voltage if
      the relationship R 114 = R 115 is not verified for gain control), and the
      voltage stored in store M 124 is then equal to 2.U, this voltage being
      then transferred to the store M 127. In this case, the conversion bit is
      0.
PAR  FIG. 6B illustrates in detail the operation of the digitiser circuit of
      FIGS. 6 and 6A for an input sample whose amplitude is 1.5 volt.
PAR  In this figure, closing of a switch is represented by a continuous solid
      line, while its opening is represented by a short and light dashed line.
      The voltages + VQ and + VR 1 are both assumed to be equal to 10 volts
      which is the full scale voltage of analogue-to-digital conversion.
      Furthermore, the resistances R 114 R 115 and R 117 are assumed to be equal
      to one another. In this case, the basic gain for gain control is equal to
      2. If it were otherwise, an additional switch would have to be provided
      for example for connecting the resistance R 117 to earth instead of to +
      VQ; in fact, the resistance R 115 would not, in this case, be equal to the
      resistance R 117.
PAR  We shall now comment upon FIG. 6B. It will be observed that the gain
      control operation has a fixed duration equal to 8 time periods. This is
      not absolutely necessary; this duration, as a modification, may depend on
      the appearance of a saturation level at the output of the comparator; it
      will also be noted that analogue-to-digital conversion has a fixed
      duration of 7 time periods, which is selected according to the desired
      precision.
PAR  The time periods will be designated according to the number of their time
      pulse; for example, the time period t0 extends from the instant t0 to t1:
PAR  before t0: waiting stage; all the switches are open except S 150, S 135 and
      S 123. The analogue signal is assumed equal to + 1.5 volt, this signal
      being present at the output of the amplifier circuit which then has unit
      gain (all the switches of this circuit are open); the same signal is
      present in the store M 124. The store M 127 contains any signal normally
      included between 0 and + 10 volts.
PAR  period t0: opening of S 123 and closing of S 126; the voltage V 112 remains
      equal to the analogue signal present on the input channel. The store 124
      retains the sampled voltage of 1.5 volt; the store M 127 receives this
      voltage of 1.5 volt.
PAR  period t1: opening of S 150 and closing of S 140; the amplifier A 113 now
      receives the signal from the store M 127, but has still unit gain.
PAR  period t2: closing of S 116, change of state of the switches of the stores;
      commencement of gain control properly so-called. The basic gain being 2,
      the amplifier A 113 supplies at its output double the voltage 1.5 volt
      present in the store M 127. This voltage of 3 volts is applied on the one
      hand to the comparator circuit which therefore keeps its 0 level and it is
      stored in M 124. At the end of the period 0 bit of gain exists at the
      digital output. This is the first bit of the characteristic of the digital
      signal.
PAR  period t3: change of state S 123 and S 126; transfer of the voltage of 3
      volts from M 124 to M 127 (delay operation). The amplifier circuit
      supplies 6 volts, but is not yet connected to store M 124.
PAR  period t4: change of state of the switches S 123 and S 126. The store M 124
      now receives 6 volts; the comparator circuit again supplies an 0 level
      which gives a second 0 bit for the characteristic.
PAR  period t5: change of state of S 123 and S 126, the store M 127 receives 6
      volts, the voltage of output V 112 of the amplifier circuit passes to 6
      volts. The comparator circuit then supplies a saturation level, the store
      M 124 does not yet receive 12 volts.
PAR  period t6: change of state of S 123 and S 126. At the end of the period,
      third 1 bit of the characteristic.
PAR  It will be noted that the switch S 126 should remain open from the end of
      the period, during which a saturation level appears at the comparator
      output, to the end of gain control.
PAR  period t7: no switching in the present case. There would be change of state
      of the switches of the store circuit if the third bit of the
      characteristic was 0.
PAR  period t8: commencement of the conversion stage, change of state of
      switches S 155 and S 136 of the circuit comparator. Change of state of the
      switches S 118 and S 116 of the amplifier circuit. The amplifier circuit
      supplies 2.U - 10 volts when its input voltage is U and when the switch S
      118 is closed. The voltage in M 127 being 6 volts, the amplifier circuit
      supplies 2 volts, which voltage is applied to the comparator circuit and
      to the store M 124. The reference voltage of the comparator being now
      equal to zero, a mantissa 1 bit appears at the end of this period.
PAR  period t9: no switching, the first bit being 1. It will be observed that
      during the conversion stage, store 124 receives the amplified signal after
      the determination of the mantissa bit; in fact, the nature of the signal
      retained after the determination of each bit depends on the value of that
      bit.
PAR  period t10: transfer of 2 volts to M 127 by change of state of switches S
      123 and S 126. The amplifier circuit supplies - 6 volts; the comparator
      circuit supplies an 0 level, therefore a second 0 bit at the end of the
      period.
PAR  period t11: change of state of the store circuit switches S 123 and S 126,
      as well as of the amplifier circuit switches S 118 and S 116. In this way,
      the amplifier circuit supplies 2.U. The store M 124 therefore receives 4
      volts. The comparator circuit supplies a saturation level which is
      disregarded.
PAR  period t12: change of state of switches S 116, S 118, S 123, S 126. The
      amplifier circuit again supplies 2.U - 10 volts. The comparator circuit
      therefore receives - 2 volts and returns to an 0 level, which supplies at
      the end the period a third 0 bit for the mantissa.
PAR  period t13: new change of state of switches S 123 and S 126 (necessarily),
      and switches S 118 and S 116, the preceding bit being 0. The store M 124
      receives a voltage of 8 volts. The comparator circuit supplies a
      saturation level which is not taken into consideration.
PAR  period t14: change of state of switches S118 and S 116, the preceding bit
      being 0. The amplifier circuit supplies 6 volts to the comparator circuit,
      which therefore retains its saturation level. At the end of the period a
      fourth and last 1 bit is provided for the mantissa.
PAR  period t15: return to the waiting position before t0 until the next
      sampling order: S 123, S 135 and S 150 are closed. All the other switches:
      S 140, S 136, S 118, S 116, S 126 are open.
PAR  Coding of the signal gain by the characteristic bits is as follows:
TBL          111       2.sup.0                                                 
             011       2.sup.1                                                 
             001       2.sup.2                                                 
             000       2.sup.3                                                 
PAR  There will now be described with reference to FIG. 7 a second method of
      analogue-to-digital conversion, for which the reference voltage is zero,
      but unlike the preceding method, the conversion is effected by systematic
      subtraction in the amplifier circuit even if the result is negative.
PAR  This negative result is recorded as such in the analogue stores; however,
      when the sample applied to the input of the amplifier circuit is negative,
      there is subtracted from it a quantification signal which itself is also
      negative. Since the comparator has detected the fact that this sample is
      negative, control of the polarity of the quantification signal is
      therefore effected in response to the comparator output signal.
PAR  The person versed in the art will understand that if a sample 2.U gives 2.U
      - VQ negative and that if it is processed again while changing the
      polarity of the signal VQ, which gives
EQU  2 . (2.U - VQ) - (- VQ) or: 4.U - VQ
PAL  this amounts to the same thing as storing the value 2.U when the sample is
      negative and of then subjecting it to a subtraction, the signal VQ being
      taken with the + sign.
PAR  Since the device using this method of conversion may operate with analogue
      voltages of both polarities, it is very advantageous to supply to it two
      comparison reference voltages + VR 1 and - VR 1 for gain control.
PAR  FIG. 7 illustrates the position of the switches at the commencement of the
      gain control operation; FIG. 7A illustrates the position of the switches
      at the commencement of the analogue-to-digital conversion operation
      (determination of the sign), and FIG. 7B illustrates the operation of the
      devices of FIGS. 7 and 7A, with an input sample of amplitude + 1.5 volt.
PAR  For FIG. 7B, which should be read in the same way as FIG. 6B, the following
      conditions are realised:
EQU  VQ = VR 1 = 10 volts.
EQU  R 114 = R 117 = 3 .times. R 115.
PAR  The basic gain for gain control is therefore equal to 4 or 2.sup.2. The
      number of bits of the characteristic is the same as before. The gain
      control operation is effected in the same way as for FIG. 6B. However,
      although the sample is the same, the numerical value of the characteristic
      is different, since the basic gain which defines the notation weight of
      the bits of the characteristic is different.
PAR  With regard to the analogue-to-digital conversion, the number of bits is
      equal to 4, plus a first bit corresponding to the determination of the
      sign.
PAR  Since the transfer from the amplifier circuit to the store M 124 is
      effected without condition, the positions of the switches of the store
      circuit are changed at each time period.
PAR  As pointed out in the foregoing, at the end of the period t12, the
      comparator indicates that the sample is negative and a 0 bit is generated.
      At the moment, the switches S 118 and S 119 change state so as to change
      the polarity of the quantification signal from + 10 volts to - 10 volts.
PAR  It will be remarked that during the time period t8, the amplifier A 113 is
      in unit gain, for determination of the sign, without modification of the
      value of the sample.
PAR  FIGS. 8 and 8A represent a device embodying the invention in which the
      store circuit is formed of two static analogue stores, and which comprises
      a second amplifier circuit 160 similar to the first amplifier circuit 110,
      connected between the output of store M 124 and the input of switch S 126.
PAR  FIG. 8 represents the position of the switches at the commencement of the
      gain search operation; FIG. 8A represents the position of the switches at
      the commencement of analogue-to-digital conversion. The device of FIGS. 8
      and 8A is shown as a modification of the device of FIG. 7 and functions in
      exactly the same way. The essential advantage of this device is that its
      speed is doubled, since during two time periods, each of the comparator
      circuits supplies digital information. In this case, the delay store
      circuit supplies a delay for the two amplifier circuits alternately.
PAR  Very advantageously, the two pairs of amplifier circuits and comparatos are
      identical for the gain control operation, this being obligatory for
      analogue-to-digital conversion.
PAR  No time diagram has been supplied for the circuit of FIGS. 8 and 8A. This
      time diagram follows directly from that of FIG. 7B.
PAR  FIG. 9 shows another modification of the floating point digitising device
      according to the invention, in which the same amplifier circuit plays the
      part of the two amplifier circuits of the device of FIGS. 8 and 8A. As
      before, FIG. 9 illustrates the position of the switches at the
      commencement of the gain control operation and FIG. 9 illustrates the
      position of the switches at the commencement of the analogue-to-digital
      conversion operation.
PAR  FIG. 9B is the operation time diagram of the devices of FIGS. 9 and 9A with
      the following conditions:
EQU  VQ = VB 1 = 10 volts and R 114 = R 117 = 3.R 115.
PAR  The input sample has the value of 1.5 volt and the basic gain is the same
      as for the device of FIGS. 7 and 7B. It will be readily verified that the
      operation illustrated by the diagram of FIG. 9B is identical with the
      operation of FIG. 7B.
PAR  However, as described with reference to FIG. 4, the two switches S 128 and
      S 129 are open before sampling. Consequently, these switches respect the
      aforesaid condition.
PAR  FIG. 10 shows a device embodying the invention in which the delay store
      circuit is formed of a delay line. FIG. 10 shows the position of the
      switches at the commencement of gain control. FIG. 10A shows the position
      of the switches at the commencement of analogue-to-digital conversion.
PAR  The device shown in these two figures is designed to operate with analogue
      signals of definite constant polarity. For this device, it has been
      assumed that the resistances R 114, R 115 and R 117 have equal values. The
      signal + VQ is equal to 10 volts. The signal + VR is equal to half of 10
      volts, i.e., 5 volts. The comparator circuit comprises the same reference
      signal for gain control and for analogue-to-digital conversion because the
      basic gain during gain control is equal to 2 (condition R 114 = R 115).
PAR  FIG. 10B is a time diagram illustrating the operation of the device of
      FIGS. 10 and 10A. It will be noted that in this embodiment modification,
      sampling is obtained by closure of the controlled switch S 150, during a
      time interval of selected duration, the switch S 140 being open. The
      transit time of the delay line should be slightly longer than this
      selected duration. In FIG. 10B, it is assumed that this transit time is
      equal to two time periods. In any event, it is necessary for the transit
      time to be in relation with the period of the time pulses.
PAR  At the period tO, i.e., during sampling, the amplifier A 113 operates in
      unit gain, the switches S 116 and S 118 being open. Unlike what has
      happened in the preceding devices, it is advantageous to determine a first
      bit of the characteristic according to the value of the initial sample
      (bit 1 at the instant t1). It will be noted, however, that this should
      also be done in the preceding devices when the reference signal VR 1 of
      the comparator circuit is equal to the full scale signal divided by the
      basic gain.
PAR  The gain control operation is carried out as previously described for
      determining three bits of the characteristic, including the first bit,
      during sampling. With an input sample of 1.5 volt, the characteristic
      expressed in digital form is obtained equal to 001.
PAR  In a general manner, the total gain coding is obtained as follows:
TBL          111       2.sup.0                                                 
             011       2.sup.1                                                 
             001       2.sup.2                                                 
             000       2.sup.3                                                 
PAR  The operation of analogue-to-digital conversion will now be commented upon
      briefly.
PAR  The sample obtained after gain control is always between 5 and 10 volts,
      except if the gain code or characteristic is 000.
PAR  Consequently, when the last bit of the characteristic is 1, the sample
      amplified with the corresponding total gain control is retained without
      modification for determining the first bit of the mantissa, the amplifier
      circuit being then in unit gain (S 116 and S 118 open).
PAR  When, on the contrary, the last bit of the characteristic is O, the
      amplifier circuit 110 is put in gain 2 (S 116 closed) at the commencement
      of analogue-to-digital conversion (this case is not shown).
PAR  The amplifier circuit then receiving a sample of amplitude U responds to
      the preceding level (bit 1 or 0) supplied by the comparator, while passing
      respectively either to mode 2.U - VQ (difference relative to the
      quantification signal) or to mode 2.U (gain 2).
PAR  It will be noted that, in a general manner, the fact of taking as reference
      signal of the comparator circuit the full scale signal divided by the
      basic gain during the gain control operation, and the full scale signal
      divided by 2 during analogue-to-digital conversion has, as consequence,
      that the bits of digital output are obtained earlier relative to the
      output signal of the amplifier circuit than for the preceding digitisation
      devices.
PAR  In fact, all the devices, for an input sample of 1.5 volt, supply a
      mantissa 1 001, disregarding the sign. However, the first 0 bit is
      obtained after the output signal of the amplifier circuit is at 2 volts in
      FIGS. 6B, 7B and 9B. In FIG. 10B on the contrary, the first 0 bit is
      obtained while the output signal of the amplifier circuit is equal to 2
      volts.
PAR  As previously stated, it is possible to apply to all the devices
      illustrated comparison reference signals in the same waay as for the
      device of FIGS. 10 to 10B.
PAR  It is considered to be accessible to the person versed in the art to
      construct control circuits of the switches from these time diagrams, while
      taking into consideration the necessary conditions previously mentioned,
      by utilising a source of time signals and the output states of the
      comparator circuit or circuits on the digital output channel VN. These
      output states are involved in principle only for the analogue-to-digital
      conversion, except when it is desired to effect gain control not only
      during a predetermined duration, but until the first reference signal used
      has been exceeded during this operation.
PAR  The controlled switches are preferably field effect transistors of the
      junction or MOS type, for example known by the disignation 3N 180. The
      individual control circuits of the open or closed state of these switches
      may be circuits specially provided for this purpose, such as those sold
      under the designation DM 8800 by NATIONAL SEMI-CONDUCTOR.
PAR  As regards the other components of the devices illustrated, the
      differential amplifiers will be advantageously of the tyep .mu.A741, sold
      by FAIRCHILD for slow operation, or of the type MC1439, sold by MOTOROLA,
      or of the type 45 of ANALOG DEVICES for rapid operation.
PAR  The comparators may be of the type .mu.A710 of FAIRCHILD or LM311 of
      NATIONAL SEMI-CONDUCTOR.
PAR  The static analogue stores are low-loss capacitors (dielectric polystyrene,
      mica or P.T.F.E.) for systems in which the complete digital signal
      (characteristic and mantissa) comprises less than 10 bits, or
      sample-and-hold circuits such as the SHA I (rapid) and SHA IV (slow) made
      by ANALOG DEVICES for high definition (digital output of 15 or 16 bits).
PAR  The arrangements illustrated provide a particularly simple electronic
      device for carrying out amplification with automatic gain control by
      discrete values of samples of analogue signals. The same device is adapted
      to carry out also analogue-to-digital conversion of each sample amplified.
PAR  The devices illustrated have an essential advantage which is the small
      number of electronic components used for floating point digitisation. The
      result is at the same time small bulk and low electric power consumption,
      and the reliability of the devices is increased at the same time as their
      simplicity.
PAR  It is very interesting to incorporate a device embodying the present
      invention in any type of transducer or pickup, the pickup thus supplying
      recurrently a coded signal, partly or totally, in digital form.
PAR  A pickup provided with a gain control device embodying the invention
      supplies recurrently a total gain digital signal, and an analogue sample
      amplified with the said total gain. Thus, the dynamic range of the signal
      to be transmitted from the pickup to the measurement information
      processing device is reduced, which simplifies considerably the problems
      of signal-to-noise ratio.
PAR  A pickup provided with a floating point digitisation device embodying the
      invention supplies recurrently a digital signal comprising a
      characteristic and mantissa, and representative of a sample of the
      analogue signal emanating from the pickup. In addition to the foregoing
      advantages, a digitiser pickup of this type supplies a signal composed
      entirely of logical levels and therefore much less sensitive to sources of
      parasitic noise than the analogue samples.
PAR  These devices may be readily incorporated with transducer pickups without
      greatly increasing their dimensions or their electric power consumption,
      for forming independent units and particularly digitiser pickups.
PAR  Another advantage is that when a number of analogue signals have to be
      digitised, the speed of the devices depends only on the frequency of
      sampling each analogue signal and not on the number of those signals.
PAR  Another advantage is that the great simplicity of the proposed devices
      readily permits individual adjustment of these devices for subsequent
      comparison of analogue signals digitised by different devices.
PAR  Of course, the present invention is not limited to the embodiments
      described, but covers any modification in accordance with its claims. Such
      modifications may be obtained more particularly by combining the details
      of the different embodiments described in the foregoing.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electronic device for floating point digitisation of samples of
      analogue signals of constant definite polarity, comprising:
PA1  amplifier means operative in a first state with a first predetermined gain
      from a signal input to an output, and in a second state for selectively
      supplying on its output either the difference between its signal input
      amplified by a second gain and a quantification value, or only its signal
      input amplified by said second gain, depending upon a polarity control;
PA1  delay means having an input and an output adapted to be coupled to said
      output and said signal input of the amplifier means, respectively, for
      controllably re-circulating the output thereof after a time interval as a
      signal input to be re-amplified by the amplifier means;
PA1  comparator means coupled to the output of the amplifier means and operative
      in first and second states for indicating when the output of the amplifier
      means exceeds first and second reference values, respectively; and
PA1  control means, effective upon application of a sample of an analogue signal
      to said signal input of the amplifier means, for operating said amplifier
      means and said comparator means in their respective first states, while
      repetitively controlling said delay means to re-circulate the output of
      the amplifier means unless said comparator means indicates that the output
      of the amplifier means exceeds the first reference value, and for
      subsequently operating said amplifier means and comparator means in their
      respective second states, while repetitively controlling said delay means
      to re-circulate the output of the amplifier means a selected number of
      times and each time supplying to said amplifier means a polarity control
      depending upon the indication of said comparator means.
NUM  2.
PAR  2. A device according to claim 1, wherein the amplifier means comprises a
      differential amplifier whose non-inverting input is the signal input,
      whose output is the output of the amplifier circuit, and whose inverting
      input is connected to the output by a feedback resistance, and coupling
      means coupling said inverting input in the first state through a
      resistance to ground, the ratio of the value of the last-named resistance
      to the value of the feedback resistance being in relation to the said
      first gain, and said coupling means coupling said inverting input in the
      second state through a resistance either to a source of a quantification
      signal representing said quantification value or to ground, depending upon
      said polarity control, the ratio of the value of the last-named resistance
      to the value of the feedback resistance being in relation go the second
      gain.
NUM  3.
PAR  3. An electronic device according to claim 2, comprising an analogue signal
      input path and controllable switching means for selectively coupling the
      signal input of the amplifier means either to the input path or to the
      output of the delay means, wherein said control means is sequentially
      operative in a preliminary state and in an effective state for controlling
      said controllable switching means to couple the signal input of the
      amplifier means to the input path and to the output of the delay means,
      respectively, thereby permitting sampling of the analogue signal and
      subsequent digitisation of each sample with floating point.
NUM  4.
PAR  4. An electronic device according to claim 3, wherein the coupling means of
      the inverting input of the differential amplifier to ground each comprises
      a controllable switch in series on each resistance, and said control means
      is also operative in said preliminary and effective states for opening and
      closing respectively, said series controllable switch.
NUM  5.
PAR  5. A device according to claim 1, wherein the delay means comprises in
      series a first controllable switch, a first static analogue store, an
      ampllifier, a second controllable switch, and a second static analogue
      store, and the control means is effective for normally closing the first
      controllable swithc and opening the second one, and for repetitively
      opening the first controllable switch and closing the second one to make
      the re-circulation, the re-circulation, being repeated in the first state
      unless the output of the amplifier means exceeds the first reference
      value, and being made a predetermined number of times in the second state.
NUM  6.
PAR  6. A device according to claim 5, wherein said comparator means is coupled
      to the output of the amplifier means through one of the said static
      analogue stores.
NUM  7.
PAR  7. A device according to claim 5, wherein the amplifier of the delay means
      has unit gain, and the closure time of the second switch defines said time
      interval.
NUM  8.
PAR  8. A device according to claim 1, wherein said delay means includes in
      series a first controllable switch, a first static analogue store, another
      amplifier means, a second controllable switch, and a second static
      analogue store, the closure times of the first and second controllable
      swtiches alternately defining said time interval, said other amplifier
      means being effective in a first state to provide a third predetermined
      gain from a signal input to an output, and in a second state for
      selectively supplying on its output either the difference between its
      signal input amplified by said second gain and said quantification value,
      or only its signal input amplified by said second gain, depending upon
      another polarity control, the device further comprising another comparator
      means coupled to said ooutput of the said other amplifier means and
      operative in first and second states for indicating when said output of
      said other amplifier means exceeds a third reference value and said second
      reference value, respectively, and wherein the control means is
      alternately effective for closing the first controllable switch and
      opening the second one while monitoring said comparator means, and for
      opening the first controllable switch and closing the second one while
      monitoring said other comparator means, the operation being repeated in
      the first state unless one of the comparator means indicates that its
      reference value has been exceeded, and being made a predetermined number
      of times in the second state, while alternately applying to said amplifier
      means and said other amplifier means a polarity control depending upon the
      indication of said other comparator means and said comparator means,
      respectively.
NUM  9.
PAR  9. A device according to claim 8, wherein the first and third gains of the
      amplifier means are equal and the first and third reference values of the
      comparator means are the same.
NUM  10.
PAR  10. A device according to claim 1, wherein the delay means comprises two
      paths in parallel, each having in series a controllable input switch, a
      static analogue store, and a controllable output switch, and wherein the
      control means is effective for alternately controlling the switches so
      that at any instant the input switch of only one of the paths is closed
      and that, in each path, the output switch is closed only when the input
      switch is opened, the closure time of the input switches alternately
      defining the aforesaid time interval, the operation being repeated in the
      first state unless the comparator means indicates that its reference value
      is being exceeded, and being made a predetermined number of times in the
      second state.
NUM  11.
PAR  11. A device according to claim 1, wherein the delay means comprises a
      delay line having amplification means for giving it unit gain, the transit
      time through the delay line defining the aforesaid time interval.
NUM  12.
PAR  12. A device according to claim 1, having an output path coupled to the
      output of the comparator means for supplying serial information about the
      overall gain applied to each sample of analogue signal in said first
      state, and for subsequently supplying serial information about the digital
      value of each sample of the analogue signal, in the second state.
NUM  13.
PAR  13. A device according to claim 1, wherein said second reference value of
      the comparator means equals said quantification value.
NUM  14.
PAR  14. The combination of a source of analogue signal samples with a floating
      point digitizer device according to claim 1, for suplying repetitively a
      floating point digital signal representative of a sample of the analogue
      signals of said source.
NUM  15.
PAR  15. An electronic device for floating point digitisation of analogue
      signals of any polarity, comprising:
PA1  amplifier means operative in a first state with a first predetermined gain
      from a signal input to an output, and in a second state for selectively
      supplying on its output its signal input amplified by a second gain either
      minus or plus a quantification value, depending upon a polarity control;
PA1  delay means having an input and an output adapted to be coupled to said
      output and said signal input of the amplifier means, respectively, for
      controllably re-circulating the output thereof after a time interval as a
      signal input to be reamplified by the amplifier means;
PA1  comparator means coupled to the output of the amplifier means and operative
      in first and second states for indicating when the output of the amplifier
      means exceeds first and second reference values, respectively; and
PA1  control means, effective upon application of a sample of an analogue signal
      to said signal input of the amplifier means, for operating said amplifier
      means and said comparator means in their respective first states, while
      repetitively controlling said delay means to re-circulate the output of
      the amplifier means unless said comparator means indicates that the output
      of the amplifier means exceeds the first reference value, and for
      subsequently operating said amplifier means and comparator means in their
      respective second states, while repetitively controlling said delay means
      to re-circulate the output of the amplifier means a selected number of
      times and each time supplying said amplifier means with a polarity control
      depending upon the indication of said comparator means.
NUM  16.
PAR  16. A device according to claim 15, wherein the amplifier means comprises a
      differential amplifier whose non-inverting input is the signal input,
      whose output is the output of the amplifier circuit, and whose inverting
      input is connected to the output by a feedback resistance, and coupling
      means coupling said inverting input in the first state through a
      resistance to ground, the ratio of the value of the last-named resistance
      to the value of the feedback resistance being in relation to the first
      gain, and said coupling means coupling said inverting input in the second
      state through a resistance to a source of a quantification signal having
      an amplitude representing said quantification value and one or the other
      polarity depending upon polarity control, the ratio of the value of the
      last-named resistance to the value of the feedback resistance being in
      relation to the second gain.
NUM  17.
PAR  17. An electronic device according to claim 16, comprising an analogue
      signal input path and controllable switching means for selectively
      coupling the signal input of the amplifier means either to the input path
      or to the output of the delay means, wherein said control means is
      sequentially operative in a preliminary state and in an effective state
      for controlling said controllable switching means to couple the signal
      input of the amplifier means to the input path and to the output of the
      delay means, respectively, thereby permitting sampling of the analogue
      signal and subsequent digitisation of each sample with floating point.
NUM  18.
PAR  18. An electronic device according to claim 17, wherein the coupling means
      of the inverting input of the differential amplifier to ground each
      comprises a controllable switch in series on each resistance, and said
      control means is also operative in said preliminary and effective states
      for opening and closing respectively, said series controllable switch.
NUM  19.
PAR  19. A device according to claim 15, wherein the delay means comprises in
      series a first controllable switch, a first static analogue store, an
      amplifier, a second controllable switch and a second static analogue
      store, and the control means is effective for normally closing the first
      controllable switch and opening the second one, and for repetitively
      opening the first controllable switch and closing the second one to make
      the re-circulation, the re-circulation being repeated in the the first
      state unless the output of the amplifier means exceeds the first reference
      value, and being made a predetermined number of times in the second state.
NUM  20.
PAR  20. A device according to claim 19, wherein the amplifier of the store
      circuit has unit gain, the closure time of the second switch defining the
      aforesaid time interval.
NUM  21.
PAR  21. A device according to claim 19, wherein said comparator means is
      coupled to the output of the amplifier means through one of the said
      static analogue stores.
NUM  22.
PAR  22. A device according to claim 15, wherein said delay means includes in
      series a first controllable switch, a first static analogue store, another
      amplifier means a second controllable switch, and a second static analogue
      store, the closure times of the first and second controllable switches
      alternately defining said time interval, said other amplifier means being
      effective in a first state to provide a third predetermined gain from a
      signal input to an output, and in a second state for selectively supplying
      on its output its signal input amplified by said second gain either minus
      or plus said quantification value, depending upon another polarity
      control, the device further comprising another comparator means coupled to
      said output of the said other amplifier means and operative in first and
      second states for indicating when said output of said other amplifier
      means exceeds a third reference value and said second reference value,
      respectively, and wherein the control means is alternately effective for
      closing the first controllable switch and opening the second one while
      monitoring said comparator means, and for opening the first controllable
      switch and closing the second one while monitoring said other comparator
      means, the operation being repeated in the first state unless one of the
      comparator means indicates that its reference value has been exceeded, and
      being made a predetermined number of times in the second state, while
      alternately applying to said amplifier means and said other amplifier
      means a polarity control depending upon the indication of said other
      comparator means and said comparator means, respectively.
NUM  23.
PAR  23. A device according to claim 22, wherein the first and third gains of
      the amplifier means are equal and the first and third reference values of
      the comparator means are the same.
NUM  24.
PAR  24. A device according to claim 15, wherein the delay means comprises two
      paths in parallel, each having in series a controllable input switch, a
      static analogue store, and a controllable output switch, and wherein the
      control means is effective for alternately controlling the switches so
      that at any instant the input switch of only one of the paths is closed
      and that, in each path, the output switch is closed only when the input
      switch is opened, the closure time of the input switches alternately
      defining the aforesaid time interval, the operation being repeated in the
      first state unless the comparator means indicates that its reference value
      is being exceeded, and being made a predetermined number of times in the
      second state.
NUM  25.
PAR  25. A device according to claim 15, having an output path coupled to the
      output of the comparator means for supplying serial information about the
      overall gain applied to each sample of analogue signal in said first
      state, and for subsequently supplying serial information about the digital
      value of each sample of the analogue signal, in the second state.
NUM  26.
PAR  26. A device according to claim 15, wherein the amplifier means is
      controllably switchable into unit gain and the control means is adapted to
      switch the amplifier means into unit gain at the commencement of the
      second state for determination of sign.
NUM  27.
PAR  27. A device according to claim 15, wherein said second reference value of
      the comparator means is zero.
NUM  28.
PAR  28. The combination of a source of analogue signals with a floating point
      digitiser device according to claim 15, for supplying repetively a
      floating point digital signal representative of a sample of the analogue
      signals of said sorce.
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PAL  An analog-to-digital converter is adapted to operate with input signals
      having relatively large signal level variations, with the mean level of
      such signal centered at the midpoint in the operating range of the
      converter. The converter includes a series of cascade encoding stages,
      each one providing a digital output signal and a residue output signal,
      the latter such signal being passed as the input to the succeeding
      encoding stage. Each one of the cascaded encoding stages includes means
      for producing an analog residue output signal having a linear relationship
      to the analog signal applied to each such stage in the middle region of
      the operating range of each such stage. Such means includes a pair of
      amplifiers having diode-resistor feedback arrangements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to analog-to-digital converters and more
      particularly to converters of such type which provide a "reflected binary"
      or Gray code digital signal representation of the level of an analog
      signal applied thereto.
PAR  As is known in the art, one type of such a "Gray code" analog-to-digital
      converter includes a series of cascaded encoding stages, each one thereof
      providing a digital output and a residue analog output signal, the latter
      such signal being passed as the input to the next stage. Each one of the
      stages has a V-shaped transfer characteristic between the analog input
      signal applied thereto and the residue analog output signal produced at
      the output thereof. Such V-shaped transfer characteristic is disposed
      symmetrically about the midpoint of the dynamic operating range of the
      stage. The V-shaped transfer characteristic is generally formed by using a
      network having a nonlinear switching element, such as a diode, and biasing
      means for enabling such switching element to switch at the midpoint of the
      dynamic operating range mentioned above.
PAR  While such analog-to-digital converters have been found to be adequate in
      some applications, such converters have not been found adequate in other
      applications as where the analog signal applied to the converter has a
      large dynamic range of level variation, with a mean level disposed at the
      midpoint of the operating range of the converter. For example, in a radar
      system wherein digital processing is used, an analog-to-digital converter
      is generally used to digitize a bipolar video frequency signal. Such
      signal may have a large dynamic range of level variation, with a mean
      level of zero volts. According to the prior art described above the
      V-shaped transfer characteristic of each one of the encoding stages is
      disposed symmetrically about the zero volt level. It is first noted that
      in any practical application, the accuracy in generating a discontinuous
      transfer characteristic, such as a V-shaped transfer characteristic, is
      particularly difficult at the point of such discontinuity. It is next
      noted that switching errors are generally more likely to occur in response
      to relatively low signal levels. Therefore, with an analog-to-digital
      converter as described above, the point of discontinuity is disposed in
      the small signal level region of the operating range of such converter.
      The residue analog voltage produced at the output of any one of the
      initial stages may be in error. Any such error then is propagated
      erroneously through successive stages, thereby adversely affecting the
      accuracy of the converter.
PAC  SUMMARY OF THE INVENTION
PAR  With this background of the invention in mind, it is therefore an object of
      this invention to provide an improved analog-to-digital converter adapted
      to operate with input signals having relatively large signal level
      variations, with the mean level of such signal centered at the midpoint in
      the operating range of the converter.
PAR  This and other objects of the invention are attained generally by
      providing, in an analog-to-digital converter adapted to operate for a
      predetermined range of input signal levels, a series of cascaded encoding
      stages, each one thereof providing a digital output signal and an analog
      residue output signal, the latter such signal being passed as the input to
      the succeeding encoding stage. Each one of the cascaded encoding stages
      includes means for producing an analog residue output signal having a
      linear relationship to the analog signal applied to each such stage in the
      middle region of the operating range of each such stage. Such means
      include a network having: An input terminal and an output terminal; a pair
      of amplifiers, each having a pair of inputs and an output, one of the pair
      of inputs of each amplifier being coupled to a separate voltage source,
      the other one of the inputs to each amplifier being coupled to the input
      terminal of the network, each amplifier output being coupled to the
      network output terminal through a different diode; and a resistor coupled
      between the input terminal and the output terminal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the invention reference is now made to
      the following description of the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of an analog-to-digital (A/D) converter according
      to the invention;
PAR  FIG. 2 is a diagram useful in understanding the A/D converter shown in FIG.
      1;
PAR  FIGS. 3a-3c are curves showing the transfer characteristics of various
      elements of the A/D converter shown in FIG. 1;
PAR  FIG. 4 is a diagram of a logic network used in the A/D converter shown in
      FIG. 1; and,
PAR  FIG. 5 is a diagram of an encoding stage used in the A/D converter shown in
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a four bit analog-to-digital converter 10 is shown
      to include a sample and hold network 12, here of any conventional design.
      Such sample and hold network 12 has an input terminal adapted for coupling
      such network to an analog signal source 14. Here let us assume that such
      analog signal is a bipolar signal (i.e., has a mean value of zero volts)
      having a dynamic level variation of +8 volts to -8 volts. In response to
      clock signals supplied by a conventional clock means 16 the analog signal
      is sampled and held by the sample hold network 12 until the succeeding
      clock pulse.
PAR  Analog-to-digital converter 10 also includes a magnitude encoding network
      18, the details of which will be discussed hereinafter. Suffice it to say
      here that network 18 produces three bit digital words on lines 20.sub.1,
      20.sub.2, 20.sub.3, such digital words being a Gray code representation of
      the magnitudes of the sampled analog signal levels, the most significant
      bit appearing on line 20.sub.1 and the least significant bit appearing on
      line 20.sub.3. A polarity encoding network 22 is included, the details of
      which will also be discussed later. Suffice it to say here that such
      polarity encoding network 22 produces a digital signal on line 20.sub.4,
      such digital signal being representative of the polarity of the sampled
      analog signal.
PAR  Referring now to the details of the magnitude encoding network 18, let us
      first refer to the diagram in FIG. 2. Such diagram illustrates the three
      bit Gray code used to represent the magnitude of the sampled analog signal
      level. To determine the magnitude of any level between +8 and -8 volts
      merely find the desired level on the scale at the left and then cross the
      diagram from left to right reading off three digits. The first digit read
      represents the most significant digit and the last digit read represents
      the least significant digit. For example, considering a signal level of
      +2.6 volts, as represented by the horizontal broken line in FIG. 2, such
      level is represented as 011. It is here noted that a level of -2.6 volts
      is also represented as 011. For reasons to become apparent, the ambiguity
      between + and - voltage is resolved by the polarity encoding network 22
      such that a positive level is encoded with a 0 and a negative level with a
      1 so that a +2.6 level is represented as 0011 and a -2.6 level is
      represented as 1011.
PAR  Referring now to the details of the magnitude encoding network 18, such
      network is shown in FIG. 1 to include a series of, here 3, cascade coupled
      encoding stages, 24.sub.1, 24.sub.2 and 24.sub.3. Each one of the encoding
      stages is identical in construction, as will be discussed hereinafter in
      connection with FIG. 5. Suffice it to say here that each one thereof
      provides a digital bit signal B.sub.o, a sign or polarity signal S.sub.o
      and a residue analog voltage output R.sub.o, all in response to the
      voltage applied to such stage. [It is here noted that a residue analog
      voltage is not produced at the output of encoding stage 24.sub.3 ].
      Further, the digital bit signals B.sub.o produced by encoding stages
      24.sub.1, 24.sub.2 and 24.sub.3 are coupled to lines 20.sub.1, 20.sub.2,
      20.sub.3, respectively, as shown and hence are the Gray code
      representation of the level of the sampled signal.
PAR  Before discussing the details of the encoding stages 24.sub.1, 24.sub.2
      24.sub.3, reference is made to FIGS. 3a, 3b and 3c which show the
      relationship between the voltage applied to any one of the encoding stages
      and the residue produced at the output of such stages, analog signals,
      (i.e., R.sub.o), the digital bit signal (i.e., B.sub.o) and the sign
      signal, (i.e., S.sub.o), respectively, produced by such encoding stages in
      response to such applied voltage. It is first noted that, as shown in FIG.
      3a, in the middle region of the operating range of the encoding stage
      (i.e., the region between +4 volts and -4 volts), the transfer
      characteristic between the residue analog signal R.sub.o and the input
      voltage applied thereto (i.e., V.sub.in) is linear. Further, points of
      discontinuity exist in the transfer characteristic at -4 volts and +4
      volts and therefore the points of discontinuity occur when the magnitude
      of the input voltage level is relatively large (greater than 4 volts) as
      compared with voltage levels near 0 volts. Hence, for relatively small
      input signal levels there is a linear relationship between the input
      signal and the residue analog output signal, in particular a 2:1 gain
      increase in such input signal.
PAR  Referring to FIG. 3b it is noted that when the input signal voltage is
      between -4 volts and +4 volts the digital bit signal B.sub.o is 0 and when
      such input signal voltage is greater than +4 volts or less than -4 volts
      the digital bit signal B.sub.o is 1.
PAR  Referring to FIG. 3c the relationship between the input signal voltage and
      the sign bit signal S.sub.o is shown to indicate that when the input
      signal voltage is of positive polarity the sign bit signal S.sub.o is 0
      and when of negative polarity the sign bit signal S.sub.o is 1.
PAR  Considering as an example that the sampled signal is +2.6 volts and
      referring to FIG. 1 together with FIGS. 3a-3c let us consider the signals
      produced at the output of encoding stages 24.sub.1 -24.sub.3.
PAR  Considering encoding stage 24.sub.1, in response to the +2.6 volt signal
      applied thereto the residue analog output signal R.sub.o will be equal to
      (from FIG. 3a):
PAR  R.sub.o (encoding stage 24.sub.1) = 2(+2.6) = +5.4 volts; the digital bit
      signal B.sub.o will be equal to (from FIG. 3b):
PAR  B.sub.o (encoding stage 24.sub.1) = 0; and the sign bit signal S.sub.o will
      be equal to (from FIG. 3c);
PAR  S.sub.o (encoding stage 24.sub.1) = 0.
PAR  Considering encoding stage 24.sub.2, in response to the +5.4 volt signal
      applied thereto the residue analog output signal R.sub.o will be equal to
      (from FIG. 3a):
PAR  R.sub.o (encoding stage 24.sub.2) = 8-2(5.4-4.0) = +5.2 volts;
PAL  the digital bit signal B.sub.o will be equal to (from FIG. 3b):
PAR  B.sub.o (encoding stage 24.sub.2) = 1; and
PAL  the sign bit signal S.sub.o will be equal to (from FIG. 3c):
PAR  S.sub.o (encoding stage 24.sub.2) = 0.
PAR  Considering now encoding stage 24.sub.3, in response to the +5.2 volt
      signal applied thereto digital bit signal B.sub.o will be equal to (from
      FIG. 3b):
PAR  B.sub.o (encoding stage 24.sub.3) = 1; and
PAL  the sign bit signal S.sub.o will be equal to (from FIG. 3c):
PAR  S.sub.o (encoding stage 24.sub.3) = 0.
PAL  It is first noted that the signals on lines 20.sub.1, 20.sub.2, 20.sub.3
      will be 011, respectively, and hence in accordance with the diagram shown
      in FIG. 2.
PAR  Referring now to polarity encoding network 22 (FIG. 1) such network is
      shown to include three serially coupled logic networks 26.sub.1, 26.sub.2,
      26.sub.3, each one thereof being identical in construction. An exemplary
      one thereof, here logic network 26.sub.1, is shown in detail in FIG. 4 to
      include four input terminals 28.sub.1, 28.sub.2, 28.sub.3, 28.sub.4 and a
      pair of output terminals 30.sub.1, 30.sub.2, as shown. Lines S.sub.I ' and
      P.sub.I ' are coupled respectively to input terminals 28.sub.1 and
      28.sub.2. [It is here noted (and referring to FIG. 1) that lines S.sub.I '
      and P.sub.I ' for logic network 26.sub.1 are coupled to a low voltage
      source (not shown) as ground, so that binary 0's may be considered applied
      to such lines. Further, the lines S.sub.I and P.sub.I of logic network
      26.sub.1 are coupled, via terminals 30.sub.1 and 30.sub.2, to lines
      S.sub.I ' and P.sub.I ', respectively, of logic network 26.sub.2. Further,
      lines S.sub.I and P.sub.I of logic network 26.sub.2 are coupled to lines
      S.sub.I ' and P.sub.I ', respectively of logic network 26.sub.3. Also,
      line S.sub.I of the logic network 26.sub.3 is coupled to line 20.sub.4 and
      provides the sign or polarity bit of the sampled analog signal.] The
      digital bit signal B.sub.o of encoding stage 24.sub.1 is coupled to input
      terminal 28.sub.3 and the sign bit signal S of such stage 24.sub.1 is
      coupled to terminal 28.sub.4, as indicated. [Referring to FIG. 1 it is
      noted that similarly the sign bit signal S.sub.o and digital bit signal
      B.sub.o of encoding stage 24.sub.2 are coupled to terminals 28.sub.4 and
      28.sub.3, respectively, of logic network 26.sub.2 and the sign bit signal
      S.sub.o and digital bit signal B.sub.o are coupled to terminals 28.sub.4
      and 28.sub.3, respectively, of logic network 26.sub.3.] An AND gate 32 has
      one of its pair of input terminals coupled to line S.sub.I ' and the other
      input terminal coupled to line P.sub.I ' and to the input of inverter 34,
      as shown. An AND gate 36 has one of its pair of input terminals coupled to
      the output of inverter 34 and the other input terminal coupled to terminal
      28.sub.4, as shown. An OR gate 38 has one of its pair of input terminals
      coupled to the output of AND gate 32 and the other input terminal coupled
      to the output of AND gate 36. An OR gate 39 has one of its pair of input
      terminals coupled to line P.sub.I ' and the other input terminal coupled
      to terminal 29.sub.3. The output of OR gate 38 is coupled to line S.sub.I
      and the output of OR gate 39 is coupled to line P.sub.I. The logic network
      26.sub.1 may be considered as an implementation of the following set of
      logic equations:
EQU  S.sub.I = P.sub.I ' .sup.. S.sub.I ' + P.sub.I ' .sup.. S.sub.o
EQU  P.sub.I = P.sub.I ' + B.sub.o
PAR  Therefore, from the above it may be readily shown that the signal on line
      P.sub.I will be 1 if (1) the digital bit signal B.sub.o is 1 (that is,
      referring to FIG. 3b, only if the signal applied to the encoding stage
      coupled to the logic network producing a 1 on line P.sub.I is greater in
      mangitude than 4 volts); or (2) the signal on line P.sub.I ' is 1 (that
      is, if some previous encoding stage had a signal applied thereto greater
      in magnitude than 4 volts). That is, the signal on line P.sub.I will be 1
      if the voltage applied to the encoding stage coupled to the logic network
      or the signal coupled to any preceding encoding stage is greater in
      magnitude than 4 volts. If not, the signal on line P.sub.I is 0.
PAR  Further, from the above it may be readily shown that the signal on line
      S.sub.I will be a 1 or a 0 in accordance with the S.sub.I ' signal applied
      thereto if line P.sub.I ' is 1, that is, if any preceding encoding stage
      had a signal applied thereto greater in magnitude than 4 volts or will be
      a 1 or 0 in accordance with the polarity of the signal applied to the
      encoding stage coupled thereto if line P.sub.I ' is 0, (that is, if no
      preceding encoding stage had a signal applied thereto greater in magnitude
      than 4 volts).
PAR  In summary then, let it first be observed from FIG. 3a  that the polarity
      of the sampled signal will not change as such signal is processed by the
      encoding stages 24.sub.1 -24.sub.3. Next let it be observed that logic
      network 26.sub.1 will enable the sign bit signal S.sub.o applied thereto
      to be passed through the succeeding logic network 26.sub.2 only if the
      signal applied to the encoding stage 24.sub.1 is greater in magnitude than
      4 volts. Likewise, the logic network 26.sub.2 will enable the sign signal
      S.sub.o applied thereto to be passed through the succeeding logic network
      26.sub.3 only if the signal applied to encoding stage 24.sub.2 is greater
      in magnitude than 4 volts or if the signal applied to encoding stage
      24.sub.1 is greater in magnitude than 4 volts. Finally, the logic network
      26.sub.3 will produce on line S.sub.1 a signal representative of the
      polarity of the signal applied thereto unless the signal applied to
      encoding stages 24.sub.1 or 24.sub.2 was greater in magnitude than 4
      volts.
PAR  From the foregoing it is now apparent that the polarity or sign of the
      sampled analog signal is "encoded" only when such signal or a residue
      thereof is greater in magnitude than 4 volts. Of course, if the signal
      applied to the last encoding stage, i.e., encoding stage 24.sub.3, is not
      greater in magnitude than 4 volts and the signals applied to stages
      24.sub.1 and 24.sub.2 had not been greater in magnitude than 4 volts, the
      polarity is determined by the last stage responding to a signal less than
      4 volts in magnitude.
PAR  Let us now consider the examples discussed above, that is where the sampled
      analog signal is +2.6 volts. As discussed previously, the magnitude
      encoding network 18 will produce on lines 20.sub.1, 20.sub.2, 20.sub.3
      (FIG. 1) 011 signals respectively. Considering now the polarity encoding
      network 22, as noted above, the signals on lines S.sub.I ' and P.sub.I '
      of logic network 26.sub.1 are both 0. Further, from the discussion above
      the signals on lines B.sub.o and S.sub.o of encoding stage 24.sub.1 are 0
      and 0 respectively. From the discussion above the residue analog signal
      applied to encoding stage 24.sub.2 is +5.4 volts. In response to such
      voltage the signal on line B.sub.o of encoding stage 24.sub.2 is 1
      (because the signal applied to such stage is greater in magnitude than 4
      volts (see FIG. 3b)). Further, the sign signal S.sub.o of such stage will
      be in accordance with the polarity of the +5.4 volt signal (i.e., here
      such signal S.sub.o will be 0 indicating a positive polarity -- see FIG.
      3c). Continuing to logic network 26.sub.3 the signals applied to lines
      S.sub.I ' and P.sub.I ' thereof are 0 and 1 respectively. Further, as
      noted above the signal applied to encoding stage 24.sub.3 is + 5.2 volts.
      Therefore, as discussed above the signals on lines B.sub.o and S.sub.o of
      such stage 24.sub.3 are 1 and 0 respectively. Referring to FIG. 3 it is
      evident that because the signal on line P.sub.I ' of such network is 1,
      the signal on line S.sub.I ' will pass through AND gate 32 and OR gate 38
      to line S.sub.I and hence to line 20.sub.4 (FIG. 1). Therefore, the "sign"
      of the sampled analog signal has been encoded by processing a signal
      having a magnitude greater than 4 volts.
PAR  Referring to FIG. 2 and considering the foregoing discussion it is readily
      apparent if the sampled analog signal applied to the analog-to-digital
      converter has a level greater in magnitude than 4 volts the polarity of
      such signal will be encoded by the logic network 26.sub.1, if the level of
      such signal is less than 4 volts in magnitude but greater than 2 volts in
      magnitude the polarity of such signal will be encoded by logic network
      26.sub.2, or if the level of such signal is less than 2 volts in magnitude
      the polarity of such signal will be encoded by logic network 26.sub.3.
      Therefore, the polarity "encoding" will be the result of processing
      signals having levels greater than 4 volts in magnitude for sampled analog
      signals having a dynamic range of .+-.8 volts. Still further, for small
      signal levels (less than 4 volts in magnitude) applied to any one of the
      encoding stages, the residue analog signal produced by such stage is in a
      linear relationship with such applied signal and hence such output signal
      is a relatively error free signal and not corrupted by any discontinuity
      in the transfer characteristic of the encoding network.
PAR  That is, from the foregoing the sign encoding of the coupled analog signal
      is performed in the first encoding stage where the signal applied thereto
      is greater in magnitude than 4 volts.
PAR  Referring now to FIG. 5, an exemplary one of the encoding stages 24.sub.1
      -24.sub.3, here encoding stage 24.sub.1, is shown in detail to include a
      residue analog signal generating network 50 and a bit-sign signal
      generating network 52, both such networks being coupled to the sample-hold
      network 12 via line 51. (It is here noted that the residue analog signal
      generating network and the bit-sign signal generating network of encoding
      stages 24.sub.2 and 24.sub.3 are fed by the output of the residue analog
      signal generating network of the preceding encoding stage, i.e., encoding
      stages 24.sub.1 and 24.sub.2, respectively).
PAR  Residue analog signal generating network 50 is shown to include a pair of
      "high" gain differential amplifiers 54, 56. Differential amplifier 54 has
      a pair of input terminals, one thereof being coupled to a reference
      voltage supply, here a -4 volt supply, as indicated, and the other one of
      such pair of input terminals being coupled to a terminal 58, as shown. The
      differential amplifier 54 is of conventional design and is here
      constructed to provide at its output a voltage proportional to the
      voltage: -4 -V.sub.58 where:
PAR  V.sub.58 is the voltage at terminal 58.
PAR  The output of differential amplifier 54 is coupled to a diode 60 which in
      turn is coupled to a terminal 62, as shown. Terminal 58 is connected,
      through a resistor R.sub.1, to line 51. Such terminal 58 is also
      connected, through a resistor R.sub.2, as shown, to terminal 62.
      Differential amplifier 56 has one of its pair of inputs coupled to
      terminal 58 and the other one of such inputs coupled to a reference
      voltage supply, here a +4 volt supply as indicated. The differential
      amplifier 56 is of conventional design and here constructed to produce an
      output voltage proportional to
EQU  +4 - V.sub.58
PAR  The output of differential amplifier 56 is coupled to a diode 64, which in
      turn is coupled to terminal 62, as shown. Terminal 62 is coupled to line
      63 through an amplifier 66. Here such amplifier 66 is a linear amplifier
      having a gain of 2. Line 63 produces the residue analog signal R.sub.o.
PAR  In operation, when the voltage level of the signal on line 51 has a
      magnitude less than +4 volts:
PA1  1. the polarity of the voltage at the output of differential amplifier 54
      is negative, back biasing diode 60 and electrically disconnecting the
      output of differential amplifier 54 from terminal 62;
PA1  2. the polarity of the voltage at the output of differential amplifier 56
      is positive, back-biasing diode 60 and electrically disconnecting the
      output of differential amplifier 56 from terminal 62; and
PA1  3. the voltage on line 63, then, will be two times the voltage on line 51.
      That is, when the magnitude of the voltage on line 51 is less than 4 volts
      such voltage is amplified linearly by amplifier 66, (i.e., R.sub.o =
      2V.sub.51) as indicated in FIG. 3a. When the voltage on line 51 is greater
      than +4 volts:
PA1  1. the polarity of the voltage at the output of differential amplifier 54
      is negative and hence diode 60 becomes back-biased thereby electrically
      disconnecting the output of differential amplifier 54 from terminal 62;
      and
PA1  2. the polarity of the voltage at the output of differential amplifier 56
      is negative and hence diode 64 becomes forward-biased thereby electrically
      connecting the output of such differential amplifier to terminal 62. Under
      this condition resistor R.sub.2 serves as a "feedback" resistor around
      differential amplifier 56. Further, by selecting resistor R.sub.2 to be
      equal to resistor R.sub.1 the voltage at terminal 58 (i.e., V.sub.58) is
      equally divided by resistors R.sub.1 and R.sub.2 and hence the voltage
      V.sub.58 will be equal to:
EQU  V.sub.58 = 1/2 (V.sub.51 -V.sub.62),
PAL  where V.sub.51 is the voltage on line 51 and V.sub.62 is the voltage on
      terminal 62. Further, since:
EQU  V.sub.62 = +4-V.sub.58, then,
PAL  when the voltage on line 51 is greater than +4 volts,
EQU  V.sub.62 = 8-V.sub.51 and therefore the
PAL  residue analog signal, R.sub.o = 16-2V.sub.51, as indicated in FIG. 3a.
PAR  When the voltage on line 51 is less than -4 volts:
PA1  1. the polarity of the voltage at the output of differential amplifier 54
      is positive and hence diode 62 becomes forward-biased thereby electrically
      connecting the output of amplifier 54 to terminal 62; and,
PA1  2. the polarity of the voltage at the output of differential amplifier 56
      is positive causing diode 64 to become back-biased, thereby electrically
      disconnecting the output of differential amplifier 56 from terminal 62.
      Under this condition resistor R.sub.2 serves as a "feedback" resistor
      around differential amplifier 54. Further, because R.sub.1 = R.sub.2, the
      voltage at terminal 58, V.sub.58 is equal to
EQU  V.sub.58 = 1/2 (V.sub.51 -V.sub.62) and
PAL  because
EQU  V.sub.62 = -4-V.sub.58, then
PAL  when the voltage on line 51 is less than -4 volts,
EQU  V.sub.62 = -8-V.sub.51, and therefore
PAL  the residue analog signal, R.sub.o, = -16-2V.sub.51 as indicated in FIG.
      3a.
PAR  Considering now the bit-sign generating network 52, such network is shown
      to include three comparators, 72, 74, 76, each one having a pair of input
      terminals labeled + and -, as indicated. Such comparators 72, 74, 76 are
      of conventional design and produce at their output a high voltage (i.e.,
      1) when the signal level on the + labeled input terminal is greater than
      the level of the signal on the - labeled input terminal and produce a low
      voltage (i.e., 0) when the level of the signal on the + labeled input
      terminal is less than the level on the - labeled input terminal. Line 51
      is coupled to: The - labeled input terminal of comparator 72; the +
      labeled input terminal of comparator 74 and the - labeled input terminal
      of comparator 76, as shown. The + labeled input terminal of comparator 72
      is coupled to a -4 volt supply as indicated. The - labeled input terminal
      of comparator 74 is coupled to a +4 volt supply, as indicated. The +
      labeled input terminal of comparator 76 is coupled to a 0 volt supply
      (i.e., ground potential) as indicated. The outputs of comparators 72, 74
      are coupled to an OR gate 78. The output of OR gate 78 provides the
      digital bit signal B.sub.o. The output of comparator 76 provides the sign
      signal S.sub.o.
PAR  In operation when the signal on line 51 has a level within the range from
      -4 volts to 0 volts, comparator 72 provides a 0, comparator 74 provides a
      0 and comparator 76 provides a 1. Therefore, in response to a signal
      having a level in such range the digital bit signal B.sub.o is 0 and the
      sign signal S.sub.o is 1, as indicated in FIGS. 3b and 3c. When the signal
      on line 51 has a level within the range from 0 volts to +4 volts,
      comparator 72 provides a 0, comparator 74 provides a 0 and comparator 76
      provides a 0. Therefore, in response to a signal having a level in such
      range the digital bit signal B.sub.o is 0 and the sign signal S.sub.o is
      0, as indicated in FIGS. 3b and 3c. When the signal on line 51 has a level
      within the range from -8 to -4, comparator 72 provides a 1, comparator 74
      provides a 0 and comparator 76 provides a 1.  Therefore, in response to a
      signal having a level in such range the digital bit signal B.sub.o is 1
      and the sign bit signal S.sub.o is 1, as indicated in FIGS. 3b and 3c.
      When the signal on line 51 has a level within the range from +4 volts to
      +8 volts, comparator 72 provides a 0, comparator 74 provides a 1 and
      comparator 76 provides a 0. Therefore, in response to a signal having a
      level in such range the digital bit signal B.sub.o is 1 and the sign
      signal S.sub.o is 0, as indicated in FIGS. 3b and 3c.
PAR  Having described a preferred embodiment of the invention, numerous
      variations will now occur to those of skill in the art. For example, a
      hold stage may be interposed between adjacent encoding stages with
      appropriate modifications. Further, a range other than +8 volts to -8
      volts may be used by appropriately adjusting the voltage sources. Thus, it
      should be understood that the invention is not to be limited in scope to
      the particular embodiment here shown, but rather should be limited only by
      the spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an analog-to-digital converter adapted to operate over a range of
      analog signal levels, such converter including a series of cascade-coupled
      encoding stages, a first one of such stages having applied thereto an
      analog signal to be converted, each one of such stages being adapted to
      operate over the range of analog signal levels and including means for
      producing a digital output signal in accordance with the magnitude of the
      analog signal applied to such stage and, means for producing a residue
      analog signal in accordance with the analog signal applied to such stage
      and for applying such residue analog output signal to the succeeding
      encoding stage, such means having a linear transfer characteristic in the
      middle region of the operating range of the stage, the improvement
      characterized by such residue analog signal producing means comprising:
PA1  a. a pair of amplifiers, each one thereof having a pair of input terminals
      and an output terminal;
PA1  b. a pair of reference voltage souces, each one thereof being coupled to
      one of the pair of input terminals of a corresponding one of the pair of
      amplifiers;
PA1  c. a pair of diodes having one electrode thereof coupled to a corresponding
      one of the pair of output terminals and a second electrode coupled to a
      first junction, such junction being coupled to the succeeding encoding
      stage; and,
PA1  d. a pair of resistors serially connected between the first junction and
      the input terminal of the encoding stage, the second one of the pair of
      input terminals of the amplifiers being connected at a junction between
      such resistors.
NUM  2.
PAR  2. The combination recited in claim 1 including additionally means for
      producing a polarity signal in accordance with the polarity of the analog
      signal to be converted.
NUM  3.
PAR  3. The combination recited in claim 2 wherein the polarity signal producing
      means is coupled to each one of the encoding stages and includes means for
      enabling such polarity signal to be produced by such means responding to
      the polarity of at least one of the analog signals applied to the encoding
      stages having a level outside the middle region of the operating range of
      the stage.
NUM  4.
PAR  4. The combination recited in claim 3 wherein each one of the encoding
      stages includes means for producing a sign signal in accordance with the
      polarity of the signal applied to such stage and wherein the polarity
      signal producing means includes a series of cascade coupled logic
      networks, each one of such networks having input terminals S.sub.I ',
      P.sub.I ', B.sub.o and S.sub.o, and output terminals S.sub.I and P.sub.I,
      the terminals B.sub.o and S.sub.o being coupled to the digital output
      signal producing means and the sign signal producing means, respectively,
      of a corresponding one of the encoding stages, the input terminals S.sub.I
      ' and P.sub.I ' of one network being coupled to the output terminals
      S.sub.I, P.sub.I of the preceding network, the output terminal S.sub.I of
      the last logic network providing a binary signal representative of the
      polarity of the analog signal applied to the converter and wherein each
      logic network includes logic elements arranged to form the following
      relationship:
EQU  S.sub.I = P.sub.I ' .sup. . S.sub.I + P.sub.I ' .sup.. S.sub.o
EQU  P.sub.I = P.sub.I ' + B.sub.o
NUM  5.
PAR  5. The combination recited in claim 1 wherein the analog signal producing
      means includes means for linearly amplifying the analog signal applied
      thereto when the level of such analog signal is within a predetermined
      range of levels in the middle region of the operating range of the stage
      and for linearly attenuating such analog signal when the level of such
      analog signal is outside the predetermined range of levels.
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ABST
PAL  A supervisory circuit for a plurality of continuously-conductive alarm
      devices connected in parallel between a pair of conductors monitors the
      operability of the circuit as well as the operability of each of the
      devices. Alarm devices having a low impedance are connected between the
      conductors over a parallel-connected resistor and diode which
      unidirectionally increases the impedance of such devices. The alarm
      circuit is connected in one arm of a balanced bridge circuit which has a
      detecting circuit connected in a further branch of the bridge circuit for
      monitoring the impedance of the circuit and for providing a supervision
      signal in response to a change in the impedance of the alarm circuit
      indicating inoperability of a device or open or short circuit conditions
      for the conductors which connect the devices into the circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to supervisory circuits, and more particularly to a
      circuit for supervising an alarm circuit having a plurality of
      parallel-connected, continuously-conductive alarm devices.
PAR  2. Description of the Prior Art
PAR  Increasing functional demands increase the complexity of many modern
      circuits. Even long-known circuits are today more complex than at the time
      of their invention. Such increased complexity may result both from
      increasing the size of the circuit to provide more, similar functions and
      from decreasing the size of the circuit to provide the same function in a
      smaller space. An alarm circuit extending throughout today's larger
      buildings exemplifies the former type of increased complexity, while an
      integrated circuit exemplifies the latter.
PAR  This increase complexity makes difficult or impossible the manual
      supervision of the proper functioning of individual devices in the
      circuit. For example, an alarm circuit having but few alarm indicating
      devices cound be supervised by periodically activating the alarm and
      manually checking the operability of each alarm device. However, when a
      large number of such alarm devices are employed, manual supervision
      becomes impractical. Similarly, when discrete circuits are employed, it is
      practical to tap and test individual circuit devices of the circuit, but
      when integrated circuits are used, it is difficult to tap and test
      portions of the integrated circuit.
PAR  Therefore, automatic supervision of circuit operability is desirable. Many
      circuit supervisory systems have been developed, but have not been
      entirely successful, especially when used with circuits having a plurality
      of parallel-connected, continuously conductive devices. If the impedance
      of the individual devices is low, the collective impedance across a
      circuit of such devices is considerably low. In some cases, the impedance
      across the circuit may be comparable with the impedance of conductors
      which connect the devices in parallel so that a discontinuity in one of
      the devices is difficult to detect. Furthermore, the low impedance of the
      circuit may be within the range of expected impedance variations inherent
      in the devices themselves. For example, the impedance across some devices
      varies more than ten percent with a 30.degree.C. change in the temperature
      of the device. Similarly, corrosion or vibration of contacts of the device
      may vary the rest impedance of the contacts sufficiently to affect the
      impedance across a parallel circuit of such devices.
PAR  Alarm circuits exemplify these problems for a system supervising the
      continued operability of individual alarm devices in the circuit. Alarm
      circuits generally have a plurality of continuously-conductive,
      parallelconnected alarm devices such as bells, horns, lights or the like.
      Typically, thirty or more alarm devices may be connected in a given alarm
      circuit. Since the alarm circuit is operated only during an alarm
      condition, it is desirable to provide continual supervision of the
      operability of each alarm device in the circuit.
PAR  One known supervision system for an alarm circuit has an end of line
      resistance connected between conductors across which the alarm devices are
      parallel-connected. Diodes in series with each alarm device effectively
      open circuit the devices to a potential of one polarity applied to the
      conductors, rendering the alarm devices non-conductive and inoperable by
      the potential while permitting a potential of the opposite polarity to
      operate the alarm devices. the end-of-line resistance permits monitoring
      of the one potential to indicate the continuity of the conductors.
      Although conductor continuity indicates operability of the conductors in
      the alarm circuit, the operability of individual alarm devices in the
      circuit is not monitored by systems of this type.
PAR  As is reported in the literature, attempts have been made to employ
      operational amplifiers connected in a bridge circuit with the alarm
      circuit to supervise individual alarm devices in an alarm circuit. In such
      cases, it was found that the range of operating temperatures to which the
      alarm circuit was exposed resulted in unstable operational amplifier
      conditions. Furthermore, the low collective impedance of parallel
      connected alarm devices comprising the alarm circuit necessitated a bridge
      circuit so sensitive as to be uneconomically expensive or, if less
      expensive, unreliable.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an improved supervisory circuit
      for supervising the continued operability of individual,
      parallel-connected, continuously-conductive devices.
PAR  In accordance with the invention, the supervisory circuit comprises a
      bridge circuit having a plurality of parallel-connected,
      continuously-conductive devices connected between a pair of conductors in
      a first branch of the bridge circuit. The conductors supply energizing
      potential for the devices. Each of the parallel-connected devices has an
      impedance means connected in series therewith which provides a low
      impedance path to permit energization of the devices when a potential of a
      first polarity is applied to the conductors and to provide a high
      impedance path to permit monitoring of the continuity of the circuit path
      and the energizing conductors without energizing the devices when a
      potential of the opposite polarity is applied to the conductors.
PAR  A detecting means is connected in a cross-over branch of the bridge
      circuit. A suitable balancing means connected in a further branch of the
      bridge circuit balances the bridge circuit. In the event of an unbalance
      condition for the bridge circuit as may be caused by open or short circuit
      conditions of any one of the devices or associated impedance means or the
      conductors which connect the devices into the bridge circuit, the detector
      means is operable to provide an indication of such unbalance condition.
PAR  The detector means includes first and second switching means which are
      enabled in response to an increase or a decrease, respectively in the
      impedance of the bridge circuit to control an indicating means. An
      operational amplifier means may be employed to detect impedance changes in
      the bridge circuit and to provide an output for controlling the first and
      second switching means.
PAR  In accordance with an exemplary embodiment, the conductive devices comprise
      alarm providing devices of an alarm circuit, the alarm circuit being
      connected in the first branch of the bridge circuit. An alarm switching
      means normally applies a first potential to the conductors to enable
      monitoring of the impedance of each of the alarm devices as well as the
      conductors while maintaining the alarm devices unoperated. In the event of
      an alarm condition, the alarm switching means disconnects the alarm
      circuit from the bridge circuit and reverses the polarity of the potential
      applied to the conductors to enable operation of the alarm indicating
      devices.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  A preferred embodiment which is intended to illustrate and not to limit the
      invention will now be described with reference to the drawing in which:
PAR  FIG. 1 is a schematic circuit and partial block diagram of a supervisory
      circuit provided by the present invention; and,
PAR  FIG. 2 is a schematic circuit diagram of a portion of the supervisory
      circuit shown in FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a schematic circuit diagram of a
      supervisory circuit 10 used to supervise the operability of a plurality of
      continuously-conductive devices 12. The devices 12, for example, may be
      driving coils for operating alarm devices such as horns or bells (not
      shown) associated with each device 12. The devices 12 may be connected in
      an alarm circuit 11 via a pair of conductors 14 and 15 and an alarm relay
      K1. The alarm relay K1 is normally unoperated and is operated in response
      to an alarm condition to effect the connection of an energizing potential
      to conductors 14 and 15 to enable devices 12 to be energized. The
      illustration of the devices 12 as alarm devices is merely exemplary of the
      various structures and functions of such continuously-conductive devices,
      other structures and functions within the scope of the invention being
      known in the art.
PAR  The devices 12 are each connected in series with a parallel combination of
      the diode D1 and a resistor R1 between the conductors 14 and 15. Conductor
      14 is connected to a movable contact 16 of relay K1 illustrated as being
      in contact with a fixed contact 17 of relay K1 when relay K1 is
      deenergized. Conductor 15 is connected to a further movable contact 18 of
      relay K1 and is shown in contact with a further fixed contact 19 of relay
      K1. Contact 17 is connected over a variable resistor R2 to a positive
      voltage source +V, and contact 19 is connected to a negative voltage
      source -V.
PAR  Relay K1 has further fixed contacts 20 and 21 associated with movable
      contacts 16 and 18 respectively. Contact 20 is connected to the negative
      voltage source -V and contact 21 is connected directly to the positive
      voltage source +V. Thus, the relay K1 is operable to reversably connect
      the devices 12 across a DC power supply to provide an alternative polarity
      potential to the devices 12 as a function of the operation of relay K1.
PAR  When relay K1 is unoperated as illustrated in FIG. 1, and with the
      indicated potential supply polarity, current flows through the devices 12
      and through resistors R1 for supervising the operability of the alarm
      circuit 11 as is described more fully hereinafter. When relay K1 is
      operated, the potential across the circuit 11 is reversed and current
      flows through the diode D1 now shunting resistors R1 to enable the alarm
      devices 12 to operate. The forward potential drop across the diodes D1 is
      small permitting normal, efficient operation of the alarm devices 12.
PAR  The supervisory circuit 10 basically comprises a bridge circuit indicated
      generally at 26. When relay K1 is unoperated, the alarm circuit 11 is
      connected in one arm 26a of the bridge circuit 26 between points A and B
      over contacts 16-19. A further arm 26b of the bridge circuit 26 comprises
      a variable resistor R2 which is connected between points A and C. Further
      arms 26c and 26d of the bridge circuit 26 comprise resistors R3 and R4
      which are connected between points C and D and B and D, respectively.
PAR  A cross-over arm 26e of the bridge circuit 26 includes a detector circuit
      34 which is connected between points A and D.
PAR  The adjustable resistor R2 adjusts the cross-over current or bridge balance
      to a desired initial level.
PAR  With the relay K1 unoperated, current flows through the bridge arms 26a and
      26b, including the alarm circuit 11 and variable resistor R2 and through
      the bridge arms 26c and 26d comprising resistors R3 and R4. The impedance
      of the bridge arm 26a, including the alarm circuit 11, is determined by
      the parallel combination of the devices 12 and resistor R1, the diodes D1
      appearing as open circuits to this direction of current flow. Thus, once
      the bridge circuit 26 is balance through the proper adjustment of resistor
      R2, any increase or decrease in the cross-over arm currents resulting from
      an impedance change in the alarm circuit 11 is detectable by the detector
      circuit 34. Short or open circuit conditions in the circuit conductors 14
      or 15 cause circuit inoperability while an open circuit condition in a
      given device 12 connected in the alarm circuit 11 causes inoperability of
      such device 12. Detecting the change in impedance in the arm 26a of the
      bridge circuit 26 including the alarm circuit 11 resulting from open or
      short circuit conditions then is indicative of the inoperability of the
      alarm circuit 11 or one or more of the devices 12 connected in the alarm
      circuit 11.
PAR  Since the impedance of the alarm circuit 11 is effectively high, due to the
      inclusion of impedance increasing resistances R1, an operational amplifier
      may be employed in the detector circuit for detecting changes in impedance
      as indicated by changes in the cross-over current.
PAR  The current limiting function of resistors R1 and R2 also permits the
      supervision of several devices 12. Often thirty or more devices 12 may be
      employed in a given alarm system with small power consumption. Moreover,
      resistors R1 are of such value as to make the conductive increment added
      to each of the devices 12 to be substantially independent of impedance
      variations inherent in the devices 12, as well as independent of
      temperature and contact variations. In general, an impedance value for
      resistors R1 of 47K ohms is suitable for this purpose.
PAR  The adjustable resistor R2 additionally permits changes to the alarm
      circuit 11 without changing the detector circuit 34. For example, when it
      is desired to add additional devices 12 to the alarm circuit 11 or other
      series or parallel devices, the variable resistor R2 is adjusted after
      such devices are added to the circuit 11, to return the current in the
      cross-over arm 26e of the bridge circuit 26 to the desired initial level
      relative to the level at which the detector circuit 34 detects changes.
      Accordingly, all or part of the alarm circuit 11 may be changed while the
      supervisory circuit 10 need only be adjusted to accomodate this change. A
      standard supervisory circuit 10 may then be used with a variety of
      circuits of which the illustrated circuit 11 is merely an example.
PAR  Referring to FIG. 2, there is shown a schematic circuit diagram of the
      detector circuit 34. The detector circuit 34 includes an operational
      amplifier 37 which monitors the potential difference between points D and
      A and provides an output signal for controlling a pair of switching stages
      45 and 46, comprising normally conducting transistor Q1 and normally
      non-conducting transistor Q2. Transistor Q2 in turn controls a driver
      stage 47, including transistor Q3 which is operable when enabled by
      transistor Q2 to supply energizing current to a trouble indicator 36,
      embodied as a lamp 56.
PAR  Briefly, if an open-circuit condition occurs for either of the conductors
      14 or 15, or one or more of the devices 12, the output signal provided by
      amplifier 37 causes transistor Q2 to turn on over a Zener diode Z1. If the
      conductors 14 or 15 become short-circuited, the output signal provided by
      the amplifier 37 causes transistor Q1 to turn off which in turn allows
      transistor Q2 to turn on through the combination of resistor R5 and diode
      D3.
PAR  In either of the above conditions, the turning on of transistor Q2 causes
      transistor Q3 to turn on energizing the trouble lamp 56.
PAR  As shown in FIG. 2, the operational amplifier 37 has inputs 38 and 39
      connected to points D and A of the bridge circuit 26 over conductors 40
      and 41, respectively. The output 44 of amplifier 37 is connected over a
      resistor R8 and a diode D2 to the base of transistor Q1 which comprises
      switching stage 45 of the detector circuit 34. The output 44 of amplifier
      37 is also connected over a reverse connected Zener diode Z1 and a diode
      D4 to the base of transistor Q2 which comprises switching stage 46 of the
      detector circuit 34.
PAR  The collector of transistor Q1 is connected over a resistor R5 to the
      voltage source +V and the emitter of transistor Q1 is connected to the
      voltage source -V. Transistor Q1 is biased to be normally conducting
      whenever the output voltage provided by amplifier 37 is at a predetermined
      level, which in the exemplary embodiment is 8 volts.
PAR  The collector of transistor Q1 is connected over a diode D3 to the base of
      transistor Q2. Transistor Q2 has its collector connected over resistor R6
      to the voltage source +V and its emitter connected to voltage source -V.
      Transistor Q2 is biased to be normally non-conducting when the output
      voltage provided by amplifier 37 is at the predetermined level.
PAR  The collector of transistor Q2 is connected over a resistor R7 to the base
      of transistor Q3 of the driver stage 47 of the detector circuit 34. The
      emitter of transistor Q3 is connected to voltage source +V and the
      collector of transistor Q3 is connected over the trouble indicator lamp 56
      to the voltage source -V. Transistor Q3 is normally non-conducting, and
      accordingly, indicator lamp 56 is normally extinguished. In the event of a
      detection of an increase or decrease in the impedance of the bridge
      circuit by the operational amplifier 37, transistor Q2 is rendered
      conductive either by transistor Q1 or by the amplifier 37 over Zener diode
      Z1 causing transistor Q3 to be rendered conductive effecting energization
      of the indicator lamp 56. A diode D5 connected between the collector of
      transistor Q3 and an output terminal 58 of the indicator circuit 36
      enables the output signal from transistor Q3 to be extended to a remote
      indicator (not shown). For example, the remote indicator may be a central
      trouble indicator of an alarm system.
PAC  OPERATION OF THE SUPERVISOR CIRCUIT
PAR  Referring to FIG. 1, under normal conditions, the alarm relay K1 is
      unoperated, and accordingly, supervisory current is enabled to flow
      through the branch 26a of the bridge circuit 26 which includes the alarm
      circuit 11. The monitoring current flows from point C over resistor R2
      contacts 17 and 16 of relay K1 to conductor 14 and thence over the devices
      12 and resistors R1 to conductor 15 and over contacts 18 and 19 to point B
      which is connected to voltage source -V. The resistors R2 and R1 are
      selected to have sufficiently large impedances to limit the current
      through the devices 12 to a level insufficient to operate the alarm
      devices 12.
PAR  It is pointed out that in the event of an alarm condition, which causes
      alarm relay K1 to operate, movable contacts 16 and 18 engage contacts 20
      and 21 applying a negative potential between conductors 14 and 15
      permitting current to flow from conductor 15 over diode D1 and device 12
      to conductor 14. The diode D1 then shunts the resistor R1 while relay K1
      cuts out the resistor R2 such that substantially the entire input
      potential is applied to the devices 12, the forward impedance of diodes D1
      being negligible. The resulting increased current through the devices 12
      operates the associated alarm devices without interference from the
      supervisory circuit 10.
PAR  Assuming that relay K1 is unoperated and that resistor R2 has been adjusted
      to provide the desired value of cross-over current for the bridge circuit
      26, then the operational amplifier 37 provides a predetermined output
      voltage, which is preselected to be 8 volts DC in the exemplary
      embodiment. Such potential is effective to cause transistor Q1 to be
      conductive while transistors Q2 and Q3 are non-conductive.
PAR  If either of the conductors 14 or 15 or one or more of the devices 12
      becomes open-circuited, the impedance of the branch 26a of the bridge
      circuit 26 including the alarm circuit 11 increases causing an increase in
      the potential at point A while the potential at point B between fixed
      resistors R3 and R4 remains constant. The gain of the operational
      amplifier 37 is selected such that this change in the impedance produces
      an output potential sufficient to break down Zener diode Z1. The output
      potential from amplifier 37 is then extended over diode D4 to the base of
      transistor Q2 causing transistor Q2 to turn on. When transistor Q2 turns
      on, the collector of transistor Q2 approaches the potential -V causing
      transistor Q3 to turn on thereby energizing the indicator lamp 56 to
      indicate a trouble condition for the alarm circuit 11.
PAR  Alternatively, if a short circuit condition should occur in the alarm
      circuit 11, the potential at A decreases to approximately the voltage -V.
      The output from the operational amplifier then decreases causing cutoff of
      diode D2 and transistor Q1. When transistor Q1 is turned off, the
      potential at the collector of transistor Q1 increases, causing diode D3 to
      become forward biased thereby rendering transistor Q2 conductive. As
      indicated above, when transistor Q2 becomes conductive, transistor Q3 in
      turn is rendered conductibe energizing the trouble indicator lamp 56.
PAR  Thus, the signal from transistor Q3 to indicator 56 indicates the
      inoperability of the alarm circuit 11, the object of the supervisory
      circuit 10. The signal from transistor Q3 occurs when the impedance of the
      alarm circuit 11 increases or decreases from that over which the initial
      bridge cross-over current is set. Such impedance changes in the circuit 11
      result from opening of a device 12 in the circuit 11 or both the opening
      or shorting of the circuit conductors 14 and 15, making device 12 or
      circuit 11 inoperable.
PAR  The preferred utility of the embodiment in supervising an alarm system 11
      is merely intended to illustrate the utility of the invention. It will be
      readily understood by those skilled in the art that the described
      supervision circuit 10 has utility with a variety of additional circuits.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a circuit having a plurality of functional devices at least some of
      which are connected in parallel between a pair of conductors for enabling
      energization of said functional devices, a supervisory circuit for
      supervising continued operability of each of said functional devices
      comprising a plurality of impedance means each individually connected in
      series with a different one of said functional devices between said
      conductors, each of said impedance means including a first circuit means
      connecting the corresponding functional device in a first circuit path
      between said conductors to provide an energizing path of a first impedance
      for enabling operation of the functional device and a second circuit means
      connecting the functional device in a second circuit path between said
      conductors to provide a supervisory path of a higher impedance indicative
      of the operability of the functional device for enabling supervision of
      the operability of the functional device, and means connected to said
      circuit and operable in the event of an impedance change in at least one
      of said supervisory paths to provide an output indicative of the
      inoperability of at least one of said functional devices.
NUM  2.
PAR  2. In an alarm circuit having continuously conductive alarm operating
      devices at least some of which are connected in parallel between a pair of
      conductors for enabling energization of said alarm operating devices, a
      supervisory circuit for supervising continued operability of each of said
      alarm operating devices comprising a plurality of impedance means each
      individually connected in series with a different one of said devices
      between said conductors, each of said impedance means including a first
      circuit means connecting the corresponding operating device in a first
      circuit path between said conductors to provide an energizing path of a
      first impedance for enabling energization of the corresponding device and
      a second circuit means connecting the operating device in a second circuit
      path between said conductors to provide a supervisory path of a higher
      impedance for enabling supervision of the operability of the device, the
      plurality of impedance means and the corresponding devices normally
      providing a collective impedance of a predetermined value between said
      conductors, and detecting means for monitoring the impedance between said
      conductors and for providing an output indicative of the inoperability of
      at least one of said devices in response to a change in the impedance from
      said predetermined value.
NUM  3.
PAR  3. A supervisory circuit for an alarm circuit as set forth in claim 2
      wherein said first circuit means comprises a diode means and said second
      circuit means comprises a resistance means connected in parallel with said
      diode means, said diode means providing said first circuit path and said
      resistance means providing said second circuit path.
NUM  4.
PAR  4. A supervisory circuit for an alarm circuit as set forth in claim 2 which
      includes control means operable in a first mode to enable a unidirectional
      current to flow over each of said second circuit paths to permit
      monitoring of the operability of the functional devices, said control
      means being operable in a second mode to enable a unidirectional current
      to flow over said first circuit path to permit energization of said
      devices.
NUM  5.
PAR  5. A supervisory circuit for an alarm circuit as set forth in claim 3
      wherein said supervisory circuit comprises a bridge circuit having a
      plurality of branches, said alarm circuit being connected in one of said
      branches, said detecting means being connected in another one of said
      branches and balancing means connected in a further branch of said bridge
      circuit for balancing the bridge circuit, said detecting means being
      enabled to provide an output whenever an unbalance condition occurs for
      said bridge circuit.
NUM  6.
PAR  6. A supervisory circuit for an alarm circuit as set forth in claim 4
      wherein said detecting means includes operational amplifier means
      connected over said control means to said conductors for detecting a
      potential difference between said conductors established by the
      unidirectional current flowing over said second circuit path said
      operational amplifier means normally providing a first output signal and
      said operational amplifier means providing a further output signal in
      response to a change in the potential between said conductors, and output
      means responsive to said further output signal to provide an indication of
      a trouble condition for said alarm circuit.
NUM  7.
PAR  7. A supervisory circuit for an alarm circuit as set forth in claim 6
      wherein said output means comprises indicator means, first switching means
      responsive to an increase in a signal provided by said operational
      amplifier means to enable said indicator means to provide a trouble
      indication, and second switching means responsive to a decrease in the
      signal provided by said operational amplifier means to enable said first
      switching means to thereby enable said indicator means.
NUM  8.
PAR  8. In an alarm circuit having a plurality of continuously conductive
      functional devices connected in parallel between a pair of conductors for
      enabling energization of said functional devices, a supervisory circuit
      comprising a bridge circuit having a plurality of branches, said alarm
      circuit being connected in one of said branches, a plurality of impedance
      means each connected in series with a different one of said functional
      devices in said one branch between said conductors of said alarm circuit,
      each of said impedance means including a first circuit means connecting
      the corresponding functional device in a first circuit path between said
      conductors to provide an energizing path of a first impedance for enabling
      operation of the functional device and a second circuit means connecting
      the functional device in a second circuit path between said conductors to
      provide a supervisory path of a higher impedance for enabling supervision
      of the operability of the functional device, energizing means for normally
      providing current flow over said bridge circuit including the supervisory
      paths provided by each of said impedance means in said one branch,
      balancing means connected in a further branch of said bridge circuit for
      adjusting the balance of said bridge circuit to establish a potential
      difference of a preselected level indicative of the impedance of said one
      branch between first and second nodes of said bridge circuit, detecting
      means connected between said first and second nodes for providing an
      output signal proportional to the potential difference, said output signal
      increasing in the event of an open circuit condition in said alarm circuit
      and said output signal decreasing in the event of a short circuit
      condition in said alarm circuit, and output means for providing an output
      indicative of a change in impedance of said one branch in response to a
      change in the output signal provided by said detecting means.
NUM  9.
PAR  9. A supervisory circuit as set forth in claim 8 wherein said first circuit
      means comprises a diode means connected in series with the corresponding
      functional device between said conductors to provide said energizing path,
      and said second circuit means comprises a resistance means connected in
      parallel with said diode means to provide said supervisory path.
NUM  10.
PAR  10. A supervisory circuit as set forth in claim 9 wherein said energizing
      means includes control means operable in a first mode to enable
      unidirectional current flow over said supervisory circuit paths to permit
      monitoring of the operability of the functional devices, said control
      means being operable in a second mode to enable unidirectional current
      flow over said energizing circuit paths to permit energization of said
      functional devices.
NUM  11.
PAR  11. A supervisory circuit as set forth in claim 9 wherein said detecting
      means includes operational amplifier means having first and second inputs
      connected to said first and second nodes, respectively, said operational
      amplifier means normally providing an output signal of a predetermined
      amplitude whenever a potential difference of said preselected level is
      provided between said first and second nodes, indicating that said first
      and second conductors are continuous and that all of said functional
      devices are conductive.
NUM  12.
PAR  12. A supervisory circuit as set forth in claim 11 wherein said output
      means comprises first and second switching means and indicator means
      controlled by said first and second switching means, said first switching
      means being responsive to an increase in the output signal provided by
      said operational amplifier means to enable said indicating means and said
      switching means being responsive to a decrease in the output signal
      provided by said operational amplifier means to effect enabling of said
      indicating means.
NUM  13.
PAR  13. A supervisory circuit as set forth in claim 10 wherein said first
      switching means includes a first transistor means biased to be normally
      non-conducting, and means responsive to an increase in the output signal
      provided by said operational amplifier means for enabling said first
      transistor means to be rendered conductive to enable said indicating
      means, said second switching means including second transistor means
      biased to be normally conducting, and means responsive to a decrease in
      the output signal provided by said operational amplifier means for
      enabling said second transisitor means to be rendered non-conducting, said
      first transistor means being rendered conducting whenever said second
      transistor means is non-conducting to thereby enable said indicating
      means.
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ABST
PAL  A round detecting method and apparatus are disclosed for automatically
      detecting the firing of weapons, such as small arms, or the like. Radiant
      and acoustic energy produced upon occurrence of the firing of the weapon
      and emanating from the muzzle thereof are detected at known, substantially
      fixed, distances therefrom. Directionally sensitive radiant and acoustic
      energy transducer means directed toward the muzzle to receive the
      radiation and acoustic pressure waves therefrom may be located adjacent
      each other for convenience. In any case, the distances from the
      transducers to the muzzle, and the different propagation velocities of the
      radiant and acoustic waves are known. The detected radiant (e.g. infrared)
      and acoustic signals are used to generate pulses, with the infrared
      initiated pulse being delayed and/or extended so as to at least partially
      coincide with the acoustic initiated pulse; the extension or delay time
      being made substantially equal to the difference in transit times of the
      radiant and acoustic signals in traveling between the weapon muzzle and
      the transducers. The simultaneous occurrence of the generated pulses is
      detected to provide an indication of the firing of the weapon. With this
      arrangement extraneously occurring radiant and acoustic signals detected
      by the transducers will not function to produce an output from the
      apparatus unless the sequence is correct and the timing thereof
      fortuitously matches the above-mentioned difference in signal transit
      times. If desired, the round detection information may be combined with
      target miss-distance information for further processing and/or recording.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The detecting method and means of this invention is particularly well
      adapted for the detection of small arm firing for training purposes on a
      firing range. Prior art round detectors which are responsive to a single
      signal such as sound produced by the weapon fire, are well known. However,
      in the presence of other weapon fire many such prior art detectors respond
      to the firing of all of them without discrimination rendering the same
      useless under such conditions.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  An object of this invention is the provision of a detector for detecting
      small arms, fire, or the like, that avoids the above and other
      shortcomings and faults of the prior art arrangements.
PAR  An object of this invention is the provision of method and apparatus for
      round detecting that is substantially non-responsive to extraneous sounds
      or radiant energy in the vicinity thereof, including the firing of other
      weapons.
PAR  The above and other objects and advantages are achieved by use of radiant
      and acoustic energy transducers located a known distance from the muzzle
      of the weapon, the firing of which weapon is to be detected. Radiation and
      acoustic energy signals produced upon firing the weapon are detected by
      the transducers and fed to separate radiation and acoustic signal channels
      to initiate the generation of first and second pulses, respectively. The
      infrared channel pulse is delayed (or the termination thereof is delayed)
      in an amount substantially equal to the difference in transit times of the
      radiation and acoustic energy signals in traveling from the weapon to the
      transducers such that the infrared and acoustic channel pulses (or
      portions thereof) occur simultaneously. Means, such as an AND gate, for
      detecting the simultaneous occurrence of the pulses is provided. Radiation
      and acoustic generated signals detected by the transducers but not having
      the proper timing for production of simultaneously occurring pulses in the
      radiation and acoustic channels of the instrument fail to produce an
      output from the device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side elevational view of a rifleman equipped with
      the novel round detector of this invention;
PAR  FIG. 2 is a block diagram of one embodiment of the round detector;
PAR  FIG. 3 is a diagram of waveforms used to explaim the operation of the round
      detector, and
PAR  FIG. 4 is a block diagram of a delay circuit which may be included in the
      round detector illustrated in FIG. 2.
DETD
PAC  DESCRIPTION OF EMBODIMENT
PAR  Reference first is made to FIG. 1 wherein a round detector 10 is shown
      carried by a person 12 for detecting the rounds fired from the rifle 14.
      It will be understood that the round detector is not limited to use with
      rifles but may be used for detecting rounds fired by other weapons such as
      pistols, and other ordnance. Also, it is not necessary that the round
      detector be carried by the person firing the weapon. The round detector is
      coupled to the weapon only through the atmosphere and may be located at
      some remote location within operating range of the energy transducers. No
      wiring to the weapon being fired is required.
PAR  The detector 10 includes radiation and acoustic energy transducers 16 and
      18, respectively, located a known distance from the muzzle 14A of the
      rifle. In the illustrated arrangement the transducers are included in a
      housing 20 attached to the helmet 22 worn by the rifleman 12. Preferably,
      the receiving patterns of the transducers are directional for improved
      sensing of radiation and acoustic waves from the muzzle 14A upon firing of
      the weapon. Operation of the system, however, does not depend upon
      directivity, and omnidirectional transducers may be used. The radiation
      detector 16 preferably, but not necessarily, comprises an infrared (IR)
      transducer responsive to relatively large infrared signals produced at the
      weapon muzzle upon firing. The acoustic transducer simply may comprise a
      directional microphone. In use, the rifleman's head is in a relatively
      fixed position with respect to the rifle while sighting to fire the same.
      The transducers are directed toward the muzzle to receive the infrared and
      acoustic energy signals produced thereat which signals propagate through
      the atmosphere at different rates. Other locations for the radiation and
      acoustic energy transducers either on the person or removed from the
      person are contemplated. In the illustrated arrangement wherein the round
      detector is portable, batteries for operating the same are carried on the
      belt 26, and are connected thereto through connecting means 28. A
      transmitter 29 connected through connecting means 29A to a transmitting
      antenna 30 on the helmet 22 may be included for connection of the round
      detection information to a remote location.
PAR  A block diagram of one embodiment of a circuit for processing the detected
      radiation and acoustic energy signals from the weapon muzzle is shown in
      FIG. 2, to which reference now is made. The radiant energy transducer 16
      is shown comprising a tube 32 within which is mounted an infrared filter
      34, at the input to an infrared sensor 38. The tube extends forwardly of
      the sensor to limit the viewing angle thereof and the filter blocks
      radiation in the visible and higher frequency range to minimize transducer
      response to ambient conditions. Infrared transducers are well known and
      require no detailed description.
PAR  The output signal 40, shown in the waveform diagram of FIG. 3, from the
      infrared transducer 38 is applied through a band pass filter 42 and
      amplifier 44 to the input of a threshold circuit 46. When the filtered and
      amplified signal reaches a predetermined level a signal 48 is produced at
      the output of the threshold circuit which signal triggers a pulse
      generator 50. The pulse generator 50 which is retriggerable, may comprise
      a retriggerable one-shot multivibrator. The pulse output 52 from the
      retriggerable pulse generator 50 is supplied to an AND gate 54 together
      with the output from a non-retriggerable pulse generator 56 included in
      the acoustic channel of the apparatus.
PAR  In the acoustic channel the microphone 18 output 58 (FIG. 3) is fed through
      a band pass filter 59 and amplifier 60 and supplied as an input to a
      threshold circuit 62. When the acoustic signal output from the amplifier
      60 exceeds the threshold level of the circuit an output signal 64 is
      obtained therefrom which is fed to the non-retriggerable pulse generator
      56. As noted above the pulse generator 56 output 66 is supplied as another
      input to the AND gate 54 and, in the presence of simultaneous input
      signals thereto from the pulse generators 50 and 56, the AND gate 54
      produces an output signal 68 to indicate one round of fire from the rifle
      14. The AND gate output may be used to actuate a counting circuit 69 to
      count the number of rounds fired. In the illustrated arrangement the
      output 68 also is shown used to gate on a transmitter 70 having an output
      connected to the antenna 30 included in the communication link to a
      receiving antenna 72. The received signal is processed by receiver 74 and
      thence supplied as an input to a computer 76. Other information such as
      target miss-distance obtained from well known sensing means at the target
      also may be supplied to the computer.
PAR  In use, the radiation signal from the muzzle, traveling at the speed of
      light, reaches the IR transducer substantially instantaneously with the
      production thereof. The acoustic signal, on the other hand, traveling much
      slower at approximately 330 meters/second, requires an appreciable time to
      reach the microphone. For example, if the acoustic transducer 18 is spaced
      one meter from the muzzle a transit time of approximately three (3)
      milliseconds is required for the propagation of the acoustic signal
      between the muzzle and transducer. In the arrangement shown in FIG. 2 the
      pulse 52 from the pulse generator 50 in the radiation channel has a
      duration in excess of the three millisecond transit time so that at least
      a portion of the pulse 52 coincides with the pulse 66 from the pulse
      generator 56 in the acoustic channel for actuation of the AND gate 54.
PAR  By utilizing a retriggerable pulse generator 50 in the radiation channel,
      an output from the generator 50 is assured whenever a sufficiently large
      infrared signal is detected. This is illustrated in the waveform diagram
      of FIG. 3 wherein an extraneous infrared signal 40A is shown which
      functions to trigger the generator 50 upon the occurrence thereof. A
      "valid" infrared signal 40B subsequent thereto is shown which retriggers
      the generator 50 to provide an extended pulse 52A output therefrom which
      overlaps, in time, with the generator 56 output 66. It will be apparent
      that the detection of the round would have been missed if the generator 50
      was not retriggerable since the pulse 40B occurred during the presence of
      a generator 50 output. On the other hand, a non-retriggerable pulse
      generator 56 in the acoustic channel is employed to prevent undue
      extension of the pulse 66 with every noise signal received by the
      microphone.
PAR  If desired, a shorter basic radiation channel pulse 52 from the
      retriggerable generator 50 may be employed by including delay means (e.g.
      an analog delay line) in the radiation channel to provide for the delayed
      generation of the pulse 52. In this case a basic radiation channel pulse
      of substantially the same duration as the acoustic channel pulse 66 may be
      employed. For example, in the waveform diagram of FIG. 3 the retriggerable
      pulse generator is 50 shown as having a pulse width of approximately four
      milliseconds which, of course, is extended if the generator is
      retriggerable. The further the microphone 18 is located from the muzzle,
      the longer the basic pulse from generator 50 would have to be to coincide
      with the pulse 66 from the generator 56. By including a delay circuit in
      the radiation channel, as mentioned above, a shorter generator pulse 52
      may be employed to reduce errors in the round detector output.
PAR  The invention having been described in detail in accordance with the
      requirements of the Patent Statutes, various other changes and
      modifications will suggest themselves to those skilled in this art. For
      example, the radiation and acoustic transducers need not be located on the
      user's helmet but, instead, may be carried at other locations thereon.
      Also, if desired, the transducers may be located at a point remote from
      the user and, furthermore, may be located at different distances from the
      radiation and acoustic source. In addition, a single pair of radiation and
      acoustic transducers may be used to supply signals to a plurality of
      radiation and acoustic channels, or portions thereof, for monitoring such
      signals from a plurality of sources. For example, such a system may be
      located at the side of a firing line, and various radiation channel delays
      may be set for the different transit times of the acoustic signals from
      the selected firing position to the acoustic transducer. Also, the
      detection of other events than weapon fire is contemplated, so long as the
      event is produced at a known distance from the transducers and produces
      signals which travel at different rates from the source of the event to
      the transducers for sensing the same. It is intended that the above and
      other such changes and modifications shall fall within the spirit and
      scope of the invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of detecting the occurrence of only an event which occurs at
      known distances from signal transducers, which event produces first and
      second signals having different velocities of propagation, such as
      electromagnetic and acoustic signals, which method comprises,
PA1  locating at known distances from the event to be detected first and second
      transducers for detecting said first and second different velocity signals
      produced as a consequence of said event to be detected,
PA1  generating in response to detected first and second signals received by
      said transducers first and second pulses having simultaneously existing
      portions when the first and second signals are produced as a consequence
      of said event to be detected, and
PA1  producing a signal upon simultaneous existence of said first and second
      pulses to indicate the detection of the occurrence of the event to be
      detected.
NUM  2.
PAR  2. The detecting method as defined in claim 1 wherein said first generated
      pulse has a greater pulse duration than said second generated pulse.
NUM  3.
PAR  3. The detecting method as defined in claim 2 wherein said first and second
      generated pulses terminate at substantially the same time when the
      detected first and second signals are produced as a consequence of said
      event to be detected.
NUM  4.
PAR  4. The detecting method as defined in claim 1 including,
PA1  delaying the generation of said first generated pulse in an amount
      dependent upon the difference in propagation times of said first and
      second signals to said transducers for simultaneous occurrence of said
      first pulse during said second generated pulse when said first and second
      signals are produced as a consequence of said event to be detected.
NUM  5.
PAR  5. The detecting method as defined in claim 1 for round detection which
      includes locating the first and second transducers on a helmet worn by a
      person firing a weapon having a muzzle from which said electromagnetic and
      acoustic signals are emitted and at which such transducers are directed
      for detecting said signals.
NUM  6.
PAR  6. The detecting method as defined in claim 1 wherein said first and second
      transducers comprise light and acoustic transducers, respectively, to
      receive light and acoustic signals produced upon occurrence of said event
      to be detected.
NUM  7.
PAR  7. Apparatus for detecting the occurrence of an event which emits first and
      second signals having different velocities of propagation in the
      atmosphere said apparatus comprising,
PA1  first and second transducers located known distances from an event to be
      detected for detecting said first and second different velocity signals
      produced as a consequence of said event,
PA1  means responsive to signals detected by said first and second transducers
      for generating first and second pulses having simultaneously existing
      portions when the first and second signals are produced as a consequence
      of said event, and
PA1  means under control of said simultaneously occurring pulse portions for
      producing a signal to indicate the detection of the occurrence of said
      event.
NUM  8.
PAR  8. The apparatus as defined in claim 7 wherein said first and second
      transducers comprise light and acoustic transducers, respectively,
      responsive to light and acoustic waves emitted upon firing of a weapon.
NUM  9.
PAR  9. The apparatus as defined in claim 8 wherein said first and second
      transducers are directed toward the muzzle of the weapon pick up infrared
      and acoustic energy upon firing the weapon.
NUM  10.
PAR  10. The apparatus as defined in claim 7 wherein said first pulse generating
      means generates pulses of greater duration than pulses generated by said
      second pulse generating means in an amount substantially equal to the
      difference in transit times of the first and second signals in traveling
      betwen the event producing the said same and said transducers.
NUM  11.
PAR  11. The apparatus as defined in claim 7 including delay means for delaying
      actuation of said first pulse generating means in response to signals
      detected by said first transducer by an amount substantially equal to the
      difference in transit times of the first and seocnd signals in traveling
      between the said event producing the same and said transducers.
NUM  12.
PAR  12. The apparatus as defined in claim 7 including threshold circuits
      included in the connection of the transducer outputs to the pulse
      generatinng means for setting the level of transducer outputs capable of
      actuating aid pulse generating means.
NUM  13.
PAR  13. The apparatus as defined in claim 7 wherein said first pulse generating
      means is retriggerable and said second pulse generating means is
      non-retriggerable.
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ABST
PAL  A fast search system for DME generates range gates at the time an analog
      sweep voltage rises to the magnitude of an analog integrator waveform, the
      latter having a slope less than that of the sweep voltage and provided
      with a constant current source input. The current source is selectively
      inhibited by digital control means responsive to the relative time
      occurrence of range gates and reply pulses such that the range gate occurs
      during an instant interrogation period at a point in time corresponding to
      a predetermined percentage of the time at which appeared the first
      received reply pulse in a preceding interrogation period.
BSUM
PAR  This invention relates generally to distance measuring equipment (DME) and
      more particulary to an improved hybrid (combination analog and digital)
      fast search and lock-on circuitry for DME.
PAR  The DME implemented in civil service and military service consists of an
      airborne interrogator that transmits a series of essentially periodic
      pulses to a ground station and receives reply pulses with a time delay
      proportional to slant distance between the interrogation source and the
      ground station. In general, DME equipment generate, at the interrogator, a
      range gate which is caused initially to search out in time from
      interrogation pulse transmission and replies are checked for time
      coincidence with the gate. When replies from an interrogated ground
      station are time synchronous with the range gate, the time position of the
      range gate with respect to the interrogation pulse is an analog of the
      distance between the interrogator and the ground station.
PAR  Because a reply to any one interrogation is received along with reply
      pulses from other interrogation sources as well, and the received signal
      characteristically comprises additional random squitter pulses, each
      interrogator must search out and identify those reply pulses which are
      generated in response to its particular interrogation. Thus, the DME
      system requires each interrogator to identify its particular reply pulse
      for distance determination, and to ignore non-synchronous or random
      pulses.
PAR  Conventional search methods have provided means for moving the range gate
      slowly outward on successive interrogations from zero miles to the maximum
      range of the particular system. The gate has been made sufficiently wide
      and moved slowly enough so that there would be time for any true reply to
      fall within the range gate a plurality of times on successive
      interrogations. This search method involves considerable search time
      (sometimes ranging up to 30 seconds) for true reply acquisition and
      identity.
PAR  Subsequent improvements in DME search techniques provided a "fast search",
      whereby the range gate was caused to rapidly move in discreet steps during
      succeeding interrogation cycles, with the range gate being generated in
      any particular interrogation cycle at a position corresponding to that of
      the first received reply pulse in the preceding interrogation cycle. That
      is, if the first reply received during any given interrogation cycle
      occurred at a time corresponding to one-half the maximum range of the DME,
      the range gate was generated during the next succeeding interrogation
      cycle at a time immediately preceding this half-range position, and the
      first half of the range was ignored. Thus, the range gate was always next
      generated where a reply pulse was likely to occur and a substantial
      reduction in search for an acquisition of synchronous reply pulses was
      realized by eliminating the time spent in the earlier continuous search
      methods in looking systematically through segments of the range during
      which replies could not logically be expected to occur. Search times were
      reduced significantly to be, for example, 1/100 of the search time
      required in previous systems.
PAR  Known means of accomplishing fast-search have involved digital techniques.
      Reference is made to Pat. No. 3,267,464 to Oscar Shames, Pat. No.
      3,456,257 to J. L. Aker, Pat. No. 3,680,097 to Dean T. Huntsinger, and the
      article entitled "A Method of High Speed Search for DME and TACAN" by
      Oscar Shames, IEEE Transactions on Aerospace and Navigation Electronics,
      March 1965, page 76. These references disclose digital techniques by means
      of which the aforedefined fast search technique has been implemented in
      the art.
PAR  The object of the present invention is the provision of a novel hybrid
      means to accomplish a DME fast search technique which provides advantages
      of the referenced digital means at considerably less implementation costs.
PAR  The present invention is featured in the provision of conventional analog
      sweep voltage generation along with voltage comparison of the output
      therefrom with the output from an anlog integrator. The integrator is
      provided with a selective inhibit function controlled by logic responsive
      to the relative timing between interrogation sync, reply, and range gate
      pulses. When enabled, the integrator provides an output increasing at a
      lessor slope than that of the sweep generator waveform. Voltage comparison
      between the sweep and integrator outputs generates a range gate during any
      given interrogation cycle at a time corresponding to a predetermined
      percentage of the distance analog represented by the position of the first
      received reply pulse during a previous interrogation.
DRWD
PAR  These and other features and objects of the present invention will become
      apparent upon reading the following description with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a functional block diagram of a DME fast search and lock-on
      circuitry in accordance with the present invention;
PAR  FIG. 2 is a diagrammatic illustration of the basics of range gate
      generation employed in the emobidiment of FIG. 1;
PAR  FIG. 3 is a diagrammatic illustration of representative key waveforms
      definitive of the operation of circuitry of FIG. 1;
PAR  FIG. 4 is a functional diagram of a type of lock-on criterion logic
      circuitry which might be employed in the embodiment of FIG. 1; and
PAR  FIG. 5 illustrates operational waveforms related to the criterion circuitry
      of FIG. 4.
DETD
PAR  As above described, the present invention relates to a means for effecting
      a rapid search and lock-on in a DME equipment. The function of the
      circuitry, as in known digital circuitries accomplishing fast lock-on, is
      that of rapidly searching out and identifying reply pulses from a DME
      interrogator. The basic principle employed is like that of known digital
      circuitries for accomplishing fast lock-on in that a range gate is caused
      to be generated during the DME search operational mode only where a reply
      is logically expected to be. In contradistinction to conventional DME
      search techniques, the present invention causes a range gate to move out
      in discrete steps, and to be generated during a given interrogation cycle
      at that point in the system timing frame where a reply was first received
      during a next preceding interrogation cycle. The system, thus, ignores the
      portion of the timing frame from the instant of the interrogation pulse to
      where the first received pulse may be expected, with result that the time
      to acquire a lock-on with the interrogator reply pulse is but a fraction
      of that required by conventional slewing range gate techniques.
PAR  The fast search lock-on circuitry to be described incorporates a seach mode
      which is initiated prior to making any actual distance measurements. In
      the search mode, the range gate systematically occupies all the possible
      time, following each successive interrogation, in which a distance reply
      could occur. When the range gate is time coincident with the correctly
      identified distance reply pulse, the search mode is terminated. In order
      to correctly identify the reply pulse and ignore other interfering pulses,
      coincidence of the reply pulse with the range gate is examined over
      several interrogation periods to test for time synchronization with the
      interrogation. As in known DME systems, a criterion is set up in the
      lock-on circuitry which must be met before actual lock-on (completion of
      search and changeover to track mode) is accomplished.
PAR  With reference to FIG. 1, only those portions of a DME interrogator related
      to the concept of the present invention are depicted. Inputs to the system
      are depicted as interrogation sync, T.sub.X, and receiver reply pulses,
      R.sub.X. Since development of interrogation sync pulses and the reception
      of reply pulses are known expedients in the DME art, the circuitries from
      which these inputs emanate are not depicted.
PAR  Interrogation sync pulses 10 are applied to a sweep generator 12. A
      selectively inhibited integrator 13 generates a reference output 15 which
      is compared with that of the sweep generator in voltage comparator 19.
PAR  Comparator 19 develops an output when the sweep output 14 exceeds the
      output of 15 from integrator 13. In response to the output 20 from
      comparator 19, range gate generator 21 develops a narrow range gate 22 of
      preselected width. The range gate 22 and reply pulses 11 are applied as
      respective reset and set inputs to an R-S flip-flop 23. The output 24 from
      flip-flop 23 is applied through an OR gate 25 as an inhibiting control 26
      to a constant current generator 27. The output 28 of generator 27 is
      applied to integrator 13.
PAR  Further inputs 37 or 38 to OR gate 25 are developed in a lock-on criterion
      logic circuitry, the basic purpose of which is to identify those received
      pulses which are time synchronous with the range gate 22 as being either
      true or random pulses. For this purpose, the lock-on criterion logic
      circuitry receives reply pulses 11 and range gates 22 as respective inputs
      and, as will be further described, in response to the time relationship
      between these inputs during successive interrogation periods, develops
      output control logic on lines 37 or 38 to selectively provide inhibiting
      functions to the constant current generator 27.
PAR  Both the sweep generator 12 and the integrator 13 are provided with peak
      voltage reset. The output of 14 of sweep generator 12 is applied to a
      comparator 17 along with a peak voltage reference 16 to provide zero reset
      to the sweep generator when the sweep output 14 rises to the peak
      reference which, for the purpose of the present invention, corresponds on
      a voltage-time analog basis to something greater than the maximum range
      for which the system is designed. Likewise, integrator 13 is provided with
      zero reset by means of comparator 18 which compares the output of
      integrator 13 with the peak voltage reference 16 to provide a zero reset
      to the integrator 13 should the integrator output rise to the peak
      reference.
PAR  Also illustrated in FIG. 1, although not particularly pertinent to the
      present invention, are provisions for applying range-gate time synchronous
      received pulses 11 to a ranging circuit 43 along with interrogation sync
      pulses 10, whereby the ranging circuit 43 may develop from the time
      relationship therebetween an output 44 related to the distance between the
      interrogator and the ground transponder. An AND gate 39 is illustrated as
      receiving the receive pulses 11 and the output 22 of range gate generator
      21 and passes range gate synchronous received pulses 11 as input 40 to
      ranging circuit 43. An error detector 41 is additionally depicted as
      receiving the range gate synchronous reply pulses on line 40, and the
      output from the range gate generator 22. Error detector 41 might comprise
      known circuitries to slew the output of integrator 13 in accordance with
      the discrepancy between the time of occurrence of the received reply
      pulses and the range gate center upon lock-on being effected in the system
      (track mode). This technique is utilized in DME systems to slew the
      position of the range gate to maintain time synchronism with true reply
      pulses in accordance with the changing distance (increasing or decreasing)
      between the interrogator and the ground transponder.
PAR  The key to the operation of the fast search and lock-on circuitry of the
      present invention resides in the waveforms generated by the sweep
      generator 12 and the integrator 13. FIG. 2 illustrates key operational
      waveforms which establish the fast search technique. The sweep waveform
      14, as depicted in FIG. 2, is of course basic to the search and lock-on
      circuitry, and is utilized as the timing standard for the distance
      measuring circuitry. The sweep waveform is depicted in FIG. 2 as rising
      linearly from zero at the time occurrence of an interrogation sync pulse
      of a predetermined peak amplitude 16 as established by V.sub.peak at which
      time the sweep generator is reset to zero. Sweep reset time is slightly in
      excess of the time defining maximum DME range in the system.
PAR  The sweep waveform 14 defines a pre-established millivolt per mile slope
      which is the basis of the distance measuring analog. Integrator 13
      (assuming its associated constant current generator 27 is not inhibited)
      generates a linearly increasing output waveform rising from an initial
      zero reset (upon system activation) to a peak reset level. The time
      between successive interrogation pulses, as represented by time T.sub.1
      and T.sub.2 in FIG. 2, is greater than the time at which integrator reset
      occurs (assuming the integrator is allowed to rise to its maximum value).
      The slope of the integrator output waveform 15 is chosen to be less than
      that of the distance analog slope of the sweep waveform 14. As depicted in
      FIG. 2, the slope of the integrator output waveform 15 may be 80% that of
      the sweep output waveform 14. The sweep waveform 14 and integrator output
      waveform 15 are applied as respective inputs to comparator 19 in the
      system of FIG. 1. In the basic analysis depicted in FIG. 2, wherein the
      integrator is assumed to be uninhibited and thus allowed to rise to its
      maximum value during each interrogation period, an output 20 from
      comparator 19 is developed during that period of each successive
      interrogation cycle when the magnitude of the sweep voltage 14 exceeds
      that of the integrator 15. Thus, in FIG. 2, a comparator output 20 is
      developed at time T.sub.1 and at time T.sub.2, with a range gate being
      initiated at these times.
PAR  The integrator output waveform 15, however, upon reply pulses being
      received, is not allowed to run its full course but rather is inhibited
      under the control of the relative time occurrence between reply pulses and
      range gate 22. Assuming then, that during the first interrogation peroid
      between times T.sub.1 and T.sub.2 that a reply was received at one-half
      the DME maximum range and that the integrator was inhibited at this point
      in time, the integrator would hold a voltage value corresponding to 80% of
      the sweep voltage distance analog at that instant. During the next
      subsequent voltage interrogation period, the sweep voltage would again
      rise from zero and equal the magnitude of the held integrator output of a
      point in time corresponding to 80% of the voltage analog representing the
      reply pulse position in the first interrogation period, and at this time
      comparator 19 would provide an output so as to move the range gate out in
      time to this 80% distance value. This basic operational sequence is the
      key to the fast search technique of the present invention which permits
      the search sequence to ignore that portion of the sweep analog which
      precedes the point at which a reply was received in the preceding
      interrogation period, and the subsequent range gate generation occurs in
      step-like fashion from that point on out in distance. Generally then,
      integrator 13 builds up to and stores a voltage which corresponds to 80%
      of the voltage distance analog at which a reply pulse was received in a
      next preceding interrogation period, and during any next succeeding
      interrogation period, all reply pulses received prior to this point in
      time are ignored.
PAR  Operational waveforms depicted in FIG. 3 represent a search sequence during
      which the range gate 22 is caused to step out in time from a zero distance
      position to a position representing the distance of a true reply pulse.
PAR  The times T.sub.1, T.sub.2, T.sub.3 and T.sub.4 depicted in FIG. 3
      represent the time occurrence of successive interrogation sync pulses 10.
      Sync pulse T.sub.1 corresponds in time to system turn-on at which time the
      sweep waveform A and the integrator waveform B are both zero. The times
      between successive interrogation sync pulses represent successive
      interrogation periods. The first interrogation period (T.sub.1 - T.sub.2)
      assumes no reply pulses such that the sweep and integrator output
      waveforms A and B are allowed to rise their reset value. Waveform C'
      indicates the output from comparator 19 over that period of the
      interrogation cycle when waveform A is equal to or in excess of waveform
      B. Waveform C depicts the generation of a range gate at times T.sub.1 and
      T.sub.2 corresponding to the leading edge of the comparator output
      waveform C'. Waveform R.sub.X depicts an assumed absence of reply pulses
      during the first interrogation period. Since, with reference to FIG. 1,
      the output 22 from the range gate generator (waveform C) is applied to the
      reset terminal of flip-flop 23, flip-flop 23 resets at time T.sub.1. Since
      no reply pulse is assumed to be received in the first interrogation
      period, the reset condition of flip-flop 23 (waveform E) is retained.
PAR  At time T.sub.2 a second interrogation period is initiated and the sweep
      waveform A and integrator output waveform B again rise at their
      preassigned slopes. Comparator 19 again provides an output at time T.sub.2
      corresponding to zero range and, in response to the comparator output, a
      range gate 22 is again generated at time T.sub.2. A first received pulse
      11 (assumed random as opposed to a true interrogation reply) is depicted
      during the second interrogation period. In response to random reply pulse
      1 (illustrated in dashed line) flip-flop 23 is set to provide a logic
      output 24 (waveform E) which is applied through OR gate 25 of FIG. 1 to
      inhibit the constant current generator 27. The integrator output 15 holds
      at its accumulated voltage level. Reference waveform B illustrates that
      the integrator output 15 rises until the time occurrence of random reply 1
      at which time it is held due to the inhibiting action established by
      waveform E. The integrator output (waveform B) is thus held at a voltage
      level corresponding to the distance d on the distance voltage analog
      established by the sweep waveform A.
PAR  A second reply pulse, designated as reply 1, is assumed to occur after the
      time occurrence of random pulse 1 in the second interrogation period.
      Since flip-flop 23 was set by the previously received random pulse 1,
      reply pulse 1 is ignored.
PAR  At the time corresponding to the third interrogation pulse T.sub.3, the
      sweep waveform again rises from zero at its pre-established rate while the
      integrator output waveform B continues to be held at the level reached in
      the preceding interrogation period. A random pulse 2 is designated in the
      third interrogation period and, again, since flip-flop 23 is in a set
      condition, random pulse 2 has no operational effect and is ignored. The
      sweep waveform A rises until it equals the level of the integrator
      waveform B, at which time comparator 19 again generates an output waveform
      to initiate a range gate during the third interrogation period which
      occurs in time at 80% of the distance at which the first pulse (random 1)
      was received in the preceding interrogation period. The range gate 22
      (waveform C) resets flip-flop 23 to a logic level which removes the
      previously imposed integrator inhibit, allowing the integrator output 15
      to rise from its previously stored value at its preassigned rate until the
      time occurrence of reply pulse 2. Reply pulse 2 sets flip-flop 23 to again
      impose the inhibit function and integrator 13 holds its output as depicted
      in waveform B.
PAR  Thus, during the operation sequence as thus far described the circuitry has
      accomplished the following:
PAR  1. Initiated search at zero range during interrogation period 2.
PAR  2. Discovered random pulse 1 and ignored it in interrogation period 2.
PAR  3. Continued searching starting at 80% of the range represented by random
      pulse 1.
PAR  4. Ignored random pulse 2 (which is assumed to have occurred at less than
      80% of the range of random pulse 1).
PAR  5. Started the process of lock-on to the reply. The range gate has moved
      out on the distance analog time scale but is not yet coincident with the
      reply pulse. During interrogation period 3, the range gate moved out to be
      located at 80% of the range represented by random pulse 1 in the preceding
      interrogation period.
PAR  In the fourth interrogation period, which initiates at time T.sub.4, the
      previous actions repeat. The interrogation pulse T.sub.4 initiates the
      sweep. Sweep waveform A rises to the stored voltage established by the
      integrator (waveform B), at which time the range gate is generated. The
      range gate has closed in on reply pulse 3 during interrogation period 4,
      the result of the small rise of integrator output voltage during
      interrogation period 3. Thus, during the four interrogation periods
      depicted in FIG. 3, the system has caused range gate 22 to step out in
      time and rapidly acquire a time synchronozed position as regards the reply
      pulse.
PAR  The generation of the range gate during interrogation period 4 again resets
      flip-flop 23 which, in the absence of further control circuitry, would
      allow the integrator to continue to rise such that during a subsequent
      interrogation period the range gate would be caused to move out in time.
      The integrator output is depicted in waveform B as rising only until the
      time occurrence of reply pulse 3 at which time flip-flop 23 is set. The
      next range gate would reset the flip-flop and remove the inhibit. Thus,
      upon reply pulse 3 being time synchronous with the range gate, further
      means of maintaining integrator inhibit must be imposed while reply pulse
      3 is investigated over a predetermined number of interrogation periods to
      ascertain whether, in fact, the reply pulse is a true interrogation
      return. The inhibit control as concerns the integrator is, upon a reply
      pulse (either random or true) being time synchronous with the range gate,
      provided by the lock-on criterion logic circuitry depicted in FIG. 1
      which, in response to any range gate synchronous reply pulse, provides an
      inhibiting logic output to OR gate 25 over a predetermined number of
      investigative interrogation cycles during which the range gate time
      synchronous reply pulse is established either as a true reply or a random
      pulse.
PAR  In the operational analysis exampled by the waveforms of FIG. 3 assumption
      was made that the first reply pulse to become time synchronous with the
      range gate was a true reply as opposed to a random reply. Obviously, a
      true reply pulse would bear a fixed time relationship with the sweep
      waveform A (and thus the range gate C), whereas a random reply would bear
      no fixed or repeatable time relationship with the range gate.
PAR  The lock-on criterion logic circuitry serves to initiate a lock-on process
      upon the range gate and the reply pulse becoming time coincident, by
      applying a predetermined criterion to identify true reply pulses as
      opposed to random pulses. Numerous criterion useful for this purpose have
      been implemented in the art. Generally, a predetermined ratio of range
      gate synchronous replies to interrogations defines this criterion. For
      this investigation, the range gate must be rendered essentially
      stationary, that is, the search sequence must be stopped to "look" for
      reappearance of a reply pulse within the range gate over a predetermined
      number of interrogation periods as established by a particular criterion.
PAR  For purposes of the present invention, the lock-on criterion logic
      circuitry might comprise any number of logic circuit implementations, to
      perform the following functions:
PAR  1. Upon a reply pulse being synchronous with the range gate, provide an
      inhibiting output to OR gate 25 over a predetermined number of
      interrogation cycles sufficient to establish a particular criterion.
PAR  2. Continue to apply an inhibiting output to OR gate 25 upon a particular
      criterion being met.
PAR  3. Terminate the inhibiting logic output when an established criterion is
      no longer met, and allow the system to revert back to search operational
      mode.
PAR  A lock-on criterion test applied over fifteen consecutive interrogation
      periods is depicted functionally in FIG. 1. A reply pulse is assumed to be
      properly verified if no misses (reply pulse not coincident with range
      gate) are observed in any four consecutive interrogation periods. The
      output 22 of range gate generator 21 and the reply pulses 11 are applied
      to an AND gate 29. The output 30 from AND gate 29 comprises only range
      gate synchronous reply pulses. The circuitry employs a two-bit counter 31
      to which the range gate synchronous reply pulses on line 30 are applied as
      a zero reset input. The range gate synchronous reply pulses 30 are also
      applied to appropriate count control logic circuitry 32 which is
      responsive to the count accumulated in counter 31 to gate range gates 22
      as inputs to the counter 31 upon a time synchronous reply pulse being
      received and to provide a logic output 37 consisting of a positive voltage
      step (providing integrator inhibit) so long as the reply pulse falls
      within the range gate at least once in four successive interrogation
      periods. This same positive voltage step 37 is applied to an RC time
      constant network 33 which provides a first input 34 to a comparator 36. A
      second input 35 to comparator 36 comprises a predetermined voltage
      threshold. The time constant of the RC network 33 requires 15
      interrogation periods for the output 34 from the RC network to build up to
      the level of the predetermined threshold input 35, whereupon comparator 36
      develops an output 38 comprised of a positive voltage step signifying that
      the criterion has been met.
PAR  The first coincidence of a reply pulse and the range gate resets counter 31
      such that the counter Q.sub.2 output is of positive logic. If the counter
      is successively reset to zero after it counts each successive range gate,
      the Q.sub.2 output logic continues to be positive. Appropriate logic
      circuitry 32 may be made responsive to the exampled Q.sub.2 output from
      counter 31 such that, if during any fifteen successive interrogation
      periods the counter is not reset each time but counts successively four
      times without reset, the counter resets itself and the Q.sub.2 output goes
      to logic zero to remove the positive step. The threshold of the comparator
      36 cannot be exceeded and lock-on is not attained. This event represents
      the circuit's discrimination against random receive pulses.
PAR  The same result is obtained if the counter 31 is reset only once each
      fourth interrogation period. The lock-on circuitry is thus tolerant to a
      ground station reply efficiency as low as 25%; that is, reply to
      interrogation at once each four interrogations, since assuming a ground
      station's reply efficiency of at least 25%, four successive misses in
      fifteen successive interrogation periods cannot occur.
PAR  Once the lock-on criterion has been met, the output from comparator 36
      provides a holding inhibit for integrator 13 and the logic level of output
      38 from the comparator 36 may be utilized to initiate an operational mode
      change from search to track in the DME system.
PAR  To reiterate, the lock-on criterion circuitry responds to a range gate
      synchronous reply pulse to provide an inhibiting logic output for the
      integrator over a period of time in which an established criterion ratio
      is investigated, and provides a continuing inhibiting output once this
      criterion is met and held. Conversely, the lock-on circuitry will not
      retain the inhibiting output function should the threshold of comparator
      36 fail to be exceeded, and the system will be allowed to continue
      searching out for the next range gate time synchronous reply pulse.
PAR  FIG. 4 illustrates a more detailed functional diagram of the criterion
      circuitry generally depicted in FIG. 1. With reference to FIG. 4, the
      range gate synchronous reply pulses provided a zero reset for two-stage
      (two bit) binary counter 31 as well as a setting input for a set/reset
      flip-flop 50, the latter being implemented as part of the count control
      logic circuitry block 32 of FIG. 1. Range gates 22 and the Q output 37
      from flip-flop 50 are applied as respective inputs to an AND gate 55 the
      output 52 of which is applied as a count input to counter 31. The Q.sub.2
      output from counter 31 is applied as a reset input 54 to flip-flop 50. The
      Q output from reset flip-flop 50 comprises the output 37 from count
      control logic circuitry 32 which is applied to OR gate 25 as an integrator
      inhibit control as well as to the RC network 33.
PAR  Reference is made to the operational waveforms of FIG. 5. The first range
      gate synchronous reply pulse 30 in an interrogation period sets flip-flop
      50 to a positive Q output logic level. Succeeding ones of the range gates
      22 are gated as input 52 to the counter, the counter having been
      previously reset by the range gate synchronous reply 30. The Q.sub.2
      output 54 from flip-flop 31 is illustrated throughout a full four-count
      sequence (assuming no intervening reset). It is seen that the Q.sub.2
      output 54 rises to a positive voltage level upon a fourth count being
      effected without intervening reset. Since this Q.sub.2 output 54 resets
      positive-edge-triggered flip-flop 50, the Q output from flip-flop 50 is
      seen to comprise a positive step which is held until the counter counts
      four successive range gates without intervening reset.
PAR  Obviously, should the counter 31 be reset by a range gate synchronous reply
      pulse before four range gates are applied to the counter, the Q.sub.2
      output from the counter is maintained at a positive logic level so as to
      continue to enable the inhibit provided by the Q output 37 from flip-flop
      50. Flip-flop 50, thus provides an output 37 which maintains an inhibit
      logic through OR gate 25 so long as counter 31 is not allowed to go
      through its full count.
PAR  The exampled criterion logic circuitry is thus seen to provide the
      necessary function of establishing, in response to a range gate
      synchronous reply pulse, an integrator inhibiting logic through OR gate 25
      to maintain this inhibiting logic through a predetermined number of counts
      sufficient to make a validity determination and to provide, once the
      criterion is met, sustained inhibiting output. Should the reply pulses
      fail to meet the exampled criterion, the logic output switches to a logic
      level which permits the integrator to again build up, causing the range
      gate to move out in time on the sweep analog scale to continue searching
      for a next received reply pulse.
PAR  It is seen that the described fast search and lock-on circuitry permits the
      range gate to move out rapidly in discrete steps and to search during
      successive interrogation periods only in an area where reply pulses are
      expected to occur. Since the portion of the sweep during which reply
      pulses were not encountered during a previous interrogation period is not
      reinvestigated during an instant interrogation period, a substantial
      reduction in search and reply pulse acquisition time is realized.
PAR  Although the present invention has been described with respect to a
      particular embodiment, it is not to be so limited that changes might be
      made therein which fall within the scope of the invention defined in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electronic ranging system, means for generating a range gate in
      time synchronism with replies to successive transmitted pulses, comprising
      voltage sweep generating means responsive to the time occurrence of an
      initial and subsequent ones of said transmitted pulses to generate a sweep
      output waveform having a predetermined slope, reference voltage generating
      means responsive to an initial transmitted pulse to generate a reference
      output waveform having a slope less than that of said sweep generator
      output waveform, range gate generating means responsive to the relative
      magnitudes of said reference and sweep generating means to generate said
      range gate, means responsive to successive ones of said range gates to
      enable said reference voltage generating means, and means responsive to
      the first reply pulse received after the generation of successive ones of
      said range gates to disable said reference voltage generating means
NUM  2.
PAR  2. Means as defined in claim 1 comprising reset means from said sweep
      generating means and said reference voltage generating means whereby the
      respective outputs therefrom are reset to zero upon rising to a
      predetermined maximum voltage level.
NUM  3.
PAR  3. Means as defined in claim 2 comprising voltage comparison means
      receiving the outputs of said sweep generating means and said reference
      voltage generating means and producing an output signal when the magnitude
      of said sweep output exceeds that of said reference voltage generating
      means output, and said range gate generating means being responsive to the
      initiation of said comparator output signal to generate a range gate of
      predetermined time duration.
NUM  4.
PAR  4. Means as defined in claim 1 wherein said reference voltage generating
      means comprises a signal integrator, a predetermined constant input signal
      source supplying an input to said integrator, and said input signal source
      being selectively enabled and disabled by said range gate generation
      responsive means and said first reply pulse responsive means.
NUM  5.
PAR  5. Meas as defined in claim 4 wherein said integrator input signal source
      comprises a constant current generator, said constant current generator
      when enabled applying a predetermined input current to said integrator,
      said constant current generator when disabled applying zero input current
      to said integrator.
NUM  6.
PAR  6. Means as defined in claim 5 wherein said selective integrator enablement
      and disablement means comprises logic means responsive to said range gate
      generation and said first reply pulse reception to selectively enable and
      disable said constant current generator.
NUM  7.
PAR  7. Means as defined in claim 6 wherein said logic means comprises logic
      level voltage generation means, said logic level voltage generation means
      receiving said reply pulses and range gate as respective inputs thereto
      and being responsive to the first reply pulse received after each said
      transmitted pulse to provide a first logic level output and responsive to
      successive ones of said range gates to provide a second logic voltage
      output level, the output from said logic level voltage generation means
      being applied as a selective inhibit input to said constant current
      generator.
NUM  8.
PAR  8. Means as defined in claim 7 wherein said logic means comprises a
      set/reset flip-flop, said received reply pulses and range gates being
      applied to an individual one of the reset and set input terminals of said
      flip-flop, and one of said Q and Q outputs from said flip-flop comprising
      said selective inhibit input to said constant current generator.
NUM  9.
PAR  9. Means as defined in claim 8 further including lock-on criterion logic
      circuitry, said reply pulses and range gates being applied as inputs to
      said lock-on criterion logic circuitry, said lock-on criterion logic
      circuitry comprising logic circuit means repsonsive to a range gate time
      synchronous one of said receive pulses to initiate and maintain an output
      logic level over a period of time defined by a predetermined number of
      succeeding transmitted pulses, and means applying the output of said logic
      circuit means as a further selectively disabling input to said signal
      integrating means.
NUM  10.
PAR  10. Means as defined in claim 9 further including means responsive to a
      predetermined ratio of range gate synchronous replies to successive pulse
      transmissions to provide a further sustained logic level output, and means
      applying said sustained logic level output as a still further selectively
      disabling input to said signal integrating means.
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ABST
PAL  A digital display doppler radar unit has a moving mode and a stationary
      mode. The incoming doppler signal, which in the moving mode, represents
      both speed of the radar platform and speed of an approaching target
      vehicle, is separated into two signal components by selective filtering.
      One component represents the sum of the ground speeds for the radar
      platform and approaching vehicles. A time base is generated by a crystal
      control means and the time base is utilized for correlating the received
      doppler signals, indicative of speed, with the time base. Each doppler
      signal component is converted to binary coded decimal (BCD) information
      and a digital counter counts the cycles of each reeived doppler signal and
      compares the count with an amount previously stored. Circuit means are
      provided to validate the received doppler signal, allowing their continual
      processing only after a preselected number of valid comparisons are made.
      The radar signal component representing the ground speed sum for the radar
      platform and the approaching target vehicle, and the component
      representing radar platform speed are combined. The radar platform speed
      is subtracted from the combined component, resulting in a digital count
      representing approaching target vehicle speed. In the stationary mode,
      there is no radar platform doppler pulses in the radar return and
      consequently, the returning pulses may be processed directly and no
      subtracting function is performed. Speeds corresponding to the valid
      received doppler signals are suitably displayed to indicate a speeding
      violation.
BSUM
PAC  BACKGROUND AND BRIEF DESCRIPTION OF THE INVENTION
PAR  The use of doppler radar techniques for measuring the speed of moving
      objects and more particularly for measuring the speed of motor vehicles is
      well known in the art. By their nature, doppler return signals are often
      very inaccurate. This is due to the large noise level that would include
      white noise, reflection difficulties due to multiple targets and/or the
      dropping of pulses at critical intervals so that incorrect and erroneous
      displays are prevalent in many prior art devices. A general solution to
      these prior art difficulties is given and described in the U.S. Patent to
      Berry, No. 3,689,921, issued Sept. 5, 1972, which is incorporated by
      reference herein.
PAR  It has become apparent that the efficiency of selective electronic speed
      limit law enforcement can be increased if the radar platform,
      conventionally a police patrol car, is capable of movement during such
      enforcement and surveillance. A number of devices also are known in the
      art which attempt to impart movement capabilities to the radar platform.
      While these devices work well for their intended purposes, they often are
      inaccurate or are dependent, in generating a speed solution, on factors
      other than the mere reflected return of a generated frequency. When the
      radar platform is moving, at least two doppler return signals are produced
      simultaneously and these signals create a complex wave form for the radar
      receiver input. One larger doppler signal component will be generated by
      the reflected waves from the road and the other stationary objects, with
      its frequency representing the speed of the radar platform. A second
      doppler signal component is generated by the waves reflected from an
      approaching vehicle, and since the relative speed between the approaching
      vehicle and the patrol car is the sum of their two ground speeds, this
      doppler signal component frequency will represent the sum of two ground
      speeds. It should be noted that the second doppler signal component's
      frequency always will be higher than the first if the patrol car and the
      moving vehicle are traveling in opposite directions. The radar unit of
      this invention isolates these two doppler signal components by selective
      filtering. Alternatively, two separate antenna systems could be used
      thereby with one antenna directed to the surface while the second system
      is directed to the oncoming target vehicle. The unit counts the two
      frequencies digitally, subtracts the speed of the radar platform from the
      doppler count of the approaching vehicle, and automatically converts the
      resultant digital count into mile per hour units. The result is the true
      ground speed of the approaching vehicle.
PAR  In the stationary mode of operation, only one predominant doppler signal is
      returned, which represents the speed of the approaching vehicle. The
      filtering process is bypassed and the doppler signal frequency is counted
      directly. The subtraction process is not executed since the radar platform
      speed is zero and the counted doppler frequency represents the speed of
      the approaching vehicle.
PAR  If a plurality of valid comparisons are indicated over a preselected number
      of counting cycles, the speed indicated by the totalized number of pulses
      is presumed valid and is accordingly digitally displayed or utilized to
      give either a visual or audible warning, thereby indicating a speed
      violation. If a non-concidence counter is activated, the count previously
      stored for possible display purposes is discarded and the counting and
      count comparison scheme must be recycled. In this manner, all false
      signals including noise and reflections are disregarded and only valid
      speed indications are chosen for display.
PAR  A primary objective of this invention is to provide a unique method and
      apparatus for use in law enforcement and vehicle speed surveillance
      systems that measure the speed of an approaching vehicle when the radar
      platform is moving.
PAR  Another object of this invention is to provide a radar unit of the
      character described that provides accurate speed measurement and a direct
      reading of the absolute speed of a target vehicle when the radar platform
      is moving.
PAR  A further object of this invention is to provide a unique doppler radar
      unit that validates the accuracy of a received doppler signal prior to
      indicating the count value of the same as a correlation to vehicle speed.
PAR  A further object of this invention is to provide a radar unit having a
      comparing circuit means which will activate an audible alarm if the
      indicated vehicle speed equals or exceeds a preset violation speed limit
      selectively programmed by the radar operator.
PAR  Yet another object of this invention is to provide a doppler radar unit
      that efficaciously generates a speed solution directly from reflected
      waves when both the radar platform and target vehicles are moving.
PAR  Another object of the invention is to provide a unique radar unit that
      produces a digital speed readout when both the radar platform and the
      target vehicles are moving and to obviate the need for any mechanical
      linkage with the vehicle acting as the radar platform. In this manner no
      connection with the host vehicle odometer is needed.
PAR  A further object is to provide a moving vehicle radar system of the
      character described that requires but one antenna system.
PAR  Another object of the invention is to provide a unique circuitry in a
      moving radar of the character described that utilizes a single time base
      with at least two received doppler signal components. In this manner, the
      need for two or more time bases is therefore obviated.
PAR  A still further object of the invention is to provide a unique circuit for
      use with a moving radar which includes a means for ignoring the speed of
      an in-range oncoming vehicle under preselected conditions.
PAR  Other and further objects of this invention, together with the features of
      novelty appurtenant thereto, will appear in the course of the following
      description.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the accompanying drawings, which form a part of the specification and
      are to be read in conjunction therewith and in which like reference
      numerals are employed to indicate like parts in the various views:
PAR  FIG. 1 is a block diagram of a radar unit for digitally determining the
      speed of a moving object when the radar platform is in motion;
PAR  FIG. 2 is a detailed schematic diagram for the preamplifier and power
      supply shown in FIG. 1;
PAR  FIG. 3 is a detailed schematic diagram for the filtering channels for the
      radar unit of FIG. 1;
PAR  FIG. 4 is a detailed schematic diagram for a first circuit portion for the
      radar unit of FIG. 1; and
PAR  FIG. 5 is a detailed schematic diagram for a second circuit portion for the
      radar unit of FIG. 1.
DETD
PAR  Turning now more particularly to the drawings, reference numeral 1
      indicates the radar unit of this invention. The unit 1 includes a
      microwave circuit 2 electrically connected to an antenna (not shown). The
      microwave circuit 2 functions to generate and transmit a stable microwave
      signal and to receive the reflected signal and mix it with a sample
      portion of the transmitted wave. It then detects the difference in
      frequency between the transmitted and reflected wave, thereby determining
      the doppler shift. Conventionally, the microwave source is a Gunn effect
      diode mounted in a temperature compensated, tuned cavity which radiates a
      continuous 10.525 GHz lineraly polarized signal. The microwave circuit 2
      is powered from a regulated power supply 3 which provides a 10 volt supply
      to the unit 1, and in particular, to the microwave circuit 2. Input to the
      power supply 3 may be from the radar platform (or patrol car) electrical
      system.
PAR  A mixer assembly 4 receives the input signal from the microwave circuit and
      detects the frequency difference between a sample transmitted signal and
      the reflected signals. The detected signal in turn is fed to a
      preamplifier 5 which amplifies the input signal and transmits it to the
      remaining circuitry of the unit 1. As indicated above, a signal from the
      amplifier (5) is a complex wave, formed by the algebraic sum of the radar
      platform speed and the speed of an approaching vehicle. In order to
      accurately count these two frequencies, the signals must be separated.
      This is accomplished in the unit 1 by use of filter means which includes a
      fixed high pass filter, a tracking high pass filter and a high doppler
      limiter in a channel designated by the numeral 7 and a fixed high pass and
      tracking band pass filter in a channel designated by the numeral 11 (FIGS.
      1 and 3).
PAR  As suggested, the above filter means is a two channel device having an
      input 400 from the preamplifier 5. A first channel 7 (FIG. 1) receives the
      doppler signal input and feeds it through a fixed high pass filter 8, a
      tracking high pass filter 9 and a high doppler limiter 10. A second
      channel 11 receives the doppler signal input and feeds it through a fixed
      high pass filter 12, a tracking band pass filter 13, and a low doppler
      limiter 14. The low doppler limiter 14 is electrically connected to the
      filter means 6 through a switch assembly 15.
PAR  Filter 12 includes an amplifier I1B (FIG. 3) and is used to reject all
      frequencies representing radar platform speeds below 10 miles per hour,
      corresponding to a frequency of 31.4 Hz. A diode CR1 and a diode CR2 are
      connected across the output of the amplifier I1B and are used to limit the
      AC component of the output signal of the amplifier 16 to a maximum of 0.4
      volts, peak to peak.
PAR  Output from the amplifier I1B is inputted to the tracking band pass filter
      13, same being a two element device, the individual elements of which
      generally are indicated by the numerals 22 and 23.
PAR  An amplifier I4A and an amplifier I4B are the amplifiers for the two,
      two-pole cascaded tracking band pass filters 22 and 23. A decimal decoder
      driver I2 and a decimal decoder I3 are used to select one of seven
      resistors of a bank 402 and a bank 403 of the respective filters 22 and 23
      and to switch selected ones of those resistors to ground. Each of the
      seven pairs of resistors in the banks 402 and 403 centers the frequency of
      the combined band pass filter 13 to one of seven frequencies. Each
      individual frequency, as will be recognized by those skilled in the art,
      corresponds to a particular speed. The resistor banks 402 and 403 are
      switched by a BCD code inputted to the channels 7 and 11 at connection
      lines 404, 405 and 406. The BCD code used to switch the seven resistors
      represents the "tens" digit in the patrol car speed as registered in a
      delayed counter generally indicated by the numeral 26 in FIG. 4 and
      described in detail hereinafter. The limits of the filtering provided by
      the filters comprising the channel 11 means that the radar unit 1 is able
      to track the speed of the radar platform or patrol car in a range between
      10 miles per hour and 80 miles per hour. The radar platform speed is set
      initially as described hereinafter.
PAR  An amplifier I1A (FIG. 3) is the first active element of channel 7 for the
      fixed filter 8 having a cut out frequency of 1.3 KHz corresponding
      approximately to 40 miles per hour. The filter 8 eliminates all doppler
      signals for which the combined speed of the radar platform and the speed
      of an approaching target vehicle is less than 40 miles per hour.
      Amplifiers I6A and I6B are the active elements of a selectable, five pole
      chebyshev high pass filter 9. The lower cut off frequency of the filter 9
      is switched by the same BCD signal from the counter 26 that switches the
      tracking band pass filter 13 except that the filter 9 is switched in
      multiples of 20 miles per hour. The cut off frequency of the filter 9 is
      approximately twice the upper band pass filter 13 limit so that only
      approaching target vehicle speeds near to or exceeding the radar
      platform's speed will be readily recognized. Approaching vehicles at
      speeds much below the patrol car's speed will only be detected when they
      are very close to the radar unit 1 as their doppler signal is greatly
      attenuated by the filters in the channel 7.
PAR  A dual BCD MOS-FET switch I7 is utilized to switch various resistors in the
      filter 9 to raise the cut off frequency of the filter. A plurality of
      diodes CR4 through CR9 switch respective ones of a plurality of resistors
      R43, R44, R53, R54, R61 and R62 to AC ground in parallel with resistors
      R41, R52 and R59 in response to the same BCD code provided by the counter
      26 along conductors 420 and 440 so that the Chebyshev response is
      preserved for all cut off frequencies provided in the filter 9.
PAR  The high doppler pulse of channel 7 thereafter is fed to a high doppler
      limiter 10. This limiter (10) includes an amplifier I5 which is a zero
      voltage crossing detector utilized to form the doppler signals into a
      square wave. The squaring process eliminates much of the amplitude
      variation of the doppler signals and provides an exact time reference
      point for measuring the frequency of the signals.
PAR  The high doppler signal forms the input along a connection line 501 for
      high frequency doppler pulse shaping network 500 (see FIGS. 1 and 4) which
      includes a Schmitt trigger 49. Schmitt trigger 49 utilizes transistors
      Q202 and Q203 as the active elements and further acts to shape the high
      frequency doppler pulses. Output of Schmitt trigger 49 is inputted to a
      one-shot I202B which generates a 0.6 microsecond pulse from the positive
      edge of the pulse input from the Schmitt trigger 49. The output of I202B
      is fed to a first high frequency doppler pulse selector 520 and to an OR
      gate I205D where it enters a speed counter 525.
PAR  The low frequency doppler pulse of channel 11 is fed to a low doppler
      limiter 14 from I4B via conductor 410. Limiter 14 includes an amplifier
      I229 which functions as a zero voltage crossing detector and forms the
      doppler signal from the filter 13 into a square wave. As in the case of
      the amplifier I5, this squaring process eliminates much of the amplitude
      variation inherent in doppler signals and provides an exact time reference
      point for measuring frequency of the signal.
PAR  Transistors Q200 and Q201 are the active elements of a Schmitt trigger 56
      and form a low frequency doppler pulse shaping network 515 which further
      shapes the low frequency doppler pulses of the channel 11. A one-shot
      I202A performs the same function in the channel 11 as the one-shot I202B
      performs in the channel 7.
PAR  The resultant output of the channels 7 and 11 then are narrow 0.6
      microsecond pulses occurring at the positive zero transition of the
      doppler signal and therefore, each pulse represents one cycle of a doppler
      signal. The output of I202A is fed to a patrol car speed counter 530.
PAR  It may be observed (FIG. 1) that operation of a switch assembly 15 placing
      the radar unit 1 in the stationary mode of operation, bypasses the filter
      means 6 so that the output of the preamplifier 5 is fed directly to the
      low doppler limiter 14, and in particular, to the amplifier I229 (FIG. 4)
      of the limiter 14. In the latter case the unit 1 will directly measure the
      speed of oncoming vehicles when the police car is stationary, and the
      operation of the patrol car speed counter (described later) as well as
      other components, is obviated. The output of the Schmitt trigger 56 and
      its associated one-shot I202A is directed to a high frequency doppler
      adding circuit means 60 (FIG. 1) for processing as described hereinafter.
PAR  The conversion of a doppler frequency to speed operates on the principle
      that the frequency of the doppler signal corresponds to the formula
      f.sub.d =(2V/C) (f.sub.o) where f.sub.d equals the received doppler
      frequency in Hz, V equals the velocity of the reflecting body in miles per
      hour, C equals the speed of propagation of RF energy in miles per hour and
      f.sub.o equals the transmitted frequency in Hz. The outputs of the
      one-shots I200A and I200B then have a pulse repetition derived from the
      same formula. Multiplying these signals by a properly chosen time signal
      will give a number of pulses, thereby effecting time correlation.
      Consequently, a number of pulses that occur in a specified time period
      will numerically equal the relative speed of the object producing doppler
      signal.
PAR  The first low frequency doppler pulse that arrives, after each circuit
      recycling, is selected by a selector 36 (FIGS. 1 and 4) and inputted to a
      primary time base generator 59 through a connector 36a. The first low
      frequency doppler pulse starts the primary time base generator 59. A
      31.858 microsecond pulse is generated by the primary time base 59 which is
      inputted to the low frequency doppler pulse shaping network 515 via a
      conductor 515a.
PAR  The first low frequency doppler pulse also is inputed via the conductor
      36a, to a secondary time base counter 63, which begins counting on the
      arrival of the first low frequency doppler pulse. Secondary time base
      counter 63 counts the time interval between the arrival of the first low
      frequency doppler pulse and the arrival of the first high frequency
      doppler pulse. The first high frequency doppler pulse is obtained from the
      output of the high frequency pulse shaping network 500 by a selector 520
      via a conductor 520a. The secondary time base 59 stores this count until
      the end of the primary time base gate. It then counts off the same length
      of time before closing the gate to the high frequency doppler adding
      circuit means 60 (described later). This effectively shifts the gate to a
      high frequency doppler pulse counter 525 so that it begins counting with
      the arrival of the first high frequency doppler pulse to arrive after the
      first low frequency doppler pulse has passed. The counting scheme thus
      provided has the characteristic that no "rounding-off" of speeds is
      performed.
PAR  One of the primary elements for the radar unit 1 is a crystal oscillator 61
      (FIG. 1) which produces a 1.0280 MHz signal output. The output from the
      crystal oscillator 61 forms an input for the primary time base 59 which
      will include a ripple counter 62 (FIG. 5) formed by I109A, I110, I111,
      I112 and I113. This counter (62) divides the 1.0280 MHz signal from the
      oscillator 61 to form a 31.875 Msec gate pulse at a line 515a (FIG. 1).
      The gate pulse, as indicated above, is used to gate the outputs of the
      one-shots I202A and I202B (FIG. 4) into counters. The ripple counter 62
      (FIG. 5) is reset by the first low frequency doppler pulse delivered via
      conductor 36a. When data is stored into the counter 62, either a count of
      zero or thirty six is preset into the counter 62 by an interval selector
      1109B which acts as a one-shot counter that changes state after every
      second missed count. Other pulses are taken from the primary time base 59
      (FIG. 1) for gating, calibration and tone generation.
PAR  Secondary time base counter 63 (FIGS. 1 and 5) is a cascaded 8 bit up/down
      counter comprising I106 and I107 which counts 7.78 microsecond wide
      pulses, starting at the trailing edge of the first low frequency doppler
      pulse to arrive after the primary time base gate at 1108A opens, and stops
      counting with the arrival of the first high frequency doppler pulse via
      conductor 520a or a count of 256 (3.98 microseconds), whichever comes
      first. It stores this count until the primary gate I101B closes and then
      counts down the same number of 7.78 microseconds wide pulses to a count of
      zero, which generates a borrow pulse at I107 and opens the gates to
      control pulses C1 and C2 via I101B and a connecting line 610a. Control
      pulse C1 marks the end of the count in the high frequency doppler pulse
      counter 525 (FIG. 1). Consequently, the gate to the high frequency doppler
      pulse counter 525 has been independently shifted so that it begins
      counting with the arrival of the first high frequency doppler pulse after
      the first low frequency doppler pulse has passed.
PAR  The control pulses C1 and C2 are generated in a pulse generation circuit
      610 (FIG. 1) having an input connection line 615 from primary time base
      59.
PAR  C1 and C2 are 0.97 microsecond pulses generated from the primary time base
      59 at I121E and I121B respectively, if no speed violation is detected at
      I125A. A C1 pulse will appear at the output of I120A. 4.86 microseconds
      after the secondary time base counter 63 has counted down to zero if the
      stored speed of the patrol car in the delayed counter 26 (FIG. 1) does not
      match the speed just counted by the low frequency doppler pulse counter
      530. A C1 pulse will appear at the output of I120B (FIG. 5) if the stored
      speed of the approaching vehicles inputted to I120B along connection line
      586 does not match the count of the speed counter 525 at that instant. If
      this pulse occurs, then the count in the speed counter 525 is transferred
      to a speed storage register 535 and the C1 pulse marks the end of the high
      frequency doppler pulse gate.
PAR  A C2 pulse occurs on the output side of I123B (FIG. 5) some 6.81
      microseconds after the secondary time base counter 63 has counted to zero.
      The trailing edge of the pulse, via line 612, triggers a 1.8 microsecond
      one-shot I227A (FIG. 4) which in turn generates a delayed C2 pulse, herein
      referred to as C2 pulse on line 613, same being used for resetting the
      primary gate and updating the counters. The delayed C2 pulse is, therefore
      a restarting pulse for the counting cycle.
PAR  I201A, I204C and I203B (FIG. 4) form the low frequency doppler pulse
      selector 36. I201A is a J-K flip-flop which forms a gate that opens with
      the arrival of each C2 pulse generated from I227A (the C2 one-shot) and
      closes with the trailing edge of the first low frequency doppler pulse to
      arrive after a C2 pulse has finished, inputted from I202A along a
      conductor 540. I201A allows the first low frequency doppler pulse, and no
      other, to appear inverted at the output of I204C. The first low frequency
      doppler pulse simultaneously is inputted along a conductor 545 and resets
      the patrol car speed counter 530 to zero. As indicated above, is also
      resets and starts both the primary time base 59 and secondary time base
      counter 63. The gate function of I201A also serves to preset the patrol
      car speed from the delayed counter 26 via a conductor 550 and I203B, into
      the speed counter 525 (FIGS. 1 and 4) so that the speed counter 525 will
      be able to perform its subtraction operation, described in more detail
      later.
PAR  I200A (FIG. 4) and I108A, I104D and I102F (FIG. 5) form first high
      frequency doppler pulse selector 520. I108A is a J-K flip-flop, set by the
      leading edge of the first low frequency doppler pulse inputted at I108A by
      the common connection of the conductors 36a and 550 shown in FIG. 1. I108A
      opens the gate to the up count of the secondary time base counter 63 at
      I100B and simultaneously opens the gate formed by I200A via conductor 425.
      I200A allows a high frequency doppler pulse from I202B to pass after the
      first low frequency doppler pulse from the low frequency doppler selector
      515, via conductor 521, is finished. The high frequency doppler pulse from
      I202B appears inverted at the output of I200A and by way of conductor
      520a, I104D and I102F, resets the I108A flip-flop, thereby closing the
      gate to the up count of the secondary time base counter 63, and closing
      the gate I200A so that no more high frequency doppler pulses may pass. The
      inverted first high frequency doppler pulse appearing at the output of
      I200A will be very narrow since the gate will shut off as soon as 1108A is
      reset.
PAR  The patrol car speed counter 530 (FIGS. 1 and 4) is formed by integrated
      circuits I206 and I207, which are cascaded, binary coded decimal counters
      that count the inverted and gated low frequency doppler pulses inputted
      from I202A along a conductor 555 in the moving mode sent by switch
      assembly 15. I206 counts the units and I207 counts the tens of the patrol
      car speed at the end of the primary time base gate input to the pulse
      shaping network 515. The counter is preset to zero by the first low
      frequency doppler pulse inputted to I207 and I206 via conductor 545 so
      that the counter begins counting with the second low frequency doppler
      pulse. In the stationary mode of operation, the counter is continually set
      to zero by the position of the switch assembly 15.
PAR  The output for the counter 530 forms an input for a patrol car's speed
      comparator 560. I208 and I209, which form comparator 560, are cascaded
      comparators that compare the count registered in the partrol car's speed
      counter 530 to the count stored in the patrol car's speed delayed counter
      26. If the count in counter 530 exceeds the count in counter 26, then the
      count up gate I204A will be open. If the count in counter 530 is less than
      the count in counter 26, then the count down gate I204B will be opened. If
      the counts in the counter 530 and 26 are identical, the output along a
      conductor 570 will reset a delayed counter count pulse generator 565
      (FIGS. 1 and 5) and a C1 pulse will be inhibited from appearing on the
      output of I120A. Although the comparator 560 works continuously, only
      comparisons at the end of the counting cycle are used since its output are
      only used to gate C1 and C2 pulse generator 610 (FIG. 1). If the count in
      the delayed counter 26 does not equal the count in the patrol car's speed
      counter 530, no speed will be displayed for an approaching vehicle.
PAR  Delayed counter 26 allows the band pass filter 13 to search systematically
      for the patrol car's speed even when the speed is not in the pass band of
      the filter. In addition, once the speed is found, the delay counter 26
      holds the count even during brief intervals of random large doppler
      signals near the frequency representing the speed of the patrol car
      sometimes encountered for example when the patrol car is approaching a
      slow moving truck or is being passed by fast moving vehicles.
PAR  The delayed counter 26 includes I204A, I204B, I210 and I211 (FIG. 4).
      Basically, counter 26 is a cascaded, two decade, BCD up/down counter which
      counts the units I201 and tens (I211) of the patrol car'speed. Gates I204A
      and I204B gate count pulses from the delayed count pulse generator 565
      into the count up (I204A) or the count down (I204B) input of the counter
      I210. When the delayed counter 26 begins counting, a count limit detector
      I212 presents a speed equal to the closest multiple of 20 miles per hour
      that is less than a violation speed limit preset into the tens counter
      I211. Counter 26 then counts pulses up or down, depending on the output of
      the comparator 560 until the count equals the count in the patrol car's
      speed counter 530. Counter 26 usually will begin counting down because the
      doppler signal is not in the pass-band of the band-pass filter 13 and a
      count of zero miles per hour is registered until the pass band of filter
      13 is switched near to the doppler frequency by the delayed counter 26. In
      the stationary mode of operation, the delayed counter is continuously
      reset to zero by the switch assembly 15.
PAR  The count limit detector I212 compares the tens digit of the delayed
      counter 26 (I211) to zero. When the delayed counter 26 counts below 10
      miles per hour, the next count pulse will reset the tens counter I211 to
      the preset count described above.
PAR  Delayed counter count pulse generator 565, formed by integrated circuits
      I228, I200B, I204D and I203C, generates the pulses for the delayed counter
      26. I228 is a binary 4 bit counter and, together with I200B, counts every
      eight C2 pulses generated from I227A if the comparator 560 does not
      register an "equal" comparison at I204D from 209, and directs this eight
      C2 count pulse to the count up gate I204A, count down gate I204B, and the
      count limit detector I212. Once the delayed counter 26 has found the speed
      of the patrol car by counting process described above, I204D presets a
      count of twelve into the generator 565 every time a C2 pulse is generated,
      and no additional count pulse will be generated. Once the delayed counter
      26 has found the speed of the patrol car, it will be able to correct a 1
      mile per hour change within 0.127 seconds. In other words, the counter 26
      can track the speed of the patrol car if that speed does not change faster
      than 7 miles per hour per second. The most difficult situation for finding
      the patrol car's speed initially is when the violation speed limit is 80
      miles per hour or above and the patrol car is moving at 10 miles per hour.
      Under this condition, 17.84 seconds are needed to find the patrol car's
      speed.
PAR  A patrol car speed up date counter 625 and a missed count counter 630 (FIG.
      5) are utilized in the unit 1 to control the suitable display of patrol
      car speed. It has been found that if three to five consecutive equivalent
      counts are made in the patrol car's speed, then the count is a reliable
      representation of that speed. On the other hand, the large hysteresies in
      the delayed counter 26 means that once the speed has been found, many
      miscomparisons can be tolerated before the unit 1 actually has lost the
      speed of the patrol car. In the radar unit 1, 42 consecutive missed
      comparisons indicate that the patrol car's speed is lost.
PAR  Another important consideration is the operation of circuits I206 and I207
      (the counters which record the speed of the patrol car e.g. counter 530)
      in conjunction with the delayed counter 26 (I204A, I204B, I210 and I211).
      If the counted output from the combined circuits I206 and I207 is greater
      than the count in the combined circuits I210 and I211, the outputs from
      the comparator circuit I209 gives a "count up" instruction. Conversely, if
      the count in I206 and I207 is less than the count in I210 and I211, the
      outputs from the comparator circuit I209 give a "count down" instruction.
      In this manner, if the patrol car is following a large truck, the radar
      effect which normally would require the unit to read the closing state
      (e.g. the difference between the truck's speed and the patrol car's speed)
      is obviated. The comparators I208 and I209 actually blank the readout
      momentarily so no false readings are given unless the patrol car is
      traveling at the same rate of speed as the truck. This feature may be
      thought of as a fly-wheel effect. Since the unit ignores the false reading
      and since the patrol car usually passes the slower truck in a matter of
      seconds, the speed recognized by the unit remains accurate.
PAR  Patrol car speed up date counter 625 includes I117, 1204A and I125C (FIG.
      5). I117 is a 4 bit, binary counter which counts C2 pulses inputted along
      conductor 613 from I227A. The counter I117 is preset to a count of 12 and
      counts to a count of 16 from I125C or it is reset to a count of 12 when a
      C1 pulse appears on the output of I120A, indicating that the patrol car's
      speed in counter 530 does not match the count in delayed counter 26. When
      the counter I117 is allowed to reach a count of sixteen, it will reset
      patrol car speed missed count counter 630, which will remove one of the
      three possible display blanking pulses. After a missed comparison, i.e. a
      C1 pulse, the counter I117 is preset to 12. Three microseconds later a C2
      pulse should appear, making the count 13. Three more consecutive C2
      pulses, or equal speed comparisons, brings the count to 16 and removes the
      blanking pulse.
PAR  Patrol car speed missed count counter 630 includes I115 and portions of
      I114 and I122C. As best observed in FIG. 5, I115 and half of I114 form a
      cascade, 6 bit, binary counter which counts C1 pulses from I120A, inputted
      to I115 along conductor 640. When the up date counter 625 reaches a count
      of 16, indicating three consecutive equal comparisons, the missed count
      counter 630 is reset to zero. Gate I122C is set to give a low output if a
      count of 42 or above is reached by the counter I115-I114. Forty-two missed
      counts will register a pulse on the output of I122C. This output pulse
      will strobe a count of 47 to the counter I115 via conductor 645 which
      holds or latches the pulse until the count is reset to zero by the update
      counter 625. This missed count pulse at I122C is one of three pulses that
      can blank the display, indicated generally by the reference numeral 250
      (in FIG. 1) through I122B and I124D and conductor 614. The same pulse also
      is inverted by amplifier I124E and is used for presenting a negative sign
      or horizontal bar on the display via conductor 650. The horizontal bar
      alerts the operator that 42 missed counts have been observed by the unit 1
      while searching for the patrol car's speed and that the unit 1 does not
      know the patrol car's speed.
PAR  In the stationary mode of operation, no C1 pulses are generated so the
      update counter 625 counts continuously resetting the missed counter 630,
      thereby preventing the display from blanking.
PAR  The approaching vehicle's speed counter and patrol car speed subtraction
      525 (FIG. 4) basically is a three decade BCD up/down counter constructed
      with integrated circuits I213 for unit count, I214 for ten count and I215
      for hundred count. The gate used for selecting the first low frequency
      doppler pulse at I201A, which begins with C2 and ends with the end of the
      first low frequency doppler pulse, is fed, via an amplifier I203B and used
      to preset I213, I214 and I215 with the count from the delayed counter 26
      into the units and ten counter of the speed counter 55. A zero is loaded
      into the hundreds digit because the patrol car's speed cannot be counted
      above 80 miles per hour. Consequently, after the first low frequency
      doppler pulse is completed, the patrol car speed is stored in the counter
      525 and the counter 525 is ready to count.
PAR  I201B is a J-K flip-flop used to gate the high frequency doppler pulses
      from I205D to the count up I205B or the count down I205A input to the
      counter 525. Initially, a C2 pulse from I227A sets the flip-flop I201B
      high, opening the count down gate I205A. The count down operation
      subtracts one count in the unit counter I213 for each high frequency
      doppler pulse received from I205D. When the units counter I213 reaches
      zero, the next pulse generates a borrow pulse that subtracts one ten unit
      from the ten counter I214 and registers a nine count in the unit counter
      I213.
PAR  The speed counter 525 continues to count down until a count of 000 is
      reached. At this point, the speed of the patrol car has been subtracted
      out of the speed counter 525 and the remaining number of high frequency
      doppler pulses that occur in the gated time interval will equal the speed
      of the approaching vehicle. Therefore, the remaining doppler pulses must
      be counted up or added in the speed counter. This is accomplished by
      resetting the I201B flip-flop, opening the count up gate I205B to the
      counter 525. A one-shot I227B is triggered when the counter I215 attempts
      to borrow when the count reaches 000. The pulse from the one-shot I227B
      resets the flip-flop 1201B. All remaining high frequency doppler pulses
      will then count up in a counter and the count at the end of the timing
      gate C1 will be the speed of the approaching vehicle.
PAR  In the stationary mode of operation, only zeros are loaded into the counter
      525 because the count in the delayed counter 26 is zero. Flip-flop I201B
      is held in the reset position by the switch assembly 15 so that the count
      up gate I205B is held open. No high frequency doppler pulses are channeled
      to the counter 525 through the switch assembly 15 via a conductor 575 and
      the gate I205D. Since the low frequency doppler pulses are gated by the
      primary time base, the count in the counter 525 at the end of the cycle
      will equal the speed of the approaching or retreating vehicle.
PAR  The speed storage register 535 receives the speed count from the counter
      525. A C1 pulse on the output side of I120B indicates that the present
      speed count in counter 525 does equal the previous speed count in the
      counter 525. The development of this C1 pulse is described hereinafter. It
      is here sufficient to note that this C1 pulse (via conductor 615) is used
      to strobe data from the speed counter 525 to the speed storage register
      535 which includes I216, I218 and I220. I216 stores the unit count; I218
      stores the ten count; and I220 stores the hundred count. The count in
      counter 525, when pulse C1 appears at the output of I120B, will be the
      exact speed of the target vehicle since C1 pulses always occur at the end
      of the secondary time base. If a C1 pulse is not generated at I120B, the
      present speed count in counter 525 equals the previous speed and there is
      no need to reload the speed storage register 535.
PAR  An approaching vehicle speed comparator 585 is a cascaded, 4 bit data
      comparator that includes integrated circuits I217, I219 and I221. I217,
      I219 and I221 respectively simultaneously compare the units, tens and
      hundreds count in the speed storage register 535 to the count in speed
      counter 525. When these counts are equal, a positive pulse appears at a
      conductor 586. If this pulse occurs simultaneously with C1, then the speed
      just counted is identical to the speed previously counted and C1 is not
      produced at I201B. If the pulse at I221 does not occur simultaneously with
      C1, then a C1 pulse strobes the data input into the speed storage register
      535, and is counted in a missed counter 650 (FIG. 5).
PAR  A speed update counter 655 (FIG. 5) includes integrated circuits I122A,
      I124B, and I116. The purpose of the update counter 655 is to ensure that
      five consecutive speed counts, both of the patrol car and of the
      approaching vehicle, are identical before the unit 1 displays the count as
      being the speed of the approaching vehicle. This eliminates the
      presentation of non-reliable counts. Update counter 655 basically is a
      four-bit, binary counter I116 which counts C2 pulses from conductor 613
      and is reset to a count of 12 by: (1) a C1 pulse from I120A, which
      indicates that patrol car's speed counts in comparator 560 (FIG. 4) do not
      match [inputted at I224A]; (2) a C1 pulse from I120B which indicates the
      speed counts in comparator 585 do not match [at I112A]; or (3) the first
      C2 pulse to arrive after the counter I116 has counted to 16, indicating
      four identical consecutive comparisons have been made [inputted at I122A].
PAR  I125D and I125B (FIG. 5) provide a latch which is used to single out the
      first C2 pulse to arrive after the update counter 655 has counted from
      twelve to sixteen, or the fifth consecutive C2 pulse to appear without the
      appearance of C1 pulse. The latched pulse indicates that five identical
      speed counts have been made so that the count is reliable. In addition to
      resetting the update counter 655 via a conductor 660, the pulse is used to
      reset the approaching vehicle missed counter 650; strobe data into a
      display driver and latch circuit 655 via conductor 686 and enable a
      violation signaling circuit 670.
PAR  The approaching vehicle missed counter 650 includes an eight bit binary
      counter I118 and I119 which counts C1 pulses from I120B indicating a
      missed comparison in the approaching vehicle speed. The counter is preset
      to a count 209 by the fifth C2 pulse output from the update counter 655.
      Missed counter 650 counts to a count of 256 at which time I119 goes low,
      thereby strobing and holding a count of one on I118. The strobing pulse is
      also used to blank display 250, via a conductor 675 I122B and I124D, until
      the missed counter 650 is reset by the update counter 655 along a
      conductor 680. If a fifth C2 arrives from the update counter 655 before
      the missed counter 650 counts to 256, then the miscounter 650 is reset and
      the display changes the speed of the new approaching vehicle without
      blanking. The first bit in the missed counter 650 is used to toggle the
      J-K flip-flop I109B via conductor 685 which changes the length of the gate
      from the primary time base 59 (FIGS. 1 and 5). This change eliminates the
      possibility that C1 pulses or missed counts develop because of the fact
      that the last doppler pulse falls intermittently inside and outside of the
      time base gate from primary time base 59.  Thus, at doppler signal
      frequencies of transition from one numeral to the next, the uncertainty,
      which normally causes counts to alternate, is obviated. This time interval
      alteration is so small that its effect on accuracy is negligible.
PAR  The LED display 250 (see FIG. 4) for the radar unit 1 includes two seven
      segment light emitting diode displays, R.sub.o 202 for the units and
      R.sub.o 201 for the tens read-out, and a one segment display R.sub.o 200
      for the hundreds read-out. The LED display 250 is driven by the display
      driver and latch network 665 comprising composite integrated circuits
      I222, I223 and I224 which are each composed of a four bit latch memory,
      and a BCD decoder-driver having 47 ohm limiting resistors in the open
      collector outputs. The fifth C2 pulse via a conductor 686 from update
      counter 655 (in FIG. 5) strobes data to I222, I223 and I224 from speed
      storage register 535. Then if the blanking gate from I122D and I124D via
      conductor 614 is high, the data is displayed. A number of operations may
      be displayed and operated from a control panel in the radar unit 1, not
      shown. For example, a switching arrangement 687 may be provided so that
      the segments of the LED display 250 may be checked for proper operation.
      R.sub.o 200 operates the horizontal bar, which as described above, is
      actuated by the patrol car speed miscounter 630 via a conductor 650 to
      indicate that the operator speed has not been calculated. R.sub.o 200 also
      operates a vertical bar which is displayed to indicate that the supply
      voltage is below 11 volts, or that the operator's automobile battery has
      too low a charge to operate the radar unit 1. This condition is determined
      by a low voltage detector 690 whose signal along a conductor 691 actuates
      R.sub.o 200.
PAR  A violation comparator 590 is provided which received an input from the
      speed storage register 535. A second input to the comparator by a
      violation speed preset switch 595 (shown in block form in FIG. 1) is
      inputed to I225 and I226 at input terminals generally indicated by the
      numeral 596. The violation speed limit is programmed into the switch 595
      by the operator. This signal is compared to the count in the approaching
      vehicle speed storage register 535 by the comparators I225 units and I226
      tens. The comparators I225 and I226 generate a high output on a conductor
      597 if the stored speed exceeds or equals the programmed speed limit. This
      pulse triggers the signal violation network 670 if five consecutive
      identical counts are registered by the speed update counter 655.
PAR  If the stored speed exceeds one hundred miles per hour, I203A also will
      trigger the signal violation network 670 via a conductor 598. Signal
      violation network 670 includes a violation latch 671, a lock and automatic
      latch 672, a beep counter 673 and an audio circuit 674.
PAR  The violation latch 670 (FIGS. 1 and 5) is controlled in part by the
      operation of a switch assembly 73. Violation latch 670 detects whether an
      output has been generated from the speed count comparator 585, whether the
      count, as determined from the update counter 655, is good, and then it
      blocks the generation of the timing pulses at I125A of the pulse generator
      610. This prevents any further doppler pulse counting. The network 670
      then generates a series of six, 1 KHz beeps at 0.255 second intervals and
      simultaneously flashes the display 250. In the manual mode of operation,
      the unit 1 will then recycle, looking again for five consecutive readings
      unless a lock button 74 of switch 73 is pressed. If the lock button 74 is
      pressed, the display 250 will continue flashing and the beeping will cycle
      on and off. The display 250 will be locked on until a release button 76 is
      pressed, which allows the circuit to recycle. In the automatic mode, the
      lock button 73 is automatically pressed and the violation speed will
      remain displayed until the release button 76 is pressed.
PAR  The violation latch 670 includes integrated circuits I101C and I103B which
      will latch if the computed speed equals or exceeds 100 miles per hour,
      inputted from I203A, and the update counter 655 indicates that the count
      is good. It also will latch if a lock and auto latch 672 is latched
      because of a connection line 688 between I101A and I101C. The violation
      latch 670 will release if the release button 76 is pressed which grounds a
      conductor 680; or a beep counter 673 reaches a count of 16 from 10 and the
      lock and auto latch 672 is released. The violation latch 670 functions to
      disable the generation of C1 and C2 pulses in the pulse generator 610
      thereby eliminating the further computing of doppler pulses and updating;
      and allowing 0.1275 second pulses from the primary time base 59, and in
      particular I114 thereof, to blank the display driver and latch 665,
      thereby flashing the display 250 four times per second. It also disables
      an audio attenuation potentiometer (not shown) by turning off a transistor
      Q101 and at the same time decoupling high frequency doppler signal from
      I200D, thereby allowing the beeping signal to be heard at full volume from
      its output of I100C.
PAR  Lock automatic latch 672 includes I101A and I104C. Lock and automatic latch
      672 is set if the lock button 74 is pressed or if the automatic mode is
      closed at switch assembly 73 by the operator. It is released only by
      pressing the release button 76. The lock and automatic latch 672 serves
      the function of holding the violation latch 670 "on" and inhibiting the
      data strobe on the beep counter 673 thereby forcing it to continue
      counting in cycles of 16 counts
PAR  Pressing the lock button 74 will hold the number in the display 250 as it
      flashes and the beeping is heard, whether the speed represents a violation
      or not. In the automatic position of switch 73, the display 250 is held
      automatically when a speed violation is detected by the unit 1. The
      release button 76 will release the display in either mode of operation.
PAR  Beep counter 673 includes I105, I103A, I102C, I102E and I100A. Beep counter
      673 accepts 0.1275 second pulses at I103A through I102C from the primary
      time base at I114 if the violation latch 671 is set. These timing pulses
      are used to blank the display 250 four times per second through I122B,
      I124D and a conductor 614. These timing pulses also gate the 1 KHz tone to
      an audio control 674 through I24F and I103C which provides four beeps per
      second. The timing pulses are counted by the four bit binary counter I105
      which has been preset to a count of 10 when the violation latch 670 and
      the lock and autolatch 672 are both reset. Consequently, when the
      violation latch 670 is set, the counter I105 counts from ten to a count of
      16, at which time I105 goes low and resets the violation latch 670 via a
      conductor 692 and I103B. If the lock and automatic latch 672 is not set,
      the counter I105 is reset to a count of 10 after six beeps and the
      violation latch 671 remains reset allowing the counter I105 to accept new
      counts. If the lock and automatic latch 672 is set, the counter I105 is
      not reset and the violation latch 670 is inhibited from resetting. At this
      time, the counter I105 continues to count with the display flashing but
      the 1KHz beeping signal provided through audio control 674 is inhibited
      until a count of eight is reached. Thereafter, eight beeps will be heard
      until a count of 16 is reached by the counter I105. This portion of the
      unit 1 will continue recycling until the reset button 76 is pressed.
PAR  The audio circuit includes audio control 674 and an audio amplifier 690.
      Under normal operation, the high frequency doppler signal from the Schmitt
      trigger 49 is fed, via conductor 533, to the auio amplifier 690, which
      includes a transistor Q102 and a transistor Q103 by way of integrated
      circuits I100D, I100C and an audio potentiometer resistor (not shown)
      indicated generally by the numeral 301 in FIG. 5. The doppler signal may
      be attenuated to any level by the audio potentiometer resistor which may
      be controlled from the front panel of the unit 1. When the violation latch
      671 is set, the audio part is disabled by the opening of the transistor
      Q101 and the high frequency doppler signal is decoupled at I100D. The
      signal from the counter I105 via conductor 692 and the 0.1255 second pulse
      from I114 gate a 1 KHz signal from I112 of the primary time base 59 to the
      audio amplifier 690 through I100C. This provides the 1KHz beep when a
      violation has occurred or the lock button 74 is pressed.
PAR  As those skilled in the art will note, extensive use has been made of
      integrated circuit in the unit 1. Several complex functioning devices are
      used for comparing, counting, storage and decoding functions with the
      internal configuration of and operation parameters made in accordance with
      conventional manufactured data sheets. For example, two counters
      manufactured by the Signetic Corporation and identified by their numbers
      82801 and 82811 are extensively used. These two devices operate in a
      similar manner with the decimal counter have a binary coded decimal output
      while the binary counter has a hexadecimal output. In both of the above
      mentioned devices, a negative transition at the input terminal advances
      the count by one step. Other data inputs, generally consisting of four
      other input terminals, allows presetting to a desired count by application
      of a negative going strobe pulse to a strobe input terminal The strobe
      input may be used to reset to zero count if data inputs are grounded or
      held low during the strobe input. By cascading the counter and presetting
      by means of data inputs, any desired total count may be obtained. To save
      any respective count, inputs from either device allow it to be used as a
      storage or latch. Voltage levels preset data inputs which will be
      transferred to the output terminals during strobe and the same will be
      held when the strobe is completed. Finally, the comparators discussed
      above are similar to those manufactured by Signetics Corporation
      (identification number 8241) with each having a combination logic array
      which compares binary inputs. These comparators compare two four-bit
      binary numbers and two or more such devices may have other outputs
      paralleled for greater than four bits.
PAR  Other conventional uses include the conventional dual J-K binary flip-flop
      using a master-slave principle which may also be used as a binary toggle
      and as a set-reset latch as well as in the J-K mode.
PAR  From the foregoing, it will be seen that this invention is one well adapted
      to attain all of the ends and objects herein set forth together with other
      advantages which are obvious and which are inherent to the structure.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matters herein set
      forth or shown in the accompanying drawings is to be interpreted as
      illustrative and not in any limiting sense.
CLMS
STM  Having thus described the invention, we claim:
NUM  1.
PAR  1. A doppler radar device for use in law enforcement and service vehicle
      speed surveilance and for determining the speed of an approaching target
      vehicle when the radar platform vehicle is either moving or stationary,
      said device comprising:
PA1  means for producing a continuously running time base;
PA1  a single means for receiving a composite doppler signal having components
      relating to the speed of said target vehicle and the speed of the radar
      platform vehicle;
PA1  means for separating said doppler frequency into a first frequency
      component and a second frequency component;
PA1  means for correlating the frequency of said first frequency component with
      said time base;
PA1  means for correlating the frequency of said second frequency component with
      said time base;
PA1  means for counting cycles of each of said time base correlated frequency
      components, said correlating means and said frequency component counting
      means cooperating to count each of said frequency components in a
      preselected time increment, said time increment relating to said time
      base;
PA1  means for subtracting said counted cycles of said first frequency component
      from said counted cycles of said second frequency component; and
PA1  means for displaying the result from said subtracting means in unit
      indicative of speed of said approaching vehicle.
NUM  2.
PAR  2. The combination as in claim 1 wherein said means correlating said first
      and second frequency components with said time base includes gate means
      for initiating the counting of the cycles of said first frequency
      component after said first cycle of said second frequency component has
      passed.
NUM  3.
PAR  3. The combination as in claim 2 wherein said initiating means includes a
      primary time base and a secondary time base counter, and means for
      initiating the counting of clock pulses corresponding to the occurrence of
      a preselected condition relative to said second frequency component and
      stopping the counting corresponding to a preselected condition relative to
      said first frequency component.
NUM  4.
PAR  4. The combination as in claim 3 including means for generating control
      pulses, at least one of said control pulses being operable to restart the
      counting of said secondary time base counter.
NUM  5.
PAR  5. The combination as in claim 1 wherein said device includes
PA1  means for assuming a speed count of said platform vehicle,
PA1  means for storing said assumed speed count;
PA1  means for updating the speed count of said platform vehicle,
PA1  means for comparing said assumed speed count to said updated speed count;
      and
PA1  means for automatically changing said assumed speed count to said updated
      platform speed count at a rate of change not to exceed a predetermined
      maximum.
NUM  6.
PAR  6. The combination as in claim 1 wherein said radar device includes a means
      for disabling said displaying means of said target means speed when a
      component of said received doppler signal could correspond to a closing
      rate between the platform vehicle and another vehicle rather than the
      platform vehicle speed relative to the surface.
NUM  7.
PAR  7. The combination as in claim 6 wherein said disabling means includes
PA1  means for storing an assumed speed count of said platform vehicle,
PA1  means for updating the speed count of said platform vehicle, means for
      comparing said assumed speed count to the updated speed count, and
PA1  means for automatically changing said assumed speed count to said updated
      platform speed count at a rate of change not to exceed a predetermined
      minimum, said disabling means being operable to preclude erroneous display
      of target vehicle speed during the operation thereof.
NUM  8.
PAR  8. The combination as in claim 1 wherein said supporting means includes a
      filter network, said filter network including a high pass filter means for
      rejecting the platform vehicle speed frequency component.
NUM  9.
PAR  9. The combination as in claim 1 wherein said separating means includes a
      filter network, said network having passing filter means for passing the
      platform vehicle speed frequency components and for rejecting the target
      vehicle speed components.
NUM  10.
PAR  10. The combination as in claim 9 wherein said passing filter means is a
      band pass filter operable to reject erroneous third vehicle frequency
      components resulting from the closing speed of the platform vehicle and
      the said third vehicle.
NUM  11.
PAR  11. The invention as in claim 10 including means for electronically
      controlling the passing frequency of said band pass and high pass filter
      means in response to an assumed speed count.
NUM  12.
PAR  12. The invention as in claim 8 including means for electronically
      controlling the passing frequency of said band pass and high pass filter
      means in response to an assumed speed count.
NUM  13.
PAR  13. The combination as in claim 1 wherein said separating means includes a
      filter network, said filter network including a high pass filter means for
      rejecting the platform vehicle speed frequency components and a passing
      filter means for passing the platform vehicle speed frequency component
      and rejecting the target vehicle speed components, and means for
      electronically controlling the passing frequency of said band pass and
      high pass filter means in response to an assumed speed count.
NUM  14.
PAR  14. The combination as in claim 1 including automatic gain control means
      operable to preclude the exceeding of the dynamic range of said device
      prior to separating said doppler signal.
NUM  15.
PAR  15. The invention as in claim 1 wherein said second frequency component
      corresponds to the difference in velocity between said moving platform
      vehicle and said approaching target vehicle and wherein said first
      frequency component corresponds to the velocity of said moving platform
      with respect to the surface.
NUM  16.
PAR  16. A method for determining the speed of an approaching moving vehicle,
      said method comprising the steps of:
PA1  receiving a composite doppler signal with a single receiving means;
PA1  separating said composite dopper signal into a first frequency component
      and a second frequency component;
PA1  digitally producing a precise time base;
PA1  digitally correlating said first doppler signal frequency component with
      said time base;
PA1  digitally correlating said second doppler signal frequency component with
      said time base;
PA1  counting the cycles of said first correlated doppler signal frequency
      component;
PA1  counting the cycles of said second correlated doppler signal frequency
      component;
PA1  subtracting the count of said first doppler signal frequency component from
      said second coppler signal frequency component; and
PA1  displaying the result of said subtracted count of correlated cycles.
NUM  17.
PAR  17. The method as in claim 16 including the step of initiating the counting
      of the cycles of said first frequency component after said first cycle of
      said second component has passed.
NUM  18.
PAR  18. The method as in claim 17 including the step of causing said displaying
      means to ignore said target vehicle speed when said received doppler
      signal could correspond to a  closing rate rather than target vehicle
      speed.
NUM  19.
PAR  19. The method as in claim 16 including the step of causing said displaying
      means to ignore said target vehicle speed when said reached doppler signal
      could correspond to a closing rate rather than target vehicle speed.
NUM  20.
PAR  20. The method as in claim 19 including the steps of
PA1  storing an assumed speed count of said platform vehicle,
PA1  comparing said assumed speed count to an updated speed count, and
PA1  correcting said assumed speed count at a rate not to exceed a predetermined
      maximum.
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ABST
PAL  A single filter to replace a set of parallel filters in an O-T-H radar
       coising a prelimiting filter connected to amplifying and limiting means
      and quenching means for shorting out said prelimiting filter at
      appropriate times. The prelimiting filter is connected to receive the
      output of the mixer of one range bin of the velocity-and-acceleration
      analyzer of the radar and the predetection filter of the analyzer receives
      the output of the amplifying and limiting means. The quenching means also
      receives the output of the amplifying and limiting means and provides a
      quenching signal to the predetection filter.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a filtering system and especially to a single
      filter which can be used in place of the plural contiguous filter channels
      used in over-the-horizon radar.
PAR  Over-the-horizon radar as described in copending U.S. Patent applications
      Ser. No. 649,791, filed 6/27/67, now U.S. Pat. No. 3,885,240, and Ser. No.
      285,555, filed 5/31/63, now U.S. Pat. No. 3,905,034, is used to detect
      various types of moving objects which impart doppler frequencies to the
      reflections corresponding to the velocity and acceleration characteristics
      of the targets. The received signals cover a range of doppler frequencies
      starting at zero Hz. The system that has been used in the past to detect
      echoes in this type of radar record the received signal in a storage
      memory and then to take the stored signals and pass them through sets of
      paralleled contiguous filters before coupling them to a
      velocity-and-acceleration analyzer which employs different frequency-swept
      signals to endeavor to match the frequency characteristics of any echo
      which has been received. Each parallel filter comprises two bandpass
      filters, an amplifier and a limiter, and may include a gate. Thus, the
      filter system employs an enormous amount of hardware.
PAC  SUMMARY OF THE INVENTION
PAR  The invention replaces each set of paralleled filters by a single filter
      which is placed between the mixer and the predetection filter of each
      range bin velocity-and-acceleration analyzer. The invention comprises a
      prelimiting filter in series with amplifying and limiting means whose
      output is fed back to quenching means. The output of the latter is fed to
      the prelimiting filter as a filter-shorting input.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is to provide a single filter in place of the
      present set of paralleled contiguous filters used in an O-T-H radar to
      cover the doppler frequency bandwidth.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing a parallel range type velocity,
      acceleration and range analyzer for an O-T-H radar;
PAR  FIG. 2 is a block diagram showing the components of one of the contiguous
      filters;
PAR  FIG. 3 is a block diagram showing the components of one of the
      velocity-and-accerleration analzyer range bins;
PAR  FIG. 4 is a block diagram showing an embodiment of the invention; and
PAR  FIG. 5 is a schematic illustrating one stage of the prelimiting filter.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a parallel range type velocity, acceleration and range
      analyzer which is used with an O-T-H radar. The radar receiver output is
      stored and then fed to a set of paralleled contiguous filters 14, each set
      covering the range of possible doppler frequencies which may be received
      from moving-target echoes. The output of each individual set of contiguous
      filters 14 is fed to a velocity-and-acceleration analyzer 16 where the
      return signals at a given range are swept by voltages which are swept in
      frequency at different rates to try to match the frequency-time
      characteristic of any echoes. Matched signals pass through the commutation
      and thresholding means 20 and thence to data storage and display means 22
      which stores the signals and then displays them, usually on a scope.
PAR  Each set of contiguous filters, e.g., No. 1, consist of a set of parllel
      filter channels, as shown in FIG. 2. Thus, the entire doppler-frequency
      bandwidth may be divided into contiguous channels (perhaps 10, or more).
      Each channel contains a bandpass filter (BPF) 24, an amplifier 26, a
      limiter 28, another BPF 30, and a gate 32. A summer 36, gate control means
      34 and velocity-and-acceleration modulated oscillator means 18 constitute
      associated equipment, the latter two means being common for all contiguous
      filters.
PAR  Each range bin 16 of the velocity-and-acceleration analyzer comprises, as
      shown in FIG. 3, a local oscillator 40, preferably a voltage-controlled
      oscillator, which is swept by the output signal of the
      velocity-and-acceleration modulated oscillator means 18. Velocity is swept
      in a series of constant-frequency steps, each of which lasts an equal
      interval of time, t. Acceleration is swept by a series of frequency versus
      time sawtoooth waves in each time interval, t, each succeeding wave being
      of increasing slope.
PAR  The velocity-and-acceleration signals are mixed with the incoming signals
      from the signal memory or storage, sent through a predetection BPF 42,
      detected by an envelope detector 44 and sent through a post-detection
      filter 46, which has a narrower pass band than the predetection filter.
PAR  It has been found that a single BPF 48, hereinafter called a prelimiting
      filter, can be employed between the mixer 38 and the predetection filter
      42 in place of the parallel filter channels of a contiguous mixer. This is
      because only one filter channel is used at a given time. Thus, one channel
      can be sequenced through the doppler bandwidth. This single filter channel
      is placed after the mixer in the velocity-and-acceleration analyzer and
      the local oscillator sequences the doppler band past the fixed-frequency
      filter 48. The bandwidth of the prelimiting filter 48 must be sufficiently
      wide to preserve the wide spectrum of non-matching signals; non-matching
      signals will be truncated. The bandwidth of this filter may be between
      one-quarter and one-tenth of the doppler bandwidth depending on the
      highest acceleration to be covered. The shape factor should be about 1.25
      for good discernibility.
PAR  Some typical figures may be given at this point. The frequencies of the
      incoming signals from the signal storage may range between 0.4 and 3.75
      MHz. The local oscillator then would sweep from 13.4 to 16.75 MHz. This
      provides a fixed-frequency output from the mixer of 13 MHz so that the
      center frequency of the prelimiting filter 48 is 13 MHz.
PAR  The prelimiting filter output is passed through an amplifier and limiter 50
      to the predetection filter 42 of the velocity-and-acceleration analyzer.
      The prelimiting filter 48 has to be quenched because its decay time is
      significant compared to the time needed to sweep out one filter bandwidth
      at high accelerations and the filter should be down to 100 db in a 120 db
      system before sweeping to the next section of the doppler band.
PAR  Quenching can be accomplished as shown. Whenever a signal over the limit
      level appears at the limiter, this can be sensed and a pulse generated to
      short out the poles of the filter. This can be repeated as long as a large
      signal exists, the rate being determined by the filter delay. When no
      signal large enough to cause limiting exists, the channel passes signals.
      It also passes signals between quench pulses. A quenching pulse is also
      generated at the end of each sweep period to clear the filter for the next
      sweeping period.
PAR  The prelimiting filter may consist of a series of stages, as shown in FIG.
      5. The circuit in FIG. 5 includes the amplifying and limiting functions as
      well as filtering. The stages can be said to repeat after the dashed line
      60. Each filter section consists of a transformer 60 tuned by a capacitor
      62. An FET gate 64 is placed across the transformer 62 and is normally
      biased so that it does not conduct. When a shorting pulse is applied to
      the gate electrode of the FET 64, it becomes conductive and shorts out the
      tuned transformer.
PAR  The amplifying function is provided by FET 66 in a conventional amplifying
      circuit.
PAR  The limiting function is provided by the four diodes 68 at the input to
      gating FET 72.
PAR  The stages of the filter cause signal delay and therefore are not shorted
      out simultaneously but serially, with a delay of about 0.4 microseconds
      between stages.
PAR  Combining the functions of contiguous filtering and
      acceleration-and-velocity processing results in about a two-to-one
      reduction in hardware.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In each velocity-and-acceleration analyzer of an O-T-H radar of the
      parallel range bin type, each said analyzer comprising a mixer, a local
      oscillator, a velocity-and-acceleration modulated oscillator means, a
      predetection filter, a detector and a post-detection filter, a single
      filter means comprising:
PA1  prelimiting filter means connected to receive the output of said mixer for
      filtering; and
PA1  amplifying and limiting means connected to receive the output of said
      prelimiting filter for amplifying and limiting the output of said
      prelimiting filter and for providing its output to said predetection
      filter,
PA1  said velocity-and-acceleration modulated oscillator means driving said
      local oscillator to provide sets of frequency-swept signals to said mixer
      which serially sweep through narrow contiguous frequency channels, the
      complete set of frequency channels covering the entire doppler frequency
      bandwidth.
NUM  2.
PAR  2. Apparatus as set forth in claim 1, wherein said prelimiting filter has a
      bandwidth sufficiently large to preserve the wide spectrum of incoming
      signals which are not matched with the frequency sweeps of the signal
      output of said local oscillator.
NUM  3.
PAR  3. Apparatus as set forth in claim 2, further including quenching means
      connected to said amplifying and limiting means for providing a signal to
      short out said prelimiting filter means when the input to said amplifying
      and limiting means is above a predetermined level and also at certain
      predetermined times, the output of said quenching means being connected as
      an input to said prelimiting filter.
NUM  4.
PAR  4. Apparatus as set forth in claim 1, wherein said predetection filter
      comprises at least one stage comprising a tuned transformer and an FET
      gate connected across the terminals of said tuned transformer.
NUM  5.
PAR  5. Apparatus as set forth in claim 4, further including quenching means
      connected to said amplifying and limiting means for providing a signal to
      short out said prelimiting filter means when the input to said amplifying
      and limiting means is above a predetermined level and also at certain
      predetermined times, the output of said quenching means being connected to
      the gate electrode of said FET.
PATN
WKU  039368262
SRC  5
APN  4901673
APT  1
ART  222
APD  19740719
TTL  N Dimensional target designation vector
ISD  19760203
NCL  5
ECL  1
EXP  Hubler; Malcolm F.
NDR  1
NFG  1
INVT
NAM  Hoffman; James W.
CTY  Palos Verdes Estates
STA  CA
ASSG
NAM  The United States of America as represented by the Secretary of the Army
CTY  Washington
STA  DC
COD  06
CLAS
OCL  343  5SA
XCL  324 77A
EDF  2
ICL  G01R 1702
ICL  G01S  902
FSC  343
FSS  5 SA
FSC  324
FSS  77 A;77 E
UREF
PNO  3215934
ISD  19651100
NAM  Sallen
OCL  343  5SA
UREF
PNO  3636562
ISD  19720100
NAM  Wehner
OCL  343  5SA
UREF
PNO  3718929
ISD  19730200
NAM  Van Horn
XCL  343  5SA
UREF
PNO  3719945
ISD  19730300
NAM  Sletten et al.
OCL  343  5SA
UREF
PNO  3725928
ISD  19730400
NAM  Klimchak et al.
OCL  343  5SA
LREP
FR2  Neureither; Lawrence A.
FR2  Beumer; Joseph H.
FR2  Sims; Robert C.
ABST
PAL  Each of the parameters of objects in the field of view is measured and
       inidually compared with standard parameters. Differences in these
      parameters are multiplied by individual weighting factors and they are
      summed for each object. Object having the lowest sum is the desired
      target.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Each individual parameter of a plurality of objects is compared with a
      normal parameter and multiplied by a weighting factor and summed to give a
      designated vector. Parameters can be updated after the acquisition of a
      particular object as the desired target. The updating of the parameters
      will be in accordance with the last reading on a selected target. This is
      done so as to avoid the drawing off of the track loop by another object
      passing through the field of view or by noise spikes occurring in the
      system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a block diagram illustrating a preferred embodiment of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The purpose of the N Dimensional target designation vector of the FIGURE is
      to distinguish the object that most nearly represents the desired target
      from other objects in the field of view (FOV). To do this, various
      measurements A-N are made on each object in the FOV. For example, target
      intensity or amplitude is measured for each object. Also, by measuring the
      amplitude of each object in two different spectral regions and ratioing
      these two amplitudes, a measure of the object's temperature can be made.
      Each measured value is then compared in substractor 1A-1N against the
      nominal value that the true target is known to have.
PAR  Once this difference is taken for each type of measurement, a weighting
      factor is applied to it by multipliers 3A-3N so that the correct
      importance can be placed on each type of measurement. Thus, if the
      temperature ratio of a target is well known it would carry a high
      weighting factor. After all components are formed, they are summed by
      summer 5 to give the designation vector of that object.
PAR  The object that has the lowest vector total is the object that most closely
      resembles the desired target. For example, assume a target is known to
      have a nominal amplitude of J.sub.nom, a nominal medium wavelength to long
      wavelength ratio of (J.sub.M /J.sub.L).sub.nom, and a nominal medium
      wavelength to intermediate wavelength ratio of (J.sub.M /J.sub.I). Also
      assume the target should nominally be in the center of the FOV or at zero
      degrees in azimuth and elevation. Assuming weighting factors W.sub.J,
      W.sub.M/L, W.sub.M/I, W.sub.AZ, and W.sub.EL respectively, a five
      dimensional vector can be formed for each object in the FOV according to
      the following equation:
PA0  V = W.sub.J .sup.. [J - J.sub.nom ]+ W.sub.M/L .sup.. [(J.sub.M /J.sub.L) -
      (J.sub.M /J.sub.L).sub.nom ] + W.sub.M/I .sup.. [(J.sub.M /J.sub.I) -
      (J.sub.M /J.sub.I).sub.nom ] + W.sub.AZ .sup.. .theta..sub.AZ + W.sub.EL
      .sup.. .theta..sub.EL
PAR  it can now be seen that the desired target will give a value of V close to
      zero and can be selected from other objects in the FOV having higher
      vector totals.
PAR  It should be noted that if the system uses log amplifiers, the vector
      equation will be modified accordingly. Also, the weighting factors need
      not be constant, but if desired, can represent non linear functions in
      order to apply different amounts of weight depending on how far from
      nominal the measured parameter lies. In this case a look up multiplication
      table can be used for weighting. Also, different weights can be assigned
      in positive and negative directions from nominal.
PAR  This method of ranking all objects in a FOV and designating the correct
      target by its dimensional vector can be used in any
      search/-acquision/track system where objects other than the target are
      expected to be in the FOV. Once the desired target is acquired and locked
      onto, if desired, the nominal (or expected) values for each parameter can
      then be updated by updaters 7A-7N to insure that the track loop will not
      be drawn off of the target by another object passing through the FOV, or
      by noise spikes occurring in the system.
PAR  The multipliers 3A-3N eliminate the sign of the vector coming from the
      subtractors 1A-1N so that summer 5 will receive the same sign vector
      component at its input. The designation vector output of summer 5 is
      obtained for each object and these are compared by comparable circuits not
      shown which select the target with the lowest designation vector. If
      desired the parameters of this selected object is fed to the subtractors
      1A-1N so as to update them to read as the normal parameter that of the
      last reading on the selected object.
PAR  Any of the well known subtractors, multipliers, and summers may be used for
      the blocks shown in the FIGURE. The blocks labeled Update 7A-7N represent
      the values of the parameters of the selected object. These values are
      substituted for the normal parameters in blocks 1A-1N when desired by the
      system.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a detection system a method for evaluating received parameters from
      an object comprising the steps of:
PA1  separating the different parameters of the object to be evaluated;
PA1  subtracting from each parameter an amount equal to the normal parameter of
      a ideal return from a true target; and
PA1  combining the difference of these parameters so as to obtain a summation of
      all the differences.
NUM  2.
PAR  2. A method as set forth in claim 1 further comprising the step of:
PA1  multiplying each difference in each parameter by different weighting
      factors before summing the differences.
NUM  3.
PAR  3. A method as set forth in claim 2 further comprising the step of:
PA1  multiplying the differences in a manner such that the products will all
      have the same sign for combining.
NUM  4.
PAR  4. A method as set forth in claim 3 further comprising the steps of:
PA1  performing the above steps on a plurality of objects within a certain
      range; and
PA1  selecting an object having the lowest summation output as the desired
      target.
NUM  5.
PAR  5. A method in a radar detection system as set forth in claim 4 further
      comprising the step of:
PA1  updating the parameters in the subtraction for the next returns of the
      radar system in accordance with the measured parameters of the selected
      object.
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ABST
PAL  A method for use in controlling the flight of an aircraft which includes
      radiating from two base stations respectively a first noise signal and a
      second noise signal identical to said first noise signal but at a slightly
      different frequency and at a controlled interval with respect thereto,
      receiving both of said signals at said aircraft, simultaneously deriving
      at said aircraft a first oscillating voltage related to the envelope of
      the correlation function of said signals at a first delay time
      therebetween and a second oscillating voltage related to said envelope of
      said correlation function of said signals at a second delay time
      therebetween, subtracting said voltages to yield a difference voltage, and
      utilizing said difference voltage to control the airfoils of said
      aircraft.
BSUM
PAR  This invention relates to the guidance of vehicles, such as aircraft, by
      advanced hyperbolic guidance, and more particularly to the use of noise
      signals and correlation detection in hyperbolic guidance in order to
      obtain operation as either a secure system or an essentially jam-proof
      system.
PAR  A known arrangement for remotely controlling guided missiles has involved
      radiating signal pulses from a pair of spaced transmitters, and providing
      means within the missile for receiving these pulses and actuating the
      control surfaces of the missile in accordance with the time delay between
      the received signal pulses. The flight path of the missile will be
      hyperbolic in nature when the time delay between the received signal
      pulses remains constant. For various values of time delay there are
      respective hyperbolic flight paths which may be plotted to form a family
      of hyperbolic curves. It is therefore obvious that the missile may be
      brought over a target zone by merely selecting the proper hyperbolic path.
PAR  However, previous hyperbolic guidance systems had limited military
      application for the guidance of missiles and the like, because of their
      susceptibility to detection and jamming. This is due to the fact that
      earlier systems employed conventional signals and conventional detection
      methods, which provided little or no improvement in signal-to-noise ratio.
PAR  According to the present invention, two pairs of spaced transmitters are
      used, much as in conventional hyperbolic systems, but with the
      conventional signals being replaced by noise signals, and the conventional
      detection methods used in the vehicle being replaced by correlation
      detection. The spaced transmitters provide signals which, when measured
      for delay or path length difference, establish hyperbolic contours. By the
      use of two pairs of spaced transmitters, a hyperbolic grid can be
      established. This is accomplished by having the hyperbolas of one pair of
      transmitters intersect the hyperbolas of the other pair. Obviously, a
      single point in a plane can be defined by such a grid, and by providing
      suitable measuring equipment aboard a vehicle, it is possible to navigate
      to a particular intersection of hyperbolas.
PAR  Aircraft can thus be guided by a secure electronic guidance techniques
      which will be virtually undetectable by enemy receivers and hence immune
      from jamming. More particularly, the invention contemplates a method and
      system wherein continuous signals of weak noise are radiated to an
      aircraft to form guidance signals which are incoherent to enemy receivers,
      and which render the aircraft secure from the possibility of being
      diverted from its course by extraneous enemy signals. Alternatively, noise
      signals of moderate power can be used to realize a system that is
      relatively immune to jamming.
PAR  A specific method of guiding a vehicle according to this invention utilizes
      first and second spaced base stations and comprises the steps of radiating
      first and second noise signals from said first and second stations,
      respectively, with the noise signals being identical except for being
      centered at different frequencies, and with the noise signal from the
      second station being delayed with respect to the noise signal from the
      first station so that contours of constant delay constitute a family of
      hyperbolas. The signals from the base stations are received in the vehicle
      to be controlled as composite signal in which the individual noise signals
      are time-displaced by a finite interval. Delayed signals are created in
      the vehicle by delaying the composite signal by a first amount equal to
      the chosen delay in the signals from the stations minus a small increment
      of delay, and by a second amount equal to the chosen delay in the signals
      from the stations plus a small increment of delay. Each of the delayed
      signals is multiplied by the undelayed signal from the stations to
      generate a difference frequency at the output of each multiplier. This
      output is filtered in order to realize signal-to-noise improvement. These
      operations of delaying, multiplying, and filtering constitute correlation
      detection, and improvement in signal-to-noise ratio over conventional
      detection is thereby realized. This characteristic of the system permits
      its operation as either a secure system or a system which is virtually
      immune to jamming.
PAR  The magnitude of the difference frequencies present in the multiplier
      output are a function of the displacement of the vehicle from the desired
      hyperbola established by the base stations. Therefore, by detecting the
      difference frequency signals and taking the difference between the d.c.
      voltages thus generated, an error signal is provided which can be utilized
      to operate the control surfaces of the vehicle to cause the vehicle to
      seek the desired hyperbola generated by the base stations.
PAR  If desired, this invention can be utilized in conjunction with a reference
      base station, and at least two other base stations, with the stations
      being arranged in the form of first and second pairs of spaced base
      stations. Although three stations can constitute the two pairs of
      stations, the use of four stations can provide better geometry in the form
      of almost perpendicular crossings of hyperbolas from the two pairs of
      stations. By utilizing two pairs of stations rather than a single pair, a
      hyperbolic grid can be created such that the intersection of two
      hyperbolas defines a unique point in the plane containing the base
      stations. Thereupon, when the vehicle crosses this point, it could, for
      instance, go into a programmed maneuver to seek another hyperbola, and in
      this manner be enabled to travel more directly to a given point than by
      following the first-traveled hyperbola. Or, when the intersection point is
      crossed, the control system of the vehicle could automatically switch to a
      different type of guidance system, such as for an automatic landing.
PAR  If the vehicle involved is a military aircraft or missile, upon crossing
      the intersection point, the control system of the craft could throw it
      into a dive so as to strike the target at high speed. Alternatively, this
      could establish arming, timing, or detonating signals with respect to the
      warhead of the craft.
PAR  That the present guidance system could properly be utilized in conjunction
      with a rapidly moving vehicle, at least one refinement of the basic
      concept is desirable, namely, lane-width compensation based upon changes
      in band width and delay, which are controlled by a timing device.
PAR  It will be appreciated that there are two basically different ways of
      introducing delay in the receiver of the vehicle. In one case, fixed delay
      is employed and in this instance, an out-of-lane memory system is
      necessary in order to accommodate flight paths which deviate from a
      desired hyperbola by amounts which are large in comparison with the
      reciprocal of signal band width. This is because the correlation between
      the noise signals decreases in magnitude rapidly as delay is increased
      beyond the reciprocal of band width.
PAR  The other manner of introducing delay is by the use of a servocontrolled
      delay line which seeks to minimize the difference between the output
      signals of the multipliers, in which case the deviation of the vehicle
      from the desired hyperbola is available to the control surfaces of the
      vehicle in the form of the difference between the delay line setting and a
      reference.
PAR  By the proper selection of frequencies, this invention can be utilized in
      the guidance of various vehicles, including land-based or waterbased
      vehicles.
PAR  Accordingly, an object of this invention is to provide a method and system
      for secure electronic guidance of vehicles, such as aircraft. Another
      object of this invention is to provide a control system which is operative
      in response to weak continuous random noise signals.
PAR  Still another object of this invention is to provide an advanced hyperbolic
      guidance system utilizing noise signals and correlation detection in order
      to accomplish secure operation.
PAR  Yet another object of this invention is to provide for military aircraft a
      new type of guidance system employing signals which are virtually
      undetectable by enemy receivers.
PAR  A further object of this invention is to provide a moderately powered
      hyperbolic grid navigational system which is immune from the influence of
      enemy transmitted extraneous signals.
PAR  A still further object of this invention is to provide a means for
      establishing aircraft guidance systems in various cities throughout a
      country whereby said systems will not interfere with one another, nor will
      there be interference between said systems and other radiated energy
      operated equipments.
DRWD
PAR  The invention will now be described in detail in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 represents the geometry of the system according to this invention,
      and shows the hyperbolic grid established by generating equi-delay
      contours in the vicinity of the base stations;
PAR  FIG. 2 shows a pair of intersecting hyperbolic grids and illustrates the
      unique location of a point in a plane at the intersection of two
      hyperbolas;
PAR  FIG. 3 represents the signals received at target 3 from stations M and S;
PAR  FIG. 4 is a portion of the correlation function of a typical pulsed
      carrier;
PAR  FIG. 5 represents the correlation function of a narrow band noise signal
      such as is employed in the present invention;
PAR  FIG. 6 is a block diagram of a means of detecting the composite signal from
      a pair of stations M and S, and which permits the measurement of time
      delay between the noise signals;
PAR  FIG. 7 indicates the output voltage of the system of FIG. 6, measured at
      different values of delay;
PAR  FIG. 8 is a block diagram illustrating the basic operation of an elementary
      receiver according to this invention;
PAR  FIG. 9 is a block diagram of a portion of the elementary receiver of FIG.
      8, and illustrates an alternate distribution of delay;
PAR  FIG. 10 is a block diagram of a portion of the receiving system such as may
      be employed in a missile, and it illustrates a practical distribution of
      delays, representing a refinement of the arrangement shown in FIG. 9;
PAR  FIG. 11 is a block diagram of a complete receiver according to this
      invention, with the lane width compensation of delay (FIG. 10) being
      omitted for the sake of clarity;
PAR  FIG. 12a illustrates the output of the summation circuit of FIG. 11 at
      different values of delay; and
PAR  FIG. 12b illustrates the output of the difference circuit of FIG. 11 at
      different values of delay.
DETD
PAR  Referring most particularly to FIG. 1, base stations M, S are located on a
      base line MOS, with a line XAO representing the perpendicular bisector of
      the base line MOS. The numeral 1 indicates generally a family of
      hyperbolic curves which individually represent a plot of the flight path
      of a missile when the time delay between the signals received from the
      stations M,S remains constant. These curves will hereinafter be referred
      to as paths.
PAR  When the master station M and the slave station S are synchronized and
      transmitting simultaneously, signal pulses from both stations will arrive
      simultaneously at any point along the perpendicular bisector XAO.
      Conversely, if the master station M transmits a signal pulse directly to
      point A and to the slave station S, where the pulse is received and
      immediately reradiated, this latter pulse will arrive at point A somewhat
      later than the direct signal pulse from M. In other words, the indirect
      signal pulse transmitted via the slave station S will always arrive at a
      point A delayed by a finite time interval. Further, because of the
      geometry of the system, the two signal pulses arriving from the base
      stations M, S at any point along the perpendicular bisector XAO will
      always exhibit exactly the same time difference.
PAR  While in this case the line connecting all of these points with the same
      time difference comprises the line XAO, it will be apparent that there are
      many other points where equal time differences of other values exist, and
      that if a series of points with any one value of time-delay are connected
      a hyperbolic flight path is plotted. For various values of time difference
      a series of these hyperbolic paths may be drawn, and these comprise a
      family of hyperbolic constant time-delay paths.
PAR  It will now be obvious that a pilotless missile which is equipped to
      receive, measure, and utilize the time difference between pulses of
      radiant energy received from base stations M, S can easily be directed to
      the target area. By measuring deviations in the time difference received
      while in flight, and utilizing the deviation as an error signal for an
      airfoil control servomechanism which controls the missile heading
      accordingly, the missile is forced to fly along the particular hyperbolic
      flight path which passes through the target.
PAR  Because of the fact the hyperbolic paths are symmetrical on either side of
      the perpendicular bisector XAO, a possibility for ambiguity could exist if
      the stations M, S were synchronized in certain ways; for simultaneous
      transmission for example. (The hyperbolic paths are not symmetrical with
      respect to both sides of the base line MOS as directional antennas are
      employed.) The apex B of triangle MBS would then lie on a path which
      possesses the same constant-delay as the line which intersects the apex C
      of triangle of MCS. For this reason it is customary to have the slave
      station S triggered by the signal from the master station M, thus
      providing such a relationship as will yield minimum delay only along the
      extension of the base line MOS from S outwardly to the right. All other
      paths, chosen in an anticlockwise direction from the zero-delay line at
      OS-extended, possess successively larger values of constant delay, and
      reach a maximum at OMextended. Hence, for each value of time-delay there
      exists a single unique hyperbolic guidance path for the air-borne missile,
      and these paths may be conveniently designated by their values of delay,
      for example .tau..sub.1 .tau..sub.2, .tau..sub.3, etc., as will be seen in
      FIG. 1. The Greek letter tau is employed in this connection as being the
      symbol most commonly understood in the art as representing delay, and is
      further used in the interest of making a distinction from the symbol T or
      t, ordinarily used to indicate time in the common sense when running
      against a scale with a predetermined instant as a fixed datum.
PAR  Referring now to FIG. 2, the numeral 1 designates generally a family of
      hyperbolic paths, and the numeral 2 indicates generally a second family of
      hyperbolic paths. The families of paths 1 and 2 have been superimposed to
      form a single system of hyperbolic grid coordinates. Since the system
      associated with the family of paths 2 comprises a counterpart of the
      system associated with the family of paths 1 it will not be described in
      detail. It is sufficient for purpose of this specification to state that
      the system associated with the family of paths 1 comprises a master
      station M and a slave station S located on the base line MOS, and that the
      system associated with the family of paths 2 comprises a master station
      M', and a slave station S' situated on the base line M'O'S'; that each
      system is equipped to radiate a direct and an indirect signal; and that
      the superposition of the two systems with base line M'O'S' angularly
      located with respect to base line MOS defines a complete system of
      hyperbolic grid coordinates. In operation, a target 3 is destroyed by
      guiding the missile along the proper hyperbolic path .tau..sub.3, as
      established by the stations M, S. Means within the missile are provided to
      "read" the delay-time between the signals received from stations M', S'.
      Upon crossing the proper time-delay path, as illustrated by the family of
      curves 2, the missile-borne means generates a dive-signal which properly
      aligns the airfoils for the terminal dive on the target.
PAR  In view of the dependence of these known systems on time differences only,
      it will be readily apparent that reception of extraneous signal pulses
      could easily result in routing the missile along an incorrect path or
      generating a premature dive-signal. In order to avoid such occurrences,
      the present invention undertakes to teach a system of hyperbolic
      navigation which is substantially less vulnerable to such extraneous
      control signals.
PAR  Referring again to FIG. 1, the signal which is transmitted from master
      station M according to this invention will comprise weak continuous noise
      in a band several megacycles wide which is radiated directly to the field
      indicated by the numeral 1. This noise signal of several megacycles
      bandwidth which is radiated from the master station M should have a center
      frequency of at least 15 megacycles and preferably has a center frequency
      of about 20 megacycles, which furnishes sufficient groundwave propagation
      to yield a range of 550 statute miles from the farthest transmitter to a
      missile at 40,000 feet altitude when using a practical amount of
      transmitter power. Furthermore, this noise signal comprises a completely
      random function, and appears to enemy receivers only as an increase in
      noise power which can be made small over much of the useful range. The
      noise signal from master station M is radiated to the slave station S and
      is there translated and reradiated into the hyperbolic field. The noise
      radiated by the slave station S is centered at a slightly different
      frequency from that radiated by the master station M and arrives later
      than the master station signal at any point in the hyperbolic field 1, but
      is substantially similar in form to the noise signal from station M. This
      is illustrated in FIG. 3 wherein the noise signals arriving at the target
      3 are displaced by a time delay .tau..sub.3 ; i.e., the portion of the
      station S signal at the point 8' will arrive at the target 3 at an
      interval .tau..sub.3 after the arrival of the portion of the station M
      signal at the point 8. The direct noise from M, and the indirect noise
      from S will of course add together and merge in space, to form a composite
      noise function which is substantially unintelligible to enemy receivers.
      Therefore, at any given point in the said hyperbolic field 1, the
      composite function represents the sum of the direct noise function and the
      indirect noise function which has a slightly different frequency and is
      delayed by a finite interval. For different points in the hyperbolic field
      this finite time interval will exhibit different values because of the
      difference in the path lengths which the direct and indirect signal must
      traverse. If the time interval between the two component functions which
      comprise the composite noise function is determined from every point in
      the field 1, and if points having the same value are connected, there is
      once again formed a family of hyperbolic constant time-delay paths. It
      will now be apparent that with a system of circuitry which can analyze the
      composite noise function anywhere in the field to determine the time delay
      at any point therein, and generate adequate error signals in response to
      deviations therein, it is possible to utilize noise signals alone in
      guiding a missile along a hyperbolic path to the target area.
PAR  As an understanding of the basic fundamentals of correlation detection is
      necessary to fully comprehend the present invention, a somewhat simplified
      explanation thereof is presented at this point.
PAR  Assume that a continuous carrier signal is multiplied by itself. As the
      signals are in phase, the product will contain positive excursions only
      which, when filtered, will produce a positive d.c. voltage output. If one
      of the signals is delayed by 180.degree., a negative d.c. voltage output
      will be produced by the filter. It is therefore obvious that the filtered
      product of the signals will be a fixed d.c. voltage for a fixed delay and
      that it will oscillate, with a constant level envelope, as a function of
      the delay (note: The output will not oscillate as a function of time
      unless the delay is varied as a function of time.).
PAR  If the aforementioned signal is the carrier for a series of pulses and the
      series of pulses is multiplied by itself, the filtered product will be
      positive in polarity but smaller in amplitude because of the long time
      intervals between pulse pairs. It will be appreciated, in view of the
      discussion in the above paragraph, that the output of the filter will
      oscillate as a function of the delay between the carriers (note: It is to
      be remembered that the output will not oscillate as a function of time
      unless the delay is varied as a function of time.). If the pulses of the
      delayed carrier are delayed in a similar manner, the envelope of the
      oscillating filtered output will decrease in a linear fashion until the
      output equals zero at the point where the delay equals (1/pulse length).
      As the output is a function of the delay, a mirror image of the output
      will be produced for negative values of delay. The total output is called
      the autocorrelation function of a pulsed carrier. FIG. 4 is a plot of an
      output signal 4 as a function of delay, while broken lines 5 represent its
      envelope.
PAR  Now assume that two series of pulsed carrier signals are available which
      are fixed in pulse-time relationship but the frequency of one carrier
      signal is slightly different from the other. Within any particular pair of
      pulses the phase angle between the carrier signals will change an
      infinitesimal amount and consequently for all practical purposes the delay
      between these carrier signals is constant throughout the pulse pair.
      Because the pulses are spaced at time intervals which are large relative
      to the pulse length, there will be a change in the phase angle between the
      carriers of any pair of pulses and a succeeding pair of pulses. Therefore
      carrier delay will occur as a function of time but pulse delay will be
      fixed. From the previous discussion, it will be readily appreciated that
      under these conditions the maximum amplitude of the filtered output will
      be limited by the fixed pulse-time relationship and the polarity and
      amplitude of the instantaneous output will be a function of carrier delay.
      Therefore the filtered output of the product of two series of pulses
      having a fixed pulse-time relationship and carrier frequencies relatively
      close together will oscillate as a function of time. A pictorial
      representation of this three dimensional phenomenon would be difficult to
      produce. The three axes would represent delay, amplitude and time,
      respectively, and sine wave configurations would exist in the delay-time
      and amplitude-time planes. FIG. 4 has two of these axes (delay and
      amplitude) but an appreciation for the three dimensional phenomenon may be
      gained by imagining a mutually perpendicular time axis along which the
      wave forms 4 oscillate, always remaining within the confines of the
      envelope 5.
PAR  The above three assumptions employing carrier signals having fixed
      frequencies and amplitudes have been presented to illustrate the basic
      principles of correlation detection. As the present invention employs
      correlation detection of continuous random function noise signals, the
      above basic principles will now be employed to help explain correlation
      detection of noise signals.
PAR  If a continuous random function noise signal which has been passed through
      a single resonance bandpass filter is multiplied by itself and filtered, a
      positive output signal will be obtained as in the above first assumption.
      If one of these signals is caused to be slightly delayed with respect to
      the other, the filtered output will decrease in amplitude. The output will
      oscillate as a function of the delay (the output will not oscillate as a
      function of time unless delay is a function of time), but the envelope of
      the oscillations will decrease in an exponential fashion as the delay is
      increased until at a particular value of delay the output will be
      substantially zero. This is illustrated in FIG. 5, wherein output signal 6
      varies as a function of delay, broken lines 7 represent the envelope of
      the output signal 6, and .tau..sub.1 represents the amount of delay
      necessary for the output to delay to substantially zero. This output
      signal 6 is different from the constant envelope output in the first
      assumption wherein continuous signals with fixed frequency and amplitudes
      were employed. This may be readily appreciated when it is considered that
      noise signals have random frequencies and amplitudes. The autocorrelation
      detection output signal 6 of random noise is more closely related to the
      output signal 4 of the second assumption wherein pulsed carrier signals
      were autocorrelated.
PAR  In the above paragraph, a continuous noise function was multiplied by
      itself. If one of these signals were translated to a slightly different
      frequency with the remaining information being retained (which is done in
      practicing the present invention), the output signal 6 of FIG. 5 would
      oscillate along a time axis in a manner similar to that described for the
      third assumption wherein two series of pulses having carriers of slightly
      different frequencies were employed. Therefore, for an original and a
      frequency translated noise signal, an output which oscillates as a
      function of time will be produced for any fixed value of delay not
      exceeding the value whereby the output is substantially zero. As
      previously stated, three dimensional pictorial representations of this
      type of phenomenon would be difficult to produce.
PAR  Although a random function noise signal which has been passed through a
      signal resonance bandpass filter was used as an example in the above
      paragraph, other filters may be employed as appreciated by those skilled
      in the art. Obviously, the envelope of the correlation function will be of
      a different form.
PAR  With this simplified explanation of correlation detection, the operation of
      the remaining portion of the invention will be more easily understood.
PAR  It will be appreciated that in addition to the composite noise signal
      hereinbefore mentioned, usual ambient noise signals will also be present
      but that the correlator will extract information from only the composite
      noise signal, thereby rejecting ambient background noise. This is an
      inherent quality of the correlator.
PAR  FIG. 6 is a block diagram of a system which will extract from a composite
      signal of the type hereinbefore described information indicative of the
      time-delay between the noise signals. An antenna 9 is connected to a
      receiver 10 which is conventional and is chosen according to the
      frequencies of the composite signal. The output of the receiver 10 is
      simultaneously coupled into a variable delay means 11 and a correlator 12
      which is conventional and comprises a multiplier and a filter. The output
      of the variable delay means 11 is coupled into the second input of the
      correlator 12. The output of the correlator 12 is coupled into a detector
      13 wherein it is rectified. A filter 14 is provided to remove the ripple
      from the output of the detector 13 and a mechanical means 16 is used to
      adjust the variable delay means 11. The output of the filter 14 is labeled
      e.sub.out.
PAR  To assist in the explanation of the system illustrated by the block diagram
      of FIG. 6, a plot of e.sub.out as a function of the delay introduced by
      the variable delay means 11 is presented in FIG. 7. The particular
      composite signal input to the antenna 9 chosen to produce this plot is
      that existing along the hyperbolic path .tau..sub.3 of FIGS. 1 and 2.
      Other values of .tau. will produce similar results. Waveforms 17, 18,
      incremental delays .DELTA..tau., and voltage E.sub.1 will be explained in
      conjunction with FIG. 6.
PAR  Referring now to FIGS. 5, 6, and 7, if the variable delay means 11 provided
      a delay varying from zero to .tau..sub.a, the output of the correlator 12
      would be represented by the waveforms 6 lying to the left of the vertical
      centerline of FIG. 5. This is readily appreciated when it is remembered
      that for delays not exceeding .tau..sub.a, autocorrelation of the
      composite signal is taking place. When the output of the correlator 12 is
      subjected to the detector 13, only the positive values of signals 6 will
      be permitted to pass. The signals 6 represent d.c. values of voltage for
      various values of delay (that is, the signals 6 in this case do not
      oscillate along the time axis which, as hereinbefore discussed, is
      mutually perpendicular to the delay and amplitude axes). The waveforms 17
      represent the output e.sub.out for values of delay between zero and
      .tau..sub.a.
PAR  When the variable delay means 11 is adjusted to provide a delay of
      .tau..sub.3, the composite signal to one input of the correlator 12 will
      be delayed sufficiently to cause the direct noise signal component in the
      delayed composite signal to become aligned in time relationship with its
      corresponding indirect noise signal in the undelayed composite signal.
      When this occurs, the conditions established in the last example (used
      herein in explaining correlation detection) exist and the correlator 12
      will produce an output with will oscillate at a frequency equal to the
      difference between the frequencies of the direct and indirect noise
      signal. The detector 13 will rectify this output and the filter 14 will
      provide a smoothing action to produce a fixed d.c. signal at e.sub.out. If
      the variable delay means 11 is varied slightly, the output from the
      correlator 12 will still be oscillatory in nature but will decrease in
      amplitude. This will cause the output e.sub.out to decrease in magnitude,
      which is illustrated by curve 18 in FIG. 7. When the variable delay means
      11 is varied from a delay of .tau..sub.3 by an amount .DELTA. .tau., the
      output e.sub.out will equal the voltage E.sub.1.
PAR  Referring now to FIG. 8, a system is shown which illustrates the basic
      concept of the present invention. This system essentially comprises two of
      the systems depicted in FIG. 6 connected in a back-to-back fashion, and
      utilizes an antenna 9 and a receiver 10. The antenna, the receiver, the
      correlators 21, 22, the filters 25, 26, and the detectors 23, 24 are
      identical to their corresponding blocks found in FIG. 6. The variable
      delay means 19, 20 are similar in construction to the delay means 11 of
      FIG. 6 but are initially adjusted so that the delays introduced by them
      will differ by an amount equal to 2 .DELTA..tau.. This has been
      illustrated in the drawings by (.tau. -.DELTA..tau.) and (.tau.
      +.DELTA..tau.). The unsubscripted .tau.'s are used to indicate the general
      case.) The filters 25, 26 respectively comprise resistor R.sub.1,
      capacitor C.sub.1, and resistor R.sub.2, capacitor C.sub.2. The outputs
      e'.sub.out and e".sub.out will have a unilateral polarity, as is evident
      from FIG. 7. A like polarity terminal of each of the filters 25, 26 is
      connected to a ground connection 31, and the remaining terminals are
      coupled via terminals 32, 33 into an airfoil control servomechanism 27.
      The output of the airfoil control servomechanism 27 is in the form of
      mechanical motion and is conveyed by a mechanical means 28. A mechanical
      means 29 joins the mechanical means 28 to the variable delay means 19, 20,
      while a mechanical means 30 joins the mechanical means 28 to the airfoils
      which are to be controlled. It is to be understood that the output of the
      servomechanism could operate either an electrical or mechanical indicator
      which the pilot of a piloted aircraft could use in navigating.
PAR  The operation of the system of FIG. 8 is as follows: Assume that the
      aircraft in which this system is located is on hyperbolic path .tau..sub.3
      of FIGS. 1 and 2. When the variable delay means 19, 20 are adjusted via
      the mechanical means 29 so that the delays introduced are (.tau..sub.3
      -.DELTA..tau.) and (.tau..sub.3 +.DELTA..tau.), respectively, then the
      outputs e'.sub.out and e".sub.out will be equal, and the terminals 32, 33
      will be at the same potential level with respect to ground. The airfoil
      control servomechanism 27 will not be activated. If the desired flight
      path is hyperbolic path .tau..sub.3, then the airfoils should be aligned
      to maintain the aircraft in a straight line path when the delay means 19,
      20 are adjusted for (.tau..sub.3 -.DELTA..tau.) and (.tau..sub.3
      +.DELTA..tau.) respectively. If a different flight path is chosen, the
      airfoils will have to be readjusted with respect to the output of the
      servomechanism 28. Consequently an adjusting means may be provided in the
      mechanical means 30 for making these adjustments. This is not illustrated
      in FIG. 8 inasmuch as such means are well known to those skilled in the
      art and is not considered to form any part of the present invention. Now
      assume that the aircraft is on hyperbolic path .tau..sub.2 and that the
      adjusting means in the mechanical means 30 have been adjusted for the
      hyperbolic path .tau..sub.3. Under these last mentioned conditions, the
      variable delay means 19, 20 must be adjusted so that the delays introduced
      are (.tau..sub.2 -.DELTA..tau.) and (.tau..sub.2 +.DELTA..tau.),
      respectively, in order for the potentials with respect to ground of the
      terminals 32, 33 to be equal. For this to take place the servomechanism 27
      must adjust the variable delay means 19, 20 so that these delays exist,
      and accordingly the airfoils will be adjusted by the mechanical means 30.
      The airfoils are moved in a direction to cause the aircraft to turn in the
      direction toward the hyperbolic path .tau..sub.3. From these two
      assumptions, it is obvious that this system operates in a fashion to
      produce signals at the terminals 32, 33 which contain both polarity and
      amplitude information so that the servomechanism knows in which direction
      and how much to turn.
PAR  Referring now to FIG. 9, a block diagram is depicted of an alternate
      arrangement for the correlation detecting portion of the system of FIG. 8.
      The detectors 23, 24 of FIG. 8 and the circuitry following them may be
      connected to the output of correlators 34, 35, respectively, of FIG. 9 and
      consequently that portion of the system is not shown here. The antenna 9,
      the receiver 10, and the correlators 34, 35 are identical to their
      corresponding elements found in FIGS. 6 and 8. A variable delay means 36
      is similar to the variable delay means 11, 19, 20 of FIGS. 6 and 8 is
      varied by a mechanical means 38. An incremental delay means 37 is
      connected between the output of the variable delay means 36 and one of the
      inputs to the correlator 34 and provides a delay of 2.DELTA..tau.. The
      output of the variable delay means 36 is also connected to one of the
      inputs of the correlator 35. The operation of this particular arrangement
      is as follows: Assume that the airfoil control servomechanism has adjusted
      the variable delay means 36 via the mechanical means 38, to the point
      where the input to the airfoil control servomechanism has been reduced to
      zero. When the input to the servomechanism has been reduced to zero, the
      outputs of the correlators 34, 35 must be equal. This will occur when the
      delayed signal inputs to the correlators 34, 35 differ with respect to the
      delay between the direct and indirect signals contained in the composite
      signal input by equal amounts. Under these conditions, the delayed signal
      to the correlator 34 will be delayed by an amount equal to
      (.tau.-.DELTA..tau.+ 2.DELTA..tau.), which equals (.tau.+.DELTA..tau.).
      The delayed signal input through the correlators 35 will be
      (.tau.-.DELTA..tau.), which is the conjugate to the delayed signal to the
      correlator 34.
PAR  FIG. 10 illustrates a system which incorporates a refinement of the system
      of FIG. 9. The variable delay means 36 of FIG. 9 has been replaced with a
      variable delay means 39. A switching arrangement 40 comprising an arm 41
      and contacts 42a, 42b, 42c, 42d, is connected to the output of the
      variable delay means 39. A group of serially connected incremental delay
      means 43a, 43b, 43c, 43d provide delays equal to .DELTA..tau. and
      incremental delay means 43d provides a delay equal to 5.DELTA..tau.. The
      connection between the incremental delay means 43a and correlator 35 is
      joined to contact 42a; the connection between incremental delay means 43a,
      43b, is joined to contact 42b; the connection between incremental delay
      means 43b, 43c, is joined to contact 42c; and the connection between
      incremental delay means 43c, 43d, is connected to contact 42d.
PAR  The combined operation of the variable delay means 39, the switching
      arrangement 40, and the incremental delay means 42a, 42b, 42c, 42d may be
      fully appreciated by remembering that for the outputs of the correlators
      to be equal, as was described with respect to FIG. 9, the delayed signals
      injected into the correlators 34, 35 must be conjugates. Therefore, the
      delay introduced by the variable delay means 39 in this particular
      arrangement must be equal to (.tau.-4.DELTA..tau.). This may be
      appreciated by referring to the following chart:
TBL              Correlator 34  Correlator 35                                  
     Arm 41 Position                                                           
                 Signal Delay   Signal Delay                                   
     ______________________________________                                    
     42a         (.tau.-4.DELTA..tau.)+8.DELTA..tau.=                          
                                (.tau.-4.DELTA..tau.)+0=                       
                 .tau.+4.DELTA..tau.                                           
                                .tau.-4.DELTA..tau.                            
     42b         (.tau.-4.DELTA..tau.)+7.DELTA..tau.=                          
                                (.tau.-4.DELTA..tau.)+.DELTA..tau.=            
                 .tau.+3.DELTA..tau.                                           
                                .tau.-3.DELTA..tau.                            
     42c         (.tau.-4.DELTA..tau.)+6.DELTA..tau.=                          
                                (.tau.-4.DELTA..tau.)+2.DELTA..tau.=           
                 .tau.+2.DELTA..tau.                                           
                                .tau.-2.DELTA..tau.                            
     42d         (.tau.-4.DELTA..tau.)+5.DELTA..tau.=                          
                                (.tau.-4.DELTA..tau.)+3.DELTA..tau.=           
                 .tau.+.DELTA..tau.                                            
                                .tau.-.DELTA..tau.                             
     ______________________________________                                    
PAR  The advantage of this refinement will be appreciated when it is remembered
      that the time-delay field is divergent in nature (see the hyperbolic paths
      of FIGS. 1 and 2). Because of this divergency, the gradient of the delay
      field decreases and consequently if it is desired to maintain a relatively
      constant channel width, it is necessary to make the apparatus
      progressingly more sensitive to time delay. From the above chart, it is
      obvious that the system is most sensitive when the arm 41 is connected to
      the contact 42d. To provide a switching action, a lane width compensator
      45, which essentially comprises a timing arrangement associated with
      expected missile speed, has one output connected via a mechanical means 46
      to the arm 41. This compensator moves the arm 41 from contact to contact
      at a rate so that the delay time sensitivity of the equipment increases as
      the distance of the aircraft from the base line MOS increases. A further
      refinement may be provided by utilizing the output of the compensator 45
      via a mechanical means 47 to adjust the sensitivity and bandwidth of the
      receiver 10. Increasing the bandwidth will increase the delay-time
      sensitivity, which will be appreciated by referring to FIG. 5 and the
      discussion associated therewith.
PAR  In the systems illustrated and described thus far, variable delay means
      have been required. It is possible to provide systems embodying the
      present invention which do not require variable delay means and
      consequently are less complicated and less expensive to produce. Such a
      system is shown in FIG. 11 wherein the configuration of the correlation
      detecting portion of the circuit is similar to that of FIG. 8 and
      consequently corresponding blocks have been assigned the same
      nomenclature. In place of the variable delay means 19, 20 of FIG. 8, fixed
      delay means 48, 49 have been provided. The filters 25, 26 of FIG. 8 have
      been combined in a difference circuit 50. A summation circuit 51 has been
      connected to the outputs of the detectors 23, 24. The output of the
      difference circuit 50 is connected to a variable gain amplifier 52, whose
      output is connected to an out-of-lane memory circuit 53. The out-of-lane
      memory circuit 53 has its output connected to a utilization means 54 which
      may comprise an airfoil control mechanism or a visual display means. A
      variable gain amplifier 55 has its input connected to the output of the
      summation circuit 51, while its output is joined to an automatic gain
      control detector 56. The output of the automatic gain control detector 56
      is connected to the variable gain amplifier 52, the out-of-lane memory
      circuit 53, and the variable gain amplifier 55. The operation of this
      arrangement is now presented.
PAR  A plot of the output of the summation circuit 51 as a function of
      time-delay is illustrated in FIG. 12a, while a plot of the output of the
      difference circuit 50 is shown in FIG. 12b. These two curves are drawn to
      the same time-delay base. It will be noted that the zero points of the
      curve representing the output of the summation circuit 51 correspond to
      two of the zero points of the curve representing the output of the
      difference circuit 50.
PAR  Since the zero voltage error signal which accompanies extreme "off course"
      paths would appear to the utilization means 54 as a perfect "on-course"
      signal, a voltage must, under these conditions, be supplied from some
      other source in order to effect the realignment of the airfoils needed for
      correcting the flight path. To provide this voltage, the summation circuit
      51, the amplifiers 52, 55, the detector 56, and the out-of-lane memory
      circuit 53 have been provided. These circuits cooperate to provide
      information to the utilization means 54 before the difference circuit 50
      can supply erroneous information to it.
PAR  The variable gain amplifier 55 and the automatic gain control detector 56
      provide an automatic gain control action to the output of the summation
      circuit 51 in a manner well known to those skilled in the art. The output
      from the detector 56 controls the gain of the amplifier 52. Obviously,
      when the output of the summation circuit 51 falls below a predetermined
      level, the output of the detector 56 will likewise fall. When the output
      of the detector 56 decreases to a predetermined value, the memory circuit
      53 will function to remember the magnitude and the polarity of the error
      signal existing at that instant and will simulate, through an auxiliary
      voltage source contained in the memory circuit, this error signal during
      the time that the output of the difference circuit 50 is supplying what
      would constitute an erroneous signal. At the same time, the variable gain
      amplifier 52 is cut off by the detector 56 so that the memory circuit 53
      supplies all of the information to activate the utilization means 54. Once
      the missile has returned to a sufficiently "on-course" position so that
      the error signal from the difference circuit 50 is adequate to properly
      control the utilization means 54, the output of the detector 56 will
      increase to the point where it is sufficient to activate the amplifier 52
      and deactivate the memory circuit 53, thereby permitting the utilization
      means 54 to be controlled by the output of the difference circuit 50 once
      again.
PAR  The memory circuit 53 which responds to the amplified signal from amplifier
      52 may be of any suitable design; the auxiliary voltage source in the
      memory circuit 53 may comprise a charged capacitor which excites the input
      stage of the utilization means 54 until the missile approaches the
      "on-course" position. However, since several suitable voltage-sensitive
      circuits and small voltage sources will serve equally well as a memory
      unit, it will be appreciated that the invention is not limited to any
      specific design but encompasses equally well all reasonable equivalents.
PAR  The use of the summation circuit 51, the amplifier 55, and the detector 56
      to control the gain of the amplifier 52 and thereby render the
      displacement sensitivity independent of the composite signal strength may
      be utilized in the same fashion in the systems of FIGS. 8, 9, and 10.
PAR  Obviously, the variable delay means 36, 39 of FIGS. 9 and 10, respectively,
      may be replaced by fixed delay means if the arrangement following the
      correlators 21 22 of FIG. 11 is employed.
PAR  While the discussion has been limited to a fixed time-delay between the
      transmission of the direct and indirect signals, it is to be understood
      that the missile may be directed to a different hyperbolic path by
      changing the time-delay between the transmitted signals.
PAR  While the invention has been discussed with respect to guiding a missile,
      it should be obvious to those skilled in the art that the method and
      apparatus taught herein could be readily applied to any type of aircraft,
      and therefore is not limited to the missile type. In a piloted aircraft, a
      new hyperbolic path may be selected within the aircraft by merely changing
      the relationship of the airfoils with respect to the servomechanism in
      FIGS. 8, 9, and 10, while in FIG. 11 the fixed delay means 48, 49 must be
      changed.
PAR  The systems illustrated and discussed have been considered for guidance
      purposes only. Those skilled in the art will appreciate that two of these
      systems may be utilized to provide a navigational system of hyperbolic
      grid coordinates as hereinbefore discussed; the second system will supply
      information with respect to the aircraft's position along the flight path.
      When two or more of these systems are employed in an area where one may
      receive signals intended for the other, each system must have a different
      amount of frequency shift between the transmitted signals and/or be
      limited to a range of time-delays which will not interfere with the
      others. This has been illustrated in FIG. 2 by time-delays .tau..sub.1
      through .tau..sub.6 for one system and time-delays .tau..sub.7 through
      .tau..sub.12 for the other system.
PAR  It will be apparent that in addition to precision guidance of military
      aircraft, the invention will readily lend itself to precision guidance of
      commercial aircraft. For example, these systems may be utilized in various
      cities for the control of all local air traffic. The frequency differences
      and time delay ranges may be varied as discussed in the previous paragraph
      and thereby eliminate the possiblity of interference between systems.
      Signals from adjacent systems would only appear as an increased ambient
      noise level and therefore would not interfere, as hereinbefore discussed.
PAR  It is to be understood that certain changes, modifications, and
      substitutions can be made without departing from the spirit and scope of
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for use in controlling the flight of an aircraft which includes
      radiating from two base stations respectively a first noise signal and a
      second noise signal identical to said first noise signal but at a slightly
      different frequency and at a controlled interval with respect thereto,
      receiving both of said signals at said aircraft, simultaneously deriving
      at said aircraft a first oscillating voltage related to the envelope of
      the correlation function of said signals at a first delay time
      therebetween and a second oscillating voltage related to said envelope of
      said correlation function of said signals at a second delay time
      therebetween, subtracting said voltages to yield a difference voltage, and
      utilizing said difference voltage to control the airfoils of said
      aircraft.
NUM  2.
PAR  2. A method for use in controlling the flight of an aircraft which includes
      radiating from two base stations respectively a first noise signal and a
      second noise signal identical to said first noise signal but at a slightly
      different frequency and at a controlled interval with respect thereto,
      receiving both of said signals at said aircraft as a composite signal
      wherein said noise signals are time displaced by a finite interval,
      simultaneously delaying said composite signal by first and second amounts
      to provide two delayed and one undelayed composite signals which will
      permit correlation detection of said first noise signal in each of said
      delayed composite signals with said second noise signal in said undelayed
      composite signal, simultaneously deriving two oscillating signals by
      correlation detection of each of said delayed composite signals with said
      undelayed composite signal, simultaneously rectifying and filtering said
      oscillating signals to derive respective d.c. voltages, subtracting said
      d.c. voltages to derive the voltage difference therebetween, and utilizing
      said voltage difference to control the airfoils of said aircraft.
NUM  3.
PAR  3. A method for use in controlling the flight of an aircraft which includes
      radiating from two base stations respectively a first noise signal and a
      second noise signal identical to said first noise signal but at a slightly
      different frequency and at a controlled interval with respect thereto,
      receiving both of said signals at said aircraft as a composite signal
      wherein said noise signals are time displaced by a finite interval,
      delaying said composite signal by a first amount and deriving by
      correlation detection in a first correlator an oscillating signal related
      to the product of said first noise signal in said delayed composite signal
      and said second noise signal in original said composite signal,
      simultaneously delaying said composite signal by a second amount and
      deriving by correlation detection in a second correlator a second
      oscillating signal related to the product of said first noise signal in
      said second delayed composite signal and said second noise signal in
      original said composite signal, simultaneously rectifying and filtering
      said oscillating signals to derive respective d.c. voltages, subtracting
      said d.c. voltages to derive the voltage difference therebetween, and
      utilizing said voltage difference to control the airfoils of said
      aircraft.
NUM  4.
PAR  4. A method for use in controlling the flight of an aircraft which includes
      radiating from the first of a pair of spaced base stations a continuous
      narrow band noise signal, receiving said noise signal at the second of
      said pair of base stations, translating said received noise signal in
      frequency and reradiating same at a controlled interval to merge with said
      first noise signal to form a composite signal in space, receiving said
      composite signal at said aircraft, applying said received signal to one
      input of each of a pair of correlators located therein, applying said
      composite signal to the remaining input of one of said correlators through
      a first shunt delay path to cause the correlation detection of said noise
      signals, applying said composite signal to the remaining input of the
      remaining one of said correlators through a second shunt delay path to
      cause the correlation detection of said noise signals, rectifying and
      filtering the output of each of said correlators, subtracting the filtered
      outputs of said detectors to provide a difference signal, and utilizing
      said difference signal to control the airfoils of said aircraft.
NUM  5.
PAR  5. Method for use in controlling the flight of an aircraft which includes
      continuously radiating a narrow band noise signal from a master base
      station, receiving and translating in frequency said signal at a slave
      base station spaced from said master base station radiating said
      translated noise frequency signals at a controlled interval therefrom to
      combine in space with said signal radiated from said master station to
      form a composite signal therewith, receiving said composite signal at said
      aircraft and applying the same directly to one input of each of a pair of
      correlators contained therein, delaying said composite signal by a first
      amount and applying the same to the remaining input of one of said
      correlators while simultaneously delaying said composite signal by a
      second amount and applying the same to the remaining input of the
      remaining one of said correlators whereby oscillating signals having
      frequencies equal to the frequency difference between the signals radiated
      by the master and slave stations are produced, simultaneously rectifying
      and filtering the respective outputs of said correlators to yield
      substantially uni-directional voltage, subtracting said uni-directional
      voltages to provide a difference voltage, and utilizing said difference
      voltage to control the airfoils of said aircraft.
NUM  6.
PAR  6. A method for use in controlling the flight of an aircraft which includes
      radiating from two base stations respectively a first noise signal and a
      second noise signal identical to said first noise signal but at a slightly
      different frequency and at a controlled interval with respect thereto,
      receiving both of said signals at said aircraft as a composite signal
      wherein said noise signals are time displaced by a finite interval,
      simultaneously delaying said composite signal by first and second amounts
      to provide two delayed and one undelayed composite signals which will
      permit correlation detection of said first noise signal in each of said
      delayed composite signals with said second noise signal in said undelayed
      composite signal, simultaneously deriving two oscillating signals by
      correlation detection of each of said delayed composite signals with said
      undelayed composite signal, simultaneously rectifying and filtering said
      oscillating signals to derive respective d.c. voltages, subtracting said
      d.c. voltages to derive the voltage difference therebetween, utilizing
      said voltage difference to vary said first and second amounts of delay to
      cause said voltage difference to approach zero, deriving a signal
      indicative of the difference between the mean value of said first and
      second amounts of delay and a reference amount, and utilizing said last
      derived signal to control the control surfaces of said aircraft.
NUM  7.
PAR  7. A method for use in controlling the flight of an aircraft which includes
      radiating from two base stations respectively a first noise signal and a
      second noise signal identical to said first noise signal but at a slightly
      different frequency and at a controlled interval with respect thereto,
      receiving both of said signals at said aircraft as a composite signal
      wherein said noise signals are time displaced by a finite interval,
      simultaneously delaying said composite signal by first and second amounts
      to provide two delayed and one undelayed composite signals which will
      permit correlation detection of said first noise signal in each of said
      delayed composite signals with said second noise signal in said undelayed
      composite signal, simultaneously deriving two oscillating signals by
      correlation detection of each of said delayed composite signals with said
      undelayed composite signal, simultaneously rectifying and filtering said
      oscillating signals to derive respective d.c. voltages, subtracting said
      d.c. voltages to derive the voltage difference therebetween, adding said
      d.c. voltages to derive the voltage summation thereof, utilizing said
      voltage difference to control the airfoils of said aircraft, utilizing
      said voltage summation to render inoperative said voltage difference when
      said voltage summation falls below a predetermined value, and further
      utilizing said voltage summation to initiate and maintain an indication of
      the last value of said voltage different before the same is rendered
      inoperative for purposes of controlling said airfoils while said voltage
      difference is inoperative.
NUM  8.
PAR  8. An air-borne system for controlling an aircraft in response to a pair of
      controlled radiated noise signals whenever the aircraft containing said
      system drifts from a path yielding a predetermined time delay between said
      signals, comprising an antenna, a receiver having its input connected to
      said antenna, a pair of correlators having one input of each connected to
      the output of said receiver, a first delay means having its input
      connected to said output of said receiver and its output connected to the
      remaining input of one of said correlators, a second delay means having
      its input connected to said output of said receiver and its output
      connected to the remaining input of the remaining one of said pair of
      correlators, a pair of detectors having their inputs connected
      respectively to the outputs of said pair of correlators, a pair of filters
      having their inputs connected respectively to the outputs of said
      detectors, means joining a like polarity terminal of each of the outputs
      of said filters, and a utilization means having its input connected to the
      remaining terminals of said outputs of said filters.
NUM  9.
PAR  9. An air-borne system for controlling an aircraft in response to a pair of
      controlled radiated noise signals, comprising an antenna, a receiver
      having its input connected to said antenna, a pair of correlators having
      one input of each connected to the output of said receiver, a first
      variable delay means having its controlled input connected to said output
      of said receiver and its output connected to the remaining input of one of
      said correlators, a second variable delay means having its controlled
      input connected to said output of said receiver and its output connected
      to the remaining input of the remaining one of said pair of correlators, a
      pair of detectors having their inputs respectively connected to the
      outputs of said pair of correlators, a pair of filters having their inputs
      connected respectively to the outputs of said detectors, means joining a
      like polarity terminal of each of the outputs of said filters, an airfoil
      control servomechanism, means joining the remaining terminals of said
      outputs of said filters to the input of said servomechanism, means joining
      the output of said servomechanism to the controlling inputs of said
      variable delay means, and a utilization means having its input connected
      to said output of said servomechanism.
NUM  10.
PAR  10. An air-borne system for controlling an aircraft in response to a pair
      of controlled radiated noise signals whenever the aircraft containing said
      system drifts from a path yielding a predetermined time delay between said
      signals, comprising an antenna, a receiver having its input connected to
      said antenna, a pair of correlators having one terminal of each connected
      to the output of said receiver, a pair of delay means having their inputs
      connected to said output of the said receiver and their respective outputs
      connected to the remaining inputs of said pair of correlators, a pair of
      detectors having their respective inputs connected to the outputs of said
      pair of correlators, a summation circuit having its inputs respectively
      connected to the outputs of said detectors, a difference circuit having
      its inputs respectively connected to said outputs of said detectors, a
      variable gain amplifier having its controlled input connected to the
      output of said summation circuit, an automatic gain control detector
      having its input connected to the output of said amplifier, means joining
      the output of said detector to the controlling input of said amplifier, a
      second variable gain amplifier having its controlled input connected to
      the output of said difference circuit, an out-of-lane memory circuit
      having its controlled input connected to the output of said second
      amplifier, means connecting said output of said automatic gain controlled
      detector to the controlling input of said second amplifier to the
      controlling input of said memory circuit, and a utilization means having
      its input connected to the output of said memory circuit.
NUM  11.
PAR  11. An air-borne system for controlling an aircraft in response to a pair
      of controlled radiated noise signals, comprising an antenna, a receiver
      having its input connected to said antenna, a pair of correlators having
      one input of each connected to the output of said receiver, a variable
      delay means having its controlled input connected to said output of said
      receiver, means connecting the remaining input of one of said correlators
      to the output of said variable delay means, an incremental delay means
      serially connected between said output of said variable delay means and
      the remaining input of the remaining one of said pair of said correlators,
      a pair of detectors having their inputs connected respectively to the
      outputs of said pair of correlators, a pair of filters having their inputs
      connected respectively to the outputs of said detectors, means joining a
      like polarity terminal of each of the outputs of said filters, and airfoil
      controlled servomechanism, means joining the remaining terminals of said
      outputs of said filters to the input of said servomechanism, means joining
      the output of said servomechanism to the inputs of said delay means and a
      utilization means having its input connected to said output of said
      servomechanism.
NUM  12.
PAR  12. An air-borne system for controlling an aircraft in response to a pair
      of controlled radiated noise signals whenever the aircraft containing said
      system drifts from a path yielding a predetermined time-delay between said
      signals, comprising an antenna, a receiver having its input connected to
      said antenna, a pair of correlators having one input of each connected to
      the output of said receiver, a delay means having its input connected to
      said output of said receiver, means connecting the remaining input of one
      of said correlators to the output of said delay means, an incremental
      delay means serially connected between said output of said delay means and
      the remaining input of the remaining one of said pair of said correlators,
      a pair of detectors having their inputs connected respectively to the
      outputs of said pair of correlators, a pair of filters having their inputs
      connected respectively to the outputs of said detectors, means joining a
      like polarity terminal of each of the outputs of said filters, a
      utilization means, means joining the remaining terminals of said outputs
      of said filters to the input of said utilization means.
NUM  13.
PAR  13. An air-borne system for controlling an aircraft in response to a pair
      of controlled radiated noise signals whenever the aircraft containing said
      system drifts from a path yielding a predetermined time-delay between said
      signals, comprising an antenna, a receiver having its input connected to
      said antenna, said receiver comprising an amplifier having a controlling
      input for varying the bandwidth thereof, a pair of correlators having one
      input of each connected to the output of said receiver, a delay means
      having its input connected to said output of said receiver, said delay
      means providing a delay equal to said predetermined time-delay minus a
      finite number of incremental time-delays, a second delay means connected
      to the remaining input of one of said pair of correlators, said second
      delay providing a delay equal to one incremental time delay greater than
      said finite number of incremental time-delays, a serially connected number
      of delay means equal to one less than said finite number, said serially
      connected delay means individually providing one incremental time-delay,
      means connecting said serially connected delay means between said second
      delay means and the remaining input of the remaining one of said pair of
      correlators, a switching means having its moving contact connected to the
      output of said first delay means and its fixed contacts respectively
      connected to each junction in said serially connected delay means and the
      extremities thereof, a lane width compensating means having its output
      connected to said controlling input of said amplifier and to said moving
      contact of said switch whereby said bandwidth of said amplifier is
      increased as said moving contact moves toward said fixed contact connected
      to said second delay means, a pair of detectors having their inputs
      connected respectively to the outputs of said pair of correlators, a pair
      of filters having their inputs connected respectively to the outputs of
      said detectors, means joining a like polarity terminal of each of the
      outputs of said filters, a utilization means, and means joining the
      remaining terminals of said outputs of said filters to the input of said
      utilization means.
NUM  14.
PAR  14. An air-borne system for controlling an aircraft in response to a pair
      of controlled radiated noise signals whenever the aircraft containing said
      system drifts from a path yielding a predetermined time-delay between said
      signals, comprising an antenna, a receiver having its input connected to
      said antenna, said receiver comprising an amplifier having a controlling
      input for varying the bandwidth thereof, a pair of correlators having one
      input of each connected to the output of said receiver, a delay means
      having its input connected to said output of said receiver, said delay
      means providing a delay equal to said predetermined time-delay minus a
      finite number of incremental time-delays, a second delay means connected
      to the remaining input of one of said pair of correlators, said second
      delay providing a delay equal to one incremental time delay greater than
      said finite number of incremental time-delays, a serially connected number
      of delay means equal to one less than said finite number, said serially
      connected delay means individually providing one incremental time-delay,
      means connecting said serially connected delay means between said second
      delay means and the remaining input of the remaining one of said pair of
      correlators, a switching means having its moving contact connected to the
      output of said first delay means and its fixed contacts respectively
      connected to each junction in said serially connected delay means and the
      extremities thereof, a lane width compensating means having its output
      connected to said controlling input of said amplifier and to said moving
      contact of said switches whereby said bandwidth of said amplifier is
      increased as said moving contact moves toward said fixed contact connected
      to said second delay means, a pair of detectors having their respective
      inputs connected to the outputs of said pair of correlators, a summation
      circuit having its inputs respectively connected to the outputs of said
      detectors, a difference circuit having its inputs respectively connected
      to said outputs of said detectors, a variable gain amplifier having its
      controlled input connected to the output of said summation circuit, an
      automatic gain control detector having its input connected to the output
      of said amplifier, means joining the output of said detector to the
      controlling input of said amplifier, a second variable gain amplifier
      having its controlled input connected to the output of said difference
      circuit, an out-of-lane memory circuit having its controlled input
      connected to the output of said second amplifier, means connecting said
      output of said automatic gain controlled detector to the controlling input
      of said second amplifier and to the controlling input of said memory
      circuit, and a utilization means having its input connected to the output
      of said memory circuit.
NUM  15.
PAR  15. A method of guiding a vehicle to a target by advanced hyperbolic
      guidance techniques, utilizing first and second spaced base stations,
      comprising the steps of radiating first and second noise signals from said
      first and second stations, respectively, with the noise signals being
      identical except for being centered at different frequencies, and with the
      noise signal from said second station being delayed with respect to the
      noise signal from said first station so that contours of constant delay
      constitute a family of hyperbolas, receiving in the vehicle to be
      controlled the signals from said base stations, said signals being
      received as a composite signal in which the individual noise signals are
      time-displaced by a finite interval, creating delayed signals in the
      vehicle by delaying the composite signal by a first amount equal to the
      chosen delay in the signals from said stations minus a small increment of
      delay, and by a second amount equal to the chosen delay in the signals
      from said stations plus a small increment of delay, multiplying each of
      said delayed signals by the undelayed signal from said stations and
      generating and filtering the output signals which are at a frequency equal
      to the difference between the signals radiated by said stations, the
      magnitude of the difference frequency signals being a function of the
      displacement of the vehicle from the desired hyperbola established by said
      stations, detecting said difference frequency signals, and taking the
      difference between the d.c. voltages generated by detection in order to
      provide an error signal which can be utilized to operate the control
      surfaces of the vehicle to cause the vehicle to seek the desired hyperbola
      generated by said stations.
NUM  16.
PAR  16. A method of guiding a vehicle to a target by advanced hyperbolic
      guidance techniques, utilizing a reference base station and at least two
      other base stations, with the stations being arranged in the form of first
      and second pairs of spaced base stations that are not placed in a straight
      line, said method comprising the steps of radiating noise signals from
      said stations, with the noise signals being identical except for being
      centered at different frequencies, and with the noise signals from said
      other base stations being delayed by different amounts with respect to
      noise signals from said reference station so that contours of constant
      delay constitute a pair of intersecting hyperbolic grids, receiving in the
      vehicle to be controlled the signals from said base stations, said signals
      being received as a composite signal in which the individual noise signals
      are time-displaced by a finite intervals, creating delayed signals in the
      vehicle by delaying the composite signal by a first amount equal to the
      chosen delay in the signals from said first pair of stations minus a small
      increment of delay, and by a second amount equal to the chosen delay in
      the signals from said first pair of stations plus a small increment of
      delay, multiplying each of said delayed signals by the undelayed signal
      from said first pair of stations, and generating and filtering the output
      signals which are at a frequency equal to the difference between the
      signals radiated by said first pair of base stations, the magnitude of the
      difference frequency signals being a function of the displacement of the
      vehicle from the desired hyperbola established by said first pair of
      stations, detecting said difference frequency signals, and taking the
      difference between the d.c. voltages generated by detection in order to
      provide an error signal which can be utilized to operate the control
      surfaces of the vehicle to cause the vehicle to seek the desired hyperbola
      generated by said first pair of base stations, performing similar
      operations of delaying, multiplying, filtering, detecting, and comparing a
      pair of signals at the difference frequency associated with said second
      pair of base stations to generate control signals which indicate when a
      particular contour of constant delay established by said second pair of
      stations is crossed by the vehicle, and utilizing said control signals to
      cause said vehicle to contact the target.
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ABST
PAL  A VLF navigation system suitable for highly accurate worldwide aircraft
      navigation utilizing existing VLF transmitting stations on a "dead
      reckoning" basis with initial and intermediate fixes. The system is
      enabled to utilize all existing VLF transmitting stations regardless of
      station frequency by novel receiver phase-locked loop means which
      normalizes all station frequencies to phase coherent independent data
      signals of a common working frequency. In one form of the invention,
      utilizing hyperbolic coordinates, both RF stations of each station pair
      utilized for computation are such VLF transmitting stations; while in
      another form of the invention, utilizing Rho-Rho coordinates, one RF
      station of each station pair is an on-board frequency standard normalized
      to the common working frequency, and the other station of each pair is one
      of the VLF transmitting stations.
PAL  Computer means, which may be part of the "on-board" equipment, selects
      station pairs for optimum station geometry and range, and by comparing the
      phase differences between the phase coherent data signals for respective
      station pairs, determines a .DELTA. time and hence a .DELTA. position in
      suitable coordinates from the initial or intermediate calibration point.
      Novel multiplexing and counting means, and logic circuitry associated
      therewith, enable a single counting means to be rapidly sequentially
      employed by the computer to make the time difference comparison for a
      series of station pairs.
PAL  The system is extremely accurate for a number of reasons, including but not
      limited to the inherent frequency stability of VLF transmitting stations
      (which are generally atomic clock controlled); the inherent minimal
      distortion of VLF electromagnetic signals over very long ranges; the fact
      that errors are not cumulative in the system; and a station pair averaging
      capability which decreases random errors and permits rejection of the
      defective signals.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation-in-part of our co-pending application Ser. No.
      317,738, now abandoned, filed Dec. 22, 1972 for VLF NAVIGATION SYSTEM.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention has particular utility and important advantages as
      applied to aircraft navigation, and hence much of the discussion herein
      relating to the background of the invention and to the objects and
      advantages thereof, as well as the detailed description of a particular
      embodiment of the invention, will be directed toward the aircraft
      navigation aspect of the invention. Nevertheless, as will become apparent
      hereinafter, the present system and/or portions thereof are equally well
      suited for a variety of other types of navigation, and accordingly the
      present system and various inventive aspects thereof are not limited to
      use in connection with aircraft navigation.
PAR  Early aircraft navigation systems were principally of the "point source"
      type, and these point source navigation systems still are by far the most
      widely used type systems in aircraft navigation today. Point source
      navigation systems include such systems as "ADF" (automatic direction
      finding equipment); marker beacons; "VOR" (VHF omnirange stations); and
      "DME" (distance measuring equipment).
PAR  The ADF spectrum is generally from about 190 KHz to about 1750 KHz, and
      generally includes LF (low frequency) and MF (medium frequency)
      non-directional beacons and AM commercial broadcast stations.
PAR  Marker beacons set at 75 MHz have been operational for many years along
      U.S. federal airways, but are currently being phased out as an en route
      aid. They are still standard along instrument landing approaches.
PAR  VOR (sometimes referred to as "Omni" stations are internationally
      standardized for use by aircraft, in the frequency range of 108 MHz to 118
      MHz. These stations provide bearing information relative to the respective
      stations, and the techniques have been greatly refined in recent years in
      an attempt to reduce site errors and ambiquities. VOR navigation is
      probably the most widely used form of aircraft navigation throughout the
      world today.
PAR  DME is a pulse-ranging system for aircraft, in the 960-1215 MHz band, and
      involves pulsed transmission from the aircraft and a return pulse from a
      ground station after a fixed delay.
PAR  VOR and DME are now frequency colocated to form a single site area coverage
      system, which is a Rho-Theta area coverage grid system. For each VOR
      frequency there is paired DME frequency, and a common channel selector is
      provided in compatible airborne equipment. The U.S. VORTAC, for example,
      is a VOR/DME system utilizing the DME function of the military TACAN (UHF
      tactical air navigational aid) system for distance measurement.
PAR  These point source type navigation systems, while useful in making
      approaches, are generally inadequate for en route navigation, and
      particularly for navigation on a worldwide basis which involves flying
      over great expanses of water and large primitive land masses.
PAR  Similarly, the area navigation combinations of such point source navigation
      systems, as for example VOR/DME, are generally inadequate, and involve
      serious problems. Thus, these systems utilize VHF and/or UHF, both of
      which are very limited in range, and are generally "line of sight".
      Accordingly, each such station only covers a very limited surrounding
      area, so that literally hundreds of stations are required to cover even
      the limited area of the United States. Even then, for reliability, due to
      the likelihood of station failure, even that number must be multiplied
      with backup equipment and overlapping station coverage. Such point source
      type area navigation equipment requires manual station selection, and
      frequent reselection because of the short range. Also, such equipment is
      generally subject to station errors and obstructions.
PAR  Nevertheless, for lack of a better system prior to the present invention,
      this VOR/DME type area navigation equipment is currently being widely
      implemented by the U.S. Government on a national basis.
PAR  One approach which has recently come into some use in commercial aviation
      to give more flexibility in area navigation is the inertial navigation
      system. This is a true "area" navigation system of the dead reckoning
      type, wherein an airborne computer provides position, ground speed,
      heading, time and distance to go to destination or a selected waypoint,
      and the like. The computer is fed inertial information from a series of
      accelerometers and gyros. Such inertial navigation systems are extremely
      expensive and are very heavy and bulky due to the nature of the sensors,
      and they are therefore only suitable for very large commercial and
      military aircraft of the intercontinental type. Inertial navigation
      systems also have the disadvantage of being subject to cumulative errors
      from the point of departure. Accordingly, such inertial systems appear to
      have only very limited usefulness in aircraft navigation.
PAR  Another group of navigation systems employed for area navigation is the
      "hyperbolic" group of navigation systems wherein navigational position
      fixes are made by time referencing signals from a plurality of widely
      spaced ground stations in a hyperbolic coordinate system related to the
      ground stations. Such hyperbolic-type navigation systems have the
      advantage of utilizing low frequencies, generally on the order of from
      about 10 KHz to about 130 KHz, which greatly extends the station range
      from hyperbolic systems as compared to point source area navigation
      systems, thereby permitting navigation over large areas with the use of
      only a very few stations. Hyperbolic navigation systems also have the
      advantage that they have great inherent accuracy because of the good
      frequency stability that can be produced in this low frequency range,
      although such accuracy depends entirely upon the capability of the system
      to produce close synchronization between transmitted signals and receiver
      reference signals. Hyperbolic navigational systems also have the advantage
      that, assuming the transmitted signals and receiver reference signals can
      be accurately synchronized, errors are generally not cumulative in nature.
PAR  One of the major problems in connection with prior art hyperbolic
      navigation systems is that very complicated and expensive hardware has
      generally been required in order to provide the necessary signal
      synchronization. Principal prior art hyperbolic systems include "Decca",
      "Loran", and "Omega" systems, all of which involve such complex and
      expensive hardware that they are primarily useful only for ship
      navigation, and not practical for aircraft navigation.
PAR  The Decca system requires a "master" and three "slave" ground stations for
      each area of coverage, with the accompanying undesirable multiplication of
      hardware. Decca is in the 70 KHz to 130 KHz frequency range, which is
      considerably above the 3 to 30 kilohertz VLF range and therefore does not
      have the advantage of great undistorted range of a VLF system.
PAR  Loran requires a master and two slave ground stations, all of which are
      atomic clock controlled. The Loran system utilizes a 100 KHz frequency,
      which is undesirably high, and in order to overcome the resulting
      ionospheric reflection problem, Loran utilizes a special pulsed waveform
      and gating.
PAR  The Omega system has the advantage of being in the true VLF frequency
      range, between about 10 KHz and about 14 KHz, but has the disadvantage of
      requiring an atomic clock on board which was initially started in
      synchronism with the ground station clocks.
PAR  These prior art hyperbolic navigation systems are intended to provide
      absolute positioning, rather than dead reckoning with initial and
      intermittent position fixing, and such absolute positioning requirement
      necessitates the excessive and expensive hardware such as atomic clocks,
      master and slave stations, and the like, employed in the systems.
PAR  There have been recent efforts to avoid the use of atomic clocks on board
      and to reduce the hardware requirement in a hyperbolic navigation system
      by having receivers with oscillator twelve adapted to be phase-locked to
      respective transmitter station signals. However, such efforts have
      generally resulted in equipment having a navigational capability that is
      unduly limited and uncertain. Such prior art efforts in this direction
      could not accommodate random area navigation, but required pre-selection
      of the particular route to be flown between two points, and then prior to
      take-off the time signals and differences to be utilized had to be looked
      up in a large book of tables. Only a fraction of the existing VLF
      transmitting stations could be used which had frequencies capable of being
      matched by binary division. Lock-on of the receivers to respective station
      signals was very slow, and under extreme temperature conditions lock-on
      would not occur at all. Such prior art equipment had no capability for
      station averaging or diurnal shift correction, or the like. Because of the
      restricted number of VLF stations that could be used in such system, and
      the requirement of a pre-selected route, it was not generally suitable for
      navigation on a worldwide basis.
PAR  A problem in connection with all of these prior art hyperbolic-type
      navigation systems has been to convert the hyperbolic lines of
      time/position into a meaningful display, and particularly to provide such
      conversion in a sufficiently compact package for widespread availability
      and so as to be suitable for use in other than ships or large aircraft;
      i.e., suitable for use even in small aircraft, and in ground vehicles.
PAR  The VLF frequency range is generally not subject to shadowing, and will
      permeate areas in the middle of numerous obstructions, as for example city
      streets despite the presence of tall buildings and other obstructions.
      Accordingly, the VLF frequency range is inherently particularly suitable
      for use in ground vehicle location and control (which is currently handled
      principally by VHF equipment that is particularly subject to interference
      from physical obstructions). However, the prior art VLF navigation systems
      have generally been much too cumbersome and expensive for such purpose.
PAC  SUMMARY OF THE INVENTION
PAR  In view of these and other problems in the art, it is a general object of
      the present invention to provide a novel navigation system of the area
      type which utilizes the advantages of the VLF electromagnetic frequency
      spectrum for accuracy, stability, and wide area coverage, yet which
      requires a minimum amount of mobile or airborne hardware.
PAR  Another object of the invention is to provide a novel VLF navigation system
      on either a hyperbolic or a Rho-Rho coordinate basis which embodies mobile
      or airborne receiver means that is compatible with any VLF frequency,
      whereby the system is capable of utilizing any and all available VLF
      transmitter stations regardless of the transmitted modulation. This
      capability enables the system to be utilized on a worldwide navigational
      basis utilizing currently available VLF communication signals and/or Omega
      timing signals.
PAR  Another object of the invention is to provide a novel VLF navigation system
      utilizing either hyperbolic or Rho-Rho coordinates wherein the lines of
      time/position are converted into a meaningful display that is continually
      upgraded by computer means, including such information as present
      longitude and latitude, distance and heading to destination or a waypoint,
      distance and reciprocal heading, groundspeed, and time to touchdown or a
      waypoint.
PAR  Another object of the invention is to provide a novel VLF area navigation
      system which has complete flexibility in route selection and in the
      selection of new routes while in transit.
PAR  Another object is to provide an area navigation system which, although
      utilizing hardware of modest extent, is extremely accurate, generally
      being capable of defining position accuracy (in terms of longitude and
      latitude) at any point around the world to within several hundred meters.
PAR  One factor contributing to this extreme accuracy is the use of VLF
      electromagnetic signals as the basis for navigation, preferably within the
      frequency range of from about 10 KHz to about 25 KHz, but if desired over
      the entire VLF frequency spectrum, which is considered to be from 3KHz to
      30 KHz. In the VLF frequency range, there is no appreciable "shadowing" of
      the received signal, even in valleys behind hills, and even in areas with
      a multitude of obstructions, such as in cities. For example, VLF signals
      can be picked up without much degradation even inside of a building.
PAR  The ionosphere functions like a natural wave guide for VLF electromagnetic
      radiations, so that the VLF waves will go clear around the globe without
      reflecting, which causes ambiguities with higher frequencies.
PAR  Another factor contributing to the extreme accuracy of the present system
      is related to the capability of "locking on" to all VLF station
      frequencies within range. This allows a sufficient number of stations for
      station averaging to improve accuracy, and as a part of the averaging
      function any station outside of a reasonable average may be rejected to
      maintain accuracy. This accessibility to numerous station frequencies also
      enables station signals that are degraded by the diurnal shift ("night
      effect") to be programmed for correction in the computer forming a part of
      the apparatus.
PAR  Another factor contributing to the accuracy of the present system, as well
      as enabling the system to utilize any and all VLF frequencies, and also
      minimizing the hardware requirement, is novel receiver phase-locked loop
      means which normalizes all station frequencies to independent phase
      coherent data signals for a common working frequency. These phase coherent
      data signals for all VLF stations in range provide time difference data
      that is readily measured and converted to position data in the coordinates
      from the initial or an intermediate calibration point.
PAR  Still another factor in the accuracy of the system and the minimization of
      hardware is novel multiplexing and counting means, including logic
      circuitry, enabling a single counter to be rapidly sequentially employed
      by the computer of the system to make the time difference comparison for a
      series of station pairs.
PAR  Accuracy of the present system is maintained during a navigational sequence
      because errors tend to be random, both for the transmitter station
      coordinate system and for the phase-locked loop and time difference
      measuring portions of the system.
PAR  The extreme accuracy of the system is not rendered uncertain by any
      ambiguity or anomaly, since time difference information for a particular
      direction of travel is counted only up to a quarter cycle of the
      normalized data frequency. With the presently preferred normalized data
      frequency of 100Hz such quarter wave corresponds to a little over 400
      nautical miles. The computer automatically recalibrates the phase coherent
      receiver data signals within this distance to avoid possible ambiguity or
      anomaly.
PAR  While the present invention is described herein primarily with respect to
      airborne navigational equipment for providing such navigational
      information as position, distance and heading (or reciprocal heading) to a
      target, groundspeed, and time to a target, it is to be understood that the
      present system and specific portions thereof are also readily adaptable
      for providing other navigational information, and for other general
      purposes than airborne navigation. For example, inputs can be added other
      than those specifically referred to herein to expand the functions, some
      examples being: (1) speed or velocity indication; (2) by the input of
      altitude information, glide slope information can be a product; (3) air
      data systems; (4) determination of wind and vectors; (5) can tie in with
      inertial systems and doppler and other navigation systems such as Loran
      and radar.
PAR  In addition to airborne navigation, it is contemplated that the present VLF
      system or portions thereof may also be utilized in some or all of the
      following: (1) collision avoidance, air and marine, above surface,
      surface, and subsurface; (2) marine navigation, surface and subsurface;
      (3) vehicular location and control (police, cabs, trains, and the like);
      (4) programmable automatic navigation; (5) Man pack (police, search, or
      the like); (6) geological survey; (7) reconnaissance; (8) remote position
      indicator; (9) airport ground control.
PAR  While the computer of the present system is described herein as part of the
      airborne equipment, it is to be understood that for some of the above
      additional uses it will be desirable to have one or more ground station
      computers which can perform all or some of the functions of the present
      airborne computer.
PAR  For example, in aircraft collision avoidance systems, the time difference
      information from the receiver phase-locked loops of the present system may
      be transmitted via radio signals to a ground station for processing and
      comparison with similar signals for other aircraft so as to determine the
      positions of the aircraft with respect to each other. Similarly, with
      vehicular location and control, it may be desirable to utilize a central
      computer which presents the vehicular position information to an operator
      at a fixed station.
PAR  Thus it is that the invention provides a navigation method in which two
      signals of different frequency are normalized or converted to two other
      signals of like frequency which are coherent. The phase difference between
      those two other signals is measured. It is measured by forming those two
      other signals as repetitive waves having similar shape and measuring the
      time that elapses between corresponding portions of the two waves. That
      has a number of advantages, one of which is that normalizing of both
      signals can be accomplished by using a common signal. That is accomplished
      in a preferred form of the invention by using dividers in the normalizing
      process and using the same signal to control operation of all dividers.
      The result is a high degree of accuracy. Phase is measured directly rather
      than indirectly by measuring error signal or the like.
PAR  The common normalizing signal may be derived from the on-board clock in the
      case where one of the "two other signals" is provided by such a clock. In
      addition to the method, the invention relates to apparatus with which to
      practice that invention and a preferred form of that method is described
      broadly as the method of converting an RF signal of one frequency into a
      normalized signal of another frequency, which comprises the steps of
      providing an oscillator signal for said RF signal which has a frequency
      that is a multiple of said RF signal frequency, said oscillator frequency
      being divisible by an integer to said normalized signal frequency, phase
      locking said oscillator signal to said RF signal, and dividing said
      oscillator signal by said integer to produce said normalized signal.
PAR  Another preferred form of the method is described as the method of making a
      phase difference comparison between first and second phase separated low
      frequency digital electrical waveforms having the same frequency, which
      comprises providing a string of high frequency electrical clock pulses,
      gating said clock pulses on by a leading edge of said first waveform,
      gating said clock pulses off by the corresponding leading edge of said
      second waveform, and counting the gated pulses.
PAR  The invention also envisions a preferred form of apparatus described
      broadly as comprising apparatus for converting an RF signal of one
      frequency into a normalized signal of another frequency, which comprises a
      phase-locked loop for said RF signal, said loop including an oscillator
      which has a frequency that is a multiple of said RF signal frequency, said
      oscillator frequency being divisible by an integer to said normalized
      signal frequency, divider means connected to said oscillator and arranged
      to divide the oscillator signal by said integer to produce said normalized
      signal.
PAR  It also envisions apparatus described broadly as comprising apparatus for
      comparing the phase difference between first and second phase separated
      low frequency digital waveforms having the same frequency, which comprises
      gating circuit means, first and second input connections to said gating
      circuit means applying the respective said first and second waveforms to
      said gating circuit means, a clock connected to said gating circuit means
      and providing a string of high frequency electrical pulses to said gating
      circuit means, an output from said gating circuit means, and counting
      means having an input connected to said gating circuit means output for
      counting gating clock pulses, said gating circuit means being adapted to
      gate said clock pulses to said counting means by a leading edge of said
      first waveform and to gate off said clock pulses from said counting means
      by the corresponding leading edge of said second waveform, whereby the
      number of said clock pulses counted by said counting means will be in
      direct proportion to said phase difference.
PAR  Further objects and advantages of the present invention will appear during
      the course of the following part of the specification, wherein the details
      of construction, mode of operation, and novel method steps of a presently
      preferred embodiment are described with reference to the accompanying
      drawings, in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general block diagram illustrating the relationship of the
      computer, control head, and display portions of the present navigation
      system.
PAR  FIG. 2 is a plan view of a control head suitable for an airborne navigation
      system according to the invention.
PAR  FIG. 3 is a plan view of a display or readout unit also suitable for an
      airborne navigation system according to the invention, and particularly
      adapted for use in connection with the functions designated in the control
      head illustrated in FIG. 2.
PAR  FIG. 4 is a world map, in Mercator projection, indicating some currently
      available VLF transmitting stations suitable for use with the present
      invention.
PAR  FIG. 5 is a chart giving details of the VLF transmitting stations indicated
      on the world map of FIG. 4.
PAR  FIG. 6 is a graphical illustration of two independent lines of position and
      their respective hyperbolic lines of constant time difference for two VLF
      station pairs that are ideally located relative to each other.
PAR  FIG. 7 is a graphical view similar to FIG. 6, but illustrating independent
      lines of position and respective hyperbolic lines for two station pairs
      more typically located.
PAR  FIG. 8 is a graphical view similar to FIGS. 6 and 7, but illustrating two
      independent lines of position and respective hyperbolical lines of
      constant time difference for the minimum of three VLF transmitting
      stations.
PAR  FIG. 9 is a polar plot illustrating VLF transmitting station pairs
      available for navigation with the present system with a present position
      at the tip of Argentina.
PAR  FIG. 10 is a polar plot similar to FIG. 9 illustrating station pairs
      available for navigation with a present position at southwest Ontario,
      Canada.
PAR  FIG. 11 is a polar plot similar to FIGS. 9 and 10 illustrating station
      pairs available for navigation with the present system with a present
      position at southwest British Columbia, Canada.
PAR  FIG. 12 is an overall block diagram of the mobile or airborne portion of
      the present navigation system.
PAR  FIG. 13 is a general block diagram of an input portion of the system from
      antenna through receivers, the embodiment illustrated in FIG. 13 having 12
      receivers adapted to receive and lock onto VLF signals from 12 respective
      transmitting stations.
PAR  FIG. 14 is a block diagram of input elements of the present system,
      including a complete block diagram of one of the receivers.
PAR  FIG. 15 is a detailed circuit diagram of a broadband preamplifier suitable
      for amplification of all of the incoming VLF signals, and preferably
      housed at the base of the voltage probe antenna employed to intercept the
      signals.
PAR  FIG. 16 is a circuit diagram of a transient suppressor through which all of
      the VLF signals pass.
PAR  FIG. 17 is a circuit diagram illustrating narrowband TRF amplifier,
      limiter, and high level AGC circuits employed in a particular receiver.
PAR  FIG. 18 is a combined detailed circuit diagram of phase-locked loop and
      signal present circuits, and logic diagram of programmable dividers
      employed in combination therewith.
PAR  FIG. 19 is a logic diagram for the phase-locked loop of the receiver for a
      particular VLF transmitting station frequency, indicating the logic of the
      two programmable dividers employed to divide a selected voltage controlled
      crystal oscillator frequency respectively to (1) a 100 Hz time reference
      signal and (2) a station frequency signal suitable phase shifted for loop
      locking and signal present designation.
PAR  FIGS. 20 to 27 are logic diagrams similar to that of FIG. 19, but applied
      to other currently available VLF station frequencies.
PAR  FIG. 28 is a block diagram of a multiplexer and time difference digitizer
      employed in the present system for determining time difference data
      sequentially from any number of transmitting station pairs selected by the
      computer.
PAR  FIG. 29 is a logic diagram for the logic block in FIG. 28 that assures the
      data taken is a full, valid count and holds such data in the counter of
      FIG. 28 until a new "take data" request is received from the computer.
PAR  FIGS. 30 and 31 show time event waveforms for the logic diagram of FIG. 29,
      for two different input conditions to the logic diagram of FIG. 29 when
      the take data request is received from the computer.
PAR  FIG. 32 is a simplified schematic wiring diagram for the control head
      illustrated in FIG. 2, illustrating how the computer communicates back and
      forth with the control head which serves principally as an interface with
      the computer.
PAR  FIG. 33 is a computer algorithm flow chart.
PAR  FIG. 34 is a block diagram of a miniaturized computer suitable for
      performing the necessary computer functions for the present navigation
      system.
PAR  FIG. 35 is a graphical illustration of VLF lines of constant phase
      providing a Rho-Rho coordinate system for two VLF transmitting stations.
PAR  FIG. 36 illustrates modifications in the overall block diagram of FIG. 12
      which adapt the system to the use of an on-board frequency standard.
PAR  FIG. 37 illustrates a modification of the input block diagram of FIG. 13 to
      include an on-board standard.
PAR  FIG. 38 illustrates a manner in which the multiplexer of FIG. 28 may be
      modified to adapt that portion of the system to the use of an on-board
      standard.
PAR  FIGS. 39, 40, and 41 graphically illustrate the algorithm for updating
      position en route with the on-board frequency standard providing one
      station of each station pair utilized in the computation.
DETD
PAC  DETAILED DESCRIPTION
PAR  The following detailed description will be directed particularly to a VLF
      navigation system according to the invention which is particularly adapted
      for airborne navigation, and wherein the computer portion of the system is
      a part of the airborne equipment. It is to be understood, however, that
      the principles of the invention are equally adaptable to other
      arrangements as indicated hereinabove, and that in some systems utilizing
      the principles of the invention the computer may be disposed in a fixed,
      central location and receive position information from one or more mobile
      units through radio communication.
PAR  FIG. 1 of the drawings provides a general indication of the relationship
      between the computer 10 and the two units with which the operator has
      direct communication, namely, the control head 12 and the display unit 14.
      The control head 12 is the interface between the operator and the computer
      10. The control head 12 serves as the data input source to the computer,
      and it also informs the computer what information is to be displayed on
      the display unit or panel 14.
PAR  The control head 12 illustrated in FIG. 2 may be small and compact, but
      nevertheless includes all of the necessary switching as an interface for
      the computer 10 in a worldwide VLF navigation system according to the
      invention. Thus, the control head 12 includes a master on-off switch 16,
      which is a locking switch so that it cannot be inadvertently switched off
      and thereby inadvertently lose RAM (randome access memory) information
      stored in the computer 10 as a part of a particular navigational sequence.
PAR  A keyboard 18 on the control head 12 operates a switch matrix for entering
      data to the computer 10. When function selector switch 22 is in an enter
      data position, the enter data indicator light 20 flashes.
PAR  The function switch 22 also controls a switch matrix, and includes a series
      of positions for the selective entry of particular data, as well as a
      further series of positions designating en-route information desired by
      the operator to be displayed on the display or readout unit 14. When the
      function selector switch 22 is in one of the positions indicating en-route
      information, the en-route indicator light 24 is on.
PAR  The present navigation system is a dead reckoning type of navigation system
      with intermittent position fixing. The system requires the entry of
      initial position coordinates and time, and this initial positioning can be
      upgraded whenever the aircraft bearing the equipment passes over any known
      landmark. Then, based upon such initial coordinates and time, or upgraded
      coordinates and time, the system constantly determines .DELTA. coordinates
      from the initial or upgraded fix and thereby provides updated information
      to be displayed on the display unit 14 at the operator's discretion
      relating to position, left/right guidance information to destination or a
      waypoint, heading and distance to a waypoint or destination, ground speed,
      and time for arrival at destination or a waypoint.
PAR  Prior to start, the control head 12 is placed in the "enter data" mode by
      actuation of the function switch 22, and keyboard 18 is suitably actuated
      to enter the starting data. Thus, the function switch will be placed in
      the "start longitude" position, and the initial longitude will be entered
      into the computer by suitable actuation of the keyboard 18. The function
      switch 22 will then be placed in the "start latitude" position and the
      initial latitude will be entered by means of keyboard 18. Function switch
      22 will be selectively positioned at the "date" and "Greenwich Mean Time"
      positions, and this informmation will likewise be selectively entered by
      means of keyboard 18. The coordinates of the destination will also be
      entered during this enter data mode, the function switch 22 being placed
      in the "destination longitude" position and the entry thereof being made
      through keyboard 18, and the function switch 22 being positioned in the
      "destination latitude" position and this information being entered through
      keyboard 18. During entry of the destination coordinates "waypoint" switch
      26 is placed in position 5. In addition to such destination coordinates,
      up to four sets of waypoint coordinates may also be entered during this
      enter data mode by positioning a waypoint switch 26 in selected waypoint
      positions 1 through 4 and utilizing the keyboard 18 to enter the
      destination longitude and destination latitude coordinates of the
      respective waypoints.
PAR  Thus, the programming of the system is easily accomplished by placing the
      system in the enter data mode; and then, with the use of the keyboard 18
      and function switch 22, simply "keying in" present position in longitude
      and latitude, the date and time, and destination, with desired waypoints.
PAR  Referring now to FIG. 3, the display or readout unit 14 includes a
      left/right guidance display 28 which provides left-right course deviation
      information to destination or to a waypoint. The display 28 illustrated in
      FIG. 3 is a digital type of display suitable for making direct use of the
      digital course deviation information provided by the computer. If
      preferred, this information may be transformed into analog information for
      a conventional meter-type indicator. The left/right guidance display 28
      has a central, large window 30 indicating on course. A series 32 of spaced
      dots to the left of the central window 30 selectively illuminate to
      indicate the distance to the left of track to the destination or waypoint.
      Similarly, a series 34 of spaced dots to the right of central window 30
      selectively illuminate to indicate the distance to the right of track to
      the destination or waypoint. With this arrangement, the dots of the
      left/right guidance display 28 are "flown" like a VOR needle; if one of
      the dots to the left of center is illuminated, the aircraft must be
      steered to the left to correct for the deviation; while if one of the dots
      to the right of center is illuminated, the aircraft must be steered to the
      right to correct deviation.
PAR  The left-right guidance display 28 will be in continuous operation during
      the "en-route" mode, and will indicate left/right positioning relative to
      the track to the final destination, unless one of the waypoints is
      selected by the waypoint selector switch 26, in which case the left/right
      indication will be for that waypoint. Typically, the series of waypoints
      will be selectively dialed in by the waypoint selector switch 26, and the
      left/right guidance display 28 will then apply to each waypoint in turn,
      and then to the final destination.
PAR  For normal en-route operation, each dot in the display 28 indicates a
      certain increment of distance off course. For example, each of the dots in
      the display 28 may normally indicate a 1200 foot increment off course. As
      an example of this, if the third dot to the left of the central window 30
      is illuminated in the series 32, with the increment being 1200 feet per
      dot, this would indicate that the track to the destination or waypoint is
      approximately 3600 feet to the left of the present course. However, the
      accuracy of the present system is suitable for use in an approach mode,
      wherein a more refined left/right readout is desirable. Accordingly, an
      approach switch 36 is provided on the control head 12, and actuation
      thereof provides a different order of magnitude for the digital readout on
      the left/right guidance display 28, as for example 120 feet per dot for
      the series 32 and 34 of spaced dots. When the approach switch 36 is
      actuated on the control head 12, an approach mode light 38 will be
      illuminated on the display unit 14 to indicate the order of magnitude of
      the increments indicated by the dots in the display 28.
PAR  The display or readout unit 14 also includes a pair of digital display-type
      readouts 40 and 42, which are driven by shift register type decoders that
      are responsive to serial pulse data from the computer. The readout 40 has
      a sevensegment digital display, the seven digits being required to display
      longitude information in degrees, minutes, and hundredths of a minute (or
      seconds if desired). On the other hand, a six-digit digital display is
      sufficient for the decoder 42, which is used to display latitude
      information in degrees, minutes, and hundredths of a minute (or seconds if
      desired).
PAR  In the en-route mode, with the function switch 22 in the longitude-latitude
      position, the readout 40 will display present longitude, and readout 42
      will display present latitude. This information will be constantly
      upgraded by the computer approximately once per second or faster.
      Associated with the readout 40 are east and west lights 44 and 46,
      respectively, which will illuminate according to whether the longitude
      reading is east or west. Similarly, associated with the readout 42 are
      north and south lights 48 and 50, respectively, which will illuminate
      according to whether the readout 42 is north latitude or south latitude.
PAR  In the en-route mode, with the function switch 22 turned to the
      distance-heading position, the readout 40 will have a readout in nautical
      miles to destination, or to a waypoint indicated by waypoint switch 26,
      and the readout 42 will have a readout in true heading to destination or
      such waypoint. These readouts for readouts 40 and 42 will be respectively
      indicated by "nautical mile" and "heading" lights 52 and 54.
PAR  In the en-route mode, with the function switch 22 in the
      distance-reciprocal heading position, the readout 40 will likewise give
      the distance in nautical miles to destination or a selected waypoint, as
      indicated by the light 52; while the readout 42 will indicate the
      reciprocal heading to destination or such waypoint, as indicated by a
      reciprocal heading light 56.
PAR  In the final position of function switch 22, which is the speed-time to
      target (or touchdown) position, the readout 40 will display the present
      groundspeed in knots, as indicated by the light 58; while the readout 42
      will display the remaining time to touchdown at the destination, or time
      to a selected waypoint, in hours, minutes, and seconds, as indicated by
      illumination of the "time to target" light 60.
PAR  Accordingly, in the en-route mode, at the operator's discretion
      navigational information is constantly updated and displayed which
      includes left/right guidance information to waypoint or destination, which
      may be in a refined approach mode if desired; longitude and latitude of
      present position; distance and heading to waypoint or destination;
      distance and reciprocal heading to waypoint or destination; and
      groundspeed and time to waypoint or touchdown at destination.
PAR  In the event that sufficient station receivers at any time fail to be
      "locked" onto respective VLF station signals, it is assumed that present
      course and speed will be maintained, and on such basis the same
      navigational information will be updated and displayed on the display unit
      by the computer according to the position of the function switch 22. In
      this case, a "dead reckoning" light 62 will illuminate on the display unit
      14 to indicate that insufficient VLF stations are presently in acquisition
      for the normal navigation mode.
PAR  Referring now to FIGS. 4 and 5 of the drawings, ten currently available VLF
      transmitting stations suitable for the present system are indicated on the
      world map of FIG. 4, with details thereof set forth in the chart of FIG.
      5. The VLF frequency range is generally considered to be from 3 KHz to 30
      KHz, which represents a wave length range of from about 10.sup.5 meters to
      about 10.sup.4 meters. All of the currently available stations designated
      in FIGS. 4 and 5 are in the 10 KHz to 25 KHz range, which is therefore the
      presently preferred VLF range. Nevertheless, any RF station frequency may
      be utilized in the present system, provided its frequency is very stable.
      All of the VLF stations indicated in FIGS. 4 and 5 are
      frequency-controlled by atomic clocks, so as to be stsble to within an
      accuracy of on the order of about one part in 10.sup.-.sup.11. Frequency
      and hence phase stability of the VLF transmitting signals with this
      general order of accuracy enables any such VLF transmitting stations to be
      utilized in the present system even though none of these transmitting
      stations are synchronized relative to each other. Utilization of a
      separate receiver in the present system for each such station, and
      provision of a phase-locked loop in each receiver which accurately locks
      onto the respective transmitted signal, enables these unsynchronized but
      accurate transmitted VLF signals to be utilized in the present system for
      time difference measurements without requirement of special waveforms or
      pulses. Additionally, the present system embodies in each receiver novel
      programmable dividers capable of dividing by any integer and not limited
      to conventional binary counter type division, so that all received VLF
      frequencies may be reduced to a common operational frequency in the system
      (e.g., 100 Hz).
PAR  Accordingly, the present system is the only VLF navigation system of which
      the applicants are aware that is capable of utilizing all of the atomic
      clock controlled VLF transmitting stations.
PAR  The ten VLF transmitting stations identified in FIGS. 4 and 5 are
      sufficient in coverage so that navigation may be accomplished with the
      present system on a worldwide basis with only these ten stations if
      desired. Additionally, a sufficient number of these 10 stations can
      normally be locked onto at any point in the world to permit station
      averaging so as to increase overall accuracy and to average out any known
      frequency varying factors such as the diurnal shift.
PAR  It is preferred to utilize VLF com (communication) stations because of the
      CW (continuous wave) signals transmitted thereby. However, intermittent
      transmitting stations may also be used, such as the Omega stations. If
      Omega stations are used, it is preferably to utilize Omega timing signals,
      which are on approximately 60% of the time; the receiver phase-locked
      loops in the present system being sufficiently stable so that there will
      not be any appreciable phase shift during the 40% off time.
PAR  Eight of the 10 currently available stations designated in FIGS. 4 and 5
      are VLF com stations, including Maine, Maryland, Panama, Washington,
      Hawaii, Australia, Great Britain, and Japan; while two of the designated
      currently available stations are Omega stations, including Trinidad and
      Norway.
PAR  It is contemplated that two additional stations will be used in equipment
      according to the invention, and accordingly spaces for two alternate
      stations are included in the chart of FIG. 5.
PAC  THE SYSTEM DESCRIBED IN CONNECTION WITH STATION PAIR SELECTION FOR USE WITH
      HYPERBOLIC COORDINATES
PAR  FIG. 6 illustrates two station pairs A,B and C,D which are ideally located
      to provide a hyperbolic gridwork of the most uniform possible
      configuration. In this ideal system, axes A--B and C--D are at right
      angles to each other and of equal length. Hyperbolic lines 64a, 64b, 64c,
      etc., are lines of constant time difference between the stations A and B;
      while the hyperbolic lines 66a, 66b, 66c, etc., are lines of constant time
      difference between the stations C and D. Thus, the two independent lines
      of position A--B and C--D provides a hyperbolic gridwork from which a time
      difference of .DELTA. T will be defined between a start point P.sub.1 and
      a destination or waypoint P.sub.2 for each set of hyperbolic lines.
      Inasmuch as the .DELTA. T for each set of hyperbolic lines corresponds to
      a certain distance (one nautical mile corresponds to a .DELTA. T of
      approximately 6.8 microseconds) the hyperbolic time coordinates for the
      destination or waypoint P.sub.2 may be determined by time difference
      information, and accordingly the longitude and latitude coordinates may be
      determined for the waypoint P.sub.2. The direction of the line P.sub.1 --
      P.sub.2 on the hyperbolic coordinates indicates heading to waypoint or
      destination. The rate of change of .DELTA. T for each set of hyperbolic
      coordinates provides groundspeed information.
PAR  It will be understood that the station pairs A,B and C,D are all of
      different frequencies, and are not synchronized or phase locked with each
      other. They are, however, stabilized by atomic clocks, such as cesium beam
      clocks, and therefore in fact contain phase information which remains
      extremely stable relative to each other, and is utilized in the present
      invention to define the aforesaid .DELTA. T information. Briefly, this is
      accomplished in the present system by locking a separate receiver in the
      system to each of the stations A, B, C, and D, with respective
      phase-locked loops in the receivers which provide loop signals that are in
      effect phase coherent with the respective transmitter station signals; and
      then normalizing all of the receiver loop signals to a common working
      frequency and thus rendering these working frequency signals for the
      various receivers phase coherent; i.e., having a steady or fixed phase
      relationship relative to each other. These phase coherent working signals
      of common frequency in the receivers then define the .DELTA. T information
      for the hyperbolic coordinates of each station pair such a A,B and C,D in
      a high frequency crystal controlled clock counter.
PAR  By this means the hyperbolic lines of position are converted in the present
      invention to an accurate and meaningful display, which has heretofore been
      a major problem in the art.
PAR  FIG. 7 illustrates the hyperbolic lines of constant time difference, or
      lines of position, for station pairs A', B' and C', D' which are more
      typically located. It will be seen that the two station pairs A'B' and
      C'D' still provide a good gridwork of hyperbolic coordinates with their
      lines of constant time difference. With both the ideal hyperbolic gridwork
      of FIG. 6 and the more typical hyperbolic coordinate system of FIG. 7, it
      will be seen that the best resolution is obtained generally in the central
      part of the grid. Station pair selection is made on the basis of both good
      geometry and sufficiently close range for good signal reception.
      Nevertheless, a station is not selected which is too close, because of the
      distortion in the hyperbolic lines which occurs close to a station.
PAR  Station pair selection is made by the computer, according to a station pair
      algorithm stored in the computer ROM (read only memory) chips. For this
      purpose, the range and bearing (heading) to each transmitter is calculated
      from the present position periodically. Then, based upon the receiver
      position at any time, the computer software (ROM) sets up the computer to
      select stations according to acceptable geometry and range conditions.
      Alternatively, for this purpose the world may be divided into a large
      number of small zones, as for example 1800 small zones; and a small number
      of major zones of irregular shape, as for example 48 major zones. Then,
      based upon the receiver position at any time, the computer software (ROM)
      sets up the computer to select stations according to the particular area
      in which this position is located.
PAR  The receivers for the respective stations are all arranged to provide a
      "signal present" acquisition signal to the computer, which is a go or
      no-go signal indicating whether or not a particular signal is phase-locked
      onto its respective station.
PAR  As an example, assume that for the particular position, the computer
      software determines that the computer wants to select Trinidad and
      Washington as a station pair. The computer then goes to the receivers for
      Trinidad and Washington, and if both have a signal present indication, the
      computer will utilize this signal pair. However, if it receives a no-go or
      signal not present from the Trinidad receiver, then the computer will
      eliminate every Trinidad pair and will proceed to select station pairs
      utilizing other stations.
PAR  Assuming that there are N stations available to the computer at a
      particular position (i.e., N stations giving a go or signal present
      indication from their respective receivers), then the number of unique
      station pairs available to the computer is N-1. In other words, there are
      N-1 independent lines of position available from N stations. Since the
      minimum number of independent lines of position required for navigation is
      two, then the minimum number of stations required for navigation is three.
      FIG. 8 illustrates VLF hyperbolic lines of constant time difference for
      three stations A", B" and C", in an example of typical three-station
      geometry.
PAR  However, with the 10 presently available VLF stations indicated on FIGS. 4
      and 5, normally six unique station pairs will be available for navigation
      at any point around the world. Accordingly, several station pairs may be
      generated by the computer in the station pair selection routines for each
      designated position or zone around the world, and it is contemplated that
      the six best pairs of these several pairs will be utilized by the
      computer, other pairs being alternates that may be used by the computer if
      one or two of the other pairs are not locked onto by their respective
      receivers. The computer station pair selection routines are to be arranged
      for selection of the best station pair geometry, as well as range.
PAR  The presently contemplated use of six station pairs for determining a
      position enables three independent determinations of positions to be made,
      since it requires only two station pairs for one position determination.
PAR  Statistically, if the errors in these three separate position
      determinations are truly random errors, and if the accuracy of each
      determination is to within .DELTA. position, then averaging of the three
      positions can improve .DELTA. by 1/.sqroot.3.
PAR  The mode of operation for station pair averaging in the computer is as
      follows: The computer takes a first station pair, determines the latitude
      and longtitude therefrom, and stores this information. The computer then
      does the same for a second station pair, and then it does the same for a
      third station pair. Thus, the computer now has stored three independent
      positions of longitude and latitude. It adds the three longitude positions
      and divides by three, and adds the three latitude positions and divides by
      three, to determine an average longitude position and an average latitude
      position. The computer is programmed to reject any data outside of a
      reasonable average. Thus, for example, if data from one station pair
      should be caused by some interference or other factor to be considerably
      outside of a reasonable average, then such data is rejected, and the
      computer will then select one of the alternate station pairs, and the new
      group of three station pairs will again be averaged, and will be accepted
      if all data is within a reasonable average.
PAR  It will be understood that the ten VLF transmitting stations referred to in
      FIGS. 4 and 5 of the drawings are presently available stations, and that
      other and perhaps better stations will probably be established, and that
      perhaps some of these presently available stations will terminate.
      Accordingly, it is preferred to employ a separate ROM chip in the computer
      for each separate station, and to arrange these station ROM chips to be
      replaceable so as to take into account such contemplated station changes.
PAR  FIG. 9 is a polar plot, with north at the top of the page, and present
      position at the pole or center, which is at the tip of Argentina, with a
      longitude of 66.97 and a latitude of 56.99. The radial distance between
      adjacent concentric circles on the plot is 1,000 nautical miles. Eight
      usable station pairs from the aforesaid currently available stations are
      indicated below the plot. For this position, the computer is programmed to
      make three independent position calculations from (1) the two station
      pairs Hawaii-Great Britain and Maine-Australia; (2) the two station pairs
      Great Britain-Australia and Australia-Washington; and (3) the two station
      pairs Great Britain-Washington and Panama-Australia. Alternate station
      pairs programmed to be selected by the computer in the event of either a
      no-go from a receiver in one of the preferred selected station pairs or in
      the event data is rejected as being outside of a reasonable average of the
      three independent sets of data, are Panama-Hawaii, and Hawaii-Australia.
      The geometry for all of the selected station pairs is good.
PAR  While Trinidad is well located as to geometry, it is not at present
      sufficiently powerful for reliable reception beyond about 4,000 miles, and
      since it is approximately 4,600 miles from present position, it is not
      included in the station pairs. The stations are thus picked both for
      geometry and for range. In this regard, it is to be noted that Japan is
      located approximately 10,600 miles from the present position, and is
      likewise not one of the selected stations.
PAR  FIG. 10 is a polar plot similar to FIG. 9, but with less detail. The plot
      in FIG. 10 also has north at the top of the page, and is for a present
      position at southwest Ontario, Canada, having a longitude of 94.88 and a
      latitude of 47.21. For the zone in which this position is located, the
      computer is programmed to make the three position determinations for
      averaging based upon (1) the two independent lines of position provided by
      Panama-Japan and Hawaii-Great Britain; (2) the two independent lines of
      position provided by Japan-Trinidad and Panama-Great Britain; and (3) the
      two independent lines of position provided by Washington-Maine and
      Panama-Washington. Alternate station pairs or independent lines of
      position are Hawaii-Maine and Trinidad-Washington.
PAR  It will be noted from the plot of FIG. 10 that the closest stations to the
      present position (at the center of the plot), Washington and Maryland, are
      approximately 1,000 miles away. While stations considerably closer than
      this can normally be employed, it will be apparent from the typical
      examples of station geometry set forth in FIGS. 7 and 8 that if the range
      to a station is too close, the hyperbolic grid geometry tends to become
      considerably distorted for stations substantially offset from the station
      pair line. Accordingly, the computer is programmed to not use stations
      that are so close as to cause such distortion, which tends to introduce
      errors in the calculations.
PAR  On the other hand, for strong transmitting stations ranges up to about
      10,000 nautical miles may be satisfactory. With the currently available
      stations indicated on FIG. 4 and 5, the desired station pairs involve
      stations within 10,000 miles for most navigational zones throughout the
      world.
PAR  FIG. 11 is a polar plot similar to FIGS. 9 and 10 for a present position in
      southwest British Columbia, Canada, with a W longitude of 129.25 and an N
      latitude of 47.21. In this case first position data is obtained from the
      two station pairs Australia-Trinidad and Great Britain-Hawaii; second
      position data is obtained from the two station pairs Japan-Panama and
      Hawaii-Maryland; and third position data is obtained from the two station
      pairs Hawaii-Trinidad and Hawaii-Japan. Alternate station pairs are
      Australia-Maine and Maine-Hawaii.
PAC  THE OVERALL SYSTEM
PAR  FIG. 12 is a block diagram of an overall mobile or airborne system
      embodying the principles of the present invention, which is adapted for
      navigation utilizing VLF stations like those heretofore referred to on a
      worldwide basis.
PAR  The computer 10, which is the heart of the system, is preferably a
      miniaturized type computer suitably compact for convenient placement and
      for use in small aircraft. Such computer, and the required chips therefor,
      are currently available from Intel Corporation, of 3065 Bowers Avenue,
      Santa Clara, California 95051. A suitable computer 10 to accommodate 12
      contemplated stations, and hence 12 separate receivers, may include 16 ROM
      (read only memory) chips of 1,024 bits each; 16 RAM (random access memory)
      chips of 320 bits each; and one CPU (central processor) chip including one
      accummulator and 16 registers. While the various computer algorithms will
      be described in more detail in a later section, they briefly include input
      and output control algorithms; and en-route algorithms including present
      position, station pair selection, diurnal correction, left/right steering
      track, distance to waypoint, true heading, speed, and time to touchdown or
      waypoint.
PAR  The control head 12, which is the interface between operator and computer,
      includes (as best shown in FIG. 2) the input keyboard 18, function switch
      22, waypoint 26, on/off switch 16, and a display test switch forming part
      of the keyboard 18. Control head 12 has connection 68 with the computer
      which includes four control head interrogation lines that are scan lines
      from the computer; connection 70 consisting of four keyboard input data
      lines to the computer; and connection 72 consisting of four
      function/waypoint input lines to the computer.
PAR  The display unit 14, shown in detail in FIG. 3, includes the left/right
      guidance course display 28, the seven-digit readout 40, the six-digit
      readout 42, and the various function indication lights 38, 44, 46, 48, 50,
      52, 54, 56, 58, 60, and 62. The display unit 14 has a connection 72 with
      the computer including two data lines for the left/right digital display;
      and a connection 74 with the computer including nine data lines for the
      readouts 40 and 42. Function indication is provided to the display unit 14
      through connection 75 from control head 12, consisting of five indicator
      control lines.
PAR  Signal input from all stations into the system is through a single antenna
      generally designated 76, which consists of a voltage probe-type antenna
      and a broadband preamplifier housed in or near the antenna base. The
      signals from the antenna 76 are fed to all of the 12 receivers, which are
      tuned to their respective stations, the receivers as a group being
      designated 78. Connection 80 from the receivers 78 to the computer 10
      includess twelve input lines to the computer, one for each receiver,
      indicating receiver signal lock-on. Time data from the receivers 78 is
      provided to the computer 10 through a multiplexer 82; connection 84 from
      receivers 78 to multiplexer 82 including twelve input data lines (one for
      each receiver) for the "normalized" receiver data output frequency (e.g.,
      100Hz). The multiplexer 82 includes multiplex logic, a high frequency
      crystal controlled clock (e.g., 10 MHz), and a stop/start counter for
      counting the clock pulses. Connection 86 from the computer 10 to
      multiplexer 82 is a take data request line. Connection 88 from computer 10
      to multiplexer 82 includes 24 start/stop station pair selection control
      lines. Connection 90 from multiplexer 82 to computer 10 includes 20 bit
      input time difference data lines which are from the start/stop counter (a
      binary coded decimal counter) of the multiplexer.
PAR  Power supply 92 is connected to computer 10 through power input lines 94;
      to control head 12 through power input lines 96; to display unit 14
      through power input lines 98; to receivers 78 through power input lines
      100; and to multiplexer 82 through power input lines 102. Connection 104
      between control head 12 and power supply 92 includes on/off control lines
      associated with the on/off master switch 16 of the control head, whereby
      the master switch 16 enables or disables power from the power supply 92 to
      all components of the apparatus through the various power input lines 94,
      96, 98, 100, and 102.
PAC  INPUT PORTION OF THE SYSTEM
PAR  FIG. 13 is a general diagram of the input portion of the system from the
      antenna generally designated 76 through the receivers generally designated
      78. The antenna 76 comprises a voltage probe antenna, and housed proximate
      the base structure thereof is a broadband preamplifier. The VLF signals
      from all stations in receiving range are received by the antenna 76 and
      amplified by the broadband preamplifier housed therewith, and are then
      passed through a transient suppressor generally designated 106, and are
      fed in parallel to all of the receivers in the group 78 of receivers.
      Since it is contemplated that VLF signals will be utilized from twelve
      separate transmitting stations throughout the world, 12 receivers are
      illustrated in this parallel array in FIG. 13, being designated receiver
      No. 1, receiver No. 2, ... receiver No. 12.
PAR  Each of the separate receivers numbers 1 to 12 includes as a part thereof
      its own phase-locked loop, sometimes referred to herein as "PLL"; and
      accordingly, PLLs numbers 1, 2, ... 12 are illustrated in FIG. 13
      associated with their respective receivers numbers 1, 2, ... 12. A
      calibrate line 108 from the computer is connected to all of the PLLs, in a
      parallel connection arrangement, to provide a common "calibrate" signal
      from the computer to all of the PLLs so as to calibrate all of the
      normalized (e.g., 100 Hz), phase coherent data signals from the PLLs to a
      phase synchronous relationship.
PAR  Each PLL has a "signal present" line 110 to the computer. Each PLL also has
      a "normalized data" line 112 to the multiplexer 82, these data lines 112
      being included in the connection 84 designated in FIG. 12.
PAR  Reference will now be made to FIG. 14, which includes a complete block
      diagram of one of the receivers, and which also discloses the relationship
      of input elements thereto. In FIG. 14 the antenna means 76 heretofore
      disclosed as a single block in FIGS. 12 and 13 is broken down into
      separate units including voltage probe antenna 114 and RF preamplifier
      116, which is a broadband preamplifier and includes impedance matching
      circuitry. As indicated hereinabove, the preamplifier 116 is preferably
      housed within the base of the antenna structure of antenna 114. For the
      presently preferred VLF range of about 10 KHz to about 25 KHz, the
      broadband preamplifier will preferably have a bandpass of from about 7 KHz
      to about 40 KHz. This is sufficiently wide to allow the frequencies of
      interest to pass with negligible phase shift.
PAR  Optimum signal is obtained by physically locating the preamplifier 116
      proximate the antenna 114. This is because antenna impedance at these VLF
      frequencies is so high that any stray capacitances due to cable would tend
      to severely degrade the signal.
PAR  Output of the preamplifier 116 is fed through a cable to a common equipment
      housing (not shown) and in particular to the transient suppressor 106
      therein. This common equipment housing contains not only the transient
      suppressor 106 but all of the receivers 78, the computer 10, the
      multiplexer 82, and the power supply 92.
PAR  The transient suppressor 106 is employed because signals in this VLF
      frequency spectrum have high level transients due to atmospheric
      conditions, including lightning and other atmospheric effects, as well as
      local disturbances such as 60 Hz harmonics. The transient suppressor 106
      clips such transients at a prescribed level, and thereby keeps these
      disturbances from disrupting the circuitry in the remainder of the system,
      and in particular removes high level transients which would cause
      distortion in the RF signal such as would make "lock-on" in any of the
      receiver phase-locked loops difficult to achieve.
PAR  Circuit details of a suitable broadband RF preamplifier 116 and of a
      suitable transient suppressor 106 are shown in FIGS. 15 and 16,
      respectively, and described in connection therewith.
PAR  The output of transient suppressor 106 is fed in parallel to the inputs of
      all of the receivers, including the input element of the complete
      receiver, designated receiver No. 1, illustrated in FIG. 14. This input
      element is a narrowband TRF (tuned radio frequency) amplifier designated
      118. This narrowband TRF amplifier 118 is tuned to the respective VLF
      transmitted frequency, and the output thereof is processed through a
      limiter 120. A high level AGC (automatic gain control) circuit 122 is
      associated with the narrowband amplifier 118 to prevent overloading. The
      output of limiter 120 is then fed to an amplifier 124 which is the input
      element of the phase-locked loop which is generally designated 126.
PAR  Suitable detailed circuitry for the narrowband TRF amplifier 118, limiter
      120, and high level AGC circuit 122 is shown in FIG. 17 of the drawings.
PAC  RECEIVER PHASE-LOCKED LOOP
PAR  The particular VLF station frequency isolated in the receiver of FIG. 14 is
      designated in that figure as F.sub.c. The F.sub.c output of amplifier 124
      may be considered to be the analog (sine wave) data signal for the
      phase-locked loop 126. This F.sub.c analog data signal is fed
      simultaneously to two phase detectors, a signal present phase detector
      128, and a PLL phase detector 130. The connection from amplifier 124 to
      signal present phase detector 128 is designated 132, while the connection
      from amplifier 124 to the loop phase detector 130 is designated 134.
PAR  A digital reference signal is provided for the two phase detectors 128 and
      130 by means of a temperature compensated voltage controlled crystal
      oscillator 136 sometimes hereinafter referred to as a TCVCXO, or simply as
      a VCO. The TCVCXO 136 is selected to have a preferred frequency in the
      range of from about 4 MHz to about 5 MHz, wherein such oscillators are
      available having a high degree of frequency stability. The actual
      frequency selected for the TCVCXO 136 is a multiple of the analog data
      signal frequency F.sub.c, and the multiplication factor "M" from the
      analog signal frequency F.sub.c to the TCVCXO frequency that is in the
      approximately 4 MHz to 5 MHz range is preferably a factor that is
      divisible by four for phase shifting purposes as will become more apparent
      hereinafter. Thus, the digital reference signal provided by the TCVCXO 136
      equals Mf.sub.c.
PAR  By having the voltage controlled oscillator 136 in the preferred frequency
      range of about 4 MHz to about 5 MHz, and having it a temperature
      compensated crystal oscillator in addition to being voltage controlled, it
      can be held to an accuracy of within a couple of parts per million. This
      produces phase-locked loop lockup times generally on the order of between
      about 10 and 30 seconds, and frequently in much less time than that, as
      compared with lockup times for other VLF systems generally on the order of
      from about 5 to about 15 minutes, and sometimes with no lockup at all
      under extreme temperature conditions. This very stable phase-locked loop
      condition provided by the TCVCXO 136 also enables the phase-locked loop to
      stay extremely close to an Omega station frequency during the off time of
      the Omega signal, so that when the Omega signal comes back on the
      phase-locked loop it is in effect already in acquisition thereof.
PAR  The Mf.sub.c signal from the VCO 136 is fed through a first programmable
      divider 138, which divides the Mf.sub.c digital reference signal by M/4 so
      as to produce a further digital reference signal having a frequency of
      4f.sub.c. This 4f.sub.c digital reference signal is fed to the loop phase
      detector 130, being divided by 4 and phase shifted so as to be advanced
      90.degree..
PAR  The loop phase detector 130 compares its analog data signal input from
      connection 134 with this digital reference signal input now also of
      frequency F.sub.c but advanced in phase 90.degree., and the output of loop
      phase detector 130 is fed to a loop operational amplifier 140, the output
      of which is coupled through connection 142 back to the TCVCXO.
PAR  There will be no output of the loop operational amplifier 140 if the analog
      data signal and digital reference signal to the loop phase detector 130
      are in exact quadrature (phase shifted exactly 90.degree.). However, if
      the analog data signal leads the digital reference signal relative to this
      quadrature relationship, there will be a plus voltage output of the loop
      operational amplifier 140; while if the analog data signal lags the
      digital reference signal relative to this quadrature relationship, the
      loop operational amplifier will provide a negative voltage output. Such
      voltage outputs of the loop operational amplifier 140 coupled to the
      TCVCXO 136 through connection 142 correct the digital reference signal
      phase until the analog data signal and the digital reference signal are
      "locked" in exact quadrature.
PAR  This phase-locked loop 126 will lock to approximately 1.degree. of accuracy
      referenced to a full cycle of the VLF signal being received, which has a
      frequency F.sub.c. For example, if F.sub.c is 12 Kc., then one full cycle
      is approximately 16 miles, and 1.degree. is 1/360 of this or approximately
      235 feet, which is therefore the approximate order of accuracy of the
      phase-locked loop 136. However, this is a completely random error and it
      is averaged in the present system so as to become negligible. Such
      averaging is provided for velocity readings in the present system by
      providing a suitable time window within which the phase-locked loop
      fluctuation will average out to substantially zero.
PAR  A second programmable divider 144 is also connected to the TCVCXO 136 so as
      to receive the digital reference signal of Mf.sub.c therefrom. The divider
      144 divides the Mf.sub.c digital reference signal by a factor N to produce
      a square wave output at line 122 (leading to the multiplexer) which is the
      normalized or common working frequency for all of the receivers. The
      presently preferred normalized or working frequency is 100 Hz, which will
      be assumed to be the normalized or working frequency unless otherwise
      stated. Thus, for the normalized frequency of 100 Hz, the dividing factor
      equals Mf.sub.c /100 Hz. This equation can be otherwise stated as Mf.sub.c
      /N = 100 Hz, or F.sub.c = N/M .times. 100 Hz.
PAR  Accordingly, M and N can always be selected in this system to produce the
      exact 100 Hz normalized data signal regardless of station frequency
      F.sub.c. This requires, however, that at least one of the programmable
      dividers (generally the second or N divider 144), and preferably both of
      the programmable dividers 138 and 144, be capable of dividing by any
      integer. This is contrary to conventional practice in VLF navigation
      systems, wherein division is by means of a binary counter (i.e., by 2, 4,
      8, 16 ... 256, etc.) and navigation is limited to use of only a few VLF
      stations having frequencies suitable for use in connection with such
      binary division.
PAR  Assume, for example that the VLF station frequency is 10,464 Hz. Then
      10,464 = N/M .times. 100, so N/M = 10464, 20928, etc. Thus, the normalized
      100 Hz data output from the second programmable divider 144 is readily
      achieved in the present invention by utilization of programmable dividers
      capable of dividing by any integer. Such programmable dividers are
      described in further detail hereinafter in connection with FIG. 18 of the
      drawings.
PAR  It will thus be seen that for any transmitter station VLF frequency,
      including all of the currently available station frequencies as set forth
      in the chart of FIG. 5, a TCVCXO frequency can be selected, with reference
      to the multiplication factor M of the station frequency, and the dividing
      factor N, so as to produce the desired normalized data signal frequency
      such as 100 Hz or other desired working frequency.
PAR  These normalized (e.g., 100 Hz), phase coherent data signals for all of the
      receivers are calibrated by being started exactly simultaneously by the
      single calibration signal provided from the computer through the
      "calibrate" line 108. This is accomplished by having the calibrate signal
      applied simultaneously to all elements of the normalizing programmable
      divider 144 in all of the receivers. This is indicated in FIG. 14 by
      direct connection of the calibrate line 108 to each of the four elements
      146, 148, 150, and 152 of the second programmable divider 144. Thus, even
      though these divider elements 146, 148, 150, and 152 are series or
      sequentially arranged for their dividing operation, nevertheless, the
      calibration signal from the computer is simultaneously applied to all of
      them. This results in the normalized 100 Hz (or other frequency) data
      signals of all of the receivers being phase synchronous for determining
      .DELTA. T and hence .DELTA. longitude and .DELTA. latitude information in
      the hyperbolic coordinates of various station pairs.
PAR  While 100 Hz is the presently preferred normalized or working frequency for
      the data signals provided by the receivers to the multiplexer by the data
      lines 112, it is to be understood that other working frequencies can be
      employed, if desired, within the scope of the invention. For example, if a
      working frequency of 50 Hz is selected for the phase coherent data signals
      of the receivers, then the distance range of the system will be doubled
      without ambiguity, but the time, and hence distance information cannot be
      sampled as rapidly by the computer, and the resolution is halved. As a
      further example, if the working frequency is reduced to 10 Hz, the
      sampling is spaced considerably farther apart, but an even longer range is
      provided without ambiguity.
PAR  On the other end of the spectrum, if the working frequency is increased
      above 100 Hz, the resolution is also increased, but the range without
      ambiguity is shorter.
PAR  The practical range of frequencies for the normalized receiver data signals
      is presently considered to be from about 10 Hz to about 1,000 Hz. With the
      preferred normalized frequency of 100 Hz, 1/2 wavelength is about 820
      nautical miles, and 1/4 wavelength is about 410 nautical miles. For
      ambiguity purposes, the computer will recalibrate the receivers to the
      phase coherent condition approximately every 400 nautical miles, or within
      1/4 wavelength. In this manner, there can be a full 1/4 wavelength
      movement in either a forward (plus) or rearward (minus) direction without
      ambiguity. The 100 Hz data signals will, of course, be calibrated to
      coherent condition at the start point also, and at any new coordinate
      entry point.
PAR  Suitable circuit details for a phase-locked loop 126 like that illustrated
      in block diagram in FIG. 14, as well as logic for the two programmable
      dividers in the loop 26, are illustrated in FIG. 18 of the drawings.
PAR  FIG. 15 shows a suitable circuit arrangement for the broadband preamplifier
      116 that is mounted in the antenna housing. Starting at the left side of
      FIG. 15, the incoming mixture of VLF signals from all stations in range is
      received by the voltage probe antenna 114, which is a high impedance
      input, and passes through a diode limiter circuit 154 for high level front
      end protection. The incoming signals are then applied to a very high
      impedance FET (field effect transistor) RF amplifier 156, the high
      impedance thereof minimizing its loading effect due to the high impedance
      antenna 114.
PAR  The output of the RF amplifier 156 passes through a low pass filter 158 and
      into a second FET RF amplifier 160. The incoming signals are then applied
      to a phase splitter 162 of unity gain for application to a push-pull
      amplifier 164, the output of which is applied to a transformer 166 coupled
      to a floating and shielded twisted signal pair 168 leading to the common
      equipment housing, and in particular to the transient suppressor 106
      therein. This type of connection minimizes common mode and isolation
      problems. The transformer 166 is a high to low impedance transformer, as
      for example 10,000 to 500 ohms, to allow a relatively low impedance cable
      for the twisted pair 168 to the common equipment housing.
PAR  Gain of the broadband preamplifier 116 is preferably on the order of from
      about 30 db to about 40 db.
PAR  Circuitry for a suitable transient suppressor 106 is illustrated in FIG.
      16. A high level transient 170 is illustrated in the incoming waveform
      applied to the transient suppressor 106 through the twisted pair 168. If
      such high level transients were permitted to remain in the signal applied
      to the receivers, the resulting signal distortion could make lockup more
      difficult to achieve in the phase-locked loops of the receivers.
PAR  The transient suppressor 106 includes a low-to-high impedance isolation
      transformer 172 having, for example, an impedance ratio of 500 ohms to
      10,000 ohms, as the input element to which the twisted cable 168 is
      connected. The signal then is applied to a clipper 174, wherein positive
      going transients above a set level place a positive voltage on the base of
      the NPN transistor 176, shorting the signal to ground for the transient
      duration; and wherein the PNP transistor does the same for negative
      transients.
PAR  The output element of transient suppressor 106 is an emitter follower 180
      which can drive all of the receivers in parallel without loading. The hole
      182 remaining in the output signal waveform does not hurt, being
      eliminated by "ringing" in the respective receiver filters.
PAR  Reference will now be made to FIG. 17 which shows suitable circuitry for
      the narrowband TRF amplifier 118, limiter 120, and high level AGC circuit
      122 for one of the receivers. It is to be noted that three ceramic filters
      are used in the narrowband TRF amplifier and limiter of each receiver for
      frequency selection, these filters being fixed tuned, providing very good
      rejection of adjacent station signals, and resulting in a nominal 1%
      bandwidth.
PAR  The narrowband TRF amplifier 118 comprises three stages of FET amplifiers
      184, 186, and 188; and two ceramic filters 190 and 192. The input from
      transient suppressor 106 is applied to the first FET amplifier stage 184,
      and the output of the narrowband TRF amplifier 118 is applied from FET
      amplifier 188 through connection 194 to the AGC amplifier 196 forming a
      part of the high level AGC circuit 122.
PAR  Output of the AGC amplifier 196 is applied to the limiter 120 through
      connection 198. Output of the AGC amplifier 196 is also passed through a
      carrier detector 200, being filtered and amplified by an amplifier 202 and
      then applied through connection 204 to the input of the narrowband TRF
      amplifier 118 serving as the AGC control at the input of the RF receiver.
PAR  It is to be noted that the signal waveform 206 at the output of AGC
      amplifier 196 no longer has the hole 182 that was in the waveform applied
      to the narrowband TRF amplifier 118. This is because the ceramic filters
      of the narrowband TRF amplifier "ring through" the missing portion of the
      wave.
PAR  The output from AGC amplifier 196 that is applied to limiter 120 through
      connection 198 is applied through two stages 208 and 210 of limiters, and
      then the "limited" square wave signal 212 is passed through a third
      ceramic filter 214 to a source follower 216 which drives the succeeding
      phase-locked loop amplifier 124. This third ceramic filter 214 returns the
      "limited" square wave 212 back into a sine wave 218. This removes any D.C.
      component that may exist in the square wave 212, thus ensuring a linear
      operation in the phase-locked loop 126 even under weak signal conditions.
      If there were a D.C. component in the integrated waveform, this would
      interfere with signal acquisition by the phase-locked loop 126,
      particularly under weak signal conditions. Thus, it is important that the
      signal applied from limiter 120 to phase-locked loop 126 be a sine wave
      analog signal to eliminate problems of non-linearity.
PAR  Reference will now be made to FIG. 18 which combines a suitable circuit
      diagram for the phase-locked loop 126 and a logic diagram for the
      programmable dividers.
PAR  The sine wave signal 218 from source follower 216 at the output of limiter
      120 is applied to RF signal amplifier 124, which is a very wide dynamic
      range amplifier to preserve the high degreee of linearity present in the
      signal 218. The output of amplifier 124 is the analog data signal 220,
      which is fed both to the signal present phase detector 128 and the loop
      phase detector 130.
PAR  The signal present phase detector 128 has a second input, designated A, for
      a digital reference signal derived from the programmable divider 138. In
      the locked condition of the phase-locked loop, this digital reference
      signal to A will be locked 180.degree. advanced relative to the analog
      data signal 220, whereby the output signal 222 of the signal present phase
      detector 128 will be a 180.degree. negative waveform. This signal 222 is
      applied to a signal present operational amplifier 224 which, in this
      locked condition will provide a positive output voltage at the signal
      present line 110 to the computer. On the other hand, if the loop 126 is
      not locked onto an incoming analog data signal 220, then the output of
      signal present phase detector 128 will be random, so that the signal
      present operational amplifier 224 will not provide the positive output
      indication to the computer at the signal present line 110.
PAR  A zener diode 226 determines a logic level that is compatible with the
      computer, as for example + 5 v. or - 1 v. Thus, with the + 5v. signal
      present indication to the computer on line 110, the computer knows that
      all data acquired for computation is valid from this particular receiver.
      The output at line 110 will be approximately zero in the unlocked
      condition, informing the computer that the data from this receiver is
      unreliable.
PAR  The loop phase detector 130 also has a second input, designated B, which
      applies a digital reference signal thereto for comparison with the analog
      data signal 220 that is also applied thereto. In the locked condition of
      the phase-locked loop 126, this digital reference signal to B will be
      advanced 90.degree. relative to the analog data signal 220 so as to
      produce an output waveform 228 having substantially identical positive and
      negative portions thereof which average out to substantially zero signal
      applied through connection 230 to the loop operational amplifier 140.
      Thus, in the locked condition of the phase-locked loop 126, the output of
      the loop operational amplifier 140 applied to the TCVCXO 136 through
      connection 142 will be zero so as to hold the present frequency of the
      TCVCXO 136. Should the analog data signal lead the digital reference
      signal, the output of loop operational amplifier will swing positive so as
      to tend to drive the frequency of the VCO 136 higher and thereby bring the
      analog and digital signals into registry, at which time the output of loop
      operational amplifier 140 will again become zero. Conversely, should the
      analog data signal lag the digital reference signal, the output of loop
      operational amplifier 140 will swing negative, so as to tend to decrease
      the frequency of VCO 136, until the analog and digital signals again come
      into registry so as to produce the zero output of loop operational
      amplifier 140. In this manner, the analog data signal 220 and the digital
      reference signal applied to the input B of phase detector 130 will be
      locked in exact quadrature.
PAR  A zener diode limiter circuit 232 limits the voltage swing of the output of
      loop operational amplifier 140 to compatible drive levels for the VCO 136.
PAR  It is desirable to keep the phase-locked loop 126 as narrow as possible
      consistent with acquisition time and the like. For example, the loop
      constants must be sufficiently long so that during the time an Omega VLF
      signal is off the air the loop will hold the VCO 136 on frequency for
      instantaneous acquisition each time the Omega carrier is transmitted, thus
      retaining valid data at all times. Similarly, the time constants must be
      sufficiently long so that the signal present indication to the computer
      from the signal present operational amplifier 224 and line 110 will remain
      on during the short off times of such an Omega signal.
PAR  By providing a TCVCXO 136 which is very frequency stable so as to remain
      very near the exact frequency Mf.sub.c under all temperature environments,
      the loop may be made quite narrow and therefore capable of locking up very
      weak signals. The VCO 136 may either be held in a temperature controlled
      environment, or temperature compensated to remain extremely accurate over
      wide temperature variations. The preferred approach for mobile apparatus
      embodying the invention is to employ a high degree of temperature
      compensation with the result that oscillations, after division down to the
      VLF carrier frequency F.sub.c, will always be within a fraction of a
      cycle.
PAR  While specific circuit arrangements and component values have been shown in
      some of the present drawings, it is to be understood that these are
      presented by way of example only, and not of limitation.
PAC  PROGRAMMABLE DIVIDER LOGIC
PAR  Reference will now be made to the programmable divider logic diagrammed at
      the right-hand side of FIG. 18.
PAR  As heretofore discussed in connection with FIG. 14, the first programmable
      divider 138 divides the VCO frequency by a factor or M/4. For convenience,
      the programmable divider 138 is arranged to include sequential dividing
      units 234, 236, and 238; the unit 234 dividing the Mf.sub.c frequency by
      2; the unit 236 dividing that result by 5; and the unit 238 dividing that
      result by a factor X which is an integer of from 2 to 10 as programmed,
      and which will result in a frequency of 4f.sub.c. Thus, with this
      arrangement M will be some multiple of 40, the value of X for the dividing
      unit 238 providing this multiple. Thus, for example, if the value of M is
      selected to be 200, X will equal 5.
PAR  The 4F.sub.c frequency output of the dividing unit 238 is fed to a dividing
      unit 240 which divides by 2 for each of two outputs, a Q output 242, and a
      Q (Q complement) output 244. The Q output 242 goes to a further dividing
      unit 246 which divides by 2 and produces the digital reference signal to
      the A input of the signal present phase detector 128. As aforesaid, such
      digital reference signal has the frequency F.sub.c (which is the VCO
      frequency divided by M) advanced a full 180.degree. relative to the analog
      data signal.
PAR  The Q output 244 goes to a further dividing unit 248 which divides by 2 and
      produces the digital reference signal to the B input of the loop phase
      detector 130. As aforesaid, such digital reference signal has the
      frequency F.sub.c (which is the VCO frequency divided by M) advanced
      90.degree. relative to the analog data signal 220.
PAR  The normalizing programmable divider generally designated 144 includes
      sequential divider elements 146, 148, 150, and 152 which divide the VCO
      frequency Mf.sub.c by the factor N down to 100 Hz. In this dividing
      sequence, the divider element 146 divides by 2; element 148 divides by a
      factor Y which is an integer of from 2 to 10 as programmed; the divider
      element 150 is a three-stage programmable counter which divides by an
      integer of from 2 to 999 as programmed; and the divider element 152
      divides by a factor of 10. The output from the dividing element 152 is the
      100 Hz data signal to the multiplexer.
PAR  Suitable divider elements which divide by 2 in each instance in both
      divider trains shown in FIG. 18, are dual flip-flops such as RCA CD4013AE
      or equivalent. A suitable divider element 52 which divides by 10 is an RCA
      CD4017AE divider or equivalent. Suitable programmable divider elements,
      including the element 236 which divides by 5, the element 238 which
      divides by the integer X of from 2 to 10, the element 148 which divides by
      the integer Y of from 2 to 10, and the threestage programmable divider
      element 150, are Motorola Mc14522CL programmable dividers or equivalent.
PAR  All of the programmable dividers in the divider chains of FIG. 18,
      including the X divider 238, the Y divider 148, and the three-stage
      divider 150, utilize a BCD (binary coded decimal) preset for programming.
PAR  In order for the normalized, phase coherent 100 Hz data signals of all of
      the receivers to be rendered phase synchronous, it is essential that when
      the computer sends a calibrate signal on the calibrate line 108 to all
      receivers, this signal produces instantaneous commencement of the 100 Hz
      data signals simultaneously in all receivers. Since programmable divider
      circuits of the type presently available will normally count to 10 first
      before strobing to reset to the proper division ratio, if the counting
      were permitted to commence on the basis of the reference signals from the
      digital reference oscillators 136 (all of which will normally have
      different frequencies), the 100 Hz data signals would not start together
      and therefore not be phase synchronous. This problem is solved according
      to the invention by connecting the calibrate line 108 from the computer in
      parallel to all of the divider counter circuits in the normalizing
      programmable divider 144 so that all counter circuits commence dividing
      simultaneously in the normalizing dividers 144 in all receivers. Thus, it
      will be seen in FIG. 18 that the calibrate line 108 is connected to
      divider element 152 by connection 250; to the three counters in the
      three-stage programmable divider 150 by respective connections 252, 254,
      and 256; to the programmable divider 148 by connection 258; and to the
      divider 146 by connection 260.
PAR  By thus simultaneously starting all of the normalizing counters in all
      receivers, the phase coherent 100 Hz data signals of all receivers are
      rendered phase synchronous.
PAR  The particular arrays of divider units illustrated in FIG. 18 and described
      in detail hereinabove in connection with FIG. 18 have been selected to
      accommodate the currently available VLF transmitting station frequencies;
      with TCVCXO frequencies in the range of from about 4 MHz to about 5 MHz;
      with the normalized receiver data output signals having a frequency of 100
      Hz; with the divider elements 240-246 and 240-248 dividing by 4 and
      producing the respective phase shifts of 180.degree. and 90.degree.; and
      with currently available divider equipment. It is to be understood,
      however, that the present invention is not limited to these particular
      arrays of divider elements illustrated in FIG. 18 and described
      hereinabove, and that other divider arrays may be employed for normalizing
      the data output signals from all receivers to a common working frequency,
      and for phase-locking the digital reference signal generators of the
      various receivers to the respective transmitter station frequencies.
PAR  FIGS. 19 to 27 are logic diagrams illustrating suitable programmable
      divider logic and TCVCXO frequencies for various currently available VLF
      transmitting stations.
PAR  The diagram of FIG. 19 is for station NAA at Cutter, Maine, which has a
      transmitting frequency of 17.80 KHz. For this receiver, M is selected as
      280, so that the frequency Mf.sub.c of the TCVCXO (abbreviated XVCO) is
      4.9840 MHz. This digital reference signal frequency Mf.sub.c is reduced to
      station frequency for the signal present and loop phase detectors by
      having X = 7. The digital reference signal frequency Mf.sub.c is reduced
      to the 100 Hz data signal frequency by a factor of 10 = 49,840 which is
      achieved by having Y = 4 and the three-stage programmable divider set to
      divide by 623.
PAR  FIG. 20 is a logic diagram for station NLK at Jim Creek, Washington, having
      a transmitting frequency of 18.60 KHz. For this receiver, M is also
      selected to be 280, so that the frequency Mf.sub.c of the oscillator is
      5.2080 MHz. This digital reference signal frequency Mf.sub.c is reduced to
      station frequency for the signal present and loop phase detectors by again
      having X = 7. The digital reference signal frequency Mf.sub.c is reduced
      to 100 Hz by a factor of N = 52,080, which is achieved with Y = 4 and the
      three-stage divider set to divide by 651.
PAR  FIG. 21 is for station NPM at Lualualei, Hawaii, which has a transmitting
      frequency of 23.40 KHz. Here, M is selected as 200, the oscillator
      frequency being 4.6800 MHz. This digital reference signal is reduced to
      station frequency for the phase detectors by having X = 5. The digital
      reference signal frequency Mf.sub.c is reduced to 100 Hz by a factor of N
      = 46,800, achieved with Y = 5 and the three-stage programmable divider set
      to divide by 468.
PAR  FIG. 22 is for the Trinidad Omega station having a frequency of 12.000 MHz.
      M is selected at 400, so that Mf.sub.c equals 4.800 MHz. This digital
      reference signal is reduced to station frequency for the signal present
      and loop phase detectors by having X = 10; and is reduced to the 100 Hz
      data signal frequency by factor of N = 48,000, achieved with Y = 5 and the
      three-stage divider set to divide by 480.
PAR  FIG. 23 is a logic diagram for station NBA at the Canal Zone, which has a
      frequency of 24.00 KHz. Here, M is selected as 200, making Mf.sub.c 4.8000
      MHz. This digital reference signal is reduced to station frequency for the
      phase detectors by having X = 5; and is reduced to 100 Hz by a factor of N
      = 48,000 that is achieved by having Y = 5 and the three-stage programmable
      divider set to divide by 480.
PAR  FIG. 24 is a diagram for station NWC at Northwest Cape, Australia, with a
      frequency of 22.30 KHz. Here, M is selected at 200, Mf.sub.c being 4.4600
      MHz; this digital reference signal being reduced to station frequency for
      the phase detectors by having X = 5; and being reduced 100 Hz by a factor
      N = 44,600 achieved by having Y = 5 and the three-stage divider dividing
      by 446.
PAR  FIG. 25 is a logic diagram for station GRB, Great Britain, with a frequency
      of 16.000 KHz. There, M is 280, of Mf.sub.c equals 4.4800 MHz. This
      digital reference oscillator frequency is divided down to station
      frequency for the phase detectors by having X = 7; and is divided down to
      100 Hz by a factor N = 44,800, provided by having y = 5 and the
      three-stage divider set to divide by 448.
PAR  FIG. 26 shows logic for station NDT, Japan, with a frequency of 17.40 KHz.
      In this case, M is selected at 240 so Mf.sub.c equals 4.1760 MHz; this
      digital reference signal being reduced to station frequency for the phase
      detectors by having X = 6; and being reduced to 100 Hz by having N =
      41,760, provided by arranging Y = 4 and the three-stage programmable
      divider set to divide by 522.
PAR  The final station diagrammed in FIG. 27 is station NSS, Maryland, having a
      frequency of 21.40 KHz. M is selected to equal 200, so that Mf.sub.c
      equals 4.2800 MHz; this oscillator digital reference signal being divided
      down to station frequency for the phase detectors by having X = 5; and
      being divided down to 100 Hz by a factor N = 42,800, produced having Y = 4
      and the three-stage programmable divider arranged to divide by 535.
PAC  THE MULTIPLEXER
PAR  Reference will now be made to FIG. 28 which diagrams the multiplexer and
      time difference digitizer for determining time difference data
      sequentially from a series of station pairs selected by the computer. The
      equipment diagrammed in FIG. 28 is all contained in the multiplexer block
      82 in the overall block diagram of FIG. 12.
PAR  The multiplexer includes a start station selector 262 and a stop station
      selector 264. A separate 100 Hz data input line 112 is provided from each
      of the twelvle receivers, and these 12 data input lines are connected both
      to the start station selector 262 and to the stop station selector 264.
PAR  There are 12 start input lines 266 to the start station selector 262 from
      the computer for the respective receiver input data lines 112; and
      similarly there are 12 stop input lines 268 to the stop station selector
      264 from the computer for the respective receiver data lines 112. The
      start station selector 262 and the stop station selector 264 are standard
      one-out-of-twelve decoders, which are standard logic circuits consisting
      of "and" gates.
PAR  When one of the 12 start input lines 266 from the computer to the start
      station selector 262 has a "high" or "true" level thereon, the 100 Hz data
      signal from the respective receiver or station is passed to start line 270
      as the start signal data. Similarly, when one of the twelve stop input
      lines 268 from the computer to the stop station selector 264 has a high or
      true level thereon, the 100 Hz data signal from that respective receiver
      or station is passed to stop line 272 as the stop signal data.
PAR  These start and stop signals from the station pair selected by the computer
      operate gating circuits designated 274 to gate a 10 MHz clock on and off
      to allow a finite number of 10 MHz clock pulses through in direct
      proportion to the phase, and hence time, difference between the start and
      stop 100 HZ data signals for each cycle thereof. The number of 10 MHz
      clock pulses that were gated through the gating circuits 274 in a single
      start/stop sequence of the station pair 100 Hz data signals is counted in
      a decade BCD (binary coded decimal) counter 278 connected to the output of
      gating circuits 274. The BCD counter 278 includes five decades for
      counting up to 100,000 of the clock pulses, and the outputs of the counter
      278 are fed directly to the computer through the twenty data lines
      generally designated 90 as the raw data for all navigational computations
      in the computer. The number in the counter has a direct relationship to a
      .DELTA. geographic position from a point at which the receivers were
      calibrated from the computer through the calibrate line 108, in terms of
      the phase or time difference between the 100 Hz data signals from the
      start/stop station pair.
PAR  The BCD counter 278 counts the leading edge of each clock pulse of the 10
      MHz clock 276 so that it is counting 0.1 microsecond increments, with its
      maximum counting capacity being up to 100,000 of such 0.1 microsecond
      increments, or a maximum count period of 0.01 second. However, to avoid
      ambiguity, the maximum count for the direction of travel will only be 1/4
      of a 100 Hz cycle (corresponding to approximately 400 nautical miles),
      which corresponds to 25,000 of the 0.1 microsecond clock increments, or a
      total time interval of 0.0025 second.
PAR  Presently available crystal clock counter accuracy is such as to introduce
      negligible error in the count data furnished by the BCD counter 278 to the
      computer.
PAR  In order to limit the counting interval to only a single start/stop
      sequence of the 100 Hz station pair data signals, and to assure that only
      valid data is taken and that a count is not started in the middle of a
      start/stop sequence, some additional circuitry is required. This includes
      the logic generally designated 280 in FIG. 28 which controls the BCD
      counter 278 through a master reset connection 282 which connects to each
      decade of the counter 278, and a count-hold control connection 284. The
      logic unit 280 is controlled by the take data request connection 86 from
      the computer which provides a take data request pulse to the logic unit
      280; and by a connection 286 from the start line 270 which has an inverter
      288 therein so as to apply the complement of the start 100 Hz waveform to
      the logic unit 280.
PAR  The computer first selects the start/stop station pair to apply the start
      and stop data signals through connections 270 and 272 to the gating
      circuits 274 for gating the 10 MHz clock to the BCD counter 278. Then the
      computer issues a take data request through the connection 86 to the logic
      circuitry 280 that controls the counter 278. The logic circuitry 280
      insures that the data counted will be a full valid count before it allows
      the count to be taken, and then it holds the counted data in the counter
      278 for the computer to use until the computer issues a new take data
      request to the logic 280. However, before such new take data request is
      applied, there will be another start/stop station pair selection by the
      computer, and the next take data request for the computer will be for the
      count of this next start/stop station pair. In this manner, the computer
      sequentially reads out the start/stop station pairs, and as described
      hereinabove, it is presently preferred to have the computer read six
      station pairs to obtain three independent longitude/latitude fixes for
      averging purposes.
PAR  Reference will now be made to FIG. 29, which is a logic diagram for the
      logic unit 280, and to FIGS. 30 and 31 which show time event waveforms for
      this logic diagram according to two different input condtions to the logic
      diagram when the take data request is received from the computer.
PAR  The start complement waveform is applied through connection 286 to one
      input of a first and gate 290 which has an output 292 connected to a first
      flip-flop 294 and also to one input of a second and gate 296. The output
      298 of first flip-flop 294 leads to a second flip-flop 300 which has an
      output 302 connected to the count-hold control connection 284. This output
      302 of the second flip-flop 300 is also connected to the second input of
      each of the and gates 290 and 296. The output 304 of the second and gate
      296 is connected to the master reset connection 282 for the BCD divider
      278 through an inverter 306. The computer take data request line 86 is
      connected to the "reset" inputs 308 of the flip-flops 294 and 300.
PAR  For convenience in the following discussion, the output of the first
      flip-flop 294 will be referred to as Q', and the output of the second
      flip-flop 300 will be referred to as Q. The flip-flops 294 and 300 are
      both D-type flip-flops; i.e., they are two-stage, data type flip-flops. A
      computer take data request pulse on line 86, which is a 40 microsecond, 5
      volt pulse, will reset both Q and Q' to the high or true condition (from
      their previous random condition). Q' is adapted to flip over (from high to
      low or low to high) each time it receives a high or true level from the
      first gate 290. Q, once set to high, requires a high signal from Q' to be
      flipped to low.
PAR  FIGS. 30 and 31 illustrate the relationships for two different conditions
      between the waveforms for the start complement, take data request, Q, Q',
      reset to the BCD counter, and hold for the BCD counter. Reset condition on
      the connection 282 to the counter is negative; and hold condition on the
      line 284 to the counter is also negative.
PAR  Referring now to condition A as illustrated in FIG. 30, going from left to
      right in FIG. 30, the line 310 designates the start of a computer take
      data request pulse. This will cause Q to be high and thereby apply a true
      level to both and gates 290 abd 296 (this being only one of the two
      required inputs from both of these gates). Under condition A, the start
      complement waveform is low when the computer take data request pulse is
      received. Then, when the start complement goes high, that applies the
      second true input for the first gate 290 so that the output of gate 290
      becomes high. This high output of gate 290 applies one of the required
      true inputs for the second gate 296, and the other is at that time applied
      by Q which is high, so the second gate 296 has a high output at 304 which
      is inverted by 306 to provide a low to the reset connection 282 so as to
      reset the BCD counter 278. The reset will remain low as long as the start
      complement is high, thereby disabling the BCD counter at this time from
      counting.
PAR  When the start complement goes low at line 312 in FIG. 30, this causes the
      output 292 of the first gate 290 to go low or false, which in turns causes
      the output of the second gate 296 to go low, the inverter 306 applying a
      high to reset connection 282 making the counter ready to count. When the
      start complement thus goes low, of course the start in line 270 (FIG. 28)
      to the gating circuits 274 goes high, thereby gating the 10 MHz clock
      pulses to the counter which then counts the pulses.
PAR  Somewhere in the "count period", defined in FIG. 30 as the negative start
      complement half cycle (corresponding to the positive start signal half
      cycle), the "stop" signal from line 272 (FIG. 28) will stop the clock
      pulse gating through gating circuits 274 and thereby stop the BCD counter
      278. This counter data now must be held until the computer is ready for
      it. Accordingly, after this start complement half cycle, which ends at
      line 314 in FIG. 30, the start complement again goes high so that the
      first gate 290 again has a true level output. When the first gate 290
      first went high, that flipped Q' to low; and now when the first gate 290
      again goes high or true, that flips Q' back to high, and Q' flips Q from
      high to low.
PAR  When Q thus goes low, it applies a low level to one input of both of the
      gates 290 and 296, thereby closing both gates, and locking both gates in
      the closed condition until a new take data pulse is received from the
      computer (since Q will remain the same until the new take data pulse is
      received).
PAR  This low condition of Q at the end of the count period, line 314, applies a
      low to the count-hold control section 284 to hold the counter. This low
      condition of Q also, by causing the second gate 296 to lock in the closed
      condition, applies through inverter 306 a high to reset connection 282
      thereby preventing the counter from resetting.
PAR  Referring now to FIG. 31, condition B occurs if the take data pulse comes
      in from the computer when the start signal applied to gating circuits 274
      is low, and consequently the start complement is high. It will be seen
      from FIG. 31 that when this condition occurs, the take request pulse will
      cause both of the gates 290 and 296 to give a true output, the output of
      gate 296 causing the BCD counter to be rest immediately. If counting were
      started at that point, it could be starting in the middle of a start-stop
      interval, and give an incorrect reading. Accordingly, it is necessary to
      wait one cycle in order for valid data to be taken. Such delay is
      accomplished by having the reset connection 282 held in the reset
      condition until the start complement again goes negative at line 316 in
      FIG. 31, from which line on the logic will operate in exactly the same
      manner as for condition A so as to take a valid count.
PAR  The logic of FIG. 29 accordingly serves the function of eeffectively
      obtaining synchronization between the computer and the 100 Hz data signals
      for counting the start-stop time intervals, since the computer would not
      otherwise be so synchronized.
PAR  Although it is presently preferred to utilize a clock 276 having a
      frequency of 10 MHz, and a BCD counter 278 that is a 5-section decimal
      counter permitting a count up to 100,000 of the clock pulses, it is to be
      understood that other clock frequencies and counter arrangements may be
      employed within the scope of the invention.
PAC  INTERFACE WITH COMPUTER
PAR  FIG. 32 is a simplified schematic wiring diagram illustrating the manner in
      which the control head 12 serves as an interface between operator and
      computer.
PAR  Four scan lines 68 come from the computer to the control head keyboard 18.
      These four scan lines 68 are each arranged for selective connection
      through the keyboard 18 to any one of four keyboard input data lines 70 to
      the computer by means of respective keyboard switches 318. The computer
      periodically puts out 4 bits on the scan lines 68 and is adapted to
      receive four back on the keyboard input data lines 70 according to which
      of the keyboard switches 318 might be actuated.
PAR  The four scan lines 68 from the computer are also each arranged for
      selective connection through the function switch 22 and waypoint switch 26
      to any one of four function/waypoint input data lines 72 to the computer
      by means of respective contacts 320 for the respective positions of the
      function switch 22 and waypoint switch 26. The computer is adapted to
      receive 4 bits back on the function/waypoint input data lines 72 according
      to the position of the function switch 22 and waypoint switch 26.
PAR  It will thus be seen that the computer is a 4-bit machine, putting out 4
      bits and receiving 8 bits back, 4 at a time. The four keyboard input lines
      70 to the computer are isolated from the four function/waypoint input data
      lines 72 to the computer by diodes 322 in the respective scan lines 68
      intermediate the keyboard switches 318 on the one hand and the function
      and waypoint switch contacts 320 on the other hand.
PAC  COMPUTER
PAR  FIG. 33 is a general algorithm flow chart for the computer. There are two
      general types of algorithms, the "en-route" algorithms and the enter data
      algorithms. The en-route algorithms basically include algorithms for
      longitude and latitude; distance and heading; distance and reciprocal
      heading; speed and time to touchdown; approach mode; and waypoint. The
      enter data algorithms basically include destination latitude; destination
      longitude; Greenwich mean time; start latitude; start longitude; and date.
PAR  The following is an algorithm outline for the present VLF navigation system
      which will enable those skilled in the art to satisfactorily implement a
      computer in accordance with the invention:
PAR  I. En-Route Algorithms
PA1  A. present Position Algorithm -- Calculation requires the following:
PA2  1. Determine the geodesic distance from present position to each VLF
      station using the Androyer Lambert formula.
PA2  2. Determine a diurnal correction factor for the propagation velocity using
      the standard trapezoidal model. The trapezoidal model requires:
PA3  a. Determine the GMT of sunrise and sunset at each VLF station.
PA3  b. Order the VLF stations in terms of GMT of sunrise and sunset.
PA2  3. Station Pair Selection Algorithm -- Calculation requires:
PA3  a. Determine eight station pairs of "acceptable geometry" for a given
      position. "Acceptable geometry" is a condition placed on pairs of station
      pairs. This condition represents a compromise between selecting nearly
      perpendicular pairs of station pairs while including as many avilable
      (receivable) stations as possible.
PA3  b. Arrange the eight optimal station pairs of decreasing acceptability.
PA3  c. Read time difference data for each station pair (from BCD counter) into
      the computer for six station pairs maximum. Stations not receivable will
      be eliminated. This reduces the number of usable station pairs. Two
      station pairs are required to determine a position. Additional station
      pairs (up to six) will provide data for averaging purposes. It is
      predicted that a position can be redundantly determined (three times) over
      most of the world with twelve well placed VLF stations.
PA3  d. The input time difference data from the stop/start binary coded digit
      counter must be signed to avoid ambiguity. This is accomplished by the
      computer. Data between 0 and 25,000 clock pulses is considered positive.
      Data between 25,000 to 50,000 clock pulses is considered negative, with a
      value equal to 50,000 minus the data value.
PA2  4. Average the computed positions with all positions not within an
      acceptable range deleted.
PA1  B. heading Algorithm -- Determined from the present position to a given
      destination.
PA1  C. distance algorithm -- Determined from present position to a given
      destination using standard equations.
PA1  D. ground Speed Algorithm -- Determined by dividing a net change in
      position by the time interval between positions.
PA1  E. estimated Time to a Waypoint Algorithm -- Determined by dividing the
      distance to the waypoint by the present groundspeed.
PA1  F. left/Right Track Algorithm -- Determined by first calculating the
      heading from a start point to a destination. This will define the heading
      necessary to stay on track. Next calculate the heading from the present
      position to the destination. The "off track" is given by:
PA1  Off Track = (Distance to go) sin (heading difference).
PAR   II. Enter Data Algorithm
PA1  A. function Selector Interrogation Algorithm -- The computer outputs a four
      bit code to the control head. This signal is passed back to the computer
      indicating the function switch position.
PA2  1. Start Longitude (Function switch position) Input Data Handling Algorithm
      -- this includes:
PA3  a. Transfer Data.
PA3  b. Clear Old Data.
PA3  c. Display Input Data.
PA3  d. Display North, South, East, West.
PA3  e. Calibration.
PA3  f. Right Shift Data.
PA3  g. Left Shift Data.
PA3  h. Convert Input Data -- Degrees, minutes are converted to radians.
PA2  2. Start Latitude Input Data Handling Algorithm.
PA2  3. Date Input Data Handling Algorithm.
PA2  4. GMT Input Data Handling Algorithm.
PA2  5. Destination Longitude Input Data Handling Algorithm.
PA2  6. Destination Latitude Input Data Handling Algorithm.
PA2  7. Waypoint Input Data Handling Algorithm.
PAR  FIG. 34 illustrates a suitable computer, which may be miniaturized, for use
      in connection with the present navigation system. For hardware
      convenience, all inputs are through ROM chips, and all outputs are through
      RAM chips. Details of such a computer, and the manner in which the
      computer is applied to the present system, including implementation of the
      various algorithms referred to hereinabove, will be understood by those
      skilled in the art.
PAC  ON BOARD FREQUENCY STANDARD ADAPTATION OF THE SYSTEM
PAR  One of the advantages of the hyperbolic coordinate system approach
      described in detail hereinabove is the avoidance of the need for a very
      accurate on-board time standard with its resulting weight and cost
      penalties. Nevertheless, the present system is equally adaptable for use
      of an on-board time standard, and such adaptation is illustrated in FIGS.
      35 through 41 of the drawings.
PAR  There are several advantages in using an on-board time standard in the
      present system. One advantage is that the system will operate in a Rho-Rho
      mode with the on-board time standard, requiring only two VLF transmitting
      stations to obtain a position update, instead of the minimum of three
      stations required in the hyperbolic mode. This reduction in the number of
      required input signals provides a substantial improvement in total system
      reliability, and only four stations are required for good station
      averaging, rather than six. Another advantage with the on-board frequency
      standard is that station location geometry is not as restrictive as with
      the hyperbolic approach, two-station geometry having a much wider
      geographical area of acceptability than three-station geometry.
      Accordingly, station pair selection is not in any way critical.
PAR  In the present VLF navigation system it is preferred that the on-board
      frequency or time standard have a short term stability of about 1 .times.
      10.sup..sup.-11, and an aging rate per year of about 1 .times.
      10.sup..sup.-10. While any atomic clock controlled frequency or time
      standard with this general order of accuracy may be employed, it is
      preferred to utilize a standard of minimum weight, space occupancy, and
      power consumption. A suitable standard currently available is a rubidium
      standard produced by Efratom California, Inc., 3303 Harbor Boulevard,
      Suite E1--E2, Costa Mesa, California 92626.
PAR  FIG. 35 graphically illustrates a Rho-Rho coordinate system of VLF lines of
      constant phase for two geographically spaced transmitting stations A,B.
      Present position is seen to be defined in this system by the coordinates
      .rho.A, .rho.B. The algorithm for updating position en route in this
      coordinate system will be described hereinafter in connection with FIGS.
      39, 40, and 41.
PAR  The on-board frequency standard is easily implemented using the exact
      hardware previously described in detail for the navigation system. The
      frequency standard produces an RF signal which is reduced or normalized to
      the same low frequency as the VLF receiver data signals, e.g., 100 Hz. A
      suitable RF frequency for the standard is 10 MHz, which is reduced to a
      100 Hz square wave that is very stable in time. This 100 Hz reference data
      signal is fed into the multiplexer in place of one of the VLF receiver 100
      Hz data signals.
PAR  The computer is programmed to obtain time difference data by selecting
      station pairs in each of which the on-board time standard is one station
      and one of the transmitting VLF stations is the other station (in the
      hyperbolic system the computer selected pairs of VLF transmitting stations
      which had desirable geometry). Station pair selection comprises selection
      by the computer of one of the VLF transmitting stations as the "start"
      station, and utilization of the on-board frequency standard as the "stop"
      station. Thus, while sequential station pairs will include different VLF
      transmitting stations for the start signal, the on-board frequency
      standard station is always provided as the stop signal. This enables the
      station pair tables to be deleted from the computer illustrated in FIG. 34
      for the on-board standard form of the invention.
PAR  FIGS. 36, 37 and 38 diagrammatically illustrate this utilization of the
      on-board frequency standard as the stop stations, as compared with the use
      of VLF transmitting stations as the stop stations in the hyperbolic form
      of the invention. Thus, FIG. 36 illustrates a modifiction of the overall
      block diagram in FIG. 12 to include the on-board frequency standard 400
      connected through line 402 to the multiplexer 82 for providing 100 Hz
      reference data utilized as the stop signals for the station pairs.
      Connection 88a now simply represents start station selection control
      lines. Otherwise the overall block diagram of FIG. 12 remains the same.
PAR  FIG. 37 represents a modification of the input block diagram of FIG. 13 to
      include the on-board frequency standard for provision of its extremely
      stable 100 Hz data signal to the multiplexer. It will be noted that the
      frequency standard, like the receivers, has a signal present output
      indicating that it is locked on frequency. It will also be noted that the
      calibrate line 108 from the computer to the phase locked loop dividers has
      been omitted from FIG. 37. This is because the highly stable on-board time
      standard may be used in this form of the invention as the basis for
      calibration. Instead of sending out a pulse to calibrate all of the
      stations, the calibration is accomplished with computer software. Thus,
      the on-board standard is allowed to be "free running", and an initial
      position phase comparison reading will be made of each VLF transmitting
      station 100 Hz signal relative to the on-board standard 100 Hz signal and
      stored in the computer memory. This initial reading for each VLF
      transmitting station is then subtracted out for each position update.
      Accordingly, calibration in this form of the invention is accomplished by
      the taking of these initial phase readings for the respective VLF
      transmitting stations and storing them in the computer.
PAR  Since all of the VLF transmitting stations utilized in the system, and also
      the on-board frequency standard, are atomic clock controlled, the
      resulting 100 Hz (or other suitable data frequency) signals are all atomic
      clock controlled and therefore highly phase stable relative to each other
      at any particular geographical position. Accordingly, these 100 Hz data
      signals derived from the VLF stations and the on-board standard are hereby
      defined as having a "phase coherent" relationship. With the aforesaid
      computer-stored initial reading type of calibration, it is not necessary
      for this phase coherent relationship to be also phase synchronous as was
      the relationship of the receiver 100 Hz signals when they were
      pulse-calibrated in the hyperbolic system.
PAR  Referring now to FIG. 38, it will be seen that the stop station selecter
      264 of FIG. 28 is no longer required, inasmuch as the frequency standard
      400, in its 100 Hz reference signal, provides the stop station signals to
      the gating circuits 274 through connection 402. The start station selecter
      262 is connected in the same manner as in FIG. 28 both to the receivers
      and to the computer, and provides the start signals to the gating circuits
      274 through connection 270.
PAR  This use of the on-board atomic frequency standard in the VLF navigation
      system can greatly simplify the algorithm for updating position en route.
      By measuring the time difference of the 100 cycle data between a given
      receiver and the on-board standard, measurement of the distance change
      (excluding diurnal shifts) is obtained. This "delta distance" is measured
      by taking the initial time difference (Ti) at the time the station becomes
      available for use. At succeeding intervals of time, further measurements
      are made (Tc). The delta distance is proportional to Tc -- Ti. The
      proportionality constant is equal to the inverse of the propagation
      constant Cc.
      ##EQU1##
PAR  Once the .DELTA. d for a station has been determined, the next step is to
      update the current latitude and longitude. If the distance to the station
      from the current (previous) LAT/LON is known, .DELTA. d can be used to
      update both latitude and longitude along the line between the present
      position and the station. Referring to FIG. 39, if we move along our
      course from A to B, we generate a .DELTA. d based on our measured time
      difference. If our LAT/LON at A = (.phi..sub.1 .gamma..sub.1), we need to
      find LAT/LON at C = (.phi..sub.2 .gamma..sub.2). By geometry, if we
      determine the heading to the station X we know that
      ##EQU2##
      where R = radius of the earth. (The above formulae are good for short
      distance only where "flat map" approximations may apply). Thus we have
      determined our change in latitude and longitude along the line to the
      station.
PAR  As illustrated in FIG. 40, by using another station not colinear with the
      first, we can get a second line of position. By adding the
      .DELTA..phi.,.DELTA..gamma. generated by the line of position CY, a better
      approximation to point B along the course is obtained. Thus if we use two
      stations and continually update the longitude and latitude using the
      stations alternately, we can approximate any course on the earth's
      surface.
PAR  As can be seen from FIG. 41, the uncertainty of position caused by geometry
      increases as present position becomes colinear with the line XY. We then
      can use as many stations as are available to improve our course
      approximation by averaging the several positions obtained.
PAR  While the instant invention has been shown and described herein in what are
      conceived to be the most practical and preferred embodiments, it is
      recognized that departures may be made therefrom within the scope of the
      invention, which is therefore not to be limited to the details disclosed
      herein, but is to be accorded the full scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. The navigation method which comprises simultaneously obtaining a pair of
      RF signals of different frequency originating at geographically spaced RF
      stations, simultaneously normalizing the said RF signals into respective
      first and second coherent signals of a common frequency, measuring the
      phase relationship between said normalized signals at a first geographical
      location, measuring the phase relationship between said normalized signals
      at a second geographical location, and determining the degree of change in
      said relationship to determine .DELTA. position information.
NUM  2.
PAR  2. The method of claim 1, wherein at least one of said RF signals is a VLF
      signal transmitted from a remote station.
NUM  3.
PAR  3. The method of claim 1, wherein one of said RF signals is an on-board
      time standard obtained from an on-board station.
NUM  4.
PAR  4. The method of claim 1, wherein said normalized signals have a phase
      coherent relationship.
NUM  5.
PAR  5. The method of claim 4, wherein said phase coherent relationship is
      established by having both of said RF signals referenced to atomic time
      standards.
NUM  6.
PAR  6. The method of claim 4, wherein said phase coherent relationship is a
      phase synchronous relationship.
NUM  7.
PAR  7. The method of claim 1, which utilizes a Rho-Rho system of coordinates.
NUM  8.
PAR  8. The method of claim 1, which utilizes a hyperbolic system of
      coordinates.
NUM  9.
PAR  9. The method of claim 1, wherein said normalized signals comprise first
      and second digital waveforms, and said phase shift is measured by
      providing a string of high frequency electrical clock pulses, gating said
      clock pulses on by a leading edge of said first waveform, gating said
      clock pulses off by the corresponding leading edge of said second
      waveform, and counting the gated pulses.
NUM  10.
PAR  10. The method of claim 1, wherein at least one of said RF signals is
      normalized by providing an oscillator signal for said one RF signal which
      has a frequency that is a multiple of said one RF signal frequency, said
      oscillator frequency being divisible by an integer to said common
      frequency, phase locking said oscillator signal to said one RF signal, and
      dividing said oscillator signal by said integer to produce the normalized
      signal.
NUM  11.
PAR  11. The method of claim 1, wherein at least two of said pairs of RF signals
      are obtained from respective RF station pairs providing at least two
      independent items of .DELTA. position information.
NUM  12.
PAR  12. The method of claim 11, wherein all of said RF signals are normalized
      to said common frequency.
NUM  13.
PAR  13. The method of claim 12, wherein said phase shifts between the
      normalized signal pairs for all station pairs are measured successively by
      the same measuring means.
NUM  14.
PAR  14. The method of claim 13, wherein said normalized signal pairs each
      comprise first and second digital waveforms, and said phase shifts are
      measured by providing a string of high frequency electrical clock pulses,
      gating said clock pulses on by a leading edge of said first waveform of a
      first said normalized signal pair and off by the corresponding leading
      edge of said second waveform of that normalized signal pair, and then
      gating said clock pulses on by a leading edge of the first of a second
      said normalized signal pair and off by the corresponding leading edge of
      said second waveform of that normalized second signal pair.
NUM  15.
PAR  15. The method of claim 11, wherein at least four of said pairs of RF
      signals are obtained from respective RF station pairs, and wherein a
      plurality of separate .DELTA. positions are calculated and averaged from
      said station pairs.
NUM  16.
PAR  16. The method of claim 15, wherein any .DELTA. position calculation
      unreasonably departing from the average .DELTA. position is rejected.
NUM  17.
PAR  17. The method of claim 11, wherein a diurnal shift correction is applied.
NUM  18.
PAR  18. The method of claim 1, wherein said common frequency is within the
      range of from about 10 to about 1000 Hz.
NUM  19.
PAR  19. The method of claim 1, wherein said common frequency is about 100 Hz.
NUM  20.
PAR  20. The navigation method of claim 1, wherein both of said RF signals are
      intercepted from RF electromagnetic signals transmitted by geographically
      spaced RF transmitting stations.
NUM  21.
PAR  21. The method of claim 20, wherein said RF signals are VLF signals.
NUM  22.
PAR  22. The method of claim 20, wherein said RF signals are normalized by
      providing an oscillator signal for each of said RF signals which has a
      frequency that is a multiple of its respective RF signal frequency, said
      oscillator frequencies each being divisible by a respective integer to
      said common frequency, phase locking each of said oscillator signals to
      its respective said RF signal, and dividing said oscillator signals by
      their respective said integers to produce said normalized signals.
NUM  23.
PAR  23. The method of claim 22, wherein said phase relationship is a phase
      coherent phase relationship, and synchronizing said phase coherent
      relationship by initiating said dividing of said oscillator signals
      simultaneously.
NUM  24.
PAR  24. The method of claim 23, wherein said dividing of each of said
      oscillator signals is done by respective programmable dividers each having
      a plurality of divider sections, and wherein said phase synchronous
      relationship is established by initiating the division simultaneously in
      all of said programmable divider sections.
NUM  25.
PAR  25. An RF navigation system which comprises means for obtaining
      simultaneously a pair of RF signals of different frequency originating at
      respective geographically spaced RF points, at least one of said signal
      obtaining means comprising a receiver tuned to receive a respective one of
      said RF signals, frequency normalizing means for normalizing said RF
      signals into respective normalized signals of a common frequency,
      measuring means connected to said normalizing means for measuring the
      phase relationship between said normalized signals on a first occasion and
      on a second and subsequent occasion; and phase change measuring means for
      determining .DELTA. position information.
NUM  26.
PAR  26. A system as defined in claim 25, wherein said RF signal to which said
      receiver is tuned is a VLF signal.
NUM  27.
PAR  27. A system as defined in claim 25, which includes an on-board time
      standard that produces one of said RF signals at an on-board station.
NUM  28.
PAR  28. A system as defined in claim 25, wherein said receiver includes a
      phase-locked loop for its respective said RF signal.
NUM  29.
PAR  29. A system as defined in claim 28, wherein said frequency normalizing
      means associated with said receiver comprises an oscillator in said loop
      having a frequency that is a multiple of the respective RF signal
      frequency, said oscillator frequency being divisible by an integer to said
      common frequency, and divider means connected to said oscillator and
      arranged to divide the oscillator signal by said integer to produce the
      respective said normalized signal.
NUM  30.
PAR  30. A system as defined in claim 29, wherein said oscillator is a
      temperature compensated voltage controlled crystal oscillator.
NUM  31.
PAR  31. A system as defined in claim 29, wherein said divider means comprises a
      programmable divider.
NUM  32.
PAR  32. A system as defined in claim 29, which includes second divider means in
      said loop which is arranged to divide said oscillator frequency down to
      the respective RF signal frequency to provide a digital reference signal
      for locking the loop.
NUM  33.
PAR  33. A system as defined in claim 32, wherein said second divider means in
      said loop comprises a programmable divider.
NUM  34.
PAR  34. A system as defined in claim 32, which includes phase detector means in
      said loop having an output connected to the respective oscillator to hold
      the oscillator frequency to its respective multiple of its respective RF
      signal frequency, said phase detector means having a first input connected
      to receive said RF signal as an analog data signal and a second input
      connected to said second divider means to receive said digital reference
      signal.
NUM  35.
PAR  35. A system as defined in claim 34, which includes second phase detector
      means in said loop having an output arranged to have a "signal present"
      electrical signal thereon, said second phase detector means having a first
      input connected to receive the respective said RF signal as an analog data
      signal and a second input connected to said second divider means to
      receive said digital reference signal.
NUM  36.
PAR  36. A system as defined in claim 25, which includes means for obtaining at
      least two respective pairs of said RF signals from respective RF station
      pairs, and wherein said phase shift measuring means is adapted to measure
      the phase shift for each pair of normalized signals at said second
      geographical location to determine at least two independent items of
      .DELTA. position information.
NUM  37.
PAR  37. A system as defined in claim 36, wherein all of said RF signals are
      normalized to said common frequency.
NUM  38.
PAR  38. A system as defined in claim 37, wherein said phase shift measuring
      means is arranged for successively measuring said phase shifts between the
      normalized signal pairs for all of said station pairs.
NUM  39.
PAR  39. A system as defined in claim 38, wherein said normalized signal pairs
      each comprise first and second low frequency digital waveforms, said phase
      shift measuring means comprising gating circuit means, first and second
      input connections to said gating circuit means applying the respective
      said first and second waveforms to said gating circuit means, a clock
      connected to said gating circuit means and providing a string of high
      frequency electrical pulses to said gating circuit means, an output from
      said gating circuit means, and counting means having an input connected to
      said gating circuit means output for counting gated clock pulses, said
      gating circuit means being adapted to gate said clock pulses to said
      counting means by a leading edge of said first waveform and to gate off
      said clock pulses from said counting means by the corresponding leading
      edge of said second waveform, whereby the number of said clock pulses
      counted by said counting means will be in direct proportion to said phase
      difference.
NUM  40.
PAR  40. A system as defined in claim 39, wherein said counting means comprises
      a BCD counter.
NUM  41.
PAR  41. A system as defined in claim 39, which includes multiplexer means
      connected to the normalized signal outputs of a plurality of said
      receivers and connected to at least one of said gating circuit input
      connections, computer means connected to said multiplexer means and
      adapted to successively select and connect said receiver outputs to said
      one gating circuit input connection, and an electrical connection from
      said computer means to said counter for applying a take data starting
      pulse to said counter for starting the counter after each of said
      selections.
NUM  42.
PAR  42. A system as defined in claim 41, which includes an on-board time
      standard that produces one of said RF signals of each of said RF signal
      pairs at an on-board station, whereby one of the normalized signals of
      each of said signal pairs is derived from said on-board time standard.
NUM  43.
PAR  43. A system as defined in claim 42, wherein the normalized signal output
      of said on-board time standard is connected to the other said gating
      circuit input connection.
NUM  44.
PAR  44. A system as defined in claim 43, wherein said first low frequency
      digital waveforms are the normalized signal outputs of said receivers, and
      said second low frequency digital waveforms are the normalized signal
      output of said on-board time standard.
NUM  45.
PAR  45. A system as defined in claim 41, wherein said multiplexer means is
      connected to both of said gating circuit input connections, said computer
      means being adapted to successively connect start-stop pairs of said
      receiver outputs to said first and second gating input circuit
      connections.
NUM  46.
PAR  46. A system as defined in claim 41, which includes logic circuit means in
      said "take data" connection responsive to the first waveform of each
      waveform pair to delay the counting after the respective said take data
      starting pulse until said leading edge of said first waveform in one of
      the cycles thereof is received so as to assure the counting of a valid
      phase difference interval between said waveforms.
NUM  47.
PAR  47. A system as defined in claim 36, which includes computer means
      connected to said phase shift measuring means and programmed to calculate
      a .DELTA. position.
NUM  48.
PAR  48. A system as defined in claim 47, which includes at least four of said
      receivers tuned to at least four respective said RF signals from
      respective RF stations, and wherein said phase shift measuring means is
      adapted to measure the phase shift for each pair of normalized signals at
      said second geographical location to determine .DELTA. position
      information from said first position for at least four station pairs, said
      computer means being programmed to calculate and average a plurality of
      separate .DELTA. positions.
NUM  49.
PAR  49. The method of claim 48, wherein said computer means is programmed to
      reject from the average any .DELTA. position unreasonably departing from
      the average .DELTA. position.
NUM  50.
PAR  50. A system as defined in claim 47, wherein said computer means is
      programmed to apply a diurnal shift correction to said .DELTA. position
      calculation.
NUM  51.
PAR  51. A system as defined in claim 47, wherein said computer means is
      programmed to provide present position information from said .DELTA.
      position calculation.
NUM  52.
PAR  52. A system as defined in claim 47, wherein said computer means is
      programmed to provide left/right steering track information from said
      .DELTA. position calculation.
NUM  53.
PAR  53. A system as defined to claim 47, wherein said computer means is
      programmed to provide distance information to a target location from said
      .DELTA. position calculation.
NUM  54.
PAR  54. A system as defined in claim 47, wherein said computer means is
      programmed to provide heading information from said .DELTA. position
      calculation.
NUM  55.
PAR  55. A system as defined in claim 47, wherein said computer means is
      programmed to provide speed information from said .DELTA. position
      calculation.
NUM  56.
PAR  56. A system as defined in claim 47, wherein said computer means is
      programmed to provide time to a target location from said .DELTA. position
      calculation.
NUM  57.
PAR  57. A system as defined in claim 25, wherein said common frequency is
      within the range of from about 10 to about 1000 Hz.
NUM  58.
PAR  58. A system as defined in claim 25, wherein said common frequency is about
      100 Hz.
NUM  59.
PAR  59. An RF navigation system as defined in claim 25, which comprises antenna
      means for intercepting both of said RF signals of different frequency from
      RF electromagnetic signals transmitted by respective geographically spaced
      RF transmitting stations, both of said signal obtaining means comprising
      receivers connected to said antenna means and tuned to the respective RF
      signal frequencies.
NUM  60.
PAR  60. A system as defined in claim 59, wherein said RF signals are VLF
      signals.
NUM  61.
PAR  61. A system as defined in claim 59, wherein each of said receivers
      includes a phase-locked loop for its respective said RF signal.
NUM  62.
PAR  62. A system as defined in claim 61, wherein said frequency normalizing
      means comprises an oscillator in each of said loops having a frequency
      that is a multiple of the respective RF signal frequency, said oscillator
      frequencies each being divisible by a respective integer to said common
      frequency, and divider means connected to each of said oscillators and
      arranged to divide the respective oscillator signal by the respective said
      integer to produce the respective said normalized signal.
NUM  63.
PAR  63. A system as defined in claim 62, wherein said divider means in each
      loop comprises a programmable divider.
NUM  64.
PAR  64. A system as defined in claim 63, wherein each of said programmable
      dividers is a milti-stage divider, and said calibration means is connected
      to each stage of each divider so as to simultaneously initiate operation
      of all divider stages.
NUM  65.
PAR  65. A system as defined in claim 59, wherein said RF signals are VLF
      signals, said antenna means comprising a common antenna for both of said
      receivers, and including broadband preamplifier means connected between
      said antenna and said receivers.
NUM  66.
PAR  66. A system as defined in claim 65, wherein said preamplifier is located
      proximate said antenna means.
NUM  67.
PAR  67. A system as defined in claim 65, wherein each of said receivers
      includes a narrowband TRF preamplifier tuned to the respective said RF
      signal frequency.
NUM  68.
PAR  68. The navigation method which comprises the steps of:
PA1  receiving at least one radio signal from a distant radio station;
PA1  developing a pair of cyclically varying electrical signals having known
      like frequency and differing in phase by an amount corresponding to the
      difference in phase between two other cyclically varying electrical
      signals one of which is said radio signal; and
PA1  measuring the time interval between occurance of corresponding portions of
      the cycles of said first-mentioned pair of cyclically varying electrical
      signals.
NUM  69.
PAR  69. The invention defined in claim 68 which comprises the further step of
      generating a train of clock pulses and in which each of said
      first-mentioned pair of cyclically varying electrical signals is made to
      have pulse wave shape; and
PA1  in which the difference in phase between said first-mentioned pair of
      cyclically varying electrical signals is measured by measuring the number
      of clock pulses that occur in the interval between corresponding portions
      of said pulse wave shapes.
NUM  70.
PAR  70. The invention defined in claim 68 in which said pair of cyclically
      varying electrical signals comprise radio signals from distant, and spaced
      radio stations.
NUM  71.
PAR  71. A navigation system comprising in combination:
PA1  means for developing two cyclically varying electrical signals differing in
      frequency and at least one of which corresponds in phase and frequency to
      the signal arriving from a distant radio station;
PA1  frequency normalizing means for normalizing said pair of cyclically varying
      electrical signals into first and second normalized signals having common
      frequency and being coherent in time;
PA1  means responsive to like conditions in each of said first and second
      normalized signals for measuring the phase difference between said first
      and second normalized signals as a time interval.
NUM  72.
PAR  72. The invention defined in claim 71 in which said means for measuring the
      phase difference between said first and second normalized signals
      comprises means in the form of a clock for generating a train of pulses
      and means for counting the number of pulses that occur between the
      occurance of an event in said first normalized signal and the occurance of
      a corresponding event in said second normalized signal.
NUM  73.
PAR  73. The invention defined in claim 71 in which each of said pair of
      cyclically varying signals is derived from a distant radio station.
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ABST
PAL  A method of determining, at the site of a radio beacon, the location of any
      beacon signal reflecting objects, in which method the beacon is caused to
      transmit a directionally coded signal over a given service sector, in
      which during said signal transmission a radio receiver is moved towards
      said beacon along a predetermined path in said sector, in which during
      said movement all beacon-derived signals received by the receiver are
      recorded in a form such as to be coded at least in respect of beacon
      related bearings and in which said recorded signals are individually
      isolated in such a manner as to permit identification and location of any
      of said reflecting objects.
BSUM
PAR  This invention relates to radio navigation, with particular reference to
      determining multipath propagation characteristics associated with a radio
      navigation beacon at any given site thereof, such multipath propagation
      arising from beacon signal reflecting objects at or in the vicinity of the
      site, or intended site.
PAR  One of the most significant characteristics of a microwave instrument
      landing system is its performance in the presence of multipath
      propagation, as multipath signals constitute a major potential source of
      error in such systems. It is therefore desirable to be able to amass
      knowledge of the amplitude and position of the reflecting objects
      responsible for errors attributable to multipath propagation. In general
      this information is particularly important when attempting to predict the
      performance of an individual system with reference to the theroetical
      capability of its processing circuits. In particular such knowledge is
      important to the design of acquisition and verification circuits and to
      the degree of complexity which must be adopted in the processor itself.
PAR  According to the invention there is provided a method of determining, at
      the site of a radio beacon, the location of any beacon signal reflecting
      objects, in which method the beacon is caused to transmit a directionally
      coded signal over a given service sector, in which during said signal
      transmission a radio receiver is moved towards said beacon along a
      predetermined path in said sector, in which during said movement all
      beacon-derived signals received by the receiver are recorded in a form
      such as to be coded at least in respect of beacon related bearings and in
      which said recorded signals are individually isolated in such a manner as
      to permit identification and location of any of said reflecting objects.
DRWD
PAR  The invention will now be more particularly described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 shows an aircraft flying towards a radio navigation beacon along a
      perdetermined path.
PAR  FIGS. 2a-2g show a series of waveforms for illustrating one method of
      bearing determination of reflecting objects, and
PAR  FIGS. 3a-3d show a series of waveforms for illustrating another method of
      bearing determination of reflecting objects.
DETD
PAR  Referring to FIG. 1, an aircraft A is flown towards a radio navigation
      beacon B, the aircraft being equipped with a suitable radio navigation
      receiver responsive to signals via direct path DP to maintain the aircraft
      on a calibrating path at an angle .phi..sub.1. It is here assumed that
      there are two reflecting objects R1 and R2, each causing multipath signals
      MS1 and MS2 also to be received by the aircraft.
PAR  In general, with transmission being made from a representative point, for
      example on an airfield surface, with azimuth directional coding impressed
      on it, for example by the Doppler technique, it is possible to decode the
      received signals at a given point in terms of a series of responses of
      measurable amplitude and each response carries a code indicating the
      direction of the reflecting object (angles .phi..sub.2 and .phi..sub.3)
      from which they were derived with respect to the transmitter. With further
      coding applied at the receiver, for example in terms of bearing with
      respect to aircraft heading, providing this second coding (angles
      .theta..sub.2 and .theta..sub.3) is linked with each response previously
      coded with transmitter dependent bearing, then it is possible to position
      the origin of each detectable multipath source.
PAR  Directivity at the transmitter can be directly supplied if measurements are
      being carried out where there is already a Doppler installation.
PAR  When it is desired to examine a site, other than where there is already a
      transmitter installation, a portable system may be used. Such a
      transmitter may be simply designed, operating as described for example in
      British Pat. No. 1,234,541 and consisting of a linear array of antennas
      and a reference antenna bearing in mind that much reduced angular
      resolution would be satisfactory for adequate reflector identification. A
      suggested configuration for the array is of 16 antennas 1/2-wavelength
      spaced giving a 7.degree. beam resolvable to 1/4-beamwidth (2.degree.).
      The length of such an array is under 2 ft. at C band. The limited number
      of array elements used permits the use of high scan rates (e.g., 5 - 10
      kHz) with consequent faster read out scan speed.
PAR  The investigating aircraft carries a recorder, e.g., a tape recorder,
      capable of handling the Doppler spectrum associated with the azimuth
      sector under investigation. Recording is made of information signals after
      sector filtering but before further processing, in which case a complete
      record of wanted, i.e., direct path, and unwanted, i.e., multipath, signal
      components, their relative amplitude and transmitter related bearings,
      will be obtained in terms of the recorded spectral groupings. In some
      cases where higher scan rates are used it may be necessary to interface a
      frequency changer between receiver and recorder to bring all information
      ranges to a 0 - 50 kHz band.
PAR  The use of a spectrum analyser will provide a panoramic presentation of
      results, the horizontal axis of frequency representing angular positioning
      of sources with respect to the transmitter and relative amplitude of
      responses giving a direct relationship between direct signal and multipath
      signal components.
PAR  In general spectrum analyser scan times will be consistent with the
      identification of short duration multipath phenomena on a "surveillance"
      basis. By this is meant that a 1 sec. scan rate will permit the resolution
      of important multipath contributions which are maintained for this
      duration. More detailed examination of phenomena observed on this basis
      may be carried out by cutting out specific parts of the tape and playing
      them as a loop using slower (spectrum analyser) scan rates. As a guide,
      the time taken by a scanning spectrum analyser to resolve a given azimuth
      sector (say .+-. 60.degree.) into n parts (120.degree./n) is given by the
      Doppler scan time Ts .times. n.
PAR  Some assistance in establishing reflection geometry may be derived from the
      measurement of "scallop"  rate of individual reflection components,
      "scallop" being change of differential path length between direct and
      indirect signals, though there may still be residual ambiguities and these
      may have to be resolved by the use of a second flight along a different
      approach path. However no directive elements have to be fitted to the
      aircraft.
PAR  In order to deduce the angular position of a reflecting source, e.g., R1 at
      angle .theta..sub.2, by using the scallop rate in conjunction with
      knowledge of aircraft speed, V; for a small distance d of aircraft
      movement towards the transmitter, multipath length decreases by d cos
      .theta..sub.2. Path difference change is
      ##EQU1##
PAR  As derived from the received wideband information signal, FIG. 2a
      containing components at frequency f.sub.1 (wanted signal), f.sub.2
      (multipath via R1), etc., individual multipath responses identified in the
      general surveillance scan of the spectrum analyser, FIG. 2b may be
      isolated by manual selection and their scallop rates measured for
      individual position fixing.
PAR  The method is based on isolation by variable filter of direct signal, FIG.
      2c, and particular multipath signal, FIG. 2d. The subsequent mixing of
      these two components, FIG. 2e, will produce "Doppler type" packets
      terminated by the normal phase transients at scan rate. The frequency
      contained by these packets represents the angular separation (w.r.t. the
      transmitter) of direct and multipath ray. The starting phase of individual
      packets is determined by the differential path length of direct and
      indirect path. Hence change of this differential path length will produce
      cyclic change of the initial phase in exactly the same way as digitization
      does of the main Doppler signal. The periodicity of this change is equal
      to the scallop rate and may be measured by determining the separation of
      the two components of the line doublets which form the spectrum of the
      beat envelope, FIG. 2f. This is done in an appropriate filter, FIG. 2g.
PAR  Certain ambiguities arise when scallop rate becomes comparable with the
      Doppler scan rate. This effect is eliminated by the use of high Doppler
      scan rates which could be easily achieved in a short array portable
      transmitter.
PAR  For airborne directivity to be achieved some baseline must be established.
      In the scallop count method described above, synthetic baseline in a fore
      and aft direction is created by aircraft movement. An actual baseline is
      established by fitting the aircraft with an antenna array of finite
      horizontal dimensions, say 6 wavelengths, 10.degree., 11/4 feet at 5 GHz.
PAR  The requirement of the method is that dual coding (transmitter derived and
      receiver derived) be maintained on the airborne recording. The two codes
      must therefore be separable and non-interfering over the sectors required.
PAR  Airborne direction defining may be by amplitude scan. In this method the
      airborne antenna is caused to generate a swept amplitude pattern by means
      of a phase shifter at the antenna. Direction of beam maximum is correlated
      with a suitable code which is recorded along with the Doppler spectrum
      indicating transmitter bearing.
PAR  When it is desired to know the aircraft/reflector angle of a particular
      multipath which has been observed on the panoramic display of responses
      defined in terms of transmitter/reflector angle, a filter is manually
      moved to cover the required multipath response. As amplitude modulation
      will have been impressed on the response under investigation, the time of
      maximum output from each particular response may be related to the
      directional code as an indication of received directions. In this process
      care has to be taken that scan dwell times are adequate for correct
      operation of the spectrum analyser for the surveillance presentation. An
      omnidirectional mode time shared with a directional mode would ease this
      problem.
PAR  Airborne direction finding may alternatively be by Doppler scan. The use of
      a further Doppler scan at the receiver relieves the problem of restricted
      dwell times upsetting the panoramic display.
PAR  A short scanned array and reference antenna at the aircraft will impress a
      further Doppler derived component on the received signals, FIG. 3a. A wide
      difference in the choice of scan rate will ensure simple separation of the
      two required bearing components. Rapid scanning, for example, at the
      transmitter will generate a high frequency beat envelope on all received
      components. A further Doppler scan, this time at a slow rate will generate
      a low frequency component on all components of the received wave.
PAR  Again, particular multipath components, e.g., MP1, on the panoramic
      display, FIG. 3b, may be separated by variable filter, FIG. 3c and a
      narrow filter placed over secondary spectrum generated by receiver scan.
      The received directional information appears as envelope modulation on the
      signals, FIG. 3d. Envelope detection and count or period count indicates
      angle (.theta..sub.2) with respect to the receiver.
PAR  This technique is in principle applicable to the transmission from a
      standard azimuth Doppler transmitter though slow scan rates would have to
      be used at the airborne unit to avoid the spacing of sideband components
      impressed by the airborne unit on the spectral line components of the
      ground transmission becoming comparable with their separation (Airborne
      Doppler shift must be less than scan rate of the transmitter system).
PAR  An airborne installation as described above may be operated with a suitably
      designed portable ground installation of short baseline and high scan
      rate. The portability feature would permit rapid mapping of different
      sites on the same or other airfields.
PAR  The above described method and associated techniques are applicable at all
      frequencies where multipath source distribution is required to be known.
PAR  The feature of portability of a direction coded transmitter can easily be
      maintained down to UHF glide path frequencies, and if necessary to the VHF
      range, where a 5 wavelength array would have a span of about 45 feet and
      adequate accuracy could be obtained by individually siting 10 portable
      elements.
PAR  It is to be understood that the foregoing description of specific examples
      of this invention is made by way of example only and is not to be
      considered as a limitation on its scope.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of determining, at the site of a radio beacon, the location of
      any beacon signal reflecting objects, in which method the beacon is caused
      to transmit a directionally coded signal over a given service sector, in
      which during said signal transmission a radio receiver is moved towards
      said beacon along a predetermined path in said sector, in which during
      said movement all beacon-derived signals received by the receiver are
      recorded in a form such as to be coded at least in respect of beacon
      related bearings and receiver related bearings, and in which said recorded
      signals are individually isolated in such a manner as to permit
      identification and location of any of said reflecting objects.
NUM  2.
PAR  2. A method as claimed in claim 1 in which the transmitted signal is
      directionally coded in terms of frequency and is transmitted by a Doppler
      radio beacon.
NUM  3.
PAR  3. A method as claimed in claim 2 in which the recorded signals are
      individually identified in respect of frequency and amplitude from a
      panoramic display of the recorded signals on a spectrum analyser.
NUM  4.
PAR  4. A method as claimed in claim 3 in which the receiver related bearing of
      an identified reflection signal is derived by measuring the rate of change
      of differential path length between the identified direct path signal and
      the reflected signal.
NUM  5.
PAR  5. A method as claimed in claim 3 in which, prior to recording the received
      signals, a swept amplitude modulation pattern is impressed thereon such
      that on identification of a recorded reflection signal the time of maximum
      output thereof is indicative of the receiver related bearing of the object
      reflecting the beacon transmitted signal.
NUM  6.
PAR  6. A method as claimed in claim 3 in which, prior to recording the received
      signals, there is impressed thereon a Doppler frequency shift of a
      magnitude determined by the angle of reception of a given component of the
      received signal, and on identification of a recorded reflection signal the
      receiver Doppler shifted component thereof is indicative of the receiver
      related bearing of the object reflecting the beacon transmitted signal.
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PAL  A Doppler navigation system with tracking filter for reducing suceptibility
      to multipath signals. For acquisition of a Doppler ILS angle representing
      a signal within a spectrum also containing multipath signals, a
      self-tracking variable-Q filter arrangement is used, with wide band
      acquisition (low Q) followed by progressive steering of the filter center
      frequency to the desired signal frequency, together with decrease of the
      filter bandwidth to an equivalent of 2 beamwidths (high Q) at final
      balance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to the field aids to air navigation and
      more specifically to the use of such a frequency tracking filter in a
      radio directional guidance system based on the Doppler principle.
PAR  2. Description of the Prior Art
PAR  Doppler radio navigation systems have been extensively described in the
      technical literature. For example, the technical journal, "Electrical
      Communication", published by International Telephone and Telegraph
      Corporation, Vol. 46 (1971), Number 4, contains an extensive article
      entitled "Doppler Scanning Guidance System". Also, the U.S. and European
      patent literature describes various aspects of such systems. British Pat.
      Nos. 1,225,190 and 1,234,541 and U.S. Pat. Nos. 3,613,096 and 3,601,684
      are also pertinent for an understanding of the state of the prior art in
      such systems.
PAR  Moreover, for an understanding of other approaches and solutions to the
      multipath reception problem, U.S. Pat. Nos. 3,737,908; 3,774,222;
      3,775,773; 3,781,897 and 3,795,002 are of interest.
PAR  In the basic Doppler system, a radio frequency source is commutated
      successively to the separate elements of a linear array of radiators,
      either to simulate uni-directional constant velocity motion of a single
      radiator, or an otherwise programmed scan, such as a to-and-fro constant
      velocity motion.
PAR  The angular position of a receiving station remote from the array is
      defined by the frequency of the commutated wave emitted in that direction,
      and particularly with azimuth systems using a horizontal array for
      provision of bearing information over a sector of typically .+-.60.degree.
      normal to the axis of the array, frequency-counting type receivers used in
      the system must accept a band of frequencies which covers the complete
      sector of possible range of frequencies corresponding to such an angular
      sector.
PAR  However, the received bearing information signal does not consist of only
      the discrete information frequency (by direct propagation) but also of
      multipath components (by reflection).
PAR  In azimuth systems these multipath signals tend to be spread over the
      sector, in that they are derived from objects which subtend differing
      angles from the transmitter. Fortunately, however, the multipath spectra
      are unlikely to be crowded close to the desired information components.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided a frequency tracking filter
      arrangement for acquisition, from a received signal, of a Doppler
      frequency corresponding to angle position data within a frequency band
      covering the complete sector of possible angles. The arrangement comprises
      a resonant circuit filter, including both variable resistive and variable
      reactive components, and means for controlling said variable components in
      such a manner that for acquisition of the angle information frequency
      (representing bearing for example) the passband of the filter is first set
      at a width embracing the entire frequency band of interest. Subsequently
      the center frequency of the filter is steered to the bearing information
      frequency and centered thereon while the passband is progressively
      narrowed to exclude other frequencies, corresponding for example, to
      multipath signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a Doppler navigation system receiver
      incorporating the tracking filter of the invention.
PAR  FIG. 2 is a circuit diagram of an azimuth tracking filter according to the
      invention.
PAR  FIGS. 3, 4 and 5 depict signal frequencies and filter passbands under
      various operating conditions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the major components aboard an aircraft desiring
      to determine its azimuth (bearing) and/or elevation (glideslope) angle are
      shown. An antenna 1 receives the ground (commutated) radiations and
      supplies them to receiver 2, these elements being substantially identical
      to those of prior art systems. The tracking filter, according to the
      present invention, is represented at 3, and the frequency counter 4 (a
      zero crossing counter for example) measures the Doppler frequency passed
      by 3. This counter and the indicator 5 are also substantially the same as
      known elements performing these functions in prior art systems.
PAR  Referring now to FIG. 2, the filter represented by 3 in FIG. 1 will be
      described.
PAR  A parallel resonant circuit comprising an inductance L and a variable
      capacitance C (a varactor in practice) provides the tunable element whose
      center frequency may be varied over the range of frequencies covering the
      complete azimuth sector. Spectral components which appear at the input 6
      of the filter (from receiver 2) are applied to this resonant circuit via a
      variable resistance R (which may, in practice, be an F.E.T. operating as a
      continuously variable resistance or a switched arrangement of fixed
      resistors). By increasing the value of R, the Q of the circuit is raised
      and hence, its bandwidth narrowed.
PAR  The spectral input components are also applied to a phase comparator P and
      are therein compared with their own contribution at the filter output. Use
      is made of the relationship whereby components below resonance will lead
      with respect to those in the reference drive voltage at 8, whereas those
      above resonance will lag.
PAR  Each individual spectral component may be considered separately, in that,
      up to points A and B, a purely linear addition has been made. At these
      points therefore each component will appear at A with larger amplitude
      than it appears at B if it is below the center of the filter (for example)
      and vice versa if it is at higher frequency. The physical law determining
      the degree of amplitude unbalance is one of frequency displacement (phase
      relationship across the filter) and individual amplitude.
PAR  The summation of all components at A and B on a power basis accomplished in
      the power detector D, and the integration therein of the result over a
      period longer than the digitization sequence will define where, with
      respect to the center of the filter, the major line components lie, i.e.,
      the time angle signal (bearing in the example). This permits derivation of
      a control signal initially to vary the capacitance (varactor) of the
      resonant circuit to steer it toward the major power grouping.
      Subsequently, through delay T, the resistance of R is increased to
      increase the Q. The delay T need only be long enough to allow the varactor
      to "track" before the Q is raised to narrow the bandwidth. It is important
      that the narrowing of the passband not proceed so quickly that the main
      signal is excluded before the filter can track it. The structure of Power
      detector D will be evident to those skilled in the art, from an
      understanding of the function required of it.
PAR  The outputs 9 and 10 are the varactor and Q controlling signal
      respectively, and they are substantially the same signal, i.e., from
      summation in D.
PAR  Thus, in operation, the filter has its Q at a low value initially so that
      the filter passband embraces the information sector frequency bandwidth,
      (see FIG. 3) on reception of the wanted signal together with multipath
      signals. It is here assumed, as depicted in FIG. 3, that the detector is
      unbalanced.
PAR  Thereafter, as shown in FIG. 4, the intermediate condition involves a
      slight unbalance of the detector as the center frequency of the filter is
      steered toward the desired signal with the Q of the filter being raised to
      a medium value. Finally, as shown in FIG. 5, the detector is balanced, so
      that the filter is centered on the main beam to be accurately symmetrical
      about the basic bearing defining envelope, the bandwidth of the filter
      having been decreased (for example) to an equivalent of about 2 beamwidths
      (high Q).
PAR  In view of the known characteristics of parallel resonant circuits, it will
      be seen that the output taken from terminal 11 of FIG. 2 is that provided
      to the indicator 5 of FIG. 1. Moreover, the LC circuit frequency/impedance
      characteristics depicted in FIGS. 3, 4 and 5 is extant at terminal 11.
PAR  It is to be understood that the foregoing description of a specific
      embodiment of this invention is made by way of example only, and is not to
      be considered as limiting the scope of the inventive concept thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In Doppler navigation equipment responsive to ground transmissions from
      a commutated antenna array, including a receiver, frequency counting means
      responsive to the output of said receiver, and indicating means responsive
      to said counter to present angular information as a function of the count
      extant in said counter, a circuit operatively connected between said
      receiver and said counter comprising:
PA1  a filter circuit in the signal path from said receiver to said counter,
      said filter circuit comprising a resonant frequency controllable LC
      circuit substantially in parallel with the output terminals of said filter
      circuit, and a controllable value resistance in series with the signal
      path from the input terminal of said filter to said filter output
      terminal;
PA1  and first means for comparing the output of said filter with the frequency
      spectrum of signals at the output of said receiver to produce and apply a
      control signal to said LC circuit and to said controllable resistance to
      cause the center frequency to vary toward the frequency of the maximum
      power spectral line and to also narrow the passband of said filter,
      thereby to tend to eliminate signal energy corresponding to multipath
      reception.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said angle information is
      bearing.
NUM  3.
PAR  3. Apparatus according to claim 1 in which said controllable LC circuit
      comprises a varactor responsive to the output of said first means, said
      varactor at least a part of the capacitance in said LC circuit, whereby
      the resonant frequency and therefore the passband of said LC circuit is
      caused to vary.
NUM  4.
PAR  4. Apparatus according to claim 3 in which said controllable resistance
      comprises an F.E.T. connected to present a variable resistance between its
      main current carrying electrodes in response to said control signal.
NUM  5.
PAR  5. Apparatus according to claim 1 in which said LC circuit is a parallel
      resonant circuit and said controllable resistance is capable of
      controlling the Q of said LC circuit such that the passband of said filter
      is correspondingly set to substantially cover the entire range of
      frequencies corresponding to the range of angles of interest in said
      navigation system.
NUM  6.
PAR  6. Apparatus according to claim 5 including a delay circuit connected to
      delay said control signal to said controllable resistance, thereby to slow
      the narrowing of the bandwidth of said filter to avoid exclusion of the
      desired signal from the passband before said LC circuit resonance
      frequency is in substantial agreement with the desired spectral line of
      said receiver output.
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ABST
PAL  A direction finding system which will provide, upon receipt of one single
      ectromagnetic pulse, the direction of the emitter which produced that
      pulse with repsect to a fixed reference. This is done by measuring the
      time between the arrival of the pulse at two antennae.
PAL  The basic time measurement may be made for example by charging a capacitor
      at a fast linear rate during the interim period between the arrival of the
      pulse front edges. The first pulse starts the charging of this capacitor
      and the second pulse stops it. The result is a fast rising ramp whose
      height is proportional to the time delay. To allow differentiation between
      signal arrival from the right and left side of the center line of the
      fixed reference, and assuming a base leg between antennas of 24 feet, a
      fixed delay at 25 nsec is added to channel B such that the B pulse always
      arrives after the pulse in channel A.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The need for direction finding in connection with the Target Identification
      and Acquisition System (TIAS) project brought about investigations into
      the possibilities of using a time of arrival (TOA) technique. The
      requirements were that the system must be capable of direction finding
      (DFing) on a single pulse, have a look angle of 120.degree. (i.e.
      60.degree. on each side of bore sight) and have an angle resolution in
      tenths of a degree. Such systems must be insensitive to pulse rate
      frequency (PRF) up to 5 KHz, emitter pulse height, emitter pulse width,
      emitter pulse rise time and carrier frequency.
PAR  The system requires the measurement of the time difference occurring
      between the incidence of electromagnetic energy as it strikes different
      receivers, e.g. the antennas in the wing tips of an aircraft. Although the
      system is described herein as applied to direction finding for TIAS, other
      applications for this short time, monopulse TOA system are possible, for
      example, in ultra short range radar for extreme low level missile guidance
      systems, precise ELINT adaptions in connection with direction finding of
      enemy emitters, aximuth bearing rate calculations, bench instrumentation
      for single occurrence, short time delays (pico second resolution), and
      locators for sonobouys in connection with ASW work.
PAR  Other applications will undoubtedly be suggested to workers in the field
      for the devices as described in the following specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
PAR  FIG. 1 is a block diagram of a system according to the invention;
PAR  FIG. 2 is a simplified diagram showing the basic geometry of the antennae
      of FIG. 1;
PAR  FIG. 3 is a circuit diagram of a basic time to height shaper unit usable
      with the system and following circuitry of FIG. 1;
PAR  FIG. 4 is a logic diagram of the digital readout portion of FIG. 1;
PAR  FIG. 5 is a graphical representation of the linearity of two pulse rates;
PAR  FIG. 6 is a normalizer usable in FIG. 1;
PAR  FIG. 7 is a graphical representation of the normalizing process taking
      place in FIG. 6; and
PAR  FIG. 8 is a graphical representation of a second normalizer process for
      determining identical times on video pulses.
DETD
PAC  DESCRIPTION AND OPERATION
PAR  The basic system 10 operates on a two channel input (see FIG. 1.) It is
      desired to read out the time difference of the occurrence of a pulse on
      the two channels A and B. Assume that a channel A pulse arrives first and
      begins the measurement process and that the arrival of a pulse in channel
      B will stop this process. These two pulses, A and B, may be video pulses
      stripped off of radar pulses by detectors 16-18 after amplification by rf
      amplifiers 12, 14 placed in each channel. The time difference between
      pulse A and pulse B is computed as follows: the B channel is delayed in
      normalizer 22 such that channel A will always arrive first and thus acts
      as the turn-on pulse. When the time-to-height unit 24 turns on, an ultra
      fast linear ramp is started and as soon as pulse B arrives, this ramping
      is stopped. The amplitude of the ramp is then stored and worked upon by a
      time stretcher unit 26 which has the effect of magnifying the time between
      the arrival of pulse A and pulse B by a factor of about 2,500:1. The
      output of the stretcher unit, is fed to a shaper unit 28 which gates a 20
      MHz clock (not shown) into a digital counter 30 for the correct stretched
      time. This count can now be converted into the desired readout, e.g.
      degrees, pico seconds, radians, etc.
PAL  In FIG. 2.
PA1  L = distance between antennas
PA1  .theta. = angle from boresite to emitter
PA1  .DELTA.t is delay between arrival at B and arrival at A
PA1  .DELTA.t = (l/c) where c = speed of light = 2.99776.times.10.sup.10 cm/sec
PA1  l = L sin .theta.
PAR  The data in the table below illustrates the theoretical angle resolution in
      degrees for various angles from boresight and at different time
      resolutions. Initial information indicates that the optimum spacing of two
      wing antennas, for example, is about 24 feet.
TBL  L = 24 feet                                                               
     __________________________________________________________________________
     .THETA.                                                                   
         0.010                                                                 
              0.030                                                            
                   0.050                                                       
                        0.1  0.5 1.0  .DELTA.t in nanosec.                     
     1.degree.                                                                 
         .0255                                                                 
              .072 .117 .234 1.17                                              
                                 2.35                                          
     15.degree.                                                                
         .0261                                                                 
              .0729                                                            
                   .122 .243 1.22                                              
                                 2.45                                          
                                       resolution                              
     30.degree.                                                                
         .0271                                                                 
              .0813                                                            
                   .136 .271 1.37                                              
                                 2.75                                          
                                       in degrees                              
     60.degree.                                                                
         .047 .1412                                                            
                   .236 .473 2.44                                              
                                 5.10                                          
     __________________________________________________________________________
PAR  As shown in FIG. 3, the circuit 24 turns on with the arrival of the first
      pulse (channel A) and off with the second (channel B), thus measuring the
      time difference between the arrival of the leading edges of the two
      pulses.
PAR  The basic time measurement is made by charging a capacitor C1 at a fast
      linear rate during the interim period between the arrival of the two pulse
      leading edges. The first pulse starts the charging of the capacitor C1;
      the second pulse stops it. The result is a fast-rising ramp pulse whose
      height is proportional to the time delay differences. The system must be
      capable of operating with time delays up to about 50 nanosec. (Maximum
      time difference of A arrival before B is 24 + 25 nanosec delay = 49
      nanosec.)
PAR  To generate this 50 nanosec ramp, capacitor C1 is charged from constant
      current source 32. If the maximum ramp height is to be 5 volts, for
      example, then the magnitude of the constant charge current, I.sub.1, can
      be calculated from the following equation:
      ##EQU1##
      where .DELTA.V is the voltage change during the time .DELTA.t. For a
      100-pf capacitor to charge 5 volts in 50 nanosec, a current of 10
      milliamps is required. Initially capacitor C1 has a steady-state value
      determined by the current from the current source 32 flowing through Q1
      and D1. The ON pulse turns off Q1 and the current from the current source
      is then switched to charge C1 to a more positive value. Charging is
      stopped when transistor Q4 saturates, rapidly turning on transistor Q5,
      which shunt the current from the constant current source to -5V. Thus, it
      is possible to stop the charging by cutting off the current to the
      capacitor.
PAC  NORMALIZER CIRCUIT
PAR  Several circuits have been devised with the aim of producing some front-end
      circuitry unit that would take real-world video pulses from the detectors
      and attempt to convert them into as nice, sharp, clean pulses as those
      simulated with a pulse generator. This front end unit which must be
      insensitive to the video amplitude, pulse width, pulse rise time, or pulse
      repetition rate, must also be able to select the same point on each input
      pulse to provide valid time-difference data.
PAR  Since the incoming video pulses in each channel will not be of the same
      amplitude, there is no straight forward method for fixed thresholding.
      Therefore, the circuit was designed to compare the pulse with itself in an
      attempt to eliminate the effects of pulse amplitude. FIG. 7 shows an
      idealized video pulse A.sub.1 with some rise time Tr; however, the
      beginning of the pulse in time is obscured because of system noise. Pulse
      A.sub.2 is pulse A.sub.1 divided by some factor, k, and pulse front, A',
      is pulse A.sub.1 delayed by some time Td. If we express the rising wave
      front of A.sub.1 as
EQU  Y.sub.1 32  a.sub.1 t,
PAL  over the period it exists, where a.sub.1 is the slope of A.sub.1 or V.sub.1
      /Tr, then the wavefront of A.sub.2 is
EQU  Y.sub.2 = a.sub.2 t,
PAL  where
EQU  a.sub.2 = ka.sub.1,
PAL  and A' also has a wavefront of
EQU  Y.sub.1 ' = a.sub.1 (t - td).
PAL  If A.sub.2 is compared to A' to find the crossing point of these two lines,
      we find the point in time that
EQU  Y' = Y.sub.2.
PAL  Then,
EQU  a.sub.2 t = a.sub.1 (t - Td)
EQU  ka.sub.1 t = a.sub.1 (t - Td).
PAL  Dividing through by a.sub.1 gives
EQU  kt = (t - Td)
PAL  and, thus, the amplitude factor is eliminated. If we then let k equal one
      half, then
      ##EQU2##
      and solving for t we obtain
EQU  t = 2 Td,
PAL  which indicates that, for the condition
EQU  (k = 1/2),
PAL  the two wave fronts cross at twice the induced delay time, Td, independent
      of the pulse amplitude.
PAR  FIG. 6 is the circuit of the front-end unit, which is called a Normalizer
      since, theoretically, it performs the normalizing action of finding the
      same time point on each pair of input pulses. Each input pulse is divided
      in half by resistors R18 and R19, and the two wave fronts are compared by
      a Fairchild .mu. 710 voltage comparator 44. The rise time of the output of
      the comparator is increased by using the DC amplifier consisting of Q20
      and Q21. A 500 pF capacitor 41 couples the wave front into a Class C
      amplifier, Q22, which produces the input to the time-to-height unit.
PAR  Second Normalizer Concept. (FIG. 8)
PAR  It is apparent that, if the rate at which the two functions approach each
      other is increased, detection of the crossing by the comparator may be
      simplified. Also, if more data points on the wave front are used in making
      the decision, a better indication of pulse arrival time may be obtained.
      For example using two points on the wave front instead of one, a better
      position of pulse arrival in time is obtained. FIG. 8 shows the basic
      concept for this normalizing approach. Assume the arrival of wave front
      No. 1, which begins at time T.sub.o with a slope of A volts per second.
      Two fixed thresholds, V.sub.1 and V.sub.2, have been established within
      the range of pulse amplitudes to be processed. Wave front No. 1 crosses
      V.sub.1 at time T.sub.1, such that
EQU  V.sub.1 = AT.sub.1,
PAL  and crosses V.sub.2 at time T.sub.3. If a ramp of slope K.sub.1 is begun at
      T.sub.1 and continues until T.sub.3, at T.sub.3 the ramp's slope is
      changed to K.sub.2, such that K.sub.1 &gt;K.sub.2. The ramp now continues to
      this new slope until it reaches a value of V.sub.x at which time a
      comparator detects the value of V.sub.x and emits a pulse. This pulse is
      the output pulse of the noramlizer and is fed into the time-to-height
      unit. The time between T.sub.o and T.sub.x is fixed and remains the same
      for any input wave front that crosses threshold V.sub.2 before time
      T.sub.c. For example, if we assume wave front No. 2 arriving at T.sub.o,
      but with a slope B such that B&lt;A (B could have been greater than A) we
      find that
EQU  V.sub.1 = BT.sub.2
PAL  and
EQU  V.sub.2 = BT.sub.4
PAR  Because A&gt;B, the time difference T.sub.3 - T.sub.1 is less than T.sub.4 -
      T.sub.2, but this is compensated for by the ratio of K.sub.2 /K.sub.1.
      Further it is observed that, if slope K.sub.2 is projected back, it will
      intersect V.sub.o at T.sub.o. The relationship of the slopes K.sub.1 and
      K.sub.2 is calculated thus,
EQU  V.sub.2 = BT.sub.4 = AT.sub.3 = Segment b in FIG. 8
      ##EQU3##
EQU  K.sub.2 T.sub.4 = Segment a in FIG. 8 = K.sub.1 (T.sub.4 - T.sub.2) From
      the above, it can be shown that
      ##EQU4##
      Dividing by B gives
EQU  K.sub.2 V.sub.2 = K.sub.1 (V.sub.2 - V.sub.1)
PAL  or
      ##EQU5##
      Therefore,
      ##EQU6##
PAC  TIME MULTIPLICATION
PAR  It is now desirable to resolve the magnitude of the voltage that appeared
      on capacitor C1 at the time it was discharged into some time frame -- a
      timer stretcher. This may be done by transferring the voltage on C1 to a
      second capacitor, C2, and then discharge C2 at a constant rate that is
      much slower than the first capacitor's charge rate. This approach
      effectively multiplies times of short durations into a time scale that can
      be handled by present components.
PAR  Now, let a sensor mark the time when this second capacitor, C3 departs
      from, and returns to, its original level of charge. The result is a pulse
      whose width is proportional to the height generated by the fast ramp found
      on C.sub.1. Further, the pulse width is related to the charge time of the
      fast ramp by a multiplication factor equal to the ratio of the discharge
      rate of C.sub.2 to the charge rate of C.sub.1 such that
      ##EQU7##
PAR  For example, if the discharge rate of C2 is 5,000 times slower than the
      charge rate of C1, then each 50-nanosec increment of discharge time will
      represent a 10-picosec increment of delay between pulses. If a 20-MHz
      clock is used to count during this output pulse width, it is possible to
      resolve 50-nanosec charges in the discharge time. Thus, each clock pulse
      theoretically represents 10 picosec of delay between wavefront of pulse A
      and wavefront of pulse B.
PAR  A simple but linear circuit is used for the discharge circuit. In
      operation, diode D2 allows capacitor C2 to be charged by transistor Q2 by
      approximately the same value as C1. When C1 is discharged, D2 becomes
      reverse biased, and capacitor C2 is then isolated from the emitter of Q2.
      The Darlington pair, Q3, in the emitter-follower configuration draws
      essentially no current but does hold a fixed voltage of 1.2 volts on
      resistor R2. The current that generates this constant voltage is supplied
      by capacitor C2. Since the current flow is constant, capacitor C2 is
      discharged linearly.
PAC  PULSE SHAPING
PAR  An operational amplifier configured as a comparator was used to form a
      pulse equal in length to the time of the slow ramp. To aid in the
      detection of the crossing of the trailing edge of this slow ramp and to
      decrease the jitter thus encountered, a second amplifier, A1, was added in
      front of A2 to increase the slope in the region where it crosses the
      threshold. The gain of amplifier A1 was set at 10. Thus, A1 would saturate
      each time C2 was charged and then, as the slow ramp decreased, the
      amplifier would come out of saturation and amplify the ramp in the
      vicinity of the threshold level, which is set by potentiometer R.sub.T. To
      overcome the undue delay that occurs while the amplifier is coming out of
      saturation, the output of A1 was limited to a minimum value of 0 volts and
      to a maximum level set by potentiometer R.sub.L.
PAC  READOUT CIRCUITRY
PAR  The readout circuit (FIG. 4) is designed to give a readout proportionate to
      the length of the pulse produced by amplifier A2. This unit accepts the
      pulse from the pulse stretching unit, turns itself on, counts the number
      of time increments under the incoming pulse width, transfers this count to
      its output register, clears its counter, then shuts itself off and waits
      for the next pulse in. If data output is too rapid for manual recording, a
      control line P12 may be added to lock out the next input pulse when
      necessary.
PAR  Basically, the readout circuit consists of a 20-MHz clock (gates 19A, 19B,
      and 19C), which is switched on when the input line, Pin 6, goes positive.
      The clock pulse is then passed through a buffer gate, 14B, which in turn
      drives a four-stage BCD counter, which consists of flip-flops 22A, 11, 23,
      and 24 for the first decade; 22B, 15, 5, and 6 for the second decade; 27A,
      7, 8, and 29 for the third decade; and 27B, 20, 13, and 9 for the fourth
      decade. The counter continues to count until input line 6 goes negative.
      The next clock pulse sets flip-flop 32, which disables the counter clock
      through gate 14B, thus stopping the count; the next half pulse is fed
      through gates 14A and 16 to set the number in the counter into the output
      register consisting of latches 45, 46, 48, and 50. The next full clock
      pulse sets flip-flop 37, which enables the next half pulse to reset the
      counter to zero. This allows flip-flop 39 to be set, which shuts off the
      clock. The output of the latches is fed into a decimal display so that the
      magnitude of the count can be observed. All the circuits except the
      readout circuit have been combined on a common ground plane to minimize
      noise.
PAR  A plot of time delay versus count at a 10-Hz PRF and a 10-kHz simulated PRF
      is presented in FIG. 5. The measurements are taken, for example, by
      splitting the output of a pulse generator into two channels and then
      adding various delays to channel B to obtain the different counts. A
      trombone delay calibrated in 10-picosec steps is used for making the fine
      delay-time change readings. The resolution in picoseconds per count may be
      determined by reading the count change over 1,000-picosec intervals.
PAR  A circuit manufactured according to the invention was able to resolve 30
      picosec increments in time, which would convert to a spatial
      direction-finding accuracy of about 0.08 degree, as shown in Table 1. This
      time resolution may be adjusted by changing the length of the stretching
      ramp; i.e., by changing capacitor C2. In an experiment, C2 was increased
      from 120 to 560 pF, resulting in a resolution of about 7 picosec/clock
      count. Time increments below this size are difficult to measure because
      jitter degrades repeatability to an extent that makes the reading of time
      increments meaningless.
PAR  From the foregoing it will be recognized that a system has been provided
      for determining the direction of an emitter with respect to a fixed
      reference upon receipt of a single electromagnetic pulse from the emitter.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for finding the direction of an emitter of electromagnetic
      pulses comprising:
PA1  first receiving means including a first antenna connected to circuitry
      means defining a CHANNEL A;
PA1  second receiving means including a second antenna spaced from said first
      antenna and connected to circuitry means defining a CHANNEL B;
PA1  each said channel including a NORMALIZER circuit unit receiving
      electromagnetic pulses from said antenna and having an output;
PA1  A time to height unit receiving the output from each of channels A and B
      and outputting a new pulse having characteristics representative of the
      time difference between receipt of said electromagnetic pulse at the
      antenna of channel A and the receipt thereof at the antenna of channel B;
PA1  each said NORMALIZER circuit including;
PA2  pulse divider means halving said received pulse,
PA2  delay means repeating said pulse after a predetermined time,
PA2  voltage comparison means receiving and comparing the half pulses with said
      repeated pulses,
PA2  amplifier means receiving the output of said comparison means and producing
      an input to said TIME TO HEIGHT UNIT; and
PA2  readout means responsive to said new pulse providing a readout based on
      said time difference and indicative of the direction of the emitter with
      respect to a reference.
NUM  2.
PAR  2. The system of claim 1 wherein the antennae are situated on the airframe
      of an aircraft.
NUM  3.
PAR  3. The system of claim 2 wherein said antennae are spaced apart by about 24
      feet.
NUM  4.
PAR  4. The system of claim 1 wherein receipt of a single signal pulse in
      channel A operates to turn on said TIME TO HEIGHT UNIT and receipt of the
      same said signal pulse in channel B operates to turn off said UNIT.
NUM  5.
PAR  5. The system of claim 4 wherein delay means is included in circuit B to
      assure that the arrival at said UNIT of said pulse through channel B will
      always be later than the arrival of said pulse through channel A.
NUM  6.
PAR  6. The system of claim 4 wherein the time differences between pulses is
      determined by a circuit including:
PA1  a first capacitor having a fast linear charging rate; and
PA1  a second capacitor having a constant discharge rate
PA1  said circuit being effective to; (a) begin charging said first capacitor
      upon arrival of said pulse from Channel A, (b) stop the charging of said
      first capacitor upon arrival of said pulse from Channel B, and (c)
      transfer the charge from said first capacitor to said second capacitor;
PA1  said second capacitor discharging at a constant rate slower than the charge
      rate of said first capacitor and thus producing a longer pulse having a
      direct linear relationship to the output of said first capacitor.
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PAL  The system comprises a set of 16 antennas disposed so that their beams
       ovap to cover completely some sector of area; a mixing system to provide
      a plurality of I.F. signals; a first detector for each I.F. signal which
      applies this signal to a comparison and display system which determines
      and then displays whichever of the I.F. signals has the strongest
      amplitude; a second detector for each I.F. signal which applies said I.F.
      signal to a circuit which combines the plurality of I.F. signals into two
      sine-waves, these two sine-waves being applied to the vertical and
      horizontal deflection plates of an oscilloscope. The oscillioscope display
      expands the azimuth of the target path across to each of the 16 beams from
      2.degree. to 90.degree.. Thus the target location within a particular beam
      can be determined very accurately. A light display indicates which
      particular beam is being traversed at any particular time.
BSUM
PAC  BACKGROUND OF INVENTION
PAC  Field of Invention
PAR  This invention relates to radar systems and in particular to radar
      receiving systems for determining angular location with a high degree of
      accuracy.
PAR  Prior art radar systems generally have emphasized range accuracy and
      resolution of the radar target. The angular location of the radar target
      was generally determined using very inaccurate methods. There has long
      been a need for a device to display angular location of a radar target
      with a high degree of accuracy and resolution. One prior-art,
      angle-sensing system attempting to do this comprises a plurality of
      antennas coupled with signal-processing equipment to compare the signal
      amplitudes on adjacent channels. Another prior-art system uses
      phase-comparison techniques with a plurality of spatially disposed
      antennas. The reception times and phases at each of the plurality of
      antennas are measured and compared. The phase differences indicate the
      relative bearing of the target.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention provides a radar system which combines a high degree
      of angular accuracy and resolution with simplicity of construction and low
      cost.
PAR  Briefly, the invention comprises:
PAR  A PLURALITY OF ANTENNAS DISPOSED TO PROVIDE OVERLAPPING OUTPUT BEAMS
      COMPLETELY COVERING A SECTOR OF AREA;
PAR  A MIXING SYSTEM TO PROVIDE AN I.F. signal from each of the antennas;
PAR  A SET OF AT LEAST TWO DETECTORS FOR EACH ANTENNA I.F. signal, one of the
      detectors applying a signal to a comparison circuit which determines which
      of the antenna I.F. signals has the largest amplitude, the other detector
      applying a signal to an inverting and combining circuit which coverts the
      plurality of antenna signals into a set of two sine-waves, these two sine
      waves being applied to the vertical and horizontal deflection plates
      respectively of a display device. The comparison device gives a rough
      estimate of target position by indicating which antenna beam is being
      traversed at a particular time. The display device expands the antenna
      beam azimuth across which the target is traveling such that the target
      location within a particular beam can be determined very accurately by
      observing the target dot or line on the display device.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to determine the angle of a target
      location with a high degree of accuracy and resolution.
PAR  Another object of the present invention is to simplify construction and
      lower the cost of radar angle-determining systems while improving the
      angle accuracy which is obtained.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the ray paths of a constant dielectric lens.
PAR  FIG. 2 illustrates a 16 in-line feed-horn arrangment. FIG. 3 illustrates a
      4-by-4 feed-horn arrangment.
PAR  FIG. 4 is a graph of the composite patterns of sixteen in-line feed-horns
      using a seven-inch diameter lens.
PAR  FIG. 5 is a block diagram of one embodiment of the present invention.
PAR  FIG. 6 is a graph representing the voltage response of a 16 in-line
      feed-horn arrangement.
PAR  FIG. 7 is a graph representing the voltage response of the 16 beams after
      they have been inverted and combined into two sine-waves.
PAR  FIG. 8 shows the target presentation on the oscilloscope for different
      target positions relative to the antenna beams.
PAR  FIG. 9 is a circuit diagram of an inverting and combining circuit that
      could be used in the present invention.
PAR  FIG. 10 is a circuit diagram of a light display system that could be used
      in the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In order to obtain a high degree of accuracy of target angular location, a
      means to compare a plurality of antenna beams was devised. One section of
      the invention gives a general target angular location by determining which
      of the plurality of antenna beams has the strongest amplitude signal. The
      precise angular location is then determined by noting the location of a
      point or a line on a display device giving an expanded view of the beam
      azimuth being crossed by the target.
PAR  The antenna system will first be discussed. The general theory behind this
      invention is that angular location can be determined by noting which
      antenna beam out of a group of overlapping antenna beams covering a
      particular sector of area has the strongest amplitude signal.
PAR  Any means that could provide a pattern of overlapping antenna beams that
      would completely fill a disignated sector of area could be used. One way
      to achieve this result would be to form a group of contiguously placed
      antennas so positioned that their beams would overlap. The problem with
      this type of system is that radar space is usually at a premium. Thus a
      system with a plurality of antennas would be quite bulky and
      space-consuming.
PAR  The present invention provides an antenna system which greatly alleviates
      this space problem.
PAR  Applicant's antenna systems comprises one constant, dielectric, ceramic
      lens as the receiving aperture, in combination with a plurality of small,
      dielectrically loaded, feed-horns set behind the lens. Each lens-feed-horn
      combination constitutes a single antenna system which produces a narrow
      pencil-beam.
PAR  In applicant's embodiment 16 of these lens-feed-horn combinations are
      arranged contiguously to have overlapping beams to cover a sector of space
      31.degree. in azimuth by 3.degree. in elevation.
PAR  The focusing lens used is a spherical ceramic lens having a uniform,
      dielectric constant of 3.25. The lens design is based on thick-lens
      optical principles and focuses energy at a point diametrically opposed to
      the direction of the incident energy. The approximate expression for the
      focusing of a constant dielectric lens is given by
      ##EQU1##
      where R is the lens radius, R' is the focal distance, and K is the
      dielectric constant. FIG. 1 is a ray-tracing diagram which illustrates
      this optical principle.
PAR  The feed-horns are located at the back of the lens. The lens acts to focus
      the energy from a feed-horn into a beam projecting out into space. In this
      embodiment a series of 16 feed-horns in combination with the lens provides
      16 independent beams whose crossover level (point at which the antenna
      lobes cross) is determined by the interfeed horn spacing.
PAR  Any type of antenna configuration could be used to provide the overlapping
      beams, depending on the shape of the sector that is to be covered. As
      stated above, in this embodiment a one-dimensional set of 16 feed-horns is
      used as shown in FIG. 2. This configuration gives an angular coverage of
      about 31.degree. azimuth by 3.degree. in elevation to a sector of space
      diametrically opposed to the feed-horn locations. Another possible
      configuration would be the 2-dimensional, 4-by-4 arrangment of FIG. 3.
      Again, it should be emphasized that any type of compact configuration
      could be used depending on the area to be covered.
PAR  In order to place 16 or more feed-horns behind a ceramic lens with the
      proper positioning such that the beams from the feed-horns will properly
      overlap, each feed-horn must be dielectrically loaded. This dielectric
      loading using polystyrene inserts allows the aperture of the feed-horn to
      be physically small but to appear electrically large. FIG. 4 shows the
      composite patterns of 16, miniaturized, contiguously placed, in-line feeds
      using a 7-inch diameter lens.
PAR  Referring to FIG. 5 a block diagram of the complete target angular location
      system is shown. The dielectric lens 10 picks up a target signal on one or
      two of its overlapping beams and focuses this signal into the proper
      feed-horns 11. Each feed-horn 11 is connected to an isolator 12 which
      allows propagation of energy in only one direction. The isolator is
      provided in each line to ensure that the antenna systems don't act as
      transmitters. Isolators are well-known in the art and one of the many
      companies that sells them is Hewlett-Packard Company. This one-direction
      signal is then applied to a balanced mixer 14. A local oscillator 13
      applies a signal to the mixer 14 which acts to mix this signal with the
      incoming feed-horn signal and generate an I.F. signal. In this particular
      embodiment, an ortho-tee type of waveguide balanced mixer was used.
PAR  The I.F. output from each balanced mixer is then fed to its I.F. amplifier
      18 through a well-known, impedance-matching, network 16.
PAR  The output from each I.F. amplifier is a K-band signal proportional in
      amplitude to the signal received in its corresponding feedhorn. This
      signal is fed into two separate d-c detectors 20 and 22.
PAR  The detector 20 in each of the sixteen receiving channels detects the
      amplified I.F. signal from each of the channels and applies it to a
      different amplifier from a set of 16 amplifiers 40 contained in the light
      display block 24. The actual internal circuitry of block 24 is shown in
      FIG. 10. The signal from each amplifier 40 is applied to an inverter 44.
      When the signal from one of the amplifiers 40 goes above a certain level,
      the inverted signal voltage from its respective inverter 44 will be low
      enough to bias the other 15 inverters 44 off by way of the feedback lines
      45.
PAR  Each of these 16 amplifiers 40 is connected to one light (42) in a 16-light
      display. The amplifier 40 signal with the highest level, will turn its
      respective light 46 on, while biasing the other 15 amplifiers 40 off, as
      previously mentioned, thus indicating which feed-horn beam has the
      strongest signal. This is accomplished because the strongest channel will
      have a very low voltage signal at the output of its inverter 44. This
      low-voltage signal will bring the base voltage at transistor 47 low enough
      to bias it off. When transistor 47 stops conducting, the voltage at the
      base of the transistor 48 will rise high enough to place that transistor
      in a conductive state. Thus there is a path for the current to flow
      through that channel's respective light 46.
PAR  A brief discussion of how the scope display 30 can be used to compare
      signal levels in adjacent beams, thus giving a fine vernier of angular
      location, will facilitate a better understanding of the invention.
PAR  A target will be detected at most by two adjacent beams. Thus output
      voltages above a certain level will occur in only one or two adjacent
      channels at any given time. Upon close examination of the beam-shape of
      each channel, it can be seen that the voltage output as a function of
      target motion is very nearly a sine curve (FIG. 6). When the signs of
      alternative pairs of these voltage outputs are inverted and combined in a
      certain way, two approximate sine curves in quadrature are derived, as
      shown in FIG. 7, as the target moves across the field of view. Then by
      connecting one of the sinusoidal voltages to the vertical plates of a
      display device such as an oscilloscope and the other sinusoidal voltage to
      the horizontal plates, a dot will move around the scope. The location of
      the dot will correspond to the voltage vector sum of any two adjacent
      beams. FIG. 8 further illustrates this operation. As a target moves across
      the field of view from left to right, the first beam to receive power is
      beam No. 1. At the peak of beam No. 1, the voltage which is applied to the
      vertical scope deflection plates is represented on the scope as a dot with
      a voltage offset proportional to the amplitude of signal received. A 60 Hz
      chopper at the input to the scope alternately applies the signal to the
      scope and shorts out the scope input terminals. Thus a movable strobe line
      is created. The dot then becomes a line extending from a zero center
      position to the dot location. Target movement toward the location of beam
      No. 2 introduces a voltage output from beam two channel. The amplitude of
      the two voltages, beam No. 1 to the vertical and beam No. 2 to the
      horizontal plates appear on the scope as a line at an angle corresponding
      to the target angular location.
PAR  Continuing target motion in the same direction causes the line on the scope
      to rotate 360.degree. for every five beams. In the 16 beam presentation,
      the line rotates 33/4 complete revolutions.
PAR  The angular distance between adjacent beam pointing directions is
      approximately 2.degree.. The same 2.degree. azimuthal target travel
      produces a vector rotation on the scope of 90.degree. and displays the
      inherent accuracy that the system can achieve.
PAR  The complete display consists of both the light circuits and the scope
      circuit working together to locate the target. Since a light appears for
      each beam location, and the azimuthal target travel is 2.degree. between
      beams, a light indicates on which particular beam a signal is arriving and
      the 90.degree. arc traveled by the line on the scope when divided into
      small increments provides a fine vernier for the target location within
      that particular beam.
PAR  This fine vernier comparison operation is implemented in FIG. 5 by first
      detecting the signal in detector 22. This detected signal is then applied
      to the Inverting and Combining circuit 26. This circuit acts to form the
      set of 16 detected antenna signals into two sine waves to be applied to
      the horizontal and vertical plates of a display device. To form these
      sine-waves, alternate pairs of detected signals are combined as shown in
      FIG. 9 and then appropriately inverted. Since a signal can only be
      detected on two adjacent channels at one time, there will be no confusion
      if channels 1, 5, 9, and 13 are tied together. Likewise, 2, 6, 10, and 14
      are tied together, as are 3, 7, 11, 15 and 4, 8, 12, 16. The inverters 50
      and 51 invert alternate pairs of detected signals. For example, channel 1
      signals are passed through inverters 52 and 50, thus providing a double
      inversion (no inversion at all). Channel 2 signal are also double inverted
      once by the inverters 54 and 51. Channel 3 signals are combined with
      channel 1 signals at the input to the inverter 50 and inverted only once
      at inverter 50. Thus an approximate since wave has been formed by the
      combination of the channel 1 signal and the inverted channel 2 signal.
      Likewise the channel 4 signals are combined with the channel 2 signals at
      the input to the inverter 51 and then inverted only once by the inverter
      51. Thus a second approximate sine wave has been formed by the combination
      of the channel 2 signal and the inverted channel 4 signal.
PAR  These two sine waves are applied to the buffer amplifier 28 which then
      applies them to the vertical and horizontal plates of a display device 30.
PAR  In order to have the line trace a true round circle, an AGC circuit can be
      used to control the level of the signal being received.
PAR  One method of implementing this is to set this controlled level equal to
      the radius squared of the circle to be traced on the display device. This
      operation is performed as follows in FIG. 5: The two sine-waves applied to
      the display device 30 are also applied to an absolute value circuit 32.
      The absolute values of these sine-waves are then squared in squaring
      circuit 34, summed in summing circuit 36, and then applied to a standard
      A.G.C. circuit 38. The AGC circuit 38 then limits the level at the I.F.
      amplifiers 18 to a constant equal to the radius squared of the circule to
      be traced.
PAR  Since the beam shapes are not true sine-waves, a certain non-linearity
      exists. Two sine-function generators could be incorporated in this system
      to improve linearity in the well-known manner.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system to process antenna beams to obtain target angular location
      comprising:
PA1  a plurality of antennas disposed to provide overlapping output beams, thus
      providing complete coverage of some predetermined sector of area;
PA1  mixing means for providing an I.F. signal from the output from each of said
      plurality of antennas;
PA1  a plurality of first detector means, a different one for each one of said
      I.F. signals developed at said mixing means;
PA1  comparison means to which the detected I.F. signals from each of said first
      detector means are applied for determining which of the I.F. signals from
      said plurality of antennas has the largest amplitude signal and thus the
      strongest target signal and displaying this information on a first display
      means;
PA1  a plurality of second detector means, a different one for each one of the
      I.F. signals developed at said mixing means;
PA1  inverting and combining means to which the detected I.F. signals from said
      second detector means are applied, said inverting and combining means
      selectively inverting and serially combining the I.F. signals from
      alternate antennas so that at least two approximate sine-waves are formed;
PA1  second display means to which the two sine-waves are applied to vary the
      coordinates of the response in said display means in accordance therewith
      so that the antenna beam azimuth across which the target travels is
      expanded such that the target location within a particular beam can be
      determined very accurately.
NUM  2.
PAR  2. A system to process antenna beams as in claim 1 wherein said display
      means has vertical and horizontal deflection plates to which the two
      sine-waves are applied respectively.
NUM  3.
PAR  3. A system to process antenna beams as in claim 2 wherein each of said
      plurality of antennas comprises: a constant-dielectric, ceramic lens as
      the receiving aperture; and
PA1  a plurality of feed-horns set behind said lens.
NUM  4.
PAR  4. A system to process antenna beans as in claim 3 wherein said plurality
      of feed-horns are small, dielectrically loaded feed-horns.
NUM  5.
PAR  5. A system to process antenna beams as in claim 2 wherein said plurality
      of antennas are disposed in a line, thus providing a line of overlapping
      beams.
NUM  6.
PAR  6. A system to process antenna beams as in claim 1 wherein said mixer means
      comprises:
PA1  a set of ortho-tee, waveguide, balanced mixers (one for each antenna
      input);
PA1  a local oscillator for each one from said set of mixers;
PA1  an I.F. amplifier connected to the output of each mixer output from said
      set of mixers.
NUM  7.
PAR  7. A system to process antenna beams as in claim 1 wherein said comparison
      means comprises:
PA1  a light display with a light representing each of the detected I.F. signals
      coming from said plurality of first detectors; and
PA1  means for energizing the light connected to the largest amplitude signal of
      the I.F. signals.
NUM  8.
PAR  8. A system to process antenna beams as in claim 2 wherein said inverting
      and combining means inverts alternate pairs of signals from the plurality
      of detected I.F. signals from said plurality of second detector means.
NUM  9.
PAR  9. A system to process antenna beams as in claim 8 further comprising an
      A.G.C. circuit for controlling the level of the I.F. signals by limiting
      the level to a constant.
NUM  10.
PAR  10. A system to process antenna beams as in claim 9 wherein said constant
      is equal to the radius squared of a circle which the two sine-waves
      developed by said inverting and combining means will trace when applied to
      said display means.
NUM  11.
PAR  11. A system to process antenna beams as in claim 2 further comprising a
      set of function generators to form the two generated sine-waves into true
      sine-waves and thus improve linearity.
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ABST
PAL  An assembly is provided which is particularly suited for use as a mounting
      means for supporting a garage door radio control transmitter within a
      motor vehicle. The assembly consists of the garage door radio control
      transmitter and a housing therefor provided in the dashboard of the
      vehicle. The assembly is designed to be operable to permit the transmitter
      to be used either when supported in the aforesaid housing or when removed
      therefrom. The transmitter comprises an enclosure within which suitable
      electrical circuitry embodying conventional construction is housed
      operable to produce a signal which in turn is effective to actuate control
      mechanism for causing a garage door to open and close. The enclosure which
      is substantially rectangular in configuration is provided with a pair of
      end walls, one of which has mounted thereon terminal means operable for
      connecting the transmitter in electrical circuit relation with a suitable
      externally located electrical power supply. The other of the pair of end
      walls has embodied thereon switch means operable for selectively providing
      the transmitter with an ON or an OFF operating state. In addition, on one
      of the side walls of the enclosure there is provided contact means
      operable for connecting the transmitter in electrical circuit relation
      with antenna means when the transmitter is positioned in the aforesaid
      housing thereby to improve the characteristics of the signal transmitted
      from the transmitter. A disconnect switch is also provided on one of the
      side walls of the enclosure operable for automatically disconnecting the
      internal power supply of the transmitter when the latter is inserted into
      the housing and thereby connected in electrical circuit relation with an
      external power supply. The housing formed in the dashboard of the vehicle
      is defined by a top and a bottom wall, a pair of suitably spaced side
      walls, an open end wall and a closed end wall. Terminal means are suitably
      mounted on the closed end wall of the housing so as to be capable of being
      cooperatively associated with the terminal means of the transmitter when
      the latter is received in the housing through the open end wall thereof.
      Moreover, camming means are supported on one of the side walls of the
      housing so as to be suitably located thereon thereby to be effective when
      the transmitter is being inserted into the housing to actuate the
      disconnect switch of the transmitter. Also, one of the side walls of the
      housing is provided with antenna contact means engageable with the contact
      means of the transmitter so as to be effective to complete an electrical
      circuit therethrough between an antenna with which the vehicle is provided
      and the signal producing electrical circuitry of the transmitter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There have been devices provided heretofore which are operable as
      transmitters to provide signals effective to control the operation of a
      movable member such as, for example, a garage door or similar structure.
      In accord with the mode of operation of such devices, the member to be
      controlled is provided with some form of receiver operatively connected to
      the member so as to be operable to receive signals produced by the
      transmitter and to initiate some form of control function affecting the
      operation of the member in response to receipt by the receiver of signals
      from the transmitter.
PAR  Although the prior art forms of such transmitters have all been
      characterized by the fact that they are capable of performing the same
      function in essentially the same manner, they have nevertheless generally
      differed one from another insofar as concerns the nature of their
      construction. Notwithstanding the fact that there have been available a
      variety of models of such transmitters embodying different styles and
      shapes in sufficient numbers to match the taste of substantially any
      potential purchaser thereof, such transmitters have not as of yet reached
      the level of sales which had been anticipated therefor. Undoubtedly, there
      exist many reasons why such transmitters have not met with greater
      commercial success not the least of which is the fact that in the minds of
      at least some potential purchasers thereof, they have been looked upon as
      being in the nature of a luxury item rather than as a necessary item.
PAR  Something has taken place in recent months, however, which has had the
      effect of altering the latter characterization of garage door radio
      control transmitters. The event to which reference is had in this
      connection is the enactment of the new, i.e., 1974, safety regulations
      imposed by the Federal Government on manufacturers of motor vehicles. More
      specifically, reference is had to the requirement that each 1974 model of
      motor vehicle embody means whereby the engine of the motor vehicle is not
      capable of being started until the seat belts of the occupants of the
      motor vehicle have been fastened. Thus, whereas heretofore it had been a
      relatively simple task for one to remove a motor vehicle from a garage and
      close the garage door thereafter, the aforereferenced safety requirement
      has had the effect of rendering this a time-consuming task. For example,
      the individual heretofore need merely open the garage door, enter the
      motor vehicle, start the latter, remove it from the garage, and then
      generally while leaving the vehicle running return to the garage and close
      the door thereof. However, this procedure can no longer be followed in the
      case of 1974 motor vehicles.
PAR  With 1974 motor vehicles, although some of the initial steps in the
      aforedescribed procedure remain the same, once the motor vehicle has been
      removed from the garage a more time-consuming procedure must be followed
      before the driver of the vehicle is capable of closing the garage door and
      proceeding on his way in the vehicle. More specifically, the following
      procedure must be followed in the case of 1974 motor vehicles. First, the
      driver proceeds to the garage, opens the garage door, and enters the motor
      vehicle. Once in the vehicle, the driver must buckle his seat belt before
      he is capable of starting the engine of the vehicle to remove the latter
      from the garage. After the latter step has been accomplished, the driver
      must unbuckle his seat belt, leave the vehicle, proceed to the garage,
      close the door thereof, and then upon returning to the vehicle he must
      once again buckle his seat belt before he can restart the engine of the
      motor vehicle preparatory to driving away in the vehicle. This procedure
      obviously is considered by many to be extremely exasperating.
PAR  The procedure described in the preceding paragraph, however, is capable of
      being obviated through the use of a garage door radio control transmitter.
      By utilizing such a device, the driver need not leave the motor vehicle to
      close the garage door thereby eliminating the need to perform the steps of
      unbuckling his seat belt, leaving the vehicle, walking to the garage,
      closing the door thereof, returning to the vehicle, rebuckling his seat
      belt, restarting the engine of the vehicle, to finally arrive at the point
      where he is capable of leaving the premises in the vehicle. It should be
      readily apparent from the above-description why in the minds of many
      potential purchasers thereof that garage door radio control transmitters
      are now considered to have achieved the status of being classified as a
      necessary item rather than as an item of luxury.
PAR  With the advent of the aforedescribed safety requirements, it is
      anticipated that not only will there be a greater number of individuals
      utilizing garage door radio control transmitters, but also that increased
      usage will be made of the transmitters. Consequently, a desired
      characteristic of such a garage door radio control transmitter is that it
      have a long operating life. Heretofore, the garage door radio control
      transmitters which have been provided have most commonly embodied a
      construction wherein they depended on batteries for their power supply.
      Obviously, one means of extending the operating life of the batteries is
      to periodically recharge the batteries. To accomplish the recharging of
      the batteries, it would be most desirable to provide the transmitter with
      means operable to enable the batteries to be recharged while housed in the
      transmitter and preferably during periods of nonuse whereby the
      transmitter is always ready for instant use.
PAR  One undesirable feature which has evidenced itself in connection with the
      use heretofore of garage door radio control transmitters is that very
      little has been done insofar as concerns associating with the transmitter
      some form of means operable for stowing the transmitter in a secure and
      efficient manner during periods of nonuse. More specifically, the practice
      which commonly has been followed is to place the transmitter when not in
      use either on the dashboard or the seat of the motor vehicle. The result
      of following this practice is to increase the likelihood that the
      transmitter may fall off the dashboard or from the seat and be damaged, or
      that the transmitter may be lost or misplaced and thereby not be readily
      locatable when required. Therefore, it is desirable to provide some type
      of stowage means effective to minimize the possibility of the transmitter
      being accidentally damaged when not in use and which would also function
      to render the transmitter readily available when its use is desired.
PAR  Thus, although the prior art evidences the fact that it has been known
      heretofore to provide devices operable as garage door radio control
      transmitters, it can also be seen with reference to the above that there
      still exists a need to make improvements in the nature of the construction
      as well as providing means associable with the transmitter operable for
      minimizing the likelihood that accidental damage may be suffered thereby.
      There has thus existed a need to provide a garage door radio control
      transmitter assembly which would overcome the disadvantages possessed by
      prior art devices to which reference has been had hereinabove, as well as
      an assembly embodying other advantages relating to the construction and
      method of employment thereof.
PAR  Accordingly, it is an object of the present invention to provide a novel
      and improved garage door radio control transmitter assembly which is
      particularly suited for use as a mounting, i.e., stowing, means for
      supporting a garage door radio control transmitter within a motor vehicle.
PAR  It is another object of the present invention to provide such a garage door
      radio control transmitter assembly consisting of a garage door radio
      control transmitter and a housing therefor provided in the dashboard of
      the vehicle.
PAR  A further object of the present invention is to provide such a garage door
      radio control transmitter assembly wherein the transmitter is operable
      either when positioned in the housing or when removed therefrom.
PAR  A still further object of the present invention is to provide such a garage
      door radio control transmitter assembly wherein the batteries of the
      transmitter are rechargeable when the latter is positioned in the housing
      provided therefor in the dashboard of the vehicle.
PAR  Yet another object of the present invention is to provide such as garage
      door radio control transmitter assembly wherein the transmitter thereof is
      compatible with the receivers which are presently being employed for the
      purposes of accomplishing radio control operation of garage doors.
PAR  Yet still another object of the present invention is to provide such a
      garage door radio control transmitter assembly which is relatively
      inexpensive to manufacture, is easy to employ, and is capable of providing
      long and trouble-free operation.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the foregoing anad related objects can be
      readily attained in an assembly which is particularly suited for use as a
      mounting means for supporting a garage door radio control transmitter
      within a motor vehicle. The assembly consists of the garage door radio
      control transmitter and a housing therefor provided in the dashboard of
      the motor vehicle. The assembly is designed to be operable to permit the
      transmitter to be used either when supported in the aforesaid housing or
      when removed therefrom. The transmitter comprises an enclosure within
      which suitable electrical circuitry embodying conventional construction is
      housed operable to produce a signal which in turn is effective to actuate
      control mechanism for causing a garage door to open and close. The
      enclosure which is substantially rectangular in configuration is provided
      with a pair of end walls, one of which has mounted thereon terminal means
      operable for connecting the transmitter in electrical circuit relation
      with a suitable externally located electrical power supply. The other of
      the pair of end walls has embodied thereon suitable switch means operable
      for selectively providing the transmitter with an ON or an OFF operating
      state. The housing formed in the dashboard of the vehicle is defined by a
      top and a bottom wall, a pair of suitably spaced sidewalls, an open end
      wall and a closed end wall. Terminal means are suitably mounted on the
      closed end wall of the housing so as to be capable of being cooperatively
      associated with the terminal means of the transmitter when the latter is
      received in the housing through the open end wall thereof.
PAR  In accord with the preferred embodiment of the invention, the terminal
      means with which the transmitter is provided comprises a pair of suitably
      spaced receptacles into which the terminal means of the housing is capable
      of being received in electrical contact relationship therewith. The
      terminal means of the housing in turn comprises a pair of male plugs
      suitably connected in electrical circuit relation with the electrical
      system of the motor vehicle. The transmitter is also provided on one of
      the sidewalls thereof with contact means operable for connecting the
      transmitter in electrical circuit relation with antenna means when the
      transmitter is positioned in the aforesaid housing thereby to improve the
      characteristics of the signal transmitted from the transmitter. A
      disconnect switch is also provided on one of the sidewalls of the
      enclosure operable for automatically disconnecting the internal power
      supply of the transmitter when the latter is inserted into the housing and
      thereby connected in electrical circuit relation with an external power
      supply. One of the sidewalls of the housing formed in the dashboard of the
      motor vehicle has supported thereon camming means. The latter camming
      means are suitably located on the housing sidewall so as to be effective
      when the transmitter is being inserted into the housing to actuate the
      disconnect switch of the transmitter. Also, one of the sidewalls of the
      housing is provided with antenna contact means engageable with the contact
      means of the transmitter so as to be effective to complete an electrical
      circuit therethrough between an antenna with which the vehicle is provided
      and the signal producing electrical circuitry of the transmitter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a portion of the interior of a motor
      vehicle embodying a garage door radio control transmitter assembly
      constructed in accordance with the present invention;
PAR  FIG. 2 is a perspective view of a portion of the housing of a garage door
      radio control transmitter assembly constructed in accordance with the
      present invention;
PAR  FIG. 3 is a top plan view partially in section of the transmitter of a
      garage door radio control transmitter assembly constructed in accordance
      with the present invention;
PAR  FIG. 4 is a top plan view with a portion thereof broken away of a garage
      door radio control transmitter assembly constructed in accordance with the
      present invention, with the transmitter illustrated in solid lines fully
      inserted into the housing and in broken lines partially inserted into the
      housing;
PAR  FIG. 5 is a perspective view of a portion of the transmitter of a garage
      door radio control transmitter assembly constructed in accordance with the
      present invention, illustrating the disconnect switch means thereof; and
PAR  FIG. 6 is a top plan view of a portion of the transmitter of a garage door
      radio control transmitter assembly constructed in accordance with the
      present invention, illustrating in solid lines the disconnect switch means
      thereof in its inoperative position and in broken lines the disconnect
      switch means in its operative position.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to the drawings, and more particularly FIG. 1 thereof, there
      is depicted therein a portion of the interior, generally designated by
      reference numeral 10, of a motor vehicle. In accord with well-known
      practice, the motor vehicle of FIG. 1 is provided with a door, generally
      designated by reference numeral 12, which is operable to permit ingress
      into and egress out of the interior 10 of the motor vehicle. In addition,
      the motor vehicle is provided with a windshield 14 affording visibility
      into and out of the interior 10 of the motor vehicle. Suitably spaced
      within the interior 10 of the vehicle, there is provided a steering
      mechanism 18 which is operatively connected at one end to the front wheels
      (not shown) of the vehicle and which has a steering wheel 20 affixed to
      the other end thereof whereby in well-known fashion the motor vehicle may
      be caused to follow a desired course of travel by operating the steering
      wheel 20 so as to transmit control signals therefrom through the steering
      mechanism 18 to the wheels of the motor vehicle causing the front wheels
      of the motor vehicle to be turned in the direction in which it is desired
      that the motor vehicle proceed.
PAR  Continuing with the description of the portion of the interior 10 of the
      motor vehicle depicted in FIG. 1 of the drawings, the vehicle as shown
      therein is provided with a dashboard, generally designated by reference
      numeral 22, which in accord with conventional practice functions as a
      support or mounting means for the various gauges and other instrumentation
      which are commonly employed in a motor vehicle to visually depict to the
      driver thereof the operating state of various ones of the operating
      components of the vehicle as well as a support for other functional
      components such as the radio, clock, ashtray, cigarette lighter, glove
      compartment, etc. Above the dashboard 22 in spaced relation thereto there
      is preferably provided a pair of sun visors 16 operable for movement
      between a first position wherein they are effective to partially obscure
      the sun from the eyes of the driver, and a second position wherein they
      are disposed in a rest position. The dashboard 22 as shown in FIG. 1 also
      embodies a garage door radio control transmitter assembly consisting of a
      housing, generally designated by reference numeral 24, formed in the
      dashboard 22 and a transmitter, generally designated by reference numeral
      26, receivable in the housing 24 in a manner which will be more fully
      described subsequently. Inasmuch as the nature of the construction of the
      interior 10 of the motor vehicle is well-known to those skilled in the
      art, and is only indirectly related to the subject matter of the present
      invention, it is not deemed necessary for purposes of obtaining a
      understanding of the present invention to describe the interior 10 of the
      motor vehicle with more particularity than that which has already been set
      forth hereinabove.
PAR  Referring now to FIG. 2 of the drawings, a description will now be set
      forth of the nature of the construction of the housing 24 illustrated
      therein. The housing 24 is in the nature of a suitably dimensioned recess
      which is provided in the dashboard 22 so as to be readily accessible to
      the driver of the motor vehicle when seated behind the steering wheel 20
      of the vehicle. The housing 24 in accord with the illustrated embodiment
      thereof embodies a generally rectangular configuration. More specifically,
      the housing 24 is defined by a top wall (not shown), a bottom wall 28, a
      pair of suitably spaced sidewalls 30 and 32, a closed end wall 34, and an
      open front wall. It is, of course, to be understood that the depth of the
      housing 24 defined as the distance measured between the open front wall of
      the housing 24 and the closed end wall 34 thereof, the width of the
      housing 24 defined as the distance measured between the sidewalls 30 and
      32, and the height of the housing 24 defined as the distance measured as
      the distance between the top wall (not shown) and the bottom wall 28 of
      the housing 24 are all suitably selected so as to conform to the external
      dimensions of the transmitter 26. With reference further to the nature of
      the construction of the housing 24, the latter has a pair of male plugs 36
      suitably mounted on the rear end wall 34 thereof in suitably spaced
      relation relative to each other. The male plugs 36 which are operable as a
      terminal means are suitably located on the end wall 34 so as to be
      engageable with cooperable terminal means carried by the transmitter 26
      when the latter is inserted into the housing 24, as will be described more
      fully hereinafter. The male plugs 36 may be secured in position on the end
      wall 34 so as to project outwardly therefrom into the interior of the
      housing 24 through the use of any suitable conventional form of fastening
      means. Insofar as concerns the nature of the construction of the male
      plugs 36, the latter each preferably embodies structure of a conventional
      nature which is well-known to those skilled in the art and which is
      commonly found employed in a variety of different types of electrical
      devices wherein it is desired to establish electrical contact between a
      pair of elements to create an electrical circuit therebetween. As shown in
      FIG. 4 of the drawings, each of the male plugs 36 has connected thereto
      one end of a length of electrical wire 38 which in turn is connected to
      the electrical system of the motor vehicle. The wires 38 thus operatively
      connect the male plugs 36 in electrical circuit relation with the
      electrical power supply of the vehicle.
PAR  Continuing with the description of the housing 24, one of the sidewalls
      thereof, i.e., sidewall 30, as best understood with reference to FIG. 2 of
      the drawings has supported thereon a camming means, generally designated
      by reference numeral 40. The camming means 40 consists of an elongated
      generally rectangular member 44 suitably secured in fixed relation on the
      inner surface of the sidewall 30 so as to be positioned thereon whereby
      one end of the member 44 abuts against the end wall 34 and the other end,
      i.e., the end 42, of the member is spaced inwardly of the open front of
      the housing 24. The end 42 of the member 44 is preferably inclined whereby
      to provide a camming surface located in the path of movement of a portion
      of the transmitter 26 when the latter is inserted into the housing 24 for
      a purpose to which further reference will be had subsequently. The member
      44 also functions as a support for a contact strip 46, the latter being
      formed from a suitable metallic material capable of functioning as a
      conductor. As depicted in FIG. 2 of the drawings, the contact strip 46 is
      mounted, through the use of any conventionally known mounting means, on
      the member 44 so as to be positioned intermediate the ends of the latter
      and so as to project into the interior of the housing 24 for a purpose yet
      to be described. As best understood with reference to FIG. 4 of the
      drawings, the contact strip 46 is suitably connected to one end of an
      electrical conductor, i.e., wire 47 which in turn is connected in
      electrical circuit relation with an antenna means (not shown) with which
      the motor vehicle embodying the interior 10 is provided.
PAR  Referring next particularly to FIGS. 3, 5 and 6 of the drawings, a
      description will be set forth of the nature of the construction of the
      transmitter 26. Insofar as concerns the internal components housed within
      the transmitter 26, the latter is similar to the garage door radio control
      transmitters presently being commercially marketed by several
      manufacturers. More specifically, the transmitter 26 embodies the same
      electrical circuitry (not shown) which is utilized in the aforereferenced
      known transmitters being marketed for purposes of producing a signal
      capable of being transmitted to a suitable receiver operatively connected
      to a movable member to cause some form of control function affecting the
      movement of the member to be initiated, upon receipt by the receiver of
      signals from the transmitter. Inasmuch as the aforereferenced electrical
      circuitry is of conventional construction well-known to those skilled in
      the art and is only indirectly related to the subject matter of the
      present invention, it has not been deemed necessary to describe in detail
      herein or to illustrate in the drawings this electrical circuitry for one
      to obtain an understanding of the present invention.
PAR  Continuing with a description of the transmitter 26, the latter in accord
      with the illustrated embodiment thereof is generally rectangular in
      configuration. Moreover, the external dimensions of the transmitter 26 are
      selected to be such that they are slightly less than the internal
      dimensions of the housing 24 whereby the transmitter 26 is insertable into
      the latter with a sliding fit. The rear wall of the transmitter 26 is
      provided with a pair of suitably dimensioned receptacles 48 which are
      operable as a terminal means for the transmitter 26. Insofar as concerns
      the specific nature of the construction of the receptacles 48, the latter
      are each preferably constructed in accordance with conventional practice
      which is well-known to those skilled in the art. Such receptacles 48 are
      commonly found employed in a variety of different types of electrical
      devices wherein it is desired to establish electrical contact between a
      pair of elements to create an electrical circuit therebetween. The
      internal diameter of each of the receptacles 48 is suitably selected so as
      to conform to the external diameter of the male plugs 36 whereby the
      latter are receivable in the receptacles 48 with a sufficiently tight fit
      to ensure the establishment of good electrical contact between the
      external surface of each of the male plugs 36 and the internal surface of
      a corresponding one of the receptacles 48. Further reference will be had
      hereinafter to the male plugs 36 and the receptacles 48 in conjunction
      with a description of the mode of operation of the garage door radio
      control transmitter assembly constructed in accord with the present
      invention.
PAR  As best understood with reference to FIGS. 3 and 5 of the drawings, one of
      the sidewalls of the transmitter 26 is preferably provided with a suitably
      dimensioned slot 50. Insofar as concerns the dimensions of the slot 50,
      the configuration of the latter slot 50 is selected so as to permit the
      member 44 to be slid therewithin. Consequently, the height of the slot 50
      conforms to the thickness of the member 44 with the former being slightly
      greater than the latter, and the depth of the slot 50 is selected to be
      slightly greater than the width of the member 44. Within the slot 50 there
      is located a disconnect switch means 52 and a contact member 53, as best
      seen with reference to FIG. 3 of the drawings. The disconnect switch means
      52 is connected in electrical circuit relation with the signal producing
      electrical circuitry housed within the transmitter 26 which in turn is
      connected to the terminal means of the latter, i.e., the receptacles 48
      which when the transmitter 26 is received in the housing 24 cooperate with
      the male plugs 36 to connect the circuitry of the transmitter 26 with the
      electrical power supply of the motor vehicle. The disconnect switch means
      52 is operable to disconnect the electrical circuitry of the transmitter
      26, from the batteries housed within the latter which provide the
      transmitter 26 with a self-contained internal power supply, for purposes
      of connecting the electrical circuitry of the transmitter 26 to an
      external electrical power supply, i.e., in circuit relation with the
      electrical system of the motor vehicle through the engagement of the
      terminal means of the transmitter 26 with the terminal means of the
      housing 24. The manner in which the actuation of the disconnect switch
      means 52 is accomplished is best understood with reference to FIGS. 4 and
      6 of the drawings. As shown in FIG. 6 of the drawings, the disconnect
      switch means 52 includes a member operable as a switch which is pivotably
      mounted in the transmitter 26 about a pivot pin 54 whereby the
      aforereferenced member is pivotable between a first position depicted in
      solid lines in FIG. 6 wherein the member projects into the slot 50 and a
      second position depicted in broken lines in the same figure wherein the
      member is located within the body of the transmitter 26, i.e., out of the
      slot 50. In accord with conventional practice, the switch member of the
      disconnect switch means 52 is preferably resiliently biased so as to
      normally occupy the aforedescribed first position thereof. As best
      understood with reference to FIG. 4 of the drawings, as the transmitter 26
      is inserted into the housing 24, the switch member of the disconnect
      switch means 52 is engaged by the inclined surface 42 of the member 46 and
      rides therealong so as to be automatically pivoted from the first position
      thereof to the second position thereof whereby by the time the male plugs
      36 are received in the receptacles 48, the disconnect switch 52 has
      operated to disconnect the signal producing electrical circuitry of the
      transmitter 26 from the internal power supply thereof, i.e., the batteries
      housed therewithin.
PAR  Returning now to the contact member 53, the latter is connected in
      electrical circuit relation with the signal producing electrical circuitry
      of the transmitter 26 whereby to receive the output therefrom. The control
      member 53 in accord with the illustrated embodiment thereof is as depicted
      in FIG. 3 of the drawings, preferably mounted within the slot 50 so as to
      be substantially flush with the surface forming the bottom wall of the
      slot 50. Moreover, the contact member 53 is suitably located intermediate
      the ends of the slot 50 so as to be engageable with the contact strip 46
      supported on the member 44 when the transmitter 26 is fully inserted into
      the housing 24. Although not shown in the drawings in the interest of
      maintaining clarity of illustration therein, the contact strip 46
      preferably is in the nature of a spring member which is resiliently biased
      outwardly of the member 44 whereby when the transmitter 26 is fully
      inserted into the housing 24, the contact strip 46 is inherently biased
      against the contact member 53 so as to ensure the establishment of good
      contact therebetween.
PAR  To complete the description of the nature of the construction of the
      transmitter 26, the latter is provided with switch meanss 56 supported in
      the front wall thereof. The switch means 56 can take the form of any
      conventional type of switch, however, in accord with the illustrated
      embodiment thereof the switch means 56 is preferably of the push type.
      More specifically, the switch means 56 embodies a construction which is
      well-known to those skilled in the art wherein the switch portion of the
      switch means 56 is movable between an undepressed position which
      corresponds to a first circuit condition and a depressed position which
      corresponds to a second circuit condition, and wherein the switch portion
      of the switch means 56 is resiliently biased to its undepressed position
      which corresponds to the normal position thereof. The switch means 56 is
      suitably connected in electrical circuit relation in a manner well-known
      to those skilled in the art to the electrical circuitry housed within the
      transmitter 26. The switch means 56 is operable as an ON-OFF switch for
      the transmitter 26 wherein when actuated the switch means 56 causes a
      signal to be produced and transmitted from the transmitter 26. It is this
      signal which is received by a cooperating receiver and which operates as a
      control signal to cause the initiation of the performance of some type of
      function by mechanism which is cooperatively associated with the
      aforementioned receiver. As shown in FIGS. 3 and 4 of the drawings, the
      transmitter 26 is preferably provided with a flange portion 58 which
      performs a dual function, namely that of a protective housing for the
      switch member of the switch means 56 and as a stop means operable to limit
      the extent to which the transmitter 26 is inserted into the housing 24 by
      virtue of the interengagement of the under surface 58a of the flange
      portion 58 with the flanges 30a and 32a of the sidewalls 30 and 32,
      respectively, of the housing 24.
PAR  There will now be set forth a description of the manner in which the garage
      door radio control transmitter assembly constructed in accord with the
      present invention may be employed. For purposes of this description, one
      exemplary use which can be made thereof will be utilized by way of
      illustration. Assume that one wishes to use his motor vehicle which is
      presently located within the garage, that the latter is provided with
      means controllable by a signal transmitted from a garage door radio
      control transmitter to control the opening and closing of the door of the
      garage, and that the door of the garage is closed. Moreover, assume that
      the individual has in his possession the transmitter 26 of the garage door
      radio control transmitter assembly of the present invention. As the
      individual approaches the garage to enter his motor vehicle, by actuating
      the switch means 56 of the transmitter 26 he can cause the latter
      operating from its own power supply, i.e., its own battery, to produce and
      transmit a signal which will be received by the receiver with which the
      garage door is equipped. Upon being received, the signal is effective to
      cause the garage door which had been closed to open. With the garage door
      now open, the individual can proceed into the garage and enter the motor
      vehicle. Once in the motor vehicle, the individual inserts the transmitter
      26 into the housing 24 formed for this purpose in the dashboard 22. This
      is in contradistinction to the practice formerly employed with
      transmitters constructed in accordance with the prior art which were
      commonly placed either on the top of the dashboard of the motor vehicle or
      the seat thereof, i.e., in a position wherein the transmitter was
      susceptible to being accidentally damaged, misplaced or lost. As the
      transmitter 26 is inserted into the housing 24, the camming means 40 of
      the latter functions to cause the disconnect switch means 52 to move to
      its disconnnect position. This in turn causes the signal producing
      circuitry housed within the transmitter 26 to be disconnected from the
      internal power supply, i.e., the batteries, of the latter and connected in
      circuit relation, through insertion of the male plugs 36 in the
      receptacles, i.e., jacks, 48, with the electrical system and more
      particularly with the power supply of the motor vehicle. The individual
      can then buckle his seat belts, start the engine of the motor vehicle, and
      drive the latter from the garage. Once the motor vehicle has been removed
      from the garage, the individual can then stop the motion of the motor
      vehicle but with the engine thereof still running and his seat belts still
      buckled, reach over to the transmitter 26 and actuate the switch means 56
      thereof by depressing the switch member of the latter, which is exposed
      when the transmitter 26 is received in the housing 24. Actuating the
      switch means 56 in the aforedescribed manner causes another signal to be
      produced and transmitted from the transmitter 26. This latter signal is
      received by the aforereferenced receiver and is operable to cause the
      garage door to close. The driver can then put the motor vehicle in gear
      and proceed to drive away without either having had to leave the garage
      door open or to leave the motor vehicle to manually close the garage door.
      There are two further things which should be noted at this point with
      reference to the employment of the garage door radio control transmitter
      assembly of the present invention. First it has been found that the body
      of the motor vehicle often has a shielding effect upon a signal being
      transmitted from a transmitter located within the interior of the motor
      vehicle to a receiver positioned externally of the motor vehicle.
      Consequently, in accord with the preferred embodiment of the garage door
      radio control transmitter assembly of the present invention, the
      transmitter 26 of the latter is provided with the contact member 53 which
      when the transmitter 26 is fully inserted into the housing 24 makes
      contact with the contact strip 46 which in turn is connected in circuit
      relation with the antenna means of the motor vehicle. Accordingly, when
      the transmitter 26 is actuated to cause a signal to be transmitted
      therefrom this signal is transmitted through the contact member 53 and the
      contact strip 46 to the antenna means of the motor vehicle from which the
      signal is then transmitted to a cooperating receiver. As a result, the
      shielding effect produced by the body of the motor vehicle is
      significantly minimized, if not completely obviated. A second desirable
      feature of the garage door radio control transmitter assembly constructed
      in accord with the present invention is that the latter need not be
      operated solely from its own internal power supply. More specifically,
      with the transmitter 26 housed in the housing 24, the transmitter 26 is
      powered from the power supply of the motor vehicle. In addition, the power
      supply of the motor vehicle can be utilized to recharge the batteries of
      the transmitter 26 when the transmitter 26 is positioned in the housing 24
      thereby ensuring that the transmitter 26 is always ready for use.
PAR  Although only one embodiment of a garage door radio control transmitter
      assembly constructed in accordance with the present invention has been
      shown in the drawings and described hereinabove, it is to be understood
      that modifications in the construction thereof may be made thereto by
      those skilled in the art without departing from the essence of the
      invention. In this connection, some of the modifications which can be made
      in the subject garage door radio control transmitter assembly have been
      alluded to hereinabove while others will become readily apparent to those
      skilled in the art when exposed to the present description and
      illustration of the construction of the garage door radio control
      transmitter assembly. For example, although the housing 24 has been
      described hereinabove and illustrated in the drawings as being provided in
      the dashboard 22, it is to be understood that the housing 24 could also,
      without departing from the essence of the invention, be formed in some
      other portion of the interior of a motor vehicle such as, for example, in
      the lower vertical surface of the seat wherein the housing 24 and more
      particularly the transmitter 26 received therein would still remain
      readily accessible to the driver of the motor vehicle when positioned
      behind the steering wheel thereof. Also, rather than providing the
      transmitter 26 with the disconnect switch means 52 and the housing 24 with
      the camming means 40 as the means operable for disconnecting the
      electrical circuitry of the transmitter 26 from an internal power supply
      and connecting it to an external power supply, the receptacles 48 could be
      replaced by another form of jacks presently being commercially marketed
      which is capable of automatically performing the aforedescribed disconnect
      function in response to the receipt therein of the male plugs 36, without
      departing from the essence of the invention. Obviously, the housing 24 and
      the transmitter 26 need not be limited to the particular configuration
      thereof depicted in the drawings. In this regard, it is only necessary
      that the external configuration of the transmitter 26 conform to the
      internal configuration of the housing 24 to permit the former to be
      inserted into the latter. Also, if so desired, the transmitter 26 may be
      provided with some type of switch means other than the switch means 56
      operable for actuating the transmitter 26 to cause a signal to be
      transmitted therefrom. In addition, there may be some applications wherein
      the shielding effect of the body of the motor vehicle is not a significant
      factor and as a result one may, if so desired, without departing from the
      essence of the invention omit from the garage door radio control
      transmitter assembly the contact member 53 in the transmitter 26 and the
      contact strip 46 in the housing 24.
PAR  Thus, it can be seen that the present invention provides a novel and
      improved garage door radio control transmitter assembly which is
      particularly suited for use as a mounting, i.e., stowing, means for
      supporting a garage door radio control transmitter assembly within a motor
      vehicle. Moreover, in accord with the present invention a garage door
      radio control transmitter assembly has been provided consisting of a
      garage door radio control transmitter and a housing provided therefor in
      the dashboard of the vehicle. The garage door radio control transmitter
      assembly of the present invention embodies a construction wherein the
      transmitter thereof is operable either when positioned in the housing or
      when removed therefrom. Furthermore, a garage door radio control
      transmitter assembly has been provided in accord with the present
      invention wherein the batteries of the transmitter are rechargeable when
      the latter is positioned in the housing provided therefor in the
      daashboard of the vehicle. Also, in accord with the present invention a
      garage door radio control transmitter assembly has been provided wherein
      the transmitter thereof is compatible with the receivers which are
      presently being employed for the purpose of accomplishing radio control
      operation of garage doors. Finally, the garage door radio control
      transmitter assembly of the present invention is relatively inexpensive to
      manufacture, is easy to employ and is capable of providing long and
      trouble-free operation.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. A garage door radio control transmitter assembly for use with a motor
      vehicle having an instrument panel comprising:
PA1  a. a garage door radio control transmitter having a first operating
      condition and a second operating condition, said transmitter embodying
      electrical cirrcuitry operable when said transmitter is in said first
      operating condition to produce and transmit a signal receivable by a
      cooperating receiver located in spaced relation to said transmitter, said
      transmitter being operable to be powered selectively from an internal
      electrical power supply and an external electrical power supply;
PA1  b. switch means connected in electrical circuit relation with the
      electrical circuitry of said transmitter and mounted on said transmitter
      so as to be externally accessible, said switch means having an actuated
      position and an unactuated position, said switch means being operable when
      in said actuated position thereof to effect the establishment of said
      first operating condition of said transmitter and being operable when in
      said unactuated position thereof to effect the establishment of said
      second operating condition of said transmitter;
PA1  c. disconnect means connected in electrical circuit relation with the
      electrical circuitry of said transmitter and mounted on said transmitter
      so as to be externally accessible, said disconnect means having an
      unactuated position and an actuated position, said disconnect means being
      operable when in said unactuated position thereof to permit said
      transmitter to derive electrical power from the internal electrical power
      supply and being operable when in said actuated position thereof to
      disconnect the electrical circuitry of said transmitter from the internal
      electrical power supply;
PA1  d. first terminal means connected in electrical circuit relation with the
      electrical circuitry of said transmitter and mounted on said transmitteer
      so as to be externally accessible, said first terminal means being
      operable for establishing an electrical connection between the electrical
      circuitry of said transmitter and the external electrical power supply;
PA1  e. a housing formed on the instrument panel of the motor vehicle, said
      housing comprising a multiplicity of wall members interconnected together
      to form a receptacle having one open wall, said housing having internal
      dimensions greater than the external dimensions of said transmitter and
      having an internal configuration conforming to the external configuration
      of said transmitter to permit said transmitter to be inserted into said
      housing through said open wall;
PA1  f. second terminal means mounted on one of said multiplicity of wall
      members of said housing in the path of movement of said first terminal
      means of said transmitter and connectible to said first terminal means of
      said transmitter when said transmitter is inserted into said housing to
      effect an electrical circuit connection between said first and second
      terminal means;
PA1  g. conductor means having one end thereof connected in electrical circuit
      relation with said second terminal means and the other end thereof
      connected in electrical circuit relation in the electrical system of the
      motor vehicle, said conductor means being operable for connecting the
      electrical circuitry of said transmitter in electrical circuit relation
      with the external electrical power supply consisting of the electrical
      system of the motor vehicle through the interconnection of said first and
      second terminal means when said transmitter is inserted into said housing;
      and
PA1  h. actuator means supported on one of said multiplicity of wall members of
      said housing in the path of movement of said disconnect means on said
      transmitter for engagement therewith when said transmitter is inserted
      into the housing, said actuator means being operable to automatically
      cause said disconnect means through the engagement therewith to occupy
      said actuated position thereof and thereby automatically effect a
      disconnection of the electrical circuitry of said transmitter from the
      internal electrical power supply as said transmitter is being inserted
      into said housing.
NUM  2.
PAR  2. The garage door radio control transmitter assembly as set forth in claim
      1 wherein said housing includes an open front end wall, a closed rear end
      wall, a top wall, a bottom wall and a pair of side walls with said pair of
      side walls being formed integrally with said closed rear end wall and said
      top and bottom walls.
NUM  3.
PAR  3. The garage door radio control transmitter assembly as set forth in claim
      2 wherein said second terminal means includes a pair of male plugs mounted
      on said closed rear end wall of said housing so as to project into the
      interior of said housing.
NUM  4.
PAR  4. The garage door radio control transmitter assembly as set forth in claim
      3 wherein said first terminal means comprises a pair of receptacles formed
      in one side of said transmitter operable for receiving therewithin said
      pair of male plugs.
NUM  5.
PAR  5. The garage door radio control transmitter assembly as set forth in claim
      2 wherein said transmitter has a slot formed in a side thereof extending
      longitudinally therein and having a length less than the length of said
      side, and said disconnect means being supported on said transmitter in
      juxtaposed relation to said slot for movement between said unactuated
      position wherein said disconnect means extends into said slot and said
      actuated position wherein said disconnect means is removed from said slot.
NUM  6.
PAR  6. The garage door radio control transmitter assembly as set forth in claim
      5 wherein said actuator means comprises camming means mounted on one of
      said pair of side walls of said housing so as to project into the interior
      thereof.
NUM  7.
PAR  7. The garage door radio control transmitter assembly as set forth in claim
      5 wherein said transmitter further includes a contact member supported in
      said slot in spaced relation to said disconnect means operatively
      connected to the electrical circuitry housed within said transmitter for
      receiving the output therefrom.
NUM  8.
PAR  8. The garage door radio control transmitter assembly as set forth in claim
      7 wherein said housing further includes antenna contact means operatively
      connected to the antenna of the motor vehicle supported on one of said
      pair of side walls of said housing for engagement with said contact member
      when said transmitter is received in said housing.
NUM  9.
PAR  9. The garage door radio control transmitter assembly as set forth in claim
      2 wherein each of said pair of side walls of said housing terminates at
      the end thereof adjoining said open front end wall in an outwardly
      extending flange.
NUM  10.
PAR  10. The garage door radio control transmitter assembly as set forth in
      claim 9 wherein said switch means is mounted on the front face of said
      transmitter, the flange means are provided on said front face of said
      transmitter operable to provide protection for said switch means, said
      flange means cooperating with said longitudinally extending flanges of
      said housing to provide a stop means, said stop means operating through
      the engagement of said flange means with said longitudinally extending
      flanges of said housing when said transmitter is inserted into said
      housing to limit the extent to which said transmitter projects into said
      housing.
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PAL  An inductive, internally fed, ferrite-loaded antenna mounted at the
       geomecal center of a helicopter. The antenna is capable of transmitting
      in the 2-30 MHZ range with particularly good characteristics between
      2.0-3.5 MHZ and employs the air frame as a radiating element. The
      radiation pattern is circular and extends for a radius greater than 200
      mi. at an altitude of 300 feet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to helicopter antennas and specifically to
      helicopter antennas which operate in the HF range. Since a relatively high
      level field intensity can be generated by employing the air frame as the
      main radiator of an antenna system, it is advantageous to devise means for
      obtaining an optimum coupling between the transmitter and the air frame.
      Efforts have been made to take advantage of the interaction, however
      impedance matching, and overall radiation efficiency have prohibited any
      significant advances in the art.
PAR  There are two basic types of HF antennas known to the prior art. The first
      type radiates independently of the air frame and includes devices such as
      simple wire antennas. The second type of antenna utilizes a section of
      surface of the air frame as a main radiator and includes isolated cap
      antennas. Although the first type are easy to install they exhibit low
      efficiency and require the use of complicated inductive couplers, and the
      second type usually requires an air frame modification. To say the least,
      most HF helicopter antennas and their associated couplers of the prior art
      have been unsatisfactory.
PAR  Considering the drawbacks of the prior art we have developed a ferrite
      loaded antenna which utilizes the helicopter air frame surface as a
      radiator, does not require modifications of the air frame, does not
      interfere with the flight controls, and has the ability to radiate
      throughout a 240 mile radius at an altitude of 300 feet above the surface
      of the earth.
PAC  SUMMARY
PAR  A helicopter antenna system which utilizes an axial metallic cylindrical
      rod is surrounded by ferrite wafers which have low bulk loss and high core
      values. The ferrite wafers, usually in the form of a toroid having a slot,
      are in direct internal contact with a metallic rod so as to decrease the
      deleterious hysteresis effects. The overall structure is encased in
      fiberglass and mounted a distance D from the helicopter; at the
      helicopter's geometric center. The vertically polarized antenna is end-fed
      to provide an unbalanced feeding scheme, and is of an inductive nature.
      When the antenna is properly spaced from the aircraft, the entire air
      frame and antenna are capable of radiating in a circular pattern.
PAR  The frequency of operation is between 2-30 MHZ with the most optimum
      performance between 2-3.5 MHZ.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a helicopter antenna
      which utilizes a ferrite load and does not require any substantial
      modifications to the air frame.
PAR  A further object of this invention is to provide an antenna system wherein
      the air frame radiates so as to produce a circular pattern having a radius
      of at least 200 miles at an altitude of 300 feet.
PAR  Another object of the invention is to provide a helicopter HF antenna
      system giving good field between 2 MHZ and 30 MHZ.
DRWD
PAR  Other objects of the invention will become readily apparent to those
      skilled in the art by referring to the following detailed description in
      connection with the accompanying drawings wherein:
PAC  DRAWINGS
PAR  FIG. 1 depicts a typical helicopter with the antenna located at the
      geometric center;
PAR  FIG. 2 is a block diagram representative of the antenna system;
PAR  FIG. 3 is a schematic of the capacitive coupler;
PAR  FIG. 4 is a perspective view of the ferrite loaded antenna mounted on the
      side of a helicopter;
PAR  FIG. 5 is a showing of the ferrite wafer;
PAR  FIG. 6 is a perspective view of the ferrite loaded antenna system
      specifically depicting the stacked wafers; and
PAR  FIG. 7 is a graph of signal strength vs. frequency for this antenna system
      as compared to a conventional wire antenna.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, a typical helicopter 10 is shown. Located at the
      geometric center of the air craft is the novel antenna 12. Although the
      antenna is shown to be mounted on the port side of the air frame it could
      also be mounted on the starboard side of the aircraft.
PAR  Essentially this antenna system has inductive properties as shown in FIG.
      2. Transmitter (or receiver) 14 drives antenna coupler 16 by way of line
      15. Since this antenna system 18 is inductive, it follows that coupler 16
      must be of a capacitive nature to minimize the reactive nature of the
      system and permit an impedance match for maximum power transfer. As shown
      in FIG. 2, antenna system 18 includes antenna 12, which by analogy to a
      transformer drives the helicopter air frame 10. Although the air frame 10
      appears to be disjointed from the system, it in fact is responsible for
      omnidirectional radiation of the entire system. It should be noted that
      the spacing between the air frame 10 and the antenna 12 is labeled as D
      and is typically 11" for optimum performance within the recited frequency.
PAR  FIG. 3 is a schematic of the antenna coupler 16. The coupler is formed from
      two variable capacitors 24 and 25 and is constructed in L sections. The
      purpose of the coupler 16 is to tune out the reactance from the antenna
      system 18 so that maximum power transfer takes place beween transmitter 14
      and antenna system 18. Referring to FIG. 4, detailed diagram of the
      antenna system is shown and includes antenna 12 and air frame 10. The
      antenna is fed by forty thousand volt feed wire 30 from a transmitter
      located within the fuselage of the aircraft near the antenna feedthrough
      insulator 31. The antenna 12, separated from aircraft 10 by a distance D,
      is fastened by V brackets 33 to the helicopter. The vertically aligned rod
      portion 32, which accepts the power from the feed wire 30, comprises an
      axially disposed wire (usually brass) surrounded by stacked ferrite wafers
      similar to that shown in FIG. 5 and is encased in fiberglass. The length
      of rod 32 is approximately 5 feet when operating in the 2-30 MHZ range.
      The antenna system utilizes a balance wire 36 which is connected to the
      rod 32 by way of T section 42. The balance wire 36 is held in place by
      terminations 40, spring 38, and V brackets 33. The T connection divides
      the length of the balance wire approximately in half such that each half
      is about 5 feet long. The balance wire is used to further match the
      impedance of the antenna with the air frame.
PAR  FIG. 5 shows wafer 44 having center hole 46 and slot 48. The diamter of the
      wafer is approximately 1 inch while the thickness is about 1/8 of an inch.
      The center hole 46 is for the brass rod and the slot 48 serves two
      purposes. One function of the slot 48 is to reduce the eddy currents in
      the ferrite material so as to help reduce the heat generated in the
      antenna during transmit operation. In order to prevent magnetic shunting
      of the slots, the stacked wafers should be kept in alignment.
PAR  Referring to FIG. 6, a number of stacked wafers 44 are held in alignment by
      an insulative member 50 having a rectangular cross-section fitted through
      slot 48. Brass wire or rod 45 extends through the multitude of center
      holes 46 and is finally connected to balance wire 36 at one end and feed
      wire 30 on the other.
PAR  Referring to FIG. 7, a graph of signal strength vs. frequency is shown for
      the instant ferrite antenna and a conventional helicopter antenna system.
      It should be noted that the graph for the ferrite antenna applies to a
      circular antenna pattern and is valid throughout a 360.degree. rotation.
      However, such may not be the case with the conventional antenna. FIG. 7
      clearly shows that the ferrite antenna outperforms the conventional wire
      antenna systems within the range 2-3.5 MHZ.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is;
NUM  1.
PAR  1. An antenna system mounted upon the side of a helicopter comprising:
PA1  means for feeding a signal to and from a transmitter and receiver;
PA1  radiating means having a ferrite loading connected to said feeding means,
      said radiating means including a vertically aligned rod encased in ferrite
      material;
PA1  said radiating means being mounted a distance D from the surface of the
      helicopter whereby the helicopter is coupled to the radiating means and a
      circular antenna radiation pattern is generated by the helicopter and the
      radiating means.
NUM  2.
PAR  2. The device as claimed in claim 1 wherein said vertically aligned rod is
      end-fed by said feeding means; and further including balance means
      connected to the other end of said rod to aid in impedance matching.
NUM  3.
PAR  3. The device as claimed in claim 1 wherein the antenna system further
      includes an antenna coupler means disposed between said radiating means
      and said receiver and transmitter to aid in impedance matching.
NUM  4.
PAR  4. The device as claimed in claim 2 wherein said radiating means having
      ferrite loading comprises: a brass rod encased in a plurality of stacked,
      torroidally shaped ferrite wafers.
NUM  5.
PAR  5. The device as claimed in claim 3 wherein said distance D is 11 inches,
      the length of said radiating means is approximately 5 feet long, said
      balance wire means is a approximately 10 inches long and the frequency of
      the transmitter and receiver operation is between 2-30 MHZ.
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PAL  A multiple beam antenna having either a main reflector or a lens is
      illuminated by a feed system comprising a number of primary radiators such
      as dipole elements. Primary radiation from each dipole element reflects
      from the principal reflector to produce a different respective one of the
      multiple secondary beams in the remote field. A disk-shaped electrically
      conductive director is located in the primary radiation path near each
      primary radiator. Each director operates both to shape the primary pattern
      of its respective primary radiator directly, and also to excite parasitic
      radiation in neighboring primary radiators so as to produce a primary
      radiation pattern whose shape approximates a sector of a circle, thereby
      producing high illumination efficiency at the main reflector. The desired
      sector shape of primary pattern is achieved despite relatively close
      lateral spacing between adjacent primary radiators of the feed system. The
      close spacing enables achievement of high beam crossover level between
      adjacent secondary beams in the remote field.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention is reflector antennas or lens antennas for
      producing multiple beams, for example simultaneous multiple beams, without
      mechanically relocating the feed elements. Conventional feed systems for
      multiple beam antennas have often used horn antennas as feed elements. The
      horn antennas are clustered near the focal point of the main reflector or
      lens, whichever is used, and each horn antenna produces a primary
      radiation pattern illuminating the main reflector from a different point.
      This results in the multiple secondary beams which radiate into the remote
      field from the antenna as a whole.
PAR  An important objective in designing multiple beam antennas often is to
      obtain a beam spacing in the remote field of approximately one-half the
      beamwidth of an individual beam, where the term beamwidth is used here to
      indicate the spacing between halfpower points of an individual beam. When
      this design objective is obtained, the crossover loss at a beam crossover
      point, which is where the radiation pattern of one beam intersects the
      radiation pattern of an adjacent beam, is preferably about three decibels.
PAR  The beamwidth of each of the multiple beams in the remote field is
      determined primarily by the size of the main reflector expressed in
      wavelengths of the radiation. Consequently, for a fixed size of main
      reflector, the widths of individual beams in the remote field are fixed,
      and the beam crossover loss is determined almost entirely by the angular
      spacing between adjacent beams in the far field. This angular spacing
      between adjacent beams is in turn determined principally by the mechanical
      spacing between phase centers of the individual feed elements.
PAR  A troublesome problem of the prior art in producing a feed system for a
      multiple beam antenna is the difficulty of bringing the phase centers of
      the bulky individual feed elements close enough together while still
      maintaining efficient primary illumination patterns for the main reflector
      or lens.
PAR  A very desirable primary radiation pattern for illuminating a reflector or
      lens is a radiation pattern shaped like a piece of pie, that is, one which
      is a sector of a circular disk. This idealized shape of pattern has
      uniform radiation intensity throughout an angular sector, and zero
      intensity outside of that angular sector, which implies straight steep
      sides defining the edges of the pattern. In three dimensions the pattern
      has conical sides.
PAR  When horn antennas are used as the primary feeds in a multiple beam
      antenna, it is found that if the horns are made small enough to be mounted
      close enough together to obtain a close angular secondary beam spacing in
      the remote field, the primary radiation patterns from the individual horn
      elements are too broad to provide efficient illumination of the main
      reflector. This results in degraded over-all antenna efficiency. Either a
      significant amount of energy from the horns passes around the edge of the
      main reflector, or else, when the reflector is made large enough to
      intercept most of the primary energy from the feed horn, the main
      reflector is excessively large and expensive and/or the beamwidth in the
      remote field is so narrow that adjacent beams cross over at a point whose
      power level on either beam is weaker than the desired 3 dB crossover
      level. Alternatively, when the individual horn elements are each made
      large enough to provide good illumination of the main reflector, the horns
      must be spaced so far apart because of their size that their phase center
      spacing is too large to obtain close secondary beam angular spacing, with
      its attendant low crossover loss.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an antenna system utilizing either a main
      reflector or a main lens illustrated by a cluster of primary feed elements
      that are spaced closely enough together to provide low beam crossover loss
      of the remote field beams, but in which the feed elements nevertheless
      also provide primary radiation patterns which approximate the optimum
      sector shape to an unusually high degree and therefore, provide high
      illumination efficiency.
PAR  In the antenna of this patent, feed elements or primary radiators are
      employed whose lateral dimensions are small. The elements are preferably
      either dipoles or open ended waveguides, although other types of feed
      elements are also usable. The feed elements are disposed closely enough
      together to produce the low beam crossover loss that is desired. The
      radiation patterns with which these primary radiator elements illuminate
      the main reflector or lens are shaped to have a relatively blunt nose and
      relatively steep sides, the shaping being accomplished by mounting an
      electrically conductive disk in front of each of the primary radiator
      elements and less than a wavelength away from the primary radiator
      elements. Thus, the disk is less than a wavelength away from the dipole or
      the open end of a waveguide. The shaping of the primary radiation patterns
      to have a sector shape for efficient aperture illumination by each feed
      element is obtained by a combination of two effects. First, each of the
      conductive disks serves as a director which tends to shape the basic
      dipole or waveguide element pattern. Second, other feed elements
      surrounding the driven feed element are excited parasitically, and they
      reradiate energy which combines with energy radiated from the directly
      excited element to shape the element radiation pattern further. The
      parasitic excitation is achieved in neighboring elements with appropriate
      phase and amplitude by transferring eneregy through electric and magnetic
      fields from the disk director and primary radiator of the feed element
      under discussion to the disk directors and primary radiators of the
      surrounding feed elements. The open end of a waveguide, although partaking
      somewhat of the characteristics of a horn antenna element, can be much
      smaller than the horn antenna elements that are ordinarily used to feed
      multiple beam antennas, and therefore the feed elements can be spaced
      closer together without incurring physical interference between adjacent
      feed elements.
PAR  Disk directors have been used in front of horn antennas in the prior art.
      But in the present antenna, open-ended waveguides are employed instead of
      horns, and they are clustered in a group for use as a feed for a main
      reflector or lens, and the shape of the radiation pattern is controlled to
      be shaped like an angular sector of a circular disk to a great extent, by
      proportioning the disk directors to create appropriate parasitic radiation
      in surrounding antenna elements of the feed cluster.
PAR  Accordingly, one object of the present invention is to provide a multiple
      beam antenna having a main reflector or lens for redirecting feed
      radiation into a plurality of remote field beams, and including a
      multiple-element feed system in which the feed elements are spaced apart
      less than 1.1 wavelength, and in which a disk-shaped electrically
      conductive director is located immediately in front of each feed element
      for transversely coupling electromagnetic energy fields among the feed
      elements for parasitic excitation, whereby both a high beam crossover
      level and a high aperture efficiency are simultaneously achievable.
PAR  Another object of the present invention is to provide an antenna for
      producing multiple beams in the remote field which has both low loss due
      to beam crossover and high aperture illumination efficiency from its feed
      system.
PAR  A further object is to provide a multiple beam antenna having high aperture
      efficiency because of desirable primary feed radiation patterns and in
      which, nevertheless, adjacent secondary beams can be angularly spaced
      closely together in the far field so as to achieve low beam crossover
      loss.
PAR  Still another object is to provide an antenna as above and in which the
      feed radiators are dipole antennas having disk-shaped directors.
PAR  Another object is to provide an antenna as above and in which the feed
      elements are open ended waveguides having a conductive disk director
      mounted in front of each waveguide.
PAR  A still further object of the present invention is to provide an antenna as
      above and in which primary feed patterns which approximate the shape of a
      sector of a circle are produced by the effects of disk-shaped director
      elements that affect the direct radiation from the feed element with which
      they are associated and which also produce, by mutual coupling, parasitic
      radiation from neighboring feed elements of the feed cluster.
DRWD
PAC  LIST OF FIGURES
PAR  Other objects and features of the invention will become apparent upon
      consideration of the accompanying description and figures, in which:
PAR  FIG. 1A is a side view of a preferred embodiment of the multiple beam
      antenna,
PAR  FIG. 1B is a front view of the offset-fed paraboloidal antenna of FIG. 1A,
PAR  FIG. 2 shows electric field strength radiation patterns, in the remote
      field, of three overlapping secondary beams produced by the entire
      antenna, with the angular beamwidths and spacings between beams greatly
      exaggerated,
PAR  FIG. 3A is a side view of a dipole feed system for the antenna,
PAR  FIG. 3B is a front view of the feed system of FIG. 3A,
PAR  FIG. 3C is a front view of a crossed-dipole feed system for the antenna,
PAR  FIG. 4 shows primary radiation patterns produced by directly exciting one
      feed element while it is arrayed with other feed elements that are only
      parasitically excited,
PAR  FIG. 5A is a side view of an open-ended waveguide feed system for the
      antenna,
PAR  FIG. 5B is a front view of the feed system of FIG. 5A,
PAR  FIG. 6A is a cross section of a lens embodiment of the invention, and
PAR  FIG. 6B is a front view of the lens embodiment of FIG. 6A.
DETD
PAC  DESCRIPTION
PAR  A preferred embodiment of the invention is an antenna for producing
      multiple beams in the remote field by utilizing a main paraboloidal
      reflector which is fed from an offset focus position by a cluster of
      individual feed elements, each of which produces a primary radiation
      pattern that results in one of the secondary beams of the remote field. A
      side view of the entire antenna, which is generally indicated by reference
      numeral 10, is shown in FIG. 1A. It includes a paraboloidal reflector 12
      which is illuminated by a feed assembly 14 that consists of a pluality of
      individual feed elements 14a, 14b, 14c, etc.
PAR  Each feed element 14a, etc., is itself an antenna, and each feed element
      illuminates the main reflector 12 with primary feed energy in a radiation
      pattern. It is desirable for the primary feed elements to propagate energy
      more or less uniformly in all directions in which the main reflector 12
      will intercept the energy and reflect it, but not to radiate any energy in
      directions which would miss the main reflector 12. This ideal is not
      completely achievable, but should be approached as closely as possible to
      produce high aperture illumination efficiency. The feed cluster 14 is
      located near a geometrical focus of the paraboloid of reflector 12, the
      distance from the back of the paraboloid to the focus being indicated on
      FIG. 1A as 29.9 wavelengths in the interest of providing a numerical
      example. In the example, the inter-element spacing between centers of the
      feed elements 14a, 14b, etc. is 0.88 wavelength.
PAR  The feed cluster 14 is offset below the paraboloidal reflector 12, as shown
      in a front view of the antenna, FIG. 1B. A vertical projection of the
      paraboloidal reflector may be, for example, 46 wavelengths high, this
      number defining approximately the aperture size of the antenna in a
      vertical direction. The ratio of focal length to vertical aperture size is
      then approximately 0.325.
PAR  The antenna of FIGS. 1A and 1B is suitable for producing a multiplicity of
      beams in the remote field, adjacent beams being only one and one-half
      degrees apart angularly. Each beam has 1.5.degree. half-power beamwidth.
      The adjacent beams overlap each other at a point where the power level of
      each beam is 3 dB less than the power level at the nose or maximum power
      of the beam, intersecting at half-power points. The beam crossover loss is
      therefore 3 dB.
PAR  The invention is equally applicable to other types of reflector antennas
      such as center-fed paraboloidal reflectors, Cassegrainian antennas, and
      Gregorian antennas.
PAR  The remote field radiation patterns of three secondary beams from the
      multiple beam antenna are shown to a greatly exaggerated angular scale in
      FIG. 2 to illustrate the crossover loss, which is important to the purpose
      of this invention. Although the beams and their spacings are drawn
      15.degree. wide, they are intended to represent beamwidths and beam
      spacings of only 1.5.degree., and are so labeled in FIG. 2. The electric
      field intensity radiation patterns 16, 18, and 20, which correspond to the
      feed elements 14a, 14b, 14c respectively, are shown crossing each other at
      points 22 and 24, which are half-power points at which the power density
      from each beam is 3 dB less than the power density of the beam at its
      center point such as point 26. The 1.5.degree. angular spacing between the
      center points 26 and 28 and between the center points 28 and 30 is
      determined by the transverse spacing between phase centers of the feed
      elements 14a, 14b, and 14c, which is shown in FIG. 1A as being 0.88
      wavelength in the present example.
PAR  The individual feed elements 14a, 14b, etc. of the feed group are shown to
      a larger scale in FIGS. 3A, 3B, and 3C for a preferred embodiment which
      uses dipoles as the primary radiators. The arrangement of element antennas
      14a, 14b, etc. can be a circular array as in FIG. 3B, a rectangular grid
      array as in FIG. 3C, or some other configuration. Each element antenna,
      such as antenna 14a, has a half-wave dipole 32, a balun 34 for feeding the
      dipole 32, and a coaxial input line 36 for feeding the balun 34. Supported
      in front of the dipole 32 is a disk-shaped director 38 which can be
      mounted either by dielectric supports (not shown) or by metallic supports
      (not shown) extending outwardly along a centerline 39 of the balun 34. The
      dipole 32 is preferably one-quarter wavelength from a ground plane 40 over
      which all of the feed elements 14a, 14b, etc. are mounted. The disk
      director 38 is spaced less than one-half wavelength and preferably only
      one-quarter wavelength in front of a primary radiator 32.
PAR  In FIG. 3B one element antenna 14d is drawn with the director 38 removed in
      order to show the dipole 32. The disk directors 38 are preferably 0.4
      wavelength in diameter, as shown in FIG. 3B, and the individual feed
      elements are preferably spaced between 0.75 and 1.0 wavelength apart,
      (less than 1.1 wavelength).
PAR  The disk directors 38 form, in cooperation with the ground plane 40, a
      partially enclosed cavity which is excited by the dipole 32.
      Electromagnetic fields established by the dipole 32 and the disk director
      38 couple some of the energy that enters at the coaxial input of a
      particular feed element, from that feed element sideways to other feed
      elements of the feed cluster 14.
PAR  A rectangular grid arrangement of element antennas, FIG. 3C, illustrates
      one possible variation of the invention. FIG. 3C is drawn with two dipole
      antennas at each element antenna to illustrate another embodiment of the
      primary radiators that permits excitation by circular polarization. With
      the feed elements constructed and spaced as shown in FIG. 3C, the
      radiation patterns produced by only one directly excited element antenna,
      when mounted in a terminated array so as to produce parasitic radiation
      from its neighboring element antennas, is as shown in FIG. 4. This is a
      rectangular coordinate graph of the principal E plane, H plane and
      45.degree. plane patterns 44a, 44b, 44c, respectively, and illustrates the
      unusually flat nose 42 of the patterns. All of the patterns 44a, 44b, 44c
      have relatively steep sides considering the small transverse dimensions,
      about one-half wavelength, of the feed element producing the pattern.
      These patterns were measured with one element antenna directly excited and
      the other element antennas of the feed array of FIG. 3C terminated in
      their driving point impedances.
PAR  One element antenna 14d' of FIG. 3C is drawn with its diskshaped director
      removed to show the crossed dipoles 32', which are the primary radiators,
      32a and 32b. One pair of dipoles 32a is longer than the other pair 32b, so
      as to produce different reactances and hence currents of different phases
      in the two pairs, for circular polarization.
PAR  The radiation patterns of FIG. 4, with their flat noses and steep sides,
      are highly desirable patterns for illuminating the paraboloidal reflector
      12 of FIGS. 1A and 1B because, for a properly selected size of reflector,
      very little energy spills around the edges of the reflector, and strong
      relatively uniform radiation impinges upon the reflecting surface. Good
      aperture illumination efficiency is achieved. An over-all antenna
      efficiency exceeding 72 percent can be achieved with the primary radiation
      patterns of FIG. 4 illuminating the reflector 12 as in FIG. 1.
PAR  These desirable radiation patterns are produced despite what is ordinarily
      a great handicap, namely the close spacing between element antennas of the
      feed cluster. As described above, this close spacing of the feed elements
      is required in order to place the remote field beams 16, 18, 20, closely
      enough together to have approximately 3 dB crossover loss as shown in FIG.
      2. In the remote field of the multiple beam antenna, the angular
      separation between adjacent individual secondary beams is directly
      proportional to the separation between the phase centers of adjacent
      individual feed elements which provide the primary radiation. Close
      lateral spacings of the phase centers of the feed elements results in
      close angular spacing of the multiple beams in the remote field.
PAR  Although in discussing the feed system and parasitic radiation, one feed
      element at a time has been said to be excited and the feed elements
      surrounding it have been described as being parasitically excited, it
      should be clear that more than one or all of the feed elements can be
      excited simultaneously, and often are, and that the foregoing description
      of direct excitation and parasitic excitation still applies with respect
      to the energy from each of the feed elements. It is well known that the
      total radiation from the entire feed system is obtained by superposition
      of the effects due to individual feed elements, where the system is
      linear, as is usually the case.
PAR  The dipoles 32 need not be the cylindrical type as shown in the figures,
      but can instead be triangular dipoles, sleeve dipoles or other types.
      Baluns other than the slotted coaxial type shown can, of course, be
      employed.
PAR  In another embodiment of the feed array, which is shown in FIGS. 5A and 5B
      as 14', the elements are fed by open-ended ridgeloaded circular waveguides
      46. Each waveguide 46 protrudes about one-quarter wavelength through a
      feed system ground plane 45. Supported in front of the open end of each of
      the waveguides 46 is a disk director 38'. The disk director may be
      supported by a dielectric support or by a conductive structure such as a
      metallic rod, provided the conductive structure is arranged to produce
      very little interference with the electric and magnetic fields being
      transmitted from the open ends of the waveguides. An axial rod would
      suffice. In a front view, FIG. 5B, of the embodiment employing open-ended
      waveguides, one of the feed elements is drawn with its director 38'
      omitted, in order to show more clearly an end view of the waveguide 46.
PAR  The centers of the antenna feed elements of FIG. 5B are spaced apart 0.75
      to 1.0 wavelength in this embodiment, as an example. The disk diameter is
      preferably about 0.60 wavelength when the circular waveguide diameter is
      about 0.40 wavelength. The open-ended waveguides 46 radiate energy toward
      and around the disk directors 38', which serve as boundaries of loosely
      defined cavities between themselves and the ground plane. At the same
      time, energy from each of the waveguides 46 is coupled to other primary
      radiators and disk directors 38' surrounding the one with which each
      waveguide is respectively associated, so that the other feed elements
      produce parasitic reradiation of the energy which comes to them
      transversely from a neighboring feed element. The individual feed
      elements, each comprising an open waveguide 46 and a disk director 38',
      can be spaced closely enough together, because of their small transverse
      size, to achieve a 3 dB beam crossover loss in the remote field of the
      antenna as a whole. Moreover, the feed elements achieve this close beam
      spacing without sacrificing good aperture illumination efficiency, because
      the presence of the disk directors 38' in array causes the radiation
      pattern of each feed element to be relatively sector-shaped, that is,
      blunt-nosed and steep-sided.
PAR  The waveguides 46 need not be round. Square, rectangular, or other
      cross-sectional shapes of waveguides can be employed to practice the
      invention.
PAR  Where, in some circumstances, it is desirable to use a small horn as a
      primary radiator instead of merely the open end of a waveguide, the
      advantages of the present invention are still available. The smaller size
      of horn which is usable when a director disk is employed with the horn in
      proximity with other horns, permits the horns to be mounted closer
      together than in feed systems of the prior art. In both the dipole
      embodiment of FIG. 3A and the waveguide embodiment of FIG. 5A, the feed
      system ground plane can be curved instead of flat, if desired, to minimize
      scan loss in a multiple beam antenna.
PAR  Where the main radiation redirecting means is a lens instead of a
      paraboloidal reflector, the feed array 14 can be the same as those which
      were described above, but the feed array is preferably mounted on the
      principal axis of the main lens. FIGS. 6A and 6B show a lens embodiment of
      the present multiple beam antenna for producing 1.5.degree. half-power
      beamwidths with 3 dB crossover loss. A Fresnel lens 48 intercepts most of
      the energy radiated by the primary feed elements of the cluster 14, which
      are located near the focus of the lens 48. The lens 48 redirects the
      energy that it receives from each of the feed elements to collimate the
      energy and provide a plurality of secondary beams spaced 1.5.degree. apart
      in the far field, each secondary beam corresponding to one of the feed
      elements of the feed cluster 14. As was described above, efficient
      illumination of the main redirector, in this case the zoned lens 48, is
      achievable from the feed elements of the array 14 because of the directors
      38. Collectively, the directors 38 operate to produce blunt-nosed,
      steep-sided primary beams for illuminating the lens 48. At the same time,
      the small transverse dimensions of the feed elements permit them to be
      spaced closely together, so that the angular spacing between adjacent
      secondary beams in the remote field can be small enough to limit the
      crossover power loss to 3 dB. In a numerical example of the lens
      embodiment of the invention shown in FIGS. 6A and 6B, the focal length is
      29.9 wavelengths, the inter-element spacing is 0.88 wavelength, and the
      outside diameter of the zoned lens 48 is 46 wavelengths.
PAR  The lens 48 need not be a natural dielectric, nor need it be a zoned wide
      angle scan lens as shown in FIGS. 6A and 6B. To provide a few alternative
      examples, a single zone lens, or an artificial dielectric lens, or a
      waveguide array lens could equally well be employed to practice the
      invention.
PAR  If desired, the feed system ground plane can be curved to minimize scan
      loss in the multiple beam antenna. The directors 38 can be constructed of
      a conductive mesh or wires, instead of being solid as shown in the
      preferred embodiment. Of course, the number of feed elements can be
      greater or smaller than the number shown in the figures. If the main
      reflector or lens is unsymmetrical, the disks 38 can advantageously be
      shaped differently, for example in an oval shape, to produce primary
      radiation patterns that are better fitted to the shape of the main
      reflector than the substantially circular patterns of the preferred
      embodiment.
PAR  It is universally known in the prior art that a radio receiving antenna, by
      reciprocity, ordinarily functions the same way as a transmitting antenna
      of the same structural characteristics. Consequently, the foregoing
      description of a transmitting antenna is equally applicable to a receiving
      antenna except that power flows in the reverse direction. The present
      invention is therefore suitable for both transmitting electromagnetic
      waves and receiving them, and the patent is intended to apply to both.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multiple-beam antenna comprising a collimating means for redirecting
      electromagnetic energy; and a feed array including a feed-system ground
      plane, a plurality of element antennas spaced apart 0.7 to 0.9 wavelength
      for illuminating said collimating means by respective feed energy paths,
      each of said feed element antennas having a primary radiator spaced about
      one-fourth wavelength from said ground plane and a generally circular
      director, said director being disposed on and transverse to the respective
      feed energy path and about one-quarter wavelength from the respective
      primary radiator and proportioned for mutual electric and magnetic
      coupling with others of said directors for inducing parasitic radiation to
      produce a substantially angular sector-shaped feed radiation pattern when
      one respective primary radiator is directly excited in array.
NUM  2.
PAR  2. A multiple-beam antenna as defined in claim 1 and wherein said
      collimating means comprises reflector means.
NUM  3.
PAR  3. A multiple-beam antenna as defined in claim 1 and wherein said
      collimating means comprises lens means.
NUM  4.
PAR  4. A multiple-beam antenna as defined in claim 3 and wherein said lens
      means comprises dielectric lens means.
NUM  5.
PAR  5. A multiple-beam antenna as defined in claim 3 and wherein said lens
      means comprises artificial lens means.
NUM  6.
PAR  6. A multiple-beam antenna as defined in claim 1 and wherein said primary
      radiator is a dipole antenna.
NUM  7.
PAR  7. A multiple-beam antenna as defined in claim 1 and wherein said primary
      radiator is an open-ended waveguide.
NUM  8.
PAR  8. A multiple-beam antenna as defined in claim 1 and wherein said
      electrically conductive director is disk-shaped.
NUM  9.
PAR  9. A multiple-beam antenna as defined in claim 1 and wherein said primary
      radiators are one-quarter wavelength from said ground plane and said
      directors are one-quarter wavelength from said primary radiators.
NUM  10.
PAR  10. A multiple-beam antenna as defined in claim 1 and wherein said
      collimating means comprises an offset-fed paraboloidal reflector and
      wherein said feed array is located proximate the offset focus point of
      said reflector.
NUM  11.
PAR  11. A multiple-beam antenna as defined in claim 1 and wherein said primary
      radiator is an open-ended waveguide of about 0.4 wavelength transverse
      dimensions, the open end of said waveguide being about one-quarter
      wavelength from said ground plane, and wherein said director is about 0.6
      wavelength in transverse dimensions.
NUM  12.
PAR  12. A multiple-beam antenna as defined in claim 1 and wherein said ground
      plane comprises a non-planar curved surface.
NUM  13.
PAR  13. A multiple-beam antenna as defined in claim 1 and wherein said primary
      radiator comprises crossed dipoles arranged for excitation of differing
      phases to produce circularly polarized radiation.
NUM  14.
PAR  14. A multiple-beam antenna as defined in claim 1 and wherein said element
      antennas are arrayed on at least one concentric circle in a plane parallel
      to said ground plane.
NUM  15.
PAR  15. A multiple-beam antenna as defined in claim 1 and wherein said element
      antennas are arrayed in rows and columns in a plane parallel to said
      ground plane.
NUM  16.
PAR  16. A multiple-beam antenna as defined in claim 1 and wherein said
      collimating means comprises electromagnetic lens means.
NUM  17.
PAR  17. A multiple-beam antenna according to claim 1 wherein said primary
      radiator is a half-wave dipole antenna parallel to said ground plane.
NUM  18.
PAR  18. A multiple-beam antenna according to claim 1 wherein said director is a
      substantially circular conductive sheet of about 0.4 wavelength diameter.
NUM  19.
PAR  19. A multiple-beam antenna according to claim 17 wherein said director is
      a substantially circular conductive sheet of about 0.4 wavelength
      diameter.
NUM  20.
PAR  20. A multiple-beam antenna according to claim 1 wherein said feed array is
      spaced by several wavelengths from said collimating means and oriented to
      as to illuminate said collimating means.
NUM  21.
PAR  21. A multiple-beam antenna comprising a parabolic reflector for
      redirecting electromagnetic energy; and a feed array including a
      feed-system ground plane, a plurality of element antennas spaced apart
      less than 1.1 wavelength for illuminating said collimating means by
      respective feed energy paths, each of said feed element antennas having a
      primary radiator spaced about one-fourth wavelength from said ground plane
      and a director, said director being disposed on and transverse to the
      respective feed energy path and about one-quarter wavelength from the
      respective primary radiator and proportioned for mutual electric and
      magnetic coupling with others of said directors for inducing parasitic
      radiation to produce a substantially angular sector-shaped feed radiation
      pattern when one respective primary radiator is directly excited in array,
      wherein said parabolic reflector has a main aperture diameter of 46
      wavelengths such that a half power beamwidth of 1.5.degree. is provided
      and said parabolic reflector has a ratio f/D of 0.325 where f is the focal
      length of said parabolic reflector and D is the aperture diameter thereof
      and said element antennas are spaced apart 0.88 wavelengths.
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PAL  An improved antenna of a coaxial type utilizing Z-shaped slots disposed in
      the outer conductor to provide an omnidirectional antenna pattern. Current
      coupling to the slots is achieved by means of the transverse portion of
      the Z slot. Detuning effects due to the presence of a transmission line
      are compensated for by dielectrically loading the slots with a dielectric
      cover over the coaxial line and/or by lengthening the longitudinal arms of
      the Z. The longitudinal spacing between each slot and the length of the
      transverse portion of each slot are chosen while considering all line
      effects to obtain the required phase and amplitude relationships. The
      antenna consequently requires no additional coupling, tuning or phasing
      devices mounted within or without the coaxial line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to an antenna for radiating an omnidirectional
      antenna pattern. More specifically, it is directed to a coaxial type
      antenna having improved coupling, tuning and phasing characteristics.
PAR  Prior art techniques used to achieve onmidirectional coverage of a
      horizontally polarized signal have been somewhat complicated in
      implementation. Yet the need for a simpler antenna system to provide this
      type of pattern is present in applications such as television
      broadcasting.
PAR  To produce the required elevation pattern, the antenna designer calculates
      the phase and amplitude required in the numerous radiating elements along
      the vertical radiator. The radiating elements are then spaced at nominal
      1/2 .lambda. or 1 .lambda. (where .lambda. is the wavelength) and each is
      matched to the line and so phased relative to adjacent radiating elements
      to give the required vertical pattern. The elements may be spaced around
      the vertical mast of the antenna to give an omnidirectional radiation in
      azimuth as may be required by the diameter to wavelength ratio of the
      coax, the larger diameter requiring more elements to obtain a required
      azimuth uniformity.
PAR  A common prior art antenna system which is easily adapted by the above
      described technique to give the desired pattern, utilizes a coaxial line
      as the vertical mast and vertical narrow slots in the outer conductor of
      the coaxial line as the individual radiator elements. Several methods have
      been used to couple the vertical slots to the transmission line. One is to
      couple the slots by means of inductive conducting loops behind the slots
      and oriented to align with the circumferential magnetic field within the
      coaxial line. A second coventional method of coupling the radiating slots
      to the transmission line is to simply connect one side of the slot to the
      center conductor of the coaxial line.
PAR  Both of the above coupling techniques provide a usable antenna covering one
      television channel in bandwidth.
PAR  Nonetheless the prior art antenna systems which have been used to achieve
      onmidirectional coverage with a horizontally polarized signal have
      required empirical adjustment by the antenna designer to achieve the
      desired antenna pattern, have been limited in frequency handling
      capability and the slot Q is often too high making it practically
      impossible to cover a 6 percent band as is usually required for carrying
      two television channels simultaneously near 800 MHz.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a coaxial type antenna system using a
      plurality of Z shaped slots disposed on the outer conductor in the
      antenna. In the described embodiment the slots are spaced
      circumferentially around the coaxial antenna to give 360.degree. coverage
      and are arranged in bays spaced along the longitudinal axis of the
      antenna. Each slot has a small portion transverse to the main portion of
      the slot and optimally at the center plane of the slot whereby the slots
      are descriptively identified as Z shaped. The small transverse portion
      lying in a circumferential direction with regard to the outer conductor
      couples resistively the radiating slot to the transmission line. The
      spacing between each slot and the width of the transverse portion of each
      slot are so chosen, considering all line effects, that the required
      phasing and amplitude control are obtained without additional tuning and
      phasing devices.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a schematic representation of one embodiment adapted for an
      airborne environment and showing the general shape of the horizontal
      radiation pattern;
PAR  FIG. 2 is a partial vertical elevation view of a slotted coaxial waveguide
      antenna in accordance with the present invention;
PAR  FIG. 3 is an end view of the embodiment shown in FIG. 2;
PAR  FIG. 4 is a developed view of the circular cylindrical outer conductor of
      the antenna showing the relative positions of the slots; and
PAR  FIG. 5 is a schematic representation of one embodiment adapted for tower
      installation.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, in particular, FIG. 1 an antenna assembly 5 is
      shown suspended from the bottom of the fuselage of an aircraft 10 in an
      airborne adaptation of the present invention. Radiating slots 12 are
      disposed on the outer conductor of antenna assembly 5 aligned with the
      longitudinal axis of the assembly 5. It is to be understood that a
      transmitter not shown is carried by the aircraft and supplies a modulated
      carrier to the coaxial line antenna 5. Although not constituting a part of
      this invention, the antenna assembly 5 to operate properly, would be
      suitably supported by means of a gyrostabilized coupling mechanism (not
      shown) so that the antenna could be maintained in a vertical position
      relative to the ground surface independent of the attitude of the aircraft
      10.
PAR  The antenna pattern 14 provides omnidirectional coverage with a
      horizontally polarized signal. Such coverage for instance, is appropriate
      for television broadcasting to receivers located within the operating
      range of such a mobile transmitter and antenna.
PAR  In FIGS. 2 and 3, the present invention is shown in greater detail. An
      outer conductor 16 is aligned coaxially with an inner conductor 17 forming
      a coaxial line vertical mast type of antenna. The coaxial diameter will
      usually not be greater than half a wavelength to avoid unwanted higher
      modes. The power requirements determine the minimum size. The outer
      conductor 16 is provided with a plurality of Z shaped slots 18 which
      constitute radiating elements. The slots have portions 18a and 18b
      extending longitudinally of the antenna assembly 5 connected by a
      transverse coupling portion 18c. The portions 18a extend from the
      respective transverse portions 18c toward the feed end of an antenna
      assembly 5 designated by A. The outer longitudinal portions 18b extend
      toward the opposite end of antenna assembly 5 designated by B.
PAR  The Z shaped slots whose transverse portions 18c lie in a single transverse
      plane constitute one bay. Each bay in the embodiment of FIG. 2 has three
      radiating slots spaced circumferentially around the outer conductor 16 at
      intervals of 120.degree.. The number of slots in a bay can be changed
      depending on the pattern requirements.
PAR  Each of the elongated longitudinal portions 18a and 18b is substantially
      1/4 of the operating wavelength long. The radiating portions of one bay
      may overlap the radiating elements of an adjacent bay for about 1/6 of
      their length in the longitudinal direction. The spacing of the transverse
      coupling portion 18c of corresponding radiating elements 18 in adjacent
      bays varies in a manner and for reasons described in detail hereinafter.
      Because of the slight overlap in the longitudinal direction between
      adjacent bays, the spacing between the centers of the radiating elements
      18c of adjacent bays is somewhat less than 1/2 wavelength. Still the
      overall length of a given radiating element 18 is substantially 1/2 of the
      operating electrical wavelength long. The total length of the slot 18 is
      made half wave resonant at the frequency used but the length will be
      greater as the number of slots per bay is increased to compensate for the
      diminishing volume available behind each slot 18.
PAR  The individual bays consisting of three radiating elements spaced
      circumferentially 120.degree. apart, provide an omnidirectional pattern.
      Increasing the number of slots per bay reduces the power in each slot,
      reduces the azimuth power variation in the field pattern but weakens the
      antenna structurally. To shape the radiation pattern and increase the gain
      in the vertical plane, a plurality of bays is stacked vertically, that is,
      in a direction longitudinal to the coaxial antenna assembly 5 at distances
      Y.sub.1, Y.sub.2 etc. To achieve the desired pattern, it is necessary to
      position the elements of the bays in a manner to get the proper phase and
      amplitude as hereinafter explained.
PAR  To adjust the electrical length of the slots 18 for proper tuning to
      eliminate deleterious effects of the transmission line, it is sometimes
      necessary to dielectrically load the slots with suitable dielectric bands
      13 mounted against the outside conductor 16 as shown in FIG. 2. Other well
      known means may be provided for accomplishing the same result; however,
      the use of dielectric bands 13 does provide a simple, inexpensive
      arrangement lending itself to a straight forward engineering design.
PAR  Referring now to FIG. 4, a developed view of the circular cylindrical outer
      conductor 16 shows clearly the positioning of the Z-shaped slots in each
      bay and the relationship between adjacent bays. Across the top the outer
      conductor 5 has been divided into 30.degree. segments ranging from
      0.degree. to 360.degree.. A series of vertically stacked bays of radiating
      elements 20 through 26 are shown. It is shown in FIG. 4 that corresponding
      radiating elements 18 of adjacent bays such as bays 20 and 21 are
      circumferentially 60.degree. apart; that is elements 18 of adjacent bays
      are uniformly and alternately distributed around the outer conductor at
      60.degree. intervals. The affect is that the bays 20 through 26 are
      progressively advanced so that the central coupling portion 18c of the
      radiating elements 18 of adjacent bays are centered on spiral lines X, Y,
      Z.
PAR  The radiating elements 18 although being of the order of 1/2 of the
      operating wavelength are spaced apart longitudinally from one bay to the
      next by a distance Y which may be slightly different than 1/2 wavelength,
      measured along the axis of the coaxial line from one center portion 18c to
      the next. That is to say if no synthesis of the pattern is necessary and
      all slots radiate in phase the spacing would be 1/2 .lambda.. However, if
      the beam requires tilting or shaping the phase from bay to bay may differ
      and the spacing is accordingly different than 1/2 .lambda.. The
      significant point about the vertical spacing is that the central
      transverse coupling portions 18c of the radiating elements 18 are coupled
      to the current in the coaxial line so as to provide the required phase of
      excitation. The phase of the current vectors at the central horizontal
      planes through the respective bays is indicated by the direction of the
      current vectors I.sub.1, I.sub.2, and I.sub.3. In order to represent the
      phase relations of the radiating elements 18 of each bay, plus and minus
      signs have been arbitrarily placed on the left and right sides of the
      radiating slots 18. Thus, the wave energy radiating from all of the slots
      in any one bay 20 through 26, is exactly in phase which is a necessary
      condition for the omnidirectional pattern in the horizontal plane.
PAR  The radiating Z-shaped slots 18 are approximately in phase from bay to bay
      as required for the broad side elevation pattern as shown in FIG. 1.
      Assume that the positions of the Z-shaped slots 18 in the first bay 20 are
      such that the polarity of the line current is as indicated when the
      current vectors I.sub.1 are oriented as shown in FIG. 4. It is apparent
      that at a point in the coaxial line antenna assembly 5, substantially 1/2
      wavelength away from the plane of the central coupling portion of the
      first bay 20, the current vectors I.sub.2 will be in the opposite
      direction at the center plane of the second bay 21 if the Z-shaped slots
      are similarly oriented from bay to bay. Accordingly, to maintain the same
      phase of the radiating energy from adjacent bays, the Z-shaped slots 18 of
      alternate bays are arranged so that the longitudinal portions 18a and 18b
      are reversed with respect to portion 18c. It is then true that the
      horizontal component of the electric field represented by both the minus
      and plus signs and vectors E.sub.1, E.sub.2, and E.sub.3 are all directed
      to the right as required to produce a desired antenna pattern. Since the
      reversal of the Z slot radiating element is repeated, between adjacent
      bays throughout the antenna, the total radiating energy from the coaxial
      line antenna assembly 5 will be in phase.
PAR  It should be understood that the initial phase of the current I.sub.1 has
      been chosen arbitrarily for the purpose of illustration and that the
      significant aspect of the invention is that for all Z-shaped radiating
      elements 18, the current vectors must be aligned along the same horizontal
      direction while the slots 18 are reversed for alternate bays so as to keep
      the wave energy radiating from the different bays 20 through 26 in phase.
PAR  From FIG. 4, it is apparent that radiating elements 18 is alternate bays
      such as 20, 22, 24 and 26 or 21, 23 and 25, are respectively
      longitudinally centered along axes parallel to the axis of the coaxial
      line antenna assembly 5. Thus, the radiating elements of bays 20, 22, 24
      and 26 have the same relative position with respect to each other and are
      centered on vertical lines parallel to the axis of the antenna while the
      radiating elements of bays 21, 23 and 25 have reversed radiating elements
      centered on vertical lines also parallel to the longitudinal axis of the
      coaxial line antenna assembly 5. The radiating elements of the bays 20,
      22, 24 and 26 are centered on lines which are intermediate the centering
      lines of the elements of bays 21, 23 and 25. Thus, there is provided a
      plurality of broad side arrays placed side by side with all the radiation
      patterns directed radially and downwardly with energy radiating nominally
      in phase.
PAR  To adjust the vertical plane, of the omnidirectional pattern as shown in
      FIG. 1 to give the desired coverage, it is well known that the relative
      phase and amplitude of the voltage at each radiating slot 18 is set to a
      prescribed value. the relative amplitude of the excitation is achieved by
      selection of the proper length of the transverse portion 18c which is
      shown as d.sub.1, d.sub.2, d.sub.3... in FIG. 2. The phase is determined
      by the distance between adjacent bays measured longitudinally from the
      transverse portion of one slot 18 to the transverse portion of a
      corresponding slot advanced 60.degree. circumferentially in the next
      adjacent bay. In FIG. 2, that distance is indicated as Y.sub.1,
      Y.sub.2,... To make an adjustment to the vertical plane the lengths d and
      Y for the bay furtherest from feed point A are adjusted to account for
      transmission line effects. The adjustment continues from bay to bay in a
      sequential order to obtain relative phase and amplitude relationships of
      the voltage at each slot to give the desired pattern coverage.
PAR  It will usually be necessary to reverse the Z-shaped slots of alternating
      bays, as has been explained above, to achieve the correct phase
      relationship for each element and simulataneously to give approximate half
      wave electrical spacing of the radiating slots 18 along the coaxial line.
PAR  The antenna pattern adjustment process may be carried out by machine
      calculation to determine the values of d and Y along the entire length of
      the antenna assembly 5. This procedure is possible because the radiating
      slots 18 are non-reactive at resonance and form a simple discontinuity on
      the transmission line.
PAR  It is a characteristic of this antenna that there are few design
      parameters, the important ones as discussed are the number of slots per
      bay, the total slot length, the length of the transverse portion of the
      slot, the bay spacing and the relative rotation of adjacent bays. The
      design parameters can be changed depending on the design problem, and the
      embodiment described herein is merely representative of a large family of
      antennas included in this invention.
PAR  It should be readily apparent that the present invention is not limited to
      a mobile antenna but can be used also in a stationary installation, such
      as that shown in FIG. 5. In such an installation a uniform omnidirectional
      coverage for a localized area is possible for conventional television
      broadcasting or other omnidirectional transmission. It will be apparent
      that this invention is not necessarily limited to television broadcasting
      but could be used for many types of communication installations such as
      police communication networks and air navigation guidance installations.
      In airplane landing systems, it could be used for omnidirectional homing
      beacons.
PAR  It will be understood that slotted antennas may also be made within the
      above concept wherein the radiating slots are spaced at a nominal one
      wavelength. In such an arrangement the Z slot sections will all face in
      the same direction to achieve the nominal in-phase radiation. This is as
      though alternate bays had been omitted from the above discussion.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antenna assembly comprising a coaxial transmission line having inner
      and outer coaxial conductors, said outer conductor having a plurality of
      radiating slots spaced circumferentially of said line, said slots
      extending longitudinally of said outer conductor and including respective
      coupling sections which extend transversely of said line to provide
      coupling apertures to current on said line,
PA1  said plurality of slots being arranged in bays, each of said bays being
      composed of a plurality of slots having respective coupling sections lying
      in the same plane transverse to the longitudinal axis of said transmission
      line,
PA1  adjacent bays of radiating slots being angularly displaced with respect to
      individual radiating slots of the respective bays for improving the
      omnidirectional coverage of the pattern of said antenna assembly.
NUM  2.
PAR  2. An antenna comprising elongated waveguide means having an outer
      cylindrical conductor, means for producing radio frequency currents in
      said waveguide means, a plurality of spiral rows of radiating slots in
      said outer conductor, said rows being spaced circumferentially on said
      conductor so as to provide an omnidirectional radiation pattern, said
      slots including longitudinally extending radiating portions and transverse
      coupling portions, the total electrical length of said slots being
      substantially equal to one-half electrical wavelength, the coupling
      portions of said slots of each spiral row being spaced apart
      longitudinally of said conductor a distance substantially equal to
      one-half electrical wavelength in said waveguide means.
NUM  3.
PAR  3. The antenna assembly of claim 2 wherein at least one of said radiating
      slots is partially loaded by dielectric means in intimate contact with
      said outer cylindrical conductor.
NUM  4.
PAR  4. The antenna assembly of claim 2 wherein adjacent slots in the respective
      spiral rows are partially overlapping longitudinally of said conductor.
NUM  5.
PAR  5. An antenna comprising elongated coaxial waveguide means having a central
      conductor and an outer cylindrical conductor, a plurality of radiating
      elements in the form of slots in said outer conductor, each comprising a
      central coupling portion extending transversely of said conductor and a
      pair of portions extending longitudinally in opposite directions from
      opposite sides of said central transverse portion, said central transverse
      portions being arranged in circumferentially spaced spiral lines of
      selected pitch about the axis of said outer conductor, the longitudinally
      extending portions extending from said central portion toward the feed end
      of said waveguide means being on one side of the respective spiral lines
      while the other longitudinal portions extending from their respective
      transverse portions toward the other end of said waveguide means being on
      the opposite side of said respective spiral lines, the total length of
      said radiating elements being substantially one-half electrical
      wavelength, and the centers of said slots in the respective rows being
      spaced longitudinally substantially one-half electrical wavelength in said
      waveguide means.
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PAL  A high frequency antenna achieves low signal-levels in far-out sidelobe and
     acklobe antenna pattern regions through utilization of a corrugated
      feed-horn acting as a non-axial source for a cooperating parabolic
      reflector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to high frequency antenna systems and more
      particularly to microwave and millimeter wave antennas.
PAR  Interference to microwave and millimeter-wave signals is often caused by
      higher-than-desired signal levels outside the main antenna-beam region,
      particularly in what are generally termed the backlobe and far-out
      sidelobe regions of the antenna pattern. An antenna which could minimize
      the signal-level in these regions has been long sought after, yet prior
      designs have been unsatisfactory.
PAR  Pyramidal-horn reflector systems are of long standing use in the major
      microwave radio-relay networks. Although this type of antenna has lower
      signal-levels in the far-out sidelobe and backlobe regions than most other
      antenna types, it is characterized by unnecessarily high such levels.
      Furthermore, prior antenna types of this nature are also characterized by
      relatively high "spillover"--radiation lobes caused by direct radiation
      from the feed-horn of energy which misses the reflector.
PAR  Prior attempts to minimize "spillover" have resulted in conical-horn
      reflector systems in which a cylindrical shield is fitted around the
      feed-horn aperture (described for example in "The Electrical
      Characteristics of the Conical Horn Reflector Antenna"; J. M. Hines,
      Tingye Li, and R. H. Turrin, Bell System Technical Journal, Vol. XLII,
      July 1963, No. 4, part 1, pp. 1187-1211). Unfortunately however, this
      antenna type suffers from relatively high signal-levels in far-out
      sidelobe regions. Furthermore, this type of antenna heretofore has not
      employed corrugations in the interior feed-horn surface.
PAR  A third type of antenna which reduces radiation in the farout sidelobe
      region is the paraboloidal antenna, axially fed, which is surrounded by a
      cylindrical "tunnel" lined with absorbent material. This type of antenna,
      although satisfactory for many applications also suffers disadvantages.
      For example, an elevated signal-level in the sidelobe region (resulting
      from aperture blocking by the feed and support structure) is very
      undesired. Antenna systems of this nature, employing absorber materials as
      described, in general cannot be operated at relatively high power levels
      (because the absorber materials tend to become destroyed). Also, long
      tunnels must be fitted to the antenna in order to reduce sidelobe
      signal-levels at angles close to the main beam. As the length of the
      tunnel increases, substantial loss of gain in the signal-level of the main
      beam generally follows.
PAR  Corrugations have been utilized in feed-horns, but their use has generally
      been limited to axial feed-horns for parabolic reflectors (e.g., c.f. The
      scalar-feed--a high-performance feed for large paraboloid reflectors 1966,
      IEE Conference pub. No. 21, by A. J. Simmons and A. F. Kay). Furthermore,
      prior applications of corrugated feed-horns have generally been restricted
      to use in combination with large (in terms of wavelength) paraboloidal
      reflectors (c.f. Simmons and Kay, Supra), because of the high amount of
      aperture blocking associated with the axial feed arrangement (since
      aperture blocking undesirably reduces gain and causes undesirably high
      signal-levels in the antenna sidelobe regions).
PAC  SUMMARY OF THE INVENTION
PAR  The present invention utilizes corrugations on the interior of a high
      frequency feed-horn which is used as a non-axial feed for a cooperating
      parabolic reflective element in order to realize extraordinarily low
      signal-levels in far-out sidelobe and backlobe regions of the antenna
      pattern.
PAR  It is therefore an object of the present invention to realize relatively
      low signal-levels in the far-out sidelobe and backlobe antenna pattern
      regions of high frequency antennas.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial diagram of an embodiment of the present invention.
PAR  FIG. 2 is a diagram indicating the spatial interrelationship between
      elements depicted in FIG. 1.
PAR  FIG. 3 depicts details of corrugations employed in the feedhorn of the
      embodiment of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  An embodiment of the present invention has been designed and built to
      operate in the region of 37 GHz. Clearly this is only one particular
      frequency region, and other embodiments may readily be designed and
      constructed to operate at other frequencies within the microwave and
      millimeter wavelength region by utilizing the principles of the present
      invention as herein described and claimed.
PAR  FIG. 1 shows, in pictorial fashion, the general arrangement of elements of
      an embodiment of the present invention, while FIG. 2 shows more clearly
      the spatial interrelationship between those elements. A corrugated
      feed-horn 20 is arranged cooperatively with a parabolic shaped reflector
      22. The corrugated feed-horn 20 is in the shape of a cone arranged with
      its apex a the origin of an x, y, z orthogonal coordinate system, and
      whose axis coincides with the x axis. A feed-element 26 is attached to the
      apex end of conical feed-horn 20, and is connected to a transmit-receive
      means not shown. The cone has an apex angle 2.alpha., a length of
      2F(K.sup.2 - 1).sup.1/2 -(2 FK), and an outer aperture 24 at its open end
      (where F is the parabolic focal length, later described, and K =
      tan.alpha.). Angle .alpha. was chosen to be 15.degree. for the embodiment
      of the present invention.
PAR  Circumferential grooves, or corrugations 28 (depicted in FIG. 3) are formed
      (as by machining, moulding, etc.) along the interior surface 29 of conical
      feed-horn 20. These corrugations have been used previously in feed-horns
      of microwave antennas, and are well described in the literature (c.f.
      Simmons and Kay, Supra, c.f. also "Modifications of Horn Antennas for Low
      Sidelobe Levels" IEEE Transactions on Antennas and Propagation, Vol.
      AP-14, pp. 605-610, Sept. 1966, by Lawrie and L. Peters, Jr. and in
      patents such as U.S. Pat. No. 3,631,502).
PAR  For a design frequency of about 37 GHz, the corrugations 28 utilized in the
      embodiment of the present invention have a height of about 0.120 inches, a
      thickness of approximately 0.030 inches, and are spaced apart by
      approximately 0.100 inches (depicted in FIG. 3).
PAR  The paraboloidal reflector 22 is formed by a section of a parabolic surface
      30 (illustrated in FIG. 2) and is located in front of the feed-horn outer
      aperture 24. The parabolic surface 30 is defined by the equation x.sup.2 +
      y.sup.2 = 4F(z + F), with focal length F. In the embodiment of the present
      invention, F is chosen equal to 12.92 inches. The section (of surface 30)
      defining reflector 22 is described by the intersection of outer aperture
      24 projected to intersect with parabolic surface 30. The size of reflector
      22 is preferably made comparable to that of the wave-length of energy
      utilized. The feed-horn axis (i.e., x axis) intersects with the parabolic
      surface 30 at a distance x = 2F. An exit aperture 31 is centered at a
      distance x = 2F(K.sup.2 + 1).sup.1/2, and has a radius R = 2FK.
PAR  An optional conducting cylindrical element, or tunnel 32, is placed
      parallel to the z axis and fitted about the exit aperture 31 of reflector
      22. Tunnel 32 has an interior radius R = 2FK (where K = tan .alpha.) and a
      length L (for the embodiment of the present invention, L was chosen equal
      to 10 inches). The tunnel 32 may be lined along its interior conducting
      surface 34 with electromagnetically absorbent material 36.
PAR  A conducting shroud 40 is disposed and attached so as to enclose the region
      between the feed-horn aperture 24, the tunnel 32 (opening to reflector
      22), and the reflector 22.
PAR  An alternative configuration, although having structual disadvantages,
      could utilize a pyramidal corrugated feed-horn as the feed in place of
      conical feed-horn 20. Of course the optional tunnel 32 associated with
      this pyramidal alternative would be rectangular in cross-section.
PAR  In designing an antenna in accordance with the principles of the present
      invention, the size of antenna exit aperture 31 (e.g. of radius R = 2FK)
      is generally first chosen (to meet the requirements of a particular
      application in terms of beamwidth and gain). The other parameters (i.e.,
      .alpha. and F) are then chosen under the mathematical constraints to
      define the antenna geometry. Obviously, in the alternative, any parameter
      can be first selected to suit the constraints of a particular application,
      and the other parameter values then calculated.
PAR  In operation, the feed element 26 is energized with high frequency
      electromagnetic energy by the transmitter means (not shown), or receives
      high frequency energy which is then coupled to a receiver means (also not
      shown). Conical-feed-horn 20 then radiates (or receives) the energy (in
      spherical waveform fashion) and acts as an offset-feed for the parabolic
      reflector 22. Parabolic reflector 22 in turn acts to correct the spherical
      wave issuing from the feed-horn (generally in the x direction as indicated
      by divergent dotted lines 50) into a plane wave traveling in the z
      direction (indicated by dashed lines 52).
PAR  The corrugations 28 (depicted in FIG. 3) on feed-horn interior surface 27
      act to equalize the E-plane and H-plane distributions within conical
      feed-horn and to cause low illumination (of parabolic reflector 22)
      outside of the conical region defined by angle .alpha. (referred to as low
      "edge" illumination). Maintaining low signal-level "edge" illumination for
      all signal polarizations is important in achieving the desired low
      signal-level in far-out sidelobe and backlobe antenna regions.
PAR  Tunnel 32 acts primarily to further reduce the "spillover" from the feed to
      levels below the already low levels which result from the use of the
      corrugated feed-horn 20 in combination with the parabolic reflector 22. If
      the optional absorber lining 36 of tunnel 32 is eliminated, a diffuse
      re-radiation of the "spillover" energy will result, causing moderate
      deterioration in sidelobe signal-levels.
PAR  The off-axis feed of the present invention precludes aperture blocking.
      Elimination of aperture blocking in combination with low edge illumination
      for both the E and H fields is critical to attainment of low signal-levels
      in the far-out sidelobe and backlobe regions of the antenna pattern.
PAR  The present invention is a high frequency antenna capable of realizing
      extraordinarily low signal-levels in the far-out sidelobe and backlobe
      regions. For the embodiment of the present invention, signal-levels in
      excess of 80 dB below the main beam signal-level have been attained over
      much of the antenna spatial region of interest. This antenna has a
      half-power beamwidth of approximately 1.6.degree., and sidelobe
      signal-levels well below 75 dB outside of a conical angle of 75.degree..
      Furthermore, it has been determined that utilizing corrugations in
      accordance with the present invention allows use of absorber materials at
      relatively high power levels without destruction.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by letters patent of the United
      States is:
NUM  1.
PAR  1. A high frequency antenna system for radiating and receiving
      electromagnetic energy comprising:
PA1  a feed-horn having corrugations disposed on the interior conducting surface
      thereof;
PA1  parabolic reflective means disposed opposite the open end of said feed-horn
      for reflecting spherical wave-front energy radiated from said corrugated
      feed-horn and for converting the energy into plane-wave-front energy, and
      wherein said feed-horn is disposed so that none of the plane-wave-front
      energy is intercepted by said feed-horn;
PA1  whereby said corrugations cause low edge illumination of energy from said
      feed-horn incident on said parabolic reflective means;
PA1  and further wherein said feed-horn has a feed element located at the origin
      of an orthogonal x, y, z, axis reference system, the axis of the horn
      coinciding with the x axis, said feed-horn having an angle .alpha. between
      the feed-horn interior surface and the x axis and a length 2 F (k.sup.2
      -1).sup.1/2 - (2FK); and
PA1  said parabolic reflective means having a parabolic surface satisfying the
      equation x.sup.2 + y.sup.2 =4F(z + F) where F is the focal length of said
      parabolic surface, and K is equal to tan.alpha.;
PA1  wherein spherical energy radiating from said feedhorn is converted to plane
      wavefront energy traveling in the direction of the x axis.
NUM  2.
PAR  2. The antenna system of claim 1 wherein the region between said feed-horn
      and said reflective means is enclosed by a conductive shroud.
NUM  3.
PAR  3. The antenna system of claim 1 wherein a tunnel is disposed about the
      exit aperture of said parabolic reflective means.
NUM  4.
PAR  4. The antenna system of claim 3 wherein said interior surface comprises
      absorbing material.
NUM  5.
PAR  5. The antenna system of claim 3 wherein said tunnel has a radius to its
      interior surface of R = 2FK.
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PAL  A multimode coupling system includes a funnel-shaped coupling member having
      one coupling aperture at the narrow end thereof, one larger coupling
      aperture at the larger end thereof, and a plurality of coupling apertures
      in the side wall thereof. A first and second of these side wall apertures
      lie in a first common plane on diametrically opposite surfaces of the
      member. A third and fourth of these apertures lie in a second common plane
      orthogonal to the first and on diametrically opposite surfaces of the
      member. A coupling circuit is provided between the plurality of side wall
      coupling apertures and an asymmetrical mode terminal for advancing the
      phase of signals at the first and third side wall apertures approximately
      90.degree. relative to the phase of signals at the second and fourth side
      wall apertures to thereby achieve coupling of asymmetrical mode signals
      between the larger end and the asymmetrical mode terminal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a microwave coupling system and more particularly
      to a system by which a symmetrical and two orthogonal asymmetrical modes
      can be excited or received.
PAR  Antenna feed systems capable of generating and receiving microwave power in
      a plurality of modes have been developed and are known as multimode feed
      systems. Such multimode feed systems are often used in monopulse tracking
      antennas wherein the energy transmitted and received by the feed systems
      is combined in such a manner that sum (symmetrical) and difference mode
      (asymmetrical) radiation patterns are produced during transmission and/or
      reception. These patterns are analyzed to determine the position of a
      passive (reflecting) or active (radiating) object which may be either an
      aircraft, a missile, or a satellite or celestial body or to provide
      automatic tracking of these objects. Monopulse tracking systems are
      discussed for instance in, "Radar Handbook," by Merrill I. Skolnick,
      published 1970 by McGraw-Hill Book Co. and "Introduction to Monopulse," by
      D. R. Rhodes, published in 1959 by McGraw-Hill Book Co.
PAR  The typical tracking feed system may include several horns or apertures.
      When only a small number of horns are used, such as in the four-horn
      antennas, the radiation patterns have undesirable characteristics mainly
      in the form of high level sidelobes and internal losses which lower the
      efficiency (tracking slope) and increase the noise temperature of the
      system. Some prior art single aperture monopulse couplers although
      operative and possessing improved tracking slope, have lower than ideal
      gain to noise temperature ratio for their sum mode when they are used as
      feed systems for reflector-type antennas and when operated over a wide
      range of frequencies. For more details on a single aperture monopulse
      coupler, see pages 21-18 through 21-25 in the previously-cited "Radar
      Handbook."
PAR  One type of multimode coupler by which sum and difference modes can be
      launched into the throat of a single aperture horn is described in
      applicant's U.S. Pat. No. 3,560,976. It is desirable in certain
      applications such as in frequency reuse systems that higher gain over
      noise temperature (loss) ratios and particularly lower cross-polarization
      levels for the associated sum mode operation be provided. In frequency
      spectrum reuse applications for communication systems, the same frequency
      spectrum is reused but is communicated at orthogonal polarization. In such
      systems the total information carrying capacity of the system is improved
      by increasing the isolation between the two approximately orthogonal
      polarizations. This isolation, or level difference, between the two
      polarizations is usually maximum in the direction represented by the
      symmetry axis of the main beam. It is therefore highly desirable to
      achieve an accurate alignment of the antenna axis toward the other
      terminal of the link satellite by a high quality orthogonal difference
      mode to permit tracking. This however has to be done with minimum noise
      temperature (loss) contribution from the tracking circuit to the
      communication circuit and by minimum depolarization effect from the
      tracking circuit itself to the sum channel circuit.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Briefly, a multimode coupling system is provided for coupling symmetrical
      and asymmetrical mode signals. The system includes a generally
      funnel-shaped hollow coupling member shaped to have at least two
      orthogonal symmetry planes. The narrower end of the funnel-shaped member
      is adapted to pass symmetrical mode signals and may be coupled to a
      transmitter or a receiver and the broader end of the funnel-shaped member
      is adapted to be coupled to free space or to the throat of a horn
      radiator. Asymmetrical mode coupling is provided through a plurality of
      side wall coupling apertures. A first and second of these coupling
      apertures are located in the side wall of the member at diametrically
      opposite surfaces of the member and in a first of the two orthogonal
      symmetry planes. A third and fourth pair of these coupling apertures are
      located in the side wall of the member at diametrically opposite surfaces
      in the second orthogonal plane. Asymmetrical mode signal coupling is
      achieved by a coupling circuit that in response to signals at an
      asymmetrical mode terminal couples approximately onequarter of the energy
      to each of said plurality of side wall apertures with the phase of the
      signal at the first and third of these apertures being advanced 90.degree.
      relative to the phase of the signals at the second and fourth of these
      apertures.
DRWD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  A more detailed description follows in conjunction with the following
      drawings wherein:
PAR  FIG. 1 is an elevation view of a multimode monopulse coupler according to
      one embodiment of the present invention.
PAR  FIG. 2 illustrates a cross-sectional view of a multimode monopulse coupler
      in FIG. 1 taken along lines 2--2 and a block diagram of the associated
      feed circuit.
PAR  FIG. 3 is an end view of a monopulse coupler illustrating vertically
      oriented coupling slots according to one embodiment of the present
      invention.
PAR  FIG. 4 is an end view of a monopulse coupler illustrating horizontally
      oriented coupling slots according to another embodiment of the present
      invention.
PAR  FIG. 5 illustrates the TE.sub.12 mode.
PAR  FIG. 6 illustrates the combined TM.sub.01 and TE.sub.21 mode.
PAR  FIG. 7 is a top plan (an elevation) view of a multimode monopulse coupler
      according to another embodiment of the present invention for operating
      with circularly polarized tracking modes.
PAR  FIG. 8 is an end view of the coupler of FIG. 7 as taken along lines 8--8 in
      FIG. 7.
PAR  FIG. 9 is a partial elevation view of FIG. 7 as taken along lines 9--9 in
      FIG. 7.
PAR  FIG. 10 is a diagram illustrating the coupler in FIG. 7 and associated feed
      circuit.
DETD
PAR  Referring to FIGS. 1 and 2 a multimode coupler 10 and associated circuitry
      is illustrated. FIG. 1 is an elevation view of the coupler 10. FIG. 2
      illustrates an end cross-sectional view of the multimode monopulse coupler
      10 taken along lines 2--2 in FIG. 1 and a block diagram of the associated
      circuitry coupled thereto. The coupler 10 is a funnel-shaped hollow member
      10a having orthogonal symmetry planes along lines 10b and 10c in FIG. 2.
      This coupler 10 is a funnel-shaped hollow member in the form of a hollow
      truncated cone. The narrow end 10d is arranged so that transmitted signal
      waves in the dominant symmetrical TE.sub.11 mode pass with low reflection
      through the narrow end 10d and exit at the wide end 10e. A reciprocal
      signal flow occurs for receive operation for waves at the wider end 10e of
      the funnel-shaped member 10a. Asymmetrical or difference mode waves are
      coupled through side wall coupling apertures 33, 35, 37 and 39 into the
      funnel-shaped member 10a. The asymmetrical modes are for example the
      TE.sub.21 + TM.sub.01 modes and the TE.sub.12 mode in circular waveguide.
      The cross-sectional dimension of the coupler of the center of the side
      wall apertures is made so as to support the TE.sub.12 mode. This mode has
      the lowest .lambda..sub.c /d ratio in use. Low reflection coefficient
      coupling of the waves at the coupling apertures is achieved by the proper
      placement of the coupling slots and by the proper phasing of the signals
      at these apertures. For optimum coupling, the coupling slots are located a
      distance d along the axis of the coupler from narrow end 10d. This length
      d is equal to approximately one half of the guide wavelength of the
      TE.sub.21 asymmetrical mode or multiple thereof at the desired coupling
      frequencies. The processing of the asymmetrical mode waves involves the
      use of the monopulse comparator 15, filters 17, 19, 21 and 23 and the
      coupling apertures 33, 35, 37 and 39 in the coupler 10. The slots 33, 35,
      37 and 39 are represented in FIG. 2 by a gap in the outline of member 10a.
      The slots 33 and 37 are at diametrically opposite surfaces of the
      funnel-shaped hollow member 10a in one plane 10b (indicated by long and
      short dashed lines) and are associated with the coupling of first
      asymmetrical mode signal waves. The slots 35 and 39 are at diametrically
      opposite surfaces of the funnel-shaped member 10a in a plane 10c
      (indicated by long and short dashed lines) orthogonal to the plane of
      slots 33 and 37 and are associated with the coupling of second orthogonal
      asymmetrical mode waves. By the operation of the monopulse comparator
      circuitry 15, slots 33 and 37 are excited approximately 90.degree. out of
      phase with each other and slots 35 and 39 are excited 90.degree. out of
      phase with each other. The monopulse comparator consists of two magic tee
      hybrids (0.degree. hybrids) 45 and 47 and two short slot hybrids
      (90.degree. hybrids) 49 and 51 and connections therebetween. One of the
      magic tee hybrids 45 is coupled at one end to terminal 55 of the
      comparator 15 and at the opposite end to terminal 49b of short-slot hybrid
      49 and terminal 51a of short-slot hybrid 51. The other magic tee hybrid 47
      is coupled at one end to the terminal 57 of the monopulse coupler
      comparator 15 and at the opposite end to terminal 49a of short-slot hybrid
      49 and terminal 51b of short-slot hybrid 51. The terminals 49c, 49d, 51c
      and 51d of short-slot hybrids 49 and 51 form the output terminals of the
      monopulse comparator 15.
PAR  The terminals 49c, 49d, 51c and 51d of the comparator are coupled via
      waveguide transmission lines 59, 60, 61 and 62 to the respective bandpass
      filters 17, 19, 21 and 23. Each of the filters 17, 19, 21 and 23 is
      designed to pass the signals at the tracking frequencies within the
      communications frequency band. For instance, of the communication
      bandwidth of from 3700 and 4200 MHz, the tracking filters 17, 19, 21 and
      23 are tuned to f.sub.B .+-. 10 MHz, where f.sub.B is the beacon frequency
      of the tracking channel and is 3950 MHz. This beacon signal, for example,
      may be transmitted unmodulated from a satellite when the coupler herein is
      part of an earth station. In the above narrow band case, the effects of
      the coupler on circuit loss and radiation pattern will be restricted to 20
      MHz of the overall 500 MHz communications band.
PAR  The coupling apertures 33, 35, 37 and 39 may take the form of slots,
      crossed slots, circular holes, etc. One of the bandpass filters 17, 19, 21
      and 23 is adjacent to and in coupling relationship at one end to one of
      the coupling slots 33, 35, 37 and 39. Coupling slot 33 is in coupling
      relationship with bandpass filter 17. Coupling slot 35 is in coupling
      relationship with bandpass filter 19. Coupling slot 37 is in coupling
      relationship with bandpass filter 21. Coupling slot 39 is in coupling
      relationship with bandpass filter 23. Each of the filters is a section of
      rectangular or square waveguide capable of supporting the TE.sub.10 mode.
      The end of the corresponding filter is located about one of the coupling
      slots 33, 35, 37 and 39. Each filter acts to signals at frequencies
      outside the passband of the filters propagating in the coupling member 10a
      as a short circuit placed directly on top of the slot and thus the
      communications signals outside the beacon frequencies remain unaffected by
      the slots.
PAR  In the case where the coupling aperture for asymmetrical mode signals is a
      single slot, the slot in the wall of the funnel-shaped coupling member has
      to be oriented according to the desired polarization attitude of this
      asymmetrical mode and the polarization of the filter has to be oriented
      perpendicular to the longer dimension of the slot. For instance, if the
      coupling member 10a is a hollow truncated cone shaped structure 103 (a
      funnelshaped structure) as shown in FIG. 3 and horizontal linear
      polarization is desirable, then the slots 135 and 139 in the wall of the
      cone (corresponding to slots 35 and 39 in FIG. 2) must be vertical and the
      slots 133 and 137 in the wall of the cone corresponding to slots 33 and 37
      in FIG. 2 must be in the vertical plane. Rectangular waveguide filters
      associated with the slots 133, 135, 137 and 139 would be oriented with the
      longer wall in the horizontal plane. The azimuth tracking information is
      derived from the null plane associated with the slots 135 and 139 and
      elevation tracking information is derived from the null plane associated
      with slots 133 and 137. However, for each case, all four slots are used to
      synthesize the required radiation.
PAR  If vertical polarization is desirable then the slots in the truncated cone
      shaped structure 104 are as shown in FIG. 4 wherein the slots 133a and
      137a are horizontal and perpendicular to the vertical plane of the coupler
      and the slots 139a and 135a in the horizontal plane of the coupler are
      horizontal. Rectangular waveguide filters associated with the slots 133a,
      135a, 137a and 139a would be oriented with the longer wall in the vertical
      plane perpendicular to these slots. If the polarization must enclose
      45.degree. with the tracking plane, then two of the diagonally opposite
      slots as shown in FIG. 3, for example, must be rotated clockwise relative
      to the axis of the coupler by 45.degree. and the other two slots rotated
      counterclockwise relative to the axis of the coupler by 45.degree..
PAR  It must be noted that the above-described example is a special case of a
      more general case. When the slot configuration necessary for all possible
      polarization orientations are superimposed, then the envelope of the slots
      becomes a circular hole as shown by dashed lines 134 in FIG. 4. When such
      a coupling aperture shape is used the polarization of the tracking mode is
      not influenced any more by the slot shape, but it still influenced by the
      polarization attitude in the filter. When the filter is rectangular in
      cross-section, then the polarization in the filter is parallel to the
      narrow dimension of the waveguide used to construct the filter. When the
      filter is made from square or circular waveguide and in such a way that it
      behaves identically to two orthogonal waveguide modes, then the
      polarization of the filter is determined by its input field. This input
      field can be conveniently determined by a waveguide-coaxial transition,
      producing TE.sub.10 mode at the input of the filter. Under these
      conditions the polarization of the tracking modes is determined by the
      orientation of these input transitions in a similar fashion as described
      for the slot aperture case in connection with FIGS. 3 and 4.
PAR  A set of hybrids are used to achieve the proper phase relationship for
      azimuth tracking information at terminal 55 and elevation tracking
      information at terminal 57 in FIG. 1. The hybrids are coupled to each
      other and to the coupler as described previously and as shown in FIG. 2.
      The higher order modes used for providing the azimuth and elevation
      tracking information excite all of the coupler terminals in a certain
      phase relationship by the monopulse comparator 15 to achieve this
      information. These phase relationships are more easily understood by
      considering the transmit case where these higher order modes are excited
      in the coupler and by remembering the reciprocity theory of antennas that
      the reverse takes place in the coupling member 10a designed to support
      these modes during reception.
PAR  In condisering the transmit case, the azimuth tracking signals at terminal
      55 are power divided at hybrid 45 and are coupled with equal phase and
      power levels to terminal 49b of hybrid 49 and terminal 51a of hybrid 51.
      The wave at terminal 49b is equally power divided with the output coupled
      to coupling slot 33 via terminal 49c undergoing 90.degree. more phase
      shift than the wave coupled to slot 35. This additional phase shift is due
      to the coupling of the wave through the short slot 49e of hybrid 49. The
      azimuth tracking signals at terminals 51a are equally power divided with
      the output coupled to coupler slot 39 undergoing 90.degree. more phase
      shift than the signals coupled to slot 37. With this phase and amplitude
      distribution the signal at the coupling slots 33 and 39 is undergoing
      90.degree. more phase shift than the signals at slots 35 and 37 as
      indicated in FIG. 2. If the slots are oriented for vertical polarization
      as, for example, shown in FIG. 4, the azimuth difference mode excited in
      the coupler 10 is the linearly polarized TE.sub.12 mode in circular
      waveguide as shown in FIG. 5.
PAR  The elevation tracking signals at terminal 57 are power divided by hybrids
      47, 49 and 51. This results in 90.degree. more phase shift of the waves at
      coupling slots 35 and 37 than at coupling slots 33 and 39. When the
      coupling slots are oriented in the same direction as stated previously for
      vertically polarized waves, the elevation difference mode signals in the
      coupler are in the TE.sub.21 + TM.sub.01 so called circular waveguide
      hybrid mode as shown in FIG. 6. For horizontal polarization the slots are
      rotated 90.degree. as shown in FIG. 3 and the roles of the TE.sub.12 and
      the hybrid TE.sub.21 + TM.sub.01 mode is interchanged. As discussed
      previously, just the reciprocal operation takes place with respect to
      receiving tracking mode signals, namely for the vertically polarized case
      the received circular waveguide TE.sub.12 modes in the coupler 10 provide
      azimuth tracking signals at terminal 55 and the hybrid TE.sub.21 +
      TM.sub.01 modes in the coupler 10 provides elevation tracking signals at
      terminal 57.
PAR  Referring to FIGS. 7 through 10, a multimode monopulse feed coupler 105 is
      illustrated. This coupler is adapted to operate according to a preferred
      embodiment of the present invention with circularly polarized tracking
      modes. The coupler 105 is basically like that of coupler 10 in FIG. 1. The
      coupler 105 includes a funnel-shaped hollow horn member 105a with a
      circular cross-section (a hollow truncated cone). In the case of transmit
      mode of operation, the sum signal wave in the dominant TE.sub.11 mode in
      circular waveguide enters into the coupling member 105a at the narrow end
      111 of the member and leaves the coupler 105 at the large end 113 of the
      member. In the case of receive operation, the sum mode wave enters the
      large end 113 of the member and leaves the coupler 105 at the narrow end
      111 of the member 105a. Tracking is accomplished using circularly
      polarized waveguide modes.
PAR  To provide circular polarization for the tracking modes, coupling apertures
      133c, 135c, 137c and 139c are located in the funnel-shaped coupling member
      105a. These coupling apertures are formed in this embodiment of crossed
      slots. These coupling apertures 133c, 135c, 137c and 139c correspond to
      coupling apertures 33, 35, 37 and 39 in FIG. 1. Apertures 133c and 137c
      are in the wall of hollow member 105a at opposite surfaces thereof and in
      one plane (indicated by short and long dashed lines 175 in FIG. 8) and
      apertures 135c and 139c are in the wall of hollow member 105a at opposite
      surfaces thereof and in a plane (indicated by short and long dashed lines
      177 in FIG. 8) orthogonal to the plane of slots 133c and 137c. In this
      preferred embodiment using rectangular waveguide filters (filters 147,
      149, 151 and 153 in FIG. 10) for the tracking bandpass filters, a
      plurality of coupling cavities 125, 127, 129 and 131 are mounted above
      apertures 133c, 135c, 137c and 139c and between each of these apertures
      and the corresponding bandpass filter as shown in FIGS. 7 through 10. As
      shown in FIG. 10, the filters 147, 149, 151 and 153 and the comparator 115
      and the circuitry therebetween is like that described in connection with
      FIG. 2 but in this case there is the above-described coupling cavities
      125, 127, 129 and 131 connected between each filter 147, 149, 151 and 153
      and the corresponding coupling slots 133c, 135c, 137c and 139c. Each of
      these coupling crossed slot apertures 133c, 135c, 137c and 139c is formed
      of a pair of slots of slightly different lengths in the wall of the
      coupling member 105a which intersect each other midway between their ends.
      Each of these crossed slot apertures 133c, 135c, 137c and 139c is
      identical and they are identically arranged relative to the center line
      105b of the coupling member 105a. Considering for explanation the transmit
      case, these crossed slot apertures are provided in the wall of the
      conically shaped member 105a to excite two simultaneous orthogonal
      components. The 90.degree. phase relationship required for circular
      polarization is achieved by providing the proper lengths to the slots
      forming the cross and by providing a corresponding height and width of the
      coupling cavities. The slots are arranged with one slot of the pair of
      crossed slots slightly longer and the other slot slightly shorter than
      free space half wavelength at the beacon frequencies so that one slot is
      below resonance and the other is slightly above resonance at the beacon
      frequencies whereby the fields in the crossed slots are 90.degree. in
      phase relative to each other. The height and width of the coupling
      cavities 125, 127, 129 and 131 located above the crossed slot apertures
      133c, 135c, 137c and 139c respectively are arranged so that there are two
      broad and two narrower walls and so that the broader walls are nearly
      parallel to the longer slots of the crossed pair of slots and the narrower
      walls are nearly parallel to the shorter slots of the crossed slots.
PAR  Referring to FIG. 9, aperture 135c is made up of slots 141 and 143
      intersecting each other in a perpendicular relationship at their centers.
      Slot 141 makes a 45.degree. angle with the center line 105b of the
      coupling member 105a. The length of slot 141 together with the width is
      made to be resonant at frequencies slightly below the desired tracking
      coupling frequencies so as to present an inductive reactance to the
      desired tracking coupling frequencies. The length of slot 143 together
      with its width is made to be resonant at frequencies slightly above the
      desired tracking frequencies so as to present a capacitive reactance at
      the desired tracking frequencies. This above dimensioning together with
      the geometry of the slots achieves at the tracking frequencies excitation
      of the two arms of the cross approximately 90.degree. from each and their
      combined reactance disappears.
PAR  The rectangular coupling cavity inclination angle relative to the slots
      controls the amplitude equality between fields in the cross arms and also
      corrects the phase departure from 90.degree. to achieve circular polarized
      waves. In the embodiment shown in FIGS. 7 through 10 the waveguide
      cavities 125, 127, 129 and 131 are formed in metallic plates 161, 162, 163
      and 164 which plates extend tangential to the outer wall of hollow member
      105a of conically shaped coupler 105. Each of the waveguide cavities 125,
      127, 129 and 131 formed in the plates 161, 162, 163 and 164 respectively
      are centered over the crossed slot apertures 133c, 135c, 137c and 139c
      respectively. Each of the metallic plates 161, 162, 163 and 164 have a
      cross shaped aperture therein at the base of the cavities 125, 127, 129
      and 131 which aperture matches the apertures 133c, 135c, 137c and 139c.
      The dimension of the rectangular waveguide cavities 125, 127, 129 and 131
      formed in each plate 161, 162, 163 and 164 is such as to support two
      orthogonal TE.sub.10 modes at the tracking signal frequencies. As
      mentioned previously, the bandpass filters 147, 149, 151 and 153 and
      monopulse comparator circuitry 15 as shown in FIG. 10 are coupled to the
      end of the cavities 125, 127, 129 and 131 opposite the slotted end. The
      length of the rectangular waveguide cavity section or the axial length of
      the cavities 125, 127, 129 and 131 as mentioned previously should be made
      small compared to a wavelength or approximately half guide wavelength or
      multiple of it. The length of the cavities should in theory be a half
      wavelength or multiple thereof to present at the coupling apertures in the
      coupler a short circuit except for frequencies within the tracking
      frequency band. In practice, it is desirable, however, to make the length
      as short as possible in which case the coupler becomes frequency
      independent outside of the passband of the filter. The length may be made
      as close as possible to zero to present practically the same impedances
      that would occur if the cavity length was a half wavelength or whole
      multiple thereof. In the preferred case the axial length of the cavity is
      made 1/16 of a wavelength (.lambda./16) and the filter is placed directly
      above the tracking slot. The rectangular cavity 127 as shown in FIG. 9 is
      oriented so that the narrower walls 127a and 127b of the waveguide are
      approximately parallel to the shorter slot 143 of the two crossed slots
      and the broader walls 127c and 127d are approximately parallel to the
      longer slot 141 of the two crossed slots. Also the broader walls 127c and
      127d may be made longer than the shorter walls 127a and 127b by the same
      proportion slot 141 is relatively longer than slot 143. As shown in FIG.
      9, the cavity 127 has a slight inclination relative to the slots 141 and
      143. This angle is about 4.degree.with the angle between the center line
      71 of the cavity and the center line of the coupling member 105a being
      49.degree..
PAR  For operation over the previously described communications and tracking
      frequencies the coupler 105 in FIGS. 7 thru 9 has by way of example the
      following dimensions.
PA1  opening at end 113 = 6.35 in.
PA1  opening at end 111 = 2.44 in.
PA1  axial length L = 8.5 in.
PAR  distance from center of crossed slots to end 111 (d.sub.2) = 3.40 in.
PA1  length of walls 127a or 127b = 2.00 in.
PA1  length of walls 127c or 127d = 3.47 in.
PA1  axial length of cavity = at 0.663 in.
PA1  length of slot 141 = 1.812 in., width = .062
PA1  length of slot 143 = 1.78 in., width = .062
PAR  The generation of the orthogonal circular tracking modes (RCP and LCP)
      occurs due to the phase relationship discussed previously as provided by
      the monopulse comparator circuit in combination with the above described
      coupler 105. With the arrangement shown in FIG. 2 and with all of the
      crossed coupling slots arranged as discussed previously in connection with
      FIGS. 7 thru 10 a right circularly polarized wave signal is associated
      with transmitter signals at the terminals 55 and 57 with azimuth tracking
      difference signals at terminal 55 and with elevation tracking difference
      signals at the other terminal 57. The azimuth difference mode information
      is associated with a circularly polarized wave made up of the combination
      of a vertically oriented and horizontally oriented TE.sub.12 mode and the
      elevation information is associated with a circularly polarized wave made
      up of the hybrid mode of TE.sub.21 + TM.sub.01 modes.
PAR  Another way to excite circular polarization of the coupling aperture is by
      making the apertures 33, 35, 37 and 39 in FIG. 2 circular coupling
      apertures or crossed slots with equal slot lengths, filters 17, 19, 21 and
      23 in FIG. 2 as described previously, capable of supporting two identical,
      orthogonal waveguide modes by making their cross-section square or
      circular and by providing a linear to circular polarizer (indicated by
      dashed lines 25, 27, 29 and 31 in FIG. 2). The filters are placed above
      the coupling apertures and the linear to circular polarizer is connected
      between each filter and the monopulse comparator 15. When such filters are
      excited at their input terminal by a circularly polarized wave generated
      at the polarizer, the wave remains circularly polarized at the output
      (coupling) aperture. The input circularly polarized field for instance is
      generated by the linear to circular transducer. Such transducers can be
      built for instance by exciting a nearly square shaped rectangular
      waveguide section by a coaxial to waveguide transition probe which is
      placed in the diagonal plane of the waveguide. Although such a polarizer
      has a narrow bandwidth, it is comparable to the bandwidth of the filter.
      The coaxial input terminal can be directly coupled to the linearly
      polarized waves at the output of the comparator. Many other well known
      types of polarizers can be used converting linearly polarized waves into
      circular polarized waves. Another type of such polarizer using fins is
      described in U.S. Pat. No. 3,233,241. It is essential that some means be
      provided for exciting and supporting orthogonal linear modes and for
      providing essentially 90.degree. differential phase shift between the
      signal waves in the two modes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coupling system for symmetrical mode signals and asymmetrical mode
      signals comprising:
PA1  a hollow truncated cone shaped member having tapering side walls and two
      orthogonal symmetry planes and a first opening at one end and a larger
      opening at the opposite end, said first opening at one end adapted to
      present a low reflection coefficient coupling path to symmetrical mode
      signals,
PA1  an asymmetrical mode signal terminal,
PA1  first and second coupling apertures in the tapering side wall of said
      hollow member with said first and second side wall apertures at
      diametrically opposite surfaces of said member in one of said symmetry
      planes,
PA1  third and fourth coupling apertures in the tapering side wall of said
      hollow member with said third and fourth side wall apertures at
      diametrically opposite surfaces of said member in the second of said
      orthogonal symmetry planes,
PA1  and coupling means coupled between said first, second, third and fourth
      apertures and said asymmetrical mode signal terminal characterized by a
      response to signals at said terminal for coupling equal portions of the
      signal energy at the terminal to said first, second, third and fourth
      apertures with the phase of the coupled signals at the first and third
      apertures being advanced 90.degree. relative to the phase of the signals
      at the second and fourth apertures.
NUM  2.
PAR  2. The combination as claimed in claim 1, wherein the spacing of said
      first, second, third and fourth side wall apertures from said one end is
      selected to achieve optimized coupling to the asymmetrical mode signals.
NUM  3.
PAR  3. The combination as claimed in claim 1, wherein said spacing between said
      first, second, third and fourth side wall apertures and said one end is on
      the order of one half wavelength or multiple thereof at the asymmetrical
      mode signal frequencies.
NUM  4.
PAR  4. The combination as claimed in claim 1, including a second asymmetrical
      mode signal terminal and wherein said coupling means is further
      characterized by a response to signals at the second mentioned
      asymmetrical terminal for coupling equal portions of the signal energy at
      said second mentioned asymmetrical terminal to said first, second, third
      and fourth apertures with the phase of the coupled signals at the second
      and fourth apertures being advanced 90.degree. relative to the phase of
      the signals at the first and third apertures.
NUM  5.
PAR  5. The combination as claimed in claim 4, wherein said asymmetrical mode
      signals include the TM.sub.01, TE.sub.21 and TE.sub.12 modes.
NUM  6.
PAR  6. The combination as claimed in claim 1, wherein said side wall apertures
      are slots.
NUM  7.
PAR  7. The combination as claimed in claim 1, wherein each of said side wall
      apertures are made up of cross-slots.
NUM  8.
PAR  8. The combination as claimed in claim 1, wherein each of said side wall
      apertures are made up of circular holes.
NUM  9.
PAR  9. The combination as claimed in claim 1, wherein said asymmetrical mode
      signals include circularly polarized TM.sub.01 + TE.sub.21 modes
      (vertical) and circularly polarized TE.sub.12 (horizontal) modes.
NUM  10.
PAR  10. A feed system for receiving or transmitting first signals over a first
      band of frequencies and for receiving polarization diverse difference
      tracking signals over a narrower band of frequencies within said first
      band of frequencies, said feed system comprising:
PA1  a hollow truncated cone shaped member having tapering side walls and two
      orthogonal symmetry planes and a first opening at one end adapted to be
      coupled to a transmitter or a receiver and a larger opening at the
      opposite end adapted to be coupled to free space,
PA1  a first pair of coupling apertures in the tapering side wall of said hollow
      member at diametrically opposite surfaces of the member in one of said
      symmetry planes,
PA1  a second pair of coupling apertures in the tapering side wall of said
      hollow member at diametrically opposite surfaces of the member in the
      second of said symmetry planes,
PA1  a first tracking terminal for sensed angle tracking errors in said one
      symmetry plane and a second tracking terminal for sensed angle tracking
      errors in said second plane,
PA1  angle sensing comparator means coupled between both said first and second
      pair of apertures and said first and second tracking terminals for
      receiving and angle sensing polarization diverse tracking signals within
      said narrower band of frequencies to provide first angle sensed tracking
      error signals at said first terminal and to provide second orthogonal
      angle sensed error signals at said second terminal.
NUM  11.
PAR  11. The combination as claimed in claim 10, wherein said comparator means
      for receiving and angle sensing polarization diverse tracking signals
      within said narrower band of frequencies includes a narrow band filter
      adapted to pass only signals within said narrower band of frequencies with
      low attenuation mounted with respect to each of said apertures to present
      to all signals outside of said narrower band of frequencies a short
      circuit across said apertures.
NUM  12.
PAR  12. The combination as claimed in claim 11, wherein said comparator means
      is arranged with a first aperture of said first pair of coupling apertures
      and a first aperture of said second pair of coupling apertures providing
      signal waves that are advanced 90.degree. relative to signal waves at the
      remaining two apertures in response to signal waves applied at said first
      tracking terminal and wherein said remaining two apertures provide signal
      waves that are advanced 90.degree. relative to signal waves at said first
      apertures of said first and second pair of apertures in response to signal
      waves applied at said second tracking terminal.
NUM  13.
PAR  13. The combination as claimed in claim 12, wherein each of said first and
      second pairs of apertures are made up of crossed slots.
NUM  14.
PAR  14. The combination as claimed in claim 13, wherein one of said slots is
      oriented to be about a 45.degree. angle with respect to the axis of said
      funnel-shaped member.
NUM  15.
PAR  15. The combination as claimed in claim 13, wherein one of said slots is
      slightly longer than the other of said slots forming the cross so that the
      longer slot is slightly below resonance and the other is slightly above
      resonance at a frequency within said narrower band of frequencies.
NUM  16.
PAR  16. The combination as claimed in claim 15, wherein said first and second
      slots forming the aperture intersect each other at the midpoint and are
      orthogonal to each other.
NUM  17.
PAR  17. The combination as claimed in claim 13, wherein said comparator means
      coupled between said apertures and said first and second tracking
      terminals include a rectangular waveguide cavity capable of supporting
      orthogonal TE.sub.10 modes coupled between each of said narrow band
      filters and each of said apertures.
NUM  18.
PAR  18. The combination as claimed in claim 17, wherein the length of said
      cavity is determined so that each of said narrow band filters presents a
      short circuit across said apertures to signals outside of said narrower
      band of frequencies.
NUM  19.
PAR  19. The combination as claimed in claim 18, wherein said cavity has a pair
      of broad walls and a pair of narrow walls with the broader of the walls
      nearly parallel to the longer of said pair of crossed slots and the
      narrower walls nearly parallel to the shorter of the pair of crossed
      slots.
NUM  20.
PAR  20. The combination as claimed in claim 10, wherein each of said first and
      second pairs of apertures are made up of circular holes.
NUM  21.
PAR  21. The combination as claimed in claim 20, wherein an orthogonally
      polarizable filter is coupled to each of said circular holes at one end
      thereof and each of said filters are coupled at the opposite end thereof
      to a linearly to circularly polarized wave transducer.
NUM  22.
PAR  22. The combination as claimed in claim 10, wherein each of said first and
      second pairs of apertures are made up of crossed slots of equal lengths.
NUM  23.
PAR  23. The combination as claimed in claim 22, wherein an orthogonally
      polarizable filter is coupled to each of said crossed slots of equal
      length at one end thereof and each of said filters at the opposite end
      thereof to a linearly to circularly polarized wave transducer.
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ABST
PAL  The light output of pyrotechnic luminants under dynamic conditions can be
      nitored to obtain data representative of ground surface illumination as a
      function of time and position of the illumination source. An array of
      photocells is disposed at substantially ground level throughout the range
      testing area, these photocells being sequentially scanned to provide a
      serial electrical data output during the firing of a pyrotechnic
      luminant-containing projectile over the range testing area. The serial
      data is transmitted to a remote control location whereat the data is
      received, sequentially demodulated, and converted into an optical display
      synchronously with the scanning in a pattern which simulates the
      illumination impinging on the photocell array. The position of the
      projectile over the range testing area is simultaneously tracked and a
      tracking information display is also provided. The illumination display
      pattern is recorded in correlation with the tracking information display
      so as to provide a frame-by-frame record of the ground surface
      illumination of the luminant as a function of time and the position of the
      illumination source.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured, used and licensed by or
      for the United States Government for governmental purposes without the
      payment to the inventor of any royalties thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to illumination monitoring systems and is
      particularly concerned with a system and method for monitoring the light
      output of pyrotechnic luminants under dynamic conditions so as to obtain
      data representative of ground surface illumination as a function of time
      and position of the illumination source.
PAR  The present invention has particular applicability in evaluating the
      effectiveness of pyrotechnic luminants such as flares in terms of the
      capability thereof of actually illuminating a target. In the design of a
      complete flare system, the ability thereof to provide a relatively high
      level of ground illumination is the primary criteria for effectiveness. In
      this respect, the intensity of the ground illumination is of concern, as
      is the illumination pattern, spectral characteristics thereof, and the
      time-variation of illumination intensity. In a dynamic situation wherein a
      projectile carrying a pyrotechnic luminant is fired, further variables
      enter into an evaluation of illumination effectiveness, such as the
      height, trajectory, and burn-time of the projectile.
PAR  So as to facilitate the design of such flares and related systems,
      pyrotechnic luminants presently are evaluated statically in test tunnels
      and on towers where light intensity is measured, and dynamically by
      measuring their trajectory and burn-time during actual firing. Light
      intensity data as well as trajectory data are then mathematically
      manipulated into a calculated estimate of the flare's ground-illumination.
      The present methods as discussed at best rely upon estimates and
      complicated calculations in determining the effectiveness of a luminant in
      that such present methods do not evaluate the actual effectiveness of the
      complete flare system in terms of actually illuminating a ground target.
PAC  SUMMARY OF THE INVENTION
PAR  It is thus apparent that a need exists in this art by which the actual
      ground-illumination effectiveness of a pyrotechnic luminant can be
      monitored under dynamic conditions, and it is the primary objective of the
      instant invention to provide such a method and system.
PAR  A further objective of the instant invention is to provide a method and
      system by which output such as illumination, duration, and pattern of a
      flare can be evaluated under dynamic conditions which approximate that to
      be found under actual tactical situations.
PAR  These objectives, as well as others which will become apparent as the
      description proceeds, are implemented by the novel invention which will be
      seen to constitute both a method and a system for monitoring the light
      output of pyrotechnic luminants under dynamic conditions to obtain data
      representative of ground surface illumination as a function of time and
      position of the illumination source.
PAR  To this end, the system contemplates the disposition of an array of
      spaced-apart light sensing means, such as photocells, at substantially
      ground level throughout a range testing area. A pyrotechnic
      luminant-containing projectile or flare is then fired over a range testing
      area so as to commence a testing period. Each light sensing means is
      sequentially scanned at the range testing location so as to provide serial
      electrical data which is representative of the output of the light sensing
      array in response to the pyrotechnic illumination characteristics.
PAR  At a location remote from the range testing area, the electrical data is
      received and is sequentially demodulated, the received data then being
      converted into an optical display synchronously with the scanning of the
      light sensing array, the optical display being provided in a pattern which
      simulates the illumination impinging on the array of light sensing means
      disposed throughout the range testing area.
PAR  Simultaneously with the above-mentioned data acquisition, the position of
      the projectile is tracked over the range testing area and a tracking
      information display representative of the projectile position is provided.
      The illumination display pattern is then recorded, preferably in a
      photographic manner, in correlation with the tracking information system
      display so as to provide a frame-by-frame record of the ground surface
      illumination as a function of time and position of the illumination source
      throughout the testing period.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and further features and advantages
      thereof will become apparent from the following detailed description of a
      preferred inventive embodiment, such description making reference to the
      appended sheet of drawing wherein the single FIGURE thereon represents a
      generalized monitoring system constructed in accordance with the teachings
      herein.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Reference now being made to the appended sheet of drawing, an overall
      pyrotechnic evaluation system constructed in accordance with the teachings
      of the instant invention is disclosed, this system, as aforementioned,
      being capable of providing data representative of ground surface
      illumination of a pyrotechnic luminant as a function of time and position
      of the illumination source.
PAR  Disposed substantially at ground level throughout a range testing area is
      an array of photocell light sensors generally designated by reference
      numeral 10, each photocell sensor 12 being spaced-apart from one another
      by a distance of approximately 450 feet, the entire photocell array
      covering an area in excess of 200,000 square feet which, in the preferred
      inventive embodiment, is an area which approximates the ground area
      illuminated above a certain threshold level such as 0.05 or 0.20
      foot-candles as occurs during tactical situations. Each of the photocells
      12 is contemplated to comprise a highly stable silicon solar cell
      preferably coupled with a cosine correction filter and a spectra filter to
      correct the response of the photocell to substantially match that of the
      human eye.
PAR  A projectile containing a pyrotechnic luminant such as a flare is
      contemplated to be fired over the range testing area and thus over the
      photocell array 10. Light from the decending flare reaching each photocell
      12 would, in conventional fashion, cause a current to be produced
      proportional to the intensity of the impinging illumination. This current,
      after amplification and "quantizing," i.e. exceeding a threshold level
      such as that which would be produced with an impinging illumination of
      0.05 foot-candles or 0.20 foot-candles, is carried along conductors 14 to
      a field-commutator unit generally designated by reference numeral 16 which
      serve to sequentially scan the output of each photocell 12 of the array 10
      to provide serial electrical data representative of the output in response
      to the pyrotechnic illumination characteristics.
PAR  The field-commutator unit 16 comprises a multi-position matrix 18 of
      conventional construction into which the output signal from each photocell
      12 is fed via conductors 14. An X-counter 20 and a Y-counter 22 are
      coupled to the matrix 18 so as to sequentially scan same, again in
      conventional fashion, counters 20 and 22 each constituting ring counters
      arranged to interrogate the matrix upon receipt of a scan initiation pulse
      along conductor 24. If a positive signal appears at any point in the
      matrix 18 corresponding to an output from a photocell sensor 12 exceeding
      a threshold value, that signal is serially transmitted on output 26 during
      the period that the counters 20 and 22 are interrogating that position. In
      accordance with the preferred construction of the instant invention, a
      five micro-second scan initiation pulse is utilized, the matrix 18
      includes 361 positions, the counters 20 and 22 constitute nineteen-point
      ring counters, each position interrogation consumes 15 micro-seconds and
      in approximately 6 milli-seconds, one complete scan of the test range
      field is accomplished.
PAR  At a location remote from the location of the test range, a control console
      is provided generally designated by reference numeral 28. The function of
      the control console 28 is to receive the serially generated data,
      demodulate and display same, and to provide the scan initiation pulses and
      other time-control functions.
PAR  In this respect, the serial pulse train output from the field unit 16
      transmitted on cable or conductor 26 provides the input to an additional
      matrix decoder 30 of construction substantially identical to that of
      matrix 18, element 30 serving to decommutate the serial data in accordance
      with an interrogation or scanning effected by X-counter 32 and Y-counter
      34, respectively.
PAR  In this respect, the operation of the demodulating or decommutating matrix
      30 is controlled by the scan initiation pulse as would be generated by
      scan initiation pulser 36 under the control of an external clock 38 or
      other timing mechanism. The scan initiation pulse is transmitted, as is
      shown, along conductor 24 to the test range apparatus, and additionally to
      the X-counter and Y-counter 32 and 34 of the control console demodulating
      apparatus through a delay means 39. Delay means 39 serves to introduce a
      delay to allow the scan pulse time to travel the distance from the control
      location to the test range and for the serial pulse train output thereat
      generated to travel back to the control console. In practice, the delay
      approximates 30 micro-seconds and serves to synchronize the arrival of the
      first pulse of the serial pulse train output on line 26 with the
      interrogation of the first position of the decommutator matrix 30 by the X
      and Y-counters 32 and 34, respectively.
PAR  The output from the decommutator matrix 30 is provided directly to an
      optical display panel 40 which serves to convert the received data into an
      optical display sychronously with the test range scanning and in a pattern
      which simulates the illumination impinging on the array of light sensing
      photocells 12 throughout the range testing area. Specifically, if a
      positive pulse signal of the serial pulse train output on line 26 reaches
      the decommutator matrix 30 at the exact instant the X and Y-counters 32
      and 34 are interrogating a position in the matrix, that signal is
      channeled to a lamp on the optical display panel 40 which corresponds to
      the matrix position being interrogated. The timing sequence of the system
      is such that a position in the decommutator matrix 30 is interrogated at
      the exact instant that the serial pulse train signal on line 26,
      corresponding to the same position within the field commutator matrix 18,
      reaches that position in the decommutator matrix 30. This assures that the
      lamp is illuminated on the display panel which corresponds to the sensor
      position in the photocell array of the test range which has provided the
      serial pulse.
PAR  In addition to the optical display pattern so provided, the serial pulse
      train output 26 is further channeled to a count accumulator or pulse
      counter 42 which will serve to count the number of pulses returning from
      the field position and display such count. This count provides a
      proportional approximation of the ground area illuminated by the flare
      above a predetermined threshold level.
PAR  The instant inventive technique further requires the simultaneous tracking
      of the position of the flare or projectile over the range testing area so
      as to additionally provide a display representative of acquired tracking
      information, this information being utilized by the system to correlate
      the illumination display pattern with the position of the illumination
      source over the test range. To this end, three position trackers
      identified by reference numerals 44, 46 and 48 are disposed in a line
      substantially parallel to the edge of the test range, position trackers
      44-48 preferably constituting conventional cinetheodolites such as Askania
      KTH 59 with Askania K 53 mechanisms. Each position tracker 44 is framed
      from a central control point which preferably operates from the same
      timing source or clock 38 as is shown. A tracking display 50 is coupled to
      the output of the position tracker so as to provide a display
      representative of acquired tracking information.
PAR  The instant invention further contemplates the provision of a means which
      will record the illumination display pattern from the optical display
      panel 40, as well as the tracking information display 50, in correlation
      with one another. To this end, a photographic recorder is schematically
      illustrated and identified by reference numeral 52. In the preferred
      inventive embodiment, the photographic recorder 52 preferably constitutes
      a 35-mm pulsing camera such as that produced by Automax, the camera being
      framed under the control of the same timing device such as clock 38 which
      operates the remainder of the system, again ensuring correlated data and
      synchronised response. The photographic recorder 52 will therefore produce
      a frame-by-frame record of the optical display pattern on panel 40 as such
      pattern continuously varies throughout a testing period, the recorded
      optical display pattern further being correlated with the position of the
      illuminating source to provide a record by which evaluation of the flare
      can be readily accomplished.
PAR  While there has been shown and described a preferred embodiment of the
      instant invention, it will be apparent to those skilled in the art that
      many modifications of the structural details of the preferred system can
      be obviously achieved. For example, modulators and demodulators of a form
      other than that depicted herein could be utilized, and the data link
      between the test range and the remote control location could be
      accomplished via a radio-link rather than through cable. Further the
      recording means of the data acquired need not be photographic in all
      instances, but could, for example, constitute a computer-generated
      display. Further, the information acquired by the photocell array of the
      test range could be recorded on multi-channel magnetic tape in a further
      system variant. Therefore, the scope of the instant invention is to be
      construed by the following claims.
CLMS
STM  Accordingly, what is claimed is:
NUM  1.
PAR  1. A method of monitoring the light output of pyrotechnic luminants under
      dynamic conditions to obtain data representative of ground surface
      illumination as a function of time and position of the illumination
      source, said method comprising the steps of:
PA1  disposing an array of spaced-apart light sensing means at substantially
      ground level throughout a range testing area;
PA1  firing a pyrotechnic luminant-containing projectile over the range testing
      area to commence a testing period;
PA1  sequentially scanning each light sensing means to provide serial electrical
      data representative of the output of each light sensing means in response
      to the pyrotechnic illumination characteristics;
PA1  receiving the electrical data at a location remote from the range testing
      area;
PA1  sequentially demodulating the received electrical data and converting same
      into an optical display synchronously with said scanning in a pattern
      simulating the illumination impinging on the array of light sensing means
      throughout the range testing area;
PA1  simultaneously tracking the position of the projectile over the range
      testing area and providing a display representative of acquired tracking
      information; and
PA1  recording the illumination display pattern in correlation with the tracking
      information display.
NUM  2.
PAR  2. A method as defined in claim 1, wherein each light sensing means
      disposed in the array provides an output in response to illumination
      impringing thereon of an intensity in excess of a threshold level.
NUM  3.
PAR  3. A method as defined in claim 2, wherein the sequential scanning of each
      light sensing means in the array and the sequential demodulation,
      conversion, and display of the received data is effected continuously
      throughout the testing period to produce a time-varying optical display
      pattern, and wherein the display pattern and tracking information display
      is photographically recorded at a plurality of discrete time intervals.
NUM  4.
PAR  4. A method as defined in claim 3, further including the step of
      automatically counting the received serial electrical data for each
      sequential scanning of the array and providing a read-out indicative of
      the cumulative illumination impinging on the array.
NUM  5.
PAR  5. A system for monitoring the light output of pyrotechnic luminants under
      dynamic conditions to obtain data representative of ground surface
      illumination as a function of time and position of the illumination
      source, said system comprising:
PA1  an array of spaced-apart light sensing means disposed at substantially
      ground level throughout a range testing area;
PA1  means disposed at the location of the array for sequentially scanning each
      light sensing means to provide serial electrical data representative of
      the output thereof in response to pyrotechnic illumination
      characteristics;
PAR  means disposed at a location remote from the range testing area for
      receiving the electrical data and sequentially demodulating same;
PA1  means for converting the received data into an optical display pattern in
      synchronism with said scanning, said pattern simulating the pattern of
      illumination impinging on the array of light sensing means throughout the
      range testing area;
PA1  means for simultaneously tracking the position of the projectile over the
      range testing area and for providing a display representative of acquired
      tracking information; and
PA1  recording means for recording the illumination display pattern in
      correlation with the tracking information display.
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ABST
PAL  A system for recording input electrical signals by positioning galvanometer
      pen styli relative to a chart paper device in accordance with the input
      signals. Each pen is mechanically linked to an optical mask. The optical
      mask in conjunction with an optical system provides a feedback light
      signal, which is converted to a feedback electrical signal for nulling the
      input signal. The ink application device includes structure for applying
      pressure directly to carbon paper, which in turn transfers the carbon or
      ink to the chart paper, thereby recording clear representations of the
      electrical signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to electrical signal recording
      systems, and more particularly relates to such systems employing structure
      for recording signals on chart paper.
PAR  2. Description of Prior Art
PAR  In known or prior art remote-position indicators, or systems for recording
      electrical signals, inductive receivers (transducers), bridge
      wire-receivers, slip-ring receivers, capacitative receivers, magnetically
      operated receivers are provided. Some of these receivers may be adapted
      for use with shaft mounted, light-coupled, position feedback systems.
PAR  In such types of remote-position indicators, transmission efficiency of the
      position message is a function of transition of the control signal from a
      mechanical into an electromagnetic value. In inductive receivers, the
      difficulty or problem exists that transmission efficiency can be impaired
      through an axle mounting (bearing) of the rotational system, through
      magnetic inhomogeneities of transformer material, as well as through
      mechanical machining efficiency of slot sides in the yoke aperture.
PAR  In resistance or potentiometer receivers, contact difficulties can arise
      between receiver and sliding track, as a consequence of soiling or rusting
      of conducting material. Cleaning, calibrating and gauging is usually
      frequently repeated and the slide (pilot) wire has to be frequently
      changed.
PAR  Capacitative remote-position indicators employ AC voltages and require
      adequate shielding of individual receivers, in order to avoid mutual
      interference of parallel channels and other outward disturbances.
      Operational voltage and operational frequency should be kept constant.
      Other remote-position indicators, have other problems.
PAR  In all of the above-described indicator systems, the recording of signals
      on paper or chart paper is well known. Various methods for recording these
      signals include a paste-paint (ball-point-pen) method, a wax writing
      (fusing of a waxen layer) method, a metallic layer erosion (electric
      sparking) method, a thin-jet color spraying method, a photo-optical
      method, and a pressure-sensitive marking paper (carbon-paper) method. Each
      of these methods or techniques have certain disadvantages which may
      involve poor quality of reproduction, high expense, frequency limitations,
      etc.
PAR  With regard to the carbon paper method, the prior art EKG and other
      electro-medical recorders generally employ the following technique. A
      galvanometer pen stylus applies pressure to the chart paper directly. The
      chart paper, in turn, applies pressure to the carbon paper at the point of
      stylus pressure, thus making an ink or carbon mark on the side of the
      chart paper opposite to the side on which pressure was applied. The
      resultant signal trace is poor quality. The chart paper thickness causes a
      broad spread, or contact width, with the carbon paper. This poor quality
      may cause masking of important signal detail in certain instances, and can
      be a severe problem of prior art recorders of this type. The present
      invention solves this problem.
PAC  SUMMARY OF THE INVENTION
PAR  A system for recording electrical signals includes an amplifier for
      amplifying the signals, and a galvanometer pen device for applying pen
      stylus pressure directly to carbon paper which, in turn, causes
      representations of the signals to be made on chart paper. The galvanometer
      pen device includes at least one stylus assembly having a writing end or
      scribing tip and a rotatably mounted end. Optical-electronic position
      feedback is also employed for stability and accuracy. An advantage of the
      present invention is that it provides more accurate measurement and
      recording of signals of interest.
PAR  It is thus an object of the present invention to provide an improved signal
      recording system.
PAR  It is another object of the present invention to provide an improved chart
      paper recording system which employs structure for applying stylus
      pressure directly to pressure-sensitive marking paper.
PAR  Other objects and advantages of the present invention will become apparent
      to one having reasonable skill in the art after referring to the detailed
      description of the appended drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts a diagrammatic representation of a remote-position indicator
      and recording system according to the invention, as well as a block
      diagram illustration of the electrical circuit coordinated with it;
PAR  FIG. 2 depicts the recording paper device of FIG. 1 in greater detail; and
PAR  FIG. 3 depicts relative thickness of chart paper and pressure-sensitive
      marking paper used in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention relates to subject matter disclosed and claimed in
      Patent Application Serial No. 440,884 filed February 8, 1974, in the name
      of Wolfgang Atzinger et al., and which has matured into U.S. Pat. No.
      3,886,562 and assigned to the assignee of the present invention. Subject
      matter disclosed in the above application is incorporated herein by
      reference.
PAR  In FIG. 1, forward-backward counter 30 provides digital input to D/A
      converter 20. Analog output from converter 20 can be zero-adjusted by
      control 40 and it is conducted to filter network 10. Output of filter
      network 10 is conducted to one input of comparator 60. Input of comparator
      60 is conducted from amplifier 50. Input to amplifier 50 is the electrical
      input signal to be recorded. Output from comparator 60 is conducted to
      switch amplifier 70, the output of which drives galvanometer pen system or
      recording system 90 through thermo-switch (circuit breaker) 80, in a
      switching or pulsing manner. Recording paper device 200 contains chart
      paper and carbon paper. Galvanometer pen 207 makes contact with the carbon
      paper, (detail shown in FIGS. 2 and 3), the contact being indicated by
      dotted line 100.
PAR  The exemplification of a remote-position indicator demonstrated in FIG. 1,
      according to the present invention, contains diaphragm segment BS, which
      is stationarily attached with the axis of the recording system, to which
      the recording indicator or pointer of the recording system is likewise
      attached. On one side of the diaphragm segment, an illuminating device B
      is stationarily attached, and on the other side, a light receiver LA. As
      an illumination device, luminous diodes are preferably used, and as light
      receivers, phototransistors. Luminous or light-emitting diodes and
      phototransistors are standard components, well known in the electronics
      arts. Further explanation thereof is not necessary for complete
      understanding of the present invention.
PAR  Referring to FIG. 2, recording paper device 200 is shown in greater detail.
      Chart paper 206, shown on edge, moves in direction 219. Chart paper
      dispensing drum 212 rotates about a longitudinal axis in direction 213.
      Chart paper roll-up drum 214 likewise rotates about a longitudinal axis in
      direction 215. Chart paper support edge 217 provides a proper scribing
      edge on which the ink or carbon from carbon paper 205 (yet to be
      described) is applied. The motions ascribed to the various drums
      illustrated, are provided by a motor and appropriate gear train (not
      shown).
PAR  Carbon paper 205 moves in direction 218 from carbon paper dispensing drum
      203 which rotates in direction 204, to carbon paper roll-up drum 201 which
      moves in direction 202. Carbon paper support drums 209, 210, and 211 (and
      others if needed) are positioned to cause the passage of carbon paper 205
      adjacent chart paper 219 at the chart paper support edge 217. The detail
      of this contact is provided in FIG. 3, to be described below. Again, the
      necessary rotational movement to drums 201 and/or 203 is provided by a
      motor and gear train (not shown). The preferred embodiment provides
      opposite relative movements of chart paper and carbon paper past chart
      paper support edge 217.
PAR  Galvanometer pen recording system 90 of FIG. 1 is like-wise depicted in
      FIG. 2. Galvanometer pen 207 is rotatably positioned about rotatable
      support 216. Scribing tip 208 applies pressure to carbon paper 205 in
      directions approximately perpendicular to the plane of the drawing. It is
      thus observed that directions of movement of chart paper and carbon paper
      are transverse to directions of movement of the scribing tip. The lengths
      of the paths scribed by scribing tip 208 is a function of amplitudes of
      the signals applied to galvanometer pen recording system 90. Steady motion
      of chart paper 206 thus creates a time base, and scribing paths provided
      by scribing tip 208 are thus recorded as representations of the input
      electrical signals along a time axis.
PAR  Referring to FIG. 3, carbon paper 205 and chart paper 206 are shown in a
      greatly enlarged edge view thus illustrating typical relative thicknesses
      of these papers. As can be seen, carbon paper 205 is substantially thinner
      than chart paper 206. Pressure from galvanometer stylus or scribing tip
      208, against carbon paper 205 thus produces a fine ink or carbon mark on
      chart paper 206 adjacent thereto. The scribing is supported by chart paper
      support edge 217.
PAR  The high-resolution ink lines or marks on the chart paper are thinner and
      finer than lines produced by prior art recorders. The relatively thin
      carbon paper contacts the chart paper substantially only at the position
      of scribing tip 208. Prior art recorders, applying pressure through the
      thick chart paper, contacted the carbon paper over a spread not restricted
      to the immediate vicinity of the scribing tip, thereby scribing a fuzzy or
      broad line and masking important detail. As FIG. 3 indicates, chart paper
      thickness 302 is substantially greater than carbon paper thickness 301.
PAR  The instant invention employs carbon paper having a typical thickness of
      about 0.025 millimeters, as for example, manufactured by G. Wagner
      Company, model B 178/755. The instant invention employs chart paper having
      a typical thickness of about 0.04 millimeters, as for example,
      manufactured by Schleicher & Schull Company, model 534. The thickness of
      the chart paper is almost double that of the carbon paper.
PAR  Employing the present invention techniques of applying stylus pressure
      directly to the thinner carbon paper, the resulting recorded trace
      thickness has been measured as fine as 0.2 millimeters, and no wider than
      0.4 millimeters. By comparison, the old technique of applying pressure
      directly to the chart paper results in a measured trace thickness of as
      much as 1.0 millimeters, about 250% thicker than the maximum thickness of
      the trace produced by present invention techniques.
PAR  In the foregoing series of measurements, the same galvanometer tip, model
      SZ 35 was employed on the same chart paper/carbon paper combination. Of
      course, if older, thicker chart paper had been employed, the contrast
      between the results obtained with techniques of the present invention and
      results obtained with old techniques would have been even more favorable.
PAR  The invention may be embodied in yet other specific forms without departing
      from the spirit or esential characteristics thereof. Thus, the present
      embodiments are to be considered in all respects as illustrative and not
      restrictive, the scope of the invention being indicated by the appended
      claims rather than by the foregoing description, and all changes which
      come within the meaning and range of equivalency are therefore intended to
      be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for recording at least one electrical signal, said system
      comprising means for amplifying said signal thereby generating an
      amplified signal, means for applying said electrical signal to an input of
      said amplifying means, electro-mechanical means including a rotatable
      shaft for registering the output of said amplifying means, optical
      feedback means including an optical mask with apertures affixed to said
      shaft for generating feedback light signal pulses whose sum is related to
      angular displacement of said shaft and to amplitude of said electrical
      signal, means for detecting said feedback light signal pulses, means
      including a forwards-backwards counter and a digital/analog converter for
      counting said feedback light signal pulses and converting said sum to an
      analog feedback electrical signal, said amplifying means including means
      for comparing said analog feedback electrical signal and said amplified
      signal for generating said output of said amplifying means, said
      electro-mechanical means further comprising: chart paper, carbon paper in
      controllably-operative contact with said chart paper, the thickness of
      said carbon paper being substantially less than the thickness of said
      chart paper, galvanometer pen means responsive to said rotatable shaft for
      contacting and applying controlled pressure to said carbon paper thereby
      finely scribing on said chart paper along paths representative of said
      fluctuations, means for steadily moving said chart paper transverse to
      directions of said paths thereby generating an effective time axis for
      recording a representation of said electrical signal on said chart paper,
      and means for moving said carbon paper in a direction opposite to the
      direction of motion of said chart paper.
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PAL  Photo-composing apparatus comprising a projection system for projecting
      optical images onto a photo-sensitive recording member by way of a mirror
      which is rotatable to displace projected images with respect to the
      recording member, and an element formed by substantially parallel optical
      fibres between the mirror and the position in which the recording member
      will be held. The element has first and second major surfaces, the first
      major surface being concave, and facing the mirror, the second major
      surface having a radius of curvature substantially greater than that of
      the first major surface. The optical fibres extending between the first
      and second major surfaces, and the axis of rotation of the mirror is at
      the effective centre of curvature of the first major surface.
BSUM
PAR  This invention relates to photo-composing apparatus, and more particularly
      to photo-composing apparatus for projecting a sequence of characters from
      a projection system, including a character matrix, onto a photosensitive
      recording member by means of a rotatable mirror.
PAR  In a common photo-composing system, characters selected from a character
      matrix are projected onto a strip of photo-sensitive film by a mirror
      rotatable about an axis to displace images on the film. While this type of
      system obviates the necessity to displace either the projection system or
      the film before the projection of each new character, it has the
      disadvantage that image distortion occurs at the ends of the film unless
      the film is bent into an arc, whose centre of curvature lies at the
      mirror.
PAR  The object of this invention is to provide a photo-composing system, and in
      particular, an image field flattening element which alleviates this
      problem.
PAR  According to one aspect of the invention, there is provided photo-composing
      apparatus comprising a projection system for projecting optical images of
      characters onto a photo-sensitive reading member by way of a mirror which
      is rotatable to displace projected images with respect to the recording
      member, means defining a position for the reading member and between the
      mirror and the said position for the recording member, an element formed
      by substantially parallel optical fibres, the element having first and
      second major surfaces, the first major surface being concave, and facing
      the mirror, the second major surface having a radius of curvature
      substantially greater than that of the first major surface, the optical
      fibres extending between the first and second major surfaces, and the axis
      of rotation of the mirror being at the effective centre of curvature of
      the first major surface.
PAR  In a preferred embodiment, the second major surface is plane, and the
      fibres are disposed so that each fibre is radial to a centre which is
      further from the element than the centre of curvature of the concave
      surface, so as to produce a minimum distortion at the second major
      surface. More particularly, minimum distortion is achieved when the
      arcuate distance from the centre line of the fibre element to that end of
      the fibre on the concave surface as measured along said concave surface is
      equal to the distance from the centre line to the end of the fibre on the
      second major surface. The centre line may be defined as the line
      corresponding to an extension of the shortest fibre in either direction.
DRWD
PAR  Further features of the invention will appear from the following
      description of one embodiment given by way of example only, reference
      being made to the accompanying drawings in which:
PAR  FIG. 1 is a schematic diagram illustrating a photo-composing apparatus
      according to the invention;
PAR  FIG. 2 shows a side elevation view of an arrangement for film feed;
PAR  FIG. 3 is a diagram showing, in sectional plan view, an image field
      flattening element;
PAR  FIG. 4 is a diagram showing, in sectional plan view, another image field
      flattening element;
PAR  FIG. 5 is a diagram showing, in sectional plan view a further image field
      flattening element;
PAR  FIG. 6 is a diagram showing in sectional plan view a still further image
      field flattening element; and
PAR  FIG. 7 is a diagram illustrating geometrically how distortion may be
      reduced by a specific orientation of the optic fibres.
DETD
PAR  In FIG. 1 there is illustrated a photo-composing system comprising a
      projection system 1, including a character matrix 2 which is moveable for
      selection of characters to be projected, and a mirror 3 pivotable about an
      axis 4 for reflecting images of selected characters to a film 5. A field
      flattening element 6 disposed between the mirror and the film obviates the
      necessity to bend the film into an arc. The images are projected onto a
      concave surface 7 of the element 6, and the film is held against a flat
      surface 8, by means of a backing element 9. The film is moveable between
      feed and take up spools 10 and 11 after the exposure of the film to each
      successive line of characters.
PAR  The field flattening element 6 comprises a fibre optic face plate, an
      example of which is shown in FIG. 3. The face plate comprises a large
      number of optic fibres 12 laid parallel and bound or bonded together to
      form a plate, with the concave surface 7 ground on one side and the plane
      surface 8 against which may be held the photographic film with its
      photosensitive surface adjacent the face plate, on the other side. The
      optic fibres in the element shown in FIG. 3 are all normal to the plane
      surface 8. Character images reflected by the rotatable mirror and incident
      on the concave surface are then transferred by the optic fibres through
      the face plate to the plane face and thus onto the photographic film. This
      image field is thus "flattened". However, as is clear from FIG. 3 the
      distance a between that end of the particular fibre 12, shown shaded,
      which emerges at the plane surface 8 and the centre line 13 of the face
      plate is less than the distance b between the end of that fibre 12
      emerging at the concave surface and the centre line, as measured along the
      concave surface. The image is therefore "condensed" on being transferred
      from the concave to the plane surface, and an opposite form of distortion
      is introduced.
PAR  The face plate shown in FIG. 4 is composed of fibres which are all normal
      to the curved surface 7. In this arrangement the distance a' on the plane
      surface is greater than the distance b' on the concave surface, causing
      extension of the image incident on the face plate, and therefore
      reintroducing the original distortion.
PAR  A combination of the two types of face plate, as shown in FIG. 5 could be
      made, in which the distortion of the one type of face plate were cancelled
      by an equal and opposite distortion of the other. However, this system
      would involve some considerable loss of transmission since there would be
      a break in each fibre light path.
PAR  It is evident that there must be orientation of the optic fibres between
      the orientation of the fibres of the plate in FIG. 3 and the radial
      orientation of the fibres of the plate in FIG. 4, for which the distortion
      of the image on passing through the plate is 0.
PAR  In FIG. 6 there is shown an improved arrangement, where the face plate is
      produced by the following steps:
PAR  a. The flat base plate is bent as to acquire a specific curvature of radius
      much larger than the radius eventually required for the concave surface of
      the plate;
PAR  b. the concave surface is ground to a curvature having the required radius;
PAR  c. the convex side of the face plate is ground flat.
PAR  The resulting fibre optic face plate has a structure as shown in FIG. 6.
      The axes of the fibres (which may have diameters of the order of 6 .mu.m)
      are all normal to the curve 14 into which the plate was originally bent
      before grinding. For small angles of displacement from the centre line, it
      can be generally stated that for each fibre, the angle between its axis
      and the tangent to the concave surface at the point of intersection of the
      fibre and the concave surface is equal to the angle between its axis and
      the flat surface, these angles being indicated as B in FIG. 7.
PAR  More specifically, it is more accurate over wider angles of displacement to
      state that each fibre of the face plate of FIG. 6 is so orientated that
      the arcuate distance from the centre line of the face plate to the fibre
      measured along the concave surface equals the distance from the centre
      line to that fibre measured along the plane surface.
PAR  It can be shown mathematically, that for a nominally thin face plate and a
      limited, but reasonable angle of movement of the light beam from the
      centre line, the distortion across the width of the face plate is minimal
      when the radius of curvature of the line 14 is three times the radius of
      curvature of the concave surface 7.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a photocomposing apparatus comprising a projection system for
      projecting optical images onto a photosensitive surface of a recording
      member by way of a mirror, which is rotatable to displace projected images
      with respect to the recording member; means defining a position for the
      recording member; an optical field-flattening element formed by
      substantially parallel optical fibers and arranged berween the rotatable
      mirror and said position for a recording member, the element having a
      first concave major surface, which faces the rotatable mirror so as to
      receive optical images reflected therefrom, and a second major surface
      which is substantially flatter than the first major surface, the optical
      fibers being arranged to transmit optical images from said first to said
      second major surface, whereby the field of said optical images is
      substantially flattened on transmission from said first to said second
      major surface, said means defining a position comprising means for
      retaining the recording member with its photsensitive surface adjacent the
      second major surface and the axis of rotation of the mirror being at the
      effective center of curvature of the first major surface.
NUM  2.
PAR  2. Photocomposing apparatus according to claim 1 wherein the second major
      surface is a plane surface.
NUM  3.
PAR  3. Photocomposing apparatus according to claim 1 wherein the optical fibres
      are parallel to each other.
NUM  4.
PAR  4. Photocomposing apparatus according to claim 1 wherein the optical fibres
      are arranged radially and extend normally to the first major surface.
NUM  5.
PAR  5. Photocomposing apparatus according to claim 1 wherein the fibres are
      disposed such that each fibre is radial to a point which is further away
      from the element than the centre of curvature of the first major surface,
      so as to produce a minimum distortion at the second major surface.
NUM  6.
PAR  6. Photocomposing apparatus according to claim 5 wherein the distance from
      said point to said element is approximately three times the radius of
      curvature of the concave first major surface.
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ABST
PAL  A light measuring circuit for an exposure time control device uses a
      photodiode to measure the object brightness and a logarithmic compressing
      diode to provide negative feedback between the output terminal and one
      input terminal of a differential amplifying circuit. The output of the
      light measuring circuit is summed with signals representing film
      sensitivity and diaphragm aperture setting and the resulting exposure time
      control signal is compensated for changes in temperature. An
      antilogarithmic converting circuit generates a signal proportional to the
      logarithmic value of the compensated exposure time control signal. The
      antilogarithmic converting circuit operates at the same reference
      potential as the differential amplifying circuit and its output is
      integrated and then used to terminate exposure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to automatic exposure time control devices using a
      photodiode as a light measuring element and, more particularly, to an
      automatic exposure time control device for a single reflex camera, wherein
      a photodiode receives scene light projected through an objective lens,
      produces a light measuring output voltage proportional to the logarithmic
      value of the object brightness, and then the output voltage is stored, and
      then logarithmically converted during exposure to thereby control the
      exposure time.
PAR  It is known that a photodiode is a better light measuring element as
      compared with a photoconductive element. As a light measuring element, it
      is necessary that the scene light projected through an objective lens be
      measured, then an electric current proportional to the brightness thereof
      be converted into a voltage proportional to that electric current by means
      of a logarithmic compressing diode, and that voltage be stored in a
      capacitor. The logarithmic compressing diode has a temperature
      characteristic and thus temperature-compensation commensurate with the
      diode temperature characteristic is required.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide an improved exposure
      time control circuit which incorporates a photodiode as a light measuring
      element.
PAR  It is a further object of the present invention to provide a highly
      accurate circuit for use in an exposure time control device, which circuit
      maintains stable operation with power source voltage fluctuations and
      variations in ambient temperature.
PAR  It is a yet further object of the present invention to provide an exposure
      time control circuit which is insusceptible to external noise.
PAR  It is a still further object of the present invention to provide an
      exposure time control circuit which provides a wide dynamic range for the
      range of brightness of photographic objects.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, in an exposure time control circuit a
      photodiode is connected as a light measuring element between the input
      terminals of a field effect transistor (FET) input differential amplifying
      circuit. A light measuring circuit uses negative feedback between the
      differential amplifier input and output terminals generated by a diode for
      logarithmically compressing the output current from the photodiode. An
      operational circuit adds to the light measuring circuit output voltage a
      signal representative of the film sensitivity and a voltage commensurate
      with the diaphragm aperture to be adjusted upon exposure to obtain a
      summed voltage for exposure time control. The aforesaid operational
      circuit has a linear potentiometer and a sliding element adapted to slide
      commensurate with the diaphragm aperture to be adjusted upon exposure, as
      well as with respect to the film sensitivity used. The potentiometer is
      connected to a current source circuit supplying a current proportional to
      the absolute temperature, whereby the voltage produced between the sliding
      element and potentiometer is added to the output voltage from the light
      measuring circuit. The added output voltage is stored in a storage means
      prior to exposure, and the stored voltage is antilogarithmically converted
      into an electric current upon exposure by a transistor. The exposure is
      controlled by the converted current through an electromagnet. The other
      input terminal of the differential amplifying circuit is connected to the
      emitter of the antilogarithmic converting transistor at a reference
      potential.
PAR  The electric current source compensates for the temperature characteristic
      of the logarithmic compressing diode and adds the diaphragm aperture
      exposure setting, and the film sensitivity to the light measuring output
      voltage to thereby obtain a voltage for exposure control which is free of
      errors caused by changes in ambient temperature.
PAR  The photoelectric current produced in a photodiode is extremely low, such
      as several PAs (pico-ampere) for low brightness photographic objects. It
      follows that the input impedance of a circuit operating with such a low
      current should be substantially high. To this end, according to the
      present invention, field effect transistors having a high impedance are
      used as input transistors for a differential amplifying circuit. However,
      if the input impedance is high, consideration should be given to external
      noise.
PAR  According to the present invention, the amplifier input terminal which is
      not connected to the negative feedback is connected to the emitter of the
      antilogarithmic converting transistor at a reference potential point, and
      the photodiode is connected between the reference point and the other
      input terminal. Thus, the photodiode is in the negative feedback network
      so as to maintain the voltage between the terminals of the photodiode
      substantially at zero volts, thus maintaining that input at the same
      reference potential. Accordingly, another feature of the operational
      circuit is that the introduction of noise from the differential amplifier
      input terminal may be removed.
PAR  A still further feature of the operational circuit is that the mutual
      signal reference potential provided between the exposure control signal
      voltage storage means and the antilogarithmic converting transistor, the
      current of which is controlled by the stored signal voltage, is brought to
      the same potential with the input potential of the light measuring
      circuit, such that external noise will not be introduced into the exposure
      time control signal through the differential amplifier input terminal.
PAR  According to the aforesaid features of the present invention, the high
      input impedance of the differential amplifying circuit operates with an
      extremely low input current which is produced commensurate with a
      photographic object of a low brightness in an attempt to prevent the
      influence of external noise, thereby enabling high accuracy exposure time
      control over the wide range of the brightness of photographic objects.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic of an exposure time control circuit of the first
      embodiment of the present invention;
PAR  FIG. 2 is a schematic of an exposure time control circuit of the second
      embodiment of the present invention;
PAR  FIG. 3 is a schematic of an exposure time control circuit of the third
      embodiment of the present invention; and
PAR  FIG. 4 is a schematic of an exposure time control circuit of the fourth
      embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, encompassed within a broken line is light
      measuring circuit 10 including: photodiode 11 adapted to convert into a
      photoelectric current the brightness of the light from a photographic
      object projected through an objective lens, compressing diode 12 which is
      a logarithmic converting element adapted to convert the photoelectric
      current into a voltage proportional to the logarithmic value thereof.
PAR  Field effect transistors 13, 14, transistors 15, 16, resistors 17, 18, 19,
      20, 21 and variable resistor 22 in the light measuring circuit constitute
      a differential amplifying circuit. Gates 23, 24 of field effect
      transistors 13, 14 serve as high impedance input terminals, in the
      differential amplifying circuit, while junction 25 of the collector of
      transistor 16 with resistor 21 is an output terminal of the differential
      amplifying circuit.
PAR  Gate 24 of field effect transistor 14 is connected to ground terminal 26,
      while photodiode 11 is connected between ground terminal 26 and gate 23 of
      field effect transistor 13. Logarithmic compressing diode 12 is connected
      between input terminal 23 of the differential amplifying circuit and
      output terminal 25 thereof.
PAR  Linear potentiometer 27 is connected to output terminal 25 and sliding
      element 28 is positioned commensurate with the film sensitivity and the
      reset exposure diaphragm value, and produces a voltage commensurate with
      the aforesaid exposure information between sliding element 28 and terminal
      29.
PAR  A circuit consisting of transistors 30, 31, 32 and resistors 33, 34, 35, 36
      maintains the collector current of transistors 31, 32 constant, even if
      the power source voltage fluctuates, depending on the proper selection of
      the resistance of resistor 33. The aforesaid circuit is a current source
      circuit adapted to generate a current proportional to the absolute
      temperature at the collectors of transistors 31, 32. The proper selection
      of resistors 33, 34 and resistors 35, 36 or change in the emitter areas of
      transistors 30, 31, 32 provides a different current density flowing
      through the respective emitter layers of those transistors. Then there is
      provided a difference in the collector currents from transistors 30 and
      transistors 31, 32, with the base-emitter voltage of transistors 31, 32
      being varied commensurate with the variation in the absolute temperature.
      Also, the collector currents from transistors 31, 32 are designed so as to
      be proportional to the absolute temperature by providing a potential
      difference across the respective base-emitter of transistor 30 and
      transistors 31, 32, namely the voltage across resistor 33.
PAR  Meter 37 indicates exposure time, while a circuit consisting of transistor
      38 and variable resistor 39 compensates meter 37 for temperature changes.
      Switch 40 opens immediately before the commencement of rotation of a
      reflecting mirror in cooperation with a camera release mechanism, whereby
      the light measuring output (between terminals 25, 26), i.e., the voltage
      between terminal 28 and ground terminal 26 is stored in capacitor 41.
      Switch 42 is a trigger switch closed upon release of the shutter, while
      switch 43 is an electric discharging switch for integrating capacitor 45
      and opened before the closure of trigger switch 42. Upon closure of
      trigger switch 42, transistor 44 produces a collector current proportional
      to the antilogarithm of the voltage stored in storing capacitor 41.
      Integrating condenser 45 is connected to the collector of transistor 44
      and integrates the collector current, thus constituting a timing circuit.
PAR  Transistor switching circuit 46 is a known circuit which switches between
      ON-OFF conditions, i.e., the output condition, when the charging voltage
      of integrating condenser 45 reaches a given level, thereby actuating
      electromagnet 47. Electromagnet 47 releases a locked shutter closing
      member, due to the reversed output condition of switching circuit 46. When
      power source switch 48 is closed, the circuit according to the present
      invention is provided with current from power source 49.
PAR  When the light from a photographic object is incident on photodiode 11
      through a photographic lens, then there is produced an electromotive force
      across both terminals thereof, and thus a photoelectric current flows from
      terminal 23 to ground terminal 26. Since the photoelectric current flows
      from the collector of transistor 16 (i.e., output terminal 25 of
      differential amplifying circuit) through logarithmic compressing diode 12,
      there is produced a voltage proportional to the logarithmic value of the
      photoelectric current across the terminals of logarithmic compressing
      diode 12. Accordingly, there will result a potential increased to an
      extent corresponding to the voltage produced across diode 12, as compared
      with that of input terminal 23.
PAR  Also, when the input potential at input terminal 23 is raised, the
      potential at the output terminal 25 of the differential amplifying circuit
      is lowered, such that the potential at input terminal 23 will be equal to
      the potential at ground terminal 26 as a result of the negative feedback
      action of diode 12, whereby a voltage across photodiode 11 may be
      maintained substantially at 0 volts. In other words, the photoelectric
      current from photodiode 11 will be a short-circuiting current (I short)
      including no dark current component, thus accommodating the brightness of
      a photographic object with a high accuracy. In addition, there will be
      obtained a voltage between output terminal 25 and ground terminal 26,
      which is proportional to the logarithmic value of the brightness of a
      photographic object with a high accuracy, i.e., a voltage which is
      logarithmically compressed. The relatively low resistance of resistor 21
      connecting output terminal 25 to ground terminal 26 may be selected so
      that the potential at output terminal 25 will be sufficiently low for a
      dark photographic object.
PAR  Assuming that the photoelectric current of photodiode 11 is I.sub.p, then
      the potential at output terminal 25, i.e., output voltage V.sub.P, will be
      given according to the characteristics of logarithmic compressing diode
      12, as follows:
      ##EQU1##
      , wherein k represents Boltzmann's constant, T is the absolute
      temperature, q is the electron charge, and I.sub.s will be approximately
      expressed as follows:
      ##EQU2##
      wherein .alpha. represents a constant depending on the construction of
      photodiode 11, and .phi. represents a constant of about 1.2 ev, in the
      case of silicon. The collector current of transistor 31 may be made
      proportional to the absolute temperature by providing a difference in the
      temperature coefficient of the voltages across the base-emitters of
      transistors 30 and 31.
PAR  When an electric current .beta. T proportional to the absolute temperature
      flows through transistor 31 to a potentiometer set for the film
      sensitivity and preset diaphragm values, the voltage V.sub.E produced
      across terminals 28 and 29 will be given as follows:
EQU  V.sub.E = nr .beta. T                                      (3)
PAL  wherein n represents a constant dependent on a combination of the film
      sensitivity with the preset diaphragm value, i.e., exposure information, r
      is the resistance of variable resistor 27 corresponding to the IEV of
      exposure information, and .beta. is a proportional constant.
PAR  Thus, the voltage V.sub.M at terminal 28, which is to be stored in the
      storing capacitor through closed switch 40 is the sum of the voltages
      given by the above formulae (1) and (3), if the current flowing to
      resistor 27 is sufficiently set to be lower than the current flowing from
      the collector of transistor 16 through resistor 21. In other words,
      ##EQU3##
PAR  The relationship of the voltage V.sub.BE across the base-emitter of
      antilogarithmic converting transistor 44 which is adapted to produce a
      current proportional to the antilogarithm of the stored voltage of formula
      (4) versus the collector current Ic is expressed as follows:
      ##EQU4##
      wherein .alpha. ' in the formula (6) is a constant depending on the
      construction of transistor 44.
PAR  If V.sub.BE in the formula (5) is substituted by the stored voltage
      V.sub.M, then,
      ##EQU5##
PAR  Thus, the term of temperature is eliminated, while the collector current
      I.sub.c of transistor 44 will be proportional to photoelectric current
      I.sub.p from photodiode 11 as well as to an index of the step number n
      dependent on the set exposure information.
PAR  As has been described above, the input potential at input terminal 24 of
      the differential amplifying circuit according to the present invention is
      maintained at the potential of ground terminal 26, whereby the
      differential amplifying circuit may be operated efficiently.
PAR  When the shutter is released, switch 42 will be closed, and then
      integrating condenser 45 will be charged by current I.sub.c shown in the
      formula (7). Then, when the voltage thus charged reaches a given level,
      switching circuit 46 will be operated, while electromagnet 47 is excited
      or operated in a reversed manner, whereupon the shutter will be closed
      immediately.
PAR  An electric current proportional to the absolute temperature will flow from
      the collector of transistor 32 through variable resistor 39 and the
      collector-emitter of transistor 38, while part of the aforesaid current
      will flow through the base-emitter of transistor 38. Variable resistor 39
      adjusts the zero position of meter 37 by varying the resistance thereof
      when the light is not incident on photodiode 11. The actual and absolute
      base current I.sub.B of transistor 38 is lower as compared with the
      current flowing through variable resistor 39. Accordingly, the base
      current I.sub.B may be regarded as being constant with respect to
      temperature variations. Thus, the base-emitter voltage V.sub.BE.sub.' of
      transistor 38 will be expressed as follows:
      ##EQU6##
      The above I.sub.Bs is similar to I.sub.s in the formula (2).
      ##EQU7##
      wherein .alpha..sub.B represents a constant dependent on the construction
      of transistor 38.
PAR  Moreover, assuming that the resistance of variable resistor 39 is R, and a
      current flowing therethrough is .beta..sub.B T (.beta..sub.B is a
      proportional constant), then the voltage across variable resistor will be
      R.beta..sub.B T. As a result, the voltage V.sub.c.sub.'E across the
      collector-emitter of transistor 38 will be given as follows:
      ##EQU8##
PAR  Accordingly, voltage .DELTA. V across meter 37 will be the balance between
      the stored voltage V.sub.M in the formula (4) and voltage V.sub.c.sub.'E.
EQU  .DELTA. V = V.sub.M - V.sub.c.sub.'E
      ##EQU9##
PAR  The terms enclosed with the bracket in the above formula (11) include the
      brightness of a photographic object and exposure information and has no
      connection with temperature. Accordingly, if the resistance of the
      internal windings in meter 37 is provided with a temperature coefficient
      adapted to vary in proportion to the absolute temperature, then the
      current flowing through meter 37 may be made independent of temperature
      variations. A conventional copper wire may be used, whereby the resistance
      of the internal winding may be varied in proportion to the absolute
      temperature. The amount of current flowing through meter 37 is set so as
      to be less than that of the current flowing through variable resistors 27
      and 39, thereby preventing the influence of the current flowing through
      meter 37 on an external circuit.
PAR  FIG. 2 shows an improvement over the electric control circuit described in
      the first embodiment and the same reference numerals identify the same
      components in the two Figures. Encompassed within the broken line is light
      measuring circuit 10, similar to the first embodiment in that it
      constitutes a differential circuit incorporating two field effect
      transistors 13 and 14, wherein the collector of transistor 16 is connected
      as an input to the base of transistor 110, while the output from light
      measuring circuit 10 is taken at the junction of the emitter of transistor
      110 and resistor 111. In other words, output terminal 25 is connected to
      the emitter of transisitor 110, while resistor 111 is connected between
      output terminal 25 and ground 26. Compressing diode 12 is connected
      between the gate of FET 23 and the output terminal 25. Potentiometers 125
      and 127 are adapted to set the diaphragm aperture setting which is to be
      adjusted upon exposure and the film sensitivity. Variable resistor 124
      adjusts the potential output from potentiometer 127. Furthermore, switch
      126 is connected to a circuit short-circuiting potentiometer 127 to
      sliding element 126a thereof and switches a fully opened diaphragmed light
      measurement to stopped-down light measurement. Thus, at the time of fully
      opened diaphragm measurement, switch 126 is maintained closed, with
      potentiometer 127 being used as a variable resistor. However, in the case
      of stoppeddown light measurement, switch 126 is maintained opened, with
      potentiometer 127 being used as a constant resistor. Transistor 150
      compensates for the temperature characteristic of transistor 151. A
      circuit consisting of transistors 130, 131 and resistors 135, 133, 134 is
      a current source providing current proportional to the absolute
      temperature to the circuit connected to the collector of transistor 131.
PAR  A circuit consisting of transistors 152, 153, variable resistor 154 and
      resistors 155, 156 is a current source which provides a current
      proportional to the absolute temperature to the circuit connected to the
      collector of transistor 152. A circuit consisting of transistor 151 and
      variable resistors 157, 158 is a level shift circuit, wherein the level of
      the collector of transistor 152 is designed so as to be lower to an extent
      corresponding to the voltage drop in variable resistors 157 and 158 plus
      the voltage across the base-emitter of transistor 151 than the potential
      level of the base (output terminal 28) of transistor 151. A circuit
      consisting of transistor 159 and resistor 160 generates an exposure time
      control signal to meter 37 proportional to the exposure time to be
      controlled.
PAR  The voltage signal produced at output terminal 161 connected to the
      collector of transistor 152 is obtained by computing the logarithmic value
      of the brightness of a photographic object and the logarithmic values of
      the diaphragm aperture to be adjusted upon exposure as well as the film
      sensitivity. Thus, the aforesaid voltage signal is connected by switch 40
      to charge storing capacitor 41. The remaining circuitry is the same as in
      the first embodiment.
PAR  The following description concerns the primary difference in the operation
      of the operational circuit from that of the first embodiment. The
      potential of the emitter of transistor 150 is higher than the potential of
      output terminal 25 of the light measuring circuit to an extent
      corresponding to the voltage drop due to the resistancecomponent between
      output terminal 25 and the emitter of transistor 150. In the case of fully
      opened diaphragm light measurement, the smaller the diaphragm is stopped
      down, the further the sliding element 126a of potentiometer 127 is moved
      towards the emitter side of transistor 150, such that the potential of the
      emitter of transistor 150 will be lowered to an extent corresponding to
      the number of steps the diaphragm is stopped down. The potential of
      sliding element 28 is lower than the potential of the terminal of
      potentiometer 125 connected to the base of transistor 151 by the voltage
      drop due to the resistance of potentiometer 125 therebetween, and the
      potential of the aforesaid terminal is higher to an extent corresponding
      to the voltage across the base-emitter of transistor 150.
PAR  The major portion of the collector current of transistor 131 flows through
      potentiometer 125, while the current flowing through the base of
      transistor 150 is negligibly low. The higher the film sensitivity, the
      further sliding element 28 shifts towards the collector side of transistor
      131, and the higher will be the potential at sliding element 28.
PAR  The reason why a current proportional to the absolute temperature is
      provided to variable resistors 128, 127, 124 is the same as in the first
      embodiment.
PAR  Assuming that the temperature-dependent characteristic of the base-emitter
      of transistor 150 is not taken into consideration, the voltage between
      output terminal 25 of the light measuring circuit and sliding element 28
      will serve as an exposure time control signal which has been produced by
      logarithmically compressing the brightness of a photographic object and
      then adding thereto the logarithmic values of the film sensitivity and
      diaphragm aperture to be adjusted upon exposure.
PAR  Then, the potential of the sliding element 28 is lowered due to the circuit
      consisting of transistor 151 and variable resistors 157, 158 for bringing
      in a suitable range the level of the aforesaid signal to be imparted
      between the base and emitter of antilogarithmic converting transistor 44.
      A current proportional to the absolute temperature is caused to flow
      through variable resistors 157, 158, and the voltage drop in both variable
      resistors 157, 158 is varied depending on temperature, as has been
      described previously, i.e., this is tantamount to an increase in the
      potential across variable resistor 124.
PAR  Further, the voltage across the base-emitter of transistor 151 varies
      depending on temperature, while this variation is off-set by the variation
      in voltage across the base-emitter of transistor 150 due to temperature
      variation. Accordingly, the signal produced at junction 161 between
      variable resistor 158 and transistor 152 is a voltage signal produced by
      adding the film sensitivity and the diaphragm aperture signals, with the
      signal level being suitably adjusted.
PAR  Also, variable resistors 157, 158 adjust the amount of the potential to be
      shifted, although variable resistors 157, 158 may be potentiometers or
      means for setting exposure information other than the brightness of the
      photographic object.
PAR  FIG. 3 shows the third embodiment of the present invention, with the light
      measuring circuit and antilogarithmic converting circuit the same as shown
      in FIG. 2. A circuit consisting of transistors 201, 202, 203, 204 and
      resistor 205 constitutes the second differential amplifying circuit, the
      bases of transistors 201, 202 serve as input terminals, and transistors
      203, 204 serve as loads. A circuit consisting of transistors 207, 208 and
      resistor 209 constitutes an output circuit of the second differential
      amplifying circuit, and the output of the differential amplifying circuit
      is fed through transistor 206 to the emitter of transistor 207.
      Potentiometer 212 is connected between the emitter of transistor 207 and
      the collector of transistor 208, and potentiometer 213 is connected in
      parallel therewith between the aforesaid emitter and the collector of
      transistor 210. A circuit consisting of transistors 208, 210 and
      transistor 215 the collector of which is connected to the bases of
      transistors 208, 210, variable resistors 216, 217 and resistors 218, 219,
      is a current source circuit for generating a current proportional to the
      absolute temperature for a circuit connected to the collectors of
      transistors 208, 210.
PAR  In the operation of the aforesaid circuits, the second differential
      amplifying circuit, incorporating as input transistors transistors 201,
      202, serves to transfer the signal voltage obtained at output terminal 25
      of the light measuring circuit to a sliding element 211 of potentiometer
      212. In other words, the direct connection of the sliding element to
      output terminal 25 will not permit computation with high accuracy, because
      the connection of sliding element 211 to output terminal 25 causes an
      electric current to flow into an output terminal through sliding element
      211.
PAR  When the potential of output terminal 25 in the second differential
      amplifying circuit is increased, then the collector potential of
      transistor 203 will be lowered, such that the potential of the base and
      emitter of transistor 207 will be raised via transistor 206. This then
      causes the potential of sliding element 211 to be raised. In other words,
      the base of transistor 204 has a negative feedback via sliding element
      211, such that the potential of the sliding element will follow the
      potential of output terminal 25, resulting in equalized potentials.
      However, the gain of the second differential amplifying circuit should be
      sufficiently large. Since the input impedance of the second differential
      amplifying circuit is sufficiently high, the current from output terminal
      25, which has been provided through sliding element 211, may be rendered
      negligibly low. The light measuring output is reproduced at sliding
      element 211 with the above arrangement.
PAR  The potential at the junction between potentiometer 212 and the emitter of
      transistor 207 varies with the movement of sliding element 211. The extent
      of the voltage drop between the aforesaid junction and sliding element 211
      may be used to represent film sensitivity. The higher the film
      sensitivity, the further sliding element 211 is moved towards the
      collector of transistor 208, such that the level of the aforesaid junction
      will be raised. The extent of the voltage drop between the emitter of
      transistor 207 and sliding element 214 of potentiometer 213 represents the
      diaphragm aperture to be adjusted, and thus the smaller the diaphragm
      aperture, the further sliding element 214 is moved towards the collector
      of transistor 210, such that the potential of sliding element 214 is
      lowered.
PAR  If light measurement is effected, with the diaphragm aperture to be
      adjusted being stopped down, switch 126 is opened as shown. In other
      words, when switch 126 is opened, there is no current flowing through
      potentiometer 213, while the potential of sliding element 214 will be
      equal to that of the emitter of transistor 207, and thus the information
      representative of the diaphragm aperture will not be computed. With the
      second embodiment shown in FIG. 2, switch 126 is positioned above ground
      potential 26, while in the case of the third embodiment shown in FIG. 3,
      one of the terminals of switch 126 is at the signal reference level, that
      is, ground potential.
PAR  With the fourth embodiment shown in FIG. 4, the function of the second
      differential amplifying circuit in the third embodiment is performed by
      the first differential amplifying circuit. In the first through the third
      embodiments, the functions of the two differential amplifying circuits are
      to determine, through the photodiode, a highly accurate short-circuit
      current commensurate with the brightness of a photographic object, thereby
      obtaining as an output a voltage proportional to the logarithmic value of
      the aforesaid current. However, the function of the second differential
      amplifying circuit in the third embodiment is to convert the output
      impedance of the first differential amplifying circuit into a high output
      impedance, thereby imparting a signal voltage of the brightness of a
      photographic object to the sliding element of a potentiometer adjusted to
      represent the film sensitivity. In the fourth embodiment as shown in FIG.
      4, the functions of the aforesaid first and second differential amplifying
      circuits are combined and performed by a single differential amplifying
      circuit.
PAR  In FIG. 4, the output from the differential amplifying circuit is taken
      from the collector of transistor 16 and provided to the base of transistor
      301 as an input. Connected to the emitter of transistor 301 at junction
      302 are potentiometers 312, 313 which respectively are set to provide film
      sensitivity and diaphragm aperture settings. Potentiometers 312, 313 are
      connected to the collector of transistor 310 and the collector of
      transistor 308 in a current source circuit consisting of transistors 308,
      310, 315 for generating current proportional to the absolute temperature,
      variable resistors 316, 317 and resistors 318, 319. A circuit consisting
      of transistor 305 and variable resistor 306 as well as a circuit
      consisting of transistor 307 and variable resistor 309 are adapted to feed
      constant current to the respective collector circuits to which they are
      connected. The aforesaid constant currents should not necessarily be
      proportional to the absolute temperature.
PAR  Transistor 303 constitutes part of a negative feedback circuit of the
      differential amplifying circuit, while transistor 304 functions to off-set
      the variation in voltage, due to temperature, acorss the base-emitter of
      transistor 303, and the computed output is extracted from the emitter of
      transistor 304.
PAR  In operation, when the input potential at the gate of input field effect
      transistor 13 is raised, then the output potential at the collector of
      transistor 16 will be lowered, whereupon the potentials at the emitter of
      transistor 301 and the emitter of transistor 303 will be both lowered.
      When the potential at junction 320 is lowered in this manner, then the
      potential at input 23 will be lowered through logarithmic compressing
      diode 12. In this case, since input 23 receives a negative feedback signal
      it is maintained at the potential of ground 26, and then short-circuiting
      current will flow through photodiode 11. Accordingly, there will be
      produced at junction 320 a voltage proportional to the logarithmic value
      of the brightness.
PAR  Sliding element 311 may be directly connected to logarithmic compressing
      diode 12, rather than forming part of a constant current circuit
      consisting of transistors 303, 305 and variable resistor 306, although
      there will be required no constant current circuit consisting of
      transistor 307, transistor 304 and variable resistor 309. However, the
      current flowing through potentiometer 312 should be sufficiently high, as
      compared with the photoelectric current flowing through compressing diode
      12. For instance, photoelectric current flowing through compressing diode
      12 will be in the order of 5 .mu.A for a photographic object of a high
      brightness. To avoid errors in computation due to this photoelectric
      current, current to be provided to potentiometer 312 should be several
      tens times as high as the aforesaid value, for instance 250 .mu.A. Such a
      high ampere current should not be required from electric power source 49.
      For this reason, with the fourth embodiment shown in FIG. 4, sliding
      element 311 is connected via transistor 303 to a logarithmic compressing
      diode, thereby reducing the collector current of transistor 305 to several
      times as high as that of the aforesaid photoelectric current, for example
      20 .mu.A.
PAR  However, assuming that the base current of transistor 303 is I.sub.B , then
      ##EQU10##
      wherein I.sub.E represents the emitter-collector current of transistor 303
      and h.sub.FE is amplification factor of transistor 303. The value of
      h.sub.FE of an ordinary transistor is about 100, while I.sub.B is about
      several tens times that of the photoelectric current. Accordingly, current
      to be provided through potentiometer 312 may be set to a low value,
      thereby reducing the power source battery 49 to about one tenth that which
      would otherwise be required.
PAR  The potential at sliding element 311 will be the sum of the potential at
      junction 320 and the voltage across the base-emitter of transistor 303.
      However, the aforesaid base-emitter voltage will be off-set by the voltage
      across the base-emitter of transistor 304, and thus it will not appear as
      an output.
PAR  The computing method in the aforesaid circuit is the same as shown in FIG.
      3 referring to the third embodiment, and hence the description thereof
      will be omitted.
PAR  Transistor 304, as has been described earlier, off-sets the voltage across
      the base-emitter of transistor 303, although the output impedance of
      transistor 304 may be further reduced, thereby satisfactorily feeding
      current to storage capacitor 41, thus reducing the charging time thereof.
PAR  Assuming that output terminal 322 of the operational circuit from the
      emitter of transistor 304 is directly connected to sliding element 314 of
      potentiometer 313 and omitting transistor 304, the charging current to
      storage capacitor 41 will flow through the resistance of potentiometer
      314. Accordingly, in case the brightness of the light incident on
      photodiode 11 is abruptly increased, then the time constant according to
      the resistance of potentiometer 314 and storage capacitor 41 is increased,
      then the voltage of storage capacitor 41 will not follow sufficiently
      rapidly the light measuring output. For this reason, transistor 304 in the
      embodiments of the present invention constitutes a follower circuit which
      presents substantially a low output impedance, thereby solving the
      aforesaid problem.
PAR  To achieve improved responsiveness of the stored voltage without the
      provision of an emitter follower circuit using transistor 304, the
      resistance of potentiometer 313 should be lowered, while the current
      thereto should be increased. However, this will not save power from power
      source 49.
PAR  For adjustment of the operational output potential and the meter in this
      embodiment of the present invention, the technique given in the aforesaid
      respective embodiment may be used.
PAR  While the invention has been particularly shown and described with
      reference to peferred embodiments thereof, it will be understood by those
      skilled in the art that changes in form and details can be made therein
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic exposure time control device for a camera comprising:
PA1  a high input impedance differential amplifying circuit having first and
      second input terminals and an output terminal;
PA1  a photodiode connected between said first and second input terminals;
PA1  a logarithmic compressing diode connected from said output terminal to said
      first input terminal for providing negative feedback, whereby a voltage
      proportional to the logarithm of the light intensity detected by said
      photodiode is produced between said output terminal and said second input
      terminal;
PA1  an electrical element having two terminals one of which is connected to
      said output terminal, the resistance between said two terminals of the
      electrical element being variable in accordance with at least film
      sensitivity;
PAR  means for feeding said electrical element with a current, which is constant
      at a given temperature, in a direction so as to increase the level of the
      other terminal of the electrical element from that of said second input
      terminal of the differential amplifying circuit;
PA1  means including a capacitor for storing a voltage proportional to the
      voltage between said second input terminal of the differential amplifying
      circuit and said other terminal of said electrical element;
PA1  an antilogarithmic converting circuit including a transistor having an
      emitter, a collector and a base for generating a collector current
      proportional to the antilogarithm of the base-emitter voltage, said
      capacitor being connected between said base and emitter; and
PA1  means for integrating said collector current to control the exposure time.
NUM  2.
PAR  2. A device as in claim 1, wherein said means for feeding comprises means
      for making said current proportional to the absolute temperature.
NUM  3.
PAR  3. A device as in claim 2, wherein said electrical element includes a
      potentiometer having a first end connected to said means for feeding, a
      second end is said one terminal of the electrical element and a slidable
      third end is said other terminal of the electrical element.
NUM  4.
PAR  4. A device as in claim 2, wherein said electrical element includes a first
      potentiometer having a first end connected to said means for feeding, a
      second end and a slidable third end, said third end is said other terminal
      of the electrical element and slidable in accordance with film
      sensitivity, and a second potentiometer having a first end connected to
      said second end of the first potentiometer, a second end of said second
      potentiomer is said one terminal of the electrical element and a slidable
      third end is connected to said second end of said second potentiometer and
      slidable in accordance with the camera aperture setting.
NUM  5.
PAR  5. A device as in claim 4 further comprising means for variably converting
      the voltage between the second input terminal of said differential
      amplifying circuit and the other terminal of said electric element into a
      voltage proportional thereto, said latter voltage is stored by said
      capacitor.
NUM  6.
PAR  6. A device as in claim 5, wherein said converting means comprises a second
      transistor having an emitter, a collector and a base, said base being
      connected to said other terminal of the electrical element, a variable
      resistance connected at one end thereof to said emitter of the second
      transistor, said capacitor being connected between the other end of said
      variable resistance and said second input terminal of the differential
      amplifying circuit, and second means for feeding said variable resistance
      through the emittercollector of said second transistor with a current
      proportional to the absolute temperature; and
PA1  further comprising a third transistor having its emitter and collector
      connected between said first and second potentiometer and its base
      connected to the first end of said first potentiometer.
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ABST
PAL  A single lens reflex camera which measures internally-received light and
      which has a circuit for automatically determining exposure time and
      including a capacitor which stores an electrical quantity corresponding to
      the amount of received light, this capacitor being connected to a
      light-measuring device through an automatic switch. The latter switch
      normally opens automatically in connection with swinging up of the mirror
      of the camera just prior to exposure so that the capacitor will store an
      electrical quantity corresponding to the measured light. The operator of
      the camera can optionally operate a manually operable structure for
      manually opening the latter switch, and this manually operable structure
      may also be connected with a power switch closed in order to render the
      automatic circuit operative just prior to manual opening of the switch
      connected to the memory capacitor, an additional power switch being
      provided as is conventional to be operated by manipulation of the
      shutter-tripping plunger. In addition it is possible to utilize the manual
      controls for swinging the mirror up to an exposure position just
      subsequent to the manual opening of the switch connected to the capacitor,
      and either of these structures for manual swinging up of mirror and
      closing of the additional power switch may be used separately without the
      other.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to cameras.
PAR  More particularly, the present invention relates to single lens reflex
      cameras provided with circuits for automatically determining the exposure
      time.
PAR  Cameras of this type normally include an internal light-receiving element
      for measuring the received light. Because the light is directed to the
      light-measuring means by a swingable mirror, which prevents light from
      reaching the film, this mirror must be swung up to an exposure position
      just prior to exposure so that the light can reach the film, and as a
      result the light-measuring means no longer receives light. Therefore it is
      necessary to retain an electrical quantity corresponding to the light
      which is measured, and for this purpose it is conventional to utilize a
      memory capacitor connected to the light-measuring means through a switch,
      the latter switch being automatically opened in connection with upward
      swinging of the mirror so that the memory capacitor will then retain the
      electrical quantity corresponding to the measured light. Of course, it is
      also possible to interrupt the travel of light to the light-measuring
      means by displacing the latter out of the light path, but this arrangement
      also necessitates memorizing an electrical quantity corresponding to the
      light input information at the time immediately prior to opening of the
      shutter until the time when the shutter starts closing.
PAR  As is well known, photographs are made under conditions which vary over a
      wide range. Under certain undesirable conditions the object which is to be
      photographed is situated in an environment where a bright light is located
      behind the object to be photographed, known as back-lighting or counter
      light, or it may be desired to photograph an object which is illuminated
      by spot light so that the field in which object is located is dark, with
      the object itself being brightly illuminated by the spot light. However,
      there are other conditions where for special effects or for any other
      purpose the photographer may wish intentionally to change the exposure
      which otherwise would be automatically determined. Thus, it is recognized
      that there are conditions where it is necessary to correct or at least
      change the exposure which otherwise would be provided by the automatic
      circuitry of the camera.
PAR  For the latter purposes a memory device such as the above memory capacitor
      can be conveniently used. For example when photographing a back-lighted
      object a camera provided with a memory capacitor of the above type can
      first be directed to a relatively dark area, and a manual memory switch
      can be set by the operator in a memory mode in order to memorize the light
      input from the relatively dark area. Then it is possible to provide an
      exposure obtained on the basis of the memorized light input when the
      camera is directed to the object which is situated in front of a brightly
      illuminated field, provided that the diaphragm aperture size and film
      speed are maintained unchanged. Thus, under these conditions an exposure
      correction can be carried out.
PAR  However, in order for the memory capacitor to operate it is necessary that
      the circuit in which it is located is energized, and for this purpose such
      a circuit has a power switch which must be closed so that the circuitry
      will render the capacitor operative to receive the electrical quantity
      which is to be memorized. In general, automatic electric circuits for
      controlling a camera shutter are battery powered, so that in order to save
      the energy of the battery and give the latter the longest possible
      operating life, the power switch for rendering the circuit operative is
      closed for the minimum amount of time. Normally when the manually operable
      shutter-tripping plunger is depressed, the initial part of the movement
      thereof will close the power switch so that the entire automatic circuitry
      is only turned on just prior to actual exposure in response to the
      movement of the shutter-tripping plunger through its initial increment of
      movement.
PAR  With such a camera which includes such a power switch, it is essential that
      the manual memory operations be carried out after the power switch is
      closed by depressing the shutter-tripping plunger at least partially.
      These operations are extremely delicate and complicated so that erroneous
      operation easily results under these conditions.
PAR  An additional example of conditions where it is desired to open the circuit
      to the memory capacitor manually is in connection with the use of single
      lens reflex cameras for microscopic or copying photography. Single lens
      reflex cameras are highly effective for purposes of this latter type
      because of the unique devices which are incorporated into single lens
      reflex cameras. However, it is extremely important when making photographs
      of this latter type to eliminate any blur in the resulting photograph, and
      from this standpoint a single lens reflex camera is disadvantageous in
      that when the mirror is automatically swung to its exposure position, an
      instant before actual exposure of the film unavoidable vibrations are
      created in the camera with the danger of blurring of the exposure which is
      received on the film.
PAR  Of course, this latter problem has been recognized. Conventionally in order
      to avoid this drawback a camera is provided with a manually operable
      structure for manually placing the mirror in its exposure position where
      it is swung up from its normal position inclined downwardly across the
      optical axis. The manual placing of the mirror in its upper exposure
      position is also conventional when utilizing a lens system having a short
      focal length.
PAR  However, while it is indeed possible for an operator to place the mirror
      manually in its upper exposure position, this operation is achieved at the
      sacrifice of automatic determination of the exposure time. Thus, with
      cameras which automatically determine exposure time it is essential that
      the light which is reflected from the mirror be measured in order to
      determine the exposure time. This measuring of the light reflected from
      the mirror must take place immediately before exposure when the mirror is
      swung up and the diaphragm is stopped down so as to provide an automatic
      accurate determination of exposure time. Under conditions where the mirror
      is manually swung up such automatic exposure controls cannot be achieved
      because the light can no longer reach the light-measuring means which
      provides the electrical quantity which is used as one of the factors in
      determining the exposure time.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      camera which will avoid the above drawbacks.
PAR  In particular, it is an object of the present invention to provide a camera
      with a construction which will enable the circuitry to be closed in a
      highly convenient manner prior to manual opening of a switch connected to
      the memory capacitor when it is desired to make corrections for special
      photographing conditions.
PAR  Thus, it is an object of the invention to provide an improved relationship
      between the power switch of the electrical circuitry and the manually
      operable memory switch.
PAR  Moreover, it is an object of the present invention to achieve this latter
      objective while still maintaining the conventional power switch
      arrangement and the automatic operation of the memory capacitor in
      connection with the swinging of the mirror.
PAR  Furthermore, it is an object of the invention to achieve these latter
      results without sacrificing the energy of the battery.
PAR  Furthermore, it is an object of the present invention to provide a
      construction according to which a power switch of the electrical circuitry
      will be automatically closed when the operator seeks manually to open the
      connection between the light-measuring means and the memory capacitor, so
      that the operator need not be concerned with any special manipulations in
      connection with carrying out corrections of the exposure.
PAR  In addition it is an object of the present invention to provide a
      construction of the above type which makes it possible to displace the
      mirror of the camera to its upper inoperative or exposure position out of
      the path of light traveling to the film without, however, doing away with
      the possibility of achieving a fully automatic exposure time.
PAR  Thus, it is an object of the present invention to provide a construction
      which will enable the switch between the light-measuring means and the
      memory capacitor to be opened manually just prior to manual swinging of
      the mirror to its exposure position, so that in this way the mirror is
      securely located in its exposure position prior to tripping and opening of
      the shutter with the quantity corresponding to the intensity of the light
      being properly stored so that an exposure can be made without risking the
      possibility of camera vibrations which will result in a blurred
      photograph.
PAR  Furthermore, it is an object of the invention to provide a construction
      capable of achieving these latter objectives without the use of any
      special warning devices which are arranged to lock the shutter button and
      without requiring a mechanism to operate in association with the manual
      swinging of the mirror to its exposure position in order to switch over
      from automatic to manual exposure controls. In other words with the
      present invention it is possible to achieve the advantage of fully
      automatic exposure control even under conditions where the mirror is
      manually placed in its upper inoperative position.
PAR  According to the invention the camera has a circuit for automatically
      determining the exposure time. A light-measuring means is provided for
      measuring the light internally of the camera, a capacitor means is
      provided for memorizing an electrical quantity corresponding to the
      measured light, and a switch means is connected between the capacitor
      means and the light-measuring means for transmitting the electrical
      quantity corresponding to the measured light from the light-measuring
      means to the capacitor means when the switch means is in its closed
      position. This switch means normally is automatically opened in connection
      with upward swinging of the mirror to its exposure position, just prior to
      exposure of the film. However, according to the present invention a
      manually operable means is accessible to the operator for manually opening
      the latter switch means so that after the light has been measured and
      transmitted to the capacitor the opening of the switch means will enable
      the capacitor to retain the electrical quantity corresponding to the
      measured light. An additional means is operatively connected to the
      manually operable means to be operated thereby for facilitating the
      operation of the camera. Thus, the camera according to one embodiment of
      the invention may include a pair of parallel-connected power switches one
      of which normally operates in response to depression of the
      shutter-tripping plunger and the other of which is closed by the above
      additional means which is operated by the manually operable means, the
      closing of this other power switch means taking place just prior to manual
      opening of the switch interconnecting the light-measuring means and the
      capacitor means by manipulation of the manually operable means. In this
      way it is possible very conveniently to close and energize the entire
      circuitry when a correction is to be made for special conditions examples
      of which have been referred to above. The additional means which is
      operated by the manually operable means may also be operatively connected
      with the mirror of the camera for swinging the latter up to its exposure
      position just after manipulation of the manually operable means for
      opening the switch connected between the capacitor and the light-measuring
      means. Thus in this case the mirror will be manually placed in its
      exposure position so that undesirable vibrations of the camera can be
      avoided during exposure of the film. Of course, both of these structures
      to be operated by the additional means can be combined, or they may be
      separately provided.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a wiring diagram illustrating one possible circuit for achieving
      automatic determination of exposure time;
PAR  FIG. 2 is a schematic fragmentary side elevation of a mirror box and the
      structure carried thereby for controlling the mirror;
PAR  FIG. 3 is a perspective schematic illustration of a manually operable means
      of the invention utilized for controlling a switch and the mirror;
PAR  FIG. 4 is a schematic perspective illustration of how the structure of FIG.
      3 may be combined with additonal structure for closing a power switch of
      the camera just prior to opening of the switch connected between the
      memory capacitor and light-measuring means;
PAR  FIG. 5 is a wiring diagram illustrating how an additional power switch
      shown in FIG. 4 is incorporated into the circuitry; and
PAR  FIG. 6 illustrates schematically in a perspective view an arrangement where
      the manually operable means for manually opening the switch between the
      memory capacitor and light-measuring means is also connected through an
      additional means with an additional power switch, without utilizing the
      mirror control features of FIGS. 3 and 4.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, illustrated therein is a wiring diagram of an
      automatic exposure control circuit to be used with a single lens reflex
      camera. The circuit of FIG. 1 is capable of automatically determining the
      exposure time and includes a power source 1 for energizing the entire
      circuit. The circuit includes a light-receiving means 3 in the form of a
      suitable photosensitive element such as a cadmium sulfide resistor or the
      like, providing a voltage in accordance with the light intensity as is
      well known. Thus, an inclined mirror which extends across the optical axis
      behind the objective for directing an image of the object to be
      photographed to the viewfinder also directs light to the light-measuring
      means 3. This light-measuring means 3 is connected in series with a
      logarithmic compression element 4, in the form of a suitable diode.
PAR  The construction of the light-receiving means 3 is such that its resistance
      varies in according with an exponential function with variation of the
      light input, and thus the voltage V.sub.BV at the point A will vary
      linearly. This voltage V.sub.BV is fed to memory capacitor means 7 of the
      illustrated circuit as well as to an operational amplifier 8 by way of a
      switch means 5,6. The switch means 5,6 includes an automatic switch 6 and
      a manual switch 5 connected in series with the automatic switch 6. The
      automatic switch 6 is operated in a known way in connection with swinging
      up of the mirror just prior to exposure while the manual switch 5 is
      capable of being manually opened in a manner described in greater detail
      below. Thus, during electrical connection between the capacitor 7 and the
      light-sensitive means 3 the switch means 5,6, is closed.
PAR  The information from the junction A is delivered to the operational
      amplifier 8 through the switch means 5,6 at one of the input terminals of
      the amplifier 8. The other input terminal thereof receives a voltage
      V.sub.(AV-SV) which is determined in accordance with the selected
      diaphragm setting and the film speed.
PAR  During normal exposures in order to obtain automatically the exposure time,
      the automatic switch 6 opens in a fully automatic manner in association
      with a series of operations in response to swinging up of the mirror in
      response to depression of the shutter-tripping plunger with the automatic
      stopping down of the diaphragm also taking place. Thus, the light input
      information at the instant of automatic opening of the switch means 5,6,
      by opening of the automatic switch 6 thereof is stored in the memory
      capacitor means 7 as the voltage V.sub.BV, and the operational amplifier 8
      performs a calculation according to which V.sub.TV =V.sub.BV - (V.sub.AV -
      V.sub.SV) without being influenced in any way by the variation in the
      light input due to the subsequent operations of the diaphragm and the
      mirror. Depending upon the result of this latter automatic calculation by
      the amplifier 8 a magnet 9 which normally keeps the trailing curtain from
      closing the shutter in a well known manner is deenergized so that the
      trailing curtain is released to run down and close the shutter, thereby
      terminating the exposure.
PAR  FIG. 2 illustrates schematically a swingable mirror situated in a mirror
      box, one wall of which is fragmentarily shown in FIG. 2 carrying the
      control structure situated at the outside of the box and carried by the
      wall thereof which is illustrated in FIG. 2. Thus, as may be seen from
      FIG. 2, a stationary pin 11 serves to support for rotary movement a lever
      10 which, when the shutter is cocked and the film is advanced, in a well
      known manner, is turned also in a well known manner in opposition to the
      illustrated spring, in a clockwise direction, as viewed in FIG. 2, so as
      to be in the illustrated position where it is maintained ready to be
      released for turning in a counterclockwise direction around the pin 11, as
      viewed in FIG. 2, in response to depression of the shutter-tripping
      button. Thus, when the shutter is to be tripped the operator will depress
      the shutter-tripping plunger, and as a result the lever 10 will be
      released to the force of the spring shown in FIG. 2 operatively connected
      therewith, to be swung in a counterclockwise direction around the pin 11.
      A roller 12 which is carried by the lever 10 engages a downwardly directed
      arm of a lever 13 which is supported for turning movement on a stationary
      pin 14. The lever 13 actuates at its right end, as viewed in FIG. 2, a
      well known mechanism for stopping the diaphragm down to the preselected
      aperture. Thus, the lever 13 will also swing in a counterclockwise
      direction around the pin 14, as viewed in FIG. 2, for this purpose.
PAR  The lever 10 also carries a roller 15 which engages a projection 16a of a
      lever 16 supported for swinging movement on a stationary pin 17 which is
      carried by the wall of the mirror box which is shown in FIG. 2. The result
      is that the lever 16 will be swung in a clockwise direction around the pin
      17, and a frame 18 which carries the mirror which is supported for
      movement around the horizontal rod 20 carries a projection 19 which
      extends through the illustrated curved slot and which is acted upon by the
      illustrated wire spring which is coiled around the pin 17. The projection
      19 is situated in the path of swinging movement of the lever 16 so that
      the latter engages the projection 19 and swings the mirror around the pin
      20 in a counterclockwise direction up to an exposure position where the
      mirror no longer is downwardly inclined across the optical axis. As is
      well known in the art, in the position of the mirror which is shown in
      FIG. 2, as well as in FIG. 3, the light traveling through the objective
      along the optical axis will reach the mirror and be reflected upwardly
      thereby to the viewfinder as well as to the light-measuring means 3.
PAR  While the lever 16 thus swings in a clockwise direction around the pin 17
      in order to swing the mirror up to its exposure position, a pin 21 which
      is fixed to and projects from the lever 16 engages and turns a
      shuttertripping lever 22. This lever 22 is supported for swinging movement
      also on a pin carried by the wall of the mirror box shown in FIG. 2, and
      the illustrated spring in FIG. 2 urges the lever 22 in a clockwise
      direction so as to maintain it in engagement with the pin 21. Situated in
      the path of swinging movement of the lever 22 is an element 23 which may
      be a pawl holding the cocked leading curtain of the shutter in its cocked
      position where the shutter is still closed. However, when the lever 22 is
      swung by the lever 16 into engagement with the pawl 23, the latter is
      turned in a well known manner so as to release the leading curtain, and
      thus the leading curtain runs down to its position where the shutter will
      be opened inasmuch as the trailing curtain still remains in the cocked
      position, held at this time by the energized electromagnet 9 as referred
      to above.
PAR  In accordance with the exposure time which is automatically determined by
      the circuit of FIG. 1 as described above, the magnet 9 will be deenergized
      so as to release the trailing curtain which now follows the leading
      curtain and closes the shutter to terminate the exposure. Thereafter the
      lever 10 which serves to initiate all of the above operations resumes its
      original position and the mirror frame 18 with the mirror carried thereby
      returns to the viewing and light-reflecting position shown in FIGS. 2 and
      3, while at the same time the lever 13 returns to its initial position so
      that the diaphragm will be maintained in its fully open position for
      viewing purposes.
PAR  In a manner which is not illustrated the turning of the lever 10 is
      transmitted to the automatic switch 6 of the switch means 5, 6 so as to
      open the switch 6, in response to turning of the lever 10 in a
      couterclockwise direction around the pin 11, as described above, upon
      depression of the shutter-tripping plunger, so that at a very early stage
      of the turning of the lever 10 before the mirror has been swung from its
      light-reflecting position shown in FIGS. 2 and 3, the switch 6 has been
      automatically opened. Thus, the lever 10 forms an automatic means for
      automatically opening the automatic switch 6 during normal exposures when
      the shutter-tripping plunger is depressed to release the automatic means
      to bring about in a fully automatic manner opening of the switch 6,
      swinging up of the mirror, etc. Therefore, when the mirror is swung up to
      its exposure position even though light will no longer reach the
      light-measuring means 13, the quantity which corresponds to the light
      intensity will be stored and retained by the capacitor 7 for the purpose
      of automatically determining the exposure.
PAR  As has been pointed out above, for certain purposes it is highly desirable
      to swing the mirror up to its exposure position at an interval prior to
      actual exposure of the film which is great enough to prevent vibration of
      the camera during actual exposure of the film. This type of operation is
      brought about manually by way of a manually operable means 24,25 which is
      operatively connected with the manual switch 5 of the automatic switch
      means 5,6 for manually opening the switch 5. Thus, for this purpose there
      is accessible to the operator at the exterior of the camera a lever 24
      which is carried by a suitable rod for turning movement, this rod being
      supported in any suitable bearings and carrying the cam 25 so that the
      latter necessarily turns with the lever 24.
PAR  As may be seen from FIG. 3, the switch 5 is in the form of a pair of
      springy blades. These blades normally assume a position spaced from each
      other so that the switch 5 is normally open. However, the lever 24 and the
      cam 25 are maintained in the rest position shown in FIG. 3 where the cam
      25 holds the blades of the switch 5 in engagement with each other, so that
      the switch 5 remains in the closed position shown in FIGS. 1 and 3 until
      the operator turns the lever 24 in a clockwise direction, as viewed in
      FIG. 3. The cam 25 is made of an insulating material.
PAR  An additional means 26,27 is operatively connected to the manually operable
      means 24,25 to be operated thereby for facilitating the operation of the
      camera. This additional means 26,27 include the rod 26 which is fixed to
      the cam 25 in order to turn therewith. However, it will be noted that the
      rod 26 is spaced from and extends parallel to the common turning axis of
      the lever 24 and the cam 25. The pin 17 carries, in addition to the lever
      16 referred to above, a lever 27 which is also swingable on the pin 17.
      This lever 27 extends to the left of the pin 17 in much the same way as
      the lever 16. However it also has an extension projecting to the right of
      the pin 17, as viewed in FIG. 2. This forward projection of the lever 27
      is situated beneath the rod 26. With this construction after the operator
      has turned the lever 24 so as to turn the cam 25 to permit the switch 5 to
      assume its open position, the rod 26 and lever 27 bring about upward
      swinging of the mirror. Thus the rod 26 turns the lever 27 in a clockwise
      direction, as viewed in FIG. 2, so that the lever 27 will now engage the
      pin 19 and swing the frame 18 and the mirror carried thereby around the
      pin 20 up to the exposure position referred to above. Therefore, the
      sequence of the operation is such that first the switch 5 assumes its open
      position and then the mirror is swung by the additional means 26,27 up to
      its exposure position. In this way it is possible for the operator to
      maintain the mirror manually in its exposure position so that when the
      shutter is subsequently opened to make the exposure there will be no
      possible vibrations of the camera to result in a blurred photograph. Of
      course, when the switch 5 is manually opened in the manner described above
      the electrical quantity corresponding to the light measured by the
      light-measuring means 3 will be retained and stored by the capacitor means
      7.
PAR  It is understood that the entire circuit shown in FIG. 1 is energized in
      order to render the lightmeasuring means 3 operative so that when the
      switch 5 is manually opened the value corresponding to light intensity
      will be stored by the capacitor 7. For this purpose the source of energy 1
      is connected in series with a power switch 2 which is closed in order to
      energize the circuit shown in FIG. 1. This power switch 2 is in a well
      known manner closed during the initial increment of movement of the
      shutter-tripping plunger. Thus it is possible for the operator first to
      slightly depress the shutter-tripping plunger, and then while holding it
      in the slightly depressed position so that the switch 2 remains closed,
      the operator can turn the lever 24 in order to store the required
      light-intensity value in the capacitor 7 upon opening of the switch 5,
      with the mirror then swinging to its upper exposure position and being
      maintained in the latter position by the further turning of the lever 24
      as described above. Then the operator will continue to depress the
      shuttertripping plunger so that the lever 10 will be released with the
      diaphragm being automatically stopped down as described above. Also the
      lever 16 will be turned in the manner described above, but at this time
      the mirror is already in its upper position due to the additional means
      26,27, operated by the manually operable means 24,25. Therefore, under
      these conditions the turning of the lever 16 serves only to turn the lever
      22 in order to trip the shutter as described above.
PAR  Thus, under the above circumstances when the shutter is tripped to make an
      exposure an optimum exposure will be achieved provided that the
      light-input information just prior to manual swinging up of the mirror is
      memorized and the selected diaphragm aperture and film speed remain
      unchanged.
PAR  It will be appreciated from the above that with the invention even if the
      mirror is manually swung up to its exposure position so that the travel of
      light to the light-receiving means 3 is blocked, the shutter nevertheless
      is automatically controlled to achieve an optimum exposure.
PAR  It will be furthermore appreciated that these results are achieved without
      previously known complications such as arrangements where a warning device
      is utilized to lock the shutter button and a mechanism is arranged to
      operate in association with the swinging up of the mirror in order to
      switch over from the automatic to the manual exposure control. Thus with
      the present invention it is possible to achieve the great advantage, as
      compared to previously known techniques, of providing an automatically
      determined exposure even though the mirror is manually swung up to its
      exposure position. Furthermore, although the automatic switch means 5,6
      has been illustrated as including a separate manual switch 5 and a
      separate automatic switch 6 connected in series therewith, a single switch
      may be utilized in such a way that it is capable of being both
      automatically and manually operated.
PAR  Of course, with the above described structure of the invention there is a
      certain inconvenience in requiring the operator to depress the
      shutter-tripping plunger slightly so as to maintain the power switch 2
      closed, prior to turning of the lever 24 to open the switch 5 and then
      swing the mirror up to its exposure position. In order to avoid this
      problem it is possible to provide an arrangement as shown in FIGS. 4 and
      5, according to which an additional power switch 30 is connected in
      parallel with the power switch 2. Thus the power switch 2 can be operated
      in a fully conventional manner in response to depression of the
      shutter-tripping plunger. However, the power switch 30 may be arranged as
      shown in FIG. 4 so that an additional cam 32 carried by the rod 34 which
      extends between and is connected to the lever 24 and the cam 25 will close
      the switch 30 during the initial part of the turning of the lever 24. Then
      the switch 5 will be opened by the cam 25, and of course thereafter the
      rod 26 and the lever 27 will swing the mirror up to its exposure position
      as described above. Thus the cams 32 and 25 both of which are made of
      insulating material have with respect to each other an angular
      relationship according to which first the switch 30 is closed, thus
      energizing the entire circuit shown in FIG. 5 even though the switch 2
      remains open, and then the switch 5 opens.
PAR  Referring to FIG. 5 it will be seen that the circuit illustrated therein
      includes the power switch 2 and energy source 1 as described above, the
      circuit also including the light-measuring means 3, the logarithmic
      compression diode 4, and the switch means 5,6 and capacitor means 7 as
      described above. Thus, the circuit which includes the series connected
      light-measuring means 3 and logarithmic compression element 4 is connected
      in parallel with the power switch 2 which in turn is connected in parallel
      with the additional power switch 30.
PAR  The light-measuring means 3 is in the form of a photoconductor which has an
      internal resistance which varies non-linearly when the light-measuring
      means 3 receives light reflected from the mirror, and the result is that a
      linear output voltage V.sub.BV is obtained at the point A. This output
      voltage is of course coupled to the memory capacitor means 7 through the
      switch means 5,6. However, this output voltage is also coupled with the
      operational amplifier 8 as described above. Accordingly, the voltage
      across the memory capacitor means 7 is also V.sub.BV.
PAR  On the other hand, the selected setting of the diaphragm and the film
      speed, which are additional factors for determining the exposure time, are
      introduced by way of the variable resistor 36 having a .gamma. -value
      equal to that of the photoconductor element 3. Inasmuch as the variable
      resistor 36 is connected to the logarithmic compression element 38, also
      in the form of a suitable diode, the output voltage at point B will be a
      linear voltage (V.sub.AV -V.sub.SV), and this voltage is applied to the
      second input of the operational amplifier 8. This operational amplifier 8
      therefore performs a mathematical operation of V.sub.BV -(V.sub.AV
      -V.sub.SV) = V.sub.V + V.sub.SV - V.sub.AV. If the result of this
      operation is expressed by V.sub.TV it can be recognized that an operation
      according to the APEX (additive system of photographic operation) has been
      carried out. The voltage V.sub.TV varies linearly and an electric current
      i.sub.TV which corresponds to V.sub.TV is obtained by means of a
      logarithmic expansion circuit 40. After a timing switch 42 has been opened
      in a well known manner in synchronism with opening of the shutter, the
      charging of i.sub.TV into the timing capacitor 44 is initiated and, as a
      result, the potential at point C drops to the level equal to V.sub.B. At
      this moment a differential switching circuit 46, connected to an
      additional voltage source which has a given level of voltage, is reversed
      so as to deenergize the electromagnet 9, releasing the trailing curtain so
      that the latter runs down and the exposure is terminated as described
      above in connection with FIG. 1. Thus the circuits of FIGS. 1 and 5 are
      substantially identical, the circuit of FIG. 5 of course including the
      additional power switch 30 so that a more convenient manual operation may
      be carried out with the circuit being automatically closed in the manner
      described above.
PAR  Of course, a circuit as shown in FIG. 5 with the switches arranged as shown
      in FIG. 6 may be used by itself for exposure-correction purposes. Thus, as
      may be seen from FIG. 6 the shaft 34 extends between and is fixed to the
      lever 24 accessible at the exterior of the camera, the cam 32 for closing
      the switch 30 and the cam 25 for opening the switch 5. However, in this
      case there is no lever for turning the mirror up to its exposure position.
      Thus in the case of FIG. 6 the manually operable means 24,25 is
      operatively connected with the additional means 32 in order to actuate the
      latter to close the additional power switch 30 prior to manual opening of
      the switch 5 in order to store at the capacitor means 7 an electrical
      quantity corresponding to the light measured by the light-measuring means
      3. As may be seen from FIG. 6 a spring 48 is operatively connected with
      the cam 25 for urging the latter into engagement with a stationary stop
      member 50, so that the parts will remain in the position shown in FIG. 6
      unless the operator turns the lever 24 in the manner described above. This
      stop and spring structure may also be incorporated into the embodiment
      shown in FIGS. 3 and 4.
PAR  Thus, assuming that an exposure correction is required, as when the object
      to be photographed is back-lighted or is under a spot light, then the
      lever 24 will be turned while the operator points the camera at an area
      where accurate lighting will be received. With proper lighting thus being
      received by the lightmeasuring means 3 the operator will turn the lever 24
      in the direction of the arrow shown in FIG. 4, in opposition to the spring
      48, so that first the power switch 30 is closed by the cam 32, which is
      made of insulating material, so that the circuit of FIG. 5 will be
      energized even if the switch 2 remains open. Further rotary movement of
      the lever 24 will result in opening of the manual switch 5 of the switch
      means 5,6, so that a voltage which corresponds to the light input but
      which is independent of subsequent light input is stored by the capacitor
      means 7. In this way the exposure time will be determined based upon the
      lighting conditions at the time when the switch 5 is manually opened,
      provided that the selected diaphragm aperture and film speed are
      maintained unchanged.
PAR  Of course, the angular position and configurations of the cams 25 and 32
      are such that the switch 30 will first close and then the switch 5 will
      open, these cams being made of insulating material as set forth above.
      Moreover, although a pair of power switches 2 and 30 and a pair of
      switches 5,6 are illustrated, it is relatively simple to rearrange the
      circuit so that a single power switch and a single memory switch can be
      utilized both for automatic and manual memory operations.
PAR  Thus, with the embodiments shown in FIGS. 5 and 6 it is possible to provide
      the added power switch which is just as advantageous in conserving the
      power of the battery as the conventional power switch 2. As is apparent
      from the above, the structure of the invention is extremely convenient to
      operate and eliminates any possibility of errors in the operation.
PAR  It is apparent that with all of the above-described embodiments of the
      invention, the manually operable means 24, 25 remains in its rest position
      during operation of the automatic means to make normal exposures, in the
      event that it is not required to use the manually operable means for
      purposes such as compensating for unusual lighting conditions or manually
      turning the mirror.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a camera having an electrical circuit for automatically determining
      exposure time, light-measuring means for measuring light and converting
      the measured light into a given electrical quantity, mirror means
      swingable between a light-reflecting position for directing light to said
      light-measuring means and an exposure position in which light is no longer
      reflected by said mirror means to said light-measuring means, capacitor
      means for storing said quantity, and switch means electrically connected
      between said capacitor means and light-measuring means for transmitting
      said quantity to said capacitor means when said switch means is in a
      closed position and for assuming an open position prior to exposure so
      that said capacitor means will retain and store said quantity even if
      light is not received by said light-measuring means at the instant of and
      just prior to exposure, said capacitor means, switch means, and
      light-measuring means forming part of said circuit, automatic means
      operable during normal exposures for automatically opening said switch
      means and displacing said mirror means to said exposure position thereof,
      and manually operable means accessible at the exterior of the camera and
      operatively connected with said switch means for manually opening said
      switch means at the option of the operator independently of said automatic
      means while the latter remains inoperative, said manually operable means
      remaining in a predetermined rest position when said automatic means
      operates during normal exposures for automatically opening said switch
      means and displacing said mirror means to said exposure position thereof.
NUM  2.
PAR  2. The combination of claim 1 and additional means operatively connected
      between said manually operable means and said mirror means for swinging
      the latter up to said exposure position thereof immediately subsequent to
      manual opening of said switch means by said manually operable means.
NUM  3.
PAR  3. The combination of claim 1 and wherein said circuit includes a pair of
      parallel-connected power switch means for closing said circuit to render
      the latter operative, one of said power switch means being operatively
      connected in said circuit for closing the latter in response to operation
      of the camera during normal exposures and additional means operatively
      connected between the other of said power switch means and said manually
      operable means for closing said other power switch means prior to the time
      when said manually operable means opens said switch means which is
      connected between said capacitor means and the light-measuring means.
NUM  4.
PAR  4. The combination of claim 2 and wherein said circuit includes a pair of
      parallel connected power switch means one of which is operatively
      connected with the circuit for closing the latter during operation of the
      camera in connection with normal exposures and the other of which is also
      operatively connected to said additional means to be operated thereby for
      closing said circuit before the time when said manually operable means
      opens said switch means which is connected between said capacitor means
      and said light-receiving means, so that when said manually operable means
      is manipulated by the operator the circuit will first be closed, the
      switch means connected between said capacitor means and light-measuring
      means will then be opened, and the mirror will then be swung up to its
      exposure position.
NUM  5.
PAR  5. In a camera having an electrical circuit for automatically determining
      exposure time, light-measuring means for measuring light and converting
      the measured light into a given electrical quantity, mirror means
      swingable between a light-reflecting position for directing light to said
      light-measuring means and an exposure position in which light is no longer
      reflected by said mirror means to said light-measuring means, capacitor
      means for storing said quantity, and switch means electrically connected
      between said capacitor means and light-measuring means for transmitting
      said quantity to said capacitor means when said switch means is in a
      closed position and for assuming an open position prior to exposure so
      that said capacitor means will retain and store said quantity even if
      light is not received by said light-measuring means at the instant of and
      just prior to exposure, said capacitor means, switch means, and
      light-measuring means forming part of said circuit, automatic means
      operable during normal exposures for automatically opening said switch
      means and displacing said mirror means to said exposure position thereof,
      and manually operable means accessible at the exterior of the camera and
      operatively connected with said switch means for manually opening said
      switch means at the option of the operator independently of said automatic
      means while the latter remains inoperative, said switch means including a
      pair of series-connected switches one of which is an automatic switch to
      be opened automatically by said automatic means and the other of which is
      a manual switch opened by said manually operable means, said manually
      operable means remaining in a predetermined rest position when said
      automatic means operates during normal exposures for automatically opening
      said switch means and displacing said mirror means to said exposure
      position thereof.
NUM  6.
PAR  6. The combination of claim 5 and wherein said manual switch normally
      assumes an open position, said manually operable means including a rotary
      shaft adapted to be turned by the operator and a cam of insulating
      material carried by said shaft and engaging said manual switch for holding
      the latter in a closed position, said shaft when turned by the operator
      displacing said cam to a location where said manual switch assumes its
      open position.
NUM  7.
PAR  7. The combination of claim 6 and wherein said mirror means includes a
      mirror which normally directs light to said light-measuring means and
      additional means operatively connected between said manually operable
      means and said mirror for swinging the latter up to said exposure position
      where light is no longer directed to said light-measuring means, and said
      additional means including a second shaft fixed to said cam for rotary
      movement therewith, said second shaft being spaced from and parallel to
      the first-mentioned shaft, and a lever situated in the path of movement of
      said second shaft to be turned thereby, said mirror having a projection
      situated in the path of movement of said lever so that when the latter is
      turned by said second shaft said lever will swing said mirror up to said
      exposure position thereof.
NUM  8.
PAR  8. The combination of claim 6 and wherein the circuit includes a pair of
      parallel-connected power switches one of which is adapted to operate
      during normal exposures for closing the circuit and the other of which is
      normally open, and a second cam of insulating material carried by said
      shaft for rotary movement therewith and having on said shaft a position
      for first closing said other power switch prior to opening of said manual
      switch.
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ABST
PAL  The present invention relates to an improvement of the alignment system for
      the pupil in an eye-fundus camera. An auxiliary lens is provided so as to
      be freely inserted and pulled out at an optical path behind an object lens
      in an optical system for observing and photographing an eye fundus wherein
      said auxiliary lens is inserted at the same position as that of an image
      of the eye fundus which is formed by said object lens when said auxiliary
      lens is not inserted. Thus the image of a pupil is formed so that
      observation of the pupil becomes possible by an eye-fundus observation
      finder and the alignment of the pupil becomes easy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an alignment system for the pupil in an
      eye-fundus camera.
PAR  2. Disclosure of prior Art
PAR  In an eye-fundus camera, a so-called alignment system for the pupil is
      necessary so as to have the optical axis of an object lens match with the
      center of the pupil of an eye to be examined when it is used. For that end
      in one prior art approach, the pupil alignment is done by observing from
      the outside of a camera the manner in which the illuminating light which
      is incident upon an eye to be examined passes through the object lens. And
      for that it is necessary for the observer to come out of an observation
      finder for the eye-fundus image so as to peep in by stretching oneself to
      front right (or front left) direction. Thus observation work is
      inconvenient, and when the distance between the eye being examined and the
      object lens is short, there is such inconvenience since it is difficult to
      peep in.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Thus the object of the present invention is to provide an eye-fundus camera
      in which the above mentioned shortcomings are eliminated by that a pupil
      of the eye being examined can be observed with a finder for observing an
      eye-fundus image by providing an auxiliary lens which may be freely pulled
      out and inserted behind an object lens.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a drawing to explain an eye-fundus camera of the present
      invention in a state wherein an auxiliary lens is not inserted, and an
      imaging relationship between the eye-fundus image and the pupil image at
      such state.
PAR  FIG. 2 is a drawing to explain a state wherein an auxiliary lens is
      inserted and an imaging relationship of the pupil image at said state.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION:
PAR  An example of the present invention will be explained in detail referring
      to the drawings. In the drawings 1 is an object lens, 2 is a mirror having
      a hole at its central part being provided for reflecting the illuminating
      light L from an illuminating system which is provided at a side of the
      same and leading said beam onto an optical axis on the object lens 1 so
      that said light is incident into an eye E being examined through the
      object lens 1. 3 is a photographing lens. 4 is a film plane. 5 is a mirror
      for a finder which is obliquely provided at an optical path in freely
      swingable manner. 6 is a mirror for turning the optical path. 7 is an
      ocular lens for a finder. 8 is an auxiliary lens of the present invention
      provided at an optical path in a freely inserted and pulled out manner.
PAR  Now explanations will be made in FIG. 1 on the relationship among the eye
      fundus and the pupil and imaging thereof in the above mentioned optical
      system. The illuminating light L from the illuminating system at a side
      forms an image of a light source at a central part P.sub.o of the holed
      mirror 2 then images at an eye pupil plane E.sub.p of an eye E being
      examined through the object lens 1 for illuminating an eye fundus E.sub.F.
      When the focus of the object lens is on the eye fundus E.sub.F, the pupil
      E.sub.p is imaged at the central part P.sub.o of the holed mirror 2 by the
      object lens 1 as shown by luminous flux 9 shown in the drawing. On the
      other hand the luminous flux 10 reflected from the eye fundus E.sub.F is
      imaged at the film plane 4 by the photographing lens 3 after being imaged
      near a rear focal plane P.sub.1 behind the object lens 1. At that time if
      the mirror 5 is inserted in an optical path the light beam to be incident
      into the film plane 4 is reflected at the mirror 5 and after being further
      reflected at the optical path turning mirror 6 forms an image of the eye
      fundus E.sub.F at a point P.sub.2 which has an optical path length of same
      distance as the optical path length from the mirror 5 to the film plane 4,
      so that the eye fundus E.sub.F can be observed through the ocular lens 7.
      What has been mentioned above is such photographing and observation of an
      eye fundus as being common to an eye-fundus camera of the present
      invention and to an eye-fundus camera of conventional type.
PAR  In the present invention, as shown in FIG. 2 when the auxiliary lens 8 is
      inserted behind the object lens 1 so that the image of the pupil E.sub.p
      is formed at the same position P'.sub.1 as the position P.sub.1 where the
      image of the eye fundus E.sub.F is formed by the object lens 1 when the
      auxiliary lens (8) is not inserted as in FIG. 1, and the image of pupil
      formed at the position P'.sub.1 is reimaged at same position P'.sub.2 as
      the position P.sub.2 in FIG. 1 through the photographing lens 3, the
      oblique mirror 5, etc., thus pupil alignment can be done while observing
      the pupil image through the ocular lens 7 of the finder system.
PAR  And in the operation of an alignment for the pupil instead of the
      illuminating light L from a side, ordinary external light is used. That is
      because when the auxiliary lens 8 is inserted and if the illuminating
      light L is used, the reflection of the illuminating light L by the
      auxiliary lens increases while the amount of light reflected at the pupil
      decreases, thus the pupil image becomes difficult to be observed. The
      illuminating light may be introduced into the optical system at a side of
      the object lens 1 from the auxiliary lens.
PAR  Therefore, in this eye-fundus camera, the auxiliary lens 8 is first
      inserted in an optical path to perform pupil alignment by a finder, then
      the auxiliary lens 8 is removed from the optical path to observe the eye
      fundus using the illuminating light L, further the oblique mirror 5 is
      removed from the optical path for proceeding to photographing onto the
      film plane 4 using stroboscopic light. A final lens 11 in the auxiliary
      lens 8 performs the function of a field lens and its position may be
      either in front or in rear of the position P'.sub.1 as long as it is near
      the same. Also the mirror 2 for taking in the illuminating light does not
      have to be at the position of P.sub.o, instead a diaphragm to reflect the
      illuminating light in a ring shape may be provided at the position of
      P.sub.o, so that the light is concentrated thereinto as described, for
      example in U.S. Pat. No. 3,217,622.
PAR  Also when a scale is provided at the position of P'.sub.2 in a finder
      system, it may be used as a pupil hole meter.
PAR  In the eye-fundus camera of the present invention mentioned above, an
      auxiliary lens is inserted in the optical path of a photographing optical
      system for directly observing the pupil of an eye to be examined with a
      finder of a camera. Therefore while pupil alignment becomes easy, exact
      position confirmation can be done by observing the pupil on the
      photographing optical path, thus the use of an eye-fundus camera becomes
      convenient.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical system for observation and photography of the eye-fundus in
      an eye-fundus camera, said system providing simplified pupil alignment,
      comprising:
PA1  an eye station for establishing the position of the eye;
PA1  an objective lens facing the eye-to-be-examined for forming an eye-fundus
      image at a point, P.sub.1, along the optical axis of the optical system;
PA1  a photographic lens system disposed along the system optical axis on the
      side of the objective lens away from the eye beyond said eye-fundus image
      forming point, said photographic lens system for reforming the eye-fundus
      image formed by the objective lens;
PA1  an eye-fundus-observing optical system, receptive to light passed by said
      photographic lens, for providing a focussed eye-fundus image for
      observation;
PA1  means for providing said reformed image of said eye-fundus to said
      observing optical system during observation and for providing said
      reformed image to an image plane during photography; and
PA1  and optical alignment means for removable insertion into the optical system
      only during alignment, for providing the pupil image of the
      eye-to-be-examined at said point, P.sub.1, along the system optical axis,
      said optical alignment means being disposed along the system optical axis
      between said objective lens and said observing optical system, said
      optical alignment means being removable from a position in the system
      optical axis to a position outside of the optical axis during observation
      and photography.
NUM  2.
PAR  2. The optical system of claim 1 wherein said optical means is an auxiliary
      lens group.
NUM  3.
PAR  3. The optical system of claim 2 wherein a reflecting mirror having a
      penetrating hole at its central part is arranged in the position where the
      pupil image of the eye-to-be-examined is formed by said object lens, an
      illuminating light beam being provided from the side of the optical axis
      of said optical system, said reflecting mirror including means for making
      said illuminating light beam reflect in a ring-band shape along the
      optical axis in the direction of said object lens, said ring-band shaped
      reflecting light beam passing through the objective lens and being
      incident on the eye-to-be-examined.
NUM  4.
PAR  4. The optical system of claim 2 wherein a scale is provided as a pupil
      meter, said scale being provided, when the auxiliary lens is inserted, at
      the position of the pupil image of the eye-to-be-examined which is formed
      by the object lens and auxiliary lens.
NUM  5.
PAR  5. The optical system of claim 2 wherein a scale is provided as a pupil
      meter, said scale being provided, when the auxiliary lens is inserted, at
      the position where the pupil image is reformed by the photographing lens.
NUM  6.
PAR  6. The optical system of claim 2 wherein at least one of the lens systems
      constituting said auxiliary lens operates as a field lens, said field lens
      being arranged in the vicinity of the position where the pupil image of
      the eye to be examined is formed by the object lens and the auxiliary
      lens.
NUM  7.
PAR  7. The optical system of claim 1 wherein a diaphragm is provided at the
      position where the pupil image of the eye-to-be-examined is formed by said
      object lens, an illuminating light beam being provided from the side of
      said optical system, the diaphragm including means for making the
      illuminating light beam incident from the side with regard to the optical
      axis of the eye-fundus camera to reflect in a ring-band shape in the
      direction of the object lens along the optical axis, said ring-band
      shaped, reflected light beam passing through the object lens and being
      incident on the eye-to-be-examined.
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ABST
PAL  A carrying strap attachment for a camera including couplers pivotally
      attached thereto to provide movement between a first operative position,
      in which the couplers engage opposite sides of a first movable section,
      and a second inoperative position in which the couplers are out of
      securing relation with the first movable section. The strap attachment may
      be detached from the camera by manually moving the couplers from the first
      to the second position or automatically detached by a cam action provided
      by engagement of the couplers with a second section of the camera when the
      camera is moved from an extended to a folded position. The couplers are
      pivotally connected to a support and a resilient member operated to
      resiliently bias the couplers into the first position wherein the camera
      is securely transported in an extended operative position instantly
      available for use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a removable carrying strap attachment for use
      with a folding camera.
PAR  2. Description of the Prior Art
PAR  The use of a carrying strap for facilitating the transport of a
      photographic camera is known. Generally, the supporting straps are
      attached to eyes or loops which are mounted in a fixed position on
      opposite sides of the camera, near the top thereof. The camera is thereby
      equipped with a carrying strap which may encircle a shoulder or neck of a
      photographer.
PAR  Shoulder and neck straps provide a secure arrangement against accidental
      dropping and enable the photographer to transport the camera upon his
      person leaving both hands free for other purposes. Generally, the neck and
      shoulder straps attached to conventional cameras are not readily removable
      from the eyes or loops included on the camera and the photographer is
      often required to make repeated adjustments to the length of the straps to
      prevent an exasperating and distracting nuisance of dangling straps and
      swinging cameras which could be avoided if the straps could be
      conveniently removed from the camera.
PAR  Body harnesses have been developed for use with a variety of cameras and
      generally consist of a plurality of carrying straps encircling the waist
      and shoulders of the photographer. It has been found that prior art
      devices which form body harnesses are cumbersome and present a resistance
      to quick use thereby hindering free use of the camera. It is most
      desirable for the camera to be unrestrained and readily available to
      perform in order to obtain professional results.
PAR  Many cameras include in the base thereof a threaded bore for use in
      conjunction with a tripod adapted to be screwed therein. Rigid and
      flexible handles have been developed including a threaded member adapted
      to be screwed into the bore whereby a camera including the bore is
      attached thereto and carried. Generally, the photographer places a hand
      about the handle and holds the camera in an upright ready position or
      downward beside his body. To some extent, a grip must be maintained on the
      handle as long as the carrier transports the camera. However, inadvertent
      relaxation of the grip may cause the dropping of the camera with resulting
      damage thereto.
PAR  Alternatively wrist and loop straps similarly adapted to be screwed into
      the bore have been developed whereby the strap is placed around the wrist
      of the carrier to secure the camera against accidental dropping. Known
      supporting devices of this type do not always ensure satisfactory
      protection against damage as the wrist or loop strap is free to rotate
      about the hand of the carrier and may thereby unscrew and disengage the
      threaded member from within the threaded bore permitting the camera to
      fall and be damaged.
PAR  Although pockets and belt devices for holding cameras have been suggested
      for transporting the camera, a time consuming requirement of placing the
      camera into a sheath, after each photograph, is unduly restricting to
      professional and amateur photographers. The photographer prefers that the
      camera be readily available and reattachable to a carrying attachment
      without undue thought or activity.
PAR  The foregoing conventional strap arrangements may be satisfactory for some
      types of cameras but not for all. The conventional strap arrangements may
      be particularly unsatisfactory for folding cameras, especially those
      having a smaller form, such as "pocket cameras", which are generally of
      the folding type. Due to the compactness and lightweight characteristics
      of the pocket cameras, carrying straps or provisions for attachment of
      carrying straps thereto are not generally included. Although compact and
      light in weight, a grip must be maintained upon the camera if the camera
      is transported in the extended position.
PAR  A relatively new type of compact folding camera having an elaborate
      precision construction formed by a plurality of interconnected housing
      sections coupled for movement between a folded inoperative position and an
      extended operative position, and others, having some but not necessarily
      of these features, are of the relatively lightweight and compact variety.
      The camera is generally transported in the folded position in a coat
      pocket or in a handbag. As illustrative of such a folding camera mention
      may be made of U.S. Pat. No. 3,722,389. To permanently attach a
      conventional strap arrangement to the camera would defeat the purpose of
      developing a compact, lightweight design, although it would be desirable
      to have such a camera equipped to be transported in the extended operative
      position prepared to take advantage of a situation existing at any moment.
PAR  From the foregoing it can be seen that there is a need for a removable
      carrying strap attachment which may be securely attached to a camera,
      particularly a folding camera when in the extended, operative position,
      readily available for any eventualities the photographer may wish to
      record and is attachable and detachable without undue thought or activity.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is addressed to a detachable carrying strap
      attachment adapted for use with a folding camera in its extended operative
      position wherein the camera is quickly and readily available for recording
      a situation existing at any moment. The carrying strap attachment enables
      a photographer to transport the camera with both hands free for other
      purposes and provides for secure coupling of the strap attachment to the
      camera without requiring any structural changes to be made on the camera.
      The strap attachment is secured to the camera by couplers included thereon
      which are mounted for movement between a first operative position, wherein
      the couplers engage opposite sides of the camera, and a second inoperative
      position wherein the couplers are out of securing relation with the sides
      of the camera. Movement of the couplers from the first to the second
      position may be performed manually by the photographer or automatically by
      a cam action upon moving the camera from the extended to the folded
      position. When the coupler are moved into the second inoperative position,
      the camera is free to close uninterruptedly thereby preventing strain or
      damage to the camera during movement from the extended to the folded
      position. Therefore, the camera is protected automatically by the movement
      of the couplers into the second inoperative position should the
      photographer forget to detach the strap attachment before moving the
      camera into the folded position.
PAR  In a preferred embodiment, the carrying strap attachment is secured to a
      camera formed by a plurality of interconnected housing sections including
      first and second housing sections coupled for movement between folded and
      extended positions. The strap attachment may be positioned upon the first
      housing section of the camera when the camera is in the folded or extended
      position thereby moving the couplers into the second inoperative position.
      If the camera is in the folded position when the strap attachment is
      positioned on the first housing section, the coupling means, urged by a
      resilient member operating to resiliently bias the coupling means into the
      first operative position, move into the first position and engage opposite
      underlying edges of the first housing section when the camera is moved
      towards the extended position. When the strap attachment is positioned
      upon an extended first section of the camera, the resilient member will
      move the coupling means into the first operating position once the
      opposite underlying edges of the first housing section are made available
      by pushing the couplers in the direction of the underlying edges whereby
      the strap attachment is snap fastened thereto.
PAR  Therefore, it is an object of the present invention to provide an improved
      detachable carrying strap attachment which permits a folding camera to be
      comfortably transported in the extended position instantly available for
      use, while at the same time securely protects the camera from damage by
      accidental dropping.
PAR  It is another object of the present invention to provide a carrying strap
      attachment comprised of a plurality of interlocking members securably
      related and assembled without the assistance of tools thereby providing
      reduced manufacturing and replacement costs.
PAR  It is yet another object of the present invention to provide an improved
      carrying strap attachment for a camera which provides for detachment from
      the camera in order that the camera may be used freely and then reattached
      without undue thought or activity.
PAR  A further object of the invention is to pivotally attach a pair of couplers
      to a carrying strap attachment such that the weight of an object being
      carried thereby will assist in maintaining the couplers in operative
      engagement with the object.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the apparatus possessing the
      construction, combination of elements, and arrangement of parts which are
      exemplified in the following disclosure and the scope of the application
      which will be indicated in the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be made to the following detailed description taken in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is an exploded view of the instant invention with each member
      perspectively shown in its related position;
PA1  Fig. 2 is a perspective view of the carrying strap attachment secured to a
      folding camera shown in phantom lines latched in an extended operative
      position;
PAR  FIG. 3 is a partial, enlarged sectional view taken generally along the line
      3-3--3 of FIG. 2;
PAR  FIG. 4 is a perspective view of the carrying strap attachment secured to
      the folding camera shown in phantom lines in an intermediate position
      between the fully extended and a folded position;
PAR  FIG. 5 is a partial, enlarged sectional view taken generally along the line
      5--5 of FIG. 4;
PAR  FIG. 6 is a perspective view of the carrying strap attachment secured to
      the folding camera shown in phantom lines in a folded inoperative
      position; and
PAR  FIG. 7 is a partial, enlarged sectional view taken generally along the line
      7--7 of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring in more detail by reference characters to FIG. 1, a carrying
      strap attachment 10 is illustrated comprising a plurality of interlocking
      members including a generally U-shaped support 12, having a first coupler
      34 and a second coupler 36 pivotally connected thereto and a generally
      U-shaped resilient member 24 joined to the support 12 and in locking
      attachment to the first and second couplers 34 and 36. The support 12
      includes a base 14 having a first upright 16 and a second upright 18
      integrally attached to opposite ends of the base 14. A post 50 is provided
      on one edge of each unattached end of uprights 16 and 18 whereby one end
      of a supporting strap is secured to first upright 16 and another end to
      second upright 18 forming a loop for carrying the camera. The base 14 and
      first and second uprights 16 and 18 include a first recess 20 wherein the
      resilient member 24 is suitably received and positioned such that the
      resilient member 24 is seated within the first recess 20 flush with the
      upper surfaces of the support 12. The uprights 16 and 18 further include a
      second recess 22 configured to receive couplers 34 and 36 therein between
      the support 12 and resilient member 24. The second recess 22 is formed
      subjacent to the first recess 20 to provide clearance for the resilient
      member 24 to be seated within the first recess 20. First and second
      couplers 34 and 36 are pivotally mounted between first and second uprights
      16 and 18 and resilient member 24 and locked therein by the resilient
      member 24 operating to resiliently bias the couplers 16 and 18 towards
      each other in a first operative position.
PAR  Couplers 34 and 36 are pivotally connected to uprights 16 and 18 by
      inserting each arcuate body of the couplers 34 and 36 into openings 30
      included on each unattached end of uprights 16 and 18 and pivoting the
      couplers 34 and 36 about the unattached ends until the arcuate bodies and
      pivot members 38 are seated within second recess 22 in the first operative
      position. Once positioned within second recess 22, the couplers 34 and 36
      are permitted to pivot away from each other about pivot member 38 to a
      maximum displacement position wherein latching member 40 of each coupler
      34 and 36 is prevented from further movement when in contact with surfaces
      of cavities 32 provided within an inner side 70 of each upright 16 and 18
      opposite to the second recess 22.
PAR  The resilient member 24 includes a first locking tab 26 and a second
      locking tap 28 configured to be received and retained in slots 44 included
      on couplers 34 and 36. The resilient member is attached by inserting the
      first or second locking tab 26 or 28 into its respective slot 44 and then
      positioning the resilient member 24 such that the unattached locking tab
      is in position to be snap fastened into its respective slot 44. Once the
      resilient member 24 is attached, the assembly is completed and the
      couplers 34 and 36 are latched to the support 12 in the first operative
      position by the resilient member 24 operating to resiliently bias the
      couplers 34 and 36 into the first operative position wherein the couplers
      34 and 36 are in position to engage opposite sides of a camera.
PAR  The invention, having a carrying strap 54 attached, is shown coupled to a
      folding camera 60 in FIG. 2 through 7. A ring 52 is provided on each end
      of the carrying strap 54 for attachment into a bore included in each post
      50 whereby the carrying strap 54 is joined to support 12.
PAR  The folding camera 60 is shown generally latched in its extended or
      operative position in FIGS. 2 and 3. Camera 60 includes a plurality of
      housing sections including a first housing section 62 and a second housing
      section 64 coupled for relative movement between the extended position
      shown in FIG. 2 and a folded position as shown in FIG. 6. The carrying
      strap attachment 10 is secured to the first housing section 62 by couplers
      34 and 36 being in the first operative position wherein the couplers 34
      and 36 are in firm engagement with opposite sides of the first housing
      section 62 as best shown in FIG. 3. The couplers 34 and 36 remain free to
      pivot about pivot member 38 within the second recess 22 and beneath the
      resilient member 24 operating to resiliently bias the couplers 34 and 36
      towards each other into the first operative position. In order for the
      couplers 34 and 36 to pivotally move between the first operative position
      and a second inoperative position effectively, pivot members 38 of each
      coupler 34 and 36 must be spaced apart within second recess 22 a distance
      equal to or less than surface 48 of each coupler 34 and 36 engaging
      opposite edges 66 of the first housing section 62. The spacing between the
      pivot members 38 being less than the distance between the engaging
      surfaces 48 responsively urges the couplers 34 and 36 towards each other
      and cooperates with the resilient member 24 to bias the engaging surfaces
      48 into the first operative position. When the camera 60 is in the
      extended position, lower edge 66 of the first housing section 62 is
      displaced sufficiently from cam surface 68 of the second housing section
      64 to enable a lower portion including latching member 40 of the couplers
      34 and 36 to penetrate therein to a first location beneath edge 66 of the
      first housing section 62 thereby providing full support and protection for
      the camera 60 when the couplers 34 and 36 are in the first operative
      position.
PAR  The folding camera 60 is illustrated in FIGS. 4 and 5 in an intermediate,
      partially folded position wherein the relative movement of the first and
      second housing sections 62 and 64 is between the extended position and the
      folded position. The carrying strap attachment 10 is in an early stage of
      automatic detachment from the first housing section 62 as a result of the
      change in position of housing sections 62 and 64. When the camera 60 is
      moved from the extended towards the folded position, the separation
      between edge 66 of the first housing section and cam surface 68 of the
      second housing section is reduced. Couplers 34 and 36 remain in the first
      operative position in firm engagement with opposite sides of the first
      housing section 62 until contact is made between cam surface 68 of the
      second housing section 64 and cam surface 42 of the couplers 34 and 36
      whereby the couplers are urged against the bias of member 24 away from the
      path of the moving first and second housing sections towards the second
      inoperative position.
PAR  Further movement of the first and second housing sections 62 and 64 towards
      the folded position forces the couplers 34 and 36 to pivot about pivot
      member 38 against the resilient biasing of the resilient member 24 whereby
      each end of the resilient member 24, joined by locking tabs 26 and 28 to
      couplers 34 and 36, is spread apart as the couplers 34 and 36 are cammed
      out of securing relation with the opposite sides of the first housing
      section 62.
PAR  The camera 60 is illustrated in FIGS. 6 and 7 in the folded position
      wherein the first and second housing sections 62 and 64 are substantially
      in contact with each other and neck strap attachment 10 is in position for
      removal from the camera 60. Couplers 34 and 36 are in the second
      inoperative position wherein the couplers 34 and 36 are out of securing
      relation with opposite sides of the first housing section 62. If the
      camera 60 should be re-opened to the extended position (as shown in FIG.
      2), the couplers 34 and 36 will return to the first operating position in
      securing relation with opposite sides of the first housing section 62.
      Therefore, the carrying strap attachment 10 may be coupled to the folding
      camera when the camera 60 is in the folded or extended position without
      undue thought or activity.
PAR  The couplers 34 and 36 will pivot about pivot member 38 and push against
      resilient member 24 as a result of the cam action provided by the relative
      movement of the first and second housing sections 62 and 64 whereby lower
      edge 66 of the first housing section 62 applies pressure upon the couplers
      34 and 36 and thereby cooperates with the cam surfaces 42 and 68 to
      overcome the resilient biasing of the resilient member 24 to force the
      couplers 34 and 36 to move away from each other spreading the attached
      ends of the resilient member 24. The couplers 34 and 36 will pivot a
      distance sufficient to cam the couplers 34 and 36 out of the path of the
      moving first and second housing sections 62 and 64 whereupon the first
      housing section 62 will be in closed contact with the second housing
      section 64 whereupon the couplers 62 and 64 will remain out of securing
      relation and in frictional engagement with opposite sides of the second
      housing section 64, as shown in FIG. 7.
PAR  The carrying strap attachment 10 is adapted for manual movement of the
      couplers 34 and 36 from the first operative position to the second
      inoperative position whereby the carrying strap attachment 10 may be
      detached from the camera 60. A knob 46 having knurled edges for firm
      gripping thereof is provided on each coupler 34 and 36. Finger pressure
      applied thereto in opposition to the resilient biasing of the resilient
      member 24 will move the couplers 34 and 36 into the second inoperative
      position. When the finger pressure is removed from the knob 46, the
      couplers 34 and 36 return to the first operative position due to the
      resilient member 24 operating to maintain the couplers 34 and 36 in the
      first operative position.
PAR  The latching member 40, responding to the pivotal movement of the couplers
      34 and 36, moves from the first location beneath lower edge 66 and outside
      of the cavity 32, (as shown in FIG. 3) in the first operative position to
      a second location within the cavity 32 when the couplers 34 and 36 are in
      the second inoperative position (as shown in FIG. 7).
PAR  When the knobs 46 are employed for manual movement of the couplers 34 and
      36 between the first and second positions, the latching member 40 prevents
      the couplers 34 and 36 from pivoting beyond a position wherein the
      carrying strap attachment 10 would disassemble leading to possible damage
      to the resilient member 24. Latching member 40 prevents such action from
      occurring by cooperating with the cavities 32 wherein the latching members
      40 are prevented from further movement thereby interrupting the pivotal
      movement of the couplers 34 and 36 at a designated point.
PAR  It should be noted that carrying strap attachment 10 is not limited to use
      with folding cameras. If desired, the carrying strap attachment 10 may be
      adapted to comfortably transport non-folding cameras having a
      configuration such that the carrying strap attachment 10 may be joined
      thereto.
PAR  Due to the carrying strap attachment 10's construction, the distance
      between first and second uprights 16 and 18 and tabs 26 and 28 may be
      enlarged or reduced to accommodate any size camera or object therebetween
      and couplers 34 and 36 and resilient member 24 adapted to provide
      sufficient strength to securely support the camera or object.
PAR  From the foregoing, it is apparent that the carrying strap attachment 10 is
      comparable in cost to conventional carrying strap arrangements, durable,
      and is an easily assembled unit which provides for secure attachment to a
      folding camera whereby the camera may be transported in the extended,
      operative position satisfactorily protected against accidental dropping
      but may be disengaged manually or automatically in an instant for
      completely free use.
PAR  This invention may be practiced or embodied in still other ways without
      departing from the spirit and essential character thereof. The specific
      and preferred embodiments described herein are therefore to be considered
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims and all variations which come within the
      meaning of the claims are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A carrying strap attachment adapted to be coupled to underlying edges of
      opposite sides of a photographic camera, said attachment comprising:
PA1  a support bar having opposing ends;
PA1  means for securing a carrying strap to said support bar; coupling means
      including spaced surfaces for engaging the underlying edges;
PA1  means extending from said opposing ends of said support bar to form
      inwardly facing opposing sides of said attachment for receiving the
      underlying edges therebetween; and
PA1  means for pivotally mounting said coupling means in spaced relation upon
      said extending means, said pivot means being spaced apart by a distance
      not greater than the spacing between said surfaces of said coupling means
      thereby providing for pivotal movement upon said extending means of said
      coupling means from a first operative position wherein said surfaces are
      engageable with the underlying edges to a second inoperative position
      wherein said spaced surfaces are out of securing relation with the
      underlying edges.
NUM  2.
PAR  2. An attachment as defined in claim 1 further comprising:
PA1  means for resiliently biasing said coupling means into said first position;
      and
PA1  means on said biasing means for latching said biasing means to said
      coupling means thereby securing said biasing means to said coupling means
      during movement of said coupling means between said first and second
      positions.
NUM  3.
PAR  3. An attachment as defined in claim 2 wherein said coupling means includes
      means for manually moving said coupling means from said first position to
      said second position.
NUM  4.
PAR  4. An attachment as defined in claim 3 wherein said coupling means further
      includes means for restricting movement of said coupling means between
      said first and second positions when said means for manually moving said
      coupling means is employed.
NUM  5.
PAR  5. An attachment as defined in claim 2 wherein said coupling means further
      includes means for receiving said latching means therein, said receiving
      means cooperating with said biasing means to secure said coupling means
      upon said extending means.
NUM  6.
PAR  6. A carrying strap attachment constructed of interlocking components to
      form an assemblage for releasably securing said attachment to opposite
      sides of a photographic camera, said attachment comprising:
PA1  a support bar having opposing ends;
PA1  means for securing a carrying strap to said support bar;
PA1  means extending from said opposing ends of said support bar, each said
      extending means including a recess therein and forming inwardly facing
      opposing sides of said attachment for receiving the opposite sides
      therebetween;
PA1  a resilient member;
PA1  means for receiving said resilient member therein extending longitudinally
      within a side of said support bar and superposedly positioned relative to
      said recesses within said extending means; and
PA1  coupling means including means for pivotally connecting said coupling means
      within said recess of each said extending means for pivotal movement
      therein laterally towards said extending means into a first operative
      position wherein said coupling means are engageable with the opposite
      sides and a second inoperative position wherein said coupling means are
      moved laterally in a direction away from said extending means and out of
      securing relation with the opposite sides, said coupling means connected
      to said resilient member for resiliently biasing said coupling means into
      said first position.
NUM  7.
PAR  7. An attachment as defined in claim 6 wherein said coupling means includes
      means for manually moving said coupling means from said first position to
      said second position.
NUM  8.
PAR  8. An attachment as defined in claim 6 wherein opposite ends of said
      resilient member include means for latching said resilient member to said
      coupling means.
NUM  9.
PAR  9. An attachment as defined in claim 8 wherein said coupling means further
      include means for receiving said latching means therein, said receiving
      means cooperating with said biasing means to secure said coupling means
      upon said extending means.
NUM  10.
PAR  10. Photographic apparatus including a photographic camera and a carrying
      strap attachment constructed of interlocking components to form an
      assemblage for releasably securing a carrying strap upon said camera,
      comprising in combination:
PA1  a support including a first recess and a second recess subjacent to said
      first recess;
PA1  means for securing a carrying strap to said support;
PA1  coupling means including slot means coupled to said support for lateral
      movement towards opposite sides of said camera into a first operative
      position wherein said coupling means engage said opposite sides and a
      second inoperative position wherein said coupling means are moved
      laterally in a direction away from said opposite sides and out of securing
      relation therewith, said coupling means including means for pivotally
      connecting said coupling means within said second recess of said support
      wherein said coupling means remain pivotally movable from said first
      position to said second position; and
PA1  biasing means disposed within said first recess for resiliently biasing
      said coupling means into said first position, said biasing means having
      opposite ends attached to said coupling means within said slot means and
      operating to secure said coupling means to said support.
NUM  11.
PAR  11. Photographic apparatus as defined in claim 10 wherein said coupling
      means further include means for manually moving said coupling means from
      said first position to said second position.
NUM  12.
PAR  12. Photographic apparatus as defined in claim 11 wherein said coupling
      means further include means for restricting movement of said coupling
      means between said first and second positions when said means for manually
      moving said coupling means are employed.
NUM  13.
PAR  13. A carrying strap attachment for use with a folding camera having first
      and second housing sections joined for relative movement between an
      extended operative position and a folded position, said strap attachment
      comprising:
PA1  a support bar having opposing ends;
PA1  means for securing a strap to said support bar;
PA1  means extending from said opposing ends of said support bar to form spaced
      inwardly facing opposing sides of said attachment for receiving underlying
      edges of opposite sides of the first housing section therebetween;
PA1  coupling means including spaced surfaces for engaging the underlying edges;
PA1  means for pivotally mounting said coupling means on said extending means in
      spaced relation, said pivot means being spaced apart by a distance not
      greater than the spacing between said surfaces of said coupling means
      thereby providing for pivotal movement of said coupling means from a first
      operative position wherein said coupling means are moved upon said
      extending means laterally towards the first housing section for engagement
      with the underlying edges thereof to a second inoperative position wherein
      said coupling means are moved upon said extending means in a direction
      away from the first housing section and out of securing relation with the
      underlying edges; and
PA1  means on said coupling means engageable by the second housing section
      during the relative movement of the housing sections toward the folded
      position for automatically moving said coupling means from said first
      position into said second position.
NUM  14.
PAR  14. An attachment as defined in claim 13 further comprising:
PA1  biasing means for resiliently biasing said coupling means from said second
      position into said first position when the first and second housing
      sections are moved from the folded position towards the extended position;
      and
PA1  means on said biasing means for latching said biasing means to said
      coupling means thereby holding said biasing means to said coupling means
      during movement of said coupling means from said second position into said
      first position.
NUM  15.
PAR  15. An attachment as defined in claim 14 wherein said coupling means
      includes means for manually moving said coupling means from said first
      position to said second position.
NUM  16.
PAR  16. An attachment as defined in claim 14 wherein said coupling means
      further includes means for receiving said latching means, said receiving
      means cooperating with said biasing means to secure said coupling means to
      said extending means.
NUM  17.
PAR  17. An attachment as defined in claim 15 wherein said coupling means
      further include means for restricting movement of said coupling means
      between said first and second positions when said means for manually
      moving said coupling means is employed.
NUM  18.
PAR  18. A carrying strap attachment constructed of interlocking components to
      form an assemblage for securing said attachment to underlying edges of
      opposite sides of a photographic camera, said attachment comprising; a
      support bar having opposing ends;
PA1  means for securing a carrying strap to said support bar;
PA1  means extending from said opposing ends of said support bar each including
      a recess and forming inwardly facing opposite sides of said attachment for
      receiving the underlying edges therebetween;
PA1  coupling means having spaced surfaces, for engaging the underlying edges,
      and including slot means and means for pivotally connecting said coupling
      means within each said recess of said extending means for pivotal movement
      therein laterally towards the underlying edges and said extending means
      into a first operative position wherein said spaced surfaces of said
      coupling means are engageable with the underlying edges in a securing
      relationship and a second inoperative position wherein said spaced
      surfaces are moved laterally in a direction away from the underlying edges
      and said extending means and out of securing relation with the underlying
      edges;
PA1  means for resiliently biasing said coupling means into said first position,
      said biasing means having opposite ends attached to coupling means within
      said slot means whereby said biasing means operates to secure said
      coupling means to said extending means; and
PA1  means for receiving said biasing means extending longitudinally within a
      side of said support bar and superposedly positioned to said recesses
      within said extending means.
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ABST
PAL  A single lens reflex camera houses a battery magazine which is disposed
      outside the swing path of the camera mirror and is accessible through the
      mount opening for an interchangeable objective. A cover is swingable
      between magazine open and closed positions along a path intercepting the
      mirror swing path and an interlock mechanism locks the cover in closed
      position when the mirror is in its viewing position and in one form locks
      the mirror in its photographing position when the cover is in open
      position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to improvements in battery housing
      cameras and it relates more particularly to an improved single lens reflex
      camera provided with electrically actuated devices in which the battery
      magazine is accessible through the opening in the interchangeable
      objective lens mount.
PAR  A battery is commonly employed in a single lens reflex camera for
      energizing various electrical components and devices associated with the
      camera. A convenient arrangement for housing such a battery in the camera
      is to position the magazine at a location in the camera body so as to be
      accessible for battery replacement through the opening in the
      interchangeable objective lens mount on the camera. However, the proper
      positioning of the battery magazine in the camera, particularly when such
      magazine is provided with a magazine cover and its operation and
      manipulation are difficult and inconvenient and are accompanied by the
      high possibility of damage to the camera mechanism.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide an improved
      single lens reflex camera.
PAR  Another object of the present invention is to provide an improved single
      lens reflex camera having self contained battery energized components and
      devices.
PAR  Still another object of the present invention is to provide an improved
      signle lens reflex camera having a battery magazine accessible through the
      opening in the camera interchangeable objective lens mount.
PAR  A further object of the present invention is to provide a camera battery
      magazine of the above nature characterized by its reliability, use and
      convenience of operation without possible damage to the camera mechanism
      operation and its great versatility and adaptability.
PAR  The above and other objects of the present invention will become apparent
      from a reading of the following description taken in conjunction with the
      accompanying drawings which illustrate preferred embodiments thereof.
PAR  In a sense, the present invention contemplates the provision of a single
      lens reflex camera in which a battery magazine is located in the camera
      outside of the path of the camera mirror as it swings between its raised
      photographing retracted and lowered viewing advanced positions. The
      magazine is provided with a cover plate pivotably mounted on the camera
      body so that it can be opened for replacement of the batteries only when
      the mirror is in its raised position so as not to be brought into contact
      with the mirror. The mirror is also advantageously arranged so that it
      cannot be swung down when the cover plate is in the open position. For
      this purpose an interlocking mechanism is provided between the mirror and
      cover plate so that the cover cannot be opened when the mirror is in the
      lowered position and advantageously the mirror cannot be swung down when
      the cover plate is in the open position.
PAR  With the improved battery magazine mechanism the batteries housed in a
      single lens reflex camera may be rapidly and conveniently replaced through
      the objective lens mount opening without interferring with or damaging the
      camera mirror or any of the other camera mechanisms and the magazine
      mechanism is reliable and highly adaptable.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a battery magazine embodying the present invention
      and shown in its camera mounted position;
PAR  FIG. 2 is a front elevational view thereof;
PAR  FIG. 3 is a side elevational view thereof;
PAR  FIG. 4 is a detailed partial front elevational view of a portion thereof;
PAR  FIG. 5 is a fragmentary enlarged perspective view of the magazine cover
      locking mechanism;
PAR  FIG. 6 is a partial side elevational view of another embodiment of the
      present invention;
PAR  FIG. 7 is a partial front elevational view of a portion thereof;
PAR  FIG. 8 is a view similar to FIG. 1 of a further embodiment of the present
      invention;
PAR  FIG. 9 is a view thereof similar to FIG. 2;
PAR  FIG. 10 is a partial front elevational view thereof; and
PAR  FIG. 11 is a fragmentary top plan view of a portion thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, particularly FIGS. 1 to 5 thereof which
      illustrate a preferred embodiment of the present invention, a magazine
      cover plate 1 provided with a projection 1a is pivoted for swinging
      between raised open and lowered closed positions on a shaft 2 which is
      rotatably supported at one end by a portion of the mirror box 5 and at the
      other end by a bearing 4 mounted on the camera box 6. The cover plate 1 is
      biased to swing upwardly to an open advanced position by a spring 3 and is
      also urged by the spring 3 toward the bearing 4. The drawings also
      indicate at 7 an aperture which is in oppositon to the film, at 8 a lens
      mount, at 9 a face plate arranged forwardly of the magazine and at 10 a
      battery which is accommodated in a battery case 11 mounted in the camera
      box 6. A fixed contact 12 is located in opposition to the battery 10, and
      a movable contact plate 13 resiliently urges the battery 10 against the
      fixed contact 12, the movable contact plate 13 carrying a movable contact
      13' and being spring biased to swing in a clockwise direction as viewed in
      FIG. 1 (in the direction of arrow) on the shaft 14 located on a projection
      15 formed on the camera box 6 to thereby resiliently retain the battery 10
      embraced between the movable contact 13' and the fixed contact 12. On the
      free end of the movable contact plate 13 is formed an extension portion
      13a which is in opposition to a bent projection 19b on an actuating plate
      19, (which will be hereinafter described,) and to the notched end 16b of
      an arrester or latch lever 16. The other end 16a of the arrester lever 16
      is located in opposition to the face of the projection 1a of the cover
      plate 1. The arrester lever 16 is rockably supported by a shaft 17 so that
      it is pivotable clockwise as viewed in FIG. 2. The shaft 17 is mounted on
      a bracket 18 which, in turn, is mounted on the camera box 6. The actuating
      plate 19 has an end side edge 19', as best seen in FIG. 3, and is provided
      with a hook portion 19a, the bent projection 19b and a knob 19c. The hook
      portion 19a is so arranged as to engage a recess 1b formed in the
      projection 1a on the cover plate 1. The hook portion 19a can be brought
      into engagement with the recess 1b when the plate 19 is shifted along
      guide pins 20 by the action of a spring 21. On the top of the hook portion
      19a is formed a cam defining inclined edge 19d which is engaged by the
      projection 1a when the cover plate 1 is closed to thereby shift the hook
      portion 19a together with the plate 19 until the hook portion 19a drops
      into the recess 1b. By shifting the operation plate 19 to the right in
      opposition to the influence of spring 21, the bent projection 19b moves
      the movable contact 13 counter-clockwise as viewed in FIG. 1, so that the
      extension portion 13a is brought to a retracted position where it is
      engaged by the notch in the notched end 16b of the arrester lever 16 to
      releasably retain the contact plate 13. A stop 22 is located on the side
      of the mirror box 5 so that it is in opposition to the cover plate 1. A
      mirror 23 is provided with a pin 24 which is integral with the mirror and
      a mirror raising pin 25 serves also to hold the mirror in its swung-up
      photographing retracted position. An arrester member or mirror retracting
      or raising lever 26 pivoted on a shaft 27 mounted on the side of the
      mirror box is provided with a fork end 26a engaging the operation pin 25.
      The arrester member 26 also has an arm 26b associated with the pin 24, and
      an arresting bent portion 26c extending downwardly so that it is in
      opposition to the edge of the operation lever 19. When it is in the
      position illustrated by the solid line in FIG. 3 the arrester member 26
      prevents the shift of the operation plate 19, while in the position shown
      by broken line the arrester member 26 releases the plate 19 for operation.
      As explained above, the swinging movement area of the cover plate 1 is
      partly overlapped by the swinging movement area of the mirror 23 so that
      it is essential to maintain a constant relation between operations of the
      cover plate 1 and the mirror 23.
PAR  In the operation of the device having the foregoing construction, the knob
      19c is shifted in the arrow direction (FIG. 2) with the lens detached from
      the lens mount 8. However, when the mirror 23 is in its advanced
      swung-down position or normal viewing or reflecting position, the
      arresting bent portion 26c of the lever 26 is in the position where it
      prevents the shift of the operation plate 19 as shown by the full line in
      FIG. 3, so that the operation plate 19 cannot be shifted. On the other
      hand, when the mirror is in its retracted or swung up position, the
      arresting bent portion 26b is retracted from the arresting position so
      that the operation plate 19 can be shifted. Upon shifting released plate
      19 to the right, the hook portion 19a of the operation plate 19 disengages
      the recess 1b formed in the cover projection 1a and and as a result, the
      cover plate 1 is swung up to an advanced open position by the action of
      the spring 3 and retracts the projection 1a from engagement with the
      arrester lever 16. Accordingly, the arrester lever 16 swings clockwise as
      viewed in FIG. 2 on the shaft 17, so that the notched end 16b is moved to
      engage the movable contact plate 13 which is swung by the shifting of the
      operation plate 19 and releasably locks the movable contact plate 13 in a
      retracted position. Under these conditions, when the knob 19c is released,
      the cover plate 1 remains opened and the movable contact plate 13 remains
      in its open retracted position. After replacing the batteries the cover
      plate 1 is closed and the arrester lever 16 is swung counter-clockwise by
      the projection 1a so that the movable contact plate 13 is released and the
      hook portion 19a drops into the recess 1b formed in the projection 1a. In
      the operation described above, contact between the mirror and the cover
      plate is eliminated by controlling the shifting movement of the operation
      plate by means of the mirror raising lever 26 which acts also as an
      arrester member and is associated with the pin 25 which serves to hold the
      mirror in its raised photographing retracted position.
PAR  Although the foregoing description is directed to a construction where the
      shifting movement of the operation plate 19 is controlled by the mirror
      retracting lever 26, the embodiment shown in FIGS. 6 and 7 is so
      constructed as to directly lock the cover plate 1. Specifically, an
      interlocking lever 28 is fixed to the shaft 2 for the cover plate 1 so as
      to concurrently swing with the cover plate 1. The interlocking lever 28
      has a pin 29 projecting therefrom. In opposition to pin 29 there is
      arranged, in place of the arresting bent end 26c of the mirror-up lever
      26, an arresting bent end 26e of a curved arm 26d in opposition to the pin
      29 so that the cover plate 1 is restrained directly by the pin 29 and
      interlocking lever 28 when the mirror is in its advanced or lowered
      position.
PAR  The operation plate 19 can be controlled by the provision of a movable
      contact plate 13 which is in association with the swinging up and down
      movement of the cover plate 1.
PAR  In FIGS. 8 to 11 of the drawings there is illustrated another embodiment of
      the present invention which further functions to prevent the advance of
      the mirror from its raised retracted position when the magazine cover is
      in its open position. The mechanism shown in FIGS. 7 to 10 is
      substantially similar to that shown in FIGS. 1 to 4 with the same
      reference numerals designating similar elements performing correspondingly
      similar functions. In addition, the bent projection 19b carries an
      outwardly projecting pin 19e which is in opposition to the notched end 16b
      of the lever 16.
PAR  The operation of the mechanism last described except as hereinafter
      explained, is similar to that of the mechanism first described. Moreover,
      when the cover plate 1 is in its open position the mirror-up lever 26 is
      prevented from returning by the end side edge 19' which is best seen in
      FIG. 3 and has the bent projection 19b, so that the mirror advancing
      operation cannot be effected. After replacing the batteries when the cover
      plate 1 is closed, the arrester lever 16 is moved in the opposite
      direction by the projection 1a so that the pin 19e is released, the
      operation plate 19 and movable contact plate 13 return and the hook
      portion 19a drops into the recess 1b formed in the projection 1a. Under
      these conditions since the interlocking  lever 26 returns to the position
      shown in FIG. 3 by full line, then the mirror becomes freely operable, but
      the operation plate 19 cannot be shifted.
PAR  It will be appreciated from the foregoing that according to this invention,
      the cover plate can be opened only when the mirror is in its raised or
      retracted position. Furthermore, according to another feature, the mirror
      can be advanced only when the cover plate is in its closed position. In
      other words, by the provision of an interlocking mechanism having the
      above-described type of construction, any danger that the mirror and the
      battery magazine cover plate are brought into contact with each other is
      eliminated. Although the interlocking mechanism has been shown and
      described as to be arranged between the member for operating the cover
      plate and the member for holding the mirror in the swung-up position, it
      may also be arranged between the cover plate and the member for holding
      the mirror.
PAR  While there have been described and illustrated preferred embodiments of
      the present invention, it is apparent that numerous alterations, additions
      and omissions may be made without departing from the spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a single lens reflex camera including a camera body and a separable
      objective providing an access opening into said body upon detachment
      thereof and a mirror member movable along a predetermined path between a
      viewing, advanced position and a photographing retracted position, a
      battery accommodating magazine disposed in said body out of the path of
      said mirror member and accessible through said opening, and including a
      magazine cover member movable between a retracted magazine closing
      position and an advanced magazine open position along a path intercepting
      said mirror member predetermined path, and interlocking means responsive
      to the movement to an advanced position of one of said members for
      preventing the movement to an advanced position of the other of said
      members.
NUM  2.
PAR  2. The camera of claim 1 wherein said interlocking means releasably locks
      said magazine cover member in its retracted position when said mirror
      member is in its viewing advanced position.
NUM  3.
PAR  3. The camera of claim 2 wherein said interlocking means is responsive to
      the movement to the advanced position of said cover to releasably lock
      said mirror member in its photographing retracted position.
NUM  4.
PAR  4. The camera of claim 2 wherein said interlocking means comprises a
      latching member movable between retracted and advanced positions
      respectively for locking said cover member in its retracted position and
      releasing said cover member for movements to its advance position and
      means responsive to the movement to the viewing advanced position of said
      mirror member for locking said latching member in its retracted position.
NUM  5.
PAR  5. The camera of claim 4 wherein said interlocking means includes means
      relocking said mirror member in its photographing retracted position when
      said latching member is in its advanced position.
NUM  6.
PAR  6. The camera of claim 2 wherein said interlocking means includes a first
      arm member movable with said cover member and a second arm member movable
      with said mirror member, a portion of said second arm member engaging a
      portion of said first arm member when said cover and mirror members are in
      their retracted and advanced positions respectively.
NUM  7.
PAR  7. The camera of claim 1 wherein said mirror and cover members are
      swingable between their advanced and retracted positions.
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ABST
PAL  A shaft drive and control system for an automatic camera having a plurality
      of shaft driven devices operable in a photographic cycle at different
      times and at different speeds, in which the camera has a film pack
      receiving well, and comprising an electric motor mounted in one end of the
      camera at one end of the well and coupled to a dual harmonic drive unit
      that effects a shaft speed reduction to the lowest speed required for
      camera operation. A cam driven by the output shaft of the harmonic drive
      unit serves to recock a reflex mirror in the camera. A first shaft speed
      increasing system including an elongated timing belt extends down the side
      of the camera from the output shaft of the harmonic drive unit to a shaft
      driven at an intermediate speed that acts at times to drive a film unit
      out of the film pack in the well into engagement with a pair of processing
      rolls. A second shaft speed increasing system is connected between the
      intermediate speed shaft and processing rolls mounted in the front of the
      camera to drive the processing rolls at the highest shaft speed required
      for camera operation.
BSUM
PAR  This invention relates to photography, and particularly to a novel shaft
      control system for automatic cameras.
PAR  A highly automated and sophisticated camera has been developed and marketed
      as the Polaroid Land SX-70 reflex camera, manufactured and sold by
      Polaroid Corporation of Cambridge, Massachusetts, U.S.A. A particular
      embodiment of this camera is shown and described, for example, in U.S.
      Pat. No. 3,714,879, issued on Feb. 6, 1973 to Edwin H. Land, Igor Blinow
      and Vaito K. Eloranta for REFLEX CAMERA, and assigned to the assignee of
      this application. As there more fully shown and described, the camera is a
      fully automatic single lens reflex that is foldable into a thin compact
      shape. When erected, and supplied with a cassette including film units and
      a battery, the camera responds to the touch of a button to produce a
      photograph that is immediately driven out of the camera, and there
      proceeds to complete its development.
PAR  In the process of making an exposure in a camera of the kind described, the
      shutter is closed and a reflex mirror system is moved from a viewing
      position to an exposure position. The shutter is then opened, and a
      photoelectrically determined exposure is made on the outermost film unit
      in the cassette. The shutter is then closed, and a pick is actuated to
      advance the exposed film unit into engagement with a pair of processing
      rolls mounted at the front of the camera. The film unit is driven through
      the processing rolls under pressure to distribute a supply of film
      processing composition throughout a photosensitive laminar system in the
      film unit. The reflex mirror system is then returned to its viewing
      position, and the shutter is opened.
PAR  This summary of the operation of the camera described in the above-cited
      patent only suggests the complexity of the operating program that is
      carried out during an exposure cycle, and of the apparatus required to
      carry out the program when implemented in a form capable of enclosure in
      the desirably compact confines of the camera when it is in its folded
      position. In order to attain this desirable compactness of construction, a
      unique, essentially U-shaped, dual power train was devised. As fully
      illustrated in the above-cited patent, this power train extends about
      three sides of the well that receives the film pack, and includes an
      electric motor at the back of the well. The motor drives a thin, elongated
      dual gear train extending down the sides of the well. The gear train is
      connected to a pair of processing rolls that extend across the front of
      the camera in position to receive a film unit advanced from the film pack
      in the well.
PAR  This dual gear train performs a number of functions, including the
      transmission of power from the motor at the back of the camera to the
      processing rolls at the front, shaft speed control functions which reduce
      the initially high speed of the motor output shaft to various shaft speeds
      required for operation of the elements of the camera, and the maintenance
      of the necessary synchronism between several of the parts.
PAR  The dual gear train devised for this purpose, and shown in the above-cited
      patent, is compact, highly efficient and reliable in operation. However,
      it involves a relatively large number of parts, including a number of
      shafts which have to be accurately positioned during the assembly of the
      apparatus. Moreover, a relatively large number of gear meshes, and a
      number of closely fitting, relatively moving parts, are involved. The
      result is an inherent susceptability to varying load demands, or even
      jamming, during operation, because of minute particles of dust or debris
      which may accumulate during operation over the life of the apparatus. One
      object of my invention is to reduce the incidence of problems caused by
      dust and dirt in apparatus for the purposes described. Other objects of my
      invention are to simplify the construction and facilitate the manufacture
      of a power train of the general configuration shown in the above-cited
      patent, while retaining the functional capabilities of that system.
PAR  Briefly, the above and other objects of my invention are attained by a
      novel combination of expedients which together effect a considerable
      savings in parts and in the difficulties of manufacturing assembly of the
      power train. Specifically, there is provided a novel combination electric
      motor and shaft speed reduction system which is mounted at the back of the
      camera and has as the exposed moving element an output shaft driven at the
      lowest speed required for camera operation. This shaft rotates once per
      cycle, and drives a cam at that speed to recock the reflex mirror
      assembly.
PAR  In the combination motor and shaft speed reduction assembly, the end cap
      and bearings normally found on the output side of an electric motor are
      replaced by a unit that combines the functions of end cap and armature
      shaft bearing with certain of the functions of a harmonic strain wave
      drive shaft speed reduction unit. A strain wave generator is coupled to
      the armature shaft of the motor, and operates against a flexible spline
      that cooperates with a stator formed integral with the motor end cap to
      produce an intermediate shaft speed within the confines of the shaft speed
      reducer.
PAR  The flexible spline cooperates with and output gear serving as a second
      speed reduction stage to drive an output shaft that rotates at the speed
      of one revolution per photographic exposure cycle. The output shaft drives
      a cam that recocks the mirror, and also drives an output gear that is
      connected to a smaller gear, located down the side of the camera, through
      an elongated timing belt. The smaller gear is carried on a shaft which
      drives the pick pin, in a manner to be described. A larger gear formed
      integral with the smaller gear drives an output gear journalled in the
      main housing of the camera at a speed below the shaft speed of the
      processing rolls.
PAR  The processing rolls are journalled in a bed portion of the camera that is
      pivotally mounted on the main housing to facilitate the loading of a
      cassette. A drive gear on one of the rolls is driven at the speed required
      for processing by an input gear that is journalled in the pivoted bed
      portion. This input gear is larger than the drive gear to facilitate
      folding the processing rolls out of the way when loading film in the
      camera.
PAR  The input gear on the pivoted bed portion meshes with the output gear in
      the main housing when the bed portion is swung into operating position. By
      this arrangement, a compact drive assembly is provided which performs the
      functions of the dual drive train shown in the above-cited patent with
      considerably fewer parts.
PAR  The manner in which the apparatus of my invention is constructed, and its
      mode of operation, will best be understood in the light of the following
      detailed description, together with the accompanying drawings, of a
      preferred embodiment thereof.
DRWD
PAR  In the drawings,
PAR  FIG. 1 is a schematic, fragmentary perspective sketch of a camera
      incorporating the shaft drive and control system of my invention;
PAR  FIG. 2 is a schematic and fragmentary elevational view of the camera of
      FIG. 1, with parts omitted and parts broken away, taken substantially
      along the lines 2--2 in FIG. 1;
PAR  FIG. 3 is a schematic, fragmentary plan view of the apparatus of FIG. 2,
      taken substantially along the lines 3--3 in FIG. 2;
PAR  FIG. 4 is a schematic and fragmentary end view of a portion of the
      apparatus of FIG. 1, with parts shown in cross section, parts omitted and
      parts broken away, taken substantially along the lines 4--4 in FIG. 1;
PAR  FIG. 5 is a schematic sectional view, with parts shown in cross section and
      parts omitted, taken substantially along the lines 5--5 in FIG. 4 and
      showing the output stage of the dual harmonic drive unit portion of the
      combined motor and shaft reduction unit shown in FIG. 4;
PAR  FIG. 6 is a schematic and fragmentary perspective sketch, with parts
      omitted and parts broken away, showing further details of the shaft
      control system of FIG. 1;
PAR  FIG. 7 is a fragmentary perspective sketch of the portion of the mirror
      control and timing belt drive portions of the shaft control system shown
      in FIGS. 1 and 6, with parts omitted, parts shown in cross section and
      parts broken away;
PAR  FIG. 8 is a fragmentary exploded schematic perspective sketch, with parts
      omitted and parts broken away, of a portion of the apparatus of FIG. 7;
      and
PAR  FIG. 9 is a schematic and fragmentary perspective sketch of the apparatus
      of FIG. 6 as seen from the rear.
DETD
PAR  Referring now to FIG. 1, I have shown an automatic reflex camera 1 that may
      be identical to the commercially available Polaroid Land SX-70 camera, or
      to the particular version shown specifically in the above-cited U.S. Pat.
      No. 3,714,879, except for the modifications to be described herein.
      Generally speaking, the camera comprises a main housing suggested at 2
      hinged to a rear top panel 3 and a front top panel 4 on which a
      collapsible viewfinder 5 is mounted. The camera is shown in the erect
      position in which it is extended for use.
PAR  A lens board and shutter housing 6 hinged to the main housing 2 carries a
      taking lens 7, a shutter button 8, a focusing knob 9, a photocell window
      10, an exposure trim control knob 11 and an accessory receptacle 12. The
      receptacle 12 is adapted to receive a flash bar, for example.
PAR  A forward bed portion 13 of the camera is hinged to the main housing 2 in
      any conventional manner, so that the bed portion 13 can swing down around
      the axis suggested at 14 to facilitate loading of the camera. For this
      purpose, referring to FIG. 2, the bed portion 13 comprises side frame
      members 32 that are hinged to the main housing 2 as suggested at 33.
PAR  The bed 13 carries a pair of processing rolls 15 and 16 that are journalled
      in the frame members 32 for counterrotation when the roll 15 is driven by
      rotation of a pinion 17 carried on an axle 18 on which the roll 15 is
      mounted. The pinion 17 is arranged to be driven by a gear 19 journalled on
      a shaft 20 fixed to the bed 13.
PAR  In the position of the bed 13 shown, the gear 19 is in mesh with a gear 21.
      The gear 21 is rotatably mounted on a shaft 22. The shaft 22 is fixed to a
      side plate 23. The plate 23 forms an integral part of a modular mounting
      plate generally designated 24 on which all of the elements of the shaft
      control system of my invention, except for the movable parts carried with
      the front bed 13, may be mounted and aligned prior to their assembly in
      the camera.
PAR  The gear 21 couples a gear 25 to the gear 19 when the bed 13 is in the
      position shown. If desired, the gear 25 may be mounted in place of the
      gear 21, and the latter omitted. However, the arrangement shown is
      preferred, because it is desirable for the gear 25 to rotate clockwise as
      seen in FIGS. 1 and 2, as will appear.
PAR  The gear 25 is formed integral with a smaller gear 26, and the integral
      gears 25 and 26 are rotatably mounted on a shaft 27 that is fixed to the
      plate 23. The gear 26 is coupled to a gear 28 disposed at the rear of the
      housing 2 by means here shown as an elongated timing belt 29 of any
      conventional construction, such as polyurethane, fiber reinforced plastic,
      or the like. The teeth on the timing belt insure synchronism between the
      gear 28 and the gear 27. The gear 28 is fixed on a shaft 30 that comprises
      the output shaft of a combination electric motor and shaft reduction unit
      generally designated 31.
PAR  Referring next to FIGS. 2, 3 and 7, a cam 39, which may be formed integral
      with the gear 28, is fixed on the shaft 30. The cam 39 is arranged to
      rotate once for each exposure cycle in the operation of the camera.
PAR  The cam 39 is engaged by a cam follower 40 journalled on a crank arm 41 by
      means shown as a pin 42. The arm 41 is fixed on a shaft 43.
PAR  The shaft 43 is journalled at one end in a suitable aperture formed in the
      side plate 23, and at the other end in a suitable aperture formed in an
      upstanding portion 44 punched out and bent up from the bottom plate 45 of
      the mounting bracket 24, as best shown in FIG. 9. A suitable aperture
      formed in the upper portion of the plate 44 provides an intermediate
      bearing for the output shaft 30.
PAR  As shown in FIGS. 4, 7, 8 and 9, a pair of ears 46 and 47 are formed
      integral with an enlarged end portion 48 of the shaft 43. Pins 49 and 50
      are fixed to the ears 46 and 47, respectively. As best shown in FIGS. 7
      and 8, a pin 51 is fixed in the ears 46 and 47 and is adapted to extend
      between the arms 52 and 53 of a yoke formed at the end of a lever 54.
PAR  A pin 55 is fixed in the arm 54, and serves to resiliently couple the arm
      54 to the ears 46 and 47 by means of interconnecting springs 60. The
      springs 60 are coupled between the ends of the pins 55 and the pins 49 and
      50 as suggested in FIGS. 7 and 8. This construction permits limited
      excursions of the arm 54 relative to the shaft 43.
PAR  The arm 54 is pivotally connected to a yoke 61 by means of a pin 59. The
      yoke 61 is formed as an integral extension of the reflex mirror assembly
      62, as shown in FIGS. 1 and 7, forming a part of the camera more fully
      described in the above-cited U.S. Pat. No. 3,714,879.
PAR  Comparing FIGS. 1 and 7, by this arrangement the mirror arrangement 62 is
      hinged to lugs 63 affixed to the camera housing on one side. The mirror
      assembly 62 is hinged to the frame of the camera on the other side by a
      corresponding hinge assembly comprising a lug 64 formed on one end of the
      mirror assembly 62 and pivotally connected by a shaft 58 to ears 65
      affixed to the camera housing. By this arrangement, the mirror assembly 62
      can be swung from the position shown in FIG. 1 to an upper position, in
      which a generally rectangular cassette receiving well 34 in the housing 2
      is exposed to the lens 7 over a path including a taking mirror formed on
      the bottom side of the assembly 62.
PAR  Referring next to FIG. 4, the combined electric motor and shaft speed
      reduction unit 31 may comprise a conventional armature and field assembly
      enclosed in a main housing 66 having formed integrally thereon a mounting
      flange 67 by means of which the housing 66 is secured to the base plate
      45, with the aid of any suitable fastening means, here shown as machine
      screws 68. The armature 69 may be of any conventional construction,
      provided with a commutator, not shown, at the left side of the motor as
      seen in FIG. 4, communicating with conventional brushes as schematically
      suggested at 70. Drive and braking current can be supplied to these
      brushes at times, for the purposes, and by the means described in the
      abovecited patent.
PAR  The output shaft 71 of the armature 69 is journalled in a suitable bearing
      72 formed integrally with an end cap 73. The end cap 73 may be molded of a
      suitable synthetic resin, or made of metal or the like. The end cap 73 is
      secured to the main housing 66 by means of flanges indicated at 74, and is
      provided with an annular flange 75 that supports an upper permanent magnet
      field pole 76, and in spaced cooperative relationship thereto, a lower
      permanent magnet field pole 77.
PAR  An annular stator gear 78 having teeth 79 is formed at the outer end of the
      end cap 73. This gear 78 serves as the stator of a two-stage harmonic
      drive shaft speed reduction unit.
PAR  The teeth 79 of the stator 78 mesh with teeth 80 formed on a flexible band
      81, as best shown in FIG. 5, at two diametrically opposed points on the
      periphery of the band 81, being held in such engagement by a pair of
      rollers 85 and 86. The rollers 85 and 86 form part of a strain wave
      generator generally designated 87.
PAR  Comparing FIGS. 4 and 5, the strain wave generator comprises a rotor 88
      fixed to a reduced portion 89 of the armature shaft 71 by any suitable
      means, here shown as a pin 90. The rotor 88 comprises a cylindrical hub
      portion 91 formed integral with a first pair of radially opposed arms 92
      and 93, and second axially spaced pair of radially opposed arms 94 and 95.
PAR  The rollers 85 and 86 are journalled between the arms 92, 94 and 93, 95,
      respectively, as shown in FIG. 4, by means illustrated as pins 96 and 97
      fixed in the rollers and journalled in the arms. By this arrangement,
      referring now to FIG. 5, when the shaft 89 rotates clockwise, as seen in
      FIG. 5, the rotor 88 is carried around clockwise with the shaft 89, and
      the rollers 85 and 86 rotate counterclockwise about the axes of the pins
      96 and 97, respectively, as they roll clockwise on the inner surface of
      the band 81.
PAR  There are preferably provided two fewer teeth 80 on the belt 81 than the
      number n of teeth 79 on the stator 78. By that arrangement, when the shaft
      89 is rotated in one direction at a speed N1, the belt 81 will rotate
      relative to the stator in the opposite direction and at a speed determined
      in a known manner as
      ##EQU1##
      where the sign indicates the reversal in direction, and
      ##EQU2##
      is the refraction ratio R1 of the first stage. For example, if the shaft
      89 is rotated at 13,000 rpm, there are 56 teeth 79 and 54 teeth 80, the
      first stage reduction ratio R1 will be -27, and the belt 81 will rotate
      relative to the stator at a speed of 481 rpm.
PAR  Referring again to FIG. 4, a second set of teeth 98 are formed on the band
      81. The teeth 98 engage cooperating teeth 99 formed on an annular output
      gear 100. The gear 100 has a reduced hub portion 101 fixed to the shaft 30
      by means shown as a pin 102. There are preferably two more teeth 99 on the
      output gear than teeth 98 on the belt. If there are 60 teeth on the output
      gear 100, and 58 teeth 98 on the belt, the reduction ratio R2 given by the
      second stage will be from the above considerations,
      ##EQU3##
      The net reduction ratio Re is given by
      ##EQU4##
      Thus, with the other exemplary numbers given, the composite reduction
      ratio will be 261:1, giving an output shaft speed for the shaft 30 of
      approximately 49.8 rpm, or one revolution per about 1.2 seconds, which
      corresponds to the basic operating cycle of the camera.
PAR  Referring to FIG. 4, a shaft bearing 103 for the shaft 30 is formed
      integral with the plate 23 and the shaft 30 is carried through this
      bearing to its fixed connection with the cam 39 and gear 28. Thus, there
      will be one full revolution of the cam 39 per revolution of the shaft 30.
      During this revolution, the cam follower 40 will carry the arm 41 through
      one cycle of operation.
PAR  This operation of the arm 41, referring to FIG. 7, comprises a relatively
      slow clockwise rotation until the maximum radius of the cam 39 engages the
      cam follower 40, a very rapid counterclockwise rotation of the arm 41 as
      the follower falls off of the cam 39, under the influence of a spring 113,
      to be described, and a dwell period. During the counterclockwise rotation
      of the arm 41, as seen in FIG. 7, the mirror assembly 62 is brought down
      into the position illustrated in FIG. 1, which is the viewing position of
      the mirror assembly as more fully described in the above-cited U.S. Pat.
      No. 3,714,879. In this position, the mirror assembly overlies a well in
      which a film cassette is adapted to be disposed.
PAR  A control arm 104 is pivotally secured to the outer end of the arm 41, as
      shown in FIGS. 4 and 7, by means indicated as a pivot pin 105. As best
      shown in FIGS. 2 and 3, the arm 104 has formed integrally thereon a
      switch-actuating extension 106. In the position of the parts shown in FIG.
      2, in which the mirror assembly 62 is in the lower position as shown in
      FIG. 1, the arm 41 is in its extreme counterclockwise position and the
      switch actuating element 106 on the control arm 104 closes a switch S5.
      The switch S5 has a housing 107 secured in any conventional manner to the
      housing 2, and has a pair of upstanding contact carrying arms 108 and 109.
      The arms 108 and 109 spring-biased to open their contacts when the
      actuating element 106 is moved to the right as seen in FIG. 2.
PAR  When the cam 39 is rotated clockwise from the position shown in FIG. 2,
      allowing the arm 41 to rotate clockwise under the influence of the spring
      113, the actuating element 106 moves to the right in FIG. 2 and opens a
      normally closed switch S3. The switch S3 has a switch housing 109 fixed to
      the camera housing 2 and, as shown, is normally biased to a closed
      position. The switches S3 and S5 perform control functions in the manner
      described in the above-cited patent. In particular, the switches S5 and S3
      correspond to the switches 270 and 390 described in the patent,
      respectively.
PAR  The arm 104 is guided for movement between the position shown in FIG. 2 and
      a position in which it will open the switch S3 by means shown as a pin 111
      affixed to the plate 23 and guided in a slot 112 formed in the arm 104.
      The arm 104, and the interconnecting linkage comprising the arm 41 and
      shaft 43, the arm 54 (FIG. 4) and the mirror assembly 62 are biased
      towards the position in which the mirror is open and raised to an exposure
      position, by a spring 113, FIG. 2, connected between an extension 114
      formed integral with the arm 104 and a support 115 formed integrally with
      the housing 2. Accordingly, when the mirror is in its upper, or
      photographic exposure position, and the shaft 30 is rotated clockwise as
      seen in FIG. 2, the mirror will be cocked back to its viewing position
      against the force of the spring 113. When the cam follower 40 on the arm
      41 falls off of the cam 39 as the cam is rotated further clockwise, the
      mirror will fly up to its taking position under the force supplied by the
      spring 113.
PAR  Referring particularly to FIGS. 2 and 3, a pick assembly generally
      designated 116 is provided for initially advancing a film unit
      fragmentarily shown at 117 from its exposure position in a cassette
      fragmentarily shown at 118 into engagement with the rolls 15 and 16 after
      an exposure has been made. For this purpose, the cassette is formed with a
      slot 119 through which the rear corner of the film unit 117 is exposed,
      and where the corner of the film unit can be engaged by a pick arm 120
      spring-biased down into engagement with the top corner of the cassette.
      The pick arm 120 extends through a resilient arm 121 to a cross arm 122
      that passes through a suitable slot, not shown for clarity, formed in the
      plate 23, and is there affixed to or formed integral with a slide 123.
PAR  The slide 123 is guided for movement between the position shown in FIG. 2,
      and a position to the right of that shown in FIG. 2, by means of the pin
      111 and a pin 124 fixed to the plate 23 in cooperating slots, only partly
      shown in FIG. 2 for clarity, such as 125. This slide 123 is urged to the
      position shown in FIG. 2 by a spring 126 extending between a pin 127 fixed
      to the plate 23 and a connection to an arm 128 formed integrally with the
      slide 123. The slide 123 is formed with a latching member 129 that is
      adapted to be caught on a hook 130 when the slide 123 is moved
      sufficiently to the right in FIG. 2. The hook 130 is formed on a resilient
      arm 131 fixed to a post 132. The post 132 is fixed to the plate 23.
PAR  A depending end 133 of the arm 104 is formed with the cam surface 134 that
      is adapted to engage a transverse extension of the hook 130, as will be
      seen in comparing FIGS. 2 and 3, thereby releasing the slide 123 when it
      is latched by engagement of its hook 129 with the hook 130. The purpose of
      this arrangement will be described below.
PAR  The end 140 of the slide 123 is bent outwardly, as shown in FIGS. 2 and 3,
      to adapt it to be engaged by a pin 141 fixed to the gear 25. The ratio of
      the gears 28 and 26 is selected to provide a 4:1 reduction ratio between
      the speed of the shaft 30 and the speed of the shaft 27. Accordingly, the
      pin 141 makes four revolutions per operating cycle of the camera.
PAR  During one of these revolutions, as will be described, the pin 141 engages
      the end 140 of the slide 123 and carries the slide to the right in FIG. 2,
      against the force of spring 126, until the hook 129 engages the hook 130.
      The pin 141 then passes below the end 140 of the slide 123, and the slide
      remains in its latched position. During this movement of the slide 123 to
      the right, a film unit 117 is advanced into engagement with the rolls 15
      and 16.
PAR  The pick waits in its advanced position until the mirror is recocked, with
      concomitant motion of the slide 104 to the left from its extreme right
      position in FIG. 3, whereupon the cam 134 formed on the arm 104 moves the
      hook 130 down to release the slide 123, and allow it to snap back to the
      left under the action of the spring 126.
PAR  Having described the construction of the apparatus of my invention, its
      operation will next be described. For purposes of matters of detail which
      are not pertinent to my invention, and in respects in which the operation
      is identical, reference will be made to the above-cited U.S. Pat. No.
      3,714,879, the entirety of which is hereby incorporated herein by
      reference.
PAR  Referring first to FIG. 1, the overall operation of the camera will be
      briefly reviewed, assuming that the camera is in its erect position as
      shown in FIG. 1 and that it is loaded with film, and that the mirror
      assembly is down in the position shown, in which the camera is adapted for
      viewing and focusing. When the shutter button 8 is depressed, the first
      operation is that the shutter of the camera, not shown, is closed. The
      motor and drive unit 31 is then run briefly to release the mirror. In this
      regard, it is noted that in the standby condition of the camera, the cam
      39 is essentially in the position shown in FIG. 2, wherein the cam
      follower 40 is on a dwell portion at the maximum radius of the cam 39.
      Brief operation of the unit 31 causes the cam 39 to be rotated enough to
      the right to allow the cam follower to drop off the cam 39, allowing the
      mirror assembly 62 to fly up into its taking position. When that occurs,
      the arm 104 is snapped to the right in FIG. 2 by the spring 113. The
      swithc S5 is first opened and the switch S3 is then opened. Opening the
      switch S3 causes the motor 31 to stop, and begins a timing interval
      provided to allow the mirror assembly to come to a full stop in its upper
      position, through circuit means described in the above-cited patent and
      not essential to the understanding of my invention.
PAR  The cam surface 134 formed on the arm 104 will pass over the hook 130,
      depressing it and then releasing it without any other operation taking
      place. Following the timing interval begun when the switch S3 is opened,
      an exposure cycle is begun during which the shutter is opened and then
      closed. The circuits described in the above-cited patent then cause the
      motor 31 to be operated, whereupon the shaft 30 in FIG. 2 will commence to
      rotate clockwise from a position, somewhat clockwise from the position
      shown, in which the cam follower 40 is down on the lowest radius dwell
      portion of the cam 39.
PAR  As this second operation of the motor begins, the pin 141 will engage the
      stop 140 formed on the slide 123 and carry the pick arm 120 to the right
      as seen in FIG. 3, advancing the topmost film unit 117 into engagement
      with the rolls 15 and 16. During this operation, referring to FIGS. 2 and
      3, the rolls 15 and 16 will be rotated at a ratio selected by the relative
      diameters of gears 17 and 19. A ratio of 2.5:1 has been found satisfactory
      for this purpose.
PAR  It will be apparent that the apparatus of my invention permits the shaft
      speed and timing functions required in a camera such as that described in
      U.S. Pat. No. 3,714,879 to be carried out with the aid of considerably
      fewer parts. Another considerable advantage is that the shaft drive and
      timing chain can be preassembled on the frame 24, and installed as a unit
      in the camera housing. As indicated in FIG. 9, a mechanical counter 142
      may also be installed on the frame 24, by mounting either on the base
      plate portion 45 or on an upstanding integral end plate 143. The plate 143
      provides a convenient point of attachment to the left side of the camera
      housing.
PAR  While I have described my invention with reference to the details of a
      particular embodiment thereof, many changes and variations will occur to
      those skilled in the art upon reading this description, and such may
      obviously be made without departing from the scope of my invention.
CLMS
STM  Having thus described my invention, what I claim is:
NUM  1.
PAR  1. A unitary shaft drive and control assembly for use in an automatic
      camera having a generally rectangular well for receiving a film pack,
      comprising a first shaft, an electric motor, a two-stage strain wave drive
      shaft speed reducer connected berween said electric motor and said first
      shaft, a generally L-shaped mounting plate having a first portion and a
      second portion, said first portion extending at right angles to said first
      portion and said first portion being perpendicular to said second portion,
      said plate being adapted to be mounted in the camera along two sides of
      the well, means mounting said electric motor and said shaft speed reducer
      on said first portion of said mounting plate, means comprising a bearing
      formed on said second portion for mounting said first shaft on said first
      portion and extending through said second portion for rotation about an
      axis normal to said second portion, a first gear having a first diameter
      fixed to said first shaft for rotation therewith, a cam fixed to said
      first shaft for rotation therewith, a second gear having a smaller
      diameter than said first gear, means rotatably mounting said second gear
      on said second portion, a timing belt connecting said first gear to said
      second gear, and an actuating element connected to said second gear for
      rotation therewith.
NUM  2.
PAR  2. The apparatus of claim 1, further comprising a cam follower, means
      movable mounting said cam follower on said second portion in engagement
      with said cam for movement therewith, a pick assembly slidably mounted on
      said second portion for movement between first and second positions, means
      resiliently urging said pick assembly towards its first position, means
      formed on said pick assembly and engageable by said actuating element when
      said pick assembly is in its first position to drive said pick assembly to
      its second position when said second gear is rotated over a predetermined
      arc, detent means releaseably latching said pick assembly in its second
      position, and means driven by said cam follower for releasing said detent
      means at a predetermined angle in the rotation of said first shaft.
NUM  3.
PAR  3. A shaft drive and control mechanism for an automatic camera having a
      predetermined operating cycle, comprising a motor having an output shaft
      rotatable at a first speed when said motor is energized, a second shaft,
      harmonic drive means connected between said output shaft and said second
      shaft to drive said second shaft at a second speed equal to one revolution
      per operating cycle of said camera, a cam connected to said second shaft
      for rotation therewith, a first gear connected to said second shaft for
      rotation therewith, a second gear smaller than said first gear, means
      rotatably mounting said second shaft and said second gear in spaced
      relation, a timing belt driveably connecting said first gear to said
      second gear, the ratio of said first and second gears being selected to
      cause said second gear to rotate through an integral number of revolutions
      per operating cycle of said camera, and an actuating element connected to
      said second gear for rotation therewith.
NUM  4.
PAR  4. A shaft drive and control system for an automatic camera having a film
      pack receiving well and having three shaft driven devices operable in a
      photographic cycle at different times and at different speeds, said system
      comprising an electric motor mounted in one end of the camera at a first
      end of the well, a first shaft adapted to be coupled to the shaft driven
      device in the camera that operates at the lowest speed, a dual harmonic
      drive unit coupled between said motor and said first shaft to drive said
      first shaft at said lowest speed when said motor is energized, a second
      shaft adapted to be coupled to the shaft driven device in the camera that
      operates at the highest speed, a third shaft rotatably mounted in said
      camera on a side of said well and adapted to be coupled to the shaft
      driven device in the camera that operates at an intermediate speed, first
      shaft speed increasing means comprising an elongated timing belt extending
      down the side of the camera from said first shaft to said third shaft, a
      first gear coupling said timing belt to said first shaft and a second gear
      coupling said timing belt to said third shaft, and second shaft speed
      increasing means driveably connecting said third shaft to said second
      shaft.
NUM  5.
PAR  5. In a reflex camera having a predetermined operating cycle, the
      combination comprising, a housing, means forming a rectangular framing
      aperture in said housing, means forming a generally rectangular
      compartment in said housing adapted to receive a supply of film units,
      mirror means mounted in said housing for movement between a first position
      and a second position, spring means biasing said mirror means toward its
      first position, a first shaft, means mounting said first shaft in said
      housing outside of said compartment for rotation about an axis parallel to
      and adjacent a first side of said compartment, electric motor means
      mounted in said housing adjacent said first side of said compartment,
      harmonic drive shaft speed reducing means connecting said motor means to
      said first shaft to rotate said first shaft through one revolution for
      each operating cycle of said camera, a second shaft, means mounting said
      second shaft in said housing outside of said compartment for rotation
      about an axis parallel to and adjacent a second side of said compartment
      opposite said first side, processing means located in said housing and
      driveable to process individual film units advanced from said compartment
      into engagement with said processing means, means driveably connecting
      said second shaft to said processing means to drive said processing means
      when said second shaft means is rotated, shaft speed increasing means
      comprising an elongated flexible timing belt extending outside of and
      along a third side of said compartment and coupling said first shaft means
      to said second shaft means, a cam mounted on said first shaft and means
      engaged by said cam over a first angle of rotation of said first shaft for
      driving said mirror means from its first position to its second position.
NUM  6.
PAR  6. In a reflex camera, the combination comprising means forming a housing,
      means forming a generally rectangular compartment in said housing adapted
      to receive a supply of film units, mirror means mounted in said housing
      for rotation about a first axis parallel to a first side of said
      compartment between a first position and a second position, processing
      means mounted in said housing outside of said compartment adjacent a
      second side of said compartment opposite said first side and driveable to
      process individual film units advanced from said compartment into
      engagement with said processing means, film unit advancing means operable
      to engage a film unit in said compartment and exposed in said framing
      aperture and advance the film unit into engagement with said processing
      means, motor means mounted in said housing outside of said compartment
      adjacent said first side of said framing aperture, a first shaft, means
      mounting said first shaft in said housing for rotation about an axis
      parallel to said first side, two-stage strain wave drive shaft speed
      reducing means driveably coupling said motor means to said first shaft,
      actuating means comprising a cam connected to said first shaft and means
      engaged by said cam over a first angle of rotation of said first shaft for
      moving said mirror means from its first position to its second position, a
      second shaft, means mounting said second shaft in said housing outside
      said compartment on a third side of said compartment for rotation about an
      axis parallel to said first side, first shaft speed increasing means
      driveably connecting said second shaft to said processing means, second
      shaft speed increasing means comprising an elongated flexible timing belt
      in said housing outside of said compartment extending parallel to said
      third side and driveably coupling said first shaft to said third shaft, an
      actuating element connected to said third shaft for rotation therewith,
      and means engaged by said actuating element over a second angle of
      rotation of said first shaft for operating said film unit advancing means.
NUM  7.
PAR  7. In a reflex camera having a predetermined operating cycle, the
      combination comprising, a housing, means forming a rectangular framing
      aperture in said housing, means forming a compartment in said housing
      adapted to receive a supply of film units, mirror means mounted in said
      housing for movement between a first position and a second position,
      spring means biasing said mirror means toward its first position, a first
      shaft means mounting said first shaft in said housing outside of said
      compartment for rotation about an axis parallel to and adjacent a first
      side of said compartment, motor means mounted in said housing adjacent
      said first side of said compartment, harmonic drive shaft speed reducing
      means coupling said motor means to said first shaft to rotate said first
      shaft through one revolution for each operating cycle of said camera, a
      second shaft, means mounting said second shaft in said housing outside of
      said compartment for rotation about an axis parallel to and adjacent a
      second side of said framing aperture opposite said first side, processing
      means located in said housing and driveable to process individual film
      units advanced from said compartment into engagement with said processing
      means, means driveably connecting said second shaft means to said
      processing means to drive said processing means when said second shaft
      means is rotated, a third shaft, means rotatably mounting said third shaft
      in said housing outside said compartment on a third side of said
      compartment between said first and second sides, first shaft speed
      increasing means driveably connecting said first shaft and said third
      shaft, second shaft speed increasing means driveably connecting said third
      shaft to said second shaft, a cam connected to said first shaft, means
      engaged by said cam over a first angle of rotation of said first shaft for
      driving said mirror means from its first position to its second position,
      actuating means connected to said third shaft, and means engaged by said
      actuating means over a second angle of rotation of said first shaft for
      advancing a film unit in said compartment into engagement with said
      processing means.
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ABST
PAL  A manually operable mirror swing-up lever is associated with an exposure
      information memorizing device. The exposure information memorizing device
      has a locking lever which locks a sliding contact movable on a variable
      resistor at a position representing the exposure information. The variable
      resistor is connected in parallel with a memory capacitor in an electric
      circuit for controlling an electric shutter. The terminal voltage of the
      variable resistor is controlled to be equivalent to the terminal voltage
      of the memory capacitor. When the mirror is swung up by the manually
      operable mirror swing-up lever, the sliding contact is locked in position
      to make the variable resistor work as an equivalent for the capacitor, and
      the resistor is substituted for the memory capacitor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a means for independently swinging up a mirror in
      a single lens reflex camera in which the exposure is controlled by an
      electric shutter means, and more particularly to a mirror swing-up means
      including an exposure value memorizing means which is operated in response
      to the swing up of the mirror in a single lens reflex camera with a memory
      type electric shutter means.
PAR  2. Description of the Prior Art
PAR  A single lens reflex camera including a swing mirror and an electric
      shutter has been well known in the art. In this type of a camera, the
      swing mirror is swung up in response to the release of the shutter means.
      Therefore, the shock by the swing of the mirror is transmitted to the
      camera body simultaneously with the release of the shutter, which results
      in a vibration of the camera body and accordingly the image is liable to
      be blurred thereby.
PAR  It is desirable, therefore, to swing up the mirror independently of the
      release of the shutter. In a single lens reflex camera of TTL (Through The
      Lens) type in which the quantity of light passing through the taking lens
      is measured by use of a photoelectric element located in a view finder
      system receiving the light reflected from the mirror, the light cannot be
      measured after the mirror is swung up and accordingly the automatic
      exposure control by the electric shutter would become impossible, if the
      mirror is swung up before and independently of the release of the shutter.
      Further, in a single lens reflex camera used for scientific purposes such
      as in a microscopic photography system, it is sometimes desired to
      repeatedly take pictures of the same object. In such a case, if the mirror
      is swung up before the release of the shutter, the exposure control for
      the repeated release of the shutter is impossible.
PAC  SUMMARY OF THE INVENTION
PAR  In light of the above-described defects of the conventional single lens
      reflex camera, the primary object of the present invention is to provide
      an independent mirror swing up means for a single lens reflex camera in
      which the mirror is swung up before and independently of the release of
      the shutter and the exposure value measured by a photometering means in
      the camera is memorized when the mirror is swung up.
PAR  Another object of the present invention is to provide an independent mirror
      swing up means for a single lens reflex camera in which the exposure
      information is memorized when the mirror is independently swung up and the
      shutter can be repeatedly released under the same conditions.
PAR  Still another object of the present invention is to provide an independent
      mirror swing up means for a single lens reflex camera in which the camera
      body is completely free from vibration caused by the movement of the
      mirror when the shutter is released.
PAR  A further object of the present invention is to provide an independent
      mirror swing up means for a single lens reflex camera in which the shutter
      speed actually obtained is indicated in the view finder of the camera
      automatically when the swing mirror is swung up before the release of the
      shutter.
PAR  In accordance with the present invention, the above objects are
      accomplished by providing an exposure information memorizing means in
      association with a mirror swing up mechanism. A variable resistor is
      connected in parallel with a memory capacitor which memorizes the exposure
      information given by a photoelectric element. The variable resistor is set
      to have a terminal voltage equivalent to the terminal voltage of the
      memory capacitor and is locked in its position when the mirror is swung up
      and the photoelectric element is blocked from the light from the subject
      to be photographed. Then, the variable resistor is substituted for the
      capacitor to give the exposure information instead of the memory capacitor
      to the exposure control means such as an electric shutter. In order to
      cause the resistor to memorize the exposure information, a sliding contact
      movable on the variable resistor is locked in response to the manual swing
      up of the mirror at a position which represents said equivalent voltage
      indicating the exposure value. The lock of the sliding contact is
      performed by means of a locking mechanism operated in association with and
      in response to the actuation of a manually operable mechanism for
      independently swinging up the mirror.
PAR  In this invention, the mirror is also swingable automatically by means of
      an automatic mirror swing up means which is not associated with the
      locking mechanism. If the locking means is not manually operated to lock
      the exposure information, the mirror is swung up simultaneously with the
      release of the shutter as in a conventional single lens reflex camera.
DRWD
PAR  Other objects, features and advantages of the present invention will be
      made apparent from the following detailed description of the preferred
      embodiment thereof taken in conjunction with the accompanying drawing as
      follows.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a circuit view showing an electric circuit for controlling a
      shutter speed used in connection with the mirror swing-up means in
      accordance with the present invention,
PAR  FIG. 2 is a side elevational view showing the internal construction of the
      mechanism of the independent mirror swing up means for a single lens
      reflex camera in accordance with an embodiment of this invention in which
      the mirror is in the normal reflection position,
PAR  FIG. 3 is a side elevational view of the independent mirror swing-up means
      similar to FIG. 2 in which the mirror is in the swung up position, and
PAR  FIG. 4 is an enlarged fragmentary sectional side view showing the detailed
      construction of an exposure information indicator employed in connection
      with the exposure information locking means in the independent mirror
      swing up means in accordance with an embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1 showing an electric circuit for controlling a
      shutter employed in this invention, which is similar conventional
      circuitry except that a variable resistor is employed to be substituted
      for a memory capacitor, a photoelectric element 11 is connected in series
      with a logarithmic compression diode 12 and a power supply switch 13
      across a power source 14. The power supply switch 13 is closed upon
      depression of a shutter button (not shown). In parallel with the power
      supply switch 13 is a second power supply switch 15. In parallel with the
      logarithmic compression diode 12 is connected a memory capacitor 16 by way
      of a normally closed switch 17. The normally closed switch 17 is opened
      upon further depression of the shutter button immediately before the
      release of the shutter. After the switch 17 is closed, the terminal
      voltage of the logarithmic compression diode 12 which is in proportion to
      the illumination of the subject to be photographed measured by the
      photoelectric element 11 is memorized by the memory capacitor 16. In
      parallel with the memory capacitor 16 is connected a galvanometer 18 which
      measures the terminal voltage of the memory capacitor 16. The galvanometer
      18 has a needle 18a whose movement is determined by the terminal voltage
      of the capacitor 16 and which slides during such movement on a variable
      resistor 19 connected across said power source 14 by way of said parallel
      switches 13 and 15. The needle 18a is made of conductive material and
      electrically connected with a contact 20b of a change-over switch 20. It
      will be appreciated that the potential at contact 20b is determined by the
      position of the needle 18a on the variable resistor 19. The change-over
      switch 20 has another contact 20a connected with the connecting point of
      said memory capacitor 16 and the galvanometer 18. The change-over switch
      20 is selectively put into contact with the two contacts 20a and 20b to
      selectively couple the contact 20a or 20b to the gate 21a of a field
      effect transistor 21. The source 21b of the field effect transistor 21 is
      connected with the source 22b of another field effect transistor 22 by way
      of a variable resistor 23. A sliding contact 24 sliding on the variable
      resistor 23 is grounded. The drain 21c of the first field effect
      transistor 21 is connected with the power source 14 by way of the switches
      13 and 15 and the drain 22c of the second field effect transistor 22 is
      connected with the drain 21c of the first field effect transistor 21 by
      way of a series circuit of a resistor 25 and a thermistor 26. In parallel
      with the thermistor 26 is connected a resistor 27. With the drain 22c of
      the second field effect transistor 22 is connected the base 28a of a first
      transistor 28, the collector 28b of which is connected with the base 29a
      of a second transistor 29. The collector 28b of the first transistor 28 is
      grounded through a resistor 30 and the emitter 28c thereof is connected
      with the power source 14 by way of a resistor 31. The gate 22a of the
      second field effect transistor 22 is connected with the collector 29b of
      the second transistor 29. The base 29a of the second transistor 29 is
      connected with the base 32a of a third transistor 32 the emitter 32c of
      which is connected with the emitter 29c of the second transistor 29. The
      emitters 29c and 32c of the both transistors 29 and 32 are connected with
      the power source 14 by way of said parallel switches 13 and 15. The
      collector 29b of the second transistor 29 is grounded by way of a
      logarithmic expansion diode 33, and the collector 32b of the third
      transistor 32 is grounded by way of a timing capacitor 34. Since the base
      29a of the second transistor 29 is connected with the base 32a of the
      third transistor 32, the collector voltages of the both transistors 29 and
      32 are equal to each other, and accordingly the current flowing through
      the logarithmic expansion diode 33 is equal to the current flowing through
      the timing capacitor 34.
PAR  The first transistor 28 and the second transistor 29 constitute a feed back
      circuit to make the gate voltage of the first field effect transistor 21
      equal to the gate voltage of the second field effect transistor 22. This
      is because the drain current of the second field effect transistor 22
      decreases and the first transistor 28 is almost turned OFF when the gate
      voltage of the first field effect transistor 21 increases, and
      accordingly, the second transistor 29 is turned ON to raise the gate
      voltage of the second field effect transistor 22 up to the level equal to
      the gate voltage of the first field effect transistor 21.
PAR  In parallel with said timing capacitor 34 is connected a normally closed
      switch 35 to short circuit the timing capacitor 34. The normally closed
      switch 35 is opened upon start of a leading shutter of a focal plane
      shutter of the camera. That is, the open of the switch 35 means the start
      of the exposure time controlled by the focal plane shutter operated by the
      electric circuit. When the switch 35 is opened, the electric current equal
      to the current flowing through the logarithmic expansion diode 33 starts
      to flow through the timing capacitor 34 and the capacitor 34 is charged
      thereby. The normally closed switch 35 and the collector 32b of the third
      transistor 32 are connected with the gate 36a of a third field effect
      transistor 36. The drain 36c of the third field effect transistor 36 is
      connected with the power supply switches 13 and 15 by way of a resistor
      37, and the source 36b thereof is grounded through a resistor 38. The
      source 36b of the third field effect transistor 36 is connected with the
      emitter 39c of a fourth transistor 39, the collector 39b of which is
      connected with the base 40a of a fifth transistor 40. The base 39a of the
      fourth transistor 39 is grounded by way of a resistor 41 and is connected
      with the drain 36c of the third field effect transistor 36 by way of a
      resistor 42. The base 40a of the fifth transistor 40 is connected with the
      power supply switches 13 and 15 by way of a resistor 43. The emitter 40c
      of the fifth transistor 40 is connected with the supply switches 13 and
      15. The collector 40b of the fifth transistor 40 is grounded by way of a
      parallel circuit of a diode 44 and a trailing shutter holding magnet 45.
      The magnet 45 actuates a solenoid (not shown) when energized to hold the
      trailing shutter of the focal plane shutter of the camera. When the magnet
      45 is de-energized, the solenoid is released to let the trailing shutter
      run after the leading shutter. Therefore, the de-energization of the
      magnet 45 means the end of the exposure time by the closure of the focal
      plane shutter.
PAR  The fourth and fifth transistors 39 and 40 constitute a switch circuit to
      energize and de-energize the trailing shutter holding magnet 45. When the
      power supply switch 13 is closed, the transistors 39 and 40 are turned ON
      to energize the magnet 45 to hold the trailing shutter of the focal plane
      shutter. When the shutter is released and the normally closed switch 35 is
      opened, the timing capacitor 34 starts to be charged. Then, when the
      terminal voltage of the timing capacitor 34 rises up to the threshold
      level of the Schmit circuit comprising said third field effect transistor
      36 and the fourth transistor 39, the third field effect transistor 36 is
      turned ON and the fourth and fifth transistors 39 and 40 are turned OFF to
      de-energize the magnet 45. Upon de-energization of the magnet 45, the
      trailing shutter of the focal plane shutter is released to start to close
      the shutter.
PAR  In the construction of the electric circuit for controlling a focal plane
      shutter as described hereinabove, the feature of the present invention
      lies in the provision of said variable resistor 19 which is substituted
      for said memory capacitor 16 when the mirror is swung up. In order to
      substitute the variable resistor 19, which is set to have the terminal
      voltage equivalent to the terminal voltage of the memory capacitor 16, for
      the memory capacitor 16, said change-over switch 20 is provided to couple
      the variable resistor 19 to the gate 21a of the first field effect
      transistor 21 instead of the capacitor 16 when the mirror is swung up.
PAR  Now referring to FIG. 2, the construction of the mechanism including the
      swingable mirror and means for swinging the mirror and locking said
      slidable needle 18a on the variable resistor 19 will be described in
      detail together with other means associated with said electric circuit. In
      the mirror box of the single lens reflex camera, a mirror 50 is swingably
      mounted on a pivot 51. The swingable mirror 50 is provided with a guide
      pin 50a on the side edge thereof and urged downward by means of a tension
      spring 52. The side wall of the mirror box is provided with an arcuate
      slot 53 through which the guide pin 50a extends. When the swingable mirror
      50 swings up, the guide pin 50a moves upward along the arcuate slot 53. An
      L-shaped shutter start lever 54 is pivotally mounted on a pivot 55 fixed
      to the side wall of the mirror box and urged to rotate clockwise by means
      of a tension spring 56. An arm 54a of the L-shaped shutter start lever 54
      is pulled by said spring 56 rightward and stopped by a stationary stopper
      pin 57 on the right side thereof. The other arm 54 b of the L-shaped
      shutter release lever 54 extends beside the arcuate slot 53 at the upper
      portion thereof. A mirror swing-up lever 58 is pivotally mounted on a
      fixed shaft 59. The mirror swing-up lever 58 has a swing-up arm 58a
      extending under said guide pin 50a of the mirror 50 so that the
      counterclockwise rotation of the lever 58 may cause the mirror 50 to swing
      up. The mirror swing-up lever 58 has a tooth 58b which is engaged with and
      stopped by a pawl 60. The pawl 60 is pivotally mounted on a fixed pivot 61
      and spring-biased to be in the engagement position as shown in FIG. 2 by
      means of a tension spring 62. The swing-up arm 58a of the lever 58 is
      provided with a pin 58c on the upper side edge thereof which is to abut on
      the arm 54b of said L-shaped shutter start lever 54 when the swing-up
      lever 58 is rotated counterclockwise. A shutter charge lever 63 is
      pivotally mounted on said fixed shaft 59 together with the mirror swing-up
      lever 58. The shutter charge lever 63 has a pin 63a fixed thereon, and the
      mirror swing-up lever 58 has a pin 58d fixed thereon on the same side
      thereof. Between the pins 63a and 58d is tensioned a spring 64 to urge the
      shutter charge lever 63 leftward or clockwise. The shutter charge lever 63
      has an arm 63b which is provided with an engaging piece 63c which is in
      turn to be engaged with a hook 65a of a hook lever 65 pivotally mounted on
      a fixed shaft 66. The hook lever 65 is spring-biased to be in the engaging
      position by means of a tension spring 67. The arm 63b of the shutter
      charge lever 63 is provided with a pin 63d which is engaged with an end of
      a tension spring 68 fixed at the other end thereof to a fixed pin 69. When
      the shutter charge lever 63 is rotated counterclockwise against the spring
      force of the tension spring 68 by a film wind-up mechanism, the engaging
      piece 63 thereof is brought into engagement with the hook 65a of the hook
      lever 65 as shown in the drawing. Thus, the shutter charge lever 63c is
      held in its biased position in which the mirror swing-up lever 58 is
      biased to rotate counterclockwise by the spring force of the tension
      spring 64. The pawl 60 which prevents the rotation of the mirror swing-up
      lever 58 is moved to release the swing-up lever 58 upon depression of a
      shutter button (not shown).
PAR  In operation of the above-described mirror swing-up mechanism, the pawl 60
      is rotated counterclockwise to release the mirror swing-up lever 58 upon
      depression of the shutter button. By the release of the mirror swing-up
      lever 58, the lever 58 is rotated counterclockwise by the spring force of
      said tension spring 64 tensioned between the charge lever 63 and the
      swing-up lever 58. By the counterclockwise rotation of the swing-up lever
      58, the swing-up arm 58a of the lever 58 moves said guide pin 50a of the
      mirror 50 upward along the arcuate slot 53 and the mirror 50 is swung up.
      After the mirror 50 is swung up, the pin 58c on the arm 58a strikes the
      arm 54b of the L-shaped shutter start lever 54 upward to rotate the
      shutter start lever 54 counterclockwise. Thus, the shutter is started
      after the mirror is swung up. Now, when the mirror 50 is swung up the
      photoelectric element 11 is cut from the light incident into the camera
      body and it becomes impossible to measure the illumination. However, there
      is no fear that the memory capacitor 16 should be influenced by swing up
      of the mirror, since the switch 17 is opened upon start of the shutter
      operation as mentioned before.
PAR  Now, in addition to the above described mirror swing up mechanism, the
      mechanism in accordance with the present invention as shown in FIGS. 2 and
      3 includes a manual independent mirror swing-up means provided with said
      exposure information memorizing means as described hereinbelow. A manual
      mirror swing-up lever 70 is pivotally mounted on said fixed shaft 59
      together with said mirror swing-up lever 58 and said shutter charge lever
      63. The manual mirror swing-up lever 70 has two arms 70a and 70b extending
      in the opposite directions, one of which 70a extends in the same direction
      as said swing-up arm 58a of the lever 58 and serves to move up the guide
      pin 50a in the same manner as that of said swing-up arm 58a. The other of
      the arms 70b has a forkshaped end 70c which is engaged with a pin 71a
      fixed to a stud 71b of a manually operable slide knob 71. The slide knob
      71 is slidable on the surface of the wall 72 of the mirror box with the
      stud 71b thereof being guided in a slot 73 provided in the wall 72. Said
      arm 70b of the manual mirror swing-up lever 70 has on its upper edge a
      switch operating pin 74. On the side wall of the mirror box is fixed said
      second power supply switch 15 so as to be closed when the arm 70b moves
      down. The power supply switch 15 comprises a spring contact 15a and a
      stationary contact 15b, and said spring contact 15a is biased to contact
      the stationary contact 15b to close the switch 15. The spring contact 15a
      extends over said switch operating pin 74 so that the spring contact 15a
      may be separated from the stationary contact 15b by the pin 74 when the
      arm 70b moves upward. The stud 71b of the manual knob 71 has at its end a
      click stop spring 71c which is spring-biased on the internal wall surface
      of the wall 72 and selectively click-engaged with a click notch 72a or
      72b. In the position where the click stop spring 71c is engaged with the
      upper click notch 72a, the arm 70b is in its upper position and the spring
      contact 15a is separated from the stationary contact 15b as shown FIG. 2.
      In the position where the click stop spring 71c is engaged with the lower
      click notch 72b, the arm 70b is in its lower position and the spring
      contact 15a is in contact with the stationary contact 15b to close the
      switch 15 as shown in FIG. 3. In this position, the other arm 70a of the
      manual mirror swing-up lever 70 is in the upper position where the guide
      pin 50a of the mirror 50 is raised up to the highest position where the
      mirror is swung up. An interconnection lever 75 is pivotally mounted on
      the fixed shaft 59 and spring-biased toward the manual mirror swing-up
      lever 70 by means of a spring 77 which is wound around the shaft 59 and is
      engaged at an end thereof with a pin 70d fixed to the lever 70 on the
      forked arm 70b side and at the other end thereof with an engaging portion
      75a of the lever 75 on the opposite side thereof to said pin 70d. The
      interconnection lever 75 has at the end thereof a pin 75b which is loosely
      engaged between forks 76a and 76b formed at an end of an arm 76c of a
      locking lever 76 which in turn is pivotally mounted on a fixed shaft 78.
      The other arm 76d of the locking lever 76 is engaged with a stopper pin 79
      on one side thereof so that the locking lever may not rotate
      counterclockwise over a certain limit position. On the opposite side of
      the arm 76d to the stopper pin 79 is provided an insulating layer 76e
      fixed to the side edge thereof. The insulating layer 76e is faced to said
      needle 18a of the galvanometer 18 slidable on said variable resistor 19
      shown in the circuit of FIG. 1. The needle 18a of the galvanometer 18 is
      electrically connected with said contact 20b of the change-over switch 20.
      The locking lever 76 is further provided with a cam 76f fixed thereto
      around the fixed shaft 78. In contact with the cam 76f is provided a
      spring contact 20c which is selectively put into contact with said contact
      20a or 20b. As shown in the drawing, the spring contact 20c is located
      between the contacts 20a and 20b of the change-over switch 20 and is
      separated from the contact 20a and put into contact with the contact 20b
      when the locking lever 76 rotates clockwise. Further, as shown in FIG. 3
      the slidable needle 18a made of conductive material is locked on the
      variable resistor 19 by the arm 76d bearing the insulating layer 76e when
      the locking lever 76 rotates clockwise.
PAR  In operation of the above-described independent mirror swing-up mechanism
      shown in FIG. 2, the manual mirror swing-up lever 70 is rotated
      counterclockwise when the manually operable slide knob 71 is moved down
      manually as shown in FIG. 3. First, the spring contact 15a is put into
      contact with the stationary contact 15b and the second power supply switch
      15 is closed as the switch operating pin 74 moves down as the manual knob
      71 is slided down. Then, the interconnection lever 75 is rotated
      counterclockwise being pulled by the spring 77 as the lever 70 turns
      counterclockwise. As the interconnection lever 75 rotates
      counterclockwise, the pin 75b pushes the fork 76a leftward to rotate the
      locking lever 76 clockwise. In the initial stage of the clockwise rotation
      of the locking lever 76, the cam 76f pushes the spring contact 20c
      leftward. After the locking lever 76 rotates clockwise to some extent,
      however, the projected portion of the cam 76f is reversely pushed by the
      spring contact 20c and the spring contact 20a of the change-over switch 20
      and accordingly the locking lever 76 is urged to rotate clockwise and
      locks the needle 18a on the variable resistor 19 by the spring force of
      the spring contact 20c. At this stage, the fork 76a is separated from the
      pin 75b. By further sliding the manual knob 71 downward, the manual mirror
      swing-up lever 70 further rotates counterclockwise and the arm 70a thereof
      abuts on the guide pin 50a of the mirror 50 and moves the mirror 50
      upward. When the click stop spring 71c comes into engagement with the
      lower click stop notch 72b, the mirror swing-up operation is completed. At
      this time, the exposure information is given by the variable resistor 19
      which memorizes the exposure information given by the capacitor 16. Under
      this condition, the shutter start lever 54 can be operated to rotate
      counterclockwise by a separate mechanism for releasing the shutter. Thus,
      it becomes possible to repeatedly take pictures with the exposure
      information locked in the variable resistor 19. Since the mirror 50 is
      swung up independently of the shutter release, the camera body is
      completely free from vibration caused by the swing up movement of the
      mirror when the shutter is released.
PAR  In order to release the mirror swing-up operation, the manually operable
      knob 71 is slightly moved upward to disengage the click stop spring 71c
      from the lower click notch 72b. Since the pin 75b of the interconnection
      lever 75 is engaged with the fork 76a of the locking lever 76, the lever
      75 is spring biased to rotate counterclockwise being pulled toward the arm
      70b by means of said spring 77. That is, the arm 70b of the lever 70 is
      pulled in the clockwise direction by the spring 77. Therefore, by slightly
      moving the knob 71 upward, the manual mirror swing-up lever 70 rotates
      clockwise and the mirror 50 is returned to the lower position by the
      tension of the spring 52. Then, the fork 76b of the locking lever 76 is
      pushed by the pin 75b and the locking lever 76 is rotated counterclockwise
      up to the original position. Thus, the independent swing up of the mirror
      50 and the locking of the exposure information by the arm 76d is released.
PAR  Now referring to FIG. 4 showing the detailed construction of the exposure
      information locking means, a galvanometer 18 is located on a support board
      72e integrally connected with the side wall 72d of the mirror box. The
      needle 18a of the galvanometer 18 slides on the variable resistor 19
      mounted on the side wall 72d of the mirror box. Above the variable
      resistor 19 and the needle 18a is provided said arm 76d bearing said
      insulating layer 76e. The end 18b of the needle 18a projects out of the
      side wall 72d so that the end 18b may be viewed in the view finder through
      a scale 82 which carries the scale of shutter speed. The scale 82 is fixed
      to the side wall 72c above said wall 72d. The reference numeral 80
      indicates a convex lens in the view finder optical system and the numeral
      81 indicates a focussing glass on which the image is focussed. Through the
      view finder, the shutter speed actually controlled can be seen at the end
      18 b of the needle 18 with reference to the shutter speed scale 79.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a single lens reflex camera having a focal plane shutter, a mirror
      automatically swingable from a reflecting position to a folded position by
      means of an automatic mirror swing up means, in response to the release of
      the shutter of the camera, a memory type electric shutter control means
      having a memorizing capacitor and circuit means controlling the operation
      of the focal plane shutter in the camera, a taking lens, the quantity of
      light passing through the taking lens being measured by a photoelectric
      element located in a view finder optical system receiving the light
      reflected from the mirror, the output of this photoelectric element being
      connected to said memorizing capacitor in the memory type electric shutter
      control means, and an electric power supply for the memory type electric
      shutter control means the improvement comprising: a variable resistor
      connected across said electrical power supply, means for swinging the
      mirror to the folded position independently of the release of the shutter,
      electrical responsive means having a needle movable in response to an
      electrical potential applied thereto and being connected in parallel with
      the memorizing capacitor, said needle forming a contact for said variable
      resistor, the position of said needle being determined by said potential
      which exists across terminals of the memorizing capacitor, a switch-over
      means for selectively coupling the memorizing capacitor or the variable
      resistor to circuit means in the electric shutter control means, locking
      means operatively connected between said means for independently swinging
      the mirror and said slidable contact, said locking means fixing the
      position of said slidable contact on said variable resistor and operating
      said switch-over means to connect said variable resistor in, and to
      disconnect said memorizing capacitor from, said circuit means when said
      means for independently swinging said mirror to its folded position is
      operated.
NUM  2.
PAR  2. In a single lens reflex camera as defined in claim 1 wherein said
      electrical responsive means is a galvanometer.
NUM  3.
PAR  3. In a single lens reflex camera as defined in claim 2 having a view
      finder optical system, wherein said slidable contact is a needle of said
      galvanometer made of conductive material.
NUM  4.
PAR  4. In a single lens reflex camera as defined in claim 3 wherein the end of
      said needle of the galvanometer is projected into said view finder optical
      system so that said end may be viewed through the view finder system.
NUM  5.
PAR  5. In a single lens reflex camera as defined in claim 4 wherein a shutter
      speed scale is provided along the path of the movement of the end of the
      needle.
NUM  6.
PAR  6. In a single lens reflex camera as defined in claim 1 wherein said
      locking means is a rotatable locking lever having a portion to hold said
      slidable contact on said variable resistor and a portion to operate said
      switch-over means, by the rotation of said lever in one direction the
      switch-over means is turned from said memorizing capacitor to said
      variable resistor and the slidable contact is held on the variable
      resistor.
NUM  7.
PAR  7. In a single lens reflex camera as defined in claim 6 wherein said means
      for independently swinging the mirror includes a manually rotatable mirror
      swing-up lever interconnected with said locking lever, said locking lever
      being rotated in said one direction when the manually rotatable mirror
      swing-up lever rotated to swing the mirror to the folded position.
NUM  8.
PAR  8. In a single lens reflex camera as defined in claim 7 wherein an
      interconnection lever is connected with both said manually rotatable
      mirror swing-up lever and said locking lever for transmitting the movement
      of the former to the latter, said interconnection lever being biased to
      move the mirror swing-up lever in the direction to return the mirror from
      the folded position to the reflecting position.
NUM  9.
PAR  9. In a single lens reflex camera as defined in claim 7 wherein there is
      provided a power supply switch in series with said electrical power
      supply, said manually rotatable mirror swing-up lever being provided with
      a switch operating means which closes said power supply switch when said
      mirror swing-up lever is moved in the direction to swing the mirror to the
      folded position.
NUM  10.
PAR  10. In a single lens reflex camera as defined in claim 9 wherein there is
      provided a manually operable power supply switch in series with said
      electrical power supply, said power supply switch being connected in
      parallel with said manually operable power supply switch.
NUM  11.
PAR  11. In a single lens reflex camera as defined in claim 1 wherein said
      switch-over means is a change-over switch comprising a first stationary
      contact connected with said memorizing capacitor, a second stationary
      contact connected with said slidable contact and a third contact connected
      with the shutter control circuit means, said third contact being
      selectively movable into contact with said first and second contacts, and
      said locking means is a locking lever operatively connected with said
      means for independently swinging said mirror to its folded position and
      movable between a first position and a second position, in the first
      position of the locking lever the slidable contact being free to slide on
      the variable resistor and the mirror being in its normal reflecting
      position, and in said second position the locking lever holding the
      slidable contact on said variable resistor and the mirror being in its
      folded position, and said locking lever is provided with a switch
      operating means which moves said third contact into contact with said
      first contact when the locking lever is moved into said first position and
      moves said third contact into contact with said second contact when the
      locking lever is moved into said second position.
NUM  12.
PAR  12. In a single lens reflex camera as defined in claim 11 wherein said
      switch operating means is a cam attached on said locking lever, and said
      third contact is biased to follow the cam.
NUM  13.
PAR  13. In a single lens reflex camera as defined in claim 11 wherein said
      means for independently swinging said mirror to its folded position is a
      mirror swing-up lever pivotally mounted on a fixed shaft and operatively
      connected with a manually operable knob so as to be moved thereby between
      a first position to set the mirror in the normal reflecting position and a
      second position to keep the mirror in the folded position.
NUM  14.
PAR  14. In a single lens reflex camera as defined in claim 13 wherein there is
      provided a power supply switch in series with said electrical power
      supply, and said mirror swing-up lever is provided with a switch operating
      means to close said power supply switch when the lever is moved from said
      first position to said second position.
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ABST
PAL  A device for detecting focussing in an optical instrument such as a camera
      which has an objective lens and a plane, at which light sensitive film may
      be disposed, upon which a real image of an object is intended to be
      focussed. The device comprises a window to which the eye of the operator
      is held, and means for projecting light to the operator's eye which looks
      at the real image of the object formed by the objective lens. The light
      projected on the retina of the operator's eye is reflected back into the
      camera and is directed to focus-judging means in the nature of a light
      sensitive member which detects when the retina of the operator's eye is
      optically conjugate with an imaginary reference plane located in a
      position optically equal to a plane on which a real image of the object
      formed by the objective lens is intended to be focussed, thus also
      detecting when the position of the real image coincides with said
      reference plane so that the selected object is properly focussed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for detecting focusing in an
      optical instrument, such as a camera, which includes an objective lens and
      a plane, such as a light sensitive film, on which a real image of an
      object formed by the objective lens is intended to be focussed.
PAR  To automate the focussing in a photographic camera, various devices have
      been proposed for electrically detecting the focussing of a lens. It is
      usual that, in the objective field, a plurality of photographic objects,
      at different distances from a photographic camera, are disposed in various
      arrangements. However, a problem has been experienced in the use of these
      devices where the arrangements of various photographic objects in the
      objective field are complicated. Thus difficulties are encountered in
      detecting the proper focussing of a lens for a specific photographic
      object selected by the photographer from among those various photographic
      objects.
PAR  In U.S. Pat. No. 3,543,666, there is disclosed a means by which focus is
      detected through measurement of the convergance of the photographer's
      eyes. This however, relates to a pair of eyes of the photographer.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide a device
      for detecting focussing in an optical instrument, which assures detection
      of proper focussing of an objective lens with respect to a specific
      photographic object, which is selected by the operator to be focussed.
PAR  It is another object of the present invention to provide a focus detecting
      device of simple construction relating to a single eye of the
      photographer.
PAR  In accordance with the operating principle of the invention herein, the
      real images (space image) of a plurality of photographic objects which are
      formed through an objective lens are focussed in positions spaced apart a
      different distance from the lens, depending upon the distances of
      respective photographic objects from the photographic camera. On the other
      hand, where an operator directly views those real images, his eye is
      naturally concentrated on the real image of the specific photographic
      object which the operator desires to bring into focus. Consequently, a
      refractive power of the crystalline lens of the operator's eye is so
      adjusted that the position of the real image of the aforesaid specific
      photographic object and the retina of the eye are optically conjugate to
      each other with respect to the aforesaid crystalline lens. Accordingly, if
      it is detected that the retina of the operator's eye and a reference plane
      intended to be focussed upon by the objective lens are optically conjugate
      to each other with respect to the crystalline lens, then the real image of
      the aforesaid specific photographic object will be focussed on the
      aforesaid reference plane, and thus the focussing of the lens with respect
      to the specific photographic object will be detected.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIGS. 1 and 2 are diagrammatical cross-sectional views showing a first
      embodiment of the present invention, wherein FIG. 1 shows a condition in
      which a photographic object is out of focus, while FIG. 2 shows a
      condition in which a photographic object is properly focussed;
PAR  FIG. 3 is a diagrammatical cross-sectional view showing a second embodiment
      of the present invention;
PAR  FIG. 4 is a block diagram showing automatic focussing means which may be
      used in conjunction with the embodiment of FIG. 3;
PAR  FIGS. 5(A), 5(B), 5(C) and 5(D) are plots showing output characteristics of
      respective essential parts of the automatic focussing means of FIG. 4;
PAR  FIG. 6 is a diagrammatical cross-sectional view showing a third embodiment
      of the invention;
PAR  FIG. 7 is a diagrammatical cross-sectional view showing a fourth embodiment
      of the invention; and
PAR  FIG. 8 is a diagrammatical cross-sectional view showing a fifth embodiment
      of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION:
PAR  Referring in detail to the drawings, there is shown in FIGS. 1 and 2 the
      most simplified embodiment of the present invention. FIG. 1 illustrates a
      condition of such embodiment in which a photographic object being sighted
      is out of focus, while FIG. 2 shows a condition in which the sighted
      photographic object is in focus.
PAR  In FIGS. 1 and 2, there is shown the pertinent parts of an optical
      instrument by means of which an object may be sighted and brought into
      focus, the optical instrument being, for example, a photographic camera.
      The instrument includes an objective lens 1 which is adapted to be shifted
      back and forth in a horizontal direction by conventional and well known
      shifting mechanism (not shown), in order to bring into focus the image
      produced by said lens. Behind the lens 1 is a stationary filter 2, which
      is adapted to shield out only light in a predetermined wave length range,
      for example, infra red light. The filter 2 is provided with a small
      opening 2a centrally located therein. The opening 2a is not visible if the
      filter 2 has such invisible light shielding characteristic as described
      above.
PAR  A semi-transparent mirror 3 is mounted at an angle behind the filter 2, and
      beneath the mirror is mounted a light shielding plate 4 having an aperture
      4a of the same configuration as the opening 2a in the filter 2. The light
      shielding plate 4 is disposed in such a manner that its aperture 4a has
      the same symmetrical linear relationship to the mirror 3 as does the
      opening 2a in filter 2. Mounted behind (or in this instance, beneath) the
      light-shielding plate 4, and in registry with the aperture 4a, is a
      light-sensitive member 5, which may be a photo-electric cell, for example.
      The light sensitive member 5 receives the light from aperture 4a, and is
      connected to an output circuit 6 for producing therein detecting signals
      as outputs.
PAR  In front of the light-shielding plate 4 is located a filter 7 for shielding
      out the light other than the aforesaid light of predetermined wave length
      range from the light falling upon the light-sensitive member 5. A viewing
      window 8 is located at the rear of the optical instrument through which
      the operator may view a real image of an object formed by the lens 1
      through the mirror 3 and the filter 2, the viewing window being preferably
      provided with an eye-piece as shown, against which the eye 9 of the
      operator may rest. The crystalline lens of the operator's eye is
      designated as 9a, while the retina thereof is designated as 9b.
PAR  The components described above constitute a device for detecting whether or
      not a real image of a photographic object 10, intended to be focussed and
      formed through the objective lens 1, is properly focussed in the plane of
      the filter 2.
PAR  In operation of the detecting device, in the condition of FIG. 1 where lens
      1 is not adjusted for proper focussing of the object 10, the real image of
      the photographic object 10 is formed through the objective lens 1 at a
      location 10a, which location is spaced forwardly of the filter 2. The eye
      9 of the operator is concentrated on said real image 10a along with a
      plurality of real images of other photographic objects in the field of
      view (omitted in the drawings for the sake of clarity) which are
      respectively focussed in various positions apart from the objective lens
      1. Consequently, the refractive power of the crystalline lens 9a of the
      eye 9 is so adjusted that the real image 10a may be focussed on the retina
      9b as a secondary real image 10b. In other words, the positions of the
      real image 10a and the retina 9b are optically conjugate to each other
      with respect to crystalline lens 9a.
PAR  In this condition, the filter 2 shields only the light of said
      predetermined wave length range, but does not block the real image 10a
      from the view of the operator's eye. At the same time, light of said
      predetermined wave length range, which passes through objective lens 1 and
      then through the opening 2a of filter 2, enters the operator's eye 9
      through an area indicated by the hatch lines which slant downwardly in a
      right-hand direction in FIG. 1. However, the refractive power of the
      crystalline lens 9a or eye 9 is in such condition that the positions of
      the real image 10a and the retina 9b are optically conjugate to each other
      with respect to said crystalline lens 9a as previously described. Thus, an
      image of the opening 2a, formed by the light of said predetermined wave
      length incident thereon, will not be focussed upon the retina 9b of the
      eye 9, and a blurred image will be received by the retina. The light of
      said predetermined wave length range is then diffusedly reflected on the
      retina 9b to thereby follow the reverse direction, being then reflected by
      the semi-transparent mirror 3 to the aperture 4a of the light shielding
      plate 4, which aperture 4a is optically equivalent to the opening 2a of
      filter 2. In this instance, since light passes through an area shown by
      the hatch lines which slant downwardly in a left-hand direction as viewed
      in FIG. 1, which area is determined by the refractive power of the
      crystalline lens 9a, the light will be further blurred upon reaching the
      light shielding plate 4. Thus, only a part of the light of said
      predetermined wave length range which has been reflected from the retina
      9b and has passed through the crystalline lens 9a will pass through
      aperture 4a and enter light sensitive member 5. Since the filter 7 shields
      out the light other than the light of said predetermined wave length
      range, the light sensitive member 5 is responsive only to the intensity of
      the light of said predetermined wave length range, so that a corresponding
      output is produced in the output circuit 6.
PAR  On the other hand, where the position of objective lens 1 is so adjusted
      that a real image 10c of the photographic object 10 is focussed upon the
      plane of filter 2, as shown in FIG. 2, the refractive power of the
      crystalline lens 9a of eye 9 is adjusted in such a manner that the real
      image 10c may be focussed as a secondary real image 10d upon the retina
      9b. Thus, an image of the opening 2a, formed by the light of said
      predetermined wave length range, is focussed upon the retina 9b.
      Consequently, the light reflecting from the retina 9b all converges into
      the aperture 4a of the light shielding plate 4, so that the light of said
      predetermined wave length range, which has been reflected from the retina
      9b and passed through the crystalline lens 9a, will all enter the light
      sensitive member 5, with a corresponding increase in the output of circuit
      6.
PAR  It will be apparent from the foregoing that the maximum outputs of the
      output circuit 6, connected to the light sensitive member 5, will result
      where the real image of the specific photographic object 10 is accurately
      focussed in the plane of the filter 2 through objective lens 1.
      Accordingly, if the location of filter 2 is used as a reference plane of
      objective lens 1, detection of the focal point of objective lens 1,
      relative to the specific photographic object 10, is achieved with
      precision in accordance with the outputs from the output circuit. In an
      actual photographing operation, after the correct focussing has been
      detected, a film is positioned in the position of the filter 2 to receive
      an accurately focussed image. As an alternative, a photographic lens of
      the same focal length as objective lens 1, is shifted in coupled
      relationship with the lens 1, so that a film is spaced from the
      photographic lens by a distance equal to the distance between objective
      lens 1 and filter 2.
PAR  Because of a difference in the refractive index between the light of said
      predetermined wave length range and the visual light, it is possible that,
      even where the position of the real image of the photographic object 10 is
      slightly offset from the aforesaid reference plane of focus, namely the
      plane of filter 2, the outputs of the output circuit 6 may still reach the
      maximum. This will cause no difficulty if the film setting position is
      preset to compensate for this discrepancy, as required. The same may be
      done in each of the embodiments to be presently described.
PAR  In the embodiment of FIGS. 1 and 2, if the area of the opening 2a is
      reduced, and the area of the similar aperture 4a is correspondingly
      reduced, sensitivity of detection is improved, but the absolute quantity
      of light received by the light sensitive member 5 will be reduced. To
      remedy this, a plurality of openings 2a and correspondingly-shaped
      apertures 4a may be provided, with each aperture and opening being made of
      reduced area. Thus the total quantity of light entering all of the
      apertures may be detected by the light sensitive member. As an
      alternative, in addition to a plurality of openings 2a and corresponding
      apertures 4a, there may be provided a plurality of light sensitive
      members, if the design of the optical instrument so dictates.
PAR  FIG. 3 illustrates a second embodiment, wherein the detecting device of the
      present invention is employed for automatic focussing in a single lens
      reflex camera. The camera includes an objective lens 11 which is shiftable
      in a horizontal direction, as viewed in FIG. 3, by means of a conventional
      lens shifting mechanism. Located behind lens 11 is a light sensitive film
      12, and a movable mirror 13 is mounted between lens 11 and film 12. In the
      reflective path of mirror 13 is a pentagonal prism 14, and aligned
      therewith is an ocular lens 15. The aforementioned components constitute
      the major part of the optical system of a conventional single lens reflex
      camera.
PAR  Between the mirror 13 and the prism 14 is a filter 16 adapted to shield out
      light of a predetermined wave length range, for example infra red light,
      the filter having a central opening 16a which permits passage of light of
      said range. The filter 16 is located in a line-symmetrical position to the
      light sensitive film 12 with respect to the movable mirror 13, so that it
      coincides with the reference plane upon which the image is intended to be
      focussed. Forwardly of filter 16 is a transparent glass sheet 17 carrying
      a semi-transparent mirror 17a positioned closely adjacent to the opening
      16a of the filter 16. Shown at 18 is a prism having a semi-transparent
      mirror 18a associated with a light source 19 which emits light of said
      predetermined wave length range. Shown at 20 is a filter which shields out
      all light except for light of said predetermined wave length range, and at
      21 is a light sensitive member. The operator's eye 22 having a crystalline
      lens 22a and retina 22b, is brought close to the ocular lens 15, as shown
      in FIG. 3.
PAR  In the operation, the light of said predetermined wave length range is
      emitted from the light source 19, passes through prism 18, advances
      through the transparent glass sheet 17, being fully reflected by the inner
      surfaces of said glass sheet, and is reflected upwardly from the
      semi-transparent mirror 17a to pass through the opening 16a of filter 16.
      The light of said predetermined wave length range passing through the
      aforesaid opening 16a is used in the focussing detection. The aforesaid
      light is also obtained through the objective lens 11 from the objective
      field, as in the first embodiment, in addition to the light originated by
      the light source 19. If such light source may be provided, as in this
      embodiment, the quantity of light will increase.
PAR  The light of said predetermined wave length range which has passed through
      the opening 16a is reflected on the inner surfaces of pentagonal-prism 14
      to enter the operator's eye 22. The light incident upon the operator's eye
      is further reflected on the retina 22b to follow the reverse direction,
      and then reaches the filter 16. In the meantime, since the operator's eye
      is concentrated on a real image of the specific photographic object among
      a plurality of real images of photographic objects which have passed
      through the objective lens 11 and have been reflected by the movable
      mirror 13, the refractive power of the crystalline lens 22a is so adjusted
      that the position of the real image of the specific photographic object
      and the position of the real image on the retina 22b are optically
      conjugate to each other. Thus, as in the first embodiment, the quantity of
      light of said predetermined wave length range which may pass back through
      the opening 16a of filter 16, reaches the maximum when the objective lens
      11 is adjusted to such a position that the real image of the aforesaid
      specific photographic object is positioned on the filter 16. The light of
      said predetermined wave length range which has passed back through the
      opening 16a is reflected on the semi-transparent mirror 17a, then guided
      to advance through the  transparent glass sheet, being fully reflected by
      the inner surfaces of the glass sheet, then reflected on the
      semi-transparent mirror 18a, and enters, via the filter 20, the light
      sensitive member 21.
PAR  FIG. 4 shows a block diagram of means for automatically operating the
      objective lens shifting mechanism according to the outputs of the light
      sensitive member 21 in the embodiment of FIG. 3. A light measuring circuit
      A is shown in FIG. 4, and includes the aforesaid light sensitive member
      21. The relationship of the outputs of the light measuring circuit to the
      position of the real image of the specific photographic object, on which
      the operator's eye is concentrated, is shown in the graph of FIG. 5(A). In
      FIGS. 5(A) to 5(D), each graph ordinate represents an output and the
      abscissa represents a position of the real image, while a point on the
      abscissa with which the ordinate intersects, corresponds to the position
      of the filter 16. The outputs of light measuring circuit A will be the
      outputs shown in FIG. 5(B) by means of a first differentiation circuit B,
      and then become the outputs, as shown in FIG. 5(C), of a second
      differentiation circuit C. The outputs of the second differentiation
      circuit C are fed as inputs to a limiter circuit D, whereby are obtained
      the pulse outputs shown in FIG. 5(D). A relay circuit R, to which the
      outputs of the limiter circuit D are to be fed, is connected to a power
      sources S in series relation to a motor M for actuating the lens shifting
      mechanism, so that electric current is fed to the motor M when no pulse is
      produced, so as to actuate the lens shifting mechanism L to shift the
      objective lens forwardly or rearwardly of the camera, and the motor is
      stopped when pulse is fed.
PAR  FIG. 6 shows a further embodiment, in which the device of the present
      invention is incorporated in a single lens reflex motion picture camera.
      Shown at 23 is a first lens which is movable in a horizontal direction as
      shown in FIG. 6 for focusing, at 24 a prism having a semi-transparent
      mirror 24a, and at 25 a second lens. These elements constitute an
      objective lens, behind which is mounted a light sensitive film 26. In the
      reflective path of mirror 24a is mounted a mirror 27, and then a small
      filter 28. Forwardly of mirror 27 is mounted a compensating lens 27a for
      optically shifting said small filter 28 to a position spaced from the
      semi-transparent mirror 24a by the same optical distance, as is the film
      plane 26, so that the small filter 28 is located on the reference plane of
      focus. The small filter shields out only the light of a predetermined wave
      length range (for example, infrared light). Shown at 29 is a prism having
      a semi-transparent mirror 29a, and at 30 an inverting lens. Shown at 31 is
      an ocular lens, to which the user's eye 32 is brought close, the eye 32
      having a crystalline lens 32a and a retina 32b. Associated with prism 29
      is a light shielding plate 33 which has an aperture 33a of the same
      configuration as that of the aforesaid small filter 28, and which is
      located in such a position that said aperture 33a is in line-symmetrical
      relation to the small filter 28 with respect to the semi-transparent
      mirror 29a. Behind plate 33 is a filter 34 for shielding out the light
      except for light of said predetermined wave length range, which light
      passes to a light sensitive member 35. Designated 36 is an imaginary
      secondary reference plane which is assumed in a position optically
      conjugate to the aforesaid small filter 28 with respect to the inverting
      lens 30.
PAR  In the embodiment of FIG. 6, as described above, if a secondary real image
      of a specific photographic object formed through the inverting lens 30 is
      positioned on the secondary reference plane 36, the light of said
      predetermined wave length range reflected from the retina 32b will not
      enter the light sensitive member 35, because an image corresponding to a
      shadow of the small filter 28 is focussed in the aperture 33a of light
      shielding plate 33. On the other hand, if the position of the aforesaid
      secondary real image falls off the secondary reference plane 36, the image
      of said shadow becomes out of focus on the light shielding plate 33. If
      the image of said shadow is out of focus to a large extent, then the
      quantity of light incident upon the light sensitive member 35 will
      increase. In this embodiment the detection of focussing is effected by the
      use of the minimum value of outputs of the light sensitive member.
PAR  The embodiments described so far are of the type in which an image of a
      confined portion of a filter, or opening therein, is reflected on the
      retina of the user's eye so as to detect whether or not the reflected
      light from the retina may converge into the light sensitive portion,
      thereby detecting whether or not the reference plane and the retina may be
      optically conjugate to each other with respect to the crystalline lens.
      The embodiments which will follow are of a different type in which an
      image on the retina, focussed on a position (outside of the eye)
      corresponding to the refractive power of the crystalline lens, is used for
      detecting whether or not the aforesaid retina image is on the reference
      plane, whereby the aforesaid conjugation will be detected.
PAR  In FIG. 7, there is shown an embodiment including an objective lens 37, a
      light sensitive film plane 38, a movable mirror 39, a pentagonal prism 40,
      and an ocular lens 41, all of which constitute a major part of the optical
      system of a known single lens reflex camera. Between mirror 39 and a prism
      40 is located a prism 42 having a semi-transparent mirror 42a. Associated
      with prism 42 is focussing judging means 43 which has a light sensitive
      plane 43a and functions to detect the focussing of an image to be
      projected on the aforesaid light sensitive plane 43a. The examples of the
      focussing judging means of this type are disclosed in various patents such
      as U.S. Pat. Nos. 2,999,436, 3,495,913, and 3,511,155. The focussing
      judging means 43 is disposed in such a position that the light sensitive
      plane 43a thereof is located in a position optically equivalent to an
      imaginary plane 44 with respect to said semi-transparent mirror 42a, said
      imaginary plane 44 being intended to be in a line-symmetrical position to
      the film plane 38 with respect to the movable mirror 39. Designated 45 is
      an operator's eye which has a crystalline lens 45a and a retina 45b and is
      brought close to the ocular lens 41.
PAR  In operation, the refractive power of the crystalline lens 45a is so
      adjusted that a real image of a specific photographic object, which is
      formed through the objective lens, and the retina 45b are optically
      conjugate to each other with respect to the crystalline lens 45a. Thus,
      the light which has been directed to the eye 45 through the objective lens
      37, is reflected from the retina 45b, and this reflected light passes back
      through the crystalline lens 45a to form a real image of the retina at a
      point corresponding to the location of the specific real image. On the
      other hand, part of the reflected light from the retina is reflected on
      the semi-transparent mirror 42a and then projected on the light sensitive
      plane 43a. However, the real image of the retina projected from the retina
      on the light sensitive plane 43a will be blurred unless the aforesaid
      specific real image is on the imaginary plane 44. Thus, if the focussing
      of the retina image formed on the light sensitive plane 43a is detected by
      said focussing judging means 43, it is possible to determine that a
      retina-image-forming position is on the light sensitive plane 43a. This
      also determines that the aforesaid specific real image of the object is
      formed on the imaginary plane 44 which is opticaly equal to the plane of
      light sensitive film 38.
PAR  FIG. 8 shows an embodiment in which the same optical system as shown in
      FIG. 7 is provided solely for the purpose of illuminating the retina.
      Components common to FIGS. 7 and 8 are shown by the identical reference
      numerals. In this embodiment, there is also provided an outer wall 46 of a
      camera having a window consisting of a filter 46a for shielding out the
      light other than light of a predetermined wave length range, the filter
      46a being disposed in facing relation to a lighting prism 47 having a
      semi-transparent mirror surface 47a. Facing the prism 47 is the mated face
      40a of the pentagonal prism 40 which is in the form of a semi-transparent
      mirror, or a dichroic mirror having the characteristic of allowing only
      the passage of light in said predetermined range. Shown at 48 is a filter
      for shielding out only the light of said predetermined wave length range,
      and shown at 49 is a compensating lens, by which the optical length from
      the crystalline lens 45a to the light sensitive plane 43a of focus judging
      means 43 is adjusted so as to be equal to the optical length from the
      crystalline lens 45a to the imaginary reference plane 44. Designated 50 is
      a filter for shielding out all light other than the light of said
      predetermined wave length range.
PAR  In this embodiment, the light of said predetermined wave length range
      coming through the filter 46a passes through lighting prism 47 and the
      pentagonal prism 40 and then illuminates the retina of the eye. It is
      recommended that infra red light or the like be selected as the light of
      such predetermined wave length range, so that the operator's eye may not
      be injured. The retina image formed by the light of said predetermined
      wave length range is reflected on the semi-transparent mirror 47a to pass
      through the filter 50, and then projected on the light sensitive plane 43a
      of focussing judging means 43, thus achieving the focussing detection in
      the manner as previously described in connection with FIG. 7. On the other
      hand, the light coming through the objective lens 37 does not reach the
      light sensitive plane 43a, because the light of said predetermined wave
      length range is shielded out by the filter 48, while the light other than
      the light of said predetermined range of wave length is shielded out by
      the filter 50 or said mated face 40a, and hence the light coming through
      the objective lens 37 has no influence upon the focussing detection. In
      this embodiment there may be provided a filter 46a in the upper portion of
      the outer wall 46 of a camera for incident lighting or otherwise a light
      source lamp may be provided in facing relation to the filter 46a, without
      exposing the lighting prism to the outside of the camera.
PAR  Although the focussing judging means 43 employed in the embodiments of
      FIGS. 7 and 8 are of a common type, said means functions to effect
      focussing detection for a real image of the retina formed by the
      crystalline lens of the user's eye, rather than detecting the focussing of
      a real image of the object itself formed through the objective lens 37.
      Accordingly, what is detected for the proper focussing condition is a
      single retina having an unchangeable pattern, and hence even if the
      photographic object changes, detection of focussing is effected under a
      constant condition, all of the time. Further, focussing detection, with
      respect to a specific object upon which the operator desires to focus, is
      accomplished equally as well as in the embodiments in FIGS. 1 to 6.
PAR  While there have been described and illustrated preferred embodiments of
      the present invention, it is apparent that numerous alternations,
      omissions and additions may be made without departing from the spirit
      thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an optical instrument, a device for detecting focussing conditions
      comprising:
PA1  an objective lens;
PA1  an imaginary reference plane predetermined at a position optically equal to
      a plane on which a real image of an object formed by said objective lens
      is intended to be focussed;
PA1  means for adjusting said objective lens to shift said real image from
      positions forwardly and rewardly of said reference plane;
PA1  a viewing window positioned to permit the eye of an operator of the
      instrument to view said real image there through; and
PA1  means for detecting that said reference plane and the retina of said eye of
      the operator are optically conjugate to each other with respect to the
      crystalline lens of said eye which views said real image, whereby
      indirectly detecting that the position of said real image coincides with
      said reference plane.
NUM  2.
PAR  2. A device as in claim 1, wherein said detecting means comprises:
PA1  means for projecting light rays of a predetermined range of wave length
      from at least one small area of said reference plane into the eye of the
      operator;
PA1  means for receiving the light rays deflected from said retina at a position
      optically equal to said small area; and
PA1  means for producing an output corresponding to the amount of light received
      by said receiving means,
PA1  whereby said output producing means presents the maximum output when said
      reference plane and the retina are optically conjugate to each other with
      respect to the crystalline lens of said eye.
NUM  3.
PAR  3. A device as in claim 2, wherein:
PA1  said projecting means comprises a first filter disposed at said reference
      plane and adapted to selectively filter out light rays of said
      predetermined range of wave length coming from an objective field, said
      first filter being provided with at least one small area allowing the
      passage of light rays of said predetermined range of wave length; and
PA1  said receiving means comprises a semi-transparent mirror disposed between
      said first filter and said viewing window for deflecting the light rays
      coming from the retina, a light shielding plate with an opening located
      and shaped symmetrically to said small area with respect to said
      semi-transparent mirror for receiving the light rays deflected by said
      semi-transparent mirror at said opening, a light sensitive member disposed
      behind said opening and connected to said output producing means, and a
      second filter disposed between said semi-transparent mirror and said light
      sensitive member and adapted to filter out light rays of wave lengths
      outside of said predetermined range.
NUM  4.
PAR  4. A device as in claim 2, wherein:
PA1  said projecting means comprises a first filter disposed at said reference
      plane and adapted to selectively filter out light rays of said
      predetermined range of wave length, said filter being provided with at
      least one small area allowing the passage of light rays of said
      predetermined range of wave length, light source means for projecting
      light rays of said predetermined range of wave length into the eye of the
      operator through said small area; and
PA1  said receiving means comprises a light sensitive member connected to said
      producing means, means for guiding the light rays coming from the retina
      through said small area to said light sensitive member, and a second
      filter disposed between said guiding means and said light sensitive member
      and adapted to filter out light rays of wave lengths outside of said
      predetermined range.
NUM  5.
PAR  5. A device as in claim 4, wherein said reference plane is determined
      outside of the path of light rays passed through said objective lens, and
      said device further comprises a mirror disposed in said path of the light
      rays which direct said real image toward said reference plane, and a light
      sensitive film disposed symmetrically to said reference plane with respect
      to said mirror, said mirror being further movable to retract out of said
      path of light rays for allowing said real image to be focussed on said
      light sensitive film.
NUM  6.
PAR  6. A device as in claim 1, wherein said detecting means comprises:
PA1  a first filter disposed at said reference plane and provided with at least
      one small area having the characteristic of selectively cutting off light
      rays of said predetermined range of wave length coming from an objective
      field:
PA1  a semi-transparent mirror disposed between said first filter and said
      viewing window for deflecting the light rays coming from the retina;
PA1  a light shielding plate with an opening located and shaped symmetrically to
      said small area with respect to said semi-transparent mirror for receiving
      the light rays deflected by said semi-transparent mirror at said opening;
PA1  a light sensitive member disposed behind said opening and connected to said
      producing means; and
PA1  a second filter disposed between said semi-transparent mirror and said
      light sensitive member and adapted to filter out light rays of wave
      lengths outside of said predetermined range.
PA1  whereby said producing means presents the minimum output when said
      reference plane and the retina are optically conjugate to each other with
      respect to the crystalline lens of said eye.
NUM  7.
PAR  7. A device as in claim 6, further comprising a inverting lens for forming
      a secondary real image of said object, and wherein said viewing window is
      disposed for the eye of the operator to view said secondary real image and
      for said light rays from the objective field to travel into the eye
      through said first filter, said semi-transparent mirror and said inverting
      lens, whereby said detecting means detects said conjugation between said
      reference plane and the retina through said inverting lens.
NUM  8.
PAR  8. A device as in claim 6, wherein said reference plane is determined
      outside of the path of light rays passed through said objective lens, and
      said device further comprises a second semi-transparent mirror disposed in
      said objective lens for directing said real image toward said reference
      plane, a light sensitive film disposed in said path of light rays, and a
      compensating lens disposed between said second semi-transparent mirror and
      said reference plane for optically setting said reference plane at a
      position optically equal to said light sensitive film with respect to said
      second semi-transparent mirror.
NUM  9.
PAR  9. A device as in claim 1, further comprising an ocular lens disposed at
      said viewing window, whereby said detecting means detects said conjugation
      between said reference plane and the retina through said ocular lens.
NUM  10.
PAR  10. A device as in claim 1, wherein said detecting means comprises a light
      receiving plane disposed at a position optically equal to said reference
      plane so as to be projected with a real image of the retina formed by the
      crystalline lens of said eye, and means for judging that said real image
      of the retina is focussed on said light receiving plane.
NUM  11.
PAR  11. A device as in claim 10, wherein said detecting means further comprises
      means for illuminating the retina with light rays of said predetermined
      range of wave length, and a filter disposed in front of said light
      receiving plane and being adapted to filter out light rays of wave lengths
      outside of said predetermined range.
NUM  12.
PAR  12. A device as in claim 10, wherein said light receiving plane is located
      outside of the path of light rays defined between said reference plane and
      the retina, and said detecting means further comprises a semi-transparent
      mirror disposed in said path of light for introducing light rays coming
      from said retina to said light receiving plane.
NUM  13.
PAR  13. A device as in claim 12, wherein said detecting means further comprises
      a compensating lens disposed between said semi-transparent mirror and said
      light receiving plane for optically setting said light receiving plane at
      a position optically equal to said reference plane with respect to said
      semi-transparent mirror.
NUM  14.
PAR  14. A device as in claim 1, further comprising means for automatically
      controlling said adjusting means, said controlling means being so related
      to said detecting means as to stop said shift of the real image when said
      detecting means detects said conjugation between said reference plane and
      the retina.
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ABST
PAL  A photographic camera equipped with an automatic film transporting
      mechanism, a portion of which is incorporated into a hingedly supported
      lid which is provided at the rear of the camera for selectively opening
      and closing a film receiving chamber and the other portion is incorporated
      into the body of the camera. Linkage between the portion of the
      transporting mechanism in the back lid and the portion thereof in the
      camera body is achieved by the use of a motion transmitter mounted on a
      support spindle for supporting the back lid to the camera body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an automatic film transporting mechanism
      in a photographic camera and, more particularly, to an automatic film
      transporting mechanism for transporting a photosensitive element, on which
      an image of an object to be photographed is reproduced, a portion of which
      transporting mechanism is incorporated into a hingedly supported lid which
      is provided at the rear of the camera for selectively opening and closing
      a film receiving chamber of the camera.
PAR  2. Description of the Prior Art
PAR  A conventional film pack frequently used with a photographic camera of
      self-processing type is known as accommodating therein a plurality of
      self-developing film units each including a stack of photosensitive sheets
      and a stack of image receiving sheets corresponding in number to said
      photosensitive sheets. The photosensitive sheets and the image receiving
      sheets are respectively positioned on both sides of a presser plate acting
      within the film unit pack to press the photosensitive sheets so as to be
      successively brought into a position ready to be exposed and facing
      towards the object to be photographed whenever the front most
      photosensitive sheet is withdrawn. Withdrawal of each of the
      photosensitive sheets after it has been exposed is carried out by
      outwardly pulling a related tab, which projects outwardly of the
      photographic camera, thereby permitting the front most photosensitive
      sheet to be transferred rearwardly of the presser plate. The
      photosensitive sheet that has been transported rearwardly of the presser
      plate is superposed to or aligned with a corresponding one of the image
      receiving sheets. As the tab is further pulled, the photosensitive sheet
      overlapping the corresponding image receiving sheet emerges together with
      said corresponding image receiving sheet out of said film unit pack
      through an exit slit formed in said pack at one end, and then passes
      through a gap between a pair of juxtaposed pressure applying rolls. As
      both the photosensitive sheet and the corresponding image receiving sheet
      pass through the juxtaposed pressure applying rolls, a diffusion transfer
      process takes place with a known viscous processing composition spreading
      from one end to the other between the photosensitive and image receiving
      sheets.
PAR  In the self-processing photographic camera utilizing the film pack of the
      type referred to above, employment of an automatic drive, such as an
      electrical motor or a clockwork mechanism, in a manner heretofore proposed
      in transporting the film, often provokes a lot of problems due to the fact
      that, in order for each film unit to travel or be transported in the
      manner as hereinbefore described, some parts of the film transporting
      mechanism should be installed in the camera adjacent the front of the film
      pack and the other in the camera adjacent the rear of the same film pack.
      On the other hand, adjacent the rear of the film pack housed within the
      film pack receiving chamber of the camera, there usually exists a hingedly
      supported lid for selective opening and closure of the film pack receiving
      chamber and, if some parts of the film transporting mechanism are
      operatively installed in the hingedly supported lid, a satisfactory and
      efficient mechanical linkage between them and the other parts which are
      operatively installed in the body of the camera would not be established
      with simple and compact structure.
PAR  Accordingly, an essential object of the present invention is to provide a
      construction wherein a portion of the film transporting mechanism for
      transporting a self-developing film unit in a predetermined manner is
      installed in the hingedly supported lid of the photographic camera in a
      compact structure while the other portion is installed in the body of the
      camera, thereby substantially overcoming the problems heretofore
      encountered in the art concerned.
PAR  According to the present invention, the aforesaid object can be simply
      accomplished by operatively linking the portions of the film transporting
      mechanism in the hingedly supported lid on one hand and in the body of the
      camera on the other hand to each other through a support spindle which is
      used to hingedly support the lid to the body of the camera. More
      specifically, according to a preferred embodiment of the present
      invention, the support spindle is, on one hand, mounted with a pinion
      coaxial with said support spindle and, on the other hand, the hingedly
      supported lid has an inside surface mounted with a toothed rack for linear
      movement along the inside surface thereof, said pinion and said toothed
      rack being constantly engaged to each other irrespective of the selective
      opening and closing of the hingedly supported lid.
PAR  Operation of the film transporting mechanism component in the body of the
      camera can be transmitted to the film transporting mechanism component in
      the hingedly supported lid through the constant engagement between the
      pinion and toothed rack whereby the self-developing film unit can be
      transported by a hook member movable together with the toothed rack and
      engaging the film unit.
PAR  Means for operatively associating the film transporting mechanism
      components in the body of the camera one hand and in the hingedly
      supported lid on the other hand, may not be limited to the hereinabove and
      hereinafter described arrangement. However, this arrangement is
      advantageous in that the film transporting components are constantly
      engaged to each other irrespective of the positioning of the hingedly
      supported lid in relation to the body of the camera without requiring any
      complicated structural part to be installed in the hingedly supported lid
      and in that, even when the hingedly supported lid is closed, the hook
      member of the film transporting mechanism component in the hingedly
      supported lid automatically occupies a predetermined position in relation
      to the film units.
DRWD
PAR  These and other objects and features of the present invention will become
      apparent from the following description taken in conjunction with
      preferred embodiments of the present invention with reference to the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 and FIG. 2 are schematic top sectional views showing self-developing
      film units with a pack removed, which can be employed in a self-processing
      camera herein disclosed according to the present invention,
PA1  Fig. 3 is a schematic perspective view of a self-developing film unit pack,
      showing the front thereof
PAR  FIG. 4 is a similar view to FIG. 3, but showing the rear thereof,
PAR  FIG. 5 is a schematic perspective view of a self-processing camera,
PAR  FIG. 6 is a perspective view of a hingedly supported back lid of the camera
      of FIG. 5, showing a component of a film transporting mechanism installed
      in the back lid,
PAR  FIG. 7 is a schematic perspective view showing a linkage between the
      components of the film transporting mechanism respectively installed in
      the back lid and in the body of the camera,
PAR  FIG. 8 is a top sectional view of the body of the camera showing the film
      transporting mechanism in its substantial entirety,
PAR  FIG. 9 is a schematic top sectional view of a modified film pack,
PAR  FIG. 10 is a top sectional view of the body of the camera showing a power
      transmission for driving various components of a film transporting
      mechanism according to a second preferred embodiment of the present
      invention, which utilizes the film pack of FIG. 9,
PAR  FIG. 11 to FIG. 13 are schematic diagrams illustrating a sequential process
      of moving a slider employed in the transporting mechanism according to the
      second preferred embodiment,
PAR  FIG. 14 is a similar view to FIG. 8, but showing the film transporting
      mechanism according to the second preferred embodiment, and
PAR  FIG. 15 is a schematic diagram showing a manner by which the disc and a
      gear engage to each other in the film transporting mechanism according to
      the second preferred embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, there is shown a plurality of, for example, two
      stacked self-developing film units which can be employed in a
      self-processing photographic camera equipped with the film transporting
      mechanism according to the present invention, a film unit pack for which
      is not shown for the sake of simplification of the description. However,
      it should be noted that like parts are designated by like reference
      numerals throughout the several views of the accompanying drawings for
      better understanding of the present invention.
PAR  Each of the film units 1 shown includes a photosensitive sheet 2 which,
      when loaded in a self-processing camera and subsequently exposed to a
      subject to be photographed through the objective lens assembly of the
      camera, receives from the direction indicated by the arrows rays of light
      carrying an image of the subject to be photographed and records thereon a
      negative image of the subject, an image receiving sheet 3 which records a
      positive image of the subject transferred from the negative image, a
      composition pod 4 containing a viscous processing composition to be
      diffused between the sheets 2 and 3, and a leader 5 having one end
      connected to the photosensitive sheet 2 and the other end exposed to the
      outside of the film unit pack through a withdrawal opening (not shown)
      formed in the film unit pack at one end. These film units 1 are housed
      within the film unit pack with the sheets 2 and 3 positioned on opposite
      sides of a presser plate 6 acting within the film unit pack to press the
      photosensitive sheets 2 so as to be successively brought into a position
      ready to be exposed facing towards the object to be photographed, whenever
      the frontmost sheet of these sheets 2 is withdrawn.
PAR  The arrangement of the film units within the pack so far shown in FIG. 1 is
      substantially similar to that conventionally employed in a film unit pack
      utilizable in a commercially available self-processing photographic
      camera, but a slight difference resides in that each of the leaders
      according to the conventional arrangement of the film units is provided
      with a tab required to be manually pulled to permit both the
      photosensitive sheet and the image receiving sheet to be superposed to
      each other and also to be passed in between the juxtaposed pressure
      applying members or rolls, whereas according to the present invention as
      clearly shown in FIG. 1, no tab is required in view of the fact that film
      unit transportation and withdrawal are automatically carried out by the
      film unit transporting mechanism and the juxtaposed pressure applying
      rolls.
PAR  In the arrangement shown in FIG. 1, the leading end of each of the leaders
      5 is advanced in a direction towards the juxtaposed pressure applying
      rolls 7 and 8 by the film unit transporting mechanism of the present
      invention, subsequently engaging in between the juxtaposed pressure
      applying rolls 7 and 8. The leader 5 is further advanced by the rotation
      of the rolls 7 and 8 thereby causing the photosensitive sheet 2 to be
      superposed upon the associated image receiving sheet 3, which is then
      passed through the rolls 7 and 8 together with the image receiving sheet
      3.
PAR  FIG. 2 illustrates another arrangement of the film units within the film
      unit pack. In this arrangement, each of the film units 1' is composed of a
      photosensitive sheet 2' and an image receiving sheet 3' permanently
      overlapped to said photosensitive sheet 2'. Each of the film units 1'
      composed of the photosensitive and image receiving sheets 2' and 3' has
      one end provided with a composition pod 4' for containing a viscous
      processing composition and the other end connected with a leader 5' which
      is pulled to transport the film unit 1' to another position. The free end
      of the leader 5' is coupled to the spool 9 which is provided within the
      film unit pack as will be described later, so that, when this spool 9 is
      rotated by the automatic drive mechanism built in the camera as will be
      described later, the first one of the film units 1' after having been
      exposed can be transported to the rear of the presser plate 6 within the
      film unit pack. In FIG. 2, the first film unit 1' is shown as having
      already transported to the rear of the presser plate 6.
PAR  The leaders 5 respectively coupled to the film units 1' are connected to
      each other by associated auxiliary leaders 10 so that these film units 1'
      can be successively transported from a position where each of said film
      units is exposed to another position where they are successively
      associated with the automatic film transporting mechanism as will be
      described later. Each of the film units 1' which has been brought to the
      rear of the presser plate 6 is subsequently transferred onto the
      juxtaposed rolls 7 and 8. As the film unit is transferred onto the rolls 7
      and 8, the leader 5 connected to this film unit is separated.
PAR  FIGS. 3 and 4 illustrate a film unit pack 21 for accommodating the film
      units 1' in the arrangement of FIG. 2. Each of the film units within the
      pack 21 is adapted to be with drawn out of the pack 21 through an outlet,
      formed therein as at 23, after having been exposed through a front opening
      formed in said pack 21 at the front thereof as at 22, and subsequently
      been transported in the manner as hereinbefore described. The pack 21 is
      also formed at the rear thereof with a slit 24 cooperative with the film
      transporting mechanism in a manner as will be described later. The take-up
      spool 9 hereinbefore referred to is held in position within the film unit
      pack 21, at least one end of which is exposed outside the pack 21 and
      rigidly mounted with a driven gear 25 adapted to be operatively coupled to
      the drive mechanism built in the body of the camera.
PAR  A film unit pack useable to accommodate the film units in the arrangement
      of FIG. 1 may be similar to the pack shown in FIGS. 3 and 4, but the
      driven gear 25 may be omitted.
PAR  Referring now to FIG. 5, the self-processing photographic camera is shown
      as viewed from the rear thereof and has the body 31 including a hingedly
      supported back lid 33 shown in a closed position. The body 31 has a
      built-in lock device of any known type including a release lever 32 which,
      if moved in a direction indicated by the arrow, unlocks the lock device to
      permit the back lid 33 to pivot in a direction indicated by the arrow so
      as to assume an opened position from the closed position in readiness for
      loading or unloading the film unit pack 21 into or from the pack receiving
      chamber at the rear of the camera body 31. It should be noted that, when
      the film unit pack 21 is loaded in position within the pack receiving
      chamber in the camera body 31, the same is held therein with the slit 23
      and the front opening 22 respectively facing the inside surface of the
      back lid 33 and the objective lens assembly (not shown) situated forwardly
      of the camera body 31.
PAR  The details of a component of the film transporting mechanism installed in
      the back lid 33 are best shown in FIG. 6, reference to which will now be
      made. The back lid 33 in FIG. 6 is shown as separated from the camera body
      31 and has a four-cornered rib 34 protruding therefrom towards the camera
      body 31 and defining a pair of opposed side walls and a pair of opposed
      top and bottom walls, all walls surrounding the inside surface of the back
      lid 33. The rib 34 is formed as at 36 and 37 with engagements forming a
      part of the known back lid locking device for locking the back lid 33 in
      the closed position so long as the release lever 32 is not operated.
PAR  Opposed to the engagements 36 and 37, the lid 33 is pivotally mounted on a
      support spindle 38 extending through the bottom and top walls of the rib
      34, both ends of which are journalled to the camera body 31 in any known
      manner and as shown in FIG. 8. A lazy pinion 39 is axially non-rotatably
      mounted on the support spindle 38 adjacent one end thereof, which is in
      turn constantly meshed to a toothed portion 40a of a toothed rack 40
      carried by the back lid 33 for reciprocal movement in a lengthwise
      direction thereof in parallel to the plane of the inside surface 35 of the
      back lid 33. The toothed rack 41 is integrally provided with a hook member
      41 which engages each film unit within the pack 21 through the slit 24 for
      transporting said film unit as the rack 40 moves in one direction. The
      back lid 33 is provided on its inside surface 35 with a plurality of
      presser pieces 42, 43 and 44 for pressing the film unit pack 21 so as to
      firmly hold the latter in position within the pack receiving chamber in
      the camera body 31 when and so long as the back lid 33 is in the closed
      position with the pack 21 in said pack receiving chamber.
PAR  Referring to FIGS. 7 and 8 which respectively illustrate a manner of
      operative linkage between the film transporting mechanism components in
      the back lid 33 and in the camera body 31 and the details of mechanical
      parts achieving such operative linkage, both being shown in the condition
      wherein the back lid 33 is closed, it will be seen that the pinion 39
      meshed with the toothed portion 40a of the rack 40 is in turn meshed to a
      segmental gear 45 pivotally supported in the camera body 31. Associated
      with this segmental gear 45 is a rotary disc 47 rotatably supported in the
      camera body 31 and connected therewith by means of a crank rod 46 whereby
      360.degree. rotation of the rotary disc 47 causes the segmental gear 45 to
      reciprocately pivot through a predetermined angle in both directions. This
      rotary disc 47 is adapted to be driven in one direction by a known drive
      unit (not shown) which may be in the form of an electrically driven motor
      or a clockwork mechanism.
PAR  The rotary disc 47 is formed on its outer periphery with a redially
      outwardly protruding stopper 47a adapted to engage against one end of a
      detent lever 48 which is also pivotally supported in the camera body. This
      detent lever 48 is so biased in one direction by a spring element 49 that
      said one end of said lever 48 is in contact with the outer peripheral
      surface of said disc 47 and holds the disc 47 at a definited position by
      its engagement to the stopper 47a.
PAR  Pivotally supported in the camera body 31 adjacent the other end of the
      detent lever 48 is a transmitter lever 50 having three radially outwardly
      protruding arms 50a, 50b and 50c; the arm 50a being engageable to the
      other end of the detent lever 48, the arm 50b pivotally connected to a
      slider 51 and the arm 50c being engageable to a hooked end 53a of a
      detector lever 53 which is pivotally supported in the camera body 31. The
      slider 51 is connected or associated with a release button (not shown) so
      that it moves in a direction indicated by the arrow in FIG. 8 against the
      bias of a spring element 52 in response to release button operation,
      thereby causing the transmitter lever 50 to pivot in a clockwise
      direction. The pivotal movement of the lever 50 thus effected in the
      clockwise direction has the result that the arm 50a causes the detent
      lever 48 to pivot against the spring element 49 thereby permitting the one
      end of said lever 48 to disengage from the stopper 47a of the rotary disc
      47.
PAR  It should be noted that the release button is adapted to be operated after
      the spool 9 within the film unit pack 21 has had been driven by the
      automatic drive mechanism as will be described later to wind the leader 5'
      and the film unit 1' has therefore been transported to the rear of the
      presser plate 6 within the film unit pack.
PAR  The detector lever 53 is normally biased in one direction about its pivot
      by a spring element 54 and has a feeler end 53b opposed to the hooked end
      53a, which feeler end 53b is situated between the juxtaposed rolls 7 and 8
      and the outlet 23 of the film unit pack 21 so as to detect the passage of
      the film unit 1' from the outlet 23 onto the rolls 7 and 8. Upon pivotal
      movement of the transmitter lever 50 in the clockwise direction effected
      in the manner as hereinbefore described and so long as the feeler end 53b
      of the detector lever 53 does not detect the passage of the film unit 1',
      the arm 50c is engaged with the hooked end 53a whereby, irrespective of
      the operation of the release button (not shown), the transmitter lever 50
      can be held as pivoted clockwise with the arm 50a pressing the other end
      of the detent lever 48 against the spring element 49 so as to disengage
      the other end of the lever 48 from the stopper 47a. Disengagement between
      the arm 50c and the hooked end 53a takes place when the feeler end 53b
      detects the film unit emerging from the outlet 23 of the pack 21 at which
      time the detector lever 53 is pivoted in the other direction against the
      spring element 54.
PAR  The pair of the pressure applying rolls 7 and 8 are rotatably supported in
      any known manner within the camera body 31 adjacent the outlet 23 of the
      loaded film unit pack 21, one or both of said rolls 7 and 8 being,
      according to the present invention, operatively coupled to a known drive
      unit (not shown) which may be in the form of an electrically operated
      motor or a clockwork mechanism and which way be the automatic drive unit
      described as used to drive the spool 9.
PAR  Referring back to FIG. 7, the driven gear 25 coaxial with the spool 9 is,
      when the film unit pack 21 is loaded into the pack receiving chamber of
      the camera, engageable to a drive gear 55 adapted to be driven by the
      automatic drive mechanism housed in the camera body 31.
PAR  The sefl-processing camera constructed as hereinbefore fully described
      operates in the following manner.
PAR  When the back lid 33 is opened or closed for loading the film unit pack 21
      into or removal from the pack receiving chamber, the back lid 33 pivots
      about the support spindle 38. At this time, the toothed portion 40a of the
      toothed rack 40 carried by the back lid also pivots about the axis of the
      spindle 38 without moving the rack 40 and without rotating the pinion 39
      because the latter is not rigidly mounted on the spindle 38. More
      specifically, pivot of the rack 40 together with the back lid merely
      shifts the position at which engagement between the toothed portion 40a
      and the pinion 39 takes place. Therefore, the hook member 41 does not
      move.
PAR  Assuming that the film unit pack 21 with film units 1' therein has been
      loaded into the pack receiving chamber of the camera body 31 and the back
      lid 33 has subsequently been closed, the hook member 41 carried by the
      rack 40 is inserted into the pack 21 through the slit 24 without being
      moved by the reason as hereinbefore described.
PAR  Subsequently, by operating a known built-in exposure control system of the
      camera, so as to expose the first of the film units 1' within the pack 21,
      the automatic drive mechanism is operated, in a substantially similar
      manner to a so-called motor-drive system of a photographic camera, to
      drive the drive gear 55. Rotation of the drive gear 55 is then transmitted
      through the driven gear 25 to the spool 9 within the pack 21 so that the
      leader 5 extending from the exposed film unit 1' is wound around the spool
      9 until the exposed film unit 1' is brought to the rear side of the
      presser plate 6.
PAR  While the first film unit 1' is conditioned as hereinabove described,
      operation of the release button (not shown) causes the slider 51 to move
      in the direction of the arrow against the bias of spring element 52,
      thereby permitting the transmitter lever 50 to pivot clockwise. Upon the
      clockwise pivot of the lever 50, the arm 50a thereof causes the detent
      lever 48 to pivot counterclockwise against the spring 49, thereby
      disengaging that end of the lever 47a from the stopper 47a in the rotary
      disc 47. Simultaneously therewith, the arm 50a of the lever 50 engages the
      hooked end 53a of the detector lever 53 and is held in engaged position.
      The rotary disc 47 is, upon disengagement between the lever 48 and the
      stopper 47a, driven by the known drive unit (not shown). In the case where
      the drive unit is employed in the form of an electrically operated motor,
      an arrangement may be such that a switch inserted in the electric circuit
      of the motor is closed to energize said motor in response to the movement
      of the slider 51. In any event, rotation of the disc 47 is transmitted to
      the segmental gear 45 through the crank rod 46 so that the segmental gear
      45 can be oscillated in the opposite directions. This oscillation movement
      of the segmental gear 45 is then transmitted to the rack 40 through the
      pinion 39 by means of the toothed portion 40a and, therefore, the hook
      member 41 is oscillated in opposite directions. As the rack 40 moves in
      one direction indicated by the arrow in FIG. 9, the hook member 41 moves
      within the film unit pack 21 thereby transporting the film unit 1' towards
      the rolls 7 and 8 through the outlet 23. The film unit thus transported is
      subsequently sandwitched in between the rolls 7 and 8 then driven by the
      automatic drive mechanism (not shown) and, therefore, is further
      transported to the outside of the camera body 31 while the pod 4' is
      broken to permit the viscous processing composition to be spread between
      the sheets 2' and 3' of the film unit 1'.
PAR  After the hook member 41 has been moved to effect the transportation of the
      film unit in the manner as hereinbefore described, it commences to return
      to the original position moving in the other direction in sliding contact
      with the back surface of the leader 5' extending from the next film unit
      1'. This return movement completes at the time the segmental gear 45
      completes its oscillatory pivotal movement.
PAR  Immediately after the film unit has emerged from the outlet 23 of the pack
      21 towards the rolls 7 and 8, the feeler end 53b of the detector lever 53
      engages the film unit whereby the lever 53 is pivoted clockwise against
      the tension spring 54 with the hooked end 53a disengaging from the arm 50c
      of the lever 50. Thereupon, the transmitter lever 50 is pivoted
      counterclockwise by the action of the spring element 52 so that the
      detector lever 48 is returned to the original position as shown in FIG. 8
      by the spring element 49 with that end thereof brought in position ready
      to engage the stopper 47a to stop rotation of the rotary disc 47.
PAR  Though the pivotal movement of the detector lever 53 in the clockwise
      direction takes place after the hook member 41 has been moved a
      predetermined distance to transport the film unit towards the outlet 23 of
      the film pack 21, the detent lever 48 is brought into position with that
      end thereof engaged to the stopper 47a at the time of completion of each
      rotation of the disc 47.
PAR  Referring now to FIG. 9, the film unit pack 21 is divided into a film
      chamber 21a and a leader winding chamber 21b in which the spool 9 is
      contained. This division may be carried out by the use of any suitable
      partition member or bending a portion of the front plate member of the
      pack 21 in a manner substantially shown in FIG. 9.
PAR  The film unit pack 21 shown in FIG. 9 is advantageously useable with the
      transporting mechanism shown in FIGS. 10 to 15 and, to this end, the front
      plate of the pack 21 is bent to provide a groove 60 adjacent to the front
      window 22 and is formed with a hole 21c.
PAR  Referring now to FIGS. 10 to 15, although in the foregoing embodiment the
      slider 51 has been described as associated with the release button (not
      shown) so that it moves in the direction indicated by the arrow against
      the spring element 52 in response to the operation of the release button,
      the slider 51 in this embodiment of FIGS. 10 to 15 is moved in the manner
      which will now be described.
PAR  As best shown in FIG. 10, an electrically operated drive motor has a drive
      shaft M mounted with a gear 61 a rotational force of which is transmitted
      both to the drive gear 55 through a clutch gear 62 by means of a plurality
      of gear trains 63, 64, 65, 66 and 67 and to a drive gear 68 coaxial with
      the roll 8 through a plurality of gear trains 69, 70 and 71. The motor is
      adapted to be energized to rotate the drive shaft M when the shutter
      release button is depressed and prior to the shutter being operated.
PAR  The clutch gear 62 is rotatably mounted on a support 72 pivotally secured
      to the camera body through a spindle 73, and is angularly movable between
      a engaged position in which condition said clutch gear 62 is in position
      to transmit the rotation of the gear 65 to the gear 66 and a disengaged
      position in which condition the clutch gear 62 is in position to interrupt
      transmission of the rotation of the gear 65 to the gear 66.
PAR  This movement of the slider 51 according to the embodiment shown in FIGS.
      10 to 15 is effected in the following manner. As shown, a detent pin 74 is
      axially slidably supported by a wall member in the camera body and is
      normally biased by a compression spring 75 with one end in contact with a
      presser bar 76 and the other end adapted to extend through the hole 21
      formed in the film unit pack 21 and then through a perforation (not shown)
      in the leader 5 coupled to the associated film unit 1'. The presser bar 76
      is supported on the spindle 73 for pivotal movement together with said
      spindle 73 and also with the support 72 carrying the clutch gear 62.
      Alternatively, the presser bar 76 may be integrally formed with the
      support 72 which is in turn pivotally mounted on the spindle 73 in an
      axially non-movable manner. As the presser bar 76 pivots about the spindle
      73 pressing the one end of said detent pin 74 to axially move said pin 74,
      the other end of said detent pin 74 extends through the hole 21c into a
      perforation (not shown) formed in the leader 5 coupled to the associated
      film unit 1' on one hand and on the other hand the support 72
      simultaneously pivots about the spindle 73 pulled by a tension spring 77.
      It is to be noted that the pulling force of the tension spring 77 is also
      transmitted to the presser bar 76 through the spindle 73.
PAR  As the support 72 pivots pulled by the tension spring 77 in the manner as
      hereinbefore described, as best shown in FIGS. 10 to 12, a kicker formed
      in the support 72 as at 72a causes a triangular piece 78, which is
      pivotally supported as at 78a and is pulled by a tension spring 79 to
      assume a neutral position, to pivot about the pivot 78a in such a manner
      as substantially sequentially shown in FIGS. 11 to 13. In other words, as
      the triangular piece 78 pivots counterclockwise as viewed from FIG. 10, a
      pin 78b secured at one apex portion of said triangular piece 78 engages to
      a bend portion 51b of the slider 51 and, as said triangular piece 78 is
      further pivoted, said pin 78b causes said slider 51 to move in the
      direction of the arrow against the bias of tension spring 52, thereby
      permitting the rotary disc 47 to rotate in the same manner as hereinbefore
      described in connection with the foregoing embodiment.
PAR  Rotation of the rotary disc 47 is possible by the following reason. Since
      the support 72 together with the presser bar 76 is pivoted as pulled by
      the tension spring 77, the clutch gear 62 is brought to the disengaged
      position. However, rotation of the gear 65 is also transmitted to a
      friction gear 80 which is frictionally contacted to the rotary disc 47, as
      shown in FIG. 15, through an elastic washer 81 rigidly secured to either
      of said friction gear 80 or said rotary disc 47.
PAR  In this way, the exposed film unit 1' can be transported onto the
      juxtaposed rolls 7 and 8 while the other end of the detent pin 74 engages
      in the perforation in the leader 5. Immediately after the exposed film
      unit has been sandwitched in between the rolls 7 and 8, it can be rapidly
      transferred out of the camera tearing the leader 5 from the film unit. It
      is to be noted that the auxiliary leader 10 connected to the leader 5
      extending from the next film unit 1' has been already wound around the
      spool 9 together with the leader 5 extending from the exposed film unit so
      that the next film unit is, after having subsequently been exposed, ready
      to be transported to the rear of the presser plate 6 within the film unit
      pack 21.
PAR  While disengagement of the clutch gear 62 from the gears 65 and 66 takes
      place as the shutter release button is further depressed after the
      exposure has taken place, return of the gear 62 to the disengaged position
      and, accordingly, return of the support 72 together with the presser bar
      76 can be effected by a suitable actuating mechanism (not shown) which may
      be operated in response to the next depression of the shutter release
      button or which may be actuated by pressing any suitable release button
      separate of the shutter release button. Of course, after the clutch gear
      62 is moved to the engaged position, the other end of the detent pin 74
      disengages from the perforation in the leader 5 coupled to the next film
      unit.
PAR  From the foregoing full description of the present invention, it has now
      become clear that the film transporting mechanism of the present invention
      comprises a back lid hingedly supported by the camera body for selectively
      opening and closing the pack receiving chamber of the camera for mounting
      and removal of the film unit pack into and from said pack receiving
      chamber, by means of a support spindle journalled in the camera body, and
      means for transporting the film units within the pack, said transporting
      means being supported for movement relative to the back lid and a
      rotatable member mounted on said spindle, said rotatable member being
      adapted to be driven by a drive device provided in the camera body.
PAR  This construction ensures constant engagement between components of the
      transporting mechanism in the camera body on one hand and in the back lid
      on the other hand irrespective of selective opening and closing of the
      back lid, which feature is advantageous in that the film units can be
      reliably and effectively transported.
PAR  Although the present invention has been fully described in conjunction with
      the preferred embodiments thereof with reference to the accompanying
      drawings, various changes and modifications are apparent to those skilled
      in the art. For example, the technical concept of the present invention
      can also be equally applicable to transportation of any other suitable
      photosensitive element such as an ordinary negative or positive films.
PAR  Therefore, these changes and modifications should, unless otherwise they
      depart from the true scope of the present invention, be construed as
      included therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a photographic camera having a camera body provided at the rear
      thereof with a hingedly supported back lid for selectively opening and
      closing a chamber for accommodating therein a photosensitive element on
      which an image of a subject to be photographed is recorded, said back lid
      being supported to the camera body by means of a spindle supported in
      position on said body and within said chamber, a transporting mechanism
      which comprises a motion transmitter mounted on said spindle, means for
      transporting said photosensitive element, means for mounting said
      transporting means within said back lid for movement relative to said back
      lid, a drive unit built in said camera body, and means for operatively
      coupling said motion transmitter to said drive unit for transporting said
      photosensitive element through said transporting means.
NUM  2.
PAR  2. A photographic camera as claimed in claim 1, wherein said motion
      transmitter comprises a pinion gear non-rotatably mounted on said spindle
      in coaxial relation to said spindle.
NUM  3.
PAR  3. A photographic camera as claimed in claim 2, wherein said transporting
      means comprises a toothed plate member slidably carried by said back lid
      and having a toothed portion constantly engaged with said pinion gear.
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PAL  A carrying case is disclosed for photographic cameras of the compact
      collapsible type which may be extended or erected to an operative position
      without removal of the camera from the case. The case is constructed to
      safely contain the camera and securely support the same in all positions
      of camera movement from a compact folded position to a fully erected
      position and to permit complete operation of the camera during all normal
      photographic procedures, including the removal and insertion of film
      cassettes into a film magazine receiving chamber of the camera without the
      necessity of removing the camera from the case. The case is formed of
      specially constructed top and bottom case members that are provided with
      hinged sections and cooperating linkage which are movable with the
      camera's housing sections during the erection of the camera to its
      operative position.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to the following commonly assigned
      applications, all filed concurrently herewith:
PAR  Ser. No. 509,694 entitled CAMERA CARRYING CASE OR SIMILAR ARTICLE, filed in
      my name and Ser. No. 509,694 entitled IMPROVED EVER-READY CAMERA CASE,
      filed in the name of Thomas A. Svatek.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is directed to an ever-ready carrying case for photographic
      cameras and in particular to a case for securely retaining and supporting
      a camera of the compact collapsible type.
PAR  2. Description of the Prior Art
PAR  Carrying cases which permit a photograph to be taken without removing the
      camera from the carrying case are well known in the art and are often
      referred to as ever-ready cases. However, even though it is possible in
      these prior art instances to take photographs without removing the camera
      from the carrying case, it is nevertheless generally required that the
      camera be removed from the carrying case when the film is to be changed.
      This presents a recognizable disadvantage to the quick, efficient and
      convenient use of the camera.
PAR  Furthermore, the prior art is silent, or at best, has never completely
      solved the problem of providing a carrying case that will accommodate and
      adequately support a camera of the compact collapsible self-developing
      type which may take the form of a foldable camera of the single-lens
      reflex type which is folded to a slim compact storage configuration when
      not in use and which may be erected to a fully upright position when it is
      to be used. This is particularly true when considering a camera of the
      type disclosed and described in U.S. Pat. No. 3,810,211 by Richard R.
      Wareham and Richard Paglia entitled Self-Developing Camera System where
      the camera includes a plurality of housing members which are pivotally
      coupled to one another for relative movement between the compact collapsed
      inoperative position and the extended or erected operative position.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has as its primary object the provision of a carrying
      case for a collapsible type camera which will adequately support the
      camera in all conditions, namely from a fully inoperative collapsed
      position to a fully erected operative position and with which full access
      is available to the camera for performing normal photographic procedures
      including the changing of film cassettes, thus overcoming the referred to
      disadvantages of the prior art.
PAR  This is accomplished by forming the carrying case of specially constructed
      top and bottom case portions that are provided with hinged sections and
      cooperating linkage which permit the parts of the case to move with the
      camera's pivoted housing sections during the erection of the camera to an
      operative position and during the return of the sections to a fully
      collapsed inoperative position.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises a carrying case possessing the
      construction, combination of elements and arrangement of parts which are
      exemplified in the following detailed disclosure, and the scope of the
      application of which will be indicated in the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings wherein like numerals have been
      employed in the different figures to denote the same parts and wherein:
PAR  FIG. 1 is a perspective view of the carrying case and camera in the
      extended or erected operative position that the camera will take for all
      normal photographic procedures; and
PAR  FIG. 2 is an enlarged perspective view of the carrying case of the present
      invention with the case shown in closed position and housing the camera in
      closed and collapsed condition, with a cover flap of the case unfastened
      and folded out of the way to disclose the opening in the top sections of
      the case to accommodate the viewfinder of the camera and to permit access
      thereto for erecting the camera and case to their operative positions.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The carrying case of the present invention is generally designated 10 in
      the drawings where it is shown in its preferred embodiment as providing a
      novel construction for housing and carrying of a camera of the general
      type disclosed in U.S. Pat. No. 3,810,211 which includes a plurality of
      housing sections 12, 14, 16 and 18 pivotally coupled to one another for
      relative movement between a compact folded or collapsed inoperative
      position, as shown in FIG. 2, and an extended or erected operative
      position, as shown in FIG. 1 wherein sections 12 and 16 define an acute
      angle therebetween. Extending forwardly of housing section 12 is a spread
      roller housing 20. Housing 20 is pivotally coupled to an inner frame of
      the camera at hinge 22 for pivotal movement in a counterclockwise manner
      to a position wherein a film cassette may be inserted into a cassette
      receiving chamber located within housing section 12, as is well known in
      the art.
PAR  The case 10 may be made of various materials customarily used in the art of
      camera carrying cases, such as natural leather, artificial leather, and
      even plastic material, all of which are particularly well suited to carry
      out the intended function of the case. Case 10, preferably formed of
      leather, comprises a top portion 22 which is intergrally hinged at 24 to a
      bottom portion 26 at the right hand side of the case, as viewed in the
      drawings. Both top and bottom portions 22 and 26 of the case are provided
      with relatively rigid side walls 28 and 30 which are secured by stitching,
      or the like, to the flexible leather portions of the top and bottom
      portions, with the edges of side walls 28 of the top portion adapted to
      abut the edges of side walls 30 of the bottom portion 26 when the case is
      closed, as seen in FIG. 2. Additionally, the bottom portion 26 of the case
      is provided with upstanding end walls 32 at the front end of the case and
      34 at the rear of the case, which are rigidly supported in position by
      upstanding rigid portions 36 and 38 of the side walls on each side of the
      case, said rigid portions 36 and 38 extending upwardly about twice the
      height of the side walls 30 of the bottom portion to thereby abut the ends
      of side walls 28 and provide end walls that completely close off both ends
      of the case when the top portion 22 is in the position shown in FIG. 2.
PAR  At the front end of the case, flexible cover flap 40 is provided which
      forms an integral extension of the upper portion of the end wall 32 and is
      adapted to cover a major portion of the top portion 22 of the case and be
      securely held in place by suitable means, such as snap fastener elements
      42 and 44 carried by the flap and top portion, respectively.
PAR  An adjustable neck strap 46 is secured to the rear end of the case with
      each end of the strap being secured to a ring 48 securely held by a strap
      loop 50 riveted or otherwise fastened to the side wall portions 38.
PAR  In the preferred form of the invention as shown, the flap 40, the end walls
      32 and 34 and the top and bottom wall portions 22 and 26 are formed of a
      flexible leather and preferably this may be a single, integral piece of
      flexible leather. This is important since as will be explained
      hereinafter, wherever the rigid side wall support for the top or bottom
      portions is omitted or cut-away, on both sides of the case, a flexible
      integral hinge connection is formed and these hinges become very important
      in the specific functioning of the carrying case.
PAR  Both the top and bottom portions 22 and 26 have cut-out sections in their
      respective rigid side walls 28 and 30 on each side of the case to divide
      each portion into hinged sections. For example, the side wall 28 of top
      portion 22 are cut-away at 52 to form a hinged connection at 54 between
      section 56 and 58 of the top portion 22 so that the sections 56 and 58 may
      move to the position shown in FIG. 1 to accommodate housing sections 14
      and 16 of the erected camera.
PAR  The side walls 30 of the bottom portion 26 are cut-away at 60 to divide
      this portion into two sections 62 and 64 connected by an integral flexible
      hinge 66. This will permit the section 62 of the bottom portion 26
      carrying end wall 32 and cover flap 40 to swing downwardly about the hinge
      66 to open up the front end of the case for the removal and insertion of
      film cassettes into housing section 12.
PAR  Additionally, each of the side walls 30 at the end of section 64 in the
      vicinity of the cut-out 60 are provided with upstanding ears or flanges 68
      to which are pivotally mounted one end of links 70, the other end of said
      links being pivotally mounted on the side walls 28 of top section 56 near
      the forward end thereof.
PAR  By virtue of the particular construction and arrangement of elements, the
      parts of the carrying case may be completely collapsed to the position
      shown in FIG. 2 with the sectional top and bottom case portions 22 and 26
      completely encasing the collapsed camera and with the links 70 so
      positioned as to permit this movement with the links 70 nearly parallel to
      the case body.
PAR  In effect the case comprises a four section enclosure for the camera
      embodying the two upper sections 56 and 58 and the two lower sections 62
      and 64. Additionally, the case defines a four bar linkage consisting of
      the side walls 28 of sections 56 and 58, the side walls 30 of section 64
      and the links 70. This four bar linkage prevents the camera from falling
      out of the case when the sections of the case are in the positions shown
      in FIG. 1 and the camera is hanging from the user's neck.
PAR  The top portion 22 is also provided with a relatively large cut-out portion
      72 extending from the forward portion of section 56, which lies close to
      the end wall 32 when the case is closed, across the hinge 54 and well into
      section 58. This cut-out portion is generally rectangular in configuration
      and of sufficient size and dimensions to accommodate the outer cover or
      cap 74 of the viewfinder of the self-developing camera, which cap
      protrudes through the opening. Cut-out portion 72 is provided with a pair
      of outwardly extending recesses 76 and 78 which facilitate the grasping of
      cap 74 prior to erecting the camera and case 10.
PAR  The camera in folded and collapsed form is readily inserted through the
      front end of the case. The flap 40 is then pulled over the top and
      fastened in position. The flap is of sufficient length and width to fully
      cover and protect the viewfinder cap 74. The case and camera may then be
      carried by the neck strap in an inoperative and collapsed condition.
PAR  When the camera is to be used and while the case and camera are still
      supported by the neck strap, the flap 40 is unfastened and allowed to hang
      down from the front end of the case. The front end wall 32 at this point
      will still snugly fit the camera and together with a section 80 of portion
      56 which engages the left end of the cap 74 will prevent the camera from
      sliding forward and falling out of the case. The cap 74 of the viewfinder
      which protrudes through the rectangular opening 72 is then grasped at each
      side at 82 and pulled upwardly and to the rear while the camera and case
      is firmly held with the other hand. This movement of the viewfinder will
      erect the camera to its operative position and the upper portions 56 and
      58 of the case will follow the camera's movement until the parts reach the
      position shown in FIG. 1. In this opened position, the camera is securely
      held by the parts of the case and the same may still be safely hung from
      the neck.
PAR  When the camera is erected and the parts of the case moved to the position
      of FIG. 1, the front end section 62 of the bottom portion of the case will
      be allowed to pivot downwardly about the hinge 66 which will permit the
      user to have access to the spread roller housing 20 which is pivotally
      connected to the front end of the camera about hinge 22. The integral
      hinge 66 between the two bottom sections 62 and 64 is located at a point
      approximately 1/4 inch to the right of the hinge 22 of the roller housing
      20, so as to permit the roller housing 20 to be pivoted downwardly through
      approximately a 90.degree. angle in a counterclockwise direction, as
      viewed in FIG. 1, to enable a film cassette to be inserted into or removed
      from the main housing section 12 of the camera. If the hinge 66 is too
      close to the pivot point 22, or forward of it, the user will not be able
      to pivot the spread roller housing 20 properly to remove or insert film
      cassettes. Furthermore, if the hinge 66 is spaced too far to the right of
      pivot point 22, the center of gravity of the camera may be forward or to
      the left of the point at which the user's hand grasps bottom section 64,
      thereby making it uncomfortable for the user to handle.
PAR  Furthermore, the hinge 54 between top sections 56 and 58 and the links 70
      should be so designed and placed as to accommodate the pivoted parts of
      the camera body, including the erected bellows section 84 and the camera
      lens front included in housing section 18.
PAR  By virtue of the particular carrying case structure described and disclosed
      in the drawings, it will be seen that many photographic procedures and
      operations may be performed, including the changing of film cassettes or
      cleaning of the processing rollers of the camera without having to remove
      the camera from the carrying case.
PAR  Since certain changes may be made in the above-described carrying case
      without departing from the scope of the invention herein involved, it is
      intended that all matter contained in the above description, or shown in
      the accompanying drawings, shall be interpreted as illustrative and not in
      a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A carrying case of the ever-ready type for a photographic camera of the
      compact collapsible type which is extendible and erectible to a fully
      operative position in use, said carrying case comprising:
PA1  a top portion and a bottom portion transversely hinged to each other near a
      rear end of said case, said top portion including a transverse hinge
      dividing said top portion into forward and rear sections and said bottom
      portion including a transverse hinge dividing said bottom portion into
      forward and rear sections; and
PA1  means connecting a forward end of said forward section of said top portion
      to a forward end of said rear section of said bottom portion, said top
      portion being movable from a closed position with respect to said bottom
      portion to an erected position on erection of the camera to its operative
      position, with said forward and rear sections of said top portion assuming
      an inverted V-shape configuration which snugly fits and retains erected
      parts of the camera and with said connecting means adequately spacing said
      forward end of said forward top section from said lower rear sections.
NUM  2.
PAR  2. A carrying case as defined in claim 1 wherein said forward section of
      said bottom portion of said case includes an end wall and a flexible cover
      flap extending from an upper portion of said end wall.
NUM  3.
PAR  3. A carrying case as defined in claim 2 wherein said forward section of
      said bottom portion is free to pivot downwardly on erection of the camera
      to the operative position to expose a camera housing part which is
      pivotally mounted on the camera body and which can be swung downwardly to
      uncover a film cassette receiving chamber for the insertion or removal of
      a film cassette without having to remove the camera from the carrying
      case.
NUM  4.
PAR  4. A carrying case as defined in claim 3 wherein said transverse hinge of
      said bottom portion is positioned just rearwardly of the pivot point of
      the pivotally mounted camera housing part to permit the housing part to be
      pivoted downwardly a sufficient distance to uncover the film cassette
      receiving chamber without interference with said downwardly extending
      forward section of said bottom portion.
NUM  5.
PAR  5. A carrying case as defined in claim 1 wherein said top and bottom
      portions and said transverse hinged form a four section enclosure for the
      camera.
NUM  6.
PAR  6. A carrying case as defined in claim 1 wherein said top and bottom
      portions are formed with top and bottom walls of flexible material having
      relatively rigid side walls affixed thereto, said side walls including cut
      away portions in the region of said transverse hinges so that said hinges
      are formed by the flexible material of said top and bottom walls.
NUM  7.
PAR  7. A carrying case as defined in claim 1 wherein said forward and rear
      sections of said top portion include a rectangular opening extending
      across said transverse hinge of said top portion through which a portion
      of the camera protrudes and which provides access thereto when the camera
      is to be erected to operative position.
NUM  8.
PAR  8. Photographic apparatus comprising, in combination:
PA1  a photographic camera including first, second and third housing sections
      mounted for movement between a folded inoperative position and an erected
      operative position wherein said first and third housing sections define an
      acute angle therebetween; and
PA1  a carrying case including a first section adapted to receive said first
      housing section; a second section including a hinge dividing said second
      section into first and second portions with said first portion adapted to
      overlie said third housing section and said second portion adapted to
      overlie said second housing section when said camera is in said folded and
      erected positions; and
PA1  means coupling said first and second sections for movement with said first,
      second and third housing sections between said folded and erected
      positions, said coupling means including means for limiting movement of
      said first portion of said second section relative to said first section
      to a position wherein it defines an angle with said first section
      substantially equal to said acute angle.
NUM  9.
PAR  9. The combination defined in claim 8 wherein said limiting means includes
      a link extending between said coupled to said first section and one end of
      said first portion of said second section.
NUM  10.
PAR  10. The combination defined in claim 8 wherein said camera further includes
      a fourth housing section extending forwardly of said first housing section
      and means for pivotally coupling said fourth housing section to said first
      housing section, and said first section of said carrying case further
      includes a hinge dividing said first section into first and second
      portions, said hinge being located just rearwardly of said pivot means
      whereby said fourth housing section may be pivoted to a position
      permitting access to the interior of said fourth housing section.
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ABST
PAL  A camera having a device for directing additional coloured light into the
      imaging lens thereof including a light source, a concavely curved coloured
      reflector, a coloured filter, a magnifying lens and a concavely curved
      reflector, the latter being disposed in front of the imaging lens to
      direct a uniform beam of coloured light into the imaging lens.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to cameras.
PAR  2. Description of the Prior Art
PAR  My U.S. Pat. No. 3,827,071 discloses a camera having an imaging lens for
      directing light from a scene to be recorded onto a light sensitive film
      within the camera, a housing disposed in front of the imaging lens and
      having an opening to permit light from the field of vision of the lens to
      reach the lens, an electric light source disposed in the housing outside
      of the field of vision of the lens, a transparent reflector mounted in the
      housing in a position in front of the lens such that light from the light
      source is reflected by the reflector through the lens while light from the
      scene being photographed passes through the reflector to the lens and a
      coloured filter between said light source and reflector to colour the
      light directed onto the reflector.
PAR  The reflector is a sheet of plate glass mounted obliquely to the path of
      light from the field of vision into the lens to reflect light from said
      source into the lens. With this arrangement the filter may have to be of
      substantial size particularly for wide angle lenses and it is an object of
      the present invention to provide an arrangement in which smaller filters
      can  be used thus keeping the dimensions of the housing as compact as
      possible.
PAC  SUMMARY OF THE INVENTION
PAR  A camera having an imaging lens for directing light from a scene to be
      recorded onto a light sensitive film within the camera, a housing disposed
      in front of the imaging lens and having an opening to permit light from
      the field of vision of the lens to reach the lens, an electric light
      source disposed in the housing outside of the field of vision of the lens,
      a transparent reflector mounted in the housing in a position in front of
      the lens such that light from the source is reflected by the reflector
      through the lens while the light from the scene being photographed passes
      through the reflector to the lens and at least one coloured filter
      disposed between the light source and reflector to colour the light
      directed thereto, wherein the improvement comprises forming the reflector
      from a curved transparent sheet having a concave reflector surface facing
      the filter and imaging lens to direct light from the former into the
      latter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a device for mounting on the front of a camera;
PAR  FIG. 2 is a side view of a lamp housing of the device;
PAR  FIG. 3 is a plan view of the lamp housing; and
PAR  FIG. 4 is a similar view to FIG. 1 showing a modified construction of the
      device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring firstly to FIG. 1 of the drawings there is shown a device for
      mounting on the front of a camera comprising a hood like housing 10 formed
      with mounting bosses 11 (only one of which can be seen) for securing the
      housing to the camera body 6. The rear wall of the housing 10 has an
      aperture 12 intended to register with the main lens aperture 7 of the
      camera to which the housing is secured. A lamp housing 13 is hinged at 14
      to the top of the housing 10 at the front thereof and contains a 1,250
      watt lamp 15. A control (not shown) is provided for adjusting the power
      supplied to the lamp. The detailed construction of the lamp housing will
      be described later.
PAR  The top wall of the housing 10 extends downwardly from the forward end
      thereof at an angle of 22.degree. as indicated at 16 and the rearward part
      of the top wall is smoothly curved as indicated at 17 to meet the back
      wall of the housing. Channels 18 extend along either side of the top wall
      following the contour of the wall in which a reflector card 19 of a
      selected colour is supported.
PAR  The card thereby has a flat part nearest lamp 15 and lying obliquely to the
      light path from the lamp and a concavely curved part extending downwardly
      therefrom which together reflect downwardly from the lamp a coloured beam
      of light which is concentrated towards the rear of the housing for a
      purpose described below.
PAR  Above the aperture 12 in the rear wall of the housing holders 20 for
      coloured filters 21 are mounted on the walls of the housing. The filters
      further colour the light reflected downwardly from the coloured card 19.
PAR  A parallel sided reflector 22 formed from clear acrylic plastics which is
      curved in one plane only extends obliquely down the housing. The upper end
      of the reflector 22 engages in a recess 23 in the underside of the
      lowermost filter holder 20 at the end thereof adjacent to front of the
      housing and the lower end of the reflector 22 is received in a channel 24
      secured to the bottom wall of the housing adjacent the aperture 12. The
      concave reflector surface of the reflector is directed both towards the
      filters 21 and the aperture 12 so that light transmitted by the filters is
      directed by the reflector into the aperture 12. The convex surface of the
      reflector 22 is directed toward the field of vision of the aperture 12 and
      the reflector is optically perfect so that no distortion of the light
      transmitted by the reflector 22 from the field of vision into the aperture
      12 occurs. Thus a coloured light determined by the colour of the card 19
      and the filters 21 and of an intensity determined by the power supplied to
      the lamp 15 is directed into the camera aperture to supplement the light
      received from the field of vision. The colour and intensity of the light
      are determined in a similar manner to that described in U.S. Pat. No.
      3,827,071.
PAR  The curved reflector 22 permits relatively short filters 21 to be used for
      directing light into the camera lens even for wide angle lenses compared
      with the flat glass filter described in U.S. Pat. No. 3,827,07l. The
      concentration of light from the reflector 19 towards the rear of the
      housing results in a greater illumination of the filters 21 adjacent the
      rear of the housing than adjacent the front of the housing. This
      compensates for the reduction in illumination at the reflector adjacent
      the rear of the housing because of the greater distance of the filter from
      the reflector adjacent the rear of the housing compared with the front of
      the housing. As a result the light beam entering the aperture of the
      camera is of uniform concentration across the aperture.
PAR  The lamp housing 13 is shown in greater detail in FIGS. 2 and 3 to which
      reference will now be made. The housing 13 is open along its upper and
      lower faces and fins 25 extend along the upper and lower faces of the
      housing to assist in dissipating heat from the housing. The fins 25 are
      secured to flanges 26 extending along the upper and lower side walls of
      the housing by lugs 27 formed at both ends of each fin.
PAR  The side edges of the front of the housing 10 have hinged flaps 28 which
      are intended to prevent extraneous light reaching the reflector 22. The
      flaps can be opened or closed as desired.
PAR  FIG. 4 shows a modification to the device of FIGS. 1 to 3 in which a
      rectangular "Fresnel" type lens 30 is located immediately below the
      filters 21. The lens 30 directs a magnified image of a central portion of
      the coloured card reflector 19 onto the reflector 22 to be directed into
      the camera aperture thereby eliminating the side edges of the card
      reflector 19 from the image directed into the camera aperture. The Fresnel
      lens 30 has a ridged surface and if the ridges of the surface can be seen
      in the image directed into the camera aperture, these are suppressed by a
      translucent screen 31 located immediately below the lens 30. In an
      alternative construction to the above, the Fresnel lens may be replaced by
      a conventional magnifying lens which may be located above or below the
      filters 21.
PAR  In a further modification a light meter may be mounted externally of the
      housing 10 with a photoelectric call of the meter located within the
      housing on the front or bottom wall thereof to face the reflector 22
      without being visible in the camera aperture. The meter thus measures the
      light directed from the reflector 22 into the camera aperture so that the
      power supplied to the lamp 15 can be adjusted in accordance with the level
      of light of the scene being photographed.
PAR  In a still further modification applicable to any of the above
      constructions, the reflector 22 of the device may be curved in two
      mutually perpendicular planes so that the width of the filters can also be
      reduced, enabling the housing 10 to be reduced in size.
CLMS
STM  I claim:
NUM  1.
PAR  1. A camera having an imaging lens for directing light from a scene to be
      recorded onto a light sensitive film within the camera, a housing disposed
      in front of the imaging lens and having an opening to permit light from
      the field of vision of the lens to reach the lens, an electric light
      source disposed in the housing outside of the field of vision of the lens,
      a transparent reflector mounted in the housing in a position in front of
      the lens such that light from the source is reflected by the reflector
      through the lens while the light from the scene being photographed passes
      through the reflector to the lens and at least one coloured filter
      disposed between the light source and reflector to colour the light
      directed thereto, wherein the improvement comprises a reflector formed
      from a curved transparent sheet having a concave reflector surface facing
      the filter and imaging lens to direct light from the former into the
      latter and wherein the reflector is formed from clear acrylic plastic.
NUM  2.
PAR  2. A camera as claimed in claim 1 wherein reflector is curved in one plane
      only.
NUM  3.
PAR  3. A camera as claimed in claim 1 wherein the reflector is curved in two
      mutually normal planes.
NUM  4.
PAR  4. A camera having an imaging lens for directing light from a scene to be
      recorded onto a light sensitive film within the camera, a housing disposed
      in front of the imaging lens and having an opening to permit light from
      the field of vision of the lens to reach the lens, an electric light
      source disposed in the housing outside of the field of vision of the lens,
      a transparent reflector mounted in the housing in a position in front of
      the lens such that light from the source is reflected by the reflector
      through the lens while the light from the scene being photographed passes
      through the reflector to the lens and at least one coloured filter
      disposed between the light source and reflector to colour the light
      directed thereto, wherein the improvement comprises a reflector formed
      from a curved transparent sheet having a concave reflector surface facing
      the filter and imaging lens to direct light from the former into the
      latter and wherein the curved reflector lies obliquely to the camera lens,
      one end of the reflector being closer to the lens than the other end, the
      filter extends between said other end of the reflector and a location
      adjacent one side of the lens, and further including a coloured light
      reflector spaced from the filter on the opposite side of the filter to the
      transparent light reflector, the coloured light reflector having a flat
      portion extending parallel to the filter and a concavely curved portion
      which converges toward the filter at the end of the filter adjacent the
      lens so that light from said light source is directed onto the colored
      reflector for reflection through the filter and subsequent reflection by
      the transparent reflector into the camera lens.
NUM  5.
PAR  5. A camera as claimed in claim 4 wherein a magnifying lens is provided
      between the coloured reflector and the transparent reflector.
NUM  6.
PAR  6. A camera as claimed in claim 5 wherein the magnifying lens is a Fresnel
      type lens.
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ABST
PAL  A lithographic plate processing system includes apparatus for applying
      developer to the exposed surface of a lithographic plate, apparatus for
      spreading the developer uniformly over the exposed surface, a developer
      apparatus, apparatus for washing excess developer from the plate, and
      apparatus for applying gum arabic to the exposed surface of the plate, and
      may include apparatus for drying the plate. The developer spreader
      apparatus comprises a plurality of rectangularly shaped developer members
      mounted on a subframe for rotation about axes extending perpendicular to
      the exposed surface of the lithographic plate and positioned to rotate in
      overlapping circles. The subframe also supports a common drive apparatus
      for simultaneously rotating all of the developer members. Structure is
      provided for concurrently oscillating the plate and the developer members
      supported thereby along a path extending transversely to the direction of
      movement of the lithographic plate, thereby assuring that the developer is
      distributed uniformly over the entire exposed surface of the plate. The
      developer members may comprise either sponges or brushes mounted for
      engagement with the exposed surface of the lithographic plate.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  In the lithographic printing process, a lithographic plate comprising an
      aluminum sheet is initially coated with a photosensitive layer. A negative
      is applied over the photosensitive layer, after which the lithographic
      plate having the negative applied thereto is exposed to high intensity
      light. The negative is then removed, and the plate is fed into a
      lithographic plate processor.
PAR  In the processor, developer is initially applied to the exposed surface of
      the plate and is then spread across the entire exposed surface. A
      developer apparatus then distributes the developer on the exposed surface.
      Next, the exposed surface is washed to remove excess developer. A layer of
      gum arabic is then applied to the exposed surface, after which the
      lithographic plate may be dried.
PAR  Following the processing operation, the lithographic plate is ready for use
      in a conventional lithographic press to effect printing. In the press, ink
      is applied to the plate by means of a roller. The plate is then utilized
      to print on a blanket, which is in turn used to print a plurality of
      sheets formed from paper or other material in the conventional manner.
PAR  The present invention relates to an improved developer apparatus for
      lithographic plate processors, and more particularly to a developer
      apparatus which simulates the results obtained by means of manual
      developing techniques. It has heretofore been known to utilize in a
      lithographic plate processor a developer apparatus comprising a large
      sponge which is moved laterally as the lithographic plate passes
      thereunder. Such a device does not achieve satisfactorily uniform
      developing over the exposed surface of the plate, which in turn results in
      poor quality lithographic prints. Thus, a need exists for an improved
      developer apparatus for use in lithographic plate processors, and in
      particular for a developer apparatus capable of duplicating the results
      heretofore obtainable only by means of manual developing.
PAR  In accordance with the broader aspects of the invention, a developer
      apparatus for use in lithographic plate processors comprises a plurality
      of developer members positioned for engagement with the exposed surface of
      a lithographic plate. Structure is provided for rotating the developer
      members about spaced axes each extending substantially perpendicularly to
      the plane of the exposed surface of the plate. Simultaneously with such
      rotation, all of the developer members are oscillated relative to the path
      of movement of the lithographic plate, thereby developing the exposed
      surface of the plate in a substantially more uniform satisfactory manner
      than has been possible to achieve heretofore other than manually.
PAR  In accordance with more specific aspects of the invention, the developer
      members comprise rectangularly shaped members and are mounted for rotation
      about overlapping circles. In one embodiment of the invention the
      developer members comprise sponges formed from nylon or the like and
      mounted for engagement with the exposed surface of the lithographic plate.
      In accordance with another embodiment of the invention the developer
      members comprise brushes formed from nylon or the like and positioned for
      engagement with the exposed surface of the lithographic plate.
PAR  In accordance with still other aspects of the invention, the developer
      members are rotatably supported on a subframe. The subframe also supports
      a drive mechanism which functions to simultaneously rotate all of the
      developer spreader members. Structure is provided for oscillating the
      subframe in a direction extending substantially transversely to the
      direction of lithographic plate movement concurrently with the rotation of
      the developer members. By means of the simultaneous rotation and
      oscillation of the developer members, the present invention functions to
      develop the exposed surface of a lithographic plate in a highly uniform
      and superior manner.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention may be had by reference to
      the following detailed description when taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of a photographic plate processor utilizing a
      developer apparatus incorporating the present invention;
PAR  FIG. 2 is a side view of a developer apparatus incorporating the invention;
      and
PAR  FIG. 3 is a bottom view of the developer apparatus of FIG. 2 and further
      illustrating a second embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, and particularly to FIG. 1 thereof, there is
      shown a lithographic plate processor 10 utilizing a developer apparatus 12
      incorporating the present invention. The processor 10 includes a frame 14
      serving as a support for the various operating instrumentalities of the
      processor. The frame 14 also serves as a housing which encloses the
      various drive motors, pumps, and other devices which are utilized to
      effect operation of the processor. The frame 14 further also encloses
      control circuitry which functions to regulate the operation of the
      processor.
PAR  Exposed lithographic plates are received in the processor 10 on a support
      surface 16 of the frame 14 at the left-hand end thereof (FIG. 1). Upon
      entering the processor 10, the plate actuates a microswitch 18 which
      initiates the processing cycle. The plate then passes between a pair of
      drive rollers 20 which function to propel the lithographic plate along the
      initial portion of a predetermined path extending through the processor
      10.
PAR  The plate then passes through a developer applying apparatus 22. The
      apparatus 22 receives developer from a reservoir thereof under the action
      of a variable speed pump. The pump supplies developer to the apparatus 22
      through a conduit 24 and a plurality of discharge outlets 26. The
      apparatus 22 functions to apply the developer to the exposed surface of
      the lithographic plate in exactly the quantity required in order to
      completely cover the exposed surface of the plate without waste.
PAR  After passing through the developer applying apparatus 22, the lithographic
      plate passes under a first oscillating bar 28. The oscillating bar
      functions to spread the developer evenly over the entire exposed surface
      of the plate. The lithographic plate then passes through the developer
      apparatus 12 of the present invention. As will become more apparent
      hereinafter, the developer apparatus 12 functions in the manner of manual
      developing techniques to achieve a superior and uniform developing result.
PAR  The lithographic plate then moves between a pair of drive rollers 30 which
      function to propel the plate through the intermediate portion of the
      predetermined path through the processor 10. The plate then passes through
      a washing apparatus 32 which directs water onto the exposed surface of the
      lithographic plate to remove excess developer therefrom. The plate then
      passes under a second oscillating bar 34 which functions to scrub the
      plate to assure thorough cleaning thereof. The second oscillating bar 34
      may comprise a sponge for scrubbing the exposed surface of the
      lithographic plate, and the washing apparatus 32 may comprise structure
      for directing water through the sponge of the second oscillating bar 34.
      Other washing and scrubbing apparatus may also be utilized in the
      processor 10, if desired.
PAR  The lithographic plate next engages a microswitch 36 which activates the
      gum arabic applying cycle of the lithographic plate processor 10. The
      plate passes between a pair of drive rollers 38 which propel the plate
      through the final portion of the predetermined path through the processor
      10. The plate then passes beneath a gum arabic applying apparatus 40.
PAR  The gum arabic applying apparatus 40 receives gum arabic from a reservoir
      thereof under the action of a variable speed pump. Gum arabic from the
      pump passes through a conduit 42 having a plurality of discharge outlets
      44. The apparatus 40 functions to apply gum arabic to the exposed surface
      of the lithographic plate in exactly the quantity required to cover the
      entire exposed surface of the plate without waste.
PAR  Having passed under the gum arabic applying apparatus 40, the lithographic
      plate passes beneath a third oscillating bar 48 which functions to spread
      the gum arabic uniformly over the entire exposed surface of the
      lithographic plate. The plate then passes through a pair of relatively
      large diameter squeegee rollers 50 which function to remove excess gum
      arabic.
PAR  Having passed through the squeegee rollers 50, the lithographic plate may
      be directed through a dryer 52, in which event the plate is delivered from
      the processor 10 in a ready-to-use condition. The dryer 52 is optional,
      and if it is used in conjunction with the processor 10, it is mounted on
      the frame 14 thereof. In any event the lithographic plate is received from
      the processor 10 on a receiving tray 54 from which it may be removed for
      use in conventional lithographic printing operations.
PAR  The construction and operation of the developer apparatus 12 of the
      lithographic plate processor 10 will be better understood by reference to
      FIGS. 2 and 3. The developer apparatus 12 comprises a plurality of
      developer members 60 which are supported on a subframe 62 for rotation
      about spaced, parallel axes 64. The axes 64 extend substantially
      perpendicularly to the plane of the exposed surface of an exposed
      lithographic plate LP supported on the surface 16 of the frame 14 and
      passing through the processor 10 under the action of the drive rollers
      thereof.
PAR  Referring to FIG. 3, the axes of rotation 64 of the developer members 60
      are located at spaced points along a line 66 extending substantially
      transversely to the direction of movement of a lithographic plate through
      the processor 10. The developer members 60 are preferably rectangularly
      shaped, and the positioning of the axes 64 relative to the dimensions of
      the developer members 60 is such that the developer members define
      overlapping circles during the rotation thereof. The developer members 60
      rotate in the directions indicated by the arrows 68 in FIG. 3, with three
      of the developer members rotating counterclockwise and two of the
      developer members rotating clockwise (FIG. 3). It will of course be
      understood that the developer apparatus 12 may employ any convenient
      number of developer members 60 and is not restricted to any particular
      number.
PAR  In the operation of the developer 12, the developer members 60 are
      simultaneously rotated in the directions indicated by the arrows 68.
      Concurrently with such rotation, the developer members 60 are oscillated
      back and forth along the line 66 in the manner indicated by the arrows 70.
      Oscillation of the developer members 60 is effected by oscillating the
      subframe 62 which supports the developer members 60. For example, the
      subframe 62 may be oscillated by means of a rotating cam 72 and a spring
      74 in the manner illustrated in FIG. 3. Other apparatus for oscillating
      the subframe 62 and the developer members 60 carried thereby will readily
      suggest itself to those skilled in the art.
PAR  Referring again to FIG. 3, the subframe 62 supports a drive motor 76 which
      functions to simultaneously rotate all of the developer members 60. The
      drive motor 76 is coupled directly to the right-hand (FIG. 2) developer
      members 60, and is operatively connected to the remaining developer
      members 60 by means of gears 78 contained within the subframe 62. Again,
      other apparatus for concurrently rotating the developer members 60 under
      the action of the drive motor 76 will readily suggest themselves to those
      skilled in the art.
PAR  FIG. 3 further illustrates two alternative embodiments of the invention. In
      accordance with one embodiment, the developer members 60 of the developer
      apparatus 12 may comprise sponges 80 formed from nylon or similar
      materials. In accordance with another embodiment of the invention, the
      developer members 60 comprise brushes 82 formed from nylon or similar
      materials. The choice of the materials utilized in fabricating the sponges
      80 or the brushes 82 of the developer members 60 is not critical to the
      practice of the invention, so long as the material is sufficiently
      wear-resistant to permit long term usage of the developer members 60.
PAR  The developer apparatus 12 of the present invention has been found to
      provide more uniform and superior distribution and working of the
      developer that is applied to the exposed surface of a lithographic plate
      than is possible with prior developer apparatus. These superior results
      are due in large part to the fact that the developer apparatus 12 employs
      developer members which are simultaneously rotated and oscillated relative
      to the path of movement of the lithographic plate. This action simulates
      the motions which are utilized in the hand developing of a lithographic
      plate, whereby the developer apparatus 12 of the present invention
      achieves developing results more nearly comparable with those heretofore
      obtainable only by means of hand developing techniques.
PAR  From the foregoing, it will be understood that the present invention
      comprises substantial improvements in the art of developer apparatus for
      lithographic plate processors. Perhaps the most important advantage
      deriving from the use of the invention relates to the fact that by means
      thereof it is possible to achieve superior developing of a lithographic
      plate which simulates the results heretofore only obtainable manually.
      Another advantage in the use of the invention involves the fact that
      developer apparatus constructed in accordance therewith are comprised of a
      relatively small number of easily manufactured parts and are therefore
      economical to manufacture and use. Still another advantage to the use of
      the invention involves the fact that developer apparatus constructed in
      accordance therewith are adapted for long term, substantially
      maintenance-free usage.
PAR  Although particular embodiments of the invention have been illustrated in
      the accompanying drawings and described in the foregoing detailed
      description, it will be understood that the invention is not limited to
      the embodiments disclosed, but is capable of numerous rearrangements,
      modifications, and substitutions of parts and elements without departing
      from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lithographic plate processing system comprising:
PA1  means for moving an exposed lithographic plate having at least a
      predetermined width along a predetermined path at a predetermined rate;
PA1  means positioned on the path for applying developer to the exposed surface
      of the lithographic plate;
PA1  means positioned on the path for uniformly developing the entire exposed
      surface of the plate;
PA1  said developing means comprising:
PA2  a plurality of rectangularly shaped developer spreading members positioned
      at spaced points along a line extending subtantially transversely to the
      direction of movement of the lithographic plate along the predetermined
      path, each said spreading member mounted for engagement with the exposed
      surface of the lithographic plate, the line of developer spreading members
      extending completely across the processor, and having a width at least
      equal to said predetermined width;
PA2  means for rotating the developer spreading members about spaced apart axes
      each extending substantially perpendicularly to the plane of the exposed
      surface of the lithographic plate;
PA2  each of said spreading members extending in both directions from its axis
      of rotation more than half the distance between adjacent axes so that the
      paths of rotation of adjacent developer spreading members overlap one
      another, thereby applying developer uniformly to the entire surface of the
      plate exposed to the line of said developer spreading members; and
PA2  means for simultaneously oscillating all of the rotating developer
      spreading members along a line extending substantially transversely to the
      direction of movement of the lithographic plate;
PA1  the rate of said oscillation being wholly independent of the rate of
      movement of the lithographic plate along said predetermined path;
PA1  means positioned on the path of movement of the lithographic plate for
      washing the exposed surface of the plate to remove excess developer
      therefrom; and
PA1  means positioned on the path of movement of the lithographic plate for
      applying gum arabic to the exposed surface thereof.
NUM  2.
PAR  2. The lithographic plate processing system according to claim 1 wherein
      the developer spreading members are mounted about the spaced apart axes
      such that upon rotation said members describe overlapping circles.
NUM  3.
PAR  3. The lithographic plate processing system according to claim 2 wherein
      the developer spreading members comprise sponges positioned for engagement
      with the exposed surface of the lithographic plate.
NUM  4.
PAR  4. The lithographic plate processing system according to claim 2 wherein
      the developer spreading members comprise brushes positioned for engagement
      with the exposed surface of the lithographic plate.
NUM  5.
PAR  5. For use in a lithographic plate processing system, a developer apparatus
      comprising:
PA1  a plurality of rectangularly shaped developer spreading members mounted
      along a predetermined line and all positioned for engagement with the
      exposed surface of a lithographic plate traveling through the apparatus at
      a predetermined speed;
PA1  said line of developer spreading members extending across the entire width
      of said apparatus;
PA1  means for simultaneously rotating all of the developer spreading members
      around a plurality of axes positioned at spaced points along a
      predetermined line and each extending substantially perpendicularly to the
      plane of the exposed surface of the lithographic plate each of said
      developer spreading members extending in both directions from its axes of
      rotation more than half the distance between adjacent axes so that the
      paths of rotation of adjacent developer spreading members overlap one
      another, thereby extending in a continuous line predetermined to be longer
      than the width of the plate; and
PA1  means for simultaneously oscillating all of the rotating developer
      spreading members along the predetermined line wherein the frequency of
      oscillation is independent of the speed at which the plate travels through
      the developer apparatus.
NUM  6.
PAR  6. The developer apparatus according to claim 5 wherein the oscillating
      means functions to oscillate the developer spreading members in a
      direction extending transversely to the direction of movement of the
      lithographic plate.
NUM  7.
PAR  7. The developer apparatus according to claim 5 wherein the developer
      spreading members comprise sponges mounted for engagement with the exposed
      surface of the lithographic plate.
NUM  8.
PAR  8. The developer apparatus according to claim 5 wherein the developer
      spreading members comprise brushes mounted for engagement with the exposed
      surface of the lithographic plate.
NUM  9.
PAR  9. The developer apparatus according to claim 5 further characterized by:
PA1  a frame;
PA1  means for rotatably supporting all of the developer spreading members on
      the frame;
PA1  a common drive system mounted on the frame for simultaneously rotating all
      of the developer spreading members; and
PA1  means for oscillating the frame along the predetermined line and thereby
      simultaneously oscillating all of the rotating developer spreading
      members.
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ABST
PAL  An apparatus for the liquid processing or development of a latent image on
      a photographic or electrostatic material utilizes a single liquid, usually
      referred to as a monobath, for developing the latent photographic image or
      a liquid developer, which comprises a liquid carrier and toner particles,
      for developing the latent electrostatic image.
PAL  The apparatus comprises two members between which the material is clamped
      during the development process. The first member which is fixed, has an
      open-end chamber that is interconnected to two sources of air under
      pressure and to a reservoir for at least one processing fluid. This
      chamber is also provided with two concentrically arranged sealing means
      for retaining the processing fluid in proper relation to the image area
      being developed when the material is clamped between the two members. The
      second member also has an open-end chamber which is enclosed by a
      transparent support and is movable relative to the first member for
      clamping the material therebetween via the sealing means. After the
      processing fluid has been introduced for developing the latent image, two
      air flows of different duration are then introduced into the chamber of
      the first member. The one flow of air removes and squeegies any remaining
      fluid within the confines of the inner sealing means off the surface of
      the material and carries it away in a mist or in a finely atomized
      condition. The other flow, which is of shorter duration, breaks the inner
      sealing means in order to remove any residual fluid that may have
      accumulated at its sealing position relative to the material. The
      apparatus is therefore intended primarily for a cycle of operation with
      respect to a strip or sheet of material that is moved intermittently
      rather than continuously relative to the apparatus.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to apparatus for the development of a latent
      electrostatic or photographic image and, more particularly, to an
      apparatus or device for the liquid development of the discrete latent
      images arranged in adjacent relation on a photosensitive support or film.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is well known to apply a liquid composition to a surface of a
      photosensitive material for developing the latent image thereon. Such a
      latent image can be one formed on a photosensitive material of the
      electrostatic or photographic type. In either case, the latent image is
      developed by applying the developing liquid or liquids to the surface
      bearing the latent image. In various types of apparatus known in the prior
      art, the image-wise exposed material is clamped in position relative to a
      processing or developing head and a single or a number of liquids are then
      applied sequentially to the surface bearing the latent image. Such
      processing or developing of a latent image can also include in its cycle
      of operation, the application to the image area of air for drying the
      previously applied fluid, or a liquid which will displace the processing
      solutions because of its repellent characteristics.
PAR  In many of the developing devices disclosed in the prior art, an attempt is
      made to use a minimum amount of processing solution. Accordingly, the
      spacing between the surface bearing the latent image and the facing
      surface of the device is of a very small dimension. With such a small
      space adjacent the image-bearing surface, it is not always possible to
      obtain a maximum or optimum development of the latent image because the
      strength of the processing or developing liquid is diluted as it moves
      across the image area. In addition, because of the small amount of
      processing liquid that might be used, the processing device per se is
      designed so that there is very little, if any, need to seal the adjoining
      image areas from that being developed or processed. Another need that
      becomes necessary with the utilization of a very small space between the
      image-bearing surface and that of the device facing this surface is the
      requirement that the area of material being developed be maintained as
      flat as possible in order that the processing liquids can pass thereover
      in a relatively thin and even film. Hence, it is required that the area of
      material be held against a backing plate, preferably by means of a vacuum,
      whether the processing is one for photographic material or for
      electrostatic material.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the invention is to provide apparatus for the liquid
      processing of an electrostatic or photographic material having successive
      images on a strip of such material, each of the images being individually
      and successively processed with an identical processing cycle.
PAR  Another object of the invention is to provide apparatus for the liquid
      processing of an electrostatic or photographic material having a latent
      image to be developed in which the image area is surrounded at its
      peripheral edge with a seal that contains the processing liquid which is
      applied to the image area under differential pressure.
PAR  Still another object of the invention is to provide apparatus for the
      liquid processing of an electrostatic or photographic latent image in
      which the seal surrounding the image area can be made more efficient with
      an increase in pressure, thereby limiting the size of the meniscus of
      liquid at the seal.
PAR  Yet another object of the invention is to provide apparatus for the liquid
      processing of an electrostatic or photographic latent image in which the
      image area is enclosed with a double seal which permits the removal of any
      liquid with air under pressure by deflecting or incapacitating the inner
      seal during at least a part of the drying portion of the processing cycle.
PAR  These and other objects and advantages of the invention will be apparent to
      those skilled in the art by the description of the apparatus which is set
      forth in detail hereinafter.
PAR  The above objects and advantages are attained by an apparatus for the
      liquid processing or development of a latent image on an electrostatic or
      photographic material. A single liquid, usually referred to as a monobath,
      can be used to develop the latent image on a photographic material,
      whereas a liquid developer which comprises a liquid carrier and toner
      particles can be used to develop a latent electrostatic image. On the
      other hand, developer and fixer solutions, as well as water, or various
      processing gases can be introduced sequentially into the apparatus to
      develop a photographic latent image in a well known manner. The terms
      "process," "develop," "processing," "developing," etc., are therefor
      considered to be synonomous as used throughout the specification and
      claims. In the same manner, "photosensitive material" is meant to include
      electrostatic as well as photographic material in either the transparent
      (e.g. film) or opaque (e.g. paper) form. The term "processing fluid" is
      meant to include liquid or gaseous processing materials, as well as air
      which is used as a drying medium.
PAR  The apparatus comprises a first member having an open-end chamber that is
      interconnected to a reservoir for at least one processing fluid and is
      provided with sealing means for retaining the processing liquid in proper
      relation to the image area being developed. The sealing means comprises at
      least one peripheral member that engages the latent image-bearing surface
      when the material is arranged in the processing apparatus. A second member
      having an open-end chamber and a transparent support which encloses the
      open end is movable relative to the first member for clamping the
      photosensitive material therebetween via the sealing means. Suitable means
      is interconnected to the second member for moving the latter into a
      material clamping position relative to the first member. In one
      embodiment, a sealing means comprises at least one extending lip having a
      cross section including an arcuate portion that intersects a planar
      surface for engaging and compressing the photosensitive material
      immediately adjacent the image area, the profile being such as to limit
      the meniscus of processing fluid at the intersection. The sealing means in
      another embodiment can comprise a pair of similar, flexible, extending
      lips arranged in spaced relation one within the other for engaging the
      material adjacent the image area. In this latter arrangement, the first
      member is provided with suitable ducts so the processing liquid is
      directed as a flow over the material or, more specifically, over the image
      area and within the confines of the inner lip. After the processing liquid
      has been applied for developing the latent image, air under pressure can
      be directed into the chamber between the confines of the pair of lips
      surrounding the image area. When the air is so applied, the effective seal
      of the outer lip with respect to the material is increased in that it is
      urged into more intimate contact with the surface of the material and, at
      the same time, the inner lip is disengaged from the material, whereby the
      flow of air moves over the entire image area and discharges through the
      duct or ducts through which the processing liquid had been previously
      introduced. The application of air under pressure removes any residual
      liquid that may have accumulated at the edge of the extending lip or the
      inner sealing lip. When the resilient lips are utilized, such residual
      processing liquid is completely removed and, in effect, the air also
      squeegies any remaining liquid off the surface of the material and carries
      it away through the ducts in a mist or in a finely atomized condition. The
      apparatus is therefore intended primarily for a cycle of operation with
      respect to a strip or sheet of material having at least one latent image
      thereon and that can be moved intermittently rather than continuously
      relative to the apparatus.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical section through the apparatus comprising the invention
      showing the pair of flexible lips forming the sealing means and the
      relation of such lips to the latent image area on the photosensitive
      material being processed;
PAR  FIG. 2 is a vertical section through the apparatus and is similar to FIG. 1
      showing particularly the position assumed by the inner sealing lip when
      air under pressure is applied to the apparatus;
PAR  FIG. 3 is a perspective view showing particularly the bottom surface of the
      first member and the concentric sealing lips;
PAR  FIG. 4 is a vertical section through the apparatus and is similar to FIG. 1
      showing a single sealing lip for retaining the processing liquid and the
      relation of such lip to the photosensitive material;
PAR  FIGS. 5 and 6 are enlarged detailed views of the sealing means shown in
      FIG. 4 showing the manner in which the lip compresses the photosensitive
      material to provide an effective operative seal for the processing liquid;
PAR  FIG. 7 is a schematic view showing the manner in which the members of the
      apparatus are moved relative to one another during the cycle of operation;
      and
PAR  FIGS. 8A and 8B are a schematic view of a plurality of cams and of a
      related timing chart for the cams, respectively, to provide a processing
      cycle of operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With particular reference to FIGS. 1 and 7, the processing apparatus,
      designated generally by the numeral 10, comprises a fixed member 11 and a
      movable member 12, the latter being actuated into a position to clamp the
      photosensitive material 13 between the members 11 and 12 by a cam-actuated
      mechanism designated generally by the numeral 14. The cam mechanism 14,
      see FIG. 8A, comprises a shaft 15 which carries a cam 16, the shaft being
      driven by a suitable motor drive not shown. The member 12 carries a rod 17
      which has a follower 18 for engaging the peripheral surface of the cam 16.
      The member 12 is mounted in suitable guides 19 and the follower 18 is
      maintained in contact with cam 16 by suitable resilient means, such as
      springs 20. Since the member 11 is fixed, the member 12 is normally urged
      toward the shaft 15 by the springs 20, so that movement of the member 12
      into a position for clamping material 13 is contrary to the force exerted
      on this same member by the springs 20. Hence, the movement of member 12 is
      maintained in one direction by the cam 16 and by the springs 20 in the
      opposite direction.
PAR  The photosensitive material 13 comprises a transparent support 22 and a
      light-responsive layer 23 which can be a photoconductive or an emulsion
      layer. The layer 23 has been exposed to provide a plurality of latent
      images which are arranged successively in the longitudinal direction of a
      strip or in an X-Y format on a sheet. Such an exposed material can be
      processed in a well known manner with a liquid developer, such as toner
      for an electrostatic image or a monobath or a developer solution, a hypo
      solution, and finally washing with water for a photographic image. From
      the description which follows it will be evident to those skilled in the
      art that the apparatus disclosed herein would not be satisfactory for
      processing a web of material that is moved continuously through the
      processing apparatus. Rather, the processing apparatus disclosed herein is
      one in which the individual latent image areas are successively processed
      or developed with intermittent movement of the material. At this point, it
      should be recognized that while the disclosure of the invention is made
      with respect to processing of a latent electrostatic image, the same could
      be used in processing a latent photographic image with the conventional
      liquid developers known and used in this art. Again, the actual process or
      development would be on the basis of individual image areas and with
      intermittent movement of the material.
PAR  The fixed member 11 can comprise a number of elements so formed and
      assembled as to provide a processing head to fulfill the conditions and
      mode of operation set forth hereinafter. More specifically, the member 11
      is provided with an open end 25 which forms a number of chambers as
      described hereinafter. The open end 25 is connected by suitable ducts 26
      and 27 to entry and discharge conduits 28 and 29, respectively. From FIG.
      1 it will be noted that the ducts 26 and 27 terminate in the open end 25.
      However, the surface 30 is spaced from the surface 31 of the member 11
      which contacts the image-bearing surface layer 23 of the material 13 in
      the clamping position. The member 11 is provided with a recess 32 which
      surrounds the surface 30 and into which a resilient sealing member 33 is
      arranged. The cross section of sealing member 33 is generally as shown in
      FIG. 1 and can have any predetermined peripheral shape which conforms
      generally to that of the image area; that is, the sealing member 33 can be
      square, rectangular, circular or any other shape in accordance with the
      shape of the image area that is to be processed, see FIG. 3. The sealing
      member 33 comprises a mounting portion 34 having an extension 35 that
      terminates in a lip 36 which engages the peripheral edge of the image
      area. The lip 36 also serves to engage the surface of the layer 23 so the
      sealing member 33, effectively, forms with the surface 30 of member 11, a
      chamber 37 into which the processing liquid can be introduced in a manner
      to be described hereinafter.
PAR  The member 11 is also provided with a second recess 40 for retaining a
      second resilient sealing member 41 which is substantially of the same
      cross section as the sealing member 33 but somewhat larger in size, see
      FIG. 3. The sealing member 41 also comprises a mounting portion 42 having
      an extension 43 and a lip 44 which also contacts the surface of the layer
      23. It will be noted that since the sealing members 33 and 41 are arranged
      one within the other, a second chamber 45 is formed by these two members.
      The chamber 45 is interconnected to a conduit 46 by a plurality of ducts
      47 that intersect a passageway 48 that is formed in the member 11 and
      interconnected to the conduit 46 via the opening 49.
PAR  With reference to FIG. 1, the member 12 has secured thereto the rod or
      extension 17 which engages the cam 16 via the follower 18. The member 12
      is provided with a recess 51 in which a heater member 52 and a transparent
      plate 53 are mounted and each of which engages the facing surface 54 of
      the support 22. The heater member 52 is provided with a duct 55 through
      which hot air can be circulated or in which a heating element or coil can
      be arranged. The heat transferred to the member 52 is conducted to the
      support 22 by the portion 56 in contact therewith and also to the
      transparent plate 53, the surface 57 of which also engages surface 54 of
      the support 22. Immediately below the recess 51 for the heater member 52
      is a smaller recess 58 in which a flashlamp 59 is arranged between a
      reflector 60 and the transparent plate 53. At this time, it should be
      pointed out that the relative positions of the members 11 and 12 and of
      the material 13 are generally as shown in FIG. 1; that is, the material 13
      is maintained in a generally vertical plane so that in one direction the
      force of gravity can be utilized to assist the required displacement of
      fluid.
PAR  With respect to FIG. 4, another embodiment of the invention is shown in
      which a fixed member 65 is provided with an open-end chamber 66 that is
      provided with an extending peripheral lip 67. The chamber 66 is
      interconnected by a number of ducts 68 to conduits 69 and 70. The lip 67
      conforms generally in its inner peripheral dimensions to that of the
      latent image area on the material 13. With reference to FIGS. 5 and 6, it
      will be noted that the lip 67 is formed with a particular cross-sectional
      shape in order to provide a maximum seal with respect to the layer 23. The
      lip 67 is formed with an engaging surface 71 and a rearward extending
      relief surface 72. The internal portion of the lip, as indicated at 73, is
      curved to provide means for directing a smooth flow of liquid or air into
      the chamber 66 and over the image surface. It will be noted that the
      intersection or junction of the surfaces 71 and 73 provides a relatively
      sharp nose 74 that effectively limits the size of the processing fluid
      meniscus. As a result, the flow of air or processing fluid is such that a
      minimum of turbulence is obtained and with the air flow any liquid that
      might accumulate at the junction of the nose 74 with the layer 23 is
      effectively removed. With particular reference to FIG. 6, it will be noted
      that the surface 71 tends to compress the layer 23, as well as layer 22
      immediately thereunder, at the marginal portion of the layer immediately
      surrounding the image area, thereby obtaining a maximum seal for both
      processing fluid and air.
PAR  A movable member 75 is also associated with the fixed member 65 and
      comprises a heater member 76 similar to member 52, a transparent member
      77, a flashlamp 78 and a reflector 79. In this embodiment, the heater
      member 76 is provided with a spherical seat 80 which conforms to the
      spherical surface 81 of the transparent member 77. In this particular
      case, the size of the transparent member 77 must be larger than the image
      area being developed. It will be readily understood that with surface 81
      and the fact that the transparent member 77 merely rests on the spherical
      surface 80, the transparent member 77 can be moved or tilted so as to
      compensate for any pressure inequality that might be exerted by the lip 67
      against the material 13. In other words, the transparent member 77 is free
      to rock and to adjust so that the pressure exerted by the surface 71 of
      the lip 67 is generally uniform around the peripheral area of the image
      area, thereby providing a complete and maximum seal when the surface 82 is
      brought into contact with surface 54.
PAR  As pointed out hereinabove, the processing apparatus can be utilized for
      the processing or developing of either an electrostatic or photographic
      latent image. However, the apparatus that has been described is used
      primarily for the development of an electrostatic image. Normally, the
      apparatus is associated with peripheral apparatus which provides the
      plurality of exposed areas on the material 13. These latent images are
      arranged in successive areas on a strip of material or in an X-Y direction
      on a sheet of material. In either case, the image area is separated from
      the adjacent area or areas, so as to provide a peripheral area in which
      the sealing means can engage the material without endangering or injuring
      any part of the latent image area per se. Consequently, the strip or sheet
      of material is positioned relative to the fixed or movable member 11 or 12
      and the movable member 12 is then moved into a position in which the image
      area is surrounded by the lips 36, 44 or the lip 67 and clamped in a
      sealed relationship.
PAR  With reference to FIGS. 8A and 8B, there is disclosed means for controlling
      a cycle of operation with respect to and for the invention described
      hereinabove. The cam mechanism 14 comprises additional cams 85, 86 and 87
      which are mounted with cam 16 on shaft 15. The cams are angularly oriented
      in accordance with the timing chart shown in FIG. 8B. As described above,
      cam 16 controls the clamping of the material 13 between the fixed and
      movable members 11 and 12 or 65 and 75. Cams 85, 86 and 87 are associated,
      respectively, with control of the period of liquid flow, of air flow and
      of air pulse. This control can be through the medium of actuating
      respective micro switches associated with appropriate circuitry for
      controlling valves 88 and 89 which are two-way valves and valve 90. As
      will be apparent from the description which follows, cam 87 and valve 90
      are not used with the embodiment disclosed in FIG. 4.
PAR  With respect to the embodiments shown in FIGS. 1 and 4, the material 13 is
      positioned between the movable and fixed members 11, 12 or 65, 75 with the
      image aligned with the lips 36, 44 or 67. Hot air is continuously supplied
      via conduit 95 and duct 96 to duct 55. The heat transferred to heater
      member 52 or 76 is conducted to support 22 and layer 23 via surface 57 or
      82 which is in contact with surface 54 when material 13 is clamped between
      surface 57 or 82 and the lips 36, 44 or 67. After the material 13 has been
      clamped with the image area properly oriented, the processing procedure is
      then commenced.
PAR  With particular reference to the embodiment shown in FIG. 1, cam 85 will
      open valves 88 and 89 via appropriate circuitry not shown, thereby
      permitting the processing liquid to move from a suitable reservoir 91
      through the valve 88 and to the apparatus via conduit 29 or 70. The liquid
      is introduced at a controlled velocity to limit turbulence at the surface
      of the layer 23. The liquid rises vertically in the chamber 37 and forces
      ahead of it any air or other gas that might be in the chamber and ducts.
      The liquid moves through the duct 26, the conduit 28, the valve 89 and
      into discharge conduit 92. As a result, the liquid moves over the image
      area in a direction that is generally the reverse of that found in the
      prior art. It is conceivable that a first liquid can be introduced into
      the chamber 37 for the purpose of conditioning the image surface in
      preparation for the processing liquid that follows. After the image has
      been developed by the movement of the processing liquid over the image
      surface, as determined by cam 85, the liquid is then cut off and valves 88
      and 89 return to their normal state. At this point, cam 86 actuates valve
      93 to an open position by means of appropriate circuitry, thereby
      permitting air under pressure from source 94 to be introduced into the
      conduit 28. The air flows over the image surface that was developed in a
      direction opposite to that of the flow of the processing liquid; namely,
      in a downward vertical direction. At the same time, any excess liquid that
      may have adhered to the image area or any of the surfaces within the
      member 11 will be removed by the air via duct 27 and exhausted via conduit
      29, valve 88 and conduit 97. If air, or another gas under pressure, is not
      used, a vacuum can be applied via conduit 97, valve 88 and conduit 29 to
      effect the same result so that the flow of any liquid within the member 11
      will still be in the same downward direction. With either the air, gas
      under pressure, or a vacuum, the flow is in a downward direction over the
      film surface, as shown in FIGS. 1 and 4 and will dry the developed image
      area. The heat supplied by member 52 is conducted through plate 53 to
      material 13 and serves to not only maintain the liquid at its required
      temperature but also to facilitate the drying operation.
PAR  While the drying process is continuing, cam 87 causes valve 90 to be
      actuated to an open position at a relative time as shown in FIG. 8B. Air
      under pressure from a source 98 is then introduced via conduit 46 into the
      chamber 45 formed by the sealing members 33 and 41. With the introduction
      of such air under pressure, the member 33 is moved so its lip 36 is raised
      or lifted from the surface of the material, see FIG. 2. The flow of air
      will then dislodge any residual liquid that may be trapped or held by
      virtue of the lip 36 being in contact with the material. A pressure
      differential between the chamber 37 and chamber 45 is necessary in order
      to force the lip 36 away from the surface of layer 23. Such a pressure
      differential also acts as an air knife and eliminates the making of edge
      markings on the image that are prevalent in similar types of processing
      apparatus.
PAR  The air that is introduced via duct 46 is preferably warmed in order to
      provide a maximum drying effect and at the same time the heating member 52
      continues to supply heat to the transparent plate 53. As a result, the
      application of heat to both sides of the material aids in drying the
      developed image surface in a shorter period of time. Just prior to
      completion of the drying operation, the flash tube 59 is triggered and the
      energy from the flash plasma passes through the transparent plate 53 and
      the support 22 to the image area in layer 23. This additional heat tends
      to further set or harden the image on the surface of the material, which
      is usually required of a toner developed electrostatic image. At the
      conclusion of the cycle, the member 12 is withdrawn and the material 13 is
      then advanced or moved to position another image area relative to the
      sealing members 33 and 41.
PAR  A cycle of operation, with respect to the embodiment disclosed in FIG. 4,
      is substantially the same as that with respect to the embodiment shown in
      FIG. 1. The exception, of course, is the application of the air or gas to
      the chamber 45 which is lacking in the embodiment shown in FIG. 4. Aside
      from this difference, the cycle is substantially the same. With the
      application of warm air to the layer 23, the heating member 76 also
      conducts heat to the material 13 through the transparent member 77 which
      is also in conducting relation with the support 22. Also, the triggering
      of the flash tube 78 occurs in the same way and at the same relative time
      as described above with respect to FIG. 1.
PAR  The ducts or flow passages 26, 27 and 68 are generally shaped as shown in
      FIGS. 1, 2 and 3 to reduce and control the liquid and air flow velocity,
      pattern and turbulence upon introduction into the chamber 37 or 66. With
      such control it is also possible to prevent flow streaks on the developed
      image. While materials other than metal might be used for the members 11,
      12 or 65, 75 metal is considered to be preferable inasmuch as it offers
      rigidity as well as good heat conductivity. Colorless, commercial sapphire
      is considered to be a preferred material for the transparent plate member
      53 or 77 because of its relatively good thermal conductivity and its broad
      spectral transmission characteristics. However, in some instances it may
      be desirable that the plate member 53 or 77 be opaque rather than
      transparent, in which case any material having high thermal conductivity
      properties can be used.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for the fluid processing of a photosensitive material
      comprising a support and at least one photosensitive layer bearing a
      latent image area of a predetermined size and shape, the combination
      comprising:
PA1  a first member having an open-end chamber of a size and shape larger than
      the latent image area, at least one duct having an entry into the open-end
      chamber outwardly of an area of the open-end chamber generally equivalent
      to that of the latent image area for interconnecting the open-end chamber
      to a first source of air under pressure, at least one inlet and at least
      one outlet interconnecting the open-end chamber within the area to a
      second source of air under pressure and to at least one source of
      processing fluid;
PA1  sealing means arranged within the open-end chamber comprising a pair of
      similar flexible, extending members arranged in spaced and coaxial
      relation with one another, the outermost member being of a size larger
      than the latent image area and arranged outwardly of the duct entry for
      engaging the photosensitive layer when the material is arranged with
      respect thereto, and the innermost member being of a size for engaging the
      photosensitive layer immediately adjacent the latent image area and
      arranged between the duct entry and the inlet and the outlet for confining
      the processing fluid to the latent image area;
PA1  a second member movable relative to the first member for clamping the
      material therebetween with the latent image area generally aligned with
      the sealing means;
PA1  means interconnected to the second member for moving the latter into a
      material clamping position relative to the first member; and
PA1  control means associated with the, first and second sources of air and with
      the source of processing fluids and operable when the first and second
      members are in the material clamping position, for introducing a flow of
      the processing fluid and a first flow of air from the second source
      through the open-end chamber and over the latent image area within the
      confines of the innermost member, and a second flow of air from the first
      source between the outermost and innermost members to increase the
      effective seal of the outermost member with the material and at the same
      time to disengage the innermost member from the material, whereby the
      second flow of air removes any accumulation of the processing fluid at the
      effective seal of the innermost member.
NUM  2.
PAR  2. The apparatus in accordance with claim 1 wherein the processing fluid
      comprises a flow of at least one liquid developer and the first and second
      flows of air are in a direction opposite to that of the flow of the
      developer.
NUM  3.
PAR  3. The apparatus in accordance with claim 2 wherein the control means
      cycles the first and second flows of air subsequent to the flow of the
      liquid developer, the flows of air being in the same direction with the
      second flow of air being of shorter duration than that of the first flow
      of air and introduced during the time of the first flow of air.
NUM  4.
PAR  4. The apparatus in accordance with claim 1 wherein the second member is
      provided with an open-end chamber enclosed by a transparent support and
      including means associated with the second member for continuously heating
      the same and the transparent support, whereby heat is conducted by the
      transparent support to the material when the latter is clamped between the
      first and second members.
NUM  5.
PAR  5. The apparatus in accordance with claim 4 including means arranged within
      the open-end chamber of the second member and responsive to the control
      means for initiating a second source of heat for the transparent support
      that augments the first-mentioned heating means for fixing and/or drying
      the developed image.
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ABST
PAL  A method and structure are provided for the simplified batch fabrication of
      Gallium Arsenide-Aluminum Gallium Arsenide lightemitting diodes. A high
      aluminum content AlGaAs layer is formed on the GaAs substrate layer to
      provide an etch resistant mask, and an etchant is employed which
      preferentially etches the GaAs. This permits simultaneous etching of the
      substrate to form a plurality of like devices on a common semiconductor
      wafer in a repeatable low-cost batch process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention concerns a novel method and structure for batch
      processing of GaAs-AlGaAs light-emitting diodes.
PAR  2. Description of the Prior Art
PAR  Light-emitting diodes having a GaAs-AlGaAs double heterostructure, such as
      described in an article by C. A. Burrus in Proceedings of the IEEE, Feb.
      1972, pages 231-232, are known to make efficient light sources for optical
      communications systems. In the conventional fabrication of these devices,
      the diodes are partially processed on a common wafer, which is cut into
      individual dice for mounting and further fabrication. The step of etching
      the light-emitting "well" in the substrate is generally performed on an
      individual basis which must be carefully controlled and visually observed.
      Attempts to electrolytically etch several diodes at once on a common wafer
      have not been successful since short-circuits frequently occur across one
      diode which destroys the usefulness of the entire wafer. A recent process
      has been found which now permits a controlled preferential etching of a
      layer of GaAs material on a layer of AlGaAs which resists the etching.
      This is described in a co-pending U.S. application, Ser. No. 381,962 filed
      July 23, 1973 and assigned to the same assignee as the instant
      application.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the primary object of the present invention to provide a
      simplified reliable method and structure for fabricating GaAs-AlGaAs
      light-emitting diodes which permits batch processing and etching of a
      plurality of diodes on a common wafer.
PAR  This is achieved by the inclusion of the diode of a high aluminum
      concentration AlGaAs layer over the GaAs substrate to provide an etch
      resistant mask for a preferential etch which substantially etches only the
      GaAs. The remaining layers may be successively formed in accordance with
      the known techniques. All of the light-emitting well holes in a plurality
      of diodes on a common wafer can then be etched in the substrate
      simultaneously in a repeatable low-cost batch process.
DRWD
PAR  Other objects and advantages will become apparent from the following
      description in cnjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a partial section of a GaAs-AlGaAs double heterostructure
      light-emitting diode which is modified in accordance with the present
      invention, and
PAR  FIGS. 2a-2f show a partial section and the steps in the process of forming
      a variation of the novel light-emitting diode.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1, a GaAs-AlGaAs double heterostructure light-emitting
      diode includes a first n-type GaAs substrate 10, on which are normally
      grown four successive liquid phase epitaxial layers 12, 14, 16, and 18,
      respectively of n-AlGaAs, p-AlGaAs, p-AlGaAs and p-GaAs. Layers 12 and 14
      form a p-n junction region 20, with central area 22 in layer 14 providing
      the primary light-emitting area. The layers are formed one over the other
      in one run by use of standard diffusion techniques and a known horizontal
      sliding boat apparatus containing four melts.
PAR  A silicon oxide layer 23 is deposited over the last GaAs layer 18. Layer 23
      is then masked, a contact hole 24 is formed in the oxide layer and the
      wafer is provided with metallized contact layers 26, 28 on the two
      opposite sides. The wafer is then usually scribed or cut into dice with
      the contact hole 24 aligned at the center. The dice are bonded to headers
      and a wire is bonded to the top. Lastly; a well hole is masked on the
      metal surface 28 and separately etched with a standard etchant for each
      diode to form the light-emitting well 30. Optical fiber 32 is then
      embedded in an epoxy resin 34 to complete the assembly. Typical thickness
      dimensions have been about 35 - 40 microns for GaAs substrate layer 10, 10
      .mu.m for AlGaAs layer 12, 1 .mu.m for AlGaAs layer 14, 0.5 .mu.m for
      AlGaAs layer 16 and 0.5 .mu.m for GaAs layer 18. Layer 12 of AlGaAs
      normally has a concentration of aluminum of 15 to 30 percent, which is
      expressed in the formula: Al.sub.x Ga.sub.1.sub.-x As, where x is 0.15 to
      0.30.
PAR  In the present method, the wafer is formed with a higher Al concentration
      in the AlGaAs layer grown on the substrate layer 10. Layer 12 preferably
      now has an Al concentration of from 50 to 100 percent and a
      correspondingly lower gallium content than the usual layer. This would be
      expressed in the above formula Al.sub.x Ga.sub.1.sub.-x As, where x is
      from about 0.5 to 1. The concentration of aluminum is thus about three
      times that of the usual AlGaAs layer. The high Al content layer serves as
      an etch resistant masking layer which permits a preferential etchant that
      as a mixture of hydrogen peroxide (H.sub.2 O.sub.2) and ammonium hydroxide
      (NH.sub.4 OH), as described in the above mentioned prior application, to
      etch GaAs substrate layer 10 while the high Al content AlGaAs layer
      resists this etching.
PAR  In the variation shown in FIGS. 2a-2f, an additional high Al concentration
      (50 to 100 percent) layer 36 may be grown on substrate layer 10 before the
      low Al concentration (15 to 30 percent) layer 12. Where two such AlGaAs
      layers 36, 12 are used, layer 12 would be about 1 - 5 microns and layer 36
      about 10 microns in thickness. For a single high Al concentration layer
      12, such as in FIG. 1, the thickness would be about 10 - 20 microns.
PAR  The remaining layers 14, 16 and 18 are thereafter successively deposited as
      in FIGS. 1 and 2a, with like dimensions. FIG. 2b indicates the deposition
      of silicon oxide layer 23 which is masked and etched in the standard
      manner. This is metallized with metal contact layer 26, as in FIG. 2c, and
      another metal contact layer 28 is applied on the other side, as in FIG.
      2d. Layer 28 and layer 10 are then masked and etched as in FIG. 2e. A
      commercially available etchant first etches the metal layer and the
      preferential etchant H.sub.2 O.sub.2 --NH.sub.4 OH etches layer 10 down to
      the boundary with layer 36 which substantially resists the etching. Thus,
      a well hole 30 of about 150 .mu.m diameter is formed in layer 28. A shown
      in FIG. 2f, the preferential etchant may have some slight effect on the
      AlGaAs layer 36. However, since the AlGaAs layer is transparent at the
      operating wavelength of the diode, slight etching of this layer is not
      critical. All of the diodes formed on a common wafer can thus now have
      well 30 etched simultaneously by batch fabrication in a repeatable
      low-cost process rather than requiring individual processing.
PAR  While only two embodiments have been illustrated and described, it is to be
      understood that other variations may be made in the particular
      configuration and method without departing from the scope of the invention
      as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gallium arsenide-aluminum gallium arsenide light-emitting diode
      comprising,
PA1  a GaAs substrate layer of a first conductivity type, said GaAs layer being
      capable of being etched by a given etchant,
PA1  a first AlGaAs layer of said first conductivity type on said substrate
      layer, said first AlGaAs layer having a sufficiently high concentration of
      aluminum so that said first AlGaAs layer is resistant to etching by said
      given etchant,
PA1  a first AlGaAs layer of a second conductivity type over said first AlGaAs
      layer of said first type,
PA1  a second AlGaAs layer of said second conductivity type on said first AlGaAs
      layer of said second type, and
PA1  a GaAs layer of said second conductivity type on said second AlGaAs layer
      of said second type.
NUM  2.
PAR  2. The device of claim 1 wherein said first AlGaAs layer of said first type
      includes an aluminum concentration according to the formula Al.sub.x
      Ga.sub.1.sub.-x As where x is in the range of from 0.5 to 1.0.
NUM  3.
PAR  3. The device of claim 2 wherein said etchant includes a mixture of
      hydrogen peroxide and ammonium hydroxide.
NUM  4.
PAR  4. The device of claim 2 including a junction of opposite conductivity
      types between said first AlGaAs layer of said second type and said first
      AlGaAs layer of said first type, a silicon oxide layer having a contact
      hole on said GaAs layer of said second type, a first metallic contact
      layer on said silicon oxide layer, a second metallic contact layer on the
      opposite side of said GaAs substrate layer, and a light emittng well hole
      in said second metallic contact layer and in said GaAs substrate layer.
NUM  5.
PAR  5. The device of claim 2 wherein said first AlGaAs layer of said first type
      includes a second AlGaAs layer of said first type of a lower aluminum
      concentration on said first AlGaAs layer of high aluminum, said first
      AlGaAs layer of said second type forming a junction of opposite
      conductivity types with said second AlGaAs layer of said first type.
NUM  6.
PAR  6. A method of making gallium arsenide-aluminum gallium arsenide
      light-emitting diodes comprising the steps of:
PA1  forming a first GaAlAs layer of a fist conductivity type on a substrate
      layer of GaAs of a first conductivity type, said GaAs layer being capable
      of being etched by a given etchant, said first AlGaAs layer having a
      sufficiently high concentration of aluminum so that said first AlGaAs
      layer is resistant to etching by said given etchant, forming a first
      AlGaAs layer of a second conductivity type over said first AlGaAs layer of
      said first type,
PA1  forming a second AlGaAs layer of said second conductivity type on said
      first AlGaAs layer of said second type,
PA1  forming a GaAs layer of a second conductivity type on said second AlGaAs
      layer of said second type,
PA1  forming a silicon oxide layer on said GaAs layer of said second type,
PA1  forming a contact hole in said silicon oxide layer,
PA1  forming metallic contact layers respectively on said silicon oxide layer
      and on the opposite surface of said substrate layer of GaAs,
PA1  masking and etching a hole in said metal layer on said opposite surface,
      and
PA1  etching a hole in said substrate layer with an etchant which preferentially
      etches GaAs but substantially does not etch said high aluminum
      concentration AlGaAs layer.
NUM  7.
PAR  7. The method of claim 6 wherein said first AlGaAs layer of said first type
      includes an aluminum concentration according to the formula Al.sub.x
      Ga.sub.1.sub.-x As where x is in the range of from 0.5 to 1.0.
NUM  8.
PAR  8. The method of claim 7 wherein said preferential etchant includes a
      mixture of hydrogen peroxide and ammonium hydroxide.
NUM  9.
PAR  9. The method of claim 7 wherein a second AlGaAs layer of said first type
      of a lower aluminum concentration is formed on said first AlGaAs layer of
      said first type, said first AlGaAs layer of said second type being formed
      on said second AlGaAs layer of said first type and forming a junction of
      opposite conductivity types therewith.
NUM  10.
PAR  10. The method of claim 7 wherein said first AlGaAs layer of said first
      type and said first AlGaAs layer of said second type form a junction of
      opposite conductivity types.
NUM  11.
PAR  11. The method of claim 7 wherein a plurality of like holes are etched in
      said metal layer on said opposite surface and in said substrate layer in
      simultaneous etching steps to form a plurality of said diodes on a common
      wafer.
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PAL  A space-charge-limited integrated circuit structure featuring optimized
      geometry to allow maximum packing density of the transistors in a
      semiconductor substrate.
PAL  The widths of any two isolated regions of the same conductivity type are
      established in relation to the width of the region separating the isolated
      regions. The width of the region which separates two isolated regions
      having the same conductivity type as the high resistivity substrate must
      be greater than 0.75 times the width of either of the isolated regions.
      Conversely, the width of the region which separates the isolated regions
      having the opposite conductivity type to the substrate must be greater
      than 0.25 times the width of either of the isolated regions.
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PAC  CROSS-REFERENCE TO A RELATED APPLICATION
PAR  This application is related to copending application, Ser. No. 209,233, now
      U.S. Pat. No. 3,840,886 filed Dec. 17, 1971, in the names of Kanu Ashar et
      al for "Microampere Space-Charge-Limited Transistor," and assigned to the
      same assignee as the present application.
PAR  This application is also related to copending application, Ser. No.
      428,165, now U.S. Pat. No. 3,855,609 filed Dec. 26, 1973, in the names of
      I. E. Magdo et al, for "Space-Charge-Limited Transistor Having Recessed
      Dielectric Isolation," also assigned to the present assignee.
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to space-charge-limited transistor integrated
      circuits. More particularly, it relates to optimizing the geometrical
      design of such transistors when fabricated within semiconductor
      substrates.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The above-referenced application by Ashar et al describes the basic
      space-charge-limited transistor, which essentially comprises a pair of
      lateral transistors formed in overlying relationship in a high resistivity
      substrate. The lower transistor is the lateral space-charge-limited
      transistor while the upper transistor is a parasitic lateral bipolar
      transistor. At zero base-emitter bias, both transistors are cut off. As
      the base-emitter junction becomes increasingly forward-biased,
      space-charge-limited current is initiated first in the lower transistor.
      As the forward bias increases to higher values, bipolar transistor action
      is also initiated in the upper transistor.
PAR  As discussed in the aforementioned Magdo et al. copending patent
      application, Ser. No. 428,165, complementary space-charge-limited (SCL)
      transistors are very attractive for large-scale integration. They can be
      fabricated with a minimum of processing steps, resulting in a consequent
      high yield; and they consume low power, resulting in the possibility of a
      high packing density within the semiconductor substrate.
PAR  The SCL integrated circuit comprises separated regions of opposite
      conductivity type diffused into a high resistivity substrate of one
      conductivity type, e.g. N-, the resistivity being greater than 10,000
      ohm-cm. The regions of said one conductivity type, e.g., N regions,
      preferably have a higher doping level and larger diffusion depth than the
      P regions. The N regions form the emitters and collectors of the NPN and
      the base of the PNP transistors; the P regions form the emitters and
      collectors of the PNP and the base of the NPN transistors. The N+ regions
      are separated laterally and isolated thereby from each other electrically
      by surrounding P regions and vice versa. Both the N+ and P regions are
      separated vertically and thus isolated from each other by the high
      resistivity substrate. This high resistivity isolation afforded by the
      substrate is significantly different from the conventional junction
      isolation of prior art transistors. The dielectric relaxation time in the
      regions of the high resistivity substrate between regions of the same
      conductivity type is much larger than the carrier transit time.
PAR  In the design of integrated circuits with SCL transistors, it is very
      important to reduce the separation between two isolated regions of the
      same impurity type for two reasons.
PAR  First, the smaller the separation between two isolated regions, e.g.
      collectors, the closer two adjacent transistors can be moved to each
      other, thus increasing packing density.
PAR  Second, because the emitter and collector of an individual transistor are
      isolated from each other in the same way as to adjacent collectors of two
      transistors, the minimum separation between two insolated regions also
      determines the minimum base width of the transistor. From the integrated
      circuit point of view, the base width should be as small as possible to
      increase circuit performance.
PAR  My first experimental results with integrated circuits using SCL
      transistors revealed that the leakage current became excessive and
      sometimes uncontrollable if the separation between two isolated regions of
      the same impurity type was reduced to about 5 micrometers (.mu.m) or
      below. Also, if a sharp corner were present in the horizontal geometry of
      at least one of the two isolated regions, the leakage current could become
      excessive even if the separation were larger than 5 .mu.m. This minimum
      separation between isolated regions would, of course, impose a severe
      limitation of the use of SCL transistors in integrated circuits. For
      example, it is now possible to obtain line widths of around 2.5 .mu.m by
      photolithographic processing; and the advent of electron beam techniques
      portend line widths of below 1 .mu.m.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of my invention to increase the packing density
      and performance of space-charge-limited transistors which may be
      fabricated within a semiconductor substrate.
PAR  I have determined experimentally and theoretically the isolated model of
      SCL transistor integrated circuits and have been able to reduce the
      minimum separation between two isolated regions. The isolation is entirely
      different from the junction isolated found in transistors formed in lower
      resistivity substances. Close to the surface of the substrate, both N and
      P regions are isolated from each other laterally with junction isolation
      employing metallurgical junctions. Deep in the substrate, the isolation is
      achieved with electrical junctions which join the metallurgical junctions
      in the vertical direction. The electrical junctions are created in the
      high resistivity substrate by the hole and electron clouds diffused
      respectively from the P and N+ type impurity regions above. I have found
      that high resistivity vertical channels, separated by electrical
      junctions, are formed in the substrate below the different type of
      impurity regions. The resulting isolation resistance is an order of
      magnitude higher than that resulting from the spreading resistance of the
      high resistivity substrate, typically 30K ohm-cm. Test data taken from
      actual SCL devices verify the isolated model. The typical isolation
      resistance between adjacent collectors is 200 - 300 .times. 10.sup.6 ohms.
PAR  As a result, I have been able to scale down the size of SCL integrated
      circuits substantially. For example, based on the present state of the art
      of photolithography, both the separation betweeen adjacent transistors, as
      well as the base widths of the transistors, can be reduced to about 0.1
      mil (2.5 .mu.m). The minimum device areas of NPN and a PNP transistor,
      assuming a N-substrate, is 0.9 mil.sup.2 (570.mu.m.sup.2) and 1.43
      mil.sup.2 (900.mu.m.sup.2), respectively.
PAR  The minimum isolation distance between any highly doped N+ regions,
      assuming a N-substrate, is related to the size of said regions by the
      following formula:
EQU  dP/dN .gtoreq. 0.75                                        (1)
PAL  where
PA1  dP is defined as the lateral width of the P region between the highly doped
      N+ regions; and
PA1  dN is the lateral width of the highly doped regions themselves.
PAR  In addition, the minimum isolation width of the N+ region between any P
      regions is given by the formula:
EQU  dN/dP .gtoreq. 0.25                                        (2)
PAR  combining formulas (1) and (2) =
EQU  0.75 .ltoreq.dP/dN .ltoreq.4.0                             (3)
PAR  in a practical integrated SCL transistor structure, formulas (1) and (2)
      serve to specify the isolation distance between transistors as well as the
      isolation between the emitter and collector of an individual transistor.
PAR  Devices complementary to those described herein are also achievable upon
      the substitution of P- substrate for the indicated N= substrate, together
      with a reversal of the operating potentials.
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PAR  FIG. 1 illustrates a general model of my invention.
PAR  FIG. 2 is an equivalent circuit for the isolation between the N and P
      pockets of FIG. 1.
PAR  FIGS. 3a and 3b illustrate a portion of an SCL integrated circuit.
PAR  FIG. 4 illustrates the breakdown for adjacent N+ regions if the distance
      between them is too close.
PAR  FIG. 5 illustrates the effect of reducing the width of the N+ regions to
      avoid breakdown.
PAR  FIG. 6 is a graph of leakage current verses the ratio dP/dN for two values
      of dP.
PAR  FIG. 7 shows an NPN transistor in accordance with my invention for reducing
      flux fringing effects.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a general model of my invention where N+ type regions
      are separated by P type regions and vice versa. Thus, N+ regions 2 and 4
      are separated by P region 6; and P regions 12 and 14 are separated by N+
      region 16.
PAR  As described in copending application, Ser. No. 209,233, the SCL transistor
      features an N type substrate 20 having a resistivity greater than 10,000
      ohm-cm into which the active regions described above are diffused. The N+
      regions 2, 4 and 16 have a higher doping level and larger diffusion depth
      than P regions 6, 12 and 14. The N+ regions are separated laterally and
      isolated from one another electrically by the surrounding P regions;
      conversely, the P regions are separated laterally by the surrounding N+
      regions. Both N+ and P regions are separated vertically and are isolated
      from each other by high resistivity substrate 20.
PAR  As described in copending application, Ser. No. 209,233, the N+ pockets
      form horizontal high-low junctions 22 with substrate 20 (N.sub.H
      /N.sub.L). The high-doped side has a positively charged, partically
      depleted region (not shown). Electrons diffuse from this region to the
      low-doped side to form an electron cloud. The depth of the cloud is about
      3 .times. L.sub.DE ' where L.sub.DE is the extrinsic Debye length of the
      low-doped side. This depth is practically independent of the doping level
      of the high-doped side. The edge of the electron cloud is defined as that
      location with a diffused electron density of 10% above the impurity atom
      density. The density of the electron cloud decreases very rapidly with
      distance away from the high-low junction as decribed in copending
      application, Ser. No. 428,165. At a distance of about 0.5L.sub.DE, the
      free electron density is only an order of magnitude higher than its
      thermal equilibrium value. This distance is defined as the effective
      depth, L.sub.eff, of the electron cloud.
PAR  The P pockets form horizontal, asymmetric P/N.sub.L junctions 24 with the
      substrate. The P sides of these junctions have negatively charged,
      partically depleted, regions (not shown). On the N.sub.L side is a
      diffused hole cloud 25. This is followed by a positively charged,
      partially depleted region 28. The electrical junction 26 is formed where n
      = p = n.sub.i.
PAR  In actual devices fabricated in accordance with the present invention, the
      displacement of electrical junction 26 from junction 24 is about 1.5
      L.sub.DE, or 13 microns for a 30K.OMEGA. cm substrate. This displacement
      is dependent in a practical sense only upon the doping level of N-
      substrate 20, assuming that the doping level ratio P/N.sub.L is greater
      that 10.sup.5. The depth of depleted region 28 below hole cloud 225 is
      about 70 .mu.m from the metallurgical P-N.sub.L junction 24 at zero volts
      bias. The density of the hole cloud decreases very rapidly with distance
      away from the metallurgical junction as described in the copending
      application, Ser. No. 428,165. At a distance of about 0.5 L.sub.DE, the
      free hole density drops down to the impurity atom density of the
      substrate. This distance is defined as the effective depth, L.sub.eff, of
      the hole cloud.
PAR  Both the conduction and valence bands in the electron-depleted
      (hole-diffused) regions 28 and electron-deffused regions 29 shift toward
      the P and N levels, respectively. Thus, vertical conductive channels,
      horizontally separated by a potential step, form below both the N+ and P
      portions of the substrate. If a small forward bias voltage is applied
      either between separated N+ regions 2 and 4 or P regions 12 and 14,
      leakage current path is confined to the conductive channels 29 and 28 and
      spreads out in N- substrate 20. This current is denoted in FIG. 1 as ohmic
      current. In addition, with increasing voltage, an increasing amount of
      space-charge-limited current (SCL) flows across the depleted regions
      between the channels. The current is denoted as SCL current in FIG. 1 and
      is negligible.
PAR  The channel isolation structure just described appears only if the
      substrate conductivity type is the same as the conductivity type of the
      highly doped and deeply diffused regions; in the preferred embodiment
      these are N type. Alternatively, substrate 20 could be P- and the highly
      doped, deeply diffused regions could be P+. However, if the conductivity
      were P- and the highly doped deeply diffused regions remained as N+,
      depleted regions in substrate 20 form beneath the N+ regions. In this
      case, the depleted regions would join each other because the N+ regions
      are deeper than the P diffusions, thus causing the channels to disappear
      and making the isolation resistance equal to the spreading resistance. I
      have constructed this type of device and have found it to be useless for
      the purposes of the present invention.
PAR  The equivalent circuit I have developed for isolation between N and P
      pockets as shown in FIG. 2, where the SCL current is neglected. In this
      case the isolation resistance between any two N or P pockets is
EQU  R.sub.is = 2R.sub.ch + R.sub.sp                            (4)
PAL  where R.sub.ch is the channel resistance and R.sub.sp is the spreading
      resistance.
PAR  The channel resistance is given by the formula:
EQU  R.sub.ch = .rho. L/A                                       (5)
PAL  where .rho. is the resistivity of substrate 20, L is the channel length and
      A is the cross-sectional area of the channel in the horizontal plane (.pi.
      r.sub.o.sup.2).
PAR  The spreading resistance is given by the formula:
EQU  R.sub.sp = .rho. / 2r.sub.o                                (6)
PAL  where r.sub.o is the channel radius shown, by way of example, for regions 2
      and 14 in FIG. 1.
PAR  Formula (4) is valid only if dP &gt; r.sub.o. If dP, for instance, were
      reduced to r.sub.o (dP = r.sub.o),R.sub.sp would be reduced by 50 per
      cent. In this case, if R.sub.sp were the dominant term in equation (2),
      pockets 2 and 4 could not be closer than about 2.r.sub.o. Because r.sub.o
      is typically around 0.5 mil, the minimum separation, dP, between pockets
      of like conductivity type would be 1 mil (25.mu.m). Clearly, high packing
      densities would be impossible.
PAR  On the other hand, R.sub.ch is independent of the separation dP as long as
      channels 29 and 28 do not break down. (Channel breakdown can be prevented,
      as will be discussed in a later section of the specification.) Moreover,
      for substrate resistivities of 10K.OMEGA.-cm or higher, the R.sub.ch term
      is dominant and is about one order of magnitude or more higher than
      R.sub.sp. Thus the R.sub.sp term in equation (2) can be neglected and the
      separation between SCL transistors can be reduced well below 1 mil.
PAR  For example, assume that pockets 2 and 4 have an area, A, of 2 .times.
      10.sup.6 cm.sup.2 (r.sub.o 8 .times. 10.sup.-.sup.4 cm) and the substrate
      resistivity, .rho. = 30K .OMEGA. -cm. Then, the depletion region depth, L,
      is 70 .times. 10.sup.-.sup.4 cm. Substituting these values into equations
      (3) and (4): R.sub.ch =  10.5 .times. 10.sup.7 .OMEGA. and R.sub.sp =
      18.8 .times.  10.sup.6 .OMEGA.; and R.sub.is = 22.9 .times. 10.sup.7
      .OMEGA.. Test data on actual devices verify these calculations, with
      R.sub.is having values between 200 and 300 .times. 10.sup.6 .OMEGA..
PAR  FIGS. 3A and 3B show a portion of a SCL integrated circuit comprising two
      NPN transistors, two PNP transistors and two resistors (P and N type),
      preferably fabricated in the same substrate 51 simultaneously. The two NPN
      transistors in FIG. 3A comprise emitter regions 50 and 50', base regions
      52 and 52' and collector regions 53 and 53', and are isolated by P region
      55. N+ region 57 functions as a "dummy" to restrict the lateral area of P
      region 55 with respect to N+ collector 53 to satisfy equation (2) above.
      This would be necessary, for example, if a transistor were missing or at
      the edge of a chip. The two PNP transistors comprise emitter regions 60
      and 60', base region 62 and 62' and collector regions 63 and 63', and are
      isolated by N+ region 65. The P type resistor in FIG. 3B comprises region
      66 which is isolated by region 67; the N type resistor comprises region 69
      and contact regions 70.
PAR  The integrated circuit can be fabricated by conventional diffusion
      techniques or by ion implantation. Ion implantation is especially
      attractive for fabricating high value resistors. For this process the
      resistor region is masked during a blanket P type diffusion 55 and the
      resistors 69 are implanted separately into high resistivity substrate 51.
      All integrated circuit components have a common outside P type impurity
      region 55. The NPN transistors and N type resistor 69 are thus
      self-isolated. The PNP transistors and P type resistor have to be isolated
      from outside P region 55 and also from each other by N type isolations 65
      (FIG. 3A) and 67 (FIG. 3B). These regions are preferably common to all PNP
      transistors and P type resistors to increase packing density. In any
      event, the number of above mentioned circuit elements in each separate N
      type isolation region should be as large as possible. The separated N type
      isolation regions can also be connected electrically by metal lines.
PAR  The emitter, base and collector regions of the transistors and also regions
      67 and 69 of the resistors are connected in standard fashion to metal
      lines (not shown). These lines serve as electrical interconnections
      between transistors, resistors and power supplies. The emitter-base
      junction of each transistor is forward-biased, while the collector-base
      junction is reverse-biased to perform transistor and circuit operation. In
      circuit operation, however, the colector-base junction can be periodically
      forward-biased, and the emitter-base junction reverse-biased. Both the
      outside P type and N type isolation regions are preferably floating. The
      former can also be connected to the most negative power supply line and
      the latter to the most positive power supply line to increase the
      isolation resistance.
PAR  To increase the packing density of the integrated circuit structure shown
      in FIGS. 3A and 3B, the separation between adjacent devices should be as
      small as possible. Thus, for example, the distance between N+ collector
      regions 53 and 53' in FIG. 3A, i.e., the width of isolation P region 55,
      should be a minimum. However, experimental results and also theoretical
      considerations demonstrate that isolation channel 55 starts to break down
      if the distance between 53 and 53' of the two adjacent transistors is
      closer than about L.sub.eff or 1/2 L.sub.DE.
PAR  This breakdown for the two adjacent N+ type collectors 53 and 53' is shown
      in FIG. 4. The high-low junctions 22 have a tendency to diffuse electrons
      laterally into the hole-accumulation region 28 below P region 55 from both
      sides. Those laterally diffused electrons can "pinch off" depletion region
      28 and also push back the hole cloud if the separation were smaller than
      L.sub.eff or 1/2 L.sub.DE. As a result, the electrical P-N junction 26,
      formed in substrate 20 by the field of the P-N metallurgical junction 24,
      is shifted toward its metallurgical junction and the electron clouds tend
      to join with each other. This could result in a short between the two N+
      regions. The value of 1/2 L.sub.DE and hence the minimum separation
      between adjacent collectors would be about 4.7 .mu.m for a 30K .OMEGA. -cm
      substrate. These minimum separations also apply for two P type regions
      separated by an N+ type region, e.g., P regions 60 and 63 and N region 62
      which comprise a PNP transistor in FIG. 3A.
PAR  One important discovery of the present invention is that the above minimum
      separation (1/2 L.sub.DE) between two N+ regions can be reduced to any
      extent if the width of the N+ regions is also reduced in such a way to
      satisfy the formula:
EQU  dP/dN .gtoreq. 0.75                                        (7)
PAL  where dN is the width of the N+ regions and dP is the width of the P region
      separating the N+ regions.
PAR  Preferably:
EQU  dP/dN .gtoreq. 1.0                                         (8)
PAR  the effect of the reduction of the width of N+ regions 53 and 53" is shown
      in FIG. 5. As can be seen, the density, and thereby L.sub.eff, for the
      diffused electron clouds in region 29 is reduced because the widths dN of
      the high-low junctions 22 are less than L.sub.eff. Thus, the lateral
      penetration of the electrons into the hole-accumulated region 28 is
      minimized.
PAR  The minimum separation between two P type regions separated by an N+ type
      region can also be reduced to any extent if the width of the P type
      regions is also reduced to satisfy:
EQU  dN/dP .gtoreq. 0.25                                        (9)
EQU  0.75 &lt; dP/dN .gtoreq. 4                                    (10)
PAR  figure 6 is a graph of the leakage current versus the ratio dP/dN for two
      values of dP, both values being less than L.sub.eff. In both instances,
      the leakage current is relatively constant if the dP/dN ratio is higher
      than around 0.75. If, however, the ratio dP/dN goes below around 0.75 the
      leakage current starts to rise appreciably.
PAR  It is also notable that the slope of the graph is much sharper as the width
      of the regions is made smaller. Thus, in the graph, the slope of the line
      where dP = 2 .mu.m is much sharper than the slope for the case where dP =
      3.25 .mu.m. Results taken with respect to the PNP transistor in the
      N-substrate of FIG. 1 indicate that the dN/dP ratio can go as low as 0.25
      without decreasing the isolation appreciably if the separation between P
      pockets is less than L.sub.eff.
PAR  The isolation model of the present invention also applies to the
      emitter-to-collector separation (base width) and base-to-isolation region
      separation (collector width) of an individual transistor in the integrated
      circuit. Thus, the emitter, base and collector widths also have to satisfy
      Equations (7) and (9) in order to minimize emitter-to-collector and
      base-to-isolation leakage or avoid shorts.
PAR  The isolation model applies directly to devices designed with a striped
      geometry as illustrated in FIGS. 2, 3 and 4 of copending application, Ser.
      No. 209,233. However, the flux fringing of the electric field at the
      corners of the emitter of devices having enclosed structures as in FIG. 3
      of this application has an important effect because it increases the
      emitter-to-collector leakage current. Enclosed structures are those in
      which the collector totally surrounds the emitter area. The flux fringing
      for the emitter of the enclosed NPN transistor is shown in FIG. 3A. For
      the sake of clarity, the fringing of the flux line is shown only on the
      surface of the NPN SCL transistor. In fact, the flux fringing takes place
      in the high resistivity base region below P-type diffusion 52 if bias is
      applied between emitter 50 and collector 53. As a result, the potential
      step in substrate 51 between the emitter and collector is reduced. This,
      in turn, increases the SCL leakage current between emitter and collector.
PAR  Similar flux fringing also occurs below the N-type diffused region
      (collector) in the high resistivity substrate, increasing the
      base-to-isolation leakage of the NPN transistor. This latter flux fringing
      is, however, less pronounced because the large depth of the N-type region.
      The flux fringing also affects the PNP transistors in the same way.
PAR  The preferred technique to reduce the flux fringing effect is to choose a
      circular geometry or to round up the corners of the active regions. Fig. 7
      shows a NPN transistor having a ring-shaped emitter 72 about P region 76
      in which the corners of emitter 72, base 73 and collector 74 are rounded.
      Actual measurements on circular devices of this type indicate a
      substantial reduction in emitter-to-collector-leakage. For high current
      drivers, the emitter perimeter of the SCL transistor has to be large,
      thereby resulting in a large emitter width. To keep the emitter and base
      width ratio, dP/dN, above the critical value of 0.75, the base width has
      to be increased, which in turn degrades the performance of the SCL
      transistor. However, providing a ring shaped emitter for high current
      drivers solves this problem because the emitter perimeter is independent
      of the emitter width.
PAR  In summary, I have established the isolation model for SCL integrated
      circuits. Close to the surface of the high resistivity substrate, the
      separated impurity regions of the same conductivity type are isolated with
      conventional metallurgical junctions. Deep in the substrate, the isolation
      is achieved with electrical junctions which join the metallurgical
      junctions in the vertical direction. The electrical junctions form in the
      substrate between the hole and electron clouds diffused from the P and N
      type of impurity regions above. The electrical junctions form high
      resistivity vertical channels of the same conductivity type as the
      impurity region above. If bias is applied between two separated impurity
      regions of the same type, the leakage current is confined into those high
      resistivity channels and spreads out into the high resistivity substrate
      only at the end of the channel. The channel length is about 70 .OMEGA. for
      30K .OMEGA.-cm substrate. The resulting isolation resistance is an order
      or magnitude higher than that resulting from the spreading resistance
      alone. The typical isolation resistance between two adjacent collectors is
      200- 300 .times. 10.sup.6 .OMEGA. for a 30K.OMEGA.-cm substrate. The
      isolation resistance does not decrease appreciably by reducing the
      separation between the N or P type diffused regions if the ratio dP/dN is
      kept within 0.75- 4.0, where dP and dN are the widths of the P and N+
      diffused regions respectively.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
      For example, although my preferred embodiment of the invention is in terms
      of an enclosed SCL structure, the striped structure described in copending
      application, Ser. No. 209,233, is also applicable. In addition, SCL
      transistors having recessed dielectric regions as described in copending
      application, Ser. No. 428,165, are contemplated. The same isolation model
      applies, as do the critical lateral widths specified in the equations.
PAR  While the invention has been shown and particularly described with
      reference to preferred structures, it will be understood by those skilled
      in the art that various changes in form and detail may be made therein
      without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An integrated circuit structure comprising:
PA1  a high resistivity substrate of at least 10,000 ohm-cm semiconductor
      material of a first conductivity type;
PA1  a plurality of impurity zones of said first conductivity type and a second
      conductivity type extending from one surface of said substrate to the
      interior thereof to form at least first and second space-charge-limited
      transistors of a first conductivity type;
PA1  an isolation zone of said second conductivity type separating the
      collectors of said transistors;
PA1  the ratio of the lateral width of said isolation zone to the lateral width
      of either of said collectors being greater than 0.75;
PA1  the emitter and collector of each said transistor being isolated from one
      another by a base zone of said second conductivity type, the ratio of the
      lateral width of said base zone to the lateral width of either of said
      emitter and collector zones being greater than 0.75; and
PA1  the ratio of the lateral width of said collector to the lateral width of
      either of said base and isolation zones being greater than 0.25.
NUM  2.
PAR  2. An integrated circuit structure as in claim 1 wherein at least one of
      said space-charge-limited transistors comprises an enclosed configuration
      in which the corners of said collectors are rounded to avoid flux fringing
      effects.
NUM  3.
PAR  3. An integrated circuit structure as in claim 2 wherein the emitter of
      said transistor is configured as a ring.
NUM  4.
PAR  4. An integrated circuit structure as in claim 1 further comprising another
      of said second-conductivity-type zones encircled by another zone of said
      first conductivity type, the former zone functioning as a resistor.
NUM  5.
PAR  5. An integrated circuit structure comprising:
PA1  a high resistivity substrate of at least 10,000 ohm-cm semiconductor
      material of a first conductivity type;
PA1  a plurality of impurity zones of said first conductivity type and a second
      conductivity type extending from one surface of said substrate to the
      interior thereof to form at least first and second space-charge-limited
      transistors of a second conductivity type;
PA1  an isolation zone of said first conductivity type separating the collectors
      of said transistors;
PA1  the ratio of the lateral width of said isolation zone to the lateral widths
      of said collector regions being greater than 0.25;
PA1  the emitter and collector of each said transistor being isolated from one
      another by a base zone of said first conductivity type, the ratio of the
      lateral width of said base to the lateral width of either of said emitter
      and collector being greater than 0.25; and
PA1  the ratio of the lateral width of said collector to the lateral width of
      either of base and isolation zones being greater than 0.75.
NUM  6.
PAR  6. An integrated circuit structure as in claim 5 further comprising another
      of said second conductivity type zones encircled by another zone of said
      first conductivity type, the former zone functioning as a resistor.
NUM  7.
PAR  7. An integrated circuit structure comprising:
PA1  a high resistivity substrate of at least 10,000 ohm-cm semiconductor
      material of a first conductivity type;
PA1  a plurality of impurity zones of said first conductivity type and a second
      conductivity type extending from one surface of said substrate to the
      interior thereof to form first and second space-charge-limited transistors
      of first and second conductivity type, respectively;
PA1  first and second isolation zones of said first and second conductivity
      type, respectively, separating said transistors, said first isolation zone
      disposed nearer said transistor of said second conductivity type;
PA1  the ratio of the lateral width of said first isolation zone to the width of
      said second isolation zone and the collector of said second transistor
      being greater than 0.25;
PA1  the ratio of the lateral width of said second isolation zone to the width
      of said first isolation zone and the collector of said first transistor
      being greater than 0.75;
PA1  the emitter and the collector of said first transistor being isolated from
      one another by a base zone of said second conductivity type, the ratio of
      the lateral width of said base zone to the lateral width of either of said
      emitter and collector zones being greater than 0.75;
PA1  the emitter and collector of said second transistor being isolated from one
      another by a base zone of said first conductivity type, the ratio of the
      lateral width of said base zone to the lateral width of said emitter and
      collector zones being greater than 0.25.
NUM  8.
PAR  8. An integrated circuit structure as in claim 7 wherein said
      space-charge-limited transistor of said first conductivity type comprises
      an enclosed configuration in which the corners of said collector is
      rounded to avoid flux fringing effects.
NUM  9.
PAR  9. An integrated circuit structure as in claim 8 wherein the emitter of
      said first transistor is configured as a ring.
NUM  10.
PAR  10. An integrated circuit structure as in claim 7 further comprising
      another of said second-conductivity-type zones encircled by another zone
      of said first conductivity type, the former zone functioning as a
      resistor.
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PAL  An insulated gate field effect transistor having improved high-frequency
      operating characteristics includes an extended region electrically
      connected to one of the source and drain regions and spaced from the
      surface of the substrate. The extended region extends toward the other of
      the source and drain regions such that the distance between the source and
      drain regions is relatively small within the substrate and relatively
      large at the surface of the substrate.
BSUM
PAR  The present invention relates generally to insulated gate field effect
      transistors (IGFETs) and, more particularly, to improved metal-oxide
      semiconductor field effect transistor (MOS FET) for high frequency use.
      Although an MOS FET having a gate-insulation film formed of silicon oxide
      is specifically referred to in this specification for the purpose of
      illustrating the invention, the principles of the invention are also
      applicable to other types of IGFET, such as MOS FET's with gate insulation
      films formed of other insulating materials.
PAR  A conventional MOS FET consists essentially of a semiconductor substrate, a
      source region and a drain region, both formed at the surface of the
      substrate, a gate insulation film formed on the substrate and extending to
      both the source and drain regions, and metal electrodes formed
      respectively on the gate insulation film, drain, and source regions. When
      a voltage is applied between the gate electrode and the semiconductor
      substrate, the conductivity of the channel region at the substrate surface
      beneath the gate insulation film changes, whereby the quantity of charge
      flowing between the source and drain regions is controlled.
PAR  The electrical characteristics of the MOS FET in the high frequency region
      depend largely upon the parasitic capacitances such as the capacitance of
      the gate insulation film, the capacitance between the gate and the source
      regions, and the capacitance between the gate and the drain region, as
      well as upon the transconductance of the channel region. In other words,
      the cutoff frequency of the MOS FET is inversely proportional to the total
      parasitic capacitance and is directly proportional to the
      transconductance. Therefore, in an MOS field effect transistor for high
      frequency applications, the parasitic capacitances should be low and the
      transconductance should be high.
PAR  Efforts have been devoted to satisfy these desired conditions. One approach
      to the reduction of the parasitic capacitance is the self-aligning method,
      in which source and drain regions are formed in the substrate an
      insulation film is disposed on the substrate except for the source and
      drain regions and the region between the source and drain regions, a gate
      insulation film is disposed on one part of the substrate between the
      source and drain regions, and a gate electrode is deposited to partially
      cover the gate insulation film. Ions capable of determing conductivity
      type to be the same as that of the source and drain regions are then
      introduced through the portion of the gate insulation film not covered
      with the gate electrode by an ion implantation process. This implantation
      process is performed by using the gate electrode as a mask, whereby
      regions of the substrate between the source region and the gate electrode
      and between the drain region and the gate electrode change their
      conductivity type to form the extended source and drain regions. In more
      detail, a thin silicon dioxide film is formed on the surface of the
      substrate covering the region where impurity ions are to be implanted
      thereafter, and the impurity is then introduced therein through the thin
      silicon dioxide film to permit the extended regions to be formed at the
      surface of the substrate. In such an FET structure, the capacitances
      between the gate and the source region and between the gate and the drain
      region, can be reduced since no overlap portion exists between the gate
      electrode and the source region and between the gate electrode and the
      drain region. However, the reduction in the parasitic capacitance is
      limited because the gate electrode is close to the source and the drain
      region.
PAR  In order to increase the transconductance, a method of narrowing the
      distance between the source and the drain regions has been proposed.
      According to this method, an impurity of the conductivity type opposite to
      that of the substrate is diffused into spaced surface regions of the
      substrate through windows, until the space between the diffused regions is
      narrowed. Such diffused regions are employed as a source region and a
      drain region. After this step, a gate insulation film and electrodes are
      formed. In this FET structure, however, the capacitance between the gate
      and the source region and the capacitance between the gate and the drain
      regions are high; that is, the parasitic capacitance is high. Accordingly,
      these prior art MOS FET's are not suited for applications where a high
      cutoff frequency is important.
PAR  In the prior art MOS field effect transistor, the threshold voltage depends
      chiefly upon the impurity concentration in the channel region of the
      substrate. Hence, the threshold voltage can be controlled by adding an
      impurity into the channel region by diffusion or ion implantation. This
      technique, however, gives rise to the drawback that the drain withstand
      voltage is lowered, because the breakdown voltage of the junction between
      the substrate and drain region is lowered when the impurity concentration
      in the channel region is increased in order to provide a high threshold
      voltage, and because the punch-through voltage between the source and
      drain regions is also lowered when the impurity concentration in the
      channel region is decreased in order to provide a low threshold voltage.
PAR  It is, therefore, an object of the invention to provide an insulated gate
      field effect transistor having higher cutoff frequency characteristic.
PAR  It is another object of the invention to provide an insulated gate field
      effect transistor in which the threshold voltage can be controlled without
      lowering the drain withstand voltage.
PAR  It is a further object of the invention to provide an insulated gate field
      effect transistor having a low parasitic capacitance and a high
      transconductance.
PAR  With these and other objects in view, the invention provides an insulated
      gate field effect transistor constructed so that at least one extended
      region electrically connected to the source or drain region and located
      between the source and drain regions is formed within the substrate away
      from its surface so as to make the distance between the source and drain
      regions small within the semiconductor substrate and large at the surface
      of the substrate. The gate electrode is located on the gate insulation
      film which is disposed on the substrate between the source and drain
      regions and is also positioned above the region in the substrate where the
      distance between the source and drain regions is minimum.
PAR  Thus, according to the invention, the gate electrode is sufficiently
      distant from the source and drain regions to allow the parasitic
      capacitance to be minimized. Furthermore, the transconductance is
      increased because the distance between the source and drain regions is
      sufficiently low and the conduction channel is induced to be thick enough
      as soon as the drain current begins to flow. The invention, therefore,
      provides an insulated gate field effect transistor which is able to
      operate at higher cutoff frequencies.
PAR  In the insulated gate field effect transistor of the invention, the
      threshold voltage V.sub.TH can be arbitrarily controlled by suitably
      determining the depths of the extended regions of the source and/or drain
      regions from the surface of the substrate because the drain current begins
      to flow after the conduction channel induced by the gate voltage reaches
      the extended regions of the source and/or drain regions within the
      substrate. Because the threshold voltage V.sub.TH can be controlled
      irrespective of the impurity concentration in the substrate, there is no
      reduction of the drain breakdown potential.
DRWD
PAR  The above and further objects, features and advantages of the invention
      will become more apparent from the following description taken in
      conjunction with the accompanying drawings, wherein:
PAR  FIGS. 1a and 1b are sectional views showing structural features of
      conventional MOS field effect transistors;
PAR  FIGS. 2a through 2f are sectional views of a MOS field effect transistor
      according to an embodiment of the invention in the steps of its production
      process; and
PAR  FIGS. 3a and 3b are sectional views showing structural features of MOS
      field effect transistors according to other embodiments of the invention.
DETD
PAR  Referring now to FIG. 1a, the field effect transistor of one conventional
      type is made according to the previously mentional self-aligning method so
      that the overlap between a gate electrode 6 and a source region 3
      (including an extended region 3") and between the gate electrode 6 and a
      drain region 4 (including an extended region 4") is minimized. This MOS
      FET is constructed in the following manner. A silicon dioxide film 2 is
      formed on an n-type semiconductor substrate 1. Openings are formed by the
      well-known photoetching technique in the silicon dioxide film 2 above the
      separate regions which are to become respectively the source and the
      drain. A p-type impurity is diffused therein through the openings whereby
      a source region 3 and a drain region 4 are formed. Part of the silicon
      dioxide film 2 located between the source region and the drain region is
      removed, and a silicon dioxide gate-insulation film 5 is formed in the
      removed area. Metal electrodes 6, 7 and 8 are formed respectively on part
      of the gate insulation film, the drain region 4, and source region 3.
      These electrodes serve respectively as the gate electrode 6, the drain
      electrode 8, and the source electrode 7. Then p-type impurity ions are
      implanted into the substrate 1 through the gate insulation film 5 to form
      the extended source and drain regions 3" and 4". The energy of ion
      implanation is so determined that the peak of the impurity concentration
      appears at the surface of the substrate 1.
PAR  In an MOS FET such as that shown in FIG. 1a, the gate-source capacitance
      and the gate-drain capacitance are both very low since there are no
      overlap portions between the gate electrode 6 and the source region 3
      (including the extended region 3") and between the gate electrode 6 and
      the drain region 4 (including the extended region 4"). These capacitances,
      however, are still not low enough because the distances from the gate
      electrode 6 to the extended regions 3" and 4" are very short.
PAR  In the MOS FET shown in FIG. 1b, the channel length is sufficiently reduced
      to increase the transconductance. This MOS FET is fabricated in the
      following manner. A silicon dioxide film 2' is formed on an n-type
      substrate 1'. Openings are formed in the silicon dioxide film 2', through
      which a p-type impurity is diffused, whereby a source region 3' and a
      drain region 4' are formed. The amount of impurity diffused sufficient
      such that the source region 3' and the drain region 4' become close enough
      to each other. Part of the silicon dioxide film 2' located above the
      region between the source and drain regions is removed, and a silicon
      dioxide gate-insulation film 5' is formed at the removed area. Then a
      source electrode 7', a drain electrode 8', and a gate electrode 6' are
      formed on the source region 3', the drain reion 4', and the gate
      insulation film 5', respectively.
PAR  In the MOS FET of FIG. 1b, the transconductance is large because the
      distance between the source region 3' and the drain region 4' is
      relatively small. On the other hand, however, the gate-source capacitance
      and the gate-drain capacitance become large because the gate electrode 6'
      overlaps the source region 3' and the drain region 4' through the gate
      insulation film 5'.
PAR  Accordingly, both the prior art MOS FET's are unable to operate at a
      substantially high cutoff frequency, the FET of FIG. 1a because of the
      relatively high capacitances. Furthermore, in the prior art MOS FET's, the
      impurity concentration in the channel region between the extended regions
      3" and 4" or between the source region 3' and the drain region 4' in the
      substrate must be increased in order to increase the threshold voltage
      V.sub.TH, but at the sacrifice of the drain breakdown voltage.
PAR  Referring to the embodiment of the invention illustrated in FIG. 2, a
      silicon oxide film 12 (FIG. 2a) of 1.5 micron thick is formed on the
      entire surface of a silicon substrate 11 of n-type conductivity with a low
      impurity concentration, e.g., 10.sup.14 to 10.sup.16 cm.sup.-.sup.3,
      preferably 1 .times. 10.sup.15 cm.sup.-.sup.3. The silicon oxide film
      preferably has a thickness of at least 0.2 micron in order to operate as a
      mask for ion implantation. Windows 23 and 24 for impurity diffusion to
      form source and drain regions 13 and 14 are opened sufficiently apart from
      each other in the silicon oxide film a well-known photo-resist technique.
      The distance between windows 23 and 24 is preferably 10 microns or more.
      Then, as shown in FIG. 2b, an impurity such as boron offering a
      conductivity type opposite to that of the substrate 11 is diffused into
      the substrate 11 whereby a source region 13 and drain region 14 are formed
      to a depth of about 2 microns. Then the windows are covered with silicon
      oxide films 12" of 1.5 microns thick. As shown in FIG. 2c, windows for
      forming extended regions of the source and drain regions 13 and 14 are
      opened in the silicon oxide film 12 between regions 13 and 14 by a
      photo-etching technique, leaving a band-like silicon oxide film 12' to a
      width of 1 to 3 microns, preferably 2 microns. In the next step, as shown
      in FIG. 2d, impurity ions such as boron ions offering the same
      conductivity type as that of the source and drain regions 13 and 14 are
      implanted over the entire surface of the substrate 11 by an ion
      implantation process at an acceleration voltage of 100 to 200 KeV,
      preferably 150 KeV, to a dose of 10.sup.12 to 10.sup.16 cm.sup.-.sup.2,
      preferably 1 .times. 10.sup.14 cm.sup.-.sup.2. In this step, the boron
      ions are implanted deep into the substrate but shallowly into the silicon
      oxide films 12 and 12'. Therefore, no boron ions reach the surface of the
      substrate 11 beneath the silicon oxide films 12 and 12'. On the other
      hand, boron ions implanted into the exposed surface of substrate 11
      penetrate into the substrate and reach a depth of between 0.05 to 1.0
      micron from the surface of the substrate. Then, the semiconductor body is
      subjected to heat treatment at a temperature of 900.degree. to
      1,000.degree.C for 10 to 30 minutes whereby an extended source region 13'
      and the extended drain region 14' with an impurity concentration of 2
      .times. 10.sup.16 to 10.sup.20 cm.sup.-.sup.3 are formed in electrical
      connection to the source region 13 and the drain region 14 within the
      substrate 11, respectively. As a consequence of the formation of the
      extended source and drain regions 13 and 14', the distance between the
      source region 13 and the drain region 14 becomes equivalent to 1 to 3
      microns which is the distance between the extended source region 13' and
      the extended drain region 14'. Then, as shown in FIG. 2e, the silicon
      oxide film 12' at the gate area is removed by a photoresist technique, and
      a gate insulation film 15 of 1,500A thick is formed. In the next step, as
      shown in FIG. 2f, windows are opened in the silicon oxide film 12" located
      above the source region 13 and drain region 14, and aluminum or another
      conductive material is deposited and partly etched away, thereby forming a
      gate electrode 16, a source electrode 17, and a drain electrode 18 on the
      gate insulation film 15, the source region 13, and the drain region 14,
      respectively. The gate electrode 16 is smaller in size than the gate
      insulation film 15 and larger than the minimum distance between the
      extended source and drain regions 13' and 14' and is located above the
      region between the extended source region 13' and the extended drain
      region 14'. In a preferable example, the width of the gate electrode 16 is
      5 microns.
PAR  According to the MOS FET of the invention, the gate electrode 16 does not
      overlap the source and drain regions 13 and 14, but overlaps only the
      extended source and drain regions 13' and 14' with the interposition of
      not only the gate insulation film 15 but also the surface portion of the
      substrate 11. This results in the reduction of the gate-source capacitance
      and the gate-drain capacitance. Furthermore, according to the invention,
      when the drain current flows, the transconductance gm is large because of
      the small channel length between the extended source region 13' and the
      extended drain region 14' and because of the high conductivity in the
      channel owing to the thick channel. Therefore, the invention makes it
      readily feasible to realize a MOS FET operable at a sufficiently high
      cutoff frequency.
PAR  In this MOS FET, the threshold voltage V.sub.TH is a function of the depth
      of the extended source and drain regions 13' and 14' as indicated by the
      distance x shown in FIG. 2f. Accordingly, the threshold voltage V.sub.TH
      can be determined irrespective of the impurity concentration of the
      substrate 11. This enables a sufficiently high drain breakdown voltage to
      be maintained even if the threshold voltage is high.
PAR  Referring now to FIGS. 3a and b, another embodiment of the invention will
      be described. The MOS FET's of these embodiments can be fabricated by
      substantially the same process as that of the embodiment of FIG. 2.
      Therefore, description will be directed only to the differences in the
      completed structures from the embodiment of FIG. 2. A single extended
      region 34' (FIG. 3a) or 33' (FIG. 3b is formed to the source region 34 or
      the drain region 33, extends toward the other of the source and drain
      regions, and is spaced from the surface of the substrate. The gate
      electrode 16' overlaps only a small portion of the drain region 33 and the
      extended region (FIG. 3a), whereas in the embodiment of FIG. 3b the gate
      electrode 16" overlaps only a portion of the source region and a portion
      of extended region 33'. In both of these embodiments the gate electrode
      overlies the space between the extended region (33' or 34') and the source
      or drain region toward which it extends. In these embodiments, while the
      reduction of the parasitic capacitance is slightly sacrificed, the other
      advantages are similar to those of the embodiment illustrated in FIG. 2
      and the resultant MOS FET's are still useful and meet the purpose of the
      present invention.
PAR  The invention is not intended to be limited to the foregoing embodiments
      particularly described hereinabove, but is also applicable to other MOS
      FET's in various forms. For example, the upper surface of the extended
      regions 13' and 14' is preferably located at a depth of 0.01 to 2.0
      microns from the surface of the substrate, and the location thereof should
      be selected to obtain a desired threshold voltage V.sub.TH of the FET. On
      the other hand, the bottom depth of the extended source and drain regions
      13' and 14' is not limited. It is desirable for lowering the resistance of
      the source and/or drain regions that the bottom be as deep as possible,
      but the bottom depth is naturally limited by the possible depth of the ion
      implantation. An FET having a semiconductor substrate of silicon has been
      described, but it is to be appreciated that other materials such as GaAs
      and Ge may be successfully used for the semiconductor substrate. As the
      material for the gate insulation film, SiO.sub.2, Al.sub.2 O.sub.3,
      Si.sub.3 N.sub.4 and their compounds may be also used.
PAR  The extended source and drain regions may be first formed by an ion
      implantation process and the source and drain regions may then be formed
      by diffusing an impurity through the substrate surface. The source and
      drain regions are not limited to the disclosed configuration and the space
      between the source and the drain regions may be arranged to be wide at the
      surface of the substrate and narrow toward the bottom of the substrate.
PAR  It is apparent that the invention is applicable not only to MOS FET's but
      also to the other type of IGFET's. The IGFET of the invention is highly
      practical when used as a discrete FET element or as a constituent FET
      element in an integrated circuit.
PAR  Accordingly, it is to be understood that variations to the particularly
      described embodiments may be made by those skilled in the art without
      necessarily departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An insulated gate field effect transistor comprising a semiconductor
      substrate of one conductivity type, source and drain regions of the
      opposite conductivity type formed in said semiconductor substrate, at
      least one extended region of said opposite conductivity type electrically
      connected to and extending from one of said source and drain regions
      toward the other of said source and drain regions, said at least one
      extended region being formed within said semiconductor substrate and
      electrically isolated from the other of said source and drain regions by a
      gap, a gate insulation film formed on said surface of said semiconductor
      substrate between said source and drain regions, and a gate electrode
      formed on said gate insulation film, said gate electrode overlying said
      gap and overlapping at least a part of said extended region.
NUM  2.
PAR  2. The field effect transistor of claim 1, in which first and second ones
      of said extended regions are electrically connected to said source and
      drain regions respectively and extend toward one another, a gap being
      defined by said first and second extended regions.
NUM  3.
PAR  3. The field effect transistor of claim 1, in which said gate electrode is
      spaced inwardly from each of said source and drain regions and overlies
      said gap.
NUM  4.
PAR  4. The field effect transistor of claim 3, in which the upper surfaces of
      said extended regions are located at a distance from said surface of said
      substrate of between 0.01 and 2.0 microns.
NUM  5.
PAR  5. The field effect transistor of claim 3, in which the upper surfaces of
      said extended regions are located at a distance from said surface of said
      substrate of between 0.05 and 1.0 microns.
NUM  6.
PAR  6. The field effect transistor of claim 4, in which the width of said gap
      is between 1 and 3 microns.
NUM  7.
PAR  7. The field effect transistor of claim 1, in which said gate electrode
      overlies the area of said substrate between said extended region and the
      other of said source and drain regions.
NUM  8.
PAR  8. The field effect transistor of claim 1, in which the impurity
      concentration of said semiconductor substrate is substantially uniform and
      between 10.sup.14 and 10.sup.16 /cm.sup.3.
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ABST
PAL  An MOS transistor is constructed such that the insulation covering the
      field of the device and in direct contact with the top surface of the
      semiconductor material in which the source and drain regions are formed,
      tapers gradually in thickness to that of the insulation under the gate
      electrode thereby to prevent abrupt step-heights in the transition region
      between the field insulation and the gate insulation.
PARN
PAR  This is a continuation of application Ser. No. 323,672 filed Jan. 15, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to MOS transistors and in particular to an MOS
      silicon transistor wherein the gate oxide is formed so as to achieve
      extremely stable and reproducible MOS transistors with perdictable
      characteristics.
PAR  2. Prior Art
PAR  Mos semiconductor transistors are well known. Such transistors are
      extremely sensitive to small amounts of contamination at the interface
      between insulation layers and the underlying semiconductor material
      containing the source and drain regions. As the size of MOS transistors
      has decreased, proper alignment of masks and particularly the source and
      drain masks, has become more important. The use of a self-aligned gate of
      polycrystalline silicon as disclosed in Klein et al U.S. Pat. No.
      3,673,471 issued June 27, 1972 makes possible the reduction in size of the
      source and drain regions, reduces the overlap of the gate with respect to
      the source and drain regions and thus makes possible higher speed
      performance of MOS transistors.
PAR  In an MOS transistor, a thin insulating layer is placed between the
      semiconductor substrate containing the source and drain regions and the
      gate electrode. To prevent unwanted inversions of the semiconductor
      material in the field (i.e., the non-active portion) of the device when a
      voltage is applied to the gate electrode, a much thicker insulating layer
      is placed over the field of the device than under the gate electrode. As
      disclosed in the above-mentioned Klein et al patent, typically the field
      insulation is an order of magnitude thicker than the gate insulation. To
      make an MOS transistor by the prior art methods, the field oxide is first
      formed on the wafer. Those portions of the field oxide over the regions of
      the semiconductor substrate in which sources and drains are to be formed
      are then removed. After formation of the source and drain regions, the
      field oxide over the gate region is removed and the gate oxide if formed.
      The gate oxide is typically of a thickness on the order of 1,000
      angstroms.
PAR  The removal of the field oxide over the active regions of the semiconductor
      substrate allows these regions of the substrate to become contaminated and
      makes difficult the further processing of the device to grow a uniform
      thickness gate oxide. Typically, contaminants gather on the edges of the
      field oxide and result in short circuit forming between a subsequently
      formed gate electrode and the source and/or drain regions. In addition,
      the different thickness of the field and gate oxides cause an abrupt step
      in the insulation adjacent the source and drain regions. Such a step
      greatly increases the risk of open circuits in the conductive leads
      contacting the source and drain regions.
PAC  SUMMARY OF THE INVENTION
PAR  This invention overcomes the problems arising from the processing sequence
      of the prior art wherein the gate oxide is formed after the field oxide.
PAR  According to this invention, in the formation of an MOS transistor at least
      part of the gate oxide is first formed on semiconductor material.
      Subsequently, a field oxide is selectively grown over the surface of the
      semiconductor material except in those regions where the active MOS
      transistors will be formed. The field oxide is formed in such a manner
      that the field oxides tapers into the gate oxide thereby allowing the
      gradual transition of conductive leads from the field oxide to the gate
      oxide and to the source and/or drain regions of the MOS transistor.
PAR  Formation of the gate oxide as the first of several high temperature
      operations minimizes the bulk impurity "pile-up" of depletion which is
      characteristic of oxidation processes in prior art methods.
PAR  By retaining the gate oxide on the device throughout the processing, the
      surface of the device is protected and contaminants and other impurities
      are prevented from forming on the surface of the semiconductor material.
      As a result, the process of this invention yields on the average more MOS
      transistors per wafer than heretofore obtained.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a through 1h illustrates the process of this invention; and
PAR  FIG. 2 shows in cross-section the tapered transition between field oxide 16
      and gate oxide 12.
DETD
PAC  DETAILED DESCRIPTION
PAR  This invention will be described using silicon semiconductor material.
      However, it should be understood that this invention can be used with any
      other semiconductor material suitable for use in forming MOS transistors
      and capable of having an oxide of the semiconductor material thermally
      grown from the semiconductor material.
PAR  A silicon substrate 11 (FIG. 1a) has formed on it a gate oxide 12.
      Typically gate oxide 12 is formed by thermal oxidation of substrate 11 and
      is approximately 1,000 angstroms thick. It should be understood, however,
      that any thickness gate oxide suitable for yielding an MOS transistor with
      desired characterstics can be used with the process of this invention.
      Silicon substrate 11 typically is of four to six ohm-cm resistivity and
      typically is cut in the {111} orientation although other orientations such
      as the {100} orientation can also be used. While oxide layer 12 is
      preferably formed by thermal oxidation of silicon substrate 11, this oxide
      layer could also be formed by other techniques capable of forming a
      satisfactory gate insulation.
PAR  Hereafter substrate 11 and any attached overlying layers will be called
      wafer 10.
PAR  A layer 13 of silicon nitride is formed over oxide layer 12 (FIG. 1b).
      Nitride layer 13 typically is 1,000 angstroms thick although again, other
      thicknesses of nitride can be used, as required.
PAR  A thin layer 13a of oxide (FIG. 1b) is next formed from the top surface of
      nitride layer 13. Techniques for the oxidation of a nitride layer are well
      known and are described, for example, in a paper by Appels et al entitled
      "Local Oxidation of Silicon and Its Application in Semiconductor-Device
      Technology" published in Philips Research Reports 25, 118-132, 1970.
      Typically, layer 13a is 50 angstroms or so thick. It should be noted that
      this step is optional and can be omitted if desired.
PAR  Next layer 14 of silicon dioxide is formed over the thin oxidized nitride
      layer. In one embodiment silicon dioxide layer 14 is about 6,000 angstroms
      thick and is formed from the decomposition of silane in an oxygen
      environment. Silicon dioxide layer 14 adheres well to the oxidized nitride
      layer 13a; in fact layer 13a was formed to provide an adherent base for
      layer 14.
PAR  The next step in the process is not illustrated in the drawings but
      comprises a bulk gettering at typically 1,070.degree.C in a phosphorus
      oxychloride environment. The resulting phosphorus-rich glass comprising
      the top portion of layer 14 is removed from the semiconductor device. In
      one embodiment 3,000 angstroms of layer 14 are removed.
PAR  As shown in FIG. 1c, dioxide layer 14 and underlying nitride layer 13 are
      removed from all portions of the field of the semiconductor device. To do
      this, oxide layer 14 is first masked to leave exposed all oxide in the
      field of the device. Layer 14 is then etched down to nitride layer 13
      using a preferential etch which etches silicon dioxide at a much faster
      rate than silicon nitride. Then when all the exposed oxide 14 over nitride
      13 has been removed, the newly-exposed silicon nitride 13 is removed by an
      etch which etches nitride at a much faster rate than it does silicon
      dioxide. Accordingly, when the silicon nitride 13 overlying the gate oxide
      12 has been removed, the etch used to remove the silicon nitride does not
      attack gate oxide 12 to any great extent. The resulting etched structure
      is shown in FIG. 1c wherein portion 14b of silicon dioxide layer 14
      remains overlying region 13b of silicon nitride layer 13 which in turn
      overlies the active region of the device.
PAR  At this point, the field region of the silicon device, that is, the region
      of the semiconductor device within which will not be formed source, drain
      and gate regions of MOS transistors, is implanted with a selected impurity
      by use of ion implantation techniques. Ion implantation allows the
      conductivity-type determining impurities to be passed through gate oxide
      12 and placed in a region of the semiconductor substrate 11 directly
      beneath the gate oxide. Thus, regions 11a and 11b shown in FIG. 1c contain
      ion implanted impurities. When the semiconductor substrate is N-type,
      these impurities are formed to a concentration such that the implanted
      semiconductor material has N+type conductivity. When the silicon substrate
      is of P type conductivity, the impurities are formed such that the ion
      implanted regions have a P+type conductivity. Typical thickness for the
      ion implanted regions 11a and 11b is 1,000 angstroms and a typical
      impurity concentration in these regions is 10.sup.16 atoms per cc.
PAR  Next, wafer 10 is placed in an oxidizing environment at an elevated
      temperature. The oxygen in the environment combines with the silicon from
      silicon substrate 11 beneath those portions of the gate oxide 12 not
      covered by nitride 13b to form thick regions 16a and 16b (FIG. 1d) of
      oxidized semiconductor material. Regions 16a and 16b are typically about
      1.6 microns thick. Oxidation of silicon semiconductor material results in
      a thickness increase of the material by a factor of about 2.2.
      Accordingly, regions 16a and 16b consume approximately 0.7 micron of
      underlying semiconductor material 11 to form silicon dioxide layers 1.6
      microns thick. During the high temperature thermal oxidation process,
      regions 11a and 11b of N+type conductivity migrate further into silicon
      semiconductor substrate 11. This migration occurs both because of the
      different diffusivities and segregation coefficients of the
      conductivity-determining impurities in regions 11a and 11b in silicon as
      opposed to silicon dioxide and the prolonged high temperature.
      Accordingly, the oxidized regions 16a and 16 b do not contain a
      significant amount of the impurity in regions 11a and 11b. If, however,
      substrate 11 contains boron as a predominant impurity and thus is P type,
      regions 16a and 16b may contain significant amounts of boron. Also, region
      16e of silicon dioxide is formed on the backside of the wafer during the
      oxidation process. Region 16f (FIG. 1d) was formed earlier during
      formation of gate oxide 12 and oxide layer 14.
PAR  The formation of thick field oxide 16a and 16b is followed by the removal
      of nitride 13b and overlying silicon dioxide 14b (FIG. 1c). The resulting
      structure is shown in FIG. 1d. Note that in regions 16c and 16d of the
      field oxide, the oxide tapers gradually from the thickness of the field
      oxide 14 to the thickness of the gate oxide 12. This taper makes possible
      the subsequent contacting of source and drain regions by leads crossing
      the field oxide and then dropping gradually to the elevation of the gate
      oxide without the high probability of open circuits at steps in the oxide
      so prevalent in the prior art.
PAR  Following the formation of the structure shown in FIG. 1d, a layer 17 (FIG.
      1e) of polycrystalline silicon is formed over the top surface of the
      device. Layer 17 is typically formed after opening 12b is formed in gate
      oxide 12. Thus part of layer 17 contacts the surface of substrate 11.
      Polycrystalline silicon layer 17 typically is approximately 3,000 to 3,300
      angstroms thick. However, other thickness can be used for this layer if
      desired. Techniques for the deposition of polycrystalline silicon suitable
      for use with this invention are well known as thus will not be described
      in detail.
PAR  The top surface of polycrystalline silicon layer 17 is next oxidized to
      form silicon dioxide layer 18. Standard photoengraving techniques are used
      to mask the oxidized polycrystalline silicon layer 17 above the gate
      regions to be formed in or on substrate 11 and above the conductive
      interconnections to be formed from polycrystalline silicon. The oxide is
      removed in those areas not protected by photoresist. The exposed
      polycrystalline silicon is then removed.
PAR  The resulting structure (FIG. 1f) has polycrystalline silicon region 17a
      formed on its top surface over gate oxide 12 and protected by overlying
      oxide layer 18a. The polycrystalline silicon in regions 17b and 17c has
      been removed. Polycrystalline silicon 17d, containing on its top surface
      an oxide layer 18d, overlies not only part of the active region of the
      device, but also part of the field of the device. After being doped, this
      polycrystalline silicon will serve as conductive lead to the active region
      to be formed in substrate 11 beneath opening 12b in gate oxide 12. In
      addition, regions of doped polycrystalline silicon can be used as
      conductive crossunders beneath metal leads.
PAR  Next, the gate oxide 12 not covered by polycrystalline silicon in regions
      17a, 17d and not part of field oxide regions 16a, 16b is removed to expose
      the top surfaces of the regions of semiconductor material 11 in which are
      to be formed the source and drain regions of an MOS transistor.
      Simultaneously with the selective removal of gate oxide 12, the oxidized
      portions 18a, 18d of polycrystalline silicon regions 17a, 17d are also
      removed.
PAR  An impurity, typically boron when substrate 11 is of N type conductivity,
      is next diffused into substrate 11 to form the source and drain regions
      19a, 19b of an MOS transistor. While the gate oxide above the source and
      drain regions 19a, 19b has described as being completely removed during
      this process step, this gate oxides can be only partially removed, if
      desired. That portion of gate oxide 12 left on substrate 11 during the
      diffusion process must, however, be thin enough to allow the passage of
      the impurity through it to form the source and drain regions 19a, 19b
      beneath gate oxide 12.
PAR  During diffusion of boron into substrate 11 to form source and drain
      regions 19a, 19b, boron also diffuses into regions 17a and 17d of
      polycrystalline silicon 17 to form gate electrode 17a and conductive lead
      17d.
PAR  If the diffusion is carried out in an oxidizing atmosphere, a thin oxide
      layer will reform over the source and drain regions. Part of this oxide
      layer can be removed to allow electrical contact to be made to drain
      region 19b. Note that region 19a has already been contacted through window
      12b (FIG. 1e) by polycrystalline silicon 17d. Alternatively, a metal
      contact of a material such as aluminum can be to region 19a.
PAR  After the formation of the doped gate electrode 17a, the doped conductive
      lead 17d, and the source and drain regions 19a, 19b by diffusion of a P
      type impurity, a layer of passivating material 20 (FIG. 1g) is formed over
      the top surface of the device. Typically, layer 20 consists of a
      phosphorous-doped silicon dioxide layer formed to a thickness of about
      6,000 angstroms. However, other insulating and/or passivating layers can
      also be formed over the top surface of the device, if desired. These
      layers, can, if desired, comprise multiple layers of material and can
      include layers of silicon nitride, for example.
PAR  Wafer 10 is now heated to allow glass 20 to flow and to continue the
      diffusion of the boron in regions 19a, 19b into substrate 11 to further
      expand the source and drain region 19a, 19b. This heat treatment is well
      known in the semiconductor arts and thus will not be described in detail.
PAR  Upon completion of the above-described heat treatment, contact openings are
      formed in layer 20 to expose the regions in substrate 11 to which
      electrical contact is to be made. While region 19a already is contacted by
      doped polycrystalline silicon lead 17d, electrical contact must be made to
      region 19b. Contact window 20a in layer 20 to expose the surface of region
      19b is formed using well-known photolithographic and masking techniques.
      In addition, contact is also made to the doped polycrystalline silicon
      remaining on the device through other windows in layer 20.
PAR  At this point, oxide layers 16e and 16f on the backside of the wafer (see
      FIG. 1d) are removed by, for example, etching.
PAR  A layer 21 of conductive material is now formed over the top surface of
      layer 20. Typically this layer is formed of evaporated aluminum. Layer 21
      contacts the top surfaces of regions in substrate 11 through windows such
      as window 20a through layer 20. Conductive layer 21, which in one
      embodiment comprised a 1.2 micron thick aluminum layer, is next masked and
      etched to define the conductive lead pattern on the top surface of the
      device. This masking and etching step is well known and thus will not be
      described here.
PAR  Wafer 10 is next alloyed to form good electrical contacts between portions
      of layer 21 and substrate 11.
PAR  The final step comprises forming a layer of phosphorus doped silicon
      dioxide over the wafer surface to an approximate thickness of 1.0 micron.
      This step is followed by masking the contact pads on the top surface of
      the device to be formed from layer 21 and etching away the silicon dioxide
      to expose these contact pads and the scribe regions between die.
PAR  The device formed by the above process has a buried contact 17d to region
      19a. In addition, the surface of substrate 11 on which the transistors are
      formed has at all times been protected by gate oxide 12 thereby preventing
      impurities from reaching the interface between oxide 12 and substrate 11.
      While additional oxide 16a, 16b in the field of the device is formed
      during the process, this field oxide is an extension of the gate oxide. As
      an important feature of this invention, the interface between the gate
      oxide 12 and field oxide 16 is tapered thereby reducing the severity of
      the steps which must be traversed by conductive leads such as leads 17d
      and 21 which contact the source and drain regions of the underlying
      semiconductor device. In addition, the severity of the step traversed by
      the contact to gate 17a is likewise reduced by this tapered surface.
PAR  FIG. 2 shows in more detail the transition region between gate oxide 12 and
      field oxide 16b with polycrystalline silicon 17 overlying both oxides, as
      shown in FIG. 1e. The structure shown in FIG. 2 is based on an actual
      photograph of the transition region between gate oxide 12 and field oxide
      16b. As shown in FIG. 2, field oxide 16b is gradual extension of gate
      oxide 12 increasing gradually in thickness over region 12b. At pack 12c,
      the gradual increase in thickness of the oxide abruptly terminates and the
      slope of the surface of oxide 16b reverses. A trough 16g forms on the
      surface of oxide 16b but then in region 16h the field oxide gradually
      acquires a flat surface and becomes uniform in thickness. Region 11b of
      highly doped N type material remains just under the lower surface of the
      field oxide 16b. Polycrystalline silicon 17 forms a substantially uniform
      layer over the top surface of gate oxide 12 and field oxide 16 despite the
      presence of peak 12c and trough 16g in the gate and field oxides 12 and
      16b. A silicon dioxide layer 20 overlies polycrystalline layer 17.
PAR  A second embodiment of this invention varies several of the process steps.
      In this second embodiment, substrate 11 is oxidized to form gate oxide 12.
      Next a nitride layer 13 (FIG. 1b) is deposited over gate oxide 12 to a
      thickness of about 1,000 angstroms. Oxide (not shown in the figures)
      formed on the backside of wafer 11 is then removed, typically by an etch.
      This oxide was formed simultaneously with the gate oxide and is the same
      thickness as the gate oxide (typically about 1,000 angstroms). Next a
      layer 14 (FIG. 1b) of silicon dioxide is deposited over the top surface of
      nitride 13. Prior to the deposition of layer 14, nitride layer 13 can be
      oxidized, if desired, to provide an improved base on which layer 14 can be
      formed. Layer 14 is typically 5,000 angstroms.
PAR  The structure is now bulk gettered with a phosphorus trichloride compound
      at a high temperature, typically around 1,070.degree.C for a selected
      time. After the gettering is completed, layer 14 is stripped from the
      device. Nitride layer 13 is now oxidized, typically in steam at
      1,000.degree.C, for a time selected to form an oxide to a thickness of
      about 50 angstroms. The 50 angstrom thick oxide overlying the nitride is
      then removed throughout the field of the device, leaving oxide over the
      source, drain and gate regions of the nitride. The nitride exposed by
      removal of the oxide throughout the field of the device is then removed
      with phosphoric acid etch at 155.degree.C. Following this step, the
      exposed gate oxide (a thickness of about 1,050 angstroms) is removed. This
      allows observation of the unetched or partially etched areas of the field
      oxide resulting from incomplete nitride removal. Thus regions of nitride
      inadvertently left in the field of the device are readily discernible at
      this point in the process and can be readily removed.
PAR  Next, impurities are implanted in the field of the device using ion
      implantation techniques. Typically these impurities are implanted to a
      surface density of 2 .times. 10.sup.12 atoms per square centimeter using a
      40 KEV ion beam.
PAR  After the ions are implanted throughout the field of device, the field is
      reoxidized in 1,000.degree.C steam to grow an oxide layer of about 1.3
      microns. The oxide on the silicon nitride over the source, drain and gate
      regions to be formed in or on the underlying substrate 11 initially was 50
      angstroms thick. After the oxidation, this oxide is about 250 angstroms
      thick. This 250 angstrom thick oxide on the nitride is stripped by
      etching. The etching continues longer than neccessary to remove the 250
      angstroms of oxide over the nitride and typically an extra amount of oxide
      (for example up to 750 angstroms) is removed over the device to insure
      complete removal of all oxide on the nitride. Finally, the nitride
      overlying the gate oxide is removed by an etching process leaving the
      underlying gate oxide (1,050 angstroms) on the surface of substrate 11
      overlying the source, drain and gate regions to be formed in or on this
      substrate. The remainder of the process is as described above in
      conjunction with the first embodiment of this invention.
PAR  A feature of this second embodiment is that the source and drain masking
      dimensions are controlled by the etching of a thin masking oxide
      (typically about 50 angstroms thick) rather than by masking and etching a
      silicon dioxide layer of 6,000 angstroms thickness. A thick silicon
      dioxide layer can cause variations in the sizes of the source, drain and
      gate regions due to uncontrollable variations in the lateral etch rates of
      the thick silicon dioxide layer (see layer 14, FIG. 1b). The use of a 50
      angstrom thick oxide layer to define the lateral extent of the source,
      drain and gate regions significantly improves the accuracy with which
      these regions can be formed due to the decrease in sensitivity of the
      process to the etch characteristics of silicon dioxide and due to
      reduction of optical effects such as diffraction and light scattering
      during the formation of the source and drain openings in the underlying
      nitride layer 13 and gate oxide layer 12.
PAR  In addition, the ion implantation energy required to implant selected
      impurities in the field of the device is significantly reduced by removal
      of the initial oxide in the field region. Thus in one embodiment, the
      phosphorus implant energy was reduced from 120 KEV to 40 KEV.
      Alternatively, a chemical deposition can be used to dope the field of the
      semiconductor device if desired.
PAR  Finally, the field oxide thickness can be reduced to about 1.3 microns from
      the previously required thicker field oxide. This reduces the time
      required to form the field oxide and thus increases the efficiency of
      production.
PAR  A variation of the above process involves initially forming over all the
      top surfaces of substrate 11 only a portion of the gate oxide 12 (FIG.
      1a). Nitride layer 13 is then formed as before and the backside oxide is
      removed. Silicon dioxide layer 14 is deposited, gettered and stripped. The
      nitride layer 13 is then removed over the field of the device typically by
      etching to expose the underlying gate oxide. The gate oxide initially was
      formed thinner than in the above two embodiments, for example, 1,000 a
      thickness of about 500 to angstroms. The removal of the nitride exposes
      this initial gate oxide in the field of the device. Then, this exposed
      gate oxide is selectively removed in the field regions. The selected
      impurity is implanted throughout the field of the device in the same
      manner as in the second embodiment of this invention and the field of the
      device is then reoxidized at a temperature of about 1,000.degree.C to a
      desired thickness. This thickness is typically 1.3 microns. The oxide on
      the remaining parts of nitrate layer 13 (over the source and drain
      regions) is now stripped. This oxide has a thickness of about 250
      angstroms as a result of the long field oxidation to which the device has
      previously been subjected. In removing this oxide, the etch process is
      continued to overetch this oxide by about the equivalent of 750 angstroms.
      This insures that all the oxide above nitride layer 13 is completely
      removed but has little effect on the field oxide. Next the nitride layer
      13 overlying the source, drain and gate regions to be formed in the device
      is removed. The gate is then reoxidized to form an additional 250 to 750
      angstroms of oxide over the source, drain and gate regions as desired. If
      desired, this reoxidation and the initial oxidation are both carried out
      in a gettering environment. Typically a halogen gettering is used during
      the oxidation. This is necessary because the nitride deposition can
      contaminate the oxide.
PAR  Note that in the last decribed embodiment of this invention, the gate oxide
      again remains over the device after it is initially formed. However, any
      oxide or nitride layers over the field of the device are removed to allow
      the placing of an impurity in the field of the device to prevent
      channeling. Then the field oxide is reformed to the desired thickness over
      the device. However, that part of the gate oxide covering the source,
      drain and gate regions is left on the device throughout all of this
      processing thereby preventing contaminants from forming in the gate or
      source and drain regions.
PAR  The gettering of the oxide after the deposition of nitride layer 13
      protects the device from any sodium and other metallic contamination which
      might have occurred prior to this gettering. Again, the removal of the
      nitride and the underlying oxidation provides a visual check to insure
      complete nitride removal. Incomplete nitride removal on the device can
      cause buried contact problems and certain surface problems.
PAR  The additional oxidation of the gate dielectric after the field oxidation
      and nitride removal eliminates certain high Q.sub.ss edge effects
      characteristic of particularly small MOS transistors.
PAR  The increase in the gate oxide thickness to about 1,200 angstroms increases
      the threshhold voltage a slight amount (typically from about 1.3 volts to
      about 1.5 volts).
PAR  The growth of gate oxide layer 12 on substrate 11 before subsequent
      processing followed by selective oxidation of the field regions offers
      significant processing advantages. It permits optimized surface
      preparation of the starting wafer independent of other processing steps
      required. It virtually eliminates bulk N type impurity "pile-up"
      subsequent to gate oxidation; almost complete redistribution of any
      impurity "pile-up" occurring during the initial oxidation step occurs
      during the subsequent processing. By growth of the field oxide "through"
      the gate oxide, it avoids any discontinuities due to nonuniform oxidation
      rates that occur in prior art processing as a result of growing the gate
      oxide after the thicker field oxide. It also provides smooth transitions
      from the field to the gate oxide and thus allows thin metal or resistor
      films to be smoothly covered and accurately formed.
PAR  An alternative embodiment of this invention can be used to manufacture
      depletion-mode MOS transistors. This process uses basically the previously
      described process steps with, however, the following modification. After
      the field of the device is oxidized, the silicon dioxide layer 14d and
      silicon nitride layer 13b, together with intermediate oxide layer 13a are
      removed from the surface of the device leaving exposed the gate insulation
      over the source, drain and gate regions. Then window 12b is made through
      the gate oxide to a selected region in underlying silicon substrate 11.
      The wafer is then covered with a layer of photoresist and the photoresist
      above selected source, drain and gate regions is removed by well known
      photolithographic masking techniques. This is followed by ion implantation
      of a selected P type impurity such as boron over the top surface of the
      source, drain and gate regions. This implantation occurs to a thickness of
      about 1,000 angstroms in a typical embodiment although other thicknesses
      can also be used if desired and appropriate for the intended purposes. The
      ion implantation typically takes place at a 50 KEV energy level. The
      result of this ion implantation is to create a thin layer of opposite
      conductivity type to the predominant conductivity of substrate 11 in and
      near the top surface of semiconductor material 11. This layer will serve
      as a channel between to-be-formed source and drain regions with the same
      conductivity type in the substrate 11. Thus this ion implanted layer makes
      possible the formation of a depletion-mode MOS transistor rather than the
      previously described enhancement-mode MOS transistor. Further processing
      continues as before.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A metal-oxide-semiconductor structure which comprises:
PA1  semiconductor material containing a source region and a drain region formed
      adjacent a surface of said material;
PA1  insulation overlying said surface of said semiconductor material, said
      insulation comprising a first portion of a first substantially uniform
      thickness overlying that portion of the surface of said semiconductor
      material between said source region and said drain region and parts of
      said source region and said drain region, a second portion of a second
      substantially uniform thickness overlying the field of said semiconductor
      material surrounding said source region, said drain region and the region
      between said source region and said drain region, and a third portion
      connecting said first portion to said second portion and overlying the
      peripheries of said source region and said drain region and the region of
      said field directly adjacent to said source region and said drain region,
      said third portion of insulation comprising a first section of insulation
      extending from said first portion toward said second portion and a second
      section of insulation material extending from said first section of
      insulation into contact with said second portion, said first section
      having a thickness which increases gradually from the thickness of said
      first portion to a peak; the top surface of said first section rising
      gradually to said peak, said first section ending at said peak, said
      second section beginning at said peak and having a thickness equal to that
      of said first section beneath said peak and which remains approximately
      constant for a selected distance and then gradually increases until at the
      point where said second section joins said second portion, said second
      section has a thickness equal to that of said second portion, said second
      section having a top surface which in the region adjacent said peak has a
      slope opposite in sign to that of the top surface of said first section,
      said top surface of said second section forming a trough in the region
      between said peak and said second portion; a gate electrode formed over
      said insulation between said source region and said drain region;
PA1  insulating material covering the top surfaces of said source region and
      said drain region, said gate electrode and said insulation; and
PA1  contact leads contacting said source region, said drain region, and said
      gate electrode through openings in said insulating material.
NUM  2.
PAR  2. Structure as in claim 1 wherein said insulation comprises an oxide of
      said semiconductor material.
NUM  3.
PAR  3. Structure as in claim 1 wherein said semiconductor material comprises
      silicon and said insulation comprises an oxide of silicon.
NUM  4.
PAR  4. Structure as in claim 1 wherein said gate electrode comprises
      selectively doped polycrystalline silicon.
NUM  5.
PAR  5. Structure as in claim 1 wherein said first portion of insulation
      comprises the insulation between said gate electrode and said
      semiconductor material.
NUM  6.
PAR  6. Structure as in claim 5 wherein said gate insulation has a thickness
      between approximately 500 to approximately 1,000 angstroms.
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PAL  A silicon-gate insulated gate field effect transistor device has a thick
      field oxide in contiguous surrounding relation to its gate electrode and
      with a surface coplanar with or slightly higher than the surface of the
      gate electrode, thus facilitating crossovers and contacts to the gate
      electrode. The method of making this device includes forming a
      self-aligned silicon gate structure on a silicon wafer, masking the gate
      structure against the diffusion of oxygen, and thereafter oxidizing the
      silicon wafer to grow a thick silicon dioxide layer in surrounding
      relation to the silicon gate structure.
PARN
PAR  This is a continuation of application Ser. No. 385,669 filed Aug. 6, 1973,
      now abandoned.
BSUM
PAR  This invention relates to semiconductor devices, such as integrated circuit
      devices, which include insulated gate field effect transistors of the
      so-called self-aligned silicon gate type.
PAR  The self-alignment process for making insulated gate field effect
      transistors is well known. One version of the process is disclosed, for
      example, in Kerwin et al., U.S. Pat. No. 3,475,234. This process generally
      involves the diffusion of the source and drain regions of an insulated
      gate field effect transistor using a silicon gate electrode structure as
      part of the diffusion mask, with simultaneous or subsequent diffusion of
      conductivity modifiers into the silicon gate electrode to render it
      conductive. The silicon gate electrode may be oxidized, or a separate
      insulating coating may be provided over the silicon gate electrode, so
      that interconnection conductors can cross the gate structure.
PAR  Silicon gate integrated circuit devices in which the design requires
      interconnection conductors to cross over the silicon gates have had
      relatively low yields resulting primarily from opens in the crossing
      conductors at the edges of the silicon gates. The silicon gates are made
      by photolithographic etching processes from polycrystalline silicon and
      this material has a tendency to undercut when it is etched, that is, the
      etchant proceeds into the material in such a way that an overhanging edge
      is produced. It is difficult to maintain conductor continuity over such an
      edge.
PAR  Several solutions have been proposed for this yield problem. For example,
      special etchants have been devised which will act faster on the upper
      portions of the polycrystalline silicon than on the lower portions so that
      a sloped rather than an overhanging edge is produced. It has been
      difficult with these etchants, however, to control the width of the
      silicon gates. Another known solution has been to coat the silicon gate
      electrode with a glass having a relatively low melting temperature and to
      heat this glass to a temperature near its melting temperature to provide
      rounded contours at the edges of the silicon gates. The glass coatings
      thus formed are relatively thick, and the metal which is disposed on them
      must therefore pass over relatively high steps, counteracting the benefit
      of the rounded contours. Moreover, the thickness of the glass makes it
      difficult to provide precise contact openings through the glass to the
      silicon therebeneath.
PAR  There is another problem which exists with all of the above-described
      approaches. Whenever an insulator must be applied over a silicon gate
      electrode so that a second layer of interconnection conductors can cross
      over the silicon gate electrode, a relatively large area must be provided
      somewhere on the silicon gate electrode to enable contact to be made
      thereto. A large contact area is required because the insulator must be
      etched off to make contact and because care must be taken to insure that
      the area which is removed overlies only the silicon gate electrode. If
      there is misalignment of the contact opening with the silicon gate
      electrode, it is likely that the etchant may dissolve not only the
      insulating material (usually silicon dioxide) over the silicon gate but
      also some of the insulator (also silicon dioxide) over the main body of
      silicon, thus creating a danger of short circuits between a subsequently
      deposited conductive material and the main silicon body. The requirement
      for a relatively large area for contact to a silicon gate is therefore
      inconsistent with the generally desired result of reducing the size of
      each individual transistor as much as possible.
PAR  The present novel device and method for its manufacture provide a solution
      to both of these problems. In the present device, crossovers are
      facilitated by surrounding the gate electrode structure with insulating
      material, and contact openings can be made which are self-aligned with the
      silicon gate electrodes, without need for critical mask alignments or
      large contact areas.
PAR  The present device and method include certain elements which are known in
      the art. For example, the method and structure involve the use of
      refractory gate electrode materials. This is known, for example, in the
      silicon gate process of Kerwin et al. mentioned above. Further, the
      structure and process involve the use of a thick field oxide similar to
      that disclosed, for example, in Kooi, U.S. Pat. No. 3,676,921. The prior
      art also contains the general teaching that a thick oxide process may be
      combined with a self-aligned silicon gate process. See Morandi, "Planox
      Process Smooths Path to Greater MOS Density," Electronics, Dec. 20, 1971,
      pages 44-48, at page 48. The prior art does not disclose or suggest,
      however, in what manner these processes can be combined to solve both the
      crossover problem and the contact opening problem described above.
DRWD
PAR  In the drawings:
PAR  FIGS. 1 to 3 are partial cross-sectional views which illustrate some of the
      steps of a process which include the present novel process.
PAR  FIG. 4 is a partial cross-sectional view through a device made by the
      present novel process and illustrating a crossover of deposited metal over
      a silicon gate electrode or interconnection conductor.
PAR  FIGS. 5 to 8 are cross-sectional views showing a series of steps carried
      out beyond the step illustrated in FIG. 3, illustrating the present novel
      method of forming a contact opening to a silicon gate electrode.
DETD
PAR  FIGS. 4 and 8 may be taken as two cross sections through a finished device
      10 at different points along a silicon gate electrode or interconnection
      conductor therein. FIG. 8 shows, as an example of a semiconductor element
      in the device 10, the structure of an insulated gate field effect
      transistor 12, and FIG. 4 shows the structure of a crossover 13.
PAR  The device 10 is made in a body 14 of semiconductive material, usually
      silicon, having a surface 15 thereon adjacent to which the active elements
      of the insulated gate field effect transistor 12 are disposed. The
      structures shown in the drawings are fragmentary parts of a silicon wafer
      in which many transistors and many integrated circuit devices are
      fabricated, in the manner well known in the art.
PAR  The body 14 has a mesa 18 (FIG. 8) projecting from the surface 15 thereof,
      and the mesa 18 has a flat surface 20 thereon which is generally parallel
      to the surface 15 of the body 14. Spaced regions 22 and 24 which are
      bounded by PN junctions 26 and 28, respectively, are disposed within the
      body 14 with portions thereof in the mesa 18 adjacent to the sides
      thereof. These regions will function as the source and drain regions for
      the insulated gate field effect transistor 12. Depending on the
      requirements of the circuit in which the device is used, the regions 22
      and 24 are both of one type conductivity, i.e., both are P type or both
      are N type, and there is a channel zone 30 of the body 12 and the mesa 18
      between the regions 22 and 24 which is of conductivity type opposite to
      that of the regions 22 and 24. the channel zone 30 may contain a surface
      channel region, not shown, of the one type conductivity if the insulated
      gate field effect transistor 12 is intended for use in the depletion mode.
      As shown, the insulated gate field effect transistor 12 is an enhancement
      mode unit and no surface channel is present as part of the structure of
      the device.
PAR  Means including a layer of conductive material such as polycrystalline
      semiconductive material, in this case defining a gate electrode structure,
      is disposed on the body 14. The gate electrode structure is disposed over
      the channel zone 30 and comprises a layer 32 of insulating material,
      usually thermally grown silicon dioxide, on the surface 20 of the mesa 18
      and a layer 34 of conductive material adjacent to the layer 32 of
      insulating material. The insulating layer 32 may be a single layer as
      shown, or it may be made up of plural layers of two or more different
      materials, such as deposited silicon dioxide or silicon nitride, in a
      manner known in the art.
PAR  The layer 34 of conductive material is shaped to serve as an electrode of
      the transistor 12 and has a planar surface 35 which is substantially
      parallel to the surface 20 of the mesa 18 faces away from the body 14, and
      is spaced from the surface 15 of the body 14 by a predetermined distance
      determined by the combined thicknesses of the insulating layer 32 and the
      conductive layer 34 and the height of the mesa 18. The layer 34 of
      conductive material is of refractory material, such as polycrystalline
      silicon, so that it can withstand relatively high temperatures, which are
      used in the present novel method as will be described below.
PAR  A relatively thick single-layered homogeneous body 36 of insulating
      material, preferably genetic silicon dioxide, is disposed on the surface
      15 of the body 14 in contiguous, surrounding relation to the mesa 18 and
      also in contiguous, surrounding relation to the insulating layer 32 and
      the conductive layer 34. This body 36 has a surface 38 thereon which is
      generally parallel to the surface 15 of the body 14. A feature of the
      present invention is that the surface 38 of the body 36 is spaced the same
      distance or further from the surface 15 of the body 14 than the surface 35
      of the conductive layer 34 is spaced from the surface 15. In other words,
      the surface 35 of the conductive layer 34 is everywhere the same distance
      or closer to the surface 15 of the body 14 than the surface of the body 36
      is to that surface. The distance separating these two surfaces 35 and 38
      should be in the range of 0 A to about 1000 A.
PAR  A conductor 40 overlies and makes contact to the conductive layer 34. As
      shown, the conductor 40 does not contact the conductive layer 34 over all
      of its area but is insulated therefrom over a small area by a layer 42
      which is of oxygen-impermeable insulating material for a purpose which
      will be described below. The layer 42 may or may not be present in the
      final device and is shown in FIG. 8 for illustrative purposes only. When
      it is present, the layer 42 is a result of misalignment of a contact
      opening photomask, in a manner which will also be explained below.
PAR  To connect the regions 22 and 24 of the insulated gate field effect
      transistor 12 to other parts of the device 10, contact openings 44 and 46
      are made in the body 36 of insulating material, and conductors 48 and 50
      extend into the openings 44 and 46, respectively, to contact the regions
      22 and 24.
PAR  As mentioned above, at another location in the device 10, there may be a
      crossover 13, as shown in FIG. 4. Wherever the circuit in which the device
      is used requires that in interconnection conductor, here shown as 54, must
      cross over the conductive layer 34, the insulator layer 42 overlies the
      entire surface 35 of the conductive layer 34. Since the surface 38 of the
      body 36 of insulating material is above the surface 35 of the conductive
      layer 34, the conductive layer 34 is embedded in insulating material.
      Consequently, the conductor 54 can cross over the conductive layer 34 in
      insulated relation thereto. The insulator layer 42 should be relatively
      thin, e.g., less than about 1,000 A, so that it has an upper surface 56
      which is relatively close to, i.e., no more than about 1,000 A from, the
      surface 38 of the body 36, so that conductor 54 need not cross a high
      step.
PAR  The present novel method is illustrated by the sequential cross-sectional
      views of FIGS. 1 to 3, 5 to 8, and 4. The distinctive steps of the method
      are shown and nondistinctive conventional steps of cleaning, washing, and
      photomasking are omitted for clarity.
PAR  The process begins, as illustrated in FIG. 1, with the step of growing the
      layer 32 of insulating material on the original upper surface of the body
      14. This may be done in conventional manner; that is, by heating the body
      14 in an oxidizing ambient to a temperature of about 1,000.degree.C for a
      time long enough to grow the layer 32 to a thickness of about 1,000 A.
      Next, the conductive layer 34 is formed on the surface of the insulator
      layer 32. This conductive layer 34 may also be formed conventionally, for
      example, by heating the body 14 to a temperature between about
      550.degree.C and about 750.degree.C in an atmosphere containing a source
      of silicon atoms, such as silane (SiH.sub.4), to form the layer 34 by the
      pyrolytic decomposition of the silane. The time and temperature of this
      step should be selected such that the conductive layer 34 has a thickness
      between about 3,000 A and about 6,000 A. The conductive layer 34 may be
      doped either during its formation by including in the growth atmosphere a
      source of conductivity modifiers, such as diborane or phosphine, or it may
      be doped after its formation.
PAR  The conductive layer 34 is next coated with the layer 42 of an
      oxygen-impermeable insulating material. Preferably, this material is
      silicon nitride (Si.sub.3 N.sub.4), which may be formed, for example, by
      the pyrolytic decomposition of silane and ammonia on the surface 35 of the
      conductive layer 34 at a temperature of about 1,000.degree.C. This
      procedure is also well known in the art.
PAR  FIG. 2 illustrates the next few steps in the process. Conventional
      photolithographic processes are used to remove portions of the silicon
      nitride layer 42 to leave a pattern which will define the locations and
      areas of the diffusion openings for regions 22 and 24 and any other
      similar regions (not shown) in the device 10. The defined silicon nitride
      layer 42 is then used as an etch mask for the removal of portions of the
      conductive layer 34 and the insulator layer 32 to complete the definition
      of the diffusion openings for the regions 22 and 24, i.e., to produce a
      configuration as shown in FIG. 2. The next step is to form the regions 22
      and 24 by diffusing conductivity modifiers into the body 14, by any
      desired method. As in the self-aligned process of Kerwin et al. mentioned
      above, a portion of the conductive layer 34 which will become the gate
      electrode is self-aligned with the junctions 26 and 28 bounding the
      regions 22 and 24. In other words, the layered structure consisting of the
      layers 42, 34, and 32 shown at the center of FIG. 2 has lateral boundaries
      spaced from each other at a distance which, owing to this process, is
      substantially equal to the length of the channel zone 30 of the insulated
      gate field effect transistor 12. Some overlap of the conductive layer 34
      with the regions 22 and 24 will exist at this point in the process owing
      to side diffusion of the regions 22 and 24. The regions 22 and 24 should
      be diffused relatively deeply into the body 14, and the depth of this
      diffusion will depend on the thickness desired for the body 36 of
      insulating material, i.e., the depth of this diffusion should be greater
      than the depth of the body 36 in the body 14, so that part of the regions
      22 and 24 will remain after the body 36 is formed.
PAR  An etch mask is next formed over those portions of the silicon nitride
      layer 42 which are over the portions of the conductive layer 34 which are
      intended to remain as gate electrodes and interconnection conductors, and
      the undesired portions of the layers 42, 34, and 32 are then removed. The
      body 14 is next exposed to an oxidizing atmosphere at a relatively low
      temperature for a time long enough to form the body 36 of insulating
      silicon dioxide to the desired thickness (FIG. 3). For example, the body
      14 may be heated to a temperature of about 900.degree.C in steam for the
      necessary time. The oxidation process consumes part of the body 14 by
      chemically combining with the silicon thereof, and the body 36 has a
      thickness approximately twice the depth of the silicon consumed. Thus, for
      example, if the surface 35 of the silicon gate 34 is spaced about 5,000 A
      from the original surface of the body 14, the oxidation process used to
      form the body 36 should be carried out long enough to consume about 5,000
      A of the body 14, thus growing the body 36 to a thickness of about 10,000
      A and locating its surface 38 coplanar with or slightly above the surface
      35 of the layer 34. The time of this oxidation step will vary with the
      temperature chosen and with the thickness of the gate structure and may be
      determined routinely. For example, for the 900.degree.C oxidation
      temperature mentioned above, and to grow the body 36 to a thickness of
      10,000 A, the time in steam would be on the order of 8 hours. A major
      portion of the conductive layer 34 does not oxidize during this step since
      it is protected by the oxygen-impermeable character of the coating 42.
      However, some oxidation of the conductive layer 34 will take place at the
      sides of the gate electrode structure which will narrow the conductive
      layer 34 somewhat and produce a configuration like that shown in FIG. 3,
      for example. This narrowing of the conductive layer 34 will reduce its
      overlap with the regions 22 and 24, thus reducing the capacitance between
      the layer 34 and the regions 22 and 24.
PAR  The next steps, illustrated in FIGS. 5 and 6, are used to make contact
      openings to the conductive layer 34 where desired. The first of these
      steps is to form a mask 58 on the upper surface of the device 10 of a
      material which will mask against a solvent for silicon nitride, such as
      hot phosphoric acid, and to form an opening 60 therein at the desired
      location of the contact opening. A feature of this invention is that the
      opening 60 in the mask 58 need not be critically aligned over the
      conductive layer 34, because the solvents for silicon nitride, such as the
      phosphoric acid mentioned above, do not attack silicon dioxide, and all
      that is required is that the opening 60 overlie enough area of the silicon
      gate 34 to provide an adequately large contact area. In this example, the
      mask 58 is shown as misaligned to the left.
PAR  The configuration of the device 10 after the removal of the exposed
      portions of the silicon nitride coating 42 is shown in FIG. 6. The left
      boundary 62 of the opening is substantially aligned with the edge of the
      silicon gate because of the different etching rates of silicon nitride and
      silicon dioxide, i.e., because of the masking effect of the body 36 of
      silicon dioxide. If there were no oxidation of the edge of the conductive
      layer 34, the left boundary 62 of the opening would be exactly aligned
      with the edge of the silicon gate. As mentioned earlier, a part of the
      coating 42 of silicon nitride may remain due to misalignment, but this is
      not critical.
PAR  The contact openings 44 and 46 to the regions 22 and 24 are next opened in
      conventional fashion. Thus, for example, a photoresist coating 64 (FIG. 7)
      is applied over the surface of the device 10 and exposed and developed to
      form an etch mask having openings where the contact openings 44 and 46 are
      desired. Exposure to a solvent for silicon dioxide will then form the
      contact openings 44 and 46.
PAR  After removal of the photoresist coating 64, the device may be metallized
      by, for example, depositing aluminum thereon, and the deposited aluminum
      is then defined photolithographically to form the conductors 40, 48, 50,
      and 54.
PAR  The present novel device, fabricated in this manner, has a very flat
      surface in the vicinity of the silicon conductive layer 34 so that
      crossovers are facilitated and yield losses due to opens in metallization
      at crossover locations are reduced. Critical mask alignments for making
      contact openings to the silicon conductive layer are not required and the
      area of contacts to the silicon conductive layer may be minimized, owing
      to the self-alignment of the contact openings.
PAR  While only one type of insulated gate field effect transistor has been
      shown and described, the present invention is not limited to integrated
      circuit devices using only one type of insulated gate field effect
      transistor (P-MOS or N-MOS devices) but may also be used in CMOS devices
      in which both types of insulated gate field effect transistors are
      employed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An insulated gate field effect semiconductor device comprising
PA1  a body of silicon having a first surface, a mesa projecting from said first
      surface, and a second surface on said mesa generally parallel to said
      first surface,
PA1  regions of one type conductivity in said mesa adjacent to respective
      opposite sides of said mesa, a zone of said mesa between said regions
      being of conductivity type opposite to that of said regions,
PA1  a layer of insulating material on said second surface of said body of
      silicon,
PA1  a layer of conductive material adjacent to said layer of insulating
      material and having a planar surface substantially parallel to the second
      surface of said body of silicon, and
PA1  a single-layered homogeneous body of insulating material on said first
      surface of said body of silicon and in contiguous surrounding relation to
      said mesa, said insulating layer, and said conductive layer, and having a
      surface spaced from and substantially parallel to said first surface of
      said body of silicon, said planar surface of said conductive layer being
      everywhere the same distance from or closer to said first surface of said
      body of silicon than the surface of said body of insulating material is to
      said first surface of said body of silicon when these distances are
      measured in a direction substantially normal to said first surface of said
      body of silicon.
NUM  2.
PAR  2. A semiconductor device as defined in claim 1 wherein said conductive
      layer is polycrystalline silicon.
NUM  3.
PAR  3. A semiconductor device as defined in claim 1 further comprising
PA1  a second layer of insulating material on said surface of said conductive
      layer, a surface of said second layer of insulating material being
      substantially parallel to and spaced no further than about 1,000 A from
      said surface of said body of insulating material.
NUM  4.
PAR  4. A semiconductor device as defined in claim 3 further comprising
PA1  a layer of conductive material extending continuously adjacent to said body
      of insulating material and said second layer of insulating material.
NUM  5.
PAR  5. A semiconductor device as defined in claim 3 further comprising
PA1  means defining an opening in said second layer of insulating material, and
PA1  a continuous conductor layer extending adjacent to said body of insulating
      material and contacting said conductor layer.
NUM  6.
PAR  6. A semiconductor device comprising
PA1  a body of semiconductive material having a surface,
PA1  a semiconductor element including a layer of conductive material on said
      body, shaped to serve as an electrode of said element, said layer having a
      planar surface which is generally parallel to said surface of said body
      and which faces away from said body,
PA1  said layer of conductive material being contiguously surrounded by a layer
      of a first insulating material on said body, said layer of insulating
      material having a surface which is generally parallel to said surface of
      said body and which faces away from said body and is spaced from said
      surface of said body by a distance at least as great as the distance by
      which said planar surface of said layer of conductive material is spaced
      from said surface of said body,
PA1  a layer of a second insulating material which is soluble in a solvent which
      will not attack said first insulating material on a portion only of said
      layer of conductive material, and
PA1  a conductor overlying and making contact to said layer of conductive
      material and being partially insulated therefrom by said layer of second
      insulating material.
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PAL  A semiconductor material of a first conductivity type has one of its
      surfaces subjected to high energy oxygen ion implantation, thereby forming
      an oxide layer below that surface. A gate is formed by masking at least a
      portion of the surface, exposing the unmasked portion to ion radiation so
      as to implant impurity ions in the region of the semiconductor material
      between its unmasked surface and the upper side of the subsurface oxide
      layer, and metallizing the surface above the implanted region. After
      removal of the masking material, source and drain areas are formed by high
      energy ion implantation in the semiconductor material adjacent the lower
      side of the subsurface oxide layer, the areas having a conductivity
      opposite the first conductivity type. After windows to the source and
      drain areas are opened in the semiconductor material and subsurface oxide
      layer, the exposed surfaces of these areas are metallized.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  There is reserved to the Government of the United States a nonexclusive,
      irrevocable, royalty-free license in the invention described herein with
      power to grant licenses for all governmental purposes.
PARN
PAR  This application is a division of copending application Ser. No. 423,854,
      filed Dec. 11, 1973, now U.S. Pat. No. 3,873,373 which is a
      continuation-in-part of application Ser. No. 269,359, filed July 6, 1972,
      and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method for fabricating semiconductor devices.
      In one aspect it relates to a method for forming insulated gate field
      effect transistors. In another aspect it relates to an insulated gate,
      field effect transistor.
PAC  BACKGROUND OF THE INVENTION
PAR  Among the various kinds of semiconductor devices, one type that is well
      known in the art is the insulated gate, field effect transistor. For
      example, this type of transistor and its operation are described by S. R.
      Hofstein and F. P. Heiman in an article entitled "The Silicon
      Insulated-Gate Field-Effect Transistor" appearing in the Proceeding of the
      IEEE, 51, p. 1190 (September 1963). Furthermore a number of patents, such
      as U.S. Pat. Nos. 3,411,199; 3,472,712 and 3,513,364, have issued that
      describe methods for fabricating such semiconductor devices. This type of
      transistor is generally characterized by an arrangement in which the
      source and drain are spaced apart regions of the same conductivity formed
      on the same surface of a semiconductor body. The gate is positioned over
      the space between the source and drain regions and is separated therefrom
      by a layer of insulating material. The layer of insulating material is
      usually in the form of an oxide of the same element as the semiconductor
      body. For example, when the semiconductor body is silicon, the insulator
      for the gate is silicon dioxide. In preparing the silicon dioxide
      insulating layer, the usual practice is to oxidize the exposed surface of
      the silicon body. In order to fabricate a field effect transistor having
      reliable and reproducible characteristics, it is important that the
      insulator be of high purity. The introduction of trace contaminants, such
      as alkali ions, into the silicon dioxide, which may occur during the
      oxidation procedure, causes the silicon dioxide to be unstable. Because of
      the ion drift and surface instabilities in the silicon dioxide insulator,
      the field effect transistors made by prior art procedures are not always
      completely reliable.
PAR  It is an object of this invention to provide an improved method for the
      fabrication of an insulated gate, field effect device.
PAR  Another object of the invention is to provide an insulated gate, field
      effect transistor of improved reliability.
DRWD
PAR  Other objects and advantages of the invention will become apparent to those
      skilled in the art upon consideration of the accompanying disclosure and
      the drawing in which FIGS. 1 through 6 illustrate diagrammatically the
      several steps followed in producing a semiconductor device according to
      the invention.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  Broadly speaking, the present invention resides in a semiconductor device
      comprising a semiconductor body of a first conductivity type; an oxide
      insulating layer, formed by oxygen implantation, disposed intermediate the
      upper and lower surfaces of the semiconductor body; a source area and a
      drain area spaced apart from one another and positioned adjacent the lower
      surface of the insulating layer, each area having a conductivity opposite
      the first conductivity type; and a gate electrode positioned on the
      surface of the semiconductor body above the space separating the source
      and drain areas, the ohmic regions of the body between the gate and the
      insulating layer being degenerate by having impurity ions implanted
      therein. By providing an oxide insulating layer by oxygen implantation,
      the reliability of the device is improved by inhibiting ion drift and
      surface instabilities that are present in conventional devices.
      Furthermore, in making the transistor of this invention, it is possible to
      eliminate a passivation step since the device is fabricated below a layer
      of the conductive body.
PAR  Referring to FIG. 1 of the drawing, there is illustrated a semiconductor
      body 10 having opposing surfaces 11 and 12. It is to be understood that in
      the figures of the drawing only a small portion of a semiconductor wafer
      is depicted and that in actual practice a large number of units as
      described herein are simultaneously fabricated. As shown, the
      semiconductor body is a P-type monocrystalline silicon although other
      materials, such as monocrystalline germanium, can be used. Furthermore,
      the semiconductor can be an N-type material, for example, an N-type single
      crystal silicon. Formed within body 10 intermediate its top surface 11 and
      its bottom surface 12 is a layer of film 13 of silicon dioxide.
PAR  The subsurface layer 13 of silicon dioxide is produced by high energy
      oxygen implantation, utilizing a suitable high energy accelerator, such as
      a Van de Graff accelerator. Preferably, the layer has a thickness of about
      1,000 to 2,000 A. and is disposed at about 0.5 to 1.0 micron below surface
      11. Such a layer can be formed by first directing onto surface 11 a one
      million electron volt (MeV) beam 14 of oxygen ions having an intensity of
      12 .times. 10.sup.12 ions/cm.sup.2 for a period of about 10.sup.2 to
      10.sup.3 seconds to give a fluence of about 10.sup.15 to 10.sup.16
      ions/cm.sup.2. After the oxygen implantation, the silicon body is annealed
      by heating it at about 1,100.degree. to 1,300.degree.C for a period of
      about 3 to 6 hours. As a result of this annealing step, a layer of film 13
      of silicon dioxide is formed and any damage caused by the ion implantation
      is removed. It is to be understood that the beam intensity and period of
      impingement can be varied from those indicated above so as to obtain a
      similar oxide layer or, for example, one with a lesser or greater
      thickness disposed at a lesser or greater depth below surface 11. However,
      the specific conditions set forth above are those that are desirably
      employed so as to provide an oxide layer having the preferred thickness
      and depth.
PAR  As shown in FIG. 2, a masking material 16 is now formed on surface 11. A
      suitable masking material may be a commercially available photoresist
      material. The thickness of the masking is such as to prevent ions from
      penetrating through the mask. The thickness of the material usually falls
      in the range of 0.5 to 0.75  mil. The mask in the form of a photoresist
      layer is developed after exposure to a suitable light pattern. By use of a
      suitable solvent, at least one portion of the photoresist unexposed to
      light is removed, thereby providing an opening 17 therein to the silicon
      body. While only a single opening is illustrated, it is to be understood
      that in fabricating a device a plurality of openings may be created in the
      mask.
PAR  The surface area of body 10 exposed by opening 17 in the mask is now
      bombarded with a beam of impurity ions 18 so as to provide a highly
      conductive region 19 between the surface of body 10 exposed by opening 17
      and silicon dioxide layer 13. Assuming as before that body 10 is a P-type
      semiconductor as a result of containing P-type dopants, such as boron,
      aluminum, gallium and indium, then the impurity ions implanted in region
      19 are preferably of the N-type, such as phosphorus, arsenic, antimony or
      bismuth. While P-type dopants can be implanted in region 19, as a
      practical matter it is desirable to utilize the same type of impurity ions
      as are used in doping the source and drain, i.e., N-type dopants with a
      P-type semiconductor. With an N-type semiconductor, it is, of course,
      preferred to implant P-type dopants in region 19.
PAR  Implantation of the N-type impurity ions in region 19 of body 10 is
      accomplished by employing a suitable accelerator, such as a Van de Graff
      accelerator. Initially, a one million electron volt beam 18 having an
      intensity of 12 .times. 10.sup.12 ions/cm.sup.2 is directed onto the
      surface of opening 17 for a period of time sufficient for the N-type
      dopants to penetrate up to silicon dioxide layer 13. The intensity of the
      beam is then decreased in increments until region 19 becomes degenerate,
      i.e., highly conductive. In this degenerate state, region 19 contains
      sufficient impurity ions, e.g., about 10.sup.19 to 10.sup.20 ions per
      cubic centimeter, so as to render region 19 about as conductive as metal.
      As a result, there is substantially no drop in potential between the gate
      electrode to be described in the next paragraph and the silicon dioxide
      layer.
PAR  After implantation of the N-type ions in region 19, the exposed top surface
      of body 10 is metallized to provide a gate electrode 21. A conductive
      metal is deposited on the exposed surface by any conventional method,
      e.g., by vacuum evaporation. It is often preferred to utilize aluminum as
      the metal although other metals, such as chrome-silver or chrome-gold can
      be used. When employing the latter metals, a thin film of chromium is
      first flashed on the exposed surface after which a layer of silver or gold
      is deposited on the chromium. This step is shown in FIG. 3 of the drawing.
PAR  After formation of the gate electrode, photoresist layer 16 is removed with
      a suitable stripper, such as methylene chloride. Thus, as shown in FIG. 4,
      there remains on surface 11 of body 10 only gate electrode 21. The next
      step in the method for fabricating the semiconductor device of this
      invention involves the formation of source 22 and drain 23. The source and
      drain are produced by the high energy implantation of N-type dopants,
      using a suitable high energy accelerator, such as a Van de Graff
      accelerator. (When body 10 is an N-type semiconductor, it will be
      appreciated that P-type dopants are utilized in forming the source and
      drain.) The intensity of ion beam 24 must be sufficient to penetrate the
      portion of body 10 above silicon dioxide layer 13 as well as layer 13
      itself in order to provide the source and drain. Thus, impingement of a
      1.1 to 1.4 million electron volt beam of N-type impurity ions having an
      intensity of 12 .times. 10.sup.12 ions/cm.sup.2 for a period of 10.sup.2
      to 10.sup.3 seconds is satisfactory for forming a source and a drain
      having a depth of 1.0 to 1.6 microns. It is within the scope of the
      invention to etch away a portion of the body above oxide layer 13 in which
      event less energy is required to obtain the desired doping.
PAR  In forming the source and drain, metallic gate electrode 21 functions as a
      mask. Because of the use of the gate electrode as the mask, there is no
      overlap between the gate and the source and/or drain regions. Accordingly,
      region 19 with its gate electrode 21 can be termed a self-alligned gate
      which obviates the incidence of Miller's capacitance between the gate and
      source and/or drain. In this regard the gate electrode has a thickness
      which is sufficient to prevent ion penetration of region 19 during
      formation of the source and drain. The thickness of the gate electrode
      usually falls in the range of 0.5 to 0.75 mil. After formation of the
      source and drain, body 10 is annealed at a temperature of about
      500.degree. to 600.degree.C for a period of about 0.5 to 1 hour. The
      annealing step removes any damage that may be caused by the ion
      implantation and also activates the implanted ions.
PAR  As shown in FIG. 5, windows 24 and 26 to the source and drain are opened in
      body 10 above oxide layer 13 and in the oxide layer itself. This is
      accomplished by the use of a suitable etchant, such as a hydrofluoric acid
      solution. In carrying out the etching step, the layer of the silicon body
      above the oxide layer is preferably etched so that the sides of the
      windows flare outwardly. This structure facilitates metallization of the
      source and drain and the attachment of leads thereto.
PAR  As illustrated in FIG. 6, a mask 27, which can be photoresist material as
      described hereinbefore, is next formed over gate electrode 21. In order to
      completely mask the gate electrode, the portion of top surface 11 of body
      10 adjacent the perimeter of the electrode is also masked with the
      photoresist material. The thickness of this photoresist material is
      generally in the range of 0.03 to 0.04 mil. A metal 28 is thereafter
      deposited on the surfaces of the source and drain regions to provide metal
      contacts. In forming the metal contacts, the same procedure used in
      providing gate electrode 21 can be conveniently followed. In addition to
      covering the exposed surfaces of the source and drain, the metal covers
      the exposed sides of the opening in oxide layer 13 and body 10. However,
      it is to be understood that it is not necessary that the metal covers the
      entire exposed surfaces of the source and drain, nor does the metal have
      to cover entirely the sides of the windows. It is sufficient if the metal
      is deposited only on a portion of the source and drain while extending
      upwardly on the sides of the windows to a location that will facilitate
      the connection of electrical leads. After metal contacts 28 have been
      deposited, photoresist mask 27 is removed from gate electrode 21 by
      dissolving it in a suitable solvent, thereby providing an insulated gate,
      field effect transistor.
PAC  EXAMPLE
PAR  An array of insulated gate, field effect transistors is fabricated in
      accordance with the method of this invention. Initially, a one MeV beam of
      oxygen ions having an intensity of 12 .times. 10.sup.12 ions/cm.sup.2 is
      directed for a period of 500 seconds onto the surface of a single crystal
      silicon wafer having a P-type conductivity. The wafer with implanted
      oxygen ions is then annealed by heating in an oven at 1,200.degree.C for a
      period of 4 hours. A silicon dioxide layer having a thickness of about
      1,500 A. is thereby formed within the wafer about 0.75 micron below its
      top surface. After the wafer is allowed to cool to room temperature, the
      surface of the wafer is masked with a commercially available photoresist
      material. The photoresist layer is developed after exposure to a
      predetermined light pattern. Using methylene chloride as the solvent those
      portions of the photoresist unexposed to light are removed, thereby
      providing a plurality of openings in the photoresist to the surface of the
      silicon wafer. The surface of the wafer is now bombarded with a beam of
      phosphorus ions so as to provide a plurality of degenerate regions between
      the surfaces of the aforementioned openings and the silicon dioxide layer.
      The surfaces of the openings are then metallized with aluminum by vacuum
      evaporation after which methylene chloride is used to strip the
      photoresist layer from the wafer surface. There is thus formed on that
      surface a plurality of gate electrodes having a thickness of about 0.75
      mil.
PAR  After formation of the gate electrodes, a 1.2 MeV beam of phosphorus ions
      having an intensity of 12 .times. 10.sup.12 ions/cm.sup.2 is directed for
      a period of 750 seconds onto the surface of the silicon wafer. The gate
      electrodes function as masks so that a source and a drain having a depth
      of about 1.3 microns are formed below and adjacent the oxide layer for
      each gate in the silicon body. Because the gate electrodes function as
      masks, there is no overlap between the gate and the source and drain
      region, thereby preventing the occurrence of Miller's capacitance.
PAR  After the plurality of source and drain regions are formed, the wafer is
      annealed at 550.degree.C for 45 minutes. The wafer is then permitted to
      cool to room temperature after which windows to the source and drain
      regions are opened by etching away with a solution of hydrofluoric acid
      the layers of silicon and silicon dioxide above the regions. The etching
      step is carried out so that the top of the windows flare outwardly,
      thereby providing an upper edge that is rounded. The gates are then masked
      with a photoresist material, and aluminum is deposited on the exposed
      surfaces of the source and drain areas and on the contiguous sides of the
      flared windows. Thereafter, methylene chloride is used to strip the
      photoresist material from the gate electrodes. Suitable electrical leads
      may then be attached by any convenient method, such as by ball-bonding, to
      the gate electrode and to the metal contacts of the source and drain
      areas. The wafer is now divided into a plurality of units which are then
      encased by well known techniques.
PAR  The transistors fabricated as described in the foregoing example can be
      advantageously used in linear and digital circuits. Furthermore, the
      method of this invention lends itself to the fabrication of transistors
      having unconventional geometrics while overcoming the problems associated
      with the prior art techniques of fabricating insulated gate, field effect
      transistors.
PAR  As will be apparent to those skilled in the art, modifications of the
      present invention can be made in view of the foregoing disclosure. Such
      modifications fall within the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An insulated gate, field effect transistor comprising a semiconductor
      body of a first conductivity type having a top and a bottom surface; a
      layer of an oxide of the semiconductor disposed intermediate the top and
      bottom surfaces of the semiconductor body; a source area and a drain area
      positioned in the semiconductor body adjacent the lower surface of the
      oxide layer and separated from one another by a region of the body between
      the top surface of the body and the upper surface of the oxide layer and a
      region of the body below the lower surface of the oxide layer, each area
      having a conductivity type opposite the first conductivity type; and a
      gate electrode positioned on the top surface of the region of the
      semiconductor body between the top surface of the body and the upper
      surface of the oxide layer, the region being in a degenerate state.
NUM  2.
PAR  2. The transistor of claim 1 in which the semiconductor body is a P-type
      monocrystalline silicon; the source and drain areas have an N-type
      conductivity; and the region of the body on which the gate electrode is
      positioned contains implanted N-type impurity ions.
NUM  3.
PAR  3. The transistor of claim 1 in which the oxide layer has a thickness in
      the range of about 1,000 to 2,000 A. and the oxide layer is disposed at
      about 0.5 to 1.0 micron below the surface of the body.
NUM  4.
PAR  4. The transistor of claim 1 in which the semiconductor body is an N-type
      monocrystalline silicon; the source and drain areas have a P-type
      conductivity; and the region of the body on which the gate electrode is
      positioned contains implanted P-type impurity ions.
NUM  5.
PAR  5. The transistor of claim 1 which comprises openings extending from the
      top surface of the semiconductor body through the oxide layer, thereby
      exposing at least a portion of the surfaces of the source and drain areas;
      and metal contacts attached to exposed surfaces of the source and drain
      areas.
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ABST
PAL  A charge-coupled device in which the storage and tranfer of information in
      the form of charges consisting of minority carriers are carried out with
      only two clocks. The device comprises a doped semiconductor substrate
      coated with an insulating thin film carrying a linear series of conductive
      electrodes. A variably doped surface region of the substrate creates a
      potential barrier for the minority carriers upstream of a charge-storage
      region. The same value of potential is fixed respectively for the
      odd-numbered electrodes and for the even-numbered electrodes, these values
      being modified in cycles so as to transfer the charge from each alternate
      electrode to one of the adjacent electrodes.
PAL  A method of fabrication of the device consists in forming an insulating
      film and an assembly of conductive electrodes on a semiconductor substrate
      and in ion implantation by means of an ion beam in order to increase the
      doping of the substrate beneath one edge of the electrodes.
PARN
PAR  This is a continuation of application Ser. No. 217,595, filed Jan. 13,
      1972, now abandoned.
BSUM
PAR  This invention relates to a charge-coupled device which is primarily
      although not exclusively intended to be employed as a shift register,
      delay line and scanning retina.
PAR  Charge-coupled devices form part of integrated systems comprising a doped
      semiconductor substrate of the n or p type covered with an insulating thin
      film having a thickness of the order of 0.1 micron, and conductive
      electrodes uniformly disposed on the film. Systems of this type which are
      in most common use are designated by the abbreviation MOS (metal-metal
      oxide-semiconductor) since, in the majority of cases, they are constituted
      by a semiconductor substrate (n-type silicon, for example), a thin film of
      oxide of the semiconductor (SiO.sub.2 in the case just mentioned) and
      metallic electrodes (aluminum, for example). However, it must be
      understood that the abbreviation MOS as employed in this description can
      designate a system which does not correspond to this arrangement and in
      which, for example, the insulating film is not an oxide, especially if it
      is at least partially a nitride (MIS or metal-insulator-semiconductor
      structures), or in which the electrodes are formed of very heavily doped
      silicon, for example.
PAR  The charges which are stored and displaced in charge-coupled MOS devices
      are constituted by minority carriers retained by potential wells formed
      beneath some of the electrodes which are brought to suitable potentials.
      In order to transfer charges from one electrode to the next, the potential
      wells are displaced from one electrode to another, the direction of
      displacement in charge-coupled devices of the type employed heretofore
      (which will be described below) being established by making provision for
      an additional electrode.
PAR  Compared with conventional integrated circuits of the bipolar transistor or
      field-effect transistor type, charge-coupled MOS devices have the
      advantage of greater compactness and especially of a manufacturing process
      involving a much smaller number of steps. On the other hand, as will
      become apparent later, these devices constitute a dynamic memory in which
      the information storage time is limited. Moreover, the transfer of
      information made it necessary up to the present time to employ three
      clocks connected to the electrodes by means of circuits which cross one
      another, this arrangement being contrary to simplicity of manufacture and
      use.
PAR  The aim of the present invention is to provide charge-coupled devices which
      meet practical requirements more effectively than those existing up to the
      present time, particularly insofar as they permit easier manufacture and
      use by reason of the fact that storage and transfer of charges call for
      the use of only two clocks.
PAR  To this end, a device according to a first aspect of the invention
      comprises a doped semiconductor substrate coated with an insulating thin
      film which carries at least one assembly 2a of conductive electrodes (a
      being a whole number) which are disposed in succession along an axis, said
      support having a doped surface region beneath said assembly and the doping
      of said region being intended to vary in such a manner that a potential
      barrier for the minority carriers is created upstream, with respect to the
      direction of transfer of said charges, of a charge-storage region in
      approximately coincident relation with the region which is subjacent to
      one of the electrodes, means for injecting or not a predetermined charge
      of minority carriers beneath at least the first electrode, and means for
      establishing the same value of potential for all the odd-numbered
      electrodes as well as the same value of potential for all the
      even-numbered electrodes and for modifying these values in cycles each of
      which causes the transfer of the charge from each alternate electrode to
      one of the adjacent electrodes whose potential barrier is located on the
      same side as the electrode from which the charge is derived.
PAR  The distribution of the doping within the surface region subjacent to all
      the electrodes results in the existence of a number of threshold voltages
      within the surface portion of the substrate and correlatively, at the time
      of transfer, in the appearance of an electric field which is parallel to
      the surface of the support and the lines of force of which are directed
      from one electrode to the adjacent electrode solely in the direction of
      said axis.
PAR  The expression "threshold voltage" designates and will continue to
      designate hereinafter the minimum voltage which is such that, if it is
      applied to an electrode over a sufficiently long period of time, it
      results in the accumulation beneath said electrode of a certain quantity
      of charges of opposite type to those of the substrate.
PAR  In a first embodiment of the invention, said variation in doping of the
      surface region is carried out by forming beneath each electrode a surface
      region which is more heavily doped beneath the upstream edge of each
      electrode than is the case beneath the remainder of the electrode.
PAR  In a second embodiment of the invention, said substrate is provided between
      the electrodes with a surface region in which the presence of the donor or
      acceptor dopant (such as phosphorus, for example) is at least partially
      compensated by the presence of an acceptor or donor (boron, for example).
PAR  In order to ensure effective transfer of the charges from a memory cell to
      the following cell, the first embodiment calls for relatively high control
      voltages; in the second embodiment, the charges are stored at least
      partially beneath the interelectrode spaces and the number of charges is
      very difficult to control. Although it is wholly feasible to give
      practical effect to the first embodiment, the invention preferably
      proposes a device which makes conjoint use of the two arrangements
      previously described and which is free from the defects just mentioned.
      This is the case in the definition which will be given hereinafter:
PAR  A device according to a further aspect of the invention and permitting the
      transfer of binary information in the form of charges comprises a doped
      semiconductor substrate coated with an insulating thin film carrying at
      least one assembly of 2a conductive electrodes having successively an even
      and odd-numbered order (a being a whole number) and disposed in succession
      along an axis, said semiconductor being provided between the electrodes
      with a more lightly doped surface region and beneath each electrode, and
      beneath the edge located on the same side of each of these electrodes,
      with a surface region which is more heavily doped than the remainder of
      the semiconductor substrate which is subjacent to the electrodes, the
      lightly doped region, the heavily doped region and the remainder of the
      semiconductor substrate which is subjacent to the electrodes having
      threshold voltages equal respectively to V.sub.S1, V.sub.S3 and V.sub.S2,
      means for injecting into the semiconductor binary information in the form
      of charges of minority carriers, and means for storing and circulating the
      binary information along the succession of electrodes, comprising a first
      time base for applying successively to the odd-numbered electrodes a
      storage voltage V.sub.2 (V.sub.2 being higher than V.sub.S2), a bias
      voltage V.sub.2, V.sub.1 (V.sub.1 being lower than V.sub.S2), a transfer
      voltage V.sub.3 (V.sub.3 being higher than V.sub.S3) constituting a cycle
      of transition from one odd-numbered electrode to the following
      odd-numbered electrode, that is to say from a memory cell to the second
      memory cell next following, a second time base for applying at the same
      time to the even-numbered electrodes the respective voltages corresponding
      to the same cycle of transition from an odd-numbered electrode to the
      following odd-numbered electrode V.sub.1, V.sub.3, V.sub.2, V.sub.2,
      etc..., said charges of minority carriers being localized at the time of
      injection and storage, in the case of each group of two electrodes,
      beneath the electrode which is brought to the potential V.sub.2.
PAR  The invention further proposes a method of fabrication of charge-coupled
      devices in which, after having formed on a semiconductor substrate an
      insulating film and a succession of conductive electrodes, the doping of
      the semiconductor beneath one of the edges of the electrodes is increased
      by ion implantation by means of an ion beam which is oblique with respect
      to the substrate and/or the addition of ions in the surface regions
      located between the electrodes is compensated by ion implantation by means
      of a beam of an acceptor if the doping agent is the donor, of a donor if
      the doping agent is the acceptor, said beam being perpendicular to the
      substrate.
DRWD
PAR  A clearer understanding of the invention will be gained from the following
      description of a device constituting one embodiment which is given by way
      of non-limitative example and of a comparison with a device according to
      the prior art. Reference will be made to the accompanying drawings, in
      which:
PAR  FIGS. 1a, 1b and 1c are schematic diagrams in which the essential elements
      of the device according to the prior art are shown in cross-section on a
      plane at right angles to the substrate which passes through the electrodes
      and which show in dashed lines the space charge zone (namely the zone
      which is devoid of free carriers at the time of storage beneath the
      electrodes 1, 4,..., 3a + 1 (FIG. 1a), of transfer (FIG. 1b) and of
      storage beneath the electrodes 2, 5, ..., 3a + 2 (FIG. 1c);
PAR  FIGS. 2a, 2b and 2c which are similar to FIGS. 1 show diagrammatically in
      dashed lines the space charge zones respectively at the time of storage
      beneath the odd-numbered electrodes 1, 3, ... (FIG. 2a), of transfer (FIG.
      2b) and of storage beneath the even-numbered electrodes 2, 4 (FIG. 2c) of
      the device according to the invention;
PAR  FIG. 3 is a view to the same scale of length as in FIGS. 2 showing the
      variations in the threshold voltage V.sub.S along the substrate;
PAR  FIG. 4 shows diagrammatically an additional method of doping of the
      substrate by ion implantation beneath one edge of each electrode;
PAR  FIG. 5 is a diagram showing a distribution of the concentrations obtained
      by the method illustrated in FIG. 4.
DETD
PAR  The charge-coupled device in accordance with the prior art, a portion of
      which is illustrated diagrammatically in FIGS. 1a, 1b and 1c, comprises a
      semiconductor substrate 16 consisting of n-type silicon. This substrate
      has a thickness of a few hundred microns and carries an insulating film 18
      of silicon oxide, the thickness of which is of the order of 0.1 micron.
      Electrodes numbered 1, 2, 3, ..., 9 are placed in succession on the oxide
      along a common axis and can be constituted in a conventional manner by
      deposition and photoetching. By way of example, these electrodes can be
      formed of aluminum. A series of parallel lines of electrodes which may be
      either rectangular or square, for example, and forming a matrix lattice
      can be formed in such manner as to constitute a number of shift registers
      or a retina, for example.
PAR  The electrodes can be considered as constituting three groups, the
      electrodes of each group being deducted from the electrodes of another
      group by translation along one pitch of the electrode lattice. Surface
      conductors 10, 12 and 14 interconnect all the electrodes of one group.
      Clocks which are not illustrated serve to modify in synchronism the
      potential P.sub.1 applied to the conductor 10, the potential P.sub.2
      applied to the conductor 12 and the potential P.sub.3 applied to the
      conductor 14. The device further comprises means for injecting positive
      charges at least beneath the first electrode. In the case illustrated in
      FIG. 1a (corresponding to storage), charges are shown beneath the
      electrodes 1 and 7 whereas no charge is present beneath the electrode 4,
      in which the semiconductor material 16 is in a state of deep depletion.
      The logic level 1 can arbitrarily be assigned to the presence of charges
      and the logic level 0 can be assigned to the absence of charge beneath an
      electrode having the order 3a + 1, wherein a is either a positive integer
      or zero.
PAR  Clocks connected to conductors 10, 12 and 14 serve to give to the
      potentials P.sub.1, P.sub.2 and P.sub.3 measured with respect to the
      substrate three levels V.sub.1, V.sub.2 and V.sub.3 which are designated
      respectively quiescent or bias level, storage level and transfer level.
      The level V.sub.1 is chosen of sufficiently low value to ensure that the
      semiconductor 16 is scarcely depleted in carriers beneath an electrode
      which is brought to this potential. The level V.sub.2 which is higher at
      absolute value than the level V.sub.1 is chosen to ensure that, if there
      are minority carriers in proximity, said carriers are attracted beneath
      this electrode (case of electrodes 1 and 7 in FIG. 1a) and that there is a
      deep depletion beneath the electrode if there are no minority carriers
      (electrode 4 in FIG. 1a). This last-mentioned condition evidently makes it
      essential to ensure that V.sub.2 is higher at absolute value than the
      threshold voltage corresponding to the semiconductor. Finally, the level
      V.sub.3 which is higher at absolute value than the level V.sub.2 is
      intended to cause the transfer of charges beneath the electrode which is
      brought to this level from the adjacent electrodes.
PAR  During storages of information beneath the electrodes having the order 3a +
      1 (case of FIG. 1a), the clocks give the values V.sub.2, V.sub.1 and
      V.sub.1 to the potentials P.sub.1, P.sub.2 and P.sub.3 respectively. In
      order to initiate transfer beneath the electrodes having the order 3a + 2,
      the clocks bring the potentials P.sub.1, P.sub.2 and P.sub.3 to the levels
      V.sub.2 (storage), V.sub.3 (transfer) and V.sub.1 (quiescent state) or, in
      other words, increase the absolute value of potential of the electrodes
      having the order 3a + 2. The charges move from the electrodes having a
      voltage V.sub.2 beneath the electrodes having a voltage V.sub.3 (FIG. 1b
      ). Finally, the clocks bring the potentials P.sub.1, P.sub.2 and P.sub.3
      to the respective levels V.sub.1, V.sub.2 and V.sub.1 (FIG. 1c), which
      corresponds to the same distribution as in FIG. 1a, as displaced by one
      electrode.
PAR  the maximum frequency of operation is limited by the time of transit of
      charges from one electrode to the next and the minimum frequency is
      limited by the supply of zones in a state of deep depletion (electrode 4
      in FIG. 1a) by heat generation within the space charge zones which
      destroys the information by eliminating the stored minority carriers; this
      supply can be slowed-down by employing material having a forbidden band
      which is wider than that of silicon.
PAR  The device which has just been described calls for three clocks and
      consequently for connections which are difficult to establish in the case
      of integrated circuits. Moreover, storage of binary information requires
      an overall width e (FIG. 1a) corresponding to three electrodes. In order
      to orient the charge transfer, it is in fact necessary (by reason of the
      homogeneous character of the semiconductor substrate) to ensure that only
      one of the electrodes adjacent to the particular electrode from which the
      charges are to be displaced is brought to the voltage V.sub.3.
PAR  The device according to the invention as illustrated in FIGS. 2 and 3 makes
      is possible to reduce the overall width for storage of binary information
      to the length of two electrodes and therefore correlatively to increase
      the density of information while making use of only two clocks. To this
      end, the device of FIGS. 2 and 3 makes use of a substrate which is no
      longer doped in a homogeneous manner. Whereas the mass of the substrate
      16' is n-type silicon, for example, the surface regions 20 of the
      semiconductor beneath the edge located on the same side of all the
      electrodes 1', 2', 3', ... arc more heavily doped so as to increase their
      threshold voltage. For example, if V.sub.S2 designates the threshold
      voltage in the case of the mass of the Si-n semiconductor and V.sub.S3
      designates the threshold voltage in the case of the heavily doped
      semiconductor (which will be designated as Si-n.sup.+.sup.+, we will have
      V.sub.S2 &gt; V.sub.S2. In the embodiment which is illustrated in FIGS. 2 and
      3, the surface region of the semiconductor between the electrodes is
      additionally doped with an impurity having a type opposite to that of the
      mass of the semiconductor (acceptor in the case in which the substrate is
      n-type silicon). A partial compensation is thus achieved and this brings
      the threshold voltage to a value V.sub.S1 which is lower at absolute value
      than V.sub.S2 and V.sub.S3. As will be seen hereinafter, the existence of
      this compensated zone 22 makes the transfer of charges from one electrode
      to another more rapid and more efficient and orients said transfer.
PAR  The electrodes 1', 2', 3', etc... of the device of FIGS. 2 and 3 are in an
      even number 2a. The odd-numbered electrodes are connected to a first clock
      (not illustrated) and this latter brings them to a potential P'.sub.1
      which is capable of assuming three levels. Similarly, the even-numbered
      electrodes are connected to a second clock and brought by this latter to a
      potential P'.sub.2 which is capable of assuming the same three levels. The
      space charge zone, the limit of which is represented diagrammatically in
      dashed lines in FIG. 2a, corresponds to the storage of information beneath
      the odd-numbered electrodes: the charges which are constituted by minority
      carriers (namely holes since the material is n-type silicon) are retained
      beneath the electrodes 1' and 3' which are brought by the conductor 10' to
      a potential V.sub.2, this latter being higher at absolute value than
      V.sub.S2. The semiconductor is in a state of deep depletion beneath the
      electrode 5', also brought to the potential V.sub.2, beneath which there
      is no charge. The even-numbered electrodes are maintained by the conductor
      12' at a low quiescent voltage V.sub.1.
PAR  The directional transfer of charges takes place when the clocks bring the
      potential P'.sub.2 to a value V.sub.3 which is higher at absolute value
      than V.sub.S3 while maintaining P'.sub.1 at the value V.sub.2. The
      boundary of the space charge region beneath the electrodes takes the shape
      illustrated in FIG. 2b. There appears an electric field in which the lines
      of force are parallel to the surface of the semiconductor material and
      which tends to transfer the charges rapidly and totally from the
      odd-numbered electrodes to beneath the even-numbered electrodes: the
      directional effect produced by the differences in doping appears in FIG.
      2b.
PAR  Finally a storage again takes place, this time beneath the even-numbered
      electrodes, when the clocks restore the potential P'.sub.2 to the value
      V.sub.2 and the potential P'.sub.1 to the value V.sub.1 (FIG. 2c). It is
      apparent in the case illustrated in FIGS. 2 and 3 that the overall width
      e' of a binary information corresponds only to the length of two
      electrodes.
PAR  The device which has just been described permits the same applications as
      the charge-coupled devices of the prior art with a greater density of
      information: in particular, the device can be employed as a dynamic memory
      with electrical reading or as a photosensitive element (optical memory or
      artificial retina). In both cases, reading is carried out in a serial
      manner. Direct optical access across the substrate can be facilitated by
      making use of a composite substrate consisting of a layer of silicon on
      corundum.
PAR  In both cases, the detection circuits associated with the last electrode
      can comprise in known manner a reverse-biased p-n junction or surface
      barrier diode. The introduction of information when this latter is
      electrical can also be carried out in known manner by means of similar
      elements such as a diffused-junction diode, a surface-barrier diode
      (Schottky diode) or a deep-depletion MOS capacitor.
PAR  In regard to the circuit for introduction and reading information,
      reference may be made to the articles which appeared in the "Bell System
      Technical Journal Briefs", April, 1970, ps. 587 to 600 and in
      "Electronics," May, 1970, 11, ps. 112 to 119.
PAR  Heterogeneous doping of the surface region of the semiconductor can be
      carried out in particular by utilizing ion beam implantation as
      illustrated in FIG. 4. Once the insulating layer 18' and the metallic
      electrodes have been formed by means of a wholly conventional method,
      additional doping of the rgions 20 is performed by means of an ion beam
      which is inclined to the surface. Subsequently, in the event that it
      should prove necessary to achieve further enhancement of charge transfer,
      compensation of the regions 22' is carried out by means of an ion beam
      directed in this case at right angles to the surface.
PAR  By way of example, n-type silicon can be employed as semiconductor and the
      implantation can be carried out by making use of a phosphorus ion beam
      having a mean energy of 180 keV. The angle .theta. of attack by the beam
      is not critical. In the case of the usual electrode thicknesses, the angle
      .theta. can as a rule be comprised between 10.degree. and 30.degree..
PAR  FIG. 5 shows an example of deep doping which can be carried out in n-type
      silicon coated with an oxide film 18' having a thickness of 500 A and with
      aluminum electrodes having a thickness of 1 micron, the edges of which are
      inclined at an angle of 30.degree.. By using a beam made up of phosphorus
      ions of 180 KeV energy and directed onto the substrate at an angle of
      17.degree.11', there has thus been obtained the distribution shown in FIG.
      5 in which the curves indicate the limits of the zones in which the doping
      is respectively higher than 10.sup.15, 10.sup.16 and 10.sup.17 ions per
      cm.sup.3. For the sake of greater clarity, the height scale adopted is
      different on the one hand in the case of the oxide film and electrodes and
      on the other hand in the case of the substrate. There is shown in the same
      figure in dashed lines the variation in threshold voltage V.sub.S along
      the substrate: an increase in said voltage V.sub.S outside the region
      which is covered by the electrodes can then be eliminated by addition of
      boron by means of an ion beam which is perpendicular to the substrate (in
      dashed lines in FIG. 4), in accordance with a conventional process.
PAR  The invention is obviously not limited to the particular embodiments which
      have been illustrated and described by way of example and it must be
      understood that the scope of this patent extends to any alternative forms
      which remain within the definition of equivalent means.
PAR  It is important to note in particular that the charge-coupled device in
      accordance with the invention can be constructed with semiconductors of
      the forbidden broad-band type such as compound semiconductors, for
      example, which permits much longer times of re-balancing of the inversion
      layer and therefore enables the device to operate at lower frequencies.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A charge-coupled device comprising, a doped semi-conductor substrate
      coated with an insulating thin film carrying at least one assembly 2a of
      conductive electrodes which are disposed in succession along one axis,
      said substrate having a doped surface region beneath said assembly, a
      surface region beneath each electrode more heavily doped beneath the
      upstream edge of the electrode than beneath the remainder of said
      electrode whereby a potential barrier for the minority carriers is created
      upstream, with respect to the direction of transfer of said carriers, of a
      charge-storage region in approximately coincident relation with the region
      which is subjacent to one of the electrodes, means for injecting a
      predetermined charge of minority carrier beneath at least the first
      electrode, and means for establishing the same value of potential for all
      the odd-numbered electrodes as well as the same value of potential for all
      the even-numbered electrodes and for modifying these values in cycles each
      of which causes the transfer of the carrier from each alternate electrode
      to one of the adjacent electrodes whose potential barrier is located on
      the same side as the electrode from which the charge is derived.
NUM  2.
PAR  2. A device according to claim 1, wherein the transfer means apply
      successively to two successive electrodes:
PA1  in a first stage, a storage voltage V.sub.2 capable of retaining the charge
      which may be present beneath the first of the two electrodes and a bias
      voltage V.sub.1 which is lower than V.sub.2,
PA1  in a second stage, the voltage V.sub.2 and a transfer voltage V.sub.3
      higher than V.sub.2,
PA1  and in a first stage of a following cycle, voltages V.sub.1 and V.sub.2.
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ABST
PAL  A novel MISFET and method of manufacture involving a five mask process
      suitable for making N-channel devices alone, P-channel devices alone or
      both N and P-channel devices simultaneously. Novel topside contact means,
      field inversion protection means and gate breakdown protection means are
      disclosed.
PARN
PAR  This application is a division of my copending application Ser. No. 764,543
      filed Oct. 2, 1968 now U.S. Pat. No. 3,518,750.
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PAC  BACKGROUND OF THE INVENTION
PAR  MISFET (metal-insulator-semiconductor field-effect transistor), or IGFET
      (isolated-gate field-effect transistor) devices as they are sometimes
      called, have been known for some time now and play an important role in
      modern integrated metal-oxide-semiconductor FET known in the art as the
      MOSFET.
PAR  The MOSFET is typically fabricated using a four-mask process wherein the
      heavily doped source and drain regions of one type of impurity are
      diffused into a substrate doped with the other type of impurity. An oxide
      grown over the surface of the substrate separating the source and drain
      regions insulates a metallic gate electrode from the semiconductive
      materials.
PAR  Due to the area of opposite conductivity type semiconductor separating the
      source and drain regions, a pair of back-to-back junction diodes are
      formed between the source and drain contacts, and as a result, the channel
      current between source and drain is essentially zero for zero-gate bias.
      However, by applying voltage to the gate electrode, the polarity of which
      is determined by the conductivity-type of the channel region, a depletion
      region is formed at the surface of the semiconductor between source and
      drain which, with increased voltage, causes an inversion to occur, thus
      providing a conductive channel therebetween of the same conductivity as
      the source and drain regions. When this occurs, ohmic conduction begins
      between source and drain, the current flow being determinable by the
      magnitude of the voltage applied to the gate.
PAR  Although MISFET's fabricated in accordance with this and other prior art
      techniques have been used extensively in the past, these methods and the
      resulting devices typically suffer several disadvantages. One disadvantage
      of prior art methods is the lack of flexibility in terms of making N or
      P-channel devices from the same process using the same set of masks, or in
      fabricating simultaneously, both N and P-channel devices on the same
      substrate. Some N-channel processing methods even produce unstable and/or
      unpredictable device characteristics. Using some prior art methods, large
      shifts in device thresholds may occur during assembly or under bias and
      stress conditions applied to the device after assembly.
PAR  In addition, some prior art techniques result in low and unstable field
      inversion thresholds. Others fall to provide adequate protection against
      destruction of the gate dielectric through static electricity.
      Furthermore, many of these techniques do not provide topside contact to
      the substrates, thus space-consuming metal interconnects are necessary and
      certain packaging and hybridizing restraints result.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  This invention relates generally to fabrication techniques for integrated
      circuitry and more particularly to a novel complementary process for the
      fabrication of N and P-channel Metal-Insulator-Silicon (MIS) field-effect
      transistors (FET).
PAR  The new five-mask technique to be described hereinafter is complementary in
      that either N or P-channel devices may be fabricated using the same set of
      masks and the same basic process. Furthermore, the technique provides that
      both N and P-channel devices may be made simultaneously on a suitable
      substrate.
PAR  The novel technique in one form utilizes the unique properties of antimony
      as a source and drain dopant in order to achieve a stable, reproducible
      N-channel process. Antimony has a low diffusion coefficient in silicon and
      silicon-dioxide and a low vapor pressure in comparison to phosphorous and
      arsenic which are commonly used as N-type dopants. These characteristics
      of antimony permit the wafer to be subjected to a series of high
      temperature operations after predeposition and diffusion without
      materially affecting the diffused structure or the gate area adjacent to
      the antimony source and drain of the N-channel devices. For example, a
      long gate oxidation at 1000.degree.C, allows a thick oxide to be grown
      over the P and N regions without diffusing the N junction too far into the
      substrate.
PAR  In addition, the uncertainties associated with the field inversion
      threshold voltage magnitude and stability are eliminated by providing a
      highly doped diffused barrier between adjacent interconnected N or P
      regions. A topside ground is also provided which allows ground connections
      to be made on the chip without the necessity of running metal lines
      throughout the chip. As a consequence of the fact that no backside ohmic
      connection is required, certain packaging advantages are realized.
PAR  And since the novel technique requires both N and P diffusions, the process
      permits the simultaneous fabrication of a low voltage diode which can be
      used to protect the gate dielectric. For example, the breakdown voltage of
      this protective diode may be an order of magnitude lower than the
      breakdown voltage of the gate dielectric depending on the dopant
      concentrations that are used.
PAR  These and other advantages and the objectives of the present invention will
      become apparent as one reads through the following detailed description of
      the preferred embodiments which makes reference to the several figures of
      the drawing.
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PAC  IN THE DRAWING
PAR  FIGS. 1-11 illustrate the five-mask process used in making a MISFET in
      accordance with the present invention.
PAR  FIG. 12 is an illustration of a completed MISFET made in accordance with
      the inventive process illustrated in FIGS. 1-11.
PAR  FIG. 13 is a cross section of the FET of FIG. 12 taken along the line
      13--13.
PAR  FIG. 14 is a cross section of the FET of FIG. 12 taken along the line
      14--14.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1-11 of the drawing, the five-mask process of the
      present invention is illustrated. The fundamental sequence of oxidations,
      predepositions and diffusions are substantially unaltered for fabrication
      of an N-channel, P-channel, or both N and P-channel devices. The only
      difference in making either N or P-channel devices, or both N and
      P-channel devices, is in the conductivity type of the starting substrate
      and the sequence of the first two masking stages.
PAR  As an illustrative example of the novel five-mask process and resulting
      MISFET structure, a sequence of steps for making a P-channel device will
      be described in detail. As shown in FIG. 1 of the drawing, the first mask
      20, having a generally rectangular aperture 22', is provided over the
      prepared N-type silicon substrate 24 and the composite structure is
      subjected to an antimony diffusion so as to cause a heavily doped N+ field
      inversion barrier 22 to be diffused into the surface of the substrate 24.
      By using antimony, which has a low diffusion coefficient, as the N-type
      dopant, the wafer may be subjected to a series of high temperature
      operations after predeposition and diffusion without materially affecting
      the diffused structure.
PAR  It will be noted that in addition to the barrier rectangle, the aperture in
      the mask 20 additionally includes a projection 26' which will facilitate
      the provision of an external contact to the substrate 24. In FIG. 2 a
      cross section taken along the line 2--2 is shown after the first
      diffusion.
PAR  The second mask 28 is illustrated in FIG. 3 and includes two large
      apertures 30' and 32', and two smaller apertures 34' and 36'. After the
      mask 28 is made ready, the composite is subjected to a P-type dopant such
      as boron, and four P+ regions are diffused into the substrate 24. Through
      the apertures 30' and 32' respectively, a source region 30 and a drain
      region 32 are produced as shown in FIG. 6. FIG. 4 is a cross section taken
      along the line 4--4 after the P diffusion.
PAR  After the P diffusion an oxide 38 is grown over the wafer 24, as shown in
      FIGS. 5 and 6, so as to provide an insulating medium upon the surface
      which includes the N+ and P+ regions. A third or "gate" mask 40 including
      the apertures 42', 44', 46', 48' and 50' is then placed over the oxide
      layer 38, and the holes 42, 44, 46, 58 and 50 are cut through the oxide
      layer 38 as shown in FIGS. 7 and 8, the hole 46 providing the aperture
      into which the gate will be subsequently formed. Following this mask, a
      thin gate oxide 52 is grown over the region separating and including edges
      of the source and drain regions. It is this layer 52 which is to serve as
      the insulator separating the metallic gate electrode from the source and
      drain regions 30 and 32 respectively.
PAR  A thin layer of oxide is likewise grown in the other exposed holes also,
      but these layers will be removed during the next stage of the process. As
      shown in FIG. 8, a fourth mask 54, including four apertures 56', 58', 60'
      and 62', is provided for allowing the unwanted oxide layers to be removed,
      thus exposing the N and P regions underlying the apertures 56, 58, 60 and
      62 as shown in FIGS. 9 and 10.
PAR  As shown in FIGS. 10 and 11, the fifth and last mask 64 is then provided
      over the wafer 24, and metal areas 66, 68, 70 and 72 are evaporated onto
      the wafer through the apertures 66', 68' 70' and 72' respectively, thus
      providing a gate electrode 70 as well as metallic contacts to the various
      elements of the FET.
PAR  Turning now to FIG. 12 which is a plan view of the completed MISFET device,
      there are shown four metallic strips 66, 68, 70 and 72 which facilitate
      external contact to the subject device. The metallic strip 66 provides a
      contacting medium which allows good ohmic contact to be made to the
      substrate 24, and metallic strips 68 and 72 likewise provide contacting
      means by which the source and drain regions 30 and 32 respectively can be
      connected to an external circuit. The metallic strip 70 meanwhile performs
      the dual function, which will be more fully explained below, of providing
      a gate electrode and external contacting medium while at the same time
      connecting a protective diode means 36 in circuit between the gate 70 and
      the external circuit.
PAR  Since the starting substrates required for MIS device fabrication are of
      relatively high resistivity, i.e., in the order of 2 ohms per centimeter,
      a contact formed by simply alloying the interconnect metal strip 66 to the
      substrate 24 is non-ohmic. This fact necessitated, in the prior art, an
      ohmic backside contact which could be connected through a bond or a lead
      shorted to the package to the topside metal interconnect pattern. However,
      in accordance with the present invention which provides, in the case of
      the P-channel device illustrated, an N-type inversion barrier 22 with an
      adjacent P-type region 34, a good topside ground contact is made possible
      by the butting together of the regions 26 and 34 and shorting them out to
      the substrate with the metallic interconnect strip 66 as shown in FIG. 13.
PAR  This novel configuration which provides an effective topside ground contact
      gives rise to at least two significant advantages not known in the prior
      art. The first advantage is that by using the present method, adequate
      ground contact can be made at any point on the chip without necessitating
      a metallic interconnection to other ground points. This saves substantial
      area on the chip, and significantly simplifies the chip layout. The second
      advantage is that since ohmic backside contact is not required, more
      flexible hybrid packaging is possible as well as low temperature die
      attaching with non-ohmic material.
PAR  Another problem which the present invention solves is that it provides a
      field inversion protection means around the FET device. Since in practice
      there are many semiconductor devices formed on the same chip in close
      proximity to each other and these devices are usually interconnected
      through a series of conductive strips separated from the adjacent doped
      regions and substrate only by a thin layer of oxide, field inversion may
      occur and seriously affect the performance of the integrated device. Field
      inversion is caused when a metal interconnect line is caused to obtain a
      sufficiently negative voltage so as to invert the surface of the substrate
      between two adjacent regions of the same conductivity type. If the
      condition occurs and the two regions are at opposite polarities, serious
      circuit malfunctions and power drains may occur.
PAR  This condition is prevented, however, in accordance with the present
      invention, by separating any two adjacent interconnected regions with an
      elongated region of high concentration, e.g., greater than 10.sup.17 atoms
      per square centimeter surface concentration N-type impurities diffused
      into the field region between two adjacent P regions. In the illustrated
      device this inversion protection region is the ring of N+ material 22
      which surrounds the source and drain regions 30 and 32 as shown in FIG.
      12. The N-channel device can likewise be protected in the same manner by
      providing a separating region of P-type material between adjacent
      interconnected N regions.
PAR  Another important feature of the present invention is the provision of a
      high voltage breakdown protection means of the type shown in FIGS. 12 and
      14. This involves the provision of a diode in the gate interconnect 70
      comprised of a portion of the N region 22 and the P region 36. Because of
      the high resistivity substrates used in MIS processing, the lowest diode
      breakdown that could be effectively achieved heretofore was about 60
      volts. These prior art diodes, however, cannot always be depended on since
      the gate oxide breakdown in the MIS devices of the type described above
      occurs at about 100 volts, and resistive drops in the prior art diode
      sometimes permit it to reach the oxide rupture voltage if it draws
      sufficient current.
PAR  On the other hand, by diffusing the N and P regions 22 and 36 together in
      accordance with the present invention, a low breakdown voltage on the
      order of 10 volts or less can be provided to offer a substantial
      improvement over the prior art. In accordance with the invention, any
      desired breakdown magnitude could be attained by adjusting the
      concentrations in the P and N regions accordingly. This permits using
      thinner, lower breakdown oxides for lower threshold. As is the case with
      all of the features of the present invention, this feature is applicable
      to both N and P-channel devices. For P-channel devices, contact is made to
      the P region while in the N-channel devices contact is made to the N
      region.
PAR  The fundamental sequence of oxidations, predepositions and diffusions
      described above are unaltered for fabrication of N-channel, P-channel or
      both N and P-channel devices simultaneously. For example, exactly the same
      process illustrated above with respect to the fabrication of a P-channel
      device can be used to make a similar N-channel device. The only difference
      is that a substrate of the opposite type is required and the sequence of
      the first two masks 20 and 28 is reversed. In this case the source and
      drain regions are formed during the antimony predeposition and diffusion
      and the field inversion barrier is subsequently formed by the P
      predeposition and diffusion. As mentioned above, both N and P-channel
      devices can be fabricated simultaneously on the same substrate if the
      substrate contains adjacent regions of N and P-type material. These
      adjacent regions can be formed by epitaxial deposition, diffusion or any
      other suitable method.
PAR  One advantage of the N-channel process of the present invention is that it
      takes advantage of the unique properties of antimony to make the device
      parameters predictable and stable. In addition to the previously mentioned
      advantages, the low diffusion coefficient of antimony in silicon dioxide
      permits the use of a thinner protective oxide during depositions, and also
      retards penetration of the growing gate oxide after the source and drain
      regions have been exposed.
PAR  Another important characteristic of antimony is its low vapor pressure.
      When the gate mask is aligned and etched, the etched gate area overlaps
      and exposes the edge of the source and drain regions. If the vapor
      pressure of the source-drain dopant is high at the gate oxidation
      temperature, the gate region (channel and oxide) can become contaminated
      with the source-drain dopant. This causes variations in threshold due to
      the resultant variations in channel doping and instabilities associated
      with the presence of the dopant in the oxide. For example, where
      phosphorous in the source-drain oxide, it can cause threshold shifts due
      to polarization of the gate oxide, and surface effects due to its
      hygroscopic behavior.
PAR  Although the above-described embodiments relate to a MOS process, the same
      approach can be applied equally as well to other dielectric materials as
      well as other substrate materials. Furthermore, the interconnection
      pattern can be formed with any suitable metal.
PAR  After having read the above disclosure, it will be apparent to those of
      skill in the art that many alterations and modifications can be made to
      the subject method and apparatus without departing from the merits of the
      invention. It is therefore to be understood that this description is for
      purposes of illustration only and is in no way intended to be of a
      limiting nature. Accordingly, I intend that the appended claims be
      interpreted as covering all modifications which fall within the true
      spirit and scope of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A metal-insulator-semiconductor field-effect transistor means
      comprising:
PA1  a body of semiconductive material of a first conductivity type having
      formed therein a pair of spaced apart regions of a second conductivity
      type respectively forming the source and drain of said transistor means;
PA1  a belt-like region of said first conductivity type circumscribing said
      source and drain regions, said belt-like region having a higher impurity
      concentration than said body of semiconductive material;
PA1  an external region of said second conductivity type disposed outside said
      belt-like region and contiguous therewith so as to form a P-N junction
      therebetween; and
PA1  metallic gate electrode means disposed above and electrically insulated
      from the region separating said source and drain regions and extending
      across said P-N junction, said gate electrode ohmically contacting said
      external region, said P-N junction providing a gate breakdown protection
      means for said transistor means.
NUM  2.
PAR  2. A metal-insulator-semiconductor field-effect transistor means as recited
      in claim 1 and further including a second external region of said second
      conductivity type disposed outside of and contiguous with said belt-like
      region and forming a second P-N junction therebetween and metallic
      interconnect means ohmically contacting said second external region and
      said belt-like region across said second P-N junction and forming a
      topside contact to said body of semiconductive material.
NUM  3.
PAR  3. A metal-insulator-semiconductor field-effect transistor means as recited
      in claim 2 wherein said first conductivity type is of an N-type impurity
      and said second conductivity type is of P-type impurity.
NUM  4.
PAR  4. A metal-insulator-semiconductor field-effect transistor means as recited
      in claim 2 wherein said source and drain regions are formed by diffusing
      highly concentrated antimony into a P-type substrate.
NUM  5.
PAR  5. A metal-insulator-semiconductor field-effect transistor means
      comprising:
PA1  a first region forming the source and a second region spaced from said
      first region forming the drain, said first and second regions being of a
      first conductivity type and being diffused into a body of semiconductive
      material of the opposite conductivity type;
PA1  metallic gate means disposed above the region separating said first and
      second regions and being separated therefrom by a layer of electrical
      insulating material;
PA1  an elongated third region of said opposite conductivity type separating
      said first and second regions from any adjacent regions of the same
      conductivity type which are interconnected with either of said first or
      second regions, said third region having a higher impurity concentration
      than said body of semiconductive material;
PA1  a fourth region of said first conductivity type disposed contiguous with
      said third region and forming a P-N junction therebetween; and
PA1  a metallic interconnect means alloyed across the junction of said third
      region and said fourth region forming a good ohmic topside contact to said
      body of semiconductive material.
NUM  6.
PAR  6. A metal-insulator-semiconductor field-effect transistor means as recited
      in claim 5 wherein a fifth region of said first conductivity type is
      provided contiguous with said third region forming a P-N junction
      therebetween, said fifth region being disposed on the side of said third
      region opposite said first and second regions, said gate means being
      ohmically connected to said fifth region so as to provide a gate breakdown
      protection means for said transistor means.
NUM  7.
PAR  7. A metal-insulator-semiconductor field-effect transistor means as recited
      in claim 6 wherein said third region forms an inversion barrier encircling
      said first and second regions.
NUM  8.
PAR  8. A metal-insulator-semiconductor field-effect transistor means as recited
      in claim 7 wherein said first and second regions are formed by diffusing
      highly concentrated antimony with a P-type substrate.
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PAL  An integrated power transistor has at least one emitter region, having a
      ballasting resistance to reduce the possibility of second breakdown. Also
      integrated within the device is a voltage control diode, located between
      the collector terminal and the emitter terminal, to protect against high
      voltages caused by transient surges, particularly during switching times.
BSUM
PAR  This invention relates to power transistors protected against second
      breakdown and high reverse bias voltages.
PAR  Transistors designed to handle relatively large amounts of power have been
      limited in their operating characteristics by second breakdown phenomena
      and by high voltage impressed on them during transient surges.
PAR  Second breakdown is the condition where the emitter current concentrates in
      localized regions of the emitter causing overheating which may seriously
      damage or completely destroy the device. The most common manner of
      compensating for this phenomenon is to introduce emitter ballasting
      resistors which distribute the emitter current more evenly throughout the
      emitter region and thus reduces the possibility of large current
      concentrations which may damage the device. This phenomenon and the
      described solution are discussed in U.S. Pat. No. 3,740,621 issued to
      Carley and assigned to the assignee named herein. Although this second
      breakdown solution is effective, it does not solve, nor does it attempt to
      solve, the operating characteristic limitation created by high voltages
      being impressed on transistors during transient surges.
PAR  It is well known that transistors can be easily destroyed by applying an
      excessive reverse bias voltage across the emitter and collector. In power
      devices this is most likely to occur during the switching transient time
      when the device is connected to an inductive load. That is, when the
      current flowing between the collector and emitter goes to zero, the energy
      stored in the inductive load creates very large voltages across the
      collector and emitter. Conventional transient surge protection consists of
      connecting a voltage control diode from the collector to emitter, the
      diode having a breakdown voltage rating lower than the breakdown voltage
      of the transistor. Conventional devices employing transient surge
      protection means, although effective, do not also solve the problem
      created by the second breakdown phenomena, unless of course the protective
      means is connected externally to a resistor ballasted device.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a schematic representation of the present device.
PAR  FIG. 2 is a partial cross-sectional view of one embodiment of the present
      device, now drawn to scale.
PAR  FIG. 3 is a partial cross-sectional view of a second embodiment of the
      present device, not drawn to scale.
PAR  FIG. 4 is a partial cross-sectional view of a third embodiment of the
      present device, not drawn to scale.
DETD
PAR  The present novel device, the equivalent circuit of which is indicated
      generally at 10 in FIG. 1 comprises at least one transistor element 12
      which has a collector region, a base region, and at least one emitter
      region, shown in FIG. 1 as two transistors with their bases and collectors
      common. The device has first, second and third terminal means, 14, 16, and
      18 respectively. The first, second, and third terminal means, 14, 16, and
      18 may be designated as collector, base, and emitter terminal means,
      respectively.
PAR  Resistors 20 are in the electrical path between each emitter region and the
      emitter terminal means 18. A voltage control diode 22 is located across
      the electrical path from the collector terminal means 14 and the emitter
      terminal means 18.
PAR  The following examples describe only particular embodiments of the present
      device 10 and are not intended as the only embodiments possible. In the
      following description, for brevity and clarity, like numerals will be used
      to designate like features in each of the drawings.
PAR  The present novel device in one of its embodiments is indicated generally
      at 24 in FIG. 2. The device 24 comprises a body of semiconductor material
      26, preferably, but not necessarily, silicon, having one type
      conductivity, N type for example, and having at least first and second
      surfaces, 28 and 30 respectively. The body of semiconductor material 26
      may contain a lower portion 32 and an upper portion 34. The lower portion
      32 may have a higher carrier concentration than the upper portion 34. It
      will be understood by those familiar with the semiconductor art that the
      body of semiconductor material 26 may be P type so long as all other
      conductivity types described herein are reversed.
PAR  A first region 36, having a second type conductivity, P type for example,
      is adjacent a surface, preferably the first surface 28, of the body of
      semiconductor material 26. A first PN junction 38 exists at the interface
      between the first region 36 and the body of semiconductor material 26 and
      terminates at the first surface 28 thereof. At least one second region 40,
      having a second type conductivity, is adjacent the first surface 28 and is
      spaced apart from the first region 36 by a portion of the body of
      semiconductor material 26. At least one second PN junction 42, at the
      interface between the second region 40 and the body of semiconductor
      material 26, terminates at the first surface 28 thereof. The second PN
      junction 42 constitutes the voltage control diode 22 shown in FIG. 1.
PAR  At least one third region 44, preferably equal in number to the number of
      second regions 40, having the one type conductivity, is adjacent the first
      surface 28, is within the first region 36, and is separated from the body
      of semiconductor material 26 thereby. At least one third PN junction 46,
      at the interface between the third region 44 and the first region 36,
      terminates at the first surface 28.
PAR  A plurality of jumper means 48, insulated from the first surface 28,
      provide electrical paths from said second region to said third region. It
      is preferred that each one of the jumper means is connected from a single
      said second region to a single said third region. The plurality of jumper
      means 48 may be deposited conductive material over a layer 50 of
      insulating material, or they may be metal wires bonded in place with air
      as the insulator.
PAR  The first terminal means 14 makes electrical contact to the body of
      semiconductor material 26, preferably, but not necessarily, at the second
      surface 30 thereof. The second terminal means 16 makes electrical contact
      to the first region 36 containing the third region 44. In the preferred
      embodiment, the second terminal means 16 is equidistant from each of the
      third regions 44 contained therein, so that the resistances from the
      second terminal means 16 to each third region 44 are substantially equal.
      The third terminal means 18 makes electrical contact to the second region
      40 and is spaced apart from the plurality of jumper means 48. The material
      of the second regions 40 in the electrical path between the jumper means
      48 and the third terminal means 18 constitutes the resistors 20 shown in
      FIG. 1.
PAR  The device 24 may be fabricated using known planar technology.
PAR  Starting with the body of semiconductor material 26, the first region 36
      having a second type conductivity is introduced, as by diffusion or ion
      implantation techniques, adjacent the first surface 28 thereof. The lower
      region 32 of the body 26 may have charge carriers of one type conductivity
      introduced therein, by any method used in the semiconductor art, to
      increase its carrier concentration to a larger value than that of the
      upper portion 34. Preferably, the first region 36 is formed in such a
      manner that it has a sheet resistivity of between about 20 .OMEGA./sq. to
      about 200 .OMEGA./sq.
PAR  Next at least one second region 40 is introduced adjacent the first surface
      28 of the body of semiconductor material 26 and spaced apart from the
      first region 36. The second PN junction 42 is thereby formed at the
      interface between the second region 40 and the body of semiconductor
      material 26. The methods of forming the second region 40 are similar to
      the methods used to form the first region 36. If desired the first region
      36 and the second region 40 may, by using known masking and
      photolithographic techniques, be formed simultaneously. Preferably, the
      sheet resistivity of the second region 40 is no greater than about 250
      .OMEGA./sq.
PAR  The second region has a non-negative thermal coefficient, at normal device
      operating temperatures which is a characteristic of the doping level. That
      is, as the temperature of the material increases the resistance does not
      decrease. The resistors 20, in FIG. 1, therefore have a non-negative
      thermal coefficient.
PAR  The third region 44, having the one type conductivity, is then formed
      within the first region 36. The third region 44 may be formed by diffusion
      or ion implantation techniques known in the semiconductor art.
PAR  The plurality of jumper means 48, which form an electrical path between
      individual members of the second region 40 and individual members of the
      third region 44, are insulatingly disposed over the first surface 28. The
      plurality of jumper means 34 may be wires bonded in place and using air as
      an insulating medium; or they may be formed, by evaporation, RF sputtering
      or other known metallization techniques, over a layer of insulating
      material 50, such as silicon dioxide or the like. The material used for
      the plurality of jumper means 48 may be gold, aluminum or any other
      material compatible with the method used to form them.
PAR  The first, the second, and the third terminal means, 14, 16, and 18
      respectively, may be fabricated individually or at the same time or a
      combination thereof. For example, the first terminal means 14 may be
      formed initially and then the second terminal means 16 and the third
      terminal means 18 may be fabricated simultaneously. It will be recognized
      by those skilled in the art that the plurality of jumper means 48 may also
      be formed at this time. If, however, the first terminal means 14, the
      second terminal means 16, the third terminal means 18, and the plurality
      of jumper means 48, are fabricated individually then different material
      and methods may be employed for each. For example, as stated above, the
      plurality of jumper means 48 may be wires bonded in place, gold wires for
      example, whereas the second terminal means 16 may be a solder connection
      to the first region 36.
PAR  A second embodiment of the present invention is shown in FIG. 3 as a device
      52. In this embodiment a mesa 54 with sidewalls 56 has all the elements of
      the first embodiment, i.e., the device 24 shown in FIG. 2, contained
      therein. In this second embodiment, however, the second PN junctions 42
      terminate at the sidewalls 56 of the mesa 54 as well as at the first
      surface 28 of the body of semiconductor material 26.
PAR  The device 52 may be fabricated using mesa techniques known in the
      semiconductor art.
PAR  A third embodiment of the present novel device 10 is shown in FIG. 4 as a
      device 58. In this embodiment there is a plurality of first regions 36
      each one having at least one of the plurality of third regions 44 therein.
      The plurality of first regions 36 substantially surround at least one
      member 60 of a plurality of second regions 40. The plurality of jumper
      means 48 connect between each one of the plurality of third regions 44 and
      a single centralized member 60 of the plurality of second regions 26.
PAR  The device 58 may be fabricated using planar or mesas techniques which are
      well known in the semiconductor art.
PAR  In all of the described embodiments the body of semiconductor material 26
      may be the collector, the first region 36 may be the base region, and the
      third regions 44 may be the emitter regions.
PAR  In the operation of the present invention the resistors 20 constituted by
      the regions 40, which, as described above, have non-negative thermal
      coefficients, are emitter ballast resistors. That is, if any member of the
      third regions 44, i.e., the emitter regions, begins to draw a significant
      amount of the total current flowing in the emitter regions, the
      corresponding second region 40 increases, or at least does not decrease,
      its resistive value; thereby distributing the current more evenly among
      the remainder of the third regions 44.
PAR  Preferably the breakdown voltage of the voltage control diode 22 should be
      less than the breakdown voltage of the first PN junction 38. This may be
      accomplished, for example, by forming the first region 36 and the second
      regions 40 separately and forming the second regions 40 shallower than the
      first region 36. The result is that the second regions 40 will be more
      susceptible to the known radius effect which will cause the second PN
      junctions 42 to have a lower breakdown voltage than the first PN junction
      38.
PAR  An integrated power transistor which incorporates the present invention has
      a number of significant characteristics. For example, since the first
      region 36 and the second regions 40 may be formed in close proximity to
      each other, at high voltages the two different regions merge, due to the
      formation of depletion regions, and the radius effect which may have
      resulted in the voltage breakdown of the first PN junction 38 is
      eliminated.
PAR  When the second PN junctions 42 terminate at the sidewalls 56 of a mesa 54
      the reverse bias leakage across the second PN junctions 42 may be reduced
      by passivating the sidewall 56, for example with a varnish, not shown in
      the drawings. Another characteristic of a mesa structure is that if the
      second PN junctions 42 terminate at the sidewalls 56 their breakdown
      voltage will be lower than the breakdown voltage of the first PN junction
      38 because of known surface effects. This, as described above, is
      desireable for transient surge protection, for example.
PAR  The formation of the second region 40 separately from the formation of the
      first region 36 allows a wider range of ohmic values for the second
      regions 40 and hence a wider range of ballasting resistance valued for the
      device.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An integrated semiconductor device having resistor ballasting and having
      reverse bias breakdown protection comprising;
PA1  a body of semiconductor material having one type conductivity and having at
      least a first and a second surface,
PA1  at least one first region, having a second type conductivity, adjacent said
      first surface and forming an equal number of first PN junctions at the
      interface therebetween,
PA1  at least one second region, having said second type conductivity, adjacent
      said first surface, and forming at least one second PN junction at the
      interface with said body of semiconductor material and being spaced apart
      from said first region thereby,
PA1  at least one third region, having said one type conductivity, within said
      first region and separated from said body of semiconductor material
      thereby, said third region and said first region have a third PN junction
      at their interface,
PA1  a plurality of jumper means, insulatingly disposed over said body of
      semiconductor material, providing electrical paths from said second region
      to said third region,
PA1  first terminal means providing electrical contact to said body of
      semiconductor material,
PA1  second terminal means providing electrical contact to said first region,
      and
PA1  third terminal means providing electrical contact to said second region,
      said third terminal means being spaced apart from said plurality of jumper
      means.
NUM  2.
PAR  2. An integrated semiconductor device having resistor ballasting and having
      reverse bias breakdown protection as claimed in claim 1 wherein;
PA1  said body of semiconductor material contains a lower portion and an upper
      portion, said lower portion having a higher carrier concentration than
      said upper portion, said lower portion being adjacent said second surface
      and said upper portion being adjacent said first surface.
NUM  3.
PAR  3. An integrated semiconductor device having resistor ballasting and having
      reverse bias breakdown protection as claimed in claim 1 wherein;
PA1  each one of said jumper means is connected from a single said second region
      to a single said third region.
NUM  4.
PAR  4. An integrated semiconductor device having resistor ballasting and having
      reverse bias breakdown protection as claimed in claim 1 wherein;
PA1  said second region has a non-negative thermal coefficient.
NUM  5.
PAR  5. An integrated semiconductor device having resistor ballasting and having
      reverse bias breakdown protection as claimed in claim 1 wherein;
PA1  said resistor ballasting is located between said third region and said
      third terminal means whereby the ohmic value of said resistor ballasting
      is dependent on the sheet resistivity of said second region.
NUM  6.
PAR  6. An integrated semiconductor device having resistor ballasting and having
      reverse bias breakdown protection as claimed in claim 1 wherein;
PA1  said second PN junction constitutes a voltage control diode, said diode
      providing said reverse bias breakdown protection.
NUM  7.
PAR  7. An integrated semiconductor device having resistor ballasting and having
      reverse bias breakdown protection as claimed in claim 6 wherein;
PA1  said voltage control diode has a breakdown voltage less then the breakdown
      voltage of said first PN junction.
NUM  8.
PAR  8. An integrated semiconductor device having resistor ballasting and having
      reverse bias breakdown protection as claimed in claim 1 wherein;
PA1  said body of semiconductor material contains at least one mesa with
      sidewalls and each second PN junction terminates at said first surface and
      at said sidewalls of said mesa.
PATN
WKU  039368645
SRC  5
APN  5128293
APT  1
ART  254
APD  19741004
TTL  Microwave transistor package
ISD  19760203
NCL  10
ECL  1
EXP  James; Andrew J.
NDR  6
NFG  7
INVT
NAM  Benjamin; James A.
CTY  Boxford
STA  MA
ASSG
NAM  Raytheon Company
CTY  Lexington
STA  MA
COD  02
RLAP
COD  71
APN  361731
APD  19730518
PSC  03
CLAS
OCL  357 74
XCL  357 72
XCL  357 81
XCL  333 84M
XCL  174 52S
EDF  2
ICL  H01L 2302
ICL  H01L 2312
FSC  357
FSS  74;72;81
FSC  333
FSS  84 M
FSC  174
FSS  52 S
UREF
PNO  3500066
ISD  19700300
NAM  Pritchett
OCL  357 74
UREF
PNO  3626259
ISD  19711200
NAM  Garboushian
OCL  357 74
UREF
PNO  3651434
ISD  19720300
NAM  McGeough
OCL  357 74
UREF
PNO  3681513
ISD  19720800
NAM  Hargis
OCL  357 74
UREF
PNO  3801938
ISD  19740400
NAM  Goshgarian
OCL  357 74
UREF
PNO  3825805
ISD  19740700
NAM  Belohoubeck
OCL  357 74
LREP
FR2  Inge; John R.
FR2  Pannone; Joseph D.
FR2  Bartlett; Milton D.
ABST
PAL  A microwave transistor package which will accommodate large transistor
      chips as well as provide sufficient space for the addition of tuning
      capacitors or other circuits. The lead length inside of the package is
      minimized. A ceramic mounting pad is brazed to an underlying copper base
      and a nickel aperture plate is mounted around the mounting pad. The amount
      of ceramic material used is much less than in prior art devices. Tuning
      capacitors or other devices are mounted upon the top surface nickel spacer
      and connected to the transistor chip. In the preferred embodiment, the
      entire package is hermetically sealed.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 361,731 filed May 18, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Microwave power transistors are used in many applications, such as phased
      array radars and microwave communication systems. It is therefore
      desirable to increase the power output and frequency range of such devices
      without unduly increasing cost. The parasitic inductance of the leads to
      the transistor chip within the package and stray capacitance among the
      leads and to ground has been a limiting factor in the frequency response
      of microwave power transistors. In the past attempts to reduce lead length
      and thereby lower the inductances and capacitances due to the leads,
      decreased the maximum size of the transistor chip and the maximum
      available power output of the device was also correspondingly decreased.
PAR  In most microwave power transistors, the transistor chip is supported upon
      a ceramic substrate such as alumina (Al.sub.2 O.sub.3) or beryllia (BeO).
      these ceramic materials are chosen because of their relatively high
      thermal conductivity and relatively low electrical conductivity. The
      substrate, which is carefully cut and fit and underlies the entire frame
      of the transistor package, is mounted on the underlying relatively large
      thermally and electrically conducting base. In such devices, relatively
      large amounts of BeO or Al.sub.2 O.sub.3 were commonly used. Since alumina
      and beryllia are relatively expensive materials, the resultant device is
      expensive to fabricate. Achieving a ground connection between the
      transistor chip around or through the ceramic substrate is also a frequent
      problem. One method for connecting a ground terminal to the transistor
      chip is to drill precisely positioned holes through the ceramic substrate,
      fill the holes with a conducting material such as gold, and then connect
      the filled holes via a gold metallization pattern on the top of the
      substrate to the transistor chip. Such approaches commonly involve precise
      metallization patterns greatly increasing the fabrication costs of the
      device. On the other hand, if the entire ceramic substrate is metallized
      and ground connection made through the metallization layer, the path
      length and, hence, parasitic capacitance and inductance is correspondingly
      increased for then, the connection had to be made around the edges of the
      relatively large ceramic substrate. Another problem in present designs is
      caused by the criticality of the physical dimensions of the ceramic
      substrate which have to be precisely fitted into the surrounding
      structure. This also increases the fabrication costs. Impedance matching
      networks are needed before and after each transistor in a microwave
      transistor amplifier since, for the most part, the impedance of each
      transistor varied from that of the circuit in which is was being used.
      This lack of impedance matching increases the cost, size and complexity of
      the amplifier.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly it is an object of the present invention to increase the
      maximum power that may be dissipated in a microwave transistor package.
PAR  Furthermore, it is an object of the present invention to extend the maximum
      useful frequency response of a microwave transistor.
PAR  Also, it is an object of the present invention to eliminate impedance
      mismatches between a microwave transistor and its connecting circuitry.
PAR  Moreover, it is an object of the present invention to achieve the
      above-mentioned objects without unduly increasing the cost of the
      transistor package.
PAR  Hence, it is an object of the present invention to decrease the usage of
      BeO or Al.sub.2 O.sub.3.
PAR  These, as well as other objects may be achieved by providing a pad of
      electrically insulating, thermally conducting material for supporting a
      semiconductor device and a flat plate with an aperture in its center
      wherein the mounting pad is positioned in the center of the aperture. This
      pad is typically a block of a ceramic material such as BeO or Al.sub.2
      O.sub.3, and the plate is nickel. A copper base is preferably coated with
      gold and has the mounting pad and the substantially flat apertured plate
      brazed to it. The package may further comprise an electrically insulating
      plate which is mounted atop the conductive spacer with an aperture in the
      center of the insulating plate so that leads may extend to the contact
      areas on the semiconductor device. This insulated plate includes one or
      more metallized layers on its surface where the electrical connections may
      be made on the inside edge to the semiconductor device and on the outside
      edge to the external leads. An electrically insulating rectangular washer
      or sealframe is positioned on top of the insulating plate inside of the
      external leads and surrounding the internal leads to the semiconductor
      device. A cap is mounted atop the entire combination and is soldered to
      the top of the sealframe the upper surface of which has previously been
      coated with gold. This package can be used to advantage with a number of
      different semiconductor devices including bipolar and field-effect
      transistors. In the preferred embodiment, each of the contiguous surfaces
      of the adjacent members which make up the transistor package are
      hermetically sealed to one another. Impedance varying means such as
      capacitors may be included within the package and may be mounted upon the
      substantially flat plate. The device is thereby matched to the impedance
      of the circuit in which it is used, eliminating the need for external
      impedance matching elements.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded view of a transistor package constructed in
      accordance with the present invention;
PAR  FIG. 2 is a plan view of the package of FIG. 1 with the top removed;
PAR  FIG. 3 is a sectional view of the package shown in FIG. 1;
PAR  FIGS. 4A and 4B are a circuit diagram of a portion of a phased array radar
      system in which the present invention is used to advantage;
PAR  FIG. 5 is the block diagram of a phased array radar system in which the
      circuit of FIGS. 4A and 4B is used; and
PAR  FIG. 6 is an enlarged sectioned isometric view of the region in the center
      of the device of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows an exploded view of a microwave transistor package constructed
      in accordance with the teachings of the present invention. Base 10 forms
      the underlying support for the transistor package. Mounting holes 10A and
      10B are used to secure the package to other mounting hardware such as is
      commonly done in microwave microstrip amplifiers and similar equipment. In
      the preferred embodiment, the base 10 is made from copper. An apertured
      plate 13 with the aperture 14 in its center is next hermetically sealed to
      the base 10. Although a number of different metals could possible be used
      for this apertured plate 13, nickel is preferred in that it has nearly the
      same coefficient of expansion as the other package members to which it is
      in proximity. Molybdenum can also be used since its coefficient of thermal
      expansion is intermediate that of the copper base 10 and nickel spacer 17
      between which the apertured plate 13 is sandwiched. The apertured plate 13
      is mounted to the base 10 by brazing with a eutectic Cu-Ag solder. The
      preferred dimensions of each package member are given below in Table 1.
PAR  After the aperture plate 13 has been mounted to the copper base 10, the
      transistor mounting pad 11 is brazed to the base 10 through the aperture
      14 with the eutectic Cu-Ag solder. In the preferred embodiment, the
      mounting pad 11 is BeO. After the mounting pad 11 has been brazed to the
      base 10, the apertured plate 13, and the mounting pad 11 are coated with a
      layer of gold. The transistor mounting pad 11 is preferably dimensioned so
      that when it is centered in the aperture 14, there will be a small space
      between it and all sides of the apertured plate 13.
PAR  The small size of the BeO pad used in the present invention is in marked
      contrast to the dimensions of BeO or Al.sub.2 O.sub.3 used in other
      microwave transistor packages where the ceramic insulator underlies the
      entire packaging structure. The reduced use of BeO not only reduces
      considerably the overall cost of the package but it also reduces the
      number of operations which need be performed with the BeO or Al.sub.2
      O.sub.3 to construct the package. For example, in the past, a BeO
      substrate had to be cut to a quite precise shape and precise metallization
      patterns had to be deposited upon the surface with plated metal through
      holes drilled through it. Besides the expense, these extra operations
      involve hazards to the personnel performing the operations in that BeO,
      especially in powdered form, is a toxic substance. In the present
      embodiment, a tolerance of only 0.005 inches is all that need be
      maintained on the linear dimensions of the BeO mounting pad 11 and no
      holes need be drilled through it.
PAR  After the transistor mounting pad 11 has been brazed to the copper base 10,
      the transistor chip 12 is mounted atop the mounting pad 11. This is
      accomplished by heating to 400.degree.C (below the melting point of either
      gold or silicon) and applying pressure between the transistor chip 12 and
      mounting pad 11 while moving the transistor chip back and forth. A
      eutectic gold to silicon bond is thus formed. This transistor chip 12 may
      be any of a number of different devices including bipolar and FET
      microwave transistor devices. For example, one such transistor device is
      described in copending application Ser. No. 301,555 which shows a bipolar
      microwave transistor structure which may be used advantageously with the
      present invention. Connections to one of the active elements of the
      transistor chip 12 can be made through the gold coating on the top of the
      transistor mounting pad 11 to the bottom of the chip 12. In the preferred
      embodiment, the collector lead is so connected.
PAR  Details of the external connections to the other active elements of the
      transistor are shown in detail in connection with FIGS. 2 and 6. Also
      shown in these figures are two banks 15 and 16 of miniature MOS capacitors
      which are used to match the impedances of the transistor chip to the
      incoming leads. These capacitor banks 15 and 16 are mounted on the top
      surface of apertured plate 13. Several of these banks can be used as
      desired and other components may be mounted upon the top surface of the
      apertured plate 13. It is to be noted that much larger transistor chips
      can be accommodated in the present invention than was previously possible
      because of the ample room available within the package.
PAR  A nickel spacer 17 is mounted on the top surface of the apertured plate 13.
      The spacer 17 is used to position the insulating plate 18 and external
      leads 22 and 23 at the appropriate height above the transistor chip 12.
      This nickel spacer 17 is hermetically sealed around apertured plate 13 by
      brazing with eutectic Cu-Ag solder. On top of the nickel spacer 17 and
      hermetically sealed by brazing to it is an insulating plate 18 preferably
      composed of Al.sub.2 O.sub.3. The underside of the insulating plate 18 is
      coated with a layer of gold over a layer of silver as are areas 19 and 20
      which provide a contact area for external leads 22 and 23. The ends of
      these leads 22 and 23 extend approximately half way across the gold
      metallization areas 19 and 20. Additional leads, for example at the sides,
      can be added in the same manner. Al.sub.2 O.sub.3 frame 21, generally
      rectangular in shape with rounded corners, fits around the aperture in the
      insulating plate 18 between the ends of leads 22 and 23. The frame 21 and
      insulating plate 18 may be joined either with glass or by heating them
      together until the Al.sub.2 O.sub.3 liquifies and flows between them. The
      top surface of frame 21 is plated with gold over a layer of silver in the
      preferred embodiment to facilitate making the hermetic seal to cap 24. Cap
      24, made of gold plated copper in the preferred embodiment, completes the
      hermetically sealed package.
PAR  FIG. 2 shows a plan view of the device shown in FIGS. 1 and 3 wherein the
      connections between the internal and external leads and the transistor
      chip are shown in detail. The connections illustrated are possible
      connections for the transistor device shown in FIG. 4 of copending
      application Ser. No. 301,555 although this device is used by way of
      illustration only as any number of different lead connections may be used
      depending upon the type of transistor chip used with the package. FIG. 6
      shows an enlarged isometric view of a portion of these connections and
      will be discussed herein along with FIG. 2.
PAR  In each of the three transistor sections 35 of the transistor chip 12, the
      emitter connection for all of the emitters of the transistors in that
      transistor section 35 is located at the center of the section at metal
      emitter connection pad 33. A gold plated copper lead 28 extends from each
      of these emitter connection pads 33 in an arch to the emitter lead
      capacitors 30 within MOS capacitor bank 15. The capacitor between the
      emitter lead and bare lead, which is normally grounded in amplifier use,
      is formed through the metal oxide between the capacitor pad 30 and the
      gold plating 32 of the apertured plate 13. From the capacitor pad 30,
      leads 24 connect the emitters to metallized layer 20 which is in turn
      bonded to the external emitter lead 23. Similarly for the base leads,
      there are four base connection pads 34 for each section of transistors
      within the transistor chip 12. On one side of transistor chip 12, these
      base pads are connected to MOS capacitors 29 through gold plated copper
      leads 27. On the other side of the transistor chip 12, the base leads are
      connected directly through gold plated copper leads 26 to base 13 through
      gold layer 32 on base 13 which is in turn preferably connected to ground
      in the circuit in which the transistor is used. The collector lead from
      the transistor chip 12 is brought out through the underside of the
      transistor chip 12 as discussed in the aforementioned copending
      application. It is thus connected to the gold layer 31 on the mounting pad
      11 which is connected through gold plated copper leads 36 to MOS capacitor
      37 of capacitor bank 16 and then through gold plated copper leads 25 to
      the external collector lead 22. It is, of course, understood that this
      particular arrangement of capacitors is by way of illustration only and
      that numerous other arrangements and devices other than MOS capacitors may
      be used within the transistor package in accordance with the present
      invention to match the impedance of the transistor to that of the circuit.
PAR  FIG. 5 shows a simplified block diagram of a phased array radar system in
      which the circuit of FIGS. 4A and 4B, incorporating the present invention,
      is employed to advantage. When the system is in the transmitting mode, as
      the switch is positioned in the drawing, the transmit/receive switch 81
      connects the waveform generator 80 to the RF manifold 85. The waveform
      generator 80 may supply, for example, a chirped pulse of 20 sec. duration
      with a 1 gHz carrier frequency and with linear frequency modulation. The
      RF manifold 85 distributes the pulse to the inputs of transceivers 87.
      There is one such transceiver for each antenna element 89 within the
      phased array antenna 88. Typically, there may be from 2500 to 10,000
      elements in an antenna. Lines 93 couple the output of beam steering
      computer 86 to each transceiver 87 for computer control of the phase delay
      at each transceiver 87. In operation, a pulse is transmitted towards a
      target and a return pulse is reflected back from the target to the antenna
      88. The transceivers are switched into the receiving mode with the same
      relative phase delay for each transceiver as was set for the transmitting
      mode so that the system is pointed for both transmitting and receiving
      modes of operation in the same direction.
PAR  It is to be noted that with the present invention no feedback is required
      to stabilize the phase delay at each transceiver. Furthermore, the phase
      shifting may be effected before final amplification thereby eliminating
      the need for bulky and expensive ferrite phase shifters which have been
      used to shift phase at relatively high power levels in phased array radar
      systems employing traveling wave tubes for amplifiers.
PAR  In FIGS. 4A and 4B are shown the circuit diagram of each transceiver 87 of
      FIG. 6 employing a microwave transistor device constructed in accordance
      with the present invention. When the module shown in FIGS. 4A and 4B is in
      the transmitting mode, the unamplified input signal is connected from a
      divider/combiner network source, which is common to all transceiver
      circuits, to the input of phase shifter 70. The desired phase of the
      signal is set with the phase shifter 70 which is preferably a series
      combination of delay elements which may be switched in and out selectively
      by the external beam steering computer. A channel switch 69 couples the
      phase shifted unamplified signal to a preamplifier 68. The preamplifier
      68, which is preferably operated as a Class A linear amplifier, boosts the
      signal prior to final amplification.
PAR  Three stages of final amplification are shown generally at 50, 51 and 52.
      Transistor device 100 in the first stage 50 drives two transistor devices
      100 in the second stage 51 and each of the two transistor devices 100 in
      the second stage 51 drives two transistor devices 100 in the third stage
      52. All of the transistor devices 100 in the three stages 50, 51 and 52
      are preferably operated in Class C. The quarter wavelength tuning stub 62
      detunes signals at frequencies other than the center frequency of the
      signal being amplified. It is to be noted that here no matching networks
      are required between stages since the transistors are internally matched.
      Transistor device 100 is operated in a common base configuration in each
      stage with the base connection made through mounting base 10. Mounting
      base 10 may preferably be connected with screws to a grounding strip 56. A
      second quarter wavelength tuning stub is used to connect a DC bias voltage
      Vcc to the collector since a quarter wavelength line appears as an open
      circuit to the signal. A bypass capacitor 59 acts as a connection to
      ground for the high frequency signal. The splitter 61 divides the
      amplified signal from the first stage 50 equally as to both phase and
      amplitude and couples the two new signals thus obtained to the two
      transistor devices 100 in the second stage 51. The same circuit
      arrangement is used in the second stage 51 and third stage 52 as in the
      first stage 50. The output signals from the four transistor devices 100 in
      the third stage 52 are added together in phase by combiner 63 and coupled
      to the antenna element 65 through a microwave circulator 64.
PAR  When the module is in the receiving mode, signals which have been
      transmitted and reflected from some distant object back to the antenna are
      coupled from the antenna element 65 by the microwave circulator 64 through
      a transmit/receive switch 66. This switch is in an open circuit condition
      to prevent excessive energy from reaching and damaging low noise amplifier
      67 when the module is in the transmitting mode. Channel switch 69 routes
      the amplified return signal back through phase shifter 70 and hence back
      to the divider and combiner networks for processing along with return
      signals from other antenna elements within the phased array radar system.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                            LENGTH OF                                          
                                   WIDTH OF                                    
     MEMBER                                                                    
           LENGTH                                                              
                WIDTH                                                          
                     THICKNESS                                                 
                            APERTURE                                           
                                   APERTURE                                    
     __________________________________________________________________________
     Mounting                                                                  
     Pad 11                                                                    
           .085 .035 .035   --     --                                          
     Apertured                                                                 
     Plate 13                                                                  
           .325 .250 .025   .090   .040                                        
     Base 10                                                                   
           .900 .250 .065   --     --                                          
     Spacer 17                                                                 
           .305 .202 .015   .260   .160                                        
     Insulating                                                                
     Plate 18                                                                  
           .325 .250 .020   .240   .110                                        
     Sealframe                                                                 
     21    .325 .190 .030   .275   .150                                        
     Cap 24                                                                    
           .325 .190 --     --     --                                          
     __________________________________________________________________________
      All above dimensions are in inches.                                      
PAR  Additionally, metallized region 20 has a length of 0.180 inches and
      metallized region 19 has a length of 0.060 inches. All layers of silver
      are 50 microns thick and all layers of gold are 100 microns thick.
PAR  This concludes the description of the preferred embodiment. Although a
      description of the preferred embodiment has been made, numerous
      modifications and alterations thereto would be apparent to one skilled in
      the art without departing from the spirit and scope of the present
      invention. In particular, the dimensions given for the preferred
      embodiment are by way of illustration only. Other dimensions may be used
      as required for other transistor chips and lead arrangements.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor device comprising in combination:
PA1  a thermally and electrically conducting base member;
PA1  an electrically conducting planar member coupled to said base member, said
      planar member having an aperture therein;
PA1  a thermally conducting, electrically insulating support for a semiconductor
      body, said support having upper and lower surfaces, said support being
      positioned in said aperture of said planar member, said lower surface
      being coupled to said base member, and said upper surface having a
      conductive coating thereon; and
PA1  at least one lead for electrically coupling said conductive coating to said
      base member through said planar member, one end of said lead being coupled
      to said conductive coating and the other end of said lead being coupled to
      the surface of said planar member.
NUM  2.
PAR  2. The combination of claim 1 further comprising said semiconductor body,
      said semiconductor body being mounted on said conductive coating and said
      semiconductor body having an active element electrically coupled to said
      conductive coating.
NUM  3.
PAR  3. The combination of claim 2 further comprising in combination:
PA1  impedance matching means, said impedance matching means being mounted upon
      said planar member; and
PA1  a plurality of leads for coupling elements of said semiconductor body to
      said impedance matching means.
NUM  4.
PAR  4. The combination of claim 3 further comprising in combination:
PA1  an electrically conducting spacer mounted upon said planar member;
PA1  an electrically insulating plate having an aperture therein, said plate
      being mounted upon said spacer, said plate having at least one metallized
      region for making electrical connection with elements of said
      semiconductor body;
PA1  an electrically insulating sealframe, said sealframe being mounted upon
      said insulating plate; and
PA1  a planar top, said top being mounted upon said sealframe.
NUM  5.
PAR  5. The combination of claim 4 further comprising in combination:
PA1  a plurality of leads for connecting elements of said semiconductor body to
      said metallized regions; and
PA1  a plurality of external leads for coupling said semiconductor device to
      utilization means.
NUM  6.
PAR  6. The combination of claim 5 wherein said package is hermetically sealed.
NUM  7.
PAR  7. A semiconductor device package comprising in combination:
PA1  a thermally and electrically conducting base member;
PA1  an electrically conducting planar member electrically coupled to said base
      member, said planar member having an aperture therein; and
PA1  a thermally conducting, electrically insulating support for a semiconductor
      body, said support having upper, lower, and side surfaces, such support
      being positioned in said aperture, said lower surface being coupled to
      said base member, said upper surface having a conductive coating thereon,
      and said side surfaces being everywhere laterally adjacent electrically
      conductive surfaces.
NUM  8.
PAR  8. The combination of claim 7 further comprising said semiconductor body.
NUM  9.
PAR  9. The combination of claim 8 further comprising in combination:
PA1  impedance matching means, said impedance matching means being mounted upon
      said planar member; and
PA1  a plurality of leads for coupling elements of said semiconductor body to
      said impedance matching means.
NUM  10.
PAR  10. The combination of claim 9 further comprising in combination:
PA1  an electrically conducting spacer mounted upon said planar member;
PA1  an electrically insulating plate having an aperture therein, said plate
      being mounted upon said spacer, said plate having one or more metallized
      regions for making electrical connection with elements of said
      semiconductor body;
PA1  an electrically insulating sealframe, said sealframe being mounted upon
      said insulating plate; and
PA1  a planar top, said top being mounted upon said sealframe.
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ABST
PAL  A semiconductor device comprising a semiconductor body comprising a first
      surface, a first insulating layer on said first surface of the
      semiconductor body, a first conductive connection layer comprising a strip
      portion and disposed on said first insulating layer, a second insulating
      layer overlying said first insulating layer and first conductive
      connection layer, and a second conductive connection layer situated on
      said second insulating layer, said second insulating layer comprising an
      aperture that at least partly overlies said strip portion of said first
      conductive connection layer and has a cross-dimension d in a direction
      substantially at right angles to the longitudinal direction of said strip
      portion, a contact portion of said second conductive connection layer
      completely covering said aperture and contacting said strip portion of
      said first conductive connection layer via said aperture, wherein x &lt; d +
      2t and x represents the width of said strip portion and t the alignment
      tolerance associated with the definition of said aperture with respect to
      said strip portion.
BSUM
PAR  This invention relates to semiconductor devices, particularly but not
      exclusively, semiconductor integrated circuits, said semiconductor devices
      comprising a semiconductor body, a first insulating layer on one surface
      of the semiconductor body, a first conductive connection layer on the
      surface of the first insulating layer, a second insulating layer overlying
      the first insulating layer and the first conductive connection layer, and
      a second conductive connection layer situated on the second insulating
      layer, a strip portion of the first conductive connection layer being
      contacted by a portion of the second conductive connection layer via an
      aperture present in the second insulating layer.
PAR  Examples of such semiconductor devices are semiconductor integrated
      circuits in which the first and second conductive connection layers form
      interconnection layers at first and second levels. One particular group of
      such integrated circuits are circuits in which the semiconductor body is
      of silicon and comprises a plurality of insulated gate field effect
      transistors, the first conductive connection layer consisting of doped
      polycrystalline silicon and comprising a plurality of discrete portions,
      parts of at least some of said discrete portions forming gate electrodes
      of insulated gate field effect transistors. In these circuits the doped
      polycrystalline silicon gate electrodes normally are formed on a thinner
      portion of a first insulating layer of silicon oxide and further extend on
      a thicker portion of the first insulating layer of silicon oxide. A second
      insulating layer, normally of vapour deposited silicon oxide overlies the
      first insulating layer of silicon oxide and the doped polycrystalline
      silicon layer. A second conductive connection layer, normally of
      aluminium, is situated on the second silicon oxide layer and has portions
      contacting strip portions of the doped polycrystalline silicon layer via
      apertures formed in the second silicon oxide layer. These apertures which
      are sometimes referred to as contact holes and correspond substantially to
      the so-called "via holes" in the case of integrated circuits having two
      level metallisation contact systems, are normally formed in the second
      silicon oxide layer by a photomasking and etching step, the definition of
      the polycrystalline silicon layer as discrete portions of a continuous
      layer applied over the surface of the first silicon layer also having been
      achieved with the aid of a photomasking and etching step. As it is desired
      to include as many circuit elements per unit of surface area of the
      semiconductor body, commonly referred to as the packing density, as is
      possible to achieve within the limitations dictated by state of the art
      processing technology, the layout of the circuit is such that the strip
      portions of the doped polycrystalline silicon layer ideally have a
      relatively small width and close spacing. However this small width and
      close spacing necessitates further design features to be included when
      considering the fact that the strip portions have to be contacted by the
      aluminium layer via apertures in the second silicon oxide layer. This is
      because in the photomasking used for defining the apertures, departures
      from complete mask alignmenr may occur and this has to be taken into
      account in the design of the mask to be used in this photomasking step.
      The maximum distance by which a linear edge of an aperture in the second
      insulating layer may deviate from the desired location above the strip
      portion of the polycrystalline silicon layer, said deviation being
      measured in a direction at right angles to the linear edge and resulting
      from incomplete mask alignment, is referred to as the alignment tolerance.
      It will be appreciated in the mask design other factors have to be allowed
      for when choosing the position and size of an aperture in the second
      insulating layer with respect to the strip portion of the polycrystalline
      silicon layer, for example, whether any allowance has to be made for the
      resultant aperture having larger or smaller dimensions than those present
      in the mask, said changes in dimensions being a result, for example, of
      lateral etching effects and shadow effects in the photomasking step. Thus,
      as it is the practice to locate an aperture in the second insulating layer
      centrally disposed over the respective strip portion of the doped
      polycrystalline silicon layer, for an aperture of rectangular outline to
      be so situated the minimum width of the strip portion that is permissible
      at the area of the aperture is the width of the aperture plus two times
      the alignment tolerance. This thereforce places a restriction on the
      minimum width of a strip portion due to the fact that there will always
      exist a minimum size for an aperture which can be obtained reproducibly.
      To overcome this problem the practice has been to provide a local widening
      of the strip portion of the polycrystalline silicon layer at the are at
      which an aperture is to be formed in the overlying second silicon oxide
      layer. However this gives rise to problems when it is desired to obtain
      the maximum packing density in the integrated circuit because a local
      widening of the strip portion of the polycrystalline silicon layer
      occupies a significant area and also influences the spacing and lay-out of
      an adjacent strip portion of the polycrystalline silicon layer or other
      part of a circuit element defined with the aid of a photomasking step.
PAR  According to a first aspect of the invention a semiconductor device
      comprises a semiconductor body, a first insulating layer on one surface of
      the semiconductor body, a first conductive connection layer on the surface
      of the first insulating layer, a second insulating layer overlying the
      first insulating layer and the first conductive connection layer, and a
      second conductive connection layer situated on the second insulating
      layer, a strip portion of the first conductive connection layer being
      contacted by a portion of the second conductive connection layer via an
      aperture present in the second insulating layer, said aperture at least
      partly overlying the strip portion of the first conductive connection
      layer and having a cross-dimension in a direction at right angles to the
      longitudinal direction of the strip portion which is at least equal to the
      width of the strip portion.
PAR  In this device by virtue of the aperture having the said cross-dimension,
      when designing the mask used in a photomasking step associated with the
      definition of the aperture the alignment tolerances may be neglected. The
      design restrictions imposed on the width of a strip portion of the first
      conductive connection layer in a prior art device and resulting from the
      necessity to account for alignment tolerances, do not occur when designing
      a device in accordance with the invention and this provides for a
      simplification in mask design and when the device is an integrated circuit
      a greater packing density may be achieved. The factor which allows for the
      aperture to be provided having the said dimension is that the second
      insulating layer which has to be etched to provide the aperture therein,
      in addition to being located on the strip portion of the first conductive
      connection layer is located on the first insulating layer beyond the edges
      of the said strip portion. Therefore provided the etching is controlled
      such that in the removal of an unmasked portion of the second insulating
      layer to define the aperture, any etching at the area beyond an edge of
      the strip portion is terminated on reaching the first insulating layer or
      before substantial etching of the first insulating layer occurs, no
      distinctly disadvantageous effects occur when having an aperture of the
      said cross-dimension.
PAR  The aperture may be of greater area than the part of strip portion lying
      within the aperture and have a cross-dimension in the direction at right
      angles to the longitudinal direction of the strip portion which is greater
      than the width of the strip portion, said aperture extending beyond the
      strip portion at each of the two longitudinal edges thereof.
PAR  In another form from the aperture has a cross-dimension in the direction at
      right angles to the longitudinal direction of the strip portion which
      corresponds substantially to the width of the strip portion and extends
      substantially wholly above and in registration with the strip portion.
PAR  According to a second aspect of the invention a semiconductor device
      comprises a semiconductor body, a first insulating layer on one surface of
      the semiconductor body, a first conductive connection layer on the surface
      of the first insulating layer, a second insulating layer overlying the
      first insulating layer and the first conductive connection layer, and a
      second conductive connection layer situated on the second insulating
      layer, a strip portion of the first conductive connection layer being
      contacted by a portion of the second conductive connection layer via an
      aperture present in the second insulating layer, said aperture at least
      partly overlying the strip portion of the first conductive connection
      layer, the arrangement of said strip portion and the aperture being other
      than an arrangement in which in addition to the whole of the aperture
      overlying the strip portion said strip portion also has a width x given by
      the formula x .gtoreq. d + 2t where d is the said cross-dimension of the
      aperture and t is the alignment tolerance associated with the definition
      of the aperture with respect to the strip portion.
PAR  In this device, in common with the device in accordance with the first
      aspect of the invention, the alignment tolerances when designing the mask
      used in a photomasking step associated with the definition of the aperture
      may be neglected and similarly the said design restrictions as imposed on
      the width of a strip portion of the first conductive connection layer in a
      prior art device do not occur when designing this device.
PAR  A device in accordance with the second aspect of the invention may be
      present in various different forms. In one form the whole of the aperture
      overlies the strip portion and the strip portion has a width x where x &lt; d
      + 2t. This is distinguished from the described prior art devices in which
      the whole of the aperture overlies the strip portion and x .gtoreq. d + 2t
      and allowance is made for the alignment tolerances. Thus, in the case
      where t is at most 1 micron, in a preferred form of such a device the
      aperture is of rectangular configuration and the strip portion has a width
      which exceeds the cross-dimension of the aperture by at most 2 microns.
PAR  In another form of a device in accordance with the second aspect of the
      invention only part of the aperture overlies the strip portion.
PAR  In a specific form of a semiconductor device in accordance with the
      invention, the said portion of the second conductive connection layer is
      in the form of a strip which crosses the stip portion of the first
      conductive connection layer and at the crossing makes contact therewith
      via the aperture.
PAR  In another specific form of a semiconductor device in accordance with
      either aspect of the invention said portion of the second conductive layer
      is in the form of a strip which extends in the same longitudinal direction
      as the strip portion of the first conductive connection layer and makes
      contact therewith via the aperture. In a device of this form and in which
      the aperture is of greater area than the part of the strip portion of the
      first conductive connection layer lying within the aperture, preferably
      the aperture overlaps said strip portion only at the longitudinal edge(s)
      thereof.
PAR  In a semiconductor device in accordance with the invention, in the vicinity
      of the aperture in the second insulating layer the strip portion of the
      first conductive connection layer may be of substantially uniform width.
PAR  The semiconductor device may consist of a semiconductor integrated circuit
      wherein the first and second conductive connection layers form
      interconnection layers at first and second levels.
PAR  In one form of such an integrated circuit the semiconductor body is of
      silicon and the first conductive connection layer is of doped
      polycrystalline silicon. The second conductive connection layer may be of
      aluminium.
PAR  The first and second insulating layers may be of silicon oxide, at least
      the second insulating layer being a layer deposited from the vapour phase.
      In order to prevent undersirable short circuits in the case where etching
      used in forming the aperture in the second insulating layer proceeds
      beyond the second insulating layer and beyond an edge of the strip portion
      of the first conductive connection layer, the first insulating layer may
      have an appreciable thickness and in a preferred form the first and second
      insulating layers at least in the vicinity of the aperture may have
      substantially the same thickness. In another form the first insulating
      layer may be of a different material to the second insulating layer and of
      such a composition that it is not substantially attacked by an etchant
      used for forming the aperture in the second insulating layer, for example,
      the second insulating layer may be of vapour deposited silicon oxide and
      the first insulating layer of silicon nitride.
PAR  A preferred form of the integrated circuit comprises a plurality of
      insulated gate field effect transistors, the first conductive connection
      layer being of doped polycrystalline silicon and comprising a plurality of
      discrete portions, at least one of said discrete portions comprising a
      gate electrode of an insulated gate field effect transistor, said gate
      electrode extending on a thinner portion of the first insulating layer and
      further extending on a thicker portion of the first insulating layer as a
      strip portion which is contacted by a discrete portion of the second
      conductive connection layer via an aperture of the said cross-dimension in
      the second insulating layer, said second insulating layer overlying the
      first insulating layer and the polycrystalline silicon layer. In such a
      circuit an other discrete portion of the doped polycrystalline silicon
      layer may extend in contact with a surface portion of the semiconductor
      body and further extend on the thicker portion of the first insulating
      layer as a further strip portion which is contacted by a discrete portion
      of the second conductive connection layer via an aperture of the said
      cross-dimension in the second insulating layer.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying diagrammatic drawings, in which:
PAR  FIGS. 1 and 2 are plan views in two orientations at right angles to each
      other of a prior art insulated gate field effect transistor having a doped
      polycrystalline silicon gate electrode and forming part of a semiconductor
      integrated circuit comprising a plurality of such transistors; and
PAR  FIGS. 3 and 4 respectively are cross-sections taken along the line III--III
      in FIG. 1 and line IV--IV in FIG. 2;
PAR  FIG. 5 is a plan view of part of a prior art semiconductor device in the
      form of an integrated circuit comprising insulated gate field effect
      transistors having doped polycrystalline silicon gate electrodes; and
PAR  FIG. 6 is a cross-section taken along the line VI--VI in FIG. 5;
PAR  FIG. 7 is a plan view of part of a semiconductor device in accordance with
      the invention and in the form of an integrated circuit comprising
      insulated gate field effect transistors having doped polycrystalline
      silicon gate electrodes; and
PAR  FIG. 8 is a cross-section taken along the line VIII--VIII in FIG. 7;
PAR  FIGS. 9, 10, and 11 show plan views of parts of further semiconductor
      devices in accordance with the invention;
PAR  FIG. 12 is a plan view of a part of another semiconductor device in
      accordance with the invention and in the form of an integrated circuit
      comprising insulated gate field effect transistors having doped
      polycrystalline silicon gate electrodes; and
PAR  FIG. 13 is a cross-section taken along the line XIII--XIII in FIG. 12;
PAR  FIG. 14 is a plan view of part of another semiconductor device in
      accordance with the invention and in the form of an integrated circuit
      random access memory comprising a plurality of memory cells each having a
      capacitor and a single insulated gate field effect transistor having a
      doped polycrystalline silicon gate electrode; and
PAR  FIGS. 15, 16 and 17 respectively are cross-sections taken along the lines
      XV--XV, XVI--XVI and XVII--XVII respectively in FIG. 14.
DETD
PAR  Referring now to FIGS. 1 to 4, the insulated gate field effect transistor
      comprises an n-type silicon substrate body 1 having a surface 2 on which a
      first insulating layer of thermally grown silicon oxide is present and
      consisting of a thicker portion 3 and a thinner portion 4. Diffused
      p.sup.+-source and drain electrode regions 5 and 6 extend in the substrate
      1 adjacent the surface 2 and define a current carrying channel region
      therebetween. The current carrying channel region is situated below the
      thinner portion 4 of the thermally grown silicon oxide layer and a gate
      electrode 7 is situated thereon. The gate electrode 7 consists of a boron
      doped portion of a polycrystalline silicon layer, said layer having a
      further portion 8 extending from the portion 7 and on the thicker portion
      3 of the thermally grown silicon oxide layer.
PAR  A deposited layer 9 of silicon oxide is present overlying the thicker
      portion of the thermally grown silicon oxide layer and on the doped
      polycrystalline silicon layer 7, 8. In the deposited silicon oxide layer 9
      there is a rectangular aperture 10 situated above the portion 8 of the
      doped polycrystalline silicon layer. An aluminium interconnection layer
      portion 11 extends in the aperture 10 in contact with the portion 8 of the
      doped polycrystalline silicon layer and further extends on the surface of
      the deposited silicon oxide layer 9. Further apertures 12 and 13 are
      present and extend through the deposited silicon oxide layer 9 to expose
      the p.sup.+-source and drain electrode regions 5 and 6 respectively.
      Further portions 14 and 15 of the aluminium interconnection layer extend
      in the apertures 12 and 13 respectively in contact with the source and
      drain electrode regions 5 and 6. The portions 14 and 15 of the aluminium
      layer also extend on the deposited silicon oxide layer 9.
PAR  In the plan views of FIGS. 1 and 2 and in all the plan view Figures to be
      described hereinafter broken lines are used to indicate the initial
      boundary between thicker silicon oxide and thinner silicon oxide as
      defined in an early stage of the manufacturing process by locally removing
      the thicker oxide and growing thinner oxide on the silicon body portions
      exposed by said removal. Broken line shading within the broken lines is
      used to indicate the extent of removal of the thinner silicon oxide and
      p-type diffusion into the surface portions of the silicon body so exposed
      on removal of the thinner silicon oxide layer. Lines having alternately a
      dash and cross are used to indicate the boundary of portions of acceptor
      doped polycrystalline silicon, said doping having been effected by
      diffusion into the layer portions simultaneously with the said p-type
      diffusion into the silicon surface portions. Lines having alternately a
      dot and dash are used to indicate the boundaries of apertures in the
      deposited silicon oxide layer.
PAR  Referring now to FIGS. 5 and 6, there is shown in plan and cross-section
      respectively another part of an integrated circuit of the form including
      transistors as shown in FIG. 1, corresponding parts being indicated by the
      same reference numerals. FIG. 5 shows portions 8 and 18 of a doped
      polycrystalline silicon layer extending as strips on the surface of the
      thicker silicon oxide layer 3 and having the deposited silicon oxide layer
      9 thereon. An aluminium strip 19 is situated on the deposited silicon
      oxide layer 9, crosses the strip portions 8 and 18 of the doped
      polycrystalline silicon layer, and makes contact with the portion 8 via an
      aperture 20 of 6 microns by 6 microns in the deposited silicon oxide
      layer.
PAR  In this prior art device the strip portions 8 and 18 each have a width of 6
      microns and a spacing of 6 microns. However in order to obtain the contact
      between the strips 19 and 8 via the aperture 20, alignment tolerances have
      to be allowed for in the mask layout. In the present case the alignment
      tolerance is 3 microns, thus in the mask lay-out the sides of the aperture
      20 each must be spaced by at least three microns from the adjacent edge of
      the portion 8 of the polycrystalline silicon layer. This necessitates an
      adaptation of the design for the strip 8 and the provision of a locally
      wider portion 21 as shown and having a total width of 12 microns as the
      width of the aperture 20 is 6 microns. The effect of this required local
      widening 21 of the strip 8 is to cause the lay-out to be such that the
      adjacent strip portion 18 of the polycrystalline silicon layer has to be
      deviated as shown to maintain the 6 micron spacing. Thus in a device
      comprising a large plurality of adjacently situated strip portions of a
      polycrystalline silicon layer such as the portions 8 and 18, the
      requirement for apertures such as the aperture 20 and locally wider
      portions such as the portion 21 causes the lay-out to be complex.
PAR  Referring now to the embodiment of a device in accordance with the
      invention shown in FIGS. 7 and 8, this corresponds substantially in
      structure to the prior art device shown in FIGS. 5 and 6 with
      corresponding parts being indicated by the same reference numerals, the
      main difference residing in the contacting of the polycrystalline silicon
      layer by the overlying aluminium layer. In this device the polycrystalline
      layer strips 23 and 24 each have a width of 6 microns and also have a
      separation of 6 microns. The strip 23 is contacted by an aluminium layer
      strip 25 of 12 microns width via a rectangular aperture 26 in the
      deposited silicon oxide layer 9 and the strip 24 is contacted by an
      aluminium layer strip 27 also of 12 microns width via a rectangular
      aperture 28 in the deposited silicon oxide layer 9. Each of the apertures
      26 and 28 has a width of 10 microns and in the longitudinal direction of
      the strips 23 and 29 has a dimension of 6 microns. In the manufacture of
      this device the alignment tolerance associated with the step used in
      defining the apertures 26 and 28 is 3 microns. It will be appreciated that
      each of the apertures 26 and 28 having a width of 10 microns extends
      beyond the edges of the associated strip portion 23 and 24 respectively.
      However the portions of said apertures situated beyond said edges of the
      strip portions 23 and 24 are located over the thicker portion 3 of the
      thermally grown silicon oxide layer and thus the aluminium in these
      portions of the apertures does not cause any short circuits. With
      apertures 26 and 28 which in the cross-dimension at right angles to the
      longitudinal direction of the strips 23 and 24 exceed the width of the
      strips, the alignment tolerances do not have to be allowed for in the mask
      lay-out in so far as any deviation of the central situation of the
      apertures with respect to the strips is concerned. Furthermore as the
      distance between the edge of the strip 24 and the adjacent edge of the
      aperture 26 is, for the case of perfect alignment, 4 microns, and this
      distance is greater than the alignment tolerance of 3 microns, the lay-out
      is such that the spacing of the strips 23 and 24 can be maintained at 6
      microns in the vicinity of the strips 23 and 24 and deviation of the
      strips in these areas is not necessary. This leads to an overall
      simplicity of the lay-out and no restrictions, arising from a necessity to
      provide local widenings of the polycrystalline silicon layer, are placed
      upon the packing density.
PAR  It will be noted that in FIG. 8 at the edges of the aperture 26 beyond the
      polycrystalline silicon strip 23, the thicker portion 3 of the thermally
      grown silicon oxide has been locally removed over a small thickness. This
      is due to the fact that the etching of the deposited silicon oxide layer 9
      has to be carried out for a sufficient time to compensate for local
      variations in thickness of the layer 9.
PAR  In each of the embodiments shown in FIGS. 9, 10 and 11 a polycrystalline
      strip 31 has a width of 9 microns and is of the form as shown in FIG. 7
      extending on a thermally grown silicon oxide layer and covered by a
      deposited silicon oxide layer.
PAR  In FIG. 9 the end of the strip 31 is contacted by an aluminium strip 32 of
      15 microns width via an aperture of 9 microns .times. 9 microns situated
      directly overlying the end of the strip 31. In the lay-out of this device,
      the alignment tolerance need not be accounted for as a suitably located
      aperture will be formed even if the aperture overlaps an edge of the strip
      31.
PAR  In FIG. 10 the end of the strip 31 (9 microns width) is contacted by an
      aluminium strip 34 of 14 microns width via an aperture 35 of 8 microns
      .times. 8 microns situated centrally with respect to the end of the strip
      31. In the lay-out of this device, the alignment tolerance need not be
      accounted for because a suitably located aperture will be formed even if
      it overlaps the edge or edges of the strip 31. It will be noted that in a
      corresponding prior art device the maximum permissible width of the
      aperture is 9 - 2t microns where t is the alignment tolerance, that is, an
      aperture of 7 microns width if an alignment tolerance t of 1 micron could
      be achieved.
PAR  In the device shown in FIG. 11, the strip 31 of the doped polycrystalline
      silicon layer extends parallel to a p.sup.+-diffused region 36 and spaced
      therefrom by 1 micron. In the lay-out of this particular device the design
      rules are such that the alignment tolerance t.sub.1 associated with the
      masking involved in the definition of the spacing of the edge of the
      polycrystalline silicon layer strip 31 from the edge of the diffused
      region is less than the alignment tolerance t.sub.2 associated with the
      masking involved in the definition of the spacing of the edge of the
      aperture 38 from the adjacent edge of the diffused region 36, for example
      t.sub.1 and t.sub.2 may be 1 micron and 3 microns respectively. In the
      plan view shown the polycrystalline silicon strip 31 (9 microns width) is
      contacted by an aluminium strip 37 of 15 microns width via an aperture 38
      of 9 microns .times. 9 microns but displaced by a distance of 3 microns
      from the edge of the strip 36 and thus the aperture 38 only partly
      overlies the strip 31. In this embodiment the lay-out is such that
      although alignment tolerances have to be accounted for at the edge of the
      aperture 38 adjacent the strip 36, they may be disregarded at the opposite
      edge of the aperture in so far as this edge is located beyond the adjacent
      longitudinal edge of the strip 31.
PAR  Referring now to the embodiment shown in FIGS. 12 and 13, these show in
      plan and cross-section respectively part of a silicon gate random access
      memory integrated circuit. For the sake of comparison this embodiment also
      illustrates the contacting of one polycrystalline silicon strip by an
      aluminium layer in accordance with prior art practice.
PAR  In the device shown in FIGS. 12 and 13 parts corresponding to those in
      FIGS. 1 to 4 are indicated by the same reference numerals, that is the
      n-type silicon substrate 1 having a surface 2, the thicker portion 3 of
      the first silicon oxide layer on the surface 2 and the deposited silicon
      oxide layer 9. In the plan view shown in FIG. 12, there are two portions
      41 and 42 of the doped polycrystalline silicon layer. A p.sup.+-diffused
      strip region 44 is shown which forms an interconnection line between
      circuit elements not shown. Other p.sup.+-diffused regions 45 and 46
      constitute source and drain regions of an insulated gate field effect
      transistor of which the portion 41 of the doped polycrystalline silicon
      layer comprises the gate electrode. The drain region 46 is contacted by
      the strip portion 42 of the doped polycrystalline silicon layer and this
      is provided for in the processing by means of an extra processing step
      whereby prior to depositing the polycrystalline silicon layer on the
      surface of the thicker and thinner portions 3 and 4 of first silicon oxide
      layer (see FIGS. 1 to 4) the thinner portion 4 of the silicon oxide layer
      is locally removed by a photomasking and etching step. In this manner the
      subsequently deposited polycrystalline silicon comes into direct contact
      with the silicon body surface where the thinner silicon oxide is removed
      and the later carried out acceptor diffusion step is effective in
      diffusing p-type impurity through the polycrystalline silicon at the
      contact with the silicon body to form a shallow p-type region 47
      contiguous with the drain region 46. FIG. 12 shows in a continuous line of
      dots the extent of the masking used for the local removal of the thinner
      part 4 of the thermally grown silicon oxide layer prior to the
      polycrystalline silicon deposition, it being appreciated that the masking
      involved in this step is not critical and the boundary of the masking
      being situated on the thicker silicon oxide layer portion 3. Three
      aluminium layer strips 49, 50 and 51 extend on the surface of the
      deposited silicon oxide layer 9. The aluminium layer strip 49 contacts the
      polycrystalline silicon layer part 41 via an aperture 52 in the deposited
      silicon oxide layer 9, The aperture 52 has cross-dimensions of 8 microns
      .times. 8 microns and, in accordance with prior art contacting practice,
      for locating the aperture 52 centrally on the strip 41 and allowing for an
      alignment tolerance of 3 microns the strip 41 has to have cross-dimensions
      in the vicinity of the aperture 52 of 14 microns .times. 14 microns.
PAR  The aluminium layer strip 51 contacts the polycrystalline silicon layer
      strip 42, which is of 9 microns width in the direction at right angles to
      the line XIII--XIII in FIG. 12, via in aperture 53 in the deposited
      silicon oxide layer 9. The aperture 53 has cross-dimensions of 6 microns
      .times. 13 microns and thus has a cross-dimension in a direction at right
      angles to the longitudinal direction of the strip 42 which is greater than
      the width of the strip 42. In this manner the lay-out of the contact of
      the aluminium layer part 51 to the polycrystalline strip 42 is simplified
      as alignment tolerances for the masking involved in the definition of the
      aperture 53 are no longer material and furthermore no local widening of
      the strip 42 of 9 microns width is required in the vicinity of this
      contact where space is restricted because of the close proximity of the
      p.sup.+-diffused strip 44. The reason for forming the contact between the
      aluminium strip 51 and the p.sup.+-drain region 46 via the intermediately
      situated doped polycrystalline layer portion 42 rather than making a
      direct contact between the aluminium strip 51 and the drain region 46 is
      that the former method enables the circuit lay-out to be simplified, the
      latter method of direct contacting giving rise to difficulties in the
      circuit lay-out due to the comparatively large area required for a contact
      aperture and the close proximity of other circuit elements which are not
      shown in FIG. 12.
PAR  The embodiment shown in FIGS. 14 to 17 is part of a silicon gate random
      access memory circuit. Again in this embodiment parts corresponding to
      those shown in FIGS. 1 to 4 are indicated by the same reference numerals.
      In a plan view shown in FIG. 14 there are two portions 61 and 62 of the
      doped polycrystalline silicon layer. The portion 61 is in the form of a
      strip of cross-dimensions 9 microns .times. 25 microns and comprises the
      gate electrode of an insulated gate field effect transistor having source
      and drain regions 63 and 64 respectively. The portion 62 of the doped
      polycrystalline silicon layer extends above a rectangular area of the
      thinner part 4 of the thermally grown silicon oxide layer where it forms
      one plate of an inversion layer capacitor. An aluminium layer portion in
      the form of a strip 65 of 15 microns width extends on the surface of the
      deposited silicon oxide layer 9 and contacts the polycrystalline silicon
      portion 61 via an aperture 66 in the layer 9. The aperture 66 is of 9
      microns .times.9 microns cross-dimensions and is located substantially
      wholly above the strip 61. The alignment tolerance in the masking involved
      in the definition of the aperture 66 is 3 microns and the aperture 66 has
      a width of 9 microns which is therefore equal to the width of the strip
      61. However as the strip 61 is spaced by over 3 microns from the adjacent
      edge of the p.sup.+-diffused region and by 6 microns from the adjacent
      edge of the polycrystalline region 62, any misalignment of the aperture 66
      with respect to the strip 61 will still provide a suitable contact of the
      aluminium layer strip 65 to the polycrystalline silicon strip 61 without
      giving rise to short circuits. It will be appreciated that the dimensions
      given for the strip 61 and aperture 66 are by way of example and in a
      further embodiment the strip 61 may be of 6 microns width and the aperture
      of 6 microns .times. 6 microns in cross-section.
PAR  The manufacture of a device as shown in FIGS. 12 and 13 or FIG. 14 to 17
      may be by methods commonly employed in the art. The etching to form the
      apertures in the deposited silicon oxide layer may be carried out using
      buffered hydrofluoric acid at 30.degree.C which consists of 6 parts by
      volume of a saturated solution of ammonium fluoride and 1 part by volume
      of 48% hydrofluoric acid. For a silicon oxide layer deposited from silane
      and oxygen and of 1 micron thickness an etching time of 7 minutes is found
      to yield suitable apertures. Where reference is made herein to a first
      insulating layer having a thicker portion and a thinner portion it will be
      understood that such a layer may be formed in various process steps and
      furthermore that the thicker portion and thinner portion may differ in the
      manner in which they are provided.
PAR  Many modifications are possible within the scope of the invention. For
      example the first and second conductive connection layers may both be of
      metal and in certain applications may be of different metals. The
      integrated circuits may comprise bipolar transistors and the first and
      second conductive connections layers from a two-level metallisation
      contact system. Furthermore in an embodiment of the form shown in FIGS. 12
      and 13, a further discrete portion of the doped polycrystalline silicon
      layer which comprises a gate electrode, that is a portion such as the
      portion 41, may be contacted by an aluminium strip portion situated on the
      deposited silicon oxide layer 9 and extending via an aperture in the layer
      9 of the said cross-dimension. In this manner a portion of the doped
      polycrystalline silicon layer such as the portion 41 when contacted by an
      aluminium strip portion such as the strip portion 49 need not have the
      local widening as shown in FIG. 12 and thus in the vicinity of the contact
      aperture may be formed as a relatively narrow strip portion of
      substantially uniform width.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor device comprising a semiconductor body comprising a
      first surface, a first insulating layer on said first surface of the
      semiconductor body, a first conductive connection layer comprising a strip
      portion and disposed on said first insulating layer, a second insulating
      layer overlying said first insulating layer and first conductive
      connection layer, and a second conductive connection layer situated on
      said second insulating layer, said second insulating layer comprising an
      aperture that at least partly overlies said strip portion of said first
      conductive connection layer and has a cross-dimension d in a direction
      substantially at right angles to the longitudinal direction of said strip
      portion, a contact portion of said second conductive connection layer
      completely covering said aperture and contacting said strip portion of
      said first conductive connection layer via said aperture, wherein x &lt; d +
      2t and x represents the width of said strip portion and t the alignment
      tolerance associated with the definition of said aperture with respect to
      said strip portion.
NUM  2.
PAR  2. A semiconductor device as in claim 1, wherein the cross-dimension d is
      at least equal to the width x of said strip portion.
NUM  3.
PAR  3. A semiconductor device as in claim 1, wherein the area of said aperture
      is greater than the part of the strip portion at said aperture.
NUM  4.
PAR  4. A semiconductor device as in claim 3, wherein said aperture has a
      cross-dimension greater than the width of said strip portion and extends
      beyond said strip portion at each of the two longitudinal edges of the
      latter.
NUM  5.
PAR  5. A semiconductor device as in claim 4, wherein the aperture overlaps said
      strip portion only at the longitudinal edges thereof.
NUM  6.
PAR  6. A semiconductor device as in claim 1, wherein said contact portion
      comprises a strip element which crosses said strip portion of said first
      conductive connection layer and at the crossing therebetween contacts said
      strip portion via said aperture.
NUM  7.
PAR  7. A semiconductor device as in claim 1, wherein said contact portion
      comprises a strip which extends substantially in the same longitudinal
      direction as said strip portion of the first conductive connection layer
      and makes contact therewith via the aperture.
NUM  8.
PAR  8. A semiconductor device as in claim 1, wherein at least in the vicinity
      of said aperture said strip portion is of substantially uniform width.
NUM  9.
PAR  9. A semiconductor device as in claim 1, wherein said first and second
      insulating layers at least in the vicinity of the aperture have
      substantially the same thickness.
PATN
WKU  039368661
SRC  5
APN  4794109
APT  1
ART  254
APD  19740614
TTL  Heat conductive mounting and connection of semiconductor chips in
      micro-circuitry on a substrate
ISD  19760203
NCL  4
ECL  1
EXP  James; Andrew J.
NDR  2
NFG  7
INVT
NAM  Grossman; Norman J.
CTY  Malibu
STA  CA
INVT
NAM  Linder; Jacques F.
CTY  Palos Verdes Peninsula
STA  CA
ASSG
NAM  Northrop Corporation
CTY  Los Angeles
STA  CA
COD  02
CLAS
OCL  357 80
XCL  357 70
XCL  357 81
XCL  174 16HS
EDF  2
ICL  H01L 3902
FSC  357
FSS  72;80;81;70
FSC  174
FSS  16 HS
UREF
PNO  3414775
ISD  19681200
NAM  Melan et al.
OCL  357 80
UREF
PNO  3487541
ISD  19700100
NAM  Boswell
OCL  357 80
UREF
PNO  3568012
ISD  19710300
NAM  Ernst
OCL  357 80
UREF
PNO  3594619
ISD  19710700
NAM  Kamoshida
OCL  357 81
UREF
PNO  3670404
ISD  19720600
NAM  Kamoshida
OCL  357 81
UREF
PNO  3684818
ISD  19720800
NAM  Netherwood
OCL  357 80
UREF
PNO  3805375
ISD  19740400
NAM  Lacombe et al.
OCL  357 72
UREF
PNO  3846824
ISD  19741100
NAM  Bell
OCL  357 81
OREF
PAL  Electronics; Al Gets Around, p. 38, Dec. 22, 1969.
LREP
FR2  Rundle; William W.
FR2  Graham; Willard M.
ABST
PAL  Integrated circuit chips are mounted in electronic assemblies with the chip
      terminal pads "up" or on the opposite side of the chip from the substrate
      of the circuit board. The lower chip surface is bonded either directly to
      the heat-conducting substrate or through an intermediate pedestal of a
      good heat-conducting volume of metal. Beam leads from the integrated
      circuit terminals are bonded to relatively large heat-conductive posts
      acting as spacers, if necessary, between the beam leads and the circuitry
      pattern.
BSUM
PAR  The present invention relates to microcircuits, and more particularly, to
      an improved manner of mounting and connecting beam-leaded integrated
      circuit chips to their associated circuit board or package.
PAR  Beam-leaded integrated circuit (I.C.) chips are conventionally mounted face
      down on the circuit substrate, with the beam leads bonded to the
      connection points of the surrounding circuitry. The I.C. chip thus stands
      away from the substrate and the chip can dissipate the heat it generates
      only through the beam leads to the substrate. Silicone rubber type
      compound can be injected into the gap between substrate and chip body to
      provide some added heat conduction, but this amount is small, generally
      allowing only about 100 to 200 milliwatts of power to be used in the chip
      without overheating.
PAR  Another drawback to this conventional mounting is that visual
      troubleshooting of a mounted chip is impossible.
PAR  Accordingly, it is an object of the present invention to provide an
      integrated circuit chip mounting which will allow much higher-power I.C.
      chips to be used, by providing a greater heat conducting structure.
PAR  Another object of this invention is to provide an I.C. chip mounting
      wherein the beam lead connections to the chip can be inspected and
      checked.
PAR  Still a further object is to provide such an I.C. chip mounting which is
      adaptable to any arrangement or thickness of the surrounding circuitry on
      the substrate, and also to various thicknesses of I.C. chips.
PAR  Briefly, our invention comprises processing the substrate by standard sheet
      photo-resist techniques, electroforming and etching using appropriate
      precision mask tooling to form relatively thick protrusions of heat
      conductive material either between the substrate and the bottom face of
      the I.C. chip, or between the substrate and the respective outer ends of
      the beam leads, or both. The entire bottom face of the I.C. chip is firmly
      and closely bonded to a protrusion or to the substrate surface itself.
PAR  The invention will be more fully understood by reference to the following
      detailed description of the accompanying drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a cross-sectional view through an integrated circuit chip
      attached to its associated circuitry and substrate in accordance with one
      embodiment of the present invention, not drawn to actual scale.
PAR  FIG. 2 is a partial top view of the arrangement of FIG. 1.
PAR  FIGS. 3 through 7 are cross-sectional views similar to FIG. 1, showing
      other arrangements of this invention.
DETD
PAR  Referring first to FIGS. 1 and 2, a substrate 1 of alumina or beryllia, for
      example, is provided as an electrical insulating but heat conducting base
      on which a circuit assembly is built. This is common practice in the
      electronic field. Upon the substrate are formed or attached the various
      circuit elements and conductors. In this case, an integrated circuit chip
      2 is mounted "face up" on the substrate 1 and bonded directly thereto such
      as by an epoxy resin adhesive 3. If the chip 2 is gold-alloyed on the
      back, solder-bonding or eutectic bonding can be used for maximum thermal
      conduction.
PAR  The face or top surface of the I.C. chip 2 carries the usual terminal pads
      4 from the internal elements which are to be connected electrically to
      surrounding circuitry. This circuitry includes conductive paths 5 formed
      on the substrate 1 surface by conventional processing, the respective
      inner ends of these paths 5 being positioned around the I.C. chip 2 in a
      predetermined pattern in accordance with the chip pad 4 positions.
PAR  From the end point of each conductor path 5, a "post" 7 of metal such as
      copper is fabricated by pattern-electroforming, thus connecting it
      integrally with the conductor path 5. The height of the post 7 is made
      comparable to the thickness of the chip 2. The actual size of such a post
      may be 5 by 5 by 10 mils high, for example. Actually the paths 5 and posts
      7 will be formed before the chip 2 is bonded in place. Then, beam leads 9,
      which may be already bonded to the chip pads 4, are bonded on top of the
      corresponding posts 7 by any of several known bonding methods. A space of
      two or three mils may be left between the chip and each post.
PAR  The posts 7 will conduct heat from the beam leads 9 to the substrate 1 just
      as well as if the beam leads were bonded on the conductor paths 5. But now
      the back of the I.C. chip 2 is bonded to the substrate 1 and conducts heat
      away from the chip 2 by direct contact.
PAR  This illustrates a simple version of the present invention. A definite
      improvement results from thus placing the I.C. chip 2 in heat conducting
      relation with the substrate 1, the latter being a heat sink because of its
      relatively large volume and heat absorbing quality. It is also to be noted
      that the electrical contact surface of the I.C. chip 2 is accessible for
      inspection or testing.
PAR  FIG. 3 shows an arrangement similar to FIG. 1. Here, the I.C. chip 2a and
      beam leads 9 are mounted as described above. The surrounding circuitry on
      the substrate 1 comprises two layers of conductor metallization 10 and 11
      interconnected where desired by plated-through holes 12 in a dielectric
      board or built-up insulation layer 14. Conductive posts 7a formed directly
      on the substrate are bonded to flexible extensions 13 of the upper
      metallization layer 10, and posts 7a are also bonded to the outer ends of
      the beam leads 9. These posts 7a are preferably wider in the left-to-right
      direction of the drawing than in the direction perpendicular to the
      drawing. The height of posts 7a may be made to differ slightly from the
      height of the face of the I.C. chip 2a so that the beam leads 9 will be
      bent slightly when both ends are bonded. Since the thicknesses of various
      types I.C. chips are different, our invention easily accommodates to such
      variations of types.
PAR  In FIG. 4, the chip 2b is bonded to the substrate 1 as described above, but
      in this arrangement no post is necessary between the beam leads 9 and the
      respective conductors on the upper metallization layer 10a. This
      arrangement may be used where chip 2b does not need the same degree of
      heat dissipation as I.C. chip 2a in FIG. 3.
PAR  In the case of another I.C. chip 2c, for example (FIG. 5), another feature
      of this invention is the provision of a pedestal 15 formed on the
      substrate 1 in a similiar manner as the posts 7b are formed. The pedestal
      15 is of metal such as copper and is made at least as long and wide as the
      I.C. chip 2c. This chip 2c is bonded to the top of the pedestal 15 the
      same as the chip 2 is bonded to the substrate 1 in FIGS. 1 through 4. Thus
      there is the same heat conducting ability in FIG. 5 from the chip 2c
      through the pedestal 15 and from the beam leads 9 through the posts 7b to
      the substrate 1 as in the construction of FIG. 3 for example.
PAR  While FIG. 5 shows a double layer of conductive metallization 10b and 11b,
      the structure may require only a single layer 17 as shown in FIG. 6. The
      posts 7c of this assembly are made higher than posts 7b in FIG. 5, and a
      pedestal 15a is provided under chip 2d as constructed in FIG. 5. It is
      obvious that the heat conducting ability of this structure is much greater
      than in conventional I.C. chip mounting structures.
PAR  In more complex, higher density microcircuit construction, the present
      invention is admirably suited as shown in FIG. 7. Here, three layers of
      circuit metallization 19 are employed, and a pedestal 15b similar to
      pedestals 15 and 15a is provided in bonded contact with I.C. chip 2e.
      Pedestal 15b can have a base flange 16 formed therewith for greater heat
      transfer. No posts for the beam leads 9 are required in this case, the
      beam leads 9 being directly bonded to the adjacent circuitry paths at 20
      as in common practice. However, posts such as 7b can be provided as in
      FIG. 5 if even greater heat conduction is required.
PAR  It is thus seen that the objects of the present invention are fulfilled by
      the new heat transmitting structure disclosed herein. Elements such as a
      power diodes, memory chips, and other high-current carrying devices which
      formerly had to be mounted separately outside of the integrated circuit
      package can now be incorporated with the other I.C. circuits in the same
      single assembly. This structure is adaptable to any situation involving
      single or multi-layer microcircuits or hybrid circuitry utilizing
      integrated circuit chip assemblies, as shown by the various arrangements
      illustrated herein, for example.
PAR  Other modifications might also suggest themselves to persons skilled in the
      art. For instance, it is conceivable that in certain assemblies one or
      more of the I.C. chip beam leads could be connected respectively to
      circuit conductor ends immediately on top of the substrate upper surface,
      while other of the remaining beam leads could be connected to conductors
      of multi-layer circuitry portions at different heights around the same
      I.C. chip, thus employing just one or more of the posts 7 of equal or
      different heights, i.e., less that at all beam leads of a single chip.
PAR  While in order to comply with the statue, the invention has been described
      in language more or less specific as to structural features, it is to be
      understood that the invention is not limited to the specific features
      shown, but that the means and construction herein disclosed comprise the
      preferred form of putting the invention into effect, and the invention is
      therefore claimed in any of its forms or modifications within the
      legitimate and valid scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A heat conductive mounting for an integrated circuit chip in an
      electronic assembly, comprising:
PA1  a. an electrical insulating and heat conducting substrate having a top
      surface with electrical circuitry thereon for connection to leads from an
      integrated circuit chip;
PA1  b. an integrated circuit chip having one face with terminal pads thereon,
      said chip positioned terminal-face up above said top surface of said
      substrate, beam leads having two ends each, one of said ends connected
      respectively to said terminal pads, and the other ends of said beam leads
      extending outwardly beyond said chip;
PA1  c. a solid pedestal of heat conductive metal electroformed directly onto
      said substrate top surface and bonded continuously to the lower face of
      said integrated circuit chip opposite said terminal face thereof; and
PA1  d. means electrically bonding said other ends of said beam leads
      respectively to predetermined portions of said electrical circuitry.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said circuitry on said
      substrate includes electrical conductor ends formed directly on said top
      surface of said substrate, and wherein said bonding means comprises a
      solid heat conductive metal post electroformed at one end thereof onto at
      least one of said electrical conductor ends and directly bonded at its
      other end to said other end of its respective beam lead.
NUM  3.
PAR  3. Apparatus in accordance with claim 1 wherein said circuitry on said
      substrate includes a plurality of layers of circuit metallization having a
      flexible electrical conductor extension from one of said layers of
      metallization spaced from said substrate, and wherein said bonding means
      comprises a solid post of heat conductive metal electro-formed at one end
      thereof directly onto said top surface of said substrate and bonded at its
      other end to said conductor extension and also to said other end of one of
      said beam leads.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 wherein said circuitry on said
      substrate includes a plurality of layers of circuit metallization having a
      conductor end formed on one of said layers of metallization which is
      spaced from said substrate, and wherein said other end of one of said beam
      leads is directly bonded to said conductor end, the height of said
      pedestal being predetermined to make said one beam lead substantially
      parallel to said substrate.
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ABST
PAL  A method of producing a record carrier with stored signals thereon and the
      record made thereby. The method comprises applying to a flexible record
      carrier hill and dale undulations which correspond to a broadband signal
      in the form of a frequency modulated carrier frequency oscillation,
      further applying at least one further signal of lower frequency
      superimposed on the broadband signal, and selecting an amplitude for the
      further signal such that in playback of the stored signals by a
      skid-shaped pickup operating by compression of the hills, even the lowest
      hills contact the skid-shaped pickup and are compressed thereby.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of application Ser. No. 155,910, filed
      June 23, 1971 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of producing a record carrier,
      the record carrier itself and a method of producing signals from such a
      record carrier.
PAR  In United States patent application Ser. No. 798,709 filed Feb. 12, 1969,
      by Gerhard Dickopp, Hans-Joachim Klemp, Horst Redlich and Eduard Schuller
      and now Patent No. 3,652,809, there is disclosed a system for reproducing
      signals recorded on a record carrier whose surface is provided with
      undulations corresponding to the variation of the signals with respect to
      time, and which is provided with a playback head having a contact element
      exerting a contact force upon the surface of the support moving by. This
      system is characterized by the fact that the playback head serves as a
      pressure sensing pickup excited by the time variation of the contact force
      corresponding to the deformations, the playback head having the shape of a
      transducer body mechanically biased in the direction of the contact force.
      The contact takes place either directly or via an essentially inherently
      rigid coupling piece. Preferably the elastic deformation of the surface of
      the carrier due to the contact force is considerably greater than the
      opposed lateral deflection of the contact element of the playback head due
      to the compression.
PAR  A carrier which yields elastically under the pressure of a pickup producing
      a high tracking force, was in direct contrast with the view then held by
      those skilled in the art that to raise as much as possible the upper
      frequency limit of the reproduction band, the record support should be as
      hard as possible and the pickup should be sprung as softly, i.e., as
      compliant as possible. The publication "Factors Affecting the
      Stylus/Groove Relationship in Phonograph Playback Systems" by G.R.
      Bastiaans in the Journal of the Audio Engineering Society, October 1967,
      Vol. 15, No. 4, pages 389 to 399 is a suitable example of this unfruitful
      conventional view with regard to the extension of the reproduction range
      towards higher frequencies. That publication contains a detailed
      exposition of the theory of these relationships and gives values of the
      upper limiting frequencies which can be reached for the kind of phonograph
      record play-back employed up to then.
PAR  A further coherent frequency range up to several MHz which, according to
      the results of experiments, offers the possibility for practical recording
      and reproduction and which is above the upper limiting frequency, regarded
      as insuperable, of the range which could be utilized with conventional
      means, was opened up by the method disclosed in the afore-mentioned
      application. That method employs a pick-up having a skid-shaped portion in
      engagement with the surface of the record and experiencing only a very
      small amplitude of movement while the undulations on the surface of the
      record containing the signal, on the other hand, experience considerably
      greater compressions. Thus, the possibility is afforded of recording and
      reproducing a broadband signal which may serve, for example, for the
      storage and reproduction of a television transmission. In this case, as
      mentioned, use is made of a skid-shaped pickup whose leading edge
      gradually approaches the surface of the record while its trailing edge is
      relatively steep so that the deformations rapidly pass out of range of
      contact with the pickup during the playback whereas they "creep" into the
      range of contact at the leading edge.
PAR  A frequency-modulated carrier frequency oscillation is generally recorded
      such that the amplitude of its undulations remain unaltered and all hills
      and dales of the undulations recorded are identical so that the
      skid-shaped portion of the pickup, which always covers several wavelengths
      of the carrier oscillation, also comes into contact with all hills,
      without one hill or the other being omitted, as could occur in amplitude
      modulation with hills of different heights. In this manner, the pickup
      records as a pressure pulse the departure of each individual hill out of
      its contact range with the "sharp" pickup trailing edge. The above
      description of the method according to the above-identified patent
      application is presented herein primarily because there is not yet any
      printed publication available about this system of so-called "pressure
      playback".
PAR  In the recently-developed method of the type described above because of the
      broad coherent working frequency band with an upper cut-off frequency of
      several MHz, a number of narrow-band signals can be stored by the known
      multi-channel technique, or a broadband signal, for example a video
      signal, which occupies the entire frequency range available, can be
      recorded and reproduced. In the latter case, the need may arise to
      accommodate one or more further signals, for example a sound signal or
      color signal, in the same recording.
PAR  The principle of pressure playback of a frequency-modulated carrier wave,
      which has been outlined broadly, appears at first to exclude the
      superimposition of an additional signal oscillation or modulated carrier
      wave, because the advantage of equal heights in the oscillation to be
      played back would be lost by such a superimposition. As a result of
      superimposing the beat of two signals to be recorded, conditions
      resembling amplitude modulation with different positions of the hills
      would possibly result so that the shaped pickup might no longer detect the
      undulation hills situated in dips in the beat curve.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a method of producing a
      record carrier, the record carrier itself, and a method of reproducing
      stored signals which obviate the difficulty mentioned above and enable one
      or more additional signal oscillations to be added to a broadband
      frequency modulated carrier signal without leading to the expected
      disturbances during the playback process.
PAR  According to a first aspect of the invention, there is provided a method of
      producing a record carrier with stored signals thereon comprising applying
      to a flexible record carrier hill and dale undulations which constitute a
      spatial representation of a broadband signal in the form of a frequency
      modulated carrier oscillation and at least one further signal of lower
      frequency than the frequency of the broadband carrier oscillation which is
      superimposed on the broadband carrier oscillation. The amplitude of the
      lower frequency signal is selected such that when the stored signals are
      reproduced by a skid-shaped pickup operating by compression of the hills,
      even the lowest hills contact the skid-shaped pickup and are compressed
      thereby.
PAR  According to a second aspect of the invention, there is provided a flexible
      carrier having stored signals thereon in the form of hill and dale
      undulations which represent a broadband carrier oscillation. The amplitude
      of the lower frequency signal is selected such that when the recording is
      played back by compression of the hills, even the lowest hills contact the
      skid-shaped pickup and are compressed thereby.
PAR  According to a third aspect of the invention, there is provided a method of
      reproducing signals stored on a record carrier in the form of hill and
      dale surface undulations corresponding to the signal magnitude of the
      signals with respect to time, the signals including a broadband signal in
      the form of a frequency modulated carrier oscillation and at least one
      further signal of lower frequency than the frequency of the carrier
      oscillation. The method involves engaging the record carrier surface
      undulations with a pickup including a contact face which exerts a
      compressive force on the record carrier and causing relative motion
      between the pickup and the record carrier, the pickup exerting such a
      pressure on the record carrier, the record carrier having such a modulus
      of elasticity and the amplitude of the further signal being so selected
      that the contact face of the pickup remains in engagement with even the
      lowest hills of the surface undulations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a system for pressure playback in which the
      method and record according to the invention are used.
PAR  FIG. 2 is an enlarged cross-sectional schematic view of the skid-shaped
      portion of the pickup of FIG. 1 with a longitudinal section through a
      groove of the record, provided with undulations and two superimposed
      signals dimensioned according to the invention.
PAR  FIG. 3 is a graphic representation showing the case of uninterrupted
      playback of the hills of the higher frequency signal oscillation with the
      playback voltage plotted against time.
PAR  FIG. 4 is a graphic representation corresponding to FIG. 3, showing the
      case, avoided by the invention, of playing back the higher frequency
      signals with gaps.
PAR  FIG. 5 is a block circuit diagram of an arrangement with which the method
      of the present invention can be realized.
PAR  FIG. 6 is a schematic representation of a frequency spectrum of the
      playback signal for a record according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Basically, in accordance with the invention, on a record having hill and
      dale undulations on its groove walls constituting a spatial representation
      of a stored signal, a broadband signal is recorded. The broadband signal
      is recorded as a frequency-modulated carrier frequency oscillation. In
      addition, at least one further signal of a lower frequency than the
      carrier frequency oscillation of the broadband signal is superimposed on
      the broadband signal, and its amplitude is selected to be so low, in
      relation to that of the broadband signal of higher frequency, that the
      pickup edge of a skid-shaped portion of a pickup used for reproduction,
      while detecting a plurality of hills of the higher frequency broadband
      signal projecting above the average heights of the hills and dales of the
      combined signal retains contact with the corresponding hills of the
      broadband signal which are located at a dale on the lower frequency signal
      recording and which are consequently situated below the average height of
      the hills of the combined signal.
PAR  As a result of this limitation, according to the invention, in the
      amplitude of a further signal in relation to the amplitude of the
      broadband signal, taking into consideration the compression of the
      frequency-modulated hill and dale deformations representing the broadband
      signal caused by the pickup pressure, it is possible to hold the trailing
      edge of the pickup, which acts substantially as a pressure sensor, always
      in contact with each individual hill of the broadband signal passing
      beneath the pickup. The occurrence of this effect gives a simple criterion
      for the correct adjustment and selection of the variable parameters,
      namely modulus of elasticity of the record support, size of the hill and
      dale deformations, length and shape of the pickup skid and the tracking
      force.
PAR  A graph of the behavior of the output voltage of the pickup can easily be
      recorded by means of an oscillograph. It can then be seen whether gaps in
      the playback signal of the higher frequency broadband oscillation occur in
      time with the lower-frequency additional signal oscillation, which would
      indicate an unsuitable selection of the parameter values. According to the
      invention there are to be no such playback gaps.
PAR  A record for use in a method according to the invention is characterized by
      the superimposition of one or more further signals on the broadband
      signal, which can be detected thereon. The wavelength of these further
      signals is no longer than the longest wavelength of the broadband signal,
      which corresponds to the lower limit of the frequency range of the
      broadband signal. The component amplitudes of these further signals are
      preferably lower than half the component amplitudes of the broadband
      signal. This simply means that the uninterrupted playback of all hills of
      the broadband signal achieved in the method according to the invention is
      achieved by a compression of those hills which are high as a result of the
      addition of a further signal to half their amplitude, so that a complete
      levelling of the hills of the broadband oscillation, is unnecessary.
PAR  In the pressure playback method disclosed and claimed in the
      above-identified patent application, the compressive force exerted by the
      pressure pickup is approximately proportional to the depth to which a hill
      is deformed, if it is assumed that it is deformed within its elastic
      range. In addition, however, the compressive force achieved is also
      proportional to the supporting area of the pickup. Since this area
      increases proportionately as the wavelength increases, and with the width
      of the recording track remaining constant, for example, in a groove, there
      is a frequency response with respect to the played-back signal of
      1/.omega., where .omega. is the angular frequency, in Radians/sec.
      Accordingly, lower frequency signals appear at the output of the pickup
      with a relatively high amplitude. If it is desired to obtain substantially
      equal amplitudes for all superimposed signals during the playback, then
      the spatial amplitude of the lower frequency oscillation can be lowered
      during recording by an amount dependent on the ratio of the two
      frequencies. This capability is beneficial for controlling the signal
      amplitude for the continuous playback of the hills of the broadband
      signal.
PAR  A record constructed according to the present invention is characterized in
      that the component amplitudes of one or more superimposed further signals
      are lower than the component amplitude of the broadband signal, in
      accordance with the inverse proportion of their wavelengths to the average
      wavelength of the broadband signal.
PAR  A further signal superimposed on the broadband signal may be a sound
      signal, a control signal or a color signal. For example, a sound signal in
      the form of a frequency-modulated carrier frequency oscillation is
      preferably used as such a further signal. A plurality of further signals,
      for example, a control signal and a color signal, may also be used with
      the broadband signal. It should be understood that it is then the
      amplitude ratio for the totality of the further signals which bears the
      above-described relationship to the component amplitude of the broadband
      signal.
PAR  In order to comply with existing television standards, the color signal may
      be a standardized chrominance carrier signal of the PAL, NTSC or Secam
      systems. That is, with the carrier frequency lowered by downward mixing so
      that it is below the frequency range of the broadband signal. According to
      these known systems, a suitable frequency for the chrominance carrier may
      be between 300 and 1000 Kcps.
PAR  In FIG. 1, a portion of a record 1 is illustrated in cross-section and
      corresponds to the record disclosed in the aboveidentified patent
      application. The record 1 is softer than records presently used for sound
      recordings. That is, within the region of the hill and dale undulations
      its modulus of elasticity may be below 20,000 kp (kiloponds)/cm.sup.2,
      preferably even at or below 10,000 kp/cm.sup.2. The record may be in the
      form of a circular disc similar to a conventional phonograph record or it
      may be in the form of a tape or strip. Contained within a groove 12 in the
      surface of the record 1 are the hill and dale undulations which contain
      the desired signals. The record 1 may be produced by a stamping process,
      by an injection-molding process or by a casting process as is the case
      with conventional phonograph records. The part of the record illustrated
      is caused to be displaced relative to a pickup 10 by means (not shown in
      the direction of the arrow shown. The pickup 10 includes a skid-shaped
      portion 3, a transducer 2, for example a piezo-ceramic crystal, and a
      damping member 5 of a material capable of absorbing oscillations. The
      output voltage generated is taken off from electrical coatings on the
      lateral sides of the transducer 2, through lines 11. The pickup 10 as a
      whole is secured to the flattened end 7 of a guide or tone arm 6. The
      other end of the tone arm 6 is secured by means of a resilient joint 9 to
      a carriage (not shown). The carriage can be of the type which permits the
      tone arm to advance along a radius of the record when the record is in the
      form of a disc.
PAR  As a result of the advance of the record 1 in the direction of the arrow,
      the hill and dale deformations in the grooves 12 come under the gradually
      sloping leading edge 3' at the left-hand side of the skid-shaped portion 3
      of the pickup 10. However, no pulse-like pressure signal is produced by
      each undulation peak in the course of this initial engagement because of
      the gradual nature of the rise in pressure when the deformation peaks are
      pressed down. Such a pulselike signal appears, however, when a hill
      deformation leaves the trailing edge 3" of the portion 3, as shown in FIG.
      2.
PAR  In FIG. 2, a section through the record 1, taken in the longitudinal
      direction of the grooves 12, is illustrated to an enlarged scale. The
      relative motion between the record 1 and the pickup 10 is again indicated
      by an arrow. The vertex 4 of the portion 3 is situated between the
      gradually sloping edge 3' and the trailing edge 3".
PAR  It will be seen that, upon advancing of the record 1 relative to the pickup
      10, the hills 13 of a frequency-modulated broadband signal gradually come
      into engagement with the sloping edge 3' and that this edge covers in
      length a relatively large number of hills or wavelengths. The hill 13 on
      the extreme right is still not in contact with the edge 13', the hill
      second from the right has just come into contact therewith, while all the
      hills further to the left are already compressed to various degrees. At
      the vertex 4, a hill is just passing out of range of the portion 3. The
      consequence of this will be an abrupt decrease in the pressure on the
      pickup 3.
PAR  The constant peak-to-peak amplitude component contributed by the broadband
      signal alone is designated by 2b. From FIG. 2, it can further be seen
      that, superimposed on the higher frequency broadband signal is a further
      lower frequency signal. The behavior of this lower frequency signal is
      represented by a sinusoidal dotdash line. This signal is composed of dales
      14 and hills 15, one hill appearing near the center of FIG. 2. The
      superimposition is such that the dot-dash line becomes the base line of
      the broadband oscillation and the hills 13 of the broadband oscillation
      are no longer at a constant height in relation to the pickup 10. The
      instantaneous amplitude of the lower frequency signal is designated by a.
PAR  As a result of the tracking force of the pickup 10, the hills 13 of the
      broadband signal receive their greatest degree of compression when they
      engage vertex 4 while coinciding locally with a hill 15 of the
      lower-frequency signal. At that time, they are disposed at their highest
      level in relation to the pickup. As a result of the selection of the
      cooperating parameters, such as for example amplitudes 2b and a and the
      tracking force of the pickup 10 this compression, is to such a degree that
      the hill 13 on the extreme left of FIG. 2, which is close to the vertex 4
      and which is in the middle of dale 14 of the lower frequency signal, and
      therefore is at the lowest level, still experiences a compression which is
      sufficient for the generation of a discernable pressure pulse.
PAR  This maintenance of the contact or of a slight compression even when the
      hills 13 coincide with a dale 14 of the lower-frequency signal oscillation
      is achieved, in particular, by the predetermined selection of a
      sufficiently low amplitude a of the lower-frequency oscillation and of a
      corresponding tracking force.
PAR  A numerical example will be useful to explain the necessary relationship.
      In this example, a luminance signal with a bandwidth of 8.5 MHz for
      example, a chrominance signal with a bandwith of 300 KHz and a sound
      signal with a bandwith of 10 KHz are to be recorded. The luminence signal
      can be frequency-modulated first, in a manner known, per se, for example,
      with a frequency excursion of 1 MHz in the range from 3 to 4 MHz. The
      spatial amplitude b of the resulting FM recording on the record may amount
      to 1.mu.. Assuming a chrominance carrier frequency of about 500 KHz, the
      spatial amplitude of the corresponding recording can be reduced in the
      ratio of 500 KHz to 3.5 MHz, the latter being the center FM carrier
      oscillation frequency. Thus, in the present case, the chrominance signal
      is recorded with a spatial amplitude of 1/7.mu.. If a sound carrier
      frequency of 100 KHz is selected, its spatial recording amplitude could
      actually be lowered to 1/35.mu..
PAR  In the case of sheets of conventional plastic material, for example
      polyvinyl chloride, tested for the purpose of pressure playback, these
      reductions in the additional signals are sufficient to ensure a continuous
      playback of the higher frequency signals in each case. The amplitude
      ratios given in the example apply for the case where electrical output
      signals which are equal in magnitude to one another are to be obtained for
      the various superimposed signals.
PAR  In many cases, for example in order to achieve a higher signal-to-noise
      ratio, it may be logical to obtain a different magnitude for one of the
      signals during the playback. In this case, the amplitude ratio must also
      be appropriately modified during the recording. In any event, the
      necessary condition for an uninterrupted mechanical playback is that the
      pickup 10 compress the hills 13 of the FM oscillation even when they
      coincide with the dales 14 of the lower frequency signals.
PAR  The chrominance signal mentioned in the example may be a standardized color
      signal, e.g. PAL, NTSC, Secam, with a reduced chrominance carrier
      frequency. During the reproduction, the signal is raised to the
      standardized chrominance carrier frequency value again by mixing the
      playback signal with an auxiliary signal.
PAR  FIG. 3 is a graph showing the behavior with respect to time, t, of the
      electrical output quantity S(t) from the transducer 2. The curve 16 is
      produced as the stylus vertex 4 travels from its illustrated position at
      the left-hand edge of the drawings toward the right-hand edge of the
      drawing. When a hill 13 in FIG. 2 leaves the pressure range of the portion
      3, that is moves past vertex 4, there is a sudden reduction in the total
      compressive force exerted on the skid-shaped portion 3. The result is a
      voltage pulse 13' at the transducer 2. The height of each pulse 13'
      corresponds to the extent of the pressure reduction, that is to say, the
      extent of the previous compression of the corresponding hill 13.
      Therefore, the pulse train is amplitude-modulated with the lower frequency
      signal of the curve 14-15-14 in FIG. 2 so that the playback signal pulse
      train 16 also has a corresponding amplitude modulation and passes from a
      dale 14', through a hill 15' back to a dale 14', corresponding to the
      curve of the lower frequency signal in FIG. 2. The curve is continuous in
      that no gap, or blank space, occurs in the playback of the higher
      frequency signal. The two oscillations can therefore be separated by means
      of limiters and filters and reproduced completely in their original form.
PAR  The conditions are different in the corresponding illustration in FIG. 4.
      There it is assumed that, as a result of an erroneous selection of
      parameters, not made in accordance with the teaching of the invention, the
      vertex 4 does not retain any contact with hills 13 of the broadband
      oscillation for the periods of time t2 and t3. The result is that
      corresponding playback gaps occur in which there are no pulses 13'
      present. As a consequence, The signals cannot be completely recovered by
      the pickup, because information is only obtained therefrom during the
      interval of time t1.
PAR  FIG. 5 is a block circuit diagram of an arrangement with which the method
      of the present invention can be performed. The recorded signals are
      scanned by a pickup 26 from a record carrier 27, the pickup and carrier
      being shown in FIG. 1. Electrical signals furnished by the pickup 26 are
      amplified in amplifier 25. Two lines lead from a branch point 24, one to a
      highpass filter 21 and the other to a lowpass filter 23.
PAR  The scanned signals might, for example, have a frequency spectrum as shown
      in FIG. 6. This includes the frequency spectrum 29 occupied by an
      oscillation signal which is composed of a carrier signal, whose frequency
      is F.sub.1, frequency modulated with the luminance information of a color
      television signal. It also includes the frequency spectrum 28 occupied by
      the chrominance subcarrier oscillation, the subcarrier frequency being
      F.sub.2 and being quadrature modulated -- when the signal is an NTSC or
      PAL color television.
PAR  In the circuit of FIG. 5 the signals lying in the frequency spectrum 29,
      which signals contain the luminance information, are passed through the
      highpass filter 21 which strongly attenuates oscillations with a frequency
      of less than 1 MHz. Thus only oscillations in the frequency spectrum 29
      reach the frequency demodulator 20. This demodulator 20 demodulates the
      frequency modulated carrier oscillation so that the black and white
      television signal BAS is produced.
PAR  The lowpass filter 23 essentially passes only those oscillations whose
      frequency is less than 1 MHz. These oscillations correspond to the
      quadrature modulated chrominance subcarrier, which is demodulated in
      demodulator 22 so that the color signal F is produced at its output. The
      black and white television signal BAS and the color signal F may control
      the color picture tube of a color television receiver once they have been
      sufficiently amplified.
PAR  The chrominance subcarrier signal having the frequency spectrum 28 may
      correspond to the standard chrominance subcarrier signal, only the carrier
      frequency F.sub.2 being reduced to such an extent that it lies below the
      frequency excursion, or variation, range of the video luminance signal,
      whose frequency spectrum 29 extends from approximately 1 to 6 MHz. In the
      illustrated case, the chrominance subcarrier frequency F.sub.2 is
      approximately 500 KHz.
PAR  The amplifier 25, filters 21 and 23 and the demodulator 22 may be circuit
      arrangements which correspond, in principle, to those currently employed
      in the television art. The frequency demodulator 20 may correspond to the
      frequency demodulators currently employed in video tape recorders.
PAR  The method according to the invention and the record intended for use in
      this method are particularly suitable for the recording or reporduction of
      a complete color television program with luminance signal, chrominance
      signal and sound signal, but the possibility of accommodating a plurality
      of further signals besides a broadband signal may also be used for other
      purposes.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
NUM  1.
PAR  1.  A method of producing a record carrier having signals mechanically
      stored thereon for use with a pickup means which is maintained
      substantially immovable in the direction of a force acting to maintain the
      pickup means in engagement with the record carrier, comprising the steps
      of: applying to a flexible, compressible record carrier hill and dale
      undulations constituting a spatial representation of a broadband signal in
      the form of a frequency modulated carrier oscillation and at least one
      further signal of lower frequency than the frequency of the broadband
      carrier oscillation; and imparting an amplitude to the lower frequency
      signal such that when the stored signals are played back by the pickup
      means, which operates by compression of the hills of the hill and dale
      undulations, even the broadband signal hills which coincide with dales of
      the further signal contact the pickup means and are compressed thereby,
      while the broadband signal hills which coincide with hills of the further
      signal are compressed less than completely thereby.
NUM  2.
PAR  2. A method as defined in claim 1 wherein a video luminance signal
      constitutes the broadband signal and a sound signal constitutes the
      further signal.
NUM  3.
PAR  3. A method as defined in claim 1 wherein a video luminance signal
      constitutes the broadband signal and a video control signal constitutes
      the further signal.
NUM  4.
PAR  4. A method as defined in claim 1 wherein a video luminance signal
      constitutes the broadband signal and a video color signal constitutes the
      further signal.
NUM  5.
PAR  5. A method as defined in claim 4 wherein the color signal is a
      standardized chrominance carrier signal with a carrier frequency which is
      lowered to below the excursion frequency range of the broadband signal.
NUM  6.
PAR  6. A method as defined in claim 5 wherein the frequency of the chrominance
      carrier is between 300 and 1000 KHz.
NUM  7.
PAR  7. A method as defined in claim 1 wherein a video luminance signal
      constitutes the broadband signal and a modulated carrier oscillation
      signal constitutes the further signal.
NUM  8.
PAR  8. A method as defined in claim 7 wherein the modulated carrier oscillation
      is a frequency modulation.
NUM  9.
PAR  9. In a flexible, compressible carrier having signals stored thereon in the
      form of hill and dale undulations for use with a pickup means which is
      maintained substantially immovable in the direction of a force acting to
      maintain the pickup means in engagement with the record carrier, the
      improvement wherein the undulations constitute a spatial representation of
      a broadband signal in the form of a frequency modulated carrier
      oscillation and at least one further signal of lower frequency than the
      frequency of the broadband carrier oscillation superimposed on the
      broadband carrier oscillation, and the amplitude of the lower frequency
      signal is such that when the recording is reproduced by the pickup means,
      which operates by compression of the hills of the hill and dale
      undulations and applying a predetermined contact pressure to said carrier,
      even the broadband signals hills which coincide with dales of the further
      signal contact the pickup means and are compressed thereby, and the
      broadband signal hills which coincide with hills of the further signal are
      compressed incompletely thereby.
NUM  10.
PAR  10. A carrier as defined in claim 9 wherein the wavelengths of the further
      signal are longer than the longest wavelength of the broadband signal
      corresponding to the lower frequency limit of the frequency excursion
      range of the broadband signal.
NUM  11.
PAR  11. A carrier as defined inclaim 9 wherein the component amplutudes of the
      spatial representation of the further signal are less than one-half the
      component amplitude of the spatial representation of the broadband signal.
NUM  12.
PAR  12. A carrier as defined in claim 9 wherein the ratio of the component
      amplitudes of the spatial representation of the further signal to the
      component amplitude of the spatial representation of the broadband signal
      is substantially inversely proportional to the ratio of the wavelengths of
      the further signal to the average wavelength of the broadband signal.
NUM  13.
PAR  13. A method of reproducing signals stored on an elastic, resiliently
      compressible record carrier in the form of hill and dale surface
      undulations constituting a spatial representation of the stored signals,
      which signals include a combination of a broadband signal in the form of a
      frequency modulated carrier oscillation and at least one further signal of
      lower frequency than the frequency of the carrier oscillation and whose
      spatial undulation amplitude bears a predetermined relation to the spatial
      undulation amplitude of the component representing the broadband signal,
      the carrier having a selected modulus of elasticity, comprising the steps
      of: engaging said record carrier surface undulations with a pickup means
      having a contact face; maintaining the pickup means relatively immovable
      in the direction of said engagement; causing relative motion between said
      pickup and said record carrier; and applying a force to the pickup means
      to cause the contact face to exert a compressive force on said record
      carrier sufficient to compress the undulation hills by an amount such that
      the pickup means contact face remains in engagement with, and compresses,
      even the broadband signal hills which coincide with dales of the further
      signal and incompletely compresses the broadband signal hills which
      coincide with hills of the further signal.
NUM  14.
PAR  14. A method as defined in claim 1 wherein the longest wavelength of the
      spatial representation of the broadband signal has a value such that the
      pickup means is always in engagement with a large number of wavelengths of
      the broadband signal spatial representation.
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PAL  This disclosure describes television studio control apparatus which permits
      caption or title information to be automatically faded into a video
      program signal and which further permits that information to be colored,
      if desired.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to television studio control apparatus and, more
      particularly, to an automatic title fader for keying captions or titles
      into video program signals.
PAC  SUMMARY OF THE INVENTION
PAR  As will become clear hereinafter, the automatic title fader of the
      invention controllably keys auxiliary caption information into a video
      program signal. The apparatus operates uppon the momentary actuation of a
      pushbutton, in developing a timing ramp signal which controls the
      insertion of the caption information into the program video. As will also
      become clear, a second, momentary pushbutton could be additionally
      depressed, to apply the video output of a background generator to color
      the title information inserted. With the advent of integrated circuit
      techniques, the automatic title fader could be incorporated as a small
      block in an overall signal switching system, and can be constructed to
      simply control the time of the ramp generation and the resulting fade time
      of the caption inlay.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other features of the present invention will be more fully
      understood from a consideration of the following description taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram helpful in an understanding of the invention;
PAR  FIG. 2 is a block diagram of television studio control apparatus
      constructed in accordance with the invention to provide automatic title
      fading;
PAR  FIG. 3 is a block diagram of a modification of the apparatus of FIG. 2, for
      inserting title information, either monochrome or color; and
PAR  FIG. 4 is a schematic diagram, partly in block form, of a preferred
      embodiment of the FIG. 2 construction.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to FIG. 1, there is illustratively shown a video switch 10,
      electronic in construction, and capable of being rapidly switched to
      connect its output terminal A to either of its input terminals B or C,
      under the control of pulses provided by a switching pulse generator 12.
      Video program signals may be supplied to terminal B from any appropriate
      source 14, while auxiliary video information, such as titles or captions,
      may be supplied to terminal C from a second source 16. Such auxiliary
      signals are also applied to the switching pulse generator 12, in
      developing control pulses by means of which either input terminal B or
      terminal C of the video switch 10 is connected to its output terminal A.
PAR  As will be readily apparent, as controlled by the switching pulses, the
      switch 10 can provide a mixture of the two video input informations such
      that the output signal developed would comprise the program signal with
      the caption or title signal inserted therein. The output video would then
      comprise a background signal with a title or caption "keyed" into it. With
      the switching pulse generator 12 being of design so as to generate, for
      example, an output pulse on an applied video signal transition, an inlay
      of the one information into the other would be produced for subsequent
      transmission to a home receiver for reproduction. Such arrangement is
      preferable to one where the video signals are mixed together in an adding
      amplifier in those instances where color representative signals are
      involved, as the addition could produce a mix of colors which, to some
      viewers, might be displeasing.
PAR  Such arrangement can be improved upon in accordance with the present
      invention, however, by providing a "fade-in" feature, instead of the
      singular switching function illustrated by this "video key". The
      embodiment of FIG. 2 shows such a construction, in which the video program
      signal continues to be supplied from the source 14 while the title or
      caption video signal continues to be supplied from the source 16. The
      video switch is again represented by the notation 10, with the
      designations A and B, C representing its output and input terminals,
      respectively. As with FIG. 1, the closure of the switch is controlled by
      the application of keying pulses provided from a generator 12 in response
      to transitions of the video signal to be inserted.
PAR  The configuration of FIG. 2 differs from that of FIG. 1, first of all, in
      its inclusion of a video amplifier 20 and a multiplier 22 of the type
      which provides as an output, the product of a y (or y') input signal with
      an x control signal. When used in the title fader environment of this
      specification, the y and y' inputs may comprise opposite polarities of the
      alternating video program signal whereas the x control signal will be of
      ramp construction. With the output of the multiplier 22 thus being a video
      signal varying in level as a function of the amplitude of the x ramp
      control, a linear insertion of the keyed video could be provided where the
      ramp generation coincides in time with the application of the switching
      pulses to the switch 10.
PAR  The FIG. 2 construction also differs in its inclusion of a momentary
      pushbutton 24 and a latch and memory, or flip-flop, circuit 26. As
      indicated, one output terminal Q of the memory 26 couples both to the key
      pulse generator 12 and to a switchable current source 28, the output of
      which is connected to the junction between a capacitor 30, referenced to
      ground, and a linkage 32 providing the x signal input to the multiplier
      22. A second switch 34 is finally coupled between that junction point and
      the second, Q terminal of the memory 26. With this arrangement, and with
      the memory being of complementary logic, a single actuation or depression
      of the pushbutton 24 will cause, for example, the Q output of the memory
      26 to go to a logic 1 condition, with Q output then going to a logic 0
      state.
PAR  When the Q output goes to the 1 state, the current source 28 is switched
      on, to begin to charge the capacitor 30. At the same instant, the Q
      output, in going to its 0 condition, opens the switch 34, which is
      electronic in nature, and which had previously been closed to short
      circuit capacitor 30 to ground. The switchable current charging the
      capacitor 30 therefore produces a linear voltage ramp along linkage 32,
      which reaches a predetermined level, controllable, for example, by a
      limiting action within the current source 28 itself. With the voltage
      developed across the capacitor being used as the x input signal to the
      multiplier 22, it will be noted that the video output from the multiplier
      will thus commence at zero level when the button 24 is initially depressed
      and will rise linearly to its maximum value where it will remain until the
      button is pressed again.
PAR  Additionally, at the instant the button 24 is actuated, the resultant logic
      1 signal developed at the Q output terminal of the memory 26 is also
      coupled to the key pulse generating circuit 12 to control logic apparatus
      employed therein in generating the coincidental keying pulses for switch
      10 to connect its A and C terminals. Thus, depressing the pushbutton 24
      will have the effect of automatically fading in the title or caption video
      signal as a keyed insert into the program video applied from source 14.
      The duration of the fade will be seen to be a function of the magnitude of
      the current source output, and can be remotely controlled by a
      potentiometer provided on the housing in which the FIG. 2 construction may
      be incorporated. Subsequent depression of the momentary button 24 will
      cause the electronic memory 26 to change its state, having the result of
      inhibiting the generation of the keying pulse by the generator 12,
      switching the current source 28 to zero, and connecting the switch 34 to
      discharge capacitor 30 to ground. The effect on the video output produced
      from the switch 10 will thus be to couple the video program signal without
      modification from terminal B to terminal A in that the title insert will
      be switched out.
PAR  The arrangement of FIG. 3 is a modification of that of FIG. 2, in its
      provision for the "coloring " of the caption title inserted. To this end,
      the auxiliary title or caption signal source 16 is coupled to the video
      amplifier 20 by means of a video switch 40 and a clamp 42. In particular,
      the auxiliary insert is supplied to terminal C of switch 40, to whose
      terminal B, color information is supplied from a background video
      generator 44. The output terminal A of the switch 40 either provides the
      background color video signal or the auxiliary video signal to the clamp
      42, under the control of a switching signal provided from a latch and
      memory, or flip-flop, circuit 44 and a second pushbutton 46. It will be
      understood that the memory 44 is so arranged with the switch 40 that when
      a title insert is to be "colored", terminals A and B of the switch 40 will
      be connected, whereas terminals A and C will be connected when the title
      signals themselves are to be inserted into the program video signal.
PAR  In operation, and assuming it is desired to inlay the monochrome auaxiliary
      signals into the program video signals, the momentary pushbutton 24 will
      be actuated while the pushbutton 46 will remain inoperative. With such
      arrangement terminals A and C of the video switch 40 will be
      interconnected, the memory 44 being in a disabled condition, and the
      operation of the title fader is as described with respect to FIG. 2.
PAR  On the other hand, when it is desired to color that insert, the pushbutton
      46 is actuated. This enables the latch and memory circuit 44 to control
      the video switcher 40 to interconnect the terminals A and B, thereby
      coupling the background generated color video signal to the clamp 42.
      However, even though the title or caption video then becomes disconnected
      from the video amplifier 20 and multiplier 22, being replaced by the color
      background, the auxiliary video continues to provide the signal
      transitions to the generator 12 to develop the timing pulses for the
      switch 10 in coupling the color information from input terminal B to
      output terminal A of the switch 10. In other words, instead of the
      monochrome information being coupled to the video amplifier and
      multiplier, the color information from the video generator 44 is applied
      via those units to the switch 10, although under the same timing control
      to provide the insert information, this time in a color format. Actuating
      the pushbutton 24, therefore, will insert the caption video in monochrome,
      whereas actuating the pushbutton 46 will insert the video in color, the
      appearance of the information content being governed by the widths and
      timings of the switching pulses from generator 12. As will be apparent,
      the color information imparted will be under the control of the background
      video generator, with its hue, luminance and saturation controls.
PAR  The circuit arrangement of FIG. 4 represents one manner of implementing the
      automatic title fader of FIG. 2. The pushbutton 24, in its quiescent,
      non-actuated condition, causes the output terminal 9 of the latch and
      memory 26 to be in a digital 1 state and terminal 8 to be in a digital 0
      condition. The inverter 50 utilizes the digital 1 potential at terminal 9
      to turn transister Q.sub.5 "off" so that no current is drawn through an
      illuminating lamp 52 which indicates whether auxiliary title information
      is being inserted.
PAR  With terminal 8 in its digital 0 state, the transistor Q.sub.2 is
      conducting, the transistor Q.sub.3 is nonconducting, and there is no
      current flow to the capacitor 30 connected to the collector electrode of
      transister Q.sub.3 Furthermore, because output terminal 9 of the memory 26
      is in a digital 1 state, the switch transistor Q.sub.4 is fully saturated,
      so that the capacitor 30 is short circuited to ground and fully
      discharged. As there is then no potential difference across capacitor 30,
      no output signal is applied to the multiplier 22.
PAR  The auxiliary video signal from the source 16 is applied to a video
      amplifier 56, the output of which is coupled to an input terminal 5 of a
      pulse generator 12 which provides an output whenever the signal voltage
      crosses the potential applied to a seond input terminal 6. In accordance
      with the invention, however, a control terminal 9 in the generator 12 is
      used by the memory 26 to enable or disable the operation of the generator.
      As illustrated in the drawing, and under the quiescent condition, the
      digital "0" state existent at terminal 8 of the memory 26 serves to
      disable the pulse generation for activating the video switch 10. Under
      this condition, therefore, only the program video applied to terminal B of
      the switch 10 will be coupled as an output--in other words, without title
      or caption video inserted.
PAR  Upon the momentary actuation of the pushbutton 24, the instantaneous
      closure to ground which occurs is transferred by the transistor Q.sub.1 to
      trigger the memory 26. The resultant change at output terminal 8 to the
      digital 1 condition switches transistor Q.sub.2 off, thereby
      instantaneously clamping the base electrode of transistor Q.sub.3 to a
      potential determined by the resistors R.sub.1, R.sub.2 and the +V.sub.1
      power supply. A constant current, determined by this value of base
      potential and the emitter resistance of transistor Q.sub.3, then flows to
      charge capacitor 30 from the potential source +V.sub.2. At the same time,
      the change to the 0 state at terminal 9 of the memory 26 turns transistor
      Q.sub.4 off, removing the short circuit from capacitor 30 so as to permit
      it to charge linearly. The ramp waveform of voltage developed across
      capacitor 30 levels off to a constant voltage when the collector electrode
      potential of transistor Q.sub.3 approaches the base potential at
      saturation. As shown, this voltage across capacitor 30 is applied to the
      multiplier 22 as the x signal input. Also, at the same time, inverter 50
      senses the change in state at memory terminal 9 to turn transistor Q.sub.5
      on and provide a current flow through the illuminating lamp 52. The light
      indicates that title video is then being inserted into the program video
      signal.
PAR  When the memory 26 changes its state in response to the pushbutton
      actuation, the inhibiting potential applied by it to terminal 9 of the
      generator 12 is also removed. Logic switching pulses will thereafter be
      produced at terminal 8 of the generator as a function of the video signal
      transitions on input terminal 5, the input terminal 6 essentially being
      grounded. With an arrangement as shown in FIG. 2, the pulses developed
      would be directly applied to control the input/output connections of the
      video switch 10. In an embodiment of the invention (as illustrated in FIG.
      4), complementary polarity switching pulses are developed for use where
      the video switch is of the type providing two transistor alternate
      switching for improved isolation at high video frequencies. Inverters used
      to provide these opposite polarity pulses from the generator 12 are shown
      as 57, 58 and 60 of FIG. 4. The auxiliary title information supplied from
      the source 16 is also coupled to a video amplifier 62 having a
      differential output to provide the opposite polarity y and y'input signals
      for the multiplier 22.
PAR  With this arrangement, the auxiliary title or caption video will be seen to
      fade into the program video with a time constant essentially controlled by
      the setting of the potentiometer R.sub.3 in the emitter leg of transistor
      Q.sub.3. Until the pushbutton 24 is actuated once more, this described
      condition persists, and the lamp 52 remains illuminating.
PAR  While applicant does not wish to be limited to any particular set of
      values, the following have proved useful in an embodiment of the invention
      constructed in accordance with the FIG. 4 construction:
     Pulse Generator 12 Motorola Type MC 1514                                  
     Multiplier 22      Motorola Type MC 1595L                                 
     Memory 26          Motorola Type MC 853                                   
     Inverters 50, 57,                                                         
     58, 60             Motorola Type MC 846                                   
     Resistor R.sub.1   3,300 ohms                                             
     Resistor R.sub.2   4,300 ohms                                             
     Potentiometer R.sub.3                                                     
                        500 kilohms                                            
     Capacitor 30       10 microfarads                                         
     Transistor Q.sub.1 2N3904                                                 
     Transistor Q.sub.2 2N3906                                                 
     Transistor Q.sub.3 2N3906                                                 
     Transistor Q.sub.4 2N3904                                                 
     Potential Source V.sub.1                                                  
                        +5 volts                                               
     Potential Source V.sub.2                                                  
                        +10 volts                                              
PAR  While there have been described what are considered to be preferred
      embodiments of the present invention, it will be readily appreciated that
      modifications may be made by those skilled in the art without departing
      from the scope of the teachings herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Television studio control apparatus, comprising:
PA1  a mixer having a pair of input terminals, a control terminal and an output
      terminal;
PA1  means applying first video signals to one of said pair of input terminals;
PA1  means applying second video signals to the other of said pair of input
      terminals;
PA1  means applying switching signals to said control terminal substantially in
      time synchronism with the application of said second video signals to said
      mixer for coupling said second video signals to said output terminal in
      the presence of said switching signal and for coupling said first video
      signals to said output terminal in the absence of said switching signals;
PA1  said second video signal applying means applying its signals to said other
      of said pair of input terminals at an amplitude level which varies
      linearly with time.
NUM  2.
PAR  2. Television studio control apparatus according to claim 1 wherein said
      second video signal applying means applies its signals to said other of
      said pair of input terminals at an amplitude level which increases
      linearly with time to a predetermined level.
NUM  3.
PAR  3. Television studio control apparatus according to claim 1 wherein there
      is also included actuating means responsive to control said second video
      signal means to apply video signals to said other of said pair of input
      terminals and to control said switching signal means to apply switching
      signals to said control terminal.
NUM  4.
PAR  4. Television studio control apparatus according to claim 3 wherein said
      second video signal applying means includes a signal switcher having a
      pair of input terminals, a control terminal and an output terminal, a
      source of monochrome video signals coupled to one of said pair of switcher
      input terminals, a source of color video signals coupled to the other of
      said pair of switcher input terminals, second actuating means coupled to
      said control terminal of said switcher and responsive to couple one of
      said video signal sources to said output terminal of said swticher, and
      means coupling said output terminal of said switcher to the other of said
      pair of mixer input terminals.
NUM  5.
PAR  5. Television studio control apparatus according to claim 3 wherein said
      second video signal applying means includes a signal multiplier having an
      input terminal, a control terminal and an output terminal, a source of
      video signals coupled to said input terminal of said multiplier and a
      source of control voltage linearly varying with time coupled to said
      control terminal of said multiplier, said multiplier providing said second
      video signal of linearly increasing amplitude at the output terminal
      thereof for application to said other of said pair of mixer input
      terminals.
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ABST
PAL  A color television receiver includes an automatic chroma control (ACC)
      system and a switch selectable manual color level potentiometer and a
      closed loop automatic color level limiter (ACL) with a preset color level
      potentiometer. The ACL loop is of the sample-and-hold type and includes a
      peak detector for detecting chroma signals in excess of a predetermined
      threshold level and a transistor for controlling the preset color level
      potentiometer for adjustment of the chroma amplifier gain. A relatively
      small capacitor is connected across the collector and base of the
      transistor and, in conjunction with a bias resistor, presents a relatively
      long time constant by reflecting a magnified input capacitance between its
      base and emitter electrodes due to the Miller effect. In the event the
      transistor is driven to cutoff during periods when the switch is in the
      manual position, the input capacitance is very small enabling the ACL
      circuit to recover quickly.
BSUM
PAC  RELATED PATENT APPLICATIONS
PAR  This application is related to abandoned application Ser. No. 347,932 filed
      Apr. 4, 1973 entitled AUTOMATIC COLOR LEVEL CIRCUIT in the names of
      Charles H. Heuer and Howard F. Jirka, and assigned to the assignee of the
      present invention.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains to automatic chroma circuits in color
      television receivers. More particularly, it relates to a sample-and-hold
      circuit with quick recovery time especially adapted for use in automatic
      chroma circuits.
PAR  Most color television receivers include automatic control systems for
      achieving stability of operation and fidelity of reproduction in the
      presence of variations in the received television signal. For example, the
      well-known automatic gain control (AGC) responds to the amplitude of the
      video carrier to develop a control signal for the preceding turner and
      intermediate-frequency amplifier to maintain a constant carrier amplitude
      at the video detector. Many receivers also have an automatic frequency
      control (AFC) for correcting any deviation in the video IF carrier from
      its design-center value. It is also very common to include another
      automatic frequency control for maintaining synchronization of the
      horizontal scanning circuits with the horizontal synchronizing pulses in
      the received television signal.
PAR  Color receivers also include means for synchronizing the receiver
      regenerated color reference subcarrier with the transmitted 3.58 megahertz
      color burst signal for faithful reproduction of the hue (tinting) in the
      video display. Another conventional form of automatic control in color
      receivers is that called automatic chroma or color control (ACC). Here,
      the gain of the chroma amplifier is varied to maintain the amplitude of
      the burst signal constant and a viewer adjustable control is provided for
      adjusting the chroma gain to achieve an average desired color level in the
      reproduced picture to his own preference.
PAR  In spite of the many control circuits mentioned, inconsistency in chroma
      content of the reproduced image persists, because the chroma content or
      color level of the picture is not consistently related to the burst
      amplitude. The difficulty is particularly evident when the receiver is of
      the recently introduced, and well accepted, type which includes a switch
      for selecting preset factory adjustments of different parameters in
      preference to the manual controls. That is, the receivers include a number
      of normally viewer-inaccessible controls which are preset to obtain a
      technically optimum display. The viewer may, of course, use the manual
      controls by operating the switch. Because of the inconsistent relationship
      of the chroma content and color burst, however, even the factory set color
      level control adjustment is unable to give satisfactory results for the
      wide variety of color levels encountered.
PAR  In the above-mentioned abandoned application, a television receiver is
      provided with a preset/manual switch and an automatic color level limiter
      which comprises a sample-and-hold circuit arrangement in a closed loop
      including the chroma amplifier. The circuit arrangement includes a peak
      detector for detecting color signals in excess of a predetermined
      threshold and means producing compensatory gain adjustments on the chroma
      amplifier over a relatively long time interval. Effectively, the ACL
      system produces correction information based upon above-threshold peaks in
      color level, the information being updated by subsequent peaks. The ACL
      loop contains a transistor controlled preset color level potentiometer.
      The transistor is normally operated near saturation and, because of the
      closed loop, could not be driven to cutoff.
PAR  With the receiver operated with the manual/preset switch in the manual
      position, however, the ACL closed loop is open and the transistor can be
      driven beyond cutoff. Subsequently switching to preset operation often
      resulted in a long recovery time before the ACL loop regained control. The
      preferred embodiment disclosed a Miller effect capacitor coupled across
      the collector and base of the transistor for overcoming this problem,
      which is the subject of this application. Because of this
      interrelationship abandoned application Ser. No. 347,932 filed Apr. 4,
      1973 in the names of Charles H. Heuer and Howard F. Jirka is hereby
      incorporated by reference in the present application.
PAC  SUMMARY OF THE INVENTION
PAR  The invention includes the combination of means for amplifying signals
      subject to substantial amplitude variations and a closed loop
      sample-and-hold control system including peak detector means for detecting
      portions of the signals in excess of a predetermined threshold level for
      producing a compensatory control potential to adjust the gain of the
      amplifying means. The control means include a transistor normally operated
      near saturation but which is subject to cutoff, and means whereby the
      transistor presents a relatively long time constant during conduction and
      a relatively short time constant during cutoff.
PAC  OBJECTS OF THE INVENTION
PAR  It is, accordingly, a general object of the present invention to provide an
      improved color television receiver.
PAR  Another object of the present invention is to provide an improved automatic
      chroma level limiter in a color television receiver.
PAR  A further object of this invention is to provide a novel sample-and-hold
      control system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the invention which are believed to be novel are set forth
      with particularity in the appended claims. The invention, together with
      further objects and advantages thereof, may best be understood, however,
      by reference to the following description taken in conjunction with the
      accompanying drawings, in the several figures of which like reference
      numerals identify like elements, and in which:
PAR  FIG. 1 is a block diagram of a color television receiver of the type in
      which the invention will find ready application; and
PAR  FIG. 2 is a schematic diagram illustrating the preferred embodiment of the
      invention in the automatic chroma limiter of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a simplified block diagram illustration of a conventional color
      television receiver. An antenna 20 supplies television signals to a tuner
      21. Employing the usual superheterodyne technique, tuner 21 converts the
      signal frequencies in the channel range selected to a constant frequency
      range, and the converted signals are fed to an intermediate frequency (IF)
      amplifier 22. The amplified IF signals are coupled to a detector 23 which
      supplies the developed brightness or luminance video signal to a video
      amplifier 24. The latter, in turn, is fed to a color matrix 25.
PAR  A portion of the amplified IF signal from amplifier 22 also is fed to a
      sound discriminator 26 from which an audio signal is derived and amplified
      by a sound system 27 which supplies a sound reproducer 28. Also, a control
      signal proportional to the amplitude of the video carrier in the IF
      amplifier is developed by detector 23 and fed back to tuner 21 and IF
      amplifier 22 to provide AGC. Detector 23 also extracts synchronizing
      information from the IF signals for application to a scanning control 30
      that, in turn, supplies a yoke assembly 31 mounted on the neck of a color
      cathode ray tube 32. Scanning control 30 includes means for producing and
      developing horizontal and vertical scanning waveforms for the deflection
      coils in yoke assembly 31 to create a raster on the faceplate of tube 32,
      as well as conventional dynamic convergence and other circuitry to assure
      proper beam landings on appropriate assigned phosphor areas on the color
      tube faceplate.
PAR  The receiver is also responsive to color-representative information in the
      television signal for developing controllably-amplified signals that are
      applied to a chroma demodulator 36. The circuitry includes a first chroma
      amplifier 37 and a second chroma amplifier 38. Amplifier 37 receives, from
      detector 23, color information that defines both the hue and the
      saturation in the image to be reproduced, and a color reference signal.
      The hue information represents the color, typically in the range of color
      from purple to green, being received at any moment. The saturation
      information represents the vividness of the color. For example, a pastel
      color has a low degree of saturation, whereas a deep or rich color has a
      high degree of saturation. The color reference signal is a burst or sample
      of the 3.58 megahertz subcarrier which is transmitted along with
      horizontal synchronizing information. The burst frequency and phase
      correspond to that of the subcarrier (suppressed) upon which the hue and
      saturation information are modulated and are transmitted to enable proper
      regeneration of the subcarrier in the receiver.
PAR  One function of chroma amplifier 37 is to supply the burst signal to a
      reference generator 40 which, in turn, supplies reference signals to
      chroma demodulator 36 for appropriate demodulation of the chroma signal
      from the output of chroma amplifier 38. Demodulator 36 produces three
      related, but distinct color-difference signals and supplies them to color
      matrix 25 which adds the luminance or brightness signal from video
      amplifier 24 to each color-difference signal. The resultant signals are
      fed to tube 32 to modulate the corresponding plurality of electron beams
      that respectively activate the red, green and blue phosphor areas.
PAR  As is well known, the function of color matrix 25 may be accomplished
      within the cathode ray tube itself. In that case, the luminance signals
      from the video amplifier are fed in common to the tube's three different
      cathodes, for example, while the color-difference signals are fed to
      respective ones of its control grids. Similarly, reference generator 40
      may take any of a number of well-known forms. It may, for example, be a
      3.58 megahertz oscillator, the frequency of which is controlled by
      comparison with the burst signal. Generator 40 may also be of the type
      wherein the subcarrier is regenerated by applying the burst signal to a
      crystal ringing circuit. In any case, the reference signals supplied to
      demodulator 36 must be of proper phase and frequency.
PAR  Also included in the receiver of FIG. 1 is an automatic chroma control 42.
      In a manner well known, ACC 42 senses variations in the amplitude of the
      burst signal at the output of chroma amplifier 37 and develops a
      compensatory control signal which is fed back to amplifier 37 to vary its
      gain to maintain the burst amplitude constant. Ideally, a constant chroma
      level is maintained regardless of variations in the different chroma
      signals (variations in the video carrier are compensated by the AGC
      system). The receiver also includes a color level control 44 which permits
      manual adjustment of the gain of chroma amplifier 38. Typically, the
      viewer selects a desired degree of color level or saturation by adjustment
      of control 44, after which the ACC circuit with the assistance of the AGC
      circuit, maintains the selected color level.
PAR  As thus far described, the receiver of FIG. 1 is entirely conventional, and
      will be understood to include the usual additional features that have been
      found to be desirable. For example manually-adjustable controls are
      provided for the viewer in the typical receiver so that he may selectively
      adjust such functions as audio volume and tone, and brightness, contrast,
      hue and saturation of the video display.
PAR  As previously mentioned, in accordance with the invention described and
      claimed in the above-mentioned related application, the receiver further
      includes an automatic chroma level limiter (ACL) 46 which receives a
      portion of the chroma signal from the output of chroma amplifier 38 and
      develops a control signal representative of its amplitude. Any change
      therein beyond a predetermined threshold is utilized by ACL 46 to effect a
      compensatory change in the gain of amplifier 38, by altering the control
      voltage of color level control potentiometer 44.
PAR  In FIG. 2, chroma amplifier 38 includes an input from chroma amplifier 37,
      an output connected to an input terminal 56 of an automatic chroma level
      limiter and a control terminal 50, connected to the wiper of a signal
      pole, double throw, viewer operable, manual/preset switch 51. Switch 51
      determines whether the receiver is operating in a manual mode or in a
      preset mode, and in practice may comprise one of a plurality of switches
      arranged to select between numerous preset and manually operable
      functions. The manual color level control comprises an adjustable tap on a
      potentiometer 52 connected between a positive potential B+ and ground. The
      tap is connectable by the wiper of switch 51 to control terminal 50 of
      chroma amplifier 38, the gain of which is responsive to settings of the
      tap. Thus potentiometer 52 may be adjusted by the viewer to select a
      preferred chroma level in the video display. Alternatively, the wiper of
      switch 51 may be connected to the tap on a potentiometer 53 connected
      between B+ and the collector of a grounded emitter NPN transistor 54. It
      will be seen that potentiometers 52 and 53 and switch 51 may be
      considered, performance wise, to be included in the block 44 labelled
      Color Level Control in FIG. 1 whereas the circuitry from input terminal 56
      to the collector of transistor 54 comprises the automatic chroma limiter
      46.
PAR  Assuming for the moment that transistor 54 operates in a fixed conductive
      condition, such as saturation, adjustment of the tap on potentiometer 53
      then serves simply as another or alternate color level control similar to
      potentiometer 52. Here, however, potentiometer 53 is adjusted or preset at
      the factory (or by a serviceman) to produce an optimum value of color
      level, and is generally inaccessible to the viewer. Depending upon the
      position of the wiper of switch 51, the receiver is in either the preset
      or manual mode. In the drawing, switch 51 is shown in the preset position
      and hence the receiver is in the preset operating mode.
PAR  A portion of the chroma signal appearing at the output of chroma amplifier
      38 is fed to input terminal 56 of the automatic chroma limiter circuit.
      Terminal 56 of the ACL is coupled, by a capacitor 57 to the base of an NPN
      transistor 60, the emitter of which is returned to ground through a
      resistor 61 and the collector of which is connected to B+ through a
      resistor 62. A resistor 80 interconnects the collector of transistor 60 to
      its base for bias purposes. The amplified chroma signal at the collector
      of transistor 60 is fed, through a capacitor 66, to the base of an NPN
      transistor 83, the collector of which is connected to ground and the
      emitter of which is connected to the base of an NPN transistor 54. A bias
      resistor 84 is connected between B+ and the emitter of transistor 83, and
      its base is connected to ground through a resistor 85. A threshold
      potentiometer 72 is connected between B+ and ground and has a tap
      connected to the base of transistor 83 through a resistor 86. A horizontal
      rate pulse is supplied to a terminal HP and, through a resistor 88, to the
      base of transistor 83. The signal appearing at the emitter of transistor
      83 is directly coupled to the base of transistor 54. A Miller effect
      capacitor 69 is connected between the collector and base of grounded
      emitter transistor 54. As stated, potentiometer 53 forms the collector
      load for transistor 54 and the tap on potentiometer 53 connects to switch
      51 for supplying control voltage to terminal 50 on amplifier 38.
PAR  As will be seen, the above circuitry establishes a sample-and-hold
      automatic color level limiter system. Potentiometer 72 establishes a
      threshold bias on transistor 83. The horizontal rate pulses at terminal HP
      ready transistor 83 for conduction only during occurrence of peaks of
      chroma signal over the threshold which is set to keep transistor 83 cut
      off for chroma signals of low amplitude. The B+ connection through
      resistor 84 to the base of transistor 54 (and its grounded emitter)
      results in this transistor being in saturation under small signal
      conditions, that is, when transistor 83 is cut off. Upon conduction of
      transistor 83 on above-threshold peaks of the chroma signals, transistor
      54 comes out of saturation and its collector potential rises toward B+ to
      produce an appropriate control potential change at the wiper of
      potentiometer 53. This control potential is fed back to chroma amplifier
      38 for reducing its gain. It will be seen that because of the closed loop,
      transistor 54 can never achieve a cutoff condition.
PAR  Capacitor 69 is approximately 0.5 microfarads, but because of the
      well-known Miller effect appears as a capacitor of approximately 100
      microfarads (0.5 microfarads multiplied by 200, -- the gain of transistor
      54) connected from its base to ground. Consequently, in conjunction with
      resistor 84, it presents a long time constant. Any conduction in
      transistor 83 thus results in the application of an appropriate control
      potential for a relatively long time because of the long time constant
      presented by the input of transistor 54. Thus the sample-and-hold action
      is obtained. The long time constant is selected to insure that abrupt
      variations in chroma level do not occur, which would prove annoying to the
      viewer.
PAR  When switch 51 is in the manual position, namely, with its wiper contacting
      the movable tap on potentiometer 52, it is possible under certain signal
      conditions and manual control settings to drive transistor 54 well beyond
      cutoff because the control loop is open. However, when transistor 54 is
      cut off, the Miller effect is absent and, consequently, its input
      capacitance is small (about 0.5 microfarad). Thus the ACL circuit is
      capable of immediately responding to compensate for high chroma level
      signals in the event switch 51 is moved to the preset position. Thus
      utilizing Miller effect capacitor 69 enables a long-operating time
      constant and a very short cutoff time constant for transistor 54, and
      hence, for the control system.
PAR  While a particular embodiment of the present invention has been shown and
      described, it will be obvious to those skilled in the art that various
      changes and modifications may be made without departing from the invention
      in its broader aspects. Accordingly, the aim in the appended claims is to
      cover all such changes and modifications that may fall within the true
      spirit and scope of the invention.
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STM  What is claimed is:
NUM  1.
PAR  1. In combination: a source of signals subject to a substantial range of
      amplitude variation; means for amplifying said signals; sample-and-hold
      control means, including peak detector means, detecting portions of said
      signals having amplitudes exceeding a predetermined threshold level and
      supplying a control potential to said amplifying means for producing a
      compensating gain adjustment, said control means including a transistor
      normally operated near saturation but being subject to cutoff, said
      transistor presenting a relatively long time constant during conduction
      and a short time constant during cutoff.
NUM  2.
PAR  2. The combination set forth in claim 1, wherein said control means is in a
      closed feedback loop with said amplifying means and said transistor is
      precluded from cutoff during operation, said combination further including
      an alternately selectable external source of control potential for said
      amplifying means activated by breaking said feedback loop.
NUM  3.
PAR  3. The combination as set forth in claim 2, wherein said transistor has an
      input circuit presenting a large effective input capacitance to said peak
      detector means for producing said relatively long time constant.
NUM  4.
PAR  4. The combination as set forth in claim 3, wherein said transistor
      includes a capacitor between its base and collector electrodes and
      presents said large effective input capacitance between its base and
      emitter electrodes because of the Miller effect.
NUM  5.
PAR  5. A color television receiver including means for developing a chroma
      signal subject to amplitude variations, chroma signal amplifying means,
      and mutually exclusive viewer-selectable manual and preset control for
      adjusting the gain of said amplifying means; an automatic chroma level
      limiter comprising: sample-and-hold means for detecting chroma signals
      having amplitudes in excess of a predetermined threshold and developing a
      compensatory control potential for said amplifying means; said
      sample-and-hold means including a transistor normally operable near its
      saturation condition but being subject to cutoff when said manual control
      is effective, and circuit means establishing a long time constant for said
      sample-and-hold means during normal operating of said transistor and a
      short time constant during cutoff of said transistor.
NUM  6.
PAR  6. The combination as set forth in claim 5, wherein said circuit means
      present a large effective input capacitance for said transistor during
      conduction and a small effective input capacitance during cutoff.
NUM  7.
PAR  7. The combination as set forth in claim 6, wherein said circuit means
      comprise a Miller effect capacitor connected to the collector and base
      electrodes of said transistor.
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PAL  A color television camera is disclosed in which level detector circuits are
      supplied with a plurality of color signals; a control signal, produced by
      the level detectors when any one of the color signals exceeds a
      predetermined level, is applied to an automatic gain control circuit
      connected in a transmission path for a picked up output; and the automatic
      gain control circuit is supplied with a control signal based upon a
      luminance signal when the former-mentioned control signal is not obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a color television camera and is more
      particularly directed to a color television camera with an improved
      automatic gain control (AGC) system.
PAR  2. Description of the Prior Art
PAR  In the art there has been proposed a color television camera using one
      image pickup tube in which an AGC system is provided to produce a video
      signal with a constant level even if the amount or intensity of incident
      light to the camera is changed.
PAR  By way of example, with one of the prior art systems, the bias voltage for
      the target of its image pickup tube is changed in accordance with the
      level of a produced luminance signal to make an output voltage from the
      image pickup tube constant.
PAR  With another one of the prior art systems, the target voltage of its image
      pickup tube is made constant and an AGC circuit is provided at the output
      side of the image pickup tube which is controlled in accordance with the
      level of a produced luminance signal.
PAR  Accordingly to the prior art systems, the level of a luminance signal
      contained in the camera output is held substantially constant regardless
      of the amount or intensity of incident light. However, since in the prior
      art the AGC system operates for both of luminance and chrominance signals,
      if an object of, for example, red color is photographed by the camera in a
      dark place, the luminance signal is increased to a predetermined level by
      the AGC system, but the level of a red color signal is also increased.
      Thus, a video signal in which a red color is emphasized excessively is
      produced. As a result, an unnatural picture is reproduced.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a color television camera
      having provided with an AGC system which can control not only the level of
      a luminance signal but also the level of a color signal.
PAR  It is another object of this invention to provide a color television camera
      with a system which controls the target voltage of an image pickup tube in
      accordance with both levels of luminance and color signals.
PAR  It is a further object of this invention to provide a color television
      camera with an AGC circuit the gain of which is controlled in accordance
      with both levels of luminance and color signals.
PAR  The additional and other objects, features and advantages of this invention
      will be apparent from the following description taken in conjunction with
      the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram showing an embodiment of the color television
      camera according to this invention;
PAR  FIG. 2 is an exploded front view showing an embodiment of the color filter
      used in the camera shown in FIG. 1;
PAR  FIG. 3 is a color separated imaged by the color filter shown in FIG. 2; and
PAR  FIG. 4 is a schematic diagram showing another embodiment of the color
      television camera according to this invention.
DETD
PAR  Throughout the drawings, like reference numerals and symbols represent the
      like elements.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An embodiment of this invention will be hereinbelow described with
      reference to the drawings.
PAR  In FIG. 1 which shows an embodiment of the invention systematically,
      reference numeral 1 designates an object to be televised and 2 an image
      pickup tube. On the light path between the object 1 and the image pickup
      tube 2, there are arranged an image pickup lens 3, field lenses 4 and 5,
      and a relay lens 6, respectively, and also a color filter 7 between the
      field lenses 4 and 5 or on the focus plane of the pickup lens 3.
PAR  An example of the color filter 7 is shown in FIG. 2, by way of example. As
      shown in FIG. 2, the color filter 7 consists of a pair of color striped
      filters 71 and 72. One color striped filter 71 includes a plurality of
      striped transparent regions or elements 7.sub.W which may pass
      therethrough panchromatic light and a plurality of yellow striped filter
      regions or elements 7.sub.Y which may pass therethrough yellow light. In
      this case, these regions 7.sub.W and 7.sub.Y are arranged repeatedly and
      alternately with an inclination angle (which will be described later) with
      respect to the horizontal scanning line. The other color striped filter 72
      includes a plurality of striped transparent regions or elements 7.sub.W
      and a plurality of striped cyan striped filter regions or elements 7.sub.C
      which may pass therethrough cyan light. In this case, these regions
      7.sub.W and 7.sub.C are arranged repeatedly and alternately with an
      inclination angle to the horizontal scanning line opposite to the former
      inclination angle, or the arranging directions of the both filter regions
      are symmetrical with respect to the horizonal line between the filters 71
      and 72 as shown in FIG. 2. In this case, the arranging pitch of the
      regions 7.sub.W and 7.sub.C is same as that of the regions 7.sub.W and
      7.sub.Y. The color filter 7, which is formed by superimposing the color
      striped filters 71 and 72, is placed between the field lenses 4 and 5 as
      mentioned above.
PAR  Thus, the color light components contained in the light from the object 1
      are subjected to the special modulation by the color filter 7 with the
      result that color separated images of checkered pattern with panchromatic
      light, red light and blue light are projected onto a photoelectric
      conversion plane 9 of the image pickup tube 2.
PAR  The inclination angle of the color striped filter 71 to the horizontal
      scanning line is selected in the following manner. That is, the repeating
      of the filter regions 7.sub.W and 7.sub.Y is shifted by .pi./2 at every
      horizontal scanning line or, as shown in FIG. 3, when the color separated
      image corresponding to the filter 71 is scanned at one of odd and even
      fields, the output from the image pickup tube 2 corresponding to an
      arbitrary scanning line l.sub.i is advanced (or delayed) by .pi./2 from
      the output from the image pickup tube 2 corresponding to the following
      scanning line l.sub.i.sub.+1. As mentioned above, the inclination angle of
      the regions 7.sub.W and 7.sub.C of the filter 72 is symmetrical for that
      of the filter 71, so that when the color separated image corresponding to
      the filter 72 is scanned, the output from the image pickup tube 2
      corresponding to the scanning line l.sub.i.sub.+1 is advanced (or delay)
      by .pi./2 from that corresponding to the scanning line 1.sub.i.
PAR  The output signal from the image pickup tube 2 or signal E(t), which is
      produced by scanning the color separated signals through the filters 71
      and 72, is applied to a low-pass filter 11 and a band-pass filter 12,
      respectively through an AGC circuit 41 which will be described later. From
      the low-pass filter 11 there is derived a low frequency signal L.sub.O.
      Since the low frequency signal L.sub.O can be considered as a luminance
      signal, this signal will be used as the luminance signal S.sub.Y in the
      following description. The luminance signal S.sub.Y is applied to a gamma
      correction circuit 10 for the luminance signal S.sub.Y. While, from the
      band-pass filter 12 there is derived a modulated color signal or
      chrominance signal E.sub.C (t) which is supplied to adding circuits 13 and
      14 forming a demodulation circuit 30, and also to a delay circuit 15 to be
      delayed by one horizontal period. The delayed output signal from the delay
      circuit 15 is applied to phase shifter circuits 16 and 17 to be shifted in
      phase by .pi./2 and -  .pi./2 , respectively. The phase shifted signals
      E.sub.C (t)' and E.sub.C (t)" are supplied to the adding circuits 13 and
      14, respectively, where they are added to the signal E.sub.C (t). The
      output signals from the adding circuits 13 and 14 are applied to detector
      circuits 18 and 19, respectively, which produce blue and red color signals
      B and R by demodulation. The color signals B and R are supplied to
      subtracting circuits 28a and 28b, respectively, to be color difference
      signals B-Y and R-Y which are applied to a modulation circuit 31 supplied
      with a color sub-carrier signal with the frequency of 3.58MHz. The
      modulation circuit 31 produces a chrominance signal S.sub.C. The
      chrominance signal S.sub.C and the luminance signal S.sub.Y through the
      gamma correction circuit 10 are applied to an color encoder circuit 21
      where they are converted to the color television signal of, for example,
      the NTSC system and delivered to an output terminal 23.
PAR  The luminance signal S.sub.Y, which is contained in the color television
      signal for the NTSC system obtained at the terminal 23 as a final signal
      of the color television camera, is expressed as follows:
EQU  S.sub.Y = 0.3S.sub.R + 0.59S.sub.G + 0.11 S.sub.B
PAL  where S.sub.R, S.sub.G and S.sub.B represent red, green and blue color
      signals, respectively. Accordingly, when the luminance signal S.sub.Y is
      of a predetermined value 1, primary color signals S.sub.R, S.sub.G and
      S.sub.B become all 1. Since the maximum level of the luminance signal
      S.sub.Y is 1, the level of the respective color signals must be, of
      course, 1 or less than 1. However, according to the prior art AGC system,
      since an output signal is controlled with a detecting signal of the
      luminance signal S.sub.Y which is made to be 1 in maximum level, the
      following defects occur during the picking up of an object. That is, if
      the object has a white portion, there exist red (R), green (G) and blue
      (B) color components. As a result, no problem may occur when such an AGC
      operation is carried out to make the luminance signal S.sub.Y 1. However,
      when an object which has, for example, a red color portion of low
      luminance thereon is photographed, the AGC circuit performs its operation
      to increase the luminance due to the low luminance. As a result, when the
      luminance signal S.sub.Y is made 1 in level by gain controlling, the level
      of the red color signal is also increased by that controlled amount with
      the result that the total level exceeds 1. Accordingly, if such a
      condition is monitored, due to the fact that the output signal
      corresponding to the red color signal is great, a picture can not be
      reproduced with high fidelity. The same is also applied to the blue color
      signal B.
PAR  With this invention, as shown in FIG. 1, the AGC circuit 41 is provided at
      the pre-stage of the filter circuits 11 and 12 which separate the
      luminance signal S.sub.Y and the chrominance signal E.sub.C (t) from the
      picked up output by the image pickup tube 2. The AGC circuit 41 is
      supplied the luminance signal S.sub.Y obtained by the filter circuit 11 as
      a first control signal P.sub.Y through a feedback loop 42 which includes
      an electronic switch circuit 43. The electronic switch circuit 43 is
      controlled to be made off (or open) when any one of the red and blue color
      signals exceeds 1 in level, which will be described later. That is, when
      any one of the red and blue color signals is lower than 1 in level, the
      switch circuit 43 is made on (or close) as shown by a solid line in FIG.
      1.
PAR  In the embodiment of the invention shown in FIG. 1, level detector circuits
      44 and 45 are provided which are supplied with the red and blue color
      signals R and B from the detector circuits 19 and 18, respectively, for
      detecting their levels and apply their output signals to the AGC circuit
      41 as second and third control signals P.sub.R and P.sub.B through an
      input terminal 41a of the AGC circuit 41. The control signals P.sub.B and
      P.sub.R are also applied to the electronic switch circuit 43 as its
      control signals through its input terminal 43a in addition to the input
      terminal 41a. The AGC circuit 41, the electronic switch circuit 43 and the
      level detector circuits 44 and 45 from an AGC circuit 40.
PAR  Though not shown in detail, the level detector circuits 44 and 45 may be
      formed of, for example, a well known clamp circuit and a diode,
      respectively. Only when the level of the blue color signal B applied to
      the level detector circuit 45 exceeds 1, the detector circuit 45 produces
      the third control signal P.sub.B which is applied to the switch circuit 43
      and to the AGC circuit 41 to make the former off and to drive the latter,
      respectively. The other level detector circuit 44 operates similarly.
PAR  The description will be now given on the operation of the AGC control
      circuit 40 constructed as above. When the level of the color signals R and
      B are lower than 1, the second and third control signals P.sub.R and
      P.sub.B are not obtained. Therefore, the switch circuit 43 is closed (on).
      Thus, in this case the AGC circuit 41 is controlled by the first control
      signal P.sub.Y, so that the level of the luminance signal S.sub.Y is
      adjusted to be 1. Next, when the object 1 has the only color component of
      red with low luminance, since the AGC is achieved by the first control
      signal P.sub.Y, the level of the red color signal R is intended to be more
      than 1. However, when the level exceeds 1, the level detector circuit 44
      produces the second control signal P.sub.R with the result that the switch
      circuit 43 is controlled to cut off the first control signal P.sub.Y. At
      the same time, since the second control signal P.sub.R is applied to the
      AGC circuit 41, the AGC is performed by the second control signal P.sub.R
      to operate such that the level of the red color signal R is kept 1 or
      lower than 1 instead of the luminance signal S.sub.Y. As a result, the red
      color signal R is controlled to be 1 or lower than 1 in level to reproduce
      a picture with high fidelity.
PAR  When only the blue color signal B exceeds 1 in level, the AGC operation is
      performed based upon the third control signal P.sub.B to control the level
      to be 1 or a reference level lower than 1 with the result that the same
      effect can be carried out.
PAR  When no second and third control signals P.sub.R and P.sub.B are produced,
      it is of course that the system returns to its original state to effect
      the AGC operation with the first control signal P.sub.Y. As mentioned
      above, when the level of any one of the color signals R and B exceeds the
      reference level, the level detector circuit 44 or 45 starts its operation
      at once to suppress the level.
PAR  As described above, with this invention the increase in level of the color
      signals R and B can be suppressed by simple construction even if the
      object 1 to be televised is different in color components, so that the
      chrominance signals are prevented from being increased excessively to
      always produce a good color television signal and to reproduce a picture
      with high fidelity.
PAR  The above embodiment shows the case that the target voltage of the image
      pickup tube 2 is made constant, but in the embodiment of FIG. 4 the target
      voltage of the image pickup tube 2 is changed in accordance with the level
      of the luminance signal S.sub.Y.
PAR  This case or a second embodiment of this invention will be now described
      with reference to FIG. 4 in which reference numerals same as those used in
      FIG. 1 show the same elements. In the embodiment of FIG. 4, the output
      signal from the image pickup tube 2 is directly applied to the filters 11
      and 12, respectively. A bias voltage supply circuit 50 is provided which
      is controlled by the first, second and third control signals P.sub.Y,
      P.sub.R and P.sub.B, respectively, as in the case of the AGC circuit used
      in FIG. 1. The bias voltage supply circuit 50 is formed such that it
      produces a relatively high bias voltage when the luminance signal is low
      in level, but produces a relatively low bias voltage when the luminance
      signal is high in level and that when the second and third control signals
      P.sub.R and/or P.sub.B are larger than a predetermined value, the first
      control signal P.sub.Y is cut off, so that the similar operation is
      carried out in the embodiment of FIG. 4.
PAR  In the above embodiments, this invention is applied to a color television
      camera utilizing one image pickup tube in which the luminance signal
      S.sub.Y and two primary color signals R and B are derived from the filter
      circuits 11 and 12, respectively, but it may be apparent that this
      invention can be applied to a color television camera utilizing
      multi-image pickup tubes in which three primary color signals R, G and B
      are produced. In such a case, a level detector circuit, which may detect
      the level of the green color signal G, is provided in addition to the
      detector circuits 44 and 45, and a fourth control signal obtained from the
      detector circuit for the green color signal G is applied to the AGC
      circuit 41 for achieving the same effect.
PAR  It may be apparent that many modifications and variations could be effected
      by those skilled in the art without departing from the spirits and scope
      of the novel concepts of this invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. Color television camera apparatus, comprising an image pickup tube;
      color filter means for forming color separated images of a viewed object
      on said image pickup tube; means for deriving a composite color video
      signal from said image pickup tube representative of said color separated
      images, said composite signal including a luminance signal and a
      chrominance signal, the latter being comprised of plural color components;
      means for separating said composite color video signal into said luminance
      and chrominance signals, respectively; level control means for controlling
      the magnitude of said composite color video signal in response to said
      luminance signal when none of said color components of said chrominance
      signal exceeds a predetermined level; and means for controlling said level
      control means with a different signal when a color component of said
      chrominance signal exceeds said predetermined level.
NUM  2.
PAR  2. Color television camera apparatus as claimed in claim 1, in which said
      color filter means comprises a first set of striped color filters and a
      second set of striped color filters, the first and second set intersecting
      with each other.
NUM  3.
PAR  3. Color television camera apparatus as claimed in claim 1 wherein said
      level control means includes a control input, and further comprising
      switch means coupled to said control input for selectively supplying said
      separated luminance signal thereto.
NUM  4.
PAR  4. Color television camera apparatus as claimed in Claim 3 further
      comprising detecting means for detecting when a color component of said
      chrominance signal exceeds said predetermined level to operate said switch
      means to thereby prevent said separated luminance signal from being
      supplied to said level control means.
NUM  5.
PAR  5. Color television camera apparatus as claimed in Claim 4 wherein said
      detecting means comprises a plurality of level detectors for detecting the
      levels of said color components, respectively; and further comprising
      means for supplying the output of a level detector to said control input
      of said level control means for controlling said level control means when
      the level of said color component detected by said level detector exceeds
      said predetermined level.
NUM  6.
PAR  6. Color television camera apparatus as claimed in claim 5, in which said
      level control means is a circuit which controls a target voltage of said
      image pickup tube.
NUM  7.
PAR  7. Color television camera apparatus as claimed in Claim 5 wherein said
      level control means comprises an automatic gain control circuit.
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ABST
PAL  An improved multi-wavelength display system in which a multi-wavelength
       b source or sources are employed in combination with a multitude of
      waveguides in groups, one group for each wavelength, with image data
      responsive modulators to directly modulate said multi-wavelength beams and
      with a common rotary waveguide scanning means to produce a
      multi-wavelength facsimile display which could be color television,
      infrared or microwave displays according to the selected source or
      sources.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is in the field of optics, education and simulation and more
      narrowly in the field of projectors and image displays.
PAR  In the field of education, the use of simulation, using projectors,
      displays and other devices, is of ever increasing importance for reasons
      of time, economy and effectiveness. Display screens are of particular
      importance for the display of realistic environment and operational
      conditions. However, there are several areas in which image display and
      transfer and display means would benefit by improved techniques, if
      available. One example is in multi-color television displays.
PAR  Conventional multicolor televisions are accomplished by scanning electron
      beams across the screen, which is coated with various phosphors that emit
      the desired colors. The light emitted from the screen is not spectrally
      pure because the light produced by the phosphors has a very wide
      bandwidth. The light emitted by the screen is not coherent, and therefore
      cannot be used to carry other information besides intensity. The vertical
      resolution of the screen is commonly limited to about 0.01 inch because of
      the horizontal scan technique, and the order in which data points can be
      scanned is usually fixed because of the horizontal scan techniques.
PAR  State-of-the-art laser televisions are commonly implemented by scanning a
      modulated laser beam across a diffuse screen by means of acousto-optic
      deflectors, electro-optic deflectors, rotating mirror scanners, or
      piezoelectric scanners. These devices do provide spectrally pure colors
      and coherent output light. These devices do not increase the vertical
      resolution nor do they provide a random data point readout.
PAR  The subject invention provides an improved display, eliminating the
      disadvantages noted above while providing a simple, reliable, effective
      system of improved resolution, readability and brightness, the system
      being applicable not only to television displays but also to displays of
      images in the infrared and micro ranges of wavelength.
PAC  SUMMARY OF THE INVENTION
PAR  The invention contemplates a multi-wavelength display system in which a
      plurality of electro-magnetic radiation source means provide a plurality
      of beams of selected different wavelengths which are directly modulated in
      intensity by individual modulators receiving activating instructions from
      a programmable data input source and combined with a common reflector scan
      means, and groups of pluralities of waveguides having their input ends
      scanned by said common scan means and their outputs supported in a
      preselected arrangement to form, via said waveguide output ends, a display
      means. It is understood that electromagnetic radiation is defined to mean
      "radiation associated with a periodically varying electric and magnetic
      field that is traveling at the speed of light, including radio waves,
      light waves . . .," and hence includes light waves, infrared radiation
      waves and maser waves, which are the three types of waves with which this
      invention is concerned and which fall in the range of frequencies of
      10.sup.9 to 10.sup.17 Hertz.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view partially in perspective of a multi-wavelength
      display system incorporating the invention; and
PAR  FIGS. 2 and 3 are schematic views of modifications of a portion of FIG. 1
      used to explain additional aspects of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Apparatus incorporating the invention in one preferred form is shown
      schematically in FIG. 1. The apparatus in FIG. 1 represents a color
      television display system in which, according to the invention,
      multi-colored laser beams 10, 12, 14 derived from respective lasers 16,
      18, 20 are directly modulated by respective modulators 22, 24, 26 which
      receive data input from a frequency to voltage analog signal converter 28
      such as a television receiver as described on pages 340-343 of Television,
      How It Works, 2nd Edition, by J. Richard Johnson, Rider Publishing Co.,
      New York, 1956, Library of Congress Catalog Card No. 55-12539. The image
      signals may be applied to the converter from any suitable source, as for
      example from a video color camera 30 via the television transmitter and
      receiver antennae 32 and 34, as described on pages 334 - 340 of said
      publication, Television, How It Works, the camera 30 being directed to the
      image scene indicated at 36. The television camera 30 scans the scene 36
      one horizontal line at a time by means of three independent color sensor
      systems and encodes this data for transmission, as described on pages 332
      - 334 of said above-mentioned publication, Television, How It Works. A
      similar system is also described in U.S. Pat. No. 3,507,984, wherein the
      encoded transmission signal is used to drive three modulators which
      modulate three color laser beams.
PAR  The laser beams 10, 12 and 14, representing respectively the basic colors
      red, blue and green, and derived from the selected wavelength lasers 16,
      18 and 20, are used in cooperative conjunction with three groups 38, 40,
      42 of optic fibers having input ends 38a, 40a and 42a and output ends 38b,
      40b and 42b.
PAR  To pass the laser beams 10, 12 and 14 as modulated to the input ends 38a,
      40a and 42a of the respective optic fiber groups 38, 40 and 42, and
      electro-magnetic wave distribution means is provided. This distribution
      means includes a support 44, stationary mirrors 46, 48 and 50, and a
      rotatable mirror 52 driven by a motor 54 as described in FIG. 7a on page
      363 of Applied Optics and Optical Engineering, Vol. 2, by Rudolf
      Kingslake, Academic Press, New York, 1965, Library of Congress Catalog
      Card No. 65-17761. In relation to the subject invention the term
      electromagnetic, used herein, refers to electromagnetic radiation which
      includes laser, maser and light rays, all of which fall in the parameters
      of 10.sup.9 to 10.sup.17 Hertz. Any suitable support means is provided
      which will hold the input ends of each group of optic fibers in sequential
      circular arrangement, directed inwardly toward a common center coinciding
      with the drive axis (indicated) of a rotatable mirror 52, each group in a
      plane parallel to its adjacent group. The stationary mirrors are
      positioned, each to pass beams from an associated laser to the rotatable
      mirror 52. The rotatable mirror is positioned, with respect to the optic
      fiber input ends, centrally and concentric therewith to redirect the laser
      beams from each laser source to an associated group of said input ends of
      the optic fibers in sequential manner as the rotatable mirror 52 is
      rotated by the motor 54. Thus, mirror 52 redirects beam 10 to sequentially
      scan optic fiber input ends 42a, redirects beam 12 to sequentially scan
      optic fiber ends 40a, and redirects beam 14 to sequentially scan optic
      fiber input ends 38a.
PAR  Suitable support means are also provided to hold the output ends 38b, 40b
      and 42b of said optic fibers in the conventional form of a color
      television display raster. The support means can be an apertured screen as
      indicated at 56, with holes through which the optic fiber output ends are
      passed to hold the ends in a desired array.
PAR  In operation the multicolor data, to be displayed on the screen 56 via the
      optic fiber output ends 38b, 40b and 42b, is entered via the data input
      element, which in the case of FIG. 1 is the television receiver converter
      28, and passes on lines 60, 62 and 64 to the modulators 22, 24 and 26. The
      data input information in the form of analog voltages is used to vary the
      intensity and/or phase of the laser beams 10, 12 and 14. The image
      information carrying laser beams are directed by the stationary mirrors
      46, 48 and 50 to the rotating mirror scanner 52. The mirror scanner 52
      spins at any desired rate to redirect the modulates laser beams to the
      optic fiber input ends 38a, 40a and 42a situated each group in a circle
      about the rotating mirror 52 such that sequential scanning of the
      successive vertically arranged sets of fiber input ends, 38a, 40a and 42a
      constituting one set, results in a sequential scan of the corresponding
      sets of output ends 38b, 40b and 42b until a first horizontal raster line
      is scanned on display 56. Further rotation of the mirror 52 sequentially
      scans the remaining raster lines of the display 56 until the mirror
      completes the 360.degree. circle and again starts to scan the first raster
      line. Each laser beam is presented to its associated group of optic fibers
      for providing the respective groups of red, blue and green lighted fibers.
      The output ends 38b, 40b and 42b of the optic fibers are arranged in a
      predetermined arrray of optic ends on the screen 56 corresponding to the
      common color picture tube dot array as described on pages 343-344 of the
      hereinbefore referenced publication, Television, How It Works.
PAR  It is to be understood that analog data input means in the case of the
      apparatus per FIG. 1 comprises the frequency to analog converter 28 which
      receives video signals transmitted from the TV camera 30. However, the
      analog data input means could also by any suitable programmed signal
      source for supplying analog voltages to the modulators, such as a common
      video tape cassette as is shown in FIG. 2 at 66, or an analog output
      computer such as is shown in FIG. 3 at 68.
PAR  It is to be noted also that the invention is not limited to television or
      video signals. For example, other electromagnetic radiation sources such
      as masers (70, 72, 74, FIG. 2) or infrared lasers (76, 78, 80, FIG. 3)
      could be used in place of visible lasers yielding video signals. The
      modulators for the infrared lasers would be the same as for FIG. 1, i.e.,
      modulators 22, 24 and 26. The modulators for the maser beams 11, 13 and 15
      are identified as 21, 23 and 25, and suitable examples are described at
      pages 182 to 184 of Masers and Lasers by M. Brotherton, McGraw-Hill Book
      Co., New York, 1964. The infrared laser beams in FIG. 3 are indicated at
      17, 19 and 21.
PAR  The waveguide means could be micro-waveguides where masers are used, and
      the reflectors can be mirrors for use with visible light lasers and
      infrared lasers, and microwave reflectors for use with masers.
PAR  An infrared display (using infrared lasers) could be used for simulation of
      an infrared scene in infrared sniper-scope training equipment and on a
      classroom basis. An ultraviolet display could be used for training medical
      personnel in the use of Woods Light survey equipment for detecting skin
      diseases and disorders. A maser generated display could be used for
      training personnel in the use of radar scopes and associated equipments.
PAR  It is to be noted further that the lasers 16, 18 and 20 could be one
      multicolor laser with its colors sorted into components by dichroic
      mirrors or other suitable means. Also, additional optics can be introduced
      between the fixed mirrors 46, 48 and 50 and the rotatable mirror 52 to
      focus the laser beams onto the fiber optics input ends with less light
      loss. In the arrangement of the output ends of the fiber groups 38, 40 and
      42, it is to be noted that the data (via data points established by the
      fiber display ends 38b, 40b and 42b) can be displayed on the screen in any
      desired predetermined order. The size of the individual strands of the
      optic fibers, being as small as 0.001 inch in diameter, is such that
      resolution as small as 0.001 inch can be obtained in both horizontal and
      vertical directions. In the case of maser sources, the micro-waveguides
      can be as small as 0.03 inch yielding a resolution limit of 0.03 inch
      horizontal and vertical.
PAR  Thus, advantages of the invention include the facts that (1) the light
      emitted by the display screen is bright, coherent and spectrally pure; (2)
      the resolution of the screen can be as small as 0.001 inch in both axes;
      (3) the data points on the screen can be displayed in any selected
      predetermined order; (4) the data input signal acts directly on the laser
      beams via the modulator means; and (5) the light emitted by the display
      screen can be of any wavelengths in the region of 10.sup.9 to 10.sup.17
      hertz.
PAR  The several elements shown in block form are common off-the-shelf items
      presently available in commerce. For example, a suitable laser for
      elements 16, 18 and 20 is shown in the March 1974 issue of Laser Focus
      (inside front cover) and identified as Model 490, Tunable Dye Laser, by
      Coherent Radiation. For modulators 22, 24 and 26 a suitable element is
      Model M40-R, Acousto-Optic Light Modulator by Zenith Radio Corp., page 18
      of the April 1974 issue of Laser Focus. For signal converter 28, a
      suitable element is a Television Receiver described on pages 1-4 of
      Television, How It Works  by Richard Johnson, Rider Publishing Co., New
      York, 1956. In the same text, on pages 1-4 is described a television
      camera suitable for camera 30 and antennae 32 and 34. The video tape
      cassette 66 is the same as presently used by radio stations to record
      programs and is available from RCA Corp. Masers suitable for elements 70,
      72 and 74 (FIG. 2) are described at pages 9-1ff of Lectures on Physics,
      Vol. III, by Richard Feynman, Addison Wesley Publishing, 1965. Lasers
      suitable for elements 76, 77 and 78 (FIG. 3) are such as Model 950A,
      Tunable CO.sub.2 Laser by GTE Sylvania, referenced on page 50, April 1974
      issue of Laser Focus mentioned above.
PAR  It will be understood that various changes in the details, materials and
      arrangements of parts, which have been herein described and illustrated in
      order to explain the nature of the invention, may be made by those skilled
      in the art, within the principle and scope of the invention as expressed
      in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-wavelength display system comprising
PA1  a. a plurality of electro-magnetic radiation source means, each of
      different wavelength and all within the frequency range of 10.sup.9 to
      10.sup.17 cycles per second;
PA1  b. an arrangement of groups of waveguides having input and output ends, one
      group for each radiation source;
PA1  c. wave distribution means connected to pass radiation waves from each of
      said source means sequentially to the input ends of an associated group of
      said waveguides;
PA1  d. support means and means forming on said support a raster type display
      formed of said output ends of said waveguides arranged in a pattern to
      provide horizontal and vertical scan from said wave distribution means;
PA1  e. analog data input means for supplying voltage signals representative of
      an image and modulator means for receiving said input electrical signals
      to vary the intensity of radiation beam from each radiation source to
      reproduce on said display said image in radiation source wavelengths;
PA1  said wave distribution means including
PA1  f. means holding said input ends of each group of waveguides in sequential
      circular arrangement inwardly directed toward a common axial center, each
      group in a plane parallel to its adjacent group;
PA1  g. reflector means including stationary reflectors and a rotatable
      reflector;
PA1  h. said stationary reflectors being positioned each to pass waves from as
      associated radiation source to said rotatable reflector and said rotatable
      reflector being positioned, with respect to said wavelength input ends,
      centrally and concentric therewith to redirect radiation rays from each of
      said radiation source to an associated group of said input ends of said
      waveguide groups in sequential manner as said rotatable reflector is
      rotated; and
PA1  i. means for rotating said rotatable reflector at a speed selected to
      provide a desired raster scan rate.
NUM  2.
PAR  2. Apparatus according to claim 1, in which
PA1  a. said electromagnetic radiation sources are visible light lasers;
PA1  b. said waveguides are optic fibers as small as 0.001 inch diameter; and
PA1  c. said reflectors are mirrors to provide a resultant display of coherent
      and spectrally pure light and of resolution as small as 0.001 inch.
NUM  3.
PAR  3. Apparatus according to claim 1, in which
PA1  a. said electromagnetic radiation sources are masers;
PA1  b. said waveguides are micro-waveguides as small as 0.03 inch diameter;
PA1  c. said reflectors are microwave reflectors to provide a resultant display
      of coherent and spectrally pure microwaves and of resolution as small as
      0.03 inch.
NUM  4.
PAR  4. Apparatus according to claim 1, in which
PA1  a. said electromagnetic radiation sources are infrared lasers;
PA1  b. said waveguides are optic fibers as small as 0.001 inch in diameter; and
PA1  c. said reflectors are mirrors to provide a resultant display of coherent
      and spectrally pure infrared light and of resolution as small as 0.001
      inch.
NUM  5.
PAR  5. Apparatus according to claim 1, in which
PA1  a. said data input means is a frequency to voltage analog signal converter
      for receiving color television signal inputs from a source of television
      image signals and passing analog signals to said modulators to pass and/or
      modulate the intensity of the radiation beams from each of said radiation
      sources.
NUM  6.
PAR  6. Apparatus according to claim 1, in which
PA1  a. said data input means is a programmed signal source for supplying analog
      voltage to said modulators to pass and/or modulate the intensity of the
      radiation beams from each of said radiation sources.
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ABST
PAL  In a video signal reproducing device having a cathode ray tube in which at
      least one electron beam is focused at a phosphor screen and is made to
      scan the screen in line-scanning and vertical directions, and in which the
      beam focusing is effected by an electron lens constituted by at least two
      tubular electrodes arranged coaxially in succession along the axis of the
      tube with a relatively low potential being applied to one of the
      electrodes and a relatively high potential being applied to the other
      electrode or electrodes; electron beam scanning velocity modulation is
      effected by forming the tubular electrode to which the low potential is
      applied in two parts which are axially separated along a vertical plane
      inclined relative to the tube axis, and by applying across the two parts
      of such tubular electrode a control signal which is produced in response
      to transient changes in the luminance or brightness of the video signal
      being reproduced. Such control signal is preferably provided by a circuit
      which employs only a single delay line to provide the velocity modulating
      control signal as the difference between a luminance or brightness
      component of the video signal and such component delayed twice by the
      delay line, and a further control signal constituted by the luminance or
      brightness component delayed once by the delay line and which is employed
      for modulating the intensity of the electron beam or beams.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to video signal reproducing devices, and
      more particularly is directed to improvements in such devices for
      modulating the scanning velocity of the electron beam or beams for
      reproducing a picture image having significantly improved sharpness.
PAR  2. Description of the Prior Art
PAR  When the phosphor screen of a video signal reproducing device, as in the
      cathode ray tube of a television receiver, is scanned by an electron beam
      or beams so as to form a picture image on the phosphor screen, the
      electron beam forms on the phosphor screen a beam spot whose size is
      larger at high brightness levels than the spot formed by the electron beam
      corresponding to the low brightness level portions of the image. Further,
      when a beam scanning the screen moves across the demarcation or edge
      between image areas of low and high brightness, for example, black and
      white areas, respectively, the beam intensity cannot switch instantly from
      the low level characteristic of the black area to the high level
      characteristic of the white area, with the result that the sharpness of
      the reproduced image is degraded at portions of the image where sudden
      changes in brightness occur in response to transient changes in the
      luminance or brightness of the video signal being reproduced.
PAR  As means of compensating for such degradation of the apparent response of
      the picture image, an aperture compensation technique has been proposed
      and is described, for example, in R. C. Dennison, "Aperture Compensation
      for Television Camera", RCA Review, 14,569 (1953). In accordance with such
      aperture compensation technique, the intensity of the electron beam is
      first decreased and then increased at those portions of the picture image
      at which the brightness changes from a low level to a high level. Although
      this procedure actually increases the time required for transition of the
      beam intensity between its low and high levels, there is created a visual
      edge effect which, to some extend and in the case of relatively small
      screens, registers psychologically as improved edge sharpness. However,
      such compensation is insufficient for achieving really sharp definitions
      between light and dark areas of a reproduced image, particularly in the
      case of relatively large screen areas.
PAR  In order to avoid the above disadvantage of the aperture compensation
      technique, it has been proposed to detect transient changes in the
      brightness level of the video signal being reproduced and to change the
      electron beam scanning velocity from its normal velocity in reponse to the
      thus detected transient changes. Devices employing the foregoing so-called
      velocity modulation have been described, for example, in U.S. Pat. No.
      2,227,630, No. 2,678,964 and No. 3,752,916.
PAR  However, difficulties are encountered in respect to the means employed for
      modulating the electron beam scanning velocity from its normal velocity.
      For example, in each of U.S. Pat. No. 2,227,630 and No. 2,678,964 it is
      proposed to supply the control signal for effecting the beam scanning
      velocity modulation to an additional deflection coil provided on the neck
      portion of the cathode ray tube so as to produce a magnetic field for
      suitably influencing the scanning velocity. However, by reason of the
      inductance and capacitance inherent in such additional deflection coil,
      the beam scanning velocity cannot be modulated at the required frequency.
      Although the foregoing problem is overcome by employing electrostatic
      deflection of the beam to achieve the scanning velocity modulation, for
      example, as also disclosed in U.S. Pat. No. 2,678,964 and as disclosed in
      U.S. Pat. No. 3,752,916, the arrangement proposed in these patents are
      disadvantageously limited to effective use only in monochrome or
      black-and-white television receivers and, in any case, require elongation
      of the cathode ray tube neck and consequently undesirably increase the
      depth of the television receiver cabinet. In each of U.S. Pat. No.
      2,678,964 and No. 3,752,916, the control signal for effecting velocity
      modulation is applied across additional deflection plates disposed in the
      cathode ray tube neck, preferably in advance of the electromagnetic or
      electrostatic field by which the electron beam is focused at the phosphor
      screen. It will be apparent that the electrostatic deflection of the beam
      in response to such control signal for achieving the desired velocity
      modulation causes the electron beam to deviate from a path through the
      center of the focusing field at which minimum aberrations are imparted to
      the focused beam. Although such aberrations may be tolerable in the case
      of a monochrome television receiver, the problem is accentuated in the
      case of a color television receiver in which three electron beams are
      usually employed. In the case of color television receiver employing three
      electron beams originating at spaced apart points and being directed to
      impinge on respective color phosphors of the screen after passing through
      either a common focusing field or individual focusing fields, the
      electrostatic deflection of the beams in advance of such focusing field or
      fields gives rise to undersirable aberrations in the focused beams.
      Further, since the beams are subjected to electrostatic deflection to
      achieve velocity modulation at locations where the beams are relatively
      widely spaced apart, individual sets of deflection plates have to be
      provided for the three beams with the result that the structure is
      undesirably complicated.
PAR  In U.S. Pat. No. 3,830,958, issued Aug. 20, 1974, and having a common
      assignee herewith, arrangements are disclosed for effecting beam scanning
      velocity modulation in color video signal reproducing devices,
      particularly of the type disclosed in U.S. Pat. No. Re. 27,751, and which
      are known as color cathode ray tubes of the Trinitron (Trademark) type. In
      such devices of the Trinitron (trademark) type, the three electron beams
      for energizing respective phosphors arranged in groups on the screen are
      made to converge from laterally spaced apart points of origin so as to
      intersect each other at a location which is substantially at the center of
      the main focusing lens and to exit from the latter along divergent paths
      with which convergence deflecting means are associated for reconverging
      the electron beams to impinge on the respective phosphors in one of the
      groups thereof, and a deflection yoke is provided on the color cathode ray
      tube between the convergence deflecting means and the screen for causing
      the beams to scan the screen in line-scanning and vertical direction. In
      U.S. Pat No. 3,830,958, it is proposed that velocity modulation be
      effected in color video signal reproducing devices of the foregoing type
      by means of a single pair of deflection plates spaced apart in the
      line-scanning direction and being disposed immediately adjacent the main
      focusing lens between the latter and the convergence deflecting means so
      that the three beams pass between the deflecting plates at portions of
      their respective divergent paths that are relatively close to each other.
      Therefore, when a control signal is applied across such pair of deflection
      plates in response to transient changes in the brightness of the video
      signal being reproduced, the resulting electrostatic field deflects the
      three beams more or less equally for achieving the desired velocity
      modulation. However, it will be apparent that the effect of the
      electrostatic field on the three beams is not precisely equal by reason of
      the spacing between their respective paths through such field. Further,
      the deflecting plates added to the electron gun for achieving the
      described velocity modulation necessarily increases the length thereof so
      that the depth of the cabinet cannot be minimized.
PAR  In previously existing circuits for providing the control signal by which
      beam scanning velocity modulation is effected in response to transient
      changes in the luminance or brightness component of the video signal being
      reproduced, a plurality of delay lines are employed. For example, in U.S.
      Pat. No. 3,830,958, a luminance signal separated from the color video
      signal being reproduced is applied to the input end of a first delay line
      and also to a subtractor while the output from the first delay line, that
      is, the once delayed luminance signal, is applied to the input of a second
      delay line to provide, at the output of the latter, a twice delayed
      luminance signal applied to the subtractor so that the output of the
      latter is the difference between the separated luminance signal and the
      twice delayed luminance signal and consitutes the control signal for the
      velocity modulation. The once delayed luminance signal from the first
      delay line is also applied to the matrixing circuit which receives color
      difference signals and which is operative to provide respective color
      signals by which the beam intensities are controlled. However, since delay
      lines are relatively costly components, it is desirable to reduce the
      number of such components required for producing the control signal by
      which velocity modulation is effected.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a video signal
      reproducing device with an improved arrangement for effecting beam
      scanning velocity modulation and thereby achieving enhanced sharpness of
      the reproduced image or picture, particularly at the demarcations between
      relatively dark and light picture areas.
PAR  Another object is to provide an arrangement for effecting beam scanning
      velocity modulation, as aforesaid, which is readily applicable to color
      video signal reproducing devices, such as, color television receivers.
PAR  Another object is to provide an arrangement for effecting beam scanning
      velocity modulation, as aforesaid, which does not require elongation of
      the cathode ray tube neck, and which therefore permits minimizing of the
      cabinet depth for accommodating such tube.
PAR  Still another object is to provide an arrangement for effecting beam
      scanning velocity modulation, as aforesaid, and which has relatively high
      sensitivity to the control signal therefor, so that such control signal
      may be of relatively low voltage for safety and ease of production.
PAR  A further object is to provide an improved circuit which includes a single
      delay line for producing the control signal by which beam scanning
      velocity modulation is achieved in response to transient changes in the
      luminance of brightness component of the video signal being reproduced.
PAR  A Still further object is to provide an improved arrangement for effecting
      beam scanning velocity modulation in a color cathode ray tube device of
      the Trinitron (trademark) type.
PAR  In accordance with an aspect of the invention, in a video signal
      reproducing device of the type having a cathode ray tube in which at least
      one electron beam is made to scan a phosphor screen in line-scanning and
      vertical directions and focusing of each beam at the screen is effected by
      a main electron focusing lens having at least two tubular electrodes
      arranged coaxially in succession along the tube axis with a relatively low
      potential being applied to one of the electrodes and a relatively high
      potential being applied to the other electrode or electrodes; electron
      beam scanning velocity modulation is effected by forming the electron
      focusing lens electrode to which the low potential is applied in two parts
      which are axially separated along a vertical plane inclined relative to
      the tube axis, and by applying across those two parts of each electrode a
      control signal which is produced in response to transient changes in the
      luminance or brightness of the video signal being reproduced.
PAR  The foregoing arrangement for effecting beam scanning velocity modulation
      according to this invention is applicable to monochrome, or
      black-and-white video signal reproducing devices, as well as to color
      video signal reproducing devices, and in all instances requires no
      additional electrodes in the electron gun structure so that the
      manufacture of the latter is simplified and its length may be desirably
      minimized. Further, such beam scanning velocity modulation according to
      the invention may be embodied in devices having unipotential or
      bipotential lenses for focusing the electron beam or beams.
PAR  Beam scanning velocity modulation according to the invention is
      particularly suited for incorporation in color video signal reproducing
      devices of the Trinitron (trademark) type, as aforesaid, in that, in such
      devices, the three beams having spaced apart points of origin are made to
      converge so as to intersect each other at a location substantially at the
      center of the main focusing lens. Therefore, the control signal applied
      across the two parts of the lens electrode having the relatively low
      potential applied thereto produces a beam deflecting field at or near the
      location of intersection of the beams so as to act at least substantially
      equally on all of the beams. Further, since the beams intersect each other
      substantially at the center of the main focusing lens, the deflection of
      the beams for achieving beam scanning velocity modulation does not cause
      any of the beams to depart from the central portion of the main focusing
      lens field and, therefore, the desired scanning velocity modulation is
      achieved without imparting coma or spherical aberrations to the beam
      landing spots on the screen, as would be the case if the deflected beams
      passed through peripheral portions of the main focusing lens field.
PAR  In accordance with another aspect of this invention, the control signal for
      effecting beam scanning velocity modulation in response to transient
      changes in the brightness of the video signal being reproduced is provided
      by a circuit that comprises a single delay line having a brightness
      component of the video signal applied to its input end, a transistor of
      base-common configuration connected to the output end of the delay line
      for shorting said output end in response to transient changes in the
      brightness component so that the latter once delayed by said delay line is
      reflected from said output end back along the delay line for providing
      said brightness component twice delayed by said delay line at said input
      end of the latter, means for detecting the short circuited current through
      the transistor so as to obtain the once delayed brightness component
      therefrom for use in modulating the intensity of the electron beam or
      beams, and means connected with said input end of the delay line for
      deriving therefrom the velocity modulation control signal as the
      difference between the original brightness component and the twice delayed
      brightness component.
PAR  The above, and other objects, features and advantages of this invention,
      will be apparent in the following detailed description of illustrative
      embodiments thereof which is to be read in connection with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view through the axis of the cathode ray tube
      of a color video signal reproducing device embodying this invention, and
      which is taken in a horizontal plane, that is, in a plane parallel to the
      line-scanning direction;
PAR  FIG. 2 is a schematic sectional view to which reference will be made in
      explaining the operation of the device of FIG. 1;
PAR  FIG. 3 is a detail perspective view showing one of the electrodes of the
      unipotential main focusing lens included in the embodiment of the
      invention illustrated on FIG. 1;
PAR  FIG. 4 is a block diagram of a circuit according to this invention for
      providing the control signal by which beam scanning velocity modulation is
      achieved;
PAR  FIGS. 5 and 6 are graphs to which reference will be made in explaining the
      operation of the circuit shown on FIG. 4;
PAR  FIG. 7 is a cross-sectional view similar to that of FIG. 1, but showing a
      color video signal reproducing device according to another embodiment of
      this invention which employs a bipotential main focusing lens;
PAR  FIGS. 8 and 9 are views similar to those of FIGS. 2 and 3, respectively,
      but being applicable to the embodiment of the invention shown on FIG. 7;
      and
PAR  FIG. 10 is a schematic sectional view similar to FIGS. 2 and 8, but
      illustrating another embodiment of the invention applied to a monochrome
      or black-and-white video signal reproducing device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in detail, and initially to FIG. 1 thereof, it
      will be seen that the invention is there shown applied to a color video
      signal reproducing device 10 of the Trinitron (trademark) type, for
      example, as disclosed in U.S. Pat. No. Re. 27,751. The device 10 is shown
      to generally comprise a single-gun, plural beam color cathode ray tube 12
      having an envelope 14 that consists of a panel or face portion 14P, a
      funnel portion 14F and a neck portion 14N. The panel portion 14P has a
      color phosphor screen 16 coated on its inner surface and being composed of
      arrays of different color phosphor areas, that is, areas of phosphors
      which emit different colors when energized by respective electron beams,
      and which are arranged in groups each intended to form a picture or image
      element. Disposed adjacent screen 16 is an apertured beam-selecting grill
      or shadow mask 18. An electron gun 20 is disposed within neck 14N and is
      shown to include cathodes K.sub.R, K.sub.G and K.sub.B which constitute
      respective beam-generating sources with the beam-generating surfaces
      thereof being disposed, as shown, in a plane which is substantially
      perpendicular to the coincident axes of electron gun 20 and tube 12. In
      the embodiment shown, the beam-generating surfaces are arranged in a
      straight line so that the respective beams B.sub.R, B.sub.G and B.sub.B
      emitted therefrom are directed in a substantially horizontal plane
      containing the axis of the gun, with the central beam B.sub.G being
      coincident with such axis. A first grid G.sub.1 is spaced from the
      beam-generating surfaces of cathodes K.sub.R, K.sub.G and K.sub.B and has
      apertures g.sub.1R, g.sub.1G and g.sub.1B formed therein in alignment with
      the respective cathode beam-generating surfaces. A second grid G.sub.2 is
      spaced from first grid G.sub.1 and has apertures g.sub.2R, g.sub.2G and
      g.sub.2B formed therein in alignment with the respective apertures
      g.sub.1R, g.sub.1G and g.sub.1B of first grid G.sub.1. Successively
      arranged in the axial direction away from the common grid G.sub.2 are
      tubular grids or electrodes G.sub.3, G.sub.4 and G.sub.5, respectively,
      which, as hereinafter described, are operative to provide a so-called
      unipotential main focusing lens by which all of beams B.sub.R, B.sub.G and
      B.sub.B are focused at screen 16. The cathodes K.sub.R, K.sub.G and
      K.sub.B, grids G.sub. 1 and G.sub.2, and electrodes G.sub.3, G.sub.4 and
      G.sub.5 are maintained in the depicted, assembled relative positions
      thereof, by conventional support means (not shown) of an insulating
      material.
PAR  For operation of the electron gun 20 of FIG. 1, appropriate voltages are
      applied to grids G.sub.1 and G.sub.2 and to electrodes G.sub.3, G.sub.4
      and G.sub.5. Thus, for example, a voltage of 0 to minus 400V is applied to
      grid G.sub.1, a voltage of 0 to 500V is applied to grid G.sub.2, a
      relatively high voltage or potential, for example, the anode voltage of 13
      to 20KV is applied to electrodes G.sub.3 and G.sub.5, and a relatively low
      voltage or potential of 0 to only several KV is applied to electrode
      G.sub.4, with all of these voltages being based upon the cathode voltage
      as a reference. With the foregoing voltage distribution, an electron lens
      field will be established between grid G.sub.2 and electrode G.sub.3 to
      form an auxiliary lens, and an electron lens field will be established
      around the axis of electrode G.sub.4, by the electrodes G.sub.3, G.sub.4
      and G.sub.5, to form a main focusing lens. In a typical use of electron
      gun 20, bias voltages of 100V, 0V, 300V, 20KV, 200V and 20KV may be
      suitably applied to the cathodes K.sub.R, K.sub.G and K.sub.B, the first
      and second grids G.sub.1 and G.sub.2 and the electrodes G.sub.3, G.sub.4
      and G.sub.5, respectively.
PAR  In operation of electron gun 20, the electron beams B.sub.R, B.sub.G and
      B.sub.B which emanate from the beam generating surfaces of cathodes
      K.sub.R, K.sub.G and K.sub.B will pass through the respective grid
      apertures g.sub.1R , g.sub.1G and g.sub.1B, to be intensity modulated with
      what may be termed the "red", "green" and "blue" intensity modulation or
      color signals applied between said cathodes and the first grid G.sub.1.
      The electron beams will then pass through the auxiliary lens and be made
      to converge by the latter so as to intersect each other substantially at
      the center 0 of the main focusing lens. Thereafter, the central beam
      B.sub.G will exit from the main focusing lens substantially along the tube
      axis, while the other or side beams B.sub.R and B.sub.B will exit along
      divergent paths.
PAR  Further included in the electron gun 20 of FIG. 1 is electron beam
      convergence deflecting means F which is positioned axially beyond
      electrode G.sub.5 and comprises shielding plates P and P' disposed in the
      depicted spaced relationship at opposite sides of the gun axis, and
      axially extending, deflector plates Q and Q' which are disposed in
      outwardly spaced, opposed relationship to shielding plates P and P',
      respectively.
PAR  The shielding plates P and P' are equally charged so that the central
      electron beam B.sub.G will pass substantially undeflected between
      shielding plates P and P', while the deflector plates Q and Q' have
      negative or lower charges with respect to the plates P and P' so that
      electron beams B.sub.B and B.sub.R, in moving along their above mentioned
      divergent paths, will be convergently deflected, as shown, by the
      respective passages thereof between the plates P and Q and the plates P'
      and Q', respectively. More specifically, a voltage which is equal to the
      voltage applied to the lens electrodes G.sub.2 and G.sub.5 may be applied
      to both shielding plates P and P', and a voltage which is some 200 to 300
      V lower than the last mentioned voltage is applied to both deflector
      plates Q and Q' to result in the application of a deflecting voltage
      difference or convergence deflecting voltage between plates P' and Q' and
      plates P and Q and it is, of course, this convergence deflecting voltage
      which will impart the requisite convergent deflection to the respective
      electron beams B.sub.B and B.sub.R.
PAR  In the illustrated cathode ray tube 12, shielding plates P and P' are
      secured to the adjacent end of the lens electrode G.sub.5, as by
      conductive support members 21 from which conductive resilient contacts 22
      extend into engagement with an extension 23a of a conductive film 23
      coated on the inner surface of funnel portion 14F. Resilient conductive
      strips 24 extend from deflector plates Q and Q' to a C-shaped conductive
      leaf spring 25 which engages against a part of the neck portion 14N that
      is devoid of the conductive film extension 23a. A coaxial anode button 26
      is sealed in the wall of funnel portion 14F and includes an inner terminal
      26a connected by a conductor 27 extending through an insulator tube 28 to
      the C-shaped conductive spring 25 for applying the requisite voltage to
      plates Q and Q'. Anode button 26 further includes an outer terminal 26b
      through which an anode voltage is applied to conductive film 23. Such
      anode voltage is applied from film 23 to phosphor screen 16 and, by way of
      film extension 23a and contacts 22, to plates P and P' and lens electrode
      G.sub.5. Further, a conductor 29 extends between lens electrodes G.sub.3
      and G.sub.5 for applying the anode voltage to electrode G.sub.3.
PAR  It will be apparent that the electron gun 20 is so arranged that, as a
      result of the convergence deflections imparted to beams B.sub.R and
      B.sub.B by convergence deflecting means F, electron beams B.sub.B, B.sub.G
      and B.sub.R will again converge or cross each other at a common spot
      centered in an aperture or slit of beam selecting grill or mask 18 so as
      to diverge therefrom and impinge upon or strike the respective color
      phosphor areas of a corresponding group thereof on screen 16. The beams
      B.sub.R, B.sub.G and B.sub.B are made to simultaneously scan screen 16 in
      the line-scanning or horizontal direction and in the vertical direction by
      means of a horizontal and vertical deflection yoke assembly 30 which is
      positioned about funnel portion 14F adjacent neck portion 14N, and which
      conventionally receives horizontal and vertical sweep signals.
PAR  It will be apparent that, in the above described color cathode ray tube 12,
      each of the beams B.sub.R, B.sub.G and B.sub.B is passed, for focusing,
      through substantially the center 0 of the main focusing lens of gun 20 so
      that the beam spots formed by impingement of the beams on screen 16 will
      be substantially free of coma and/or astigmatism resulting from the
      focusing action of the main lens to provide improved color picture
      resolution.
PAR  In accordance with the present invention, beam scanning velocity modulation
      is provided in the above descrined color video signal reproducing device
      10 in order to enhance the sharpness of the demarcations between
      relatively dark and light areas of the color picture produced on screen
      16. More specifically, in accordance with this invention, the tubular
      electrode G.sub.4 of the main focusing lens which receives the relatively
      low biasing voltage or potential for producing the electrical focusing
      field is split diagonally, that is, is formed in two parts G.sub.4A and
      G.sub.4B which are axially separated and which have their adjacent end
      edges g.sub.4a and g.sub.4b, respectively, lying in parallel vertical
      planes that are inclined relative to the coincident axes of gun 20 and
      tube 12 (FIGS. 1-3). Further, such parts G.sub.4A and G.sub.4B of lens
      electrode G.sub.4 are preferably disposed so that the planes of their end
      edges g.sub.4a and g.sub.4b pass substantially close to the center 0 of
      the main focusing lens (FIGS. 1 and 2).
PAR  Lead wires or conductors 31A and 31B extend axially within neck portion 14N
      from electrode parts G.sub.4A and G.sub.4B, respectively, to terminal
      pairs 32A and 32B which extend through a stem 33 at the end of neck
      portion 14N, and through which both parts G.sub.4A and G.sub.4B of
      electrode G.sub.4 may have applied thereto the requisite voltage of 0 to
      only several KV, for example, a voltage of 400V., for operation of the
      main focusing lens, while the control signal for effecting velocity
      modulation, and which may have a peak-to-peak voltage of about 350V is
      applied between terminal pins 32A and 32B, and hence across electrode
      parts G.sub.4A and G.sub.4B. More particularly, as shown schematically on
      FIG. 2, the focusing voltage V.sub.f for lens electrode G.sub.4 may be
      applied to the midpoint of a resistor 34 which is connected across
      terminal pins 32A and 32B while the velocity modulating signal E is
      applied between terminal pins 32A and 32B from a circuit 35.
PAR  It will be apparent that, by reason of the described diagonal separation
      between parts G.sub.4A and G.sub.4B of focusing lens electrode G.sub.4,
      the application of the velocity modulation control signal E across such
      electrode parts results in a respective electric field which deflects
      beams B.sub.R, B.sub.G and B.sub.B in the horizontal or line-scanning
      direction, for example, from the positions shown in broken lines on FIG.
      2. Since the deflection field for velocity modulation is formed at or near
      the center 0 of the main focusing lens, that is, the location at which the
      three beams B.sub.R, B.sub.G and B.sub.B intersect each other, all three
      of the electron beams pass through the same region of the deflection field
      and thus are equally influenced by the latter. Further, in applying the
      present invention to a color cathode ray tube 12 of the Trinitron
      (trademark) type, that is, one in which the three beams intersect at the
      center of the main focusing lens, the horizontal deflection of the beams
      for velocity modulation purposes is achieved without deflecting any of the
      beams into peripheral portions of the main focusing field where coma
      and/or astigmatism might be imparted to the focused beams.
PAR  It is also to be seen that since the control signal E for velocity
      modulation is applied across parts G.sub.4A and G.sub.4B of the focusing
      lens electrode G.sub.4 which otherwise receives a relatively low focusing
      voltage V.sub.f, the levels of the control signal for velocity modulation
      may be relatively low so as to facilitate the production of such control
      signal and its safe handling, while making possible the attainment of high
      deflection sensitivity. Such deflection sensitivity may be expressed as:
EQU  (.DELTA..theta./.DELTA.V) = 8.12 .times. 10.sup.-.sup.6 rad/V
PAL  in which .DELTA..theta. is the angle through which beam is deflected, and
      .DELTA.V is the potential difference between electrode parts G.sub.4A and
      G.sub.4B. Further, it is to be noted that the application of beam scanning
      velocity modulation to the color cathode ray tube 12 in accordance with
      this invention requires the provision of only one additional terminal pin
      on such tube. More specifically, in the absence of the provision of
      velocity modulation, a single terminal pin would have to be provided
      through stem 33 for applying the focusing voltage to electrode G.sub.4 ;
      whereas, in accordance with this invention, only two terminal pins 32A and
      32B are required for applying to electrode parts G.sub.4A and G.sub.4B
      both such focusing voltage V.sub.f and the control signal E. Finally, it
      will be appreciated that the application of velocity modulation according
      to this invention to the electron gun 20 does not increase the length of
      the latter so that such gun can be accommodated in a relatively short neck
      portion 14N of the tube envelope, as is desired for reducing the required
      depth of the cabinet.
PAR  Referring now to FIG. 4, it will be seen that, in a circuit arrangement for
      producing the control signal E in response to transient changes in the
      brightness component of a video signal, the video signal, for example, a
      color television signal, may be received by an antenna 36 and passed
      through a tuner amplifier 37 and intermediate frequency amplifier 38 to a
      detector 39. The detected output then goes to a video amplifier circuit 40
      consisting of a pre-amplifier 41, a delay line 42 and a rear-amplifier 43
      to derive a brightness or luminance signal Y.sub.o from an output terminal
      40a of video amplifier circuit 40.
PAR  The brightness signal Y.sub.o is supplied to an input terminal 35a of the
      circuit 35 for producing the control signal in response to transient
      changes in the brightness or luminance of the color video signal. In
      accordance with this invention, the circuit 35 is shown to preferably
      contain only a single delay line 44 having input and output ends 44a and
      44b with the luminance or brightness signal Y.sub.o being applied to input
      end 44a by way of a transistor Q.sub.1 of collector-common configuration
      which acts to amplify the signal without altering the phase thereof. More
      specifically, as shown, transistor Q.sub.1 has its base electrode
      connected to input terminal 35a for receiving the luminance signal
      Y.sub.o, while the collector electrode of transistor Q.sub.1 is connected
      to ground and its emitter electrode is connected, through a resistor 45,
      to an operating voltage source 46 and, through a resistor 47, to the input
      end 44a of delay line 44. Further, as shown, the output end 44b of delay
      line 44 is connected through a bleeder resistor 48 to ground, and also
      connected to a transistor Q.sub.2 of base-common configuration which acts
      as an impedance converter. More specifically, the transistor Q.sub.2 is
      shown to have its emitter electrode connected to output end 44a of delay
      line 44, while its base electrode is connected to ground through a
      capacitor 49 and also connected between biasing resistors 50 and 51 which
      are connected in series between voltage source terminal 46 and ground.
      Finally, a resistor 52 is shown to be connected between voltage source
      terminal 46 and the collector electrode of transistor Q.sub.2, and an
      output terminal 35b of circuit 35 is connected to input end 44a of delay
      line 44 and a second output terminal 35c is connected to the collector
      electrode of transistor Q.sub.2.
PAR  In the circuit 35 as described above, bleeder resistor 48 is dimensioned to
      provide small current flow therethrough, for example, of the order of
      approximately 3 to 4 m.A, while the input impedance, that is, the
      base-emitter impedance, of transistor Q.sub.2 is very small in respect to
      the impedance of resistor 48. Therefore, in response to a transient or
      sharp change in the luminance signal transmitted along delay line 44, the
      output end 44b of the latter is shorted to ground so as to cause a
      negative reflected wave to travel back along delay line 44 to its input
      end 44a. As a result of the foregoing, and assuming that a signal
      traveling along delay line 44 is delayed by the time .tau., it will be
      apparent that the resistor 52 detects the short circuit current at the
      output end of delay line 44, and more precisely at the collector electrode
      of transistor Q.sub.2, so as to provide a corresponding voltage or signal
      Y.sub.1 at output terminal 35c which corresponds to the original luminance
      signal Y.sub.o once delayed by delay line 44, that is, delayed by the time
      .tau.. Further, the reflected wave returning to the input end of delay
      line 44 in response to a transient change in the luminance signal Y.sub.o
      results in a signal Y.sub.2 that corresponds to the signal Y.sub.o twice
      delayed by the delay line 44, that is, delayed by the time 2 .tau..
      Therefore, in response to a transient change in the luminance signal
      Y.sub.o, there is obtained at output terminal 35b the difference between
      luminance signal Y.sub.o and the twice delayed signal Y.sub.2, that is
      Y.sub.o -Y.sub.2. Such signal Y.sub.o -Y.sub.2 obtained at output terminal
      35b may be amplified by an amplifier 53 to provide the control signal E
      which is merely Y.sub.o -Y.sub.2 after amplification, and which is applied
      across electrode parts G.sub.4A and G.sub.4B of electron gun 20 for
      effecting the desired velocity modulation.
PAR  Maintenance of the sharpness of images produced by a cathode ray tube is
      most difficult when the brightness or luminance signal Y.sub.o changes
      from the black level to the white level or from the white level to the
      black level, which is the largest possible level change and is shown in
      FIG. 5. If the rise time and the fall time of the brightness signal
      Y.sub.o are each represented by t, the time delay .tau. of the delay line
      44 is chosen to be one half of t. Experimental tests have indicated that t
      is on the order of 0.2 .mu. sec. Thus, the delay time .tau. may be chosen,
      for example, to be 0.1 .mu. sec. Of course, the delay time .tau. may be
      varied so as to adjust it to a suitable value. The control signal E for
      modulating the scanning velocity becomes a positive pulse at the time that
      the signal Y.sub.o rises and a negative pulse at the time that the signal
      Y.sub.o falls, as shown in FIG. 6. This control signal E may have its
      level adjusted by suitably varying the gain of amplifier 53.
PAR  The signal Y.sub.1 delayed the time .tau. from the signal Y.sub.o is
      supplied as a brightness or luminance signal to the usual circuits for
      controlling beam intensity in the cathode ray tube. As is shown in FIG. 6,
      the peak of each pulse of control signal E is coincident in time with the
      intermediate point of thn leading edge or trailing edge of the once
      delayed brightness or luminance signal Y.sub.1 supplied to the cathode ray
      tube.
PAR  In the case of a color video signal reproducing device, as shown on FIG. 4,
      the color video signal obtained from preamplifier 41 of circuit 40 is
      supplied to a band-pass amplifier 54 from which is derived a chrominance
      signal which is then supplied to a chrominance demodulator 55 to obtain
      demodulated color signals, for example, color difference signals R-Y and
      B-Y. These signals R-Y and B-Y are supplied to a color difference signal
      composite circuit 56 to obtain three color difference signals R-Y, C-Y and
      B-Y which are then supplied to a matrixing circuit 57 along with the once
      delayed luminance signal Y.sub.1 so as to obtain individual red color
      signals R, green color signals G and blue color signals B from circuit 57.
PAR  The color video signal obtained from preamplifier 41 of the circuit is also
      supplied to a synchronizing signal separator 58 to obtain line- and
      field-synchronizing signals. The line-synchronizing signal is supplied to
      a line-scanning signal supply circuit 59 to obtain a line or horizontal
      sweep or scanning signal, and the field-synchronizing signal is supplied
      to a field-scanning signal supply circuit 60 to obtain a field or vertical
      sweep scanning signal which is also supplied to a high voltage power
      supply circuit 61 to obtain the anode voltage and the convergence voltage
      which are respectively applied to the terminals 26b and 26a of anode
      button 26. Finally, the color signals, R, G and B obtained from matrixing
      circuit 57 are supplied to cathodes K.sub.R, K.sub.G and K.sub.B,
      respectively, of cathode ray tube 12 described with reference to FIG. 1.
      In the circuit shown on FIG. 4, the delay line 42 in video amplifier
      circuit 40 is provided with a delay time which is selected to ensure that
      the once delayed luminance signal Y.sub.1 supplied to matrixing circuit 57
      is coincident in time with the color-difference signals R-Y, G-Y and B-Y
      received by the matrixing circuit and thereby permits the latter to
      produce the desired color signals R, G and B.
PAR  It will be apparent that, in the color video signal reproducing device 10
      as described above, the density or intensity of each of the electron beams
      B.sub.R, B.sub.G and B.sub.B is modulated, at least in part, by the once
      delayed luminance signal Y.sub.1, each of the beams is deflected in the
      line-scanning or horizontal direction and in the vertical direction by the
      line- and vertical-sweep signals supplied to yoke assembly 30 from
      circuits 59 and 60, respectively, and each of the beams is further
      slightly deflected in the line-scanning direction by the control signal E
      applied across the parts G.sub.4A and G.sub.4B of the main lens electrode
      G.sub.4. The micro-deflection effected by the control signal E causes a
      modulation of the line-scanning velocity of each electron beam on the
      screen 16 at times when the signal Y.sub.1 either rises or falls. More
      specifically, the line-scanning velocity begins to increase immediately
      before a rise in the signal Y.sub.1, and returns to its normal velocity
      after the signal Y.sub.1 has completely risen. conversely, the scanning
      velocity begins to decrease immediately before the signal Y.sub.1 falls
      and is restored to its normal velocity after the signal Y.sub.1 has
      completely fallen.
PAR  If the electron beam scanning velocity was not modulated by the signal E,
      the amount of light emitted from that portion of the screen 16 which
      corresponds to a rise or fall in the signal Y.sub.1 would be relatively
      slowly changes. On the contrary, when the electron beam scanning velocity
      is modulated by the control signal E according to the invention, there is
      a decrease in the amount of light emitted from that portion of the screen
      16 at which the scanning velocity is increased, while there is an increase
      in the amount of light emitted from that portion of the screen 113 at
      which the scanning velocity is decreased. Thus, when the electron beam
      scanning velocity is modulated by control signal E, the amount of light
      emitted from those portions of screen 16 at which the signal Y.sub.1 rises
      and falls is suddenly changed, thereby improving the sharpness of images
      produced by cathode ray tube 12.
PAR  In the embodiment of the invention described above with reference to FIGS.
      1-3, the arrangement for achieving beam scanning velocity modulation has
      been applied to a color cathode ray tube 12 having its gun 20 provided
      with a main focusing lens of the unipotential type, that is, composed of
      two tubular electrodes G.sub.3 and G.sub.5, to which the anode or other
      high voltage or potential is applied, and a tubular electrode G.sub.4
      interposed axially between electrodes G.sub.3 and G.sub.5 and to which a
      relatively low focusing voltage or potential V.sub.f is applied. However,
      as shown on FIGS. 7-9, beam scanning velocity modulation according to this
      invention can be also advantageously applied to other color cathode ray
      tubes, for example, to a color cathode ray tube 112 having a main focusing
      lens of the so-called bipotential type. As is shown on FIGS. 7 and 8, in
      which various components of the color cathode ray tube 112 that are
      similar to the corresponding components of the previously described tube
      12 are identified by the same reference numerals and/or letters, the only
      substantial difference between the tubes 12 and 112 is in respect to the
      electron gun 20' of the latter. In such electron gun 20', the three
      focusing lens electrodes G.sub.3, G.sub.4 and G.sub.5 forming the
      unipotential focusing lens of the previously described gun 20 are replaced
      by two focusing lens electrodes G'.sub.3 and G'.sub.4 which are arranged
      axially in succession after the second grid G.sub.2 and which have a
      relatively low voltage or potential, for example, the voltage V.sub.f, and
      a relatively high voltage or potential, for example, the anode voltage,
      respectively applied to electrodes G'.sub.3 and G'.sub.4 so that the
      latter form a bipotential main focusing lens in the gun 20'.
PAR  In accordance with the present invention, the tubular electrode G'.sub.3 of
      the main focusing lens which receives the relatively low biasing or
      focusing voltage V.sub.F is split diagonally into two axially separated
      parts G'.sub.3A and G'.sub.3B which have their adjacent end edges
      g'.sub.3b, respectively, lying in parallel vertical planes that are
      inclined relative to the coincident axes of gun 20' and tube 112 (FIGS. 7,
      8 and 9). In this case, the lead wires or conductors 31A and 31B which
      extend from terminal pins 32A and 32B are respectively connected to
      electrode parts G'.sub.3A and G'.sub.3B. Further, as shown on FIG. 8, the
      relatively low focusing voltage V.sub.f is again applied to the midpoint
      of resistor 34 having its opposite ends connected to terminal pins 32A and
      32B, while the control signal E for effecting velocity modulation, as
      produced by circuit 35, is applied across terminal pins 32A and 32B. In
      the case of the electron gun 20' with a bipotential main focusing lens,
      the focusing electrode G'.sub.4 receives the requisite high voltage or
      potential, for example, the anode voltage, by way of the terminal 26b of
      anode button 26, conductive film 23 and its extension 23a, contacts 22 and
      supports 21 by which the plates P and P' of convergence deflecting means F
      are mounted on electrode G'.sub.4.
PAR  The bipotential main focusing lens constituted by electrodes G'.sub.3 and
      G'.sub.4 having relatively low and high potentials respectively applied
      thereto has its center O located at or near the adjacent ends of such
      electrodes, and the auxiliary lens constituted by an electric field
      produced by second grid G.sub.2 and electrode G'.sub.3 is effective to
      converge beams B.sub.R and B.sub.B so that all three beams B.sub.R,
      B.sub.G and B.sub.B intersect each other substantially at the location 0.
      Further, by reason of the described diagonal splitting of focusing lens
      electrode G'.sub.3 into into parts G'.sub.3A and G'.sub.3B, the
      application of the velocity modulation control signal E across such
      electrode parts results in a respective electric field by which beams
      B.sub.R, B.sub.G and B.sub.B are deflected in the horizontal or
      line-scanning direction, for example, from the positions shown in full
      lines to the positions shown in broken lines on FIG. 8. Although the
      deflection field for velocity modulation is not produced precisely at the
      location O where beams B.sub.R, B.sub.G and B.sub.B are made to intersect
      in the gun 20', it will be apparent that the location at which the
      velocity modulation deflection of the beams occurs is relatively close to
      the location O of beam intersection so that all three beams are
      substantially uniformly affected by the electric field resulting from the
      control signal E, and further so that the velocity modulation of the beams
      does not greatly displace the intersection of the beams away from the
      center of the main focusing lens field. As in the first described
      embodiment, the embodiment of the invention illustrated on FIGS. 7-9
      applies the velocity modulation control signal E across parts of a
      focusing lens electrode which is otherwise maintained at a relatively low
      potential so that the control signal E may be a relatively low level for
      safe handling while achieving good sensitivity. Since the bipotential main
      focusing lens of the gun 20' has only two tubular electrodes G'.sub.3 and
      G'.sub.4, it will be apparent that the application of the invention
      thereto permits the further reduction of the length of the electron gun
      20', as compared with the first described gun 20.
PAR  Although a major advantage of this invention resides in the fact that it
      makes possible the desirable achievement of beam scanning velocity
      modulation in color video signal reproducing devices, for example, as
      described above with reference to FIGS. 1-9, the invention may also be
      advantageously applied to monochrome or black-and-white video signal
      reproducing devices. For example, as shown on FIG. 10, the electron gun
      20" of cathode ray tube for reproducing black-and-white video signals may
      have a single cathode K for emitting a single electron beam B which is
      directed toward a phosphor screen (not shown). A first or control grid
      G".sub.1 is associated with cathode K for controlling the intensity of
      beam B, for example, in response to the application between cathode K and
      first grid G".sub.1 of the once delayed luminance or brightness signal
      Y.sub.1 derived by circuit 35. The gun 20" is further shown to include a
      second grid G".sub.2 and tubular electrodes G".sub.3 and G".sub.4 arranged
      in axial succession, with the electrodes G".sub.3 and G".sub.4 forming a
      bipotential main focusing lens by which beam B is focused at the phosphor
      screen. In this case, the second grid G".sub.2 is employed merely for
      prefocusing.
PAR  In accordance with this invention, the main focusing lens electrode
      g".sub.3 to which a relatively low focusing voltage or potential is
      applied is diagonally split into two parts G".sub.3A and G".sub.3B which
      are similar to the parts G'.sub.3A and G'.sub.3B of FIGS. 7-9, and the
      velocity modulation control signal, for example, the signal E obtained
      from circuit 35, is applied across electrode parts G".sub.3A and G".sub.3B
      for deflecting beam B in the line-scanning direction, for example, from
      the position shown in full lines to the position shown in broken lines on
      FIG. 10.
PAR  It will be apparent that, in the case of a black-and-white video signal
      reproducing device according to this invention, for example, as shown
      schematically on FIG. 10, beam scanning velocity modulation is made
      possible without increasing the length of gun 20" or providing the latter
      with additional electrodes or plates specifically for that purpose.
      Further, since the velocity modulation control signal is applied across
      parts G".sub.3A and G".sub.3B of a focusing electrode to which a
      relatively low potential is otherwise applied, good sensitivity to the
      contro signal may again be obtained notwithstanding the fact that such
      signal has a relatively low level for easy production and safe handling
      thereof.
PAR  Although illustrative embodiments of the invention have been described in
      detail herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to those precise embodiments,
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of the
      invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a video signal reproducing device comprising a cathode ray tube
      having a phosphor screen; an electron gun in said tube including beam
      producing means directing at least one electron beam along the axis of
      said tube toward said screen for impingement on the latter, and main
      electron lens means disposed between said beam producing means and said
      screen for focusing each said beam at said screen, said main electron lens
      means having at least two tubular electrodes arranged coaxially in
      succession along said axis of the tube for the passage of each said beam
      through said electrodes with a relatively low potential being applied to
      one of said electrodes and a relatively high potential being applied to
      the other of said electrodes for producing an electrical field which
      effects said focusing of each said beam; and deflection yoke means on said
      tube between said main electron lens means and said screen for causing
      each said beam to scan said screen in line-scanning and vertical
      directions, respectively: the improvement of said one tubular electrode
      which is maintained at said relatively low potential being formed in two
      parts which are axially separated along a vertical plane that is inclined
      relative to said axis of the tube, and circuit means for applying across
      said two parts of said one tubular electrode a control signal which varies
      the scanning speed of each said beam in said line-scanning direction in
      response to transient changes in the brightness of the video signal being
      reproduced.
NUM  2.
PAR  2. A video signal reproducing device according to claim 1; in which said
      main electron lens means is of the bipotential type and consists of said
      two electrodes with said one electrode being disposed in advance of said
      other electrode considered in the direction from said beam producing means
      toward said screen.
NUM  3.
PAR  3. A video signal reproducing device according to claim 1; in which said
      main electron lens means is of the unipotential type and further includes
      a third tubular electrode aligned axially with said two electrodes, said
      relatively high potential is also applied to said third electrode, and
      said one electrode to which said relatively low potential is applied is
      axially interposed between said other and third electrodes to which said
      relatively high potential is applied.
NUM  4.
PAR  4. A video signal reproducing device according to claim 1; in which said
      screen has arrays of phosphor areas emitting different colors and which
      are arranged in groups, said beam producing means directs additional
      electron beams toward said screen from points of origin that are spaced
      from the point of origin of said one beam for impingement of said one beam
      and said additional beams on respective phosphor areas of said screen, and
      said electron gun further includes means converging said beams from their
      respective points of origin for causing said beams to intersect each other
      at a location substantially centered within said main electron lens means.
NUM  5.
PAR  5. A video signal reproducing device according to claim 4; in which said
      electron beams exit from said main electron lens means along divergent
      paths, and said electron gun further includes convergence deflecting means
      arranged along said divergent paths for reconverging said electron beams
      to impinge on respective phosphor areas of one of said groups thereof.
NUM  6.
PAR  6. A video signal reproducing device according to claim 4; in which said
      points of origin of said additional beams are at opposite sides of, and in
      a common horizontal plane with said point of origin of said one beam.
NUM  7.
PAR  7. A video signal reproducing device according to claim 4; in which said
      main electron lens means is of the bipotential type and consists of said
      two electrodes with said one electrode being disposed in advance of said
      other electrode considered in the direction from said beam producing means
      toward said screen; and in which said means converging the beams causes
      said location at which the beams intersect each other to be disposed near
      the adjacent ends of two electrodes.
NUM  8.
PAR  8. A video signal reproducing device according to claim 4; in which said
      main electron lens means is of the unipotential type and further includes
      a third tubular electrode aligned axially with said two electrodes, said
      relatively high potential is also applied to said third electrode, said
      one electrode to which said relatively low potential is applied is axially
      interposed between said other and third electrodes to which said
      relatively high potential is applied, and said means converging the beams
      causes said location at which the beams intersect to be disposed
      substantially at the axial center of said one electrode.
NUM  9.
PAR  9. A video signal reproducing device according to claim 4; in which said
      circuit means for applying said control signal across said two parts of
      said one electrode includes means for separating a luminance signal from a
      color video signal being reproduced, a single delay line having input and
      output ends, means for applying said luminance signal to said input end,
      means connected with said output end for obtaining the luminance signal
      once delayed by said delay line and for causing reflection of said once
      delayed luminance signal back along said delay line so as to provide said
      luminance signal twice delayed by said delay line at said input end, and
      means connected with said input end for deriving said control signal as
      the difference between said luminance signal and said twice delayed
      luminance signal; and further comprising means for obtaining
      color-difference signals from said color video signal, and matrixing means
      receiving said once delayed luminance signal and said color-difference
      signals and being operative to provide respective color signals for
      modulating the intensities of said electron beams, respectively.
NUM  10.
PAR  10. A video signal reproducing device according to claim 9; in which said
      means connected with said output end of the delay line includes a
      transistor of base-common configuration through which said output end of
      the delay line is shorted in response to transient changes in said
      luminance signal, and means for detecting the short circuited current
      through said transistor so as to obtain said once delayed luminance signal
      therefrom.
NUM  11.
PAR  11. A video signal reproducing device according to claim 10; in which said
      means for applying said luminance signal to said input end of the delay
      line includes a transistor of collector-common configuration.
NUM  12.
PAR  12. A video signal reproducing device according to claim 1; in which said
      circuit means for applying said control signal across said two parts of
      said one electrode includes a single delay line having input and output
      ends, means for applying to said input end a brightness component of a
      video signal being reproduced, means connected with said output end for
      obtaining the brightness component once delayed by said delay line and for
      causing reflection of said once delayed brightness component back along
      said delay line so as to provide brightness component twice delayed by
      said delay line at said input end of the latter, and means connected with
      said input end for deriving said control signal as the difference between
      said brightness component and said twice delayed brightness component; and
      further comprising means for modulating the intensity of each said beam in
      response to at least said once delayed brightness component.
NUM  13.
PAR  13. A video signal reproducing device according to claim 12; in which said
      means connected with said output end of the delay line includes a
      transistor of base-common configuration through which said output end of
      the delay line is shorted in response to transient changes in said
      brightness component, and means for detecting the short circuited current
      through said transistor so as to obtain said once delayed brightness
      component.
NUM  14.
PAR  14. A video signal reproducing device according to claim 13; in which said
      means for applying said brightness component to the input end of said
      delay line includes a transistor of collector-common configuration.
NUM  15.
PAR  15. In a video signal reproducing device comprising a cathode ray tube
      having a phorphor screen, an electron gun in said tube producing at least
      one electron beam which is focused at said screen, deflection yoke means
      on the tube for causing each said beam to scan said screen in
      line-scanning and vertical directions, respectively, means for modulating
      the intensity of each said beam in response to at least a first control
      signal which corresponds to the brightness of a video signal being
      reproduced, and means for modulating the line-scanning velocity of each
      said beam in accordance with a second control signal produced in response
      to transient changes in the brightness of the video signal being
      reproduced; a circuit for providing said first and second control signals
      comprising a single delay line having input and output ends, means for
      applying to said input end a brightness component of said video signal
      being reproduced, a transistor of base-common configuration connected to
      said output end of the delay line for shorting said output end in response
      to said transient changes so that said brightness component once delayed
      by said delay line is reflected from said output end back along said delay
      line for providing said brightness component twice delayed by said delay
      line at said input end of the latter, means for detecting the short
      circuited current through said transistor so as to obtain said once
      delayed brightness component therefrom as said first control signal, and
      means connected with said input end of the delay line for deriving
      therefrom said second control signal as the difference between said
      brightness component and said twice delayed brightness component.
NUM  16.
PAR  16. A video signal reproducing device according to claim 15; in which said
      means for applying the brightness component to said input end of the delay
      line includes a transistor of collector-common configuration.
NUM  17.
PAR  17. A video signal reproducing device according to claim 15; in which said
      phosphor screen has arrays of phosphor areas emitting different colors and
      which are arranged in groups, and said electron gun produces additional
      electron beams which are focused at said screen for impingement of said
      one beam and said additional beams are respective phosphor areas of said
      screen; and further comprising means for obtaining color-difference
      signals from a color video signal being reproduced, and matrixing means
      receiving said once delayed brightness component and said color difference
      signals and being operative to provide respective color signals for
      modulating the intensities of said electron beams, respectively.
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ABST
PAL  A system is disclosed for controlling the discharge of articles from a
      steel belt conveyor. When articles are placed on the belt at the loading
      station, the belt is magnetized at a high intensity in a very small area
      which has a predetermined relationship, longitudinally of the belt, to the
      position of the article on the belt. The magnetized spot is also
      positioned transversely of the belt in accordance with the station where
      the article is to be discharged. At each discharge station there is an
      arrangement in the form of a plow and means to move the plow to and from
      the path of articles carried on the belt so as to deflect the articles
      from the belt. The plow operating mechanism has an electronic control
      which includes a Hall-effect transducer positioned adjacent the bottom
      surface of the belt and relatively positioned transversely of the belt
      along the path of the magnetized spots for that station. Hence, when an
      article is placed on the belt and the magnetized spot is produced
      corresponding to a particular unloading station. The article will be
      carried to that station and unloaded. The high intensity magnetization is
      produced by an electromagnet extending transversely from the bottom
      surface of the belt, and direct current is supplied to the electromagnet
      coil from a condenser circuit. The current can be caused to flow in either
      direction through the coil so as to produce a magnetized zone or spot of
      either north or south polarity. The magnetized zone or spot is surrounded
      by a ring of the opposite polarity but of insufficient intensity to
      energize the Hall-effect control unit. The number of discharge stations
      may be increased by producing two or more magnetized spots for various of
      the discharge stations.
PARN
PAR  This is a division of application Ser. No. 876,967, filed Nov. 14, 1969,
      now U.S. Pat. No. 3,666,080 patented May 30, 1972.
BSUM
PAR  This invention relates to steel belt conveyor systems for carrying products
      from a loading station to delivery stations. The invention relates
      particularly to systems for controlling the discharge of various products
      at selected stations along the path of the steel belt conveyor.
PAR  An object of this invention is to provide for the efficient and dependable
      delivery of products from a loading station to various selected discharge
      stations. A further object is to provide an improved system for
      controlling steel belt conveyors. A further object is to provide improved
      means for producing magnetized areas or zones in a conveyor and for
      utilizing such areas or zones for controlling the conveyor operations.
      These and other objects will be in part obvious and in part pointed out
      below.
DRWD
PAR  FIG. 1 is a side view of a conveyor belt system according to the present
      invention;
PAR  FIG. 2 is a plan view of the apparatus of FIG. 1;
PAR  FIG. 3 is a diagrammatic view, partly in block schematic form, of the
      magnetization portion of the apparatus according to the present invention;
PAR  FIG. 4 is a graph of the magnetization current of the apparatus of FIG. 3;
PAR  FIG. 5 is a graph of the output voltage of the Hall-effect transducer
      portion of the apparatus according to the present invention; and
PAR  FIG. 6 is a diagrammatic view, partly in block schematic form, of the
      detection portion of the apparatus according to the present invention.
DETD
PAR  Referring initially to FIGS. 1 and 2, the operation of a conveyor belt
      system according to the present invention will now be explained by
      describing, in sequence, the transportation of an article from receipt to
      delivery. A steel conveyor belt 10 is rotatably mounted on rollers 11 and
      12 which are rotated in clockwise direction, indicated by arrow 13, in a
      conventional manner, so that an article 15, placed upon belt 10, will be
      transported along the path of belt 10, in the direction indicated by arrow
      50. Disposed along the path of, and adjacent to, belt 10 are a plurality
      of receiving stations, only one of which, receiving station 24, is shown,
      for selectively receiving the articles transported by the conveyor belt
      system.
PAR  Initially, article 15 is placed upon belt 10 at a location near roller 11.
      At or before this time, the operator selects the desired receiving
      station, for example, receiving station 24, for the particular article 15
      by feeding this information into a control panel 17. This may be
      accomplished by providing control panel 17 with a plurality of push
      buttons or switches, each one corresponding to a particular receiving
      station, which may be operated to select the appropriate receiving
      station, or this may be accomplished by other conventional means.
PAR  A plurality of electromagnets 14a, 14b and 14c are disposed in a transverse
      row beneath belt 10 at a distance along the path of belt 10 from roller
      11. A lamp 26 and a photocell 27 are located at opposite sides of, and
      above the surface of belt 10, between roller 11 and electromagnets 14a,
      14b and 14c. Lamp 26 and photocell 27 are suitably oriented so that the
      light beam from lamp 26 will impinge upon photocell 27. Photocell 27,
      control panel 17, and electromagnets 14a, 14b and 14c are interconnected
      so that one of the electromagnets 14a, 14b or 14c will be momentarily
      energized when article 15 interrupts the path of the light beam from lamp
      26 to photocell 27. The particular electromagnet which is energized will
      correspond with the particular desired receiving station. For example,
      electromagnet 14a will be energized to obtain the delivery of article 15
      to receiving station 24.
PAR  The momentary energization of electromagnet 14a results in the creation of
      a magnetized spot or zone 20 in belt 10. Magnetized spot 20 is located a
      distance in front of article 15 corresponding to the distance between lamp
      26 and photocell 27 and electromagnets 14a, 14b and 14c. A plurality of
      magnetic spot detectors, 21a and 21b, of which two are shown, each of
      which corresponds to a particular receiving station, are located beneath
      belt 10. Each magnetic spot detector is located in front of its associated
      receiving station at a distance from the edge of belt 10 corresponding to
      the distance from the edge of belt 10 to the electromagnet associated with
      the particular receiving station. For example, magnetic spot detector 21a
      is located in front of receiving station 24, at a location from the edge
      of belt 10 corresponding to the location of electromagnet 14a. Magnetic
      spot 20 will thus pass over magnetic spot detector 21a as belt 10 proceeds
      along its path.
PAR  A pivotable arm or member 16 is located at each receiving station. A
      pivoting mechanism 22 is connected to arm 16. When energized, pivoting
      mechanism 22 will cause arm 16 to pivot so that it will align itself
      diagonally with, and above the surface of, belt 10, causing article 15 to
      be deflected from belt 10 to receiving station 24. Magnetic spot detector
      21a is suitably interconnected with pivoting mechanism 22 so that magnetic
      spot 20 will cause member 16 to pivot into position in the path of article
      15 for an appropriate time to produce the discharge of article 15 onto
      receiving station 24.
PAR  After article 15 has been deposited at receiving station 24, arm 16 is
      caused to move back to its original position by pivoting mechanism 22.
      Magnetic spot 20 will remain in belt 10 until such time as it passes over
      one of a plurality of de-magnetizing coils 23a, 23b, or 23c, energized by
      AC line current, which are located beneath belt 10, between the receiving
      stations and photocell 27 and lamp 26. Magnetic spot 20 will thus be
      de-magnetized, thus returning the system to its initial condition.
PAR  In order to increase the number of receiving stations which may be
      controlled by electromagnets 14a, 14b and 14c, electromagnets 14a, 14b and
      14c may be energized so as to produce a magnetized spot of either of north
      or south polarity. Magnetic spot detectors which are sensitive to only one
      magnetic polarity may then be provided so that a single electromagnet 14a,
      14b or 14c may be used to control the discharge of articles at two
      receiving stations. The number of receiving stations which may be
      controlled will thus be twice the number of electromagnets. Furthermore,
      by placing more than one magnetic spot detector at certain of the
      receiving stations, the number of possible receiving stations which can be
      controlled by a given number of electromagnets may be further increased by
      requiring a particular combination of magnetic spots to energize the
      particular receiving station.
PAR  Referring to FIG. 3, the operation of one of the electromagnets 14a, 14b or
      14c will now be explained. The object of each electromagnet 14a, 14b or
      14c is to produce a magnetized spot on belt 10 which is as concentrated
      and distinct as possible. For this purpose, electromagnet 14a, 14b or 14c
      comprises a magnetizable soft iron core 30 located beneath belt 10, at a
      small distance therefrom. Core 30 is aligned perpendicular to belt 10 to
      produce optimum concentration of the magnetic field on belt 10. Core 30
      may be made of laminated soft iron or other suitable material. Wound about
      core 30 is a solenoid or coil 31. Energization of coil 31 will produce a
      magnetic field, indicated by field lines 51, which will enter belt 10 in a
      concentrated area and will exit belt 10 with reversed polarity dispersed
      in the surrounding area. If coil 31 is energized by a pulse of sufficient
      magnitude to produce saturation, a magnetized spot of high intensity will
      be created in belt 10, surrounded by a larger diffused area of opposite
      magnetic polarity. The shape of the magnetized spot will depend upon the
      shape of core 30. Thus, to produce a circular magnetic spot core 30 should
      be cylindrical in form. However, it may be desirable to produce a magnetic
      spot which is elongated in the transverse direction of belt 10 in order to
      enable the spot to impinge upon the corresponding magnetic spot detector
      regardless of the possible side movement of belt 10. To produce this
      result, core 30 may be of rectangular cross-section aligned with its
      longer dimension transverse to the direction of belt 10. The magnetic
      polarity of the magnetized spot is dependent upon the direction of current
      flow through coil 31. Thus a single coil may be used to produce magnetic
      spots of either north or south polarity.
PAR  Referring to FIG. 4, the desirable current through coil 31 I.sub.magn is
      shown with respect to time t. By so energizing coil 31 with a pulse having
      sharply defined leading and trailing edges, a high intensity, distinct
      magnetic spot will be produced on belt 10.
PAR  Returning to FIG. 3, the circuitry associated with coil 31 for producing
      such a magnetizing current I.sub.magn will now be explained. Prior to
      energization of coil 31, the operator depresses one of the momentary
      contact switches 70. This causes one of the flip-flops 71 to change state.
      The circuit is thereby conditioned to energize the electromagnet 14a, 14b
      or 14c and is prevented from accepting additional input information by a
      lock-out circuit 72 which supplies the voltage to the momentary contact
      switches 70. Connected to the outputs of flip-flops 71 are a pair of And
      gates 73. The output of photocell 27 is amplified by an amplifier 74 and
      conducted to a monostable multi-vibrator 75. When the article interrupts
      the path of the light beam from lamp 26 to photocell 27, monostable 75 is
      caused to change state. The output of monostable 75 is connected to And
      gates 73 so that an output will appear at the particular And gate 73
      associated with the momentary contact switch 70 which was depressed. The
      outputs of And gates 73 are connected to a switching means 77 which
      connects a capacitor 76, which has been previously charged to a DC
      voltage, to coil 31. The direction of the current flow through coil 31 is
      dependent upon the particular And gate 73 which produces output voltage
      and is thus determined by the particular momentary contact switch 70 that
      was depressed. Charged capacitor 76 will discharge through coil 31 in
      accordance with the RLC time constant of coil 31, capacitor 76 and switch
      means 77 so as to produce a magnetic current I.sub.magn which will
      approximate the desired magnetic current I.sub.magn depicted in FIG. 4. To
      insure substantial discharging of capacitor 76, the RLC time constant is
      shorter than the period of time during which capacitor 76 is connected to
      coil 31, corresponding to the time during which monostable 75 is in its
      activated state. In addition, the outputs of And gates 73 serve to reset
      flip-flops 71, thus returning the circuit to its initial condition. Of
      course, coil 31 may be energized in an alternate conventional manner.
PAR  Referring to FIG. 6, the operation of the magnetic spot detector will now
      be explained. The magnetic spot detector 21a or 21b comprises a
      Hall-effect generator 41 located a small distance below belt 10. A core 40
      of magnetizable material is disposed below Hall-effect generator 41 in an
      alignment similar to the alignment of core 30. Core 40 serves to
      concentrate the magnetic field of the magnetized spot through Hall-effect
      generator 41. In effect, the magnetic field lines associated with the
      magnetized spot will be directed by core 40 in directions similar to the
      magnetic field produced by electromagnet 14a, 14b or 14c. The Hall-effect
      generator consists of a conductor aligned perpendicular to the magnetic
      field of the magnetized spot through which a direct current is supplied by
      a direct current source 60, through inpput leads 61. When the magnetized
      spot is present above the Hall-effect generator 41, a voltage will be
      induced in the conductor which is perpendicular to both the direction of
      current flow through the conductor and the direction of the magnetic
      field. This voltage is dependent in amplitude and polarity upon the field
      strength and magnetic polarity of the magnetized spot. The voltage
      produced by the Hall-effect generator is conducted to an amplifier 63
      through a pair of output leads 62.
PAR  FIG. 5 shows the output voltage E of the Hall-effect generator with respect
      to time t. As the magnetized spot passes above Hall-effect generator 41, a
      voltage of one polarity having an amplitude X2 will be produced by the
      dispersed magnetic field surrounding the magnetized spot. When the
      magnetized spot passes directly over Hall-effect generator 41, voltage of
      opposite polarity having an amplitude of X1 will be produced. Similarly,
      as the spot passes beyond Hall-effect generator 41, an output voltage of
      the initial polarity having an amplitude similar to amplitude X2 will
      again be produced. Since the magnetic field strength of the magnetized
      spot is substantially greater than the magentic field strength of the
      surrounding dispersed magnetic area, the amplitude X1 will be
      substantially greater than the amplitude X2.
PAR  In order to provide for magnetic spot detectors which are responsive to
      only one magnetic polarity, so as to enable a single electromagnet to
      control the operation of two receiving stations, the direction of current
      flow through the Hall-effect generator may be reversed in those
      Hall-effect generators which are to react to the opposite magnetic
      polarity, so that output voltages of similar polarity will be produced by
      all of the Hall-effect generators when the appropriate magnetic fields are
      present. This enables the use of identical associated circuitry with all
      of the Hall-effect generators.
PAR  Returning to FIG. 6, the output voltage E of the Hall-effect generator is
      amplified by amplifier 63 and is conducted to a comparator cirucit 64,
      which is suitably constructed so as to produce an output signal only upon
      receipt of an input signal of appropriate amplitude associated with the
      portion of the output voltage E produced by the magnetic spot. In this
      manner, the effects of stray magnetic fields present in belt 10 or the
      surrounding vicinity will be substantially eliminated. The output of
      capacitor circuit 64 is conducted to a monostable multivibrator which will
      produce a signal of appropriate duration to energize pivoting mechanism 22
      for an appropriate period of time required for the delivery of the article
      to the receiving station.
PAR  The above description of the invention is intended to be illustrative and
      not limiting. Various changes or modifications in the embodiments
      described may occur to those skilled in the art, and these can be made
      without departing from the spirit or scope of the invention as set forth
      in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In control means for a steel belt conveyor wherein the steel belt is of
      sheet steel and has top and bottom surfaces and extends along a conveyor
      run which carries load units to a plurality of discharge stations, the
      combination of, magnetizing means to produce magnetized signal portions in
      said belt in the form of magnetized spots, each of said magnetized signal
      portions comprising the entire portion of the belt between two opposite
      coextensive discrete areas of the belt surfaces at a predetermined
      distance from one edge of the belt, said magnetizing means being operative
      to substantially saturate each of said signal portions between its
      discrete surface areas with flux perpendicular to said belt surfaces and
      to thereby produce a magnetic pole of single-polarity throughout said
      signal portion, a plurality of detector means each of which is positioned
      adjacent said bottom surface of the belt at a zone along the belt path
      relative to the position of a selected discharge station, a plurality of
      cores of magnetizable material positioned respectively below each of said
      detector means opposite said bottom surface and extending therefrom away
      from said bottom surface whereby said core aids in concentrating magnetic
      flux paths through said detector means, control means responsive to the
      detection of a magnetized signal portion by each of said detector means,
      and means to discharge load units from said belt at each of said selected
      discharge stations in response to such detection by its detector means and
      under the control of said control means.
NUM  2.
PAR  2. The control means described in claim 1 wherein said detector means
      comprises a Hall-effect generator.
NUM  3.
PAR  3. Control means as described in claim 2 wherein said Hall-effect generator
      is connected to an amplifier and thence to a comparator circuit which
      produces an output signal which operates said means to discharge load
      units.
NUM  4.
PAR  4. Apparatus as described in claim 1 wherein said means to discharge load
      units comprises means which swings across the top surface of the belt.
NUM  5.
PAR  5. In the art of controlling the functioning of a sheet steel belt conveyor
      which carries load units upon its top surface along a path and in which
      the steel belt has a bottom surface, the method which comprises the steps
      of, producing a high intensity magnetic field in the steel belt spaced a
      predetermined distance from one edge thereof and having a predetermined
      position longitudinally of said belt with the lines of flux extending
      perpendicular to said belt surfaces and of an intensity to produce
      substantial saturation throughout the entire portion of the belt between
      opposite coextensive discrete areas of said belt surfaces and thereby
      magnetize said entire portion of the belt and create a signal spot which
      is magnetized with single polarity, moving said belt longitudinally
      whereby said signal spot moves along said path, detecting the magnetized
      condition of said signal spot upon passing a detecting zone at said
      selected station along said path to thereby produce a signal, and
      discharging a load unit from the belt at said selected station in response
      to said signal.
NUM  6.
PAR  6. The method described in claim 5, wherein said magnetic field is produced
      by an electromagnet having its core perpendicular to the belt surface and
      wherein electricity is supplied to produce the magnetic field by
      discharging condenser means to thereby produce current flow of short
      duration.
NUM  7.
PAR  7. The method described in claim 6 wherein the detecting of the arrival of
      a magnetized condition is performed by a Hall-effect generator which is
      connected through an amplifier to a comparator circuit thereby to produce
      said signal.
NUM  8.
PAR  8. The method described in claim 5 wherein the discharging of the load unit
      is performed by swinging a deflector across the top surface of the belt.
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PAL  A tape duplicator having component parts capable of duplicating magnetic
      tape in cassette form or reel form to cassette form or reel form
      interchangeably without special units, having the same capstan drive to
      drive both the cassette and the reel tapes interchangeably, and provided
      with an automatic volume control which is fully compensated to adjust the
      volume level to the set level and which avoids excessive high volume
      levels in beginning recording and high noise levels during silent spots in
      the tapes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  This invention relates to a new and improved tape duplicator capable of
      duplicating tapes whether from reel to reel or cassette, or cassette to
      reel or cassette, interchangeably, using the same capstan drive, and
      having an improved automatic volume control which avoids excessive high
      recording volume levels and which fully compensates for various levels of
      volume of the various tapes to be duplicated.
PAR  2. Prior Art.
PAR  While various tape duplicating devices exist, applicant is unaware of the
      prior art devices having the particular capabilities of this invention in
      a single and compact unit and without special component parts or units
      being necessary.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a tape duplicator in a relatively compact form
      which is readily portable by a person. The tape duplicator has the unusual
      capability of duplicating tapes in cassettes or reels, onto cassettes or
      reels, interchangeably, as well as simultaneously. In so doing, the tape
      duplicator uses the same capstan drive to drive both the cassette and the
      reel tapes interchangeably, thereby reducing the number of component parts
      necessary to produce the capability of the tape duplicator.
PAR  Another feature of the invention is a new and improved circuit for
      automatic volume control. The circuit design provides for adjusting for
      the level of volume in the tapes to be duplicated to a pre-set record
      level, and fully compensates for different tapes. The automatic volume
      control circuit thus dispenses with the need to manually adjust the volume
      at which the tape to be duplicated will be played and to experiment to
      achieve the sound level desired, thus requiring the tape to be played
      first, then rewound, and played over for the duplicating process.
PAR  Moreover, conventional automatic volume circuits cause an excessively high
      recording volume initially because they are relatively slow in response
      and increase the volume of noise on silent portions of the tape. The
      improved circuit design here permits tape duplicating without high levels
      of volume at the time of initial input, as well as during silent portions
      of the tape.
PAR  It is, therefore, an object of this invention to provide a tape duplicator
      which can be used to duplicate a reel tape on a reel or a cassette tape,
      as well as duplicate a cassette tape on a reel or cassette tape,
      interchangeably.
PAR  Another object of this invention is to provide a tape duplicator which can
      be used to duplicate a master reel tape on a reel and a cassette tape
      simultaneously, as well as duplicate a master cassette tape on a reel tape
      and a cassette tape simultaneously.
PAR  Still another object of this invention is to provide a tape duplicator
      which can be used to duplicate a master reel tape on a reel tape and two
      cassette tapes simultaneously.
PAR  A further object of this invention is to provide interchangeable
      duplication of master tape recordings on cassette tapes or reel tapes by a
      unit which is relatively compact, portable, and without the need for bulky
      and intricate component accessories.
PAR  A yet further object of this invention is to provide duplication of master
      tape recordings whether cassette or reel tapes, simultaneously on both a
      cassette tape and a reel tape, by a unit which is relatively compact,
      portable, and without the need for bulky and intricate component
      accessories.
PAR  A yet further object of this invention is to provide a tape duplicator
      having an automatic volume control circuit which will adjust for the
      volume in the tapes to be duplicated to a preset volume level and fully
      compensates for various volume levels of various tapes to be duplicated.
PAR  A yet further object of this invention is to provide a tape duplicator
      having an automatic volume control circuit which avoids excessively high
      volume levels at the beginning of tape duplication as well as during
      silent periods during the duplication process.
DRWD
PAR  These and other objects will be more readily understood by reference to the
      following description, taken in conjunction with the accompanying claims
      and drawings, in which
PAR  FIG. 1 is an elevational side view of an embodiment of my invention showing
      the side on which a master tape may be placed for duplicating.
PAR  FIG. 2 is a section taken along line 2--2 of FIG. 1 without the reels of
      FIG. 1.
PAR  FIG. 3 is a detail section of the view of FIG. 1 in a closed position.
PAR  FIG. 4 is a detail section of the view of FIG. 1 in an open position.
PAR  FIG. 5 is a side elevational view of the copy side, opposite to that of
      FIG. 1, with reels and cassette in phantom lines.
PAR  FIG. 6 is a section taken along line 6--6 of FIG. 1 without the reels of
      FIG. 1.
PAR  FIG. 7 is a section taken along line 7--7 of FIG. 6.
PAR  FIG. 8 is a fragmentary detail section of the view of FIG. 5 showing the
      linkage components in open position.
PAR  FIG. 9 is a section taken along line 9--9 of FIG. 5 through the capstan
      with a reel and cassette tape in section.
PAR  FIG. 10 is a circuit diagram of an embodiment of the automatic volume
      control circuit.
PAR  FIG. 11 is another circuit diagram of another embodiment of the automatic
      volume control circuit.
PAR  FIG. 12 is a block diagram of an embodiment of the electronic circuit for
      the tape duplicator.
DETD
PAR  With reference to the drawings, the tape duplicator 10 has a housing 12
      supported on feet members 14 preferably made of a rubber or similar
      material. The housing 12 has a handle 16 formed at its top for easy
      movement of the tape duplicator 10. Frame 18 is secured to the cover 12 by
      any suitable means..
PAR  Motor 20 of the tape duplicator 10 is secured to frame 18 by motor mounts
      22. Motor capacitor 24 is secured to frame 18 by screws or other suitable
      means. Transformer 26 for the power supply is also secured to frame 18 by
      screws or other suitable means.
PAR  Circuit board bracket 28 is secured by screws or other suitable means to
      housing 12. Amplifier boards 30 are fastened by screws or other suitable
      means to bracket 28.
PAR  Circuit board bracket 32 is secured by screws or other suitable means to
      housing 12 and supports bias oscillator board 34 and power supply board
      36.
PAR  The master side of tape duplicator 10 has a master reel take-up and clutch
      assembly 38 provided with a master reel shaft 40 inserted into master end
      42 of coupling 44. The tip of master end 42 of coupling 44 is formed into
      a tongue 46 which is inserted into a slot in hub portion 48 of reel
      take-up pulley 50. Coupling 44 has a collar 52 mounted at its master end
      42.
PAR  Master disk 54 and master reel take-up hub 68 are each attached by set
      screw or other suitable means to the outer end portion of master reel
      shaft 40. Master outer disk 54 is provided with a felt pad 58 on its inner
      side. Master reel take-up bearing assembly 60 is located on master reel
      shaft 40 between master disk 54 and housing 12, and is attached to housing
      12 by screws or other suitable means.
PAR  The copy side of tape duplicator 10 has a copy reel take-up and clutch
      assembly 62 provided with a copy reel shaft 64 inserted into the copy end
      66 of coupling 44. The tip of end 66 is formed into a tongue 68 which is
      inserted into a slot in hub portion 70 of inner disk 72.
PAR  Copy outer disk 74 and copy reel take-up hub 76 are each attached by set
      screws or other suitable means to the outer end portion of copy reel shaft
      64. Copy outer disk 74 is provided with a felt pad 78 on its inner side.
      Copy reel take-up bearing assembly 80 is located on copy reel shaft 64
      between housing 12 and copy outer disk 74, and is attached to housing 12
      by screws or other suitable means.
PAR  Spring 82 is placed around coupling 44 between collar 52 and the hub
      portion 70 of inner disk 72.
PAR  Reel take-up belt 84 connects reel take-up pulley 50 to motor 20.
PAR  The master side of tape duplicator 10 is provided with a master brake
      assembly 86 having a master brake wheel 88 attached to master reel supply
      shaft 90. Master brake cord 92 is wrapped around master brake wheel 88 and
      is attached to circuit board bracket 28 by a screw 94 or other suitable
      means. Master brake spring 96 is attached at one end to circuit board
      bracket 28 and at its other end to master brake cord 92.
PAR  Master reel supply bearing assembly 98 is located on master reel supply
      shaft 90 between master brake wheel 88 and housing 12, and is attached to
      housing 12 by screws or other suitable means. Master reel supply hub 100
      is attached by set screws or other suitable means to the outer end portion
      of master reel supply shaft 90.
PAR  Similarly, the copy side of tape duplicator 10 is provided with a copy
      brake assembly 102 having a copy brake wheel 104 attached to copy reel
      supply shaft 106. Copy brake cord 108 is wrapped around copy brake wheel
      104 and is attached to circuit board bracket 28 by a screw 112 or other
      suitable means. Copy brake spring 114 is attached at one end to circuit
      board bracket 28 and at its other end to copy brake cord 108.
PAR  Copy reel supply bearing assembly 116 is located on copy reel supply shaft
      106 between copy brake wheel 104 and housing 12, and is attached to
      housing 12 by screws or other suitable means. Copy reel supply hub 120 is
      attached by screws or other suitable means to the outer end portion of
      copy reel supply shaft 106.
PAR  Tube 122 receives and supports master reel supply shaft 90 and copy reel
      supply shaft 106.
PAR  The master side of tape duplicator 10 has a master cassette take-up and
      clutch assembly 124 provided with a master cassette shaft 126 inserted
      into the master end 128 of coupling 130. The tip of end 128 is formed into
      a tongue 131 which is inserted into a slot in hub portion 132 of cassette
      take-up pulley 134. Coupling 130 has a collar 136 mounted around it by a
      screw or other suitable means.
PAR  Master cassette disk 138 is attached by a set screw or other suitable means
      to the outer end portion of master cassette shaft 126. Master cassette
      disk 138 has a felt pad 140 on its inner side. Master cassette take-up
      bearing assembly 142 is located on master cassette shaft 126 at its outer
      end and is attached to master mounting plate 206 by screws or other
      suitable means. Master cassette take-up hub 144 is attached to master
      cassette shaft 126.
PAR  The copy side of tape duplicator 10 has a copy cassette take-up and clutch
      assembly 146 provided with a copy cassette shaft 148 inserted into the
      copy end 150 of coupling 130. The tip of end 150 is formed into a tongue
      152 which is inserted into a slot in hub portion 154 of cassette inner
      disk 156. Copy cassette outer disk 158 is provided with a felt pad 160 on
      its inner surface and is attached by a set screw or other suitable means
      to a copy cassette shaft 148. Copy cassette take-up bearing assembly 162
      is located on copy cassette shaft 148 at its outer end and is attached to
      copy mounting plate 268 by screws or other suitable means. Copy cassette
      take-up hub 164 is attached to copy cassette shaft 148.
PAR  Spring 166 is placed around coupling 130 between collar 136 and the hub
      portion of cassette inner disk 156.
PAR  Cassette take-up belt 168 connects cassette take-up pulley 134 to motor 20.
PAR  Capstan assembly 170 has a capstan pulley 192 attached by a set screw to
      capstan 174 which has two different diameters, a reduced diameter 176
      being located at each of its ends extending outside housing 12. Spacers
      178 are located at each end of the larger diameter portion 180 of capstan
      174 within frame 18. Capstan collar 182 maintains capstan 174 in position.
      Capstan belt 184 connects capstan pulley 172 to motor 20.
PAR  The master end of mounting arm shaft 186 extends through housing 12 and is
      connected to master mounting arm 188 on the master side of tape duplicator
      10. Master cassette playback head 190 is mounted on master mounting arm
      188. Lead wire 192 connects head 190 to the master selector switch 224.
PAR  Master cassette pinch roller arm 194 is mounted and spring loaded on master
      mounting arm 188 and has master cassette pinch roller 196 rotatably
      mounted on it. One end of master cassette pinch roller arm 194 bears
      against adjustment screw 197 which functions as a stop. Master cassette
      tape guide 198 is also mounted on master mounting arm 188.
PAR  Master reel pinch roller arm 200 is pivotally mounted on master mounting
      arm 188 and has a spring 202 connecting one of its ends to the bottom of
      master mounting arm 188. Master reel pinch roller 204 is rotatably mounted
      to the other end of master reel pinch roller arm 200.
PAR  Master mounting plate 206 is secured by any suitable means to the outside
      of housing 12. Master reel tape guide 208 is set on master mounting plate
      206 and serves also as a master cassette supply post. Master cassette
      alignment pin 210 is also set on master mounting plate 206 and serves also
      as a stop for master mounting arm 188. Master cassette alignment pin 212
      serves also as a master reel tape guide.
PAR  Master cassette clamp spring 214 is attached to master mounting plate 206
      by any suitable means. Master cassette guides 216 are mounted to master
      mounting plate 206 by any suitable means. Master reel guide post 218 is
      mounted on mounting plate 206 by any suitable means. Reel playback head
      220 is also mounted on master mounting plate 206 and is connected by lead
      wire 222 to amplifier boards 30.
PAR  The master side of tape duplicator 10 has a master selector switch 224,
      channel selector switch 226, monitor light 228 for channel 1, and monitor
      light 230 for channel 2, and power switch 232.
PAR  The copy end of mounting arm shaft 186 extends through housing 12 and is
      connected to copy mounting arm 234 on the copy side of tape duplicator 10.
PAR  The copy side of tape duplicator 10 has an outside operating lever 236
      rigidly mounted on operating lever shaft 238. Internal front arm 240 is
      rigidly connected to operating lever shaft 238 and pivotally connected to
      one end of connecting link 242. Operating lever shaft 238 is pivotally
      mounted in housing 12. The other end of connecting link 242 is pivotally
      connected to internal rear arm 244. Internal operating spring 246 has one
      of its ends connected to internal rear arm 244 and the other end connected
      to one end of anchor link 248. The other end of anchor link 248 is
      pivotally mounted on operating lever shaft 238.
PAR  Copy cassette recording head 250 is mounted on copy mounting arm 234. Lead
      wire 252 connects recording head 250 to the output of the bias oscillator
      board 34.
PAR  Copy cassette pinch roller arm 254 is mounted and spring loaded on copy
      mounting arm 234 and has copy cassette pinch roller 256 rotatably mounted
      on it. One end of copy cassette pinch roller arm 254 bears against
      adjustment screw 258 which is also used as an overtravel stop. Copy
      cassette tape guide 260 is also mounted on copy mounting arm 234.
PAR  Copy reel pinch roller arm 262 is pivotally mounted on copy mounting arm
      234 and has a spring 264 connecting one of its ends to the bottom of copy
      mounting arm 234. Copy reel pinch roller 266 is rotatably mounted to the
      other end of copy reel pinch roller arm 262.
PAR  Copy mounting plate 268 is secured by any suitable means to the outside of
      housing 12. Copy reel tape guide 270 is set on copy mounting plate 268 and
      serves also as a copy cassette supply post. Copy cassette alignment pin
      272 is also set on copy mounting plate 268 and serves also as a stop for
      copy mounting arm 234. Copy cassette alignment pin 274 serves also as a
      copy reel tape guide.
PAR  Copy cassette clamp spring 276 is attached to copy mounting plate 268 by
      any suitable means. Copy cassette guides 278 are mounted to copy mounting
      plate 268 by any suitable means. Copy reel guide post 280 is mounted on
      copy mounting plate 268 by any suitable means.
PAR  Reel recording head 282 is mounted on copy mounting plate 268 and is
      connected by lead wire 284 to the output of the bias oscillator board 34.
PAR  The amplifiers of amplifier boards 30 are each provided with an improved
      circuit 286 for automatic volume control, as shown in the diagram of FIG.
      10. Resistor 288 is used as a current limiter so current through it is
      proportional to input voltage. On a negative swing of the input, resistor
      288 drives transistor 290 which has unitary current gain and is used to
      charge control capacitor 292.
PAR  On a positive swing of the input, resistor 288 drives transistor 294 which
      is connected up as both a current and voltage amplifier. Transistor 294 is
      coupled up with transistor 296 through a filter network of resistor 298
      and capacitor 300.
PAR  The output from the filter network drives transistor 296 in conjunction
      with diodes 302 and 304. Resistor 306 provides a constant current source
      to discharge capacitor 292. The charge on capacitor 292 provides the
      voltage for field effect transistor 308. The resistance of field effect
      transistor 308 is determined by its reverse bias voltage.
PAR  Circuit 286 is provided with a coupling capacitor 310, which is coupled to
      the emitter of the first transistor in the first stage of the audio
      amplifier circuit (not shown). Field effect transistor 308 functions as a
      variable resistor in the audio amplifier circuit. Another coupling
      capacitor 312 couples the output of the amplifier of amplifier boards 30
      to circuit 286.
PAR  If desired, a lamp may be added to circuit 286 which is then modified as
      shown in FIG. 11. In the circuit 314 of FIG. 11, a transistor 316 replaces
      diode 302 and a transistor 318 is added to form lamp driver circuit to
      drive lamp 320.
PAR  As shown in FIG. 12, the master cassette playback head 190 may have an
      additional function of operating as a recording head. Thus, it is possible
      to duplicate a master reel tape on two blank cassettes as well as on a
      blank reel tape. Also, the tape duplicator provides a means for switching
      off channel 2 for duplicating one or two tracks of a master tape as
      desired.
PAR  In operation, the tape duplicator 10 provides high speed duplication of
      audio tapes, 15 ips for cassette tapes, and 30 ips for reel tapes through
      the ratio of capstan pulley 172 to the drive of motor 20 in conjunction
      with the different diameters of the capstan 174. This ratio produces an
      increase in speed of 8 times the usual 17/8 ips speed of cassette tapes
      and 8 times the usual 33/4 speed of reel tape. The capstan 174 has a 1/4
      inch diameter to produce the 30 ips speed for reel tapes, and a reduced
      1/8 inch diameter at its ends to produce the 15 ips speed for cassette
      tapes.
PAR  The tape duplicator 10 is normally used for two track monophonic tapes,
      although it can be modified for four track stereo or other track
      configurations.
PAR  A master tape, reel or cassette, is placed on the master side of tape
      duplicator 10. Thus, for example, a master reel tape 322 is shown in
      phantom lines in FIG. 1. A blank copy reel tape 324 is loaded on the copy
      side of tape duplicator 10, as shown in FIG. 5. If a simultaneous
      duplication of a blank cassette tape is desired, a blank cassette is also
      loaded on the copy side of tape duplicator 10. Also, if a second
      simultaneous duplication of a cassette is desired, a second blank cassette
      is loaded on the master side of tape duplicator 10.
PAR  Operating lever 236 is then pushed downwards from the open position shown
      in FIG. 8 of the drawings to the closed position shown in FIG. 5 of the
      drawings. In the closed position of operating lever 236, master mounting
      arm 188 and copy mounting arm 234 are each rotated to an up position by
      mounting arm shaft 186 so that master and copy reel pinch rollers 204 and
      266, master and copy cassette pinch rollers 196 and 256, master and copy
      cassette guides 198 and 260, cassette recording heads 190 and 250, are
      each in engaged position as shown in FIGS. 3 and 5. Master selector switch
      224 is then set in the master reel position. If it is desired to record
      both tracks 1 and 2 of the master tape 322, then the track switch 226 is
      set to channels 1 and 2. Power switch 232 is then turned on, energizing
      motor 20 from a suitable power source (not shown).
PAR  Capstan 174 then advances the cassette tapes at a uniform speed of 15 ips
      and the reel tapes at a uniform speed of 30 ips, both speeds being
      produced simultaneously, due to the different diameters of capstan 174.
      Brake assemblies 86 apply tension to the reel tapes. Master and copy reel
      take-up and clutch assemblies 38 and 64 provide constant torque on the
      reel tapes, while master and copy cassette take-up and clutch assemblies
      124 and 146 provide constant torque on the cassette tapes.
PAR  Reel playback head 220 converts the magnetic pulses on the master reel tape
      322 to electrical signals which pass through amplifiers of amplifier
      boards 30 and through the automatic volume control circuits 286, or the
      modified form of 314, as the case may be, to cassette and reel tape
      recording heads 190, 250 and 282, for simultaneous recording on the two
      copy cassette tapes and the copy reel tape.
PAR  Bias oscillator 34 generates an ultrasonic bias signal which is added to
      the audio output from amplifier boards 30. The combined signals
      simultaneously drive reel and cassette recording heads 282, 190 and 250.
PAR  In operation, the output of the amplifiers of amplifier boards 30 drives
      the automatic volume control circuits 286, or 314, as the case may be.
      When the output is sufficient to overcome the base-emitter voltage of
      input transistors 294 and 290, they begin to conduct. Transistor 290 tends
      to charge capacitor 292 which controls the bias voltage on field-effect
      transistor 308 which in turn controls the gain of the amplifier. The
      charge rate is a function of the amplifier output voltage. Transistor 294
      drives a constant current circuit, and in the modified form of circuit
      286, a lamp 204 for monitor lights.
PAR  The constant current tends to discharge capacitor 292 which controls
      field-effect transistor 308, which in turn controls the gain of the
      amplifiers. If the audio output level is too high or too low, the
      predominance of the charge or discharge current will tend to restore the
      proper audio output level. For normal audio output levels, the charge and
      discharge currents will balance.
PAR  If the audio output is insufficient to overcome the base-emitter voltage of
      transistors 294 and 290, the charge on the control capacitor 292 remains
      the same. Thus, where there is insufficient control signal input, the
      effect will be to shut off transistors 290 and 296, there will be no
      current flow, and the charge will remain constant and will be maintained
      at that level until the next signal input.
PAR  The circuits 286 and 314 each have very fast response to rapidly decrease
      the amplifier gain to prevent excessively high recording level on
      duplicate tapes. This is particularly important at the beginning of the
      duplicating process, because the automatic volume control circuit always
      starts with maximum gain. Ordinary fast response systems tends towards
      instability or "hunting" since they continuously increase the amplifier
      gain during silent portions on the tape to be duplicated. Upon receipt of
      the next signal, the amplifier gain is too high and must be reduced; thus,
      the amplifier gain is always changing or hunting. The automatic volume
      control circuit 286 prevents hunting by switching to a passive or "memory"
      mode during silent portions on the tape to be duplicated wherein the
      amplifier gain remains constant. The automatic volume control circuit 286
      immediately and rapidly responds to maintain the proper recording level of
      the tapes.
PAR  Although I have described the invention in detail with reference to the
      accompanying drawings illustrating preferred embodiments of the invention
      in conjunction with the specification, it is understood that numerous
      changes in the details of construction and arrangement of parts and
      components may be made without departing from the spirit and scope of the
      invention as hereinafter claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tape duplicator capable of duplicating master tape in reel form as
      well as in cassette form onto a blank cassette tape and a blank reel tape
      simultaneously at relatively high speeds, comprising:
PA1  single drive means for advancing said tapes over a playback head and
      recording heads, respectively;
PA1  single capstan means having different diameters for producing a different
      speed for said cassette tape from the speed for said reel tape;
PA1  audio amplifier means connected between said playback head and said
      recording heads, said audio amplifier means having an automatic volume
      control circuit comprising:
PA1  input transistor means having a pre-determined base-emitter voltage;
PA1  circuit means for providing a pre-determined volume level on said blank
      tapes for duplicating a master tape whose recorded volume level is below
      said pre-determined volume level and for duplicating a master tape whose
      recorded volume level is above said pre-determined volume level; and
PA1  circuit means including a field effect transistor for maintaining constant
      amplifier gain while the signal input to said automatic volume control
      circuit remains insufficient to overcome said pre-determined base-emitter
      voltage of said input transistor means, thereby preventing a change in the
      amplifier gain until after receipt of a signal input sufficient to
      overcome said pre-determined base-emitter voltage of said input transistor
      means,
PA1  whereby all of said tapes move simultaneously and in synchronization at all
      times.
NUM  2.
PAR  2. A tape duplicator capable of duplicating a master reel tape
      simultaneously onto two blank cassette tapes and a blank reel tape at
      relatively high speeds, comprising:
PA1  single drive means for advancing said tapes over a reel playback head and
      two cassette recording heads and a reel recording head, respectively;
PA1  single capstan means having different diameters for producing a different
      recording speed for said blank cassette tapes from the recording speed for
      said blank reel tape;
PA1  audio amplifier means connected between said playback head and said
      recording heads, said audio amplifier means having an automatic volume
      control circuit comprising:
PA1  input transistor means having a pre-determined base-emitter voltage;
PA1  circuit means for providing a pre-determined volume level on said blank
      tapes for duplicating a master tape whose recorded volume level is below
      said pre-determined volume level and for duplicating a master tape whose
      recorded volume level is above said pre-determined volume level; and
PA1  circuit means including a field effect transistor for maintaining constant
      amplifier gain while the signal input to said automatic volume control
      circuit remains insufficient to overcome said pre-determined base-emitter
      voltage of said input transistor means, thereby preventing a change in the
      amplifier gain until after receipt of a signal input sufficient to
      overcome said pre-determined base-emitter voltage of said input transistor
      means,
PA1  whereby all of said tapes move simultaneously and in synchronization at all
      times.
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PAL  In a magnetic memory which has thereon 2.sup.q tracks (q = positive
      integer) and in which each band consists of 2.sup.p sectors (p = positive
      integer) and the addressing of the magnetic memory is performed by
      addressing the bands and sectors, each track is designed to contain a
      plurality of bands so that one band can be constituted by 2.sup.p sectors
      while each track contains sectors whose number is not equal to 2.sup.p
      .sup.' (p' = positive integer).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an addressing method and more particularly
      to a method well adapted for a sector type of magnetic-drum or
      magnetic-disc memory.
PAR  Today, mainly for economic reasons, it is desired to multiply recording
      densities double or threefold and many attempts have been made for this
      purpose. However, in case of, for example, threefold multiplication of the
      recording density, there arises an inconvenience that one band cannot be
      made up of 2.sup.p sectors (p = positive integer). Hence, there is a need
      for a completely new method of addressing. Generally, in a system such as
      a process control computer system wherein real time response has an
      important significance, it is necessary to freely run a plurality of
      subprograms or data. Therefore, a sector type device is most preferable in
      recording in a magnetic-drum memory.
PAR  2. Description of the Prior Art
PAR  In a conventional data arrangement, k bits (for example, 16 bits + one
      parity bit) make up one word, l words (for example, 16 words) constitute
      one sector and m sectors (for example, 64 sectors) complete one band. Each
      band corresponds to one track on the magnetic drum and the drum contains n
      bands (for example, 512 bands), that is, n tracks. In this case, the bands
      are spatially selected while the sectors, words and bits are selected in
      time sequence. The smallest units into or out of which data are written or
      read, are sectors and the specification of addresses by the processor is
      performed according to serial binary codes corresponding to the whole
      sectors. In the case where the specification of an address is performed
      with 15 bits in the controller of the magnetic-drum memory device, the
      lower 6 bits address are set as sector address on a sector register and
      then selected in time sequence by a sector counter and a coincidence
      circuit. On the other hand, the upper 9 bits are set on a band register to
      spatially select a desired track by means of a matrix made up of X- and
      Y-switches. In the above-described arrangement, one band comprises sectors
      whose number is equal to 2.sup.p. Therefore, even if one band can be
      technically allocated by 100 sectors, 36 (= 100 - 64) sectors are left
      unused as an idle area since the specification of sector addresses by 6
      bits enables the addressing of only 2.sup.6 = 64 sectors. In the case
      where it is desired to utilize 7 bits for the specification of sector
      addresses, 2.sup.7 = 128 sectors must be provided in one band. Therefore,
      such an addressing cannot be performed in the case of the allocation of
      100 sectors in one band.
PAC  SUMMARY OF THE INVENTION
PAR  The main object of the present invention is to provide a new addressing
      method in which sectors left unused as idle area in the prior art method
      can be effectively used.
PAR  Another object of the present invention is to provide an addressing method
      by means of which addressable area can be increased so that the cost per
      capacity of the magnetic memory device is considerably lowered.
PAR  One feature of the present invention which has been made to attain the
      above objects, is that the number of sectors in each band and the number
      of tracks are equal to 2.sup.p and 2.sup.q (p, q = positive integer) while
      each track contains a plurality of bands.
PAR  Another feature of the present invention is that each track contains M
      bands (M &gt; 2) and each band consists of 2.sup.p sectors which are
      respectively arranged M - 1 sectors apart on the corresponding track so
      that the tracks are selected according to the several lower bits of a
      register for specifying the band addresses while the bands on each track
      are selected according to the several upper bits of the register.
PAR  A further feature of the present invention is that each track contains M
      bands, each band consists of 2.sup.p sectors which are successively
      arranged on the corresponding track, the addressing of the bands is
      performed in such a manner that one band address is designated on a 1/M
      circumference of the corresponding track while the next band address is
      designated on the next 1/M circumference of the next track, and a registor
      for specifying the band addresses selects not only any one of the tracks
      but also any one of M bands on one track.
PAR  Other objects and features of the present invention will be apparent from
      the following description along with the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows the arrangement of data stored on a magnetic drum, according
      to the addressing method embodying the present invention.
PAR  FIG. 2 is the block diagram of a circuit for realizing such a data
      arrangement as shown in FIG. 1.
PAR  FIG. 3 shows the arrangement of bits constituting address data, used in the
      present method.
PAR  FIG. 4 shows another arrangement of data stored on the magnetic drum
      according to the present method.
PAR  FIG. 5 is the block diagram of a circuit for obtaining such a data
      arrangement as shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, it is shown how data is stored on the magnetic drum, according
      to the present method. FIG. 1 shows the details of a magnetic drum MD
      having n tracks (tracks No. 0 to No. n), each track consisting of three
      bands (M = 3), and two additional timing tracks.
PAR  The details of the track No. 0 is shown in FIG. 1 as a length of ribbon
      labeled A. The track No. 0 consists of bands 0, n and 2n, each band
      consisting of m sectors (m = 2.sup.p, p = positive integer) and each
      sector consisting of l words as shown in FIG. 1 as a short length of
      ribbon labeled B and each word being constituted of k bits as indicated
      with ribbon labeled C in FIG. 1. The band 0 of the track No. 0 is
      constituted of m sectors, i.e. sectors 0, 1, . . . , m-1, which are
      respectively arranged two sectors apart. In the intermediate and
      sequential sector areas except sector areas belonging to the band 0,
      sectors 0, 1, . . . , m-1 of each of the bands n and 2n are arranged two
      sectors apart.
PAR  In like manner, bands 1, n+1 and 2n+1 are arranged on the track No. 1.
      Generally speaking, bands .alpha., n+.alpha. and 2n+.alpha. (.alpha. = 0,
      1, . . . , n-1) are arranged on the track No. .alpha..
PAR  In a conventional magnetic drum in which each track has only one band and
      consists of 100 sectors, 64 sectors constitutes one band and the remaining
      36 sectors are left unused as idle area. However, in the method according
      to the present invention in which for example, each of tracks on the
      magnetic drum has three bands and consists of 100 sectors and each band
      consists of 2.sup.5 = 32 sectors, the idle area is 100 - 32 .times. 3 = 4
      sectors and can be rendered considerably smaller though each band consists
      of 2.sup.p sectors, p being 5 in FIG. 1.
PAR  FIG. 2 is a block diagram of a circuit for addressing data stored on such a
      magnetic drum as shown in FIG. 1.
PAR  In FIG. 2, reference numeral 1 indicates a processor and 2 a magnetic-drum
      storage device containing a magnetic drum MD. A controller 21 of the
      magnetic-drum storage device performs the control of data transfer to and
      from the processor 1 and the control of all the following components.
PAR  A memory register 22 serves to temporarily store the data transferred in
      parallel from a buffer memory 45 and to send the data serially to a
      modulator 31 and it also has the functions of temporarily storing the
      serial data from a demodulator 34 and transferring the data in parallel
      through the buffer register 45 to the controller 21.
PAR  A band register 23, an example of which is shown in FIG. 3, serves to store
      the upper bits, capable of being spatially selected, of the address
      information transferred from the controller 21. Reference numerals
      37.sub.1 to 37.sub.x indicate X switches, numerals 38.sub.1 to 38.sub.y Y
      switches, numeral 391 an X decoder, and numeral 392 a Y decoder. In
      practice, the bits No. 5 to No. 9 of the band register 23 corresponding to
      the Y decoder 392 and the bits No. 10 to No. 13 corresponding to the X
      decoder 391 are used to select a desired track and the bits No. 14 and No.
      15 are used to select a desired band or band row of three bands on a
      single track.
PAR  On the other hand, a sector register 24 serves to store the lower bits of
      the band register 23, capable of being in time sequence selected, i.e. the
      bits No. 0 to No. 4 (see FIG. 3).
PAR  A bit counter 25 serves to count the bit clock signals from a clocking
      circuit 36 and to send a carry to a word counter 26 each time k bits are
      counted. The word counter 26 counts the carries from the bit counter 25
      and sends a carry to a scale-of-three counter 41 each time l words are
      counted. A sector counter 27 counts the carries from the scale-of-three
      counter 41. This sector counter 27 exhibits the same count for three
      continuous sectors, for example, three sectors 0 as shown in FIG. 1, since
      by means of the scale-of-three counter 41 the sector counter 27 receives
      one carry each time the word counter 26 delivers three carries.
PAR  A coincidence circuit 28 applies an output signal to the controller 21 to
      cause the starting of write- and read-operations when the count of the
      sector counter 27 becomes identical with the sector address specified by
      the processor 1 and stored in the sector register 24.
PAR  A modulator 31 serves to modulate the data for writing into NRZ (Non Return
      to Zero) or PM (Phase Modulation) signals. A write-amplifier 32 receives
      the output of the modulator 31. A read-amplifier 33 delivers a read signal
      such as NRZ or PPM signals which is, in turn, demodulated through a
      demodulator 34 into data for reading.
PAR  The clocking circuit 36 electronically processes the timing signal which is
      read out of the drum MD and amplified through a timing amplifier 35, to
      produce a signal free from jitter.
PAR  A second coincidence circuit 42 selects, in time sequence, specified one of
      band or band row of the three bands .alpha., n+.alpha. and 2n+.alpha. on
      the same track .alpha. upon identification of the coincidence between the
      output of the scale-of-three coupler 41 and the two uppermost bits of the
      band register 23 (see FIG. 3).
PAR  AND gates 43 and 44 respectively pass the content of the memory register 22
      to the modulator 31 and the content of the demodulator 34 to the memory
      register 22, only during the time corresponding to the band row specified
      as above.
PAR  The above-mentioned buffer register 45 stores data per one sector during
      the time corresponding to the specified band row and transfers the data
      during the time corresponding to the remaining band rows. The buffer
      register 45 may store data per one sector during the time corresponding to
      the specified one of the three band rows and transfer the data during the
      time corresponding to the three band rows.
PAR  As described above, each track contains three bands which each consists of
      m sectors, i.e. sectors 0, 1, . . . , m-1, which are respectively arranged
      two sectors apart; the carries from the word counter are applied through
      the scale-of-three counter to the sector counter; and any one of the bands
      or band rows on the same track is selected by identifying the coincidence
      between the output of the scale-of-three counter and the two uppermost
      bits of the band register. With this constitution, therefore, the idle
      area can be effectively minimized. For example, with a magnetic drum each
      track of which can consist of 100 sectors, the idle area can be reduced to
      four sectors by forming one track with three bands and forming one band
      with 32 sectors.
PAR  In the above embodiment, 32 sectors made up a single band and the
      scale-of-three counter was used. However, for a band consisting of 16
      sectors a scale-of-six counter must be used and for a band consisting of
      eight sectors a scale-of-twelve counter has to be employed.
PAR  In the embodiment shown in FIG. 2, the rate of data transfer on macroscopic
      scale is reduced by a factor of one-third, in the transfer of data stored
      in more than two continuing sectors, but this embodiment is preferable in
      case where a high-speed, high-density magnetic drum is mated with a rather
      low speed processor.
PAR  FIG. 4 shows another arrangement of data stored on the magnetic drum
      according to the present invention, with which the rate of data transfer
      is prevented from being lowered.
PAR  Also in this embodiment, the relation of words to a sector or bits to a
      word is the same as in the conventional method, and, one track consists of
      three bands, one band consists of 32 sectors, one band consisting of
      sectors whose number is equal to 2.sup.5. With the data arrangement as
      shown in FIG. 4, the addressing of the bands is performed in such a manner
      that one band address is designated on a 1/M circumference of the
      corresponding track while the next band address is designated on the next
      1/M circumference of the next track.
PAR  According to this embodiment, therefore, even in case of transferring data
      stored in more than two successive sectors the rate of data transfer is
      not lowered since the band gap between the adjacent blocks, e.g. block 1
      and block 2 or block 2 and block 3, is negligible.
PAR  FIG. 5 is a block diagram of a circuit for realizing the data arrangement
      as shown in FIG. 4. In FIG. 5, the same reference numerals and characters
      are applied to like parts or elements as in FIG. 2. A block decoder 46
      decodes the output of the band register 23 to determine the allotment of
      the bands to the respective blocks, as shown in FIG. 4. The coincidence
      circuit 42 applies an output to the controller 21 when the outputs of the
      scale-of-three counter 41 and the block decoder 46 are identical with each
      other, so that the read- or write-operation is started. And simultaneously
      (at this time only) the AND gates 43 and 44 are opened to transfer the
      content of the memory register 22 to the modulator 31 or the content of
      the demodulator 34 to the memory register 22.
PAR  As described above, each track contains 3 bands which each consists of
      2.sup.p sectors which are successively arranged on the corresponding
      track; the addressing of the bands is performed in such a manner that one
      band address is designated on a 1/M circumference of the corresponding
      track while the next band address is designated on the next 1/M
      circumference of the next track; and the register for specifying the band
      addresses serves to select not only any one of the tracks but also any one
      of the three bands (in this case equivalent to "three blocks") on a single
      track. With this constitution, therefore, the idle area can be
      considerably decreased without lowering the rate of data transfer.
PAR  In the foregoing part of the specification, the present invention is
      described by way of two embodiments. In addition, the following advantages
      can be obtained according to the present invention.
PAR  1. The idle area occupying about 10 to 50% of the magnetic layer of the
      drum and left unused, can be effectively utilized so that the cost per
      capacity of memory in the magnetic-drum storage device can be considerably
      lowered.
PAR  2. Each band can be constituted of sectors whose number is equal to 2.sup.p
      though each track contains sectors whose number is not equal to
      2.sup.p.sup.' (p' = positive integer). Accordingly, the addressing can be
      facilitated.
PAR  3. The rate of data transfer can be lowered, if necessary. If the increase
      of the rate of data transfer is desired, one word or one sector may be
      recorded in a divided form on a plurality of tracks and the one word or
      the one sector recorded on the plurality of tracks may then be read
      simultaneously. In this case, a group of the plurality of tracks
      corresponds to one track described or shown in the above-mentioned
      embodiments.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method comprising the steps of providing a sector type of magnetic
      memory having thereon 2.sup.q tracks (q = positive integer), forming each
      of said tracks with M bands (M &gt; 2) with each band consisting of 2.sup.p
      sectors (p = positive integer), and addressing said bands and said sectors
      to address the magnetic memory.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein each band consists of 2.sup.p
      sectors which are respectively arranged M-1 sectors apart on the
      corresponding track.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein each band consists of 2.sup.p
      sectors which are successively arranged on the corresponding track and the
      addressing of said bands is performed by designating one band address on a
      1/M circumference of the corresponding track and designating the next band
      address on the next 1/M circumference of the next track.
NUM  4.
PAR  4. A method as claimed in claim 1, wherein the bands on each track as well
      as the tracks are selected according to the band addresses.
NUM  5.
PAR  5. A method as claimed in claim 2, wherein the tracks are selected
      according to the several lower bits of a band register for specifying the
      band addresses while the bands on each track are selected according to the
      several remaining upper bits of said band register.
NUM  6.
PAR  6. A method as claimed in claim 3, wherein the tracks are selected
      according to the several lower bits of a band register for specifying the
      band addresses while the bands on each track are selected according to the
      content of said band register including the several remaining upper bits.
NUM  7.
PAR  7. A method comprising the steps of providing a sector type of magnetic
      memory having thereon 2.sup.p tracks (q = positive integer), forming each
      of said tracks with M bands (M &gt; 2) with each band consisting of 2.sup.p
      sectors (p = positive integer), and addressing said bands and said sectors
      to address the magnetic memory, the sectors in each band being
      respectively arranged M-1 sectors apart on the corresponding track, the
      tracks being selected according to the several lower bits of a band
      register for specifying the band addresses, the bands on each track being
      selected according to the coincidence between the several remaining upper
      bits of said band register and the content of a scale-of-M counter counts
      M outputs from a word counter for producing an output each time said word
      counter counts l outputs from a bit counter for producing an output each
      time said bit counter counts k clock signals from the magnetic memory, and
      the sectors in each band being selected according to the coincidence
      between the content of a sector register for specifying the sector
      addresses and that of a sector counter for counting outputs from said
      scale-of-M counter.
NUM  8.
PAR  8. A method comprising the steps of providing a sector type of magnetic
      memory having thereon 2.sup.q tracks (q = positive integer), forming each
      of said tracks with M bands (M &gt; 2) each band consisting of 2.sup.p
      sectors (p = positive integer) and addressing said bands and said sectors
      to address the magnetic memory, the sectors in each band being
      successively arranged to the corresponding track, the addressing of said
      bands being performed by designating one band address on a 1/M
      circumference of the corresponding track and designating the next band
      address on the next 1/M circumference of the next track, the tracks being
      selected according to the several lower bits of a band register for
      specifying the band addresses, the bands on each track being selected
      according to the coincidence between the output of a decoder for decoding
      the content of said band register and the content of a scale-of-M counter
      for producing an output each time said scale-of-M counter counts M outputs
      from a sector counter for producing an output each time said sector
      counter counts 2.sup.p outputs from a word counter for producing an output
      each time said word counter counts l outputs from a bit counter for
      producing an output each time said bit counter counts k clock signals from
      the magnetic memory, and the sectors in each band being selected according
      to the coincidence between the content of a sector register for specifying
      the sector addresses and that of said sector counter.
NUM  9.
PAR  9. A method as claimed in claim 1, wherein each track extends along a line
      in a predetermined direction and forming each band of a corresponding
      track to extend along the same line in the same predetermined direction.
NUM  10.
PAR  10. A method as claimed in claim 9, further comprising forming the bands of
      a corresponding track such that at least one sector of each band is
      sequentially arranged to extend along the same line in the same
      predetermined direction of the track thereof.
NUM  11.
PAR  11. A method as claimed in claim 1, wherein the memory is a drum memory and
      forming the tracks and bands to extend about the circumference of the
      drum.
NUM  12.
PAR  12. A method comprising the steps of providing a sector type of magnetic
      memory having thereon 2.sup.q tracks (q = positive integer), forming each
      of said tracks with M bands (M &gt; 2) with each band consisting of 2.sup.p
      sectors (p = positive integer), and addressing said bands and said sectors
      to address the magnetic memory, the sectors in each band being
      respectively arranged M-1 sectors apart on the corresponding track, the
      tracks being selected according to selected bits of a band register for
      specifying the band addresses, and the bands on each track being selected
      according to the content of the remaining bits of said band register and
      that of a scale-of-M counter for counting the number of sectors.
NUM  13.
PAR  13. A method as claimed in claim 12, wherein the sectors in each band are
      selected according to the content of a sector register for specifying the
      sector addresses and that of a sector counter for counting outputs from
      said scale-of-M counter.
NUM  14.
PAR  14. A method comprising the steps of providing a sector type of magnetic
      memory having thereon 2.sup.q tracks (q = positive integer), forming each
      of said tracks with M bands (M &gt; 2) with each band consisting of 2.sup.p
      sectors (p = positive integer), and addressing said bands and said sectors
      to address the magnetic memory, the sectors in each band being
      successively arranged to the corresponding track, the addressing of said
      bands being performed by designating one band address on a 1/M
      circumference of the corresponding track and designating the next band
      address on the next 1/M circumference of the next track, the tracks being
      selected according to selected bits of a band register for specifying the
      band addresses, and the bands on each track being selected according to
      the content of said band register and that of a scale-of-M counter for
      counting the number of the bands.
NUM  15.
PAR  15. A method as claimed in claim 14, wherein the sectors in each band are
      selected according to the content of a sector register for specifying the
      sector addresses and that of a sector counter for counting the number of
      the sectors.
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PAL  The invention relates to rotatable data storage apparatus of the type in
      which relative movement between a data transducer and a data storage
      medium is utilized to record data on and to read data from one or more
      parallel data tracks on the medium.
BSUM
PAR  The data storage apparatus, according to the invention, comprises a
      rotatable storage medium having a number of data tracks thereon, a data
      transducer movable by an actuator over the data tracks from one
      transducing position to another, and control means for supplying control
      signals to the actuator, the arrangement being such that when the
      transducer is moved from a first data track to a destination track more
      than one track away from the first data track, the control means supplies
      signals to the actuator to move it to accelerate the transducer over a
      first predetermined distance, to continue to move the transducer at a
      uniform velocity over a second predetermined distance, the uniform
      velocity being equal or substantially equal to the velocity attained by
      the transducer as a result of the acceleration, and to retard the
      transducer and locate it in a transducing position over the destination
      track for the remaining distance.
PAR  In order that the invention may be fully understood, a preferred embodiment
      will now be described with reference to the accompanying drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 shows schematically a data storage system incorporating the present
      invention,
PAR  FIG. 2 shows how servo tracks are encoded to provide position information,
PAR  FIGS. 3a, 3b and 3c show waveforms detected by a servo transducer when
      on-track, displaced from on-track position in one direction and displaced
      from the on-track position in the other direction,
PAR  FIG. 4 shows three servo tracks defining odd and even guide paths,
PAR  FIGS. 5a and 5b show waveforms detected by a pair of servo transducers when
      displaced in the same direction from odd and even guide paths,
PAR  FIG. 6 shows a block form a circuit completing a servo position loop
      connecting a servo transducer with a voice coil actuator,
PAR  FIG. 7 shows in block form a position detect circuit forming part of the
      servo position loop illustrated diagrammatically in FIG. 6,
PAR  FIG. 8 shows the waveforms at various parts of the circuit shown in FIG. 7,
PAR  FIG. 9 shows a block form a servo position compensator circuit forming a
      part of the FIG. 6 circuit completing the servo position loop,
PAR  FIG. 10 shows a block form the driver circuit of the FIG. 6 circuit,
PAR  FIG. 11 shows a block form a phase locked oscillator which provides clock
      pulses for the data channels of the data storage system,
PAR  FIG. 12 shows a servo error signal constituting an output of the FIG. 7
      circuit, during a track seek operation,
PAR  FIGS. 13a and 13b show logic signals derived from the servo error signal of
      the FIG. 7 circuit, during a track seek operation,
PAR  FIGS. 14a to 14e show a velocity profile, an error signal and control
      signals for a track access over eight or more tracks;
PAR  FIGS. 15a to 15d show similar waveforms for track access from three to
      seven;
PAR  FIGS. 16 to 16d show similar waveforms for track access of two tracks,
PAR  FIGS. 17a to 17d show similar waveforms for a single track access,
PAR  FIGS. 18a and 18b show a position error signal (the output of the FIG. 7
      circuit) and the rectified derivative of this error signal,
PAR  FIGS. 19a and 19b show a typical waveform of current applied to the
      actuator for the transducer of the data storage system and the integral of
      this current,
PAR  FIG. 20 shows how a hybrid velocity signal is generated,
PAR  FIG. 21 shows in block form the circuit for performing track access
      operations,
PAR  FIG. 22 shows in block form a baseline control circuit, constituting a part
      of the FIG. 7 circuit,
PAR  FIG. 23 shows a demodulator circuit constituting a part of the FIG. 7
      circuit,
PAR  FIG. 24 shows a threshold circuit, constituting a part of the FIG. 7
      circuit,
PAR  FIG. 25 is a graph showing the relationship between the gain and the
      frequency of the compensator circuit of FIG. 6,
PAR  FIG. 26 shows in detail the driver circuit, constituting a part of the FIG.
      6 circuit,
PAR  FIGS. 27a, 27b and 27c are waveforms of the voltages on a divide circuit
      and a single shot circuit and also the input to the single shot circuit
      which are component parts of the block diagram of FIG. 11,
PAR  FIG. 27d is a circuit diagram showing an equivalent circuit including a
      filter circuit component which is a part of FIG. 11,
PAR  FIG. 27e is a graph showing the relationship between the gain and the
      frequency of the filter circuit of FIG. 27d,
PAR  FIG. 28a is the diagram of a circuit producing the waveform of FIG. 13a,
PAR  FIG. 28b shows waveforms of certain output voltages in the FIG. 28a circuit
      in conjunction with the waveforms of the output voltages of the FIG. 7
      circuit,
PAR  FIG. 29 is a circuit diagram of a hybrid velocity circuit shown generally
      in FIG. 21, and
PAR  FIG. 30 is a circuit diagram of a velocity store circuit shown generally in
      FIG. 21.
PAR  The data storage system incorporating the present invention is shown
      schematically in FIG. 1. Here, a magnetic disk 1 is shown, rotatable about
      a central spindle 1a and with two sets of concentric data tracks 2 and 3
      on one surface and one set of concentric servo tracks 4 on the other
      surface. Data transducers 5, 6 are provided to read and write on the data
      tracks 2, 3; and a servo transducer 7 reads position information from the
      servo tracks 4. All three transducers 5, 6 and 7 are ganged together and
      are simultaneously moved over the surfaces of the disk 1 by a head
      positioning mechanism under the control of an external file control unit
      (FCU) which is not shown herein and which is a conventional unit.
PAR  The head positioning mechanism used in this apparatus consists briefly of a
      pivoted lightweight bifurcated arm with the data and servo transducers 5,
      6 and 7 supported at one end and a voice coil actuator at the other end.
      The voice coil winding of the actuator is center-tapped, and energization
      of one-half moves the transducers 5, 6 and 7 in one direction across the
      tracks on the disk 1 and energization of the other half moves them in the
      opposite direction. Such a mechanism is described and claimed in
      co-pending application for letters U.S. Pat., Ser. No. 231,320, filed Mar.
      2, 1972 (now U.S. Pat. No. 3,849,800, issued Nov. 19, 1974) on "Magnetic
      Disk Apparatus," and details of construction will not be given herein and
      may be obtained by referring to said co-pending application.
PAR  FIG. 2 shows how the servo tracks 4 are encoded to provide position
      information. Two tracks 8, 9 are shown in the figure and are
      representative of a plurality of alternating odd and even circular
      concentric servo tracks extending across the entire bank of tracks 4.
      Various portions of the track 8, for example, are shown magnetized in one
      direction with shorter portions magnetized in the opposite direction. The
      directions of magnetization are represented in the figure by arrows. In
      contrast, the directions of magnetization of the long and short portions
      of track 9 between the same radial lines a are in the opposite directions
      to those in track 8 and to the adjacent track (not shown) on the other
      side.
PAR  A transducer positioned over a servo track experiences a flux reversal
      which produces a pulse in the transducer as each junction between
      different magnetic regions passes the transducer gap. The polarity and
      magnitude of the pulse is proportional to the magnitude and polarity of
      the flux reversal producing it.
PAR  The servo tracks are written with no gaps between them and, as can be seen
      from FIG. 2, magnetic flux reversals in one of the two directions
      (negative, on radial lines a) are aligned from one track to the next so
      providing continuous transitions of the same polarity radially across the
      disk 1. Disk 1 and tracks 8 and 9 are assumed to be moving in direction A.
      These transitions are used to provide clock pulses for the data channel as
      will be seen later. The flux reversals in the opposite direction
      (positive) shown on radial lines b on alternate tracks are staggered early
      and late about the aligned transitions a.
PAR  A servo transducer 7 positioned as shown in FIG. 2 symmetrically disposed
      above the boundary c between the two tracks 8, 9 sees negative clock
      pulses 10 and positive position pulses 11, 12 as the tracks pass the
      transducer gap. These pulses are shown in FIG. 3a from which it is seen
      that, provided the transducer 7 is accurately positioned over the boundary
      of two servo tracks; the position pulses 11, 12 will be of equal
      magnitude, and each will be half the magnitude of a clock pulse 10
      produced by the aligned negative flux reversals a. Such a boundary c
      between two servo tracks, such as the two tracks 8 and 9, is called a
      guide path.
PAR  In the event that the servo transducer 7 moves out of its symmetrical
      position over the guide path or boundary c toward track 8, then the
      position pulse 11 will increase in magnitude with a corresponding decrease
      in magnitude of position pulse 12. The sum of the amplitude of the two
      positions pulses 11 and 12 will always be equal to the amplitude of the
      clock pulse 10, and the difference in amplitude between the two position
      pulses 11, 12 is proportional to the position error of the servo
      transducer 7 and correspondingly the two data transducers 5, 6 on the
      opposite side of the disk 1. The wave form illustrating this condition, in
      which transducer 7 has moved out of its symmetrical position over the
      guide path c toward track 8, is shown in FIG. 3b.
PAR  FIG. 3c shows the wave form resulting from displacement of the servo
      transducer 7 from the guide path c toward track 9. This time, the position
      pulse 12 is increased in amplitude at the expense of position pulse 11.
      Thus, an error signal derived from the difference between the two position
      pulses 11 and 12 indicates by its polarity the direction of displacement
      of transducer 7 and by its amplitude the magnitude of the displacement.
PAR  However, this position information is not unambiguous as reference to FIG.
      4 will show. Here, three servo tracks 13, 14, 15 are shown with two servo
      transducers 16, 17 positioned over the two guide paths d, e with both of
      the transducers 16, 17 being misaligned in the same direction (toward the
      top of FIG. 4). The waveform of the pulses produced by the transducer 16
      is shown in FIG. 5a, and the waveform produced by transducer 17 is shown
      in FIG. 5b. It is seen, therefore, that a displacement in one direction
      from an odd guide path produces an error signal (proportional to the
      differences in amplitude of position pulses 11a and 12a) to an identical
      displacement in the same direction from an even guide path. This is true,
      since the differences between position pulses 11a and 12a are the same in
      both cases. In FIG. 4, the guide paths d and e can be even and odd,
      respectively, or vice versa. Thus, circuitry responsive to position error
      signals for the purpose of realigning a transducer on a guide path must
      also be supplied with the additional information as to whether the
      displacement of the transducer is from an odd toward an even guide path or
      vice versa. This information is supplied from an external file control
      unit (FCU) which keeps count of tracks crossed by transducers during a
      track seek operation.
PAR  The system operates in two different modes, namely a track following mode
      and a track accessing or seeking mode. In the track following mode, the
      transducer 7 is maintained over and follows a single guide path on the
      disk while in track seeking mode the transducer 7 is moved from one guide
      path to another guide path.
PAR  A block diagram of the circuitry for completing a servo position loop
      (between servo transducer 7 and voice coil actuator 19 for arm 18 carrying
      transducer 7) is shown in FIG. 6. The servo position loop shown in FIG. 6
      is mainly used in track following mode but parts of it are also used in
      track accessing mode. In this figure, the transducer positioning mechanism
      briefly referred to previously and with reference to co-pending
      application Ser. No. 231,320 is shown in schematic form. The servo
      transducer 7 is shown supported at one end of a lightweight pivoted arm 18
      with a voice coil actuator 19 at the other end. The actuator consists of a
      center-tapped voice coil winding 20 which when energized interacts with
      the stationary magnetic field of the permanent magnet 21 to rotate the arm
      18 about its pivot 22. In operation, the transducer 7 detects the pattern
      of servo tracks 4 on the disk 1 as explained above. The resulting signals
      are amplified by the preamplifier 23, which is carried on the end of the
      arm 18, and are fed to the position detect circuit 24. This circuit
      demodulates the position signals to produce a voltage proportional to the
      position error of the servo transducer 7. For the purpose of track
      following, this position error signal is fed to a compensator circuit 25
      which stabilizes the servo response and from which the resulting signal is
      passed to a differential driver circuit 26. The driver circuit 26 converts
      the compensated position error signal from circuit 25 into a drive current
      which is supplied to the appropriate half of the voice coil winding 20 to
      move the arm 18 in a direction which reduces the position error of
      transducer 7.
PAR  A phase locked oscillator (PLO) not shown in this block diagram but which
      is subsequently described and is otherwise illustrated, locks onto the
      servo pattern (the output of transducer 7) and provides timing waveforms
      for the position detect circuit 24. The phase locked oscillator also
      multiplies the frequency existing in transducer 7 to produce a write
      clocking signal for a data channel connected with transducers 5 and 6 as
      will be more fully hereinafter described.
PAR  The circuitry completing the servo position loop shown in FIG. 6 will now
      be described in more detail with reference to other figures of the
      drawings.
PAC  POSITION DETECT CIRCUIT 24
PAR  The operation of this circuit will now be described with reference to the
      more detailed block diagram of the hardware shown in FIG. 7 and wave forms
      appearing at various parts of the circuit shown in FIG. 8.
PAR  The preamplified signals representing the servo pattern derived from the
      servo transducer 7 and amplified by the preamplifier 23 are further
      amplified by the variable gain amplifier 27 and are then passed through a
      filter 28 in order to remove noise outside the signal band width, which in
      this case is about 4MHz. The dc level of the signal output from filter 28
      is set at -1.0 volt by baseline control circuit 29. A typical waveform 30
      of a signal indicating a position error appearing at the output of circuit
      29 is shown in FIG. 8. The wave form consists of positioned pulses 31, 32
      and clock pulses 33. The pulses 31, 32 and 33 respectively correspond with
      the pulses 11, 12 and 10 previously described in connection FIGS. 3a to
      3c. The difference in amplitude of the two position pulses 31, 32 provide
      the position error signal (at the output of position detect circuit 24
      across terminals 43 and 44).
PAR  To obtain the position error signal at the output of circuit 24, one
      position signal (pulses 31) is supplied a first (IN) demodulator 34, and
      the other position signal (pulses 32) is supplied to a second (OUT)
      demodulator 35 under the control of gating pulses supplied on lines 45 and
      46 from a phase locked oscillator in conjunction with an odd-even line 46a
      (see FIG. 11) from the FCU to be described later. The demodulator
      (demodulator 34 or demodulator 35) to which the position pulses are gated
      depends on whether the servo head 7 is trying to follow an odd or an even
      guide path (such as guide path c), as explained previously with reference
      to FIGS. 4 and 5. Each demodulator 34, 35 consists essentially of a
      capacitor which is charged rapidly to the peak value of the position pulse
      (pulse 31 or pulse 32) gated thereto and which decays slowly between the
      applied pulses. The outputs from the two demodulators 34 and 35 are shown
      in FIG. 8 respectively as wave forms 36, 37. These outputs are filtered
      differentially by resistors R1, R2 and capacitor C1 to smooth out the
      small steps produced when the positive peaks of the position signals 31,
      32 applied to demodulators 34, 35 are stored on the demodulator
      capacitors. Finally, the outputs from the demodulators 34, 35 are passed
      through two buffer circuits 41, 42 which provide a low impedance drive for
      the position signal which then appears across the output linear terminals
      43, 44 of the position detect circuit 24. The arrangement is such that, if
      the voltage on terminal 43 resulting from pulses 31 is more positive than
      the voltage on terminal 44 resulting from pulses 32, then the voice coil
      actuator 19 is energized so that the transducers 5, 6 and 7 are moved
      toward the spindle 1a of disk 1. If the terminal 44 is more positive than
      terminal 43, then the actuator 19 moves the transducers 5, 6 and 7 in the
      opposite direction, away from the spindle 1a of disk 1. For this reason,
      demodulator 34 is called the "in demodulator" and demodulator 35 is called
      the "out demodulator".
PAR  The transducer output and amplifier gain tolerances make it necessary to
      stabilize the circuit 24; and, therefore, the variable gain amplifier 27
      is provided with an automatic gain control (AGC) voltage input on line 27c
      supplied from an AGC amplifier and filter 40 which is fed with a reference
      voltage derived from the output signal across terminasl 43, 44 and defined
      by resistors R3 to be the average of the signals 43 and 44.
PAR  The signals appearing at the output of circuit 29 are also supplied to a
      clock detect threshold circuit 49 arranged to detect negative transitions
      bigger than -1.86 volts. Reference to FIG. 8 will show that the output
      from this circuit on terminal 50 will be the clock pulses 33.
PAR  The servo signal read by the servo head 7 is, in fact, a differential
      signal appearing on the two output lines 7a and 7b (see FIG. 7). The
      signal appearing on line 7a, for example, is as shown, in FIG. 5a. The
      inverse of this appears simultaneously on the other associated line 7b.
      Likewise, similar output signals, one being the inverse of the other,
      appear at the outputs of circuits 23, 27 and 28 on lines 23a, 23b, lines
      27a and 27b, and lines 28a and 28b.
PAR  The baseline control circuit 29 is illustrated in FIG. 22 and includes
      transistors T1, T2 and T3, operational amplifier 100, capacitors 101 and
      102 and resistors 103, 104, 105, 106, 107, 108, 109, 110 and 111 connected
      as shown. The lines 28a and 28b constitute inputs to the circuit 29 and
      are connected particularly to the bases of transistors T1 and T2. The line
      29a constitutes the output of circuit 29 and is connected to the
      demodulators 34 and 35 and to the clock detect circuit 49. The purpose of
      the circuit 29 is to set the base line of the servo signal wave form at
      -1.0 volt, instead of leaving it at some unknown quantity. Thus, the FIG.
      8 wave form is normally, except for the pulses 31, 32 and 33 at -1.0 volt.
PAR  The transistors T1 and T2 (FIG. 22), together with their associated
      components, provide a further stage for the differential amplification of
      the input signals on lines 28a and 28b. A single output is taken from
      transistors T1 and T2, at the collector of transistor T1, and is applied
      onto the third transistor T3, which serves as a buffer to obtain a low
      impedance drive. The establishment of the baseline voltage of -1.0 volt on
      the output line 29a is achieved particularly by the amplifier 100, one
      input of which is tied to a -1.0 volt source. The effect of the amplifier
      100 and the capacitor 102 is to integrate the difference between the
      signal including the pulses 30, 32 and 33 and the -1.0 volt reference
      signal, and this integrated signal from the output of amplifier 100 is fed
      back to the collector of transistor T2 through resistor 111 and to the
      collector of transistor T1 through resistors 111 and 107 and is arranged
      to be of the appropriate phase to correct the error in the baseline
      appropriately.
PAR  FIG. 8 shows a typical position error wave form 30 constituting the output
      of the baseline control circuit 29, and the position error is represented
      by the difference in the amplitude of the two position pulses 31 and 32.
      Since the polarity of the error signal 30 depends on whether the servo
      head 7 is on an odd or even guide path, the gating of the position error
      signals from the circuit 29 to the two demodulators 34 and 35 must be
      controlled accordingly. The gating signals on lines 45 and 46 (derived
      from a phase locked oscillator in conjunction with an odd-even line from
      the FCU) accomplish this gating function, and these are shown in
      conjunction with the wave form 30 on FIG. 8. The gating signals shown for
      lines 45 and 46 are for an odd guide path; and it will be appreciated
      that, for an even guide path, the signals on lines 45 and 46 would be
      inverted. That is, the signal shown on line 45 would be supplied to line
      46 and vice versa. The arrangement is such that the position pulses 31 and
      32 are gated by the down levels of the gating signals on lines 45 and 46.
PAR  The circuit of demodulator 34 is shown in FIG. 23 and includes transistors
      T4, T5 and T6, capacitor 115 and resistors 116, 117 and 118 connected
      together as shown. The position pulses 31, 32 on line 29a shown in FIG. 7
      are supplied (under control of gate transistor T3 in the FIG. 22 circuit)
      to the emitter of transistor T4 which has its base strapped so that
      transistor T4 functions as a diode. A down level on line 45 causes
      transistor T6 to conduct so that the gated positive going pulses on line
      29a are passed by transistor T4 to the base of matched transistor T5. The
      voltage at the emitter of transistor T5 tries to follow the voltage on the
      base of transistor T5, resulting in capacitor 115 being charged by the
      positive going voltages. The RC values of the FIG. 23 circuit is such that
      transistor T5 is held off until the arrival of the next positive pulse
      gated by transistor T6.
PAR  Demodulator 35 is identical to demodulator 34 except that it takes its
      input from line 46 instead of line 45. Demodulator 35 functions similarly
      as demodulator 34.
PAR  The outputs from the two demodulators 34 and 35, shown as wave forms 36 and
      37 in FIG. 8, are filtered differentially by resistors R1, R2 and
      capacitor C1 in FIG. 7. The component values of R1, R2 and C1 are such as
      to give a roll off differential signal at 7 KHz and above.
PAR  Clock detect circuit 49 is shown in detail in FIG. 24 and consists of two
      transistors T7 and T8 connected in a common emitter configuration. A
      transistor T9 is connected to the collector of transistor T8, and the
      collector of transistor T9 provides the servo clock signal on terminal 50.
      The FIG. 24 circuit also includes the biasing resistors 125, 126 and 127
      connected with the transistors of the circuit as shown.
PAR  A reference signal of -1.86 volts is supplied to the base of transistor T7,
      and the tri-bit signal from baseline control circuit 29 is supplied to the
      base of transistor T8. The transistor T9 constitutes the output transistor
      of the circuit 49 and has its base connected to the collector of
      transistor T8. The circuit 49 has the effect of comparing the voltage of
      the tri-bit signal on line 29a with the -1.86 reference voltage. Thus,
      whenever the voltage of the tri-bit signal on line 29a falls below -1.86
      volts, transistor T8 switches OFF, and transistor T9 switches ON. The
      servo clock signal on terminal 50 therefore appears as a number of
      negative going pulses on the output line from the collector of transistor
      T9. Thus, only the clock pulses appear on terminal 50.
PAC  COMPENSATOR 25
PAR  The compensator 25 shown in FIG. 9 converts the differential position error
      signal appearing across terminals 43, 44 into a single ended output at
      terminal 51 either positive or negative, as required by the driver circuit
      26. The FIG. 9 circuit is a straight forward lead-lag compensator using an
      operational amplifier 52. At low frequencies, the capacitors C2 of FIG. 9
      can be ignored, and the gain is equal to R6/(R4+R5). At high frequencies,
      the capacitors C2 of FIG. 9 act as short circuits; and the gain is R6/R4.
      In this particular arrangement, the low frequency gain is three-fourth,
      and the high frequency gain is 4.5. The characteristics of the compensator
      25 are shown in FIG. 25; and it will be observed that the gain below 113HZ
      is three-fourth, while the gain above 678HZ is 4.5.
PAC  DRIVER CIRCUIT 26
PAR  The error signal from the compensator 25 on terminal 51 is supplied to
      differential driver 26 from where it is directed to cause current to flow
      through one or the other half of voice coil 20 to move the arm 18 carrying
      the transducers 5, 6 and 7 in a direction to reduce the error (during
      track following). The differential driver 26 (see FIG. 10) consists of an
      IN driver 53 and an OUT driver 54. The arrangement is such that, as the
      signal on input 51 goes positive, the OUT driver 54 draws current through
      the half of the voice coil 20 to move the transducers 5, 6 and 7 away from
      the spindle 1a of the disk 1. Conversely, as the signal at input 51 goes
      negative, IN driver 53 takes over; and the other half of the winding 20 is
      energized to move the transducers 5, 6 and 7 in the opposite direction
      toward the spindle 1a of disk 1. In its simplest form, the IN driver 53
      consists of a transistor cross coupled to an identical transistor in the
      OUT driver 54. The differential nature of this circuit is represented by
      the doubleheaded arrow 54a shown connecting drivers 53 and 54. Thus, a
      large positive error signal on terminal 51 produces high current in
      winding 20 and high acceleration of the actuator 18 in one direction; and
      a large negative error signal produces a high current and a high
      acceleration in the opposite direction. The crossover from one half of the
      drive circuit 53, 54 takes place of course when the input to the FIG. 10
      circuit is 0 volts.
PAR  The description given so far of the FIG. 10 circuit is concerned with
      maintaining the servo transducer 7 symmetrically positioned above a guide
      path and consequently the data transducers 5 and 6 on track, so that
      read/write operations may be performed. It is also necessary to move the
      transducers 5, 6 and 7 across tracks under the control of track access
      commands from the control unit (FCU) which is external with respect to the
      disk 1 and its control described herein and is not shown.
PAR  The servo arrangement as so far described also plays a part in a track
      access or "seek" operation during which time, for example, it is necessary
      to control the access velocity of the arm 18 as it moves over the tracks 4
      to its destination and also to keep a count of the number of tracks 4
      crossed. The file as so far described sends track crossing pulses to the
      FCU which enable it to know where the transducer 7 is at any particular
      time. The file also sends a "seek complete" pulse to the FCU at the end of
      each access operation when the transducers 5, 6 and 7 revert to
      track-following mode.
PAR  During a track seek operation, the direction of movement of the arm 18 is
      controlled by signals on direction lines to either the "IN terminal" 57 or
      the "OUT terminal" 58 (see FIG. 10) which in turn cause access driver 59
      to supply signals of appropriate polarity to the two drivers 53, 54.
      During track seek operation, the drivers 53 and 54 are driven hard in one
      direction or the other under control of access logic to be described
      later.
PAR  In order to control the velocity of access across tracks, it is necessary
      to know the instantaneous velocity of the arm 18. This is obtained in part
      by monitoring the current through the two halves of the voice coil winding
      20. A current sense circuit 55 is shown in FIG. 10 connected to the two
      drivers 53, 54 and produces a corresponding current to that through the
      winding 20 in its output 56. How the current is used to indicate the
      velocity of the arm will be explained later.
PAR  The differential driver 26 is shown in detail in FIG. 26. From this figure,
      it can be seen that the IN driver 53 consists of a power transistor T14
      driven by an operational amplifier 125, and resistors 126, 127, 128 and
      129 are connected with the amplifier 125 and transistor T14 as illustrated
      to complete the IN driver 53. The OUT driver 54 is similar in detail to
      the IN driver 53 and comprises transistor T13 and operational amplifier
      130, and resistors 131, 132 and 133 are connected with the amplifier 130
      and transistor T13 in the manner shown to complete the circuitry of the
      driver 54.
PAR  In the operation of the IN driver 53, the emitter current in the transistor
      T14 is sensed across series resistor 129 and is supplied as negative
      feedback to the amplifier 125 to control the gain of the circuit 53. The
      OUT driver 54 functions in substantially the same manner as the IN driver
      53. The phasing of the input connections to the amplifiers 125 and 130 are
      such that IN driver responds to negative input signals on input 51, and
      OUT driver responds to positive input signals on input 51.
PAR  Driver 59 comprises transistors T10, T11 and T12 and resistors 140, 141,
      142, 143 and 144 connected as shown in FIG. 26.
PAR  During a track seek operation, as opposed to a track "follow" operation,
      the signals on terminal 51 are overridden by a signal on IN terminal 57 or
      OUT terminal 58, depending on the direction of access required. The
      arrangement is such that a negative signal on terminal 57 results in the
      voice coil 20 being energized to move the transducers 5, 6 and 7 toward
      the spindle 1a of disk 1, and a negative signal on terminal 58 causes the
      transducers 5, 6 and 7 to move away from the spindle 1a of disk 1. The
      generation of signals on terminals 57 and 58 will be hereinafter explained
      with reference to FIG. 21. At this time, it is sufficient to note that a
      negative signal on terminal 58 causes transistor T10 to conduct, swamping
      any signal on terminal 51; and a negative signal on terminal 57 causes
      level shift transistor T12 to conduct, which in turn switches on
      transistor T11 to also swamp any signal on terminal 51.
PAR  The current sense circuit 55 is shown in FIG. 26 as including an amplifier
      145. Circuit 55 produces on its output terminal 56 a voltage which is
      proportional to the current in the actuator coil 20 which in turn is
      proportional to the acceleration coil 20 produces on arm 18 and
      transducers 5, 6 and 7 moving across disk 1. The voltage on terminal 56 is
      used to generate a hybrid velocity signal required to control head
      accesses as will be described with reference to FIG. 21, and details of
      the production of the hybrid velocity signal will be given later. The
      current through the actuator coil 20 could, of course, be established by
      monitoring the collector currents of transistors T13 and T14. However, it
      has been found more convenient to sample the emitter current of each of
      the transistors T13 and T14 and subtract the base current of the
      transistor which gives a value equal to the collector current of each
      transistor. This is achieved by the three connections to each side of the
      amplifier 145 which was simplified in FIG. 10 to show only two inputs to
      circuit 55 rather than the six inputs actually required for this approach
      and shown in FIG. 26.
PAC  PHASE LOCKED OSCILLATOR "PLO"
PAR  The phaselocked oscillator (PLO) which provides the write clocks for the
      data channel and gating signals on lines 45 and 46 is shown in simple form
      in FIG. 11. Basically, the PLO consists of a voltage controlled oscillator
      60 which runs at about 14MHz and produces a 2F write clock signal at
      output terminal 61. This signal is divided by 2 by trigger 62 and again by
      16 by counters 63. This results in a signal of similar frequency to the
      servo clock signal on terminal 50 of the position detect circuit 24 (see
      FIG. 7). The servo clock signal appearing at terminal 50 is used as a
      phase reference and is supplied as an input to a single shot 64 shown in
      FIG. 11. The phases of the signals from the counters 63 and single shot 64
      are compared in a phase compare circuit 65 which generates an output
      signal representing the phase error between the divided oscillator output
      and the servo clock signal on terminal 50. This error signal is supplied
      to a filter network 66 which, when fed to the oscillator 60, modifies its
      output in a direction which tends to reduce the detected phase error. In
      this manner, the write clock signal on terminal 61 is synchronized with
      the servo clock signal on input terminal 50 of the FIG. 11 circuit.
PAR  The phase compare circuit 65 and the filter 66 shown in FIG. 11 are
      conventional. The phase compare circuit 65 is simply a collection of gates
      arranged to indicate whether the output from single shot 64 representing
      servo clock pulses (on terminal 50) is early or late compared with the
      output from divider 63 and, if so, by how much.
PAR  FIG. 27a shows the oscillator wave form output from divider 63 and the
      single shot output wave form from single shot 64 in response to the servo
      clock pulses applied to input terminal 50 of the FIG. 11 circuit. The
      object is to control the voltage controlled oscillator 60 so that it is in
      synchronism with the servo clock pulses on input terminal 50. This is
      accomplished by comparing the trailing edges of the pulses from divider 63
      and single shot 64 by means of the phase compare circuit 65. From FIG.
      27b, it will be seen that the logical detection of 63, 64 (the positive
      output of single shot 64 and the inverted output of divider 63) by means
      of phase compare circuit 65 will produce a pulse whose duration is a
      measure of the error of the output pulse from the oscillator 60 when the
      pulse is too early compared with the pulse on terminal 50. FIG. 27c shows
      that logical detection by the phase compare circuit 65 of the condition
      63, 64 (the positive output of divider 63 and the inverted output of
      single shot 64) produces a similar pulse when the output pulse of
      oscillator 60 is too late. Logically connected gates are used in phase
      compare circuit 65 for detecting these conditions.
PAR  The logical arrangements (the output pulse of oscillator 60 either early or
      late) have been shown schematically in FIG. 27d as simple switches. Switch
      1 is closed when the output pulse of oscillator 60 is late with respect to
      the pulse on input terminal 50, and switch 2 is closed when the output
      pulse from oscillator 60 is early. The effect of closing these switches is
      to produce current flow in the direction shown by the arrows in FIG. 27d,
      thus increasing or decreasing the voltage on capacitor 146 (see FIG. 27d)
      in the filter circuit 66. This voltage (on the output 66a of filter
      circuit 66) is used to control the voltage controlled oscillator 60 in a
      conventional manner.
PAR  The filter circuit 66 comprises, in addition to the capacitor 146, a
      capacitor 147 and a resistor 148 connected as shown in FIG. 27d. The
      characteristics of the filter circuit 66 are shown in FIG. 27e.
PAR  The phase locked oscillator PLO shown in FIG. 11 also generates the
      demodulator gating signals on lines 45 and 46 used as inputs in the FIG. 7
      circuit and shown as wave forms in FIG. 8. These signals on lines 45 and
      46 are produced by gate 65a having two inputs, one of which is the output
      of the divider 63 and the other of which is the odd/even line 46a. The
      outputs of the gate 65a are the lines 45 and 46. The signal on the line 45
      is identical with the signal output of the divider 63 with the odd/even
      signal on line 46a from the FCU being at a certain level. When the level
      on the odd/even line 46a is changed by the FCU, the signal on the line 45
      is inverted. The signal on the line 46 is always the inverse of the signal
      on the line 45.
PAR  FIG. 12 is a plot of the voltage Ev of the servo error signal between
      terminals 43 and 44 (see FIG. 7) against guide paths on the servo side of
      disk 1 corresponding to data track positions t crossed by the transducers
      5 and 6 during a track seek operation. Starting at the on-track position
      P1, the error signal Ev increases from zero to a maximum at P2 halfway
      between tracks, and reduces to zero again at P3, the next on-track
      position. The error signal Ev then goes negative, reaching a maximum at P4
      and returning to zero at the next on-track position P5 and so on. The
      rounding of the peaks of the error signal at P2 and P4 is caused by
      imperfect resolution and magnetic fringing of transducer 7.
PAR  Two logic signals required to control access or track seek operations and
      having the signal levels shown in FIGS. 13a and 13b are derived from this
      error signal across lines 43 and 44. The signal shown 95 in FIG. 13a
      represents by its up level the linear portions of the error signal Ev
      between lines 43 and 44. In practice, this portion extends over .+-.25% of
      each track about each on-track position. Thus, as can be seen from FIG. 12
      and FIG. 13a, the linear regions exist for about 50% of the surface of
      disk 1 and have a nominal slope of four volts per track.
PAR  The second logic signal shown by FIG. 13b represents by its up-level the
      on-track position. This signal is used for counting the number of tracks
      crossed during a track access operation by the (FCU) and for checking
      positional accuracy of head 7 and thus of heads 5 and 6 during writing.
      The on-track signal of FIG. 13b disappears if the servo transducer 7 moves
      more than 300 microinches away from the on-track position.
PAR  The circuitry for generating the two wave forms shown in FIGS. 13a and 13b
      is shown in FIG. 28a. This circuitry includes two gates 150 and 151 having
      their outputs connected to AND circuit 152. The circuitry includes also
      resistors 153, 154, 155 and 156 connected with the other circuit
      components as illustrated. The two inputs to the FIG. 28a circuit are the
      terminals 43 and 44 constituting the outputs of the position detect
      circuit 24 (see FIG. 7), and the output is on a terminal 95. Gate 150
      gives a positive output when the input at the A terminal of gate 150 is
      less than the input at the B input of gate 150 (this condition is
      illustrated in FIG. 28b). Gate 151 gives a positive output when the input
      at its A terminal is less than the input at its B terminal (this condition
      is also illustrated in FIG. 28b). FIG. 28b may be seen to include the wave
      forms of the signals at the input terminals 43 and 44, at the outputs of
      gates 150 and 151, at points X and Y in FIG. 28a and at the output
      terminal 95a of the FIG. 28a circuit. The latter signal 95 is also shown
      in FIG. 13a. It will be apparent that the extent of the linear region of
      the voltage at terminal 95 is defined by the values of the resistors 153
      to 156 which define the X and Y wave forms, and the output from the AND
      gate 152 on terminal 95 is at an up-level for the duration of the linear
      regions of the signals on terminals 43 and 44. It will be understood that
      a circuit similar to that shown in FIG. 28a with different valued circuit
      compenents can be made to give pulses representing the on-track condition
      as shown in FIG. 13b.
PAR  During a track access operation, the speed of the arm 18 must be controlled
      in order that the position loop can capture the arm 18 and hold it on
      track with the transducer 7 at the required destination. If the approach
      speed of the arm 18 is too high, then overshoot will occur. A suitable
      approach speed or "capture velocity" for this particular apparatus has
      been found to be about 2.9 milliseconds per track. Clearly, to perform the
      whole access at this speed would result in a poor access performance; and,
      therefore, the majority of the access is at a higher speed with a suitable
      retardation to the capture velocity near the end of the access.
PAR  A typical velocity profile for this apparatus performing an access of eight
      or more tracks is shown in FIG. 14a with the resulting servo error signal
      Ev shown below as in FIG. 14b. The velocity profile may be seen to consist
      of the following three phases:
PAR  1. An acceleration phase (track 0 to track 3). During the first three
      tracks of an access, one of the voice coil drivers 53, 54 (FIG. 10) is
      saturated thereby overriding the position loop error signal appearing at
      terminal 51 (FIG. 9) and causing the arm 18 to be accelerated at the
      maximum rate for that particular actuator mechanism used. The voice coil
      driver 53, 54 is saturated with either of the transistors T10 and T11
      switched ON, as explained previously. The generation of the signals on
      terminals 57 and 58 of the FIG. 26 circuit is in response to various
      control signals from the external file control unit (FCU) to which the
      disk drive is connected. Which driver 53, 54 is selected will of course
      depend on the desired direction of access.
PAR  2. A constant velocity phase (track 3 to track N-5, where N is the target
      track). During all but the last five tracks of the access, the arm 18 is
      maintained at a uniform velocity Vs equal or substantially equal to the
      velocity achieved after the acceleration phase during the first three
      tracks. This is accomplished by storing the achieved velocity Vs and
      thereafter selecting either coil driver 53, or 54 as the actual
      instantaneous velocity falls below or exceeds the stored value Vs. The
      inductance of the voice coil 20 prevents excessive current during this
      phase.
PAR  3. A retardation phase (from track N-5 to track N). Five tracks from the
      target track N, the stored velocity Vs is replaced by the capture velocity
      Vc which causes hard retardation until the arm 18 is moving at the capture
      velocity Vc. The arm is maintained at this capture velocity until it
      reaches the linear region of the FIG. 12 waveform at the target track N.
      At this time, the access driver 59 (FIG. 10) is deselected, and the
      position loop electronics captures the arm 18 and positions it on track as
      previously explained. The position loop electronics continues to hold the
      arm 18 on track until another access is required.
PAR  The capture velocity Vc is the maximum permitted velocity of the
      transducers 5, 6 and 7 a quarter of a track away from the destination
      track N if the head 7 is to be captured by the servo loop to track follow
      over that track. It is convenient to express the capture velocity Vc as
      the time taken to cross a track, which is 2.9 milliseconds per track in
      the particular embodiment of the invention disclosed. The constant, 2.9
      milliseconds per track can be expressed in other ways, for example, as
      0.34 tracks per millisecond or 340 tracks per second, but the constant of
      2.9 milliseconds per track is considered the simplest and most meaningful.
      The capture velocity is determined by calculations involving the dynamics
      of the whole system and is a constant applicable regardless of the number
      of tracks crossed by transducer 7 in a track access operation.
PAR  Selection of the three phases above-mentioned is determined by access
      control signals supplied by the external control unit (FCU) in two logic
      lines known as Seek 1 and Seek 2 lines. The voltage changes on these lines
      required to cause the arm 18 to follow the velocity profile in the above
      three mentioned phases are shown in FIGS. 14c and 14d respectively. There
      is a latch known as the "velocity follow latch" (VFL) 200 which is shown
      in FIG. 21 and will be subsequently described. Latch 200 is set when the
      Seek 2 signal is raised and remains "up" until the next linear region of
      the error signal Ev of FIG. 12 is entered after the Seek 2 signal is
      lowered as shown in FIG. 14e.
PAR  At this time, the arm 18 is controlled by the position error signal Ev
      appearing across terminals 43 and 44 and subsequently on terminal 51.
      Referring to FIGS. 14a-14d, the arm 18 is accelerated when the Seek 1
      signal is up and the Seek 2 signal is "down"; the arm 18 is driven at a
      uniform velocity Vs when both Seek 1 and Seek 2 signals are up; the arm 18
      is retarded when the Seek 1 signal is down and the Seek 2 signal is up;
      and the track following electronics takes over when both Seek 1 and Seek 2
      lines are down and the VFL is reset.
PAR  FIGS. 15a to 15d show how accesses of three to seven tracks are controlled.
      The velocity profile of the arm 18 is shown as FIG. 15a; the position
      error signal access terminals 43 and 44 as the tracks are crossed is shown
      as FIG. 15b; and the controlling Seek 1 and Seek 2 signals are shown as
      FIGS. 15c and 15d respectively. In this case, the acceleration phase has
      been reduced from three tracks to one track. The arm velocity Vsl (which
      is less than velocity Vs due to the shorter time of acceleration) attained
      after accelerating for one track is stored as before, and the arm 18 is
      maintained at this velocity Vsl until the retardation phase is reached.
      The retardation phase commences, in this case, two tracks from the
      destination track and slows the arm 18 to the capture velocity Vc in
      sufficient time for the position loop electronics to capture the arm 18 to
      track follow during the final phase. In this case, the Seek 1 line is up
      when movement of the arm 18 commences and goes down when the transducer 7
      crosses the N-2 track. The Seek 2 signal goes up when the first track is
      crossed by the transducer 7 and goes down when the transducer 7 crosses
      the N-1 track.
PAR  With track accesses for one or two tracks only, the velocity of the arm 18
      is limited to the capture velocity Vc. FIG. 16a shows the velocity profile
      of the arm 18; FIG. 16b shows the position error signal Ev: FIG. 16c shows
      the Seek 1 signal; and FIG. 16d  shows the Seek 2 signal; all for a two
      track access. This time, the Seek 1 and Seek 2 lines rise together,
      thereby eliminating the acceleration phase, causing the velocity of arm 18
      to be limited to the capture velocity Vc, until both Seek 1 and Seek 2
      lines fall, and the VFL is reset, permitting the position loop electronics
      to capture the arm 18 as in the previous examples.
PAR  Finally, the control for a single track access is shown in FIGS. 17a to
      17d, and is substantially the same as for the two track access just
      described. FIG. 17a shows the velocity profile of the arm 18, and FIG. 17b
      shows the position error signal Ev for this single track access.
PAR  Since all of the disk file accesses are controlled from the file control
      unit FCU (not shown), a number of interface lines are required between the
      disk file as illustrated in the drawings hereof and the non-illustrated
      file control unit FCU. These interface lines are the following:
PAR  Seek 1 and Seek 2 lines (previously mentioned, see FIGS. 14c and 14d, for
      example).
PAR  On track line (see FIG. 13b) supplying track crossing pulses to the
      external file control unit FCU.
PAR  Seek-complete line supplying a signal to the external file control unit FCU
      at the end of an access operation to enable a read/write operation to be
      started.
PAR  Odd/even line 46a (see FIG. 11) supplying signal levels to the disk file
      demodulators 34 and 35 to indicate whether the target track N is to be an
      odd or an even track, thus insuring the correct polarity of the position
      error signal Ev.
PAR  Seek direction (-OUT) line 76 and its inverse (+OUT) line 96 (FIGS. 21 and
      29) indicate the direction of the access to be performed. An out-seek is
      away from the spindle 1a of disk 1 in the direction of increasing track
      address, and an in-seek is toward the spindle 1a of disk 1.
PAR  From the above outlines of the methods of performing the various track
      accesses, it is seen that the instantaneous value of the velocity of the
      transducer 7 must be known during an access. This value is obtained
      electronically from two sources, the position error signal Ev across lines
      43 and 44 generated as the servo transducer 7 crosses the tracks 4, and
      the current supplied to the voice coil 20 during the access.
PAR  The amplitude of the position error signal Ev is proportional to the
      position of arm 18; consequently, the velocity of the arm 18 is
      proportional to the derivative of the linear portions (see FIG. 12) of the
      position error signal Ev:
EQU  ie. velocity .varies. dEv/dt
PAR  FIG. 18a shows a typical error signal Ev resulting from a track access
      operation, and its rectified derivation dEv/dt is shown below as FIG. 18b.
      The derivative signal is only useful over its linear regions and is
      accompanied by noise resulting from the differentiation process. This
      noise is reduced to an acceptable level by passing the derivative signal
      through a low pass filter having a cutoff at 400Hz.
PAR  The voice coil current Ic (through voice coil 20) is proportional to
      acceleration of the transducers 5, 6 and 7; and, therefore, the velocity
      of arm 18 is proportional to the integral of the current through coil 20
      with respect to time:
EQU  ie. velocity .varies..intg. Icdt
PAR  A typical wave form of current through voice coil 20 is shown in FIG. 19a.
      This waveform includes the acceleration phase P5, uniform velocity phase
      P6, retardation phase P7, a short time P8 at the capture velocity, and
      finally track following phase P9. The integral of this waveform .intg.
      Icdt is shown in FIG. 19b and theoretically gives the velocity of the
      transducers 5, 6 and 7. However, the integration process is subject to dc
      drift as shown by the dotted waveform in FIG. 19b. Here, it is seen that
      the largest error E occurs at the most critical time at the end of the
      access operation.
PAR  Although both sources (1. The error signal Ev generated as the transducer 7
      crosses the tracks, and, 2. The current supplied to the voice coil 20
      during access) have individual disadvantages; when they are combined, an
      actual instantaneous true velocity signal Va for arm 18 can be obtained.
PAR  A hybrid velocity signal, which at any given time is the instantaneous
      velocity signal Va, for arm 18 is produced as illustrated generally in
      FIG. 20 and constitutes the straight horizontal line Va shown in this
      figure. For linear regions of the error signal Ev (FIG. 12), the
      instantaneous velocity signal Va is produced by summing the dEv/dt signal
      67 below 400Hz with the .intg. Icdt signal 68 above 400Hz, producing the
      horizontal signal line Va as seen in FIG. 20. For nonlinear regions of Ev,
      the integrated current as shown in FIG. 19b is used alone. The integrated
      current .intg. Icdt can be used during the nonlinear regions of the error
      signal Ev because it does not have time to drift very far during the
      relatively short times it is used as a velocity signal.
PAR  The circuitry 185 for producing the hybrid velocity signal illustrated in
      FIG. 20 is shown in FIG. 29. The FIG. 29 circuit includes a differentiator
      and rectifier 165, transistors T14, T15, T16 and T17, amplifiers 166 and
      167, a capacitor 168, resistors 169 - 179, and diode D all connected
      together as shown in FIG. 29. The differentiator and rectifier 165 is
      described in the International Business Machines Technical Disclosure
      Bulletin, Volume 16, No. 5, Oct., 1973, page 1669, and has the terminals
      43 and 44 (see FIG. 7) as inputs. The amplifier 166 has the output
      terminal 82; the amplifier 166 has the input terminal 56; the base of
      transistor T16 is connected to terminal 96 and the base of transistor T17
      is connected to terminal 76. The collector of transistor T16 is connected
      through resistor 172 with terminal 56, which is the output terminal of the
      current sense circuit 55 (see FIG. 10). Transistor T14 has its base
      connected through resistor 171 with line 95 (see also FIG. 28a).
PAR  The position error signal Ev representing displacement of arm 18 is
      differentiated and rectified by the circuit 165. The transistor T14 is off
      for the duration of the linear region of the position error signal Ev
      allowing the differentiated and rectified position error signal to the
      inverting amplifier 166 through diode D. The transistor T15 in series with
      resistor 170 is on during the linear regions of the position error signal
      Ev so that capacitor 168 and resistor 170 act as a low pass filter having
      a rolloff at 400Hz. The low frequency component of the hybrid velocity
      signal is therefore supplied to the output terminal 82 by the
      differentiated position signal Ev over the linear portions of the position
      error signal Ev.
PAR  A signal representing the current through the coil 20 is obtained from
      terminal 56 as has been previously described with respect to the driver
      26, particularly with reference to FIG. 26. The direction of the current
      through the coil 20 depends on whether the actuator arm 18 is being driven
      toward or away from the spindle 1a of the disk 1. When the actuator arm 18
      is moving toward the spindle 1a, for example, the current from terminal 56
      is taken unchanged to amplifier 166, where, during the nonlinear regions
      of the position error signal Ev resistor 170 is disconnected by the
      transistor T15; and capacitor 168 across the amplifier 166 acts as an
      integrator. The velocity signal during the nonlinear regions of the
      position error signal Ev thus appears at the output terminal 82 to fill in
      the gaps in the signal produced by differentiating the position error
      signal by means of the differentiator 165. When the actuator 18 is moving
      away from the spindle 1a, for example, the current from terminal 56 is
      inverted by the inverter 167, before being supplied to amplifier 166.
      Whether normal or inverted current is supplied to the amplifier 166, it is
      under control of the two transistors T16 and T17, acting as switches,
      operated by direction lines 76 and 96 derived from commands issued by the
      FCU. It will be apparent that the resulting direction of the current flow
      through line 202 indicates whether the arm 18 is being accelerated or
      retarded, this being indicated by arrows 180 and 181 for the case of an
      OUT move away from spindle 1a.
PAR  It will be noted that the acceleration signal (on line 190) is also applied
      onto the amplifier 166 during the linear regions of the error signal Ev.
      During this time, resistor 170 serves to roll off the integrated current
      signal .intg. Icdt below 400Hz as required by FIG. 20.
PAR  The block diagram for the velocity control system for performing track
      access operations is shown in FIG. 21 and will now be described.
PAC  Acceleration Phase
PAR  An AND gate 199 responds on receipt of the Seek 1 signal and the Seek 2
      signal (the reverse of the Seek 2 signal) to supply an accelerate signal
      on line 70. This signal is passed by OR gate 71 (having two inputs) to the
      coil driver 26 to saturate one-half 73 or the other half 74 of the voice
      coil 20 to produce maximum acceleration of the arm 18 over the tracks on
      disk 1 in the desired direction. The direction of access is determined by
      gating circuit 75 controlled by a direction signal on line 76 or line 96
      from the external file control unit (FCU).
PAR  Gate 75 comprises AND gates 202 and 204 appended onto OR circuit 206 and
      AND gates 208 and 210 appended onto OR circuit 212. The outputs of the OR
      circuits 206 and 212 are respectively an "in drive" line 57 and an "out
      drive" line 58. The inputs to the AND circuits are the seek direction
      lines 76 and 96 and the outputs of OR circuit 71 and AND circuit 86. When
      the direction of seek is away from the spindle 1a, the output of circuit
      71 is gated through to line 58 and the output of gate 86 is gated through
      to line 57. Lines 57 and 58 energize the coils 73 and 74 through the
      driver 26 respectively. When the direction of seek is towards the spindle
      (an in seek), gate 75 gates the output of gate 71 to line 57 and the
      output of gate 86 to line 58; and the coils 73 and 74 are energized
      oppositely from before by driver 26.
PAR  The accelerate signal on line 70 is also supplied to the velocity store 78
      to put it into a store mode. The actual velocity achieved by the
      tranducers 5, 6 and 7 is stored in the velocity store 78. The velocity
      store 78 includes a six bit counter register 250 (See FIG. 30) which is
      incremented by clock pulses on terminal 84 derived from a suitable
      constant frequency oscillator (not shown) under control of the signal on
      gate line 79. That is, when the signal on line 79 is "up", the clock
      pulses on terminal 84 are permitted to increment the six bit counter
      register 250; and, when the signal on line 79 is down, the clock pulses on
      terminal 84 are not permitted to increment the 6 bit counter register.
PAR  A digital to analog converter 252 is a part of the store 78 and is
      connected to the six bit counter register 250; and, in forming part of the
      store 78, supplies an analog voltage on the output line 80, the magnitude
      of which is directly proportional to the digital value stored in the 6 bit
      counter register 250. Referring to FIG. 30, the store 78 may be seen to
      comprise an AND circuit 254 which has the lines 70 and 79 and the terminal
      84 as inputs. The output of the AND circuit 254 is to the 6 bit binary
      counter 250, and the counter 250 also has the terminal 89 carrying the
      SEEK 1 RESET signal applied to it. The output from the store 78 is
      supplied through output line 80 to a comparator 81. A voltage Va
      representing the actual instantaneous velocity of the arm 18 during an
      access generated as explained previously is supplied to the second input
      82 of the comparator 81. This velocity is supplied from the hybrid
      velocity circuit 185 which is shown in detail in FIG. 29. The output from
      the comparator 81 is digital and "up" if the stored velocity signal in
      store 78 is less than the actual instantaneous velocity signal from hybrid
      velocity circuit 185 and down when the stored velocity signal in store 78
      is greater than the actual instantaneous velocity signal from hybrid
      velocity circuit 185. The output from the comparator 81 is supplied on
      line 79 (which is connected to a gate input of the velocity store 78).
      Thus, during this phase (the acceleration phase) of the access operation,
      the input on gate line 79 will go up to cause the clock pulses on terminal
      84 to increment the six bit counter register, always trying to make the
      stored velocity in store 78 equal to the actual velocity of the arm 18
      supplied on terminal 82. At the end of the acceleration phase, the output
      from the store 78 will be equal to the actual instantaneous velocity of
      the arm 18. The accelerate signal on line 70 is terminated by the raising
      of the Seek 2 line under control of the external file control unit (FCU)
      by means of gate 199. The end of all elements of an acceleration phase are
      due to the raising of the Seek 2 line as can be seen with reference to
      FIGS. 14a to 14d, and 15a to 15d.
PAR  Thus, it is clear that a positive output is supplied from the compare
      circuit 81 on line 79 whenever the actual velocity V.sub.a exceeds the
      stored velocity V.sub.s of the transducer 7. The line 79 is connected as
      one input to the AND gate 254, and the oscillator clock signal on terminal
      84 is passed by AND gate 254 when the signal on line 70 indicates that an
      accelerate phase has commenced and the signal on line 79 indicates that
      the stored velocity V.sub.s is less than the actual velocity V.sub.a. The
      oscillator signal thus gated by the AND circuit 254 increments the six bit
      binary counter 250 to increase the analog output from the D-A converter
      252 and to thus increase the value V.sub.s of the stored velocity of
      transducer 70. The effect therefore is for the stored velocity V.sub.2 to
      follow the value of the actual velocity V.sub.a. Consequently, at the end
      of the accelerate phase when the signal on line 70 disappears and the
      clock signal is no longer gated to the counter 250, the value stored in
      the velocity store 78 is substantially equal to the actual velocity of the
      transducer 7 attained at the end of the accelerate phase.
PAC  Constant Velocity Phase
PAR  The constant or uniform velocity phase is commenced at the end of the
      accelerate phase in response to an up level of the Seek 2 signal arriving,
      with the Seek 1 signal remaining up. The accelerate phase has been
      terminated with the stored velocity in store 78 being equal to the
      velocity attained by the arm 18 (from hybrid velocity circuit 185) during
      the accelerate phase. Since the positive gate input to circuit 78 on line
      70 has terminated, the velocity store 78 continues to provide an output
      signal representative of the stored velocity Vs to input 80 of the
      comparator 81. The presence of a Seek 2 signal also sets VFL latch 200
      resulting in a gate signal on line 87 connected to condition AND gates 85,
      86.
PAR  The arm 18 is now controlled to move at the uniform velocity attained
      during the acceleration phase for the rest of the uniform velocity phase.
      Thus, the output from the comparator 81 will be a down level when the
      actual velocity of the arm 18 falls below the velocity stored in store 78.
      The down level is inverted by inverter 88 to be supplied as a positive
      input to AND gate 85 functioning as a "too slow" logic gate. This positive
      signal is gated through AND gate 85 by the signal on line 87 and is passed
      by OR gate 71 and gating circuit 75 to turn on the appropriate coil driver
      in circuit 26, causing the arm 18 to be accelerated by energization of the
      appropriate half of the coil 20.
PAR  Should the velocity of the arm 18 exceed the stored velocity in store 78,
      an up level appears on line 79 from comparator 81 which is gated through
      AND gate 86 functioning as a "too fast" logic gate and gating circuit 75
      to turn on the opposite coil driver in circuit 26 in such a manner as to
      slow the arm 18 until the actual instantaneous velocity of the arm 18
      again equals the velocity stored in store 78. This process is continuous
      throughout the entire constant velocity phase, with the coil drivers 53
      and 54 of driver circuit 26 either accelerating or retarding the arm to
      maintain the actual instantaneous velocity equal or substantially equal to
      the velocity stored in store 78. It will be noted that circuit 75 will
      allow only one coil driver to be energized at a given time due to the
      design of gate 75.
PAC  Retardation Phase
PAR  At the start of this phase, the Seek 1 pulse or signal is terminated,
      whereupon the input 89 of velocity store 78 causes the six bit counter
      register in store 78 to be reset to zero; and the output from store 78
      falls to a capture velocity voltage Vc supplied by capture velocity
      circuit 90. Thus Vc is applied to input 80 of comparator 81 at this time.
      This voltage Vc from store 90 is a constant and corresponds to the capture
      velocity abovementioned. During this phase, the signal on line 87 remains
      up. The situation now is that the actual instantaneous velocity of arm 18
      as represented by Va is much greater than the stored capture velocity
      voltage on line 80, and a positive signal appears on line 79. Arm 18 is
      then rapidly retarded by means of circuits 86, 75 and 26 until the two
      velocities are once again equal. The arm 18 is maintained at this capture
      velocity as during the previous constant velocity phase until the end of
      the retardation phase.
PAC  Track Following Phase
PAR  The Seek 2 signal drops one track before the arm 18 reaches the target
      track N, and the signal on line 87 supplied to AND gates 85, 86 is removed
      when the VFL 200 resets as the linear portion of the position error signal
      Ev for the target track is entered. The position error signal Ev which is
      connected to the compensator circuit 25 (see FIGS. 6 and 21) causes the
      driver 26 to revert to track following mode in the absence of signals on
      lines 57 and 58. The transducers 5, 6 and 7 are maintained in the track
      following mode until the next track access is made
PAR  Although the example chosen and described above is a magnetic disk store,
      it will be appreciated by those skilled in the art that the same apparatus
      and method of accessing and track following is applicable to other storage
      devices, for example, magnetic drum stores.
CLMS
STM  I claim:
NUM  1.
PAR  1. Data storage apparatus comprising a rotatable storage medium having a
      number of data tracks thereon, a data transducer moveable over the data
      tracks, an actuator for so moving the data transducer, means supplying
      signals to said actuator to cause the actuator to accelerate said
      transducer over a first predetermined distance, means supplying control
      signals to said actuator to move said transducer at a substantially
      uniform velocity over a second predetermined distance with the uniform
      velocity being equal or substantially equal to the velocity attained by
      said transducer as a result of the acceleration, means for retarding said
      transducer over the remaining distance until said transducer is over its
      destination track on said rotatable storage medium, means for determining
      the instantaneous velocity value of said data transducer as it moves, and
      means for storing a value representative of the velocity attained by said
      transducer as a result of the acceleration, said means supplying control
      signals to said actuator to move said transducer at a substantially
      uniform velocity including a compare circuit for comparing the
      instantaneous velocity value of said data transducer with said stored
      value and means connecting said compare circuit with said actuator so as
      to slow and hasten the movement of the actuator with different outputs of
      said compare circuit depending on the velocity corresponding to said
      stored value and the instantaneous velocity of the actuator, said means
      for supplying control signals to move said transducer at a substantially
      uniform velocity including a too slow logic gate and a too fast logic gate
      which respectively accelerate and retard said actuator and said transducer
      and each of which is connected with the output of said compare circuit so
      that, depending on whether the output of the compare circuit is up or
      down, the appropriate logic gate is energized to control the speed of the
      actuator and transducer and maintain the speed at said substantially
      uniform velocity.
NUM  2.
PAR  2. Data storage apparatus as set forth in claim 1, said actuator for moving
      the data transducer including a coil carrying a current in order to
      provide movement of the data transducer, said means for determining the
      instantaneous velocity value of said data transducer including means for
      providing a position error signal which is proportional to the position of
      said transducer as said transducer crosses said tracks and means which is
      subject to said position error signal and subject to the current through
      said coil for producing said instantaneous velocity value dependent upon
      both said position error signal and the current flowing in said coil.
NUM  3.
PAR  3. Data storage apparatus as set forth in claim 1, said rotatable storage
      medium also having a number of servo tracks thereon, a transducer carried
      by said actuator and moving across said servo tracks as said data
      transducer moves across said data tracks, said means for determining the
      instantaneous velocity value of said data transducer including means
      producing an error signal derived from said servo transducer which is
      proportional to the position of said servo transducer as the servo
      transducer crosses said servo tracks and means for providing a time
      derivative of the amplitude of said error signal, said actuator including
      a coil carrying a current therethrough for moving the actuator in
      accordance with coil current, means for producing a time integral of said
      coil current, and means for combining said time derivative and said time
      integral for producing said instantaneous velocity value which is a hybrid
      derived from said position error signal and the amount of current supplied
      to said coil.
NUM  4.
PAR  4. Data storage apparatus as set forth in claim 1, said velocity values
      constituting voltages, means for providing a fixed voltage applied in
      parallel to said compare circuit along with said value representative of
      the velocity attained by said transducer as a result of the acceleration,
      and means for rendering said means for storing a value representative of
      the velocity attained by said transducer as applied to said compare
      circuit inoperative whereby said means applying said fixed voltage to said
      compare circuit may be operative to cause the actuator to move at a
      relatively low capture velocity subsequent to the movements of said
      actuator in said first and second predetermined distances.
NUM  5.
PAR  5. Data storage apparatus comprising a rotatable storage medium having a
      number of data tracks thereon, a data transducer moveable over the data
      tracks, an actuator for moving the data transducer, means for determining
      the instantaneous velocity value of said data transducer as it moves,
      means for storing a value representative of a desired velocity of said
      transducer, means for controlllng the velocity of said transducer
      including a compare circuit for comparing the instantaneous velocity value
      of said data transducer with said stored value, and means connecting said
      compare circuit with said actuator so as to slow and hasten the movement
      of the transducer with different outputs of the compare circuit depending
      on the velocity corresponding to said stored value and the instantaneous
      velocity value of the transducer and including a too slow logic gate and a
      too fast logic gate which respectively accelerate and retard said actuator
      and said transducer and each of which is connected with the output of said
      compare circuit so that depending on whether the output of the compare
      circuit is up or down the appropriate logic gate is energized to control
      the speed of the actuator and transducer, said actuator for moving the
      data transducer including a coil carrying a current in order to provide
      movement of the data transducer, said means for determining the
      instantaneous velocity value of said data transducer including means for
      providing a position error signal which is proportional to the position of
      said transducer as said transducer crosses said tracks and means which is
      subject to said position error signal and is subject to the current
      through said coil for producing said instantaneous velocity value
      depending upon both said position error signal and the current flowing in
      said coil.
NUM  6.
PAR  6. Data storage apparatus as set forth in claim 5, said means for
      determining the instantaneous velocity value of said data transducer also
      including means for providing a time derivative of the amplitude of said
      error signal and means for producing a time integral of said coil current,
      said means for determining said instantaneous velocity value including
      means for combining said time derivative and said time integral so that
      said instantaneous velocity value is a hybrid derived from said position
      error signal and the amount of current supplied to said coil.
NUM  7.
PAR  7. Data storage apparatus as set forth, in claim 6, said velocity values
      constituting voltages, means for providing a relatively low voltage
      applied in parallel to said compare circuit along with a relatively high
      voltage corresponding to said stored velocity value and being applied to
      the compare circuit along with the voltage corresponding to said stored
      velocity value, and means for rendering said means for storing a velocity
      value inoperative whereby said means applying said relatively low voltage
      to said compare circuit may be operative to cause the actuator to move at
      a relatively low velocity when said means for storing said velocity value
      is inoperative.
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ABST
PAL  A cassette tape recorder has function of eliminating the slack of magnetic
      tape between supply reel and take-up reel in advance before the magnetic
      tape is started to transfer in the required direction for recording or
      reproducing. When the tape cassette is placed in "play" position, supply
      reel is rotated first in backward direction to eliminate the slack of the
      magnetic tape. The tensioned magnetic tape, then, may cause the take-up
      reel to rotate in the rewind direction. A detection device is provided to
      discriminate the rotation of the take-up reel in the backward direction.
      The detection device causes a control device for drive motor to switch the
      rotating direction of the motor so as to reverse the rotating direction of
      the capstan and the take-up reel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is generally directed to a magnetic recording and
      reproducing apparatus utilizing a recording carrier container which is
      generally called "compact cassette."
PAR  In this type of tape cassette, magnetic tape is wound on hubs that are
      rotatably mounted in the tape container, and the magnetic tape has a
      tendency to loosen between the reel hubs during handling or tansportation
      accordingly. When the loosened tape cassette is operated with a recording
      and reproducing apparatus such as cassette type tape recorder, stable
      transport of the magnetic tape may not only be accomplished but also a
      malfunction, such as entanglement of the tape with pinch roller, may
      sometimes be encountered.
PAR  Accordingly, it is a main object of the present invention to provide a
      cassette tape recorder which is able to eliminate automatically the slack
      of the magnetic tape between the reel hubs before the tape starts to be
      driven in the predetermined direction at a constant speed.
PAR  In order to accomplish the object, in the cassette tape recorder of the
      present invention, there is provided an operation such that when a tape
      cassette is placed in the proper "play" position (defined as that position
      wherein a magnetic transducer head is in contact with the tape), and
      before the magnetic tape is pressed against the tape drive capstan with
      the pinch roller, the driving spindle for pay-out reel is rotated in the
      reverse direction to eliminate the slack between the pay-out reel and
      take-up reel, and when the predetermined tension to be given is detected,
      the magnetic tape is stated to transport at a constant speed in the
      required direction. Thus, the slack of the magnetic tape may be removed
      automatically before the constant speed transport of the tape, thereby,
      the disadvantage in the cassette tape recorder of the prior art may be
      eliminated.
PAR  The novel features which are considered as characteristic of the present
      invention as set forth in particular in the appended claims. The improved
      magnetic recording and reproducing aparatus itself, however, both as to
      its construction and its mode of operation, together with additional
      features and advantages thereof, will be best understood upon perusal of
      the following description of a specific embodiment with reference to the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a perspective view of the separated tape transport
      mechanism of a desirable embodiment of the invention,
PAR  FIG. 2 illustrates a partial plan view of the tape transport mechanism
      shown in FIG. 1, and
PAR  FIG. 3 illustrates another partial plan view of the tape transport
      mechanism shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 in detail, there is shown a tape transport
      mechanism, in which reference numeral 1 shows a chassis comprising a
      bottom plate 1a and a pair of side plates 1b. On the bottom plate 1a, a
      pair of reel driving spindles 2 and a pair of tape driving capstans 3 are
      mounted rotatably in the interrelated positions. A pair of guide pins 4
      secured on the bottom plate 1a serves as stopper for the tape cassette
      that is carried down to a predetermined position, and as the tape cassette
      is falling down, the reel driving spindles 2, 2 and the capstans 3, 3 are
      inserted and operatively engaged with the center holes of the reel hubs
      and the capstan receiving apertures of the tape cassette respectively.
PAR  The bottom plate also includes a suitable motor 5 to drive the capstan 3, 3
      and one of the reel driving spindle 2, 2 that rotates the take-up role. An
      elastic endless belt 7 is, as shown in FIG. 2, passed around the pulley 6
      secured on the rotating shaft of the motor 5, a flywheel 8 mounting one of
      the capstans 3, thereon three pulleys 9, 10, 11 and another flywheel
      mounting another capstan 3 thereon. A rotating shaft 10a secured on the
      pulley 10 has an elongated portion extending upwardly through the bottom
      plate 1a, and an idle pulley 12 is positioned close to the elongated
      portion of the shaft 10a. The positon of the rotating shaft 10a is
      determined to be spaced equally from both the reel driving spindles 3, 3,
      and the idle pulley 12 is supported rotatably on one end of a lever 13 in
      the middle way between the peripheral surface of the clutch device 2a
      mounted the end portion of the reel driving spindle 2 and the peripheral
      surface of the clutch device 2a of another reel driving spindle 2. The
      lever 13 has near other distal end a slot 13a which is engaged slidably
      with a vertical pin 14, and also has a vertical tab portion 13b at the end
      thereof. The tab portion 13b engages with a slide plate, which will be
      described hereinafter, so that when no tape cassette is loaded, the idle
      pulley 12 is held in a spaced position from the rotating shaft 10a.
      However, when a tape cassette is inserted, the idle pulley 12 is shifted
      to engage with the rotating shaft 10a by the action of a spring 15 that is
      stretched between the pin 14 and the tab portion 13. While the idle pulley
      12 is pressed against the rotating shaft 10a , the idle pulley 12 is also
      engaged with one of the clutch device 2a in accordance with the rotating
      direction of the shaft 10a, so that the rotation of the shaft 10a may be
      transmitted to the clutch device 2a by way of the idle pulley 12. When the
      rotating direction of the pulley 6 is reversed for recording or
      reproducing in another direction, the idle pulley 12 is shifted to the
      clutch device 2a of another side to cause it rotate.
PAR  A tape cassette to be loaded is inserted in the direction perpendicular to
      the reel hubs through an insertion aperture 16a of the front panel 16
      attached the side plates 1b, with the open side, through which the
      magnetic tape is exposed, being in the forward direction. The tape
      cassette, after insertion through the insertion aperture 16a, is received
      on a lift deck 17. The lift deck 17 includes a pair of rails 18, 18
      adapted to engage with the top and bottom surfaces of the inserted tape
      cassette at both and portions, and also includes an connecting plate 19
      that connects the rails 18, 18 each other. These rails 18, 18 are
      positioned inside the side plates 1b, and each is provided on the outside
      surface thereof with a pair of pins 20, 21 extending outwardly through a
      slot 22 which is formed in the side plate 1b, being elongated in the
      direction parallel with the reel driving spindle. Accordingly the lift
      deck 17 can be moved down to the first position, in which the tape
      cassette may be held in "play" position, and up to a second position that
      is above the first position. The lift deck is biased to be held in the
      first position with spring 23 stretched between the rail 18 and the
      chassis 1. A movable member 24 of a plate is provided in a position
      abutting the front end portion of the tape cassette that is inserted along
      the rail 18 through the insertion aperture 16a. Both end portions of the
      movable member 24 are projected outwardly through slots 25 which are, in
      the side plates 1b, extended in the direction parallel with the direction
      of rail 18, and limiting members 26 are secured to the projected portions
      of the movable member 24. The movable member 24, therefore, can move along
      the slots 25 between the first position in which the tape cassette is
      inserted along the rail 18 half way to abut thereupon and the second
      position in which the tape cassette is positioned at the end of the rail
      18. The movable member 24 is usually biased to be held in the first
      position with a spring 27 which is stretched between the limiting member
      26 and the side plate 1b.
PAR  The limiting member 26 extends under the pin 20 in the direction parallel
      with the slots 25, and the front end portion thereof is bent downwards
      approximately perpendicularly forming bending portion 26a. Although the
      rail 18 is biased downwardly by the effect of the spring 23, the lift deck
      17 can be held at the second position due to the limiting member 26 under
      the pin 20 for preventing the pin 20 from falling down. When the limiting
      member 26 is shifted from the first position to the second position by the
      further insertion of the tape cassette, the front end portion of the
      limiting member 26 is departed from the area under the pin 20 and may
      permit the lift deck 17 to go down from the second position to the first
      position. That is, the tape cassette inserted from the insertion aperture
      16a proceeds laterally along the rail 18 to shift the movable member 24
      from the first position to the second position, and then the tape cassette
      is moved down with the lift deck 17 to be set to the "play" position. In
      this state, the bending portion 26a of the limiting member 26 is abutting
      with the side portion of the pin 20 to hold the limiting member 26 and the
      movable member 24 in the second position until the lift deck 17 is lifted
      up to the second position. When the lift deck 17 goes down to the first
      position, an electric swtich device (not shown in the drawings) is
      operated to actuate the motor 5.
PAR  On the other hand, the bottom plate 1a mounts a carriage 29 which is
      movable between the first position close to the tape cassette, that is,
      the "play" position and the second position spaced from the first
      position, and the carriage 29 is biased in the first position by a spring
      28. The carriage 29 has a magnetic transducer head 30, a pair of pinch
      rollers 34 held on a pair of supporting frames 33 respectively and a pair
      of stopper pins 31, each of which is in contact with the free end of each
      supporting frame 33 pivoted on a shaft 32 that is secured perpendicularly
      to the bottom plate 1a. Each supporting frame 33 holds each pinch roller
      34 rotatably, and the rear end portion thereof extends outwardly through
      an aperture in the side plate 1b. The supporting frame 33 is biased by a
      spring 35 stretched between the lip portion 1c of the side plate 1b and
      the extended portion thereof so that the pinch roller 34 is biased toward
      the capstan 3. The lip portion 1c is desirably provided with a plurality
      of holes to adjust the tension of the spring 35 by selecting one of the
      holes to engage with the spring. The pin 31 contacting the supporting
      frame permits the supporting frame 33 to rotate so as to press the pinch
      roller 34 against the capstan 3 when the carriage 29 is in the first
      position, and the pin 31 serves to rotate the supporting frame 33 against
      the tension of the spring 35 so as to disengage the pinch roller 34 from
      the capstan 3 during the process in which the carriage 29 is shifted from
      the first position to the second position.
PAR  On the bottom surface of the carriage 29, there is provided a pin 36 which
      extends downwardly through the bottom plate 1a, and are provided at a pair
      of levers 37 and 38 which are rotatably mounted by a supporting shaft 39
      on the bottom plate 1a. These levers 37 and 38 are positioned within the
      trajectory traced by movement of the pin 36. As shown in detail in FIG. 3,
      the first lever 37 is provided with a cutout 37a with which the pin 36 may
      engage so as to block the movement of the carriage 29 in the second
      position apart from the tape cassette, and the lever 37 is biased in the
      counterclockwise direction by a spring 40 so that the bottom surface of
      the cutout 37a thereof may abut upon the side surface of the pin 36. The
      second lever 38 has flat, V shape, and is rotatably mounted on the
      supporting shaft 39 at the apex of the V-shape. One free end portion
      having a slope cam portion of the lever 38 extend passing by the pin 36,
      and on the other free end a rotary lever 41 is pivoted by a pin 42. The
      rotary lever 41 has flat, T-shape and is actuated by a spring 43 stretched
      between the end portion of one arm thereof and the bottom plate 1a so that
      the free end portion having the slope cam portion of the lever contacts
      the pin 36. A contact portion 41a formed on the end of another arm of the
      rotary lever 41 is positioned to abut with a pin 44 secured on one of the
      flywheels 8 in FIG. 3, while a contact portion 41b formed on the end of
      the ramining arm of the lever 41 is positioned to abut with the side
      portion of the first lever 37. Accordingly, when the pin 44 is rotated in
      the counterclockwise direction in FIG. 3, causing the rotary lever 41 to
      rotate in the clockwise direction, the first lever 37 may be rotated in
      the clockwise direction and release the pin 36, and thus the carriage 29
      may be shifted from the first position to the second position by the
      springs 28.
PAR  On the other hand, the movable member 24, moved by the insertion of the
      tape cassette along the rail 18 may abut with the contact portion 46a of a
      lever 46 rotatably mounted on the bottom plate 1a to cause it to rotate in
      the counterclockwise direction in FIG. 3, thereby permitting slide plate
      48, pivoted on the other end of the lever 46 by a pin 47, to move in the
      opposite direction of the movable member 24. Th slide plate 48 includes a
      cutout 48a for receiving the tab portion 13a of the lever 13, which
      permits the lever 13 to move downwardly in FIG. 3 by the action of the
      spring 13 when it moves. As a result of the movement of the lever 13, the
      idle pulley 12 supported on the lever 13 will be operatively coupled to
      the rotating shaft 10a and to one of the clutch device 2a in accordance
      with the rotating direction of the rotating shaft 10a so that the rotation
      thereof can be transmitted to the clutch device 2a. The pin 47 is
      positioned to abut with the contact portion 37b of the lever 37 so that
      the pin 47 may block the first lever 37 to release the pin 36 when no
      cassette is inserted.
PAR  The control device not shown for the motor 5 includes a function that the
      rotor shaft of the motor 5 can be rotated first in the opposite direction
      against the direction required to play the tape cassette, so that the
      capstan 3 starts to rotate positively to the clockwise direction.
      Accordingly, in the first step where the tape cassette is received in the
      "play" position and the motor 5 is started to rotate (in the opposite
      direction against that is the stationary state), though the reel driving
      spindle for the supply reel rotates in the rewind direction, the pinch
      roller 34 may not be pressed against the capstan 3 due to the engagement
      of the pin 36 with the first lever 37. Thus, the slack of the magnetic
      tape between the supply and take-up reel can be eliminated immediately
      just as the condition after rewound. When the slack of the tape is
      eliminated, the take-up reel may be started to rotate in the rewind
      direction.
PAR  In order to detect that the take-up reel driving spindle 2 starts to rotate
      in the reverse direction, there is provided a detection drum 50 which is
      associated with the clutch device 2a by way of a belt 49. The detection
      drum 50 has a plurality of electrically conducting strips parellel to its
      longitudinal axis on its peripheral surface. A pair of electric conducting
      members 51, 51 are provided to put the detection drum between them and
      contact the conducting strips, thereby causing intermittent short-circuits
      when the detection drum rotates. When the predetermind number of
      short-circuits are counted, the control device for the motor 5 detects it
      and switches the direction of rotation of the motor 5. When the motor 5
      rotates in the reverse direction and the pin 44 on the flywheel 8 may abut
      the contact portion 41a of the rotary lever 41, the rotary lever 41 may
      only be rotated in the counterclockwise direction.
PAR  However, when the motor 5 starts to rotate in the normal forward direction,
      the pin 44, in its rotating process, will abut with the contacting portion
      41a of the rotary lever 41 causing it to rotate in the clockwise direction
      in FIG. 3. Thus, as described above, the rotation of the rotary lever 41
      causes the first lever 37 to rotate permitting the pin 36 to disengage
      therewith, and then the carriage may be shifted from the second position
      to the first position resulting in establishment of the constant speed
      transport of the magnetic tape in the tape cassette. In this state, the
      second lever 38 contacting with the side portion of the pin 36 is rotated
      to the clockwise direction, and consequently the contacting portion 41a of
      the lever 41 pivoted on one end thereof will be held with disengaging
      outwardly with the moving range of the pin 44.
PAR  In order to retract the tape cassette held in the "play" position, an
      ejection lever 53 adapted on the bottom surface of the bottom plate 1a is
      slidable in the direction parallel with the direction of the carriage 29's
      movement and is biased in the same direction of the carriage 24 by a
      spring 52. The ejection lever 53 serves to shift the carriage 29 from the
      first position to the second position by way of the pin 36 engaging with
      its front end portion when the lever 53 is depressed inwardly against the
      tension of the spring 52 with a push-button secured on the projected end
      portion 53a of the lever 53. This ejection lever 53 is also provided with
      wing portions 53b on both sides perpendicularly to the lever 53, and wing
      portions 53b extend outwardly passing under the side plates 1b. On the
      side plates 1b, rotary members 54 are mounted rotatably with pins 55,
      which may be rotated by the end of the wing portions 53b when the ejection
      lever 53 is depressed inwardly. The free end of the rotary member 54 is
      positioned possibly to abut with the lower surface of the pin 21 secured
      to the rail 18. Accordingly, when the ejection lever 53 is depressed
      inwardly, the carriage 29 retracts so that the magnetic transducer head 30
      disengages the aperture of the tape cassette and the pinch roller 34 is
      released from the capstan 3, while the free end of the rotary member 54
      will push the pin 21 upwardly. Thus, the lift deck 17 will be elevated,
      and when the deck 17 reaches the second position, the pin 20 will
      disengage with the upper end of the bending portion 26 a of the limitting
      member 26, thereby permitting the limiting member 26 to go forwards with
      the movable member 24 by the action of the spring 27. By the advance of
      the movable member 24, the tape cassette may be ejected from the insertion
      aperture 16a along the rail 18, and the limiting member returned to the
      original position will abut with the lower surface of the pin 20 secured
      to the rail 18 to retain the lift deck 17 in the second position.
PAR  Although the present invention has been described with respect to a certain
      specific embodiment in which the tape cassette is inserted laterally with
      its aperture side forwards and then lifted downwardly in the direction
      parallel with the reel axis so as to be placed in the "play" position, it
      will be made by those skilled in the art without departing from the true
      spirit and scope of the present invention. In particular, although a dual
      capstan type cassette tape recorder has been described the present
      invention will find equal application in various type of cassette tape
      recorder.
CLMS
STM  What is claimed and desired to be secured by Letter Patent of the United
      States is:
NUM  1.
PAR  1. A tape transport apparatus for cassette type tape recorder comprising:
PA1  a. a lift deck means engaging a tape cassette, which is movable between a
      first position wherein the cassette is retained in a stationary position,
      and a second position which allows insertion or removal of the cassette
      from the tape recorder;
PA1  b. means to move said lift deck means in a first direction from said first
      position to an intermediate position and in a second direction
      perpendicular to said first direction from said intermediate position to
      said second position;
PA1  c. an electric motor for rotating a capstan and at least one reel driving
      spindle in the forward or backward direction;
PA1  d. a carriage means supporting a magnetic transducer head means, said
      carriage movable between a first position wherein the transducer head is
      in contact with the tape in a cassette and a second position displaced
      from said first position by a predetermined distance;
PA1  e. a pinch roller adapted to engage said capstan when said carriage means
      is in said first position;
PA1  f. means to control said electric motor so as to rotate the supply reel in
      the backward or rewind direction when the lift deck means is placed in the
      first position;
PA1  g. means for detecting the rotation of a take-up reel driving spindle in
      the backward direction so as to switch the rotating direction of said
      electric motor, and
PA1  h. means for detecting the starting of rotation of said capstan in the
      forward direction to shift said carriage means from said second position
      to said first position.
NUM  2.
PAR  2. A tape transport apparatus for cassette type tape recorder comprising:
PA1  a. a lift deck means engaging a tape cassette, which is movable between a
      first position wherein the cassette is retained in a stationary position,
      and a second position which allows insertion or removal of the cassette
      from the tape recorder;
PA1  b. means to move said lift deck means in a first direction from said first
      position to an intermediate position and in a second direction
      perpendicular to said first direction from said intermediate position to
      said second position;
PA1  c. electric motor for rotating a capstan and at least one reel driving
      spindle in the forward or backward direction,
PA1  d. carriage means supporting a magnetic transducer head means, said
      carriage movable between a first position wherein the transducer head is
      in contact with the tape in a cassette and a second position displaced
      from said first position by a predetermined distance,
PA1  e. pinch roller means adapted to be pressed against said capstan when said
      carriage means is shifted from said second position to said first
      position,
PA1  f. means to control said electric motor so as to rotate said reel driving
      spindle in the backward or rewind direction when the tape cassette is
      placed in the first position,
PA1  g. means for detecting the rotation of a take-up reel driving spindle in
      the backward direction so as to switch the rotating direction of said
      electric motor,
PA1  h. first lever means to be caused to rotate by contact with a pin secured
      to a fly wheel rotating with said capstan when said capstan is rotated in
      the forward direction, due to the switching of rotating direction of said
      motor, a predetermined angle,
PA1  i. second lever means for retaining said carriage means in said first
      position by engagement with a pin secured to said carriage when said
      carriage means is in said first position, and for being moved to a
      position disengaging with said pin when said first lever means is rotated,
      and
PA1  j. third lever means for shifting said first lever means to a position in
      which said first lever means is disengaged from said pin secured to said
      flywheel by engaging said pin secured to said carriage means when the
      carriage means is moved into said second position.
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ABST
PAL  A disc storage file includes a multiplicity of closely spaced continuously
      rotating flexible or floppy discs associated with an accessing assembly
      for spreading the discs apart at randomly selected positions to
      accommodate a magnetic head. Apparatus for locating the disc interface
      (gap) to be accessed includes a pair of offset photocells which are light
      coupled to the disc gaps. The light applied to the photocells is guided in
      offset channels of a shroud and shaped congruent to the photocell surfaces
      by offset fiber optic shaping arrays. The offset arrays and associated
      electronics allow for accurate counting of gaps in the presence of
      fluctuating disc motion in the axial direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to photoelectric apparatus for counting interface
      gaps between spaced storage discs in a rotary file of multiple flexible or
      floppy type magnetic discs in continuous motion; especially when the disc
      edges are subject to transient fluttering parallel to the axis of
      rotation.
PAR  2. Cross References to Related Applications
PAR  1. U.S. patent application Ser. No. 375,985 by R. O. Cobb et al, filed July
      2, 1973 now U.S. Pat. No. 3,835,998.
PAR  2. U.S. patent application Ser. No. 414,614 by R. J. Penfold et al, filed
      Nov. 7, 1973, now U.S. Pat. No. 3,867,723.
PAR  3. Description of the Prior Art
PAR  The above cross-referenced Penfold et al application discloses a rotating
      magnetic disc storage file, including multiple flexible or floppy storage
      discs maintained in continuous high speed rotation, wherein successive
      discs are separated by relatively small diameter thin spacer discs.
      Typically the storage discs have nominal thickness of about 0.003 inch.
      Outward application of pressured air, through the longitudinally apertured
      spindle which supports the discs, causes the storage discs to be spaced
      uniformly at intervals of about 0.003 inch when rotating at typical speed
      of 1800 rpm.
PAR  Spaced disc files of this type represent improvement, in terms of design
      simplicity, operational stability and access time efficiency, over
      flexible disc files of the kind disclosed in U.S. Pat. Nos. 3,509,533
      (Krijnen) and 3,618,055 (Van Acker). In turn the latter files represent
      ostensible evolutionary advancements over an earlier type of non-flexible
      (or semi-flexible) disc file disclosed in U.S. Pat. No. 3,130,393
      (Gutterman). In the Gutterman patent relatively thicker slidably mounted
      magnetic discs rotate contiguously in a closed air-tight environment and
      are separated for access by application of high pressure air radially
      inward at a selected interface. This displaces a subset of the discs, in a
      piston-like operation, to form a space (gap) suitable for accommodating a
      magnetic head.
PAR  In files of stacked flexible discs it is usually desirable to locate the
      access position by sensing and counting operations. However such sensing
      and counting must not be subject to error when there is fluttering of the
      discs or run-out variations in disc thickness which could cause double
      sensing (false counting) of a gap.
PAR  The Gutterman patent specifically suggests cumulative electronic counting
      of disc edges sensed by electromechanical (piezoelectric) means and
      inplies alternative use of magnetic or optical edge sensing.
PAR  The above cross-referenced patent application by R. O. Cobb et al addresses
      problems incidental to tracking axial components of flexible disc motion
      by parallel optical sensing. It discloses a stationary array of integrated
      circuit photodetectors which is light coupled in parallel to all of the
      discs. Individual photodetectors of the array have width dimensions an
      order of magnitude smaller than the nominal disc thickness so that several
      detector elements are light coupled to each disc. By sensing the
      distribution of light across the detector elements the position of the
      access apparatus relative to the discs is instantaneously distinguishable
      for parallel sampling and electronic counting. With large numbers of discs
      this arrangement can be quite costly, at the present state of development
      of integrated circuit technology, and dissipates more power than the
      serial sensing arrangement suggested by Gutterman which would use a single
      sensor coupled to only one disc interface at a time.
PAR  However, in sensing the discs one at a time by optical coupling, light must
      either be confined to one disc edge and sensed upon reflection or confined
      to one interface space (gap) and sensed after transmission. Realization of
      this under fast access conditions with a high degree of reliability is not
      simple to achieve. For reflective coupling optimal results are realized
      only if the disc edges are processed to a smooth reflective finish (e.g.,
      by lathe trimming, polishing, painting, etc.) and this naturally increases
      system fabrication and maintenance costs. On the other hand transmissive
      coupling through inter-disc spaces presents difficulties due to the narrow
      width (about .003 inch and long length of the coupling path (several
      inches in a file of 12 inch diameter discs). Light attenuation due to
      dispersion and scattering (e.g., from dust, debris on the disc surfaces,
      and/or edge slivers on the discs) weakens the coupling and thereby
      increases the possibility of erroneous readings. Upon error the access
      assembly must be repositioned degrading access time performance.
PAR  With either type of coupling (reflective or transmissive) transient
      light-to-dark transitions due to transitory components of disc edge motion
      (due to fluttering and/or variations in disc shape or thickness) can be
      quite difficult to track and accurately count.
PAR  Transmissive coupling losses can be reduced by use of coherent (i.e.,
      laser) light but the increased cost may be unattractive. Another obvious
      alternative, increasing the intensity of non-coherent source light,
      presents the risk of subjecting the recording surfaces of the discs to
      possible damage or warping stress due to the accompanying heat.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide economical, safe, rapidly
      responsive and reliable sensing apparatus for accurately counting and
      tracking gaps between discs in files of spaced flexible discs of the kind
      disclosed in the above cross-referenced Penfold et al application.
PAR  Another object is to provide counting and tracking apparatus, for
      controlling rapid access to densely configured flexible discs rotating
      cylindrically at high speeds, based upon sensing of safe intensity levels
      of non-coherent light coupled through spaces between the discs.
PAR  Another object is to provide safe, accurate, efficient, reliable and
      economical disc gap sensing apparatus for serially counting disc gaps in a
      cylindrically rotating file of spaced flexible discs subject to transient
      axial motion.
PAR  A feature of the invention is the employment of specifically arranged
      offset light guiding and shaping elements for coupling light efficiently
      from narrow gap spaces between rotating flexible discs to a relatively
      "wide" surface.
PAR  Another feature of the invention is the employment of a pair of slightly
      offset sensing assemblies, each assembly comprising a light confining
      shroud and fiber optic shaping array in congruent association with
      respective photocells and tracking logic circuitry for providing accurate
      counting and tracking of disc gaps in a rotary disc file of spaced
      flexible discs. A necessary condition is that the assembly offset is less
      than the nominal gap width (a sufficient condition is that the offset be
      less than half the nominal gap width).
PAR  A feature of the tracking and counting logic is the ability to avoid
      posting of false counts due to transitory axial motion of the disc edges.
PAR  The foregoing and other objects, features and advantages of this invention
      will be more fully appreciated upon consideration of the following
      detailed description and claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic end view of a dynamically rotating cylindrical disc
      file of flexible discs, and basic sensing apparatus for sensing spaces
      (gaps) between the discs.
PAR  FIG. 2 is a schematic providing perspective views of the shroud, optical
      fiber array and photodetector elements of the basic sensing apparatus
      disclosed in FIG. 1.
PAR  FIG. 3 is a side elevational view of a dual sensing configuration in
      accordance with the invention.
PAR  FIG. 4 is a sectional view along lines 4--4 in FIG. 3.
PAR  FIGS. 5-7 are schematics of counting and tracking logic circuits coupling
      to the photocells of FIG. 3.
PAR  FIG. 8 is a signal waveform diagram for explaining operation of the
      counting and tracking circuits of FIGS. 5-7.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 a multiple disc file assembly of the type described in
      the above cross-referenced Penfold et al application includes a plurality
      of spaced flexible discs 1 and inter-disc flexible spacers 2 continually
      revolving about axis 3. Sensing apparatus in accordance with the present
      invention includes light source 5, collimating lens 7, apertured shroud 9,
      light shaping fiber optic unit 11 and light sensor 13. The sensing
      apparatus is mounted upon a not shown carriage for movement parallel to
      the rotational axis 3 of the disc assembly so that the light source 5, 7
      and sensing assembly 9-13 become alternately coupled and decoupled through
      the spaces (gaps) between the discs as the sensing apparatus moves
      relative to the discs; whereby electrical variations produced in the
      sensor 13 may be cumulatively counted.
PAR  Not shown access apparatus (including a magnetic head), located beneath and
      in line with the shroud 9, is transported together with the sensing
      assembly 9-13; whereby the access apparatus can enter and displace the
      discs at randomly preselected gaps when the cumulative count corresponds
      to a selected address and thereby provide recording/reproduction access to
      the disc surfaces.
PAR  In a typical environment the discs would have nominal thickness of about
      0.0017 inch and nominal separation spacing of approximately 0.003 inch. In
      this environment shroud 9 provides a slotted light coupling passageway, of
      rectangular cross-section, about 1/4 inch long by 0.003 inch wide. The
      light receiving end of the shroud is made to conform closely to the disc
      edges along the path of disc rotation.
PAR  Light shaping unit 11 preferably consists of an array of light conducting
      fibers (nominal fiber thickness 0.003 inch) arranged in a line-to-spot
      shaping configuration. The lineshaped light receiving end of the fiber
      array is aligned with and substantially congruent in shape to the light
      emitting end of the shroud. The spot-shaped light emitting end of the
      fiber array is aligned with and shaped substantially congruent to the
      sensitive light receiving surface of sensor 13. Sensor 13 has a circularly
      shaped sensing surface approximately 0.03 inch in diameter (approximately
      ten times the width of the disc aperture). The area of the sensing surface
      (about 0.0007 square inch) is approximately equal to the area of the
      shroud aperture at the fiber interface.
PAR  Shaped fiber arrays of this type are formed from planar sheets of optical
      fibers bound by an adhesive. In wellknown fashion the sheet is cut to
      required dimensions, the adhesive is removed from the end which is to be
      shaped to spot form and the separated fibers are rearranged and readhered
      in spot formation.
PAR  In the preferred embodiment next described with reference to FIGS. 3-8 a
      dual offset configuration of the light receiving parts of the
      above-described basic sensing apparatus is utilized. The shroud comprises
      two separate 1/4 inch by 0.003 inch light guiding passages 9a and 9b
      preferably lined with light reflective material and may be formed in
      sections with the passages milled as groves in the sections. The milled
      passages are parallel but relatively offset from each other by a
      displacement d (FIG. 4) which is less than the width of a disc gap
      (suitably d = 0.0010 inch for discs nominally 0.0017 inch thick).
      Interfacing congruently with the shroud exit apertures are relatively
      offset linearly configured ends of respective fiber optic shaping arrays
      11a and 11b (each 1/4 inch by 0.003 inch). Arrays 11a and 11b have "spot"
      configured output ends interfacing congruently with respective
      photodetectors 13a and 13b.
PAR  The shroud/fiber array assembly is secured to housing 15 (FIG. 3) by not
      shown screws. Light source 5 (FIG. 3) is also secured to the housing. The
      housing is mounted upon a not shown carriage for movement parallel to the
      axis of rotation of the discs.
PAR  The photo reflectors 13 may conveniently be Texas Instruments Co. type LS
      654 light sensors. Light source 5 may be a Welch Allyn Incadescent Lamp
      (5V, 4w) type No. 999079-48, collimated by a simple plano convex lens.
PAR  Referring to FIGS. 5-8, outputs of photodetectors 13a and 13b are
      channelled through respective amplifiers 15a and 15b, to differential
      comparator circuits 17-1, 17-2, 17-3 and 17-4 (FIG. 5). Amplifiers 15a and
      15b are 30-db non-inverting operational amplifiers with pre and post
      voltage follower stages. Each amplifier stage and follower stage may be an
      RCA type CA3030A integrated circuit amplifier. Each of the comparators 17
      is a standard differential voltage comparator circuit; for instance, Texas
      Instrument SN 72810.
PAR  Outputs of comparators 17 are inverted by respectively numbered inverters
      19-1, 19-2, 19-3 and 19-4. The comparator outputs are designated by the
      respective comparator numbers (17-1, 17-2, 17-3, 17-4) and the inverter
      outputs are designated by the respective comparator number overscored
      (17-1, 17-2, 17-3, 17-4). Comparator 17-1 compares outputs of amplifier
      15b with the offset output of amplifier 15a attenuated by the small
      forward voltage drop across diode 21-1. Similarly, comparator 17-2
      compares output of amplifier 15a with offset output of amplifier 15b
      attenuated by forward voltage drop across diode 21-2. Characteristics of
      diodes 21-1 and 21-2 are chosen to provide transitional comparator outputs
      when outputs of amplifiers 15a and 15b are slightly offset from one
      another and are passing through a "centered" transitional phase
      corresponding to centered positioning of apertures 9a, 9b slightly left
      and right of a disc gap center line. The circuit parameters are chosen so
      that the output of 17-1 is at a low or negative level when the center of
      apertures 9a and 9b is to the right of a fine left limit position just
      left of the center line of the disc gap coinciding with the rise of 17-1
      after the gap center line at 22-1 (FIG. 8). This threshold position is a
      fraction of a millimeter (i.e., a fraction of a gap width) to the left of
      the gap center due to the relatively small voltage drop across the diode.
      Similarly, circuit parameters associated with comparator 17-2 and diode
      21-2 are designed so that the output of 17-2 is negative or low when the
      center of apertures 9a, 9b is to the left of a fine limit position just to
      the right of the gap center line (by a fraction of the gap width)
      coinciding with the rise of 17-2 at 22-2 (FIG. 8).
PAR  Comparators 17-3 and 17-4 are referenced to voltage V to provide for
      respective comparator outputs to be low or negative so long as the center
      of apertures 9a, 9b is respectively to the right and left of respective
      left and right coarse limit positions (FIG. 8) relative to a gap center
      line. Thus, comparators 17-1 and 17-2 provide outputs capable of
      indicating that the aperture center is aligned with the center line of a
      facing disc gap within limits of a fine or narrow range and comparators
      17-3 and 17-4 provide outputs indicating that the aperture center is
      aligned with the center of a facing disc gap within limits or a coarse or
      wide range. By virtue of the aperture offset these comparators provide
      sequential transitions, indicative of the direction of movement of the
      apertures relative to the above-mentioned threshold limits, which are
      useful to prevent false counting of disc gaps when the disc edges are
      fluttering in a random manner.
PAR  Outputs of comparators 17-1 through 17-4 control AND circuits (A) of FIG. 6
      which condition latches 23-1, 23-2, 23-3, 23-4, 23-5, 23-6 (FIG. 6) under
      conditions determined by the instantaneous output conditions of these
      comparators and latches. Outputs of comparators 17-1 through 17-4 are also
      applied in combination with outputs of latches 23-1 through 23-6 to
      centering logic (FIG. 7). The centering logic operates to provide drive
      right and drive left control signal functions for servoing the aperture
      system 9-11 (FIG. 3) to the narrow centering range of a selected disc gap
      under conditions described below.
PAR  Outputs of count latches 23-2 and 23-5 are applied respectively to
      decrement and increment inputs of forward-backward counter 25. Outputs of
      counter 25 are compared by vector comparator circuit 27 to contents of an
      address register 29. Comparator 27 provides output indication of equality
      (Address Compare) or inquality (Not Address Compare) between the compared
      address and count arguments. With the inequality indication comparator 27
      provides high or low output indication indicating that the address
      argument is greater or less than the count argument. The high-low
      indications are used for servoing the sensing system 9-13 (FIGS. 1-3)
      towards the gap corresponding to the address set into register 29.
PAR  Comparator 27 is of the type described, for instance, in "The Logic Design
      of Transistor Digital Computers", by G. A. Maling and J. Earle, Prentiss
      Hall, 1963, pages 262-264.
PAR  The general operation of the circuitry just described is as follows. When
      vector compare circuit 27 detects inequality between the compared address
      and count arguments it provides high or low output indication to
      respective AND circuit 31-1 or 31-3 (FIG. 7) to provide right or left
      drive impetus to the not-shown servo motor which positions the sensing
      assembly 9-11. This drives the assembly 9-11 in a direction tending to
      reduce the difference between the compared address and count arguments
      until equality is detected by vector compare circuit 27. At equality
      (Address Compare) AND circuits 31-2 and 31-4 are conditioned to pass right
      and left drive impetus to the above-mentioned servo motor which drives the
      sensing assembly in a direction tending to maintain centering of the
      sensing apparatus within the narrow range limits to either side of the
      center of the selected disc gap.
PAR  Additional details of operation of the foregoing circuits are now described
      with reference to FIGS. 3-8. Assume that the disc gaps are numbered in
      descending order, in a direction into the page in the view of FIG. 3, so
      that the furthest gap would have address number 1, the next furthest
      number 2, etc. Assume also that the count in counter 25 is normally
      progressively incremented for left movement of the sensing assembly
      relative to the disc gaps (up in FIG. 3) and decremented for right
      movement relative to the disc gaps (down in FIG. 3).
PAR  Disregarding transitory motion of the disc edges left relative movement of
      aperture 9a, 9b causes Add Inhibit Latch 23-6 and Subtract Inhibit Latch
      23-3 to be set and reset in specific phase sequence so as not to interface
      with setting of Add Latch 23-4 while inhibiting setting of Subtract Latch
      23-1 (refer to positions 37, 39, 41 FIG. 8). In turn this allows Add Count
      Latch 23-5 to be set in coincidence with action 22-4 (FIG. 8) just as the
      right limit of coarse centering range is passed while it blocks earlier
      setting of the Subtract Count Latch 23-2. Setting of Add Count Latch
      results in incrementing of counter 25 (FIG. 7). Add Latch and Add Count
      Latch are coincidentally reset just as the aperture center passes into
      fine centering range coincident with the rise of centered position 43
      (FIG. 8). Thus if there were no relative disc edge motion the count would
      be monotonically increased until it matched the selected address (Address
      Compare).
PAR  Disregarding transistory disc motion right movement of the aperture center
      relative to the disc gaps causes counter 25 to be progressively
      decremented. Subtract Inhibht Latch 23-3 is set before the aperture center
      reaches the left limit of the coarse centering range and reset just as
      this limit is passed. Reset state of Subtract Inhibit Latch allows
      Subtract Latch 23-1 to be set before the left coarse limit is reached,
      which in turn allows Subtract Count Latch 23-2 to be set just as the left
      coarse limit is reached. Setting of Subtract Count Latch decrements
      counter 25. Subtract Latch and Subtract Count Latch are reset in
      coincidence with the left rise of "centered" at the left limit of "fine"
      centering. Thus the counter is progressively decremented as the aperture
      moves to the right relative to the disc gaps.
PAR  Upon reversal of apparent aperture motion due to transitory axial motion of
      the disc edges (due for instance to fluttering, thickness run-out, etc.)
      the effect on the accumulated count in counter 25 will depend upon the
      aperture position at the instant of reversal. If the aperture is actually
      moving to the left and ostensibly reverses movement due to a left shift of
      the disc edges the increment controls will not be affected if the reversal
      occurs while the Add Inhibit Latch is set (i.e. before a count increment
      is posted) and the decrement control logic will be prepared as for a
      straightforward decrement operation. If reversal occurs after setting of
      Add Count Latch (i.e. after posting of a count increment) Add Count Latch
      is reset either at position 41 or at the right limit of fine centering and
      the control logic (i.e. the inhibit latches) and conditioned to allow
      decrementing operation while inhibiting incrementing. A decrement is then
      posted only if the aperture center passes into the centering range of the
      next gap to the right of the gap for which count increment has just been
      posted. Upon a second reversal of the apparent motion to the original left
      direction, after posting of the count increment but before a decrement has
      been tallied, the Inhibit logic remains conditioned to prevent setting of
      Add Count Latch and thereby prevent posting of a false count increment
      when the aperture center passes the center of the previously counted gap.
      By similar considerations it may be verified that under all conditions
      only one net count is tallied per gap regardless of the transient motion
      of the disc edges.
PAR  At Address Compare the centering logic associated with latches 51 and 53
      (FIG. 7) in cooperation with AND's 31-2 and 31-4 (FIG. 7) supplies left
      and right drive impetus to servo the aperture center to the center of the
      selected gap. As the aperture center initially enters coarse centering
      range of the selected gap from the right or left Subtract Count Latch or
      Add Count Latch is respectively set. In addition to giving rise to the
      final count decrement or increment producing the Address Compare
      indication, this enables the respective latch 53 or 51 to be set and
      thereby supply sufficient impetus to carry the aperture center through the
      center line of the selected gap. Thereafter, as the aperture center passes
      out of fine centered range, either to the left or right of the selected
      gap, the appropriate latch 53 or 51 is set to provide reverse right or
      left drive stimulus to the servo motor returning the aperture center to
      the centered position (note positions 45, FIG. 8).
PAR  Logic 55 (FIG. 7) receives outputs of AND's 31-2 and 31-4 of FIG. 7
      representing centering of the sensing apparatus at the selected gap and
      produces an Insert signal which is used to disable AND'S 31-1 through 31-4
      and to control movement of not-shown access apparatus into the selected
      gap. This separates the rotating discs at the gap, in order to make room
      for operation of a transducing head relative to the disc surfaces facing
      the gap. Disabling of AND's 31-1 through 31-4 blocks drive impetus to the
      sense assembly servo motor preventing sense assembly movement until access
      apparatus has been removed from the gap. Upon removal of the access
      apparatus from the gap the Insert signal is removed, re-enabling AND
      circuits 31-1 through 31-4 to re-supply drive stimulus to the sense
      assembly servo motor. A new address may be set into register 29 (FIG. 7)
      at any time after rise of the Insert command since the servo drive
      controls 31-1 through 31-4 are then effectively disabled.
PAR  If the disc edges are consistently fairly stable Insert controls 55 may be
      made simply responsive to OR'd outputs of AND's 31-2 and 31-4 for setting
      a latch which provides the Insert and Insert conditions and that latch may
      be reset when the access operation is terminated by removal of the access
      assembly. On the other hand, if there is extensive instability in the
      system or if the discs are tightly spaced, or if the reaction time of the
      access apparatus is limited, the OR'd output of AND's 31-2 and 31-4 may be
      subjected to filtering in order to determine a sufficiently stable
      condition for guaranteeing accurate placement of the access apparatus into
      the correct disc gap.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that the foregoing and other changes in form and
      detail may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotating disc storage file comprising multiple spaced flexible
      discs and access position sensing apparatus movable relative to edges of
      said discs for detecting spaces between said discs and for providing
      signals which can be used to accurately count said spaces, improved
      sensing apparatus comprising:
PA1  a source of light for illuminating said spaces;
PA1  a pair of photocells; and
PA1  a pair of offset fiber optic shaping arrays movably positioned between said
      discs and said photocells for conveying light from said spaces to
      respective said photocells in a form congruent to the shape of said
      photocells; said arrays having line-shaped light receiving ends arranged
      in parallel lines offset from each other in the direction of the axis of
      rotation of the discs by an offset spacing distance less than the width of
      a disc space.
NUM  2.
PAR  2. Sensing apparatus according to claim 1 including:
PA1  logic circuit means responsive to signals developed by said photocells for
      developing count increment and count decrement signal functions capable of
      being used to accurately count said disc spaces even when edges of said
      discs are in transitory motion relative to said fiber optic arrays.
NUM  3.
PAR  3. Sensing apparatus in accordance with claim 2 wherein said logic circuit
      means includes:
PA1  plural voltage comparator circuits coupled to said photocells for
      developing signals useful to indicate the instantaneous direction of
      movement of said light receiving ends of said fiber array relative to said
      disc spaces and the displacement of the center of said light receiving
      ends relative to the closest said disc space; and
PA1  logic circuits coupled to said comparator circuits for utilizing said
      directional and displacement signals to develop said count increment and
      count decrement signals; said signals being useful to control accurate
      counting of said spaces when the disc edges are in transitory motion
      relative to said light receiving ends of said fiber array.
NUM  4.
PAR  4. In a rotating disc storage file having multiple coaxially mounted
      flexible discs in an ordered axial sequence, sensing apparatus movable
      relative to said discs for detecting accessible storage spaces between
      said discs and bidirectional counting circuitry for providing cumulative
      electrical count indications corresponding to the instantaneous position
      of said sensing apparatus relative to said disc spaces, improved counting
      apparatus comprising:
PA1  first logic circuit means for utilizing signals provided by said sensing
      apparatus to provide directional signal indications representative of the
      instantaneous direction of movement of said sensing apparatus relative to
      said discs;
PA1  a cumulatively conditionable bidirectional counter; and
PA1  second logic circuit means coupled between said first logic circuit means
      and said counter for utilizing said directional signals to develop
      increment and decrement inputs to said counter having one-to-one
      correspondence to the said disc spaces traversed by said sensing apparatus
      with allowance for transitory motion of said disc edges relative to said
      sensing apparatus.
NUM  5.
PAR  5. In combination with a rotating storage file, of floppy type storage
      disks separated by smaller diameter spacer disks which form ring-shaped
      open spaces between successive storage disks insufficient for transducing
      access --wherein said disks have transitory components of motion relative
      to said spaces and are required to be separated at a selected said space
      for transducing acess-- space locating apparatus comprising:
PA1  means for emitting radiant energy into said open spaces;
PA1  and apparatus electrically responsive to said energy separated from said
      means by said file and movable relative to edges of said disks and spaces
      in order to alternately receive and not receive radiant energy from said
      emitting means depending respectively upon whether a space or disk
      intervenes between said means and said apparatus; said apparatus
      including:
PA2  a radiant energy transducing element having a surface shape incongruent to
      the cross-sectional shape of a single said space; and
PA2  a radiant energy guide structure for congruence matching, positioned
      between said file and said element and having first and second ends
      respectively adjacent said element and the periphery of said file; said
      first end being shaped congruent to the shape of said element and said
      second end being shaped congruent to said cross-sectional shape of a
      single said space.
NUM  6.
PAR  6. Space locating apparatus in accordance with claim 5 wherein:
PA1  said radiant energy is light energy;
PA1  said transducing element is a photodetector having a generally circular
      shaped sensing surface considerably wider in diameter than the width of a
      space to be sensed; and
PA1  said guide structure includes a fiberoptic array shaped congruent to the
      shape of said photocell at said first end and shaped in a linear array,
      congruent to the cross-sectional shape of a single said space at said
      second end.
NUM  7.
PAR  7. Space locating apparatus in accordance with claim 6 including a shroud
      member positioned between said discs and said fiber optic array; said
      shroud member having an enclosed light confining passageway for
      congruently coupling light from an adjacent one of said disc spaces to
      said line-shaped end of said fiber array with minimal loss of light due to
      the curvature of the discs and minimal increment of stray light from
      sources other than said one disc space.
NUM  8.
PAR  8. Space locating apparatus in accordance with claim 7, wherein said shroud
      comprises an arcuately shaped light receiving end conforming closely to
      the path of revolution of the discs for coupling light from said one space
      between said discs and minimizing escape of light from said one space to
      the space external to said shroud passageway.
NUM  9.
PAR  9. Space locating apparatus in accordance with claim 8, wherein said shroud
      and at least the line-shaped end of said fiber optic array are mounted for
      movement as a unit parallel to the axis of rotation of said discs.
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ABST
PAL  The specification discloses a stepping motor operated cartridge type plaint
      disc memory utilizing a straddle erase read-write head. Additionally,
      means are provided for sensing index and sector positions on the disc, as
      well as the origin and extremities of head travel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Most prior art pliant disc systems (known commonly as floppy discs) are
      limited to read only operations. Such devices employ a mechanical detent
      system which moves a magnetic head from track to track in accordance with
      external commands which specify the address of recorded data. These
      mechanical detent systems are inherently slow, requiring in excess of 333
      millisec to effect track to track transitions. What is actually desired is
      an arrangement for rapidly and accurately positioning a head which is
      capable of both reading and writing information on a cartridge type floppy
      dis. In addition, it is desirable that the system include a means for
      preventing accidental erasure of prerecorded data which is to be retained,
      as well as means for sensing the origin and extremity positions of head
      travel, and means for indexing and identifying various sectors of the
      disc.
PAR  Accordingly, a primary object of the present invention is to provide a
      read-write floppy disc system.
PAR  Another object of the present invention is to provide a screw drive
      stepping motor arrangement for positioning a magnetic head relative to a
      pliant recording medium.
PAR  Another object of the present invention is to provide a straddle erase head
      to effect high density recording on a pliant disc.
PAR  Another object of the present invention is to provide a non-contacting
      sensing arrangement for determining the various locations of the recording
      head relative to the recording medium.
PAR  Another object of the present invention is to provide a protective
      interlock to prevent recorded information from being accidentally lost.
PAR  Another object of the invention is to provide a means for identifying
      various sectors of the recording disc.
PAR  Other objects and advantages will be obvious from the detailed description
      of a preferred embodiment given herein below.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of a preferred embodiment of the
      overall floppy disc system.
PAR  FIG. 2 is an exploded perspective of the read-write straddle erase head.
PAR  FIG. 3 is a perspective view showing the cartridge as it is loaded.
PAR  FIG. 4a is a perspective view showing the cartridge.
PAR  FIG. 4b is an exploded perspective view of the disk and cartridge.
PAR  FIG. 5 shows the details of the hub assembly.
PAR  FIG. 6 shows the circuitry for detecting the sector/index and write
      protect.
PAR  FIG. 7 shows the head position detector.
PAR  FIG. 8 shows the circuitry for generating the limit signals.
PAR  FIG. 9 shows the circuitry for detecting the sector/index and write
      protect.
PAR  FIG. 10 shows the Carriage, Way and Helix in perspective.
PAR  FIG. 11 shows the carriage guide assembly.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  The aforementioned objects are realized by the present invention which
      comprises a stepping motor having a Helix drive armature for incrementally
      positioning a carriage so as to correspond with the location of recording
      tracks on a pliant disk. The carriage supports a straddle erase read-write
      head which is operative connected to the read-record electronics. Several
      special sensors are provided for (1) indicating limits of carriage travel;
      (2) the presence of a special write protect hole on the carriage; and (3)
      to identify index and sector locations on the recording disk.
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Adverting to the drawings, and particularly FIG. 1. a preferred embodiment
      of the present invention comprises a frame 1, and a pliant disk drive
      assembly which includes spindle hub 3, (which is secured to frame 1 by
      screw 32), Drive Hub 6, E ring tru-arcs 13 and 14, centering cone 10,
      washer cup 12, coil spring 15, cam collar 8, thrustwasher 16 and shaft 8.
      Impeller motor 22 powers the drive assembly 2 via drive belt 20. The drive
      hub 6 of the drive assembly 2 functions to engage and rotate a pliant disk
      which is positioned (together with its protective retaining cartridge)
      between the drive hub 6 and centering cone 10.
PAR  Stepping motor 23 is clamped to frame 1 by clamp 21. The extended portion
      of the armature 83 is cut in the configuration of a helix. Helix 83 and
      guide shaft 24 (or way) support the carriage 26 which moves from one track
      position to another in response to rotation of the helix each time
      stepping motor 23 is energized. The head assembly 40 is mounted to
      carriage 26 and moves therewith.
PAR  The pliant recording disk is divided into a number of separate sectors --
      each identified by holes. These holes are detected by a photo-electric
      sensor mounted on tower 31. Tower 28 supports a second photo-electric
      sensor for detecting the limit of head travel.
PAR  In the operating mode, the recording cartridge is positioned between the
      drive hub 6 and the centering cone 10. FIG. 3 shows the cartridge
      partially inserted and FIG. 5 shows the relationship of the cartridge to
      the driving hub after engagement.
PAR  FIGS. 4a and 4b show the details of the cartridge construction. The
      flexible magnetic recording disk 100 is sandwiched between the liners 101
      and 102 and the covers 103 and 104, the spacer 105 having thickness such
      that the covers 104 and 105 will be parallel. The disk 100 is a flexible 3
      mil. mylar 7-7/8 inch diameter oxide coated disk. The complete cartridge
      (shown in FIG. 4a) is approximately 8 .times. 8 .times. 0.055 inches. The
      disk 100 is exposed through three of the four openings in the cover plate
      103. The center circular opening 111 receives the beveled surface of the
      hub 6, the hub 6 functioning to grip the disk 100 within, causing the
      latter to rotate when hub 6 is rotated. When the cartridge is loaded, the
      read/write head assembly 40 will be opposite to the elongated opening 112.
      This opening exposes a 11/2 inch 64 track recording band on the most
      stable area of the disk. The hole 108 is used to detect the index and
      sector holes on the disk. Typically the disk will have 8  different
      sectors (radial locations) each marked by a hole in the disk. There is
      also one location having two closely spaced holes to identify the start or
      index position from which the other sector locations are counted. Hole 109
      is used to protect against accidentially writing over prerecorded data.
      This hole is beyond the periphery of the disk 100 and is in direct
      alignment with a corresponding hole in cover 104. Loading the cartridge
      with the write protect hole uncovered allows the system to read the disk
      only. To perform a write operation, the write protect hole must be covered
      before the cartridge is uncovered. Masking tape or other opaque material
      can be used to cover the hole.
PAR  The read/write head (located on the head assembly 40) is shown in FIg. 2.
      It includes an electromagnet 200 that can concentrate a high magnetizing
      flux in the vicinity of the gap 201 which is adjacent to the surface of
      the recording medium 202. When recording, the flux field is varied to
      magnetize a track upon the revolving disk in accordance with the desired
      bit pattern. The head also includes a straddle erase electromagnet 203,
      the function of which is to erase the edges of the recorded track being
      written so as to minimize interference and cross-talk between adjacent
      tracks. The width of the track after parital erasure is 0.010 inches.
PAR  The head moves in contact with the disk 100 through the elongated opening
      112. Positioning of the head to a particular track is accomplished by
      electrical pulses applied to the stepping motor 23. Each pulse causes the
      armature 83 of the step motor to rotate 15 degrees. As shown in FIG. 10
      the carriage assembly 26 is supported by the armature 83 and way 24. The
      carriage 26 is caused to translate to a new track position each time
      stepper motor 83 is pulsed. This is effected by carriage guide 303 which
      rides in the groove of the helically cut armature as shown in FIg. 11.
      Track-to-track positioning may be achieved at a rate of 3 millisec/single
      step, two steps for a track-to-track position change. As the head is
      accessing to the desired track, a pad is forced against the disk 100 to
      flatten the recording area. A second pad is forced against the disk 100 so
      as to press the disk 100 against the head with a force of approximately 10
      grams.
PAR  FIG. 6 shows the circuitry for detecting sector/index and write protect.
      FIG. 8 shows the circuitry for detecting the limits of head travel. In all
      four cases light emitting diodes are positioned to actuate a corresponding
      phototransistor whenever the optical path therebetween is unobstructed.
      For example, LED 251 is mounted adjacent to hole 108 on one side of the
      inserted cartridges and phototransistor 252 ia mounted adjacent to hole
      108 on the opposite side of the cartridge on sector tower 31. Whenever an
      index or sector hole in the rotating disk is coincident with hole 1081,
      light impinges on the base of phototransistor 252 causing it to conduct.
      The output is amplified by transistor 253 to provide a pulse. Diode 254
      and transistor 255 function in a like manner to detect whether the write
      protect hole has been covered. Amplifier 256 and 257 function to provide a
      steady d.c. output if the write protect hole is uncovered.
PAR  FIGS. 7 and 8 explain the head position limit arrangement. Slide 402 is
      attached to and moves with the read/write head assembly 40. It passes
      through the detection arrangement [i.e., between light emitting diodes
      (405 and 406) and their corresponding phototransistors (407 and 408)
      mounted on limit tower 28]. The position of the carriage is detected
      according to which transistor (407 or 408 is conducting. For example, if
      neither 407 or 408 are "on", the carriage will be somewhere between the
      limits. If only 407 is conducting, an outer limit signal will be generated
      on line 410 as a consequence of cutaway area 411. This indicates that the
      carriage is beyond the last recorded track (in the present design this
      corresponds to track No. 63). If only 408 is conducting, a signal will
      appear on 412 indicating that the carriage is positioned at track "00" --
      this signal being generated as a consequence of cutaway area 413. If both
      407 and 408 are caused to conduct, the carriage position will be below
      track "00" as indicated by dotted line 420.
PAR  Although the basic concept of the invention have been shown and described
      in connection with a particular apparatus, it will be understood that the
      invention is not limited thereto, and that numerous changes, modifications
      and substitutions may be made without departing from the spirit of the
      invention.
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STM  I claim:
NUM  1.
PAR  1. In a pliant disk recording system of the type utilizing a rigid
      cartridge for retaining the disk, the improvement which comprises:
PA1  a stepping motor having helically cut armature extension;
PA1  a carriage adapted to translate in accordance with the rotation of said
      helically cut armature;
PA1  a read/write straddle erase head attached to siad carriage adjacent to the
      recording surface of said pliant disk;
PA1  means for actuating said stepping motor in accordance with external
      commands whereby said head may be incrementally moved from one track
      positon to another;
PA1  means for detecting the limit positions of carriage travel, said means
      comprising:
PA1  a tower having a photelectric sensor, said tower to be positioned adjacent
      to location at the end of carriage travel whereby the presence of the
      carriage will interrupt light impinging on said photoelectric sensor.
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PAL  Multiple (e.g. 500) ultra-thin flexible storage disks are stacked in a
      closely spaced configuration between circular end plates and arranged for
      rotation together with the plates about a common axis. Recording surfaces
      of the rotating disks are deflected to successively expand (open) and
      contract (close) a selected interface and thereby provide recording access
      at the expanded interface. Separation of the selected interfacing surfaces
      for access is facilitated by maintaining a predetermined air pressure
      between the contracted disks which conditions the rotation of the disks to
      bistability in the contracted position. Thus only a small initiating force
      is required to expand any selected interface with the disks initially
      contracted. This reduces disk wear. Expansion of a selected interface is
      accelerated (for shortening access time) by applying vacuum to the disks
      in synchronism with the initiating force. Advantageously recording
      surfaces on both sides of the expanded interface rotate in generally flat
      planar paths, simplifying track location when both surfaces are subject to
      recording usage.
PARN
PAC  CROSS REFERENCES TO RELATED PATENT APPLICATIONS
PAR  1. U.S. patent application Ser. No. 414,614, by R. J. Penfold et al, filed
      Nov. 7, 1973, entitled "Multiple Flexible Disk File", assigned to the
      assignee of the present application, now U.S. Pat. No. 3,867,723 issued
      Feb. 18, 1975.  2. U.S. Pat. No. 3,810,243, issued May 7, 1974, by B. W.
      McGinnis et al, entitled "Selectively Tensioned Transducer Assembly for
      Operation in Compliant Relation to Individual Memory Discs of a
      Partitionalbe Aggregrate of Rotating Flexible Discs", assigned to the
      assignee of the present application.
PAR  3. U.S. patent application Ser. No. 375,988, by R. A. Barbeau et al, filed
      July 2, 1973, entitled "Stabilization of Partitionable Memory With
      Flexible Rotating Discs", assigned to the assignee of the present
      application, now U.S. Pat. 3,852,820 issued Dec. 3, 1974.
PAR  4. U.S. patent application Ser. No. 375,989, by R. A. Barbeau et al, filed
      July 2, 1973, entitled "Partitionable Disc Memory With Flexible Discs and
      Conformally Suspended Head", assigned to the assignee of the present
      application, now U.S. Pat. No. 3,838,462 issued Sept. 24, 1974.
PAR  5. U.S. patent application Ser. No. 484,482, filed July 1, 1974 by E. D.
      Barkhuff et al, entitled "Random Access Disk File With Axial Translation
      of Disks and End Plate", commonly assigned herewith.
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PAC  FIELD OF THE INVENTION
PAR  The invention relates to random access storage devices in which selected
      interfaces between recording surfaces, in a stack of multiple flexible
      memory disks rotating about a common axis, are alternately expanded and
      contracted while the disks rotate in order to provide access clearance for
      insertion of a transportable transducing head.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The above cross-referenced co-pending patent applications and references
      cited therein concern stacked configurations of multiple flexible disks
      which are subject to being deflected apart while rotating in order to form
      space for insertion of a transducing head relative to a selected disk
      surface. A problem in the known prior configurations is to avoid or reduce
      abrasional contact between the disks and the deflection apparatus and
      thereby lengthen useful recording life of the disks. Another problem is to
      position the separated recording surfaces on both sides of the opened
      interface in predetermined orbits which do not vary from interface to
      interface so that both sides of the disks are useful without special
      apparatus to relate recording track locations to interface positions.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a method of flexing rotating
      flexible disk multiples for transducing access with reduced abrasive
      and/or deformational contact between the disks and the selecting
      apparatus.
PAR  Another object is to provide a method of bistably expanding any selected
      interface in a rotating flexible disk multiple whereby the force required
      for expansion is lessened due to bistability of the disk rotation and
      whereby the shape of the expanded interface is uniform over the range of
      all useful disks so that tracks on both sides of the useful disks are
      conveniently locatable. A related object is to have flat recording surface
      paths on both sides of the expanded interface.
PAR  Another object is to provide a method and associated apparatus for bistably
      conditioning the rotation of multiple flexible disks to facilitate
      triggered expansion of any selected interface and thereby reduce
      abrasional contact with disk surfaces, in which expansion of the interface
      is stable in the absence of contact with or deformational stress on the
      disks.
PAR  An advantage of having flat recording surface paths on both sides of the
      expanded interface is that locating recording tracks on the disks is
      thereby simplified in comparison to track location when the recording
      surface paths vary from interface to interface.
PAR  Another object is to provide for reduction of disk contact hitherto
      required to separate packs of co-rotating flexible disks for access.
PAR  Yet another object is to provide a reliable and simple method for
      displacing multiple flexible disks to afford random selective access to
      recording surfaces within the multiple.
PAR  A feature of the invention is the provision of controlled air pressure
      between multiple flexible disks in a stacked rotating configuration to
      facilitate stable expansion of any selected interface with negligible
      abrasive contact and/or deformational stress, and to stabilize the steady
      state rotation of the disks with said interface expanded.
PAR  Another feature is the provision of a predetermined steady state air flow
      making the rotation of the contracted disks bistable to facilitate
      interface expansion for recording access -- thereby reducing the abrasive
      and/or distortional contact between the recording surfaces and the
      apparatus used to cause said expansion -- and providing stable maintenance
      of the expanded configuration without physical contact or bearing support.
PAR  A related feature is the discovery that interface openings produced by such
      bistable expansion can be made to have uniform symmetrical shape at all
      interfaces whereby opposite sides of disks are useful for recording
      without special adaptation to relate track location to interface position
      in the stack.
PAR  Another feature is the use of momentary applied vacuum to accelerate the
      expansion displacement without loss of stability.
PAR  The foregoing and other objects and features hereof will be more fully
      appreciated and understood from the following detailed description of the
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 provides an elevational view partly sectioned and partly schematic
      of a centrally pressurized rotating flexible disk file with pressure
      controlled to bistabilize disk rotation and thereby to facilitate
      interface expansion;
PAR  FIG. 2 shows the contracted interface rotational configuration of the
      centrally pressurized disks;
PAR  FIG. 3 shows an expanded interface;
PAR  FIG. 4 shows an expanded interface receiving a transducing head;
PAR  FIG. 5 is a sectional view of the hollow spindle assembly and a spacer
      disk;
PAR  FIG. 6 is an elevational view partly sectioned and partly schematic of a
      second embodiment of flexible disk file with spaced interfaces ventilated
      through off-axis holes in the disks;
PAR  FIG. 7 shows a disk employed in FIG. 6;
PAR  FIG. 8 is a sectional view of a detail of the air supply coupling in the
      apparatus of FIG. 6; and
PAR  FIGS. 9 and 10 are respective views of a contracted and expanded interface
      in the apparatus of FIG. 6.
DETD
PAC  DEFINITIONS
PAR  Terms such as "expand" and "contract" are used herein to respectively
      characterize widening and narrowing of a selected space between facing
      recording surfaces; whereby the affected surfaces are respectively
      rendered accessible and inaccessible for transducing access. In this
      context it will be understood that the narrowed interface need not be
      completely closed (i.e. the affected surfaces need not be touching) and
      indeed may have variable spacing as nearby interfaces are selectively
      expanded and contracted.
PAR  The term "bistable" is used herein to characterize a condition of the disk
      aggregate in which the disks, while rotating in one stable configuration
      -- e.g. with all interfaces contracted --, are actuatable to another
      stable configuration (e.g. with a selected interface expanded and other
      interfaces contracted) by a transient actuating force. This does not mean
      to imply that the aggregate is necessarily bistable or reversely actuable
      in the other configuration.
PAC  DETAILED DESCRIPTION
PAR  Two embodiments are disclosed. In one of these (FIGS. 1-5) air flows
      centrally through a radially vented spindle and radially porous spacers
      into spaces between consecutive disk recording surfaces. In the other
      embodiment (FIGS. 6-10) air flows through aligned off-axis apertures in
      the storage disks into spaces between consecutive recording surfaces.
PAR  The central air flow arrangement of FIGS. 1-5 resembles the apparatus
      disclosed in the above-referenced Penfold et al application; except that
      the steady state air supply is critically adjusted in the present
      disclosure, for providing bistable expansion operation of the contracted
      pack, and due to this feature the means presently used for selecting the
      disks need only act transiently upon the edges of the selected disks and
      need not be maintained adjacent the disks or otherwise deployed in the
      expanded interface.
PAR  The present off-axis ventilation configuration resembles the
      above-referenced Krijnen patent U.S. Pat. No. (3,509,553) apparatus,
      except that present disk apertures and the steady state air supply thereto
      are respectively designed and adjusted to provide rotational bistability.
      The present apparatus for selecting the disks, aided by said bistability,
      is used only to expand a selected interface to a stable configuration
      suitable for head clearance; whereas the Krijnen selector is integral with
      the head and operates in a totally different manner.
PAR  Referring to FIGS. 1-5, in the centrally ventilated embodiment floppy-type
      disks 1 are arranged, together with stabilizing end plates 2, 3, for
      rotation about common axis 4 (FIG. 2). Typically the disks are ultra-thin
      mylar disks coated with magnetic oxide -- ranging in thickness sizes from
      1-3 mils and in outer diameter sizes from 8-15 inches -- and are rotated
      at angular velocities ranging from 1100-2400 rpm. It is understood however
      that these are exemplary values not limiting the range of useful
      operation.
PAR  FIG. 1 is schematic in respect to the number of disks illustrated. The
      disks are drawn over-sized for clarity. It should be understood however
      that several hundred recording disks would be provided in the space
      between end plates indicated in FIG. 1, and 1000 or more storage disks
      could be aggregated in the indicated configuration for bistable random
      access selection according to our invention.
PAR  The end plates and disks have central holes for mounting upon spindle 5
      between clamping end members 6, 7. Disk separations in the contracted
      configuration (FIG. 2) are determined by thin spacer disks 8 which are
      mounted between successive memory disks. The assembly of parts 1-8 is
      rotated by motor 9. In the above-referenced embodiments the spacers
      typically are approximately 2 mils thick and have outer diameters of
      approximately 2 inches. In the centrally vented embodiment spindle 5 is
      hollow and contains longitudinal openings 5a; spacers 8 are radially
      porous.
PAR  In the contracted configuration (FIG. 2) spaces 10 between successive
      recording surfaces are insufficient for unobstructed insertion of
      transducing head 12 (FIG. 4). Upon selection the selectively interface
      space is widened sufficiently (10a, FIG. 3) to receive the head 12 without
      interference (FIG. 4) for compliant positioning (not shown) relative to
      the rotation path of one of the two recording surfaces 16, 18 at said
      interface.
PAR  A problem in regard to displacing recording surfaces of flexible disks is
      to reduce or minimize abrasive or distortional contact between the
      displacing apparatus and the selected recording surfaces. We have found
      that with a particular adjustment of steady state air pressure in the
      interface spaces between the disks the contracted disks become bistable,
      as defined above, whereby a selected interface can be expanded by a
      transient actuating force with negligible or no abrasive contact between
      the actuating apparatus and the disks. Our invention stems from this
      discovery.
PAR  Rotating hollow member 7 (FIG. 1) is coupled via sealed bearings 7a to a
      stationary duct-work 13. A steady state supply of air received at intake
      passage 13a for conveyance to the hollow interior of spindle 5 is manually
      adjusted at valve 13b to a constant critical pressure level in a range
      associated with conditioning the contracted pack for bistable rotation as
      defined above. In this condition the unclamped recording portions of all
      disks 1 are stable while rotating initially in the contracted
      configuration (FIG. 2) and are transiently actuable to a stable expanded
      position (FIG. 3) in which a selected interface is expanded. The actuating
      displacement force 20 (FIGS. 2, 3) at edges of the affected interfacing
      disks is sufficient to trigger expansional displacement of the disks to
      the stable expanded position (FIG. 3).
PAR  The steady state pressure adjustment for rotational bistability is
      determined empirically and is just above the range providing little or no
      air flow in the interfaces of the contracted pack. In the latter condition
      the interfaces are subject to uncontrollable spontaneous expansion without
      external actuation, due to development of vacuum in the interfaces by
      centrifugal pumping action. In the bistable range the pressure in the
      unexpanded interfaces is kept below atmosphere to a lesser degree but the
      interface spacing remains uniform in stable pressure equilibrium until
      disturbed by positive external actuation. Any initial widening of a
      selected interface, as by a probe, air, jet, etc., admits an increased
      supply of air to that interface. This upsets the pressure equilibrium and
      forces the adjacent disks apart until a new stable equilibrium is reached
      between the pressure in the expanded space and the pressures in the other
      interfaces. Surprisingly this new equilibrium is reached quite rapidly
      with oscillational overshoot and undershoot if any being quickly damped.
      Also surprising, the width of the expanded interface is ample for
      transducing access.
PAR  Experimental observations indicate that the bistable adjustment range is
      variable in relation to such determining factors as disk geometry, number
      of disks in the pack, rotational speed and ventilation configuration for
      distributing air to the disks. For the centrally ventilated configuration
      of FIGS. 1-5, with geometry and rotation in ranges as specified above, the
      steady state supply pressure associated with rotational bistability is
      found typically to lie in the range 2-5 inches of water.
PAR  The displacement action of the selected disks in response to selecting
      force 20, under bistable air flow conditions may be likened conveniently
      to the switching action of electronic flip-flop circuits. Naturally it is
      understood that the head 12 and the selecting apparatus exerting force 20
      are transportable relative to the disk assembly, and operable to actuate
      the selected interface, by means not relevant to the present invention and
      described elsewhere in the above cross-references. Furthermore, force 20
      may be exerted by a contacting probe or a directed air jet.
PAR  Interestingly and advantageously the displaced recording surfaces at the
      selected interface (16, 18 FIG. 3) stabilize uniformly in flat rotational
      paths over a broad range of interfaces, simplifying track location. In
      earlier arrangements of the type disclosed in the above-referenced Ser.
      No. 375,989 by Barbeau et al the facing disks at the selected interface
      rotate in unsymmetrical paths, one flat and the other curved, and the
      curved paths vary from interface to interface depending upon the number of
      disks contained in the pack segment displaced into the curved path. Thus,
      track positions in the curved path and signal packing in the curved path
      would vary; such variation complicating reproduction access.
PAR  A word of explanation is in order, concerning the reference in the
      preceding paragraph to a range of interfaces. As noted in the previously
      cross-referenced U.S. Pat. No. 3,810,243 to McGinnis et al the compliant
      action between the head and selected surface can be held to uniformly
      tight tolerances only when a predetermined minimum number of "cushioning"
      disks (e.g. 25) are backing the selected surface. In said patent the disks
      shown are "unspaced" when not positively deflected apart, but the same
      principles apply to the present spaced bistable configuration.
PAR  Upon entering the expanded space 10a head 12 is guided laterally into
      "dimpling" compliant relation to the rotation path of one of the
      interfacing surfaces 16, 18, essentially in the manner disclosed in the
      above-referenced commonly assigned U.S. Pat. No. 3,810,243 by McGinnis et
      al; this intimately couples the head with the selected surfaces for high
      density. At completion of such operation the head may be withdrawn from
      the selected interface and the disks then restored to the contracted
      rotation position in preparation for the next selection operation. In the
      illustration contraction is caused by momentarily energizing solenoid
      valve 13c. This admits air, at a non-critically pre-adjusted elevated
      pressure, to contraction supply duct 13d. This restores the disks to
      contracted position and when the air supply returns to steady state level
      the disks are once again bistable. The action is non-critical and other
      methods of restoring the disks to contracted bistable operation will
      readily occur to those skilled in the art.
PAR  The time required to expand the selected interface can be reduced, thereby
      reducing storage access time, by applying vacuum to the disks during their
      transitional displacement to the expanded position. For this purpose
      vacuum is applied to duct passage 13e by operation of solenoid valve 13f
      in synchronism with said transitional displacement.
PAR  Hollow spindle 5 contains reduced diameter hollow end portion 5b supporting
      end plate 3 (said plate having a corresponding reduced diameter central
      opening for mounting on the spindle) which is threaded externally to
      couple threadably with an internal thread on hollow member 7; whereby
      member 7 seats retainingly adjacent plate 3.
PAR  In operation the adjusted steady state air supply to passage 13a is
      distributed to the spaces between disks 1 via passage 13, hollow interiors
      of member 7 and spindle 5, apertures 5a in spindle 5 and pores in spacers
      8. This steady state supply of air is pumped radially out of the spaces
      between the contracted disks by centrifugal action. The resulting
      continuous negative pressure between the disks conditions the rotation of
      the unclamped portions of disks 1 to bistability exclusively in the
      contracted position.
PAR  Meanwhile the mechanism supplying selection force 20 is positioned adjacent
      the desired contracted interface to which access is required and operated
      to exert force 20 upon the facing disks. This initiates expansional
      deflection of the facing disks to the stable expanded position (FIG. 3);
      said expansional displacement being accelerated by synchronous application
      of vacuum to passage 13e through operation of solenoid 13f. Meanwhile the
      head which has been concurrently positioned opposite the selected
      interface is inserted centrally into the stabilized expansion opening and
      guided smoothly into hydrodynamically lubricated relation to one of the
      facing recording surfaces. When the head operation is completed, and
      assuming the next operation to be scheduled relative to a different
      interface, the head is retracted. The disks are then contracted by
      operation of solenoid valve 13c, and the operations for selecting the next
      interface are started.
PAR  In the second embodiment of FIGS. 5-10 flexible storage disks 1a, separated
      by spacer disks 8a, are mounted upon spindle 35 and retained axially by
      end plates 2a and 37. Spacers 8a and spindle 35 need not conduct air.
      Spindle 35 is connected to shaft 39 which is rotated continuously by a
      not-shown motor. The disks, end plates and spindle thereby rotate as a
      unit. The end plates are axially clamped by shoulder extensions 41 of
      shaft 39 and 43 of the spindle.
PAR  Disks 1a have aligned off-axis ventilation openings 44 which are further
      aligned with holes 45 in end plate 37. Housing 47 attached to end plate 37
      forms part of a ventilation sub-chamber 49 which communicates via end
      plate holes 45 with disk ventilation holes 44. Spindle extension 51 is
      rotatably linked to spindle 35 and adapted for axial displacement relative
      to the spindle. Throttle plate 53 attached to extension 51 completes the
      closure of ventilation sub-chamber 49 relative to atmosphere when
      extension 51 is in its most extended position relative to the spindle.
      Non-rotating air supply coupling 55, supported on the rotating extension
      51 via bearings 57 receives filtered air through elements 59, 61 and 63.
      Adjustable valve 61 provides an adjusted opening 63 between atmosphere and
      an internal chamber connecting to flexible tubing 59. This supplies steady
      state air pressure, through passage 65 in non-rotating coupling 55 and
      passages 67 and 69 in rotating coupling 51, to sub-chamber 49. In turn
      this transfers steady state air pressure, via end plate openings 45 and
      aligned disk openings 44, to the interfaces.
PAR  Normally, spring 71 biases extension 51 to the most extended position in
      which sub-chamber 49 is sealed off from atmospheric air by abutment of
      plate 53 against housing 47. In this condition only the above-mentioned
      steady state air supply reaches the sub-chamber 49 and the disk openings
      44. Said supply is adjusted to cause rotational bistability in the
      unclamped portions of the disks 1a when the disks are initially in
      contracted mode (FIG. 9), as explained above for the centrally pressured
      embodiment. Therefore the disks can be stably triggered apart at any
      selected interface for transducing access in this mode. Expansional
      deflections can be accelerated by actuating valve 61 to close opening 63
      in synchronism with the initial deflection movement, thereby effectually
      applying vacuum to space 49.
PAR  To contract the expanded disks, after completion of transducing operation,
      as explained above for the centrally pressured embodiment, solenoid 75 is
      excited momentarily displacing armature 77 against bearing surface 79 of
      extension 55 moving said extension toward the spindle and thereby
      displacing plate 53 away from sub-chamber housing 47. This opens the
      sub-chamber to atmosphere momentarily, and thereby momentarily increases
      air flow through the disks to a level cancelling their rotational
      stability and restoring them to contracted configuration in readiness for
      bistable operation.
PAR  In the illustrated embodiment the disks have eight holes 44, each 1 1/2
      inch diameter, centered at radial distances of 2 1/4 inches from the axis
      of rotation and uniformly located in a circle around said axis. Again,
      these dimensions are given as exemplary and not limiting.
PAR  The use of atmospheric air as the source of steady state air pressure need
      not be uniquely restricted to this second embodiment. In the centrally
      pressured embodiment of FIG. 1 a similar atmospheric coupling could be
      used if the shape of spacer disks is selected to have suitable lower
      resistance to air flow than the mesh spacers disclosed by Penfold et al;
      e.g. by using spacers having open radial channels for air conduction.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that various changes in form and detail may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a data storage device including multiple centrally restrained
      flexible storage disks arranged in a stack for continuous rotation about a
      common axis, with fluid-permeable open spaces between recording surfaces
      of successive disks and with the disks bendable between their centers and
      peripheries while rotating to effect stable expansion and contraction of
      any selected space between recording surfaces of successive said disks
      suitable for providing random selective external transducing access to
      surfaces adjacent the selected space, the improvement comprising:
PA1  pressure control apparatus for establishing a first fluid pressure
      condition, in a predetermined pressure range, in said spaces between said
      disks; said condition having the effect of allowing the rotation of said
      disks to be stabilized uniquely in discrete first and second rotational
      configurations characterized in that the disks are all evenly spaced and
      inaccessible in said first configuration and unevenly separated at one
      selected space in said second configuration rendering said selected space
      accessible to receive an external transducer; said condition characterized
      in that it does not permit the rotational positions of the disks to
      stabilize in configurations of separation intermediate said first and
      second configurations and thereby renders the disks subject to expansion
      manipulations to said second configuration by small transiently applied
      forces.
NUM  2.
PAR  2. A device as in claim 1 including means for effecting said expansion
      manipulation to said second configuration by momentarily touching edges of
      said disks at a said selected space while said disks are in said first
      evenly spaced configuration and said spaces between the disks have said
      first pressure condition.
NUM  3.
PAR  3. A device as in claim 1 including means for effecting said expansion by
      momentarily varying said pressure condition at said selected space while
      the disks are in the evenly spaced first configuration.
NUM  4.
PAR  4. A device as in claim 1 including means for effecting said expansion by
      momentarily displacing said disks.
NUM  5.
PAR  5. A device as in claim 4 including means for accelerating the displacement
      motion of said disks during said expansion by decreasing said pressure
      below said first condition momentarily during said momentary expansion
      displacement of said disks.
NUM  6.
PAR  6. A device as in claim 1 wherein said fluid is air.
NUM  7.
PAR  7. A device as in claim 1 wherein said disks have aligned holes forming a
      continuous internal space connecting uniformly with said spaces between
      said disks and said apparatus comprises a source of fluid at a constant
      predetermined critical pressure for establishing said first condition and
      conduit means for conducting said fluid to said internal space for
      distribution to said open spaces between the disks for use in facilitating
      bending manipulations of said disks for said expansion displacements.
NUM  8.
PAR  8. A device as in claim 7 wherein there is one said hole per disk
      encompassing the center of rotation of the respective disk.
NUM  9.
PAR  9. A device as in claim 7 wherein there are plural said holes per disk and
      said holes are off-axis perforations having predetermined spacing and
      dimensions.
NUM  10.
PAR  10. A device as in claim 7 including inflexible end plates at opposite ends
      of said stack rotating coaxially with said disks; one of said end plates
      having an opening communicating with said conduit means for conducting
      said fluid to said internal space for said distribution; said stack
      including small-diameter spacer members between successive said storage
      disks for establishing the contraction spacing of said storage surfaces of
      said disks in said first stable configuration; and including means movable
      externally relative to said disks for selectively effecting said expansion
      displacement to said second configuration by applying transient displacing
      force to said disks at a said selected space.
NUM  11.
PAR  11. A device as in claim 10 for accelerating said expansion displacement by
      momentarily decreasing the supply of fluid at said end plate opening
      during the application of said displacing force.
NUM  12.
PAR  12. A device as in claim 10 wherein: there is one said hole per storage
      disk encompassing the center of rotation of the respective disk; said
      spacer members have central holes aligned with said storage disk holes and
      radial passages; said spacer members and a storage disks are mounted via
      surfaces adjacent respective said holes on a hollow perforated rotating
      spindle containing said internal space and adapted to provide axial fluid
      flow between said one end plate opening and said radial passages of said
      spacers and thereby permitting radial fluid flow relative to said open
      spaces between said disks for centrifugal circulation by said disks.
NUM  13.
PAR  13. A device as in claim 10 wherein said holes are off-axis perforations of
      predetermined dimensions in said storage disks, outlying the peripheries
      of said spacers and serving to conduct said fluid from said end plate
      opening directly to said open spaces between said disks.
NUM  14.
PAR  14. A device as in claim 10 wherein said end plate opening is connected
      externally to a plurality of fluid supply conduits one of which is adapted
      to provide a continuous steady state supply of fluid at a pressure
      suitable for establishing said predetermined first fluid pressure
      condition.
NUM  15.
PAR  15. A device as in claim 14 wherein another of said conduits is connectible
      transiently to a source of reduced pressure for accelerating said
      expansion during application of said displacing force.
NUM  16.
PAR  16. A device according to claim 14 wherein another of said conduits is
      connectible transiently to a source of fluid at elevated pressure relative
      to said steady state supply for rendering said disks unstable in said
      second configuration and urging said disks from said second configuration
      to said first configuration.
NUM  17.
PAR  17. A device as in claim 10 wherein the space selectively widened in said
      second configuration has a predetermined shape determined by the shapes of
      the rotational paths traced by recording surfaces of the adjacent storage
      disks, and wherein said shape is substantially uniform over a range of
      multiple said spaces subject to selection.
NUM  18.
PAR  18. A device as in claim 17 wherein said paths traced by said recording
      surfaces adjacent a said selectively widened space are substantially flat
      parallel circular bands, when said adjacent recording surfaces are not
      displaced by transducing apparatus, and have sufficient separation to
      allow for unobstructed maneuvering of external transducing apparatus into
      the respective space.
NUM  19.
PAR  19. A device as in claim 18 in which said fluid is air; said pressure
      control apparatus including a source of pressured air coupled to said end
      plate opening for supplying a continuous steady state flow of air which is
      circulatable through said open spaces by centrifugal action in manner
      suitable for establishing said first predetermined pressure condition and
      thereby facilitating widening displacement of said stack.
NUM  20.
PAR  20. A device as in claim 19 including means for effectively coupling vacuum
      transiently to said end plate opening, by momentarily blocking off said
      steady state flow, in coordination with each said momentary application of
      displacing force, thereby accelerating the associated widening
      displacement of said disks to said second configuration.
NUM  21.
PAR  21. A device as in claim 19 including means for momentarily coupling
      additional air at elevated pressure to said end plate duct to to restore
      said disks from said second configuration to said first configuration.
NUM  22.
PAR  22. A device as in claim 19 wherein said means for effecting said
      displacement includes means for momentarily displacing peripheral edges of
      the storage disks at said selected space.
NUM  23.
PAR  23. A device as in claim 19 wherein said means for effecting displacement
      includes means for momentarily varying the fluid flow condition in the
      selected space relative to all other spaces between said disks.
NUM  24.
PAR  24. In a data storage device including an externally transported transducer
      and multiple coaxially stacked flexible storage disks having fixed center
      spacings and arranged for continuous stable rotation about a common axis,
      said disks separated by smaller diameter porous spacer disks narrower than
      said transducer and defining open spaces between storage surfaces, said
      storage and spacer disks having central openings forming a continuous
      internal space permeable to air flow through said spacers and in said open
      spaces between said storage disks, improved means for effecting random
      selective bending deflections of recording surfaces of said storage disks
      at any selected interface space between said surfaces in order to render
      said recording surfaces at said interface space accessible to said
      transducer comprising:
PA1  means for conducting a steady state supply of air at predetermined pressure
      to said internal space for conditioning said storage disks to have
      bistable rotational stability such that a transitory force can be used to
      expand a said selected interface space quickly and with sufficiently
      predeterminate and stable form to accommodate an external transducer
      without obstruction and without specialized transducer positioning
      apparatus for varying transducer positioning at different interface
      positions.
NUM  25.
PAR  25. A device according to claim 24 further including:
PA1  means aided by said steady state air supply for effecting stable
      expansional deflection of said recording surfaces at a selected interface.
NUM  26.
PAR  26. A device according to claim 24 wherein said steady state air supply is
      maintained at a level conducive to stabilizing and flattening paths of
      rotation of said expansionally deflected recording surfaces.
NUM  27.
PAR  27. A device according to claim 24 including means for momentarily
      supplying restorational air pressure to contractably deflect said
      expansionally deflected surfaces to produce contraction of the associated
      interface.
NUM  28.
PAR  28. A device according to claim 26 including means for applying vacuum to
      said central openings synchronous with said expansional deflection for
      accelerating expansion of the associated interface.
NUM  29.
PAR  29. In a data storage device:
PA1  coaxial stabilization plates having constant spacing along a common axis;
PA1  multiple flexible storage disks and spacers coaxially stacked between said
      plates and arranged for continuous rotation about said axis; centers of
      said plates, disks and spacers having fixed axial positions; said spacers
      providing predetermined open spaces between successive said disks for
      centrifugal air circulation useful to stabilize said rotation; said spaces
      being insufficient to permit unobstructed transducing access to recording
      surfaces of said disks; said plates permitting limited axial bending
      displacements of said disks, relative to any one said air circulation
      space, sufficient to widen said space for transducing access;
PA1  means for supplying a predetermined steady state flow of air at a pressure
      below a predetermined critical level to said air circulation spaces
      between all said disks;
PA1  means aided by said steady state flow for utilizing transitory force
      effects to cause stable bending displacements of the disks at successively
      selected said air circulation spaces, whereby each said selected space is
      stably and uniformly expanded for stable and uniform transducing access.
NUM  30.
PAR  30. A device according to claim 29 wherein disk recording surfaces
      separated by said bending displacement tend to rotate in substantially
      flat planar paths generally perpendicular to said axis.
NUM  31.
PAR  31. A device according to claim 30 wherein at least one of said plates is
      arranged to rotate with said disks.
NUM  32.
PAR  32. A device according to claim 30 wherein said disks have axially aligned
      holes, forming an internal air conduction space connecting with said
      spaces between said disks, and said air supplying means is arranged to
      supply air to said internal space from a source external to the space
      occupied by said disks and plates.
NUM  33.
PAR  33. A device according to claim 32 wherein said disk holes are
      auto-ventilating off-axis performations and said air supplying means
      comprises at least one opening in at least one of said end plates for
      controllably admitting external air into the internal spaces formed by
      said perforations.
NUM  34.
PAR  34. A device according to claim 33 wherein said air supplying means
      comprises means for momentarily varying the flow of air through said at
      least one plate opening to accelerate said bending displacement.
NUM  35.
PAR  35. A device according to claim 32 wherein said aligned disk holes
      centrally encompass said axis, said spacers are porous and said air
      supplying means comprises a source of air coupled to said holes via a duct
      in an end said disk and wherein said air flow varying means comprises
      means for momentarily applying vacuum to said central holes.
NUM  36.
PAR  36. A device according to claim 34 said varying means including means for
      applying vacuum to said axial air conduction space while initiating said
      bending displacement in order to accelerate the displacement and thereby
      reduce access time to said disk recording surfaces.
NUM  37.
PAR  37. A device according to claim 35 said vacuum applying means being
      synchronized in operation with said bending displacement in order to
      accelerate the displacement and reduce access time to said disk recording
      surfaces.
NUM  38.
PAR  38. In a data storage device:
PAR  multiple flexible storage disks and spacer disks coaxially stacked between
      confining and stabilizing end plates; said disks and plates arranged for
      continuous co-rotation about a common axis with recording surfaces of said
      disks subject to bistable rotation in contracted positions permitting low
      force triggered expansion of any interface of said stack; centers of said
      disks and plates having fixed axial positions; said spacer disks providing
      predetermined spaces between successive said storage disks which permit a
      predetermined steady state supply of air to circulate in said spaces by
      centrifugal action and stabilize and flatten the rotational paths of said
      recording surfaces in both said expanded and contracted positions;
PA1  spaces between successive disks in said contracted positons being
      insufficient to permit unobstructed insertion of a transducing head
      therein; said plates being positioned to limit expansional deflection of
      said recording surfaces of said storage disks to allow expansion of at
      least one interface between successive disks sufficient for insertion of
      said head and thereby permit access to recording surfaces at said
      interface; said storage disks and plates having internal openings
      permitting distribution of said steady state supply of air via one of said
      plates to said spaces between said storage disks for bistabilizing the
      rotation of said recording surfaces; and
PA1  means aided by said steady state circulation for effecting expansional
      deflection of said recording surfaces at a selected interface.
NUM  39.
PAR  39. A device as in claim 38 wherein said recording disks have off-center
      holes for conducting a steady state supply of air to said spaces between
      said recording surfaces; including means for admitting an additional
      supply of air to said holes for effecting contractional displacement of
      said disks.
NUM  40.
PAR  40. A device as in claim 38 wherein said spacer disks are porous to radial
      air flow and said recording disks, spacer disks and end plate have aligned
      central openings permitting passage of air from said end plate to said
      spacer disks and through said spacer disks radially by centrifugal action
      into and through the spaces between said storage disk recording surfaces;
      said steady state air supply being coupled from a source of pressured air
      through said end plate opening.
NUM  41.
PAR  41. A device as in claim 38 wherein said disks and end plate are rotated at
      high speeds in the rnage of 1100- 2400 rpm; and wherein said recording
      disks have outer diameters in the rane 8 - 15 inches and axial thickness
      measurements in the range 1-3 mils; and wherein said spacer disks have
      outer diameters less than 4 inches and axial thicknesses in the range 2 -
      7 mils.
NUM  42.
PAR  42. A device as in claim 41 wherein said recording disks have off-center
      holes for conducting steady state pressured air flow to said spaces
      between said recording surfaces.
NUM  43.
PAR  43. A device as in claim 41 wherein said spacer disks are porous to radial
      air flow and said recording disks, spacer disks and end plate have aligned
      central openings permitting passage of air from said end plate to said
      spacer disks and through said spacer disks radially by centrifugal action
      into and through the spaces between said storage disk recording surfaces;
      said steady state air being supplied through said end plate opening.
NUM  44.
PAR  44. A device in accordance with claim 39 wherein said means for admitting
      additional air comprises a movable plate.
NUM  45.
PAR  45. In a data storage device, in which multiple interfacing flexible
      storage disks arranged in a packed configuration for continuous
      co-rotation in an environmental fluid are maintained in an aerodynamically
      balanced pressure state and caused to be intermittently deflected at
      selected interface positions for transducing access, a deflection control
      method comprising:
PA1  establishing a predetermined critical state of disturable pressure balance
      in said fluid while the storage disks are rotating in an undeflected
      configuration; and
PA1  deflecting said disks into a stable separated configuration by creating a
      momentary pressure imbalance in said fluid, relative to a selected
      interface, which operates in conjunction with the existence of said
      critical pressure state to exert a stable deflecting influence on the
      rotational orbits of the disks.
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ABST
PAL  In a flexible disk magnetic storage device, a suspension assembly for
      holding a transducing head in proper transducing relationship to a target
      disk regardless of the radial position of the track. The assembly
      incorporates a chamber which is filled with gaseous fluid and expanded in
      order to move a chamber enclosing member with a transducing head mounted
      thereon. The head is moved axially into transducing relationship with the
      disk surface and continues to move until the disk surface exerts
      counter-balancing axial forces on the head to prevent further movement. An
      escape path is provided so that a small amount of fluid continually
      escapes from the chamber equal to the rate at which fluid is introduced
      into the chamber when all axial forces are in balance. Such an assembly
      damps the rapidity of any change in axial position of the head induced by
      variations of the flexible disk surface away from a constant plane during
      rotation.
PAL  The assembly also provides a constant mating force of head to disk over a
      working range of axial head movement by providing an escape path of
      constant length, i.e., constant flow resistance.
PARN
PAC  CROSS REFERENCE TO RELATED PATENT APPLICATIONS
PAR  This patent application relates to an improvement in flexible disk storage
      devices such as are disclosed in detail in U.S. patent applications Ser.
      Nos. 375,985; 375,986; 375,987; 375,988 and 375,989. All of these patent
      applications have been indicated allowable. Specifically, the disclosure
      of Ser. No. 375,986 is incorporated herein by reference.
BSUM
PAR  This invention relates to data storage devices and more particularly to
      transducing read/write head suspension means in a flexible disk magnetic
      storage device.
PAC  BACKGROUND OF THE INVENTION
PAR  Stacks of flexible magnetic recording disks mounted on a rotating spindle
      provide large amounts of easily accessible, randomly accessible storage at
      low cost. In these storage devices, exemplified by the aforenamed patent
      applications, some type of partitioning means is used to select a
      particular disk and spread apart the disk stack for purposes of providing
      space for the insertion of a read/write transducing head. The transducing
      head is then inserted into the space to have access to the recording
      surface on the target disk.
PAR  In the aforenamed incorporated patent application, it is shown that the
      relationship between the transducing head and the target disk can be fine
      tuned to provide an air lubricated compliant form for close juxtaposition
      of the transducing head to the recording surface. The relationship of the
      head to the recording surface is controlled by the head contour and by
      head position relative to the target disk. The incorporated reference
      describes means for tuning the position of the transducing head by
      providing adjustable positioning mechanisms for the transducing head
      relative to the partitioning assembly. In that manner the head can be
      moved into a compliant transducing relationship with the target disk.
PAR  While the device in the incorporated reference produces excellent
      transducing results over the inner tracks of each disk, the outer tracks
      produce less satisfactory results due to variations in the air gap between
      head and disk occurring as the disk rotates. This is caused by vibrations
      induced into the head as a result of the waviness or wobbling of the
      flexible disk as it is rotated on the spindle. This waviness is
      accentuated in amplitude on tracks near the outer periphery of the disks
      and since there if increased relative speed between the head and the outer
      tracks as compared to the inner tracks, these two factors combine to cause
      the head to bounce or vibrate when it is positioned on the outer tracks.
      The frequency of vibration differs from track to track and from disk to
      disk making mechanical damping of the vibrations difficult to achieve.
PAR  Thus it is the general object of this invention to provide suspension means
      for the transducing head in a flexible disk recording device whereby the
      transducing head is properly tensioned in compliant recording relation to
      the flexible disk surface and is allowed to follow the waviness of the
      rotating disk without itself going into oscillation.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an air damped suspension means to support the
      transducing head on a flexible disk recording device. In a preferred
      embodiment, the head is mounted on a movable housing that fits closely
      over a chamber which is machined into one surface of a rigid arm. The
      housing is held in juxtaposition to the arm by a tensioned hinge means. An
      inlet to supply a gaseous fluid such as air under pressure to the chamber
      is provided to pressurize the chamber forcing the housing away from the
      rigid arm. In that manner the head is moved axially into proper compliant
      transducing relationship with the disk surface and vibratory movements of
      the head brought about by the influence of waviness in the rotating disk
      are damped by virtue of the resistance of the chamber to any change in its
      volume.
PAR  An important feature of the invention is the maintenance of a substantially
      constant resistance to the flow of gaseous fluid out of the chamber
      regardless of the amount by which the housing is moved away from the rigid
      arm within a transducing working range of axial head movement. By
      maintaining constant escape flow resistance, the pressure in the chamber
      is maintained constant resulting in a constant mating force of head to
      disk. This feature is achieved in the preferred embodiment by providing
      surfaces on the arm around which the fluid escapes from the chamber such
      that the length of the surfaces is small compared with the length of
      interfacing housing surfaces. In that manner, the resistance of the escape
      path over the interfacing surfaces is constant regardless of the position
      of the housing with respect to the arm.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded view of the head suspension assembly.
PAR  FIG. 2 is a cross section of the assembled head suspension mechanism taken
      along line 2--2 in FIG. 1.
PAR  FIG. 3 is a cross section of the assembly taken along line 3--3 in FIG. 2
      showing the assembled relationship of the rigid arm and the movable
      housing enclosing the air chamber.
PAR  FIG. 4 is a cross section taken along line 4--4 in FIG. 2 showing the
      connecting means for clamping the tensioned hinge means to the movable
      housing.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In FIG. 1 a rigid arm 101 and a movable housing 102 are shown in an
      exploded view with the connecting mechanisms employed to provide a
      pivoting connection of the movable housing to the rigid arm. The
      connecting mechanisms include a spring steel hinge means 103 solidly
      connected to the rigid arm 101 by connecting screws 104 and 105. A solid
      connection is also made between the hinge 103 and the movable housing 102
      by connecting screws 106 and 107 fastening into nut 108. A transducing
      head 48 is mounted at a free end of the movable housing 102. The entire
      assembly is connected through fasteners 109 to a carriage 52 corresponding
      to carriage 52 in the aforenamed patent application incorporated by
      reference.
PAR  FIG. 2 shows the rigid arm and the movable housing in assembled
      relationship along a cross section 2--2 taken in FIG. 1. The arm and the
      housing are shown in a closed position where the biassing force exerted by
      hinge 103 dominates the movement of the housing. FIG. 2 clearly shows the
      chamber 110 which is machined into the undersurface of the generally
      rectangularly shaped bar comprising the rigid arm 101. Air or other
      gaseous fluid is fed under pressure to the chamber 110 from the inlet port
      111. As pressure is built up in the chamber 110, forces are exerted to
      overcome the biassing force of the hinge means 103 in order to separate
      the movable housing 102 from the rigid arm 101 causing the housing to
      pivot around the hinge means 103 thus expanding the size of the chamber
      110 and moving the transducing head 48 which is mounted at a free end of
      the movable housing.
PAR  FIG. 3 shows a cross section of the assembled arm and housing taken along
      line 3--3 in FIG. 2. For clarity, the movable housing 102 is shown
      separated (by gaseous forces) from the rigid arm 101 in a manner such as
      would occur during a transducing operation. A path 112 of small clearance
      is provided between the inner surfaces of the flanges of the channel
      shaped housing 102 and the interfacing surface of the rigid arm 101. The
      clearance of path 112 may be, for example, 0.002 inch and provides a path
      through which the air or other gas can escape from chamber 110. Note that
      arm 101 is cut back at 115 such that a small surface of dimension 113 is
      provided for an interface with the flange of the channel shaped housing
      102. This cut back in the rigid arm 101 can also be seen at 115 in FIG. 1.
      The dimension 114 is the length of the inner surface of the flange of the
      channel shaped housing 102 and the difference in the length of the
      interfacing surfaces defining the escape path 112, that is, the difference
      between lengths 114 and 113 define the working range of movement for the
      head. If the head is moved out of this range, obviously the length of path
      112 would change causing the resistance to the escape of gas from chamber
      110 to change, resulting in unstable mating force conditions.
PAR  FIG. 4 shows a cross section of the assembly taken along line 4--4 in FIG.
      2. Here it is clearly shown that fasteners 106 and 107 together with nut
      108 clamp the hinge means 103 and the movable housing 102 together solidly
      without also attaching to the rigid arm 101. Thus a pivoting of the
      movable housing is brought about by the hinge means 103 since the hinge
      means is solidly attached to the arm 101 as shown by fastener 104 in FIG.
      2.
PAR  During operation of the flexible disk recording device the entire head
      suspension assembly with the transducing head 48 is inserted into the
      flexible disk pack at a desired location. The transducing head 48 is
      positioned near the desired track by suitable mechanisms such as are
      disclosed in the referenced patent applications. Next, air or other
      gaseous fluid is introduced through inlet port 111 to fill chamber 110 and
      move the transducing head 48 in an axial direction into transducing
      relationship with the selected track. If the desired transducing force is,
      for example, 20 grams, the head 48 will move toward the track and will
      continue to move until a counter-balancing force of 20 grams is exerted by
      the track on the transducing head 48. At that point axial movement of the
      head will cease and all axial forces on the head will be in balance.
      Because of the escape path at 112, a small amount of air or other gaseous
      fluid will continue to flow into chamber 110 through the inlet port 111 in
      order to balance the escape of the fluid through path 112 and in order to
      maintain force balance.
PAR  Because of the fact that the disks being used in this device are flexible,
      the surface of the target disk does not remain in a constant plane
      throughout the 360 degrees of disk rotation. As a result, the desired
      transducing force between disk surface and head tends to vary as the disk
      rotates. Suppose, for example, that the desired transducing force is 20
      grams and the waviness factor reduces the counter-balancing force on the
      head to ten grams at a particular point during the rotation. This would
      tend to cause the head 48 to move in the axial direction, and it will so
      move. However, the rapidity of movement of the head will be damped by
      virtue of the chamber 110 and the resistance of that chamber to any
      changes in its volume. In the example, as transducing head 48 moves to
      follow the disk surface, chamber 110 would tend to increase in size.
      However, such an increase in size would tend to create a vacuum and, of
      course, 10 grams is insufficient force to accomplish that. Instead, this
      device acts to change the volume of the chamber until the forces are once
      again in balance by virtue of the fluid which enters through inlet 111 but
      escapes at a slower rate through escape path 112 until force balance of 20
      grams is once again achieved.
PAR  Conversely, should the disk surface supply a force of thirty grams against
      the transducing head 48 at another point in the rotation, the result would
      be a tendency to compress the chamber 110 in size. In this instance fluid
      would be forced out through escape path 112 at an increased rate, however,
      the capacities of escape path 112 coupled with the continued supply of
      fluid through port 111 damps the rapidity of the change in the size of
      chamber 110. Thus the head is prevented from going into oscillation as a
      result of repeated increases and decreases in force on the head from the
      disk surface.
PAR  An important feature of the invention is the cut back shown in FIG. 3 at
      115 which leaves only a relatively small surface of dimension 113 to
      interface with the surface of the flange on housing 102. The difference in
      the dimensions 114 and 113 produce a working range of axial movement in
      which the head can be moved without destroying the length of the escape
      path 112 through which the fluid escapes from chamber 110. By preserving a
      constant resistance to the flow of fluid out of chamber 110 regardless of
      the position of the transducing head within that working range of axial
      head movement, the positioning force of, for example, twenty grams is
      constant regardless of the position of the head.
PAR  Various alternative constructions to the preferred embodiment described
      above are feasible. For example, the chamber need not be open to the
      environment through a path 112. If seals were provided to close path 112,
      and if the seals were frictionless or nearly so, the device would work as
      well as the preferred embodiment. An orifice in the input line 111 would
      be necessary to damp the rate of expansion or contraction of the chamber.
      Another alternative would be an expansible balloon type chamber cemented
      on one side to the rigid arm and on the other side to the housing. An
      orifice in the input line would again be necessary. Further variations are
      possible such as different connecting means between the housing and the
      arm.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a flexible disk magnetic recording device wherein a stack of flexible
      disks are mounted for rotation on a spindle, said device including means
      for placing a transducing head into proper compliant transducing
      relationship with any selected track on any selected disk surface, an
      improved head suspension assembly for use with a source of gas under
      elevated pressure relative to the external environment of said assembly,
      including:
PA1  damping means for preventing oscillation of the transducing head over all
      frequencies of oscillation induced in said head from following variations
      in the plane of disk rotation, wherein said damping means includes a
      gaseous filled chamber means receiving gas under elevated pressure from
      said source, and an escape path means connected to said chamber means for
      providing a constant gas flow resistance to the escape of gas from said
      chamber means over a transducing working range of axial head movement to
      provide for a substantially constant mating force between head and disk
      surface throughout said working range,
PA1  whereby the axial movements of said head in following variations in the
      plane of disk rotation are damped in a manner not dependent upon the
      amplitude or frequency of said variations.
NUM  2.
PAR  2. The head suspension assembly of claim 1 wherein said damping means
      comprises
PA1  a rigid arm
PA1  a movable housing means, said chamber located between said arm and said
      housing means
PA1  said transducing head mounted for movement with said housing means
PA1  connecting means holding said arm, chamber and housing in assembly
PA1  biassing means to exert a biassing force to hold said housing in a chamber
      depressing position, and
PA1  a port means connecting said source of gaseous pressure to said chamber
      means through which gas under fluid under pressure is fed to fill said
      chamber whereby a force is developed overcoming said biassing force in
      order to axially move said head into transducing relationship with said
      selected track.
NUM  3.
PAR  3. The head suspension assembly of claim 1 wherein said damping means
      comprises
PA1  a rigid arm, said chamber located in said arm open to the environment at
      one side when not in assembly,
PA1  a movable housing means to enclose said chamber in assembly, said housing
      means having a pivoting end and a free end when in assembly,
PA1  said transducing head mounted at said free end of said housing means,
PA1  hinge means connected to said housing means at said pivoting end, said
      hinge means also attached to said rigid arm, said hinge means providing a
      biassing force to hold said housing means in chamber enclosing assembled
      relationship with said arm,
PA1  a port means in said arm connecting said source of gas under pressure to
      said chamber means through which gaseous fluid under pressure is fed to
      fill said chamber whereby a force is developed overcoming said biassing
      force in order to axially move said head into transducing relationship
      with said selected track,
PA1  escape means providing a path to allow said gaseous fluid to escape from
      said chamber means whereby, when all axial forces are in balance on said
      movable housing, said gaseous fluid escapes from said chamber at a rate
      equal to the rate at which said gaseous fluid enters said chamber means
      through said port means, and whereby the volume of said chamber means is
      resistive to change resulting in a damping of axial head movement.
NUM  4.
PAR  4. The assembly of claim 3 wherein said rigid arm is comprised of a
      rectangularly shaped bar and said chamber is located in one surface of
      said bar.
NUM  5.
PAR  5. The assembly of claim 4 wherein said housing means is comprised of a
      channel shaped member.
NUM  6.
PAR  6. The assembly of claim 5 wherein said escape means comprises the surfaces
      of said arm and the surfaces of the flanges of said channel-shaped housing
      means, said surfaces interfacing one another in close non-contacting
      juxtaposition, the length of said surfaces on said arm smaller than the
      length of said surfaces of the flanges, the difference in said lengths
      defining the transducing working range of axial head movement.
NUM  7.
PAR  7. The assembly of claim 6 wherein said hinge means comprises a spring
      member.
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ABST
PAL  A mounting arrangement for a recording head provides for an adjustment of
      the alignment of the face of the recording head relative to a recording
      medium disposed in a sliding contact relationship with the face of the
      recording head.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  This invention relates to recording head for recording on a recording
      media. More specifically, the present invention is directed to a mounting
      arrangement for a recording head for recording on a recording medium
      having relative motion between the recording head and the recording
      surface.
PAR  B. Background of the Invention
PAR  In the field of recording it is a conventional practice to support
      recording, or transducer, heads utilized for recording, playback and erase
      such that the recording head engaging face of the head is disposed in a
      substantially parallel relationship to the plane of the recording medium.
      It is further desirable that the longitudinal, i.e., recording track, axis
      of the head be disposed parallel to the recording medium and in planes
      normal to the longitudinal, i.e., direction of motion, axis of the
      recording medium, such a relationship being known an azimuth alignment of
      the transducer head relative to the recording medium. Such a
      head-to-recording medium relationship is essential to ensure proper
      engagement between the recording medium and head and to further control
      the consistent positioning of the head relative to recording channels on
      the recording medium. Prior art mounting arrangement for transducer heads
      provided mounting brackets which when used in conjunction with recording
      transducers allow the transducer head to be adjusted relative to the
      recording medium. However, such prior art devices fail to provide either
      suitable transducer head mounting arrangements in that they either lack
      the accuracy desirable in a head-to-recording medium relationship or
      require a plurality of adjustments through adjusting screws thereby
      requiring a lengthy period for needed adjustments. Consequently, the prior
      art devices do not lend themselves to rapid and efficient assembly line
      techniques for manufacturing the recording instrument thereby
      substantially increasing the manufacturing costs associated therewith.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      adjustable mounting arrangement for a transducer head which simplifies the
      transducer head adjustment with respect to establishing a predetermined
      head-to-recording medium relationship.
PAR  In accomplishing this and other objects, there has been provided, in
      accordance with the present invention, a mounting arrangement for a
      transducer head including a lever having a transducer head mounted at one
      end of the lever. The other end of the lever is pivotally mounted and
      retained in a bow-tie shaped slot in a lever support block with a pivot
      pin passing transversely through the lever across a narrowed portion of
      the slot. The support block has a first end arranged as a flexure mount
      attached to a base member. The other end of the support block has a
      threaded rod passing through a non-interfering unthreaded aperture. One
      end of the threaded rod has a circumferential shoulder bearing on the end
      of the support adjacent to the aperture and a second end of the rod is
      threaded and is located in a matching threaded hole in a rigid plate
      attached to the base member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention may be had when the
      following detailed description is read in connection with the accompanying
      drawings, in which;
PAR  FIG. 1 is a side view of a transducer head mounting arrangement embodying
      the present invention;
PAR  FIG. 2 is an end view of the mounting arrangement shown in FIG. 1, and
PAR  FIG. 3 is an illustration of the reference axes for a lever supporting a
      transducer head in the mounting arrangement of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT DETAILED DESCRIPTION
PAR  Referring to FIGS. 1 and 2 in more detail, there is shown a transducer head
      2 supported in a sliding contact relationship with a rotatable recording
      medium support drum 4. A recording medium (not shown) is arranged to pass
      between a recording face of the transducer head 2 and the outside surface
      of the support drum 4. One end of a transducer head support lever 6 is
      attached to the transducer head 2. The other end of the lever 6 is
      pivotally supported on a pivot pin 8 passing through a hole 9 in the lever
      6. The ends of the pivot pin 8 are mounted in a support block 18 having a
      bow-tie shaped slot 12 passing therethrough. The pivot pin 8 is arranged
      to bridge the narrowed portion of the bow-tie shaped slot 12 with the
      corresponding end of the lever 6 being free of contact of the sides of the
      slot 12. A flexure member 14 is secured to one end of the support block to
      allow movement of the support block 10. The flexure member 14 is made of a
      resilient material, e.g., any suitable plastic material, which is attached
      to the support block 10 or, alternatively, the support block 10 and the
      flexure 14 can be an integral structure of the same resilient material.
      The other end of the flexure member 14 is connected to a fixed support
      base 16 arranged to support the mounting arrangement for the transducer
      head 2. The other end of the support block 10 is provided with an
      unthreaded recess 18 having a threaded bolt 20 passing freely
      therethrough. One end of the bolt 20 is provided with an expanded portion,
      e.g., a collar 22, bearing on the support block 10 and a screw driver slot
      24 to facilitate a rotational adjustment of the bolt 20. The other end of
      the bolt 20 is arranged to engage a threaded hole 26 in a fixed support
      plate 28 connected to the support member 16 by any suitable means, e.g., a
      bolt 30 passing through the support plate 28 and the flexure member 14
      into the support base 16.
PAR  In FIG. 3, there is shown a pictorial illustration of the lever 6
      supporting the transducer head 2. Three axes of rotational movement X, Y
      and Z are shown with relationship to the longitudinal axis X of the lever
      6. In order to provide for proper alignment of the transducer head 2 with
      respect to the recording medium (not shown) passing across the drum 4, the
      lever 6 must be able to pivot on the pivot pin 8 passing through the hole
      9 which is a movement of the lever 6 about the Z axis of concurrently to
      allow a limited movement about the X axis of the lever 6 to position the
      transducer head 2 with an automatic compensation for imperfections in the
      recording medium and the drum 4. However, movement about the Y axis of the
      lever 6 must be restrained in order to prevent the transducer head 2 from
      leaving the recording channel on the recording medium. The threaded bolt
      20 is initially used to align the transducer head 2 onto the support drum
      4 whereby the movement of the lever 6 about the Z axis, i.e., the pivot
      pin 8, is approximately centered within the maximum permissible range of
      movement of the lever 6 within the slot 12. Thus, the support block 10 is
      selectively positioned with respect to the support plate 28 by a rotation
      of the screw 20 which induces a bending of the flexure 14. The narrowed
      portion of the bow-tie shaped slot 12 provides adjacent and confronting
      restraining surfaces extending for a substantial distance, or depth, into
      the support block 10, i.e., a distance greater than the spacing of the
      restraining surfaces, on both sides of the lever 6 to inhibit movement
      about the Y-axis. On the other hand, a movement of the lever 6 on the
      pivot 8 about the X axis within the limits imposed by the tolerance of the
      fit of the pin 8 within the hole 8 is afforded by the widened portions of
      the bow-tie shaped slot 12. Thus, the lever 6 and the transducer 2 are
      automatically positioned on the pivot pin 8 after the initial positioning
      by the bolt 20 to compensate for minor abnormalities in the recording drum
      4 and the recording medium passing between the transducer head 2 and the
      recording drum 4 while maintaining the recording channel position of the
      transducer head 2.
PAR  Accordingly, it may be seem that there has been provided, in accordance
      with the present invention, an improved adjustable mounting arrangement
      for a transducer head which simplifies the transducer head adjustment with
      respect to establishing a predetermined head-to-recording medium
      relationship.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A mounting device for a transducer head comprising:
PA1  a lever having means for mounting a transducer head at one end thereof and
      a transverse hole for passing a pivot pin therethrough at the other end
      thereof,
PA1  a support block having a bow-tie shaped slot passing therethrough with the
      narrowed portion of the slot having confronting faces spaced apart a
      distance sufficient to allow the end of said lever having said transverse
      hole to pass therebetween, said lever having a predetermined portion of
      the end containing said transverse hole located between said confronting
      faces,
PA1  a pivot pin hole passing through said support block in alignment with said
      confronting faces, and
PA1  a pivot pin located in said pivot pin hole in said support block and
      extending across said narrowed portion of said bow-tie shaped slot and
      through said transverse hole in said lever
NUM  2.
PAR  2. A mounting device as set forth in claim 1 and including a fixed support
      means and adjustable means connected between said fixed support means and
      said support block for adjusting the location of said support block with
      relationship to said fixed support means,
NUM  3.
PAR  3. A mounting device as set forth in claim 2 wherein said adjustable means
      includes a threaded screw bearing on said support block and engaging a
      threaded hole in said fixed support.
NUM  4.
PAR  4. A mounting device as set forth in claim 3 wherein said adjustable means
      includes a flexure mount for said support block located between said fixed
      means and an end of said support block opposite the end engaging said
      threaded screw.
NUM  5.
PAR  5. A mounting device as set forth in claim 1 wherein the depth of said
      bow-tie shaped slot is substantially greater than the distance between
      said confronting faces across the narrowed portion of said slot.
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ABST
PAL  Magnetic bubbles are employed to write and read digitized signals of audio,
      video and digital data in a magnetic medium, while circumventing the
      problems associated with high linear tape speed or rotary head motion.
      Writing is accomplished via the interaction of the bubble stray field
      within the write head and the magnetic medium, wherein the bubble is
      expanded to a select geometry within the head to provide a correspondingly
      higher stray field at the medium surface as required for writing therein.
      The bubble size prior to expanding does not generate sufficient stray
      field to write on the medium. Reading is accomplished via the interaction
      of the stray field from the magnetic history in the medium and the
      magnetic bubbles in the read head, utilizing an intermediate overlay
      pattern of high permeability material such as permalloy. In reading, the
      stray fields from the medium alter the positions of the bubbles in the
      read head, whereupon the detection of the displaced bubbles provides
      readout of the medium history. In both the writing and reading processes,
      the interaction between the medium and the bubble heads is limited to
      specific areas whereby adjacent bubbles in the head material neither
      interact with, nor are influenced by, the magnetic medium until the
      selected conditions are realized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field
PAR  The invention relates to an improved head capable of writing and reading
      audio, video and digital data onto and from a magnetic medium, and
      particularly to write/read heads utilizing the single wall domain (bubble)
      concept to perform wideband recording and playback of signals without
      requiring mechanical movement or high head-to-tape speeds, and with no
      limitation on the signal-to-noise ratio by the recording process.
PAR  2. Prior Art
PAR  The recording and readout of wideband signals requires a write/read system
      which has very high head-to-tape speed and includes systems with
      mechanical motion. Such prior art systems include rotary head recording,
      longitudinal tape recording, and straight high speed or direct video
      recording, wherein head-to-tape velocities lie in the range of 1000 to
      2000 inches per second (ips). All these systems require contact between
      the recording medium and the head, which causes problems of medium and
      head wear due to high impact of the head against the tape. In addition,
      such systems have various mechanical and electronic problems associated
      with the medium transports, particularly in the area of speed servoing of
      not only the tape, but also the heads, as in the rotary head type of video
      recording system.
PAR  Such mechanical prior art video recording systems are also closely
      approaching the maximum densities possible by present state-of-the-art
      magnetic head techniques and materials, while advances in recording
      densities are possible with regards to the state-of-the-art of present and
      future magnetic recording mediums. Thus, present prior art video recording
      systems will not be able to take advantage of the improved density
      capabilities expected from future magnetic recording mediums.
PAR  Bubble write heads utilizing stray fields generated by a bubble in a bubble
      material are shown, for example, in U.S. Pat. Nos. 3,793,639 to U.E. Enz
      et al and 3,739,640 to J.A. Potgiesser. Such devices show that the stray
      field from a bubble can be used to record analog or digital information on
      a magnetizable medium. Such recording can be accomplished either with or
      without the aid of a magnetic bias field, dependent upon the strength of
      the stray field obtainable from the bubble. Prior art devices typified by
      the above patents suffer from several limitations. For example, the
      recording process is continuous, i.e., the stray field from a bubble
      continuously writes on the magnetic medium to define an uninterrupted
      track of reversed magnetization. Therefore, to record information, either
      the size or the location of the magnetized track must be varied. This
      prevents use of logic and control bubble circuits within the device, since
      the bubbles in these circuits would also write tracks on the magnetic
      medium thereby distorting and/or destroying the tracks containing the
      desired information. The requirement to vary the width or the location of
      a track in order to record information increases the effective width of
      each track and thus reduces the track density. Further, these devices are
      write heads only and are not capable of reading the recorded information.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a method and apparatus for overcoming the
      shortcomings of the prior art whereby the writing and reading processes
      are confined to specific locations on the bubble platelets, thereby
      permitting bubble logic circuits to be incorporated in the system to
      perform useful logic and control functions. The invention combination
      further performs discontinuous writing to perform the record process,
      which minimizes the track width to maximize the track density. It follows
      that the recording density is limited only by the bubble-to-bubble
      interaction distance, generally of the order of four bubble diameters.
PAR  To this end, write and read bubble heads utilize platelets of bubble
      material such as, for example, a magnetic garnet, wherein bubbles
      generated therein interact with a magnetic recording medium to accomplish
      wideband writing and reading processes therewith. Interaction between the
      recording medium and the bubbles in the platelets is limited to specific
      areas to thus preclude interaction between the magnetic history in the
      medium and other bubbles in adjacent locations within the platelets. This
      condition is accomplished by providing the write process only when a
      bubble in the write platelet is expanded to a size which generates a
      selectively large stray field to write on the medium. The read process
      only occurs when the stray fields from the recording medium are sufficient
      to influence and thus displace the position of bubbles within the read
      platelet.
PAR  To this end, the write head platelet includes an "expander" device disposed
      within an in-plane write bias field, and a normal bias field, wherein a
      bubble is propagated into the expander and is expanded to a predetermined
      size and shape by applying current to a surrounding write conductor. The
      applied current is in a direction which reduces the normal bias field, to
      allow the bubble to expand. A plurality of expanders are disposed side by
      side within the platelet to provide a multi-channel write head. Writing is
      actually accomplished via the reaction between the expanded bubble and the
      magnetic medium.
PAR  The read head platelet includes a plurality of overlay patterns of selected
      shape, formed of a magnetic material of high permeability, e.g.,
      permalloy. The patterns are used to effect the control of bubbles located
      within the patterns. The bubbles are held under respective overlay
      patterns until the stray field from a recorded bit, i.e., the magnetic
      history in the medium, induces poles in the patterns to propagate the
      respective bubbles to a new position in a direction along the initial
      direction of propagation of the bubbles. Detection of the displaced
      bubbles and generation of an electrical signal is made to recover the
      original magnetic history.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A, 1B are perspective views of an incremental bit portion 16 of a
      recording medium, and an incremental bit portion 18 of a platelet
      material, respectively; the former depicting the fields of concern during
      the record process, and the latter those of concern during the readout
      process.
PAR  FIG. 2 is a graph depicting the idealized magnetization hysteresis loop for
      a Fe.sub.2 O.sub.3 magnetic recording medium with the subject heads.
PAR  FIGS. 3A, 3B are cross-sections depicting the bubble stray fields generated
      in garnet platelets by bubbles of different diameters.
PAR  FIGS. 4, 5 are partial plans exemplifying 3-phase and 2-phase current
      access circuits respectively, which may be used to propagate bubbles in
      the bubble platelets.
PAR  FIG. 6 is a perspective of a combined write/read head disposed adjacent a
      magnetic medium.
PAR  FIG. 7 is an elevation depicting means for generating some of the fields of
      FIGS. 1A, 1B.
PAR  FIG. 8 is a plan depicting a recording format generated in a magnetic
      medium via the invention.
PAR  FIGS. 9A, 9B, 9C are plans illustrating the consecutive line recording
      process in a magnetic medium.
PAR  FIG. 10 is an enlarged plan of an expander means for propagating and
      expanding a bubble within the write platelet.
PAR  FIG. 11 is a block diagram depicting a multi-channel write head formed in a
      bubble write platelet.
PAR  FIG. 12 is a representation of the block diagram of FIG. 11 showing the
      bubble paths.
PAR  FIG. 13 is an enlarged plan of a read overlay pattern for propagating
      bubbles through the read platelet in response to the magnetic history in
      the medium.
PAR  FIG. 14 is a block diagram depicting a multi-channel read head formed in a
      bubble read platelet.
PAR  FIG. 15 is a representation of the block diagram of FIG. 14.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  There are generally five fields involved in the operation of the invention
      bubble head. Referring to FIGS. 1A and 1B first, a normal bias field
      H.sub.N is the field which is applied to the (write and read) magnetic
      garnet platelets, normal to their surface and in a direction opposite to
      the direction of magnetization within the platelets. This field biases the
      platelet to a condition which stably supports single wall, circular
      domains, or bubbles. Second, a bubble stray field h.sub.x is the field
      produced by magnetization within the bubble which is antiparallel to the
      magnetization in the major remaining portion of the magnetic garnet
      platelet. Third, a write bias field H.sub.WB is the field which is
      selectively applied during the actual write process, in the plane of the
      magnetizable recording medium in a direction opposite to the direction of
      magnetization in the unrecorded tape. This field biases the tape to just
      below the knee of the saturation magnetization curve. Thus the stray field
      h.sub.x from the bubble, when added to the write bias field, generates a
      composite write field to produce an irreversible magnetization change in
      the magnetizable recording medium. Fourth, a bit stray (or fringing) field
      h.sub.Tx is the field produced by the localized magnetized areas in the
      magnetic recording tape or medium which represents the recorded
      information. Fifth, a bubble expansion field H.sub.E is the field which is
      applied by a conductor during the actual write process in opposition to
      the normal bias field H.sub.N, to allow expansion of the bubble to a size
      which generates a sufficiently large bubble stray field h.sub.x to provide
      the write process via the composite write field.
PAR  In performing the write process of the invention combination, a generally
      conventional magnetic medium such as tape, disc, drum, etc., is initially
      saturated by separate, generally conventional means in one direction. The
      medium is then biased by the write bias field in the opposite direction,
      to a point below the knee 20 of the saturation curve 22, FIG. 2. To
      perform the write process, a bubble write platelet is disposed in close
      proximity to the medium, whereby the sum of the stray field from an
      expanded bubble selectively disposed in the platelet, and the write bias
      field generates a composite write field which is in excess of the knee of
      the saturation curve 22. This composite write field performs the write
      function by reorienting the initial magnetization of the medium to record
      information in the form of permanently disturbed remnant states, which can
      then be detected during a subsequent readout process. If the write bias
      field is removed, the magnetization in the medium produced by the
      composite write field will remain in the remnant state, and there will be
      no further writing by the head. As the medium is moved past the write
      platelet of a multichannel head, successive bubbles are generated in the
      write platelet to thus record consecutive lines of bits across the medium.
PAR  FIG. 3A depicts pictorially a small bubble 24 of, for example, a diameter
      on the order of 6 microns or less, as generated in a platelet 25 of
      magnetic garnet material. The bubble 24 generates the stray field depicted
      by lines 26. The vectors h.sub.x and h.sub.y depict the horizontal and
      vertical components respectively of the bubble field. The horizontal
      component h.sub.x is utilized to supplement the write bias field to
      provide writing in the magnetic medium. For a "small" bubble the net
      h.sub.x field is increased only a small amount.
PAR  As illustrated in FIG. 3B, the stray field 26' from a large bubble 24' is
      greater than the stray field from a small bubble, whereby the horizontal
      component of the stray field h.sub.x is correspondingly larger than the
      component h.sub.x of the smaller bubble in FIG. 3A. This fact is utilized
      by the invention combination to perform the write function. That is, as
      further described hereinafter, the write process is performed by
      selectively expanding a small bubble such as that of FIG. 3A, to a larger
      bubble such as in FIG. 3B, preferably with selected geometry.
PAR  FIGS. 4 and 5 show respective portions of platelets depicting substantially
      conventional current access circuits in the form of pairs of conductors
      utilized to propagate a bubble 32 along preselected regions of a platelet
      material 35. FIG. 4 shows a 3-phase system wherein current access
      conductors 28, 30, 28', 30', etc., are sequentially pulsed via a 3-phase
      input. FIG. 5 shows a 2-phase system utilizing a pair of permalloy spots
      38 in addition to pairs of current access conductors 34, 36. The spots 38
      provide means for attracting the magnetic bubble 32 to the next set of
      conductors 34', 36', etc., at such time as the previous pair of conductors
      are successively de-energized. Current access circuits such as those of
      FIGS. 4 and 5 are conventional and are described, for example, in an
      article by A. H. Bobeck, et al, IEEE Transactions On Magnetics, Vol. 5,
      No. 3, September 1969, pp. 544-553.
PAR  FIG. 6 depicts by way of example a write/read head assembly 40/42 of the
      invention in position against a magnetic medium 44. The heads 40/42 may be
      utilized separately or may be actually bonded together to form an integral
      write/read head unit as depicted in FIG. 6. The integral head unit
      provides an advantage not available in conventional rotary head video
      recording techniques, in that it has the capability of reading information
      directly from the tape immediately upon writing. Thus the invention bubble
      head provides means for readily monitoring and verifying the signal
      actually recorded on the magnetic medium to allow immediate detection of
      dropouts, rather than having to detect the signal being fed to the
      recording head as in rotary head systems which do not allow immediate
      detection of dropouts. As portrayed, magnetic bits of information are
      written as lines 46 across the width of the magnetic medium 44 via the
      write head 40, and are immediately read from the medium via the read head
      42. The only mechanical movement involved in the scanning process is the
      translation of the medium 44 past the integral head unit.
PAR  FIG. 7 illustrates by way of example only, means for applying the normal
      bias field H.sub.N, and the write bias field H.sub.WB, to the write/read
      head assembly 40/42 and magnetic medium 44. A Helmholtz coil assembly 37
      fed by a current source 39 generates the uniform, normal bias field
      H.sub.N, while a generally conventional head 41 generates the write bias
      field H.sub.WB along the plane of the medium 44 during the actual record
      process as provided via a pulsed current source 43. Such field producing
      apparatus is generally conventional and accordingly is not further
      described herein. Obviously, other field producing means may be employed
      in place of those shown.
PAR  FIG. 8 shows a portion of the magnetic medium 44 of FIG. 6 depicting in
      greater detail the format of lines 46 for storing information in the
      medium. In addition, individual "1" and "0" bits 45, 47 respectively,
      which define the digital information within lines 46, are exemplified in
      more detail with the "1" bits being defined by reversals in the initial
      state of magnetization M.sub.r of the magnetic medium 44. Thus a line 46
      is formed of a plurality of juxtaposed bits extending across the width of
      the medium, wherein successive bits in succeeding lines form samples or
      words 49 which extend in a direction along the length of the magnetic
      medium 44. For example, when utilizing a 2-inch wide magnetic medium, 2000
      channels, i.e., heads, are provided in the write/read head assembly (40/42
      of FIG. 6) to thus simultaneously record (or read) the same bit of each
      word of the 2000 words extending across the width of the medium under the
      head assembly. In this example, 8 such lines 46 of bits 45, 47 are
      successively recorded down the length of the magnetic medium 44, to
      provide 2000 words 49 of 8 bits each.
PAR  By way of further illustration, line 48 of FIG. 8 is formed of 2000 bits of
      information, wherein each bit is the first or 2.sup.0 bit of the 2000
      8-bit words 49. Line 50 includes 2000 bits of information corresponding to
      the second or 2.sup.1 bit of the 2000 8-bit words. Line 52 defines the
      third or 2.sup.2 bit of the 8-bit words, line 54 defines the fourth or
      2.sup.3 bit of the 8-bit words, and so on along the length of the magnetic
      medium 44, until line 56 which defines the eighth or 2.sup.7 bit of the
      2000 8-bit words. Thus it may be seen that 2000 longitudinally extending
      words of 8 bits each are recorded across the width of magnetic medium 44.
      The recording process continues with successive blocks of 2000 words of 8
      bits each down the length of the medium 44.
PAR  The method of formatting determines the velocity of propagation required of
      the bubbles and hence determines the mobility of the magnetic garnet
      material. The required velocity is the quotient of the distance a bubble
      must propagate divided by the time necessary to propagate that distance.
      For a bit serial, word serial format a bubble must move 4 bubble diameters
      per bit per sample multiplied by 8 bits per sample for a distance of 32
      bubble diameters in the time interval between samples. For a bit parallel,
      word serial format each bubble must propagate only 4 diameters during the
      intervals between samples, reducing by a factor of eight, the propagation
      velocity required for a bit parallel format under that required for a bit
      serial format.
PAR  With a 4 megaHertz video signal, a sample rate of 3 times the video
      information, and 63 microseconds as the length of a video line, there are
      756 samples, or words, per video line. Thus in the exempliary format of
      FIGS. 8 and 9A-9C, there are approximately 2-1/2 lines of video
      information in each two-inch wide line (46) extending across the magnetic
      medium 44. Thus referring to FIG. 8, the words (of eight successive bits
      each) herein depicted by numeral 58 define the end portion of one video
      line of information, words 60 define the beginning portion of the next
      video line of information, etc.
PAR  FIGS. 9A, 9B, 9C depict successive recordings of lines 46 of information
      across the magnetic medium 44, wherein each line of information contains
      the similar bit of each word. Successive lines 46 across the medium 44 are
      recorded, for example, every 150 microseconds as indicated in the figures.
PAR  Referring to FIG. 10, there is shown in simplified enlargement a pair of
      juxtaposed bubble write heads of, for example, a multichannel write head
      assembly for recording multiple channels of information across a magnetic
      medium. The heads are formed within a platelet 62 formed of a bubble
      material such as a magnetic garnet. Each head configuration constitutes,
      and thus is defined by, "troughs" 64 which, in turn, are provided by an
      energy barrier in the form of permanently etched, bombarded, or otherwise
      formed, lines 66, 68 in the write platelet 62. The write platelet 62 is
      disposed adjacent a magnetic medium as depicted in FIG. 6. A large
      plurality of similar troughs 64 are disposed side-by-side to define the
      multi-channel write head assembly for simultaneously writing a line of
      bits across the width of a magnetic medium. Thus, in the example
      previously given, 2000 of the troughs may be juxtaposed to define a 2000
      channel head assembly which is employed with a 2-inch magnetic tape for
      wideband video recording systems. By way of example only, such a video
      recording system may utilize the 2000 troughs spaced at 24 micron centers
      when utilizing bubbles of 6 microns diameter. With 4 or 2 micron bubble
      sizes, 16 or 8 micron centers respectively are used for the trough
      spacing.
PAR  The troughs 64 are herein provided by way of example by ion bombardment
      techniques, wherein the series of energy barrier lines 66 are formed with
      uniform spacings equal to the desired width of the troughs 64. The
      modification of garnets via ion bombardment is generally know, as
      discussed in "Modification of Magnetic Amisotrophy in Garnets By Ion
      Implantation," Applied Physics Letters, Vol. 19, No. 8, Oct. 15, 1971, pp.
      298-299. The troughs are closed at one end via the continuous barrier line
      68 extending the width of the multichannel head, i.e., essentially the
      width of the magnetic medium. Upon introduction of a bubble to the open
      end of selected troughs 64, as further described hereinafter, conductor
      means is provided for propagating the bubbles into the troughs prior to
      expanding same. To this end, current access conductors such as those
      described previously in FIGS. 4, 5 are disposed across the trough widths
      and extend the width of the bubble write platelet 62, i.e., across the
      multiple head assembly. In the exemplary head of FIG. 10, the 2-phase
      current access circuits of FIG. 5 are shown, whereby a bubble 74
      introduced at the open end of the trough 64 is selectively propagated into
      the trough to a position shown by dashed bubble 74', via successive
      energizations of the conductor pairs 70-72.
PAR  A write current conductor (loop) 76 is disposed about the plurality of
      troughs 64, whereby application of a write current to the conductor
      generates a bubble expander magnetic field H.sub.E which opposes the
      normal bias field H.sub.N. Accordingly, the normal bias field is decreased
      in value, which allows the bubble 74' to expand to an expanded bubble size
      and geometry (numeral 78) commensurate with the boundaries of the trough
      64 determined by the energy barrier lines 66, 68 and write current
      conductor 76. Thus original bubble 74 assumes the relatively large size
      and the rectangular geometry of expanded bubble 78. The correspondingly
      large stray field h.sub.x generated by bubble 78 when combined with the
      write bias field provides a composite write field of sufficient value to
      reorient the initial state of magnetization of the recording medium
      adjacent thereto in the region of the trough 64 to define, for example, a
      "1" bit. Note that in a multi-channel head, a "1" bit is recorded by only
      those heads (i.e., troughs) into which a bubble 74 was initially
      introduced. Troughs (heads) in which no bubble was initially introduced
      would not be affected by the lowering of the normal bias field, since
      there is no bubble and thus no corresponding expansion thereof. Therefore,
      the initial state of magnetization of the magnetic recording medium in the
      areas in registration with the latter troughs would remain, to "record" in
      effect a "O" bit on the medium.
PAR  The rectangular shape of the troughs 64 provides an optimum in-plane
      component of the bubble stray field, h.sub.x, along the direction of the
      write bias field. The dimensions of the rectangle are determined by the
      density of tracks required and the spacing between the head and the
      magnetic medium.
PAR  After recording the line of "1" and/or "O" bits, the write current is
      reversed in direction in the write current conductor (loop) 76, which
      reverses the direction of the magnetic field generated thereby and
      anihilates any bubble 78 within the plurality of troughs 64. The heads are
      thus prepared for the introduction of the next line of bubbles to selected
      troughs 64 thereof, in preparation for recording the next line of bits.
PAR  FIG. 11 depicts a block diagram of a multi-channel write head assembly 80
      formed, for example, within the write platelet 62 of FIG. 10, the assembly
      being positioned to write on a magnetic medium 82. The assembly includes
      bubble expander means 84 formed of a selected plurality of troughs 64,
      determined by the energy barrier lines 66, 68 as previously described in
      FIG. 10. Each trough defines a separate write head 86. The write current
      conductor 76 extends about the entire juxtaposed array of troughs 64,
      whereby current applied to terminal 88 generates the expanded bubble or
      bubbles for writing purposes, and current applied to terminal 90
      anihilates any bubbles in the heads 86.
PAR  The multi-channel write head assembly 80 further includes bubble logic
      circuits 92 for introducing bubbles via bubble generators 85, 85' (FIG.
      12), to the individual heads 86 in accordance with the video, audio, etc.,
      information applied to the assembly 80 via a plurality of input terminals
      94. The information is fed in fit parallel, word serial format to input
      register means 96, which is coupled in parallel via bubble logic to write
      buffer register means 98. The latter means 98 selectively introduces
      bubbles to the individual heads 86 in accordance with the information
      input to terminals 94 as further described infra. Input buffer means 100
      is also serially coupled to the terminals 94 and thence in parallel to the
      input register means 96. The logic components 85, 85', 96, 98, 100 are
      integrally formed within the garnet platelet 62, via conventional
      photolithography techniques.
PAR  In operation, information is serially introduced from an exterior
      electronic sampling circuit (not shown) to the input register means 96 in
      the form of 8-bit samples, or words, wherein one word is designated herein
      as bits 2.sup.0, 2.sup.1 . . . 2.sup.7. Although 8-bit words are shown
      here, and in FIGS. 8, 9A-9C, the words may be formed of any selected
      plurality of bits. If the head assembly 80 employs 2000 heads 86 for
      recording on a 2 inch magnetic medium 82, the associated input register
      means 96 would contain 2000 8-bit words when filled. That is, means 96
      provides a plurality of words equal to the number of channels recorded on
      the tape. Once the input register means 96 is filled, the information is
      shifted in parallel, as lines of bits, out of the input register means 96
      into the write buffer register means 98 until the latter is filled. While
      additional information is being introduced from terminals 94 to re-fill
      the input register means 96, a single bit line 101 at a time is shifted
      from the write buffer register means 98 in the form of bubble logic, to
      the troughs 64 of heads 86. That is, "1" bits are introduced to the heads
      86 as bubbles, while "O" bits are introduced by the absence of a bubble.
      The bubbles representing "1" bits are propagated into their respective
      troughs 64 via the current access circuits (70-72 of FIG. 10), whereupon
      recording is provided on the magnetic tape 82 by expanding the bubbles via
      energization of the write current conductor 76, as previously described in
      FIG. 10, to define recorded lines 101 (corresponding to lines 46 of FIGS.
      6, 8, 9). The current is then reversed in conductor 76 to collapse the
      bubbles, whereupon a new line of bubbles are advanced into the troughs 64.
      When the write buffer register is empty, the next block of 2000 8-bit
      words being held in the input register means 96 is shifted into the former
      to re-fill same.
PAR  The input buffer means 100 provides means for temporarily storing
      information which is being sampled and introduced to the input terminal
      94, at such time as the input register means 96 is full, as during the
      time intervals when the information is being shifted from the latter to
      the write buffer register means. The information temporarily stored in the
      input buffer means 100 is then shifted into the input register means 96
      when there is room in the latter. Thus the buffer means 100 enables the
      continuous sampling and introduction of information to the write head
      assembly 80, while allowing intermittent shifting of information to the
      head troughs.
PAR  Referring to FIG. 12, the block diagram of FIG. 11 is shown in greater
      detail in the form of one and two dimensional bubble logic circuits. The
      video information is introduced as an 8-bit digital word via the input
      terminals 94 and an electronic switch 79 in the external sampling circuit
      of previous mention (not shown), along "horizontal" bubble paths 81 and 83
      of the input buffer means 100 and the input register means 96,
      respectively. The information is introduced in the form of the presence
      and absence of bubbles representing "1" and "O" bits respectively. The
      bubbles are selectively generated by bubble generator means 85, 85'
      coupled to the switch 79. The bubbles which are generated are propagated
      into the buffer means 100 and register means 96 to "vertical" bubble paths
      87 and 89, respectively. Horizontal and vertical propagation of the
      bubbles is provided via respective vertically and horizontally extending
      current access conductors (not shown) such as those depicted in FIGS. 4, 5
      disposed within a plane superimposed against the garnet platelet 62, and
      energized via a conventional current source coupled to the conductors.
      Examples of the propagation circuits are described in the Bobeck et al
      article, supra.
PAR  It is to be understood, that field access circuits (not shown) may be
      employed in place of the current access circuits discussed supra, in
      various applications of the write head. To this end, two sets of Helmholtz
      coils may be disposed orthogonally to each other to provide a rotating
      field in the plane of the platelet 62. The coils are fed with a 90.degree.
      out of phase sine wave current. Thus the input buffer means 100 and the
      input register means 96 comprise two dimensional propagation shift
      registers employing bubble logic networks. In the head example discussed
      above relative to FIGS. 6-10, 2000 of the vertical bubble paths 89 are
      disposed within the width of the input register means 96, providing
      accordingly 2000 channels or tracks of information across the width of the
      2 inch medium.
PAR  The terms "horizontal" and "vertical" are herein intended to define
      directions transverse to, and parallel with, respectively, the direction
      of bubble movement into the troughs 64, i.e., the direction of movement of
      the magnetic medium 82.
PAR  The bubble paths 89 are coupled to vertical bubble paths 91 of the write
      buffer register means 98, whereby the latter component provides one
      dimensional shifting of the bubbles introduced thereto, vertically along
      the paths 91, and into the bubble expander means 84 and thus the bubble
      head assembly. Note there is no physical demarcation between the various
      registers, buffers, expander, etc. Thus, for example, the last horizontal
      current access conductors (not shown) of the buffer means 100 are disposed
      only a bubble "step" from the first horizontal current access conductors
      (not shown) of the register means 96, etc.
PAR  The input buffer 100 is of selected width determined by the logic system
      92, i.e., only has to be large enough to handle the stream of data bits
      introduced thereto via terminals 94 during shutdown of data input to the
      input register means 96. Thus the input buffer allows the introduction of
      a continuous stream of information to the head assembly at all times, for
      example, during the time that the lines of information are being shifted
      from the input register means 96 to the write buffer register means 98.
PAR  FIG. 13 is an enlarged view of means for detecting a pair of channels of
      the magnetic field history previously recorded on a magnetic medium. To
      this end, an overlay read pattern 102 of selected geometry and of a high
      permeability material such as permalloy, is integrally formed with a read
      platelet 104 formed of a magnetic garnet similar to the write platelet 62
      of FIGS. 10-12. Only a fragment of the read platelet, and a pair of
      juxtaposed patterns 102 are shown herein, wherein the patterns define
      respective reproduce heads 106 for readout of a single channel, or track,
      of magnetic history recorded on the magnetic recording medium 82 as by the
      record head 86 (trough 64) of FIGS. 10-12. The magnetic history is
      depicted herein as a single "1" bit of reversed magnetic field, indicated
      by numeral 108, previously recorded in one track of the magnetic medium
      82, and a "O" bit represented by the initial state of magnetization in a
      second track of the medium indicated by numeral 109. The read pattern 102
      is exemplified here with a four-sided geometry generally resembling a
      diamond shape, open at one end 103 with an inside dimension substantially
      equal to the diameter of a bubble 105. Various pattern geometries other
      than the diamond shape shown here are available which perform the desired
      function further described hereinafter, and accordingly, the read head is
      not limited to such configuration. A plurality of such read head patterns
      are juxtaposed to define a multi-channel reproduce head assembly of the
      same number of channels and of a width equal to, for example, the write
      head assembly 80 of FIG. 11.
PAR  The read heads 106 are further defined by a series of pairs of current
      access conductors (loops) 110-112, 110'-112', etc., extending laterally
      across the read heads the full width of the magnetic medium, and thus
      transverse to the direction of medium movement. The pairs of conductors
      110-112, etc., are similar to those described in the write head of FIG.
      10, wherein the first pairs of conductors have no permalloy spots and
      extend in register with the leading half of the read pattern 102 at the
      open end 103 thereof. The trailing half of the read pattern 102 is in
      register with a gap, or "gorge" 114, formed by omitting a pair of the
      current access conductors. Additional pairs of conductors 110'-112',
      110"-112", etc., with permalloy spots 116, extend transversely across the
      heads in the region trailing the patterns 102, to receive the bubble from
      the gorge 114 for further propagation thereof to detector means, as
      described hereinafter.
PAR  In operation of the read heads of FIG. 13, bubbles 105 are introduced to
      the read patterns 102 in selected synchronization with the passage thereby
      of (the lines of) bits of information 108, 109 in the magnetic medium 82.
      The bubbles 105 are introduced to the heads via current access (loop)
      conductors such as indicated by numerals 110-112, to a location
      immediately in register with the inside dimensions of the read pattern
      102. Continued energizing of the conductors 110'-112', 110"-112" in their
      normal sequence, in turn, will not cause the bubble to move across the
      gorge 114. This is because gorge 114 defines a gap in the conductor
      pattern underneath the trailing half of the read pattern 102. Thus the
      bubble 105 will remain within the read pattern 102 until a reversed bit of
      information (reversed magnetization 108) passes beneath the pattern. The
      stray field from the reversed magnetization induces magnetic poles in the
      pattern 102, which moves the bubble from its stable position within the
      pattern to an unstable position 105'. When the next (loop) conductors
      110'-112' are energized, the bubble 105' is attracted to the position
      105". Continued energizing of the successive conductors 110"-112", etc.,
      cause the bubble to propagate into the next circuit for detection thereof
      as a "1" bit, as described infra in FIGS. 14, 15. As may be seen, if no
      reversed state of magnetization (108) passes under the bubble 105 within
      the pattern 102, the bubble cannot move across the gorge 114 and no bubble
      is delivered to the subsequent detection circuits. The lack of a bubble
      defines the "O" bit of information.
PAR  FIG. 14 depicts a block diagram of a multi-channel read head assembly 116
      formed within the read platelet 104, the assembly being positioned to read
      the magnetic history of the magnetic tape 82. The assembly 116 includes
      read overlay pattern means 120 formed of a selected plurality of the read
      overlay patterns 102 previously described in FIG. 13. Each pattern 102
      defines a separate read head 106 disposed to reproduce respective tracks
      of information previously recorded by an equal plurality and spacing of
      write heads 86 (FIG. 11).
PAR  The multi-channel read head assembly 116 further includes bubble logic
      circuits 122 for introducing bubbles to the read heads 106, and for
      detecting the information retrieved by the read overlay pattern means 120.
      To this end, bubble generator means 124 is disposed immediately adjacent
      the leading edges of the read heads 106, i.e., the open ends 103 (FIG. 13)
      of the read patterns 102. The bubble generting means 124 may comprise any
      of several devices, e.g., current loop, etc., capable of generating a
      single wall magnetic domain in a magnetic material. Bubbles are introduced
      to each of the patterns during the readout process of each line of
      information 101 (also FIG. 11) previously recorded transversely across the
      medium 82. The trailing edges of the read heads 106, i.e., the closed ends
      of the patterns 102, are operatively coupled in parallel relation via
      bubble logic and the current access conductors (not shown) to buffer data
      register means 128. The latter means is coupled in parallel via bubble
      logic to output register means 130, which in turn is serially coupled to
      expander/detector means 132. The logic components 124, 128, 130 and 132
      are integrally formed within the garnet platelet 104, as in the write head
      assembly 80.
PAR  In operation, the read head assembly 116 employs a series of current access
      conductors for propagating a bubble to the gorge 114 (FIG. 13), whereupon
      the (permalloy) read pattern 102 disposed to span the gorge interacts with
      the stray field generated by the magnetic history in the recording medium
      82. Poles are generated in the pattern 102 which attract and repel the
      bubbles to cause them to jump the gorge. Thus, as previously noted, the
      gorge 114 prevents the propagation and subsequent detection of a bubble
      unless there is reverse magnetic history in the tape in register with the
      gorge 114. If a reverse state of magnetization is present in the tape, the
      bubble is propagated to a detection point. It follows that the "1" bit
      (reverse magnetization) causes the detection of a bubble, while the "O"
      bit does not.
PAR  Bubbles which do jump the gorge 114 are propagated along respective bubble
      channels or paths into the buffer/data register means 128 via associated
      current access conductors (e.g.. 110-112, 110'-112', etc. of FIG. 13). If
      8-bit words are being read from the medium 82, the buffer/data register
      means 128 is filled with 2000 words of 8 bits each, after 8 lines 101 are
      read and moved therein. The contents of the register means 128 are then
      simultaneously shifted in parallel into the output register means 130. In
      turn, the latter output register means is serially emptied into the
      expander/detector means 132, wherein the latter circuit thus receives
      successive 8-bit words in the form of the presence or absence of bubbles,
      expands any bubbles and detects the resulting expanded bubbles to thus
      distinguish the binary "1" and "O" bits. While the output register means
      130 is shifting words into the expander/detector means 132, the
      buffer/data register means 128 is being re-filled from the read overlay
      pattern means 120. When the 8th bits of the next block of 2000 words are
      shifted into the buffer/data register 128, all the bits have been serially
      readout from the output register means 130, and the read process continues
      with the next block of 2000 words.
PAR  Referring to FIG. 15, the block diagram of FIG. 14 is shown in greater
      detail in the form of one and two dimensional bubble logic circuits of the
      type described in FIG. 12. Thus the generator 124 comprises a field access
      or current access type of bubble generator, which generates bubbles and
      then propagates same into each read pattern 102 of the read overlay
      pattern means 120 via vertical bubble paths 134. Bubbles which cross the
      gorge 114 during the readout process are propagated along verical bubble
      paths 136 which, inter alia, define the one-dimensional propagation buffer
      data register means 128. The bubbles are then introduced to respective
      vertical bubble paths 138 of the output register means 130. Thus, 2000
      samples of 8 bits each are shifted in parallel into the means 130, wherein
      the presence and absence of bubbles respectively represents the "1" and
      "O" bits of information read from the magnetic medium 82.
PAR  When the two dimensional propagation output register 130 is full the
      bubbles are serially shifted therefrom along horizontal bubble paths 140
      to the (one dimensional) expander/detector means 132. Detection of bubbles
      introduced thereto may be effected via a chevron expander pattern 142,
      wherein the bubbles are expanded and then detected via a magnetoresistive
      detector means 144 disposed along each chevron expander pattern.
      Obviously, other expander patterns and other types of detector
      configurations may be employed. Typical schemes for bubble propagation and
      detection are shown in "Bubble Domain Propagation and Sensing", G. S.
      Almasi, Proceedings IEEE, Vol. 61, No. 4, April, 1973. The bubble
      propagation circuits employed by the read head of FIGS. 14, 15 are the
      same as those discussed with reference to the FIGS. 11, 12.
PAR  The FIGS. 8, 9A-9C show a parallel mode of recording, i.e., recording words
      along the length (or direction of movement) of the magnetic medium, rather
      than across the width as in conventional recording systems. Such a
      recording format decreases markedly the demands placed on the speed of
      propagation of the bubbles within the platelet, and thus decreases the
      demands placed on the garnet materials used to fabricate the platelets.
      That is, one problem in using bubble logic is that the velocity of
      propagation of bubbles is limited and varies with the garnet material
      employed. In order to prevent interaction between bubbles, they should be
      spaced apart on the order of four bubble diameters. It follows that the
      frequency of propagation of the bubbles is a function of the length of
      time it takes to move them four bubble diameters. Thus, regardless of the
      garnet material used, the bandpass frequency capability is limited by the
      maximum velocity of bubble propagation. Accordingly, the invention
      combination contemplates the parallel mode of recording shown in FIGS. 8,
      9A-9C in order to minimize the demands on bubble velocity and garnet
      materials.
PAR  By way of example, Table I included infra provides a comparison of various
      operating parameters and characteristics when employing bubble sizes equal
      to 6, 4, 2 and 1 micrometers (.mu.m) at 2 and 4 megaHertz bandpass
      frequencies of video information. Table II provides analogous information
      for audio record/reproduce processes. The charts show, for example, the
      bubble velocity required for various bubble sizes and various frequencies
      of recorded information. Thus, when using a 6 micron bubble diameter with
      a 2 megaHertz bandpass, a bubble velocity of 2400 centimeters per second
      is required. At four megaHertz bandpass, a 4800 centimeter per second
      velocity is required, which places more stringent demands on the garnet
      material used, i.e., limits use to only garnets with relatively high
      bubble velocities. On the other hand, the use of smaller bubbles decreases
      the distance of required travel therefore decreasing the bubble velocity
      requirements of the garnet material, while greatly improving the recording
      densities of the system.
TBL                TABLE I                                                     
     ______________________________________                                    
     BUBBLE VIDEO RECORDING                                                    
     Bubble           Bubble   Tape       Tape                                 
     Diameter                                                                  
            Frequency Velocity Width Skew Speed Output                         
     (d)    (f)       (v.sub.b)                                                
                               (W.sub.t)                                       
                                     (.mu.m)                                   
                                          (v.sub.t)                            
                                                (D.sub.B)                      
     .mu.m  MHz       cm/sec   in         ips   10.sup.6 B/-      in.sup.2     
     ______________________________________                                    
     6      2         2400     2     6    27    1.0                            
     "      "         "        1     3    48    "                              
     "      "         "        1/2   11/2 91    "                              
     "      "         "        1/4   3/4  178   "                              
     "      4         4800     2     6    54    "                              
     "      "         "        1     3    100   "                              
     "      "         "        1/2   11/2 190   "                              
     "      "         "        1/4   3/4  370   "                              
     4      2         1600     2     6    13    2.5                            
     "      "         "        1     3    23    "                              
     "      "         "        1/2   11/2 42    "                              
     "      "         "        1/4   3/4  80    "                              
     "      4         3200     2     6    26    "                              
     "      "         "        1     3    45    "                              
     "      "         "        1/2   11/2 86    "                              
     "      "         "        1/4   3/4  160   "                              
     2      2          800     2     6    41/4  9                              
     "      "         "        "     3    63/4  "                              
     "      "         "        1/2   11/2 111/2 "                              
     "      "         "        1/4   3/4  21    "                              
     "      4         1600     2     6    81/2  "                              
     "      "         "        1     3    131/4 "                              
     "      "         "        1/2   11/2 223/4 "                              
     "      "         "        1/4   3/4  42    "                              
     1      2          400     2     6    11/2  36                             
     "      "         "        1     3    21/4  "                              
     "      "         "        1/2   11/2 31/2  "                              
     "      "         "        1/4   3/4  53/4  "                              
     "      4          800     2     6    3     "                              
     "      "         "        1     3    41/4  "                              
     "      "         "        1/2   11/2 63/4  "                              
     "      "         "        1/4   3/4  111/2 "                              
     ______________________________________                                    
TBL                TABLE II                                                    
     ______________________________________                                    
     BUBBLE AUDIO RECORDING                                                    
                                           Signal/                             
                                           Noise                               
     d    f       b       Wt    Skew  Bits S/N    t                            
     .mu.m                                                                     
          KHz     cm/sec  in    .mu.m      db     ips                          
     ______________________________________                                    
     6    20      288     1/4   3/4    8   48     1.8                          
     "    "       "       "     "     11   66     2.1                          
     "    "       "       "     "     14   84     3.1                          
     "    "       "       "     "     17   102    3.8                          
     ______________________________________                                    
PAR  The invention combination of FIGS. 11 and 14 are examples of one
      embodiment, wherein continuous bubble logic is employed across the width
      of the registers, buffers, etc., during the record and reproduce
      processes. As may be seen, the write/read platelets of such a system would
      require garnet materials of high bubble velocity parameters since the
      bubbles have to be propagated across the entire width thereof.
PAR  In an alternative embodiment of the invention combination, the input
      register means 96 and write buffer register means 98 may be subdivided
      into a number of smaller bubble logic units, whereby the serially incoming
      information from input terminals 94 would not necessarily be sequentially
      located across the width of the register and buffer means. Thus such a
      system provides in effect a commutation scheme wherein, for example, the
      register means 96 may be subdivided into five logic units. Incoming
      samples would therefore only have to be propagated one fifth of the width
      of the register means, thereby decreasing the total time it takes to fill
      the register means, buffer register means, etc. Thus the latter
      combination operates at lower bubble velocities thereby allowing use of
      presently readily available garnet materials of lower bubble speeds, or
      the use of higher speed garnet materials to provide a relatively high
      speed, high intensity record/reproduce bubble head for high bandwidth
      video recording processes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bubble write head for recording information in a magnetic medium, and
      including a normal bias field for biasing the head to a condition which
      stably supports the generation and storage of single wall domains, the
      head comprising; write bubble platelet means disposed in recording
      position relative to the recording medium for selectively generating
      single wall magnetic domains commensurate with the information being
      recorded, which domains generate stray fields which are insufficient to
      cause interaction with the magnetic medium;
PA1  said bubble platelet means including integral bubble expander means for
      expanding the existing insufficient domains to a size sufficient to apply
      a write magnetic field to the medium only upon expansion of the domains,
      thereby to perform the write process.
NUM  2.
PAR  2. The write head of claim 1 wherein the bubble expander means includes
      write bias field generating means for biasing the magnetic medium to a
      point on its associated saturation magnetization curve, such that the
      composite expanded domain stray field and the write bias field are
      sufficient to perform the write process on the magnetic medium.
NUM  3.
PAR  3. The write head of claim 2 wherein the bubble expander means includes an
      expansion field applied in opposition to the normal bias field to allow
      bubble expansion in response thereto, said write magnetic field defining
      first binary bits in the magnetic medium, wherein the absence of domains
      defines the second binary bits of the write process.
NUM  4.
PAR  4. The write head of claim 3 wherein the bubble expander means further
      includes means for anihilating the expanded bubbles after the write
      process is performed.
NUM  5.
PAR  5. The write head of claim 3 wherein the single wall magnetic domains
      define magnetic bubbles, and the write bubble platelet means further
      includes write bubble logic circuits integrally formed therein for
      receiving the information to be recorded and for generating the bubbles in
      accordance with said information, said bubble expander means being
      integrally formed with the bubble logic circuits to define the bubble
      write head.
NUM  6.
PAR  6. The write head of claim 5 wherein the write bubble logic circuits
      further comprise;
PA1  a bubble generator coupled to receive the information and to generate
      bubbles in accordance therewith;
PA1  input register means coupled to the bubble generator;
PA1  write buffer register means coupled to the input register means and thence
      to the bubble expander means; and
PA1  input buffer means coupled to the bubble generator and adapted to
      selectively receive and store the information when the input register
      means does not, and to subsequently introduce the information to the input
      register means.
NUM  7.
PAR  7. The write head of claim 6 further comprising, current access circuits
      integral with the write bubble logic circuits and the bubble expander
      means to selectively propagate the bubbles through the logic circuits and
      into the bubble expander means for expansion thereof to perform the write
      process.
NUM  8.
PAR  8. The write head of claim 5 wherein the information to be recorded is
      introduced to the write head in bit parallel, word serial format, wherein
      the write bubble logic selectively accumulates the bits to allow their
      serial introduction from the integral bubble expander means to the
      magnetic medium to record the words in side-by-side format across the
      width of the medium.
NUM  9.
PAR  9. The write head of claim 2 wherein the signal wall magnetic domains
      define magnetic bubbles, and the bubble platelet means is formed of a
      bubble material;
PA1  wherein the expander means further includes;
PA1  a trough defining a bubble write head formed within the platelet means,
      said trough having a selected geometry defined by boundaries in the form
      of energy barriers;
PA1  said write bias field generating means being disposed to bias the magnetic
      medium over a region thereof which is in register with the trough;
PA1  wherein said trough defines the size and geometry of the expanded bubble
      upon energization of the write bias field generating means; and
PA1  current access circuits disposed across the trough to propagate the bubble
      therealong in response to selective energization of the current access
      circuits.
NUM  10.
PAR  10. The write head of claim 9 wherein a plurality of troughs and thus write
      heads are juxtaposed to define a multi-head write assembly, said write
      bias field generating means being disposed to bias the magnetic medium
      over a region thereof in register with the multi-head assembly, said
      current access circuits extending through all the juxtaposed troughs to
      simultaneously propagate therein those bubles which are generated to
      represent a reversed state of magnetization.
NUM  11.
PAR  11. A bubble read head for reproducing the magnetic history recorded in a
      magnetic medium in the form of reversed and non-reversed states of
      magnetization, comprising;
PA1  read bubble platelet means disposed in reproducing position relative to the
      magnetic medium for generating single wall magnetic domains with stray
      fields insufficient to affect the states of magnetization in the medium;
PA1  the read bubble platelet means including integral means for restraining
      movement of a domain when nonresponsive to the magnetic history in the
      medium, and for selectively displacing the position of the domain when
      responsive to the magnetic history; and
PA1  detector means integral with the read bubble platelet means for detecting
      the displaced domains to thus determine the magnetic history in the
      medium.
NUM  12.
PAR  12. The read head of claim 11 wherein the integral means for restraining
      movement of a single wall domain includes, overlay pattern means disposed
      to restrain the domain therein until influenced by passage thereby of a
      reversed state of magnetization of the recorded magnetic history in the
      medium.
NUM  13.
PAR  13. The read head of claim 12 wherein the integral means for restraining
      movement of a domain further includes propagating means integral therewith
      to selectively propagate the domains, wherein said overlay pattern means
      is disposed to span a gorge formed by omission of selected portions of the
      propagating means, said gorge preventing movement of the domain until
      influenced by passage of the reversed state of magnetization.
NUM  14.
PAR  14. The read head of claim 13 wherein the single wall magnetic domains
      define magnetic bubbles, and the read bubble platelet means further
      includes read bubble logic circuits integrally formed therein for
      generating bubbles for introduction to the overlay pattern means, and for
      receiving from the latter means any bubbles displaced from their position
      in the overlay pattern means for subsequent detection thereof via the
      detector means.
NUM  15.
PAR  15. The read head of claim 14 wherein the magnetic history is recorded in
      the medium as a multiplicity of words disposed in side-by-side format
      across the width of the medium, wherein the overlay pattern means receive
      respective words of the multiplicity of words in the form of serial
      successions of bits, wherein the read bubble logic selectively accumulates
      the bits to allow a bit parallel, word serial introduction thereof to the
      detector means to retrieve the magnetic history.
NUM  16.
PAR  16. The head of claim 14 wherein the read bubble logic circuits further
      comprise;
PA1  a bubble generator coupled to the overlay pattern means to selectively
      introduce bubbles thereto;
PA1  buffer data register means coupled to the overlay pattern means to receive
      any displaced bubbles;
PA1  output register means coupled to the buffer data register means and thence
      to the detector means to selectively advance information to the buffer
      data register means for subsequent detection.
NUM  17.
PAR  17. The head of claim 16 further comprising, current access circuits
      integral with the read bubble logic circuits to selectively propagate the
      bubbles into, and from, the overlay pattern means in accordance with the
      magnetic history in the medium.
NUM  18.
PAR  18. The head of claim 17 wherein the bubble platelet means is formed of a
      bubble material;
PA1  wherein the overlay pattern means includes a diamond shaped read pattern
      formed of a high permeability (magnetic) material and defining a read
      head;
PA1  wherein the leading half of the read pattern is formed of an open corner of
      the diamond shape;
PA1  wherein the trailing half of the read pattern is disposed to span the
      gorge; and
PA1  wherein passage adjacent the read pattern by the stray magnetic field of a
      reversed state of magnetization of the magnetic history induces magnetic
      poles in the pattern to displace the bubble from within the pattern region
      to a point beyond the gorge.
NUM  19.
PAR  19. the head of claim 18 wherein the bubble is displaced in a straight line
      direction along the direction of travel of the magnetic medium.
NUM  20.
PAR  20. The head of claim 19 wherein a plurality of read patterns and thus read
      heads are juxtaposed to define a multihead read assembly, said current
      access circuits extending through all the juxtaposed patterns to
      simultaneously propagate those bubbles therein which are displaced by the
      reversed state of magnetization.
NUM  21.
PAR  21. A bubble write/read head for use in association with a magnetic medium
      comprising the combination of;
PA1  first bubble platelet means for generating expanded bubbles of size
      sufficient to apply a write magnetic field of the medium in the form of a
      reversed state of magnetization, wherein the presence and absence of
      expanded bubbles defines an image of the information being recorded as the
      magnetic history in the medium; and
PA1  second bubble platelet means for generating bubbles therein, and including
      restraining means for displacing the position of selected bubbles in
      accordance with the reversed states of magnetization previously recorded,
      to provide regeneration, detection and thus readout of the image of the
      information in the medium.
NUM  22.
PAR  22. The write/read head of claim 21 wherein the first bubble platelet
      includes means for generating a write bias field which in combination with
      the stray field of the expanded bubbles generates the reversed state of
      magnetization in the magnetic medium to define a first binary bit; wherein
      the absence of an expanded bubble leaves undisturbed the initial state of
      magnetization of the medium to define the second binary bit.
NUM  23.
PAR  23. The write/read head of claim 22 wherein the restraining means displaces
      a generated bubble therein only in response to passage thereby of a
      reversed state of magnetization in the magnetic medium immediately upon
      previous recording via the first bubble platelet means.
NUM  24.
PAR  24. The write/read head of claim 23 further including expander means
      integral with the first platelet in the form of a trough defining a write
      head for selectively receiving a bubble, said means for generating a write
      bias field being disposed to decrease the magnetic field seen by the
      bubble within the trough to provide expansion of the bubble to a size to
      provide the reversed state of magnetization over an area of the magnetic
      medium in register with the trough.
NUM  25.
PAR  25. The write/read head of claim 24 wherein the restraining means includes;
PA1  a read overlay pattern integral with the second bubble platelet to define a
      read head in-line with the trough of the write head;
PA1  wherein the bubble is generated within the read overlay pattern; and
PA1  wherein the passage of the reversed state of magnetization adjacent the
      read overlay pattern induces magnetic poles therein to displace the bubble
      therefrom for subsequent detection.
NUM  26.
PAR  26. A process for magnetically writing information with a bubble head in
      association with a magnetic medium, comprising the steps of;
PA1  applying a normal bias field to the head to allow it to stably support the
      generation and storage of stable magnetic bubbles adjacent the medium
PA1  generating the stable magnetic bubbles in selected regions of the head to
      represent a first binary bit of the information;
PA1  wherein failing to generate magnetic bubbles in other selected regions of
      the head represents the second binary bit of the information, and
PA1  expanding the generated bubbles to a selected size and geometry to apply a
      magnetic write field to corresponding portions of the medium of sufficient
      magnitude to write the first binary bit on the medium.
NUM  27.
PAR  27. The process of claim 26 wherein the step of expanding the bubbles
      further includes;
PA1  biasing the medium to a point just below the knee of the saturation
      magnetization curve; and
PA1  applying a bubble expander field in a direction opposed to the normal bias
      field to allow the bubbles to expand in size, whereby the write bias field
      in conjunction with the stray field from the expanded bubble provides the
      composite write field which reverses the state of the magnetization in the
      medium over the region in register with the expanded bubble; and
PA1  anihilating the expanded bubbles after the write process.
NUM  28.
PAR  28. The process of claim 27 wherein the step of biasing the medium
      includes;
PA1  applying a write bias field in the plane of the medium opposite to the
      magnetization during the write process;
PA1  and the step of applying a bubble expander field includes;
PA1  applying current to a conductor bounding the bubbles to generate a field
      which opposes the normal bias field during the write process.
NUM  29.
PAR  29. A process for reading the magnetic history in a magnetic medium with a
      bubble head, comprising the steps of;
PA1  selectively generating stable magnetic bubbles within the bubble head and
      adjacent the medium, which bubbles have stray fields insufficient to
      affect the magnetic history;
PA1  selectively restraining and displacing the bubbles in response to the
      magnetic history to generate an image thereof within the bubble head; and
PA1  detecting the displaced bubbles to reconstruct the image of the magnetic
      history.
NUM  30.
PAR  30. The process of claim 29 wherein the step of selectively generating
      further includes;
PA1  applying a normal bias field to the head to provide the stable magnetic
      bubbles;
PA1  wherein the step of selectively restraining and displacing the bubbles
      includes;
PA1  restraining the bubbles within selected regions of the head in register
      with respective magnetic history in the medium; and
PA1  releasing those bubbles which are affected by given portions of the
      magnetic history to allow their subsequent detection.
NUM  31.
PAR  31. The process of claim 30 wherein the step of detecting further includes;
PA1  propagating the released bubbles to respective regions of detection; and
PA1  expanding the propagated bubbles to allow their ready detection.
NUM  32.
PAR  32. A bubble head for processing information in association with a magnetic
      recording medium comprising the combination of;
PA1  means for introducing the information to be recorded to the head in bit
      parallel, word serial format; and
PA1  bubble logic means for selectively accumulating the bits to allow the
      serial introduction thereof from the head, to record the words in
      side-by-side relation across the width of the magnetic medium such that
      similar bits of each of the words form respective transverse lines across
      the medium.
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PAL  A magnetic tape head includes a pair of core holders containing the core
      elements of magnetic cores. The tips of the magnetic cores are urged
      towards each other when the core holders are clamped in abutting relation
      by a metallic U-shaped clip. The bight portion of the clip engages the
      tips of the magnetic cores and engages the inner surface of the metallic
      housing in which the core holders are positioned to ground the tips of the
      cores. The legs of the clip are urged inwardly with a scissors action by
      engagement with the inner surfaces of the housing to further exert a
      clamping action on the core holders and to thereby urge the tips of the
      core elements towards each other so that the flux gap is maintained.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to magnetic tape heads and more specifically to
      means for clamping the core holders of the magnetic tape heads in clamped
      assembled relation.
PAC  SUMMARY OF THE INVENTION
PAR  In conventional magnetic tape heads, the magnetic cores are comprised of
      core elements which are mounted in a pair of core holders. The core
      holders are clamped together and are positioned within a magnetic tape
      housing. The core holders are typically secured together by screws, rivets
      and in some instances, spring clips are used. When spring clips are
      employed, such as shown in U.S. Pat. No. 3,484,562, two spring clips are
      applied to the sides of the core holders and the clamping force is exerted
      by the converging ends of each clip. The ends of the legs of these prior
      clips exert a pincher action on the core holders so that the force vectors
      produced thereby lie in a pair of planes that extend in a fore and aft
      direction with planes that extend in a fore and aft direction with respect
      to the assembled head. This type of prior art clip, which functions only
      as a clamping means, exerts its maximum clamping action on the core holder
      as soon as it is applied to the core holders.
PAR  It is therefore a general object of this invention to provide a novel
      multi-functional clip for a magnetic tape head for clamping the core
      holders together so as to provide and maintain the proper flux gap at the
      magnetic core tips.
PAR  The novel clip is of U-shaped configuration and includes diverging legs
      which produces a scissor-like clamping action on the assembled core
      holders when the latter are urged into the magnetic tape housing.
PAR  The legs of the U-shaped clip are provided with detents that extend
      transversely of the core holder so that the clamping action is exerted by
      the clip at optimal locations for producing and maintaining the desired
      flux gap at the core tips.
PAR  It is also an object of this invention to provide a novel clip which
      engages and grounds the core tips through the magnetic tape head housing
      thereby obviating the need for a separate grounding means.
PAR  These and other objects and advantages of this invention will more fully
      appear from the following description made in connection with the
      accompanying drawings wherein like reference characters refer to the same
      or similar parts throughout the several views.
DRWD
PAC  FIGURES OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of the major components of the
      magnetic tape head;
PAR  FIG. 2 is a cross-sectional view of a pair of core holders and associated
      cores clamped in assembled relation before insertion into the magnetic
      tape head housing;
PAR  FIG. 3 is a cross-sectional view of the core holder in an assembled
      condition and inserted into the magnetic tape head housing and;
PAR  FIG. 4 is a cross-sectional view taken approximately along line 4--4 of
      FIG. 2 and looking in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now to the drawings, and more specifically to FIG. 1, it will be
      seen that the magnetic tape head, designated generally by the reference
      numeral 10 is there shown. The magnetic tape head 10 comprises a metallic
      shell or housing 11 which is generally rectangular or of parallelepiped
      configuration. The housing 11 includes a substantially flat upper wall 12,
      lower wall 13, opposed side walls 14 and an open rear end 15 and a front
      wall 16. It will be noted that the front wall 16 is of generally convex
      configuration and includes converging lateral portions 17 and a forwardly
      offset substantially flat central portion 18. The flat central portion 18
      has a pair of vertically spaced apart elongate openings or windows 19
      therein.
PAR  The tape head 10 also includes a pair of core holder members 20 formed of a
      suitable nonconductive dialectric material each being the mirror image of
      the other. Each of the core holder members 20 includes a substantially
      flat upper wall 21, a substantially flat lower wall 22, a vertical side
      wall 23, and a front wall 24 that projects inwardly and forwardly at an
      angle with respect to the side wall. The front wall and side wall of each
      core holder member is inwardly recessed so that a pair of vertically
      spaced apart shoulders 23b are defined along the upper and lower edges of
      the sides of each core holder member. Similarly, a pair of vertically
      spaced apart shoulders 24b are defined along the upper and lower edges of
      the front wall of each core holder. It will be also noted that each side
      wall 23 has a vertically extending generally arcuate groove 23a therein
      adjacent the associated front wall thereof.
PAR  Each of the core holder members 20 has a pair of continuous slots 25 in the
      inner surface of the side and front walls thereof. In the embodiments
      shown, the slots are vertically spaced apart and those portions of the
      slots formed in the inner surface of each front wall converge towards each
      other, as best seen in FIG. 4, and communicate with slots in the front
      wall. It will also be seen that the inner or lower surface of the upper
      wall 21 of each core holder has a downwardly facing transverse slot 27
      therein and the upper and inner surface of each lower wall 28 of each core
      holder has an upwardly facing transversely extending slot 28 therein. When
      the core holders are assembled in abutting relation, the slots 27 in the
      respective core holders will be disposed in aligned relation as will be
      the slots 28 therein. These slots accommodate a substantially flat
      generally rectangularshaped plug block 29, the latter having male
      electrical connector elements 30 which are adapted to be connected to a
      suitable female jack connector.
PAR  The core holder members 20 provide the support means for magnetic cores. In
      the embodiments shown, the magnetic tape head is comprised of a pair of
      such magnetic cores, although the scope of the present invention shall
      include magnetic tape heads which includes only a single magnetic core.
      Each magnetic core is comprised of a pair of substantially identical core
      elements 31 formed of a suitable ferrous or magnetic material, and each
      core element including a rear leg 32, a web portion 33 and a front leg 34.
      The web portion 33 and the front leg 34 of each core element is positioned
      within one of the continuous slots 25 of a core holder member 20. Each
      front leg 34 projects through a recess 26 in the front wall of each core
      holder member and terminates in a substantially flat tip 35. When the core
      holders are in the assembled condition, the flat tips 35 are urged towards
      each other, but will be spaced apart by a suitable insulator gap material
      37 which defines the desired flux gap 36. The rear legs of a pair of
      opposed core elements project into an electromagnetic coil 38 and the end
      portions 39 of the conductor which forms the coil are connected to a pair
      of the male connector elements 30. Thus it will be seen that when the core
      holders are assembled, eaach of the magnetic cores when energized will
      function as a magnetic circuit in a well-known manner.
PAR  The means for clamping the core holder members together in abutting
      relation to produce and maintain the proper magnetic flux at the magnetic
      tips of the magnetic cores comprises a generally U-shaped spring clip 40.
      The U-shaped clip 40 is formed of a suitable metallic conductive resilient
      material and includes a bight or web 41 and a pair of legs 42 integral
      with the bight and converging outwardly therefrom. It will be noted that
      the bight 41 is comprised of a substantially flat central portion 43a and
      a pair of diverging lateral portions 43b. It will also be noted that the
      lateral portions 43b constitute the major portion of the overall length of
      the bight 41. The central portion 43a has a pair of vertically spaced
      apart elongate openings 44 therein, the edge defining each opening being
      shaped to define a plurality of core engaging teeth 45.
PAR  Each of the leges includes an inwardly projecting arcuate locking and
      pressure applying detent 46, each detent adapted to be positioned in one
      of the grooves 23a of each core holder member. It will be noted that the
      detent 46 for each leg is located adjacent the bight 41 and that each leg
      then diverges outwardly and terminates in substantially flat terminal
      portions 47. The terminal portions 47 are provided with teeth 48 at their
      respective ends, as best seen in FIG. 1.
PAR  When a magnetic tape head is assembled, the core elements of the cores will
      be positioned within the slots of each core holder member and the
      electromagnetic coils will be positioned over the rear legs of a pair of
      core elements. When clip 40 is appropriately attached, the oppositely
      disposed core holder members will be maintained in abutting relation. The
      plug block 29 will be positioned within the slots in the respective core
      holder members. When clip 40 is applied to the core holder members the
      detents 46 are positioned in the grooves 23a of the side walls 23.
PAR  It will be noted that when the core holder members 20 are disposed in
      abutting relation, the front walls 24 thereof present a convex front face
      and the bight 41 of the clip 40 is of correspondingly convex
      configuration. With this arrangement, the bight 41 of the clip 40 will be
      positioned against the front face of the core holder member and the tips
      of the magnetic cores will project outwardly through the openings 44 in
      the bight. The teeth 45 defined by one opening 44 will engage the upper
      surfaces of the front legs of each core element, and the teeth defined by
      the the other opening will engage lower surfaces of the front legs to
      establish good electrical contact therewith. The spacing between the
      detents 46 is such that it is necessary to urge the detents apart when the
      clip is applied to the core holder members. Thus the detents serve to hold
      the clamped core holder members in assembled abutting relation when the
      clip is applied to the core holder members.
PAR  The assembled core holder members with the clip applied thereto are then
      inserted into the metallic housing 11 until the core tips project through
      the openings 19 in the front wall thereof. When this occurs, the legs 42
      of the clip will be urged inwardly and this produces a scissor-like
      clamping action at the detents 46 upon the core holder members to thereby
      urge the core tips towards each other. It will therefore be seen that the
      present invention takes advantage of the final step in assembling magnetic
      tape heads to produce additional clamping action. The teeth 48 located at
      the outer ends of the legs of the clip will engage the inner surface of
      the side walls 14 of the housing 11 with penetrating effect, thus
      establishing good electrical contact therewith. With this arrangement, it
      will be seen that the magnetic cores are very effectively grounded through
      the housing 11 thereby facilitating electrostatic shielding. It will be
      noted that the location of the force vectors exerted by the detents 46 of
      the clip is optimal for producing the desired flux gap at the core tips.
PAR  It will also be noted that when the clip 40 is applied to the core holder
      members, the bight and the major portions of the legs will be positioned
      against the recessed front and side walls of the core holder members and
      between the peripheral shoulders so that only the rear or outer ends of
      the legs contacts the interior surface of the housing 11.
PAR  Although in the embodiment of the magnetic head disclosed, only a pair of
      core elements are provided, it is within the scope of the present
      invention to provide the magnetic head with a plurality of core elements
      for use with a multi-track magnetic tape. It is also pointed out that a
      single track magnetic head is within the scope of the present invention.
PAR  From the foregoing description, it will be seen that I have provided a
      novel multifunctional clip which not only serves to clamp the core holder
      members of the magnetic tape head in assembled abutting relation, but also
      serves to effectively ground the magnetic cores to the magnetic tape head
      housing. It will further be noted from the preceding paragraphs that the
      novel clip takes advantage of a final conventional assembly step by
      coacting with the magnetic tape housing to exert maximum clamping force at
      optimal locations for producing the proper magnetic flux gap at the core
      tips.
PAR  Thus it will be seen that I have provided a magnetic tape head with a novel
      clamping clip which is not only of simple and inexpensive construction,
      but one which functions in a more efficient manner than any heretofore
      known comparable device.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic tape head comprised of
PA1  a magnetic core including a pair of magnetic core elements, each core
      element having a tip,
PA1  a pair of similar core holder members formed of nonconductive material and
      each member engaging and supporting said magnetic core elements,
PA1  a generally U-shaped resilient clip formed of a conductive material and
      engaging and clamping said core holders in abutting engagement, and urging
      the tips of said core elements towards each other to form an
      electromagnetic circuit, said clip including a bight portion and a pair of
      symmetrical legs integral therewith diverging outwardly therefrom, said
      bight portion engaging said core elements adjacent said tips,
PA1  a housing formed of a conductive material and having an open end and a
      closed end, an opening in said closed end, said core holder being
      positioned interiorly of said housing so that said core tips project
      exteriorly through the opening in the closed end thereof, the legs of said
      clip having outer ends engaged by the inner surface of said housing to
      ground said magnetic cores and to urge the legs inwardly with scissors
      action to thereby increase the clamping action on the core holders and to
      further urge the tips of the magnetic core towards each other.
NUM  2.
PAR  2. The magnetic tape head as defined in claim 1 wherein said core holder
      members when disposed in abutting relation presenting a convexed end
      having slots therein through which said magnetic tips project, the bight
      portion of said clip engaging said convex ends of the abutting core holder
      members.
NUM  3.
PAR  3. The magnetic tape head as defined in claim 1 wherein the exterior
      surfaces of said core holders are recessed to define peripheral shoulders,
      the bight portion and legs of said clip being positioned within said
      recessed surfaces thereby only the ends of said legs engage the housing.
NUM  4.
PAR  4. The magnetic tape head as defined in claim 1 wherein the bight portion
      of said clip has an opening therein, and wherein the tips of said magnetic
      core projects through and engage the edges of said clip defined by said
      opening in the bight portion thereof.
NUM  5.
PAR  5. The magnetic tape head as defined in claim 4 wherein said opening has
      teeth defined by an edge thereof which engages the tip portions of the
      core elements with penetrating effect.
NUM  6.
PAR  6. The magnetic tape head as defined in claim 1 wherein the exterior of
      each core holder member has a transverse groove therein, each leg of said
      clip having an inwardly convex detent adjacent said bight portion, said
      convex detent of each leg being positioned in the transverse groove of
      each core holder member when the clip is applied to the core holder
      members.
NUM  7.
PAR  7. The magnetic tape head as defined in claim 1 wherein the outer ends of
      the legs of said clip have teeth formed thereat for engaging the inner
      surface of the housing with penetrating effect.
NUM  8.
PAR  8. A magnetic tape head comprised of
PA1  a pair of magnetic cores each comprising a pair of magnetic core elements,
      each core element having a tip,
PA1  a pair of similar core holder members formed of nonconductive material and
      each member engaging and supporting a pair of said magnetic core elements,
PA1  a generally U-shaped resilient clip formed of a conductive material and
      engaging and clamping said core holders in abutting engagement, and urging
      the tips of a pair of core elements towards each other to form an
      electromagnetic circuit, said clip including a bight portion and a pair of
      legs integral therewith diverging outwardly therefrom, said bight portion
      engaging said core elements adjacent said tips,
PA1  a housing formed of a conductive material and having an open end and a
      closed end, a pair of openings in said closed end, said core holder being
      positioned interiorly of said housing so that said core tips project
      exteriorly through the openings in the closed end thereof, the legs of
      said clip having outer ends engaged by the inner surface of said housing
      to ground said magnetic cores and to urge the legs inwardly with scissors
      action to thereby increase the clamping action on the core holders and to
      further urge the tips of the magnetic cores towards each other.
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ABST
PAL  A method and system of simulating the dynamic real-time operation of a
      nuclear power plant wherein a plurality of manually operable devices
      provide input data to a digital computer to calculate physical values
      corresponding to plant operation to operate indicating devices for
      monitoring the operation of the plant. It includes the simulation of a
      feedwater system comprising a number of parallel and series connected
      feedwater heaters. The simulation of the feedwater heating system is
      effected by lumping the feedwater heaters into single equivalent heaters
      for purposes of calculation. Non-linearity of the system is simulated by
      using a piecewise cubic polynominal or spline fit function of the physical
      properties of steam and water at saturation. The node-points of the spline
      curve are obtained by using a second derivative of the physical variable
      to determine iteratively the optimum node positions.
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PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  Reference is made to the following concurrently filed and related patent
      applications which are assigned to the present assignee:
PAR  1. Ser. No. 333,901 entitled "Training Simulator For A Nuclear Power Plant"
      and filed by G. L. Gregg, R. E. Putman and J. W. Gomola filed Feb. 23,
      1973 in the U.S. Patent Office.
PAR  2. Ser. No. 335,286 entitled "Nuclear Power Plant Training Simulator System
      And Method" and filed by R. W. Ferguson and R. E. Converse filed Feb. 23,
      1973 in the U.S. Patent Office.
PAR  3. Ser. No. 335,295 entitled "Nuclear Power Plant Training Simulator
      Modeling Organization And Method" and filed by W. H. Alliston filed Feb.
      23, 1973 in the U.S. Patent Office.
PAR  4. Ser. No. 335,181 entitled "Training Simulator For Nuclear Power Plant
      Reactor Monitoring" and filed by W. H. Alliston, F. R. Czerniejewski and
      B. A. Mutafelija filed Feb. 23, 1973 in the U.S. Patent Office.
PAR  5. Ser. No. 335,288 entitled "Training Simulator For Nuclear Power Plant
      Reactor Control Model And Method" and filed by F. R. Czerniejewski filed
      Feb. 23, 1973 in the U.S. Patent Office.
PAR  6. Ser. No. 335,294 entitled "Training Simulator For Nuclear Power Plant
      Reactor Coolant System And Method" and filed by W. H. Alliston and A. A.
      Desalu filed Feb. 23, 1973 in the U.S. Patent Office.
PAR  7. Ser. No. 335,285 entitled "Engineered Safeguards Systems And Method In
      Nuclear Power Plant Training Simulator" and filed by A. A. Desalu filed
      Feb. 23, 1973 in the U.S. Patent Office.
PAR  8. Ser. No. 335,391 entitled "Fluid Distribution Network And Steam
      Generators And Method For Nuclear Power Plant Training Simulator" and
      filed by W. H. Alliston, S. J. Johnson and B. A. Mutafelija filed Feb. 23,
      1973 in the U.S. Patent Office.
PAR  9. Ser. No. 335,293 entitled "Secondary System Modeling And Method For a
      Nuclear Power Plant Training Simulator" and filed by S. J. Johnson filed
      Feb. 23, 1973 in the U.S. Patent Office.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the real-time full scope simulation of the
      dynamic operation of a nuclear powered electrical generating plant for
      training plant operators.
PAR  The increasing demand for well-trained power plant operators together with
      the complexity of modern day power plants has led to the realization that
      the simulator is the most effective tool for such training.
PAR  Also, with advancements in nuclear power plant technology, experienced
      operators from time-to-time need retraining in order to be competent. An
      actual nuclear plant cannot provide the operator with the required
      experience, such as starting up, changing load, and shutting down, for
      example, except after years of experience; and even then, it is unlikely
      that he would observe the effect of important malfunctions and be able to
      take the best corrective procedures.
PAR  Although simulators have been used for many years, in power plant design,
      it is only recently that they have been used for power plant operator
      training.
PAR  An article in the July 22, 1968 issue of "Electrical World" entitled
      "Nuclear Training Center Using Digital Simulation" briefly describes the
      installation of a boiling water reactor plant simulator. An article in the
      same publication in the Oct. 6, 1969 issue entitled "Huge Simulator to
      Ready More Reactor Operators" discusses the proposed installation of a
      pressurized water reactor simulator. In Volume 10, No. 5 of the
      publication "Nuclear Safety" published during September and October, 1969
      is an article entitled "Training Nuclear Power Plant Operators With
      Computerized Simulators"; and in the June, 1972 issue of the publication
      "Power Engineering" there is an article entitled "Simulators" which
      describes a number of power plant operator training simulators presently
      in use or proposed.
PAR  Design simulators usually cover only a small part of the process, and may
      run slower or faster than real-time; while training simulators must
      operate and respond in a manner identical to the actual plant. A design
      simulator may involve only a narrow range of conditions, while a training
      simulator must simulate from "cold" shutdown to well beyond normal
      operating conditions. A design simulator usually involves only the major
      process, while a training simulator should cover every auxiliary system
      with which the plant is concerned.
PAR  Training simulators presently in use for operator training, which are more
      or less complete in their simulation, utilize a digital computer connected
      to control consoles that are identical in operation and in appearance to
      the plant being simulated. Also, an instructor's console is connected to
      control the simulator, introduce malfunctions, initialize the selected
      plant at selected states of operation and perform other functions useful
      for training purposes. These computers have been of the same type used for
      aircraft training in some instances, and process control in others.
PAR  A full scope simulation of a nuclear power plant for operator training is
      of such extensive scope that it is advantageous to provide as many
      modeling simplifications as possible within the limits of steady state and
      transient accuracy. The mathematical modeling of a nuclear power plant is
      concerned with the materials, energy and volume balances, which often
      result in mathematical variables such as temperature, pressure, material
      flows and flow rates, concentration of materials, specific volumes and
      enthalpies, mechanical speeds, vibrations, electrical current, voltage and
      frequency, etc. A conference paper published by the Institute of
      Electrical and Electronic Engineers entitled "Mathematical Modeling for
      Power Plant Operator Simulators" written by B. H. Mutafelija et al,
      discusses many of the problems and desirable features connected with the
      mathematical modeling of power plant simulators.
PAR  The simulation of the power plant must be of sufficient detail and accuracy
      that the operator cannot distinguish between the behavior of the simulator
      and that of the actual plant under conditions of cold startup, hot
      restart, normal load changes, and numerous malfunctions causing a load
      cut-back or a complete shut-down.
PAR  In order to attain the accuracy required over a complete range of operation
      of a system that is non-linear, such as where it includes a plurality of
      heat exchangers in a feedwater system, and at the same time provide as
      many modeling simplifications as possible, it is desirable to calculate
      physical properties which provide for the greatest amount of accuracy, and
      simplification in calculation, and at the same time to utilize a curve fit
      that is accurate for the entire range of operation. Where there are a
      number of heat exchangers, such as feedwater heaters, in a feedwater
      system for example, it is desirable that for purposes of simulation they
      be lumped into as few equivalent feedwater heaters as possible.
PAR  For the single equivalent heaters, it is then desirable to use a dynamic
      energy balance equation for calculating a value dependent upon the dynamic
      behavior of outlet enthalpy. A value for condensed steam enthalpy can then
      be calculated with a curve fit of the outlet enthalpy, and finally a value
      for pressure can be effectively calculated using a curve fit function of
      condensed enthalpy.
PAR  In the dynamic simulation of the physical properties of steam and water in
      such a system, for example, where the numerical values of such properties
      are used in other simulations or continuously displayed or recorded
      through their entire operating range, such as the calculation of pressure
      in the feedwater heaters using a curve fit function of condensed enthalpy,
      it is necessary that such values be accurate and that the meters and
      recorders act in an identical manner to the system being simulated. To
      effect such a result, for physical values that are non-linear, that is,
      where the value of one physical property does not increase or decrease
      proportionately with the increase or decrease of another physical
      property, it is desirable to segment such values so that relatively simple
      calculations can be made with a minimum of error for each segment and
      provide continuity between segments. It is also desirable to effect such
      results with a minimum number of segments in order to minimize the
      complexity of the calculations and the amount of information required to
      be stored in the computer performing such calculations.
PAR  A spline fit function for the properties of steam and water at saturation,
      an extreme degree of accuracy is exhibited, provided that the number and
      location of the node points on the entire actual physical curve are such
      that the calculated spline curve equals or closely approximates the actual
      physical curve throughout its entire range. Thus, in finding the location
      and number of node points or intersections between segments, it is
      desirable that the minimum number of nodes be selected for a given
      allowable error. For such a given number of nodes, the actual position on
      the curves must be accurately determined so that the pointwise maximum
      error is minimal. In the past, several attempts have been made to optimize
      the node positions in cubic spline approximations. Various approaches have
      been used ranging from pure experimental node insertion on the curve, to
      algorithms based on the least square or on Chebyshev norms. The problem of
      finding optimum position of nodes for a given allowable maximum error
      leads to an excessive number of nodes if there is no prior knowledge about
      the curve to be approximated. Thus, in finding the best or optimum
      position of the nodes when their number is fixed, there have been several
      approaches. One approach is the minimization of a distance function; but
      the equations of such an approach have a very non-linear form, and are
      difficult to handle in a computer. Another approach is a search technique
      which will of course give the optimum node position after a long period of
      time, but at the same time may not be a completely convergent procedure.
PAR  In contrast, it is desirable to obtain optimum node position for a cubic
      spline curve fit by using the second derivative of the cubic spline which
      is a piecewise linear function. This permits a procedure that optimizes
      the area under a piecewise linear curve by solving a set of first order
      non-linear differential equations. The determined node positions are used
      to be the optimal positions of the nodes of the cubic spline itself. This
      method provides simplicity and rapid convergence for a wide variety of
      physical curves that possess a certain degree of smoothness, such as steam
      and water properties, for example.
PAC  SUMMARY OF THE INVENTION
PAR  According to the broad principles of the present invention, a method and
      system for simulating the real-time dynamic operation of a steam power
      plant for training purposes wherein a plurality of manually operable
      devices provide input data to a digital computer that calculates physical
      values of fluids in a simulated non-linear system that includes a
      plurality of interconnected heat exchangers for increasing the temperature
      of the fluid to provide output data for other simulated calculations of
      the system and for operating indicating devices to monitor the operation
      of the plant, simulates the plurality of feedwater heaters by
      mathematically lumping them into a single equivalent feedwater heater.
PAR  In a more specific aspect, a feedwater heating system is simulated by the
      digital computer to calculate data values depending on dynamic behavior of
      feedwater heater outlet enthalpy in accordance with a dynamic energy
      balance equation. A data value depending on condensed steam enthalpy is
      calculated in accordance with the outlet enthalpy data value, and a data
      value depending on pressure is calculated in accordance with the outlet
      enthalpy data. In a still more specific aspect, the pressure data is
      calculated utilizing a cubic spline curve fit function of condensing
      enthalpy.
PAR  In another aspect, the node points of the cubic spline function are
      obtained in accordance with a second derivative of the physical variables
      used in the simulation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic block diagram of a nuclear powered electrical
      generating plant that is simulated in accordance with the present
      invention;
PAR  FIG. 2 shows a schematic block diagram of the apparatus used in simulating
      the operation of the plant shown in FIG. 1;
PAR  FIG. 3 is a graphical illustration of a cubic spline showing typical nodal
      points of a non-linear curve;
PAR  FIGS. 93I, 93J and 93M illustrate a front view of a portion of the control
      panels that conclude the feed-water heaters.
PAR  FIGS. 105A and 105B when placed end-to-end illustrate schematically the
      feedwater system of the type being simulated;
PAR  FIG. 105/6 is an analogous electrical network for simulating the connection
      of feedwater heater strings to individual pumps;
PAR  FIG. 105/7 is an analogous electrical network illustrating the use of one
      equivalent pump in the simulation;
PAR  FIG. 105/8 is a schematic block diagram of the simulation of the feedwater
      heater train;
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PAC  GENERAL DESCRIPTION OF SIMULATED NUCLEAR POWER PLANT
PAR  Referring to FIG. 1, the preferred embodiment of the invention is described
      in connection with the simulation of a nuclear power plant, in this case a
      four loop pressurized water reactor power plant. Such a plant includes a
      primary system generally referred to as 10 which is housed in a
      containment building 11, a secondary system, generally referred to as 12,
      and a control office that includes control and indication panels 13 for
      operating and monitoring the various elements in the power station. The
      plant itself is described herein in a general sense to an extent which
      will aid in understanding the invention. More detail on the plant is
      ascertainable from the more detailed invention description herein.
      Extensive background information on nuclear plants of various kinds is
      widely available in prior patents and publications. Certain invention
      features are applicable to nuclear plant types other than the pressurized
      water type.
PAR  The primary system includes a nuclear reactor housed in a reactor vessel RV
      and in this instance four closed reactor coolant loops RCL (A, B, C, and
      D), connected in parallel to reactor vessel RV. Each loop contains a
      reactor coolant pump RCP (A, B, C, and D) and a steam generator SG (A, B,
      C, and D). The reactor vessel RV, reactor coolant loop piping RCL, pumps
      RCP, and primary side of steam generators SG, all form what is referred to
      as a reactor coolant system RCS. The primary system 10 also includes an
      electrically heated pressurizer system PZR and certain auxiliary systems
      hereinafter described.
PAR  High pressure water circulates through the reactor vessel RV to remove the
      heat generated by a nuclear chain reaction within a fuel arrangement
      disposed in the reactor. This heated water exits from the reactor vessel
      RV and passes via the coolant loop piping RCL to the steam generators SG.
      In the steam generators SG, the coolant water gives up its heat to the
      feedwater in the secondary side of the steam generator SG to generate
      steam for a turbine driven electrical generator GN. The reactor coolant
      cycle is completed when the coolant is pumped back to the reactor vessel
      RV for reheating in the nuclear reactor.
PAR  Rod drive system RD is used to control reactor power level and consists of
      clusters or banks of movable cylindrical neutron absorber rods. The
      absorber rods move within guide tubes in certain fuel assemblies in the
      reactor fuel arrangement. The reactor coolant pumps RCP are vertical
      single stage mix flow pumps of the shaft seal type; and are designed so
      that adequate coolant flow is maintained to cool the reactor core
      adequately under all conceivable circumstances. The steam generators SG
      are vertical U-tube units that contain integrally therewith, in the
      secondary side, moisture separation equipment that reduces the moisture
      content of the steam to one-quarter percent or less. The electrically
      heated pressurizer PZR connected to one of the four reactor coolant loops
      RCL maintains the reactor coolant system RCS pressure during normal
      operation, limits the system coolant pressure variation during plant load
      transients, and keeps the system coolant pressure within design limits
      during abnormal conditions.
PAR  The reactor operating level is controlled inherently by a negative
      temperature coefficient of reactivity of the water; by control rod cluster
      positioning as already indicated; and by a soluble neutron absorber, such
      as boron in the form of boric acid. The boric acid is inserted into the
      coolant during cold shutdown, partially removed during startup, and
      adjusted in concentration during the life time of the fuel in the core to
      compensate for such effects as fuel consumption, and accumulation of
      fission products, which tend to slow the nuclear chain reaction.
PAR  The primary system includes engineered safeguard systems, ESS including
      chemical and volume control system CVCS, safety injection system SIS,
      residual heat removal system RHRS, containment spray and fan cooling
      system CSP, and an accumulator discharge system (not shown) which is
      described in detail in connection with the description of the individual
      models.
PAR  The chemical and volume control system CVCS performs a number of functions,
      such as filling the reactor coolant system RCS, providing a source of high
      pressure water for pressurizing the system RCS when cold, maintaining the
      water level in the pressurizer system PZR when the RCS system is hot,
      reducing the concentration of corrosion and fission products in the
      reactor coolant, adjusting the boric acid concentration of the reactor
      coolant, and providing high pressure seal water for the seals of the
      reactor coolant pumps RCP.
PAR  The residual heat removal system RHRS portion of the engineered safeguard
      systems ESS transfers heat energy from the reactor core and the system RCS
      during plant shut-down and refueling operations. Components in the
      residual heat removal system RHRS are also employed in conjunction with
      the safety injection system SIS.
PAR  The safety injection system SIS supplies borated water to the system RCS to
      limit the fuel rod cladding temperature in the unlikely event of a loss of
      coolant accident. Also, the system SIS functions to provide a means of
      introducing a spray of borated water into the containment 11 as an
      additional dynamic heat sink. The system SIS includes several independent
      subsystems characterized by equipment and flow path redundancy. This
      redundancy assures complete reliability of operation, and continued core
      cooling even in the event of a failure of any single component to respond
      actively as intended. For example, during the passive accumulator
      injection phase of the system operation which is described in connection
      with the individual models, accumulator tanks rapidly inject borated water
      into the reactor coolant system automatically when the depressurization of
      loops RCL causes a reversal of the pressure drop across the accumulator
      check valves. The accumulators provide rapid cooling of the reactor core
      for large breaks which would otherwise result in core uncovering and
      overheating before the electrically driven low head safety pumps of the
      SIS system are energized and delivering coolant. The low head system of
      safety injection provides for injection of borated water into the RCL
      loops for large breaks, which would result in rapid blowdown and
      depressurization. A high head system for injection into the loops RCL for
      small breaks is provided for those instances that would result in slow
      blowdown and depressurization. The low head system utilizes pumps of the
      residual heat removal system RHRS which takes water from a refueling water
      storage tank, and pumps borated water through one of the residual heat
      exchangers, through an injection header and injection lines to each of the
      reactor coolant loops. The high head safety injection phase utilizes two
      subsystems which provide extremely rapid response to an SIS system
      actuation signal, utilizing a boron injection tank and a charging pump of
      the chemical and volume control system CVCS.
PAR  The containment building 11 completely encloses the entire primary system
      and insures that an acceptable upper limit for leakage of radioactive
      materials to the environment is not exceeded, even if gross failure of the
      elements contained therein were to occur. The containment spray system CSP
      is included in the primary system to limit the pressure in the containment
      atmosphere to below the containment design pressure, and remove sufficient
      iodine from the containment atmosphere to limit the radiation doses to
      safe value. This system delivers NaOH to the space within the containment
      building 11. The reactor containment fan cooling system portion of CSP
      which is also part of the containment building monitoring system removes
      heat from the containment building during normal operation, and during any
      loss of coolant accident. When a loss of coolant accident is sensed, the
      fan motors are automatically switched to low speed to provide circulation
      of the steam-air mixture in the containment building.
PAR  The steam generators SG (A, B, C, and D) deliver steam at appropriate
      pressure and temperature in the secondary system for conversion to
      mechanical and then to electrical energy in the turbines and the
      generators, respectively. The secondary steam is additionally used for
      various operational auxiliary services such as turbine shaft steam seals,
      turbine drives for main and auxiliary feedwater pumps and steam jet air
      ejectors.
PAR  Steam is admitted to a double flow high pressure turbine HPT that is
      controlled by governor valves with quick acting throttle or stop values
      ahead of them for rapid isolation in an emergency. Four separate pipes
      convey steam from the governor valves to the turbine nozzle chambers. The
      steam passes through an impulse blading or control stage and a number of
      reaction stages of the high pressure turbine HPT; the impulse chamber
      steam pressur is measured and used as a load measurement for use in
      reactor control.
PAR  On leaving the last row of high pressure blades, the steam has a moisture
      content of approximately 10%. Thus, the steam is then passed through a
      moisture separator and reheater REH to improve the turbine efficiency and
      reduce the low pressure turbine exhaust moisture. The exhaust steam from
      the high pressure turbine when first passed through the moisture separator
      portion REH removes approximately 10% of the flow which is extracted as
      moisture. The remaining 90% flows through steam heated reheater portion of
      REH where it receives approximately 100.degree.F superheat. The moisture
      is removed and drained to a heater drain tank (not shown); and the steam
      which rises above the moisture separator passes over the reheater and is
      reheated by live steam.
PAR  The hot reheated steam is conveyed to the double flow low pressure turbines
      LPT (A, B, C) the number of which in use can depend on the electrical
      output required. The low pressure turbine exhaust directs the steam to a
      condenser CNDSR that has cooling water passing through tubes which
      condense the steam to water where it is collected in a chamber, called a
      hot well. The condenser cooling water is controlled by circulating water
      system CW. The condensate system CNDSR and the feedwater system FW return
      the condensed steam from the turbine condenser, and the drains of the
      regenerative feed heating cycle, to the steam generators SG (A, B, C, and
      D) while maintaining the proper water inventories throughout the cycle.
PAR  The feedwater system FW conveys the feedwater through low pressure heaters
      LEX and then through high pressure heaters HEX to the generators SG. The
      auxiliary feedwater system AFA is used when the main system is
      inoperative. These systems automatically maintain the water level of the
      steam generators SG during both steady-state and transient operation.
PAR  The turbine HPT is equipped with an electrohydraulic control system EH
      comprising a solid state electronic controller and a high pressure fluid
      supply. The electronic controller computes a control signal based on
      measured turbine speed, measured first stage steam pressure, and speed and
      loss reference values established by the dispatcher or initiated at the
      operator's control panel 13. The control signal is transmitted to the
      electrohydraulic actuator of each main steam throttle and/or governoring
      valve to produce the valve positioning needed to meet the reference load.
      During turbine startup, the throttle valves are position controlled to
      accelerate the turbine from turning gear or higher speed up to synchronous
      speed. The high pressure hydraulic fluid system provides the power for all
      turbine steam control valves, electrohydraulic actuators, and positions
      the governor valves in response to the electric control signals from the
      electronic controller. The interceptor valves are also operated by the
      hydraulic fluid, and they may be position controlled or simply controlled
      to be either open or closed.
PAR  The electrohydraulic control system provides turbine control during all
      phases of operation by varying the turbine valve openings. Hydraulic
      cylinders move the valves to the required opening with electrically
      operated servo-valves controlling the cylinder's position.
PAR  The main generator GN operated by the turbine is a hydrogen inner cooled
      synchronous generator with a water cooled stator and an output voltage of
      approximately 22 to 25 kV at 60 cycles. The excitation is provided by a
      shaft driven air cooled brushless exciter. Cooling for the generator is
      provided by system GNC which circulates hydrogen at a pressure of about 75
      psig through the generator GN by fans attached to the generator shaft.
PAR  Various plant parameters including reactor parameters, coolant and steam
      pressures, temperature, and flows and liquid levels in the various
      systems, as well as the speed of the turbines and electrical output of the
      generator are sensed and displayed through meters, alarms, and
      annunciators on the central office panel 13. Among the reactor parameters
      the position of the rods of the reactor and the state of all operable
      components are displayed to inform the operator of the condition or state
      of operation of the nuclear power plant.
PAR  The state of operation of the various components of the plant and certain
      fluid pressures, temperatures, and levels are connected through
      interlocking and logic circuitry 14 to prevent unsafe operation of
      selected system components and to trip or shut down the plant under
      abnormal conditions.
PAR  Nuclear instrumentation panel NISP is provided with various recorders,
      indicators, meters, and selector switches to display the neutron flux
      values in various sectors of the reactor, both in an axial and radial
      direction, which function is termed in-core flux mapping.
PAR  Also, a portion of the panel NISP displays through meters the flux in
      various sectors of the reactor vessel RV to inform the operator of the
      various ranges of nuclear flux, such as source, range, intermediate range,
      and power range of the reactor during start-up and shutdown, which
      operation is termed ex-core radiation detection. Further, the temperature
      of individual fuel rods of the reactor, and the radiation in various parts
      of the plant are monitored and displayed on the panels NISP. Finally, the
      auxiliary power to the plant is controlled by a portion of the panel NISP.
PAC  GENERAL DESCRIPTION OF SIMULATOR CONFIGURATION
PAR  The nuclear power plant simulator according to one embodiment of the
      invention comprise digital computation apparatus and peripheral equipment
      operatively connected to control and indication panels which are identical
      in appearance and wiring to the actual control and indication panels of
      the four loop pressurized water reactor power plant that is simulated. The
      general function, structure, and operation of digital computers is set
      forth in a publication entitled "Electronic Digital Systems" by Mr. R. K.
      Richards, which was published in 1966 by John Wiley and Sons, Inc. and
      bears the Library of Congress card catalog number 66-17618, to which
      reference is made for a detailed description thereof in order to aid in an
      understanding of the apparatus and methods in carrying out the invention.
PAR  Specifically, and referring to FIG. 2, the simulation system includes a
      Sigma 5 digital computer 20 referred to at times in this specification
      also as the C machine and associated peripheral equipment. The Sigma 5
      computer system is manufactured and sold by Xerox Data Systems, Inc. and
      has been in general use for over one year prior to the filing date of this
      application. For more information on the Sigma 5 computer system reference
      is made to the appendix.
PAR  The simulator also includes digital computers 21 and 22 referred to at
      times hereinafter also as the A machine and B machine, respectively and
      associated peripheral equipment of the type manufactured and sold by
      Westinghouse Electric Corporation, and which is known as model P2000, and
      which computers have been in general use for over one year prior to the
      filing date of this application. The P2000 digital computers 21 and 22 are
      described in a publication entitled "Prodac 2000 Computer Systems
      Reference Manual" copyrighted in 1970 by Westinghouse Electric Corporation
      and bears copyright Registration No. A244775, to which reference is made
      to aid in an understanding thereof.
PAR  The Sigma 5 computer, or C machine provides an extensive arithmetic
      capability for the power plant simulator. The computers 21 and 22, act as
      process input/output controllers for the C machine. In practicing many
      features of the invention, a single computer or other multiple computer
      arrangements may be employed.
PAR  Communication between the A, B, and C machines is provided by a combination
      of the Xerox Data Systems Model 7650 channel interface units 23 and 24,
      and high speed data link devices 25 and 26 respectively, described more
      fully hereinafter. The C machine provides the software control and
      synchronization for the multiple computer configuration involving the A
      machine, B machine, and C machine; and the A and B machines in addition to
      providing the process input/output capability for the C machine also
      provide a capability for instantaneous simulator responses through their
      external interrupt system, the processing of all interlock and protection
      system logic, and the processing of several employed in the simulator
      models, such as a reactor control rods program. The significant hardware
      features associated with each of the A and B machines as shown in FIG. 2
      included in the appendix. The major C machine hardware subsystems
      illustrated in FIG. 2 and utilized in the present embodiment of the
      invention are also included in the appendix to this specification.
PAR  The simulation of the electrohydraulic control system EH as depicted in
      FIG. 1 and represented by a simulator panel portion 27 of FIG. 2 is
      accomplished in part by the actual analog electrohydraulic controller
      manufactured and sold by Westinghouse Electric Corporation, which has been
      in use for more than a year prior to the filing date of this application.
      The panels 27 through 35 in FIG. 2 provide the same outward appearance and
      operation as panels in an actual plant and are connected directly through
      appropriate computer system equipment to the A machine and the B machine.
PAR  Instructor's console 36, which provides the control facility to start, stop
      and manipulate the simulator is connected to software in the B machine.
PAR  A basic real time batch monitor (hereinafter referred to as RMB) software
      system of the C machine is a two partition system designed for normally
      running simultaneously foreground and background programs. The foreground
      programs include the system software extension programs which are made up
      of a sublevel processor, data link handler, and disc handler. Such
      foreground programs also include data conversion routines, and various
      dynamic models for the simulated system, which include reactor models,
      primary system models, secondary system models, a valve handler routine, a
      pump handler routine, and a controller handler routine. In order to permit
      an economy in core memory requirements, in the present embodiment of the
      invention the foreground programs and the background programs are not run
      at the same time.
PAC  CONTROL PANELS
PAR  In controlling an actual nuclear power plant of the type being simulated,
      the individual control devices such as selector switches, levers, and
      pushbuttons close contacts to select certain components for operation, to
      energize motor operated valves, solenoids, and relays; and through a
      protective system of logic to select, or change the position or condition
      of various components for starting up, varying operation, shutting down,
      providing emergency measures in the event of malfunction, and testing
      components in subsystems of the plant. In addition, certain plant
      components or subsystems function in automatic control loops to which
      there are typically applied one or more monitored plant variables as
      feedback signals.
PAR  In monitoring the operation of an actual plant, temperature, pressure,
      flow, level, flux, and other physical measurements are detected by
      appropriate sensing devices which transmit such information to the control
      panels for operating meters, recorders, and indicators. As already
      indicated certain monitored variables are also used for control.
PAR  In realistically and accurately simulating the control and monitoring of a
      nuclear power plant in accordance with the present embodiment of the
      invention, such control panels together with the control and monitoring
      devices are an exact replica physically and operatively, of the plant
      being simulated. However, in simulating the system in accordance with the
      present embodiment, the control and monitoring devices of the control
      panels are wired to each other, and to turbine EH controller; and also to
      contact input and contact output terminals, respectively, on the A or B
      machines. The panel interface logic and the plant protective logic are
      contained in both the A and B machines as hereinbefore mentioned. The
      control consoles permit the student operator to control and monitor the
      operation of the plant in the same manner as the operator of an actual
      plant. For example, he can start up, increase the power, shut the plant
      down, and restart. At any time the instructor can change physical values
      or malfunction the models as previously described. Then the operator can
      change the operation of the plant to correct the malfunction or introduce
      emergency measures as required. The student is able to see realistically
      in real-time the consequences of any action that could be taken in the
      real plant.
PAR  In detailed drawings of the control panels, descriptive legends are
      associated with appropriate control and monitoring devices in a manner
      similar to an actual installation; and in addition thereto, software
      symbols in many instances are used to identify specific control panel
      devices with the same software symbol being used to identify the component
      being operated by such devices in the schematic diagrams of the actual
      system being simulated. In other instances, the actual valve number is
      used to the schematic diagram and the control panel where it will aid in
      understanding the simulation of the system.
PAC  FEEDWATER HEATER THERMODYNAMICS (RHMSEP)
PAR  Referring to FIGS. 105A and 105B, there are three parallel strings of low
      pressure feedwater heaters, with each string including four separate
      feedwater heaters. The first string includes feedwater heaters 11A, 12A,
      13A, and 14A. The second string includes heaters 11B, 12B, 13B, and 14B;
      and the third string of feedwater heaters includes 11C, 12C, 13C, and 14C.
      In each string of feedwater heaters, there is a drain cooler 15AD, 15BD,
      and 15CD, respectively. The low pressure feedwater heaters obtain their
      steam for heating the feedwater from the extraction steam supply of the
      low pressure turbines. The heaters 11A, 11B, and 11C are built integrally
      with the condenser CNDSR; and there are no isolation valves in the
      extraction steam lines to these feedwater heaters. Each of the remaining
      low pressure feedwater heaters has an isolation valve in its extraction
      steam line which are operated from the control console in the central
      control office (see FIG. 93J).
PAR  The second stage of low pressure feedwater heaters 12A, B, and C can each
      be isolated by the closing of the valves FWCV39, FWCV40, and FWCV41,
      respectively. The third stage of feedwater heaters 13A, 13B and 13C each
      can be isolated by closing the valves FWCV36, FWCV37, and FWCV38.
      Similarly, each of the feedwater heaters in the fourth stage 14A, 14B, and
      14C are isolated by closing the extraction steam valves FWCV33, FWCV34,
      and FWCV35, respectively. Subsequent to the low pressure heaters in each
      of the three strings there is a high pressure feedwater heater 15A, 15B,
      and 15C, respectively. The exhaust steam from the high pressure turbine
      provides the heat for this stage of feedwater heating; and the steam is
      controlled from the control console through a single valve FWCV32 to all
      three of these feedwater heaters. The final stage of feedwater heating
      includes three parallel connected feedwater heaters 16A, 16B, and 16C
      which receive their steam from the high pressure turbine exhaust through a
      single remotely controlled isolation valve FWCV31.
PAR  Referring to FIG. 105/8, the feedwater heater train is simulated by
      consolidating the fifteen distinct feedwater heaters into three groups.
      The feedwater heater group 1 includes the low pressure feedwater heaters
      11A through 14A, 11B through 14B, and 11C through 14C. Group 2 includes
      feedwater heaters 15A, 15B, and 15C. Group 3 feedwater heaters include the
      high pressure feedwater heaters 16A, 16B, and 16C.
PAR  The effect of the three drain coolers 15AD, 15BD and 15CD on the
      thermodynamic system are calculated by an energy balance utilizing the
      flow REHW5 from the reheater moisture separator which is summed with the
      flow FWWH23 into the heater drain tank from the shell side of the
      feedwater heater group number two and the total flow HDWT from the
      equivalent heater drain pump HDP described in connection with the fluid
      system FWFLUD.
PAR  The inputs to the thermodynamic feedwater heater simulation in model T46
      include the output water from the simulation of the fluid system FWFLUD
      and the output steam flows from the main steam network simulation. The
      outputs of this simulation are the steam pressures used in the main steam
      network calculation and the water and steam enthalpies utilized for the
      energy balance equation of the steam generator simulation STMGEN.
PAR  Referring to the feedwater heater group 1 of FIG. 105/8, the calculations
      are accomplished by considering the twelve individual feedwater heaters in
      group 1 as a single "black box". In this simulation it is assumed that all
      the steam in the group is condensed. Therefore, the flow FWWH13 is equal
      to the flow LPW2. All flows and masses are scaled in millions of pound per
      hour. The total heat Q brought to each of the feedwater heaters in group 1
      is equal to the difference between the enthalpy of the low pressure
      extraction steam LPWH2 and the enthalpy FWHH13 of the steam discharge of
      the feedwater heater group 1 multiplied by the extraction steam flow LPW2.
      The change in the outlet enthalpy FWHH13 is given by a differential
      equation as follows:
      ##EQU1##
      where M is the mass of water in the feedwater heater tubes. Also, the flow
      into the feedwater heater group 1 is equal to the flow out of the
      feedwater heater group 1 as noted by the identical symbol FWHH12.
PAR  From the data supplied with the actual system that is being simulated, the
      condensing enthalpy can be expressed as a function of the feedwater outlet
      enthalpy; and for each feedwater heater in the group the condensing
      enthalpy can be considered as a constant terminal temperature difference.
      For group 1 however, the condensing enthalpy has a functional dependence
      on the flow. Therefore, the condensing enthalpy is considered separately
      for each group in the feedwater heater train.
PAR  The differential equation set forth above is written in finite difference
      form as follows:
      ##EQU2##
      where: .DELTA.T is the integration step size; and the mass of water m is
      held constant so that the term .DELTA.T/m is expressed as a single
      variable.
PAR  The enthalpy of the condensed steam for the feedwater heater group 1 is a
      constant, and the condensing pressure is equal to the condenser pressure.
      The enthalpy HDHTK1 to the heater drain tank HDTK from the drain coolers
      15AD, 15BD, and 15CD, is approximated as a mixing of the flows with
      corresponding enthalpies. Thus,
      ##EQU3##
PAR  The mixing equation at the inlet of feedwater heater group 2 is obtained on
      the assumption that the drain tank HDTK supplies a constant heat
      equivalent to the enthalpy rise in the heaters of group 2 of 23.15 Btu's
      per pound or more specifically in accordance with the following:
      ##EQU4##
PAR  The feedwater heater group 2 calculations are similar to the calculations
      described in connection with feedwater heater group 1; and it is assumed
      that the heat brought by the drain of the feedwater heater group 3 is
      negligible in comparison to the total heat brought to each heater in the
      group. The condensing enthalpy for the feedwater heater group 2 is
      obtained from data on the characteristics of the system so that a constant
      of 5.10, for example, is added to the group 2 feedwater heater discharge
      enthalpy FWHH24 to obtain the feedwater heater group 2 steam discharge
      enthalpy FWHH23. The condensing pressure is obtained from the steam table
      subroutine PRHSAT, which provides a spline function fit to the saturation
      pressure versus enthalpy.
PAR  Referring to FIG. 105/8, the feedwater heater group 1 and group 2 are
      bypassed by a line that includes the valve FWCV78. To accommodate flow
      changes in accordance with the position of this valve, a mixing equation
      is used to obtain the enthalpy FWHSUC at the feed pump suction as follows:
      ##EQU5##
PAR  With reference to the feedwater heater group 3, the calculation is like
      that for feedwater heater groups 1 and 2 except that the heat transferred
      in the group 3 feedwater heaters FWQH3 is calculated by taking into
      account the two heating flows HPW2 and MSWSRH coming into group 3 as
      follows:
EQU  FWZH3 = HPW2*(HPH2-FWHH23)+MSWSRH*(REH3-FWHH33)
PAL  Also, the feed pumps FWP supply heat to the flow, and it is assumed that
      the enthalpy FWHH34 is increased by approximately 3 Btu's per pound for
      example. In the case of the feedwater heater group 3, the condensing
      enthalpy is found to be a linear function of the per unit flow and is
      obtained from the following relationship:
EQU  FWHH33 = 234.4 + 110. * H3TEMP
PAL  where:
      ##EQU6##
      Further, the internal enthalpy FWHH3 of the steam in feedwater heater
      group 3 is obtained from the outlet enthalpy FWHH34 and the linear
      function fit utilizing the same per unit flow as follows:
EQU  FWHH3 = FWHH34 - (1.2+4.5*H3TEMP)
PAL  The steam table subroutine PRHSAT provides the pressure for group 3 similar
      to the pressures for groups 1 and 2.
PAR  The steam generator feedwater inlet enthalpy FWHSG is obtained from the
      mixing equation of the flow through the group 3 feedwater heaters and the
      bypass around the feedwater heater group 3 controlled by the valve FWC15.
      In the event there is no feedwater flow, the simulation assumes that the
      enthalpy is at its minimal value, that is the value of the condenser
      enthalpy CDHW.
PAC  CURVE FITS AND OPTIMUM NODAL POINTS
PAR  Steam table routines implement the use of steam and water properties in the
      simulator. In general, two concepts are used to obtain steam table
      routines from the steam tables, piecewise linear and piecewise cubic
      polynomials or "spline" functions.
PAR  The two routines ALUE and VALUE for piecewise linear fit use the values of
      saturation pressure, temperature, enthalpy of water and steam, specific
      volume of water and steam at six points and, by linear interpolation,
      obtain functional values at all other points. These routines are flexible
      because any particular combination of water or steam properties can be
      used.
PAR  The following routines, which are effective for non-linear networks over a
      wide range of operations are used in practically all of the models both in
      the primary and secondary systems and provide the spline function fit.
PA1  Prsat - saturation pressure vs temperature
PA1  Svwsat - saturation specific volume of water vs temperature
PA1  Svssat - saturation specific volume of steam vs temperature
PA1  Hwater - saturation enthalpy of water vs temperature
PA1  Twater - saturation temperature vs enthalpy of water
PA1  Prhsat - saturation pressure vs enthalpy of water
PA1  Tpwatr - saturation temperature vs pressure
PA1  Hwpsat - saturation enthalpy of water vs pressure
PA1  Hspsat - saturation enthalpy of steam vs pressure
PA1  Pvssat - saturation pressure vs specific volume of steam
PA1  Thstlo - saturation temperature vs enthalpy of steam, at low pressure
PA1  Hhstlo - saturation enthalpy of water vs enthalpy of steam, at low pressure
PA1  Prhstlo - saturation pressure vs enthalpy of steam at low pressure.
PAR  Each of the above routines are written as a separate subroutine, each
      containing its own data in the form of the following spline function:
      ##EQU7##
      where: X(I) are the nodes of the spline function, YY(I) are the functional
      values at the nodes, and Z is the independent variable for which
      interpolation is sought. The constants CONST1(I), CONSTA(I), and CONSTB(I)
      are defined as follows:
      ##EQU8##
      where: YYDX(I) is the second derivative of the function at the node.
PAR  However, the occurring of a spline fit depends on the position of the nodal
      points throughout the nonlinear curve. A cubic spline possesses a
      continuous second derivative which is piecewise linear. Thus, the movement
      of one node Y.sub.2 or Y.sub.3 as shown in FIG. 3.
PAL  changes the shape and areas of polygonal regions A.sub.1, and A.sub.2 or
      A.sub.2 and A.sub.3 respectively and the second derivates thereof. By an
      optimization of the areas A.sub.1, A.sub.2, and A.sub.3 under the second
      derivative curve Y.sub.1 . . . Y.sub.x, a set of nodal points Y.sub.2 or
      Y.sub.3 are obtained which are the nodes of the best cubic spline
      approximation.
PAR  In the subroutine NODSRC the fact that the second derivative of a cubic
      spline is a straight line, is utilized. Thus, the problem of approximation
      to the given function by a cubic spline is translated into a problem of
      approximating the second derivative of the given function by a first order
      spline or piecewise linear function. This method provides simplicity,
      rapid convergence and expandability to any number of nodes for an
      approximated curve that has a certain degree of smoothness, which is the
      case in the physical properties of steam and water at saturation.
PAR  Mathematically, the problem is as follows: Given a function f(x) defined on
      a discrete set of points X = [x.sub.1 &lt;x.sub.2 &lt; . . . ,&lt;x.sub.n ]. Let
      s(x) be a cubic spline approximation to f(x) with k nodes Y = [x.sub.1 =
      y.sub.1 &lt;y.sub.2 &lt; . . . &lt;y.sub.k = x.sub.n ]  X and k &lt;&lt; n. Determine the
      nodes y.sub.2, . . . y.sub.k.sub.- 1 and hence s(x) such that the area A
      under the second derivative of s(x) is optimized.
      ##EQU9##
PAR  Assuming from the diagram herein that four nodes k are given, with two of
      them X.sub.1 = .xi..sub.1, X.sub.n = .xi. .sub.4 are fixed end points and
      two of them are free nodes for which optimal position is desired so that
      the area of polygon BCDEFGB is closest to the area under the curve
      y=f"(x). The two free nodes .xi..sub.2 and .xi..sub.3, can take any
      position determined by the entered data points x.sub.2, x.sub.3, . . . ,
      x.sub.n.sub.-1 (namely, .xi..sub.2 can be equal to x.sub.2, x.sub.3, . . .
      , x.sub.n.sub.-2). They, however, cannot coalesce as well as they cannot
      take the end positions x.sub.1 and x.sub.n. These restrictions are imposed
      strictly to facilitate implementation; theoretically, they can take any
      position between x.sub.1 and x.sub.n.
PAR  If a certain degree of smoothness is assumed, it is possible to obtain a
      second derivative of f(x) with respect to x. One of the available
      numerical differentiation schemes can be used and the curve y = d.sup.2
      f(x) /dx.sup.2 is obtained. With .PHI. being the area of a trapezoid.
      ##EQU10##
      or in the expanded form
      ##EQU11##
      To optimize .PHI. we have to optimize the sum of the integrals on the
      righthand side of (1) because .intg.f(x)dx is a constant.
PAL  Therefore:
      ##EQU12##
      Now because
      ##EQU13##
      we can write
      ##EQU14##
      From elementary calculus
      ##EQU15##
      Now
      ##EQU16##
      or
      ##EQU17##
      Equation (5) represents a set of k-2 first order non-linear differential
      equations to be solved simultaneously using a finite difference
      approximation to the second derivative terms. From this equation it is
      determined that only two adjacent areas depend on any free node position,
      which facilitates implementation on a digital computer. The subroutine
      NODSRC comprises subtractions and divisions to form finite difference
      approximation to y.sub.i ' . . y.sub.i '  is then integrated and new value
      of y.sub.i is obtained. Because (.xi..sub.i, y.sub.i) are given in pairs,
      for every .xi..sub.i there is one and only one y.sub.i (by spline function
      definition).
PAR  In accordance with the above diagram, points D and E move along the curve y
      until the area of the polygon, consisting of areas A.sub.1, A.sub.2 and
      A.sub.3, is maximum. Also, movement of the point D influences only areas
      A.sub.1 and A.sub.2 while point E influences areas A.sub.2 and A.sub.3.
      Thus, if .xi..sub.2 and .xi..sub.3 are specified as (free nodes) while
      .xi..sub.1 and .xi..sub.4 are given as the end points. The position of
      .xi..sub.2 and .xi..sub.3 initially is arbitrary in general, they can be
      chosen equally spaced, but if curve behavior is known, they can be chosen
      on maxima, minima or inflection points. The cycle starts by forming
      y.sub.2 '  and y.sub.3 '  from these initial guesses and then integrating
      to obtain new values of y.sub.2 and y.sub.3. After y.sub.2 and y.sub.3 are
      obtained, their corresponding .xi..sub.2 and .xi..sub.3 are obtained from
      the data entered. Now the program is ready for new cycle, where .xi..sub.2
      and .xi..sub.3 represent a new and better guess. The solution is found
      when no further maximation of the area is possible.
PAR  It is quite feasible that by choosing different initial guesses one will
      obtain a different result. This is due to the fact that the points used in
      the algorithm are discrete and the choice is limited to only given data
      points. Moreover, in the case of larger number of nodes (around ten or
      more) the possibility of local extrema arises which again makes
      convergence more difficult. Evidently, a larger number of data points will
      make better and more accurate approximation.
PAR  When the free nodes are optimally chosen for the piecewise linear
      approximation, they are taken to be the nodes of the cubic spline
      approximation to f(x), and the following formula can be used.
      ##EQU18##
PAR  The program SPLINE SEARCH, which may be an offline program includes three
      subroutines NODSRC, SPLIN3, and DGT3. As previously mentioned, in the
      subroutine NODSRC, optimal position of nodes is determined, SPLIN3
      calculates coefficients for the cubic spline fit as well as tests obtained
      fits. For this purpose, pointwise error and percentage errors, and mean
      square errors are calculated. The subroutine DGT3 is a standard routine
      and calculates the first derivative of the discretely given function by
      using LaGrange polynomials. Thus, using DGT3 twice, the second derivative
      in subroutine NODSRC is provided.
PAR  One example, of the method for obtaining optimal nodal value was used for a
      physical curve where, the curve is only known by data taken from steam
      tables, is that of specific volume of water vs temperature of saturation.
      In obtaining optimum nodal points, the number of free nodes selected were
      5 (K=7). Several initial guesses were used. The best answer was obtained
      in 8 iterations with the maximal pointwise error of 1.25% and RMS error of
      0.00425 giving positions of nodes at 9th, 19th, 34th, 42nd and 46th place
      out of 49 data points. The computer printout is included showing initial
      guess for every iteration, progress of calculation and area obtained
      (note, area is being minimized here). Furthermore, optimal node position
      is printed together with piecewise linear approximation and corresponding
      error. At last coefficients for the cubic spline fit (as given in
      subroutine SPLIN3,) are printed together with the spline test and
      corresponding errors.
PAR  These coefficients, obtained in the off-line program SPLINE SEARCH, can be
      used together with the nodes for the on-line calculation in the function
      routine. A slightly modified version of the subroutine SPLIN3 can be used
      for this purpose, where nodes and constants are entered as data.
PAR  Although, the example given here, i.e., generation of steam and water
      properties, is a preferred application, the method finds use in a large
      number of cases requiring function generation over a wide range of the
      variables where good accuracy and continuity of certain derivatives are
      needed. It is especially useful where the function curve is specified only
      in terms of a limited number of points and where no large amount of
      digital computer time is available for function generation.
PAR  Listings of the SPLINE SEARCH program are included in the appendix
      beginning at page A207 of the U.S. Pat. application Ser. No. 333,901
      incorporated herein by reference. Also included is the listing of the
      function routine SVWSAT which is based on the data obtained from the
      SPLINE SEARCH program of the example described.
PAR  It is understood that the various inventive features in the improved method
      and simulation system, may be implemented in either an analog, digital, or
      analog/digital with or without single or multiple computer apparatus. Also
      many of the features are applicable in the simulation of other pressurized
      water reactor plant arrangements, boiling water reactor plants, and gas
      and other nuclear plant arrangements. Also some features are applicable to
      fossil-fired power plants. It is further understood, that with respect to
      the individual models, that the changing of one or more models in the
      simulator does not affect the system, method, or operation of other models
      in the simulator.
PAR  Reference is made to U.S. Pat. application bearing Ser. No. 333,901
      entitled "Training Simulator For A Nuclear Power Plant" and filed by G. L.
      Gregg, R. E. Putman and J. W. Gomola which is assigned to the present
      assignee and filed concurrently herewith; and which is incorporated herein
      by reference and made a part hereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automated training simulator for the real-time dynamic operation of a
      steam generating plant that includes a plurality of interconnected heat
      exchangers for increasing the temperature of a fluid by using steam from a
      predetermined source; said simulator comprising
PA1  a plurality of manually operable command devices each corresponding to a
      distinct plant control device;
PA1  calculating means including sequence controlling means having the following
      components; (a) means governed by the manually operable devices to
      generate a single data value relating to physical values for the
      representative plurality of interconnected heat exchangers,
PA1  b. means governed by the single generated data value to generate an output
      data value relating to each of the representative plurality of heat
      exchangers; and
PA1  indicating means responsive to the output data values to monitor the
      operation of the representative plurality of heat exchangers.
NUM  2.
PAR  2. An automated training simulator according to claim 1 wherein the
      calculating means is structured in a programmed digital computer means.
NUM  3.
PAR  3. An automated training simulator for the real-time dynamic operation of a
      steam generating plant that includes a heat exchanger for increasing the
      temperature of a fluid by using steam from a predetermined source; said
      simulator comprising
PA1  a plurality of command devices corresponding to plant control devices to
      generate input signals;
PA1  calculating means including sequence controlling means having the following
      components; (a) means governed by the input signals to generate a first
      data value relating to heat exchanger fluid outlet enthalpy in accordance
      with an instantaneous energy balance,
PA1  b. means to generate a second data value relating to heat exchanger
      condensed steam enthalpy in accordance with the first generated data
      value,
PA1  c. means to generate a third data value relating to heat exchanger steam
      pressure in accordance with the second generated data value; and
PA1  indicating devices governed by the generated third data value to monitor
      steam pressure of the representative plant.
NUM  4.
PAR  4. An automated training simulator according to claim 3 wherein the third
      data value is generated as a cubic spline function of the second generated
      data value in accordance with the formula
PA1  S = yy(i) + [z-x(i) * const1(i) - [x(i+1)-z]* [z.degree.consta(i) +
      constb(i) ]
PAL  where:
PA1  S is the third data value
PA1  X(i) are the nodes of the spline function,
PA1  Yy(i) are the functional values at the nodes,
PA1  Z is the second data value,
      ##EQU19##
      YYDX(I) is the second derivative of the function at the node.
NUM  5.
PAR  5. An automated training simulator according to claim 4 wherein the data
      values are generated in a programmed digital computer means.
NUM  6.
PAR  6. An automated training simulator according to claim 3 wherein the
      calculating means is structured in a programmed digital computer means.
NUM  7.
PAR  7. An automated training simulator for the real-time dynamic operation of a
      steam generating plant that includes a feedwater system for increasing the
      temperature of water between a condenser and steam generator means and has
      a plurality of feedwater heaters for heating the water by steam obtained
      from a predetermined source, said simulator comprising,
PA1  a plurality of command devices to generate input signals corresponding to
      the operation of representative fluid control devices for steam and
      feedwater;
PA1  calculating means including sequence controlling means having the following
      components; (a) means to generate data values relating to flow and
      enthalpy of feedwater heater inlet steam, data values relating to inlet
      feedwater, flow and enthalpy, data values relating to condensed feedwater
      heater steam enthalpy,
PA1  b. means to generate a data value relating to feedwater heater inlet energy
      in accordance with the generated data value relating to condensed steam
      enthalpy and the data value relating to feedwater heater inlet steam flow,
PA1  c. means to generate a data value relating to outlet feedwater enthalpy in
      accordance with the generated data values relating to inlet feedwater flow
      and enthalpy, and the data value relating to feedwater heater inlet
      energy,
PA1  d. means to generate a data value relating to steam unit flow of in
      accordance with data values relating to feedwater heater inlet steam flow
      and feedwater heater inlet maximum steam flow,
PA1  means to generate a data value relating to condensed steam enthalpy of the
      condensed steam in accordance with the data values relating to outlet
      feedwater heater enthalpy and unit flow,
PA1  f. means to generate a data value relating to feedwater heater inlet steam
      pressure in accordance with the data value relating to condensed steam
      enthalpy; and
PA1  indicating means governed by predetermined generated data values to monitor
      the operation of the representative plant.
NUM  8.
PAR  8. An automated training simulator according to claim 7 wherein the data
      value relating to inlet energy is generated in accordance with (H.sub.1
      -H.sub.2)W.sub.s wherein H.sub.1 is the enthalpy of steam at the inlet and
      H.sub.2 is the enthalpy of condensed steam at the outlet and W.sub.s is
      the flow of steam for the representative feedwater heaters.
NUM  9.
PAR  9. An automated training simulator according to claim 8 wherein the data
      values are generated in a programmed digital computer means.
NUM  10.
PAR  10. An automated training simulator according to claim 7 wherein the data
      value relating to feedwater outlet enthalpy is generated repetitively at
      successive time intervals in accordance with
      ##EQU20##
      wherein W is the feedwater flow, time step is a time interval, and H is
      the feedwater enthalpy, and MASS is a constant.
NUM  11.
PAR  11. An automated training simulator according to claim 10 wherein the data
      values are generated for each of a first, second, and third plurality of
      representative feedwater heaters; the inlet energy data value relating to
      the second plurality is generated in accordance with the outlet enthalpy
      data value relating to the third plurality; the inlet energy data value
      relating to the first plurality is generated in accordance with the outlet
      enthalpy data value relating to the second plurality; said representative
      pluralities being a first plurality of representative high pressure
      parallel connected feedwater heaters, a second plurality of representative
      intermediate pressure parallel connected feedwater heaters, and a third
      plurality of representative series-parallel connected low pressure
      feedwater heaters.
NUM  12.
PAR  12. An automated training simulator according to claim 11 wherein the data
      values are generated in a programmed digital computer means.
NUM  13.
PAR  13. An automated training simulator according to claim 10 wherein the data
      values are generated in a programmed digital computer means.
NUM  14.
PAR  14. An automated training simulator according to claim 7 wherein the data
      value relating to condensed steam enthalpy is generated in accordance
      with:
PA1  Outlet enthalpy - [ k + k.sub.1 (unit flow) ]
PAL  wherein K, and K.sub.1 are constants for a curve fit function.
NUM  15.
PAR  15. An automated training simulator according to claim 14 wherein the data
      values are generated in a programmed digital computer means.
NUM  16.
PAR  16. An automated training simulator according to claim 7 wherein the data
      value relating to pressure is generated in accordance with data values
      representing a spline function fit of the data value relating to condensed
      steam enthalpy; the pressure operating range is represented by a plurality
      of constant data values relating to node points between each of a
      plurality of contiguous segments corresponding to the operating pressure
      range, and the spline function fit is generated in accordance with the
      constant data values.
NUM  17.
PAR  17. An automated training simulator according to claim 16 wherein the data
      values are generated in a programmed digital computer means.
NUM  18.
PAR  18. An automated training simulator according to claim 7 wherein the data
      values are generated to represent a first plurality of parallel connected
      feedwater heaters, and the data values are generated to represent a second
      plurality of parallel connected feedwater heaters connected in series to
      the first plurality, and the inlet enthalpy data value representative of
      the second plurality is generated in accordance with the outlet enthalpy
      data value representative of the first plurality.
NUM  19.
PAR  19. An automated training simulator according to claim 18 wherein the data
      values are generated in a programmed digital computer means.
NUM  20.
PAR  20. An automated training simulator according to claim 7 wherein the
      calculating means is structured in a programmed digital computer means.
